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INTRODUCTION

Samsung Semiconductor is a broad-line manufacturer of semiconductors that range
from VLSI circuits such as memories (DRAM, SRAM, EPROM and EEPROM),
microprocessors, gate arrays and programmable logic to transistors, linear circuits
and telecommunications products.

The KS54/74AHCT and the KS54/74HCTLS high- performance CMOS logic
families are Samsung'’s entry into the general purpose digital logic area.

The KS54/74AHCT advanced high-speed CMOS family is designed to provide
performance equivalent to or better than that of the bipolar 54/74ALS (Advanced
Low-power Scholttky) family with the additional CMOS advantages of low power
dissipation and high noise immunity. The AHCT parts can therefore be used as
direct plug-in replacements for their ALS counterparts (and in most applications
for FAST and Schottky) and improve the system performance.

The 54/74HCTLS high-speed CMOS family offers similar benefits as a replace-
ment for industry-standard 54/74LS (Low-power Schottky), 54/74HCT and
54/74HC. While meeting all of the HCT electrical specifications, it also provides im-
proved speed and drive capability, so that LS parts can be replaced with no perfor-
mance degradation. .
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All rights reserved. No part of this publication may be reproduced, stored in a
retrieval system, or transmitted in any form or by any means, electronic, mechanical,
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PRODUCT GUIDE

1. Alphanumeric Index
1) KS54/74AHCT Family

Device Function Page
KS54/74AHCTO00 Quad 2-Input NAND Gates 57
KS54/74AHCTO1 Quad 2-Input NAND Gates with Open-Drain Outputs 59
KS54/74AHCT02 Quad 2-Input NOR Gates 61
KS54/74AHCT03 Quad 2-Input NAND Gates with Open-Drain Outputs 63
KS54/74AHCTO4 Hex Inverters 65
KS54/74AHCTO5 Hex Inverters with Open-Drain Outputs 67
KS54/74AHCTO08 Quad 2-Input AND Gates 69
KS54/74AHCTO9 Quad 2-Input AND Gates with Open-Drain Outputs 71
KS54/74AHCT10 Triple 3-Input NAND Gates 73
KS54/74AHCT11 Triple 3-Input AND Gates 75
KS54/74AHCT12 Triple 3-Input NAND Gates with Open-Drain Outputs 77
KS54/74AHCT14 Hex Schmitt-Trigger Inverters 79
KS54/74AHCT20 Dual 4-Input NAND Gates 82
KS54/74AHCT21 Dual 4-Input AND Gates 84
KS54/74AHCT22 Dual 4-Input NAND Gates with Open-Drain Outputs 86
KS54/74AHCT27 Triple 3-Input NOR Gates 88
KS54/74AHCT30 8-Input NAND Gate N 90
KS54/74AHCT32 Quad 2-Input OR Gates 92
KS54/74AHCT42 BCD-to-Decimal Decoder 94
KS54/74AHCTS1 _ Dual AND-OR-Invert Gates 96
KS54/74AHCT58 Dual AND-OR Gates - 96
KS54/74AHCT73 Dual J-K Negative-Edge-Triggered Filp-Flops with Clear 98
KS54/74AHCT74 Dual D-Type Positive-Edge-Triggered Filp-Flops with Preset and Clear 101
KS54/74AHCT75 Quad Bistable Transparent Latches 104
KS54/74AHCT76 Dual J-K Negative-Edge-Triggered Filp Flops with Preset and Clear 107
KS54/74AHCT77 Quad D-Type Latches 104
KS54/74AHCT78 Dual J-K Negative-Edge-Triggered Filp-Flops with Preset, Common Clear 110

and Common Clock .
KS54/74AHCT86 Quad 2-Input Exclusive-OR Gates 113
KS54/74AHCT107 Dual J-K Negative-Edge-Triggered Filp-Flops with Clear 116
KS54/74AHCT109 Dual J-K Positive-Edge-Triggered Filp-Flops with Preset and Clear 119
KS54/74AHCT112 Dual J-K Negative-Edge-Triggered Filp-Flops with Preset and Clear 122
KS54/74AHCT121 Monostable Multivibrators with Schmitt-Trigger Inputs 125
KS54/74AHCT123 Dual Retriggerable Monostable Multivibrators 128
KS54/74AHCT125 Quad Buffers with 3-State Outputs 131
KS54/74AHCT126 Quad Buffers with 3-State Outputs 131
KS54/74AHCT132 Quad 2-Input NAND Gates with Schmitt-Trigger Inputs 134
KS54/74AHCT133 13-Input NAND Gate 137
KS54/74AHCT138 3-Line to 8-Line Decoders/Demultiplexers 139
KS54/74AHCT139 Dual 1-of-4 Decoders/Demutiplexers 142
KS54/74AHCT148 8-Line to 3-Line Priority Encoders 145
KS54/74AHCT151 1 of 8 Data Selectors/Multiplexers 148
KS54/74AHCT153 Dual 1 of 4 Data Selectors/Multiplexers 151
KS54/74AHCT154 4-Line to 16-Line Decoders/Demultiplexers 154
KS54/74AHCT155 Dual 2-to-4 Line Decorders/Demultiplexers 157
KS54/74AHCT157 Quad 2-Line to 1-Line Data Selectors/Multiplexers 160
KS54/74AHCT158 Quad 2-Line to 1-Line Data Selectors/Multiplexers 160 -
KS54/74AHCT160 Synchronous 4-Bit Decade Counters 163
KS54/74AHCT161 Synchronous 4-Bit Binary Counters 163
KS54/74AHCT162 Synchronous 4-Bit Decade Counters 163
KS54/74AHCT163 Synchronous 4-Bit Binary Counters 163
KS54/74AHCT164 8-Bit Serial-In/Parallel-Out Shift Registers 168
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PRODUCT GUIDE

KS54/74AHCT Family (continued)

Device Function Page .
KS54/74AHCT165 8-Bit Parallel-In/Serial-Out Shift Registers 173
KS54/74AHCT166 8-Bit Parallel-In/Serial-Out Shift Registers with Clear 176
KS54/74AHCT168 Synchronous 4-Bit Up/Down Decade Counters 180
KS854/74AHCT169 Synchronous 4-Bit Up/Down Binary Counters 180
KS54/74AHCT173 4-Bit-Type Registers with 3-State Outputs 185
KS54/74AHCT174 Hex D-Type Filp-Flops with Clear - 189 -
KS54/74AHCT175 Quad D-Type Filp-Flops with Clear 189
KS54/74AHCT181 4-Bit Arithmetic Logic Unit 193
KS54/74AHCT182 Look-Ahead Carry Generator 201
KS54/74AHCT183 Dual High Speed Adder 205
KS54/74AHCT190 Presettable Synchronous BCD Decade Up/Down Counter 207
KS54/74AHCT191 Synchronous 4-Bit Up/Down Binary Counters 211
KS54/74AHCT192 Presettable Synchronous BCD Decade Up/Down Counter 215
KS54/74AHCT193 Synchronous 4-Bit Up/Down Binary Counters with Dual Clock 219
KS54/74AHCT194 4-Bit Bidirectional universal Shift Registers 223
KS54/74AHCT195 4-Bit Bidirectional Universal Shift Registers 227
KS54/74AHCT210 Octal Buffers and Line Drivers With 3-State Outputs. 231
KS54/74AHCT238 3-Line to 8-Line Decoders/Demultiplexers 234
KS54/74AHCT239 Dual 1-of-4 Decoders/Demultiplexers 237
KS54/74AHCT240 Octal Buffers and Line Drivers with 3-State Outputs 240
KS54/74AHCT241 Octal Buffers and Line Drivers with 3-State Outputs 240

 KS54/74AHCT242 Quad Bus Transceivers with 3-State Outputs 243
KS54/74AHCT243 | Quad Bus Transceivers with 3-State Outputs 243
KS54/74AHCT244 Octal Buffers and Line Drivers With 3-State Outputs 240
KS54/74AHCT245 Octal Bus Transceivers With 3-State Output 246
KS54/74AHCT251 | 1 of 8 Data Selectors/Multiplexers with 3-State Outputs 249

- KS54/74AHCT253 Dual 1 of 4 Data Selectors/Multiplexers with 3-State Outputs 252
'KS54/74AHCT257 Quad2-Line to 1-Line Data Selectors/Multiplexers with 3-State Outputs 255
KS54/74AHCT258 Quad 2-Line to 1-Line Data Selectors/Multiplexers with 3-State Outputs 255
KS54/74AHCT259 8-Bit Addressable latches 258
KS54/74AHCT266 Quad Exclusive-NOR Gates with Open-Drain Outputs 261
KS54/74AHCT273 Octal D-Type Filp-Flops 263
KS64/74AHCT280 9-Bit Parity Generators/Checkers with Clear ) 266
KS54/74AHCT299 8-Bit Universal Shift/Storage Registers with 3-State Outputs 269
KS54/74AHCT352 Dual 4-Line to 1-Line Data Selectors/Multiplexers 273
KS54/74AHCT353 Dual 1 of 4 Data Selectors/Multiplexers with 3-State Outputs 276
KS54/74AHCT365 Hex Bus-Drivers with 3-State Outputs 279
KS54/74AHCT366 Hex Bus-Drivers with 3-State Outputs 279
KS54/74AHCT367 Hex Bus-Drivers with 3-State Outputs 279
KS54/74AHCT368 Hex Bus-Drivers with 3-State Outputs 279
KS54/74AHCT373 Octal D-Type Transparent Latches with 3-State Outputs 282
KS54/74AHCT374 Octal D-Type Flip-Flops with 3-State Outputs 285
KS54/74AHCT377 Octal D-Type Flip-Flops with Clock Enable 288
KS54/74AHCT390 Dual 4-Bit Decade Counters 291
KS54/74AHCT393 Dual 4-Bit Binary Counters 294
KS54/74AHCT399 Quad 2-Port Registers 297
KS54/74AHCT423 Dual Retriggerabie Monostable Multivibrators 300
KS54/74AHCT465 Octal Buffers and Line Drivers with 3-State Outputs 303
KS54/74AHCT466 Octal Buffers and Line Drivers with 3-State Outputs 303
KS54/74AHCT467 Octal Buffers and Line Drivers with 3-State Outputs 303
KS54/74AHCT468 Octal Buffer and Line Drivers with 3-State Outputs 303
KS54/74AHCT518 8-Bit Identity Comparators 306
KS54/74AHCT519 8-Bit Identity Comparators 306
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PRODUCT GUIDE

KS54/74AHCT Family (continued)

Device Function Page
KS54/74AHCTS520 8-Bit Identity Comparators 306
KS54/74AHCT521 8-Bit Identity Comparators 306
KS54/74AHCT522 8-Bit Identity Comparators 306
KS54/74AHCT533 Octal D-Type Transparent Latches with 3-State Outputs 310
KS54/74AHCT534 Octal D-Type Flip-Flops with 3-State Outputs 313
KS54/74AHCT540 Octal Buffers and Line Drivers with 3-States Outputs 316
KS54/74AHCT541 Octal Buffers and Line Drivers with 3-States Outputs 316
KS54/74AHCT563 Octal D-Type Transparent Latches with 3-States Outputs 319
KS54/74AHCT564 Octal D-Type Flip-Flops with 3-State Outpus 322
KS54/74AHCT573 Octal D-Type Transparent Latches with 3-State Outputs 325
KS54/74AHCT574 Octal D-Type Flip-Flops with 3-State Outputs 328
KS54/74AHCT590 8-Bit Binary Counters with 3-State Output Register 331
KS54/74AHCT591 8-Bit Binary Counters with 3-State Output Register 331
KS54/74AHCT592 8-Bit Binary Counters with Input Register 337
KS54/74AHCT593 8-Bit Binary Counters with Bidirectional Input Register/Counter Output 337
KS54/74AHCT595 8-Bit Shift Registers with Output Latches 342
KS54/74AHCT596 8-Bit Shift Registers with Output latches 342
KS54/74AHCT597 8-Bit shift Registers with Input Latches 346
KS54/74AHCT640 Octal Bus Transceivers with 3-State Outputs 349
KS54/74AHCT643 Octal Bus Transceivers with 3-State Outputs 349
KS54/74AHCT645 Octal Bus Transceivers with 3-State Outputs 349
KS54/74AHCT646 Octal 3-State Transceivers with Registers 353
KS54/74AHCT648 Octal 3-State Bus Transceivers with Registers 353
KS54/74AHCT651 Octal 3-State Bus Transceivers with Registers 357
KS54/74AHCT652 Octal 3-State Bus Transceivers with Registers 357
KS54/74AHCT658 Octal Bus Transceivers with Parity 361
KS54/74AHCT659 Octal Bus Transceivers with Parity 361
KS54/74AHCT664 Octal Bus Transceivers with Parity 364
KS54/74AHCT665 Octal Bus Transceivers with Party 364
KS54/74AHCT670 4-By-4 Register Files with 3-State Outputs 368
KS54/74AHCT679 12-Bit Address Comparators 371
KS54/74AHCT680 12-Bit Address Comparators 371
KS54/74AHCT682 8-Bit Magnitude Comparators 376
KS54/74AHCT684 8-Bit Magnitude Comparators 376
KS54/74AHCT686 8-Bit Magnitude Comparators 376
KS54/74AHCT688 8-Bit Identity Comparators 381
KS54/74AHCT689 8-Bit Identity Comparators with Open-Drain Outputs 381
KS54/74AHCT793 Octal Latches with Readback 384
KS54/74AHCT794 Octal Registers with Readback 384
KS54/74AHCT821 10-Bit Bus Interface Registers with 3-State Outputs 388
KS54/74AHCT822 10-Bit Bus Interface Registers with 3-State Outputs 388
KS54/74AHCT823 9-Bit Bus Interface Registers with 3-State Outputs 392
KS54/74AHCT824 9-Bit Bus Interface Registers with 3-State Outputs 392
KS54/74AHCT825 8-Bit Bus Interface Registers with 3-State Outputs 396
KS54/74AHCT826 8-Bit Bus Interface Registers with 3-State Outputs 396
KS54/74AHCT841 10-Bit Bus interface D-Type Latches with 3-State Outputs 400
KS54/74AHCT842 10-Bit Bus interface D-Type Latches with 3-State Outputs 400
KS54/74AHCT843 9-Bit Bus interface D-Type Latches with 3-State Outputs 404
KS54/74AHCT844 9-Bit Bus interface D-Type Latches with 3-State Outputs 404
KS54/74AHCT845 8-Bit Bus interface D-Type Latches with 3-State Outputs 408
KS54/74AHCT846 8-Bit Bus interface D-Type Latches with 3-State Outputs 408
KS54/74AHCT4049 Hex Inverting Logic Level Down Converters ‘ 412
KS54/74AHCT4050 Hex Logic Level Down Converters 412
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PRODUCT GUIDE

2) KS54/74HCTLS Family

Device Function Page
KS54/74HCTLS00 Quad 2-Input NAND Gates 417
KS54/74HCTLSO1 Quad 2-Input NAND Gates with Open-Drain Outputs 419
KS54/74HCTLS02 Quad 2-Input NOR Gates 421
KS54/74HCTLS03 Quad 2-Input NAND Gates with Open-Drain Outputs 423
KS54/74HCTLS04 Hex Inverters i . 425
KS54/74HCTLS05 Hex Inverters with Open-Drain Outputs 427
KS54/74HCTLS08 Quad 2-Input AND Gates 429
KS54/74HCTLS09 Quad 2-Input AND Gates with Open-Drain Outputs 431

1KS54/7T4HCTLS10 Triple 3-Input NAND Gates 433
KS54/7T4HCTLS11 Triple 3-Input AND Gates 435
KS54/74HCTLS12 Triple 3-Input NAND Gates with Open-Drain Outputs 437
KS54/74HCTLS14 Hex Schmitt-Trigger Inverters 439
KS54/74HCTLS20 Dual 4-Input NAND Gates ‘442
KS54/74HCTLS21 Dual 4-Input AND Gates 444
KS54/74HCTLS22 Dual 4-Input NAND Gates with Open-Drain Outputs 446
KS54/7T4HCTLS27 Triple 3-Input NOR Gates 448
KS54/74HCTLS30 8-Input NAND Gate 450
KS54/74HCTLS32 Quad 2-Input OR Gates 452
KS54/7T4HCTLS42 BCD-to-Decimal Decoder 454
KS54/74HCTLS51 Dual AND-OR:-Invert.Gates 456
KS54/7T4HCTLS58 - Dual AND-OR Gates 456
KS54/74HCTLS73A Dual J-K Negative-Edge-Triggered Flip-Flops with Ciear 458
KS54/74HCTLS74A Dual D-Type Positive-Edge-Triggered Flip-Flops with Preset and Clear 461
KS54/7T4HCTLS75A Quad Bistable Transparent Latches 464
KS54/74HCTLS76A Dual J-K Negative-Edge-Triggered Flip-Flops with Preset and Clear 467
KS54/7T4HCTLS77 Quad D-Type Latches 464
KS54/74HCTLS78A Dual J-K Negative-Edge-Triggered Flip-Flops with Preset, Common Clear 470

and Common Clock
KS54/74HCTLS86 Quad 2-Input Exclusive-OR Gates 473
KS54/74HCTLS107A |, Dual J-K Negative-Edge-Triggered Flip-Flops with Clear 476
KS54/74HCTLS109A | Dual J-K Positive-Edge-Triggered Flip-Flops with Preset and Clear 479
KS54/T4HCTLS112A |  Dual J-K Negative-Edge-Triggered Flip-Flops with Preset and Clear 482
KS54/74HCTLS121 Monostable Multivibrators with Schmitt-Trigger Inputs 485
KS54/74HCTLS123 Dual Retriggerable Monostable Multivibrators 488
KS54/7T4HCTLS125 Quad Buffers with 3-State Outputs 491
KS54/7T4HCTLS126 Quad Buffers with 3-State Outputs 491
KS54/74HCTLS132 Quad 2-Input NAND Gates with Schmitt-Trigger Inputs 494
KS54/74HCTLS133 13-Input NAND Gates 497
KS54/74HCTLS138 3-Line to 8-Line Decoders/Demultiplexers 499
KS54/74HCTLS139 Dual 1-of-4 Decoders/Demultiplexers 502
KS54/74HCTLS148 8-Line to 3-Line Priority Encoders 505
KS54/74HCTLS151 1 of 8 Data Selectors/Multiplexers 508
KS54/74HCTLS1563 Dual 1 of 4 Data Selectors/Multiplexers 511
KS54/74HCTLS154 4-Line to 16-Line Decoders/Demultiplexers ' 514
KS54/74HCTLS155 Dual 2-to-4 Line Decoders/Demultiplexers 517
'KS54/74HCTLS157 Quad 2-Line to 1-Line Data Selectors/Multiplexers 520
KS54/74HCTLS161A Synchronous 4-Bit Binary Counters 523
KS54/74HCTLS162 Synchronous 4-Bit Decade Counters 523
KS54/74HCTLS163 Synchrounus 4-Bit Binary Counters 523
KS54/74HCTLS164 529

8-Bit Serial-In/Parallel-Out Shift Registers

Eg SAMSUNG SEMICONDUCTOR
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PRODUCT GUIDE

KS54/74HCTLS Family (continued)

Device Function Page
KS54/74HCTLS165 8-Bit Serial-In/Parallel-Out Shift Registers 532
KS54/74HCTLS166 8-Bit Serial-In/Parallel-Out Shift Registers with Clear. 536
KS54/74HCTLS168 Synchronous 4-Bit Up/Down Decade Counters 540
KS54/74HCTLS169 Synchronous 4-Bit Up/Down Binary Counters 540
KS54/74HCTLS173 4-Bit D-Type Registers with 3-State Outputs 545
KS54/74HCTLS174 Hex D-Type Flip-Flops with Clear 549
KS54/74HCTLS175 Quad D-Type Flip-Flops with Clear 549
KS54/74HCTLS181 4-Bit Arithmetic Logic Unit 553
KS54/74HCTLS182 Look-Ahead Carry Generator 561
KS54/74HCTLS183 Dual-High Speed Adder . 565

|KS54/74HCTLS190 Presettable Synchronous BCD Decade Up/Down Counter 567
KS54/74HCTLS191 Synchronous 4-Bit Up/Down Binary Counters C 571
KS54/74HCTLS192 Presettable Synchronous BCD Decade Up/Down Counter 575
KS54/74HCTLS193 Synchronous 4-Bit Up/Down Binary Counters with Dual Clock 579
KS54/74HCTLS194 4-Bit Bidirectional Universal Shift Registers 583

- |KS54/74HCTLS195 4-Bit Bidirectional Universal Shift Registers 587
KS54/74HCTLS210 Octal Buffers and Line Drivers with '3-State Outputs 591
KS54/74HCTLS238 3-Line to 8-Line Decoders/Demultiplexers 595
KS54/74HCTLS239 Dual 1-of-4 Decoders/Demultiplexers 597
KS54/74HCTLS240 Octal Buffers and Line Drivers with 3-State Outputs 600
KS54/74HCTLS241 Octal Buffers and Line Drivers with 3-State Outputs 600
KS54/74HCTLS242 Quad Bus Transceivers with 3-State Outputs 603
KS54/74HCTLS243 Quad Bus Transceivers with 3-State Outputs 603
KS54/74HCTLS244 Octal Buffers and Line Drivers with 3-State Outputs 600
KS54/74HCTLS245 Octal Bus Transceivers with 3-State Outputs 607
KS54/74HCTLS251 1 of 8 Data Selectors/Multiplexers with 3-State Outputs 609
KS54/74HCTLS253 Dual 1 of 4 Data Selectors/Multiplexers with 3-State Outputs 612
KS54/74HCTLS257 Quad 2-Line to 1-Line Data Selectors/Multiplexers with 3-State Outputs 615
KS54/74HCTLS258 Quad 2-Line to 1-Line Data Selectors/Multiplexers with 3-State Outputs 615
KS54/74HCTLS259 8-Bit Addressable Latches 619
KS54/74HCTLS266 Quad Exclusive-NOR Gates with Open -Drain Outputs 621
KS54/74HCTLS273 Octal D-Type Flip-Flops 623
KS54/74HCTLS280 9-Bit Parity Generators/Checkers with Clear 626
KS54/74HCTLS299 8-Bit Universal Shift/Storage Registers with 3-State Outputs 629
KS54/74HCTLS352 Dual 4-Line to 1-Line Data Selectors/Multiplexers 633
KS54/74HCTLS353 Dual 1 of 4 Data Selectors/Multiplexers with 3-State Outputs . 636
KS54/74HCTLS365 Hex Bus-Drivers with 3-State Outputs 639
KS54/74HCTLS366 Hex Bus-Drivers with 3-State Outputs 639
KS54/74HCTLS367 Hex Bus-Drivers with 3-State Outputs 639
KS54/74HCTLS368 Hex Bus-Drivers with 3-State Outputs 639
KS54/74HCTLS373 Octal D-Type Transparent Latches with 3-State Outputs 642
KS54/74HCTLS374 Octal D-Type Flip-Flops with 3-State Outputs 645
KS54/74HCTLS377 Octal D-Type Flip-Flops with Clock Enable 648
KS54/74HCTLS390 Dual 4-Bit Decade Counters 651
KS54/74HCTLS393 Dual 4-Bit Binary Counters 655
KS54/74HCTLS399 Quad 2-Port Registers 657
KS54/74HCTLS423 Dual Retriggerable Monostable Multivibrators 660
KS54/74HCTLS465 Octal Buffers and Line Drivers with 3-State Outputs 663
KS54/74HCTLS466 Octal Buffers and Line Drivers with 3-State Outputs 663
KS54/74HCTLS467 Octal Buffers and Line Drivers with 3-State Outputs 663
KS54/74HCTLS468 Octal Buffers and Line Drivers wijth 3-State Outputs 663
KS54/74HCTLS518 8-Bit Identity Comparators 666
KS54/74HCTLS519 8-Bit Identity Comparators 666

@ SAMSUNG SEMICONDUCTOR
'

15




PRODUCT GUIDE

KS54/74HCTLS Family (continued)

Device Function Page
| KS54/74HCTLS520 8-Bit Identity Comparators 666
KS54/74HCTLS521 8-Bit Identity Comparators 666
KS54/74HCTLS522 8-Bit Identity Comparators 666
KS54/74HCTLS533 Octal D-Type Transparent Latches with 3-State Outputs 670
KS54/74HCTLS534 Octal D-Type Flip-Flops with 3-State Output 673
KS54/74HCTLS540 Octal Buffers and Line Drivers with 3-State Outputs 676
KS54/74HCTLS541 Octal Buffers and Line Drivers with 3-State Outputs 676
KS54/74HCTLS563 Octal D-Type Transparent Latches with 3-State Outputs 679
KS54/74HCTLS564 Octal D-Type Flip-Flops with 3-State Outputs : 682
KS54/74HCTLS573 Octal D-Type Transparent Latches with 3-State Outputs 685
KS54/74HCTLS574 Octal D-Type Flip-Flops with 3-State Outputs 688
KS54/74HCTLS590 8-Bit Binary Counters with 3-State Output Register 691
KS54/74HCTLS591 8-Bit Binary Counters with 3-State Output Register 691
KS54/74HCTLS592 8-Bit Binary Counters with Register ) 696
KS54/74HCTLS593 8-Bit Binary Counters with Bidirectional Input Register/Counter Output 696 .
KS54/74HCTLS595 8-Bit Shift Registers with Output Latches ’ 702
KS54/74HCTLS596 8-Bit Shift Registers with Output Latches 702
KS54/74HCTLS597 8-Bit Shift Regiters with Input Latches 707
KS54/74HCTLS640 ‘Octal Bus Transceivers with 3-State Outputs 709
KS54/74HCTLS643 Octal Bus Transceivers with 3-State Outputs 709
KS54/7T4HCTLS645 Octal Bus Transceivers with 3-State Outputs 709
KS54/74HCTLS646 Octal 3-State Transceivers with Registers 712
KS854/74HCTLS648 Octal 3-State Bus Transceivers with Registers 712
KS54/74HCTLS651 Octal 3-State Bus Transceivers with Registers 716
KS54/74HCTLS652 Octal 3-State Bus Transceivers with Registers 716
KS54/74HCTLS658 Octal Bus Transceivers with Parity 720
KS54/74HCTLS659 Octal Bus Transceivers with Parity 720
KS54/74HCTLS664 Octal Bus Transceivers with Parity 724
KS54/74HCTLS665 Octal Bus Transceivers with Parity 724
KS54/74HCTLS670 4-By-4 Register Files with 3-State Outputs 728
KS54/74HCTLS679 12-Bit Address Comparators 732
KS54/74HCTLS680 12-Bit Address Comparators 732
KS54/74HCTLS682 8-Bit Magnitude Comparators 737
KS54/74HCTLS684 8-Bit Magnitude Comparators 737
KS54/74HCTLS686 8-Bit Magnitude Comparators 737
KS54/74HCTLS688 ‘8-Bit Magnitude Comparators 742
KS54/74HCTLS689 8-Bit Identity Comparators with Open-Drain Outputs 742
KS54/74HCTLS793 Octal Latches with Readback 745
KS54/74HCTLS794 Octal Registers with Readback 745
KS54/74HCTLS821 10-Bit Bus Interface Registers with 3-State Outputs 749
KS54/74HCTLS822 10-Bit Bus Interface Registers with 3-State Outputs 749
KS54/74HCTLS823 9-Bit Bus Intérface Registers with 3-State Outputs 753
KS54/74HCTLS824 9-Bit Bus Interface Registers with 3-State Outputs 753
KS54/74HCLTS825 8-Bit Bus Interface Registers with 3-State Outputs 757
KS54/74HCTLS826 8-Bit Bus Interface Registers with 3-State Outputs 757
KS54/74HCTLS841 10-Bit Bus Interface Registers with 3-State Outputs 761
KS54/74HCTLS842 10-Bit Bus Interface Registers with 3-State Outputs 761
KS54/74HCTLS843 9-Bit Bus Interface Registers with 3-State Outputs 765
KS54/74HCTLS844 9-Bit Bus Interface Registers with 3-State Outputs _ 765
_|KS54/74HCTLS845 8-Bit Bus Interface Registers with 3-State Outputs 769
KS54/74HCTLS846 | 8-Bit Bus interface Registers with 3-State Outouts 769
KS54/74HCTLS4049 | Hex inverting Logic level Down Converters 773
KS54/74HCTLS4050 | Hex Logic Level Down Converters 773
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PRODUCT GUIDE

2. Functional Selection Guide

Part Number
Function KS54/74AHCT Description Package
KS54/74HCTLS
Gates and 00 Quad 2-Input NAND Gates 14 DIP
Inverters 01 Quad 2-Input NAND Gates with Open-Drain Outputs ’ 14 DIP
02 Quad 2-Input NOR Gates 14 DIP
03 Quad 2-Input NAND Gates with Open-Drain Outputs 14 DIP
04 Hex Inverters . 14 DIP 1
05 Hex Inverters with Open-Drain Outputs ' 14 DIP
08 Quad 2-Input AND Gates 14 DIP
09 Quad 2-Input AND Gates with Open-Drain Outputs 14 DIP
10 Triple 3-Input NAND Gates 14 DIP
11 Triple 3-Input AND Gates C 14 DIP
12 Triple 3-Input NAND Gates with Open-Drain Outputs 14 DIP
14 * Hex Schmitt-Trigger Inverters 14 DIP
20 Dual 4-Input NAND Gates 14 DIP
21 Dual 4-Input AND Gates 14 DIP
22 Dual 4-Input NAND Gates with Open-Drain Outputs 14 DIP
27 Triple 3-Input NOR Gates 14 DIP
30 8-Input NAND Gate ' 14 DIP
32 Quad 2-Input OR Gates . 14 DIP
51 Dual AND-OR-Invert Gates 14 DIP
58 Dual AND-OR Gates 14 DIP |
86 Quad 2-Input Exclusive-OR Gates 14 DIP |
132 Quad 2-Input NAND Gates with Schmitt-Trigger Inputs : 14 DIP |
133 13-Input NAND Gates 16 DIP
. 266 Quad Exclusive-NOR Gates with Open Drain Outputs 14 DIP
Buffers 125 Quad Buffers with 3-State Outputs 14 DIP
and 126 Quad Buffers with 3-State Outputs 14 DIP
Line 210 Octal Buffers and Line Drivers with 3-State Outputs 20 DIP
Drivers 240 Octal Buffers and Line Drivers with 3-State Outputs 20 DIP
241 Octal Buffers and Line Drivers with 3-State Outputs : 20 DIP
244 Octal Buffers and Line Drivers with 3-State Outputs 20 DIP
365 Hex Bus-Drivers with 3-State Outputs 16 DIP
366 Hex Bus-Drivers with 3-State Outputs 16 DIP
367 Hex Bus-Drivers with 3-State Outputs 16 DIP
368 Hex Bus-Drivers with 3-State Outputs 16 DIP
465 Octal Buffers and Line Drivers with 3-State Outputs 20 DIP
466 Octal Buffers and Line Drivers with 3-State Outputs 20 DIP
467 Octal Buffers and Line Drivers with 3-State Outputs 20 DIP
468 Octal Buffers and Line Drivers with 3-State Outputs 20 DIP
540 Octal Buffers and Line Drivers with 3-State Outputs 20 DIP
541 Octal Buffers and Line Drivers with 3-State Outputs 20 DIP
Level 4049 Hex Inverting ngic level Down Converters 16 DIP
Shifters 4050 Hex Logic level Down Converters 16 DIP
Flip-Flops 73 Dual J-K Negative-Edge-Triggered Flip-Flops with Clear 14 DIP
74 Dual D-Type Positive-Edge-Triggered Flip-Flops with Preset and Clear 14 DIP
76 Dual J-K Negative-Edge-Triggered Flip-Flops with Preset and Clear 16 DIP
78 Dual J-K Negative-Edge-Triggered Flip-Flops with Preset, Common Clear
and Common Clock : 14 DIP
107 Dual J-K Negative-Edge-Triggered Flip-Flops with Clear 14 DIP
109 Dual J-K Positive-Edge-Triggered Flip-Flops with Preset and Clear 16 DIP

(4 :
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Functional Selection Guide (continued)
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Part Number
Function KS54/74AHCT Description Package
KS54/74HCTLS

112 Dual J-K Negative-Edge-Triggered Flip-Flops with Preset and Clear 16 DIP
173 4-Bit D-Type Registers with 3-State Outputs 16 DIP
174 Hex D-Type Flip-Flops with Clear 16 DIP
175 Quad D-Type Flip-Flops with: Clear 16 DIP
273 Octal D-Type Flip-Flops with Clear 20 DIP
374 Octal D-Type Flip-Flops with 3-State Outputs 20 DIP
377 Octal D-Type Flip-Flops with Clock Enable 20 DIP
399 Quad 2-Port Registers 16 DIP
534 Octal D-Type Flip-Flops with 3-State 20 DIP
564 Octal DType Flip-Flops with 3-State 20 DIP
574 Octal D-Type Flip-Flops with 3-State 20 DIP
670 4-By-4-Register Files with 3-State Outputs 16 DIP
794 Octal Register with Readback 20 DIP
821 10 Bit BUS Interface Registers with 3-State Outputs 24 DIP
822 10 Bit BUS Interface Registers with 3-State Outputs 24 DIP
823 9-Bit BUS Interface Registers with 3-State Outputs 24 DIP
824 9-Bit BUS Interface Registers with 3-State Outputs 24 DIP
825 8-Bit BUS Interface Registers with 3-State Outputs 24 DIP
826 8-Bit BUS Interface Registers with 3-State Outputs 24 DIP
75 Quad Bistable Transparent Latches 16 DIP
77 Quad D-Type Latches 14 DIP
Latches .259 8-Bit Addressable Latches 16 DIP
373 Octal D-Type Transparent Latches with 3-State Outputs 20 DIP
533 Octal DType Transparent Latches with 3-State Outputs 20 DIP

563 Octal D-Type Transparent Latches with 3-State Outputs 20 DIP
573 QOctal D-Type Transparent Latches with 3-State Outputs 20 DIP
793 Octal D-Type Transparent Latches with Readback 20 DIP
841 10-Bit Bus Interface D-Type latches with 3-State Outputs -24 DIP
842 10-Bit Bus Interface D-Type latches with 3-State Outputs 24 DIP
843 9-Bit Bus Interface D-Type latches with 3-State Outputs 24 DIP
844 9-Bit Bus Interface D-Type latches with 3-State" Outputs 24 DIP
845 8-Bit Bus Interface D-Type latches with 3-State Outputs 24 DIP
846 8-Bit Bus Interface ‘D-Type latches with 3-State Outputs 24 DIP
"Multiplexers 151 1 of 8 Data Selectors/Multiplexers 16 DIP
153 Dual 1 of 4 Data Selectors/Multiplexers 16 DIP
157 Quad 2-Line to 1-Line Data Selectors/Multiplexers 16 DIP
158 Quad 2-Line to 1-Line Data Selectors/Multiplexers 16 DIP
251 1-of-4 Data Selectors/Multiplexers with 3-State Outputs 16 DIP
- 253 Dual 1-of-4 Data Selectors/Multiplexers with 3-State Outputs 16 DIP
257 Quad 2-Line to 1-Line Data Selectors/Multiplexers with 3-State Outputs 16 DIP
258 Quad 2-Line to 1-Line Data Selectors/Multiplexers with 3-State Outputs 16 DIP

352 Dual 1-of-4 Data Selectors/Multiplexers 16 DIP -
353 1-of-4 Data Selectors/Multiplexers with 3-State Outputs 16 DIP
Shift 164 8-Bit Serial-In/Parallel-Out Sift Registers 14 DIP
- Registers 165 8-Bit Parallel-IN/Serial-Out Shift Registers 16 DIP
166 | 8-Bit Paraliel-IN/Serial-Out Shift Registers 16 DIP
194 4-Bit Bidirectional Universal Shift Registers’ 16 DIP
195 4-Bit Bidirectional Universal Shift Registers 16 DIP
299 8-Bit Universal Shift/Storage Registers with 3-State Outputs 20 DIP
18



PRODUCT GUIDE

Functional Selection Gude (continued)

Part Number
Function KS54/T4AHCT Description Package
KS54/74HCTLS
Gates and 595 8-Bit Shift Registers with Output Latches 16 DIP
596 8-Bit Shift Registers with Output Latches 16 DIP
597 8-Bit Shift Registers with Input Latches 16 DIP
Transceivers/ © 242 Quad Bus Transceivers with 3-State Outputs 14 DIP
243 Quad Bus Transceivers with 3-State Outputs 14 DIP
245 Ouad Bus Transceivers with 3-State Outputs ' 20 DIP
640 Ouad Bus Transceivers with 3-State Outputs 20 DIP
643 Ouad Bus Transceivers with 3-State Outputs . 20 DIP
645 Ouad Bus Transceivers with 3-State Outputs 20 DIP
646 Octal 3-State Bus Transceivers with Registers 24 DIP
648 Octal 3-State Bus Transceivers with Registers 24 DIP
651 Octal 3-State Bus Transceivers with Registers 24 DIP
652 Octal 3-State Bus Transceivers with Registers 24 DIP
658 Octal Bus Transceivers with Parity ' 24 DIP
659 Octal Bus Transceivers with Parity 24 DIP
664 Octal Bus Transceivers with Parity : 24 DIP
665 Octal Bus Transceivers with Parity ) 24 DIP
Counters 160 Synchronous 4-Bit Decade Counters 16 DIP
161 Synchronous 4-Bit Binary Counters 16 DIP
162 Synchronous 4-Bit Decade Counters o 16 DIP
163 Synchronous 4-Bit Binary Counters 16 DIP
168 Synchrénous 4-Bit Up/Down Decade Counters 16 DIP
169 Synchronous 4-Bit Up/Down Binary Counters 16 DIP
190 Presettable Synchronous BCD Decade Up/Down Counter 16 DIP
191 Synchronous 4-Bit Up/Down Binary Counters 16 DIP
192 Synchronous 4-Bit Up/Down Binary Counters 16 DIP
193 Synchronous 4-Bit Up/Down Binary Counters with Dual Clock 16 DIP
390 Dual 4-Bit Decade Counters ) ’ 16 DIP
393 Dual 4-Bit Binary Counters 16 DIP
590 8-Bit Binary Counters with 3-State Output Register 16 DIP
591 8-Bit Binary Counters with 3-State Output Register 16 DIP
592 8-Bit Binary Counters with Input Register 16 DIP
593 | 8-Bit Binary Counters with Bidirectional Input Register/Counter Output 20 DIP
Decocers 42 BCD-to-Decimal Decoder 16 DIP
Encoders 138 3-Line to 8-Line Decoders/Demultiplexers 16 DIP
139 Dual 1-of-4 Decoders/Demultiplexers 16 DIP
148 8-Line to 3-Line Priority Encoders 16 DIP
154 4-Line to 16-Line Decoders/Demultiplexers 24 DIP
155 Dual 2-to-4 Line Decoders/Demultiplexers 16 DIP
238 3-Line to 8-Line Decoders/Demultiplexers . 16 DIP
239 Dual 1-of-4 Decoders/Demultiplexers 16 DIP
Multivibrators 121 Monostable Multivibrators with Schmit-Trigger Inputs 14 DIP
123 Dual Retriggerable Monostable Multivibrators 16 DIP
423 Dual Retriggerable Monostable Multivibrators 16 DIP
Arithmetic 181 4-Bit Arithmetic Logic Unit . . 24 DIP
Circuits 182 Look-Ahead Carry Generator . 16 DIP
183 Dual High Speed Adder . 14 DIP
280 9-Bit Parity Generators/Checkers ) 14 DIP

[ 4. .
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Functional Selection Guide (contnued)

7
o

Pant Namber

Function KS54/74AHCT Description: Package

) KS54/74HCTLS
518 8-Bit Identity Comparators 20 DIP
519 8-Bit Identity Comparators 20 DIP
520 8-Bit Identity Comparators 20 DIP
521 8-Bit Identity Comparators 20 DIP
522 8-Bit Identity Comparators 20 DIP
679 12-Bit Address Comparators 20 DIP
680 12-Bit Address Comparators 20 DIP
682 8-Bit Magnitude Comparators 20 DIP
684 8-Bit Magnitude Comparators 20 DIP
686 8-Bit Magnitude Comparators 20 DIP
688 8-Bit Magnitude Comparators 20 DIP
689 8-Bit Identity Comparators with Open-Drain Outputs 20 DIP

20
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PARAMETER MEASUREMENT INFORMATION
AC SWITCHING TEST CIRCUITS

Totem-Pole Outputs
Vee

DEVICE
UNDER

INPUT o | |
TEST |
*

J_ Icl

;CL includes load and test jig capacitance

3-State Outputs

st
Vee

-0 [
4
R, ’
DEVICE
INPUT o0—o UNDER
TEST
I c.* .

il

*C. Includes load and test jig capacitance
St = V¢ for tpz and tpLz measurements

S = GND for tpzH and tpnz measurements.

Opén-Drain Outputs

Vee

l

S R
DEVICE b I
INPUT ] UNDER o
TEST

L
T T-

*C. includes load and test jig capacitance
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PARAMETER MEASUREMENT INFORMATION

TIMING WAVEFORMS

Propagation Delays

INPUT

“'IN—PHASE
ouTPUT

OUT-OF-PHASE
OuTPUT

Setup & Hold Times, Input Rise & Fall Times

_ it =t
1 . ]
REFERENCE 02:'3\7/"' -y PXTh U v
INPUT . ] 0.3V ov
l,....gm.o-—:,,—-‘—-._ :
DATA 2.7V {e e e mmmae av
INPUT 0.3V f1.3v 2.7V 1.3V
’ i 0.3v 1 ov
-y - t
Input Pulse Width
POSITIVE || f—— 3v
INPUT 1.3v s ov
1
PULSE L L——
NEGATIVE ‘el — 3v
INPUT 1.3V 1.3V ov
PULSE

Enable & Disable Time for 3-State Outputs

OUTPUT CONTROL
(Low-level enabling)

OUTPUT
WAVEFORM 1*

OUTPUT
WAVEFORM 2*

* Waveform 1 is for an output with internal conditions such that the output is low except when disabled
by the output control. This waveform is applicable to both 3-state and open-drain outputs.

* Waveform 2 is for an’output with internal conditions such that the output is high except when disabled
by the output control.
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PARAMETER MEASUREMENT INFORMATION

DEFINITIONS OF TERMS & SYMBOLS

FUNCTION TABLE SYMBOLS

= Steady state high level

L = Steady state low level

t = Transition from low to high level

V= Transition from high to low level

X = Don't care (high, low states or transitions)

Z =. High-impedance state of a 3-state output

h = The level of steady-state inputs at inputs A thru H, respectively
Q, = Level of Q before the indicated steady-state input conditions were established
Q = Complement of Q, or level of Q before the indicated steady-state conditions were established
Qn = Level of Q before the most recent active transition indicated by * or ¢
JL = One high-level pulse
T = One low-level pulse .

TOGGLE = each output changes to the complement of its previous level on each active transition indicated by t or ¥

If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is valid whenever
the input configuration is achieved and regardless of the sequence in which it is achieved. The output persists so long as
the input configuration is maintained.

If, in the input columns, a row contains H, L, and/or X together with * and/or {, this means the output is valid whenever
the input configuration is achieved but the transition(s) must occur following the achievement of the steady-state levels.
If the output is shown as level (H, L, Q,, or Qo ), it persists so long as the steady-state input levels and the levels that ter-
minate indicated transitions are maintained. Unless otherwise indicated, input transitions in the opposite direction to those
shown have no effect at the output. (If the output is shown as pulse, [ or"_[", the pulse follows the indicated input transi;
tion and persists for an interval dependent on the circuit)

DC Characteristics Terms
Vih  High-Level input voltage

An input voltage within the more positive (less negative) of the two ranges of values used to represent the binary
variables. A minimum is specified that is the least-positive value of high-level input voltage for which operation of the
logic element within specification limits is guaranteed.

ViL  Low-Level input voltage

An input voltage level within the less positive (more negative) of the two ranges of values used to represent the binary
variables. A maximum is specified that is the most-postive value of low-level input voltage for which operation of the
logic element within specification limits is guaranteed.

Von High-Level output voltage

The voltage at an output terminal with input conditions applied that, according to product specification, will establish
a high level at the output.

VoL Low-Level output voltage

The voltage at an output terminal with input conditions applied that, according to product specification, will establish
a low level at the output.

Vr+ Positive-Going threshold level

The voltage level at a !ranéition-operated input that causes operation of the logic element according to specification
as 'the input voltage rises from a level below the negative-going threshold voltage, Vr-.
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PARAMETER MEASUREMENT INFORMATION

Vr-

loz

lec

Negative-Going threshold level

The voltage at a transition-operated input that causes operation of the logic element according to specification as
the input voltage falls from a level above the positive-going threshold voltage, V1+.

Output Current
The current into* an output with input conditions applied that, according to the product specificatioh, will e;tablish
a high or a low level at the output.

Input Curent-
The current into* an input when a high or a low level voltage is applied to that input..
Off-State (high-impedance-state) output current (of a three-state output)

The -current flowing into* an output having three-state capability with input conditions established that, according
to the product specification, will establish the high-impedance state at the output level voltage applied to the output.

This parameter is measured with other input conditions established that would cause the output to be ata low-voltage
level (if it were enabled) when the externally applled voltage is high; or high-voltage level when the externally applied
voltage is low.

Supply current
The current into* the Vcc supply terminal of an integrated circuit.

*Current out of a terminal is given as negative value.

AC CHARACTERISTICS TERMS

t

tt

fmlx

teLH

tpzn

" lezL

Rise time

The time interval between two reference points (10% and 90% unless otherwise specified) on a waveform that is
changing from the defined low level to the high level.

Fall time

The time interval between two reference points (90% and 10% unless otherwise specified) on a waveform that is
changing from the defined high level to the defined low level..

Maximum clock frequency

The highest rate at which the cock input of a bistable circuit can be driven through its required sequence while main-
taining stable transitions of a logic level at the output with input conditions established that should cause changes
of output logic level in accordance with the specification.

Propagation delay time, low-to-high-level output

The time between the specified reference points on the input and output voltage waveforms with the output changing
from the defined low level to the defined high level.

Propagation delay time, high-to-low-level output

The time between the specified reference points on the‘ input and output voltage waveforms with the output changing
from the defined high level to the defined low level.

Enable time (of a three-state output) to high level

The time interval between the specified reference points on the input and output voltage waveforms with the three-
state outputs changing from a high-impedance (off) state to the defined high level.

Enable time (of a three-state output) to low level

The time interval between the specified reference boints on the input and output voltage waveforms with the three-
state outputs changing from a high-impedance (off) state to the defined low level.

=g SAMSUNG SEMICONDUCTOR
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teuz Disable time (of a three-state output) from high level
The time interval between the specified reference points on the input and output voltage waveforms with the three-
state outputs changing from the defined high level to high-impedance (off) state.

terz Disable time (of a three-state output) from low level
The time interval between the specified reference points on the input ana output voltage waveforms with the three-
state outputs changing from the defined high level to high-impedance (off) state.

tw Pulse width

The time interval between specified reference points on the leading and trailing edges of the pulse waveform.

tsu Setup time

The time interval between the application of a signal at a speéified input terminal and a subsequent active transition
at another specified input terminal. '

NOTES: 1. The setup time is the actual time interval between two signal events and is determined by the system
in which the digital circuit operates. A minimum value is specified that is the shortest interval for which
correct operation of the digital circuit is guaranteed.

2. The setup time may have a negative value in which case the minimum limit defines the longest interval
(between the active transition and the application of the other signal) for which correct operation of the
digital circuit is guaranteed.

th Hold time

The time interval during which a signal is retained at a specified input terminal after an active transition occurs at another
specified input terminal.

NOTES: 1. The hold time is the actual time interval between two signal events and is determined by the system
in which the digital circuit operates. A minimum value is specified that is the shortest mterval for which
correct operation of the digital circuit is guaranteed.

2. The hold time may have a negative value in which case the minimum limit defines the longest interval (be-
tween the release of the signal and the active transition) for which correct operation of the digital circuit
is guaranteed.

Cpp Power dissipation capacitance

Used to determine the no-load dynamic power dissipation per logic function (see individual circuit pages):
Pp = Cpp Vcc?*f+ Icc Vee.
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TECHNICAL OVERVIEW

INTRODUCTION

The 54/74AHCT Advapnced High-Speed CMOS and the 54/74HCTLS High-Speed CMOS logic families were designed to
offer the most desirable features of their CMOS and bipolar predecessors. They have the low power dissipation, superior
noise immunity, wide voltage and temperature ranges and the very low input currents of the other high-speed CMOS logic
families, in addition to the high speed and drive capability of LS and ALS bipolar logic.

The AHCT family is an exact equivalent of the bipolar ALS and can readily replace ALS in existing applications to reduce
power dissipation. In many applications, AHCT parts can also be used as replacements for FAST™ and S (Schottky).

The HCTLS parts, on the other hand, meet and exceed all of industry-standard LS and HCT specifications, and can be used
as replacements to these to lower the power dissipation and improve performance. Figure 1 shows how AHCT and HCTLS
families rank with the other bipolar technologies in terms of speed and power dissipation.

100 .
80
LOW-POWER TTL
> 54/74L | .
3 30
£
>
3
w
e N
z
e STANDARD TTL
& 54/74 L\
H '
< 10 O
Q . HIGH-SPEED CMOS LP SCHOTTKY
o 54/T4HCTLS 54/74LS
o @1z
c 5 + l
u . ADVANCED <) ADVANCED SCHOTTKY TTL
< HIGH-SPEED CMOS LP SCHOTTKY 54/74S
3 b 54/7T4AHCT 54/74ALS A~ 1 o_
@1MHz) FAST
15 { . 54/74F T ADVANCED .
’ SCHOTTKY
54/T4AS
0.1 0.2 0.4 1 2 4 10 20

AVERAGE POWER PER GATE (mW)

FIGURE 1. Power dissipation vs gate dely characteristics for a two-input
NAND gate (74XXX00) implemented in various bipolar and CMOS technologies

Both families feature TTL input voltage levels which enable them to interface with all TTL, NMOS or CMOS outputs without
any external components. All AHCT and HCTLS parts are fully characterized and specified over the 4.5 to 5.5V voltage
range, and the industrial (—40Q to 85°C) and military (—55 to 125 °C) temperature ranges. This is a significant improvement
over the older biploar logic families, where, for example LS would specify DC specs over 4.75V to 5.25V and AC specs
only at 5V and room temperature. (ALS is specified over 4.5 to 5.5V and O to 70°C). A comparison of the key characteristics
for an octal buffer illustrates these improvements clearly in Figure 2. The DC characteristics common to all AHCT and HCTLS
parts are listed in Figure 3.

FAST is a trademark of Fairchild camera and Instrument
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SAMSUNG CMOS

TTL OTHER CMOS

74LS244 74ALS244 74F244 74HCTLS244 74AHCT244 74HC244 74HCT244
Operating Voltage 4.75V105.25V | 4.5V105.5V |4.75V105.25V| 4.5V to 5.5V 4.5V to 5.5V 2Vto 6V 4.5V to 5.5V
Range (Commercial)
Operating Temperature 0°C1070°C | 0°Cto 70°C | 0°Cto 70°C | —40°C to +85°C | —40°C to +85°C | —40°C to +85°C | —40°C to +85°C
Range (Commercial) {
Maximum Propagation 18 ns 10 ns 6.5 ns 18 ns 10 ns 20 ns 18 ns
D:l:l (CL= spog F) (Ve = 8V, (Over Operating | (Over Operating (Ve = 5V, (Over Operating (Voe = 5V, (Vee = 5V,

” A P Ta = 25°C) Conditions) Conditions) Ta = 25°C) Conditions) Ta = 25°C) Ta = 25°C)
Maximum Quiescent 54 mA 27 mA 90 mA 0.08 mA 0.08 mA 0.08 mA 0.08 mA
Current
Typical Static 120 mW 70 mW 260 mW 0.004 mwW 0.004 mW 0.004 mW 0.004 mwW
Power
Dissipation At 100 kHz. 120 mW 70 mwW 260 mW 0.6 mW 0.6 mwW 1.0 mW 1.8 mW

(Al inputs toggling) .
-3 mA -3 mA

) (Vou = 2.4V) (Von = 2.4V) -15 mA -6 mA -6 mA —6 mA -6 mA
Output o =15 mA =15 mA (Von 2.0V) (Von = 3.84V) (Von = 3.84V) (Von = 3.84V) (Von = 3.84V)
Drivz (Vou = 2.0V) (Von = 2.0V)
Currents 12 mA 12 mA 12 mA 12 mA

) (VoL = 0.4V) (VoL = 0.4V) 64 mA (VoL = 0.4V)- (VoL = 0.4V) 6 mA 6 mA

oL 24 mA 24 mA (VoL = 0.55V) 24 mA 24 mA (VoL = 0.33V) (VoL = 0.33V)

(VoL = 0.5V) (VoL = 0.5V) (VoL = 0.5V) (VoL = 0.5V)
Input Vi 0.8V 0.8V 0.8V 0.8V 0.8V v O;QZ s 0.8V
| Threshold (Vo = 4.

Voltages 3.16V

Vi 2.0v 2.0V 2.0V 2.0v 2.0v (Voo ='4.5V) 2.0V

—-0.2 mA -0.1 mA —1.6 mA

Input W (Vi = 0.4v) (Vi = 0.4v) (Vi = 0.5V) —1.04A 1.0 uA 1.0 A —1.0 uA

Currents
20 pA 20 pA 20 pA 10 uA
w Vi=27v) | M=27v) | (v=27V) oH 1.04A 1.0uA 1owA

FIGURE 2. Key performance characteristics for 74XXXX244 octal buffer
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TECHNICAL OVERVIEW

The Samsung CMOS logic families include a comprehensive set of buffers, registers, latches and transceivers that are of-
fered in 8, 9 and 10-bit versions. A wide variety of gates, flip- flops, multiplexers, shift registers, encoder/decoders, schmitt
triggers and multivibrators complete the family of 157 part types. Each function is available in both AHCT and HCTLS version.

Commercial

Military

Characteristic | Symbol Conditions —40°C to +85°C -55°C to +125°C |Unit
Guaranteed Limits
Minimum
High-Level Vi 2.0 2.0 \
Input Voltage
Minimum
Low-Level Vi 0.8 0.8 v
Input Voltage
CMOS loads Veo—0.1 Veg—0.1
Minimum  |lon=—204A
High-Level v, ViN=V, of.V
Output Voltage | | O zt:f‘__dff n?:tp uts 384 37 v
Bus-Driver Outputs
lon=—6 mA 3.84 3.7
CMOS loads
lou=20 A 0.1 0.1
Minimurm Standard Output: \
Low-Level VoL |ViN=Vin or Vi \ a:} 4ar A utputs 0.33 0.4
Output Voltage oL=4 m : :
lo.=8 mA 0.5
Bus-Driver Outputs
lo.=12 mA 0.33 0.4 \
lo.=24 mA 0.5
Maximum Input _ _ y
Leakage Current | ! | Veo=Max, Vin=Vcc or GND +1.0 1.0 uA
Maximum 3-State Vec=Max, Enable=V|4 or V| X
+ +
Leakage Current loz Vour=Vcc or GND ¥5.0 +10.0 KA
SSI Circuits 20.0 40.0
. Vee=Max
Maximum : Vin=Veg or | Pual and Quad 40.0 80.0
Quiescent cc GND Flip-Flops & Latches My
Supply Current All Outputs | Ms] Circuits &
Open Circuits with 80.0 160.0
High-Current Outputs
FIGURE 3. DC characteristics of the 54/74AHCT and 54/74 HCTLS Families (Vcc=5.0V =10%)
33
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TECHNICAL OVERVIEW

PROCESS TECHNOLOGY

The high performance of the AHCT and HCTLS is a result of a unique self-aligned metal-gate CMOS process technology
that features 1.2um effective gate lengths and double metallization. The following table compares the general characteristics
of this process with other existing CMOS and bipolar technologies used for logic circuits:

SAMSUNG CMOS INDUSTRY CMOS (HC & HCT) INDUSTRY ALS
Number of Masking Steps ~ ° 8 12-14 13
Number of Metal Layers 2 ) 1 2
Minimum Feature Size (drawn) 2 um 3-4 ym T4 um
Interconnections s All Metal Poly & Metal ’ All Metal
Relative Die Size 1X 2.5-5X 1.6-2X
Manufacturing Equipment Standard Standard Standard

Samsung’s CMOS process was designed from the ground up to be a scaled two-layer metal CMOS process (see Figure
4 for a cross section). The goal was to make the process as simple as possible, and be-able to readily control gate length

_and gate dielectric thickness. The process uses 8 masking steps. Other semiconductor manufactures, in trying to go to
two-layer metal short-channel processes have generally embellished pre-existing silicon-gate processes and have wound
up with 12-14 masking steps. More masking steps, of course, make wafers more costly, but most importantly, reduce yield
because of more chances for random defects.

DIELECTRIC LAYERS ' METAL LAYER 2 METAL LAYER 1

P+ N+
N-CHANNEL TRANSISTOR P-CHANNEL TRANSISTOR
PWELL CHANNEL
STOPPERS
N-SUBSTRATE

FIGURE 4. Samsung CMOS process cross section for.an inverter stage

The Samsung process, with the short 2 um channel lengths (1.2 um effective), yields gate delays as fast as those of the
bipolar LS and ALS processes, and the same short channel lengths allow high-current output drivers to occupy a modest
silicon area. Generally, the AHCT and HCTLS logic chips are much smaller than their CMOS and bipolar equivalents (see Figure
5). In achieving this small size, two-layer metal is as important as having short channels. For example, in the on-chip busing
of ground and Vcc to the output drivers, very wide metal lines have to be used that take considerable area. In this case,
if these lines are in Metal 2, no extra area is wasted since the circuitry can be placed underneath.
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FIGURE 5. Die size comparison for a 74XXX244 from various technologies.

INPUT CHARACTERISITICS.

The input stage of an AHCT or HCTLS circuit is illustrated in Figure 6. It consists of a diode protection network and a CMOS
inverter stage that has very high input impedance. The ultra-low input current specified in the data sheets (1A maximum) is
due to the reverse leakage currents of the diodes and is not used for “driving” the CMOS transistors i.e. the inputs are
voltage-driven. This makes AHCT and HCTLS inputs very easy to drive and results in a very high fan-in capability.

TTL-compatible input threshold voltages of 0.8V Vi_ and 2.0V V4 are accomplished by properly sizing the p- and n-channel
transistors of the CMOS inverter stage. The actual logic transition takes place mid-way between these values, at 1.4V, and
is very sharp compared to TTL logic due to the very high gain of the first inverter stage. This is illustrated in Figure 7 for
a two-input NAND gate. Note that the input threshold for CMOS is much more stable with temperature than that for LS.

While the AHCT and HCTLS parts are recommended as direct replacements for ALS and LS, one needs to pay attention
to not leaving any inputs floating, i.e. unconnected. Since the inputs have very high impedance, they can easily pick up
external noise which can result in random switching of the device and high power consumption. Therefore, all unused inputs
must be terminated to either Vcc or ground.
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FIGURE 6. The input circuit of AHCT and HCTLS parts.
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FIGURE 7. Inbut-Outpu! transfer characteristics for (a) AHCT/HCTLSO00, (b) LS00.
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OUTPUT CHARACTERISTICS

A typical output stage of an AHCT or HCTLS part consists of a complementary pair of transistors and a diode protection
network (see Figure 8). Unlike the bipolar outputs, the voltage swing is rail-to-rail, which is responsible for the improved
noise margine of AHCT/HCTLS systems. The drive capability of these outputs is similar to the bipolar parts, i.e. 24mA or
8mA IoL (at 0.5V Vo) for bus-driver and standard outputs, respectively. This means that AHCT and HCTLS parts can drive
as many loads or as large bus capacitances as their ALS and LS counterparts. Figure 9 shows a comparison of the output
drive capabilities of AHCT/HCTLS and LS/ALS outputs. Figure 10 illustrates the variations of loL and lon with supply voltage
and temperature for a standard output ('00) and a bus driver ('244).

of

0 OUTPUT PIN

FIGURE 8. A typical output circuit of an AHCT or HCTLS part.
The upper diode is parasitic and embedded in the p-channel transistor.
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FIGURE 9. Comparison of standard AHCT/HCTLS and standard LS output (a) Source, and (b) sink currents.
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FIGURE 10. Oufpul current variations with supply voltage and temperature for standard [(a), (b), (e) (f)] and
bus driver [(c), (d), (g), (h)] outputs.

NOISE IMMUNITY & NOISE MARGINS

The term “noise” in the context of digital circuits and systems means unwanted transient variations of voltages and currents
at logic nodes. Typically noise is transferred to logic nodes or interconnecting lines by unwanted capacitive or inductive
coupling, as illustrated in Figure 11.

Mutual inductance

/ with another
L\MA_/J poenese
Y
Radio frequency
signals from
external sources ~€

.Inductive and

- resistive drops
-— i "
L——I I——< Capacitive coupling

from another node

<

FIGURE 11. Sources of noise in digital systems.

Noise becomes a particularly critical issue in high-speed systems where fast voltage transitions accentuate these parasitic
capacitances and inductances. Also, higher speeds allow the device to respond more quickly to noise transients. Therefore,
special board layout and decoupling techniques have to be employed to confine noise to an “acceptable range”. Obviously,
the wider this range, the easier it is to design a clean system. This range is dictated by the input and output characteristics
of the ICs in the system, as illustrated in Figure 12, and is measured in terms of “noise margins”.
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FIGUREi!.jequirements for good noise immunity.

Noise margins specify the maximum amplitude noise- pulse that will not change the state of a driven stage, assuming the
driving stage presents a worst-case logic Ievel to the driven stage Specifically, the high-level and the low-level noise margins
(NMy and-NML) are defined as: N

NMu=VoH — Vi,

NML=ViL — VoL, N
where the voltage values are the guaranteed worst-case extremes for each case. F/gure 1&shows the noise margins for
several different interfaces. .

P

TTL to TTL AHCT to AHCT, '
. BV+ . or AHCT to TTL, HC to HC
Interface HC to AHCT : AHCT to HC
4754------
454 e - —————
E: e i \§
3.6 --- - - N Vi

2.7+

2.04

0.9
0.8

. 0.4*

0.1

FIGURE 13. Noise margins for various interfaces. Noise margins for HCTLS are the same as those for AHCT.

* When an AHCT output drives TTL loads the Vou level will be dependent on how many
loads are driven. For example if an AHCT244 drives 60LS loads, the Vou will rise to
0.4V

** For some, TTL parts, VoH is 2.4V, instead of 2.7V
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It is immediately obvious that the TTL-to-TTL interfaces have the poorest noise immunity and those driven by CMOS have the
best. This is due to the rail-to-rail voltage swings of CMOS outputs.

Note the HC logic has almost symmetrical noise margins while AHCT (or HCTLS) has a very large noise margin for high
level and a smaller low-level one. This is due to the fact that AHCT (or HCTLS) inputs are designed for direct interface with
TTL and NMOS outputs as well as other CMOS. Notice, however, that the low-level noise margin (NM.) for AHCT is only
0.1V less than that for HC, which means that it provides nearly as much immunity to ground noise. In addition, since AHCT
drive capability is two to four times better than HC, it is less susceptible to noise currents coupled to its outputs. That is,
lower stray voltages are induced for a given amount of current coupling than for HC:

ESD PROTECTION

Historically, MOS devices have always been considered to be more susceptible to damages due to electrostatic discharges
(ESD), which can occur during handling and assembly procedures. However, the new protection circuitry, design, and special
processing used for AHCT and HCTLS have improved the ESD immunity for these devices where it is now much better
than that of bipolar logic.

Figure 6 and 8 show the input and output ESD protection circuitry employed. All AHCT and HCTLS pins are protected to
ESD levels typically greater than+2kV, the tests are conducted using the “human-body” model that is shown in Figure 14.

10MQ 1.6KQ

O———————MWy—————= To Device
Under Test

High .
Voltage “ G=100pF
Supply
.
: ——

FIGURE 14. Test circuit used to measure ESD damage in AHCT and HCTLS circuits.

LATCHUP CHARACTERISTICS

SCR iatchup is an undesirable parasitic phenomenon which is inherent in circuits fabricated using bulk CMOS technology.
A parasitic four-layer (P-N-P-N) SCR structure that appears between Vcc and ground can be triggered when voltages greater
than Vcc or less than ground are applied to inputs or outputs. When this happens, Vcc gets effectively shorted to ground,
and the only way to get the device off the latchup mode is to shut off the power supply. If large currents are allowed to
flow through the chip, it may be destroyed. Samsung CMOS logic parts have been designed and processed to virtually
eliminate this possibility in real-life situations where voltages out of the supply range many.appear at the input or output pins
(overshoots, undershoots, power-up & power-down situations).
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FIGURE 15. Simplified cross section of a CMOS inverter
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FIGURE 16. CMOS SCR sfructure
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FIGURE 17. Simplified four layer SCR structure
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The parasitic SCR structure in a CMOS inverter cross section is illustrated in Figure 15, where vertical and lateral NPN and
PNP transistors are formed back-to-back by the N and P diffusions. Ra and Rg are the P-well and the N-substrate power
supply connections. Figure 16 is a schematic representation of this parasitic structure that looks like a cross-coupled tran-
sistor model of an SCR (Figure 17). The exceptions are the Ra and Rg resistors and the fact that the real SCR is triggered
at the gates, while the CMOS parasitic SCR is triggered at its emitters. This happens when either the Ea is raised above
Vcec enough to turn on Qa, or Ep is lowered below ground enough to turn on Qs. When Ea is brought above Vcc, current
is injected from the emitter of Qa and is swept to its collector. This current, in turn, will increase the voltage at the Qg gate
and once it is above 0.7V, Qg will turn on and feed current from its collector back into Ra and into Qa. When 0.7V drop
appears across Ra, Qa will turn on even more. ‘

If the two transistors have enough gain and enough current is provided by the supply to sustain the SCR, it will turn on
and remain on even after Ea and Eg are returned to the rail voltages. Notice that low resistor values effectively reduce
the gain of the transistors by stealing current away from their bases. Therefore, transistors should actually have much higher
gains in order to have an overall SCR loop gain greater than one and enable SCR to trigger.

Samsung CMOS logic parts are designed and processed to have very low Ra, Rg values and low gains for the parasitic
transistors. In addition, large diodes exist between each signal pin and the supply rails to shunt out voltages above Vcc'
and below ground. In fact, traditionally, one refers to the current that flows through these diodes as the element that triggers
latchup, i.e. we talk of “latchup trigger currents”, not voltages.

Measured on a static basis, i.e. by applying DC voltages above Vcc and below ground, Samsung parts can withstand cur-
rents typically well above 200mA-even under the worst-case conditions of 7V Vcc and +125°C operation. Figure 18
illustrates the test set-up used for static latchup tests.

A common occurence of valtages above Vcc and below ground in systems is overshoots and undershoots that are caused
by signal line ringing and power supply transients. In this case, unlike the static operation, only short pulses cause forward-
bias diode currents and hence possible latch-up. It turns out, fortunately, that the parasitic SCR has extremely slow response
time to transients, i.e. very poor frequency characteristics. Figure 19 shows the increased peak currents required to latch
an AHCT or HCTLS device up when the pulse width is decreased. For pulse widths in the range of several tens of nanoseconds,
it is virtually impossiblé to latch the device up.

Ve DIODE TEST CIRCUIT *
GROUND DIODE TEST CIRCUIT

1 o} — O

L . . Vee

+ Vee
+ +
by =
INPUT OR = INPUT OR V=
ouTPUT - OUTPUT v T
GND
GND
DUT buT

T.=25°C

FIGURE 18. Test setup for measuring DC latch-up
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FIGURE 19. Puised latch-up characteristics

POWER DISSIPATION

Low power dissipation is by far the most important advantage of CMOS over any other technology. Particularly in the quies-
cent state, the AHCT and HCTLS circuits consume up to seven orders of magnitude less power than the equivalent TTL
functions. This makes them ideal for battery-operated or ultra-low power systems where the system may be put to “sleep”
by shutting off the system clock. ‘

The dynamic power dissipation, however, depends on:

1. Cross-over currents of the internal CMOS transistors,

2. Internal load capacitances,

3. External load capacitances, and

4. Input voltage levels.
_All of the above add up every time there is a logic transition and dynamic power dissipation is the sum of these contributions
averaged at a given operating frequency. A practlcal formula is developed to calculate the dynamic power dissipation (Pp)
resulting from the first three items: (input voltage transitions are rail-to-rail)

Ppo=(CL+Cpp) Vcc’f,
where Cy is the load capacitance; CpD is the “internal power dissipation capacntance" Vcc is the supply voltage and f is
the operatlng frequency. The Cpp value, as specified in each data sheet, sums up the contributions of the first two factors
(crossover currents and internal load capacitances) as a capacitance value for purposes of this calculation. The eduation
indicates that the dynamic power dissipation is directly proportional to frequency.

The contribution of the fourth factor listed above, the input voltage levels, can also be significant when AHCT or HCTLS
inputs are driven by TTL outputs. Figure 20 shows the typical crossover currents generated at the input inverer stage as
the input voltage swings from O to Vcc. This is because both the n-channel and the p-channel transistors turn on partially
and provide a low-resistance current path between Vcc and ground when the input voltage is near the threshold voltage
of the complementary pair. At 2.7V, which is the worst case Vou for TTL parts, the Icc can be as high as 0.5mA per input.
This has to be taken into account when calculating the worst-case power dissipation of an AHCT or HCTLS part operating
in a TTL environment. '
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Figure 21 shows the internal power dissipation for an AHCT244 (same for HCTLS244) and compares it with the dynamic
power diséipation for LS, ALS and F244. It can be seen that the curves for the bipolar parts are essentially flat for frequenéies
up to 1 MHz where the quiescent currents mask out the dynamic effects. However, as the frequency goes up, the currents
that charge the internal capacitances start adding to the quiescent currents and increase the overall power dissipation. The
AHCT244 driven by worst-case TTL voltage levels (all inputs, 50% duty cycle) displays a similar trend but still dissipates
an order of magnitude less power than the lowest-power TTL. When CMOS input voltage levels are used, however, the
power dissipation is directly proportional ‘to frequency as predicted by the above mentioned formula, and is less than
those for the TTL parts, Although the power diséipation becomes comparable to ALS levels at around 10MHz, a crossover
does not happen below 50MHz, which is already beyond the maximum clock frequencies of most systems. This behaviour
is pretty much the same for all parts in the AHCT and HCTLS families.

In calculating the power dissipation of a system, however, note that only a small percentage of the devices operate at the
maximum clock frequency while others operate at a fraction of that. Therefore the average operating frequency tends to be
much lower where CMOS has a clear advantage.
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FIGURE 20. Typical crossover current of an AHCT FIGURE 21. Typical dynamic power consumption*
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AC CHARACTERISTICS

All AHCT and HCTLS parts are designed to meet or exceed the ALS and LS propagation delay specifications, respectively.

Coupled with the equivalent drive capability, this makes them ideal replacements for the ALS and LS in existing designs.

In addition the AC specifications for AHCT and HCTLS parts are improved to reflect more realistic design situations. First
of all, unlike LS, the AHCT & HCTLS propagation delays are specified with a 50pF load for all part types and guaranteed

over the entire voltage and temperature ranges (5V+10%, —40°C to +85°C). Standard LS propagation delays are specified

with a 15pF load and guaranteed only at room temperature and 5V Vcc. In addition, all bus drivers specify the propagation

delays with a 150pF load capacitance to enable the designer to predict a worst-case maximum speed degradation due to
capacitive loading. ' )

The effect of the supply voltage variations on propagation delay is illustrated in Figure 22 for a bus-driver (AHCT244). It
can be seen that the parts are functional over a very wide range of voltages and that they slow down as Vcc goes down..
Howeyer, propagation delays are specified and guaranteed only over the 4.5 to 5.5V range.

Figure 23 shows the effect of temperature onthe propagation delays for the same part. As for all CMOS circuits, AHCT .
and HCTLS parts slow down as temperature goes up. Typically speeds derate linearly from 25°C at about 0.02 ns/°C.
The propagation delay at any temperature (between —55°C and +125°C) can therefore be calculated using the following
formula: ’

tep (T)=tpp (25°C)+kr (T—25°C)
where: :
tep (T)=Propagation delay at the desired T temperature,

trp (25°C)=Propagation delay at 25°C,

kr=Temperature derating factor=0.02 ns/°C
The effect of capacitive loading of the outputs on the propagation delay is illustrated in Figure 24: the higher the load capacitance,
the slower the propagation delay gets. To determine the maximum limit for propagation delay at any value of capacitive loading
up to 500pF, the following equation is used:

teo (CL)=tep (50pF)+kc (CL—50pF)
‘where:

tep (CL)=Maximum propagation delay at the desired CL,

tro (50pF)=Maximum propagation delay from device data sheet,

kc=Maximum multiplicative factor (ns/pF):

® 0.04 for standard outputs, and
* 0.02 for bus-drivers.

tep (nS) tpp (NS)
T.=25°C Voo=4.5V |
30 C= 50pFﬂ 8 Gu=50pF
16
14f
20 12
;\ _ 10
Specifiet
N Operating Range 8
\ msmeepua—
10 - ' < 6 :
. 4
2
: VeolV)
2 3 4 5 6 —-65 —35 —15 —5 25 45 65 85 105 125 T,(°C)
FIGURE 22. Propagation delay versus supply voltage FIGURE 23. Propagation delay versus ambient
for an AHCT244. temperature .for an AHCT244.
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FIGURE 24. Propagation delay versus capacitive load for a (a) standard output (HCTLS00),
(b) bus-driver output (HCTLS374)

INTERFACING 54/74AHCT AND 54/74HCTLS
WITH OTHER LOGIC FAMILIES AND LOADS

Speed and power, while paramount in the initial choice of a logic family, are not the only basis of decision. Another very
important factor is the interface flexibility: the inherent capacity of a family to interface with other types of logic and to drive
~ various loads. The Samsung CMOS logic families have this very attractive feature that they can easily be interfaced to all other

" kinds of digital logic with minimal or no external components.

AHCT and HCTLS parts can be coupled directly with all other TTL, NMOS and CMOS parts if they operate from the same
supply voltage. The list includes Standard TTL, Schottky(S), Low-Power Schottky(LS), Advanced Low-Power Schottky(ALS),
Advanced Schottky (AS and FAST); all industry-standard CMOS logic families (HC, HCT, CD4000, 14000); all bipolar, NMOS
and CMOS microprocessors, microcontrollers, peripherals and memory circuits (see figure 25). This is due to the TTL-compatible
input voltage levels coupled with CMOS (rail-to-rail) output voltage swings. -

Interface with ECL logic, however, requires external components as shown in Figure 26.

Methods of interfacing with standard CMOS logic families (4000 and 14000), when supply voltages are different, are il-
lustrated in Figure 27 and 28. '

Vee=5V Vee=5V
Standard TTL Standard TTL
s . . s
Ls : LS
AHCT AHCT ALS
ALS
FAST or or FﬁgT
o HCTLS HCTLS HC
HCT INPUTS OUTPUTS HCT
NMOS NMOS
CMOS (5V) CMOS (5V)
OUTPUTS I : I INPUTS

FIGURE 25. Interfacing with TTL, NMOS and other CMOS logic. No extra components are needed.
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FIGURE 26. (a) General ECL interface (b) Driving ECL from same power supply.
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" FIGURE 27. Methods of interfacing standard CMOS (4000 and 14000 series) outputs with AHCT and HCTLS
. inputs when supply voltages are different.
(a) Using logic down converters,
(b) Using Open-drain CMOS
(b) Using resistor divider (Von-R./(R,+R,)<5V)
(d) Using series resistor
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FIGURE 28. Interfacing AHCT and HCTLS outputs with standard CMOS (4000 and 14000)
using an open-drain CMOS circuit.

High Voltage and Industrial Control Interfaces

Interfacing with high voltagé industrial control circuitry where 4000 or 14000-type of CMOS logic is used has been describ-
ed in Figure 27 and 28. In rugged industrial and automotive environments, more care may be required to prevent large tran-
sients from harming AHCT and HCTLS logic. Figure 29 shows a typical connection that utilizes external diode clamps for
input and output protection. The values of R, and R, depend on the output voltage of the driving circuit and C depends
on the noise level and speed. The values of R; and R, depend on supply voltage and transistor type.

Driving Relays

The high-drive of AHCT and HCTLS outputs enable direct interface with relays, but additional isolation is recommended.
Clamp diodes can be used to prevent spikes generated by the relay from harming the circuit. For higher current drive, an
external transistor may be employed (Figures 30 (a) and (b) ). Alternatively, multiple gates may be connected in parallel
to increase the current sinking and sourcing capability.

Driving LED’s

Any AHCT or HCTLS output can be used to drive light-emitting diodes (LED’s) directly. Figure 31 shows two methods of
doing this.The resistor performs the founction of current limiter. The:luminous intensity of the LED depends on the amount
of forward current.
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Industrial H | or
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A Wy I 0 ' Control
Control ¢ 1N4148 AHCT 1 Logic
Logic EF R, L HCTLS 1
[ESUR E |

FIGURE 29. Interfacing between AHCT/HCTLS logic and high-voltage industrial and
automotive circuitry in rugged environments.
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TECHNICAL OVERVIEW ) ‘

Voo=5V
y -1
| ——0
N R ! ;
AHCT | 1N4148 | |
HCTLS ' | !
) |

1
[ N W S i
i
1

1N4148

(b) .
FIGURE 30. Methodys of driving relays. (a) Direct and (b) Through a transistor for higher drive (R=Vcc —0.7)lIcif) ).

AHCT
or
HCTLS
A [\. Voo
LED e ad R
R : 27 ep
= ° l’>‘f ’
ACHT
or

HCTLS

FIGURE 31. Methods of driving LED’s
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TECHNICAL OVERVIEW

Design Tips

Although the AHCT and HCTLS families are functionally equivalent to the ALS and LS families, some conditions have to
be satisfied in order to be able to simply replace them in existing designs. The AHCT and HCTLS families essentially integrate
TTL and CMOS characteristics into one family. Therefore, in general, the do’s and don’ts of both families apply to the AHCT
and HCTLS.

* Don’t leave any AHCT or HCTLS input floating. This is frequency overlooked problem with bipolar devices although
itis discouraged by every bipolar manufacturer. CMOS inputs have extremely high input impedance and if left unterminated,
can pick up noise that causes excursions through the threshold. The result is random switching of the device and high power
consumption which can be excessive, especially if the inputs stay very close to the device threshold. Prolonged exposure
to these conditions can damage the device. The thing to do is to simply tie the unused inputs to Vcc or ground (or they
can be tied to nearest operational pin although this may cause more power consumption).

* Don’t power up inputs before both Vcc and ground are connected, and don’t plug boards into or out of powered con-
nectors unless input currents are limited to the absolute maximum ratings specified for the device, and are short-lived. Both
conditions can forward bias the input and output ESD protection diodes, resulting in excessive diode currents (see Figure
32). If these conditions cannot be avoided, one of the following methods should be used to prevent damage to the AHCT/HCTLS
circuits:

— Use connectors that apply power before signals. )
— Add series resistors at each input to limit currents to the absolute maximum ratings (Figure 33a).

— Add logic to board interfaces that forces all outputs to either ground or high-impedance state when they are connected
to unpowered devices (Figure 33b).

— Add logic to board inputs to prevent direct interface with unpowered HCTLS inputs (Figure 33c). Circuits designed for
this purpose are 74AHCT4049 (Hex Inverting Logic Level Down Converter) and 74AHCT4050 (Hex Logic Level Down
Converter). These parts have a modified input protection structure that enables them to be used as logic level translators
which convert high-level logic to low-level logic while operating from the low logic supply. In this case, since the low
logic supply is zero (unpowered), the outputs of the 4049 and 4050 will always be zero regardiess of the inputs.

POWERED SYSTEM UNPOWERED SYSTEM
- UNPOWERED Vcc
LINE
ANY TTL X P TYPICAL CM
NMOS OR CMOS = INPUT STAGé) *
OUTPUT y |_|

— SYSTEM GROUND

. —— UNPOWERED V¢
‘ ﬂ[ N
ANY 3-STATE —
y

BUS SIGNAL LINE 3-STATE OUTPUT STAGE
Y =
- SYSTEM GROUND :

FIGURE 32. Direct interface to unpowered QMOS\\ICs presents a dangerous situation where high-level
signals forward-bias input and output protection diodes and try to ‘‘power-up’” the Vcc line.
Excessive currents at such an interface can cause damage to the circuitry.
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TECHNICAL OVERVIEW

POWERED UNPOWERED
POWERED UNPOWERED ) SYSTEM SYSTEM

SYSTEM SYSTEM
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Q
Q
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>

<
<
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(a) ’ (b)

. POWERED UNPOWERED
SYSTEM SYSTEM
INTER-
FACE
LOGIC
(c)

FIGURE 33. Methods of protection in power-down situations: (a) Use of series resistors to limit input currents
to absolute maximum ratings, (b) Interface logic circuitry that forces all outputs to either ground or high-
impedance state, (c) Interface circuitry at board inputs that acts as buffer between powered and unpowered
devices; ideal components for this purpose are the 74AHCT4049 and 74AHCT 4050 Hex Logic Level Down
Converters that lack the Vcc diode in their protection circuitry.

* In bus-oriented systems, don’t allow the bus to stay in high-impedance state for extended periods of time if it is not
terminated, because this will have the same effect as leaving inputs open. Two simple ways of terminating the bus are il-
lustrated in Figure 34. Most microprocessor-based systems, however, do not keep the bus in 3-state for long periods, in
which case, the bus capacitance can maintain valid logic levels. In these cases, pull-up or pull-down circuitry may not be
‘necessary.

*The edge-rates of the AHCT and HCTLS part are similar to the very high-speed TTL parts. Therefore, system. grounding
and supply-decoupling techniques normally employed in high-speed TTL designs should be duplicated in AHCT/HCTLS designs
to ensure proper operation. A good rule of thumb to reduce the affects of PC board trace inductance is to place 0.01 to
0.1 uF RF-grade capacitors every two-to-five ICs (octal flip-flops and buffers may require more decoupling). This, of course, -
has to be accompanied by careful pc board layout to minimize these inductances.

® The testing problems encountered in ALS, LS and FAST apply also to AHCT and HCTLS. Most of these problems

- result from the noise produced by the interactions of the device being tested and the test system. Typical test fixtures

have lead inductances several times that of a PC board socket. This inductance, especially in the device ground path is-
the source of these problems. '

The outputs, for example, can cause transient currents in the 50 to 200 mA range within a couple of nanoseconds while

changing state. These appear as changes in the voltage drop across the device ground lead. The test system’s input and

output reference voltages are set with respect to tester ground and are not affected by these transients. Consequently

the effective input voltages to the device will vary. If the ground pin goes up 1 volt, all the inputs effectively go down 1

volt. This must be considered in selecting input and output voltage levels. In functional tests, for example, solid input logic
“levels should be applied, instead of 0.8 and 2.0 volts.

‘Furthermore, if TTL test programs are to be used, one must be particularly careful not to apply voltages to inputs and outputs
that are below ground or above Vcc in excess of the absolute maximum limits specified in the data sheets.
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TECHNICAL OVERVIEW

3-STATE BUS
2 & & & < < S
$ 3k i:R SR ﬁ:n T‘R 2r &n
Vce or GND

(@

l . AHCT/HCTLS
541 or 244
\ 4
ENABLE]| (3-State Octal
AA,

Buffers)
"‘"V V‘V" V‘V" v"" " A V"" vy ""'
R R R R R R R R

k 3-STATE
BUS

(b)

FIGURE 34. Methods of terminating 3-state buses; (a) Pullup or pulldown resistors (b) Use of 3-state butfers.
The latter approach terminates the bus to the last active logic level and dissipates no static power.
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KS54AHCT
KS74AHCT 00

Quad 2-Input NAND Gates

FEATURES

¢ Function, pin-out, speed and drive compatibility with
54/74ALS logic family

* Low power consumption characteristic of CMOS

High-Drive-Current outputs:

lo. =8 mA @ VoL =0.5V

Inputs and outputs interface directly with TTL, NMOS

and CMOS devices

* Wide operating voltage range: 4.5V to 5.5V

Characterized for operation over industrial and

military temperature ranges:

KS74AHCT: —40°C to +85°C

KS54AHCT: —55°C to +125°C

Package options include plastic ‘‘small outline’’

packages, standard plastic and ceramic 300-mil DIPs

PIN CONFIGURATION

1a[]n ~ 1417 vee
1B[]2 13[] 48
1v[]s 127 aA
2A[] 4 1[0 av
28] s 1017 38
2y s 917 3a
GND[] 7 8] av

FUNCTION TABLE

(Each Gate)

Inputs Output
A B Y
H H L
L X H
X L H

DESCRIPTION

These devices contain four independent 2-input NAND
gates that perform the Boolean functions Y=AeB or
Y=A+B

These devices provide speeds and drive capability
equivalent to their ALSTTL counterparts and yet maintain
CMOS power:levels. The input and output voltage levels
allow direct interface with TTL, NMOS and CMOS devices
without any external components.

All inputs and outputs are protected from damage due to
static discharge by internal diode clamps to Vcc and
ground.

LOGIC DIAGRAM
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KS54AHCT
KS74AHCT

00

Quad 2-Input NAND Gates

Absolute Maximum Ratings*

Supply Voltage Range Veg, .. ... ... —-0.5V to +7V
DC Input Diode Current,. lik

(Vi< =0.5VorV,>Vec +0.5V) ... .. +20 mA
DC Output Diode Current, lok

(Vo < —0.5V or Vo > Vgc +0.5V) . ... 20 mA
Continuous Output Current Per Pin, lo

(-0.5V<Vo<Vcc +0.5V) ......... +35 mA
Continuous Current Through

VeccorGND pins .. .............. +125 mA
Storage Temperature Range, Tstg . . . ~65°C to +150°C
Power Dissipation Per Package, P4t .. .. .. 500 mw

* Absolute Maximum Ratings are those values beyond
which permanent damage to the device may occur.
These are stress ratings only and functional operation
of the device at or beyond them is not implied. Long ex-
posure to these conditions may affect device reliability.

.

1 Power Dissipation temperature derating:
Plastic Package (N): —12mW/°C from 65°C to 85°C
Ceramic Package (J): —12mW/°C from 100°C to 125°C

Recommended Operating Conditions
Supply Voltage, Vec ... ... ..... ... 4.5V to 5.5V
DC Input & Output Voltages*, Vin, Vout .. OV to Vec
Operating Temperature
Range KS74AHCT: —40°C to +85°C
KS54AHCT: —55°C to +125°C
Input Rise & Fall Times, t;, t; Max 500 ns
* Unused inputs must always be tied to an appropriate logic
voltage level (either Vcc or GND)

- DC ELECTRICAL CHARACTERISTICS (vco=5V+10% Unless Otherwise Specified)

| {g.SAMSUNG SEMICONDUCTOR

: T _'25° c KS74AHCT KS54AHCT
Characteristic ' |Symbol| Test Conditions &= Ta=—40°C to +85°C|T,=—55°C to +125°C|Unit
' Typ Guaranteed Limits
Minimum High-Level
Input Voltage VI 2.0 2.0 2.0 \
Maximum Low-Level
Input Voltage V\u_ 0.8 0.8 0.8 \
- L ViN=ViH or ViL
g:j’;:‘:“t‘"\‘,:t'aghe"e"e' Vou lo=—20pA - |Voc|Vee —0.1 Vee —0.1 Vee —0.1 v
9 lo=—4mA  |4.2| 3.98 3.84 3.7
ViN=ViH or Vi
Maximum Low-Level v lo=20uA 0 01 0.1 0.1
Output Voltage ot lo=4mA 0.26 0.33 0.4 v
) “lo=8mA 0.39 0.5
Maximum Input .
caront N |[Vin=Voc or GND 0.1 +1.0 +1.0 WA
" |Maximum Quiescent Vin=Vcc or GND ’
. . 40.0 A
Supply Current lec lour=0pA 20 20.0 H
per input pin
Additional Worst Vi=2.4V
Case Supply Algc |other Inputs: 2.7 2.9 3.0 mA
Current at Vgc or GND
lour=0yA
. . ¢ '
AC ELECTRICAL CHARACTERISTICS (input t, t<2 ns), AHCTOO
T. =25°C KS74AHCT KS54AHCT
A Ta=
Ta = —40°C to +85°C|T, = —55°C to +125°C
Characteristic Symbol|Conditions Vcc = 5.0V Vec=5.0V+10% Vee=5.0V+ 10% Unit
Typ Min Max Min Max
Propagation Delay - e | ¢ =50pF 7 " 14 ns
tPHL 7 11 14
Input Capacitance CiN 5 : pF
Power Dissipation Capacitance*| Cpp- | (per gate) 15 pF
* Cpp determines the no-load dynamic power dissipation: Pp=Cpp Vcc? f + Icc Vec.
t For AC switching test circuits and timing waveforms see section 2.
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KS54AHCT
KS74AHCT

o1

Quad é-lnput NAND Gates
with Open-Drain Outputs

'FEATURES

¢ Function, pin-out, speed and drive compatibility with
54/74ALS logic family

* Low power consumption characteristic of CMOS

¢ High-Drive-Current outputs:

loL =8 mA @ VoL =0.5V

Inputs and outputs interface directly with TTL, NMOS

and CMOS devices

* Wide operating voltage range: 4.5V to 5.5V

Characterized for operation over industrial and

military temperature ranges:

KS74AHCT: —40°C to +85°C

KS54AHCT: —55°C to +125°C

Package options include plastic ‘‘small outline’’

packages, standard plastic and ceramic 300-mil DIPs

PIN CONFIGURATION

[ ~ 147 Vee
1A 2 13[] ay
B[]3 12[] 48
2v[]4 117 4a
2a[]s 10[]ay
28 s 9[Jss.
GNDE‘7 8 [Jaa

FUNCTION TABLE

(Each Gate)

Inputs Output
A B Y -
H H L

L X ‘H

X L H

£

DESCRIPTION

These devices contain four independent 2-input NAND

'gates with open-drain outputs. Using a suitable pull-up

resistor, these outputs may be connected to other open-
drain outputs to implement wired-AND functions.

These devices provide speeds and drive capability
equivalent to their ALSTTL counterparts and yet maintain
CMOS power levels. The input and output voltage levels
allow direct interface with TTL, NMOS and CMOS devices
without any external components.

All inputs and outputs are protected from damage due to
static discharge by internal diode clamps to Vcc and
ground. '

LOGIC DIAGRAM

(1, 4,10, 13)
Y

A (2, 5,8 11)
B (3, 6,9, 12) [:: [
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KS54AHCT
KS74AHCT

01

Quad 2-Input NAND Gates
with Open-Drain Outputs

Absolute Maximum Ratings*

Supply Voltage Range Veg, ... ... .. —-0.5V to +7V
DC Input Diode Current, I

(Vi< =0.5VorV,>Vec +0.5V) ... .. +20 mA
DC Output Diode Current, lok :

(Vo < —0.5V or Vo > Vec +0.5V) . ... 220 mA
Continuous Output Current Per Pin, lo

(=0.6V<Vo<Vcc +0.5V) . ... ..... +35 mA
Continuous Current Through )

Veccor GND pins .. .............. +125 mA

Storage Temperature Range, Tstg . . -
Power Dissipation Per Package, Pqt

~-65°Cto +150°C
500 mwW

* Absolute Maximum Ratings are those values beyond

which permanent damage to the device may occu

These are stress ratings only and functional operatior -
of the device at or beyond them is not implied. Long ex-
posure to these conditions may affect device reliability.

t Power Dissipation temperature derating:
Plastic Package (N): —12mWY/°C from 65°C to 85°C
Ceramic Package (J): —12mW/°C from 100°C to 125°C

Recommended Operating Conditions
Supply Voltage, Vec . ... ... ... 4.5V to 5.5V
DC .Input & Output Voltages*, Vin, Vout . . OV to Vce
Operating Temperature ) .
Range KS74AHCT: —40°C to +85°C
KS54AHCT: —55°C to +125°C
Input Rise & Fall Times, t, t; Max 500 ns
* Unused inputs must always be tied to an appropriate logic
voltage level (either Vcc or GND)

DC ELECTRICAL CHARACTERISTICS (voc=5v+10% Unless Otherwise Specified)

T, =250C KS74AHCT KS54AHCT
Characteristic |Symbol| Test Conditions a= Ta= —40°C to +85°C|Ta= —55°C to +125°C|Unit
Typ Guaranteed Limits
Minimum High-Level
Input Voltage ViH 2.0 2.0 2.0 \"
Maximum Low-Level|-
Input Voltage Vie 0‘3 0.8 0.8 v
‘ ViN=ViH or ViL ,
Maximum Low-Level v lo=20uA 0 0.1 0.1 0.1
Output Voltage o lo=4mA 0.26 0.33 0.4 v
lo=8mA 0.39 0.5
Maximum Input .
Corront P In " |[ViN=Voc or GND +0.1 £1.0 +1.0 WA
Maximum Output VIN=Vin or Vi
Leakage Current loz Vour=Voe +0.5 +5.0 +10.0 uA
Maximum Quiescent ViN=Vcc or GND
Supply Current lcc lour=0pA 2.0 20.0 40.0 uA
. per input pin
Additional Worst , Vi=2.4V .
Case Supply Algc |other Inputs: 2.7 2.9 3.0 mA
Current at Vcc or GND )
lour=0pA
AC ELECTRICAL CHARACTERISTICS (input t, t<2 ns), AHCTO1
' T, =25°C KS74AHCT KS54AHCT
- - - 'Ta = —40°C to +85°C|T.= —55°C to +125°C
T = N i
Characteristic Symbol|Conditionst|Vcc =5.0V Vec=5.0V+10% Vec=5.0V+ 10% Unit
Typ Min Max Min Max
Propagation Delay trH | CL=50pF 17 25 29 ns
tpu. | RL=1kE 10 16 19
Input Capacitance Cin 5 pF
]Power Dissipation Capacitance*| Cpp | (per gate) 156 pF
* Gpp determines the no-load dynamic power dissipation: Ppo=Cpp Vcc? f + lcc Vee.
T For AC switching test circuits and timing waveforms see section 2.
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KS54AHCT
KS74AHCT 02

Quad 2-Input NOR Gates

- FEATURES

* Function, pin-out, speed and drive compatibility with
54/74ALS logic family .

¢ Low power consumption characteristic of CMOS

High-Drive-Current outputs:

lo. =8 mA @ VoL =0.5V

Inputs and outputs interface directly with TTL, NMOS

and CMOS devices .

* Wide operating voltage range: 4.5V to 5.5V

s Characterized for operation over industrial and
military temperature ranges:
KS74AHCT: —40°C to +85°C
KS54AHCT: —55°C to +125°C

e Package options include plastic ‘‘small outline’’
packages, standard plastic and ceramic 300-mil DIPs

PIN CONFIGURATION

1w s ~ 14 [ Ve
1w e 13 [ 4y
B[] 127 48
2y [ 4 117 4a
2a [} s 10 [ av
28 [ e o] 38
eno O 7 8] 3a
FUNCTION TABLE
(Each Gate)
Inputs Output
A B Y
H X L
X H L
L L H

DESCRIPTION

These devices contain four independent 2-input NOR gatgs
that perform the Boolean functions Y=A+B or Y=AeB.

These devices provide speeds and drive capability
equivalent to their ALSTTL counterparts and yet maintain
CMOS power levels. The input and output voltage levels
allow direct interface with TTL, NMOS and CMOS devices
without any external components.

All inputs and outputs are protected from damage due to
static discharge by internal diode clamps to Vcc and
ground.

LOGIC DIAGRAM
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KS54AHCT

02

Quad 2-Input NOR Gates

KS74AHCT
Absolute Maximum Ratings*
Supply Voltage Range Vee, ... ... .. —-0.5V to +7V
DC Input Diode Current, Ik
(Vi< =0.8VorV,>Vee +0.5V) . ... 20 mA
DC Output Diode Current, lok \
(Vo< £0.5Vor Vo >Veec +0.5V) .... 20 mA
Continuous Output Current Per Pin, lo
(—-0.5V<Vo<Vgec +0.5V) . ........ +35 mA
Continuous Current Through ’
VecorGND'pins ."............... +125 mA
Storage Temperature Range, Tstg . . . —65°C to +150°C
Power Dissipation Per Package, Pgt ... ... -500 mwW

* Absolute Maximum Ratings are those. values beyond
which permanent damage to the device may occur.
These are stress ratings only and functional operation
of the device at or beyond them is not implied. Long ex-
posure to these conditions may affect device reliability.

T Power Dissibation temperature derating:
Plastic Package (N): —12mW/°C from 65°C t6 85°C
Ceramic Package (J): —12mW/°C from 100°C to 125°C

Recommended Operating Conditions
Supply Voltage, Vcc 4.5V to 5.5V
DC Input & Output Voltages*, Vin, Vout .. OV to Vce
Operating Temperature
Range KS74AHCT: —40°C to +85°C
KS54AHCT: —55°C to +125°C
Input Rise & Fall Times, t, t Max 500 ns
* Unused inputs must always be tied to an appropriate logic )
voltage level (either Vcc or GND)

DC ELECTRiCAL CHARACTERISTICS (Vcc=5V*10% Unless Otherwise Specified)

7 T.=25C KS74AHCT KS54AHCT
Characteristic |Symbol| Test Conditions a= Ta=—40°C to +85°C|Ta=—55°C to +125°C|Unit
Typ Guaranteed Limits
Minimum High-Level .
Input Voltage ViH 2.0 2.0 2.0 v
Maximum Low-Level
Input Voltage Vi ) 0.8 0.8 0.8 \Y
- i ViN=Vigor Vi -
9 lo=—4mA  |4.2| 3.98 3.84 3.7
ViIN=Vin or Vi
Maximum Low-Level v lo=20uA 0 0.1 0.1 0.1
Output Voltage - oL lo=4mA 0.26 0.33 0.4 \Y
lo=8mA 0.39 0.5
Maximum Input .
Corent 1 N |[ViN=Voc or GND +0.1 *1.0 +1.0 WA
Maximum Quiescent ViN=Vcc or GND
. 20. 40.0 A
Supply Current lcc lout=0pA 2.0 0.0 L
per input pin
Additional Worst . Vi=2.4v
Case Supply Alec |other Inputs: 2.7 2.9 3.0 mA
Current at Vcc or GND
lout=0pA
AC ELECTRICAL CHARACTERISTICS (input t,, t<2 ns), AHCTO2
T, =25°C KS74AHCT KS54AHCT
" o= Ta = —40°C to +85°C|T, = -55°C to +125°C| .
Characteristic Symbol|Conditionsf|V¢c =5.0V Vee=5.0V+10% Vec=5.0V+ 10% Unit
Typ Min Max Min ~Max
Propagation Delay L | o =50pF 7 12 14 " Ins
tPHL 7 12 14
Input Capacitance Cin 5. pF
lPower Dissipation ‘Capacitance*| Cpp | (per gate) 15 pF
" * Cpp determines the no-load dynamic power dissipation: Ppo=Cpp Vcc? f + lcc Vee.
T For AC switching test circuits and timing waveforms see section 2.
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KS54AHCT
KS74AHCT 03

Quad 2-Input NAND Gates
with Open-Drain Outputs

FEATURES

¢ Function, pin-out, speed and drive compatibility with
54/74ALS logic family

* Low power consumption characteristic of CMOS

¢ High-Drive-Current outputs:

loo =8 mA @ VoL =0.5V

Inputs and outputs interface directly with TTL, NMOS

and CMOS devices

* Wide operating voltage range: 4.5V to 5.5V

® Characterized for operation over industrial and

military temperature ranges:

KS74AHCT: —40°C to +85°C

KS54AHCT: ~55°C to +125°C

Package options include plastic ‘‘small outline’’

packages, standard plastic and ceramic 300-mil DIPs

L]

PIN CONFIGURATION

1A O ~ 147 vee
18 2 13[7] 48
s 12[7 4n
2a [ 4 1117 ay
28 []s 10[] 38
2y Qe 9] aa
eno [7 s[] av

FUNCTION TABLE

(Each Gate)

Inputs Output
A B Y
H H L
L X H
X L H

DESCRIPTION

These devices contain four independent 2-input NAND
gates with open-drain outputs. Using a suitable pull-up
resistor, these outputs may be connected to other open-
drain outputs to implement wired-AND functions.

These devices provide speeds and drive capability
equivalent to their ALSTTL counterparts and yet maintain
CMOS power levels. The input and output voltage levels
allow direct interface with TTL, NMOS and CMOS devices
without any external components.

All inputs and outputs are protected from damage due to
static discharge by internal diode clamps to Vcc and
ground.

LOGIC DIAGRAM

(3.6,8,11)
(1,4,9,12)

— s D
B 275,70, 13)
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KS54AHCT
KS74AHCT

03

Quad 2-Input NAND Gates

Absolute Maximum Ratings*

Supply Voltage Range Ve, .. ... ... —-0.5V to +7V
DC input Diode Current, lik

(Vi< =0.5V or V| > Vgc +0.5V) .. ... £20 mA
DC OQutput Diode Current, lok

(Vo < —0.5V or Vo > Vgc +0.5V) . ... £20 mA
Continuous Output Current Per Pin, lo

(—0.5V<Vo<Vgc +0.5V) . ........ +35 mA
Continuous Current Through

'VeccorGND pins . . .............. +125 mA

Storage-Temperature Range, Tsyg . . . —65°C to +150°C
Power Dissipation Per Package, Pat ... ... 500 mW

* Absolute Maximum Ratings are those values beyond
which permanent damage to the device may occur.
These are stress ratings only and functional operation
of the device at or beyond them is not [mplied. Long ex-
posure to these conditions may affect device reliability.

with Open-Drain Outputs

v

t Power Dissipation temperature derating:
Plastic Package (N): —12mW/°C from 65°C to 85°C
Ceramic Package (J): —12mW/°C from 100°C to 125°C

Recommended Operating Conditions
Supply Voltage, Vce 4.5V to 5.5V
DC Input & Output Voltages*, Vin, Vout .. OV to Voc
Operating Temperature .
Range - KS74AHCT: -—40°Cto +85°C
KS54AHCT: —55°C.to +125°C

Input Rise & Fall Times, t;, t; Max 500 ns
* Unused inputs must always be tied to an appropriate logic

voltage level (either Vcc or GND)

DC ELECTR'CAL CHARACTER|ST|CS (Vcc=5V*=10% Unless Otherwise Specified)

SAMSUNG SEMICONDUCTOR

T, =250C KS74AHCT KS54AHCT
Characteristic |Symbol| Test Conditions a=e% ¥ |Ta=—40°C to +85°C|T, = —55°C to +125°C|Unit
Typ Guaranteed Limits
Minimum High-Level
Input Voltage ViH 2.0 2.0. 2.0 \"
Maximum Low-Level
Input Voltage Vi 0.8 0.8 0.8 \"
. ViN=Vi4 or ViL
Maximum Low-Level V. lo=20uA 0 0.1 0.1 0.1
Output Voltage oL lo=4mA 0.26 0.33 0.4 \)
lo=8mA 0.39 0.5
Maximum Input
Current Iin Vin=Vcc or GND +0.1 +1.0 +1 0 uA
[Maximum Output ViN=Vi4 or ViL
Leakage Current loz Vout=Vcc *0.5 *5.0 t10'0 A
Maximum Quiescent Vin=Vcc or GND
Supply Current lec lout=0uA 20 20f0 1 40.0 "A
‘ T per input pin : T I
| Additional Worst Vi=2.4V .
‘Case Supply Algc  |other Inputs: 2.7 2.9 3.0 mA
iCurrent at Vcc or GND
l louT=0uA
AC ELECTRICAL CHARACTERISTICS (input t., t<2 ns), AHCT03
T, =250C KS74AHCT KS54AHCT
:= Ta = —40°C to +85°C|T, = —55°C to +125°C
Characteristic Symbol|Conditionst|Vcc = 5.0V Vec=5.0V=10% Vec=5.0V= 10% Unit
Typ Min | Max Min Max
Propagation Delay ten | CL=50pF 7 25 29 ns
tpu | RL=1kQ 10 16 19
Input Capacitance Cin 5 ) pF
Power Dissipation Capacitance*| Cpp | (per gate) 15 pF
* Cpp determines the no-load dynamic power dissipation: Po=Cpp Vcc? f + lcc Vee.
t For AC switching test circuits and timing waveforms see section 2.




KS54AHCT 04

Hex Inverters

KS74AHCT

FEATURES

* Function, pin-out, speed and drive compatibility with
54/74ALS logic family

* Low power consumption characteristic of CMOS

High-Drive-Current outputs:

loo =8 mA @ VoL =0.5V

Inputs and outputs interface directly with TTL, NMOS

and CMOS devices

* Wide operating voltage range: 4.5V to 5.5V

e Characterized for operation over industrial and

military temperature ranges:

KS74AHCT: —40°C to +85°C

KS54AHCT: —-55°C to +125°C

Package options include plastic ‘‘small outline’’

packages, standard plastic and ceramic 300-mil DIPs

PIN CONFIGURATION

1A 1 ~ 14[7 Vee
1Y 2 1307 en
2a s 12[] ey
2y (14 11[] 5A
aa[]s 10[] sy
3y e o[ 4a
eno [ 7 8] av

FUNCTION TABLE

(Each Inverter)

Input Output

A Y
H L
L H

DESCRIPTION

These devices contain six indepe_ndent inverters. They per-
form the Boolean function Y=A.

These devices provide speeds and drive capability
equivalent to their ALSTTL counterparts and yet maintain
CMOS power levels. The input and output voltage levels
allow direct interface with TTL, NMOS and CMOS devices
without any external components.

All inputs anc_i outputs are protected from damage due to
static discharge by internal diode clamps to Vcc and
ground.

LOGIC DIAGRAM
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1A 1Y
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KS54AHCT
KS74AHCT 04

Hex Inverters

Absolute Maximum Ratings*

Supply Voltage Range Vgg, ... .. .. -0.5V to +7V
DC Input Diode Current, I
(Vi< —=0.5VorV,>Veec +0.5V) ... .. +20 mA
DC Output Diode Current, lok .
(Vo < —0.5V or Vo > Vgc +0.5V) . ... £20 mA
Continuous Output Current Per Pin, lo
(=0.5V<Vo<Vcc +0.5V) . ... ... .. +35 mA
Continuous Current Through
Vccor GND pins . ... .. ... e +125 mA

Storage Temperature Range, Tstg . . . —65°C to +150°C
- Power Dissipation Per Package, Pgt 500 mwW
* Absolute Maximum Ratings are those values beyond
which permanent damage to the device may occur.
These are stress ratings only and functional operation
of the device at or beyond them is not implied. Long ex-
posure to these conditions may affect device reliability.

t Power Dissipation temperature derating:
Plastic Package (N): —12mW/°C from 65°C to 85°C
Ceramic Package (J): —12mW/°C from 100°C to 125°C

- Recommended Operating Conditions

4.5V to 5.5V
.. OV to Ve

Supply Voltage, Vcc
DC Input & Output Voltages*, Vin, Vout
Operating Temperature )
Range KS74AHCT: —40°C to +85°C
KS54AHCT: —565°C to +125°C

Input Rise & Fall Times, t;, t Max 500 ns
* Unused inputs must always be tied to an appropriate logic

voltage level (either Vcc or GND)

DC ELECTRICAL CHARACTERISTICS (vco=5V+10% Unless Otherwise Spe'cified)‘

T,=250¢C KS74AHCT KS54AHCT
Characteristic |Symbol| Test Conditions a= Ta=—40°C to +85°C|T,=~55°C to +125°C Unit
Typ Guaranteed Limits
Minimum High-Level )
Input Voltage ViH 2.0 2.0 2.0 Vv
Maximum Low-Level .
Input Voltage Vi 0.8 0.8 0.8 \"
- . ViN=ViH or Vi
g:;m"{'/ Owgge"eve' Vou lo=—20pA  |Veo|Vee —0.1 Vee —0.1 Ve —0.1 v
lo=—4mA 4.2/ 3.98 3.84 3.7
ViIN=ViH or ViL
Maximum Low-Level v lo=20uA 0 0.1 0.1 0.1 .
Output Voltage oL lo=4mA 0.26 0.33 0.4 v
lo=8mA 0.39 0.5
Maximum Input
Comont T N |Vin=Vec or GND £0.1 £1.0 *1.0 WA
Maximum Quiescent ViNn=Vcc or GND :
Supply Current lec lour=0pA 2.0 20.0 40.0 uA
) per input pin
Additional Worst Vi=2.4V
Case Supply Algg |other Inputs: 2.7 2.9 3.0 mA
Current at Vgc or GND )
lour=0pA
AC ELECTRICAL CHARACTERISTICS (input t, ti<2 ns), AHCTO4
: T, =25°C KS74AHCT KS54AHCT
. " . Ta = —40°C to +85°C[T, = —-55°C to +125°C|, .
Characteristic Symbol|Conditionst{V¢cc =5.0V Vec=5.0V+10% Vec=5.0V+ 10% Umt
Typ Min Max Min Max
11
Propagation Delay L | ¢, =50pF 7 14 ns
tPHL 7 11 14
Input Capacitance Cin 5 pF
Power Dissipation Capacitance*| Cpp | (per gate) 15 pF
* Cpp determines the no-load. dynamic power dissipation: Pp=Cpp Vcc? f + lcc Vec.
t For AC switchirg test circuits and timing waveforms see section 2.
66
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KS54AHCT
KS74AHCT 05

Hex Inverters with Open-Drain Outputs

FEATURES

¢ Function, pin-out, speed and drive compatibility with
54/74ALS logic family

¢ Low power consumption characteristic of CMOS

* High-Drive-Current outputs:
lo. =8 mA @ VoL =0.5V

* Inputs and outputs interface directly with TTL, NMOS
and CMOS devices

* Wide operating voltage range: 4.5V to 5.5V

e Characterized for operation over industrial and
military temperature ranges: /
KS74AHCT: —40°C to +85°C
KS54AHCT: —55°C to +125°C

* Package options include plastic ‘‘small outline’’

packages, standard plastic and ceramic 300-mil DIPs

PIN CONFIGURATION

1w d ~J 14 Ve
v [ 2 13[] 6A
2a [] = 12 ev
2y E 4 1 5A
3A 5 10% 5Y
ay E 6 o] 4a
ano [ 7 s [0 4v

FUNCTION TABLE

(Each Inverter)

Input Output

A Y
H L
L H

DESCRIPTION

These devices contain six independent inverters with open-
drain outputs. Using a suitable pull-up resistor, these out-
puts may be connected to other open-drain outputs to im-
plement wired-AND functions.

These devices provide speeds and drive capability
equivalent to their ALSTTL counterparts and yet maintain
CMOS power levels. The input and output voltage levels
allow direct interface with TTL, NMOS and CMOS devices
without any external components.

All inputs and outputs are protected from damage due to
static discharge by internal diode clamps to Vcc and
ground.

LOGIC DIAGRAM

(2,4,6,8.10 12)
Y

(1.3.5,9,11,13)
A D D
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KS54AHCT
KS74AHCT

05

Hex Inverters with Open-Drain Outputs

Absolute Maximum Rét’ings*

Supply Voltage Range Vce, ... . . .. -0.5V to +7V
DC Input Diode Current, Ik

(Vi< —0.5V or V| > Vgc +0.5V) ... .. +20 mA
DC Output Diode Current, lok

(Vo < —0.5V or Vg > Vgc +0.5V) . ... £20 mA
Continuous Output Current Per Pin, lo

(—0.5V<Vo<Vgc +0.5V) .. ....... +35 mA

Continuous: Current Through )

Vcc or GND pins . . . .. e P +125 mA
Storage Temperature Range, Tstg . . . —65°C to +150°C
Power Dissipation Per Package, Pgt 500 mwW
* Absolute Maximum Ratings are those values beyond

which permanent damage to the device may occur.
These are stress ratings only and functional operation
of the device at or beyond them is not implied. Long ex-
posure to these conditions may affect device reliability.

t Power Dissipation temperature derating:
Plastic Package (N): —12mW/°C from 65°C to 85°C
Ceramic Package (J): —12mW/°C from 100°C to 125°C

Recommended Operating Conditions
Supply Voltage, Vcc 4.5V to 5.5V
DC Input & Output Voltages*, Vin, Vout . . OV to Ve
Operating Temperature
Range KS74AHCT: —40°C to +85°C
KS54AHCT: —55°C to +125°C
Input Rise & Fall Times, tr, t; Max 500 ns
* Unused inputs must always be tied to an appropriate logic
voltage level (either Vcc or GND)

DC ELECTR'CAL CHARACTERIST'CS (Vcc=5Vx=10% Unless Otherwise Specnfled)

T, =25°C KS74AHCT KS54AHCT
Characteristic |Symbol Test Conditions L = Ta= —40°C to +85°C|Ta=—55°C to +125°C|Unit
) Typ Guaranteed Limits
Minimum High-Level
Input Voltage ViH 2.0 2.0 2.0 \
Maximum Low-Level
Input Voltage ViL 0.8 0.8 0.8 \"
ViN=Vix or ViL
Maximum Low-Level v " lo=20pA 0 0.1 0.1 0.1
" |Output Voltage oL lo=4mA 0.26 0.33 0.4 v
lo=8mA 0.39 0.5
. {Maximum