





RCA High-Speed CMOS Logic

Integrated Circuits

The RCA HC/HCT series of high-speed CMOS logic inte-
grated circuits include an extensive line of products that are
pin compatible with many existing bipolar54/74 LSTTL and
CMOS 4000 series of digital logic types. The new HC/HCT
series IC’s provide high-speed CMOS replacements for the
most popular LSTTL devices in existing designs and also
offer low-power all-CMOS designs for new digital systems.
Key family features of the RCA HC/HCT types include:

* Speeds equivalent to LSTTL types with typical gate delays
of 8 ns. .

* Fanout to 10 74 LSTTL loads; 15 loads using Bus Driver
54/74 types.

* Operating frequencies equivalent to LSTTL types, typical-
ly 50 MHz.

* The high voltage noise immunity characteristic of CMOS,
typically 45 percent of Vcc, a two to three times improve-
ment over LSTTL. (HC-Series types.)

* Wide range of power supply operating voltages, 2 to 6
volts.

* CMOS low static power consumption, typically less than 1
microwatt.

With the broad line of CMOS MSI function types currently
available, together with performance offered by the RCA
HC/HCT series of high-speed CMOS integrated circuits,
the designer need not sacrifice speed for power consump-
tion. Add the other classical advantages of CMOS, includ-
ing .high noise immunity and wide power supply and
temperature ranges, and the decision to use high-speed
CMOS logic is the.choice for the 80’s. This family provides
for the design of more cost-effective systems to serve high-
speed market applications.

The RCA productline consists of CD54/74HC-series types,
which feature CMOS input voltage level compatibility and
CD54/74HCT-series types, which are input voltage level
compatible with LSTTL devices. The line also includes a
limited number of single-stage, unbuffered inverter types
(CD54/74HCU-series) for added versatility in oscillator and
amplifier applications.

A general information section defines the distinguishing
characteristics of each product series and provides charac-
teristic data and classification and selection charts.

The data pages include a description, special features, truth
tables and/or timing diagrams, and significant dynamic
electrical characteristics.

The data sections are followed by a Dimensional Outlines
section.
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CMOS Logic TTL Logic
Plastic Pkg. CERDIP Plastic Pkg. CERDIP Page Description Pins
CD74HCO0E,M CD54HCO0F CD74HCTO0E,M CD54HCTOOF 48 | Quad 2-Input NAND Gate 14
CD74HC02EM CD54HCO2F CD74HCTO02E,M CD54HCTO2F 52 | Quad 2-Input NOR Gate 14
CD74HCO3E,M CD54HCO3F CD74HCTO3E,M CD54HCTO3F 56 | Quad 2-Input NAND Gate with Open Drain 14
®CD74HCO4E,M ®CD54HC04F CD74HCTO04E,M CD54HCTO04F 60 | Hex inverter/Buffer 14
CD74HCO08E,M CD54HCO08F CD74HCTO8E,M CD54HCTO8F 64 | Quad 2-Input AND Gate 14
CD74HC10EM CDS54HC10F CD74HCT10E,M CD54HCT10F 68 | Triple 3-Input NAND Gate 14
CD74HC11EM CD54HC11F CD74HCT1EM CD54HCT11F 72 | Triple 3-Input AND Gate 14
CD74HC14EM CD54HC14F CD74HCT14EM CD54HCT14F 76 | Hex Inverting Schmitt Trigger 14
CD74HC20E,M CD54HC20F CD74HCT20E,M CD54HCT20F 80 | Dual 4-Input NAND Gate 14
CD74HC21E,M CD54HC21F CD74HCT21EM CD54HCT21F 84 | Dual 4-input AND Gate 14
CD74HC27EM CD54HC27F CD74HCT27E,M CD54HCT27F 88 | Triple 3-Input NOR Gate 14
CD74HC30E,M CD54HC30F CD74HCT30E,M CD54HCT30F 92 | 8-Input NAND Gate 14
CD74HC32EM CD54HC32F CD74HCT32E,M CD54HCT32F 96 | Quad 2-Input OR Gate 14
CD74HC42EM CD54HC42F CD74HCT42E,M CD54HCT42F 100 | BCD-to-Decimal Decoder (1-to-10) 16
CD74HC73EM CD54HC73F CD74HCT73EM CD54HCT73F 104 | Dual J-K Flip-Flop w/RESET 14
CD74HC74EM CD54HC74F CD74HCT74EM CD54HCT74F 109 | Dual D Flip-Flop w/SET and RESET 14
CD74HCT75E,M CD54HC75F CD74HCT75EM CD54HCT75F 114 | Dual 2-Bit Bistable Transparent Latch 16
CD74HC85E,M CD54HC85F CD74HCTS85E,M CD54HCT85F 119 | 4-Bit Magnitude Comparator 16
CD74HC86E,M CD54HCB86F CD74HCT86EM CD54HCT86F 125 | Quad 2-Input EXCLUSIVE-OR Gate 14
CD74HC93E,M CD54HC93F CD74HCT93E,M CD54HCT93F 129 | 4-Bit Binary Ripple Counter 14
CD74HC107E,M CD54HC107F CD74HCT107E,M | CD54HCT107F 134 | Dual J-K Flip-Flop w/RESET 14
CD74HC109E,M CD54HC109F CD74HCT109E,M | CD54HCT109F 139 | Dual J-K Flip-Flop w/SET and RESET 16
CD74HC112E.M CD54HC112F CD74HCT112E,M | CD54HCT112F 144 | Dual J-K Flip-Flop w/SET and RESET 16
CD74HC123E,M CD54HC123F CD74HCT123E,M | CD54HCT123F 149 | Dual Retriggerable Monostable Multivibrator w/RESET 16
CD74HC125E,M CD54HC125F CD74HCT125E,M | CD54HCT125F 1565 | Quad 3-State Buffer 14
CD74HC126E,M CD54HC126F CD74HCT126E,M | CD54HCT126F 160 | Quad 3-State Buffer 14
CD74HC132E,M CD54HC132F CD74HCT132E,M | CD54HCT132F 165 | Quad 2-Input NAND Schmitt Trigger 14
CD74HC137E.M CD54HC137F CD74HCT137E,M | CD54HCT137F 696 | 3-to-8 Line Decoder w/Latch, Inverting 16
CD74HC138E,M CD54HC138F CD74HCT138E,M | CD54HCT138F 169 | 3-to-8 Line Decoder/Demultiplexer, inverting 16
CD74HC139E,M CD54HC139F CD74HCT139E,M | CD54HCT139F 174 | Dual 2-of-4 Line Decoder/Demuiltiplexer 16
CD74HC147E,M CD54HC147F CD74HCT147E,M | CD54HCT147F 179 | 10-to-4 Line-Priority Encoder 16
CD74HC151EM CD54HC151F CD74HCT151E,M | CD54HCT151F 184 | 8-Input Multiplexer 16
CD74HC153E,M CD54HC153F CD74HCT153E,M | CD54HCT153F 189 | Dual 4-Input Multiplexer 16
CD74HC154E,M CD54HC154F CD74HCT154E,M | CD54HCT154F 194 | 4-to-16-Line Decoder/Demultiplexer 24
CD74HC157E,M CD54HC157F CD74HCT157E,M | CD54HCT157F 200 | Quad 2-input Multiplexer 16
CD74HC158E,M CD54HC158F CD74HCT158E,M | CD54HCT158F 200 | Quad 2-input Multiplexer, Inverting 16
CD74HC160E,M CD54HC160F CD74HCT160E,M | CD54HCT160F 205 | Synchronous BCD Decade Counter, Asynchronous Reset 16
CD74HC161E,M CD54HC161F CD74HCT161E,M | CDS4HCT161F 205 | Synchronous 4-Bit Binary Counter, Asynchronous Reset 16
CD74HC162E,M CD54HC162F CD74HCT162E,M | CD54HCT162F 205 | Synchronous BCD Decade Counter, Synchronous Reset 16
CD74HC163E,M CD54HC163F CD74HCT163E,M | CD54HCT163F 205 | Synchronous 4-Bit Binary Counter, Synchronous Reset 16
CD74HC164E,M CD54HC164F CD74HCT164E,M | CD54HCT164F 215 | 8-Bit Serial-In Parallel-Out Shift Register 14
CD74HC165E,M CD54HC165F CD74HCT165E,M | CD54HCT165F 220 | 8-Bit Parallel-In Serial-Out Shift Register 16
CD74HC166E,M CD54HC166F CD74HCT166E,M | CD54HCT166F 226 | 8-Bit Parallel-In Serial-Out Shift Register 16
CD74HC173E,M CD54HC173F CD74HCT173F,M | CD54HCT173F 232 | Quad D Flip-Flop, 3-State 16
CD74HC174E,M CD54HC174F CD74HCT174E,M | CD54HCT174F 238 | Hex D-Type Flip-Flop w/RESET 16
CD74HC175E.M CD54HC175F CD74HCT175E,M | CD54HCT175F 243 | Quad D-Type Flip-Flop w/RESET 16
CD74HC181EM CD54HC181F CD74HCT181E,M | CD54HCT181F 248 | 4-Bit Arithmetic Logic Unit 24
CD74HC182E,M CD54HC182F CD74HCT182E,M | CD54HCT182F 254 Look-Ahead Carry Generator 16
CD74HC190E,M CD54HC190F CD74HCT190E,M | CD54HCT190F 260 | Presettable Synchronous BCD Decade Up/Down Counter 16
CD74HC191EM CD54HC191F CD74HCT191E,M | CD54HCT191F 260 | Synchronous 4-Bit Binary Up/Down Counter 16
CD74HC192E,M CD54HC192F CD74HCT192E,M | CD54HCT192F 269 | Synchronous BCD Decade Up/Down Counter 16
CD74HC193E,M CD54HC193F CD74HCT193E,M | CD54HCT193F 269 | Synchronous 4-Bit Binary Up/Down Counter 16
CD74HC194E,M CD54HC194F CD74HCT194E,M | CD54HCT194F 279 | 4-Bit Bidirectional Universal Shift Register 16
CD74HC195E,M CD54HC195F CD74HCT195E,M | CD54HCT195F 285 | 4-Bit Parallel Access Shift Register 16
CD74HC221E,M CD54HC221F CD74HCT221E,M | CD54HCT221F 291 Dual Monostable Multivibrator w/RESET 16
CD74HC237E,M CD54HC237F CD74HCT237F,M | CD54HCT237F 696 | 3-to-8-Line Decoder/Demultiplexer w/Address Latches 16
CD74HC238E,M CD54HC238F CD74HCT238E,M | CD54HCT238F 169 | 3-to-8-Line Decoder/Demultiplexer 16
CD74HC240E,.M CD54HC240F CD74HCT240E,M | CD54HCT240F 298 | Octal Buffer Line Driver, 3-State, Inverting 20
CD74HC241E,M CD54HC241F CD74HCT241E,M | CD54HCT241F 298 | Octal Buffer Line Driver, 3-State 20
CD74HC242E.M CD54HC242F CD74HCT242E,M | CD54HCT242F 304 | Quad-Bus Transceiver, 3-State, Inverting 14
CD74HC243E,M CD54HC243F CD74HCT243EM | CD54HCT243F 304 | Quad-Bus Transceiver, 3-State 14
CD74HC244EM CD54HC244F CD74HCT244E,M | CD54HCT244F 298 | Octal-Buffer Line Driver, 3-State 20
CD74HC245E,M CD54HC245F CD74HCT245E,M | CD54HCT245F 310 | Octal-Bus Transceiver, 3-State 20
CD74HC251E,M CD54HC251F CD74HCT251E,M | CD54HCT251F 315 | 8-Input Multiplexer, 3-State 16
CD74HC253E,M CD54HC253F CD74HCT253E,M | CD54HCT253F 321 Dual 4-Input Multiplexer, 3-State 16
CD74HC257E,M CD54HC257F CD74HCT257E,M | CD54HCT257F 326 | Quad 2-Input Multiplexer, 3-State; Non-Inverting Outputs 16
CD74HC258E,M CD54HC258F CD74HCT258E,M | CD54HCT258F 330 | Quad 2-Input Multiplexer, 3-State; Inverting Outputs 16
CD74HC259E,M CD54HC259F CD74HCT259E,M | CD54HCT259F 335 | 8-Bit Addressable Latch 16
CD74HC273E,M CD54HC273F CD74HCT273E,M | CD54HCT273F 342 | Octal D-Type Flip-Flop w/RESET 20

®CD54/74HCU04, unbuffered version also available.
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CD74HC280E,M CD54HC280F CD74HCT280E,M | CD54HCT280F 347 | 9-Bit Odd/Even Parity Generator/Checker 14
CD74HC283E,M CD54HC283F CD74HCT283E,M | CD54HCT283F 351 | 4-Bit Full Adder w/Fast Carry 16
CD74HC297E,.M CD54HC297F CD74HCT297E,M | CD54HCT297F 356 | Digital Phase-Locked Loop Filter 16
CD74HC299E,M CD54HC299F CD74HCT299E,M | CD54HCT299F 363 | 8-Bit Universal Shift Register, 3-State 20
CD74HC354E,M CD54HC354F CD74HCT354E,M | CD54HCT354F 370 | 8-Input Multiplexer/Register, 3-State 20
CD74HC356E,M CD54HC356F CD74HCT356E,M | CD54HCT356F 370 | 8-Input Multiplexer/Register, 3-State 20
cD M | CDsaHC3esF CD74HCT365EM | CDS4HCT365F 380 | Hex Buffer/Line Driver, 3-State 16
CD74HC366E,M CD54HC366F CD74HCT366E,M | CD54HCT366F 380 | Hex Buffer/Line Driver, 3-State, Inverting 16
CD74HC367E,M CD54HC367F CD74HCT367E,M | CD54HCT367F 385 | Hex Buffer/Line Driver, 3-State 16
CD74HC368E,M CD54HC368F CD74HCT368E,M | CD54HCT368F 385 | Hex Buffer/Line Driver, 3-State, Inverting 16
CD74HC373E.M CD54HC373F CD74HCT373E,M | CD54HCT373F 390 | Octal Transparent Latch, 3-State 20
CD74HC374E.M CD54HC374F CD74HCT374EM | CD54HCT374F 396 | Octal D Flip-Flop, 3-State 20
CD74HC377EM CD54HC377F CD74HCT377E,M | CD54HCT377F 401 Octal D-Type Flip-Flop with Data Enable 20
CD74HC390E,M CD54HC390F CD74HCT390E,M | CD54HCT390F 407 | Dual Decade Ripple Counter 16
CD74HC393E,M CD54HC393F CD74HCT393E,M | CD54HCT393F 413 | Dual 4-Bit Binary Ripple Counter 14
CD74HC423E.M CD54HC423F CD74HCT423E,M | CD54HCT423F 149 | Dual Retriggerable Monostable Multivibrator with Reset 16
CD74HC533E,M CD54HC533F CD74HCTS33E,M | CD54HCT533F 418 | Octal Transparent Latch, 3-State, Inverting 20
CD74HC534E,M CD54HC534F CD74HCT534E,M | CD54HCT534F 424 | Octal D Flip-Flop, 3-State, Inverting 20
CD74HC540E,M CD54HC540F CD74HCT540E,M | CD54HCT540F 429 | Octal Buffer Line Driver, 3-State, Inverting 20
CD74HC541E,M CD54HC541F CD74HCT541E,M | CD54HCT541F 429 | Octal Buffer Line Driver, 3-State 20
CD74HC563E,M CD54HC563F CD74HCTS63E,M | CD54HCT563F 418 | Octal Transparent Latch, 3-State, Inverting 20
CD74HCS564E,M CD54HC564F CD74HCT564E,M | CD54HCT564F 424 | Octal D Flip-Fiop, 3-State, Inverting 20
CD74HC573E,M CD54HC573F CD74HCT573E,M | CD54HCTS573F 390 | Octal Transparent Latch, 3-State 20
CD74HC574E,M CD54HC574F CD74HCTS574E,M | CD54HCT574F 396 | Octal D Flip-Flop, 3-State 20
CD74HC583E,M CD54HC583F CD74HCT583E,M | CD54HCT583F 434 | 4-Bit BCD Full Adder w/Fast Carry 16
CD74HC597E,M CD54HC597F CD74HCT597E,M | CD54HCT597F 704 | 8-Bit Shift Register with Input Storage 16
CD74HC640E,M CD54HC640F CD74HCT640E,M | CD54HCT640F 439 | Octal Bus Transceiver, 3-State, Inverting 20
CD74HC643E,M CD54HC643F CD74HCT643E,M | CD54HCT643F 439 | Octal Bus Transceiver, 3-State, True/Inverting 20
CD74HC646E,M CD54HC646F CD74HCT646E,M | CD54HCT646F 444 | Octal Bus Transceiver/Register, 3-State 24
CD74HC648E,M CD54HC648F CD74HCT648E,M | CD54HCT648F 444 Octal Bus Transceiver/Register, 3-State, Inverting 24
CD74HC670E,M CD54HC670F CD74HCT670E,M | CD54HCT670F 451 4 x 4 Register File, 3-State 16
CD74HC688E,M CD54HC688F CD74HCT688E,M | CD54HCT688F 458 | 8-Bit Magnitude Comparator 20
CD74HC4002E,M | CD54HC4002F CD74HCT4002E,M | CD54HCT4002F 462 | Dual 4-Input NOR Gate 14
CD74HC4015E,M | CD54HC4015F CD74HCT4015E,M | CD54HCT4015F 466 | Dual 4-Stage Static Shift Register 16
CD74HC4016E,M | CD54HC4016F CD74HCT4016E,M | CD54HCT4016F 712 | Quad Bilateral Switch "4
CD74HC4017E,M | CD54HC4017F CD74HCT4017E,M | CD54HCT4017F 472 | Decade Counter/Divider with 10 Decoded Outputs 16
CD74HC4020E,M | CD54HC4020F CD74HCT4020E,M | CD54HCT4020F 478 | 14-Stage Binary Ripple Counter 16
CD74HC4024E,M | CD54HC4024F CD74HCTA4024E,M | CD54HCT4024F 483 | 7-Stage Binary Ripple Counter 16
CD74HC4040E,M | CD54HC4040F CD74HCTA4040E,M | CD54HCT4040F 488 | 12-Bit Binary Counter 16
CD74HC4046AE,M| CD54HC4046AF | CD74HCT4046AEM | CD54HCT4046AF | 493 | Phase-Locked Loop with VCO 16
CD74HC4049E,M | CD54HC4049F — — 510 | Hex Inverting HIGH-to-LOW Level Shifter 16
CD74HC4050E,M | CD54HC4050F — — 510 | Hex HIGH-to-LOW Level Shifter 16
CD74HC4051E,M | CD54HC4051F CD74HCT4051E,M| CD54HCT4051F 514 | 8-Channel Analog Multiplexer/Demultiplexer 16
CD74HC4052E,M | CD54HC4052F CD74HCT4052E,M | CD54HCT4052F 514 | Dual 4-Channel Analog Multiplexer/Demultiplexer 16
CD74HCA4053E,M | CD54HC4053F CD74HCT4053E,M | CD54HCT4053F 514 | Triple 2-Channel Analog Multiplexer/Demuiltiplexer . 16
CD74HC4059E,M | CD54HC4059F CD74HCT4059E,M | CD54HCT4059F 523 | Programmable Divide by “N” Counter 24
CD74HC4060E,M | CD54HC4060F CD74HCTA4060E,M | CD54HCT4060F 530 | 14-Stage Binary Counter w/Oscillator 16
CD74HC4066E,M | CD54HC4066F CD74HCT4066E,M | CD54HCT4066F 536 | Quad Bilateral Switch 14
CD74HC4067E,M | CD54HC4067F CD74HCT4067E,M | CD54HCT4067F 542 | 16-Channel Analog Multiplexer/Demultiplexer 24
CD74HC4075E,M | CD54HC4075F CD74HCTA4075E,M | CD54HCT4075F 548 | Triple 3-Input OR Gate 14
CD74HC4094E,M | CD54HC4094F CD74HCT4094E,M | CD54HCT4094F 552 | 8-Stage Shift-and-Store Bus Register 16
CD74HC4316E,M | CD54HC4316F CD74HCT4316E,M | CD54HCT4316F 719 | Quad Analog Switch 16
CD74HC4351E,M | CD54HC4351F CD74HCTA4351E,M | CD54HCT4351F 726 | Analog MUX w/Latch 20
CD74HC4352E,M | CD54HC4352F CD74HCTA4352E,M | CD54HCT4352F 726 | Analog MUX w/Latch 20
CD74HC4353E,M | CD54HC4353F CD74HCTA4353E,M | CD54HCT4353F 726 | Analog MUX w/Latch 20
CD74HC4510E,M | CD54HC4510F CD74HCT4510E,M | CD54HCT4510F 559 | Up/Down Counter, BCD 16
CD74HCA4511E,M | CD54HC4511F CD74HCT4511E,M | CD54HCT4511F 569 | BCD-to-7-Segment Latch/Decoder/Driver 16
CD74HC4514E,M | CD54HC4514F CD74HCT4514E,M | CD54HCT4514F 574 | 4-to-16-Line Decoder/Demultiplexer w/Input Latch 24
CD74HC4515E,M | CD54HC4515F CD74HCT4515E,M | CD54HCT4515F 574 | 4-to-16-Line Decoder with Input Latches 24
CD74HC4516E,M | CD54HC4516F CD74HCT4516E,M | CD54HCT4516F 559 | Up/Down Counter, Binary 16
CD74HC4518E,M - | CD54HC4518F CD74HCTA4518E,M | CD54HCT4518F 580 | Dual Synchronous BCD Counter 16
CD74HC4520E,M | CD54HC4520F CD74HCTA4520E,M | CD54HCT4520F 580 | Dual 4-Bit Synchronous Binary Counter 16
CD74HC4538E,M | CD54HC4538F CD74HCT4538E,M | CD54HCT4538F 586 | Dual Precision Monostable Multivibrator 16
CD74HC4543EM | CD54HC4543F CD74HCT4543E,M| CDS4HCT4543F 594 | BCD-to-7-Segment Latch/Decoder/Driver for LCDs 16
CD74HC7030E - CD74HCT7030E bl 739 | 9-Bit x 64 Word FIFO Register, 3-State 28
CD74HC7038E,M | CD54HC7038F CD74HCT7038E,M | CD54HCT7038F 752 | 9-Bit Bus Transceiver w/Latch 24
CD74HC7046E,M | CD54HC7046F CD74HCT7046E,M | CD54HCT7046F 758 | Phase-Locked Loop with In-Lock Detection 16
CD74HC7266E,M | CD54HC7266F - — 600 | Quad Exclusive NOR Gate 14
CD74HC40102E,M | CD54HC40102F CD74HCT40102EM | CD54HCT40102F 604 | 8-Bit Synchronous BCD Down Counter 16
CD74HC40103E,M | CD54HC40103F | CD74HCT40103E,M | CD54HCT40103F 604 | 8-Bit Binary Down Counter 16
CD74HC40104E,M | CD54HC40104F | CD74HCT40104E,M | CD54HCT40104F 613 | 4-Bit Bidrectional Universal Shift Register, 3-State 16
CD74HC40105E,M | CD54HC40105F | CD74HCT40105E,M | CD54HCT40105F 619 | 4 Bits x 16 Words FIFO Register 16
CD74HCUO4E,M CD54HCU04F - - 628 | Hex Inverter (Unbuffered) 14

Note: Add package suffix code to part number on all orders.
E = Dual-In-Line Plastic Package — Temp. Range = -40° to + 85°C.
F = Dual-In-Line Frit-Seal Ceramic Package (CERDIP) — Temp. Range = -55° to + 125°C.
H = Chip — Temp. Range = -55° C to 125°C.
M = Dual-In-Line Surface Mounted Package — Temp. Range = -40° to + 85° C.
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Type
CD54/74

HC/HCTO00
HC/HCTO02
HC/HCTO03
HC/HCT10
HC/HCT20
HC/HCT27
HC/HCT30
HC/HCT4002

HC/HCTO08
HC/HCT11
HC/HCT21
HC/HCT32
HC/HCT86
HC/HCT4075
HC7266

HC/HCTO04
HCU04
HC/HCT125*
HC/HCT126*
HC/HCT240"
HC/HCT241*
HC/HCT244*
HC/HCT365*
HC/HCT366
HC/HCT367*
HC/HCT368*
HC/HCT540*
HC/HCT541*
HC4049
HC4050

HC/HCT73
HC/HCT74
HC/HCT107
HC/HCT109
HC/HCT112
HC/HCT173*
HC/HCT174
HC/HCT175
HC/HCT273
HC/HCT374*
HC/HCT377
HC/HCT534"
HC/HCT564*
HC/HCT574*

HC/HCT164
HC/HCT165
HC/HCT166
HC/HCT194
HC/HCT195
HC/HCT299*
HC/HCT597
HC/HCT670*
HC/HCT4015
HC/HCT4094
HC/HCT7030*
HC/HCT40104~
HC/HCT40105

Function/Description
NAND/NOR Gates

Quad 2-Input NAND Gate

Quad 2-Input NOR Gate

Quad 2-Input NAND Gate with Open Drain
Triple 3-Input NAND Gate

Dual 4-Input NAND Gate

Triple 3-Input NOR Gate

8-Input NAND Gate

Dual 4-Input NOR Gate

AND/OR/EXCLUSIVE-OR Gates

Quad 2-Input AND Gate

Triple 3-Input AND Gate

Dual 4-Input AND Gate

Quad 2-Input OR Gate

Quad 2-Input EXCLUSIVE-OR Gate
Triple 3-Input OR Gate

Quad Exclusive NOR Gate

Inverters/Buffers/Bus Drivers

Hex Inverter/Buffer

Hex Inverter (Unbuffered)

Quad 3-State Buffer

Quad 3-State Buffer

Octal Buffer/Line Driver; 3-State; Inverting
Octal Buffer/Line Driver; 3-State

Octal Buffer/Line Driver; 3-State

Hex Buffer/Line Driver; 3-State

Hex Buffer/Line Driver; 3-State Inverting
Hex Buffer/Line Driver; 3-State

Hex Buffer/Line Driver; 3-State; Inverting
Octal Buffer/Line Driver; 3-State; Inverting
Octal Buffer/Line Driver; 3-State

Hex Inverting HIGH-to-LOW Level Shifter
Hex HIGH-to-LOW Level Shifter

Flip-Flops

Dual JK Flip-Flop with Reset; Negative-Edge Trigger

Dual D-Type Flip-Flop with Set and Reset; Positive-Edge Trigger
Dual JK Flip-Flop with Reset; Negative-Edge Trigger

Dual JK Flip-Flop with Set and Reset; Positive-Edge Trigger
Dual JK Flip-Flop with Set and Reset; Negative-Edge Trigger
Quad D-Type Flip-Flop with Set and Reset; Positive-Edge Trigger; 3-State
Hex D-Type Flip-Flop with Reset; Positive-Edge Trigger

Quad D-Type Flip-Flop with Reset; Positive-Edge Trigger

Octal D-Type Flip-Flop with Reset; Positive-Edge Trigger

Octal D-Type Flip-Flop; Positive-Edge Trigger; 3-State

Octal D-Type Flip-Flop with Data Enable; Positive-Edge Trigger
Octal D-Type Flip-Flop; Positive-Edge Trigger; 3-State; Inverting
Octal D-Type Flip-Flop; Positive-Edge Trigger; 3-State; Inverting
Octal D-Type Flip-Flop; Positive-Edge; 3-State

Shift/FIFO Buffer/Multiport Registers

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

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

8-Bit Parallel/Serial-In Serial-Out Shift Register
4-Bit Bidirectional Universal Shift Register
4-Bit Parallel Access Shift Register

8-Bit Universal Shift Register; 3-State

8-Bit Shift Register with Input Storage

4 x 4 Register File; 3-State

Dual 4-Stage Static Shift Register

8-Stage Shift-and-Store Bus Register; 3-State
9-Bit x 64 Word FIFO Register; 3-State

4-Bit Bidirectional Universal Shift Register, 3-State
4 Bits x 16 Words FIFO Register

*Types with a bus driver output stage.
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Product Selection Guide (Cont'd)

Type Function/Description Classification = Page
CD54/74 Arithmetic Circuits

HC/HCT85 4-Bit Magnitude Comparator MSI 119
HC/HCT181 4-Bit Arithmetic Logic Unit MSI 248
HC/HCT182 Look-Ahead Carry Generator MSI 254
HC/HCT280 9-Bit Odd/Even Parity Generator/Checker MSI 347
HC/HCT283 4-Bit Full Adder with Fast Carry MSI 351

HC/HCT583 4-Bit BCD Full Adder with Fast Carry MSI 434
HC/HCT688 8-Bit Magnitude Comparator MSI 458

Counters
HC/HCT93 4-Bit Binary Ripple Counter MSI 129
HC/HCT160 Presettable Synchronous BCD Decade Counter; Asynchronous Reset MSI 205
HC/HCT161 Presettable Synchronous 4-Bit Binary Counter; Asynchronous Reset MSI 205
HC/HCT162 Presettable Synchronous BCD Decade Counter; Synchronous Reset MSI 205
HC/HCT163 Presettable Synchronous 4-Bit Binary Counter; Synchronous Reset MSI 205
HC/HCT190 Presettable Synchronous BCD Decade Up/Down Counter MSiI 260
HC/HCT191 Presettable Synchronous 4-Bit Binary Up/Down Counter MSI 260
HC/HCT192 Presettable Synchronous BCD Decade Up/Down Counter MSI 269
HC/HCT193 Presettable Synchronous 4-Bit Binary Up/Down Counter MsSI 269
HC/HCT390 Dual Decade Ripple Counter MSI 407
HC/HCT393 Dual 4-Bit Binary Ripple Counter MSI 413
HC/HCT4017 Decade Counter/Divider with 10 Decoded Outputs MSI 472
HC/HCT4020 14-Stage Binary Ripple Counter MSI 478
HC/HCT4024 7-Stage Binary Ripple Counter MSI 483
HC/HCT4040 12-Stage Binary Ripple Counter MSI 488
HC/HCT4059 Programmable Divide by “N” Counter MSI 523
HC/HCT4060 14-Stage Binary Ripple Counter with Oscillator MSI 530
HC/HCT4510 Up/Down Counter, BCD MSI 559
HC/HCT4516 Up/Down Counter, Binary MSI 559
HC/HCT4518 Dual Synchronous BCD Counter MSI 580
HC/HCT4520 Dual 4-Bit Synchronous Binary Counter MSI 580
HC/HCT40102 8-Bit Synchronous BCD Down Counter MSI 604
HC/HCT40103 8-Bit Binary Down Counter MSI 604
Analog and Digital Multiplexers/Demultiplexers

HC/HCT151 8-Input Multiplexer MSI 184
HC/HCT153 Dual 4-Input Multiplexer MSI 189
HC/HCT157 Quad 2-Input Multiplexer MSI 200
HC/HCT158 Quad 2-Input Multiplexer; Inverting MSI 200
HC/HCT251 8-Input Multiplexer; 3-State MSI 315
HC/HCT253* Dual 4-Input Multiplexer; 3-State MSI 321

HC/HCT257* Quad 2-Input Multiplexer; 3-State; Non-Inverting Outputs MSI 326
HC/HCT258 Quad 2-Input Multiplexer; 3-State; Inverting Outputs MSI 330
HC/HCT354* 8-Input Multiplexer/Register; 3-State MSI 370
HC/HCT356* 8-Input Multiplexer/Register; 3-State MSI 370
HC/HCT4051 8-Channel Analog Multiplexer/Demultiplexer MSI 514
HC/HCT4052 Dual 4-Channel Analog Multiplexer/Demultiplexer MSI 514
HC/HCT4053 Triple 2-Channel Analog Multiplexer/Demultiplexer MSI 514
HC/HCT4067 16-Channel Analog Multiplexer/Demultiplexer MSI 542
HC/HCT4351 Analog Multiplexer with Latch MSI 726
HC/HCT4352 Analog Multiplexer with Latch MSI 726
HC/HCT4353 Analog Multiplexer with Latch MSI 726

Decoders/Encoders

HC/HCT42 BCD to Decimal Decoder (1-of-10) MSI 100
HC/HCT137 3-to-8 Line Decoder with Latch; Inverting MSi 696
HC/HCT138 3-to-8 Line Decoder/Demultiplexer; Inverting MSI 169
HC/HCT139 Dual 2-to-4 Line Decoder/Demultiplexer MSI 174
HC/HCT147 10-to-4-Line Priority Encoder MSI 179
HC/HCT154 4-to-16-Line Decoder/Demultiplexer MSI 194
HC/HCT237 3-to-8-Line Decoder/Demultiplexer with Address Latches MSI 696
HC/HCT238 3-to-8-Line Decoder/Demultiplexer MSI 169
HC/HCT4511 BCD-to-7-Segment Latch/Decoder/Driver MSI 569
HC/HCT4514 4-to-16-Line Decoder/Demultiplexer with Input Latches MSI 574
HC/HCT4515 4-to-16-Line Decoder/Demultiplexer with Input Latches MSI 574
HC/HCT4543 BCD-to-7-Segment Latch/Decoder/Driver for LCDs MSI 594

*Types with a bus driver output stage.
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Product Selection Guide (Cont'd)

Type
CD54/74

HC/HCT4016
HC/HCT4066
HC/HCT4316

HC/HCT242*
HC/HCT243*
HC/HCT245*
HC/HCT640*
HC/HCT643"
HC/HCT646™
HC/HCT648"
HC/HCT7038"

HC/HCT14
HC/HCT132

HC/HCT75
HC/HCT259
HC/HCT373*
HC/HCT533*
HC/HCT563*
HC/HCT573*

HC/HCT123
HC/HCT221
HC/HCT423
HC/HCT4538

HC/HCT297
HC/HCT4046A
HC/HCT7046A

Function/Description
Analog Switches

Quad Bilateral Switch
Quad Bilateral Switch
Quad Analog Switch

Bus Transceivers

Quad Bus Transceiver; 3-State; Inverting
Quad Bus Transceiver; 3-State

Octal Bus Transceiver; 3-State

Octal Bus Transceiver; 3-State Inverting
Octal Bus Transceiver; 3-State True/Inverting
Octal Bus Transceiver; 3-State

Octal Bus Transceiver; 3-State; Inverting
9-Bit Bus Transceiver with Latch

Schmitt Triggers

Hex Inverting Schmitt Trigger
Quad 2-Input NAND Schmitt Trigger

Latches

Dual 2-Input Bistable Transparent Latch
8-Bit Addressable Latch

Octal Transparent Latch; 3-State

Octal Transparent Latch; 3-State; Inverting
Octal Transparent Latch; 3-State; Inverting
Octal Transparent Latch; 3-State

One-Shot Multivibrators

Dual Retriggerable Monostable Multivibrator with Reset
Dual Monostable Multivibrator with Reset

Dual Retriggerable Monostable Multivibrator with Reset
Dual Retriggerable Precision Monostable Multivibrator

Phase-Locked Loops (PLL)

Digital Phase-Locked Loop Filter
Phase-Locked Loop with VCO
Phase-Locked Loop with In-Lock Detection

*Types with a bus driver output stage.

Classification
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Product Classification Chart

GATES MULTIVIBRATORS
Single-level Multi-level Flip-Flops/Latches
Muiti-
Buffers Bus function Decoders/ Schmitt Flip-Flops Latches
NOR/NAND OR/AND Line-Drivers Drivers AO1 Encoders Trigger
CD54/74HC/HCT CD54/74/HC/HCT CD54/74HC/HCT
HC/HCT02 HC/HCTO0 HC/HCTO8 HC/HCT2400 HC/HCT125 | HC/HCT86 HC/HCT42 HC/HCT14 HC/HCT73 HC/HCT75
HC/HCT03¢ HC/HCT10 HC/HCT11 HC/HCT241¢ | HC/HCT126 | HC7266 HC/HCT137 HC/HCT132 | HC/HCT74 HC/HCT259
HC/HCT27 HC/HCT20 HC/HCT21 HC/HCT244e | HC/HCT241 HC/HCT138 HC/HCT107 HC/HCT3730
HC/HCT4002 HC/HCT30 HC/HCT32 HC/HCT365e HC/HCT244 HC/HCT139 HC/HCT109 HC/HCT5330
HC/HCT4075 | HC/HCT366e HC/HCT365 HC/HCT147 HC/HCT112 HC/HCT5630
HC/HCT367e HC/HCT366 HC/HCT154 HC/HCT173¢ | HC/HCTS573e
HC/HCT3688 | HC/HCT367 HC/HCT237 HC/HCT174
HC/HCT5400 HC/HCT368 HC/HCT238 HC/HCT175
HC/HCT541e | HC/HCT540 HC/HCT4511 HC/HCT273 Monostable
HC/HCT541 HC/HCT4514 HC/HCT374e | HC/HCT123
Level \verters HC/HCT4515 HC/HCT377 HC/HCT221
Shifters HC/HCT534e | HC/HCT423
HC 4049 HC/HCTO04 HC/HCTS64e | HC/HCTA538
HC 4050 HCU04 HC/HCT5740
REGISTERS COUNTERS PHASE
o Bmary DIGITAL LOCKED BILATERAL INTERFACE
Shift Buffer Muiltiport Ripple Synchronous MULTIPLEXERS LOOPS SWITCHES CIRCUITS
CD54/74HC/HCT CD54/74HC/HCT CD54/74HC/HCT
HC/HCT164 HC/HCT40105 HC/HCT670 HC/HCT93 HC/HCT160 HC/HCT151 HC/HCT279 HC/HCT4016 A Bus
HC/HCT165 HC/HCT7030 HC/HCT380 HC/HCT161 HC/HCT153 HC/HCT4046A HC/HCT4066 A Transceivers
HC/HCT166 HC/HCT393 HC/HCT162 HC/HCT157 HC/HCT7046 HC/HCT4316 A | HC/HCT242e
HC/HCT194 HC/HCT4020 HC/HCT163 HC/HCT158 Analog HC/HCT2430
HC/HCT195 HC/HCT4024 HC/HCT190 HC/HCT251 Muitiplexers/ HC/HCT245¢
HC/HCT299¢ HC/HCT4040 HC/HCT191 HC/HCT253 Demultiplexers | pc/HCT6400
HC/HCT597 HC/HCT4060 HC/HCT192 HC/HCT257e HC/HCT4051 HC/HCT643e
HC/HCT4015 HC/HCT40103 HC/HCT193 HC/HCT258 HC/HCT4052 HC/HCT6460
HC/HCT4094 HC/HCT4017 HC/HCT3540 HC/HCT4053 HC/HCT648e
HC/HCT401040 HC/HCT4510 HC/HCT356 HC/HCT4067 HC/HCT7038e
HC/HCT4516 HC/HCT4351
HC/HCT4518 HC/HCT4352
HC/HCT4520 HC/HCT4353
HC/HCT40102
ARITHMETIC CIRCUITS DISPLAY DRIVERS
Adders/ ALU/Rate Parlty For For
Comparators Multipliers Generator/ Lco LED
Checker Drive Drive
CD54/74HC/HCT CD54/74HC/HCT
HC/HCT85 HC/HCT181 HC/HCT280 HC/HCT4543 HC/HCT4511
HC/HCT283 HC/HCT182 See Decoders/
Encoders
¢ Open Drain
A Quad type

® With Bus Driver output stage
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Typical Dual-In-Line Typical Dual-In-Line
Plastic Package Frit-Seal Ceramic (CERDIP) Package

Typical SO (Smail Outline)
Plastic Package
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Technical Overview

HC/HCT Family Description

The RCA HC/HCT series of high-speed CMOS integrated
circuits (QMOS) includes a functionally complete set of
LSTTL equivalent types and selected equivalent CMOS
CD4000 series types. The CD4000 series types selected
are unique to the CMOS process. These types are readily
produced by the highly versatile CMOS technology, but
cannot be implemented by the more restrictive bipolar
technology. Each CMOS circuit function is offered in two
basic logic series, as follows:

1. CD54/74HCTXXXX-series types — feature LSTTL
input-voltage-level compatibility and provide high-
speed CMOS direct drop-in replacements of LSTTL
devices.

2. CD54/74HCXXXX-series types — feature CMOS
input-voltage-level compatibility and are intended for
use in new second-generation all-CMOS systems.

In addition, RCA offers a third category, CD54/74HCUXX,
which includes unbuffered types intended for linear or
high-speed oscillator applications.

The HC/HCT family consists of a comprehensive set of
buffers, transceivers, and registers that are popular in
computer systems. A wide variety of popular logic, MUX's,
encoders/decoders, counters, arithmetic units, mulitvibra-
tors, display drivers, and phase-lock loops complete the
family.

Shown below is a breakdown of the HC/HCT family by
logic function:

The HC/HCT Family

Number of
Device Function Types
Inverters/Buffers/Bus Drivers 14
Flip-Flops/Latches 20
Bus Transceivers 8
Registers 13
Counters 23
Decoders/Encoders 12
Multiplexers (Analog & Digital) 17
Multivibrators 4
Schmitt Triggers 2
Phase-Lock Loops 3
Bilateral Switches 3
Arithmetic Circuits 7
Gates 15

NOTE: Each function is available in both an HCT and HC
version.

HC/HCT Family Features

® Functionally and pin compatible with industry 54 and
74 LSTTL-series and CD4000B-series types.

® CMOS outputs for maximum noise margins.
@ Fan-out (over temperature):
Standard Outputs - 10 LSTTL ioads
Bus-Driver Outputs - 15 LLSTTL loads

® Wide operating temperature range:
CD74HC/HCT/HCU: -40 to +85°C
CD54HC/HCT/HCU: -55 to +125°C

©® Balanced propagation and transition times.

® Significant power reduction compared to LSTTL
logic.

@ Alternate source - Philips/Signetics

12

Series Features
CD54HCXXXX and CD74HCXXXX Series
@ 2 to 6V operation.

® High noise immunity: Ni. = 30%, N = 30% at
Vcc = 5V

CD54HCTXXXX and CD74HCTXXXX Series
® 4.5 to 5.5V operation.
® Direct LSTTL input logic compatibility
ViL = 0.8V(max), Vi = 2.0V (min)

® CMOS input compatibility
I, i <IuA at Vo, Vo

Quantitative Comparison of HC/HCT and LSTTL
Logic Types

RCA’s HC and HCT logic types have many outstanding
advantages when compared with the conventional high-
current LSTTL logic types which these types can replace
in existing and new equipment designs that require devi-
ces operating at frequencies in the 20-30 MHz range.
Table | compares significant operating characteristics of
the HC/HCT vs. LSTTL logic families.

Table | — Quantitative Comparison of HC/HCT
and LSTTL Logic Types

Characteristic 74 Series 74 Series
HC/HCT LSTTL
1. Quiescent Power
-per Gate 0.025mW 5.5mwW
-per FF 0.05mwW 10mW
-4 Stage Counter 0.4mwW 95mwW
-per Transceiver/Buffer 0.1mwW 60mwW
2. Operating Power
Frequency Frequency
0.1to

0.1MHz 1MHz 10MHz 1MHz 10MHz

-per Gate 0.2mW 2mW  20mW 55mwW 20mW

-per FF 0.15mw 1.5mW 15mwW 10mW  15mw
-4 Stage

Counter  0.24mW 2.4mW 24mW 95mW  120mW
-per Trans-

ceiver/

Buffer 0.25mW 2.5mW 25mw 60mW 90mW

3. Operating Supply (HCT) 45Vto 4.75Vto5.25V
Voltage 5.5V
(HC) 2V to 6V

4. Operating
Temperature
Range -40°C to +85°C 0°C to +70°C

5. Noise Margin @ 5V

LStoLS ——— 0.7V/0.4V
HC to HC (HI/LOW)  1.4V/1.4V -—
HCT to HCT 2.9V/0.7V -
6. Input Switching

Voltage

Variation with Temp. Vs + 60mV Vs + 200 mV
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Table | — Cont'd

74 Series 74 Series
HC/HCT LSTTL
7. Output Drive Current
a) Source Current at
Von = 2.4V -8mA -400uA
b) Sink Current
Std. Logic (Vo) 4mA (0.33V) 4mA (0.4V)
BUS Logic (Vo) 6mA (0.33V) 12mA (0.4V)
Vo=0.5V 12mA 24mA
8. Typ. Output
Transition Time*
tren 6ns 16ns
trie 6ns 6ns
9. Typical Gate Propagation
Delay*: teui/tein 8ns/8ns 8ns/11ns
Vee = 5V, CL= 15pF
10. Typical FF Propagation Delay:
Vee =5V, CL= 15pF
teLH 14ns 15ns
teHL 14ns 22ns
11. Typ. Clock Rate
of an FF 50MHz 33MHz
12. Input Current
I -luA -0.4. to -0.8mA
|IH luA 40uA
13. 3-State Output
Leakage Current +5uA +20uA
14. Reliability
%/1000 hours at 60% .0019 .008
Confidence (RCA Report) (RADC Report)

*Loading coefficient = 0.055ns/pF (both HC/HCT and
LSTTL)

HC/HCT IC Structure

The high speeds and low quiescent power dissipation that
characterize the RCA HC/HCT family are made possible
by utilizing a three-micron, self-aligned silicon gate CMOS
process. The three-micron process minimizes the internal
parasitic capacitances of the circuit, which results in
increased switching speed.

The polysilicon gates of the transistors are deposited over
a thin gate oxide before the source and drain diffusions
are defined. lon implantation is then used to form the
source and drain areas, with the polysilicon gates acting
as a mask for the implantation. The source and drain are
automatically aligned to the gate, hence the expression
“self-aligned-gate” process. In this manner, gate-to-source
and gate-to-drain capacitances are minimized. Junction
capacitances, which are proportional to the junction area,
are also reduced because of the shallower diffusions. Fig.
1 shows the parasitic capacitances in a CMOS inverter.

In contrast, the source and drain areas in a metal-gate
CMOS process are formed before the gate is deposited.

Moreover, the metal gate must overlap the source and
drain to allow for alignment tolerances. These conditions
result in higher overlap capacitances than those present in
QMOS devices. The metal-gate process also employs
deeper diffusions than those in the QMOS process and,
consequently, has larger junction capacitances.

Vee

=

92CS-37075

Fig. 1 - Parasitic capacitances in a CMOS inverter

The QMOS structure features a three-micron gate length;
the CD4000 series structure has a gate length of seven
microns. The equation for the drain current of a MOSFET

width
length

where K' is the “beta” of the MOSFET. Therefore, a short-
ter gate length results in higher drive capability, which in
turn increases the speed at which a transistor can charge
or discharge capacitance.

is:
Ips = K" [ (gate voltage) - (threshold voltage) ]

The polysilicon in a silicon-gate process is also an inter-
connect layer, thus, there are three levels of interconnect
(diffusion, polysilicon, and metal) instead of the two layers
(diffusion and metal) present in a metal-gate process. This
situation aids in making a more compact die. Fig. 2 com-
pares the cross sections of the seven-micron metal-gate
CMOS structure and the three-micron QMOS structure.

Input Characteristics

The inputs of QMOS devices are voltage-level sensitive,
and do not require current, except for input leakage. The
definitive switching characteristics for the HC and HCT
versions are illustrated in Figs. 3 and 4, respectively.

System designers require the actual MIN/MAX range of
expected -input switching voltage over the temperature
range of -55°C to +125°C. This vital information is con-
tained in the curves of Figs. 5 and 6 for the HC and HCT
families, respectively.

The unbuffered HCUO4 hex inverter has one stage of
active inverting logic from input to output and, therefor_e,
is a special case for input switching voltage as shown in
Fig. 7.
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(a) CD4000B Series
n-Channel p-Channel

n-substrate

o 120
| ]
92CM-37086
(b) GMOS
n-Channel p-Channel
| n-Substrate
I a5y 'I
92CM-37086
Fig. 2 - Crossectional view of (a) the seven-micron
CDA4000B Series structure and (b) three-
micron QMOS structure
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92€S-37092R4 92CS-37093R1
Fig. 3 - Typical switching characteristics Fig. 4 - Typical switching characteristics of RCA HCT
of RCA HC series types series types
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Fig. 5 - Actual Min/Max switching characteristics Fig. 6 - Actual Min/Max switching characteristics
of RCA HC series types of RCA HCT series types
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[

OUTPUT VOLTAGE (Vg) -V
» @

-

l 1 T
1.9 MIN. 2.5TYPICAL 3.0 MAX.

Voo = 4.5V

Ve =5V

Veg =565V

TA =H+126°C Ty =25'C T =+125°C
INPUT VOLTAGE (V) -V

92CSs- 38888

Fig. 7 Actual Min/Max and typical switching characteris-
tics of the HCU04 Unbuffered Hex Inverter

Noise Immunity and Noise Margin

Table Il shows the HC, HCT, and HCU input noise
immunity and noise margin for use in those applications
where like members of the HC, HCT, and HCU families
interface with each other at a nominal supply voltage of
5V. Output voltages are also shown.

Table li(a): Noise Immunity and Noise Margin (V. = 5V).

HC HCT HCU
ViL max. 1.5V 0.8V Vv
Vis min. 3.5V 2V 4V
VoL max. 0.1v 0.1V 0.5V
Von min. 4.9V 4.9v 4.5V
Noise Margin Low (V) 1.4V 0.7v 0.5V
Noise Margin High (Vmr) 1.4V 2.9v 0.5v

Table li(b) shows noise immunity and noise margin volt-
ages for standard HCT devices interfacing with LSTTL
logic types with a fully loaded HCT or LSTTL output at Vcc
= 4.5V, and a temperature range of 0°C to +70°C. This

limited LSTTL temperature range is the only convenient
temperature range when using LSTTL characteristics.

Whenever the HCT output drives either an LS or HCT
input, there is an improvement in noise margin over the
LSTTL family driving itself or driving HCT. This improve-
ment is especially true for noise margin high where the
superior output sourcing current of the rail-to-rail QMOS
output swing is far superior to the limited totem-pole pull-
up output voltage of LSTTL

Input Current

Fig. 8 is a plot of typical HC/HCT device input current vs.
temperature for a Vcc of 6V. This actual performance of
under 1.5nA over the temperature range of -55°C to
+125°C contrasts with maximum family and JEDEC stand-
ard input leakage current limit of 100nA for T = -55°C to
+25°C, and a limit of 1ua at Ta = 85°C and +125°C. The
reason for this difference in performance vs. ratings is
high-speed testing limitations associated with test system
resolution and the measurement of settling time. A second-
ary reason is that the limits are end-of-life, thus allowing
some leakage current shift due to minor externally intro-
duced foreign material or moisture.

Table 1i(b) - Noise Immunity and Noise Margin for

HCT and LS Device Interfacing

HCT LSTTL HCT—LS [ LS—HCT | LS—LS | HCT—-HCT
Vie MAX 0.8V 0.8V — — —
Viu MIN 2V 2V — — -
Vo MAX 0.33Vv 0.4V — — —
Von MIN 4.4V 2.7V — — —
VL — — 0.47V 0.4V 0.4V 0.7V
VNmH — — 2.4V 0.7V 0.7V 2.4V
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SUPPLY VOLTAGE (Vcg) =6 V
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Fig. 8 - Typical HC/HCT input current Vs. temperature

Input Termination

The very low HC/HCT input current and hence, high input
resistance is primarily due to low-level leakage currents of
the input ESD protection diodes shown in Fig. 9. This
excellent input buffering characteristic of CMOS logic IC’s
is fundamental to the wide range of very low power appli-
cations from pure logic to wide range RC oscillators, high
Q crystal oscillators, etc. However, in no situation should
this high input resistance be left floating or unterminated.
Inputs may be tied directly to Vcc or GND via resistors of
up to TMohm; the upper limit is only related to ac noise
immunity, i.e., pick up.

Comparing HC/HCT unused input terminations to LSTTL
logic, puts the flexibility of QMOS into a very positive light.
It is a stated LSTTL design rule that unused inputs be ter-
minated to Vec via a 1.2kohm resistor and not tied directly
to GND or Vcc nor left floating.

One additional note on HC/HCT input terminations. There
are several bidirectional (transceiver) logic types in the
QMOS family with common 1/O pins. These I/O pins do
not have the input poly resistor (R) of Fig. 9. Hence, these
pins cannot be terminated directly to Vcc or GND. A ter-
minating resistor to Vcc or GND of 10kohm is recom-
mended.

Input/Output ESD Protection

HC/HCT device inputs have a resistor-diode protection
network, shown in Fig. 9, that protects the gate oxide from
electrostatic discharge (ESD) damage. The network pro-
vides protection to levels typically greater then 2kV in all
modes pertaining to the input, as shown in Fig. 10. The
2kV figure was arrived at by testing devices in the ESD test
circuit shown in Fig. 11 while conforming to the MIL-STD-
38510 requirements.

The recommended handling practices for QMOS devices
are similar to those described in RCA Application Note
ICAN-6525, “Guide to Better Handling and Operation of
CMOS Integrated Circuits”.
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Fig. 9 - Resistor-diode protection network used on inputs
of HC/HCT devices to protect device gate oxide from
electrostatic discharge damage(ESD).

92C1-29324R2

Fig. 10 - HC/HCT ESD test modes
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Fig. 11 - Test circuit used to measure electrostatic dis-
charge (ESD) in HC/HCT circuits. The rise time at the
output terminal should be 13 + 2nS.
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Input Interaction

Another effect of the input-protection network is the
imposition of a parasitic transistor between adjacent input
pins. Fig. 12 shows this transistor.

Vee —_—

IN Ic
92CA-37078R1

Fig. 12 - Parasitic transistor caused by input-protection
network.

This parasitic transistor may cause undesirable interaction
between adjacent inputs if the input level is greater than
VectVdiode. RCA QMOS devices minimize the alpha
(o< =le/lc) to less than 0.05. This feature of RCA QMOS
inputs permits proper logic operation in the presence of
transients and also allows high-to-low voltage translation
via series input resistors. The typical value of « for QMOS
ICs is .001. Fig. 13 illustrates how control of « in RCA
QMOS devices provides for safe conversion of 12V control
logic levels to 5V HC system logic simply by insertion of a
100k ohm resistor in each input. The only disadvantage is
that logic signals are delayed by 1-2uS and therefore, this
scheme works well only with rather slow 12V control logic
as for example, in automotive applications. When the input
diodes are used as clamps for logic level translation, the
input current should be kept to 2mA or less.

Vee=5V

N
100 kQ

12V O—AM

-E—: 100k 1oyT

92Cs-38921

63V

=63
100 kQ A

W=
"lg =<l =0.05x63 A = 3.15 A
ViL(B) = 3.15 4A X 100 kD = 0.315 V

Vi max (spec.)=1.5V Noise Margin=1.5 V -0.315 V=1.2V Approx.

Fig. 13 - 12V-to-5V logic-level conversion at HC
inputs using 100kOhm series resistors

Input-Voitage Considerations and Maxi-
mum Forward-Diode Input Current Limits

As a general rule, CMOS logic devices employing input
clamp diodes (Fig. 9) to minimize ESD effects should be
operated between the power supply rails. If the input ser-

then the rule is:
-0.5V <Vin <(Vec +0.5V)

This rule is the industry standard (JEDEC Std. No 7) and
is intended to keep users from damaging devices because
the devices of some HC/HCT device manufacturers the
devices do not have the built-in input series polysilicon
resistor. RCA HC/HCT data sheets continue to show the
conservative rating established by JEDEC. However, RCA
HC/HCT device inputs are capable of meeting the follow-
ing rating: -1.5V<Vin<Vcc +1.5V.

Furthermore, RCA devices, except for special cases such
as transceivers and analog switches or multiplexer signal
inputs, can reliably operate with the +1.5V rule without
logic errors. Beyond +1.5V, maximum forward current
poses a second limitation with respect to the Vcc and GND
rail. This QMOS and JEDEC rating is £20mA of transient
current maximum forced into inputs or outputs.

Latch-Up
Definition

Latch-up within CMOS IC structures may be initiated or
triggered by voltage overshoot or undershoot at inputs,
outputs, or supply terminals. A high transient voltage or
current at any one or combination of these terminals may
initiate turn-on of an SCR-type 4-layer diode parasitic bip-
olar device, as shown in the simplified diagram of Fig. 14.
This parasitic structure, when triggered on, keeps the
supply voltage below the V¢c voltage and thus permits a
high supply current of several hundred mA to flow (see
Fig. 14). The resistor values of rc, rw' and re® are
dependent on circuit layout geometry and p+ and n+ dop-

ing levels.
O~ O Vee
PARASITIC

e PNP

PARASITIC |

NPN

xil?
S —1
92Cs-38923

Fig. 14 - Simplified diagram of CMOS 4-layer diode
structure

The lower the value of these resistors, the less voltage
drop that will occur. A much higher trigger current, there-
fore, will be required to induce turn on of the SCR struc-
ture shown in Fig. 14.

Also important are established layout rules and process
parameters that minimize the current gain (Beta) of the
parasitic NPN and PNP transistors shown in Fig. 14.

Latch-Up Capability

The trigger current that could potentially trigger latch-up
of QMOS ICs is typically =80mA at any input or output
terminal. Measurements are made at all terminals (see
next section for preferred measurement technique), so
that these terminals have a minimum acceptable latch cur-
rent of £40mA. The absolute maximum rating in the
QMOS data sheet and in the industry JEDEC Standard
No. 7 is £20mA. The possibility for transient currents in
applications are more likely to appear at input terminals
where interfaces could cause voltage transients. The vol-
tage required to induce the +£40mA measured capability
dnd the +80mA typical capability of QMOS ICs as illus-
trated in Fig. 15, is established by the QMOS built-in 120
ohm minimum current-limiting polysilicon resistor at logic
inputs.
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Equations:
Vr= 1R+ Vp + Vce R = 120 ohms
Vo = 0.7V
-Vr=-tR — Vo Vee = 45V

Values:

Vy = 40mA X 0.12k ohms + 0.7V + 4.5V = 10V min.
V¢ =80mA X 0.12k ohms + 0.7V + 4.5V = 14.8V typ.
-Vr = -40mA X 0.12k ohms - 0.7V = -5.2V min.
-Vr = -80mA X 0.12k ohms -0.7V = -10.3V typ.

Vee

92CS-38922

Fig. 15 Input latch transient voltage determination

As developed in Fig. 15, the minimum and typical +Vy
transient input voltages required to induce either +£40mA
or +80mA are relatively large, and far greater than the
transients induced in 5V systems where 2 or 3 volts of ring-
ing transients can be induced via wiring inductance effects.
This £40mA QMOS capability is truly a “latch-up free”
condition for operation in a 2V to 6V system. If transients
are induced in a particular application beyond +10V/-5.2V,
then the use of external series-limiting resistors are advised
to keep transient currents below £40mA. Another consid-
eration is unused inputs. If unused QMOS inputs are tied
to a Vec of +5.5V and the V¢c of the QMOS IC is temporar-
ily grounded, for example, in a 2-power supply system, or
when PC cards are replaced with power on, no possibility
of latch-up will exist because the input current will be
limited to +40mA via the built-in 120-ohm polysilicon
series resistor.

Measuring Latch-Up Sensitivity
Caution

The test methods that follow can damage devices if the
following precautions are not strictly observed.

® Apply currents for Ims (min) to 5 seconds (max).

® Limit power supply currents to 200mA.

e Allow a cool-down period between successive tests
to be equal to or greater than the time that is required
to apply trigger current.

e These tests may be safely adapted to bench-testing
with meters or use of a curve tracer

1. Static Input or Output Triggering for Latch-up

Vee supply to 200mA
For input triggering connect other inputs to Vcc or GND

All valid logic conditions are subject to test.
For Output Triggering (Figs. 16¢c/d):

® -lo - Active outputs must be set low

® +|o - Active outputs must be set high

e 3-State outputs - Also set output to high-
impedance state

Apply trigger current first (Fig. 17)

® Apply *l, or £lo(Fig. 16)

e Raise Vcc 10 =Vee max.

e After the trigger duration, reduce trigger current to
zero

e |f Icc is less than its quiescent value, the device is not
latched.
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If the quiescent value of lcc is out of specification, the
input and output structure should be electrically checked
to determine if the 1/O circuitry is damaged and latch-up
did not occur. Further device analysis may be required to
verify if latch-up did indeed occur.
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0 o
(©) (D)

92Cs-38920

Fig. 16 - Test set-up for positive and negative trigger
current

~
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+1yTg

-Iylo

—|-Vch-}

Fig. 17 - Latch test waveforms

~

92Cs-38919

2. Vec Triggered Latch-Up Test by Over-Voltage on
Vec (Fig. 18)

Latch-up can occur if the voltage of the power supply is

raised above the absolute maximum supply voltage rating.

Apply a Vcc overvoitage of 2X Vcc max. referenced to
GND using a 100-mA limited supply.

Vee
Vi
o—ft ¢ o —o0
oy veeO——  pewice [—O
LOGIC ORO———  UNDER —Oopen X' v
TEST ol
CONDITION GNDO—
O—
= 92Cs-38919

Figure 18: Test set-up for V¢ over-voltage latch trigger

Measure the Ve voltage. If it is less than Vce max., the part
has latched.
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Output Characteristics

QMOS outputs make use of a complementary symmetry
transistor configuration, which is different from the LSTTL
totem-pole output; both outputs are shown in Fig. 19.
QMOS outputs meet the voltage-level requirements
necessary to interface to QMOS inputs, and the drive and
current requirements needed to interface to bipolar inputs;
i.e, TTL, LS, ALS, AS, FAST, etc.

The outputs of the QMOS devices are classified into two
categories: standard and bus drive. The iwo outputs
differ in the output transistor widths needed to meet
JEDEC standard drive and current requirements. Both
standard outputs and bus drive outputs may be active (2-
state) or 3-state with a high-impedance mode added and
where both the PMOS and NMOS transistors are off.
Another type of QMOS output is the open-drain output of
the HC/HCT 03 Quad NAND gate shown in Fig. 20. This
output has no intrinsic or added diode connected to V¢ at
the output. The output of this device may be connected to
an external load terminated at up to 10V. Thus, outputs
can be pulled up above a nominal 5V supply for up-level
voltage conversion.

The HC/HCTO3 is the only QMOS gate type whose out-
puts can be used for a “wired OR” arrangement.

vee
Vee

A

ouTPUT =

° ﬁums
(s) CMOS Output

OUTPUT

(b) LSTTL Output

82CS-37085
92CS-37085

Fig. 19 - Comparison of HC/HCT (a) and LSTTL (b)

Vg = 10V MAX.

|
l_O'_-"
~ e2cs-38917

Fig. 20 - HC/HCT 08 output circuit
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*Inherent diodes
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Fig. 21 - Inherent diodes protecting HC/HCT outputs.

Output Protection

The outputs in a QMOS device are protected from ESD
damage by diodes. Figure 21 shows these diodes. These
intrinsic diodes are effective because of the large geome-
tries (widths) of the output transistors. These diodes are
the drain to n-substrate junction of the p device and the
drain to p-well junction of the n device. This network pro-
vides protection to voltage levels typically greater than 3kV
in all ESD discharge modes pertaining to the output (see
Fig. 9).

Output Currents

QMOS outputs are specified for both CMOS and LSTTL
loads. CMOS inputs are voltage sensitive and the only
current is leakage current. The output voltage test for
CMOS interfacing is specified for lo at +20uA (20 CMOS
loads). The outputs are also specified at lo = 4mA (10
LSTTL loads) and 6mA (15 LSTTL loads) for standard and
bus-drive outputs, respectively. The corresponding Vo
(max) and Vow (min) for the outputs, are illustrated in
Table Il1.

The maximum current per output pin (lo) is + 25mA and
+35mA for standard and bus-drive outputs, respectively.
This maximum current rating is specified when the out-
puts are in their active regions: -0.5V<Vo<Vcc + 0.5V. The
maximum current rating per power pin, Vcc or ground, is
50mA and 70 mA, respectively, for standard or bus-drive
outputs.

When the output voltage exceeds Vcc or is below ground
by greater than 500mV, the output protection diodes turn
on and conduct current. The maximum diode transient
current, IoK, should not exceed +40mA to avoid latch-up
as described earlier.

Table I - Output Drive Specifications

Test Conditions/Limits (Vcc =4.5V)
Characteristic lo 25°C | -40 to 85°C|-55 to 125° C|Unit
High-Level Output -20uA | 44 4.4 4.4 Vv
Voltage, Von(min) -4mA 3.98 3.84 3.7 Vv
-6mA | 3.98 3.84 3.7 \Y
(Bus)
Low-Level Output 20uA 0.1 0.1 0.1 \%
Voltage, VoL(max) 4mA 0.26 0.33 0.4 \
B6mA 0.26 0.33 0.4 \"
(Bus)
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Output-Current and Interfacing Capability

A comparison of the output drive capabilities for QMOS
with those of LSTTL is as follows:
LSTTL capability is usually expressed in unit loads
(ULs) where the load is specified to be an input of the
same family. This specification assures that the worst
case low and high input thresholds will be met and the
existing margins of noise immunity preserved.

QMOS capability is expressed as source/sink current at
a specified output voltage. Since QMOS requires virtu-
ally no input current, the unit load concept does not
apply.

With a specified output drive of 0.4mA at 0.4V, the QMOS-
to-QMOS interface capability exceeds 1000 ULs, and with
a 20uA/0.1V specification, the QMOS capability is 20ULs.
Each standard QMOS output has a drive capability of ten
LSTTL loads and maintains a VoL of 0.4V over the full
temperature range. Bus driver outputs can drive 15 LSTTL
loads under the same conditions.

The output drive capabilities of QMOS expressed in
LSTTL unit loads are shown in Table IV.

Output Curves

Output current derating versus temperature is shown in
Fig. 22 and is valid for all types of output. Output source
and sink drives at Vgc = 2, 4.5, and 6V are given in Figs. 23
to 26 which show output currents versus output voltages.
These curves indicate the typical output current at 25°C
and minimum output currents that can be expected at
25°C, 85°C, and +125°C, and can also serve as a design
aid in interface applications and for calculating transmis-
sion line effects on charging highly capacitive loads.

Note to Figs. 22 to 25: The expected minimum curves are
included as an aid to equipment designers, and are tested
only at the points indicated on device data sheets.
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Fig. 22: Output current derating vs. ambient temperature.

Fig. 23: Standard output n-channel sink current (lo) for
Vee=2V, 4.5V, and 6V.

Table IV: Comparison of Output Drive Capabilities

LS Device Output Drive HC/HCT Output Output Drive
Equivalent Type

74LS00 4 mA 10 UL 74HCO00 Standard 4 mA 10 UL

74LS138 4 mA 10 UL 74HC138 Standard 4 mA 10 UL

74185245 12 mA 30 UL 74HC245 Bus 6 mA 15 UL

7418374 12 mA 30 UL 74HC374 Bus 6 mA 15 UL
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Fig. 24. Standard output p-channel source current (-lon) Fig. 25: Bus-driver output n-channel sink current (lo.) for
for Vec=2V, 4.5V, and 6V. Vee=2V, 4.5V, and 6V.
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Dynamic Characteristics

The RCA QMOS family is designed to meet the dynamic
switching speeds and operating frequency of low-power
Schottky TTL. When compared to metal-gate CD4000 and
74C series CMOS, QMOS shows a 10 to 1 improvement in
ac performance. QMOS types feature balanced propaga-
tion delays and transition times specified at conditions
similar to LSTTL at a nominal V¢c =5V and C. = 15pF, so
that the user can relate to the equivalent LSTTL specifica-
tion. Switching speed limits for QMOS are given at a more
realistic Vcc of 4.5V and a C. of 50pF. Test waveforms for
the HC and HCT types are shown at the end of this
section.

Capacitive Load (C.) Determination

The external capacitive loading (C.) seen by a QMOS
output is required to calculate the propagation delay and
operating power dissipation of a logic function. The three
components of C_ at a logic node are:

1. n Cin where n is the fan-out.

2. m Cour where m is the number of three-state
outputs on a logic bus.

3. Cstrav Which is the effective wiring and intercon-
nect capacitance.
CL=nCw+ (m-1) Cour + Cstrar @

Cw is shown in Fig. 27 for typical HCT and HC type
inputs. Note that C\v has peak values at the respective
switch points of HCT (1.4V) and HC(2.5V). Capacitance
on either side of the peak is a summation of package,
lead-frame, reverse-biased input diode, and CMOS gate-
to-source/drain capacitance. The peak capacitance results
from the Miller muitiplication of C gate-to-drain in the
high-gain linear-transition region. The values of Ci that
most typically represent the average loading effect are
4pF for HCT inputs and 3pF for HC inputs. Ci for HCT
inputs is higher than that for HC inputs because of the
required large gate-to-source/drain capacitance of the
large NMOS device widths.
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Fig. 27: Ci as a function of Vin.

Output capacitance (Cour) is typically 10pF for both HCT
and HC-type bus-driver outputs when these versions are

in their high-impedance state, the only state where Cour

loading is a factor.

The wiring and interconnect capacitance (Csmay) is determined
by estimates of interconnect capacitance and wiring cap-
acitance. These capacitances are highly variable because
of differences in interwiring techniques. An often used
high-speed wiring technique utilizes strip line with 100-
ohm characteristic impedance. Csrray in this case, is typi-
cally 20pF per foot. Capacitances of sockets and connec-
tors are available from their manufacturers.
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In a bus system, Csrray is the largest single C. compo-
nent, as the following example illustrates:

Bus Specification:
No. of fan-outs (n) = 10
No. of bus drivers (m) =5
From Equation (1):
CL =10 X 2.5pF + 4 X 10pF + 7 X 20pF
= 25pF + 40pF + 140pF = 205pF

Propagation Delays

Propagation Delays Vs. Supply Voltage

The dynamic performance of a CMOS device is related to
its drain characteristics. The drain characteristics are
related to the thresholds and gate-to-source voltage
potential, Vgs. The Vgs voltage is equal to the power
supply voltage, Vcc. Therefore, a reduction in Vcc
adversely affects the drain characteristics which, in turn
increases the propagation delays. An increase in Vcc
decreases the propagation delays.

The voltage range of the HCT version is 5V & 10%. Over
this range, the effects of propagation delays on perfor-
mance are minimal. However, the voltage range recom-
mended for the HC version is 2 to 6V. Over such a wide
range, the effects on dynamic performance of propagation
delay and operating frequency (See Fig. 28) are appre-
ciable.

Propagation Delay Vs. Capacitance

Propagation delay vs. capacitance for the RCA family of
HC/HCT types is similar to that of LSTTL types which
HC/HCT types may replace in present or new applications.

To determine a propagation delay maximum limit at any
value of capacitive loading up to 300pF, the following
equation is used:

teo (CL) = tep (50pF) + t(Cv) [CL - 50pF] (2)
Where:

tro(CL) = maximum propagation delay at the desired C.
tro(50pF) = maximum propagation delay from device
data sheet at 2V, 4.5V, or 6V (See Table V).

t(CL) Maximum (ns/pF) multiplying factor from the fol-
lowing table:

t(Cv) (nS/pF)

Vee Std. Output Bus Output
2v 0.272 0.187
4.5V 0.102 0.068
6V 0.082 0.056

Propagation Delay Vs. Temperature

Because an increase in temperature causes a decrease in
electron and hole mobilities, a temperature increase will
cause an increase in propagation delays. Correspondingly,
ac performance improves with lower temperatures. Typi-
cally, speeds derate linearly from 25°C at about -0.3%/°C.

The propagation delay, therefore, can be computed at any
temperature between -55°C and +125° C by using the foi-
lowing relationship:

teo(T) = tep(25°C) + [(T(°C)-25) (0.003ns/°C)]  (3)
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Fig. 28: Typical switching speed characteristic versus
supply voltage normalized to 4.5V.

Output Transition Times

Table V shows the RCA standard and maximum ratings
for output transition times applicable to all standard and
bus-driver outputs. Typical values are approximately one-
half the maximum values. Practical unspecified minimum
values are one-fourth the limit values.
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Table V - Output Transition Time Limits for C. = 50pF

Maximum Output
Transition Times (ns)

Output Vee(V) | Ta=25°C | Ta=85°C Ta=125°C
Standard 2 75 95 110

4.5* 15 19 22

6 13 16 19
Bus 2 60 75 90
Driver 4.5* 12 15 18

6 10 13 15

*Specification for CD54HCT and CD74HCT types.

Output Transition Time Vs. Capacitive Loading

To determine the maximum output transition time on any
capacitive loading up to 300pF, the following formula is
used:

tr(Cu) = tr(50pF) + t'(Cu [CL - 50 pF] (4)
Where:

tr(CL) = maximum transition time at the desired C.
tr(50pF) = limit at 2V, 4.5V, or 6V(Table V)

trN(CL) = (ns/pF) multiplying factor from the following
table:

¥'(Cu) (ns/pF)
Vee Std. Output Bus Output
2V 0.544 0.374
4.5V 0.204 0.131
6V 0.170 0.110

Transition Time Vs. Temperature

Transition time at HC/HCT outputs typically changes by
-0.3%/° C. Equation (3) used to compute increase in prop-
agation delay with temperature (see above), can also be
used to compute transition time at any temperature by
simply substituting tr for teo.

Clock Pulse Considerations

All HC/HCT flip-flops and counters contain master-slave
devices with level-sensitive clock inputs. As the voltage at
the clock input reaches the threshold level of the device,
data in the master (input) section is transferred to the
slave (output) section. The use of voltage threshold levels
for clocking is an improvement over ac-coupled clock
inputs, however, these levels make these devices some-
what sensitive to clock-edge rates. The threshold level is
typically 50% of Vcc for HC devices, and 28% of Vcc for
HCT devices (1.4V at Vcc = 5V). Temperature has little
effect on the clock threshold levels.

When clocking occurs, the internal gates and output cir-
cuits of the device dump current to ground. This condition
results in a noise transient that is equal to the algebraic
sum of internal and external gound plane noise. When a
number of loaded outputs change at the same time, it is
possible for the chip ground reference level (and there-
fore, the clock reference level) to rise by as much as
500mV. If the clock input of a positive-edge triggered
device is at or near its threshold during a noise transient
period, multiple triggering can occur. To prevent this con-
dition, the rise and fall times of the clock inputs should be
less than 500ns at Vec = 4.5V, the data sheet maximum
value.
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In the HC/HCT family, several flip-flops have a Schmitt-
trigger circuit at their clock input. This circuit increases
the maximum permissable rise/fall time on the clock wave-
form. The RCA flip-flop types HC/HCT 73, 74, 107, 109
and 112, have special Schmitt-trigger circuits which
increase their tolerance to slow rise/fall times and to high
levels of ground noise.

Maximum permissible input-clock pulse-frequency ratings
on each clocked device type data sheet requires a 50%
duty cycle input clock. At these rated frequencies, the
outputs will swing rail-to-rail, assuming no dc load on the
outputs. This feature is a very conservative and highly re-
liable method of rating clock-input-frequency limits which
for HC/HCT devices, equal or exceed LSTTL ratings.

Power Consumption

The power consumption of a HC/HCT device is com-
posed of two components: one static, the other dynamic.
The static component is the result of quiescent current
caused principally by reverse junction leakage. The dynam-
ic component results from transient currents required to
charge and discharge the capacitive loads on logic ele-
ments, that is, transient currents caused by internal and
external capacitance, and transients resulting from the
overlapping of active p and n transistors. Internal chip
power consumption is represented by the value Cep.

Two equations are used to compute the total IC power
consumption. The first equation (A) is applicable to an HC
or HCT device when the inputs are driven from GND to
Vee (rail-to-rail), as follows:

Equation (A):

P =Ppc + Pac
P = lccVee + CroVec® fi + = CLVec™o
Where:

lcc = Quiescent Current (Ref. Table VI)
Vee = Supply Voltage

fi = Input Frequency

fo = Output Frequency

Cep = Device Equivalent Capacitance
C. = Load Capacitance

The second equation (B) is applicable only to an HCT
device where specific input pins are driven at LSTTL levels
defined as Vin = Vec - 2.1V

Equation (B):

P= Poc + PAc
P = lecVee + A lecVeeD + CroVoc’fi + = CiVec*o
Where:

A lcc = Added dc current when Vin = Ve -2.1V
(LSTTL level)
D = Duty cycle of clock (% of time HIGH)
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Table VI - Temperature - Dependent Ratings

LIMIT

Ta=25°C +85°C | +125°C

-40 to -55 to

74HCT | 54HCT

(1-Unit)

Vin Vcc | typ | max MAX MAX Units
Alcc additive 4.5V
dc current per | Vec- | to 100 | 360 450 490 uA
input pin 2.1V | 5.5V

Current at Voc = 5V

Table VIl HC/HCT and LSTTL Maximum Quiescent

Device HC/HCT LSTTL
Complexity Typical Limit 125°C
25°C 25°C 85°C 125°C
SSi 2nA 2UA 20 uA 40 uA 4.4 mA
FF 4 nA 4 uA 40 uA 80 uA 8 mA
MSI 8nA 8 UA 80 UA 160 uA 10 mA
to
95 mA
The temperature dependent ratings for Icc are given in the <
table below: €
|
>
HCT load table by type shown on each data sheet: L3
. L .
Example: Input Unit Multiplier z
Al X0.6 &
2
Q2
The dynamic power due to outputs is the sum of the ac I
power at each output. The user must independently deter- 3
mine the C. and the average frequency at each output. ,‘2
The latter requires estimating the average freguency of R
data nodes in a logic system. For example, for HC/HCT ?
counter types, each output is inherently operating at dif- g 4
ferent frequencies. o H
° 1T I2I 2 5

The source of the Cep or device equivalent-power-dissipa-
tion capacitance is made up of 2 sources of internal device
power consumption:

1) Power consumed by charge and discharge of
internal device capacitance.

2) Power consumed through current switching tran-
sients.

Fig. 29 illustrates the typical lcc vs. Vin characteristic of
HC type devices Note that when Vin = 0.1V or (Vcc
-0.1V), zero current flows. Thus, no Alcc component is
required for computing the power consumption of HC
device types. However, the transient switching com-
ponents of an IC consume power and are a part of the
Cro value.

Fig. 30 illustrates the typical Icc vs. Vin characteristic of
HCT type devices. Again, if input voltages are 0.1V or
(Vee= -0.1V), no Alcc value exists. Also for Viy = 0.4V,
Algc is zero. If Vin, however, is an LSTTL logic high
level of (Vcc -2.1V) or approximately 3V for Vec = 5V,
then significant Alcc does exit and is indicated in
equation (B) as the Alcc component.

INPUT VOLTAGE (VjN) — V
92CS-38902

Fig. 29: lcc vs. Vin for RCA HC types

The special input design of RCA’'s HCT types greatly
reduces the value of Alcc such that the added power is
very small; for example, RCA’s HCT power is minimal
compared to LSTTL power. If this special input circui-
try were not used, the Alcc values would be relatively
high as demonstrated by the dashed line in Fig. 30, and
the HCT type would not have very low power when
compared to LSTTL.

NOTE: The low value of Icc is due to a special input
design that provides a true low-power HCT
capability.
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QUIESCENT SUPPLY CURRENT (Icc) — mA

o 1 2 4 5 B
INPUT VOLTAGE (Viy —V
92CS-3890!

Fig. 30: Icc vs. Vin for HCT types

Because appreciable current flows during device input
switching as shown in Figs. 29 and 30, it is important to
maintain fast input rise and fall times. The JEDEC and
RCA recommended maximum input rise and fall times are:

1000 ns for Ve = 2V
500 ns for Ve = 4.5V
400 ns for Vec = 6V

Since maximum output transition times are 15ns for the
standard logic types and 12ns for bus drivers, a'designer
must only be concerned with exceeding the rise and fall
times shown above for interfacing or linear mode opera-
tion in applications such as RC oscillators, crystal oscilla-
tors, and amplifiers using the HCUO4 types.

G4

When Schmitt-trigger types HC/HCT14 and 132 are used
for either shaping up slow signals or as RC oscillators,
power is increased due to prolonged through-current. For
further information on oscillators and their power con-
sumption, refer to RCA Application Note (ICAN-7337),
“Astable Muitivibrator Design Using High-Speed QMOS
IC's”.

The adverse effects of power transitions is another reason
to maintain input rise and fall times under the recom-
mended limits. Longer transitions may cause oscillations
of logic circuits (and hence, logic errors) or premature
triggering depending on system Vcc and GND noise,
which are amplified when input signals hover near the
switching voltages illustrated in Figs. 29 and 30. To reduce
the effects of slower transitions, the use of Schmitt trigger
types is recommended.

Comparison to LSTTL Power

The dynamic power consumption of HC/HCT devices is
frequency dependent, but it should be noted that LSTTL
power consumption is also frequency dependent at fre-
quencies greater than 1MHz. At frequencies less than
1MHz, the dynamic component is negligible compared to
the static component. The average power consumption of
HC/HCT and LSTTL equivalents is illustrated in Fig. 31 for
four device types. Because all of the functions in a multi—
functional LSTTL device are biased when power is app-
lied, the HC/HCT device characteristics are plotted for a
single function and for the total package for the purposes
of comparison.

Some observations from Fig. 31 are:

1) For SSi gate types, the HC/HCT power approaches
LSTTL power at about 1MHz.

2) For higher complexity types such as the RCA HC/
HCT 138 3-0of-8 line decoder/demuitiplexer shown
in Fig. 31(c), HC/HCT power approaches LSTTL
power at above 10MHz.

TEST CONDITIONS LS00 Ls7a 1S74
% 100} Vec =5V (4 GATES) % 100l e 2.F/F
E Ta =25°C =
8 1ofCL_=50pF g 10
E E
< <
-4 1} HC/HCTOO LS00 [T
a2 (4 GATES) (1 GATE) 2 HC/HCT74 TEST CONDITIONS
H & 2F/F Vee =5V
2 oaf e O Th =25°C
g HC/HCTOO ;‘ cA - 50 pF
g oot (1 GATE) 8 oot HC/HeT7a CL = S0P
1-F/F  (Q&QOUTPUTS)
) ] L1 L1 ] L L
100 1K 10K 100K 1M 10M 100M 100 1K 10K 100K 1M 10M 100 M
FREQUENCY (Hz) 92CS-37087 FREQUENCY (Hz) 92Cs-37088
(© (d)
100 TS2430@78)
§“ |
E 10 H) %l
z £ Ls243
g ! § o 243
E ] HC/HCT:
g HC/HCT138 E sk HC/HCT243
z o1 % 1 (1/4)
@
8 oo TEST CONDITIONS & o100k TEST CONDITIONS
& Vec =5V « Vec =5V
2 001 Ta =25°C £ ook Ty =25°
2 CL = 50pF 8 CL =50pF
] ] 11 1 1] 1
0-0001 70K 100K 1M TOM T00M 100 1K 10K 100K 1M 10M

FREQUENCY(Hz)  s2cs-3708e

Y (Hz)

Fig. 31 - Power versus frequency graphs for the (a)
LS/HC/HCT00, (b) LS/HC/HCT74, (c) LS/HC/
HCT138, and (d) LS/HC/HCT243.
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3) Fig. 31 implies continuous operation at the fre-
quencies shown, however, most practical applica-
tions of logic in microcomputer systems have varia-
ble operation or data/address signal rates. The
average operating frequency is much below the
peak operating frequency — particularly in the
100KHz region where power savings over LSTTL
are several orders of magnitude.

Power-Supply Considerations
Power-Supply Voltages

The RCA HC and HCU versions have a power supply
range of 2 to 6V; the absolute maximum voltage rating is
7V. The ability to use RCA’s HC types with a 2V supply
makes these devices particularly useful in battery-operated
equipment, especially systems including memories that
feature 2V standby operation. The absolute maximum
supply or ground current, per pin, is £50mA for types with
standard output drive, and £70mA for types with bus
driver outputs.

The operating supply-voltage range for RCA’s CD74HCT
types is 4.5V to 5.5V, 5V = 10%. These figures indicate that
there is more tolerance in the regulation of the low-current
system supply than is the case with other technologies.
The maximum voltage indicated for HC and HCU versions
also applies to HCT versions. The advantages of using
HC/HCT/HCU with its wider voltage supply range are
illustrated in Fig. 32.

SUPPLY VOLTAGE (Vgg) - V

LSTTL I co7a I l cnn'
7aLS HCT HC
e
92C$-37076R1

Fig. 32: Power-supply ranges for CD74HCT, CD74HC and
CD74HCU versions of the RCA family of devices and 74LS
series types.

Battery Back-Up

Battery back-up can be easily implemented in systems of
RCA’s HC/HCU devices. An example of this arrangement
is shown in Fig. 33. The minimum battery voltage required
is only 2V plus one diode drop.

In the example, RCA’s High-to-Low Level Shifters (HC4049
or HC4050) are used to prevent the flow of positive input
currents into the system due to input voltage levels greater
than one diode drop above Vcc. If the circuit design is such
that input voltages can exceed Vcc, then external resistors
should be included to limit input currents to 2mA. External
resistors may also be necessary in the output circuits to
limit currents to 2mA, if the output can be pulled above
Vce or below GND. These currents are due to inherent
Vee/GND diodes that are present in all outputs, including
three-state outputs.

CHARGE INPUTS - SYSTEM
BATTERY = o——{%——
| L

FROM PRIMARY

POWER SUPPLY
— WN—
BATTERY
RESISTOR
FOR
TRICKLE SIGNAL HC/HCU SIGNAL
—Oourruts

HIGH-TOLOW -
LEVEL SHIFTER
TYPES HC4049,

HC4050 92CS-38900

Fig. 33 - Example of an HC/HCU system with battery
back-up.

Power Supply Regulation and Decoupling

The wide power supply range of 2 to 6V may suggest that
voltage regulation is not necessary, but it must be realized
that a changing supply voltage affects system speed, noise
immunity and power consumption. Because noise immun-
ity, and even the correct operation of the circuit, can be
affected by noise spikes on the supply lines, therefore,
matched decoupling is always necessary in dynamic
systems.

Both HC and HCT types have the same power supply reg-
ulation and decoupling requirement. The best method of
minimizing spiking on the supply lines is by implementing
good power supply and ground bussing and having low ac
impedances from the Vcc and GND pins of each device.
Because the minimum value of a decoupling capacitor
depends on the voltage spikes that can be allowed, it is a
general rule to restrict ground and Vcc noise peaks to
400mV. A local voltage regulator on the printed-circuit
board can be decoupled using an electrolytic capacitor of
10 to 50 uF.

Localized decoupling of devices can be provided by a
22nF capacitor for every two to five packages, and a 1uF
tantalum capacitor for every ten packages. The Vcc line of
bus driver circuits and level sensitive devices can be effec-
tively decoupled from instantaneous loads by a 22 nF
ceramic capacitor connected as close to the package as
possible.

A practical example of determining the value of a decou-
pling capacitor is as follows: assume that a buffer output
sees a 100-ohm dynamic load and that the output low-to-
high transition is 5V, then the current demand is 50 mA
per output. For an octal buffer, the current demand would
be 0.4A per package, in approximately 6 nS.

The following formula can also be used to determine the
value of a decoupling capacitor:

The term Q = GV is differentiated to obtain 22 = c2Y-
At At
L AQ_ . _n AV,
Since _At 1, the equation becomes | = C At
Hence: C = dat,
AV
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For an octal buffer, assuming a change in Vcc or GND of
0.4V, then;
C=0.4AX6X10'9_§
04V

=6X 10 F = 6 nF.

For further information on power-supply regulation and
decoupling, refer to RCA Application Note ICAN7329,
“Power-Supply Distribution and Decoupling for QMOS
High-Speed IC's.”

Interfacing

Because of the characteristics of the CMOS output, the
HC/HCT family is very versatile in interfacing between dif-
ferent logic families. This capability including the corres-
ponding fanout is illustrated in Fig. 34.

Note that the fanout to CMOS devices is limited only by
the input rise and fall times, which are dependent on the
capacitive loading, C.. This dependence can be computed
by the following relationship:

tr, tr=2.2 RCL (5)

where R is the impedance of the output.

HC/HCT w‘.'g, ALS, S r"‘g."&s. ALS, S
e 4000 oo
74C 74

92CS-37079

Fanout From: To Corresponding Logic Families:

HC/HCT TTL| LS | ALS | FAST| S/IAS | 4000, 74C
Standard Types| 2 | 10| 20 6 2 See
Bus Drivers 3 [15/3 | 10| 3 Text

Fig. 34 - HC/HCT interfacing capability and corresponding
fanout to other logic families

RCA'’s HC types cannot be driven from any of the TTL
families because the TTL output voltage high, Von (min),
does not satisfy the HC input voltage high, Viu(min) speci-
fication. The HCT types can be directly interfaced to the
TTL families because the HCT input voltage high, Vi
(min) is less than the TTL output voltage high, Vou(min).
To meet minimum V4 requirements, HG types can use a
pull-up resistor as illustrated in Fig. 35.

Vee
- SLOWS SPEED DOWN
- INCREASES POWER DISSIPATION

- DECREASES NOISE MARGIN
- DECREASES FAN-OUT

LSTTL HC

92CS - 33899

Fig 35 - Use of pull-up resistor to interface TTL and HC
devices.

However, the use of a pull-up resistor will not give opti-
mum performance because as noted in Fig. 35, the resistor
tends to slow down system speed, increase power dissipa-
tion, decrease noise margin, and decrease fan-out.
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For further information on interfacing, refer to RCA Appli-
cation Note ICAN7325, “Interfacing HC/HCT QMOS Logic
with Other Families and Various Types of Loads.”

Logic-Level Conversion

The HC/HCT family contains logic-level conversion types
necessary to interface high-voltage logic levels (up to 15V
common in control and automation systems) to low vol-
tage levels (down to 2V) as shown in Fig. 36.

Vec=2VTO8YV
ViN=Vec TO15V

EaND Vg = Vg AND GND

QMOS HC4049

A) HEX INVERTING

#cc=2VTO8BV

ViN=Vcc TO 15V,

= Vgc AND GND
AND GND Vo= Vec

QMOS HC4050

HEX NON-INVERTING
8 92Cs- 38898

Fig. 36 - High-to-low logic level conversion

The Quad open-drain NAND gate (HC/HCTO3) is used to
convert from HC (2V to 6V) or HCT (TTL or CMOS) logic
levels up to 10V output logic levels as shown in Fig. 37 R.
can be a very wide range of values. For design of this out-
put interface, use

10 V MAX.
Vee
Ry
Vin
STD HC/HCT
OR LSTTL
LEVELS

92CS-38897

Fig 37 - Low-to-high logic-level conversion

the output N-MOS transistor characteristics of Fig. 23. The
minimum value of Ry is that necessary to keep the output
current below the 25mA HC/HCT family maximum. rating.
A large value of R, will prolong the output rise time.

System (Parallel) Clocking

When utilizing the HC/HCT family in synchronously
clocked systems the following guidelines should be fol-
lowed. Because of variations in switching points between
devices, a slow clock edge could cause a logic error. If
data in one of the synchronously clocked circuits changes
before the switching point of the next sequential circuit is
reached, a logic error will occur. This situation is illus-
trated in Fig. 38.

VS1 = Switching point, device 1
VS2 = Switching point, device 2
tp = Propagation delay
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Because of variations in input threshold voltages among
RCA'’s HC-version devices, the maximum clock-pulse rise
or fall time should adhere to the following relationship:

t,, tr (max) <2t, (max) (6)

In a system where HC, HCT, and TTL-type families are
mixed, the maximum clock pulse rise or fall times should
adhere to the following relationship:

tr, tr (Mmax) <te (max) (7)

It is recommended that a Schmitt-trigger circuit be utilized
if wave-shaping is required.

The maximum rise or fall time into any RCA HC or HCT
device must be limited to 1000, 500, and 400 nS at 2, 4.5,
and 6 volts, respectively. If these limits are exceeded,
noise on the input or power supply may cause the outputs
to oscillate during transition. This oscillation could cause
logic errors and unnecessary power consumption.

D1 1 al D2 2 Q2

D(ti2)

[ cp cp
Pl

Vox

VIHMIN

VoL

Q2 CORRECT

82CS-37081

Fig. 38 - Result of changing data in one synchonously
clocked circuit before the switching point of the next
sequential circuit is reached.

Drop-In Replacement

The use of RCA HCT family devices make it unnecessary
to sacrifice noise margins, speed, and quiescent power
dissipation in constructing interfaces to achieve mixed-
technology designs. This performance is possible because
HCT devices are TTL compatible and can directly replace
LSTTL counterparts without the addition of pull-up resis-
tors at the LSTTL outputs.

Fan-out capabilities should be taken into account when an
HCT device is used to replace a TTL part. TTL fan-out is
usually expressed in unit loads (ULs) and the load is spec-
ified to be an input of the same family. In fact, TTL fan-out
is determined by the ability of the outputs to sink current
(a TTL input usually sources current). The outputs of HCT
devices are classified in two categories: standard and bus-
driver. Table VIII shows the fan-out for the different TTL
families.

For further information on drop-in replacements, refer to
RCA Application Note ICAN7330, “Replacing LSTTL with
QMOS High-Speed Logic IC’s”.

The fan-out values shown in Table VIl are derived at a
voltage drop of maximum 0.4V (Vo). In the “74” TTL ser-

ies, an extended VoL value is often seen, e.g., 8 mA at 0.5V
voltage drop for LSTTL. If this value is used in determining
the fan-out of the TTL part, it can result in a higher fan-out
than is possible with QMOS. This condition can be
resolved by replacing as many of the driven TTL parts as
possible by HCT devices to reduce the sink current require-
ment (the HCT input current is neglegible). Furthermore,
the use of HCT devices results in a substantial reduction
in power dissipation.

Devices of the HCT family are power-saving, virtually
drop-in replacements for LSTTL parts. The total power
consumed by a system depends largely on the number of
gates switching at any time and on the switching fre-
quency, but in most systems only about 30% of all circuits
switch at the maximum system frequency; 70% operate at
far lower rates. Thus, even in systems using ALS, AS, S
and FAST, the HCT family can be used with consequent
power-savings and good reliability improvement in mixed
technology designs.

Conversion of LSTTL Test to HCT Test

A simplified technique to convert an LSTTL test program
to one that properly tests an HCT type is explained in RCA
application note ICAN-7323 “Modification of LSTTL Test
Programs to Test HCT High-Speed CMOS Logic IC’s”.

Bus Systems

Bus systems are commonly used in microcomputer appli-
cations. RCA CMOS devices are being increasingly used
in these applications, for example, several CMOS versions
of popular NMOS processors have recently been
introduced.

There are several constraints imposed on microprocessor
systems in industrial applications, such as electrically noisy
environments, battery stand-by requirements and sealed,
gas-tight enclosures. QMOS bus systems, e.g., the pro-
posed CMOS STD bus (a non-proprietary CMOS bus pro-
posed standard) provides a low power solution to virtually
all of these problems. In comparison with older bipolar
digital IC Bus standards, QMOS bus systems offer super-
ior noise immunity, equal operating speed, lower power
dissipation, wider supply voltage range, extended temper-
ature range, and enhanced reliability.

In order to optimize results with QMOS, particularly in cir-
cuits which communicate directly with the bus, the use of
only HC devices is recommended, because HC QMOS
optimizes input-signal noise immunity with HC QMOS a
new low-power bus termination can be introduced (see
Fig. 39 (b)) which, unlike the conventional high-current
TTL bus termination of Fig 39a, draws no heavy dc cur-
rent and is more suited to QMOS outputs. Both HC and
HCT QMOS have the identical rail-to-rail output drive.

The wider supply voltage range of HC type QMOS
together with its lower power dissipation virtually
eliminates problems caused by voltage drops along power

Table Vill: Fan-Out of HCT to TTL Elements

HCT TTL LS ALS FAST S & AS
Standard 2 10 20 6 2
Bus-Driver 3 15 30 10 3
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Vee

2200
SIGNAL
LINE
33080

(a) Conventional terminations for TTL buses - 0.25 W per
line or 2 W per octal drive and termination.

Vee
1kQ
SIGNAL
LINE
1000 pF

3300

(b) Proposed low-power termination for CMOS STD bus

equivalents.
92C€S-38896

Fig. 39 - Bus Terminations

buses between cards in a system. It is possible for a cir-
cuit to pick up severe noise spikes or differential
voltages via the card edge-input protection circuit. Such
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pick-up can exceed the CMOS input current maximum
ratings if the input current is not limited by a 10k-ohm
series resistor in the QMOS logic line. This series resistor
will limit transient current to =20 mA for external voltages
of up to £200V. However, for correct functioning, the dc
input current should be kept below 2 mA. This type of
card edge input protection is shown in Fig. 40.

In the circuit of Fig. 40, if the input diode current exceeds
2mA, a QMOS high-to-low level shifter should be used
(e.g., HC4049, or HC4050).

Because QMOS bus-drivers do not have built-in
hysteresis, slowly rising pulses should be avoided or
devices with Schmitt-trigger action should be used, such
as the QMOS flip-flop series HC/HCT73, 74, 107, 109, 112,
or the dedicated Schmitt-trigger types HC/HCT14 and
132. The rise and fall times can be derived from the infor-
mation given in the section, “Propagation Delays and
Transition Times”.

QO Vee

INPUT QMOS LOGIC

‘QMOS HC/HCT TYPE

92CS-38895

Fig. 40: Example of the card edge-input-protection circuit.
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Standardized Capacitance Power Dissipation (CPD) Test Procedure

The purpose of the CPD number is to allow the user to esti-
mate the actual power consumption of his system. There-
fore, the table has been set up to exercise each device in
the same manner as it would usually be used. Devices
which are separable into independent sections are
measured on a “per section” basis, the remaining are mea-
sured on a “per device” basis. Each part number’s unique
setup is listed in the “Pin Condition Table.” The following

paragraphs describe the generic set up for each class of

devices:

All part numbers: Measurements are to be made at Tp =
25°C, Vo = 5V, and 3-state outputs both enabled and dis-
abled.

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

Latches: Toggle as ir a flip-flop.

Flip-flops: Switch the clock pin while changing “D” (or
biasing “J” and “K”) such that the output(s) change each
clock cycle. For part numbers with common clocks, exer-
cise the “D”, “J”, or “K” inputs of only one flip-flop. Set the
inputs of the remaining flip-flops so they do not change
state.

Decoders /| Demultiplexers: Switch one address pin,
which changes two outputs.

Data Selectors / Multiplexers: Switch one address input,
with the corresponding data inputs at opposite logic
levels, so that the output switches.

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

Shift Registers: Switch the clock, adjust the data inputs
such that the shift register fills with alternate 1's and 0’s.

Transceivers: Switch one data input. For bi-directional
transceivers enable only one direction.

One Shots: TO BE DETERMINED

Parity Generators: Switch one input.

Priority Encoders: Switch the lowest priority input.
Rams: TO BE DETERMINED

Display Drivers: Switch one input such that approximately
half the outputs change state.

ALUs / Adders: Switch one least significant input bit, bias
the remaining inputs so that the device is alternately
adding 0000 (binary) or 0001 (binary) to 1111 (binary).

Since CPD is a measure of device power consumption, and
not that of the driven load, each output would ideally be
unloaded. However, this is impractical with automatic
testers which often have 30 to 40 pF hanging on each pin.
Therefore, each output which is switching should be
loaded with the standard 50 pF. The equivalent load capac-
itance, based on the number of outputs switching and
their frequency, is then subtracted from the measured
gross CPD number to obtain the device’s actual CPD
value.

If a device is tested at a high enough frequency, static sup-
ply current will contribute a negligible amount to power
consumption and can be ignored. Thus, it is recommended
that power consumption be measured at 1 MHz and the
following formula be used to calculate CPD:

CP — (equivalent load capacitance)

D = _(cc)
~ (Vce)(1E6)
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EXPLANATION OF SYMBOLS

Key

V =V¢c (+5V) Input pulses

G = ground

H = logic 1 (V) — inputs at V¢ for HC types; 3.5V for » J—LJ—LI-—LJ—-L"CC

HCT types GND

L = logic O (ground) o I_L_J_—L_vcc

D = don’t care — either H or L but not switching GND

C =a50 pF load to ground

O = an open pin; 50 pF to ground is allowed

P = input pulse (see illustration)

Q = half frequency pulse (see illustration)

R = 1 k&2 pull-up resistor to an additional 5V supply other

than the V¢ supply
B =both Rand C
Pin Condition Table for CPD Tests

Equiv- Pin Number
HC/ alent
HCT Load
Types (PF) 1 2 345678910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
00 50 PHCDDOGODD O DDV — = = — = = = = — = = = — =
02 50 CPLODDGDDO D D O V — = = = = = = = — = = = = =
03 0 PHBDDOGODD O DDV — — — — = = — = — = = — = =
04 50 PCDODOGODO D O DV — — — = — = — = = — = = —- =
uo4 50 PCDODOGODO D O DV = — = = — = = = = = = = = =
08 50 PHCDDOGODD O DDV - — — = - = = = = = = = — =
10 50 PHDDDOGODD D C HV — — — — - - - — = = = = = =
1" 50 PHDDDOGODD D C HV — — = — — = = = = = = = = =
14 50 PCDODOGODO D O DV — — — = = = = = = = = = — =
20 50 PHOHHCGODD O DDV — — — = = = = = = = = = — =
21 50 PHOHHCGODD O DDV — — — — — = = = = = = = = =
27 50 PLDDDOGODD D C L V — — — — - - o = = = = = = =
30 50 PHHHHHGCOO H H O V — — - — - & 0 & o = = = = =
32 50 PLCDDOGODD O DDV — — — — = — — - - - - —« = =
42 100 CCOOO0O0OO0OGOO O L L L P V — — — = = = = = = = = =
58 50 PDDDDOGOLL L HHV — — — — & = = 0o = = = = = =
73 50 PHHVDDDOOD G C C H - = = = = = = = = = = = = =
74 50 HQPHCCGOOD D DDV — — — — — = — = — — — — — =
75 50 CQDDVDDOOO O GP O O C — = =— = = = = = = — — =
85 50 LHPHOCOGLL L L L L L V = = = =4 = = = = = = = =
86 50 PLCDDOGODD O D D V = = = - o o o o = oo = m = -
93 47 QLLDVDDCCG C €C D P - — — — 4 - =& - = = = = = =
107 50 HCCHOOGDDD D P HV — — — - - - - & - — — = — =
109 50 HHLPHCCGOO D DODDUDV — — - - - - - = = — = =
112 50 PHHHCCOGOD D D DD H V - = - = 0 o o = = = = -
123 M0 LHPCOOOGDD D O C O R V - = — - - - — =& = = = -
125 50 LPCDDOGODD O DD V — — — - & &0 0 0 o o = o = =
126 50 HPCDDOGODD O D DV — - — - - & o o o = ¢ e = =
132 50 PHCDDOGODD O D DV - - — - = o 0 0 o = = = = =
137 M0 PLLLLHOGOO O O O C C V = - 0 0 0 e e = e e =
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Pin Condition Table (Cont’d)

Pin Number

Equiv-

HC/ alent

HCT Load
Types (PF) 1 2 3456 78 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

PLLLLHOGOO O O O C C V

100
100

50

138
139
147
151

LPLCCOOGOO O O DD DV

HHHHHOOGCH P H H O OV
100 DDLHCCLGLL P D D DDV

50

LLDDLHCGOD D D D P DV

153
154
157
158
160
161
162
163
164
165
166

173

\

P

100 CC0O0000000 0O G O O OO O 1L L L L L

50
50
55
50
55
50

PLHCLLOGOL L O L L L V

PLHCLLOGOL L O L L L V

HPDDDDHGHH C C C C C V

HPDDDDHGHH C C C C C V

HPDDDDHGHH C C C C C V

HPDDDDHGHH C C C C C V

200 QHCCCCGPHC C C C V

50
25
25
25
50

HpDDDDCGCQ D D D D L V

QDDDDLPGHD D D C D H V

LLcooopPGLL DD DOQL V

HCQDODOGPO D O D D O V

174
175
181

182

HCCQDOOGPO O DD O O V

PHHLLHHLCC €C G C B C C C L HL H L HYV
HLHLHLOGCO C C P

250
150
60
53
60
50

H L V

DccLLCCGDD H C C P DV

190

191

bccLLCCGDD H C C P DV

DCCHPCCGDD H C C L D V -

192
193
194
195
221
237
238
240
241
242
243
244
245
251

DCCHPCCGDD H C C L DV

100 HQDDDDDGHL P C C C C V

125

HHLDDDDGHP C C C C C V

LHPCOOOGDD D O C O R V

100
100
100
50
50
50
50
50

50

PLLLLHOGOO O O O C C V

PLLLLHOGOO O O O C C V

LPODODODOG D ODODODTCDV

LPODODODOG D O D OD ODTCH YV

LOPDDDGOOO C O L V

LOPDDDGOOO C O L V

LPODODODCG D O DOD OODTCDV

HPDDDDDDDG O O O OO O O C L V

100 DDLHCCLGLL P D D D DV

50
50
50
25
50
25

LLDDLHCGOD D D D P DV

2538
257
258
259

PLHCDDOGOD D O D D L V

PLHCDDOGOD D O D D L V
LLLCOOOGOO O O Q P

H V

PLCODDGDDO O D D V

HCQDOODDOG P

7266
273
280
283

O bDbDOOTDTUDOV

LLoLCCGPLL L L LV
CHLCPHLGCC H

100
250
12

L C L H YV

HHHPQLCGDD O O D H H V

297
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Pin Condition Table (Cont'd)

Pin Number
123456789 10 11 12 13 14 156 16 17 18 19 20 21 22 23 24 25 26 27 28

Equiv-

HC/ alent
HCT Load
Types (pF)

HLLCCCCCHG QP C CC CC D L V

DDDDDDLHLG L

250
100
50
50
50

299
354
356
365
366

L L HCOCV

L L P

DDDDDDDQPG L L L L L L HCUZCV
LPCDODOGOD O D O D L V

LPCDODOGOD O D O D L V

LPCDODOGOD O D O D L V

50
50
25
25
25
50
47

367

LPCDODOGOD O D O D L V

LcabpboobDDOG P

368
373
374
377

O DDOOUDTD OV

LcaboobboG P ODDOOUDD OV

rcaboobbDOG P O DDOODD OV
pLCcaQccCcGOO O D O D DV

390

pPLCCCCGOOO O D D V

393
423

LPHCOOOGDD D O C O R V

100
25
25

LcaboobboG P 0O DD OOUDUD OV

533
534
540

541

LcaeboobbOoOG P ODDOOTDTD OV

LPDDDDDDDG O O OOO O OC L V

50
50
25

LPDDDDDDDG O O OOO O OC L V

LoabbDDDDDDG P O OOO OO OC V -

563

564

LaobDDDDDDDG P O OOOOO OC V

25
25
25

LPDDDDDDDG H O O OOOOOTC V -

573

574 LaoabbDDDDDDG P O OOOO O OC V
HHHLLCCGCC C H P

583
597

L LV

250
25
25

DDDDDDDGCH P D H QD V

DDDDDDDGCH P D H QD V

7597

640

643

HPDDDDDDDG O O O OO OOC L V

50
50
50
50

HPDDDDDDDG O O OO OO O C L V

DLHPDDDDDD D G O O O OO OOTCULDDV

646

648 DLHPDDDDDD D G O O O O OO OTCULDDYV

670

688

100 aQaQLpPCCGCC L L L P QV

50
50

LPLLLLLLLG L L L L L L L L CV

CPLLLOGODD D D O V

4002

4015

PCOOODDGDO C C C L Q vV

0O0OOODDGOOO O D P

100

0

v

4016

LV

ccccccececaegecec c c Lo

55
48

48

48

4017

cccccccecaeger L C C C C oV

4020

pPLCCCCGOCO C C O V

4024

ccccceccecGgerP L C CCC oV

4040

OCLOHOOGOO O O O P OV

4046A 50

4049

VCPODODGDO D O O D OO

50
50
0
0

VCPODODGDO D O O D OO

4050

oooooLGGLL P OO OOV -

4051

oooooOLGGLP O O O O OV

oooooLGGtLL P

4052

L L L L

0O 0 0 OV

4053

L C vV

L

L

L ¢ C cCc vV

PDHLLLLLLL HGHMHL

cccccccaGgece P

17

4059

106

4060
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Pin Condition Table (Cont'd)

Pin Number

Equiv-

HC/ alent

HCT Load
Types (PF) 1 2 34567 89 10 11

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

0O0O0OO0ODDGOOO O D P V
oOooooooo0o0FP

0
0

4066

L GLLL OO OO OO OUOUOO OV

4067

PLDDDOGLCO D D D V

50

4075

HQpPCCCCGCC C €C C C H V

250
0
0

0
0

4094

ooooPDLGGO O O O DDV

OOOOOOLHGG H P

4316

L OL OO0 O 0V

4351

> >
oo
oo
oo
oo
(o}
oo
i |

OOOOOOLHGG H P

4352
4353
4510

OOOOOOLHGG H P

\

LCDDLCCGLH C D D C P

55

LLHHLLPGCC O O C O C V

200
100
100
50
50
47

4511

HPLOOOOOCO C G O OO O OOOUOUL L LV

4514

HPLOOOOOCO C G O OOO O OOOTUWL L LV

LCDDLCCGLH C D D C P

4515

V

4516

PHCCCCLGDD O O O O D V

4518

PHCCCCLGDD O O O O D V

4520

4538

GRHPHCCGOO D DL OG V

100
50

HLLHLPLGCC C C C C C V

4543

H

P

GGcrPQQQQQQO QOO OQOGLCCCUCTCTCTCTCTCOC

OCLOHOOGOO O O O P OV

7030 325

7046A 50

PHLLLLLGHL L L L C H V

40102 5

PHLLLLLGHL L L L C H V

HQDDDDDGHL P

40103 3
40104

c cccyv

100

LcpPpQQ@QQGLC C C CcC C PV

40105 200
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Revised Maximum Ratings

RCA Standardized Maximum Ratings and Recommended Operating

Conditions for CD54/74HC, CD54/74HCT, and CD54/74HCU Integrated

Circuits
MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE, (Vcc):

Voltages referenced 10 groUnd) ... ... iu it ettt ettt tae et etet ettt ettt ereaieaanenans
DC INPUT DIODE CURRENT, Ik (FOR V| <-05VORV;>Vcc+0.5V) ....

DC OUTPUT DIODE CURRENT, lok (FORVo <-0.5VORVo>Vcc+0.5 V) oottt

DC DRAIN CURRENT, PER OUTPUT (lo) (FOR-0.5 V < Vo < V¢c +0.5 V):

STANDARD OUT PUT o ttttttttit ittt ettt etetetittetitetsseranaaeteisasenrnensrasisnensensisisnnenss
BUS DRIVER OUT PUT 4t ttttttttuettiat e tatas ittt tataneseseseareseseneneasenensaniosneeiesonsns

DC Vec OR GROUND CURRENT, (lcc):

STANDARD DU T PUT Lt itttittt ettt et ettt et ien e teetaetentteteaeneoeenssenenensensnessoneatecsninenes +50 mA
BUS DRIVER DU T PUT it ittiittttet e tiaesatenetnens et ensaetenesostaneenennerseesasoneeasearsenisnennns +70 mA
POWER DISSIPATION PER PACKAGE (Pp):
* FOrTa=-4010 +100°C (PACKAGE TYPE E) .. ...iuutunttiiititeititen ittt eneatieieanenensnneneninenas 500 mW
* For Ta = +100 to +125°C (PACKAGE TYPEE) ................. Derate Linearly at 8 mW/°C to 300 mW
For Ta=-551t0 +100°C (PACKAGE TYPE F, H) ..\ tuiuiiiititiiiiiei ittt ei e e ienaaaanaas 500 mW
For Ta = +100 to +125°C (PACKAGE TYPE F, H) Derate Linearly at 8 mW/°C to 300 mW
FOr Ta=-40 10 +70° C (PACKAGE TYPE M) ...ttt ittt ettt ittt et an i ennaanes 400 mW
For Ta=+70t0 +125°C (PACKAGE TYPEM) ... tuiinriiineiiieaeiiaeieinenenennns Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta):
P A CKAGE TY PE F, H o tttititiii ittt et e ettt et eiers s enenstsanasnearennnsenens -55 to +125°C
* PACKAGE TYPE B, M .. .. . .iittiittiiiittittitent et tietainaneneenssoneoneanesasennsensensensssnnsnes -40 to +125°C
STORAGE TEMPERATURE (Tatg) e ¢« ot vvtettttneuntnettntteteneteneretuesennsaesesseaaonssernenanaons -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 £ 1/32 in. (1.59 £ 0.79 mm) from case for 10 S MaX. «..vvvvuttnrenitinninreenreeneinnenneinennnnns +265°C
Unit inserted into a PC Board (min. thickness 1/16 in., 1.59 mm)
with solder contacting lead tips ONIY .. ..o iuii i e it i i i et i e +300°C

RECOMMENDED OPERATING CONDITIONS:

For maximum reliability, nominal operating conditions should be selected so that operation is always within

the following ranges:

LIMITS
CHARACTERISTIC MIN. WA UNITS
Supply-Voltage Range (For Ta=Full Package Temperature Range) Vcc:*
CD54/74HC Types 2 6 v
CD54/74HCT Types 4.5 5.5 \%
DC Input or Output Voltage V,, V, 0 Vee Vv
Operating Temperature Ta:
* CD74 Types -40 +125 °C
CD54 Types -55 +125 °C
Input Rise and Fall Times t.t
at2 Vv 0 1000 ns
at45Vv 0 500 ns
at6 Vv 0 400 ns

* Unless otherwise specified, all voltages are referenced to Ground.

* These ratings and operating conditions have been revised.

They also apply to all Maximum Ratings and Recommended Operating Conditions
that appear in the Technical Data section starting on page 47.

36




Technical Overview

Static Electrical Characteristics for CD74HC/CD54HC Types

(Table 1-JEDEC Standard No. 7A)

Temperature®°C
54HC/74HC 74HC 54HC v
Symb Parameter n Test Conditions
Vee 25 -40t0o85 | -55t0125 | i
t
v min | max | min | max | min | max
m High Level 20 15 15 15 v
Input Voltage
45 3.15 3.15 3.156 v
6.0 4.2 4.2 4.2 v
viL Low Level 20 0.3 0.3 03 v
Input Voltage
45 0.9 0.9 0.9 v
6.0 1.2 1.2 1.2 v
Vi o
STD | BUS | Unit
VoH High Level 20 19 19 1.9 v ~20.0{-20.0] uA
Output Voltage
45 4.4 4.4 44 v ~20.0{-20.0| uA
Note 1
6.0 5.9 5.9 59 v ViH -200|-200| uA
or
45 3.98 3.84 37 v viL - 40|- 60| mA
6.0 5.48 5.34 5.2 v - 52|- 78] mA
VoL Low Level 20 0.1 0.1 0.1 v 20.0] 20.0| wA
Output Voltage
45 0.1 0.1 0.1 v 200| 200 uA
6.0 0.1 0.1 0.1 v ViH 200| 200| pA
or
45 0.26 0.33 0.4 v ViL 40 6.0 mA
6.0 0.26 0.33 0.4 v 5.2 78| mA
h Input Leakage
Current 6.0 +0.1 +1.0 +1.0 | pA | VI=Vggor GND
Note 2
! 3-state Output Vi=Vig or ViL
0z Off-State 6.0 +0.5 +5.0 +10.0 | pA H
Note 3 | Current Vo=Vgcc or GND
lcc Quiescent
Supply Current
Vy=Vgg or GND
SSi 6.0 20 20.0 400 | pA
FF 6.0 4.0 40.0 80.0 | A lo=0
MSI 6.0 8.0 80.0 160. HA
Notes:

1. Not applicable to open drain outputs.
2. For digital I/0 pins use |l limits
3. Also applicable to open drain outputs.

37




Technical Overview

Static Electrical Characteristics for CD74HCT/CD54HCT Types

(Table 2-JEDEC Standard No. 7A)

Temperature°C
54HCT/7T4HCT T4HCT 54HCT U
Symb | Parameter |Vcc n Test Conditions
25 —-40 to 85 -55t0 125 | i
t
v min | max |min | max | min | max
ViH High Level 45
Input Voltage to 20 20 2.0 v
5.5
ViL Low Level 4.5
Input Voltage to 0.8 0.8 0.8 v
55
vi lo
sTO BUS Unit
: DRIVER
VOH High Level
Output Voltage 4.5 4.4 4.4 44 v ViH -20.0 -20.0 WA
Note 1 or
4.5 3.98 3.84 3.7 v ViL -4.0 -6.0 mA
VoL Low Level
Output Voltage 45 0.1 0.1 0.1 v ViH 20.0 20.0 WA
or
45 0.26 0.33 0.4 v ViL 40| 60 | mA
[ Input Leakage
Current 5.5 +0.1 +1.0 +1.0 HA V=V or GND
Note 2
loz 3-state Output Vi=Viq or Vi
Off-State 55 +0.5 +5.0 +10.0 uA
Note 3 | Current Vo=Vcg or GND
lcc Quiescent
Supply Current
SSI 5.5 2.0 20.0 40.0 HA Vi=Vcg or GND
FF 55 4.0 40.0 80.0 A lo=0
MSI 5.5 8.0 80.0 160. A
Alcc | Additional Worst Per Other
input-pin: inputs:
Case Supply 55 2.7 2.9 3.0 mA V| =24v at Vg or GND
Current Note 4 lo=0
Notes:
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Dynamic Electrical Characteristics

Definitions
Characteristic Symbol Limits Notes
Max. Min.

Propagation Delay:

Outputs going high to low tene X

Outputs going low to high teLH X
Output Transition Time:

Outputs going high to low tru X

Outputs going low to high trn X
Pulse Width-Set, Reset, Preset

Enable, Disable, Strobe, Clock twe Or twh X 1
Clock Input Frequency fou 1,2
Clock Input Rise and Fall Time trew, tc X
Set-Up Time tsu X 1
Hold Time th X 1
Removal Time - Set, Reset, Preset-Enable trem X 1
Three State Disable Delay Times:

High level to high impedance teHz X

High impedance to low level tezL X

Low level to high impedance teLz X

High impedance to high level tezn X

NOTE: (1)

to max., or vice versa.

6

By placing a defining min. or max. in front of definition, the limits can change from min.

Clock input waveform should have a 50% duty cycle and be such as to cause the outputs

to be switching from 10% Vcc to 90% Vcc in accordance with the device truth table.

OPERATING AND HANDLING CONSIDERATIONS

1.

Handling
All inputs and outputs of RCA CMOS devices have a
network for electrostatic protection during handling.
Recommended handling practices for CMOS devices
are described in ICAN-6525. “Guide to Better Handling
and Operation of CMOS Integrated Circuits.”
Operating

Operating Voltage
During operation near the maximum supply voltage
limit, care should be taken to avoid or suppress power
supply turn-on and turn-off transients, power supply
ripple, or ground noise; any of these conditions must
not cause Vcc — Gnd to exceed the absolute maximum
rating.

Input Signals
To prevent damage to the input protection circuit, input
signals should never be greater than Vcc nor less than
Gnd. Input currents must not exceed 20 mA even when
the power supply is off.

Unused Inputs
A connection must be provided at every input terminal.
All unused input terminals must be connected to either
Vce or Gnd, whichever is appropriate.
Outputi Short Circuits
Shorting of outputs to Vcc or Gnd may damage CMOS
devices by exceeding the maximum device dissipation.

Substrate Connection
When these devices (HC or HCT) are used in chip
form, as in hybrid applications, the substrate is con-
nected to Vcc (as in all n-substrate devices).
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Switching Waveforms for CD54/74HC and CD54/74HCU Integrated Circuits

CLOCK PULSE RISE AND FALL TIMES

'wu'ww-,-ét Veey
Ve¢e 0 | F//m—m - —— 90%
———————————— 50%
—————— 0% np
—————————— GND
————90%
92CS-35126R| 0%
oy INVERTING )
Outputs sheuld be switching from 10% Ve to OUTPUT | | h==—g=af|—— ——— 10%
90% Ve in accordance with device truth table. 1PHL
For fmax, input duty cycle=50%. 92CS-35127RI
Clock-pulse rise and fall times and pulse width. Transition times and propagation delay times,
combination logic.
6ns "— —-' P—Gns
OUTPUT Vee
DISABLE
GND
OTHER (O—
OUTPUT:LOW oiNpUTS Oo— OUTPUT RL=1kQ (vgc 'FOR tpLz AND tpz
O— IC WITH
TO oR Low | & orarn —r'VV\I—O gGND FOR tpnz AND 1pzy
OUTPUT To
— OUTPUT = 50PF
OUTPUT: HIGH pisaLE O
TO OFF 92CS-35129R!1
OUTPUTS oy OUTPUTS
~ ENABLED T* DIS ENABLED

92CS-35129R2

Three-state propagation delay wave shapes and test

circuit.

DATA

54/74 HC/HCT/HCU
INPUT

Ic Ysu(H) *

OUTPUT

SET, RESET
ORPRESET
vee

92CS- 35124RI

*(H) OR (L) OPTIONAL
92CS-35128R!1

Setup times, hold times, removal time, and
propagation delay times for edge triggered
sequential logic circuits.
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Switching Waveforms for CD54/74HCT Integrated Circuits

ty= 6ns—e=y [4— —-1 r——r’=6ns 3v
t,CL e i t.CL tog bty e INPUT /_ ;
L= t wd 'wh Ter
===\~ Y i A 3v
CLOCK | — —— e —— —— 13V UL
i ——\=-03V ND TH ‘1
————— 90 %
L—'vn. twh

- INVERTING - ——--= 1.3V
92CS- 381321 INveRT! i b iy liepptiyes ‘S
tPHL— }*— ’l “*'PLM
Outputs should be switching from 10% Vg to 90% Vcg in 92Cs-3513IR1
accordance with device truth table. For fmay, input duty cycle=50%.
Clock-pulse rise and fall times and pulse width. Transition times and propagation delay times, combi-

nation logic.

DATA
INPUT 54/74 HC/HCT/HCU
1 ¥*
su (H) e
| CL
50 pF

OUTPUT I
SET, RESET 92CS- 35/24RI
ORPRESET

3V
1.3v

GND

%(H) OR (L) OPTIONAL 92Cs- 35133R2

Setup times, hold times, removal time, and propagation
delay times for edge triggered sequential logic circuits.

A [~8ns | OTHER
ouTPUT | fmm—————= 3v INPUTS OUTPUT R =1kQ (vee FOR tpLz AND tpz)
________ : TIED HIGH { O—— IC WITH z ND 1
DISABLE - OR LOW |& 3-STATE GND FOR tpyz AND 1pZH
————————— K=Q3 6N OUTPUT | ZFcL

OUTPUT ( | == 500F
DISABLE 92CS—-35129RI

OUTPUT: LOW

TO OFF

OQUTPUT: HIGH
TO OFF 13v

OUTPUTS OUTPUTS OUTPUTS
ENABLED DISABLED ENABLED
92CS-35130R2 Note:
Open drain waveforms teiz and tez are the same as those for
Three-state propagation delay wave shapes and test three-state shown on the left. The test circuit is Output RL =
circuit. 1kQ to Vee, CL = 50 pF.
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Technical Overview

Enhanced Product

The need to achieve the enhanced reliability resulting from
burn-in screening must be determined by careful analysis of
system design and application.

How many IC’s are incorporated into the total system?
How many devices on each board?

Is the proper device being used for the application?

What are the reliability goals?

What failure rates are being experienced without screening?

Cost-effectiveness of using enhanced CMOS can be deter-
mined by mutual analysis of the economic trade-offs made
possible by the following features of the program:

® Available in both plastic and frit-seal ceramic packages.
e Offered on the industry’s broadest line of circuit functions.
® 0.025% AQL cumulative.

@ Reduction in PC board reworking through fewer line
rejects.

® Lower warranty requirements through the elimination of
infant mortality failures.

@ Reduced incoming inspection cost by reduction or com-
plete elimination of test procedures.

@ Reduction of system failures and related service expen-
ses and customer complaints.

Screening
Digital IC's (CD Types)

Suffix X

Standard Product
All Packages

1

100% Burn-in
160 Hours
@125°C or
Equivalent

100% Functional
and Parametric
Tests*

Sample DC Test 25°C
AOL 0.025%
Parametric and
Functional*

“X” Product

*For the High-Speed CD54/74HC/HCT/HCU products. AC parameters are
tested by selecting certain critical propagation delays (which vary from part
to part) as indicators of proper AC performance and sample tested to an
AQL of 0.025%.

RCA MIL-STD-883 Slash-Series HC/HCT ICs

RCA high-reliability slash-series products are available in
both CD54HCXXXX-series and CD54HCTXXXX-series
types. These devices are supplied in hermetic dual-in-line
frit packages. The CD54HC/HCT (Slash series) types are
provided to screening level /3 that corresponds to MIL-
STD-883, Method 5004, Class B requirements. This /3 is a
non-compliant part using glass die attach. Product is also
available as a level /3A which is a fully compliant part using
gold eutectic die attach.

Detailed information pertaining to the screening performed
can be found in the RCA “High-Reliability Integrated
Circuits” DATABOOK, SSD-230B.

Contact your RCA representative for specific timing and
availability.

Guide to the Reliability Class and Package of
RCA High-Reliability 54HC/HCT Integrated Circuits

CD54HCTOOF/3A
'——-—T——']‘ ¢ SEE TEXT ABOVE
1 | |
RCA DEVICE PACKAGE SCREENING
PART NUMBER DESIGNATOR LEVEL
HC =CMOS COMPATIBLE F = DUAL-IN-LINE 3A = CLASS B
HCU = CMOS COMPATIBLE CERAMIC (CERDIP) 3 =CLASSB
UNBUFFERED J = LEADLESS-CHIP
HCT = TTL COMPATIBLE CARRIER GERAMIC

(FUTURE)
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High-Speed CMOS Macrocells

High-Speed CMOS (HC/HCT)
Macro Celis for RCA Silicon
Circuit Board ASIC Design Program

RCA offers a unified Computer-Aided Engineering (CAE)
system that supports the high-speed CMOS (HC/HCT
QMOS) library of standard logic functions defined as Macro
Cells. The system provides not only automatic placement
and routing but also the interactive editing of a mixture of
CMOS standard cells and rectangular Macro Cells of differ-
ent sizes.

The HC/HCT Macro Cells are equivalent in performance to
the high-speed CMOS HC/HCT series of standard devices
as specified in this DATABOOK; only the bond pads have
been removed and large drivers down-sized. The Macro
Cells are fully characterized and behaviorally described over
the operating voltage and temperature ranges. These capa-
bilities provide the system designer a fast, predictable, inte-
gration path from a PC board designed with high-speed
CMOS or LSTTL, SSI/MSI discrete devices to a single
Application-Specific Integrated Circuit (ASIC) that meets all
criteria for-PC board design.

The Silicon Circuit Board approach to ASIC design is dis-
tinctive because it allows the system engineer to develop a
circuit using large, predesigned, fully characterized Macros.
The characterization data for these Macros provide the
engineer with the performance information needed to eval-
uate the feasibility of differing design approaches quickly
and efficiently. The Macros have been developed to provide
the optimum performance available within a given technol-
ogy and are guaranteed to meet these performance specifi-
cations over the stated voltage and temperature ranges. All
HC/HCT logic functions specified in RCA’s QMOS family
are included in the Silicon Circuit Board family of logic
Macro Cells.

Features of the RCA Silicon Circuit Board
and Related User Benefits.

Features:
® Works with 137 high-speed CMOS (QMOS-HC/HCT)
standard logic Macro Cells

® Also works with RCA’s new ACL standard part Macro
Cells

® Intermixes Macros and standard logic function elements
providing high-density designs

® Uses double-level metal technology with a polysilicon
level option

® Uses fully characterized Macro Cells behaviorally de-
scribed over the operating voltage and temperature ranges

@ Provides simulation based on performance of character-
ized parts

® Provides fully automatic placement and routing plus inter-
active editing

® Provides automatic generation of test patterns for use in
manufacture

® Integrates with RCA Semicustom FASTRACK system for
Standard Cells and Gate Arrays
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Benefits:
@ Provides high probability of first-time success

® Reduces design development time
® Converts existing HCMOS/TTL boards to CMOS ASICs

® Reduces simulation costs

Reduces parts costs

® | ogic speed increase to x3 or more with high-speed pro-
cess and ACL Macro Cells

How to Benefit from the RCA

Modular Approach to CMOS
ASIC Design and Fabrication

The RCA Silicon Circuit Board addresses the most difficult
areas in the development of ASICs. These areas are per-
formance, development time, and costs. If the following
questions are part of your work assignment in the design of
Application-Specific Integrated Circuits, the answers given
here will be of significant interest to you.

1. Wili the RCA ASIC approach work in my design?

The advantages of the RCA Silicon Circuit Board approach
in a specific application can best be determined by a no-
cost consultation with our technical staff. We can help you
make a reasoned decision whether the RCA modular ap-
proach will work in your design. And, if that is the route
selected, we will help you save engineering development
time and money by working with you on the entire program
through to final manufacturing and performance tests.

2. How long will the design take?

The overall development time will be equal to or less than
the time normally required for the development of SSI/MSI
designs. The RCA Silicon Circuit Board achieves a short-
ened development time because it incorporates into a
design a large number of cells containing from a handful to
thousands of gates. Not only is the actual design time
reduced, but simulation times also are substantially dimin-
ished by the utilization of behavioral modeling of these
larger functional levels.

3. Will it work the first time?

The Silicon Circuit Board uses tried and tested high-speed
CMOS cells that are fully characterized and behaviorally de-
scribed. These cells have been developed to provide the opti-
mum performance available within a given technology and
are guaranteed to meet those performance specifications
over the stated voltage and temperature ranges. Further-
more, RCA will provide any specialized support necessary
to assure first-time success.

4. How much will it cost?

This program, involving newly available CAE software and a
modular approach, can provide considerable cost savings
(as much as 60%) in combined development and die costs.
By providing a substantially more efficient methodology for
ASIC design, RCA’s Silicon Circuit Board greatly reduces
engineering development costs. Additionally, the optimized
layout of the Macro Cells provides for a significant reduc-
tion in the cost of manufacturing the ASIC chip.




How Do | Interface with RCA in
Designing a Silicon Circuit Board?

The interface between the RCA Silicon Circuit Board Pro-
gram and the customer’s system engineer is very flexible
and can be tailored to fit the specific needs, capabilities,
and resources of the customer. Regardless of where the
customer enters the system—and it can be anywhere in the
flow of the program, as shown in the chart of Fig. 1—RCA
will provide the support necessary to assure first-time suc-
cess in the ASIC design. Following are examples of different
interface choices.

One choice is to supply RCA with an SSI/MSI-level sche-
matic, a description of how your circuit works, and timing
information so that we can verify its operation in silicon and
generate test programs. RCA will handle simulation, place-
ment, routing, mask tooling, and prototype production.

Another choice is for your systems engineer to capture the
schematic on a supported popular workstation using a
generic SSI/MSI library. Supply RCA with a copy of the
schematic, extracted net list, circuit description, and pattern
files on magnetic tape or a floppy disk. RCA will then han-
dle the rest.

A third choice is for your system engineer to do all the
initial design work on RCA equipment at an RCA Design
Center utilizing the assistance and guidance of an RCA
applications engineer skilled in ASIC development. Again,
RCA will handle the rest.

A fourth choice is for RCA to supply you with the RCA
ASIC Design System software tools that will enabie you to
take your design through the layout step.

For more information on interfacing the RCA Silicon Circuit
Board and on the additional benefits this advanced design
technology can provide you, contact RCA ASIC Product
Marketing at (201) 685-6585 or (201) 685-7119.

ENGINEERING
WORKSTATION
(Ment

High-Speed CMOS Macroceills

or Daisy,
Valid Logic, IBM PC)

SCHEMATIC CAPTURE

v

BEHAVIORAL LOGIC
SWITCH LEVEL

(MIMIC)

v

ANALYZE RESULTS
USING WAVES

T
NET LIST

AUTOMATIC PLACEMENT

SILICON
COMPILER

(GENESIL)

RCA
LIBRARY
9 QaMmos

Others in
Future

AUTOMATIC ROUTING Q—l

(VITAL)

L,

VERIFICATION AND

INTERACTIVE
EDITING

(VITAL)

TIMING ANALYSIS
(ECAD/CONCERT)

v

PATTERN
GENERATION

v

PHOTO/MEBES
MASKS

3

TEST PATTERN
GENERATION

(AFTER)

92CS-40593

Fig. 1 — Flow Chart of RCA Silicon
Circuit Board Design Process

45




46




Technical Data

47




Technical Data

CD54/74HCO00
CD54/74HCTO00

High-Speed CMOS Logic

———

File Number 1464

lA_II_I 'LVCC a_— l.‘ - - T Y S WY N “ -
.,_gip 13 40 Quad Z-input ND Gate
v = L2 4
.4 1"
- — 4Y Type Features:
28— 10 35 ® Buffered inputs
2y-8 9 B Typical propagation delay =7 ns @ Vcc = 5V
A CL=15pF, Ta=25° C
enp- | 8 3y

92CS-368528R1
FUNCTIONAL DIAGRAM AND
TERMINAL ASSIGNMENT

The RCA-CD54/74HCO00 and CD54/74HCTO00 logic gates
utilize silicon-gate CMOS technology to achieve operating
speeds similar to LSTTL gates with the low power con-
sumption of standard CMOS integrated circuits. All devices
have the ability to drive 10 LSTTL loads. The 54HCT/74HCT
logic family is functionally as well as pin compatible with
the standard 54LS/74LS logic family.

The CD54HC00 and CD54HCTO00 are supplied in 14-lead
hermetic dual-in-line ceramic packages (F suffix). The
CD74HCO00 and CD74HCTOO are supplied in 14-lead dual-
in-line plastic packages (E suffix) and in 14-lead dual-in-
line surface mount plastic packages (M suffix). Both types
are also available in chip form (H suffix).

92CS-36529RI

LOGIC DIAGRAM
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Family Features:

® Fanout (Over Temperature Range):
Standard Outputs - 10 LSTTL Loads
Bus Driver Outputs - 15 LSTTL Loads
8 Wide Operating Temperature Range:
CD74HC/HCT]: —40 to +85°C
m Balanced Propagation Delay and Transition Times
s Significant Power Reduction Compared to
LSTTL Logic ICs
m Alternate Source is Philips/Signetics
8 CD54HC/CD74HC Types:
2 to 6 V Operation
High Noise Immunity: Ny.=30%, Niw=30% of Vcc
@ Vee=5V
® CD54HCT/CD74HCT Types:
4.5 to 5.5 V Operation
Direct LSTTL Input Logic Compatibility
Vii=0.8 V Max., Vin=2 V Min.
CMOS Input Compatibility
/| <1 ﬂA @ VoL, VoH

TRUTH TABLE

INPUTS OUTPUTS
nA nB nY
L L H
L H H
H L H
H H L




Technical Data

CD54/74HCO00
CD54/74HCTO00

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE, (Vcc):

(Voltages referenced to GrouNd) . ............iiiuiiiiniin it e -05to+7V
DC INPUT DIODE CURRENT, lik (FOR Vi < -0.5V OR Vi> Vec +0.5V) Lottt ittt e e e +20mA
DC OUTPUT DIODE CURRENT, lok (FOR Vo < -0.5 VOR Vo > Vee +0.5V) oottt ittt +20mA
DC DRAIN CURRENT, PER OUTPUT (lo) (FOR -0.5 V< Vo< Ve + 0.5V) oottt e ci e +25mA
DC Vec OR GROUND CURRENT (I6C) + vttt tetttt ettt et ettt et et et ettt et et et et e e e ettt e e e eee e +50mA
POWER DISSIPATION PER PACKAGE (Po):

FOr Ta=-401t0 +60°C (PACKAGE TYPE E) ...ttt ittt ettt ettt et ettt et et e e et 500 mwW

For Ta = +60 to +85°C (PACKAGE TYPEE) ................. .... Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +100°C (PACKAGE TYPE F, H) ..ttt ittt et ettt e e it a e a i 500 mW

For Ta = +100 to +125°C (PACKAGE TYPE F, H) Derate Linearly at 8 mW/°C tc 300 mW

For Ta=-4010 +70°C (PACKAGE TYPE M) ....ituiitiiiitttitiin ettt eiiettieeia st etettsenetaetieeniernennesnnens 400 mW

For Ta=+701t0 +125°C (PACKAGE TYPEM) ...tuvuinintieiiiiiiiniinneenenenrnsneansnnnes Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE F, H ittt et e e et e e i et et -55to +125°C

PACKAGE TYPE E, M ittt ettt et et et e e e ettt -40 to +85°C
STORAGE TEMPERATURE (Tstg) -« v e vt v enttetetenenet ittt it et et ettt et ettt et et aenenes -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 + 1/32in. (1.59 £ 0.79 mm) from case for T0S MaX. .........oouinrtirineet i +265°C

Unit inserted into a PC Board (min. thickness 1/16 in., 1.59 mm)

with solder contacting lead tips ONlY . ... i e s +300°C

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, nominal operating conditions should be selected so that operation is always within
the following ranges:

LIMITS
CHARACTERISTIC N MAX. UNITS

Supply-Voltage Range (For Ta=Full Package Temperature Range) Vcc:*

CD54/74HC Types 2 6 v

CD54/74HCT Types 4.5 5.5 \
DC Input or Output Voltage Vin, Vou 0 Vee v
Operating Temperature Ta:

CD74 Types -40 +85 °C

CD54 Types -55 +125 °C
Input Rise and Fall Times t,,t;

at2Vv 0 1000 ns

at45Vv 0 500 ns

até Vv 0 400 ns

*Unless otherwise specified, all voltages are referenced to Ground.
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Technical Data

CD54/74HCO00
CD54/74HCTO00

STATIC ELECTRICAL CHARACTERISTICS

CD74HC00/CD54HC00 CD74HCT00/CD54HCTO00
TEST 74HC/54HC 74HC S54HC TEST 74HCT/54HCT | 74HCT | S4HCT
CONDITIONS TYPES TYPES | TYPES | CONDITIONS TYPES TYPES | TYPES
CHARACTERISTIC UNITS
125°C -40/ -55/ +25°C -40/ -55/
v, lo Vee +85°C | +125°C v, Vee +85°C | +125°C
v mA v v v
Min | Typ |Max | Min [Max [ Min |Max Min | Typ |Max [ Min |Max | Min [Max
High-Level 2 [15| — | — |15 — |15 ]| — 45
Input Voltage Viu 45 315 — | — [315] — |315| — - to 2 - |- 2 — 2 - \2
6 |42 — | — |42 | — |42 | — 55
Low-Level 2 | —{—]05|—|05|— (05 45
Input Voitage Vi 45| — | — [1.35| — |[1.35| — [1.35 — to| —|— 08| — |08|— |08 "
6 | —|— |18 —[18]—]18 5.5
High-Level Vi 2 (19— |—[19|— 19| — Vi
Output Voltage Vo or -0.02 45|44 | — | — |44 | — |44 | — or 45 144 | — | — |44 | — |44 | — A
CMOS Loads Vin 6 |59 | — | —|59|—|59]|— Vi
Vie Vi
TTL Loads or -4 45 398 — | — [384| — |37 | — or 45 1398 — | — |384| — |37 | — v
Vin -5.2 6 (548 — | — (5634 — 52| — Vin
Low-Level Vi 2 — (=101t} —[01] — O Vi
Output Voltage Vg, or 0.02 45 | — — |01 | — |01 | — |01 or 45 | — — 101 — 101 | — |01 \
CMOS Loads Vin 6 | —|— 01| —|0t1|— [01 Vin
Vi Vi
TTL Loads or 4 45| — [ — |026| — (033 — |04 or 45| — | — |026| — |033]| — |04 \
Vi 5.2 6 — | — (026 — |033| — [04 Vin
Input Leakage Vee Any
Voltage
Current 1, or 6 | — | — {01 — | #1 | — | +1 |Between |55 | — | — |#01| — | +1 [ — | #1 HA
VCC
Gnd & Gnd
Quiescent Vee Vee
Device or 0 6 - | = 2 — |20 | — | 40 or 56 | — | — 2 — 20 | — | 40 HA
Current cc Gnd Gnd
Additional 4.5
Quiescent
Device Current Vee-2.1 to | — | 100|360 | — [450 | — |490 uA
per input pin:
1 unit load A lec® 55

*For dual-supply systems theoretical worst case (Vi = 2.4 V, Vcc = 5.5 V) specification is 1.8 mA.
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HCT Input Loading Table

Input Unit Loads*
nA 1.8
nB 1.1

*Unit Load is Alcc limit specified in Static Characteristic Chart,
e.g., 360 uA max. @ 25°C.




Technical Data

CD54/74HCO00
CD54/74HCTO00

SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25°C, Input t,, t, = 6 ns)

Typical .
CHARACTERISTIC SYMBOL AC HCT Units
Propagation Delay, Data Input to Output Y (Fig. 1) to
(C,=15 pf) fore 7 8 ns
Power Dissipation Capacitance* Cep 25 25 pF
*Ceo is used to determine the dynamic power consumption, per gate.
PD = Vcc’ fi (Cro + C)Where fi=input frequency
C. = output load capacitance
Vece = supply voltage.
SWITCHING CHARACTERISTICS (C, =50 pF, Input t, t,=6 ns)
25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC SYMBOL (Vcc HC HCT 74HC 74HCT 54HC 54HCT |UNITS
Min. |Max. |Min. |Max. |Min. [Max. | Min. |[Max. | Min. [Max. | Min. |Max.

Propagation Delay teLh 2 - (90| -] - = |15 —|— | — |13 — | —
Input to Output teHL 45| — |18 —|20}| — |28 | — |25 | — |27 | — | 30 ns
(Figure 1) 6 - (15| -]—-—]—-—]20—-—|—=—]—=128| — | —
Transition Times tren 2 - || -]=-—f{—-19%|—=-|—|—[110] — | —
(Figure 1) trae 45| — |15 — |15 | — (19| — |19 | — |22 | — | 22 ns

6 - |3 -]—-—]=—|16|—| =] =19 —|—
Input Capacitance C, — 10 10 10 10 10 10 pF

te =6ns—-j
INPUT

LEVEL

1. N 10%
GND GND

92CS-36755R!

54/74HC 54/74HCT
INPUT LEVEL Veo 3v
Vg 50% Ve 1.3V

Fig. 1 - Transition times and propagation delay times.
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Technical Data

CD54/74HC02
CD54/74HCTO02

High-Speed CMOS Logic

File Number 1647

v 4 X vee
ﬁ '; N Quad 2-Input NOR Gate
1A —-I
e 24— 2 48 Type Features:
o 4 LN @ Buffered Inputs
s 10 ® Typical Propagation Delay = 7ns
= o @ Ve = 5v, CL= 15pF, Ta=25° C
28 — 2 38
anp -4 8 3A

FUNCTIONAL DIAGRAM and
TERMINAL ASSIGNMENT

The RCA-CD54/74HC02 and CD54/74HCTO02 logic gates
utilize silicon-gate CMOS technology to achieve operating
speeds similar to LSTTL gates with the low power con-
sumption of standard CMOS integrated circuits. All devices
have the ability to drive 10 LSTTL loads. The CD54/74HCT
logic family is functionally as well as pin compatible with
the standard 54L.S/74LS logic family.

The CD54HC02 and CD54HCTO02 are supplied in 14-lead
hermetic dual-in-line ceramic packages (F suffix). The
CD74HC02 and CD74HCTO02 are supplied in 14-lead
dual-in-line plastic packages (E suffix) and in 14-lead dual-
in-line surface mount plastic packages (M suffix). Both
types are also available in chip form (H suffix).

nB nY
92CS-38424R|

LOGIC DIAGRAM
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Family Features:

® Fanout (Over Temperature Range):
Standard Outputs - 10 LSTTL Loads
Bus Driver Outputs - 15 LSTTL Loads

® Wide Operating Temperature Range:
CD74HC/HCT: —40to +85°C

8 Balanced Propagation Delay and Transition
Times

m Significant Power Reduction Compared to LSTTL
Logic ICs

B Alternate Source is Philips/Signetics

s CD54HC/CD74HC Types:
2 to 6 V Operation
High Noise Immunity: Ni. = 30%, Nww = 30%

of Vee, @ Vee=5V

8 CD54HCT/CD74HCT Types:

4.5 to 5.5 V Operation
Direct LSTTL Input Logic Compatibility
ViL=0.8 V Max., Viu =2 V Min.
CMOS Input Compatibility
h=s1 [IA @ VoL, VOH

TRUTH TABLE
nA | nB nY

I|T|r|r
Iir|(T|r
r|r{r|{I




Technical Data

CD54/74HC02
CD54/74HCT02

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE, (Vcc):

(Voltages referenced 1o ground) ... .....oioioini e
DC INPUT DIODE CURRENT, Ik (FOR V, <=0.5V ORV,> Ve +0.5V) .ottt
DC OUTPUT DIODE CURRENT, lok (FOR Vo < -0.5 V OR Vo > Vcc +0.5V)
DC DRAIN CURRENT, PER OUTPUT (l,) (FOR -0.5 V < V, < Ve + 0.5V) .
DC Vec OR GROUND CURRENT (I6C) vttt ettt ettt et ettt et e e e e e e e e e e e e e e e £
POWER DISSIPATION PER PACKAGE (Pp):

For Ta=-4010 +60°C (PACKAGE TYPE E) ...ttt e e e e e e 500 mW

For Ta=+601t0 +85°C (PACKAGE TYPEE) .. ..ottt e e . Derate Linearly at 8 mW/°C to 300 mW

For Ta = -5510 +100°C (PACKAGE TYPE F, H) ..ottt ittt e e e e e e e e 500 mW

For Ta=+1001t0 +125°C (PACKAGE TYPE F, H) ..ottt Derate Linearly at 8 mW/°C to 300 mW

For Ta=-4010 +70° C (PACKAGE TYPE M) ...ttt ittt ettt et et e e e e e e e 400 mW

For Ta=+7010 +125° C (PACKAGE TYPE M) ...\ttt ettt e e ie i Derate Linearly at 6 mW/° C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE Fy H oot e e e s -55t0 +125°C

PACKAGE TYPE E, M .ottt ittt e et et e e e e e e e e e e e S -40to +85°C
STORAGE TEMPERATURE (Tatg) -« -« v ettt ettt ettt e e ettt e et e e et e e e et e et et et -65to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 + 1/32in. (1.59 + 0.79 mm) from case for 10 S MaX. ...ttt ittt +265°C

Unit inserted into a PC Board (min. thickness 1/16 in., 1.59 mm)

With solder contacting 18Ad tiPS ONIY ...ttt et ettt e e et e e e e e +300°C

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, nominal operating conditions should be selected so that operation is always within
the following ranges:

LIMITS
CHARACTERISTIC MIN. MAX. UNITS
Supply-Voltage Range (For T = Full Package-Temperature Range) Vcc:*
CD54/74HC Types 2 6 v
CD54/74HCT Types 4.5 5.5
DC Input or Output Voltage V,, Vo 0 Vee Vv
Operating Temperature Ta:
CD74 Types -40 +85 oc
CD54 Types -55 +125
Input Rise and Fall Times t,, t;
at2Vv 0 1000
at45V 0 500 ns
at6 Vv 0 400

*Unless otherwise specified, all voltages are referenced to Ground.
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Technical Data

CD54/74HC02
CD54/74HCTO02

STATIC ELECTRICAL CHARACTERISTICS

CD74HC02/CDS54HC02 CD74HCT02/CDS4HCT02
TEST 74HC/54HC 74HC 54HC TEST 74HCT/54HCT | 74HCT S54HCT
CONDITIONS SERIES SERIES | SERIES | CONDITIONS SERIES SERIES | SERIES
CHARACTERISTIC UNITS
-40/ -55/ -40/ -55/
+25°C +25°
v, lo Vee +85°C | +125°C v, Vee %°C +85°C | +125°C
v mA v v v
Min | Typ |Max | Min Max | Min | Max Min | Typ |Max [ Min |Max | Min [Max
High-Level 2 16| — | — |16 — |15 | — 45
Input Voltage Vi 45 315 — | — |3.15| — [3.15| — — to 2 | — |- 2 | — |2 |- Vv
6 |42 — | — |42 | — |42 — 55
Low-Level 2 | — |~ |05 —]05|—1]05 45
Input Voltage Vi 45| — | — [1.35] — |1.35[ — |1.35 - to|—-|— |08 — [08]— |08 \
6 | —| —|18]— (18] —]18 55
High-Level Vi 2 |19 | — | — (19| — 19| — Vi
Output Voltage  Vou or -0.02 45 (44 | — | — |44 | — |44 | — or 45 {44 | — | — (44 | — |44 | — v
CMOS Loads Vin 6 59| — | — |59 —|59]|— Vin
Vi Vie
TTL Loads or -4 45 (398 — [ — (384 — (3.7 | — or 45 1398 — | — |384| — (37 | — v
Vin -5.2 6 [548| — | — |534| — |52 | — Vin
Low-Level Vi 2 — | — (01| — {01 ]| — [01 Vi
Output Voltage Vo, or 0.02 45| — [ — |01 | — |O1 | — |O.1 or 45— | — |01 | — |01 | — |O1 Vv
CMOS Loads Vi 6 — | =101} —1]01|— {01 Viu
Vie Vie
TTL Loads or 4 45| — | — {026 — |0.33| — (04 or 45| — | — |0.26| — |033| — |04 \%
Vi 52 6 — | — [0.26] — 10.33| — |04 2
Input Leakage Vee Any
Voltage
Current I, or 6 [ — | — {#01| — [ #1 | — | +1 |Between |55 [ — | — ([+0.1[ — | +1 | — | #1 A
VCC
Gnd & Gnd
Quiescent Vee Vee
Device or 0 6 |—|—|2 [—]|20|— |40 or 55| — | — |2 |— |2 |— |40 HA
Current lec Gnd Gnd
Additional 45
Quiescent
Device Current Vee-2.1 to | — [100 360 | — [450 | — |490 HA
per input pin:
1 unit load Alee* 55

*For dual-supply systems theoretical worst case (V, = 2.4 V, V¢c = 5.5 V) specification is 1.8 mA.

HCT Input Loading Table

Input Unit Loads*
All 1.5

*Unit Load is Alcc limit specified in Static Characteristic
Chart, e.g., 360 uA max. @ 25°C.
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Technical Data

CD54/74HC02
CD54/74HCTO02

SWITCHING CHARACTERISTICS (Vcc =5V, Ta= 25°C, Input t, t; = 6 ns)

CHARACTERISTIC C. | symBoL TYPICAL UNITS
(pF) HC HCT
Propagation Delay, Data Input to Output Y (Fig. 1) 15 :PL“ 7 8 ns
. PHL
Power Dissipation Capacitance* - Cro 26 26 pF
“Cro is used to determine the dynamic power consumption, per gate.
PD =Vcc? f, (Ceo + Cu)
f. = input frequency
C. = output load capacitance
Vec = supply voltage
SWITCHING CHARACTERISTICS (C. = 50 pF, Input t,, ti= 6 ns)
25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC | SYMBOL | Vcc HC HCT 74HC 74HCT 54HC 54HCT | UNITS
Min. |Max. | Min. |Max. | Min. |Max. | Min. [Max. | Min. [Max. | Min. [Max.
Propagation Delay, teL 2 90 — 115 — 135 —
Input to Output tenL 45 18 21 23 26 27 32 ns
(Fig. 1) 6 15 — 20 — 23 —
Transition Times trin 2 75 — 95 — 110 —_
(Fig. 1) trn 45 15 15 19 19 22 22 ns
6 13 — 16 — 19 —
Input
— F
Capacitance C 10 10 10 10 10 10 p

INPUT
LEVEL

OUTPUT

tTHL

92CS-3799IRI

54/74HC 54/74HCT
Input Level Ve 3V
Switching Voltage, Vs 50% Vce 13V

Fig. 1 - Transition times and propagation delay times.
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Technical Data

CD54/74HCO03
CD54/74HCTO03

High-Speed CMOS Logic

56

1

1A —— U 3

File Number 1832

s5—L J7T""  Quad 2-Input NAND Gate

28
Type Features:

Vee=14
92CS-36528R2

FUNCTIONAL DIAGRAM

The RCA-CD54/74HC03 and CD54/74HCTO3 logic gates
utilize silicon-gate CMOS technology to achieve operating
speeds similar to LSTTL gates with the low power
consumption of standard CMOS integrated circuits. All
devices have the ability to drive 10 LSTTL loads. The
54HCT/74HCT logic family is functionally as well as pin
compatible with the standard 54LS/74LS logic family.

These open-drain NAND gates can drive into resistive loads

to output voltages as high as 10 V. Minimum values of R,
required vs. load voltage are shown in Fig. 2.

The CD54HC03 and CD54HCTO3 are supplied in 14-lead
dual-in-line frit-seal ceramic packages (F suffix). The
CD74HCO03 and CD74HCTO3 are supplied in 14-lead dual-
in-line plastic packages (E suffix) and in 14-lead dual-in-
line surface mount packages (M suffix). Both types are also
available in chip form (H suffix).

I——-O nY
nB 1

92C5-40188

LOGIC DIAGRAM

““ | »—t-=  With Open Drain

9
3
3: _‘E.D——L 3y a Buffered inputs
m Typical propagation delay =8ns @ Vcc =5V, CL = 15 pF, Ta=25°C

an 2] w ., ® Output pull-up to 10 V
3 )o___
8 GND =7

Family Features:

& Fanout (over temperature range):
Standard outputs - 10 LSTTL loads
Bus driver outputs - 15 LSTTL loads
a  Wide operating temperature range:
CD74HC/HCT: -40to +85°C
s Balanced propagation delay and transition times
® Significant power reduction compared to LSTTL
logic ICs
& Alternate source is Philips/Signetics
® CD54HC/CD74HC Types:
2 to 6 V Operation
High noise immunity: Ny = 30%, N = 30%
of Vee, @ Vec =6 V
w CD54HCT/CD74HCT Types:
4.5 to 5.5 V Operation
Direct LSTTL input logic compatibility
ViL = 0.8 Vmax., Vin =2 V Min.
CMOS input compatiblity
h=<1upA @ Vo, Vou

TRUTH TABLE
A B Y
L L Z# H*
L Z# H*
L H Z# H*
H H L

* Requires pull-up (R to Vi)
# Without pull-up (high impedance)




Technical Data

CD54/74HCO03
CD54/74HCTO03

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE, (Vcc):
(Voltages referenced 10 GroUNG) ... ...cuutuu et et eneneunenttnneesnenesesneensaneneensteesueenenesnroeenenneneenens

DC INPUT DIODE CURRENT, Ik (FOR V| <-0.5 VOR V| > Vec +0.5 V). +20 mA

DC OUTPUT DIODE CURRENT, lok (FORVo<-05V)......cvvvvenn ....-20 mA
DC DRAIN CURRENT, PER OUTPUT (l0) (FOR =0.5 V K V0) .t vitttitttnittt ettt tuetnetetetttasnstnessnnensenensonsnns -25 mA
DC Vec OR GROUND CURRENT (I66) « « t v e v v eineuneuensuntantnsenessseasenaentonenensanensaaenenenseneeneuesnssnesennens 150 mA
POWER DISSIPATION PER PACKAGE (Pp):
FOrTa=-4010 +80°C (PACKAGE TYPE E) .. iutuititiitntntnenttiieetetesentaesessssseuessueneeseseresesesenearseoseesans 500 mW
For Ta = +60 to +85°C (PACKAGE TYPEE) .......cvvvvinenrnnnns Derate Linearly at 8 mW/°C to 300 mW
FOrTa=-5510 +100°C (PACKAGE TYPE F, H) L .itttiitttittttiite e ee et tiettaeeneeanetereenrearsesneneenennenes 500 mW
For Ta = +100 to +125°C (PACKAGE TYPE F, H) Derate Linearly at 8 mW/°C to 300 mW
FOr Ta=-40 10 +70°C (PACKAGE TYPE M) .. uttuiittttittttti e teenetnetetaeeneeeeneteneneseeesnesesnenennenennns 400 mW
For Ta=+701t0 +125°C (PACKAGE TYPE M) 1. iutitiiitinintintniiieanernenesonsnenssnsennnn Derate Lineary at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta):
PACKAGETYPEF, H......ovvvvvennn e e et e e e e -55 to +125°C
PACKAGE TYPEE,M........... ...-40 to +85°C

STORAGE TEMPERATURE (Tag) -65 to +150°C

LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 £+ 1/32 in. (1.59 £ 0.79 mmM) from €aSe fOr 10 8 MAX. . e\ vt erenenenensnreenerenenenrecneereseseoeienennns +265°C
Unit inserted into a PC Board (min. thickness 1/16 in., 1.59 mm)

with solder contacting 1ead tips ONlY .. ..uue ittt ittt ittt ie et et siesearenataneeoseonraeonsennosssonennnns +300°C
RECOMMENDED OPERATING CONDITIONS: I
For maximum reliablility, nominal operating conditions should be selected so that operation is always within the
following ranges:
LIMITS
CHARACTERISTIC UNITS
MIN. MAX.
Supply-Voltage Range (For Ta = Full Package-Temperature Range) Vec: *
CD54/74HC Types 2 6 \"
CD54/74HCT Types 45 5.5 \'
DC Input Voltage V, 0 Vee Vv
DC Load Voltage V. 0 10# Vv
Operating Temperature Ta:
CD74 Types -40 +85 °C
CD54 Types -55 +125 °C
Input Rise and Fall Times, ti, t
at2Vv 0 1000 ns
at45Vv 0 500 ns
até Vv 0 400 ns

* Unless otherwise specified, all voltages are referenced to Ground.
# With pull-up resistor whose value limits output current to 25 mA.
——

=

1A—1(

vee

18 -2 113 48

1y -3 H2 44

2A -4 1 o4y

283 HO 38

2y -8 12 3a

GND -2 ay
9LCS-38303
TERMINAL ASSIGNMENT
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Technical Data

CD54/74HCO03
CD54/74HCTO03

STATIC ELECTRICAL CHARACTERISTICS

CD74HC03/CD54HC03 CD74HCT03/CDS4HCTO03
TEST 74HC/54HC 74HC S54HC TEST 74HCT/54HCT | 74HCT | 54HCT
CONDITIONS TYPES TYPES | TYPES CONDITIONS TYPES TYPES | TYPES
CHARACTERISTIC UNITS
-40/ -55/ -40/ -55/
+25°C +25°C
+85°C | +125°C +85°C | +125°C
Vi lo [Vec \/ Vee
v [ma v v v [
Min |Typ [Max |Min |Max |Min |Max Min | Typ |Max |Min |Max | Min [Max
High-Level 2 [16|— [— [15|— [15]|— 4.5
Input Voltage Vin 45 [315| — | — |[3.15| — [3.15]| — — to 2 - - 2 — 2 — v
6 [42 | — |— [42 | — [42 | — 5.5
Low-Level 2 |—|—|05]— [05|— |05 45
Input Voltage Vie 45 | — | — 135 — [1.35] — [1.35 — to|—|— {08 — (08| — |08 Vv
6 |—|— |18|— [18]|— [18 5.5
Low-Level Vi 2 |—|—[01]— JO1|— JO1 Vi
Output Voitage Vo or 002 [45|— | — |01 |— (01| — |O.1 or 45| — | — 101 | — joOo1 | — |01 \
CMOS Loads Vin 6 — | — 01 |— 01| — ]O.1 Vi
Vi Vi
TTL Loads or 4 45 | — | — [026| — [0.33| — | 0.4 or 45| — | — [026| — ]0.33| — |04 \
Vi 5.2 6 — | — [0.26| — ]0.33| — |04 Vin
Input Leakage Any
Vee
Current h Voltage
or 6 | — | — HON| — |1 | — |+1 55| — | — [HO1| — | £1 | — | &1 HA
Between
Gnd
Veec & Gnd
Quiescent Vee Vee
Device Current lec or 0 6 — =12 — |20 | — | 40 or 55| — | — 2 — |20 | — | 40 HA
Gnd Gnd
Additional
45
Quiescent Device
. Vee -2.1 to | — {100}360 | — (450 | — |490 A
Current per input 55
pin: 1 unit load Alcc* ’
Output Leakage Vo= Vi=Vy
Current loz oV Vo=10V
\ 6 |—|— |05 — |5 — | 10 55| — | — |05 | — 5 — | 10 HA
thru thru
1 KQ 1KQ
*For dual-supply systems theoretical worst case (V, = 2.4 V, Vec = 5.5 V) specification is 1.8 mA.
HCT INPUT LOADING TABLE
INPUT UNIT LOADS *
nA, nB 1
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* Unit Load is Alcc limit specified in Static Characteristic
Chart, e.g., 360 uA max. @ 25°C.




Technical Data

CD54/74HCO03
CD54/74HCTO03

SWITCHING CHARACTERISTICS (Vcc =5V, Ta = 25°C, Inputt, t = 6 ns)

TYPICAL VALUES
CHARACTERISTIC C. UNITS
(pF) HC HCT
Propagation Delay, (Fig. 1) trzu, triz 15 8 9 ns
Power Dissipation Capacitance * Cep — 6.4 9 pF

* Ceo is used to determine the dynamic power consumption, per gate.
Po = Cro Vec?fi + X (Cu Vec?fo) + X (VL?/RL) (Duty Factor “Low")

where f; = input frequency Duty factor “low” = percent of time output is “low”
fo = output frequency VL = output voltage
C. = output load capacitance R = pull-up resistor

Vec = supply voltage
SWITCHING CHARACTERISTICS (C. = 50 pF, Input t,, t; = 6 ns)

LIMITS
TEST 25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC CONDITIONS UNITS
HC HCT 74HC 74HCT 54HC S54HCT
Vee
v Min. |Max. (Min. Max. |Min. [Max.|Min. [Max. |Min. [Max. |Min. |[Max.
Propagation Delay te.2
Output Low to teze 2 — 100 | — {— | —[125| — | — | — |150 | — | —
High Impedance and 4.5 — 120 | — |24 | — |25 | — |30 | — |30 | — | 36 ns
High Impedance to 6 -7 | —-|=]=-121 | = | —=|=1]26| = |—
Output Low
Transition Times  tru 2 - |7 |—=-—|—|—1|9%|—-—|—|—= 10| -1
(Figure 1) 4.5 — |15 | — |15 | — (19 | — |19 | — |22 | — | 22 ns
6 - 3| =-—|—=—]—|16]|—|—=]|—]|19]|—]—
Input Capacitance C; - (1M |-]100{— 10| — |10~ |10|— |10 pF
INPUT LEVEL
nA(nB)
"Lz ‘_'PZLVOH eoczI\I(LYI'IIJJIIIIIIHHIII
7000 SR
\ 'S Z F 0.8V (HCT Vj_ MAX.)
VoL 1= 600 Vo £ 1.35V (HC vy MAX)
5_.‘ H o Ron MAX = %GT\\" 0&65‘
oUTPUT & 500 = 650 AT25°C M
Olow —*t=— Cor T —=r=— 0w G
1KQ 2 \*065 P annn
a8 O————  open "‘I’VV\’_ Vee 5 300F
DRAIN 2 H
NAND S0 pF 3200
nB(nA) O GATE I E
Vee = 1008 -H AMBIENT TEMPERATURE +1H
926S-40189RI a HH(Ta)=25°C HHHHH
o““;““lz““;“”;l Hlllelln.llullél 5 o
LOAD VOLTAGE (V )=V
54/74HC 54/74HCT s2cs-40187
Input Level Vee 3V Fig. 2 - Minimum resistive load vs load voltage.
Switching Voltage, Vs 50% Vee 13V

Fig. 1 - Transition times, propagation delay times, and test circuit.
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Technical Data

CD54/74HCO04
CD54/74HCTO04

High-Speed CMOS Logic

— Vcc

Type Features:

il

<

fi ;
7 8 -~
aND g
| *" s2csass0r

FUNCTIONAL DIAGRAM AND
TERMINAL ASSIGNMENT

The RCA-CD54/74HCO04 and CD54/74HCTO04 hex inverter
utilize silicon-gate CMOS technology to achieve operating
speeds similar to LSTTL gates with the low power
consumption of standard CMOS integrated circuits. All
devices have the ability to drive 10 LSTTL loads. The
54HCT/74HCT logic family is functionally as well as pin
compatible with the standard 54LS/74LS logic family.

The CD54HC04 and CD54HCTO04 are supplied in 14-lead
hermetic dual-in-line ceramic packages (F suffix). The
CD74HCO04 and CD74HCTO04 are supplied in 14-lead dual-
in-line plastic packages (E suffix) and in 14-lead dual-in-
line surface mount plastic packages (M suffix). Bothtypes
are also available in chip form (H suffix).

w——TP>0—T>o—o——n¥
92CS-36947RI

LOGIC DIAGRAM

" Hex inverter

TRUTH TABLE
INPUTS OUTPUTS
nA nY
H
H L
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File Number 1471

® Input and Output are both buffered
w Typical propagation delay = 6 ns @ Vcc =5V, CL= 15 pF, Ta=25° C

Family Features:

& Fanout (Over Temperature Range):
Standard Outputs - 10 LSTTL Loads
Bus Driver Outputs - 15 LSTTL Loads
= Wide Operating Temperature Range:
CD74HC/HCT: -40 to +85°C
s Balanced Propagation Delay and Transition Times
® Significant Power Reduction Compared to LSTTL Logic ICs
® Alternate Source is Philips/Signetics
aCD54HC/CD74HC Types:
2to 6 V Operation
High Noise Immunity: NiL = 30%, NIH = 30% of Vcc; @
vec=5V
8 CD54HCT/CD74HCT Types:
4.5 to 5.5 V Operation
Direct LSTTL Input Logic Compatibility
ViL = 0.8 V Max., VIH =2 V Min.
CMOS Input Compatibility
h=1uA @ Vo, Vou




Technical Data

CD54/74HC04
CD54/74HCTO04

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE, (Vce):

(Voltages referenced t0 GroUNd) . ........uiior ettt et e e e e -05to+7V
DC INPUT DIODE CURRENT, Iik (FOR Vi <=0.5V OR Vi>> Ve #0.5V) vttt ettt ettt e e e et et e e +20mA
DC OUTPUT DIODE CURRENT, lok (FOR Vo < -0.5V OR Vo > Ve +0.5V) Lottt ittt e et e e e e e ee e eeeeena +20mA
DC DRAIN CURRENT, PER OUTPUT (lo) (FOR 0.5V < Vo < Vec + 0.5V) . oiueiitieettie et et et e e e eeees +25mA
DC Vcc OR GROUND CURRENT (I6C) '+« vt vttt teteettee et e et et e eie et eete e eeeens s e e iaereiaaraeens +50mA
POWER DISSIPATION PER PACKAGE (Po):

FOr Ta=-4010 +60°C (PACKAGE TYPE E) .. ..tuinittititttt ittt ettt e e et e et e e ettt eeaens 500 mW

FOr Ta=+6010 +85°C (PACKAGE TYPE E) ..\iutittittite ittt it e et e nen ey Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +100°C (PACKAGE TYPE F, H) ..ottt ittt e ettt et et e e ettt ineaas 500 mW

For Ta+100 to +125°C (PACKAGE TYPE F, H) ..ottt it e i e Derate Linearly at 8 mW/°C to 300 mW

For Ta==401t0 +70°C (PACKAGE TYPE M) .. .uiiniiiiiiiiiiiit ittt ittt iieietetsteesteenenesesernsnesnsnsnnnns 400 mW

For Ta=+701t0 +125°C (PACKAGE TYPE M) . .iiiitiiiiiiniiitiiitiernneennensenssnsenns Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE F, H oo e it e e e e et et -55t0 +125°C

PACKAGE TYPE E, M ...ttt e e . -40to +85°C
STORAGE TEMPERATURE (Tatg) «« v v ttnettnnette ettt et ttee et e e e e ae e e e e ettt et e e ieeenns -65to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 + 1/32in. (1.59 + 0.79 mm) from €ase fOr 10 S MAX. ... iutreteur ettt ettt et ettt +265°C

Unit inserted into a PC Board (min. thickness 1/16 in., 1.59 mm)

with solder contacting 1820 tiPS ONIY . ... ... u.n ittt ettt ettt e et et e et e e e +300°C

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, nominal operating conditions should be selected so that operation is always within the

following ranges:

LIMITS
CHARACTERISTIC UNITS
MIN. MAX.

Supply Voltage Range (For TA = Full Package Range) Vcc:*

CD54/74HC Types 2 6 v

CD54/74HCT Types 45 55 Vv
DC Input or Output Voltage VIN, VOUT 0 vce \"
Operating Temperature TA:

CD74 Types -40 +85 °C

CD54 Types -55 +125 °C
Input Rise and Fall Times, tr, tf

at2Vv 0 1000 ns

at4.5V 0 500 ns

atéVv 0 400 ns

*Unless otherwise specified, all voltages are referenced to Ground.
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Technical Data

CD54/74HC04
CD54/74HCTO04

STATIC ELECTRICAL CHARACTERISTICS

CD74HC04/CD54HC04 CD74HCT04/CD54HCTO4
TEST 74HC/54HC 74HC 54HC TEST T4HCT/S4HCT | 74HCT 54HCT
CONDITIiONS TYPES TYPES | TYPES jCONDITIONS TYPES TVYPES | TYPES
CHARACTERISTIC UNITS
-40/ -55/ -40/ -55/
+25°C +25°C
v, o | Ve +85°C | +125°C Vi | Vee +85°C | +125°C
v mA v v v
Min | Typ [Max [ Min |Max | Min |Max Min | Typ |Max | Min |Max | Min |Max
High-Leve! 2 |15 —|— |15 — |16 — 45
Input Voltage Vi 45 1315 — | — [3.15] — |3.15| — - to 2 e 2 — 2 - v
6 |42 | — | — |42 — |42 | — 55
Low-Level 2 | —|(—]05|— 05— |05 45
Input Voltage Vi 45| — | — |1.35| — [1.35] — [1.35 — to|—{— |08|— |08 — |08 \
6 — | — (18} — |18 — 118 55
High-Level Vi 2 19| — | —|19|— |19]— Vi
Output Voltage Vou or -0.02 45 |44 | — | — |44 | — (44 | — or 45 |44 | — | — |44 | — |44 | — \
CMOS Loads Vin 6 |59 | — | — 59| — |58 |— Viu
Vie Vie
TTL Loads or -4 45 [398| — | — (384 — |37 | — or 45 1398 — | — 384 — (3.7 | — v
Vin -5.2 6 [548| — | — |534| — |52 | — Vin
Low-Level Vi 2 — | =101 — (01| — |01 Vi
Output Voltage Vo, or 0.02 45| — | — {01 | — |01 | — |01 or 45| — | — |01 | — 101 | — (01 \
CMOS Loads Vi 6 — | —]01|— 01| — |01 Vin
Vie Vi
TTL Loads or 4 45| — | — |026| — |033] — |04 or 45| — | — [026| — |0.33| — |04 Vv
Vin 52 6 — | — |026} — |033} — |04 Vin
Input Leakage Vee Any
Volitage
Current I or 6 | — | — |01 — [ #1 | — | 1 |Between |55 [ — | — [+01 | — | #1 | — | #1 HA
VCC
Gnd & Gnd
Quiescent Vee
Vee
Device or 0 6 |—|—|2|— 2 |— |40 or 55| —|— 2 |— |20 | — | 40 A
Gnd
Current lee Gnd
Additional 45
Quiescent
Device Current Vee-2.1 to | — | 100360 | — {450 | — |490 uA
per input pin:
1 unit load Alec” 55
*For dual-supply systems theoretical worst case (Vi = 2.4 V, Vcc = 5.5 V) specification is 1.8 mA.
HCT Input Loading Table
Input Unit Loads*
ALL 1.2
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*Unit Load is Alcc limit specified in Static Characteristic Chart,
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., 360 uA max. @ 25°C.




Technical Data

CD54/74HC04
CD54/74HCTO04

SWITCHING CHARACTERISTICS (Vcc =5V, Ta = 25°C, Input t,, t, = 6 ns)

C ACTERISTIC Typical Units
HAR HC HCT
Propagation Delay, Data Input to Output Y (Fig. 1) torn
A 6 7 ns
(C,_= 15 pF) torL
Power Dissipation Capacitance* Con 21 24 pF
*CPDlis used to determine the dynamic power consumption, per inverter where:
PD = Vcc2t (Cpp + CL) where f = input frequency
CL = output load capacitance
Vcce = supply voltage
SWITCHING CHARACTERISTICS (C. = 50 pF, Input t, t; = 6 ns)
LIMITS
TEST 25°C -40°C to +85°C -55°C to +125°C
UNITS
CHARACTERISTIC CONDITION HC HCT 7aHC 7aHCT 54HC 54HCT
ch
\' Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
Propagation Delay teun 2 — 85 — - — [ 105 | — — — | 130 | — -
Input to Output teHL 4.5 — 17 — 19 — 21 — 24 — 26 — 29 ns
(Fig. 1) 6 — 14| - |- -] -] —-|—=]2|-]-
Transition Times trn 2 -— 75 - —_ —_ 95 - — — (110 | — —
(Fig. 1) tre 45 — 15 - 15 — 19 — 19 - 22 — 22 ns
6 — |- =-|={1w6|=—|=]=]19] ==
Input Capacitance C _ 10 — 10 - 10 — 10 — 10 - 10 pF
ouUTPUT
tyHL ]
54/74HC 54/ 74HCT
INPUT LEVEL| Ve 3V
Vs 50% Vcc 13V

92CS-36948RI

Fig. 1 - Transition times and propagation delay times.
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Technical Data

CD54/74HCO08
CD54/74HCTO08

High-Speed CMOS Logic

File Number 1549

TR Quad 2-input AND Gate
'8 _2% - a8 Type Features:
3 12
A 5_ oA = Buffered inputs
2n =2 L ay  Typical CD54/74HC08 propagation delay=7 ns
2 _Sﬁ Lo 4, @ Voo=5 V, CL=15 pF, Ta=25°C
2y =2 &i 3a
oND — 18 sy

92€$-3797!
FUNCTIONAL DIAGRAM AND
TERMINAL ASSIGNMENT

The RCA-CD54/74HCO08 and CD54/74HCTO8 logic gates
utilize silicon-gate CMOS technology to achieve operating
speeds similar to LSTTL gates with the low power con-
sumption of standard CMOS integrated circuits. All devices
have the ability todrive 10 LSTTL loads. The 54HCT/74HCT
logic family is functionally as well as pin compatible with
the standard 54LS/74LS logic family.

The CD54HC08 and CD54HCTO08 are supplied in 14-lead
hermetic dual-in-line ceramic packages (F suffix). The
CD74HC08 and CD74HCTO8 are supplied in 14-lead dual-
in-line plastic packages (E suffix) and in 14-lead dual-in-
line surface mount plastic package (M suffix). Both types
are also available in chip form (H suffix).

LOGIC DIAGRAMS

nA
nyY
nB

92CS-37972RI

CD54/74HCO08
nA
nY
. 1% 1%
I
92CS-37973RI
CD54/74HCTO08
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Family Features:
® Fanout (Over Temperature Range):
Standard Outputs - 10 LSTTL Loads
Bus Driver Outputs - 15 LSTTL Loads
» Wide Operating Temperature Range:
CD74HC/HCT: —40 to +85°C
w Balanced Propagation Delay and Transition Times
® Significant Power Reduction Compared to
LSTTL Logic ICs
m Alternate Source is Philips/Signetics
8 CD54HC/CD74HC Types:
2 to 6 V Operation
High Noise Immunity:
Ni=30%, N\w=30% of Vcc @ Vee=5 V
® CD54HCT/CD74HCT Types:
4.5 to 5.5 V Operation
Direct LSTTL Input Logic Compatibility
ViL=0.8 V Max., Vin=2 V Min.
CMOS Input Compatibility
h=<1uA @ Vo, Von

TRUTH TABLE

INPUTS OUTPUTS
nA nB nY
L L L
L H L
H H




Technical Data

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE, (Vcc):

(Voltages referenced t0 ground) . .......oviuiiuiiniin et

DC INPUT DIODE CURRENT, Ik (FORVi<-05VORV,>Vcc+0.5V) .......ooovene
DC OUTPUT DIODE CURRENT, lok (FOR Vo, <-0.5 V OR Vo > Vcc +0.5 V)
DC DRAIN CURRENT, PER OUTPUT (lo) (FOR-0.5V <V, <Vec+0.5V)

DC Vec OR GROUND CURRENT (16C): + v vvvnevtinteii et ennanans

POWER DISSIPATION PER PACKAGE (Po):

For Ta=-4010 +60°C (PACKAGE TYPEE) .....oviiiiiiii i
For Ta=+60 to +85°C (PACKAGE TYPEE) ......ccvviiiiiiiiii e
For Ta=-55t0 +100°C (PACKAGE TYPEF, H) ..ottt

For Ta = +100 to +125°C (PACKAGE TYPE F, H) .
For Ta = -40 to +70°C (PACKAGE TYPEM) ..........

For Ta=+7010 +125°C (PACKAGE TYPEM) .....oiiiiiiiiiiiiiiiiiiines vivnnnnenens

OPERATING-TEMPERATURE RANGE (Ta):
PACKAGE TYPE F, H
PACKAGE TYPEE,M .......ovvvieininnnnns

STORAGE TEMPERATURE (Ta)

LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 £ 1/32 in. (1.59 &+ 0.79 mm) from case for 10 s max.
Unit inserted into a PC Board (min. thickness 1/16 in., 1.5 mm)

with solder contacting lead tips ONly ... ....oviriieiiiii i

RECOMMENDED OPERATING CONDITIONS:

CD54/74HCO08
CD54/74HCTO08

.................................... +50 mA

....... Derate Linearly at 8 mW/°C to 300 mW
.................................... 500 mW

.. Derate Linearly at 8 mW/°C to 300 mW
.............................. 400 mW

........ Derate Linearly at 6 mW/°C to 70 mW

.............................. -55t0 +125°C

-40 to +85°C
-65 to +150°C

.................................... +265°C

.................................... +300°C

For maximum reliability, nominal operating conditions should be selected so that operation Is always within

the following ranges:

LIMITS
CHARACTERISTIC N MAX. UNITS
Supply-Voltage Range (For Ta=Full Package-Temperature Range) Vcc:*
CD54/74HC Types 2 6
CD54/74HCT Types 4.5 5.5
DC Input or Output Voltage V), Vo 0 Vee
Operating Temperature Ta:
CD74 Types -40 +85 og
CD54 Types -55 +125
Input Rise and Fall Times tt
at2Vv 0 1000
at45V 0 500 ns
até Vv 0 400

*Unless otherwise specified, all voltages are referenced to Ground.
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Technical Data

CD54/74HC08
CD54/74HCTO08

STATIC ELECTRICAL CHARACTERISTICS

CD74HCC8/CD54HC08 CD74HCT08/CD54HCT08
TEST 74HC/S4HC 74HC 54HC TEST 74HCT/54HCT | 74HCT 54HCT
CONDITIONS TYPES TYPES TYPES | CONDITIONS TYPES TYPES TYPES
w25 -40/ -55/ 125°C -40/ -55/
v, o | Ve +85°C | +125°C Vi | Ve +85°C | +125°C
v mA v v v
Min | Typ |Max [ Min |Max | Min |Max Min | Typ |Max | Min |Max | Min |Max
High-Level 2 (15— — |15 — [15 ]| — 45
Input Voltage Vin 45 (315 — | — |3.15] — [3.15| — — to 2 e 2 —_ 2 — "
6 |42 | — | — |42 — |42 | — 55
Low-Level 2| —|—105|— |05 — |05 45
Input Voltage Vi 45| — | — |1.35| — |1.35} — |[1.35 —_ to|—|—|08|—108|— |08 v
6 | —|— (18] — 18] — |18 55
High-Level Vi 2 119|— | — |19 — [19] — Vi
Output Voltage Vou or -0.02 45144 | — | — |44 | — |44 | — or 45 (44 | — | — |44} — |44 | — \
CMOS Loads Vi 6 |59| — | — |59 — |59]|— Vin
Vie Vi
TTL Loads or -4 45 1398| — | — |384| — 37 | — or 45 (398 — | — (384 — |37 | — \
Viu -5.2 6 |548| — | — |534| — [52 | — Vin
Low-Level Vi 2 — | =101 — (01| — {01 Vi
Output Voltage Vo, or 0.02 45| — [ — (01| — |01 | — |01 or 45| — [ — |01 | — |01 | — |01 \
CMOS Loads Vin 6 | —|— 101} —]01]— 101 Vin
Vi Vi
TTL Loads or 4 45| — | — (026 — |0.33| — |04 or 45| — | — |026| — (033 — |04 v
Vin 52 6 — | — |0.26] — |033] — |04 Vin
Input Leakage Vee Any
Voltage
Current 0 or 6 — | — {201} — | =1 — | 1 fBetween {55 [ — | — [#0.1| — | #1 — |+ uA
VCC
Gnd & Gnd
Quiescent Vee Vee
Device or 0 6 |—|— |2 |— |2 |— |40 or 55| —|— ]2 |— |2 |— |40 HA
Current lee Gnd & Gnd
Additional 45
Quiescent
Device Current Vee-2.1 to | — |100360 | — |450 | — |490 uA
per input pin:
1 unit toad A lec” 55

*For dual-supply systems theoretical worst case (Vi = 2.4 V, Vcc = 5.5 V) specification is 1.8 mA.

HCT Input Loading Table

Input Unit Loads*
All 0.6

“Unit Load is Alcc limit specified in Static Characteristic Chart,
e.g., 360 A max. @ 25°C.
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Technical Data

CD54/74HCO08
CD54/74HCTO08

SWITCHING CHARACTERISTICS (Vcc =5V, Ta=25°C, Input t, t;= 6 ns)

TYPICAL
CHARACTERISTIC SYMBOL HC THCT UNITS
Propagation Delay, Data Input to Output Y (Fig. 1) teLn
7 10 ns
(C.=15 pF) _ _ e S
Power Dissipation Capacitance* Cro 37 51 pF

*Cro is used to determine the dynamic power consumption, per gate.
PD=Vec? fi (Cep + C.) where fi=input frequency
C.=output load capacitance
Vec=supply voltage

SWITCHING CHARACTERISTICS (Cv. = 50 pF, Input t, t1= 6 ns)

25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC SYMBOL Vee HC HCT 74HC 74HCT 54HC 54HCT |UNITS
Min. [Max. | Min. [Max.|Min. [Max.[Min. [Max.|Min. [Max.|Min. [Max.
Propagation Delay, teLH 2 90 — 115 —_ 135 —
Input to Output teHL 4.5 18 25 23 31 27 38 ns
(Fig. 1) 6 15 — 20 — 23 —
Transition Times tren 2 75 — 95 — 110 —
(Fig. 1) trie 45 15 15 19 19 22 22 ns
6 13 — 16 — 19 —
Input -
Capacitance Ci 10 10 10 10 10 10 pF

tr=6ns ,_— -—1 la— t¢ =6ns
INPUT LEVEL — — — —90 %
G gt plplegten
C— — = 5%

C——
tTLH
Vo .
tpLH
92CS-37974RI
54/74HC 54/74HCT
Input Level Vee 3V
Switching Voltage, Vs 50% Ve 1.3V

Fig. 1 - Transition times and propagation delay times.
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Technical Data

CD54/74HC10
CD54/74HCT10

High-Speed CMOS Logic

File Number 1551

| 14
' e Trinle 2_Inn: AND Gate
B 2 13 e I FIIC U7 MIVAY GATLS
2a 2 Q_I——l—a— 1Y Type Features:
28 —4 LIRS a Buffered inputs
5 10 ® Typical propagation delay = 8 ns
26 ] 8 @Vec=5V, CL=15pF, Ta=25°C
_2Y —6 —95A
7 8
GND — —3Y

92CS- 37989

FUNCTIONAL DIAGRAM AND
TERMINAL ASSIGNMENT

The RCA-CD54/74HC10 and CD54/74HCT10 logic gates
utilize silicon-gate CMOS technology to achieve operating
speeds similar to LSTTL gates with the low power con-
sumption of standard CMOS integrated circuits. All devices
have the ability to drive 10 LSTTL loads. The 54HCT/74HCT
logic family is functionally as well as pin compatible with
the standard 54LS/74LS logic family.

The CD54HC10 and CD54HCT10 are supplied in 14-lead
hermetic dual-in-line ceramic packages (F suffix). The
CD74HC10 and CD74HCT10 are supplied in 14-lead dual-
in-line plastic packages (E suffix) and in 14-lead dual-in-
line surface mount plastic packages (M suffix). Both types
are also available in chip form (H suffix).

92CS -37990R!

LOGIC DIAGRAM
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Famlly Features:

® Fanout (Over Temperature Range):
Standard Outputs - 10 LSTTL Loads
Bus Driver Outputs - 15 LSTTL Loads
® Wide Operating Temperature Range:
CD74HC/HCT: —40 to +85°C
® Balanced Propagation and Transition Times
s Significant Power Reduction Compared to
LSTTL Logic ICs
m Alternate Source is Philips/Signetics
s CD54HC/CD74HC Types:
2 to 6 V Operation
High Noise Immunity:
N|L=30%, N|H=30% of Vcc,' @ Vcc=5 v
8 CD54HCT/CD74HCT Types:
4.5to 5.5 V Operation
Direct LSTTL Input Logic Compatibility
Vii=0.8 V Max., Vin=2 V Min.
CMOS Input Compatibility
h<1upA @ Vo, Von
TRUTH TABLE

INPUTS OUTPUTS
nA nB nC nY
L L L H
L L H H
L H L H
L H H H
H L L H
H L H H
H H L H
H H H L




Technical Data

CD54/74HC10
CD54/74HCT10

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE, (Vcc):

(Voltages referenced 10 GroUNG) .. ... .u.uuuu ettt ittt ettt et e ettt ettt te et et e et e ettt e e et e et -0.5t0 +7V
DC INPUT DIODE CURRENT, lik (FOR Vi < =0.5V OR Vi>Vec +0.5 V) 1 ututitnitntineiteiteeetstetetteneenneirenaenneens +20 mA
DC OUTPUT DIODE CURRENT, lok (FOR Vo <=0.5V OR Vo > Vee +0.5 V) 1 ouititiieiteeiitiiiiienneeiaeieeneennenns +20 mA

DO DRAIN OLIDDENT DED ALITDUIT (1 AV IEAD _NEV N <~ \ L0 E

4928 mA
Y unAnY bunnein g, ren Uuirui (10) irUn -u.o v Vo vee TUD V)

DC Vec OR GROUND CURRENT (16): « ettt tetteetetetetat ettt tetsetentesenenensasaseneaseneeeseseseseensesenensnenes +50 mA
POWER DISSIPATION PER PACKAGE (Po):
FOr Ta=~4010 +60°C (PACKAGE TYPE E) ...ttt ittt ittt te ettt e ettt ettt eteatieneasneneneneens 500 mW
FOr Ta=+60 t0 +85°C (PACKAGE TYPE E) . ..vuttitititieiiiieteeians et ieniaranenenenns Derate Linearly at 8 mW/°C to 300 mW
For Ta=-5510 +100°C (PACKAGE TYPE F, H) ...ttt ittt ettt e et e e eaeeas 500 mW
For Ta=+100t0 +125°C (PACKAGE TYPE F, H) . .vvtiit it ittt i cie i nenn e Derate Linearly at 8 mW/°C to 300 mW
For Ta=-40to +70°C (PACKAGE TYPE M) .... 400 mW
For Ta=+7010 +125°C (PACKAGE TYPE M) ....0iiniiiiiiiiiiiinnciosnneeeeeannssacnannnns Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta):
(207 X e i I o P -55 to +125°C
PACKAGE TYPE E, M L. ittt ittt ettt ettt ettt e ae et aa et enaneas -40 to +85°C
STORAGE TEMPERATURE (Tiatg) -+« « v vt et e vetetttenttetentetenenetieetaensnasneneasesensaessassseieneieeenenens -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 £ 1/32in. (1.59 = 0.79 mm) from case for 1T0S MaX. ... ... it ittt aaaeanes +265°C
Unit inserted into a PC Board (min. thickness 1/16 in., 1.59 mm)
with solder contacting 18ad tips ONIY ... ... .o iiti ittt e et +300°C

RECOMMENDED OPERATING CONDITIONS:
For maximum reliabllity, nominal operating conditions should be selected so that operation is always within
the following ranges:

LIMITS
CHARACTERISTIC N WAX. UNITS
Supply-Voltage Range (For Ta=Full Package-Temperature Range) Vcc:*
CD54/74HC Types 2 6 v
CD54/74HCT Types 4.5 5.5
DC Input or Output Voltage Vi, Vo 0 Vee
Operating Temperature Ta:
CD74 Types -40 +85 o
CD54 Types -55 +125
Input Rise and Fall Times t,t;
at2Vv 0 1000
at45V 0 500 ns
at6 Vv 0 400

*Unless otherwise specified, all voltages are referenced to Ground.
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Technical Data

CD54/74HC10
CD54/74HCT10

STATIC ELECTRICAL CHARACTERISTICS

CD74HC10/CD54HC10 CD74HCT10/CD54HCT10
TEST 74HC/54HC 74HC S54HC TEST 74HCT/54HCT | 74HCT | 54HCT
CONDITIONS TYPES TYPES | TYPES | CONDITIONS TYPES TYPES | TYPES
CHARACTERISTIC —
-40/ E - -
+25°C 0 55/ +25°C 40/ 55/
v, lo Ve +85°C | +125°C v, Ve +85°C | +125°C
v mA v v v
Min | Typ |Max | Min |Max | Min |Max Min | Typ [Max | Min |Max | Min |Max
High-Level 2 15— | — |15} — 15| — 45
Input Voltage Viu 45 {315 — | — |8.15| — [3.15] — — to 2 — — 2 — 2 —
6 |42 | — | — 42| — |42 | — 55
Low-Level 2| —|—1]05— 05— 05 45
Input Voltage Vi 45| — | — [1.35] — [1.35| — [1.35 — to |—|—]08|— |08|— |08
6 | —|— 18— |18 — |18 55
High-Level Vi 2 19| —|—=f19]— 19| — Vi
Output Voltage  Vox or -0.02 45 |44 | — | — |44 | — |44 | — or 45 144 | — | — |44 | — |44 | —
CMOS Loads Vin 6 |59 — | —|[59]|— (59| — Vin
Vi Vi
TTL Loads or -4 45 1398 — | — 384 — [37 | — or 45 {1398 — | — |384| — |37 | —
Vi 5.2 6 |548| — | — [534| — |52 | — Vin
Low-Level Vi 2 — | =101 —[01] — |01 Vi
Output Voltage Vo, or 0.02 45 | — — |01 | — (01 ] — fO1 or 45— | — (01 | — 01| — |01
CMOS Loads Vin 6 — | = (01| — [01]— [0O1 Vi
Vi Vi
TTL Loads or 4 45| — | — |026| — |0.33| — |04 or 45| — | — [026| — [033| — |04
Vi 52 6 — | — |026| — |033| — |04 Vin
Input Leakage Vee Any
Voltage
Current I, or 6 | — | — [#01| — | #1 | — | #1 |Between |55 [ — | — |01 | — | #1 | — | #1
VCC
Gnd & Gnd
Quiescent Vee Vee
Device or 0 6 |—|[—| 2] —1]20|— |40 or 56 — | — |2 |— [20 | — | 40
Current lee Gnd Gnd
Additional 45
Quiescent
Device Current Vee-2.1 to — |100 |360 | — |[450 | — |490
per input pin:
1 unit load Alect 55

*For dual-supply systems theoretical worst case (V, = 2.4V, Vcc = 5.5 V) specification is 1.8 mA.

HCT Input Loading Table

Input Unit Loads*
All 0.6

*Unit Load is Alcc limit specified in Static Characteristic Chart,
e.g., 360 uA max. @ 25°C.
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Technical Data

CD54/74HC10
CD54/74HCT10

SWITCHING CHARACTERISTICS (Vcc =5V, Ta=25°C, Input t, t = 6 ns)

TYPICAL
T
CHARACTERISTIC SYMBOL HC THCT UNITS
Propagation Delay, Data Input to Output Y (Fig. 1) teLH 8 9 ns
(CL=15 pF) teHL
Power Dissipation Capacitance® Cro 24 28 pF
*Cro is used to determine the dynamic power consumption, per gate.
PD=Vcc?fi  (Ceo+ Cu)  where fi=input frequency
C.=output 10ad capacitance
Vec=supply voltage
SWITCHING CHARACTERISTICS (C. = 50 pF, input t,, t/= 6 ns)
25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC | SYMBOL Vece HC HCT 74HC 74HCT 54HC 54HCT |UNITS
Min. [Max. | Min. [Max. | Min. |Max.| Min. |Max. | Min. |Max.| Min. |Max.
Propagation Delay, teLn 2 100 - 125 — 150 -
Input to Output teHL 4.5 20 24 25 30 30 36 ns
(Fig. 1) 6 17 — 21 — 26 —
- . 2 75 — 95 - 110 —
(TF'ia”s;;m” Times :““ 45 15 15 19 19 22 22 | ns
9 TH 6 13 — 16 — 19 —
Input
F
Capacitance C 10 10 10 10 10 10 p

tr =6ns t§=6ns INPUT
LEVEL
INPUT | — — —— 90%
—————— VS
___________ 10%
toHL GND

OUTPUT 0%

tTHL

54/7T4HC 54/7T4HCT

Input Level Vce 3V
Quaridmbaimm \Jalbama \J ENO0L \J_ 142\
SWilChning voilage, vs S50% Vee 1.0V

Fig. 1 - Transition times and propagation delay times.
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Technical Data

CD54/74HC11
CD54/74HCT11

High-Speed CMOS Logic

a4 Hevee
p-2 3¢
2n-3 12y
Type Features:
4 i i
26— T3¢ w Buffered inputs
zci I—OSB
- Cl
ZYi 33,; TA =25°C
onp- 183y
92CS-3687IR|

FUNCTIONAL DIAGRAM AND
TERMINAL ASSIGNMENT

The RCA-CD54/74HC11 and CD54/74HCT11 logic gates
utilize silicon-gate CMOS technology to achieve operating
speeds similar to LSTTL gates with the low power con-
sumption of standard CMOS integrated circuits. All devices
have the ability to drive 10LSTTL loads. The 54HCT/74HCT
logic family is functionally as well as pin compatible with
the standard 54LS/74LS logic family.

The CD54HC11 and CD54HCT11 are supplied in 14-lead
hermetic dual-in-line ceramic packages (F suffix). The
CD74HC11 and CD74HCT11 are supplied in 14-lead dual-
in-line plastic packages (E suffix) and in 14-lead dual-in-
line surface mount plastic packages (M suffix). Both types
are also available in chip form (H suffix).

92CS-3697IR|

LOGIC DIAGRAM
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File Number 1475

Triple 3-Input AND Gate

m Typical propagation delay =8 ns @ Vcc =5V, CL = 15 pF,

Family Features:
® Fanout (Over Temperature Range}:
Standard Outputs - 10 LSTTL Loads
Bus Driver Outputs - 15 LSTTL Loads
® Wide Operating Temperature Range:
CD74HC/HCT: —40 to +85°C
B Balanced Propagation Delay and Transition Times
m Significant Power Reduction Compared to LSTTL
Logic ICs
m Alternate Source is Phillips/Signetics
8 CD54HC/CD74HC Types:
2 to 6 V Operation
High Noise Immunity: Ny =30%, Niu=30% of Vcc
@ Vec=5 V
8 CD54HCT/CD74HCT Types:
4.5 to 5.5 V Operation
Direct LSTTL Input Logic Compatibility
Vii=0.8 V Max., Viu=2 V Min.
CMOS Input Compatibility
/| =1 /IA @ VoL, VOH

TRUTH TABLE

INPUTS OUTPUTS

=]
>
=]
@©
>
o]
3
=

I|T|T|T(r |||
I|xT|r |- ||| |
I|r|T|r|T| ||
I|r|r|r||r|r|-




Technical Data

CD54/74HC11
CD54/74HCT11

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE, (Vcc):

(Voltages referenced t0 GroUN) .. ... uuutiu ettt ittt ettt ittt it et aa it it ia e aaaeas -05to+7V
DC INPUT DIODE CURRENT, lik (FOR V,; <=0.5V 0r Vi >Vee +0.5V) oooiiiiiiiiiiii i ... 120 mA
DC OUTPUT CURRENT, lok (FOR Vo <=0.5V OR Vo > Ve F0.5V) Lottt ittt ii i i nennennens .. 120 mA
DC DRAIN CURRENT, PER OUTPUT (lo) (FOR -0.5V < Vo, < Vcc + 0.5V) .. 125 mA
DC Vcc OR GROUND CURRENT, (10C): + vt v ttttttttt ettt ttte ettt et ettt ettt ee et et e et ettt e et enaaneenes +50 mA

POWER DISSIPATION PER PACKAGE (Po):
For Ta = -40 to +60°C (PACKAGE TYPE E)
For Ta = +60 to+85°C (PACKAGE TYPE E)
For Ta = =55 10 +100°C (PACKAGE TYPE F, H) ..ttt it e et i s i aneaeans
For Ta = +100 to +125°C (PACKAGE TYPEF, H) ... ..ottt
For Ta = -40 to +70°C (PACKAGE TYPE M)
For Ta = +70 to +125°C (PACKAGE TYPE M)

OPERATING-TEMPERATURE RANGE (Ta):
PACKAGE TYPE F, H o e e e e e e e e e e
PACKAGE TYPEE,M...............

STORAGE TEMPERATURE (Tei)

LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 £ 1/32 in. (1.59 £ 0.79 mm) trom €ase fOr 10 S MaX... . .....uueirunereene et ettt e +265°C
Unit inserted into a PC Board (min. thickness 1/16 in., 1.59 mm)
with solder contacting lead tips ONly ... ... .. .. i +300°C

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, nominal operating conditions should be selected so that operation is always within
the following ranges:

LIMITS
CHARACTERISTIC MIN WA, UNITS

Supply-Voltage Range (For Ta = Full Package Temperature Range) Vcc:*

CD54/74HC Types 2 6 "

CD54/74HCT Types 4.5 5.5 \
DC input or Output Voltage Vin, Vout 0 Vee \
Operating Temperature Ta:

CD74 Types -40 +85 °C

CD54 Types -55 +125 °C
Input Rise and Fall Times t,, t;

at2v 0 1000 ns

at45Vv 0 500 ns

até Vv 0 400 ns

*Unless otherwise specified, all voltages are referenced to Ground.
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Technical Data

CD54/74HC11
CD54/74HCT11

STATIC ELECTRICAL CHARACTERISTICS

CD74HC11/CD54HC11 CD74HCT11/CD54HCT11
TEST 74HC/54HC 74HC 54HC TEST 74HCT/54HCT | 74HCT 54HCT
CONDITIONS TYPES TYPES | TYPES | CONDITIONS TYPES TYPES | TYPES
CHARACTERISTIC UNITS
-40/ -55/ -40/ -55/
+25°C +25°C
v, lo Vee +85°C | +125°C v, Vee +85°C | +125°C
v mA v v v
Min | Typ |Max | Min |Max | Min [Max Min | Typ |Max | Min |Max | Min |Max
High-Level 2 (15— | = |15 — [15] — 45
Input Voltage Vin 45 (315 — | — [3.15 — [3.15| — —_ to 2 - | - 2 — 2 — \
6 |42 — | — |42 — (42| — 55
Low-Level 2 | —|—-]05|—105|—]05 45
Input Voltage Vi 45| — | — [1.35] — [1.35) — |1.35 - to | —|(—|08] — 08| — |08 v
6 | —|—|18]—|18|— |18 55
High-Level A 2 19| = | — (19| —(19]— A
Output Voltage  Voy or -0.02 45144 | — | — |44 | — |44 | — or 45 |44 | — [ — |44 | — 144 | — v
CMOS Loads Vi 6 |59 — | —|59|— (59— Vi
Vi Vi
TTL Loads or -4 45 |398| — | — (384 — |37 | — or 45 (398 — | — |384| — |37 | — v
Vi -5.2 6 |548( — | — |534] — [52 | — Vi
Low-Level Vi 2 — | —]01| —]01]| — |01 Vi
Output Voltage Vo, or 0.02 45 | — — 101} —]01] — |01 or 45 | — — 101} — |01 | — |O1 \2
CMOS Loads Vin 6 — | =101} —]01] —]01 Vin
Vie Vi
TTL Loads or 4 45| — | — |0.26| — (033 — | 04 or 45| — | — [026]| — |0.33| — |04 v
Vi 52 6 — | — {026| — |033( — [ 04 Vin
Input Leakage Vee Any
Voltage
Current l or 6 [ — | — |#01| — | #1 | — | +1 |Between |55 | — | — |01 — | #1 | — | #1 HA
VCC
Gnd & Gnd
Quiescent Vee Vee
Device or 0 6 | —|—|2]—|20]— |40 or 55| — | — 2 |— |2 | — |40 uA
Current lec Gnd & Gnd
Additional 45
Quiescent
Device Current Vee-2.1 to | — |100(360| — |450 | — |[490 A
per input pin:
1 unit load Alec” 55

*For dual-supply systems theoretical worst case (Vi = 2.4 V, Ve = 5.5 V) specification is 1.8 mA.

HCT Input Loading Table

Input Unit Loads*
ALL 0.50

“Unit Load is Alcc limit specified in Static Characteristic Chart,
e.g., 360 uA max. @ 25°C.
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Technical Data

CD54/74HC11
CD54/74HCT11

SWITCHING CHARACTERISTICS (C, = 50 pF, Input t,, t, = 6 ns)

25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC | SYMBOL | Vcc HC HCT 74HC 74HCT 54HC 54HCT | UNITS
Min. |Max. | Min. [Max. | Min. [Max. | Min. |Max. | Min. |Max. |Min. |Max.
Propagation Delay, |
input to Output 2 - 100 | - —|—j1285| — | — | — (180 — | —
(Fig. 1) tonL 45 — |20 — | 28| — |26 | — |3 | — |30 | — | 42 ns
6 - |17 —-|-]l—-—]21}| =] —=]—=1]26)] — | =
Transition Times trn 2 -7 |-|=|—-|9%|=-]|—=]—=]110]| — | —
(Fig. 1) ton 45 | — 15| — |15 — |19 ]| — |19 | — |22 — |22 ns
6 - | 8| —-—[—|—|1®]|=]—]=1]19]|—=[|-
Input Capacitance C, - |10} —-|10|—]10f(— |10 | — |10} — | 10 pF

SWITCHING CHARACTERISTICS (Vcc =5V, Ta = 25°C, Input t,, t, = 6 ns)

Typical .
CHARACTERISTIC SYMBOL HC HCT Units
Propagation Delay, Data Input to Output Y (Fig. 1) toin 8 11 ns
(C, = 15 pF) tone :
Power Dissipation Capacitance* Crp 26 28 pF

*Ceo is used to determine the dynamic power consumption, per gate.
PD = Vi (Ceo +Cu) where f; = input frequency
C. = output load capacitance
Vee = supply voltage

J_—INPUT LEVEL

GND

92CS-3€972R5

Fig. 1 — Transition times and propagation delay times.

54/74HC 54/74HCT
INPUT LEVEL Veo av
Vg 50% Vg 1.3V
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Technical Data

CD54/74HC14
CD54/74HCT14

High-Speed CMOS Logic

76

Type Features:

i

GND =7
Ve 1o

FUNCTIONAL DIAGRAM AND
TERMINAL ASSIGNMENT

The RCA-CD54/74HC14 and CD54/74HCT14 each contain
6 inverting Schmitt Triggers in one package.

The CD54HC14 and CD54HCT14 are supplied in 14-lead
ceramic dual-in-line packages (F suffix). The CD74HC14
and CD74HCT14 are supplied in 14-lead dual-in-line plas-
tic packages (E suffix) and in 14-lead dual-in-line surface
mount plastic packages (M suffix). Both devices are also
available in chip form (H suffix).

LOGIC DIAGRAM

& v
Vo VH
VH=VE-VE
vi
+
vT vt
v? V;r
|
vVee t |
W ST -y
|
GND ! |
Vce — e
Vo
GND
92Cs-39828

Fig. 1 - Hysteresis definition, characteristic, and test setup.

File Number 1781

. Hex Inverting Schmitt Trigger

® Unlimited input rise and fall times
® Exceptionally high noise immunity

Family Features:
B Fanout (Over Temperature Range):
Standard Outputs - 10 LSTTL Loads
Bus Driver Qutputs - 15 LSTTL Loads
B Wide Operating Temperature Range:
CD74HC/HCT: -40 to +85°C
Balanced Propagation Delay and Transition Times
Significant Power Reduction Compared to LSTTL
Logic ICs
Alternate Source is Philips/Signetics
CD54HC/CD74HC Types:
2to 6 V Operation
High Noise Immunity:
N = 37%, Niw = 51% of Voo, @ Ve = 5V
CD54HCT/CD74HCT Types:
4.5 to 5.5 V Operation
Direct LSTTL Input Logic Compatibility
N = 18%, Nin = 67% of Voc @ Ve = 4.5V
CMOS Input Compatibility
h=1uA @ Vor, Von

TRUTH TABLE

INPUT | OUTPUT
A Y
L H
H L
H = High Level

L = Low Level




Technical Data

CD54/74HC14
CD54/74HCT14

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE, (Vce):

(Voltages referenced to groUuNd) .. ... ...t e e -05t0o+7V
DC INPUT DIODE CURRENT, Ik (FOR Vi<-0.5V ORVi> Vo +0.5V) o oui ittt e +20mA
DC OUTPUT DIODE CURRENT, lok (FOR Vo <-0.5V OR V, > V¢c +0.5V) +20mA
DC DRAIN CURRENT, PER OUTPUT (lo) (FOR -0.5 V < Vo < Ve + 0.5V) +25mA
DC Ve OR GROUND CURRENT (I60) «« v+t vt e vt et ittt ettt ettt et e et e et ettt et e e e e et e e et e e +50mA
POWER DISSIPATION PER PACKAGE (Pp):

For Ta=-4010 +60°C (PACKAGE TYPE E) ..ottt e e e e e e i e 500 mW

For Ta = +60 to +85°C (PACKAGE TYPEE) ..... Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +100°C (PACKAGE TYPE F, H) ottt ittt et e e e e e e e e e e e e i 500 mW

For Ta=+1001t0 +125°C (PACKAGE TYPEF, H) ... .. i Derate Linearly at 8 mW/°C to 300 mW

For Ta=-401t0 +70°C (PACKAGE TYPE M) ... e e e i 400 mW

For Ta=+701t0 +125°C (PACKAGE TYPE M) ... i e Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE F, H ottt ettt ettt e e e e et et e e e e e e e e -55to +125°C

PACKAGE TYPE E, M .ttt ittt e e e e e e et e e et e e e e e e e -40to +85°C
STORAGE TEMPERATURE (Totg) «« v vttt ttteneete ettt et ettt et e e et et ettt et e et e et e et e et ane s -65to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 + 1/32in. (1.59 = 0.79 mm) from case for 108 MaX. ...ttt +265°C

Unit inserted into a PC Board (min. thickness 1/16in., 1.58 mm)

with solder contacting lead tips ONlY .. ... ... . e +300°C

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, nominal operating conditions should be selected so that operation is always within
the following ranges:

LIMITS
CHARACTERISTIC N, MAX. UNITS

Supply-Voltage Range (For Ta = Full Package-Temperature Range) Vcc:”

CD54/74HC Types 2 6 \

CD54/74HCT Types 4.5 5.5 \
DC Input or Output Voltage V,, Vo 0 Vee \
Operating Temperature Ta:

CD74 Types ) -40 +85 °C

CD54 Types -55 +125 °C
Input Rise and Fall Times t;, t

at2Vv 0 Unlimited ns

at4.5V 0 Unlimited ns

at6V 0 Unlimited ns

*Unless otherwise specified, all voltages are referenced to Ground.

77




Technical Data

CD54/74HC14

CD54/74HCT14

STATIC ELECTRICAL CHARACTERISTICS

CD74HC14/CD54HC14 CD74HCT14/CD54HCT14
TEST 74HC/54HC 74HC 54HC TEST 74HCT/54HCT 74HCT 54HCT
CONDITIONS TYPES TYPE TYPE CONDITIONS TYPES TYPE TYPE
CHARACTERISTIC UNITS
-40/ -55/ -40/ -55/
+25°C +25°C
v, o | Vee +85°C +125°C v, Vee % +85°C +125°C
v mA v v \' -
Min | Max | Min | Max | Min | Max Min | Max | Min | Max | Min | Max
Input Switch 2 0.7 15 0.7 15 0.7 1.5 e e — - — —
Points Vi+ 45 1.7 3.15 1.7 3.15 17 3.15 45 1.2 1.9 1.2 1.9 1.2 1.9 \
6 21 4.2 2.1 4.2 21 4.2 5.5 14 21 1.4 21 1.4 21
2 0.3 1 03 1 03 1 —_ - — — - -
V- 45 09 2.2 09 22 0.9 22 4.5 0.5 12 05 1.2 0.5 12 \
6 1.2 3 1.2 3 1.2 3 55 0.6 1.4 0.6 14 0.6 14
2 0.2 1 0.2 1 0.2 1 — — — — — —
Vau 45 0.4 1.4 0.4 14 0.4 14 45 0.4 14 0.4 1.4 0.4 1.4 \
6 0.6 1.6 0.6 1.6 0.6 1.6 55 0.4 1.5 0.4 15 0.4 15
High-Level Output V- 2 19 -— 19 - 1.9 — Vi- — — — — — —
Voltage Von or -0.02 | 45 44 —_ 4.4 —_ 4.4 el or 45 4.4 — 4.4 - 4.4 — Vv
CMOS Loads Vit 6 59 — 59 — 59 — Vit — — — — — —
= - - — | -] - — — Vi- — — — — — —
TTL Loads or -4 | 45 |398 | — |384 | — |37 | — or 45 (398 | — |384 | — | 37 — v
Vi+ |52 | 6 |548 | — [|534 | — |52 | — Vit - - - - — -
Low-Level Output V- 2 — 0.1 — 0.1 — 0.1 V- —_ — — — - —
Voltage Vo, | or 002 ]| 45 | — 0.1 — | 01 — | 01 or 45 — 0.1 — | o1 — | o1 v
CMOS Loads Vit 6 — 0.1 — | o1 — | 01 Vit — — — — — —
Vi- - |- 1=-1=-1=-1= V- i e i B R
TTL Loads or 4 45 - 026 | — 0.33 - 0.4 or 45 - 0.26 - 0.33 — 0.4 Y
Vit | 52 | 6 — |02 | — 033 | — | 04 Vit -l -1 =1=-1-1=-
Input Leakage Vee Any
Voltage
Current I, | or 6 - +0.1 - +1 - 1 |Between | 55 — +0.1 — +1 — +1 A
Gnd Ve and
Gnd
Quiescent Vee Vee
Device or 0 6 — 2 — 20 - 40 or 55 | - 2 - 20 — 40 uA
Current . | Gnd Gnd
Additional 4.5 |Min |Typ [Max
Quiescent
Device Current Vee-21 | to | — [100 {360 | — | 450 | — | 490 | wA
per input pin: 55
1unitload  Alec*
*For dual-supply systems theoretical worst case (V, = 2.4 V, V¢ = 5.5 V) specification is 1.8 mA.
HCT INPUT LOADING TABLE
INPUT UNIT LOADS*
nA 0.6
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*Unit load is Alcc limit specified in Static Characteristic

Chart, e.g., 360 uA max. @ 25°C.




Technical Data

CD54/74HC14
CD54/74HCT14

SWITCHING CHARACTERISTICS (Vcc =5V, Ta=25°C, Input t,, t;= 6 ns)

CHARACTERISTIC CL TYPICAL NITS
@) | ne wer| Y
Propagation Delay,
AtoY fors o 15 1 16 ns
Power Dissipation Capacitance* Crp — 20 20 pF

*Cpp is used to determine the dynamic power consumption, per inverter.
Py = Vec?f, (Cep + C,) where: f, = input frequency
C, = output load capacitance
V¢c = supply voltage

SWITCHING CHARACTERISTICS (C. = 50 pF, Input t,, t, = 6 ns)

25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC Vee HC HCT 74HC 74HCT 54HC 54HCT |UNITS
Min. |Max. | Min. [Max. | Min. |Max. | Min. |Max. | Min. |Max. | Min. |Max.

Propagation Delay, teLH 2 — {186 | - | — | — |170}| — | — | — [205]| — | —
AtoY terL 45| — | 27 | — |38 | — |34 | — |48 | — | M1 — | 57 ns

6 — |23 | — | — — | 29 | — — — | 3 | — —
Output trin 2 — |75 | — | — — | 95 | — — — 110 | — —
Transition Time trie 45| — (15 | — |15 | — (19| — |19 | — (22 | — | 22 ns

6 - | 8| —-—|=]|—]W6]|=—|=]|=119]| - | =
g’::;cnance c — ] =]l =10 —=]10]~]10]—=]10]|—=/|1]| pF

oUTPUT

tTHL

54/74HC | 54/74HCT
INPUT LEVEL] vee 3V
Vg 50% Vo] | 13V

92CS-36948RI

Fig. 2 - Transition times and propagation delay times.
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Technical Data

CD54/74HC20
CD54/74HCT20

High-Speed CMOS Logic

File Number 1601

\JS

o] o< Dual 4-Input NAND Gate

'8 .

NG ——] ——2¢

o 2| ' Ne Type Features:

o 2| 10 ,p ® Buffered inputs (HCT types)

' 6 s &8 Typical propogation delay=8 ns

Y pabes @ Vce=5V, CL=15 pF, Ta=25°C (HC types)
GND — o 2 Y

92C5-38338

FUNCTIONAL DIAGRAM AND
TERMINAL ASSIGNMENT

The RCA-CD54/74HC20 and CD54/74HCT20 logic gates
utilize silicon-gate CMOS technology to achieve operating
speeds similar to LSTTL gates with the low power con-
sumption of standard CMOS integrated circuits. All devices
have the ability to drive 10 LSTTL loads. The 54HCT/74HCT
logic family is functionally as well as pin compatible with
the standard 54LS/74LS logic family.

The CD54HC20 and CD54HCT20 are supplied in 14-lead
hermetic dual-in-line ceramic packages (F suffix). The
CD74HC20 and CD74HCT20 are supplied in 14-lead dual-
in-line plastic packages (E suffix) and in 14-lead dual-in-
line surface mount plastic packages (M suffix). Both types
are also available in chip form (H suffix).

92CS - 38339

HC LOGIC DIAGRAM (1 GATE)

0 92Cs - 38340

HCT LOGIC DIAGRAM (1 GATE)
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Family Features
8 Fanout (over temperature range):
Standard outputs — 10 LSTTL loads
Bus driver outputs — 15 LSTTL loads
8 Wide operating temperature range:
CD74HC/HCT: -40 to +85° C
8 Balanced Propagation Delay and Transition
Times
® Significant power reduction compared to
LSTTL logic ICs
® Alternate source is Philips/Signetics
8 CD54HC/CD74HC types:
2 to 6 V operation
High noise immunity:
N = 30%, Ny = 30% of Vee;, @ Vee = 5V
8 CD54HCT/CD74HCT types:
4.5 to 5.5 V operation
Direct LSTTL input logic compatibility
Vie=0.8 Vmax., Vin =2 V min.
CMOS input compatibility
h<1uA @ Vou, Von

TRUTH TABLE
INPUTS OUTPUTS
nA nB nC nD nY
L X X X H
X L X X H
X X L X H
X X X L H
H H H H L
= Vol
X = Don't Care L = Low Voltage Level

H = High Voltage Level




Technical Data

CD54/74HC20
CD54/74HCT20

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE, (Vcc):

(Voltages referenced to GroUNd) . .............oe ittt ittt e e e -05t0+7V
DC INPUT DIODE CURRENT, Ik (FOR V, < -0.5 V OR V, > Vcc +0.5 V) + 20 mA
DC OUTPUT CURRENT, lok (FOR Vo < =0.5V OR Mo > Vee +0.5 V) ..ottt +20 mA
DC DRAIN CURRENT, PER OUTPUT (lo) (FOR -0.5 V < Vo < Vcc +0.5 V) . 25 mA
BC Voo OR GROUND CURRENT (H00) -+« « « v vttt vttt ettt ettt e e e et ... £50mA
POWER DISSIPATION PER PACKAGE (Pp):

FOr Ta=-4010 +60°C (PACKAGE TYPE E) ...ttt ettt ettt et et e e el 500 mW

For Ta = +60 to +85°C (PACKAGE TYPEE)....... Derate Linearly at 8 mW/°C to 300 mW

For Ta = =550 +100°C (PACKAGE TYPE F, H) . ...ttt et e e e e 500 mW

For Ta=+100 10 +125°C (PACKAGE TYPE F, H) ....ouuiiiiiiie i Derate Linearly at 8 mW/°C to 300 mW

FOr Ta=-4010 +70° C (PACKAGE TYPE M) ..ttt ittt ettt e e et e e et et e e e e e 400 mwW

For Ta=+7010 +125° C (PACKAGE TYPE M) ...\t ittt ettt et Derate Linearly at 6 mW/° C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE F, H et e e e e e e -55to +125°C

PACKAGE TYPE E, M ...ttt ettt e e e e -40 to +85°C
STORAGE TEMPERATURE (Tatg) -+« ettt ettt e ettt ettt et e e e e e e e e e e e e et -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 £ 1/32in. {1.59 £ 0.79 mm) from €ase for 10 S MAX. .......uiuniuintitt ettt e eiiannannns +265°C

Unit inserted into a PC Board (min. thickness 1/1(5 in., 1.59 mm) with solder contacting lead tipsonly ..................... +300°C
RECOMMENDED OPERATING CONDITION :

For maximum reliability, nominal operating cnditions should be selected so that operation is always within
the following ranges:
LIMITS
CHARACTERISTIC UNITS
MIN. MAX.
Supply-Voltage Range (For Ta = Full Packiige Temperature Range) Vee:*
CD54/74HC Types 2 6 v
CD54/74HCT Types 45 5.5
DC Input or Output Voltage Vi, Vo 0 Vee v
Operating Temperature Ta:
CD74 Types -40 +85 oc
CD54 Types -55 +125
Input Rise and Fall Times, t, t
at 2v 0 1000
at45Vv 0 500 ns
at6v 0 400

*Unless otherwise specified, all voltages are referenced to Ground.
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Technical Data

CD54/74HC20
CD54/74HCT20

STATIC ELECTRICAL CHARACTERISTICS

CD74HC20/CD54HC20 i CD74HCT20/CD54HCT20
TEST 7T4HC/54HC 74HC S54HC TEST 7AHCT/S4HCT | 74HCT | S4HCT
CONDITIONS TYPE TYPE TYPE |CONDITIONS TYPE TYPE TYPE
CHARACTERISTIC UNITS
-40/ -55/ -40/ -55/
o
v, o |ve| 1€ +85°C | +125°C | v Ve | T2°C +85°C | +125°C
v mA v v v
Min | Typ |[Max | Min [Max | Min |Max Min | Typ |Max | Min |Max | Min |Max
High-Level 2 |15 —|— 15— |156]|— 45
Input Voltage Vin 45 |315 — | — [3.15] — [3.15] — - to 2 e 2 - 2 - v
6 |42 | — | — |42]| — [42]| — 55
Low-Level 2 | —|—]05|—1]05}— |05 45
Input Voltage Vi 45| — | — |1.35] — |1.35) — |1.35 — to|—|—|08]—|08]|— |08 \
6 | —|— 18] —|18]—]18 5.5
High-Level Vi 2 |19 —-|— 19| — 19| — Vi
Output Voltage  Vou or -002 |45 |44 | — | — |44 | — |44 | — or 4544 | — | — |44 | — |44 | — v
CMOS Loads Viu 6 |59 | — | — [59]|— [59]— Viu
VIL VIL
TTL Loads or -4 45 |398| — | — |3.84}] — |37 | — or 451|398 — | — |384] — |37 | — v
Vin -5.2 6 {548 — | — [5.34] — |52 | — Vin
Low-Level Vi 2 - | =01 — (01| — |01 Vie
Output Voltage Vo or 002 (45| — | — |01 | — |01 | — |01 or 45| — | — 101} — |01 | — |01 \
CMOS Loads Vin 6 |—|— |01 —]01|~— |01 Vin
Vi Vi
TTL Loads or 4 45| — | — |0.26| — |0.33] — |04 or 45| — | — |0.26| — [033| — |04 v
0 52 6 | — | — |026 — [033] — |04 Vi
Al
Input Leakage Vee é/ol?ayge
etween
Current h or 6 | — | — [g01] — 1| — | &1 Vee 55| — | — |[¥01] — [£1 | — | 1 7.
&
Gnd Gnd
Quiescent Vee Vee
Device or 0 6 |—|—-|2]|—1]2|—1]40 or 55| —|—]2 | —]2|— |40 HA
Current lec | Gnd Gnd
Additional
Quiescent 45
Device Current Vec-2.1 | to | — [100|360 | — [450 | — | 490 uA
per input pin: 55
1 unit load Alcc*

*For dual-supply systems theoretical worst case (Vi = 2.4 V, Vcc = 5.5 V) specification is 1.8 mA.

HCT Input Loading Table

Input Unit Loads*

All 0.15

*Unit load is Alcc limit specified in Static Characteristic
Chart, e.g., 360 zA max. @ 25°C.
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Technical Data

SWITCHING CHARACTERISTICS (Vcc =5V, Ta= 25°C, Input t,, t; = 6 ns)
CHARACTERISTIC SYMBO TYPICAL UNITS
L HC | HCT
Propagation Delay, Data Input to Output Y (Fig. 1) teLn .
(CL= 15 pF) tonL 8 11 ns
Power Dissipation Capacitance* Crp 26 38 pF
*Cpp is used to determine the dynamic power consumption, per gate.
PD = Vcc? fi (Cro + CL) where fi = input frequency
C. = output load capacitance.
Veec = supply voltage.
SWITCHING CHARACTERISTICS (C. = 50 pF, Input t,, t;= 6 ns)
25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC |SYMBOL | Voc HC HCT 74HC 74HCT 54HC 54HCT [UNITS
Min. |Max. | Min. |Max. | Min. [Max. | Min. |Max. | Min. |Max. | Min. |Max.
Propagation Delay, teLn 2 — 100} — | — | — {125 — | — | — |180| — | —
Input to Output tenL 45 | — 20| — |28 | — 25| — | 3 | — 30| — | 42 ns
(Fig. 1) 6 | —| 17| —|—|—|21| -] =]|—1]126|] — | —
Transition Times tren 2 |- 1B —-|—=]—=195(—-—|—=—|—{110] -] —
(Fig. 1) trie 45 — | 15| — 15| — | 19| — |19 | — | 22| — | 22 ns
6 | — | 8| —-—|—]|—]16|—]—]—1]19]—|—
Input ¢ | —|—=|1w|l=f1wo|=f1w0|=(10|=]10]=|10] pF
Capacitance

INPUT
LEVEL

_I:;GND

OuUTPUT

tTHL
92Cs-37991

54/74HC 54/74HCT
Input Level Vee 3V
Switching Voltage, Vs 50% Vec 1.3V

Fig. 1— Transition times and propagation delay times.
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Technical Data

CD54/74HC21 File Number 1782
CD54/74HCT21

High-Speed CMOS Logic

1A

Dual 4-input AND Gate

1
2
18 —
4]
S Type Features:
2
10

1Cc

10
® Buffered inputs

2A B Typical propagation delay = 9ns

® = 22 @ Vec = 5V, CL = 15 pF, Ta = 25°C (HC types)
2 — GND =7
20 2 Vee =14

NC=31

92Cs-39565

FUNCTIONAL DIAGRAM AND
TERMINAL ASSIGNMENT

The RCA-CD54/74HC21 and CD54/74HCT21 logic gates Family Features:

utilize silicon-gate CMOS technology to achieve operating ® Fanout (Over Temperature Range):

speeds similar to LSTTL gates with the low power con- Standard Outputs - 10 LSTTL Loads

sumption of standard CMOS integrated circuits. All devices Bus Driver Outputs - 15 LSTTL Loads

have the ability to drive 10 LSTTL loads. The 54HCT/74HCT 8 Wide Operating Temperature Range:

logic family is functionally as well as pin compatible with CD74HC/HCT: -40 to +85°C

the standard 54LS/74LS logic family. ®m Balanced Propagation Delay and Transition Times
@ Significant Power Reduction C ared to LSTTL

The CD54HC21 and CD54HCT21 are supplied in 14-lead Logic 108 fon “omparedio

hermetic dual-in-line ceramic packages (F suffix). The ® Alternate Source is Philips/Signetics

CD74HC21 and CD74HCT21 are supplied in 14-lead dual-  m CpagHO/OOTGHO Typae: o

in-line plastic packages (E suffix) and in 14-lead dual-in- 2to 6 V Operation '

line surface mount plastic packages (M suffix). Both types High Noise Immunity:

are also available in chip form (H suffix). N = 30%, N = 30%'0, Veo: @ Ve = 5V
@ CD54HCT/CD74HCT Types:

4.5to 5.5 V Operation

Direct LSTTL Input Logic Compatibility
Vie=0.8 Vmax., Viyw=2V Min.

CMOS Input Compatibility
h=1uA @ Vo., Von

nA

TRUTH TABLE

nB:

ny INPUTS OUTPUTS

ne nA nB nC nD nY
L X X X L

nD 92Cs-39822 X L X X L
X X L X L

LOGIC DIAGRAM X X X L L

H H H H H

X = Don't Care

L = Low Level Voltage
H = High Level Voltage
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Technical Data

CD54/74HC21
CD54/74HCT21

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE, (Vcc):

(VOItages referenced 10 GrOUNM) .. ... vuueursusetttetettt e ettt e e e ettt e e e e e e e e e e e 05t0+7V
DC INPUT DIODE CURRENT, Ik (FORV,<-05VORVi>Vec+0.5V) ..ot +20mA
DC OUTPUT DIODE CURRENT, lok (FOR Vo< -0.5V OR V, > Ve +0.5V) +20mA
DC DRAIN CURRENT, PER OUTPUT (lo) (FOR -0.5 V < Vo, < Ve + 0.5V) +25mA
DC Vec OR GROUND CURRENT (l6C) + vt tittt ettt e ettt e e et ettt et e e e e e e et et +50mA
POWER DISSIPATION PER PACKAGE (Pp):

For Ta =-401t0 +60°C (PACKAGE TYPE E) ..ttt ittt et e e e e e e 500 mW

For Ta=+6010 +85°C (PACKAGE TYPEE) ...oviviii i Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +100°C (PACKAGE TYPE F, H) ..ottt it e e et e e e e e e e e e 500 mwW

For Ta=+100to +125°C (PACKAGE TYPEF, H) ...t Derate Linearly at 8 mW/°C to 300 mW

FOr Ta = =40 t0 +70°C (PACKAGE TYPE M) «. .\ttt et ettt ettt et e e e e e et 400 mW

For Ta=+701t0 +125°C (PACKAGE TYPE M) ..ottt Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta):

PACK AGE TYPE F, H ottt et e e e e e et e et e e e e e s -55to +125°C

PACKAGE TYPE B, M ottt ittt ettt ettt ettt e e e e e et e et e e et e e e et e e e i -40to +85°C
STORAGE TEMPERATURE (Tstg) ««vvvvvvveiininiiiiiininn, T -65to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 £ 1/32in. (1.59 £ 0.79 mm) from €ase for 10 S MaX. ... ..uiuttut ittt eanaas +265°C

Unit inserted into a PC Board (min. thickness 1/16 in., 1.59 mm)

with solder contacting 18ad tIPS ONIY . ...ttt ittt ettt e et ettt e e e e +300°C
RECOMMENDED OPERATING CONDITIONS:

For maximum reliability, nominal operating conditions should be selected so that operation is always within
the following ranges:
LIMITS
CHARACTERISTIC N MAX. UNITS
Supply-Voltage Range (For Ta = Full Package-Temperature Range) Vcc:*
CD54/74HC Types 2 6
CD54/74HCT Types 4.5 55
DC Input or Output Voltage V,, Vo 0 Vee \
Operating Temperature Ta:
CD74 Types -40 +85 o
CD54 Types -55 +125

Input Rise and Fall Times t,, t;
at2Vv 0 1000
at45Vv 0 500 ns
at6 Vv 0 400

*Unless otherwise specified, all voltages are referenced to Ground.
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Technical Data

CD54/74HC21
CD54/74HCT21

STATIC ELECTRICAL CHARACTERISTICS

CD74HC21/CD54HC21 CD74HCT21/CD54HCT21
TEST 74HC/54HC 74HC 54HC TEST 74HCT/54HCT | 74HCT 54HCT
CONDITIONS TYPES TYPE TYPE CONDITIONS TYPES TYPE TYPE
CHARACTERISTIC UNITS
-40/ -55/ -40/ -55/
+25°C +25°C
v, o | Ve +85°C | +125°C Vi | Vee +85°C | +125°C
\J mA v v A\
Min | Typ |Max | Min |Max | Min |Max Min | Typ [Max | Min [Max | Min (Max
High-Level 2 |15 — | — |15 — |15 — 45
Input Voltage Vin 45 |315( — [ — 315 — [3.15| — bnd to 2 - | - 2 — 2 — \
6 (42| — | — (42| — |42 | — 55
Low-Level 2 — | —|05)—]05|— |05 45
Input Voltage Vi 45| — | — |135| — |1.35| — |1.35 — to|—|—]08|— (08| — |08 \
6 — | = |18 — |18 — |18 55
High-Level Vi 2 |19 | — | — |19 — |19 | — Vi
Output Voltage  Vou or -0.02 45 |44 | — | — |44 | — |44 | — or 45 |44 | — | — |44 | — |44 | — Vv
CMOS Loads Vin 6 |59 | — | — 59— (59| — Vi
Vi Vi
TTL Loads or -4 45 1398| — [ — (384 — |37 | — or 45 |398| — | — |384| — |87 | — %
Vi -5.2 6 |548| — | — |534] — |52 | — Vi
Low-Level Vi 2 — | —101| — 01| — |01 Vi
Output Voltage Vo, or 0.02 45 — [ — {01 | — |01 | — |01 or 45| — [ — (01 | — |01 | — fO1 \
CMOS Loads Vin [} — (= {01 | — 01| — (01 Vin
Vie Vi
TTL Loads or 4 45| — | — 1026 — |033| — |04 or 45| — | — [0.26] — 1033| — |04 \
Vi 5.2 6 — | — |0.26| — [033| — |04 Vig
Input Leakage Vee Any
Voltage
Current I, or 6 — | — |80 | — | #1 | — | +1 }Between (55 | — | — [+0.1]| — | +1 — | #1 UA
VCC
Gnd & Grid
Quiescent Ve Vee
Device or ] 6 | —|—]12 |— |20 |— |40 or 55| — | — |2 | — {20 |— |40 A
Current lec Gnd Gnd
Additional 45
Quiescent
Device Current Vee21 | to | — |[100 {360 | — |450 [ — |490 MA
per input pin:
1 unit load Alee” 5.5

*For dual-supply systems theoretical worst case (V, = 2.4 V, V¢ = 5.5 V) specification is 1.8 mA.

HCT INPUT LOADING TABLE
INPUT UNIT LOADS*
ALL 1

*Unit load is Alcc limit specified in Static Characteristic
Chart, e.g., 360 uA max. @ 25°C.
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Technical Data

CD54/74HC21
CD54/74HCT21

SWITCHING CHARACTERISTICS (Vcc =5V, Ta = 25°C, Input t,, t;= 6 ns)

TYPICAL
HARACTERISTIC cL UNITS
¢ ¢ (pF) HC | HCT
Propagation Delay, Data Input to Output Y (Fig. 1) ton s tory 15 9 " ns
Power Dissipation Capacitance* Crp — 36 42 pF
*Cpp is used to determine the dynamic power conssumption, per gate.
Py = Vcczf, (Cep + C.) where: f, = input frequency
C, = output load capeicitance
Ve = supply voltage
SWITCHING CHARACTERISTICS (C. = 50 pF, Injoutt,, t; = 6 ns)
25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC Vee IHC HCT 74HC 74HCT 54HC 54HCT | UNITS
Min.. |Max. | Min. |Max. | Min. |Max. | Min. |Max. | Min. |Max. | Min. |Max.
Propagation Delay, teun 2 | — |10} —|—|—|(140| — | — | — |166| — | —
Input to Output tenL 45 | — 2 | — 127 — |28 | — |34 | — |3 | —|4#H ns
(Fig. 1) 6 | —|19]| -] —]—]2a| —|—]|—]28|—|—
Transition Times trn 2 — 75| — | — — |95 | — — | — (110 | — -
(Fig. 1) ) trie 45| — |15 | — |15 — [ 19| — |19 | — |22 | — | 22 ns
6 |— | B8|—|=|—|16]|—]|=|—=]19]—]=—
Input ‘
- - — — — — |1 F
Capacitance C il 10 10 10 10 10 0 p
tr=6ns et - le—tf=6ns
INPUT LEVEL—— 80 %
" ¢ Vs
j ———10%
[=—1tTLH ——I tTTHL
——90%
Vo l (RN Ep—— _-Vs
—_—l L F [\—-—10%
t
—»{ tpLH la— T IPHL
92Cs- 39823
54/74HC 54/74HCT
Input Level Vee 3v
Switching Voltage, Vs 50% Vce 1.3V

Fig. 1 — Transition times and propagation delay times.
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Technicail Data

CD54/74HC27
CD54/74HCT27

High-Speed CMOS Logic

File Number 1648

Triple 3-Input NOR Gate

Type Features:
® Buffered Inputs

28 s ® Typical CD54/74HC27 Propagation Delay = 7ns
2 110 49 @ Vec=5v, Cu.= 15pF, Ta=25° C
2y i Lo 3A
GND ma 8 ay
FUNCTIONAL DIAGRAM AND

TERMINAL ASSIGNMENT

The RCA-CD54/74HC27 and CD54/74HCT27 logic gates
utilize silicon-gate CMOS technology to achieve operating
speeds similar to LSTTL gates with the low power con-
sumption of standard CMOS integrated circuits. All devices
have the ability to drive 10 LSTTL loads. The CD54/74HCT
logic family is functionally as well as pin compatible with
the standard 54LS/74LS logic family.

The CD54HC27 and CD54HCT27 are supplied in 14-lead
hermetic dual-in-line ceramic packages (F suffix). The
CD74HC27 and CD74HCT27 are supplied in 14-lead dual-
in-line plastic packages (E suffix) and in 14-lead dual-in-
line surface mount plastic packages (M suffix). Both types
are also available in chip form (H suffix).

nA
nB nY

nC

92CsS-38425

LOGIC DIAGRAM

Family Features:
» Farout (Over Temperature Range):
Stiandard Outputs - 10 LSTTL Loads
Buis Driver Outputs - 15 LSTTL Loads
s Wiide Operating Temperature Range:
CI74HC/HCT: —40 to +85°C
® Balanced Propagation Delay and Transition Times
® Sigynificant Power Reduction Compared to LSTTL
Logic ICs
s Alrernate Source is Philips/Signetics
8 CI[)54HC/CD74HC Types:
2 o 6 V Operation
Hiigh Noise Immunity: Ni. = 30%, Niw = 30%
of Vec, @ Vec =5V
® C(D54HCT/CD74HCT Types:
4.:5to 5.5 V Operation
Diirect LSTTL Input Logic Compatibility
V|L== 08V hlax., Vu4=: 2 V Min.
C MOS Input Compatibility
h<1upA @ Vo, Von

TRUTH TABLE

nA [ nB | nC | nY
L L L H
L L H L
L H L L
H L L L
H H L L
L H H L
H L H L
H H H L
92Cs-38425
L = Low Level
H = High Level




Technical Data

CD54/74HC27
CD54/74HCT27

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE, (Vce):

(Voltages referenced to ground) ................cuuuneeeeiinnnnnnnnnnnnsniin. ;e s v s e et ettt etaneerenrnteacasares -05to+7V
DC INPUT DIODE CURRENT, I (FOR V;<-0.5V OR V> Vcc +0.5V) .... 120mA
DC OUTPUT DIODE CURRENT, lox (FOR Vo< -0.5 V OR V, > Vec +0.5V) ..
DC DRAIN CURRENT, PER OUTPUT (l,) (FOR -0.5V < Vo < Voc + 0.5V) .
DC Vcc OR GROUND CURRENT (lcc)
POWER DISSIPATION PER PACKAGE (Pop):

For Ta = -4010 +60°C (PACKAGE TYPE E) ......iutiunnitiieiiitt ettt et e 500 mW
For Ta= +6010 +85°C (PACKAGE TYPE E) .....ivniin et Derate Linearly at 8 mW/°C to 300 mW
For Ta=-5510 +100°C (PACKAGE TYPE F, H) ...ttt e ettt et e 500 mW
For Ta = +100 to +125°C (PACKAGE TYPE F, H) .

ForTa=-4010 +70° C (PACKAGE TYPE M) ..ottt ittt e e 400 mW

For Ta = +70 to +125° C (PACKAGE TYPE M)
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE F, H ...ttt et e .. -55t0+125°C

PACKAGE TYPEE, M. .......oiiiiiiiiiiiiii i ... -40to +85°C
STORAGE TEMPERATURE (Ty) -65to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 + 1/32in. (1.59 £ 0.79 mm) from case fOr 10 S MAX. .........'vierenneernee ettt +265°C
Unit inserted into a PC Board (min. thickness 1/16 in., 1.59 mm)
with solder contacting 18ad tiPS ONIY ........iiui ittt ettt et i et et et e e e e +300°C
RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, nominal operating conditions should be selected so that operation is always within
the following ranges:
LIMITS
) CHARACTERISTIC MIN. MAX. UNITS
Supply-Voltage Range (For Ta = Full Package-Temperature Range) Vcc:*
CD54/74HC Types 2 6
CD54/74HCT Types 4.5 5.5
DC Input or Output Voltage V,, Vo 0 Vee
Operating Temperature Ta:
CD74 Types -40 +85 oG
CD54 Types -55 +125
Input Rise and Fall Times t,, t
at2Vv 0 1000
at4s5Vv 0 500 ns
at6 Vv 0 400

*Unless otherwise specified, all voltages are referenced to Ground.
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Technical Data

CD54/74HC27

CD54/74HCT27

STATIC ELECTRICAL CHARACTERISTICS

CD74HC27/CD54HC27 CD74HCT27/CD54HCT27
TEST 74HC/54HC 74HC 54HC TEST TAHCT/S4HCT | T4AMCT S4HCT
CONDITIONS TYPES TYPE TYPE | CONDITIONS TYPES TYPE TYPE
CHARACTERISTIC UNITS
-40/ -55/ -40/ -55/
+25°C +25°C
v, lo Vee +85°C | +125°C v, Vee +85°C | +125°C
v mA v v v
Min | Typ {Max | Min |Max | Min |Max Min | Typ |Max MInTMn Min |Max
High-Level 2 |15 — | — |15 — (158 — 45
Input Voltage Vi 45 1315 — | — [315| — |3.15| — - to 2 el 2 - 2 —_ v
6 |42 | — | — |42 ]| — (42| — 55
Low-Level 2 | —|— 05— |05]— |05 45
Input Voltage Vi 45| — | — |1.35] — [1.35( — |1.35 - to | —|—[08]— |08]— 108 v
6 — | — |18} — (18| — |18 55
High-Level Vi 2 (19| — |~ |19 — |19 ]| — Vi
Output Voltage  Vou or -0.02 45 (44 | — | — |44 | — |44 | — or 45 |44 | — | — |44 | — |44 | — v
CMOS Loads Vin 6 59| — | — |59 — |59 ]| — Vin
Vi Vi
TTL Loads or -4 45 (398 — | — |384] — |37 | — or 45 |398| — | — |384| — {37 | — \
Viu -5.2 6 |548) — | — |534] — |52 | — Vin
Low-Level Vi 2 — | —1]01]|—101]— |01 Vi
Output Voltage Vo, or 0.02 45 — [ — (01| — (01| — [O1 or 45| — | — (01 { — (01 | — |O.1 v
CMOS Loads Vi 6 — | = (01} —= 01| — |01 Vin
Vi Vi
TTL Loads or 4 45| — | — |026] — [033| — |04 or 45| — | — |026| — (033| — |04 v
Vi 52 6 | — | — |o26] — [033]| — |04 Vi
Input Leakage Vee Any
Voltage
Current I or 6 | — | — |01 — |1 | — | +1 |Between |55 | — | — [#01| — | #1 | — | #1 uA
VCC
Gnd & Gnd
Quiescent Vee Vee
Device or 0 6 |—|—|2|—12}|— |40 or 56 | — | — |2 |— 20 | — |40 HA
Current lec Gnd Gnd
Additional 45
Quiescent
Device Current Vee-2.1 to | — (100|360 | — |450 | — [490 | wA
per input pin:
1 unit load Alge” 55

*For dual-supply systems theoretical worst case (Vi = 2.4 V, Ve = 5.5 V) specification is 1.8 mA.
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HCT Input Loading Table

Input

Unit Loads*

All

1.5

*Unit Load is Alcc limit specified in Static Characteristic
Chart, e.g., 360 uA max. @ 25°C.




Technical Data

CD54/74HC27
CD54/74HCT27

SWITCHING CHARACTERISTICS (Vcc=5V, Ta=25°C, Input t, t; = 6 ns)

CHARACTERISTIC C. | symBoL TYPICAL UNITS
(pF) HC | HCT
Propagation Delay, Data Input to Output Y (Fig. 1) 15 :p"“ 7 9 ns
PHL
Power Dissipation Capacitance” — Crp 26 28 pF
*Ceo is used to determine the dynamic power consumption, per gate.
PD =Vce? fi (Ceo + Cu)
fi = input frequency
C. = output load capacitance
Vee = supply voltage
SWITCHING CHARACTERISTICS (C. = 50 pF, Input t,, t;= 6 ns)
25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC | SYMBOL | Vcc HC HCT 74HC 74HCT 54HC 54HCT | UNITS
Min. [Max. | Min. [Max. | Min. [Max. | Min. [Max. | Min. [Max. |Min. [Max.
Propagation Delay, teLH 2 95 —_ 120 — 145 -
Input to Output tehL 4.5 19 23 24 29 29 35 ns
(Fig. 1) 6 16 — 20 — 25 -
Transition Times trin 2 75 - 95 — 110 —_
(Fig. 1) tric 4.5 15 15 19 19 22 22 ns
6 13 — 16 — 19 —
Input
Capacitance C — | 10 10 10 10 10 10 pF

INPUT
LEVEL

GND

OUTPUT

TTHL
92CS-3799IR|

54/74HC 54/74HCT
Input Level Ve 3V
Switching Voltage, Vs 50% Ve 1.3V

Fig. 1 - Transition times and propagation delay times.

91




Technical Data

CD54/74HC30
CD54/74HCT30

High-Speed CMOS Logic

Type Features:

8 v

N o (o |s e [N fa

ala

Y = ABCDEFGH

IOTmMOO®>»

92CS-38426

FUNCTIONAL DIAGRAM

The RCA-CD54/74HC30 and CD54/74HCT30 each contain
an eight-input NAND gate in one package. They provide the
system designer with the direct implementation of the
positive logic 8-input NAND function.

The CD54HC/HCT30 are supplied in 14-lead ceramic dual-
in-line packages (F suffix). The CD74HC/HCT30 are
supplied in 14-lead dual-in-line plastic packages (E suffix)
and in 14-lead dual-in-line surface-mount plastic packages
(M suffix). Both types are also available in chip form (H
suffix).

12
H 92CS-38428RI

LOGIC DIAGRAM

92

m Buffered inputs and outputs
m Typical propagation delay = 10 ns
@ Vce=5V, CL=15pF, Ta=25°C

File Number 1652

8-Input NAND Gate

Family Features:
B Fanout (Over Temperature Range):
Standard Outputs - 10 LSTTL Loads
Bus Driver Outputs - 15 LSTTL Loads
B Wide Operating Temperature Range:
CD74HC/HCT: -40 to +85°C
Balanced Propagation Delay and Transition Times
Significant Power Reduction Compared to LSTTL
Logic ICs
Alternate Source is Philips/Signetics
8 CD54HC/CD74HC Types:
2to 6 V Operation
High Noise Immunity:
Ny = 300/0, N = 30% of Vcc,' @ Vcc =5V
CD54HCT/CD74HCT Types:
4.5to0 5.5 V Operation
Direct LSTTL Input Logic Compatibility
Vie=0.8 V Max., Viu =2 V Min.
CMOS Input Compatibility
h<=1uA @ Voo Vou

TRUTH TABLE

INPUTS OUTPUT)
AlB[C|D[E|F|G|H| ¥
LIX|X|X[X[X]|X|X H
X|LIX|[X[X]|X]|X[X H
X[X{L|X|X|X]|X]|X H
XX {X|L|X|X]|X]|X H
XX |X|X|L[X]|X|X H
XXX [X[X|L|X[X H
XX |X|X|X[X]|L]|X H
X[XIX|X[X[X[X]|L H
H|H|H[H|H|H|H|H L
H = HIGH voltage level
L = LOW voltage level

X = Don't care




Technical Data

CD54/74HC30
CD54/74HCT30

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE, (Vcc):

(Voltages referenced t0 groUNd) . ... ...ttt et e it e e e e -05to+7V
DC INPUT DIODE CURRENT, lik (FOR Vi< =0.5 VOR V> Ve +0.5V) & uiiinii e ettt it e e et et +20mA
DC OUTPUT DIODE CURRENT, lok (FOR Vo <=0.5 VOR Vo > Vec #0.5V) . eiiini ittt ettt iie e iiaiaeans +20mA
DC DRAIN CURRENT, PER OUTPUT (lo) (FOR-0.5V < Vo< Vac+ 0.5V) 1ottt ettt e e e i e e et +25mA
DC Vec OR GROUND CURRENT (I0) « .+t vttt ettt ettt et ettt e s et e e et et e e e e e e e e et e e eees +50mA
POWER DISSIPATION PER PACKAGE (Pp):

FOr Ta=-4010 +60°C (PACKAGE TYPE E) ...ttt ittt ittt ettt ettt e ettt eeees 500 mW

For Ta = +60t0 +85°C (PACKAGE TYPEE) ..ottt eieieeieneas Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +100°C (PACKAGE TYPE F, H) ..ttt ettt ettt ettt e 500 mW

For Ta = +100 to +125°C (PACKAGE TYPE F, H)

For Ta = -40 to +70°C (PACKAGE TYPE M)

For Ta = +70 to +125°C (PACKAGE TYPE M)
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE F, H L.ttt ittt e e e e e et e et e e e e e e ittt -55t0 +125°C
PACKAGE TYPE E. M. i e e e e e e e e e e -40 to +85°C
STORAGE TEMPERATURE (Tstg) « -« v e vt ttnttetnttetetatese it etettee et etees e e e et et ettt et anans -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 = 1/32in. (1.59 = 0.79 mm) from €ase for 10 S MaX. .......uuuttinttnteiee ittt ettt i eannen +265°C
Unit inserted into a PC Board (min. thickness 1/16 in., 1.59 mm)
with solder contacting 1ead tips ONlY ... ...ttt i e e e et e e e e +300°C
RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, nominal operating conditions should be selected so that operation is always within
the following ranges:
LIMITS
CHARACTERISTIC MIN. MAX. UNITS
Supply-Voltage Range (For Ta = Full Package-Temperature Range) Vcc:*
CD54/74HC Types 2 6
CD54/74HCT Types 4.5 5.5
DC Input or Output Voltage V,, Vo 0 Ve
Operating Temperature Ta:
CD74 Types -40 +85 oc
CD54 Types -55 +125
Input Rise and Fall Times t,, t
at2Vv 0 1000
at45Vv 0 500 ns
at6 Vv 0 400

*Unless otherwise specified, all voltages are referenced to Ground.

A_1] 14 vee
B_2] 13 N-C
c 3 12 H
S
— r__
E 5 [10 N.C
F 6 9 N.C.
8 12
GND 7 8Y
92CS~38427RI
TERMINAL ASSIGNMENT
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Technical Data

CD54/74HC30
CD54/74HCT30

STATIC ELECTRICAL CHARACTERISTICS

CD74HC30/CD54HC30 CD74HCT30/CD54HCT30
TEST 74HC/54HC 74HC S54HC TEST 74HCT/S4HCT | 74HCT | 54HCT
CONDITIONS TYPES TYPE TYPE | CONDITIONS TYPES TYPE TYPE
CHARACTERISTIC UNITS
-40/ -55/ -40/ -55/
+25°C +25°C
v, lo Vee +85°C | +125°C v, Vee +85°C | +125°C
v mA v v v
Min | Typ [Max | Min [Max | Min (Max Min | Typ (Max | Min |Max | Min |Max
High-Level 2 15| — | — 16| — |16) — 45
Input Voltage Vi 45 (315 — | — 315 — [3.15| — — to 2 - | = 2 — 2 — \
6 (42| — | — |42 | — |42 ]| — 55
Low-Level 2 |—|—1]05]—]05[— |05 45
Input Voltage Vi 45 | — | — |1.35] — [1.35) — |1.35 — to| —|—|08|— |08|— |08 Y
6 — | =18 — (18— |18 55
High-Level Vi 2 |19 — | — (19| —|19| — Vi
Output Voltage Vo, or -0.02 45 |44 | — | — (44 | — |44 | — or 45 (44 | — | — |44 | — |44 | — v
CMOS Loads Vin 6 |59 — | —1|59|— |59 — Vi
Vi Vi
TTL Loads or -4 45 (398 — | — |384| — (37 | — or 45 1398 — | — |384| — |37 | — \
Viu -5.2 6 |548| — | — |534| — |52 | — Vin
Low-Level Vi 2 — | —=1]0t| —1]01|— |01 Vi
Output Voltage Vo, or 0.02 45| — | — (01| — 01| — |01 or 45 — | — |01 | — |01 | — |O1 A
CMOS Loads Vin 6 | —|— (01| — |01 |[— |01 Vin
Vi Vi
TTL Loads or 4 45| — | — |026| — |033( — |04 or 45| — | — |0.26| — 033 — |04 A
Vin 52 6 — | — |026| — [033] — |04 Vi
Input Leakage Vee Any
Voltage
Current A or 6 — | = |01 — | = — | 1 )Between |55 | — | — [#0.1] — | #1 — |1 LA
VCC
Gnd & Gnd
Quiescent Vee
Vee
Device or 0 6 |[—}|— |2 ]|]— ]2 |— |40 or 55| — | — | 2 — |20 | — |40 uA
Gnd
Current lee Gnd
Additional 45
Quiescent
Device Current Vee-21 [ to | — 100|360 | — (450 | — (490 | wA
per input pin:
1 unit load Alec® 55

*For dual-supply systems theoretical worst case (V) = 2.4 V, Vcc = 5.5 V) specification is 1.8 mA.
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HCT Input Loading Table

Input

Unit Loads*

All

0.6

*Unit Load is Alcc limit specified in Static Characteristic
Chart, e.g., 360 A max. @ 25°C.




Technical Data

CD54/74HC30
CD54/74HCT30

SWITCHING CHARACTERISTICS (Vcc =5V, Ta = 25°C, Input t,, t = 6 ns)

TYPICAL
CHARACTERISTIC C. SYMBOL UNITS
(pF) HC | HCT
Propagation Delay, Data Input to Output Y (Fig. 1) 15 :p“* 10 11 ns
PHL
Power Dissipation Capacitance* — Cep 25 26 pF

*Ceo is used to determine the dynamic power consumption, per gate.
PD =Vcc? f, (Ceo + Cu)

f, = input frequency

C. = output load capacitance

Vee = supply voltage

SWITCHING CHARACTERISTICS (C. = 50 pF, Input t,, t/ = 6 ns)

25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC | SYMBOL | Vcc HC HCT 74HC 74HCT 54HC 54HCT | UNITS
Min. [Max. | Min. |Max. | Min. [Max. | Min. |Max. | Min. [Max. | Min. |Max.
Propagation Delay, teLH 2 130 — 165 — 195 -
Input to Output terw 45 26 28 33 35 39 42 | ns
(Fig. 1) 6 22 - 28 — 33 —
Transition Times trin 2 75 — 95 - 110 —
(Fig. 1) tre 4.5 15 15 19 19 22 22 ns
6 13 — 16 — 19 —
'C';::z:citance c — |10 10 10 10 10 10 | pF
ty =6ns t§=6ns INPUT
LEVEL

OUTPUT

tTHL

92CS-3799IR!|

54/74HC 54/74HCT
Input Level Vee 3v
Switching Voltage, Vs 50% Ve 1.3V

Fig. 1 - Transition times and propagation delay times.
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Technical Data

CD54/74HC32
CD54/74HCT32

High-Speed CMOS Logic

Type Features:

ano

FUNCTIONAL DIAGRAM AND
TERMINAL ASSIGNMENT

The RCA-CD54/74HC32 and CD54/74HCT32 contain four
2-input OR gates in one package.

The CD54HC/HCT32 are supplied in 14-lead hermetic dual-
in-line ceramic packages (F suffix). The CD74HC/HCT32
are supplied in 14-lead dual-in-line plastic packages (E suf-
fix) and in 14-lead dual-in-line surface mount plastic pack-
ages (M suffix). Both types are also available in chip form
(H suffix).

nA
ED—D,_"V
nB

CD54/74HC32
nA
ny
nB
CD54/74HCT32
92CS-38435

Fig. 1 - Logic diagrams.
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File Number 1643

w T e Quad 2-Input OR Gate
i

e Typical propagation delay = 7 ns
28 -2 @‘—0 . @Vec=5V,CL=15pF, Ta=25°C (HC32)
v & RN

Family Features:
®  Fanout (Over Temperature Range):
Standard Outputs - 10 LSTTL Loads
Bus Driver Outputs - 15 LSTTL Loads
s Wide Operating Temperature Range:
CD74HC/HCT: -40 to +85°C
®  Balanced Propagation Delay and Transition Times
®  Significant Power Reduction Compared to
LSTTL Logic ICs
m Alternate Source is Philips/Signetics
m CD54HC/CD74HC Types:
2 to 6 V Operation
High Noise Immunity: Ni. = 30%, Ny = 30% of Vcc
@ Vec=5V
® CD54HCT/CD74HCT Types:
4.5 to 5.5 V Operation
Direct LSTTL Input Logic Compatibility
Vie=0.8 V Max., Vin = 2 V Min.
CMOS Input Compatibility
/| < 1[1A @ VOL, VDH

TRUTH TABLE
INPUTS OUTPUT
nA nB nY
L L L
L H H
H L H
H H H

H = HIGH voltage level.
L = LOW voltage level.




Technical Data

CD54/74HC32
CD54/74HCT32

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE, (Vcc):

(Voltages referenced t0 GroUNd) .. .........uiueeeuneneueetnnueeaenesuensaioseessesaenenaseserenesesensesecnenennns 05t0o+7V
DC INPUT DIODE CURRENT, Ik (FORV,<-0.5VORV,>Vcc+0.5V) . oiininiiiiiiiii ettt eiaieaaaeaenenans +20mA
DC OUTPUT DIODE CURRENT, lok (FOR Vo< -0.5VORVo>Vec H0.5V) L .eiiniiniiiiiii it ittt iiiiiiaciannennnnnn +20mA
DC DRAIN CURRENT, PER OUTPUT (lo) (FOR-0.5V < Vo< Vec+05V) ..ottt eiiiiiiiiaeananans +25mA
DC Vec CRGROUND CURRENT (lec v ovvvvvni i e ettt ettt et et aeaaean +50mA
POWER DISSIPATION PER PACKAGE (Po):

FOr Ta=-4010 +60°C (PACKAGE TYPE E) .. ...iututitinti ettt tataanaesetaneaneantaneaseanaeneaeenennannnns 500 mW

For Ta=+60t0 +85°C (PACKAGE TYPEE) ..ottt ieii et Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +100°C (PACKAGE TYPE F, H) ...ttt ittt ittt ittt et e e e aieaeaaaeaes 500 mW

For Ta=+1001t0 +125°C (PACKAGE TYPE F, H) ... ittt it Derate Linearly at 8 mW/°C to 300 mW

For Ta=-4010 +70°C (PACKAGE TYPE M) ... ..ttt et e et ca e eneaeananans 400 mW
For Ta = +70 to +125°C (PACKAGE TYPE M) Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta):

{2 X (X ] i I o = A -55to +125°C

PACKAGE TYPE E. M ittt e et ittt it eai e aaaans -40 to +85°C
STORAGE TEMPERATURE (Tatg) -+t uvtnteiteneeat et aeaeitaeeeaaeaseasaaeaaassaneaueaataananeananaaeananenns -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 = 1/32in. (1.59 = 0.79 mm) from case for 10 S mMax. ....... ... ... .. i . iiiiiiiiiiii i iiiiiiiiiiieianns +265°C

Unit inserted into a PC Board (min. thickness 1/16 in., 1.59 mm)

with solder contacting lead tips ONlY . ... ... . ittt et e +300°C

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, nominal operating conditions should be selected so that operation is always within the
following ranges:

LIMITS
CHARACTERISTIC UNITS
MIN. MAX.
Supply Voltage Range (For Ta = Full Package Temperature Range) Vcc:*
CD54/74HC Types 2 6 Vv
CD54/74HCT Types 45 5.5 v
DC Input or Output Voltage V,, Vo 0 Vee
Operating Temperature Ta:
CD74 Types -40 +85 °C
CD54 Types -55 +125 °C
Input Rise and Fall Times, t,, t
at2v 0 1000 ns
at45V 0 500 ns
até Vv 0 400 ns

*Unless otherwise specified, all voltages are referenced to Ground.

97




Technical Data

CD54/74HC32
CD54/74HCT32

STATIC ELECTRICAL CHARACTERISTICS

CD74HC32/CD54HC32 CD74HCT32/CDS4HCT32
TEST T4HC/54HC 74HC 54HC TEST 7AHCT/54HCT | 74HCT 54HCT
CONDITIONS TYPE TYPE TYPE CONDITIONS TYPE TYPE TYPE
CHARACTERISTICS UNITS
-40/ -55/ -40/ -55/
+25°C +25°C
+85°C +125°C +85°C +125°C
\ ] o |Vcc Vi Vee
v mA v v v
Min [Typ [Max {Min |Max |Min lMax Min |Typ |[Max [Min [Max |Min |Max
High-Level 2 15| —{— |15 |— |15 | — 45
Input Voltage Vi 45 {315 — | — [8.15| — [8.15| — - to 2 - | - 2 — 2 — \
6 |42 | — | — |42 | — [42 | — 5.5
Low-Level 2 |— |~ |05]— [05]— f05 45
Input Voltage Vi 45 | — [ — 135 — |1.35] — [1.35 — to [— |— |08|— |08|— |08 \
6 —_ | = [18]—~ 18] — |18 55
High-Level Vi 2 |19 | — |— [19]— [19 | — Vi
Output Voltage Vou or |-002 |45 |44 | — | — |44 | — |44 | — or 45 (44 | — | — |44 | — |44 | — Vv
CMOS Loads Vin 6§ 159 | — | — |59 [— |59 |— Vin
Vie Vi
TTL Loads or -4 45 (398 — | — [384]| — |37 | — or 45 (398 — | — [384| — (37 | — "
Vin -5.2 6 |548| — | — [534] — |52 | — Vi
Low-Level Vi 2 |—|— |01 ]|— |01 |— [O1 Vi
Output Voltage Vo or 002 {45 — |— |01 |— |01 |— [01 or 45 — | = 101|— 01| — |01 "
CMOS Loads Vin 6 — |~ |01 ] — |01 |— JO1 Vin
Vi Vi
TTL Loads or 4 45 | — | — [026) — [033| — 104 or 4.5 — | — |0.26| — [033| — |04 v
Vin 5.2 6 — | — |026]| — [033] — [0.4 Vin
Input Leakage ) Any
Current ' Vee Voltage
or 6 — | — K01} — |1 [ — |x1 | Between 5.5 — | — O — |1 | — [ %1 HA
Gnd Vcec and
Gnd
Quiescent Device v
Current lec | Vee cc
or 0 6 |—[—|2|—|20|— |40 or §5 | — |— | 2|— ]2 | — [40 HA
Gnd Gnd
Additional
Quiescent Device 4.5
Current per Vee -2.1 to — 100|360 [ — |450 [ — |[490 uA
Input Pin: 5.5
1 Unit Load Alcc
*For dual-supply systems theoretical worst case (Vi = 2.4 V, Ve = 5.5 V) specification is 1.8 mA.
HCT INPUT LOADING TABLE
INPUT UNIT LOADS *
All Inputs 1.5
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* Unit load is Alcc limit specified in Static Characteristic
Chart, e.g., 360 A max. @ 25°C.




Technical Data

SWITCHING CHARACTERISTICS (Vcc =5V, Ta=25°C, Input t, t;= 6 ns)
TYPICAL VALUES
CHARACTERISTIC C. SYMBOL UNITS

pF 54/74HC 54/74HCT
Propagation Delay tm.u‘

15 7 9 ns
A, BtoY teHL
Power Dissipation Capacitance - Ceo" 22 22 pF

* Cep is used to determine the dynamic power consumption, per gate.
Po=fi V(;(:2 (Ceo + Cv) where:
fi = input frequency.
C. = output load capacitance.
Vee = supply voltage.
SWITCHING CHARACTERISTICS (C. = 50 pF, Input t,, t = 6 ns)
25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC SYMBOL | Vcc HC HCT 74HC 74HCT 54HC 54HCT |UNITS

Min. [Max. [Min. (Max. Mln.];ax. Min. I;ax. Min. |Max. |Min. |Max.
Propagation Delay teun 2 90 — 115 — 135 —
A BtoY tenL 45 18 24 23 30 27 36 | ns
Figure 2 6 15 — 20 — 23 —
Transition Times trom 2 75 — 95 —_ 110 —

trie 4.5 15 15 19 19 22 22 ns

Figure 2 6 13 — 16 — 19 -
Input Capacitance Ci - |=-f{100{—f{10|— 10| —]10|— (10| — |10 pF

92CS-38436
54/74HC 54/74HCT
Input Level Vee 3v
Switching Voltage, Vs 50% Ve 13V

Fig. 2 - Transition times and propagation delay times.
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Technical Data

CD54/74HC42
CD54/74HCT42

High-Speed CMOS Logic

File Number 1689

Type Features:

Ta =25°C (HC42)

3
l;_; lo |~4 |a Iu- l:. Iu [» ]-
Sl 33§ s sss sl

L vs

92CS- 38860
FUNCTIONAL DIAGRAM

The RCA-CD54/74HC42 and CD54/74HCT42 BCD-to-
Decimal Decoders utilize silicon-gate CMOS technology to
achieve operating speeds similar to LSTTL decoders with
the low power consumption of standard CMOS integrated
circuits. These devices have the capability of driving 10
LSTTL loads and are compatible with the standard 54LS
/74LS logic family. One of ten outputs (low on select) s
selected in accordance with the BCD input. Non-valid BCD
inputs result in none of the outputs being selected (all
outputs are high).

The CD54HC42 and CD54HCT42 are supplied in 16-lead
hermetic dual-in-line ceramic packages (F suffix). The
CD74HC42 and CD74HCT42 are supplied in 16-lead dual-
in-line plastic packages (E suffix), and in 16-lead dual-in-
line surface mount plastic packages (M suffix). Both types
are also available in chip form (H suffix).

BCD to Decimal Decoder (1-0f-10)

® Buffered inputs and outputs
» Typical propagation delay = 12ns @ Vcc = 8V, CL = 15 pF

Family Features:

® Fanout (Over Temperature Range):
Standard Outputs - 10 LSTTL Loads
Bus Driver Outputs - 15 LSTTL Loads

s Wide Operating Temperature Range:
CD74HC/HCT: -40to +85°C

a Balanced Propagation Delay and Transition Times

® Significant Power Reduction Compared to LSTTL

Logic ICs

m Alternate Source is Philips/Signetics

» CD54HC/CD74HC Types:
2 to 6 V Operation
High Noise Immunity:

Niw = 30%, Ny = 30% of Ve, @ Vee =5V

8 CD54HCT/CD74HCT Types:
4.5to 5.5 V Operation
Direct LSTTL Input Logic Compatibility

ViL=0.8 V Max., Vin =2 V Min.
CMOS Input Compatibility
h=1uA @ Vo, Von

i
5

v

>

=
-

% a

L 4

i

10 92¢5-38869

TERMINAL ASSIGNMENT

Fig. 1 — Logic diagram 0205~ 38861
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Technical Data

CD54/74HC42
CD54/74HCT42

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE, (Vcc):

(Voltages referenced t0 grouNd) . .............ioiiuirorien i e -05to+7V
DC INPUT DIODE CURRENT, lix (FORV, < -0.5V OR V,>Vec F0.5V) ..ottt +20mA
DC OUTPUT DIODE CURRENT, lok (FOR Vo <05V OR Vo > Ve +0.5V) oottt +20mA
DC DRAIN CURRENT, PER OUTPUT (lo) (FOR =0.5V < Vo < Ve + 0.5V) e ieeee e e e +25mA
DC Vec OR GROUND CURRENT (16C) « vttt et e et et e e e e e e e e e, +50mA
POWER DISSIPATION PER PACKAGE (Po):

For Ta =-401t0 +60°C (PACKAGE TYPE E) ...ttt e 500 mwW

For Ta = +60 10 +85°C (PACKAGE TYPEE) .....iiniiti it Derate Linearly at 8 mW/°C to 300 mW

For Ta = -56510 +100°C (PACKAGE TYPE F, H) ...ttt e e e e 500 mW

For Ta = +100 to +125°C (PACKAGE TYPE F, H) . Derate Linearly at 8 mW/°C to 300 mW

For Ta=-4010 +70°C (PACKAGE TYPE M) ..o e e 400 mW

For Ta=+70t0 +125°C (PACKAGE TYPEM) ... ... ... ... . i, Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE o H Lo e e -55to ~125°C

PACKAGE TYPE E, M ...ttt et e -40 to ~85°C
STORAGE TEMPERATURE (Tatg) -ttt vvetetette ettt e e e e e e e e e e e e e -65 to ~150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 = 1/32in. (1.59 £ 0.79 mm) from €ase fOr 10 S MaX. . .........'tr ettt e ~265°C

Unit inserted into a PC Board (min. thickness 1/16 in., 1.59 mm)

with solder contacting lead tips ONly .. ... ... o i ~300°C
RECOMMENDED OPERATING CONDITIONS:

For maximum reliability, nominal operating conditions should be selected so that operation is always within
the following ranges:
LIMITS
CHARACTERISTIC MIN. | MAX. UNITS
Supply-Voltage Range (For Ta = Full Package Temperature Range) Vcc:*
CD54/74HC Types 2 6
CD54/74HCT Types 4.5 55
DC Input or Output Voltage Vi, Vo 0 Vec
Operating Temperature Ta:
CD74 Types -40 +85 °C
CD54 Types -55 +125
Input Rise and Fall Times t, t;
at2Vv 0 1000
at45V 0 500 ns
at6 Vv 0 400
*Unless otherwise specified, all voltages are referenced to Ground.
TRUTH TABLE
Inputs Outputs
A3 A2 A1 A0 | Yo YI Y2 Y3 Ya Y5 Y6 Y7 Y8 VY9
L L L L L H H H H H H H H H
L L L H H L H H H H H H H H
L L H L H H L H H H H H H H
L L H H H H H L H H H H H H
L H L L H H H H L H H H H H
L H L H H H H H H L H H H H
L H H L H H H H H H L H H H
L H H H H H H H H H H L H H
H L L L H H H H H H H H L H
H L L H H H H H H H H H H L
H L H L H H H H H H H H H H
H L H H H H H H H H H H H H
H H L L H H H H H H H H H H
H H L H H H H H H H H H H H
H H H L H H H H H H H H H H
H H H H H H H H H H H H H H

L = Low Voltage Level
H = High Voltage Level
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Technical Data

CD54/74HC42
CD54/74HCT42

STATIC ELECTRICAL CHARACTERISTICS

CD74HC42/CD54HCA42 CD74HCT42/CD54HCT42
TEST 74HC/54HC 74HC S4HC TEST 74HCT/S4HCT | 74HCT | S4HCT
CONDITIONS TYPES TYPES TYPES | CONDITIONS TYPES TYPES TYPES
CHARACTERISTIC UNITS
-55/ - -
+25°C -40/ / 12500 40/ 55/
v, lo Vee +85°C | +125°C v, Vee +85°C | +125°C
v mA v v v
Min | Typ [Max | Min |Max [ Min |Max Min | Typ [Max | Min |Max [ Min |Max
High-Level 2 (15— | — (15| —|15]|— 4.5
Input Voltage Viu 45 1315 — | — |3.15| — [3.15] — — to 2 — | - 2 — 2 — \
6 |42 | — | — (42| — |42 — 55
Low-Leve! 2| —|— 05— 05— |05 45
Input Voltage Vi 45| — | — |1.35] — [1.35) — |1.35 — to|] —|—|08|— |08 — |08 )
6 — | =118 — 18] — |18 5.5
High-Level Vi 2 119 — | — 1|19 — 19 ]| — Vie
Output Voltage Vou or -0.02 45144 | — | — |44 | — |44 | — or 45 |44 | — | — (44 | — (44| — \
CMOS Loads Viu 6 |59 — | — |59 — 59| — Viu
Vie Vi
TTL Loads or -4 45 (398 — | — (384 — |37 | — or 45 /1398 — | — (384 — {37 | — \
Vin -5.2 6 |548| — | — 1534 — |52 | — Vi
Low-Level Vi 2 — | — 101} — (01| — |01 Vi
Output Voltage Vo, or 0.02 45| — | — |01 | — (01| — |01 or 45 — | — |01 | — |01 | — |O1 \"
CMOS Loads Vi 6 — | — |01 | —1]01|— |01 Vi
Vi Vi
TTL Loads or 4 45| — | — |026| — [033| — |04 or 45 | — | — |026| — (033} — |04 \
Viu 52 6 — | — |026 — |033] — |04 Vi
Input Leakage. Vee Any
Voltage
Current I or 6 — | — [01] — | 11 — | +1 IBetween |55 | — | — [#0.1| — | #1 — |t A
VCC
Gnd & Gnd
Quiescent Ve Vee
Device or 0 6 — | - 8 — | 80 | — |160 or 55| — | — 8 — | 80 | — [160 uA
Current lec Gnd Gnd
Additional 4.5
Quiescent
Device Current Vee-2.1 to | — | 100|360 | — (450 | — |[490 UA
per input pin: 55
1 unit load A lee” )

*For dual-supply systems theoretical worst case (V) = 2.4 V, Vcc = 5.5 V) specification is 1.8 mA.
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HCT Input Loading Table

Input

Unit Loads*

ALL

1

“Unit Load is Alcc limit specified in Static Characteristic Chart,
e.g., 360 uA max. @ 25°C.




Technical Data

CD54/74HC42
CD54/74HCTA42

SWITCHING CHARACTERISTICS (Vcc =5V, Ta = 25°C, Input t,, t = 6 ns)

CHARACTERISTIC C. | symsoL TYPICAL UNITS
(pF) 54/74HC 54/74HCT

Any Inputto Y 15 terL, ten 12 14 ns

Power Dissipation Capacitance* — Ceo 65 70 pF

*Ceo is used to determine the dynamic power consumption, per package.
Pp = Vec? fi (Cep + Cu) where:
f, = input frequency.
C. = output load capacitance.
Vee = supply voltage.

SWITCHING CHARACTERISTICS (C. = 50 pF, Input t,, t = 6 ns)

25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC | SYMBOL | V¢ HC HCT 74HC 74HCT 54HC 54HCT |UNITS
Min. |Max. | Min. |Max. | Min. |Max. | Min. |Max. | Min. |[Max. |Min. |Max.
Propagation Delay, tory 2 — 1180} — | — 1 — 1190} — | — | — 1226} — | —
Any Input toY tenL 4.5 — (3 | — | 3% | — (38| — |44 | — |45 | — |53 ns
6 — | 6| -] —-—|—|38|—-—]—-—|—138]|—]—
Output trme 2 - 75 — —_ — 95 —_ - — 110 - -
Transition Time trin 45 — 15— |15 — |19 | — |19 | — |22 | — |22 ns
6 — {3 —-|—-—|=—{16]|—-—|—=—{—119{—|—
Input - - - - - -] - = | = = |-
Capacitance C — 10| — |10 | — 10 | — 10 | — 10 | — 10 pF

INPUT
LEVEL

Al

GND
54/74HC 54/74HCT

Input Level Vee 3v

Switching Voltage, Vs 50% Ve 13V

OUTPUT Y3

92Cs-37882

Transition times and propagation delay times.
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Technical Data

CD54/74HC73
CD54/74HCT73

File Number 1721

Dual J-K Flip-Flop with Reset
Negative-Edge Trigger

® Hysteresis on clock inputs for improved noise immunity and
increased input Rise and Fall times.

2 2 1

f 3 FF1
1cp — AL

1R —2

. ° Type Features:
29 2Q
10 FF2

2K

— 5 8 -
2TP 29 ® Asynchronous Reset

e 3;«2: N 8 Complementary Outputs
2R m Buffered Inputs

92CS-39417

FUNCTIONAL DIAGRAM

The RCA-CD54/74HC73 and CD54/74HCT73 utilize sili-
con-gate CMOS technology to achieve operating speeds
equivalentto LSTTL parts. They exhibit the low power con-
sumption of standard CMOS integrated circuits, together
with the ability to drive 10 LSTTL loads.

These flip-flops have independent J, K, Reset and Clock
inputs and Q and Q outputs. They change state on the
negative-going transition of the clock pulse. Reset is ac-
complished asynchronously by a low-level input. This de-
vice is functionally identical to the HC/HCT 107 but differs
in terminal assignment and in some parametric limits.

The 54HCT/74HCT logic family is functionally as well as
pin-compatible with the standard 54LS/74LS logic family.

The CD54HC73 and CD54HCT73 are supplied in 14-lead
hermetic dual-in-line ceramic packages (F suffix). The
CD74HC73 and CD74HCT73 are supplied in 14-lead dual-
in-line plastic packages (E suffix) and in 14-lead dual-in-
line surface-mount plastic packages (M suffix). Both types
are also available in chip form (H suffix).

8 Typical fmax = 60MHz @ Ve = 5V, CL = 15pF, Ta = 25°C

Family Features:

® Fanout (Over Temperature Range):
Standard Outputs - 10 LSTTL Loads
Bus Driver Outputs - 15 LSTTL Loads
® Wide Operating Temperature Range:
CD74HC/HCT: -40 to +85°C
® Balanced Propagation Delay and Transition Times
® Significant Power Reduction Compared to LSTTL
Logic ICs
® Alternate Source is Philips/Signetics
8 CD54HC/CD74HC Types:
2 to 6 V Operation
High Noise Immunity: Ni. = 30%, Nis = 30% of Vcc,
@ Vec=56V
8 CD54HCT/CD74HCT Types:
4.5 to 5.5 V Operation
Direct LSTTL Input Logic Compatibility
Vi = 0.8 V Max., Vin =2 V Min.
CMOS Input Compatibility ) <1 uA @ Vo, Von

TRUTH TABLE
(EACH FLIP-FLOP)

14(7)
’ 12(9) INPUTS OUTPUTS
3(10) J —Oe R CP J K Q []
15 * ‘CKL L X X X L H
- 13(8)
X D & 2 : k ,: |E N&change
H - L H L H
H ~ H H | Toggle
{8 H H X X | No change
R

92CS-39230

Fig. 1 - Logic diagram.

104

H = High Level (Steady State)
L = Low Level (Steady State)

X = Irrelevant

“\_ = High-to-Low transition




Technical Data

CD54/74HCT73
CD54/74HCT73

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE, (Vcc):

(Voltages referenced t0 ground) . .. ....o.ui ittt e e s -05t0o+7V
DC INPUT DIODE CURRENT, lik (FOR Vi <-0.5VORVI> Voo 4 0.5 V) L.ttt et eeeie et iieeieieeieeiaenanns +20mA
DC OUTPUT DIODE CURRENT, lok (FOR Vo <-0.5V 0r Vo >Veoc +0.5V) .ttt et ieie et ieieeanns +20mA
DC DRAIN CURRENT, PER OUTPUT (lo) (FOR 0.5V < Vo <<Voe + 0.5 V) oo ittitieeteeteeee e eieeieeeeienaenaannns + 25mA
DC Vec OR GROUND CURRENT (16C) « « + vttt ettt ettt ettt et et e et e et e ettt et e et e e et e e e ieeaans +50mA

POWER DISSIPATION PER PACKAGE (Po):
For Ta = -40 to +60°C (PACKAGE TYPE E)
For Ta=+60to +85°C (PACKAGE TYPEE) ... ...ttt
For Ta=-56510 +100°C (PACKAGE TYPE F, H) ...ttt it ittt et et
For Ta = +100 to +125°C (PACKAGE TYPE F, H)
For Ta = -40 to +70°C (PACKAGE TYPEM) ........c.ciiiiiiiiiiiiiininnnns
For Ta = +70 to +125°C (PACKAGE TYPE M)

OPERATING-TEMPERATURE RANGE (Ta):
PACKAGE TYPE F, H
PACKAGE TYPE E, M

STORAGE TEMPERATURE (Te)

LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 £ 1/32 in. (1.59 = 0.79 mm) from €ase fOr 10 S MaX . ... ..ottt ettt et e e e i eaeeaneann +265°C
Unit inserted into a PC Board (min. thickness 1/16 in., 1.59 mm)
with solder contacting lead tips ONlY ... ...t i it i e e e i +300°C

92CM-39231

‘ Fig. 2 - Flip-Flop detail.
RECOMMENDED OPERATING CONDITIONS:

For maximum reliability, nominal operating conditions should be selected so that operation is always within
the following ranges:

LIMITS.
CHARACTERISTIC MIN. MAX. UNITS
Supply-Voltage Range (For Ta = Full Package-Temperature Range) Vcc:*
CD54/74HC Types 2 6 v
CD54/74HCT Types 4.5 5.5
DC Input or Output Voltage V,, Vo 0 Vee Vv
Operating Temperature Ta:
CD74 Types -40 +85 oG
CD54 Types -55 +125
Input Rise and Fall Times t,, tt )
at2Vv 0 1000
at45Vv 0 500 ns
at6 Vv 0 400

*Unless otherwise specified, all voltages are referenced to Ground.
tApplicable for all inputs except clock.
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Technical Data

CD54/74HC73
CD54/74HCT73

STATIC ELECTRICAL CHARACTERISTICS

CD74HC73, CD54HC73 CD74HCT73, CDS54HCT73
TEST 74HC/54HC 74HC 54HC TEST 74HCT/S54HCT | 74HCT | 54HCT
CONDITIONS TYPES TYPES | TYPES [CONDITIONS TYPES TYPES | TYPES
CHARACTERISTIC
-40/ -55/ -40/ -55/
0 O
v o |Veo| € +85°C | +125°C | v (Veo| € +85°C | +125°C
v mA v v v ‘l
Min | Typ [Max | Min {Max | Min |Max Min | Typ |Max | Min |Max | Min |Max
High-Level 2 15| —|—|[165|—|156] — 4.5
Input Voltage Vi 45 |3.15| — | — [3.15] — |3.15] — - to 2 e 2 —_ 2 - \"
6 |42 | — | — |42 | — |42} — 55
Low-Level 2|l —|—1]05]—1]05|— |05 45
Input Voitage Vi 45| — | — |1.35( — |1.35| — |1.356 -— to|—| — |08} —|08]— |08 v
6 — | =118 — 18| — |18 55
High-Level Vi 2 |19 —[— (19| — |19 ]| — Vi
Output Voltage  Vou or -002 |45(44 | — | — |44 | — |44 | — or 45|44 | — | — |44 | — |44 | — A"
CMOS Loads Vin 6 |59 —|—|59|—|59]|— Vin
VIL VIL
TTL Loads or -4 451398 — | — |3.84| — |37 | — or 451|398 — | — |384| — |37 | — v
Viu -5.2 6 [548] — [ — [534| — |52 | — Vin
Low-Level Vi 2 {—|(—101|— |01 |—]0O1 Vi
Output Voltage Voo or 002 |45| — | — {01 ] — |01 ] — |01 or 45| — | — |01} — 01| — |01 \
CMOS Loads Vin 6 |—|— (01| —]01]— |01 Vin
VlL VIL
TTL Loads or 4 45| — | — |0.26| — 033 — |04 or 45| — | — |0.26| — [0.33] — |04 v
Vi 5.2 6 | — | — [026] — |033] — |04 Vin
Any
Input Leakage Vee Voltage
Current W or 6 | — | = 01| = |21 | = |21 [PV |55 | — | — 0| — | &1 | = 21| wa
&
Gnd Gnd
Quiescent Vee Vee
Device or 0 6 |—|—|4|—14]|— |80 or 56| — | — | 4 | — |40 | — |80 HA
Current lecc | Gnd Gnd
Additional
Quiescent 45
Device Current Vec-2.1 | to | — [100 1360 | — |450| — |490 HA
per input pin: 55
1 unit load Alcc”

* For dual-supply systems theoretical worst case (Vi = 2.4 V, Vcc = 5.5 V) specification is 1.8 mA.
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HCT Input Loading Table

Input

Unit Loads*

All

0.3

*Unit Load is Alcc limit specified in Static Characteristic
Chart, e.g., 360 uA max. @ 25°C.




Technical Data

SWITCHING CHARACTERISTICS (Vcc=5 V, Ta=25°C, Input t, =6 ns)
C. TYPICAL

CHARACTERISTIC SYMBOL | (pF) HC HCT UNITS
Propagation Delay teLH

CPtoQ teHL 18 13 16 ns

CPtoQ 13 15 ns

RtoQ,Q 12 14 ns
CP Frequency fmax 15 60 60 MHz
Power Dissipation Capacitance* Cro — 28 28 pF

*Cro is used to determine the dynamic power consumption, per flip-flop.
Po = Cep Vec?fi + X CLVec?fo where fi = input frequency, fo = output frequency,
C..= output load capacitance, Vcc = supply voltage.

PRE-REQUISITE FOR SWITCHING FUNCTION

LIMITS
TEST 25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC CONDITION UNITS
Vee HC HCT 74HC 74HCT 54HC 54HCT
v Min. |Max.|Min. |Max. | Min. [Max. | Min. |Max. | Min. |Max. | Min. [Max.
Pulse Width tw 2 8 |—|—|— (10| —|—|— 1120 — | — | —
CP 4.5 16| — |16 | — |20 — |20 | — |24 | — | 24 | — ns
6 Ml - =17 =-f{—-—|=120|—-|—]—
_ 2 80 |—|—|—{100|—|—{— (120 — | — | —
R 4.5 16| — |[18] —]20 ]| — | 28 — 24 | — 27 | — ns
M| —|—-|—-|17|—-]—]—1]120]—}|—]—=
Set-up Time tsu 2 8| —|—]|—J100| — | —}|—}|120| — | — | —
J,Kto CP 4.5 16 | — 16 —120 | — {20 | — 24 | — {24 | — ns
6 M| - —-—-—{17|—-—|——120f—|—|—
Hold Time_ th 2 3l =l =8| =]=]=]83|=1—=1|-
J, Kto CP 45 3 | — 3] —-13 — 3 | — 3| —-138 — ns
(5] 3| —|—(1—1f3 e e 3 | — |- —
Removal Time trem 2 8| —f(—|—10|—|—|—1[120|— | — | —
4.5 6| —|12|—f(20 — |15 | — |24 ]| — |18 | — ns
14 | — — | =17 | — — — |20 | — | — —
CP Frequency fmax 2 6 | —|—|—|585|—|—|—|4]|—-|-1-
4.5 30| — (3| —i25| — |25 — 20| — |20 | — | MHz
6 35 | — — — 129 | — — — |28 | — | — —
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Technical Data

CD54/74HC73
CD54/74HCT73

SWITCHING CHARACTERISTICS (C. == 50 pF, Input t, t; = 6 ns)

LIMITS
TEST 25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC CON‘IIJCIC'I'ION HC HCT 78HC 78HCT 54HC 54HCT UNITS
Vv Min. [Max. | Min. [Max. | Min. |Max. | Min. |Max. | Min. |Max. | Min. |Max.
Propagation Delay 2 — (160 — | — | — |200| — | — | — (240 — | —
_ tecn, teme 4.5 — |32 )| — (38| — |40 | — |48 | — | 48 | — | 57 ns
CPto Q 6 — 28| —-—|—-—]— |34 | -] —=—=—]4 | =]
. 2 — |10 — | — | — 200 — | — | — (240 | — | —
CPtoQ 4.5 — |32 | — 36| — |4 | — |45 | — |48 | — | 54 ns
— |l —-=]—=|38|—-}—=|—=|41 |-}
_ — 145 — | — | — |180| — | — | — |220| — | —
RtoQ,Q 45 — 129 | — | 34 | — |36 | — |43 | — |44 | — | 51 ns
- |25 |- (-3 | -] —=|—1[38]|—]—
Output Transition 2 - |- —-—|=19%|—=|—=]|—|110] =] -
Time trim, tra 45 — |15 =115 =19 —|19|—|22]|— |22 ns
6 - 8| —-—{=-| -6 —|=]|—=]|19| =] —
Input Capacitance C —J1M0}|—|10|—(10] ~—(10]| —}|10]| — | 10 pF
f— t \y —2>]
INPUT
T vs_\ Z LEVEL
N — oo
] teuL
Q Vs
> tpLH
Q Vg
—> 'rem
92CS- 39232 — INPUT
¢ TLEVEL
Vs
GND
92C5-39233
INPUT
) ORK LEVEL
GND
=P INPUT
LEVEL
—— GND
92Cs-39234

54/74HC 54/74HCT
Input Level Vee 3V
Switching Voltage, Vs 50% Vcc 13V

Fig. 3 - Transition times, propagation delay times, and setup and hold times.
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Technical Data

File Number 1476

High-Speed CMOS Logic

CD54/74HC74
CD54/74HCT74

Dual D Flip-Flop with Set and Reset

m Hysteresis on clock inputs for improved noise immu-

e
o2 o © | 3q
F/IF-)
o2 por  b£F Positive-Edge Trigger
s T
g 3 Type Features:
T
R
oana o —*o nity and increased input Rise and Fall times.
Fr-2 m Asynchronous Set and Reset
coek pee - 23 ® Complementary Outputs
sy 10 T Vec=pin 14 @ Buffered Inputs
GND =PIN 7

92CS- 36965R!

FUNCTIONAL DIAGRAM

The RCA-CD54/74HC74and CD54/74HCT74 utilize silicon-
gate CMOS technology to achieve operating speeds equi-
valent to LSTTL parts. They exhibit the low power con-
sumption of standard CMOS integrated circuits, together
with the ability to drive 10 LSTTL Loads.

This flip-flop has independent DATA, SET, RESET and
CLOCK inputs and Q and Q outputs. The logic level present
at the data input is transferred to the output during the
positive-going ‘transition of the clock pulse. SET and
T are independent of the clock and are accomplished
by a low level at the appropriate input.
The 54HCT/74HCT logic family is functionally as well as pin
compatible with the standard 54LS/74LS logic family.
The CD54HC74 and CD54HCT74 are supplied in 14-lead
hermetic dual-in-line ceramic packages (F suffix). The
CD74HC74 and CD74HCT74 are supplied in 14-lead dual-
in-line plastic packages (E suffix) and in 14-lead dual-in-
line surface mount plastic packages (M suffix). Both types
are also available in chip form (H suffix).

4(10)

§0— >

Dy

1= e

f=]
2

6(8)

S e 88
5(9)
D 80

92CS- 36966

Fig. 1 — Logic Diagram

8 Typical fmax = 50 MHz @ Voc =5V, C = 15 pF, Ta = 25°C

Family Features:
B Fanout (Over Temperature Range):
Standard Outputs - 10 LSTTL Loads
Bus Driver Outputs - 15 LSTTL Loads
8 Wide Operating Temperature Range:
CD74HC/HCT: -40to + 85°C
Balanced Propagation Delay and Transition Times
Significant Power Reduction Compared to LSTTL
Logic ICs
B Alternate Source is Philips/Signetics
CD54HC/CD74HC Types:
2 to 6 V Operation
High Noise Immunity:
Ny = 30%, Nw= 30% of Ve, @ Vee=5 V
CD54HCT/CD74HCT Types:
4.5 to 5.5 V Operation
Direct LSTTL Input Logic Compatibility
Vie=0.8 V Max., Vin =2 V Min.
CMOS Input Compatibility
h=1upA @ Vo Von

TRUTH TABLE

INPUTS OUTPUTS
SET  RESET  CP D Q Q
L H X X H L
H L X X L H
L L X X H H*
H H —_ H H L
H H —_ L L H
H H L X Qo o)

H = High Level (Steady State)

L = Low Level (Steady State)

X = Don't Care

~/~= Transition from Low to High level

NOTES: QO = the level of Q before the indicated input
conditions were established.

*This configuration is nonstable, that is, it will not persist when set

and reset inputs return to their inactive (high) level.
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Technical Data

CD54/74HC74
CD54/74HCT74

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE, (Vcc):

(Voltages referenced to GroUNd) ... ... ittt it e et e e -05t0+7V
DC INPUT DIODE CURRENT, I (FOR Vi <~0.5V OR Vi > Voo +0.5V) Lottt e +20mA
DC OUTPUT DIODE CURRENT, lok (FOR Vo <<~0.5V OR Vo > Ve #0.5V) . otiiittt et +20mA
DC DRAIN CURRENT, PER OUTPUT (lo) (FOR -0.5V < Vo < Ve + 0.5V) L.ttt +25mA
DC Ve OR GROUND CURRENT (I6C) + vttt ettt ettt e ettt e e e e et e e e e e e e e et et e e e +50mA
POWER DISSIPATION PER PACKAGE (Pp):

FOr Ta = -40 10 +60°C (PACKAGE TYPE E) ... .tuiiitit ittt e e e e e e e e e et e 500 mwW

For Ta = +60 10 +85°C (PACKAGE TYPE E) ...iiiuitiiit it Derate Linearly at 8 mW/°C to 300 mW

FOr Ta=-5510 +100° C (PACKAGE TYPE F, H) ..ottt e e e e e e e e e, 500 mW

For Ta=+100t0 +125°C (PACKAGE TYPE F, H) ..ottt Derate Linearly at 8 mW/°C to 300 mW

FOr Ta = =40 0 +70°C (PACKAGE TYPE M) ...ttt et ittt ettt et et ittt et eeeaeanns 400 mW

For Ta = +70 to +125°C (PACKAGE TYPE M)
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE F, H e e e e e e e e -5510 +125°C

PACKAGE TYPEE, M ....... -40 to +85°C
STORAGE TEMPERATURE (Tatg) « -t vttt ittt it ettt ettt e e ettt e e e et et et -65to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

Derate Linearly at 6 mW/°C to 70 mW

At distance 1/16 + 1/32in. (1.59 + 0.79 mm) from case for 10 S MaX. ... ...ttt e +265°C
Unit inserted into a PC Board (min. thickness 1/16 in., 1.59 mm)
with solder contacting lead tips ONlY ... ... . i e e +300°C

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, nominal operating conditions should be selected so that operation is always within
the following ranges:

LIMITS
CHARACTERISTIC MIN MAX. UNITS

Supply-Voltage Range (For Ta = Full Package Temperature Range) Vcc:*

CD54/74HC Types 2 6 v

CD54/74HCT Types 4.5 5.5 \%
DC Input or Output Voltage Vi, Vout 0 Vee v
Operating Temperature Ta:

CD74 Types ~40 +85 °C

CD54 Types ~55 +125 °C
Input Rise and Fall Times t,, t®

at2 Vv 0 1000 ns

at45V 0 500 ns

ate Vv 0 400 ns

“Unless otherwise specified, all voltages are referenced to Ground.
eApplicable for all inputs except clock.

iR H vee
10 2 K3 2R
1cp 2 HZ 20

153 KL acp
Q -31 HO 25
13- 2 2q
GND — 12 25
92s-36964

TERMINAL ASSIGNMENT
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STATIC ELECTRICAL CHARACTERISTICS

Technical Data

CD54/74HC74
CD54/74HCT74

CD74HC74/CD54HC74 CD74HCT74/CDS4HCT74
TEST 74HC/54HC 74HC 54HC TEST 74HCT/S4HCT | 74HCT S4HCT
CONDITIONS TYPES TYPES TYPES | CONDITIONS TYPES TYPES TYPES
CHARACTERISTIC UNITS
-40/ -55/ -40/ -55/
+25°C +25°
v, o | Vee +85°C | +125°C V| Ve ¢ +85°C | +125°C
v mA v v v
Min | Typ |Max | Min |Max | Min |Max Min | Typ [Max | Min |Max | Min |Max
High-Level 2 (15— — 115 — [156} — 45
Input Voltage Vin 45 (315 — | — |3.15| — [3.15| — — to 2 e 2 - 2 — v
6 |42 | — | — |42 | — |42 | — 55
Low-Level 2 -] —1]05]— 05— 105 45
Input Voltage Vi 45| — | — |1.35| — |1.35| — [1.35 — to|—|—]08|— (08|~ |08 Vv
6 — | =18 — 18| — |18 55
High-Level Vi 2 |19 —|—|19] = [19] — A
Output Voltage  Vou or -0.02 45144 | — | — |44 | — |44 | — or 45 (44 | — | — |44 | — |44 | — v
CMOS Loads Vin 6 |59 — | — 59| — |59 — Vin
Vi Vi
*TTL Loads or -4 45 |398| — | — (384 — (37| — or 45 398 — | — 1384 — |37 | — v
Vi -56.2 6 (548 — | — |534| — |52 | — Vin
Low-Level Vi 2 |—|—]01|[— 01|~ |01 V.,
Output Voltage Vo, or 0.02 45| — | — {01 | — 01| — |01 or 45| — [ — |01 | — |01 | — |O1 \
CMOS Loads Vi 6 — | =101 — 01| — {01 Vin
Vi Vi
TTL Loads or 4 45| — | — 1026 — [0.33| — | 0.4 or 45| — | — |0.26| — [033| — |04 \
Vi 52 6 — | — |026] — |033| — (0.4 Vin
Input Leakage Vee Any
Voltage
Current | or 6 [ — | — [#01] — | #1 | — | +1 [Between {55 [ — | — |01 | — | +1 [ — | #1 uA
VCC
Gnd & Gnd
Quiescent Vee Vee
Device or 0 6 - | = 4 — |40 | — | 80 or 55 | — - 4 — |40 | — | 80 HA
Current lee Gnd Gnd
Additional 45
Quiescent
Device Current Vee-2.1 to — |]100 |360 | — |450 | — |490 pA
per input pin:
1 unit load A lee* 55

*For dual-supply systems theoretical worst case (V, = 2.4 V, Vcc = 5.5 V) specification is 1.8 mA.
HCT Input Loading Table

Input Unit Loads*
D 0.5
R 0.5
CP 0.7
S 0.75

*Unit Load is Alcc limit specified in Static Characteristic Chart,
e.g., 360 uA max. @ 25°C.
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Technical Data

CD54/74HC74
CD54/74HCT74
SWITCHING CHARACTERISTICS (Vcc =5V, Ta = 25°C, Input tp,tf = 6 ns)
CL TYP!CAL
CHARACTERISTIC SYMBOL (oF) He HeT UNITS
Propagation Delay teLn
tene
CPto Q, Q (Fig. 2) 14 14
Rto Q, Q (Fig. 3) 15 17 17 ns
Sto Q, Q (Fig. 3) 17 17
CP Frequency fmax 15 50 50 MHz
Power Dissipation Capacitance* Cro - 25 30 pF
*Cro is used to determine the dynamic power consumption, per flip-flop.
PD = Cpp Vec? fi + X (CL Vec? fo) where: fi = input frequency
fo = output frequency
Cu. = output load capacitance
Ve = supply voltage
PRE-REQUISITE FOR SWITCHING FUNCTION
LIMITS
TEST 25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC CONDITIONS HC HCT 74HC 74HCT 54HC 54HCT |UNITS
Vee (V) Min. [Max. [Min. [Max. [Min. [Max. |Min. [Max.[Min. [Max.|Min. [Max.
Data to CP tsu 2 60 | — | — | — || — | —|— |90 | —|—|—
Set-up Time 4.5 12 | — |12 | — | 15 — 15 | — 18 | — 18 | —
(Fig. 4) 6 10|—|—|—|18|—|—|—|15|—|—]—
Hold Time th 2 3 - | = | = 3 _ - —_ 3 - —_ —_
4.5 3 —_ 3 — 3 — 3 — 3 - 3 —
(Fig. 4) 6 3 |—|—|=|3|—-—|=|—=-1|3|=]|-1= ns
Removal Time tRem 2 | —-—|—|—|40 |- | == |4 |—|—]|—
R,StoCP 45 6 |— |6 |— |8 | —|8|—|9|—]|9]|—
(Fig. 3) 6 5 | —|—|—|7|—|=—|—|8|—|—1|=
Pulse Width tw 2 80 | — | — | — [100 | — — — 120 | — — -
RS 4.5 16| — |16 | — 20| — |20 | — |24 | — |24 | —
(Figs. 2, 3) 6 14 | — | —|—J|17|—=—|—-]—]20|—-|—-|-
Pulse Width tw 2 80 [— | — [ — [0 — [ —=]—T120] = [=1]—
cpP 45 16| — (18| — (20| — 23| — |24 | — |27 | —
(Figs. 2, 3) 6 14| - | —|—|17|—-—|—=]—=—]20]|—=]=1=
CP Frequency frax 2 6 | — | —|— |5 - | = | — 4 | — | — | —
45 30| — |25 | — {25 | —|20|— |20 | — |16 | — | MHz
6 B |—-—|—-|—-—]l9| || =—|28|=|—]|=
SWITCHING CHARACTERISTICS (C. = 50 pF, Input t,t; = 6 ns)
LIMITS
25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC V(s;: HC HCT | 7a4HC | 74HCT | s4HC | saHcT |UNITS
Min. |Max. |Min. [Max. | Min. |Max. [Min. |Max. | Min. |Max. |Min. [Max.
Propagation Delay, teLn 2 — {175} — | — | — |[220 ]| — —_ — |265 | — | —
CPtoQ,Q tewL 45 | — |35 | — |3 | — |44 | — |44 | — |53 | — |53
(Fig. 2) 6 -l | —|—-—]—]87[—f{—|—14 |- ]
R StoQ,Q tent 2 |—l200| = |[= = [250| = | = | = [300| = [ = | ™
teLn 4.5 — |40 | — |40 | — |50 | — |50 | — |60 | — [ 60
(Fig. 3) 6 | — 1384 |—|—|—|43|—|—|—1]561]—]—
Transition Times trm 2 - |7~ =-|=1]9%|—-|—|—1|110] — | —
trH 4.5 — |15 | — |16 | — 19 — 19 — 22 — 22
(Fig. 5) 6 — |13 —l—]—]16[—f{—]1—=119|—]=
Input Capacitance Ci -1}l —-—110]|—J10]—f10f{—]10]— 110 pF
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Technical Data

CD54/74HC74
CD54/74HCT74

INPUT LEVEL
INPUT LEVEL T R(5)
GND =====

INPUT = == eme
cP

() Vs X
92CS-36967 3

92CS-36968

Fig. 2 — Clock pre-requisite and propagation delays. Fig. 3 — Reset or Set pre-requisite and propagation delays

INPUT LEVEL

GND

THL
92CS-36969

92CS-36970

Fig. 4 — Data pre-requisite times. Fig. 5 — Output transition times.

54/74HC 54/74HCT
INPUT LEVEL Vee 3v
Vg 50% Ve 1.3V
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Technical Data

CD54/74HC75
CD54/74HCT75

File Number 1666

Dual 2-Bit Bistable Transparent

20 [16010) Latch
bo 1(11) (f
Urdies @ 00
) [5@) ; Type Features:
® True and Complementary Outputs
g 13(4)] w Buffered Inputs and Outputs
92CSs-38552

FUNCTIONAL DIAGRAM

The RCA-CD54/74HC75 and CD54/74HCT75 are dual 2-bit
bistable transparent latches. Each one of the 2-bit latchesis
controlled by separate Enable inputs (TE and 2E) which are
active LOW. When the Enable input is HIGH data enters the
fatch and appears at the Q output. When the Enable input
(1E and 2E) is LOW the output is not affected.

The CD54HC/HCTY75 are supplied in 16-lead hermetic dual-
in-line packages (F suffix). The CD74HC/HCT75 are sup-
plied in 16-lead dual-in-line plastic package (E suffix) and
in 16-lead dual-in-line surface mount plastic packages (M
suffix). Both types are also available in chip form

(H suffix).

LATCH O
2(6) _ _ 16(10)
D0O—>—b @& > -0Qo0
LE LE
111)
_13(4) \_‘>,_[>.,_o®
E
14(8) __
Qi
3(7) LE L 15(9)
DIO—>—{p a a1
LATCH 1
5
92CS-38553
ov
QVee
OGND

Fig. 1 - Logic Diagram
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Family Features:
® Fanout (Over Temperature Range):
Standard Outputs - 10 LSTTL Loads
Bus Driver Outputs - 15 LSTTL Loads
® Wide Operating Temperature Range:
CD74HC/HCT}: —40 to + 85°C
B Balanced Propagation delay and Transition Times
s Significant Power Reduction Compared to LSTTL
Logic ICs
w Alternate Source is Philips/Signetics
8 CD54HC/CD74HC Types:
2 to 6 V Operation
High Noice Immunity: Nu. = 30%, N = 30% of Vcc,
@Vec=5V
8 CD54HCT/CD74HCT Types:
4.5to 5.5 V Operation
Direct LSTTL Input Logic Compatibility
Vi = 0.8 V Max., Vin =2 V Min.
CMOS Input Compatibility
h = 1uUA @ Vo Vou

LE LE
| |
_ P P
>
N N
l 1 1
LE Q LE
92CS-38554

Fig. 2 - Latch Detail




Technical Data

CD54/74HCT75
CD54/74HCT75

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE, (Vcc):

(Voltages referenced 10 ground) ... ...ttt
DC INPUT DIODE CURRENT, Ik (FOR Vi <-0.5V OR Vi>Vcc +0.5V) *
DC OUTPUT DIODE CURRENT, lok (FOR Vo <-0.5 OR V0> Ve +0.5V) ... u ittt e +20 mA
DC DRAIN CURRENT, PER OUTPUT (lo) (FOR -0.5V <VoVee +0.5V) .ottt +25 mA
DC Vcc OR GROUND CURRENT (lec): ....oovvuue...
POWER DISSIPATION PER PACKAGE (Po):

For Ta =-4010 +60°C (PACKAGE TYPE E) ..ottt e e e e 500 mW

For Ta = +60 to +85°C (PACKAGE TYPEE) .........covvveriiiinnnnn, Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +100°C (PACKAGE TYPE F, H) ...t e e 500 mW

For Ta = +100 to +125°C (PACKAGE TYPE F, H) Derate Linearly at 8 mW/°C to 300 mW

FOr Ta=-4010 +70°C (PACKAGE TYPE M) ... ittt ittt ittt ettt ettt ettt e e e e aneenieenens 400 mW

For Ta=+7010 +125°C (PACKAGE TYPE M) ......oiiiiiiiiiiiiiiiii i eee e eieeeeneaennn, Derate Linearly at 6 mW/°C to 70 mW
OPERATING -TEMPERATURE RANGE (Ta):

PACKAGE TYPE F H o e -551t0 +125°C

PACKAGE TYPE E, M -40 t0+85°C
STORAGE TEMPERATURE (Tstg) -65 +150°C
LEAD TEMPERATUARE (DURING SOLDERING):

At distance 1/16 + 1/32in. (1.59 + 0.79 mm) from case for 10 S Max. ...ttt e +265°C

Unit inserted into a PC Board (min. thickness 1/16 in., 1.59 mm)

with solder contacting 1ead tips ONly . ... . i +300°C

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, nominal operating conditions should be selected so that operation is always within the following
ranges:

CHARACTERISTIC LIMITS UNITS
MIN. MAX.
Supply-Voltage Range (For Ta = Full Package-Temperature Range) Vcc:*
CD54/74HC Types 2 6 Y
CD54/74HCT Types 4.5 55
DC Input or Output Voltage Vi Vo 0 Vee \Y%
Operating Temperature Ta:
CD74 Types -40 +85
CD54 Types -55 +125 °C
input Rise and Fall Times t,, t
at 2V 0 1000
at45Vv 0 500 ns
at 6V 0 400
*Unless otherwise specified, all voltages are referenced to Ground.
Ta0—1 16 100 TRUTH TABLE
2 15
1Do 3 s 1a1 inputs Outputs
1D1 —1Q1 D E Q o)
e 4 13 7
VZ 5 2 L H L H
2(;2 s 1 Sg: H H H L
AL —
201 —7 HO 2qo X L Qo Qo
5658 9
2Q1 F— 2Q1
@ 2a H = High Level
L = Low Level
X = Don’t Care
TERMINAL ASSIGNMENT QO = The level of Q before the transition of E.
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Technical Data

CD54/74HCT75

CD54/74HCT75

STATIC ELECTRICAL CHARACTERISTICS

CD74HC75/CD54HCT75 CD74HCT75/CDS4HCT75
TEST 74HC/54HC 74HC S4HC TEST TAHCT/54HCT| 74HCT | S54HCT
CONDITIONS TYPES TYPES | TypPeS | CONDITIONS| TYPES TYPES | TYPES
CHARACTERISTIC UNITS
-40/ -55/ -40/ -85/
Vi lo|Vec rwe vosoc | +12scc| V1 [Vee rase +85°C | +125°C
v mA v v v
Min {Typ [Max [Min |Max | Min | Max Min | Typ [Max| Min [Max | Min [ Max
High-Level 2 |15 —|— |15 —|15] — 45
Input Voltage ViH 45 315} — | — [3.15] — |3.15] — to 2 e 2 —_ 2 —_
6 |42 | — | — |42 — |42 — - 55 v
Low-Level 2 — |—]05]|—]05]—]05 4.5
Input Voltage Vi 45| — | — [1.35] — [1.35] — |1.35 to{—|— |08] — |08] — |08 v
6 — |- |18 —}|18] — |18 55
High-Level Viu 2 |19 |~ | — 19— |19] — Vi
Output Voltage Vor or -0.02 45144 | — | — |44 | — |44 ]| — or 45|44 | — | — | 44| — |44 — \
CMOS Loads ViH 6 |59 — | — (59| — |59 — ViH
Vie Vie
TTL Loads or -4 451398 — | — |384| — |37 | — or 45 |398] — | — |384) — |37} — v
VIH -5.2 6 |548| — | — [534| — |52 — ViH
Low-Level Vie 2| —{—]01|—}01}] —fo01 Vie
Output Voltage Vou or 0.02 45 — | —]01 | —}{01] — |01 or 45| — | — |01] — |01 | — | 0.1 v
CMOS Loads ViH 6 — |—=]01}—]01] —]01 Vi
Vie ViL
TTL Loads or 4 45| — | —|0.26| — [0.33] — | 04 or 45| — | — |o.26] — |0.33] — | 04 Y
ViH 5.2 6 — | — {026 — |0.33] — | 0.4 ViH
Input Leakage Vee V;\l?a);;e
Between
Current h or 6 | — [ — [0 — |1 | — | 1 Vce 55 — | — 201 — [#1 | — | #+1
] Gnd G?\d uA
Quiescent Vee Vce
Device or 0 6 | —|—|4|—|4]—|80 or 55| —|— 14| —]4 | —| 80 MA
Current Icc | Gnd Gnd
Additional quiescent 45
g:r":f‘f"ﬁ”p'iﬁm vee-21 [to | — [100 |60 — |4s0| — | 490 uA
1unitload Alcc* 5.5

*For dual-supply systems theoretical worst case (Vi = 2.4 V, Vcc = 5.5 V) specification is 1.8 mA.
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HCT Input Loading Table
Input Unit Loads*
DO, D1 0.8
1E, 2E 1.2

*Unit load is Alcc limit specified in Static Characteristic
Chart, e.g., 360 uA max. @ 25°C.




Technical Data

SWITCHING CHARACTERISTICS (Vcc =5V, Ta = 25°C, Input t,, t = 6ns)
C. TYPICAL
CHARACTERISTIC F ! SYMBOL UNITS
(pF) HC75 HCT75
Propagation Delay DtoQ 15 teLn 9 11 ns
DioQ 15 10 11 ns
Enable to Q 15 tenL 10 11 ns
Enable to Q 15 11 12 ns
Power Dissipation Capacitance* —- Cro 46 46 pF
*Cro is used to determine the dynamic power consumption per latch.
PD = Vec? fi (Cro + Cu)
fi = Input Frequency
C. = Load Capacitance
Vee = Supply Voltage
PREREQUISITE FOR SWITCHING FUNCTION
TEST LIMITS
CONDITION 25°C -40°Cto+85°C | -55°Cto+125° C
Vee HC HCT 74HC 74HCT 54HC 54HCT
CHARACTERISTIC v UNITS
Min.| Max.|Min. |Max.| Min.| Max.| Min. | Max. |Min. | Max. | Min. | Max.
Pulse Width tw 2 80 — 100 — 120 —
Enable Input 4.5 16 16 20 20 24 24 ns
6 14 — 17 - 20 -
Setup Time tsu 2 60 — 75 — 90 —
D to Enable 4.5 12 12 15 15 18 18 ns
6 10 — 13 — 15 —
Hold Time th 2 3 — 3 - 3 —
Enable to D 45 3 3 3 3 3 3 ns
6 3 —_ 3 — 3 —
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Technical Data

CD54/74HCT75
CD54/74HCT75
SWITCHING CHARACTERISTICS (Cv. = 50 pF, Input t, t;= 6 ns)
25°C -40°C to + 85°C -55°C to + 125°C
HC HCT 74HC 74HCT 54HC 54HCT
CHARACTERISTIC SYMBOL | Vcc UNITS
Min. |Max. |Min. | Max. [Min. |Max. |Min. | Max. |Min.| Max. | Min. | Max.
Propagation Delay teLn 2 — |10}l —-—| - | — (140 —| — | — {165 — | —
Data to Q terL 45| — 22 | — | 28 | — | 28 | — | 38 | — | 33 | — | 42 ns
6 | —[19|—}|—|—|24]|—|—]|—|28|—] —
Propagation Delay teLn 2 | — [0 —]| — | — (165 — | — | — 195 — | —
Datato Q tone 45 — |26 | —| 28| — |33 | —[3 | —|3|—|42]| ns
6 |—j2|—|—|—|28|—}|—|—]|38|—|—
Propagation Delay toun 2 — {130 —{ —|—1165| —| — | —[|195| — | —
Enable to Q tore 45| — | 26 | — | 28| — |33 | — |36 | — |39 | — | 42 ns
6 | —|2|—-|—|—]28|—|—|—1]8]|—]|—
Propagation Delay teLn 2 — (|-} = —1165|—| — | — 19| — | —
Enable to Q@ tonL 45 — |26 | —|30 | —[38|—|38|—|39|—]4 | ns
6 | —|2|—]|—]|—|28]|—|—]—{88|—]—
Output Transition trin 2| -1 |l—-——-—|—|9%|—|—|—=|110]—=]—
Time trae 45| — 15| — |15 | —|19 | —|19 | —|22|—]22 ns
6 | —|B3|—|—|—|16]|—|—]—|19|—]—
Input Capacitance Ci —|l10}—]10|—]10|—|100|—]10]|—1] 10 pF
ENABLE
tpLH tPHL

th

tTLH tTHL ‘su‘
W
ANY 90 % v
OUTPUT 10 % ENABLE
92Cs-38558 92CS-38557R!
54/74HC 54/74HCT
input Level Vce 3V
Switching Voltage, Vg 50% Vce 1.3V
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Technical Data

File Number 1770 CD54/74H C85
CD54/74HCT85

High-Speed CMOS Logic

4-Bit Magnitude Comparator

7
- A= Brow Type Features:
[ (A> Blowt ® Buffered inputs and outputs
® Typical propagation delay = 13 ns (Data to Output)
@ Vee =5V, C.=15 pF, Ta=25°C
® Serial or Parallel expansion without external gating.

92CS-39047

FUNCTIONAL DIAGRAM

The RCA-CD54/74HC/HCT85 are high-speed magnitude Family Features:
comparators that use silicon-gate CMOS technology to & Fanout (Over Temperature Range):

achieve operating speeds similar to LSTTL with the low Standard Outputs - 10 LSTTL Loads
power consumption of standard CMOS integrated circuits. Bus Driver Outputs - 15 LSTTL Loads
These 4-bit devices compare two binary, BCD, or other m Wide Operating Temperature Range:
monotonic codes and present the three possible magnitude CD74HC/HCT/HCU: -40 to +85°C

results at the outputs (A > B, A < B, and A = B). The 4-bit ® Balanced Propagation Delay and Transition Times
input words are weighted (A0 to A3 and B0 to B3), where A3 m Significant Power Reduction Compared to LSTTL
and B3 are the most significant bits. Logic ICs

The HC/HCT8S are expandable without external gating, in w Alternate Source is Ph/l/p.s/S/gnet/cs

both serial and parallel fashion. The upper part of the truth ® CD54HC/CD74HC Types:

table indicates operation using asingle device or devices in 2to 6 V Operation

a serially-expanded application. The parallel expansion High Noise Immunity:

scheme is described by the last three entries in the truth Ny = 30%, N = 30% of Vee; @ Vee =5 V
table. Circuits for serial and parallel comparison of 12 bits ® CD54HCT/CD74HCT Types:

are shown in figures 3 and 4, respectively. 4.5to 5.5 V Operation

Direct LSTTL Input Logic Compatibility
ViL=0.8 V Max., Vin = 2 V Min.
CMOS Input Compatibility I, < 1 uA @ Vo, Vou

The CD54HC/HCTS85 are supplied in 16-lead ceramic dual-
in-line packages (F suffix). The CD74HC/HCT85 are sup-
plied in 16-lead dual-in-line plastic packages (E suffix) and
in 16-lead dual-in-line surface mount plastic packages (M
suffix). Both types are also available in chip form (H suffix).

)
B3 —4 16 vee
(A <B)IN —2 1S a3
(A= BN —3 14 g2
(A> BN —3 13 a2
5 12
(A>B)OUT — 12 a1

11

(a=B)outr — B1

10

7
(A< B)OUT —

GND —8 - BO

AO

92Cs- 39848

TERMINAL ASSIGNMENT
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Technical Data

CD54/74HC85
CD54/74HCT85

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE, (Vcc):

(Voltages referenCed t0 GroUNG) .. .....uuiuntuiiie ettt ette et eaee e e e e saeenneeneenseaseesneeaeeasneeuins
DC INPUT DIODE CURRENT, lik (FOR V; <-0.5 V OR V| > V¢c + 0.5 V)
DC OUTPUT DIODE CURRENT, lok (FOR Vo < -0.5V OR Vo > Vcc +0.5 V)
DC DRAIN CURRENT, PER OUTPUT (lo) (FOR -0.5V < Vo < Ve + 0.5 V)
DC Vec OR GROUND CURRENT (I06) -« et et etete et teeteeee e ee e et ettt e e e e e e et e e e e e e e e e e e, +50mA
POWER DISSIPATION PER PACKAGE (Pp):

For Ta = -40 to +60°C (PACKAGE TYPE E)

For Ta = +60 to +85°C (PACKAGE TYPE E)

For Ta=-5510 +100°C (PACKAGE TYPE F, H) ... tttuette ettt ittt e e, 500 mW

For Ta=+100to +125°C (PACKAGE TYPE F, H) ... \ieii e Derate Linearly at 8 mW/°C to 300 mW

For Ta =-40 10 +70°C (PACKAGE TYPE M) ....utunutttenttttt ettt e et e e e et e e e e

For Ta=+70to +125°C (PACKAGE TYPE M) ...
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE F, H ettt et e e e -55to +125°C

PACKAGE TYPE E, M .ttt e et e e e -40 to +85°C
STORAGE TEMPERATURE (Tstg) « « -« ettt ettt ettt e e e e e e e ettt e e e e et e e e e e et et -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 + 1/32 in. (1.59 £ 0.79 mm) from case fOr 100 S MAX. ... ..evruuneunn ettt et e e e, +265°C

Unit inserted into a PC Board (min. thickness 1/16 in., 1.59 mm)

with solder contacting 18ad tiPS ONIY . ... ...ttt ittt ittt ettt et e et e e +300°C

7
13 :Do—Do-o[>—o(A < Bjout

A2 A2
A2
B1

12
A1 Al
Al
a 6
(A> B)inO—-De— (A=B)out
B0
9 -

BO BO BO

10 BO

AO A0 —
_ A

s Ao

(A = B)in O_'\" N
g )

2 |

(A< B)inO——Dc
5
— (A> B)out

92CL-39835R!

Fig. 1 - Logic diagram
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RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, nominal operating conditions should be selected so that operation is always within
the following ranges:

Technical Data

CD54/74HC85
CD54/74HCT85
TRUTH TABLE
Comparing Inputs Cascading Inputs Outputs

A3,B3 | A2,B2 | A1,B1 | A0,B0O | A>B A<B A=B|A>B A<B A=B
A3>B3 X X X X X X H L L \
A3<B3 X X X X X X L H L
A3=B3|A2>B2 X X X X X H L L
A3 =B3 [A2<B2 X X X X X L H L
A3=B3|A2=B2|A1>B1 X X X X H L L single device
A3=B3|A2=B2|A1<B1 X X X X L H L or
A3=B3|A2=B2|A1=B1|A0>B0 X X X H L L series cascading
A3=B3|A2=B2|A1=B1|{A0<BO X X X L H L
A3=B3|A2=B2|A1=B1|A0=B0 H L L H L L
A3=B3|A2=B2|A1=B1|A0=B0 L H L L H L
A3=B3|A2=B2|A1=B1|A0=B0 L L H L L H
A3=B3|A2=B2|A1=B1|A0=B0 X X H L L H
A3=B3|A2=B2|A1=B1|A0=B0 H H L L L L } parallel cascading
A3=B3|A2=B2|A1=B1|A0=B0 L L L H H L

LIMITS
CHARACTERISTIC MIN. MAX. UNITS
Supply-Voltage Range (For Ta = Full Package-Temperature Range) Vcc:*
CD54/74HC Types 2 6 v
CD54/74HCT Types 4.5 5.5
DC Input or Output Voltage V, Vo 0 Vee Vv
Operating Temperature Ta:
CD74 Types -40 +85 e
CD54 Types -55 +125
Input Rise and Fall Times t,, t;
at2Vv 0 1000
at45Vv 0 500 ns
até6 Vv 0 400

*Unless otherwise specified, all voltages are referenced to Ground.
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Technical Data

CD54/74HC85
CD54/74HCT85

STATIC ELECTRICAL CHARACTERISTICS

CD74HC85/CD54HC85 CD74HCT85/CD54HCT8S
TEST 74HC/54HC 74HC 54HC TEST 74HCT/54HCT | 74HCT | 54HCT
CONDITIONS TYPES TYPES | TYPES |CONDITIONS TYPES TYPES | TYPES
CHARACTERISTIC UNITS
-40/ -55/ -40/ -55/
o o
v o |Ve| T2°C +e5°Cc | +125°c | v |veo| 125°C +85°C | +125°C
v mA v v v
Min [ Typ |Max | Min [Max | Min [Max Min | Typ |Max | Min |Max | Min |Max
High-Level 2 (15| — | — 15— |15 — 4.5
Input Voltage Vin 45 (315 — | — [|3.15| — [3.15| — — to 2 e 2 — 2 — \
6 [42 | — | — 142 | — 42| — 55
Low-Level 2 | —|—]05|—]05]~—]05 45
Input Voltage Vi 45| — | — |135] — [1.35] — [1.35 — to|{—}|—|08]—108]|— 108 "
6 - | —|18|— |18 — (18 55
High-Level Vi 2 (19| —|— 19| — |19]| — Vi
Output Voitage  Vowu or -002 |45 |44 | — | — |44 | — |44 | — or 45|44 | — | — |44 | — |44 | — \
CMOS Loads Vin 6 |59 —|— 59— [59]|— Viu
Vie Vi
TTL Loads or -4 451398 — | — (384} — {37 | — or 45 398 — | — |384| — |37 | — v
Vin -5.2 6 |548 — | — [6.34| — |52 | — Vin
Low-Level Vi 2| —f|—(01]—]01}|~—]01 Vi
Output Voltage VoL or 002 |45| — | — (01} —]01 | — |01 or 45— | — |01} — 01| — |01 1
CMOS Loads Vin 6 | —|—(01]—{01]— |01 Vin
Vi Vi
TTL Loads or 4 45| — | — |0.26] — 1033} — {04 or 45| — | — 10.26| — {033} — |04 v
Vin 5.2 6 | — | — [0.26] — |0.33] — |04 Vin
Any
Input Leakage Vee Voltage
Current W oor 6 | — | — |roa] = |1 | — |+ B 155 | — | — |rot| — |21 | = |#1]| wa
and
Gnd Gnd
Quiescent Vee Vee
Device Current lcc
or 0 6 | —— |8 |—1{8|— |160 or 56—l —181— |8 |— |160 uA
Gnd Gnd
Additional
Quiescent Device 4.5
Current per Vec-21 | to | — |100|360 | — |450 | — [490 uA
input pin: 55
1 unit load Alec*

* For dual-supply systems theoretical worst case (Vi = 2.4 V, V¢c = 5.5 V) specification is 1.8 mA.
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HCT Input Loading Table

Input Unit Loads*
A0-A3, BO-B3 and (A=B) in 1.5
(A>B) in, (A<B) in 1

*Unit Load is Alcc limit specified in Static Characteristics
Chart, e.g., 360 uA max. @ 25°C.




SWITCHING CHARACTERISTICS (Vcc =5V, Ta 25°C, Input t,, t; = 6 ns)

Technical Data

CD54/74HC85
CD54/74HCT85

TYPICAL
CHARACTERISTIC SYMBOL C. 54/74HC 54/74HCT UNITS
(pF)
Propagation Delay 15
An, Bn to (A>B)out, (A<B)out 16 15 ns
An, Bn to (A=B) out teLn 14 17 ns
(A>B)in,(A<B),in (A=B)in to terL
(A>B)out,(A<B)out 1" 12 ns
(A=B).in to (A=B)out 9 13 ns
Power Dissipation Capacitance* Cro — 24 26 pF
*Cro is used to determine the dynamic power consumption, per package..
Po=Vcc2fi (Cep+Co) where: fi=input frequency
C.=output load capacitance
Vec=supply voltage
SWITCHING CHARACTERISTICS (C. = 50 pF, Input t., t = 6 ns)
TEST LIMITS
CONDITION 25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC Vee HC HCT 74HC 74HCT 54HC 54HCT |UNITS
v Min | Max | Min |Max | Min | Max | Min | Max | Min | Max | Min | Max
Propagation Delay  ten 2 — |19 | = |—]—|246| — | — | — |295| — | —
An, Bn to (A>B)out, ten 4.5 — |39 | — |37 ]| — |47 | — | 46 | — | 59 | — | 56 ns
(A<B)out — |8 | -] —|142|—=|—=—]—150]|—|—
— |17 — | —|— 240 — | — | — |266| — | —
An, Bn to 4.5 — |36 | — |40 | — |44 | — [B50] — | 83| — | 60 ns
(A=B)out -1 |—-|—-]—-—137 | —|—=—]|—14 ]| — | —
(A>B)in, (A<B)in, — |40 - |[—= | =175 — | — ]| — 210 — | —
(A=B)in to 4.5 — |28 | — |30 | — |3 | — |38 | — 42| — | 45 ns
(A>B)out, (A<B)out 6 — 24| -|—-—]—-—13|—|—]|—1]|3]|—|—
2 - |10 —- | —-|—|180| — | — | — |180 | — | —
(A=B)in to (A=B)out 4.5 — |24 | — |31 | — ]3| — |39 ]| — |36 | — |47 ns
el L e e e I e e e L I e
Output trn — |7 —=] =] —19|— — — |10 — | —
Transition tri 4.5 — |15 | - |15 ]| =119 —]19 ]| —=]22]| — | 22 ns
Time 6 - |3 —-|—-|—-—({16|—}|—|—|19]—=]|— —
