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Introduction

This ‘comprehensive databook provides information on
National Semiconductor's MM54HC/MM74HC high
speed CMOS family of SSI/MSI/LSI logic components.
The family utilizes microCMOS™ Technology* to
achieve the input and power supply characteristics of
CD4000B CMOS with the high speed and large output
drive of 54LS/74LS logic. This combination enables the
construction of very high thru-put low power systems.
The MM54HC/MM74HC family has the same pin-out as
equivalent 54LS/74LS functions, in addition, many popu-
lar CD4000 series logic functions are offered where no
equivalent TTL function exists. Also, this high speed logic
family incorporates a growing number of new functions
" not previously implemented in either a CMOS or TTL log-
ic family. .
The MM54HCT/MM74HCT are a subfamily of MM54HC/
MM74HC offering TTL compatible inputs. These
MMB54HCT/MM74HCT devices offer convenient TTL lev-
el translation to CMOS for those interface points where
only TTL levels are provided, i.e. NMOS microprocessor
bus, 54S/74S, 54ALS/74ALS, etc.

The broad line of MM54HC/MM74HC functions greatly
simplifies the task of designing complete high speed sys-
tems in CMOS.

*National’s microCMOS™ Technology consists
of N & P well, oxide-isolated processes with 1, 2
or 3 layers of metal and 1, 2 or 3 layers of poly-
silicon using either 2, 2.5, 3 or 3.5 micron fea-
tures—leading to 1 micron and sub-micron in
the future.

Quality and Reliability

. As electronic systems become more and more complex,
the need for consistently high quality integrated circuits
becomes increasingly important. Having recognized this
need as far back as the 1970s, National Semiconductor
initiated a unique, company-wide Quality Improvement
Program. The results have been dramatic and, we be-
lieve, unmatched in this industry. Over the years, Nation-
al has regularly been named by many major customers
as “Quality Manufacturer of the Year.” We are proud of
our success, which sets a standard for others to achieve.
And yet our quest for perfection is ongoing, so that cus-
tomers can continue to rely on National Semiconductor
integrated circuits and products in their system designs.
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MM54HCT241/MM74HCT241 Octal Tri-State Buffer (TTLINPUL). . .o v vttt e it ie i i e eneenen
MM54HC242/MM74HC242 Inverting Quad Tri-State Transceivers
MM54HC243/MM74HC243 Quad Tri-State TranSCoIVEIS . . ...t e ettt ettt eeeneeeenninreaenneeannseesnnnns

- MM54HCT245/MM74HCT245 Octal Bidirectional Transceiver (TTL Input) . ..
MMB5E4HC365/MM54HC365 Hex Tri-State Buffer ............oovvviiiiiiiiiniin., F P
MM54HC366/MM54HC366 Inverting Hex Tri-State Buffer . . .......ooveiii i
MM54HC367/MM54HC367 Hex Tri-State Buffer .........cooiiiiiiiiiiiiii i e
MM54HC368/MM54HC368 Inverting Hex Tri-State Buffer. ..o e
MM54HC540/MM74HC540 Inverting Octal Tri-State Buffer
MMS54HC541/MM74HC541 Octal Tri-State BUFFEr ... .. .oveeeeeiieeeniiennennenne. N
MM54HC640/MM74HC640 Inverting Octal Tri-State Transceiver. . .. e
MM54HCT640/MM74HCT640 Inverting Octal Tri-State Transceiver (TTL Input)
MMB54HC643/MM74HC643 True/Inverting Octal Tri-State TrANSCOIVET . . oo eeeeeeeeeeeeeeeinennn

MM54HCT643/MM74HCT643 True/Inverting Octal Tri-State Transceiver (TTLInput) .........oooiiiiiiii it 5-40
MM54HC646/MM74HC646 Octal Tri-State Bus Transceiver/Latch .........oooiiiiiiii it 4-319
MM54HC648/MM74HC648 Inverting Octal Tri-State Bus Transceiver/Latch ...t 4-319

Analog' Switches

MM54HC4016/MM74HC4016 Quad Bilateral Analog SWItch ... ... .ooiein it e
MMS4HC4051/MM74HC4051 8 Channel Analog Multiplexer . ... e
MM54HC4052/MM74HC4052 Dual 4 Channel Analog Multiplexer .............cooooviiiiiiian.n, i
MM54HC4053/MM74HC4053 Triple 2 Channel Analog Multiplexer :
-MM54HC4066/MM74HC4066 Quad Bilateral Analog Switch............coooiiiiiiiiiiiit. et
MM54HC4316/MM74HC4316 Quad Bilateral Analog Switch . .......oii i
MM54HC4351/MM74HC4351 8 Channel Analog MultiplexerwithLatches ..............coooiiiiiiiiiiiii i,
MMS54HC4352/MM74HC4352 Dual 4 Channel Analog Multiplexer with Latches ................coocviat ......
MM54HC4353/MM74HC4353 Triple 2 Channel Analog Multiplexer with Latches

Display Drivers

MM54HC4511/MM74HC4511 BCD-to-7 Segment Latch/Decoder/Driver ... .....vuiuiniitiniiinennneiinennns
MM54HC4543/MM74HC4543 BCD-to-7 Segment Latch/Decoder/Driver for Liquid Crystal Displays

Arithmetic Circuits/Adders/ALU -

MM54HC85/MM74HC85 4-Bit Magnitude COMParator .........c.uuini ettt i reieneeaananannns ...4-61
MM54HC181/MM74HC181 4-Bit Arithmetic/LogicUnit ..ot i 4-150
MM54HC182/MM74HC182 4-Bit Look Ahead CarryGenerator ............oovvevnineninnn PR 4-158
MM54HC280/MM74HC280 9-Bit Odd/Even Parity Generator. .........o.ovieiiiiiiiiniiii i 4-227
MMS54HG283/MM74HC283 4-Bit Binary Adder ........ooiiniiiiiii i e 4-230
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Arithmetic Circuits/Adders/ALU (Continued)

MM54HC688/MM74HC688 8-Bit Equality Comparator........ R 4-325
MM54HCT688/MM74HCT688 8-Bit Equality Comparator (TTLInput) .......ooovei i 5-43
MM54HC4560/MM74HCA4560 4-Bit NBCD AdTEr .. .\vintiiiit ittt e ittt ie it aneas 4-413

Monostable Multivibrators/Oscillators

MM54HC123/MM74HC123 Dual Retriggerable Monostable Multivibrator ..., 4-83
MM54HC221/MM74HC221 Dual Monostable Multivibrator ................... e 4-181
MM54HC423/MM74HC423 Dual Retriggerable Monostable Multivibrator
MM54HC4046/MM74HC4046 Phase LocklLoop.............. S

MM54HC4538/MM74HC4538 Dual Retriggerable Monostable Multivibrator ..., 4-403
Encoders/Decoders

MM54HC42/MM74HC42 BCD-to-Decimal Decoder.............ooovviinn.n.. et i e
MM54HC137/MM74HC137 3-to-8 Line Decoder with Address Latches .............cooviiiiiiiiiiens, e
MM54HC138/MM74HC138 3-to-8 LineDecoder. .......ouuiiii i i it
MM54HCT138/MM74HCT138 3-to-8 Line Decoder (TTLInput) .......covvvvieniiiianin. PN IR 5-19
MM54HC139/MM74HC139 Dual 2-to-4 Line Decoder

MM54HCT139/MM74HCT139 Dual 2-to-4 Line Decoder (TTLINPUL) ... vvvinriinti i 5-22
MM54HC147/MM74HC147 10-t0-4 Line Priority ENCOAEr .. ..o et ittt ittt 4-107
MM54HC149/MM74HC149 8-t0-8 Line Priority ENCOAEr ... .o.vvtuit ittt iia e e 4-110
MM54HCT149/MM74HCT149 8-to-8 Line Priority Encoder (TTLINPUL) .....covvin i 5-25
MMB54HC154/MM74HC154 4-to-16 Line Decoder

MM54HC237/MM74HC237 3-to-8 Decoder with AddressLatches ..........cooviiiiiiiiiiii i 4-186
MM54HC4514/MM74HC4514 4-to-16 Decoder with Address Latches ..................... e 4-399
Multiplexers

MMB54HC151/MM74HC151 8 Channel MUMtipleXer ..........ouiuiiiii ittt 4113
MMS54HC153/MM74HC153 Dual 4 Channel MUItpleXer. .......o.vnvei i i 4-116
MM54HC157/MM74HC157 Quad 2 Channel Multiplexer............. U RPN 4-123
MM54HC158/MM74HC158 Quad 2 Channel Multiplexer with Inverting Outputs . .......... e 4-123
MM54HC251/MM74HC251 8 Channel Tri-State Multiplexer. ........ ..o 4-208
MM54HC253/MM74HC253 Dual 4 Channel Tri-State Multiplexer ... 4-211
MM54HC257/MM74HC257 Quad 2 Channel Tri-State MURIPIOXEr .. ......voetini ittt ittt enae s 4-214
MM54HC298/MM74HC298 Quad 2 Channel Multiplexerwith Latches ...............ooiiiiiiiiiiiiiiinn, ....4-240
MM54HC354/MM74HC354 8 Channel Tri-State Multiplexerwith Latches .............. ...t 4-249
MM54HC356/MM74HC356 8 Channel Tri-State Multiplexerwith Latches ..., 4-249
Flip-Flops ,

MM54HC73/MM74HC73 "Dual J-K Flip-FIop With Clear. . . .. ..vuv it ie e 4-47
MM54HC74/MM74HC74 Dual D Fiip-Flop with Presetand Clear ........ouviiiiieiiiiiiniiiiiiiiiiiiinennenns 4-51
MM54HCT74/MM74HCT74 Dual D Flip-Flop with Preset and Clear (TTLInput) .. .....ooovvii i, 5-13

MM54HC76/MM74HC76 Dual J-K Flip-Flop with PresetandClear. ...........ooviiiiiiiiiiii i 4-57

xi
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Flip-Flops (Continued)

MM54HC107/MM74HC107 Dual J-K Flip-FlopwithClear ................. e e e e e, 4-68
MM54HC109/MM74HC109 Dual J-K Flip-Flop with Preset and Clear ... .. .. P 4-72
MM54HCT109/MM74HCT109 Dual J-K Flip-Flop with Preset and Clear (TTL Input) ...... TR 5-16
‘MM54HC112/MM74HC112 Dual J-K Flip-Flop with Presetand Clear ...........cooiiviiiiin i i, 4-75
MM54HC113/MM74HC113 Dual J-K Flip-Flop with Preset

MMB54HC173/MM74HC173 Tri-State D Quad Flip-Flop . ..........covvniuiininn, N
MM54HC174/MM74HC174 Hex D Flip-Flopwith Clear ............oooiiiiiiiiiiiiiiiii e
MMS&4HC175/MM74HC175 Quad D Flip-Flop with Clear ... .. RSP
MM54HC273/MM74HC273 Octal D Flip-FlopwithClear .........c.ciiiiiiiiiiiiiiiiiii it
MMS54HC374/MM74HC374 Octal Tri-State D FHP-FIOp . ....cviii i i
MM54HCT374/MM74HCT374 Octal Tri-State D Flip-Flop (TTLINPUL) ... ... ofeeeneeerennns.. e 5-35
MM54HC534/MM74HC534 Octal Tri-State D Flip-Flop with Inverting Outputs. .. ...t e 4-282
MM54HC564/MM74HC564 Octal Tri-State D Flip-Flop with Inverting Outputs . ... .. e 4-291

MM54HC574/MM74HC574 Octal Tri-State D Flip-Flop

Latches

MM54HC75/MM74HC75 4-Bit Bistable LatchwithQand Q..o 4-54
MM54HC259/MM74HC259 8-Bit Addressable Latch
MM54HC373/MM74HC373 Octal Tri-State D Latch

MM54HCT373/MM74HCT373 Octal Tri-State D Latch (TTLINput) . .......ovviniiiiii e 5-35
MM54HC533/MM74HC533 Octal Tri-State D Latch with InvertingOutputs ..., 4-279
MM54HC563/MM74HC563 Octal Tri-State D Latch with InvertingOutputs ...t 4-288

MMS54HC573/MM74HC573 Octal Tri-State D Latch

Counters -

MM54HC160/MM74HC160 4-Bit Synchronous Decade Counter . . ... P 4127
MM54HC161/MM74HC161 4-Bit Synchronous Binary Counler . ....4-127
MM54HC162/MM74HC162 4-Bit Synchronous Decade Counter..........vvviriniiineiiiiiiiinrineinneanns 4127
MM54HC163/MM74HC163 4-Bit Synchronous BinaryCounter .............cvvvivinenvnen.. e 4127
MMS54HC190/MM74HC190 4-Bit Synchronous Decade Up/DownGounter .........covuiniiiiiiineiineenenans. 4-161
MM54HC191/MM74HC191 4-Bit Synchronous Binary Up/Down Counter 1
MM54HG192/MM74HC192 4-Bit Synchronous Decade Up/Down Counter. . ....o.vuentinvniienenaenennanennn 4-167
MM54HC193/MM74HC193 4-Bit Synchronous Binar); Up/DownCounter ................... s 4-167
MM54HC292/MM74HC292 31-Bit Programmable Frequency Divider ............c.oovvviiiinnn. SRR 4-234
MM54HC294/MM74HC284 15-Bit Programmable Frequency DIVIder ............vvevrneeernneeennneeennneeenns 4-234
MM54HC390/MM74HC390 Dual 4-Bit Decade Counter e
MM54HC393/MM74HC393 Dual 4-Bit Binary COUNTEE .. ...t vt ieeniteeeettineeeennaeerenneeaunneeennnaenns
MM54HC4017/MM74HC4017 Decade Counter Divider with 10 Decoded Outputs .. ........covvviiiniiiininnen.. 4-348
MM54HC4020/MM74HC4020 14 Stage Binary Counter '
MMB54HC4024/MM74HC4024 7 Stage BinaryCounter..........co.viviiiniiveninineninnn, e,

MM54HC4040/MM74HC4040 12 Stage Binary Counter
MM54HC4060/MM74HC4060 14 Stage Binary Counter

xii .
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Shift Registers o ) .
MM54HC164/MM74HGC164 8-Bit Serial-In Parallel-Out Shift Register. . ..........cooviiiiiiiiiiiiiiiiiiiiinninen, 4-132

MM54HC165/MM74HC165 8-Bit Parallel-In Serial-Out ShiftRegister................ooiiiiiii 4-135
MMS54HC194/MM74HC194 4-Bit Bidirectional Shift RegIStar . ... .....vvvreeenrreeeiainreeeeireereeiaiseeaenn. . 4173
MM54HC195/MM74HC195 4-Bit Parallel-In Shift Register ..........coiiuiiiii i 4177
MM54HC299/MM74HC299 8-Bit Universal Shift Register

MM54HC589/MM74HC589 8-Bit Tri-State Parallel-In Serial-Out Shift Register with Latches ....................... 4-300
MM54HC595/MM74HC595 8-Bit Tri-State Serial-In Parallel-Out Shift Register with Latches ....................... 4-305
MM54HC597/MM74HC597 8-Bit Tri-State Serial-In Parallel-Out Shift Register with Latches ....................... 4-310
Modems )

MM74HC942 300 Baud Modem (+5, —5VoltSupply) ...t e 4-328'
MM74HC943 300 Baud Modem (5 VO SUPPIY) .« oottt et 4-334

xiii
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w/Preset & Clear

Production Production
Device Function Avallabllity Device Function Avallabliity
MM54HC/74HC00 Quad 2-Input NAND Now MM54HC/74HC113 Dual J-K Flip-Flops Now
Gate ‘w/Preset
MMB54HC/74HC02 Quad 2-Input NOR Now  MMB54HC/74HC123 Dual Retrigger Now
Gate ’ Monostable
MMS4HC/74HCO3  2nputNANDGate  ~ 3Q’83 + Mulivibrator
* (Open Drain) : MM54HC/74HC125 Quad TRI-STATE Now
MM54HC/74HC04 Hex Inverter Now Buffer (Low Enable)
MM54HC/74HCUO4  Hex Inverter Now MM54HC/74HC126 gﬁgg,{ﬁi';?ﬁ, o Now
(Unbuffered) .
MM54HC/74HC08  Quad 2-Input AND Now T e D Now
Gate '
MMS54HC/74HC10  Triple 3-Input NAND Now MMS4HC/74HC133  13-Input NAND Gate Now
Gate MMS4HC/74HC137 1108 w/Latch 3083
MM54HC/74HC1!  Triple 3-Input AND Now gﬁfg&?’ (inverting
Gate
MM54HG/74HC14  Hex Inverting Schrmitt Now MM54HC/74HC138 © 3-8 Line Decoder Now
Trigger MM54HC/74HC139 Dual 2-to-4 Line Now
MM54HG/74HC20  Dual 4-Input NAND Now Decoder '
Gate ) MM54HC/74HC147 10-to-4 Line Priority Now"
MMS4HC/74HC27  Triple 3-Input NOR Now Encoder
A Gate MMS54HC/74HC149  8-Line to 8-Line 4Q'83
MMS54HC/74HC30  B-Input NAND Gate Now Priorty Encoder
MM54HC/74HC32  Quad 2InputORGate  Now MMS4HC/74HC151 ngl’;’)‘(‘:'ro'g“a' Now
MM54HG/74HG4z  BOD-to Decimal Now MMS4HC/74HC153  Dual 4-Input Now
) ecoder Multiplexer
MM54HC/74HC51  Dual 2-Input AND-OR-  3Q"83 MMB4HC/74HC154  4-16 Line Decoder Now
Inverting Gates
MMS4HG/74HCS8  Dual AND/OR Gate 3Q°83 MM54HC/74HC157 ﬁ‘l‘,ft%,z;';f“t Now
MMB4HC/74HC73 Dual J-K Flip-Flop Now MMB4HC/74HC158 Quad 2-Input Now
‘ w/Clear Multiplexer (Inverting .
MM54HC/74HC74 Dual D Flip-Flop Now Output)
o w/Preset & Clear- MMS54HC/74HC160  Synchronous Decade Now
MM54HC/74HC75 4-Bit Bistable Latch Now Counter
w/Q & Q Output MMS4HC/74HC161  Synchronous Binary Now
MMS54HC/74HC76  Dual J-K Flip-Flop Now Counter
w/Preset & Clear 4 MM54HG/74HC162  Synchronous Decade Now
MM54HC/74HC85 4-Bit Magnitude Now ) Counter
Comparator MM54HC/74HC163 Synchronous Binary Now
MM54HC/74HC86 Quad 2-Input Now Counter
Dxclusive OR (XOR) MMB4HC/74HC164  8-Bit Serial-in/ Now
ate Parallel-out Shift
MMB54HC/74HC107 Dual J-K Flip-Flop Now Register
w/Clear MMB4HC/74HC165  8-Bit Parallel-in/ Now
MMS54HC/74HC109  Dual J-K Flip-Flop Now Serial-out Shift
w/Preset & Clear Register
MMS54HC/74HC112  Dual JK Flip-Flop Now MMB4HC/74HC173 ;lfll-ngATE Quad D 4Q'83
ip-Flop

Xiv
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Production Production
Device Function Avallablllty Device Function Avallablmy
MMB54HC/74HC174 Hex D Flip-Flop Now MM54HC/74HC266 Quad 2-Input Now
w/Clear Exclusive-NOR
MM54HG/74HC175  Quad D Type Flip-Flop  Now (XNOR) Gate
w/Clear MM54HC/74HC273 Octal D Flip-Flop Now
MM54HC/74HC181 4-Bit Arithmetic Logic 3Q’'83 MMS54HC/74HC280 9-Bit Odd/Even Parity Now
Unit Generator/Checker
MM54HC/74HC182 Carry Look Ahead 3Q’83 MM54HC/74HC283  4-Bit Binary Full 4Q'83
Generator Adder
MM54HC/74HC190 Up/Down Decade 4Q°83 MM54HC/74HC292 Programmable 31/15 3Q'83
Counter : Bit Dividers/Timers
MM54HC/74HC191 Up/Down Binary 4Q'83 MM54HC/74HC294 Programmable 31/15 3Q’83
Counter Bit Dividers/Timers
MM54HC/74HC192 Synchronous Decade Now MM54HC/74HC298 Quad 2-Channel 4Q'83
Up/Down Counter w/Storage Multiplexer
MM54HC/74HC193 Synchronous Binary Now MM54HC/74HC299 8-Bit TRI-STATE Now
Up/Down Counter Universal Shift
e Register
MM54HC/74HC194  4-Bit Bidirectional Now .
Universal Shift MM54HC/74HC354 8-Channel TRI-STATE Now
Register Latched Multiplexer
MM54HC/74HC195 4-Bit Parallel Shift Now MM54HC/74HC356 8-Channel TRI-STATE Now
Register Latched Multiplexer
MM54HC/74HC221 Dual Monostable Now MM54HC/74HC365 Hex TRI-STATE Buffer Now
Muttivibrator MMS4HC/74HC366  Inverting Hex Now
MM54HC/74HC237 3-to-8 Line 3Q’'83 TRI-STATE Buffer
pecoder with Address MM54HC/74HC367  Hex TRI-STATE Buffer  Now
: MM54HC/74HC368 Inverting Hex Now
MMS54HC/74HC240 Inverting Octal Now
. TRI-STATE Buffer TRI-STATE Buffer
MMS4HC/74HC241  Octal TRI-STATE Now MM54HC/74HCa73  TRI-STATE Octal D Now
Butfer (TTL Buffer) ype Latc
MMB4HC/74HC242  Inverting Quad Now MMS4HC/74HC374  TRISTATE Octal D Now
TRI-STATE ype Flip-Flop -
R Transceiver MM54HC/74H0390 Dual 4-Bit Decade Now
MMS54HC/74HC243  Quad TRI-STATE Now Counter
Transceiver MM54HC/74HC393 Dual 4-Bit Binary Now
MMS4HC/74HC244  Octal TRI-STATE ~ Now Counter -
Buffer MM54HC/74HC423 Dual Non- Now
MM54HC/74HC245  Octal TRI-STATE Now Retriggerable 1-Shot
Transceiver ultivibrator
MMS4HC/74HC251  8-Channel TRI-STATE  Now MM54HC/74HC533  TRI-STATE Octal D Now
Multiplexer ' Type Latch
w/Inverting Output
MM54HC/74HC253 Dual 4-Channel Now
TRI-STATE Multiplexer MM54HC/74HC534 TRI-ST{-\TE Octal D Now
Type Flip-Flop
MM54HC/74HC257 Quad 2-Channel Now . .
TRI-STATE Multiplexer . MM54HC/74HC540 Oqtal TRI-STATE 3Q’'83
Driver/Buffer
MM54HC/74HC259 & Bit Addressable Now MMS54HC/74HC541  Octal TRI-STATE 383
Latch 3-to-8 Line :
Driver/Buffer

Decoder
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(TTL Input)

Production Production
Device Function Avallabllity Device Function Avaliabliity
MM54HC/74HC563 TRI-STATE Octal D Now MM54HC/74HC4051 Single 8-Channel 4Q'83
(Type Latch (Inverting w/Storage Multiplexer
Outpu) MMS54HC/74HC4052  Dual 4-Channel 4Q'83
MM54HC/74HC564  TRI-STATE Octal D Now w/Storage Multiplexer - v
' I,V},’:VZ':{'?;F"C’,% ot MM54HGC/74HC4053 - Triple 2-Channel 4Q'83
' g Outp w/Storage Multiplexer
MM54HC/74HC$73 TRI-STATE Octal D Now MMS4HC/74HC4060  14-Stage Binary Now
. Type Latch Counter
. MMB4HC/74HC574 F;f;'i‘ﬁc?;‘a' D Now MMS4HC/74HC4066  Quad Bilateral 4Q'83
y ~ Analog Switch
MMS4HC/74rCs8s BB gzggfe';w’se"a' 4Q’83 MMS4HC/74HC4075  Triple 3-Input OR Gate  Now
MMS54HC/74HC505  8-Bit Parallel-to-Serial ~ 3Q'83 MMS4HC/74HC4078  8-Input NOR Gate Now
Shift Register MM54HC/74HC4316  Quad Bilateral Analog 4Q'83
MMS54HC/74HC597  8-Bit Parallel-to-Serial ~ 4Q’83 Switch
Shift Register MM54HC/74HC4351  8-Channel Analog 4Q°'83
) . ‘Multiplexer
MM54HC/74HC640 Inverting Octal Now / Demuitiplexer
TRI-STATE w/Latch
Transceiver .
MMS54HC/74HC643 ~ Octal TRI-STATE Now MM54HC/74HC4352  Dual 4-Channel 4Q'83
: Transceiver . Multiplexer
Demultiplexer
MM54HC/74HC646 Non-Inverting Octal 3Q'83 w/Latch
g:zi;’;"sc"“’e” MM54HC/74HC4353  Triple 2-Channel 4083
Multiplexer
MM54HC/74HC648 Inverting Octal Bus 3Q'83 Demultiplexer
Transceiver/Register . w/Latch
MM54HC/74HC688 8-Bit Magnitude Now MM54HC/74HC4511  BCD-to-7 Segment TBA
Comparator (Equality ) Latch/Decoder Driver
Detector) i
: MM54HC/74HC4538  Dual Retriggerable Now
MM74HC942 300 Baud Modem Now Monostable
MM74HC943 300 Baud Modem Now Multiviprator
MMS54HC/74HC4002  Dual 4-input NOR Now MM54HC/7aHC4543 - BODHS T Segment Now
Gate Liquid Crystal Display
MM54HC/74HC4016  Quad Bilateral Analog 4Q'83 MM54HC/74HC4560  NBCD Adder 4Q'83
Switch )
MM54HGC/74HC4017  Decade Counter/ 3Q'83 MMS4HCT/74HCT00 g:f:g:'r’,‘_pl‘r";t'g‘”t’ Q83
Divider w/10 Decoded ’ .
Outputs MMS54HCT/74HCT04  Hex Inverter 3Q'83
. (TTL Input)
MM54HC/74HC4020  14-Stage Binary Now
Counter MM54HCT/74HCT05  Hex Inverter Open 3Q'83
MMS54HC/74HC4024  7-Stage Ripple 3083 Collector (TTL Input)
Counter MM54HCT/74HCT34  Hex Buffer 3Q'83
. (TTL Input)
MM54HC/74HC4040  12-Stage Binary Now
Counter MM54HCT/74HCT74  Dual D Flip-Flop 4Q'83
MM54HC/74HC4046  Phase-LockedLoop  4Q 83 il
MMB4HC/74HC4049 * Hex Inverting Logic Now: MMS4HCT/74HCT109 Dual J-K Flip-Flop 4Q°83
) Level Down Converter w/Preset & Clear
MMB54HC/74HC4050  Hex Logic Level Now (TTL Input)
Down Converter MMS4HCT/74HCT138 1 of 8 Decoder 3Q'83°
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Production Production
Device Function Avallability Device Function Avallabllity
MM54HCT/74HCT139 Dual 2-to-4 Line Decoder 4Q '83 MM54HCT/74HCT373 Octal D Type 3Q'83
(TTL Input) TRI-STATE Latch
MMS54HCT/74HCT149 8-Line to 8-Line 4083 (TTL Input
Priority Encoder MM54HCT/74HCT374 Octal D Type 3Q'83
(TTL Input) TRI-STATE Flip-Flop
MMS4HCT/74HCT240 Inverting Octal Now (TTL Input)
TRI-STATE Buffer MM54HCT/74HCT640 Inverting Octal Now
' (TTL Input) TRI-STATE
Transceiver
MM54HCT/74HCT241 Octal Buffer Now
TRI-STATE ~ (TTLInput)
(TTL Input). MM54HCT/74HCT643 Octal TRI-STATE Now
MMS4HCT/74HCT244 Inverting Octal Now Transceiver
TRI-STATE Buffer (TTL Input)
(TTL Input) MM54HCT/74HCT688 8-Bit Magnitude 4Q'83
. Comparator
MM54HCT/74HCT245 Octal Transceiver Now (TTL Input)
TRI-STATE
(TTL Input)

xvii
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AC Switching Waveforms
and Test Circuits
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AC Parameter Definitions

Operating frequency. This is the fastest
speed that a circuit can be toggled.

Propagation delay from input to output
going low.

Propagation delay from input to output
going high.

Enable propagation delay time. This is
measured from the input to the output
going to an active high level from TRI-
STATE®.

Enable propagation delay time. This is
measured from the input to the output
going to an active low level from TRI-
STATE.

Disable propagation délay time to the
output going from an active high level to
TRI-STATE.

Disable propagation delay time to the
output going from an active low level to
TRI-STATE. .

Input signal pulse width.

Input setup time. This is the time that
data must be present prior to clocking
input transitioning.

Input hold time. This is the time that data
must remain after clocking mput has -
transitioned.

Clock removal time. This is the time that
an active clear or enable signal must be
removed before the clock input tran-
sitions.

Input signal rise time.
Input signal fall time.

Output Rise time (transmon time low to
high)

Output Fall time (transition tlme high to
low)




MM54HC/MM74HC AC Switching Test

Circuits and Timing Waveforms
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DEVICE
INPUT Omeed UNDER
TEST
l Gy (NOTE 1)
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TL/F/5376-1
Test Circuit for Push Pull Outputs

DEVICE
UNDER -0
TEST
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/_I_ l €L (NOTE 1)

TL/F/5376~3
Test Circuit for Open Drain Outputs
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Test Circuit for TRI-STATE Output Tests
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Note 1: C| includes load and test jig capacitance.

Note 2: S1=V¢ for tpz., and tp z measurements.
S$1=Gnd for tpzy, and tpz measurements.
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MM54HC/MM74HC AC Switching Test
Circuits and Timing Waveforms (continued)

! Vee
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CLOCK OR LATCH 50%
ENABLE INPUT 50%
(NOTE 3)
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10% INPUT GND
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MM54HCT/MM74HCT AC Switching Test
Circuits and Timing Waveforms
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High Speed CMOS AC Diagrams

MM54HCT/MM74HCT AC Switching Test
‘Circuits and Timing Waveforms (continued)

Note 3: Waveform for negative edge sensitive circuits will be inverted

TRI-STATE Output Enable and Disable Waveforms

tr t
90% o 0%
CLOCK OR LATCH 1.3V
ENABLE INPUT 1.3V
(NOTE 3)
v CLOCK 10%
10% o INPUT -
(NOTE 3)
15—ty tREM ———]
vy
o 0%
POSITIVE
1.3V
. 1.3V 1 ACTIVE LOW
CLEAR OR
ENABLE
VoL
ts l—ty
Vou ACTIVE )
HIGH CLEAR OR
NEGATIVE ENABLE
DATA 1.3V 1.3V i
INPUT
;
Voo
TL/F/5376-11 } ) TL/F/5376-12
Setup and Hold Time Waveforms Removal Time Waveforms
—>| <Y
. Py 3.0V
90% 90%
OUTPUT -
CONTROL 1.3V 1.3v
(LOW ENABLING) S
r 10%
. GND
toz — tezL I<——
Vou
OUTPUT 1.3V
0.5V N
VoL
—> fpuz — tpzH
Vou
0.5V
OUTPUT 1.3V
Vou
TL/F/5376-13

3.0v

GND

Vou

Vou

Vo

VoL




Section 2

~ Application Notes



AN-303

HC-CMOS Power
Dissipation

If there is one single characteristic that justifies the exis-
tence of CMOS, it is low power dissipation. In the quiescent
state, high-speed CMOS draws five to seven orders of mag-
nitude less power than the equivalent LSTTL function.
When switching, the amount of power dissipated by both
metal gate and high-speed silicon gate CMOS is directly
proportional to the operating frequency of the device. This is
because the higher the operating frequency, the more often
the device is being switched. Since each transition requires
power, power consumption increases with frequency.

First, one will find a description of the causes of power con-
sumption in HC-CMOS and LSTTL applications.‘ Next will
follow a comparison of MM54HC/MM74HC to LSTTL power
dissipation. Finally, the maximum ratings for power dissipa-
tion imposed by the device package will be discussed.

Quiescent Power Consumptiori

Ideally, when a CMOS integrated circuit is not switching,
there should be no DC current paths from Vcg to ground,
and the device should not draw any supply current at all.
However, due to the inherent nature of semiconductors, a
small amount of leakage current flows across all reverse-bi-
ased diode junctions on the integrated circuit. These leak-
ages are caused by thermally-generated charge carriers in
the diode area. As the temperature of the diode increases,
so do the number of these unwanted charge carriers, hence
leakage current increases.

Leakage current is specified for all CMOS devices as Icc.
This is the DC current that flows from V¢g to ground when
all inputs are held at either Vg or ground, and all outputs
are open. This is known as the quiescent state:

For the MM54HG/MM74HC famiily, Icc is specified at ambi-
ent temperatures (Tp) of 25°C, 85°C, and 125°C. There are
three different specifications at each temperature, depend-
ing on the complexity of the device. The number of diode

junctions grows with circuit complexity, thereby increasing .

the leakage current. The worst case Icc specifications for
the MM54HC/MM74HC family are summarized in Table 1.
In addition, it should be noted that the maximum Igg current
will decrease as the temperature goes below 25°C.

TABLE 1. Supply Current (Icc) for MM54HC/MM74HC
Specified at Vog =6V

Ta Gate Buffer MSI Unit
25°C 2.0 4.0 8.0 MA
85°C 20 40 80 A
125°C 40 80 160 rA

National Semiconductor
Application Note 303
Kenneth Karakotsios
June 1983

To obtain the quiescent power consumption for any’ CMOS

device, simply multiply Icc by the supply voltage:
Ppc=lccVee

Sample calculations show that at room temperature the

maximum power dissipation of gate, buffer, and MSI circuits

at Voc=6V are 10 uW, 20 uW, and 40 uW, respectively.

Dynamic Power Consumption

Dynamic power consumption is basically the result of charg-
ing and discharging capacitances. It can be broken down
into three fundamental components, which are:

1. Load capacitance transient dissipation

2. Internal capacitance transient dissipation

3. Current spiking during switching.

Load Capacitance Transient Dissipation

The first contributor to power consumption is the charging
and discharging of external load capacitances. Figure 1is a
schematic diagram of a simple CMOS inverter driving a ca-
pacitive load. A simple expression for power dissipation as a
function of load capacitance can be derived starting with:
QL=CLVce

where C|_is the load capacitance, and Q is the charge on
the capacitor. If both sides of the equation are divided by
the time required to charge and discharge the capacitor
(one period, T, of the input signal), we obtain:

Q. _ 1
T =ClVee \7

vee

OuTPUT
INPUT O——eg

LIk I

TL/L/5021-1 3
FIGURE 1. Simple CMOS Inverter Driving a
Capacitive External Load

Since charge per unit time is current (Q_/T=1) and the in-
verse of the period of a waveform is frequency (1/T=f):
- L=CVccf .
To find the power dissipation, both sides of the equation
must be multiplied by the supply voltage (P=VI), yielding:
PL=CL Vgc?t




One note of caution is in order. If all the outputs of a device
are not switching at the same frequency, then the power
consumption must be calculated at the proper frequency for
each output:
PL=Vcc2(Cryfi+Crafa+ . . . +Cyinfn)

Examples of devices for which this may apply are: counters,
dual flip-flops with independent clocks, and other integrated
circuits containing dual, triple, etc., independent circuits.

Internal Capacitance Transient Dissipation

Internal capacitance transient dissipation is similar to load
capacitance dissipation, except that the internal parasitic
“on-chip” capacitance is being charged and discharged.
Figure 2 is a diagram of the parasitic nodal capacitances
associated with two CMOS inverters.
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FIGURE 2. Parasitic Internal Capacitances
Associated with Two Inverters
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C, and Cy are capacitances associated with the overlap of
the gate area and the source and channel regions of the P-
and N-channel transistors, respectively. C3 is due to the
overlap of the gate and source (output), and is known as the
Miller capacitance. C4 and Cs are capacitances of the para-
sitic diodes from the output to Vg and ground, respectively.
Thus the total internal capacitance seen by inverter 1 driving
inverter 2 is:
Cj=Cy+Cp+2C3+.Cyq+Cs

Since an internal capacitance may be treated identically to
an external load capacitor for power consumption calcula-
tions, the same equation may be used:

Pi=C\Voc?f

vce

[

INPUT o—ﬂ O QUTPUT
GND<VIN<VCC Vee>VouT>GND
I N .
- . TL/L/5021-3

=

At this point, it may be assumed that different parts of the
internal circuitry are operating at different frequencies. Al-
though this is true, each part of the circuit has a fixed fre-
quency relationship between it and the rest of the device.
Thus, one value of an effective Cj can be used to compute
the internal power dissipation at any frequency. More will be
said about this shortly.

Current Spiking During Switching

The final contributor to power consumption is current spik-
ing during switching. While the input to a gate is making a
transition between logic levels, both the P- and N-channel
transistors are turned partially on. This creates a low imped-
ance path for supply current to flow from Vgg to ground, as
illustrated in Figure 3.

For fast input rise and fall times (shorter than 50 ns for the
MM54HC/MM74HC family), the resulting power consump-
tion is frequency dependent. This is due to the fact that the
more often a device is switched, the more often the input is
situated between logic levels, causing both transistors to be
partially turned on. Since this power consumption is propor-
tional to input frequency and specific to a given device in
any application, as is C, it can be combined with C;. The
resulting term is called “Cpp,” the no-load power dissipation
capacitance. It is specified for every MM54HC/MM74HC
device in the AC Electrical Characteristic section of each
data sheet.

It should be noted that as input rise and fall times become
longer, the switching current power dissipation becomes
more dependent on the amount of time that both the P- and
N-channel transistors are turned on, and less related to Cpp
as specified in the data sheets. Figure 4 is a representation
of the effective value of Cpp as input rise and fall times
increase for the MM54HC/MM74HC08, MM54HC/
MM74HC139, and MM54HC/MM74HC390. To get a fair
comparison between the three curves, each is divided by
the value of Cpp for the particular device with fast input rise
and fall times. This is represented by “Cppo,” the value of
Cpp specified in the data sheets for each part. This compar-
ison appears in Figure 5. Cpp remains constant for input rise
and fall times up to about 20 ns, after which it rises, ap-
proaching a linear slope of 1. The graphs do not all reach a
slope of 1 at the same time because of necessary differenc-
es in circuit design for each part. The MM54HC/MM74HCO08
exhibits the greatest change in Cpp, while the MM54HC/
MM74HC139 shows less of an increase in Cpp at any
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FIGURE 3. Equivalent schematic of a CMOS inverter whose input is between logic levels

>
<
W
=]
(9%]




AN-303

given frequency. Thus, the power dissipation for most of the
parts in the MM54HC/MM74HC family will fall within these
two curves. One notable exception is the MM54HC/
MM74HCUO04.
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INPUT RISE AND FALL TIME

TL/L/5021-5
FIGURE 4. Comparison of Typical Cpp for
MM54HC/MM74HC08, MM54HC/MM74HC139
MM54HC/MM74HC390 as a Function of
Input Rise and Fall Time.
trise =tfan, Vcc =5V, TA=25°C
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. 4%(:139
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. TL/L/5021-6
FIGURE 5. Normalized Effective Cpp (Typical)
for Slow Input Rise and Fall Times. '
trise =ttal, Vcc =5V, TA=25°C

Inputs that do not pull all the way to V¢g or ground can also

. cause an increase in power consumption, for the same rea-

son given for slow rise and fall times. If the input voltage is

between the minimum input high voltage and V¢, then the -

input N-channel transistor will have a low impedance (i.e.,
be “turned on”) as expected, but the P-channel transistor
will not be completely turned off. Similarly, if the input is
between ground and the maximum input low voltage, the P-
channel transistor will be fully on and the N-channel transis-
tor will be partially on. In either case, a resistive path from
Ve to ground will occur, resulting in an increase in power
consumption.

Combining all the derived equations, we arrive at the
following:
ProTaL=(CL+Cpp)Vcc? +lccVec

MM74HC~0.003.W
GATES

I LSTTL~BMW

MM74HC~0.005 W
FLIP-FLOPS

) I LSTTL~20mW

MsI LOGIC | [MM74HC~0.25,W
(COUNTERS
MUX'S,

OCTALS, ETC.) LSTTL~50-100mW
! ! | N N
0 20 40 60 80 100

This equation can be used to compute the total power con-
sumption of any MM54HC/MM74HC device, as well as any
other CMOS device, at any operating frequency. It includes
both DC and AC contributions to power usage. Cpp and Igc
are supplied in each data sheet for the particular device,
and Vg and f are determined by the particular application.

Comparing HC-CMOS to LSTTL

Although power consumption is somewhat dependent on
frequency in LSTTL devices, the majority of power dissipat-
-ed below 1 MHz is due to quiescent supply current. LSTTL
contains many resistive paths from Vg to ground, and even
when it is not switching, it draws several orders of magni-
tude greater supply current than HC-CMOS. Figure 6 is a
bar graph comparison of quiescent power requirements
(Veo) X(lcc) between LSTTL and HC-CMOS devices.

_ The reduction in CMOS power consumption as compared to
LSTTL devices is illustrated in Figures 7 and 8. These
graphs are comparisons of the typical supply current (Icc)
required for equivalent functions in MM54HC/MM74HC,
MM54HC/MM74C, CD4000, and 54L.S/74LS logic families.
The currents were measured at room temperature (25°C)
with a supply voltage of 5V.

Figure 7 represents the supply current required for a quad
NAND gate with one gate in the package switching. The
MM54HC/MM74HGC family draws slightly more supply cur-
rent than the 54C/74C and CD4000 series. This is mainly
due to the large size of the output buffers necessary to
source and sink currents characteristic of the LSTTL family.
Other reasons include processing differences and the larger
internal circuitry required to drive the output buffers at high
frequencies. The frequency at which the CMOS device
draws as much power as the LSTTL device, known as the
power cross-over-frequency, is about 20 MHz.

In Figure 8, which is a comparison of equivalent flip-flops
(174) and shift registers (164) from the different logic fami-
lies, the power cross-over frequency again occurs at about
20 MHz. :

POWER CONSUMPTION (MILLIWATTS)

’

TL/L/5021-7

FIGURE 6. High Speed CMOS (HC-CMOS) vs. LSTTL
Quiescent Power Consumption
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The power cross-over frequency increases as circuit com-
plexity increases. There are two major reasons for this.
First, having more devices on an LSTTL integrated circuit
means that more resistive paths between Vg and ground
will occur, and more quiescent current will be required. In a
CMOS integrated circuit, although the supply leakage cur-
rent will increase, it is of such a small magnitude (nanoAmps
per device) that there will be very little increase in total pow-
er consumption.
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FIGURE 7. Supply Current vs. Input Frequency
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FIGURE 8. Supply Current vs. Frequency

Secondly, as system complexity increases, the precentage
of the total system operating at the maximum frequency
tends to decrease. Figure 9 shows block diagrams of a
CMOS and an equivalent LSTTL system. In this abstract
system, there is a block of parts operating at the maximum
frequency (Fmax), @ block operating at half Frpay, a block
operating at one quarter Fpay, and so on. Let us call the
power consumed in the first section P1. In a CMOS system,
since power consumption is directly proportional to the op-
erating frequency, the amount of power consumed by the
second block will be (P1)/2, and the amount used in the
third section will be (P1)/4. If the power consumed over a
large number of blocks is summed up, we obtain:

ProTaL=P1+(P1)/2+(P1)/4+ . . .+ (P1)/(2n-1)
and ProtaL <2(P1)

Now consider the LSTTL system. Again, the power con-
sumed in the first block is P1. The amount of power dissipat-
ed in the second block is something less than P1, but great-
er than (P1)/2. For simplicity, we can assume the best case,
that P2=(P1)/2. The power consumption for all system
blocks operating at frequencies Fyax/2 and below will be
dominated by quiescent current, which will not change with
frequency. The power used by blocks 3 through n will be
approximately equal to the power dissipated by block 2,
(P1)/2. The total power consumed in the LSTTL system is:

ProTaL=(P1+(P1)/2+(P1)/2+ . . . +(P1)/2
ProtaL=P1+(N-1)(P1)/2
and for n>2, ProTaL>2(P1)

Thus, an LSTTL system will draw more power than an
equivalent HC-CMOS system.

CMOS:
] e e
POWERT =Py POWERZ=P1/2 POWER3=P174 POWERp=P1/2(0-1)
LSTTL:
BLOCKAT | ] BLOCKAT | | BLOCKAT > . oo
fmax fmax/2 fmax/4
POWER) =Py POWER2~>P1/2 POWER3~P1/2 POWERn~P1/2

TL/L/5021-10

FIGURE 9. Comparison of Equivalent CMOS
and LSTTL Systems

This effect is further illustrated in Figure 70. An arbitrary
system is composed of 200 gates, 150 counters, and 150
full adders, with 50 pF loads on all of the outputs. The sup-
ply voltage.is 5V, and the system is at room temperature.
For this system, the worst case power consumption for
CMOS is about an order of magnitude lower than the typical

LSTTL power requirements. Thus, as system complexity in-

creases, CMOS will save more power.

Maximum Power Dissipation Limits

It is important to take into consideration the maximum pow-
er dissipation limits imposed on a device by the package
when designing with high-speed CMOS. Both the plastic
and ceramic packages can dissipate up to 500 mW. Al-
though this limit will rarely be reached in typical high-speed
applications, the MM54HC/MM74HGC family has such large
output current source and sink capabilities that driving a re-
sistive load could possibly take a device to the 500 mW
limit. This maximum power dissipation rating should be de-
rated by —12 mW/°C, starting at 65°C for the plastic pack-
age and 100°C for the ceramic package. This is illustrated in
Figures 11 and 712. Thus, if a device in a plastic package is
operating at 70°C, then the maximum power dissipation rat-
ing would be 500 mW — (70°C—65°C) (12 mW/°C)=44
mW. Note that the maximum ambient temperature is 85°C
for plastic packages and 125°C for ceramic packages.
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FIGURE 10. System Power vs. Frequency
MMHC74HC vs. LSTTL
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FIGURE 11. Plastic Package (MM74HC)
High Temperature Power Derating
for MM54HC/MM74HC Family
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FIGURE 12. Ceramic Package (MM54HC)
High Temperature Power Derating
for MM54HC/MM74HC Family

Summary

The MM54HC/MM74HC high-speed silicon gate CMOS
family has quiescent (standby) power consumption five to
seven orders of magnitude lower than the equivalent LSTTL
function. At high frequencies (30 MHz and above), both
families consume a similar amount of power for very simple
systems. However, as system complexity increases, HC-
CMOS uses much less power than LSTTL. To keep power
consumption low, input rise and fall times should be fast
(less than 50 to 100 ns) and inputs should swing all the way
to V¢c and ground.
There is an easy-to-use equation to compute the power
consumption of any HC-CMOS device in any application:
ProtaL=(CL+Cpp)Vec? +lccVee
The maximum power dissipation rating is 500 mW per pack-
age at room temperature, and must be derated as tempera-
ture increases. '
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High-Speed CMOS
(MM54HC/MM74HC)
Processing

The MMS54HC/MM74HC logic family achieves its high
speed by utilizing microCMOS™ Technology. This is a 3.5
silicon gate P-well CMOS process single layer poly, single
layer metal, P-well process with oxide-isolated transistors.
Why do silicon-gate transistors (polycrystailine) switch fast-
er than metal-gate transistors? The reason is related both to
the parasitic capacitances inherent in integrated circuits and
the gain of the transistors. The speed at which an MOS
transistor can switch depends on how fast its internal para-
sitic capacitance, as well as its external load capacitance,
can be charged and discharged. Capacitance takes time to
be charged and discharged, and hence degrades a transis-
tor’s performance. The gain of a transistor is a measure of
how well a transistor can charge and discharge a capacitor.
Therefore, to increase speed, it is desirable to both de-
crease parasitic capacitance and increase transistor gain.
These advantages are achieved with National’s silicon-gate

CMOS process. To understand exactly how these improve- -

ments occur in silicon-gate CMOS, it is helpful to compare
the process to the metal-gate CMOS process.

Metal-Gate CMOS Processing

Figure 1 through 72 are cross sections of a metal-gate
CMQOS pair of P- and N-channel transistors with associated
guard rings. Guard rings are necessary in metal-gate proc-
essing to prevent leakagé currents between the sources
and drains of separate transistors. The starting material is
an N~ type silicon substrate covered by a thin layer of ther-
mally grown silicon dioxide (SiOy) (Figure 7). Silicon dioxide,
also called oxide acts as both a mask for certain processing
steps " and a dielectric insulator. Figure 2 shows

National Semiconductor
Application Note 310
Kenneth Karakotsios
June 1983

the addition of a lightly doped P— well in which the N-chan-
nel transistors and P+ guard rings will later be located. The
P— well is ion implanted into the substrate. A thin layer of
oxide allows ions to be implanted through it, while a thicker
oxide will block ion implantation.

Next, the oxide over the P— well is stripped, and a new
layer of oxide is grown. Following this, holes are etched into
the oxide where the P+ source, drain, and guard ring diffu-
sions shall occur. The P+ regions are diffused, and then
additional oxide is grown to fill the holes created for diffu-
sion (Figures 3, 4, and 5). The following step is to cut holes
in the oxide to diffuse the N-channel sources, drains and
guard bands. Then oxide is again thermally grown (Figures 6
and 7).

In the following step, the composite mask is created by
again cutting holes in the oxide. This defines the areas
where contacts and transistor gates will occur (Figure 8). A
thin layer of gate oxide is grown over these regions (Figure
9), and alignment of this to the source and drain regions is a
critical step. If the gate oxide overlaps the source or drain,
this will cause additional parasitic capacitance.

Contacts to transistor sources and drains are cut into the
thin oxide where appropriate (Figure 70), and then the inter-
connect metal is deposited (Figure 71). Depositing the metal
over the gate areas is also a critical step, for a misalignment
will cause extra unwanted overlap capacitance. Figure 12
illustrates the final step in processing, which is to deposit an
insulating layer of silicon dioxide over the entire surface of
the integrated circuit.

FIGURE 1. Initial Oxidation, Thermally Grown Silicon

Dioxide Layer on Silicon Substrate Surface
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FIGURE 3. P— Well Oxidation, Thermally Grown Silicon
Dioxide Layer Over P— Well Area

FIGURE 4. P + Mask and Formation of Low Resistance P + Type Pockets in
P— Well and N-Substrate

P+ P+ Sl\Oz P+ P+

TL/L/5044-2
FIGURE 5. P + Oxidation, Thermally Grown Silicon
Dioxide Layer Over P+ Type Pockets

FIGURE 6. N + Mask and Formation of Low Resistance N + Type Pockets in
P— Well and N-Substrate

P+ ‘——N«‘.—\ P+ Si0z N+ P+—\
P-Well

) TL/L/044—3
FIGURE 7. N + Oxidation, Thermally Grown Silicon
Dioxide Layer Over N + Type Pockets
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FIGURE 8. Composite Mask and Openings to N- and
P-Channel Devices
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FIGURE 9. Gate Oxidation, Thermally Grown Silicon Dioxide Layer Over N- and
P-Channel Devices

P+ Si02 N+

L/L/5044—4
FIGURE 10. Contact Mask and Openings to N- and
P-Channel Devices

FIGURE 11. Metallization, Metal Mask, Resulting in
Gate Metal and Metal Interconnects
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' TL/L/5044-5
FIGURE 12. Passivation Oxide, Deposited Silicon
Dioxide Over Entire Die Surface
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Silicon-Gate CMOS Processing

The silicon-gate CMOS process starts with the same two
steps as the metal-gate process, yielding an N— substrate
with an ion-implanted P— well (Figures 13 and 74). That,
however, is where the similarity ends. Next, the initial oxide
is stripped, and another layer of oxide, called pad oxide, is
thermally grown. Also, a layer of silicon nitride is deposited
across the surface of the wafer (Figure 15). The nitride pre-
vents oxide growth on the areas it covers. Thus, in Figure
16, the nitride is etched away wherever field oxide is to be
grown. The field oxide is a very thick layer of oxide, and it is
grown everywhere except in the transistor regions (Figure
17). As an oxide grows in silicon, it consumes the silicon
substrate beneath it and combines it with ambient oxygen to
produce silicon dioxide. Growth of this very thick oxide
causes the oxide to be recessed below the surface of the
silicon substrate by a significant amount. A recessed field
oxide eliminates the need for guard ring diffusions, because
current cannot flow through the field oxide, which complete-
ly isolates each transistor from every other transistor.

The next step is to deposit a layer of polycrystalline silicon,
also called poly, which will form both the gate areas and a
second layer of interconnect (Figure 18). The poly is then
etched, and any poly remaining becomes a gate if it is over
gate oxide, and interconnect if it is over field oxide. A new
layer of oxide is grown over the poly, which will act as an

_insulator between the poly and the metal interconnect (Fig-

ure 19). The poly over the transistor areas is not as wide as
the gate oxide. This allows the source and drain diffusions
to be ion implanted through the gate oxide. The poly gate
itself, along with the field oxide, is used as a mask for im-
plantation. Therefore, the source and drain implants will au-
tomatically be aligned to.the gate poly, which is what makes
this process a self-aligned gate process (Figure 20).

Figure 21 illustrates the steps of cutting contacts into the
insulating layer of oxide, so the metal may be connected to
gate and field poly, as well as to source and drain implants.
A layer of metal is deposited across the entire wafer, and is
etched to produce the desired interconnection. Finally, as in
metal-gate processing, an insulating layer of oxide is depos-
ited onto the wafer (Figure 22).

Advantages of Silicon-Gate Processing

There are three major ways in which silicon-gate processing
reduces parasitic capacitance: recessed field oxide, lower
gate overlap capacitance, and shallower junction depths.
Figures 23 and 24 are cross sections of metal gate and
silicon gate CMOS circuits, respectively. These figures show
the parasitic on-chip capacitances (Gq through Cy) for each
type of process.

The N+ and P+ source and drain regions, as well as guard
ring regions, in the metal-gate process, have two capaci-
tances associated with them: periphery and area capaci-
tances (Cg and C4). These capacitances are associated with
the diode junctions between the P+ regions and the N—

substrate, as well as the N+ regions and P— well. The finer -

line widths of silicon-gate CMOS, coupled with the shallower
junction depths, act to decrease the size of these parasitic
diodes. Capacitance is proportional to diode area, hence

the diode area reduction results in a significantly reduced
parasitic capacitance in silicon-gate CMOS.

Another origin of unwanted capacitance is the area where
the gate overlaps the source and drain regions (C4). The
overlap is much larger in metal-gate processing than in sili-
con-gate CMOS. This is due to the fact that the metal-gate
must be made wider than the channel width to allow for
alignment tolerances. In silicon-gate processing, since the
gate acts as the mask for the ion implantation of the source
and drain regions, there is no alignment error, which results
in greatly reduced overlap.

How does the use of polysilicon gates increase the gain of a
MOSFET? Polysilicon may be etched to finer line widths
than metal, permitting the fabrication of transistors with
shorter gate lengths. The equation that describes the gain
of a MOSFET is shown below:
_ (Beta)(Width) - 2

| a(lenath) (Length) [(Gate Voltage)—-(Threshold Voltage)]
Thus, a decrease in gate length will cause an increase in
current drive capability. This, in turn, will allow the transistor
to charge a capacitance more rapidly, therefore increasing
the gain of the transistor. Also, the gate oxide is thinner for
the silicon-gate CMOS process. A thinner gate oxide in-
creases the Beta term in the equation, which further in-
creases gain. Finally, although it is not apparent from the
processing cross sections, the transistor threshold (turn on)
voltage is lower. This is accomplished by the use of ion
implants to adjust the threshold.

There is one more advantage of silicon-gate processing that

“should be noted: the polysilicon provides for an additional

layer of interconnect. This allows three levels of intercon-
nect, which are metal, polysilicon, and the N+ and P+ ion-
implanted regions. Having these three levels helps to keep
the die area down, since much die area is usually taken up
by interconnection.

When all these advantages are summed up, the result is a
CMOS technology that produces devices as fast as the
equivalent LSTTL device. Figure 25 illustrates a comparison
between the MM74HCO00 buffered NAND gate and the
MM74C00, CD4011B, and DM74LS00 NAND gates. The
MM74HCO00 is about an order of magnitude faster than the
CD4011B buffered NAND gate, and about 5 times faster
than the unbuffered MM74C00, at 15 pF. As load capaci-
tance increases, the speed differential between metal-gate
and silicon-gate CMOS increases, with the MM74HC00 op-
erating as fast as the DM74S00 at any load capacitance.

Summary

Polycrystalline silicon-gate CMOS has many advantages
over metal-gate CMOS. It is faster because on-chip parasitic
capacitances are reduced and transistor gains are in-
creased. This is due mainly to a recessed field oxide and a
self-aligned gate process. Transistor gains are increased by
decreasing transistor lengths and-threshold voltages, and
increasing beta. Polysilicon also allows for an extra layer of
interconnect, which helps to keep die area down.
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FIGURE 13. Initial Oxidation, Thermally Grown Silicon
Dioxide on N— Silicon Substrate

TL/L/5044~6
FIGURE 14. lon-Implanted P— Tub in Which N-Channel

Devices Will Be Located

PAD OXIDE NITRIDE

TL/L/5044~15
FIGURE 15. Initial Oxide Is Stripped, Pad Oxide Is Thermally Grown, and a Layer of Sil-

icon Nitride Is Deposited Across the Surface of the Wafer '

NITRIDE PAD OXIDE

N ~ SUBSTRATE

TL/L/5044-16
FIGURE 16. Nitride Is Stripped in Areas Where Field Oxide is to be Grown. Areas

Covered by Nitride Will Become Transistor Area
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PADOXIDE  NITRIDE

. TL/L/5044-8
FIGURE 17. Field Oxide Is Thermally Grown. The Nitride

Acts as a Barrier to Oxide Growth

GATE OXIDE
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FIGURE 18. Nitride is Stripped, Pad Oxide Is Stripped Over Transistor Areas and a
Thin Gate Oxide Is Grown Polycrystalline Silicon Is Deposited )
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TLIL/5044-9
FIGURE 19. Polysilicon Layer Is Etched to Provide Gate and Interconnect Poly Areas.
New Layer of Oxidation is Grown
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FIGURE 20. N+ and P+ Source and Drain Regions Are lon Implanted, and the
Reoxidation Is Grown Thicker to Form an Insulating Layer

INSULATING
METAL GATE OXIDE
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FIGURE 21. Contact Openings Are Cut in the Insulating Oxide, and a Layer of
Metalization Is Deposited Across the Entire Wafer
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. FIGURE 22. Metal Mask Is Etched to Provide Interconnect. Vapox (SiO5) Is Deposited |
Over Entire Surface of Wafer
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N- SUBSTRATE

FIGURE 23. Cross Section of Metal Gate CMOS Process
Showing Parasitic On-Chip Capacitances

METAL GATE
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FIGURE 24. Cross Section of Silicon Gate CMOS Process Showing Parasitic -
On-Chip Capacitances
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FIGURE 25. Propagation Delay vs. Load Capacitance
for 2-Input NAND Gate
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DC Electrical Characteristics
of MM54HC/MM74HC High-
Speed CMOS Logic

The input and output characteristics of the MM54HC/
MM74HC high-speed CMOS logic family were conceived to
meet several basic goals. These goals are to provide input
current and voltage requirements, noise immunity and qui-
escent power dissipation similar to CD4000 and MM54C/
MM74C metal-gate CMOS logic and output current drives
similar to low power Schottky TTL. In addition, to enable
merging of TTL and HC-CMOS designs, the MM54HCT/
MM74HCT sub family differs only in their input voltage re-
quirements, which are the same as TTL, to ease interfacing
between logic families. .

In order to familiarize the user with the MM54HC/MM74HC
logic family, its input and output characteristics are dis-
cussed in this application note, as well as how these char-
acteristics are affected by various parameters such as pow-
er supply voltage and temperature. Also, for those users
who have been designing with metal-gate CMOS and TTL
logic, notable differences and features of high-speed CMOS
are compared to those logic families.

A Buffered CMOS Logic Family

The MM54HC/MM74HC is a “buffered” logic family like the
CD4000B series CMOS. Buffering CMOS logic merely de-
notes designing the IC so that the output is taken from an
inverting buffer stage. For example, the internal circuit im-
plementation of a NAND gate would be a simple NAND fol-
lowed by two inverting stages. An unbuffered gate would be
implemented as a single stage. Both are shown in Figure 1.
Most MSI logic devices are inherently buffered because
they are inherently multi-stage circuits. Gates and similar
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A -—I A

s—————-—-{ ]

(a)
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small circuits yield the greatest improvement in perform-
ance by buffering.

There are several advantages to buffering this high-speed
CMOS family. By using a standardized buffer, the output
characteristics for all devices are more easily made identi-
cal. Multi-stage gates will have better noise immunity due to
the higher gain caused by having several stages from input
to output. Also, the output impedance of an unbuffered gate
may change with input logic level voltage and input logic
combination, whereas buffered outputs are unaffected by
input conditions.

Finally, single stage gates implemented in MM54HC/
MM74HC CMOS would require large transistors due to the
large output drive requirements. These large devices would
have a large input capacitance associated with them. This
would affect the speed of circuits driving into an unbuffered
gate, especially when driving large fanouts. Buffered gates
have small input transistors and correspondingly small input
capacitance.

One may think that a major disadvantage of buffered circuits
would be speed loss. It would seem that a two or three
stage gate would be two to three times slower than a buff-
ered one. However, internal stages are much faster than the
output stage and the speed lost by buffering is relatively
small.

The one excéption to buffering is the MM54HCU04/
MM74HCUO4 hex inverter which is unbuffered to enable its
use in various linear and crystal oscillator applications.
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TL/F/5052-2

FIGURE 1. Schematic Diagrams of (a) Unbuffered and
(b) Buffered NAND Gate
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CMOS Input Voltage Characteristics

As mentioned before, MM54HC/MM74HC standard input
levels are similar to metal-gate CMOS. This enables the
high-speed logic family to enjoy the same wide noise margin
of CD4000 and MM54C/MM74C logic. With Vg =5V these
input levels are 3.5V for minimum logic “1” (Vjy) and 1.0V
for a logic “0” (V).). The output levels when operated at
Vcc=5V+10% and worst case input levels, are specified
to be Vocc—0.1 or 0.1V. The output levels will actually be
within a few millivolts of either Vg or ground.

When operated over the entire supply voltage range, the
input logic levels are: V|y=0.7Vgc and V| =0.2V¢c. Figure
2illustrates the input voltage levels and the noise margin of
these circuits over the power supply range. The shaded
area indicates the noise margin which is the difference be-
tween the input and output logic levels. The logic “1” noise
margin is 29% of Vgc and the logic “0” noise margin is 19%
of Vcc. Also shown for comparison are the 54LS/74LS in-
put levels and noise margins over their supply range.
These input levels are specified on individual data sheets at
Vcc=2.0V, 4.5V, 6.0V. At 2.0V the input levels are not quite
0.7(Vce) and 0.2(Vcg) as at low voltages transistor turn on
thresholds become significant. This is shown in Figure 2.

Vou=Vec—0.1V

Vin(HC)

-Vig=2V
ViL=0.2 Vo
s v =08V
VoL=0.4V
VoL=0.1V

INPUT/OUTPUT VOLTAGE (V)
©w

2 3 4 5 6

POWER SUPPLY VOLTAGE (V) TL/F/5052-3

FIGURE 2. Worst Case Input and Output Voltages Over
Operating Supply Range for “HC” and “LS” Logic

The input and output logic voltages and their behavior with’

temperature variation is determined by the input to output
transfer function of the logic circuit. Figure 3a shows the
transfer function of the MM54HC00/MM74HC00 NAND
gate. As can be seen, the NAND gate has V¢c and ground

output levels and a very sharp transition at about 2.25V. °

Thus, good noise immunity is achieved, since input noise of
a volt or two will not appear on the output. The transition
point is also very stable with temperature, drifting typically
50 or so millivolts over the entire temperature range. As a
comparison, the transfer function for a 54L.S00/74LS00 is
plotted in Figure 3b. LSTTL output transitions at about 1.1V
and the transition region varies several hundred millivolts
over the temperature range. Also, since the transition region
is closer to the low logic level, less ground noise can be
tolerated on the input.

In typical systems, noise can be capacitively coupled to the
signal lines. The amount of voltage coupled by capacitively
induced currents is dependent on the impedance of the out-
put driving the signal line. Thus, the lower the output imped-
ance the lower the induced voltage. High-speed CMOS ' of-
fers improved noise immunity over CD4000 in this respect
because its output impedance is one tenth that of CD4000
and so it is about 7 times less susceptible to capacitively
induced current noise.
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FIGURE 3. Input/Output Transfel:‘Charactérlstlcs for (a)
'HC00 and (b) 'L.S00 Nand Gate

The MM54HCT/MM74HCT sub-family of MMS54HC/
MM74HC logic provides TTL compatible input logic voltage
levels. This will enable TTL outputs to be guaranteed to
correctly drive CMOS inputs. An incompatibility results be-
cause TTL outputs are only guaranteed to pull to a 2.7V
logic high level, which is not high enough to guarantee a
valid CMOS logic high input. To design the entire family to
be TTL compatible would compromise speed, input noise
immunity and circuit size. This sub-family can be used to
interface sub-systems implemented using TTL logic to
CMOS sub-systems. The input level specifications of
MMS54HCT/MM74HCT circuits are the same as LSTTL. Min-
imum input high level is 2.0V and the maximum low level is
0.8V using a 5V+10% supply.

A fairly simple alternative to interfacing from LSTTL is to tie
a pull-up resistor from the TTL output to V¢, usually 4-10
kQ. This resistor will ensure that TTL will pull up to Vcc.
(See Interfacing MM54HC/MM74HC High-Speed CMOS
Logic application note.) -

High-Speed CMOS Input Current and Capacitance

Both standard “HC” and TTL compatible “HCT” circuits
maintain the ultra low input currents inherent in CMOS cir-
cuits when CMOS levels are applied. This current is typically
less than a nanoamp and is due to reverse leakages of the
input protection diodes. Input currents are so small that they
can usually be neglected. Since CMOS inputs present es-
sentially no load, their fanout is nearly infinite.




Each CMOS input has some capacitance associated with it,
as do TTL inputs. This capacitance is typically 3-5 pF for
MMS54HC/MM74HC, and is due to package, input protection
diode, and transistor gate capacitances. Capacitance infor-
mation is given in the data sheets and is measured with all
pins grounded except the test pin. This method is used he-
cause it yields a fairly conservative result and avoids capaci-
tance meter and power supply ground loops and decoupling
problems. Figure 4 plots typical input capacitance versus
input voltage for HC-CMOS logic with the device powered
on. The small peaking at 2.2V is due to internal Miller feed-
back capacitance effects. :

When comparing MM54HC/MM74HG input currents to TTL
logic, 54LS/74LS does need significantly more input cur-
rent. LSTTL requires 400 pA of current when a logic low is
applied and 40 pA in the high state which is significantly
more than the worst case 1 pA leakage that MM54HC/
MM74HC has.
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FIGURE 4. Input Capacitance vs. Input Voitage for a
Typical Device

MM54HC/MM74HC Power Supply Voitage and
Quiescent Current

Figure & compares the operating power supply range of
high-speed CMOS to TTL and metal-gate CMOS. As can
be seen, MM54HC/MM74HC can operate at power supply
voltages from 2-6V. This range is narrower than the 3-15V
range of CD4000 and MM54C/MM74C CMOS. The narrow-
er range is due to the silicon-gate CMOS process employed
which has been optimized to attain high operating frequen-
cies at Vcg=5V. The 2-6V range is however much wider
than the 4.5V to 5.5V range specified for TTL circuits, and
guaranteeing operation down to 2V is useful when operating
CMOS off batteries in portable or battery backup applica-
tions.

The quiescent power supply current of the high-speed
CMOS family is very similar to CD4000 and MM54C/
MM74C CMOS. When CMOS circuits are not switching
there is no current path between Vg and ground, except
for leakage currents which are typically much less than 1
KA. These are due to diode and transistor leakages.
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FIGURE 5. Comparison of Supply Range for
“HC”, “LS” and Metal-Gate
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FIGURE 6. Typical Quiescent Supply Current
Varlation with Temperature

Figure 6 illustrates how this leakage increases with temper-

ature by plotting typical leakage current versus temperature -

for an MSI and SSI device. As a result of this temperature
dependence, there is a set of standardized Igc specifica-
tions which specify higher current at elevated temperatures.
A summary of these specifications are shown in Table 1.

TABLE 1. Standardized Icc Specifications for
MM54HC/MM74HC Logic at 25°C, 85°C and 125°C at

Vee=6.0V
Temperature Gates Flip-Flops MSI
25°C 2 pA 4 pA 8 pA
85°C 20 pA 40 pA 80 pA
125°C 40 uA 80 pA 160 pA
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Output Characteristics

One of the prime advantages of MM54HC/MM74HC over
metal-gate CMOS (besides speed) is the output drive cur-
rent, which is about ten times CD4000 or MM54C/MM74C
logic. The larger output current enables high-speed CMOS
to directly drive large fanouts of 54LS/74LS devices, and
also enables HC-CMOS to more easily drive large capaci-
tive loads. This improvement in output drive is due to a vari-
ety of enhancements provided by the silicon-gate process
used. The basic current equation for a MOSFET is:

1= (Beta)(Width/ Length)((vg-vovd-o.SNS))
Where Vj is the transistor gate voltage, Vi is the transistor
threshold voltage, and Vyq is the transistor drain voltage
which is equivalent to the circuit output voltage. This CMOS
process, when compared to metal-gate CMOS, has in-
creased transistor gains, Beta, and lower threshold volt-
ages, Vi. Also, improved photolithography has reduced the
transistor lengths, and wider transistors are also possible
because of tighter geometries.
Figure 7 compares the output high and low current specifi-
cations of MM74HC, 74LS and metal-gate CMOS for stan-
dard device outputs. High-speed CMOS has worst case out-
put low current of 4 mA which is similar to low power
Schottky TTL circuits, and offers symmetrical logic high and
low currents as well. In addition, CMOS circuits whose func-
tions make them ideal for use driving large capacitive loads
have a larger output current of 6 mA. For example, these
bus driver outputs are used on the octal flip-flops, latches,
buffers, and bidirectional circuits.

OUTPUT CURRENT

74HC-CMOS  74LSTTL CD4000 OR
74C-CMOS

TL/F/5052~-9

FIGURE 7. Comparison of 74HC, 74LS and CD4000/ 74C
Output Drive Currents, loy and lg

Table 2 summarizes the various output current specifica-
tions for MM54HC/MM74HC CMOS -along with their equiva-
lent LSTTL fanouts. As Table 2 shows, the output currents
of the MM54HC/MM74HC devices are derated from the
MM?74HC devices. The derating is caused by the decrease
in current drive of the output transistors as temperature is
increased. To show this, Figure 8 plots typical output source
and sink currents against temperature for both standard and
bus driver circuits. This variation is similar to that found in
metal-gate CMOS, and so the same —0.3% per °C derating
that is used to approximate temperature derating of CD4000
and MM54C/MM74C can be applied to 54HC/74HC. As an
example, the approximate worst case 25°C current drive

.one would expect by using the 4 mA 85°C data sheet num-

ber would be about 4 mA at Voyt=0.26V, and this is what
is specified in the device data sheets.
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" FIGURE 8. Typical Output (a) Source and (b) Sink
Current Temperature for Standard and Bus Outputs

TABLE 2. Data Sheet Output Current Specifications

for MM54HC/MM74HC Logic
Device Output High Output Low LSTTL
Vec=4.5V Current Current Fanout
Standard 54HC | 4.0 mA (Vour=3.7V) | 4.0 mA (Vout=0.4V) 10
Bus Driver 54HC | 6.0 mA (Vout=3.7V) | 6.0 mA (Vour=0.4V) 15
Standard 74HC | 4.0 mA (VoyTr=3.94) | 4.0 mA (VoyT=0.33V) 10
Bus 74HC 6.0 mA (VouT=23.94) | 6.0 mA (VoyT=0.33V) 15
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The data sheet specifications for output current are mea-
sured at only one output voltage for either source or sink
current for each of three temperature ranges, room, com-
mercial, and military. The outputs can supply much larger
currents if larger output voltages are allowed. This is shown
in Figures 9 and 10, which plot output current versus output
voltage for both N-channel sink current and P-channel
source current. Both standard and bus driver outputs are
shown. For example, a standard output would typically sink
20 mA with VoL =1V, and typically capable of a short circuit
current of 50 mA.
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FIGURE 9. Typical P-Channel Output Source Current vs.
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The output current and voltage characteristics of a logic cir-
cuit determine how well that circuit will switch its output
when driving capacitive loads and transmission lines. The
more current available, the faster the load can be switched.
In order for HC-CMOS to achieve LSTTL performancs, the
outputs should have characteristics similar to LSTTL. This
similarity is illustrated in Figure 71 by plotted typical LSTTL
and HC-CMOS output characteristics together.

As the supply voltage is decreased, the output currents will
decrease. Figure 72a plots the output sink current versus
power supply voltage with a 0.4V output voltage, and Figure
12b plots output source current against power supply with
an output voltage of Vcc—0.8V. It is interesting to note that
MM54HC/MM74HC powered at Voo =3V, typically, will still
drive 10 LSTTL inputs (T=25°C).

Absolute Maximum Ratings

Absolute maximum ratings are a set of guidelines that de-
fine the limits of operation for the MM54HC/MM74HC logic
devices. To exceed these ratings could cause a device to
malfunction and permanently damage itself. These limits
are tabulated in Table 3, and their reasons for existing are
discussed below.

The largest power supply voltage that should be applied to a
device is 7V. If larger voltages are applied, the transistors
will breakdown, or “punch through”. The smallest voltage
that should be applied to a MM54HC/MM74HC circuit is
—0.5V. If more negative voltages are applied, a substrate
diode would become forward biased. In both cases large
currents could flow, damaging the device.
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FIGURE 10. Typical N-Channel Output Sink Current vs. Output Voltage
for (a) Standard and (b) Bus Outputs
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FIGURE 12. Output (a) Sink and (b) Source Current
Variation with Power Supply

High-speed CMOS inputs should not have DC voltages ap-
plied to them that exceed Vg or go below ground by more
than 1.5V. To do so would forward bias input protection di-
odes excessive currents which may damage them. In actu-
ality the diodes are specified to withstand 20 mA current.
Thus the input voltage can exceed 1.5V if the designer limits
his input current to less than 20 mA. The output voltages
should be restricted to no less than —0.5V and no greater
than Vg +0.5V, or the current must be limited to 20 mA.
The same limitations on the input diodes apply to the out-
puts as well. This includes both standard and TRI-STATE
outputs. These are DC current restrictions. In normal high
speed systems, line ringing and power supply spiking una-
voidably cause the inputs or outputs to glitch above these
limits. This will not damage these diodes or internal circuitry.
The diodes have been specifically designed to withstand
momentary transient currents that would normally occur in
high speed systems.

Additionally, there is a maximum rating on the DC output or
supply currents as shown in Table 3. This is a restriction
dictated by the current capability of the integrated circuit
metal traces. Again this is a DC specification and it is ex-
pected that during switching transients the output and sup-
ply currents could exceed these specifications by several
times these numbers.

For most CD4000 and MM54C/MM74C CMOS operating at

- Vec=15V, the designer does not need to worry about exces-

sive output currents, since the output transistors usually
cannot source or sink enough current to stress the metal or
dissipate excessive amounts of power. The high-speed
CMGOS devices do have much improved output characteris-
tics, so care should be exercised to ensure that they do not
draw excessive currents for long durations, i.e., greater than
0.1 seconds. It is also important to ensure that internal dissi-
pation of a circuit does not exceed the package power dissi-
pation. This will usually only occur when driving large cur-
rents into small resistive loads.

TABLE 3. Absolute Maximum Ratings for
MM54HC/MM74HC CMOS Logic

Symbol Parameter

Value Unit

Vce DC Supply Voltage

—05t07.0 \

" VIN DC Input Voltage

—1.5to Vg +1.5 Vv

Vout DC Output Voltage

—05t0Vgo+05 | V

+ A

lout DC Current, Per Output Pin Standa‘rd 2 m
Bus Driver +35 mA
Stand +50 A

Icc DC V¢ or Ground Current tan a.rd S m
Bus Driver +70 mA
ik lok Input or Output Diode Current . +20 mA
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MM54HC/MM74HC Input Protection

As with any circuits designed:with MOS transistors “HC"
logic must be protected against damage due to excessive
electrostatic discharges, which can sometimes occur during
handling and assembly procedures. If no protection were
provided, large static voltages appearing across any two
pins of a MOS IC could cause damage. However, the new
input protection which takes full advantage of the “HC" sili-
con-gate process has been carefully designed to reduce the
susceptibility of these high-speed CMOS circuits to oxide
rupture due to large static voltages. In conjunction with the
input protection, the output parasitic diodes also protect the
circuit from large static voltages occuring between any in-
put, output, or supply pin.

Figure 13 shows a schematic of the input protection network ‘

employed. The network consists of three elements: a poly-
silicon resistor, a diode connected to Vcg, and a distributed
diode-resistor connected to ground. This high-speed proc-
ess utilizes the poly resistor to more effectively isolate the
input diodes than the diode-resistor used in metal-gate
CMOS. This resistor will slow down incoming transients and
dissipate some of their energy. Connected to the resistor
are the two diodes which clamp the input spike and prevent

large voltages from appearing across the transistor. These
diodes are larger than those used in metal-gate CMOS to
enable greater current shunting and make them less sus-
ceptable to damage. The input network is ringed by Vg and
ground diffusions, which prevent substrate currents caused
by these transients from affecting other circuitry.

The parasitic output diodes (Figure 13) that isolate the out-
put transistor drains from the substrate are also important in
preventing damage. They clamp large voltages that appear
across the output pins. These diodes are also ringed by Vo
and ground diffusions to again shunt substrate currents,
preventing damage to other parts of the circuit.

Summary

The MM54HC/MM74HC, because of many process en-
hancements, does provide a combination of features from
54L.S/74LS and metal-gate CMOS logic families. High-
speed CMOS gives the designer increased flexibility in pow-
er supply range over LSTTL, much larger output drive than
CMOS has previously had, wider noise immunity than 54LS/
74LS, and low CMOS power consumption.

vee
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POLY-
SILICON DIODE DIODES
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INPUT }-e b QUTPUT
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DIODE 4
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TL/F/5052-20

FIGURE 13. Schematic Diagram of Input and Output Protection Structures

>
<
i
w
-
w

2-21




AN-314

Interfacing ‘t'o MM54HC/

MM74HC High-Speed CMOS

Logic

On many occasions it ‘might be necessary to interface ,

MM54HC/MM74HC logic to other types of logic or to some
other control circuitry. HC-CMOS can easily be interfaced to
any other logic family including 54LS/74LS TTL, MM54C/
MM74C, CD4000 CMOS and 10,000 ECL logic. Logic inter-

facing can be sub-divided into two basic categories: inter- -

facing circuitry operating at the same supply voltage and
interfacing to circuitry operating on a different voltage. in the
latter case, some logic level translation is usually required,
but many easily available circuits simplify this task. Usually,
both instances require little or no external circuitry.

Interfacing Between TTL and MM54HC/MM74HC Logic
This high-speed CMOS family can operate from 2—-6V, how-
ever, in most applications which interface to TTL, both logic
families will probably operate off the same 5V TTL supply.
The interconnection can be broken down into two cate-
gories: TTL outputs driving CMOS inputs, and CMOS out-
puts driving TTL inputs. In both cases the interface is very
simple.

In the first case, TTL driving HC, there are some minor dif-
ferences in TTL specifications for totem-pole outputs and
high-speed CMOS input specifications. The TTL output low
level is completely compatible with the MM54HC/MM74HC
input low, but TTL outputs are specified to have an output
high level of 2.4V (2.7V for LSTTL). High-speed CMOS’s

vce

D2

OUTPUT

03

(a)
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logic “1” input level is 3.5V (Vcg=5.0V), so TTL is not guar-

- anteed to pull a valid CMOS logic “1” level. If the TTL circuit

is only driving CMOS, its output voltage is usually about
3.5V. HC-CMOS typically recognizes levels greater than 3V
as a logic high, so in most instances TTL can drive
MM74HC/MM54HC.

To see why TTL does not pull up further, Figure 1a shows a
typical standard TTL gate’s output schematic. As the output
pulls up, it can go no higher than two diode voltage drops
below Vgg due to Q2 and D2. So when operating with a 5V
supply, the TTL output cannot go much higher than about
3.5V. Figure 1b shows an LSTTL gate, which has an output
structure formed by Q2 and Q4. As the LSTTL output goes
high, these two transistors cannot pull higher than two base-
emitter voltage drops below Vg, and, as above, the output
cannot go much higher than 3.5V. If the output of either the
LSTTL or TTL gate is loaded or the off sink transistor has
some collector leakages, the output voltage will be lower.
Many LSTTL and ALSTTL circuits take R2 of Figure 2b and
instead of connecting it to ground, it is connected to the
output. This enables the TTL output to go to 4.3V
(Vco=15.0V) which is more'than adequate to drive CMOS. A
simple measurement of open circuit Vo can verify this cir-
cuit configuration.

vce
R1
02
0
A2 & outeur
3
A4
<«
.
- TL/F/5053~1
(b)

FIGURE 1. Schematic Diaérams for Typical (a) Standard and
(b) Low Power Schot*y TTL Outputs
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. Since LSTTL specifications guarantee a 2.7V output high
level instead of a 3.5V output high, when designing to the
worst case characteristics greater compatibility is some-
times desired. One solution to increase compatibility is to
raise the output high level on the TTL output by placing a
pull-up resistor from the TTL output to Vgg, as shown in
Figure 2. When the output pulls up, the resistor pulls the
voltage very close to Vcg. The value of the resistor should
be chosen based on the LSTTL and CMOS fanout of the LS
gate. Figure 3 shows the range of pull-up resistors values
versus LS fanout that can be used. For example, if an
LSTTL device is driving only CMOS circuits, the resistor val-
ue is chosen from the left axis which corresponds to a zero
LSTTL fanout.

A second solution is to use one of the many MM54HCT/
MM74HCT TTL input compatible devices. These circuits
have a specially designed input circuit that is compatible
with TTL logic levels. Their input high level is specified at
2.0V and their input low is 0.8V with Vcg=5.0V £10%. Thus
LS can be directly connected to HC logic and the extra pull-
up resistors can be eliminated. The direct interconnection of
the TTL to CMOS translators is shown in Figure 4.

If TTL open collector outputs with a pull-up resistor are driv-
ing MM54HC/MM74HC logic, there is no interface circuitry
needed as the external pull-up will pull the output to a high
level very close to Vgg. The value of this pull-up for LS
gates has the same constraints as the totem-pole outputs
and its value can be chosen from Figure 2 as well. The
special TTL to CMOS buffers may also be used in this case,
but they are not necessary.

16

14 A
9:‘ 12 \
g 10}
- \ MAXIMUM RESISTANCE _|
g 8 - . ‘\ BASED ON INPUT HIGH _|
w A CURRENTS
o= - /‘
e § |USEFUL
3 | PULL-UP RESISTOR ~hw._|/ /
= COALBES | | Lo 7
= MIMINUM RESISTANGE. BﬁSED N,

5 [SIVKCURRENT CMITATIONS [~

G IR l P
t T

0 4 8 12 16 20

LSTTL FANOUT
TL/F/5053-2
FIGURE 3. Range of Pull-Up Resistors for Low
Power Schottkey TTL to CMOS Interface

When MM54HC/MM74HC outputs are driving TTL inputs,
as shown in Figure 5, there is no incompatibility. Both the
high and low output voltages are compatible with TTL. The
only restriction in high-speed CMOS driving TTL is the same
fanout restrictions that apply when TTL is driving TTL.

/7~ st
HC-CMOS INPUT

f TYPICAL ' ‘vee
LSTTL DUTPUT
vee
‘ p
< R

FIGURE 2. Interfacir;g LSTTL Outputs to Standard

<

J

TL/F/5053-3

CMOS Inputs Using a Pull-Up Resistor
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Vee=5V
4 TYPICAL \ . 4 STANDARD \
LSTTL OUTPUT } HC-CMOS INPUT
<
b2 . TILTO
91 CMDS LEVEL
. 1 TRANSLATOR
L L~ L
MMB4HCT/
MM74HCT =
STTL LOGIC HC-CMOS LOGIC.

' TL/F/5053-4

FIGURE 4. LSTTL Outputs Directly Drives MM54HCT/MM74HCT Logic
Directly Which Can Interface to MM54HC/MM74HC

1

/ TYPICAL \ VegabY EQUIVALENT
HC-CMOS OUTPUT “l' : L8TTL INPUT

vee

T

HIGH-SPEED L LSTTL LOGIC
CMOS LOGIC =
. TL/F/5053-5
FIGURE 5. High-Speed CMOS Can Directly Connect Up
to LSTTL Within its Fanout Restrictions
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High-speed CMOS has much improved output drive com-
pared to CD4000 and MM54C/MM74C metal-gate CMOS
logic. Figure 6 tabulates the fanout capabilities for this fami-
ly. MM54HC/MM74HC standard outputs have a fanout ca-
pability of driving 10 LSTTL equivalent load and MM74HC
bus driver outputs can drive up to 15 LSTTL inputs. It is
unlikely that greater fanouts will be necessary, but several
gates can be paralleled to increase output drive.

MM54HC/MM74HC and NMOS/HMOS Interconnection

With the introduction of CMOS circuits that are speed-equiv-
alent to LSTTL, these fast CMOS devices will replace much
of the bipolar support logic for many NMOS and HMOS mi-
croprocessor and LSl circuits. As a group, there is no real
standard set of input and output specifications, but most
NMOS circuits conform to TTL logic input and output logic
level specifications.

NMOS outputs will typically pull close to Vgg. As with
LSTTL, standard MM54HC/MM74HC CMOS inputs will
typically accept NMOS outputs directly. However, to
improve compatibility the MM54HCT/MM74HCT series of
TTL compatible circuits may be used. These devices are
‘particularly useful in microprocessor systems, since many
of the octal devices are bus oriented and have pin-outs
with inputs and outputs on opposite sides of the package.
As with LSTTL, a second solution is to add a pull-up
resistor between the NMOS output and Vgg. Both methods
are shown in Figure 7.
MM54HC/MM74HC outputs can directly drive NMOS in-
puts. In fact, this situation is the same as if high-speed
- CMOS was driving itself. NMOS circuits have near zero in-
put current and usually have input voltage levels that are
TTL compatible. Thus MM54HC/MM74HC needs no addi-
tional circuitry to drive NMOS and there is also virtually no
DC fanout restriction.

Interfacing High-Speed CMOS to MM54C/MM74C,
CD4000 and CMOS-LSI

MM54HC/MM74HC CMOS and metal-gate CMOS logic in-
terconnection is trivial. When both families are operated for

the same power supply, no interface circuitry is needed.
MM54HC/MM74HC, CD4000 and MM54C/MM74C logic
families are completely input and output logic level compati-
ble. Since both families have very low input currents, there
is‘essentially no fanout limitations for either family.

The same input and output compatibility of the HC-CMOS
makes it also ideal for use interfacing to CMOS-LSI circuits.
For example, MM54HC/MM74HC can be directly connect-
ed to the NSC800, and 80C48 microprocessors and other
P2CMOS products, as well as CMOS telecommunications

_ products.

MM54HC/MM74HC to ECL Interconnection

There may be some instances where an ECL logic system
must be connected to high-speed CMOS logic. There are
several possible methods to interconnect these families.
Figure 8 shows one method which uses the 10125/10525
ECL to TTL interface circuit to go from ECL to HC-CMOS
logic and the 10124/10524 to connect CMOS outputs to
ECL inputs. These devices allow the CMOS to operate with
Voo =25V while the ECL circuitry uses a —5.2V supply.

An alternate approach would be to operate the CMOS from
the —5.2V ECL supply as shown in Figure 9. Thus CMOS
outputs could be directly connected to ECL inputs.

Logic interfaces Requiring Level Translation

There are many instances when interfacing from one logic
family to another that the other logic family will be operating

" from a different power supply voltage. If this is the cass, a
level translation must be accomplished. There are many dif-
ferent permutations of up and down level conversions that
may be required. A few of the more likely ones are dis-
cussed here.

HC-CMOS Equivalent LSTTL TTL S-TTL ALS-TTL
Fanouts Min | Typ | Min | Typ [ Min | Typ | Min | Typ
Standard Output '
MM54HC/MM74HC 10 20 2 4 2 4 20 40
Bus Driver Output
MM54HC/MM74HC 15 30 4 8 3 6 30 60

FIGURE 6. Equivalent Fanout Capabilities of
High-Speed CMOS Logic
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FIGURE 7. Improved Compatibility NMOS to CMOS Connection Using
(a) TTL Input Compatible Devices or (b) External Pull-Up Resistors
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FIGURE 8. MM54HC/MM74HC to ECL and ECL to HC-CMOS Interface
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FIGURE 9. HC-CMOS Driving ECL Logic from Same Power Supply

2-27

>
<
1

W
hr
E -




AN-314

If MM54HC/MM74HC is operated in a battery back up appli-
cation for a TTL system, high-speed CMOS may be operat-
ed at Vgc=2-3V and can be connected to 5V TTL. CMOS

. operating at 3V can be directly connected to TTL since its

input and output levels are compatible with TTL, and the

Vge=5v

-
=
s
[}
>
=

|
LSTTL OUTPUT

[—- veo

AA l

vV

TTL output levels are compatible with CMOS inputs, as
shown in Figure 10. When high-speed CMOS is operated at
2V, the TTL outputs will exceed the CMOS power supply
and the CMOS outputs will just barely pull high enough to
drive TTL, so some level translation will be necessary.

Vec=3v

( TYPIC \

PICAL
_ HC-CMOS INPUT

o)

=)

=

=

___

LSTTL LOGIC HC-CMOS LOGIC
TL/F/5053-10
(a)
vee=3V vee=5v
HC-CMOS OUTPUT / EQUIVALENT \
LSTTL INPUT
, L ——————
>
$
< REQ
< >
) HC-CMOS LOGIC CMOS TO LSTTL LSTTL LOGIC
' . TL/F/5053-11
(b)

FIGURE 10. When HC-CMOS Is Operating At Vgc =3V
No Logic Level Conversion Circuitry Is Needed
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CD4000 and MM54C/MM74C metal-gate CMOS logic can will have to be down converted to 5V high-speed CMOS - 2
be operated over a wider supply range that MM54HC/ levels. Figure 11 shows several possible down conversion |
MM74HC, and because of this there will be instances when techniques using either a CD4049, CD4050, MM54HC4049, w
metal-gate CMOS and HC-CMOS will be operated off differ- MM54HC4050, or MM54C906. —h
ent supply voltages. Usually 9V to 15V CD4000 logic levels L
vee=5v
Vee=9-15V
TYPICAL V91
CMOS QUTPUT HC-CMUScllAl'iTPUI
74C901
74£902
CD4049
CD4050
54HC4049 o
54HC4050

{E— NaEE,

—— \\ ______ .__..//
\___ = \ J
STANDARD CMOS LOGIC HC-CMOS LOGIC
TL/F/5053-12
(a)
vee=9-15V vee=5v
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CMOS QUTPUT HC-CMOS INPUT
P 4
S Rt

N/

Gl B
- | by

\'_j__/ |

STANDARD CMOS LOGIC -l- " HC-CMOS LOGIC

TL/F/5053-13

(b)

FIGURE 11. CD4000 or 74C Series CMOS to HC-CMOS Connection with Logic
Level Conversion Using (a) Special Down Converters or (b) Open Drain CMOS

2-29



AN-314

Since CMOS has a high input impedance, another possibili- Up conversion from MM54HC/MM74HC to metal-gate
ty is to use a resistor voltage divider for down level conver- CMOS can be accomplished as shown in Figure 13. Here an
sion as shown in Figure 12. Voltage dividers will, however, MM54C906 open drain buffer with a pull-up resistor tied to
dissipate some power. the larger power supply is used.
vee=5V
veg=9-15V

TYPICAL
HC-CMOS INPUT

i}
[ L1
i

STANDARD CMOS LOGIC HC-CMOS LOGIC
TL/F/5053-14
FIGURE 12. CMOS to “HC” CMOS Logic Level Translation
Using Resistor Divider

Vee=5v vee=9-15V

/ TYPICAL \ / TYPICAL \
HC-CMOS DUTPUT CMOS INPUT

. . v I‘EL
Lo g

A
\4

£

=

HC-CMOS LOGIC L STANDARD CMOS LOGIC

TL/F/5053-15
FIGURE 13. HC-CMOS to CD4000 or 74C Series CMOS Connection with
Logic Level Conversion Using an Open Drain CMOS Circuit ~
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FIGURE 14. Interfacing Between HC-CMOS and High Voltage Control Logic

High Voltage and Industrial Control Interfaces

On occasion, interfacing to industrial and automotive control
systems may be necessary. If these systems operate within
the metal-gate CMOS supply range, interfacing MM54HC/
MM74HC to them is similar to interfacing to CD4000 operat-
ing at a higher supply. In rugged industrial environments,
care may be required to ensure that large transients do not
harm the CMOS logic. Figure 14 shows a typical connection
to a high voltage system using diode clamps for input and
output protection.

The higher drive of HC-CMOS can enable direct connection
to relay circuits, but additional isolation is recommended.
Clamp diodes should again be used to prevent spikes gen-
erated by the relay from harming the CMOS device. For
higher current drive an external transistor may be used to
interface to high-speed CMOS. Both of these are shown in
Figure 15. Also, the higher drive enables easy connection to
SCR’s and other power control semiconductors as shown in
Figure 16.

Conclusion

Interfacing between different logic families is not at all diffi-
cult. In most instances, when no logic level translation be-
tween is done, no external circuitry is needed to intercon-
nect logic families. Even though the wide supply range of
MM54C/MM74C and CD4000 creates many possible logic
level conversion interface situations, most are easily han-
dled by employing a minimum of extra circuitry. Additionally,
several special interface devices also simplify logic level
conversion.
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FIGURE 15. Interfacing MM54HC/MM74HC to Relays
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FIGURE 16. MM54HC/MM74HC Driving an SCR
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AC Characteristics of
MM54HC/MM74HC
High-Speed CMOS

When deciding what circuits to use for a design, speed is
most often a very important criteria. MM54HC/MM74HC is
intended to offer the same basic speed performance as low
power Schottky TTL while giving the designer the low power
and high noise immunity characteristics of CMOS. In other
words, HC-CMOS is about ten times faster than CD4000
and MM54C/MM74C metal-gate CMOS logic. Even though
HC-CMOS logic does have speeds similar to LSTTL, there

are some differences in-how this family’s speeds are speci-

fied, and how various parameters affect circuit performance.

To give the designer an idea of the expected performance,
this discussion will include how the AC characteristics of
high-speed CMOS are specified. This logic family has been
specified so that in the majority of applications, the specifi-
cations can be directly applied to the design. Since it is
impossible to specify a device under all possible situations,

performance variations with power supply, loading and tem- -

perature are discussed, and several easy methods for de-
termining propagation delays in nearly any situation are also
described. Finally, it is useful to compare the performance
of HC-CMOS to 54LS/74LS and to CD4000.

Data Sheet Specifications

Even though the speeds achieved by this high-speed CMOS
family are similar to LSTTL, the input, output and power
supply characteristics are very similar to metal-gate CMOS.
Because of this, the actual measurements for various timing
parameters are not done the same way as TTL. The
MM54HCT/MM74HCT TTL input compatible circuits are an
exception.

Standard HC-CMOS AC specifications are measured at
Vcc=2.0V, 4.5V, 6.0V for room, military and commercial
temperature ranges. Also HC is specified with LS equivalent
supply (5.0V) and load conditions to enable proper compari-
son to low power Schottkey TTL. Input signal levels are
ground to Vg with rise and fall times of 6 ns (10% to 90%).
Since standard CMOS logic has a logic trip point at about
mid-supply, and the outputs will transition from ground to
Vg, timing measurements are made from the 50% points
on input and output waveforms. This is shown in Figure 1.
Using the mid-supply point gives a more accurate represen-
tation of how high-speed CMOS will perform in a CMOS
system. This is different from the 1.3V measurement point
and ground to 3V input waveforms that are used to measure
TTL timing. )

This output loading used for data sheet specifications fall
into two categories, depending on the output drive capability
of the specific device. The output drive categories are stan-
dard outputs (lo,=4 mA) and bus driver outputs
(loL=6 mA). Timing measurements. for standard outputs

are made using a 50 pF load. Bus driver circuits are mea-.

sured using both a 50 pF and 150 pF load. In all AC tests,
the test load capacitance includes all stray and test jig ca-
pacitances.

TRI-STATE® measurements where the outputs go from an
active output level to a high impedance state, are made
using the same input waveforms described above, but the
timing is measured to the 10% or 90% points on the output

~waveforms. The test circuit load is composed of a 50 pF

capacitor and a 1 kQ resistor. To test tpyz, the resistor is

National Semiconductor
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swiched to ground, and for tp 7 it is switched to Vgc. The
TRI-STATE test circuit and typical timing waveforms are
shown in Figure 2. ' .

Measurements, where the output goes from the high imped-
ance state to active output, are the same except that mea-
surements are made to the 50% points and for bus driver
devices both 50 pF and 150 pF capacitors are used.

—
5V —
INPUT
10% 10%
OV eme——'
Vo —
QUTPUT . —50%
N | tPHL -]
VoL
TL/F/5067~1
(a)
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INPUT
(CLOCK)

ov

5V—
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(DATA, J, K, ETC.)

OUTPUT 50%

*NOTE: tw COULD BE EITHER

VoL POSITIVE OR NEGATIVE PULSE
DEPENDING ON SPECIFICATION
TL/F/5067-2
(b)
5V
TEST
DEVICE
vee
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GEN.
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N out TO POINT
GND I oL

CL=50pF (STANDARD DEVICE)
CL=50 or 150 pF (BUFFER DEVICE)
(@)

FIGURE 1. Typical Timing Waveform for (a) Propagation
Delays, and (b) Clocked Delays. Also Test
Circuit (c) for These Waveforms (t;=t;=6 ns)

TL/F/5067-3
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FIGURE 2. Typical TRI-STATE (a) Timing Waveforms
and (b) Test Circuit R

Note: Some early data sheets used a different test circuit. This has been
changed or will be changed.

The MM54HCT/MM74HCT TTL input compatible devices
are intended to operate with TTL devices, and so it makes
sense to specify them the same way as TTL. Thus, as
shown in Figure 3, typical timing input waveforms use 0-3V
levels and timing measurements are made from the 1.3V
levels on these signals. The test circuits used are the same
as standard HC input circuits. This is shown in Figure 3.
These measurements are compatible with TTL type speci-
fied devices.

Specifying standard MM54HC/MM74HC speeds using 2.5V
input measurement levels does represent a specification in-
compatibility between TTL and most RAM/ROM and micro-
processor speed specifications. It should not, however,
present a design problem. The timing difference that results
from using different measurement points is the time it takes
for an output to make the extra excursion from 1.3V to 2.5V.
Thus, for a standard high-speed CMOS output, the extra
transition time should result, worst case, in less than a 2 ns
increase in the circuit delay measurement for a 50 pF load.
Thus in speed critical designs adding 1-2 ns safely enables
proper design of HC into the TTL level systems.

Power Supply Affect on AC Performance

The overall power supply range of MM54HG/MM74HC logic
is not as wide as CD4000 series CMOS due to performance
optimization for 5V operation; however, this family can oper-
ate over a 2-6V range which does enable some versatility,
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FIGURE 3. Typical Timing Waveforms for (a)
Propagation Delays, and (b) Clocked Delays for 54HCT/
74HCT Devices (t;=t;=6ns)

especially when battery operated. Like metal-gate CMOS,
lowering the power supply voltage will result in increased
circuit delays. Some typical delays are shown in Figure 4. As
the supply voltage is decreased from 5V to 2V, propagation
delays increase by about two to three times, and when the
voltage is increased to 6V, the delays decrease by 10-15%.
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FIGURE 4. Typical Propagation Delay Variations of
74HCO00, 74HC139, 74HC174 with Power Supply
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In some designs it may be important to calculate the expect-

ed propagation delays for a specific situation not covered in
the data sheet. This can easily be accomplished by using
the normalized curve of Figure 5 which plots propagation
delay variation constant, t(V), versus power supply voltage
normalized to 4.5V and 5V operation. This constant, when
used with the following equation and the data sheet 5.0V
specifications, yields the required delay at any power
supply.
teo(V)=[tV)l [tpp(5V)] 1.0

Where tpp(5V) is the data sheet delay and tpp(V) is the
resultant delay at the desired supply voltage.
This curve can also be used for the Vcc=4.5V specifica-
tions. '
For example, to calculate the typical delay of the 74HC00 at
Vcc=6V, the data sheet typical of 9 ns (15 pF load) is used.
From Figure 5 t(V) is 0.9, so the 6V delay would be 8 ns.

E

N

NORMALIZED PROPAGATION DELAY VARIATION—t(V)

\\
1 P —
0
2 3 4 5 6
POWER SUPPLY VOLTAGE
TL/F/5067-9

FIGURE 5. MM54HCMM74HC Propagation Delay
Variation Vs. Power Supply Normalized to
Vec=4.5V, and Vg =5.0V

Speed Variation with Capacitive Loading

When high-speed CMOS is designed into a CMOS system,
the load on a given output is essentially capacitive, and is
the sum of the individual input capacitances, TRI-STATE
output capacitances, and parasitic wiring capacitances. As
the load is increased, the propagation delay increases. The
rate of increase in delay for a particular device is due to the
increased charge/discharge time of the output and the load.
The rate at which the delay changes is dependent on the
output impedance of the MM54HC/MM74HC circuit. As
mentioned, for high-speed CMOS, there are two output
structures: bus driver and standard.

Figure 6 plots some typical propagation delay variations
against load capacitance. To calculate under a particular
load condition what the propagation delay of a circuit is, one
need only know what the rate of change of the propagation
delay with the load capacitance and use this number to ex-
trapolate the delay from the data sheet vaue to the desired
value. Figure 7 plots this constant, t(C), against power sup-
ply voltage variation. Thus, by expanding on equation 1.0,

the propagation delay at any load and power supply can be

calculated using:
tpp(C,V) = [{(C)(C—15 pF)] + [tpp(5V) t(V)] 1.1

Where t(V) is the propagation delay variation with power
supply ‘constant, tpp(5V) is the data sheet 4.5V (use
(CL— =50 pF) in equation) or 5V delay, C| is the load ca-
pacitance and tpp(C,V) is the resultant propagation delay at
the desired load and supply. This equation’s first term is the
difference in propagation delay from the desired load and
the data sheet specification load. The second term is es-
sentially equation 1.0. If the delay is to be calculated at
Voe=5V, then t(V)=1 and {(C)= 0.042 ns/pF (standard
output), 0.028 ns/pF (bus output).

Using the previous 74HCO0 example, the delay at Voo =6V :
and a 100 pF load is:

tpp(100 pF,6V)=(0.042)(100—15)+ (0.9 X 9)=11 ns
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FIGURE 6. Typical Propagation Delay Variation With
Load Capacitance for 74HC04, 74HC164, 74HC240,
74HC374
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FIGURE 7. Propagation Delay Capacitance Variation
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Speed Variations with Change

in Temperature

Changes in temperature will cause some change in speed.
As with CD4000 and other metal-gate CMOS logic parts,
MM54HC/MM74HC operates slightly slower at elevated
temperatures, and somewhat faster at lower temperatures.
The mechanism which causes this variation is the same as
that which causes variations in metal-gate CMOS. This
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factor is carrier mobility, which decreases with increase in
temperature, and this causes a decrease in overall transis-
tor gain which has a corresponding affect on speed.

Figure 8 shows some typical temperature-delay variations
for some high-speed CMOS circuits. As can be seen,
speeds derate fairly linearly from 25°C at about —0.3%/C.
Thus, 125°C propagation delays will be increased about
30% from 25°C. 54HC/74HC speeds are specified at room
temperature, —40 to 85°C (commercial temperature range),
and —55 to 125°C (military range). In virtually all cases the
numbers given are for the highest temperature.
To calculate the expected device speeds at any tempera-
ture, not specified in the device data sheet, the following
equation can be used:

tpp(T)=[1 + ((T-25)(0.003)1ltpp(25)] 1.2
Where tpp(T) is the delay at the desired temperature, and
tpp(25) is the room temperature delay. Using the 74HC00
example from the previous section, the expected increase in
propagation delay when operated at Vog=5V and 85°C is
[1+(85-25)(0.003)](10 ns)] =12 ns. The expected delay at
some other supply can also be calculated by calculating the
room temperature delay then calculating the delay at the
desired temperature.

50 T 1
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FIGURE 8. Typical Propagation Delay Variation
With Temperature for 54HC02, 54HC390,
54HC139, 54HC151

Output Rise and Fall, Setup and Hold Times
and Pulse Width Performance Variations

So far, the previous discussion has been restricted to propa-
gation delay variations, and in most instances, this is the
most important parameter to know. Output rise and fall
times may also be important. Unlike TTL type logic families
HC specifies these in the data sheet. High-speed CMOS
outputs were designed to have typically symmetrical rise
and fall times. Output rise and fall time variations track very
closely the propagation delay variations over temperature
and supply. Figure 9 plots rise and fall time against output
load at Vcg=>5V and at room temperature. Load variation
of the transition time is twice the delay variation because
delays are measured at halfway points on the waveform
transition.

Sétup times and pulse width performance under different
conditions may be necessary when using clocked logic cir-
cuits. These parameters are indirect measurements

of internal propagation delays. Thus they exhibit the similar
temperature and supply dependence as propagation delays.
They are, however, independent of output load conditions.
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FIGURE 9. Typical Output Rise or Fall Time Vs. Load For
Standard and Bus Driver Outputs

Input Rise and Fall Times

Another speed consideration, though not directly related to
propagation delays, is input rise and fall time. As with other
high-speed logic families and also CD4000B and 54C/74C
CMOS, slow input rise and fall times on input signals can
cause logic problems.

Typically,.small signal gains for a MM54HC/MM74HC gate
is greater than 1000 and, if input signals spend appreciable
time between logic states, noise on the input or power sup-
ply will cause the output to oscillate during this transition.
This oscillation could cause logic erfors in the user’s circuit
as well as dissipate extra power unnecessarily. For this rea-
son MM54HC/MM74HC data sheets recommend that input
rise and fall times be shorter than 500 ns at Vcc=4.5V.

Flip-flops and other clocked circuits also should have their
input rise and fall times faster than 500 ns at Vcc=4.5V. If
clock input rise and fall times become too long, system
noise can generate internal oscillations, causing the internal
flip-flops to toggle on the wrong external clock edge. Even if
no noise were present, internal clock skew caused by slow
rise times could cause the logic to malfunction.

If long rise and fall times are unavoidable, Schmitt triggers

('HC14/°’HC132) or other special devices that employ
Schmitt trigger circuits should be used to speed up these
input signals.

Logic Family Performance Comparison

To obtain a better feeling of how high-speed CMOS com-
pares to bipolar and other CMOS logic families, Figure 10
plots MM54HC/MM74HC, 54LS/74LS and CD4000B logic
device speeds versus output loading. HC-CMOS propaga-
tion delay and delay variation with load is nearly the same
as LSTTL and about ten times faster than metal-gate
CMOS. Utilizing a silicon-gate process enables achievement
of LSTTL speeds, and the large output drive of this family
enables the variation with loading to be nearly the same as
LSTTL as well.

When comparing to CD4000 operating at 5V, HC-CMOS is
typically ten times faster, and about three times faster than
CD4000 logic operating at 15V. This is shown in Figure 11.
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FIGURE 10. Comparison of LSTTL and High-Speed
CMOS Delays

At 5V CD4000 has about a tenth the output drive of
MM54HC/MM74HC and as seen in Figure 10, the capacitive
delay variation is much larger.

As shown in Figure 12, the temperature variation of HC-
CMOS is similar to CD4000. This is due to the same physi-
cal phenomenon in both families. The 54L.S/74LS logic fam-
ily has a very different temperature variation, which is due to
different circuit parameter variations. One advantage to
CMOS is that its temperature variation is predictable, but
with LSTTL, sometimes the speed increases and other
times speed decreases with temperature.

The inherent symmetry of MM54HC/MM74HC's logic levels
and rise and fall times tends to make high to low and low to
high propagation delay very similar, thus making these parts
easy to use. ‘
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FIGURE 11. Comparison of Metal-Gate CMOS and
High-Speed CMOS Delays
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Conclusion )

High-speed CMOS circuits are speed compatible with
54LS/74LS circuits, not only on the data sheets, but even
driving different loads. In general, HC-CMOS provides a
large improvement in performance over older metal-gate
CMOS.

By using some of the equations and curves detailed here,
along with data sheet specifications, the designer can very
closely estimate the performance of any MM54HC/
MM74HC device. Even though the above examples illus-
trate typical performance calculations, a more conservative
design can be implemented by more conservatively estimat-
ing various constants and using worst case data sheet lim-
its. It is also possible to estimate the fastest propagation
delays by using speeds about 0.4-0.7 times the data sheet
typicals and aggressively estimating the various constants.
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Comparison of
MM54HC/MM74HC to
54LS/74LS, 54S/74S and
54ALS/74ALS Logic

The MM54HC/MM74HC family of high speed logic compo-
nents provides a combination of speed and power charac-
teristics that is not duplicated by bipolar logic families or any
other CMOS family. This CMOS family has operating
speeds similar to low power Schottky (54LS/74LS) technol-
ogy. MM54HC/MM74HC is approximately half as fast (de-
lays are twice as long) as the 54ALS/74ALS and 54S/74S
logic. Compared to CD4000 and 54C/74C, this is an order
of magnitude improvement'in speed, which is achieved by
utilizing an advanced 3.5 micron silicon gate-recessed oxide
CMOS process. The MM54HC/MM74HC components are
designed to retain all the advantages of older metal gate
CMOS, plus provide the speeds required by today’s high
speed systems.

Another key advantage of the MM54HC/MM74HC family is
that it provides the functions and pin outs of the popular
54LS/74LS series logic components. Many functions which
are unique to the CD4000 metal gate CMOS family have
also been implemented in this high speed technology. In
addition, the MM54HC/MM74HC family contains several
special functions not previously implemented in CD4000 or
54LS/74LS. ‘

Although the functions and the speeds are the same as
54L.S/74LS, some of the electrical characteristics are differ-
ent from either LS-TTL, S-TTL or ALS-TTL. The following
discusses these differences and highlights the advantages
and disadvantages of high speed CMOS.

AC PERFORMANCE

As mentioned previously, the MM54HC/MM74HC logic fam-
ily has been designed to have speeds equivalent to LS-TTL,

National Semiconductor
Application Note 319
Larry Wakeman

June 1983

and to be 8-10 times faster than CD4000B and MM54C/
MM74C logic. Table | compares high speed CMOS to the
bipolar logic families. HC-CMOS gate delays are typically
the same as LS-TTL, and ALS-TTL is two to three times
faster. S-TTL is also about twice as fast as HC-CMOS. Flip-
flop and counter speeds also follow the same pattern.

Also, HC logic’s propagation delay variation due to changes
in capacitive loading is very similar to LS-TTL. Figure 1 illus-
trates this by plotting delay versus loading for the various
bipolar logic families and MM54HC/MM74HC. HC-CMOS
has virtually the same speed and load-delay variation as

3
B
z n ’,"
: e
% 10 '};%:/"I??LS
% z ”"—:”—-’

T’- 148
o |
0 50 100 150 200
LOAD CAPACITANCE (pF)

TL/F/5101-1

FIGURE 1. HC, LS, ALS, S Comparison of Propagation
" Delay vs Load for a NAND Gate

TABLE I. COMPARISON OF TYPICAL AC PERFORMANCE OF LS-TTL, S-TTL, ALS-TTL AND HC-CMOS

Gates LS-TTL ALS-TTL HC-CMOS S-TTL Units
74XX00 Propagation Delay 8 5 8 4 ns
74XX04 Propagation Delay 8 4 8 3 ns
Combinational MSI ‘
74XX139 Propagation Delay
Select 25 . 8 25 8 ns
Enable 21 8 20 7 ns
74XX151 Propagation Delay )
Address 27 8 26 12 . ns
Strobe 26 7 17 12 ns
74XX240 Propagation Delay 12 3 10 5 ns
Enable/Disable Time 20 7 17 10 ns
Clocked MSI
74XX174 Propagation Delay 20 7 18 13 ns
Operating Frequency 40 50 50 100 MHz-
74XX374 Propagation Delay 19 7 16 11 ns
Enable/Disable Time 21 9 17 1 ns
Operating Frequency 50 50 50 100 MHz
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* dissipation may actually be more than ALS and LS. Howev-

LS-TTL and, as is expected, is slower than ALS and S-TTL The previously mentioned curves plot unloaded circuits.
logic. The slopes of these lines indicate the amount of varia- When considering typical system power consumption, ca-
tion in speed with loading, and are dependent on the output pacitive loading should also be considered. Table Ill lists
impedance of the particular logic gate. The delay variation components to implement all the support logic for a small
of LS-TTL and HC-CMOS is similar whereas ALS-TTL and microprocessor based system. By assuming a typical load
S-TTL have slightly less variation. capacitance of 50 pF, the power dissipation for these devic-
’ es can be calculated at various average system clock fre-
POWER DISSIPATION ’ quencies. Figure 3 plots power consumption for 74HC,
CD4000B and MM54C/MM74C CMOS devices are well 74LS, 74ALS and 74S logic implementations. Above 1 MHz,
known for extremely low quiescent power dissipation, and capacitive currents now also tend to dominate bipolar power
high speed CMOS retains this feature. Table Il compares dissipation as well.
typical HC static power consumption with LS, ALS and S- : '
TTL. Even CMOS MSI dissipation is well below 1 pW while TABLE Ill. HYPOTHETICAL “GLUE” LOGIC FOR A
LS-TTL dissipation is many milliwatts. This makes TYPICAL MICROPROCESSOR SYSTEM
MM54HC/MM74HC ideal for battery operated or ultra-low
power systems where the system may be put to “sleep” by System Components # of ICs
shutting off the system clock. Address Decoders ('138) 10
TABLE II. COMPARISON OF TYPICAL QUIESCENT 2:::2::/%1?:;3:::2 E,Zig)/ " : 150
SUPPLY CURRENT FOR VARIOUS LOGIC FAMILIES Address/Data Latches ('373/4) 20
HC-CMOS | LS-TTL | ALS-TTL | S-TTL MSI Control/Gating ('00, '10) 30
ssl 0.0025 yW | 50mW | 20mW | 75mw Misc. Counter/Shift Reg ('161, '164) 20
Flip-Flops ('73/4) 10
Flip-Flop | 0.005 pW | 200mW | 10mW | 150 mW
MsI 0.25 uW 90 mW 40mW | 470 mW 100

CMOS dissipation increases proportionately with operating
frequency. Doubling the operating frequency doubles the
current consumption. This is due to currents generated by
charging internal and load capacitances. Figure 2 shows
power dissipation versus frequency for a completely unload-
ed NAND gate, flip-flop and counter implemented in all 4
technologies.

The'LS, S and ALS curves are essentially flat because the
quiescent currents mask out capacitive effects, except at
very high frequencies. Capacitive effects are slightly lower
for the TTL families, so that, at high frequencies, CMOS

TOTAL SYSTEM POWER CONSUMPTION (W)
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Since, in a typical system, some sections will operate at a
high frequency and other parts at lower frequencies, the
average system clock frequency is a simplification. For ex-
ample, a 10 MHz microprocessor will have a bus cycle fre-
quency of 2 to 5§ MHz. Most system and memory compo-
nents will be accessed a small amount of the time, resulting
in effective clock frequencies on the order of 100 kHz for
these sections. Thus, the average system clock frequency
would be around 1 to 2 MHz, and an 8 to 1 power savings
would be realized by using CMOS.

Another simplification was made to calculate system power.
CMOS circuits will dissipate much less power when TRI-
STATE®, which would save much power since, in a given
bus cycle, only a few buffers will be enabled. LS, ALS and S,
however, actually dissipate more power when their outputs
are disabled.

Several interesting conclusions can be drawn from Figure 3.
First, notice that, at higher frequencies, the bipolar logic
families start to dissipate more power. This is a result of
current consumption due to switching the load. As the oper-
ating frequency approaches infinity, this will be the dominant
effect. So, for extremely fast low power systems, minimizing
, load capacitance and overall operating frequency becomes
more important. As lower power TTL logic is introduced,
system power will be increasingly dependent on capacitive
load effects similar to CMOS.

Second, TTL logic has a slightly smaller logic voltage swing
than CMOS. Thus, for a given load, TTL will actually have a
lower average load current. So, similar to the unloaded ex-
ample, at very high frequencies, CMOS could consume
more power than TTL. As Figure 5 indicates, these frequen-
cies are usually far above the 30 MHz limit of HC-CMOS or
LS-TTL.

INPUT VOLTAGE CHARACTERISTICS AND NOISE
IMMUNITY

To maintain the advantage CMOS has in noise immunity,

the input logic levels are defined to be similar to metal gate
CMOS. At Vcc=5V, MM54HC/MM74HC is designed to
have input voltages of V|y=23.5V and V| _=1.0V. Additional-
ly, input voltage over the operating supply voltage range is:
VIH=0.7V¢gc and V) =0.2V¢c. This compares to Vi =2.0V
and V; =0.8V specified for LS-TTL over its supply range.
Figure 4 illustrates the input voltage differences, and the
greater noise immunity HC logic has over its supply range.
Maintaining wide noise immunity gives HC-CMOS an advan-
tage in many industrial, automotive, and computer applica-
tions where high noise levels exist. 0
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I
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INPUT/OUTPUT VOLTAGE (V)
@
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FIGURE 4. Worst-Case Input and Output Voitages Over
Operating Supply Range for HC and LS Logic
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FIGURE 5. Input-Output Transfer Characteristics for 74XX00
NAND Gate Implemented in (a) HC-CMOS (b) LS-TTL (c) ALS-TTL
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Another indication of DC noise immunity is the typical trans-
fer characteristics for the logic families. Figure 5 shows the
transfer function of the 74XX00 NAND gate for HC-CMOS,
LS-TTL and ALS-TTL. High speed CMOS has a very sharp
transition typically at 2.25V, and this transition point is very
stable over temperature. The bipolar logic transfer functions
are not as sharp and vary several hundred millivolts over
temperature. This sharp transition is due to the large circuit
gains provided by triple buffering the HC-CMOS gate com-
pared to the single bipolar gain stage. Figure 6 compares
the transfer function of the '"HC08 and the 'ALS08, both of
which are double buffered. The ’ALS08 has a sharper tran-
sition, but the CMOS gate still has less temperature varia-
tion and a more'centered trip point. However, the TTL trip
point is not dependent on Vgg variation as CMOS'is.

The high speed CMOS input levels are not totally compati-
ble with TTL output voltage specifications. To make them
compatible would compromise noise immunity, die size, and
significant speed. The designer may improve compatibility
by adding a pull-up resistor to the TTL output. He may also
utilize 'a series of TTL-to-CMOS level converters which are

Vee=4.5V
[ |
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>
= 125°C
4 rd
: 3
g —55°¢
S N
E 2
2
g 1 25°C
o

1

. i

0 1 2 3 4 B
INPUT VOLTAGE (V)

(a)

TL/F/5101-9

being provided to ease design of mixed HC/LS/ALS/S sys-
tems. These buffers have 0.8V and 2.0V TTL input voltage
specifications, and provide CMOS compatible outputs.
When mixing logic, the noise immunity at the TTL to CMOS
interface is no better than LS-TTL, but a substantial savings
in power will occur when using MM54HC/MM74HC logic.

INPUT CURRENT

The HC family maintains the ultra-low input currents typical
of CMOS circuits. This current is less than 1 pA and is
caused by input protection diode leakages. This compares
to the much larger LS-TTL input currents of 0.4 mA for a low
input and 40 pA for a high input. ALS-TTL input currents are
0.2 mA and 20 pA and S-TTL input currents are 3.2 mA and
100 pA. Figure 7 tabulates these values. The near zero in-
put current of CMOS eases designing, since a typical input
can be viewed as an open circuit. This eliminates the need
for fanout restrictions which are necessary in TTL logic
designs.

FIGURE 6. Input-Output Transfer Characteristics for
74XX08 AND Gate Implemented in (a) HC-CMOS (b) ALS-TTL
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POWER SUPPLY RANGE

Figure 4 also compares the supply range of MM54HC/
MM74HC logic and LS-TTL. The high speed CMOS family is
specified to operate at voltages from 2V to 6V. 54LS, 54S
and 54ALS logic is specified to operate from 4.5V to 5.5V,
and 74LS and 74S will operate from 4.75V to 5.25V. 74ALS
is specified over a 4.5V to 5.5V supply range. This wider
operating range for the HC family eases power supply de-
sign by eliminating costly regulators and enhances battery
operation capabilities.

OUTPUT DRIVE

Since there was no speed, noise immunity, or power trade-
off, standard HC-CMOS was designed to have similar high
current output drive that is characteristic of LS-TTL and
ALS-TTL. Schottky TTL has about 5 times the output drive
of MM54HC/MM74HC. Thus HC-CMOS has an output low
current specification of 4 mA at an output voltage of 0.4V. In
keeping with CD4000B series and 54C/74C series logic, the
source and sink currents are symmetrical. Thus HC logic
can source 4 mA as well. This large increase in output cur-
rent for high speed CMOS over CD4000B also has the add-
ed advantage of reducing signal line crosstalk which can be
of greater concern in high speed systems. Figure 8 com-
pares HC, LS, and ALS specified output currents.

Since TTL logic families do have significant input currents
they have a limited fanout capability. Table IV illustrates
the limitations of these families, based on their input and

5

output currents. High speed CMOS is also included.
MM54HC/MM74HC has the same CMOS-to-CMOS fanout
characteristics as CD4000B, virtually infinite.

TABLE IV. FANOUT OF HC-CMOS, LS-TTL,

ALS-TTL, S-TTL
From,To | 74HC | 74LS | 74ALS | 74S
74HC 4000 10 20 2
74LS . 20 40 4
74ALS « 20 40 4

74S * 50 100 10

As another indication of the similarity of HC-CMOS to LS-
TTL, Figure. 9 plots typical output currents versus output
voltage for LS and HC. The output sink current curves are
very similar, but LS source current is somewhat different,
due to its emitter-follower output circuitry.

MM54HC/MM74HC bus driving circuits, namely the TRI-
STATE buffers and latches, have half again as much output
current drive as standard outputs. These components have
a 6 mA output drive. The 6 mA was chosen based on a
trade-off of die size and speed-load variations. This current
is less than the 12 mA or more specified for LS and ALS bus
driver circuits, because the bus fanout limitations of these
families do not apply in CMOS systems. S-TTL bus output
sink current is 48 mA.
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FIGURE 8. Output Current Specifications for ALS-TTL, S-TTL and HC-CMOS
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OPERATING TEMPERATURE RANGE

The operating temperature range and temperature effects
on various HC-CMOS operating parameters differ from bipo-
lar logic. The recommended temperature range for 74LS,
74S, and 74ALS is 0°C to-70°C, compared to —40°C to 85°C
for the 74HC family. 54 series logic is specified from 55"0
to 125°C for all four families.

Temperature variation of operating parameters for the
MM54HC/MM74HC family behaves very predictably and is
due to the gain decreasing of MOSFET transistors as tem-
perature is increased. Thus the output currents decrease

.and propagation delays increase at about 0.3% per degree

centigrade. ,

Figure 10 shows typical propagation delays for the 74XX00
over the —55°C to +125°C temperature range. The '"HC00's
speed increases almost linearly with temperature, whereas

- the LS and ALS behave differently.

A WORD ABOUT PLUG-IN REPLACEMENT OF TTL
MMB4HC/MM74HC logic implements TTL equivalent func-
tions with the same pin outs as TTL. HC is not designed to
be directly plug-in replaceable, but, with some care, some
TTL systems can be converted to MM54HC/MM74HC with
little or no modification. The replaceability of HC is deter-
mined by several factors.

One factor is the difference in input levels. In systems where
all TTL is not being replaced and TTL outputs feed CMOS
inputs, the input high voltages, as specified, are not totally
compatible. Although TTL outputs will typically drive HC
inputs correctly, an external pull-up resistor should be
added to the TTL outputs, or an MM54HCT/MM74HCT TTL
compatible circuit should be used. This incompatibility

HC-CMOS. Note, though, that HC outputs are completely
compatible with the various TTL family’s input specifica-
tions; therefore, there is no problem when HC is driving TTL.

Another source of possible problems can occur when the
LS design floats device inputs. This practice is not recom-
mended when using LS-TTL, but it is sometimes done. Usu-
ally, TTL inputs float high; however, CMOS inputs may float
either high or low depending on the static charge on the
input. It is therefore important to always tie unused CMOS
inputs to either V¢ or ground to avoid incorrect logic func-
tioning. ‘

A third factor to consider when replacing any TTL logic is
AC performance. The logic functions provided by 54HC/
74HC are equivalent to LS-TTL, and the propagation delay,
set-up and hold times are similar to LS. However, there are
some differences in the way CMOS circuits are |mplement-
ed which will cause differences in speed. For the most part,
these differences are minor, but it is important to verify that
they do not affect the design.

CONCLUSION:

The MM54HC/MM74HC family represents a major step for-
ward in-CMOS performance. It is a full line family capable of
being designed into virtually any application which now uses
LS-TTL with substantial improvement in power consump-
tion. ALS and S-TTL primarily offer faster speeds than HC-
CMOS, but still do not have the input and output advantages
or the lower power consumption of CMOS. Because of its
high input impedance and large output drive, HC logic is
actually easier to use. This, coupled with continued expan-
sion of the 54HC/74HC, will make it an increasingly popular

tends to limit the designer’s ability to intermingle TTL and -~ logic family.
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National’s Process
Enhancements Eliminate
the CMOS SCR Latch-Up

Problem In 54HC/74HC Logic

INTRODUCTION

SCR latch-up is a parasitic phenomena that has existed in
circuits fabricated using bulk silicon CMOS technologies.
The latch-up mechanism, once triggered, turns on a parasit-
ic SCR internal to CMOS circuits which essentially shorts
Vg to ground. This generally destroys the CMOS IC or at
the very least causes the system to malfunction. In order to
make MM54HC/MM74HC high speed CMOS logic easy to
use and reliable it is very important to eliminate latch-up.
This has been accomplished through several layout and
process enhancements. It is primarily several proprietary in-
novations in CMOS processing that eliminates the SCR.

First, what is “SCR latch-up?” It is a phenomena common
to most monolithic CMOS processes, which involves “turn-
ing on” a four layer thyristor structure (P-N-P-N) that ap-
pears from Vgg to ground. This structure is formed by the
parasitic substrate interconnections of various circuit diffu-
sions. It most commonly can be turned on by applying a
voltage greater than Vgg or less than ground any input or
output, which forward biases the input or output protection
diodes. Figure 1 schematically illustrates these diodes found
in the MM54HC/MM74HC family. Standard CD4000 and
MM54C/MM74C logic also has a very similar structure.
These diodes can act as the gate to the parasitic SCR, and
if enough current flows the SCR will trigger. A second meth-
od of turning.on the SCR is to apply a very large supply
voltage across the device. This will breakdown internal di-
odes causing enough current to flow to trigger latch up. In
HC logic the typical Vg breakdown voltage is above 10V so
this method is more uncommon. In either case, once the
SCR is turned on a large current will flow from Vcc to
ground, causing the CMOS circuit to malfunction and possi-
bly damage itself.

CMOS SCR problems can be minimized by proper system
design techniques or added external protection circuits, but
obviously the reduction or elimination of latch up in the IC
itself would ease CMOS system design, increase system
reliability and eliminate additional circuitry. For this reason it
was important to eliminate this phenomena in National’s
high speed CMOS logic family.

Characterization of this proprietary high speed CMOS proc- -
ess for latch up has verified the elimination of this parasitic
mechanism. In tests conducted under worst case conditions
(Vcc=8V and Tp=125°C) it has been impossible to latch-
up these devices on the inputs or on the outputs.

FIGURE 1. Schematic Diagram of Input and Output
Protection Structures

National Semiconductor
Application Note 339
Larry Wakeman

In testing for latch up, caution must be exercised when try-
ing to force large currents into an IC. As with any integrated
circuit there are maximum limitations to the current handling
capabilities of the internal metalization, and diodes, and
thus they can be damaged by excessive currents. This is
discussed later in the test section.

To enable the user to understand what latch up is and how it
has been eliminated, it is useful to review the operating of a
simple discrete SCR, and then apply this to the CMOS SCR.
Since most latch up problems historically have been caused
by extraneous noise and system transients, the AC charac-
teristics of CMOS latch are presented. Also various meth-
ods of external and internal protection against latch up is
discussed as well as example test methods for determining
the latch up susceptibility of CMOS IC’s.

SIMPLE DISCRETE SCR OPERATION

To understand the behavior of the SCR structure parasitic
to CMOS [C's, it is first useful to review the basic static
operation of the discrete SCR, and then apply it to the
CMOS SCR. There are two basic trigger methods for this
SCR. One is turning on the SCR by forcing current into its
gate, and the second is by placing a large voltage across its
anode and cathode. Figure 2 shows the basic four layer
structure biased into its forward blocking state. The SCR
action can be more easily understood if this device is mod-
eled as a cross coupled PNP and NPN transistor as shown
in Figure 3.

In the case of latch up caused by forward biasing a diode, if
current is injected into the base of Q2, this transistor turns
on, and a collector current beta times its base current flows
into the base of Q1. Q1 in turn amplifies this current by beta
and feeds it back into the base of Q2, where the current is
again amplified. If the product of the two transistors’ Beta
becomes greater than one, B(NPN)xB(PNP)>1, this current
multiplication continues until the transistors saturate, and
the SCR is triggered. Once the regenerative action occurs a
large anode current flows, and the SCR will remain on even
after the gate current is removed, if enough anode current
flows to sustain latch up. However, if the transistor current
gains are”small no self sustaining positive feedback will oc-
cur, and when the base current is removed the collector
current will stop. In a similar manner the SCR can be trig-
gered by drawing current by forward biasing the base of Q1.

— o ANODE
QUTPUT
DIODE DIODES -
POLYSILICON " GATE 1 (G1)
RESISTOR N
INPUT —{> outpur - GATE 2 (G2)
. P
3
DIFFUSED DIODE N
RESISTOR
: L CATHODE
- TL/F/5346-1

TL/F/5346-2
FIGURE 2. Simplified SCR Structure
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o GATE (61)

GATE (G2) @

TL/F/5346-4
FIGURE 3. Cross-Coupled Transistor Model of SCR

The second case, the SCR may also be triggered without
injecting any gate current. In the forward blocking state the
small leakage current that is present does not trigger the
SCR, but if the voltage is increased to a point-where signifi-
cant leakage currents start conducting, these currents could
also trigger the SCR, again forming a low impedance path
through the device. The same requirement that the Beta

vee
G . vee

product of the PNP and NPN be greater than one in orqer
for the SCR to trigger applies here as well. This leakage cur-
rent trigger is characteristic of Schottkey diode operation.

THE CMOS SCR: STATIC DC OPERATION

For discussion purposes CMOS SCR latch up characteris-
tics can be divided into two areas. One is the basic opera-
tion of the SCR when static DC voltages are applied, and
the second is the behavior when transients or pulses are
applied.

First looking at the device statically, the parasitic SCR in
CMOS integrated circuits is much more complex and its trig-
gering is somewhat different than the simple SCR already
discussed. However, the regenerative feedback effect is ba-
sically the same. -Figure 4a shows a simplified P— well
CMOS structure illustrating only the diffusions and the re-
sultant parasitic transistors. The NPN transistor is a vertical
device whose emitter is formed by n+ diffusions. The P—
well forms the base and the N— substrate forms the collec-
tor of the NPN. The PNP transistor is a lateral device. lts
emitter is formed by p+ diffusions, its base is the N— sub-
strate, and its collector is the P— well.

Figure 4b illustrates a cross section of a simplified N— well
process and its corresponding parasitic bipolar transistors.
_In this process the NPN is a lateral device and the PNP is
vertical. Essentially the description of the P— well SCR is
the same as the N— well version except the NPN is a low
gain lateral device and the PNP is a high gain vertical tran-
sistor. Thus the following discussion for the P— well also
applies to the N— well with this exception.

1 |
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J/
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FIGURE 4. Simplified Cross Section of CMOS Processes a) P— well and b) N— wgll
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The transistors for the P— well CMOS process are drawn
schematically in Figure 5, so that their cross coupled inter-
connection is more easily seen. The SCR structure in Figure
5 differs from that of Figure 3 in two ways. First, the transis-
tors of Figure 5 have multiple emitters, due to the many
diffusions on a typical die. One emitter of each transistor
could function as the trigger input to the SCR. Secondly, R1
and R2 have been added and are due to P— and N— sub-
strate resistances between the base of each transistor and
the substrate power supply contacts.

vee

GND
FIGURE 5. Schematic of Simple SCR Model

TL/F/5346-7

Like the discrete SCR there are two basic methods of turn-
ing the CMOS SCR on. The first method is however slightly
different. In the CMOS parasitic SCR current cannot be di-
rectly injected into the base of one of its transistors. Instead
either node G1 must be raised above V¢c enough to turn on
Q1, or node G2 must be lowered below ground enough to
turn on Q2. If G1 is brought above Vg, current is injected
from the emitter of Q1 and is swept to the collector of Q1.
The collector of Q1 feeds the base of Q2 and also R2. R2
has the effect of stealing current from the base of Q2, but as
current flows through R2 a voltage will appear at the base of
Q2. Once this voltage reaches 0.6 volts Q2 will turn on and
feed current from its collector back into R1 and into Q1. If
0.6 volts is generated across R1, Q1 then turns on even
more.

Again, if the two transistors have enough gain and enough
anode current flows to sustain the SCR, it will turn on, and
remain on even-after G1 is returned to Vgg. The actual re-
quirements for latch up are altered by the two resistors, R1
and R2. Since the resistors shunt some current away from
the base of both transistors, the resistors essentially reduce
the effective gains of the transistors. Thus the transistors
must actually have much higher gains in order to achieve an
overall SCR loop gain greater than one, and hence enable
the SCR to trigger. The actual equations to show quantita-
tively how the resistors effect the SCR's behavior could be
derived, but it is sufficient to notice that as R1.and R2 be-
come smaller the SCR becomes harder to turn on. IC de-
signers utilize this to reduce latch up.

The second method of turning on the SCR mentioned earli-
er also applies here. If the supply voltage is raised to a large
value, and internal substrate diodes start breaking down ex-
cessive leakage currents will flow possibly triggering the
SCR. The resistors also affect this trigger method as well,
since they steal some of the leakage currents from Q1 and
Q2, and hence it takes more current to trigger the SCR. In
high speed CMOS the process enhancements reduce the
transistor betas and hence eliminate latch up by this mecha-
nism as well.

While useful, the SCR model of Figures 4 and 5 is very
simplified, since in actuality the CMOS SCR is a structure

with many transistors interconnected by many resistances.
Although still somewhat simiplified, Figure 6 attempts to il-
lustrate how the parasitics on a chip connect. It is important
to remember that any transistor or diode diffusion can para-
sitically form part of the SCR. In the figure transistor Q1 and
Q2 are single emitter transistors formed by the input protec-
tion diodes. Internal P and N channel transistors have no
external connection and are represented by Q3 and Q4. Q5
and Q6 represent output transistor diffusions, and the sec-
ond emitter corresponds to the output. All of these transis-
tors are connected together by the N— substrate and P—
well resistances, which are illustrated by the resistor mesh.
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FIGURE 6. Distributed Model of CMOS SCR

If any of the emitters associated with the trigger inputs G1-
G4 become forward biased the SCR may be triggered. Also
due to the intertwined nature of this structure, part of the

. SCR may be initially latched up. In this case only a limited

amount of current may flow, but this limited latch up may
spread and cause other parts to be triggered until eventually
the whole chip is involved.

In general the trigger to the SCR has been conceptualized
as a current, since ideally the CMOS input looks into the
base of the SCR transistors. However this may not be quite
true. There may be some resistance in series with each
base, due to substrate or input protection resistances. In
newer silicon gate CMOS processes, MM54HC/MM74HC
for example, a poly-silicon resistor is used for electrostatic
protection, and this enables larger voltages to be applied to
the circuit pins without causing latchup. This is because the
poly resistor actually forms a current limit resistor in series
with the diodes. In most applications the designer is more
concerned with accidental application of a large voltage,
and the use of the poly resistor internally enables good volt-
age resistance to latch up. CMOS outputs are directly con-
nected to parasitic output diodes since no poly resistor can
be placed on an output without degrading output current
drive. Thus the output latch up mechanism is usually
thought of as a current.
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Temperature variations will affect the amount of current re-
quired to trigger the SCR. This is readily’ understandable
since temperature effects the bipolar transistor’s gain and
the resistance of the base-emitter resistors. Generally, as
the ‘temperature is increased less current is needed to
cause latch-up. This is because as temperature increases
the bipolar transistor’s base-emitter voltage decreases and
the base-emitter resistor value increases. Figure 7 plots trig-
ger current versus temperature for a sensitive CMOS input.
This data was taken on a CMOS device without any layout
or process enhancements to eliminate latch up. Increasing
temperature from room to 125°C will reduce the trigger cur-

-rent by about a factor of three. Once the circuit is latched

up, heating of the device die caused by SCR currents will
actually increase the susceptibility to repeated latch up.
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FIGURE 7. Temperature versus SCR Trigger Current for
Special CMOS Test Structure

OTHER LATCH UP TRIGGER METHODS

There are some other methods of latching up CMOS cir-
cuits, they are not as circuit design related and shall only be
briefly mentioned. The first is latch up due to radiation bom-
bardment. In hostile environments energetic atomic parti-
cals can bombard a CMOS die freeing carriers in the sub-
strate. These carriers then can cause the SCR to trigger.

This can be of concern in high radiation environments which-

call for some sort of radiation hardened CMOS logic.

Another latch up mechanism is the application of a fast rise
or fall spike to the supply inputs of a CMOS device. Even if
insufficient current is injected into the circuit the fast voltage
change could trigger latch up. This occurs because the volt-
age change across the part changes the junction depletion
capacitances, and this change in.capacitance theoretically
could cause a current that would trigger the SCR latch. In
actual practice this is very difficult to do because the re-
sponse time of the SCR (discussed shortly) is very poor.
This is hardly a problem since power supplies must be ade-
quately decoupled anyway.

A third latch up cause which is completely internal to the IC
itself and is out of the control of the system designer is
internally triggered latch up. Any internal switching node
connects to a diode diffusion, and as these diffusions switch
the junction depletion capacitance associated with these
nodes changes causing a current to be generated. This cur-
rent could trigger the SCR. The poor frequency response of
the SCR tends to make this difficult, but as chip geometries
are shrunk packing densities will increase and the gain of
the lateral PNP transistor increase. This may increase the
latch up susceptibility. It is up to the IC designer to ensure

that this doesn’t happen, and care in the layout and circuit
design of 54HC/74HC logic has ensured that this will be
avoided.

THE CMOS SCR: TRANSIENT BEHAVIOR

With the introduction of fast CMOS logic the transient na-
ture of the CMOS SCR phenomena becomes more impor-
tant because signal line ringing and power supply transients
are more prevalent in these systems. Older metal gate
CMOS (CD4000 & 74HC) circuits have slow rise and fall
times which do not cause a large amount of line ringing.
Power supply spiking is also somewhat less, ‘again due to
slow switching times associated with these circuits.

The previous discussion assumed that the trigger to the
CMOS SCR was essentially static and was a fixed current.
Under these conditions a certain value current will cause
the SCR to trigger, but if the trigger is a short pulse the peak
value of the pulse current that will trigger the SCR can be
much larger than the static DC trigger current. This is due to
the poor frequency characteristics of the SCR.

For short noise pulses, <1 us, the peak current required to
latch up a device is dependent on the duty cycle of the
pulses. At these speeds it is the average current that caus-
es latch-up. For example, if a 1 MHz 50% duty cycle over
voltage pulse train is applied to a device that latched with
20 mA DG current, then typically the peak current required
will be about 40 mA. For a 25% duty cycle the peak current
would be 80 mA. An example of this is shown in Figure 8
which plots latch up current against over-voltage pulse
width at 1 MHz.
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FIGURE 8. Trigger Current of SCR of Input Overvoltage
Pulses at High Repetition Rate on Special Test Unit

If the pulse widths become long, many microseconds, the
latch up current will approach the DG value even for low
duty cycles. This is shown in Figure 9 which plots peak trig-
ger current vs pulse width for the same test device used in
Figure 8. The repetition rate in this case is a slow 2.5 kHz
(period=400 ps). These long pulse widths approach the
trigger time of the SCR, and thus pulses lasting several mi-
croseconds are long enough to appear as DC voltages to
the SCR. This indirectly indicates the trigger speed of the
SCR to be on the order of ten to fifteen microseconds. This
is however dependent on the way the IC was designed and
the processing used.

In normal high speed systems noise splkes will typically be
only a few nanoseconds in duration, and the average duty
cycle will be small. So even a device that is not designed to

2-46




T
1=2.5kHz

50 b\(
e~ |

%

SCR LATCH-UP INPUT CURRENT—mA

0 15° 30 45 60
PULSE WIDTH—ps
TL/F/5346-11
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be latch up resistant, will probably not latch up even with
significant line ringing on its inputs or outputs (Then again
. . .) However, in some systems where inductive or other
loads are used transients of several microseconds can be
easily generated. For example, some possible applications
are automotive and relay drivers. In other CMOS logic fami-
lies spikes of this nature are much more likely to cause the
SCR to trigger, but here again MM54HC/MM74HC high
speed CMOS is immune.

PREVENTING SCR LATCH UP:
USER SYSTEM DESIGN SOLUTIONS

SCR latch-up can be prevented either on the system level
or on the IC level. Since National’s MM54HC/MM74HC se-
ries will not latch up, this eliminates the need for the system
designer to worry about preventing latch up at the system
level. This not only eases the design, but negates the need
to add external diodes and resistors to protect the CMOS
circuit, and hence additional cost. (Note however that even
though the devices don’t latch up, diode currents should be
limited to their Absolute Maximum Ratings listed in the Data
Sheets).

If one is using a CMOS device that may latch up, older
CD4000 CMOS or another vendors HC for example, and its

input or output voltages may forward bias the input or output
diodes then some external circuitry may need to be added
to eliminate possible SCR triggering. As with the previous
discussions of latch-up preventing SCR latch-up falls into
two categories: the static case, and the transient condition.
Each is related but has some unique solutions.

In the static condition to ensure SCR latch up does not oc-
cur, the simplest solution is to design CMOS systems so
that their input/output diodes don’t become forward biased.
To ease this requirement some special circuits that have
some of their input protection diodes removed are provided,
and this enables input voltages to exceed the supply range.
These devices are MM54HC4049/50, CD4049/50, and
MM54C901/2/3/4.

If standard logic is used and input voltages will exceed the
supply range, an external network should be added that pro-
tects the device by either clamping the input voltage or by
limiting the currents which flow through the internal diodes.
Figure 10 illustrates various input and output diode clamping
circuits that shunt the diode currents when excessive input
voltages are applied. Usually either an additional input or
output diode is required, rarely both, and if the voltages only
exceed one supply then only one diode is necessary. If an
external silicon diode is used the current shunt is only par-
tially effective since this diode is in parallel with the internal
silicon protection diode, and both diodes clamp to abocut
0.7V. .

A second method, limiting input current, is very effective in
preventing latch-up, and several designs are shown in
Figure 11. The simplest approach is a series input resistor. It
is recommended that this resistor should be as large as
possible without causing excessive speed degradation yet
ensure the input current is limited to a safe value. If speed is
critical, it is better to use a combination diode-resistor net-
work as shown in Figures 11b and 77c. These input networks
effectively limit input currents while using lower input resis-
tors. The series resistor may not be an ideal solution for
protecting outputs because it will reduce the effective drive
of the output. In most cases this is only a problem when the
output must drive a lot of current or must switch large ca-
pacitances quickly. i

Ub')

TL/F/5346-12
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FIGURE 10. External Input and Output Protection Diodes Circuits for Eliminating SCR Latch-up
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FIGURE 11. Input Resistor and Resistor-Dio
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de Protection Circuits for Eliminating Latch-up
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A third approach is instead of placing resistors in series with
the inputs to place them in series with the power supply
lines as shown in Figure 12. The resistors must be bypassed
by capacitors so that momentary switching currents don't
produce large voltage transients across R1 and R2. These
resistors can limit input currents but primarily they should be
chosen to ensure that the supply current that can flow is
less than the holding current of the SCR. Thus even though
the input current can cause latch up it cannot be sustained
and the IC will not be damaged.

) ' )  TL/F/5346-14
FIGURE 12. Supply Resistor-Capacitor Circuits for
Eliminating Latch-up.

This last solution has the advantage of fewer added compo-
nents, but also has some disadvantages. This method may
not prevent latch up unless the resistors are fairly large, but
this will greatly degrade the output current drive and switch-
ing characteristics of the device. Secondly, this circuit pro-
tects the IC from damage but if diodes currents are applied
causing large supply currents, the circuits will logically mal-
function where as with other schemes logic malfunction can
be prevented as well.

PREVENTING LATCH UP: IC DESIGN SOLUTIONS

The previous latch up solutions involve adding extra compo-
nents and hence extra cost and board space. One can
imagine that in a microprocessor bus system if for some

reason the designer had to protect each output of several

CMOS devices that are driving a 16-bit address bus that up
to 32 diodes and possibly 16 resistors may need to be add-
ed. Thus for the system designer the preferable solution is
to use logic that won't latch up.

Most methods previously employed to eliminate latch up are
either not effective, increase the die size significantly, and/
or degrade MOS transistor performance. The process en-
hancements employed on 54HC/74HC' logic circumvent
these problems. Primarily it is effectivée without degrading
MOS performance. .

When designing CMOS integrated circuits, there are many
ways that the SCR action of these circuits can be reduced.
One of the several methods of eliminating the SCR is to
reduce the effective gain of at least one of the transistors,
thus eliminating the regenerative feedback. This can be ac-
complished either by modifying the process and/or by in-
serting other parasitic structures to shunt the transistor ac-
tion. Also the substrate resistances modeled as R1 and R2
in Figures 4 and 5 can be reduced. As these resistances
approach zero more and more current is required to develop
enough voltage across them to turn on the transistors.

As mentioned, the current gains of the NPN and PNP para-
sitic transistors directly affect the current required to trigger
the latch. Thus some layout and process enhancements
can be implemented to reduce the NPN and PNP Betas. In
a P-well process the gain of the vertical NPN is determined
by the specific CMOS process, and is dependent on junc-
tion depths and doping concentrations. These parameters
also control the performance of the N-MOS transistors as
well and so process modification must be done without de-
grading CMOS performance. To reduce the gain of the verti-
cal PNP the doping levels of the P-well can be increased.
This will decrease minority carrier lifetimes. It will also re-
duce the subtrate resistance lowering the NPN base-emitter
resistance. However this will increase parasitic juntion ca-
pacitances, and may affect NMOS threshold vcltages and
carrier mobility. The depth of the well may be increased as
well. This will reduce layout density due to increased lateral
diffusion, and increase processing time as it will take longer
to drive the well deeper into the substrate.

The lateral PNP'’s gain is determined by the spacing of input
and output diode diffusions to active circuitry and minority
carrier life times in the N-substrate. The carrier life times
are a function of process doping levels as well, and care
must be exercised to ensure no MOS transistor perform-
ance degradation. Again the doping levels of the substrate
can be increased, but this will increase parasitic junction
capacitances, and may alter the PMOS threshold character-
istics. The spacing between input/output diodes and other

INPUT N-CHANNEL DRAIN/
ND - DIODE vee QUTPUT DIODE
N+ P+ N+ P+ N+ N+
C JC G | G U U8
A [YIRY
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ADDITIONAL ADDITIONAL
SUBSTRATE COLLEGTORS SUBSTRATE
CONTACTS . CONTACTS .
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FIGURE 13. Simplified CMOS Cross Section Showing Added Latch-up Reduction Structures




diffusions can be increased. This will increase the PNP’s
base width, lowering its beta. This may be done only a limit-
ed amount without significantly impacting die size and cost.
Another method for enhancing the latch-up immunity of
MM54HC/MM74HC is to short out the SCR by creating ad-

ditional parasitic transistors and reducing the effective sub-.

strate resistances. These techniques employ the use of
ringing structures (termed guard rings) to surround inputs
and outputs with diffusions that are shorted to Vgg or
ground. These diffusions act to lower the substrate resist-
ances, making it harder to turn on the bipolar transistors.
They also act “dummy” collectors that shunt transistor ac-
tion by collecting charges directly to either Vgg or ground,
rather than through active circuitry. Figure 13 shows a cross
section of how this might look and Figure 14 schematically
illustrates how these techniques ideally modify the SCR
structure.

Ideally, in Figure 74 if the inputs are forward biased any
transistor action is immediately shunted to Vg or ground
through the “dummy” collectors. Any current not collected
will flow through the resistors, which are now much lower in
value and will not allow the opposite transistor to turn on.
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m:m/:

¢
a1 ]
02

/i;’/nzzosz\] A

TL/F/5346-15
FIGURE 14. Schematic Representation of SCR with
Improvements to Reduce Turn On.

Unfortunately in order to reduce latch up these techniques
add quite significantly to the die size, and still may not be
- completely effective.

The ineffectiveness of the ringing structures at completely
eliminating latch up is for one because the collectors are
only surface devices and carriers can be injected very deep
into the N— substrate. Thus they can very easily go under
the fairly small “dummy” collectors and be collected by the
relatively large active P— well. A possible solution might be
to make the collector diffusions much deeper. This suffers
from the same drawbacks as making the well deeper, as
well as requiring additional mask steps increasing process
complexity. Secondly, the base emitter resistances can be
reduced only so much, but again only the surface resistanc-
es are reduced. Some transistor action can occur under the
P— well and deep in the N— bulk where these surface
shorts are only partially effective.

The above discussion described modifications to a P— well
process. For an N— well process the descriptions are the
same except that instead of a P— well an N— well is used
resulting in a vertical PNP instead of an NPN and a lateral
NPN instead of a PNP.

These methods are employed in 54HC/74HC CMOS logic,
but in addition processing enhancements were made that
effectively eliminate the PNP transistor. The primary en-
hancement is a modification to the doping profile of the N—
substrate (P~ well process). This lowers the conductivity of
the substrate material while maintaining a lightly dope sur-
face concentration. This allows optimum performance
NMOS and PMOS transistors while dramatically reducing
the gain of the PNP and its base-emitter resistance. The
gain of the PNP is reduced because the minority carrier life-
times are reduced. This modification also increases the ef-
fectiveness of the “dummy” collectors by maintaining carri-
ers closer to the surface. This then eliminates the SCR latch
up mechanism.

5.0 TESTING SCR LATCH UP

There are several methods and test circuits that can be
employed to test for latch up. The one primarily used to
characterize the 54HC/74HC logic family is shown in Figure
15. This circuit utilizes several supplies and various meters
to either force current into the Vg diodes or force current
out of the ground diodes. By controlling the input supply a
current is forced into or out of an input or output of the test
device. As the input supply voltage is increased the current
into the diode increases. Internal transistor action may
cause some supply current to flow, but this should not be
considered latch up. When latch up occurs the power sup-
ply current will jump, and if the input supply is reduced to
zero the power supply current should remain. The input trig-
ger current is the input current seen just prior to the supply
current jumping. Testing latch-up is a destructive test, but in
order to test 54HC/74HC devices without causing immedi-
ate damage, test limits for the amount of input or output
currents and supply voltages should be observed. Even
though immediate damage is avoided, SCR latch-up test is
a destructive test and the IC performance may be degraded
when testing to these limits. Therefore parts tested to these
limits should not be used for design or production purposes.
In the case of National’s high speed CMOS logic the defini-
tion of “latch-up proof” requires the following test limits
when using the standard DC power supply test as is shown
in Figure 15.

1. Inputs: When testing latch-up on CMOS inputs the cur-
rent into these inputs should be limited to less than
70 mA. Application of currents greater than this may
damage the input protection poly resistor or input metali-
zation, and prevent further testing of the IC.

2. Outputs: When testing outputs there is a limit to the met-
alization’s current capacity. Output test currents should
be limited to 200 mA. This limitation is due again to met-
alization short term current capabilities, similar to inputs.
Application of currents greater than this may blow out the
output.

3. Supply: The power supply voltage is recommended to be
7.0V which is at the absolute maximum limit specified in
54HC/74HC and is the worst case voltage for testing
latch-up. If a device latches up it will short out the power
supply and self destruct. (Another Vendors HC may
latch-up for example.) It is recommended that to prevent
immediate destruction of other vendors parts that the
power supply be current limited to less than 300 mA.

It should be remembered that testing SCR latch up is essen-
tially a destructive test even though precautions are taken
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to limit the currents. In almost all instances at high tempera-

ture, if it is going to occur, latch-up will occur at current

values between 0-50 mA.

There are a few special considerations when trying to mea-
sure worst case latch up current. Measuring input latch up
current is straight forward, just force the inputs above or
below the power supply, but to measure an output it must
first be set to a high level when forcing it above Vgg, or to a
low level when forcing it below ground. When measuring Tri-

- State outputs, the outputs should be disabled, and when

measuring analog switches they should be either left open
or turned off.

To measure the transient behavior of the test device or to
reduce IC heating effects a pulse generator can be used in
place of the input supply and an oscilloscope with a current
probe should then replace the current meter. Care should
be exercised to avoid ground loops in the test hardware as
this may short out the supplies.

Although there are several methods of testing latch up, this

method is very simple and easy to understand. It also yields
conservative data since manually controlling the supplies is .
a slow process which causes localized heating on the chip
prior to latch up, and lowers the latch.up current.

6.0 CONCLUSION

SCR latch-up in CMOS circuits is a phenomena which when
understood can be effectively controlled both from the inte-
grated circuit and system level. National's proprietary
CMOS process and layout considerations have eliminated
CMOS latch up in the MM54HC/MM74HC family. This will
increase the ease of use and design of this family by negat- .
ing the need for extra SCR protection circuitry as well as
very favorable impact system integrity and reliability.

Testing SCR Latch-Up of HCMOS
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FIGURE 15. Bench Test Setup for Measuring Latch-up

2-50




HCMOS Crystal Oscillators

With the advent of high speed HCMOS circuits, it is possible
to build systems with clock rates of greater than 30 MHz.
The familiar gate oscillator circuits used at low frequencies

work well at higher frequencies and either L-C or crystal .

resonators maybe used depending on the stability required.
Above 20 MHz, it becomes expensive to fabricate funda-
mental mode crystals, so overtone modes are used.

TL/F/5347-1
Crystal Equivalent Circuit

XL Fr

Xc

TL/F/5347-2
' Reactance of Crystal Resonator
FIGURE 1.

Basic Oscillator Theory

The equivalent circuit of a quartz crystal, and its reactance
characteristics with frequency are shown in Figure 1. Fg is
called the resonant frequency and is where L1 and Cy are in
series resonance and the crystal looks like a small resistor
R1. The frequency Fp is the antiresonant frequency and is
the point where L1~Cy look inductive and resonate with Co
to form the parallel resonant frequency Fa, Fr and Fp are

usually less than 0.1% apart. In specifying crystals, the fre-

quency Fg is the oscillation frequency to the crystal in a
series mode circuit, and Fg is the parallel resonant frequen-
cy. In a parallel mode circuit, the oscillation frequency will
be slightly below Fa where the inductive component of the
L1 - Cy arm resonates with Co and the external circuit ca-
pacitance. The exact frequency is often corrected by the
crystal manufacture to a specified load capacitance; usually
20 or 32 picofarads.

N

TABLE | Typical Crystal Parameters

32 kHz 200 kHz 2 MHz 30 MHz
P; f || f | d tal | overtone
Ry 200 kQ 2k 100 20Q
Ly 7000H 27H 529 mH 11 mH
Cy 003 pF 0.024 pF 0.012 pF 0.0026 pF
Co 1.7 pF 9pF 4pF 6 pF
Q 100k 18k 54k 100k

National Semiconductor
Application Note 340
Thomas B. Mills

The Pierce oscillator is one of the more popular circuits, and
is the foundation for almost all single gate oscillators in use
today. In this circuit, Figure 2, the signal from the input to the
output of the amplifier is phase shifted 180 degrees. The
crystal appears as a large inductor since it is operating in
the parallel mode, and in conjunction with Ca and Cg, forms
a pi network that provides an additional 180 degrees of
phase shift from output to the input. Cp in series with Cg

—A
+ - "} +
. CRYSTAL
L Eﬂlv&ﬂi e
I_ Ly Rq / Cq -]
} < —¢ «— 1
gL 1% | )
| M |
- L= I .

TL/F/5347-3
FIGURE 2. Pierce Oscillator

plus any additional stray capacitance form the load capaci-
tance for the crystal. In this circuit, Cp is usually made about
the same value as Cg, and the total value of both capacitors
in series is the load capacitance of the crystal which is gen-
erally chosen to be 32 pF, making the value of each capaci-
tor 64 pF. The approximation equations of the load imped-
ance, Z4, presented to the output of the crystal oscillator’s
amplifier by the crystal network is:
XC2
Z = =L
RL
Where Xc= —j/wCg and R is the series resistance of the
crystal as shown in Table I. Also w=2#f where f is the
frequency of oscillation.
The ratio of the crystal network’s input voltage to it's output
voltage is given by:

Ca and Cg are chosen such that their series combintion
capacitance equals the load capacitance specified by the
manufacturer, ie 20 pF or 32 pF as mentioned. In order to
oscillate the phase shift at the desired frequency around the
oscillator loop must be 360° and the gain of the oscillator
loop must be greater or equal to one, or:
(AA)(AF) 21

Where A, is amplifier gain and Af is crystal network voltage
gain of the crystal = network: ea/eg. Thus not only should
the series combination of Cg and Ca be chosen. The ratio of
the two can be set to adjust the loop gain of the oscillator.

For example if a 2 MHz oscillator is required. Then
R =100Q (Table I). If ea’eg=1 and the crystal requires a
32 pF load so Cg =64 pF and then Cp becomes 64 pF also.
The load presented by the crystal network is Z| = (Ve (2
MHz) (64 pF)2)/100=16 kQ
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The CMOS Gate Oscillator

A CMOS gate sufficiently approaches the ideal amplifier
shown above that it can be used in almost the same circuit.
A review of manufacturers data sheets will reveal there are
two types of inverting CMOS gates:

a) Unbuffered: gates composed of a single inverting stage.
Voltage gain in the hundreds.

b) Buffered: gates composed of three inverting stages in
series. Voltage gains are greater than ten thousand.

CMOS gates must be designed to drive relatively large
loads and must supply a fairly large amount of current. In a
single gate structure that is biased in its linear region so
both devices are on, supply current will be high. Buffered
gates are designed with the first and second gates to be
much smaller than the output gate and will dissipate little
power. Since the gain is so high, even a small signal will
drive the output high or low and little power is dissipated. In
this manner, unbuffered gates will dissipate more power
than buffered gates.

Both buffered and unbuffered gates maybe used as crystal
oscillators, with only slight design changes in the circuits.

Re ~ 10 M@

AA
VvV

Rz

=2K
AAA
\A4

74HCU04

r 1
1-: C, 62 pF

T Cy 62 pF
FIGURE 3. Typical Gate Oscillator

TL/F/5347-4

In this circuit, Rg serves to bias the gate in its linear region,
insuring oscillation, while Rz provides an impedance to add
some additional phase shift in conjunction with Cg. It also
serves to prevent spurious high frequency oscillations and
isolates the output of the gate from the crystal network so a
clean square wave can be obtained from the output of the
gate. Its value is chosen to be roughly equal to the capaci-
tive reactance of Cg at the frequency of oscillation, or the
value of load impedance Z|_ calculated above. In this case,
there will be a two to one loss in voltage from the output of
the gate to the input of the crystal network due to the volt-
age divider effect of Ry'and Z). If C and Cg are chosen
equal, the voltage at the input to the gate will be the same
as that at the input to the crystal network or one half of the
voltage at the output of the gate. In this case, the gate must

- have a voltage gain of 2 or greater to oscillate. Except at

very high frequencies, all CMOS gates have voltage gains
well in excess of 10 and satisfactory operation should result.

Theory and experiment show that unbuffered gates are
more stable as oscillators by as much as 5 to 1. However,
unbuffered gates draw more operating power if used in the
same circuit as a buffered gate. Power consumption can be
minimized by increasing feedback which forces the gate to
operate for less time in it's linear region.

When designing with buffered gates, the value of Ry or Cg
may be increased by a factor of 10 or more. This will in-
crease the voltage loss around the feedback loop which is
desirable since the gain of the gate is considerably higher
than that of an unbuffered gate.

Ca and Cg form the load capacitance for the crystal. Many
crystals are cut for either 20 to 32 picofarad load capaci-
tance. This is the capacitance that will cause the crystal to
oscillate at its nominal frequency. Varying this capacitance
will vary the frequency of oscillation. Generally designers
work with crystal manufacturers to select the best value of
load capacitance for their application, unless an off the shelf
crystal is selected. '

High Frequency Effects .

The phase shift thru the gate may be estimated by consider-
ing it's delay time:
Phase Shift = Frequency X Time delay X 360°

The “typical gate oscillator” works well at lower frequencies
where phase shift thru the gate is not excessive. However,
above 4 MHz, where 10 nsec of time delay represents 14.4°
of excess phase shift, Ry should be changed to a small
capacitor to avoid the additional phase shift of Rg. The val-
ue of this capacitor is approximately 1/«C where w = 27f,

‘but not less than about 20 pF.

Re = 10.MQ A
AA

Vv

| ’ ID’_I-leciﬁpF
Ul

Tca 62 pF "fc.,:szpr

TL/F/5347-5
FIGURE 4. Gate Oscillator for Higher Frequencies

Improving Oscllator Stability

The CMOS gate makes a mediocre oscillator when com-
pared to a transistor or FET: It draws more power and is
generally less stable. However, extra gates are often avail-
able and are often pressed into service as oscillators. If
improved stability is required, especially from buffered gate
oscillators, an approach shown in Figure 5 can be used.

Rp = 10 MQ
AAA
\A AL
Ri=1kQ
l'__{>o—‘
| Cs = 36 pF

TL/F/5347-6

FIGURE 5. Gate oscillator with improved stability
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In this circuit, Ca and Cg are made large to swamp out the
effects of temperature and supply voltage change on the
gate input and output impedances. A small capacitor in se-
ries with the crystal acts as the crystal load and further iso-
lates the crystal from the rest of the circuit. :

Overtone Crystal Oscillators

At frequencies above 20 MHz, it becomes increasingly diffi-
cult to cut or work with crystal blanks and so generally a
crystal is used in it's overtone mode. Also, fundamental
mode crystals above this frequency have less stability and
greater aging rates. All crystals will exhibit the same reac-
tance vs. frequency characteristics at odd overtone fre-
quencies that they do at the fundamental frequency. How-
ever, the overtone resonances are not exact multiples of
the fundamental, so an overtone crystal must be specified
as such.

In the design of an overtone crystal oscillator, it is very im-
portant to suppress the fundamental mode, or the circuit will
try to oscillate there, or worse, at both the fundamental and
the overtone with little predictability as to which. Basically,
this requires that the crystal feedback network have more
gain at the overtone frequency than the fundamental. This is
usually done with a frequency selective network such as a
tuned circuit.

The circuit in Figure 6 operates in the parallel mode just as
the Pierce oscillator above. The resonant circuit LaA—Cpg is
an effective short at the fundamental frequency, and is
tuned somewhat below the deferred crystal overtone fre-
quency. Also, C| is chosen to suppress operation in the
fundamental mode.

The coil Ly may be tuned to produce maximum output and
will affect the oscillation frequency slightly. The crystal
should be specified so that proper frequency is obtained at
maximum output level from the gate.

Some Practical Design Tips

In the above circuits, some generalizations can be made
regarding the selection of component values.

fo=31 MHz
Rp=10 MQ

>~
+—0—

T T

Rg: Sets the bias point, should be as large as practical.

R1: Isolates the crystal network from the gate output and
provides excess phaseshift decreasing the probability of
spurious oscillation at high frequencies. Value should be ap-
proximately equal to input impedance of the crystal network
or reactance of Cg at the oscillator frequency. Increasing
value will decrease the amount of feedback and improve
stability.

Cp: Part of load for crystal network. Often chosen to be
twice the value of the crystal load capacitance. Increasing
value will increase feedback.

Ca: Part of crystal load network. Often chosen to be twice
the value of the crystal load capacitance. Increasing value
will increase feedback.

Cr: Used in place of R1 in high frequency applications.
Reactance should be approximately equal to crystal net-
work input impedance.

Oscillator design is an imperfect art at best. Combinations
of theoretical and experimental design techniques should
be used.

A. Do not design for an excessive amount of gain around
the feedback loop. Excessive gain will lead to instability
and may result in the oscillator not being crystal con-
trolled.

B. Be sure to worst case the design. A resistor may be add-
ed in series with the crystal to simulate worst case crys-
tals. The circuit should not oscillate on any frequency
with the crystal out of the circuit.

C. A quick check of oscillator peformance is to measure the

frequency stability with supply voltage variations. For -

HCMOS gates, a change of supply voltage from 2.5 to 6
volts should resuit in less than 10 PPM change in fre-
quency. Circuit value changes should be evaluated for
improvements in stability.

La 0.9H
11.5 TURNS

TL/F/5347-7

FIGURE 6. Parallel Mode Overtone Circuit
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MM54HC/MM74HC Logic Connection
Diagrams and Truth Tables

National |
Semiconductor

MM54HC/MM74HC Logic
Connection Diagrams and
Truth Tables
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10 Triple 3-Input NAND Gate
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MM54HC/MM74HC Logic Connection
Diagrams and Truth Tables ‘

32 Quad 2;|nput OR Gate

34 Hex Non-Inverting Gate

Vec B4 A4 Y4 B3 A3 Y3 Vec A6 Y6 - A5 Y5 A4 Y4
[ |18 2 |1 Jo o e e |3 |12 |11 o o . |s
vz Js Ja |s Te [ I I .

Al B1 Y1 A2 B2 Y2 GND I |2 |3 |4 |5 IG |7

R/t Al Yl A2 Y2 A3 Y3 GND
TL/F/5359~1

42 BCD-to-Decimal Decoder
INPUTS OUTPUTS Truth Table
vVee A B [ [+] '9 8 7‘ -
Inputs Outputs
l1e 15 |14 13 |12 |11 I1o Is‘ No. P P

. DCBA|O123 45867809
l l ' 0 |[LLLLILHHHHHHHHH
1 LLLHHLHHHHHUHHH
2 LLHLIHHLHHHHHHMH
3 LLHHHHHLHHHHMHH
4 |LHLLIHHHHLHHHHMH
5 LHLHHHHHHLHHHH
6 LHHLHHHHHHLHHH
: 7 LHHHHHHHHMHH AL H H
8 HLLLIHHHHHHHHLH
'1 Iz Ia |4 Is Ie |7 Ia 9 HLLHHHHHHHHHMHL
'] 1 2 3 4 5 6 GND IHLHLIHHHHHHHHHH
~ ouTPUTS HLHHHHHHHHHMHMHMH
HHLLIHHHHHHHUHHH
essor-1 |INVALD o C il HHHHHHHHH
HHHLIHHHHHHHHMHH
HHHHHHHHHHHHMHH

H=High Level, L=Low Level

51 Dual AND-OR-Invert Gate

ct
|13

81
|12

Vece
: [14

1 2 3 4 5 6
A1 A2 B2 c2 D2 Y2

BE;
GND
TL/F/5302-1

58 Dual AND-OR Gate

c1
|13

B1
‘]12

E1 D1
10 9 8

vece

[re

7

GND
TL/F/5302-2
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73 Dual J-K Flip-Flop with Clear g‘ =
(¢,
q
3 G1 Q1 GND K2 Q2 Q2 Truth Table Q E
14 13 12 In ho 9 8 3 0O
Inputs Outputs :: N
CLR CLK J K| aQ Q = g
L1 L X X X|L H Q3
R H l L L|a Qo o
cK H l H L[| H L (] -
H ! L H|{L H = @)
H 1 H H | TOGGLE ~
H H X X|a ao ; o -
1 2 |a 4 5 6 7 5-‘9
CLlk1 CLR1 K1  vgc CLK2 CLR2 42 ) 0
TL/F/5072-1 n O
]
=
=
o
74 Dual D Flip-Flop with Preset and Clear =
(]
Vee CLR2 D2 CLK2 PR2 a2 [F] Truth Table S
14 13 12 1 Iw ] [
: Inputs Outputs
PR CLR CLk D[ aQ Q
L H X X H L
H L X X L H
L L X X+| H* H*
H H T H H L
H H T L L H
H H L X Qo Qo
7 Note: Q0=the level of Q before the indicated input condi-
. l tions were established.
CLR1 n CLK1 PR1 1 [l ,GND * This configuration is nonstable; that is, it will not persist
when preset and clear inputs return to their inactive (high)
TOP VIEW level. :
TL/F/5106-1
75 Quad D Latch withQand Q
ENABLE
10 20 26 12 GND 3G 30 40 Truth Table
|1s 15 1 |3 ‘Jtz 11 |10 |9 Inputs Outputs
L I—J D G Q Q
QD 1L J I:o D F D Q L H L H
G -I G e G H H H L
: X L Qo Qo
Q Q a Q H=High Level: L=_Low Level
X=Don't Care:
I"—‘ Qo=The level of Q before the transition of G
|1 2 3 4 Is Is 7 Ie
1@ 10 20 ENABLE Vc¢ 3D 4D 40
3-4
TL/F/5303-1




MM54HC/MM74HC Logic Connection
Diagrams and Truth Tables

76 Dual J-K Flip-Flop with Preset and Clear

K1 Q1 Q1 GND K2 Q2 @2 J2
16 |15 |14 [13 12 |11 |10 |e
[ Q Q
CLR PR o/ PR_ CLR
9 g CLK CLK
L\

{

1
CLK.1 PR

'2

|4
J1

1 CLR1t

5

Vce CLK2 PR2 CLR2

TL/F/5074~1

Truth Table

Inputs Outputs

PR CLR CLK J L | Q Q
L H X X X | H L
H L X X X L H
L L X X X | L L
H H 1 L L{Q Qo
H H J H L| H L
H H A L H L H.
H H l H H | TOGGLE
H H H X X | Q Qo

*This is an unstable condition, and is not guaranteed

85 4-Bit Magnitude Comparator

DATA INPUTS
Ve A3 B2 A2 A1 BI A0 BO
| T TR T O O O
A3 B2 A2 A Bl A
' ) B3 80
A<B A=B A>B A>B A=B A<B
N [ IN OUT OUT  ouT
®
1 2 3 4 5 6 7 Ts
B3 A<B A=B A>B, A>B A=B A<B, GND
,',’,‘,‘,L“, CASCADE INPUTS OUTPUTS
TOP VIEW
N TL/F/5205-1
Truth Table
Comparing Cascading Outputs
Inputs Inputs
A3, B3 A2,B2 A1,B1 A0, BO A>B A<B A=B A>B A<B A=B
A3 > B3 X X X X X X H L L
A3 < B3 X X X X X X L H L
A3 = B3 A2 > B2 X X X X X H L L
A3 = B3 A2 < B2 X X X X X L H L
A3 = B3 A2 = B2 A1 > B X X X X H L L
A3 = B3 A2 = B2 A1 < Bt X X X X L H L
A3 = B3 A2 = B2 A1 =B1 A0 > BO X X - X H L, L
A3 = B3 A2 = B2 Al =B1 A0 < BO X X X L H L
A3 = B3 A2 = B2 Al = B1 A0 = BO H L L H L L
A3 = B3 A2 = B2 Al =B1 A0 = BO L H L L H L
A3 = B3 A2 = B2 Al =B1 A0 = BO X X H L L H
A3 = B3 A2 = B2 Al =B1 A0 = BO H H L L L L
A3 = B3 A2 = B2 Al = B1 A0 = BO L L L H H L

X
&




86 Quad 2-Input XOR

O

[

o

: -

vee B4 A4 Y4 B3 A3 Y3 Truth Tabl e [V
| 14 13 |1z I " 10 |9 |s 3
Inputs Outputs «

A B Y g

L L L Q

L H H |

H L H c

‘ H | H L =

' Y=A®B=A8 + AB -

Q

1 |z la 4 ls l [ 7 ' E‘
a1 81 ¥ a2 B2 Y2  GND 8

TL/F/5305-1

’

107 Dual J-K Flip-Flop with Clear

=
=
an
=3
u
o
~
=
=
N
o
X
o
r
o
Q
o
2
o)
3
5
o
0
o
o
3

Vcc¢ CLR1 CLK1 K2 CLR2 CLK2 J2 Truth Tab'e
|14 I13‘ I‘|2 1" IiO 9 8
) Inputs Outputs
I CLR CLK J K| a @
K clk a L X X X| L H
H 1 L L|@ Qo
_ H 1 H L{ H L
-
J cn @ H l L HI| L H
— H ! H H| ToGGLE
H H X X | Qo
a4 5 [ |7
K1 Q2 Q2 GND
TL/F/5304-1
109 Dual J-K Flip-Flop with Preset and Clear
Ve CLR2 J2 K2 CLK2 PR2 Q2 Q@2 Truth Table
fie Jis |14 Ja 12 11 Jo e
L Inputs i Outputs
SR PR CLR CLK J K| Q@ @
—CLA L CLK L H X X X| H L
kK @ | X & H L X X X| L H
rp CLK CLR L L X X X|H B
1 o R |—— H O H T L L|L H
o _I__ H H T H L | TOGGLE"
— H H T L H|[Q Qo
1 2 3 5 6 7 8 H H T H H H L
4 [ H H L X X|aqo Qo

CLR1 J1 K1 CLK1 PR1 Q1 Q1 GND
) TL/F/5306-1

3-7.



MM54HC/MM74HC Logic Connection
Diagrams and Truth Tables

112 Dual J-K Flip-Flop with Preset and Clear

J2

Vcc CLR1 CLR2 CLK2 K2 PR2 Q2
16 |15 14 |13 |1z In |1o 9
CLR _
K
b CLK
J Q
PR
[°J
|1 Iz 3 |a |5 6 7 8
CLK1 Kt J1 PR1 Q1 Q@1 @2 GND
TL/F/5307-1

Truth Table

Inputs Outputs

PR CLR CLK J L| Q@ @
L H X X X| H L
H L X X X | L H
L L X X X| Lt oL
H H l L L|Q Qo
H H l H LI H L
H H l L H| L H
H H l H H| TOGGLE
H H H X X|aQ Qo

*This is an unstable condition, and is not guaranteed

113 Dual J-K Flip-Flop with Preset

N
vcc ClK2 K2 J2 PR2 Q2 Q2
‘ _ . Truth Table
|u 13 12 |11 |1o 9 Ia .
B Inputs Outputs
PR CLK J K| O Q@
L X X X H L
PR H J L L|Q Qo
Q H J H L H L
H l L H L H
H l H H TOGGLE
H H X X Qo Qo
] 7
a1 GND
TL/F/5073-1
123 Dual Retriggerable Monostable Multivibrator
Ry
Vee c‘;E csim a1 2 l:Li!z a|z A|2 Truth Table
16 15 14 13 12 11 10 9 = Hi
Inputs Outputs H = Hign Lovel
L = Low Level
CLR Clear | A | B Q a 1 = Transition from Low to High
L X1 X L. H 1 = Transition from High to Low
X Hix| L H !
X x| L L H JL = One High Level Pulse
H L1 JJ'{. u U= One Low Level Pulse
H 1 H ar =
h g H T 1r X Irrelevant
CLR 0 Q
|1 |2 [3 4 5 '6 |7
Al 81 CLR1 Ll Q2 Cext2  Rexrz GND

Cexr
TL/F/5206-1




125 TRISTATE® Quad Buffer

Vce ¢C4 A4 Y4 Cc3 A3 Y3 Truth Table

[t |13 [z |11 Jro o s

Inputs Output

A c Y

H L H

L L L

! g X H z
1 2 |3 4 5 e |7
C1 A1 YT €2 A2 Yy2 GND

TL/F/5308-1
126 TRISTATE® Quad Buffer
Vce ca4 A4 Y4 Cc3 A3 Y3 Truth Table

[1a J1a 12 ] Jio e |s

Inputs Output

A c M

' H H H

L H L

! X L A
1 'RE 4 s |e |7
C1 A1 Y1 C2. A2 v2 GND

TL/F/5308-2

132 Quad 2-Input NAND
Schmitt Trigger

Vcc B4
14 13

AA Y4 B3I A3 Y3
[12 J11 o [ |s

TL/F/5309~1

133 . 13-Input NAND

vee M L K J 1 H Y
16 15 14 13 12 " I 10 I 9
. I
——
1 2 3 4 5 [} | 7 l 8
A B c D E F G GND
TL/F/5134-1

o=
[\
Qo
e Y
g::
aQ
[\V)
Q
ﬂ
- o
T
o
=0
5 -
=10
D
S
20
o
-
-
(5]
(¢)
o
o
-




MM54HC/MM74HC Logic Connection
Diagrams and Truth Tables

s

137 3-to-8 Line Decoder With Address Latches

DATA DuTRUTS Truth Table
VCe YO Y1 Y2 Y3 Y4 Y5 Y6 Inputs
J16 |15 J1a 13 J12 11 Jno |o Enable Select Outputs
GL Gl G2|C B A[Yo YI Y2 Y3 Y4 Y5 Y6 VY7
X X H|X X X|H H H H H H H H
Yo Y1 Y2 Y3 YA Y5 X L x|x x x| H H H H H H H H
8 L H L|L L L[L H H H H H H H
L H L|L L H|H L H H H H H H
G261V L H L|L H L|/H H L H H H H H
f L H L|L W H|lH B H L H H H H
L'H L|H L L|H W H H L H H H
4 |5 6 |7 Iﬂ L H L|H L HlH H H H H L H H
B2 G1 Y7 GND L H L H H L H H H H H H L H
L H LJ|H H H|H H H H H H H L
SELECT ENABLE  OUTPUT Output corresponding to stored :
TL/F/5310-1 HoH Lx x X address L; all others, H
’ H = high level, L = low level, X = irrelevant
138 3-to-8 Line Decoder
) ORmogTRUTS X Truth Table
Voo Yo -1 Y2 Y3 Y4 Y5 Y6
bs s Ju Js le o o s Inputs Outputs
l Enable | Select
Gt G2*|C B A|Y0 YI Y2 Y3 Y4 Y5 Y6 Y7
X HIX X X{H H H H H H H H
L X|IX X X{H H H H H H H H
H L{L L L{L H H H H H H H
H LJ|L L HH L H H H H H H
H LIJLHLIH H L H H H H HY
. T T H L|{LHHIH H H L H H H- H
H L/HLLIH H H H L H H H
R N NG H L|HLH/H HHHUHILHH
I , JA_UB @, V7 OND H L|HHL|H HH H H H L H
SELECT ENAALE ouTeuT H L|HHH|/H H H H H H H L
TOPVIEW *G2=G2A+G28
TL/F/5120-1 H=high level, L=1low level, X=don’t care
139 Dual 2-t0-4 Line Decoder
s ol B Truth Table
Vec G2 A2 B2 2v0 2v1 2v2  2v3
16 - {15 L} 3 9
] | 1 1 iﬂ iﬂ i‘lo | Inputs Outputs
J Enable | Select .
G B A|Y0 YI Y2 VY3
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
1 17 L |H H|H H H L
|1 z 8 I‘ |5 |s |7 ]e H=high level, L=low level, X=don't care
ENABLE A1 81 1o 1w 1v2 13 GND
SELECT DATA OUTPUTS

TL/F/5311-1

3-10 -




MM54HC/MM74HC Logic Connection

Diagrams and Truth Tables

147 10-to-4 Line Priority Encoder

INPUTS

OUTPUT e e QUTPUT
3 2 1 9

Truth Table

Outputs

b P s S R S b Y s i |
IITJJIIT 42T
ITTI 41T TT

IJJIIIIIIXT

Inputs

2 3 4 5 6 7 8 9/D C B A

1

IOITITTIITT
IXJTITITIITITT
IXXJITIIITIT
IXXXAIITIIT
IXXXXJIITT
IXXXXXJATITT
ITXXXXXXJITT
ITXXXXXXXAT

IXXXXXXXXd

A

D

Vcec NC

|16 |15 IN |13 |12 |l1 I10 |9

[ 1117
?
!

H = High Logic Level, L = Low Logic Level, X = Irrelevant

OUTPUTS

INPUTS

TL/F/5007~1

ty Encoder

ori

149 8 Lineto 8 Line Pr

Truth Table

[N
m T T a3
NIIarrrxrrTTzT
W IITA4ITIIIIITCI
[2]
SlwlrTxrxaxrzxxx
Q.
M.qHHHHHLHHHH
W IIIITIIJITITIT
[T i e i e il e offis P s i
~lIzTxTzTzzzI-zxT
OolTITZIIIIIIJ
W
m T30 daddad4a
NXIagXxrzrxTrTx
WX IXJITITIITTI
MSXHXXLHHHHH
Ble|xIxxXxxaTITITT
WX IXXXXJIEITTI
N|XIXXXXXJIJIT
[ XIXXXXXXT
Of X T X X XXX XX
e
— Imﬂ
Imw
3
I.IWT
—4—0 -
— |2
o=
—t—O _m
m
]
-
€ L2
=

151 8 Channel Multiplexer

Truth Table

DATA SELECT

DATA INPUTS

(=3 A [ I W |© |~
£ zBeRAIBEIBIBE
s I
a
5
S| >|-g85883885

o
2
m T dd a3 ad4d4d
73
2
W. X4 4T 4T 2T
c
-1
©
3 b R e e P [ . -
7]
X dd 1 a0 ITITXIT
T
o
3
<Q
P w
o @© ~
c|||_ Im 2
(-} w
o — a © srl1lm
- &
<= < anlﬁlwm
a
o~
~ 5 - 5YW
«
© — m W 40
2| © @
© ] 5 -|5
- 2
- = b:4 g 38 22%
o
85 I C

High Level, L = Low Level, X = Don't Care
DO, D1..D7 = the level of the respective D input

H=

3-11



MM54HC/MM74HC Logic Connection

Diagrams and Truth Tables

153 Dual 4 Channel Multiplexer

Truth Table
- DATA INPUTS .
Vee smonz ELAEUT 3 202 201 200 our;\rr Select
16 |15 USRI £F) 11 10 fe Inputs Data Inputs Strobe | Output
—I-o B|A|cCco|c1|cC2]|cC3 G Y
}7 A x{ x| x| x| x| x H L
—o—s LjL|l | x| x| x L L
L L H X X X L H
'—40#‘ . L|H X L X X L. L
Tt L H X H X X L H
I-o H L X X L X L L
H L X X H | X L H
1 3 3 N 5 . 7 ry H H X X X L L L
STROBE 102 11 100 OUTRUT  GND HiH]X X X H L H
16 sewer DATAIRPUTS w Select inputs A and B are common to both sections.
TL/E/5107-1 H = high level, L = low level, X = don’t care.
154 4-t0-16 Line Decoder Truth Table
' Inputs Low
, INPUTS OUTPUTS ) G2 D c B A outputt
v.;chacoezmasu13121 L 3 L L 3 L o
24 |23 |22 |21 |20 |1o |1a In I1e |15 |14 |13 L L L L L H 1
L L L L H L 2
i L L L L H H 3
. L L L H L L 4
L L L H L H 5
L L L H H L 6
: L L L H H H 7
) L L H L L L 8
) : L L H L L H 9
T ‘[ T ‘[ ] [ T L Ll L W L] 1
i L L H L H H ‘1
|1 |z la |4 ls |e |7 |a |9 |1o Iu Iu L L H H L L 12
0 1 2 3 4 5 6 7 8 9 10 GND L L H H L H 13
OUTPUTS L L H H H L 14
L L H H H H 15
TL/F/5122-1 L H X X X X e
H L X X X X —
H H X X X X —
*All others high
157 Quad 2-Input Multiplexer
INPUTS OUTPUT INPUTS OUTPUT Truth Table
— Pranbanay
Vcc STROBE 4A 4B 4Y 3A 38 3Y Inputs Output Y
[is Jis J1a J1o Ji2 |0 oo |o Strobe | Select | A B | HC157
l H X X X L
L L L X L
G 4A° 48 4Y 3A 38 L - L H X ‘H
s ) 3y L H X L L
L H X H H .

1A 18 ¥ 2A 2B 2y

1 2 3 4 5 6 7 8

SELECT 1A 18 1Y 2A 2B 2Y GND

——
INPUTS  OUTPUT INPUTS OUTPUT

TL/F/5314-1

H = High Level, L = Low Level, X = Irrelevant

312




o=
. —
158 Quad 2-Input Multiplexer (Inverted Outputs) 2 =
(4}
q
INPUTS OUTPUT INPUTS OUTPUT s S
—_— —_— Function Table o >
Vcc STROBE 4A 4B 4Y 3A 38 3y 3 o
16 |15 14 |13 |12 11 |10 Is Inputs Output Y [ BN
| | Strobe | Select | A B HC158 2 =
G 4A 4B 4Y 3A 3B H X X X H Q.E
s av L L L X H e S
L L H X L | T
1A 1B 1Y 2a 28 2 L H X L H s.o
T T L H X H L = -
1 |2 |a |4 5 |e |7 Ia " H = High Level, L = Low Level, X = Irrelevant ;lg
SELECT 1A 1B 1v 2A 2B 2Y GND g a-
~—— ~——— )
INPUTS OUTPUT INPUTS OUTPUT m o
TL/F/5314-2 . b
=
®
160, 161, 162, 163 4-Bit Synchronous Counter Q
wene  ovreurs Truth Tables S
CARRY e/ mmmm. ENABLE
VCCOUTPUTQp Qg Q¢ Qp T LOAD ) 'HC160/HC161
|16 15 |14 |13 |12 1 |10 |9 CLK | CLR | ENP | ENT | Load Fi
X L X X X Clear
X H H L H Count & RC disabled
RIPPLEQya Qg Q¢ Qp ENABLE X H L H H Count disabled
CARRY T X H L L H Count & RC disabled
outPuT Tl H ] x| x|t Load
CLEAR LOAD T H H H H Increment Counter
oK ENABLE | ' H = high level, L = low level
A A B c b p X = don’t care, T = low to high transition
1 2 3 2 s s |7 8 ’HC162/HC163
. CLK | CLR | ENP | ENT | Load F
BLE GND
CLEAR CLOCK A B (o D ENA" LE G ' 1 L X X X Cloar
X H H L H Count & RC disabled
DATA INPUTS x| | L] RA]|H Count disabled
TL/F/5008-1 X H L L H Count & RC disabled
1T H X X L Load
T H H H H Increment Counter
164 8-Bit Serial-In Parallel-Out Shift Register
' ouTPUTS
Truth Table
Vec QG4 Qg OF Qg CLEAR CLOCK
114 13 12 j11n J1o |e Ia Inputs Outputs
J Clear [Clock | A B| Qa Qg ... Qn
L X X X L L L
H L X X | Qo Qo Qno
4 H T H H H Qan Qgn
H T L X L Qan Qgn
H T X L L QAn Qgn
H = High Level (steady state), L = Low Level (steady state)
X = Irrelevant (any input, including transitions)
- T = Transition from low to high level.
DN O I R O OO Qao. QBo, QHo = the level of
A0, Ao, QHO e level of Qa, Qp, or Qp, respectively, before the
A B Qa Qg Qc  QGp GND indicated steady state input conditions were established.
SERIAL INPUTS OUTPUTS Qan, Qgn = :I’he level of Q‘A or Qg before the most recent T transition of
TL/F/5315-1 the clock; indicated a one-bit shift.

3-13



165 8-Bit Parallel-In Serial-Out Shift Register.

PARALLEL INPUTS Function Table
v cLock zo—-c-:-*ﬁ SERIAL OUTPUT Pr— I "
'CC INHIBIT INPUT  Qy B nputs nternal
. Outputs Output
16 Ji5 |1e pa b2 Ji1 | |e Shift/ | Clock Clock| Serial Parallel . Qy
. Load | Inhibit A...H Qs 0g
cLock b € 8 A SERIAL L X X X |a...hjfa b h
INHIBIT N H L L X X Qa0 Qgo| QHo
e/ an H L 1 H X Qan| Qan
. H L T L X L Qan| Qan
X & f @ H Oy H H - X X X Qpao QBo| QHo
H = High Level (steady state), L = Low Level (steady state)

X = Irrelevant (any input, including transitions)

1 2 3 4 5 6 7 8
T = Transition from low to high level

MM54HC/MM74HC Logic Connection

Diagrams and Truth Tables

SHIFT/ cLOCK E F G H OUTPUT GND Qao, Qgo, Qo = The level of Qa, Qg, or Qy, respectively, before the
LOAD —— e QY indicated steady-state input conditions were established. !
PARALLEL INPUTS QaN, Qgn = The level of Qa or Qg before the most recent T transition of
TL/F/5316-1 - the clock; indicates a one-bit shift.
173 TRI-STATE® Quad D Flip-Flop
DATA ENABLE
DATA INPUTS INPUTS Truth Table
Vcc CLEAR 1D 2D - 3D 4D G2 Gi Inputs o
- t
1 f15 14 Ji3 f2 | |1o B Clear | Clock |__DataEnable | pata utpy
Ej—' . G1 G2 D Q
H X X X X L
CLEAR 1D 2D 3D 4D DATA' L 'lf‘ X X X Qo
: ENABLE L H X X Qo
OUTPUT
CONTROL1Q 20 30 40 N L 1 X H X Qg
L 1T L L L L
-—Q L T L L H H
3 2 3 T 1 PR ) 5 When either M or N (or both) is (are) high the
l I A output is disabled to the high-impedance
Y] N 1Q° 2@ 3Q 40 CLOCK GND state: however, sequential operation of the
flip-flops is not affected.

OUTPUT CONTROL OUTPUTS
i H = high leve! (steady state)

L = low level (steady state)

1 = low-to-high level transition

X = don't care (any input including transitions)

Qo = the level of Q before the indicated steady state input condi-
tions were established :

TL/F/5317-1

174 Hex D Flip-Flop With Clear

Wie B e s s 4D 40 cLgeK Truth Table (&ach Fiip-Fiop)
16 15 14 |13 12 1 10 9
Inputs Outputs
Q [ Q
K oK o Clear Clock D Q
CLEA CLEAR CLEAR L X X L
H T H H
H T L L
. H L X Qo
CLEAR CLEAR CLEAR |-
K oK oK R . H = High level (steady state)
2 L = Low level (steady state) -
X = Don’t Care
1T = Transition from low to high level
1 CIN R O 8 7 "’ Qq = The level of Q before the indicated steady-state
CLEAR 1 1 20 20 3D 30 GND input conditions were established.
TL/F/5318-1

3-14




175 Quad D Flip-Flop With Clear

Vec 4a 4@ 4 3D 3@ 30 cLock
||s I‘IS |14 13 12 In Iuo []
a Q Q a
|-= CLR ¢k oK CLRPA
L ]
L .
D D
CLR CK CK cLR oJ
a Q Q [
1 2 Is 4 5 6 I7 |e
CLEAR 10 10 D 20 26 20 GND

TL/F/5319-1

Truth Table (ach Fiip-Flop)

Inputs Outputs

Clear [Clock | D| Q@ | @
L X X! L H

H T H| H L
H T L1 L|H
H L X | Qo | Qo

H = high level (steady state)

L = low level (steady state)

X = irrelevant

1T = transition from low to high level

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

=
Y
«Q
=
Y
3
(7]
Q
=}
Q
=
-
=
[l
=
-
1Y)
2
o
@

181 4-Bit Arithmetic/Logic Unit

INPUTS OUTPUTS

- ~ — \
Vcc A1 B1 A2 B2 A3 B3 G Cptg P A=B F3
l24|23|zz|21|20|19 1a|17 16 {1514 |13

LT

T [1]

|1 |2 3 |a |5 |6 |7 |8 |9 |1o|11 |12
BO A0 S3 S2 S1 SO Cyp M FO Fi F2 GND
i N —

INPUTS OUTPUTS
TL/F/5320-1

Pin Des"ignations

Designation Pin Nos. Function
A3, A2, A1, A0 19,21,23,2 Word A Inputs
B3, B2, B1,B0 18,20, 22,1 Word B Inputs

Function-Select
83, 82, 81, S0 3,4,5,6 Inputs
Cn 7 Inv. Carry Input
Mode Control
M 8 Input
F3,F2, F1,FO 13,11,10,9 Function Outputs
A=B 14 Comparator Outputs
Carry Propagate
P 1’ Output
Cpt+4 16 Inv. Carry Output
Carry Generate
G 7 Output
Vee 24 Supply Voltage
GND 12 Ground

182 4-Bit Look Ahead
Carry Generator

INPUTS OUTPUTS

-

~ \
Vecc P2 G2 Cy Cptx Cpty G Cpiz

Jis lis e i f2 |n [0 |e

L l

REREN

|1 |2 |3 la |5, |s |7 |e

Gi Pl GO PO G3 P3 P GND

. — OUTPUT
INPUTS

TL/F/5321-1,

190, 191 4-Bit Synchronous
Up/Down Counter

INPUTS OUTPUTS INPUTS
— E \
DATA RIPPLE MAX/ DATA DATA
Vcc A CLOCK CLOCK MIN LOAD C )
16 |15 |14 |13 12 |n 10 |9

l

T

[12 3|4 5 6 1|e

DATA Qg = Qp ENABLE DOWN/ Qc Qp GND
\—E—J [ — G N
INPUT  OUTPUTS INPUTS OUTPUTS

TL/F/5322~1
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MM54HC/MM74HC Logic Connection

Diagrams and Truth Tables

'

192, 193 4-Bit Syﬁchronous Up/Down Counter

RIGHT e e LEFT
SERIAL  PARALLEL INPUTS  SERIAL
INPUT INPUT

TL/F/5323-1

INPUTS
pr—— bl Truth Tab'e
DATA CLEAR LOADDATA DATA
Ve A BORROW CARRY c o Count
|,6 5 |1a _|,3 |,2 I,, 10 Jg Clear | Load Function
1 l L Up Down :
T H L H Count Up
A am‘,onmvf ARRY LoAD ¢ H T L H Count Down
B o X X H X Clear
o o X X L L | Load
Q ac @
e A A 7 g > H = High level
L = Low level
1 2 3 4 5 6 7 lB T = Transition from low-to-high
DATA Qg Qp COUNTCOUNT Qc Qp GND X = Don't care
B e DOWN UP e e
INPUT  QUTPUTS === OUTPUTS
INPUTS
TLIF/5011-1
194 4-Bit Bidirectional Shift Register
- Function Table
Vec Oa 0 Qg Qp CLOCK S1 SO
Lis 15 J1a Ji3 2 Jir Jo Je Inputs Outputs
Mode Serial | Parallel :
Clear g1 52| ©'°°K | et Rightja B c | °A % 9c O
an 0 o a Y St
cLock L |X X| X X X [XXXX|L L L L
H [X X| L X X [X X X X|Qao Qso Qco Qpo
cuean s H|HHl T |Xx xlabcdla b ¢ d
R A B8 [ o L H L H * X H XXXXHQAnQBnQCn
H L H X L |XXXX| L Qan Qan Qcn
HIH L] T |H X |xxxXx|Qg, Qcn Qpn H
v J2 [a [&a |5 & |7 la H|H.L| T [ L X |XXXX|QgnQcn Qpn L
CLEARSHFT A B8 C D SHFT GND H L L] X | X X [XXXX|Qao Qo Qco Qoo

H = high level (steady state)

L = low level (steady state)

X = irrelevant (any input, including transitions)

T = transition from low to high tevel

a, b, ¢, d = the level of steady-state input at inputs A, B, C, or D, respectively.
Qao: Qo Qco. Qpo = the level of Qa, Qp, Qc, or Qp, respectively, before the
indicated steady-state input conditions were established.

Qan, QBn, Qcn, Qpn = the level of Qa, Qp, Q¢, respectively, before the most-re-
cent T transition of the clock.

195 4-Bit Parallel Shift Register

OUTPUTS

— SHIFT/
Vcc Oa O Qc Qp Tp CLOCK LOAD
J1e Jis [1a Jra Ji2 |11 o e

|1z:4507|a
CLEAR J K A B C D GND

SERIAL INPUTS PARALLEL INPUTS

TL/F/5324-1

Function Table

Inputs Outputs
Shift/ Serlal Parallel |
Clear | | oaq | Clock T RTABCOD Qy Qg Qc Qp Tp
L X X [ x x[xxxxlt L v L H
H L T |X X|labcdla b ¢ d _d
H | H L | X X|X X X X|Qa Qgo Qco Qpo Qoo
H H L H|X X X X|Qa Qa0 Qen Qcn Qcn
H H L L|[X X X X| L Qan Opn Qcn Qcn
H H H H|X X X X| H Qa Qsn Qcn Qcn
H H H L |X X X X|Qan Qan Qgn Qcn Qcn

H = high level (steady state)
L = low level (steady state)

X = irrelevant (any input, including transitions)

1 = transition from low to high level

a, b, ¢, d = the level of steady-state input at inputs A, B, C, or D, respectively.

Qao, Qgo, Qco. Qpo = the level of Qa, Qg, Qg, or Qp, respectively, before the
indicated steady-state input conditions were established.

. Qan» QBn, Qcn = the level of Qa, B, Qc, respectively, before the most-recent

transition of the clock.
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LI = One Low Level Pulse
= lIrrelevant

237 3-t0-8 Line Decoder With Address Latches

o=

221 Dual Monostable Multivibrator 2=
N

o &

Vee 't‘:?xr“ Com o G2 ClR2 B2 A2 Truth Table o -
Jis |5 | 13 2 i Juo |} 3 0
S Inputs Outputs [ N

1 2 Clear A B Q Q g =

L X X L H as

X H X L H - ~

X X L L H -

H L 1 n 1r c L

o H 1 H n r = (@)

T L H I r 3 r

*H = High Level o

2 B F F F T B L = Low Level 5Q
M B CR1 W 02 Com i::mz GND 1T = Transition from Low to High - )
o 1 = Transition from High to Low (1] o

TL/F/5206-1 JL = One High Level Pulse » o

=

=

(5]

0

(=4

o

=

DATA OUTPUTS Truth Table
Vg YO Y1 Y2 Y3 Y4 Y5 Y6 INPUTS OUTPUTS
J16 [15 J1a |13 [12 |11 |10 |o _ENABLE | SELECT
. GL G G2|{C B A|[Y0 YI Y2 Y3 Y4 Y5 Y6 Y7
X X H[XXxX|L L L L L L L L
YO Y1 Y2 Y3 Y4 Y5 X L X{XxXX/L L L L L L L L
A Y8 L H LJLLL|{H L Lt L L L L L
o L H LJLLH|L H L L L L L L
B C G B 61 V7 L H LJLHL|L L H L L L L L
T—? L H LJLHH|/L L L H L L L L
L H L|HLLJL L L L H L L L
ENERERDRE s |7 |8 L H LI/HLH[L L L L L H L L
R L H L{HHLfL L L L L L H L
A B C G G G Y7 GND
— e L H L|{HHH/L L L L L L L H
SELECT ENABLE  OUTPUT H H LIX X x Output corresponding to stored
TL/F/5326-1 address, L; all others, H

H = high level, L = low level, X = irrelevant

240 Inverting Octal TRI-STATE® Buffer

vcc 2G  1Y1 2A4 Y2 2A3 1Y3 242 1v4 2A1

20 1o |18 |17 [16 |15 |14 |13 Ji2 |1 TrUth‘TabIes

F? y 16 [ 1A | 1Y | 2G| 2A | 2y
J§ . t{LefH]L]L]H
/ / / T T IO I I
|/ / HiL]lz|H]|L]|zZ
HlH|z|H|H]|Z

ﬁ ﬁ E ﬁ H=high level, L=low level, Z=high impedance

| 12 a Ja Js Je6 |7 [s o T
1G 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND
: TL/L/5020-1
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MM54HC/MM74HC Logic Connection

agrams and Truth Tables

D

241 Octal TRI-STATE® Buffer

3 Ie.|1
A N

TL/L/5018-2

Vce 2G 1Y1 2A4 1Y2 2A3 1Y3 2A2 1Y4 2A1
20 |19 |8 |17 e |15 |1a 13 iz | Truth Ta_bles
1G | 1A [ 1Y | 2G | 2A | 2y
LjcjLrjrfLry|z
) h L{H|H|L]|H]|Z
/ / HlL|Z]|H|L]|L
li{'>i ] : I f s] 3 ! H{H|[Z]H|H][H
vdz Js e [s |6 |7 J8 Jo Jrwo
1G  1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND
TL/L/5020-2
242 Inverting Quad Bidirectional Transceiver
Vcc  GBA 8 3B 4 Truth Table
= Iw l" I“ o |° I‘ Control Inputs . . Data Port Status
GAB GBA A B
H H OUTPUT - Input
L H Isolated, Isolated
H L Isolated” Isolated
D L L Input OUTPUT
I z 3 4 5 |s |7
NC 1A 2A A 4A GND
‘} TL/L/5019-1
243 Quad Bidirectional Transceiver
R I Truth Table
Iu 13 ln Iu 10 |9 |a -
J ] H Control Inputs Data Port Status
LD - GAB | GBA A B
) H H OUTPUT Input
L H Isolated Isolated
H L Isolated Isolated
L L Input OUTPUT
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244 Octal TRI-STATE® Buffer

Ve 26 1Y1 2A4 12 23 1¥3 242 1v4 2A1 Truth Table

[20 J19 |18 |17 |16 J15 |14 [13 12 |n1

& ZS ﬁ H = high level, L = low level, Z = high Impedance

2 s fe s e [ Jo |o [
16 1A1 2v4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND
TL/F/5327-1

—h
[l
-
>
-
<
[
7]l
»N
>
R

IITrr

ITTrr
Ir I
NNITr

=
2
«Q
q
]
3
(]
o

L

H| H a

L

H =
c
~
=
-
)
S
®
(]

245 Octal Bidirectional Transceiver

=
=
o
&
=
0
~
=
=
N
&
=
0
o
Q.
o
0
o
3
3
o
2
o
3

ENABLE
vee G 81 B2 B3 B4  BS 86  B7 B8 TrUth Table
IZO 19 18 17 116 ]15 IN Iﬂl Ilz Il‘l Control
* — Inputs Operation
g G DIR
F 7 L L B data to A bus
L H AdatatoB bus
s ) ¢ H X Isolation

> 2& V\ H = high level, L = low level, X = irrelevant
T-J . D
I:\
A2

| 1 | 2 ) l 5 | 6 7 8 [) Tw
DIR Al A3 A4 AS A8 A7 AB  GND
TL/F/5165-1

251 8-Channel TRI-STATE® Multiplexer

DATA INPUTS DATA SELECT Truth Table
Vee 4 5 6 7 A B c

|1s 15 |14 |13 12 | o |9 Inputs Outputs
Select Strobe | Y W

D4 DS D6 D7 A B [ B A S )
3 ¢ X X x| H z z
L L L L- DO DO
D2 D1 DO Y w S L L H L D1 m
1 1 L H L L p2 D2
|1 2 |a s s ]s |7 |s II-I ': ll-.| :: gi g
3 2 1 0 Y W STROBE GND H L H L D5 o5
DATA INPUTS OUTPUTS H H L L D6 DB
TL/F/5328-1 H H H L D7 D—7-

H = high logic level, L = logic level
X = irrel , Z = high I d (off)
DO, D1. . . D7 = the level of the respective D input
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MM54HC/MM74HC Logic Connection
Diagrams and Truth Tables

253 Dual 4-Channel TRI-STATE® Multiplexer

ouTPUT

Vcoc 26 SELECT 203 202 261 200 - 2y -
Select Output |
16 15 14 13 12 1 10 9
; ) Inputs Data Inputs Control Output
10 ' BlA|co|c1|c2|cs3 G Y
BAR '
T3 x [ x| x| x| x| x H z
< L|L]| L X | X X L L
[ J L Ll H X X X L H
L H X L X X L L
: 8B L{H| X | H| X | X L H
I-o H L] X X L X L L
H L X X H X L H
ourr:n 2 ) X ﬂ:: 1 15 c: 0 7 X H|H X X X L L L
CONTROL SELECT ! u::u T o H | H X | X X H L H
16 DATA INPUTS
TOP VIEW Select inputs A and B are common to both sections.

TL/F/5108-1

H = high level, L = low level, X = irrelevant, Z = high impedance (off).

257 Quad 2-Channel TRI-STATE® Multiplexer

IN INPUTS
ouTPUT ,—»E TPUT —~——  OUTPUT

Vcc CONTROL 4A 48 4y 3A 3B 3Y

10 I!I

I16 I15 14 13 12 n

G 4A 4B &Y 3A 38

N . 3y

1A 1B 1Y 2A 28 2Y

1 |2 |3 |4 5 6 7 s

SELECT 1A 1B 1Y 2A 28 2y
S~ QUTPUT ~———OUTPUT
INPUTS INPUTS

TL/F/5329-1

Truth Table

Inputs
Output .
| control Select | A B | OutputY
H X X X 'z
»L L L X L
L L H X H
L H X L L
L H X H H
= high level, L = low level, X = irrelevant,
= high impedance, (off)

259 8-Bit Addressable Latch

N DATA OUTPUTS
VCCCLEARABLE IN Q7 Q6 Q5 Q4
16 |i5 14 13 12 1" IIO |9
ACLEAR G D
B8
C Qo a1 02 Q3 04 Q506 Q7
|1 2 |3 |4 |s |s
B C Q a1 @2 Q3 eno
LATCH SELECT OUTPUTS
TL/F/5006-1

Truth Table ‘
Inputs | outputsof | Each
Addressed | Other Function
Clear G Latch Output
H L D Qip Addressable Latch
H H Qo Qo Memory
L L D L 8-Line Decoder
L H L L Clear
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266 Quad 2-Input XNOR Gate 3 E
% m o mow o w o w® ®  Tryth Table S
| 12 11 Im |s 8 3 o)
Inputs Outputs o
D— A B ' g =
‘ L L H Q E
L H L N
G H L L e L
‘ _Er‘l H | H H <o
Y=A® B=AB + AB = r
1 Iz Ia 4 5 Ie 7 ;;I o
Al 81 ¥1 v2 A2 B2 GND 0'9.
TL/F/5330-1 ® o
n O
*]
3
273 Octal D Flip-Flop With Clear e
-
e 60 60 0 70 8 ] % %0 CLcK Truth Table 6'
Ill! |19 !jl |17 ||ji I‘S | "% Ifl“ I‘z "l'l (Each F“P.F]op) :
¢ u I:Dcx ‘ Jox Inputs Outputs

=8 58 = Clear | Clock | D Q

T L X X L

CLEAR CLEAR CLEAR CLEAR H T H H

oK >ox . AN H 1 L L

[| I:| I:I H L X Qo

RL‘H ‘|°,’ 1!” 2|°‘ B ;I: ‘Io" R H = High level (steady state)

L = Low level (steady state)

X = Don't Care '

1T = Transition from low to high level

Qp = The level of Q before the indicated steady-
state input conditions were established

TL/F/5331-1

280 9-Bit Odd/Even Parity Generator/Checker

. puTS . Function Table
Vee F E )] A
|14 13 12 n 10 9 IB Numbers of Inputs A Outputs
thru 1 that are High S Even > Odd
0,2,4,6,8 " H L
1,3,57,9 L H
H = high level, L= low level
|1 2 Ia 4 5 6 7
4 H NC 1 D) or; GND
P INPUT EVEN DD
OUTPUTS
TOP VIEW

TL/F/5121~1
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MM54HC/MM74HC Logic Connection
Diagrams and Truth Tables

283 4-Bit Binary Adder

B3
15

A3
14

Vee
I 16

23
13

A4
12

B4

1

Truth Table

Output

When

Input Co=1L

When
CO0=H

When
C2=1L

When
C2=H

B2]B4[x1] 33

>
™ |
>
&~

A11A3 B1]B3

32| 4

c2|ca[x1]z3][z2[z4[c2]ca

K 2 |a
2 B2 A2

4
21

5
Al

B1

7 e
co  GND
TL/F/5332-1

IrIrIrIrIrIrI;Ir
ITIFFIIFFIICCrIICC
IIIIPPrFIIIIFFFF
ITIIIIIIIrrreorrr

FrITrrIIFCIICFCFIIC

L

IrrrrIIICFIIIICT

ITXITIIXITIFrrIrcreer

Ir‘l"IIr‘l_'IIl'r‘I?[l-r-x
IXTIrrrrIr-rr-rITIIIC
ITITIIIIF-rIIIFCFrCC

H = High Level, L = Low Level

Note Input conditions at A1, B1, A2, B2, and CO are used to determine outputs =1 and £2
and the value of the internal carry C2. The values at C2, A3, B3, A4, and B4 are then used to

determine outputs 23, 24, and C4

292 Programmable Frequency Dividers/Digital Timer

a1 \ 18 e Truth Table
2 15
- s CLEAR | CLK1 | CLK2 | QOUTPUT MODE
TP1= 4, L X X Cleared to L
4 13 H T ) L GCount
CLK1= =173 H L 1 Count
CLK2 = 12 0 H H X Inhibit
. L H X H inhibit
TP2 e G L
0 \ 10,
aND =L [ e
TL/F/5333-1
294 Programmable Frequency Dividers/Digital Timer
Bt \ 16y, Truth Table
e e CLEAR | CLK1 | CLK2 | QOUTPUTMODE
TP 14, L X X Clearedto L
H 1T L Count
4 13
CLki—= e H L 1 Count
cLke-] 12 o H H X Inhibit
. " H X H Inhibit
N2 e
o= 10 ¢
GND =2+ L9 ne

TL/F/5333-2
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298 Quad 2 Channel Multiplexer With Latches

ouTPUTS
DATA
WORD IPUT Truth Table
Vcc Ga 098 Qc  Qp CLOCK SELECT C1
Iue 15 i i fiz [ e ls Inputs Outputs
Word
l select|©10¢k| @ Q8 Qc Qo

\'4

L l ja b1 o1 dl
H l (a2 b2 c2 d2
X H |Qao Qo Qco Qpo
H = High Level (steady state)

L = Low Level (steady state)
X = Don't Care (any input, including transitions)

=
)
«Q
q
Y
3
«»
o
=3
Q
-
q
c
[l
=
-
)
g
o
@

[‘ 2 3 4 s 6 7 |° 1 = Transition from high to low level
B2 A2 Al B1 Cc2 D2 D1, GND al, a2, etc. = The level of steady-state input at
DATA INPUTS ' A1, A2, ete.

Qao. Qgo, tc. = The level of Q,, Qg, etc. en-
tered on the most recent | transition of the
clock input.

TL/F/5334-2

=
=
(4]
-
XL
(¢
~
=
=
~
-y
o
o
r
]
Q,
0
0
(]
=
=
14
(1]
=
]}
=

299 8-Bit Universal Shift Register

SHIFT SHIFT

LEFT RIGHT
Vec S1 SL  Quw’ H/Q4 F/Qr 0/Qp B/Qs CLOCK SR
120 19 118 117 Ji6. 415 p14 113 12 11

St SL Uy H/Q4 F/Q D/Qp B/Qg CK

) $0 SR

G G/Qz E/Qe C/0c A/ Tx CLEAR

DI E O O O G 0 G O )
0 6/0g E/Q C/0c A/ * CLEAR GND
G G2 0/0 E/Qe C/0; A/QA Oa

ouTPUT
CONTROLS
TOP VIEW
TL/F/5207-1
Function Table
Inputs Inputs/Outputs Outputs
. Function Output -
_ Mode | Clear | Select Control | Clock | Serial | A/Qp B/Qg C/Qc D/Qp E/Qz F/QF G/Qg H/Qn | Qa Qp
S1 so | Git Gzt SL SR

Clear L X L L L X X X L L L L L L L L L L

L L X L L X X X L L L L L L L L L L
Hold H L L L L X X X )| Qi Qo Qo Qo Qe Qo Qa0  Quo | Qao Qo
H. X X L L LorH | X X Qao Qgo Qco Qoo Qe0o Or0 Qao Qo | Qa0 Quo
Shift Right H L H L L T X H H Qamn Qsn Qcn Qon Qen Qrn Qan | H  Qan
H L H L L T X H L Qan Qgn Qcn Qpn Qgn Qfp Qgn L Qgn

Shift Left H H L L L T H X Qpn Qcn Qpn an Qrn  Qagn  Qun H Qpn H

H H L L L 1T L X | Qn Qcn Qn Qen Qfn Qgn Qn H Qen L

Load H H H X X T X X a b c d e f g h a h

TWhen one or both controls are high the eight input/output terminals are disabled to the high-impedance state; however, sequential operation or clearing of
the register is not affected.
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MM54HC/MM74HC Logic Connection
Diagrams and Truth Tables -

354, 356 8-Channel TRI-STATE® Multiplexer with Latches

QUTPUT
OUTPUTS  ENABLES SELECT  (50)
—_— SELECT
Ve W o8 6 G S0 S1 52 CONTAOL
2 |n 17 e s e iz Jiz i
12
ENABLE ADDRESS
["""E" LogIc I REGISTER F
) ] t 3
1 10F 8 SELECTOR ]
i i:3
| DATA REGISTER
.

1 2 3 4 B 6 7 8 9 10

D7 D6 D5 D4 D3 D2 D1 DO DATA GND
CONTROL/
DATA CLOCK
INPUTS (BC/CLK)
TOP VIEW TL/F/5208-1

H = high level (steady state)

L = low level (steady state)

X = irrelevant (any input, including transitions)
Z = high-impedancs state (off state)

T = transition from low to high level

Function Table

Inputs
Data
Selectt Control | Clock Output Outputs
’HC354 | 'HC356 Enables

St S2 S0 pC ‘CLK [G1. G2 G3| W Y

X X X X X H X X z z

X X X X X X H X z z

X X X X X X X L z z
L L L L T L L H Do DO
L L L H HorL | L L H | Do, DO,
L L H L 1T L L H D1 D1
L L H H HorL | L L H |Di, D1ty
L H L L L L H | D2 D2
L H L H Horl L L H | D2, D2,
L H H L 1T L L H D3 D3
L H H H HorL [ L L H |D3, D3,
H L L L L L H D4 D4
H L L H HorL | L L H | D4, D4,
H L H L L L H D5 D5
H L H H HorL | L L H | D5, D5y
H H L L 1T L L H D6 D6
H H L H HorL [ L L H | D6, Dey
H H H L L L H D7 D7
H H H H HorL L L H | D7, D7,

DO0...D7 = the level steady-state inputs at inputs DO through D7, respec-
tively, at the time of the low-to-high clock transition in the case of "HC356
D0,...D7, = the level of steady state inputs at inputs DO through D7,
respectively, before the most recent low-to-high transition of data control or
clock.

1This column shows the input address set-up with SC low.

365 Hex TRI-STATE® Buffer

ve & AS Y6 A5

lls 15 Iu '13 |12 |n Iw Is Truth Table
- ‘ Inputs Output
, G1 G2 A Y | :
T O H X X z
. X H X z
L L H H
L L L L
1 2 3 4 5 6 7 8
ﬁA[‘vlvulzvlzl!avlaJm
TL/F/5209-1
366 Inverting Hex TRI-STATE® Buffer
Veg .
Iis 15 lu |13 Iu |11 |1o Ia Truth Table
Inputs Output
Gl G2 A Y
H X X Z
X H X z
L L H L
L L L H

1 3 4 5 6 7 8
& A I ' l l V3 J‘B
TL/F/5209-2
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367 Hex TRI-STATE® Buffer

Voo ] A8 Y6 AS

be s

M 4
I‘IG 15 lﬂ I‘ll IB

Truth Table

Inputs Output
G A Y
H X z
_ L H H
r ! L L L
1 2 3 [ 5 § 7 8
LA O A S G &
TL/F/5209-3
A}
368 Inverting Hex TRI-STATE® Buffer
Truth Table
u 1: In lm
Inputs Output
G A Y
H X z
L H L
rl>£ L H
'1 lz |a 4 5 Is l7 Ia
61 Az vz A Y3 GND
TL/F/5209-4
373 Octal TRI-STATE® Latch
ENABLE Truth Table
Vee 8Q ap 70 70 6Q 8D 5D sQ G
|zo Ji l1s Jﬂ [m st |14 Im |1z |n Latch
Output | pnaple | Data | 373
G D D a @ D ) Control G Output
a G G [}
OE OE OFE OE
b 3 3 L H H H
L H L H
C) D Q a D D a L L X Qo
o8 Soe ol Soe H X X z
5 — 9 - - 9 H = high level, L = low level
! [z Ia I‘ ls " |7 |a l’ 'I"’ Qp = level ofoutputbefore steady-state input condi-
OUTPUT 10 D 20 20 3a 30 40 4Q GND tions were established.

CONTROL.
TL/F/5335-1

Z = high impedance
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MM54HC/MM74HC Logic Connection
Diagrams and Truth Tables

374 Octal TRI-STATE® Flip-Flop

Vee 8Q 80 70 70 ‘eQ 6D 50 5Q CLOCK
IZO |19 IIS ||7 |16 IIS |“ I13 |12 I" TrUtrh Table
output | oy | pata 'Output
D D Q Q D Q
e o(;_x ﬁ :3" uao,(-s Control
T T Y ) L T H H
L 1T L L
CI0) o [z OB CI0) o (e O L L X Qo
at o ] & ae H X X z
. - )y 1
5 - C_ 9 [ H = High Level, L = Low Level
3 |z Ia Io |5 le |7 la Iv |'° X = Don't Care
ouTPUT 10 10 30 30 40 4Q GND 1 = Transition from low-to-high
CoNTROL Z = High impedance state
TL/F/5336~1 " Qo = The level of the output before steady state input
conditions were established
390 Dual 4-Bit Decade Counter , ,
+ ourur oureuTS Truth Table
vtc 2A CLEAR 205 2B 20 20c 2Qp Inputs
1 |15 [1a |3 12 [11 f10 o g '
¢l5 Clock Clear Function
V-
[ jcifap 8 % Gc O 1 L Increment
4 X H " Clear
N
A
CIEAR g o oo o
1°d
1 |2 |3 |4 s. e |7 Ta
A 1 104 1B 108 10c 10p GND
MARWUT W
TL/F/5337-1
393 Dual 4-Bit Binary Counter
PUT
. oureurs Truth Table
Vcc 2A CLEAR 2Qp 2Qg 2Q¢ 2Qp
j" 13 |‘2 |" |1° 19 Ia e Function
- 1 —t - Clock Clear
c?.émoa A G % d L Increment
A X H Clear
—i CLEAR A
Qp . 08 Qc Qp | .
NN I ER OO A |7
1A 1 105 1Qg 1Qc 1Qp GND
CLEAR
OUTPUTS

TL/F/5337-2
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423 Dual Retriggerable Monostable Multivibrator

Rem

Truth Table

vi:c cslxr c:im a1 G o2 82 A2
16 15 14 13 12 1 10 9
! | ! Inputs Outputs
SI Clear A B Q Q
oA L X X L H
X H X L H
X X L L H
H L T I iy
H Sl H I r
cLR 1@ Q H = High Level
L = Low Level
i 1 = Transition from Low to High
n | R B 4 5 J6 7 I8 1 = Transition from High to Low
A B1 ClR1 W 02  Cextz Rexrz  GND JL = One High Level Pulse
Coa "L = One Low Level Pulse
TL/F/5206-1 X = lIrrelevant
533 Octal TRI-STATE® Latch with Inverted Outputs
Srste Truth Table
Vee 80 8D 70 70 6Q 6D 50 sQ G
20 IID ||B ||7 l|6 I‘S ll‘ |13 lu |1| Latch
o — — T Output Enable
o °F L ol - Control G Data Output
L H H L
L H L H
a » D a o Dl D Q —
QE 8 GOE QE a(')E L L X Qo
T gttt H X X z
|' |= la |- [5 |° [' |' |° |'° H = high level, L = low level
:Qt:ma 1 10 20 20 30 30 40 4a GND Qo = level of output before steady-state input conditions

TL/F/6339-1

were established.
Z = high Iimpedance

534 Octal TRI-STATE® Flip-Flops with Inverted Outputs

R R ] [} 5 50 cuock

T e fo s
.
s
wr b b

il 0
CONTROL

TL/F/5340~1

Truth Table
Output
Control Clock | Data | Output
L 1T H L
L 1 L H
L L X Qo
H X X 4
.H = High Level, L = Low Level
X = Don’t Care

1T = Transition from low-to-high

Z = High impedance state

Qp = The level of the output before steady state
input conditions were established
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MM54HC/MM74HC Logic Connection
Diagrams and Truth Tables

540 Inverting Octal
TRI-STATE® Buffer

Voo E‘ Yo Y2 Y3 YA Y5 Y6 YT Y8 |20 I“ LN AL LI )

Voo 62 Yi.ov2 v3 o va Y5

14

541 Octal TRI-STATE® Buffer

Y6 Y7 Y8

13 |2 ln

18 17 16 15 14 13 12 Ii'l

A@s& BN | |[ 2t

2l —
-
=

—
-

A1 A2 A M A5 A6 A7 A8 GND
. TL/F/5341-1

9|w nn»uuuuu

8 9 [m
AT A8 GND
TL/F/5341-2

563 Octal TRI-STATE® Octal Latch with Inverted Outputs

LATCH
we w 21 m a i e w a ewae - Truth Table

|19 B f17 Ji6 415 Jie Jiz Ji2 fn
Output | Latch
) Control | Enable | D&t@ | Output
3 ‘E E FE L " v -
. : i ; H
- . - i x | Qo
H X X 7

Z = high impedance

|1 zlscssl‘/aslw

OUTPUT 1D 20 30 4D 5D 60 70 80 GND
CONTROL 1L/F/5210-1

TOP VIEW

' H = high level, L = low level
l Qo = level of output before steady-state input
ZIS )] o } UEu 0 . conditions were established

564 Octal TRI-STATE® Flip-Flop with Inverted Outputs:

Ve 1@ 20 3@ 40 s0 6@ 70 80 CLOCK ' Truth Table

Izo |19 18 f17 Jwe Jis | |3 {2 |

: Output
GED GE LE <E Control Clock | Data | Output
L T H L
L T L H
) ) O ) L L X Qo
z

! H X X
a q ' H = High Level, L = Low Level
JAN 3 0E OE 0E X = Don't Care
2 9 ‘T = Transition from low-to-high

Z = High Impedance State

12345573‘[9'10
Input conditions were established

OUTPUT 1D 20 30 4D SO 6D 70 80 GND

TL/F/5211-1
TOP VIEW

Qg = The level of the output before steady state
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573 Octal TRI-STATE® Latch

Vee 10 20 30 40 S50 6 70 8Q éﬂ‘fi's Truth Table

IZO 19 18 17 16 15 14 13 12 1

Output | Latch

i GE FE FE \? Control | Enable Data | Output

L H H H

L H L L

L L X Qo

H X X 4
(3 } UE} 3 D_En H = high level, L = low level

Qp = level of output before steady-state input
|1 2 3 ) 5 5 7 8 ]g 10 conditions were established.

OUTPUT 1D 20 30 40 50 6 0 Z = high impedance
D 7D 8D GND _ \
CONTROL . X = Don't care

=)
)
«Q
=
Y
3
(7
]
=
Q
-
-
c
[l
=
-
2
S
®
»

TOP VIEW .
TL/F/5212-1

=
=
o
e
o
0
N
=
=
N
e
L
o
r
o
Q,
)
0O
]
3
3
@
o
=
(=]
3

574 Octal TRI-STATE® Flip-Flop

Veg 10 20 30 40 S50 60 70 80 CLOCK Truth Table
In

20 19 18 17 |16 15 14 13 12

Output
_E FE ‘E FE Control | Clock | Data | Output
L T H H
] _ _ ) L T L L
' L L X |, Qo
/ - H X X z
Jicayiaoell:
0 H = High Level, L = Low Level
k X = Don't Care
PEPEFPPETP P 110 T = Transition from low-to-high
OUTPUT 1D 20 3D 4D 50 6D 70 8 GND Z = High impedance state
CONTROL ) ’ Qg = The level of the output before steady state
TOP VIEW input conditions were established
TL/F/5213-1
589 8-Bit Shift Registers with Input Latches
8 u U 16, Vee i Tl’uth Table
2 15
= A RCK | SCK | SLOAD | 6C Function
3 14
0= [ SER 1T X X X | Data loaded to input latches
4 13 -
£ [~ SLOAD 1 X L H | Data loaded from inputs to
Fo L shift register
6 1L ok i No Data transferred from
7 10 clock|{ X L H | input latches to shift
R =1 r'— C .
. . edge register
= [~ X X X L | Serial outputin high
TL/F/5368-1 impedance state
- X T H H | Shift register clocked
Qm=Qn.1, Qo=SER
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c
2 595 8-Bit Serial-In Parallel-Out Shift Register with Latches
o .
g VT © A Truth Table
c 2 15 —
0o Oc = = 0A RCK | SCK | SCLR | G Function
o 8 o = LU X X 1 | QathruQy=Tri-State
o o -y 3 X X L X | Shift Register cleared
g,l_‘! 5 12 Q=0
- e o 6 Rk X 1 H X | Shift Register clocked
QO 0g = Bsex QN=Qp.1, Qo=SER
I o - 10, <oiw T X H X | Contents of Shift
: - s 0 Register transferred
= g o] GND = e to output latches
E g TLF/s32-1
(7]
QE
«
< . . . . .
E o | 597 8-Bit Parallel to Serial Shift Register
< ;
E n B - U 16 Ve Truth Table
¢ =2 15, o RCK | SCK | SLOAD | SCLR Function
0 & 14 gep T | X X X | Dataloaded to input latches | .
£ A4 13 o7 1T X L H | Dataloaded from inputs to
shift register
F 12 pek
No Data transferred from
6 -2 L1 5ok clock| * X L H  |inputlatches to shift
7 10 =— edge ) register
H =L 1. SCLR ;
X X L L | Invalid logic, state of
N =2 =8 0y’ shift register indeterminate
.| when signals removed
TL/F/5343-1
X X H L | Shiftregister cleared
x| 1 H Shift register clocked
Qn=Qpn-1, Qp=SER
640 Inverting Octal Bidirectional Transceiver
vee zm:_;al.z B1 B2 B3 B4 B85 86 B7 B8 Truth Table
]30 19 18 17 I‘IO I|5 14 l'3 ||2 ll| c t l
ontro
- Inputs Opemflon
G DIR 640
L L B datato Abus
> L H A data to B bus
H X Isolation
' H = high level, L = low level, X = irrelevant
1 2 3 4 5 6 7 8 9 10
nL. AII Alz A3 Ala Ali )\Ie a7 a8 avlcn
TL/F/5344-1

3-30




646, 648 Octal Bidirectional Transceiver with Latches

SELECT
clock BA ENABLE -
vce  BA B1 B2 B3 B4 [

GRA Bs ®8 87 B8
J2a 2z l22 |21 2o J19 J1e Jiz s f1s fia |aa

o=

643 True/Inverting Octal Bidirectional Transceiver > E

ot m m m o m m om @ e Truth Table o 3

IZO ||9 18 ||7 ||5 'lS Il‘ JI3 Ilz |1| 3 o
Control o »

peration ~

Inputs ') g

G DIR 643 a =

F 7 L L Bdatato Abus' -l;l

L H A datato B bus E T

H X Isolation = (@)

H = high level, L = low level, X = irrelevant - 5'

’| ’2 I:s |4 Is Ie Ir ls lo lTo NQ

DIR Al A2 A3 A4 A5 AB A7 AB GND u —

TL/F/5344-2 6 (2]

nw O

]

=

e |

1]

0

=

o

=

]1 ]z Ia |4 |5 |e |7 Ia [o IIO F\ ]12
CLOCK DIR Al A2 A3 A4 AS A6 A7 A8 GND
i SELECT
a8 TL/F/5345-2
Truth Table
Inputs Data l/0 Operation or Function

G|DIR| CAB CBA |SAB SBA|A1ThruA8|B1 ThruBs 646 648
Hl X fHorL HorL| X X Input . input |!Solation Isolation
H| X T T X X P P Store A and B Data - | Store Aand B Data
Ll L X X X L Output input | Re@l Time B Data to A Bus | Real Time B Data to A Bus
L] L X X X H P Stored B Data to A Bus Stored B Data to A Bus
L| H X X L X Input Input Real Time A Data to B Bus | Real Time A Data to B Bus
Ll H|HorL X | H X P P Stored ADatato BBus | Stored A Data to B Bus

H = High Level L = Low Level X = Irrelevant T = low-to-high level transition

The data output functions i.e., data at the bus pin may be enabled or disabled by various signals at the G and DIR inputs. Data input functions are always
enabled.

The data output functions i.e., data at the bus pins will be stored on every low-to-high transition on the clock inputs.

688 8-Bit Magnitude Comparator
Vecc P=QG Q7 P7 Q6 P6 Q5 P5 Q4 P4 Truth Table

20 [19 | |17 |6 |15 f1a J1a Ja2 s

Inputs
Data Enable
) P,Q G P=q
P=Q L L
P>Q L H
P<Q L H
X H H

v J2 Js Ja Js e |7 |~ev [o T
Q@ P1 01 P2 Q2 P3 Q3 GND
TUF/5018-1
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- MM54HC/MM74HC Logic Connection
Diagrams and Truth Tables

942 300 Baud Modem 943 300 Baud Modem
e U R !‘ (Single Power Supply)
ALB —] 2 19— anp Dsi—{1 U 20— TLA
& —13 18— ex ALB —] 2 19 |— GNDA
cp'r.._4. 17 b— ™A T —{3 18 = EXI
RXD ——{ 5 16 }— RXA1 COT — 4 17— TXA
vec —{ 6 15 p— RXA2 RXD =15 16 = RXA1
CDA ——7 14 b— sQT Vec =16 15 = RXA2
XTALD ——{ 8 13 }— O/A CDA —7 14 }= SQT
XTALS —] 8 12— vaB XTALD —{ 8 13— 0/
FTLC =i 10 11 pm= TXD XTALS — 9 12 = GND
TH/F/oa48 FILE — 10 11}—Tx0
TL/F/5349-1
4002 Dual 4-Input NOR Gate
Vec v A2 B2 c2 02 N
Iu 13 12 1 Iw 9 |a
L |
1 2 ls 4 5 6 l1
" A B ¢ o NC  GND
TOP VIEW

TL/F/5154-1

4016 Quad Bilateral Analog Switch

“Veg  1CTL  4CTL 41/0  40/1 30/t 31/0 "Truth Table

lu B |12 |1 | Is |a '
Input Switch

' CTL 1/0-0/1

L “OFF”
H “ON"

1 2 3 |4 5 |s |1

10 10/t 20/t 2/0 2CTL 3CTL GND

TL/F/5350-1
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4017 Decade Counter Divider
with 10 Decoded Outputs

DECODED OUTPUT “5" =] U AL,

DECODED OUTPUT “1" =2 15 Reser

DECODED OUTPUT “0" <3 . crock

DECODED OUTPUT "2 =i LS. crock enasLe

DECODED OUTPUT “6" = HZ canav.out

DECODED DUTPUT 7" — 'Y beconen outeut g

DECODED DUTPUT 3" — 1% pecooe ouTeuT 4
onp = - DECODED OUTPUT "8

TOP VIEW TL/F/5351-1

4020 14 Stage Binary Counter

Vo G Q0 08 09  RESET CLOCK O
lw TN RUSNN RN CEI R |1o |9

l

1 2 3 4 5 6 7 8
a2 (K] Q14 [ a5 a7 04 GND
TOP VIEW
TL/F/5216-1

4024 7 Stage Ripple Counter

Voo NC a a2 NC [ [
Iu 13 12 1 10 9 8

1 2 3 4 5 6 F
CLOCK  RESET a7 ] [ [ GND

TOP VIEW
’ TL/F/5216-2

4040 12 Stage Binary Counter

Vo Q11 Q0 08 09 RESET CLOCK 1
llﬁ 5 (14 j1s Ji2 n Ivu |9

J,

1 2 3 4 5 6 7 ls
Qa2 06 05 o o0 (] 02  GND
TOPVIEW
TL/F/5216-3

4046 Phase Lock Loop

PHASE PULSES —4 U S v
PHASE COMP 1 0UT =2 15
COMPARATOR IN—> 14 SiAL N
veo out—4. 3. phase come 1 0uT
INHIBIT =3 12
cia -—51 1L 5
c1g =4 1 pEmopuLATOR OUT
Vs =2 - veo

TOP VIEW
: TL/F/5352-2

4049 Hex Inverting Logic Level
Down Converter '

NC L=F NC K=E E 4=0 0

16 15 14 13 I 12 1 10 9

Y

ln Iz 3 4 5 3 7 8

Vee G=A A H=B 8 1=T GND
TOP VIEW
TL/F/5214-1
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MM54HC/MM74HC Logic Connection
Diagrams and Truth Tables

4050 Hex Logic Level Down Converter

-NC  L=F F NC K=E E 4=D0 D

IIG |1s 14 113 ln 1 lw 9

3
Y

1 2 3 |4 5 |s 7 8
Voo 6:=A A H=8 8 1=c c GND
TOP VIEW
TL/F/5214-2
\ .
4051 8 Channel Analog Multiplexer
IN/OUT '
e e,
e S Truth Tables
16 18 b3 he Jin he Input . “ON"
mh | ¢ B A | Chamnel
H X X X None
L L L L Yo
L L L H Y1
L L H L Y2
L L H H Y3
L H L L Y4
L H L H Y5
W ¢ 5 [¢8 |7 |8 L H H L Y6
YA Y6 OUT/IN Y7 Y5 INH Vg GND L H H H AlJ
IN/OUT IN/OUT
TL/F/53‘53-1
4052 Dual 4-Channel Analog Multiplexer
Voo i v L. Truth Tables
b6 s ha h3 hi2 i Jie s pr—— “ON" Charmels
Inh B A X Y
H X X None None
: L L L oxX oy
L L H X 1) 4
L H L 2X 2y
L H H 3x 3y
]I 2 3 g 5 G‘ 7 8 ‘
oy 1Y INH Vge GND

2
2y 3w
/ot OUT/N Tingur

TL/F/5353-2
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. . o=
4053 Triple 2 Channel Analog Multiplexer g=
(¢]
o B
OUT/IN  IN/OUT (Y]
Vo T—F WA A B € Truth Tables 3 c:l;
lis Jis ha h3 b2 Ju hoe s Input “ON” Channels 0
mm|c B A| c b a 0 =
H X X X None None None a g
L L L L CX BX AX N
L L L H CcX BX AY q h
L L H L cX BY AY =T
L | L H HIJ| ox BY AY -
clwmw L oL ov BX AY ~Xe)
L |H L H| cv BX AY =
L H H L cYy BY AY qg
L H H H cY BY AY m
x PR R R ] T ofQ
BX CY C CX INH Vg GND = 0
“NGUT OUT/IN IN/oUT g o
TL/F/5353-3 g
=
(1]
0
o
. e)
4060 14 Stage Binary Counter 3
Veo a1 08 [:] RESET CLOCK1 TIOCK CLOCK
I“ 15 14 13 12 " 10 9
D
' 1 2 3 4 1] 6 7 8
ﬂ!z Q3 g Q6 o a7 [} 1:
TL/F/5216-4
4066 Quad Analog Switch
Vo 1CTL 4CTL 4/0  40/1 301 wo. Truth Table
14|131211 0 |9 s
Input Switch
i CTL 1/0-0/1
: L “OFF”
‘ H “ON”
|1 Iz 3 |4 5 |6 |1
/0 104 20/ 2/0 2TL 3CTL GND
TL/F/5350-1
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MM54HC/MM74HC Logic Connection
Diagrams and Truth Tables

4075 Triple 3-Input OR Gate

cc 3t 3 A N ¥ ¢

|u Iu 1w lo [}

il
N

Py

——
w

e
-
2l

6 |1

2A 2B 1A 1B 1C 1 GND -

4078 8-Input OR/NOR Gate

Ve Y H G . F E
I{A 13 |12 |11 o e Ia

v1za4s[s|1

K A B C D GND
TL/F/5165-1 TL/F/5135-1
4316 Quad Analog Switch with Level Translator
Ve 1CTL 4CTL 41/0 4071 30/1 31/0 Ve ‘
J16 |15 Ju 13 [12 |11 Ju [o Truth Table
Inputs Switch
En CTL 170-0/1
' H X “OFF”
L L “OFF"
L H “ON"
1 12 |3 |4 |5 Je {7 |s
11/0 10/1 20/l 21/0 2CTL 3CTL En  GND
TL/F/5369-1
4351 8 Channel Analog Multiplexer with Latches
Truth Table
Vee Y2 W1 Yo Y3 B c
J8 v |5 f1s | I“ |z |u ll“ Inh|Inh|LE|C B A “On” Channel
|J|'—l LATCHES H XXX X X None
. 1T 1 1 1 X LI X|X X X None
DTS I — L{H|H|L L L Yo
ARRAY TRANSLATOR LIHIHIL L H Yi
LIL_I L{H|H|LHL v2
L H|H|L HH Y3
KN S GO K GO (O O I 0 LIH|H[H L L Y4
Y4 Y6 COM Y5 Y7 INH INH VE‘ GND L H H H L H Y5
. TL/IF/5372-1 L H H HHL Y6
L H{H|H H H Y7
L | H|L|X X X|LastSelected Channel “On”
X | X | J]|X X X| Selected Channel Latched
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4352 Dual 4 Channel Analog Multiplexer with Latches

Vgc 2X 1X COMX OX 3 A B LE Truth Table

| R A N T N R T )

I'JI_I WI'E-LI mh|mhlITElB A XOn CilannelsY
1
D | swron ((———] Hi X |x]|x x None
appay [N TRANSLATOR- X | L|X|X X None
L H{H|O O 0X oy
I‘||_| L|{H|H|O 1 1Y 1Y
ll 2 |3 Il 5 |6 7 Ia Ig L H H|1 0 2Y 2Y
OY 2y COMY 3Y 1Y INH iNH Vg GND LIHJH]T 1 3y 3y
TL/F/5372-2 L H | L [ X X| LastSelected Channels “On”
X | X {1 |X X| SelectedChannelsLatched

o=
[Y)
&5
pa N
3::
»Q
o
52
n'\l
&
S0
:'l_‘
=10
Q@
g5
20
o
-
-
(5]
Q
=
b= |

4353 Triple 2 Channel Analog Multiplexer with Latches

Vco COMB COMA AY  AX B¢ IE Truth Table

A
Jie Jor Jss Jos Jua Jia Jie o e

1|
I_],_] IJ-—L——l——LILmHEs il mRlEle B8 A “On” Channels

—T— c | B | a

ANALOG H| X |[X|X X X None

D ek K e, x| Lx|x x X None
L H|{H]JL L L CX BX AX
. L H H{fL L H CX BX " AY
Il Tl e B R C B h| o | ey | v
BY BX CY COMC Cx INH INH TVLg/gF/Sg;I:-G L H H H L L CY BX AX
L H H{H L H (934 BX AY
L H|{HIH H L cY BY AX
L H{H|H H H cY BY AY
L HIL[X X X Last Selected Channels “On”
X[ X[ Jd[X X X Selected Channels Latched

4511 BCD-to-7 Segment Latch/Decoder Driver

T Truth Table
|16 Il5 |14 |13 |1z |11 Im Ie NPUTS - SUTPUTS
LE|(BI|[TT|{D ¢ B Ala b ¢ d e t g|DISPLAY
x| x| 0}x x x x|t 1 11 1 1 1 8
x|{0|1T|x x x x|0 0 0 0 0 0 O
ol1{1]0o 0 0 of1 1 11110 0
o|1]1]0o 0o 0o 1{0 1 10000 1
o110 0o 1 o1 1 01 1 01 2
o|1[1f0o o 1 1j1 1t 1 1 0 0 1 3
of1{1f0 1t 0o ofo 1 1 0 0 1 1 4
l1|z|3|4|5|6|7|s of1]1]o 1 0 1{1 01 1 0 1 1 5
a1 b of1|1]o 1 1 0f0o 0 1 1 1 11 6
B C LT B LE D A GND ofl1]1]o + 1 1{1 11000 0of 7
o111 0 0 of1 1 1 1 1 11 8
TL/R/58731 oj1|1|1 0 0 11 1100 11 9
of1/1]/1 o 1 olo 0 0 0 0 0 o
of1/1]1 0 1 1{0o 0000 00
o|1{1]1 1 0o ofo 0o 0o o0 o0 o000
of[1{1]1 1 0o 1{o 0 0o 00 00
of{1[1{1 1 1 o{0 000000
ol1{1]1 1 1 1/o 000000
14111 }x x x x * *.

x=Don't care
*=Depends upon the BCD code applied during the 0 to 1 transition of LE.
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MM54HC/MM74HC Logic Connection
Diagrams and Truth Tables

4514 4-to-16 Line Decoder with Address Latch

. INPUTS . OUTPUTS - Truth Table
Voo INHIBIT IND INC 'S10 S11 S8 S9 S14 S15 S§12  S13
L Data Inputs
24 2 2 Jar o fio fis Jir s s e i3
I Selected
4 A 4 4 4 4 4 Output
L LE |Inhibit D/|C|B|A High
> H L L{LjLfL ]
> H L LIL]JL]H St
> H L LI{L|H]L S2
~p| LatcH ¢ 470-16 DECODER H L LiclHIH s3
> H L LIH|L|L S4
H| L |L|H|L([H 85
H L LI{H|H|L S6
*+ 14 Hl L |L|{H|H[H| &7
Yy vY.Y VY VY VY Y -
H L H{L{L|L S8
1 2 |3 2 5 3 7 8 5 (10 [17 ]2 H L HIiL|L|H S9
Hl-L |H|L|H|L] st0
STRBE INA NB 7 S5 S5 0S4 S SISz S0 Vs H L HILIHIH s
INPUTS OUTPUTS H L wlnlclc S12
TUREEL gl L |H|H|L|H| s
H L H{H|H|L S14
. - H L H{H|{H|H S15
- All
X H [ X|X|X]| X | Outputs=0
Latched
L L X|X|X]X Data
4538 Dual Retriggerable Monostable Multivibrator
B Q
w s o wr war aw on  Truth Table
l1s IIS |14 13 12 In 10 ] Inputs Outputs
- Clear A B Q Q
L X X L H
X H X L H
& X X L L H
) H L l I r
‘ @ H i) H n w
H = High Level I = One High Level Pulse
L = Low Level U = One Low Level Pulse
[ n T = Transistion from Low to High X = Irrelevant .
|1 2 3 n l5 3 7 la 4 = Transistion from High to Low
TA T2A  Cm M Ba 0 ﬁA Vss
INPUT  INPUT  OUT  OUT
TOP VIEW

TL/F/5217-1
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o=
. . —-—
4543 BCD-to-7 Segment Latch/Decoder/Driver for 2=
Liquid Crystal Displays S
Truth Table BI
vee ¢ - e d ¢ b Inputs Outputs 7, Q
116 15 14 13 12 1 10 |9 LE|[BI|Ph*|D C B Ala b ¢c d e t g| Display [ g
X|Hl L fx x x x]o L L L L L L| Blank :g
HliL{L|L Lo L[HHHHHHL [ Q
HiL|L|L L LH|LHHLLTLL 1 ~
HlL| L|L L HL[HHLHHTLH| 2 - 5
H]L|] L|L L HH|HHHHLLH| 3 EI
HIL| L|LHLL|LHHLLHHI 4 ~Xo)
H|{L| L|L HLH/HLHHLHIH 5 -
Hitl L|L HHULIHLHHHUHH 6 r
HiL| L|LHHH/HHHL L L L| 7 -1 0
HIL|L|H L L L|HHHHTHTEHH| 8 g(n
H{L| L|H L L H{H HHHLHH| 9o —
|’2°‘5°7—l° HiL| L|JH L HL|L L L L L L L| Blank aﬂ
LE C B D A Ph Bl GND HliL| LfH L v HfL L L L L L L] Blank o)
TL/F/5128-1 H{L] L|H H L LfL L L L L L | Blank o
HiL| L|H HLH[L L L L L L L| Blank
H{L|LfHHHLILLLLL L L| Blank =3
H|LfL|HHHH[L L L L L L L| Blank = ]
Lot [x x x x - o o®
Inverse of Output Display 2
T 11| H T Combinations as -1
Above above g

X—Don’t care

+=38ame as above combinations

*=For liquid crystal readouts, apply a square wave to Ph.
**=Depends upon the BCD cade previously applied when LE—H

4560 4-Bit NBCD Adder

Vee At B1 S§1 S2 83 S84 Cour
i Jis e Jis Jiz o Jo e

]z J3 Jo |5 s [7 s
A2 B2 A3 B3 A4 B4 CiN GND
TL/F/5374-1

Truth Table*
INPUT OUTPUT

A4 | A3 | A2 | A1 | B4 [ B3 | B2 | Bt | Cn | Cour | S4 | S3 | S2 | st
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0 0 1
0 1 0 0 0 0 1 1 0 0 0 1 1 1
0 1 0 0 0 0 1 1 1 0 1 0 0 0
0 1 1 1 ] 1 0 0 0 1 0 0 0 1
0 1 1 1 0 1 0 0 1 1 0 0 1 0
1 0 0 0 0 1 0 1 0 1 0 0 1 1
] 1 1 0 1 ] 0 .0 0 1 0 1 0 0
1 0 1 1 1 0 0 1 1 1 1 0 0 1

*Partial truth table to show logic operation for representative input values
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MM54HC00/MM74HCO00

National
Semiconductor

MM54HC00/MM74HC00 Quad 2-Input NAND Gate

General Description

These NAND gates utilize microCMOS™ Technology, 3.5
micron silicon gate P-well CMOS, to achieve operating
speeds similar to LSTTL gates with the low power consump-
tion of standard CMOS integrated circuits. All gates have
buffered outputs. All devices have high noise immunity and
the ability to drive 10 LSTTL loads. The 54HC/74HC logic
family is functionally as well as pin-out compatible with the
standard 54LS/74LS logic family. All inputs are protected
from damage due to static discharge by internal diode
clamps to Vgg and ground.

Features

W Typical propagation delay: 8 ns

B Wide power supply range: 2-6V

B Low quiescent current: 20 pA maximum (74HC series)
W Low input current: 1 nA maximum

W Fanout of 10 LS-TTL loads

Connection Diagram

Dual-In-Line Package
Vee B4 Ad Y4 83 A3 Y3
iu 3 2 Ju Jio ls Js

D-
[

1 2 3 4 5 6 |7
Al Bl Y1 A2 B2 Y2 GND
© TL/F/6295-1
MM54HC00/MM74HC00
54HC00 (J)  74HCO0 (J,N)

Logic Diagram

g D = > 2

TL/F/6292-2
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Absolute Maximum Ratings (Notes 1 & 2)

Operating Conditions

Supply Voltage (Vco) —0.5to +7.0V Min Max Units
DC Input Voltage (Vin) —1.5t0 Vg +1.5V Supply Voltage(Vcc) 2 6 \
DC Output Voltage (Vour) —0.5to Vg +0.5V DC Input or Output Voltage 0 Veo v
Clamp Diode Current (lik, lok) +20 mA (VinVouT)
DC Output Current, per pin (louT) +25mA Operating Temperature Range(Ta)
DC Vg or GND Current, per pin (Icc) +50 mA MM74HC —40 +85 °C
Storage Temperature Range (TsTg) —65°Cto +150°C MM54HC —55 +125 °C
Power Dissipation (Pp) (Note 3) 500 mW Input Rise or Fall Times
Lead Temperature (T ) (Soldering 10 seconds) 260°C (tnt)  Veoc=2V 1000 ns
Vec=4.5V 500 ns
Vcc=6.0V 400 ns
DC Electrical Characteristics (note 4)
74HC 54HC
Ta=25°C _ o - o
. Symbol Parameter Conditions Vee Ta= —401085C | Ta S5to 125°C Units
Typ Guaranteed Limits
VIH Minimum High Level 2.0V 1.5 1.5 1.5 \
Input Voltage 4.5V 3.15 3.15 3.15 \
6.0V 4.2 4.2 4.2 \
ViL Maximum Low Level 2.0v 0.3 0.3 0.3 \"
Input Voltage 4.5V 0.9 0.9 0.9 \"
‘ 6.0V 1.2 1.2 1.2 v
VoH Minimum High Level | Viy=V)4or V.
Output Voltage lloutl<20 pA 20V 20| 19 1.9 1.9 v
45V | 45 4.4 4.4 4.4 v
6.0V | 6.0 5.9 5.9 5.9 \
VIN=Vigor Vi,
lloutl<4.0 mA 45V | 42 | 3.98 3.84 3.7 v
llout|<5.2 mA 6.0V | 57 | 5.48 5.34 5.2 v
VoL Maximum Low Level | ViN=V|x
Output Voltage llouti<20 pA 20v| 0 0.1 0.1 0.1- v
4.5V 0 041 0.1 0.1 \"
6.0V 0 0.1 0.1 0.1 \
ViN=ViH
llouT!<4.0 mA 45v | 02 | 0.26 0.33 0.4 \
lloutl<5.2 mA 6.0V | 02 | 0.26 0.33 0.4 v
N Maximum Input ViN=VccorGND | 6.0V +0.1 +1.0 +1.0 MA
Current
Icc Maximum Quiescent | ViN=Vgcor GND | 6.0V 2.0 20 40 pA
Supply Current louT=0 pA

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur.

Note 2: Unless otherwise specified all voltages are referenced to ground.

Note 3: Power Dissipation temperature derating — plastic “N” package: —12 mW/°C from 65°C to 85°C; ceramic ““J” package: —12 mW/°C from

100°C to 125°C.

Note 4: For a power supply of 5V +£10% the worst case output voltages (Von, and Vo) occur for HC at 4.5V. Thus the 4.5V values should be used when
designing with this supply. Worst case Vi and V) _ occur at Voc=5.5V and 4.5V respectively. (The V| value at 5.5V is 3.85V.) The worst case leakage current (||,
lcc, and lpz) oceur for CMOS at the higher voltage and so the 6.0V values should be used.
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MM54HC00/MM74HCO00

AC Electrical Characteristics
Veo=5V, TaA=25°C, C_ =15 pF, t,=t;=6 ns

ls=Cpp Vce f+ice. .
Note 6: Refer to Section 1 for Typical MM54/74HC AC Switching Waveforms and Test Circuits.

Symbol Parameter Conditions | Typ | Gua:::: ltteed Units
tPHL, tPLH Maximum Propagation 8 15 ns
Delay : '
AC Electrical Characteristics ,
Voc=2.0V to 6.0V, C_ =50 pF, t,=t;=6 ns (unless otherwise specified)
74HC 54HC
Ta=25°C __ o o
Symbol Parameter Conditions | Vgc Ta=—40t085C | Ta 55to125°C Units
. Typ Guaranteed Limits
tpHL tPLH | Maximum Propagation 2.0V 45 920 113 134 ns
Delay 4.5V 9 18 23 27 ns
6.0V 8 15 19 23 ns
trLHs trHL | Maximum Output Rise 2.0V 30 75 95 110 ns
and Fall Time 4.5V 8 15 19 22 ns
6.0V 7 13 16 19 ns
Cpp Power Dissipation (per gate) 20 pF
Capacitance (Note 5)
" CiN Maximum Input 5 10 10 10 pF
Capacitance
Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Vgc2 f+lgc Voo, and the no load dynamic current consumption,
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National
Semiconductor

MM54HC02/MM74HC02 Quad 2?Input NOR Gate

General Description

These NOR gates utilize microCMOS™ Technology, 3.5 mi-
cron silicon gate P-well CMOS, to achieve operating speeds
similar to LS-TTL gates with the low power consumption of
standard CMOS integrated circuits. All gates have buffered
outputs, providing high noise immunity and the ability to
drive 10 LS-TTL loads. The 54HC/74HC logic family is func-
tionally as well as pin-out compatible with the standard
54LS/74LS logic family. All inputs are protected from dam-
age due to static discharge by internal diode clamps to Vg
and ground. .

Features

m Typical propagation delay: 8 ns

W Wide power supply range: 2-6V

W Low quiescent supply current: 20 pA maximum (74HC
series) ’

® Low input current: 1 A maximum

m High output current: 4 mA minimum

Connection Diagram

Dual-In-Line Package

vec Y& B& A8 Y3 B3 A3
I u | 13 l 12 | I 10 | 9 8
K ERE 4 5 RE
Yi Al B1 Y2 A2 B2 GND
TL/F/5294-1
MM54HC02/MM74HC02
54HCO02 (J)  74HCO2 (J,N)

Logic Diagram

@ >

= o—Po—Po—-

TL/F/5294-2

COOHVZININ/ZOOHYSININ




MM54HC02/MM74HCO02

Absolute Maximum Ratings (Notes 1 & 2) -

Operating Conditions

Supply Voltage (Vco) —0.5t0 +7.0V Min Max Units
DC Input Voltage (Vin) —1.5t0 Vgg+1.5V Supply Voltage(Vcg) 2 6 v
DC Output Voltage (VouT)’ —0.5t0 Ve 0.5V DC Input or Output Voltage 0 Veo v
Clamp Diode Current (lik, lok) +20mA VinVour)
DC Output Current, per pin (louT) +25mA Operating Temperature Range(Ta)
DC V¢ or GND Current, per pin (Icg) +50 mA MM74HC —40 +85 °C
Storage Temperature Range (TsTg) —65°Cto +150°C MM54HC —-55 +125 °C
Power Dissipation (Pp) (Note 3) 500 mW " Input Rise or Fall Times
Lead Temperature (Tp) (Soldering 10 seconds) 260°C Mnt)  Vec=2.0V 1000 ns
Veg=4.5V 500 ns
Vec=6.0V 400 ns
DC Electrical Characteristics (Note 4)
74HC 54HC .
Ta=25C _ _ o
Symbol Parameter Conditions Vee Ta=—401085°C | Ta 550 125°C Units
Typ Guaranteed Limits
ViH *Minimum High Level 2.0v 1.5 15 15 \"
Input Voltage 4.5V 3.15 3.15 3.15 \
6.0V 4.2 4.2 4.2 \
Vi | Maximum Low Level 2.0V 0.3 0.3 0.3 v
Input Voltage 4.5V 0.9 0.9 0.9 \
6.0V 1.2 1.2 1.2 \
VoH Minimum High Level | ViN=V|L
Output Voltage llout]<20 pA 20V | 20 | 19 1.9 1.9 v
\ 45V | 45 4.4 4.4 4.4 Vv
6.0V | 6.0 5.9 5.9 5.9 \Y
VIN=VIL
[loutl<4.0 mA 45V | 42 | 3.98 3.84 37 -V
llout]<5.2mA 60V | 57 | 548 5.34 5.2 '
VoL Maximum Low Level | ViN=Vjy or VL )
Output Voltage lloutl<20 pA 20V| O 0.1 0.4 0.1 v
. 4.5V 0 0.1 0.1 0.1 v
6.0V 0 0.1 0.1 0.1 \"
| VIN=ViH or Vi : ) :
[lout|<4.0 mA 45v | 02 | 0.26 0.33 0.4 v
llourl<5.2mA | 6.0V | 0.2 | 0.26 0.33 0.4 \Y
IIN Maximum Input VIN=VccorGND | 6.0V +041 +1.0 +1.0 MA
Current : .
lcc Maximum Quiescent | Viy=VgcorGND | 6.0V 2.0 20 40 pA
Supply Current louT=0 pA

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur.

" Note 2: Unless otherwise specified all voltages are referenced to ground.

Note 3: Power Dissipation temperature derating — plastic “N” package: —12 mW/°C from 65°C to 85°C; ceramic “J” package: —12 mW/°C from

100°C to 125°C.

Note 4: For a power supply of 5V +10% the worst case output voltages (Vopn, and Vo) occur for HC at 4.5V. Thus the 4.5V values should be used when
designing with this supply. Worst case Vi and Vj_occur at Vgg=5.5V and 4.5V respectively. (The Vjy value at 5.5V is 3.85V.) The worst case leakage current (I,
lcc, and lpz) occur for CMOS at the higher voltage and so the 6.0V values should be used.
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AC Electrical Characteristics ,
Vecc=5V, TA=25°C, C_ =15 pF, t,=t,=6 ns
. Guaranteed
Symbol Parameter - Conditions Typ Units
- Limit
tPHL, tPLH Maximum Propagation 8 15 ns
Delay

AC Electrical Characteristics
Vcc=2.0V to 6.0V, C| =50 pF, t;=t;=6 ns (unless otherwise specified)

COOHVZININ/ZOOHVYSININ

Ta=25°C 74HC 54HC
Symbol Parameter Conditions | Vgc Ta=—40t085°C | Tp=—5510125°C | | o
Typ Guaranteed Limits
tpHL, tPLH | Maximum Propagation 2.0V 45 90 113 . 134 ns
Delay 4.5V 9 18 23! 27 ns
6.0V 8 15 19 23 ns
trim trHL | Maximum Output Rise 2.0V 30 75 95 110 ns
and Fall Time 4.5V 8 15 19 22 ns
6.0V 7 13 16 19 ns
Cpp Power Dissipation (per gate) 20 pF
Capacitance (Note 5)
CiN Maximum Input 5 10 10 10 pF
Capacitance

Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Vcg? f+Icc Voc, and the no load dynamic current consumption,
1s=Cpp Vcc f+ice. '
Note 6: Refer to Section 1 for Typical MM54/74HC AC Switching Waveforms and Test Circuits.
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MM54HC03/MM74HCO03

1 National
Semiconductor

MM54HC03/MM74HC03 Quad 2-Input

Open Drain NAND Gate

General Description

These NAND gates utilize microCMOS™ Technology, 3.5
micron silicon gate P-well CMOS, to achieve operating
speeds similar to LSTTL gates with the low power consump-

tion of standard CMOS integrated circuits. All gates have

buffered outputs. All devices have high noise immunity and
the ability to drive 10 LSTTL loads. The 54HC/74HC logic
family is functionally as well as pin-out compatible with the
standard 54LS/74LS logic family. All inputs are protected
from damage due to static discharge by internal diode
clamps to V¢g and ground.

As with standard 54HC/74HC push-pull outputs there are
diodes to both Vg and ground. Therefore the output should
not be pulled above Vgg as it would be clamped to one
diode voltage above Vgg. This diode is added to enhance
electrostatic protection.

Features

m Typical propagation delay: 12 ns

m Wide power supply range: 2-6V

W Low quiescent current: 20 pA maximum (74HC series)
B Low input current: 1 pA maximum '

m Fanout of 10 LS-TTL loads

Connection Diagram

Dual-In-Line Package

Ve B4 M Y4 B3 A Y3

iu 13 ez |n Im Iu 8

ER TR N O N |7

A Bl Yl AL B2 Y2 GOND
TL/F/5205-1

MM54HC03/MM74HCO03
54HCO03 (J)  74HCO3 (J,N)
Logic Diagram

Y

oot

—

TL/F/5205-2
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Absolute Maximum Ratings (Notes 1 & 2)

Operating Conditions

Supply Voltage(Vcc) —0.5t0 +7.0V Min Max Units
gggptut \:c\)llta;tge(v(uv) ) - g : to \\//CC+ (1) gx Supply Voltage(Vgg) 2 6 v
utput Voltage(Vouyr —0.5to Vg +0.
Clamp Diode Current(li, lok) +20 mA pbc '"p‘\‘/' or Output Voltage 0 Voo v
DC Output Current, per pin(loyt) +25mA (V'N’. oun)
DC Vg or GND Current, per pin(lcc) +50 mA Operating Temperature Range(Ta)
Storage Temperature Range(TsTg) —65°C to +150°C MM74HC —40 +85 °C
Power Dissipation(Pp) (Note 3) 500 mwW MM54HC —55 +125 °C
Lead Temperature(T| ) (Soldering 10 seconds) 260°C Input Rise or Fall Times
(tnt) Vco=2.0V 1000 ns
Vec=4.5V 500 ns
Vcc=6.0V 400 ns
DC Electrical Characteristics (ote 4)
74HC 54HC
Ta=25°C _ o __ o
Symbol Parameter Conditions Vee Ta=—40t085°C | Ta $510125°C Units
Typ Guaranteed Limits
ViH Minimum High Level 2.0V 1.5 1.5 15 | \
Input Voltage 4.5V 3.15 3.15 3.15 \
6.0V 4.2 4.2 4.2 \%
ViL Maximum Low Level 2.0v 0.3 0.3 0.3 \"
Input Voltage 4.5V 0.9 0.9 0.9 \%
6.0V 12 1.2 1.2 \
VoH Minimum High Level ViN=VgorViL
Output Voltage llouTl <20 pA 20vV| 20| 19 1.9 19 v
R =1kQ 45V | 45 4.4 4.4 4.4 \
6.0V | 6.0 5.9 59 59 \"
VoL Minimum Low Level VIN=VIH
Output Voltage llouti<20 pA 20vV| O 0.1 0.1 0.1 '
RL= 4.5V 0 0.1 0.1 0.1 \
6.0V 0 0.1 0.1 0.1 \
VIN=VIH
llouT] 4.0 mA 45V | 0.2 | 0.26 0.33 0.4 v
llout|<5.2 mA 6.0V | 0.2 | 0.26 0.33 0.4 v
ke Minimum High Level ViN=VHorViL 6.0V 0.5 5 10 MA
Output Leakage Current | Voyt=Vcec
N Maximum Input ViN=VccorGND | 6.0V +0.1 +1.0 +1.0 MA
Current
lcc Maximum Quiescent Vin=Vccor GND | 6.0V 2.0 20 ' 40 pA
Supply Current louT=0pA

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur.
Note 2: Unless otherwise specified all voltages are referenced to ground.
Note 3: Power Dissipation temperature derating — plastic “N” package: —12 mW/°C from 65°C to 85°C; ceramic “J" package: —12 mW/°C from

100°C to 125°C.

Note 4: For a power supply of 5V £10% the worst case output,voltages (Von, and Vo) occur for HC at 4.5V. Thus the 4.5V values should be used when

designing with this supply. Worst case V| and V_occur at Voo =5.5V and 4.5V respectively. (The V|4 value at 5.5V is 3.85V.) The worst case leakage current (I,

Icc, and lpz),occur for CMOS at the higher voltage and so the 6.0V values should be used.
!
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AC Electrical Characteristics
Voc=5V, TaA=25°C, C_ =15 pF, ,=ty=6 ns

Symbol Parameter Conditions | Typ Gua&:::t”d Units
tPHL, tPLH Maximum Propagation RL=1KQ 10 20 ns
Delay ) ) R

AC Electrical Characteristics
Vcc=2.0V to 6.0V, C =50 pF, t;=t;=6 ns (unless otherwise specified)

MM54HC03/MM74HCO03

TA=25°C 74HC 54HC
‘Symbol Parameter Conditions | Vcc Ta=—401085°C | Tp=—5510125°C Units
Typ Guaranteed Limits
tpHL, tPLy | Maximum Propagation RL=1KQ 2.0V 63 125 158 186 ' ns
Delay ) 4.5V 13 25 32 37 v ns
6.0V 1" 21 27 82 ¢ ns
tTHL Maximum Output 20V | 30 75 95 110 . .| 'ns
Fall Time 4.5V 8 15 19 22 - ns
6.0V 7 13 16 19 ns
Cpp Power Dissipation (per gate) ) 20 ) pF
Capacitance (Note 5) )
Cin Maximum Input : 5 10 10 10 pF
Capacitance :
Note 5: Cpp determines the no load dy power ion, Pp=Cpp Vec? f+lcc Voo, and the no load ic current P

Is=Cpp Vcg f+Icc. The power dissipated by Ry is not included.
Note 6: Refer to Section 1 for Typical MM54/74 HC AC Switching Waveforms and Test Circuits.
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National
Semiconductor

MM54HCU04/MM74HCUO04 Hex Inverter

General Description Features

These inverters utilize microCMOS™ Technology, 3.5 micro ~ ® Typical propagation delay: 7 ns

silicon gate P-well CMOS, to achieve operating speeds simi-  m Fan out of 15 LS-TTL loads

lar to LS-TTL gates with the low power consumption of stan- @ Quiescent power consumption: 10 pA maximum
dard CMOS integrated circuits. . at room temperature

The MM54HCU04/MM74HCU04 is an unbuffered inverter.  m Typical input current: 10—5 pA
It has high noise immunity and the ability to drive 15 LS-TTL

loads. The 54HC/74HC logic family is functionally as well as

pin-out compatible with the standard 54L.S/74LS logic fami-

ly. All inputs are protected from damage due to static dis-

charge by internal diode clamps to Vgg and ground.
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Connection Diagram
Dual-In-Line Package

vee A6 Yé A5 Y5 Aq Y4

I14 |'a ’12 |u lw le 'le

TL/F/5296-1

MM54HCU04/MM74HCU04
54HCU04 (J)  74HCUO04 (J,N)

Schematic Diagram

N
G

TL/F/5296-2
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MM54HCU04/MM74HCUO04

Absolute Maximum Ratings (notes 1 & 2)

Operating Conditions

Supply Voltage (Vo) —-0.5t0 +7.0V Min Max Units
DC Input Voltage (Vin) —-1.5to Vgg+1.5V Supply Voltage(Vce) 2 6 \
DC Output Voltage (VouT) —0.5to Vgg+0.5V DC Input or Output Voltage 0 Voo \
Clamp Diode Current (Iik, lok) +20 mA (VinVouT)
DC Output Current, per pin (lout) +25mA Operating Temperature Range(Ta)
DC Vg or GND Current, per pin (Icc) +50 mA MM74HC —40 +85 °C
Storage Temperature Range (Tstg) —65°C to +150°C MM54HC —55 +125 °C
Power Dissipation (Pp) (Note 3) 500 mW Input Rise or Fall Times
Lead Temperature (T} ) (Soldering 10 seconds) 260°C (tnt)  Vec=2V 1000 ns
: . ' Vec=4.5V 500 ns
Vcc=6.0V 400 ns
DC Electrical Characteristics (ote 4)
74HC 54HC
Ta=25C |.. _° . _ .
Symbol Parameter Conditions Vee Ta 4010 85°C | Ta S5t0125°C Units
Typ Guaranteed Limits e
VIH Minimum High Level 2.0v 1.7 1.7 17 v

Input Voltage 4.5V 3.6 3.6 3.6 \

. 6.0V 4.8 4.8 4.8 \'
ViL Maximum Low Level 2.0v 0.3 0.3 0.3 Vv

Input Voltage 4.5V 0.8 0.8 0.8 \'

6.0V 11 11 11 v
VoH Minimumi High Level | ViN=V|L_ ‘

Output Voltage [lout|<20 pA 20V | 20 | 18 1.8 1.8 '
45V | 45 | 40 4.0 4.0 \
6.0V | 6.0 5.5 5.5 5.5 \"

ViN=GND
llout|<4.0 mA 45V | 42 | 3.98 3.84 3.7 \
llout]<5.2 mA 6.0V | 57 | 5.48 5.34 5.2 '
VoL Maximum Low Level | ViN=Viy '
Output Voltage lloutl<20 pA 20v| 0 0.2 0.2 02 v
: 4.5V 0 0.5 0.5 0.5 \
60V | 0 0.5 0.5 0.5 v
ViIN=Vcc
lloutl<6.0 mA 45v | 02 | 0.26 0.33 0.4 \
lloutl<7.8 mA 60V | 0.2 | 0.26 0.33 0.4 v
Iin Maximum Input ViN=VccorGND | 6.0V +0.1 +1.0 +1.0 pA
Current ; /
lcc Maximum Quiescent | Viy=Vggor GND | 6.0V 20 20 . 40 pA
Supply Current louT=0.pA

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur.

Note 2: Unless otherwise specified all voltages are referenced to ground.

Note 3: Power Dissipation temperature derating — plastic “N”* package: —12 mW/°C from 65°C to 85°C; ceramic “J” package: —12 mW/°C from

100°C to 125°C.

Note 4: For a power supply of 5V +10% the worst case output voltages (Vou, and Vo) occur for HC at 4.5V. Thus the 4.5V values should be used when
designing with this supply. Worst case Vi and V_occur at Voo =5.5V and 4.5V respectively. (The V| value at 5.5V is 3.85V.) The worst case leakage current (I,
lgc, and loz) oceur for CMOS at the higher vdltage and so the 6.0V values should be used.
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AC Electrical Characteristics =
Vog=5V, TA=25°C, C_=15 pF, t,=t;=6 ns g
Guaranteed =X
Symbol Parameter Conditions | Typ Limit Units o)
tPHL: tPLH Maximum Propagation 7 13 ns c
Delay o
Y
- 3 ] \
AC Electrical Characteristics =
Vcc=2.0V to 6.0V, C =50 pF, t,=t;=6 ns (unless otherwise specified) g
oo 74HC 54HC z
TA=25C | 1, _ _401085°C | Ta=—55t0125°C
Symbol * Parameter - Conditions | Vcc A A Units =X
Typ Guaranteed Limits (@)
tpHL tLH | Maximum Propagation 2.0V 49 82 103 120 ns c
Delay 45V | 99 | 16 21 24 ns g
6.0V 8.4 14 18 20 ns
trLHs ttHL | Maximum Output Rise 2.0V 30 75 95 110 ns
and Fall Time 4.5V 8 15 19 22 ns
6.0V 7 13 16. 19 ns
Cpp Power Dissipation (per gate) 90 pF
Capacitance (Note 5) .
Cin Maximum Input 8 15 15 15 pF
Capacitance

Note 5: Cpp determines the no load dynamic power vconsumption, Pp=Cpp Vec2 f+lcc Vee, and the no 'load dynamic current consumption,
Is=Cpp Vce f+lce.
Note 6: Refer to Section 1 for Typical MM54/74 HC AC Switching Waveforms and Test Circuits. .

Typical Applications

2
AAA
W

,__|["__ Ry >> Ry
C4<Cy

—V,
Rq ouT
¢
C«'T ICQ
R Ry
= Vopr = . -
TL/F/5296-3 TL/F/5296-4
FIGURE 1: Crystal Oscillator FIGURE 2: Stable RC Oscillator

>
>N
>

<
<
<

R > 6Ry

Ry
Vm—Mﬁ——L-Do-—De Vour

FIGURE 3: Schmitt Trigger

TL/F/5296-5
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MM54HC04/MM74HC04

National
Semiconductor

<

MM54HC04/MM74HCO04 Hex Inverter .

General Description

These Inverters utilize microCMOS™ Technology, 3.5 mi-
cron silicon gate P-well CMOS, to achieve operating speeds
similar to LS-TTL gates with the low power consumption of
standard CMOS integrated circuits.

The MM54HC04/MM74HCO4 is a triple buffered inverter. It
has high noise immunity and the ability to drive 10 LS-TTL
loads. The 54HC/74HC logic family is functionally as well as
pin-out compatible with the standard 54LS/74LS logic fami-
ly. All inputs are protected from damage due to static dis-
charge by internal diode clamps to Vg and ground.

Features

W Typical propagation delay: 8 ns

® Fan out of 10 LS-TTL loads

W Quiescent power consumption: 10 pW maximum at
room temperature

m Typical input current: 10—5 pA

Connection Diagram

Dual-In-Line Package

vee A8 ' A5 Y5 s Y4
|14 |1a |12 |11 |1o Io Is
,1 l 2 3 |4 | 5 Is |1
‘a1 vi . a2 y2 Y3 GND
TL/F/5069-1
MM54HC04/MM74HCO04
54HC04 (J) 74HCO04 (J,N)

Logic Diagram

A°"‘>°"—D°_'>°_°>

TL/F/5069-2

1 of 6 Inverters
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. Absolute Maximum Ratings (votes 1 & 2)

Operating Conditions

Supply Voltage (Vo) —0.5to +7.0V Min Max Units
DC Input Voltage (V|n) —1.5to Vgg+1.5V Supply Voltage(Vce) 2 6 Vv
DC Output Voltage (Vouyr) —0.5t0 Vo +0.5V DC Input or Output Voltage ] Vee v
Clamp Diode Current (li, lok) +20 mA (VinoVour)
DC Output Current, per pin (lout) +25 mA Operating Temperature Range(Ta)
DC Ve or GND Current, per pin (Icc) +50 mA MM74HC ' —40 +85 °C
Storage Temperature Range (Tstg) —65°C to +150°C MM54HC —55 +125 °C
Power Dissipation (Pp) (Note 3) 500 mW Input Rise or Fall Times
Lead Temperature (Ty) (Soldering 10 seconds) 260°C tnt)  Veoc=20V 1000 ns
Voe=4.5V 500 ns
Vcc=6.0V 400 ns
DC Electrical Characteristics (ote 4)
74HC 54HC
Tao=25°C __ o - o
Symbol Parameter Conditions Vee Ta=—40 to 85°C | Ta=—5510125°C Units
Typ Guaranteed Limits
ViH Minimum High Level 2.0V 15 1.5 1.5 Vv
Input Voltage 4.5V 3.15 3.156 3.156 \"
' 6.0V 4.2 4.2 4.2 \"
ViL Maximum Low Level 2.0V 0.3 0.3 0.3 \"
Input Voltage 4.5V 0.9 0.9 0.9 Vv
6.0V 1.2 1.2 1.2 \"
VoH Minimum High Level | ViN=V|_ '
Output Voltage llout]<20 pA 20V | 20 | 1.9 1.9 1.9 v
’ 45V | 45 4.4 4.4 4.4 v
6.0V | 6.0 5.9 5.9 5.9 \"
VIN=ViL
|'0UT| <4.0 mA 45V | 42 | 3.98 3.84 3.7 \)
lloutl<5.2mA 6.0V | 57 | 548 5.34 5.2 \
VoL Maximum Low Level | ViN=Vi4 /
Output Voltage lloutl<20 pA 20V | o 0.1 0.1 : 0.1 v
\ 4.5V 0 0.1 0.1 0.1 \
6.0V 0 0.1 01 0.1 \
VIN=ViH
lloytl<4.0 mA 45V | 0.2 | 0.26 0.33 0.4 v
lloutl<5.2mA 6.0V | 0.2 | 0.26 0.33 0.4 \Y
N Maximum Input ViN=VgcorGND | 6.0V +0.1 +1.0 +1.0 RA
Current
lcc Maximum Quiescent | Viy=Vgcor GND | 6.0V 20 20 40 BA
Supply Current louT=0 pA

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur.

Note 2: Unless otherwise specified all voltages are referenced to ground.

Note 3: Power Dissipation temperature derating — plastic “N” package: —12 mW/°C from 65°C to 85°C; ceramic “J” package: —12 mW/°C from

100°C to 125°C.

Note 4: For a power supply of 5V £10% the worst case output voltages (Von, and Vgr) occur for HC at 4.5V. Thus the 4.5V values should be used when
designing with this supply. Worst case V| and Vy_occur at Voc=5.5V and 4.5V respectively. (The Vy value at 5.5V is 3.85V.) The worst case leakage current (i,
Icc, and lpz) occur for CMOS at the higher voltage and so the 6.0V values should be used.
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MM54HC04/MM74HC04

AC Electrical Characteristics
Vcoc=5V, TaA=25°C, C_=15 pF, t,=t;=6 ns

Symbol Parameter Conditions | Typ Guai:: ltteed Units
teHL tPLH Maximum Propagation 8 15 ns
Delay
AC Electrical Characteristics
Voc=2.0V to 6.0V, G =50 pF, tr=ltf=6' ns (unless otherwise specified)
74HC 54HC
: Ta=25°C _ o _ o
Symbol Parameter Conditions | Vgc Ta=—401085C | Tp=—5510125°C Units
Typ Guaranteed Limits
teHL: tPLH | Maximum Propagation 2.0V 55 86 108 129 ns
Delay 45V | 11 | 19 24 29 ns
: 6.0V 9 16 20 24 ns
trLHs ttHL | Maximum Output Rise 2.0V 30 75 95 110 ns
and Fall Time 4.5V 8 15 19 22 ns
6.0V 7 13 16 19 ns
Cpb Power Dissipation (per gate) 20 pF .
Capacitance (Note 5)
Cin Maximum Input - 5 10 10 10 pF
: Capacitance
Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Vcc2 f+Icc Voo, and the no load dynamic current consumption,

Is=Cpp Vce f+lce.
Note 6: Refer to Section 1 for Typical MM54/74HC AC Switching Waveforms and Test Circuits.
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National |
Semiconductor

MM54HC08/MM74HCO08 Quad 2-Input AND Gate

General Description

These AND gates utilize microCMOST™ Technology, 3.5 mi-
cron silicon gate P-well CMOS, to achieve operating speeds
similar to LS-TTL gates with the low power consumption of
standard CMOS integrated circuits. The HC08 has buffered
outputs, providing high noise immunity and the ability to
drive 10 LS-TTL loads. The 54HC/74HC logic family is func-
tionally as well as pin-out compatible with the standard
54LS/74LS logic family. All inputs are protected from dam-
age due to static discharge by internal diode clamps to Vg
and ground.

Features

W Typical propagation delay: 7 ns (tpyp), 12 ns (tpLH)

W Fanout of 10 LS-TTL loads

B Quiescent power consumption: 2 pA maximum at
room temperature

m Typical input current: 10—5 pA

80OHVZNIN/80OHYSININ

Connection Diagram

Dual-In-Line Package

Vcc B4 A4

Ja |13 |12

Y4 B3 A3 V3
1 Jwo |o |8

4 |s e |7
A2 B2 Y2 GND
TL/F/5297-1

MM54HC08/MM74HC08

54HCO08 (J)

74HCO8 (J,N)
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MM54HC08/MM74HCO08

Absolute Maximum Ratings (Notes 1 & 2)

Operating Conditions

Supply Voltage(Vce) ‘ —-0.5t0 +7.0V Min Max Units
DC Input Voltage(Vin) —1.5to Voo +1.5V Supply Voltage(Vcc) 2 6 \"
DC Output Voltage(Voyr) ~ —0.5to Vg + 0.5V . DC Input or Output Voltage 0 Voo Y
Clamp Diode Current(lik, lok) +20 mA ~ (VinsVouT)
DC Output Current, per pin(loyt) +25 mA Operating Temperature Range(Ta)
DC Vg or GND Current, per pin(icc) +50 mA ' MM74HC —40 +85 °C
Storage Temperature Range(TsTg) —65°C to +150°C MM54HC - —55 +125 °C
Power Dissipation(Pp) (Note 3) 500 mW Input Rise or Fall Times
Lead Temperature(T|) (Soldering 10 seconds) 260°C (t,t) Vcc=2.0V 1000 ns
Vcc=4.5V 500 ns
Vcc=6.0V 400 ns
DC Electrical Characteristics (ot 4)
74HC 54HC
Ta=25C A $m RO -
Symbol Parameter Conditions Vee TA=—40t085°C | Tp=—5510125C | ;s
Typ Guaranteed Limits
VH Minimum High Level 2.0v 1.5 1.5 1.5 \

Input Voltage A 45V 3.15 3.15 3.15 v

6.0V 4.2 4.2 4.2 v
Vi Maximum Low Level 2.0V 0.3 0.3 0.3 \

Input Voltage 4.5V 0.9 0.9 0.9 v

6.0V 1.2 1.2 1.2 \'
VoH Minimum High Level | VIN=V|H

Output Voltage lloutl<20 pA 20V | 20 | 19 1.9 1.9 v
45V | 45 4.4 4.4 4.4 \"
6.0v | 6.0 5.9 . 5.9 5.9 \'

VIN=VIH

llouT|<4.0mA 45V | 42 | 3.98 3.84 3.7 v

llout|<5.2mA 6.0V | 57 | 548 5.34 5.2 \
VoL Maximum Low Level | Viy=VyorV|_

Output Voltage llout|<20 nA 20V 0 0.1 0.1 0.1 v
45V | 0 041 0.1 0.1 \
60V | O 0.1 0.1 0.1 \'

ViN=ViHor V), )
llout|<4.0mA 45V |-02 | 0.26 0.33 0.4 v
llout|<5.2mA 6.0V | 0.2 | 0.26 0.33 . 04 \%
IIN Maximum Input Vin=VgcorGND | 6.0V +0.1 +1.0 +1.0 pA
Current
lcc Maximum Quiescent | Viy=Vggor GND | 6.0V 2.0 20 40 - pA
Supply Current loutr=0pA

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur.

Note 2: Unless otherwise specified all voltages are referenced to ground.

Note 3: Power Dissipation temperature derating — plastic “N” package: —12 mW/°C from 65°C to 85°C; ceramic “J” package: —12 mW/°C from

100°C to 125°C

Note 4: For a power supply of 5V £10% the worst case output voltages (Von, and Vg|) occur for HC at 4.5V. Thus the 4.5V values should be used when
designing with this supply. Worst case Vi and Vy_ occur at Voc=5.5V and 4.5V respectively. (The Vi value at 5.5V is 3.85V.) The worst case leakage current (I,
Icc. and lpz) occur for CMOS at the higher voltage and so the 6.0V values should be used.
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AC Electrical Characteristics '
Voo=5V, TA=25°C, C| =15 pF, t,=t;=6 ns

Symbol Parameter Conditions | Typ Guai:: itteed Units

tPHL Maximum Propagation 12 20 ' ns
Delay, Output High to Low

tpLH Maximum Propagation 7 15 ns
Delay, Output Low to High

AC Electrical Characteristics

Vcc=2.0V to 6.0V, C =50 pF, t,=t;=6 ns (unless otherwise specified)

‘80OHVYZNIN/80DHYSWIN

TA=25°C 74HC 54HC
Symbol Parameter Conditions | Vgc Ta=—40t085°C | Ta=—55t0125°C Units
Typ Guaranteed Limits
tpHL Maximum Propagation 20V | 77 121 151 175 ns
Delay Output High to Low | 45V | 15 24 30 35 ns
6.0V | 13 20 25 30 1 ns
tpLH Maximum Propagation 20V | 30 75 95 110 ns
Delay Output 4.5V 8 15 19 22 ns
Low to High 6.0V 7 13 16 19 ns
triHs ttHe | Maximum Output Rise 20V | 30 | 75 95 110 ns
and Fall Time 4.5V 8 15 19 22 ' ns
6.0V 7 13 16 19 ns
Cpp Power Dissipation (per gate) 38 pF
Capacitance (Note 5)
CiN Maximum Input 4 10 10 10 pF
Capacitance

Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Vcc? f+lcc Voo, and the no load dynamic current consumption,
Is=Cpp Vee f+lcc.
Note 6: Refer to Section 1 for Typical MM54/74HC AC Switching Waveforms and Test Circuits.
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MM54HC10/MM74HC10

National
Semiconductor

MMS54HC10/ MM74HC1O Trlple 3-Input NAND Gate

General Description

These NAND gates utilize microCMOS™ Technology, 3.5
micron silicon gate P-well CMOS, to achieve operating
speeds similar to LSTTL gates with the low power consump-
tion of standard CMOS integrated circuits. All gates have

buffered outputs. All devices have high noise immunity and .

the ability to drive 10 LSTTL loads. The 54HC/74HC logic
family is functionally as well as pin-out compatible with the
standard 54LS/74LS logic family. All inputs are protected
from damage due to static discharge .by internal diode
clamps to Vgc and ground.

Features

m Typical propagation delay: 8 ns

® Wide power supply range: 2-6V

B Low quiescent current: 20 nA maximum (74HGC series)
m Low input current: 1 pA maximum

m Fanout of 10 LS-TTL loads

Connection Diagram

Dual-In-Line Package

Vee Ct- Y1
lu 1B |

3 ¥3
1 Im |9 8

RN

1 2 3 4 IS 6 7
At B1 A2 B2 C2 Y2 GND
TL/F/5153-1
MM54HC10/MM74HC10 .
54HC10 (J) 74HC10 (J,N)
Logic Diagram
A—
B
Y=ABC
TL/F/51563-2
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Absolute Maximum Ratings (otes 1 & 2)

Operating Conditions

Supply Voltage (Vo) —0.5t0 +7.0V Min Max Units
DC Input Voltage (V|n) —-1.5t0 Vgg+1.5V Supply Voltage(Vcc) 2 6 \"
DC Output Voltage (Vouyr) —0.5to Vg +0.5V DC Input or Output Voltage 0 Veo v
Clamp Diode Current (I, lok) +20 mA (Vin:Vour)

DC Output Current, per pin (IouT) +25mA Operating Temperature Range(Ta)

DC Vg or GND Current, per pin (Icc) +50 mA MM74HC —40 +85 °C

Storage Temperature Range (TsTg) —65°Cto +150°C MM54HC —55 +125 °C

Power Dissipation (Pp) (Note 3) 500 mW Input Rise or Fall Times

Lead Temperature (T ) (Soldering 10 seconds) 260°C (tnt)  Vcoc=2.0V 1000 ns

Voo=4.5V 500 ns
Vcc=6.0V 400 ns
DC Electrical Characteristics (Note 4)
74HC 54HC
Ta=25°C _ o _ o
Symbol Parameter Conditions Vee Ta=—401085C | Ta S5t0125°C Units
Typ Guaranteed Limits
ViH Minimum High Level 2.0V 15 15 15 %
Input Voltage 4.5V 3.15 3.15 3.15 \"
6.0V 4.2 4.2 4.2 \
ViL Maximum Low Level 2.0V 0.3 0.3 0.3 Vv
Input Voltage 4.5V 0.9 0.9 0.9 \
_ ; 6.0V 1.2 1.2 1.2 \
VoH Minimum High Level | ViN=V|yorV)_ '
Output Voltage llout<20 pA 20V | 20 | 19 1.9 1.9 v
45V | 45 4.4 4.4 4.4 Vv
6.0V | 6.0 5.9 5.9 5.9 \
ViN=Viyor Vi
llout| 4.0 mA 45V | 42 | 3.98 3.84 3.7 '
lloutl<5.2mA 6.0V | 57 | 5.48 534 5.2 \
VoL Maximum Low Level | Viy=V|y )

: Output Voltage lloutl<20 pA 20V | O 0.1 0.1 0.1 \Y
4.5V 0 0.1 0.1 - 041 \"
6.0V 0 0.1 0.1 0.1 \

VIN=VIH
lloutl<4.0 mA 45V | 0.2 | 026 0.33 ° 0.4 v
lloutl<5.2mA 6.0V | 0.2 | 0.26 0.33 0.4 \
N Maximum Input ViN=Vccor GND | 6.0V +0.1 +1.0 +1.0 RA
Current ‘
lcc Maximum Quiescent | Viy=VgcorGND | 6.0V 2.0 20 40 pA
Supply Current lout=0 pA

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur.

Note 2: Unless otherwise specified all voltages are referenced to ground.

Note 3: Power Dissipation temperature derating — plastic “N” package: —12 mW/°C from 65°C to 85°C; ceramic “J" package: —12 mW/°C from

100°C to 125°C.

Note 4: For a power supply of 5V +£10% the worst case output voltages (Vop, and Vg() occur for HC at 4.5V. Thus the 4.5V values should be used when
designing with this supply. Worst case Vjy and Vi occur at Vg =5.5V and 4.5V respectively. (The V| value at 5.5V is 3.85V.) The worst case leakage current (fj,
Icc, and lgz) occur for CMOS at the higher voltage and so the 6.0V values should be used.
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MM54HC10/MM74HC10

AC Electrical Characteristics
Veo=5V, TA=25°C, CL=15 pF, t,=t,=6 ns

Symbol Parameter Conditions | Typ GuT:: 'tteed Units
tPHL, tPLH Maximum Propagation 8 15 ns
Delay
AC Electrical Characteristics
Vec=2.0V to 6.0V, G| =50 pF, t,=t;=6 ns (unless otherwise specified)
74HC 54HC
Tao=25°C _ o -
Symbol Parameter Conditions' | Vgc Ta=—40t085°C T5 S5t0125°C Units
Typ Guaranteed Limits
tpuL tpLH | Maximum Propagation 2.0v 48 90 113 134 ns
Delay 4.5V 10 18 23 27 ns
6.0V 8 15 19 23 ns
trLHs ttHL |