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INTRODUCTION

This TTL DATA BOOK is a complete reference source for all Fairchild semiconductor SSI/MSI TTL products
(except Fairchild Advanced Schottky TTL, FAST, devices). It is organized into the following sections:

Section 1 — Product Indices and Selection Guides

The Product Indices are divided according to the numbering system used, i.e., 54/74 Family TTL, 9XXX Family
TTL, etc. Each index indicates which speed versions are available for the given product number and on which
page the data sheet can be found. Selection Guides within this section are divided according to the device
function. SSI functions are tabulated by speed family, MSI functions by their significant parameters.

Section 2— TTL Characteristics

Section 2 defines the dc and ac parameter symbols used throughout this data book and discusses the general
scheme for naming the various types of logic inputs and outputs. Speed/power trade-offs and basic gate
schematics are compared for the different TTL circuit families. Input/output characteristics, thresholds and
noise margins are discussed. Wiring, line driving and decoupling recommendations, as well as specific
examples of interfacing TTL to other types of logic circuits, are included.

Section 3 — Loading, Specifications and Waveforms

This section contains dc specifications and ratings common to all devices in each family of circuits. Included is
adiscussion of the unit load method of normalizing the input and output characteristics of a circuit, and how to
translate the numbers given in the Input Loading/Fan-Out table of a data sheet into the actual values of Iin, liL,
loH and loL currents. The various load configurations for ac testing, atable of RL and C values for SSI gates and
waveforms that help to define the various ac parameters are also included.

Section 4 through 7 — Family Data Sheets

Individual data sheets are grouped by product family (i.e., 54/74, 9XXX TTL, etc.) and arranged in numerical
order within these families. The last two digits of the device number are repeated on the outside corner of each
page for the convenience of the reader.

Section 8 — Other Digital Products
Shortform information on older logic families (DTL, CTL, RTL) is given for reference.

Section 9 — Ordering Information and Package Outlines
The simplified purchasing code which identifies not only the device type, but also the package type and
temperature range, is explained. Detailed physical dimension drawings for each package are given.

Section 10 — Fairchild Field Sales Offices, Representatives and Distributors
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SECTION 1

® |ndices
54/74 Family TTL
9XXX Family TTL
93XX Family TTL
96XX Family TTL

® Selection Guides
SSI Functions
Single and Dual Flip-Flops
Latches
Multiple Flip-Flops
Multiplexers
Decoders/Demultiplexers
Registers
Counters
Monostables (One-Shots)
Line and Bus Drivers/Transceivers/Receivers
Display Decoder/Drivers
Arithmetic Operators
Random Access Memories



Section 1
PRODUCT INDICES AND SELECTION GUIDES
INDICES
54/74 FAMILY TTL

DEVICE 54/74 54H/74H 54S/74S |54LS/74LS | PAGE

NO. DESCRIPTION TTL H-TTL S-TTL LS-TTL NO.
00 Quad 2-Input NAND Gate X X X X 4-3
01 Quad 2-Input NAND Gate X X 4-4
02 Quad 2-Input NOR Gate X X 4-5
03 Quad 2-Input NAND Gate X X 4-6
04 Hex Inverter X X X 4-7
04A Hex Inverter X 4-7
05 Hex Inverter X X X X 4-8
05A Hex Inverter X 4-8
06 Hex Inverter Buffer/Driver X 4-9
07 Hex Buffer/Driver X 4-10
08 Quad 2-Input AND Gate X X X X 4-11
09 Quad 2-Input AND Gate X X X 4-12
10 Triple 3-Input NAND Gate X X X 4-13
11 Triple 3-Input AND Gate X X X 4-14
12 Triple 3-Input NAND Gate X 4-15
13 Dual 4-Input Schmitt Trigger X X 4-16
14 Hex Schmitt Trigger Inverter X 4-17
15 Triple 3-Input AND Gate X X 4-18
16 Hex Inverter Buffer/Driver X 4-19
17 Hex Buffer/Driver X \ 4-20
20 Dual 4-Input NAND Gate X X X 4-21
21 Dual 4-Input Positive AND Gate X 4-22
22 Dual 4-Input NAND Gate X X 4-23
23 Expandable Dual 4-Input NOR Gate X 4-24
25 Dual 4-Input NOR Gate X 4-26
26 Quad 2-Input NAND Buffer X X 4-27
27 Triple 3-Input NOR Gate X X 4-28
28 Quad 2-Input NOR Buffer X 4-29
30 8-Input NAND Gate X X X X 4-30
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PRODUCT INDICES AND SELECTION GUIDES

54/74 FAMILY TTL (Cont'd)

DEVICE ) 54/74 54H/74H | 54S/74S | 54LS/74LS| PAGE
NO. DESCRIPTION TTL H-TTL S-TTL LS-TTL NO.
32 Quad 2-Input OR Gate X X X 4-31
33 Quad 2-Input NOR Buffer X 4-32
37 Quad 2-Input NAND Buffer X X 4-33
38 Quad 2-Input NAND Buffer X X 4-34
39 Quad 2-Input NAND Buffer X 4-35
40 Dual 4-Input NAND Buffer X X X X 4-36
41 1-0f-10 Decoder/Driver (Nixie) 9315 6-48
42 1-0f-10 Decoder X 4-37
42A 1-0f-10 Decoder X 4-37
43A 1-of-10 Decoder X 4-37
44A 1-0f-10 Decoder X 4-37
45 1-of-10 Decoder/Driver X 4-41
46A BCD to 7-Segment Decoder/Driver X 4-44
47 BCD to 7-Segment Decoder/Driver X 4-44
47A BCD to 7-Segment Decoder/Driver X 4-44
48 BCD to 7-Segment Decoder X 4-48
49 BCD to 7-Segment Decoder X 4-51
50 Expandable Dual 2-Wide, X X 4-54
2-Input AND-OR-Invert Gate
51 Dual 2-Wide AND-OR-Invert Gate X X X 4-56
52 Expandable 2-2-2-3-Input 4-57
AND-OR Gate
53 Expandable AND-OR-Invert Gate X 4-59
54 4-Wide, 2-Input AND-OR-Invert Gate X 4-61
55 AND-OR-Invert Gate X 4-63
60 Dual 4-Input Expander X X 4-64
61 Triple 3-Input Expander X 4-67
62 3-2-2-3-Input AND-OR Expander X 4-68
64 4-2-3-2-Input AND-OR-Invert Gate 4-70
65 4-2-3-2-Input AND-OR-Invert Gate X 4-71
70 JK Edge-Trigger Flip-Flop X 4-72
71 JK Master/Slave Flip-Flop X 4-74
72 JK Master/Slave Flip-Flop 4-76
73 Dual JK Flip-Flop X 4-78




PRODUCT INDICES AND SELECTION GUIDES

54/74 FAMILY TTL (Cont'd)

DEVICE 54/74 54H/74H | 54S/74S | 54LS/74LS| PAGE
NO. DESCRIPTION TTL H-TTL S-TTL LS-TTL NO.
74 Dual D-Type Positive X X X X 4-81
Edge-Triggered Flip-Flop
75 4-Bit Bistable Latch 4-84
76 Dual JK Flip-Flop X X 4-86
77 Quad D-Type Latch X 4-89
78 Dual JK Flip-Fiop X X 4-90
80 Gated Full Adder X 4-93
82 2-Bit Full Adder X 4-95
83A 4-Bit Binary Full Adder X 4-98
85 4-Bit Magnitude Comparator X 4-101
86 Quad 2-Input Exclusive-OR Gate X X 4-105
87 4-Bit True/Complement, X 4-106
Zero/One Element
89 64-Bit Random Access Memory X 4-108
90 Decade Counter 4-111
90A Decade Counter 4-111
91A 8-Bit Shift Register 4-114
92 Divide-by-Twelve Counter X 4-117
92A Divide-by-Twelve Counter X 4-117
93 Divide-by-Sixteen Counter X 4-120
93A Divide-by-Sixteen Counter 4-120
94 4-Bit Shift Register 4-123
95A 4-Bit Right/Left Shift Register 4-126
95B 4-Bit Right/Left Shift Register X 4-126
96 5-Bit Shift Register 4-129
97 Synchronous Modulo-64 4-132
Bit Rate Multiplier
101 JK Edge-Triggered Flip-Flop X 4-138
102 JK Edge-Triggered Flip-Flop X 4-140
103 Dual JK Edge-Triggered Flip-Flop X 4-142
106 Dual JK Edge-Triggered Flip-Flop X 4-144
107 Dual JK Flip-Flop X X 4-146
108 Dual JK Edge-Triggered Flip-Flop X 4-149
109 Dual JK Positive X X 4-151

Edge-Triggered Flip-Flop




PRODUCT INDICES AND SELECTION GUIDES

54/74 FAMILY TTL (Cont’d)

DEVICE 54/74 54H/74H | 54S/74S | 54LS/74LS| PAGE
NO. DESCRIPTION TTL H-TTL S-TTL LS-TTL NO.
112 Dual JK Negative X X 4-153

Edge-Triggered Flip-Flop
113 Dual JK Edge-Triggered Flip-Flop X 4-155
114 Dual Negative X 4-157
Edge-Triggered Flip-Flop
116 Dual 4-Bit Latch 9308 6-24
121 Monostable Multivibrator X 4-159
122 Retriggerable Resettable Multivibrator X 4-163
123 Dual Retriggerable X 4-166
Resettable Multivibrator
125 Quad Bus Buffer Gate X 4-169
125A Quad Bus Buffer Gate 4-169
126 Quad Bus Buffer Gate 4-170
132 Quad 2-Input Schmitt X 4-171
Trigger NAND Gate
133 13-Input NAND Gate X 4-172
134 12-Input NAND Gate 4-173
135 Quad Exclusive-OR/NOR Gate 4-174
136 Quad 2-Input Exclusive-OR Gate X 4-175
137 1-of-8 Decoder/Demultiplexer X 4-176
138 1-0f-8 Decoder/Demultiplexer X 4-180
139 Dual 1-of-4 Decoder X 4-183
140 Dual 4-Input NAND Line Driver X 4-186
141 1-of-10 Decoder/Driver (Nixie) X 4-187
145 1-0f-10 Decoder/Driver 4-189
150 16-Input Multiplexer X 4-192
151 8-Input Multiplexer X X 4-194
151A 8-Input Multiplexer X 4-194
152 8-Input Multiplexer X 4-197
152A 8-Input Multiplexer X 4-197
153 Dual 4-Input Multiplexer X X X 4-199
154 1-of-16 Decoder/Demultiplexer X 4-202
155 Dual 1-of-4 Decoder/Demultiplexer X 4-205
156 Dual 1-of-4 Decoder/Demultiplexer X 4-208
157 Quad 2-Input Multiplexer X X 4-210




PRODUCT INDICES AND SELECTION GUIDES

54/74 FAMILY TTL (Cont'd)

DEVICE 54/74 54H/74H 54S/74S | 54LS/74LS | PAGE
NO. DESCRIPTION TTL H-TTL S-TTL LS-TTL NO.
158 Quad 2-Input Multiplexer X X 4-213
160 Synchronous Presettable X 93510 X 4-215/

BCD Decade Counter 6-30
161 Synchronous Presettable X X 4-221
Binary Counter
162 Synchronous Presettable X X 4-215
BCD Decade Counter
163 Synchronous Presettable X X 4-221
Binary Counter
164 Serial-In Parallel-Out Shift Register X 4-224
165 8-Bit Parallel-to-Serial Converter X 4-227
166 8-Bit Shift Register X 4-230
167 Synchronous Decade Rate Multiplier X 4-232
168 Synchronous Bidirectional X 4-239
BCD Decade Counter
169 Synchronous Bidirectional X 4-242
Modulo-16 Binary Counter
170 4 x 4 Register File X X 4-244
173 4-Bit D-Type Register X X 4-247
174 Hex D Flip-Flop X X 4-250
175 Quad D Flip-Flop X X 4-253
176 Presettable Decade Counter X 4-256
177 Presettable Binary Counter X 4-260
178 4-Bit Shift Register X 4-262
179 4-Bit Shift Register X 4-264
180 8-Bit Parity Generator/Checker X 4-267
181 4-Bit Arithmetic Logic Unit 9341 93541 X 4-269/
6-87
182 Carry Lookahead Generator 9342 93542 6-94
183 Dual High Speed Adder X 4-275
189 64-Bit Random Access Memory X X 4-277
190 Up/Down Decade Counter X X 4-280
191 Up/Down Binary Counter X X 4-285
192 Up/Down Decade Counter X X 4-287
193 Up/Down Binary Counter X X 4-291




PRODUCT INDICES AND SELECTION GUIDES

54/74 FAMILY TTL (Cont'd)

DEVICE 54/74 54H/74H | 54S/74S | 54LS/74LS | PAGE
NO. DESCRIPTION TTL H-TTL S-TTL LS-TTL NO.
194 4-Bit Bidirectional X X 4-293

Universal Shift Register
194A 4-Bit Bidirectional X 4-293
Universal Shift Register
195 Universal 4-Bit Shift Register X 93H00 93500 4-296/
6-3
195A Universal 4-Bit Shift Register 4-296
196 Presettable Decade Counter X 4-299
197 Presettable Binary Counter X X 4-303
198 8-Bit Right/Left Shift Register X 4-305
199 8-Bit Parallel 1/0 Shift Register X 4-308
240 Octal Buffer/Line Driver X 4-311
241 Octal Buffer/Line Driver X X 4-311
242 Quad Bus Transceiver X 4-314
243 Quad Bus Transceiver X 4-314
244 Octal Buffer/Line Driver X 4-311
245 Octal Bus Transceiver X 4-316
247 BCD to 7-Segment Decoder/Driver X 4-318
248 BCD to 7-Segment Decoder X 4-319
249 BCD to 7-Segment Decoder X 4-320
251 8-Input Multiplexer X 4-321
253 Dual 4-Input Multiplexer X 4-324
256 Dual 4-Bit Addressable Latch X 4-327
257 Quad 2-Input Multiplexer X X 4-330
257A Quad 2-Input Multiplexer X 4-333
258 Quad 2-Input Multiplexer X X 4-334
258A Quad 2-Input Multiplexer X 4-337
259 8-Bit Addressable Latch X 4-338
260 Dual 5-Input NOR Gate X X 4-341
266 Quad 2-Input Exclusive-NOR Gate X 4-342
273 8-Bit Register X 4-343
279 Quad Set-Reset Latch X X 4-345
280 9-Bit Parity Generator/Checker X 4-346
283 4-Bit Binary Full Adder X X 4-348
289 64-Bit Random Access Memory X 4-352




PRODUCT INDICES AND SELECTION GUIDES

54/74 FAMILY TTL (Cont'd)

DEVICE 54/74 54H/74H | 54S/74S | 54LS/74LS | PAGE
NO. DESCRIPTION TTL H-TTL S-TTL LS-TTL NO.
290 BCD Decade Counter X X 4-355
293 Modulo-16 Binary Counter X X 4-356
295A 4-Bit Shift Register X 4-357
298 Quad 2-Port Register X X 4-360
299 8-Input Universal X 4-363

Shift/Storage Register
322 8-Bit Serial/Parallel Register X 4-366
323 8-Bit Universal Shift/Storage Register X 4-370
347 BCD to 7-Segment Decoder X 4-373
352 Dual 4-Input Multiplexer X 4-374
353 Dual 4-Input Multiplexer X 4-377
365A Hex 3-State Buffer X 4-380
366A Hex 3-State Inverter Buffer X 4-381
367A Hex 3-State Buffer X 4-382
368A Hex 3-State Inverter Buffer X 4-383
373 Octal Transparent Latch X 4-384
374 Octal D-Type Flip-Flop X 4-387
375 4-Bit Latch X 4-389
377 Octal D Flip-Flop X 4-391
378 Parallel D Register X 4-394
379 Quad Parallel Register X 4-397
384 8-Bit Serial/Parallel X 4-400
Twos Complement Multiplier
390 Dual Decade Counter X 4-405
393 Dual Modulo-16 Counter X 4-408
395 Shift Register X 4-410
447 BCD to 7-Segment Decoder X 4-413
490 Dual Decade Counter X 4-414
502 8-Bit Successive X 4-416
Approximation Register
503 8-Bit Successive X 4-420
Approximation Register
504 12-Bit Successive X 4-423
Approximation Register
533 Octal Transparent Latch X 4-425
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PRODUCT INDICES AND SELECTION GUIDES

54/74 FAMILY TTL (Cont'd)

DEVICE 54/74 54H/74H | 54S/74S | 54LS/74LS| PAGE
NO. DESCRIPTION TTL H-TTL S-TTL LS-TTL NO.
534 Octal D-Type Flip-Flop X 4-426
540 Octal Buffer/Line Driver X 4-427
541 Octal Buffer/Line Driver X 4-427
563 Octal D-Type Latch X 4-429
564 Octal D-Type Latch X 4-430
573 Octal D-Type Flip-Flop X 4-431

574 Octal D-Type Flip-Flop X 4-432 -
670 4 x 4 Register File X 4-433
9XXX FAMILY TTL
DEVICE PAGE | DEVICE PAGE
NO. DESCRIPTION NO. NO. DESCRIPTION NO.
9000 JK Flip-Flop 5-3 9009 NAND Buffer 5-17
9001 JK Flip-Flop 5-3 9012 NAND Gate 5-10
9002 NAND Gate 5-10 9014 Quad Exclusive-OR Gate 5-19
9003 NAND Gate 5-10 9015 Quad NOR Gate 5-22
9004 NAND Gate 5-10 9016 Hex Inverter 5-10
9005 Extendable AND-OR-Invert Gate| 5-13 9017 Hex Inverter 5-10
9006 Extender 5-13 9020 Dual JK Flip-Flop 5-3
9007 NAND Gate 5-10 9022 Dual JK Flip-Flop 5-3
9008 Entendable AND-OR-Invert Gate| 5-13 9024 Dual JK (or D) Flip-Flop 5-24
93XX FAMILY TTL
DEVICE 93XX 93H ‘93L 93s PAGE
NO. DESCRIPTION TTL H-TTL L-TTL S-TTL NO.
00 4-Bit Universal Shift Register X X X X 6-3
01 1-of-10 Decoder X X 6-7
02 1-of-10 Decoder X 6-10
04 Dual Full Adder X 6-13
05 Variable Modulus Counter X 6-16
07 7-Segment Decoder X 6-20
08 Dual 4-Bit Latch X 6-24
09 Dual 4-Input Multiplexer X 6-27




PRODUCT INDICES AND SELECTION GUIDES

93XX FAMILY TTL (Cont'd)

DEVICE 93XX 93H 93L 93s PAGE
NO. DESCRIPTION TTL H-TTL L-TTL S-TTL NO.
10 BCD Decade Counter X X X 6-30
11 1-of-16 Decoder/Demultiplexer X X 6-36
12 8-Input Multiplexer X X X 6-39
13 8-Input Multiplexer X 6-42
14 Quad Latch X X 6-45
15 1-of-10 Decoder X 6-48
16 4-Bit Binary Counter X X X 6-30
17B 7-Segment Decoder/Driver X 6-51
17C 7-Segment Decoder/Driver X 6-51
18 8-Input Priority Encoder X X 6-56
19 Decade Sequencer X 6-59
20 Decade Sequencer X 6-59
21 Dual 1-of-4 Decoder X X 6-64
22 Quad 2-Input Multiplexer X X 6-66
24 5-Bit Comparator X X 6-69
28 Dual 8-Bit Shift Register X X 6-72
34 8-Input Addressable Latch X X 6-75
38 8-Bit Multiple Port Register X X 6-78
40 4-Bit Arithmetic Logic Unit X 6-82
41 4-Bit Arithmetic Logic Unit X X 6-87
42 Carry Lookahead Generator X 6-94
43 4-Bit by 2-Bit Twos 6-98
Complement Multiplier
44 Binary (4-Bit by 2-Bit) Full Multiplier X 6-101
46 High Speed 6-Bit Identity Comparator 6-106
47 High Speed 6-Bit Identity Comparator 6-109
48 12-Input Parity Checker/Generator X 6-111
62 9-Input Parity Checker/Generator X 6-114
68 7-Segment Decoder/Driver/Latch 6-117
70 7-Segment Decoder/Driver/Latch 6-123
72 High Speed 4-Bit Shift Register X 6-127
74 7-Segment Decoder/Driver/Latch 6-130
86 4-Bit Quad Exclusive-NOR 6-138




PRODUCT INDICES AND SELECTION GUIDES

96XX FAMILY TTL

DEVICE 96 XX 96L 96S 96LS PAGE
NO. DESCRIPTION TTL L-TTL S-TTL LS-TTL NO.
00 Retriggerable Resettable X 7-3
Monostable Multivibrator
01 Retriggerable Monostable Multivibrator 7-8
02 Dual Retriggerable Resettable X X X 7-14/
Monostable Multivibrator 7-20
32 Address Multiplexer/Refresh Counter 7-27
42 Address Multiplexer/Refresh Counter 7-30
101 Quad 2-Input Positive NAND Buffer 7-33
103 Quad Bus Transceiver 7-34
106 Quad 2-Input NOR Receiver 7-36
SELECTION GUIDES
SSI FUNCTIONS
FUNCTION | oxxx | sa7a | san/7am 548/748 |  saLs/7aLs
NAND Gates
Hex Inverters 9016 | 54/7404 54H/74H04 54S/74S04 54L.S/74L.S04
54S/74S04A
Hex Inverters (OC*) 9017 | 54/7405 54H/74H05 545/74S05 541.S/74L.S05
54S/74S05A
Hex Inverter (15 V) 54/7416
Hex Inverter (30 V) 54/7406
Hex Schmitt Trigger 54/7414 54L.S/74LS14
Quad 2-Input 9002 | 54/7400 54H/74H00 54S5/74S00 54L.S/74LS00
Quad 2-Input (OC*) 9012 | 54/7403 54S/74S03 541L.5/74LS03
Quad 2-Input (OC*) 54/7401 54H/74H01
Quad 2-Input (12 V) 7426 54L.S/74L.S26
Quad 2-Input (48 V) 54/7437 54L.S/74LS37

*OC = Open-collector; 3S = 3-State




PRODUCT INDICES AND SELECTION GUIDES

SSI FUNCTIONS (Cont'd)

FUNCTION | 9XXX 54/74 54H/74H 54S/74S 54LS/74LS
NAND Gates (Cont'd)
Quad 2-Input (OC*/48 mA) 54/7438 54L.5/74LS38
Quad 2-Input Line Driver 96101 | 54/7439
Quad 2-Input Schmitt 54/74132 54S/745132 54LS/74L.5132
Triple 3-Input 9003 | 54/7410 54H/74H10 54S5/74S10 54LS/74L.S10
Triple 3-Input (OC*) 54/7412
Dual 4-Input 9004 | 54/7420 54H/74H20 54S/74520 54L.S/74LS20
Dual 4-Input Schmitt 54/7413 54LS/74L.S13
Dual 4-Input (OC*) 54/7422 54H/74H22 54S/74522 541.5/74L.S22
Dual 4-Input Buffer 9009 | 54/7440 54H/74H40 54S/74540 54L.S/74L.S40
Dual 4-Input Line Driver 54S/745140
8-Input 9007
8-Input 54/7430 54H/74H30 545/74S30 54LS/74LS30
13-Input 54S5/74S5133 | 54L.S/74L.S133
12-Input (3S*) 54S/74S134
NOR Gates
Quad 2-Input 54/7402 54S/74S02 54L.S/74L.S02
Quad 2-Input 9015
Triple 3-Input 54/7427 54L.S/74L.827
Dual 4-Input w/Strobe 54/7425
Dual 4-Input (Exp) 54/7423
Dual 5-Input 54S/74S260 | 54LS/74L5260
Quad 2-Input 541.5/74L.S28
Quad 2-Input (OC*) 54L.S/74L.S33
AND Gates
Hex Buffer (OC*/15 V) 54/7417
Hex Buffer (OC*/30 V) 54/7407
Quad 2-Input 54/7408 54H/74H08 54S5/74S08 541L.S/74LS08
Quad 2-Input (OC™) 54/7409 54S/74S09 54L.5/74L.S09
Triple 3-Input 54/7411 54H/74H11 54S5/74S511 54L.S/74LS11
Triple 3-Input (OC*) 54S5/74S15 54L.S/74LS15
Dual 4-Input 54/7421 54H/74H21 54L.S/74L.S21

*OC = Open-Collector; 3S = 3-State




PRODUCT INDICES AND SELECTION GUIDES

$SI FUNCTIONS (Cont'd)

FUNCTION | oxxx | sar7a |  sa/7am | 54LS/74LS

s4s/7as |

OR Gates

Quad 2-Input

[s4/7432 |

| sas/7ass2 |

54L.S/74LS32

Exclusive-OR Gates

Quad 2-Input

54/7486

54S/74S86

54L.S/741.S86

Quad 2-Input (OC*)

54L.S/74LS136

Quad 2-Input OR/NOR

9014

Quad 2-Input OR/NOR

548/745135

Exclusive-NOR Gate

Quad 2-Input (OC*)

|o386 8242 |

54L.S/741.5266

AND-OR Gates

2-2-2-3 Input (Exp)

54H/74H52

AND-OR-INVERT Gates

Dual 2-2 Input (Exp)

9005

54/7450

54H/74H50

Dual 2-2 Input

54/7451

54H/74H51

54S/74S51

54L.S/74L.S51

2-2-2-3 Input (Exp)

9008

54/7453

54H/74H53

2-2-2-3 Input

54/7454

54H/74H54

2-2-3-3 Input

54L.S/74L.S54

2-2-3-4 Input

54S/74S64

2-2-3-4 Input (OC*)

54S/74S65

4-4 Input (Exp)

54H/74H55

4-4 Input

54L.S/74L.S55

Gate Expanders

Triple 3-Input

54H/74H61

Dual 4-Input

9006

54/7460

54H/74H60

2-2-3-3 AND-OR

54H/74H62

Buffer Gates and Drivers

Quad Buffer (3S*)

54/74125

54L.S/74LS125A

Quad Buffer (3S*)

54/74126

54L.S/74L.S126

Hex (3S™)

54L.S/74LS365A

Hex Inverter (3S*)

54L.S/74LS366A

Hex (3S*)

54L.S/74LS367A -

Hex Inverter (3S*)

54L.S/74LS368A

*OC = Open-Collector; 3S = 3-State




PRODUCT INDICES AND SELECTION GUIDES

SINGLE AND DUAL FLIP-FLOPS

GUARANTEED
CLOCK | DIRECT DIRECT | CLOCK FREQ.
FUNCTION DEVICE NO. INPUTS EDGE SET CLEAR MHz
Single JK 9000 3J, 3K, JK va X X 20 (Typ)
Single JK 9001 2J, 2K, J, K, JK va X X 50 (Typ)
Single JK 54H/74HT1 (AOD N\ X 25
2+2J, 2+ 2K
Single JK 54H/74H101 (AOI) ~N X 40
(2 +2)J, 2+ 2K

Single JK 54/7472 34, 3K ~ X X 15
Single JK 54H/74H72 34, 3K v X X 25
single JK 54H/74H102 3J, 3K ~ X X 40
Single JK 54/7470 2J, 2K, J, K Ve X X 20
Dual D 54/7474 D e X X 15
Dual D 54H/74H74 e X X 35
Dual D 54S/74S74 D e X X 75
Dual D 54LS/74LS74 D e X X 30
Dual JK 9020 J. K, J K JK e X 50 (Typ)
Dual JK 9022 J, K, JK a X X 50 (Typ)
Dual JK 54/7473 J, K AN X 15
Dual JK 54/74107 J, K v X 15
Dual JK 54H/74H73 J, K AW X 25
Dual JK 54H/74H103 J, K N X 40
Dual JK 548/745113 J, K N X 80
Dual JK 54LS/74LS113 J, K N X 30
Dual JK 54/7476 J, K AN X X 15
Dual JK 54H/74H76 J, K v X X 25
Dual JK 54H/74H106 J, K v X X 40
Dual JK 54S/748112 J, K AW X X 80
Dual JK 54LS/74LS112 J, K N\ X X 30
Dual JK 54H/74H78 J, K A X X 25
Dual JK 54H/74H108 J, K N X X 40
Dual JK 54LS/74LS73 J, K N X 30
Dual JK 54S/748114 J, K s X X 80
Dual JK 54LS/74LS114 J, K N X 30
Dual JK 9024, 54/74109 J, K e X 25




PRODUCT INDICES AND SELECTION GUIDES

SINGLE AND DUAL FLIP-FLOPS (Cont’d)

GUARANTEED
CLOCK | DIRECT DIRECT | CLOCK FREQ.
FUNCTION DEVICE NO. INPUTS EDGE SET CLEAR MHz
Dual JK 545/745109 J, K e X X 75
Dual JK 54LS/74LS109 J, K e X X 30
Dual JK 54LS/74LS76 J, K N X X 30
Dual JK 54LS/74L5107 J, K A X 30
Dual JK 54LS/74LS78 J, K AN X X 30
LATCHES
ENABLE | MIN ENABLE | MAX DELAY
DATA | COMMON | INPUTS | PULSE WIDTH | ENABLE TO
FUNCTION DEVICE NO. INPUTS | CLEAR | (LEVEL) ns OUTPUT-ns
4-Bit RS Latch 9314 4 X (R1Sp L 1D 18 24
4-Bit RS Latch 93L14 4 X (R151) L 1L 30 45
4-Bit D Latch 9314 4XD L 1 18 24
4-Bit D Latch 93L14 4XD L 1L 30 45
Dual 4-Bit D Latch| 9308 8 XD 2XL |2X2AND 18 30
(54/74116)
Dual 4-Bit D Latch| 93L08 8XD 2XL |2X2AND 30 45
4-Bit RS Latch 54/74279 4 X (RS
4-Bit RS Latch 54LS/74LS279 4 X (RS
4-Bit D Latch 54/7475 ~4XD 2(H 20 30
4-Bit D Latch 54/7477 4XD 2 (H 20 30
4-Bit D Latch 54LS/74LS375 4XD 2(H 20 30
Dual 4-Bit 54L8/74LS256 8XD L 2L 17 27
Addr. Latch
8-Bit Addr. Latch | 9334 1XD L 1(D 17 24
8-Bit Addr. Latch | 93L34 1XD 1D 26 45
8-Bit D Latch 54LS/74LS373 8 XD 1(H) 15 30
8-Bit D Latch 54LS/74LS573 8 XD 1L 15 30
8-Bit D Latch 54L.S/74LS533 8 XD 1 (H) 15 30
8-Bit D Latch 54LS/74LS563 8XD 1 (H) 15 30
8-Bit Addr. Latch | 54LS/74LS259 1XD L 1D 17 27
16-Bit D Latch 54/74170 4XD 2 25 45
16-Bit D Latch 54LS/74LS170 4XD 2 25 35
16-Bit D Latch 54L.8/74LS670 4XD 2 25 35
64-Bit Memory 54/7489 4XD 2 40 70




PRODUCT INDICES AND SELECTION GUIDES

LATCHES (Cont'd)
ENABLE MIN ENABLE MAX DELAY
DATA COMMON | INPUTS | PULSE WIDTH | ENABLE TO
FUNCTION DEVICE NO. INPUTS CLEAR (LEVEL) ns OUTPUT-ns
64-Bit Memory 54LS/74LS89 4XD 2L 25 (Typ) 30 (Typ)
64-Bit Memory 545/74S189 4XD 2L 20 40
64-Bit Memory 54LS/74L5189 4XD 2L 25 (Typ) 30 (Typ)
64-Bit Memory 545/745289 4XD 2L 20 40
64-Bit Memory 54L.S/74LS289 4XD 2 25 (Typ) 30 (Typ)
MULTIPLE FLIP-FLOPS
GUARANTEED
DATA COMMON | CPINPUTS | CLOCK FREQ.
FUNCTION DEVICE NO. INPUTS CLEAR (LEVEL) MHz
4-Bit D Flip-Flop 54/74175 4XD L 1(/) 25
4-Bit D Flip-Flop 54S/748175 4XD L 1(_/) 75
4-Bit D Flip-Flop 54L.S/74LS175 4XD L 1(_/) 30
4-Bit D Flip-Flop 54/74298 2X4XD 1(°\0) 25
4-Bit D Flip-Flop 54L.5/74L5298 2X4XD 1(°\) 25
6-Bit D Flip-Flop 54/74174 6 XD 1(_/) 25
6-Bit D Flip-Flop 54S/745174 6 XD L 1(/) 75
6-Bit D Flip-Flop 54LS/74LS174 6 XD L 1(/) 30
8-Bit Multiple Port Register 9338 1XD 1L 27
8-Bit Multiple Port Register 93L38 1XD 1) 14
8-Bit D Flip-Flop 54L.S/74LS374 8XD 10/) 35
8-Bit D Flip-Flop 54L.S/74LS534 8XD 1(_/) 35
8-Bit D Flip-Flop 54L.S/74L.S564 8XD 1(_/) 35
MULTIPLEXERS
ENABLE TRUE COMPLEMENT
FUNCTION DEVICE NO. INPUTS OUTPUT OUTPUT
Quad 2-input 9322 1 X
Quad 2-Input 93L22 1 X
Quad 2-input 54/74157 1 X
Quad 2-Input 54S/745157 1 X
Quad 2-Input 54LS/74L5157 1 X
Quad 2-Input 545/745158 1 X
Quad 2-Input 54L.S/74LS158 1




PRODUCT INDICES AND SELECTION GUIDES

MULTIPLEXERS (Cont'd)

ENABLE TRUE COMPLEMENT
FUNCTION DEVICE NO. INPUTS OUTPUT OUTPUT
Quad 2-Input 548/74S257 1 3s*
Quad 2-Input 54L.5/74LS257 1 3s*
Quad 2-Input 54LS/74LS257A 1 3s8*
Quad 2-Input 545/745258 1 38*
Quad 2-Input 54LS/74L.5258 1 3s*
Quad 2-Input 54LS/74LS258A 1 358
Quad 2-Input 54/74298 Clocked X (Latched)
(Edge-Trigger)
Quad 2-Input 54L.S/74LS298 Clocked X (Latched)
(Edge-Trigger)
Dual 4-Input 9309 X
Dual 4-Input 93L09 X
Dual 4-Input 54/74153 2 X
Dual 4-input 54S/745153 2 X
Dual 4-Input 54L8/74L 5153 2 X
Dual 4-Input 548/74S253 2 38"
Dual 4-Input 54LS/74L.5253 2 3s*
Dual 4-Input 54L.S/74L8352 2 X
Dual 4-Input 54L.5/74LS353 2 38"
8-Input 9312 1 X
8-Input 93L12 1 X
8-Input 93812 1 X X
8-Input 9313 1 X oc*
8-Input 54/74151A 1 X X
8-Input 54S8/748151 1 X
8-Input 54LS/74L5151 1 X X
8-Input 54S5/745251 1 3s* 38
8-Input 54L.S/74L 5251 1 38 38*
8-Input 54/74152A X
8-Input 54LS/74LS152 X
12-Input 96LS42 1 X
14-Input 96LS32 1 X
16-Input 54/74150 1 X

*OC = Open-Collector; 3S = 3-State




PRODUCT INDICES AND SELECTION GUIDES

DECODERS/DEMULTIPLEXERS

OPEN-COLLECTOR

ADDRESS | ACTIVELOW | ACTIVE LOW | OUTPUT VOLTAGE
FUNCTION DEVICE NO. INPUTS ENABLE OUTPUTS v

Dual 1-of-4 9321 2+2 1+1 4+4

Dual 1-of-4 93L21 2+2 1+1 4+4

Dual 1-of-4 54S/745139 2+2 1+1 4+4

Dual 1-of-4 54LS/74LS139 2+2 1+1 4+4

Dual 1-of-4 54/74155 2 2+1 4+4

Dual 1-of-4 54LS/73LS155 2 2+1 4+4

Dual 1-of-4 54/74156 2 2+1 4+4 5.5
Dual 1-of-4 54L.S/74LS156 2 2+1 4+4 55
1-o0f-8 9301 3 1 8

1-of-8 93L01 3 1 8

1-of-8 9302 3 1 8 5.5
1-of-8 9334 3 1 8

1-0f-8 93L34 3 1 8

1-of-8 54LS/74LS259 3 1 8H

1-of-8 54/7445 3 1 8 30
1-0f-8 54/7442A 3 1 8

1-of-8 54LS/74L542 3 1 8

1-of-8 54S/745138 3 2 8

1-0f-8 54LS/74LS138 3 2 8

1-of-8 54/74145 3 1 8 15
1-0f-8 w/Input Latches| 54S/74S137 3 2 8

1-of-10 9301 4 (BCD) 10

1-of-10 93L01 4 (BCD 10

1-o0f-10 9302 4 (BCD) 10 5.5
1-of-10 54/7445 4 (BCD) 10 30
1-0f-10 54/7442A 4 (BCD) 10

1-0f-10 54LS/74LS42 4 (BCD) 10

1-0f-10 54/7443A 4 (Excess-3) 10

1-of-10 54/7444A 4 (Excess-3 10

Gray)

1-0f-10 54/74145 4 (BCD) 10 15
1-0f-16 9311 4 2 16




PRODUCT INDICES AND SELECTION GUIDES

DECODERS/DEMULTIPLEXERS (Cont'd)

OPEN-COLLECTOR
ADDRESS | ACTIVELOW | ACTIVE LOW | OUTPUT VOLTAGE

FUNCTION DEVICE NO. INPUTS ENABLE OUTPUTS v
1-0f-16 93L11 4 2 16
1-0f-16 54/74154 4 2 16
1-of-10 9319 Clock 10
Decade Sequencer
1-o0f-10 9320 Clock 10 3 K Pull-up
Decade Sequencer
REGISTERS

PARALLEL GUARANTEED
NO. OF | SERIAL ENTRY CLOCK | CLOCK FREQ.

FUNCTION DEVICE NO. BITS ENTRY | NO. OF BITS'| EDGE MHz
Parallel-in/Parallel-out | 9300 4 J, K 4s Ve 30
Shift Right
Parallel-in/Parallel-out | 93H00 4 J, K 4s va 45
Shift Right
Parallel-in/Parallel-out | 93L00 4 J, K 4s a 10
Shift Right
Parallel-in/Parallel-out 93S00 4 J, K 4S /" 70
Shift Right
Parallel-in/Parallel-out 93H72 4 D 4S va 45
Shift Right
Serial/Parallel-in, 54/7494 4 D 2 X 4A (MUX) va 10
Parallel-out, Shift Right
Parallel-in/Parallel-out 54/7495A 4 D 4S N 25
Shift Right
Parallel-in/Parallel-out 54LS/74LS95B 4 D 4S AW 30
Shift Right
Parallel-in/Parallel-out 54/74178 4 D 4S AW 25
Shift Right
Parallel-in/Parallel-out 54/74179 4 D 4S N 25
Shift Right
Parallel-in/Parallel-out 54LS/74LS195A 4 J K 4S va 30
Shift Right
Parallel-in/Parallel-out 54L.S/74LS295A 4 D 4S8 AW 30
Shift Right (382

1. S = Synchronous; A = Asynchronous
2. OC = Open-Collector; 3S = 3-State

/
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PRODUCT INDICES AND SELECTION GUIDES

REGISTERS (Cont'd

PARALLEL GUARANTEED
NO. OF | SERIAL ENTRY CLOCK | CLOCK FREQ.

FUNCTION DEVICE NO. BITS ENTRY |NO. OF BITS'| EDGE MHz
Parallel-in/Parallel-out 54LS/74LS395 4 D 4S A 30
Shift Right (3S2)
Parallel-in/Parallel-out 54/74194 4 DR, DL 4S e 25
Bidirectional
Parallel-in/Parallel-out 54S/74S194 4 DR, DL 4S va 70
Bidirectional
Parallel-in/Parallel-out 54LS/74LS194A 4 DR, DL 4S / 30
Bidirectional
Quad D (3S2) 54/74173 4 4S e 25
Quad D (3S2) 54L.S/74LS173 4 4S e 30
Quad D Flip-Flop 54/74175 4 4S8 e 25
Quad D Flip-Flop 548/74S175 4 4S8 va 75
Quad D Flip-Flop 54LS/74LS175 4 4S va 30
Quad 2-Port Register 54/74298 4 2 D (MUX) AW 30
Quad 2-Port Register 54L.S/74LS298 4 2 D (MUX) A 30
Quad D 54LS/74LS379 4 4S8 va 30
Parallel-in/Parallel-out 54/7496 5 D 5A va 10
Shift Right
Hex D Flip-Flop 54/74174 6 6S va 25
Hex D Flip-Flop 54S/74S174 6 6S / 75
Hex D Flip-Flop 54LS/74LS174 6 6S e 30
Parallel D Register 54L.S/74LS378 6 6S e 30
Multiport Register 9338 8 D va 25
Multiport Register 93L38 8 D / 20
Parallel-in/Parallel-out 54/74199 8 J. K 8S /- 25
Shift Right
Serial/Parallel-in, 54L.S/74LS322 8 2D 8s va 35
Parallel/Serial-out
Shift Right (382
Serial-in/Parallel-out 54/74164 8 2D va 25
Shift Right
Serial-in/Parallel-out 54L.S/74LS164 8 2D va 25
Shift Right

1. S = Synchronous; A = Asynchronous
2. OC = Open-Collector; 3S = State
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PRODUCT INDICES AND SELECTION GUIDES

REGISTERS (Cont'd)

PARALLEL GUARANTEED
NO. OF | SERIAL ENTRY CLOCK | CLOCK FREQ.
FUNCTION DEVICE NO. BITS ENTRY | NO. OF BITS' | EDGE MHz
Parallel/Serial-in, 54/74165 8 D 8A 7/ 25
Serial-out, Shift Right
Parallel/Serial-in, 54LS/74LS165 8 D 8A va 30
Serial-out, Shift Right
Parallel/Serial-in, 54/74166 8 D 8S va 25
Serial-out, Shift Right
Serial-in/Serial-out 54/7491A 8 2D / 10
Shift Right
Successive Approx 54L.S/74L8502 8 D e 15
Register
Successive Approx 54L.8/74L.8503 8 D e 15
Register
Parallel-in/Parallel-out | 54/74198 8 DR, DL 8s e 25
Bidirectional
Parallel-in/Parallel-out 54LS/74LS299 8 DR, DL 8S va 35
Bidirectional (3S2)
Parallel-in/Parallel-out 54LS/74LS323 8 DR, DL 8S / 35
Bidirectional (3S2)
Octal D Register 54LS/74L8273 8 8S e 30
Octal D Flip-Flop (3S2) 54L.S/74LS374 8 8S va 35
Octal D Flip-Flop 54L.S/74L8377 8 8S va 30
Octal D Flip-Flop (3S2) 54L.S/74LS574 8 8S va 35
Successive Approx 54L.8/74LS504 12 D va 15
Register
Serial-in/Serial-out 9328 2X8 2X2D 7/ 20
Shift Right (MUX)
Serial-in/Serial-out 93L28 2X8 2X2D -/ 5.0
Shift Right (MUX)
Register File (OC2) 54/74170 4X4 4A ~
Register File (OC2) 54LS/74LS170 4X4 4A .
Register File (3S2) 54L.S/74LS670 4X4 4A .

1. S = Synchronous; A = Asynchronous
2. OC = Open-Collector; 3S = 3-State
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PRODUCT INDICES AND SELECTION GUIDES

COUNTERS
GUARANTEED
PARALLEL CLOCK CLOCK FREQ.
FUNCTION DEVICE NO. MODULUS ENTRY* EDGE MHz

Asynchronous 54/74290 2X5 N 32
Asynchronous 54/7490A 2x5 N 32
Asynchronous 54LS/74LS90 2X5 A 32
Asynchronous 54/7492A 2X6 A 32
Asynchronous 54LS/74L592 2X6 A 32
Asynchronous 54/74293 2X8 N~ 32
Asynchronous 54/7493A 2X8 - 32
Asynchronous 54L.S/74LS93 2X8 A 32
Asynchronous 54/74176 2X5 A - 35
Asynchronous 54/74177 2X8 A N 35
Asynchronous 54/74196 2X5 A N 50
Asynchronous 54L.S/74LS196 2X5 A N 45
Asynchronous 54/74197 2X8 A N 50
Asynchronous 54LS/74L8197 2X8 A . 50
Asynchronous 54LS/74LS290 2X5 N~ 32
Asynchronous 54LS/74LS293 2X8 N 32
Asynchronous 54LS/74LS390 2X5 A 40
Asynchronous 54L.S/74LS393 2X8 - 40
Asynchronous 54L.S/74LS490 2X5 N 40
Variable Modulo 9305 2X56,7,8 e 23
Synchronous 9310 10 (Presettable) S A 30
Synchronous 93L10 10 (Presettable) S / 13
Synchronous 93s10 10 (Presettable) S /" 70
Synchronous 9316 16 (Presettable) S va 30
Synchronous 93L16 16 (Presettable) S va 13
Synchronous 93S16 16 (Presettable) S va 70
Synchronous 54/74160 10 (Presettable) S va 25
Synchronous 54L.8/74LS160 10 (Presettable) S va 25
Synchronous 54/74161 16 (Presettable) S va 25
Synchronous 54LS/74LS161 16 (Presettable) S e 25
Synchronous 54/74162 10 (Presettable) S e 25
Synchronous 54L.S/74LS162 10 (Presettable) S va 25
Synchronous 54/74163 16 (Presettable) S va 25

*S = Synchronous; A = Asynchronous
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COUNTERS (Cont'd)

GUARANTEED
PARALLEL CLOCK CLOCK FREQ.
FUNCTION DEVICE NO. MODULUS ENTRY* EDGE MHz

Synchronous 54LS/74LS163 16 (Presettable) S e 25
Up/Down 54LS/74LS168 10 (Presettable) S va 25
Up/Down 54L.S/74LS169 16 (Presettable) S S/ 25
Up/Down 54/74192 10 A va 25
Up/Down 54L.S/74L.5192 10 A va 30
Up/Down 54/74193 16 A va 25
Up/Down 54L.S/74L5193 16 A va 30
Up/Down 54/74190 10 A e 20
Up/Down 54L.S/74LS190 10 A e 20
Up/Down 54/74191 16 A e 20
Up/Down 54LS/74L5191 16 A e 20
Rate Multiplier 54/7497 m.f./64 va 25
Rate Multiplier 54/74167 m.f./10 / 25
MONOSTABLES (ONE-SHOTS)

PULSE WIDTH NO. OF MIN

VARIATION (%) INPUTS OUTPUT
FUNCTION DEVICE NO.|vs. TEMP | vs. Vcc | POS | NEG | RESETTABLE (tw) ns
Single Retriggerable 9600 1.5 +1.5 3 2 X 75
Single Retriggerable 9601 *2.7 1.0 2 50
Dual Retriggerable 9602 +1.5 +1.5 1 1 X 72
Dual Retriggerable 96L02 +1.6 *1.5 1 1 X 110
Dual Retriggerable 96S02 +1.0 +1.0 1 1 X 27
Single Non-Retriggerable 54/74121 +0.25 +0.15 1 2 40
Single Retriggerable 54/74122 +2.7 +1.0 2 2 X 45
Dual Retriggerable 54/74123 +2.7 1.0 1 1 45
Dual Retriggerable 96LS02 - 310 +0.8 1 1 X 35

*S = Synchronous; A = Asynchronous
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PRODUCT INDICES AND SELECTION GUIDES

LINE AND BUS DRIVERS/TRANSCEIVERS/RECEIVERS

COMPANION loL los
FUNCTION DEVICE NO. RECEIVER mA mA (MIN)

Quad 2 NAND Driver 54/7437 Any TTL 48 -20
Quad 2 NAND Driver (OC*) 54/7438 96106 48 oc*
Quad 2 NAND Driver (OC*) 96101 96106 80 oc*
Quad 2 NAND Driver 9009 Any TTL 52.8 -40
Dual 2 NAND Driver 54/7440 Any TTL 48 -20
Dual 2 NAND Driver 54H/74H40 Any TTL 60 -40
Dual 2 NAND Driver 54S/74540 Any TTL 60 -50
Dual 2 NAND Driver (50 Q) 54S/74S140 Any TTL 60 -50
Octal Inverting Bus Driver (3S*) 54LS/74L.S240 Any TTL 64 -40
Octal Inverting Bus Driver (3S*) 54S/74S240 Any TTL 64 -50
Octal Non-Inverting Bus Driver (3S*) 54L.S/74LS241 Any TTL 64 -40
Octal Non-Inverting Bus Driver (3S*) 548/745241 Any TTL 64 -50
Octal Bus Transceiver 54LS/74LS245 Any TTL 24 -40
Octal Inverting Bus Transceiver 54L.S/74LS540 Any TTL 64 -40
Octal Non-Inverting Bus Transceiver 54LS/74LS541 Any TTL 64 -40
Quad Inverting Bus Transceiver 54LS/74LS242 Any TTL 24 -40
Quad Non-Inverting Bus Transceiver 54L.S/74L.5243 Any TTL 24 -40
Quad Bus Transceiver 96103 96103 70 -18
Quad 2-NOR Receiver 96106 7.8 -18

*OC = Open-Collector; 3S = 3-State
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PRODUCT INDICES AND SELECTION GUIDES

DISPLAY DECODER/DRIVERS

OUTPUT | OUTPUT BLANKING
CURRENT | VOLTAGE | ACTIVE RIPPLE |ABOVE BCD
FUNCTION DEVICE NO. mA v HIGH/LOW | BLANKING | 9-INPUT

1-0f-10 Cold Cathode 9315 (54/7441) 7.0 55 L

(0Cc"

1-of-10 Cold Cathode 74141 7.0 55 L X

1-0f-10 Driver (OC*) 9302 16 5.5 L X

1-0f-10 Driver (OC*) 54/7445 80 30 L X

1-0f-10 Driver (OC*) 54/74145 80 15 L X

7-Seg Decoder 9307 12.5 5.5 H X

7-Seg Decoder 54/7448 1.3 5.5 H X

7-Seg Decoder (OC*) 54/7449 10 5.5 H X

7-Seg Decoder/Driver 9317B 40 20 L X X

7-Seg Decoder/Driver 9317C 20 30 L X

7-Seg Decoder/Driver 54/7446A 40 30 L X

(0C*

7-Seg Decoder/Driver 54/7447A 40 15 L X

(0C*

7-Seg Decoder/Driver 54L.S/74L.547 24 15 L X

(0C*

7-Seg Decoder/Driver 54L.S/74L.548 1.3 5.5 H

7-Seg Decoder/Driver 54L.S/74L.S49 8.0 5.5 H

(0C*

7-Seg Decoder/Driver 54LS/74L5247 24 15 L X

(0C*

7-Seg Decoder/Driver 54L.S/74L.5248 1.3 5.5 H X

7-Seg Decoder/Driver 54L.S/74L.S249 8.0 5.5

(0C*

7-Seg Decoder/Driver 54L8/74L8347 24 7.0 L X

(0C*

7-Seg Decoder/Driver 54L.S/74L.5447 24 7.0 L X

(0C*

7-Seg LED Driver 9368 20 1.7 H X

Common Cathode

7-Seg LED Driver 9370 25 55 L X

Common Anode (OC*)

7-Seg LED Driver 9374 15 10 L X

Common Anode (OC*)

*OC = Open-Collector
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PRODUCT INDICES AND SELECTION GUIDES

ARITHMETIC OPERATORS

FUNCTION DEVICE NO. DESCRIPTION NO. OF BITS
Adder 54/7480 Gated 1-Bit with Carry 1
Adder 9304 Dual 1-Bit with Carry 2
Adder 54H/74H183 Dual 1-Bit with Carry 2
Adder 54/7482 Full 2-Bit with Carry 2
Adder 54/7483A Full Binary 4-Bit with Carry 4
Adder 54LS/74LS83A Full Binary 4-Bit with Carry 4
Adder 54/74283 Full Binary 4-Bit with Carry 4
Adder 54LS/74LS283 Full Binary 4-Bit with Carry 4
Arithmetic Logic Unit 9340 ALU with Internal CLA* 4
Arithmetic Logic Unit 9341 (54/74181) ALU with External CLA* 4
Arithmetic Logic Unit 93L41 ALU with External CLA* 4
Arithmetic Logic Unit 54L.S/74LS181 ALU with External CLA* 4
Arithmetic Logic Unit 93841 ALU with External CLA* 4
Carry Lookahead 9342 (54/74182) CLA generator for 9341
Carry Lookahead 93542 (54S/745182) CLA generator for 93541/9405
Comparator 9386 (8242) 4-Bit Indentity Exclusive-NOR (OC*) 4
Comparator 54/7485 4-Bit Magnitude with Expander 4
Comparator 54LS/74LS85 4-Bit Magnitude with Expander 4
Comparator 9324 5-Bit Magnitude 5
Comparator 93L24 5-Bit Magnitude 5
Comparator 93846 6-Bit Identity with Expander 6
Comparator 93847 6-Bit Identity (OC*) 6
Encoder 9318 Priority 8-Bit with Expander 8
Encoder 93L18 Priority 8-Bit with Expander 8
Multiplier 9344 Binary 4 X 2-Bit 4X2
Multiplier 93543 2s Complement 4X2
Multiplier 54L.S/74LS384 Serial/Parallel 2s Complement 8
Parity 54/74180 8-Bit Parity Generator/Checker 8
Parity 93562 9-Bit Parity Generator/Checker 9
Parity 9348 12-Bit Parity Generator/Checker 12
Parity 54L.S/74L.S280 9-Bit Parity Generator/Checker 9
True/Complement 54H/74H87 4-Bit True/Complement 4

Zero/One Element

True/Complement 548/74S135 Dual 2-Bit Exclusive OR/NOR 4

*CLA = Carry Lookahead; OC = Open-Collector
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PRODUCT INDICES AND SELECTION GUIDES

RANDOM ACCESS MEMORIES

CHIP
ADDRESS | SELECT 25'232“’535
ACCESS | ACCESS
TIME-ns | TIME-ns CoM MIL
(MAX) | (MAX) [0°Cto +70°C|-55°C to +125°C

ORGANIZATION | DEVICE NO. | DESCRIPTION | MIL/COM | MIL/COM | ns (MAX) ns (MAX)
T
16X 4 7489 oct 60/60 50/50 115 115
SCHOTTKY
16 X 4 545/745189 3st 50/35 32/22 55 70
16X 4 545/745289 oc! 50/35 25/17 55 70
LOW POWER SCHOTTKY
16X 4 54LS/74L.589 oct 37/372 | 10/102 722 722
16X 4 54LS/74L.5189 3s 37/372 | 10/102 722 722
16X 4 54L.S/74LS289 oct 37/372 | 10/102 722 722

1. OC = Open-Collector; 3S = 3-State

2. Typical Value
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TTL CHARACTERISTICS

Section 2
TTL CHARACTERISTICS

GLOSSARY
Currents — Positive current is defined as conventional current flow into a device. Negative current is defined as
conventional current flow out of a device. All current limits are specified as absolute values.

Icc Supply Current — The current flowing into the Vcc supply terminal of acircuit with the specified
input conditions and the outputs open. When not specified, input conditions are chosen to guar-
antee worst case operation.

i Input HIGH Current — The current flowing into an input when a specified HIGH voltage is
applied.

li Input LOW Current — The current flowing out of an input when a specified LOW voltage is applied.

loH Output HIGH Current — The leakage current flowing into a turned off open-collector output with

a specified HIGH output voltage applied. For an output with an internal pull-up circuit, the lon
is the current flowing out of the output when it is in the HIGH state.

loL Output LOW Current — The current flowing into an output when it is in the LOW state.

los Output Short Circuit Current — The current flowing out of a HIGH-state output when that output
is short circuited to ground (or other specified potential).

lozH Output OFF Current HIGH — The current flowing into a disabled 3-state output with a specified
HIGH output voltage applied.

lozL Output OFF Current LOW — The current flowing out of a disabled 3-state output with a specified
LOW output voltage applied.

Voltages — All voltages are referenced to the ground pin. Negative voltage limits are specified as absolute
values (i.e., -10 V is greater than -1.0 V).

Vce Supply Voltage — The range of power supply voltage over which the device is guaranteed to
operate within the specified limits.

Vcp(Max) Input Clamp Diode Voltage — The most negative voltage at an input when a specified current
is forced out of that input terminal. This parameter guarantees the integrity of the input diode,
intended to clamp negative ringing at the input terminal.

ViH Input HIGH Voltage — The range of input voltages that represents a logic HIGH in the system.

VIH(Min) Minimum Input HIGH Voltage — The minimum allowed input HIGH in a logic system. This value
represents the guaranteed input HIGH threshold for the device.

ViL Input LOW Voltage — The range of input voltages that represents a logic LOW in the system.

ViL(Max) Maximum Input LOW Volitage — The maximum allowed input LOW in a system. This value re-
presents the guaranteed input LOW threshold for the device.




TTL CHARACTERISTICS

GLOSSARY (Cont'd)

VOHMin)

VoL (Max)

VT+

V-

Output HIGH Voltage — The minimum voltage at an output terminal for the specified output cur-
rent loH and at the minimum value of Vcc.

Output LOW Voltage — The maximum voltage at an output terminal sinking the maximum speci-
fied load current loL.

Positive-Going Threshold Voltage — The input voltage of a variable threshold device (i.e., Schmitt
Trigger) that is interpreted as a Vin as the input transition rises from below V1-(Min).

Negative-Going Threshold Voltage — The input voltage of avariable threshold device (i.e., Schmitt
Trigger) that is interpreted as a ViL as the input transition falls from above Vr+Max).

AC Switching Parameters

fmax

tPLH

tPHL

tw

th

ts

tPHZ

tpLz

tpzH

Toggle Frequency/Operating Frequency — The maximum rate at which clock pulses may be ap-
plied to a sequential circuit. Above this frequency the device may cease to function.

Propagation Delay Time — The time between the specified reference points, normally 1.5V (1.3 V
for LS) onthe inputand output voltage waveforms, with the output changing from the defined LOW
level to the defined HIGH level.

Propagation Delay Time — The time between the specified reference points, normally 1.5V (1.3 V
for LS) on the input and output voltage waveforms, with the output changing from the defined
HIGH level to the defined LOW level.

Pulse Width — The time between 1.5 V (1.3 V for LS) amplitude points on the leading and trailing
edges of a pulse.

Hold Time — The interval immediately following the active transition of the timing pulse (usually
the clock pulse) or following the transition of the control input to its latching level, during which
interval the data to be recognized must be maintained at the input to ensure its continued recog-
nition. A negative hold time indicates that the correct logiclevel may be released prior tothe active
transition of the timing pulse and still be recognized.

Setup Time — The interval immediately preceding the active transition of the timing pulse (us-
ually the clock pulse) or preceding the transition of the control input to its latching level, during
which interval the data to be recognized must be maintained at the input to ensure its recognition.
A negative setup time indicates that the correct logic level may be initiated sometime after the
active transition of the timing pulse and still be recognized.

Output Disable Time (of a 3-State Output) from HIGH Level — The time between the 1.5V (1.3 V
for LS) level on the input and a voltage 0.5 V below the steady state output HIGH level with the
3-state output changing from the defined HIGH level to a high impedance (off) state.

Output Disable Time (of a 3-State Output) from LOW Level — The time between the 1.5V (1.3 V
for LS) level on the input and a voltage 0.5 V above the steady state output LOW level with the 3-
state output changing from the defined LOW level to a high impedance (off) state.

Output Enable Time (of a 3-State Output) to a HIGH Level — The time between the 1.5V (1.3 V for
LS) levels of the input and output voltage waveforms with the 3-state output changing from a high
impedance (off) state to a HIGH level.




TTL CHARACTERISTICS

GLOSSARY (Cont'd)

tPzL

trec

Output Enable Time (of a 3-State Output) to a LOW Level — The time between the 1.5V (1.3 V for
LS) levels of the input and output voltage waveforms with the 3-state output changing from a high
impedance (off) state to a LOW level.

Recovery Time — The time between the 1.5V (1.3 V for LS) level on the trailing edge of an asyn-
chronous input control pulse and the same level on a synchronous input (clock) pulse such that
the device will respond to the synchronous input.

Miscellaneous

C

QB
QMm, QR

XC, XM

Marking code letter indicating that the device is guaranteed to meet the specifications for the
Commercial temperature range.

Package code letter for ceramic Dual In-line Packages.
Package code letter for ceramic flatpaks.

Marking code letter indicating that the device is guaranteed to meet the specifications for the
Military temperature range.

Package code letter for plastic Dual In-line Packages.
Marking code indicating in-house 38510, level B reliability screening (military grade only).
Marking code indicating Matrix VI commercial/industrial reliability screening.

Shorthand for the commercial or military temperature range specifications or devices; the letter X
stands for the code letter of any package in which the device is available.




TTL CHARACTERISTICS

LOGIC SYMBOLS AND TERMINOLOGY

The logic symbols used to represent the MSI devices follow Mil Std 806B for logic symbols. MS| elements are
represented by rectangular blocks with appropriate external AND/OR gates when necessary. A small circle at
an external input means that the specific input is active LOW, i.e., it produces the desired function, in
conjunction with other inputs, if its voltage is the lower of the two logiclevels in the system. A circle at the output
indicates that when the function designated is True, the output is LOW. Generally, inputs are at the top and left
and outputs appear at the bottom and right of the logic symbol. An exception is the asynchronous Master Reset
in some sequential circuits which is always at the left hand bottom corner.

Inputs and outputs are labeled with mnemonic letters as illustrated in Table 2-1. Note that an active LOW
function labeled outside of the logic symbol is given a bar over the label, while the same function inside the
symbol is labeled without the bar. When several inputs or outputs use the same letter, subscript numbers
starting with zero are used in an order natural for device operation.

This nomenclature is used throughout this book and may differ from nomenclature used on other data books
(notably early 7400 MSI), where outputs use alphabetic subscripts or use number sequences starting with one.

TABLE 2-1
LABEL MEANING EXAMPLE
LU
E lo hh l2 I3 la 15 16 17
11 —So
Ix General term for inputs to combinatorial circuits. 12—s; 8312
13 —1S2 2 z
Il
2 3 4 6 8 10 1415 16 18 20 22
Eo Eq Eo 13
J, K
S R Inputs to JK, SR, and D flip-flops and latches.
D E Do Di D2 D3 E Do Dy Dz D3
4 BIT LATCH 1 4 BIT LATCH 2
1/2 9308 1/2 9308
MR Qo Q1 Q2 Q3 MR Qo Q1 Q2 Q3
1 7 9 11 13 17 19 21 23
[
Ao Ay A2 A3

Ax. S Address or Select inputs, used to select an input, st
X, OX output, data route, junction, or memory location.
0o 01 02 O3 04 05 Os O7 Os Og

TITYTIYTTY

1312110 9 3 4 5 6 7

13121110 9 3 4

5 6 7
NN

. Ao A1 A2 A3 As Bo B1 B2 B3 Bs
E Enable, active LOW on all TTL/MSI. A latch can receive
new data when its Enable input is in the active state. 1—oE 9324
A>B A<B A=B
|
4
BE Parallel Enable, a control input used to synchronously
load information in parallel into an otherwise
autonomous circuit.
P Parallel data inputs to shift registers and counters.

1 15 14 13 12
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TTL CHARACTERISTICS

LOGIC SYMBOLS AND TERMINOLOGY (Cont'd)

TABLE 2-1 (Cont'd)

LABEL MEANING EXAMPLE
L]
L o X PL Po P P2 Py
- Parallel Load; similar to Parallel Enable except that PL overrides 8 —o] cPo
PL . 74196
the clock and forces parallel loading asynchronously. 6 —0 e
MR Qo Q1 Q2 Q3
Tl
9 3 4 5 6
SL 1]
PE Po Py P2 P3
VR Master Reset, asynchronously resets all outputs to zero, over- 7—1 CeP
riding all other inputs. b ol o Tep—1s
MR Qo Q1 Q2 Q3
1 14 13 12 11
{1
E D
1— 4
CcL Clear, resets outputs to zero but does not override all other inputs. :— : s34
CL Qo Q1 Q2 Q3 Q4 Qs Qs Q7
BN
15 4 5 6 7 9 10 11 12
9 3 4 5 6
cP Clock Pulse, generally a HIGH-to-LOW-to-HIGH transition. An i J ! P' !
active HIGH clock (no circle) means outputs change on LOW-to- rdeer T
HIGH clock transition. 1w—jcer o316 TCl—1s
2—CP
CE, CEP, | Count Enable inputs for counters. e
CET T
1 14 1312 11
121110 9 4 5 6 7
RN
foa l1a l2a 13a lob hb l2b l3b
13— So
Zx, Ox, Fx| General terms for outputs of combinatorial circuits. . s 9309
b £
Z; Za Zy Zy
Ty
Q General term for latch and flip-flop outputs. If they pass through i i '|' i T
X an enable gate before exiting the package, Q or Q changes PE Py P1 P2 Pa
to O or O. 7= cEP
10 —4 CET 9310 TCpH—15
2—cCP
TC Terminal Count output (1111 for up binary counters, 1001 for up MR Qo Q1 Q2 Q3
decimal counters, or 0000 for down counters). ‘REEN
1 14 13 12 11
910 14 13 12 11
)
OE Output Enable, used to force 3-state outputs into the high imped- IE Do D1 Dz D5

dance state.

%N

cp

74173
OE

MR Op O1 O2 O3

[T 111

15 3 4 5
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TTL CHARACTERISTICS

TTL CIRCUIT FAMILIES

Each family is designed around certain performance objectives, within the economic limitations of a particular
process. The key performance factors that distinguish the families are power consumption, speed and the
ability to drive wiring capacitance. For comparison purposes the power supply current and propagation delay
or switching rate for several popular circuit types in the various families are shown in Table 2-2 below. The
propagation delays are in ns, the supply currents in mA and the toggle frequencies in MHz. All values listed are
worst-case guaranteed, rather than typical figures.

TABLE 2-2

CIRCUIT TYPE TTL H-TTL S-TTL LP-TTL LS-TTL
2-Input NAND tPLH/tPHL 22/15 10/10 4.5/5.0 10/10
7400 Icc 2.0/5.5 4.2/10 4.0/9.0 0.4/1.1
D-Type Flip-Flop fmax 15 35 75 30
7474 Icc 7.0 38 25 4.0
JK Flip-flop fmax 25 40 80 30
9024/74112/74H108 Icc 7.0 38 25 4.0
4-Input Multiplexer tPLH/tPHL 14/14 7.5/6.5 22/30 14/14
9322/74157 Icc 23.5 39 6.6 8.0
Synchronous Counter fmax 30 70 13 25
9310/74160 Icc 92 127 275 32
4-Bit Shift Register fmax 30 45 70 10 30
9300/74195 Icc 63 112 120 23 21

In three of the families— TTL, H-TTL and LP-TTL — the transistors are turned on by applying sufficient base
current for the lowest expected current gain. The average transistor, having greater current gain, receives far
more base current than necessary, which forward biases the collector-base junction and saturates the
transistor. In order to turn off such a saturated transistor, the excess base charge must first be removed,
resulting in considerable delay. Gold doping is commonly used to speed up the charge recombination, but this
decreases the current gain.

Schottky clamped transistors (Figure 2-1) overcome this limitation. They use a surface barrier diode with very
low forward voltage drop (0.3 V) as a bypass between base and collector. When the transistor starts conducting
and is about to become saturated, the excess input current is not fed into the base, but routed through the
Schottky diode into the collector (Baker Clamp). As a result the transistor is never fully saturated and recovers
quickly when the base current is interrupted. Since gold doping is not required, the transistors also have higher
current gain, require less base current, and turn on faster.

As aresult of the faster turn-on and recovery, S-TTL circuits achieve roughly twice the speed of H-T TL at about
the same level of power consumption, as indicated in the table. On the other hand, LS-TTL circuits (also
Schottky clamped) use much less power than H-T TL, yet operate at about the same speed. Comparedto S-TTL,
LS-TTL processing produces shallower diffusions and smaller transistors with greater bandwidth. Thus, LS-
TTL circuits operate at about half the speed of S-TTL while using only about 20% as much power.

C [

Fig. 2-1 Schottky Transistor
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TTL CHARACTERISTICS

TTL CIRCUIT FAMILIES (Cont'd)

Schematics of the basic gates of the various families are shown in Figures 2-2 through 2-7. All are similar,
containing an input AND gate, a phase splitter Q2 with emitter and collector load resistors, a pull-up mechanism
Q3/Q4 and a pull-down transistor Q5. In all except the LS-TTL circuit, the AND function is formed by a multi-
emitter transistor in which the emitter-base junctions serve to isolate the input signal sources from each other
and steer the current from the 4 k) gate resistor. When an input is LOW, the gate current flows out through the
base-emitter junction and Q1 is saturated, making the base voltage of Q2 only slightly more positive than the
LOW input voltage, and Q2 does not conduct. Moreover, the low emitter-to-collector resistance of Q1 in this
condition allows the input signal source to withdraw charge from the base of Q2 and help to turn it off quickly.
With all inputs HIGH, the gate current flows through the base-collector junction of Q1 and turns on Q2. In this
situation, a small quantity of charge is injected into the base of Q1. Part of this charge recombines in the base
region and part of it drifts over to be “collected” by the emitters. This inverse beta currentis a significant part of
the input leakage current liH. This same phenomenon occurs when the gate current exits througha LOW input.
Current is injected into the base from the LOW emitter and part of it is collected by the HIGH emitters. An input
signal exceeding the +5.5 V rating applied to one input can cause breakdown between it and a LOW input, with
the possibility of damage or of being biased in a negative resistance region, depending on the source
impedance. Biasing in the negative resistance region can lead to oscillation that is difficult to diagnose.

The phase splitter Q2 is so named because the collector and emitter voltages change in opposite directions
when Q2 turns on or off. When Q2 turns off, the emitter voltage falls and it stops providing base current to the
pull-down transistor Q5; simultaneously the Q2 collector voltage rises and pulls up the base of Q3. The Q3/Q4
circuitry provides current gain and the low impedance necessary to pull the output up to the HIGH level while
charging wiring capacitance. The amount of current available to charge capacitance is limited by the small
resistor (s) connected from Vcc to the collector(s) of Q3/Q4. This charging current shows up as a current spike at
the Vcc pin and it is normal practice to add rf bypass capacitors on logic boards to supply this sudden demand
for current and thus prevent negative-going spikes on Vcc.

When Q2 turns on, the collector voltage falls and pulls down the base of Q3; simultaneously Q2 emitter voltage
rises and supplies base current to Q5. As Q5 starts conducting, it begins to discharge load capacitance and pull
the output down to the LOW level. The discharge current shows up as a current spike at the ground pin and is
one of the principal reasons for recommending that systemdesigners allow generous amounts of ground metal
on circuit boards.

Vce Vce

130 0 . 80 O

Fig. 2-2 7410 Gate Fig. 2-3 9003 Gate
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TTL CIRCUIT FAMILIES (Cont'd) .

Although Fairchild does not offer LP-TTL gates or flip-flops, the input and output circuitry of Figure 2-4 is
representative of 93L Series MSI. As shown, the resistor values are four times those of Figures 2-2 and 2-3. This
decreases the input loading liL, the output drive capability and the power consumption. The speed-power trade-
off is evident from the values listed in the table for the LP-TTL muitiplexer, counter and shift register, compared
to the TTL counterparts.

Another speed-power trade-off is evident in the H-TTL gate of Figure 2-5. Compared to Figure 2-2, several
resistor values are halved and the output pull-up changed to a Darlington configuration. As seen from thevalues
listed in the table, both speed and power consumption are approximately doubled.

The S-TTL gate of Figure 2-6 is quite similar to the H-T TL gate and consumes about the same amount of power,
yet operates at twice the speed. The base of the pull-down output transistor Q5 is returned to ground through
Q6 and a pair of resistors instead of through a simple resistor. This arrangement is called a squaring network
since it squares up the transfer characteristics by preventing conduction in the phase splitter Q2 until the input
voltage rises high enough to allow Q2 to supply base current to Q5. The squaring network also improves the
propagation delay by providing a low resistance pathtodischarge capacitance at the base of Q5 during turn-off.

Vce Vce

Fig. 2-4 LP-TTL Gate Fig. 2-5 74H10 Gate

Vce .
1100
D6
Vce
3850
OUTPUT
Y OUTPUT
Fig. 2-6 74S00 Gate Fig. 2-7 74LS00 Gate
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TTL CIRCUIT FAMILIES (Cont'd)

With a few exceptions, LS-TTL circuits do not use the multi-emitter input structure that originally gave TTL its
name. Most LS elements use a DTL type input circuit with Schottky diodes to perform the AND function, as
exemplified by D3 and D4 in Figure 2-7. Compared to the classical multi-emitter structure, this circuit is faster
and it increases the input breakdown voltage. Inputs of this type are tested for leakage with an applied input
voltage of 10V, and the input breakdown voitage is guaranteed to be 15 V or more.

Another input arrangement often used in LS-TTL MSI has three diodes connected as shown in Figure 2-8. This
configuration gives a slightly higher input threshold than that of Figure 2-7. A third input configuration
sometimes used employs a vertical pnp transistor as shown in Figure 2-9. This arrangement also gives a higher
input threshold and has the additional advantage of reducing the amount of current thatthe signal source must
sink. Both the diode cluster arrangement and the pnp input configuration have breakdown voltage ratings
greater than 15V.

A few LS-TTL circuits use the traditional emitter inputs and thus have input breakdown ratings of 5.5V. These
circuits are the open-collector gate types 'LS03, 'LS05, 'LS22, 'LS26 and 'L S136; flip-flop types 'LS74, 'LS109,
'LS112, 'LS113 and 'LS114; and the clock inputs of ripple counter types 'LS90, 'LS92, 'LS93, 'LS196, 'LS197,
'LS290, 'LS293, 'LS390, 'LS393 and 'L S490.

The LS-TTL pull-up circuitry has some features not found in the other TTL circuits. The 5 kQ resistor bridging
the base-emitter junction of Q4 is diffused into the same isolation region as the Q4/Q5 collectors, thus the sneak
diode D5 does not return to Vcc as it does in other diffused resistors. This feature, in conjunction with the
blocking diode D6, allows a HIGH state output to be pulled up higher than Vcc, e.g., to +10 V, convenient for
interfacing with CMOS. Some early FSC LS designs — the’LS00, 'LS02,’L S04,’LS10,’LS11,’LS20,’LS32,'LS74,
'LS86,'LS109,’LS112,'LS113and’LS114 —do not have the diode in series with the Darlington collector resistor.
These outputs are, therefore, clamped one diode drop above the positive supply voltage Vcc.

9 Vcc
Vce <
>3
gl . - :R]_ 1
JN
T T
Fig. 2-8 Diode Cluster Input Fig. 2-9 PNP Input

2-11




TTL CHARACTERISTICS

INPUT CHARACTERISTICS

Figure 2-10 shows the input current-voltage characteristics of a T TL buffer. Forinput voltage levelsaround 6.0V
the emitter inputs avalanche. In this condition an input has very low series resistance and the avalanche current
increases rapidly with input voltage. To avoid permanent damage, the input signal source must have either a
current limit of 5.0 mA or less, or the input voltage must be limited to 5.5 V. For input voltages between 2.0 V and
5.5V, the current flow is only the input leakage current I, guaranteed not to exceed 40 uA or 50 uA, depending
on the circuit family, for a single input. As the input voltage decreases below 2.0V, current starts flowing from
the input and increases rapidly as the voltage decreases. The slope of the characteristics in this region is only
about 200 (), indicating that part of the current from the gate pull-up resistor is still flowing inward through the
internal junctions of the circuit. This marks the transition region, since at some point the buffer pull-down
transistor will not have sufficient base current to stay on and the output will start to switch from LOW to HIGH.

As the input voltage decreases from about 1.0V to -0.5V, the slope of the characteristic equals the gate pull-up
resistor, in this case about 2 k(). As the input goes below about -0.7 V the current increases rapidly as the input
clamping diode conducts.

Figure 2-11 shows the input characteristic of an LS-TTL circuit. Input diode breakdown is typically greater than
15V and input leakage current above 1.5V is negligible. As the input voltage falls below 1.3V, gate current starts
flowing out of the input, denoting the transition region. For input voltage between 1.0V and -0.3V, the I-V
characteristic has the slope of the 24 k() gate pull-up resistor. The clamping diode conducts and the current
increases rapidly when the input voltage goes below about -0.3V. The LS-TTL clamping diodes are intended
only for the suppression of transient currents and should not be used as steady-state clamps in interface
applications. A clamp current exceeding 2.0 mA and with a duration greater than 500 ns can activate a parasitic
lateral npn transistor, which in turn can steal current from internal nodes of the LS circuit and thus cause logic
errors. The effective capacitance of a TTL input is 5.0 pF for DIP and 4.0 pF for Flatpak. For an input that serves
more than one internal function, each additional function adds 1.5 pF.

In the 9000 series, the input leakage || is measured at a reverse bias of 4.5V, as opposed to 2.4V for the other
families. This is amore severe testand a standard 9000 series input has a limit of 60 uA. At the more conventional
bias of 2.4V, the leakage will not exceed 40 uA under most operating conditions.

20— 0 —
| 125°C
75°C
0f— 25°C~gY 20
g -&.
g I X g
| 20 0°C 'l
E = -55°C Z
# Vec=5V — E -4.0
[+ 4
- D
3 40 o
-
5 5 .60
a o
Zz -60 z
' !
z = 8.0
-8.0
-10 - -10
-2.0 [} 2.0 40 6.0 8.0 -2.0 0 +20  +4.0 +6.0  +8.0
ViN— INPUT VOLTAGE —V ViN—INPUT VOLTAGE —V
Fig. 2-10 TTL Buffer Input Characteristics Fig. 2-11 LS-TTL Input Characteristics




TTL CHARACTERISTICS

UNUSED INPUTS

Theoretically, an unconnected input assumes the HIGH logic level, but practically speaking itisinan undefined
logic state because it tends to act as an antenna for noise. Only a few hundred millivolts of noise causes the
unconnected input to go to the logic LOW state. On devices with memory (flip-flops, latches, registers,
counters), it is particularly important to terminate unused inputs (MR, PE, PL, CP) properly since a noise spike
on these inputs might change the contents of the memory. It is poor design practice to leave unused inputs
floating.

If the logic function calls for a LOW input, such as in NOR or OR gates, ground the unused inputs. For a
permanent HIGH signal, unused inputs can be tied to Vcc. A current limiting resistor, in the range of 1kQ to
5kQ, is recommended for emitter-type inputs since these break down at some unspecified voltage above 5.5V
and power supply misadjustment or malfunction can cause damage unless the current is limited. Note that one
resistor can serve several inputs, provided only that the cumulative i current does not cause the voltage to
drop below 2.4V. Note also that diode-type LS-TTL inputs have breakdown voltages above 15V and thus
protective resistors are not normally required. An unused input may alsobetied toa usedinput havingthe same
logic function, such as NAND or AND gates, provided that the driver can handle the added lin. This practice is
not recommended for diode-type LS-TTL inputs in a noisy environment, since each diode represents a small
capacitor and two or more in parallel can act as an entry port for negative spikes superimposed ona HIGH level
and cause momentary turn-off of Q2 (Figure 2-7).

OUTPUT CHARACTERISTICS

Figure 2-12 shows the LOW state output characteristics of a 5400 gate at three temperatures. With no load
current the output level is the offset voltage of about 90 mV. The slope of the 25°C characteristic indicates a
saturation resistance of 8(), increasing to 9 at 125°C and decreasing to 6 () at -55°C. At low temperature,
transistor beta decreases such that the output transistor pulls out of saturation for currents above 25 mA. Not
shown is the effect of the collector-substrate junction for negative output currents. In some cases a negative
output current can occur as a reflection from the unterminated end of along interconnection following a HIGH-
to-LOW transition. The collector-substrate diode acts as a negative current clamp and limits the undershoot to
the -0.7V to -1.0V range, depending on the current.

Figure 2-13 shows the LOW state output characteristics of an LS-TTL gate. For LOW loL values, the pull-down
transistor is clamped out of deep saturation to shorten the turn-off delay. The curves also show the clamping
effect when loL tends to go negative. In S-TTL and LS-TTL circuits, the anti-saturation clamping of Q5 means
that the output LOW voltage will be slightly higher than for the equivalent saturated circuits at the same current
levels. For example, both the 74S00 and 74H00 are guaranteed to sink 20 mA (12.5 unit loads) but the VoL
specifications are 0.5V and 0.4V, respectively. Similarly, standard 93L and 74LS circuits are guaranteed to sink
8.0mA (5 unit loads) but the VoL specifications are 0.4V and 0.5V respectively.
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OUTPUT CHARACTERISTICS (Cont'd)

In the HIGH state a totem-pole output presents a low impedance and is capable of sourcing considerable
current. Figure 2-14 shows the output HIGH characteristics of a 5400 gate at three temperatures. With no load
currentthe VoH is about 3.5V at 25° C. For loH increasing to about 6.0 mA, the characteristic has the shape of a
fixed voltage minus the logarithmically increasing voltage drop across two pn junctions. For loH greater than
6.0mA, the pull-up transistor Q3 (Figure 2-2) saturates and the slope of the characteristic is just the 130 Q
current limiting resistor plus the saturation resistance of Q3. The maximum loH current, where the character-
istic intersects the horizontal axis, correlates with the short-circuit output current parameter los and is often
regarded as a measure of the circuit’s ability to charge line capacitance.

The output HIGH characteristics of the 54S140 Line Driver are shown in Figure 2-15, with the axes oriented
differently than in Figure 2-13. The 'S140 pull-up is a Darlington circuit with a 25 Q) collector resistor to limit the
short-circuit output current. This low resistance allows the 'S140 to source very large values of loH, as
suggested by the graph. The 'S140 is guaranteed to force a2.0V signal across a 50 () load to ground, making it
an attractive circuit for driving long interconnections that must be treated as transmission lines.

Figure 2-16 shows the 54LS00 output HIGH characteristic, which is quite similar to the 5400 gate of Figure 2-14.
Due to the 5.0 k() resistor from Q3 to output (Figure 2-7) the LS circuits provide higher output voltage for low
values of loH, as shown in Figure 2-17. This provides greater protection against negative-going noise on a
quiescent HIGH signal.
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INCREASING FAN OUT

To increase fan-out, inputs and outputs of gates on the same package may be paralleled. It is advisable to limit
the gates being paralleled to those in a single package to avoid large transient supply currents due to different
switching times of the gates. This is not detrimental to the devices, but could cause logic problems if the gates
are being used as clock drivers.

3-STATE OUTPUTS

In the newer TTL families there are many circuits that have an auxilliary control input whereby both the output
pull-up and pull-down circuitry can be disabled. This condition is called the high impedance (high-Z) stateand
allows the outputs of different circuits to be connected to a common line or data bus. A typical 3-state output,
shownin Figure 2-18, has pull-up and pull-down circuitry quite similar to Figure 2-7. The significant difference
is that the enable function is connected through a diode to the base of Q3. A LOW signal on the enable turns off
both Q2 and Q3 and thus disables both the pull-up and pull-down circuitry. In this disabled condition the
outputs are tested for leakage at 2.4 V(lozH) and at 0.4V or 0.5V (IozL) to ensure that they do not cause excessive
loading on a data bus. When the circuit is in the bi-state mode, i.e., enabled, the output HIGH and LOW
characteristics are the same as those of other circuit types having the same drive capabilities.

AAA
VVVv
AA

OUTPUT |
ENABLE

Qé

*Not used in Buffers
**Used only in Buffers — =

Fig. 2-18 Typical 3-State Output Control
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OPEN-COLLECTOR OUTPUTS

A number of available circuits have no pull-up circuit on the outputs. Some are special purpose, such as the
74141 high voltage display driver, the 7445 high current display driver, the 9370 LED driver or the 96101
terminated bus driver. For circuits of this type, no external pull-up is necessary other than the intended load.
Other open-collector-circuits, less dedicated in nature, are used for interfacing or for wired-OR (actually wired-
AND) functions. The latter is achieved by connecting open-collector outputs together and adding an external

pull-up resistor.

The value of the puli-up resistor is determined by considering the fan-out of the OR tie and the number of
devices in the OR tie. The pull-up resistor value is chosen from arange between maximum value (established to
maintain the required Von with all the OR-tied outputs HIGH) and a minimum value (establnshed so thatthe OR

tie fan-out is not exceeded when only one output is LOW).

MINIMUM AND MAXIMUM PULL-UP RESISTOR VALUES

o Vcc(Max) — VoL _ Vecc(Min) — VoH
Fxt) (|OL —NoLOW e 16mA | FXMax) =

where:  Rx = External Puli-Up Resistor
N1 = Number of Wired-OR Outputs
N2 = Number of Input Unit Loads Being Driven
loH = ICEX = Output HIGH Leakage Current
loL = LOW Level Fan-Out Current of Driving Element
VoL = Output LOW Voltage Level (0.5 V)
VoH = Output HIGH Voltage Level (2.4 V)
Vce = Power Supply Voltage

Example: Four 74LS03 gate outputs driving four other LS gates or MS! inputs.

_(s25v—05V _a75v_
RX(M'")_(&OmA—LGmA 6.4mA> 7420

475V —2.4V 2.35V
Rx(Max) = (4- 100,A T2 405A 0.48 mA)=4 9ka
where:  Ni =4
N2(HIGH) =4e05UL.=2U.L.
N2(LOW) =4025U.L.=1U.L.
loH =100 uA
loL =8.0mA
VoL =05V
VoH =24V

N7 ®Ton + N2(HIGH) ¢ 40 s A

)

Any value of pull-up resistor between 742() and 4.9 can be used. The lower values yield the fastest speeds

while the higher values yield the lowest power dissipation.
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THRESHOLDS AND NOISE MARGINS

The noise margins most often cited for TTL are obtained by subtracting the guaranteed maximum input HIGH
level ViH of a driven input from the guaranteed minimum output HIGH level VoH of the driving source, and
subtracting the guaranteed maximum output LOW level VoL of the driver from the guaranteed minimum input
LOW level ViL of a driven circuit. The guaranteed worst-case values of these parameters vary slightly among the
various circuit families and are summarized in Table 2-3. Note that although the 9000 Series Vin and ViL
specifications have different limits at different temperatures (see data sheets), they are grouped with the 54/74
family in the table as a matter of convenience. Note also that the VoL limit listed for 74LS is 0.5V, whereas these
circuits are also specified at 0.4V at a lower level of loL. Noise margins obtained by the aforementioned
subtractions are listed in Tables 2-4 through 2-7, for all combinations of driving and driven circuit types in the
various circuit families. Noise margins calculated in this manner are quite conservative, since itis assumed that
both the driver output characteristics and the receiver input characteristics are worst-case and that Vcc is on
the low side for the driver and on the high side for the receiver.

Table 2-3 Parameter Limits

Military Commercial
(-55 to +125°C) (0 to +70°C)
Fairchild TTL Families ViL ViH VoL VoH| ViL ViIH VoL VoH| Units

TTL Standard TTL, 9000, 54/74 08 20 04 24108 20 04 24 Vv
H-TTL High Speed TTL, 54H/74H 08 20 04 24|08 20 04 24 Vv
LP-TTL Low Power TTL, 93L (MSD 07 20 03 24|08 20 03 24 Vv
S-TTL Schottky TTL, 54S/74S, 93S 08 20 05 25|08 20 05 27 v
LS-TTL Low Power Schottky TTL, 54LS/74LS (0.7 20 04 25|08 20 05 27 \"

VoL and VoH are the voltges generated at the output. ViL and ViH are the voltage required at the input to generate the appropriate levels. The
numbers given above are guaranteed worst-case values.

Table 2-4 LOW Level Noise Margins (Military)

To
From TTL H-TTL | LP-TTL| S-TTL | LS-TTL| Units
TTL 400 400 300 400 300 mV
H-TTL 400 400 300 400 300 mV
LP-TTL 500 500 400 500 400 mV
S-TTL 300 300 200 300 200 mV
LS-TTL 400 400 300 400 300 mV

From “VoL” to “ViL"

Table 2-5 HIGH Level Noise Margins (Military)

To
From TTL H-TTL | LP-TTL | S-TTL | LS-TTL | Units
TTL 400 400 400 400 400 mV
H-TTL 400 400 400 400 400 mV
LP-TTL 400 400 400 400 400 mV
S-TTL 500 500 500 500 500 mV
LS-TTL 500 500 500 500 500 mV

From “Von” to “VIH"
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Table 2-6 LOW Level Noise Margins (Commercial)

To
From TTL H-TTL | LP-TTL | S-TTL | LS-TTL | Units
TTL 400 400 400 400 400 mV
H-TTL 400 400 400 400 400 mV
LP-TTL 500 500 500 500 500 mV
S-TTL 300 300 300 300 300 mV
LS-TTL 300 300 300 300 300 mV

From “VoL" to “Vi.”

Table 2-7 HIGH Level Noise Margins (Commercial)

To
From TTL H-TTL | LP-TTL | S-TTL | LS-TTL | UNITS
TTL 400 400 400 400 400 mV
H-TTL 400 400 400 400 400 mV
LP-TTL 400 400 400 400 400 mV
S-TTL 700 700 700 700 700 mV
LS-TTL 700 700 700 700 700 mV

From “Vown" to “Vin"

THRESHOLDS AND NOISE MARGINS (Cont'd)

A more meaningful interpretation of noise margin can be gained by examining the relationship between input
and output voltage of a circuit. Figures 2-19, 2-20 and 2-21 show the voltage transfer function of TTL, S-TTL and
LS-TTL inverting gates, respectively. The steepest part of a particular curve, where the outputchanges rapidly
for small changes in input, is called the threshold region. Input signals above or below this region cause little or
no change in output and thus are of no concern. Problems can occur when an input voltage, whether steady-
state, transient or a combination of both, causes an output voltage to rise or fall into the threshold region of its
driven loads. Thus, noise of this magnitude can propagate, which is a useful criterion.

The transfer characteristics of Figures 2-19 through 2-21 are essentially steady-state and thus apply for noise
disturbances of long duration. For short pulses, however, the finite response time of a circuit has an effect on
noise sensitivity. Figure 2-22 illustrates pulse noise immunity of TTL gates of the various families. These data
are obtained by applying positive pulses to an otherwise LOW input and noting the combinations of pulse
amplitude and duration required to cause the output to fallto 2.0 V, which is the guaranteed input HIGH level for
TTL circuits. The curves show that S-TTL responds to the shortest pulses, as might be expected, and that pulse
durations greater than about 4.0 ns have essentailly the same effect as dc input voltge. The curves show that
plain TTL (7400) is the least sensitive to noise pulses, with H-TTL and LS-TTL responses intermediate between
those of 7400 and S-TTL. The flat portion of the various curves shows that LS-TTL is the most sensitive to long
duration pulses, while 7400 is least sensitive. This can also be deduced by comparing the transfer functions of
Figures 2-19 and 2-21; the LS-TTL threshold regions are nearer the left hand axis, indicating that alower value
of input voltage is required to affect the output voltage than is the case with plain TTL.
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CROSSTALK

Crosstalk, the coupling of energy from one circuit to another via parasitic capacitance and inductance, causes
increased problems in digital systems as the rise and fall times of the circuit decrease. The subject is extremely
complicated, and no simple formula can give correct values in all cases for the amplitude of noise coupled from
one circuit to another. In some circumstances where the input and output resistances of the circuits are high, a
lumped equivalent circuit model can be drawn and reasonable calculations made. However, when the
connections act as transmission lines, the situation is extremely complicated. TTL elements have a low.output
impedance in both HIGH and LOW logic states, and it is very difficult to couple enough energy into a short
interconnection between devices to switch an adjacent circuit erroneously.

Noise introduced via capacitive coupling will have the same polarity as the disturbing signal and its amplitude
will be inversely proportional to the rise or fall time of the disturbing signal. Noise introduced via magnetic
coupling can be of either polarity. Open wire connections between TTL circuits should not be bundled, tied or
routed together.
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CROSSTALK (Cont'd)

Long parallel signal wires should be separated by ground wires to minimize coupling, particularly if one leads
to the Clock (or asynchronous Set or Clear) input of a flip-flop, counter or register. In the case of ripple counters
such as the 'LS90/°92/'93/'290/'293/°390/'393 and '490, the output of one stage may be internally connected to
the Clock input of the next stage. Excessive coupling between outputs can therefore cause erratic counting.
This situation most often occurs when counter outputs are taken off-card to a display unit by means of flat
cable. In these cases it is best to use every other wire in the cable for ground in order to prevent erratic
operation. In the case of parallel signal wires that do notinvolve a Clock or Asynchronous Set/Reset input,and
close coupling of signal wires is unavoidable, it is advisable to wait until induced disturbances (following a
signal change on one or more wires) have died out before sampling the dataon aline. A disturbance inducedin
one wire by a signal change on another will have a time duration equal to twice the propagation delay of the
wires. If two wires are closely coupled over a distance of three feet, involving a propagation delay of perhaps
5.0ns, for example, an induced disturbance will have a duration of 10 ns.

TRANSMISSION LINES

Practical transmission lines, cables and strip lines used for TTL interconnections have a characteristic
impedance between 50 () and 150(). Thus none of the standard or low power TTL circuits can drive a
transmission line, and only the 'S40/°S140 is truly capable of driving a 50 Q) line under worst case condifions.

These considerations, applicable only when the round trip delay of the line islongerthan the rise or fall time of
the driving signal (2tq4 > tr), do not affect most TTL interconnections. Short interconnections do notbehave like
a resistive transmission line, but more like a capacitive load. Since the rise time of different TTL outputs is
known, the longest interconnection that can be tolerated without causing transmission line effects can easily
be calculated and is listed in Table 2-8 below.

Table 2-8 PC Board Interconnections

MAX INTERCONNECTION
TTL FAMILY RISE TIME FALL TIME LENGTH
93L 14—18 ns 4—6ns 18in. (45 cm)
9XXX, 93XX, 6—9ns 4—6ns 18 in. (45 cm)
54/74
54H/74H, 4—6ns 2—3ns 9 in. (22.5 cm)
54LS/74LS
54S/74S,93S | 1.8—2.8ns 1.6—26ns 7.5in. (19 cm)

Assuming 1.7 ns/foot propagation speed, typical for epoxy fiberglass PC boards with X, = 4.7.

Slightly longer interconnections show minimal transmission line effects; the longer the interconnections, the
greater the chance that system performance may be degraded due to reflections and ringing. The discussion of
transmission line effects gives additional information on transmission line phenomena on longer lines. Good
system operation can generally be obtained by designing around 100 (1 lines. A 0.026 inch (0.65 mm) trace on an
epoxy-glass board (%r=4.7) with a ground plane on the other side represents a 100 (1 line. Wire of 28 to 30 gauge
(0.25 mm to 0.30 mm) twisted together forms a twisted pair line with a characteristic impedance of 100 () to
115 Q. Wire over ground screen (3/4” squares) gives 150 2 to 250 () impedance with a significantimprovementin
propagation speed, since the dielectric constant approaches that of air.

Transmission lines are also discussed in the FAIRCHILD ECL DATABOOK, the FAIRCHILD INTERFACE
HANDBOOK and the FAIRCHILD TTL APPLICATIONS BOOK.
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TRANSMISSION LINE EFFECTS

The fast rise and fall times of TTL outputs (2.0 ns to 6.0 ns) produce transmission line effects even with relatively
short (<2 ft) interconnections. Consider one TTL device driving another, and the driver switching from the LOW
to the HIGH state. |f the propagation delay of the interconnection is long compared to the rise time of the signal,
the arrangement behaves like a transmission line driven by a generator with a non-linear output impedance.
Simple transmission line theory shows that the initial voltage step at the output just after the driver has
switched is

=ve [ —Zo__
VOUT—VE(ZO+R°)

where Zo is the characteristic impedance of the line, Ro is the output impedance of the driver, and Vg is the
equivalent output voltage source in the driver, Vcc minus the forward drop of the pull-up transistors.

Figure 2-23 shows how the initial voltge step can be determined graphically by superimposing lines of constant
impedance on the static input and output characteristics of TTL elements. The constant impedance lines are
drawn from the intersection of the ViN and VoL characteristics, which is the quiescent condition preceding a
LOW-to-HIGH transition. After this transition the Vox characteristic applies, and the intersection of a particular
impedance line with the VoH characteristic determines the initial voltage step. The VoH characteristic shown in
Figure 2-23 has an Ro of about 80 Q2 and Ve of approximately 4.0 V, for calculation purposes.

I mA

6.0 VOLTS

Fig. 2-23 Initial Output Voltage of TTL Driving Transmission Line
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TRANSMISSION LINE EFFECTS (Cont'd)

This initial voltage step propagates down the line and reflects at the end, assuming the typical case where the
line is open-ended or terminated in an impedance greater than its characteristicimpedance Zo. Arriving back at
the source, this reflected wave increases Vour. If the total round-trip delay is larger than the rise time of the
driving signal, there is a staircase response at the driver output and anywhere along the line. If one of the loads
(gate inputs) is connected to the line close to the driver, the initial output voltage Vout might not exceed V.
This input is then undetermined until after the round trip of the transmission line, thus slowing down the
response of the system. Figure 2-24 shows the driver output waveform for four different lineimpedances. For Zo
of 25 ) and 50 ) the initial voltage stepis in the threshold region of a TTL input and the output voltage only rises
above the guaranteed 2.0 V Vi4 level after a reflection returns from the end of the line. If Vour is increased to
>2.0V by either increasing Zo or decreasing Ro, additional delay does not occur. Ro is a characteristic of the
driver output configuration, varying between the different TTL speed categories. Zo can be changed by varying
the width of the conductor and its distance from ground. Table 2-9 lists the lowest transmission line impedance
that can be driven by different TTL devices to insure an initial voltage step of 2.0 V. Note that the worst case
value, assuming a +30% tolerance on the current limiting resistor and a -10% tolerance on V¢, is 80% higher
than the value for nominal conditions.

Table 2-9 Transmission Line Drive Capability

Lowest Transmission Line Impedance )
COLLECTOR
TTL FAMILY OR RESISTOR WORST CASE NOMINAL BEST CASE
DEVICE RQ (R *+ 30%) (R - 30%)

54/74 130 2414 204.8 136.8 84.6 75.8
9XXX, 93XX 80 148.5 126.0 84.2 52.0 46.6
54H/74H . 58 107.7 91.3 61.0 37.7 33.8
54S/74S 55 110.0 92.2 61.1 37.5 334
93L 320 594.2 504.2 336.8 208.3 186.6
9009 50 92.8 78.7 52.6 32.5 29.1
5440/7440 100 185.7 157.5 105.2 65.1 58.3
54H/74H40 60 111.4 94.5 63.1 39.0 35.0
54S/74S40 25 50.0 41.9 27.7 17.0 15.2
545140/74S140 '

Supply.Voltage (Vce) 4.50 | 4.75 5.00 5.25 | 5.50

I<—— Commercial grade ——>|
range

Military grade
range

A

Y

A graphical method provides excellent insight into the effects of high speed digital circuits driving intercon-
nections acting as transmission lines. The method is basically to draw a load line for each input and output
situation. Each load line starts at the previous quiescent point, determined where the previous load line cuts the
appropriate characteristic. The magnitude of the slope of the load lines is identical and equal to the
characteristic impedance of the line, but alternate load lines have opposite signs representing the change in
direction of current flow. The points where the load lines cut the input and output characteristics represent the
voltage and current value at the input or output, respectively, for that reflection. This method, illustrated in
Figure 2-25, is shown with and without the input diode, and illustrates how the mput diode on TTL elements
assists in eliminating spurious switching due to reflection.
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BACKPLANE DATA BUS

Unterminated lines can impose a limitation on maximum data rate because of the waiting time required for
reflections and ringing to damp out. For higher data rates, wherein terminations are required to control
reflections, a common technique is to use open-collector drivers and terminate each end of a signal wire with a
resistive divider between Vcc and ground as shown in Figure 2-26. To terminate a 120 ) twisted pair, for
example, a 180 Q resistor to Vcc and a 390 () resistor to ground offers a Thevenin equivalent resistance of 123 )
and a no-load voltage of 3.4 V with a Vcc of 5.0 V. Under nominal conditions and assuming a quiescent LOW
level of 0.5V, a driver must be able to sink about 24 mA from each end of the line, or 48 mA total. The quiescent
LOW current flowing in the line furnishes the pull-up mechanism when a driver turns off. When the quiescent
current is interrupted, a voltage change is generated whose magnitude is the product of the lineimpedance and
the current. Thus the interruption of 24 mA flowing in a 120 Q line causes a voltage rise of about 2.9V, from the
quiescent 0.5 V to 3.4 V. With variations in Vcc and resistor tolerances, the quiescent LOW current can be
considerably more than 48 mA, and a circuit such as the 96101 Quad Bus Driver, which is guaranteed to sink
80mA, is recommended. The 96106 Quad NOR has higher noise margin and lower input loading than other TTL
gates and is therefore well suited as a line receiver. The 96103 Quad Transceiver combines the input attributes
of the 96106 with an open-collector driver capable of sinking 70 mA.

For communications between subsystems that are located in separate enclosures, wherein attenuation and
noise are important factors, the general practice is to use specialized drivers and receivers. Drivers with
complementary outputs®, such as the 9614, 9634 or 9638, can drive terminated twisted pair lines. Line receivers
with differential inputs®, such as the 9615, 9620 or 9637 provide good common-mode noise rejection and
accommodate attenuated input signals.

DECOUPLING

Decoupling capacitors should be used on every pc card, at least one for every 5 to 10 standard TTL packages,
one for every five 74H and 74S packages and one for every one-shot (monostable), line driver and line receiver
package. They should be good quality rf capacitors of 0.01 uF to 0.1 uF with short leads. It is particularly
important to place good rf capacitors near sequential (bistable) devices. In addition, a larger capacitor
(preferably a tantalum capacitor) of 2.0 uF to 20 uF should be included on each card.

GROUNDS

A good ground system is essential for a pc card containing a large number of packages. The ground can either
be a good ground bus, or better yet, a ground plane which, incorporated with the Vcc supply, forms a
transmission line power system. Power transmission systems, which can be attached to a pc card to give an
excellent power system without the cost of a multilayer pc card, are commercially available. Ground loops on or
off pc cards are to be avoided unless they approximate a ground plane. '

96101 DRIVERS —

+5.0V +5.0V
180 Q % 180 Q
390 0 390 O
96106 RECEIVERS

Fig. 2-26 High Speed Backplane Data Bus Using
Twisted Pair or Flat Cable

*Refer to FAIRCHILD LINEAR INTEGRATED CIRCUIT DATA BOOK
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SUPPLY VOLTAGE AND TEMPERATURE

The nominal supply voltage Vcc for all TTL circuits is +5.0 V. Commercial grade parts are guaranteed to
perform with +5% supply tolerance (+250 mV) over an ambient temperature range of 0°C to 75°C (some to
70°C). Mil grade parts are guaranteed to perform with a +10% supply tolerance (500 mV) over an ambient
temperature range of -55°C to 125°C.

The actual junction temperature can be calculated by multiplying the power dissipation of the device with the
thermal resistance of the package and adding it to the measured ambient temperature Ta or package (case)
temperature Tc.

Table 2-1 lists some of the standard Dual In-line Packages (DIP) and Flatpaks used by Fairchild, including
typical junction-to-ambient thermal resistance 6Ja and typical junction-to-case thermal resistance 6yc.
Designers should bear in mind that localized temperatures can rise well above the general ambient in a system
enclosure. On alarge pc board mounted in a horizontal plane, for example, the local temperature surrounding
an IC in the middle of the board can be quite high due to the heating effect of the surrounding packages and the
very poor natural convection. Low velocity forced air cooling is usually sufficient to alleviate such stagnant
air conditions.

Table 2-10 Thermal Resistances

PACKAGE 6uA, °C/W 6uc, °C/W
14-Pin Flatpak 128 50
16-Pin Flatpak 123 47
24-Pin Flatpak 90 44
14-Pin CerDIP 115 35
16-Pin CerDIP 100 30
24-Pin CerDIP 60 25
14-Pin Plastic DIP 125 48
16-Pin Plastic DIP 120 45
24-Pin Plastic DIP 74 40

Example: A 9301 in CerDIP dissipates typically 145 mW. At +55°C ambient temperature the junction
temperature is:

Ty =1(0.145 X 100) + 55 = 70°C

INTERFACING

All circuits in the Fairchild TTL families, in fact all TTL devices presently manufactured, are compatible. Any
TTL output can drive a certain number of TTL inputs, as described in Section 3. There are only subtle
differences in the worst case noise immunity when low power, standard and Schottky TTL circuits are
intermixed. Open-collector outputs, however, require a pull-up resistor to drive TTL inputs reliably, as
discussed earlier.

While TTL is the dominating logic family, and many systems use TTL exclusively, there are cases where
different semiconductor technologies are used in one system, either to improve the performance or to lower the
cost, size and power dissipation. The following explains how TTL circuits can interface with DTL, ECL (CML),
CTL, and discrete transistors.

Interfacing TTL and DTL — Both DTL and TTL are current sinking families, operating on a+5.0 V supply. They
interface perfectly. When TTL drives DTL, one DTL input represents 1 U.L. in the LOW state, much less than
1 U.L.in the HIGH state. When DTL drives TTL, a 2 k(2 output has a drive capability of 8 U.L., a 6 k() output has
a drive capability of 4 U.L. :
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TTL CHARACTERISTICS

INTERFACING (Cont'd) ’

Interfacing TTL and ECL — Mixing ECL and TTL logic families offers the design engineer a new level of
freedom and opens the entire vhf frequency spectrum to the advantages of digital measurement, control and
logic operation.

The chief advantages of emitter coupled logic are high speed, flexibility, design versatility and transmission
line compatibility. But application and interfacing cost problems have traditionally discouraged the use of ECL
in many areas, particularly in low cost, less sophisticated systems. Using 95K or 10K compensated ECL with
new ECL/TTL interface devices and several new interfacing methods promises to extend the advantages of
ECL to many low cost systems.

The most practical interfacing method for smaller systems involves using acommon supply of +5.0Vto +5.2 V.
Care must be exercised with both logic families when using this technique to assure proper bypassing of the
power supply to prevent any coupling of noise between circuit families. If only a few 95K or 10K ECL packages
are designed into a predominantly TTL system the safest method is to use a 0.01 uF miniature ceramic
capacitor across each ECL device. This value capacitor has the highest Q, or bypassing efficiency. When larger
systems are operated on a common supply, separate power busses to each logic family help prevent problems.
Otherwise, good high frequency bypassing techniques are usually sufficient.

95K series ECL devices are fully compensated so that input thresholds and output levels are immune to broad
variations in ambient temperature and supply voltage. This feature makes it easier to interface with TTL and to
operate with the TTL power supply. 95K and 10K devices have high input impedance with input pull-down
resistors (> 20 k() to the negative supply. In the TTL to ECL interface circuits in Figure 2-27 it is assumed that
the ECL devices have high input impedance.

9500 series ECL elements are temperature compensated and have internal 2 k() pull-down resistors at each
input and output. These resistors provide partial termination of interconnecting transmission lines, in many
cases eliminating the need for external terminations. For ECL inputs with 2-k() pull-down resistors, the 750 ()
resistors shown in the TTL to ECL circuits should be changed to 1.2kQ in order to provide the proper ECL input
signal levels. ‘

All circuits described operate with £5% ECL and £10% TTL supply variatibns. except those with ECL and TTL
on a common supply. In those cases the supply can be £10% with 95K or 10K ECL, £5% with 9500 series ECL.
All resistors are 1/4 W, 5% composition type.

TTL to ECL conversion is easily accomplished with resistors, which simultaneously attenuate the TTL signal
swing, shift the signal levels, and provide low impedance for damping and immunity to stray noise pick-up. The
resistors should be located as near as possible to the ECL circuit for optimum effect. The circuits in Figure 2-27
assumean unloaded TTL gate as the standard TTL source. ECL inputimpedance is predominately capacitive
(=3 pF); the net RC time constant of this capacitance with the indicated resistors assures a net propagation
delay governed primarily by the TTL signal.

5V

e

-5.2V

Fig. 2-27 TTL to ECL Conversion
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TTL CHARACTERISTICS

INTERFACING (Cont'd)

When interfacing between high voltage-swing TTL logic and low voltage-swing ECL logic, the more difficult
conversion is from ECL to TTL. This requires a voltage amplifier to build up the 0.8 V logic swing toaminimum
of 2.5 V. The circuits shown in Figure 2-28 may be used to interface from ECL to TTL.

The higher speed converters usually have the lowest fan-out — only one or two TTL gates. This fan-out can be
increased simply by adding a TTL buffer gate to the output of the converter. Another option, if ultimate speed is
required, is to use additional logic converters.

Interfacing TTL and CTL — CTL (Complementary Transistor Logic) is a family of high speed digital circuits
used mainly in computers. It uses AND gates and wired-OR outputs for logic flexibility, but logic levels are not
restored in each gate. Level restoring buffers (956) are therefore required, and all interfacing should be done
with restored logic levels. The CTL input threshold is = 1V, similarto TTL, but 1.0 mA to 2.0 mA are required to
pull the CTL input reliably over the threshold. A normal TTL output can drive a CTL input, but noise immunity is
improved considerably by a 1 k) pull-up resistor (Figure 2-29). The CTL output emitter follower can source
>30 mA but cannot sink current. A resistive termination is therefore required. When the resistor is returned to
ground, it may not exceed 250 ) to guarantee a VoL of < 400 mV at a fan-out of 1 U.L. A better, less power
consuming way for a fan-out of 1 U.L. is to use the built-in pull-down resistor (1 kQ to-2.0 V). For increased fan-
out, this resistor can be reduced by a parallel external resistor to 180 (1 (8 U.L.), as indicated in Figure 2-30.

Vce

COMMON POWER SUPPLY

TTL TO CTL Vee =-2V
OR GROUND

Fig. 2-29 TTL to CTL Conversion

4¢ Vcc = +4.5V

S 4
2%k 2400 < 2k

SEPARATE POWER SUPPLIES

ADDITIONAL PULL-DOWN
RESISTOR FOR INCREASED
FAN OUT

Fig. 2-28 ECL to TTL Conversion L

CTLTO TTL

Fig. 2-30 CTL to TTL Conversion
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TTL CHARACTERISTICS

INTERFACING (Cont'd)

Interfacing TTL and CMOS — With a 5.0 V power supply, a B Series (buffered) CMOS output is guaranteed to
sink 0.4 mA at VoL = 0.4 V, which matches the input requirements of a standard LS-TTL input. If the CMOS
supply voltage Vpp is greater than 5.0 V, the LS-TTL input must be one having aninputdiode, as opposedto an
emitter. This insures that the high Von of CMOS (= Vpp) will not cause breakdown of the LS-TTL input. ACMOS
input threshold ViH may be as high as 70% of Vpp, while its Vi will be no lower than 30% of Vpp. Thusa TTL
output signal is satisfactory atthe LOW level, but a pull-up resistor is required to ensure an adequate HIGH level
for the CMOS input. The resistor should connect to the CMOS Vpp supply, and if this exceeds 5.5V, the TTL
driver must have the capability of not conducting appreciably at this higher voltage. Most LS-TTL outputs can
withstand 10 V, as discussed in Section 3.

TTL Driving Transistors — Although high voltage, high current ICs, such as the 9644, are available, it is
sometimes necessary to control greater currents or voltages than integrated circuits are capable of handling.
When this condition arises, a discrete transistor with sufficient capacity can be driven from a TTL output.
Discrete transistors are also used to shift voltages from TTL levels to logic levels for which a standard interface
driver is not available.

The two circuits of Figure 2-31 show how TTL can drive npn transistors. The first circuit is the most efficient but
requires an open-collector TTL or DTL output. The other circuit limits the output current from the TTL totem-
pole output through a series resistor.

Shifting a TTL Output to Negative Levels — The circuit of Figure 2-32 uses a pnp transistor to shift the TTL

output to a negative level. When the TTL output is HIGH, the transistor is cut off and the output voltage is -Vx.
When the TTL output is LOW, the transistor conducts and the output voltage is

R1
-Vx +R2(Vcc -2.0V)

if the transistor is not saturated, or slightly positive if the transistor is allowed to saturate.

Vce
Vce R2
360 R3 =R2
b o
D D o .
560
OPEN COLLECTOR v
TTL OR DTL our
Ib >10 mA = Ib >3 mA = R1
— —
= Vx =
Fig. 2-31 TTL Driving NPN Transistors Fig. 2-32 PNP Transistor Shifting TTL Output
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TTL CHARACTERISTICS

INTERFACING (Cont'd)

High Voltage Drivers — A TTL output can be used to drive high voltage, low current loads through the simple,
non-inverting circuits shown in Figure 2-33. This can be useful for driving gas discharge displays or small
relays, where the TTL output can handle the current but not the voltage. Load current should not exceed
(loL-4) mA.

Transistors Driving TTL — It is sometimes difficult to drive the relatively low impedance and narrow voltage
range of TTL inputs directly from external sources, particularly in a rough, electrically noisy environment. The
circuits shown in Figure 2-34 can handle input signal swings in excess of +100 V without harming the circuits.
The second circuit has an input RC filter that suppresses noise. Unambiguous TTL voltage levels are generated
by the positive feedback (Schmitt trigger) connection.

I I I l Vcc Va
VL >V \'/
Ao A1 A2 A3 L7 Yee Yoo
11/10 DECODER > 4
9301 1/10
TN
Op O1 02 O3 04 Os Os O7 Os Og

"

T |

TO OTHER DISPLAYS

Au

Fig. 2-33 Non-Inverting High Voltage Drivers

Vce

Vee 10 k2

10 kQ 100 k(2

TTL
TTL

10 kQ 56 kil 5.6 k()

Fig. 2-34 Transistors Driving TTL
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Section 3
LOADING, SPECIFICATIONS AND WAVEFORMS

This section contains dc specifications and ratings common to all devices in each family of circuits. These
specifications plus the distinctive characteristics given in the individual data sheet are necessary to fully define
a circuit for testing or procurement purposes. Included is a discussion of the Unit Load method of normalizing
the input and output characteristics of a circuit, and how to translate the numbers given in the Input
Loading/Fan-Out table of a data sheet into the actual values of lin, liL, loH and loL currents. The various load
configurations for ac testing, a table of RL and CL values for SSI gates and waveforms that help to define the
various ac parameters are also included.

UNIT LOADS (U.L.)

For convenience in system design the input loading and fan-out characteristics of each circuit are specified in
terms of unitloads. One unitload in the HIGH state is defined as 40 uA; thus both the input HIGH leakage current
lin and the output HIGH current sourcing capability lon are normalized to 40 uA. Similarly, one unit load in the
LOW state is defined as 1.6 mA and both the input LOW current liL and the output LOW current sinking
capability loL are normalized to 1.6 mA. On the data sheets the input and output load factors are listed in the
Input Loading/Fan-Out table. The table from the 54/7404 Hex Inverter is reproduced below.

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions

PINS 54/74 (U.L.) 54/74H (U.L.) | 54/74S (U.L.) | 54/74LS (U.L.)
HIGH/LOW HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.25 1.25/1.25 0.5/0.25
Outputs 20/10 12.5/12.5 25/12.5 10/5.0
2.5)

The input loading and fan-out factors are arranged in four columns, since this hex inverter is available in
standard TTL, H-TTL, S-TTL and LS-TTL. Under the 54/74H heading, for example, the input HIGH/LOW load
factors are 1.25/1.25, with the first number representing 1 and the second representing liL. For purposes of
testing or procurement these load factors can be easily translated to actual test limits by simply multiplying
them by 40 wA and 1.6 mA, respectively. The second set of numbers represents the rated output HIGH/LOW
load currents loH and loL, respectively. In the 54/74S column the output HIGH/LOW drive factors of 25/12.5
translate to 1.0 mA and 20 mA by multiplying them by 40 1A and 1.6 mA, respectively.

For any input or output for which the Military and Commercial grade specifications differ, the Military grade
loading or fan-out factors are shown in parenthesis immediately below the Commercial grade factors. In the
case of the 54/74L.S04 in the sample table shown, the output LOW fan-out for the Commercial grade (74LS04) is
shown as 5.0 (equivalent to 8.0 mA), while the rating for the Military grade (54L.S04) is 2.5 (or 4.0 mA). The output
HIGH fan-out rating for the Military grade is the same as for the Commercial grade and thus the rating of 10
loads (or 400 uA lon) is not repeated in parenthesis.

For convenience in system design the input and output loading factors should notbe translated intouA and mA.
It is only necessary to add up the input loading factors of all inputs connected to a particular logic function and
compare the total unit loading with the fan-out capability of the source of that particular function. For example,
a function that connects to one input of each of the hex inverter types in the table above must drive the total
loading calculated below.

Input HIGH Loading = 1.0 + 1.25 + 1.25 + 0.5 = 4.0 Unit Loads
Input LOW Loading = 1.0 + 1.25 + 1.25 + 0.25 = 3.75 Unit Loads
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LOADING, SPECIFICATIONS AND WAVEFORMS

UNIT LOADS (U.L.) (Cont'd)

To extend the example, this amount of loading can be driven by any one of the hex inverters in the Commercial
grade, since all outputs have fan-out capabilities greater than 4.0/3.75. In the Military grade, however, the
54L.S04 has a rated output LOW drive factor of only 2.5 and thus could not be guaranteed to drive 3.75 unit loads.
Thus a different type of driver would be selected for operation over the Military temperature range.

In the case of an open-collector output, which is not capable of supplying loH current or of establishing a VoH
level, the output HIGH load factor does not apply and thus the abbreviation OC is substituted. It is assumed that
the system designer will specify a pull-up resistor value that will establish the desired Von while supplying the
cumulative hx of the driven loads plus the loH leakage current of the output (or outputs, in the case of wired-
collector logic) as specified in either the pertinent Family DC Characteristics table or on the data sheet.

ABSOLUTE MAXIMUM RATINGS' (beyond which useful life may be impaired)

Storage Temperature -65°C to +150°C
Ambient Temperature Under Bias -55°C to +125°C
Junction Temperature Under Bias -55°C to +175°C
Vce Pin Potential to Ground Pin -05Vto+7.0V
Input Voltage2:

Emitter Inputs -0.5Vto+55V

LS-TTL3 Diode and pnp Inputs -0.5Vtot+15V
Input Current2,4 -30 mA to +5.0 mA
Voltage Applied to Outputs in HIGH State:

Open Collector -05Vto+7.0V

Standard TTL, H-TTL, S-TTL, LP-TTL -0.5 V to Vcc Value

Standard LS-TTL5 (with recommended operating Vcc) -05Vto+10V

3-State LS-TTL (with Vecc =0 V) -05Vto+55V
Current Applied to Outputs in LOW State (Max) twice the rated loL

RECOMMENDED OPERATING CONDITIONS!

Min Max

Free Air Ambient Temperature

Military (XM) -55°C +125°C

Commercial (XC) 0°C +70°C
Supply Voltage

Military (XM) +45V +5.5V

Commercial (XC) +4.75 V +5.25 V

NOTES:

1. Unless otherwise restricted or extended by detail specifications.

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

3. Refer to input breakdown test in 54LS/74LS family DC Characteristics or individual data sheets for emitter type LS-TTL inputs.

4. Except 9315/7441 limited to -10 mA to +1.0 mA. Also, steady-state clamp diode currents greater than -2.0 mA in LS-TTL inputs can cause logic
malfunctions; see discussion in Section 2.

5. Except 'LS00, 'LS02, 'LS04, 'LS10, 'LS11, 'LS20, 'LS32, 'LS74, 'LS86, 'LS109, 'LS112, 'LS113 and 'LS114 limited to -0.5 V to +Vcc Value.
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LOADING, SPECIFICATIONS AND WAVEFORMS

DC CHARACTERISTICS TABLES
Most of the circuits described in this data book were designed within the general framework of one of the
distinctive families of TTL circuits, i.e., TTL, H-TTL, S-TTL, LP-TTL or LS-TTL. Many dc specifications are
common to almost all circuits of a particular family, e.g., Vin, ViL, VoH, Vcp, etc. and to avoid needless repetition
these common parameters do not appear on the individual data sheets. On the following pages are tables of dc
characteristics containing the parameters, limits and conditions commontothevarious families of TTL circuits.
These are intended to augment the distinctive parameters, such as ac characteristics, input loading, fan-out and
power supply current listed on the individual data sheets. In some cases a particular circuit will depart from its
family characteristics in one or more parameters and in these cases the limits or conditions shown on the
individual data sheets take precedence over the values listed in the family characteristics table.

54XX, 74XX, 93XX & 96XX FAMILY DC CHARACTERISTICS!

LIMITSS
SYMBOL2 PARAMETER UNITS | Vccs CONDITIONS3
Min Typ4 Max
Recognized as a HIGH Signal
VIH Input HIGH Voltage 2.0 Vv Over Recommended
Vcc and Ta Range
Recognized as a LOW Signal
ViL Input LOW Voltage 0.8 Vv Over Recommended
Vcc and Ta Range
Veo Input Clamp Diode Voltage -1.5 \ Min | INn=-12mA
loH = 40 pA Multiplied by
VoH Output HIGH Voltage 24 34 \" Min | Output HIGH U.L.
Shown on Data Sheet
loL = 1.6 mA Multiplied by
VoL Output LOW Voltage 0.2 0.4 Vv Min | Output LOW U.L.
Shown on Data Sheet
1.0 U.L. 40 i = 40 pA Multiplied by
Input HIGH Current | 2.0 U.L. 80 pA Max | Input HIGH U.L. Shown on
lin nU.L. n(40) Data Sheet; ViN =2.4V
Input HIGH Current, _
Breakdown Test, All Inputs 10 mA Max | VIN =55V
1.0 U.L. -1.6 iL = 1.6 mA Multiplied by
liL Input LOW Current 2.0 U.L. -3.2 mA Max | Input LOW U.L. Shown on
n U.L. n(-1.6) Data Sheet; VIN =04V
Output HIGH Current, . _
loH Open-Collector 250 wA Min | VoH =5.5V
3-State Output OFF _
lozH Current HIGH 40 A Max | Vour =24V
3-State Output OFF _
lozL Current LOW -40 uA Max | Vour =0.4V
Std.7 54XX . -20 -57
Output Short 74XX | -18 -57
los6 Circuit 54XX | -20 -70 mA Max | Vout=0V
Current Buffers 74xx | -18 -70
93XX | -20 -70

Notes on following pages.




LOADIING, SPECIFICATIONS AND WAVEFORMS

54H, 74H, & 93H FAMILY DC CHARACTERISTICS!

3
SYMBOL2 PARAMETER LimITS UNITS | Vces CONDITIONS?
Min Typ4 Max
Recognized as a HIGH Signal
VIH Input HIGH Voltage 2.0 ) Over Recommended
Vce and Ta Range
Recognized as a LOW Signal
ViL Input LOW Voltage 0.8 \ Over Recommended
Vce and Ta Range
Veco Input Clamp Diode Voltage -1.5 \ Min | in=-12 mA
loH = 40 uA Multiplied by
VoH Output HIGH Voltage 24 34 Vv Min | Output HIGH U.L.
Shown on Data Sheet
loL = 1.6 mA Multiplied by
VoL Output LOW Voltage 0.2 0.4 \" Min | Output LOW U.L.
Shown on Data Sheet
1.25 U.L. 50 i = 40 uA Multiplied by
lin Input HIGH Current| 2.5 U.L. 100 uA Max | Input HIGH U.L. Shown on
nU.L. n(40) Data Sheet; VIN=2.4V
Input HIGH Current, _
Breakdown Test, All Inputs 10 mA Max | ViN=5.5V
1.25 U.L. -2.0 liL = 1.6 mA Multiplied by
e Input LOW Current | 2.5 U.L. -4.0 mA Max | Input LOW U.L. Shown on
nU.L. n(-1.6) Data Sheet; Vin=0.4 V
Output HIGH Current, . _
loH Open-Collector 250 uA Min | Vo =55V
los6 Output Short Circuit Current | -40 -100 mA Max | Vour=0V

-

pin is the reference level for all applied and resultant volitages.

OB WN

. For definitions of symbols and terminology please see Section 2.
. Unless otherwise stated on individual data sheets.
. Typical characteristics refer to Ta = +25°C and Vcc = +5.0 V.
. Min and Max refer to the values listed in the table of recommended operating conditions.
. For testing los, the use of high speed test apparatus and/or sample-and-hold techniques are preferable in order to minimize internal heatingand

. Unless otherwise noted, conditions and limits apply throughout the temperature range for which the particular device type is rated. The ground

more accurately reflect operational values. Otherwise, prolonged shorting of a HIGH output may raise the chip temperature well above normal
and thereby cause invalid readings in other parameter tests. In any sequence of parameter tests, los tests should be performed last.
7. Standard refers to the totem-pole pull-up circuitry commonly used for the particular family, as distinguished from buffers, line drivers or 3-state

outputs.
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LOADING, SPECIFICATIONS AND WAVEFORMS

548, 74S & 93S FAMILY DC CHARACTERISTICS!

3
SYMBOL2 PARAMETER LImMITs UNITS | Vcc5 CONDITIONS3
Min Typ4 Max
Recognized as a HIGH Signal
VIH Input HIGH Voltage 2.0 \" Over Recommended
Vcec and Ta Range
Recognized as a LOW Signal
ViL Input LOW Voltage 0.8 v Over Recommended
Vcc and Ta Range
Vco Input Clamp Diode Volitage -1.2 \" Min | in=-18 mA
Output Std.7 Mil. | 25 34 loH = 40 pA Multiplied
VoH hi G‘L Voltage | _Std7 Com. | 27 34 v Min | by Output HIGH U.L.
9 3-State | 24 3.2 Shown on Data Sheet
loL = 1.6 mA Multiplied
VoL Output LOW Voltage 0.35 05 \" Min | by Output LOW U.L.
Shown on Data Sheet
1.25 U.L. 50 liH = 40 uA Multiplied by
I Input HIGH Current| 2.5 U.L. 100 wA Max | Input HIGH U.L. Shown on
nU.L. n(40) Data Sheet; VIN =27 V
Input HIGH Current, _
Breakdown Test, All Inputs 10 mA Max | ViN =55V
1.25 U.L. -2.0 iL = -1.6 mA Multiplied by
L Input LOW Current | 2.5 U.L. -4.0 mA Max | Input LOW U.L. Shown on
n U.L. n(-1.6) Data Sheet; VIN=0.5V
Output HIGH Current, . _
loH Open-Collector 250 nA Min | VoH=565V
3-State Output OFF _
lozH Current HIGH 50 nA Max | Voutr =24V
3-State Output OFF _
lozL Current LOW -50 nA Max | Voutr =05V
Standard7/
log6 Output Short 3-state | 40 -100 mA Max | Vour =0V
o8 Circuit Current Buffers/ out
. -50 -225
Line Dvrs

-

oMhwN

. Unless otherwise noted, conditions and limits apply throughout the temperature range for which the particular device type is rated. The ground
pin is the reference level for all applied and resultant voltages.

. For definitions of symbols and terminology please see Section 2.

Unless otherwise stated on individual data sheets.

. Typical characteristics refer to TA = +25°C and Vcc = +5.0 V.

Min and Max refer to the values listed in the table of recommended operating conditions.

. Fortesting los, the use of high speed test apparatus and/or sample-and-hold techniques are preferable in order to minimize internal heatingand

more accurately reflect operational values. Otherwise, prolonged shorting of a HIGH output may raise the chip temperature well above normal
and thereby cause invalid readings in other parameter tests. In any sequence of parameter tests, los tests should be performed last.

~

outputs.

. Standard refers to the totem-pole pull-up circuitry commonly used for the particular family, as distinguished from buffers, line drivers or 3-state




LOADING, SPECIFICATIONS AND WAVEFORMS

54LS, 74LS & 96LS FAMILY DC CHARACTERISTICS!

3
SYMBOL? PARAMETER LTS UNITS | Vccs CONDITIONS?
Min- Typ4 Max ‘
Recognized as a HIGH Signal
ViH Input HIGH Voltage 2.0 v Over Recommended
Vcc and Ta Range
Mil 0.7 Recognized as a LOW Signal
ViL Input LOW Voltage - ’ " Over Recommended
Com. 0.8
. Vcc and Ta Range
Vco Input Clamp Diode Voltage -1.5 \Y Min | in=-18 mA
Std.7 Mil. | 25 3.4 _ .
v Output HIGH| __Std7 Com. | 27 3.4 v | win 't:’“()‘ut“ot":' g";"ﬂpl'_'ed
OH Voltage 3-State/Buffers | 24 3.3 ! Sﬁ W pu Dat Sh' .t
LineDwrs | 20 29 own on Data Shee
loL = 1.6 mA Multiplied
Com. 0.35 0.5 Vv Min | by Output LOW U.L.
Shown on Data Sheet
Vou putbut LOW loL = 1.6 mA Multiplied
9 Mil. & Com. 025 04 v Min | by Output LOW U.L. Shown
in Parenthesis on Data Sheet
0.5 U.L. 20 v = 40 uA Multiplied by
Input HIGH Current| 1.0 U.L. 40 nA Max | Input HIGH U.L. Shown on
I nU.L. n(40) Data Sheet; VIN=2.7 V
Input HIGH Current, _
Breakdown Test, All Inputs 100 KA Max | ViN _,10 ve
0.25 U.L. -0.4 liL = -1.6 mA Multiplied by
e Input LOW Current | 0.5 U.L. -0.8 mA Max | Input LOW U.L. Shown on
‘ n U.L. n(-1.6) Data Sheet; ViNn =04 V
Output HIGH Current, . _
loH Open-Collector 100 nA Min | VoH=5.5V
3-State Output OFF _
lozH Current HIGH 20 nA Max | Vour =24V
3-State Output OFF _
lozL Current LOW 20 KA Max | Voutr =04V
Standard? | -20 -100
Output Short 3-State/ | _ _ _
los® Circuit Current Buffers 30 130 mA Max | Vour =0V
Line Dvrs | -40 -225

-

pin is the reference level for all applied and resultant voltages.

o0 haWN

. For definitions of symbols and terminology please see Section 2.
. Unless otherwise stated on individual data sheets.
. Typical characteristics refer to Ta = +256°C and Vcc = +5.0 V.

. Min and Max refer to the values listed in the table of recommended operating conditions.
. For testing los, the use of high speed test apparatus and/or sample-and-hold techniques are preferable in order to minimize internal heatingand

. Unless otherwise noted, conditions and limits apply throughout the temperature range for which the particular device type is rated. The ground

more accurately reflect operational values. Otherwise, prolonged shorting of a HIGH output may raise the chip temperature well above normal
and thereby cause invalid readings in other parameter tests. In any sequence of parameter tests, los tests should be performed last.
7. Standard refers to the totem-pole pull-up circuitry commonly used for the particular family, as distinguished from buffers, line drivers or 3-state

outputs.

8. Except 5.5V for'LS03, 'LS05, 'LS22,'LS74,'LS109,'LS112,'LS113, 'LS114, ’LS136 (which have emitter inputs) and as shown on other data sheets.




LOADING, SPECIFICATIONS AND WAVEFORMS

9XXX FAMILY DC CHARACTERISTICS1

3
SYMBOL2 PARAMETER LIMITS UNITS | Vccs CONDITIONS?
Min Typ4 Max
Recognized as a HIGH Signal
VIH Input HIGH Voltage Vv Over Recommended
(See Data Sheets)
Vcc and Ta Range
Input LOW Voltage Recognized as a LOW Signal
ViL \" Over Recommended
(See Data Sheets)
Vcc and Ta Range
Vco Input Clamp Diode Voltage -1.5 \" Min |lIN=-12 mA
loH = 40 A Multiplied
VoH Output HIGH Voltage 24 34 v Min | by Output HIGH U.L.
Shown on Data Sheet
V. Output LOW Voltage
oL (See Data Sheets)
1.0 U.L. 40 liH = 40 pA Multiplied by
liH Input HIGH Current | 2.0 U.L. 80 pA Max | Input HIGH U.L. Shown on
nU.L. n(40) Data Sheet; VIN=4.5V
| Input LOW Current
I (See Data Sheets)
Output HIGH Current, . _
loH Open-Collector 250 nA Min |VoH=55V
Std.7 Mil. | -30 -100
Std.” Com. | -30 -120
losé 8:::3‘:]"’: gz‘r’r:m 9009 | -40 150 | mA | Max [vour=0V
9024 Mil. | -40 -100
9024 Com. | -35 -110

1. Unless otherwise noted, conditions and limits apply throughout the temperature range for which the particular device type is rated. The ground
pin is the reference level for all applied and resultant voltages.

. For definitions of symbols and terminology please see Section 2.

. Unless otherwise stated on individual data sheets.

. Typical characteristics refer to Ta = +25°C and Vcc = +5.0 V.

Min and Max refer to the values listed in the table of recommended operating conditions.

. Fortesting los, the use of high speed test apparatus and/or sample-and-hold techniques are preferable in order to minimize internal heating and
more accurately reflect operational values. Otherwise, prolonged shorting of a HIGH output may raise the chip temperature well above normal
and thereby cause invalid readings in other parameter tests. In any sequence of parameter tests, los tests should be performed last.

7. Standard refers to the totem-pole pull-up circuitry commonly used for the particular family, as distinguished from buffers, line drivers or 3-state

outputs.

omswN
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LOADING, SPECIFICATIONS AND WAVEFORMS

93L FAMILY DC CHARACTERISTICS!

3 )
SYMBOL2 PARAMETER LimiTs UNITS | Vcc$s CONDITIONS3
Min Typ4 Max
Recognized as a HIGH Signal
VIH Input HIGH Voltage 2.0 Vv Over Recommended
Vcc and Ta Range
Mil 0.7 Recognized as a LOW Signal
ViL Input LOW Voltage - ’ v Over Recommended
Com. 0.8
Vcc and Ta Range
Veco Input Clamp Diode Voltage -1.5 v Min | In=-10 mA
VoH Output HIGH Voltage 24 36 \" Min | lon = -400 uA
V. Output LOW Mil. & Com. 0.3 \" Min | loL =4.8 mA
oc Voltage Com. 0.4 v Min | loL = 8.0 mA
0.5 U.L. 20 llH = 40 A Multiplied by
| Input HIGH Current| 1.0 U.L. 40 rA Max | Input HIGH U.L. Shown on
H nUL. n(40) Data Sheet; ViN = 2.4 V
Input HIGH Current, _
Breakdown Test, All Inputs 1.0 mA Max | VIN =55V
0.25 U.L. -0.4 i = -1.6 mA Multiplied by
i Input LOW Current | 0.5 U.L. -0.8 mA Max | Input LOW U.L. Shown on
n U.L. n(-1.6) Data Sheet; VIN=0.3 V
los6 Output Short Circuit Current |-2.5 -25 mA Max | Vour =0V

1. Unless otherwise noted, conditions and limits apply throughout the temperature range for which the particular device type is rated. The ground
pin is the reference level for all applied and resultant voltages.

ONHLEWN

. For definitions of symbols and terminology please see Section 2.
. Unless otherwise stated on individual data sheets.
. Typical characteristics refer to Ta = +25°C and Vcc = +5.0 V.
. Min and Max refer to the values listed in the table of recommended operating conditions.
. Fortesting los, the use of high speed test apparatus and/or sample-and-hold techniques are preferable in order to minimize internal heatingand

more accurately reflect operational values. Otherwise, prolonged shorting of a HIGH output may raise the chip temperature well above normal
and thereby cause invalid readings in other parameter tests. In any sequence of parameter tests, los tests should be performed last.
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LOADING, SPECIFICATIONS AND WAVEFORMS

AC LOADING AND WAVEFORMS

Figure 3-1 shows the ac test load configuration used for circuits of the 54/74, 54/74H and 54/74S families having
totem-pole outputs. The diodes and resistor are not used for testing circuits of the 54/74LS, 9XXX, 93XX, 93H,
93S, 93L, 96X X or 96L S families. Figure 3-2 shows the test load configuration for open-collector outputs. For SSI
gates, RL and CL values are listed in the table below. For flip-flops and MSI, RL and C_ values are listed in the
column headings of the ac tables on the data sheets. Figure 3-3 shows the test circuit for measuring Enable and
Disable times of 3-state outputs; RL and Ci values are given in the column headings of the ac table in the data
sheet, except in certain tests they are superceded by R or C values listed in the Test Conditions column of the
same table.

A pulse generator signal swing of 0V to +3.0 V, terminated at the test socket, is recommended for ac testing. A
1.0 MHz square wave is recommended for most propagation delay tests, with rise and fall times of 2.5 ns for S-
TTL, 10 ns for LP-TTL and 6.0 ns for circuits of other families. The generator PRR must necessarily be increased
for testing fmax and decreased for testing one-shot pulse widths. Two pulse generators are usually required for
testing such parameters as set-up time, hold time, recovery time, etc.

AC LOADS FOR SSI GATES

SSI DEVICES AC TEST 54/74 54H/74H 54S/74S 54L.S/74LS
CL RL CL Ru CL RL CL RL
'01, '03, '05 tPLH 15 pF 4 kQ 25pF | 2800 | 15pF | 2800 | 15pF 2 kQ
12, '22 tPHL 15 pF 400 Q 25 pF 280 O 15 pF 280 O 15 pF 2 kQ)
'09, '15, '65 tPLH/tPHL 15 pF 400 O 15 pF 280 O 15 pF 2 kQ
'06, 07, 16, 17 tPLH/tPHL 15 pF 110 Q
'26 tPLH/tPHL 15 pF 1kQ 15 pF 2 k)
'28, ’33,°37,°38 | tPLH/tPHL 45pF | 1330 50 pF | 667 O
'40, '140 tPLH/tPHL 15 pF 133 O 25 pF 93 O 50 pF 930 50 pF 667 O
125, '126, '365 tPLH, HL, ZL, ZH 50 pF 400 O 50 pF 667 O
'366, '367, '368 tPHZ, LZ 5 pF 400 O 5 pF 667 O
tPLH/tPHL 15pF | 280 Q
134 trzH/tPzL 50 pF | 280 O
tPHz/tPLZ 50 pF | 280 O
All Standard
Gates with Totem| tPLH/tPHL 15pF | 400 | 25 pF | 280 Q 15 pF | 280 Q 15 pF —
Pole Outputs




LOADING, SPECIFICATIONS AND WAVEFORMS

l RL

U
—

*Not Used for LS-TTL
= L______ = _1  **Includes Jig and Probe Capacitance

Fig. 3-1 Test Load for Totem-Pole Outputs in Bi-State Mode

Vce

RL
D.U.T.

D [
I

*Includes Jig and Probe Capacitance

Fig. 3-2 Test Load for Open-Collector Outputs

Vcc
RL
SW1 PARAMETER | SW1 sSw2
TO D.U.T. <—o tpzH Open | Closed
trzL Closed | Open
- tPLZ Closed | Closed
1ka tPHZ Closed | Closed

Y|

E o (5 kQ for LS) l
sw2

*Includes Jig and Probe Capacitance

Fig. 3-3 Enable and Disable Test Loads for 3-State Outputs

L o

ju

—>| tPHL |[€*— —»|tPLH [*— —>| tPLH |— —»| tPHL |[€—
VOW_\_—/—— - \.__.V"‘
Vm =15V (1.3 V for LS) Vm =15V (1.3 V for LS)
Fig. 3-4. Waveform for Inverting Functions Fig. 3-5 Waveform for Non-Inverting Functions
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LOADING, SPECIFICATIONS AND WAVEFORMS

U m

IN
— |<—th(L) — <«—th(H)
<-ts(L)>| <-ts(H)—>>

-

Vm =15V (1.3 V for LS) m

-

Fig. 3-6 Set-up and Hold Times, Rising-Edge Clock

M m

<ts(L) | ts(H) >
——! |—tn(L) —

-

-—th(H)

-

cP Vm =1.5V (1.3 V for LS) m
Fig. 3-7 Set-up and Hold Times, Falling-Edge Clock
1
- fmax :
- tw(L) >
Eor CP Vm =15V (1.3 V for LS)
——— tw(H) ————>|
~<—tPHL — <—tPLH4>.
Vout Vm
<—tPLH —>| — tPHL —»l
Vour Vm

Fig. 3-8 Propagation Delays from Rising-Edge Clock or Enable
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LOADING, SPECIFICATIONS AND WAVEFORMS

Eor CP

Vout

Vout

1
—

A

tw(L)

Vi =15V (1.3 V for LS)

Y

<—|PHL—>‘

~<——tPLH—>|

<—lPLH—>|

Vm

<—|PHL—>i

Fig. 3-9 Propagation Delays from Falling-Edge Clock or Enable

Vm

CLEAR

|—»— tPLH

e — tPHL

[o]}

Vm =15V (1.3 V for LS)

Fig. 3-10 Propagation Delays from Set and Clear (or Reset)




LOADING, SPECIFICATIONS AND WAVEFORMS

VE

Ve

Fig. 3-11 3-State Output LOW Enable and Disable Times

VE
15V 15V
Ve 2
tpzH [~=-=1— tPHZ
Y
TC "\ = VoH
Vour 15V

%— =15V
05V

Fig. 3-12 3-State Output HIGH Enable and Disable Times

Vin Vm Vm

l<— th(L) |<— th(H)
|<-ts(L)> -ts(H)—>

Vm =15V (1.3 V for LS) Vm

EorPL

Fig. 3-13 Setup and Hold Times to Active LOW Enable or Parallel Load

VIN Vm Vm

<—ts(L)->| ‘<—ts(u)»l
— th(L) — <—th(H)

Vm =15V (1.3 V for LS) Vm

E or PL

Fig. 3-14 Setup and Hold Times to Active HIGH Enable or Parallel Load
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LOADING, SPECIFICATIONS AND WAVEFORMS

Vret(H)
VIN Vre(L)
—»| tPHL [€—— —| tp H [——
Vout Vm
PARAMETER FAMILY
54/74 | 54LS/74LS | 54S/74S
Vref(H) 1.7V 16V 18V
Vref(L) o9V 08V 12V
Vm 15V 13V 15V

Fig. 3-15 Waveforms for Schmitt Trigger Devices

-¢ tu
MS,MR,PL,CL
Vm =15V
(1.3 V for LS)
MS,MR,PL,CL
—»| trec |[€E—
CPorE Ve
—»| tPHL |[€*—
———
Vout Vm
— tPLH |
Vour Vm

Fig. 3-16 Asynchronous Set, Reset, Parallel Load or Clear, Active Rising Edge Clock or Active LOW Enable
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LOADING, SPECIFICATIONS AND WAVEFORMS

< tu >
MR,PL,CL
Vm =15V
(1.3 Vfor LS)
MR,MS,PL,CL
—»| trec r
CPorE Vi
—»| trPHL [4—
Vour Vm
—» tPLH  |-—

Vour ]l Vm

Fig. 3-17 Asynchronous Set, Reset, Parallel Load or Clear, Active Falling Edge Clock or Active HIGH Enable

VIN Vm Vm

SPa— ’<—th(H)->’ — | ty(l) |e— ‘4—-&.0.)—»‘

Vm =15V (1.3 V forLS) Vm

Fig. 3-18 Setup and Hold Times, Active HIGH Clock

Vin Vm Vm

~! t(H) | <—tn(H)->\ —»‘ (L)

-~ ‘<—tn(L)—>

Vm =15V (1.3 V for LS) Vm

Fig. 3-19 Setup and Hold Times, Active LOW Clock
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VIN Vm =15V (1.3 V for LS)

—{tpLH | — > tPHL | ——

Vout % Vm

Fig. 3-20 Whether Response is Inverting or Non-Inverting Depends on Specific Truth Table Conditions

ADDRESS Xm
th L——

ts |— ‘>|
)

—_—

EorCP Vm =15V (1.3 V for LS)

Fig. 3-21 Storage Address Setup and Hold Times
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CONNECTION DIAGRAMS
PINOUT A
54S/74S00 O— 18] vee
54L.S/74LS00 - =
&} 7]
QUAD 2-INPUT NAND GATE B @)
o) Eﬂ
& 5]
GND[7 8]
ORDERING CODE: See Section 9
PIN COMMERCIAL GRADE MILITARY GRADE PKG PINOUT B
PKGS Vce = +5.0 V £5%, Vce = +5.0 V £10%,
OUT|  1,20°Cto+70°C | Ta=-55°C to+125°C | TYPE
Plastic A 7400PC, 74HO0PC 9A
DIP (P) 74LS00PC, 74S00PC E E
Ceramic A 7400DC, 74HO00DC 5400DM, 54HO0DM 6A ] |
DIP (D) 74LS00DC, 74S00DC 54L.S00DM, 54S00DM
Flatpak A | 74LSO0FC, 74S00FC 54LS00FM, 54S00FM E E
3l vee[4] [11]GND
(F) B |7400FC, 74HOOFC 5400FM, 54HO0OFM
» & i
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions K2 5]
PINS 54/74 (U.L.) 54/74H (U.L.) | 54/74S (U.L.) | 54/74LS (U.L.)
HIGH/LOW HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.25 1.25/1.25 0.5/0.25
Outputs 20/10 12.5/12.5 25/12.5 10/5.0
(2.5)
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER S4/74 | S4/74H | S4/74S | S4/TALS | ynits|  cONDITIONS
Min Max |Min Max |Min Max|Min Max
IccH Power Supply 8.0 16.8 16 1.6 mA Vin = Gnd Vee = Max
lccL Current 22 40 36 4.4 ViN = Open
tPLH . 22 10|2.0 45 10 .
tPHL Propagation Delay 15 10|20 50 10 ns Figs. 3-1, 3-4

*DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V.
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CONNECTION DIAGRAMS
PINOUT A

54/7401 : =y s
54H/74H01 E@ -
QUAD 2-INPUT NAND GATE (] @ 2]
(With Open-Collector Output) ] 1]
'GND [7] 8]
PINOUT B
E = E Vce
] 73]
[ 2]
ORDERING CODE: See Section 9 0 E
pin |_COMMERCIAL GRADE|  MILITARY GRADE [ . - & | || ]
PKGS Vec = +5.0 V 5%, Voc = +5.0 V £10%, - =
OUT| 1 Z0°Cto+70°C | Ta=-55°C to +125°C | TYPE E 5 g
GND|7 8
Plastic A [7401PC oA
DIP (P) B |74HO1PC
Ceramic | A |7401DC 5401DM oA PINOUT C
DIP (D) B |74H01DC 54H01DM o i
F'f‘g’ak c |7401FC, 74H01FC 5401FM, 54HO1FM 3l Ej—@ 73]
B 2]
VchT_ EGND
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions E 70]
54/74 (U.L.) 54/74H (U.L.) = 5
PINS HIGH/LOW HIGH/LOW E g
Inputs 1.0/1.0 1.25/1.25
Outputs 0C**/10 0C**/12.5
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER 5414 | SAT4H | ynits CONDITIONS
Min Max [Min Max
IccH Power Supply 8.0 10 mA VIN = Gnd Vee = Max
lcoL Current 22 40 ViNn = Open
tPLH . 45 15 .
toHL Propagation Delay 15 12 ns Figs. 3-2, 3-4

*DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V.
“*OC — Open Collector
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54/7402
54S/74S02
54LS/74LS02
QUAD 2-INPUT NOR GATE

ORDERING CODE: See Section 9

CONNECTION DIAGRAMS
PINOUT A

E - EVCC
hE
& E:
o o
Eﬁ 10]
Al
GND [7] 8]

piN | COMMERCIAL GRADE | _ MILITARY GRADE | . PINOUT B
PKGS Voo = +5.0 V £5%, Voo = +5.0 V +10%,
OUT| 1 0°Cto+70°C | Ta=-55°C to+125°C | TYPE
Plastic A |7402PC, 74LS02PC oA
DIP (P) 74S02PC a -
Ceramic 7402DC, 74LS02DC 5402DM, 54LS02DM @
DIP (D) A |7aso2pC 54S02DM 6A ] & ©
5] 12]
Flatpak A |74LS02FC, 74S02FC  |54LS02FM, 54S02FM
8l vee[4] [11)GND
) B |7402FC 5402FM
5 9
CaTAlvES
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions E 3]

PINS 54/74 (U.L.) 54/74S (U.L.) 54/74LS (U.L.)
HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.25 0.5/0.25
Outputs 20/10 25/12.5 10/5.0
(2.5)
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER S4/74 | S4/74S | S4/TALS |yNiTs|  CONDITIONS
Min Max| Min Max |Min Max
lecH Power Supply Current 16 29 32 mA Vin = Gnd Vce = Max
lccL 27 45 5.4 VIN = Open
tPLH . 151 20 55 10 .
tPHL Propagation Delay 15| 20 55 10 ns Figs. 3-1, 3-4

*DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V.
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CONNECTION DIAGRAM
PINOUT A
QUAD 2-INPUT NAND GATE
(With Open-Collector Output) o - A vec
[2] 13]
ORDERING CODE: See Section 9 - g—LE
piN |_COMMERCIAL GRADE MILITARY GRADE PKG @ o
PKGS Voc = +5.0 V £5%, Voc = +5.0 V £10%,
OUT| 1 Z0°Cto+70°C | Ta=-55°Cto+125°C | TYPE C & ol
a 5]
Plastic A |7403PC, 74503PC 9A
DIP (P) 74LS03PC ano 7] 8]
Ceramic A |7403DC, 74503DC 5403DM, 54S03DM oA
DIP (D) 74LS03DC 54LS03DM
Flatpak A |7403FC, 74503FC 5403FM, 54S03FM 3l
(P 74LS03FC 54LS03FM
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
PINS 54/74 (U.L.) 54/74S (U.L.) 54/74LS (U.L.)
HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.25 0.5/0.25
Outputs 0C**/10 0C**/12.5 0C**/5.0
(2.5)
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER S4/74 | S54/74S | S4/74LS | yn1s CONDITIONS
Min Max |Min Max |Min Max
lecH Power Supply Current 8.0 132 16 mA ViN = Gnd Vcec = Max
lccL 22 36 4.4 ViN = Open
tPLH . 45 120 75 22 .
tPHL Propagation Delay 15 |20 70 18 mA Figs. 3-2, 3-4 .

*DC limits apply over operating temperature range; AC limits apply at TA = +25°C and Vcc = +5.0 V.
**OC— Open Collector
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CONNECTION DIAGRAMS
PINOUT A
74504 O—y [
54S/74S - -
54S/74S04A = Y &
54LS/74L.S04 O ¥ ]
HEX INVERTER ] ¥ m
= I A=
ORDERING CODE: See Section 9 6N [7] 8]
PIN COMMERCIAL GRADE MILITARY GRADE PKG
PKGS Vcc = +5.0 V £5%, Vce = +5.0 V £10%,
our Ta=0°C to +70°C Ta =-55°C to +125°C TYPE
Plastic 7404PC, 74H04PC PINOUT B
DIP (P) A |74S04PC, 74S04APC 9A
74LS04PC
Ceramic 7404DC, 74H04DC 5404DM, 54H04DM
DIP (D) A |74S04DC, 74S04ADC 54S04DM, 54S04ADM 6A E——Do——E
74L.S04DC 54L.S04DM ] q |
A 74S04FC, 74S04AFC 54S04FM, 54S04AFM B ; |
Flatpak 74LS04FC 54LS04FM 3l
G
P B |7404FC, 74H04FC 5404FM, 54HO4FM voo[d] [fi]ano
= Rat I =
= <
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions E_DO—E
PINS 54/74 (U.L.) | 54/74H (U.L.) | 54/74S (U.L.) | 54/74LS (U.L.)
HIGH/LOW HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.25 1.256/1.25 0.5/0.25
Outputs 20/10 12.5/12.5 25/12.5 10/5.0
(2.5
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER 54/74 | SA/TAH | 54/74S | S4/TALS | \ivs|  CONDITIONS
Min Max |Min Max [Min Max [Min Max
IccH Power Supply 12 26 24 2.4 mA ViN = Gnd Vee = Max
IccL Current 33 58 54 6.6 ViN = Open
tPLH . 22 10 (2.0 45 10 . _ _
tPHL Propagation Delay 15 10 20 50 10 ns Fig. 3-1, 3-4
tPLH Propagation Delay 10 35 Fig. 3-1. 3-4
tPHL (54/74S04A only) 10 40 ns i9.3-1,3
“DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V.
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CONNECTION DIAGRAMS

PINOUT A
54H/74H05 —
54S/74S05 E_Y 4] vee
54S/74S05A F— ¢

5] [12]
541.S/74LS05 = o
HEX INVERTER [5] [10]
(With Open-Collector Output) EJ EE]
GND [T 5]
ORDERING CODE: See Section 9
piN | _COMMERCIAL GRADE | MILITARY GRADE | .
PKGS Vce = +5.0 V +5%, Ve = 45.0 V, £10%,
OUT| 1 Z0°Cto+70°C | Ta=-55°Cto +125°C | T'TE
Plastic 7405PC, 74HO5PC PINOUT B
DIP (P A |74S05PC, 74505APC 9A
74LS05PC
Geramic 7405DC, 74H05DC 5405DM, 54H05DM
BIP (D) A |74S05DC, 74S05ADC  |54S05DM, 54S05ADM 6A
74LS05DC 54LS05DM A—o—m
A |74S0SFC, 74S05AFC 54S05FM, 54S05AFM & )
Flatpak 74LSO05FC 54LS05FM 3l - [—: I -
P B |7405FC, 74HO5FC 5405FM, 54HO5FM
vee[d] [17]GND
0P [ F
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions [E 4—E
PINS 54/74 (U.L) | 54/74H (U.L) | 54/74S (U.L.) | 54/74LS (U.L.) T—o—3]
HIGH/LOW HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.25 1.25/1.25 0.5/0.25
Outputs 0C**/10 0C**/12.5 OC**/12.5 0C**/5.0
(2.5
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER 54/74 | S4/74H | 54/74S | S4/74LS | \\irs CONDITIONS
Min Max| Min Max| Min Max |Min Max
lccH Power Supply 12 26 19.8 2.4 mA Vin = Gnd Vee = Max
IccL Current 33 58 54 6.6 Vin = Open
tPLH . 55 18 |20 75 22 o A
tPHL Propagation Delay 15 15 |20 70 18 ns Fig. 3-2, 3-4
tPLH Propagation Delay 20 55 ‘o oAl
tPHL (545/74S05A only) 15 50 ns | Fig.3-2,3-4

‘DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V.
**OC— Collector
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CONNECTION DIAGRAM
PINOUT A
HEX INVERTER BUFFER/DRIVER
(With Open-Collector High-Voltage Output)
ORDERING CODE: See Section 9 Ejv 73] vee
PIN COMMERCIAL GRADE MILITARY GRADE PKG (2] FE
PKGS | our| Voo =+50v 5%, Ve = +5.0 V £10%, |- oo ] ¢ 2]
Ta =0°C to +70°C Ta =-55°C to +125°C E i__ 11
Plastic (5] 10
A |7406PC 9A
DIP (P) & B
Ceramic |, 17406DC 5406DM 6A | ono[T] EZ}
DIP (D)
F'?;f’ak A |7406FC 5406FM 3l
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
54/74 (U.L.)
PINS HIGH/LOW
Inputs 1.0/1.0
Outputs oc**/10
DC AND AC CHARATERISTICS: See Section 3*
SYMBOL PARAMETER S4/74 UNITS CONDITIONS
Min Max
XC 0.7 loL = 40 mA Vee = Min
VoL Output LOW Voltage XM 0.7 " loL =30 mA ViN = ViH
XC, XM 0.4 loL =16 mA
Von =30 V, Vcc = Min
loH Output HIGH Current 0.25 mA Vin = ViL
loc Power Supply Current 48 mA Vin = Gnd Vcc = Max
Iccu 51 ViN = Open
tPLH Propagation Delay 15 ns Fig. 3-2, 3-4
tPHL 23 9 !
*DC limits apply over operating temperature range; AC limits apply at TA = +25°C and Vcc = +5.0 V.
**OC— Open Collector
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54/7407

HEX BUFFER/DRIVER
(With Open-Collector High-Voltage Output)

CONNECTION DIAGRAM
PINOUT A

ORDERING CODE: See Section 9 E_?v 14| vce
PIN COMMERCIAL GRADE MILITARY GRADE PKG [2] ? 13
PKGS ouT Vcc = +5.0 V £5%, Vcc = +5.0 V £10%, TYPE ] ? 12
Ta =0°C to +70°C Ta =-55°C to +125°C @ i)
aste | a Jraorec o] g5 P
(€] EZI
Ceramic }
DIP (D) A |7407DC 5407DM 6A GNDE E
F'f;:’ak A |7407FC 5407FM 3l
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
54/74 (U.L.)
PINS HIGH/LOW
Inputs 1.0/1.0
Outputs oc**/10
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER 5414 UNITS CONDITIONS
Min Max
N XC 0.7 loL =40 mA Ve = Min
VoL Output LOW Voltage XM 0.7 v loL =30 mA VIN = ViL
XC, XM 04 loL =16 mA
loH Output HIGH Current 0.25 mA VOH_= 30V, Vg = Min,
VIN = VIH
locH Power Supply Current 41 mA Vin = Open Vcc = Max
IccL 30 Vin = Gnd
tPLH Propagation Delay 10 ns Fig. 3-2, 3-5
tPHL 30 !

*DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V.
**OC—Open Collector

4-10
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CONNECTION DIAGRAMS

PINOUT A
54/7408
54H/74H08
54S5/74S08 —
54LS/74LS08 = o
QUAD 2-INPUT AND GATE G

ORDERING CODE: See Section 9

oin |_COMMERCIAL GRADE|  MILITARY GRADE | .
PKGS Voo = +5.0 V 5%, Voe = +5.0 V £10%,
OUT| 1. 0°Cto470°C | Ta=-55°Cto+125°C |VYPE
Plastic \ | 7408PC, 74H08PC oA PINOUT B
DIP (P) 74S08PC, 74LS08PC
Ceramic | , [7408DC, 74H08DC 5408DM, 54H08DM oA
DIP (D) 74S08DC, 74LS08DC | 54508DM, 54LS08DM
| 7408FC, 7as08FC 5408FM, 54S08FM [
Flatpak 74LS08FC 54LSO08FM 3l B
P B | 74H08FC 54HOBFM B

Vce E

]
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions =
54/74 (U.L) | 54/74H (U.L)| 54/74s (U.L) | 54/7aLs (U.L)

PINS HIGH/LOW HIGH/LOW HIGH/LOW HIGH/LOW

(=] e Tl =] 5] (&[]

Inputs 1.0/1.0 1.26/1.25 1.256/1.25 0.5/0.25
Outputs 20/10 12.5/12.5 25/12.5 10/5.0
(2.5)

DC AND AC CHARACTERISTICS: See Section 3*

SYMBOL PARAMETER S4/74 | SA/TAH | S4/74S | S4/T4LS|,Nits|  CONDITIONS
Min Max |Min Max|Min Max |Min Max
IccH Power Supply 21 40 32 4.8 mA Vin = Open Voc = Max
lccL Current 33 64 57 8.8 Vin = Gnd
tPLH . 27 12 125 70 13 .
tPHL Propagation Delay 19 12 |25 75 11 ns Fig. 3-1, 3-5

*DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V.

4-11
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QUAD 2-INPUT AND GATE

54/7409
54S/74S09
54LS/74L.S09

(With Open-Collector Output)

ORDERING CODE: See Section 9

PIN COMMERCIAL GRADE MILITARY GRADE PKG
PKGS Vcec = +5.0 V £5%, Vce = +5:.0 V £10%,
ourt Ta=0°Cto +70°C Ta =-55°C to +125°C TYPE
Plastic A 7409PC, 74S09PC 9A
DIP (P) 74LS09PC
Ceramic A 7409DC, 74S09DC 5409DM, 54S09DM 6A
DIP (D 74LS09DC 54L.S09DM
Flatpak A 7409FC, 74S09FC 5409FM, 54S09FM 3l
(P 74LSO09FC 54LS09FM

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions

PINS 54/74 (U.L.) 54/74S (U.L.) 54/74LS (U.L.)
HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.25 0.5/0.25
Outputs ocC**/10 0C**/12.5 0C**/5.0
(2.5

CONNECTION DIAGRAM

PINOUT A

T

14| Vcc

=l el 3] 2] 5] 13

0 5
b6

[ [o] [« [5] [«] [S] [=]

DC AND AC CHARACTERISTICS: See Section 3*

SYMBOL PARAMETER S4/74 | 54/74S | S4/TALS Iynits | CONDITIONS
Min Max |Min Max [Min Max
lecH Power Supply Current 21 32 4.8 mA ViN = Open Vce = Max
lccL 33 57 8.8 ViN = Gnd
teLH : 32 120 10 20 : _
tPHL Propagation Delay 24 |20 10| 15 ns Fig. 3-2, 3-5

*DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V.
**OC — Open Collector

4-12
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CONNECTION DIAGRAMS
PINOUT A

54/7410
54H/74H10 —

54S/74S10 O— [Ew

54LS/74LS10 = & =

TRIPLE 3-INPUT NAND GATE @ m

B i

(5] 5]

GND [7] 8]

ORDERING CODE: See Section 9

pin |_COMMERCIAL GRADE|  MILITARY GRADE | . PINOUT B
PKGS Voc = +5.0 V +5%, Vee = 45.0 V £10%,
OUT| 1 Z0°Cto+70°C | Ta=-56°Cto+125°C | TYPE
Plastic A |7410PC, 74H10PC oA
DIP (P) 74S10PC, 74LS10PC - o)
Ceramic | , |7410DC, 74H10DC 5410DM, 54H10DM oA . |
DIP (D) 74S10DC, 74LS10DC  |54S10DM, 54LS10DM . -
F|:i't:)pak 74S10FC, 7ALS10FC | 54S10FM, 54LS10FM 3 | v oo
B | 7410FC, 74H10FC 5410FM, 54H10FM -
() L
B

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 2
PINS 54/74 (U.L.) | 54/74H (U.L) | 54/74s (U.L.) | 54/74LS (U.L.)
HIGH/LOW HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.256 1.25/1.25 0.5/0.25
Outputs 20/10 12.5/12.5 25/12.5 10/5.0
(2.5)
DC AND AC CHARATERISTICS: See Section 3*
SYMBOL PARAMETER S4/74 | S4/74H | 54/74S | S4/TALS| nirs CONDITIONS
Min Max |Min Max |Min Max |Min Max
IccH Power Supply 6.0 12.6 12 1.2 mA VIN = Gnd Vec = Max
IccL Current 16.5 30 27 3.3 ViN = Open
tPLH . 22 10(2.0 45 15 .
tPHL Propagation Delay 15 10l20 50 15 ns Fig. 3-1, 3-4

*DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V.
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CONNECTION DIAGRAMS
PINOUT A

54S5/74S11 F—
54LS/74LS11 = <l
B8 B
TRIPLE 3-INPUT AND GATE 0 o
& ]
: o
GND[7 3]
ORDERING CODE: See Section 9
PIN COMMERCIAL GRADE MILITARY GRADE PKG PINOUT B
PKGS Vcec = +5.0 V £5%, Vcc =+5.0 V £10%, i
ouT Ta=0°C to +70°C Ta = -565°C to +125°C TYPE
Plastic A 7411PC, 74H11PC %A
DIP (P 74S11PC, 74LS11PC ] E
Ceramic A 7411DC, 74H11DC 5411DM, 54H11DM 6A E 73]
DIP (D) 74S11DC, 74LS11DC 54S11DM, 54LS11DM E L—‘_-ﬂ
Flatpak A |74S11FC, 74LS11FC 54S11FM, 54LS11FM 3 j
F) | vee [4] 11] GND
B |7411FC, 74H11FC 5411FM, 54H11FM E m
. L
INPUT LOADING/FAN-OUT: See Section 3 for U.L definitions 7 B
PINS 54/74 (U.L.) 54/74H (U.L.) | 54/74S (U.L.) | 54/74LS (U.L.)
HIGH/LOW HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.25 1.25/1.25 0.5/0.25
Outputs 20/10 12.5/12.5 25/12.5 10/5.0
(2.5)
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER 54/74 | S4/74H | 54/74S | S4/TALS|,Nits|  CONDITIONS
Min Max |Min Max | Min Max|Min Max
IccH Power Supply 15 30 24 3.6 mA ViN = Open Vee = Max
IccL Current 24 48 42 6.6 ViNn = Gnd
tPLH . 27 12 125 7.0 13 .
tPHL Propagation Delay 19 12 |25 75 1 ns Figs. 3-1, 3-5

*DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V.
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54/7412

TRIPLE 3-INPUT NAND GATE
(With Open-Collector Output)

CONNECTION DIAGRAM
PINOUT A

1 = E Vcc
2] 13
(] [12]
& )
ORDERING CODE: See Section 9 G [10]
PIN COMMERCIAL GRADE MILITARY GRADE PKG E z]
PKGS Vece = +5.0 V £5%, Vce = +5.0 V £10%, GND [7] g
OUT | 1, 20°Cto+70°C | Ta=-55°Cto+125°C | T'PE
Plastic
DIP (P) A |7412PC 9A
Ceramic
DIP (D) A [7412DC 5412DM 6A
F"(";fa" A |7a12FC 5412FM 3l
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
54/74 (U.L.)
PINS HIGH/LOW
Inputs 1.0/1.0
Outputs ocC**/10
DC AND AC CHARACTERISTICS: See Section 3*
54/74
SYMBOL PARAMETER UNITS CONDITIONS
Min Max
lecH Power Supply Current 6.0 mA ViN = Gnd Vcc = Max
lccL 16.5 ViN = Open
tPLH . 45 .
tPHL Propagation Delay 15 ns Figs. 3-2, 3-4

*DC limits apply over operating temperature range; AC limits apply at TA = +25°C and Vcc = +5.0 V.
**OC — Open Collector

4-15
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CONNECTION DIAGRAM

PINOUT A
DUAL 4-INPUT SCHMITT TRIGGER
ORDERING CODE: See Section 9 O] = 2] vee
pin |_COMMERCIAL GRADE|  MILITARY GRADE | . - B 73]
PKGS | our| Veo=+5.0v s, Voo = 5.0V £10%, | oooe ne[3] [12]
TA=0°Cto+70°C | Ta=-55°C to +125°C & i Ne
Plastic A |7413PC, 74Ls13PC 9A ] 70
DIP (P)
: (€] 9]
gﬁ;"{g;c A |7413DcC, 74LS13DC 5413DM, 54LS13DM 6A | ono[7 3
F'f::f’a" A |7413FC, 74LS13FC 5413FM, 54LS13FM 3|

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions

PINS 54/74 (U.L.) 54/74LS (U.L.)
HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 0.5/0.25
~Outputs 20/10 10/5.0
\ (2.5)

DC AND AC CHARACTERISTICS: See Section 3*

SYMBOL PARAMETER 5474 | S4/74LS | ynits CONDITIONS
Min Max | Min Max

Positive-going _

VT+ Threshold Voltage 156 20} 1.5 20 Vv Vcc=+5.0V
Negative-going ] _

VT1- Threshold Voltage 0.6 1.1/ 06 1.1 v Vcc =+5.0V

V1+—V7- | Hysteresis Voltage 04 04 \" Vcc=+5.0V
Input Current at Positive- . " _ _

I+ going Threshold -0.65 -0.14 mA Vcc =+5.0 V, VIN = VT+
Input Current at Negative- " " _ -

IT- going Threshold -0.85 0.18 mA Vcc =+5.0V, ViNn = V1-

los Output Short Circuit Current -18 -55| -20 -100 mA Vcc = Max

lccH Power Supply Current 23 6.0 mA Vin = Gnd Vce = Max

lccL 32 7.0 ViN = Open

tPLH . 27 22 .

tPHL Propagation Delay 22 27 ns Fig. 3-1, 3-15

*DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V. **Typical Value

4-16
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CONNECTION DIAGRAM
PINOUT A

54/7414
54LS/74L514
HEX SCHMITT TRIGGER INVERTER

ORDERING CODE: See Section 9

1 = 14| Vcc
oin | COMMERCIAL GRADE[  MILITARY GRADE | . : ¥ g
PKGS Voe = 450 V +5%, | Voo = +5.0 V £10%. v

OUT| 1,=0°C to +70°C | Ta = -65°C to +125°C | TYPE G v 2]
Plastic E ‘__‘l
Pastte, A |741apC, 74L814PC 9A = N v =
gf;a:';)c A |7414DC, 74LS14DC  |5414DM, 54LS14DM 6A (€] 4 >
Gnbp [7] 8

F't‘g’a" A |741aFC, 7aLs14FC 5414FM, 54LS14FM 3l

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions

PINS 54/74 (U.L.) 54/74LS (U.L.)
HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 0.5/0.25
Outputs 20/10 10/5.0
(2.5)

DC AND AC CHARACTERISTICS: See Section 3*

SYMBOL PARAMETER S4/74_| S4TALS | ynis CONDITIONS
Min Max| Min Max
Positive-going _
VT+ Threshold Voltage 1.5 20| 1.5 2.0 \' Vce +50 V
Negative-going _
V- Threshold Voltage 06 11| 06 1.1 " Vcc = +5.0 V
V1+ — V1-] Hysteresis Voltage 0.4 0.4 v Vcc = 5.0 V
Input Current at Positive- " " - _
IT+ going Threshold -0.43 0.14 mA Vcc = +5.0 V, VIN V1+
Input Current at Negative- - - _ _
IT- going Threshold -0.56 -0.18 mA Vcc = +50 V, ViN = V71—
liL Input LOW Current -1.2 -0.4 mA Vcc = Max, ViN = 04 V
los Output Short Circuit Current -18 -55| -20 -100 mA Vcc = Max, Voutr = 0 V
lecH Power Supply Current 36 16 mA ViN = Gnd Vcec = Max
lccL 60 21 ViIN = Open
tPLH . 22 22 )
tPHL Propagation Delay 22 22 ns Figs. 3-1, 3-15

*DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V. **Typical Value
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54S/74S15
54LS/74LS15

TRIPLE 3-INPUT AND GATE

(With Open-Collector Outputs)

CONNECTION DIAGRAM
PINOUT A

A) T
ORDERING CODE: See Section 9 & ] vee
COMMERCIAL GRADE| MILITARY GRADE 2 53]
PIN PKG 3 2]
PKGS Vee = +50 V 5%, | Vcc = +5.0 V +10%,
OUT| 1,= 0°C to +70°C | Ta = -55°C to +125°C | TYPE @ m|
: 5 10
Plastic A |7as15PC, 74LS15PC 9A = o
DIP (P) 5] 5]
g?;a:rl;)c A |74515DC, 74LS15DC  [54S15DM, 54LS15DM ea | o 5]
F'f;fa" A |74S15FC, 74LS15FC  [54S15FM, 54LS15FM 3l
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
PINS 54/74S (U.L.) 54/74LS (U.L.)
HIGH/LOW HIGH/LOW
Inputs 1.25/1.25 0.5/0.25
Outputs 0oC**/12.5 0C**/5.0
(2.5)
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER 54/74S  S4TALS | ynits CONDITIONS
Min Max Min Max
lccH Power Supply 19.5 3.6 mA ViN = Open Voo = Max
IlccL Current 42 6.6 ViN = Gnd
tPLH . 8.5 20 .
tPHL Propagation Delay 90 15 ns Figs. 3-2, 3-56

**OC— Open Collector

‘DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V.

4-18
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CONNECTION DIAGRAM
PINOUT A
HEX INVERTER BUFFER/DRIVER
(With Open-Collector High-Voltage Output)
ORDERING CODE: See Section 9 Ej [14] veo
COMMERCIAL GRADE| MILITARY GRADE 7 ? 5]
PIN PKG B ' @)
PKGS | 1 Ve = +5.0 V +5%, Voo =+5.0 V +10%, | o o Y

Ta=0°C to +70°C Ta =-55°C to +125°C [ Y 1]

i 5 10
Plastic A |7a16rC 9A B 4 0
DIP (P) ] 5]
Ceramic |, [7416DC 5416DM 6A | onolT L.T_l
DIP (D)

F'f;'fak A | 7416FC 5416FM 3|
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
54/74 (U.L.)
PINS HIGH/LOW
Inputs 1.0/1.0
Outputs oc**/10
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER 54/74 UNITS CONDITIONS
Min Max
XC 07 loL = 40 mA Vee = Min
VoL Output LOW Voltage XM 0.7 v loL = 30 mA VIN = ViH
XC, XM 04 loL = 16 mA
VoH =15V, Vcc = Min
loH Output HIGH Current 0.25 mA VN = ViL
locH Power Supply Current 48 mA Vin = Gnd Vcec = Max
lccL 51 Vin = Open
tPLH . 15 )
tPHL Propagation Delay 23 ns Figs. 3-2, 3-4

*DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V.
**OC — Open Collector

4-19



17

54/7417

HEX BUFFER/DRIVER

(With Open-Collector High-Voltage Output)

CONNECTION DIAGRAM
PINOUT A

ORDERING CODE: See Section 9 E——?’" ] voc
pin |_COMMERCIAL GRADE|  MILITARY GRADE | . - [z] t 13]
PKGS | our| Voo =+50visu, Voo =+5.0 V£10%, | .\oe E'——# [12]
Ta=0°C to +70°C Ta =-55°C to +125°C @& T
b | A [reee w] B
(e 5]
Ceramic
BIP (D) A |7417DC 5417DM 6A | GNo[T] (8]
F'f"f_)pak A |7417FC 5417FM 3l
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
54/74 (U.L)
PINS HIGH/LOW
Inputs 1.0/1.0
Outputs oc**/10'
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER 5474 UNITS CONDITIONS
Min Max
XC 0.7 loL = 40 mA Ve = Min
VoL Output LOW Voltage XM 0.7 \" loL =30 mA VIN = ViL
XC, XM 0.4 loL = 16 mA
VoH = 15V, Vcc = Min,
loH Output HIGH Current 0.25 mA ViN = Vik
IccH Power Supply Current 41 mA | _VIN=Open Vee = Max
IccL 30 ViN = Gnd
tPLH Propagation Delay 10 ns Figs. 3-2, 3-5
tPHL 30 !

*DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V.
**OC—Open Collector

4-20
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CONNECTION DIAGRAMS
PINOUT A
54S/74S20 3 - ] veo
54LS/74LS20 & i)
DUAL 4-INPUT NAND GATE nely) 2l
@ TNe
] [10]
cH U 5]
GNo [7] ?_z]
ORDERING CODE: See Section 9
PIN COMMERCIAL GRADE MILITARY GRADE PKG PINOUT B
PKGS Veec = +5.0 V £5%, Vee = +5.0 V £10%,
OUT|  1,=0°Cto+70°C | Ta=-55°Cto +125°C | TYPE
Plastic 7420PC, 74H20PC
DIP (P) A |74s20PC, 74LS20PC 9A O] m|
Ceramic A 7420DC, 74H20DC 5420DM, 54H20DM 6A (] 13]
DIP (D) 74S20DC, 74LS20DC 54S20DM, 54LS20DM ne[3] [12]
Flatpak A |74S20FC, 74LS20FC 54S20FM, 54LS20FM 3l vee[7] [1]GND
(P B |7420FC, 74H20FC 5420FM, 54H20FM Nc[E] DO—E
E—l l M
[ 8]
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
PINS 54/74 (U.L.) 54/74H (U.L.) | 54/74S (U.L.) | 54/74LS (U.L.)
HIGH/LOW HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.25 1.25/1.26 0.5/0.25
Outputs 20/10 12.5/12.5 25/12.5 10/5.0
(2.5)
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER 54/74 | S4/74H | S4/74S | S4/74LS|,\its|  CONDITIONS
Min Max | Min Max|Min Max |[Min Max
IccH Power Supply 4.0 8.4 8.0 0.8 mA ViN = Gnd Vec = Max
lccL Current 1 20 18 2.2 ViN = Open
tPLH . 22 10|20 45 15 .
tPHL Propagation Delay 15 10|20 50 15 ns Figs. 3-1, 3-4
*DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V.
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CONNECTION DIAGRAMS

PINOUT A
54L.S/74L.S21 & B} ra] vee
2] 13]
DUAL 4-INPUT POSITIVE AND GATE
ne[] )
[ [i]ne
5 10
[&] 9
GND[7 8]
ORDERING CODE: See Section 9
pin |_COMMERCIAL GRADE|  MILITARY GRADE | | - PINOUT B
PKGS Vce = +5.0 V 5%, Ve = +5.0 V £10%,
OUT| 1. Z0°Cto+70°C | Ta=-55°Cto+125°C | TYPE
Plastic A |7421PC, 7aH21PC oA
DIP (P) 74LS21PC
i 1]
Ceramic 7421DC, 74H21DC 5421DM, 54H21DM
pipmo | A |7aLs21Dc 54L.521DM 6A = 3l
Flatpak 7421FC, 74LS21FC 5421FM, 54LS21FM N Ne 3] 2]
(P vee [4] E GND
B |74H21FC 54H21FM
Ne [5] [ )—1{1
= ‘ I
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions [ 8]
PINS 54/74 (U.L.) 54/74H (U.L.) 54/74LS (U.L.)
HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.25 0.5/0.25
Outputs 20/10 12.5/12.5 10/5.0
2.5
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER 54/74 | S4/74H | S4/74LS| N7 CONDITIONS
Min Max |Min Max |Min. Max
IccH Power Supply Current 10 20 24 mA Vin = Open Ve = Max
IccL 16 32 4.4 ViN = Gnd
tPLH . ‘ 27 12 15 '
tPHL Propagation Delay 19 12 15| Ms Figs. 3-1, 3-5

*DC limits apply over operating temperature range; AC limits apply at TA = +25°C and Vcc = +5.0 V.

4-22




22

CONNECTION DIAGRAMS
PINOUT A
54S/74S22 T [
LS22 = =
54LS/74 _— -
DUAL 4-INPUT NAND GATE & e
(With Open-Collector Output) 5 1]
& 0|
GND [7] 8
ORDERING CODE: See Section 9
PIN COMMERCIAL GRADE MILITARY GRADE PKG PINOUT B
PKGS Vcc =+5.0 V 5%, Vcec = +5.0 V £10%,
OUT| 1, 20°Ct0+70°C | Ta=-55°Cto+125°C | YPE
Plastic A 7422PC, 74H22PC 9A
DIP (P) 74S22PC, 74L.S22PC
Ceramic A |7422DC, 74H22DC 5422DM, 54H22DM oA & 14
DIP (D) 74S22DC, 74LS22DC 54522DM, 54L.S22DM ] 3]
Flatpak A |7422FC, 74522FC 5422FM, 54S22FM Nne[3] 12]
" 74LS22FC 54LS22FM K]| VccE EGND
B | 74H22FC 54H22FM NCE Dc E
H || s
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions ’j 8
PINS 54/74 (U.L) 54/74H (U.L.) | 54/74S (U.L.) | 54/74LS (U.L.)
HIGH/LOW HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.25 1.25/1.25 0.5/0.25
Outputs oC**/10 OoC**/12.5 0C**/12.5 0C**/5.0
(2.5)
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER 54/74 | S4/74H | S4/74S | 54/74LS| ;nyrg CONDITIONS
Min Max [Min Max|Min Max [Min Max
IccH Power Supply 4.0 5.0 6.6 0.8 mA Vin = Gnd Vee = Max
lccL Current 11 20 18 2.2 ViN = Open
tPLH . 45 15120 75 22 ,
tPHL Propagation Delay 15 12 |20 70 18 ns Figs. 3-2, 3-4
*DC limits apply over operating temperature range; AC limits apply at TA = +25°C and Vcc = +5.0 V.
**OC — Open Collector
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54/7423

EXPANDABLE DUAL 4-INPUT NOR GATE

(With Strobe)

CONNECTION DIAGRAM
PINOUT A

ORDERING CODE: See Section 9 T
‘ 1 16| Vce
piN |_COMMERCIAL GRADE|  MILITARY GRADE | - =
PKGS Vce = +5.0 V +5%, Vee = +5.0 V £10%,
OUT| 1. =0°Cto+70° | Ta=-55°Cto+125°C | "'TE Gl m|
Plastic E :‘—il
DIP (P) A |7423PC °® [E1 12]
gﬁ;ﬂg:" A |7423DC 5423DM 6B (€] m
2 0]
Flatbak | & |7a23FC 5423FM aL | onofg] B
INPUT LOADING/FAN-OUT: See Section 3 for U.L. defintions
54/74 (U.L.)
FINS HIGH/LOW
Data Inputs 1.0/1.0
Strobe Inputs 4.0/4.0
Outputs 20/10
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE: Expander Inputs Open
SYMBOL PARAMETER 54/74 UNITS CONDITIONS
Min Max
lccH 16 Vin = Gnd _
looL Power Supply Current 19 mA Vin = Open Vce = Max
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE: Using Expander Inputs

SYMBOL PARAMETER S4/m4 UNITS CONDITIONS
Min Max
v Base-Emitter Voltage of XM 1.1 v 11 = 0.41 mA loL =16 mA
BEQ Output Transistor Q XC 1.0 h = 0.62 mA Ri=00
o | o T
VOH Output HIGH Voltage v 2= 10H = -400 pA
XC 24 11 =0.27 mA
l2 = -0.27 mA
XM 0.4 g Zﬂ‘ié“é
VoL Output LOW Voltage v i loL = 16 mA
XC 0.4 11 =0.43 mA
R1 =130 Q
XM 2.9 Vi =04V, loL =16 mA
Ix Expander Current XC 31 Vv
AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations)
SYMBOL PARAMETER S4/m4 UNITS CONDITIONS
Min Max
tPLH . 22 Expander Pins Open
tPHL Propagation Delay 15 ns Figs. 3-1, 3-4
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CONNECTION DIAGRAM

‘ PINOUT A
DUAL 4-INPUT NOR GATE
(With Strobe)
ORDERING CODE: See Section 9 0 =~ 73] vee
PIN | COMMERCIAI;. GRADE MILITARY GRADE PKG E E
PKGS ouT Vcc = +5.0 V £5%, Vce =+5.0 V £10%, ouT E E
Ta=0°C to +70°C Ta = -55°C to +125°C E E
Plastic J@
DIP (P) A |7425PC 9A ] 10]
5 9
Ceramic | 5 |7425DC 5425DM 6A = =
DIP (D) GND [7] ]
F '?;',’a" A |7425FC 5425FM 3l
INPUT LdADlNG/FAN-OUT: See Section 3 for U.L. definitions
54/74 (U.L.)
PINS HIGH/LOW
Data Inputs 1.0/1.0
Strobe Inputs 4.0/4.0
Outputs 20/10
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER S4/74 UNITS CONDITIONS
Min Max
locH Power Supply Current 16 mA VN = Gnd Vce = Max
lccL 19 VIN = Open
tLr Propagation Delay 22 ns Figs. 3-1, 3-4
tPHL 15 ’ !

*DC limits apply over operating temperature range; AC limits apply at TA = +25°C and Vcc = +5.0 V.
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CONNECTION DIAGRAM

PINOUT A
QUAD 2-INPUT NAND BUFFER
(With Open-Collector Outputs)
ORDERING CODE: See Section 9 O] g 14] vee
pin | COMMERCIAL GRADE |  MILITARY GRADE | . (2] [13]
PKGS | our| Voo =+5.0V 5%, Voc =+5.0 V£10%, | rypp ] g_LT_zl
TA=0°Cto +70°C | Ta=-55°C to +125°C 0 ]
g'f::ipc) A |7426PC, 74LS26PC 9A ] I ( ) 10]
G {j“L_?J
gf”;"‘(’g)‘c A |7426DC, 74LS26DC 54L.S26DM 6A | ano[F] 5]
F"?g’ak A |7426FC, 74Ls26FC 54LS26FM 3l
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
PINS 54/74 (U.L.) 54/74LS (U.L.)
HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 0.5/0.25
Outputs oc**/10 0C**/5.0
2.5
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER 54/74 | S4/TALS | yniTs CONDITIONS
Min Max|Min Max
loH Output HIGH Current 50 50 pA Von =12V Vee = Min
1000 1000 VoH=15V VIN = ViL
lecn Power Supply Current 8.0 16 mA ViN = Gnd Vce = Max
IccL 22 4.4 ViNn = Open
tPLH . 24 22 .
tPHL Propagation Delay 17 18 ns Figs. 3-2, 3-4

*DC limits apply over operating temperature range; AC limits apply at TA = +25°C and Vcc = +5.0 V.
**OC — Open Collector

4-27




27

CONNECTION DIAGRAM

PINOUT A
TRIPLE 3-INPUT NOR GATE
—
ORDERING CODE: See Section 9 0 - 4] Ve
pin |_COMMERCIAL GRADE|  MILITARY GRADE [ . Eﬁﬂ
PKGS Vee = +5.0 £5%, Vee = +5.0 V £10%, G 2]
OUT|  1,Z0°Cto+70°C | Ta=-85°C to +125°C | TYPE - =
Plastic
DIP (P A | 7427PC, 74LS27PC 9A E %l
6 9
Ceramic
oI (o) A |7427DC, 74Ls27DC 5427DM, 54LS27DM 6A | anofz ]
F'fg’a" A | 7427FC, 74LS27FC 5427FM, 54LS27FM 3l
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
PINS 54/74 (U.L.) 54/74LS (U.L.)
HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 0.5/0.25
Outputs 20/10 10/5.0
2.5
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER 54/74 | SATALS | ynits CONDITIONS
Min Max | Min Max
locH Power Supply Current 16 401 A | VN=GCnd Vce = Max
lccL 26 6.8 ViNn = Open
tPLH . 15 13 .
tPHL Propagation Delay 11 13 ns Figs. 3-1, 3-4

*DC limits apply over operating temperature range; AC limits apply at TA = +25°C and Vcc = +5.0 V.
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CONNECTION DIAGRAM
PINOUT A
QUAD 2-INPUT NOR BUFFER
ORDERING CODE: See Section 9 7
o i vec
COMMERCIAL GRADE MILITARY GRADE
PIN PKG 7 73]
PKGS Vcec = +5.0 V £5%, Vcc = +5.0 V £10%,
OUT| 14 =0°Cto+70°C | Ta=-55°Cto+125°C | 'Y E Gl é E-‘_ll
Plastic 3 ! 11]
DIP (P) A |74LS28PC 9A E E
gﬁ;a(g)'c A |7aLs28DC 54L.528DM 6A (] é | B
GND [7] 3]
F'f'lt:)pak A |7aLs28FcC 54LS28FM 3l
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
54/74LS (U.L.)
PINS HIGH/LOW
Inputs 0.5/0.25
Outputs 30/15
(7.5
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER 54/74L8 UNITS CONDITIONS
Min Max
lecH Power Supply Current 36 mA Vin = Gnd Vcc = Max
lccL 13.8 ViNn = Open
tPLH Propagation Dela 20 ns Figs. 3-1, 3-4
tPHL pag y 20 gs. .

*DC limits apply over operating temperature range; AC limits apply at TaA = +25°C and Vcc = +5.0 V.
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CONNECTION DIAGRAMS

PINOUT A
54H/74H30 1 ] veo
54S/74S30 & e
54LS/74LS30 ] B
4] 11]
8-INPUT NAND GATE & o
G [s]ne
GND [7] 8]
ORDERING CODE: See Section 9
piN | COMMERCIAL GRADE |  MILITARY GRADE | . PINOUT B
PKGS VoG = +5.0 V +5%, Vee = +5.0 V £10%,
OUT| 1, Z0°Ct0+70°C | Ta=-55°Cto +125°C | TV E
Plastic A | 7430PC, 74H30PC 9A
DIP (P) 74S30PC, 74LS30PC
nc[d [12] NC
Ceramic A | 7430DC, 74H30DC 5430DM, 54H30DM oA
DIP (D) 74S30DC, 74LS30DC  |54S30DM, 54L.S30DM 2] [13] NC
Flatpak A | 74s30FC, 74LS30FC 54S30FM, 54LS30FM 3l ] [12]
10 B | 7430FC, 74H30FC 5430FM, 54H30FM vee [ Ll_‘-“’""
= LI
(] 5]
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions E 5]
PINS 54/74 (U.L) | 54/74H (U.L) | 54/74s (U.L.) | 54/74LS (U.L.)
HIGH/LOW HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.25 1.25/1.25 0.5/0.25
Outputs 20/10 12.5/12.5 25/12.5 10/5.0
(2.5
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER 54/74 | S4/74H | S4/74S | S4/74LS| s CONDITIONS
Min Max|Min Max |[Min Max [Min Max
IccH Power Supply 2.0 4.2 5.0 0.5 mA ViN = Gnd Vee = Max
lccL Current 6.0 10 10 11 ViN = Open
tPLH . 22 10 |20 6.0 12 i
tPHL Propagation Delay 15 1220 70 20 ns Figs. 3-1, 3-4

*DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V.
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CONNECTION DIAGRAM
PINOUT A
QUAD 2-INPUT OR GATE
1 = E Vce
ORDERING CODE: See Section 9 E B
PIN COMMERCIAL GRADE MILITARY GRADE PKG B ; ! ! i B
PKGS Vcec = +5.0 V £5%, Vcec = +5.0 V £10%,
OUT|  1,Z0°Cto+70°C | Ta=-55°Cto+125°C | TY'E ] i1
Plastic A 7432PC, 74S32PC 9A C] ‘E
DIP (P) 74LS32PC (€] 5]
Ceramic A 7432DC, 74S32DC 5432DM, 54S32DM 6A GND|7 a|
DIP (D) 74LS32DC 54L.S32DM
Flatpak A 7432FC, 74S32FC 5432FM, 54S32FM 3|
(F) 74LS32FC 54LS32FM
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
PINS 54/74 (U.L.) 54/74S (U.L.) 54/74LS (U.L.)
HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.25 0.5/0.25
Outputs 20/10 25/12.5 10/5.0
(2.5
DC AND AC CHARACTERISTICS: See Section 3 for U.L. definitions
SYMBOL PARAMETER S4/74 | 54/748 | S4/T4LS | ynits|  cONDITIONS
Min Max |Min Max|Min Max
lccH Power Supply Current 22 32 6.2 mA Vin = Open Vcc = Max
lccL 38 68 9.8 ViN = Gnd
tPLH . 15 120 7.0 15 .
tPHL Propagation Delay 2 |20 70 15 ns Figs. 3-1, 3-56

*DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V.
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54LS/74LS33

QUAD 2-INPUT NOR BUFFER
(With Open-Collector Outputs)

ORDERING CODE: See Section 9

CONNECTION DIAGRAM
PINOUT A

—
pIN |_COMMERCIAL GRADE |  MILITARY GRADE | . O] - 14] voc
PKGS | or| Voo =+50V 5%, Ve = +5.0 VE10%, | 1ype Eﬁ 73]
TA=0°Cto+70°C | Ta=-55°C to +125°C ] &E
g'f‘;‘t(‘:) A |74Ls33PC 9A B 7]
[5] [70]
Ceramic
DIP () A |74Ls33DC 54L.833DM 6A [ &E
GND [7] 8]
F'f:_')f’ak A |74Ls33FC 54LS33FM 3l
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
54/74LS (U.L.)
PINS HIGH/LOW
Inputs 0.5/0.25
Outputs OoC**/15
(7.5)
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER S4/14LS UNITS CONDITIONS
Min Max
VoL Output LOW Voltage XM, XC 0.4 v loL =12 mA Vce = Min
XC 05 loL = 24 mA VIN=20V
VoH =5.5V, Vcc = Min,
loH Output HIGH Current 250 nA VN = ViL
lecH Power Supply Current 3.6 mA Vin = Gnd Vcec = Max
lccL 13.8 ViN = Open
tPLH Propagation Dela 22 ns Figs. 3-2, 3-4
torL pag y 29 gs. 3-2,

*DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V.
**OC — Open Collector
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54/7437
54LS/74LS37
QUAD 2-INPUT NAND BUFFER

CONNECTION DIAGRAM
PINOUT A

ORDERING CODE: See Section 9 —
E E Vcc
piN |_COMMERCIAL GRADE|  MILITARY GRADE | . - =
2 13
PKGS | ur| Voo =+50v5%, Voo = +5.0 V +10%, | oo
TA=0°Cto+70°C | Ta=-55°cto+125°C B [i2]

. 4 11
Plastic A |7437PC, 74LS37PC 9A o o
DIP (P) G m
gf;a('g;c A |7437DC, 74LS37DC  |5437DM, 54LS37DM 6A (] 5]

anp 7] 3]
F'f‘;fa" A |7437FC, 74LS37FC 5437FM, 54LS37FM 3l
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
BINS 54/74 (U.L) 54/74LS (U.L)
HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 0.5/0.25
Outputs 30/30 30/15
(7.5)
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER 54/74 | SUTALS | yniTs CONDITIONS
Min Max | Min Max
XM | 2.4 25 Ve = Max, loH = -1.2 mA
VoH Output HIGH Voltage XC | 2.4 27 \" Vin = ViL
XM, XC 0.4 loL = 48 mA o
VoL Output LOW Voltage XM 04| v loL = 12 mA \‘/' °°=‘2"(’;'\'/‘
XC 05 loL = 24 mA IN= 2
Output Short xM | -20 -70|-30 -130 o ~
los Circuit Current XC | -18 -70|-30 -130] ™A Vee = Min, Vour =0V
lccH 155 2.0 Vin = Gnd ~
looL Power Supply Current 54 12 mA Vin = Open Vcc = Max
tPLH . 22 20 .
tPHL Propagation Delay 15 20 ns Figs. 3-1, 3-4

*DC limits apply over operating temperature range; AC limits apply at TA = +25°C and Vcc = +5.0 V.
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' CONNECTION DIAGRAM

PINOUT A
QUAD 2-INPUT NAND BUFFER
(With Open-Collector Output)
E s EVCC
ORDERING CODE: See Section 9
(2] 73]
piN |_COMMERCIAL GRADE|  MILITARY GRADE PKG - &B—L@
PKGS Vce = +5.0 V £5%, Vee = +5.0 V +£10%,
OUT! 1, 20°Cto+70°C | Ta=-55°Cto+125°C | TYPE & 1]
Plastic Ei g i)
Mompnsd A |7438PC, 74LS38PC 9A 0 EE
gf;a(’gf A |7438DC, 74LS38DC 5438DM, 54LS38DM ea | S 6]
F'i‘g’ak A |7438FC, 74LS38FC 5438FM, 54LS38FM 3l
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
PINS 54/74 (U.L.) 54/74LS (U.L.)
HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 0.5/0.25
Outputs 0C**/30 0oC**/15
(7.5)
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER S4/74 | SUTALS | yniTs CONDITIONS
Min Max| Min Max
VIN =2.0V, Vcc = Min,
VoL Output LOW Voltage 0.4 \" loL = 48 mA
| Von =55V, Vcc = Min,
loH Output HIGH Current 250 uA VIN = ViL
lecH Power Supply Current 85 20 mA ViN = Gnd Vcc = Max
lccL 54 12 VIN = Open
tPLH . 22 22 .
tPrL Propagation Delay 18 22 ns Figs. 3-2, 3-4

*DC limits apply over operating temperature range; AC limits apply at TaA = +25°C and Vcc = +5.0 V.
**OC— Open Collector
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CONNECTION DIAGRAMS
PINOUT A
QUAD 2-INPUT NAND BUFFER ) I
(With Open-Collector Output) B B
-
o i
0 s
(€] 9]
GND [7] (8]
ORDERING CODE: See Section 9
COMMERCIAL GRADE MILITARY GRADE
PIN PKG PINOUT B
PKGS Vece =+5.0 V £5%, Vce = +5.0 V £10%,
OUT| 14 20°Cto+70°C | Ta=-55°Cto+125°C | "' E
Plastic
DIP (P) A | 7439PC 9A
Cerami ' ! 4]
mic
oip 1Dy A |7439DC 5439DM 6A Eﬂ &E
3 12
Flatpak B |7439FC 5439FM 3l C] B
(P vee[4] [11]GND
] [70]
. . N a 9]
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
" PINS 54/74 (U.L) 7 B
HIGH/LOW
Inputs 1.0/1:0
Outputs OC**/30
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER S4/74 UNITS CONDITIONS
Min Max
XM, XC 04 loL = 48 mA Vce = Min
VoL Output LOW Voltage | XM, XC 0.5 Vv loL = 60 mA VIN=20V
XC 0.6 loL =80 mA Other Inputs
=20V
lccH 8.5 ViNn = Gnd : _
looL Power Supply Current 54 mA Vin = Open Vce = Max
 tPLH Propagation Delay 22 ns Figs. 3-2, 3-4
tPHL 18 T
*DC limits apply over operating temperature range; AC limits apply at TA = +25°C and Vcc = +5.0 V.
**OC — Open Collector
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CONNECTION DIAGRAMS

PINOUT A
54H/74H40 ~—
O [14] vee
54S/74S40 a3 =
DUAL 4-INPUT NAND BUFFER [ fne
B8 M
(€] 5]
GNo [7] E
ORDERING CODE: See Section 9
pin| COMMERCIAL GRADE|  MILITARY GRADE | SNGUTE
PKGS Ve = +5.0 V 5%, Voc = +5.0 V £10%,
OUT 1. 0°Ct0470°C | Ta=-55°C to +125°C | T YPE
Plastic A | 7440PC, 74H40PC oA
DIP (P) 74S40PC, 74LS40PC
Ceramic | , [7440DC, 74H40DC 5440DM, 54H40DM oA O] 1
DIP (D) 74540DC, 74LS40DC | 54S40DM, 54LS40DM (2] 3]
Flatpak A | 74S40FC, 74LS40FC 54S40FM, 54LS40FM al ne[3] 12]
) B | 7440FC, 74H40FC 5440FM, 54H40FM veo[4] [ii]anD
Nc[E] Do—E
| E—] L
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions o o
PINS 54/74 (U.L) | 54/74H (U.L.) | 54/74s (U.L.) | 54/74LS (U.L.)
HIGH/LOW | HIGH/LOW | HIGH/LOW | HIGH/LOW
Inputs 1.0/1.0 2.5/2.5 2.5/2.5 0.5/0.25
Outputs 30/30 37.5/37.5 70/37.5 30/15
(7.5) —
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER S4/74 | S4/74H | 54/74S | S4/74LS | \ivs CONDITIONS
Min Max|Min Max|Min Max| Min Max )
| Output Short | XC_|-18 -70 | -40 -125]|-50 -225 A | Voo =Max,
08 Circuit Current] XM |-20 -70 | -40 -125| -50 -225 m Vour =0V
IccH Power Supply 8.0 16 18 1.0 ViN = Gnd _
lccL Current 27 40 44 60 | MA ViN = Open Vee = Max
tPLH . 22 12 6.5 24 .
tPHL Propagation Delay 15 12 6.5 24 ns Figs. 3-1, 3-4

*DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V.
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42043044
|

CONNECTION DIAGRAM

PINOUT A
54/7442A ¢ 54L.S/74L.542
54/7443A * 54/7444A
1-of-10 DECODER

DESCRIPTION-The '42, '43 and '44 are multipurpose decoders. For any —
valid input combination, one and only one output is LOW. For all invalid K -~ [76] vee
input combinations all outputs are HIGH. The '42 accepts four BCD inputs o3 ] 0
and provides ten mutually exclusive outputs; the 43 accepts four lines of -
EXCESS-3 encoded data and provides ten mutually exclusive outputs; the %2 [3] 3] A1
'44 accepts four lines of EXCESS-3 Gray encoded data and provides ten 0s[3] [13] A2
mutually exclusive totem pole outputs. 04[3] [12] A3

0 [6] [11] ©o
 MULTIFUNCTION CAPABILITY [ [l 0s
e MUTUALLY EXCLUSIVE OUTPUTS ano 8] s]or
¢ DEMULTIPLEXING CAPABILITY
e FULLY TTL AND CMOS COMPATIBLE

ORDERING CODE: See Section 9

oin | COMMERCIAL GRADE| ~ MILITARY GRADE | .
PKGS Voo = 15.0 V £5%, Voo = 5.0 V £10%,
OUT| 1 Z0eCto+70°C | Ta=-55°Cto+125°C | TYPE
Plastic | 7442APC, 74LS42PC o
DIP (P) 7443APC. 7444APC
Ceramic | , |7442ADC, 74LS42DC  |5442ADM, 54LS42DM o5
DIP (D) 7443ADC. 7444ADC  |5443ADM, 5444ADM
Flatpak | , |7442AFC, 74LS42FC  |5442AFM, 54LS42FM aL
) 7443AFC. T444AFC | 5443AFM, 5444AFM

LOGIC SYMBOL

15 14 13 12
Ao A1 A2 A3
[e]] 03 04 Os Os O7 O O9

- —l
w —O0| 9

T

-

-

1

Vce = Pin 16
GND =Pin 8
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42 ¢ 43 ¢ 44

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions

54/74 (U.L.) 54/74LS (U.L)
PIN NAMES DESCRIPTION HIGH/LOW HIGH/LOW
Ao—A3 BCD Inputs ('42) 1.0/1.0 0.5/0.25
Ao— A3 EXCESS-3 Inputs ('43) 1.0/1.0
Ao— A3 EXCESS-3 GRAY Inputs ('44) 1.0/1.0
Oo— 0o Decimal Outputs (Active LOW) 20/10 10/5.0
(2.5)

FUNCTIONAL DESCRIPTION — Logically, the '42, ’43 and '44 differ only in their input codes. The '42 accepts
the standard 8421 BCD code. The '43 accepts the EXCES S-3 decimal code while the '44 accepts the EXCESS-3
Gray code. For any input combination within the assigned ten states, only one output is LOW, as shownin the
Truth Table. For all invalid input combinations, all ten outputs are HIGH.

The'42 can be used as a conventional 1-0f-8 decoder by treatingthe most significant input Az as an active LOW
Enable. Similarly, it can be used as an 8-output demultiplexer by using A3 as the data input.

~ TRUTH TABLE

42A ¢ ’'LS42 43A '44A
EXCESS-3
BCD INPUT EXCESS-3 INPUT| GRAY INPUT ALL TYPES DECIMAL OUTPUT
As A2 Al Aol As A2 A1 Ao|As A2 Ay Ao|Oo O1 O2 Os Os Os Os O7 Os Oo |
L L L L|]L L H H|]L L H L|JL H H H H H H H H H
L L L H|]L H L L|J]L H H L|H L H HHH H H H H
L L H L|jL H L H{L H H HIH H L H H H H H H H
L L H H|L H H LJL H L H|IH H H L H H H H H H
L H L L|{L H H H{L H L LIH H H H L H H H H H
L H L H{H L L LfH H L L|]H H H H H L H H H H
L H H L|H L L H|H H L H/H H HH H H L H H H
L H H HIH L H L|H H H HIH H H H H H H L H H
"H L L LJH L H H|{H H H L|H H H H H H H H L H
H L L HfH H L L|H L H LIH H HH H H H H H L
H L H L{H H L H{H L H HH H H H H H H H H H
H L H H/H H H L|H L L H/H H HH H H H H H H
H H L L|H H H H|H L L L|H H H H H H H H H H
H H L H}JjL L L L}L L L L}JH HH HH H H H H H
H H H L}L L L H|jL L L HIH H H H H H H H H H
H H H H{L L H L|]L L H HIH H H H H H H H H H

H = HIGH Voltage Level
L = LOW Voltage Level
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42 e 43 ¢ 44

LOGIC DIAGRAMS
"42A ¢ ’'LS42

mininlie

~
UUUUUUU
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42043044

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

54/74

54/74LS

SYMBOL PARAMETER UNITS CONDITIONS
Min Max | Min Max
oS Output Short XM -20 -55 | -20 -100 mA Voe = Max
Circuit Current XC -18 -55 | -20 -100
Icc Power Supply Current XM 41 12 mA Vce = Max
XC 56 12

AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25° C (See Section 3 for waveforms and load configurations)

54/74 54/74LS
SYMBOL PARAMETER CL=15pF|CL=15pF | UNITS CONDITIONS
RL = 400 Q
Min  Max | Min Max
tPLH Propagation Delay 25 18 . 4 a
tPHL An to On, 2 Levels 25 25 ns Figs. 3-1, 3-20
tPLH Propagation Delay( 30 20 .
tPHL An to On, 3 Levels 30 27 ns Figs. 3-1, 3-20
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45

CONNECTION DIAGRAM
PINOUT A
1-OF-10 DECODER/DRIVER
(With Open-Collector Outputs)
DESCRIPTION — The '45 decoder/drivers are designed to accept BCD in-
puts and provide appropriate outputs to drive 10-digit numerical displays.
All outputs remain OFF for all invalid binary input conditions. These devices o3} A= 78] vee
are designed for use as indicator/relay drivers or as open-collector logic 5 o
circuit drivers. Each of the high breakdown (30 V) output transistors will sink _' °
up to 80 mA of current. o:[3] mey
53E EAz
5AE EAS
e OPEN-COLLECTOR OUTPUTS %[ o
* 80 mA CURRENT SINKING = -
¢ 30 V GUARANTEED BREAKDOWN %s 7] (7] 5s
GNo[B B
ORDERING CODE: See Section 9
PIN COMMERCIAL GRADE MILITARY GRADE PKG
PKGS Vce = +5.0 V £5%, Vece =+5.0 V +10%,
OUT|  1,20°Cto+70°C | Ta=-55°Cto+125°C | T'TE
Plastic
DIP (P) A | 7445PC 9B
Ceramic
DIP (D) A | 7445DC 5445DM 7B
Flatbal | A | 7aasFc 5445FM aL
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
54/74 (U.L.)
PIN NAMES DESCRIPTION HIGH/LOW
Ao—A3 BCD Inputs 1.0/1.0
Oo— Og Outputs (Active LOW) 0C*/12.5
*OC— Open Collector
LOGIC SYMBOL
15 14 13 12
Ao A1 A2 A3
0o 01 02 03 04 Os Os O7 Og Og
TITITYTITTITY  &oihme
Gnd = Pin 8
1 2 345 6 7 910 11
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TRUTH TABLE

IIIXI IIITIT I a4 IITIXIT
IIITIT IIITIT oI IITIXI
IIITIT ITITIa IT IITIITI
) IIITIT ITaoI I T ITTITXI
W ITITIXT TaII I T IITTITTI
w IIITIT oIIT I T ITIT
ITIa IITIITIT ITIT IITITIT
ITaoI I ITITIT T T IIIT
IO IIITIT I T ITIT
~4~IITI IIITIT IXT IITITI
dddd g0 I IITITXT
m dd 109 ITITIT a4 IITIT
WMLLHH 4 JdI T 4 4 I T
"4 T 0T T aT 4T T

45

A2

Os
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04

HIGH Voltage Level
LOW Voltage Level

H
L




45

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER S4/74 UNITS CONDITIONS
Min Max
VoL Output LOW Voltage 0.9 \' Vce = Min, loL = 80 mA
lon Output HIGH Current 250 uA Vcc = Max, VoH =30 V
Icc Power Supply Current xC 70 mA Vce = Max
XM 62

AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25° C (See Section 3 for waveforms and load configurations)

54/74
SYMBOL PARAMETER CL =15 pF UNITS CONDITIONS
RL =100 Q
Min Max
tPLH Propagation Delay 50 . ~
tPHL An t0 On 50 ns Figs. 3-2, 3-20
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46 ¢ 47

54/7446A ¢ 54/7447A

54LS/74LS47

BCD TO 7-SEGMENT DECODER/DRIVER

® OPEN-COLLECTOR OUTPUTS
® DRIVE INDICATOR SEGMENTS DIRECTLY

® CASCADABLE ZERO-SUPPRESSION CAPABILITY
® LAMP TEST INPUT

DESCRIPTION — The '46A, '47A and 'LS47 accept four lines of BCD (8421)
input data, generate their complements internally and decode the data with
seven AND/OR gates having open-collector outputs to drive indicator seg-
" ments directly. Each segment output is guaranteed to sink 40 mA (24 mA for
the 'LS47) in the ON (LOW) state and withstand 15 V (30 V for the '46A) in the
OFF (HIGH) state with a maximum leakage current of 250 uA. Auxiliary inputs
provide blanking, lamp test and cascadable zero-suppression fuctions. Also
see the 'LS247 data sheet.

CONNECTION DIAGRAM

PINOUT A

Ao [T] - 16] vee
ai2] 15] 1
T3] 14§
BI/RBO [4] 13]a
RBI[5] [12]b
Az 6] g
x[7] mg
GND[8 E]E‘

LOGIC SYMBOL
7 1 2 6

L1101l

Ao A1 A2 A3 LT RBI
ORDERING CODE: See Section 9
PIN COMMERCIAL GRADE MILITARY GRADE PKG . , ‘ nzlg
PKGS Vce = +5.0 V £5%, Vcc = +5.0 V +10%, LI ]
OUT! 1 Z0°Cto+70°C | Ta=-55°Cto+125°C | ' "' E 777797777
Plastic A | 7446APC, 7447APC o8 13121110 9 15 14 4
DIP (P) 74LS47PC
Vcec = Pin 16
Ceramic A 7446ADC, 7447ADC 5446ADM, 5447ADM 78 GND = Pin 8
DIP)D) 74LS47DC 54L.S47DM
Flatpak A 7446AFC, 7447AFC 5446AFM, 5447AFM aL
(P 74LS47FC 54LS47FM
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
54/74 (U.L.) 54/74LS (U.L.)
PIN NAMES DESCRIPTION HIGH/LOW HIGH/LOW
Ao —As BCD Inputs 1.0/1.0 0.5/0.25
RBI Ripple Blanking Input (Active LOW) 1.0/1.0 0.5/0.25
LT Lamp Test Input (Active LOW) 1.0/1.0 0.5/0.25
BI/RBO Blanking Input (Active LOW) or -/2.5 -/0.75
Ripple Blanking Output (Active LOW) 5.0/5.0 1.25/2.0
(1.0
a—g Segment Outputs (Active LOW) 0C*/25 0cC*/15
(7.5

*OC— Open Collector
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46 ¢ 47

FUNCTIONAL DESCRIPTION — The'46A, '47A and 'LS47 decode the input data in the pattern indicated in the
Truth Table and the segment identification illustration. If the input data is decimal zero, aLOW signal applied to
the RBI blanks the display and causes a multidigit display. For example, by grounding the RBI of the highest
order decoder and connecting its BI/RBO to RBI of the next lowest order decoder, etc., leading zeros will be
suppressed. Similarly, by grounding RBI of the lowest order decoder and connecting its BI/RBO to RBlof the
next highest order decoder, etc., trailing zeros will be suppressed. Leading and trailing zeros can be suppressed
simultaneously by using external gates, ie: by driving RBI of an intermediate decoder from an OR gate whose
inputs are BI/RBO of the next highest and lowest order decoders. BI/RBO also serves as an unconditional
blanking input. The internal NAND gate that generates the RBO signal has a resistive pull-up, as opposed to a
totem pole, and thus BI/RBO can be forced LOW by enternal means, using wired-collector logic. ALOW signal
thus applied to BI/RBO turns off all segment outputs. This blanking feature can be used to control display
intensity by varying the duty cycle of the blanking signal. A LOW signal applied to LT turns on all segment
outputs, provided that BI/RBO is not forced LOW.

LOGIC DIAGRAM

RIPPLE-BLANKING
INPUT

BLANKING INPUT OR INPUT

LAMP-TEST RIPPLE-BLANKING — - ~
INPUT OUTPUT A

e -

__OD___: Ne.

OUTPUT

NUMERICAL DESIGNATIONS — RESULTANT DISPLAYS

4-45



46 ¢ 47

TRUTH TABLE

INPUTS OUTPUTS
DECIMAL
OR o - oo
FUNCTION|LT RBI A3 A2 A1 Ao BIRBO a b ¢ d e f g NOTE
0 HI{H |L L L L H L L L L L L H 1
1 H| x L L L H H H L L H H H H 1
2 H| X L L H L H L L HL L H L
3 H| X L L H H H L L L L H H L
4 H| X L H L L H H L L H H L L
5 H| X L H L H H L H L L H L L
6 H| X L H H L H H H L L L L L
7 H| X L H H H H L L L H HHH
8 H| X H L L L H L L L L L L L
9 H| x H L L H H L L L H H L L
10 H X H L H L H H H H L L H L
1 H| X H L H H H H H L L H H L
12 H| X H H L L H H L HH H L L
13 H| X H H L H H L H HL H L L
14 H| X H H H L] H H H H L L L L
15 H | X H H H H H H H HH H H H
Bl X | X X X X X L H HHHHH H 2
RBI H|L L L L L L H HH H H H H 3
LT L] X X X X X H L L L L L L L 4
NOTES:

(1) BI/RBO is wire-AND logic serving as blanking input (B and/or ripple-blanking output (RBO). The blanking out (B must beopenorheld
at a HIGH level when output functions 0 through 15 are desired, and ripple-blanking input (RBI) must be open or at a HIGH level if
blanking or a decimal 0 is not desired. X = input may be HIGH or LOW.

(20 When a LOW level is applied to the blanking input (forced condition) all segment outputs go to a HIGH level regardless of the state
of any other input condition.

@

When ripple-blanking input (RBD and inputs Ao, A1, A2 and A3 are LOW level, with the lamp test input at HIGH level, all segment outputs
go to a HIGH level and the ripple-blanking output (RBO) goes to a LOW level (response condition).

(4

When the blanking input/ripple-blanking output (BI/RBO) is open or held at a HIGH level, and a LOW level is applied to lamp test
input, all segment outputs go to a LOW level.
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46 ¢ 47

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified

54/74

54/74LS

SYMBOL PARAMETER UNITS CONDITIONS
Min Max | Min Max

loH Output HIGH_Cur_rent 46 250 WA VoH =30V Vec = Max

OFF State ata—g ‘47 250 250 VoH =15V

Output Short Circuit _
los Current at BURBO -40 |1 -03 -2.0 mA Vcc = Max

XM 85 13 _

lcc Power Supply Current XC 103 13 mA Vcc = Max

AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations)

54/74 54/74LS

SYMBOL PARAMETER CL=15pF|CL =15 pF| UNITS CONDITIONS

RL =120 O |RL = 665 Q

Min Max | Min Max
tPLH Propagation Delay 100 100 . 5 AL
PHL Anto3—§ 100 100 ns Figs. 3-2, 3-20
tPLH Propagation Delay 100 100 ns Figs. 3-2, 3-4
tPHL RBI to a—f 100 100 LT =HIGH, Ao- A3=LOW
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54/7448
54LS/74LS48
BCD TO 7-SEGMENT DECODER

DESCRIPTION — The ’48 translates four lines of BCD (8421) input data into
the 7-segment numeral code and provides seven corresponding outputs
having pull-up resistors, as opposed to totem pole pull-ups. These outputs
can serve as logic signals, with a HIGH output corresponding to a lighted
lamp segment, or can provide a 1.3 mA base current to npn lamp driver trans-
istors. Auxiliary inputs provide lamp test, blanking and cascadable zero-
suppression functions.

The'48 decodes the input data in the pattern indicated in the Truth Table and
the segment identification illustration. For a detailed description of the blank-
ing, lamp test and zero-suppression functions refer tothe '46A datasheet, but
note that the segment output states of the '48 are the logicdl inverse of those
of the '46A. Also see the 'LS248 data sheet.

ORDERING CODE: See Section 9

CONNECTION DIAGRAM

PINOUT A
T
A [T] = [76] vee
A1 2] 5] 1
LT [3] E]g
BI/RBO [4] 73] a
RBI[5] 12]b
AzE _1___1]c
A [7] [10]
GND [8] 9]e

LOGIC SYMBOL

COMMERCIAL GRADE MILITARY GRADE
PIN PKG BI/
PKGS Vcc = +5.0 V 5%, Vcec =+5.0 V £10%, a bc d e g RBO
OUT|  1,=0°Cto+70°C | Ta=-55°Cto+125°C | TYPE [TTT] I T3
Plastic A 7448PC, 74LS48PC 9B 13 12 11 10 9 15 14 4
DIP (P) )
Vcc = Pin 16
gﬁ;a(g;c A | 7448DC, 74LS48DC 5448DM, 54L.S48DM 78 GND =Pin 8
F'?;fa" A | 7448FC, 74Ls48FC 5448FM, 54LS48FM a
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
54/74 (U.L.) 54/74LS (U.L.)
PIN NAMES DESCRIPTION HIGH/LOW HIGH/LOW
Ao —A3 BCD Inputs 1.0/1.0 0.5/0.25
RBI Ripple Blanking Input (Active LOW) 1.0/1.0 0.5/0.25
T Lamp Test Input (Active LOW) 1.0/1.0 0.5/0.25
BI/RBO Blanking Input (Active LOW) or -/2.5 -/0.75
Ripple Blanking Output (Active LOW) 5.0/5.0 1.25/2.0
1.0
a—g Segment Outputs (Active HIGH) 10/4.0 2.5/3.75
(1.25)

4-48




48

NUMERICAL DESIGNATIONS — RESULTANT DISPLAYS

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
TRUTH TABLE
INPUTS OUTPUTS
DECIMAL
oR | _
FUNCTION|LT RBI As A2 A1 Ao B/RBO a b ¢ d e f g NOTE
0 HIH|L L L L H |[H HHHHHL 1
1 Hlx|L L L H{ H L H H L L L L 1
2 HlX|L L H L] H [HH UL HHTLH
3 [H|x|[L L H H| H |H HHHL L H
4 H|lX |L H L L H |[L HH L L HH
5 H|X|L H L H| H [HL HHL HH
6 H|{X|L HH L| H |L L HHHHH
7 HlX|L HHH|[ H |[H HHL L L L
8 [H|X|H L L L] H |[HHHHWHHH
9 H{X |[H L L H| H |H H H L L HH
0 H|{X|{H L H L[ H L L L H H L H
11 H{X |[H L H H| H L L HHL L H
2 H|X|{H H L L| H L HL L L H H
13 H|X|H H L H[ H |[H L L H L HH
14 H|{X|H H H L| H L L L HHHH
15 H|{X |[H H H H|] H L L L L L L L
B x| x |x x x x| L L L L L L L L 2
RBI [H|lL|L L L L] L L L L L L L L 3
0T Lt|x|x x x x| H [H H H H H H H 4
NOTES:

(1) BI/RBO is wired-AND logic serving as blanking input (Bl) and/or ripple-blanking output (RBO). The blanking out (BI) must be open or
held at a HIGH level when output functions 0 through 15 are desired, and ripple-blanking input (RBI) must be open or at a HIGH level
if blanking of a decimal 0 is not desired. X = input may be HIGH or LOW.

(2) When a LOW level is applied to the blanking input (forced condition) all segment outputs go to a LOW level, regardiess of the state
of any other input condition.

(3) When ripple-blanking input (RBI) and inputs Ao, A1, A2, and A3 are at LOW level, with the lamp test input at HIGH level, all segment
outputs go to a LOW level and the ripple-blanking output (RBO) goes to a LOW level (response condition).

(4) When the blanking input/ripple-blanking output (BI/RBO) is open or held at a HIGH level, and a LOW level is applied to lamp test
input, all segment outputs go to a HIGH level.
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RIPPLE-BLANKING
INPUT

LAMP-TEST
INPUT

LOGIC DIAGRAM

BLANKING INPUT OR

RIPPLE-BLANKING
OUTPUT

INPUT
A

-~

A3

A1

-

_°>_—:

!

:

DD

0
)]

Ll L

OUTPUT

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER S4T4 | SATALS | ynits CONDITIONS
Min Max | Min Max
IoH Output HIGH Current ata—g -1.3 -1.3 mA Vcc = Min, VouTr =0.85V
Output Short Circuit B . _ _ _
los Current at BI/RBO 4.0 |-0.3 -2.0 mA Vcc = Max, Vout =0V
XM 76 38 Vcc = Max
lcc Power Supply Current XC 90 38 mA All Inputs = 4.5 V

AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for

waveforms and load configurations)

54/74 54/74LS

SYMBOL PARAMETER CL =15pF |[CL =15 pF| UNITS CONDITIONS

RL =1 kQ

Min Max | Min Max
tPLH Propagation Delay 100 100 . 4 A
tPHL Antoa—g 100 100 ns Figs. 3-1, 3-20
tPLH Propagation Delay 100 100 ns Figs. 3-1, 3-5
tPHL RBI to a—f 100 100 LT=HIGH,Ao —A3=HIGH
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CONNECTION DIAGRAM

PINOUT A
54/7449 _
54LS/74L.S49 K - ] veo
BCD TO 7-SEGMENT DECODER i? g
| 12|g
A3E Ea
AOE Eb
el|6 Bc
ano [7] al

DESCRIPTION — The '49 translates four lines of BCD (8421) input data into
the 7-segment numeral code as shown in the Truth Table. It has open-col-
lector outputs and is logically the 14-pin version of the '48, without the lamp
test and ripple blanking features. Also see the 'LS249 data sheet.

LOGIC SYMBOL

5 1 2 4 3
ORDERING CODE: See Section 9 I l l l é
Ao A1 A2 A3 BI
PIN COMMERCIAL GRADE MILITARY GRADE PKG
PKGS Vcec = +5.0 V 5%, Vcec = +5.0 V £10%,
out TA =0°C to +70°C Ta =-55°C to +125°C TYPE a bcde f g
Plastic
DIP (P) A | TALS49PC 9A 1 1[ 1 8 tli 1|3 1I2
Ceramic | |4 sa9pC 54LS49DM 6A Vee = Pin 14
DIP (D) GND =Pin 7
Flatoak | A | 7449FC, 7aLs49FC 5449FM, 54LS49FM 3l
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
54/74 (U.L.) 54/74LS (U.L.)
PIN NAMES DESCRIPTION HIGH/LOW HIGH/LOW
& —A3 BCD Inputs 1.0/1.0 0.5/0.25
Bl Blanking Input (Active LOW) 1.0/1.0 0.5/0.25
a—g Segment Outputs (Active HIGH) 0C*/6.25 0C*/5.0
0C*/(2.5
* OC — Open Collector
NUMERICAL DESIGNATIONS — RESULTANT DISPLAYS
NN
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
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TRUTH TABLE

INPUTS OUTPUTS
DECIMAL

OR _
FUNCTION[As A2 A1 Ao Blla b ¢ d e f g NOTE

0 L L L LfH/H H H H H H L 1

1 L L L H|H|L H H L L L L

2 L L H L|H[H H L H H L H

3 |IL L H H|H|H H HH L L H

4 L H L L|H[L H H L L HH

5 L H L H|H|H L H H L HH

8 |L H H L|H|[L L H H H HH

7 L H HH|H|[H H H L L L L

8 |H L L L|H|H H H H H HH

9 H L L H|H|H H H L L H 'H

0 |H L H L|H|L L L H H L H

1 H L HH|H[L L H H L L H

2 |H H L L|H|L H L L L HH

13 H H L H|{HH L L H L H H

14 H H H L|H]J]L L L H H H H

5 |H H H H[H[L L L L L L L

Bl |x x x xfulL L L oL oL oL oL 2
NOTES:

(1) The blanking input must be open or held at a HIGH level when output functions 0 through 15 are desired.
(2) When a LOW level is applied to the blanking input all segment outputs go to a LOW level regardless of the state
of any other input condition. X = input may be HIGH or LOW.

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

LOGIC DIAGRAM

YY v vy
TQ.O.T T
I N R R I il 1ail A L L ]
S G R O O
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER 5474 | SHTALS | ynits CONDITIONS
Min Max | Min Max
XM 0.6 0.7
ViL Input LOW Voltage XC 08 08 Vv
loH Output HIGH Current 250 250 wA Vce = Min, Von =5.5V
XM 47 15 _ _
Icc Power Supply Current XC 56 15 mA Vce = Max, Inputs =4.5V

AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations)
54/74 54/74LS

SYMBOL PARAMETER CL =15 pF|CL =15 pF UNITS CONDITIONS
RL =665 Q| RL =3 kQ)

Min Max | Min Max

tPLH Propagation Delay 100 100 ’ o

tPHL Antoa—g 100 100 ns Figs. 3-2, 3-20

tPLH Propagation Delay 100 100 ns Figs. 3-2, 3-5

tPHL Bltoa—g 100 100 RL =6 kQ for 'LS49
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54/7450
54H/74H50

EXPANDABLE DUAL 2-WIDE 2-INPUT

AND-OR-INVERT GATE

ORDERING CODE: See Section 9

CONNECTION DIAGRAMS

on | COMMERCIAL GRADE | MILITARY GRADE |
E'la:t(g’) A [7450PC, 74H50PC 9A
gf;a(gfc A [7450DC, 74H50DC 5450DM, 54H50DM 6A
F"(";f’a" B [7450FC, 74H50FC 5450FM, 54H50FM 3l

INPUT LOADING/FAN-OUT: See. Section 3

for U.L. definitions

PINS 54/74 (U.L) 54/74H (U.L.)
HIGH/LOW HIGH/LOW

Inputs 1.0/1.0 1.25/1.25

Outputs 20/10 12.5/12.5

PINOUT A
E = EVCC
& i
B )
o o
5 Lt
g 5
GNo [7] 8
PINOUT B
G 4]
zZH | s
B [12]
vee [4] [11] ND
E 7
& g
= )

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE: Expander Pins Open

SYMBOL PARAMETER 54/74 | 54/74H | yniTs CONDITIONS

Min Max|Min Max
IccH 8.0 12.8 ViN = Gnd _
looL Power Supply Current 14 24 mA ViN = Open Vcc = Max
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE: Using Expander Pins

SYMBOL PARAMETER S4/74 | SA/TAH | yniTs CONDITIONS
Min Max|Min Max
XM 24 s = 520 A
VOH Output HIGH Voltage v 2= L loH = -500 A
XC 24 l1 =570 A
l2 =-570 uA
e L,
VoH Output HIGH Voltage v 2= 2 D MA 1 5 = -400 mA
xc | 24 l1 =270 mA
l2 =-270 mA
XM 0.4 g Z“gg (’;A
VoL Output LOW Voltage v 1o loL = 20 mA
XC 0.4 l1 =600 uA
: R1 =63 Q
w | o TR
VoL Output LOW Voltage v 1 loL = 16 mA
XC 0.4 l1 =0.43 mA
R1 =130 Q
XM 1.0 11 =700 uA loL =20 mA
Vi Base-Emitter Voltage of XC 1.0 v l1 =1.1 mA R1=00Q
BE(Q Output Transistor Q XM 11 I = 0.41 mA loL = 16 mA
XC 1.0 l1 = 0.62 mA Ri1=00Q
| Expander-Node XM -5.85 mA Vx =1.4 V, Vcc = Min
INX Input Current XC | -6.3 Ta =Min
XM 2.9 Vi=04V, loL =16 mA
Ix Expander Current XC 31 mA Ve = Min, Ta = Min
AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations)
SYMBOL PARAMETER S4/74_| S4TAH | ynits CONDITIONS
Min Max|Min Max
tPLH . 22 11 Expander Pins Open
tPrL Propagation Delay 15 1 ns Figs. 3-1, 3-4
tPLH . 11 CL =25 pF
tPHL Propagation Delay 7.4* ns RL = 280 0, Cx = 15 pF

*Typical Value )
ADDED PROPAGATION DELAY TIME vs EXPANDER-NODE CAPACITANCE

4.0 10
@ e I d
> L = 25 pF @ n ! A
U 35}-rL=2800 i :L = ;':o';:
T Ta=25°C L =260
] 2 gl—Ta=25°C
I 30 3 /
e o 7
an aF /
Ww 25 8a )
8z FH]
<% 20 y QF R /
1> 2 -
23 Ve 1< /r
s8 15 1 IZ 4
iz v a2 /
o P S 3
T E
g 10 7 < /
e 54H50/74HS0 ¢ 2
= K Y 54H50/74H50
0.5 - 54H53/74H53 — a /
g 54H55/74HS5 o 1 54H53/74H53 —
& | | & 54H55/74H55
° 0
0 5 10 15 20 25 30 ] 5 10 15 20 25 30
Cx— EXPANDER-NODE CAPACITANCE — pF Cx— EXPANDER-NODE CAPACITANCE — pF
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CONNECTION DIAGRAMS

PINOUT A
54/7451 oif—= Jaw
54H/74H51 = =
B3 [12] NC
54S/74S51 0 Tne
54LS/74LS51 ] )
5
DUAL 2-WIDE, 2-INPUT AOI GATE o g
DUAL 2-WIDE, 2-INPUT/3-INPUT AOI GATE (LS51) ano [7] 2] ‘
PINOUT B
. 1 = 14| Vcc
ORDERING CODE: See Section 9 & o]
PIN COMMERCIAL GRADE MILITARY GRADE PKG E E
PKGS Vce = +5.0 V 5%, Vce =+5.0 V £10%,
out Ta =0°C to +70°C Ta = -55°C to +125°C TYPE E %I
5 10
. 7451PC, 74H51PC I:
Plastic A [e] 5]
74S51PC
DIP (P) 9A
B | 74LS51PC GNDE E
Ceramic A 7451DC, 74H51DC 5451DM, 54H51DM
DIP (D) 74S51DC 54S51DM 6A
B | 74LS51DC 54L.S51DM PINOUT C
Flatpak A | 74S51FC 54S51FM
(F) B | 74LS51FC 54LS51FM 3l NC E 14
C | 7451FC, 74H51FC 5451FM, 54H51FM NC E E
G [12]
vee [4] [11] GND
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions & ]
5 70
PINS 54/74 (U.L) | 54/74H (U.L) | 54/74s (U.L) | 54/74LS (U.L) |
HIGH/LOW HIGH/LOW HIGH/LOW HIGH/LOW E E
Inputs 1.0/1.0 1.25/1.25 1.25/1.25 0.5/0.25 E E
Outputs 20/10 12.5/12.5 25/12.5 10/5.0
(2.5
‘DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER S54/74 | 54/74H | 54/74S | S4/74LS |yNiTs|  CONDITIONS
Min Max [Min Max|Min Max|Min Max
lccH Power Supply 8.0 12.8 17.8 1.6 VIN = Gnd |, _
lccL Current 14 24 22 28 | ™ [Vin=o0pen| cC = Max
tPLH . 22 11120 55 20 .
tPHL Propagation Delay 15 11|20 55 o0 | M Figs. 3-1, 3-4

*DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V.
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CONNECTION DIAGRAMS
PINOUT A
EXPANDABLE 2-2-2-3-INPUT AND-OR GATE
E = 14| Vcc
(2] 73]
G 2]
0 1]
= [10]
Ne 6 9]
GND [7] B
PINOUT B
ORDERING CODE: See Section 9
piN |_COMMERCIAL GRADE | MILITARY GRADE PKG
PKGS Vee = +5.0 V 5%, Voc = +5.0 V £10%,
OUT| 1 Z0°Cto+70°C | Ta=-55°Cto+125°C | TYPE
Faste A |74H52PC 9A O] 4]
[z 73]
gﬁ:“(’g;c A |7aH52DC 54H52DM 6A B 2]
11| GND
Flatpak B |74H52FC 54H52FM 3l = -
(F) 5] [10] NC
(€] 5]
2 ]
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
54/74H (U.L.)
PINS HIGH/LOW
Inputs 1.25/1.25
Outputs 12.5/12.5
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE: Expander Pins Open
SYMBOL PARAMETER 4/74H4 UNITS CONDITIONS
Min Max
IccH 31 VIN = Open -
looL Power Supply Current 24 mA Vin=Gnd Vcc = Max
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE: Using Expander Pins

SYMBOL PARAMETER S4/74H UNITS CONDITIONS
Min Max ‘
' . Vee = Min,
Vo Output HIGH Voltage [ e— 24 v RESe Vx =10V
’ A lon =-500 uA
Vce =Min,
= o
VoL Output LOW Voltage XM 0.4 v 1A — H 2? c Inx = -300 pA
XC 0.4 Ta = +70°C -

loL =20 mA
E XM 2.7 4 Th = -55° Vee = Min,
INX xpander-Node Al -2.9 -45 mA A= -505 C Vx=10V.
Input Current -2. -5.35 Ta=0°C IoH = -500 A

AC CHARACTERISITCS: Vcc =+5.0V, Ta =

+25°C ( See Section 3 for waveforms and load configurations)

SYMBOL PARAMETER S4/74H UNITS CONDITIONS
Min Max

tPLH . 15 Expander Pins Open

tPHL Propagation Delay 15 ns Figs. 3-1, 3-5

tPLH . 14.8* . .

tPHL Propagation Delay 08 ns Cx = 15 pF

AtpHi — ADDED

PROPAGATION DELAY TIME TO HIGH LEVEL

*Typical Value

4.0

3.5

3.0

25

20

15

1.0

0.5

[]

ADDED PROPAGATION DELAY TIME vs EXPANDER-NODE CAPACITANCE

10
I a 1
CL =25 pF g o] cL=25¢pF A
- R = 2800 o RL = 2800
Ta=25°C Ta =25°C
3 o
- /
o 7 -
=4
2% 4
oz 6
*E /
>
r
< /
ia o
iz /
ans2 / e 3
A\.\s’ln/ <
5/ g 2 e
] = / 54H52/74H52
/, o 1 }
o
a
0
0 5 10 15 20 25 30 [ 5 10 15 20 25 30

Cx — EXPANDER-NODE CAPACITANCE — pF Cx — EXPANDER-NODE CAPACITANCE — pF
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CONNECTION DIAGRAMS |
PINOUT A |
1 - 14| Vcc
EXPANDABLE 4-WIDE, 2-INPUT AOI GATE.(’53) . 5
EXPANDABLE 2-2-2-3-INPUT AOI GATE ('H53) G =
o o
& T
ncls 9]
GND[7 3]
ORDERING CODE: See Section 9
pin | COMMERCIAL GRADE|  MILITARY GRADE | .
PKGS Voc = +5.0 V +5%, Ve = +5.0 V +10%, PINOUT B
OUT| 1 Z0°Cto+70°C | Ta=-55°Cto+125°C |TYPE
Plastic A |7453PC
DIP (P) 9A
B |74H53PC —
Ceramic | A |7453DC 5453DM oA i - [14] vee
DIP (D) B |74H53DC 54H53DM B 73]
Flatpak c |7453FC 5453FM (] [12]
P 8 @ )
D |7aHs3FC 54H53FM
5] [10]
(€] 5]
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions GNDE |
PINS 54/74 (U.L.) 54/74H (U.L.)
HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.25
Outputs 20/10 12.5/12.5
PINOUT C PINOUT D
O 1 O 1]
= =) = )
E ) 5 B
vee [4] [17] GND vee [4] [17] GND
& ) & m
6 9] s 9]
7 8] 7 8]
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE: Using Expander Pins

SYMBOL PARAMETER S4/74_| SUTHH | ynits CONDITIONS
Min Max|Min Max
XM 2.4 :‘ z?ggo”AA
VOH Output HIGH Voltage v 2 = N IoH = -500 pA
XC 2.4 l1 =570 A
: l2 =-570 uA
e oo
VOH Output HIGH Voltage v 2= IoH = -400 pA
XC 24 1 =270 uA
. l2 = -270 A
XM 0.4 " i“gg gA
VoL Output LOW Voltage v 1= loL = 20 mA
XC 0.4 l1 = 600 A
’ R1 =63 Q
XM 0.4 ; ==0{2:£
VoL Output LOW Voltage Vv 1_ loL =16 mA
XC 0.4 l1 =0.43 mA
R1 =130 Q
XM 1.0 l1 =700 uA loL =20 mA
v Base-Emitter Voltage of XC 1.0 Vv l1 =1.1 mA Ri=00
BE(Q) Output Transistor Q XM 1.1 11 = 0.41 mA loL = 16 mA
XC 1.0 It =0.62 mA R1=0Q
Expander-Node XM -5.85 _
linx Input Current XC 63| ™A Vx=14V
XM 2.9 B B
Ix Expander Current XC 31 mA V1=04V,loL=16 mA
IccH 8.0 1 ViNn = Gnd _
looL Power Supply Current 95 14 mA ViN = Open Vcec = Max

AC CHARACTERISTICS: Vcc = +5.0 V, TA = +25°C (See Section 3 for waveforms and load configurations)

SYMBOL PARAMETER 5474 | SUTAH | uniTs CONDITIONS
Min Max|Min Max

tPLH . 22 1 Expander Pins Open

tPHL Propagation Delay 15 11 ns Figs. 3-1, 3-4

tPLH . 1.4 _

tPHL Propagation Delay 7.4* ns Cx =15 pF

*Typical Value
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CONNECTION DIAGRAMS
PINOUT A
54LS/74LS54 b B
[z 73]
4-WIDE, 2-INPUT AND-OR-INVERT GATE B [12]ne
ORDERING CODE: See Section 9 EJ—- ] o mLE
COMMERCIAL GRADE MILITARY GRADE E E
PIN PKG | ol B
PKGS Vcc = +5.0 V 5%, Vcc = +5.0 V £10%,
OUT| 1 Z0°Cto+70°C | Ta=-55°C to +125°C | TYPE| ano[T] 5]
Plastic A |7454PC
DIP (P) B |74H54PC 9A
C |74LS54PC
PINOUT B
. A |7454DC 5454DM
Ceramic
DIP (D) B |74H54DC 54H54DM 6A
C |74LS54DC 54L.S54DM N
C |74LS54FC 54LS54FM E E Vee
Flatpak z E
(F) D |74H54FC 54H54FM 3i
& N
E |7454FC 5454FM
L L) v
B _I
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions E E
PINS 54/74 (U.L.) 54/74H (U.L.) 54/74LS (U.L.) N 7] 0|
HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.25 0.5/0.25
Outputs 20/10 12.5/12.5 10/5.0
(2.5
PINOUT C PINOUT D PINOUT E
1 = [14] vee ne[d [14] ne [7] [14]
& & Ne 2] 73] ne 2] 53]
B B & B B 7
B 1] vee [4] [11] oD vee [4] [11] GND
E 7 E o E i e
E—l 5] (5] ] (€] 5]
GND [8]ne 7 3] 7 5]
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DC AND AC CHARACTERISTICS: See Section 3*

SYMBOL PARAMETER S4/74 | S4/T4H | S4/74LS | \1s CONDITIONS
Min Max |Min max|Min Max
lccH 8.0 11 1.6 ViN = Gnd _
looL Power Supply Current 95 14 20 mA Vin = Open Vcc = Max
tPLH . 22 1 15 .
tPHL Propagation Delay 15 11 15 ns Figs. 3-1, 3-4

*DC limits apply over operating temperature range; AC limits apply at TA = +25°C and Vcc = +5.0 V.
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|
CONNECTION DIAGRAMS
PINOUT A
54LS/74LS55 o = o
EXPANDABLE 4-INPUT AOI GATE ('H55) & 1)
2-WIDE, 4-INPUT AOI GATE ('LS55) G 2]
4 11]
5 [10]
ncfe [9]
GND [7] 8]
PINOUT B
E EVcc
2] 73]
B [i2]
& ]
Nc [ [10)
ne [6 [9]NC
GND[7 8]
ORDERING CODE: See Section 9
pIN |_COMMERCIAL GRADE | MILITARY GRADE | .
PKGS Voe = +5.0 V 5%, Vo = +5.0 V £10%,
OUT| 1 2 0°Ct0470°C | Ta=-55°Cto +125°C | T YPE
PINOUT C
Plastic A _[74H55PC 9A
DIP (P) B |74LS55PC
Ceramic A |74H55DC 54H55DM oA
DIP (D) B |74LS55DC 54L.S55DM O] 1]
B |74LS55FC 54L.S55FM 2] 73]
Flatpak 3l
(F) C |7aHssFC 54H55FM G 2]
vee [4] 11] GND
5] 10] NC
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions . B
54/74H (U.L.) 54/74LS (U.L.)
PINS HIGH/LOW HIGH/LOW d [¢]
Inputs 1.25/1.25 0.5/0.25
Outputs 12.5/12.5 10/5.0
(2.5)
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE: Using Expander Pins

SYMBOL PARAMETER S4/T4H | STALS | ynits CONDITIONS
Min Max |[Min Max
XM |24 :1 i ?:SOMAA
VoH Output HIGH Voltage v 2= St p IoH = -500 xA
xC |24 l1 =570 uA
. o =-570 A
XM 0.4 n =_4gg (';A
VoL Output LOW Voltage \ 1= loL =20 mA
G | 04 I1 = 600 zA
’ R1 =63 Q
v Base-Emitter Voltage of XM 1.0 v 11 =700 uA loL =20 mA
BE(Q) Input Transistor Q XC 1.0 h=11mA Ri =00
- Expander-Node XM -5.85 -
INX Input Current XC -6.3 mA Vk =14V
IccH 6.4 0.8 ViN = Gnd -
looL Power Supply Current 12 13 mA Vin = Open Vcec = Max
AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations)
SYMBOL PARAMETER S4/TaH | S4TALS | yirs CONDITIONS
Min Max |Min Max
tPLH . 1 15 Expander Pins Open
tPHL Propagation Delay 1 15 ns Figs. 3-1, 3-4
tPLH , 11.4* CL = 25 pF (Gnd to X)
tPHL Propagation Delay 7.7 ns Cx = 15 pF
*Typical Value
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CONNECTION DIAGRAMS

PINOUT A
E = E Vce
DUAL 4-INPUT EXPANDER & &
(] [i2]
o m
E%QCE
(] 9]
ORDERING CODE: See Section 9 GND[7 B
PIN COMMERCIAL GRADE MILITARY GRADE PKG
PKGS Vce = +5.0 V £5%, Vcc =+45.0 V £10%,
OUT | 1,20°Cto+70°C | Ta=-55°Cto+125°C | T YT E
Plastic PINOUT B
DIP (P) A |7460PC, 74H60PC 9A
Ceramic
DIP (D) A |7460DC, 74H60DC 5460DM, 54H60DM 6A 7 ‘:"1
Flatpak B |7460FC, 74H60FC 5460FM, 54H60FM 3| G sl
(F) B 12]
vee [4] [17] GND
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions =] 1]
PINS 54/74 (U.L.) 54/74H (U.L.) [ 5]
HIGH/LOW HIGH/LOW 32 8]
Inputs 1.0/1.0 1.25/1.25
Outputs1 Note 2 Note 2
DC AND AC CHARACTERISTICS: See Section 33
SYMBOL PARAMETER 5474 54/74H UNITS CONDITIONS4
Min Max|Min Max
Vcc = Min, VIN=2.0V
VonN Output ON Voltage 0.4 \" Vi=10V,R=1.1kQ
TA = Min
0.4 A A | Voo =min,
Von Output ON Voltage v ON_ = ViN=20V
0.4 Ta=0°C Vi=1.0V
’ lon = 6.3 mA :
= o
0.4 ITA =+71 gg "?A Vce = Max,
VoN Output ON Voltage \" ON_ - VIN=20V,
Ta =+70°C _
0.4 _ Vi=06V
loN=7.4 mA

1. A maximum of four expanders may be connected to one expandable AND-OR-Invert gate
2. Expander Outputs

3. DC limits apply over operating temperature range; AC limits apply at TA = +25°C and Vcc = +5.0 V.

4. V1 is applied to x output terminal during test.
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DC AND AC CHARACTERISTICS: See Section 31 (Cont'd)

SYMBOL PARAMETER 5474 | SUTH | ynits CONDITIONS?
Min Max| Min Max
150 Ta=-55°C v CC==ohé“\7
loFF Output OFF Current uA IN DA
270 TA=0°C Vi=4sV,
R=1.2kQ
320 Ta=-55°C JGe ~ M
loFF Output OFF Current uA IN D
570 Ta=0°C ViZasy
A R=5750
Vcec = Min,
-0.3 -0.47 TA =-55°C T
lon Output ON Current 043 0.6 mA TA=0°C VIN —_2.0 Vv,
Vi=10V
lcc(oFF) 4.0 4.5 VIN = Open Vce = Max,
IGO(ON) Power Supply Current 25 35 mA Vin=Gnd Vs = 0.85 V
tPLH . 30 .
tPHL Propagation Delay 20 ns Figs. 3-1, 3-4
OUTPUT CAPACITANCE: Vcc and Ground Terminals Open
SYMBOL PARAMETER 54/74 | S4/TAH | ynits CONDITIONS
Min Max| Min Max
Effective Capacitance of
X 3 = = o
Cx Output Transistor Q1 13 PF f=10MHz, Ta = +25°C

2. Vi is applied to x output terminal during test.
3. Typical Value

1. DC limits apply over operating temperature range; AC limits apply at TA = +25°C and Vcc = +5.0 V.
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CONNECTION DIAGRAMS
PINOUT A
54H/74H61 B T
TRIPLE 3-INPUT EXPANDER G 73]
B 12]
4 11
ORDERING CODE: See Section 9 E
5
COMMERCIAL GRADE MILITARY GRADE _
PIN PKG (=] 5]
PKGS Vcec =+5.0 V 5%, Vce = +5.0 V £10%, GND[7 E
OUT| 1, Z0°Cto+70°C | Ta=-55°C to+125°C | T 'PE
Plastic
DIP (P) A |74HB1PC 9A PINOUT B
Ceramic
DIP (D) A |74H61DC 54H61DM 6A . E
F'f‘g’a" B |74H81FC 54H61FM 3l E%DJ*E
=] 12]
vee [4] [11] cND
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions [_?_ E
54/74H (U.L.) E 5]
PINS HIGH/LOW - -
Inputs 1.25/1.25
Outputs */*
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
SYMBOL PARAMETER S4/74H UNITS CONDITIONS
Min Max
10 Ta=-55°C
’ loN = 4.5 mA Vce = Min,
Von Output ON Voltage 1o ' TA=0°C Vin=20V
’ IoN = 5.35 mA
Vce = Min, ViL =08V
loFF Output OFF Current 50 nA T = Max, VOFF = 2.2 V
Icc(on) 16 ViNn = Open _
ICO(OFF) Power Supply Current 7.0 mA Vin=Gnd Vcc = Max
OUTPUT CAPACITANCE: Vcc and Ground Terminals Open
SYMBOL PARAMETER 54/74H UNITS CONDITIONS
Min Max
Effective Capacitance of " _ _ o
Cx Output Transistor Q1 13 PF f=1.0MHz, Ta = +25°C

*Expander Outputs
**Typical Value
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54H/74H62
3-2-2-3-INPUT AND-OR EXPANDER

ORDERING CODE: See Section 9

CONNECTION DIAGRAMS

piN | COMMERCIAL GRADE |  MILITARY GRADE | .
PKGS | our ¥f°=;o+ o TXC: oG 1o 41250 | TYPE
Pastic A |7aHe2PC 9A
coramic | A |raHe2nc 54H62DM 6A
Flatpak B |74H62FC 54H62FM 3l

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions

54/74H (U.L.)

PINS HIGH/LOW
Inputs 1.25/1.25
Outputs1 Note 2

PINOUT A
1 ~ EVcc
] 13]
] 12]
(] 1]
B m
€] 9
GNp [7] 8
PINOUT B
O] 3]
(2] 33]
] 12]
vee [4] [11] D
] 10]
(] 9]
5]

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER S4/74H UNITS CONDITIONS3
Min Max
= . ]
0.4 ;I' =52 8(.; mA Vce = Min,
Von Output ON Voltage v ON = 5. VIN=2.0V,
0.4 Ta=0°C Vi=1.0V
' lon = 6.3 mA :
= o
0.4 .er =+71 gg rSA Vcc = Max,
VON Output ON Voltage v ON = /.99 VIN=20V,
0.4 Ta=+70°C Vi=06V
: lon = 7.4 mA =0

320 Ta=-55°C v °°_=0"g'\’}'
loFF Output OFF Current uA IN=Re Y
570 TA=0°C Vi=4sV,
R=5750
- — _&EO Vce = Min,
lon Output ON Current -3(7)8 uA P = 0?,% c VIN=2.0V,
A Vi=10V
Icc(on) 7.0 ViN = Open Vce = Max,
ICC(OFF) Power Supply Current 90 mA Vin=Gnd Vi=085V

2. Expander Outputs

3. Vi is applied to x output terminal during test

1. A maximum of one expander may be connected to one expandable AND-OR-invert gate
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OUTPUT CAPACITANCE: Vcc and Ground Terminals Open

SYMBOL PARAMETER 54/74H UNITS CONDITIONS
Min Max
- Effective Capacitance of R _ _ o
Cx Output Transistor Q1 13 pF f=1.0MHz, Ta = +25°C

*Typical Value
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CONNECTION DIAGRAM

PINOUT A
4-2-3-2-INPUT AND-OR-INVERT GATE
ORDERING CODE: See Section 9 — T vee
pin |_COMMERCIAL GRADE|  MILITARY GRADE _ | | ] ]
PKGS Vee = +5.0 V 5%, Vce = +5.0 V +10%, 3 =
OUT 1l 0°Cto+70°C | Ta=-55°Cto +125°C | TYPE ] o
[4] 1]
Plastic
DIP (P) A |74s64PC gA ] g
6 9
Ceramic
DIP (D) A | 74s84DC 54564DM 6A | cnol7 0
F'f‘l‘:f’a" A |74864FC 54S64FM 3l
INPUT LOADING/FAN-OUT: See Section 3 for U.L definitions
54/74S (U.L.)
PINS HIGH/LOW
Inputs 1.25/1.25
Outputs 25/12.5
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER 54/748 UNITS CONDITIONS
Min Max
lccH Power Supply Current 125 mA ViN = Gnd Vce = Max
lccL 16 >
tPLH " 2.0 5.5 . 4 oA
tPHL Propagation Delay 20 55 ns Figs. 3-1, 3-4

“DC limits apply over operating temperature range; AC limits apply at TA = +25°C and Vcc = +5.0 V.
**lccL is measured with all inputs of one gate open and remaining inputs grounded.
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CONNECTION DIAGRAM
PINOUT A
4-2-3-2-INPUT AND-OR-INVERT GATE
(With Open-Collector Output)
ORDERING CODE: See Section 9 ; ~ T vee
PIN COMMERCIAL GRADE MILITARY GRADE PKG =] 3]
PKGS Vce = +5.0 V £5%, Vce = +5.0 V £10%, [3] 2]
ouT 7 o . . o TYPE
Ta=0°C to +70°C Ta =-55°C to +125°C n ]
Plastic
DIP (P) A |74S65PC %A 5] [10]
Cerami : 2]
eramic
DIP (D) A |74565DC 54S65DM 6A anol7 5]
F'f‘g’ak A |74se5FC 54S65FM 3l
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
54/74S (U.L)
PINS HIGH/LOW
Inputs 1.25/1.25
Outputs 0C1/12.5
DC AND AC CHARACTERISTICS: See Section 32
SYMBOL PARAMETER 54/748 UNITS CONDITIONS
Min Max
lecH Power Supply Current B mA Vin=0V Vcc = Max
IlccL 16 Note 3
tPLH . 2.0 7.5 .
tPHL Propagation Delay 20 85 ns Figs. 3-2, 3-4
10C — Open Collector
2DC limits apply over operating temperature range; AC limits apply at Ta = +25°C and Vcc = +5.0 V.
3lccL is measured with all inputs of one gate open and remaining inputs grounded.
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54/7470

JK EDGE-TRIGGERED FLIP-FLOP

DESCRIPTION — The'70is a gated input edge-triggered JK flip-flop offering
Direct Clear and Set inputs, and complementary Q and Q outputs. Informa-
tion at the J and K inputs is tranferred to the outputs on the positive edge of
the clock pulse. Direct-coupled clock triggering occurs at a specified voltage

level of the clock

pulse. When the clock input threshold voltage has been

passed, the gate inputs are locked out. These flip-flops are designed for medi-
um to high speed applications and offer a significant saving in system power
dissipation and package count where input gating is required.

TRUTH TABLE

Asynchronous Inputs:

LOW input to Sp sets Q to HIGH level

TPUT =
INPUTS |OUTPY LOW input to Cp sets Q to LOW level
@ tn @ th+1 Clear or Set function can only
r K Q occur when clock input is LOW
Simultaneous LOW on Cp and Sp is
L L Qn indeterminate
L H L J=diedrely
H L H K=Ki1eKz2eKj
A tn = Bit time before clock pulse.
H H Qn tn + 1 = Bit time after clockp:ulse.

If inputs J3 or K3 are not used
they must be grounded.

H = HIGH Voltage Level

L = LOW Voltage Level

ORDERING CODE: See Section 9

CONNECTION DIAGRAMS
PINOUT A

12] cp

11] K2

10] K1

9|Ks

3]a

PINOUT B

k[ [14] k2

cplz——l %&%—E Ks

sl 5" “[a 2] @
veo[3] [11] GND

Co[5] co J c?——ﬁlﬁ

Nc[6] %@J— 9] 3

o ol

piN |_COMMERCIAL GRADE|  MILITARY GRADE |
P2 10T R 004706 | Tas-scto +12seG | TYPE
Pee | A | 7ar0pc 9A
oeramie | A | 7a700c 5470DM 6A
F'f‘g’ak B | 7470FC 5470FM 3l

=0

LOGIC SYMBOL

K )
e

Vcc = Pin 14 (4)
GND =Pin 7 (11)

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions

54/74 (U.L.)
PIN NAMES DESCRIPTION HIGH/LOW
"2’, JK22J%3 } Data Inputs 1.0/1.0
CP Clock Pulse Input (Active Rising Edge) 1.0/1.0
Co Direct Clear Input (Active LOW) 2.0/2.0
So Direct Set Input (Active LOW) 2.0/2.0
Q,Q Outputs 20/10
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LOGIC DIAGRAM

. (] B o

Sp —=0Co

—
] |
I [ L.

K3 J3

D=

cPp
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified

SYMBOL PARAMETER S4/74 UNITS CONDITIONS
Min Max
Icc Power Supply Current 26 mA Vcc = Max, Vep =0 V
AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations)
54/74
SYMBOL DESCRIPTION CL=15pF UNITS CONDITIONS
RL =400 Q
Min Max
fmax Maximum Clock Frequency 20 MHz Fig. 3-1, 3-8
tPLH Propagation Delay 50 . 4 oA
tPHL CPtoQorQ 50 ns Figs. 3-1,3-8
tPLH Propagation Delay 50 . 1A
tPHL Sp or Cp to Qor Q 50 ns Figs. 3-1,3-10
AC OPERATING REQUIREMENTS: Vcc = +5.0 V, Ta = +25°C
54/74
SYMBOL PARAMETER UNITS CONDITIONS
Min Max
ts (H) Setup Time HIGH, Jn or Kn to CP 20 ns Fig. 3-6
th (H) Hold Time HIGH, Jn or Kn to CP 5.0 ns Fig. 3-6
ts (L) Setup Time LOW, Jn or Kn to CP 20 ns Fig. 3-6
th (L Hold Time LOW, Jn or Kn to CP 5.0 ns Fig. 3-6
tw (H ] 20 )
tw (L) CP Pulse Width 30 ns Fig. 3-8
tw (L Sp or Cp Pulse Width LOW 25 ns Fig. 3-10
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JK

tion are controlled

TRUTH TABLE

54H/74HT71

MASTER/SLAVE FLIP-FLOP
(With AND-OR Inputs)

DESCRIPTION —The '71 is a high speed JK master/slave flip-flop with
AND-OR gate inputs. The AND-OR gate inputs for entry into the master sec-

by the clock pulse. The clock pulse also regulates the cir-

cuitry which connects the master and slave sections. The sequence of opera-
tion is as follows: 1) isolate slave from master; 2) enter information from AND-
OR gate inputs to master; 3) disable AND-OR gate inputs; 4) transfer informa-
tion from master to slave. The logic state of J and K inputs must not be al-
lowed to change when the clock pulse is in a HIGH state.

CLOCK WAVEFORM

INPUTS | OUTPU

@ tn @tn+1 HIGH

Low

J K Q
L L Qn
L H L Asynchronous Input:
H L H LOW input to Sp sets Q to HIGH level
H H Qn Set is independent of clock

H = HIGH Voltage Level
L = LOW Voltage Level

J =(J1a ® J1B) + (J2A © J2B)

K = (K1A ¢ K1B) + (K2 ® K28)

tn = Bit time before clock pulse.
tn + 1 = Bit time after clock pulse.

ORDERING CODE: See Section 9

CONNECTION DIAGRAMS

PINOUT A

E Vce
[13] cp
E Kzs
1__1]K2A
[10] k1s
oL
ol

PINOUT B

[12] &
[11] GND
o
E]§D

8]J28

piN | COMMERCIAL GRADE|  MILITARY GRADE [ |
P8 | o | eleCio170°6 | Tas 55+ to 125 | TYPE
Pese | A [ranriec 9A
cereme| A |ranrinc 54H71DM 6A
Flatoak | 8 [ran7iFC S4HT1FM 3l

LOGIC SYMBOL

Vcc = Pin 14 (4)
GND =Pin 7 (11)

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions

54/74H (U.L.)

PIN NAMES DESCRIPTION HIGH/LOW
J1a, JiB, J2a, J2B

K_1A, Kig, Ko, Kzs} Data Inputs 1.25/1.25
CP Clock Pulse Input (Active Falling Edge) 2.5/2.5
Sp _ Direct Set Input (Active LOW) 3.75/3.75
Q,Q Outputs 12.5/12.5
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LOGIC DIAGRAM

e L X L J 6
So
K J1a
" DX
’-] Joa
Koo de
cP
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
SYMBOL PARAMETER S4/74H UNITS CONDITIONS
Min Max
Icc Power Supply Current 30 mA Vcc = Max, Vep =0V

AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations)

54/74H
SYMBOL PARAMETER CL =25 pF UNITS CONDITIONS
RL =280 O
Min Max
fmax Maximum Clock Frequency 25 MHz Figs. 3-1, 3-9
tPLH Propagation Delay 21 . oAl
tPHL CPtoQorQ 27 ns Figs. 3-1, 3-9
tPLH Propagation Delay 13 ) 1A
tPHL SptoQor Q@ 24 ns Figs. 3-1, 3-10

AC OPERATING REQUIREMENTS: Vcc = +5.0 V, TA = +25°C

SYMBOL PARAMETER S4/74H UNITS CONDITIONS
Min Max

ts (H) Setup Time HIGH, Jn or Kn to CP 0 ns Fig. 3-18

th (H) Hold Time HIGH, Jn or Kn to CP 0 ns Fig. 3-18

ts (L Setup Time LOW, Jn or Kn to CP 0 ns Fig. 3-18

th (U Hold Time LOW, Jn or Kn to CP 0 ns Fig. 3-18

Ny o CP Pulse Width I ns Fig. 3-9

tw (L Sb Pulse Width LOW 16 ns Fig. 3-10
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HIGH

INPUTS | OUTPUT]
@th | @th+1

J K Q

L L Qn

L H L

H L H

H H Qn

J = (J1a ® J1B) + (J2A © J2B)

K = (K1a ® K1B) + (K2a ® K2p)

tn = Bit time before clock pulse.
tn + 1 = Bit time after clock pulse.
H = HIGH Voltage Leevel

54/7472
54H/74H72

JK MASTER/SLAVE FLIP-FLOP
(With AND Inputs)

DESCRIPTION — The '72 is a high speed JK master/slave flip-flop with AND
gate inputs. The AND gate inputs for entry into the master section are
controlled by the clock pulse. The clock pulse also regulates the circuitry
which connects the master and slave sections. The sequence of operation
is as follows: 1) isolate slave from master; 2) enter information from AND gate
inputs to master; 3) disable AND gate inputs; 4) transfer information from
master to slave. The logic state of J and K inputs must not be allowed to
change when the clock pulse is in a HIGH state.

TRUTH TABLE

CLOCK WAVEFORM

Asynchronous Inputs:
LOW input to Sp sets Q to HIGH level
LOW input to Cp sets Q to LOW level
Clear and Set are independent of clock
Simultaneous LOW on Cp and Sp is

indeterminate

CONNECTION DIAGRAMS

PINOUT A
NCE T EVCC
& 2] ’T’ F_T_3'|§n
n[3] JCPK Ec_’
% E Co Sp EK3
JaE EKz
6Eﬁ Q EK1
GND 7] l——_—ﬂo
PINOUT B
K1E EKa
cp 2]— LEKz
§DE = KSDQL—EQ
vee [4] ¢ cp [11] GND
o 5] 4 cop—fi9a
NCEFI [ I—EJS
J|E>—-J 8]J2

L = LOW Voltage Level

LOGIC SYMBOL

ORDERING CODE: See Section 9 y
Sp
J ol
PIN COMMERCIAL GRADE MILITARY GRADE PKG __:D
PKGS Vce = +5.0 V £5%, Vece = +5.0 V £10%, 1 cP
OUT| 1, 20°Ct0o+70°C | Ta=-55°Cto+125°C | TYPE 5 ¢ ok
Cp
Plastic 7
DIP (P) A 7472PC, 74H72PC 9A
Ceramic Vce = Pin 14 (4)
DIP (D) A | 7472DC, 74H72DC 5472DM, 54H72DM 6A GND = Pin 7 (11)
FI " NC = Pin 1 (6)
f‘g’a B |7472FC, 74H72FC 5472FM, 54H72FM 3l
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
54/74 (U.L.) 54/74H (U.L.)
PIN NAMES DESCRIPTION HIGH/LOW HIGH/LOW
J1—Js, K1 — K3z | Data Inputs 1.0/1.0 1.25/1.25
CP - | Clock Pulse Input (Active Falling Edge) 2.0/2.0 2.5/2.5
§D Direct Clear Input (Active LOW) 2.0/2.0 2.5/2.5
Sp _ Direct Set Input (Active LOW) 2.0/2.0 2.5/2.5
Q,Q Outputs 20/10 12.5/12.5
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LOGIC DIAGRAM
a X
Q }—0——5
So ’ - Cp
= HD-C
=g

L

CP

.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER 54/74 54/78H | ynits CONDITIONS

Min Max | Min Max

lcc Power Supply Current 20 25 mA Vcc = Max, Vep =0V

AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations)
54/74 54/74H

SYMBOL PARAMETER CL=15pF |CL =25 pF| UNITS CONDITIONS
RL =400 Q |RL =280 O

Min Max | Min Max

fmax Maximum Clock Frequency 15 25 MHz Figs. 3-1, 3-9
tPLH Propagation Delay 25 21 . 1 a.
tPHL CPtoQorQ 40 27 ns Figs. 3-1, 3-9
tPLH Propagation Delay 25 13 ; i oa
tPHL SporCptoQorQ 40 24 ns Figs. 3-1, 3-10

AC OPERATING REQUIREMENTS: Vcc = +5.0 V, Ta = +25°C

SYMBOL PARAMETER 54/74 54/74H | yniTs CONDITIONS
Min Max | Min Max

ts (H) Setup Time .

ts (L) Jn or Kn to CP 0 0 ns Fig. 3-18

th (H) Hold Time .

th (L) Jn or Kn to CP 0 0 ns Fig. 3-18

tw (H) . 20 12 .

f (L CP Pulse Width 47 28 ns Fig. 3-9

tw (L) Sp or Cp Pulse Width LOW 25 16 ns Fig. 3-10
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CONNECTION DIAGRAM
PINOUT A

54/7473
54H/74H73
54LS/74LS73
DUAL JK FLIP-FLOP

(With Separate Clears and Clocks) A P
e [2] o_r—'E a:
DESCRIPTION — The '73 and 'H73 dual JK master/slave flip-flops have a K [3] Ecn
separate clock for each flip-flop. Inputs to the master section are controlled vee 3] 771 GND
by the clock pulse. The clock pulse also regulates the state of the coupling _ op i
transistors which connect the master and slave sections. The sequence of op- P[5}z Kol k.
eration is as follows: 1) isolate slave from master; 2) enter information from 502E__I—C":“’2 02_1__:9] Q:
J and K inputs to master; 3) disable J and K inputs; 4) transfer information j-‘z Q2
from master to slave. (7 8]
TRUTH TABLE CLOCK WAVEFORM
INPUTS |OUTPUT \
@t |@t+1 HIGH
Low
J K Q
L L Qn
L H L
H L H LOGIC SYMBOL
H H Qn
'I:' =$€v“vvﬁ'tage'_‘-evf' Asynchronous Input:
= (o] e Lev A ~,
. = Bt time before clock pulse. LOW input to Cp sets Q to LOW level
tn + 1 = Bit time after clock pulse. Clear is independent of clock

The 'LS73 offers individual J, K, clear, and clock inputs. These dual flip-flops
are designed so that when the clock goes HIGH, the inputs are enabled
and data will be accepted. The logic level of the J and K inputs may be

allowed to change when the clock pulse is HIGH and the bistable will 7
perform according to the Truth Table as long as minimum setup timesare | ¥—9 Q—122—J o —*°
observed. Input data is transferred to the outputs on the negative-going edge 1—dcP s-dcp
of the clock pulse. 10
3—k _ ajo—13 HK ajo—s
¥ T
ORDERING CODE: See Section 9 2 6
PIN COMMERCIAL GRADE MILITARY GRADE PKG Ve = Pin 4
PKGS |gyr| Voo =+50V 5% Voo =+5.0 V10%, | oo GND = Pin 11
Ta =0°C to +70°C Ta =-55°C to +125°C
Plastic A 7473PC, 74H73PC 9A
DIP (P 74LS73PC
Ceramic A 7473DC, 74H73DC 5473DM, 54H73DM 6A
DIP (D) 74LS73DC 54LS73DM
Flatpak A 7473FC, 74H73FC 5473FM, 54H73FM 3|
“(F) 74LS73FC 54L.S73FM \
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INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions

54/74 (U.L.) | 54/74H (U.L.) | 54/74LS (U.L.)
PIN NAMES DESCRIPTION HIGH/LOW | HIGH/LOW | HIGH/LOW
J1, J2, K1, K2 Data Inputs 1.0/1.0 1.25/1.25 0.5/0.25
CP4, CP2 Clock Pulse Inputs (Active Falling Edge) 2.0/2.0 1.25/1.25 2.0/0.5
Co1, Co2. Direct Clear Inputs (Active LOW) 2.0/2.0 25/2.5 1.5/0.5
Q1, Q2, Q1, Q2 | Outputs 20/10 12.5/12.5 10/5.0
(2.5)

LOGIC DIAGRAMS (one half shown)
73, 'H73

HCO———D>

[+]}

'LS73

Ol
(=]
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified

54/74

54/74H

54/74LS

SYMBOL PARAMETER UNITS | CONDITIONS
Min Max | Min Max | Min Max
Vce = Max,
lcc Power Supply Current 40 50 8.0 mA Vop = 0 V

AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations)

54/74 54/74H 54/74LS
SYMBOL PARAMETER CL =15 pF|CL =25 pF|CL = 15 pF| UNITS CONDITIONS
RL =400 O |RL =280
Min Max | Min Max | Min Max
fmax Maximum Clock Frequency 15 25 30 MHz Fig. 3-1, 3-9
tPLH Propagation Delay 25 21 20 ) 14 A
tPHL CPntoQor Q 40 27 s | "8 | Figs 31,39
tPLH Propagation Delay 25 13 20 X i oa
tPHL Con to Q or Q 40 24 s | s | Figs-3-1,3-10
AC OPERATING REQUIREMENTS: Vcc = +5.0 V Ta = +25°C
SYMBOL PARAMETER 54/74 | S4/74H | S4/74LS | ynits | coONDITIONS
Min Max | Min Max | Min Max
Setup Time HIGH
ts (H) Jn or Kn to CPn 0 0 20 ns
th (H) S'O:)dr TK”"t‘Z %?H 0 0 0 ns | Fig. 3-18
n 0 0 (73, 'H73)
Setup Time LOW Fig. 3-7 (L.S873)
ts (L) Jn of Kn to CPn 0 0 20 ns
Hold Time LOW
th (L Jn or Kn to CPn 0 0 0 ns
tw (H) — . 20 12 13.5 .
tw (U CPn Pulse Width 47 16 20 ns Fig. 3-9
tw (D Con Pulse Width LOW 25 16 25 ns | Figs.3-1,3-10
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CONNECTION DIAGRAMS |

PINOUT A
54S/74S74 Cor 1 ] vee
54LS/74LS74 > [ 12 &z
CP1 E 12| D2
DUAL D-TYPE POSITIVE EDGE- 801 [2] 1] e,
TRIGGERED FLIP-FLOP o 5500
a: [E :9_-| Q2
GND [7 8] a2
DESCRIPTION — The '74 devices are dual D-type flip-flops with Direct Clear PINOUT B
and Set inputs and complementary (Q, Q) outputs. Information at the input is
transferred to the outputs on the positive edge of the clock pulse. Clock trig-
gering occurs at a voltage level of the clock pulse and is not directly related
to the transition time of the positive going pulse. After the Clock Pulse input el CP: SpDi 75
threshold voltage has been passed, the Data input is locked out and informa- ! L[ o!
tion present will not be transferred to the outputs until the next rising edge of D Ey—\_o o | —{3la
H 1 1
the Clock Pulse input. o1 [3] oo, Ea‘
vee E [11] GND
Coz2 [5} . [10] G2
TRUTH TABLE Asynchronous Inputs: oo
(Each Half LOW input to Sp sets Q to HIGH level 02 [6] 5"2
LOW input to Cp sets Q to LOW level e [7 & 8] So2
INPUT | OUTPUTS Clear and Set are independent of clock che S
@ tn @th+1 Simultaneous LOW on Cp and Sp
D a makes both Q and Q HIGH
L L H H = HIGH Voltage Level
L = LOW Voltage Level LOGIC SYMBOL
H H L tn = Bit time before clock pulse.
tn + 1 = Bit time after clock pulse.
ORDERING CODE: See Section 9 ) S;L
SD1 D2
—b: aif— —b2 Q}—
PIN COMMERCIAL GRADE MILITARY GRADE PKG t 1 2
PKGS Vce = +5.0 V 5%, Vcec = +5.0 V £10%, —{CP4 —cpP2
OUT | 1, 20°Ct0+70°C | Ta=-565°Cto+125°C |T'TE o o
Cp1 e Cp2 2
Plastic A 7474PC, 74H74PC 9A 7
DIP (P 74S74PC, 74LS74PC
Ceramic A 7474DC, 74H74DC 5474DM, 54H74DM 6A
DIP (D) 74S74DC, 74L.S74DC 54S74DM, 54LS74DM Vce = Pin 14 (4)
GND =Pin 7 (11)
Flatpak A | 74S74FC, 74LS74FC 54S74FM, 54LS74FM 3l "
® B | 7474FC, 74H74FC 5474FM, 54H74FM
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INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions

54/74 (U.L.) | 54/74H (U.L.) | 54/74S (U.L.) | 54/74LS (U.L.)
PIN NAMES DESCRIPTION HIGH/LOW | HIGH/LOW | HIGH/LOW | HIGH/LOW
D1, D2 Data Inputs 1.0/1.0 1.25/1.25 1.25/1.25 0.5/0.25
CPy, CP2 Clock Pulse Inputs 2.0/2.0 2.5/2.5 25/2.5 1.0/0.5
(Active Rising Edge)
Co1, Co2 Direct Clear Inputs 3.0/2.0 3.75/2.5 3.75/3.75 1.5/0.75
(Active LOW)
Sp1, Sp2 Direct Set Inputs 2.0/1.0 2.5/1.25 2.5/2.5 1.0/0.5
_ _ (Active LOW)
Qi1, Q1, Q2, Q2 | Outputs 20/10 12.5/12.5 25/12.5 10/5.0
(2.5)

LOGIC DIAGRAM (one half shown)

ol

CP

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified

SYMBOL PARAMETER SUT4 | S4/TAH | S4/74S | S4/T4LS | ynits | conpiTiONS
Min Max | Min Max | Min Max [Min Max
I Power Supply| XM 30 42 50 8.0 mA Vcc = Max,
ce Current XC 30 50 50 8.0 Vep =0V
AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25° C (See Section 3 for waveforms and load configurations)
54/74 54/74H 54/74S 54/74LS
SYMBOL PARAMETER CL=15pF |CL =25 pF|CL =15 pF |CL =15 pF| UNITS | CONDITIONS
RL =400 O |RL =280 O [RL = 280 O
Min Max | Min Max | Min Max |Min Max
Maximum Clock .
fmax Frequency 15 35 75 30 MHz Figs. 3-1, 3-8
tPLH Propagation Delay 25 15 9.0 25 . g
tPHL CPn to Qn or Gn 40 20 1 a5 | s | Figs.3-1,3-8
tPLH Propagation Delay 25 20 6.0 15 ns Vep =220V
tPHL CbnorSpntoQnorQn 40 30 13.5 35 Figs. 3-1, 3-10
tPLH Propagation Delay_ 25 20 6.0 15 ns Vcp <08V
tPHL CpnorSpntoQnorQn 40 30 8.0 24 Figs. 3-1, 3-10
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AC OPERATING REQUIREMENTS: Vcc =+5.0 V, Ta = +25°C

SYMBOL PARAMETER 54/74 | S54/74H | 54/74S | S4/74LS |,nits | cONDITIONS
Min Max | Min Max | Min Max | Min Max
s (H) SDet:’: g:,"‘e HIGH | 9 10 3.0 10 ns
n 1 Fig. 3-6
Hold Time HIGH
th (H) ieviivy 5.0 0 0 5.0 ns
% (L) ge’;‘: g,‘,’"e LOW | o 15 3.0 20 ns
i o Fig. 3-6
Hold Time LOW
th (L iviivy 5.0 0 0 5.0 ns
tw (H) ‘ 30 15 6.0 18 .
tw (L) CPn Pulse Width a7 13.5 73 15.5 ns Fig. 3-8
Con or Spn Pulse .
tw (L) Width LOW 30 25 7.0 15 ns Fig. 3-10
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54/7475

4-BIT BISTABLE LATCH

DESCRIPTION — The '75 latch is used as temporary storage for binary in-
formation between processing units and input/output or indicator units. In-
formation present at a data (D) input is transferred to the Q output when the
Enable is HIGH and the Q output will follow the data input as long as the En-
able remains HIGH. When the Enable goes LOW, the information (that was
present at the data input at the time the transition occurred) is retained at the
Q output until the Enable is permitted to go HIGH.

The'75 features complementary Q andaoutputfrom a4-bitlatch andis avail-
able in 16-pin packages. For higher component density applications, the '77
4-bit latch is available in the 14-pin package with Q outputs omitted.

CONNECTION DIAGRAM

PINOUT A
T

aifd - [16] a:
o1 [2] [15] 0.
D2 E Eaz
E3aq E EELz
vee [5] 12] GND
D3 E %03
D4 E Eaa
Q. [8] [9]a.

LOGIC SYMBOL

13— E1.
ORDERING CODE: See Section 9 "
4~ E34
PIN COMMERCIAL GRADE MILITARY GRADE PKG Qi Q: Qs Qs
= +50, = [}
PKGS ouT Vcci o+5.0 Vv _So/o, Vc_c 1:5.0 V £10 /: TYPE I ? I ? I | ?
TA=0°Cto +70°C | Ta =-55°C to +125°C 6115141011 9 8
Plastic A |7475PC 9B
DIP (P) Voo = Pin 5
Ceramic GND = Pin 12
DIP (D) A 7475DC 5475DM 6B
F'?;;’ak A | 7475FC 5475FM 4L
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
PIN NAMES DESCRIPTION ﬁ’éﬁ}t’gx
D1 — D4 Data Inputs 2.0/2.0
Ei2 Enable Input, Latches 1, 2 4.0/4.0
E23 Enable Input, Latches 3, 4 4.0/4.0
Q1 —Q4 Latch Outputs 10/10
Q1 —Q4 Complementary Latch Outputs- 10/10
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LOGIC DIAGRAM TRUTH TABLE
(Each Latch)

INPUT | OUTPUT

4__ @ tn @ th+ 1

Q0—y—o0 o——o00a D Q
T0
b» OTHER
LATCH H H
L L
>< NOTES:

tn = bit time before enable
negative-going transition.
tn + 1 = bit time after enable
ENABLE DATA negative-going transition.
H = HIGH Voltage Level

L = LOW Voltage Level

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER S4/74 UNITS CONDITIONS
Min Max
XM 46 Vcc = Max,
Icc Power Supply Current XC 53 mA All Inputs = Gnd

AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations)

54/74
SYMBOL PARAMETER CL =15 pF UNITS CONDITIONS
RL =400 O
Min Max
tPLH Propagation Delay 30 . 4 oa
PHL Dto Q 25 ns Figs. 3-1, 3-5
tPLH Propagation Delay 40 . A
PHL DtoQ 15 ns Figs. 3-1, 3-4
tPLH Propagation Delay 30 , oAl
tPHL EtoQ, Q 15 ns Figs. 3-1, 3-8
AC OPERATING REQUIREMENTS: Vcc =+5.0V, TA = +25°C
54/74
SYMBOL PARAMETER UNITS CONDITIONS
Min Max
ts (H) Setup Time HIGH, D to E 20 ns Fig. 3-14
th (H) Hold Time HIGH, D to E 0 ns Fig. 3-14
ts (L Setup Time LOW, D to E 20 ns Fig. 3-14
th (L) Hold Time LOW, D to E 0 ns Fig. 3-14
tw (H E Pulse Width HIGH 20 ns Fig. 3-8
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54/7476
54H/74H76
54LS/74LS76

DUAL JK FLIP-FLOP
(With Separate Sets, Clears and Clocks)

TRUTH TABLE

H = HIGH Voltage Level
L = LOW Voltage Level

tn = Bit time before clock pulse.
tn + 1 = Bit time after clock pulse.

ORDERING CODE: See Section 9

DESCRIPTION — The '76 and 'H76 are dual JK master/slave flip-flops with
separate Direct Set, Direct Clear and Clock Pulse inputs for each flip-flop.
Inputs to the master section are controlied by the clock pulse. The clock pulse
also regulates the state of the coupling transistors which connect the master
and slave sections. The sequence of operation is as follows: 1) isolate slave
from master; 2) enter information from J and K inputs to master; 3) disable J
and K inputs; 4) transfer information from master to slave.

CLOCK WAVEFORM

INPUTS [OUTPUT
@ tn @ th +1
- HIGH
J K Q Low
L L Qn
L H L
H L H Asynchronous Inputs:
H H Qn LOW input to Sp sets Q to HIGH level

LOW input to Cp sets Q to LOW level
Clear and Set are indep_gndent gf clock
Simultaneous LOW on Cp and Sp

makes both Q and Q HIGH

The 'LS76 is a dual JK, negative edge-triggered flip-flop also offering indivi-
dual Direct Set, Direct Clear and Clock Pulse inputs. When the Clock Pulse
input is HIGH, the JK inputs are enabled and data is accepted. This data will
be transferred to the outputs according to the Truth Table on the HIGH-to-
LOW clock transitions.

CONNECTION DIAGRAM
PINOUT A

oin | COMMERCIAL GRADE|  MILITARY GRADE |
PKGS Voo = +5.0 V +5%, Voo = +5.0 V +10%,
OUT | 1.2 0°Cto+70°C | Ta=-56°Cto+125°C | TYPE
Plastic A | 7476PC, T4HT7ERC o5
DIP (P) 74LS76PC
Ceramic | , |7476DC, 74H76DC 5476DM, 54H76DM o5
DIP (D) 74LS76DC 54LS76DM
Flapak | , |7476FC, T4HT6FC 5476FM, 54H76FM aL
(P 74LST6FC 54LS76FM

LOGIC SYMBOL

{ i
a—ys S0 o152, ool 4
1—-dcp s—olcp
12
16— 14 ajo—10
K ¢ QP K e
3 8
Vcc =Pin 5
GND = Pin 13
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INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions

J

K

54/74 (U.L.) 54/74H (U.L.) | 54/74LS (U.L.)
PIN NAMES DESCRIPTION HIGH/LOW | HIGH/LOW | HIGH/LOW
J1, J2, K1, K2 Data Inputs 1.0/1.0 1.25/1.25 0.5/0.25
CP4, CP2 Clock Pulse Inputs (Active Falling Edge) 2.0/2.0 2.5/2.5 2.0/0.5
.Cpb1, Cb2 Direct Clear Inputs (Active LOW) 2.0/2.0 2.5/2.5 1.5/0.5
Sp1 ,_§Dz _ Direct Set Inputs (Active LOW) 2.0/2.0 2.5/2.5 1.5/0.5
Q1, Q1, Q2, Q2 Outputs 20/10 12.5/12.5 10/5.0
(2.5
LOGIC DIAGRAMS (one half shown)
’76, '"H76
Q Q
X
Se= =D—
So Co
K J
[
” !
TO OTHER
FLIP-FLOP
'LS76
Q >< Q
ﬂ{g:: ;@«
d |
Co >< So
<P }l. :
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

54/74

54/74H

54/74LS

SYMBOL PARAMETER UNITS | CONDITIONS
Min Max | Min Max | Min Max
Vcc = Max,
lcc Power Supply Current 40 50 8.0 mA Vep =0V

AC CHARACTERISTICS: Vcc = +5.0 V,Ta = +25°C (See Section 3 for waveforms and load configurations)

54/74 54/74H 54/74LS
SYMBOL PARAMETER CL=15pF |CL=25pF [CL=15pF | UNITS | CONDITIONS
RL =400 O |RL =280 O
Min Max | Min Max | Min Max
fmax Maximum Clock Frequency 15 25 30 MHz Figs. 3-1, 3-9
tPLH Propagation Delay 25 21 20 ) 4 oA
tPHL CPn to Qn or Gn 40 27 s | " | Flgs.3-1.39
tPLH Propagation Delay _ 25 13 20 . 4 A
tPHL Cpn or Spn to Qn or Qn 40 24 30 ns Figs. 3-1, 3-10
AC OPERATING REQUIREMENTS: Vcc = +5.0 V, Ta = +25°C
SYMBOL PARAMETER S4/74 | S4/T4H | S4TALS | ynits | CONDITIONS
Min Max | Min Max | Min Max
Setup Time HIGH
ts (H) Jn of Kn to CPn 0 0 20 ns
Hold Time HIGH Fig. 3-18
th (H Jn OF Kn to CPn 0 0 0 ns | (76, 'H76)
Setup Time LOW Fig. 3-7
L Jn or Kn to CPn 0 0 20 nS | cLs7e
Hold Time LOW
th (L) Jn or Kn to CPn 0 0 0 ns
tw (H _— . 20 12 20 .
tw (L CPn Pulse Width 47 o8 135 ns Fig. 3-9
tw (L Con or Spn Pulse Width LOW 25 16 25 ns Fig. 3-10
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CONNECTION DIAGRAM

PINOUT A
54/7477
QUAD D-TYPE LATCH .
K T~ [12] @1
D2f2 EOz
Eué 12] €12
VCcE 1] GND
3 [5] ML
D4E EIQa
Nc[7 8] Qs
DESCRIPTION — The '77 contains four D-type latches used for temporary LOGIC SYMBOL

storage. Each latch shares an Enable input with one other latch. When the
Enable input is HIGH, a latch is transparent, i.e., the Q output follows the D
input each time it changes. When the Enable goes LOW, the information(that
was present at the D input when the transition occurred) is retained at the Q
output. For Truth Table, specifications, and logic diagrams, refer to the '75
data sheet, but note that Q is not available on the '77. | | | |

D1 D2 D3 D4
12 —E2
ORDERING CODE: See Section 9 3 — e,
Qi Q@ Q Q
PIN COMMERCIAL GRADE MILITARY GRADE PKG |1 |2 |3 4
PKGS Vcc = +5.0 V £5%, Vcc = +5.0 V £10%,
out Ta =0°C to +70°C Ta =-55°C to +125°C TYPE 14 13 9 8
Plastic Vce = Pin 4
DIP (P) A | 747TPC 9A GND = Pin 11
Geramic NC = Pin 7, 10
DIP (D) A |7477DC 5477DM 6A
F'f‘;;’a" A |7a77FC 5477FM 3l
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
54/74 (U.L.)
PIN NAMES DESCRIPTION HIGH/LOW
D1—Das Data Inputs 2.0/2.0
Ei2 Enable Input, Latches 1, 2 4.0/4.0
E3 4 Enable Input, Latches 3, 4 4.0/4.0
Q1 —Q4 Latch Outputs 10/10
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54H/74H78
54LS/74LS78

DUAL JK FLIP-FLOP
(With Common Clear and Clock and Separate Set Inputs)

DESCRIPTION — The 'H78 is a dual JK master/slave flip-flop with separate
Direct Set inputs, a common Direct Clear input and a common Clock Pulse
input. Inputs to the master section are controlled by the clock pulse. The
clock pulse also regulates the circuitry which connects the master and slave
sections. The sequence of operation is as follows: 1) isolate slave from mas-
2ter; 2) enter information from J and K inputs to master; 3) disable J and K in-
puts; 4) transfer information from master to slave. The logic state of the J and
K inputs must not be allowed to change when the clock pulse is in a HIGH
state.

TRUTH TABLE CLOCK WAVEFORM
INPUTS | OUTPUT]
@ tn @t +1 HIGH
J K Q Low
L L Qn
L H L
H L H Asynchronous Inputs:
H H Qn LOW input to Sp sets Q to HIGH level
LOW input to Cp sets Q to LOW level
l':'jf'(l)%Hthl)tltageLLev?l Clear and Set are independent of clock
tn_= Bit timz t:egfemee:leock pulse. Simultaneous LOW_on Cp and Sp is
tn + 1 = Bit time after clock pulse. makes both Q and Q HIGH

The 'LS78 is a dual JK, negative edge-triggered flip-flop which also offers
separate Direct Set inputs, a common Direct Clear and common Clock Pulse
input. When the Clock Pulse input is HIGH, the JK inputs are enabled and
data is accepted. This data will be transferred to the outputs according to the
Truth Table on the HIGH-to-LOW clock transitions.

ORDERING CODE: See Section 9

pin | COMMERCIAL GRADE |  MILITARY GRADE |,
PKGS Voc = +5.0 V +5%, Voc = +5.0 V +10%,
OUT | 1, Z0°Ct0+70°C | Ta=-55°Cto +125°C |TYPE
Plastic A |74H78PC
DIP (P) 9A
B |74LS78PC
Ceramic | A |7aH78DC 54H78DM
DIP (D) 6A
B |74LS78DC 54LS78DM
Flatpak | A |74H78FC 54H78FM N
(R B |74LS78FC 54LS78FM

CONNECTION DIAGRAMS

PINOUT A
K1E—1 Kv 14| Vcc
Q1E—J_g SDO—l_Eng
= J
oy ’ cPco 2] co
JIE EJ?
Q2 E—-] gP CE; Egoz
a:[6 Q sp BE
GND [7] K 8]K>
PINOUT B
N =
§D1E K Soq EQ1
—O|CP
J1E Jcp@ E61
Q@
VCCE r—é—LEGND
o [5] l— JSoq [1d] 92
_ Lgcp I
Sp2 E E KcDQl)] :9]02
K2 E 352

LOGIC SYMBOL

Vcc = Pin 14 (4)
GND =Pin7 (11
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INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions

54/74H (U.L.) 54/74LS (U.L.)
PIN NAMES DESCRIPTION HIGH/LOW HIGH/LOW
Ji, &2, Ki, K2 Data Inputs 1.25/1.25 0.5/0.25
CP Clock Pulse Input (Active Falling Edge) 2.5/2.5 4.0/1.0
Co _ Direct Clear Input (Active LOW) 5.0/5.0 3.0/1.0
Sp1, Sz _ Direct Set Inputs (Active LOW) 2.5/2.5 1.5/0.5
Q1, Q1, Q2, Q2 Outputs 12.5/12.5 10/5.0 ‘
(2.5
LOGIC DIAGRAM
(one half shown)
Q X a
+C |
§D »- ED

L]

—=DH Dk

(_ s

|

TO OTHER
FLIP-FLOP

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER S4/74H 54/74LS UNITS CONDITIONS
Min Max | Min Max
Icc Power Supply Current 50 8.0 mA Vcc =Max, Vep =0V

AC CHARACTERISITICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations)

54/74H 54/74LS
SYMBOL PARAMETER CL=25pF |CL=15pF| UNITS CONDITIONS
RL =280 O
Min  Max | Min Max
fmax Maximum Clock Frequency 25 30 MHz Figs. 3-1, 3-9
tPLH Propagation Delay 21 20 . Al
tPHL CP to Qn or Gn 27 30 ns Figs. 3-1,3-9
tPLH Propagation Delay 13 20 . 4
tPHL Co or Spn to Qn or Gn 24 30 ns Figs. 3-1, 3-10
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AC OPERATING REQUIREMENTS: Vcc = +5.0 V, TA = +25°C

SYMBOL PARAMETER S4/74H | S4/74LS | ynits CONDITIONS
Min Max | Min Max
Setup Time HIGH
ts (H) Jn or Kn to CP 0 20 ns
Hold Time HIGH
th (H) Jn or Kn to CP 0 0 ns Fig. 3-18 CH78)
Setup Time LOW Fig. 3-7 (LS78)
LA Jn or Kn to CP 0 20 ns
Hold Time LOW
th (L Jn or Kn to 673 0 0 ns
tw (H) — . 12 20 .
tw (U CP Pulse Width 28 135 ns Fig. 3-9
tw (D | Cp or Son Pulse Width LOW 16 25 ns Fig. 3-10
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54/7480
GATED FULL ADDER

DESCRIPTION —The 80 is a single-bit, high speed, binary full adder with
gated complementary inputs, complementary sum (% and ) outputs and in-
verted carry output. It is designed for medium and high speed, multiple-
bit, parallel-add/serial carry applications. The circuit utilizes DTL for the
gated inputs and high speed, high fan-out TTL for the sum and carry outputs.
The circuit is entirely compatible with both DTL and TTL logic families. The
implementation of a single-inversion, high speed, Darlingtion-connected
serial-carry circuit minimizes the necessity for extensive “lookahead” and
carry-cascading circuits.

ORDERING CODE: See Section 9

CONNECTION DIAGRAMS

PINOUT A
B'E T~ EVcc
BCE EB:
e 3] [12] B4
WE EAC
i[5 [10] A+
NG EAz
GNp [7] 8] A1
PINOUT B
ac[d [1a] A c
82 [13] A
BzE EM
vee [4] [11] GND
8* 5] [10] =
B¢ [6] (9] =
(N [8] Gt

COMMERCIAL GRADE MILITARY GRADE

LOGIC SYMBOL

8 9 10 11 1213 1 2

PIN pea | L]
PKGS | o1 Ve = +5.0 V 5%, Vee = +5.0V £10%, | ooe A A A D B B B
Ta=0°C to +70°C TaA =-55°C to +125°C c
3—Cn
Plastic A | 7480pC 9A Cors I3
DIP (P) T | ?
gﬁ;"‘g;c A | 7480DC 5480DM 6A ¢ 5 s
Vcc = Pin 14
GND =Pin7
F'fg’ak B | 7480FC 5480FM 3l "
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
PIN NAMES DESCRIPTION Z‘Ig:i/(t’é"x
A1, A2, By, B2 Operand Inputs 0.4/1.0
A*, B* Inverted Operand Inputs -/1.63
Ac, Bc Control Inputs 0.4/1.0
Cn Carry Input 5.0/5.0
Cn_+1 Inverted Carry Output 5.0/5.0
3,3 Sum Outputs 10/10
A, B* When Used As Outputs 3.0/3.0
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TRUTH TABLE

INPUTS OUTPUTS

Ch B A |Cn+t 3 3
L L LJ|H H L
L L HI|H L H
L H LJ|H L H
L H HJ|L H L
H L LJ|H L H
H L H{L H L
H H LJ|L H L
H H H|L L H

(1) A=A"e Ac, B = B* ® Bc where A1 ¢ A2,
B* =By e B2

(2) When A* or B* are used as inputs, A1 and A2

LOGIC DIAGRAM

]

or B1and B2 respectively must be connected to Corl
Gnd.
(3) When A1 and A2 or By and B2 are used as in-
puts, A* or B* respectively must be open or
used to perform Dot-OR logic.
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unisess otherwise specified)
54/74
SYMBOL PARAMETER UNITS CONDITIONS
Min Max
Output Short Circuit XM -20 -70 _
los Current at Cn + 1 XC -18 -70 mA Vee = Max
Output Short Circuit XM -0.9 -2.9 _
los Current at A*, B XC -0.9 -2.9 mA Vee = Max
XM 31 _
Icc Power Supply Current XC 35 mA Vcc = Max

AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25° C (See Section 3 for waveforms and load configurations)

54/74
SYMBOL PARAMETER CL =15 pF UNITS CONDITIONS
Min Max

tPLH Propagation Delay 17 ns Figs. 3-1, 3-4
tPHL Cn to Cn + 1 12 RL =780 Q
tPLH Propagation Delay 25 ns Figs. 3-1, 3-5
tPHL Bc to Cn + 1 55 RL =780 O
tPLH Propagation Delay 70 ns Figs. 3-1, 3-4
tPHL Ac to X 80 RL =400 Q
tPLH Propagation Delay 55 ns Figs. 3-1, 3-5
tPHL Bc to X 75 RL =400 O
tPLH Propagation Delay 65 ns Figs. 3-1, 3-4
tPHL A1 to A* or B1 to B* 25 RL not used
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54/7482

2-BIT FULL ADDER

DESCRIPTION —The '82 is a full adder which performs the addition of
two 2-bit binary numbers. The sum (%) outputs are provided for each bit
and the resultant carry (C2) is obtained from the second bit. Designed for
medium to high speed, multiple-bit, parallel-add/serial-carry applications,
the circuit utilizes high speed, high fan-out TTL. The implementation of
a single-inversion, high speed, Darlington-connected serial-carry circuit
within each bit minimizes the necessity for extensive “lookahead” and carry-

cascading circuits.

ORDERING CODE

: See Section 9

CONNECTION DIAGRAM

PINOUT A
—
= [0 - [12] A
A 2] [13] B,
81 [3] [12] 5
vee [4] [11] GND
cn[5] [19] ¢
Nc [&] [5]nC
Ne[7 [8]NC

PIN COMMERCIAL GRADE MILITARY GRADE PKG
PKGS Vce = +5.0 V +5%, Vce = +5.0 V £10%,

out Ta =0°C to +70°C Ta = -55°C to +125°C | VYPE
Plastic
DIP (P) A | 7482PC 9A
Ceramic
BIP (D) A |7482DC 5482DM 6A
F'f'f_f’ak A |7482FC 5482FM 3l

LOGIC SYMBOL

5—CiNn
31 2 C2
1 12 10
Vcc = Pin 14
GND = Pin 11

NC = Pins 6,7,8,9

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions

54/74 (U.L.)

PIN NAMES DESCRIPTION HIGH/LOW
A1, Bq Bit 1 Operand Inputs 4.0/4.0
A2, B2 Bit 2 Operand Inputs 1.0/1.0
CiN Bit 1 Carry Input 4.0/4.0
39 Bit 1 Sum Output 10/10
Y2 Bit 2 Sum Output 10/10
C2 Bit 2 Carry Output 5.0/5.0
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CN =1
32 C2

31

4444 oI OIIXX IIIX

4 IITTIT T Tgadg4a oI

I T 40 T a0 T aaI

OUTPUTS
0
Cz

CiN
32

dddd 44T O IITIT

444X TIIXT g IXITI g aga94a9TI

4ITag 0ITXT g aIT a9 I I a4

TRUTH TABLE
INPUTS
B1 A2 B2|34

A1

IS R Y R R | IITITI IIIXI

L
L

4444 ITITYT 4900 IITTITT
44T 40X a4 OaI T
4T a4 X 4T OXadI I oI

82

A1

B1

CiN

LOGIC DIAGRAM
4-96
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HIGH Voltage Level
LOW Voltage Level

H
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified

SYMBOL PARAMETER S4/74 UNITS CONDITIONS
Min Max
los Output Short Circuit XM -20 -55 mA Vee = Max
Current at 3n XC -18 -55
los Output Short Circuit XM -20 -70 mA Ve = Max
Current at C2 XC -18 -70
XM 50 Vce = Max;
Icc Power Supply Current mA A1, A2, CiNn =45V,
XC 58 B, B2 = Gnd

AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations)

54/74
SYMBOL PARAMETER CL =15 pF UNITS CONDITIONS
RL =400 O
Min Max
tPLH Propagation Delay 34 ) a
tPHL CiN to 31 40 ns Figs. 3-1, 3-20
tPLH Propagation Delay i 40 . 4 oa
tPHL B2 to 32 35 ns Figs. 3-1, 3-20
tPLH Propagation Delay 38 ) A
tPHL CIN t0 32 42 ns Figs. 3-1, 3-20
tPLH Propagation Delay V . 19 ns Figs. 3-1, 3-5
tPHL CiN to C2 27 RL =780 0
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CONNECTION DIAGRAM
PINOUT A
54LS/74LS83A —
A3 E EB:;
4-BIT BINARY FULL ADDER = e,
(With Fast Carry)
A2 E EC4
B2 E ECO
Vce E EGND
S1]6 EBO
B: 7] [19] A0
Aq E ESO
DESCRIPTION — The '83A high speed 4-bit binary full adders with internal LOGIC SYMBOL
carry lookahead accept two 4-bit binary words (Ao — A3, Bo — B3) and aCarry
input (Co). They generate the binary Sum outputs (So — S3) and the Carry
output (C4) from the most significant bit. They operate with either HIGH or
active LOW operands (positive or negative logic). The '283 is recommended
for new designs since it features standard corner power pins. 'l° T 'I’ i :l’ ‘i i T
AoBo A1B1 A2B2 A3 B3
ORDERING CODE: See Section 9
13— Co Csp—14
PIN COMMERCIAL GRADE MILITARY GRADE PKG S0 8 & 8
PKGS Vcec = +5.0 V £5%, Vce = +5.0 V £10%,
OUT | 1, 20°Cto+70°C | Ta=-65°Cto+125°C | 1T E J, l l ,L
Plastic
DIP (P) A |7483APC, 74LS83APC 9B
Ceramic |, |7483ADC, 74LS83ADC  |5483ADM, 54LS83ADM | 6B ,
DIP (D) Vce =Pin5
Flatoak GND = Pin 12
(F;) A |7483AFC, 74LS83AFC  |5483AFM, 54LS83AFM 4L
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
54/74 (U.L.) 54/74LS (U.L.)
PIN NAMES DESCRIPTION HIGH/LOW HIGH/LOW
Ao — A3 A Operand Inputs 1.0/1.0 1.0/0.5
Bo—Bs B Operand Inputs 1.0/1.0 1.0/0.5
Co Carry Input 1.0/1.0 0.5/0.25
So— S3 Sum Outputs 20/10 10/5.0
(2.5
Ca Carry Output 10/5.0 10/5.0
(2.5)
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FUNCTIONAL DESCRIPTION — The '83A adds two 4-bit binary words (A and B) plus theincoming carry. The
binary sum appears on the sum outputs (So — S3) and outgoing carry (C4) outputs.

Co + (Ao + Bo) +2(A1 + B1) + 4 (A2 + B2) + 8 (A3 + B3) = Sp + 251 + 4S2 + 8S3 + 16Ca
Where: (4 = plus

Due to the symmetry of the binary add function the '83A can be used with either all inputs and outputs active
HIGH (positive logic) or with all inputs and outputs active LOW (negative logic). Note that with active HIGH
inputs, Carry In can not be left open, but must be held LOW when no carry in is intended.

Interchanging inputs of equal weight does not affect the operation, thus Co, Ao, Bo can be arbitrarily assigned to
pins 10, 11, 13, etc.

TRUTH TABLE

INPUTS OUTPUTS
Co Ao A1 A2 A3 Bo B1 B2 B3|So S1 S2 S3 C4

LogiclLevels (L |L H L H|H L L H|H H L L|H

Active HIGH o]0 1 0o 1 1 0o 0 1 1 1 0 0 |1 (10 + 9 =19)

Active LOW 11 o 1 0|0 t 1 0|0 O 1 1|0 |(carry+5+6=12
H = HIGH Voltage Level
L = LOW Voltage Level

LOGIC DIAGRAM
Co Ao Bo Ay B1 A2 B2 A3 B3

So S4 S2




83A

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER S4/74 | S4/7TALS | ynits CONDITIONS
Min  Max | Min Max
los Output Short Circuit XM -20 -55 ] -20 -100 mA Voo = Max
Current at Sn XC | -18 -55 ] -20 -100
los Output Short Circuit XM | -20 -70 ] -20 -100 mA Vee = Max
Current at C4 XC -18 -70 | -20 -100
Vcc = Max,
Icc Power Supply Current XM 99 39 mA Inputs = Gnd ('LS83A)
| XC 110 39 Inputs = 4.5 V ('83A)

AC CHARACTERISTICS: Vcc =5.0V, Ta = 25°C (See Section 3 for waveforms and load configurations)

54/74 54/74LS

SYMBOL PARAMETER CL=15pF|[CL =15 pF| UNITS CONDITIONS

RL =400 O

Min  Max | Min Max
tPLH Propagation Delay 21 24 . 4 oAl
tPHL Co to Sn 21 24 ns Figs. 3-1, 3-20
tPLH Propagation Delay 24 24 i
tPHL An or Bn to Sn 24 24 ns Figs. 3-1, 3-20
tPLH Propagation Delay 14 17 ns Figs. 3-1, 3-5
tPHL Co to C4 16 17 RL =780 Q ("83A)
tPLH Propagation Delay 14 17 ns Figs. 3-1, 3-5
tPHL An or Bn to C4 16 17 RL =780 O ('83A)
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CONNECTION DIAGRAM

85

PINOUT A
54L.S/74L.S85 81 - 6] veo
Ia <B@ EAS
4-BIT MAGNITUDE COMPARATOR

1A =BE EBz

Ia >BE [13] A2

Oa >BE [12] A

Oa :BE EB1

DESCRIPTION — The '85 is a high speed, expandable 4-bit magnitude com- on<e [T [10] o
parator which compares two 4-bit words in any monotonic code (binary, GND|8 [9]80

BCD or other) and generates three outputs: A less than B, A greater than B,
and A equal to B. Three expansion inputs allow serial (ripple) expansion over
any word length without external gates.

LOGIC SYMBOL

e EASILY EXPANDABLE
e BINARY OR BCD COMPARISON

e A>B,A<B,A-B OUTPUTS AVAILABLE
1012 1315 9 11 14 1

ORDERING CODE: See Section 9 2], 20 A1 A2 As Bo Bi B2 Bs
3—{Ia=
pin L_COMMERCIAL GRADE|  MILITARY GRADE | | ] .:>:
PKGS |yt Vee = +5.0 V +5%, Voc = +5.0V +10%, | o o On>s  Oa<s  Oa=s
TA=0°Cto +70°C | Ta =-55°C to +125°C | |

Plastic A | 7485PC, 74LS85PC 98B ) ’ °
DIP (P) '

. Vcc = Pin 16
gf;a('g)'c A | 7485DC, 74LS85DC 5485DM, 54LS85DM 6B GND =Pin 8
F'fg’ak A | 7485FC, 74Ls85FC 5485FM, 54LS85FM aL

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions

54/74 (U.L.) 54/74LS (U.L.)
PIN NAMES DESCRIPTION HIGH/LOW HIGH/LOW
Ao — A3 Word A Inputs 3.0/3.0 1.5/0.75
Bo —B3 Word B Inputs 3.0/3.0 1.5/0.75
lA=8 A = B Expansion Input 3.0/3.0 1.5/0.75
IAn<B la>8B A < B, A > B Expansion Inputs 1.0/1.0 0.5/0.25
OA>8 A Greater Than B Output 10/10 10/5.0
(2.5
OA <8 A Less Than B Output 10/10 10/5.0
(2.5
Oa-=8B A Equal B Output 10/10 10/5.0
(2.5
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FUNCTIONAL DESCRIPTION—The '85 compares two 4-bit words (A, B). Each word has four parallel inputs
(Ao—A3, Bo—B3) of which Az and B3 are the most significant. Three expander inputs (Ia> B, Ia<B, |a=p) allow
cascading without external gates. The three outputs (Oa > g, Oa <, Oa = B) have only two gate delays from the
expander inputs, thus reducing the delay time when units are cascaded for long words. The Ia =g input to the
least significant position must be held HIGH for proper compare operation. For serial (ripple) expansion, the A>
B, A <B and A = B outputs are connected respectively to the Ia > g, 1a <8, and la = B inputs of the next most
significant comparator.

LOGIC DIAGRAM

Bo Ao B1 A4 la>B la=B la<s B2 A2 B3 A3

é
il

Oa<s Oa=8 OA>8
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TRUTH TABLE

COMPARING INPUTS CASCADING INPUTS OUTPUTS
A3, B3  A2,B2 A1,Bi Aop,Bo |la>B la<B la=8B Oa>B Oa<B Oa-8B
A3 > B3 X X
A3 <Bs X X

A3 =Bz A2>B2 X
A3 =B3 A2<B2 X

A3 =Bz A2=B2 A1>B1
A3=Bs A2=B2 A1<Bi
A3 =B3 A2=B2 A1=B1 Ao>Bo
A3=B3s A2=B2 A1=B1 Ao<Bo

Az3=B3 A2=B2 A1=B1 Ap=Bo
Az3=B3 A2=B2 A1=B1 Ap=Bo
A3=B3s A2=B2 A1=B1 Ap=DBo
A3=Bs A2=B2 A1=B1 Ap=Bo
A3 =B3 A2=B2 A1=B1 Ao=Bo

XX XX X X

IMFrXrTrI XXXX XXXX
IMFrXIrT XXXX XXXX
FrEIrr XX XX XXXX
rIrrI rIr-rI rIr-I
rIrrIr- IrQrIC- IrrIr
rrIrrC rCcCcCorrecrr

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

APPLICATIONS — Figure a shows a high speed method of comparing two 24-bit words with only two levels of
device delay. With the technique shown in Figure b six levels of device delay result when comparing two 24-bit
words. The parallel technique can be expanded to any number of bits, see Table I.

TABLE |
NOTE:
WORD LENGTH|NUMBER OF PKGS. The 54LS/74LS85 can be used as a 5-bit comparator
N only when the outputs are used to drive the Ao — A3
1-4 Bits 1 and Bo — B3 inputs of another 54L.S/74LS85 as shown
5-24 Bits 2-6 in Figure 2 in positions #1, 2, 3, and 4.
25-120 Bits 8-31
INPUTS
- —
MSB = Most Significant Bit (LsB) (MSB)
LSB = Least Significant Bit Ao AI| A2 A3 By By Blz sli AzoAT A22 Azlsnao B21 Bi2 B23
L = LOW Level Ao A1 Az As Bo Br Bz Bs Ao A Az Az Bo By B: B3
H = HIGH Level L—]la>8 Oa>s Arg=—f 1> e
NC = No Connection L —qla<s #5 Oa<s B1ig— la<e #1 Oa<s
H—1la-8 Oa-B —J L—qla-8 Oa-B NC
INPUTS
As As A7 Ag Bs Be B7 Bs A0 A11A12 A13B10B11B12B13 AisA16A17 A1g B1sB16B17B1s
Ao A A2 As Bo Bi Bz Bs Ao At A2 A3 Bo By B2 B3 Ao A1 A2 A3 Bo By Bz B3
As—]1a>8 Oa>s Ay —]Ia>s On>p Aa—] Ia>8 Oa>8
Bs—] Ia<e #4 On<s By —] Ia<s #3 Oas<g B1a—] la<s #2 Oa<g
L—}la-B Oa-8 f—NC L 1a-8 Oa-s f—NC L—qla-B Oa-sf—NC
Ao A1 A2 A3 Bo By B2 B3
a>8 Oa~sff—
la<s #6 Oa-g f— ; OUTPUTS
la-B Oas

Fig. a Comparison of Two 24-Bit Words
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Ao A1 A2 A3 Bo B1 B2 B3

Ao A1 A2 A3 Bo B1 B2 B3

L—la>8 Oa>
L—fla<s 54LS/74LS85 Oa<s
H—fla-B Oa-8

PYIL.TTI .

d < << domdam

Ao A1 A2 A3 Bo By B2 B3
—1x>8 Oa>s — A>B
— la<s 54LS/74LS85 Oa<g — A<B
—] la-8 Oa-s f— A=B

L = LOW Level
H = HIGH Level

Fig. b Comparison of Two n-Bit Words

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER 5474 | S4TALS | ynits CONDITIONS
Min Max | Min Max
Output Short XM -20 -55 _
los Circuit Current XC | -18 -55 | 20 -100 mA Vee = Max
Vcc = Max
Icc Power Supply Current 88 20 mA A =8 =Gnd
Other Inputs Open

AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations)

54/74 54/74LS

SYMBOL PARAMETER CL=15pF|CL=15pF| UNITS CONDITIONS

RL =400 O

Min Max | Min Max
tPLH Propagation Delay 26 36 .
tPHL AnorBntoOa>BorOa<s 30 30 ns Figs. 3-1, 3-20
tPLH Propagation Delay 35 45 .
tPHL An or Bn to Oa =B 30 45 ns Figs. 3-1, 3-20
tPLH Propagation Delay 1" 22 .
tPHL An Ixx to OA > B or OA <B 17 17 ns Figs. 3-1, 3-4
tPLH Propagation Delay 20 22 .
tPHL IA-BtoOa=8 17 17 ns Figs. 3-1, 3-5
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54/7486
54S/74S86
54LS/74LS86

QUAD 2-INPUT EXCLUSIVE-OR GATE

CONNECTION DIAGRAM

PINOUT A

ORDERING CODE: See Section 9 E—.,l [14] veo
piN |_COMMERCIAL GRADE|  MILITARY GRADE | | (2] [13]
PKGS | our| Vec=+50V 5% Voo =+5.0 V +10%, | - o E‘\S) J——‘——E
TA=0°Cto+70°C | Ta=-55°Cto+125°C 0 Q,—-E
Plastic 7486PC, 74S86PC oA B ‘ 7]
DIP (P) 74LS86PC & 0
Ceramic 7486DC, 74586DC 5486DM, 54586DM oa | ovold IS Qr*?.l
DIP (D) 74LS86DC 54LS86DM
Flatpak 7486FC, 74S86FC 5486FM, 54S86FM N
(F) 74LS86FC 54LS86FM
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
PINS 54/74 (U.L.) 54/74S (U.L.) 54/74LS (U.L.)
HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.25 1.0/0.375
Outputs 20/10 25/12.5 10/5.0
2.5)
DC AND AC CHARACTERISTICS: See Section 3*
SYMBOL PARAMETER 54/74 | 54/74S | 54/74LS | Nivs CONDITIONS
Min Max| Min Max | Min Max
XM 43 75 10 _ _
Icc Power Supply Current XC 50 75 10 mA Vce = Max, VIN = Gnd
tpLH . 23 |35 105 12 Other Input LOW
i Propagation Delay 17 |30 10 17| ™ | Figs. 31,35
tPLH . 30 | 35 105 13 Other Input HIGH
tPHL Propagation Delay 22 |30 10 12| ™ | Figs. 3-1,3-4

*DC limits apply over operating temperature range; AC limits apply at TA = +25°C and Vcc = +5.0 V.
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Truth Table.

54H/74H87
4-BIT TRUE/COMPLEMENT,
ZERO/ONE ELEMENT

ORDERING CODE: See Section 9

DESCRIPTION — The '87 performs four operations at its outputs, depending
on the state of the Select inputs S1 and S2. The outputs can be forced
HIGH or LOW, or can follow the Datainputsin either the True or Complement
form. The Select input coding and the output responses are shown in the

CONNECTION DIAGRAM
PINOUT A

s:[0
o 3]
e [d]
12 (5]
o [f

GND |7

EVCC
[13] 1
[12] 04
[T} Ne
[70] 15
9] 0s
8] s

H = HIGH Voltage Level
L = LOW Voltage Level

PIN COMMERCIAL GRADE MILITARY GRADE PKG
PKGS Vee = +5.0 V +5%, Vce = +5.0 V £10%, LOGIC SYMBOL
OUT| 1, Z0°Cto+70°C | Ta=-55°Cto+125°C | TYPE
Plastic .
DIP (P) A |74HB7PC 9A 2 5 10 13
gﬁ;a(g;c A |74H87DC 54H87DM 6A T
§——a8,
F'f‘;’)’ak A |74H87FC 54H87FM 3l 1—]s
01 02 O3 O4
JRRR
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
54/74H (U.L)) Vce = Pin 14
PIN NAMES DESCRIPTION HIGH/LOW GND = Pin 7
l1—1l4 Data Inputs 1.25/1.25
S1, S2 Select Inputs 1.25/1.25
01— 04 Outputs 25/12.5
TRUTH TABLE
SELECT
INPUTS OUTPUTS
St S2 [O1 02 O3 Os
L L | = T8 T
L H |k 2 I3 s
H L |H H H H
H H L L L L
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. '
JaLaLs
T Y Y

I 2 I3 [}

03

OUTPUTS

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER 54/74H UNITS CONDITIONS
Min Max
Vce = Min, lon = -1.0 mA,
VoH Output HIGH Voltage 2.4 Vv Vin=20V,ViL=08V
Icc Power Supply Current . 8 mA Vce = Max
XC 89

AC CHARACTERISTICS: Vcc = 5.0 V, Ta = 25°C (See Section 3 for waveforms and load configurations)

54/74H
SYMBOL PARAMETER CL =25 pF UNITS CONDITIONS
RL =280 Q
Min Max

tPLH Propagation Delay . 20 ns

tPHL Into On 19 Figs. 3-1, 3-20

tPLH Propagation Delay 25 ns

tPHL Sn to On 25
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54/7489
54LS/74LS89

64-BIT RANDOM ACCESS MEMORY
(With Open-Collector Outputs)

DESCRIPTION — The '89 a high speed, low power 64-bit Random Access
Memory organized as a 16-word by 4-bit array. Address inputs are buffered
to minimize loading, and addresses are fully decoded on-chip. Outputs ar