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DATA CLASSIFICATION

Product Preview

This heading on a data sheet indicates that the device is in the formative
stages or in design (under development). The disclaimer at the bottom
of the first page reads: “This document contains information on a product
under development. Motorola reserves the right to change or discontinue
this product without notice.”

Advance Information

This heading on a data sheet indicates that the device is in sampling, pre-
production, or first production stages. The disclaimer at the bottom of
the first page reads: ‘“This document contains information on a new
product. Specifications and information herein are subject to change with-
out notice.”

Fully Released

A fully released data sheet contains neither a classificaiton heading nor
a disclaimer at the bottom of the first page. This document contains
information on a product in full production. Guaranteed limits will not be
changed without written notice to your local Motorola Semiconductor
Sales Office.
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Technical Information Center

This book presents technical data for the broad line of High-Speed
Logic integrated circuits. Complete specifications are provided in the
form of data sheets. In addition, a comprehensive Function Selector
Guide and a Design Considerations chapter have been included to
familiarize the user with these logic circuits.

Motorola reserves the right to make changes without further
notice to any products herein to improve reliability, function or
design. Motorola does not assume any liability arising out of the
application or use of any product or circuit described herein; neither
does it convey any license under its patent rights nor the rights of
others. Motorola products are not authorized for use as compo-
nents in life support devices or systems intended for surgical
implant into the body or intended to support or sustain life. Buyer
agrees to notify Motorola if any such intended end use whereupon
Motorola shall determine availability and suitability of its product
or products for the use intended. Motorola and ® are registered
trademarks of Motorola, Inc. Motorola, Inc. is an Equal Employ-
ment Opportunity/Affirmative Action Employer.
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Printed in U.S.A. “All Rights Reserved”

MOTOROLA HIGH-SPEED CMOS LOGIC DATA



9-Wide and Nine-Wide are trademarks of Motorola Inc.

L
MOTOROLA HIGH-SPEED CMOS LOGIC DATA



Alphanumeric
Index

A
MOTOROLA HIGH-SPEED CMOS LOGIC DATA

1-1



ALPHANUMERIC INDEX

Device Number Page
n MC54/MC74 Function Number

HCO0A Quad 2-INput NAND Gate . .....covviiin it ine e ianeneaanns 5-2
HCO02A Quad 2-INPUt NOR Gate . .....ovitii ittt ii e e en e nnans 5-5
HCO03 Quad 2-Input NAND Gate with Open-Drain Outputs .................. 5-8
HCO03A Quad 2-Input NAND Gate with Open-Drain Outputs .................. *
HC04 HexX InVerter . ...t i e ettt et ia i 5-12
HCO04A Hex Inverter ... ..ovo ittt it ittt i it it 5-15
HCTO04A Hex Inverter with LSTTL-Compatible Inputs ......................... 5-18
HCU04 Hex Unbuffered Inverter. ...ttt 5-21
HCO8A Quad 2-Input AND Gate ........c.ciiiiii ittt it it e 5-25
HC10 Triple 3-Input NAND Gate. ......coiiiniiin it iiiin i e enns 5-28
HC11 Triple 3-lnput AND Gate . ................ et e a et 5-31
HC14A Hex Schmitt-Trigger Inverter ...........ccoiiiiiiiiniiiieiiieneenn, 5-34
HC20 Dual 4-Input NAND Gate. .. .....ovviitii it iei i iinninnannes 5-38
HC27 Triple 3-INput NOR Gate . .....cviv ittt ittt ettt enanannnens 5-41
HC30 8 INPUtNAND Gate . ....cvti ittt ittt ea et 5-44
HC32A Quad 2-INPUt OR Gate. .. ..ottt iie i it e e e ens 5-47
HC42 T1-of-10 Decoder . ...oviiii i e e s 5-50
HC51 2-Wide, 2-Input/2-Wide, 3-Input AND-NOR Gates .. ..........ovvvuunen 5-54
HC58 2-Wide, 2-Input/2-Wide, 3-Input AND-OR Gates ................ouunn. 5-57
HC73 Dual J-K Flip-Flop with Reset.............coiiiiiiiiiiniinnann, ... 5-60
HC74A Dual D Flip-Flop with Setand Reset...............ccoviiiiiinnnn, 5-64
HCT74A Dual D Flip-Flop with Set and Reset with LSTTL-Compatible Inputs. . ... *
HC75 Dual 2-Bit Transparent Latch . ........... ... o o it 5-68
HC76 Dual J-K Flip-Flop with Setand Reset ....................ooivinnt, 5-72
HC85 4-Bit Magnitude Comparator .........ovriieirinr i ineiaennanns 5-76
HC86 Quad 2-Input Exclusive OR Gate .. ..........ciiiiiininirnnennnen. 5-82
HC107 Dual J-K Flip-Flopwith Reset..............cciiiiiiiiiiiiiinn s 5-85
HC109 Dual J-K Flip-Flop with Setand Reset ...........cvviiiireeerennnnn. 5-89
HC112 Dual J-K Flip-Flop with Setand Reset .............. ... iiiiivnnt, 5-93
HC113 Dual J-K Flip-Flop With Set.......o.uiiiti i iiiii i 5-97
HC123A Dual Retriggerable Monostable Multivibrator with Reset .............. *
HC125A Quad 3-State Noninverting Buffer. ............. ... .. .. o i, 5-101
HC126A Quad 3-State Noninverting Buffer. . ................. .. o oo, 5-101
HC132A Quad 2-Input NAND Gate with Schmitt-Trigger Inputs ................ 5-105
HC133 13-INPUENAND Gate . ..o viie ittt iee st iin i ian i enes 5-109
HC137 1-of-8 Decoder/Demultiplexer with Address Latch .................... 5-112
HC138A 1-0f-8 Decoder/Demultiplexer. .. ...... ..ot iiiiiiiii i 5-117
HCT138A 1-0f-8 Decoder/Demultiplexer with LSTTL-Compatible Inputs .......... *
HC139A Dual 1-of-4 Decoder/Demultiplexer .............ccoviiiiiiiiinnn., 5-121
HC147 Decimal-to-BCD EnCoder. . . ..o oot ii it i e 5-125
HC151 8-Input Date Selector/Multiplexer ............ ittt 5-129
HC153 Dual 4-Input Data Selector/Multiplexer. .......... ..o, 5-134
HC154 1-0f-16 Decoder/Demultiplexer. . ...ttt 5-138
HC157A Quad 2-Input Data Selector/Multiplexer .................coiiiiiiin, 5-143
HC158 Quad 2-Input Inverting Data Selector/Multiplexer..................... 5-147
HC158A Quad 2-Input Inverting Data Selector/Multiplexer..................... *

*Contact Factory for Data Sheet.
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ALPHANUMERIC INDEX

Device Number Page
MC54/MC74 Function Number
HC160 Presettable BCD Counter with Asynchronous Reset................... 5-151
HC161 Presettable 4-Bit Binary Counter with Asynchronous Reset ............ 5-151
HC162 Presettable BCD Counter with Synchronous Reset.................... 5-151
HC163 Presettable 4-Bit Binary Counter with Synchronous Reset ............. 5-151
HC164 8-Bit Serial-Input/Parallel-Output Shift Register. ...................... 5-165
HC165 8-Bit Serial- or Parallel-Input/Serial-Output Shift Register.............. 5-170
HC173 Quad 3-State D Flip-Flop with Common Clock and Reset.............. 5-176
HC174 Hex D Flip-Flop with Common Ciock andReset ...................... 5-181
HC175 Quad D Flip-Flop with Common Clock and Reset..................... 5-185
HC194 4-Bit Bidirectional Universal Shift Register .......................... 5-190
HC195 4-Bit Universal Shift Register.............ciiiiiiiiiiii i, 5-196
HC237 1-of-8 Decoder/Demultiplexer with Address Latch .................... 5-202
HC240A Octal 3-State Inverting Buffer/Line Driver/Line Receiver ............... 5-207
HCT240A Octal 3-State Inverting Buffer/Line Driver/Line Receiver with

LSTTL-Compatible Inputs . ...t 5-211
HC241A Octal 3-State Noninverting Buffer/Line Driver/Line Receiver............ 5-215
HCT241A Octal 3-State Noninverting Buffer/Line Driver/Line Receiver with

LSTTL-Compatible Inputs . ...t 5-219
HC242 Quad 3-State Inverting Bus Transceiver. .. .......c.oivviviieenennnns 5-223
HC244A Octal 3-State Noninverting Buffer/Line Driver/Line Receiver............ 5-228
HCT244A Octal 3-State Noninverting Buffer/Line Driver/Line Receiver with

LSTTL-Compatible Inputs . ...........o it 5-232
HC245A Octal 3-State Noninverting Bus Transceiver ......................... 5-236
HCT245 Octal 3-State Noninverting Bus Transceiver with LSTTL-Compatible

INPULS . o et e 5-240
HC251 8-Input Data Selector/Multiplexer with 3-State Outputs................ 5-244
HC253 Dual 4-Input Data Selector/Multiplexer with 3-State Outputs ........... 5-249
HC257 Quad 2-Input Data Selector/Multiplexer with 3-State Outputs .......... 5-253
HC259 8-Bit Addressable Latch/1-of-8 Decoder ................coiviivian.. 5-258
HC273 Octal D Flip-Flop with Common Clockand Reset..................... 5-263
HC280 9-Bit Odd/Even Parity Generator/Checker............................ 5-268
HC299 8-Bit Bidirectional Universal Shift Register with Parallel /O ......... ... b-273
HC354 8-Input Data Selector/Multiplexer with Data and Address Latches and

3-State OUlPULS. . .. vttt ittt ittt ettt e e e, 5-280
HC365 Hex 3-State Noninverting Buffer with Common Enables............... 5-286
HC366 Hex 3-State Inverting Buffer with Common Enables .................. 5-290
HC367 Hex 3-State Noninverting Buffer with Separate 2-Bit and 4-Bit Sections ... 5-294
HC368 Hex 3-State Inverting Buffer with Separate 2-Bit and 4-Bit Sections.. . ... 5-298
HC373 Octal 3-State Noninverting Transparent Latch........................ 5-302
HCT373A Octal 3-State Noninverting Transparent Latch with

LSTTL-Compatible Inputs . .........ciiiiiii ittt i i in e 5-306
HC374 Octal 3-State Noninverting D Flip-Flop. .........ccoiiiiiiiiiinn.t. 5-310
HCT374A Octal 3-State Noninverting D Flip-Flop with LSTTL-Compatible Inputs... 5-314
HC386 Quad 2-Input Exclusive OR Gate . ........coviiirinnrnnnrnnnennsnns 5-318
HC390 Dual 4-Stage Binary Ripple Counter with +2 and +5 Sections......... 5-321
HC393 Dual 4-Stage Binary Ripple Counter ...............ccoiiiiiinennnnn. . 5-327
HC533 Octal 3-State Inverting Transparent Latch ........................... 5-332

*Contact Factory for Data Sheet.
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ALPHANUMERIC INDEX

Device Number Page
MC54/MC74 Function Number
HCT533 Octal 3-State Inverting Transparent Latch with LSTTL-Compatible

10T 01U 5-336
HC534 Octal 3-State Inverting DFlip-FLOp . ......ooviiiiiii it 5-340
HCT534 Octal 3-State Inverting D Flip-Flop with LSTTL-Compatible Inputs ...... 5-344
4C540 Octal 3-State Inverting Buffer/Line Driver/Line Receiver ............... 5-348
HCT540 Octal 3-State Inverting Buffer/Line Driver/Line Receiver with

LSTTL-Compatible Inputs . .......coiiiiii it iie it 5-352
HC541 Octal 3-State Noninverting Buffer/Line Driver/Line Receiver............ 5-356
HCT541 Octal 3-State Noninverting Buffer/Line Driver/Line Receiver with

LSTTL-Compatible Inputs . .........ciiiiiiiiiii ittt 5-360
HC563 Octal 3-State Inverting Transparent Latch .................ovvvivnnn. 5-364
HC564 Octal 3-State Inverting DFlip-Flop ........coiiiiiiiiiiiiiiinnn., 5-369
HC573 Octal 3-State Noninverting Transparent Latch. ....................... 5-374
HC574 Octal 3-State Noninverting D Flip-Flop. .......... ..., 5-379
HC589 8-Bit Serial- or Parallel-Input/Serial-Output Shift Register with

3-State OQULPUL. . ..o ittt it e e i it it 5-384
HC595A 8-Bit Serial-Input/Serial- or Parallel-Output Shift Register with

Latched 3-State Qutputs ..........coiiiii i i it i e 5-392
HC597 8-Bit Serial- or Parallel-Input/Serial-Output Shift Register with

Input Latch. .. ..o e s 5-399
HC640A Octal 3-State Inverting Bus Transceiver.............coviiiininnnnn.n 5-406
HCT640 Octal 3-State Inverting Bus Transceiver with LSTTL-Compatible

g o 11 3 5-410
HC646 Octal 3-State Noninverting Bus Transceiver and D Flip-Flop ........... 5-414
HC648 Octal 3-State Inverting Bus Transceiver and D Flip-Flop ............... 5-414
HC688 8-Bit Equality Comparator. . .....oviitin ittt 5-425
HC4002 Dual 4-Input NOR Gate . ......coviiiin ittt ei i 5-429
HC4016 Quad Analog Switch/Multiplexer/Demultiplexer...................... 5-432
HC4017 Decade CoUNTEr ... .v vttt ittt ie e in e tansnnssennneenns 5-441
HC4020 14-Stage Binary Ripple Counter............cco i iniiinnnenns 5-449
HC4024 7-Stage Binary Ripple Counter. ..........coiiiiiiiiiin it 5-454
HC4040 12-Stage Binary Ripple Counter. . .........oiiiiiiiiinniiinn e 5-459
HC4049 Hex Inverting Buffer/Logic-Level Down Converter .................... 5-464
HC4050 Hex Noninverting Buffer/Logic-Level Down Converter................. 5-464
HC4051 8-Channel Analog Multiplexer/Demultiplexer ...............c.ovvvnn. 5-468
HC4052 Dual 4-Channel Analog Multiplexer/Demultiplexer.................... 5-468
HC4053 Triple 2-Channel Analog Multiplexer/Demultiplexer................... 5-468
HC4060 14-Stage Binary Ripple Counter with Oscillator ...................... 5-480
HC4066 Quad Analog Switch/Multiplexer/Demultiplexer...................... 5-488
HC4075 Triple 3-Input OR Gate. .. ... coii it ittt it 5-497
HC4078 8-INpUt NOR/OR Gate. . ....ovi ittt it ei e iin e ens 5-500
HC4316 Quad Analog Switch/Multiplexer/Demultiplexer with Separate Analog

and Digital Power Supplies. .........oiiiiiiiiiii i 5-504
HC4351 8-Channel Analog Multiplexer/Demultiplexer with Address Latch....... 5-513
HC4352 Dual 4-Channel Analog Multiplexer/Demultiplexer with Address Latch .. 5-513

. __________________________________________________________________|
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ALPHANUMERIC INDEX

Device Number Page
MC54/MC74 Function Number n
HC4353 Triple 2-Channel Analog Multiplexer/Demultiplexer with
Address LatCh . .......covuiiii i i e e 5-513
HC4511 BCD-to-Seven-Segment Latch/Decoder/Display Driver................. 5-5625
HC4514 1-0f-16 Decoder/Demultiplexer with Address Latch ................... 5-532
HC4538 Dual Precision Monostable Multivibrator (Retriggerable, Resettable) . ... 5-539
HC7266 Quad 2-Input Exclusive NOR Gate. ........covviiiiinneeiiiinennnen. 5-549

A
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Function
Selector Guide

Subject Page
Buffers/inverters ................... 2-2

Gates. . ....oiiiiii it 2-8

Schmitt Triggers ................... 2-14
Bus Transceivers................... 2-15
Latches......ocvvviiniinininnnnnnns 2-17
Flip-Flops........covvviiiiiiennn.. 2-19

Digital Data Selectors/Multiplexers .. 2-24
Decoders/Demultiplexers/

Display Drivers................... 2-27
Analog Switches/Multiplexers/

Demultiplexers................... 2-31
Shift Registers ..................... 2-35
Counters .........cvvvvivnnnnennnns 2-38

Miscellaneous Devices ............. 2-41
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BUFFERS/INVERTERS

Functional
Devi Functional Equivalent
evice Equivalent CMOS Direct Pi Number
Number Function LSTTL L of
Device Compatibility
MC54/MC74 Device MCIXXXX Pins .
54/74
or CDXXXX
HCo4 Hex Inverter Lso4 *4069 LS/CMOS 14
HCO04A Hex Inverter LS04 *4069 LS/CMOS 14
HCTO04A Hex Inverter with LSTTL-Compatible Inputs LS04 *4069 LS/CMOS 14
HCUo04 Hex Unbuffered Inverter LS04 4069 LS/CMOS 14
2 - HC14A Hex Schmitt-Trigger Inverter LS14 4584 LS/CMOS 14
HC125A Quad 3-State Noninverting Buffer LS125,LS125A LS 14
HC126A Quad 3-State Noninverting Buffer LS126,LS126A LS 14
HC240A Octal 3-State Inverting Buffer/Line Driver/Line Receiver LS240 LS 20
HCT240A | Octal 3-State Inverting Buffer/Line Driver/Line Receiver LS240 LS 20
with LSTTL-Compatible Inputs
HC241A | Octal 3-State Noninverting Buffer/Line Driver/Line LS241 ; Ls 20
Receiver
HCT241A | Octal 3-State Noninverting Buffer/Line Driver/Line LS241 LS 20
Receiver with LSTTL-Compatible Inputs
HC242 Quad 3-State Inverting Bus Transceiver LS242 LS 14
HC244A Octal 3-State Noninverting Buffer/Line Driver/Line LS244 LS 20
Receiver
HCT244A | Octal 3-State Noninverting Buffer/Line Driver/Line LS244 LS 20
Receiver with LSTTL-Compatible Inputs
HC245A Octal 3-State Noninverting Bus Transceiver LS245 LS 20
HCT245 Octal 3-State Noninverting Bus Transceiver with LS245 LS 20
LSTTL-Compatible Inputs
HC365 Hex 3-State Noninverting Buffer with Common Enables | LS365,LS365A LS 16
HC366 Hex 3-State Inverting Buffer with Common Enables LS366,LS366A LS 16
HC367 Hex 3-State Noninverting Buffer with Separate 2-Bit and | LS367,LS367A 4503 LS/CMOS 16
4-Bit Sections
HC368 Hex 3-State Inverting Buffer with Separate 2-Bit and LS368,LS368A LS 16
4-Bit Sections
HC540 Octal 3-State Inverting Buffer/Line Driver/Line Receiver LS540 LS 20
HCT540 Octal 3-State Inverting Buffer/Line Driver/Line Receiver LS540 LS 20
with LSTTL-Compatible Inputs
HC541 Octal 3-State Noninverting Buffer/Line Driver/Line LS541 LS 20
Receiver
HCT541 Octal 3-State Noninverting Buffer/Line Driver/Line LS541 LS 20
Receiver with LSTTL-Compatible Inputs
HCB40A | Octal 3-State Inverting Bus Transceiver LS640 LS 20
HCT640 Octal 3-State Inverting Bus Transceiver with LS640 LS 20
LSTTL-Compatible Inputs
HC4049 Hex Inverting Buffer/Logic-Level Down Converter 4049 CMOS 16
HC4050 Hex Noninverting Buffer/Logic-Level Down Converter 4050 CMOS 16

S
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BUFFERS/INVERTERS (Continued)

HC Devices Have CMOS-Compatible inputs. HCT Devices Have LSTTL-Combpatible Inputs.

HC HC HC HC
Device HCT HCU HC HC HC HCT HCT HC HCT
04,A 04 14,A 125,A | 126,A | 240,A | 241A 242 244 A
# Pins 14 14 14 14 14 20 20 14 20
Quad Device . . .
Hex Device . . .
Octal Device . . .
Nine-Wide Device '
Noninverting Outputs . . . .
inverting Outputs . . . . .
Single Stage (unbuffered) .
Schmitt Trigger .
3-State Outputs . . . . .
Open-Drain Outputs
Common Output Enables . . . .
Active-Low Output Enables . . . . .
Active-High Output Enables . . .
Separate 4-Bit Sections . . o
Separate 2-Bit and 4-Bit Sections
Transceiver ¢
Direction Control
Logic-Level Down Converter

O T O
' MOTOROLA HIGH-SPEED CMOS LOGIC DATA

2-3



Noninverting Outputs . . . .
2 Inverting Outputs . . . .
Single Stage (unbuffered)

BUFFERS/INVERTERS (Continued)

HC Devices Have CMOS-Compatible Inputs. HCT Devices Have LSTTL-Compatible inputs.

HC HC HC HC
Device HCT HC HC HC HC HCT HCT HCT
245,A 365 366 367 368 540 541 640,A
# Pins 20 16 16 16 16 20 20 20
Quad Device
Hex Device 4 . . .
Octal Device . . . .
Nine-Wide Device

Schmitt Trigger

3-State Outputs [ . . . . ° . .
Open-Drain Outputs

Common Output Enables . . . ° . .
Active-Low Output Enables i . . . . . . .
Active-High Output Enables

Separate 4-Bit Sections

Separate 2-Bit and 4-Bit Sections i .

Transceiver . B
Direction Control ° °

Logic-Level Down Converter

HC Devices Have CMOS-Compatible inputs.
HCT Devices Have LSTTL-Compatible Inputs.

Device HC HC
4049 4050

# Pins 16 16
Quad Device
Hex Device . .
Octal Device
Nine-Wide Device
Noninverting Outputs .
Inverting Outputs .
Single Stage (unbuffered)
Schmitt Trigger
3-State Outputs

Open-Drain Outputs

Common Output Enables
Active-Low Output Enables
Active-High Output Enables
Separate 4-Bit Sections

Separate 2-Bit and 4-Bit Sections

Transceiver
Direction Control

Logic-Level Down Converter . .

-
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BUFFERS/INVERTERS (Continued)

HCo4 HC14A
HCO04A
HCTO4A M —" D»——z n
HCU04 AL > o2y
3 4
A2 —(>)—y2
»” 3——{>0—4— v
5 6
a3 S5 l > o—08 v A3 ——{éo— 3 )
. Y=
Y=% . A
I B—{>o—ﬂ va M —@oL va
no S 1 9
AS——-—[)O———-VS s T >0 v
13 12
A6 ¥
UL 2
PIN 14=Vgg o 1ot
- N 14=Vgg
PIN 7= GND Pl
HC125A HC126A
n—2= S—- a2 LI
OE1 ! 0E1 !
n2 —2 E v n b I
o2 —2 o2 —4
A3 g L] Y3 2 9 8 v
o3 — 10 op3 —2
o —12 L e —2 Uy
ogg —12 ogg —12
PIN 14=Vgg PIN 14=Vgg
PIN 7=GND PIN 7=GND
HC240A ) " HC241A
HCT240A ( & w HCT241A _ ,, 2 I/:L LI,
4
4 16
s —.:i So— W T
J a2 > 16 a2
6 14
" ’@rﬁ 3 =
J nt > L
8 } ° 12 P
YRR - m an
a2 12 ypa
DATA INVERTING 1
INPUTS 1 9 OUTPUTS DATA NONINVERTING
81 v81 INPUTS " 0 oUTPUTS
81 ¥81
1%
13 E 7
82 ¥82 !
g2 12 LR
83 12 5@ 5 ve3 [ 4
L 5 s
7 E 3
84 Y84 o FJTI " e
1
ENABLE A 1
uTPUT PIN 20 =Vgg
ENABLES {mmss LU PIN 10= GND outpur JENABLEA = PN 20=Vgg
ENABLES | ENABLE B PIN 10=GND
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BUFFERS/INVERTERS (Continued)

HC242 HC244A , [TU ®
HCT244A ( 1> a1
«m
1] Lt 51 a2 > 18 ya2
GT
] - 14
4 10 A 1> ¥A3
A A2 —t—i st B2 o p
DATA DATA a2 l/:L 12 yag
PORT 5 9 PORT DATA NONINVERTING
A3 = 83 INPUTS " N . ouTPUTS
Bl 1> V81
: : G
A4 —a—y [t B4 13
B2 ¥82
L L
83 2 5 ves
1__T 1 N 3
ouThUT { ATOB ENABLE B { > v84
ENABLES | g.70.5 enapLe —2
PIN 14=Vgg
PIN 7=GND
PINS 2, 12=NO CONNECTION outpur J ENABLE A ” PIN 20=Vgg
ENABLES | ENABLE B PIN 10 =GND
HC245A HC365

PORT | A5 —»—85 | PORT

—9—0— o —
mnscmu'—————-l i a5 8 18y
ouTeUT ENABLE -
PIN 20.= Vg QUTPUT EMABLE 1 L N 18=Vgg
PIN 10=GND QUTPUT ENABLE 2 plagalpt

nu
$_s_
Aa-‘*-)— [ B3
A 5 15 B 8 7
oama | M " Lo A2 Y2
R
B n

HC366 HC367
i -2 __.&_lm
st @"'_3“"’ JYpe— q g-—f—n
4 5
M :ﬁo——n ot f El "
8 E 7
A2 =] Y2
a3 i :| 5—“ v
A,ﬂ__:&@_@“
pa 12 Ly
,4_1.2__'__{$°J.,,,
o] 13 e hBiys
[LELR ¥
1
1 QUTPUT ENABLE 1
OUTPUT ENABLE 1 PIN 16 =Vgg _°D—
QUTPUT ENABLE 218'— PIN 8= GND PIN 18=Vgg

QUTPUT ENABLE 2 _‘.5.4>._____‘ PIN 8= GND

L
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BUFFERS/INVERTERS (Continued)

HC540

HC368
HCT540

<
3

-

L
gﬂx@:@xﬁxﬁ

A4 Y4
10 DATA INVERTING
R " e B 1w [ oureuts
5 Y5
a2 Y4 7 1 13
L —— v8
a5 4 LI 8 1 12
A7 v
1 9 1 1"
OUTPUT ENABLE 1 A8 ¥8
PIN 16=Vgg 1
OUTPUT ENABLE 2 —'a—c.{>———— PIN 8=GND E‘mﬁ; 32 PIN 20 =Vge
18 PIN 10 =GND
HC541 HC640A
HCT541 HCT640
2 l/\ LI |
3 I N 17
A2 1 2 2 18
Al ] 81
. j 1 3 17
A2 ] e>—n
A3 —1 Y3 4 16
p A3 ——>— —a—>—"p3
5 15 A 5 L 8
m va M ——t—p—] B4
1% DATA 3 14 DATA
DATA p NONINVERTING poRT | A5 ———] (-85 | popr
INPUTS 6 P N 14 UTPUTS s 13 gg
A5 1P ¥5 ——— |
8 12
[ YR |——p—— B7
7 P FI 13 g N g
A6 Y6 78-S ] e
4 oRECTION L T
8 2 19
A7 1> v QUTPUT ENABLE
g '—_Fk 1" PIN 20 =Vgg
8 — > Y8 PIN 10 =GND
1
oUTPUT om:@_
ENABLES | ez PIN 20-Vgg
PIN 10~GND
HC4049 HC4050

F
3

i
iy

=<
S
=
a3

n v2 n v
U AL ad 0y
[YRL 2y L 2_y,
Y] B 7! 5.
P 8- 54 o

FIN 8= GND

PINS 13, 18=NO CONNECTION

PINS 13, 16=NO CONNECTION
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n Functional Functional

GATES

. Equivalent
I\Iliievlce . Equivalent CMOS Direct Pin Number
umber Function LSTTL . N of
MC54/MC74 Device Device | Compatibility | p;pg

54/74 MCIXXXX

or CDXXXX
HCO0A Quad 2-Input NAND Gate LS00 4011 Ls 14
HCO02A Quad 2-Input NOR Gate LS02 4001 LS 14
HC03 Quad 2-Input NAND Gate with Open-Drain Outputs LS03 *4011 LS 14
HCO8A Quad 2-Input AND Gate LS08 4081 LS 14
HC10 Triple 3-Input NAND Gate LS10 4023 LS 14
HC11 Triple 3-Input AND Gate Ls11 4073 LS 14
HC20 Dual 4-Input NAND Gate LS20 4012 LS 14
HC27 Triple 3-Input NOR Gate LS27 4025 LS 14
HC30 8-Input NAND Gate LS30 4068 Ls 14
HC32A Quad 2-Input OR Gate LS32 4071 LS 14
HC51 2-Wide, 2-Input/2-Wide, 3-Input AND-NOR Gates LS51 *4506 LS 14
*HC58 2-Wide, 2-Input/2-Wide, 3-Input AND-OR Gates *4506 14
HC86 Quad 2-Input Exclusive OR Gate LS86 4070 LS 14
HC132A Quad 2-Input NAND Gate with Schmitt-Trigger Inputs LS132 4093 LS 14
HC133 13-input NAND Gate LS133 LS 16
HC386 Quad 2-Input Exclusive OR Gate LS386 4070 LS/CMOS 14
HC4002 Dual 4-Input NOR Gate *LS25 4002 CMOSs 14
HC4075 Triple 3-Input OR Gate 4075 CMOs 14
HC4078 8-Input NOR/OR Gate 4078 CMOSs 14
*HC7266 | Quad 2-Input Exclusive NOR Gate *LS266 4077 LS/CMOS 14

*Suggested alternative
*Exclusive High-Speed CMOS design

S e SV PR
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GATES (Continued)

HC Devices Have CMOS-Compatible Inputs.

HC HC HC HC HC HC HC HC HC HC
00A 02A 03 08A 10 1 20 27 30 32A

# Pins 14 14 14 14 14 14 14 14 14 14

Single Device .
Dual Device .

Triple Device . . .
Quad Device . . . . .

NAND . o . . .
NOR N .
AND . .
OR .

Exclusive OR
Exclusive NOR
AND-NOR
AND-OR

2-lnput . . . . .
3-Input . . .
4-Input .
8-Input .
13-Input

Device

Schmitt-Trigger Inputs

Open-Drain Outputs .

HC Devices Have CMOS-Compatible Inputs.

HC HC HC HC HC HC HC HC HC HC
51 58 86 132A 133 386 4002 4075 4078 7266

# Pins 14 14 14 14 16 14 14 14 14 14

Single Device . .
Dual Device . . .
Triple Device .
Quad Device . . . .

NAND . .
NOR . .
AND
OR . L]

Exclusive OR . .
Exclusive NOR .
AND-NOR .
AND-OR .

24nput L] L] L] L] . .
3-Input . . .

4-Input .

8-Input .
13-Input .

Schmitt-Trigger Inputs .

Device

Open-Drain Outputs
These devices are identical in function and are different in pinout only: HC86 and HC386

e N R S
MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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GATES (Continued)

L
HCO0A HC02A
1
M s 2
) " LI
81 ol
4
A2 s L
5 v 4y
B2 a2
. =% Y=178
" "
N £y 0,
B3 5 2
12 1
M u e
v 13
13 12 s
84 84
PIN 14=Vgg PIN 14=Vgp
PIN 7=GND PIN 7=6ND
T Hco3 HCO08A
a -t 3
vee 2 n
81
ouTRUT
PROTECTION, b
oot J3sen . 8\
82
Y=m8
rym B
N 5]
83
PIN 14=Vgg 12
PIN 7=GND A "
13 Y
B
*Denotes open-drain outputs.
PIN 14=Vgg
PIN 7=GND
HC10 HC11
A=l
2 12 "L
81 n 7 12
81 55 n
I ¢t
-2
B2 -4 5 . " ]
2 Y=R8C 82 ‘; Y2 Y=ASC
5 2
2
a2 .
Y] s
312 LIN% 8312 v
" 2]
3
PIN 14=V¢g PIN 14=Vgg
PIN 7=6ND PIN 7=GND

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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GATES (Continued)

HC20 HC27
1
M
B1 13 12 Y1
o
M
B1
C1— a3
12 02—t §.v2  v=F7EFC
2
A2—
B2
21
2
PIN 14=Vgg A3
PIN 7= GND 83 —2 8 v3
PINS 3, 11 =NO CONNECTION ]
PIN 14=Vgg
PIN 7= GND
HC30 HC32A
1
M
Bl
A
B 4
02 L 6
4 55 v
[}
¢ 5 8y ¥ = RBCOEFGH ’
. N Y=A+8B
JT] A3 8
12 0 v3
H 83
PIN 14 =Vgg
PIN 7= GND a2 1
PINS 9, 10, 13=NO CONNECTION I Ny
B4
PIN14 = Vg
PIN 7 = GND
HC51 HC58
p— At
B1 2 gy 12
o3 ] ST .
9 v 9 ¥i
L V1 =RTSBTSCTI+ DISETFT] o ¥1= (A10B1eC1) + (D1oE1oF1)
10 10
£l 3
pr pr L
prpm: a2
82 =2 23
v £ v
02 =2 Y2=AZB2 ¥ (C2°02) 2 Y2=(A20B2) + (C29D2)
02 - D2
PIN 14=Vgg PIN 14=Vgg
PIN'7 = GND PIN 7= GND

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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GATES (Continued)

1
HC86 HC132A »
"
812
1
Al 3
n L]
B’I)D_ .
2
n— 5 v 5
B2 82
Y=AeB V=18
0 =AB+AB 9 -
A3 8 vy A3
a310
3
a2 oy, 2310
R a3
12
PIN 14=Vgg e
PIN 7=
N 7= GND va
g3
PIN 14=Vgg
PIN 7=GND
HC133 HC386
4 =t r
8 ——| Al .
¢ 3 812
4
5
0 5 A2 4
E ]
-] B2 Y=AeB
[] =AB+78
6 7 :}_9__,, A3 10
10
H T‘ B3 L]
| — -
" ¥ = AeBeCeDoEF nM1Z 1
4] 13
(13 B4
14
L= PIN 14=vgg
M PIN 7= GND
PIN 18=Vgc
PIN 8=GND
HC4002 HC4075
a1
B1 2 g A2
m
g oL
L
GE 3
0k a2
Y=A+B+C+D 4 6
2l B2 2 Y=A+B+C
10
B2
1 vz w2t
c2
0212
a3l
PIN 14=V¢g
PIN 7= GND B3 12 1 Y3
PINS 6, 8=NO CONNECTION
318
PIN 14=Vg¢
PIN 7=GND

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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GATES (Continued)

HC4078 HC7266

Y3
B3 9
Y=A+B+C+D+E+F+G+A A —2 "
X=A+B+C+D+E+F+G+H 8 13 Y4
PIN 14=Vgg
PIN 7=GND
PINS 8, 8=NO CONNECTION PIN 14=V¢¢
PIN 7=GND

.
MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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SCHMITT TRIGGERS

. Functional
Functional Equivalent
Device Equivalent q " " Number
. CcMOs Direct Pin
Number Function LSTTL . of
N Device Compatibility "
MC54/MC74 Device Pins
54/74 MCIXXXX
or CDXXXX
HC14A Hex Schmitt-Trigger Inverter LS14 4584 LS/CMOS 14
HC132A Quad 2-Input NAND Gate with Schmitt-Trigger Inputs LS132 4093 LS 14
HC14A HC132A

V=18

ag 12 12
PIN 14=Vgg
PIN 7 = GND

PIN 14=Vgg
PIN 7= GND

|
MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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BUS TRANSCEIVERS

. Functional
Functional .
Device Equivalent Equivalent Number
N . CMOSs Direct Pin
umber Function LSTTL Device Compatibilit of
MC54/MC74 Device M P Y| Pins
54/74 ICIXXXX
or CDXXXX
HC242 Quad 3-State Inverting Bus Transceiver LS242 LS 14
HC245A Octal 3-State Noninverting Bus Transceiver LS245 is 20
HCT245 Octal 3-State Noninverting Bus Transceiver with LS245 LS 20
LSTTL-Compatible Inputs
HC640A Octal 3-State Inverting Bus Transceiver LS640 LS 20
HCT640 Octal 3-State Inverting Bus Transceiver with LS640 LS 20
LSTTL-Compatible Inputs
HC646 Octal 3-State Noninverting Bus Transceiver and LS646 LS 24
D Flip-Flop .
HC648 Octal 3-State Inverting Bus Transceiver and D Flip-Flop LS648 LS . 24

HC Devices Have CMOS-Compatible Inputs. HCT Devices Have LSTTL-Compatible Inputs.

HC HC
Device HC HCT HCT HC HC
242 245A | 640,A 646 648

# Pins 14 20 20 24 24
Quad Device .
Octal Device . . . .
Buffer . . .
Storage Capability . .
Inverting Outputs . . .
Noninverting Outputs . .
Common Output Enable 4 . . . .
Active-Low Output Enable . . . * b
Active-High Output Enable .
Direction Control . . . .

I .
MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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BUS TRANSCEIVERS (Continued)

HC242 HC245A
HCT245
3 1
A~y [y B 1
[IE - —elip
. 0 12— 'L g
A | e [~ B2 8 . 13— 18 g3
fra DATA P e [
PORT
23 L] | 53 PORT A5:«->——- 255 [ port
e L
[} 8 D 257
Ay ] I B4 Aa9 > | | 88
]
DIRECTION
. I ouTPUT ENABLE 2
F— { ATOB ENABLE
ENABLES | g.10. enaple 13— P20 = b
PIN 14=Vgg
PIN 7=GND
HC242-INVERTING OUTPUTS
HC243—-NONINVERTING OUTPUTS PINS 2, 12=NO CONNECTION
HC640A HC646
HCT640 HC648
.
4 20
A~ DIETRG
A1%<—>— Fe—2 g
“—;—-‘-»— —4—%9, o | e 4-»%:12 R
A2 ——t——]| |3 S reid DT N
4 16 poRT | A4y e84 [ eorr
3 ————] 153 252 >15 g5
A 5 15
wnl M ~ 0t ,‘;m 2610 >4 g
poRT | A5 ———] —e—>—285 | poar [YALE A le12g7
A6-—7—<—>— —4—»1—3 B6 2
[y | «tlpr | * OUTPUT ENABLE -——j3
QTR | 88 DIRECTION ————
[ — fupsLop [ AT08 cLock ———
outPuTENABLESS __] cLocks | o4 cLock —22—
_ DATA-SOURCE ( 7.70.8 SOURCE — 2]
PIN 20 = Vo SELECTION 2
PIN 10=GND wputs | B-T0A SOURCE —=———  PIN 24 =V
PIN 12=GND

L
MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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LATCHES

Functional Functional
Device Equivalent Equivalent Number
. CMOS Direct Pin
Number Function LSTTL N . of
. Device Compatibility
MC54/MC74 Device Pins
54/74 MC1IXXXX
or CDXXXX
HC75 Dual 2-Bit Transparent Latch LS75 LS 16
HC259 8-Bit Addressable Latch/1-of-8 Decoder LS259 LS 16
HC373 Octal 3-State Noninverting Transparent Latch LS373,LS573 LS373 20
HCT373A | Octal 3-State Noninverting Transparent Latch with LS373,LS573 LS373 20
LSTTL-Compatible Inputs
HC533 Octal 3-State Inverting Transparent Latch LS533,LS563 LS533 20
HCT533 Octal 3-State Inverting Transparent Latch with LS533,L5563 LS533 20
LSTTL-Compatible Inputs
HC563 Octal 3-State Inverting Transparent Latch LS533,L5563 LS563 20
HC573 Octal 3-State Noninverting Transparent Latch LS373,LS573 LS573 20
HC Devices Have CMOS-Compatible Inputs. HCT Devices Have LSTTL-Compatible Inputs.
HC HC
Device HC HC HCT HCT HC HC
75 259 373,A 533 563 573
# Pins 16 16 20 20 20 20
Single Device .
Dual Device .
Octal Device . . . .
Number of Bits Controlled by Latch Enable:
2 .
8 . . [ .
Transparent L . L . .
Addressable .
Readback Capabillity
Noninverting Outputs . . . .
Inverting Outputs . . .
Common Latch Enable, Active-Low . ° M ° °
3-State Outputs . . . .
Common Output Enable, Active-Low M * ° M

These devices are identical in function and are different in pinout only: HC/HCT373 and HC573
HC/HCT533 and HC563

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
2-17



LATCHES (Continued)

HC75 HC259
2.8 16,10 0 o
DATA 00 — —— a0 ADDRESS 2] 1 § a
3,7 11— INPUTS
wts | g 214 o L ® 3 {60
TRANSPARENT |15 9. g L 03 | omwverTiv
LATCH 4.8 o | 204 [ outruts
13 10
DATA IN = 05
1 g
H2 o7
Latch 134
ENABLE nssng——-——? ]
N 5=Vgg ENABLE
PIN 12=6ND PIN 18=Vgg
PIN 8= GND
HC373 HC533
HCT373A HCT533
p0—2 2 0 00— o2
4 5 g o—24 o
021 6 o n2—1| o0
8 9
oata | 03— 203 | nowmverming DATA | D3I—— P—03 | iverTinG
weuTs | pg—13 1200 f outeuts INPUTS | pg—13 D24 [ oureuts
T 115 g os—14 05
Y, 165 po—1, ST
07 18 19 o U7—-ﬁ Oim
LATCH ENABLE”—T waTos st —L-
QUTPUT ENABLE— OUTPUT ENABLE—
PIN 20=Vce PIN 20 =V
PIN 10=6ND PIN 10~ GHD
HC563 HC573
002 LI 00— 2
o1 b8 g 01— 18_ g
7
02— b1l 24 I g2
onma | 032 b8 a5 | wyertive oara | 03— S a3 | nowwverivg
NPUTS | pg 8 o—15_qq fourputs weuts | pg—5 |16 g | OuTPUTS
o5 —1 b14_gs 05— o
06 —2— b3 g6 s—2] 3 g5
-2 S 07— 2
LATCH _11 wien_11 Y
ENABLE PIN 20=Vgg ENABLE PIN 20 = Vg
OUTPUT _1 PIN 10=GND ouTPUT _1 PIN 10 =GND
ENABLE ENABLE

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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FLIP-FLOPS

Functional
Device :::fvt:::: Equivalent Number
N : CMOSs Direct Pin
umber Function LSTTL Device Compatibility of
MC54/MC74 Device P Pins
54/74 MC1XXXX
or CDXXXX
HC73 Dual J-K Flip-Flop with Reset LS73,LS73A, *4027 LS73, 14
LS107,LS107A LS73A
HC74A Dual D Flip-Flop with Set and Reset LS74,LS74A *4013 LS 14
HC76 Dual J-K Flip-Flop with Set and Reset LS76,LS76A, *4027 LS76, 16
LS112,LS112A LS76A
HC107 Dual J-K Flip-FLop with Reset LS73,LS73A, *4027 LS107, 14
LS107,LS107A LS107A
HC109 Dual J-K with Set and Reset LS109,LS109A | *4027 LS 16
HC112 Dual J-K Flip-Flop with Set and Reset LS76,LS76A, *4027 LS112, 16
LS112,LS112A LS112A
HC113 Dual J-K Flip-Flop with Set LS113,LS113A|  *4027 LS 14
HC173 Quad 3-State D Flip-Flop with Common Clock and Reset | LS173,LS173A 4076 LS/CMOS 16
HC174 Hex D Flip-Flop with Common Clock and Reset LS174 4174 LS/CMOS 16
HC175 Quad D Flip-Flop with Common Clock and Reset LS175 4175 LS/CMOS 16
HC273 Octal D Flip-Flop with Common Clock and Reset LS273 LS 20
HC374 Octal 3-State Noninverting D Flip-Flop LS374,LS574 LS374 20
HCT374 | Octal 3-State Noninverting D Flip-Flop with LS374,LS574 1LS374 20
LSTTL-Compatible Inputs
HC534 Octal 3-State Inverting D Flip-Flop LS534,L.5564 LS534 20
HCT534 | Octal 3-State Inverting D Flip-Flop with LS534,L5564 LS534 20
LSTTL-Compatible Inputs
HC564 Octal 3-State Inverting D Flip-Flop LS534,L.S564 LS564 20
HC574 Octal 3-State Noninverting D Flip-Flop LS374,LS574 LS574 20
HC646 Octal 3-State Noninverting Bus Transceiver and LS646 LS 24
D Flip-Flop
HC648 Octal 3-State Inverting Bus Transceiver and D Flip-Flop LS648 LS 24
*Suggested alternative

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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Common Clock
2 Negative-Transition Clocking . . . . .
Positive-Transition Clocking . . . . .
.

FLIP-FLOPS (Continued)

HC Devices Have CMOS-Compatible Inputs. HCT Devices Have LSTTL-Compatible Inputs.
HC HC HC HC HC HC HC HC HC HC

Device 73 | 74 | 76 | 107 | 100 | 112 | 113 | 173 | 7 | 75
# Pins 14 14 16 14 16 16 14 16 16 16
Type J-K D JK | JK | JK | JK | JK D D D
Dual Device . 0 . . . . .
Quad Device . .
Hex Device .

Octal Device

Common, Active-Low Data Enables

Noninverting Outputs . . . . . 0 . . . .
Inverting Outputs . . . . . . . .
3-State Outputs : °

Common, Active-Low Output Enables .

Common Reset . . .
Active-Low Reset . . . . . . . .
Active-High Reset .

Active-Low Set 3 . . ° .

Transceiver

Direction Control

HC Devices Have CMOS-Compatible Inputs. HCT Devices Have LSTTL-Compatible inputs.

HC HC
Device HC HCT | HCT HC HC HC HC
273 374A | 534 564 574 646 648

# Pins 20 20 20 20 20 24 24
Type D D D D D D D
Dual Device
Quad Device
Hex Device
Octal Device . . . . . . .
Common Clock . . . . . . °
Negative-Transition Clocking
Positive-Transition Clocking . . . . . . .
Common, Active-Low Data Enables
Noninverting Outputs . . . .
Inverting Outputs . . .
3-State Outputs . . . . . .
Common, Active-Low Output Enables . . . . . .
Common Reset .
Active-Low Reset .
Active-High Reset
Active-Low Set
Transceiver . .
Direction Control . .

These devices are identical in function and are different in pinout only: HC73 and HC107
HC76 and HC112
HC374 and HC574
HC534 and HC564

S D S P TSI
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FLIP-FLOPS (Continued)

HC73 HC74A
Reseﬂﬁ1
n—4] ) 5
2o Data 1 —2— L2 o1
Clock 1—cp>
13
b——a1 3 6
K1—2 Clock 1——> a0
oset1— 21 set1t T
C 13
p—a Reset2
&2 ls o E—
clock 2—2-cp> Data2—12 S
8
az
Ko—10 ]
1 8
Clock 2 —— | 8
Hesetz—s—T ock 2 D o
Pin4=Vce Set2 _10_..__?
Pin 11=GND \ .
Pin 7=GND
HC76 HC107
Se(lz—l !
16 15 5 3
k1 —— al Qi
1 Clcck1——12-&>
Clock 1 ——C> . L2 &
4 - K1
J1 —q 1

3 Y Reset 1 ——E——T
Reset 1
Set2 -———77 s
J2 ——l

12 11

K2 — Q2 . Q2
6 Clock 2 ——CP
Clock 2 =——Cp 1 6 o
K2 =i
22 19 &5 o g
8 T Reset 2
Reset 2 Pin 14 =Vce
Pin6=Vcc Pin7 = GND
Pin 13=GND
HC109 HC112
4
5 Set1 ——_J
Set1 -—1
K1 2 5 a1
R’ & ar
1
Clock 1 —4——> Clock 1 ——CP>
=2 e n2 L a1
Reset 1 —1——-5’ Reset 1 15____3
11 10
Set2 Set2
R
% 13 L) k2 2] 9w
12
Clock 2 P Clock 2 —-013 >
52 .L‘ ....9.._02 2 " 7 @
16
Reset2 —————T Reset 2 14 |
Pin 16=Vce Pin 16 =Vce
Pin 8=GND Pin 8 =GND

L ]
MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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FLIP-FLOPS (Continued)

HC113 HC173
3
J1—] 5 o po—2] 13 o
13 4 -
Clock 1——b pata ) P74 e Noiii\‘/?‘e‘:in
6 Inputs DzL __5..02 N
2 a1 I o Outputs
K1 D3—rf —Q3
7
Set 1
1 Clock—L—
J2 9
Q2
13
Clock 2——ap> . pate-  { pET—2
12 a2 Enables | DE2
K2
10 Y Resel—ls_————
Set2 1
Output 051@—_
Pin 14=Vcc Enables | OE2
Pin 7=GND
Pin 16= Ve
Pin 8 = GND
HC174 HC175
D0‘ 3 2 Qo
o A 5 Clock—2—b -0
6 7 [~~—>—0Q0
Data D2 Q2 | Noninverting bl
Inputs |y M 0 a3 Outputs po—4 6 & inverting
13 12 5 10 and
D4 7 5 Q4 Data § D1 ——— n Q2 | Noninverting
D5 a5 Inputs | oy 12 52| Outeuts
Q3
D32 143
2 T
Clock  ———p> Reset—-L
Pin 16=Vcc
Pin 8=GND
Reset L
Pin 16=Vcc
Pin 8=GND
HC273 HC374
HCT374A
oo 3 —2 a0 3 2
4 5 00— =—a0
D1 —— Q1 4 5
7 6 D1— Q1
p2 g Q2 p2— S
8 9 = "—"
Data D3 Q3 | Noninverting 8 9 i verti
Inputs o B 12 o, f Outputs Data D3-——1-3— —-1;-—03 Noninverting
14 15 Inputs D4 ] Q4 Outputs
D5 = — Q5 14 15
17 16 D5——— ——Q5
D6 — = Q6 17 16
18 19 D6 ] L6 _ o6
D7 ———— Q7 18 19
D7— P—0Q7
1
Clock 1—3> Clock——
Reset 1————? QOutput Enable
Pin 20=V¢e Pin 20=V¢e
Pin 10= GND Pin 10= GND

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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FLIP-FLOPS (Continued)

HC534 HC564
HCT534
00— P—z uu 00— LI
n—4 o2 01— LI
02—11 bt a 2 17
8 9 5
oata J 03— P03 | iverTiNG DATA J 03— o 03 INVERTING
ineuts | pg—13 D2 qa | outruts NPUTS § g —8 | b5 g4 [ outeuts
1 15 :
05—7 O?us 05 14 pL Qs
ps—4 o6 06 —— LLEP
0718 18 o7 2
¢ " 07 — p——
CLOCK——>
1
cLock D
1 N PIN 20=Vg¢
. QUTPUT ENABLE PIN 10=GND
QUTPUT ENABLE
PIN 20 =Vgg
PIN 10 = GND
HCs74 HCG46
HC648
4 20
19 A ——e—] e
—w— a Al ] |e—51
a . AZ%-D—‘ | SSTL Y .
<> 17
i 2 DATA A 8 «> 16 83 DATA
18 poRT | Mg 5 54| poar
DATA F——103 | NONINVERTING A5 le>—15 g5
INPUTS 118 o [ oureus 150 14 e
" [YRLE L1327
b——— 05 A
13 T
P 8 QUTPUT ENABLE —2
[—— a7 ORECTION —
fupFLop [ ATOB CLOCK —L
cLocks | 1o cLock —22
::: fg:gﬁ% DATA-SOURCE  A.70.8 SOURCE 2
’ = SELECTION
QUTPUT ENABLE mrurs{ 8704 SOURCE —22 PIN 24 = Vg
PIN 12=GND

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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DIGITAL DATA SELECTORS/MULTIPLEXERS

N Functional
Functional Equivalent
Device Equivalent q " Number
- CMOSs Direct Pin
Number Function LSTTL . P of
N Device Compatibility -
MC54/MC74 Device Pins
54/74 MC1XXXX
or CDXXXX
HC151 8-Input Data Selector/Multiplexer LS151 . %4512 LS 16
HC153 Dual 4-Input Data Selector/Multiplexer LS153 4539 LS/CMOS 16
HC157A | Quad 2-Input Noninverting Data Selector/Multiplexer LS157 *4519 LS 16
HC158 Quad 2-Input Inverting Data Selector/Multiplexer LS158 *4519 LS 16
HC2561 8-Input Data Selector/Multiplexer with 3-State Outputs LS251 *4512 LS 16
HC253 Dual 4-Input Data Selector/Multiplexer with 3-State LS253 *4539 LS/CMOS 16
Outputs
HC257 Quad 2-Input Data Selector/Multiplexer with 3-State LS257 *4519 LS 16
Outputs
HC354 8-Input Data Selector/Multiplexer with Data and Address | LS354,*LS356 *4512 LS354 20
Latches and 3-State Outputs
*Suggested alternative
HC Devices Have CMOS-Compatible Inputs.
Devi HC HC HC HC HC HC HC HC
evice 151 153 157A 158 251 253 257 354
# Pins 16 16 16 16 16 16 16 20
Description One of One of One of One of One of One of One of One of
8 inputs is | 4 inputs is | two 4-bit | two 4-bit | 8 inputs is | 4 inputs is [ two 4-bit |8 inputs is
selected selected | wordsis | wordsis | selected selected | wordsis | selected
selected selected selected
Single Device . . .
Dual Device . .
Quad Device . * i
Data Latch with Active-Low M
Latch Enable
Common Address . . . . .
1-Bit Binary Address . i .
2-Bit Binary Address . M
3-Bit Binary Address . . .
Address Latch (Transparent) . ¢
Address Latch
(Non-transparent)
Active-Low Address Latch M
Enable
Noninverting Output . . . . . . .
Inverting Output . . . .
3-State Outputs . . . 4
Common Output Enable . . .
Active-High Output Enable M
Active-Low Output Enable . . . . . . . oo

**implies the device has two such enables

A
MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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DIGITAL DATA SELECTORS/MULTIPLEXERS (Continued)

HC151 HC153
Address J AO ik
inputs 4, 2
4 D0, &— L7 v,
00 'y Data- |, & |
D1 — Word a 2 4
2 5 Inputs | D22 ——
02 — Y D3, 3
Data D3 . e
Inputs 15 Data
D4 — Outputs
4] 6 Output 1
[215) P —v Enable a
D6 ——
p7 2]
11
A — I 10 9
Address § 1 10 D0 b
Inputs 5 Data- | p1,
A2 Word b 12
N Inputs 1025 ——
Qutput Enable nputs 13
D3p —1
Pin 16=Vce
Pin 8=GND
Output 15
Enable b
Pin 16=Vcc
Pin 8=GND
HC157A HC251
HC158 E-
5
Nibble J Al ——r po -]
Atnput | ap 11 3
14 T
A3 — R 022 v
——C] Data | p3-
7 Data
g0 e W fnputs -, 15 Outputs
6 Outputs
Nibble } 81— —v2f P 05 4 16
B Input g2 L .._12_.Y3 D6 13
B3 B o7 12
a0 T l
Alddress Al 10
1 N Inputs 9
Select HC157 —Noninverting Outputs A2
Output 15 HC158—Inverting Outputs Output Enable 7
Enable
Pin 16=V, Pin 16=V¢c
in 16=Vce in 8=
Pin 8 GNDS Pin 8=GND
HC253 HC257
14
Address A0
Inputs { A1
00, & 1Y, ( p0. 2]
Date- | ) 8 | 5
Worda 4 ~ 27 Nibble } A1——]
inputs | D2 =i Alnput § a2 11|
3
D33 14
LA3 4
L——vo
Output 1 30—3— ..—7 v1 | Noninverting
Enable a 6 9 Data
Nibble J B'— F——Y2] outputs
B Input | g2 o | —Y3
an 13
(B3
00,12
Data- Dpymm—di
Word b 1
Inputs 02y, Select
D3, Output 15
Enable
Pin 16=Vcc
Output 15 Pin 8=GND
Enable b
Pin 16= V¢
Pin 8 =GND

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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DIGITAL DATA SELECTORS/MULTIPLEXERS (Continued)

HC354
po—— —
n-1 8T
nz: :ATA — 18 ) aSTATE
DATA § 03—~ ey —— 84T 3STATE L2y {hama
INPUTS | pa—2 | roans. [ MULTIPLEXER UTPUT | 18 g o) rours
05— paneNn) —f CONTROL
06— —
07— —
DATALATCH _ 9
ENABLE
(o= | ADDRESS
ADDRESS | 13 LATCH
RS | e (TRANS-
PARENT)
ADDRESSLATCH _ 11 PIN 20=Vg
ENABLE PIN 10=GND
ou1—2%
OUTPUT 16
ENABLES | ™75
063

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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DECODERS/DEMULTIPLEXERS/DISPLAY DRIVERS

. Functional
Functional
" Equivalent
Device Equivalent Number
CMOSs Direct Pin
Number Function LSTTL Device Compatibility of
MC54/MC74 Device P Pins

54/74 MC1XXXX

or CDXXXX
HCa2 1-0f-10 Decoder Ls42 *4028 LS 16
HC137 1-of-8 Decoder/Demultiplexer with Address Latch LS137 *4028 Ls 16
HC138A 1-0f-8 Decoder/Demultiplexer LS138 *4028 Ls 16
HC139A Dual 1-of-4 Decoder/Demultiplexer LS139 4556 LS/CMOS 16
HC147 Decimal-to-BCD Encoder LS147 Ls 16
HC154 1-of-16 Decoder/Demultiplexer LS154,%LS159 *4515 LS 24
*HC237 1-0f-8 Decoder/Demultiplexer with Address Latch *1.S137 *4208 16
HC259 8-Bit Addressable Latch/1-of-8 Decoder LS259 LS 16
HC4511 BCD-to-Seven-Segment Latch/Decoder/Display Driver *LS47,*LS48, 4511 CMOS 16

*LS49

HC4514 1-0f-16 Decoder/Demultiplexer with Address Latch *LS154,%¥L.S159| 4514,*4515 CMOS 24

*Suggested alternative
*Exclusive High-Speed CMOS design

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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Highest Input
Single Device . . . . .
Dual Device . *

DECODERS/DEMULTIPLEXERS/DISPLAY DRIVERS (Continued)

HC Devices Have CMOS-Compatible Inputs.

Device HC HC HC HC HC HC
42 137 138A 139A 147 154
# Pins 16 16 16 16 16 24
Input Description BCD Address | 3-Bit Binary 3-Bit Binary 2-Bit Binary Any 4-Bit Binaiy
Address Address Address Combination of Address
9 Inputs
Output Description One of 10 One of 8 One of 8 One of 4 BCD Address of One of 16

Address Input Latch - .

Active-High Latch Enable .

Active-Low Latch Enable
Active-Low Inputs *
Active-Low Outputs . . L . . .
Active-High Outputs
Active-Low Output Enable . oo . bad
Active-High Output Enable . .

Active-Low Reset

Active-Low Blanking Input
Active-High Blanking Input

Active-Low Lamp-Test Input

Phase Input (for LCD's)
**implies the device has two such enables

HC Devices Have CMOS-Compatible Inputs.

Devi HC HC HC HC
ovice 237 259 4511 4514
# Pins 16 16 16 24
Input Description 3-Bit Binary 3-Bit Binary BCD Data 4-Bit Binary
Address Address Address
Output Description One of 8 One of 8 7-Segment One of 16
Display
Single Device . . . .
Dual Device
Address Input Latch . . .
Active-High Latch Enable . .
Active-Low Latch Enable *
Active-Low Inputs
Active-Low Outputs
Active-High Outputs . . . .
Active-Low Output Enable . . .
Active-High Output Enable .
Active-Low Reset .
Active-Low Blanking Input *
Active-High Blanking Input
Active-Low Lamp-Test Input . °
Phase Input (for LCD's)

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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DECODERS/DEMULTIPLEXERS/DISPLAY DRIVERS (Continued)

HC42 HC137
1
15 b— Yo
A0 )
(LsB) b— v1 20— . 15 _vo
3 Add rans-
o— v2 nputs. § A1—2 v p—4 1
atcl
14 4 3 13
Al b— Y3 A2 P "
b5 va rotg Piva | Actie:
BCD Active-Low Loteh End 4 Decoder 1y, Low
Address 6 Outputs atch Enable P——Y4] Outputs
Inputs p— Y5 10
13 ; o—"Y5
A2 o— Y6 b 9 Y6
9
b— v7 b—7-v7
10
12 o— Y8
A3 ——] v 6
1 Chip- ( CS1 Pin 16V,
(MSB) o— Yo Select 5 in 19=3cC
Inputs L CS2: Pin 8=GND
Pin 16= Ve
Pin 8= GND,
HC138A HC139A
1 B
AQ ———] p—— Address | A0, 2 b-4_ Yo,
/.::sl:s(:s A—2 b4 v fneuts 1 pg, 3| b2 Y12 | Active-Low
6 Outputs
n2—2 b—2 v, 3___7 Y25 utpu
12 b Y3,
P Y3 | Active-Low
1 va Outputs ,
Sel -———j
10 Y5 electy
b—2ve 12
5 Address | A0p 14| b2 Yoy,
‘ v nputs Alp 18 ?1—1 Yo | Active-Low
b 1: Y2y, Outputs
) cs1————-l6 b vay
Chip-
Select { €522
Inputs
5 15 ?
cs3 Selectyy
Pin 16=Vcc Pin 16=Vcc
Pin 8=GND Pin 8=GND
HC147 HC154
3
L vo
o
" 3 vz
o1 — b+ v3
n 24 D—g Y4
13 b2 vs5
03 —0
o 1 b—2 A0 AO-—23—' OSL Y6
Decimal 2 9 b—7 A1 BCD Binary A1 22 &9— Y7 | Active-Low
Data Inputs D5 ——Q 6 Address Address 2 o— VY8 Outputs
(Active-Low | 3 p— A2 Outputs Inputs 2 —— b2 vo
4 9 b 14 (Active-Low) A3 20 b :; Y10
D7 -5—0 O Y1
D8 ——q P12
Do 10 0—13 Y13
P Y4
Pin 16=Vcc O— Y15
Pin 8=GND )
Pin 15=No Connection Chip cs1 18
Select 19 Pin 24=Vce
nputs | €S2 Pin 12=GND

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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DECODERS/DEMULTIPLEXERS/DISPLAY DRIVERS (Continued)

HC237 HC259
1 15 )
A0 | YO 1 4
Add 5 Trans- 14 Add A0 -2— p Qo
ress ress
parent || ] -
Inputs Al Latch v Inputs Al 3 5 at
A2 3 - 1 13 Y2 VI — .__7 Q2
12_y3 | Active- - Q3] Active-High
Latoh 1-0f-8 High L ® 4 Outputs
atcl 4 [ Decoder 1
Enable v4 | Outputs Data In 12 |10 Q5
10 Y5 11 %
12
S ve L2 o7
7
Y7
Reset 2T
| Enable L
Chip- ( CS1—=2
Select 5 Pin 16=Vcc Pin 16=Vcc
Inputs L CS2 Pin 8=GND Pin 8=GND
HC4511 HC4514
7 13
A(LSB)1— —— —-1-2— a
BCD } B =] 4Bt | Decoder [~ L .
Inputs § =1 Transparent |- and l— ¢ Segment L
6 Latch Output 10 Display-
D (MSB)—— > conwal [ ¢ Dr?\:e‘r/ srary
— e utputs ctive-Higl
) o Address B Active-High
—-—’5 f inputs t— Outputs
o

e 2
Control BI 4

Inputs
LT 3

Pin 16=Vcc
Pin 8=GND

Enable
Chip_23
Select
Pin 24= Ve
Pin 12=GND
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ANALOG SWITCHES/MULTIPLEXERS/DEMULTIPLEXERS

- Functional
Functional N
Device Equivalent Equivalent
quiva’ CcMOs Direct Pin | Number of
Number Function LSTTL e "
Device Compatibility Pins
MC54/MC74 Device
54/74 MCIXXXX
or CDXXXX
HC4016 Quad Analog Switch/Multiplexer/ Demultiplexer 4016,4066 CMOS 14
HC4051 8-Channel Analog Multiplexer/ Demultiplexer 4051 CcMOSs 16
HC4052 Dual 4-Channel Analog Multiplexer/ Demultiplexer 4052 CMOSs 16
HC4053 Triple 2-Channel Analog Multiplexer/ Demultiplexer 4053 CMOS 16
HC4066 Quad Analog Switch/Multiplexer/Demultiplexer 4066,4016 CMOS 14
*HC4316 | Quad Analog Switch/Multiplexer/ Demultiplexer with *4016 16
Separate Analog and Digital Power Supplies
*HC4351 | 8-Channel Analog Multiplexer/ Demultiplexer with *4051 20
Address Latch
#*HC4352 | Dual 4-Channel Analog Multiplexer/Demultiplexer with *4052 20
Address Latch
*HC4353 | Triple 2-Channel Analog Multiplexer/Demultiplexer with *4053 20
Address Latch

*Suggested alternative
* High-Speed CMOS design only

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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ANALOG SWITCHES/MULTIPLEXERS/DEMULTIPLEXERS (Continued)

HC Devices Have CMOS-Compeatible Inputs.

Devi HC HC HC HC HC
ce 4016 4061 4062 4063 4066
# Pins 14 16 16 16 14
Description 4 Independently | A 3-Bit Address | A 2-Bit Address | A 3-Bit Address | 4 Independently
: Controlled Selects One of 8 | Selects One of 4 | Selects Varying Controlled
Switches it Switct Combinations of Switches
the 6 Switches
Single Device .
Dual Device .
Triple Device .
Quad Device . ]
1-to-1 Multiplexing . .
2-to-1 Multiplexing .
4-to-1 Multiplexing .
8-to-1 Multiplexing .
Active-High ON/OFF Control . .
Common Address Inputs . M
2-Bit Binary Address .
3-Bit Binary Address . ]
Address Latch with Active-Low Latch Enable
Common Switch Enable . . .
Active-Low Enable . . .
Active-High Enable
Separate Analog and Control Reference . . .
Power Supplies
-Switched Tubs (for Ron and Prop. Delay .
Improvement)
HC Devices Have CMOS-Compatible Inputs.
Device HC HC HC HC
4316 4351 4352 4353
# Pins 16 20 20 20
Description 4 Independently | A 3-Bit Address | A 2-Bit Address | A 3-Bit Address
Controlled Selects One of 8 | Selects One of 4 | Selects Varying
Switches Switches Switches Combinations of
(Has a Separate | (Has an Address | (Has an Address | the 6 Switches
Analog Lower Latch) Latch) (Has an Address
Power Supply) Latch)
Single Device .
Dual Device .
Triple Device .
Quad Device .

1-to-1 Multiplexing
2-to-1 Multiplexing
4-to-1 Multiplexing
8-t0-1 Multiplexing

Active-High ON/OFF Control

Common Address Inputs
2-Bit Binary Address
3-Bit Binary Address
Address Latch with Active-Low Latch Enable

Common Switch Enable
Active-Low Enable
Active-High Enable

Separate Analog and Control Reference
Power Supplies

Switched Tubs (for Ron and Prop. Delay
Improvement)

eeimplies the device has two such enables
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ANALOG SWITCHES/MULTIPLEXERS/DEMULTIPLEXERS (Continued)

HC4016 HC4051
P 2y,
R
a oworr conraoL 22— T i
X2 25 ]
4 3 12 MULTIPLEXER]
Y8 ‘s ANALOG | X3S pepieen | o, 3, COMMON
INPUTSIOUTPUTS | g L] OUTPUT/INPUT
& onore contaoL =—— ANALOG 5
— QUTPUTSINPUTS X5 —t]
8 9 Y6 L]
Xg A 4
X7 —t—
6 T [ E— PIN 16=1igg
€ ONIOFF CONTROL CHANNELSELECT} 10 PIN 7=Vge
INPUTS s PIN 8= GND
PRI 10, P |
ENABLE 5
12
D ON/OFF CONTROL ANALOG INPUTSIOUTPUTS = Xa, Xg, Xg. Xp
PIN 14=Vgg
PIN 7= GND
HC4052 HC4053
%0 L2l 1
1 13 xswirch  emtdx
X0 =] X1 ———]
T 5 P Bt S
o 15 xswieh [ anawos § Y0 ""‘"1 VSWITCH  |emtiy §COMMON
x3 ] INPUTSIOUTPUTS | v1 L] OUTPUTSINPUTS
maos ) _ L 1 Ycowmon _.__-.___..-)..___
INPUTS/OUTPUTS ; OUTPUTSIINPUTS 5
i n- ZSWTCH etz
3 e
N vewin | a3y L2
V2 2] Al T
4
3 ——>—| CHANNEL-SELECT BW_J
a0 T INPUTS
CHANNEL-SELECT P B
weuts | s -2 8 PIN 16=Vgg
ENABLE PIN 7=Vgg
[} PIN 18=Vgg PIN 8= GND
ENABLE PIN 7=Vgg
PIN 8=GND ) )
NOTE: This device allows independenit control of each switch. Channel-Select Input
A controls the X Switch, Input B controls the Y Switch, and Input C controls
the Z Switch.
HC4066 HC4316
]
Xg L 2y,
4 L o [Anatos] 2,
» oo contmoL LT A SWITCH A
U A onjorF conthoL -2 LEVEL
. 5 qrRANSLATOR
X8 V8 4 [AnALos] 3
Xg 8
5
5 | ANALOG 8 ONIOFF CONTROL ~——|
B ONIOFF CONTROL SUTPUTSINRUTS _—
8 9 e 0 [AnALDG] N, OUTPUTS/INPUTS
Xg A ¢ SWITCH ¢
© ONjOFF CoNTROL 8 LEVEL
3
¢ onioFe cowTRoL TRANSLATOR PN 182
13 [
Xp —— Yo PIN 8 =GND
11 10 14 PIN 9=V,
Xp =] o 0 oNoFF coNTROL ——] LEVeL ;3
ENABLE ———L-@~—C TRANSLATOR GND Vg
12

D ONJOFF CONTROL
ANALOG INPUTSIOUTPUTS =Xy, Xg, Xg, Xp
PIN 14=Vgg
PIN 7=GND

ANALOG INPUTSIOUTPUTS =X, Xp, Xg. Xp
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ANALOG SWITCHES/MULTIPLEXERS/DEMULTIPLEXERS (Continued)

HC4351 HC4352
. 08|
X0 s PN
X1 17
1
X2 :: xz_‘_i..‘.. X SWITCH et
ANALOG | X3 ——a—3{  MULTIPLEXERI 4 COMMON X3 -
INPUTSIOUTPUTS | x4 |  DEMULTIPLEXER X qutyTiNeuT Avaosd L ] - COMMON
o INPUTSIOUTPUTS f QUTPUTSINAUTS
e o]
5 1 —n 4
X7 ] ) YSWITCH [y
22
15 5
JLIN Py 13—t
chawneLSetEeT | | T3 | S
INPUTS 12 PIN 20=Vgg A-13] CHANNEL _I
——{ LTeH PIN 8=Vge cmnnswmcr{ 12| AvoRESS
INPUTS | 8.
o enaate 11— PN 10=6ND LATCH
7 PINS 3, 14=NC " PIN 20=Vgg
swirc [ ENABLE 1 wTeH enapie LT N 9= Vet
ENABLES | ENABLE 2 swirch fEnaBLe 1L PIN 10=GND
matzs{mm 5t PINS 3, 14=NC
HC4353
X0 2] "
X1 X SWITCH f— X
2
ANALOG J YO ——-y 18, § COMMON
NTSOUTPUTS § vy L] YW ST R oreuTsiveuts
n _g_‘_.‘ ZSMTCH i
FARS S ©
5 |
cHaNNELSELECT] | 1 | CHANNEL
inpurs] B ADDRESS
2] uatcn
wwron enpaie L Joksd ‘;::C
; -
SWITCH [ ENABLE 1 PIN 10=GND
enaBLES | enaate 2 PINS 3, 14=NC
NOTE:

This device allows independent control of each switch, Channel-Select
Input A controls the X Switch, Input B controls the Y Switch, and

Input C controls the Z Switch.
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SHIFT REGISTERS

Functional Functional
Device Equivalent qu':x;l;nt Direct Pin Number
Number Function LSTTL Device Compatibili of
MC54/MC74 Device | pooves patibility | pins
54/74
or CDXXXX
HC164 8-Bit Serial-Input/Parallel-Output Shift Register LS164 *4034 LS 14
HC165 8-Bit Serial- or Parallel-Input/Serial-Output Shift Register LS165 *4021 LS 16
HC194 4-Bit Bidirectional Universal Shift Register LS194,LS194A 4194 LS/CMOS 16
HC195 4-Bit Universal Shift Register LS196,LS195A | *4035 LS 16
HC299 8-Bit Bidirectional Universal Shift Register with LS299 Ls 20
Parallel I/0
HC589 8-Bit Serial- or Parallel-Input/Serial-Output Shift Register LS589 LS 16
with 3-State Output
HC595A 8-Bit Serial-Input/Serial- or Parallel-Output Shift Register LS595 *4034 LS 16
with Latched 3-State Outputs
HC597 8-Bit Serial- or Parallel-Input/Serial-Output Shift Register LS597 LS 16
with Input Latch
*Suggested alternative
*Exclusive High-Speed CMOS design
HC Devices Have CMOS-Compatible Inputs.
Devi HC HC HC HC HC HC HC HC
evice 164 165 194 195 299 | 589 595A | 597
# Pins 14 16 16 16 20 16 ‘Hi i _16_
4-Bit Register . .
8-Bit Register . . . . . .
Serial Data Input . 4 . . oo . . .
Parallel Data Inputs . . . . . .
Serial Output Only . . .
Parallel Outputs . . . . .
Inverting Output . .
Noninverting Output . . . . . . . .
Serial Shift/Parallel Load Control . . . hd e .
Shifts One Direction Only . L . . ° °
Shifts Both Directions M *
Positive-Transition Clocking L . . . . . . .
Active-High Clock Enable *
Input Data Enable °
Data Latch with Active-High Latch Clock * °
Output Latch with Active-High Latch Clock °
3-State Outputs . . .
Active-Low Output Enable oo . °
Active-Low Reset . M . M * °

A
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SHIFT REGISTERS (Continued)

HC164 HC165
1
Serial | A1 1 3 ) A 12
, Data 2 Data QA 5_1"' 9
nputs | A2 |4 g e ——=2—0 | serial
14 Data
5 Parallel § Dot
—s Q¢ Data e 3 Ty | Outputs
1S Parallel Inputs
10 % Data F—4
—— Qg | Outputs s 5
1
— QF s He—]
12 erial 10
8 — Q¢ Data {SA Pin 18=Vcc
Clock =m—m—t> 13 an Input Pin 8=GND
/ Serial Shift/ Parallel Load —-———|1
2
{
Reset —2. I Clock
Clock Inhibit 12
Pin 14=Vce
Pin 7=GND
HC1%4 HC195
2 Serial Data } J & 5 g
Serial |SA = Inputs g 3 — YA
Data 5 14
Inputs | Sp— &0 A _4] — Qg
3 14 A 5 13 Parallel
AT l— Qg ] Parallel Pg’a‘"E' B — = .Qc Data
Parallel |  _4 | 13 Data ata 6 Outputs
atad 5 I~ Ac| outputs Inputs | € _71 12 qp
Inputs | C =1 ..!2_00 D —=f
-4 10 L 9p
1 Clock —>
Clock——>
10
Mode {51-9—’ l Serial Shift/ _9
Select | SO T Pin 18=VcC Parallel Load
Reset Pin 8=GND Reset !
Pin 16=V¢cc
Pin 8=GND
HC299 HC589
Serial
Data {SA M
7 Input
> Pa/Qp
HeL2 pg/ag A B —
s le>—S pc/ac g 1] L
A 11 14 3-State
Serial | (SHIFT RIGHT) 5 PD/AD { paraliel Data Port c 2 — Pin 16=Vcc
Data su €>—= Pg/Qg | (Inputs/Outputs) | Parallel | p 3| — Pin 8=GND
Inputs 18 15 Data 4 Input Shift
(SHIFT LEFT) 4 Pr/Qf Inputs E — Latch 1 Register
l»— PG/QG £ 5 | I
L8 Py/ay c & ]
Clock L) —»-8 0a’ Serial i 90, Serial
‘|7Q » Data H ¥ Data
>0y OQutput Loteh Clock 12 L Output
! atch Clock ———
Reset S—-T
1
s1
Mode
Sorsct {sz 19 Shift Clock 2
2 Pin 20=Vcc
Output OE1 Pin 10= GND gerial Shift/ 13
Enables | oF2 3 arallel Load ©
Output Enable
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SHIFT REGISTERS (Continued)

HC595A HC597
Serial
Seri Data 4 SA 14
erial 14 15 I
Data § A — Qa nput
Input 1
ey — Q8 15
2 A — —
_3 Qc 5l
Parallel ] |
= 0 ,
Shif Lateh |4 QD Data cl
ift atcl —
Register 5 E | Outputs Parallel pd —t
— oF Data 4 Input Shift
| 6 g Inputs E 5 Latch 1 Register
B P2 —
— QH 6
6 Serial
swn 114, Wl — L9 0.} B
Clock - - o
10 Y < 9 Serial 12 utput
Reset say } Data Latch Clock >—p> N
Output
Latch 12
Clock 11
Output 13 Shift Clock
Enable Serial Shift/ 13
" Pin 16=V,
Pin 16=VcC Parallol Toad cc
Pin 8=GND 1 Pin 8=GND
Reset
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COUNTERS

Functional
Functional
Device Equivalent Equivalent
CMOS Direct Pin Number of
Number Function LSTTL
Device Compatibility Pins
2 MCB54/MC74 Device

54/74 MCIXXXX

or CDXXXX
HC160 Presettable BCD Counter with Asynchronous Reset LS160,LS160A 4160 LS/CMOs 16
HC161 Pressttable 4-Bit Binary Counter with Asynchronous Reset LS161,LS161A 4161 LS/CMOS 16
HC162 Presettable BCD Counter with Synchronous Reset LS162,LS162A 4162 LS/CMOS 16
HC163 Presettable 4-Bit Binary Counter with Synchronous Reset LS163,LS163A 4163 LS/CMOS 16
HC390 Dual 4-Stage Binary Ripple Counter with =2 and <5 LS390 LS 16

Sections

HC393 Dual 4-Stage Binary Ripple Counter LS393 *4520 LS 14
HC4017 Decade Counter 4017 CMOS 16
HC4020 14-Stage Binary Ripple Counter 4020 CMOS 16
HC4024 7-Stage Binary Ripple Counter 4024 CMOS 14
HC4040 12-Stage Binary Ripple Counter 4040 CMOS 16
HC4060 14-Stage Binary Ripple Counter with Oscillator 4060 CMOS 16

*Suggested alternative

HC Devices Have CMOS-Compatible inputs.

Devic HC HC HC HC HC HC HC HC HC HC HC
ovice 60 | 161 | 162 | 163 | 390 | 393 | 4017 | 4020 | 4024 | 4040 | 4060

# Pins 16 16 16 16 16 14 16 16 14 16 16
Single Device . . . . . . . . .
Dual Device ° i
Ripple Counter . . ° . . .
Number of Ripple Counter Internal Stages 4 4 14 7 12 14
Number of Stages with Available Outputs 4 4 12 7 12 10
Count Up . . . ° . . ° . . . “e
4-Bit Binary Counter . . .
BCD Counter . . .
Decimal Counter L
Separate <~ 2 Section .
Separate -~ 5 Section .
On-Chip Oscillator Capability .
Positive-Transition Clocking . . . . .
Negative-Transition Clocking . . . o . . .
Active-High Clock Enable o
Active-Low Clock Enable - .
Active-High Count Enable o oo oo oo
Active-High Reset . . . . . . . . . . .
4-Bit Binary Preset Data Inputs . .
BCD Preset Data Inputs . .
Active-Low Load Preset . . . .
Carry Output . ° . .

eeimplies the device has two such enables

L ]
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COUNTERS (Continued)

HC160 HC162 HC390
HC161 HC163
po 2 ¥
4 13 1 -2 3,13
Preset | P1 — a1 BCD or Clock A——l—s—cb Counter "—" Qa
Data P2 5 12 @ Binary
Inputs — Outputs
6 "
P3 — Q3
5,11
t—211 ap
Ripple
2 15 .
Clock > p——— Carry Clock B _“'lg......q> +5 | 610 Qc
Out Counter 7,9
L2 ap
Reset 1__? 2,14
Reset ————4
Load °
B Pin 16=Vcc
_ in 8=
Count Enable P Pin 162V Pin 8=GND
Enables 10 n 16=Vvce
[ e — Pin 8=GND
HC393 HC4017
3
Clock 12 Fz @
P> ——a1
Clock 13 4
Enable '—-—7-' Q2
3.1 a1 —Q3
4,10 10
1,13 Binary [ Q2 Q4 { Decade
CIOCk_‘__—G>Cc»unter 59 43 1 o5 [ Outeuts
6.8 5 o6
6
Q7
2,12 9
Reset 208
11
Pin 14=Voe —— Q9
Pin 7=GND
1
——-2—- Carry Out
15
Reset ————‘
Pin 16=Vcc
Pin 8=GND
HC4020 HC4024
9
Q1
7
—— Q4
5
Q5 -—12—01
4 1"
10 5 a2
Clock ——C> -—3—07 LOS
1 1
o Clock——ap> L S
F—a9 ]
14 4
e Q10 06
——arn | 3 o
——Q12
2 =]
—3—013 Reset
Q14
Pin 14=Vcc
1 l Pin 7=GND
Reset Pins 8, 10 and 13=No Connection
Pin 16=Vcc
Pin 8=GND

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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COUNTERS (Continued)

HC4040

10
Clock ~———0p

1 l
Reset

Pin 16=Vcg
Pin 8=GND

HC4060

OscOut1 OscOut2

IIO I9

Oscln LQ>

12
s

Pin 16=Vcc
Pin 8=GND
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MISCELLANEOUS DEVICES

. Functional
Functional .
Device Equivalent Equivalent
. CMOs Direct Pin Number of
Number Function LSTTL Device Compatibilit Pins
MC54/MC74 Device P v

54/74 MC1XXXX

or CDXXXX
HC85 4-Bit Magnitude Comparator 1.585 *4585 LS 1€
HC280 9-Bit Odd/Even Parity Generator/Checker LS280 *4531 LS 14
HC283 4-Bit Binary Full Adder with Fast Carry LS283,L.583 4008 LS283 16
HC688 8-Bit Equality Comparator L.S688 LS 20
HC4538 Dual Precision Monostable Multivibrator *1.5423 4538,4528 CMOSs 16

(Retriggerable, Resettable)

L
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MISCELLANEOUS DEVICES (Continued)

HC85 HC280
i
JRpr—
a3 A_S8
15 9
Data | A3 = 8 m
Word L5 A>Boyt . -
Inputs . -Bit 1 p
80 2—] 8 A=Boyt C%"‘pa"““ Date- § -7 B EvenParity] Parity
prdl ] |7 A<Bout utputs mﬁi FETE 8 __ Odd Parity { Outputs
g2 14| 6_1
B3l H_2
\ | 4
I Pin 14=Vcc
A>Bj A Pin 7=GND
Cascading | A, 3 Pin 3 =no connection
Inputs —on ‘
A<Bn2 |
Pin 16=V¢e
Pin 8=GND
HC283 HCé688 2
A0
A
6
5 Data A2
A0 ——] Word A3l
Binary Al ——d ——_“
Addend " 4 inputs | A4
A A2 S0 AB —]
A3 2 ! s1 Binary AB—E—-—
13 Sum 17
80 ] o S2 Outputs A73—'j 19 A=B
Binary B1 2 s3 BO ~———ry Output
y ra— 5
Addend 15 Y-
B B2 ~— 82 7
11 —
83 — Data 9
; Word B3T
Carry In p—— Carry Out B B4
inputs 14
B5:
Pin 16=Vcc 86 16
Pin 8=GND 18
B7——q
Cascade 1 ]‘
Input
Pin 20=Vce
Pin 10=GND
HC4538
Cx1 Ryl
X
__E——---———-)}APW——VCC
S L) )
Trigger {Al 4 L
Inputs B1-8. P 76‘(
Cx2
3 Rx2
U S | x
) w—vee
= s |
Trigger } A2 12 ‘——‘2'02
inputs | g1 o b 9
Pin 16=Vce Rese(ZW____T
Pin 1, Pin 8, Pin 15 = GND
Rx and Cx are external components

T T
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The “Better”
Program

e
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THE
CIBETTER™
PROGRAM

The “BETTER” program is offered on logic only, in dual-in-line ceramic and plastic packages.

Better Processing —
Standard Product Plus:

LEVEL Il (Suffix D)

@ 100% burn-in to MIL-STD-883 test conditions — 160 hours
at +125°C or 1.0 eV Arrhenius time/temperature
equivalent.

® 100% post burn-in functional and dc parametric tests at
25°C (or max rated Tp at Motorola’s option). Maximum
PDA of 2% (functional) and 5% (DC and functional).

HOW TO ORDER

MC74HC00 N D
Part Standard BETTER
Identification Package PROCESSING

Suffix LEVEL Il = SUFFIXD

Part Marking

The Standard Motorola part number with the corresponding
“BETTER?” suffix can be ordered from your local authorized
Motorola distributor or Motorola sales offices. “BETTER”
pricing will be quoted as an adder to standard commercial
product price.

MRAP”
Reliability Audit Program
for Logic Integrated Circuits

1.0 INTRODUCTION

The Reliability Audit Program developed in March 1977 is
the Motorola internal reliability audit which is designed to
assess outgoing product performance under accelerated
stress conditions. Logic Reliability Engineering has overall
responsibility for RAP, including updating its requirements,
interpreting its results, administration at offshore locations,
and monthly reporting of results. These reports are available

at all sales offices. Also available is the “Reliability and
Quality Handbook” which contains data for all Motorola
Semiconductors (#BR518S).

RAP is a system of environmental and electrical tests per-
formed periodically on randomly selected samples of stan-
dard products. Each sample receives the tests specified in
section 2.0. Frequency of testing is specified per internal
document 12MRM15301A.
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3.0 TEST CONDITIONS AND COMMENTS

2.0 RAP TEST FLOW

Pull 500" piece sample from lot following Group A acceptance.

45* 340 100
Initial
Seal™
Op Life
40 hours
PTHB PTH"* Temp Cycle
48 hrs 48 hrs 40 cycles
interim
electrical
interim
test
Op Life
210 hrs (Additional)
Add 460 cycles
| Final
Interim interim Interim#
Electrical test Electrical
Add 500 cycles
final
interim*
test
PTH Op Life#
48 hrs 750 hrs
iti Additional
(Additional) Temp Cycle# ( )
1000 cycles
(Additional)

Final Final Final#
Electrical Electrical Electrical
(48 hrs) (96 hrs) (1000 hrs)

Final
I Electrical
& Seal**
I (2000 cycles)
scrap scrap scrap

#0ne sample per month for FAST, LS, 10H, 10K, MG CMOS, and HSL CMOs.
*PTHB or PTH not required for hermetic products: reduce total sample size to 450 pcs.

**Seal (Fine & Gross Leak) required only for hermetic products.
***PTH to be used when sockets for PTHB are not available.

PTHB — 15 psig/121°C/100% RH at rated Vgg or VEE —
to be performed on plastic encapsulated devices 2.

only.

C, —65°C/+150°C.

OP LIFE — MIL-STD-883, Method 1005, Condition C (Power 5.

plus Reverse Bias), Tp = 145°C.

NOTES:
1.

All standard 25°C dc and functional parameters will be
measured Go/No/Go at each readout.

Any indicated failure is first verified and then submitted to
the Product Analysis Lab for detailed analysis.

. Sampling to include all package types routinely.
TEMP CYCLING — MIL-STD-883, Method 1010, Condition 4.

Device types sampled will be by generic type within each
logic I/C product family (MECL, TTL, etc.) and will include
all assembly locations (Korea, Philippines, Malaysia, etc.)
16 hrs. PTHB is equivalent to approximatley 800 hours of
85°C/85% RH THB for Voo < 15 V.

. Only moisture related failures (like corrosion) are criteria

for failure on PTHB test.

. Special device specifications (48A’s) for logic products will

reference 12MRM15301A as source of generic data for
any customer required monthly audit reports.
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INTRODUCTION

CMOS devices have been used for many years in applica-
tions where the primary concerns were low power consump-
tion, wide power-supply range, and high noise immunity.
However, metal-gate CMOS (MC14000 series) is too slow for
many applications. Applications requiring high-speed devices,
such as microprocessor memory decoding, had to go to the
faster families such as LSTTL. This meant sacrificing the best
qualities of CMOS. The next step in the logic evolution was
to introduce a family of devices that were fast enough for such
applications, while retaining the advantages of CMOS. The
results of this change can be seen in Table 1 where HSCMOS
devices are compared to standard (metal-gate) CMOS, LSTTL,
and ALS.

The Motorola CMOS evolutionary process shown in Fig-
ure 1 indicates that one advantage of the silicon-gate process
is device size. The High-Speed CMOS (HSCMOS) device is
about half the size of the metal-gate predecessor, yielding
significant chip area savings. The silicon-gate process allows
smaller gate or channel lengths due to the self-aligning gate
feature. This process uses the gate to define the channel during
processing, eliminating registration errors and, therefore, the
need for gate overlaps. The elimination of the gate overlap
significantly lowers the gate capacitance, resulting in higher
speed capability. The smaller gate length also results in higher
drive capability per unit gate width, ensuring more efficient
use of chip area. Immunity enhancements to electrostatic dis-
charge (ESD) damage and latch up are ongoing. Precautions
should still be taken, however, to guard against electrostatic
discharge and latch up.

Motorola’s High-Speed CMOS family has a broad range of
functions from basic gates, flip-flops, and counters to bus-
compatible devices. The family is made up of devices that are
identical in pinout and are functionally equivalent to LSTTL
devices, as well as the most popular metal-gate devices not
available in TTL. Thus, the designer has an excellent alternative
to existing families without having to become familiar with a
new set of device numbers.

METAL GATE CMOS

HANDLING PRECAUTIONS

High-Speed CMOS devices, like all MOS devices, have an
insulated gate that is subject to voltage breakdown. The gate
oxide for HSCMOS devices breaks down at a gate-source
potential of about 100 volts. All device inputs are protected
by a resistor-diode network (Figure 2). Using the test setup
shown in Figure 3, the inputs typically withstand a >2 kV
discharge.

Vee
SILICON-GATE

Dq

~150 @

CMos

TO CIRCUIT
INPUT

—_— — GND

Figure 2. Input Protection Network

10 MQ

1.5 kQ
O—\A\A—O TO INPUT
T UNDER TEST

HIGH VOLTAGE ~——

DC SOURCE — wopF  Vzap
v
o— O o
GROUND

Figure 3. Electrostatic Discharge Test Circuit

METAL
OXIDE | [ 1
T 7T 7 \% AN A \NLE AN £
P- N—
!‘ 120 um >

METAL
HIGH-SPEED PSG
SILICON-GATE OXIDE
HSCMOS

Figure 1. CMOS Evolution
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Table 1. Loglc Family Comparisons

General Characterstics (1) (All Maximum Ratings)

. TTL CMOS
Characteristic Symbol s ALS MC14000 HI-Spoed Unit
Operating Voltage Range VCC/EE/DD 6+6% 6+6% 3.0t018 2.0 t0 6.0 \
Operating Temperature Range TA 0to +70 0to +70 —~40to +85 | —B6to +125 °C
Input Voltage (limits) ViH min 2.0 2,0 3.64 3.64 v
V|L max 0.8 0.8 1.64 1.04 v
Output Voltage (limits) VoH min 2.7 2.7 Vpp-0.05 Vee-0.1 \
VoL max 0.5 0.5 0.0 0.1 \
Input Current IINH 20 20 £03 £1.0 pA
IINL —400 -200
Output Current @ Vo (limit) loH -0.4 -0.4 -21@25V -40@ mA
unless otherwise specified Vcc-08V
loL 8.0 8.0 044 @04V | 40@04V mA
DC Noise Margin Low/High DCM 0.3/0.7 0.3/0.7 1.454 0.90/1.354 v
DC Fanout - 2 2 >50(1)2 50(10)2 -
Speed/Power Characteristics (1) (All Typical Ratings)
TTL CMOS
Characteristic Symbol Unit
LS ALS MC14000 Hi-Speed
Quiescent Supply Current/Gate Ig 0.4 0.2 0.0001 0.0005 mA
Power/Gate (Quiescent) PG 20 1.0 " 0.0006 0.001 mW
Propagation Delay ty 9.0 7.0 125 8.0 ns
n Speed Power Product — 18 7.0 0.075 0.01 pJ
Clock Frequency (D-F/F) frmax 3 3B 4.0 40 MHz
Clock Frequency (Counter) fmax 40 46 5.0 40 MHz
Propagation Delay (1)
TTL CMOS
Characteristic Unit
LS ALS MC14000 Hi-Speed
Gate, NOR or NAND: Product No. SN74LS00 SN74ALS00 MC14001B 74HC00 -
tpLH/tpHL(D! Typical (103 (53 25 8310 ns
Maximum (153 10 250 (153 20
Flip-Flop, D-type: Product No. SN74LS74 SN74AtS74 MC14013B 74HC74 —
tpLH/tpHL() (Clock to Q) Typical (253 (12)3 175 (231225 ns
Maximum (403 2 350 (303 32
Counter: Product No. SN74LS163 SN74ALS163 MC14163B 74HC163 —
tpLH/tpHL(®) (Clock to Q) Typical (18)3 (103 350 (20)3 22 ns
Maximum (273 24 700 (27329

NOTES:
1. Specifications are shown for the following conditions:
a) Vpp (CMOS)=5.0 V +10% for dc tests, 5.0 V for ac tests; Vog (TTL)=5.0 V +5% for dc tests, 5.0 V for ac tests
b) Basic Gates: LS00 or equivalent
c) TA=25°C
d) Cp =50 pF (ALS, HC), 15 pF (LS, 14000 and Hi-Speed)
e) Commercial grade product
2. ( ) fanout to LSTTL
3. ( )CL=15pF
4. DC input voltage specifications are proportional to supply voltage over operating range.
5. The number specified is the larger of tpp 4 and tpy_ for each device.

|
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The input protection network uses a polysilicon resistor in
series with the input and before the protection diodes. This
series resistor slows down the slew rate of static discharge
spikes to allow the protection diodes time to turn on. Outputs
have a similar ESD protection network except for the series
resistor. Although the on-chip protection circuitry guards
against ESD damage, additional protection may be necessary
once the chip is placed in circuit. Both an external series resistor
and ground and V¢ diodes, similar to the input protection
structure, are recommended if there is a potential of ESD,
voltage transients, etc. Several monolithic diode arrays are
available from Motorola, such as the MAD130 (dual 10 diode
array) or the MAD1104 (dual 8 diode array). These diodes, in
chip form, not only provide the necessary protection, but also
save board space as opposed to using discrete diodes.

Static damaged devices behave in various ways, depending
on the severity of the damage. The most severely damaged
pins are the easiest to detect. An ESD-damaged pin that has
been completely destroyed may exhibit a low-impedance path
to V¢ or GND. Another common failure mode is a fused or
open circuit. The effect of both failure modes is that the device
no longer properly responds to input signals. Less severe cases
are more difficult to detect because they show up as inter-
mittent failures or as degraded performance. Generally,
another effect of static damage is increased chip leakage cur-
rents (Icc)-

Although the input network does offer significant protec-
tion, these devices are not immune to large static voltage
discharges that can be generated while handling. For example,
static voltages generated by a person walking across a waxed
floor have been measured in the 4 to 15 kV range (depending

CMOS
T0 OFF-BOARD R1 INPUT
CONNECTION W OR

OUTPUT

Advantage:

Requires minimal board area

R1>R2 for the same level of
protection; therefore, rise and
fall times, propagation delays,
arid output drives are severely
affected.

Disadvantage:

on humidity, surface conditions, etc.). Therefore, the following

precautions should be observed.

1. Wrist straps and equipment logs should be maintained
and audited on a regular basis. Wrist straps malfunction
and may go unnoticed. Also, equipment gets moved from
time to time and grounds may not be reconnected
properly.

. Do not exceed the Maximum Ratings specified by the data
sheet.

. All unused device inputs should be connected to V¢ or
GND.

. All low impedance equipment (pulse generators, etc.)
should be connected to CMOS inputs only after the CMOS
device is powered up. Similarly, this type of equipment
should be disconnected before power is turned off.

. Circuit boards containing CMOS devices are merely ex-
tensions of the devices, and the same handling precautions
apply. Contacting edge connectors wired directly to device
inputs can cause damage. Plastic wrapping should be
avoided. When external connectors to a PC board are
connected to an input or output of a CMOS device, a
resistor should be used in series with the input or output.
This resistor helps limit accidental damage if the PC board
is removed and brought into contact with static generating
materials. The limiting factor for the series resistor is the
added delay. The delay is caused by the time constant
formed by the series resistor and input capacitance. Note
that the maximum input rise and fall times should not be
exceeded. In Figure 4, two possible networks are shown
using a series resistor to reduce ESD damage. For con-
venience, an equation is given for added propagation delay
and rise time effects due to series resistance size.

vee
D1 CMOS
T0 OFF-BOARD R2 INPUT
CONNECTION A OR
D2 | OUTPUT
GND =
Advantage: R2<R?1 for the same level of
protection. Impacton ac and dc
characteristics is minimized.
Disadvantage:  More board area, higher initial

cost.

NOTE: These networks are useful for protecting the following:

A digital inputs and outputs
B analog inputs and outputs

C 3-state outputs
D bidirectional (I/0) ports

Propagation Delay and Rise Time vs. Series Resistance

R=

where:

t

Tk

R =the maximum allowable series resistance in ohms
t=the maximum tolerable propagation delay or rise time in

seconds

C=the board capacitance plus the driven device’s input

capacitance in farads
k=0.7 for propag

ion delay

k=2.3 for rise time calculations

Figure 4. Networks for Minimizing ESD and Reducing CMOS Latch Up Susceptibility
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10.

11.

13.

. All CMOS devices should be stored or transported in ma-

terials that are antistatic or conductive. CMOS devices
must not be inserted into conventional plastic ““snow’’,
styrofoam, or plastic trays, but should be left in their
original container. until ready for use.

. All CMOS devices should be placed on a grounded bench

surface and operators should ground themselves prior to
handling devices, because a worker can be statically
charged with respect to the bench surface. Wrist straps
in contact with skin are essential and should be tested
daily. See Figure 5 for an example of a typical work station.

. Nylon or other static generating materials should not come

in contact with CMOS devices.

. If automatic handlers are being used, high levels of static

electricity may be generated by the movement of the de-
vice, the belts, or the boards. Reduce static buildup by
using ionized air blowers, anti-static sprays, and room
humidifiers. All conductive parts of machines which come
into contact with the top, bottom, or sides of IC packages
must be grounded to earth ground.

Cold chambers using CO2 for cooling should be equipped
with baffles, and the CMOS devices must be contained
on or in conductive material.

When lead straightening or hand soldering is necessary,
provide ground straps for the apparatus used and be sure
that soldering iron tips are grounded.

. Thefollowing steps should be observed during wave solder

operations:

a. The solder pot and conductive conveyor system of the
wave soldering machine must be grounded to earth
ground.

b. The loading and unioading work benches should have
conductive tops grounded to earth ground.

c. Operators must comply with precautions previously
explained.

d. Completed assemblies should be placed in antistatic or
conductive containers prior to being moved to sub-
sequent stations.

The following steps should be observed during board-

cleaning operations:

a. Vapor degreasers and baskets must be grounded to
earth ground.

14,

15.

16.

17.

18.

b. Brush or spray cleaning should not be used.

c. Assemblies should be placed into the vapor degreaser
immediately upon removal from the antistatic or con-
ductive container.

d. Cleaned assemblies should be placed in antistatic or
conductive containers immediately after removal from
the cleaning basket.

e. High velocity air movement or application of solvents
and coatings should be employed only when a static
eliminator using ionized air is directed at the printed
circuit board.

The use of static detection meters for production line

surveillance is highly recommended.

Equipment specifications should alert users to the pres-

ence of CMOS devices and require familiarization with this

specification prior to performing any kind of maintenance
or replacement of devices or modules.

Do not insert or remove CMOS devices from test sockets

with power applied. Check all power supplies to be used

for testing devices to be certain there are no voitage tran-
sients present.

Double check test equipment setup for proper polarity of

V¢ and GND before conducting parametric or functional

testing.

Do not recycle shipping rails. Repeated use causes de-

terioration of their antistatic coating. Exception: carbon

rails (black color) may be recycled to some extent. This
type of rail is conductive and antistatic.

RECOMMENDED READING

““Total Control of the Static in Your Business’
Available by writing to:

3M Company

Static Control Systems
P.O. Box 2963

Austin, Texas 78769-2963

Or by calling:

S.

1-800-328-1368

Cherniak, “A Review of Transients and Their Means of

Suppression’’, Application Note-843, Motorola Semiconduc-
tor Products Inc., 1982.

NOTES:

1. 1/16 inch conductive sheet stock covering bench-top
work area.

2. Ground strap.

3. Wrist strap in contact with skin.

4. Static neutralizer. (lonized air blower directed at work.)
Primarily for use in areas where direct grounding is
impractical.

5. Room humidifier. Primarily for use in areas where the
relative humidity is less than 456%. Caution: building
heating and cooling systems usually dry the air causing
the relative humidity inside a building to be less than
outside humidity.

Figure 5. Typical Manufacturing Work Station
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POWER SUPPLY SIZING

CMOS devices have low power requirements and the ability
to operate over a wide range of supply voltages. These two
characteristics allow CMOS designs to be implemented using
inexpensive power supplies without cooling fans. In addition,
batteries may be used as either a primary power source or as
a backup.

The maximum recommended power supply voltage for HC
devices is 6.0 V and 5.5 V for HCT devices. Figure 6 offers
some insight as to how this specification was derived. In the
figure, Vg is the maximum power supply volitage and Ig is the
sustaining current for the latch-up mode. The value of Vg was
chosen so that the secondary breakdown effect may be
avoided. The low-current junction avalanche region is between
10 and 14 volts at Tp =25°C.

Icc
LATCH SECONDARY
UP MODE BREAKDOWN
| LOW CURRENT
g ———— H JUNCTION
%~ AVALANCHE
1 —
Vs Vee
DATA SHEET MAXIMUM SUPPLY RATING
Figure 6. S dary Breakd 1 Ch istics

In an ideal system design, the power supply should be de-
signed to deliver only enough current to ensure proper op-
eration of all devices. The obvious benefit of this type of design
is cost savings.

BATTERY SYSTEMS

HSCMOS devices can be used with battery or battery
backup systems. A few precautions should be taken when
designing battery-operated systems.

1. The recommended power supply voltages should be ob-
served. For battery backup systems such as the one in
Figure 7, the battery voltage must be at least 2.7 volts (2
volts for the minimum power supply voltage and 0.7 volts
to account for the voltage drop across the series diode).

. Inputs that might go above the battery backup voltage
should use the HC4049 or HC4050 buffers (Figure 8). If line
power is interrupted, CMOS System A and Buffer A lose
power. However, CMOS System B and Buffer B remain
active due to the battery backup. Buffer A protects System
A from System B by blocking active inputs while the circuit
is not powered up. Also, if the power supply voltage drops
below the battery voltage, Buffer A acts as a level translator
for the outputs from System B. Buffer B acts to protect
System B from any overvoltages which might exist. Both
buffers may be replaced with current-limiting resistors,
however power consumption is increased and propagation
delays are lengthened.

. Outputs that are subject to voltage levels above Vcc or
below GND should be protected with a series resistor and/
or clamping diodes to limit the current to an acceptable
level.

POWER SUPPLY

BATTERY TRICKLE
RECHARGE

MV

b

CMOS
SYSTEM

L

|||-—-—||I|——-

Figure 7. Battery Backup System

POWER SUPPLY

= = ] - " r— i ———————— hl
! LINE POWER ONY ! | BATTERY BACKUP snr;gg:;ﬁvggns I
] SYSTEM | | SYSTEM J |
| | (| e |
| o | | 1 |
| ' | HC4049 _ |
: cMoS I HC4050 | CMOS

I | system . | | = SYSTEM l |
' i /l l 1 = < =y I
| HCa0dg | D |
| —_l.— HC4050 | I -:l_— I
b —_ e o e e e e o — J

Figure 8. Battery Backup Interface
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Cpp POWER CALCULATION

Power consumption for HSCMOS is dependent on the
power-supply voltage, frequency of operation, internal ca-
pacitance, and load. The power consumption may be calcu-
lated for each package by summing the quiescent power
consumption, Icc*VeC, and the switching power required by
each device within the package. For large systems, the most
timely method is to bread-board the circult and measure the
current required under a variety of conditions.

The device dynamic power requirements can be calculated
by the equation:

Pp=(CL+Cpp) Vo2t

Pp= power dissipated in yW
CL= total load capacitance present at the output in
pF
Cpp= a measure of internal capacitances, called
power dissipation capacitance, given in pF
Vce = supply voltage in volts
f= frequency in MHz

where:

If the devices are tested at a sufficiently high frequency, the
dc supply current contributes a negligible amount to the overall
power consumption and can therefore be ignored. For this
reason, the power consumption is measured at 1 MHz and the
following formula is used to determine the device's Cpp value:

Icc (dynamic)
Cpp =-CC ‘dynamici _
PD Voo CL

The reéulting power dissipation is calculated using Cpp as

follows under no-load conditions.

(HC) Pp=CppVcc2f+Veclee

(HCT) Pp=CppVcef+Veclee+AlecVee
(61+62+. .. +6p)

where the previously undefined variable, oy, is the duty cycle
of each input applied at TTL/NMOS levels.

The power dissipation for analog switches switching digital
signals is the following:

(HC)  Pp=CppVcc2fin+(Cs+CLIVecfout+Veclce

where: Cg= digital switch capacitance, and
fout= output frequency

In order to determine the Cpp of a single section of a device
(i.e., one of four gates, or one of two flip-flops in a package),
Motorola uses the following procedures as defined by JEDEC.
Note: “biased” as used below means ‘‘tied to Vgg or GND."”

Gates: Switch one input while the remaining in-
put(s) are biased so that the output(s)
switch.

Latches: Switch the enable and data inputs such that
the latch toggles.

Flip-Flops: Switch the clock pin while changing the

data pin(s) such that the output(s) change
with each clock cycle.

Decoders/

Switch one address pin which changes two

Demultiplexers: outputs. '

Data Selectors/ Switch one address Input with the corre-

Multiplexers: sponding data inputs at opposite logic levels
8o that the output switches.

Analog Switch one address/select pin which

Switches: changes two switches. The switch inputs/
outputs should be left open. For digital ap-
plications where the switch inputs/outputs
change between Vcc and GND, the re-
spective switch capacitance should be
added to the load capacitance.

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

Shift Switch the clock while alternating the input
Registers: ° so that the device shifts alternating 1s and
0s through the register.

Transceivers: Switch only one data input. Place trans-

ceivers in a single direction,
Monostables: The pulse obtained with a resistor and no
external capacitor is repeatedly switched.
Parity Switch one input.
Generators:
Encoders: Switch the lowest priority output.
Display Switch one input so that approximately one-
Drivers: half of the outputs change state.
ALUs/Adders:  Switch the least significant bit. The re-

maining inputs are biased so that the device
is alternately adding 0000 (binary) or 0001
(binary) to 1111 (binary).

On HSCMOS data sheets, Cpp is a typical value and is

given either for the package or for the individual device (i.e.,
gates, flip-flops, etc.) within the package. An example of cal-
culating the package power requirement is given using the
74HCO00, as shown in Figure 9.

From the data sheet:

lcc = 2 pA at room temperature (per package)
Cpp = 22 pF per gate
Pp= (Cpp+CLIVec2f+Veclce
Pp1= (22 pF +50 pF)(5 V)2(1 £:Hz) = 1.8 yW
Pp2 = (22 pF+50 pF)(5 V)2(1 MHz) = 1800 xW
Pp3= (22 pF)(5 V)2(0 Hz) =0 yW
Pp4= (22 pF}5 V)2(0 Hz) =0 yW
Ppltotal) = Vcclcc + Pp1+Pp2+ Pp3+ Ppsg
=10 uW + 1.8 uW + 1800 uW +0 uW

= 1812 yW

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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Figure 9. Power Consumption Calculation Example

As seen by this example, the power dissipated by CMOS
devices is dependent on frequency. When operating at very
high frequencies, HSCMOS devices can consume as much
power as LSTTL devices, as shown in Figure 10. The power
savings of HSCMOS is realized when used in a system where
only a few of the devices are actually switching at the system
frequency. The power consumption savings comes from the
fact that for CMOS, only the devices that are switching con-
sume significant power.

g

T RNONE O NI D a3 N o3

'—%ICNOJI-]
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T
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SN74Al

POWER (WATTS)
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=
S

—MC74HC00

o

7 2
100k ™ 10M
FREQUENCY @ 50% DUTY CYCLE (Hz)

10k 100 M 16

Figure 10. Power Consumption vs. Input Frequency
for TTL, LSTTL, ALS, and HSCMOS

INPUTS

A basic knowledge of input and output structures is essential
to the HSCMOS designer. This section deals with the various
input characteristics and application rules regarding their use.
Output characteristics are discussed in the section titled
Outputs.

All standard HC, HCU and HCT inputs, while in the rec-
ommended operating range (GND <Vjn <Vc(), can be mod-
eled as shown in Figure 11. For input voltages in this range,
diodes D1 and D2 are modeled as resistors representing the
high-impedance of reverse biased diodes. The maximum input
currentis 1 uA, worst case over temperature, when the inputs
are at Vgg or GND, and Vgc=6 V.

R1=R2=HIGH Z

J—wpr
I

R1

AN

R2

H—wWA—

Figure 11. Input Model for GND <Vjp<Vce

When CMOS inputs are left open-circuited, the inputs may
be biased at or near the typical CMOS switchpoint of
0.45 V¢ for HC devices or 1.3 V for HCT devices. At this
switchpoint, both the P-channel and the N-channel transistors
are conducting, causing excess curent drain. Due to the high
gain of the buffered devices (see Figure 12), the device can
go into oscillation from any noise in the system, resulting in
even higher current drain.

5
4
: HC
w HCT b
s 3 e ol
e
[
=
g 2
H
=
0 1 2 3 4 5

Vin, INPUT VOLTAGE (V)

Figure 12. Typical Transfer Characteristics
for Buffered Devices

For these reasons, all unused HC/HCT inputs should be
connected either to V¢ or GND. For applications with inputs
going to edge connectors, a 100 k2 resistor to GND should
be used, as well as a series resistor (Rg) for static protection
and current limiting (see Handling Precautions, this chapter,
for series resistor consideration). The resistors should be con-
figured as in Figure 13.

R :
R
CONNECTOR DEVICE
100 k2

Figure 13. External Protection
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For inputs outside of the recommended operating range,
the CMOS input is modeled as in Figure 14. The enhanced
resistor-diode protection network allows the user greater
freedom when designing a worst case system.

Current flows through diode D1 or D2 whenever the input
voltage exceeds V¢ or drops below GND enough to for-
ward bias either D1 or D2. The device inputs are guaranteed
to withstand from GND —1.5Vto Vge +1.6V and a max-
imum current of 20 mA., If this maximum rating is exceeded,
the device could go into a latch-up condition. (See CMOS
Latch Up, this chapter.) Voltage should never be applied
to any input or output pin before power has been applied
to the device's power pins. Bias on input or output pins
should be removed before removing the power. However,
if the input current is limited to less than 20 mA, and this
current only lasts for a brief period of time (<100 ms), no
damage to the device occurs.

Another specification that should be noted is the maxi-
mum input rise (ty) and fall (tf) times. Figure 15 shows the
results of exceeding the maximum rise and fall times rec-
ommended by Motorola or contained in JEDEC Standard
No. 7A. The reason for the oscillation on the output is that
as the voltage passes through the switching threshold
region with a slow rise time, any noise that is on the input
line is amplified, and is passed through to the output. This
oscillation may have a low enough frequency to cause suc-
ceeding stages to switch, giving unexpected results. If input
rise or fall times are expected to exceed the maximum
specified rise or fall times, Schmitt-triggered devices such
as Motorola’s HC14 and HC132 are recommended.

OUTPUTS

All HSCMOS outputs, with the exception of the HCU04,
are buffered to ensure consistent output voltage and cur-
rent specifications across the family. All buffered outputs

(=]

3

ul}—h—-&—»

o L
L

Figure 14. Input Model for Vjn>Vcge or Vin<GND

i—i—

have guaranteed output voltages of VgL = 0.1V and VoH
= Vge — 0.1V for |lgyt] =< 20 pA (<20 HSCMOS loads).
The output drives for standard drive devices are such that
54HC/HCT and 74HC/HCT devices can drive ten LSTTL loads
and maintainaVoL < 0.4VandVpH = Vg — 0.8Vacross
the full temperature range; bus-driver devices can drive
fifteen LSTTL loads under the same conditions.

The outputs of all HSCMOS devices are limited to exter-
nally forced output voltages of —0.5 < Vgt <Vgg +0.5 V.
For externally forced voltages outside this range a latch up
condition could be triggered. (See CMOS Latch Up, this
chapter.)

The maximum rated output current given on the indi-
vidual data sheets is 25 mA for standard outputs and 35 mA
for bus drivers. The output short circuit currents of these
devices typically exceed these limits. The outputs can, how-
ever, be shorted for short periods of time for logic testing,
if the maximum package power dissipation is not violated.
(See individual data sheets for maximum power dissipation
ratings.)

For applications that require driving high capacitive loads
where fast propagation delays are needed (e.g., driving
power MOSFETSs), devices within the same package may
be paralleled. Paralleling devices in different packages may
result in devices switching at different points on the input
voltage waveform, creating output short circuits and yield-
ing undesirable output voltage waveforms.

As a design aid, output characteristic curves are given
for both P-channel source and N-channel sink currents. The
curves given include expected minimum curves for
TA = 25°C, 85° and 125°C, as well as typical values for
Ta = 25°C. For temperatures <25°C, use the 25°C curves.
These curves, Figures 16 through 27, are intended as design
aids, not as guarantees. Unused output pins should be
open-circuited (floating).

Vin

Vout ‘

Figure 16. Maximum Rise Time Violation
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BUS-DRIVER OUTPUT CHARACTERISTICS
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*The expected minimum curves are not guarantees, but are design aids.
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3-STATE OUTPUTS

Some HC/HCT devices have outputs that can be placed
into a high-impedance state. These 3-state output devices are
very useful for gang connecting to a common line or bus.
When enabled, these output pins can be considered as ordinary
output pins; as such, all specifications and precautions of
standard output pins should be followed. When disabled (high-
impedance state), these outputs can be modeled as in Fig-
ure 28. Output leakage current (10 uA worst case over tem-
perature) as well as 3-state output capacitance must be con-
sidered in any bus design.

When power is interrupted to a 3-state device, the bus
voitage is forced to between GND and VCC +0.7 V regardless
of the previous output state.

Vee
R1=R2=HIGH Z
R1

INTERNAL ¢

CIRCUITRY /™ 1
R2 I 15 pF

Figure 28. Model for Disabled Outputs

OUTPUT

OPEN-DRAIN OUTPUTS

Motorola provides several devices that are designed only to
sink current to GND. These open-drain output devices are
fabricated using only an N-channel transistor and a diode to
Ve (Figure 29). The purpose of the diode is to provide ESD
protection. Open-drain outputs can be modeled as shown in
Figure 30.

Vee

OUTPUT
INTERNAL ; |
CIRCUITRY

Figure 29. Open-Drain Output

Veo

HIGH Z

Low 7 % HIGH Z

OUTPUT

10 pF

t———1

Figure 30. Model of Open-Drain Output

INPUT/OUTPUT PINS

Some HC/HCT devices contain pins that serve both as in-
puts and outputs of digital logic. These pins are referred to as
digital 1/0 pins. The logic level applied to a control pin de-
termines whether these 1/O pins are selected as inputs or
outputs.

When 1/0 pins are selected as outputs, these pins may be
considered as standard CMOS outputs. When selected as
inputs, except for an increase in input leakage current and
input capacitance, these pins should be considered as standard
CMOS inputs. These increases come from the fact that a digital
1/0 pin is actually a combination of an input and a 3-state
output tied together (see Figure 31).

As stated earlier, all HC/HCT inputs must be connected to
an appropriate logic level. This could pose a problem if an
1/0 pin is selected as an input while connected to an improperly
terminated bus. )

Motorola recommends terminating HC/HCT-type buses
with resistors to Vg or GND of between 1 k@ to 1 M@ in
value. The choice of resistor value is a trade-off between speed
and power consumption (see Bus Termination, this chapter).

Some Motorola devices have analog I/O pins. These analog
1/0 pins should not be confused with digital 1/0 pins. Analog
1/0 pins may be modeled as in Figure 32. These devices can
be used to pass analog signals, as well as digital signals, in
the same manner as mechanical switches.

o>

INTERNAL
A CIRCUITRY

Figure 31. Typical Digital 1/0 Pin
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ANALOG ANALOG
0o ol
I <~ HIGH Z ——— I
"= GND OR Vg == GND OR Vg
Figure 32. Analog 1/0 Pin
BUS TERMINATION

Because buses tend to operate in harsh, noisy environments,
most bus lines are terminated via a resistor to V¢ or ground.
This low impedance to Vg or ground (depending on pref-
erence of a pull-up or pull-down logic level) reduces bus noise
pickup. In certain cases a bus line may be released (put in a
high-impedance state) by disabling all the 3-state bus drivers
(see Figure 33). In this condition all HC/HCT inputs on the
bus would be allowed to float. A CMOS input or 1/0 pin (when
selected as an input) should never be allowed to float., (This
is one reason why an HCT device may not be a drop-in re-
placement of an LSTTL device.) A floating CMOS input can
put the device into the linear region of operation. In this region
excessive current can flow and the possibility of logic errors
due to oscillation may occur (see Inputs, this chapter). Note
that when a bus is properly terminated with pull-up resistors,
HC devices, instead of HCT devices, can be driven by an
NMOS or LSTTL bus driver. HC devices are preferred over
HCT devices in bus applications because of their higher low-
level input noise margin. (With a 5 V supply the typical HC
switch point is 2.3 V while the switch point of HCT is only
1.3V.)

Some popular LSTTL bus termination designs may not work
for HSCMOS devices. The outputs of HSCMOS may not be
able to drive the low value of termination used by some buses.
(This is another reason why an HCT device may not be a drop-
in replacement for an LSTTL device.) However, because low
power operation is one of the main reasons for using CMOS,
an optimized CMOS bus termination is usually advantageous.

I-E

BUS

{a) USING A PULL-UP RESISTOR

ENABLE INPUT
(HIGH = 3-STATE)

ENABLE INPUT I
(LOW = 3-STATE)

Figure 33. Typical Bus Line with 3-State Bus Drivers

The choice of termination resistances is a trade-off between
speed and power consumption. The speed of the bus is a
function of the RC time constant of the termination resistor
and the parasitic capacitance associated with the bus. Power
consumption is a function of whether a pull-up or pull-down
resistor is used and the output state of the device that has
control of the bus (see Figure 34). The lower the termination
resistor the faster the bus operates, but more power is con-
sumed. A large value resistor wastes less power, but slows
the bus down. Motorola recommends a termination resistor
value between 1 k@2 and 1 MQ. An alternative to a passive
resistor termination would be an active-type termination (see
Figure 35). This type termination holds the last logic level on
the bus until a driver can once again take control of the bus.
An active termination has the advantage of consuming a min-
imal amount of power. Most HC/HCT bus drivers do not have
built-in hysteresis. Therefore, heavily loaded buses can slow
down rise and fall signals and exceed the input rise/fall time
defined in JEDEC Standard No. 7A. In this event, devices with
Schmitt-triggered inputs should be used to condition these
slow signals.

(b) USING A PULL-DOWN RESISTOR

Figure 34
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BUS LINES ENABLE

Figure 35. Using Active Termination (HC125)

TRANSMISSION LINE TERMINATION

When data is transmitted over long distances, the line on
which the data travels can be considered a transmission line.
(Long distance is relative to the data rate being transmitted.)
Examples of transmission lines include high-speed buses, long
PCB lines, coaxial and ribbon cables. All transmission lines
should be properly terminated into a low-impedance termi-
nation. A low-impedance termination helps eliminate noise,
ringing, overshoot, and crosstalk problems. Also a low-imped-
ance termination reduces signal degradation because the small
values of parasitic line capacitance and inductance have lesser
effect on a low-impedance line.

The value of the termination resistor becomes a trade-off
between power consumption, data rate speeds, and trans-
mission line distance. The lower the resistor value, the faster
data can be presented to the receiving device, but the more
power the resistor consumes. The higher the resistor value,
the longer it will take to charge and discharge the transmission
line through the termination resistor (T=ReC).

Transmission line distance becomes more critical as data
rates increase. As data rates increase, incident (and reflective)

begin to r ble that of RF transmission line theory.
However, due to the nonlinearity of CMOS digital logic, con-
ventional RF transmission theory is not applicable.

HC devices are preferred over HCT devices due to the fact
that HC devices have higher switch points than HCT devices.
This higher switch point allows HC devices to achieve better
incident wave switching on lower impedance lines.

HC/HCT may not have enough drive capability to interface
with some of the more popular LSTTL transmission lines.
(Possible reason why an HCT device may not be a drop-in
replacement of an equivalent TTL device.) This does not pose
a major problem since having larger value termination resistors
is desirable for CMOS type transmission lines.

By increasing the termination resistance value, the CMOS
advantage of low power consumption can be realized.
Motorola recommends a minimum termination resistor value
as shown in Figure 36. The termination resistor should be as
close to the receiving unit as possible. Another method of

terminating the line driver, as well as the receiving unit, is
shown in Figure 37. Note that the resistor values in Figure 37
are twice the resistor value of Figure 36; this gives a net equiv-
alent termination value of Figure 36. Even higher values of
resistors may be used for either termination method. This
reduces power consumption, but at the expense of speed and
possible signal degradation.

Vee:
R1
HSCMOS HSCMOS
(LINE DRIVER) (RECEIVER)
R2
R1=15kQ
R2=1.0 kQ

Figure 36. Termination Resistors at the Receiver

Vee Vee
R1 R3
HSCMOS - HSCMOS
R2 ‘%n "
— —— R1=R3=30k0
- =  R2=R4=2k0

Figure 37. Termination Resistors at
Both the Line Driver and Receiver

CMOS LATCH UP

Typically, HSCMOS devices do not latch up with currents
of 76 mA forced into or out of the inputs or 300 mA for the
outputs under worst case conditions (TA =1256°C and Vcc =
6 V). Under dc conditions for the inputs, the input protection
network typically fails, due to grossly exceeding the maximum
input voltage rating of —1.5 to V¢c+ 1.5 V before latch-up
currents are reached. For most designs, latch up will not be
a problem, but the designer should be aware of it, what causes
it, and how it can be prevented.

Figure 38 shows the layout of a typical CMOS inverter and
Figure 39 shows the parasitic bipolar devices that are formed.
The circuit formed by the parasitic transistors and resistors is
the basic configuration of a silicon controlled rectifier, or SCR.
In the latch-up condition, transistors Q1 and Q2 are turned
on, each providing the base current necessary for the other
to remain in saturation, thereby latching the device on. Unlike
a conventional SCR, where the device is turned on by applying
a voltage to the base of the NPN transistor, the parasitic SCR
is turned on by applying a voltage to the emitter of either
transistor. The two emitters that trigger the SCR are the same
point, the CMOS output. Therefore, to latch up the CMOS
device, the output voltage must be greater than Vcc+0.5 V
or less than — 0.5V and have sufficient current to trigger the
SCR. The latch-up mechanism is similar for the inputs.

Once a CMOS device is latched up, if the supply current is
not limited, the device can be destroyed or its reliability can
be degraded. Ways to prevent such an occurrence are listed
below.

e s e
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1. Industrial controllers driving relays or motors is an envi-
ronment in which latch up is a potential problem. Also, the
ringing due to inductance of long transmission lines in an
industrial setting could provide enough energy to latch up
CMOS devices. Opto-isolators, such as Motorola’s
MOC3011, are recommended to reduce chances of latch
up. See the Motorola Semiconductor Master Selection
Guide for a complete listing of Motorola opto-isolators.

. Ensure that inputs and outputs are limited to the maximum
rated values.

-1.5=<Vjh=Vcc+1.5V referenced to GND

—0.5 =Vgut=Vcc+0.5V referenced to GND
|lin] =20 mA

|lout| =25 mA for standard outputs

|lout| =35 mA for bus-driver outputs

3. If voltage transients of sufficient energy to latch up the

device are expected on the inputs or outputs, external pro-
tection diodes can be used to clamp the voltage. Another

method of protection is to use a series resistor to limit the
expected worst case current to the maximum ratings value.
See Handling Precautions for other possible protection
circuits and a discussion of ESD prevention.

. Sequence power supplies so that the inputs or outputs of

HSCMOS devices are not active before the supply pins are
powered up (e.g., recessed edge connectors and/or series
resistors may be used in plug-in board applications).

. Voltage regulating and filtering should be used in board

design and layout to ensure that power supply lines are free
of excessive noise.

. Limit the available power supply current to the devices that

are subject to latch-up conditions. This can be accom-
plished with the power-supply filtering network or with a
current-limiting regulator.

RECOMMENDED READING

Paul Mannone, “Careful Design Methods Prevent CMOS
Latch-Up”, EDN, January 26, 1984.

P-CHANNEL N-CHANNEL
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vee Vee P-CHANNEL outpur  N-CHANNEL GND
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Figure 38. CMOS Wafer Cross Section
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Figure 39. Latch-Up Circuit Schematic
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MAXIMUM POWER DISSIPATION

The maximum power dissipation for Motorola HSCMOS
packages is 750 mW for both ceramic and plastic DIPs and
500 mW for SOIC packages. The deratings are — 10 mW/°C
from 65°C for plastic DIPs, —10 mW/°C from 100°C for
ceramic packages, and —7 mW/°C from 65°C for SOIC pack-
ages. This is illustrated in Figure 40.
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400
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0 40 80 120
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Figure 40. Maximum Package Power
Dissipation versus Temperature

Internal heat generation in HSCMOS devices comes from
two sources, namely, the quiescent power and dynamic power
consumption.

In the quiescent state, either the P-channel or N-channel
transistor in each complementary pair is off except for small
source-to-drain leakage due to the inputs being either at V¢ ¢
or ground. Also, there are the small leakage currents flowing
in the reverse-biased input protection diodes and the parasitic
diodes on the chip. The specification which takes all leakage
into account is called Maximum Quiescent Supply Current (per
package), or Icc, and is shown on all data sheets.

The three factors which directly affect the value of quiescent
power dissipation are supply voltage, device compiexity, and
temperature. On the data sheets, Icc is specified only at
Vce=6.0 V because this is the worst-case supply voltage
condition. Also, larger or more complex devices consume more

_quiescent power because these devices contain a proportion-
ally greater reverse-biased diode junction area and more off
(leaky) FETs.

Finally, as can be seen from the data sheets, temperature
increases cause I increases. This is because at higher tem-
peratures, leakage currents increase.

HC QUIESCENT POWER DISSIPATION

When HC device inputs are virtually at V¢ c or GND potential
(as in a totally CMOS system), quiescent power dissipation is
minimized. The equation for HC quiescent power dissipation
is given by:

Pp=Vcclce

Worst-case Icc occurs at Vcc=6.0 V. The value of Icc at
Vce=6.0 V, as specified in the data sheets, is used for all
power supply voltages from 2 to 6 V.

HCT QUIESCENT POWER DISSIPATION

Although HCT devices belong to the CMOS family, their
input voltage specifications are identical to those of LSTTL.
HCT parts can therefore be either judiciously substituted for
or mixed with LS devices in a system.

TTL output voltages are Vg =0.4 V (max) and VoH=2.4
t0 2.7 V (min).

Slightly higher Icc current exists when an HCT device is
driven with Vg =0.4 V (max) because this voltage is high
enough to partially turn on the N-channel transistor. However,
when being driven with a TTL VgH, HCT devices exhibit large
additional current flow (Alcc) as specified on HCT device data
sheets. Alcc current is caused by the off-rail input voltage
turning on both the P and N channels of the input buffer. This
condition offers a relatively low impedance path from V¢ to
GND. Therefore, the HCT quiescent power dissipation is de-
pendent on the number of inputs applied at the TTL V| logic
voltage level.

The equation for HCT quiescent power dissipation is given
by:

Pp=IccVec+nalccVee
where 5 =the number of inputs at the TTL V|4 level.

HC AND HCT DYNAMIC POWER DISSIPATION

Dynamic power dissipation is calculated in the same way
for both HC and HCT devices. The three major factors which
directly affect the magnitude of dynamic power dissipation are
load capacitance, internal capacitance, and switching transient
currents.

The dynamic power dissipation due to capacitive loads is
given by the following equation:

Pp=CLVcc2f

where Pp=power in pgW, C| =capacitive load in pF,
V¢ = supply voltage in volts, and f = output frequency driving
the load capacitor in MHz.

All CMOS devices have internal parasitic capacitances that
have the same effect as external load capacitors. The mag-
nitude of this internal no-load power dissipation capacitance,
CppD. is specified as a typical value.

Finally, switching transient currents affect the dynamic
power dissipation. As each gate switches, there is a short
period of time in which both N- and P-channel transistors are
partially on, creating a low-impedance path from Vcc to
ground. As switching frequency increases, the power dissi-
pation due to this effect also increases.

The dynamic power dissipation due to Cpp and switching
transient currents is given by the following equation:

Pp=CpPpVCC

Therefore, the total dynamic power dissipation is given by:

Pp=(CL+Cpp)Vccf

A
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Total power dissipation for HC and HCT devices is merely
a summation of the dynamic and quiescent power dissipation
elements. When being driven by CMOS logic voltage levels
(rail to rail), the total power dissipation for both HC and HCT
devices is given by the equation:

Pp=Vcclce +(CL+CppIVecf

When being driven by LSTTL logic voltage levels, the total
power dissipation for HCT devices is given by the equation:

Pp=Vcclcc* VecAlggld, +62+. . . +8p)
+(CL+Cpplvec2f

where ép = duty cycle of LSTTL output applied to each input
of an HCT device.

CAPACITIVE LOADING EFFECTS
ON PROPAGATION DELAY

In addition to temperature and power-supply effects, ca-
pacitive loading effects should be taken into account. The
additional propagation delay may be calculated if the short
circuit current for the device is known. Expected minimum
numbers may be determined from Table 2.

From the equation

_ Cdvg
dt
this approximation follows:
1= CAV
At
so At= ————C?V
or At= C(0.5 Vce)

because the propagation delay is measured to the 50% point
of the output waveform (typically 0.5 V).

This equation gives the general form of the additional prop-
agation delay. To calculate the propagation delay of a device
for a particular load capacitance, C|, the following equation
may be used.

tpr=tp+0.5 Vcc (CL~50 pF)/lps
where tpT= total propagation delay
tp= specified propagation delay with 50 pF load
CpL = actual load capacitance
los = short circuit current (Table 2)

An example is given here for tp of the 74HCO0 driving a
150 pF load.

Vee=45V
tpHL (50 pF)=18 ns
CL=150 pF
log=17.3 mA

(0.5)(4.5 V)(150 pF —50 pF)
17.3 mA

tpHL (150 pF) =18 ns +

=18 ns+13 ns
=31 ns

Another example for C{_ =0 pF and all other parameters the
same.

{0.5)(4.5 V)(0 pF — 50 pF)

tPHL (0 pF) =18 ns+
PHL (0 pF) =18 ns 7.3 mA

=18 ns+(—6.5 ns)
tpHL=11.5ns

This method gives the expected propagation delay and is in-
tended as a design aid, not as a guarantee.

Table 2. Expected Minimum Short Circuit Currents*

Standard Drivers Bus Drivers
Parameter Vee Unit
25°C 85°C | 125°C | 25°C 85°C | 126°C
Output Short Circuit Source Current 2.0 1.89 1.83 1.80 3.75 3.64 3.60 mA
4.5 18.5 15.0 13.4 37.0 30.0 26.6
6.0 35.2 28.0 24.6 70.6 56.1 49.2
Output Short Circuit Sink Current 2.0 1.55 1.5 1.55 245 2.45 243 mA
45 17.3 14.0 12.5 27.2 2.1 19.6
6.0 33.4 26.5 23.2 52.6 41.7 36.5

*These values are intended as design aids, not as guarantees.

O
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TEMPERATURE EFFECTS ON
DC AND AC PARAMETERS

One of the inherent advantages of CMOS devices is that
characteristics of the N- and P-channel transistors, such as
drive current, channel resistance, propagation delay, and out-
put transition time, track each other over a wide temperature
range. Figure 41 shows the temperature relationships for these
parameters. To illustrate the effects of temperature on noise
margin, Figure 42 shows the typical transfer characteristics for
devices with buffered inputs and outputs. Note that the typical
switch point is at 45% of the supply voltage and is minimally
affected by temperature.

The graphs in this section are intended to be design aids,
not guarantees.
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Figure 42. Temperature Effects on the HC
Transfer Characteristics

SUPPLY VOLTAGE EFFECTS ON DRIVE
CURRENT AND PROPAGATION DELAY

The transconductive gain, lgyt/Vin, of MOSFETSs is pro-
portional to the gate voltage minus the threshold voltage,
VG~ VT. The gate voltage at the input of the final stage of
buffered devices is approximately the power supply voltage,
Ve or GND. Because VGg=Vcc or GND, the output drive
current is proportional to the supply voltage. Propagation de-
lays for CMOS devices are also affected by the power supply
voltage, because most of the delay is due to charging and
discharging internal capacitances. Figures 43 and 44 show the
typical variation of current drive and propagation delay, nor-
malized to Vgc=4.5 V for 2.0=<V¢c=6.0 V. These curves
may be used with the tables on each data sheet to arrive at
parametric values over the voltage range.
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DECOUPLING CAPACITORS

The switching waveforms shown in Figures 45 and 46 show
the current spikes introduced to the power supply and ground
lines. This effect is shown for a load capacitance of less than
5 pF and for 50 pF. For ideal power supply lines with no series
impedance, the spikes would pose no problem. However,
actual power supply and ground lines do possess series imped-
ance, giving rise to noise problems. For this reason, care should
be taken in board layouts, ensuring low impedance paths to
and from logic devices.

To absorb switching spikes, the following HSCMOS devices
should be bypassed with good quality 0.022 uF to 0.1 uF
decoupling capacitors:

1. Bypass every device driving a bus with all outputs switching
simultaneously.

INTERFACING

HSCMOS devices have a wide operating voltage range
(Vg =2 to 6 V) and sufficient current drive to interface with
most other logic families available today. In this section, var-
ious interface schemes are given to aid the designer (see Fig-
ures 47 through 52). The various types of CMOS devices with
their input/output levels and comments are given in Table 3.

Motorola presently has available several CMOS memories
and microprocessors (see Table 4) which are designed to di-
rectly interface with High-Speed CMOS. With these devices
now available, the designer has an attractive alternative to
LSTTL/NMOS, and a total HSCMOS system is now possible.
(See SG102, CMOS System IC Selection Guide, for more
information.)

Device designators are as follows:

2. Bypass all synchronous counters. HC  This is a high-speed CMOS device with CMOS input
3. Bypass devices used as oscillator elements. switching levels and buffered CMOS outputs. The num-
4. Bypass Schmitt-trigger devices with slow input rise and fall bering of devices with this designator follows the LSTTL
times. The slower the rise and fall time, the larger the bypass numbering sequence. These devices are functional and
capacitor. Lab experimentation is suggested. pinout equivalents of LSTTL devices (e.g., HCOO,
Bypass capacitors should be distributed over the circuit HC688, etc.). Exceptions to this are devices that are
board. In addition, boards could be decoupled with a 1 uF functional and pinout equivalents to metal-gate CMOS
capacitor. devices (e.g., HC4002, HC4538, etc.).
HCU Thisis anunbuffered high-speed CMOS device with only
one stage between the input and output. Because this
= I [ is an unbuffered device, input and output levels may
= \ \ differ from buffered devices. At present, the family con-
tains only one unbuffered device, the HCU04.
HCT This is a high-speed CMOS device with an LSTTL-to-
CMOS input buffer stage. These devices are designed
" | | ] to interface with LSTTL outputs operating at
< Vee=5 V 1£10%. HCT devices have fully buffered
CMOS outputs that directly drive HSCMOS or LSTTL
devices.
BUFFERED DEVICE: INPUT t;, t;=<500 ns, C; <5 pF
Figure 45. Switching Currents for Cy <5 pF
_ e GND
- | | HC OR HCT DIRECT LSTTL
2 \ \ DEVICE INTERFACE DEVICE
Figure 47. HC to LSTTL Interfacing
o ¢ Vee
. [lf L
k=
a 4 —& - GND
BUFFERED DEVICE: INPUT t;, t;=<500 ns, C =50 pF LSTTL DIRECT HCT
DEVICE INTERFACE DEVICE

Figure 46. Switching Currents for C| =50 pF

Figure 48. LSTTL to HCT Interfacing
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Figure 49. LSTTL to HC Interfacing

# vee Vpp=3-15V* Voe=2-6V
HC

GND
STANDARD MC14043UB/140508 HC GND
CMos OR DEVICE
HCA4049/HC4050

*VQH must be greater than Vi of low voltage Device; Vpp=3-18 V
may be used if interfacing to 14049UB/14050B.

s ? 3 Figure 51. High Voltage CMOS to HSCMOS
VecVop VooVee
[ N
| I
GND . > ¢ GND LEVEL
LSTTL HC4049 HC SHIFTER
DEVICE OR DEVICE ! !
HC4050 Lt - — — — —
GND
Figure 50. LSTTL to Low-Voltage HSCMOS HSCMOS/ MC145048 STANDARD CMOS/
STANDARD CMOS HSCMOS
Figure 52. Up/Down Level Shifting Using
the MC14504B
Table 3. Interfacing Guide
Device Input Level Output Level Comments
HCXXX CMOS CMOS LSTTL Functional and Pinout Equivalent Devices
HC4XXX CMOS CMOS CMOS Functional and Pinout Equivalent Devices
HCUXX CMOS CMOS Used in Linear Applications
HCTXXX TTL CMOS HSCMOS Device with TTL-to-CMOS Input Buffering
HC4049, —-05=<Vjy=<15V CMOS High-to-Low Level Translators, CMOS Switching Levels
HC4050
MC14049UB -05=<Vj,=<18V CMOS Metal-Gate CMOS High-to-Low Level Translators, CMOS Switching Levels
MC14050B
MC145048 CMOS or TTL CMOS Metal-Gate CMOS High-to-Low or Low-to-High Level Translator
Table 4. CMOS Memories and Microprocessors
CMOS Memories CMOS Microprocessors
MCM6147 MC68HCO1 MC146805G2 RECOMMENDED READING
MCM61L47 MC68HCO03 MC146805H2 e . .
MCM68HC34 MC68HC11A8 MC1468705F2 S. Cralg, ‘Usmg ngh-Speed CMOS Loglc for Microprocessor
MC68HC11D4 MC1468705G2 Interfacing’, Application Note-868, Motorola Semiconductor
MC68HC811A2  MC68HC05C4 Products Inc., 1982.
MC68HC811D4  MC68HSCO05C4
MC68HC04P3 MC68HC05C8
MC146805E2 MC68HC805C4
MC146805F2 MC68HC000

L
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TYPICAL PARAMETRIC VALUES

Given a fixed voltage and temperature, the electrical char-
acteristics of High-Speed CMOS devices depend primarily on
design, layout, and processing variations inherent in semi-
conductor fabrication.

A preliminary evaluation of each device type essentially guar-
antees that the design and layout of the device conforms to
the criteria and standards set forth in the design goals. With
very few exceptions, device electrical parameters, once es-
tablished, do not vary due to design and layout.

Of much more concern is processing variation. A digital
processing line is allowed to deviate over a fairly broad pro-
cessing range. This allows the manufacturer to incur reduced
processing costs. These reduced processing costs are passed
on to the consumer in the form of lower device prices.

Processing variation is the range from worst case to best
case processing and is defined as the process window. This
window is established with the aid of statistical process control
(SPC). With SPC, when a processing parameter approaches
the process window limit, that parameter is adjusted toward
the middle of the window. This keeps process variations within
a predetermined tolerance.

Motorola characterizes each device type over this process
window. Each device type is characterized by allowing ex-
perimental lots to be processed using worst case and best case
processing. The worst case processed lots usually determine
the minimum or maximum guaranteed limit. (Whether the limit
is a guaranteed minimum or maximum depends on the par-
ticular parameter being measured.)

In production, these limits are guaranteed by probe and final
test and therefore appear independent of process variation to
the end user. However, this does not hold true for the mean
value of the total devices processed. The mean value, com-
monly referred to as a typical value, shifts over processing and
therefore varies from lot to lot or even wafer to wafer within
a lot.

As with all processing or manufacturing, the total devices
being produced fit the normal distribution or bell curve of
Figure 53. In order to guarantee a valid typical value, a typical
number plus a tolerance, would have to be specified and tested
(see Figure 54). However, this would greatly increase pro-
cessing costs which would have to be absorbed by the
consumer.

REJECT
REGION

(a)

In some cases, the device's actual values are so small that
the resolution of the automatic test equipment determines the
guaranteed limit. An example of thisis quiescent supply current
and input leakage current.

Most manufacturers provide typical numbers by one of two
methods. The first method is to simply double or halve, de-
pending on the parameter, the guaranteed limit to determine
a typical number. This would theoretically put all processed
lots in the middle of the process window. Another approach
to typical numbers is to use a typical value that is derived from
the aforementioned experimental lots. However, neither
method accurately reflects the mean value of devices any one
consumer can expect to receive.

Therefore, the use of typical parametric numbers for design
purposes does not constitute sound engineering design prac-
tice. Worst case analysis dictates the use of guaranteed min-
imum or maximum values. The only possible exception would
be when no guaranteed value is given. In this case a typical
value may be used as a ballpark figure.

MEAN (TYP)
VALUE

MAX
VALUE

VALUE REJECT

REGION

REJECT
REGION

Figure 54

REJECT
REGION

(b)

Figure 53
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REDUCTION OF ELECTROMAGNETIC
INTERFERENCE (EMI)

Electromagnetic interference (EMI) and radio frequency in-
terference (RFI) are phenomena inherent in all electrical sys-
tems covering the entire frequency spectrum. Although the
characteristics have been well documented, EMI remains dif-
ficult to deal with due to numerous variables. EMI should be
considered at the beginning of a design, and taken into account
during all stages, including production and beyond.

These entities must be present for EMI to be a factor: (1) a
source of EMI, (2) a transmission medium for EMI, and (3) a
receiver of EMI. Several sources include relays, FM transmit-
ters, local oscillators in receivers, power lines, engine ignitions,
arc welders, and lighting. EMI transmission paths include
ground connections, cables, and the space between conduc-
tors. Some receivers of EMI are radar receivers, computers,
and television receivers.

For microprocessor based equipment, the source of emis-
sions is usually a current loop on a PC board. The chips and
their associated loop areas also function as receivers of EMI.
The fact is that PC boards which radiate high levels of EMI
are also more likely to act as receivers of EMI.

All logic gates are potential transmitters and receivers of
emissions. Noise immunity and noise margin are two criterion
which measure a gate’s immunity to noise which could be
caused by EMI. CMOS technology, as opposed to the other
commonly used logic families, offers the best value for noise
margin, and is therefore an excellent choice when considering
EMI.

The electric and magnetic fields associated with ICs are
porportional to the current used, the current loop area, and
the switching transition times. CMOS technology is preferred
due to smaller currents. Also, the current loop area can be
reduced by the use of surface mount packages.

" Inasystem where several pieces of equipment are connected

by cables, at least five coupling paths should be taken into
account to reduce EMI. They are: (1) common ground imped-
ance coupling (a common impedance is shared between an
EMI source and receiver), (2) common-mode, field-to-cable
coupling (electromagnetic fields enter the loop found by two
pieces of equipment, the cable connecting them, and the
ground plane), (3) differential-mode, field-to-cable coupling
(electromagnetic fields enter the loop formed by two pieces
of equipment and the cable connecting them), (4) crosstalk
coupling (signals in one transmission line are coupled into
another transmission line), and (5) a conductive path through
power lines.

Shielding is a means of reducing EMI. Some of the more
commonly used shields against EMI and RFI contain stainless
steel fiber-filled polycarbonate, aluminum flake-filled polycar-
bonate/ABS coated with nickel and copper electrolysis plating
or cathode sputtering, nickel coated graphite fiber, and poly-
ester SMC with carbon-fiber veil. Several manufacturers who
make conductive compounds and additives are listed below.

SHIELDING MANUFACTURERS
General Electric Co., Plastics Group, Pittsfield, MA
Mobay Chemical Corp., Pittsburg, PA
Wilson-Fiberfil International, Evanaville, IN
American Cyanamid Co., Wayne, NJ
Fillite U.S.A., Inc., Huntington, WV
Transnet Corp., Columbus, OH
Motorola does not recommend, or in any way warrant the

manufacturers listed here. Additionally, no claim is made that
this list is by any means complete.

RECOMMENDED READING

D. White, K. Atkinson, and J. Osburn, “Taming EMI in Mi-
croprocessor Systems’’, /EEE Spectrum, Vol. 22, Number 12,
Dec. 1985.

D. White and M. Mardiguian, EM/ Control Methodology and
Procedures, 1985.

H. Denny, Grounding for the Control of EMI.

M. Mardiguian, How to Control Electrical Noise.

D. White, Shielding Design Methodology and Procedures.
For more information on this subject, contact:

Interference Control Technologies

Don White Consultants, Inc., Subsidiary
State Route 625

P.0. Box D

Gainesville, VA 22065

HYBRID CIRCUIT GUIDELINES

High-Speed CMOS devices, when purchased in chip (die)
form, are useful in hybrid circuits. Most high-speed devices
are fabricated with P wells and N substrates. Therefore, the
substrates should be tied to Vcc (+supply).

Several devices howaever, are fabricated with N wells and P
substrates. In this case, the substrates should be tied to GND.
The best solution to alleviate confusion about the substrate is
the use of nonconductive or insulative substrates. This averts
the necessity of tying the substrate off to either V¢ or GND.

For more information on hybrid technology, contact:

International Society for Hybrid Microelectronics
P.O. Box 3255
Montgomery, AL 36109
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SCHMITT-TRIGGER DEVICES

Schmitt-trigger devices exhibit the effect of hysteresis. Hys-
teresis is characterized by two different switching threshold
levels, one for positive-going input transitions and the other
for negative-going input transitions.

Schmitt triggers offer superior noise immunity when com-
pared to standard gates and inverters. Applications for Schmitt
triggers include line receivers, sine to square wave converters,
noise filters, and oscillators. Motorola offers six versatile
Schmitt-trigger devices in the High-Speed CMOS logic family
(see Table 5).

The typical voitage transfer characteristics of a standard
CMOS inverter and a CMOS Schmitt-trigger inverter are com-
pared in Figures 55 and 56. The singular transfer threshold of
the standard inverter is replaced by two distinct thresholds in
a Schmitt-trigger inverter. During a positive-going transition
of Vjp, the output begins to go low after the VT 4. threshold
is reached. During a negative-going Vi, transition, Vot begins
to go high after the VT — threshold is reached. The difference
between VT4 and VT_ is defined as Vi, the hysteresis
voltage.

As a direct result of hysteresis, Schmitt-trigger circuits pro-
vide excellent noise immunity and the ability to square up
signals with long rise and fall times. Positive-going input noise
excursions must rise above the VT 4 threshold before they
affect the output. Similarly, negative-going input noise ex-
cursions must drop below the VT_ threshold before they
affect the output.

The HC132 can be used as a direct replacement for the HC00
NAND gate, which does not have Schmitt-trigger capability.
The HC132 has the same pin assignment as the HC00. Schmitt-
trigger logic elements act as standard logic elements in the
absence of noise or slow rise and fall times, making direct
substitution possible.

Versatility and low cost are attractive features of CMOS
Schmitt triggers. With six Schmitt triggers per HC14 package,
one trigger can be used for a noise elimination application
while the other five function as standard inverters. Similarly,
each of the four triggers in the HC132 can be used as either
Schmitt triggers or NAND gates or some combination of both.

Vee

Vout

Vin Voo

Figure 55. Standard Inverter Transfer Characteristic

Vee

Vout

Vin

Figure 56. Schmitt-Trigger
Inverter Transfer Characteristic

Table 5. Schmitt-Trigger Devices

HC14 Hex Schmitt-Trigger Inverter

HC14A Hex Schmitt-Trigger Inverter

HC132 Quad 2-Input NAND Gate with Schmitt-Trigger
Inputs

HC vs. HCT

Motorola’s High-Speed CMOS is intended to give the de-
signer an alternative to LSTTL. HSCMOS, with the faster
speed advantage over metal-gate CMOS (MC14000 series) and
the lower power consumption advantage over LSTTL, is an
optimum choice for new midrange designs. With the advent
of high-speed CMOS microprocessors and memories, the abil-
ity to design a 100% CMOS system is now possible.

HCT devices offer a short-term solution to the TTL/NMOS-
to-CMOS interface problem. To achieve this interface capa-
bility, some CMOS advantages had to be compromised. These
compromises include power consumption, operating voltage
range, and noise immunity.

In most cases HCT devices are drop-in replacements of TTL
devices with significant advantages over the TTL devices.
However, in some cases, an equivalent HCT device may not
replace a TTL device without some form of circuit modification.

The wise designer uses HCT devices to perform logic level
conversions only. In new designs, the designer wants all the
advantages of a true CMOS system and designs using only
HC devices.
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OSCILLATOR DESIGN WITH HIGH-SPEED CMOS

Oscillator design Is a fundamental requirement of many sys-
tems and several types are discussed in this section. In general,
an osclllator is comprised of two parts: an active network and
a feedback network. The active network is usually in the form
of an amplifier, or an unbuffered inverter, such as the HCU04.
The feedback network is mainly comprised of resistors, ca-
pacitors, and depending upon the application, a quartz crystal
or ceramic resonator.

Buffered inverters are never recommended in oscillator ap-
plications due to their high gain and added propagation delay.
For this reason Motorola manufactures the HCU04, which is
an unbuffered hex inverter.

Oscillators for use in digital systems fall into two general
categories, RC oscillators and crystal or ceramic resonator
oscillators. Crystal oscillators have the best performance, but

propagation delay becomes a dominant effect and affects the
cycle time. A polystyrene capacitor is recommended for op-
timum performance.

CRYSTAL OSCILLATORS

Crystal oscillators provide the required stabllity and accuracy
which is necessary in many applications. The crystal can be
modeled as shown in Figure 68.

The power dissipated in a crystal is referred to as the drive
level and is specified in mW. At low drive levels, the resonant
resistance of the crystal can be so large as to cause start-up
problems. To overcome this problem, the amplifier (inverter)
should provide enough amplification, but not too much as to
overdrive the crystal.

Figure 69 shows a Pierce crystal oscillator circuit, which is
a popular configuration with CMOS.

are more costly, especially for nonstandard frequencies. RC 1/8 HCUO4 1/8 HCUO4
oscillators are more useful in applications where stability and 0SCjp 0SCout1 0SCout2
accuracy are not of prime importance. Where high perfor- {>C DC
mance at low frequencies is desired, ceramic resonators are

sometimes used. R BUFFER

RC OSCILLATORS

The circuit in Figure 57 shows a basic RC oscillator using
the HCUO4. When the input voltage of the first inverter reaches
the threshold voltage, the outputs of the two inverters change
state, and the charging current of the capacitor changes di-
rection. The frequency at which this circuit oscillates depends
upon R1 and C. The equation to calculate these component
values is given in Figure 57.

Certain constraints must be met while designing this type
of oscillator. Stray capacitance and inductance must be kept
to a minimum by placing the passive components as close to
the chip as possible. Also, at higher frequencies, the HCU04's

1/6 HCUO4 1/8 HCUO4

 BUFFER

Vout

2R1<R2<10 R1

c1

0__|D R1
j—: 2

=]

Figure 59. Pierce Crystal Oscillator Circuit

Choosing R1

Power is dissipated in the effective series resistance of the
crystal. The drive level specified by the crystal manufacturer
is the maximum stress that a crystal can withstand without
damage or excessive shift in frequency. R1 limits the drive
level.

To verify that the maximum dc supply voltage does not
overdrive the crystal, monitor the output frequency at Osc Out
2. The frequency should increase very slightly as the dc supply

C=100 pF voltage is increased. An overdriven crystal decreases in fre-

1 kQ<R1<1MQ quency or becomes unstable with an increase in supply volt-

: fose= 1 age. The operating supply voltage must be reduced or R1 must
ZIRTT be increased in value if the overdriven condition exists. The

Figure 57. RC Oscillator

1 2 1
o——[J——0 = 0—¢

Rs . Ls Ci-_

i1

user should note that the oscillator start-up time is proportional
to the value of R1.

11
Co

Values are supplied by the crystal manufacturer
(parallel resonant crystal)

Figure 58. Equivalent Crystal Networks |
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Selecting Rf

The feedback resistor (Rf) typically ranges up to 20 M. R¢
determines the gain and bandwidth of the amplifier. Proper
bandwidth ensures oscillation at the correct frequency plus
roll-off to minimize gain at undesirable frequencies, such as
the first overtone. Rf must be large enough so as not to affect
the phase of the feedback network in an appreciable manner.

RECOMMENDED READING

D. Babin, “Designing Crystal Oscillators”, Machine Design,
March 7, 1985.

D. Babin, ““Guidelines for Crystal Oscillator Design’’, Machine
Design, April 25, 1985.

PRINTED CIRCUIT BOARD LAYOUT

Noise generators on the power supply lines should be de-
coupled. The two major sources of noise on the power supply
lines are peak current in output stages during switching and
the charging and discharging of parasitic capacitances.

A good power distribution network is essential before de-
coupling can provide any noise reduction. Avoid using jumpers
for ground and power connections; the inductance they in-
troduce into the lines permits coupling between outputs.
Therefore, use of PC boards with premanufactured ground
connections is advised to connect the device pins to ground.

However, the optimum solution is to use multi-layer PC
boards where different layers are used for the supply rails and
interconnections. Even with double-sided boards, placing the
power and ground lines on opposite sides of the board when-
ever possible is recommended. The multi-wire board is a less
expensive approach than the multi-layer PC board, while re-
taining the same noise reduction characteristics. As a rule of
thumb, there should be several ground pins per connector to
give good ground distribution.

The precautions for ground lines also apply to V¢ lines:
1) separate power stabilization for each board; 2) isolate noise
sources; and 3) avoid the use of large, single voltage regulators.

After all of these precautions, decoupling is an added mea-
sure to reduce supply noise. See the Decoupling Capacitors
section.

GLOSSARY OF TERMS

Cin Input Capacitance — The parasitic capacitance as-
sociated with a given input pin.

CL Load Capacitance — The capacitor value which loads
each output during testing and/or evaluation. This ca-
pacitance is assumed to be attached to each output
in a system. This includes all wiring and stray
capacitance.

Cout Output Capacitance — The capacitance associated
with a three-state output in the high-impedance state.

Cpp Power Dissipation Capacitance — Used to deter-
mine device dynamic power dissipation, i.e.,
Pp=CppVcc2f+Veclce. See POWER SUPPLY
SIZING for a discussion of Cpp.

fmax Maximum Clock Frequency — The maximum clock-
ing frequency attainable with the following input and
output conditions being met:
Input Conditions — (HC) t;=t{ =6 ns, voltage swing
from GND to Vgc with 50% duty cycle. (HCT)
tr=tf=6 ns, voltage swing from GND to 3.0 V with
50% duty cycle.

Output Conditions — (HC and HCT) waveform must
swing from 10% of (VoH—-VoL) to 90% of
(VOH—-VoL) and be functionally correct under the
given load condition: C| =50 pF, all outputs.

Vgc Positive Supply Voltage — +dc supply voltage (ref-
erenced to GND). The voltage range over which ICs
are functional.

Vin Input Voltage — DC input voltage (referenced to
GND).

Vout g;g:)ut Voltage — DC output voltage (referenced to

VIH Minimum High Level Input Voltage — The worst
case voltage that is recognized by a device as the HIGH
state.

ViL Maximum Low Level Input Voltage — The worst
case voltage that is recognized by a device as the LOW
state.

VOH Minimum High Level Output Voltage — The worst
case high-level voltage at an output for a given output
current (loyt) and supply voltage (Vcc).

VoL Maximum Low Level Output Voltage — The worst
case low-level voltage at an output for a given output
current (lgyt) and supply voltage (Vce).

VT4+ Positive-Going Input Threshold Voltage — The
minimum input voltage of a device with hysteresis
which is recognized as a high level. (Assumes ramp
up from previous low level.)

VT~ Negative-Going Input Threshold Voltage — The
maximum input voltage of a device with hysteresis
which is recognized as a low level. (Assumes ramp
down from previous high level).

VH  Hysteresis Voltage — The difference between VT
and VT — of a given device with hysteresis. A measure
of noise rejection.

lcc IC Quiescent Supply Current — The current into
the V¢ pin when the device inputs are static at VcC
or GND and outputs are not connected.

Algc Additional Quiescent Supply Current — The cur-
rent into the Vcc pin when one of the device inputs
is at 2.4 V with respect to GND and the other inputs
are static at Vgc or GND. The outputs are not
connected.

lin Input Current — The current into an input pin with
the respective input forced to V¢ or GND. A negative
sign indicates current is flowing out of the pin (source).
A positive sign or no sign indicates current is flowing
into the pin (sink).

lout Output Current — The current out of an output pin.
A negative sign indicates current is flowing out of the
pin (source). A positive sign or no signindicates current
is flowing into the pin (sink).

Lo ]
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IH
I
loH
loL

loz

tPLH

tPHL

tpLZ

tPHZ

tpzL

tpzH

tTLH

Input Current (High) — The input current when the
input voltage is forced to a high level.

Input Current (Low) — The input current when the
input voltage is forced to a low level.

Output Current (High) — The output current when
the output voltage is at a high level.

Output Current (Low) — The output current when
the output voltage is at a low level.

Three-State Leakage Current — The current into or
out of a three-state output in the high-impedance state
with that respective output forced to V¢c or GND.

Low-to-High Propagation Delay (HC) — The time
interval between the 0.5 V¢ level of the controlling
input waveform and the 50% level of the output wave-
form, with the output changing from low level to high
level. (HCT) — The time interval between the 1.3 V
level (with respect to GND) of the controlling input
waveform and the 1.3 V level (with respect to GND)
of the output waveform, with the output changing
from low level to high level.

High-to-Low Propagation Delay (HC) — The time
interval between the 0.5 V level of the controlling
input waveform and the 50% level of the output wave-
form, with the output changing from high level to low
level. (HCT) — The time interval between the 1.3 V
level (with respect to GND) of the controlling input
waveform and the 1.3 V level (with respect to GND)
of the output waveform, with the output changing
from high level to low level.

Low-Level to High-Impedance Propagation Delay
(Disable Time) — The time interval between the 0.5
Ve level for HC devices (1.3 V with respect to GND
for HCT devices) of the controlling input waveform
and the 10% level of the output waveform, with the
output changing from the low level to high-impedance
(off) state.

High-Level to High-impedance Propagation Delay
(Disable Time) — The time interval between the 0.5
Ve level for HC devices (1.3 V with respect to GND
for HCT devices) of the controlling input waveform
and the 90% level of the output waveform, with the
output changing from the high level to high-impedance
(off) state.

High-Impedance to Low-Level Propagation Delay
(Enable Time) — The time interval between 0.5 Vcc
level (HC) or 1.3 V level with respect to GND (HCT)
of the controlling input waveform and the 50% level
(HC) or 1.3 V level with respect to GND (HCT) of the
output waveform, with the output changing from the
high-impedance (off) state to a low level.

High-lmpedance to High-Level Propagation Delay
(Enable Time) — The time interval between the 0.5
Ve level (HC) or 1.3 V level with respect to GND
(HCT) of the controlling input waveform and the 50%
level (HC) or 1.3 V level with respect to GND (HCT)
of the output waveform, with the output changing
from the high-impedance (off) state to a high level.

Output Low-to-High Transition Time — The time
interval between the 10% and 90% voltage levels of
the rising edge of a switching output.

tTHL Output High-to-Low Transition Time — The time

tsu

th

trec

tw

tr

tf

interval between the 90% and 10% voltage levels of
the falling edge of a switching output.

Setup Time — The time interval immediately pre-
ceeding the active transition of a clock or latch enable
input, during which the data to be recognized must
be maintained (valid) at the input to ensure proper
recognition. A negative setup time indicates that the
data at the input may be applied sometime after the
active clock or latch transition and still be recognized.
For HC devices, the setup time is measured from the
50% level of the data waveform to the 50% level of
the clock or latch input waveform. For HCT devices,
the setup time is measured from the 1.3 V level (with
respect to GND) of the data waveform to the 1.3 V
level (with respect to GND) of the clock or latch input
waveform.

Hold Time — The time interval immediately following
the active transition of a clock or latch enable input,
during which the data to be recognized must be main-
tained (valid) at the input to ensure proper recognition.
A negative hold time indicates that the data at the
input may be changed prior to the active clock or latch
transition and still be recognized. For HC devices, the
hold time is measured from the 50% level of the clock
or latch input waveform to the 50% level of the data
waveform. For HCT devices, the hold time is measured
from the 1.3 V level (with respect to GND) of the clock
or latch input waveform to the 1.3 V level (with respect
to GND) of the data waveform.

Recovery Time (HC) — The time interval between
the 50% level of the transition from active to inactive
state of an asynchronous control input and the 50%
level of the active clock or latch enable edge required
to guarantee proper operation of a device. (HCT) —
The time interval between the 1.3 V level (with respect
to GND) of the transition from active to inactive state
of an asynchronous control input and the 1.3 V level
(with respect to GND) of the active clock or latch edge
required to guarantee proper operation of a logic
device.

Pulse Width (HC) — The time interval between 50%
levels of an input pulse required to guarantee proper
operation of a logic device. (HCT) — The time interval
between 1.3 V levels (with respect to GND) of an input
pulse required to guarantee proper operation of a logic
device.

Input Rise Time (HC) — The time interval between
the 10% and 90% voltage levels on the rising edge of
an input signal. (HCT) — The time interval between
the 0.3 V level and 2.7 V level (with respect to GND)
on the rising edge of an input signal.

Input Fall Time (HC) — The time interval between
the 90% and 10% voltage levels on the falling edge of
an input signal. (HCT) — The time interval between
the 2.7 V level and 0.3 V level (with respect to GND)
on the falling edge of an input signal.
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MOTOROLA

m SEMICONDUCTOR
TECHNICAL DATA

Advance Information

Quad 2-Input NAND Gate
High-Performance Silicon-Gate CMOS

The MC54/74HCOOA is identical in pinout to the LS00. The device inputs
are compatible with standard CMOS outputs; with pullup resistors, they

are compatible with LSTTL outputs.
® Output Drive Capability: 10 LSTTL Loads

® Outputs Directly Interface to CMOS, NMOS, and TTL

Operating Voltage Range: 2.0 to 6.0 V
Low Input Current: 1.0 A

.
® High Noise Immunity Characteristic of CMOS Devices
[ ]

In Compliance with the Requirements Defined by JEDEC Standard

No.7A

Improvements over HCO0
® |Improved Propagation Delays
® 50% Lower Quiescent Power

Chip Complexity: 32 FETs or 8 Equivalent Gates

® Improved Input Noise and Latchup Immunity

LOGIC DIAGRAM

Al

B1

A2
B2

B3

B4

ofefels

PIN 14 = V¢
PIN7 = GND

Y1

Y2

Y3

Y4

MC54/74HCO0A

J SUFFIX
CERAMIC
CASE 632-08

N SUFFIX
PLASTIC
CASE 646-06

14

1
D SUFFIX

soic
u $&° CASE 751A-02

1

ORDERING INFORMATION

MC74HCXXAN  Plastic
MC54HCXXAJ  Ceramic
MC74HCXXAD SOIC
TA = —55° to 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT
Alll1 o 14 1vee
B12 13 [1 84
Yil} 3 12 [1 A4
Al 4 11 {1 v4
820l 5 10 {183
Y20} 6 9l A3

GNDl 7 LR IR
FUNCTION TABLE
Inputs Output
A B Y

L L H

L H H

H L H

H H L

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MAXIMUM RATINGS*

MC54/74HC00A

Symbol Parameter Value Unit This device contains protection
_ circuitry to guard against damage
vee DC Supply Voltage (Referenced to GND) 05to0 +7.0 v due to high static voltages or elec.
Vin DC Input Voltage (Referenced to GND) —-15toVgc+1.5 \ tric fields. However, precautions
— must be taken to avoid applica-
Vout | DC Output Voltage (Referenced to GND) 0.5 to Vcc+0.5 \ tions of any voltage higher than
lin DC Input Current, per Pin +20 mA maximum rated voltages to this
" high-impedance circuit. For
lout | DC Output Current, per Pin +25 mA proper operation, Vin and Vout
Icc DC Supply Current, Vcc and GND Pins +50 mA should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIP 750 mw rarl\Jge Gh:jDs tVin or Vout < Vec.
SOIC Package 500 . nused inputs must always be
tied to an appropriate logic volt-
Tstg Storage Temperature -85 to + 150 °C age ievei {(e.g., either GND or
TL Lead Temperature, 1 mm from Case for 10 Seconds °C Ive%C())' ;Jnnused outputs must be
(Plastic DIP or SOIC Package) 260 pen.
(Ceramic DIP) 300
*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Max Unit
Vee DC Supply Voltage (Referenced to GND) 2.0 6.0 v
Vin: Vout | DC Input Voltage, Output Voltage 0 Vece \
(Referenced to GND)
TA Operating Temperature, All Package Types —55 +125 °C
tr, t¢ | Input Rise and Fall Time Vee = 20V 0 1000 ns
(Figure 1) Vee = 45V 0 500
Vec=60V| 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions cc o Unit
v V| BCto | ggec | <125°C
-55°C
VIH Minimum High-Level Input Vout=0.1VorVec—-0.1V 2.0 1.5 1.5 1.5 \
Voltage lloutl<20 pA 45 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1 VorVcc—-0.1V 2.0 0.5 0.5 0.5 v
Voltage llout/=<20 uA 45 1.35 1.35 1.35
6.0 1.8 1.8 1.8
VoH | Minimum High-Level Output Vin=V|H or V|L 2.0 1.9 1.9 1.9 Vv
Voltage llout|<20 pA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=VIH or ViL llout/<40 mA | 45 3.98 3.84 3.7
lout/<5.2 mA 6.0 5.48 5.34 5.2
VoL Maximum Low-Level Output Vin=V|H or VL 2.0 0.1 0.1 0.1 v
Voltage lloutl<20 nA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=VIH or ViL [lout/<4.0 mA 4.5 0.26 0.33 0.4
lloutl<6.2mA | 6.0 0.26 0.33 0.4
lin Maximum Input Leakage Current| Vin=Vcc or GND 6.0 +0.1 +1.0 +1.0 nA
Icc Maximum Quiescent Supply Vin=Vcc or GND 6.0 1.0 10 40 nA
Current (per Package) lout=0 nA
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MC54/74HCO00A

AC ELECTRICAL CHARACTERISTICS (C| = 60 pF, Input t; = t; = 6.0 ns)

v Guaranteed Limit
cC
Symbol Parameter v 25°C to <85°C | <125°C Unit
-55°C
tPLH, | Maximum Propagation Delay, Input A or B to Output Y 2.0 75 95 110 ns
tPHL (Figures 1 and 2) 45 16 19 22
6.0 13 16 19
tTLH, | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 2) 45 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance _— 10 10 10 pF
Cpp | Power Dissipation Capacitance (Per Gate) . Typical @ 25°C, Vg = 5.0 V
Used to determine the no-load dynamic power consumption: F
Pp = Cpp Vec?t + lec Ve 2 P
v TEST POINT
INPUT  90% e« QUTPUT
AORB 50% DEVICE
10% — GND
UNDER
TEST CL*
OUTPUTY I

TLH tTHL

Figure 1. Switching Waveforms

EXPANDED LOGIC DIAGRAM

(1/4 of the Device)

A

*Includes all probe and jig capacitance.

Figure 2. Test Circuit

—1 DD
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MOTOROLA

mm SEMICONDUCTOR
TECHNICAL DATA

Advanced Information

Quad 2-Input NOR Gate
High-Performance Silicon-Gate CMOS

The MC54/74HC02A is identical in pinout to the LS02. The device inputs are
compatible with standard CMOS outputs; with pullup resistors, they are com-
patible with LSTTL outputs.

® Output Drive Capability: 10 LSTTL Loads
® Outputs Directly Interface to CMOS, NMOS, and TTL
® Operating Voltage Range: 2.0 t0 6.0 V
® Low Input Current: 1.0 pA
® High Noise Immunity Characteristic of CMOS Devices
® In Compliance with the Requirements Defined by JEDEC Standard No. 7A
® Chip Complexity: 40 FETs or 10 Equivalent Gates
® Improvements over HC02

® Improved Propagation Delays

® 50% Lower Quiescent Power

® Improved Input Noise and Latchup Immunity

LOGIC DIAGRAM
Al 2 1
Y1
B
n 2 s
6 ¥2
B2
Y =A+8B
A3 8 10
9 v3
B3
1
12 Ya
B4
PIN 14 = V¢
PIN7 = GND

This document contains information on a new product. Specifications and information herein are subject to change without notice.

MC54/74HCO02A

J SUFFIX
CERAMIC
CASE 632-08

N SUFFIX
PLASTIC
CASE 646-06

D SUFFIX
Soic
CASE 751A-02

ORDERING INFORMATION

MC74HCXXAN
MCB4HCXXAJ
MC74HCXXAD

Plastic
Ceramic
{o][o}

TA = —55°to 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT
Yi[J1e 1411 Vee
A1[]2 13[1 va
BI[]3 12[] 84
Y24 1] A4
A2[]6 0[] v3
B2[]6 9183
GND ] 7 8] A3
FUNCTION TABLE
Inputs Output
A B Y
L L H
L H L
H L L
H H L

MOTOROLA HIGH-SPEED CMOS LOGIC DATA

5-5




MC54/74HC02A

MAXIMUM RATINGS*
Symbol Parameter Value Unit This device contains protection
— circuitry to guard against damage
Vee DC Supply Voltage (Referenced to GND) 05to +7.0 Vv due to high static voltages or elec-
Vin DC Input Voltage (Referenced to GND) -15toVee+15| V tric fields. However, precautions
~ must be taken to avoid applica-
Vout - | DC Output Voltage (Referenced to GND) 05to Vee+05| V tions of any voltage higher than
lin DC Input Current, per Pin =20 mA maximum rated voltages to this
" high-impedance circuit. For
lout | DC Output Current, per Pin +25 mA proper operation, Vin and Vout
lcc DC Supply Current, Vgc and GND Pins +50 mA should be constrained to the
Pp | Power Dissipation in Still Air, Plastic or Ceramic DIP 750 mw ran:Jge GI:QS Vin orV;)u't) = VCE-
SOIC Package 500 _ \nuse inputs must always be
tied to an appropriate logic volt-
Tstg Storage Temperature —-65to +150 °C age level (e.g., either GND or
T Lead Temperature, 1 mm from Case for 10 Seconds °C ?:%cc)’.pel.:lnused outputs must be
(Plastic DIP or SOIC Package) 260 .
(Ceramic DIP) 300
*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min | Max | Unit
Vee DC Supply Voltage (Referenced to GND) 2,0 6.0 \2
VinVout | DC Input Voltage, Output Voltage (Referenced to GND) 0 vee \"
TA Operating Temperature, All Package Types —55 | +125| °C
tr b Input Rise and Fall Time Vee =20V 0 1000 | ns
(Figure 1) Vee = 45V 0 500
Ve =60V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions cc Unit
v V | ZCto | e | <125°C
-55°C
ViIH Minimum High-Level Input Vout = 0.1 VorVee — 0.1V 2.0 1.5 15 15 \
Voltage llout] < 20 pA 45 | 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout = 0.1 VorVcec — 0.1V 2.0 0.5 0.5 0.5 \
’ Voltage llout! < 20 wA 45 | 1.35 1.35 1.35
6.0 1.8 1.8 1.8
VoH Minimum High-Level Output Vin = VjH or V|, 2.0 1.9 1.9 1.9 \
Voltage llout! < 20 pA 45 | 44 44 a4
6.0 5.9 5.9 5.9
Vin = VI or V)L lloutl <4.0mA | 45 3.98 3.84 3.7
lloutt <52mA | 6.0 | 5.48 5.34 5.2
VoL Maximum Low-Level Output Vin = VIH or V|L 2.0 0.1 0.1 0.1 \
Voltage lloutl < 20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin = VIH or V| lloutl <40mA | 45 | 0.26 0.33 0.4
lloutl <5.2mA | 6.0 0.26 0.33 0.4
lin Maximum Input Leakage Current | Vi, = Vg or GND 6.0 | 0.1 *1.0 *1.0 nA
Icc Maximum Quiescent Supply Vin = Vcc = GND 6.0 1.0 10 40 RA
Current (per Package) lout = 0 KA
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MC54/74HC02A

AC ELECTRICAL CHARACTERISTICS (C|_ = 50 pF, Input t, = tf = 6.0 ns)

v Guaranteed Limit
Symbol Parameter cc o Unit
v V| 25Cto | g | <125°C
—55°C
tPLH- Maximum Propagation Delay, Input A or B to Output Y 20 80 100 120 ns
tPHL (Figures 1 and 2) 45 16 20 24
6.0 14 17 20
tTLH. Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 2) 45 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance —_— 10 10 10 pF
Cpp Power Dissipation Capacitance (Per Gate) Typical @ 25°C, Ve = 5.0 V
Used to determine the no-load dynamic power consumption: F
Pp = Cpp Vec?f + lcc Vee 22 P

TEST POINT

QUTPUT
DEVICE

UNDER

TEST I ar

*Includes all probe and jig capacitance.

OUTPUTY

Figure 1. Switching Waveforms Figure 2. Test Circuit

EXPANDED LOGIC DIAGRAM
(Vs of the Device)

. __________________________________________________________________________]
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MOTOROLA

= SEMICONDUCTOR
TECHNICAL DATA

Quad 2-Input NAND Gate
H H J SUFFIX
with Open-Drain Outputs 3 SureX
High-Performance Silicon-Gate CMOS CASE 632-08
The MC54/74HCO3 is identical in pinout to the LS03. The device inputs are com-
patible with standard CMOS outputs; with pullup resistors, they are compatible with N SUFFIX
LSTTL outputs. PLASTIC
The HCO3 NAND gate has, as its output, a high-performance MOS N-Channel CASE 646-06
transistor. This NAND gate can, therefore, with a suitable pullup resistor, be used in
wired-AND applications. Having the output characteristic curves given in this data
sheet, this device can be used as an LED driver or in any other application that only D SUFFIX
requires a sinking current. ’ 4“ soic
® Output Drive Capability: 10 LSTTL Loads with Suitable Pullup Resistor N E CASE 751A-02
® Outputs Directly Interface to CMOS, NMOS, and TTL
® Operating Voltage Range: 2 to 6 V
® Low Input Current: 1 uA ORDERING INFORMATION
® High Noise Immunity Characteristic of CMOS Devices .
® In Compliance with the Requirements Defined by JEDEC Standard No. 7A mg;::g&lzl ZIastnc.
° N ity . eramic
Chip Complexity: 28 FETs or 7 Equivalent Gates MCT4HOXXD solC
Ta = —55° to 125°C for all packages.
Dimensions in Chapter 6.
PIN ASSIGNMENT
M1 e 14 fvge
LOGIC DIAGRAM 810 2 13184
vill3 12[1a4
A2ll 4 11{1va
vee 8205 10 [183
Yzé [} 9[1A3
ouTPUT GND 7 sflv3
PROTECTION
DIODE 3,6,8,11 yv*
pla812 | FUNCTION TABLE
B 2,5,10,13 Inputs Output
A B Y
L L z
— L H z
H L Z
PIN 14=Vgg H H L
PIN 7= G Z =High Impedance

*Denotes open-drain outputs.

L
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MC54/74HC03

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Ve | DC Supply Voltage (Referenced to GND) -05t0 +7.0 v cireuitry to guard against damage
Vi be1 due to high static voltages or electric
in nput Voltage (Referenced to GND) -15toVec+1.5 \ fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) -0.5t0 Vcc+0.5 \ be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than maximum rated
" voltages to this high-impedance
lout | DC Output Current, per Pin - +25 mA circuit. For proper operation, Vi, and
lcc_ | DC Supply Current, Ve and GND Pins +50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mwW range GND =(Vj, or Vout) =Vee-
SOIC Packaget 500 Unused inputs must always be tied
to an appropriate logic voltage level
T, Storage Temperature —65to +150 °C
| ——sta i P - - © — (e.g., either GND or V¢cc). Unused
T Lead Temperature, 1 mm from Case for 10 Seconds °C outputs must be left open.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
SOIC Package: —7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee DC Supply Voltage (Referenced to GND) 2.0 6.0 \Y
Vin.Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vece \
TA Operating Temperature, All Package Types -55 +125 °C
tr, t¢ | Input Rise and Fall Time Vee=20V 0 1000 ns
(Figure 1) Vec=45V 0 500
Vee=6.0V 0 400

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)

v Guaranteed Limit
] iti cc Unit
Symbol Parameter Test Conditions v 25°C to <gsoc | <125°C ni
-55°C
ViH | Minimum High-Level Input Vout=0.1V, loyt=0 pA or 2.0 1.5 1.5 1.5 v
Voltage Vout=Vcc-0.1V, 45 3.15 3.15 3.15
Rpy per Figure 2 6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1V, loyt=0 pA or 2.0 0.3 0.3 0.3 \
Voltage Vout=Vec-0.1V, 45 0.9 0.9 0.9
Rpy per Figure 2 6.0 1.2 1.2 1.2
VoL |Maximum Low-Level Output Vin=VIH or Vi 2.0 0.1 0.1 0.1 \
Voltage llout| =20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=VIH or V| lloutl<4.0mA| 45 0.26 0.33 0.40
llout| <5.2mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vi, =Vcc or GND 6.0 +0.1 +1.0 +1.0 pA
Icc | Maximum Quiescent Supply Vin=V¢c or GND 6.0 2 20 40 A
Current (per Package) lout=0 pA
loz Maximum Three-State Leakage | Output in High-Impedance State 6.0 +0.5 +5.0 +10.0 rA
Current Vin=VjL or Vi
Vout=Ve¢c or GND

NOTE: Information on typical parametric values can be found in Chapter 4.

L |
MOTOROLA HIGH-SPEED CMOS LOGIC DATA |
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MC54/74HC03

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input t,=t;=6 ns)

v Guaranteed Limit
cc i
Symbol Parameter v 25°C to <ss°C | <125°C Unit
~55°C
tpLz, | Maximum Propagation Delay, Input A or B to Output Y 2.0 125 155 190 ns
tpzL (Figures 1 and 2) 4.5 25 31 38
6.0 21 26 32
tTHL | Maximum Output Transition Time, Any Output 2.0 75 9% 110 ns
(Figures 1 and 2) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF
Cout | Maximum Three-State Output Capacitance (Output in High-Impedance - 10 10 10 pF
State)
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.
Cpp | Power Dissipation Capacitance (Per Gate) Typical @ 25°C, Vo =56.0 V
Used to determine the no-load dynamic power consumption: j
Pp=Cpp Vcc2i+Ice Vee 8 oF
For load considerations, see Chapter 4.
Vee
— Ve 0
INPUT A Tkag e
GND \ TEST
DEVICE POINT
HIGH UNDER o
|
QUTPUT ¥ MPEDANCE TEST

Figure 1. Switching Waveforms

*Includes all probe and jig capacitance.

Figure 2. Test Circuit

25
TYPICAL
N rzse Vee=5V
20
g T=25%
=5
g
= T=85°C
s T=125°C
Z 10 A < }
= ///QQ EXPECTED MINIMUM*
5 /
0 1 2 3 2 5

Vg. OUTPUT VOLTAGE, (VOLTS)

*The expected minimum curves are not guarantees,
but are design aids.

Figure 3. Open-Drain Output Characteristics

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
5-10




MC54/74HC03

TYPICAL APPLICATIONS
Wired AND
Vee
PULLUP
RESISTOR
~
A1
t L } QUTPUT
1 — O3 o
n—, v |
B2 —| HCO3 Output=Y1eY2e...eYn
| =ATB1eAZB2e...eAnBn
|
|
o ‘o
Bn — HCO3

LED Driver with Blanking

Design Example

\ Conditions: Ip = 10 mA

LED 1
Using Figure 3 typical curve, @ Ip=10 mA, Vpg= 0.4V
- p = Yec-VE-Vo
LED 2 Ip
_5V-17v-04V
- 10 mA
=290 Q
LED UseR =270 Q
ENABLE

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MOTOROLA

mm SEMICONDUCTOR
TECHNICAL DATA

MC54/74HC04

Hex Inverter

High-Performance Silicon-Gate CMOS 7 A
F' CASE 632-08
The MC54/74HC04 is identical in pinout to the LS04 and the MC14069. The 14
- device inputs are compatible with standard CMOS outputs; with pullup resistors, 1
they are compatible with LSTTL outputs.

This device consists of six three-stage inverters. See the HC9034 for nine inverters N SUFFIX
in one package. c:s:sgtlscos
® Output Drive Capability: 10 LSTTL Loads 12
® Outputs Directly Interface to CMOS, NMOS, and TTL .
® Operating Voltage Range: 2 to 6 V
® Low Input Current: 1 uA D SUFFIX
® High Noise Immunity Characteristic of CMOS Devices 14@ SoIC
® In Compliance with the Requirements Defined by JEDEC Standard No. 7A 1 CASE 751A-02
® Chip Complexity: 36 FETs or 9 Equivalent Gates

ORDERING INFORMATION

MC74HCXXN Plastic
MCB4HCXXJ Ceramic
MC74HCXXD SoiC

TaA = —55°to 125°C for all packages.
Dimensions in Chapter 6.

LOGIC DIAGRAM

1 2 PIN ASSIGNMENT
A 1
A1 e 14 flvee
a3 >o 4y, vi[2 13 [1a6
A2[] 3 12[1vs
Az —2 Dc 8 v vall4 1115
Vi A3l]5 101Ys5
g8 >C 8\ v3ll 6 9 [1as
B GND[ 7 s[lva
a5 —1L >c L
e —2— 12y
FUNCTION TABLE
Inputs Outputs
PIN 14=V¢c
PIN 7= GND A Y
L H
H L

NOT RECOMMENDED FOR NEW DESIGN.

L
MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MC54/74HC04

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee | DC Supply Voltage (Referenced to GND) -0.5t0 +7.0 \% circuitry to guard against damage
due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -1.5toVgc+1.5 \ fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) ~0.5to Vgc+0.5 \% be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA vo::age higthertthhan ’r?a:ifnumdrated
y voltages to this high-impedance
lout | OC Output Current, per Pin +25 mA circuit. For proper operation, Vi, and
Icc__ | DC Supply Current, Ve and GND Pins +50 mA Vout should be constrained to the
Pp | Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw range GND =(Vj or Vout)=Vcc.
SOIC Packaget 500 Unused inputs must always be tied
to an appropriate logic voltage level
T, Storage Temperature —65 to +150 °C
stg g per (e.g., either GND or Vgc). Unused
T Lead Teinperature, 1 rmim from Case for 10 Seconds =C outputs must be left open.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
SOIC Package: —7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vcc | DC Supply Voltage (Referenced to GND) 2.0 6.0 \Y
Vin.Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vee \
Ta Operating Temperature, All Package Types -55 +125 °C
ty, tf | Input Rise and Fall Time Vee=20V 0 1000 ns
(Figure 1) Veec=45V 0 500
Vee=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
cor cc .
Symbol Parameter Test Conditions v 25°C to <gsec | <125°C Unit
-55°C
VIH Minimum High-Level Input Vout=0.1V 2.0 15 1.5 1.5 \
Voltage |lout| =20 pA 4.5 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL |Maximum Low-Level Input Vout=Vcc—0.1V 2.0 0.3 0.3 0.3 \"
Voltage |lout] =20 pA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VoH | Minimum High-Level Output Vin=VIL 2.0 1.9 1.9 1.9 \
Voltage |lout| =20 pA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=VIL |loutl =4.0 mA| 4.5 3.98 3.84 3.70
[lout|=5.2 mA| 6.0 5.48 5.34 5.20
VoL |Maximum Low-Level Output Vin=VIH 2.0 0.1 0.1 0.1 \
Voltage |lout! =20 pA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=VIH lloytl=4.0mA| 4.5 0.26 0.33 0.40
lloutl=6.2 mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vi, =Vcc or GND 6.0 +0.1 +1.0 +1.0 A
Icc Maximum Quiescent Supply Vin=Vcc or GND 6.0 2 20 40 A
Current (per Package) lout=0 pA

NOTE: Information on typical parametric values can be found in Chapter 4.

I s e Ry A
MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MC54/74HC04

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input t,=t§=6 ns)

v Guaranteed Limit
CcC i
Symbol Parameter v 25°C to <85°C | <125°C Unit
-55°C
tpLH., |Maximum Propagation Delay, input A to Output Y 2.0 95 120 145 ns.
tPHL (Figures 1 and 2) 4.5 19 24 29
6.0 16 20 25
tTLH, | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 2) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF
NOTES:

1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.

Cpp | Power Dissipation Capacitance (Per Inverter) Typical @ 256°C, Vgc=5.0V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Vec+Ice Vee 20 pF
For load considerations, see Chapter 4.

SWITCHING WAVEFORMS

TEST POINT
ouTPUT
DEVICE
UNDER .
TEST G
QUTPUT ¥ ‘

*Includes all probe and jig capacitance.

Figure 1 Figure 2. Test Circuit

EXPANDED LOGIC DIAGRAM
(1/6 of Device Shown)

R

T B T
MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MOTOROLA

== SEMICONDUCTOR
TECHNICAL DATA

MC54/74HCO04A
,, J SUFFIX

Advance Information

3
g ¥ CERAMIC

Hex Inverter “ (SERAMIC
High-Performance Silicon-Gate CMOS A

The MC54/74HCO04A is identical in pinout to the LS04 and the MC14069. The N SUFFIX
device inputs are compatible with standard CMOS outputs; with pullup resis- 3 PLASTIC
tors, they are compatible with LSTTL outputs. CASE 646-06

This device consists of six three-stage inverters. See the HC9034 for nine e
inverters in one package. 1

Output Drive Capability: 10 LSTTL Loads , D SUFFIX

Outputs Directly Interface to CMOS, NMOS, and TTL 14\ ‘ soic

"

Operating Voltage Range: 2 to 6 V

Low Input Current: 1 uA

High Noise Immunity Characteristic of CMOS Devices
In Compliance with the Requirements Defined by JEDEC Standard No. 7A ORDERING INFORMATION
Chip Complexity: 36 FETs or 9 Equivalent Gates

CASE 751A-02

MC74HCXXAN Plastic
MC54HCXXAJ Ceramic
MC74HCXXAD SsoiC

TA = —56° to 125°C for all packages.

Dimensions in Chapter 6.
LOGIC DIAGRAM

Al 1 2 Y1
PIN ASSIGNMENT
A2 "‘g"—">0—4 Y2 a1 e 14 flvge
vif]2 13 [1a6
"3 =3 >c §_v3 203 12[1ve
V=% Y20 4 11 [1as
e —2 >0  va A3lls 10[vs
v3ll 6 9 flas
10
a5 — Dc vs ano[] 7 8flva
26 —2 >¢ 12_yg
PIN 14=Vg¢ FUNCTION TABLE
PIN 7= GND Inputs Outputs
A Y
L H
H L

This document contains information on a new product. Specifications and information herein are subject to change without notice.

L _____________________________________________________________|
MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MC54/74HCO04A

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vec | DC Supply Voltage (Referenced to GND) -0.5t0 +7.0 \ circuitry to gu?rd against damage
due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -15t0Vec+1.5 Vv fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) -0.5t0 Vcc+0.5 \ be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA Vo:tage higher t:an ;nal:imum rated
- voltages to this high-impedance
lout DC Output Current, per Pin +25 mA circuit. For proper operation, Vi, and
Icc__ | DC Supply Current, Vcc and GND Pins +50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mW range GND =(Vjp or Vout) =Vcc.
SOIC Packaget 500 Unused inputs must always be tied
Tsrg Storage Temperature —65to +150 °C ::-;T‘, Z%i’:rpgi:g Ingl\c/(‘;/gl)tAa?JenLes‘g
T Lead Temperature, 1 mm from Case for 10 Seconds °C outputs must be left open.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: — 10 mW/°C from 100° to 125°C
SOIC Package: —7 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee | DC Supply Voltage (Referenced to GND) 2.0 6.0 \
VinVout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vce \
TA Operating Temperature, All Package Types - 55 +125 °C
t, tf | Input Rise and Fall Time Veec=20V 0 1000 ns
(Figure 1) Vece=45V 0 500
Vec=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
ot cc .
Symbol Parameter Test Conditions v 25°C to <g5°C | <125°C Unit
-55°C
VIH Minimum High-Level Input Vout=0.1V 2.0 15 1.5 1.5 )
Voltage llout| <20 pA 45 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL | Maximum Low-Level Input Vout=Vcc—-0.1V 2.0 0.5 0.5 0.5 \
Voltage llout] =20 pA 45 1.35 1.35 1.35
6.0 1.8 1.8 1.8
VoH | Minimum High-Level Output Vin=ViL 2.0 1.9 1.9 1.9 A
Voltage llout| =20 xA 45 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=ViL lloutl=4.0 mA| 45 3.98 3.8 3.70
llout| 5.2 mA| 6.0 5.48 5.34 5.20
VoL |Maximum Low-Level Output Vin=ViH 2.0 0.1 0.1 0.1 \
Voltage |lout| =20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViH lloutl=4.0mA| 45 0.26 0.33 0.40
llout| =56.2mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin=Vcc or GND 6.0 +0.1 +1.0 +1.0 A
lcc [ Maximum Quiescent Supply Vin=Vcc or GND 6.0 1 10 40 pA
Current (per Package) lout=0 A

NOTE: Information on typical parametric values and high frequency or heavy load considerations can be found in Chapter 4,

T e R
MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MC54/74HC04A

AC ELECTRICAL CHARACTERISTICS (Cy =50 pF, Input t;=t{=6 ns)

v Guaranteed Limit
Symbol Parameter Sc 25°C to <85°C | <1285°C Unit
-55°C
tpLH. |Maximum Propagation Delay, Input A to Output Y 2.0 75 95 110 ns
tPHL (Figures 1 and 2) 45 15 19 22
6.0 13 16 19
tTLH. [ Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 2) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance - 10 10 10 pF
Cpp | Power Dissipation Capacitance (Per Inverter) Typical @ 25°C, Vg =5.0V
Used to determine the no-load dynamic power consumption:
Pp = Cpp Vec?f + lcc Vee 20 pF

NOTE: For propagation delays with loads other than 50 pF and information on typical parametric values and load considerations, see Chapter 4.

SWITCHING WAVEFORMS

TEST POINT
OUTPUT
DEVICE
OUTPUT Y I

*Includes all probe and jig capacitance.

Figure 1 Figure 2. Test Circuit

EXPANDED LOGIC DIAGRAM
(1/6 of Device Shown)

e

L.
MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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= SEMICONDUCTOR

MOTOROLA
TECHNICAL DATA

Advance Information

Hex Inverter with LSTTL-

Compatible Inputs
High-Performance Silicon-Gate CMOS

The MC54/74HCT04A may be used as a level converter for interfacing TTL
or NMOS outputs to High-Speed CMOS inputs.
The HCTO4A is identical in pinout to the LS04.
® Output Drive Capability: 10 LSTTL Loads
® TTL/NMOS-Compatible Input Levels
® Outputs Directly Interface to CMOS, NMOS, and TTL
® Operating Voltage Range: 4.5 t0 5.5 V
® Low Input Current: 1 uA
® In Compliance with the Requirements Defined by JEDEC Standard No. 7A
® Chip Complexity: 48 FETs or 12 Equivalent Gates

LOGIC DIAGRAM

A1

A2

A3 ——

Y=
a2 >c“va

TYY

PIN 14=Vgp
PIN 7 =GND

This d contains ir

MC54/74HCTO4 A

J SUFFIX
CERAMIC
CASE 632-08

N SUFFIX
PLASTIC
CASE 646-06

D SUFFIX
14 2 SOoIC
CASE 751A-02

ORDERING INFORMATION

MC74HCTXXAN Plastic
MCB4HCTXXAJ Ceramic
MC74HCTXXAD SOIC

TA = —55° to 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT

M1 e 14 flvge
vil] 2 13 gAs
A2[] 3 12 1¥6
v2[] 4 11[1A5
A3ll s 10 1¥5
v3ll 6 9 flas
GNoff 7 8[lva

FUNCTION TABLE

Inputs Outputs
A Y
L H
H L

on a new product. Specifications and information herein are subject to change without notice.

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MC54/74HCT04A

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vce | DC Supply Voltage (Referenced to GND) -05t0 +7 v circuitry to guard against damage
Vi DC I Vol Ref d ND due to high static voltages or electric

in nput Voltage (Referenced to GND) —1.5tVee+15 v fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) -0.5t0 Vcc+0.5 \% be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than maximum rated

voltages to this high-impedance

lout DC Output Current, per Pin +25 mA oo .
- circuit. For proper operation, Vi, and
Icc | DC Supply Current, Vo and GND Pins +50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mwW range GND =<{Vj, or Vo1l =Vcc-
SOIC Packaget 500 Unused inputs must always be tied
to an appropriate logic voltage level
T, Storage Temperature —~65to +150 ©
stg rag pore? ° c {e.g., either GND or V¢!, Unused
TL Lead Temperature, T mm from Case for 10 Seconds °C outputs must be left open.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 1256°C
SOIC Package: —7 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee DC Supply Voltage (Referenced to GND) 4.5 55 \

Vin.Vout | DC Input Voitage, Output Voltage (Referenced to GND) 0 Vee Vv
TA Operating Temperature, All Package Types -55 +125 °C
tr, tf | Input Rise and Fall Time (Figure 1) 0 500 ns

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)

v Guaranteed Limit
Symbol Parameter Test Conditions cc o Unit
v v | BCto | _ggec | <t28°C
~66°C
VIH | Minimum High-Level Input Vout=0.1V 4.5 2 2 2 \"
Voltage |lout| 20 pA 5.5 2 2 2
VIL Maximum Low-Level Input Vout=Vee-0.1V 4.5 0.8 0.8 0.8 \%
Voltage |lout| 20 pA 5.5 0.8 0.8 0.8
VoH | Minimum High-Level Output Vin=ViL 4.5 4.4 4.4 4.4 \
Voltage |lout] 20 pA 5.5 5.4 5.4 5.4
Vin=VIL
llout/=4 mA 45 | 398 3.84 37
VoL |Maximum Low-Level Output Vin=VIH 4.5 0.1 0.1 0.1 \
Voltage |lout] 20 pA 5.5 0.1 0.1 0.1
Vin=ViH
lloutl<4 mA 45 | 026 0.33 0.4
lin Maximum Input Leakage Current | Vin =Vcc or GND 5.5 +0.1 +1 +1 A
Icc Maximum Quiescent Supply Vin=Vcc or GND 5.5 1 10 40 wA
Current (per Package) lout =0 pA
Alcc | Additional Quiescent Supply Vin=2.4V, Any One Input = ~-56°C 25°C to 125°C
Current Vin=V¢c or GND, Other Inputs
lout=0 pA 5.5 2.9 2.4 mA

NOTES:
1. Information on typical parametric values along with frequency or heavy load considerations can be found in Chapter 4.

2, Total Supply Current=Icc +2Alcc.

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MC54/74HCTO04A

AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V =10%, C = 50 pF, Input t, = tf = 6 ns)

Guaranteed Limit
Symbol Parameter Unit
LY | <sc | <isc

tPLH Maximum Propagation Delay, Input A to Output Y 15 19 22 ns
tPHL (Figures 1 and 2) 17 2 26
tTLH. Maximum Output Transition Time, Any Output 15 19 22 ns
tTHL (Figures 1 and 2)
Cin Maximum Input Capacitance 10 10 10 pF
Cpp Power Dissipation Capacitance (Per Inverter) Typical @ 25°C, Vg = 5V

Used to determine the no-load dynamic power consumption: 22 oF

Pp = Cpp Vec? f + Icc Ve

NOTE: For propagation delays with loads other than 50 pF and information on typical parametric values and load considerations, see Chapter 4.

SWITCHING WAVEFORMS

TEST POINT

OUTPUT
DEVICE
UNDER

TEST :[

[Vl

OUTPUT Y

*Includes all probe and jig capacitance.

ﬂ Figure 1. Switching Waveforms Figure 2. Test Circuit

EXPANDED LOGIC DIAGRAM
(1/6 of Device Shown)

R

L. ]
MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MOTOROLA

mm SEMICONDUCTOR
TECHNICAL DATA

MC54/74HCU04

, J SUFFIX

? CERAMIC
CASE 632-08

Hex Unbuffered Inverter
High Performance Silicon-Gate CMOS

i -

The MC54/74HCUO04 is identical in pinout to the LSO4 and the MC14069UB. The 14 r? T

device inputs are compatible with standard CMOS outputs; with pullup resistors, 1

they are compatible with LSTTL outputs.
This device consists of six single-stage inverters. These inverters are well suited N SUFFIX

for use as oscillators, pulse shapers, and in many other applications requiring a ¢ : égﬂlscw
high-input impedance amplifier. For digital applications, the HC04 is recommended. "

® Output Drive Capability: 10 LSTTL Loads ;

® Outputs Directly Interface to CMOS, NMOS, and TTL

® Operating Voltage Range: 2 to 6 V; 2.5 to 6 V in Oscillator Configurations D SUFFIX
® Low Input Current: 1 yA “m soic

® High Noise Immunity Characteristic of CMOS Devices 1 CASE 751A-02
® In Compliance with the Requirements Defined by JEDEC Standard No. 7A

® Chip Complexity: 12 FETs or 3 Equivalent Gates ORDERING INFORMATION

MC74HCUXXN Plastic
MCB4HCUXXJ Ceramic
MC74HCUXXD soic

TA = —55°to 125°C for all packages.
Dimensions in Chapter 6.

LOGIC DIAGRAM

PIN ASSIGNMENT

M —1—>o—2—v1 mire 14 flvgg
vif]2 13 [1a6
A2 —3-—>o—"—v2 a2l 3 12[1v8
v2ll4 11 [1A5
a3 —2 Dc g v3 a3l's 10 Ivs
Y=F v3lls 9 la4
pg —2 {>c & vs anoll 7 aflva
AB 1 {>C 10 Y5
13 2, FUNCTION TABLE
A6 6
Inputs Outputs
A \
PIN 14=Vgg 0
PIN 7 =GND :i L

e ——————— s —————
MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MAXIMUM RATINGS*

MC54/74HCU04

Symbol Parameter Value Unit This device contains protection
Vce | DC Supply Voltage (Referenced to GND) -0.5t0 +7.0 \% circuitry to guard against damage
- due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -15t0 Vcc+1.5 \ fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) -0.5t0 Vg +0.5 Vv be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than maximum rated
- " voltages to this high-impedance
loyt | DC-Output Current, per Pin +25 mA circuit. For proper operation, Vi, and
Icc DC Supply Current, V¢ and GND Pins +50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw range GND = (Vjj or Vout) =Vce.
' SOIC Packaget 500 Unused inputs must always be tied
T S T 65 to + 150 oC to an appropriate logic voltage level
| stg torage Temperature 8510 - (e.g., either GND or V¢c). Unused
TL Lead Temperature, 1 mm from Case for 10 Seconds C outputs must be left open.
(Plastic DIP or SOIC Package) 260
{Ceramic DIP) 300
*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
SOIC Package: —7 mW/°C from 65° to 126°C
For high frequency or heavy load considerations, see Chapter 4.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Max Unit
Vce | DC Supply Voltage (Referenced to GND) 2.0 6.0 \
VinVout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vee \
TA Operating Temperature, All Package Types -565 | +1256 °C
tr, tf | Input Rise and Fall Time (Figure 1) — No ns
Limit
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
. cc .
Symbol Parameter Test Conditions v 25°C to <g5oC | <125°C Unit
-55°C
ViH Minimum High-Level Input Vout=0.5 V¥ 2.0 1.7 1.7 17 \
Voltage |lout| <20 pA 45 3.6 3.6 3.6
6.0 4.8 4.8 4.8
ViL | Maximum Low-Level Input Vout=Vcc—0.5 V¥* 2.0 03 0.3 0.3 v
Voltage |lout) =20 pA 45 0.8 0.8 0.8
6.0 1.1 1.1 1.1
VoH | Minimum High-Level Output Vin=GND 2.0 1.8 1.8 18 \
Voltage llout| =20 pA 4.5 4.0 4.0 4.0
6.0 5.5 5.5 5.5
Vin=GND llout| <40 mA| 4.5 3.86 3.76 3.70
llout] 6.2 mA| 6.0 5.36 5.26 5,20
VoL | Maximum Low-Level Output Vin=Vce 2.0 0.2 0.2 0.2 \
Voltage |lout] =20 gA 45 0.5 0.5 0.5
6.0 0.5 0.5 0.5
Vin=Vce llout| =40 mA| 4.5 0.32 0.37 0.40
|lout|=5.2 mA| 6.0 0.32 0.37 0.40
kin Maximum Input Leakage Current | Vin=V¢c or GND 6.0 +0.1 - +1.0 +1.0 pA
Icc Maximum Quiescent Supply Vin=V¢c or GND 6.0 2 20 40 pA
Current (per Package) lout=0 pA

NOTE: Information on typical parametric values can be found in Chapter 4.
*For Vec=2.0 V, Vout=0.2V or Vgc—0.2 V.
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MC54/74HCU04

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input t;=t{=6 ns)

v Guaranteed Limit
Symbol Parameter sc 25°C to <85°C | <128°¢C Unit
-55°C
tpLH, | Maximum Propagation Delay, Input A to Output Y 2.0 80 100 120 ns
tPHL (Figures 1 and 2) 45 16 20 24
6.0 14 17 20
tTLH. [Maximum Output Transition Time, Any Output 20 75 95 110 ns
tTHL (Figures 1 and 2) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF
NOTES:
1. For propagatior delays with lcads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.
Cpp | Power Dissipation Capacitance (Per Inverter) Typical @ 25°C, Vcc=5.0V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Vecf+Ice Vee 15 pF
For load considerations, see Chapter 4.
TEST POINT
OuTPUT
INPUT A DEVICE
UNDER
TEST 0*
OUTPUT Y l
THL LY *Includes all probe and jig capacitance.
Figure 1. Switching Waveforms Figure 2. Test Circuit

LOGIC DETAIL
(1/6 of Device Shown)

Vee

1

=
=

A——4
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MC54/74HCU04

TYPICAL APPLICATIONS
Crystal Oscillator Stable RC Oscillator
R2 1/6 HCUO4 1/6 HCUO4  1/6 HCUD4
AN
> Vot
I | R2> >Ry
1 f C1<Cy
1/6 HCUO4 C
L
Ry R
"T 1
= Vout =
Schmitt Trigger High Input Impedance Single-Stage Amplifier
with a 2 to 6 V Supply Range
Ry Vee
AN
Rg >6Rq ™
Ay 1/6 HCUO4 /6 HCUD4 16 HeUD4
Vin'—’\N\/"“""—"DO—DO—"—’Vom INPUT QUTPUT
™
Multi-Stage Amplifier LED Driver
+V
1/6 HCUO4  1/6 HCUO4  1/6 HCUO4 %

For reduced power supply current, use high-efficiency LEDs
such as the Hewlett-Packard HLMP series or equivalent.

Vee
INPUT é {>c DO——DO—-OUTPUT 116 HCUD4

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
5-24



MOTOROLA

= SEMICONDUCTOR
TECHNICAL DATA

MC54/74HCO8A

Advance Information

Quad 2'Input AND Gate ( ::gal:;?é
High-Performance Silicon-Gate CMOS in [ CASE 632-08
140

The MC54/74HCO8A is identical in pinout to the LS08. The device inputs are !
compatible with standard CMOS outputs; with pullup resistors, they are
compatible with LSTTL outputs. pypibie
® Output Drive Capability: 10 LSTTL Loads ! - CASE 646-06
e Outputs Directly Interface to CMOS, NMOS, and TTL
® Operating Voltage Range: 2.0 to 6.0 V 14
® Low Input Current: 1.0 uA !
® High Noise Immunity Characteristic of CMOS Devices D SUFFIX
® In Compliance with the Requirements Defined by JEDEC Standard No. 7A ¢ soic
® Chip Complexity: 24 FETs or 6 Equivalent Gates 14 \,‘“‘“x CASE 751A-02
® Improvements over HC08 1

o Improved Propagation Delays

® 50% Lower Quiescent Power ORDERING INFORMATION

® Improved Input Noise and Latchup Immunity

MC74HCXXAN Plastic
MC54HCXXAJ  Ceramic
MC74HCXXAD SOIC

Ta = —55°to 125°C for all packages.

LOGIC DIAGRAM Dimensions in Chapter 6.
1
Al 3 PIN ASSIGNMENT
o 2 V1
Al e 14 I vee
812 13 184
n -2 6 vill 3 12 1 A4
g Y2 A2[] 4 1 fva
B2[] 5 10 [1 83
Y = AB Y2[] 6 9[]A3
R 8 enof 7 8 [1v3
Y3
gy 1 ‘
Ag —12 » FUNCTION TABLE
B4 13 Y4 Inputs Output

PIN 14 = Ve
PIN7 = GND

IITrr|>»
IrIr|m
Irrr|<

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MC54/74HCO08A

MAXIMUM RATINGS*
Symbol Parameter Value Unit This device contains protection
— circuitry to guard against damage
Vee DC Supply Voltage (Referenced to GND) 0.5t0 +7.0 v due to high static voltages or elec-
Vin DC Input Voltage (Referenced to GND) -15to Vcc+1.5 v tric fields. However, precautions
must be taken to avoid applica-
Vout DC Output Voltage (Referenced to GND) -0.5to Vcc+0.5 \ tions of any voltage higher than
lin DC Input Current, per Pin +20 mA maximum rated voltages to this
lout DC Output Current, per Pin +25 mA high-impedance circuit. For

proper operation, Vin and Vgut
Icc DC Supply Current, Voc and GND Pins +50 mA should be constrained to the
range GND < (Vi orVout) < Ve

Pp Power Dissipation in Still Air, Plastic or Ceramic DIP 750 mwW Unused inputs must always be
SOIC Package 500 tied to an appropriate logic volt-
Tstg Storage Temperature —65to +150 °C age level (e.g., either GND or
TL | Lead Temperature, 1 mm from Case for 10 Seconds °C :L%C;}):,‘nused outputs must be
(Plastic DIP or SOIC Package) 260 .
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee DC Supply Voltage (Referenced to GND) 2.0 6.0 \
Vin Vout | DC Input Voltage, Output Voltage 0 Vee \
(Referenced to GND)
TA Operating Temperature, All Package Types —55 +125 °C
tr tf Input Rise and Fall Time Vee = 20V 0 1000 ns
(Figure 1) Vee =45V 0 500
Vec=60V| 0 400
DC ELECTRICAL CHARACTERISTICS (Voitages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions cc Unit
Y V| BCto | _gec | <125°C
~55°C
VIH Minimum High-Level Input Vout=0.1VorVgc-0.1V 2.0 1.5 1.5 1.5 \
Voltage llout<20 A 45 3.15 3.15 3.156
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVcc-0.1V 2.0 0.5 0.5 0.5 v
Voltage llout|<20 nA 45 1.35 1.35 1.35
6.0 1.8 1.8 1.8
VOH Minimum High-Level Output Vin=Viq or VL 2.0 1.9 1.9 1.9 v
Voltage liout/<20 A 45 44 4.4 44
6.0 5.9 5.9 59
Vin=VIH or V|L llout|<4.0 mA 45 3.98 3.84 37
lloutl<62mA | 6.0 5.48 5.34 5.2
VoL Maximum Low-Level Output Vin=V|q or VL 2.0 0.1 0.1 0.1 \
Voltage lloutl<20 pA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViH or V)L llout/<4.0 mA | 45 0.26 0.33 0.4
llout<5-2mA | 6.0 0.26 0.33 0.4
lin Maximum Input Leakage Current| Vi =Vcc or GND 6.0 *0.1 1.0 +1.0 pA
lcc Maximum Quiescent Supply Vin=Vcc or GND 6.0 1.0 10 40 pA
Current (per Package) lout=0 A

T R L A R T T
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MC54/74HC08A

AC ELECTRICAL CHARACTERISTICS (C| = 50 pF, Input tr = tf = 6.0 ns)

v Guaranteed Limit
Symbol Parameter cc Unit
v | BCto | g | <t25C
-55°C
tpLH, | Maximum Propagation Delay, Input A or B to Output Y 2.0 75 95 110 ns
tPHL (Figures 1 and 2) 45 15 19 22
6.0 13 16 19
tTLH, | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 2) 45 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance —_ 10 10 10 pF
Cpp Power Dissipation Capacitance (Per Gate) Typical @ 25°C, Vgg = 5.0 V
Used to determine the no-ioad dynamic power consumption: E
PD = Cpp Vec? + lec Vee 20 P
TEST POINT
OUTPUT
DEVICE
UNDER
TEST I CL*
THL *Includes all probe and jig capacitance.
Figure 1. Switching Waveforms Figure 2. Test Circuit

EXPANDED LOGIC DIAGRAM
(1/4 of the Device)

D
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MOTOROLA

mm SEMICONDUCTOR
TECHNICAL DATA

MC54/74HC10

Triple 3-Input NAND Gate

High-Performance Silicon-Gate CMOS 7, P
'! | CASE 632-08

The MC54/74HC10 is identical in pinout to the LS10. The device inputs are com-
patible with standard CMOS outputs; with pullup resistors, they are compatible with

LSTTL outputs.

® Output Drive Capability: 10 LSTTL Loads "",&Us';':'(’:‘
® Outputs Directly Interface to CMOS, NMOS, and TTL CASE 646-06
® Operating Voltage Range: 2 to 6 V

® Low Input Current: 1 uA *

® High Noise Immunity Characteristic of CMOS Devices !

® In Compliance with the Requirements Defined by JEDEC Standard No. 7A D SUFFIX
® Chip Complexity: 36 FETs or 9 Equivalent Gates 14@ soIC

R CASE 751A-02

ORDERING INFORMATION

MC74HCXXN Plastic
MC54HCXXJ Ceramic
MC74HCXXD soIC

Ta = —55°to 125°C for all packages.
Dimensions in Chapter 6.

LOGIC DIAGRAM

PIN ASSIGNMENT

A11—|_ A1d 1@ 14 ]VCC
B —2 Dol“ 8102 1311
) A2[] 3 12{I1

13
m—-[_ B2[] 4 11{1¢c3
A23_l_ c2ls 10183
v2[] 6 9[1a3
Y2 ¥=hBe anol] 7 8f1vs

-
‘7
Yy

A3 _‘—{
10
B ——] & FUNCTION TABLE
1
c3 Inputs Output
PIN 14=Vgg A B C y
PIN 7=GND L X X H
X L X H
X X L H
H H H L

L]
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MC54/74HC10

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Ve | DC Supply Voltage (Referenced to GND) -051t0 +7.0 v circuitry to guard against damage
due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) —-15t0 Vgc+1.5 \ fields. However, precautions must
Vout DC Output Voltage (Referenced to GND) -0.5to Vg +0.5 \" be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher thhan I:naximumdrated
N voltages to this high-impedance
lout | DC Output Current, per Pin +25 mA circuit. For proper operation, Vi, and
lcc DC Supply Current, Vcc and GND Pins 150 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw range GND = (Vj,, or Vout) =Vce.-
SOIC Packaget 500 Unused inputs must always be tied
Tstg Storage Temperature —65to + 150 °C ::.gi Zzzlng?\ltg I(o)?l\(;ggl)%agi:;‘:dl
T Lead Temperature, 1 mm from Case for 10 Seconds °C outputs must be left open.
(Plastic DIP or SOIC Package} 260
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
SOIC Package: —7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
vee DC Supply Voltage (Referenced to GND) 2.0 6.0 \
Vin.Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vece \4
TA Operating Temperature, All Package Types —55 +125 °C
tr, tf | Input Rise and Fall Time Vec=20V 0 1000 ns
(Figure 1) Vee=45V 0 500
Vee=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions sc 25°C to <gsoc | <125°C Unit
-55°C
ViH Minimum High-Level Input Vout=0.1VorVecc-0.1V 2.0 1.5 15 15 v
Voltage llout! =20 pA 4.5 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVec—-0.1V 2.0 0.3 0.3 0.3 \
Voltage |lout] =20 pA 45 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VoH | Minimum High-Level Output Vin=V|H or V| 2.0 1.9 1.9 1.9 \"
Voltage llout! =20 pA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=ViH or VL lloutl =4.0 mA| 45 3.98 3.84 3.70
lloutl <52 mA| 6.0 5.48 5.34 5.20
VoL |Maximum Low-Level Output Vin=V|H or V| 2.0 0.1 0.1 0.1 Vv
Voltage llout| =20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=VjH or V| liout/ 4.0 mA| 45 0.26 0.33 0.40
llout|<6.2 mA| 6.0 0.26 0.33 0.40
lin | Maximum Input Leakage Current | Vi, =Vcc or GND 6.0 +0.1 +1.0 +1.0 A
Icc Maximum Quiescent Supply Vin=Vcc or GND 6.0 2 20 40 pA
Current (per Package) lout=0 pA

NOTE: Information on typical parametric values can be found in Chapter 4.

S S
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MC54/74HC10

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input t,=t;=6 ns)

Guaranteed Limit
Symbol Parameter Vee 25°C to Unit
v <85°C | <125°C
-55°C
tpLH, |Maximum Propagation Delay, Input A, B, or C to Output Y 2.0 95 120 145 ns
tPHL (Figures 1 and 2) 4.5 19 24 29
6.0 16 20 25
tTLH, | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 2) 45 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance - 10 10 10 pF
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.
Cpp | Power Dissipation Capacitance (Per Gate) Typical @ 25°C, Vce=5.0V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Vec2i+ice Vee 2% PF
For load considerations, see Chapter 4.
TEST POINT
OuTPUT
iy 99% DEVICE
A B ORC UNDER o
TEST I L
QuTPUT ¥ ..
tTHL *Includes all probe and jig capacitance.

Figure 1. Switching Waveforms

EXPANDED LOGIC DIAGRAM
(% of the Device)

D
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MOTOROLA

mm SEMICONDUCTOR
TECHNICAL DATA

MC54/74HC11

Triple 3-Input AND Gate
High-Performance Silicon-Gate CMOS

J SUFFIX
CERAMIC
The MC54/74HC11 is identical in pinout to the LS11. The device inputs are com- CASE 632-08
patible with standard CMOS outputs; with pullup resistors, they are compatible with
LSTTL outputs.
©® OQutput Drive Capability: 10 LSTTL Loads N SUFFIX
©® Outputs Directly Interface to CMOS, NMOS, and TTL PLASTIC
® Operating Voitage Range: 2 to 6 V CASE 646-06
® Low Input Current: 1 yA
® High Noise Immunity Characteristic of CMOS Devices ,
® In Compliance with the Requirements Defined by JEDEC Standard No. 7A
® Chip Complexity: 60 FETs or 15 Equivalent Gates D ggrglx
.- CASE 751A-02

ORDERING INFORMATION

MC74HCXXN Plastic
MCB4HCXXJ Ceramic
MC74HCXXD soic
TA = —55°to 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT

Mfie 14 [lvge
LOGIC DIAGRAM 81 2 13
1 a203 121
Al 12 B2[f 4 11{1c3
B1 S Y1
c1 c2l]5 10 {IB3
vzﬁ 6 9[1a3
GND[| 7 gflv3
A2 = 6
B2 Y2 Y=ABC
€2
g FUNCTION TABLE
gg 20 8 Y3 Inputs Output
[ L — A B C Y
L X X L
PIN 14=Vgg ; )'2 >L< t
PIN 7=GND
H H H H
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MAXIMUM RATINGS*

MC54/74HC11

Symbol Parameter Value Unit This device contains protection
Vce | DC Supply Voltage (Referenced to GND) -0.5t0 +7.0 \% cireuitry to guard against damage
. due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -15t0Vcc+1.5 \' fields. However, precautions must
Vout. | DC Output Voltage (Referenced to GND) -0.5t0 Vgc+0.5 v be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than maximum rated
" voltages to this high-impedance
lout | DC Output Current, per Pin - +25 mA circuit. For proper operation, Vi, and
lcc | DC Supply Current, Vcc and GND Pins 150 mA Vout should be constrained to the
Pp | Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mwW range GND <(Vj, or Vout) <Vcc.
SOIC Packaget 500 Unused inputs must always be tied
to an appropriate logic voltage level
T, St T t —65 to +150 °C
|—stg | >T0rage 1emperature 0 = (e.g., either GND or V¢c). Unused
TL Lead Temperature, 1 mm from Case for 10 Seconds C outputs must be left open.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300
*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 126°C
SOIC Package: —7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Max Unit
Vce | DC Supply Voltage (Referenced to GND) 2.0 6.0 \4
Vin-Vout | DC Input Voltage, Output Voitage (Referenced to GND) 0 Vee \
TA Operating Temperature, All Package Types -55 +125 °C
tr, t¢ | Input Rise and Fall Time Vee=20V 0 1000 ns
(Figure 1) Vee=45V 0 500
Vcc=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions sc 25°C to <85°C | <128°C Unit
-55°C
VIH Minimum High-Level input Vout=0.1VorVcc—-0.1V 2.0 1.5 1.5 1.5 v
Voltage llout) <20 pA 4.5 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level input Vout=0.1VorVec-0.1V 2.0 0.3 0.3 0.3 Vv
Voltage |lout| =20 pA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VoH - | Minimum High-Level Output Vin=VIH or Vi 2.0 1.9 1.9 1.9 \
Voitage llout| =20 pA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=V|H or Vi lloutl =4.0mA| 45 3.98 3.84 3.70
lloutl=5.2mA| 6.0 5.48 5.34 5.20
VoL | Maximum Low-Level Output Vin=VIH or Vi 2.0 0.1 0.1 0.1 \
Voltage llout] =20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViH or Vi |loutl=4.0mA| 45 0.26 0.33 0.40
lloutl=5.2mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin =Vce or GND 6.0 +0.1 +1.0 +1.0 A
lcc Maximum Quiescent Supply Vin=Vcc or GND 6.0 2 20 40 pA
Current (per Package) loyt=0 pA

NOTE: Information on typical parametric values can be found in Chapter 4.
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MC54/74HC11

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input t,=t¢=6 ns)

v Guaranteed Limit
cC .
Symbol Parameter v 25°C to <gsec | <1zmeC Unit
-55°C
tpLH. | Maximum Propagation Delay, Input A, B, or C to Output Y 2.0 125 165 190 ns
tPHL (Figures 1 and 2) 4.5 25 31 38
6.0 21 26 32
tTLH, |Maximum Output‘Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 2) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance - 10 10 10 pF
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.
Cpp | Power Dissipation Capacitance (Per Gate) Typical @ 25°C, Vgc=5.0V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Ve +lcc Vee 27 pF
For load considerations, see Chapter 4.
TEST POINT
ouTPUT
DEVICE
UNDER

CL*

TEST I

*Includes all probe and jig capacitance.

Figure 1. Switching Waveforms

Figure 2. Test Circuit

EXPANDED LOGIC DIAGRAM
(% of the Device)

D
>
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= SEMICONDUCTOR

MOTOROLA
TECHNICAL DATA

Advance Information

Hex Schmitt-Trigger Inverter
High-Performance Silicon-Gate CMOS

The MC54/74HC14A, is identical in pinout to the LS14, LS04, and HCO04. The
device inputs are compatible with standard CMOS outputs; with pullup resis-
tors, they are compatible with LSTTL outputs.

The HC14A is useful to “square up’’ slow input rise and fall times. Due to
the hysteresis voltage of the Schmitt trigger, the HC14A finds applications in
noisy environments.

® Output Drive Capability: 10 LSTTL Loads
® Outputs Directly Interface to CMOS, NMOS, and TTL
® Operating Voltage Range: 2.0 to 6.0 V
® Low Input Current: 1.0 uA
® High Noise Immunity Characteristic of CMOS Devices
® In Compliance with the Requirements Defined by JEDEC Standard No. 7A
® Chip Complexity: 60 FETs or 15 Equivalent Gates
® Improvements over HC14
® Propagation Delay Improved Approximately 20%
® |CC (Commercial) — Reduced 50%
® ESD and Latchup Characteristics are the Same or Better

LOGIC DIAGRAM
Al

A2 Y2

VYYY

A3 Y3
Y=A
M va
a5 1L 10 yg
R 2.
PIN 14=Vgg
PIN 7= GND

MC54/74HC14A

J SUFFIX
CERAMIC
CASE 632-08

N SUFFIX
PLASTIC
CASE 646-06

D SUFFIX

1 w solc

1 CASE 751A-02

ORDERING INFORMATION

MC74HCTXXAN Plastic
MC54HCTXXAJ Ceramic
MC74HCTXXAD sSoIC

TA = —55° to 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT

AfJ1 e 14 flvee
vi[j2 13 [1A6
A2[] 3 12[1ve
v2[] 4 1115
A3l s 10{1vs
v3lls 9la4
GNofl 7 8flva

FUNCTION TABLE

Input Output
A Y
L H
H L

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MC54/74HC14A

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vce | DC Supply Voltage (Referenced to GND) -05to0 +7 v circuitry to guard against damage
v bel Vor Ref N 1 5 v due to high static voltages or electric

in nput Voltage (Referenced to GND) ~15t0 Vgc+1. fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) -0.5t0 Ve +0.5 \ be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than maximum rated

voitages to this high-impedance

lout | DC Output Current, per Pin +25 mA circuit. For proper operation, Vi, and
Icc__ | DC Supply Current, Vcc and GND Pins +50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw range GND =(Vjp or Voyut) =Vcc-
SOIC Packaget 500 Unused inputs must always be tied
Tstg | Storage Temperature —65to +150 °C ::.;T" Z’i’t";’;pgar\:g 'g?'f/gg';agi:jes‘;ed'
TL Lead Temperature, 1 mm from Case for 10 Seconds °C outputs must be left open.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
SOIC Package: —7 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vce | DC Supply Voltage (Referenced to GND) 2 6 \
Vin.Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 vVee \"
TA Operating Temperature, All Package Types -85 +125 °Cc
tr, tf | Input Rise and Fall Time (Figure 1) - No ns
Limit*

*When Vi, = 50% Vce. Icc>1 mA.

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)

v Guaranteed Limit
i cc .
Symbol Parameter Test Conditions v 25°C to <gsec | <12m0C Unit
-55°C
VT 4max | Maximum Positive-Going Vout=0.1V 2 15 1.5 1.5 \
Input Threshold Voltage |lout| =20 wA 4.5 3.156 3.15 3.15
(Figure 3) 6 4.2 4.2 4.2
VT 4 min | Minimum Positive-Going Vout=0.1V 2 1 0.95 0.95 v
Input Threshold Voltage |lout! <20 pA 4.5 2.3 2.25 2.25
(Figure 3) 6 3 2.95 2.95
V1 _max |Maximum Negative-Going Vout=Vec—0.1V 2 0.9 0.95 0.95 Vv
Input Threshold Voltage llout| =20 pA 4.5 2 2.05 2.05
(Figure 3) 6 2.6 2.65 2.65
VT —min | Minimum Negative-Going Vout=Vcc—-0.1V 2 0.3 0.3 0.3 \
Input Threshold Voltage llout| <20 pA 4.5 0.9 0.9 0.9
(Figure 3) 6 1.2 1.2 1.2
VHmax | Maximum Hysteresis Voltage Vout=0.1VorVec-01V 2 1.2 1.2 1.2 \
Note 2 (Figure 3) [lout! =20 pA 45 2.25 2.25 2.25
6 3 3 3
VHmin | Minimum Hysteresis Voltage Vout=0.1Vorvec-0.1V 2 0.2 0.2 0.2 \
Note 2 (Figure 3) llout! =20 xA 45 0.4 0.4 0.4
6 0.5 0.5 0.5
NOTES:

1. Information on typical parametric values along with frequency or heavy load considerations can be found in Chapter 4.
2. Vymin>(VT 4 min) - (VT _max); V4max= (VT + max)— (VT _min).

L
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MC54/74HC14A

DC ELECTRICAL CHARACTERISTICS (Continued)

v Guaranteed Limit
Symbol Parameter Test Conditions cc o Unit
v v | BCto | _ghec | <125°C
~55°C
VoH Minimum High-Level Output Vin=VT_min 2 1.9 1.9 1.9 \
Voltage |lout| =20 pA 4.5 4.4 4.4 4.4
6 5.9 5.9 5.9
Vin<VT_min [lout/s4 mA 45 3.98 3.84 3.7
llout/s5.2mA| 6 5.48 5.34 5.2
VoL Maximum Low-Level Output Vin2 VT 4 max 2 0.1 0.1 0.1 \
Voltage [lout| =20 pA 45 0.1 0.1 0.1
6 0.1 0.1 0.1
Vin = VT 4+ max [loutl<4 mA 4.5 0.26 0.33 0.4
llout/sS6.2mA | 6 0.26 0.33 0.4
lin Maximum Input Leakage Current | Vin =Vcc or GND 6 +0.1 +1 *1 uA
Icc Maximum Quiescent Supply Vin=Vcc or GND 6 1 10 40 uA
Current (per Package) lout =0 A
NOTE: 1. VHmin>(V1_ min)— (VT _max); VHmax= (VT 1 max) — (VT _min).
AC ELECTRICAL CHARACTERISTICS (C_ =50 pF, Input t;=t;=6 ns)
v Guaranteed Limit
Symbol Parameter cc 25°C to Unit
\ 8800 <85°C | =<125°C
tpLH, | Maximum Propagation Delay, Input A to Output Y 2 95 120 145 ns
tPHL (Figures 1 and 2) 45 19 24 29
6 16 20 25
tTLH, | Maximum Output Transition Time, Any Output 2 75 95 110 ns
tTHL (Figures 1 and 2) 4.5 15 19 22
6 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF
Cpp | Power Dissipation Capacitance (Per Inverter) Typical @ 25°C, Vg =5V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Veci+ice Ve 22 pF

NOTE: 1. For propagation delays with loads other than 50 pF and information on typical parametric values and load considerations, see Chapter 4.

QUTPUT ¥

tTLH THL

Figure 1. Switching Waveforms

TEST POINT
ouTPuT

DEVICE

UNDER

TEST o

Il

*Includes all probe and jig capacitance.

Figure 2. Test Circuit
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MC54/74HC14A

V1, TYPICAL INPUT THRESHOLD VOLTAGE (VOLTS)

2 3 4 5 6
Vec. POWER SUPPLY VOLTAGE (VOLTS)

Vhtyp = (VT 4 typ) — (V1 _typ)

Figure 3. Typical Input Threshold, V14, VT -
Versus Power Supply Voltage

A ——{éo— Y
(a) A SCHMITT TRIGGER SQUARES UP INPUTS {6) A SCHMITT TRIGGER OFFERS MAXIMUM NOISE
WITH SLOW RISE AND FALL TIMES IMMUNITY

Vout Vout

— VoL — VoL

Figure 4. Typical Schmitt-Trigger Applications
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MOTOROLA

mm SEMICONDUCTOR
TECHNICAL DATA

MC54/74HC20

Dual 4-Input NAND Gate

High-Performance Silicon-Gate CMOS .,, J SUFFX

) . L. CASE 632-08
The MC54/74HC20 is identical in pinout to the LS20. The device inputs are com-

patible with standard CMOS outputs; with pullup resistors, they are compatible with
LSTTL outputs.

® Output Drive Capability: 10 LSTTL Loads N SUFFIX

® Outputs Directly Interface to CMOS, NMOS, and TTL PLASTIC

® Operating Voltage Range: 2 to 6 V CASE 646-06

® Low Input Current: 1 yA "

® High Noise Immunity Characteristic of CMOS Devices 1

® In Compliance with the Requirements Defined by JEDEC Standard No. 7A D SUFFIX

® Chip Complexity: 28 FETs or 7 Equivalent Gates ) 14m soic
it CASE 751A-02

1

ORDERING INFORMATION

MC74HCXXN Plastic
MCB4HCXXJ Ceramic
MC74HCXXD soic

TA = —55°to 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT

LOGIC DIAGRAM Atl]1 e 14 {lvee
B2 13 {102
Ne 3 12[1c2
A c1la 11 [INC
B1 [
01— )O — V1 pi1ll 5 10182
n — ville 9 fla2
E 9 Y=heeo ano ] 7 8flv2
A2
D2 NC =NO CONNECTION
PIN 14=Vg¢
PIN 7 =GND
PINS 3, 11=NO CONNECTION FUNCTION TABLE
Inp Output
A B C D Y
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

L
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MC54/74HC20

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vce | DC Supply Voltage (Referenced to GND) -0.5t0 +7.0 v circuitry to guard against damage
7 due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -1.5t0 Vcc+15 \ fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) ~0.51to Vgc+0.5 \ be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than maximum rated
" voltages to this high-impedance
lout | OC Output Current, per Pin - +25 mA circuit. For proper operation, Vi, and
Icc | DC Supply Current, Vcc and GND Pins +50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mwW range GND =<(Vj or Vout) =Vce-
SOIC Packaget 500 Unused inputs must always be tied
to an appropriate logic voltage level
T, St T 't —65to +150 °C
——stg | STOrage FTpTaT 2 - {e.g., either GND or Vo). Unused
TL Lead Temperature, 1 mm from Case for 10 Seconds c outputs must be left open.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
SOIC Package: —7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee | DC Supply Voltage (Referenced to GND) 2.0 6.0 \
VinVout | DC Input Voltage, Output Voltage (Referenced to GND) 0 vVee \
Ta Operating Temperature, All Package Types —55 +125 °C
tr, tf Input Rise and Fall Time Vec=20V 0 1000 ns
(Figure 1) Vee=45V 0 500
Veec=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions cc ° Unit
v V| BCt0 ) _grec | <1250
-55°C
ViH Minimum High-Level Input Vout=0.1VorVcc—-0.1V 2.0 1.5 1.5 1.5 Vv
Voltage |lout} =20 pA 4.5 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVec-0.1V 2.0 0.3 0.3 0.3 \
Voltage [lout| =20 wA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VoH | Minimum High-Level Output Vin=V|H or Vi 2.0 1.9 1.9 1.9 \
Voltage [lout| =20 A 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=V|H or Vi |lout|=4.0mA| 45 3.98 3.84 3.70
[lout| 6.2 mA | 6.0 5.48 5.34 5.20
VoL | Maximum Low-Level Output Vin=V|H or V|, 2.0 0.1 0.1 0.1 \
Voltage |lout! =20 pA 4.5 0.1 0.1 0.1 |
6.0 0.1 0.1 0.1 1
Vin=V|H or V|_ llout| <4.0mA| 45 0.26 0.33 0.40
llout| =5.2mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin =V¢c or GND 6.0 +0.1 +1.0 +1.0 A
Icc | Maximum Quiescent Supply Vin=V¢c or GND 6.0 2 20 40 uA
Current (per Package) lout=0 pA

NOTE: Information on typical parametric values can be found in Chapter 4.
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MC54/74HC20

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input t,=tf=6 ns)

v Guaranteed Limit
cC i
Symbol Parameter o Unit
4 v | ZCto | _gsec | <125°C
-55°C
tpLH, | Maximum Propagation 'Delay, Input A, B, C, or D to Output Y 2.0 920 115 135 ns.
tPHL (Figures 1 and 2) 4.5 18 23 27
6.0 15 20 23
tTLH. |Maximum Output Transition Time, Any Output 20 75 95 110 ns
tTHL (Figures 1 and 2) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance - 10 10 10 pF
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.
Cpp Power Dissipation Capacitance (Per Gate) ) Typical @ 25°C, Vcc=5.0V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Vcc+Icc Vee 26 pF
For load considerations, see Chapter 4.
TEST POINT
INPUT  90% OUTPUT
A B, C,ORD DEVICE
UNDER
TEST o
OUTPUT Y

*Includes all probe and jig capacitance.

Figure 1. Switching Waveforms Figure 2. Test Circuit

EXPANDED LOGIC DIAGRAM
(% of the Device)

Y
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MOTOROLA

= SEMICONDUCTOR
TECHNICAL DATA

Triple 3-Input NOR Gate
High-Performance Silicon-Gate CMOS

The MC54/74HC27 is identical in pinout to the LS27. The device inputs are com-
patible with standard CMOS outputs; with pullup resistors, they are compatible with
LSTTL outputs.

Output Drive Capability: 10 LSTTL Loads

Outputs Directly Interface to CMOS, NMOS, and TTL

Operating Voltage Range: 2 to 6 V

Low Input Current: 1 A

High Noise Immunity Characteristic of CMOS Devices

In Compliance with the Requirements Defined by JEDEC Standard No. 7A
Chip Complexity: 42 FETs or 10.5 Equivalent Gates

LOGIC DIAGRAM

8- :
B2 — Y2  Y=R+B+C
c2

PIN 14=Vgg
PIN 7= GND

MC54/74HC27

.', J SUFFIX
N CERAMIC
ﬂ ] CASE 632-08
14
N SUFFIX
PLASTIC
CASE 646-06
14

D SUFFIX
14 ﬁ SoiC

P CASE 751A-02

ORDERING INFORMATION

MC74HCXXN Plastic
MC54HCXXJ Ceramic
MC74HCXXD SoIC

TA = —55°to 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT

Aff1e 14 [lvee
B1l}2 13fc1
A2[]3 121
B2[] 4 1 [ics
c2]s 10 (183
v2[} 6 9 [1A3
6N 7 813

FUNCTION TABLE

Inputs Output
A B C Y
L L L H
X X H L
X H X L
H X X L
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MC54/74HC27

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vce | DC Supply Voltage (Referenced to GND) -0.5t0 +7.0 \% cireuitry to guard against damage
Vi bCl ; Rt GND 15 15 v due to high static voltages or électric

n nput Voltage (Referenced to J —15toVee+1. fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) ~0.5to Vo +0.5 \ be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA Xz:::g:shigtzert:;:n :i‘;:i;;“;d'::‘:
lout | DC Output Current, per Pin - 2 mA circuit. For proper operation, Vi, and
Icc | DC Supply Current, Vcc and GND Pins +50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw range GND = (Vj,, or Vout) =Vce-
SOIC Packaget 500 Unused inputs must always be tied
to an appropriate logic voltage level
T, Storage Temperat —65to +150 °C
St rage oMpone ° = (e.g., either GND or V¢c). Unused
T Lead Temperature, 1 mm from Case for 10 Seconds C outputs must be left open.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
SOIC Package: —7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vcc | DC Supply Voltage (Referenced to GND) 2.0 6.0 \Y
VinVout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vee \
TA Operating Temperature, All Package Types ~55 +1256 °C
tr, tf | Input Rise and Fall Time Vee=20V 0 1000 ns
(Figure 1) Vee=45V 0 500
Vee=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
Guaranteed Limit
Symbol Parameter Test Conditions VSC 25°C to <ggec | <125°C Unit
~55°C
VIH Minimum High-Level Input Vout=0.1VorVec-0.1V 2.0 1.5 1.5 1.5 \
Voltage |lout] =20 pA 4.5 3.1 3.15 3.1
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVec-0.1V 2.0 0.3 0.3 0.3 v
Voltage llout =20 pA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VoH | Minimum High-Level Output Vin=V|H or Vi 2.0 1.9 1.9 1.9 \
Voltage |lout] =20 wA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=V|H or V| llout| <4.0 mA| 4.5 3.98 3.84 3.70
|lout/ =5.2 mA| 6.0 5.48 5.34 5.20
VoL | Maximum Low-Level OQutput Vin=V|H or V|L 2.0 0.1 0.1 0.1 \
Voltage |lout| <20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=VIH or Vi |loutl<4.0 mA| 4.5 0.26 0.33 0.40
|lout| =5.2 mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vi =Vcc or GND 6.0 +0.1 +1.0 +1.0 vA
Icc Maximum Quiescent Supply Vin=Vcc or GND 6.0 2 20 40 A
Current (per Package) lout=0 A

NOTE: Information on typical parametric values can be found in Chapter 4.
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MCb4/74HC27

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input t;=tf=6 ns)

v Guaranteed Limit
Symbol Parameter cc o Unit
v | B°Cto _ggec | <12s°C
-55°C
tpLH, |Maximum Propagation Delay, Input A, B, or C to Output Y 2.0 90 115 135 ns
tPHL (Figures 1 and 2) 45 18 23 27
6.0 15 20 23
tTLH, |Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 2) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance - 10 10 10 pF
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.
Cpp | Power Dissipation Capacitance (Per Gate) Typical @ 25°C, Vgc=5.0V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Ve +Icc Vee 27 pF
For load considerations, see Chapter 4.
t TEST POINT
INPUT  90% Vee ) OUTPUT
ABORC OO EVICE
— GND UNDER

CL*

TEST I

OUTPUT Y

*Includes all probe and jig capacitance.

TTLH tTHL

Figure 1. Switching Waveforms Figure 2. Test Circuit

EXPANDED LOGIC DIAGRAM
(% of the Device)
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-2 GND []
PINS 9, 10, 13 =NO CONNECTION

MOTOROLA

mm SEMICONDUCTOR
TECHNICAL DATA

MC54/74HC30

8-Input NAND Gate .,
High-Performance Silicon-Gate CMOS “m’m CERAMIC

CASE 632-08

The MC54/74HC30 is identical in pinout to the LS30. The device inputs are com-

patible with standard CMOS outputs; with pullup resistors, they are compatible with
LSTTL outputs. N SUFFIX
. - PLASTIC
Output Drive Capability: 10 LSTTL Loads CASE 646-06
Outputs Directly Interface to CMOS, NMOS, and TTL
Operating Voltage Range: 2 to 6 V

Low Input Current: 1 pA

High Noise Immunity Characteristic of CMOS Devices

In Compliance with the Requirements Defined by JEDEC Standard No. 7A
Chip Complexity: 32 FETs or 8 Equivalent Gates

D SUFFIX
soIc
CASE 751A-02

ORDERING INFORMATION

MC74HCXXN Plastic
MCB54HCXXJ Ceramic
MC74HCXXD soIC

TA = —55° to 125°C for all packages.
Dimensions in Chapter 6.

LOGIC DIAGRAM PIN ASSIGNMENT

--—--—--1 All1 e 14 ]Vcc
g 2 8l 2 13 [INC
e clls 1214

4

o &y Y = ABCDEFGH ol 4 1116
i 8 Eds 10 [Inc
53 e 9 [Inc
7 sfly

NC =NO CONNECTION

PIN 14=Vg¢
PIN 7=GND
FUNCTION TABLE
Inputs A through H 0";‘“"
All inputs H L
One or more inputs L H

L
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MC54/74HC30

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vcc | DC Supply Voltage (Referenced to GND) -0510 +7.0 v circuitry to guard against damage
due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -1.5t0Vcc+15 \ fields. However, precautions must
Vout DC Output Voltage (Referenced to GND) —0.5t0 Vgc+0.5 \ be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than maximum rated
" voltages to this high-impedance
lout | DC Output Current, per Pin +25 mA circuit. For proper operation, Vi and
lcc | DC Supply Current, V¢ and GND Pins +50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mwW range GND < (Vj or Vout) =Vce.
SOIC Packaget 500 Unused inputs must always be tied
to an appropriate logic voltage level
Tsta St T 1) — 65 1 160 °c
slg orage ‘emperature 510 + - (e.g., either GND or V¢g). Unused
TL Lead Temperature, 1 mm from Case for 10 Seconds C outputs must be left open.
{Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300
*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
SOIC Package: —7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Max Unit
Vee DC Supply Voltage (Referenced to GND) 2.0 6.0 \%
Vin.Vout { DC Input Voltage, Output Voltage (Referenced to GND) 0 vee \
TA Operating Temperature, All Package Types —55 +125 °Cc
tr, tf | Input Rise and Fall Time Vee=20V 0 1000 ns
(Figure 1) Vee=45V 0 500
Vec=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions cc o Unit
v v | BCto | _ggec | <128°C
-55°C
ViH | Minimum High-Level Input Vout=0.1VorVec—-0.1V 2.0 1.5 1.5 1.5 \
Voltage llout] =20 wA 45 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVec—-0.1V 2.0 0.3 0.3 0.3 \
Voltage {lout] =20 wA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VoH | Minimum High-Level Output Vin=VjH or V| 2.0 1.9 1.9 1.9 \
Voltage |lout| =20 wA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=VIH or Vi |loutl <40mA| 45 3.98 3.84 3.70
llout|<5.2mA| 6.0 5.48 5.34 5.20
VoL |Maximum Low-Level Output Vin=V|H or V| 2.0 0.1 0.1 0.1 \
Voltage [lout| =20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=VIH or V| llout| <4.0mA| 45 0.26 0.33 0.40
llout] <6.2 mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vi, =Vcc or GND 6.0 +0.1 +1.0 +1.0 pA
Icc | Maximum Quiescent Supply Vin=Vcc or GND 6.0 2 20 40 A
Current (per Package) lout=0 pA

NOTE: information on typical parametric values can be found in Chapter 4.
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MC54/74HC30

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input t;=tf=6 ns)

v Guaranteed Limit
cC .
Symbol Parameter v 25°C to <gsoc | <1250C Unit
-55°C
tpLH. |Maximum Propagation Delay, Any Input to Output Y 2.0 175 220 265 ns .
tPHL (Figures 1 and 2) 4.5 35 44 53
6.0 30 37 45
tTLH, | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 2) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance - 10 10 10 pF
NOTES:

1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.

Cpp Power Dissipation Capacitance (Per Gate) Typical @ 26°C, Vgg=5.0V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Vec?f+Icc Vee 27 pF
For load considerations, see Chapter 4.

TEST POINT

| outpur
ANY INPUT DEVICE

UNDER

TEST I

CL*

OUTPUT ¥

*Includes all probe and jig capacitance.

Figure 1. Switching Waveforms Figure 2. Test Circuit

EXPANDED LOGIC DIAGRAM

=
3_‘—— W'
D_H
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MOTOROLA

== SEMICONDUCTOR
TECHNICAL DATA

MC54/74HC32A

Advance Information

Quad 2-Input OR Gate 2 Surrx
High-Performance Silicon-Gate CMOS i CASE 63208
14

The MC54/74HC32A is identical in pinout to the LS32. The device inputs ! ;
are compatible with standard CMOS outputs; with pullup resistors, they N SUFFIX
are compatible with LSTTL outputs. PLASTIC
e Output Drive Capability: 10 LSTTL Loads \ CASE 646-06
® Outputs Directly Interface to CMOS, NMOS, and TTL
e Operating Voltage Range: 2.0 to 6.0 V 4
® Low Input Current: 1.0 uA !
o High Noise Immunity Characteristic of CMOS Devices D SUFFIX
e In Compliance with the Requirements Defined by JEDEC Standard / soIc

No. 7A 14 " CASE 751A-02

® Chip Complexity: 48 FETs or 12 Equivalent Gates 1

® Improvements over HC32
® Improved Propagation Delays
® 50% Lower Quiescent Power
® Improved Input Noise and Latchup Immunity

ORDERING INFORMATION

MC74HCXXAN  Plastic
MC54HCXXAJ  Ceramic
MC74HCXXAD SOIC
Ta = —55°to 125°C for all packages.
Dimensions in Chapter 6.

This document contains information on a new product. Specifications and information herein are subject to change without notice.

LOGIC DIAGRAM
PIN ASSIGNMENT
1
Al
Diw MmOt e 1aflve
B1 812 13 {1 B4
. Y1l 3 12 1 A4
A2 LI A2[) 4 nfva
B — B2[] 5 10 [ B3
Y = A+B Y2[] 6 9[1A3
a3 e aNo[l 7 sfiv
10 Y3
B3
a2
1
13 ! Y4 FUNCTION TABLE
B4 Inputs Output
PIN 14 = Vge A B Y
PIN7 = GND L L L
L H H
H L H
H H H
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MC54/74HC32A

MAXIMUM RATINGS*
Symbol Parameter Value Unit This device contains protection
v, DC Supply Vol _ circuitry to guard against damage
cC ' upply Voltage (Referenced to GND) 0.5to0 +7.0 v due to high static voltages or elec-
Vin ~ | DC Input Voltage (Referenced to GND) -15to Vcc+1.5 Vv tric fields. However, precautions
Vout | DC Output Voltage (Referenced to GND) ~05toVect05| V must be taken to avoid applica-

tions of any voltage higher than
lin DC Input Current, per Pin +20 mA maximum rated voltages to this
high-impedance circuit. For
proper operation, Vin and Vout
Icc DC Supply Current, Vcc and GND Pins +50 mA should be constrained to the
range GND < (Vjp orVout) < Vce.

lout DC Output Current, per Pin +25 mA

Pp Power Dissipation in Still Air, Plastic osr gl%re;)n;:l:(él‘)glz ;gg mwW . Unused inputs must always be
tied to an appropriate logic volt-
Tstg | Storage Temperature —65 to +150 °C age level (e.g., either GND or
TL Lead Temperature, 1 mm from Case for 10 Seconds °C X_‘%Cc); ;Jnnused outputs must be
(Plastic DIP or SOIC Package) 260 pen.
(Ceramic DIP) 300

*Maxirpum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee DC Supply Voltage (Referenced to GND) 2.0 6.0 \
Vin: Vout | DC Input Voltage, Output Voltage 0 Vee \
(Referenced to GND)
TA Operating Temperature, All Package Types -55 +125 °C
t, tf Input Rise and Fall Time Vee =20V 0 1000 ns
(Figure 1) Vee = 45V 0 500
Vee = 6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions cc Unit
v | 25Cto | _oree | <1250
—55°C
VIH Minimum High-Level Input Vout=0.1VorVec-0.1V 2.0 1.5 1.5 1.5 v
Voltage lloutl<20 A 45 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVgc-0.1V 2.0 0.5 0.5 0.5 v
Voltage lloutl<20 uA 4.5 1.35 1.35 1.35
6.0 1.8 1.8 1.8
VoH Minimum High-Level Output Vin=ViH or VjL 2.0 1.9 1.9 1.9 Vv
Voltage [lout|<20 A 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=VIH or V)L lloutl<4.0 mA | 45 3.98 3.84 3.7
llout/<62mA | 6.0 5.48 5.34 5.2
VoL Maximum Low-Level Output Vin=ViH or VjL 2.0 0.1 0.1 0.1 \
Voltage lloutl<20 A 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=VIH or V|L [lout/<4.0 mA 45 0.26 0.33 0.4
lloutl<62 mA | 6.0 0.26 0.33 0.4
lin Maximum Input Leakage Current| Vi, =Vcc or GND 6.0 +0.1 +1.0 +1.0 nA
Icc Maximum Quiescent Supply Vin=Vcc or GND 6.0 1.0 10 40 HA
Current (per Package) lout=0 A

S B S
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MC54/74HC32A

AC ELECTRICAL CHARACTERISTICS (C|_ = 50 pF, Input t; = tf = 6.0 ns)

v Guaranteed Limit
Symbol Parameter cc o Unit
vV [ 2t _geee | <rzsc
-55°C
tpLH. | Maximum Propagation Delay, Input A or B to Output Y 2.0 75 95 110 ns
tPHL (Figures 1 and 2) 4.5 15 19 22
6.0 13 16 19
tTLH. | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 2) 45 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance - 10 10 10 pF
Cpp | Power Dissipation Capacitance (Per Gate) Typical @ 25°C, Vgg = 5.0 V
Used to determine the no-load dynamic power consumption: oF
Pp = Cpp Ve + lcc Vee 20
TEST POINT
OUTPUT
DEVICE
UNDER
TEST I CL*

*Includes all probe and jig capacitance.

Figure 1. Switching Waveforms Figure 2. Test Circuit
A
Y
B
EXPANDED LOGIC DIAGRAM

(1/4 of the Device)

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
5-49



MOTOROLA
m SEMICONDU CTO R /5

TECHNICAL DATA
MC54/74HC42

1-0f-10 Decoder

High-Performance Silicon-Gate CMOS A
. CASE 620-09

The MCB4/74HC42 is identical in pinout to the LS42. The device inputs are com-

patible with standard CMOS outputs; with pullup resistors, they are compatible with

LSTTL outputs. N SUFFIX
The HC42 decodes a BCD Address to one-of-ten active-low outputs. For Address PLASTIC

inputs with a hexadecimal equivalent greater than 9, all outputs, YO0-Y8, remain high CASE 648-06

(inactive).

® Output Drive Capability: 10 LSTTL Loads

® OQutputs Directly Interface to CMOS, NMOS, and TTL D SUFFIX

® Operating Voltage Range: 2to 6 V 16@ SOIC

® Low Input Current: 1 pA 1 CASE 751B-03

® High Noise Immunity Characteristic of CMOS Devices

® [n Compliance with the Requirements Defined by JEDEC Standard No. 7A

® Chip Complexity: 104 FETs or'26 Equivalent Gates ORDERING INFORMATION

MC74HCXXN Plastic
MCB54HCXXJ Ceramic
MC74HCXXD SoIC

TA = —55° to 125°C for all packages.
Dimensions in Chapter 6.

LOGIC DIAGRAM
. N PIN ASSIGNMENT
1
15 o—— YO
A0 2
(LSB) o— Y1
3
o— Y2
14 4
Al o— Y3
0—5 Y4
BCD Active-Low
Address { 6 Outputs
Inputs 13 o— Y5
7
A2 —’ Y6
9
O— Y7
10
12 O— Y8
A3 ———i 1"
(MSB) o— Y9
Pin 16= V¢
Pin 8= GND

_______________________________________________________________________|]
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MC54/74HC42

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vce | DC Supply Voltage (Referenced to GND) 0510 +7.0 v circuitry to guard against damage
vi DC 1 G due to high static voltages or electric
in nput Voltage (Referenced to GND) -15toVec+1.5 \ fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) —0.5t0 Vcc+0.5 \ be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than maximum rated
" voltages to this high-impedance
lout | DC Output Current, per Pin . +25 mA circuit. For proper operation, Vip, and
cc | DC Supply Current, Ve and GND Pins +50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw range GND =< (Vjp or Vout) <Vcc.
SOIC Packaget 500 Unused inputs must always be tied
— o to an appropriate logic voltage level
AQ Storage Temperature 65 to +150 C (e.g. either GND or Veg) Unused
TL Lead Temperature, 1 mm from Case for 10 Seconds °C outputs must be left open.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
SOIC Package: —7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
vee DC Supply Voltage (Referenced to GND) 2.0 6.0 v
Vin.Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vee \
TA Operating Temperature, All Package Types —55 +125 °C
tr, tf | Input Rise and Fall Time Vee=20V 0 1000 ns
(Figure 1) Vcc=45V 0 500
Vee=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions cc o Unit
v v | BCt0 | _grec | <125°C
~55°C
VIH Minimum High-Level Input Vout=0.1 VorVcc—-0.1V 2.0 1.5 1.5 1.5 \
Voltage |lout] =20 pA 4.5 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVgc—-0.1V 2.0 0.3 0.3 0.3 \
Voltage |lout! =20 pA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VOH [Minimum High-Level Output Vin=V|H or V| 2.0 1.9 1.9 1.9 \
Voltage [lout] =20 A 45 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=VIH or V| llout| =4.0mA| 45 3.98 3.8 3.70
llout} 5.2 mA| 6.0 5.48 5.34 5.20
VoL | Maximum Low-Level Output Vin=V|H or ViL 2.0 0.1 0.1 0.1 \
Voltage llout] =20 pA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=VjH or V| lloutl=4.0mA| 45 0.26 0.33 0.40
llout] 5.2 mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vi =Vcc or GND 6.0 +0.1 +1.0 +1.0 A
Icc Maximum Quiescent Supply Vin=Vcc or GND 6.0 8 80 160 rA
Current (per Package) lout=0 pA

NOTE: Information on typical parametric values can be found in Chapter 4.
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MC54/74HC42

AC ELECTRICAL CHARACTERISTICS (C =50 pF, Input t;=t{=6 ns)

v Guaranteed Limit
Symbol Parameter cc o Unit
Y v | BCto | _ggec | <125°C
-55°C
tpLH, | Maximum Propagation Delay, Input A to Output Y 2.0 150 190 225 ns.
tpHL | (Figures 1 and 2) 4.5 30 38 45
6.0 26 33 38
tTLH. | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 2) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance - 10 10 10 pF
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.
Cpp Power Dissipation Capacitance (Per Package) Typical @ 26°C, Vg =5.0V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Ve +icc Vee . 65 PF
For load considerations, see Chapter 4.
Test Point
Output
Input A Device
Under "
Test L
OutputY

*Includes all probe and jig capacitance.

Figure 1. Switching Waveforms Figure 2. Test Circuit

B FUNCTION TABLE

Inputs QOutputs

A3 A2 A1 A0 | YO Y1Y2Y3Y4Y5Y6 Y7 Y8 Y9
LLLL LHHHHHHHHH
LLLH HLHHHHHHHH
L LHL HHLHHHHHHH
L LHH HHHLHHHHHH
LHLL HHHHLHHHHH
LHLH HHHHHLHHHH
LHHL HHHHHHLHHH
LHHH HHHHHHHLHH
HLLL HHHHHHHHLH
HLLH HHHHHHHHHL
HLHL HHHHHHHHHH
HLHH HHHHHHHHHH
HHLL HHHHHHHHHH
HHLH HHHHHHHHHH
HHHL HHHHHHHHHH
HHHH HHHHHHHHHH

A
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MC54/74HC42

PIN DESCRIPTIONS

INPUTS

A0, A1, A2, A3, (PINS 15, 14, 13, 12) — BCD Address In-
puts. The BCD address present at these inputs determines
which output is active-low. These inputs are arranged such
‘that A3 is the most-significant bit and AO is the least-
significant bit. Addresses with a hexadecimal equivalent

number greater than nine are not decoded.

OUTPUTS

YO0-Y9 (PINS 1-7, 9-11) — Active-Low Decoded Outputs.
These outputs assume a low level when addressed and re-
main high when not addressed.

EXPANDED LOGIC DIAGRAM
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MOTOROLA

mm SEMICONDUCTOR
TECHNICAL DATA

MC54/74HC51

2-Wide, 2-Input/2-Wide, 3-Input
, J SUFFIX

AND-NOR Gates o CERAMIC
High-Performance Silicon-Gate CMOS ¥ n ﬂ? CASE 632:08

= [/

The MCb54/74HC51 is identical in pinout to the LS51. The device inputs are com-

1
patible with standard CMOS outputs; with pullup resistors, they are compatible with N SUFFIX
LSTTL outputs. PLASTIC
® Output Drive Capability: 10 LSTTL Loads CASE 646-06
Outputs Directly Interface to CMOS, NMOS, and TTL 14
Operating Voltage Range: 2 to 6.V 1
e

Low Input Current: 1 pA

°

]

® L L : ) D SUFFIX
® High Noise Immunity Characteristic of CMOS Devices

°

]

Soic
In Compliance with the Requirements Defined by JEDEC Standard No. 7A CASE 751A-02

Chip Complexity: 42 FETs or 10.5 Equivalent Gates
ORDERING INFORMATION

MC74HCXXN Plastic
MC54HCXXJ Ceramic
MC74HCXXD Soic

TA = —55° to 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT

LOGIC DIAGRAM
M1 e 14 Jvee
M _1"L__ n2f] 2 1afict
w2 82l 3 12 [1B1
o 8y, c2l]4 1{IA
9
o1 Y1 =TRTeBTeCTT+ TSEToFT] 02015 10 fle
YL h— v2ll 6 9 gm
B g anof] 7 8lIv1
a2 —2— :
B2 =S
8
Y2 FUNCTION TABLES
62 ] Y2 =TR7%B2T + [£2°02) pE— e
5
02 =] A1 B1C1 D1 E1 Fi Y1
HHHXX X L
PIN 14=Vge X X X H HH L
PIN 7=GND All other combinations H
Inputs Output
A2 B2 C2 D2 v2
H H X X L
X X H H L
All other combinations H
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MC54/74HC51

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vce | DC Supply Voltage (Referenced to GND) -0.5t0 +7.0 \% circuitry to guard against damage
due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -15toVpoc+1.56 \ fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) -0.5to Vcc+0.5 \ be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than maximum rated
" voltages to this high-impedance
lout DC Output Current, per Pin +25 mA circuit. For proper operation, Vi, and
Icc | DC Supply Current, Vcc and GND Pins +50 mA Vout should be constrained to the
Pp | Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw range GND =(Vip or Vout) =Vce.
SOIC Packaget 500 Unused inputs must always be tied
Tstg Storage Temperature —65to + 150 °C :Z.;i ae?t‘::rpgar\:ep Ig?\iggfgiiﬁ;
T Lead Temperature, 7 mm from Case for 10 Seconds °C outputs must be ieft open.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
SOIC Package: —7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee | DC Supply Voltage (Referenced to GND) 2.0 6.0 \
Vin.Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vee \
TA Operating Temperature, All Package Types -55 +125 °C
tr, tf | Input Rise and Fall Time Vec=20V 0 1000 ns
(Figure 1) Vec=45V| 0 500
Vee=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions Sc 25°C to <g5°C | <125°C Unit
-55°C
ViH Minimum High-Level Input Vout=0.1VorVec-0.1V 2.0 1.5 15 1.5 \
Voltage |lout] =20 pA 4.5 3.15 3.16 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVcc—-0.1V 2.0 0.3 0.3 0.3 \
Voltage |lout| =20 pA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VoH | Minimum High-Level Output Vin=V|H or V|L 20 1.9 1.9 1.9 \
Voltage llout| =20 pA 4.5 4.4 4.4 44
6.0 5.9 5.9 5.9
Vin=V|H or V|L |lout| =4.0mA| 45 3.98 3.84 3.70
Jlout| <6.2mA| 6.0 5.48 5.34 5.20
VoL | Maximum Low-Level Output Vin=V|H or V|L 2.0 0.1 0.1 0.1 Vv
Voltage lloutl =20 pA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=VjH or Vi lloutl =4.0 mA| 4.5 0.26 0.33 0.40
|loyt] <5.2 mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vi, =Vcg or GND 6.0 +0.1 +1.0 +1.0 uA
Icc Maximum Quiescent Supply Vin=Vcc or GND 6.0 2 20 40 A
Current (per Package) lout=0 pA

NOTE: Information on typical parametric values can be found in Chapter 4.

L]
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MC54/74HC51

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, input t,=t¢=6 ns)

v Guaranteed Limit
cC i
Symbol Parameter v 25°C to <gsec | <125°C Unit
-55°C
tpLH. | Maximum Propagation Delay, Any Input to Output Y 20 125 155 190 ns .
tPHL (Figures 1 and 2) 45 25 31 38
6.0 21 26 32
tTLH, | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 2) 45 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance - 10 10 10 pF
NOTES:
1. For propagation delays witj loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.
Cpp | Power Dissipation Capacitance (Per Section) Typical @ 26°C, Vcc=5.0V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Vcc2f+ice Vee 3 pF
For load considerations, see Chapter 4.
TEST POINT
OUTPUT
INPUT DEVICE
UNDER
TEST G
OUTPUT Y '
ttTHL tTLH *{ncludes all probe and jig capacitance.

Figure 1. Switching Waveforms

EXPANDED LOGIC DIAGRAM

5
D2— PIN 14=Vgg

PIN 7=GND
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MOTOROLA

== SEMICONDUCTOR
TECHNICAL DATA

MC54/74HC58

2-Wide, 2-Input/2-Wide, 3-Input

J SUFFIX
AND-OR Gates CERAMIC
High-Performance Silicon-Gate CMOS CASE 63208

The MC54/74HC58 is identical to the MC54/74HC51 except that the outputs are

inverted. The device inputs are compatible with standard CMOS outputs; with pull- N SUFFIX
up resistors, they are compatible with LSTTL outputs. PLASTIC
® Output Drive Capability: 10 LSTTL Loads CASE 646-06
® Outputs Directly Interface to CMOS, NMOS, and TTL 1
® Operating Voltage Range: 2 to 6 V 1
® Low Input Current: 1 uA D SUFFIX
® High Noise Immunity Characteristic of CMOS Devices 14®_ Ssoic
® In Compliance with the Requirements Defined by JEDEC Standard No. 7A i ) CASE 751A-02
® Chip Complexity: 42 FETs or 10.5 Equivalent Gates

ORDERING INFORMATION

MC74HCXXN Plastic
MCB4HCXXJ Ceramic
MC74HCXXD soic

Ta = —55° to 125°C for all packages.
Dimensions in Chapter 6.

LOGIC DIAGRAM
PIN ASSIGNMENT

“;1_ A1 e 14 flvee
[ Tp—
A2f} 2 131c1
13—
¢ 0 LI B2[]3 12181
“'1—01_ Y1=(A10B1eC1)+ (D1oEToF1) c2l] 4 1 fIF
B " 020 5 10 [IE1
p 20 6 g flo
A2 —2 GND 7 sfvi
B2 —2
6
Y2
4
‘ Y2 = (A2¢B2) + (C20D2)
€2 5 FUNCTION TABLES
02 Inputs Output
A1 B1 C1 D1 E1 F1 Y1
PIN 14=V,
PIN 7 GND. H H H X X X H
X X X H H H H
Any other combination L

Inputs Output
A2 B2 C2 D2 Y2
H H X X

X X H H
Any other combination

rIXIT

e ______________________________________________________________________|
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MC54/74HC58

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vce | DC Supply Voltage (Referenced to GND) -05t0 +7.0 v circuitry to 9“_a'd against damaqe
due to high static voltages or electric

Vin DC Input Voltage (Referenced to GND) -15t0 Vcc+1.5 \ fields. However, precautions must
Vout DC Output Voltage (Referenced to GND) —-0.5to Vcc+0.5 \ be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than maximum rated

voltages to this high-impedance

lout DC Output Current, per Pin +25 mA circuit. For proper operation, Vi, and
Icc__ | DC Supply Current, Vcc and GND Pins +50 mA Vout should be constrained to the
Pp | Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mwW range GND =<(Vjp or Vout) =Vcc.
SOIC Packaget 500 Unused inputs must always be tied
to an appropriate logic voltage level
T t —65 to +150 °C
Tstg | Storage Temperature ° . (e.g., either GND or Vce). Unused
TL Lead Temperature, 1 mm from Case for 10 Seconds C outputs must be left open.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
SOIC Package: —7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee DC Supply Voltage (Referenced to GND) 2.0 6.0 \Y
Vin.Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vee \
TA Operating Temperature, All Package Types —55 +125 °C
tr, tf | Input Rise and Fall Time Vec=20V 0 1000 ns
(Figure 1) Vee=45V 0 500
Vee=6.0V 0 400

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)

v Guaranteed Limit
Symbol Parameter Test Conditions Sc 25°C to <85°C | <125°C Unit
-55°C
VIH Minimum High-Level Input Vout=0.1VorVcc—-0.1V 2.0 15 1.5 1.5 v
Voltage |lout] =20 pA 4.5 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVcc—-0.1V 2.0 0.3 0.3 0.3 \
Voltage [lout| =20 pA 45 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VoH | Minimum High-Level Output Vin=VjH or V|L 2.0 1.9 1.9 1.9 \
Voltage llout| =20 pA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=V|H or V| llout|<4.0mA| 45 3.98 3.84 3.70
llout|<5.2mA| 6.0 5.48 5.34 5.20
VoL |Maximum Low-Level Output Vin=V|H or V|L 2.0 0.1 0.1 0.1 '
Voltage |loutl =20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=V|H or Vi lloutl =4.0mA| 45 0.26 0.33 0.40
llout| 5.2 mA | 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vi, =Vcc or GND 6.0 +0.1 +1.0 +1.0 A
Icc Maximum Quiescent Supply Vin=Vcc or GND 6.0 2 20 40 A
Current (per Package) lout=0 A

NOTE: Information on typical parametric values can be found in Chapter 4.

T
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MC54/74HC58

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input t,=t{=6 ns)

v Guaranteed Limit
Symbol Parameter cc 25°C to Unit
Vo | Caeeq | =85°C | =125°C
tpLH, [Maximum Propagation Delay, Any Input to Output Y 2.0 125 1565 190 ns
tPHL (Figures 1 and 2) 4.5 25 31 38
6.0 21 26 32
tTLH. |Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 2) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF
NOTES:

1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.

Cpp | Power Dissipation Capacitance (Per Section) Typical @ 25°C, Vcc=5.0 V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Vcci+lcc Vee 2 pF
For load considerations, see Chapter 4.

TEST POINT
QUTPUT
DEVICE
UNDER
TEST o*
OUTPUT ¥ I

THL *Includes all probe and jig capacitance.

Figure 1. Switching Waveforms Figure 2. Test Circuit

EXPANDED LOGIC DIAGRAM

o1/
. 8 vy
01—

A2—
B2——

C24_

D2— PIN 14=Vgg¢
PIN 7=GND

.|
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MOTOROLA

== SEMICONDUCTOR
TECHNICAL DATA

MC54/74HC73

Dual J-K Flip-Flop with Reset
High-Performance Silicon-Gate CMOS

The MC54/74HC73 is identical in pinout to the LS73. The device inputs are com- .'., JESUI:;IX
patible with standard CMOS outputs; with pullup resistors, they are compatible with I CERAMIC
CASE 632-08
LSTTL outputs. 14

Each flip-flop is negative-edge clocked and has an active-low asynchronous reset. 1
The MC54/74HC73 is identical in function to the HC107, but has a different
pinout.
® Output Drive Capability: 10 LSTTL Loads “I',&USFTFI"’:‘
® OQutputs Directly Interface to CMOS, NMOS, and TTL CASE 646-06
® Operating Voltage Range: 2to 6 V
® Low Input Current: 1 pA
® High Noise Immunity Characteristic of CMOS Devices
® |n Compliance with the Requirements Defined by JEDEC Standard No. 7A
°

Chip Complexity: 92 FETs or 23 Equivalent Gates
ORDERING INFORMATION

MC74HCXXN Plastic
MC54HCXXJ Ceramic

TA = —55° to 125°C for all packages.

LOGIC DIAGRAM Dimensions in Chapter 6.
14
J—
112
1
Clock 1——Cp " PIN ASSIGNMENT
3 Qi
K1 ] Clock 1 Q1@ 148 1
Reset 1 2 | Reset 1 2 13p Q1
; K1Q3 12p Q1
J2 ® _m» Vec 4 11f GND
Clock 2 5 o> Clock 2 6 108 K2
0 8 v Reset 2 06 eli] (E
K2 JaQ7z 8f1 Q2
ResetZ—G—-—T
Pin 4=Vce
Pin 11=GND FUNCTION TABLE
Inputs Outputs
Reset Clock J K Q Q
L X X X L H
H "~ L L | No Change
H ~ L H L H
H . H L H L
H -~ H H Toggle
H L X X | No Change
H H X X | No Change
H / X X | No Change

L _____________________________________________________________________|
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MC54/74HC73

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vce | DC Supply Voltage (Referenced to GND) -0.5t0 +7.0 \ circuitry to guard against damage
due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -1.6to Vcc+1.5 \4 fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) -05to Vcc+0.5 \ be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than maximum rated
" voltages to this high-impedance
lout | DC Output Current, per Pin A +25 mA circuit. For proper operation, Vi, and
Icc | DC Supply Current, V¢ and GND Pins +50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw range GND =(Vj,, or Vout) =Vce.
Tstg Storage Temperature —65to + 150 °C Unused 'np'j'ts musf always be tied
- to an appropriate logic voltage level
TL Lead Temperature, 1 mm from Case for 10 Se{:onds C (e.g., either GND or V). Unused
(Plastic DIP) 260 outputs must be left open.
(Ceramic DIP) 300
*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 1256°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
For high frequency or heavy load considerations, see Chapter 4.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Max Unit
Vce | DC Supply Voltage (Referenced to GND) 2.0 6.0 \
Vin:Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vee \
TA Operating Temperature, All Package Types -55 +125 °C
ty, tf | Input Rise and Fall Time Vee=20V 0 1000 ns
(Figure 1) Vee=45V 0 500
Vec=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions Sc 25°C to <gsec | <1500 Unit
-55°C
ViH Minimum High-Level Input Vout=0.1VorVcc-0.1V 2.0 1.5 15 1.5 \
Voltage |lout] =20 pA 45 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVcc-0.1V 2.0 0.3 0.3 0.3 \
Voltage llout! 20 pA 45 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VoH | Minimum High-Level Output Vin=V|H or V| 2.0 1.9 1.9 1.9 \4
Voltage Nout! =20 pA 45 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=V|H or V)L lloutl =4.0mA| 45 3.98 3.84 3.70
|loutl=5.2mA| 6.0 5.48 5.34 5.20
VoL | Maximum Low-Level Output Vin=V|H or V|| 2.0 0.1 0.1 0.1 \
Voltage llout! =20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=Viy or V|_ lloutl =40 mA| 45 0.26 0.33 0.40
lloutl<5.2mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin =Vcc or GND 6.0 +0.1 +1.0 +1.0 A
Ice Maximum Quiescent Supply Vin=Vcc or GND 6.0 4 40 80 A
Current (per Package) lout=0 A

NOTE: Information on typical parametric values can be found in Chapter 4.
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MC54/74HC73

AC ELECTRICAL CHARACTERISTICS (Cy =50 pF, Input t,=t{=6 ns)

v Guaranteed Limit
cC it
Symbol Parameter v 25°C to <g5oc | <125°C Uni
-55°C
fmax | Maximum Clock Frequency (50% Duty Cycle) 2.0 6.0 4.8 4.0 MHz
(Figures 1 and 4) 4.5 30 24 20
. 6.0 35 28 24
tpLH, | Maximum Propagation Delay, Clock to Q or Q 2.0 125 155 190 ns
tPHL (Figures 1 and 4) 4.5 25 31 38
6.0 21 26 32
tpLH. |Maximum Propagation Delay, Reset to Q or Q 2.0 155 195 235 ns
tPHL (Figures 2 and 4) 4.5 31 39 47
6.0 26 33 40
tTLH, | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 4) 4.5 15 19 22
6.0 13 16 19
Cin Maxi Input C. i — 10 10 10 pF
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Inf ion on typical p ic values can be found in Chapter 4.
Cpp Power Dissipation Capacitance (Per Flip-Flop) Typical @ 256°C, Vg =5.0 V
Used to determine the no-load dynamic power consumption:
Pp=Cpp VecZf+lce Voo 35 pF
For load considerations, see Chapter 4.
TIMING REQUIREMENTS (input t, =t¢=6 ns)
v Guaranteed Limit
Ccc ;
Symbol Parameter v 25°C to <g5oc | <128°¢C Unit
-55°C
tsy Minimum Setup Time, J or K to Clock 2.0 100 125 150 ns
(Figure 3) 4.5 20 25 30
6.0 17 21 26
th Minimum Hold Time, Clock to J or K 2.0 3 3 3 ns
(Figure 3) 4.5 3 3 3
6.0 3 3 3
trec Minimum Recovery Time, Reset Inactive to Clock 2.0 100 125 150 ns
(Figure 2) 4.5 20 25 30
6.0 17 21 26
tw Minimum Pulse Width, Clock 2.0 80 100 120 ns
(Figure 1) 4.5 16 20 24
6.0 14 17 20
tw Minimum Pulse Width, Reset 2.0 80 100 120 ns
(Figure 2) 4.5 16 20 24
6.0 14 17 20
t, t¢ | Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
(Figure 1) 4.5 500 500 500
6.0 400 400 400

NOTE: Inf ion on typical p ic values can be found in Chapter 4.

I R
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MC54/74HC73

SWITCHING WAVEFORMS

fe—tyy —>
\
— V¢e -\ ) SE—— cC
Clock Reset ‘50% 7
GND — GND
—» tPHL
Q 50%
ol —> tPLH
QorQ
Q 50%
tTLH tTHL | trec
Figure 1.
— Vce
Clock 50%
GND
Figure 2.
Valid Test Point
vee Output
JorK 50% Device
GND Under *
tsu th Test CL
— Vce
Clock 50%
GND —
*Includes all probe and jig capacitance.
Figure 3.
Figure 4. Test Circuit
EXPANDED LOGIC DIAGRAM
Reset 2.6
12,9 o
—_ crC
CL
ct 13,8
—a
CL
g
cr
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MOTOROLA
1 SEMICONDUCTOR
TECHNICAL DATA

Advance Information

Dual D Flip-Flop with Set

and Reset
High-Performance Silicon-Gate CMOS

The MC54/74HC74A is identical in pinout to the LS74. The device inputs are
compatible with standard CMOS outputs; with pullup resistors, they are com-
patible with LSTTL outputs.

This device consists of two D flip-flops with individual Set, Reset, and Clock
inputs. Information at a D-input is transferred to the corresponding Q output
on the next positive going edge of the clock input. Both Q and Q outputs are
available from each flip-flop. The Set and Reset inputs are asynchronous.

® Output Drive Capability: 10 LSTTL Loads
® Outputs Directly Interface to CMOS, NMOS, and TTL
® Operating Voltage Range: 2.0 to 6.0 V
® Low Input Current: 1.0 uA
® High Noise Immunity Characteristic of CMOS Devices
® In Compliance with the Requirements Defined by JEDEC Standard No. 7A
® Chip Complexity: 128 FETs or 32 Equivalent Gates
® Improvements over HC74

o Improved Propagation Delays

® 50% Lower Quiescent Power

o Improved Input Noise and Latchup Immunity

LOGIC DIAGRAM
RESET 1 —!
DATA 1 ——] LS o
CLOCK 1 ——b LS
4
SETY
1
ReseT2———
DATA 2 —% S
aocke——>b RS
serotL T
PIN 14 = V¢
PIN7 = GND

This document contains information on a new product.
Specifications and information herein are subject to change without notice.

MC54/74HC74A

J SUFFIX
CERAMIC

1 CASE 632-08
14

N sumx

CASE 646-06

D SUFFIX
’4 SOIC
CASE 751A-02

ORDERING INFORMATION

MC74HCXXAN  Plastic
MC54HCXXAJ Ceramic
MC74HCXXAD  SOIC
TA = —55° to 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT

RESET1 @ 1@ vee
13 I RESET 2

12 1 DATA 2

FUNCTION TABLE
Inputs Outputs
Set Reset Clock Data| 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 | No Change
H H H X | No Change
H H T\_ X |NoChange

*Both outputs will remain high as long
as Set and Reset are low, but the output
states are unpredictable if Set and
Reset go high simultaneously.
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MC54/74HC74A

MAXIMUM RATINGS®
Symbol Parameter Value Unit This device contains protection
_ circuitry to guard against damage
Vce | DC Supply Voitage (Referenced to GND) 05to +7.0 \" due to high static voltages or elec-
Vin DC Input Voltage (Referenced to GND) -15toVgc+15| V tric fields. However, precautions
— must be taken to avoid applica-
Vout | DC Output Volitage (Referenced to GND) 05to Vcc+05( V tions of any voltage higher than
lin DC Input Current, per Pin *20 mA maximum rated voltages to this
lout | DC Output Current, per Pin +25 mA high-impedance circuit. For

proper operation, Vi and Vgt
Icc DC Supply Current, Vcc and GND Pins +50 mA should be constrained to the
range GND < (VjnorVout) <Vcc.

Pp Power Dissipation in Still Air, Plastic ors(é)elgr:;zlgll’e . ;gg mw Unused inputs must always be

9 tied to an appropriate logic voit-

T,m Storage Temperature -65to +150 °C age level (e.g., either GND or
T Lead Temperature, 1 mm from Case for 10 Seconds °C I\;%c;' ;‘:‘"U”d outputs must be

(Plastic DIP or SOIC Package) 260 pen.
(Ceramic DIP) 300
*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be icted to the R ded Operating Conditi

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min | Max | Unit
Vee DC Supply Voltage (Referenced to GND) 20 6.0 \"
VinVout | DC Input Volitage, Output Volitage (Referenced to GND) 0 Vee | V
Ta Operating Temperature, All Package Types -55 | +1256 | °C
ty, tf Input Rise and Fall Time Vee = 20V 0 1000 | ns
(Figure 1) Ve = 45V 0 500
Vec = 6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions cc Unit
v : V | 25Clo | _g5ec | <t25°C
-55°C
VIH Minimum High-Level Input Vout = 0.1VorVee - 0.1V 20 15 1.5 15 \
Voltage lloutl < 20 pA 45 | 3.15 3.15 3.15
6.0 4.2 4.2 4.2
Vit Maximum Low-Level Input Vout = 0.1VorVee - 01V 20 0.5 0.5 0.5 \"
Voltage lloutl < 20 pA . 45 | 1.35 1.35 1.35
6.0 1.8 1.8 1.8
VoH Minimum High-Level Output Vin = VIHor Vi, 2.0 1.9 1.9 1.9 Vv
Voltage loutl < 20 pA 45 44 44 4.4
6.0 5.9 5.9 5.9
Vin = VI4 or V)L lloutt <40mA | 45 3.98 384 37
lloutl <5.2mA | 6.0 5.48 5.34 5.2
VoL Maximum Low-Level Output Vin = VIH or Vi 2.0 0.1 0.1 0.1 \
Voltage llout! < 20 A 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin = VIH or Vi lloutl <40mA | 45 0.26 0.33 0.4
lloutt <52mA | 6.0 | 0.26 0.33 0.4
lin M Input Leak Current | Vin = Vcc or GND 6.0 | 0.1 *1.0 +1.0 nA
Icc Maximum Quiescent Supply Vin = Vcc = GND 6.0 2.0 20 80 nA
Current (per Package) lout = 0 pA

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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6.0 8.0 8.0 8.0
tw Minimum Pulse Width, Clock 2.0 60 75 90 ns
(Figure 1) 45 12 15 18

MC54/74HC74A

AC ELECTRICAL CHARACTERISTICS (CL = 50 pF, Input t; = tf = 6.0 ns)

v Guaranteed Limit
Symbol Parameter CC 5 Unit
vmee | V| BLr| <asc | <1z5c
fmax Maximum Clock Frequency (50% Duty Cycle) 2.0 6.0 ‘48 4.0 MHz
(Figures 1 and 4) 45 | “ 30 24 - 20
) 6.0 35 28 24
tpLH, | Maximum Propagation Delay, Clock to Q or O 2.0 100 125 150 ns
tPHL (Figures 1 and 4) 45 20 25 30 :
6.0 17 21 26
tPLH. Maximum Propagation Delay, Set or Reset to Q or Q 2.0 105 130 160 ns
tPHL (Figures 2 and 4) ’ 45 21 26 32
6.0 18 22 27
tTLH, Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 4) 45 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF
Cep Power Dissipation Capacitance (Per Flip-Flop) Typical @ 25°C, Vg = 5.0V
Used to determine the no-load dynamic power consumption: .
PD = Cpp Vcc?f + lcc Vee 39 P

TIMING REQUIREMENTS (Input t; = tf = 6.0 ns)

Guaranteed Limit

Vee .
Symbol Parameter Unit
v Cto | _ggoc | <125%C

~55°C

tsu Minimum Setup Time, Data to Clock 2.0 80 100 120 ns
(Figure 3) 4.5 16 20 24
6.0 14 17 20

th Minimum Hold Time, Clock to Data 2.0 3.0 3.0 3.0 ns
(Figure 3) 4.5 3.0 3.0 3.0
6.0 3.0 3.0 3.0.

trec Minimum Recovery Time, Set or Reset Inactive to Clock 2.0 8.0 8.0 8.0 ns
(Figure 2) 4.5 8.0 8.0 8.0

6.0 10 13 15

tw Minimum Pulse Width, Set or Reset ) 2.0 60 75 90 ns
(Figure 2) 4.5 12 15 18
6.0 10 13 15

tr tf Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
(Figure 1) 45 500 500 500

6.0 400 400 400

b s e T e e
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MC54/74HC74A

SWITCHING WAVEFORMS

Vee
SET OR 4
RESET ——GND
QO0RQ
—> tPLH
QORQ o
tTLH tTHL S0
[€— trec
Figure 1.
Vee
CLOCK 50%
——GND
Figure 2.
VALID
Vee TEST POINT
0/
DATA 50% o OUTPUT
DEVICE
su th UNDER i
Vee TeST G
50%
CLOCK — GND
Figure 3. =
*Includes all probe and jig capacitance
Figure 4.
EXPANDED LOGIC DIAGRAM
4,10
D ——
2,12 59
DATA
<
3N
CLOCK ——o

[

1,13 ’
RESET :.{> j[>c
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MOTOROLA

mm SEMICONDUCTOR
TECHNICAL DATA

MC54/74HC75

Dual 2-Bit Transparent Latch

High-Performance Silicon-Gate CMOS - ” i
r “ CASE 620-09

The MC54/74HC75 is identical in pinout to the LS75. The device inputs are com-

patible with standard CMOS outputs; with pullup resistors, they are compatible with

LSTTL outputs. N SUFFIX
This device consists of two independent 2-bit transparent latches. Each latch PLASTIC

stores the input data while Latch Enable is at a logic low. The outputs follow the CASE 648-06

data inputs when Latch Enable is at a logic high.

® Output Drive Capability: 10 LSTTL Loads

® Outputs Directly Interface to CMOS, NMOS, and TTL D SUFFIX

® Operating Voltage Range: 2 to 6 V 16@ soic

® Low Input Current: 1 xA e CASE 751B-03

® High Noise Immunity Characteristic of CMOS Devices

@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A

® Chip Complexity: 80 FETs or 20 Equivalent Gates ORDERING INFORMATION

MC74HCXXN Plastic
MCB4HCXXJ Ceramic
MC74HCXXD soic

TA = —55° to 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT

0,01 e 16 [1ao,

D0,0] 2 15 flat

LOGIC DIAGRAM o] :I_“

D1,0] 3 14 17,

L [f 4 13 [ILE,

veell s 12 [16ND

2,6 | 16,10 ==

DATA } DO - a0 00,0 6 11 [10,
) 1,11 —

INPUTS D 28T " a0 D1,0 7 10 [1ao,

TRANSPARENT | 15:9 o4 7,0 8 9flay,

LATCH 1 148 bl

13,4 FUNCTION TABLE
LATCH _9" l

ENABLE Inputs Outputs
Latch =
PIN 5=Vgg D el e @
PIN 12=GND
L H L H
H H H L
X L Q Qo

X=don't care
Q0= latched data

T S R AR
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MC54/74HC75

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vce | DC Supply Voltage (Referenced to GND) -0.5t0 +7.0 \% circuitry to gu§rd against damage

- due to high static voltages or electric

Vin DC Input Voltage (Referenced to GND) -15t0 Vgc+1.5 Vv fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) -0.5t0 Vcc+0.5 \ be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than maximum rated

voltages to this high-impedance

lout | DC Output Current, per Pin £25 mA circuit. For proper operation, Vi and
lcc | DC Supply Current, Ve and GND Pins +50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mwW range GND < (Vi or Vout) sVce.
SOIC Packaget 500 Unused inputs must always be tied
Tstg Storage Temperature o —65to +150 °C :2‘: ae?ti:'pg::g Izrg'\‘;“:gl)t.agemlfsvsﬂ
TL Lead Temperature, 1 mm from Case for 10 Seconds °C outputs must be left op_eﬁ.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
SOIC Package: —7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vce DC Supply Voltage (Referenced to GND) 2.0 6.0 \Y
Vin.Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vee \
TA Operating Temperature, All Package Types -55 +125 °C
tr, t¢ | Input Rise and Fall Time Vee=20V 0 1000 ns
(Figure 1) Vece=45V 0 500
Vec=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions 30 25°C to <85°C | <128°C Unit
~55°C
VIH Minimum High-Level Input Vout=0.1VorVcc—-0.1V 2.0 1.5 1.5 1.5 \
Voltage [lout! =20 pA 45 3.15 3.156 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVcc-0.1V 2.0 0.3 0.3 0.3 \
Voltage llout] =20 pA 45 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VoH | Minimum High-Level Output Vin=V|H or V| 2.0 19 1.9 1.9 \
Voltage [lout =20 A 45 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=VjH or V|L lloutl=<4.0mA| 45 3.98 3.84 3.70
|lout <5.2 mA| 6.0 5.48 5.34 5.20
VoL |Maximum Low-Level Output Vin=V|H or V| 2.0 0.1 0.1 0.1 \
Voltage llout] =20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViH or V| llout|<4.0mA| 45 0.26 0.33 0.40
|lout| <5.2 mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin=Vcc or GND 6.0 +0.1 +1.0 +1.0 A
Icc Maximum Quiescent Supply . Vin=Vcc or GND 6.0 4 40 80 A
Current (per Package) lout=0 pA

NOTE: Information on typical parametric values can be found in Chapter 4.

O S
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th Minimum Hold Time, Latch Enable to D 2.0 25 30 40 ns
(Figure 4) 4.5 5 6 8
6.0 5 6 7

MC54/74HC75

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input t,=t;=6 ns)

v Guaranteed Limit
cC -
Symbol Parameter v 25°C to <ggec | <128°C Unit
-55°C
tpLH. |Maximum Propagation Delay, D to Q 2.0 125 155 190 ns
tPHL (Figures 1 and 5) 4.5 25 31 38
6.0 21 26 32
tpLH. |Maximum Propagation Delay, D to @ 2.0 110 140 165 ns
tPHL (Figures 1 and 5) 4.5 22 28 33
6.0 19 24 28
tpLH, |Maximum Propagation Delay, Latch Enable to Q 2.0 145 180 220 ns
tPHL (Figures 2 and 5) 4.5 29 36
6.0 25 31
tpLH. |Maximum Propagation Delay, Latch Enable to Q 2.0 125 155 190 ns
tPHL (Figures 2 and 5) 4.5 25 31 38
6.0 21 26
tTLH, |Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 3 and 5) 45 15 19 22
6.0 13 16 19
Cin Maxi Input Capaci — 10 10 10 pF
NOTES: >
1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.
Cpp Power Dissipation Capacitance (Per Latch) Typical @ 25°C, Vgc=5.0V
Used to determine the no-load dy ic power cor ion:
Pp=Cpp Vcc2f+Ice Vee 35 pF
For load considerations, see Chapter 4.

TIMING REQUIREMENTS (input t,=t¢=6 ns)

Guaranteed Limit

Vce I
Symbol Parameter © Unit
v V| Bl | swec | susec
tsu Minimum Setup Time, D to Latch Enable 2.0 100 125 150 ns
(Figure 4) 4.5 20 25 30
6.0 17 21 26

tw Minimum Pulse Width, Latch Enable Input 2.0 80 100 120 ns
(Figure 4) 4.5 16 20 24
6.0 14 17 20

tr, tf | Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
(Figure 1) 45 500 500 500
6.0 400 400 400

NOTE: Information on typical parametric values can be found in Chapter 4.

L e e ]
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MCb54/74HC75

SWITCHING WAVEFORMS

LATCH
ENABLE

50% i 50%
Figure 1 Figure 2
VALID
Vee
D 50%
GND
TLH THL th
tsu
ANY 0% LATCH 0% — Vee
OUTPUT 10% ENABLE . oD
Figure 3 tw
Figure 4
TEST POINT
OUTPUT
DEVICE
UNDER .
TEST I o

*Includes all probe and jig capacitance.

Figure 5. Test Circuit

EXPANDED LOGIC DIAGRAM

o L8
16, 10
Qa0
o—cD—
DATA 4
INPUTS |—_
1,11
. (>o— i
, 7
. D1 S
15,9
Q1
LATCH 13,4 4 >
ENABLE

14,8 _
L ['}]
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m SEMICONDUCTOR
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MC54/74HC76

Dual J-K Flip-Flop

with Set and Reset | | W

- gm CASE 620-09
High-Performance Silicon-Gate CMOS

The MC54/74HC76 is identical in pinout to the LS76. The device inputs are com- N SUFFIX
patible with standard CMOS outputs; with pullup resistors, they are compatible with PLASTIC
LSTTL outputs. . } CASE 648-06

Each flip-flop is negative-edge clocked and has active-low asynchronous Set and 16

Reset inputs. 1
The HC76 is identical in function to the HC112, but has a different pinout.

D SUFFIX
@® Similar in Function to the LS76 Except When Set and Reset are Low 1ew SoIC
Simultaneously 1 CASE 751B-03
® Qutput Drive Capability: 10 LSTTL Loads
® Outputs Directly Interface to CMOS, NMOS, and TTL .
® Operating Voltage Range: 2 to 6 V ORDERING INFORMATION
® [ow Input Current: 1 yA
® High Noise Immunity Characteristic of CMOS Devices MC74HCXXN  Plastic
® In Compliance with the Requirements Defined by JEDEC Standard No. 7A mgﬁ:gii‘é gglaé“'c
® Chip Complexity: 100 FETs or 25 Equivalent Gates

TaA = —55°to 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT
LOGIC DIAGRAM

Clock 1 Q1@ 168 K1
2 Set 1 Q2 150 Q1
Set1 ﬁ S

Reset 1 Q3 14h o

16 2 15

« a1 Jiga 131 GND
1

Clock 1 ——Op> vee 05 12p k2
3 Clock2q6 1@ Q2
4 14 — 2
B ) 7 set2 g7 10! oz
Reset 1 E_—T Reset 2 18 off J2

Set2 z :
l FUNCTION TABLE

K2 12 o _
Inputs Outputs

Clock2 S—ab : Set Reset Clock J K| Q@ @
L H X X X H L
NP |10 & H L X X X| L H

L L X X X L* L*

8 I H H . L L | No Change
Reset2 H H N L H L H
Pin5="Vce H H = H L| H L
Pin 13=GND H H ™~ H H Toggle

H H L X X | No Change

H H H X X } No Change

H H /X X | No Change

* Both outputs will remain low as long as Set and
Reset are low, but the output states are unpre-
dictable if Set and Reset go high simultaneously.
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MC54/74HC76

MAXIMUM RATINGS*

Symbol Parameter ' Value Unit This device contains protection
Vee | DC Supply Voltage (Referenced to GND) -051t0 +7.0 Y Z"CU‘“z, ‘: guard ?tga"“‘ da:mig_e
ue to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -15toVee+1.56 \ fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) -0.5to Vec+0.5 \% be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than mal):imumdrated
" voltages to this high-impedance
lout | DC Output Current, per Pin - +25 mA circuit. For proper operation, Vi, and
Icc__ | DC Supply Current, Vcc and GND Pins 150 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw range GND < (Vi or Vout) =V¢e.
SOIC Packaget 500 Unused inputs must always be tied
. to an appropriate logic voltage level
Tstg Storage Temperature —65 to + 150 oC X
{e.g., sither GND or V). Unused
TL Lead Temperature, 1 mm from Case for 10 Seconds °C ;J?put: must be left o;;e:.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation shauld be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
SOIC Package: —7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4.

;o
RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee DC Supply Voltage (Referenced to GND) 2.0 6.0 \%
Vin.Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vce \
TA Operating Temperature, All Package Types —55 +125 °C
tr, tf | Input Rise and Fall Time Vec=2.0V 0 1000 ns
(Figure 1) Vec=45V 0 500
Vee=60V| 0 400 !
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions \(;c 25°C to <g5°C | <128°¢C Unit
~55°C )
VIH Minimum High-Level Input Vout=0.1VorvVcc-0.1V 2.0 1.5 1.6 15 \
Voltage [lout| =20 pA 4.5 3.1 3.1 3.15 |
6.0 4.2 4.2 4.2
ViL Maximum Low-Level input Vout=0.1VorVge—-0.1V 2.0 0.3 0.3 0.3 Vv
Voltage llout! =20 pA 45 0.9 0.9 0.9
) 6.0 1.2 1.2 1.2 .
VoH | Minimum High-Level Output Vin=V|H or V|L 2.0 1.9 1.9 1.9 \
Vpltage llout] =20 pA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=V|H or V|L llout| =40 mA| 45 3.98 3.84 3.70
lloutl =5.2 mA| 6.0 5.48 5.34 5.20
VoL |Maximum Low-Level Output Vin=V|H or V| 2.0 0.1 0.1 0.1 Vv
Voltage llout] 20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=V|H or V| |lout| =4.0mA| 45 0.26 0.33 0.40
llout| =5.2mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin=Vcc or GND 6.0 +0.1 +1.0 +1.0 pA
Icc Maximum Quiescent Supply Vin=V¢c or GND 6.0 4 40 80 pA
. Current (per Package) lout=0 pA

NOTE: Information on typiéal parametric values can be found in Chapter 4.

L e ¥
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MC54/74HC76

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input t,=t;=6 ns)

v Guaranteed Limit
cc Unit
Symbol Parameter v 25°C to <85°C | =125°¢C ni
-55°C
fmax | Maximum Clock Frequency (50% Duty Cycle) 2.0 6.0 4.8 4.0 MHz
(Figures 1 and 4) 4.5 30 24 20
6.0 35 28 24
tpLH. |Maximum Propagation Delay, Clock to Q or Q 2.0 125 155 190 ns
tPHL (Figures 1 and 4) 4.5 25 31 38
6.0 21 26 32
tpLH, |Maximum Propagation Delay, Reset to Q or Q 2.0 155 195 235 ns
tPHL (Figures 2 and 4) 4.5 31 39 47
6.0 26 33 40
tpLH, |Maximum Propagation Delay, Set to Q or Q 2.0 165 205 250 ns
tPHL (Figures 2 and 4) 4.5 33 4 50
6.0 28 35 43
tTLH, | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 4) 45 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF
NOTES:

1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.

Cpp | Power Dissipation Capacitance (Per Flip-Flop) Typical @ 26°C, Vge=5.0V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Vccf+lcc Vee 35 pF
For load considerations, see Chapter 4.

TIMING REQUIREMENTS (input t=t{=6 ns)

Guaranteed Limit

Vee .
Symbol Parameter ° Unit
4 v | ZCto | _gsec | <12m°C
-55°C
tsu Minimum Setup Time, J or K to Clock 2.0 100 125 150 ns
(Figure 3) 45 20 25 30
6.0 17 21 26
th Minimum Hold Time, Clock to J or K 2.0 3 3 3 ns
(Figure 3) 4.5 3 3 3
6.0 3 3 3
trec Minimum Recovery Time, Set or Reset Inactive to Clock 2.0 100 1256 150 ns
(Figure 2) 4.5 20 25 30
6.0 17 21 26
tw Minimum Pulse Width, Clock 2.0 80 100 120 ns
(Figure 1) 4.5 16 20 24
6.0 14 17 20
tw Minimum Pulse Width, Set or Reset 2.0 80 100 120 ns
(Figure 2) 45 16 20 24
6.0 14 17 20
tr, tf | Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
(Figure 1) 4.5 500 500 500
6.0 400 400 400

NOTE: Information on typical parametric values can be found in Chapter 4.
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MC54/74HC76

SWITCHING WAVEFORMS

— Vcc

[———'———— vee

—— GND

[€—trec
— Vee
50%
GND

Test Point

Qutput
*

*Includes all probe and jig capacitance.

Figure 4. Test Circuit

Set or
Reset
GND
QoraQ
tPLH
QorQ 50%
Figure 1.
Clock
Figure 2.
Valid
vee
JorK 50% Device
GND Under
tsu th Test
— Vce
Clock 50%
GND
Figure 3.
EXPANDED LOGIC DIAGRAM
Reset 3.8

I_I

{: 15,110

14, 106
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= -
4-Bit Magnitude Comparator
High-Performance Silicon-Gate CMOS
J SUFFIX
The MC54/74HC85 is identical.in pinout and function to the LS85. This device is TT? CERAMIC
similar in function to the MM74C85 and L85, but has a different pinout. The device " r? CASE 620-09
inputs are compatible with standard CMOS outputs; with pullup resistors, they are
compatible with LSTTL outputs.
This 4-Bit Magnitude Comparator compares two 4-bit nibbles and gives a high
voltage level on either the A>Bgyt, A=Bgyt, or A<Bogyt output, leaving the other N SUFFIX
two at a low voltage level. This device also has A>Bj,, A= Bj,, and A<Bj inputs, PLASTIC
eliminating the need for external gates when cascading. CASE 648-06
® Output Drive Capability: 10 LSTTL Loads
® Outputs Directly Interface to CMOS, NMOS, and TTL
® Operating Voltage Range: 2to 6 V
® Low Input Current: 1 uA
® High Noise Immunity Characteristic of CMOS Devices ORDERING INFORMATION
® [n Compliance with the Requirements Defined by JEDEC Standard No. 7A .
® Chip Complexity: 248 FETs or 62 Equivalent Gates mgg:gx"}' Zi:;t:ic
TA = —55° to 1256°C for all packages.
Dimensions in Chapter 6.
LOGIC DIAGRAM PIN ASSIGNMENT
B3[f1 e 16 [Vgg
( § ' A<Bjp[) 2 15 [1A3
Aﬂ——-]z A=Bj[l 3 14 [182
Al —— A>B, [ 4 13 A2
13
A2 —— A>Boyutll 5 12am
312 i
DATA 5 A=Boutll 6 11 i1
INPUTS ——— A>Boy A<Byyt q 7 10 1A0
9 6 COMPARISON
B0 —— ——A=Bat { qurpuTs enoll 8 9 [180
Bt ] A<Bgyt
. B2 14
83 . :
A>Bj, i——‘
CASCADING 3
iNpuTs | A=Bin
A <Bj,
PIN 16=V¢¢
PIN 8 =GND
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MC54/74HC85

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vce | DC Supply Voltage (Referenced to GND) -0.5t0 +7.0 v circuitry to guard against damage
y due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -15toVgc+1.5 \ fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) —0.5to Vcc+0.5 \ be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than maximum rated
" voltages to this high-impedance
lout DC Output Current, per Pin - +25 mA circuit. For proper operation, Vi and
Icc | DC Supply Current, Vcc and GND Pins +50 mA Vout should be constrained to the

Pp- | Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw range GND =<(Vjp, or Vout) =Vcc.
Unused inputs must always be tied

—_— L]
___IS_tE Storage Temperature 85to +150 ¢ to an appropriate logic voltage level
T Lead Temperature, T mm from Case for 10 Set.:-onds °C (e.g., either GND or V). Unused
(Plastic DIP) 260 outputs must be left open.
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: — 10 mW/°C from 100° to 125°C
For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
vee DC Supply Voltage (Referenced to GND) 2.0 6.0 \%
Vin.Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 vee \
TA Operating Temperature, All Package Types —55 +125 °C
tr, tf | Input Rise and Fall Time Vee=20V 0 1000 ns
(Figure 1) Veec=45V 0 500
Vee=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
i cc .
Symbol Parameter Test Conditions v 25°C to <s5°C | <128°C Unit
-55°C
VIH Minimum High-Level Input Vout=0.1VorVgc-01V 2.0 1.5 1.5 1.5 v
Voltage [lout| =20 pA 45 3.156 3.15 3.1
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVcc—-0.1V 2.0 0.3 0.3 03 \%
Voltage |lout] =20 pA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VoH | Minimum High-Level Output Vin=V|H or VjL 2.0 1.9 1.9 1.9 \
Voltage llout] =20 pA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=V|H or V|L llout| 4.0 mA| 45 3.98 3.84 3.70
llout| =6.2 mA! 6.0 5.48 5.34 5.20
VoL | Maximum Low-Level Output Vin=VIH or Vi 2.0 0.1 0.1 0.1 \
Voltage |lout] =20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=V|H or V)L llout| <40 mA| 4.5 0.26 0.33 0.40
llout} 5.2 mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vjn=Vcc or GND 6.0 +0.1 +1.0 +1.0 pA
Icc Maximum Quiescent Supply Vin=Vcc or GND 6.0 8 80 160 A
Current (per Package) lout=0 pA

NOTE: Information on typical parametric values can be found in Chapter 4.
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MC54/74HC85

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input t;=t;=6 ns)

Guaranteed Limit

Vee .
Symbol Parameter ° Unit
v v | BCto | _ggoc | s128°C
-55°C
tpLH, |Maximum Propagation Delay, inputs A or B to Outputs A>B or A<B 2.0 230 290 345 ns
tPHL (Figures 1 and 2) 4.5 46 58 69
6.0 39 49 59
tpLH, |Maximum Propagation Delay, Inputs A or B to Output A=B 2.0 200 250 300 ns
tPHL (Figures 1 and 2) 4.5 40 50 60
6.0 34 43 51
tpLH, |Maximum Propagation Delay, Inputs A<B or A=B to Output A>B 2.0 175 220 265 ns
tPHL (Figures 1 and 2) 4.5 35 44 53
6.0 30 37 45
tpLH. |Maximum Propagation Delay, Inputs A>B or A=B to Output A<B 2.0 175 220 265 ns
tPHL (Figures 1 and 2) 4.5 35 4 63
6.0 30 37 45
tpLH. | Maximum Propagation Delay, Input A=B to Output A=B 2.0 145 180 220 ns
tPHL (Figures 1 and 2) 4.5 29 36 44
6.0 25 31 38
tTLH, | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 2) 4.5 15 19 2
6.0 13 16 19
Cin M im Input Capacitance — 10 10 10 pF
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.
Cpp | Power lﬁé&ipation Capacitance (Per Package) Typical @ 25°C, Vgc=5.0V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Vec2i+Ice Vee 50 pF
For load considerations, see Chapter 4.
tr, —)l tf .
J— Test Point
0% N Vee
Inputs 10% 50% Qutput
= GND Device |
Under -
tPLH ——> tPHL e Test :l: oL
Outputs 1[ 50% 5; —
*Includes all pfobe and jig capacitance.
tPHL PLH f&—> "
Figure 2. Test Circuit
90%
Outputs 50%
NC10%
tTHL —-)I tTLH

Figure 1. Switching Waveforms
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MC54/74HC85

PIN DESCRIPTIONS

INPUTS

A0, A1, A2, A3 (Pins 10, 12, 13, 15) — Data Nibble A
Inputs. The data nibble present at these inputs is compared
to Data Nibble B. A3 is the most significant bit and A0 is the
least significant bit.

BO, B1, B2, B3 (Pins 9, 11, 14, 1) — Data Nibble B Inputs.
The data nibble present at these inputs is compared to Data
Nibble A. B3 is the most significant bit and BO is the least
significant bit.

CONTROLS

A>Bjn. A=Bjh, A<Bjy (Pins 4, 3, 2) — Cascading
Inputs. These inputs determine the states of the outputs only
when Data Nibble A equals Data Nibble B. The A =Bjp, input
overrides both the A>Bjn and A <Bjp, inputs.

For single stage operation or for the least significant stage
in cascaded operation, the A <Bjp and A > Bjp, inputs should
be tied to ground and the A= Bjp, input tied to VcC. Between
cascaded comparators, the A <Bgyt, A=Boyt, and A>Bgyt

outputs should be tied to A<Bj;, A=Bjy, and A>Bjp,
respectively, of the succeeding stage.

OUTPUTS

A>Bgyt (Pin 5) — A-Greater-Than-B Output. This output
is at a high voltage level when Nibble A is greater than Nibble
B, regardless of the data present at the cascading inputs. This
output is also high when Nibble A equals Nibble B and the
A>Bjp, input is high (A <Bjn and A =Bjp, are at a low voltage
level).

A =Bgyt (Pin 6) — A-Equals-B Output. This output is high
when Nibble A equals Nibble B and the A =Bj,, input is high.
A <Bjp and A > Bj,, have no effect when the comparator is in
this condition and A =Bjp, is at a high voltage level.

A<Bgyt (Pin 7) — A-Less-Than-B Output. This output is
at a high voltage level when Nibble A is less than Nibble B,
regardless of data present at the cascading inputs. This output
is also high when Nibble A equals Nibble B and the A <Bj,
input is high (A>Bjp and A =Bjp, are at a low voltage level).

FUNCTION TABLE

Data Inputs Cascading Inputs Output
A3, B3 A2, B2 A1, B1 A0, BO A>Bj, A=Bjp A<Bjn| A>Bgoyt A=Bout A<Bout
A3>B3 X X X X X X H L L
A3<B3 X X X X X X L L H
A3=B3 A2>B2 X X X X X H L L
A3=B3 A2<B2 X X X X X L L H
A3=B3 A2=B2 A1>B1 X X X X H L L
A3=83 A2=B2 A1<B1 X X X X L L H
A3=B3 A2=B2 A1=B1 A0>BO X X X H L L
A3=B3 A2=B2 A1=81 A0<BO X X X L L H
A3=B3 A2=B2 A1=B1 AO=B0 L L L H L H
A3=B3 A2=B2 Al=B1 AO=BO L L H L L H
A3=B3 A2=B2 A1=81 A0=B0 H L L H L L
A3=B3 A2=B2 A1=81 AO=B0 H L H L L L
A3=B3 A2=B2 A1=8B1 A0=BO0 X H X L H L
X=Don't Care

R O e R S T
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MC54/74HC85

EXPANDED LOGIC DIAGRAM

)

o — > g >

BzﬁDo
A2-1—3-Do4

B1—”—Do
A1£Do<

z A<Bogyt

|
:

‘Hﬁ%ﬁ“ﬂ

A<Bin-2—Dc

6
_—M_A=Bom

A=8in >0
A>Bin—4->>

(70
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MC54/74HC85

TYPICAL APPLICATION

CASCADING COMPARATORS

GND—————A>Bj,,
Vee———A=Bj,
GND——A<B;j,

Al
A2 | HC85
Least-
Significant ) A3
4-Bit BO ~————of
Nibbles | . A>Bout A>Bjp
A=Bout A=Bin

B2

B3

A<Bout A<Bin

HC85

A>Bout A>Bjn
A=Bout A=Bin

A<Bgut A<Bjp

A8
A9

A10:
Most-
AN

Significant
4-Bit B8
Nibbles A>Boyt e
B9

A= Bouyt f=———— ¥ Outputs
B10

B11

HC85

A<Bgyt

L
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Quad 2-Input Exclusive OR Gate
High-Performance Silicon-Gate CMOS

The MC54/74HC86 is identical in pinout to the LS86; this device is similar in func-
tion to the MM74C86 and L86, but has a different pinout. The device inputs are
compatible with standard CMOS outputs; with pullup resistors, they are compatible
with LSTTL outputs.

Output Drive Capability: 10 LSTTL Loads

Outputs Directly Interface to CMOS, NMOS, and TTL

Operating Voltage Range: 2 to 6 V

Low Input Current: 1 uA

High Noise Immunity Characteristic of CMOS Devices

In Compliance with the Requirements Defined by JEDEC Standard No. 7A
Chip Complexity: 56 FETs or 14 Equivalent Gates

LOGIC DIAGRAM

A1
2 3 Y1
B1
4
A2
B2 Y=AeB
=AB+AB
g +
A3 8
10 Y3
B3
A4 12 1 v
B4 13

PIN 14=Vgg
PIN 7=GND

MC54/74HC86

L/

—=

, J SUFFIX
i CERAMIC
CASE 63208
14
1
N SUFFIX
PLASTIC
CASE 646-06
14
1
"

D SUFFIX
SOIC
CASE 751A-02

ORDERING INFORMATION
MC74HCXXN Plastic
MC54HCXXJ Ceramic

MC74HCXXD soic

TA = —55°to 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT

Alll1 e 14 [Ivgg
B1[ 2 13184
vill3 12 [1a4
A2[] 4 11 {1v4
B2[] 5 10 {183
v2[} 6 9 [1A3
GND T 7 ERIRES

FUNCTION TABLE

Inputs Output
A | B Y
L L L
L H H
H L H
H H L
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MC54/74HC86

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Ve | DC Supply Voltage (Referenced to GND) ~0.5t0 +7.0 \ circuitry to guard against damage
- c " N due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -15toVce+1.5 \% fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) -0.5t0 Vcc+0.5 \ be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than maximum rated
" voltages to this high-impedance
lout DC Output Current, per Pin +25 mA circuit. For proper operation, Vin and
Icc DC Supply Current, Vcc and GND Pins +50 mA Vout Should be constrained to the
PD Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw range GND < (Vj, or Vo) =VcC-
SOIC Packaget 500 Unused inputs must always be tied
to an appropriate logic voltage level
T, Storage Temperat —65to + 150 o
sty 9¢ “emperature ° ¢ {e.g., either GND or V). Unused
T Lead T t 1 f Case for 10 S d: °C
L ead Temperature, 1 mm from Case for econds outputs must be left open.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 109° to 125°C
SOIC Package: —7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vce | DC Supply Voltage (Referenced to GND) 2.0 6.0 A
Vin.Vout | DC Input Voltage, Output Voitage (Referenced to GND) 0 Vee \
TA Operating Temperature, All Package Types —55 +125 °C
tr, tf | Input Rise and Fall Time Vee=20V 0 1000 ns
(Figure 1) Vcc=45V 0 500
Vec=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions cc 0 Unit
v v | BCto | _ghec | <12moc
-55°C
ViH Minimum High-Level Input Vout=0.1 VorVcc-0.1V 2.0 1.5 15 1.5 \
Voltage |lout) =20 pA 45 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVcc-0.1V 2.0 0.3 0.3 0.3 v
Voltage |lout] <20 pA 45 0.9 0.9 0.9
6.0 12 | 12 1.2
VoH | Minimum High-Level Output Vin=ViH or ViL 20 1.9 1.9 1.9 \
Voltage llout] =20 pA 45 4.4 4.4 44
6.0 5.9 5.9 5.9
Vin=ViH or ViL lloutl <4.0 mA| 45 3.98 3.84 3.70
) Jlout) =6.2 mA| 6.0 5.48 65.34 5.20
VoL | Maximum Low-Level Output Vin=VIH or Vj_ 2.0 0.1 | 0. 0.1 \Y
Voltage llout| =20 pA 45 0.1 0.1 0.1 i
6.0 0.1 0.1 0.1
Vin=ViH or VL lout/ <4.0 mA| 45 0.26 0.33 0.40
Jloutl 8.2 mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin=Vcc or GND 6.0 +0.1 +1.0 +1.0 HA
Icc Maximum Quiescent Supply Vin=Vcc or GND 6.0 2 20 40 A
Current (per Package) lout=0 pA

NOTE: Information on typical parametric values can be found in Chapter 4.
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MC54/74HC86

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input t,=t{=6 ns)

v Guaranteed Limit
Symbol Parameter cc o Unit
Y v | BCto | _ggec | <125°C
-55°C
tpLH. | Maximum Propagation Delay, Input A or B to Output Y 2.0 120 150 180 ns
tPHL (Figures 1 and 2) 4.5 24 30 36
6.0 20 26 31
tTLH, | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTTHL (Figures 1 and 2) . 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.
Cpp | Power Dissipation Capacitance (Per Gate) Typical @ 25°C, Vo =5.0 V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Vecf+ice Vee 33 pF
For load considerations, see Chapter 4.

TEST POINT
INPUT OUTPUT
ADRE DEVICE
UNDER .
TEST ol
QUTPUT ¥ I

*Includes all probe and jig capacitance.

Figure 1. Switching Waveforms Figure 2. Test Circuit

EXPANDED LOGIC DIAGRAM
(% of Device)

SV e
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MOTOROLA
mm SEMICONDUCTOR
TECHNICAL DATA

MC54/74HC107

Dual J-K Flip-Flop with Reset
High-Performance Silicon-Gate CMOS

J SUFFIX

The MC54/74HC107 is identical in pinout to the LS107. The device inputs are c:::g;is
compatible with standard CMOS outputs; with pullup resistors, they are compatible
with LSTTL outputs.

Each flip-flop is negative-edge clocked and has an active-low asynchronous reset.

The HC107 is identical in function to the HC73, but has a different pinout.
@ OQutput Drive Capability: 10 LSTTL Loads
® Outputs Directly Interface to CMOS, NMOS, and TTL hll’LsALg:ll():(
® Operating Voltage Range: 2to 6 V CASE 646-06
® Low Input Current: 1 gA 14
® High Noise Immunity Characteristic of CMOS Devices 1
® In Compliance with the Requirements Defined by JEDEC Standard No. 7A
® Chip Complexity: 92 FETs or 23 Equivalent Gates

ORDERING INFORMATION

MC74HCXXXN Plastic
MCB4HCXXXJ Ceramic

Ta = —55°to 125°C for all packages.
Dimensions in Chapter 6.

LOGIC DIAGRAM
PIN ASSIGNMENT

]
J1 3
0 Q1 Jidie 14phvee
Clock 1 —=p> , a1 g2 131 Reset 1
Kt ai Q1 gs 12 Clock 1
3 K104 10 K2
Reset 1——4 Q2[5 10f Reset 2
Qz ge 9f1 Clock 2
8 GND 7 8pn J2
Jo——— 5
Q2
Clock 2-——-09 D>
6 ——
K2 1 Q2 FUNCTION TABLE
Reset2 10 Y Inputs OUtputi
) Reset Clock J K Q Q
P!n 14 =Vcc L X X X L H
Pin 7 =GND H ~~ L L | No Change
H ™~ L H L H
H ~ H L H L
H ™~ H H Toggle
H L X X | No Change
H H X X | No Change
H /X X | No Change
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MC54/74HC107

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vec | DC Supply Voltage (Referenced to GND) -0510 +7.0 v circuitry to guard against damage
5 G due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -1.5t0 Vgc+1.5 \' fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) -0.5t0 Vcc+0.5 \ be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA vo:tage higher :1an ':na:](imumdrated
" voltages to this high-impedance
lout | DC Output Current, per Pin - +2 mA circuit. For proper operation, Vi, and
Icc | DC Supply Current, Vcc and GND Pins +50 mA Vout should be constrained to the

Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw range GND = (Vj or Vout) sVee.
Unused inputs must always be tied
Tstg | Storage Temperature —65t0 +150 °c to an appropriate logic voltage level
TL Lead Temperature, 1 mm from Case for 10 Seconds °Cc (e.g., either GND or V). Unused

R (Plastic DIP) 260 outputs must be left open.
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee DC Supply Voltage (Referenced to GND) 2.0 6.0 \%
Vin.Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vce \2
TA Operating Temperature, All Package Types -55 +125 °C
ty, tf | Input Rise and Fall Time Vee=2.0V 0 1000 ns
(Figure 1) Vec=45V 0 500
Vee=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
o cc N
Symbol Parameter Test Conditions v 25°C to <gseC | <125°C Unit
-55°C
VIH | Minimum High-Level Input Vout=0.1VorVee-0.1V 2.0 15 15 1.5 \
Voltage llout] =20 A 4.5 3.156 3.15 3.15
6.0 4.2 4.2 4.2
VIL Maximum Low-Level Input Vout=0.1VorVge-0.1V 2.0 0.3 0.3 0.3 v
Voltage |lout] =20 pA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VoH | Minimum High-Level Output Vin=V)H or Vj._ 2.0 1.9 1.9 1.9 \
Voltage llout| =20 pA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=V|H or V| loutl <40 mA| 45 3.98 3.84 3.70
|lout| 5.2 mA| 6.0 5.48 5.34 5.20
VoL | Maximum Low-Level Output Vin=Vjq or VL 2.0 0.1 0.1 0.1 \
Voltage llout] 20 A 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViH or Vi lloutl <4.0mA| 4.5 0.26 0.33 0.40
llout| 5.2 mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vi, =Vcc or GND 6.0 +0.1 +1.0 +1.0 rA
lcc Maximum Quiescent Supply Vin=Vcc or GND 6.0 4 40 80 A
Current (per Package) lout=0 pA

NOTE: Information on typical parametric values can be found in Chapter 4.
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MC54/74HC107

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input t,=t;=6 ns)

v Guaranteed Limit
Symbol Parameter cc o Unit
v | BCt0 | _grec | <1250C
-55°C
fmax | Maximum Clock Frequency (50% Duty Cycle) 2.0 6.0 4.8 4.0 MHz
(Figures 1 and 4) 45 30 24 20
6.0 35 28 24
tpLH, |Maximum Propagation Delay, Clock to Q or Q 2.0 125 155 190 ns
tPHL (Figures 1 and 4) 4.5 25 3 38
6.0 21 26 32
tpLH, |Maximum Propagation Delay, Reset to Q or Q 2.0 155 195 235 ns
tPHL (Figures 2 and 4) 4.5 31 39 47
6.0 26 33 40
tTLH, |Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 4) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.
Cpp | Power Dissipation Capacitance (Per Flip-Flop) Typical @ 25°C, Vgc=5.0 V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Ve +lcc Ve 35 pF
For load considerations, see Chapter 4.
TIMING REQUIREMENTS (input t,=t;=6 ns)
v Guaranteed Limit
Symbol Parameter sc 25°C to <gsoc | <125°C Unit
-55°C
tsy Minimum Setup Time, J or K to Clock 2.0 100 125 150 ns
(Figure 3) 45 20 25 30
6.0 17 21 26
th Minimum Hold Time, Clock to J or K 2.0 3 3 3 ns
(Figure 3) 4.5 3 3 3
6.0 3 3 3
trec Minimum Recovery Time, Reset Inactive to Clock 2.0 100 125 150 ns
(Figure 2) 4.5 20 25 30
6.0 17 21 26
tw Minimum Pulse Width, Clock 2.0 80 100 120 ns
(Figure 1) 45 16 20 24
6.0 14 17 20
tw Minimum Pulse Width, Reset 2.0 80 100 120 ns
(Figure 2) 4.5 16 20 24
6.0 14 17 20
tr, tf | Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
(Figure 1) 4.5 500 500 500
6.0 400 400 400

NOTE: Information on typical parametric values can be found in Chapter 4.
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MC54/74HC107

SWITCHING WAVEFORMS

A
2

90% - Vce r————— Vece
Clock Reset !‘50% 7
GND — GND

—> tPHL
Q 50%
tPLH tPHL
90% | 4 4 > 4
QorQ 50% PLH
10%
[o] 50%
TLH tTHL

r—-‘rec

Figure 1. — Vce
Clock 50%
GND
Figure 2.
Valid Test Point
Vee Output
Jork 50% Device 2
GND Under "
tsu th Test CL
— Ve
Clock 50%
GND —=

*Includes all probe and jig capacitance.

Figure 3. Figure 4. Test Circuit

EXPANDED LOGIC DIAGRAM
Reset 13,10

3,6 aQ

o CL

CL
Q

CL

[on
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MOTOROLA
mm SEMICONDUCTOR

TECHNICAL DATA
v -
Dual J-K Flip-Flop
- J SUFFIX
with Set and Reset cERAMIC
. CASE 620-09
High-Performance Silicon-Gate CMOS
The MC54/74HC109 is identical in pinout to the LS109. The device inputs are N SUFFIX
compatible with standard CMOS outputs; with pullup resistors, they are-.compatible PLASTIC
with LSTTL outputs. _ CASE 648-06
This device consists of two J-K flip-flops with individual set, reset, and clock in- 16 |
puts. Changes at the inputs are reflected at the outputs with the next low-to-high 1
transition of the clock. Both Q and Q outputs are available from each flip-flop. D SUFFIX
@ Output Drive Capability: 10 LSTTL Loads 1sm soic
Outputs Directly Interface to CMOS, NMOS, and TTL e CASE 751B-03
® Operating Voltage Range: 2 to 6 V
® Low Input Current: 1 pA
® High Noise Immunity Characteristic of CMOS Devices ORDERING INFORMATION
® In Compliance with the Requirements Defined by JEDEC Standard No. 7A )
® Chip Complexity: 148 FETs or 37 Equivalent Gates MC74HCXXXN Plastic
MCB4HCXXXJ Ceramic
MC74HCXXXD SoIC
TA = —55°to 126°C for all packages.
Dimensions in Chapter 6.
PIN ASSIGNMENT
LOGIC DIAGRAM )
Reset 1010 16pVee
Set1 5 J1g2 15 [IReset 2
l Kig3 140J2
— 3 —
Ki & an Clock 1[4 13[KZ
Clock 1 D> . Set 145 12iClock 2
I 2 7 ar Qe 11Set 2
qig7 10 ﬁoz
1 —
Reset 1 ‘——Y GNDO8 9fQ2
Set2 —-”———-1 FUNCTION TABLE
—_ Inputs Outputs
13 ' 10
K2 a2 Set Reset Clock 4 K | GG
Clock 2 ._1.2__> L H X X X H L
1 9 = H L X X X L H
J2 Q2, L L X X X .| H* H*
H H e L L L H
Resat2 —18 | H H -/~ H L Toggle
H H -~ L H | NoChange
, H H /- H H H L
Pin 16=Vcg H H L X X | NoChange
Pin 8=GND

*Both outputs will remain high as long as Set and
Reset are low, but the output states are unpre-
dictable if Set and Reset go high simultaneously.

- ______________________________________________________________________|
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MC54/74HC109

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vce | DC Supply Voltage (Referenced to GND) -05t0 +7.0 v circuitry to guard against damage
y due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -15t0Vcc+1.5 \Y fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) -0.5t Vcc+0.5 1 be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than maximum rated
lout DC Output Current, per Pin +25 mA v.olta.ges to  this hlgh.- impedance
circuit. For proper operation, Vj, and
Icc__ | DC Supply Current, Vcc and GND Pins +50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPT 750 mw range GND =< (Vi or Vout) <Vce.
SOIC Packaget 500 Unused inputs must always be tied
to an appropriate logic voltage level
T, St T t —65to +150 °Cc
stg orage Temperature ° - (e.g., either GND or V¢c). Unused
TL Lead Temperature, 1 mm from Case for 10 Seconds C outputs must be left open.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
1Derating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
SOIC Package: —7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee DC Supply Voltage (Referenced to GND) 2.0 6.0 \%
Vin,Vout | DC Input Volitage, Output Voltage (Referenced to GND) 0 Vee \
Ta Operating Temperature, All Package Types —55 +125 °C
tr, tf | Input Rise and Fall Time Vee=20V 0 1000 ns
(Figure 1) Vec=45V 0 500
Vee=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions sc 25°C to <gsec | <125°C Unit
~55°C
ViH Minimum High-Level Input Vout=0.1VorVec-0.1V 2.0 1.5 15 15 \
Voltage [lout! =20 pA 4.5 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVec—-0.1V 2.0 0.3 0.3 0.3 \
Voltage llout] =20 pA 45 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VOH | Minimum High-Level Output Vin=V|H or V| 2.0 1.9 1.9 1.9 \
Voltage |loutl =20 pA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=Vy or Vi lloutl <40 mA| 45 3.98 3.84 3.70
|lout] <6.2 mA| 6.0 5.48 5.34 5.20
VoL | Maximum Low-Level Output Vin=V|H or V| 2.0 0.1 0.1 0.1 )
Voltage llout] =20 A 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=VH or V| |lout/=4.0mA| 45 0.26 0.33 0.40
|lout|=5.2mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin=Vcc or GND 6.0 +0.1 +1.0 +1.0 A
Icc Maximum Quiescent Supply Vin=Vcc or GND 6.0 4 40 80 uA
Current (per Package) lout=0 pA

NOTE: Information on typical parametric values can be found in Chapter 4.
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MC54/74HC109

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input ty=t{=6 ns)

. v Guaranteed Limit
Symbol Parameter \CIC 25°C to <o | <1285°C Unit
-55°C
fmax | Maximum Clock Frequency (50% Duty Cycle} 2.0 6.0 4.8 4.0 MHz
(Figures 1 and 4) 4.5 30 24 20
6.0 35 28 24
tpLH, | Maximum Propagation Delay, Clock to Q or Q 2.0 175 220 265 ns
tPHL (Figures 1 and 4) 4.5 35 44 53
6.0 30 37 45
tpLH, |Maximum Propagation Delay, Set or Reset to Q or Q 2.0 230 290 345 ns
tPHL (Figures 2 and 4) 4.5 46 58 69
6.0 39 49 59
tTLH, | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 4) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance - 10 10 10 pF
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.
Cpp Power Dissipation Capacitance (Per Flip-Flop) Typical @ 26°C, Vgc=5.0V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Vccf+Icc Vec 40 pF
For load considerations, see Chapter 4.
TIMING REQUIREMENTS (input t,=t{=6 ns)
v Guaranteed Limit
Symbol Parameter cc 25°C to Unit
‘ v _ggec | =86°C | =126°C
tsu Minimum Setup Time, J or K to Clock 2.0 100 125 150 ns
(Figure 3) 45 20 25 30
6.0 17 21 26
‘th Minimum Hold Time, Clock to J or K 2.0 5 5 5 ns
(Figure 3) 4.5 5 5
6.0 5 5 5
trec Minimum Recovery Time, Set or Reset Inactive to Clock 2.0 5 5 5 ns
(Figure 2) 4.5 5 5 5
6.0 5 5 5
tw Minimum Pulse Width, Set or Reset ' 2.0 80 100 120 ns
(Figure 2) 4.5 16 20 24
6.0 14 17 20
tw | Minimum Pulse Width, Clock 2.0 80 100 120 ns
(Figure 1) 4.5 16 20 24
6.0 14 17 20
ty, tf Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
(Figure 1) 4.5 500 500 500
6.0 400 400 400

NOTE: Information on typical parametric values can be found in Chapter 4.
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MC54/74HC109

SWITCHING WAVEFORMS

tm/
Vi
Set or 50% [ cc
Reset
— PHL
TorQ 50%
—> tPLH
QorQ 50%
TLH tTHL
€—trec
Figure 1.
Vee
Clock 50%:
—— GND
Figure 2.
Valid Test Point
vVee
Jork S0% Device Outout
GND Under
tsu th Test o
Vee
Clock 50%
—— GND =
Figure 3. Includes all probe and jig capacitance.
Figure 4. Test Circuit
EXPANDED LOGIC DIAGRAM
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MOTOROLA
== SEMICONDUCTOR
TECHNICAL DATA

MC54/74HC112

Dual J-K Flip-Flop
with Set and Reset

High-Performance Silicon-Gate CMOS E{.‘, TTY é:nlﬂ:'.)é
" ' T CASE 620-09
The MCb54/74HC112 is identical in pinout to the LS112. The device inputs are f
compatible with standard CMOS outputs; with pullup resistors, they are compatible
with LSTTL outputs.
Each flip-flop is negative-edge clocked and has active-low asynchronous Set and
Reset inputs. hll’l.sAUSETFII():(
The HC112 is identical in function to the HC76, but has a different pinout. CASE 648-06
® Output Drive Capability: 10 LSTTL Loads
® OQutputs Directly Interface to CMOS, NMOS, and TTL
® Operating Voltage Range: 2to 6 V
® Low Input Current: 1 uA : .
® High Noise Immunity Characteristic of CMOS Devices ORDERING INFORMATION
® In Compliance with the Requirements Defined by JEDEC Standard No. 7A :
@ Similar in Function to the LS112 Except When Set and Reset are Low MC74HCXXXN Plastic.
Simultaneously MCB4HCXXXJ Ceramic
L]

Chip Complexity: 100 FETs or 25 Equivalent Gates

TA = —55° to 125°C for all packages.
Dimensions in Chapter 6.

LOGIC DIAGRAM PIN ASSIGNMENT

Clock 1 D Vce
Set14————(l’ K1 i Reset 1
Reset 2
K1 2 5 Q1 J1 ] Rese
Set 1 ] Clock 2
1
Clock 1 ——CP al 1 K2
6 _ _
NE o1 a )2
a2  Set 2
15 T
Reset 1 GND Q2
set2 10
ot | FUNCTION TABLE
12 9
K2 a2 Inputs Outputs
13 Set Reset Clock J K Q Q
Clock2 ——0p L H X X x| r T
11 7 - H L X X X L H
J2 ez L1 X X X| Lx L
14 j’ H H L L | No Change
Reset2 H H ~~ L H| L H
) H H . H L] H L
Pin 16=Vcc H H . H' H| Toggle
Pin 8 = GND H H L X X | No Change
H H H X X | No Change
H H /X X | No Change

*Both outputs will remain low as long as Set and
Reset are low, but the output states are unpre-
dictable if Set and Reset go high simultaneously.
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MC54/74HC112

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vg | DC Supply Voltage (Referenced to GND) ~0.51t0 +7.0 v circuitry to guard against damage
due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -15t0Vcc+1.5 \% fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) -0.5t0 Vg +0.5 \ be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than maximum rated
" voltages to this high-impedance
lout | DC Output Current, per Pin 25 mA circuit. For proper operation, Vi, and
lcc | DC Supply Current, Ve and GND Pins +50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mwW range GND = (Vi or Vout) <Vce.
Tstg Storage Temperature —65to +150 °C Unused mpt.ns mus.t always be tied
to an appropriate logic voltage level
TL Lead Temperature, 1 mm from Case for 10 Seconds °C (e.g., either GND or V¢(G). Unused
(Plastic DIP) 260 outputs must be left open.
(Ceramic DIP) 300
*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 126°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
For high frequency or heavy load considerations, see Chapter 4.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Max Unit
vee DC Supply Voltage (Referenced to GND) 2.0 6.0 \
Vin.Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vee Vv
TA Operating Temperature, All Package Types -55 | +125 °C
ty, tf | Input Rise and Fall Time Vec=2.0V 0 1000 ns
(Figure 1) Vee=45V 0 500
Vcc=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
' v Guaranteed Limit
Symbol Parameter Test Conditions cc o Unit
v v | BZCto | _grec | <250
-55°C
VIH Minimum High-Level Input Vout=0.1VorVec-0.1V 2.0 1.5 1.5 1.5 \
Voltage Hout| =20 pA 4.5 3.156 3.15 3.15
6.0 4.2 4.2 4.2
ViL | Maximum Low-Level Input" Vout=0.1VorVec-0.1V 2.0 0.3 0.3 0.3 )
Voltage |lout] <20 pA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VoH | Minimum High-Level Output Vin=VIH or V|L 2.0 1.9 1.9 1.9 \
Voltage llout] <20 pA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=VjH or ViL llout! <4.0 mA| 4.5 3.98 3.84 3.70
llout| <5.2 mA| 6.0 5.48 5.34 5.20
VoL | Maximum Low-Level Output Vin=VjH or Vi 2.0 0.1 0.1 0.1 \
Voltage llout] =20 A 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=VIH or VjL llout|<4.0 mA| 4.5 0.26 0.33 0.40
llout| <5.2 mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vi, =V¢c or GND 6.0 +0.1 +1.0 +1.0 A
Icc Maximum Quiescent Supply Vin=Vcc or GND 6.0 4 40 80 uA
Current (per Package) loyt=0 pA

NOTE: Information on typical parametric values can be found in Chapter 4.
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MC54/74HC112

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input t;=t;=6 ns)

v Guaranteed Limit
Symbol Parameter sc 25°C to <gsoc | <1250 Unit
-55°C
fmax Maximum Clock Frequency (50% Duty Cycle) 2.0 6.0 4.8 4.0 MHz
(Figures 1 and 4) 45 30 24 20
6.0 35 28 24
tpLH, | Maximum Propagation Delay, Clock to Q or Q 2.0 125 155 190 ns
tPHL (Figures 1 and 4) 4.5 25 31 38
6.0 21 26 32
tpLH. |Maximum Propagation Delay, Reset to Q or Q 2.0 155 195 235 ns
tpHL (Figures 2 and 4) 45 31 32 7
6.0 26 33 40
tpLH., | Maximum Propagation Delay, Set to Q or Q 2.0 165 205 250 ns
tPHL (Figures 2 and 4) 4.5 33 4 50
6.0 28 35 43
tTLH, |Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 4) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF
NOTES:

1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.

Cpp | Power Dissipation Capacitance (Per Flip-Flop) Typical @ 25°C, Vge=5.0V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Ve +icc Vee 35 pF
For load considerations, see Chapter 4.
TIMING REQUIREMENTS (input t;=tf=6 ns)
v Guaranteed Limit
cc .
Symbol Parameter o Unit
v v | BCto | _ggec | =125°C
-55°C
tsy Minimum Setup Time, J or K to Clock 2.0 100 125 150 ns
(Figure 3) 4.5 20 25 30
6.0 17 21 26
th Minimum Hold Time, Clock to J or K 2.0 3 3 3 ns
(Figure 3) 4.5 3 3 3
6.0 3 3 3
trec Minimum Recovery Time, Set or Reset Inactive to Clock 2.0 100 125 150 ns
(Figure 2) 4.5 20 25 30
6.0 17 21 26
tw Minimum Pulse Width, Clock 2.0 80 100 120 ns
(Figure 1) 4.5 16 20 24
6.0 14 17 20
tw Minimum Pulse Width, Set or Reset 20 80 100 120 ns
(Figure 2) 4.5 16 20 24
6.0 14 17 20
tr, tf | Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
(Figure 1) 4.5 500 500 500
6.0 400 400 400

NOTE: Information on typical parametric values can be found in Chapter 4.
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MC54/74HC112

SWITCHING WAVEFORMS

Clock

QorQ
tTLH ITHL
Figure 1.
Valid
Vee
JorK 50%
GND
tg th
— Ve
Clock 50%
GND
Figure 3.

[e—tw —>>
Vee
Set or \ [
Reset \50% ] — GND
—> tPHL
QorQ 50%
—>| tPLH
QorQ@ 50%
€—trec
— Vce
Clock 50%
GND
Figure 2.
Test Point

Device
Under
Test

Output l

CL*

*Includes all probe and jig capacitance.

Figure 4. Test Circuit

EXPANDED LOGIC DIAGRAM

CL

CL

MOTOROLA HIGH-SPEED CMOS LOGIC DATA

5-96



MOTOROLA

m SEMICONDUCTOR
TECHNICAL DATA

Dual J-K Flip-Flop with Set
High-Performance Silicon-Gate CMOS

The MCb54/74HC113 is identical in pinout to the LS113. The device inputs are
compatible with standard CMOS outputs; with pullup resistors, they are compatible
with LSTTL outputs.

Each flip-flop is negative-edge clocked and has an active-low asynchronous set
input.

Output Drive Capability: 10 LSTTL Loads

Outputs Directly Interface to CMOS, NMOS, and TTL

Operating Voltage Range: 2 to 6 V

Low Input Current: 1 gA

High-Noise Immunity Characteristic of CMOS Devices

In Compliance with the Requirements Defined by JEDEC Standard No. 7A
Chip Complexity: 92 FETs or 23 Equivalent Gates

LOGIC DIAGRAM

3
} ] 5
J Q1
1
Clock 1——CpP
6 .
2 1
K1 ‘
¢
Set 1
11
J2 9 @
13
Clock 2——ap>
12 E &
K2
10 T
Set2
Pin 14=V¢c
Pin 7=GND

MC54/74HC113

CERAMIC
CASE 632-08

,,J J SUFFIX

N SUFFIX
PLASTIC
CASE 646-06

ORDERING INFORMATION

MC74HCXXXN Plastic
MCB4HCXXXJ Ceramic

TA = —55°to 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT
Clock 1d1e  14p Vce
K1Q2 13f1 Clock 2
J1Q3 12p K2
Set104 npJ2
Q15 100 Set 2
Qige 9p Q2
GNDQ7 8fl a2
FUNCTION TABLE
Inputs Outputs
Set Clock J K Q Q
L X X X H L
H ™o L L- | No Change
H ™~ L H L H
H ™. H L H L
H ™~ H H Toggle
H H X X | No Change
H L X X No Change
H -/ X X | No Change
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MC54/74HC113

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vec | DC Supply Voltage (Referenced to GND) -05t0 +7.0 v circuitry to guard against damage
due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) —-1.5to Vec+1.6 \% fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) -0.5t0 Vgc+0.5 \% be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher tr:\a" maximum rated
" voltages . to this high-impedance
lout DC Output Current, per Pin +25 mA circuit. For proper operation, Vi and
Icc_ | DC Supply Current, Vcc and GND Pins +50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic 750 mw range GND =(Vj, or Vout) =Vce.
or Ceramic DIPt Unused inputs must always be tied
Tstg Storage Temperature —65to + 150 °C ::.;T‘, Z‘i)t‘:mr:rpgxeD lz?'\iggl)t,agen:,es‘:;
TL Lead Temperature, 1 mm from Case for 10 Seconds °Cc outputs must be left open.
Plastic DIP 260
Ceramic DIP 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 125°C

For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee DC Supply Voltage (Referenced to GND) 20 6.0 \%
VinVout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vece \
TA Operating Temperature, All Package Types —55 +125 °C
tr, t | Input Rise and Fall Time Vee=2.0V 0 1000 ns
(Figure 1) Vee=45V 0 500
Vee=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions sc 25°C to —85°C | =125°C Unit
-56°C
ViH Minimum High-Level Input Vout=0.1VorVcc-0.1V 2.0 1.5 1.5 1.5 \
Voltage llout| =20 wA 4.5 3.15 3.15 3.15
6.0 4.2 4.2 4.2
viL Maximum Low-Level Input Vout=0.1VorVec-0.1V 2.0 0.3 0.3 0.3 \
Voltage llout! =20 pA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VoH | Minimum High-Level Output Vin=V|H or Vi 2.0 1.9 1.9 1.9 \
Voltage |lout! =20 pA 45 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=VH or V|L llout| <40 mA| 45 3.98 3.84 3.70
llout| <6.2 mA| 6.0 5.48 5.34 5.20
VoL | Maximum Low-Level Output Vin=V|H or V)L 2.0 0.1 0.1 0.1 \
Voltage [loutl =20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=VIH or V| |lout =4.0 mA| 4.5 0.26 0.33 0.40
|lout|<5.2mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vi, =Vcc or GND 6.0 +0.1 +1.0 +1.0 pA
Icc | Maximum Quiescent Supply Vin=Vcc or GND 6.0 4 40 80 uA
Current (per Package) lout=0 pA

NOTE: Information on typical parametric values can be found in Chapter 4.
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MC54/74HC113

AC ELECTRICAL CHARACTERISTICS (C|_=50 pF, Input ty=tf=6 ns)

Guaranteed Limit
Symbol Parameter VSC 25°C to . o Unit
_s55°C =85°C <125°C
fmax | Maximum Clock Frequency (50% Duty Cycle) 2.0 6.0 4.8 4.0 MHz
(Figures 1 and 4) 4.5 30 24 20
6.0 35 28 24
tpLH. |Maximum Propagation Delay, Clock to Q or Q 2.0 125 155 190 ns
tPHL (Figures 1 and 4) 4.5 25 31 38
6.0 21 26 32
tpLH, |Maximum Propagation Delay, Set to Q or Q 2.0 165 205 250 ns
tPHL (Figures 2 and 4) 4.5 33 L 50
6.0 28 35 43
tTLH. | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 4) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance - 10 10 10 pF
NOTES:

1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.

Cpp Power Dissipation Capacitance (Per Fiip-Flop) Typical @ 25°C, Vcg=5.0V
Used to determine the no-load dynamic power consumption:
Pp=Cpp VecZi+lce Ve 3% PF
For load considerations, see Chapter 4.
TIMING REQUIREMENTS (Input t;=t;=6 ns)
Guaranteed Limit
Symbol Parameter Vce 25°C to Unit
V| Tggeg | =8°C | =125°C
tsu Minimum Setup Time, J or K to Clock 2.0 100 125 150 ns
(Figure 3) 45 20 25 30
6.0 17 21 26
th Minimum Hold Time, Clock to J or K 2.0 3 3 3 ns
(Figure 3) 4.5 3 3 3
6.0 3 3 3
trec Minimum Recovery Time, Set Inactive to Clock 2.0 100 125 150 ns
(Figure 2) 4.5 20 25 30
6.0 17 21 26
tw Minimum Pulse Width, Clock 2.0 80 100 120 ns
(Figure 1) 4.5 16 20 24
6.0 14 17 20
tw Minimum Pulse Width, Set 2.0 80 100 120 ns
(Figure 2) 45 16 20 24
6.0 14 17 20
tr, tf Maximum Input Rise and Fall Times 20 1000 1000 1000 ns
(Figure 1) 4.5 500 500 500
6.0 400 400 400

NOTE: Information on typical parametric values can be found in Chapter 4.
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MC54/74HC113

SWITCHING WAVEFORMS

— Vce
GND
tTLH THL
Figure 1.
Valid
Vee
JorK 50%
GND
tsu th
— Vce
Clock 50%
GND
Figure 3.

e—tyy —>
-\ f— VcC
Set ‘50% 7
— GND
- PHL
Q 50%
—> tPLH
Q 50%
r€—trec
— Vce
Clock 50%
GND
Figure 2.
Test Point
Output
Device
Under

Test :]:

*Includes all probe and jig capacitance.

Figure 4. Test Circuit

EXPANDED LOGIC DIAGRAM
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Q
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MOTOROLA

== SEMICONDUCTOR
TECHNICAL DATA

MC54/74HC125A
_ MC54/74HC126A
Advance Information
Quad 3-State oo
Noninverting Buffers Cemawic
High-Performance Silicon-Gate CMOS 14 ’

The MC54/74HC125A and MC54/74HC126A are identical in pinout to the
LS125 and LS126. The device inputs are compatible with standard CMOS

outputs; with pullup resistors, they are compatible with LSTTL outputs. "",LSAUSFT'F:;(
The HC125A and HC126A noninverting buffers are designed to be used CASE 646-06

with 3-state memory address drivers, clock drivers, and other bus-oriented
systems. The devices have four separate output enables that are active-
low (HC125A) or active-high (HC126A).

® Output Drive Capability: 15 LSTTL Loads

Outputs Directly Interface to CMOS, NMOS, and TTL

Operating Voitage Range: 2.0 to 6.0 V

Low Input Current: 1.0 uA

High Noise Immunity Characteristic of CMOS Devices

In Compliance with the Requirements Defined by JEDEC Standard
No. 7A

Chip Complexity: 72 FETs or 18 Equivalent Gates

Improvements over HC125 & HC126

® Improved Propagation Delays

® 50% Lower Quiescent Power

® Improved Input Noise and Latchup Immunity

PIN ASSIGNMENT
LOGIC DIAGRAM 1 e whve
HC125A HC126A Afl2 13 [] OE4
Active-Low Output Enables Active-High Output Enables K 12 I M
oE2] 4 1 [1va
A — N s m—2 I 3 a2 s 10 [) 0E3
j :l Y2[] 6 9 [1A3
0E ——! OBt —-! GND [ 7 81 v3
pg 5 6, I8,
0E2 —“———/j/ 082 _4_j/ FUNCTION TABLE
HC125A HC126A
A3 9 \ 8 V3 A 9 \ 8 V3 Inputs | Output | | Inputs | Output
j :l A OE Y A OE Y
10 10 H L H H H H
OE3 OE3 L L L L H L
X H z X L z
A 12 \ n Y4 A 12 [\ il Y4 X = don't care
Z = high impedance
o4 J” o4 ——I—/]”
PIN 14 = Vo
PIN7 = GND

14

1

D SUFFIX
14 @ soic
1 CASE 751A-02

ORDERING INFORMATION

MC74HCXXXAN Plastic
MCB4HCXXXAJ Ceramic
MC74HCXXXAD SOIC
TA = —55° to 125°C for all packages.
Dimensions in Chapter 6.

This document contains information on a new product. Specifications and information herein are subject to change without notice.

MOTOROLA HIGH-SPEED CMOS LOGIC DATA

5-101




MC54/74HC125A ® MC54/74HC126A

MAXIMUM RATINGS*
Symbol Parameter Value Unit This device contains protection
_ circuitry to guard against damage
Vce | DC Supply Voltage (Referenced to GND) 0.5t0 +7.0 Vv due to high static voltages or elec-
Vin DC Input Voltage (Referenced to GND) -15to Vcc+1.5 v . tric fields. However, precautions
_ must be taken to avoid applica-
Vout | DC Output Voltage (Referenced to GND) 0.5to Vcc+0.5 ) tions of any voltage higher than
lin DC input Current, per Pin +20 mA maximum rated voltages to this
lout | DC Output Current, per Pin +35 mA high-impedance circuit. For

proper operation, Vijy and Vgt
Icc DC Supply Current, Vcc and GND Pins +75 mA should be constrained to the
range GND = (Vi or Vout) <Vce.

Pp Power Dissipation in Still Air, Plastic osr geraPmii DIP ;gg mW Unused inputs must always be
IC Package tied to an appropriate logic volt-
Tstg Storage Temperature —-65to +150 °C age level (e.g., either GND or
TL Lead Temperature, 1 mm from Case for 10 Seconds . °C l\:%c()).p:nnused outputs must be
(Plastic DIP or SOIC Package) 260 .
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vce DC Supply Voltage (Referenced to GND) 2.0 6.0 \
Vin: Vout | DC Input Voltage, Output Voltage ' 0 Vee \%
(Referenced to GND)
TAa Operating Temperature, All Package Types —55 +125 °C
tr, tf | Input Rise and Fall Time Vee =20V 0 1000 ns
(Figure 1) Vec =45V | 0 500
Vec=60V| 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions cc o Unit
v V| BClo _gec | <125¢
-55°C
ViH Minimum High-Level Input Vout=Vcc—-0.1V 2.0 1.5 1.5 1.5 \
Voltage llout/<20 pA 45 3.15 3.15 3.15
6.0 4.2 4.2 4.2
A Maximum Low-Level Input Vout=0.1V 2.0 0.5 0.5 0.5 \
Voltage llout/<20 pA 45 1.35 1.35 1.35
' 6.0 1.8 1.8 1.8
VOH | Minimum High-Level Output Vin=VIH 2.0 19 1.9 1.9 \
Voltage liout|<20 pA 45 4.4 4.4 a4
6.0 5.9 5.9 5.9
Vin=VIH lloutl<6.0 mA | 45 3.98 3.84 3.7
lloutl<7.8 mA | 6.0 5.48 5.34 5.2
VoL |Maximum Low-Level Output Vin=ViL 2.0 0.1 0.1 0.1 \
Voltage lloutl<20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=V|L lloutl<6.0mA | 45 0.26 0.33 0.4
loutl<7.8 mA | 6.0 0.26 0.33 0.4
lin Maximum Input Leakage Current| Vin =Vcc or GND 6.0 +0.1 +1.0 +1.0 HA
loz Maximum Three-State Leakage [ Output in High-Impedance State 6.0 +05 +5.0 *10 HA
Current Vin=V|L or VIH
Vout=Vcc or GND
Icc Maximum Quiescent Supply Vin =V¢c or GND 6.0 4.0 40 160 rA
Current (per Package) lout=0 nA

L ]
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MC54/74HC125A e MC54/74HC126A

AC ELECTRICAL CHARACTERISTICS (C|_ = 50 pF, Input t; = % = 6.0 ns)

v Guaranteed Limit
Symbol Parameter cc o Unit
v | 3Cto )} _gpc | <q25°C
-55°C
tpLH. | Maximum Propagation Delay, Input A to Output Y 20 90 115 135 ns
tPHL (Figures 1 and 3) 45 18 23 27
6.0 15 20 23
tpLz, | Maximum Propagation Delay, Output Enable to Y 2.0 120 150 180 ns
tPHZ (Figures 2 and 4) 4.5 24 30 36
6.0 20 26 31
tpzL, | Maximum Propagation Delay, Output Enable to Y 2.0 90 115 135 ns
tpzH (Figures 2 and 4) 4.5 18 23 27
6.0 15 20 23
tTLH, | Maximum Output Transition Time, Any Output 2.0 60 75 90 ns
tTHL (Figures 1 and 3) 45 12 15 18
6.0 10 13 15
Cin Maximum Input Capacitance _— 10 10 10 pF
Cout | Maximum Three-State Output Capacitance — 15 15 15 pF
(Output in High-Impedance State)
Cpp | Power Dissipation Capacitance (Per Buffer) Typical @ 25°C, Vg = 5.0 V
Used to determine the no-load dynamic power consumption: oF
Pp = Cpp Vec?f + Icc Voe g
SWITCHING WAVEFORMS
Vee
OE (HC125A)
— GND
INPUT A
—V
OE (HC126A) e
GND
OUTPUT Y
HIGH
IMPEDANCE
OUTPUT Y
10% — voL
o
90% — VOH
Figure 1 OUTPUT Y HIGH
IMPEDANCE
Figure 2
TEST POINT TEST POINT
CONNECT TO Ve WHEN
OUTPUT
DEVICE DEVICE OUTPUT 1k TESTING tpyz AND tpz..
UNDER UNDER CONNECT TO GND WHEN
TEST I CL* TEST L TESTING tpHz AND tpzH.

*Includes all probe and jig capacitance.

Figure 3. Test Circuit

*Includes all probe and jig capacitance.

Figure 4. Test Circuit
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MC54/74HC125A e MC54/74HC126A
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(1/4 of the Device)
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MOTOROLA
= SEMICONDUCTOR

TECHNICAL DATA
MC54/74HC132A
Advance Information
J SUFFIX
Quad 2-Input NAND Gate P
- - - CASE 632-08
with Schmitt-Trigger Inputs
High-Performance Silicon-Gate CMOS
N SUFFIX
The MC54/74HC132A is identical in pinout to the LS132. The device PLASTIC
inputs are compatible with standard CMOS outputs; with pullup resistors, \ CASE 646-06
they are compatible with LSTTL outputs.
The HC132A can be used to enhance noise immunity or to square up 14
slowly changing waveforms. 1 D SUEFIX
® Qutput Drive Capability: 10 LSTTL Loads soic
o Outputs Directly Interface to CMOS, NMOS, and TTL u L -~ CASE 751A-02
® Operating Voltage Range: 2.0 to 6.0 V )
® Low Input Current: 1.0 uA
e High Noise Immunity Characteristic of CMOS Devices
o In Compliance with the Requirements Defined by JEDEC Standard ORDERING INFORMATION
No.7A MC74HCXXAN Plastic
o Chip Complexity: 72 FETs or 18 Equivalent Gates MCB4HCXXAJ  Ceramic
® Improvements over HC132 MC74HCXXAD SOIC
@ 50% Lower Quiescent Power Ta = —55°to 125°C for all packages.
® Improved Latchup Immunity Dimensions in Chapter 6.
2
’ LOGIC DIAGRAM
PIN ASSIGNMENT
Afl1 e 14 Ivee
812 13 {184
vifls 120m
A2} 4 11 va
Y 82 (s 1018
5 Y20} 6 If A3
2 aNo [ 7 allva
B2 5
Y = AB
" %_q FUNCTION TABLE
8 v Inputs Output
:) D A B Y
10
B3 —@O—l‘_q L L H
L H H
12 H L H
M %4 H H L
_3_9»--’—4

PIN 14 = V¢
PIN7 = GND

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MC54/74HC132A

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
_ circuitry to guard against damage
Vee DC Supply Voitage (Referenced to GND) 0.5t0 +7.0 \ due to high static voltages or elec-
Vin DC Input Voltage (Referenced to GND) -15toVcc+1.5 \ tric fields. However, precautions
_ must be taken to avoid applica-
Vout | DC Output Voltage (Referenced to GND) 0.5to Vcc+0.5 " tions of any voltage higher than
lin DC Input Current, per Pin +20 mA maximum rated voltages to this
" high-impedance circuit. For
lout DC Output Current, per Pin +25 mA proper operation, Vin and Vout
Icc DC Supply Current, Ve and GND Pins +50 mA should be constrained to the
e A - " range GND < (Vjn or Vout) < Ve |
Pp Power Dissipation in Still Air, Plastic osrglzrapmli DIP ;(5)8 mW Unused inputs must always be
ackage tied to an appropriate logic volt-
Tstg | Storage Temperature —65to +150 °C age level (e.g., either GND or
Vee) U d outputs must be
TL Lead Temperature, 1 mm from Case for 10 Seconds °C le(fztcgpennuse outputs mus
(Plastic DIP or SOIC Package) 260 .
(Ceramic DIP) 300
*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Max Unit
Vee DC Supply Voltage (Referenced to GND) 2.0 6.0 \
Vin: Vout | DC Input Voltage, Output Voltage 0 Vee \
(Referenced to GND)
TA Operating Temperature, All Package Types ~55 +125 °C
tr tf Input Rise and Fall Time (Figure 1) — no ns
limit*
*When Vi, ~ 0.5 V¢, Icc > > quiescent current.
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
Guaranteed Limit
Symbol Parameter Test Conditions Vsc 250 —40°C to| —55°C to]| Unit
+85°C | +125°C
VT 4+ max | Maximum Positive-Going Vout=0.1V 2.0 15 1.5 1.5 \
Input Threshold Voltage llout/<20 pA 4.5 3.15 3.15 3.15
(Figure 3) 6.0 4.2 4.2 4.2
VT 4+ min | Minimum Positive-Going Vout=0.1V 2.0 1.0 0.95 0.95 \
Input Threshold Voltage llout/<20 pA 4.5 2.3 2.25 2.25
(Figure 3) 6.0 3.0 2.95 2.95
VT _—max | Maximum Negative-Going Vout=Vec—-0.1V 2.0 0.9 0.95 0.95 \
Input Threshold Voltage llout/<20 A 45 2.0 2.05 2.05
(Figure 3) 6.0 2.6 2.65 2.65
VT _min | Minimum Negative-Going Vout=Vecc—-0.1V 2.0 0.3 0.3 0.3 \
Input Threshold Voltage [lout/<20 pA 45 0.9 0.9 0.9
(Figure 3) 6.0 1.2 1.2 1.2
VHmax | Maximum Hysteresis Voltage Vout=0.1VorVec—-0.1V 2.0 1.2 1.2 1.2 \
Note 2 (Figure 3) [lout/<20 1A 45 2.25 2.25 2.25
6.0 3.0 3.0 3.0
VHmin | Minimum Hysteresis Voltage Vout=0.1Vor Vcc—-0.1V 2.0 0.2 0.2 0.2 "
Note 2 (Figure 3) [lout/<20 nA 45 0.4 0.4 0.4
6.0 0.5 0.5 0.5

NOTE 1. Vymin>(VT min)—(Vy_max); Vymax = (V1 max) + (VT_min).
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MC54/74HC132A

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)

Guaranteed Limit

. Vee .
Symbol Parameter Test Conditions o Unit
V' | 2Cto | _geoe | <125C
—55°C
VOH Minimum High-Level Output Vin<VT-min or V1.4 max 2.0 1.9 19 19 \
Voltage llout/<20 A 45 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin<VT-min or VT . max
llout/<4.0 mA 45 3.98 3.84 37
llout/<5.2 mA 6.0 5.48 5.34 5.2
VoL Maximum Low-Level Output Vin=VT 4+ max 2.0 0.1 0.1 0.1 \"
Voltage lout!<20 uA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=VT .+ max llout|<4.0 mA 45 0.26 0.33 0.4
llout|<5.2 mA 6.0 0.26 0.33 0.4
lin Maximum Input Leakage Current| Vin=Vcc or GND 6.0 +0.1 +1.0 +1.0 nA
Icc Maximum Quiescent Supply Vin=Vcc or GND 6.0 1.0 10 40 pA

Current (per Package) lout=0 pA

AC ELECTRICAL CHARACTERISTICS (C|_ = 50 pF, Input t; = tf = 6.0 ns)

v Guaranteed Limit
Symbol Parameter cc 25°C to Unit

v o o
g | <85°C | =<125°C
tpLH, | Maximum Propagation Delay, Input A or B to Output Y 2.0 125 155 190 ns
tPHL (Figures 1 and 2) 4.5 25 31 38
6.0 21 26 32
tTLH, | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
THL (Figures 1 and 2) 45 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF
Cpp | Power Dissipation Capacitance (Per Gate) Typical @ 25°C, Vg = 5.0 V
Used to determine the no-load dynamic power consumption: F
Pp = Cpp Ve + lcc Vee u P
TEST POINT
OUTPUT
DEVICE
UNDER

CL*

TEST I

tTLH =
*Includes all probe and jig capacitance.
Figure 1. Switching Waveforms Figure 2. Test Circuit
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MC54/74HC132A

Vhtyp

V7, TYPICAL INPUT THRESHOLD VOLTAGE (VOLTS)

2 3 4 5 6
Ve, POWER SUPPLY VOLTAGE (VOLTS)
Vhtyp= (V1 +typ) — (VT —typ)

Figure 3. Typical Input Threshold, VT4, VT,
versus Power Supply Voltage

Vee

Vout
Vin*:@o.

(a) A SCHMITT TRIGGER SQUARES UP INPUTS (b) A SCHMITT TRIGGER OFFERS MAXIMUM NOISE
WITH SLOW RISE AND FALL TIMES IMMUNITY

Vout Vout

VoL — VoL

Figure 4. Typical Schmitt-Trigger Applications
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MOTOROLA

mm SEMICONDUCTOR
TECHNICAL DATA

MC54/74HC133

13-Input NAND Gate

High-Performance Silicon-Gate CMOS A
CASE 620-09

The MC54/74HC133 is identical in pinout to the LS133. The device inputs are

compatible with standard CMOS outputs; with pullup resistors, they are compatible

with LSTTL outputs. N SUFFIX
This NAND gate features 13 inputs which surpasses most random logic PLASTIC

requirements. CASE 648-06

® OQutput Drive Capability: 10 LSTTL Loads

® Qutputs Directiy interface to CMOS, NMOS, and TTL

® Operating Voltage Range: 2 to 6 V D SUFFIX

® Low Input Current: 1 uA 16@ Ssoic

® High Noise Immunity Characteristic of CMOS Devices 1 CASE 751B-03

® In Compliance with the Requirements Defined by JEDEC Standard No. 7A

® Chip Complexity: 68 FETs or 17 Equivalent Gates

ORDERING INFORMATION

MC74HCXXXN Plastic
MCB4HCXXXJ Ceramic

LOGIC DIAGRAM MC74HCXXXD Soic
A 1 TA = —55° to 125°C for all packages. -
2 Dimensions in Chapter 6.
B ——
¢ 3
o 4
£ 5 PIN ASSIGNMENT
- All1 e 16 lvee
6 — Doi Y B[] 2 15 M
y —2 cls 18IL
1
! Y = ReBeCeDSEsFeGoHoIoJoKoLoM oll4 13 1K
;12 Ells 121y
K 13 Fls 1
L2 67 10[IH
1
M ann [l 8 9 flv
PIN 16=Vgg
PIN 8=GND

FUNCTION TABLE

Inputs A through M Ou:(put
All inputs H L
All other combinations H

N A
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MC54/74HC133

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vcc | DC Supply Voltage (Referenced to GND) —051t0 +7.0 v cireuitry to guard against damage
due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -1.5t Vcc+1.5 \ fields. However, precautions must
Vout . | DC Output Voltage (Referenced to GND) —0.5to Vgc+0.5 \ be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than ma;imumdrated
" voltages to this high-impedance
lout | DC Output Current, per Pin 2 mA circuit. For proper operation, Vi, and
lcc | DC Supply Current, Vcc and GND Pins +50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mW range GND =(Vjp, or Vout) =Vce-
SOIC Packaget 500 Unused inputs must always be tied
Tstg | Storage Temperature —651t0 +150 oC :Z.;T', Z’i)tzngiltg 'g?'\‘jgg;ﬁag::fs‘g
TL Lead Temperature, 1 mm from Case for 10 Seconds °C outputs must be left open.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
SOIC Package: —7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee DC Supply Voltage (Referenced to GND) 2.0 6.0 \
Vin.Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vece \
TA Operating Temperature, All Package Types -55 +125 °C
tr, tf | Input Rise and Fall Time Vee=2.0V 0 1000 ns
(Figure 1) Vec=45V 0 500
Vec=6.0V 0 400 !
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions sc 25°C to <s5°C | <125°C Unit
-55°C
ViH | Minimum High-Level Input Vout=0.1VorVcc-0.1V 2.0 1.5 1.5 1.5 \
Voltage [lout] =20 uA 45 3.16 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVec—-0.1V 2.0 03 03 0.3 \
Voltage llout] =20 pA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VoH | Minimum High-Level Output Vin=V|y or V|, 2.0 1.9 1.9 1.9 \
Voltage [lout| =20 pA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=ViH or Vj_ llout| <4.0mA| 4.5 3.98 3.84 3.70
|lout] =5.2 mA| 6.0 5.48 5.34 5.20
VoL | Maximum Low-Level Output Vin=VjH or Vi 2.0 0.1 0.1 0.1 v
Voltage |loutl =20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=V|H or V| |loutl<4.0mA| 4.5 0.26 0.33 0.40
llout|<5.2 mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vi, =Vcc or GND 6.0 +0.1 +1.0 +1.0 uA
Icc Maximum Quiescent Supply Vin=V¢c or GND 6.0 2 20 40 pA
Current (per Package) lout=0 pA

NOTE: Information on typical parametric values can be found in Chapter 4.

.
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MC54/74HC133

AC ELECTRICAL CHARACTERISTICS (C|_=50 pF, Input t,=t;=6 ns)

v Guaranteed Limit
Symbol Parameter cc 25°C to Unit
V| Cegec | =88°C | =125°C
tpLH. |Maximum Propagation Delay, Any Input to Output Y 2.0 175 220 265 ns
tPHL (Figures 1 and 2) 4.5 35 44 53
6.0 30 37 45
tTLH. |Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 2) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance - 10 10 10 pF
NOTES:
i. For propagation deiays with ioads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.
Cpp Power Dissipation Capacitance (Per Package) Typical @ 25°C, Vgc=5.0V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Vec2f+Icc Vee 27 pF
For load considerations, see Chapter 4.
TEST POINT
outpPuT
ANY INPUT DEVICE
UNDER
TEST o*
OUTPUT Y :[:
TLH *Includes all probe and jig capacitance.
Figure 1. Switching Waveforms Figure 2. Test Circuit
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1-of-8 Decoder/Demultiplexer

with Address Latch
High-Performance Silicon-Gate CMOS

The MC54/74HC137 is identical in pinout to the LS137. The device inputs are
compatible with standard CMOS outputs; with pullup resistors, they are compatible
with LSTTL outputs.

The HC137 decodes a three-bit Address to one-of-eight active-low outputs. The
device has a transparent latch for storage of the Address. Two Chip Selects, one
active-low and one active-high, are provided to facilitate the demultiplexing, cascad-
ing, and chip-selecting functions.

The demultiplexing function is accomplished by using the Address inputs to select
the desired device output, and then by using one of the Chip Selects as a data
input while holding the other one active.

The HC137 is the inverting version of the HC237.

® Output Drive Capability: 10 LSTTL Loads
® Outputs Directly Interface to CMOS, NMOS, and TTL
® Operating Voltage Range: 2to 6 V
® Low Input Current: 1 gA
® High Noise Immunity Characteristic of CMOS Devices
® |n Compliance with the Requirements Defined by JEDEC Standard No. 7A
® Chip Complexity: 152 FETs or 38 Equivalent Gates
LOGIC DIAGRAM
AQ—1—] - 15 _v0)
Address 2 Trans- 14
Inputs — parent T o———Y1
3 Latch
A2 - p—12 vo
—2 v3l Active-
1-of-8 L
4 Decod 11 Low
Latch Enable ecoder Y4 | outputs
o—19 vs
b— 9 v6
p—L—v7 |
Chip- [ cs1—2 | ,
Select 5 Pin 16=Vcc
Inputs CS2 Pin 8=GND

MC54/74HC137

J SUFFIX
CERAMIC
CASE 620-09

N SUFFIX
PLASTIC
CASE 648-06

D SUFFIX
SOIiC
CASE 751B-03

ORDERING INFORMATION

MC74HCXXXN Plastic
MCB4HCXXXJ Ceramic
MC74HCXXXD SOiC

TA = —55° to 1256°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT

Aol

Al

A20

Latch Enable ]
cs2(]

csi

Y70

GND(]

1
2
3
4
5
6
7
8

FUNCTION TABLE

Inputs l ‘Outputs
LE|CS1 CS2|A2 A1 AO[YO Y1 Y2 Y3 Y4 Y5 Y6 Y7
XX H|X X X|HHHHHHHH
XfL XXX X{HHHHHHHH
LIH L|LLL|ILHHHHHHH
LIH L|LLHHLHHHHHH
L{H L{LHLIHHLHHHHMH
LfH L|JLHHHHHLHHHH
LIH L{HLLIHHHHLHHMH
LIH LIHLHHHHHHLHH
LIH L|HHLIHHHHHHLH
LIH L|HHHIHHHHHHHL

HIH LIX XX *

* = Depends upon the Address previously applied
while LE was at a low level.
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MC54/74HC137

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Ve | DC Supply Voltage (Referenced to GND) -0.5t0 +7.0 \ circuitry to guard against damage
due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -15to Vgc+1.5 \ fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) —-0.5to Vgc+0.5 \% be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than Ir:\a:\(imum rated
" voltages to this high-impedance
lout | DC Output Current, per Pin . +25 mA circuit. For proper operation, Vi and
Icc | DC Supply Current, Vcc and GND Pins 150 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw range GND <(Vj, or Vout) =Vce.
SOIC Packaget 500 Unused inputs must always be tied
Tstg Storage Temperature —65to +150 °C :Z an ae‘i)t':areorp(r;‘::lt:) Ig?’\‘; vol)tangemljes\:::
TL Lead Temperature, 1 mm from Case for 10 Seconds °c m;g;:‘ts must be ieft opcei..
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
SOIC Package: —7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vce | DC Supply Voltage (Referenced to GND) 2.0 6.0 \
VinVout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vee \"
TA Operating Tempt , All Package Types -55 +125 °C
tr, tf | Input Rise and Fall Time Vee=20V 0 1000 ns
(Figure 2) Vec=45V| 0 500
Vec=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voitages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions sc 25°C to <85°C | =128°C Unit
~55°C
VIH Minimum High-Level Input Vout=0.1VorVcc-0.1V 2.0 15 1.5 1.5 \
Voltage llout| =20 wA 45 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL | Maximum Low-Level Input Vout=0.1VorVcc-0.1V 2.0 0.3 0.3 0.3 \
Voltage |lout] <20 pA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VoH | Minimum High-Level OQutput Vin=VH or V|L 2.0 1.9 19 1.9 \
Voltage |lout] =20 pA 4.5 4.4 4.4 44
6.0 5.9 5.9 5.9
Vin=VIH or V| llout| <4.0mA| 45 3.98 3.84 3.70
lloutl <5.2mA| 6.0 5.48 5.34 5.20
VoL |Maximum Low-Level Output Vin=VIH or V|L 2.0 0.1 0.1 0.1 \
Voltage |lout] =20 pA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViH or Vi llout| <40 mA| 4.5 0.26 0.33 0.40
|loutl <5.2mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vi, =Vcc or GND 6.0 +0.1 +1.0 +1.0 wA
Icc | Maximum Quiescent Supply Vin=Vcc or GND 6.0 8 80 160 uA
Current (per Package) lout=0 pA

NOTE: information on typical parametric values can be found in Chapter 4.

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MC54/74HC137

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input t;=t{=6 ns)

v Guaranteed Limit
Symbol Parameter cc o Unit
v v | BCt | _ghec | <tzsec
-55°C
tpLH | Maximum Propagation Delay, Input A to Output Y 2.0 170 215 255 ns
(Figures 1 and 6) 4.5 34 T 43 51
6.0 29 37 43
tPHL 2.0 240 300 360
45 48 60 72
6.0 4 51 61
tpLH | Maximum Propagation Delay, CS1 or CS2 to Output Y 2.0 150 190 225 ns
(Figures 2, 3 and 6) 4.5 30 38 45
6.0 26 33 38
tPHL 2.0 195 245 295
45 39 49 59
6.0 33 42 50
tpLH | Maximum Propagation Delay, Latch Enable to Output Y 2.0 175 220 265 ns
(Figures 4 and 6) 4.5 35 44 53
6.0 30 37 45
tPHL 2.0 250 315 375
45 50 63 75
6.0 43 54 64
tTLH, |Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
THL (Figures 2 and 6) 45 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.
Cpp | Power Dissipation Capacitance (Per Package) Typical @ 25°C, Ve =5.0 V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Ve +Icc Ve 100 pF

For load considerations, see Chapter 4.

TIMING REQUIREMENTS (Input t,=t;=6 ns)

v Guaranteed Limit
Symbol Parameter cc o Unit
4 v | BCto | _ghec | <125°C
~55°C
tsy Minimum Setup Time, Input A to Latch Enable 2.0 100 125 150 ns
(Figure 5) 4.5 20 25 30
6.0 17 21 26
th Minimum Hold Time, Latch Enable to Input A 2.0 50 65 75 ns
(Figure 5) 45 10 13 15
6.0 9 1 13
tw Minimum Pulse Width, Latch Enable 2.0 80 100 120 ns
(Figure 4) 45 16. 20 24
6.0 14 17 20
ty, tf | Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
(Figure 2) 4.5 500 500 500
6.0 400 400 400

NOTE: Information on typical parametric values can be found in Chapter 4.

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MC54/74HC137

PIN DESCRIPTIONS

ADDRESS INPUTS

A0, A1, A2 (PINS 1, 2, 3) — Address inputs. These inputs,
when the chip is enabled, determine which of the eight outputs
is selected.

CONTROL INPUTS

CS1, CS2 (PINS 6, 5) — Chip-Select inputs. For CS1 at a
high level and CS2 at a low level, the chip is enabled and the
outputs follow the address inputs (Latch Enable=L). For any
other combination of CS1 and €S2, the outputs are at a high
level.

LATCH ENABLE (PIN 4) — Latch-Enable input. A high
level at this input latches the Address. A low level at this input
allows the outputs to follow the data at the Address pins
(CS1=H and CS2=L).

OUTPUTS

YO0-Y7 — Active-low outputs. One of these eight outputs is
selected when the chip is enabled (CS1=H and CS2=L) and
the data on the A0, A1, and A2 inputs correspond to that
particular output. The selected output is at a low level while
all others remain at a high ievei.

SWITCHING WAVEFORMS

Valid Valid
Vee
Input A 50%
GND
tPLH tPHL
Output Y 50%
Figure 1.

— Ve

GND

Output Y

Vee
Input A

GND

\'
Latch cc

Enable GND

Figure 5.

Output Y

V
Latch ce

Enable — GND

Output Y 50%

Figure 4.

Test Point

Output
Device

Under

Test I

*Includes all probe and jig capacitance.

cL*

Figure 6. Test Circuit
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MC54/74HC137

EXPANDED LOGIC DIAGRAM
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Advanced Information

1-0f-8 Decoder/Demultiplexer
High-Performance Silicon-Gate CMOS

The MC54/74HC138A is identical in pinout to the LS138. The device inputs
are compatible with standard CMOS outputs; with pullup resistors, they are
compatible with LSTTL outputs.

The HC138A decodes a three-bit Address to one-of-eight active-low out-
puts. This device features three Chip Select inputs, two active-low and one
active-high to facilitate the demultiplexing, cascading, and chip-selecting
functions. The demultiplexing function is accomplished by using the Address
inputs to select the desired device output; one of the Chip Selects is used as
a data input while the other Chip Selects are held in their active states.
® Output Drive Capability: 10 LSTTL Loads
® Outputs Directly Interface to CMOS, NMOS and TTL
® Operating Voltage Range: 2.0 to 6.0 V
® Low Input Current: 1.0 uA
High Noise Immunity Characteristic of CMOS Devices
In Compliance with the Requirements Defined by JEDEC Standard No. 7A
Chip Complexity: 100 FETs or 29 Equivalent Gates
Improvements over HC138
® Improved Propagation Delays
® 50% Lower Quiescent Power
® Improved Input Noise and Latchup Immunity

LOGIC DIAGRAM

A0 o—— Y0

ADDRESS Al 2 14
INPUTS P

Y1
A2

p—— Y2

b—=  v3 | ACTVELOW
" OUTPUTS
b—— v

X

Y5

p—— Y6

p——— V7

e
CS1
4

CHIP-
SELECT 4 cs2
INPUTS 5
cs3
PIN 16 = Ve
PIN8 = GND

This document contains information on a new product.
Specifications and information herein are subject to change without notice.

MC54/74HC138A

J SUFFIX
CERAMIC
CASE 620-09

N SUFFIX
PLASTIC
CASE 648-08

D SUFFIX
Soic
CASE 751B-03

*

ORDERING INFORMATION

MC74HCXXXAN Plastic
MCB54HCXXXAJ Ceramic
MC74HCXXXAD soIc

TA = —55°to 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT

FUNCTION TABLE

Inputs Outputs
CS1 CS2 CS3|A2 A1 A0/ YO Y1 Y2 Y3 Y4 Y5 Y6 Y7
X X H|XXX/HHHHHHHH
X H X|[XXXHHHHHHHH
L X XX XX|HHHHHHHH
H L LfLLL[LHHHHHHE
H L L|LLHHLHHHHHH
H L LILHLIHHLHHHHH
H L L|LHHHHHLHHHH
H L L|HLLHHHHLHHH
H L L|HLHHHHHHLHH
H L LIHHLIHHHHHHLH
H L LIHHHIHHHHHHHL

H=high level (steady state)
L=low level (steady state)
X=don't care

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MC54/74HC138A

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee | DC Supply Voltage (Referenced to GND) -05t0 +7.0 v circuitry to guard against damage
v DCl VoI Rt 110G TS5V 15 v due to high static voltages or electric

n nput Voltage (Referenced to GND) —1StoVcec+1 fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) -0.5t0 Vcc+0.5 \ be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than maximum rated
" voltages to this high-impedance
lout DC Output Current, per Pin - +25 mA circuit. For proper operation, Vi, and
lcc__ | DC Supply Current, Vcc and GND Pins +50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIP 750 mwW range GND =<(Vj,, or Vo) <Vcc-
SOIC Package 500 Unused inputs must always be tied
to an appropriate logic voltage level
T Storage Tel at —65to +150 °C
—Sta orage oMperalre ° (e.g., either GND or V). Unused
T Lead Temperature, 1 mm from Case for 10 Seconds °C outputs must be left open.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
vee DC Supply Voltage (Referenced to GND) 2.0 6.0 v
Vin.Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vee \
TA Operating Temperature, All Package Types -55 +125 °C
tr, tf | Input Rise and Fall Time vecc=20V 0 1000 ns
(Figure 2) . Vee=45V 0 500
Vec=86.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
L. cc .
Symbol Parameter Test Conditions v 25°C to <gsoc | <1800 Unit
-55°C
VIH Minimum High-Level Input Vout=0.1VorVcc-0.1V 2.0 1.5 1.5 1.5 \
Voltage [lout| <20 xA 45 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVcc-0.1V 2.0 0.5 0.5 0.5 v
Voltage llout] <20 pA 45 1.35 1.35 1.35
6.0 1.8 1.8 1.8
VoH | Minimum High-Level Output Vin=V|H or V|L 2.0 1.9 1.9 19 \
Voltage [lout] 20 pA 45 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=V|H or V|L llout/<4.0mA| 45 3.98 3.84 3.70
llout 5.2 mA| 6.0 5.48 5.34 5.20
VoL | Maximum Low-Level Output Vin=V|y or Vi 2.0 0.1 0.1 0.1 \
Voltage llout| =20 pA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=VjH or V| |louti<4.0mA| 45 0.26 0.33 0.40
llout| <52 mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vi =Vcc or GND 6.0 +0.1 +1.0 +1.0 A
Icc | Maximum Quiescent Supply Vin=Vcc or GND 6.0 4 40 160 A
Current (per Package) lout=0 A

e ——————————— .t ———
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MC54/74HC138A

AC ELECTRICAL CHARACTERISTICS (C|_ = 50 pF, Input t; = tf = 6.0 ns)

v Guaranteed Limit
Symbol Parameter cc o Unit
v v ZCto | _geec | <125%C
-55°C
tPLH. Maximum Propagation Delay, Input A to Output Y 2.0 135 170 205 ns
tPHL (Figures 1 and 4) 45 27 34 4
6.0 23 29 35
tPLH, Maximum Propagation Delay, CS1 to Output Y 2.0 110 140 165 ns
tPHL (Figures 2 and 4) 45 22 28 33
6.0 19 24 28
tPLH, Maximum Propagation Delay, CS2 or CS3 to Output Y 2.0 120 150 180 ns
tPHI (Figures 3 and 4) 4.5 24 30 36
6.0 20 26 31
tTLH. Maximum Output Transition Time, Any Output 20 75 95 110 ns
tTHL (Figures 2 and 4) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance —_ 10 10 10 pF
Cep Power Dissipation Capacitance (Per Package) Typical @ 25°C, V¢g = 5.0 V
Used to determine the no-load dynamic power consumption:
Pp = Cpp Vcczf + Icc Vee 55 pF
SWITCHING WAVEFORMS
Figure 1. Figure 2.
VALID VALID
Vee
INPUT A 50% INPUT CS1
GND
tPLH —>»| tPHL
OUTPUTY 50% OUTPUTY
Figure 3. Figure 4. Test Circuit

; Ve
iNpuT  9%%
€52,C83  10% — oo
ouTPUTY

TEST POINT

OUTPUT

DEVICE
UNDER

*
TEST I &

*Includes all probe and jig capacitance.
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MC54/74HC138A

PIN DESCRIPTIONS

ADDRESS INPUTS

A0, A1, A2 (PINS 1, 2, 3) — Address inputs. These
inputs, when the chip is selected, determine which of the
eight outputs is active-low.

CONTROL INPUTS

CS1, CS2, CS3 (PINS 6, 4, 5) — Chip select inputs. For
CS1 at a high level and CS2, CS3 at a low level, the chip
is selected and the outputs follow the Address inputs.

For any other combination of CS1, CS2, and CS3, the
outputs are at a logic high.

OUTPUTS

Y0-Y7 (PINS 15, 14, 13, 12, 11, 10, 9, 7) — Active-low
Decoded outputs. These outputs assume a low level
when addressed and the chip is selected. These outputs
remain high when not addressed or the chip is not
selected.

EXPANDED LOGIC DIAGRAM
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Advanced Information

Dual 1-of-4 Decoder/

Demultiplexer
High-Performance Silicon-Gate CMOS

The MC54/74HC139A is identical in pinout to the LS139. The device inputs
are compatible with standard CMOS outputs; with pullup resistors, they are
compatible with LSTTL outputs.

This device consists of two independent 1-of-4 decoders, each of which
decodes a two-bit Address to one-of-four active-low outputs. Active-low

Selects are provided to facilitate the demultiplexing and cascading functions.

The demultiplexing function is accomplished by using the Address inputs to
select the desired device output, and utilizing the Select as a data input.

® Qutput Drive Capability: 10 LSTTL Loads
® Outputs Directly Interface to CMOS, NMOS and TTL
® Operating Voltage Range: 2.0 to 6.0 V
® Low Input Current: 1.0 A
® High Noise Immunity Characteristic of CMOS Devices
® In Compliance with the Requirements Defined by JEDEC Standard No. 7A
® Chip Complexity: 100 FETs or 25 Equivalent Gates
® |mprovements over HC139

® Improved Propagation Delays

® 50% Lower Quiescent Power

® Improved Input Noise and Latchup Immunity

LOGIC DIAGRAM
2 4
ADDRESS | A0y —2—] 2 o,
NPUTS -y, 2 b5 vi, | acveLow
6y, [ oumuts
- V3,
a7
SELECT,
ADDRESS | A0y —4] b2 Yo,
1
NPUTS 1 Ay 23 b— Y1y | AcTvELow
L0y, [ ouruts
9
b— Y3

1
sen.scn,—"l————?

PIN 16 = V¢e
PIN8 = GND

MC54/74HC139A

J SUFFIX
CERAMIC
CASE 620-09

N SUFFIX
\ PLASTIC
CASE 648-08

D SUFFIX

16 @ soic

1 CASE 751B-03
ORDERING INFORMATION
MC74HCXXXAN Plastic

MC54HCXXXAJ Ceramic
MC74HCXXXAD SoIc

TA = —55°to 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT
SELECT; 1@ Vee
Al SELECTp,
Al [ Al
Y0, Alp
Y1a Yoy
Y2, Yip
Y3, 0 Y2
GND { Y3y
FUNCTION TABLE
Inputs Outputs
Select | A1 A0 | YO Y1 Y2 Y3
H X X H H H H
‘L L L L H H H
L L H H L H H
L H L H H L H
L H H H H H L
X=don't care

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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Voltage llout] <20 wA 45 | 135 1.35 1.35
6.0 1.8 18 18
2.0 19 19 19 v

MC54/74HC139A

MAXIMUM RATINGS* :
Symbol Parameter Value Unit This device contains protection

Vcc | DC Supply Voltage (Referenced to GND) -0.5t0 +7.0 v g"‘“;“"/h. e sg:;'d 7:3‘"9‘ "’::c:ge
- ue to hig ic voltages or ic
& DC Input-Voltage (Referenced to GND) -15t0 Vcc+15 \' fields. However, precautions must
Vout | DC Output Volitage (Referenced to GND) —-0.5to Ve +0.5 v be taken to avoid applications of any
lin' | DC Input Current, per Pin +20 mA voltage higher than maximum rated
voltages to this high-impedance
lout | DC Output Current, per Pin - +25 - mA circuit. For proper operation, Vin and
Icc | DC Supply Current, Vo and GND Pins +50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIP 750 mwW range GND =< (Vi or Vout) sVece.
SOIC Package 500 Unused inputs must always be tied
to an appropriate logic voltage level
T, St T t —65to +150 °C
- orage “emperanre id = (e.g., either GND or V¢c). Unused
T Lead Temperature, 1 mm from Case for 10 Seconds C outputs must be left open.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vcc | DC Supply Voltage (Referenced to GND) 2.0 6.0 \%
VinVout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vee \4
TA Operating Temperature, All Package Types —55 +125 °C
t, t¢ | Input Rise and Fall Time Veec=20V 0 1000 ns
(Figure 1) Vec=45V| 0 500
Vec=6.0V 0 400

DC ELECTRICAL CHARACTERISTICS (Voitages Referenced to GND)

Guaranteed Limit

- Vee "
Symbol Parameter Test Conditions o Unit
4 v | BCto | _geec | <125°C
-55°C

ViH | Minimum High-Level Input Vout=0.1VorVcc-0.1V 2.0 1.5 1.5 1.5 \
Voltage llout! =20 A 4.5 3.15 3.15 3.15
6.0 4.2 4.2 4.2

ViL | Maximum Low-Level Input Vout=0.1VorVcc-0.1V 2.0 0.5 0.5 0.5 \

VoH [ Minimum High-Level Output Vin=ViH4 or V|

Voltage llout| =20 uA 45 4.4 44 44
6.0 5.9 5.9 5.9
Vin=V|H or V) llout =40 mA| 45 3.98 3.84 3.70
lloutl 5.2 mA| 6.0 5.48 5.34 5.20
VoL |Maximum Low-Level Output Vin=VJH or ViL 2.0 0.1 0.1 0.1 v
Voltage Jlout| =20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=V|H or V|, lloutl =4.0mA| 4.5 0.26 0.33 0.40
B Jlout| 5.2 mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin=Vcc or GND 6.0 +0.1 +1.0 +1.0 rA
icc | Maximum Quiescent Supply Vin=Vcc or GND 6.0 4 40 160 uA
Current (per Package) lout =0 pA

. ___________________________________________________________________________]
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MC54/74HC139A

AC ELECTRICAL CHARACTERISTICS (C|_ = 50 pF, Input t; = tf = 6.0 ns)

v Guaranteed Limit
Symbol Parameter cc o Unit
v V| BCto | _gic | <125
-55°C
tPLH, Maximum Propagation Delay, Select to Output Y 2.0 115 145 175 ns
tPHL (Figures 1 and 3) 45 23 29 35
6.0 20 25 30
tPLH, Maximum Propagation Delay, Input A to Output Y 20 115 145 175 ns
tPHL (Figures 2 and 3) 45 23 29 35
6.0 20 25 30
tTLH, Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures i and 3j 45 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance —_ 10 10 10 pF
CpD Power Dissipation Capacitance (Per Decoder) Typical @ 25°C, Vge = 5.0 V
Used to determine the no-load dynamic power consumption:
Pp = Cpp Vec?f + Icc Vee 55 pF
SWITCHING WAVEFORMS
VALID VALID
Vee
SELECT INPUT A 50%
GND
tPLH tPHL
OUTPUT Y OUTPUT Y 50%
Figure 1. Figure 2.
TEST POINT
OUTPUT
DEVICE
UNDER
C *
TEST I L

*Includes all probe and jig capacitance.

Figure 3. Test Circuit
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MC54/74HC139A

PIN DESCRIPTIONS

ADDRESS INPUTS

AOg, A1y, AOp, A1p (PINS 2, 3, 14, 13) — Address inputs.
These inputs, when the respective 1-of-4 decoder is ena-
bled, determine which of its four active-low outputs is
selected.

CONTROL INPUTS

Selecty, Selectp (PINS 1, 15) — Active-low select
inputs. For a low level on this input, the outputs for that

particular decoder follow the Address inputs. A high level
on this input forces all outputs to a high level.

OUTPUTS

Y0g-Y3,, YORB-Y3p, (PINS 4-7, 12, 11, 10, 9) — Active-
low outputs. These outputs assume a low level when
addressed and the appropriate Select input is active.
These outputs remain high when not addressed or the
appropriate Select input is inactive.

EXPANDED LOGIC DIAGRAM

(2 of Device)

SELECT 4>

Y0

A

>

%

Y2

Y3

P>

TiTY

JUUUY

|
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MOTOROLA

== SEMICONDUCTOR
TECHNICAL DATA

MC54/74HC147

Advance Information

i g—
J SUFFIX
Decimal-to-BCD Encoder i plai
High-Performance Silicon-Gate CMOS 16 CASE 620-09
1
The MCB4/74HC147 is identical in pinout to the LS147. The device inputs are N SUFFIX
compatible with standard CMOS outputs; with pullup resistors, they are compatible PLASTIC
with _LSTT!_ outputs. ) ) _ ) CASE 648-06
This device encodes ning active-low data inputs to four active-low BCD Address 16
Outputs, ensuring that only the highest order active data line is encoded. The im- 1
plled fiemmal zero condition is encoded when all nine data inputs are at a high level D SUFFIX
(inactive). lsw SoIC
® Output Drive Capability: 10 LSTTL Loads 1 CASE 751B-03
® Outputs Directly Interface to CMOS, NMOS, and TTL
® Operating Voltage Range: 2 to 6 V
® Low Input Current: 1 uA ORDERING INFORMATION
® High Noise Immunity Characteristic of CMOS Devices
® |In Compliance with the Requirements Defined by JEDEC Standard No. 7A MC74HCXXXN Plastic
® Chip Complexity: 136 FETs or 34 Equivalent Gates MCB4HCXXXJ Ceramic

MC74HCXXXD Soic

TA = —55° to 125°C for all packages.
Dimensions in Chapter 6.

LOGIC DIAGRAM
n PIN ASSIGNMENT
, D1 —O
12 o Didte 160 Vcee
b2 13 D5 2 15fINC
—0
3 7 o—2 A0 D6 3 141 A3
Decimal ™5 o—L A1 BCD o7 4 13f103
Data Inputs D —0 6 Address
{Active-Low) 3 2 A2 Outputs D8 5 12f102
gj 4 9 . 14 A3 (Active-Low) a2 de 11h o1
5 9 ATR7 10f1 D9
D8 10 GND [48 9fl A0
- Do L NC=No Connection
Vce=Pin 16
GND=Pin 8
No Connection=Pin 156
FUNCTION TABLE
Inputs Outputs
D9 D8 D7 D6 D5 D4 D3 D2 D1{A3 A2 A1 A0
HHHHHHHHH[H H HH
HHHHHHHHLIH H H L
HHHHHHHLX|HHLH
HHHHHHLXX|HHL L
HHHHHLXXX{H L HH
HHHHLXXXX|IH L H L
HHHLXXXXX|H L L H
HHLXXXXXX|H L L L
HLXXXXXXX|[L HHH
LXXXXXXXX|JL HHL
This d ins i ion on a new product. Specifications and information herein are subject to change without notice.

e
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MC54/74HC147

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vce | DC Supply Voltage (Referenced to GND) -0.51t0 +7.0 v circuitry to guard against damage
- due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) ~-1.61t Vec+1.5 \ fields. However, precautions must
Vout. | DC Output Voltage (Referenced to GND) -0.5to Vec+0.5 \' be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than maximum rated
" voltages to this high-impedance
lout | DC Output Current, per Pin _ +25 mA cireuit. For proper operation, Vi and
Icc | DC Supply Current, Vcc and GND Pins +50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mwW range GND < (Vi or Vgut) sVee.
SOIC Packaget 500 Unused inputs must always be tied
_ ° to an appropriate logic voltage level
| Tstg | Storage Temperature 65 to + 150 oc (e.g., sither GND or Vc). Unused
TL Lead Temperature, 1 mm from Case for 10 Seconds [ outputs must be left open. :
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
SOIC Package: —7 mW/°C from 65° to 1256°C
For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee DC Supply Voltage (Referenced to GND) 2.0 6.0 v
Vin,Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vee \
TA Operating Temperature, All Package Types -55 +125 °C
tr, tf | Input Rise and Fall Time Vee=20V 0 1000 ns
(Figure 1) Vee=45Vv]) 0 500
) Vee=6.0V 0 400

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)

v Guaranteed Limit
Symbol Parameter Test Conditions cc ° Unit
4 v | BCto | _grec | <125°C
) -55°C
VIH Minimum High-Level Input Vout=0.1VorVcc-0.1V 2.0 1.5 1.5 1.5 \
Voltage llout] <20 uA 4.5 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVcc-0.1V 2.0 0.3 0.3 0.3 v
Voltage |lout] =20 pA 45 0.9 0.9 0.9
6.0 12 1.2 1.2
VoH | Minimum High-Level Output Vin=V|H or V| 2.0 1.9 1.9 1.9 \
Voltage Jlout] <20 A 45 44 4.4 44
6.0 5.9 5.9 5.9
Vin=VH or V|L llout|=4.0mA| 45 3.98 3.84 3.70
llout| =6.2 mA| 6.0 5.48 5.34 5.20
VoL |Maximum Low-Level Output Vin=ViH or V|L 2.0 0.1 0.1 0.1 \
Voltage llout] =20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=V|H or V|L llout|<4.0 mA| 4.5 0.26 0.33 0.40
llout| <5.2 mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vi, =Vcc or GND 6.0 +0.1 +1.0 +1.0 A
Icc Maximum Quiescent Supply Vin=Vcc or GND 6.0 8 80 160 A
Current (per Package) lout=0 kA

NOTE: Information on typical parametric values can be found in Chapter 4.

L
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MC54/74HC147

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input t;=t;=6 ns)

v Guaranteed Limit
cC i
Symbol Parameter v 25°C to <g5oc | <125°C Unit
-55°C
tpLH. |Maximum Propagation Delay, Input D to Output A 2.0 220 275 330 ns
tPHL (Figures 1 and 2) 45 44 55 66
6.0 37 47 56
tTLH, | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 2) 45 15 19 2
6.0 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.
Cpp Power Dissipation Capacitance (Per Package) Typical @ 25°C, Vcc=5.0V
Used to determine the no-load dynamic power consumption:
Pp=Cpp VccZf+lcc Vee 35 pF
For load considerations, see Chapter 4.
TEST POINT
OuTPUT
INPUT D DEVICE
UNDER
TEST o*
OUTPUT A l

TTHL

Figure 1. Switching Waveforms

*Includes all probe and jig capacitance.

Figure 2. Test Circuit

MOTOROLA HIGH-SPEED CMOS LOGIC DATA

5-127




MC54/74HC147

EXPANDED LOGIC DIAGRAM

:

Y
PO

g
=
N

Y

v

Y Y
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= SEMICONDUCTOR

MOTOROLA
TECHNICAL DATA

8-Input Data

Selector/Multiplexer
High-Performance Silicon-Gate CMOS

The MCb4/74HC151 is identical in pinout to the LS151. The device inputs are
compatible with standard CMOS outputs; with pullup resistors, they are compatible
with LSTTL outputs.

This device selects one of the eight binary Data Inputs, as determined by the Ad-
dress Inputs. The Strobe pin must be at a low level for the selected data to appear
at the outputs. If Strobe is high, the Y output is forced to a low level and the Y
output is forced to a high level.

The HC151 is similar in function to the HC251 which has 3-state outputs.

Output Drive Capability: 10 LSTTL Loads

Outputs Directly Interface to CMOS, NMOS, and TTL

Operating Voltage Range: 2 to 6 V

Low Input Current: 1 gA

High Noise Immunity Characteristic of CMOS Devices

In Compliance with the Requirements Defined by JEDEC Standard No. 7A
Chip Complexity: 132 FETs or 33 Equivalent Gates

LOGIC DIAGRAM
4
( D0 —
D~ 2] —Y
1
Data D3 —
Inputs 1 15 Data

Outputs
6 _
Y

Address J
Inputs

Pin 16=Vcc
Pin 8=GND

MC54/74HC151

J SUFFIX
T34, T“ CERAMIC
. r CASE 620-09
1
N SUFFIX
PLASTIC
CASE 648-06
o |
16

A
D SUFFIX
m soic

1 CASE 751B-03

1
1

ORDERING INFORMATION

MC74HCXXXN Plastic
MCB54HCXXXJ Ceramic
MC74HCXXXD SoIC

TA = —55°to 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT
D301e 16fvce
D202 15 D4
D103 14 P D5
DoqQ4 131 D6
YQOs 12 D7
Yge 1 A0
Strobe [ 7 00 A1
GND O 8 9fl A2
FUNCTION TABLE
Inputs Outputs
Al -
A2 A0 Strobe Y Y
X X X H L H
L L L L Do DO
L L H L D1 Di
L H L L D2 D2
L H H L D3 D3
H L L L D4 Da
H L H L D5 D5
H H L L D6 D6
H H H L D7 D7

DO, D1. . .D7=the level of the respective D input

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MC54/74HC151

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vce | DC Supply Voltage (Referenced to GND) -05t0 +7.0 v circuitry to guard against damage
" due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -15t0 Voc+1.5 \ fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) —-0.5to Vcc+0.5 \ be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than maximum rated
" voltages to this high-impedance
lout | DC Output Current, per Pin +25 mA circuit. For proper operation, Vi, and
Icc__ | DC Supply Current, Vcc and GND Pins +50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPT 750 mwW range GND <(Vj, or Vout) =Vcc.
SOIC Packaget 500 Unused inputs must always be tied
to an appropriate logic voltage level
- 1 °C
’__Tita Storage Temperature 8510 +150 S (e.g., either GND or V). Unused
T Lead Temperature, 1 mm from Case for 10 Seconds C outputs must be left open.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300
*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
SOIC Package: —7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Max Unit
Vce | DC Supply Voltage (Referenced to GND) 2.0 6.0 v
Vin.Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vee \
TA Operating Temperature, All Package Types -55 +125 °C
tr. tf | Input Rise and Fall Time Vee=20V 0 1000 ns
(Figure 1) Vee=45V 0 500
Vec=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
N Guaranteed Limit
. ccC it
Symbol Parameter Test Conditions v E;g.tg <gsec | <1m°C Uni
VIH Minimum High-Level Input Vout=0.1VorVcc-0.1V 2.0 1.5 1.5 1.5 v
Voitage |lout! =20 pA 4.5 3.15 3.15 3.1
6.0 42 4.2 4.2
ViL | Maximum Low-Level Input Vout=0.1VorVec—-0.1V 2.0 0.3 0.3 0.3 \'
Voltage llout| =20 pA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VOH | Minimum High-Level Output Vin=VIH or V|L 2.0 1.9 1.9 1.9 \
Voltage llout] <20 pA 45 44 44 44
6.0 5.9 5.9 5.9
Vin=VIH or VjL llout| <40 mA| 4.5 3.98 3.84 3.70
lloutl =<5.2mA| 6.0 5.48 5.34 5.20
VoL | Maximum Low-Level Output Vin=V|H or V|L 2.0 0.1 0.1 0.1 Vv
Voltage |loutl =20 zA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=VJH or V|L llout| <4.0mA| 4.5 0.26 0.33 0.40
|lout|<5.2mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin=V¢gc or GND 6.0 +0.1 +1.0 +1.0 A
Icc | Maximum Quiescent Supply Vin=V¢c or GND 6.0 8 80 160 A
Current (per Package) lout=0 pA

NOTE: Information on typical parametric values can be found in Chapter 4.
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MC54/74HC151

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input ty=t;=6 ns)

v Guaranteed Limit
cc .
Symbol Parameter o Unit
v v | BCto | _ggec | <125°C
-55°C
tpLH. |Maximum Propagation Delay, Input D to Output Y or Y 2.0 185 230 280 ns
tPHL (Figures 1, 3 and 6) 4.5 37 46 56
6.0 31 39 48
tpLH. | Maximum Propagation Delay, Input A to Output Y or Y 2.0 205 255 310 ns
tPHL (Figures 2 and 6) 4.5 41 51 62
6.0 35 43 53
tpLH, | Maximum Propagation Delay, Strobe to Output Y or Y 2.0 125 155 190 ns
tPHL (Figures 4, 5 and 6) 4.5 25 31 38
6.0 2i 26 32
tTLH, | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 6) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF

NOTES:

1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.

Cpp | Power Dissipation Capacitance (Per Package)

Pp=Cpp Vcc?f+Ice Vee
For load considerations, see Chapter 4.

Used to determine the no-load dynamic power consumption:

Typical @ 25°C, Vgc=5.0V

36 pF

PIN DESCRIPTIONS

INPUTS

DO, D1, ..., D7 (PINS 4, 3, 2, 1, 15, 14, 13, 12) — Data
inputs. Data on any one of these eight binary inputs may be
selected to appear on the output.

CONTROL INPUTS

A0, A1, A2 (PINS 11, 10, 9) — Address inputs. The data
on these pins are the binary address of the selected input (see
the Function Table).

STROBE (PIN 7) — Strobe. This input pin must be at a low
level for the selected data to appear at the outputs. If the
Strobe pin is high, the Y output is forced to a low level and
the Y output is forced to a high level.

OUTPUTS

Y, Y (PINS 5, 6) — Data outputs. The selected data is
presented at these pins in both true (Y output) and comple-
mented (Y output) forms.

L
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MC54/74HC151

SWITCHING WAVEFORMS

Valid Valid
Vee
Input D Input A 50%
GND
tPLH—>] tPHL
Output
O tY puds
utpu YorY 50%
Figure 1. Figure 2.
0%
Input D Strobe
OutputY Y
Figure 4.
Test Point
Output
Device
Under
Test I e
*Includes all probe and jig capacitance.
Figure 5. Figure 6. Test Circuit

L
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MC54/74HC151

EXPANDED LOGIC DIAGRAM
( 4
DO D
3
D1 f
2
D2 =
[

Inputs

D4

5
Y Data
Outputs
6 P!

14 Y
D5

D3 |
Data r |
{
=y
|
¢
-
1

,
o
~

1
Address } 5, 0 |>O I ;;
Inputs

Strobe

!

L
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MOTOROLA

= SEMICONDUCTOR
TECHNICAL DATA

Dual 4-Input Data

Selector/Multiplexer
High-Performance Silicon-Gate CMOS

The MC54/74HC153 is identical in pinout to the LS153. The device inputs are
compatible with standard CMOS outputs; with pullup resistors, they are compatible
with LSTTL outputs.

The Address Inputs select one of four Data Inputs from each multiplexer. Each
multiplexer has an active-low Strobe control and a noninverting output.

The HC153 is similar in function to the HC263, which has 3-state outputs.

Output Drive Capability: 10 LSTTL Loads

Outputs Directly Interface to CMOS, NMOS, and TTL

Operating Voltage Range: 2to 6 V

Low Input Current: 1 A

High Noise Immunity Characteristic of CMOS Devices

In Compliance with the Requirements Defined by JEDEC Standard No. 7A
Chip Complexity: 108 FETs or 27 Equivalent Gates

LOGIC DIAGRAM
Address j A0 14
2
Inputs Al
D04 8 | ...L Ya
Data- 5
1 PA—
Word a Pla 4
Inputs | D25 ——
B N N
]
Strobe a
1
Do 12— L9 v,
Data- Dip ]
Word b 12
Inputs | D2p —
13
D3p —
Strobe b 15———T
Pin 16=Vcc
Pin 8=GND

MC54/74HC153

J SUFFIX
CERAMIC
CASE 620-09

N.SUFFIX
PLASTIC
CASE 648-06

D SUFFIX
Soic
CASE 751B-03

ORDERING INFORMATION

MC74HCXXXN
MCB4HCXXXJ
MC74HCXXXD

Plastic
Ceramic
soic

TA = —55°to 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT
Strobea 1 e 16p Ve
Al Q2 150 Strobe b
D3; 03 1401 A0
D25 O 4 13f1 D3y
D1,05 12f1 D2
D0, 6 110 D1p
YaQ7 10 DOy
GND I 8 901 Yp
FUNCTION TABLE
Inputs Output
Al | AO | Strobe Y
X X H L
L L L DO
L H L D1
H L L D2
H H L D3
DO, D1, D2, and D3=the level of
the respec-
tive Data
Input
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MC54/74HC153

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vce | DC Supply Voltage (Referenced to GND) -0.5t0 +7.0 v circuitry to guard against damage
- due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -15t Vcc+1.5 Vv fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) -0.5to Vcc+0.5 \' be taken to avoid applications of any
lin DC Input Current, per Pin +20 mA voltage higher than maximum rated
" | to this high-impedance
___'_o_ug DC Output Current, per Pin +25 mA circuit. For proper operation, Vip and
Icc | DC Supply Current, Vg and GND Pins + 50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw range GND <(Vj, or Voyut) sVce.
SOIC Packaget 500 Unused inputs must always be tied
to an appropriate logic voltage level
T. - o
| Tstg |Storage Temperature E5t0 +150 OC {e.g., either GND or V¢c). Unused
TL Lead Temperature, 1 mm from Case for 10 Seconds C outputs must be left open.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300
*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C
Ceramic DIP: —10 mW/°C from 100° to 125°C
SOIC Package: —7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Max Unit
vee DC Supply Voltage (Referenced to GND) 2.0 6.0 v
VinVout | DC Input Voltage, Output Voltage (Referenced to GND) 0 vee \"
TA Operating Temp , All Package Types -55 | +126 °C
tr, t | Input Rise and Fall Time Vee=20V 0 1000 ns
(Figure 1) Vee=45V| 0 500
Vcc=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions cc o Unit
4 v | BCto | _gec 