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Mitsubishi Electric guarantees that the semiconductor pro

ducts described in this data book will perform as specified. 
The explanations, diagrams, and specifications are accu
rate and reliable to the best of our knowledge. Due to con
tinuous improYements in product performance, all speci

fications are subject to change. 
Mitsubishi Electric will not be responsible for any infringe

ments on patents or any other rights of third parties result
ing directly or indirectly from the use of the information 
contained herein. 
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INDEX BY FUNCTION 

INDEX BY FUNCTION <**: under development) 

Conditions < Rated at Vcc=4. 5V and T a=-40-+85°C, Switching specifications apply at C L =50pF) 

INVERTERS 

Type 

M74HCU04P 

M74HCU04FP 

M74HCU04DP 

M74HC04P 

M74HC04FP 

M74HC04DP 

M74HCT04P ** 
M74HCT04FP ** 

M74HCT04DP** 

M74HC05P 

M74HC05FP 

M74HC05DP 

NAND GATES 

M74HCOOP 

M74HCOOFP 

M74HCOODP 

M74HCTOOP 

M74HCTOOFP 

M74HCTOODP 

M74HC03P 

M74HC03FP 

M74HC03DP 

M74HC10P 

M74HC10FP 

M74HC10DP 

M74HC20P 

M74HC20FP 

M74HC20DP 

M74HC30P 

M74HC30FP 

M74HC30DP 

M74HC133P 

M74HC133FP 

M74HC133DP 

AND GATES 

M74HC08P 

M74HC08FP 

M74HC08DP 

M74HC09P 

M74HC09FP 

M74HC09DP 

M74HC11P 

M74HC11FP 

M74HC11DP 

M74HC21P ** 
M74HC21FP ** 

M74HC21DP ** 

Description 

Hex Unbuffered Inverter 

Hex Inverter 

Hex Inverter with LSTTL-Compatible Inputs 

Hex Inverter with Open-Drain Outputs 

Quadruple 2-lnput Positive NAND Gate 

Quadruple 2-lnput Positive NAND Gate with 

LSTTL-Compatible Inputs 

Quadruple 2-lnput Positive NAND Gate with 

Open-Drain Outputs 

Triple 3-lnput Positive NAND Gate 

Dual 4-lnput Positive NAND Gate 

8-lnput Positive NAND Gate 

13-lnput Positive NAND Gate 

Quadruple 2-Ir'\put Positive AND Gate 

Quadruple 2-lnput Positive AND Gate with 

Open-Drain Outputs 

Triple 3-lnput Positive AND Gate 

Dual 4-lnput Positive AND Gate 

• MITSUBISHI 
;"ELECTRIC 

High-
level 

output 
current 
(mA) 

-4 

-4 

-4 

-

-4 

-4 

-

-4 

-4 

-4 

-4 

-4 

-

-4 

-4 

Electrical characteristics 

Low- Low·level to High-level to 
level high-level low-level Outline Page 

output output output 
current propagation propagation 
(mA) time (ns) time (ns) 

14P4 

4 21 21 14P2N 2-18 

14P2P 

14P4 

4 24 24 14P2N 2-15 

14P2P 

14P4 

4 24 24 14P2N 2-21 

14P2P 

14P4 

4 29 21 14P2N 2 -24 

14P2P 

14P4 

4 23 23 14P2N 2- 3 

14P2P 

14P4 

4 24 24 14P2N 2- 6 

14P2P 

14P4 

4 32 32 14P2N 2- 12 

14P2P 

14P4 

4 24 24 14P2N 2- 33 

14P2P 

14P4 

4 23 23 14P2N 2 - 42 

14P2P 

14P4 

4 42 42 14P2N 2 - 49 

14P2P 

16P4 

4 42 42 16P2N 2-131 

16P2P 

14P4 

4 30 30 14P2N 2 -27 

14P2P 

14P4 

4 31 25 14P2N 2 -30 

14P2P 

14P4 

4 31 31 14P2N 2 -36 

14P2P 

14P4 

4 26 26 14P2N 2 -45 

14P2P 

1-3 



I ( ~. 

NOR GATES 

Type Description 

M74HC02P 

M74HC02FP Quadruple 2-lnput Positive NOR Gate 

M74HC02DP 
M74HC27P 

M74HC27FP Triple 3-lnput Positive NOR Gate 

M74HC27DP 

M74HC4002P 

M74HC4002FP Dual 4-lnput Positive NOR Gate 

M74HC4002DP 
M74HC4078P 
M74HC4078FP 8-lnput Positive NOR/OR Gate 

M74HC4078DP 

OR GATES 

M74HC32P 
M74HC32FP Quadruple 2-lnput Positive OR Gate 

M74HC32DP 

M74HC4075P 
M74HC4075FP Triple 3-lnput OR Gate 

M74HC4075DP 

M74HC4078P 
M74HC4078FP 8-lnput Positive NOR/OR Gate 

M74HC4078DP 

EXCLUSIVE OR GATES 

M74HC86P I 
M74HC86FP I Quadruple 2-lnput Exclusive OR Gate 

M74HC86DP I 

EXCLUSIVE NOR GATES 

M74HC266P 
M74HC266FP Quadruple 2-lnput Exclusive NOR Gate 

M74HC266DP 
M74HC266AP 

M74HC266AFP 
Quadruple 2-lnput Exclusive NOR Gate with 

M74HC266ADP 
Open-Drain Outputs 

AND-OR-INVERTER GATES, 

I M74HC51P 

I M74HC51FP 

L M74HC51DP 

1-4 

2-Wide, 2-lnput/2-Wide, 3-lnput AND-OR-INVERT Gates 
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INDEX BY FUNCTION 

Electrical characteristics 

High- Low- LC7N-level to High-level to 
level level high-level low-level Outline Page 

output output output output 
current current propagation propagation 
(mA) (mA) time (ns) time (ns) 

14P4 

-4 4 23 23 14P2N 2- 9 

14P2P 

14P4 

-4 4 23 23 14P2N 2- 46 

14P2P 

14P4 

-4 4 30 30 14P2N 2-586 

14P2P 

14P4 

-4 4 33 33 14P2N 2 -643 

14P2P 

14P4 

-4 4 25 25 14P2N 2 - 52 

14P2P 

14P4 

-4 4 29 29 14P2N 2 -640 

14P2P 

14P4 

-4 4 33 33 14P2N 2-643 

14P2P 

I I 
14P4 

-4 4 30 30 14P2N 2 -86 

14P2P 

14P4 

-4 4 30 30 14P2N 2-365 

14P2P 

14P4 
- 4 31 25 14P2N 2 -368 

14P2P 

14P4 

2-59 1 
-4 4 32 32 14P2N 

14P2P 



BUFFERS/LINE DRIVERS 

Type 

M74HC125P 

M74HC125FP 

M74HC125DP 

M74HC126P 

M74HC126FP 

M74HC126DP 

M74HC240P 

M74HC240FP 

M74HC240DWP 

M74HC240-1 P 

M74HC240-1 FP 

M74HC240-1 DWP 

M74HCT240P 

M74HCT240FP 

M74HCT240DWP 

M74HCT24D-1P ** 
M74HCT24D-1FP ** 
M74HCT24().1DWP ** 
M74HC241P 

M74HC241FP 

M74HC241 DWP 

M74HC241-1 P 

M74HC241-1FP 

M74HC241-1DWP 

M74HCT241P 

M74HCT241 FP 

M74HCT241DWP 

M74HCT241-1P ** 
M74HCT241-1FP ** 
M74HCT241-1DWP ** 
M74HC244P 

M74HC244FP 

M74HC244DWP 

M74HC244-1 P 

M74HC244-1 FP 

M74HC244-1 DWP 

M74HCT244P 

M74HCT244FP 

M74HCT244DWP 

M74HCT244-1P ** 
M74HCT244-1FP ** 
M74HCT244-1DWP ** 
M74HC365P 

M74HC365FP 

M74HC365DP 

M74HC366P 

M74HC366FP 

M74HC366DP 

M74HC367P 

M74HC367FP 

M74HC367DP 

M74HC368P 

M74HC368FP 

M74HC368DP 

Output 

Description 
Two-state Three-state 

Quadruple 3-State Noninverting Buffer NI 

Quadruple 3-State Noninverting Buffer NI 

Octal 3-State Inverting Buffer/Line Driver 
I 

/Line Receiver 

Octal 3-State Inverting Buffer/Line Driver 
I 

/Line Receiver 

Octal 3-State Inverting Buffer/Line Driver 
I 

jUne Receiver with LSTTL-Compatible Inputs 

Octal 3-State Inverting Buffer/Line Driver 
I 

IUne Receiver with LSTTL-Compatible Inputs 

Octal 3-State Noninverting Buffer/Line Driver 
NI 

IUne Receiver 

Octal 3-State Noninverting Buffer/Line Driver 
NI 

/Line Receiver 

Octal 3-State Noninverting Buffer/Line Driver 
NI 

IUne Receiver with LSTTL-Compatible Inputs 

Octal 3-State Noninverting Buffer/Line Driver 

IUne Receiver with LSTTL-Compatible Inputs 
NI 

Octal 3-State Noninverting Buffer/Line Driver 
NI 

/Line Receiver 

Octal 3-State Noninverting Buffer/Line Driver 
NI 

lLine Receiver 

Octal 3-State Noninverting Buffer/Line Driver 
NI 

IUne Receiver with LSTTL-Compatible Inputs 

Octal 3-State Noninverting BufferlLine Driver 
NI 

jUne Receiver with LSTTL-Compatible Inputs 

Hex 3-State Noninverting Buffer with 
NI 

Common Enables 

Hex 3-State Inverter Buffer with 
I 

Common Enables 

Hex 3-State Noninverting Buffer with 
NI 

Separate 2-Bit and 4-Bit Sections 

Hex 3-State Inverting Buffer with 
I 

Separate 2-Bit and 4-Bit Sections 

• MITSUBISHI 
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INDEX BY FUNCTION 

Electrical characteristics 

High- Low- Low-level to High-level to 
level level high-level low-level Outline Page 

output output output output 
current current propagation propagation 
(mA) (mA) time (ns) time (ns) 

14P4 

-6 6 25 25 14P2N 2-120 

14P2P 

14P4 

-6 6 25 25 14P2N 2-124 

14P2P 

20P4 

-6 6 25 25 20P2N 2-273 

20P2V 

20P4 

-24 24 19 19 20P2N 2-277 

20P2V 

20P4 

-6 6 29 29 20P2N 2-281 

20P2V 

20P4 

-24 24 19 19 20P2N 2-285 

20P2V 

20P4 

-6 6 29 29 20P2N 2 -289 

20P2V 

20P4 

-24 24 23 23 20P2N 2 -293 

20P2V 

20P4 

-6 6 32 32 20P2N 2 -297 

20P2V 

20P4 

-24 24 23 23 20P2N 2 -301 

20P2V 

20P4 

-6 6 29 29 20P2N 2-313 

20P2V 

20P4 

-24 24 23 23 20P2N 2 -317 

20P2V 

20P4 

-6 6 32 32 20P2N 2 -321 

20P2V 

20P4 

-24 24 23 23 20P2N 2 -325 

20P2V 

16P4 

-6 6 30 30 16P2N 2 -404 

16P2P 

16P4 

-6 6 24 24 16P2N 2-408 

16P2P 

16P4 

-6 6 30 30 16P2N 2-412 

16P2P 

16P4 

-6 6 24 24 16P2N 2 -416 

16P2P 
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BUFFERS/LINE DRIVERS (continued) 

Output 

Type Description 
Two-state Three-slale 

M74HC540P 

M74HC540FP 
Octal 3-State Inverting Buffer/Line Driver 

I 

M74HC540DWP 
lLine Receiver 

I M74HC541P 
Octal 3-State Noninverting Buffer/Line Driver 

M74HC541FP NI 

M74HC541DWP 
lLine Receiver 

M74HC4049BP 

M74HC4049BFP 
Hex Inverting Buffer/Logic-Level 

I 

M74HC4049BDP 
Down Converter 

M74HC4050BP 

M74HC4050BFP 
Hex Noninverting Buffer/Logic-Level 

NI 

M74HC4050BDP 
Down Converter 

I : Inverting output NI: Noninverting output 

BUS TRANSCEIVERS 

M74HC242P 

M74HC242FP Quadruple 3-State Inverting Bus Transceiver I 

M74HC242DP 

M74HC243P 

M74HC243FP Quadruple 3-State Noninverting Bus Transceiver NI 

M74HC243DP 

M74HC245P 

M74HC245FP Octal 3-State Noninverting Bus Transceiver NI 

M74HC245DWP 

M74HC245-tP ** 

M74HC245-1FP ** Octal 3-State Noninverting Bus Transceiver NI 

M74HC245-tDWP** 

M74HCT245-tP ** 
Octal 3-State Noninverting Bus Transceiver 

M74HCT245-1FP ** NI 

M74HCT245-tDWP ** 
with LSTTL-Compatible Inputs 

M74HC640P 

M74HC640FP Octal 3-State Inverting Bus Transceiver I 

M74HC640DWP 

M74HC640-tP ** 

M74HC64G-1FP ** Octal 3-State Inverting Bus Transceiver I 

M74HC64G-1DWP** 

M74HCT640P·1 ** 

M74HCT640-1FP ** 
Octal 3-State Inverting Bus Transceiver 

I 

M74HCT640-1DWP ** 
with LSTTL-Compatible Inputs 

M74HC643P 

M74HC64"3FP 
Octal 3-State Inverting and Noninverting 

NI, I 

M74HC643DWP 
Bus Transceiver, . 

M74HC643-1P ** 
Octal 3-State Inverting and Noninverting 

M74HC643-1FP ** NI, I 

M74HC643-1DWP** 
Bus Transceiver 

M74HCT643-1P** 

M74HCT643-1FP ** 
Octal 3-State Inverting and Noninverting Bus 

NI,I 

M74HCT643-1DWP ** 
Transceiver with LSTTL-Compatible Inputs 

M74HC645P 

M74HC645FP Octal 3-State Noninverting Bus Transceiver NI 

M74HC645DWP 

1-6 
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Electrical characteristics 

Hlgh- Low- LON-level 10 High-level 10 
level level high-level low-level Outline Page 

output output output output 
current current propagation propagalion 
(rnA) (rnA) time (ns) time (ns) 

20P4 

-6 6 25 25 20P2N 2-490 

20P2V 

20P4 

-6 6 29 29 20P2N 2-494 

20P2V 

16P4 

-6 6 20 19 16P2N 2-613 

16P2P 

16P4 
-6 6 20 19 16P2N 2-616 

16P2P 

14P4 

-6 6 25 25 14P2N 2 -305 

14P2P 

14P4 

-6 6 25 25 14P2N 2-309 

14P2P 

20P4 

-6 6 28 28 20P2N 2 -329 

20P2V 

20P4 

-24 24 21 21 20P2N 2 -333 

20P2V 

20P4 

-24 24 21 21 20P2N 2 -337 

20P2V 

20P4 

-6 6 28 28 20P2N 2 -529 

20P2V 

20P4 

-24 24 21 21 20P2N 2 -533 

20P2V 

20P4 

-24 24 21 21 20P2N 2 -537 

20P2V 

20P4 

-6 6 28 28 20P2N 2-541 

20P2V 

20P4 

-24 24 21 21 20P2N 2 -545 

20P2V 

20P4 

-24 24 21 21 20P2N 2-549 

20P2V 

20P4 

-6 6 28 28 20P2N 2 -553 

20P2V 



MITSUBISHI HIGH SPEED CMOS 

INDEX BY FUNCTION 

BUFFERS/LINE DRIVERS (continued) 

Output Electrical characteristics 

High- Low- Low-level to High-tevel to 
Type Description level level high-level low-level 

Two-state Three-state output output output output 
current current propagation propagation 
(mA) (mA) time (ns) time (ns) 

M74HC645-1P ** 
M74HC645·1FP ** Octal 3-State Noninverting Bus Transceiver NI - -24 24 21 21 

M74HC645-1 DWP** 

M74HCT645-1P ** 
M74HCT645-1FP ** Octal 3-State Noninverting Bus Transceiver 

NI -24 24 21 21 

M74HCT645-1DWP ** with LSTTL-Compatible Inputs 

M74HC646P ** 
M74HC646FP ** Octal 3-State Noninverting Bus Transceiver and 

NI -6 6 43 43 

M74HC646DWP ** D-Type Flip-Flop 

M74HC648P ** 
M74HC648FP ** Octal 3-State Inverting Bus Transceiver and 

I -6 6 43 43 

M74HC648DWP ** D-Type Flip-Flop 

I : Inverting output NI: Noninverting output 

SCHMITT TRIGGERS 

Electrical characteristics 

Positive- Negative- Low-level \0 
Type Description going going high-level 

threshold threshold output 
voltage 

(V) 
voltage 

(V) 
propagatioo 

time (ns) 

M74HC14P 

M74HC14FP Hex Schmitt-Trigger Inverter 1.55~3.15 O.9~2.45 31 

M74HC14DP 

M74HC132P 

M74HC132FP Quadruple2-lnput Schmitt-Trigger Positive NAND Gate 1.55~3. 15 O.9~2.45 32 

M74HC132DP 

J-K FLIP FLOPS 

Electrical characteristics 

Opera- Setup Hold (jj 
Type Description 0\ 

ting Cl 
time time ~ frequency 

(MHz) (ns) (ns) 

M74HC73P 

M74HC73FP Dual J-K Flip-Flop with Reset 21 25 0 ~ 

M74HC73DP 

M74HC76P 

M74HC76FP Dual J-K Flip-Flop with Set and Reset 21 25 0 ~ 

M74HC76DP 

M74HC107P 

M74HC107FP Dual J-K Flip-Flop with Reset 21 25 0 ~ 

M74HC107DP 

M74HC109P 
-

M74HC109FP Dual J-K Flip-Flop with Set and Reset 21 25 5 t 
M74HC109DP 

M74HC112P 

M74HC112FP Dual J-K Flip-Flop with Set and Reset 21 25 0 ~ 

M74HC112DP 

M74HC113P 

M74HC113FP Dual J-K Flip-Flop with Set 21 25 0 ~ 

M74HC113DP 

M74HC114P 

M74HC114FP Dual J-K Flip-Flop with Set and Common Reset 21 25 0 ! 
M74HC114DP 

t : Positive-going edge ~: Negative~going edge U : Active low 

• MITSUBISHI 
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High-level to 
low-level 

output 
propagation 

time (ns) 

31 

32 

Qi ~ 
C/) Q) 

a:: 

- U 

U U 

- U 

U U 

U U 

U -

U U 

Outline Page 

20P4 

20P2N 2-557 

20P2V 

20P4 

20P2N 2-561 

20P2V 

24P4D 

24P2 2-5El5 

24P2V 

24P4D 

24P2 2-572 

24P2V 

Outline Page 

14P4 

14P2N 2- 39 

14P2P 

14P4 

14P2N 2-128 

14P2P 

Outline Page 

14P4 

14P2N 2- 62 

14P2P 

16P4 

16P2N 2- 76 

16P2P 

14P4 

14P2N 2- 89 

14P2P 

16P4 

16P2N 2- 94 

16P2P 

16P4 

16P2N 2- 99 

16P2P 

14P4 

14P2N 2-104 

14P2P 

14P4 

14P2N 2-109 

14P2P 
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INDEX BY FUNCTION 

D-TYPE FLIP FLOPS 

Electrical characteristics 

Opera-
Type Description ting 

frequency 
(MHz) 

M74HC74P 

M74HC74FP Dual 0-Type Flip-Flop with Set and Reset 21 

M74HC74DP 

M74HC173P 

M74HC173FP 
Quadruple 3-State 0-Type Flip-Flop with 

21 
Common Clock and Reset 

M74HC173DP 

M74HC174P 

M74HC174FP Hex 0-Type Flip-Flop with Common Clock and Reset 21 

M74HC174DP 

M74HC175P 

M74HC175FP 
Quadruple D-Type Flip-Flop with 

24 

M74HC175DP 
Common Clock and Reset, 

M74HC273P 

M74HC273FP Octal 0-Type Flip-Flop with Common Clock and Reset 21 

M74HC273DWP 

M74HC374P 

M74HC374FP Octal 3-State Noninverting 0-Type Flip-Flop 24 

M74HC374DWP 

M74HC374·1P ** 

M74HC374-1FP ** Octal 3-State Noninverting D-Type Flip-Flop 26 

M74HC374-1 DWP** 

M74HCT374-1P ** 

M74HCT374-1FP ** 
Octal 3-State Noninverting 0-Type Flip-Flop 

26 

M74HCT374-1DWP ** 
with LSTTL-Compatible Inputs 

M74HC377P ** 

M74HC377FP ** Octal 0-Type Flip-Flop with Common Clock and Enable -

M74HC377DWP ** 

M74HC534P 

M74HC534FP Octal 3-State Inverting 0-Type Flip-Flop 24 

M74HC534DWP 

M14HC534·1 P ** 

M74HC534-1FP ** Octal 3-State Inverting 0-Type Flip-Flop 26 

M74HC534-1 DWP** 

M74HCT534-1P ** 

M74HCT534-1FP ** 
Octal 3-State Inverting 0-Type Flip-Flop 

26 

M74HCT534-1DWP ** 
with LSTTL-Compatible Inputs 

M74HC564P ** 

M74HC564FP ** Octal 3-State Inverting 0-Type Flip-Flop 24 

M74HC564DWP ** 

M74HC574P ** 

M74HC574FP ** Octal 3-State Noninverting 0-Type Flip-Flop 24 

M74HC574DWP ** 

M74HC646P ** 

M74HC646FP ** 
Octal 3-State Noninverting Bus Transceiver and 

21 

M74HC646DWP ** 
0-Type Flip-Flop 

M74HC648P ** 

M74HC648FP,** 
Octal 3-State Inverting Bus Transceiver and 

21 

M74HC648DWP ** 
0-Type Flip-Flop 

t : Positive-going edge U : Active low 

1-8 ',',M, ITSUB,IS,H, , , I 
"'ELECTRIC 

Setup Hold 

time time 

(ns) (ns) 

25 0 

25 0 

25 5 

25 5 

25 0 

18 12 

13 6 

13 S 

- -

18 12 

13 6 

13 6 

25 0 

25 0 

25 0 

25 0 

Gi ~ Cl Q) Outline Page 
Cl en Q) 

~ a: 

14P4 

t U n 14P2N 2 - 67 

14P2P 

16P4 

t - n 16P2N 2 -225 

16P2P 

16P4 

t - U 16P2N 2 -230 

16P2P 

16P4 

t - U 1SP2N 2 -234 

16P2P 

20P4 

t - U 20P2N 2 -371 

20P2V 

20P4 

t - - 20P2N 2 -433 

20P2V 

20P4 

t - - 20P2N 2 -438 

20P2V 

20P4 

t - - 20P2N 2 -443 

20P2V 

20P4 

t - - 20P2N 2 -451 

20P2V 

20P4 

t - - 20P2N 2 -476 

20P2V 

20P4 

t - - 20P2N 2 -481 

20P2V 

20P4 

t - - 20P2N 2 -486 

20P2V 

20P4 

t - - 20P2N 2 -503 

20P2V 

20P4 

t - - 20P2N 2-512 

20PZV 

24P4D 

t - - 24P2 2 -565 

24P2V 

24P4D 

t - - 24P2 2 -572 

24P2V 



MITSUBISHI HIGH SPEED CMOS 

INDEX BY FUNCTION 

SYNCHRONOUS BINARY COUNTERS 

Electrical 
characteristics 

Count Cii 5l Type Description Cl a; Outline Page Cl Q) frequency ~ 
(/) a: 

(MHz) 

M74HC161P 16P4 
M74HC161FP Presettable 4-Bit Binary Counter with Asynchronous Reset 21 t ® ru® 16P2N 2 -190 

M74HC161DP 16P2P 

M74HC163P 16P4 
M74HC163FP Presettable 4-Bit Binary Counter with Synchronous Reset 21 t ® U® 16P2N 2-202 

M74HC163DP 16P2P 

M74HC191P ** 16P4 

M74HC191FP ** Presettable 4-Bit Binary Up/Down Counter - t ® - 16P2N 2-241 

M74HC191 DP** 16P2P 

M74HC193P ** 16P4 

M74HC193FP ** Presettable 4-Bit Binary Up/Down Counter with Reset 14 t ® U® 16P2N 2-249 

M74HC193DP** 16P2P 

M74HC669P ** 16P4 

M74HC669FP ** Presettable 4-Bit Binary Up/Down Counter - t ® - 16P2N 2-579 

M74HC669DP ** 16P2P 

t : Positive-going edge n : Active high U : Active low ®: Asynchronous ®: Synchronous 

SYNCHRONOUS DECADE COUNTERS 

M74HC160P 16P4 

M74HC160FP Presettable BCD Counter with Asynchronous Rese~ 21 t ® n® 16P2N 2-184 

M74HC160DP 16P2P 

M74HC162P 16P4 

M74HC162FP Presettable BCD Counter with Synchronous Reset 21 t ® n® 16P2N 2-196 

M74HC162DP 16P2P 

M74HC190P ** 16P4 

M74HC190FP ** Presettable BCD Up/Down Counter - t ® - 16P2N 2-239 

M74HC190DP** 16P2P 

M74HC192P ** 16P4 

M74HC192FP ** Presettable BCD Up/Down Counter with Reset 14 l' ® n® 16P2N 2-243 

M74HC192DP** 16P2P 

M74HC4017P ** 16P4 

M74HC4017FP ** Decade Counter/Divider 16 Note - n® 16P2N 2-589 

M74HC4017DP** 16P2P 

t : Positive-going edge n : Active high U: Active low ®: Asynchronous ®: Synchronous 
Note : Positive-going edge when the CLOCK pin is used with CE low, negative-going edge when the CLOCK ENABLE pin is 

used with CP high. 

OCTAL COUNTER/DIVIDERS 

I M74HC4022P **1 16P4 

I M74HC4022FP ** I Octal Counter/Divider 16 Note - n 16P2N 2-599 

I M74HC4022DP** 1 16P2P 

n : Active high 
Note : Positive-going edge when the CLOCK pin is used with CE low, negative-going edge when the CLOCK ENABLE pin is 

used with CP high. 

MONOSTABLE MUL TIVIBRATORS 

Type 

[,1174HC123P ** 

M74HC123FP ** 

M74HC123DP** 

M74HC221P ** 

M74HC221 FP ** 

M74HC221 DP ** 

M74HC4538P ** 

M74HC4538FP ** 

M74HC4538DP ** 

Description 

Dual Retriggerable Monostable Multivibrator 

Dual Monostable Multivibrator 

Dual Precision Monostable Multivibrator 

(Retriggerable, Resettable) 

• MITSUBISHI 
..... ELECTRIC 

Electrical characteristics 

Resistance/capacitance 
connected to 
control output 
pulse width 

1-1 MO/No limits 

1-1 MO/No limits 

1-lMO/No limits 

i 
c: 
.2 

.2 j 

.1 Outline Page 
5l 

&1 Q) 

a: 
16P4 

• • 16P2N 2-114 

16P2P 

16P4 

• 16P2N 2-265 

16P2P 

16P4 

• • 16P2N 2-662 

16P2P 
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MITSUBISHI HIGH SPEED CMOS 

INDEX BY FUNCTION 

LATCHES 

Electrical characteristics 

Low-level to 
Type Description high-level 

output 
propagation 
time (ns) 

M74HC75P 

M74HC75FP Dual 2-Bit Transparent Latch 32 

M74HC75DP 

M74HC259P 

M74HC259FP 8-Bit Addressable Latch/1-of-8 Decoder 54 

M74HC259DP 

M74HC279P ** 

M74HC279FP ** Quadruple R-S Latch ~ 

M74HC279DP** 

M74HC354P *:k 
8-lnput Data Selector/Multiplexer with Data and 

M74HC354FP ** 59 

M74HC354DWP ** 
Address Latches and with 3-State Outputs 

M74HC356P ** 

M74HC356FP ** 
8-lnput Data Selector/Multiplexer with Data and 

63 

M74HC356DWP ** 
Address Latches and with 3-State Outputs 

M74HC373P 

M74HC373FP - Octal 3-State Noninverting 0-Type Transparent Latch 38 

M74HC373DWP 

M74HC373-1P ** 

M74HC373-1FP ** Octal 3-State Noninverting 0-Type Transparent Latch 25 

M74HC373-1 DWP** 

M74HCT373-1P ** 

M74HCT373-1FP ** 
Octal 3-State Noninverting D-Type Transparent Latch 

25 

M74HCT373-1DWP ** 
with LSTTL-Compatible Inputs 

M74HC375P 

M74HC375FP Dual 2-Bit Transparent Latch 32 

M74HC375DP 

M74HC533P 

M74HC533FP Octal 3-State Inverting D-Type Transparent Latch 38 

M74HC533DWP 

M74HC533-1P ** 

M74HC533-1FP ** Octal 3-State Inverting D-Type Transparent 25 

M74HC533-1 DWP** 

M74HCT533-1P ** 

M74HCT533-1FP ** 
Octal 3-State Inverting D-Type Transparent Latch 

25 

M74HCT533-1DWP ** 
with LSTTL-Compatible Inputs 

M74HC563P ** 

M74HC563FP ** Octal 3-State Inverting 0-Type Transparent Latch 28 

M74HC563DWP ** 

M74HC573P ** 

M74HC573FP ** Octal 3-State Noninverting D-Type Transparent Latch 28 

M74HC573DWP ** 

U : Active low n : Active high t : Positive-going edge 

1-10' • MITSUBISHI 
.... ELECTRIC 

High-level to 
low-level 

output 
propagation 

time (ns) 

32 

54 

-

59 

63 

38 

25 

25 

32 

38 

25 

25 

28 

28 

Setup Hold Q) 

]: :0 Outline Page <II 
time time c Q) 

W II: 

(ns) (ns) 

16P4 

25 5 U - 16P2N 2- 72 

16P2P 

16P4 

25 0 n u 16P2N 2-360 

16P2P 

16P4 

- - - - 16P2N 2 -375 

16P2P 

20P4 

13 5 U - 20P2N 2 -392 

20P2V 

20P4 

10 5 t - 20P2N 2 -398 

20P2V 

20P4 

18 12 U - 20P2N 2 -420 

20P2V 

20P4 

13 6 U - 20P2N 2 -425 

20P2V 

20P4 

13 6 U - 20P2N 2 -429 

20P2V 

16P4 

25 5 U - 16P2N 2 -447 

16P2P 

20P4 

18 12 U - 20P2N 2 -462 

20P2V 

20P4 

13 6 U - 20P2N 2 -467 

20P2V 

20P4 

13 6 U - 20P2N 2 -472 

20P2V 

20P4 

19 6 U - 20P2N 2 -498 

20P2V 

20P4 

19 6 U - 20P2N 2 -507 

20P2V 



SHIFT REGISTERS 

Type Description 

M74HC164P 

M74HC164FP 8-Bit Serial-Input/Parallel-Output Shift Register 

M74HC164DP 

M74HC165P ** 
M74HC165FP ** 8-Bit Serial-or Parallel-Input/Serial-Output Shift Register 

M74HC165DP** 
M74HC166P 

8-Bit Serial-or Parallel-Input/Serial-Output Shift Register with 
M74HC166FP 

M74HC166DP 
Reset 

M74HC194P 
M74HC194FP 4-Bit Bidirectional Universal Shift Register 

M74HC194DP 
M74HC195P 

M74HC195FP 4-Bit Universal Shift Register 

M74HC195DP 

M74HC299P ** 
M74HC299FP ** 

8-Bit Bidirectional Universal Shift Register with 

M74HC299DWP ** 
3-State Parallel Outputs 

M74HC323P ** 
8-Bit Bidirectional Universal Shift Register with 

M74HC323FP ** 

M74HC323DWP ** 
3-State Parallel Outputs 

M74HC595P 
8-Bit Serial-Input/Serial-or Parallel-Output Shift Register with 

M74HC595FP 

M74HC595DP 
Latched 3-State Outputs 

M74HC597P ** 
M74HC597FP ** 

8-Bit Serial-or Parallel-Input Serial-Output Shift Register with 

M74HC597DP ** 
Input Latch 

t : Positive-going edge U: Active low 

BINARY RIPPLE COUNTERS 

Type Description 

M74HC393P 

M74HC393FP Dual 4-Stage Binary Ripple Counter 

M74HC393DP 

M74HC4020P ** 

M74HC4020FP ** 14-Stage Binary Ripple Counter 

M74HC4020DP** 
M74HC4024P 

M74HC4024FP 7-Stage Binary Ripple Counter 

M74HC4024DP 

M74HC4040P ** 

M74HC4040FP ** 12-Stage Binary Ripple Counter 

M74HC4040DP** 

+ : Negative-going edge n : Active high 

ASYNCHRONOUS DECADE COUNTER 

M74HC390P 
M74HC390FP Dual 4-Stage Binary Ripple Counter with +2 and +5 Sections 

M74HC390DP 

+ : Negative-going edge n : Active high 

'MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

INDEX BY FUNCTION 

Electrical Mode 
characteristics 

Gi ;t: 
"0 

I--- ;t: <IS ]l Clock Cl ~ ~ 
..Q 

Outline Page .21 ]i Q) 

frequency i=- .e: ;:: II: 
Cl Q) ~ 

(MHz) a: ...J <IS a. 
14P4 

21 t 0 - - U 14P2N 2-208 

14P2P 

16P4 

21 t 0 - 0 - 16P2N 2-213 

16P2P 

16P4 

25 t 0 - 0 U 16P2N 2 -219 

16P2P 

16P4 

24 t 0 0 0 U 16P2N 2-255 

16P2P 

16P4 

24 t 0 - 0 U 16P2N 2-260 

16P2P 

20P4 

20 t 0 0 0 U 20P2N 2 -384 

20P2V 

20P4 
- t 0 0 0 U 20P2N 2-391 

20P2V 

16P4 

21 t 0 - - U 16P2N 2-517 

16P2P 

16P4 

21 t 0 - 0 U 16P2N 2 -523 

16P2P 

Electrical 
characteristics 

Count Gi ]l Cl 
Cl Q) Outline Page 

frequency ~ II: 

(MHz) 

14P4 

21 • n 14P2N 2 -457 

14P2P 

16P4 

16 • n 16P2N 2 -595 

16P2P 

14P4 

21 • n 14P2N 2 -605 

14P2P 

16P4 

16 + n 16P2N 2 -609 

16P2P 

I II In 16P4' I 
21 16P2N I 2 -452 

16P2P I 
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MITSUBISHI HIGH SPEED CMOS 

INDEX BY FUNCTION 

ANALOG SWITCHES/MULTIPLEXERS 

Electrical characteristics 

Type 
"ON" Propagation tlme(ns) 

Description resistance, From Data From Control Outline Page 
VI=2.5V Input to inhibit 

(0) output to output 

M74HC4051P ** 16P4 
M74HC4051 FP ** 8-Channel Analog Multiplexer/Demultiplexer 215 15 93 16P2N 2-619 
M74HC4051 DP** 16P2P 
M74HC4052P ** 16P4 
M74HC4052FP ** Dual 4-Channel Analog Multiplexer/Demultiplexer 215 15 93 16P2N 2-625 

M74HC4052DP** 16P2P 

M74HC4053P ** 16P4 

M74HC4053FP ** Triple 2-Channel Analog Multiplexer/Demultiplexer 215 15 93 16P2N 2-630 

M74HC4053DP** 16P2P 
M74HC4066P 14P4 
M74HC4066FP 

Quad Analog Switch/Multiplexer/Demultiplexer with 
215 13 29 14P2N 2-635 

M74HC4066DP 
Enhanced ON-Resistance Linearity 

14P2P 

DATA SELECTORS/DIGITAL MULTIPLEXERS 

Electrical characteristics 

Output Propagation time(ns) 
Type Description type Strobe Select Data Outline Page 

inhibit input Input 
to output to output to output 

M74HC151P 16P4 

M74HC151FP 8-lnput Data Selector/Multiplexer NI, I 35 63 49 16P2N 2 "-161 

M74HC151DP 16P2P 

M74HC153P 16P4 

M74HC153FP Dual 4-lnput Data Selector/Multiplexer NI 24 44 35 16P2N 2-166 

M74HC153DP 16P2P 

M74HC157P 16P4 

M74HC157FP Quadruple 2-lnput Noninverting Data Selector/Multiplexer NI 29 32 32 16P2N 2-176 

M74HC157DP 16P2P 

M74HC158P 16P4 

M74HC158FP Quadruple 2-lnput Inverting Data Selector/Multiplexer I 29 32 32 16P2N 2-180 

M74HC158DP 16P2P 

M74HC251P 16P4 

M74HC251FP 8-lnput Data Selector/Multiplexer with 3-State Outputs 3S, NI,I 55 51 49 16P2N 2-341 

M74HC251DP 16P2P 

M74HC253P \ 16P4 

M74HC253FP 
Dual 4-lnput Data Selector/Multiplexer with 

3S, NI 38 44 35 16P2N 2-346 

M74HC253DP 
3-State Outputs 

16P2P 

M74HC257P 16P4 

M74HC257FP 
Quadruple 2-lnput Data Selector/Multiplexer with 

3S, NI 38 25 25 16P2N 2-351 

M74HC257DP 
3-State Outputs 

16P2P 

M74HC258P *-* 
Quadruple 2-lnput Data Selector/Multiplexer with 

16P4 

M74HC258FP ** 3S, I 38 25 ,25 16P2N 2-356 

M74HC258DP** 
3-St~te Outputs 

16P2P 

M74HC298P ** 16P4 

M74HC298FP ** 
Quadruple 2-lnput Data Selector/Multiplexer with 

NI - - - 16P2N 2-383 

M74HC298DP ** 
Output Latch 

16P2P 

M74HC354P ** 20P4 

M74HC354FP ** 
8-lnput Data Selector/Multiplexer with Data and 

3S, NI,I 68 71 59 20P2N 2 -392 

M74HC354DWP ** 
Address Latches and with 3-State Outputs 

20P2V 

M74HC356P ** 20P4 

M74HC356FP ** 
8-lnput Data Selector/Multipl'exer with Data and 

3S, NI,I 41 71 63 20P2N 2-398 

M74HC356DWP ** 
Address Latches and with 3-State Outputs 

20P2V 

I : Inverting output NI: Noninverting output 3S: Three-state output 
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MITSUBISHI HIGH'SPEED CMOS 

INDEX BY FUNCTION 

DECODERS 

Type Description 

M74HC42P 
M74HC42FP 1-of-10 Decoder 

M74HC42DP 

M74HC137P 
M74HC137FP 1-of-8 Decoder/Demultiplexer with Address Latch 

M74HC137DP 

M74HC138P 

M74HC138FP 1-of-8 Decoder/Demultiplexer 

M74HC138DP 

M74HCT138P ** 
M74HCT138FP ** 1-of-8 Decoder/Demultiplexer with LSTTL-Compatible Inputs 

M74HC138DP ** 
M74HC139P 

M74HC139FP Dual 1-of-4 Decoder/Demultiplexer 

M74HC139DP 

M74HC154P ** 
M74HC154FP ** 1-of-16 Decoder/Demultiplexer 

M74HC154DWP ** 

M74HC155P 
M74HC155FP Dual 1-of-4 Decoder/Demultiplexer 

M74HC155DP 
M74HC237P 
M74HC237FP 1-of-8 Decoder/Demultiplexer with Address Latch 

M74HC237DP 

M74HC238P ** 

M74HC238FP ** 1-of-8 Decoder/Demultiplexer 

M74HC238DP** 
M74HC259P 
M74HC259FP 8-Bit Addressable Latch/1-of-8 Decoder 

M74HC259DP 

M74HC4511P ** 

M74HC4511FP ** BCD-to-Seven-Segment Latch/Decoder/Display Driver 

M74HC4511DWP ** 

M74HC4514P ** 
M74HC4514FP ** 1-of-16 Decoder/Demultiplexer with Address Latch (uH" Level Output) 

M74HC4514DWP ** 

M74HC4515P ** . 

M74HC4515FP ** 1-of-16 Decoder/Demultiplexer with Address Latch (uL" Level Output) 

M74HC4515DWP ** 

M74HC4543P ** 
M74HC4543FP ** BCD-to-Seven-Segment Latch/Decoder/Display Driver for Liquid-Crystal Displays 

M74HC4543DP ** 

DISPLAYED CHARACTERS 

M74HC4511P, M74HC4511FP, M74HC4543P, M74HC4543FP 

Decimal value 0 1 2 3 4 

n I ;:1 :1 '-I Display 
'-' 

, 
5 

I-

:' 

6 7 8 

I -, CI 
0 , U 

•. MITSUBISHI 
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CI 

Electrical 
characteristics 

Low-level to High-level to 
high-level low-level Outline Page 

output output 
propagation propagation 

time (ns) time (ns) 

16P4 

38 38 16P2N 2- 55 

16P2P 

16P4 

43 60 16P2N 2-134 

16P2P 

16P4 

38 50 16P2N 2 -139 

16P2P 

16P4 

38 50 16P2N 2-144 

16P2P 

16P4 

55 55 16P2N 2 -148 

16P2P 

24P4D 

42 42 24P2 2-171 

24P2V 

16P4 

- - 16P2N 2-175 

16P2P 

16P4 

59 47 16P2N 2-267 

16P2P 

16P4 
- - 16P2N 2-272 

16P2P 

16P4 

54 54 16P2N 2-360 

16P2P 

16P4 

151 151 16P2N 2 -647 

16P2P 

24P4D 

58 44 24P2 2 -652 

24P2V 

24P4D 

58 44 24P2 2 -657 

24P2V 

16P4 

96 96 16P2N 2 -665 

16P2P 

11 12 13 14 15 

~ 
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ENCODERS 

Type Description 

M74HC147P 

M74HC147FP 10-Line Decimal to 4-Line BCD Priority Encoder 

M74HC147DP 
M74HC148P 
M74HC148FP 8-Line to 3-Line Priority Encoder 

M74HC148DP 

COMPARATORS 

M74HC85P 
M74HC85FP 4-Bit Magnitude Comparator 

M74HC85DP 

M74HC688P 

M74HC688FP 8-Bit Equality Comparator 

M74HC688DWP 

FULL ADDERS 

M74HC283P 

M74HC283FP 4-Bit Binary Full Adder with Fast Carry 

M74HC283DP 

PARITY GENERATOR/CHECKERS 

M?4HC280P 
M74HC280FP 

M74HC280DP 

REGISTER FILES 

I M74HC670P ** 
I M74HC670FP ** 
I M74HC670DP ** 

1-14 

9-Bit Odd/Even Parity Generator/Checker 

4-By-4 Register File with 3-State Outputs 
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INDEX BY FUNCTION 

Electrical 
characteristics 

Low-level to High-level to 
high-level low-level Outline Page 

output output 
propagation 

time (ns) 
propagation 
time (ns) 

16P4 

38 38 16P2N 2-152 

16P2P 

16P4 

38 38 16P2N 2-156 

16P2P 

16P4 

58 58 16P2N 2- 81 

16P2P 

20P4 

53 53 20P2N 2 -582 

20P2V 

16P4 

51 51 16P2N 2 -379 

16P2P 

I I 
I 14P4 I I 

52 52 I 14P2N I 2 -376 

I .14P2P I 

16P4 

- - 16P2N 2-581 

16P2P 



SYMBOLOGY 
Symbol 

C I Input capacitance 

C L Load capacitance 

Co Output disable capacitance 

Cpo Power dissipation capacitance 

C x External timing capacitance 

fl Input frequency 

fmax Maximum repetition frequency 

GND Ground 

H High level 

I Current or input 

Icc Supply current 

100 Supply current 

II Input current 

IIH High-level input current 

IlL Low-level input current 

10 Output current 

10FF Input off-state leak current 

10H High-level output curent 

10L Low-level output current 

10zH Off-state high-level output current 

10zL Off-state low-level output current 

L Low level 

0 Output 

Pd Power dissipation 

RI Input resistance 

RL Load resistance 

ROFF Analog switch off resistance 

RON Analog switch on resistance 

Rx External timing resistance 

Ta Ambient temperature 

tf Fall time 

th Hold time 

Topr Operating (ambient) temperatuer 

tpd Propagation delay time 

tpHL High-level to low-level output propaga-

tion time 

tpHZ Output disable time from high-level 

tpLH Low-level to high-level output prop-

agation time 

tpLZ Output disable time from low-level 

tPZH Output enable time to high-level 

tPZL Output enable time to low-level 

tr Rise' time 

tree Recovery time 

Tstg Storage temperature 

MITSUBISHI HIGH SPEED CMOS 

SYMBOLOGY 

Dlscrlptlon 

The output capafitance at input terminals 

Extenally connected output capacitance 

The output capacitance when the output is in the high-impedance state 

The internal capacitance of the IC calculated from the power dissipation 

The capacitance connected to set the pulse width of monostable multivibrators 

The sine wave frequency applied to the input terminal. 

The maximum fre~uency of repetitive inputs at which the device operates normally 

Used as a suffix for current and voltage parameters to indicate the high logic level 

Currents flowing into the IC are positive; currents flowing out of the IC are negative 

The current flowing into the IC at the Vee pin 

The current flowing into the IC at the Vee pin 

The current that flows into the IC when an input voltage is applied 

The input current for a high-level input 

The input current for a low-level inpu,t 

Currents flowing into the IC are positive; currents flowing out of the IC are negative 

The leakage between the input and output terminals of an analog switch in the off state 

Output load current in the high-level output state 

Output load current in the low-level output state 

Output current when logic high is applied to an output in the high-impedance state 

Output current when logic low is applied to an output in the high-impedance state 

Used as a suffix for current and voltage parameters to indicate the low logic level 

Indicates output 

The product of the supply voltage and supply current 

External resistance connected at input 

External load resistance 

The DC resistance of an analog switch in the off state 

The DC resistance of an analog switch in the on state 

The resistance connected to set the pulse width of monostable multivibrators 

The air temperature tn the vicinity of the IC 

The period for an input pulse to change from logic high to low 

The period other specified inputs must be held after a single specified input is changed 

The ambient temperature range over which the IC will operate correctly 

The average period from wh,en the specified input is applied until the specified output 

changes 

The period required for the output to change from logic high to low after the specified input 

is applied 

'The period required for the output to change from logic high to the high-impedance state 

after the specified input is applied 

The period required for the output to change from logic low to high after the specified input 

is applied 

The period required for the output to change from logic low to the high-impedance state after 

the specified input is applied 

The period required for the output to change from the high-impedance state to logic high 

after the specified input is applied 

The period required for the output to change from the high-impedance state to logic low after 

the specified input is applied 

, The period for an input pulse to change from logic low to high 

The period required from when the input state is released until the next clock pulse can be 

applied 

The temperature range over which the IC can be safely stored 
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"-ELECTRIC 

1-15 



Symbol 

tsu 

hHL 

tTLH 

tw 

twa 

Vee 

Voo 

VEE 

V H 

VI 

V IH 

V IL 

Vo 

V OH 

VOL 

Vss 

VT 

VT+ 

VT-

Z 

1-16 

Setup time 

High-level to low-level 

output transition .time 

Low-level to high-level 

output transition time 

Pulse width 

Output pulse width 

Supply voltage 

Supply voltage 

Supply voltage 

Hysteresis voltage 

Input voltage 

High-level input voltage 

Low-level Input voltage 

Output voltage 

High-level output voltage 

Low-level output voltage 

Supply voltage 

Threshold voltage 

Positive-going threshold voltage 

Negative-going threshold voltage 

High-Impedance state 

MITSUBISHI HIGH SPEED CMOS 

SYMBOLOGY 

Dlscrlptlon 

The period that other specified inputs must be held. before the specified input can be 

applied 

The time required for the output to fall after the specified input is applied 

The time required for the output to fall after the specified input is applied 

The period over which a pulse remains within the reference voltage range 

The pulse width at the output of a monostable multivibrator 

The voltage applied at the Vee pin 

The voltage applied at the Vee pin 

The voltage applied at the VEE pin 

The difference between the Positive-going and Negative going threshold voltages of a 

Schmitt trigger circuit 

The voltage applied to an input 

The logic high voltage applied to an input 

The logic low voltages applied to an input 

The voltage applied t.o or appearing at an output 

The voltage at the ouptut in the h'igh-Ievel state, 

The voltage at the output in the low-level state 

The voltage applied at the Vss pin 

When an input crosses this voltage level, the output state changes 

The thre,shold voltage for the low-to-high state change 

The threshold voltage for the high-to low state change 

Indicates,an output in the high-Impedance state 

·'MITSUBISH. I 
.... ELECTRIC 



INTRODUCTION 
The Mitsubishi M74HC series high-speed CMOS devices 
provide the high-speed operation and high-current drive 
capacity of bipolar LSTTL while retaining the low power 
consumption and other advantages of CMOS devices. 
The' M74HC series devices satisfy JEDEC Standard No.7, 
and provide the following advatages over LSTTL devices: 

• Low power dissipation: Pd=S,uW/package, max. 
(Vcc=SV, Ta=2S·C, quiesent state) 

• High noise margin: 30% of Vec, min. (Vce=4.SV, 6V) 
• Wide operating voltage range: Vcc=2-SV 
• Wide operating temperature range: T a= -40-+80·C 
• Low input current: III I ~1,uA, max. 
These characteristics make the series ideally suited to ap
plications in both industrial and consumer digital equip
ment. 

MITSUBISHI HIGH SPEED CMOS 

INTRODUCTION 

Ratings 
The M74HC series is available in three types: the HC type 
with waveform-regenerator buffered outputs, the unbuffered 
HCU type, and the HCT type with TTL-level inputs. JEDEC 
standards have been adopted for all three types. Table 1 
shows the JEDEC absolute maximum ratings, Table 2 the 
recommended operating conditions, and Tables 3 and 4, 
the electrical characteristics. Tables S-8 show the corres
ponding data for Mitsubishi M74HC series. 
The characteristics of the Schmitt triggers, open drain out
puts, and analog switches do vary somewhat from the 
JEDEC standards. For detailed information on these differ
ences, please check the individual data sheets of the de

vice in question. 

Table 1 JEDEC 74C/HCU/HCT Series Absolute Maximum Ratings 
Symbol Parameter Type Conditions Ratings Unit 

Vee Supply voltage -0.5-+7.0 V 

VI Input voltage -0. 5-Vee+0. 5 V 

Va Output voltage -0. 5-Vee+0. 5 V 

11K Input protection diode current 
VI<OV -20 

VI> Vcc 20 
rnA 

Vo < OV " -20 
10K Output parasitic diode current rnA 

Vo > Vcc 20 

Standard +25 
10 Output current 

Buffered +35 
rnA 

lee Supply/GND current 
Standard ±50 

I--- Vee, GND rnA 
Buffered +70 

Tstg Storage temperature range -65-+150 ·c 

Table 2 JEDEC 74HC/HCT Series Recomended Operating Conditions 
Limits 

Symbol Parameter Type Unit 
Min Typ Max 

Vee Supply voltage 
HC/HCU 2 6 

HCT 4.5 5.5 
V 

VI Input voltage 0 Vee V 

Va Output voltage 0 Vee V 

Topr Operating temperature range -40 +85 ·c 
I Vee=2.0V 0 1000 

t r , tf Input rlsetlme. falltime 
I Vee =4.5V He 0 500 

I Vee=6.0V 0 400 
ns 

HCT 0 500 
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MITSUBISHI HIGH SPEED CMOS 

INTRODUCTION 

Table 3 JEDEC 74HC/HCU Series Electrical characteristics 

Symbol Parameter Type 

HC 

V'H High-level Input voltage -

HCU 

HC 

V'L. Low-level Input voltage f---

HCU 

HC 

Standard 

HC 
V OH High-level output voltage 

Buffered 

HCU 

-

HC 

Standard 

VOL. Low-level output voltage 
HC 

Buffered 

HCU 

I'H High-level Input current 

IlL. Low-level input current 

lozH Off·state high-level output current 

lozL. Off-state low-level output current 

Gate 

Quiescent supply current 
r---

Icc F/F 
r---

MSI 
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Test conditions 

VcC<V) 

2.0 

4.5 

Vo = O. IV, Vee-O. IV 6.0 

1101 =201iA 2.0 

4.5 

6.0 

2.0 

4.5 

Vo = O. IV, Vee-O. IV 6.0 

1101 = 20liA 2.0 

4.5 

6.0 
10H = __ 201iA 2.0 

10H = -201iA 4.5 

v, = V'H, V'L 10H = -201iA 6.0 

10H = -4.0mA 4.5 

10H = -5.2mA 6.0 

10H = -201iA 2.0 

10H = -20p.A 4.5 

VI = VIH, V'L 10H = -201iA 6.0 

10H = -6.0mA 4.5 

10H = -7. SmA 6.0 

10H = -20p.A 2.0 

VI = VIL IOH = -201iA 4.5 

10H = -.20p.A 6.0 

10H = -4.0mA 4.5 
VI = GND 

10H= -5.2mA 6.0 

10L= 20p.A 2.0 

IOL = 20}.lA 4.5 

VI = VIH ' VIL IOL = 20}.lA 6.0 

IOL = 4.0mA 4.5 

IOL = S.2mA, 6.0 

IOL = 20}.lA 2.0 

IOL = 20}.lA 4.5 
VI = VIH, VIL IOL = 20liA 6.0 

IOL =6.0mA 4.5 

IOL= 7. SmA 6.0 

IOL = 20liA 2.0 

VI = VIH IOL = 20p.A 4.5 

IOL = 20liA 6.0 

IOL=4.0mA 4.5 
VI = Vee 

IOL ='S.2mA 6.0 
VI =6V 6.0 

VI=OV 6.0 

VI = VIH, VIL, Vo = Vee 6.0 

VI = VIH, VIL. Vo = GND 6.0 

VI = Vee, GND, lo=OIiA 6.0 
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Limits 

25"(; -40-+S5"(; Unit 

Min Typ Max Min Max 

1.5 1.5 
-3.15 3.15 

4.2 4.2 

1.7 1.7 
V 

3.6 3.6 

4.8 4.8 

0.3 0.3 

0.9 0.9 

1.2 1.2 

0.3 0.3 
V 

0.8 0.8 
1.1 1.1 

1.9 1.9 

4.4 4.4 

5.9 5.9 

3.98 3.84 

5.48 5.34 

1.9 1.9 

4.4 4.4 

5.9 5.9 V 

3.98 3.84 

5.48 5.34 

1.8 1.8 

4.0 4.0 

5.5 5.5 

3.86 3.76 

5.36 5.26 

0.1 0.1 

0.1 0.1 

0.1 0.1 

0.26 0.33 

0.26 0.33 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.2 0.2 

0.5 0.5 

0.5 0.5 

0.32 0.37 

0.32 0.37 

0.1 1.0 J.l.A 

-0.1 -1.0 J.l.A 

0.5 5.0 J.l.A 

-0.5 -5.0 J.l.A 

2.0 20.0 

4.0 40.0 J.l.A 

8.0 80.0 
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Table 4 JEDEC 74HCT Serieis Electrical Characteristics 
limits 

Symbol Parameter Type Test conditions 25'C -40-+85'C Unit 

VcceV) Min Typ Max Min Max 

Vo = O. lV, Vcc-O.1V 
4.5 

V IH High-level input voltage 
1101 = 20Jl.A 

I 2.0 2.0 V 

5.5 

Vo = O. lV, Vcc-O.1V 
4.5 

V IL Low-level Input voltage 
1101 = 20Jl.A 

I 0.8 0.8 V 

5.5 

IOH = -20Jl.A 4.5 4.4 4.4 
Standard VI = VIH, VIL 

V OH 
10H= -4.0mA 4.5 3.98 3.84 

High-level output voltage 
10H = -20Jl.A 4.5 4.4 4.4 

V 

Buffered VI = VIH, VIL 
IOH = -6.0mA 4.5 3.98 3.84 

IOL = 20pA 4.5 0.1 0.1 
Standard VI = VIH, VIL 

VOL 
10L = 4.0mA 4.5 0.26 0.33 

Low-level output voltage 
10L = 20pA 4.5 0.1 0.1 

V 

Buffered VI=VIH, VIL 
10L = 6.0mA 4.5 0.26 0.33 

IIH High-level input current VI = 5.5V 5.5 0.1 1.0 IJ.A 
IlL Low-level Input current VI=OV 5.5 -0.1 -1.0 IJ.A 
10zH Off-state high-level output current VI = VIH, VIL, Vo = Vce 5.5 0.5 5.0 IJ.A 
10ZL Off-state IaN-level output current VI = VIH, VIL, Vo = GND 5.5 -0.5 -5.0 IJ.A 

Gate 2.0 20.0 -
Icc Quiescent supply current F/F VI = Vee, GND, 10 = OJl.A 5.5 4.0 40.0 IJ.A -

MSI 8.0 80.0 

..6. Icc Maximum quiescent supply current VI = 2.4V (Note 1) 5.5 2.7 2.9 rnA 

Note 1 Only one input is set at this value and all other inputs are fixed at Vee or GND. 

Table 5 Mitsubishi M74HC/HCU/HCT Series Absolute Maximum Ratings 
Symbol Parameter Type Conditions Ratings 

Vee Supply voltage -0~5~+7.0 

VI Input voltage -0. 5~Vee+0. 5 

Vo Output voltage -0. 5~Vee+0.5 

VI< OV -20 
11K Input protection diode current 

20 VI> Vcc 

Vo< OV -20 
10K Output parasitic diode.current 

20 Vo > Vcc 
, 

Standard ±25 
10 Output current 

Buffered ±35 

Supply/GND current 
Standard ±50 

Icc - Vec, GND 
±75 Buffered 

Pd Power dissipation 500 

Tsig Storage temperature 'range -65~+150 

Table 6 Mitsubishi M74HC/HCU/HCT Series Recommended Operating Conditions 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vb Output voltage 

Topr Operating temperature range 

Vcc = 2.0V 

Vce=4.5V 

t r • tf Input rlsetime, fafftime Vee =6.0V 

Limits 
Type 

Min Typ Max 

HC/HCU 2 6 

HCT 4.5 5.5 

0 Vee 

0 Vee 

-40 +85 

0 1000 

HC 0 500 

0 400 

HCT 0 500 

HCU No limit 
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Unit 

V 

V 

V 

·C 

ns 

Unit 

V 

V 

V 

rnA 

rnA 

rnA 

rnA 

rnW 
t 
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Table 7 Mitsubishi M74HC/HCU/HCT Series Electrical Characteristics (Ta=-40-+80'C) 

Symbol Parameter Type 

HC 

V 1H High-level Input voltage 

HCU 

HC 

V 1L Low-level input voltage 

HCU 

HC 

Standard 

HC 
V OH High-level output voltage 

Buffered 

HCU 

I 

HC 

Standard 

HC 
VOL Low-level output voltage 

Buffered 

HCU 

IIH High-level input current 

IlL Low-level input current 

lozH Oft-state high-level output current 

IOZL Off-state low-level output current 

Gate 
I----

Icc Quiescent supply current F/F 
I----

MSI 

1-20 

Test conditions 

Vec(V) 

Vo = O. lV, Vee-0.1V 
2.0 
4.5 

1101 =20p.A 
6.0 

Vo = 0.2V, 1101= 20p.A 2.0 
Vo = O.SV, 1101 = 20J.l.A 4.5 
Vo = O.SV, 1101 = 20p.A 6.0 

Vo = O. lV, Vee-0.1V 
2.0 
4.5 

1101 =20J.l.A 
6.0 

Vo=Vee-O•2V, \10\ =20p.A 2.0 
Vo = Vee-O. SV, 1101 = 20J.l.A 4.5 
Vo = Vee-O. SV, 1101 = 20J.l.A 6.0 

10H= -20J.l.A 2.0 
10H = -20J.l.A 4.5 

VI = VIH, Vil 10H = -20p.A 6.0 
10H= -4.0mA 4.5 
10H= -S.2mA 6.0 
10H = -20J.l.A 2.0 
10H = -20p.A 4.5 

VI = VIH, Vil 10H = -20J.l.A 6.0 
10H= -S.OmA 4.5 
10H = -7.BmA 6.0 
10H = -20J.l.A 2.0 

VI=Vll 10H = -20J.l.A 4.5 
10H = -20J.l.A 6.0 
10H = -4.0mA 4.5 

VI=GND 
10H= -S.2mA 6.0 
10l = 20J.l.A 2.0 
10l = 20J.l.A 4.5 

VI = VIH, \ill 10l = 20J.l.A 6.0 
10l = 4.0mA 4.5 
10l == S.2mA 6.0 
10l == 20J.l.A 2.0 
10l = 20J.l.A 4.5 

VI == VIH, Vil 10l == 20J.l.A 6.0 
10l = S.OmA 4.5 
10l = 7.BmA 6.0 
10l = 20p.A 2.0 

VI = VIH 10l = 20J.l.A 4.5 
10l = 20J.l.A 6.0 
10l = 4.0mA 4.5 

VI = Vee 
10l= S.2mA 6.0 

VI=SV 6.0 
VI=OV 6.0 
VI = VIH, VILo Vo= Vee 6.0 
VI = VIH, Vll, Vo = GND 6.0 

VI = Vee, GND, 10 = Op.A 6.0 
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Limits 

25"C -40-+85"C Unit 

Min Typ Max Min Max 

1.5 1.5 
3.15 3.15 
4.2 4.2 
1.7 1.7 

V 

3.6 3.6 
4.8 4.8 

0.5 0.5 
1.35 1.35 
1.8 1.8 
0.3 0.3 

V 

0.8 0.8 
1.1 1.1 

1.9 1.9 
4.4 4.4 
5.9 5.9 

4.18 4.13 
5.68 5.63 
1.9 1.9 . 

4.4 4.4 
5.9 5.9 V 

4.18 4.13 
5.68 5.63 
1.8 1.8 
4.0 4.0 
5.5 5.5 

3.98 3.84 
5.48 5.34 

0.1 0.1 
0.1 O. , 

0.1 0.1 
0.26 0.33 
0.26 0.33 
0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 
0.2 0.2 
0.5 0.5 
0.5 0.5 

0.26 0.33 
0.36 0.33 
0.1 1.0 IJ.A 

-0.1 -1.0 IJ.A 
0.5 5.0 IJ.A 

-0.5 -5.0 IJ.A 
1.0 10.0 
2.0 20.0 IJ.A 
4.0 40.0 
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Table 8 Mitsubishi M74HCT Series Electrical Characteristics (Ta=-40-+S0'C) 

Symbol Parameter Type Test conditions 

V IH High-level Input voltage 
Vo = O. lV, Vee-O.1V 

1101 = 20J.lA 

V IL Low-level input voltage 
Vo = O. lV, Vee-O.1V 

1101 = 20J.lA 

10H = -20J.lA 

Standard VI = VIH, VIL 10H = -4. Om A, Vee = 4.SV 

10H = -4. SmA, Vee = S.SV 
V OH High-level output voltage 

10H = -20J.lA 

Buffered VI = VIH, VIL 10H = -6.0mA, Vee=4.SV 

10H = -7. 2m A, Vee = S.SV 

10L = 20J.lA 

Standard VI = VIH, VIL 10L = 4. OmA, Vee = 4. SV 

10L = 4. SmA, Vee = S. SV 
VOL Low-level output voltage 

10L = 20J.lA 

Buffered VI = VIH, VIL 10L = 6. OmA, Vee = 4. SV 

10L = 7. 2mA, Vee = S. SV 

IIH High-level input current VI = Vee 

IlL Low-Ievelinput current VI = GND 

lozH OII·state high·level output current VI = VIH, VIL, Vo =. Vee 

IOZL OII·state low·level output current VI = VIH, VIL, Vo = GND 

Gate 
r.---

Icc Quiescent supply current F/F VI = Vee, GND, 10=OJ.lA -
MSI 

.6lcc Maximum quiescent supply current VI =2.4V,O.4V(Note3) 

Note 3 Only one is set at this value and other inputs are fixed at Vee or GND 
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Limits 

25'C -40-+S5'C Unit 

Min Typ Max Min Max 

2.0 2.0 V 

0.8 0.8 V 

Vee-O• 1 Vee-O• 1 

4.18 4.13 

5.18 5.13 

Vee-O• 1 Vee-O• 1 
V 

4.18 4.13 

5.18 5.13 

0.1 0.1 

0.26 0.33 

0.26 0.33 

0.1 0.1 
V 

0.26 0.33 

0.26 0.33 

0.1 1.0 f.J.A 

-0.1 -1.0 f.J.A 

0.5 5.0 f.J.A 

-0.5 -5.0 f.J.A 

1. a 10.0 

2.0 20.0 f.J.A 

4. a 40.0 

2.7 2.9 rnA 
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1. Basic Structure 
Fig.1 shows the circuit structures of the M74HC series 
high-speed CMOS logic and the M4000B series 
(conventional) CMOS logic. The principal difference be
tween the two is that the M4000B series employs aluminum 
gates, while the M74HC series employs a silicon-gate pro
cess. This fine pattern process has enabled us to increase 
the MOS transistor drive current capability and reduce the 
parasitic capacitances. (These two improvements allow the 
new structure to operate at frequencies as fast as LSTTL 
speed.) 

2. Operational Description 
Fig.2 show the one stage inverter circuit that is the basis of 
the high-speed CMOS logic. Fig.3 shows the behavior of 
this circuit (supply current Icc and output voltage Vo) when 
the supply voltage is Vee and the input voltage VI is raised 
from GND to Vee. 

The characteristic curves of the logic are classified by di
viding the graph into three regions according to the input 
voltage. 
I : In this region, only p-channel transistor T2 is ~n. Vo is 

at Vee and Icc is negligible. 
IT : In this region, Vo varies as a function of VI' As VI in

creases, n-channel transistor Tl turns on, causing Vo to 
fall. The slope of the descent steepens abruptly, and 
the value of VI· at that point is referred to as the 
threshold voltage of the circuit. Increases of VI about 
this value bring Vo very close to GND level. 
The value of Vo in region IT is determined by the rela
tive on resistances of Tl and T2. Icc is constantly flow
ing, and reaches a maximum where VI equals the 
threshold voltage. 

ill : In this region, only Tl is on. Vo is at GND level, and Icc 
is negligible. 
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POLYCRYSTALLINE SILICON AI 

(b) 

Flg.1 CMOS device structures 

(a) AI-GATE CMOS (40008 SERIES) 

(b) Si-GATE CMOS (M74HC SERIES) 

OUTPUT 
t-~~+---o Vo 

GND 

Flg.2 The one stage Inverter circuit 

vee 

.; 
W 
C) 

~ 
o 
> 
I
:::> 
a. 
I
:::> 
o 

IT m 

VTHN Vee- I VTHP I Vee 
INPUT VOLTAGE VI 

Flg.3 I/O and supply current characteristics 
of the one stage Inverter 
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3. Transfer Characteristics 
In high-speed CMOS logic, the circuit threshold voltage is 
designed approximately 1/2Vcc , far superior to the TTL and 
LSTTL logic, where the threshold voltage is independent of 
the supply voltage. 

Vcc=6V 

-; 

~ Vcc=4.5V 
w 
(!J 

~ 
..J 
o 
> 
~ 
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. INPUT VOL "(AGE VI (V)· 

Fig.4-a Qutput voltage vs. input voltage (M74HCOO) 
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Flg.5-a Output voltage vs. input voltage (M74HCU04) 
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Flg.6-a Output voltage vs. input voltage (M74HCT240) 
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The M74HC series includes three devices types. The HC 
type has CMOS-level I/O with buffered outputs. The HCU 
types has CMOS-level 1/0 and a single stage of gates. The 
HCT type has TTL-level inputs and CMOS-level buffered 
outputs. The accompanying figures show the transfer char-
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Fig.4-b Supply current vs. input voltage (M74HCOO) 
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acteristics of representative devices: Fig.4 shows the char
acteristics of M74HCOO, Fig.S those of M74HCU04, and 
Fig.6 those of M74HCT240. The left side of the figl,lres (a) 

shows the output voltage Vo vs. the input voltage VI' The 
right side shows the supply current Icc vs the input voltage 

VI' 
In the HC type, when the input voltage reaches the thresold 
voltage, the output rieses abruptly and the supply current 
steeply and then drops steeply. Therefore, even if a slow
changing signal is applied to the input, the output voltnge 
will be controlled by the steep characteristic ,curves at the 
threshold voltage, with the effect of regenerating the input 
waveforms. These characteristics also prevent the increase 
in power dissipation that occurs when slow-changing sig
nals are applied to the HCU type. 
The output voltage of the HCU type responds more slowly 
to input voltage variations. 
This characteristics make the trpe suitable for applications 
in oscillators and other linear circuits. The use of slowly 
varying input signals, however, will increase the power dis
sipation. 
The HCT tYP,e has steep threshold characteristics like the 
HC type that regenerate the input waveform, but with the 
HCT type, the input i§ TTL-level. 
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4. Switching Characteristics 
The propagation time is one of the principal switching char

acteristics of an IC. In high-speed CMOS, the propagation 

time is determined by the internal time constant set by the 
on-state resistances of the p- and n-channel transistors and 
the capacitance of the wiring and of the next-stage gate. If 

a capacitive load is connected to the output terminals, the 

propagation time will be determined by the time constant of 
the output-stage p- and n-channel transistor on-state resist
ances and the load capacitance. The supply voltage Vee, 

the load capacitances CL, the input rise time tr, the input 

fall time tf, and the ambient temperature T a all affect the 
propagation time. 
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Fig. 7 -a Low-level to high-level output 
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The standard and buffered devices have different output 

drive-current capacities that cause the two types to exhibit 
differing relationships between the load capacitance and 

the propagation delay. Figs. 9 and 10 show the propagation 
delay vs CL, Fig. 9 for the standard-type M74HCOO, Fig. 10 

for buffered-type M74HC240. The propagation delay of the 
buffered type shows only a small dependence on CL. In 

addition, the higher the supply voltage is, the shorter the 

delay, and the lower the delay dependence on CL. The de
lay increase with respect to the load capacitance is linear. 
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5. -Power Dissipation 
The high-speed CMOS logic gates consist of n- and p
channel transistors that are serial-connected between Vcc 
lind GND. While the gate is held. at either Vee or GND, one 
of the two transistors will be off, which means that while the 
input is tied to either Vec or GND, the only current drain 
between Vec and GND (Icc) will be that due to the leak
age current of the pn junctions. As a result, the sink current 
is just 50pA at an ambient temperature T a = 20°C, and still 
only several nA at Ta=85°C. 
As explained in the section 3, high-speed CMOS logic 
draws greater power during switching, when a current flows 
between Vee and GND. The higher the supply voltage Vee, 
and the higher the switching frequency, the larger this cur
rent becomes. Capacitive loads at the output due to com
ponents or a large fanout will also draw charging currents 
that further increase the power dissipation. The power dis
sipation of the HCU type will also rise when driven by input 
Signals with long rise and fall times (tr, tf). 
Fig.9 shows typical power dissipation vs. operating fre
quency characteristics per gate of M74HCOO and M74LSOO 
devices with a capacitive load CL of 0, 15, and 50pF. The 
power dissipation of the M74HCOO increases in proportion 
to the frequency.At a load of 15pF and operating frequency 
of 10MHz or over, the power dissipation of the M74HCOO 
exceeds .that of the M74LSOO, but for must applications, 
high-speed CMOS logic can substantially reduce power 
dissipation. When an ideal input waveform is applied, the 
power dissipation of this logic is given by: 

Pd= (cpo+cd· V cc2·f+lcc· Vcc 
where Cpo is the internal power dissipation capacitance, CL 
is the load capacitance, and f is the frequency. So simply 
connection a capacitive load to the M74HCOO will increase 
the power dissipation by only the capacitive charging and 
discharging currents. The same relation holds true in princi
ple for the M74LSOO, but even at low frequencies, its power 
dissipation remains high due to other factors. Another char
acteristics of high-speed CMOS logic is that the load 
capacitance is charged at Vce and discharged at GND 
level, while LSTTL is limited to within the 0.2"" 4V range. 
This means that the M74HCOO is more greatly influenced 
by Cl,., so at higher CL values the bandwidth over which the 
M74HCOO dissipates less power become narrower. There
fore, good circuit design demands that the capacitative 
loads be kept as low as possible. 
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Vcc=5V 
Ta=25'C 
Duty=50% 

M74LSOO 

, . 
/'# 

/ , 
M74HCOO /~ 
~,/ , 
/',# --: CL=OpFOPEN 

, A ---. CL =15pF 
, / # ---- : CL =50pF , . 

1k 10k lOOk 1 M 10M 100M 

FREQUENCY f (Hz) 

Flg.9 Power dissipation per gate vs. frequency 
for the M74HCOO and M74LSOO 

6. Noise Margin 
As explained in the section 3, the threshold voltage of high
speed CMOS logic is approximately 112 of the supply volt
age Vec. In addition, when there is no load, the high-level 
output voltage VOH is nearly equal to Vcc, and the low-level 
output voltage VOL nearly at GND level. This gives high
speed CMOS logic a much high DC noise margin than 
LSTTL. 
The high-level noise margin VHN and low-level noise mar
gin VLN are given by VHN=VOH-VIL,. and VLH=VOL -V1L. 
Fig.10 compares VHN and VLN of LSTTL and high-speed 
CMOS logic at a 5V supply voltage. VHN and VLN are both 
1.4 for high-speed CMOS logic, a great improvement over 
the much "ower values of LSTTL. In addition the threshold 
voltage of LSTTL has a temperature dependence of about 
- 2mVloC , while high-speed CMOS logic has no such de
pendence - guaranteeing a constant noi~e margin over a 
wide temperature range. 
The AC noise margins of LSTTL and high-speed CMOS 
logic is similar. At a 5V supply voltage, the typical propaga
tion time of both is about 10ns, and both offer similar noise 
immunity. 
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Fig.10 A comparison of LSTTL and high-speed CMOS 
DC noise margins (Vcc=5V) 

7. Fanout 
Unlike TTL and LSTTL, CMOS logic features an extremely 
high input impedance, so that when CMOS logic is being 
driven, high fanout will result in no DC problems. In AC 
terms, however, the capacitive load increase by the wiring 
capacitance and about 5pF per driven gate. This increases 
the propagation time, as shown in Figs. 7 and 8. 

8. Input and Output Protection Circuit 
The transistors employed in high-speed CMOS logic have 
a gate-oxide-Iayer thickness of O.06.um. This thin oxide 
layer has an insulation breakdown voltage of only 100V, 
therefore any larger voltages applied on the gate will des
troy the IC. To prevent this from occuring, all devices in the 
M74HC series feature an input protection circuit consisting 
of diodes 0 1, O2 , and 0 3 , and resistor R1 in place of a con
ventional direct input. 
When a steeply sloped positive overvoltage pulse is ap
plied to the iriput, it charges the parasitic capacitor formed 
by R1 in parallel with 0 1, O2 , and 0 3 . The time constant of 
this circuit delays the voltage rise on the, gate, while 0 1 

passes a current to Vee, this clamps the input voltage at 
Vee, and prevents high voltages from appearing on the 
gate oxide layer. 
If a steeply sloped negative overvoltage pulse is applied to 
the input, O2 and 0 3 clamp the gate voltage at their for
ward-bias voltage level. This means that the circuit can 
withstand inputs over 500V producted by discharge of a 
200pF capaci,tor, or inputs over 3kV produced by discharge 
of a 100pF capacitor with a 1.5kO resistance. These values 
are comparable with LSTTL and TTL. 
0 4 and 0 5 protect the circuit against overvoltages at' ap
plied at the outputs. When a surge voltage is applied at 

MITSUBISHI HIGH SPEED CMOS 
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v cc, 0 6 forms protective circuit. These diodes respond 
quickly to overvoltages and ensure adequate protection 
against transients, but extended operation outside the 
absolute maximum ratings will destroy the protective 
diodes and the circuit function. 
In addition to protection against conditions arising under 
ordinary use, the M74HCseries has been designed to with
stand I/O surge currents of up to ± 20mA without demage. 
Although the individual data sheets for the series may not 
show this I/O protection circuit, each device incorporates 
this circuit, each device incorporates this circuit. 

INPUT 
O-~~~~----~ 

T1 : n-channel transistor 

T 2 : p-channel transistor 

Vee 

OUTPUT 
'---1~+---O 

GNO 

D1 : Diode formed by p+ diffusion and substrate (n) 

D2 : Diode formed by p-well (p) and n+ diffiusion 

D3 : Diode formed by p-well (p) and n+ diffusion 

0 4 : Parasitic diode formed by p-well (p) and drain of T1 (n+) 

Ds : Parasitic diode formed by substruate (n) and T2 drain (p+) 

D6 : Parasitic diode formed by substrate (n) and island (p) 

R1 : n+ diffusion resistor formed on top of p-well 

Flg.11 The protection circuit of the M74HC series 
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This section lists ratings that must be followed to ensure 
that high-speed CMOS devices operate properly. We de
fine these ratings, describe the test conditions used to me
asure them, and list standard characteristics. 

1. Absolute Maximum Ratings 
These are the absolute limits at which the manufacturer 
guarantees device reliability. None of these ratings may be 
exceeded, even momentarily, without risking reduced re
liability or destruction of the device. Absolute maximum rat
ings include the following items. 
(1) Supply voltage (Vee) 
(2) Input voltage (VI) 
(3) Switching I/O voltage (VIO) 
(4) Output voltage (Vo) 
(5) Input protection diode current (1 1K ) 

(6) Output parasitic diode current (1 0K ) 

(7) Output current (1 0 ) 

(8) Supply/GND current (Icc) 
(9) Power dissipation (Pd) 
(10) Storage temperature range (Tstg) 

1-1 Supply Voltage (Vcd 
Specifies the range of supply voltages that may be safely 
applied at Vee terminal with respect to ground. This range 
includes voltage surges that exceed standard operating 
conditions. 
When the applied voltage exceeds this range, parasitic 
bipolar transistors turn on, and this thyristor operation 
causes a large current to flow from Vee to GND. This phe
no~enon, known as "Iatchup", may either destroy the IC or 
greatly reduce its reliability. 

1-2 Input Voltage (VI) 
Indicates the permissible applied voltage at the input ter
minals with respect to GND. Exceeding this value may 
cause latchup. 

1-3 Switching 110 Voltage (VIO) 
Applies to devices containing analog switching circuits 
such as M74HC4066, and specifies the maximum permissi
ble voltage that may be applied to the switching input or 
output terminals without causing latch up. 

1-4 Output Voltage (Vo) 
Usually, fixed voltages are not applied to the output termin
als under normal operating conditions, this ratings specifies 
the maximum surge voltages allowable at the output termin
als. When the output state is high, these surges must re
main below Vee +O.5V, when the output state is low, they 
cannot drop below -O.5V. Surges exceeding the high-state 
value will cause a current to flow into the IC, which may 
either destroy the output protection diodes or cause latch
up. Surges exceeding the low-state value will cause a cur
rent to flow out of the IC with equally damaging effects. 

1-5 Input Protection Diode Current (11K) 

Usually, fixed currents are not applied to the input terminals 
under normal operating conditions, specifies the maximum 

surge current allowable at the input terminals. Surges ex
ceeding this value may destroy the input protection diodes 

or cause latchup. 

1-6 Output Parasitic Diode Current (10K) 
Fixed currents are not applied to the output terminals under 
normal operating conditions. 
SpeCifies the maximum surge currents allowable at the out
put terminals. The high-state value applies to incoming cur
rents when output is high; the low-state value to outflowing 
currents when the output is low. Surges exceeding these 
values may either destroy the output protection diodes or 
cause latchup. 

; 1-7 Output Current (10) 
Specifies the maximum allowable currents at the output ter
minals during normal operation. The high-state value indi
cates the current outflow; the low-state value, the current 
influx. Currents exceeding these values may destroy the IC 
or greatly reduce its reliability. 

1-8 Supply/GND current (IcC> 
Specifies the maximum allowable current flow from Vee to 
GND during normal operation. Currents exceeding this 
value may destroy the IC or greatly reduce its reliability. 

1-9 Power Dissipation (Pd) 
Specifies the maximum allowable power dissipation for the 
printed-circuit-board-mounted IC at operating temperature 

(Topr). 
1-10 Storage Temperature Range (Tstg) 
Specifies the ambient temperature limits at which the de
vice can be stored when no voltages are applied to either 
inputs or outputs. Care is especially important when de
vices are being stored in unheated warehouses or shipped 
via air freight. 

2. Recommended Operating Conditions 
These parameters indicate limits of the supply voltage, I/O 
conditions, and other important factors that must be met for 
the IC to perform properly under normal use. If these con
ditions are exceeded, proper operation cannot be guaran
teed, even if the device is still operating within the absolute 
maximum ratings. 

2-1 Supply Voltage (Vcd 
Specifies the supply voltage applied at Vee with respect to 
ground. The supply voltge of high-speed CMOS devices is 
2-6V(4.5-5.5V for type HCT), which is much widerthan 
TTL devices (4.75-5.25V). 

2-2 Input Voltage (VI) 
Specifies the optimum input voltage range. This range is 
the same for all supply voltage range of Vee=2-6V. 

2-3 Output Voltage (Vo) 
Specifies desirabel limits for transient voltages at the out
put pins. This range is the same for all supply voltage 
range of Vee=2-6V. 

2-4 Operating Temperature Range (T opr) 
Specifies the ambient tmeperature range within which the 
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device exhibits the specified electrical characteristics and 
performs normally. 

2-5 Rise and Fall Times (tr, tf) 
Specifies the optimum rise and fall times of the input wave
forms. These limits should be followed at all supply vol
tages of Vee = 2, 4.5, and 6V, otherwise output oscillation, 
timing problems, "Or excessive power dissipation may result. 
This restriction does not apply to devices incorporating 
Schmitt trigger inputs. 

3. Function 
The functional behavior of the device is indicated by either 
a function table or a timing diagram. These characteristics 
are checked over the 2-6V supply voltage range. The in
puts are set high or low as specified, and the output condi
tions monitored. 

4. Electrical Characteristics (see Section 
7-1) 

These characteristics are measured at input and output and 
power supply terminals at temperature T a under worst-case 
conditions. All parameters are guaranteed at 2, 4.5, and 6V 

supply voltages, except for IIH, IlL, IOZH' IOZL' and Icc, which 
are guaranteed at Vee=6V only. 

4-1 High-level Input Voltage (VI H) 
Specifies the high-level input voltage required to generate 
the specified output conditions. 

4-2 low-level Input Voltage (Vld 
Specifies the low-level input voltage required to generate 
the specified output conditions. 

4-3 Positive-going Threshold Voltage (VT+) 
In devices with Schmitt trigger inputs, this parameter indi
cates the voltage at which the output state inverts as the in
put voltage is increased from a level below the negative
going threshold voltage (VT-). 

4-4 Negative-going Threshold Voltage (VT-) 

In devices with Schmitt trigger inputs, this parameter indi
cates the voltage at which the output state inverts as the in
put voltage is decreased· from a level above the positive
going threshold voltage (VT+). 

4-5 Hysteresis Voltage (V H) 
In devices with Schmitt trigger inputs, this parameter indi
cates the difference between the positive-going and nega
tive-going threshold voltages. 

4-6. High-level Output Voltage (VOH) 
Indicates the high-level output voltage obtained at the out
puts when high-level input voltage VIH (VT+ for Schmitt trig
ger devices) and lOW-level input voltage VIL (VT - for 
Schmitt trigger devices) are applied as specified to the in
put terminals indicated to the input. 

4-7 low-level Output Voltage (Vod 
Similar to the above. Indicates the lOW-level output voltage 
obtained under the specified conditions. 

4-8 Maximum Output leak Current (10 ) 

In devices with open drain outputs, this parameter indicates 
the current outflow with OV applied at the output voltage or 
current influx with 6V applied at the output. The supply vol
tage is 6V. 

4-9 On-State Resistance (RON) 
Applies to devices containing analog switching circuits. In
dicates the De on-state resistance of the analog switches. 
Guaranteed for input voltage of 0 to Vee. 

4-10 On-State Resistance Variation (b. RON) 
Indicates the difference between the maximum and mini
mum. on-state resistance values (RON) for analog switches 
in a single device. 

4-11 Off-State Input-to-Output leak Current (I OFF) 
Indicates the leakage current that flows from the input to 
the output of analog switches when 6V is applied. Specified 
at Vee=6V. 

4-12 High-level Input Current (IIH) 
Indicates the current that flows into the device when 6V is 
applied to the input at Vee=6V. IIH for type HeT is deter
mined with input and supply voltages of 5.5V. 

4-13 low-level Input Current (IlL) 
Indicates the current that flows out of the device when OV 

is applied to the input at Vee=6V. IlL for type HeT is deter
mined with a supply voltage of 5.5V. 

4-14 Off-state High-level Output Current (IOZH) 
Applies to devices with three-state outputs. Indicates the 
current that flows into the device when 6V is applied to an 
output in the high-impedance state at Vee = 6V. lozH for 
type HeT is determined with input and supply voltage of 
5.5V. When the outputs are not in the high-impedance 
state, they are kept low by selection of the input conditions. 

4-15 Off-State low-level Output Current (IOZL) 
Applies to devices with three-state outputs. Indicates the 
currel;lt that flows out of the device when OV is applied to 
an output in the high-impedance state at Vee=6V. IOZL for 
type HeT is determined with a supply voltage of 5.5V. 
when the outputs are not in the high-impedance state, they 
are kept high by selection of the input conditions. 

4-16 Quiescent Supply Currnet (Icd 
Indicates the current that flows at Vee when the output con
ditions are stable. The stated values are guaranteed when 
the input conditions are set according to the function table 
with high-level inputs at Vee and lOW-level inputs at ground. 

4-17 Maximum Quiesenct Supply Current (b.lcd 
Applies to device with TTL-level inputs (type HeT). Indi
cates the current that flows at Vee when the output condi
tions are stable. The current is specified with 2.4V and O.4V 

applied at a single input while all other inputs are held at 

Vee or ground and Vee is at 5V±10%. 

4-18 Active-State Supply Currnet (Icd 
Applies to one-shot multivibrator circuits. Indicates the cur
rent that flows at Vee when the timing circuit constate Rxl 

ex is 1/2Vee. The ,stated values are guaranteed when the 
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input conditions are set according to the function table with 
high-level inputs at Vee and low-level inputs at GND. 

5. Switching Characteristics (see sections 
7-2, 7-3, and 7-4) 

The switching characteristics are measured at Ta= -40-
+ 8S·C , and include the output waveform transition time, 
propagation time and maximum clock frequency. The 
measurements are performed with input pulses of specified 
rise and fall times (tr, tf) and specified output load capaci
tance CL• 

5-1 Low-Level to High-Level Output Transistion Time 
(tTLH) 

Indicates the time required for the output waveform to. 
change from 10% to 90% of Vee when inputs are applied to 
cause the output to change from low to high. 
5-2 High-Level to Low-Level Output Transition Time 

(tTHJ 
Indicates the time required for the output waveform to 
change from 90% to 10% of Vee when inputs are applied to 
cause the output to change from high to low. 
5-3 Low-Level to High-Level Output Propagation 

Time (tpLH) 
Indicates the time required from when the input conditions 
are changed until the output voltage crosses the specified 
voltage range moving from low to high. 
5-4 High-Level Low-Level Output Propagation Time 

(tpLH) 
Indicates the time required from when the input conditions 
are changed until the output voltage crosses the specified 
voltage range moving from high to low. 
5-5 - Output enable time to high-level (tpZH) 

Applies to devices with three-state outputs. Indicates the 
time required from when the input conditions are char:lged 
until the output state changes from the high-impedance 
state to logic high. 

5-6 Output enable time to low-level (tpzJ 
Applies to devices with three-state outputs. Indicates' the 
time required from when the input conditions are changed 
until the output state changes from the high-impedance 
state to logiC low. 
5-7 Output disable time from high-level (tpHZ) 
Applies to devices with three-state ouptuts. Indicates the 
time required from when the input conditions are changed 
until the output state changes from logic high to the high
impedance state. 
5-8 Output disable time from low-level (tpLZ) 
Applies to devices with three-state outputs. Indicates the 
time required from when the input conditions are changed 
until the output state changes from logic low to the high
impedance state. 

5-9 Maximum clock Frequency (fmax) 
Applies to devices containing flip flops. Indicates the max
imum frequency at which clock signals can be applied 

while maintaingin stable output waveforms in the specified 
sequence. The input conditions are set so that each clock 
pulse will cause a change in the output state. 
5-10 Sine Wave Distortion 
Applies to devices containing analog switches. indicates 
the distortion of sine waves passing through analog switch
es in the "on" state. The sine wave frequency is 1 kHz, and 
the amplitude 1.2SVp_p .. Measurements are performed at 
Vee=2.5V, and Vss=-2.SV. 
5-11 Maximum Transmission Frequency (fmaxCI/O» 
Applies to devices containing analog switches. Indicates 
the frequency bandwidth transmitted by analog switches in 
the "on" state. A 1.2SVp_p sine wave is applied at the I/O 
terminals and the frequency is increased until the output is 
3dS down from the input level (about 7/10). This frequency 
is designated at fmax (1/0). Measurements are performed 
at Vee=2.5V, and Vss=-2.SV. 

5-12 Feedthrough 
Applies to devices containing analog switches. Indicates 
the degree of isolation between the 1/0 terminals of a 
switch in the off-state. When a sine wave signal is applied 
at one side of an off-state switch, it is transmitted through 
the static capacitnace of IC to the other side of the switch 
at a level that increases proportionally with the frequency of 
the applied signal. The frequency at which the output vol
tage is SOdS down from the input voltage (about 1/316), is 
defined as the feedthrough level. 
5-13 Crosstalk (Control-Input-to-Swltch) 
Applies to devices containing analog switches. Indicates 
the degree of interference between signals at the control 
inputs and those at the I/O pins of the analog switches. A 
pulse is applied to a control input~ and the pulse level at an 
switch terminal is measured with no inputs applied to the 
switch inputs. 
5-14 Crosstalk (Switch-to-Switch) 
Applies to devices containing analog swithces. Ind~cates 

the degree' of interference between signals at the I/O ter
minals of independent switches. A pulse is applied at an 
on-state switch input, and the pulse level at the output of a 
separate off-state switch is measured. 

5-15 Maximum Control Frequency (fmax (C» 
Applies to devices containing analog switches. Indicates 
the maximum allowable frequency of the signals applied to 
the control inputs. A standard square-wave signal IS ap
plied at a control input, and the frequency is increased until 
the output level falls to 1/2 of the output level at an input 
frequency of 1 kHz. This frequency is defined as fmax (C). 
5-16 Input Capacitance (CI) 

Indicates t~e capacitance between an input terminal and 
GND. It is normally measured at OV and f=1MHz.· 

5-17 Feedthrough Capacitance (Cx-v, v-x) 
Applies to devices containing analog switches. Indicates 
the capacitance between 1/0 terminals of a switch in the 
off state. 
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5·18 Off-State Output Capacitance (Co) 
Applies to devices with three-state or open-drain outputs. 
Indicates the capacitance between outputs in the high
impedance state and ground. 

5·19 Power Dissipation Capacitance (Cpd) 
Indicates the internal 'capacitnace of the device, calculated 
on the basis of the power dissipation during no-load opera
tion. The no-load power dissipation is calculated as; 

PD=CPD • Vee
2 • fl+lee • Vee 

6. Timing Requirements (see sections 7-2 
and 7-3) 

These parameters specify the input timing requirements for 
clock pulses, reset pulses, etc. required by devices con
taing~ng flip flops to maintain stable output wav,eforms in 
the specified sequence. 
Timing requirements are measured at T a = 25°C, and in
clude pulse width, setup time, hold time, and recovery time. 
6-1 Pulse Width (tw) 
Specifies the minimum interval between the standard' vol
tage levels on the leading and trailing edges of input 
pulses. Shorter pulses may be ignored or may cause mis
operation. 

6-2 Setup Time (tsu) 
For input data to be read correctly when a clock pulse or 
simifar read signal is applied, the input conditions must be 
set in advance by a specified interval termed as the setup 
time. The setup time is defined as the period from the stan
dard voltage levels of the active edges of the input signals 
until the standard voltage level of the read Signal active 
edge. Negative setup times indicate that the input condi
tions can be set after the read signal. 

6-3 Hold Time (th) 
For input data to be read correctly when a clock pulse or 
similar read signal is applied, the input conditions must be 
held for specified interval after the read signal is applied. 
This interval is termed as the hold time. Negative hold 
times indicate that the input conditions can be changed be
fore the read signal is applied. 

6·4 Recovery Time (tree) 
The recovery time indicates the interval after a read opera
tion has been performed until a clock pulse can be applied 
to initiate the next read operation. It is specified as the 
period between the read operation and the standard vol
tage level of the clcok pulse active edge. 

7. Test Circuits 
This sections shows typical test circuits used to measure 
the above paramenters. For detailed test conditions speci
fic to individual devices; refer to the individual data sheets. 
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7-1 DC Test Circuits 

7-1-1 V1H, V1L(l) 

Input conditions{ 
(see table) 

Measurement CondJtlons 

Function 

Vcc 

Input conditions 

NAND Input under test at V1L. all others at V1H 

AND All inputs at V1H 

NOR All inputs at V1L 

OR Input under test at V1H. all others at V1L 

Note : The input conditions of devices with three-state inputs are 
set to place-the outputs in the active (low-impedance) 
state. 

Input conditions { 
(see table) 

Measurement Conditions 

Function 

NAND All inputs at V1H 

Vcc 

AND Input under test at VIL. all others at V1H 

NOR Input under test at VIH. all others at V1L 

OR All Inputs at V1L 

Note : The input conditions of devices with three-state inputs are 
set to place the outputs in the active (low-impedance) 
state. 

Note 1 
Note 2 

Note 3 

10 

When measuring VT+. all inputs are set at VT+· 
When measuring VT-. the input under test is set at VT-. 

and all others at VT+. 
Measured at all inputs. 

1-1-4 VOH 

Vce 

Input conditions -:; :; -!. 
(see table) - g. %H 

-

{- II I 

, VOH 
-- 0 1 

Measurement Conditions T 
Function Input conditions 

NAND Input under test at Vss. all others at Vee 

AND All inputs at Vee 

NOR All inputs at GND / 

OR Input under test at Vee. all others at GND 

Note : The input conditions of devices with three-state inputs are 
set to place the outputs in the active .(Iow-impedance) 
state. 

7-1-5 VOL 

Input conditions { 
(see table) 

Measurement Conditions 

Function 

NAND All Inputs at Vee 

Vee 

Input conditions 

AND Input under test at GND. all others at Vee 

NOR Input under test at Vee. all others at GND 

OR All inputs at GND 

Note : The input conditions of devices with three-state inputs are 
set to place the outputs in the active (low-impedance) 
state. . 

7-1-6 10 

Input conditions { 
(see table) 

Measurement Conditions 

Function 

Vcc 

Vo 

Input conditions 

NAND Input under test at GND. all others atVee 

AND All inputs at Vee 

NOR All inputs at GND 

OR Input under test at Vee. all others at GND 
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7 -1-7 On-State Resistance (RON) 7-1-10 IlL 

7-1-8 

;---------i V V,-VO 

100tlA 

V,o--+ __ ~-+--~ 

IOFF 

RON= 

10FF -

Vo 

IV/-Vol 
10-4 

V,o---o-~~~ ~--6-----O Vo 

(0) 
7-1-11 

NOTE{ 

Vcc 
OR { 

GND 

V, --II'L I 

IOZH.loZL 

Note 1 

Vcc 

Vo 
3 

VCC 

l-
:::J 
Il. 
~ 

I-
:::J 
Il. OPEN I-
:::J 
0 

Note: Measured at all inputs 

: Input conditions are set to place 
the outputs in the high-
impedance state. 

: Before applying a high-level ex
ternal test voltage to an output, 
set input conditions to generate a 
low-level output when the output 
is enabled. 

: Before applying a low-level exter
nal test voltage to an output, set 
input conditions to generate a 
high-level output when the output 
is enabled. 

7-1-9 IIH 
7-1-12 Icc 

Vcc 
Vcc 

V, 
OPEN 

INPUT CONDITIONS { OPEN 

Note: Measured at all inputs Note: Set the input conditions according to the function table before 
performing the measurement. 

7·2 Switching Characteristics Test Circuits 

INPUT Vcc OUTPUT 

OUTPUT OUTPUT 

TO OUTPUT TERMINALS ~ TO OUTPUT TERMINALS 

CLI 
TO OUTPUT rf. TERMINALS 

rCL RL 

tpLZ• tPZL 
tpLZ• tpZL (OPEN DRAIN OUTPUTS) 
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7-3 Timing Charts 

7-3-1 Types HC and HCU 

OTypical Gate (including gates with three-state outputs) 

DATA INPUT 

INVERTED OUTPUT 

NONINVERTED 
OUTPUT 
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MITSUBISHI HIGH SPEED CMOS 

DEFINITIONS AND TEST METHODS FOR SPECIFICATIONS 
AND TYPICAL CHARACTERISTICS 

7·4 Switching Characteristic Test Circuits for Analog Swltchs 7-4-3 Sine Wave Transmission 
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MITSUBISHI HIGH SPEED CMOS 

DE·FIN.ITIONS AND TEST METHODS FOR SPECIFICATIONS 
AND TYPICAL CHARACTERISTICS 

7-4-6 Crosstalk (Control-Input-to-Switch) 

6ns 6ns 
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7 -4-7 Maximum Control Frequency (fmax( C)) 
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fmax(C) is the input frequency fl that yields an output ampli
tude (Vo) that is 1/2 the amplitude measured at fl=1kHz. 
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MITSUBISHI HIGH SPEED CMOS 

DEFINITIONS AND TEST METHODS FOR SPECIFICATIONS 
AND TYPICAL CHARACTERISTICS 
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MITSUBISHI HIGH SPEED CMOS 

DE.FINITIONS AND TEST METHODS FOR SPECIFICATIONS 
AND TYPICAL CHARACTERISTICS 
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MITSUBISHI HIGH SPEED CMOS 

THE MITSUBISHIQUALI'TY .. ASS'U·RANCE SY:STEM 
AND DEVICE R:ELIABILITY DATA 

1. Introduction tem and reliablility test procedures used at Mitsubishi Elec
tric to guarantee that our customers receive highly uniform 
and reliable products. 

Technical advances in recent years have allowed manufac
tures to repidly improve the speed, integration scale, and 
other facets of IC performance. At the same time, the grea
ter complexity and reliability demands of the electronic
equipment market and the heavy use ICs in automatic in
sertion and assembly operations mean that manufacturers 
need reliable devices with consistent performance para
menters. This section .introduces the quality-assurance sys-

2. The Quality-Assurance System 
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This system 'consists of quality-assurance procedures in the 
design and production processes. Fig. 1 shows the entire 
system. 
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MITSUBISHI HIGH SPEED CMOS 

THE MITSUBISHI QUALITY-ASSURANCE SYSTEM 
AND DEVICE RELIABILITY DATA 

2-1 Design Quality Assurance 
Quality is maintained through use of two methods: 
(1) Breadboard test circuits are configured from ICs and 

other standard components, and the characteristics and 
quality are evaluated. 

(2) Circuit and device design are perfomed using CAD 

technology and systematic documented design stan

dards. 

2-2 Production Quality Assurance 
Quality is maintained by the following management and in

spection operations: 
(1) Environmental management 

(2) Regular and systematic inspection and maintenance of 

the design, tools, and instrumentation. 
-(3) Purchased materials quality management 
(4) In-process management 

(5) Internal inspections performed during wafer processing 

and assembly 

(6) Final pass/fail inspections of finished product appear
ance, dimensions, construction, and electrical charac
teristics 

(7) Final quality assurance inspection performed from the 

customer standpoint. This inspection assesses the 
overall product quality and approves the -products for 

warehousing. 
Per Lot Inspection: Visual, labeling, and electrical char
acteristics. 

Regular Inspection: Devices are periodically drawn 
from passed lots for reliability tests including environ-

CJ Actions 

c:::D Tests 

Data flow 

Corrective actions 

Succession of steps 

mental tests and mechanical durability tests, and aging 
tests. This inspection is -perfomed once in several 
months. 

2-3 Reliability Evaluation from Developement Testing 
through Mass Production 

To verify device reliability as described in sections 2-1 and 
2-2, evaluations are performed during trial production, pre

production and mass production stages. 

Only when the device passes the primary tests during trial 
production does it move into preproduction and secondary 

testing. The preproduction stage involves higher production 

volumes, and the secondary tests confirm that the quality 
and reliability verified in the primary testing are maintained. 
Quality-assurance inspections are also conducted during 

mass production to ensure continuing quality and reliability. 

3. Reliability Tests 
3-1 _ Methods of Determining and Ensuring Reliability 
The reliability of high-speed CMOS ICs is evaluated in the 
following manner: 
(1) The basic operation of the circuits is checked at the 

tranSistor and cell -level using breadboarded circuits. 
These measurements are used to determine the basic 

reliability of the wafer process and the design. 
(2) A simple block circuit is evaluated. 

(3) The products are evaluated as the intergration scale is 
raised successively to ensure overall reliability. Fig. 2 
shows the elements of these processes. 

Survey of market 
records 

Single-unit, ,........,...,. Circuit-block~level,........J'\. 
transistor-level, and ~ evaluation L....y' 

Device-level 
evaluation 

cell-level evaluation 

Fig.2 Methods of Determining and Ensuring Reliability 
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MITSUBISHI HIGH SPEED CMOS 

THE MITSUBISHI QUALITY-ASSURANCE S'YSTEM 
AND DEVICE RELIABILITY DATA 

3-2 Test Items and Conditions 

Table 1 Reliability Test Items and Conditions for the M74HCOOP Series 
Test item Conditions 

Solderability test Wetted with rosin-base flux and immersed up to stoppers for 5see In 230'C solder bath. 

Soldering reliability test 260'C, 10sec 

Thermal stress Thermal shock test -40-125'C, 15cycles, 10min/cycle 

Temperature cycle test -65-1S0'C,1 hr/cycle 

Lead strength test 2S0g, go', bent three times 

Shock test lS00G, O. Smsec, 3tlmes each along X, y, and Z axes 

Mechanical stress 
Natural drop test 75cm to a wooden board, y1 direction, 3times 

Vibration test 20G, 100-2000Hz, 4tlmes each along X, y, and Z axes 

Constant acceration test 20000G, Y direction, 1 min 

High-temperature operation life test T a=8S'C, 12S'C, lS0'C Vce=6V, 8. SV 

High-temperature storage life test Ta=lS0'C 

High-temperature hlgh-
8S'C,8S%RH 

humidity storage test 

High-temperature hlgh-
8S'C, 8S%RH Vcc=6V 

humidity bias test 
Humidity resistance 

Pressure-cooker test 

(saturated) 
121'C, 2atm, 100% 

Pressure-cooker test 

(unsaturated) 
130'C, 8S%RH, Vcc=6V 

Table 2 Reliability Test Items and Conditions for the M74HCOOFP Series 
Test item Conditions 

Solderbllity test Wetted with rosin-base flux and Immersed up to stoppers for 5see in 230'C solder bath. 

Soldering thermal stress test (1 ) Entire surface immersed in solder (260'C, lOsee, 3times) 

.(J.. 

High-temperature, high-humidity bias test (8S'C, 8S%RH, Vcc=6V, 1000hr) 

Soldering thermal stress test (2) Entire surface immersed In solder (260'C, 10sec, 3tlmes) 

.(J.. 

Pressure-cooker test (121'C, 2atm, 240hr) 

Soldering thermal stress test (3) High-temperature high-humidity storage (8S'C, 8S%RH, 24hr) 

.(J.. 

Entire surface immersed In solder (260'C, lOsee, 3tlmes) 

.(J.. 

High-temperature, high-humidity bias test (8S'C, 8S%RH, Vcc=6V, 1000hr) 

Thermal stress test Entire surface Immersed in solder (260'C, 10sec, 3tlmes) 

.(J.. 

Thermal shock test (-40-+12S'C, lScycles) 

.(J.. 

Temperature cycle test (-6S-+1S0'C, SOOcycles) 

High-temperature, high-humidity bias test 8S'C, 8S%RH, Vcc=6.0V, 1000hr 

Pressure-cooker test (saturated) 121 'C, 2atm, 240hr 

Pressure-cooker test (unsaturated) 130'C, 8S%RH, Vcc=6.0V, 1000hr 

Lead strength test 2S0g, 90', bent three times 

High-temperature operation life test Ta=12S'C, Vcc=6.0V, 1000hr 

High-temperature storage life test Ta=lS0'C,1000hr 
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MITSUBISHI HIGH SPEED CMOS 

THE MITSUBISHI QUALITY-ASSURANCE SYSTEM 
AND DEVICE RELIABILITY DATA 

3·3 Develce Failure elrterla 
(1) Electrical Characteristics 

Table 3 Device Failure Criteria 

Parameter 

High-level output voltage (voH) 

Low-level output voltage (VOL) 

High-level output current (IOH) 

Low-level output current (loL) 

High-level input voltage (VIH) 

Low-level Input voltage (VIL) 

Input current (II) 

Quiescent supply current (Icel 

Functional fault 

L : Lower limit U : Upper limit 

(2) Solderability 

Failure points 

Lower Upper 

LXO.9 -
- UX1.1 

LXO.B -
LXO.B -
LXO.B -

- UX1.2 

- UX2.0 

- UX2.0 

Short, open, misoperation 

- Solder adheres to less than 95% of the wetted area. 
(3) Terminal Strength 

Lead separation or damage is observed. 

3·4 Results of Reliability Tests 

Unit 

V 

V 

mA 

mA 

V 

V 

/-lA 

/-lA 

-

Table 4 shows the results of reliability tests on M74HCOOP series DIP devices, and Table S those of M74HCOOFP SOP de
vices. 
(1 ) High-Temperature Operation Tests 

Tests were conducted under the following conditions: Vee=6, 8.SV (6V only for SOPs), and Ta=8S, 12S, 1S0°C (12S·C 
only for SOPs). Table 6 shows the failure ratios based on this data. At T a = 2SoC, the statistical failure ratio is 0.0012% 
11 ,000hr (1.2FIT), and at T a=SSoC, it is 0.001 %/1 ,000hr (1 OFIT). 

(2) High-Temperature Storage Test 
Devices were stored for 2,000 hours (1,000 for SOPs) without any failures. 

(3) Humidity Tests 
Test items included 2,000 hours of high-temperature, high-humidity storage, 2,000 hours of high-temperatrue, high
humidity bias (1 ,000hr for SOPs), and 240 hours each of saturated and unsaturated pressure-cooker tests. No devices 
failed, indicating that no humidity-related application problems will develop. 

(4) Soldering Termal Stress Test 
The results show that the heat stress problems generally associated with surface-mounted SOPs have been solved. 

(5) Solderability, Thermal Stress, Mechanical Stress, and Terminal Strength Tests 
No devices failed during any of these tests. Table 7 shows the results of reliability tests performed on samples drawn 
from lots at periodic intervales. 

(6) Electro-Static Discharge Test 
Table 8 shows the results of a electro-static discharge test performed using the capacitor charging method (Mil. Std. 
883-C, Method 301S, C=100pF, R=1,Skn) Fig.3 shows the test circuit. 
M74HC series employ thinner gate oxide layers and use finer patterns than those of M4000B series. This render M74HC 
series highly vulnerable to static destruction. This potential drawback has been overcome through improved layout and II 
o protection circuit design. All pins of all devices can withstand at least ±3kV. 

(7) Latchup Resistance Test 
Although static electricity would readily cause latchup in previous CMOS devices, the pattern layout and 1/0 protection 
of Mitsubishi M74HC series high-speed CMOS devices has eliminated this source of latchup. 
In-house checks of latchup resistance were performed using the capacitor-charging and current-injection methods, and 
in no case' did a device fail due to latchup. Instead, the breakdown characteristics were the limiting factor. 
Table 9 shows the results determined by the capacitor charging method (Fig.4) based on C=200pF and R=On. The 
latchup resistance was evaluated at inputs, outputs and Vee. 
Fig.10 shows the latchup resistance determined using the current-injection method at the input and output pins. Trigger 
currnets were typically near ±300mA, indicating extermely high latchup resistance. 
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Table 4 Results of Reliability Tests on the M74HCOOP Series 
Test Item Conditions 

Solderability test Wetted with rosin-base flux and Immersed up to stoppers for Ssec In 230'C solder bath. 

Soldering reliability test 260·C, 10sec . 

Thermal stress Thermal shock test -40-125'C, 15cycles, 10mln/cycle 

Temperature cycle test -6S-1S0'C,1 hr/cycle 

Shock test 1500G, O. 5msec, 3times each along X, Y, and Z axes 

Natural drop test 7Scm to a woOden board, Y' direction, 3tlmes 
Mechanical stress 

Vibration test 20G, 100-2000Hz, 4times each along X, Y, and Z axes 

Constant acceration test 2000G, Y direction, 1 min 

Lead strength test 250g, 90·, bent three times 

High-temperature operation life test (1) 8S·C, Vcc=6V, 2000hr 

High-temperature operation life test (2) SS·C, Vcc=8. SV, 2000hr 

High-temperature operation life test (3) 125"C, Vcc=6V, 2000hr 

High-temperature operation life test (4) 12S"C,Vcc=8. SV, 2000hr 

High-temperature operation life test (5) lS0"C, Vcc=6V, 1000hr 

High-temperature storage life test lS0·C, 2000hr 

High-temperature high-
8S·C, 85%RH, 2000hr 

humidity storage test 

High-temperature high-
8S·C, 8S%RH, Vcc=6V 2000hr 

Humidity resistance 
humidity bias test 

Pressure-cooker test 
121·C, 2atm, 240hr 

(saturated) 

Pressure-cooker test 
130"C, 8S%RH, Vcc=6V, 500hr 

(unsaturated) 

Table 5 Results of Reliability Tests on the M74HCOOFP Series 
Test item 

Solderbility test 

Soldering thermal stress test (1 ) 

Soldering thermal stress test (2) 

Soldering thermal stress test (3) 

Thermal stress test 

High-temperature, high-humidity bias test 

Pressure-cooker test (saturated) 

Pressure-cooker test (unsaturated) 

Lead strength test 

High-temperature operation life test 

High-temperature storage life test 

1-44 

Conditions 

Wetted with rosin-base flux and immersed up to stoppers for Ssec In 230'C solder bath. 

Entire surface Immersed In solder (260·C, 10sec, 3times) 

.0-
High-temperature, high-humidity bias test (BS·C, 8S%RH, Vcc=6V, 1000hr) 

Entire surface immersed in solder (260·C, 10sec, 3times) 

.0-
Pressure-cooker test (121 "C, 2atm, 240hr) 

High-temperature high-humidity storage (8S"C, 8S%RH, 24hr) 

.0-
Entire surface immersed in solder (260·C, lOsee, 3times) 

.0-
High-temperature, high-humi,dity bias test (8S·C, 8S%RH, Vcc=6V, 1000hr) 

Entire surface immersed in solder (260·C, lOsee, 3tlmes) 

.0-
Thermal shock test (-40-+12S·C, lScycles) 

.0-
Temperature cycle test (-65-+150·C, SOOcycles) 

8S·C, 8S%RH, Vcc-6.OV, 1000hr 

121·C, 2atm, 240hr 

130·C, 8S%RH, Vcc-6. OV, 1000hr 

2S0g, 90·~ bent three times 

Ta-12S·C, Vcc-6.0V, 1000hr 

Ta-150"C,1000hr 

..' .. :MITSUB. ISHI 
"ELECTRIC 

Qty Failures 

264 0 

836 0 

836 0 

836 0 

132 0 

132 0 

132 0 

132 0 

198 0 

S60 0 

376 0 

298 0 

146 1(lcc over) 

--- - 158 0 

220 0 

308 0 

4S2 0 

439 0 

302 0 

Qty Failures 

110 0 

110 0 

lIO 0 

110 0 

110 0 

110 0 

110 0 

110 0 

7S 0 

190 0 

110 0 
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Table 6 High-Temperature Operation Test Data and Probable Failure Ratio 

Test conditions Test results 
Failure ratio (FIT) 

25'C 40t 5St 

85t, Vcc=6-8. 5V, 2000hr 0/936 

125t, Vcc=6-8. 5V, 2000hr 1/444 

125t, Vcc=6V, 1000hr 0/1368 1.2 3.5 10 

125t, Vcc=6V, 3000-5000hr 0/328 

150t, Vcc=6V, 1000hr 0/158 

Table 7 Results of Tests on Periodic Sampling (M74HCOOP Series) 

Test Item Test Conditions Qty 
Failure ratio (FIT) 

96H 240H 500H 

High-temperature operation life test 125'C Vcc=6V 1368 0 0 0 

High-temperature storage life test 150t 792 0 0 0 

~ g l High-temperature high-humidity bias test 85t, 85%RH Vcc=6V 912 0 0 0 

~ ! I Pressure-cooker test (saturated) 121'C, 2atm, 100% 1824 0 0 0 

:f.~ I Pressure-cooker test (unsaturated) 130'C, 85%RH Vcc=6V 1053 0 0 0 

Temperature cycle test (1) -65-+150t, lhr/cycle, 100 cycles 1824 0 

Temperature cycle test (2) -65-+150'C, 1hr/cycle, 1.000 cycles 528 0 

Solderability test 
Wetted with rosin-base flux and immersed up 

to stoppers for Ssec in 230t solder bath. 
1056 0 

Table 8 Results of Electro-Static Discharge Test 

Type Test pin Polarity Qty 
Breakdown voltage 

M74HC20P 
Input 

Output 

Input 
M74HC32P 

Output 

M74HC42P 
Input 

Output 

M74HC160P 
Input 

Output 

Input 
M74HC164P 

Output 

± 5 

± 5 

± 5 

± 5 

± 5 

± 5 

± 5 

± 5 

± 5 

± 5 

lkV 

C 

2kV 

Device 

C=l00pF 
R=1.5kO 

Capacitor changing method (Mil, Std, 883~C Method 3015) 

Flg.3 Breakdown voltage test circuit 

. • . MITSUBISHI 
I"&ELECTRIC. 

1000H 

0 

0 

0 

3* 

-

Remarks 

Activation energy : 

0.6eV 

Remarks 

* 1 : AI corrosion 
2 : Icc over 

3kV 

~ 
~ 
~ 
~ 
~ .-. 
~ 
~ 
~ 
~ 
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Table 9 Results of Latchup Resistance Tests Using ,the Capacitor Charge Method 
Type Test pin Polarity Oty Test results 

Input ± 5 No latehup 

M74HC20P Output ± 5 " 
Vee ± 5 " 

Input ± 5 No latehup 

M74HC32P Output ± 5 " 
Vee ± 5 " 

Input ± 5 No latehup 

M74HC42P Output ± 5 " 
Vee + 5 " 

Input ± 5 No latehup 

M74HC160P Output '± 5 " 
Vee ± 5 " 
Input ± 5 No latehup 

M74HC164P Output ± 5 " 
Vee ± 5 " 

Vcc~7.0V 1 GND 

C=200pF 

Flg.4 Latchup resistance test circuit (capacitor charlng method) 

Table 10 Results of Latchup Resistance Tests Using the Current Injection Method 

Type Oty 
Input Output 

+ - + -
M74HC20P 5 >300mA <-300mA >300mA <-300mA 

M74HC32P 5 " ~ 

M74HC42P 5 " " 
M74HC160P 5 " " 
M74HC164P 5 " " 

Vcc 

'-------iIN or OUT 

GND 

Vee=7.0V 

INPUTS, OUTPUTS (+) 

Flg.5 Latchup resistance test circuit (current-Injection method) 
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Icc 

r-------tIN or OUT 

GND 

INPUT~OUTPUTS(-) 

Vec 



1. Introduction 
The low power dissipation, high noise margin, and wide 
supply-voltage and operating temperature ranges of high
speed CMOS devices makes them suitable for digital ap
plications in a wide range of industrial and consumer digital 
equipment. CMOS circuits differ substantially from bipolar 
logic such as TTL and LSTTL, and therefore require spe
cial care. 

2. Handling Unused Pins 
Unlike bipolar logic, high-speed CMOS logic involves vol
tage control: input voltages are applied to transistor gates, 
and these voltage levels determine whether the transistors 
are on or off. If CMOS input pins are left floating, the output 
logic level will fluctuate, and erroneous operation may re
sult. Therefore, all unused input pins should be tied to 
either Vee or GND as described below: 
(1) NAND and AND Gates 

Tie unused inputs to Vee or other inputs that are in use. 
(2) NOR and OR Gates 

Tie unused inputs to GND or other inputs that are in 
use. 

(3) Other Types of Circuits 

Tie other unused inputs to either Vee or GND. Check 
the function tables in the individual device data sheets 
to determine the appropriate level. 

If and entire functional block is to be left unused, the input 
pins should be linked to Vee or GND. Otherwise, lee may 
increase unpredicatably. . 

3. AND Ties 
As with TTL and LSTTL, the impedance of both low- and 
high-level outputs of high-speed CMOS logic is low. This 
means that if output pins of differing states are linked 
together in "AND" ties, logic outputs will deviate from stan
dard levels, risking misoperation, higher sink currents, and 
imparied reliability. 

4. Output Load Capacitance 
In llJany high-speed CMOS applications, capacitors are 
connected between I/O pins and either Vee or GND to in
crease the propagation delay and to remove signal noises. 
Capacitors of up to 500pF can be connected directly. Lar
ger capacacitors should be linked through a resistor to 
keep the charging or discharging currents within 20mA. 
This design will prevent large currents that could cause 
latchup during power-supply switching or impair reliability. 

5. Shorting of Output to Vee or GND 
The p- and n-channel transistors used in CMOS logic do 
not have output-current limiting. If output pins are 
accidentally shorted to Vee or GND, excessive currents will 
flow. For example, when an output pin of buffer IC such as 
M74HC240 is connected to GND, about 100mA current 

MITSUBISHI HIGH SPEED CMOS 

APPLICATION NOTES 

flows. When the output is tied to Vee, about BOmA current 
flows. These currents may cause latch up, overheating, 
damage to the IC's internal wiring, and loss of reliability. 
Therefore, output pins should never be tied to Vee, GND, or 
any other fixed voltage leye!. 

6. Power Supply Lines 
When high-speed CMOS logic is quiescent, the supply cur
rent is extermely small. This would seem to indicate that 
the power-supply capacitance could also be low; however, 
when CMOS logiC changes state, large transient current 
spikes flow, just as in TTL and LSTTL devices. To soak up 
such spikes, the impedances of both the power supply and 
the supply lines must be low. One method to lower this 
supply-line impedance is to connect a 0.01 - 0.22,u F plas
tic-film or ceramic capacitor with good hig~-frequency 

characteristics between the Vee and GND lines. 10-100,uF 
electrolytic or tantalum capacitors should also be con
nected on each printed-circuit board. 
The power dissipation current varies widely with the oper
ating frequency, supply voltage, capacitive load, supply vol
tage, and input signal rise and fall times. The effect of this 
factors should be considered when designing the power 

supply. 
When CMOS devices are being used with high-current 

drivers, separate power supplies should be used for the 
logic and driver circuit, and common loads should be 

avoided. 

7. Preventing Damage by Static 
Electricity 

Static electricity is generated under low-humidity conditions 
by the friction of clothing, containers and other objects. 
Most MOS ICs are easily damaged by high-voltage static
electric discharges, but through use of protective circuits 
Mitshbishi high-speed CMOS devices can tolerate static 
voltages Of over 3kV. This places them on equal footing 

with TTL and LSTTL devices. 
The protection diodes that prevent static damage can to 
tolerated only limited forward- and reverse-bias currents. 
Large energy inputs should be avoided, as they will destroy 
there diodes and thin oxide layers at the transistor input 
gates. The following measures are recommended to pre

vent this type of damage. 
(1) To prevent static damage during shipping, all ICs are 

shipped in conductive tubes. After receipt, the ICs 
should always be stored in conductive tubes or other 

conductive containers. 
(2) Static charges on the body or clothing should be 

drained off by grounding through 1 OOk n -1 M n resis

tors. 
(3) All assembly tables, insertion machines, and measuring 

instruments, and other objects that will come in contact 

with the ICs should be grounded. 

• MITSUBISHI 
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(4) Soldering irons and baths must have power-supply in
sulation resistances of over 10M 0 to prevent power
supply leakage to the ICs. This equipment should also 
be grounded. 

(5) Printed-circuit boards with ICs installed should be pro
tected from shock, vibration, and friction. To keep 
potentials from· building up, the boards should stored in 
condl!ctive envelopes, or the terminals should be 
shorted together. 

(6) The humidity of the transport, storage and assembly 
environments should always be maintained at safe 
levels. 

8. Latchup 
The CMOS circuit structure inherently cointains parasitic 
bipolar transistors. These transistors function as thyristors 
(SCRs): when they are triggered by an external surge, they 
turn on, causing a current to flow from Vee to GND. Even 
after the trigger current ceases, this current continues to 

Vee 

Flg.1 A CMOS Inverter and Its parasitic transistors 

MITSUBISHI HIGH SPEED CMOS 
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flow. The current is very large, and can easily damage or 
destroy the IC. For this reason, the phenomenon is called 
"Iatchup". 

8·1 The Latch.up Mechanism 
Fig.1 shows the. structure of a CMOS inverter and its para
sitic bipolar transistors, and Fig.2 the thyristor circuit that 
results in latchup. T r1 and T r2 have pnpn thyristor structures. 
If anyone of T r3, T r4, T r5, or T r6 turn on due to a current 
surge, a base current will flow to T r1 or T r2, initiating 
latchup. 
The following external factors can initiate latchup: 
(1) Input voltage (VI) exceeds supply voltage (Ved. 

VI>Vee 
(2) Input voltage (VI) falls below GND. VI<GND 
(3) Output voltage (Vo) exceeds supply voltage (Vee). 

Vo>Vee 
(4) Output voltage (Vo) falls below GND. Vo<GND 
(5) Supply voltage (Vee) becomes excessive. 

VOUT GND 

1-48 • .•.. MITSUBtSHI 
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Vee' 

Trs or Tre 

GND 

Flg.2 The parasitic transistor circuit that causes latchup 

Vee Vee 

Tr3 ON - Tr2 0N - Tn ON J Trs ON - Tn ON - Tr2 ON J r* C 

(3) Vo>Vcc (4) Vo<GND 

Vee Vee 

..... Vee 
Vo ..... 

::::> ::::> 
Q. 

Vo 

Trs ON - Tn ON - Tr2 ON 

L 

(5) Excessive Vee 

Vee 

Tn (Tr2) BREAKDOWN.... Tr2 (Tn) ON 

Flg.3 Latchup mechanisms 

C 

Note: The recirculating arrow indicates latch up. 

• . MITSUBISHI 
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8,;,2 Prevention of Latchup 
The following steps can be taken to prevent the five condi
tions listed in section 8-1 from arising. 
(1) VI>Vec and VI<GND 
• When using two power supplies 
When two supplies are used to power CMOS devices, the 
differing rise times can readily cause latchup. This problem 
is avoided by connecting series resistor R to limit the max
imum current to 20m A (Fig.4). 

..... vee..... R ..... Vee ~ 
~ ~ l-o--'l.AI'v--o--I ~ 1= 
Z::J Z::J 
- GND 0 VI - GND 0 

Vee 

Vee 

MITSUBISHI HIGH SPEED CMOS 
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• When using a differential circuit 
When a differential circuit is used, the input voltage VI may 
exceed Vee or drop below GND, causing latchup. This dan-_ 
ger is avoided by connecting voltage-clamp diodes and 
current-limiting resistors (Fig. 5). 

9. Mechanical and Thermal Stress 
Cutting or deforming the external leads can result in lead 
breakage or humidity-induced corrosion. Mechanical stress 
should be avoided when mounting the ICs. 
The component materials of ICs have widely varying ther
mal-expansion coefficents, so rapid temperature changes, 
extended soldering and other thermal stresses should be 
avoided as far as possible. Such stresses can damage the 
semiconductors or break the internal wiring. 

Flg.4 Preventing latchup when dual power supplies are used 

Vee Vee 

R:;'lk!l V'2 ..... Vee ~ 
V" o---J i---+--+-.J\AAr--o--l ~ 1=. 

~::J 
GND 0 

--, Vee 
. V l1 I I 

.... --....... ----- GND 
Vl1 .J 

~
---2Vee 

. Vee WITHOUT DIODE 
V'2 _________ GND 'V'2~----------vee WITHOUT DIODE 

GND 

----- -Vee 

~Vee 
V'2 WITH DIODE 

--------- GND 

V,2 §,..--.------ Vee WITH DIODE 
.. GND 

Flg.5 Preventing latchup when a differential circuit Is used 
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TYPE 14P4 14-PIN MOLDED PLASTIC DIP 

0.5±0.1 

2.54 ±0.25 1.5~0: 1 

TYPE 16P4 16-PIN MOLDED PLASTIC DIP 

0.5+0.1 

1.5~0.? 

• MITSUBISHI 
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PACKAGE OUTLINES 

7.62+0.3 

I ._--, \ 

'\ I 

7.6-10 

7.62±0.3 

J .---~ \ 

Dimension in mm 

Dimension in mm 

" I 

7.6- 10 
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TYPE 20P4 20-PIN MOLDED PLASTIC DIP 

t 24~:~ "I 

[::::::~]J 
--- ~ 4.5MAX 

0.5MIN 3 MIN 

2.54 T 0.25 

TYPE 24P4D 24-PIN MOLDED PLASTIC DIP 

1-52 

I . 292:'ti 1 

~~::::::::~]J 

254±0.25 O.S±O.I 

I.s~g:? 
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PACKAGE OUTLINES 

-

Dimension in mm 

7.62 + 0.3 

I "---- \ 
'\ 7 

7.6-10 

Dimension in mm 

7.62±O.3 

I . ____ 1 \ 

'\ , 

7.6-10 



TYPE 14P2N 14PIN MOLDED PLASTIC SOP 

® 

~OI 
IIO(j) ~4+ '0 -.1 . 

~5 

CD 

1.27±0.15 

10.1±0.1 

~ QO 

8 

l r lJ 1 r 1I 11 II 11 

TYPE 16P2N 16PIN MOLDED PLASTIC SOP 

1.27±0.15 

•.. 'MITSUBISHI 
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PACKAGE OUTLINES 

Dimension in mm 

0.2±0.05 

Dimension in mm 
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TYPE 20P2N 20PIN MOLDED PLASTIC SOP 

dU 12.'±O.l j 0 
"! "";1 

~WHmnnHn.niJ4 ~ 

TYPE 24P2 24PIN MOLDED PLASTIC SOP 

15.0±O.2 
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TYPE 14P2P 14-PIN MOLDED PLASTIC SOP(JEDEC 150mil body) 

o 
+1 
I.!) 
l"-
Ll'! 

® 

~J 
Go." 

8.65±0.1 

(j) 

II ~o 4+
0

.09 ~0.05 

I.!) 

r; 
o 

O 2
+0.05 

. -0.01 

TYPE 16P2P 16-PIN MOLDED PLASTIC SOP(JEDEC 150mil body) 

I.!) 
I"-

o 
+1 
I.!) 
l"
I.!) 

CD 

® 

=] 
L±o.,; 

9.9±0.1 

® 

II ~O 4+
0

•
09 ~0.05 

• '. MITSUBISHI 
..... ELECTRIC 

O 2
+0.05 

. -0.01 

Dimension in mm 

N 

o 
+1 
(0 

0.75±0.2 

Dimension in mm 

N 

o 
+1 
(0 
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PACKAGE OUTLINES 

TYPE 20P2V 20-PIN MOLDED PLASTIC SOP(JEDEC 300mil body) 
Dimension in mm 

1-56 

o 

CD i I II 0.4+ 0: 9 
~±0.15 ~=-0.05 

o 
+1 
~ 

" 

• . ·MITSUBISHI 
;"ELECTRIC 

O 25 +0.07 
• -0.02 

('I') 

o 
+1 
('I') 

o 
0.2±0.1 

=10.8 ±0., 



DATASHEETS 





•• _-'-_._.L-_.L_.L_ .. __ ~ .••. _._.~~_~_._~ ____ ._ •.. _ ... _. __ ••• 

MITSUBISHI HIGH SPEED CMOS 

M74HCOOP/FP/DP 

QUADRUPLE 2-INPUT POSITIVE NAND GATE 

DESCRIPTION 
The M74HCOO is a semiconductor integrated circuit con
sisting of four 2-input positive-logic NAND gates, usable as 
negative-logic NOR gates. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High-speed: 8ns typo (CL = 15pF, Vcc=5V) 
• Low power dissipation: 5,uW/package, max 

(Vee=5V, T a=25°C, quiescent state) 
• High nOise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads· 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40 ........ +85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 

INPUTS 

OUTPUT 

INPUTS 

OUTPUT 

A1-- Vee 

81-- -84 

Y1- -A4 

A2--

82--

Y2- -A3 

GND -- Y3 

14P4 
Outline 14P2N 

14P2P 
Use of silicon gate technology allows the M74HCOO to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LSOO. 

LOGIC DIAGRAM (EACH GATE) 

Buffered outputs Y improve input-to-output transfer charac
teristics and reduce to a minimum output impedance varia
tions with respect to input voltage variations. 
When both inputs A and B are high, the output Y will be
come low, and when at least one of the inputs is low, the 
output Y will become high. 

FUNCTION TABLE 
Inputs Output 

A B Y 

L L H 

H L H 

L H H 

H H L 

INPUTS! : 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+8S'C, unless othe~ise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < ov 
11K Input protection diode current 

VI> Vee 

Vo<OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Notel) 

Tstg Storage temperature range 

Note 1 M74HCOOFP, T a = -40-+60'C and T a = 60-85'C are derated at -6mW/'C. 
M74HCOODP, T a = -40-+S0'C and T a = SO-85'C are derated at -5mW/'C . 

• . MITSUBISHI 
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Ratings 

-0.5 ........ +7.0 

-0. 5-Vcc+0. S 

-0. 5-Vcc+0. S 

-20 

20 

-20 

20 

±25 

±50 

500 

-65-+150 

INPUTS 

OUTPUT 

f INPUTS 

OUTPUT 

Y OUTPUT 

Unit 

V 

V 

V 

rnA 

rnA 

rnA 
rnA 
rnW 
'c 
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'QUADRUPLE 2.INPUT POSITIVE NAND GATE 

RECOMMENDED OPERATING CONDITIONS (T a =--40-+85"C) 

Symbol 
Limits 

Parameter 
Min Typ Max 

Vee Supply voltage -2 6 
V, Input voltage 0 Vce 
v'o Output voltage 0 Vce 

Topr Operating temperature range -40 +85 
Vee = 2.0V 0 1000 

tr, tf Input rlsetlme. fal/tlme Vee =- 4.SV 0 500 
Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V'H High-level Input voltage 

V'L Low-level Input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

"H High-level Input current 

I'L Low-level input current 

Icc Quiescent supply current 

2-4 

Test conditions 

Vec(V) 

Va = O. lV. Vcc-O. lV' 
2.0 

1101 =20J.lA 
4.5 
6.0 

Va = Vee-O. 1V 
2.0 
4.5 

1101 =20J.lA 
6.0 

10H= -20J.lA 2.0 
10H= -20J.lA 4.5 

V, = V'H. V'l 10H = -20J.lA 6.0 
10H = -4.0mA 4.5 
10H= -S.2mA 6.0 
10l= 20J.lA 2.0 
10l = 20J.lA 4.5 

V,=V'H IOl = 20J.lA 6.0 
10l =4.0mA 4.5 
tal = S.2mA 6.0 

V,=6V 6.0 
V,=OV 6.0 
V, = Vee. GND. 10 = OJ.lA 6.0 

;., ' , , ' MITSOSISMI 
IIi'& ELECTRIC 

Unit 

V 

V 

V 

"C 

ns 

Limits 

2S"C -40-+8S"C Unit 

Min Typ Max Min Max 

1.5 1.5 
3.15 3.15 V 

4.2 4.2 
0.5 0.5 

1:35 1.35 V 

1.8 1.8 
1.9 1.9 
4.4 4.4 
5.9 5.9 V 

4.18 4.13 
5.68 5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 
0.1 1.0 

ttA 
-0.1 -1.0 

1.0 10.0 ttA 
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QUADRUPLE 2-INPUT POSITIVE NAND GATE 

SWITCHING CHARACTERISTICS (Vee = 5V. T a = 25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 
10 tTHL output transition time 

CL = lSpF (Note 3) 
t pLH Low-level to high-level and high-level to low-level 15 
t pHL output propagation time 15 

SWITCHING CHARACTERISTICS (Vee = 2-6V. Ta = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+B5'C 

vcdv) Min Typ Max Min 

2.0 75 

hLH Low-level to high-level and 4.5 15 
6.0 13 

high-level to low-level 
2.0 75 

tTHL 
output trans,ltlon time 4.5 15 

CL = 50pF (Note 3) 
6.0 13 
2.0 90 

t pLH Low-level to high-level and 4.5 18 

6.0 15 
high-level to low-level 

2.0 90 
tpHL 

output propagation time 4.5 18 
6.0 15 

C, Input capacitance 10 

Cpo Power dissipation capacitance (Note 2) 25 

Note 2 ; Cpo is the internal capacitance of the IC calculated from oPeration supply current under no-load conditions. (per gate) 
The power dissipated during operation under no"load conditions is calculated using the following formula: 
Po = Cpo· Vee2 

• f,+lee • Vee 

Note 3 Test Circuit 

INPUT 

PG I---..... ---t 

50n 

TIMING DIAGRAM 

A, B 

y 

Vee 

OUT 

GNO 

OUTPUT 

(1) The pulse generator (PG) has the follOWing 
characteristics (10%-90%): tr = 6ns. tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vec 

"'-----GNO 

VOL 

'" MITSUBISHI .... ELECTRIC 

Max 

95 
19 
16 
95 
19 
16 

113 
23 
19 

113 
23 
19 
10 

Unit 

ns 

ns 

Unit 

ns 

ns 

pF 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HCTOOP/FP/DP 

QUADRUPLE 2-INPUT POSITIVE N'AND GATE WITH LSTTL-COMPATIBLE INPUTS 

DESCRIPTION 
The M74HCTOOP is a semiconductor integrated circuit con
sisting of four 2-input positive-logic NAND gates, usable as 
negative-logic NOR gates. 

PIN CONFIGURATION '(TOP VIEW) 

FEATURES 
• TTL level input V1L = O. SV max V1H = 2. OV min, 
• High-speed: 8ns typo (CL =15pF, Vcc=5V) 
• Low power dissipation: 5,uW/package. max 

(Vcc=5V, Ta=25°C, quiescent state) 
• Capable of driving 10 74LSTTL loads 
• Wide operating temperature range: Ta=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
e,quipment. 

FUNCTIONAL DESCRIPTION 

INPUTS 1 

OUTPUT 

INPUTS 1 

OUTPUT 

82-+ 

GND 

14P4 
Outline 14P2N 

14P2P 

Vee 

Use of silicon gate technology allows the M74HCTOO to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 

while giving high-speed performance equivalent to the 
74LSOO. 

LOGIC DIAGRAM (EACH GATE) 

As the inputs are TTL level, the device can be used as a 
level converter from LSTTL to high-speed CMOS. In that 
case, no pull-up resistors are required. 
Buffered Y outputs improve input-to-output transfer charac
teristics and reduce output impedance variations to a mini
mum with respect to input voltage variations. 
When both inputs A and B inputs are high, the output Y will 
become low, and when at least one of the inputs is low, the 
output Y will become high. 

FUNCTION TABLE 
Inputs Output 

A B Y 

L L H 

H L H 

L H H 

H H L 

INPUTS 1 :v---"--_ 

2-6 ',MITSUBISHI 
"-ELECTRIC 

f INPUTS 

OUTPUT 

f INPUTS 

OUTPUT 

Y OUTPUT 



MITSUBISHI HIGH SPEED CMOS 

M74HCTOOP/FP/DP 

QUADRUPLE 2·INPUT POSITIVE NAND GATE WITH LSTTL·COMPATIBLE INPUTS 

ABSOLUTE MAXIMUM RATINGS (T a = -40-+85·C. unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> vcc 

Vo < OV 
10K Output parasitic diode current 

vo> vcc 

10 Output current. per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 1) 

Tstg Storage temperature range 

Note 1 M74HCTOOFP. Ta = -40~+60·C and Ta = 60-85·C are derated at -6mW/"C. 
M74HCTOODP. T a = -40~+50·C and T a = 50-85·C are derated at -5mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40~+85·C) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5.5 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Toor Operating temperature range -40 +85 "C 
I Vee = 2.0V 0 1000 

t r , tf Input risetime. falltime I Vee=4.5V 0 500 ns 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS (Vee = 5V±10%. unless otherwise noted) 

Symbol Parameter Test conditions 

V IH High-level input voltage 
Vo = O. lV, Vee-O. lV 

1101 = 20f./-A 

V IL LOW-level input voltage 
Vee-O. lV 

1101 = 20f./-A 

IOH = -201-lA 

VOH High-level output voltage VI = VIH ' VIL 10H = -4. OmA. Vee = 4. 5V 

10H = -4. SmA. Vee = 5. 5V 

10L = 20f./-A 

VOL LOW-level output voltage VI = VIH 10L = 4. OmA. Vee = 4. 5V 

IOL = 4. SmA. Vee = 5.5V 

IIH High-level input current VI = 5.5V 

IlL High-level input current VI=OV 

Icc Quiescent supply current VI = Vee, GND, 10=Of./-A 

.6.lec Maximum quiescent state supply current VI = 2.4V, O.4V (Note 2) 

Note 2 Only one input is set at this value and all others are fixed at Vee or GND. 

• MITSUBISHI 
.... ELECTRIC 

Min 

2.0 

vee-O. , 

4.18 

5.18 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vec+0. 5 V 

-0. 5-Vcc+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±25 mA 
±50 mA 
500 mW 

-65-+150 ·C 

Limits 

25·C -40-+S5·C Unit 

Typ Max Min Max 

2.0 V 

0.8 0.8 V 

vee-O. , 

4.13 V 

5.13 

O. , 0.1 

0.26 0.33 V 

0.26 0.33 

O. , 1.0 
-0.1 -1.0 

J.LA 

1.0 10.0 J.LA 

2.7 2.9 mA 
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MITSUBISHI HIGH SPEED CMOS 

M74HCTOOP/FP/DP 

QUADRUPLE2.INPUT POSITIVE NAND GATE WITH LSTTL·COMPATIBLE INPUTS 

SWITCHING CHARACTERISTICS (Vcc ";' 5V, T a = 25"C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 
tTHL output transition time 

CL = 15pF (Note 4) 
10 

tpLH Low-level to high-level and high-level to low-level 15 
t pHL output propagation time 15 

SWITCHING CHARACTERISTICS (Vcc = 5V±10%, T a = -40-+85'C) 

limits 

Symbol Parameter Test conditions 25"C -40-+B5"C 

Min Typ Max Min 

tTLH Low-level to high-level and high-level 15 
tTHL to low-level output transition time 

CL = 50pF (Note 4) 
15 

t pLH Low-level to high-level and high-level 18 
t pHL to low level output propagation time 18 
C, Input capacitance 10 
Cpo Power dissipation capacitance (Note 3) 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per gate) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' VCC

2
• f,+lcc ' Vce 

Note 4 Test Circuit 

INPUT 

PG r--+---i 

50.0 

TIMING DIAGRAM 

A, B 

y 

2-8 

Vce 

OUT 

OUTPUT 

3.0V 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

1----- OV 

'MITSUBISHI 
~ELECTRIC 

Max 

19 
19 

24 
24 
10 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC02P/FP/DP 

QUADRUPLE 2-INPUT POSITIVE NOR GATE 

DESCRIPTION 
The M74HC02 is a semiconductor integrated circuit con
sisting of four 2-input positive-logic NOR gates, usable as 
negative-logic NAND gates. 

FEATURES 
• High-speed: 8ns typo (CL = 15pF, Vcc=5V) 
• Low power dissipation: 5.uW/package, max 

(Vcc=5V, Ta=25'C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: Ta=-40-+85'C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC02 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS02. 
Buffered outputs Y improve input-to-output transfer charac
teristics and reduce to a minimum output impedance varia
tions with respect to input voltage variations. 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT Y1- Vcc 

INPUTS f 
A1- OUTPUT 

B1-
llNPUTS 

OUTPUT Y2-

INPUTS 1 
A2- OUTPUT 

B2- -B3 I INPUTS 
GND -A3 

14P4 
Outline 14P2N 

14P2P 

LOGIC DIAGRAM (EACH GATE) 

When both inputs A and B are low, the output Y will be
come high, and when at least one of the inputs is high, the 
output Y will become low. 

INPUTS! :V--"lI-_' -'-'..----~ Y OUTPUT 

FUNCTION TABLE 
Inputs Output 

A B Y 

L L H 

H L L 

L H L 

H H L 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+8S'C. unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < ov 
11K Input protection diode current 

VI> vce 

Vo < OV 
10K Output parasitic diode current 

Vo > Vcc 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Notel) 

Tstg Storage temperature range 

Note 1 M74HC02FP, Ta = -40-+60'C and Ta = 60-85'C are derated at -6mW/'C. 
M74HC02DP. Ta = -40-+50'C and Ta = 5O-8S'C are derated at -SmW/'C . 

. ,. MITSUBISHI 
..... ELECTRIC 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vep+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 
±50 rnA 
500 rnW 

-65-+150 "C 
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MITSUBISHI HIGH SPEED CMOS 

,,~ I', M74HC02P/FP/DP 

QUADRUPLE 2.INPUT POSITIVE NOR GATE 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+S5·C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

ToDr Operating themperature range -40 +85 

I Vcc = 2.0V 0 1000 

Ir. If Input rlsetlme, falltlme I Vcc=4.5V 0 500 

I Vcc= 6.0V 0 400 

ELECTRICAL' CHARACTERISTICS 

Symbol Parameter 

V 1H High-level Input voltage 

VIL Low-level Input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

IIH High-level Input current 

IlL Low-level Input current 

Icc Quiescent supply current 

2-10 

Test conditions 

VcC<V) 

Vo=O.IV 
2.0 

1101 = 20p.A 
4.5 

6.0 

Vo = O.W. Vcc-O. lV 
2.0 

1101 = 2011 A 
4.5 

6.0 

10H = -20p.A 2.0 

10H = -20fJ.A 4.5 

VI"" Vil 10H = -20p.A 6.0 

iOH= -4.0mA .4.5 

10H= -S.2mA 6.0 

10l = 2Op.A 2.0 

10l = 20llA 4.5 

VI = VIH• Vil 10l= 20p.A 6.0 

10":= 4.0mA 4.5 

10l= 5.2mA 6.0 

VI =6V 6.0 

VI=OV 6.0 

VI = Vce. GND. 10 = Op.A 6.0 

.• MITS,UBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 
·C 

ns 

Limits 

25"C -40-+S5"C Unit 

Min Typ Max Min Max 

1.5 1.5 

3.15 3.15 V 

4.2 4'.2 

0_ 5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 1.9 

4.4 4.4 

5.9 5.9 V 

4.18 4.13 

5.68 5.63 

O. I 0.1 

0.1 0.1 

O. I 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 J.l.A 
-0.1 -1.0 J.l.A 

1.0 10.0 J.l.A 



MITSUBISHI HIGH SPEED CMOS 

M74HC02P/FP/DP 

QUADRUPLE 2·INPUT POSITIVE NOR GATE 

SWITCHING CHARACTERISTICS (Vcc =5V, Ta =25'C) 

limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = lSpF (Note 3) 

10 

t pLH Low-level to high-level and high-level to low-level 15 

tpHL output propagation time 15 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, T a = -40-+B5'C) 

Limits 

Symbol Parameter Test conditions 2S"C -40-+BS"C 

vcdv) Min Typ Max Min 

2.0 75 

hLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

CL = SOpF (Note 3) 
6.0 13 

2.0 90 

tpLH Low-level to hlgh~level and 4.5 1B 

6.0 15 
high-level to low-level 

2.0 90 

tpHL output propagation time 4.5 18 

6.0 15 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 2) 31 

Note 2 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per gate) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' VCC2 

• fl+lcc • Vcc 

Note 3 Test Circuit 

INPUT 

PG t--+---I 

500 

TIMING DIAGRAM 

A, B 

y 

vcc 

OUT 

OUTPUT 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL Includes stray wiring 
capacitance and the probe input capacitance. 

Vcc 

GNO 

• ·.MITSUBISHI 
~ELECTRIC 

Max 

95 

19 

16 

95 

19 

16 

113 

23 

19 

113 

23 

19 

10 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 

pF 
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MITSUBISHI HIGH SPEED CMOS 

".\' , , M74HC03P/FP/'DP 

QUADRUPLE'2~INPUT" POSITI'VE NAND GATE WITH OPEN-DRAIN OUTPUTS 

DESCRIPTION 
The M74HC03is a semiconductor integrated circuit con
sisting of four 2-input positive-logic NAND gates usable as 
negative-logic NOR gates, with open-drain outputs. 

FEATURES 
• Open-drain outputs 
• High-speed: 10ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 5,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 
• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40~+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC03 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS03. 
Open-drain outputs allow a versatile selection of high out
put impedances by connecting external load resistors. This 
enalbes "AND ties" which are not possible using normal 
gates. When both inputs A and B are high, the output Y will 
become low, and when at least one of the inputs is low, Y 
will become high. 
Note that this Ie differs from the 74LS03 and a voltage 
higher than Vee can not be applied to the output. 

FUNCTION TABLE 
Inputs Output 

A B y 

L L H 

L H H 

H L H 

H H L 

PIN CONFIGURATION' (TOP VIEW) 

INPUTS I 
81-

OUTPUT Y1 +-

INPUTS j 
82-

OUTPUT 

GND 

14P4 
Outline 14P2N 

Vee 

} INPUTS 

OUTPUT 

I INPUTS 
-A3 

-Y3 OUTPUT 

14P2P * : Open-drain output 

LOGIC DIAGRAM (EACH GATE) 

{

A 

INPUTS B 

2-12 .• '. MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC03P/FP/DP 

QUADRUPLE 2·INPUT POSITIVE NAND GATE WITH OPEN·DRAIN OUTPUTS 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+8S'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

V, Input voltage 

Vo Output voltage 

v,< OV 
"K Input protection diode current 

V, > Vcc 

Vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Notel) 

Tstg Storage temperature range 

Note 1 M74HC03FP, Ta = -40-+S0'C and Ta = SO-8St are derated at -SmW/"C. 
M74HC03DP, Ta = -40-+5O"C and Ta = SO-8S'C are derated at -SmW/"C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+8S'C) 

Symbol 
Limits 

Parameter 
Min Typ Max 

Vee Supply voltage 2 6 

V, Input voltage 0 Vee 

Vo Output voltage 0 Vee 
T oDr Operating temperature range -40 +85 

l Vee = 2.0V 0 1000 

t r, tf Input risetime, falltlme I Vee=4.SV 0 500 

J Vce = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V'H High-level input voltage 

V'L Low-level input voltage 

VOL Low-level output voltage 

"H High-level input current 

I'L Low-level input current 

10 Maximum output leakage current 

Icc Quiescent supply current 

Test conditions 

Vec(V) 

Vo = O. lV, Vee-O. lV 
2.0 

1101 = 20l1A 
4.5 

6.0 

Vo = Vee-O. 1 V 
2.0 

1101 = 2011 A 
4.5 

6.0 

10L = 20l1A 2.0 

10L = 20l1A 4.5 

V,=V'H 10L = 20l1A 6.0 

10L = 4.0mA 4.5 

IOL = S.2mA 6.0 

V,=6V 6.0 

v,=OV 6.0 

V,=V'H, V'L, Vo = Vee 6.0 

V,= V'H, V'L, Vo= GND 6.0 

V, = Vec, GND, 10 = OI1A 6.0 

• MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V' 

V 

'c 

ns 

Min 

1.5 

3.15 

4.2 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

+25 rnA 
±50 rnA 
500 rnW 

-65-+150 'c 

limits 

2S'C -40-+8S'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1. 35 V 

1.8 1.8 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /-lA 
-0.1 -1.0 /-lA 

0.5 5.0 

-0.5 -5.0 
/-lA 

1.0 10.0 /-lA 
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MITSUBISHI HIGH SPEED CMOS 

M74HC03P/FP/DP 

QUADRUPLE 2 .. INPUT POSITIVE NAND'G.ATE WITH OPEN-DRAIN OUTPUTS 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTHL High-level to low-level output transition time 
RL = lkO 

10 
CL = lSpF (Note 3) 

t pLH Low-level to high-level and high-level to low-level RL = lkO, CL = SpF (Note 3) 20 

tpHL output propagation time RL=lkO, CL=lSpF(Note3) 20 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 2S'C -40-+a5'C 

veclv) Min Typ Max Min 

2.0 75 

tTHL 
High-level to low-level 

4.5 15 
output transition time 

6.0 13 

2.0 125 

Low-level to high-level and 
RL = lkO 

4.5 25 tpLH 
CL = SOpF (Note 3) 

6.0 21 
high-level to low-level 

2.0 125 

t pHL output propagation time 4.5 25 

6.0 21 

C 1 Input capacitance 10 

Co Output capacitance A orB= GND 10 

Cpo Power dissipation capacitance (Note 2) 11 

Note 2 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per gate) 
The power dissipation during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+lee • Vee 

Note 3 Test Circuit 

INPUT Vee OUTPUT 

PG OUT 

500 
GNO r 

TIMING DIAGRAM 

A, B 

y 

2-14 

Vce 

RL 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GNO 

,',' MITSUBI, $HI ~ELECTRIC 

Max 

95 

19 

16 

158 

32 

27 

158 

32 

27 

10 

10 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

pF 

pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC04P/FP/DP 

HEX INVERTER 

DESCRIPTION 
The M74HC04 is a semiconductor integrated circuit con
sisting of six inverters. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High-speed: 10ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 5.uW/package, max 

(Vee=5V, Ta=25'C, quiescent state) 

• High noise margin: 30% of Vec, min (Vcc=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide supply voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+85'C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

INPUT A1-+ 

OUTPUT Y1-

INPUT A2-+ 

OUTPUT Y2-

INPUT A3-+ 

OUTPUT Y3-

GND 

14P4 
Outline 14P2N 

14P2P 

Vee 

INPUT 

OUTPUT 

INPUT 

OUTPUT 

-A4 INPUT 

...... Y4 OUTPUT 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC04 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed pe.rformance equivalent to the 
74LS04. 

LOGIC DIAGRAM (EACH INVERTER) 

Buffered outputs Y improve input-to-output transfer charac
teristics and reduce to a minimum output impedance varia
tions with respect to input voltage variations. 
When input A is high, the output Y will become low, and 
when input A is low, the output Y will become high. 

FUNCTION TABLE 
Input Output 

A y 

L H 

H L 

INPUT 

A 0----1 

ABSOLUTE MAXIMUM RATINGS (Ta = ~40-+85·C. unless otherwise noted) 

Symbol Parameter Conditions 

Vce Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vcc 

Vo < OV 
10K Output parasitic diode current 

Vo > Vcc 

10 Output current per output pin 

Icc Supply/GND current Vcc, GND 

Pd Power dissipation (Notel) 

Tstg Storage temperature range 

Note 1 M74HC04FP, Ta = -40-+60'C and Ta = 60-85'C are derated at -6mW/'C. 
M74HC04DP, T a = -40-+50'C and T a = 50-85'C are derated at -5mW/'C. 

• . MITSUBISHI 
.,.. ELECTRIC 

Ratings 

-0.5-+7.0 

-0. 5-Vcc+0. 5 

-0. 5-Vcc+0. 5 

-20 

20 

-20 

20 

±25 

±50 

500 

-65-+150 

OUTPUT 
Y 

Unit 

V 

V 

V 

rnA 

rnA 

rnA 
rnA 
rnW 
'c 
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RECOMMENDED OPERATING CONDITIONS (T a = -40-+85'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 
VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temllerature range -40 _+85 
. I Vcc=2.0V 0 1000 

tr. tf Input rlsetlme. falltllT)e I Vcc=4.SV 0 500 
I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

Vo=O.1V 
V IH High-level Input voltage 

1101 = 20p.A 

Vo = Vcc-O. IV 
V IL Low-level Input voltage 

1101 =20p.A 

V OH High-level output voltage VI=Vll 

VOL Low-level output voltage VI = VIH 

IIH High-level Input current VI=6V 

IlL Low-level Input current VI=OV 

Icc Quiescent supply current VI = Vee, GND, 

2~16 

vcdv) 

2.0 
4.5 
6.0 
2.0 
4.5 
6.0 

10H = -20p.A 2.0 
10H = -20p.A 4.5 
10H = -20p.A 6.0 
10H = -4.0mA 4.5 
10H= -S.2mA 6.0 
10l= 20p.A 2.0 
10l = 20p.A 4.5 
10l = 20jJA 6.0 
10l = 4.0mA 4.5 
10l = S.2mA 6.0 

6.0 
6.0 

10=Op.A 6.0 

.• MITSUBISHI 
"'ELECTRIC 

MITSUBISHI HIGH SPEED CMOS 

M74HC04P/FP/DP 

HEX INVERTER 

Unit 

V 

V 

V 

·c 

ns 

Limits 

25"C -40-+BS"C Unit 

Min Typ Max Min Max 

1.5 1.5 
3.15 3.15 V 

4.2 4.2 
0.5 0.5 

1. 35 1.35 V 

1.8 1.8 
1.9 1.9 
4.4 4.4 
5.9 5.9 V 

4.18 -4.13 
5.68 5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 
0.1 1.0 I-/-A 

-0.1 -1.0 I-/-A 

1.0 10.0 I-/-A 



MITSUBISHI HIGH SPEED CMOS 

M74HC04P/FP/DP 

HEX INVERTER 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

limits 
Symbol Parameter Test conditions 

Min Typ Max 

hLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = lSpF (Note 3) 

10 

tpLH Low-level to high-level and high-level to low-level 17 

t pHL output propagation time I 17 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

limits 

Symbol Parameter Test conditions 2S'C -40-+aS'C 

vcdv) Min Typ Max Min 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

hHL output transition time 4.5 15 

CL = SOpF (Note 3) 
6.0 13 

2.0 86 

tpLH Low-level to high-level and 4.5 19 

6.0 16 
high-level to low-level 

2.0 86 

t pHL output propagation time 4.5 19 

6.0 16 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 2) 26 

Note 2 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per inverter) 
The power disSipated during operation under no-load conditions is calculated using the following formula: 
Po';'" Cpo' Vee

2 
• fl+lec • Vee 

Note 3 Test Circuit 

INPUT 

PG t--....... --f 

50n 

TIMING DIAGRAM 

A 

y 

________ 00 ________________ _ 

Vee OUTPUT 

OUT 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GND 

VOH 

VOL 

Max 

95 

19 

16 

95 

19 

16 

108 

24 

20 

108 

24 

20 

10 

Unit 

ns 
ns 
ns 
ns 

Unit 

ns 

ns 

ns 

ns 

pF 

pF 
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MI'TSUBISHI HIGH SPEED CMOS 

M74HCU04P/FP/DP 

HEX UNBUFFERED INVERTER 

DESCRIPTION 
The M74HCU04 is a semiconductor integrated circuit con
sisting of six unbuffered inverters. 

PIN CONFIGURATION (TOP' VIEW) 

FEATURES 
• High-speed: 7ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 5,uW/package, max 

(Vcc=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide supply voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 

INPUT 

OUTPUT 

I NPl.)T 

OUTPUT 

INPUT 

OUTPUT 

A1 ..... Vee 

Y1 +- INPUT 

A2 ..... OUTPUT 

Y2- INPUT, 

A3 ..... OUTPUT 

Y3- -A4 INPUT 

GND ..... Y4 OUTPUT 

14p4 
Outline 14P2N 

14P2P Use of silicon gate technology allows the M74HCU04 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS04. 

LOGIC DIAGRAM (EACH INVERTER) 

Unbuffered outputs Y make this device suitable for linear 
circuit applications such as oscillators and amplifier circuits 
as well as logic system applications. However, considera
tion must be given in linear circuit applications dissipated 
power is much gr~ater than of the 40008 series. 
When input A is high; the output Y will become low, and 
when input A is low, the output Y will become high. 

. INPUT A ~ Y OUTPUT 

FUNCTION TABLE 
Input Output 

A y 

L H 

H L 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol 

Vee 

VI 

vo 

11K 

10K 

10 

Icc 

Pd 

Tstg 

Note 1 

2-18 

Parameter Conditions 

Supply voltage 

Input voltage 

Ouipui lioliage 

Input protection diode current 
VI < ov 
VI> Vcc 

Output parasitic diode current 
Vo < ov 
Vo > Vcc 

Output current per output pin 

Supply/GND current Vcc, GND 

Power dissipation (Note 1) 

Storage temperature range 

M74HCU04FP, Ta = -40-+S0'C and Ta = SO-85'C are derated at -SmW/'C. 
M74HCU04DP, T a = -40-+50'C and T a = 50-85'C are derated at -5mW/'C . 

• I MITSUBISHI 
.... ELECTRIC 

Ratings 

-0.5-+7.0 
-0. 5-Vee+0. 5 

-0. 5-Vee+0. b 

-20 

20 
-20 

20 
±25 
±50 
500 

-65-+150 

Unit 

V 

V 

V 

rnA 

rnA 

rnA 
rnA 
rnW 
t 



RECOMMENDED OPERATING CONDITIONS (T a = -40-+85·C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 ,6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

t r• tf Input risetime, falltime No limit 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL' Low-level input current 

Icc Quiescent supply current 

Test conditions 

Vec<V) 

Vo=O.2V, 1101 =20~A 2.0 

Vo = O. 5V, 110 I = 20~A 4.5 

Vo=O.5V, 1101 =20~A 6.0 

Vo = Vee-O.2V, 110 I = 20~A 2.0 

Vo = Vee-O. 5V, 110 I = 20~A 4.5 

Vo = Vee-O.5V, 110 I = 20~A 6.0 

2.0 

VI = VIL, 10H = -20~A 4.5 

6. a 
VI= GND, 10H = -4.0mA 4.5 

VI= GND, 10H = -5.2mA 6.0 

_2. a 
VI = VIH, 10L = 20~A 4.5 

6. a 
VI= Vee, 10L = 4.0mA 4.5 

VI = Vee, 10L = 5.2mA 6.0 

VI=6V 6.0 

VI=OV 6. a 
VI = Vee, GND, 10 = O~A 6.0 

_ • MITSUBISHI 
.... ELECTRIC 

MITSUBISHI HIGH SPEED CMOS 

M74HCU04P/FP/DP 

HEX UNBUFFERED INVERTER 

Unit 

V 

V 

V 
·C 

ns 

limits 

25"C -40-+85·C Unit 

Min Typ Max Min Max -
1.7 1.7 

3.6 3.6 V 

4.8 4.8 .... ----
0.3 0.3 

0.8 0.8 V 

1.1 1.1 
-

1.8 1.8 

4. a 4. a 
5.5 5.5 V 

3.98 3.84 

5.48 5.34 

0.2 0.2 

0.5 0.5 

0.5 0.5 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 IIA 

-0.1 -1.0 IIA 

1.0 10.0 IIA 

2"-19 



MITSUBISHI HIGH SPEED CMOS 

M74HCU04P/FP/DP 

HEX UNBUFFERED INVERTER 

SWITCHING- CHARACTERISTICS (Voo=SV, Ta=2S\:) 

Limits 
Symbol Parameter Test oondltlons 

Min Typ Max 

tTLH Low-level to high-level andhlgh-Ievel to low-level 10 

tTHL output transition time 
CL = 1SpF (Note 3) 

10 

t pLH Low-level to high-level and high-level to low-level 13 

t pHL output propagation time 13 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+BS'C) 

Limits 

Symbol Parameter Test conditions 2S'C -40-+8S"C 

vcdv) Min Typ Max Min 
f----

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

CL = SOpF (Note 3) 
6.0 13 

2.0 82 

t pLH Low-level to high-level and 4.5 16 

6.0 14 
high-level to low-level 

2.0 82 

t pHL output propagation time 4.5 16 

6.0 14 

C 1 Input capacitance 15 

Cpo Power dissipation capacitance (Note 2) 25 

Note 2 Cpo is the internal capacitance of the IC calculated from operation supply current under no~load conditions. (per inverter) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' V00

2 
• fl+loo • Vco 

Note 3 Test Circuit 

INPUT 

PG t---+-----I 

son 

TIMING DIAGRAM 

A 

y 

2-20 

Voo 

DUT 

GND 

OUTPUT 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Voo 

GND 

• -MITSUBISHI 
"'ELECTRIC 

Max 

95 

19 

16 

95 

19 

16 

103 

21 

18 

103 

21 

18 

15 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HCT04P/FP/DP 

HEX INVERTER WITH LSTTL-COMPATIBLE INPUTS 

DESCRIPTION 
The M74HCT04 is a semiconductor integrated circuit con
sisting of six inverters. 

FEATURES 
• TTL level input VIL =0.8V, max VIH=2.0V, min 
• High-speed: 10ns typo (CL=15pF, Vcc=5V) 
• Low power dissipation: 5,uW/package, max 

(Vcc=5V, Ta=25°C, quiescent state) 

• Capable of driving 10 74LSTTL loads 
• Wide operating temperature range: T a=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HCT04 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS04. 
As the inputs are TTL level, the device can be used as a 
level converter from LSTTL to high-speed CMOS. In that 
case, no pull-up resistors are required. 

PIN CONFIGURATION (TOP VIEW) 

INPUT A1-+ 

OUTPUT Y1 +-: 

INPUT A2-+ 

OUTPUT Y2 ..... 

INPUT A3-+ 

OUTPUT Y3 ..... 

GND 

14P4 
Outline 14P2N 

14P2P 

LOGIC DIAGRAM (E'ACH INVERTER) 

INPUTA ~--<>Y 

Buffered outputs Y improve input-to-output transfer charac
teristics and reduce to a minimum output impedance varia
tions with respect to input voltage variations. 

OUTPUT 

When input A is high, the output Y will become low, and 
when input A is low, the output Y will become high. 

FUNCTION TABLE 
Input Output 

A y 

L H 

H L 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

v l < ov 
11K Input protection diode current 

VI> vcc 

vo< ov 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 1) 

Tstg Storage temperature range 

Note 1 M74HCT04FP. Ta = -40-+60·C and Ta = 60-85·C are derated at -6mW/"C. 
M74HCT04DP. Ta = -40-+50·C and Ta = 50-85·C are derated at -5mW/"C. 

• MITSUBISHI 
.... ELECTRIC 

Ratings 

-0. S-+7. 0 
-0. 5-Vcc+0. 5 

-0.5-Vcc+0.5 
-20 

20 
-20 

20 

±25 
±SO 

SOO 
-6S-+1S0 

I, "IIIIIIIIII.I ___ • ___ '_ •• I.I •• __ lml.I.II~'~IIlII.IIIIIIIIIUIIII.11111.1 __ ............ 11 .... 11.l1li .. 1 ..... _1 ____________ ..... ,. __ ,_, .... _. _________ _ 

Unit 

V 
V 
V 

mA 

mA 

mA 
mA 
mW 
·C 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT04P/FP/DP 

HEX INVERTER WITH LSTTL-COMPATIBLE INPUTS 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85'C) 

limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5.5 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

T oDr Operating temperature range -40 +85 'c 
t r, tf Input risetime, falltime 0 500 ns 

ELECTRICAL CHARACTERISTICS (Vee = 5V±10%, unless 'otherwise noted) 

limits 

Symbol Parameter Test conditions 25'C -40-+B5'C 

Min Typ Max Min Max 

V IH High-level input voltage 
Vo= O.1V 

2.0 2.0 
1101 = 20llA 

V IL Low-level Input voltage 
Vo = Vcc-O. 1V 

0.8 0.8 
1101 =201lA 

10H = -201lA Vee-0• 1 Vee-0• 1 

V OH High-level ouutput voltage VI = VIL 10H = -4.0mA, Vcc=4.5V 4.18 4.13 

10H = -4. BmA, Vee = 5.5V 5.18 5.13 

10L = 20llA 0.1 0.1 

VOL Low-level output voltage VI= VIH 10L = 4.0mA, Vcc=4.5V 0.26 0.33 

10L = 4. BmA, Vee=5.5V 0.26 0.33 

III'~ High-level Input current VI = Vee 0.1 1.0 

IlL Low-level input current VI = GND -0.1 -1.0 

lee Quiescent supply current VI = Vee, GND, 10 = OIlA 1.0 10.0 

Alee Maximum quiescent supply current VI =2.4V,O.4V(Note2) 2.7 2.9 

Note 2 Only one input is set at this value and all other inputs are fixed at Vee or GND. 

SWITCHING CHARACTERISTICS (Vee = 5V, Ta = 25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

hLH Low-level to high-level and high-level to low-level 10 

hHL output transition time 
CL = 15pF (Note 4) 

10 

t pLH Low-level to high-level and high-level to low-level 15 

t pHL output propagation time 15 

SWITCHING CHARACTERISTICS (Vee = 5V±10%, Ta = -40-+85'C) 

limits 

Symbol Parameter est conditions 25'C -40-+B5'C 

Min Typ Max Min Max 

hLH Low-level to high-level and 15 19 
high-level to low-level 

15 19 tTHL output transition time 
CL = 50pF (Note 4) 

t pLH Low-level to high-level and 18 24 
high-level to low-level 

18 24 t pHL output propagation time 

C I Input capacitance 10 10 

Cpo Power dissipation capacitance (Note 3) 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per inverter) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+lee • Vee 

2-22 • " MITSUBI,SHI 
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Unit 

V 

V 

V 

V 

J.lA 

J.lA 

J.lA 
rnA 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns' 

pF 

pF 



Note 4 : Test Circuit 

INPUT Vee 

PG t---~---l OUT 

50n 

TIMING DIAGRAM 

A 

MITSUBISHI HIGH SPEED CMOS 

M74HCT04P/FP/DP 

HEX INVERTER WITH LSTTL-COMPATIBLE INPUTS 

OUTPUT 

3.0V 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

1'----- OV 

y 

•. • MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

, '~. M74HCOSP/FP/DP 

HEX IN,VERTER WITH OPEN·DRAIN OUTPUTS 

DESCRIPTION 
The M74HCOS is a semiconductor -integrated circuit con
sisting of six inverters with open-drain outputs. 

FEATURES 
• Open-drain outputs 
• High-speed: 8ns typo (CLP=1SpF, Vcc=SV) 
• Low power dissipation: S,uW/package, max 

(Vee=5V, Ta=2S·C, quiescent state) 

• High noise margin: 30% of Vee, min (Vce=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+8S·C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HCOS to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LSOS. 

Open-drain outputs allow a versatile selection of high out
put impedances by connecting external load resistors. 
This enables "AND ties" which are not possible using nor
mal gates. When input A is high, the output Y will become 
low, and when A is low, Y will become high. 
Note that this IC differs from the 74LS05 and a voltage 
higher than Vcc can not be applied to the output. 

FUNCTION TABLE 
Input Output 

A y 

L H 

H L 

PIN CONFIGURATION (TOP VIEW) 

INPUT 

OUTPUT 

INPUT 

OUTPUT 

INPUT 

OUTPUT 

1A-

1y .... 

2A~ 

3A-

3y .... 

GND 

14P4 
Outline 14P2N 

14P2P * : Open-drain output 

LOGIC DIAGRAM (EACH INVERTER) 
Vee 

~YOUTPUT 
INPUTA~1 
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MITSUBISHI HIGH SPEED CMOS 

M74HCOSP/FP/DP 

HEX INVERTER WITH OPEN-DRAIN OUTPUTS 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vcc 

Vo<OV 
10K Output parasitic diode current 

Vo > Vce 

10 Output current per output pin 

lee Supply/GND current Vee. GND 

Pd Power dissipation (Note 1) 

Tstg Storage temperature range 

Note 1 M74HC05FP, Ta = -40-+60·C and Ta = 60-S5·C are derated at -6mW/"C. 
M74HC05DP, Ta = -40-+50·C and Ta = 50-S5·C are derated at -5mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+S5·C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

I Vee = 2~OV 0 1000 

t r• tf Input risetime, falltime I Vee = 4.SV 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

VOL Low-level output voltage 

IIH High-level output current 

IlL Low-level input current 

10 Maximum outPlit leakage current 

lee Quiescent supply current 

Test conditions 

Vec<V) 

2.0 
Vo=O.lV 

4.5 
1101 = 20f,JA 

6.0 

Vo = Vee-O. IV 
2.0 

1101 =20f,JA 
4.5 

6.0 

10L = 20f,JA 2.0 

10L = 20f,JA 4.5 

VI=VIH 10L = 20f,JA 6.0 

10L = 4.0mA 4.5 

10L = S.2mA 6.0 

VI =6V 6.0 

VI=OV 6.0 

VI=VIL. Vo = Vee 6.0 

VI=VIL• Vo= GND 6.0 

VI = Vee. GND. 10 = Of,JA 6.0 

• MITSUBISHI 
~ELECTRIC 

Unit 

V 

V 

V 

"C 

ns 

Min 

1.5 

3.15 

4.2 

''I~''IIIlI'''''' __ II ___ I'111I111111111 III"III __ I_'II~I'I.IIIIIIIIIIIIII'II','''''''''''''.''''.''''_"_'.''"'' .. 'M' ... IUM'"IJ .... _ ... ,._. _____________ _ 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±25 mA 
±50 mA 
500 mW 

-65-+150 ·C 

Limits 

25"C -40-+SS·C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1. S 1.8 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /4A 
-0.1 -1.0 /4A 

0.5 5.0 

-0.5 -5.0 
/4A 

1.0 10.0 /4A 
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MITSUBISHI HIGH SPEED CMOS 

'I. I M74HCOSP/FP/DP 

HEX INVERTER WITH OPEN-DRAIN OUTPUTS 

SWITCHING CHARACTERISTICS (Vee = 5V, Ta=25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

hHL High-level to low-level output transition time 
RL = lkO 

10 
CL = 15pF (Note 3) 

t pLH Low-level to high-level and high-level to low-level RL=lkO, CL = 5pF (Note 3) 20 

t pHL output propagation time RL=lkO, CL=15pF(Note3) 14 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85·C) 

Limits 

Symbol Parameter Test conditions 25·C -40-+85·C 

VcC<V) Min Typ Max Min 

2.0 75 

hHL 

High-level to low-level 
4.5 15 

output transition time 
6.0 13 

RL ='lkO 
2.0 115 

t pLH Low-level to high-,Ievel and 
CL = 50pF (Note 3) 

4.5 23 

6.0 20 
high-level to low-level 

2.0 85 

t pHL output propagation time 4.5 17 

6.0 14 

C 1 Input capacitance 10 

Co Output capacitance A=GND 10 

C p [, Power dissipation capacitance (Note 2) 8 

Note 2 : Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per gate) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' VCC

2 • fl+lcc • Vee 

Note 3 Test Circuit 

INPUT Vee 

PG 1--+---1 OUT 

500 

TIMING DIAGRAM 

A 

y 

tTHL 

2-26 

OUTPUT Vee 

RL 

f' (l)The pulse generator (PG) has the following 
characteristics (100;6-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GNO 

VOL 

"" MITSUBISHI 
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Max 

95 

19 

16 

145 

29 

25 

105 

21 

18 

10 

10 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

pF 

pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC08P/FP/DP 

QUADRUPLE 2-INPUT POSITIVE AND GATE 

DESCRIPTION 
The M74HC08 is a semiconductor integrated circuit con
sisting of four 2-input positive-logic AND gates, usable as 
negative-logic OR gates. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES· 
• High-speed: 9.5ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 5tLW/package, max 

(Vcc=5V, Ta=25°C, quiescent state) 
• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vce=2-6V 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 

INPUTS { 

OUTPUT 

INPUTS { 

OUTPUT 

A1-+ 

81-+ 

Y1 -

A2-+ 

82-+ 

Y2-

GND 

14P4 
Outline 14P2N 

14P2P 

vee 

-A4 } 
INPUTS 

-84 

-+ Y4 OUTPUT 

-A3 } 
INPUTS 

- 83 

-+ Y3 OUTPUT 

Use of silicon gate technology allows the M74HC08 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS08. 

LOGIC DIAGRAM (EACH GATE) 

Buffered outputs Y improve input-to-output transfer charac
teristics and minimizes output impedance variations with 
respect to input voltage variations. 
When both inputs A and B are high, the output Y will be
come high, and when at least one of the inputs is low, Y will 
become low. 

FUNCTION TABLE 
Inputs Output 

A B Y 

L L L 

H L L 

L H L 

H H H 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+8S·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI <ov 
11K Input protection diode current 

VI> Vee 

vo< ov 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note I) 

Tstg Storage temperature range 

Note 1 M74HC08FP, T a = -40-+60·C and T a = 60-85·C are derated at -6mW It. 
M74HC08DP, Ta = -40-+50·C and Ta = 50 ..... 85·C are derated at -5mW/"C. 

• MITSUBISHI 
..... ELECTRIC 

Y OUTPUT 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 
±50 rnA 
500 rnW 

-65-+150 ·C 
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MITSUBISHI HIGH SPEED CMOS 

M74HC08P/FP/DP 

QUADRUPLE 2-INPUT POSITIVE AND GATE 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+8S0C) 

Symbol 
Limits 

Parameter 
Min Typ M,ax 

Vee Supply voltage 2 6 
V, Input voltage 0 Vee 
Va Output voltage 0 Vee 

Topr Operating temperature range -40 +85 
, I Vee=2.0V 0 1000 

tr. tf Input rlsetlme, falltlme I Vec= 4.5V 0 500 
I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 
( 

Symbol Parameter 

V'H High-level Input voltage 

V'L Low-level Input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

I'H High-level Input current 

IlL Low-level Input current 

Icc Quiescent supply current 

Test conditions 

VedV) 

Vo = O. IV. Vee-O.IV 
2.0 
4.5 

1101 = 20l-lA 

Vo=O.IV 

1101 = 20l-lA 

V,=VIH 

V, = V'H. V'l 

V,='6V 

V,=OV 

VI = Vee. GND, 

6.0 
2.0 
4.5 
6.0 

IOH= -20I-lA 2.0 
10H= -20pA 4.5 
10H= -20pA 6.0 
10H= -4.0mA 4.5 
10H= -5.2mA 6.0 
IOl = 20pA 2.0 
10l= 20pA ' 4.5 
IOl = 20pA 6.0 
10l = 4.0mA 4.5 
10l= 5.2mA 6.0 

6.0 
6.0 

lo=OpA 6.0 

• • MITSUBI$HI 
.... ELECTR.C " 

_ ... 

Unit 

V 

V 

V 

"C 

ns 

Limits 

25"C -40-+85"C Unit 

Min Typ Max Min Max 

1.5 1.5 
3.15 3.15 V 

4.2 4.2 
0.5 0.5 

1. 35 1.35 V 

1.8 1.8 
1.9 1.9 
4.4 4.4 
5.9 5.9 V 

4.18 4.13 
5.68 5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 
0.1 1.0 ~A 

-0.1 -1.0 ~A 

1.0 10.0 ~A 



MITSUBISHI HIGH SPEED CMOS 

M74HC08P/FP/DP 

QUADRUPLE 2-INPUT POSITIVE AND GATE 

SWITCHING CHARACTERISTICS (Vee = SV, T a = 2S'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = 15pF (Note 3) 

10 

t pLH Low-level to high-level and high-level to low-level 15 

t pHL output propagation time 20 

SWITCHING CHARACTERISTICS (Vee = 2-6V, Ta = -40-+8S'C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+85'C 

VcdV) Min Typ Max Min 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

CL = 50pF (Note3) 
6.0 13 

2.0 121 

t pLH Low-level to high-level and 4.5 24 

6,0 20 
high-level to low-level 

2,0 121 

t pHL output propagation time 4.5 24 

6.0 20 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 2) 40 

Note 2 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per gate) 
The power dissipation during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2
• fl+lce • Vec 

Note 3 Test Circuit 

INPUT 

PG I-----t---I 

500 

TIMING DIAGRAM 

A,B 

y 

Vce 

OUT 

GNO 

OUTPUT 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

• MITSUBISHI 
.... ELECTRIC . 
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MaX 

95 

19 

16 

95 

19 

16 

151 

30 

25 

151 

30 

25 

10 

Unit 

ns 
ns 
ns 
ns 

Unit 

ns 

ns 

ns 

ns 

pF 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HC09P/FP/DP 

QUAl)lfUPLE 2·INPUT POSITIVE AND GATE WITH OPEN·DRAIN OUTPUTS 

DESCRIPTION 
The M74HC09 is a semiconductor integrated circuit con
sisting of four 2-input· positive-logic AND gates usable as 
negative-logic OR gates, with open-drain outputs. 

FEATURES 
• Open-drain outputs 
• High-speed: 10ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 5,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 
• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a= -40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC09 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS09. 
Open-drain outputs allow a versatile selection of high out
put impedances by connecting external load resistors. This 
enables "AND ties" which are not possible using normal 
gates. 
When both inputs A and 8 are high, the output Y will be
come high, and when either A or 8 is low, Y will become 
low. 
Note that this IC differs from 74LS09 and a voltage higher 
than Vcc can not be applied to the outputs. 

FUNCTION TABLE 
Inputs Output 

A B y 

L L L 

H L L 

L H L 

H H H 

PIN CONFIGURATION (TOP' VIEW) 

.INPUTS I' 
81-

OUTPUT Y1-

INPUTS I 
82-

OUTPUT 

GND 

14P4 
Outline 14P2N 

14P2P 

Vee 

-A3 

f INPUTS 

OUTPUT 

f INPUTS 

OUTPUT 

* : Open-drain output 

LOGIC DIAGRAM (EACH GATE) 

Vee 

~VO~UT 
1 
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MITSUBISHI HIGH SPEED CMOS 

M74HC09P/FP/DP 

QUADRUPLE 2·INPUT POSITIVE AND GATE WITH OPEN·DRAIN OUTPUTS 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

'Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K 
VI < OV 

Input protection diode current 
VI> Vee 

10K 
Vo < OV 

Output parasitic diode current 
Vo > Vce 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 1) 

Tstg Storage temperature range 

Note 2 M74HC09FP, Ta = -40-+S0'C and Ta = SO-85'C are derated at -SmW/'C. 
M74HC09DP, T a = -40-+50'C and T a = 50-85'C are derated at -5mW/'C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

I Vee = 2.0V 0 1000 

t r• tf Input risetime, falltime I Vee=4.5V 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

10 Maximum output leakage current 

Icc Quiescent supply current 

Test conditions 

vedv) 

2.0 
Vo = o. lV, Vee-0.1V 

4.5 
1101 =20p.A 

6.0 

2.0 
Vo = O.1V 

4.5 
1101 = 20p.A 

6.0 

10L = 20p.A 2.0 

IOL = 20p.A 4.5 

VI = VIH, VIL 10L = 20p.A 6.0 

10L = 4.0mA 4.5 

10L = 5.2mA 6.0 

VI =6V 6.0 

VI=OV 6.0 

VI=VIH, Vo = Vee 6.0 

VI = VIH, Vo= GND 6.0 

VI = Vee, GND, 10=Op.A 6.0 

• . MITSUBISHI 
.... ELECTRIC 
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Unit 

V 

V 

V 

~C 

ns 

Min 

1.5 

3.15 

4.2 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 
±50 rnA 
500 rnW 

-65-+150 'c 

Limits 

25'C -40-+85'C Unit 

Typ Max Min. Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1. 35 V 

1.8 1.8 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 J-lA 

-0.1 -1.0 J-lA 

0.5 5.0 

-0.5 -5.0 
J-lA 

1.0 10.0 J-lA 
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MITSUBISHI HIGH ,PEED CMOS 

M74HC09P/FP/DP 

QUADRUPLE 2-INPUT POSITIVE AND GATE WITH OPEN-DRAIN OUTPUTS 

SWITCHING CHARACTERISTICS (Vee = 5V, Ta = 25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

hHL High-level to low-level output transition time 
RL = lkn 

10 
CL = lSpF (Note 3) 

t pLH Low-level to high-level and high-level to low-level RL = lkn, CL = SpF (Note 3) 18 

tpHL output propagation time RL=lkn, CL=15pF(Note3) 18 

SWITCHING CHARACTERISTICS (Vee = 2:"'6V, T a = -40-+S5'C) 

Limits 

Symbol Parameter Test conditions 2S'C -40-+8S'C 

Vee(V) Min Typ Max Min 

2.0 75 

hHL 
High-level to low-level 

4.5 15 
output transition time 

6.0 13 

RL = lkn 
2.0 105 

tpLH Low-level to high-level and 
CL = SOpF (Note 3) 

4.5 25 

6.0 23 
high-level to low-level 

2.0 100 

tpHL output propagation time 4.5 20 

6.0 17 

C, Input capacitance 10 

Co Output capacitance A, B = Vcc 10 

Cpo Power dissipation capacitance (Note 2) 10 

Note 2 : Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per gate) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2
• 1,+lee • Vee 

Note 3 : Test Circuit 

INPUT 

PG J---+----I 

50.0 

TIMING DIAGRAM 

A, B 

y 

2-32 

Vee 

OUT 

GN,P 

OUTPUT Vee 

RL 

f' (1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GNO 

'. . .MITSUBISHI 
..... ELECTRIC· 

Max 

95 

19 

16 

131 

31 

27 

125 

25 

21 

10 

10 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

pF 
pF 
pF 



DESCRIPTION 
The M74HC10 is a semiconductor integrated circuit con
sisting of three 3-input positive-logic NAND gates, usable 
as negative-logic NOR gates. 

FEATURES 
• High-speed: 10ns typo (CL=15pF, Vcc=5V) 
• Low power dissipation: 5.uW/package, max 

(Vcc=5V, T a=25°C, quiescent state) 
• High noise margin: 30% of Vcc, min (Vcc=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: T a=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC10 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS10. 
Buffered outputs Y improve input-to-output transfer charac
teristics and reduce to a minimium output impedance varia
tions with respect to input voltage variations. 
When all inputs A, 8 and C are high, the output Y will be
come low, and when at least one of the inputs is low, the 
output Y will become high. 

FUNCTION TABLE 
Inputs Output 

A N Y 

L L H 

H L H 

L H H 

H H L 

N= B'C 

~-~-- ----~ .... -.~ ... --~ .. -..... ~.~.~-.~.~.-.~--... -~ ..... _-

MITSUBISHI HIGH SPEED CMOS 

M74HC10P/FP/DP 

TRIPLE 3·INPUT POSITI'VE NAND GATE 

PIN CONFIGURATION (TOP VIEW) 

INPUTS f 
A1-+ 

B1 -+ 

A2-+ 

INPUTS B2-+ 

C2-+ 

OUTPUT Y2-

GND 

14P4 
Outline 14P2N 

14P2P 

Vee 

INPUT 

OUTPUT 

INPUTS 

-A3 

-+ Y3 OUTPUTS 

LOGIC DIAGRAM (EACH GATE) 

INPUTS ~~ ..... __ ~_ ... YOUTPUT 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85:C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

V, Input voltage 

Vo Output voltage 

',K Input protection diode current 
V, < OV 

V, > vee 

10K Output parasitic diode current 
vo< OV 

Vo > Vce 

10 Output current per output pin 

Icc Supply/GND current Vcc, GND 

Pd Power dissipation (Note 1) 

Tstg Storage temperature range 

Note 1 M74HC10FP, Ta = -40-+60'C and Ta = 60-85'C are derated at -6mW/'C. 
M74HC10DP, Ta = -40-+50'C and Ta = 50-85'C are derated at -5mW/'C. 

• MITSUBISHI 
.... ELECTRIC 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 
-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 
±50 rnA 
500 rnW 

-65-+150 ·c 
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MITSUBISHI HIGH SPEED CMOS 

M74HC10P/FP/DP 

TRIPLE 3.INPUT POSITIVE NAND GATE 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 1. 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 
I Vee = 2.0V 0 1000 

t r• tf Inputrlsetlme, falltlme I Vee =4.5V 0 500 

I Vee =6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level Input voltage 

V IL Low-level Input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

IIH High-level Input current 

IlL L.ow-Ievel Input current 

lee Quiescent pupply current 

2-34 

Test conditions 

vedv) 

Vo = O. lV. Vee-O. IV 
2.0 

1101 = 2O/iA 
4.5 
6.0 

Vo = Vee-O. lV 
2.0 

1101 = 20/iA 
4.5 
6.0 

10H= -20/iA 2.0 
10H = -20/iA 4.5 

VI = VIH. VIL IOH = -20/iA 6.0 
10H = -4.0mA 4.5 
10H = -5.2mA 6.0 
10L = 20/iA 2.0 
10L =20/iA 4.5 

VI=VIH 10L = 20/iA 6.0 
10L = 4.0mA 4.5 
10L = 5.2mA 6.0 

VI=6V 6.0 
VI=OV 6.0 
VI = Vee. GND. 10 = O,.,.A 6.0 

.' MITSUBISMI 
.... ELECTRIC 

Unit 

V 

V 

V 

'c 

ns 

Limits 

25'C -40-+85'C Unit 

Min Typ Max Min Max 

1.5 1.5 
3.15 3.15 V 

4.2 4.2 

0.5 0.5 
1. 35 1. 35 V 

1.8 1.8 
1.9 1.9 
4.4 4.4 

5.9 5~ 9 V 

4.18 4.13 
5.68 5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 

0.1 1.0 /.LA 

-0.1 -1.0 /.LA 

1.0 10.0 /.LA 



MITSUBISHI HIGH SPEED CMOS 

M74HC10P/FP/DP 

TRIPLE 3-INPUT POSITIVE NAND GATE 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

hLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = 15pF (Note"3) 

10 

t pLH Low-level to high-level and high-level to low-level 15 

t pHL output propagation time 15 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+S5'C) 

Limits 

Symbol Parameter Test conditions 25"(; -40-+S5'C 

vedv) Min Typ Max Min Max 

2.0 75 _ 95 

tTLH LOW-level to high-level and 4.5 15 19 

6.0 13 16 
high-level to low-level 

2.0 75 95 

tTHL output transition time 4.5 15 19 

CL = 50pF (Note 3) 
6.0 13 16 

2.0 95 120 

t pLH Low-level to high-level and 4.5 19 24 

6.0 16 20 
high-level to low-level 

2.0 95 120 

t pHL output propagation time 4.5 19 24 

6.0 16 20 

C. Input capacitance 10 10 

Cpo Power dissipation capacitance (Note 2) 36 

Note 2 Cpo is the internal capacitance of the IC per gate calculated from operation supply current under no-load conditions" (per gate) 
The power dissipatiod during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• f.+lee • Vee 

Note 3 Test Circuit 

INPUT 

PG t--+---i 

50n 

TIMING DIAGRAM 

A, e, C 

y 

Vee 

OUT 

OUTPUT 

(1) The pulse generator (PG) has the following 
characteristics (10%-90% j: tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GNO 

VOH 

• MITSUBISHI 
;"ELECTRIC 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HCllP/FP/DP 

TRIPLE 3.INPUT POSITIVE AND GATE 

DESCRIPTION 
The M74HC11 is a semiconductor integrated circuit con
sisting of three 3-input positive-logic AND gates, usable as 
negative-logic OR gates. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High-speed: 12ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 5,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 
• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

F.UNCTIONAL DESCRIPTION 

INPUTS I A1-

B1-

A2-

INPUTS B2-

C2-

Y2-

OUTPUT GND 

Vee 

INPUT 

OUTPUT 

INPUTS 

-A3 

-Y3 OUTPUT 

14P4 
Outline 14P2N 

14P2P 
Use of. silicon gate technology allows the M74HC11 to 
maintain the low ,power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS11. 

LOGIC DIAGRAM (EACH GATE) 

Buffered outputs Y improve input-to-output transfer charac
teristics and· minimizes output impedance variations with 
respect to input voltage variations. 

A 

When all inputs A, 8 and C are high, the output Y will be
come high, and when at least one of the inputs is low, Y will 
become low. 

INPUTS B 

C 

FUNCTION TABLE 
Inputs Output 

A N Y 

L L L 

H L L 

L H L 

H H H 

N= B·C 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless otherwise noted) 

Symbol 

Vee 

VI 

Vo 

11K 

10K 

10 

Icc 

Pd .--

Tstg 

Note 1 

2-36 

Parameter Conditions 

Supply voltage 

Input voltage 

Output voltage 

v l < ov 
Input protection diode current 

VI> vcc 

Vo < OV 
Output paraSitic diode current 

Vo > vcc 

Output current per output pin 

Supply/GND current Vec, GND 

Power dissipation (Note 1) 

Storage temperature range 

M74HC11FP, Ta = -40-+60·C and Ta = 60-85·C are derated at -6mW/"C. 
M74HC11DP, Ta = -40-+50·C and Ta = 50-85·C are derated at -5mW/"C. 

,. MITSUBISHI 
.,.. ELECTRIC 

Ratings 

-0.5-+7.0 

-0. 5-Vee+0. 5 

-0. 5-Vee+0. 5 

-20 

20 

-20 

20 

±25 

±50 

500 

-65-+150 

Unit 

V 

V 

V 

rnA 

rnA 

rnA 
rnA 
rnW 
·C 



MITSUBISHI HIGH SPEED CMOS 

M74HCllP/FP/DP 

TRIPLE 3-INPUT POSITIVE AND GATE 

RECOMMENDED OPERATING CONDITIONS (T a = -40~+85·C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage a Vee 

T oDr Operating temperature range -40 +85 

I Vee = 2.0V 0 1000 

tr, tf Input risetime, falltime I Vee = 4.5V a 500 

I Vee = 6.0V a 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

Icc Quiescent supply current 

Test conditions 

vedv) 

2. a 
Vo = O. IV, Vee-O. IV 

4.5 
1101 = 20J.1.A 

Vo= O.IV 

1101 =20J.1.A 

VI = VIH 

VI = VIH, VIL 

VI=6V 

VI=OV 

VI = Vee, GND, 

6. a 
2. a 
4.5 

6. a 
10H = -20J.1.,A 2. a 
10H = -20J.1.A 4.5 
10H = -20J.1.A 6.0 
10H = -4.0mA 4.5 
10H = -5.2mA 6. a 
10L = 20J.1.A 2. a 
10L = 20J.1.A 4.5 

10L = 20J.1.A 6. a 
10L = 4.0mA 4.5 
10L = 5.2mA 6.0 

6. a 
6. a 

10=OJ.1.A 6.0 

• MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

·C 

ns 

Limits 

25·C -40-+85·C Unit 

Min Typ Max Min Max 

1.5 1.5 

3.15 3.15 V 

4.2 4.2 

0.5 0.5 

1.35 1. 35 V 

1.8 1.8 

1.9 1.9 

4.4 4.4 

5.9 5.9 V 

4.18 4.13 

5.68 5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1, V 

0.26 0.33 

0.26 0.33 
0.1 1.0 /-lA 

-0.1 -1.0 /-lA 

1.0 10. a /-lA 
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MITSUBISHI HIGH SPEED CMOS 

M74HCllP/FP/DP 

TRIPLE 3.INPUT POSITIVE AND GATE 

SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25t) 

Symbol Parameter 
Limits 

Test conditions 
Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = 15pF (Note 3) 

10 
t pLH Low-level to high-level and high-level to low-level 20 
tpHL output propagation time 20 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, T a = -40-+S5t) 

Limits 

Symbol Parameter Test conditions 25"C -40-+S5"C 

VcC<V) Min Typ Max Min 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

hHL output transition time 4.5 15 

CL = 50pF (Note 3) 
6.0 13 

2.0 125 

tpLH Low-level to high-level and 4.5 25 

6.0 21 
high-level to low-level 

2.0 125 

tpHL output propagation time 4.5 25 

6.0 21 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 2) 34 

Note 2 Cpo is the internal capacitance of the IC calculated from operating supply current under no-load conditions. (per gate) 
The power dissipation during operation under no-load conditions is calculated using the following formula: 
Po= Cpo' VCC

2 
• fl+lcc • Vcc 

Note 3 Test Circuit 

INPUT 

PG t--+---f 

son 

TIMING DIAGRAM 

A, B, C 

y 

2-38 

Vcc 

OUT 

OUTPUT 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. ' 

Vcc 

GNO 

VOH 

VOL 

•. MITSUBISHI 
~ELECTRtC· 

Max 

95 

19 

16 

95 

19 

16 

156 

31 

27 

156 

31 

27 

10 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC14P/FP/DP 

HEX SCHMITT-TRIGGER INVERTER 

DESCRIPTION 
The M74HC14 is a semiconductor integrated circuit con
sisting of six Schmitt-trigger inverters. 

FEATURES 
• High-speed: 12ns typo (CL=15pF, Vcc=5V) 
• Wide hysteresis voltage width: 0.8V (Vcc=5V, typ) 

• Low power dissipation: 5,uW/package, max 
(Vcc=5V, Ta=25°C, quiescent state) 

• Capable of. driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC14 to 
mai.ntain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving, high-speed performance equivalent to the 
74LS14. 

PIN CONFIGURATION (TOP VIEW) 

INPUT A1-+ Vee 

OUtPUT Y1 +- INPUT 

INPUT A2-+ OUTPUT 

OUTPUT Y2+- INPUT 

INPUT A3-+ OUTPUT 

OUTPUT Y3+- +-A4 INPUT 

GND -+Y4 OUTPUT 

14P4 
Outline 14P2N 

14P2P 

LOGIC DIAGRAM 
(EACH SCHMITT-TRIGGER) 

Built~in Schinitt-trigger circuits prevent the occurrence of 
incorrect oscillations even when input signals having slow 
rise and fall times are applied. The Schmitt triggers ensure 
a signal of restored waveshape will appear at the output. 
When input A is high, the output Y will become low, and 
when input A is low, the output Y will become high. 

I~PUT A~Y OUTPUT 

FUNCTION TABLE 
Input Output 

A y 

L H 

H L 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85°C, unless otherwise noted) 

Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage -0.5-+7.0 V 

VI Input voltage -0. 5-Vee+0. 5 V 

Vo Output voltage -0. 5-Vee+0. 5 V 

11K Input protection diode current 
VI < OV -20 

VI> Vee 20 
rnA 

10K , Output parasitie diode current 
Vo < OV -20 

Vo> Vee 20 
rnA 

10 Output current per output pin +25 rnA 
Icc Supply/GND current Vee, GND +50 rnA 
Pd Power dissipation (Notel) 500 rnW 
Tstg Storage temperature range -65 +150 ·C 

Note 1 M74HC14FP, T a = -40-+60·C and Ta = 60-85·C are derated at -6mW/"C. 
M74HC14DP, Ta = -40-+50·C and Ta = 50-85·C are derated at -5mW/"C. 

".' . ". MITS.UB. ISH ........ I 
"ELECTRIC 
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MITSUBISHIHIGH SPEED CMOS 

M74HC14P/FP/DP 

HEX SCHMITT· TRIGGER INVERTER 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Symbol 
limits 

Parameter 
Min Typ Max 

Vee Supply voltage 2 6 
VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 
t r• tf Input rlsetlme, falltime No restriction 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VT+ Positive-going threshold voltage 

V T- Negative-going threshold voltage 

V H Hysteresis voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

Icc Quiescent supply current 

2-40 

Test conditions 

VcdV) 

2.0 
Vo=O.lV 

4.5 
1101 = 2011 A 

6.0 
2.0 

Vo = Vcc-O. lV 
4.5 

1101 = 20l1A 
6.0 
2.0 

Vo = O. lV, Vcc-O. lV 
4.5 

1101 = 20l1A 
6.0 

10H= -2011A 2.0 
10H = -2011A 4.5 

VI =Vr- 10H = -2011A 6.0 
IOH= -4.0mA 4.5 
10H = -5.2mA 6.0 
10L = 20l1A 2.0 
10L = 20l1A 4.5 

VI =Vr+ 10L = 20l1A 6.0 
10L = 4.0mA 4.5 
10L =S.2mA 6.0 

VI=6V 6.0 
VI=OV 6.0 
VI = Vee, GND, 10= OI1A 6.0 

." ','MI"'SUBISHI .... ,ELECTRIC . 

Unit 

V 

V 

V 

'c 
ns 

Limits 

25"(; -40-+85'C Unit 

Min Typ Max Min Max 

0.7 1.5 0.7 1.5 

1.55 3.15 1.55 3.15 V 

2.1 4.2 2.1 4.2 

0.3 1.0 0.3 1.0 
0.9 2.45 0.9 2.45 V 

1.2 3.2 1.2 3.2 
0.2 1.2 0.2 1.2 

0.4 2.1 0.4 2.1 V 

0.5 2.5 0.5 2.5 
1.9 1.9 
4.4 4.4 
5.9 5.9 V 

4.18 4.13 
5.68 5.63 

0.1 0.1 

0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 
0.1 1.0 J.lA 

-0.1 -1.0 J.lA 

1.0 10.0 J.lA 



MITSUBISHI HIGH SPEED CMOS 

M74HC14P/FP/DP 

HEX SCHMITT-TRIGGER INVERTER 

SWITCHING CHARACTERISTICS (Vee = SV, T a = 2S·C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tn .H Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = lSpF (Note 3) 

10 

tpLH Low-level to high-level and high-level to low-level ,22 

tpHL output propagation time 22 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+BS·C) 

limits 

Symbol Parameter Test conditions 2S"C -40-+S5"C 

vcdv) Min Typ Max Min 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

hHL output transition time 4.5 15 

CL = SOpF (Note 3) 
6.0 13 

2.0 .125 

t pLH Low-level to high-level and 4.5 25 

6.0 21 
high-level to low-level 

2.0 125 

tpHL output propagation time 4.5 25 

6.0 21 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 2) 29 

Note 2 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per inverter) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+lee • Vee 

Note 3 Test Circuit 

INPUT 

PG 1--~--1 

son 

TIMING DIAGRAM 

A 

y 

Vee 

OUT 

OUTPUT 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

'MITSUBISHI 
;"ELECTRIC 

Max 

95 

19 

16 

95 

19 

16 

156 

31 

26 

156 

31 

26 

10 

Unit 

ns 
ns 
ns 
ns 

Unit 

ns 

ns 

ns 

ns 

pF 

pF 
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DESCRIPTION 
The M74HC20 is a semiconductor integrated circuit con
sisting of two 4-input positive-logic NAND gates, usable as 
negative-logic NOR gates. 

FEATURES 
• High-speed: 8ns typo (CL=15pF, Vcc=5V) 
• Low power dissipation:5,uW/package, max 

(Vcc=5V, Ta=25°C, quiescent state) 
• High noise margin: 30% of Vcc, min (Vcc=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: T a=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC20 to 
maintain the low power dissipation and high noise. margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS20. 
Buffered output Y improve input-to-output transfer charac
teristics and reduce to a minimium output impedance varia
tions with respect to input voltage variations. 
When all inputs A, B, C and D are high, the output Y will 
become low, and when at least one of the inputs is low, the 
output Y will become high. 

FUNCTION TABLE 
Inputs Output 

A N y 

L L H 

H L H 

L H H 

H H L 

N = 8·C·0 

MITSUBISHI HIGH SPEED CMOS 

M74HC20P/FP/DP 

DUAL4-INPUT POSITIVE NAND GATE 

PIN CONFIGURA liON (TOP VIEW) 

{

A1-
INPUTS 

81-

NC 

\

C1-

INPUTS 
01-

OUTPUT Y1 +-

GNO 

14P4 
Outline 14P2N 

14P2P 

vee 

-Y2 OUTPUT 

NC : NO CONNECTION 

LOGIC DIAGRAM (EACH GATE) 

INPUTS Y OUTPUT 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol 

Vee 

VI 

Vo 

11K 

10K 

10 

Icc 

Pd 

Tstg 

Note 1 

2-42 

Parameter Conditions 

Supply voltage 

Input voltage 

Output voltage 

Input protection diode current 
Vl < OV 

VI> vcc 

Output parasitic diode current 
vo< OV 

Vo > Vcc 

Output current per output pin 

Supply/GND current Vcc, GND 

Power dissipation (Note 1) 

Storage temperature range 

M74HC20FP, Ta = -40-+60'C and Ta = 60-85'C are derated at -6mW/'C. 
M74HC200P, Ta = -40-+50'C and T a =50-85'C are derated at -5mW/'C . 

• . ·MITSUBISHI 
"ELECTRIC 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 
±50 rnA 
500 rnW 

-65-+150 'c 



MITSUBISHI HIGH SPEED CMOS 

M74HC20P/FP/DP 

DUAL 4-INPUT POSITIVE NAND GATE 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+S5·C) 

limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 . Vee 

Va Output voltage 0 Vee 

ToDr Operating temperature range -40 +85 
I Vee = 2.0V 0 1000 

tr. tf Input risetime, lalltime I Vee=4.SV 0 500 
1 Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level Input voltage 

V IL Low-level Input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

Icc Quiescent supply current 

Test conditions 

VedV) 

Vo = O. lV, Vee-O.1V 
2.0 

1101 =20f.,tA 
4.5 
6.0 
2.0 

Vo = Vee-O. lV 
4.5 

1101 =20f.,tA 
0.0 

10H = -20f.,tA 2.0 
10H = -20f.,tA 4.5 

VI = VIH, VIL 10H = -20f.,tA 6.0 
10H= -4.0mA 4.5 
IOH= -S.2mA 6.0 
10L = 20f.,tA 2.0 
10L = 20f.,tA 4.5 

VI = VIH IOL = 20f.,tA 6.0 
10L = 4.0mA 4.5 
10L = S.2mA 6.0 

VI=6V 6.0 
VI=OV 6.0 

VI = Vee, GND, lo=Of.,tA 6.0 

. •. MITSUBISHI 

.... ELECTRIC 

Unit 

V 

V 

V 

·C 

ns 

limits 

2S·C -40-+8S"C Unit 

Min Typ Max Min Max 

1.5 1.5 
3.15 3.15 V 

4.2 4.2 
0.5 0.5 

1. 35 1. 35 V 

1.8 1.8 
1.9 1.9 
4.4 4.4 
5.9 5.9 V 

4.18 4.13 
5.68 5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 

0.1 1.0 J.l.A 
-0.1 -1.0 J.l.A 

1.0 10.0 J.l.A 
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MITSUBISHI HIGH SPEED CMOS 

M74HC20P/FP/DP 

DUAL 4-INPUT POSITIVE NAND GATE 

SWITCHING CHARACTERISTICS (Vee=5V. Ta=25"C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = lSpF (Note 3) 

10 

t pLH Low-level to high-level and high-level to low-level 15 

t pHL output propagation time 15 

SWITCHING CHARACTERISTICS (Vee = 2-6V. Ta = -40-+8S"C) 

Limits 

Symbol Parameter Test conditions 2S'C -40-+8S'C 

Vcc(V) Min Typ Max Min Max 

2.0 75 95 

tTLH Low-level to high-level and 4.5 15 19 

6.0 13 16 
high-level to low-level 

2.0 75 95 

tTHL output transition ,time 4.5 15 19 

CL = SOpF (Note 3) 
6.0 13 16 

2.0 9p 113 

t pLH Low-level to high-level and 4.5 18 23 

6.0 15 19 
high-level to low-level 

2.0 90 113 

t pHL output propagation time 4.5 18 23 

6.0 15 19 

C 1 Input capacitance 10 10 

Cpo Power dissipation capacitance (Note 2) 34 

Note 2 : Cpo is the internal capacitance of the IC per gate calculated from operation supply current under no-load conditions. (per gate) 
The power dissipation during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee2

• fl+lee ' Vee 

Note 3 Test Circuit 

INPUT 

PG J----+----I 

500 

TIMING DIAGRAM 

A, B, C, D 

y 

2-44 

Vee 

DUT 

OUTPUT 

(1 ) The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns. tf =6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GND 

VOH 

• MITSUBISHI 
~ELECTRIC 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 
pF 



DESCRIPTION 
The M74HC21 is a semiconductor integrated circuit con
sisting of two 4-input positive-logic AND gates, usable as 
negative-logic OR gates. 

FEATURES 
• High-speed: 12ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 5,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 
• High noise marging: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wideoperating temperature range: Ta=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC21 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS locig 4000B ~eries 
while giving high-speed performance equivalent to the 
74LS21. 
Buffered outputs improve input-to-output transfer character
istics and minimizes output impedance variations with re
spect to input voltage variations. 
When all inputs A, B, C and D are high, the output Y will 
become high, and when at least one of the inputs is low, Y 
will become low. 

FUNCTION TABLE 
Inputs Output 

A N Y 

L L L 

H L L 

L H L 

H H H 

N = 8'C'0 

MITSUBISHI HIGH SPEED CMOS 

M74HC21P/FP/DP 

DUAL 4-INPUT POSITIVE AND GATE 

PIN CONFIGURATION (TOP VIEW) 

1 

A1 .... 
INP\JTS 

81-

Vee 

NC 

1 

C1 .... 4 
INPUTS 

01 .... 

OUTPUT Y1 +-

GNO 

14P4 
Outline 14P2N 

14P2P 

.... Y2 OUTPUT 

NC : NO CONNECTION 

• MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC27P/FP IDP 

,TRIPLE 3-INPUT POSITIVE NOR GATE 

DESCRIPTION 
The M74HC27 is a semiconductor integrated circuit con
sisting of three 3-input positive-logic NOR gates, usable as 
negative-logic NAND gates. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High-speed: 8ns typo (CL=1SpF, Vcc=SV) 
• Low power dissipation: S,uW/package, max 

(Vcc=SV, Ta=2S
o
C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.SV, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: Ta="';'40~+8SoC 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 

INPUTS 1 

INPUTS 

OUTPUT 

A1- Vcc 

B1-

A2-

B2-

C2-

Y2- +-A3 

GND -Y3 

14P4 
Outline 14P2N 

14P2P 
Use of silicon gate technology allows the M74HC27 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS27. 

LOGIC DIAGRAM (EACH GATE) 

Buffered outputs Y improve input-to-output transfer charac
teristics and reduce to a minimum output impedance varia
tions with respect to input voltage variations. 

A 

When all inputs A, Band C are low, the output Y will be
come high, and when at least one of the inputs is high, the 
output Y will become low. 

INPUTS B 

C 

FUNCTION TABLE 
Inputs Output 

A N Y 

L L H 

H L L 

L H L 

H H L 

N=B+C 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5·C, unless otherwise noted) 

Symbol 

Vee 

VI 

Vo 

11K 

10K 

10 

Icc 

Pd 
Tstg 

Note 1 

2-46 

Parameter Test conditions 

Supply voltage 

Input voltage 

Output voltage 

VI<OV 
Input protection diode current 

VI> Vee 

Vo< OV 
Output parasitic diode current 

Vo > Vee 

Output current per output pin 

Supply/GND current Vce, GND 

Power dissipation (Note 1) 

Storage temperature range 

M74HC27FP, Ta = -40-+60·C and Ta = 60-S5t are derated at -6mW/'C, 
M74HC27DP, Ta = -40-+50t and Ta = 50-S5·C are derated at -5mW/'C" 

• . MITSUBIS. HI 
"'ELECTRIC 

Ratings 

-0.5-+7.0 

-0. 5-Vee+0. 5 
-0. 5-Vee+0. 5 

-20 

20 
-20 

20 

±25 
±50 
500 

-65-+150 

INPUT 

OUTPUT 

INPUTS 

OUTPUT 

Y OUTPUT 

Unit 

V 
V 
V 

mA 

mA 

mA 
mA 
mW 
'C 



MITSUBISHI HIGH SPEED CMOS 

M74HC27P/FP/DP 

TRIPLE 3-INPUT POSITIVE NOR GATE 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85·C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

I Vee = 2.0V 0 1000 

t r• tf Input risetime, falltime I Vee = 4.5V 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

V IH High·level input voltage 

V IL Low·level input voltage 

VOH High·level output voltage 

VOL Low·level output voltage 

IIH High·level input current 

IlL Low·level input current 

Icc Quiescent supply current 

"""". __ ._. __ ._,., .. """,." .. "._ .. ,.", ... " ... " ... "" .. " ....... __ .. _,----

VedV) 

Vo= O. lV 
2.0 

1101 = 20/.l-A 
4.5 

6.0 

Vo = O. lV, Vee-O.1V 
2.0 

4.5 
1101 =20/.l-A 

VI=VIL 

VI 7= VIH• VIL 

VI =6V 

VI=OV 

VI = Vee, GND, 

6.0 

10H = -20/.l-A 2.0 

10H = -20/.l-A 4.5 

IOH = -20/-lA 6.0 

10H= -4.0mA 4.5 

10H= -5.2mA 6.0 

10L = 20/.l-A 2.0 

10L = 20/.l-A 4.5 

10L = 20/.l-A 6.0 

10L = 4.0mA 4.5 

10L = 5.2mA 6.0 

6.0 

6.0 

10=O/.l-A 6.0 

.• MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

·C 

ns 

Limits 

25·C -40-+85·C Unit 

Min Typ Max Min Max 

1.5 1.5 

3.15 3.15 V 

4.2 4.2 

0.5 0.5 

1.35 1. 35 V 

1.8 1.8 

1.9 1.9 

4.4 4.4 

5.9 5.9 V 

4.18 4.13 

5.68 5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /-lA 

-0.1 -1.0 /-lA 

1.0 10.0 /-lA 
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MITSUBISHI HIGH SPEED CMOS 

M74HC27P/FP/DP 

TRIPLE 3-INPUT POSITIVE NOR GATE 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = 1SpF (Note 3) 

10 

t pLH Low-level to high-level and high-level to low-level 15 

t pHL output propagation time 15 

SWITCHING CHARACTERISTICS (Vee =2-6V, Ta= -40-+8S'C) 

Limits 

Symbol Parameter Test conditions 2S'C -40-+8S'C 

VcC<V) Min Typ Max Min 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

CL = 50pF (Note 3) 
6.0 13 

2.0 90 

t pLH LOW-level to high-level and 4.5 18 

6.0 15 
high-level to low-level 

2.0 90 

'PHL output propagation time 4.5 18 

6.0 15 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 2) 34 

Note 2 : Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per gate) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+lee • Vee 

Note 3 : Test Circuit 

INPUT 

PG t--+---I 

50n 

TIMING DIAGRA,., 

A, e, C 

y 

2-48 

Vee 

OUT 

OUTPUT 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitanc~. 

Vee 

GNO 

.• • . M'TSUBISHI 
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Max 

95 

19 

16 

95 

19 

16 

113 

23 

19 

113 

23 

19 

10 

\ 

Unit 

ns 
ns 
ns 
ns 

Unit 

ns 

ns 

ns 

ns 

pF 

pF 



DESCRIPTION 
The M74HC30is a semiconductor integrated circuit con
sisting of an 8-input positive-logic NAN D gates, usable as 
negative-logic NOR gates. 

FEATURES 
• High-speed: 20ns typo (CL =15pF, Vee=5V) 
• Low power dissipation: 5,uW/package, max 

(Vee=5V, Ta=25'C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+85'C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC30 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS30. 
Buffered Y outputs improve input-to-output propagation 
characteristics and reduce output impedance variations 
with respect to input voltage variations. 
When all inputs A, B, C, D, E, F, G and H are high, the out
put Y will become low, and when at least one of the inputs 
is high, the output Y will become high. 

LOGIC DIAGRAM 
A 

B 

'C 

0 

INPUTS 

E 

F 

G 

H 

MITSUBISHI HIGH SPEED CMOS 

M74HC30P/FP/DP 

a-INPUT POSITIVE NAND GATE 

PIN CONFIGURATION (TOP VIEW) 

INPUTS 

14P4 
Outline 14P2N 

14P2P 

OUTPUT 

NC : NO CONNECTION 

FUNCTION TABLE 
Inputs Output 

A N Y 

L L H 
H L H 
L H H 
H H L 

N=B·C·D·E·F·G·H 

Y OUTPUT 

• MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC30P/FP/DP 

a-INPUT POSITIVE NAND GATE 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply vottage 

VI Input voltage 

Vo Output voltage 

11K 
VI < OV 

Input protection diode current 
VI> Vee 

10K Output parasitic di&1e current 
Vo< OV 

Vo > Vce 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd . Power dissipation (Notel) 

Tstg Storage temperature range 

Note 1 M74HC30FP, T a= ~40-+60'C and T a = 60-85'C are derated at -6mW/'C 
M74HC30DP, T a = -40-+50'C and T a == 50-85'C are derated at -5mW/'C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Toor Operating temperature range -40 +85 

Vce = 2.0V 0 1000 

t r, tf Input risetime, falltime Vee=4.5V 0 500 

Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL LOW-level input current 

Icc Quiescent supply current 

2~50 

Test condition 

vedv) 

2.0 
Vo = O. IV, Vee-O. IV 

4.5 
1101 = 20/.1 A 

6.0 

2.0 
Vo = Vee-O. IV 

4.5 
1101 = 20/.1 A 

6.0 

10H = -20/.1A 2.0 

10H = -20/.1A 4.5 

VI = VIH, VIL 10H = -20/.1A 6.0 

10H = -4.0mA 4.5 

10H = -5.2mA 6.0 

tOL = 20/.1A 2.0 

tOL = 20/.1A 4.5 

VI = VIH tOL = 20/.1A 6.0 

10L = 4.0mA 4.5 

10L = 5.2mA 6.0 

VI = 6V 6.0 

VI = OV 6.0 

VI = Vee, GND, 10= 0/.1 A 6.0 

• 'MITSUBISHI 
.... El.ECTRIC ' 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 
±50 rnA 
500 rnW 

-65-+150 ·c 

Unit 

V 

V 

V 

·c 

ns 

Limits 

25'C -40-+85'C Unit 

Min Typ Max Min Max 

1.5 1.5 

3.15 3.15 V 

4.2 4.2 

0.5 0.5 

1.35 1. 35 V 

1.8 1.8 

1.9 1.9 

4.4 4.4 

5.9 5.9 V 

4.18 4.13 

5.68 5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 f.J.A 
-0.1 -1.0 f.J.A' 

1.0 10.0 f.J.A 



MITSUBISHI HIGH SPEED CMOS 

M74HC30P/FP/DP 

a-INPUT POSITIVE NAND GATE 

SWITCHING CHARACTERISTICS (Vee';" 5V, T a = 25"C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = 15pF (Note 3) 

10 

t pLH Low-level to high-level and high-level to low-level 30 

t pHL output propagation time 30 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85"C) 

Limits 

Symbol Parameter Test conditions 25"C -40-+85"C 

VeC<V) Min Typ Max Min 

2.0 75 

IrLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

CL = 50pF (Note 3) 
6.0 13 

2.0 160 

t pLH Low-level to high-level and 4.5 35 

6.0 30 
high-level to low-level 

2.0 160 

t pHL output propagation time 4.5 35 

6.0 30 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 2) 33 

Note 2 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per gate) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po=Cpo ' Vce

2 
• f1+lee • Vee 

Note 3 Test Circuit 

INPUT 

PG t--~---I 

50n 

TIMING DIAGRAM 

A-H· 

y 

Vee 

OUT 

GNO 

OUTPUT 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

'------- GNO 

IpLH 

• MITSUBISHI 
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Max 

95 

19 

16 

95 

19 

16 

190 

42 

36 

190 

42 

36 

10 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HC32P/FP/DP 

QUADRUPLE 2-INPUT POSITIVE OR GATE 

DESCRIPTION 
The M74HC32 is a semiconductor integrated circuit con
sisting of four 2-input positive-logic OR gates, usable as 
negative-logic AND gates. 

FEATURES 
• High-speed: 10ns typo (CL =1SpF, Vcc=SV) 
• Low power dissipation: S,uW/package, max 

(Vcc=5V, Ta=2SoC, quiescent state) 

• High noise margin: 30% of Vee, min (Vcc=4.SV, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: T a= -40-+SSoC 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC32 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS32. 
Buffered outputs Y improve input-to-output transfer charac
teristics and reduce to a minimum output impedance varia
tions with respect to input voltage variations. 

PIN CONFIGURATION (TOP V~EW) 

INPUTS 1 
A1-+ Vee 

61-+ 
f INPUTS 

OUTPUT Y1-

INPUTS 1 
A2-+ OUTPUT 

62-+ 
f INPUTS 

OUTPUT Y2-

GND OUTPUT 

14P4 
Outline 14P2N 

14P2P 

LOGIC DIAGRAM (EACH GATE) 

When both inputs A and 8 are low, output Y will become 
low, and when at least one of the inputs is high, the output 
Y will become high. 

Y OUTPUT 

FUNCTION TABLE 
Inputs Output 

A B Y 

L 'L L 

H L H 

L H H 

H H H 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless otherwise noted) 

Symbol 

Vee 

VI 

Va 

11K 

10K 

10 

Icc 

Pd 

Tstg 

'Note 1 

Parameter Conditions 

Supply voltage 

Input voltage 

Output voltage 

VI < OV 
Input protection diode current 

VI> Vee 

Vo< ov 
Output parasitic diode current 

Vo > Vee 

Output current per output pin 

Supply/GND current Vee, GND 

Power dissipation (Note 1) 

Storage temperature range 

M74HC32FP,'Ta = -40-+60·C and Ta = 60",,85·C are derated at -6mWtC. 
M74HC32DP, T a = -40-+50~C and T a = 50-85·C are derated at -5mWtC . 

• . MITSUBISHI 
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Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 
mA 

20 

-20 

20 
mA 

±25 mA 
±50 mA 

500 mW 
-65-+150 ,·C 



MITSUBISHI HIGH SPEED CMOS 

M74HC32P/FP/DP 

QUADRUPLE 2-INPUT POSITIVE OR GATE 

RECOMME~DED OPERATING CONDITIONS (Ta = -40-+8S"C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

I Vee = 2.0V 0 1000 

t r• tf Input risetime, falltime I Vee = 4.SV 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

V6H High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level Input current 

Icc Quiescent supply current 

Test conditions 

vcdv) 

Vo = Vcc-O. lV 
2.0 

1101 = 20.uA 
4.5 

6.0 

Vo = O. lV, Vcc-O.1V 
2.0 

1101 = 20p.A 
4.5 

6.0 

10H = -20p.A 2.0 

10H = -20.uA 4.5 

VI = VIH, VIL 10H = -20.uA 6.0 

10H = -4.0mA 4.5 

10H = -S.2mA 6.0 

10L = 20.uA 2.0 

10L = 20.uA 4.5 

VI = VIL 10L = 20.uA 6.0 

10L= 4.0mA 4.5 

10L = S.2mA 6.0 

VI=6V 6.0 

VI=OV 6.0 

VI = Vee, GND, 10=O.uA 6.0 

• MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

"9 

ns 

limits 

25"C -40-+85"C Unit 

Min Typ Max Min Max 

1.5 1.5 

3.15 3.15 V 

4.2 4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 1.9 

4.4 4.4 

5.9 5.9 V 

4.18 4.13 

5.68 5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 p.A 

-0.1 -1.0 p.A 

1.0 10.0 p.A 
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MITSUBISHI HIGH SPEED CM~S 

M74HC32P/FP/DP 

QUADRUPLE 2·INPUT POSITIVE OR GATE 

SWITCHING CHARACTERISTICS (Vee =5V, Ta =25·C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

hLH LOiN-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = 1SpF (Note 3) 

10 

t pLH Low-level to high-level and high-level to low-level 18 

fpHL output propagation time 18 

. SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85·C) 

limits 

Symbol Parameter Test conditions 2S·C -40-+8St 

Vec(V) Min Typ Max Min 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6. a 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

CL = 50pF (Note 3) 
6. a 13 

2. a 100 

tpLH Low-level to high-level and 4.5 20 

6.0 17 
high-level to low-level 

2. a 100 

tpHL output propagation time 4.5 20 

6. a 17 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 2) 30 

Note 2 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per gate) 
The power dissipation during operation under no-load conditions is calculated using the following formula: I 

Po = Cpo· Vee
2 

., fl+lee • Vee' I 

Note 3 Test Circuit 

INPUT Vee 

PG t----<t----I OUT 

500 
GNO 

TIMING DIAGRAM 

A,B 

y 

2-54 

OUTPUT 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GNO 

tTHL 

90% V OH 

50% 
10% 

VOL 

• MITSUBISHI 
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Max 

95 

19 

16 

95 

19 

16 

125 

25 

21 

125 

25 

21 

10 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 

pF 



DESCRIPTION 
The M74HC42 is a semiconductor integrated circuit con
sisting of a BCD to decimal decoder. 

FEATURES 
• Active-low output 
• High-speed: 17ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25'C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 107 4LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a= -:-40-+85'C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC42 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS42. 
When a BCD code is applied to inputs AO, A1, A2 and A3, 
one of outputs YO through Y9 corresponding to this value 
will become low lilnd all others will become high. Use AO for 
the least significant bit and A3 for the most significant bit. If 

LOGIC 
DIAGRAM 

INPUTS 

r-. 0----

A2. 

A3 

MITSUBISHI HIGH SPEED CMOS 

M74HC42P/FP/DP 

I-OF -10 DECODER 

PIN CONFIGURATION (TOP VIEW) 

OUTPUTS ~+-

GND 

16P4 
Outline 16P2N 

16P2P 

Vee 

a value of ten or greater is applied to the inputs (AO through 
A3), all outputs will become high. 

Y4 

OUTPUTS 

va 

Y9 
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MITSUBISHI HIGH SPEED CMOS 

M74HC42P/FP/DP 

I-OF -10 DECODER 

FUNCTION TABLE 
Decimal Inputs Outputs 

number A3 A2 A1 AO YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 YB Y9 

0 L L ·L L L H H H H H H H H H 

1 L L L H H L H H H H H H H H 
2 L L H L H H L H H H H H H H 

3 L L H H H H H L H H H H H H 

4 L H L L H H H H L H H H H H 

5 L H L H H H H H H L H H H H 

6 L H H L H H H H H H L H H H 

7 L H H H H H H H H H H L H H 

8 H L L L H H H H H H H H L H 

9 H L L H H H H H H H H H H L 

10 H L H L H H H H H H H H H H 

11 H L H H H H H H H H H H H H 

12 H H L L H H H H H H H H H H 

13 H H L H H H H H H H H H H H 

14 H H H L H H H H H H H H H H 
15 H H H H H H H H H H H H H H' 

ABSOLUTE MAXIMUM RATINGS (T a = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vee 

Vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note 1) 

Ts~ Storage temperature range 

Note 1 M74HC42FP, Ta = -40-+70'C and Ta = 70-85'C are derated at -6mW/"C. 
M74HC42DP, Ta = -40-+50'C and Ta = 50-85'C are derated at -5mW/'C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Operating temperature range 

I Vee = 2.0V 

t r• tf Input risetime, falltime I Vee = 4.5V 

I V~e = 6.0V 

2-56 

Limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 
-40 +85 

0 1000 

0 500 

0 400 

• . MITSUBISHI 
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Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vec+O. 5 V 

-0. 5-Vec+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±25 mA 

±50 mA 

500 mW 

-65-+150 'c 

Unit 

V 

V 

V 

'c 

ns 



MITSUBISHI HICH SPEED CMOS 

M74HC42P/FP/DP 

ELECTRICAL CHARACTERISTICS 
Limits 

Symbol Parameter Test conditions 25"C 

vedv) Min Typ Max 

Vo = O. lV, Vee-O.1V 
2.0 1.5 

V ,H High-level Input voltage 
1101 = 20J.lA 

4.5 3.15 

6.0 4.2 

Vo = O. lV, Vcc-O.1V 
2.0 0.5 

V ,L Low-level Input voltage 
1101 =20J.lA 

4.5 1.35 

6.0 1.8 

10H = -20J.lA 2.0 1.9 

10H = -20J.lA 4.5 4.4 

V OH High-level output voltage V, = V,H, V,L 10H = -20J.lA 6.0 5.9 

10H = -4.0mA 4.5 4.18 

10H= -S.2mA 6.0 5.68 

10L = 20J.lA 2.0 0.1 
10L = 20J.lA 4.5 0.1 

VOL Low-level output voltage V, = V,H, V,L 10L = 20J.lA 6.0 0.1 
10L = 4.0mA 4.5 0.26 

10L = S.2mA 6.0 0.26 

I'H High-level input current V,=6V 6.0 0.1 

I'L Low-level Input current V,=OV 6.0 -0.1 

Icc Quiescent supply current V, = Vee, GND, 10= OJ.lA 6.0 4.0 

SWITCHING CHARACTERISTICS (Vee = 5V, Ta = 25'C) 

Symbol Parameter Test conditions 
Min 

tTLH Low-level to high-level and high-level to low-level 

tTHL output transition time 
CL = lSpF (Note 3) 

t pLH Low-level to high-level and high-level to low-level 

t pHL output propagation time 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 2S'C 

vedv) Min- Typ Max 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

CL = 50pF (Note 3) 
6.0 13 

2.0 150 

t pLH Low-level to high-level and 4.5 30 

6.0 26 
high-level to low-level 

2.0 150 
t pHL output propagation time 4.5 30 

6.0 26 

C , Input capacitance 10 

Cpo Power dissipation capacitance (Note 2) 86 

Note 2 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· Vee

2 • f,+lee • Vee 

• . MITSUBISHI 
.... ELECTRIC 

1-0F-l0 DECODER 

-40-+8S"C Unit 

Min Max 

1.5 

3.15 V 

4.2 

0.5 

1.35 V 

1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 

0.1 

0.1 V 

0.33 

0.33 

1.0 /-LA 
-1.0 /-LA 

40.0 /-LA 

Limits 
Unit 

Typ Max 

10 ns 

10 ns 

25 ns 

25 ns 

-40-+85'C Unit 

Min Max 

95 

19 ns 

16 

95 

19 ns 

16 

189 

38 ns 

32 

189 

38 ns 

32 

10 pF 

pF 
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Note 3 : Test Circuit 

,. 
t 

INPUT 

PG 1---+----1 

500 

TIMING DIAGRAM 

A 

y 

(
OUT -OF-PHASE) 
OUTPUT 

y 
(IN-PHASE OUTPUT) --__ ...... _,J 

2-58 

Vee 

OUT 

MITSUBISHI HIGH SPEED CMOS 

M74HC42P/FP/DP 

OUTPUT. 

50% 

(1) The pulse generator (PG) has the follOWing 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe Input capacitance. 

Vee 

~----------~ GNO 

.... ------ VOH 
90% 

50% 

VOL 

. • ... MITSUB.ISH. I 

..... ELECTRIC 

1-0F-l0 DECODER 



MITSUBISHI HIGH SPEED CMOS 

M74HCS1P/FP/DP 

2-WIDE,2-INPUT/2-WIDE,3-INPUT AND-OR-INVERT GATES 

DESCRIPTION 
The M74HC51 is a semiconductor integrated circuit consist
ing of a 2-wide, 2-input/2-wide, 3-input ANO-OR-INVERT 
gate. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High speed: 9ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 5,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC51 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS51. 
The M74HC51 consists of two NOR gate, one using two 2-
inputs AND gates for the input and the other using two 3-
input AND gates for the input. The characteristics are d~
scribed by the following logical equations. 

Y1 = A 1 • B1 • C1 • 01 • E1 • F1 

Y2 = A2 • 82 + C2 • 02 

LOGIC DIAGRAM 

INPUTS 

OUTPUT 

14P4 
Outline 14P2N 

14P2P 

FUNCTION TABLE (Note 1 ) 

Inputs 

M N 

L L 

H L 

L H 

H H 

Note 1 M=A1· B1 • C1 
N =01 • E1 • F1 
or 
M=A2· B2 
N =C2· 02 

Output 

Y 

H 

L 

L 

L 

Vee 

------------------®--I 

. INPUTS 

B1 

C1 

E1 

02 5r-----~ ~----~ 

L _____________ -&-_~ 
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GNO 

INPUTS 

OUTPUT 

OUTPUTS 
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MITSUBISHI HIGH SPEED CMOS 

M74HCS1P/FP/DP 

2-W'IDE,2,;,INPUT/2-WIDE,3 .. INPUT AND-OR-INVERT GATES 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+SS'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage, 

VI Input voltage 

Vo Output voltage 

11K Input protection diode current 
VI < OV 

VI> Vee 

10K Output parasitic diode current 
Vo < OV 

Vo > Vee 

10 Output current, per output pin 

lee Supply/GND current Vee, GND 

Pd Power dissipation (Note 2 ) 

Tstg Storage temperature range 

Note 2. M74HC51 FP, T a = -40-+60'C and T a = 60-SS'C are derated at -6mW I'C, 
M74HC51DP, Ta = -40-+50'C and Ta = SO-SS'C are derated at -5mWI'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+SS'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

Vee = 2.0V 0 1000 

tr. tf Input rlsetlme, falltlme Vee=4.SV 0 500 

Vee = S.OV 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

VeC<V) 

2.0 

V IH High-level Input voltage 
Vo = O. lV, vee-O. IV 

4.5 
1101 = 20,uA 

6.0 

2.0 

VI"- Low-level input voltage 
Vo = O.lV, Vee-O. lV 

4.5 
1101 = 20,uA 

6.0 

10H = -20,uA 2.0 

10H = -20,uA 4.5 

V OH High-level output voltage VI = VIH, VIL 10H = -20,uA 6.0 

10H = -4.0mA 4.5 

10H = -S.2mA 6.0 

10L = 20,uA 2.0 

10L = 20,uA 4.5 

VOL Low-level output voltage VI = VIH, VIL 10L = 20,uA 6.0 

10L = 4.0mA 4.5 

10L = S.2mA 6. a 
IIH \ High-level Input current VI=SV 6. a 
IlL Low-level Input current VI=OV 6. a 
lee Quiescent supply current VI = Vee, . GND, 10=O,uA 6.0 

2-60 " MITSUBISHI 
i'& ELECTRIC 

Unit 

V 

V 

V 

·C 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±25 mA 
±50 mA 
500 mW 

-65-+150 ·c 

Limits 

2S'C -40-+8S'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1. a f.lA 
-0.1 -1.0 f.lA 

1.0 10.0 f.lA 



MITSUBISHI HIGH SPEED CMOS 

M74HCS1P/FP/DP 

2.WIDE,2·INPUT / 2·WIDE,3·INPUT AND·OR·INVERT GATES 

SWITCHING CHARACTERISTICS (Vcc = 5V, T a = 25t) 

limits 
Symbol Parameter Test conditions 

Min Typ Max 

tn .H low-level to high-level and high-level to low-level 10 

hHL output transition time 
CL = 15pF (Note 4) 

10 

t pLH low-level to high-level and high-level to low-level 20 

t pHL output propagation time 20 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, T a = -40-+85"C) 

Limits 

Symbol Parameter Test conditions 25"C -40-+85"C 

vcdv) Min Typ Max Min 

2.0 75 

hLH low-level-to high-level and 4,5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

CL = 50pF (Note 4) 
6.0 13 

2.0 125 

t pLH Low-level to high-level and 4.5 25 

6.0 21 
high-level to low-level 

2.0 125 

t pHL output propagation time 4.5 25 

6.0 21 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 35 

Note 3 : Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per gate) 
The power dissipated during operation under no-load condition.s is calculated using the following formula: 
Po = Cpo' VCC

2 
• fl+lcc • Vcc 

Note 4 Test Circuit 

INPUT 

PG 1---+--1 

50n 

TIMING DIAGRAM 

A1-F1, A2-02 

Y1, Y2 

Vcc 

OUT 

GNO 

OUTPUT 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vcc 

'------- GNO 

• MITSUBISHI 
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Max 

95 

19 

16 

95 

19 

16 

158 

32 

27 

158 

32 

27 

10 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 

pF 
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DESCRIPTION 
The M74HC73 is' a semiconductor integrated circuit con
sisting of two negative-edge triggered J-K flip flops with in
dependent control inputs. 

FEATURES 
• High-speed: 50MHz clock frequency typo 

(CL=15pF, Vee=5V) 

• Low 'power dissipation: 10,uW/package, max 
(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTI0N 
Use of silicon gate technology allows the M74HC73 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS73. 
The M74HC73 contains two edge-triggered J-K flip flops, 
each circuit with independent clock input CK, direct reset 
input RD, and both inputs J and K. 
When CK is high, the J and K signals can be read. When 
CK changes from high-level to low-level, the signals just 

LOGIC DIAGRAM (EACH FLIP FLOP) 

CLOCKI::U~ 

INPUTS{ K 

J O------I-.J 

CP 

DIRECT RESET INPUT 

MITSUBISHI HIGH SPEED CMOS 

M74HC73P/FP/DP 

DUAL, J·K FLIP-FLOP WITH RE'SET 

PIN CONFIGURATION (TOP VIEW) 

CLOCK INPUT CK1 -

DIRECT RESET INPUT R;; 1 -

INPUT K1-

Vee 

CLOCK INPUT CK2 -

DIRECT RESET INPUT R;;2-

INPUT J2-

14P4 
Outline 14P2N 

14P2P 

GND 

-02 

-02 

INPUT 

} OUTPUTS 

INPUT 

}O~TPUTS 

previousy input at J and K appear at outputs Q and Q in 
accordance with the function table given. When RD is low, 
Q and Q will become low and high respectively, irrespec
tive of other inputs. When used as a J-K flip flop, RD should 
be maintained at high-level. 
A unit, the M74HC107, having the same functions and elec
trical characteristics as the M74HC73 is also available. 
This offers easy mounting with pins 7 and 14 being GND 
and Vee respectively. 

CP 
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MITSUBISHI HIGH SPEED CMOS 

M74HC73P/FP/DP 

DUAL I-K FLIP-FLOP WITH RESET 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

RD CK J K a a 
L x X X L H 

H ~ L L 0° 0° 
H ~ L H L H 

H ~ H L H L 

H ~ H H Toggle 

H L X X 0° 0° 
H H X X 0° 0° 
H t X X 0° 0° 

Note1: Change from low to high 
: Change from high to low 

X : Irrelevant 
0 0 : Output state Q before clock input changed 
(50 : Output state a before clock input changed 
Toggle: Inversion state before clock input changed 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI<OV 
11K Input protection diode current 

VI> Vee 

Vo< OV 
10K Output parasitic diode current 

Va> Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tst9_ Storage temperature range 

Note 2 M74HC73FP, Ta = -40-+S0'C and Ta = 60-85'C are derated at -SmW/"C. 
M74HC73DP, T a = -40-+50'C and T a = 50-85t are derated at -5mW/"C. 

• . MITSUBISHI 
;"'ELECTRIC 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 
±50 rnA 
500 rnW 

-65-+150 'c 
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MITSUBISHI HIGH SPEED CMOS 

M74HC73P/FP/DP 

DUAL J-K FLIP~FLOP WITH RESET 

RECOMMENDED OPERATING . CONDITIONS (T a = -40~+85'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vcc Supply voltage 2 6 

V, Input voltage 0 Vee 

Va Output voltage 0 Vee 

Toor Operating temperature range -40 +85 
I Vee = 2.0V 0 1000 

tr. tf Input risetime, falltime . I Vee=4.SV 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V'H High-level input voltage 

V'L Low-level input voltage 

V OH High-level output voltage 

VOL LOW-level output voltage 

I'H High-level Input current 

·I'L Low-level input current 

Icc Quiescent supply current 

2-64 

Test conditions 

Vcdv) 

Vo = O. IV, Vee-O.IV 
2.0 

1101 = 20pA 
4.5 
6.0 

Vo = O. IV, Vee-O.IV 
2.0 

1101 =20pA 
4.5 
6.0 

10H = -20f.l.A 2.0 
10H = -20pA 4.5 

V, = V'H, V'L IOH = ~20f.l.A 6.0 
IOH = -4.0mA 4.5 
10H= -S.2mA 6.0 
IOL = 20f.l.A 2.0 
IOL = 20pA 4.5 

V, = V'H, V'L IOL = 20f.l.A 6.0 
IOL = 4.0mA 4.5 
IOL = S.2mA 6.0 

V,=6V 6.0 
V,=OV 6.0 
V, = Vee, GND, lo=Of.l.A 6.0 

• MITSUBISHI _ 
"'ELECTRIC 

Unit. 

V 

V 

V 
·C 

ns 
\ 

Limits 

25'C -40-+8S'C Unit 

Min Typ Max Min Max 

.1. 5 1.5 
3.15 3.15 V 

4.2 4.2 
0.5 0.5 

1.35 1. 35 V 

1.8 1.8 

1.9 1.9 
4.4 4.4 
5.9 5.9 V 

4.18 4.13 
5.68 5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 
0.1 1.0 /-LA 

-0.1 -1.0 /-LA 

2.0 20.0 /-LA 



MITSUBISHI HIGH SPEED CMOS 

M74HC73P/FP/DP 

DUAL J-K FLIP·FLOP WITH RESET 

SWITCHING CHARACTERISTICS (Vcc = 5V, T a = 25·C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

fmax Maximum clock frequency 30 

hLH Low-level to high-level and high-level to low-level 10 

hHL output transition time 10 

t pLH Low-level to high-level and high-level to low-level CL = 15pF (Note 4) 28 

tpHL output propagation time (CK - Q, 0) 28 

t pLH Low-level to high-level and high-level to low-level 34 

tpHL output propagation time CRr; - Q, 0) 34 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, T a = -40-+85·C) 

Limits 

Symbol Parameter Test conditions 25°C -40-+85·C 

vcciv) Min Typ Max Min Max 

2.0 5 4 

fmax Maximum clock frequency 4.5 27 21 

6.0 31 24 

2.0 75 95 

hLH Low-level to high-level and 4.5 15 19 

6.0 13 16 
high-level to low-level 

2.0 75 95 

hHL output transition time 4.5 15 19 

6.0 13 16 

2.0 160 195 

t pLH Low-level to high-level and CL = 50pF (Note 4) 4.5 32 39 

high-level to low-level 6.0 28 34 

output propagation time 2.0 160 195 

t pHL (CK- Q, 0) 4.5 32 39 

6.0 28 34 

2.0 195 235 

t pLH Low-level to high-level and 4.5 39 47 

high-level to low-level 6.0 34 40 

output propagation time 2.0 195 235 

t pHL eRr; - Q, 0) 4.5 39 47 

6.0 34 40 

C 1 Input capacitance 10 10 

Cpo Power dissipation capacitance (Note 3) 52 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per flip flop) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· VCC

2
• fl+lcc • Vcc . 

TIMING. REQUIREMENTS (Vcc = 2-6V, T a = -40-+85·C) 

Symbol Parameter 

tw CK, Ro pulse width 

tsu 
J, K setup time with 

-
respect to CK 

th 
J, K hold time with 

respect to CK 

-

tree 
Ro recovery time with 

respect to CK 

Test conditions 

vcciV) 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

• MITSUBISHI 
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Limits 

25'C -40-+85°C 

Min Typ Max Min Max 

80 101 

16 20 

14 17 

100 125 

20 25 

17 21 

0 0 

0 0 

0 0 

100 125 

20 25 

17 21 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 
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, I 

Note 4 : Test Circuit 

INPUT Vee 

DUT 

TIMING DIAGRAM 

trec tw 

Q 

J, K 

J, K 

tsu th 

CK 

2-66 

OUTPUT 

MITSUBISHI HIGH SPEED CMOS 

M74HC73P/FP/DP 

DUAL J.K FLIP.;FLOP WITH RESET 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL · includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

~----GND 

Vee 

~------~~----------GND 

Vee 

GND 

Vee 

GND 

Vee 

GND 
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MITSUBISHI HIGH SPEED CMOS 

M74HC74P/FP/DP 

DUAL D-TYPE FLIP-FLOP WITH SET AND RESET 

DESCRIPTION 
The M7 4HC7 4 is a semiconductor integrated circuit con
sisting of two positive-edge triggered D-type flip flops with 
independent clock, data, and direct set and reset inputs. 

FEATURES 
• High-speed: (clock frequency)40MHz typo 

(CL=15pF, Vee=5V) 

• Low power dissipation: 10.uW/package, max 
(vec=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vec=2-6V 
• Wide operating temperature range: T a=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC74 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS74. 
The M74HC74 contains two independent D-type flip flops 
with independent clock input CK, direct set input So and 

direct reset input RD. 
When used as a D-type flip flop, So and Ro should be 
maintained at high-level. When CK changes from low-level 
to high-level, the signals just previously input present at D 

LOGIC DIAGRAM (EACH FLIP FLOP) 

~~~~~UT ~o-----------------------------~~ 

DATA INPUT 0 

PIN CONFIGURATION (TOP VIEW) 

DIRECT R01-+ RESET INPUT 

DATA INPUT 01-+ 

CLOCK INPUT CK1-+ 

DIRECT S01-+ SET INPUT 

OUTPUTS 1 
01 +-

01 +-

GND 

14P4 
Outline 14P2N 

14P2P 

Vee 

-+ 02 

DIRECT 
RESET INPUT 

DATA INPUT 

CLOCK INPUT 

DIRECT 
SET INPUT 

I OUTPUTS 

appears at outputs Q and Q in accordance with the function 
table given. 
Use of So and Ro permits direct R-S flip flop operation. 

- -
When So and Ro are low, Q and Q will both become high. 
When So and Ro simultaneously become high , the condi
tion of Q and Q cannot be predetermined. 

?~~&f CKo-------+-------------------~--------__e OUT
PUTS 

DIRECT _ 
RESET Roo------------------------------e-a 
INPUT 
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MITSUBISHI HIGH SPEED CMOS 

M74HC74P/FP/DP 

DUAL D. TYPE FLIP.FLOP WITH SET AND RESET 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

So Ro CK 0 Q Q 

L H X X H L 
H L X X L H 

L L X X H* H* 

H H L X QO QO 

H H t H H L 

H H t L L H 

H H H X QO QO 

H H ~ X QO QO 

Note 1 x: Irrelevant 
t : Change from low to high 
~ : Change from high to low 

QO : Output state Q before clock input changed 
00 

: Output state Q before clock input changed 
* : When So and Ro are low, Q and O.will become both high. When So 

and Ro simultaneously become high the condition of Q and 0 cannot 
be predetermined. 

AE;lSOLUTE MAXIMUM RATINGS (T a = -40-+85"C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI< OV 
11K Input protection diode current 

VI> vce 

vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissiPation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC74FP, T a = -40-+60"<: and Ta = 6O-85"C are derated at -6mW/"C. 

2-68 

M74HC74DP, Ta = -40-+50"<: and T a = 50-85"<: are derated at -5mW/"C. 
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Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

. ±25 mA 
±50 mA 
500 mW 

-65-+150 ·C 



MITSUBISHI HIGH SPEED CMOS 

M74HC74P/FP/DP 

DUAL D-TYPE FLIP-FLOP WITH SET AND RESET 

RECOMMENDED OPERATING CONDITIONS (T8 = -40-+85'C) 

Symbol Parameter 
Limits 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vcc 

Topr Operating temperature range -40 +85 
I Vee = 2.0V 0 1000 

t r• tf Input risetime. falltime I Vee=4.5V 0 500 
I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

Icc Quiescent supply current 

Test conditions 

vedV) 

Vo = O. lV, Vee-O. lV 
2.0 

1101 =20/-iA 
4.5 
6.0 
2.0 

Vo = O.lV, Vee-O.1V 
4.5 

1101 =20/-iA 
6.0 

10H = -20/-iA 2.0 
10H =-20/-iA 4.5 

VI = VIH, VIL 10H = -20/-iA 6.0 
10H = -4.0mA 4.5 
10H= -5.2mA 6.0 
10L = 20/-iA 2.0 
10L = 20/-iA 4.5 

VI = VIH, VIL 10L = 20/-iA 6.0 
10L = 4.0mA 4.5 
10L = 5.2mA 6.0 

VI =6V 6.0 
VI=OV 6.0 

VI = Vec. GND, 10=O/-iA 6.0 

. • MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

·c 

ns 

limits 

25'C -40-+85'C Unit 

Min Typ Max Min Max 

1.5 1.5 
3.15 3.15 V 

4.2 4.2 
0.5 0.5 

1.35 1.35 V 

1.8 1.8 
1.9 1.9 
4.4 4.4 
5.9 5.9 V 

4.18 4.13 
5.68 5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 
0.1 1.0 /-lA 

-0.1 -1.0 /-lA 

2.0 20.0 /-lA 
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MITSUBISHI HIGH SPEED CMOS 

M74HC74P/FP/DP 

DUAL D-TYPE FLIP.FLOP WITH SET AND RESET 

SWITCHING CHARACTERISTICS (Vee = SV, Ta = 2S'C) 

Symbol 
Limits 

Parameter Test conditions 
Min Typ Max 

fmax Maximum clock frequency 30 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 10 

tpLH Low-level to high-level and high-level to low-level CL = lSpF (Note 4) 30 

tpHL output propagation time (CK - Q, 0) 30 

tpLH Low-level to high-level and high-level to low-level 40 

tpHL output propagation time (So, Flo - Q, 0) 40 

SWITCHING CHARACTERISTICS (Vee = 2-6V, Ta = -40-+SS'C) 

Limits 

Symbol Parameter Test conditions 2S'C -40-+8S"C 

VcC(V) Min Typ Max Min 

2.0 5 4 

fmax Maximum clock frequency 4.5 27 21 

6.0 32 25 

2.0 7S 

tTLH Low-level to high-level and 4.S 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

6.0 13 

2.0 175 

tpLH Low-level to high-level and CL = SOpF (Note 4) 4.5 35 

high-level to low-level 6.0 30 

output propagation time 2.0 175 

tpHL (CK-Q,O) 4.5 35 

6.0 30 

2.0 230 

tpLH Low-level to high-level and 4.5 46 

high-level to low-level 6.0 39 

output propagation time 2.0 230 

tpHL (So, Flo - Q, 0) 4.5 46 

6.0 39 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 47 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-Ioadconditions.(per flip-flop) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo, • Vee

2 
• fl+lee • Vee 

Note 4 Test Circuit 

INPUT 

PG t---+---I 

son 

2-70 

Vee 

OUT 

OUTPUT 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

• MITSUBISHI 
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Max 

95 

19 

16 

95 

19 

16 

220 

44 

37 

220 

44 

37 

290 

58 

49 

290 

58 

49 

10 

Unit 

MHz 

ns 

' ns 

ns 

ns 

ns 

ns 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC74P/FP/DP 

DUAL D-TYPE FLIP-FLOP WITH SET AND RESET 

TIMING REQUIREMENTS (Vee = 2-6V, T a = -40-+85"C) 

limits 

Symbol Parameter Test conditions 25t -40-+85"C Unit 

VcdV) Min Typ Max Min Max 

2.0 80 101 

tw CK, So, Ro pulse width 4.5 16 20 ns 

6.0 14 17 
2.0 100 126 

tsu 
o setup time with 

4.5 20 25 ns 
respect to CK 

6.0 17 21 
2.0 0 0 

o hold time with 
th 4.5 0 0 ns 

respect to CK 
6.0 0 0 

Ro, So recovery time with 
2.0 5 5 

tree 4.5 5 5 ns 
respect to CK 

6.0 5 5 

TIMING DIAGRAM tw 

Vee 

CK 

GND 
tsu th 

Vee 

0 

GND 

VOH 

Q 

tTLH 
VOL 

VOH 

Q 

VOL 
tTHL 

tw tw 

Vee Vee 

So Ro 

GND GND 

Vee Vee 

CK 

GND GND 

VOH VOH 

Q Q 

VOL VOL 

VOH VOH 

Q Q 

VOL VOL 
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DESCRIPTION 
The M74HC75 is a semiconductor integrated circuit con
sistinQ of four bistable latches with outputs Q and Q. 

FEATURES 
• High-speed: 14ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 10JLW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
.• Capable of driving 10 74LSTTL loads 

• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC75 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
.74LS75. 
The use of buffered outputs Q and Q improves the input to 
output transfer characteristics and minimizes output impe
dance variations with respect to input voltage variations. 
The M74HC75 has four D-type latches, and is provided with 
latch enable inputs LE common to two circuits each. When 
LE is high, the data from the data input 0 will appear in the 
outputs Q and Q. When the 0 signal changes, the signal 
that appears in outputs Q and Q also will change. When LE 
changes from high to low, the status of 0 immediately be
fore the change will be latched. While LE is low, Q and Q 
will not change even if 0 changes. 
A unit, the M74HC375 having the same functions and elec-

LOGIC DIAGRAM (EACH LATCH) 

DATA INPUT D 

LATCH ENABLE LE 
INPUT 

LE 

MITSUBISHI HIGH SPEED CMOS 

M74HC75P/FP/DP . 

. DUAL 2-BIT TRANSPARENT LATCH 

PIN' CONFIGURATION (TOP VIEW) 

OUTPUT aOa +-

1
ooa ..... 

DATA INPUTS 
01a ..... 

~~3~ ENABLE LEb ..... 

Vee 

j
OOb ..... 

DATA INPUTS 
. 01b ..... 

OUTPUT a1 b +-

16P4 
Outline 16P2N 

16P2P 

OUTPUTS 

LATCH ENABLE 
INPUT 

OUTPUTS 

trical characteristics as the M74HC75 is also available. This 
offers easy mounting with pin 8 and 16 being GND and Vee 
respectively. 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

LE D 0 0 
H H H L 

H L L H 
L X 0° "QO 

Note 1 aD, CO : Output state a, Q before input condition is set 
X : Irrelevant 

: ) OUTPUTS 
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MITSUBISHI HIGH SPEED CMOS 

M74HC7SP/FP/DP 

DUAL 2-BIT TRANSPARENT LATCH 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

V, Input voltage 

Vo Output voltage 

v, < ov 
"K Input protection diode current 

V, > Vee 

Vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 M74HC75FP, Ta = -40-+70·C and Ta = 70-S5·C are derated at -6mW/"C. 
M74HC75DP, T a = -40-+50·C and T a = 50-S5·C are derated at -5mW/"C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+S5·C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

V, Input voltage 0 Vee 

Vo Output voltage 0 Vee 

TQPr Operating temperature range -40 +85 

Vee = 2. OV 0 1000 

tr, tf Input risetime, lalltime Vee=4.5V 0 500 

Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V'H High-level input voltage 

V'L Low-level input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

"H High-level input current 

"L Low-level input current 

Icc Quiescent supply current 

Test conditions 

Vedv) 

Vo = O. lV, Vee-O.1V 
2.0 

1101 =20/lA 
4.5 

6.0 

Vo = O. lV, Vee-O. lV 
2.0 

1101 =20/lA 
4.5 

6.0 

10H = -20/lA 2.0 

10H = -20/lA 4.5 

V, = V'H, V'L 10H = -20/lA 6.0 

10H = -4.0mA 4.5 

10H = -5.2mA 6.0 

10L = 20/lA 2.0 

10L = 20/lA 4.5 

V, = V'H, V'L 10L = 20/lA 6.0 

10L = 4.0mA 4.5 

10L = 5.2mA 6.0 

V,=6V 6.0 

V,=OV 6.0 

V,= Vee, GND, 10= D/lA 6.0 

• .MITSUBISHI 
i'fAELECTRIC 

Unit 

V 

V 

V 
·C 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vec+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±25 mA 
±50 mA 
500 mW 

-65-+150 ·C 

Limits 

25·C -40-+S5"C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /.LA 

-0.1 -1.0 /.LA 

2.0 20.0 /.LA 
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MITSUBISHI HIGH SPEED CMOS 

M74HC7SP/FP/DP 

DUAL 2·BIT TRANSPARENT LATCH 

SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25"C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 
tTHL output transition time 10 

tpLH LOW-level to high-level and high-level to low-level 23 

tpHL output propagation tlm·e (0 - 0) 23 
t pLH Low-level to high-level and high-level to low-level 

CL = lSpF (Note 4) 
20 

tpHL output propagation time (0 - 0) 20 
tp·LH Low-level to high-level and high-level to low-level 27 
t pHL output propagation time (LE - 0) 27 
t pLH Low-level to high. level and high-level to low-level 23 

tpHL output propagation time (LE - 0) 23 

SWITCHING CHARACTERISTICS (Vec = 2-6V, Ta = -40-+S5"C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+BS'C 

tTLH 

tTHL 

t pLH 

tpHL 

t pLH 

t pHL 

t pLH 

tpHL 

t pLH 

t pHL 

C, 

Cpo 

Note 3 

2-74 

Vcc<V) Min Typ Max Min 

2.0 75 
Low-level to high-level and 4.5 15· 

6.0 13 
high-level to low-level 

2.0 -75 
output transition time 4.5 15 

6.0 13 
2.0 125 

Low-level to high-level and 4.5 25 
high-level to low-level 6.0 21 
output propagation time 2.0 125 
(0-0) 4.5 25 

6.0 21 
2.0 110 

Low-level to high-level and 4.5 22 
high-level to low-level 

CL = SOpF (Note 4) 
6.0 19 

output propagation time 2.0 110 
(0-0) 4.5 22 

6.0 19 
2.0 145 

Low-level to high-level and 4.5 29 
high-level to low-level 6.0 25 
output propagation time 2.0 145 
(LE-O) 4.5 29 

6.0 25 
2.0 125 

Low-level to high-level and I 4.5 25 
high-level to low-level 6.0 22 
output propagation time 2.0 125 
(LE-O) 4.5 25 

-6.0 22 
Input capacitance 10 
Power di.ssipation capacitance (Note 3) 46 

CPO is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per latch) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' VCC

2 
• f,+lcc • Vcc 

'MITSUBISHI 
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Max 

95 
19 
16 
95 
19 
16 

156 
32 
27 

156 
32 
27 

138 
28 
24 

138 
28 
24 

181 
36 
31 

181 
36 
31 

156 
31 
28 

156 
31 
28 
10 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC7SP/FP/DP 

DUAL 2·BIT TRANSPARENT LATCH 

TIMING REQUIREMENT (Vee = 2-6V, T a = -40-+S5"C) 

Symbol Parameter 

-
tw LE pulse width 

tsu 
D setup time with 

-
respect to LE 

D hold time with 
th 

respect to LE 

Note 4 Test Circuit 

INPUT Vee 

PG '--+---1 DUT 

50n 

TIMING DIAGRAM 

D 

Limits 

Test conditions 2S"C 

OUTPUT 

Vee 

vedv) Min Typ Max 

2.0 ao 
4.5 16 

6.0 14 

2.0 100 

4.5 20 
6.0 17 
2.0 5 
4.5 5 
6.0 5 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf ~ 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

LE 

'------GND 

Q 

D 50% 

LE 50% 

... _"._-_ ... _ ...... _-----_._ .. _----_.- ------

Q 

Q 

Vee 

GND 

Vee 

GND 
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-40-+8S"C Unit 

Min Max 

100 

20 ns 

la 
125 

25 ns 

21 
5 

5 ns 

5 

~---- Vee 

GND 
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MITSUBISHI HIGH SPEED CMOS 

M74HC76P/FP/DP 

DUAL J-K FLIP-FLOP WITH SET AND RESET 

DESCRIPTION 
The M74HC76 is a semiconductor integrated circuit con
sisting of two negative-edge triggered J-K flip flops with in
dependent control inputs. 

FEATURES 
• High-speed: 50MHz clock frequency typo 

(CL =15pF, Vee=5V) 

• low power dissipation: 10,uW/package, max 
(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 1Q74lSTTlioads 
• Wide operating voltage range: Vee=2.,.....6V 
• Wide operating temperature range: Ta=-40 ...... +85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC76 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74lS76. 
The M74HC76 contains two edge-triggered J-K flip flops, 
each circuit with independent clock inpuf'CK, direct set in
put So and direct reset input Ro, and both inputs J and K. 
When CK is high, the J and K signals can be read. When 
CK changes from high-level to low-level, the signals just 
previously input at J and K appear at outputs Q andQ in 

LOGIC DIAGRAM (EACH FLIP FLOP) 

CP CP 
CLOCK INPUT ~ ~ t ~ t 
CK~ 

INPUTS{ J 

K o-------1-.J 

DIRECT RESET INPUT 

Ro 

DIRECT SET INPUT 

So 

PIN CONFIGURATION (TOP VIEW) 

CLOCK INPUT CK1 -+ L.!..t.:::I-F=::::;:-----1 

~~~~~~UT So 1 -+ 

~~~~~~NPUT Ro 1 -+ 

INPUT J1 -+ 

Vee 

CLOCK INPUT CK2-+ 

~~~EI~~UT So2 -+ 

~~~~~~NPUT Ro2 -+ 

16P4 
Outline 16P2N 

16P2P 

INPUT 

[OUTPUTS 

GND 

INPUT 

[OUTPUTS 

- J2 INPUT 

accordance with the function table given. Use of So and Ro 
permits direct R-S flip flop operation. When So and Ro are 
low, Q and Q will both become high but when So and Ro 
simultaneously become high, the condition of Q and Q can
not be predetermined. When used as a J-K flip flop, So 
and Ro should be maintained at high-level. 
A unit, the M74HC112, having the same functions and elec
trical characteristics as the M74HC76 is also avaiable. This 
offers easy mounting with pin 8 and 16 being GND and Vee 
respectively. 

: IOUTPUTS 
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MITSUBISHI HIGH SPEED CMOS 

M74HC76P/FP/DP 

DUAL J·K FLIP.FLOP WITH SET AND RESET 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

So Ro CK J K a a 
L H X X X H L 

H L X X X L H 

L L X X X H* H* 
H H ~ L L aD aD 
H H ~ L H L H 

H H ~ H L H L 

H H • H H Toggle 

H H L X X aD aD 
H H H X X aD aD 
H H t X X aD aD 

Note 1 ; Change from low to high 
; Change from high to low 

X ; Irrelevant 
00 ; Output state a before clock input changed 
aD ; Output state a before clock Input changed 
Toggle; Inversion state before clock input changed 
* ; When So and Flo are low, a and a becomes high. When So and Flo become high 

simultaneously the condition of a and a cannot be prodetermined. 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < ov 
11K Input protection diode current 

VI> vcc 

Va< OV 
10K Output parasitic diode current 

Va> Vcc 

10 Output current per output pin 

Icc SupplylGND current Vcc, GND 

Pd Power dissipation (Nate 2) 

Tstg Storage temperature range 

Note 2 M74HC76FP, Ta = -40-+70'C and Ta = 70-85'C are derated at -6mW/"C. 
M74HC76DP, Ta = -40-+50'C and Ta = 50-85"C are derated at -5mW/"C. 

• MITSUBISHI 
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Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 
-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 
±50 mA 
500 rnW 

-65-+150 'c 
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MITSUBISHI HIGH SPEED CMOS 

M74HC76P/FP/DP 

DUAL J-K FLIP-FLOP WITH SET AND RESET 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 2 6 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Tcmr Operating temperature range -40 +85 DC 

I Vee = 2.0V 0 1000 

t r• tf Input rlsetlme. falltlme I Vee = 4.SV 0 500 ns 
I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vedv) Min 

Vo = O. IV, Vee-O.IV 
2.0 1.5 

V IH High-level Input voltage 
1101 = 20J.lA 

4.5 3.15 

6.0 4.2 

Vo=O.IV, Vee-O.IV 
2.0 

V IL Low-level Input voltage 
1101 =20J.lA 

4.5 

6.0 

10H = -20J.lA 2.0 1.9 

10H = -20J.lA 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -20J.lA 6.0 5.9 

10H= -4.0mA 4.5 4.18 

10H= -S.2mA 6.0 5.68 

10L = 2OJ.lA 2.0 

10L= 20p.A 4.5 

VOL Low-level output voltage VI = VIH, VIL 10L = 20J.lA 6.0 

10L = 4.0mA 4.5 

10L = S.2mA 6.0 

IIH High-level Input current VI =6V 6.0 

IlL Low-level Input current VI=OV 6.0 

Icc Quiescent supply current VI = Vec, GND, 10=OJ.lA 6.0 

SWITCHING CHARACTERISTICS· (Vee = 5V, Ta = 25"C) 

Symbol Parameter Test conditions 

fmax 
tTLH 

tTHL 

tpLH 

tpHL 

t pLH 

tpHL 

tpLH 

tpHL 

2-78 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and.hlgh-Ievel to low-level 

output propagation time (CK - Q, 0) 
Low-level to high-level and high-level to low-level 

output propagation time (Ro - Q, 0) 
Low-level to high-level and high-level to low-level 

output propagation time (So - c, 0) 

CL = ISpF (Note4) 

• MITSUBISHI 
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limits 

2S"C -40-+85"C Unit 

Typ Max Min 'Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 J.lA 

-0.1 -1.0 J.lA 

2.0 20.0 J.lA 

limits 

Ty~ 
Unit 

Min Max 

30 MHz 

10 ns 
10 ns 
26 ns 
26 ns 

. 33 ns 
33 ns 
33 ns 
33 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC76P/FP/DP 

DUAL J-K FLIP-FLOP WITH SET AND RESET 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85·C) 

Limits 

Symbol Parameter Test conditions 2St -40-+8S·C 

Vec<V) Min Typ Max Min Max 

2.0 5 4 

fmax Maximum clock frequency 4.5 27 21 

6.0 31 24 

2.0 75 95 

tTLH Low-level to high-level and 4.5 15 19 

6.0 13 16 
high-level to low-level 

2.0 75 95 

tTHL output transition time 4.5 15 19 

6.0 13 16 

2.0 150 180 

t pLH Low-level to high-level and 4.5 30 36 

high-level to low-level 6.0 26 32 

output propagation time 2.0 150 180 

tpHL (CK- Q, 0) CL = SOpF (Note 4) 4.5 30 36 

6.0 26 32 

2.0 190 230 

tpLH Low-level to high-level and 4.5 38 46 

high-level to low-level 6.0 33 40 

output propagation time 2.0 190 230 

t pHL (Ro- Q, 0) 4.5 38 46 

6.0 33 40 

2.0 190 230 

t pLH Low-level to high-level and 4.5 38 46 

high-level to low-level 6.0 33 40 

output propagation time 2.0 190 230 

t pHL (So - Q, 0) 4.5 38 46 

6.0 33 40 

C 1 Input capacitance 10 10 

Cpo Power dissipation capacitance (Note 3) 56 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per flip flop) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2
• fl+lee ' Vee 

TIMING REQUIREMENTS (Vee = 2-6V. Ta = -40-+85"<:) 

Symbol Parameter 

tw CK. So. Ro pulse width 

tsu 
J. K setup time with 

-
respect to CK 

th 
J. K hold time with 

respect to CK 

Ro. So recovery time with 
tree 

respect to CK 

Test conditions 

VeC<V) 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

• . MITSUBISHI 
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limits 

2St -40-+85t 

Min Typ Max Min Max 

80 101 

16 20 

14 17 

100 125 

20 25 

17 21 

0 0 

0 0 

0 0 

100 125 

20 25 

17 21 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

' pF 

Unit 

ns 

ns 

ns 

ns 
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Note 4 : Test Circuit 

INPUT Vee 

PG t------1----I OUT 

50n 

TIMING DIAGRAM 

tree 

a, Q 

Q, a 

J, K 

J, K 

2-80 

OUTPUT 

MITSUBISHI HIGH SPEED CMOS 

M74HC76P/FP/DP 

DUAL J-K FLIP-FLOP WITH SET AND RESET 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr =6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GNO 

Vee 

GNO 

Vee 

GNO 

Vee 

GNO 

Vee 

GNO 

VOH 

VOL 

VOH 

VOL 
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DESCRIPTION 
The M74HC85 is a semiconductor intergrated circuit con
sisting of a 4-bit digital comparator. 

FEATURES 
• High-speed: 21ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, T a=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+85'C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC85 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS85. 

When two 4-bit binary A and B are applied to comparison 
inputs AO- A3, BO- B3, and cascade input A= Bin is high, 
the values will be compared and the appropriate output A> 
Bout, A= Bout or A < Bout will become high. Cascade inputs 

MITSUBISHI HIGH SPEED CMOS 

M74HC85P/FP/DP 

4-BIT MAGNITUDE COMPARATOR 

PIN CONFIGURATION (TOP VIEW) 

CASCADE 
INPUTS A= Bin --+ 

A>Bin --+ 

OUTPUTS A=Bout +-

A<Bout-,... 

GND 

16P4 
Outline 16P2N 

16P2P 

Vee 

+- BO 

COMPARISON 
INPUTS 

A>Bin, A=Bin and A<Bin can be connected in cascade to 
increase the number of bits. (Refer to Application Example) 

LOGIC DIAGRAM ~ ________ O_U __ TP,-U_TS ________ ~ 

I-
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

l_ 

A>Bout A<Bout Vee 
5 --------- 7------- -~ 

COMPARISON INPUTS 

• MITSUBISHI 
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A<Bin A=Bin A>Bin GND 

'---------v---
CASCADE INPUTS 

I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
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MITSUBISHI HIGH SPEED CMOS 

M74HC_SP/FP/DP 

4-BIT MAGNITUDE COMPARATOR 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

A3, B3 A2, B2 A1, B1 AO, BO A>Bin A<Bln A=Bin A>Bout A<Bout A=Bout 

A3>B3 X X X X X X H L L 

A3<B3 X X X X X X L H L 

A3=B3 A2>B2 X X X X X H L L 

A3=B3 A2<B2 X X X X X L H L 

A3=B3 A2=B2 A1>B1 X X X X H L L 

A3=B3 A2-=B2 A1<B1 X X X X L H L 

A3=B3 A2=B2 A1=B1 AO>BO X X X H L L 

A3=B3 A2=B2 A1=B1 AO<BO X X X L H L 

A3=B3 A2=B2 A1=B1 AO=BO H L L H L L 

A3=B3 A2=B2 A1=B1 AO=BO L H L L H L 

A3=B3 A2=B2 A1=B1 AO=BO X X H L L H 

A3=B3 A2=B2 A1=B1 AO=BO H H L L L L 

A3=B3 A2=B2 A1=B1 AO=BO L L L H H L 

Note 1 X : Irrelevant 

ABSOLUTE MAXIMU_M RATINGS (T a = -40-+85'C, unless otherwise noted) , 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K 
VI < OV 

Input protection diode current 
VI> vcc 

vo< OV 
10K Output parasitic diode current 

Vo > Vcc 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

TS19 Storage temperature range 

Note 2 : M74HC85FP, Ta = -40-+70'<:: and Ta = 70-85'C are derated at -6mW/'C, 
M74HC85DP, Ta = -40-+50'C and Ta = 50-85'C are derated at -5mW/'C. 

2-82 • . MITSUBISltl 
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Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vde+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±25 mA 

±50 mA 

500 mW 

-65-+150 'c 



MITSUBISHI HIGH SPEED CMOS 

M74HC8SP/FP/DP 

4 .. BIT MAGNITUDE COMPARATOR 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85·C) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 2 6 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Topr Operating temperature range -40 +85 ·C 

I Vee = 2.0V 0 1000 
t r , tf Input rise time, fall time I Vee=4.SV 0 500 ns 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 
Limits 

Symbol Parameter Test conditions 2S·C -40-+8S·C Unit 

vedv) Min Typ Max Min Max 

2.0 1.5 1.5 

V IH High-level input voltage 
Vo = O. lV, Vee-O. IV 

4.5 3.15 3.15 V 
1101 =20j1.A 

6.0 4.2 4.2 

2.0 0.5 0.5 

V IL Low-level input voltage 
Vo = O. lV, Vee-O. lV 

4.5 1. 35 1.35 V 
1101 = 20j1.A 

6.0 1.8 1.8 

10H = -20j1.A 2.0 1.9 1.9 
10H = -20j1.A 4.5 4.4 4.4 

V OH High-level output voltage VI =, VIH' VIL 10H = -20j1.A 6.0 5.9 5.9 V 

10H= -4.0mA 4.5 4.18 4.13 
10H = -S.2mA 6.0 5.68 5.63 
10L = 20j1.A 2.0 0.1 0.1 
10L = 20j1.A 4.5 0.1 0.1 

VOL Low-level output voltage VI = VIH' VIL 10L = 20j1.A 6.0 0.1 0.1 V 

10L = 4.0mA 4.5 0.26 0.33 

10L =S.2mA 6.0 0.26 0.33 

IIH High-level input current VI=6V 6.0 0.1 1.0 fJ.A 

IlL Low-level input current VI=OV 6.0 -0.1 -1.0 fJ.A 

Icc Quiescent supply current VI = Vee, GND, 10=Dj1.A 6.0 4.0 40.0 fJ.A 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25·C) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 ns 
tTHL output transition time 10 ns 
tpLH Low-level to high-level and high-level to low-level 40 ns 
tpHL output propagation time (A, B - A > Bout, A < Bout) 40 ns 
t pLH Low-level to high-level and high-level to low-level 35 ns 
t pHL output propagation time (A, B - A = Bout) 

CL = ISpF (Note 4) 
35 ns 

tpLH Low-level to high-level and high-level to low-level 30 ns 
tpHL output propagation time (A < Bin, A = Bin - A > Bout) 30 ns 
t pLH Low-level to high-level and high-level to low-level 30 ns 
t pHL output propagation time (A > Bin, A = Bin - A < Bout) 30 ns 
t pLH Low-level to high-level an~ high-level to low-level 25 ns 
tpHL output propagation time (A = Bin - A = Bout) 25 ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HC8SP/FP/DP 

4·BIT MAGNITUDE COMPARATOR 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

limits 

Symbol Parameter Test conditions 25"C 

vcdv) Min Typ Max 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

6.0 13 

2.0 230 

tpLH Low-level to high-level and 4.5 46 

high-level to low-level 6.0 39 

output propagation time 2.0 230 

tpHL (A, B - A > Bout, A < Bout) 4.5 46 

6.0 39 

2.0 200 

tpLH Low-level to high-level and 4.5 40 

high-level to low-level 6.0 34 

output propagation time 2.0 200 

tpHL (A, B - A = Bout) 4.5 40 

CL = 50pF (Note 4) 
6.0 34 

2.0 175 

tpLH Low-level to high-level and 4.5 35 

high-level to low-level 6.0 30 

output propagation time 2.0 175 

tpHL (A < Bin, A = Bin - A > Bout) 4.5 35 

6.0 30 

2.0 175 

tpLH Low-level to high-level and 4.5 35 

high-level to low-level 6.0 30 

output propagation time 2.0 175 

tpHL (A > Bin, A = Bin - A < Bout) 4.5 35 

6.0 30 

2.0 145 

tpLH Low-level to high-level and 4.5 29 

high-level to low-level 6.0 25 

output propagation time 2.0 145 

tpHL (A = Bin - A = Bout) 4.5 29 

6.0 25 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 81 

Note 3: Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· Vec

2 
• fl+lee • Vee 

Note 4 Test Circuit 

INPUT 

50n 

2-84 

Vee 

OUT 

OUTPUT 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance . 

. • . . MITSUBISHI 
"'ELECTRIC 

-40-+B5"C Unit 

Min Max 

95 

19 ns 
16 

95 

19 ns 
16 

290 

58 ns 
49 

290 

58 ns 
49 

252 

50 ns 
43 

252 

50 ns 
43 

221 

44 ns 
37 

221 

44 ns 
37 

221 

44 ns 
37 

221 

44 ns 
37 

183 

37 ns 
31 

183 

37 ns 
31 

10 pF 
pF 



TIMING DIAGRAM 

A, B, A>Bin, 
A=B, A<Bin 

A> Bout, A=Bout, 
A<Bout 

( Synchronous output) 

tpLH 

tTHL 

A>Bout, A=Bout. 
A<Bout 

(Reverse synchronous 

output) 
tpHL 

10% 

tpHL 

tTLH 

90% 

tpLH 

• MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC8SP/FP/DP 

4-BIT MAGNITUDE COMPARATOR 

Vee 

GND 

VOH 

VOL 

VOH 

VOL 
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MITSUBISHI HIGH SPEED CMOS 

M74HC86P/FP/DP 

QUADRUPLE 2-INPUT EXCLUSIVE OR, $ATE 

DESCRIPTION 
The M74HC86 is a semiconductor integrated circuit con
sisting of four 2-input exclusive OR gates. 

PI,N CONFIGURATION (TOP VIEW) 

FEATURES 
• High-speed: 9ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 5.uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 

INPUTS 

OUTPUT 

INPUTS 

OUTPUT 

{

A1-

81-

{

A2.-

82-

GND 

14P4 
Outline 14P2N 

14P2P 

Vee 

OUTPUT 

- Y3 OUTPUT 

Use of silicon gate technology allows the M74HC86 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS86. 

LOGIC DIAGRAM (EACH GATE) 

8uffered outputs Y improve-input-to-output transfer charac
teristics and reduce to a minimum output impedance varia
tions with respect to input voltage variations. 
When both inputs A and 8 are either high or low, the output 
Y will become low, and when the level of A and 8 are 
opposite, Y will become high. 

FUNCTION TABLE 
Inputs Output 

A B y 

L L L 

H L H 

L H H 

H H L 

ABSOLUTE MAXIMUM RATINGS (Ta = -40~+85·C, unless otherwise noted) 

Symbol 

Vee 

VI 

Vo 

11K 

10K 

10 

Icc 

Pd 

Tstg 

Note 1 

2-86 

Parameter Conditions 

Supply voltage 

Input voltage 

Output voltage 

VI < ov 
Input protection diode current 

VI> vcc 

Vo< ov 
Output parasitic diode current 

Vo > Vcc 

Output current per output pin 

Supply/GND current Vcc, GND 

Power dissipation (Note 1) 

Storage temperature range 

M74HC86FP, Ta = -40~+60·C and Ta = 60~85·C are derated at -6mWtC. 
M74HC86DP, T a = -40-+50·C and T a = 50-85·C are derated at -5mWtC . 

•... , .... MITS.UBISHI 
"'ELECTRIC 

Ratings 

-0.5-+7.0 

-0. 5-Vee+0. 5 

-0. 5-Vee+0. 5 

-20 

20 

-20 

20 

±25 

±50 

500 

-65-+150 

Y OUT
PUT 

Unit 

V 

V 

V 

rnA 

rnA 

rnA 
rnA 
rnW 
·C 



MITSUBISHI HIGH SPEED CMOS 

M74HC86P/FP/DP 

QUADRUPLE 2-INPUT EXCLUSIVE OR GATE 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+8S·C) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 2 6 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Topr Operating temperature range -40 +85 ·C 

I Vee =2.0V 0 1000 

t r , tf Input risetime, falltime I Vee=4.SV 0 500 ns 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vedv) Min 

Vo = O. lV, Vee-O. lV 
2.0 1.5 

V IH High-level Input voltage 
1101 = 20f.l.A 

4.5 3.15 

6.0 4.2 

2.0 
V IL Low-level input voltage 

Vo = O. lV, Vee-O. lV 
4.5 

1101 = 20f.l.A 
6.0 

10H = -20}1A 2.0 1.9 
10H = -20}1A 4.5 4.4 

V OH High-level output voltage VI = VIH• VIL 10H = -20}1A 6.0 5.9 
10H = -4.0mA 4.5 4.18 
10H = -S.2mA 6.0 5.68 
10L = 20}1A 2.0 
10L = 20}1A 4.5 

VOL Low-level output voltage VI = VIH• VIL 10L = 20}1A 6.0 
10L = 4.0mA 4.5 

,loL = S.2mA 6.0 

IIH High-level input current VI =6V 6.0 

IlL Low-level Input current VI=OV 6.0 

lee Quiescent supply current VI = Vee. GND; 10=O}1A 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25"<:) 

Symbol Parameter Test conditions 

tTLH 

tTHL 

t pLH 

t pHL 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time 

CL = lSpF (Note 3) 

• '. MITSUBISHI 
.... ELECTRIC 

limits 

25"C -40-+8S·C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 
1.35 1.35 V 

1.8 1.8 
1.9 

4.4 

5.9 V 

4.13 
5.63 

0.1 0.1 

0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 
0.1 1.0 /-LA 

-0.1 -1.0 /-LA 

1.0 10.0 /-LA 

Limits 
Unit 

Min Typ Max 

10 ns 

10 ns 

20 ns 

20 ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HC86P/FP/DP 

QUADRUPLE 2.INPUT EXCLUSIVE OR GATE 

SWITCHING CHARACTERISTICS (Vcc = 2~6V, T a = -40-+S5t) 

Limits 

Symbol Parameter Test conditions 25·C -40;.. .. +85"C 

vcdv) Min Typ Max Min 

2.0 75 

hLH Low-level to high-level and 4.5 15 
6.0 13 

high-level to low-level 
2.0 75 

tTHL output transition time 4.5 15 

CL = 50pF (Note3) 
6.0 13 

2.0 120 
t pLH Low-level to high-level and 4.5 24 

6.0 20 
high-level to low-level 

2.0 120 
t pHL output propagation time 4.5 24 

6.0 20 
C 1 Input capacitance 10 
Cpo Power dissipation capacitance (~ote 2) 41 

Note 2 : Cpo is the Internal capacitance of the IC calculated from operation supply current under no-load condltions.(per gate) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Pp = Cpo' Vee

2 • fl+lec • Vee 

Note 3 : Test Circuit 

INPUT Vce 

PG t--t---i OUT 

500 

TIMING DIAGRAM 

A 

B 

y 

2-88 

OUTPUT 

(1)The pulse generator (PG) has the following 
characteristics ( 1 0%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL Includes stray wiring 
capacitance and the probe input capacitance. 

50% 

50% 

50% 

• 'MITSUBISHI 
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Vee 

GNO 

Vee 

GNO 

V OH 

VOL 

Max 

95 
19 
16 
95 
19 
16 

151 
30 
26 

151 
30 
26 
10 

Unit 

ns 

ns 

ns 

ns 

pF 

pF 



DESCRIPTION 
The M74HC1 07 is a semiconductor integrated circuit con
sisting of two negative-edge triggered J-K flip flops with in
dependent control inputs 

FEATURES 
• High-speed: 50MHz clock frequency typo 

(CL=15pF, Vee=5V) 

• Low power dissipation: 10,uW/package, max 
(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC107 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS107. 
The M74HC107 contains two edge-triggered J-K flip flops, 
each circuit with independent clock input CK, direct reset 
input Ro, and both inputs J and K. 
When CK is high, the J and K signals can be read. 
When CK changes from high-level to low-level, the signals 
just previously input at J and K appear at outputs Q and Q 

LOGIC DIAGRAM (EACH FLIP FLOP) 

CP CP 
CLOCK INPUT ....... ...... t....... t 
CK~ 

INPUTS tK 

J 

DIRECT RESET INPUT 

RD 

CP 

MITSUBISHI HIGH SPEED CMOS 

M74HC107P/FP/DP 

DUAL J-K FLIP-FLOP WITH RESET 

PIN CONFIGURATION (TOP VIEW) 

INPUT J1-

OUTPUTS { 

01 +-

01 +-

INPUT 

OUTPUTS { 

02+-

02+-

GND 

Vee 

13 +- Ro 1 ~k~~1~NPUT 
12 +- CK1 CLOCK INPUT 

10 +- Ro2 ~~~~~NPUT 

14P4 
Outline 14P2N 

14P2P 

+- CK2 CLOCK INPUT 

+- J2 INPUT 

in accordance with the function table given. When Ro is 
low, Q and Q will become low and high respectively, 
irrespective of other inputs. When used as a J-K flip flop, 
Ro should be maintained at high-level. 
M74HC107 is the same functions and electrical characteris
tics as M74HC73, differing only pin connections. 

CP 

, ., MITSUB"ISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC107P/FP/DP 

DUAL J-K FLIP-FLOP WITH RESET 

FUNCTION TABLE (Notel) 

RD 
L 

H 

H 

H 

H 

H 

H 

H 

Note 1 

x 
QO 

0° 
Toggle 

Inputs 

CK J 

X X 

+ L 

+ L 

+ H 

+ H 

L X 

H X 

t X 

Change from low to high 
Change from high to low 
Irrelevant 

K 

X 
L 

H 
L 

H 

X 

X 
X 

Output state Q before clock input changed 
Output state 0 before clock input changed 
Inversion state before clock input changed 

Outputs 

0 0 
L H 

0° 0° 
L H 

H L 

Toggle 

0° 0° 
0° 0° 
0° 0° 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Par~meter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vcc 

Vo<OV 
10K Output parasitic diode current 

Vo > Vce 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 : M74HC107FP, Ta = -40-+60'C and Ta = 60-85'C are derated at -6mW/·C. 
M74HC107DP. Ta = -40-+S0'C and Ta = SO-8S'C are derated at -5mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Toor Operating temperature range 

I Vee = 2.0V 

t r , tf Input risetime, falltime I Vee = 4.5V 
/ 

I Vee = 6.0V 

2-90 

Limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 
-40 +85 

0 1000 

0 500 

0 400 

• -- MITSUBISHI 
;"ELECTRIC-

Unit 

V 

V 

V 

·c 

ns 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 
20 

rnA 

±25 rnA-
±50 rnA 
500 mW 

-65-+150 ·c 



MITSUBISHI HIGH SPEED CMOS 

M74HC107P/FP/DP 

DUAL J-K FLIP-FLOP WITH RESET 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

Vcc(V) Min 

Vo = O. lV, Vee-O.1V 
2.0 1.5 

V IH High-level Input voltage 
1101 =201-lA 

4.5 3.15 

6.0 4.2 

Vo = O. lV, Vee-O. lV 
2.0 

V IL Low-level input voltage 
1101 =201-lA 

4.5 

6.0 

10H = -201-lA 2.0 1.9 

10H = -20I-lA 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -20I-lA 6.0 5.9 

10H= -4.0mA 4.5 4.18 

toH= -S.2mA 6.0 5.68 

IOL= 2OI-lA 2.0 

10L = 20l-lA 4.5 

VOL Low-level output voltage VI = VIH, VIL 10L = 20l-lA 6.0 

10L = 4.0mA 4.5 

10L = S.2mA 6.0 

IIH High-level Input current VI =6V 6.0 

IlL Low-level input current VI=OV 6.0 

Icc Quiescent supply current VI = Vce, GND, 10=OI-lA 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V. Ta = 25'C) 

Symbol Parameter Test conditions 

fmax 
tTLH 

tTHL 

t pLH 

tpHL 

t pLH 

t pHL 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to 'high-Ievel and high-level to low-level 

output propagation time (CK - Q, 0) 
Low-level to high-level and high-level to low-level 

output propagation time (Rt; - Q, 0) 

CL = lSpF (Note 4) 

• MITSUBISHI 
~ELECTRIC 

Limits 

2S'C -40-+8S'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 J-lA 

-0.1 -1.0 J-lA 

2.0 20.0 J-lA 

Limits 
Unit 

Min Typ Max 

30 MHz 

10 ns 

10 ns 

21 ns 

21 ns 

26 ns 

26 ns 
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MITSUBISHI HIGH $,PEED CMOS 

M74HC107P/FP/DP 

DUAL J·K FLIP.FLOP WITH RESET 

SWITCHING CHARACTERISTICS (Vee = 2-6V, Ta = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+85'C 

Vcdv) Min Typ Max Min Max 

2.0 5 4 

fmax Maximum clock frequency 4.5 27 21 

6.0 31 24 

2.0 75 95 

hLH Low-level to high-level and 4.5 15 19 

6.0 13 16 
high-level to low-level 

2.0 75 95 

hHL output transition time 4.5 15 19 

6.0 13 16 

2.0 126 160 

tpLH Low-level to high-level and CL -= 50pF (Note 4) 4.5 25 32 

high-level to low-level 6.0 21 27 

output propagation time 2.0 126 160 

tpHL (CK....,a,O) 4.5 25 32 

6.0 21 27 

2.0 155 194 

tpLH Low-level to high-level and 4.5 31 39 

high-level to low-level 6.0 26 32 

output propagation time 2.0 155 194 

tpHL (R;; - a, 0) 4.5 31 39 

6.0 26 32 

C1 Input capacitance 10 10 

Cpo Power dissipation capacitance (Note 3) 55 

Note 3 Cpo Is the internal capacitance of the IC calculated from operation supply current under no-load conditiOns. (per flip flop) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• '1+lee • Vee 

TIMING REQUIREMENTS (Vee = 2-6V, Ta = ~40-+85'C) 

Symbol Parameter 

tw CK, R;; pulse width 

tsu 
J, K setup time with 

respect to CK 

th 
J, K hold time with 

respect to CK 

Ro, recovery time with 
tree 

respect to CK 

2 ....... 92 

Test conditions 

Vcc(V) 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

• ·MltSUBISHI 
~ElECTRIC 

Limits 

25'C -40-+85'C 

Min Typ Max Min Max 

80 101 

16 20 

14 17 

100 125 

20 25 

17 21 

0 0 

0 0 

0 0 

100 125 

20 25 

17 21 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 



Note 4 : Test Circuit 

INPUT Vee 

PG 1--+---1 OUT 

50n 

TIMING DIAGRAM 

tree tw 

Q 

J, K 

J, K 

tsu th 

CK 

OUTPUT 

MITSUBISHI HIGH SPEED CMOS 

M74HC107P/FP/DP 

DUAL J-K FLIP-FLOP WITH RESET 

(l)The pulse generator (PG) has the fOllowing 
characteristics (H)O"-90%): tr = 6ns. tf = 6ns 

(2) The capacitance CL Includes stray wiring 
capacitance and the probe Input capacitance. 

Vee 

GND 

Vee 

GND 

Vee 

GND 

Vee 

GND 

Vee 

GND 
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1",1 MITSUBISHI HIGH SPEED CMOS 

M7411Cl09P/FP/DP 

DUAL 1.1( FLIP·FLOP WITH SET AND RESET 

DESCRIPTION 
The M74HC109 is a semiconductor integrated circuit con~ 
sisting of two positive~edge triggered J~K flip flops with in~ 
dependent control inputs. 

FEATURES 
• High~speed: 50MHz clock frequency typo 

(CL =15pF, Vcc=5V) 

• Low power dissipation: 10.uW/package, max 
(Vcc=5V, Ta=25

D

C, quiescent state) 
• High noise margin: 30% of Vee, min (Vcc=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: Ta=-40-+85

D

C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC109 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high~speed performance equivalent to the 
74LS109. 
The M74HC109 contains two edge~triddered J~Kflip flops, 
each circuit with independent clock input CK, direct set in~ 
put So, direct reset input Ro and both inputs J and K. 
When CK is high, the J and K signals' can be read. 
When CK changes from low~l.evel to high~level, the Signals 
just previously input .at J and K appear at outputs Q and Q 
in accordance with the function table given. Use of So and 

LOGIC DIAGRAM (EACH FLIP FLOP) 

PIN CONFIGURATION (TOP VIEW) 

DIRECT RESET 
INPUT 

INPUTS 1 

CLOCK INPUT 

DIRECT SET 
INPUT 

OUTPUTS 1 

R01- Vee 

J1- DIRECT RESET 
INPUT 

1<1- 14 -- J2 f 
_ INPUTS 

13 -- K2 . 

S01- CLOCK INPUT 

01 --
DIRECT SET 
INPUT 

01-- 10 -+02 I 
_ OUTPUTS 

GND 9 -+ 02 

16P4 
Outline 16P2N 

16P2P 

Ro permits direct R~S flip flop operation. When So and Ro 
. are low, Q and Q will both become high but when So and 

Ro simultaneously become high, the condition of Q and Q 

cannot be predetermined. When used as a J~K flip flop, So 
and Ro should be ,maintained at high~level. 
Connecting J and K will permit the M74HC109 to be used 
as a D~type flip flop. 

DIRECT SET S o----f---------------...~ 
INPUT O..--__ -l 

CLOCK INPUT CK o-----I---+_...J 

DIRECT RESET R o---~~------------'-_4 
INPUT 0 
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MITSUBISHI HIGH SPEED CMOS 

M74HC109P/FP/DP 

DUAL J-K FLIP-FLOP WITH SET AND RESET 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

So Ro CK J K 0 0 
L H X X X H L 

H L X X X L H 

L L X X X H* H* 

H H t L L L H 

H H t H L Toggle 

H H t L H 0 0 0 0 

H H t H H H L 

H H L X X 0 0 0 0 

Notel: Change from low to high 
X : Irrelevant 
aO : Output state a before clock input changed 
aO : Output state a before clock input changed 
Toggle: Inversion state before clock input changed 
* : When ~ and Flo are low, a and a become high. when ~ and Flo simultaneously 

become high, the outputs of a and a cannot be predetermined. 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Suppl voltage 

VI Input voltage 

Vo Output voltage 

VI<OV 
11K Input protection diode current 

VI> Vee 

10K Output parasitic diode current 
Vo< OV 

Vo > Vee 

10 Output current per output pin 

lee Supply/GND current Vee. GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 M74HC109FP, Ta = -40-+70·C and Ta = 70-85·C are derated at -6mW/"C. 
M74HC109DP, Ta = -40-+50·C and Ta = 50-85·C are derated at -5mW/"C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85·C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Toor Operating temperature range 

I Vee = 2.0V 

t r• tf Input risetime, fal/time I Vee=4.5V 

I Vce = 6.0V 

Limits 

Min Typ Max 

2 6 

0 Vee 

a Vee 
-40 +85 

0 1000 

a 500 

0 400 

• MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 
·C 

ns 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5. V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 
±50 rnA 
500 rnW 

-65-+150 ·C 
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MITSUBISHI HIGH SPEED CMOS 

M74HC109P/FP/DP 

DUAL J-K FLIP-FLOP WITH SET AND RESET 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

VcC<V) Min 

Vo = O. IV, Vcc-O. IV 
2.0 1.5 

V IH High-level Input voltage 
1101 = 20f.lA 

4.5 3.15 

6.0 4.2 

Vo = O. IV, Vcc-'-O. IV 
2.0 

V IL Low-level Input voltage 
1101 = 20f.lA 

4.5 

6.0 

10H = -20f.lA 2.0 1.9 

10H = -20f.lA 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -20f.lA 6.0 5.9 

10H= -4.0mA 4.5 4.18 

10H = -S.2I11A 6.0 5.68 

10L = 20f.lA 2.0 

10L = 20f.lA 4.5 

VOL Low-level output voltage VI = VIH, VIL 10L = 20f.lA 6.0 

10L= 4.OmA 4.5 

10L= S.2mA 6.0 

IIH High-level Input current VI=6V 6.0 

IlL Low-level Input current VI=OV 6.0 

Icc Quiescent supply current VI = Vcc, GND, 10= Of.lA 6.0 

SWITCHING CHARACTERISTICS evcc= 5V. Ta=25"C) 

Symbol Parameter Test conditions 

fmax 

tTLH 

tTHL 

t pLH 

t pHL 

t pLH 

t pHL 

2-96 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (CK - Q, 0) 
Low-level to high-level and high-level to low-level 

output propagation time (S;;, Ro - Q, 0) 

CL = lSpF (Note 4) 

'. MITSUBISHI 
.... ELECTRIC 

Limits 

25'C -40-+85'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63· 

O. I O. I 
O. I O. I 
O. I O. I V 

0.26 0.33 

0.26 0.33 

O. I 1.0 p.A 

-0.1 -1.0 JiA 
2.0 20.0 p.A 

Limits 
Unit 

Min Typ Max 

30 MHz 

10 ns 

10 ns 

30 ns 

30 ns 

40 ns 

40 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC109P/FP/DP 

DUAL J-K FLIP-FLOP WITH SET AND RESET 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 25"C -40-+S5"C 

vcdv) Min Typ Max Min Max 

2.0 5 4 

fmax Maximum clock frequency 4.5 27 21 

6.0 31 24 

2.0 75 95 

hLH Low·level to high-level and 4.5 15 19 

6.0 13 16 
high-level to low-level 

2~0 75 95 

tTHL output transition time 4.5 15 19 

6.0 13 16 

2.0 175 221 

t pLH Low-level to high-level and CL = 50pF (Note 4) 4.5 35 44 
high-level to low-level 6.0 30 37 

output propagation time 2.0 175 221 

t pHL (CK- Q, 0) 4.5 35 44 

6.0 30 37 

2.0 230 290 

t pLH Low-level to high-level and 4.5 46 58 

high-level to low-level 6.0 39 49 

output propagation time 2.0 230 290 

t pHL (5;;, Ro - Q, 0) 4.5 46 58 

6.0 39 49 

C t Input capacitance 10 10 

Cpo Power dissipation capacitance (Note 3) 45 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per flip flop) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2
• ft+lee ' Vee 

TIMING REQUIREMENTS (Vee = 2.-6V, T a = -40-+85"<:) 

Symbol Parameter 

tw CK, 5;;, Ro pulse width 

tsu 
J, K setup time with 

respect to CK 

th 
J, K hold time with 

respect to CK 

tree 
Ro, 5;; recovery time with 

respect to CK 

Note 4 Test Circuit 

INPUT Vee 

PG t--...... ---I OUT 

Limits 

Test conditions 25"C 

OUTPUT 

Vcc(v) Min Typ Max 

2.0 80 

4.5 16 

6.0 14 

2.0 100 

4.5 20 

6.0 17 

2.0 5 

4.5 5 

6.0 5 

2.0 5 

4.5 5 

6.0 5 

(1) The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe Input capacitance. 

• MITSUBISHI 
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-40-+B5"C 

Min Max 

101 

20 

17 

126 

25 

21 

5 

5 

5 

5 

5 

5 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 
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TIMING DIAGRAM 

tw 

CK 

Q, Q 

CK 

tw tree 

So,A;; 

Q, Q 

tpLH 

Q, Q 

J, K 

tsu th 

CK 
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vee 

GND 

Vee 

GND 

VOH 

VOL 

VOH 

VOL 

MITSUBISHI HIGH SPEED CMOS 

M74HC109P/FP/DP 

DU'AL 1.1( FLIP·FLOP WITH SET AND RESET 

----vee 

GND 

Vee 

GND 

Vee 

GND 

.• ·,.,ITSUBI5HI 
.... ELECTRIC 



MITSUBISHI HIGH SPEED CMOS 

M74HC112P/FP/DP 

DUAL J-K FLIP-FLOP WITH SET AND RESET 

DESCRIPTION 
The M74HC112 is a semiconductor integrated circuit con
sisting of two negative-edge triggered J-K flip flops with in
dependent control inputs. 

FEATURES 
• High-speed: 50MHz clock frequency typo 

(CL =15pF, Vee=5V) 

• Low power dissipation: 10,uW/package, max 
(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 

• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of Silicon gate technology allows the M74HC112 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS112. 
The M74HC112 contains two edge-triggered J-K flip flops, 
each circuit with independent clock input CK, direct set in
put So and direct reset input Ro, and both inputs J and K. 
When CK is high, the J and K signals can be read. 
When CK changes from high-level to low-level, the signals 
just previously input at J and K appear at outputs Q and Q 
in accordance with the function table given. Use of So and 

LOGIC DIAGRAM (EACH FLIP FLOP) 

CLOCK INPUT ....... ...... C;....... cr 
CK~ 

INPUTS { J 

K o------t---.J 

DIRECT RESET INPUT 

Ro 

DIRECT SET INPUT 

So 

PIN CONFIGURATION (TOP VIEW) 

CLOCK INPUT CK1 ..... 

I 
K1 ..... 

INPUTS 
J1 ..... 

~k~~2~UT So 1 ..... 

01 ..... 

OUTPUTS 01 ..... 

GND 

16P4 
Outline 16P2N 

16P2P 

Vee 

I DIRECT 
RESET INPUTS 

CLOCK INPUT 

} INPUTS 

DIRECT 
SET INPUT 

..... 02 OUTPUT 

Ro permits airect R-S flip flop operation. When So and Ro 
are low, Q and Q will both become high but when So and 
Ro simultaneously become high, the condition of Q and Q 

cannot be predetermined. When used as a J-K flip flop, So 
and Ro should be maintained at high-level. 
M74HC112 is the same functions and electrical characteris
tics as M74HC76, differing only pin connections. 

] OUTPUTS 

• MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HCl12PiFP/D'P 

DUAL J·K FLIP.FLOP WITH SET AND RESET 

FUNCTION TABLE (Note 1) 

So 

L 
H 

L 
H 

H 

H 

H 
H 

H 

H 

Note 1 

X 
aD 
aD 
Toggle 

" 
Inputs 

Ro CK 

H X 

L X 

L X 

H ! 
H ! 
H ! 
H ! 
H L 

H H 

H t 
Change from low to high 
Change from high to low 
Irrelevant 

J 

X 

X 

X 

L 

L 

H 

H 

X 

X 

X 

Output state before clock Input changed 
Output state before clock input changed 
Inversion state before clock Input changed 

Outputs 

K Q Q 

X H L 

X L H 

X H* H* 

L QO QO . 

H L H 

L H L 

H Toggle 

X QO QO 

X QO QO 

X QO QO 

* When So and Ro are low. a and a both becomes high. When S;; and Ro becomes 
high. simultaneously. the condition of a and a cannot be predetermined. 

ABSOLUTE MAXIMUM RATINGS (Ta= -40-+SS'C. unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K I 

v,< ov 
Input protection diode current 

V, > vce 

Vo<OV 
10K Output parasitic diode current 

Vo> Vee 

10 Output current per output pin 

Icc Supply/GND current Vce. GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC112FP. Ta = -40-+70"C and Ta = 70-SS'C are derated at -6mW/'C. 
M74HC112DP. Ta = -40-+50'C and Ta = 50-S5t are derated at -SmW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+S5'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Operating temperature range 

1 Vee=2.0V 

" t r• tf Input risetime. falltime I, Vee = 4.SV 

I Vee=6.0V 

2-100 

Limits 

Min Typ Max 

2 6 

0 Vee 
0 Vee 

-40 +85 

0 1000 

0 500 

0 400 

., MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

'C 

ns 

Ratings Unit 

-0.5-+7.0 V 

' -0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±25 mA 
±50 mA 
500 mW 

-65-+150 'C 



MITSUBISHI HIGH SPEED CMOS 

M74HCl12P/FP/DP 

DUAL J-K FLIP-FLOP WITH SET AND RESET 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vcdv) Min 

Vo = O. IV, Vcc-O. IV 
2; 0 1.5 

V IH High-level input voltage 
1101 =20/lA 

4.5 3.15 
6.0 4.2 

Vo = O. IV, Vcc-O. IV 
2.0 

V IL Low-level Input voltage 
1101 =20/lA 

4.5 
6.0 

10H = -20/lA 2.0 1.9 
10H = -20/lA 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -20/lA 6.0 5.9 
10H = -4.0mA 4.5 4.18 
10H= -S.2mA 6.0 5.68 
10L = 20/lA 2.0 
10L = 20/lA 4.5 

VOL Low-level output voltage VI = VIH, VIL 10L = 20/lA 6.0 
10L = 4.0mA 4.5 
10L = S.2mA 6.0 

IIH High-level input current VI =6V 6.0 

IlL Low-level input current VI=OV 6.0 

Icc Quiescent supply current VI = Vcc, GND, 10 = O/lA 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Symbol Parameter Test conditions 

fmax 
tTLH 

hHL 

t pLH 

tpHL 

t pLH 

t pHL 

tpLH 

t pHL 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (CK - Q,a) 

Low-level to high-level and high-level to low-level 

output propagation time (R;; - Q, a) 

Low-level to high-level and high-level to low-level 

output propagation time eSo - Q, a) 

CL = ISpF (Note4) 

• MITSUBISHI 
"ELECTRIC 

limits 

2S'C -40-+BS'C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1.35 1.35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 
0.1 1.0 /-lA 

-0.1 -1.0 /-lA 

2.0 20.0 /-lA 

limits 
Unit 

Min Typ Max 

30 MHz 

10 ns 
10 ns 
26 ns 
26 ns 
31 ns 
31 ns 
31 ns 
31 ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HCl12P/FP/DP 

DUAL '-K FLIP-FLOP WITH SET AND RESET 

SWITCHING CHARACTERISTICS (Vee =2-6V, Ta= -40-+S5'C) 

Limits 

Symbol Parameter Test conditions 2S'C -40-+BS'C 

Vee(V) Min Typ Mill< Min Max 

2.0 5 4 

fmax Maximum clock frequency . 4.5 27 21 

6.0 31 24 

2.0 75 95 

tTLH Low-level to high-level and 4.5 15 19 

6.0 13 16 
high-level to lOw-level 

2.0 75 95 

tTHL output transition time 4.5 15 19 

6.0 13 16 

2.0 150 190 

tpLH Low-level to high-level and 4.5 30 38 

high-level to low-level 6.0 26 33 

output propagation time 2.0 150 190 

tpHL (CK-Q,O) CL = SOpF (Note 4) 4.5 30 38 

6.0 26 33 

2.0 180 225 

tpLH Low-level to high-level and 4.5 36 45 

high-level to lOW-level 6.0 31 38 

output propagation time 2.0 180 225 

tpHL (R;;- Q, 0) 4.5 36 45 

6.0 31 38 

2.0 180 225 

tpLH Low-level to high-level and 4.5 36 45 

high-level to low-level 6.0 31 38 

output propagation time 2.0 180 225 

tpHL (~-Q, 0) 4.5 36 45 

6.0 31 38 

C. Input capacitance 10 10 

Cpo Power dissipation capacitance (Note 3) 55 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply' current under no-load conditions. (per flip flop) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• f.+lce • Vee 

TIMING REQUIREMENTS (Vee = 2-6V, T a = -40-+S5'C) 

Symbol Parameter 

tw CK, ~, R;; pulse width 

tsu 
J, K setup time with 

respect to CK 

th 
J, K hold time with 

respect to CK 

tree 
Ro, ~ recovery time with 

respect to CK 

2-102 

Test conditions 

Vec(V) 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

• . MITSUBISHI 
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Limits 

25'C -40-+SS'C 

Min Typ Max Min Max 

80 101 

16 20 

14 17 

100 125 

20 25 

17 21 

0 0 

0 0 

0 0 

100 125 

20 25 

17 21 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 



Note 4 : Test Circuit 

INPUT Vee 

PG 1---+---1 DUT 

500 
GND 

TIMING DIAGRAM 

Ro, So 

trec 

CK 

Q, Q 

Q, Q 

J, K 

J, K 

tsu th 

CK 

OUTPUT 

MITSUBISHI HIGH SPEED CMOS 

M74HC112P/FP/DP 

DUAL J·K FLIP·FLOP WITH SET AND RESET 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GND 

Vee 

GND 

Vee 

GND 

Vee 

GND 

Vee 

GND 

V OH 

VOL 

V OH 

VOL 
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DESCRIPTION 
The M74HC113 is a semiconductor integrated circuit con
sisting of of two negative-edge triggered J-K flip flops with 
independent control inputs. 

FEATURES 
• High-speed: SOMHz clock frequency typo 

(CL =1SpF, Vee=SV) 
• Low power dissipation: 10,uW/package, max 

(Vee=SV, Ta=2SoC, quiescent state) 
• High noise margin: 30% of Vee, min (Vee=4.SV, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+8SoC 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC113 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS113. 
The M74HC113 contains two edge-triggered J-K flip flops, 
each circuit with independent clock input CK, direct set in
put So, and both inputs J and K. 
When CK is high, the J and K Signals can be read. 
When CK changes from high-level tb low-level, the signals 

LOGIC DIAGRAM (EACH FLIP FLOP) 

CPO CP 
CLOCK I~UT. r-... ....... t r-... t 
CK~ 

INPuts ( J 

K o----~ 

DIRECT SET INPUT 

So 

MITSUBISHI HIGH SPEED CMOS 

M74HCl13P/FP/DP 

DUAL J -K FLIP-FLOP WITH SET 

PIN CONFIGURATION (TOp· VI'EW) 

CLOCK INPUT CK1- Vee 

13 +- CK2 CLOCK INPUT I K1- 2 
INPUTS 

J1-

DIRECT 
SET "INPUT 

I 01 +- 5 
OUTPUTS _ 

01 +-

-

02

1 
GND 

_ OUTPUTS 
-02 

14P4 
Outllne.i t4~,2Ni 

. 14P2P 

just previously input at J and K appear ~t outputs Q and Q 

in accordance with the function table given. When So is 
low, Q and Q will become high and low respectively, 
irrespective of other inputs. When used as a J-K flip flop, 
So should be maintained at high-level. 

o ) OUT-
PUTS 

Q 

CP 
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MITSUBISHI HIGH SPEED CMOS 

M74HCl13P/FP/DP 

DUAL J -K FLIP-FLOP WITH SET 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

So CK J K Q Q 

L X X X H L 

H + L L QO QO 

H + L H L H 

H + H L H L 

H + H H Toggle 

H L X X QO QO 

H H X X QO QO 

H t X X QO QO 

Note 1 Change from low to high 
Change from high to low 

X Irrelevant 
QO Output state before clock input changed 
00 Output state before clock input changed 
Toggle Inversion state before clock input changed 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

vl < OV 
11K Input protection diode current 

VI> Vee 

Vo < OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 M74HC113FP, Ta = -40-+60'C and Ta = 60-85'C are derated at -6mW/'C. 
M74HC113DP, T a = -40-+50'C and T a = 50-85'C are derated at -5mW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

T oDr Operating temperature range 

I Vee = 2.0V 

t r• tf Input risetime, falltime I Vcc=4.5V 

I Vee = 6.0V 

Limits 

Min Typ 

2 

0 

0 

-40 

0 

0 

0 

. • MITSUBISHI 
"~LECTRIC 

Max 

6 

Vee 

Vee 

+85 

1000 

500 

400 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±25 mA 
±50 mA 
500 mW 

-65-+150 t 

urilt 

V 

V 
V 

'c 

ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HC113P/FP/DP 

DUAL J.K FLIP·FLOP WITH SET 

ELECTRICAL CHARACTERISTICS 
Limits 

Symbol Parameter Test conditions 2S"C . -40-+85"C Unit 

Vedv) Min Typ Max Min Max 

Vo = O. lV, Vee-O.lV 
2.0 1.5 1.5 

V'H High-level Input voltage 
1101 = 20ttA 

4.5 3.15 3.15 V 

6.0 4.2 4.2 

Vo = o. IV, vee-O. IV 
2.0 0.5 0.5 

V'L Low-level Input voltage 
1101 = 20ttA 

4.5 1.35 1.35 V 

6.0 1.8 1.8 
10H = -20ttA 2.0 1.9 1.9 

, 10H = -20ttA 4.5 4.4 4.4 
V OH High-level output voltage V,= V'H, V'L 10H= -20ttA 6.0 5.9 5.9 V 

10H= -4.0mA 4 .. 5 4.18 4.13 
10H= -S.2mA 6.0 5.68 5.63 
10L = 20ttA 2.0 0.1 0.1 
10L= 20ttA 4.5 0.1 0.1 

VOL Low-level output voltage V,= V'H, V'L IOL=20ttA 6.0 0.1 0.1 V 

10L= 4.0mA 4.5 0.26 0.33 
10L= S.2mA 6.0 0.26 0.33 

I'H High-level Input current V,=SV 6.0 0.1 1.0 J.lA 

I'L Low-level Input current v,=OV 6.0 -0.1 -1.0 J.lA 

Icc Quiescent supply current V, = Vee, GND, 10 = OttA 6.0 2.0 20.0 J.lA 

SWITCHING CHARACTERISTICS (Vee=SV. Ta=25'C) 

Limits 
Symbol Parameter Test conditions Unit 

fmax 
tTLH 

tTHL 

t pLH 

tpHL 

t pLH 

tpHL 

2-106 

Maximum clock frequency 

Low-level to hlgh"level and high-level to low-level 

output transition time 

Lew-level to high-level and high-level to low-level 

output propagation time (CK - Q, 0) 
Low-level to high-level and hlgh:level to low-level 

output propagation time (So - Q, 0) 

CL = ISpF (Note 4) 

.' '.MITSUBISHI 
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Min Typ Max 

30 MHz 

10 ns 
10 ns 
21 ns 
21 ns 
26 ns 
26 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HCl13P/FP/DP 

DUAL J -K FLI P-FLOP WI TH SET 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+85'C 

VcC<V) Min Typ Max Min Max 

2.0 5 4 

fmax Maximum clock frequency 4.5 27 21 

6.0 31 24 

2.0 75 - 95 

tTLH Low-level to high-level and 4.5 15 19 

6.0 13 16 
high-level to low-level 

2.0 75 95 

hHL output transition time 4.5 15 19 

6.0 13 16 

2.0 126 1~0 

t pLH Low-level to high-level and CL = 50pF (Note 4) 4.5 25 32 

high-level to low-level 6.0 21 27 

output propagation time 2.0 126 160 

t pHL (CK- a, Q) 4.5 25 32 

6.0 21 27 

2.0 165 210 

t pLH Low-level to high-level and 4.5 33 41 

high-level to low-level 6.0 28 35 

output propagation time 2.0 165 210 

t pHL (So-a, Q) 4.5 33 41 

6.0 28 35 

C 1 Input capacitance 10 10 

Cpo Power dissipation capacitance (Note 3) 52 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per flip flop) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+lee • Vee 

TIMING REQUIREMENTS (Vee = 2-6V, T a = -40-+85t) 

Symbol Parameter 

tw CK, So pulse width 

tsu 
J, K setup time with 

respect to CK 

th 
J, K hold time with 

respect to CK 

So recovery time with 
tree 

respect to CK 

Note 4 Test Circuit 

INPUT Vee 

PG 1----+---1 OUT 

soo 

Test conditions 

OUTPUT 

Limits 

25t 

VcC<V) Min Typ Max 

2.0 80 

4.5 16 

6.0 14 

2.0 100 

4.5 20 

6.0 17 

2.0 0 

4.5 0 

6.0 0 

2.0 100 

4.5 20 

6.0 17 

(1) The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

'MITSUBISHI 
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-40-+85'C 

Min Max 

101 

20 

17 

125 

25 

21 

0 

0 

0 

125 

25 

21 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 
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TIMING DIAGRAM 

tree tw 

Q 

Q 

J, K 

J, K 

tsu 

CK 

2-108 

th 

tTHL 

Vee 

GND 

Vee 

GND 

Vee 

GND 
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MITSUBISHI HIGH SPEED CMOS 

M74HCl14P/FP/DP 

DUAL J-K FLIP.FLOP WITH SET AND COMMON RESET 

DESCRIPTION 
The M74HC114 is a semiconductor integrated circuit con
sisting of two negative-edge triggered J-K flip flops with in
dependent control inputs. 

FEATURES 
• High-speed: SOMHz clock frequency typo 

(CL=1SpF, Vee=SV) 

• Low power dissipation: 10,uW/package, max 
(Vee=SV, Ta=2S·C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.SV, SV) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-SV 
• Wide operating temperature range: T a=-40-+8S·C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC114 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS114. 

The M74HC114 contains two edge-triggered J-K flip flops, 
each circuit with independent direct set input So, inputs J 
and K, common clock input CK, and direct reset input RD. 
When CK is high, the J and K signals can be read. When 
CK changes from high-level to low-level, the signals just 

LOGIC DIAGRAM (EACH FLIP FLOP) 

CP CP 

PIN CONFIGURATION (TOP VIEW) 

?~,}'O<fTRESET R;;-+ 

1 
K1-+ 

INPUTS 

J1 -+ 

?~~IW SET So 1 -+ 

j 
Q1 +-

OUTPUTS _ 
Q1 +-

GND 

14P4 
Outline 14P2N 

14P2P 

Vee 

CLOCK INPUT 

-+Q2., 
_ OUTPUTS 

-+Q2 

previously input at J and K appear at outputs Q and Q in 
accordance with the function table given. Use of So and Ro 
permits direct R-S flip flop operation. When So and Ro are 
low, Q and Q will both become high but when So and Ro 
simultaneously become high, the condition of Q and Q can
not be predetermined. When used as a J-K flip flop, So 
and Ro should be maintained at high. 

CLOCK INPU~_~J..J'..... t _ 
CK -~ } TO OTHER FLIP FLOP 

INPUTS) J 

Ko------L 

DIRECT SET INPUT 

So 

TO OTHER FLIP FLOP 

D-----(x 

] OUTPUTS 
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MITSUBISHI HIGH SPEED CMOS 

M74HCl14P/FP/DP 

DUAL J .. K FLIP.FLOP WITH SET AND COMMON RESET 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

So RD CK J K Q Q 

L H X X X H L 

H L X X X L H 

L L· X X X H* H* 

H H ~ L L QO QO 

H H ~ L H L H 

H H ~ H L H L 

H H ~ H H Toggle 

H H L X X QO QO 

H H H X X QO QO 

H H t X X QO QO 

Notel: Change from low to high 
: Change from high to low 

X : Irrelevant 
QO : Output state before clock Input changed 
0° : Output state before clock Input changed 
Toggle: Inversion state before clock input changed 
,* : When So and Ro are low, Q and 0 will both become high. When So and Ro be-

come high simultaneously, the condition of Q and 0 cannot be predetermined. 

ABSOLUTE .MAXIMUM RATINGS (Ta = -40-+85t, unless otherwise noted) 

Symbol· Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vee 

vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2: M74HC114FP, Ta = -40-+60·C and Ta = 60-85·C are derated at -6mW/"C. 
M74HC114DP, Ta = -40-+50·C and Ta = 50-85t are derated at -5mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85·C) 

. Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

T oDr Operating temperature range 

I Vee=2.0V 

t r• tf Input risetime, falltime I Vee = 4.5V 

I Vee = 6.0V 

2-110 

limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 
-40 +85 

0 1000 

0 500 

0 400 

.• MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 
·C 

ns 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 
±50 rnA 
500 rnW 

-65-+150 ·C 



MITSUBISHI HIGH SPEED CMOS 

M74HCl14P/FP/DP 

DUAL J-K FLIP-FLOP WITH SET AND COMMON RESET 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

VcC<V) Min 

Vo = O. lV, Vcc-O. IV 
2.0 1.5 

V IH High-level Input voltage 
1101 = 20jlA 

4.5 3.15 
6.0 4.2 

Vo = O. IV, Vcc-O. lV 
2.0 

V IL Low-level Input voltage 
1101 =20jlA 

4.5 
6.0 

10H = -20jlA 2.0 1.9 
10H = -20jlA 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -20jlA 6.0 5.9 
10H = -4.0mA 4.5 4.18 
10H= -S.2mA 6.0 5.68 
10L = 20jlA 2.0 
10L = 20jlA 4.5 

VOL Low-level output voltage VI = V1H, VIL 10L = 20jlA 6.0 
10L = 4.0mA 4.5 
10L = S.2mA 6.0 

IIH High-level input current V1=6V 6.0 

IlL Low-level input current V1=OV 6.0 

Icc auiescent supply current VI = Vcc, GND, 10=OjlA 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V. T a = 25"<:) 

Symbol Parameter Test conditions 

fmax 
tTLH 

tTHL 

tpLH 

tpHL 

tpLH 

t pHL 

t pLH 

t pHL 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (CK - a, a) 

Low-level to high-level and high-level to low-level 

output propagation time CRt; - a, a) 

Low-level to high-level and high-level to low-level 

output propagation time (So - a,a) 

CL = 15pF (Note 4) 

• . MITSUBISHI 
"'ELECTRIC 
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Limits 

25"C -40-+SS"C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1.35 1.35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 
O. I 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 

0.1 1.0 J.lA 
-0.1 -1.0 J.lA 

2.0 20.0 J.lA 

Limits 
Unit 

Min Typ Max 

30 MHz 

10 ns 
10 ns 
26 ns 
26 ns 
31 ns 
31 ns 
31 ns 
31 ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HCl14P/FP/DP 

'DUAL' I.K ,FLIP.FLOPWITH SE~ AND COMMON RESET 

SWITCHING CHARACTERISTICS (Vee = 2-6V, Ta = -40-+85'C) 

limits 

Symbol Parameter Test conditions 25"C -40-+8S'C 

Vec<v) Min Typ Max Min Max 

2. a 5 4 

fmax Maximum clock frequency 4.5 27 21 

6. a 31 24 

2.0 75 95 

tTLH Low-level to high-level and 4.5 15 19 

6.0 13 16 
high-level to low-level 

2.0 75 95 

hHL output transition time 4.5 15 19 

6.0 13 16 

2.0 150 190 

tpLH Low-level to high-level and 4.5 30 38 

high-level to low-level 6.0 26 33 

output propagation time 2.0 150 190 

tpHL (CK- Q, 0) CL = SOpF (Note 4) 4.5 30 38 

6.0 26 33 

2.0 180 225 

tpLH Low-level to high-level and 4.5 36 45 

high-level to low-level 6.0 31 38 

output propagation time 2.0 180 225 

tpHL (Ro- Q, 0) 4.5 36 45 

6.0 31 38 

2.0 180 225 

tpLH Low-level to high-level and 4.5 36 45 

high-level to low-level 6.0 31 38 

output propagation time 2.0 180 225 

tpHL (So- Q, 0) 4.5 36 45 

6.0 31 38 

C 1 Input capacitance 10 10 

Cpo Power dissipation capacitance (Note 3) 95 

Nota 3 Cpo Is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per flip flop) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+lee • Vee 

TIMING REQUIREMENTS (Vee = 2-6V, Ta = -40-+85'C) 

Symbol Parameter 

tw CK, So, Ro pulse width 

tsu 
J, K setup time with 

respect to CK 

th 
J, K hold time with 

respect to CK 

Ro, So recovery time with 
tree 

respect to CK 

2-112 

Test conditions 

VeC<V) 

2.0 

4.5 

6.0 

2. a 
4.5 

6.0 

2.0 

4.5 

6.0 

2. a 
4.5 

6.0 

. • .' MITSUBISHI 
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limits 

25"C -40-+BS"C 

Min Typ Max Min Max 

80 101 

16 20 

14 17 

lOa 125 

20 25 

17 21 

a a 
a a 
0 a 

lOa 125 

20 25 

17 21 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 



Note 4 : Test Circuit 

INPUT Vee 

PG ........ -+--~ DUT 

50n 

TIMING DIAGRAM 

CK 

Q, Q 

Q, Q 

J, K 

J, K 

tsu th 

CK 

MITSU81SHI HIGH SPEED CMOS 

M74HC114P/FP/DP 

DUAL j.K FLIP.FLOP WITH SET AND COMMON RESET 

OUTPUT 

(1)The pulse generator (PG) has the following 
characteristics ( 1 0%-90%): tr = 6ns. tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GND 

Vee 

GND 

Vee 

GND 

• . MITSUBISH. I 
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Vee 

GND 

Vee 

GND 

VOH 

VOL 

VOH 

VOL 
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MITSUBISHI HIGH SPEED CMOS 

M74HC123P/FP/DP 

DUAL·;RETRiGCERABLE MONOSTABLE MULTIVIBRATOR 

DESCRIPTION 
The M74HC123 is a semiconductor integrated circuit con
sisting of two retriggerable monostable multivibrators with 
direct reset inputs. 

FEATURES 
• Retriggerable multivibrator can generate wide output 

pulses. 

• Direct reset input can interrupt output pulses. 
• High-speed: 28ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 
• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of dri~ing 10 74LSTTL loads 
• Wide supply voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC123 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS123. 
When external. resistor Rx and electrostatic capaCitor Cx 
are connected to timing terminals Rx/Cx and Cx as shown 
in Fig. 1, and trigger pulses are applied at inputs A or B, 
positive pulses will appear at Q and negative pulses at Q. 
(Fig. 2-(a» 

PIN CONFIGURATION (TOp· VIEW) 

TRIGGER 1 A1 --+ 

INPUTS 
B1 --+ 

DIRECT 
R;;1--+ RESET INPUT 

OUTPUTS 1 
01 +-

02+-

TIMING 1 Cx2 --+ 
TERMINALS 

Rx/ Cx2 --+ 

GND 

Vee 
15 ... Rx/Cx1 [TIMING 

TERMINALS 
14'" Cx1 

16P4 
Outline 16P2N 

16p2P 

[OUTPUTS 

DIRECT 
RESET INPUT 

lTRIGGER 
. r INPUTS 

The pulse width twa is set by Rx and Cx. The trigger is ap
plied when A changes from high-level to low-level· or when 
B changes from low-level to high-level. The retrigger func
tion is used to obtain longer pulse width and output pulses 
can be extended by retriggering at A or B before the out
put pulse is completed. (Fig. 2-(b» 
When direct reset input Ro is set low, Q will be reset loW' 
and Q will be reset high, irrespective of the output state, 
allowing output pulses to be narrower by RD. (Fig: 2-( c» 
When Ro changes from low-level to high-level while A is 
low and B is high, the trigger is applied and Q and Q 
change state. 

LOGIC DIAGRAM (EACH MONOSTABLE MULTIVIBRATOR) 

TIMING 
TERMINALS 

TRIGGER 
INPUTS 

DIRECT RESET 
INPUT 

2-114 

Ge 

Rx/Cx o-------------~------~~ CONTROL 
ClFiCOYf 

Vref L 

Vref H 

Cx 0 

A 

B 

Ro 

R 

S 0 

RESET LATCH 

1-------------1 S 
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OUTPUT LATCH 

o 

OUTPUTS 

o 0 
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MITSUBISHI HIGH SPEED CMOS 

M74HC123P/FP/DP 

DUAL RETRIGGERABLE MONOSTABLE MULTIVIBRATOR 

FUNCTION TABLE (Note 1) 

Inputs 

RD A B 

L X X 

X H X 

X X L 

H L t 
H ~ H 

t L H 

Note 1: t: Change from low to high level 
~ : Change from high to low level 
n : Positive one-shot operation 
U : Negative one-shot operation 
X : Irrelevant 

OPERATION 

Outputs 

Q Q 

L H 

L H 

L H 

n U 
n U 
n U 

1. How to use the timing terminals 
Resistor Rx and capacitor Cx are connected to timing ter
minals Rx/Cx and Cx, as shown in Fig. 1. If Cx is polar, the 
positive lead should be connected_ to the Rx/Cx side, and 
the negative lead to the Cx side. A diode is connected to 
prevent latchup. 

Vee 
( 

> 

1 Rx ~ 

+ 
cX1-

Cx Rx/Cx 

Flg.1 Connection of external resistor Rx and 
capacitor Cx to timing terminals Rx/Cx and Cx 

2. Output Pulse Width tWQ 
The output pulse width twa is determined as follows: 
When Cx>100000pF, Rx~10kO 
twa=O.46Cx·Rx (ns) 
ex is given in pF, and Rx in kO 

\ 

3. Output Pulse Width Control 
The output pulse width can be controlled in the following 
three ways. 
3-1 Normal Use 
Fig. 2-(a) is the directions as ordinary monostable multivib
rat or operation and the output pulse width twa can be set 
by using the formula and figure shown in section 2 above. 
3 - 2 Extendtion of the output pulse width with retrigger 

function 
As shown in Fig. 2- (b), the output pulse width can be ex
tended at will by applying additional trigger pulses before 
the output is completed. 
3-3 Shortening of the output pulse width with RD signal 
As shown in Fig. 2- (c), the output pulse which has been 
generated by the trigger signal can be terminated with the 
RD signal and it is possible to shorten its width as reguired. 

BSl------------

Q -.J~~~-------t-wo------~·~I __________ __ 

B 

Q 

RD 

Q 

(a) Normal use 

Retriggered 
____ ...... pulse 11.-_________ _ 

two 

(b) Output pulse width extended by retriggered pulses 

-
two 

u 
----, 

I 

Decrease with 

~Ro pulse .... 

-

(e) Output pulse width shortened by the input signal RD 

Flg.2 Outout pulse width control 
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"'ELECTRIC 2-115 



MITSUBISHI HIGH SPEED CMOS 

M74HC123P/FP/DP 

DUAL· RETRIGGERABLE MONOSTABLE MULTIVIBRATOR 

4. Precations for Use 
4-1 Additional trigger pulses must be applied at least trr 
later after the previous trigger p.ulse has been applied. The 
retrigger pulse during this period is ineffective. 

4 - 3 Insert a capacitor of 0~01 -: 0.1,u F with gc:>od high
frequency characteristics between Vee and GND. 
4-4 Output pulses may be generated when the power is 
switched on. 

4-2 The lead length of external resistor Rx and capacitor 
Cx should be as short as possible (less than 3cm) to mini
mize stray wiring capacitance and to prevent misoperation 
due to noise. Care should also be taken to isolate this cir
cuit from noise sources as far as possible. 

4 -5 Capacitor discharge when the power is turned off 
may cause thermal breakdown or latchup, so a diode 
should ,be connected as shown in Fig. 1. 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee l:)upply voltage 

VI Input voltage 

Vo Output voltage 

VI< OV 
11K Input protection diode current 

Vi> Vee 

Vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current, per output pin 

lee Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC123FP, Ta = -40-+70"C and Ta = 70-85"C are derated at -6mW/"C. 
M74HC123DP, Ta = -40-+50"C and Ta = 50-85'C are derated at -5mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Operating temperature range 

Input risetime, falltime (A, B) 

Vee = 2.0V 
t r• tf 

input rlsetime, falltime (R;;) Vee = 4.SV 

Vee = 6.0V 

Vee=2.0V 
Rx External timing resistance 

Vee~3.0V 

ex External timing capacitance 

2-116 

Limits 

Min Typ Max 

2 6 

0 Vee 
0 Vee 

-40 +85 

no restriction 

0 1000 

0 500 

0 400 

5 1000 

1 1000 

no restriction 

" ,MITSUBISHI 
"'ELECTRIC 

Unit 

V 

V 

V 

·c 
ns 

ns 

kO 

F 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+O. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 
20 

mA 

±25 mA 
±50 mA 
500 mW 

-65-+150 t 



MITSUBISHI HIGH SPEED CMOS 

M74HC123P/FP/DP 

DUAL RETRIGGERABLE MONOSTABLE MULTIVIBRATOR 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vectV) Min 

Vo = O.lV. Vce-O.1V 
2.0 1.5 

V IH High-level input voltage 
1101 =20,uA 

4~ 5 3.15 
6.0 4.2 

Vo = O.lV. Vec-O.1V 
2.0 

V IL Low-level input voltage 
1101 = 20,uA 

4.5 
6.0 

10H = -"-20,uA 2.0 1.9 
10H = -20,uA 4.5 4.4 

V OH High-level output voltage VI = VIH. VIL 10H = -20,uA 6.0 5.9 
10H= -4.0mA 4.5 4.18 
10H= -5.2mA 6.0 5.68 
10L = 20,uA 2.0 
10L = 20,uA 4.5 

VOL Low-level output voltage VI = VIH• VIL 10L = 20,uA 6.0 
10L = 4.0mA 4.5 
10L = 5.2mA 6.0 

IIH High-level input current (A, B, Ro) VI=6V 6.0 

IlL Low-level input current (A, B, Ro) VI=OV 6.0 

IIH High-level input current (Rx/Cx) VI=6V 6.0 

IlL Low-level input current (Rx/Cx) VI=OV 6.0 

Icc Quiescent supply current VI = Vee. GND. 10=O,uA 6.0 
2.0 

'Icc Active supply current VI = Vee, GND, Rx/Cx, = O.5Vee 4.5 
6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25·C) 

Symbol Parameter Test conditions 

tTLH 

hHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pLH 

t pHL 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time Oii, B-Q, 0) 
Low-level to high-level and high-level to low-level 

output propagation time (Trigger input){Ro-Q, 0) 
Low-Ievel.to high-level and high-level to low-level 

output propagation time (Resetinput){Ro-Q, 0) 

CL =15pF (Note 4) 

• MITSUBISHI 
.... ELECTRIC 

limits 

25"C -40-+85"C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1.35 1.35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 

0.1 1.0 ~A 

-0.1 -·1.0 ~A 

0,5 5.0 
-0.5 -5.0 

~A 

4.0 40.0 _--1!~_ .. 
120 160-

300 400 ~A 

600 800 

Limits 
Unit 

Min Typ Max 

10 ns 
10 ns 
43 ns 
43 ns 
46 ns 
46 ns 
35 ns 
35 ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HC123P/FP/DP 

DUAL RETRI.GGERABLE MONOSTABLE MULTIVIBRATOR 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, T a = -40-+85'(:) 

Limits 

Symbol Parameter Test conditions 25"C 

vcdv) Min Typ Max 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

hHL output transition time 4.5 15 

6.0 13 

2.0 240 

tpLH Low-level to high-level and 4.5 48 

high-level to low-I.evel 6.0 41 

output propagation time 2.0 2411 
tpHL (A,6-a,O) 4.5 48 

CL = 50pF(Note 4) 
6.0 41 

2.0 265 

tpLH 
Low-level to high-level and 

4.5 53 
high-level to low-level 

6.0 45 
output propagation time 

2.0 265 
(Trigger input) 

t pHL (Ro-a,O) 4.5 53 

6.0 45 

2.0 195 

tpLH 
Low-level to high-level and 

4.5 39 
high-level to low-level 

6.0 33 
output propagation time 

2.0 195 
(Reset Input) 

tpHL (Ro-a,0) 4.5 39 

6.0 33 

Pulse width difference 

IltWQ between circuits in 

the same package 

Cx=OpF (Note4) 2.0 1000 
tWQ Minimum output pulse 

Rx=5kO (Vcc=2V) 4.5 200 
(MIN) width 

Rx=l kO (Vcc=4. 5, 6V) 6.0 180 

Cx=l00pF 2.0 47 67 

Rx=10kO 4.5 47 57 

CL =50pF (Note 4) 6.0 47 57 
tWQ Output pulse width 

Cx=O.lfJ.F 2.0 0.42 0.54 

Rx=10kO 4.5 0.42 0.50 

CL =50pF (Note 4) 6.0 0.42 0.50 

C. Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· VCC

2 
• fl+lcc • Vcc 

TIMING REQUIERMENTS (Vcc = 2-6V, T a = -40-+85"C) 

Symbol Parameter 

tw Minimum trigger pulse 

(A, B) width 

tw Minimum direct reset 

(Ro) pulse width 

trr Minimum retrigger time 

2-118 

Cx=100pF 

Rx=lkO 

Cx=O.lfJ.F 

Rx=lkO 

Test conditions 

vcdv) 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

4.5 

6.0 

4.5 

6.0 

. • MITSUBISHI 
;"ELECTRIC 

Limits 

25"C 

Min Typ Max 

100 

20 

17 

75 

15 

13 

-40-+85"C Unit 

Min Max 

95 

19 ns 

16 

95 

19 ns 

16 

300 

60 ns 

51 

300 

60 ns 

51 

330 

66 ns 

55 

330 

66 ns 

55 

245 

49 ns 

42 

245 

49 ns 

42 

% 

1250 

250 ns 

230 

67 

57 j.lS 

57 

0.42 0.50 

0.42 0.50 rns 

0.42 0.50 

10 pF 

pF 

-40-+85"C Unit 

Min Max 

120 

24 ns 

21 

90 

18 ns 

16 

ns 

ns 



Note 4 Test Circuit 

INPUT Vee 

DUT 

TIMING DIAGRAM 

B 

Ro 

Q 

Q 

~~ 

MITSUBISHI HIGH SPEED CMOS 

M74HC123P/FP/DP 

DUAL RETRIGGERABLE MONOSTABLE MULTIVIBRATOR 

OUTPUT 

(l)The pulse generator (PG) has the following 
CL characteristics (10%-90%): tr = 6ns, tf = 6ns 

tW(RO) 

(2) The capacitance CL inch,Jdes stray wiring 
capacitance and the probe input capacitance, 

tW(B) 

Vee 

Vee 

GND 

Vee 

GND 

Vee 

GND 

VOH 

VOL 

VOH 

VOL 

A . ~ ~~O_% ____________________________ _ 

GND 

B 

Q 

Q 

--------------------~ ~----------------- Vee v:\}
rr 

two+trr 

. 50% 50% 

'" MITSUBISHI 
..... ELECTRIC 

two+trr 

two+trr 

GND 
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" , MITSUBISHI HIGH SPEED CMOS 

M74HC12SP/FP/DP 

QUADRUPLE 3-STATE N,ONINVERTING BUFFER 

DESCRIPTION 
The M74HC125 is a semiconductor integrated circuit .con
sisting of four buffers ea.ch with 3i state noninverted outputs 
and independent output-enable inputs. 

FEATURES 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT _ 
ENABLE INPUT OE1 - Vee 

• High-speed: 13ns typo (CL=50pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

- OUTPUT 
13 - OE4 ENABLE INPUT INPUT A1-

(Vee=5V, T a=25'C, quiescent state) OUTPUT Y1 +- INPUT 

• High noise margin: 30% of Vee. min (Vee=4.5V. 6V) OUTPUT _ 
ENABLE INPUT OE2- OUTPUT 

• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 10 - OE3 ~~~~~~ INPUT INPUT A2-

• Wide operating temperature range: Ta=-40-+S5'C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC125 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS125. 

OUTPUT Y2-

GND 

14P4 
Outline 14P2N 

14P2P 

-A3 INPUT 

-Y3 OUTPUT 

LOGIC DIAGRAM (EACH BUFFER) 

OUTPUT 
ENABLE OE 0---0 

INPUT 

When output-enable input OE is low and input A is high 
then output Y will become high. However, if A is low then Y 
will become low. When OE is high then Y will become 
high-impedance state, irrespective of A, making the device 
suitable for a bus line driver. 

INPUT A >---<) Y OUTPUT 

FUNCTION TABLE (Note 1) 

Inputs Output 

OE A Y 

L L L 

L H H 

H X Z 

Note X : Irrelevant 
Z : High impedance 

ABSOLUTE MAXIMUM . RATINGS (T a = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < ov 
11K Input.protection diode current 

VI> vcc 

vo< ov 
10K Output parasitic diode current 

Vo > vcc 

10 Output current per output pin 

Icc Supply/GND current Vcc. GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 : M74HC125FP, Ta =-40-+60'C and Ta = 60-85~C are derated at -6mW/'C. 
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M74HC125DP, Ta = -40-+50'C and Ta = 50-85'C are derated at -5mW/·C. 

'.. . MITSUBISHI 
.... ELECTR.C 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 
rnA 

20 

-20 
rnA 

20 

±35 rnA 
±75 rnA 
500 rnW 

-65-+150 ·c 



MITSUBISHI HIGH SPEED CMOS 

M74HC12SP/FP/DP 

QUADRUPLE 3-STATE NONINVERTING BUFFER 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85"C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

I Vee = 2. OV 0 1000 

t r• tf Input risetime, talltime I Vee = 4.5V 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

lozH Oft-state high-level output current 

IOZL Off-state low-level output current 

Icc Quiescent supply current 

Test conditions 

Vec<V) 

Vo = Vee-O. I V 
2.0 

1101 = 20l1A 
4.5 

6.0 

Vo=O.lV, vee-O. IV 
2.0 

1/01 = 20l1A 
4.5 

6.0 

10H = -2011A 2.0 

10H = -2011A 4.5 

VI = VIH, VIL 10H = -2011A 6.0 

10H = -6.0mA 4.5 

10H = -7. 8mA 6.0 

10L = 20l1A 2.0 

10L = 2011 A 4.5 

VI=VIL 10L = 20l1A 6.0 

10L= 6.0mA 4.5 

IOL = 7.8mA 6.0 

VI=6V 6.0 

VI=OV 6.0 

VI=VIH, VIL, Vo= Vee 6.0 

VI=VIH, VIL, Vo= GND 6.0 

VI = Vee, GND, lo=OI1A 6.0 

'MITSUBISHI 
;"ELECTRIC 

Unit 

V 

V 

V 

"C 

ns 

Limits 

25"C -40-+85"C Unit 

Min Typ Max Min Max 

1.5 1.5 

3.15 3.15 V 

4.2 4.2 

0.5 0.5 

1. 35 1.35 V 

1.8 1.8 

1.9 1.9 

4.4 4.4 

5.9 5.9 V 

4.18 4.13 

5.68 5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

9.26 0.33 

O. I 1.0 J..I.A 

-0.1 -1.0 J..I.A 

0.5 5.0 J..I.A 

-0.5 -5.0 J..I.A 

4.0 40.0 J..I.A 
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·, .(. MITSUBISHI HIGH SPEED CMOS 

M74HC12SP/FP/DP 

-QUADRUPLE 3-STATE NONINVERTING BUFFER 

SWITCHING CHARACTERISTICS (Vee = sv, Ta = 2S'C) 

Symbol 
limits 

Parameter Test conditions 
Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = SOpF (Note 4) 

10 

tpLH Low~level to high-level and high-level to low-level 18 

tpHL output propagation time (A-V) 18 

t pLZ Output disable time from low-level and high-level 
CL = SpF (Note 4) 

25 

tpHZ (OE-V) 25 

tPZL Output enable time to low-level and high-level 
CL = SOpF (Note 4) 

25 

tPZH (OE-V) 25 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+8S'C) 

limits 

Symbol Parameter Test conditions 2S"C -40-+8S'C 

hLH 

hHL 

t pLH 

tpHL 

tpLH 

t pHL 

tpLZ 

t pHZ 

tpzL 

t PZH 

t PZL 

tPZH 

C, 

Co 
Cpo 

Note 3 

2-122 

vcdv) Min Typ Max Min 

2.0 60 

Low-level to high-level and 4.5 12 

CL = SOpF (Note 4). 
6.0 10 

high-level to low-level 
2.0 60 

output transilion time 4.5 12 

6.0 10 

2.0 100 

4.5 20 

CL "; SOpF (Note 4) 
6.0 17 

2.0 100 

Low-level to high-level and 4.5 20 

high-level to low-level 6.0 17 
output propagation time 2.0 130 

(A-V) 4.5 26 

CL = lS0pF(Note 4) 
6.0 22 

2.0 130 

4.5 26 

6.0 22 

2.0 125 

Output disable time from 4.5 25 

CL = SOpF (Note 4) 
6.0 21 

low-level and high-level 
2.0 125 

(OE-V) 4.5 25 

6.0 .21 

2.0 125 

4.5 25 

CL = SOpF (Note 4) 
6.0 21 
-2.0 125 

Output enable time to low-level 4.5 25 

6.0 21 
and high-level 

2.0 140 

(OE-V) 4.5 28 

CL = lS0pF (Note 4) 
6.0 24 

2.0 140 

4.5 28 

6.0 24 

Input capacitance 10 

Off-state output capacitance OE = Vee 15 

Power dissipation capacitance (Note 3) 42 

CPO is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per buffer) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• f,+lce • Vee 

. >.,. MlTSU~ISHI 
~ELEeTRIC~ 

Max 

75 

15 

13 

75 

15 

13 

125 

25 

21 

125 

25 

21 

163 

33 

28 

163 

33 

28 

156 

31 

26 

156 

31 

26 

156 

31 

26 

156 

31 

26 

175 

35 

30 

175 

35 

30 

10 

15 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 



Note 4 Test Circuit 

INPUT Vee OUTPUT 

PG OUT 

500 
GNO ICL 

TIMING DIAGRAM 

A 

V 

OE 

V 

V 

Vee 

~ RL = lkO 

SWl 

SW2 1 R,-lkO 

tTHL 

MITSUBISHI HIGH SPEED CMOS 

M74HC125P/FP/DP 

QUADRUPLE 3·STATE NONINVERTING BUFFER 

Vec 

GNO 

VOH 

VOL 

Vce 

GNO 

VOL 

VOH 

Parameter SWl SW2 

tTLH• tTHL 
Open Open 

t pLH• tpHL 

tpLZ Closed Open 

tpHZ Open Closed 

tPZL Closed Open 

tPZH Open Closed 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns. tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

• MITSUBISHI 
;"ELECTRIC 
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MITSUBISHI HIGH SPEED CMOS 

M74HC126P/FP/DP 

QUADRUPLE 3-STATE NONINVERTING BUFFER 

DESCRIPTION 
The M74HC126 is a semiconductor integrated circuit con
sisting of four buffers each with 3-state non inverted outputs 
and independent output-enable inputs. 

FEATURES 

PIN CONFIGURATION (TOP VIEW) 

~~l~~J INPUT OE1 - 1 Vee 

• High-speed: 13ns typo (CL=50pF, Vee=5V) 
• Low power dissipation: 2Q,uW/package, max 

INPUT 13 .... OE4 r~I~~lINPUT 

<Vee=5V, Ta=25°C, quiescent state) OUTPUT Y1 .... INPUT 

• High noise margin: 30% of Vee, min (Vec=4.5V, 6V). ~~l~~iNPUT OE2- OUTPUT 

• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vcc=2~6V INPUT A2- .... OE3 ~~r~~J INPUT 

• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC126 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS126. 

OUTPUT Y2-

GND 

14P4 
Outline 14P2N 

14P2P 

.... A3 INPUT 

-Y3 OUTPUT 

LOGIC DIAGRAM (EACH BUFFER) 

OUTPUT 
ENABLE OE 0----1 
INPUT 

When output-enable input OE is high and input A is high 
then output Y will become high. However, if A is low then Y 

will become low. When OE is low then Y will become high
impedance state, irrespective of A, making the device suit
able for a bus line driver. 

INPUT A o----t ">---0 Y OUTPUT 

FUNCTION TABLE (Note 1) 

Inputs Output 

OE A Y 

H L L 

H H H 

L X Z 

Note 1 X: Irrelevant 
Z : High impedance 

ABSOLUTE MAXIMUM RATINGS (T a = -40-+8S'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K 
VI < ov 

Input protection diode current 
VI> Vee 

vo< ov 
10K Output parasitic diode current 

Vo > vee 

10 Output current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC126FP, Ta = -40-+S0'C and Ta = SO-8S'C are derated at -SmW/"C. 
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M74HC126DP, Ta = -40-+S0'C and Ta = 50-85'C are derated at -SmW/'C. 

.• . MITSUBISHI 
.... ELECTRI'C 

Ratings Unit 

-0.5-+7.0 V 

-O.5-Vee+0.5 V 

-0. 5-Vce+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±35 ' mA 

±75 mA 
500 mW 

-65-+150 t 



MITSUBISHI HIGH SPEED CMOS 

M74HC126P/FP/DP 

QUADRUPLE 3·STATE NONINVERTING BUFFER 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+S5'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

V, Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

I Vee = 2.0V 0 1000 

t r , tf Input rlsetime, falltime l Vee =4.5V 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V ,H High-level input voltage 

V ,L Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

I'H High-level input current 

I'L Low-level input current 

IOZH Off-state high-level output current 

IOZL Off-state low-level output current 

lee Quiescent supply current 

Test conditions 

vedv) 

Vo = O. lV, Vee-O. lV 
2.0 

1101 = 20ttA 
4.5 

6.0 

Vo=O.lV 
2.0 

1101 =20ttA 
4.5 

6.0 

10H = -20ttA 2.0 

10H = -20ttA 4.5 

V,=V'H 10H = -20ttA 6.0 

10H = -6.0mA 4.5 

10H = -7.8mA 6.0 

10L = 20ttA 2.0 

10L = 20ttA 4.5 

V, = V'H, V'L IOL = 20ttA 6.0 

IOL = 6.0mA 4.5 

10L= 7.8mA 6.0 

V,=6V 6.0 

v,=OV 6.0 

V, = V'H, V'L, Vo = Vee 6.0 

V, = V'H, V,L, Vo = GND 6.0 

Vi = Vee, GND, 10 = OttA 6.0 

• MITSUBISHI 
..... ELECTRIC 

Unit 

V 

V 

V 

'c 

ns 

Limits 

25"C -40-+85'C Unit 

Min Typ Max Min Max 

1.5 1.5 

3.15 3.15 V 

4.2 4.2 

0.5 0.5 

1. 35 1.35 V 

1.8 1.8 

1.9 1.9 

4.4 4.4 

5.9 5.9 V 

4.18 4.13 

5.68 5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 ~A 

-0.1 -1.0 ~A 

0.5 5.0 ~A 

-0.5 -5.0 ~A 

4.0 40.0 ~A 
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MITSUBISHI HIGH SPEED CMOS 

M74HC126P/FP IDP 

;QUADRUPLE 3-STATE NONINVERTING BUFFER 

SWITCHING CHARACTERISTICS (Vee = 5V. Ta = 25-c) 

Symbol Parameter Test conditions 
Limits 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 
tTHL output transition time 

CL = 50pF (Note 4) 
10 

t pLH Low-level to high-level and high-level to low-level 18 
t pHL output propagation time (A-V) 18 
t pLZ Output disable time from low-level and high-level 

CL = 5pF (Note 4) 
25 

t pHZ (OE-V) 25 
t PZL Output enable time to low-level and high-level 

CL = 50pF (Note 4) 
25 

t PZH (OE-V) 25 

SWITCHING CHARACTERISTICS (Vee = 2-6V. T a = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+85'C 

tTLH 

tTHL 

tpLH 

t pHL 

t pLH 

tpHL 

t pLZ 

tpHZ 

t PZL 

t PZH 

tPZL 

t PZH 

C. 

Co 

Cpo 

Note 3 

2-126 

VcC<V) Min Typ Max Min 

2.0 60 
Low-level to high-level and 4.5 12 

CL = 50pF (Note 4) 
6.0 10 

high-level to low-level 
2.0 60 

output transition time 4.5 12 
6.0 10 
2.0 100 
4.5 20 

CL = 50pF (Note 4) 
6.0 17 
2.0 100 

Low-level to high-level and 4.5 '20 

high-level to low-level 6.0 17 
output propagation time 2.0 130 
(A-V) 4.5 26 

CL = lS0pF (Note 4) 
6.0 22 
2.0 130 
4.5 26 
6.0 22 
2.0 125 

Output disable time from 4.5 25 

CL = 50pF (Note 4) 
6.0 21 

low-level and high-level 
2.0 125 

(OE-V) 4.5 25 
6.0 21 
2.0 125 
4.5 25 

CL = 50pF (Note 4) 
6.0 21 
2.0 125 

Output enable time to low-level 4.5 25 
6.0 21 

and high-level 
2.0 140 

(OE-V) 4.5 28 

CL = lS0pF (Note 4) 
6.0 24 
2.0 140 
4.5 28 
6.0 24 

Input capacitance 10 
Off-state output capacitance OE=GND 15 
Power dissipation capacitance (Note 3) 43 

CPO is the internal capacitance of the IC calculated from operation supply current under nO-load conditions, (per buffer) 
The power dissipation during operation under no-load conditions is calculated using the foilowing formula: 
Po = Cpo· Vee2 • f.+lee • Vee 

•.... MITSUBISMI 
;'ELECTRIC 

Max 

75 
15 
13 
75 
15 
13 

125 
25 
21 

125 
25 
21 

163 
33 
28 

163 
33 
28 

156 
31 
26 

156 
31 
26 

156 
31 
26 

156 
31 
26 

175 
35 
30 

175 
35 
30 
10 
15 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

os 

ns 

ns 

ns 

pF 

pF 

pF 



Note 4 Test Circuit 

INPUT Vee 

PG OUT 

500 

TIMING DIAGRAM 

A 

y 

OE 

y 

Y 

OUTPUT 

ICL 

MITSUBISHI HIGH SPEED CMOS 

M74HC126P/FP/DP 

QUADRUPLE 3·STATE NONINVERTING BUFFER 

Vee 

~RL=lkO 
SWl 

SW2 1 R,~ lkn 

Vee 

Parameter SWl SW2 

hLH. tTHL 
Open Open 

tpLH• tpHL 

tpLZ Closed Open 

t pHZ Open Closed 

tPZL Closed Open 

tPZH Open Closed 

'(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

""------GNO 

Vee 

GNO 

VOL 

VOH 

.•... 'MITSU.B .. ISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC132P/FP/DP 

"~QUADRUPLE 2-INPUT SCHMITT-TRIGGER POSITIVE NAND GATE 

DESCRIPTION 
The M74HC132 is a semiconductor integrated circuit con
sisting of four 2-input Schmitt-trigger positive~logic NAND 
gates, usable·as negative-logic NOR gates. 

FEATURES 
• High-speed: 13ns typo (CL=1SpF, Vee=SV) 
• Low power dissipation: S,uW/package, max 

(Vee=5V, Ta=2S·C, quiescent state) 

• High noise margin: 30% of Vee, min 
(Vee=4.SV, SV) 

• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee =2 ...... SV 
• Wide operating temperature range: T a= -40 ...... +8S·C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC132 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS132. 

PIN CONFIGURATION (TOP VIEW) 

INPUTS I A1-+ 

81-+ 

OUTPUT Y1 +-

INPUTS 1 
A2-+ 

82-+ 

OUTPUT Y2+-

GND 

14P4 
Outline 14P2N 

14P2P 

LOGIC DIAGRAM 
(EACH SCHMITT-TRIGGER) 

A 

Vcc 

OUTPUT 

-+ Y3 OUTPUT 

Built-in Schmitt-trigger circuits prevent the occurrence of 
incorrect oscillations even when input signals having slow 
rise and fall times are applied. The Schmitt triggers ensure 
a signal of restored waveshape will appear at the output. 
When both A and B inputs are high, the output Y will be
come low, and when at least one of the inputs is low, the 
output Y will become high. 

INPUTS Y OUTPUT 

8 V---t~~~ 

FUNCTION TABLE 
Inputs Output 

A B Y 

L L H 

H L H 

L H H 

H H L 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Va Output voltage 

vl < OV 
11K Input protection diode current 

VI> Vee 

Vo < OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Notel) 

Tstg Storage temperature range 

Note1: M74HC132FP, T a = -40-+65'C and T a = 65-85'C are derated at -6mW/'C. 

2-128 

M74HC132DP, T a = -40-+5O'C and T a = 50-85'C are derated at -5mW/'C, 

"MITSUBISHI 
.... ELECTRIC .. 

Ratings Unit 

-0.5 ...... +7.0 V 

-0. 5--:Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 
rnA 

20 

-20 

20 
rnA 

±25 rnA 

±50 rnA 

500 mW 

-65-+150 'c 



MITSUBISHI HIGH SPEED CMOS 

M74HC132P/FP/DP 

QUADRUPLE 2-INPUT SCHMITT -TRIGGER POSITIVE NAND GATE 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+S5·C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

V, Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

, t r• tf Input risetime, falltime No restriction 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VT+ 
Positive-going 

threshold voltage 

V T-
Negative-going 

threshold voltage 

V H Hysteresis voltage 

V OH High-level output voltage 

VOL Low-!evel output voltage 

I'H High-level input current 

I'L Low-level input current 

lee Quiecent supply current 

Test conditions 

vcdv) 

2.0 
Vo = O. lV, Vce - O. lV 

4.5 
1101 = 20l1A 

6.0 

2.0 
Vo = Vcc - O. 1 V 

4.5 
1101 = 2011 A 

6.0 

2.0 
Vo=O.lV, Vcc-O.1V 

4.5 
1101 = 20l1A 

6.0 

10H = -2011A 2.0 

10H = -2011A 4.5 

V, = VT+, VT- 10H = -2011A 6.0 

10H = -4.0mA 4.5 

IGlH = -5.2mA 6.0 

10L = 20l1A 2.0 

10L = 20l1A 4.5 

V,= VT+ 10L = 20l1A 6.0 

10L = 4.0mA 4.5 

10L = 5.2mA 6.0 

V,=6V 6.0 

V,=OV 6.0 

V, = Vee, GND, 10= 011 A 6.0 

• MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

·C 

-

Limits 

25·C -40-+85·C Unit 

Min Typ Max Min Max 

0.7 1.5 0.7 1.5 

1. 55 3.15 1.55 3.15 V 

2.1 4.2 2.1 4.2 

0.3 1.0 0.3 1.0 

0.9 2.45 0.9 2.45 V 

1.2 3.2 1.2 3.2 

0.2 1.2 0.2 1.2 

0.4 2.1 0.4 2.1 V 

0.5 2.5 0.5 2.5 

1.9 1.9 

4.4 4.4 

5.9 5.9 V 

4.18 4.13 

5.68 5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 fJ-A 

-0.1 -1.0 fJ-A 

1.0 10.0 fJ-A 
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MITSUBISHI HIGH SPEED CMOS 

M74HC132P/FP/DP 

QUADRUPLE 2-INPUT S,CHMI,TT -TRIGGER POSITIVE NAND GATE 

SWITCHING· CHARACTERISTICS (Vee == 5V, T a == 25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

10 tTHL output transition time 
CL == lSpF (Note 3) 

t pLH Low-level to high-level and high-level to low-level 22 

tpHL output propagation time 22 

SWITCHING CHARACTERISTICS (Vee == 5V±10%, Ta == -40-+8S"C) 

Limits 

Symbol Parameter Test conditions 2S"C -40-+8S"C 

vcdv) Min Typ Max Min 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-fevel 

2.0 75 

tTHL output transition time 4.5 15 

CL == SOpF (Note 3) 
6.0 13 

2.0 125 

tpLH Low-level to high-level and 4.5 25 

6.0 21 
high-level to low-level 

2.0 125 

tpHL output propagation time 4.5 25 

6.0 21 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 2) 37 

Note 2 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per gate) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po == Cpo· Vcc • fl+lcc • Vcc 

Note 3 Test Circuit 
INPUT 

PG ~-+----I 

50n 

TIMING DIAGRAM 

A B 

y 

2-130 

Vee 

OUT 

GNO 

OUTPUT 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr == 6ns, tf == 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

~-----------GNO 

" : ',MITS,' UBISHI 
..... ELE~TRIC 

Max 

95 

19 

16 

95 

19 

16 

158 

32 

27 

158 

32 

27 

10 

Unit 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC133P/FP/DP 

13-INPUT POSITIVE NAND GATE 

DESCRIPTION 
The M74HC133 is a semiconductor integrated circuit con
sisting of a 13-input positive-logic NAND gates, usable as 
negative-logic NOR gates. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High-speed: 20ns typo (CL = 15pF, Vee=5V) 
• Low power dissipation: 5,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 
• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: Ta=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 

16P4 
Outline 16P2N 

16P2P 

Use of silicon gate technology allows the M74HC133 to 
maintain the low power dissipation and high noise margin of 
the standard CMOS logic 4000B series while giving high
speed performance equivalent to the 74LS133. 

FUNCTION TABLE 

Buffered output Y improve input-to-output transfer charac
teristics and reduce to a minimum output impedance varia
tions with respect to input voltage variations. 
When inputs A through M are all high, the output Y will be
come low and when at least one of A through M is low, the 
output Y will become high. 

A 

L 

H 

L 

H 

Inputs 

N 

L 

L 

H 

H 

LOGIC DIAGRAM Vee 

,-------------------{16 

INPUTS 

•. MITSUBISHI 
.... ELECTRIC 

GND 

Output 

Y 

H 

H 

H 

L 

INPUTS 

OUTPUT 

2-131 



MITSUBISHI HIGH SPEED CMOS 

M74HC133P/FP/DP 

13-INPUT POSITIVE NAND GATE 

ABSOLUTE MAXIMUM -RATINGS (ta = -40-+85·C. unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Va Output voltage 

VI < OV 
11K Input protection diode current 

VI> vcc 

Vo< OV 
10K Output parasitic diode current 

Vo> Vcc 

10 Output current per output pin 

Icc Supply/GND current Vce. GND 

Pd Power dissipation (Note I) 

Tstg Storage temperature range 

Note 1 M74HC133FP, Ta = -40-+70"C and Ta = 70-85'C are derated at -6mW/"C. 
M74HC133DP, T a = -40-+50'C and T a = 50-85'C are derated at -5mW/'C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Va Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

I Vce = 2.0V 0 1000 

tr. tf Input risetlme, falltime l Vcc=4.5V 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level Input voltage 

VIL low-level Input voltage 

VOH High-level output voltage 

VOL low-level output voltage 

IIH High-level input current 

IlL low-level input current 

Icc Quiescent supply current 

2-132 

Test conditions 

vedv) 

Vo = O.IV. Vee-O. IV 
2.0 

1101 =20J.lA 
4.5 

6.0 

Vo = vee-O. IV 
2.0 

1101 = 20J.lA 
4.5 

6.0 

10H = -20J.lA 2.0 

10H = -20J.lA 4.5 

VI = VIH• VIL 10H = -20J.lA 6.0 

IOH= -4.0mA 4.5 

IOH= -5.2mA 6.0 

10L = 20J.lA 2.0 

IOL = 20J.lA 4.5 

VI=VIH 10L = 20J.lA 6.0 

IOL= 4.0mA 4.5 

10L = 5.2mA 6.0 

VI=6V 6.0 

VI=OV 6.0 

VI = Vee. GND. lo=OJ.lA 6.0 

• MITSUBISHI 
"'ELECTRIC 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+O. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±?5 mA 
±50 mA 
500 mW 

-65-+150 ·C 

Unit 

V 

V 

V 

'c 

ns 

Limits 

25"C -40-+85"C Unit 

Min Typ Max Min Max 

1.5 1.5 

3.15 3.15 V 

4.2 4.2 

0.5 0.5 

1.35 1. 35 V 

1.8 1.8 

1.9 1.9 

4.4 4.4 

5.9 5.9 V 

4.18 4.13 

5.68 5.63 

O. I O. I 
0.1 O. I 
0.1 O. I V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /-lA 
-0.1 -1.0 /-lA 

1.0 10.0 /-lA 



MITSUBISHI HIGH SPEED CMOS 

M74HC133P/FP/DP 

13-INPUT POSITIVE NAND GATE 

SWITCHING CHARACTERISTICS· (Vee = 5V:Ta = 25·C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

hHL output transition time 
CL = 15pF (Note 3) 

10 

t pLH Low-level to high-level and high-lI'lVel to low-level 30 

t pHL output propagation time (A, e, C, D, E, F, G, H, I, J, K, L or M - y) 30 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85·C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+85"(; 

VcC<V) Min Typ Max Min 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

CL = 50pF (Note 3) 
6.0 13 

2.0 160 

t pLH 
Low-level to high~level and 

4.5 35 
high-level to low-level 

6.0 30 
output propagation time 

2.0 160 

t pHL 
(A, B, C, D, E, F, G, H, I, J) 

4.5 35 
K,LorM-Y . 

6.0 30 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 2) 32 

Note 2 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per gate) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· Vee

2 
• fl+lee • Vee 

Note 3 Test Circuit 

INPUT 

PG ~-+----I 

TIMING DIAGRAM 

A, B, C, D, E, F, G, 
H, I, J, K, L or M 

Y 

50n 

Vee 

DUT 

GND 

OUTPUT' 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input'capacitance. 

Vee 

'''------GND 

tMITSUBISHI 
..... ELECTRIC 

Max 

95 

19 

16 

95 

19 

16 

190 

42 

36 

190 

42 

36 

10 

Unit 

ns 
ns 
ns 
ns 

Unit 

ns 

ns 

ns 

ns 

pF 
pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HC137P/FP/DP 

I-OF-. DECODER/DEMULTIPLEXER WITH·ADDRESS LATCH 

DESCRIPTION 
The M74HC137 is a semiconductor integrated circuit con
sisting of a 3-bit binary to 8-line decoder/demultip'lexer with 
addr'ss latch. 

FEATURES 
• Built-in address latch 
• High-speed: 17ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC137 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS137. 

The M74HG137 consists of a 3-bit binary to 8-line decoderl 
demultiplexer with an address latch to store the signals of 
inputs AO' through A2. When latch-enable input LE is low, a 
3-bit binary code is applied to inputs AO through A2 goes 
through the latch and becomes a code input signal. In this 
case, one of outputs YO through Y7 corresponding to this 
value will become low and the other outputs will all be-

LOGIC DIAGRAM 

INPUTS 

LATCH ENABLE 
INPUT 

CHIP SELECT 
INPUTS 

AO 1 

1 

CS1 

CS2 

PIN CONFIGURATION (TOP VIEW) 

AO- Vee 

INPUTS A1-

A2-

LATCH ENABLE 
INPUT 

CS2- OUTPUTS 
CHIP SELECT 
INPUTS 

CS1-

OUTPUT Y7 .... 

GND 

16P4' 
Outline 16P2N 

16P2P 

come high. In this case, chip select inputs CS1 and CS2 
should be maintained at high and low, respectively. When 
CS1 and CS2 are in conditions other than those given 
above, all outputs will become high. 
When LE is high, the AO through A2 signals exisiting im
mediately prior to the high-level setting will be stored in 
the latch. In this case, those stored contens will not change 
even if AO through A2 are changed. 
When operated as a 1-of-8 demultiplexer, CS1 or CS2 is 
used as a data input and AO through A2 are used as select
ing inputs. 

Vee 

OUTPUTS 

I 
----~----------~ 

GND 

" .. MITSUBISHI 
.... ELECTRIC 



MITSUBISHI HIGH SPEED CMOS 

M74HC137P/FP/DP 

1-0F-8 DECODER/DEMULTIPLEXER WITH ADDRESS LATCH 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

LE CS1 CS2 A2 A1 AO YO Y1 Y2 Y3 Y4 

X X H X X X H H H H H 

X L X X X X H H H H H 

L H L L L L L H H H H 

L H L L L H H L H H H 

L H L L H L H H L H H 

L H L L H H H H H L H 

L H L H L L H H H H L 

L H L H L H H H H H H 

L H L H H L H H H H H 

L H L H H H H H H H H 

H H L X X X YOO Y1° Y2° Y3° Y4° 

Note 1 x: Irrelevant 
yO : Output state Y before LE changed to high level. 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5'C. unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

v l < OV 
11K Input protection diode current 

VI> Vce 

Vo< OV 
10K Output parasitic diode current 

Vo > Vce 

10 Output current per output pin 

Icc Supply/GND current Vce, GND 

Pd P"ower dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 M74HC137FP. Ta = -40-+70·C and Ta = 70-S5'C are derated at -6mW/'C. 
M74HC137DP, Ta = -40-+50·C and Ta = 50-85'C are derated at -5mW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+S5·C) 

Symbol Parameter 

Vee Supply voltage 

VI Input vOltage 

Vo Output voltage 

Topr Operating temperature range 

I Vcc = 2.0V 

t r• tf Input risetime. falltime I Vee=4.5V 

I Vee = 6.0V 

Limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 

~40 +85 

0 1000 

0 500 

0 400 

, • ,MITSUBISH,. I 
"ELECT,RIC 

Unit 

V 

V 

V 

·C 

ns 

Y5 Y6 Y7 

H H H 

H H H 

H H H 

H H H 

H H H 

H H H 

H H H 

L H H 

H L H 

H H L 
YSO YSO Y7° 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±25 mA 

±50 mA 

500 mW 

-65-+150 ·C 
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MITSUBISHI HIGH SPEED CMOS 

M74HC137P/FP/DP 

I-OF-. DECODER/DEMULTIPLEXER WITH ADDRESS LATCH 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

VcC<V) Min 

Vo = O. IV, Vcc-O. IV 
2.0 1.5 

V IH High-level input voltage 
1101 =20p.A 

4.5 3.15 
6.0 4.2 

Vo = O. IV, Vcc-O.IV 
2.0 

V IL Low-level Input voltage 
1101 =20p.A 

4.5 
6.0 

10H = -20p.A 2.0 1.9 
10H= -20!JA 4.5 4.4 

V OH High-level output voltage VI = VIH, Vil 10H = -20p.A 6.0 5.9 
10H= -4.0mA 4.5 4.18 
10H= -S.2mA 6.0 5.68 
10l = 20p.A 2.0 
10l = 20p.A 4.5 

VOL, Low-level output voltage VI = VIH, Vil 10l = 20!JA 6.0 
10l= 4.0mA 4.5 
10l = S.2mA 6.0 

IIH High-level Input current VI == 6V 6.0 

IlL Low-level input current VI=OV 6.0 

Icc Quiescent supply current VI = Vcc, GND, 10= Op.A 6.0 

SWITCHING CHARACTERISTICS (Vcc=5V. Ta=25'C) 

Symbol Parameter Test conditions 

tTLH 

tTHL 

t pLH 

t pHL 

tpLH 

t pHL 

tpLH 

t pHL 

t pLH 

t pHL 

2-136 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (A - y) 
Low-level to high-level and high-level to low-level 

output propagation time (CS2 - y) 
Low-level to high-level and high-level to low-level 

output propagation time (CS1 - y) 
Low-level to high-level and high-level to low-level 

output propagation time (LE - y) 

Cl = ISpF (Note 4) 

• ,MITSUBISHI 
~£LECTRIC 

Limits 

25"C -40-+8S"C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1.35 1.35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0; 1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 
0.1 1.0 /.lA 

-0.1 -1.0 /.lA 

4.0 40.0 /.lA 

Limits 
Unit 

Min Typ Max 

10 ns 
10 ns 
29 ns 
42 ns 
22 ns 
34 ns 
25 ns 
34 ns 
30 ns 
44 ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HC137P/FP/DP 

I-OF-8 DECODER/DEMULTIPLEXER WITH ADDRESS LATCH 

SWITCHING CHARACTERISTICS (Vee = 2-6V, Ta = -40-+8S·C) 

Limits 

Symbol Parameter Test conditions 2S·C 

vcdv) Min Typ Max 

2.0 75 

hLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

hHL output transition time 4.5 15 

6.0 13 

2.0 170 

t pLH Low-level to high-level and 4.5 34 

high-level to low-level 6.0 29 

output propagation time 2.0 240 

t pHL (A-Y) 4.5 48 

6.0 41 

2.0 130 

t pLH Low-level to high-level and 4.5 26 

high-level to low-level 
CL = SOpF (Note 4) 

6.0 22 

output propagation time 2.0 195 

t pHL (CS2- y) 4.5 39 

6.0 33 

2.0 lS0 

t pLH Low-level to high-level and 4.5 30 

high-level to low-level 6.0 26 

output propagation time 2.0 195 

t pHL (CS1-Y) 4.5 39 

6.0 33 

2.0 175 

t pLH Low-level to high-level and 4.5 35 

high-level to low-level 6.0 30 

output propagation time 2.0 250 

t pHL (LE-Y) 4.5 SO 

6.0 43 

C, Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 108 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· VCC

2 
• f,+lee • Vee 

TIMING REQUIREMENTS (Vee = 2-6V, Ta = -40-+8S·C) 

Symbol Parameter 

tw LE pulse width 

tsu 
A setup time with 

respect to LE 

A hold time with 
th 

respect to LE 

Test conditions 

vcdv) 

2; 0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

• . MITSUBISHI' 
.... ELECTRIC·· 

Limits 

25·C 

Min Typ Max 

80 

16 

14 

100 

20 

17 

50 

10 

9 

-40-+8S·C Unit 

Min Max 

95 

19 ns 

16 

95 

19 ns 

16 

214 

43 ns 

36 

302 

60 ns 

51 

164 

33 ns 

28 

246 

49 ns 

42 

189 

38 ns 

32 

246 

49 ns 

42 

221 

44 ns 

37 

315 

63 ns 

54 

10 pF 

pF 

-40-+8S·C Unit 

Min Max 

101 

20 ns 

17 

126 

25 ns 

21 

63 

13 ns 

11 
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MITSUBISHI HIGH SPEED CMOS 

M74HC137P/FP/DP 

I·OF •• DECODER/DEMULTIPLEXER ,WITH ADDRESS LATCH 

Note 4 : Test Circuit 

INPUT Vee OUTPUT 

OUT 

soo 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

TIMING DIAGRAM 

A 

Y 

Y 

tTLH 

tw 

LE 

Y 

2-138 

A 

A 

LE 

Vcc 

CS1 
GNO 

VOH 

Y 
VOL 

VOH 

VOL 

tTHL CS2 

, • ~.MITSUBISHI 
..... ELECTRIC 

Vcc 

50% . 
GNO 

Vcc 

GNO 

tau ttl 

Vcc 

GNO 

Vee 

'------GNO 

VOL 

_-----Vec 

GNO 

VOH 

Vee 

GNO 

VOH 

VOL 



DESCRIPTION 
The M74HC138 is a semiconductor integrated circuit con
sisting of a 3-bit binary to 8-line decoder/demultiplexer with 
chip select inputs. 

FEATURES 
• Three types of chip select inputs 
• Expandable to 24 outputs without extenally connected 

components 
• High-speed: 17ns typo (CL=1SpF, Vcc=SV) 
• Low power dissipation: 20,uW/package, max 

(Vcc=5V, Ta=2SoC, quiescent state) 

• High noise margin: 30% of Vee, min (Vcc=4.SV, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: T a=-40-+8SoC 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC138 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS138. 
When operated as a decoder, a 3-bit binary code are ap
plied to inputs AO, A 1 and A2, one of outputs YO through Y7 
corresponding to this value will become low and the other 

~ITSUBISHI HIGH SPEED CMOS 

M74HC138P/FP/DP 

I-OF -8 DECODER/DEMULTIPLEXER 

PIN CONFIGURATION (TOP VIEW) 

INPUTS { ::: 

A2-

{

CS2-

CHIP SELECT CS3 _ 
INPUTS 

OUTPUT 

CS1-

GND 

16P4 
Outline 16P2N 

16P2P 

outputs will all become high. 

Vee 

-YO 

-Y1' 

-Y2 

-Y3 

-Y4 

-Y5 

-Y6 

OUTPUTS 

In this case, chip select input CS1 should be maintained at 
high while CS2 and CS3 should be maintained at low. 
When CS1, CS2 and CS3 are in conditions other than those 
given above, all outputs will become high irrespective of AO 
through A2. 
When operated as a 1-of-8 demultiplexer, CS1, CS2, or 
CS3 is used as data input and AO through A2 input are used 
as slecting input. 

Vee 
LOGIC DIAGRAM 1_ ----------------@ 

INPUTS 

CHIP SELECT 
INPUTS 

1 M A1 

A2 

CS3 

CS2 

L--___________ ~ 
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GND 

YO 
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Y2 

Y3 
OUTPUTS 

Y4 
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MITSUBISHI HIGH SPEED CMOS 

M74HC138P/FP/DP 

I-OF -8 DECODER/DEMULTIPLEXER 

FUNCTION TABLE (Note 1) 

Inputs 

CS1 csx A2 
X H X 
L X X 
H L L 

H L L 

H L L 

H L l 
H L H 

H L H 

H L H 

H L H 
- - -

Note 1 CSX = CS2 + CS3 
X : Irrelevant 

A1 
X 
X 

L 

L 

H 

H 

L 

L 

H 

H 

Outputs 

AO YO Y1 Y2 , Y3 
X H H H H 

X H H H H 

L L H H H 

H H L H H 

L H H L H 

H H H H L 

L H H H H 

H H H H H 

L H H H H 

H H H H H 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+8S'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vee 

Vo< OV 
10K Output parasitic diode current 

Va> Vee 

10 Output current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power diss'ipation (Note 2) 

Tstg Storage temperature range 

Note 2: M74HC138FP, Ta = -40-+70'C and Ta = 70 .... 8S'C are derated at -6mW/'C, 
M74HC138DP, Ta = -40-+S0'C and Ta = SO-8S'C are derated at -SmW/'C, 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+8S'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

To~ Operating temperature range . 

Vce=2.0V 

t r• tf Input risetime, falltime Vee=4.SV 

Vee = 6.0V 

2-140 

Limits 

Min Typ Max 

2 6 
0 Vee 
0 Vee 

~40 +85 
0 1000 
0 500 
0 400 

•. MITSUBISH. I 
"ELECTRIC. 

Unit 

V 
V 
V 
'c 

ns 

Y4 Y5 Y6 Y1 
H H H H 

H H H H 

H H H H 

H H H H 

H H H H 

H H H H 

L H H H 

H L H H 

H H L H 

H H H L' 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 
-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±25 mA 
±50 mA 
500 mW 

-65-+150 "C 



MITSUBISHI HIGH SPEED CMOS 

M74HC138P/FP/DP 

I-OF -8 DECODER/ DEMULTIPLEXER 

ELECTRICAL CHARACTERISTICS 
limits 

Symbol Parameter Test conditions 25"C -40~+8S"C Unit 

vcdv) Min Typ Max Min Max 

Vo = O. lV, Vee-O.1V 
2.0 1.5 1.5 

V IH High-level input voltage 
1101 =20f,JA 

4.5 3.15 3.15 V 

6.0 4.2 4.2 

Vo = O. lV, vee-O. lV 
2.0 0.5 0.5 

V IL Low-level Input voltage 
1101 =20f,JA 

4.5 1.35 1. 35 V 

6.0 1.8 1.8 
10H == -20f,JA 2.0 1.9 1.9 
10H = -201JA 4.5 4.4 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -20f,JA 6.0 5.9 5.9 V 

10H = -4.0mA 4.5 4.18 4.13 
10H= -S.2mA 6.0 5.68 5.63 
10L = 20IJA 2.0 0.1 0.1 
10L = 20IJA 4.5 0.1 0.1 

VOL Low-level output voltage VI = VIH, VIL 10L = 20IJA 6.0 0.1 0.1 V 

10L = 4.0mA 4.5 0.26 0.33 
10L = S.2mA -6.0 0.26 0.33 

IIH High-level input current VI =6V 6.0 0.1 1.0 IJ.A 
IlL Low-level Input current VI=OV 6.0 -0.1 -1.0 IJ.A 

Icc Quiescent supply current VI= Vee, GND, 10=OIJA 6.0 4.0 40.0 IJ.A 

SWITCHING CHARACTERISTICS (Vee = 5V. T a = 25'C) 

limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 ns 
tTHL output transition time 10 ns 
tpLH Low-level to high-level and high-level to low-level 25 ns 
t pHL output propagation time (A - y) 

e L = 1SpF (Note 4) 
35 ns 

t pLH Low-level to high-level and high-level to low-level 25 ns 
t pHL output propagation time (eS1 - y) 25 ns 
t pLH Low-level to high-level and high-level to low-level 25 ns 
t pHL output propagation time (eS2, eS3 - y) 30 ns 

• . MITSUBISHI 2-141 
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MITSUBISHI HIGH SPEED CMOS 

.,.. .. -' M74HC138P/FP/DP 

I-OF -8 DECODER/DEMULTIPLEXER 

SWITCHING CHARACTERISTICS (Vcc = 2-SV, T a = -40-+S5'C) 

Symbol 

tTLH 

tTHL 

t pLH 

tpHL 

t pLH 

tpHL 

tpLH 

tpHL 

C 1 

Cpo 

Note 3 

2-142 

Limits 

Parameter Test conditions 2S'C 

vcdv) Min Typ Max 

2.0 75 

Low-level to high-level and 4.5 15 

S.O 13 
high-level to low-level 

2.0 75 

output transition time 4.5 15 

6.0 13 

2.0 150 

Low-level to high-level and 4.5 30 

high-level .0 low-level 6.0 26 

output propagation time 2.0 200 

(A-Y) 4.5 40 

CL = SOpF (Note 4) 
6.0 34 

2.0 150 

Low-level to high-level and 4.5 30 

high-level to low-level 6.0 26 

output propagation time 2.0 150 

(CS1-Y) 4.5 30 

6.0 26 

2.0 150 

Low-level to high-level and 4.5 30 

high-level to low-level 6.0 26 

output propagation time 2.0 175 

(CS2, CS3 - y) 4.5 35 

6.0 30 

Input capacitance 10 

Power dissipation capacitance (Note 3) 82 

CPO is the internal capacitance of the IC calculated from operation supply current under no-load conditions, 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' VcC

2
• fl+lcc • Vcc 

" ... -·~T:.SUBI$Jt1 
.... ELECT;RlC 

-40-+BS'C Unit 

Min Max 

95 

19 ns 

16 

95 

' 19 ns 

16 

189 

38 ns 

32 

,252 

50 ns 

43 

189 

38 ns 

32 

189 

38 ns 

32 

189 

38 ns 

32 

221 

44 ns 

37 

10 pF 

pF 



Note 4 : Test Circuit 

INPUT Vee 

PG 1----+-----1 OUT 

50n 

TIMING DIAGRAM 

A 

YO-Y7 

YO-Y7 

tTLH 

OUTPUT 

(THL 

MITSUBISHI HIGH SPEED CMOS 

M74HC138P/FP/DP 

1·0F·8 DECODER/DEMULTIPLEXER 

(1)The puls~ generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance eL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

eS1 

GNO 

VOH 

YO-Y7 

VOL 

VOH 

VOL 

eS2, eS3 

YO-Y7 

Vee 

"------ GNO 
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DESCRIPTION 
The M74HCT138 is a semiconductor integrated circuit con
sisting of a 3-bit binary-to 8-line decoder/demultiplexer 
with chip-select inputs. 

FEATURES 
• TTL level input VIL = O. BV max VIH = 2. OV min 
• Three types of chip-select inputs 
• High-speed: 17ns typo (CL=15pF, Vee=5V) 
• Low power 9issipation: 20,uW/paekage, max 

(Vee=5V, Ta=25°C, quiescent state) 

• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee + 2 ....... 6V 
• Wide operating temperature range: T a=-40 ....... +85°C 

APPLICATION 
General purpose, ,for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HCT138 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS138. 
As the inputs are TTL level, the device can be used as a 
level converter from LSTTL to high-speed CMOS. In that 
case, no pull-up resistors are required. 
When operated as a decoder, a 3-bit binaly code are ap
plied to inputs AO, A1 and A2, one of outputs YO through Y7 

MITSUBISHI HIGH SPEED CMOS 

M74HCT138P/FP/DP 

PIN CONFIGURATION (TOP VIEW) 

INPUTS A 1 --+ 

CHIP SELECT 
INPUTS 

A2 --+ 

CS1 --+ 

OUTPUT Y7 +-

GND 

Outline 

Vee 

--+ Y6 

OUTPUTS 

corresponding to this value will become low and the other 
outputs will all become high. 
In this case, chip select input CS1 should be maintained at 
high while CS2 and CS3 should be maintained at low. 
When CS1, CS2 and CS3 are in conditions other than those 
given above, all outputs will become high irrespective of AO 
through A2. 
When operated as a 1-of-8 demultiplexer, CS1, CS2 or CS3 
is used as data input and AO through A2 input are used as 
slecting input. 

LOGIC DIAGRAM Vee 1-----------, --@ 

2---144 

INPUTS 1 :~ 1 

A2 

CHIP SELECT' 
INPUTS 

CS3 

'---------" - - - - - -- - - - -, -~ 
GND 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT138P/FP/DP 

I-OF -8 DECODER/DEMULTIPLEXER WITH LSTTL-COMPATIBLE INPUTS 

FUNCTION TABLE (Note 1) 

Inputs 

CS1 CSX A2 

X H X 

L X X 

H L L 

H L L 

H L L 

H L L 

H L H 

H L H 

H L H 

H L H 
- -

Note 1 CSX = CS2 + CS3 
X : Irrelevant 

A1 

X 

X 

L 

L 

H 

H 

L 

L 

H 

H 

Outputs 

AO YO Y1 Y2 Y3 

X H H H H 

X H H H H 

L L H H H 

H H L H H 

L H H L H 

H H H H L 

L H H H H 

H H H H H 

L H H H H 

H H H H H 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C. unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vee 

Vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current. per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 M74HC138FP. Ta = -40-+70·C and Ta = 70-85·C are derated at -6mW/"C. 
M74HC138DP. Ta = -40-+50·C and Ta = 50-85·C are derated at -5mW/"C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85·C) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5.5 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Toor Operating temperature range -40 +85 ·C 

I Vee = 2.0V 0 1000 

t r, tf Input risetime. falltime I Vee = 4.5V 0 500 ns 

I Vee = 6.0V 0 400 

Y4 Y5 Y6 Y7 

H H H H 

H H H H 

H H H H 

H H H H 

H H H H 

H H H H 

L H H H 

H L H H 

H H L H 

H H H L 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 

±50 rnA 

500 mW 

-65-+150 ·C 

• MITSUBISHI 2-145 
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MITSUBISHI HIGH SPEED CMOS 

M74HC'T138P/FP/DP 

1-0F-8 DECODER/DEMULTIPLEXER WITH' LSTTL'.;'eOMPATIBLE INPUTS 

ELECTRICAL CHARACTERISTICS (Vee = 5V±10%, unless otherwise noted) 

limits 

Symbol Parameter Test conditions 2S"C 

Min Typ Max 

VIH High-level Input voltage 
Vo=O.lV 

2.0 
1101 = 20/-lA 

V IL Low-level input voltage 
Vee-O. lV, Vee-O. lV 

0.8 
1101 = 20/-lA 

10H= -20/-lA Vec-O. l 

V OH High-level output voltage VI = VIL 10H = -4.0mA, Vee = 4. SV 4.18 

10H = -4. SmA, Vee = 5. SV 5.18 

10L = 20/-lA 0.1 

VOL Low-level output voltage VI = VIH, VIL 10l = 4. OmA, Vee = 4. SV 0.26 

10l = 4. SmA, Vee = 5. SV 0.26 

IIH High-level input current VI = S.SV 0.1 

IlL Low-level input current VI=OV -0.1 

Icc Quiescent supply current VI = Vee, GND, 10=O/-lA 4. a 
.6. Icc Maximum quiescent state supply current VI = 2. 4V, O.4V (Note 3) 2.7 

Note 3 Only one input is set at this value and all others are fixed at"Vee or GND. 

SWITCHING CHARACTERISTICS (Vee = SV, T a = 25'C) 

Symbol Parameter Test conditions 
Min 

tTLH Low-level to high-level and high-level to low-level 

tTHL output transition time 

t pLH LOW-level to high-level and high-level to low-level 

t pHL output propagation time (A - y) 
Cl = lSpF (Note 5) 

t pLH Low-level to high-level and high-level to lOW-level 

t pHL output propagation time (CS1 - y) 
t pLH Low-level to high-level and high-level to lOW-level 

tpHL output propagation time (CS2, CS3 - y) 

SWITCHING CHARACTERISTICS (Vee = SV±10%, T a = -40-+SS"C) 

Limits 

Symbol Parameter Test conditions 2S'C 

Min Typ Max 

hLH Low-level to high-level and high-level 15 

tTHL to low-level output transition time 15 

t pLH Low-level to high-level and 30 
high-level to low-level output 

t pHL propagation time (A-Y) 
Cl = 50pF (Note 5) 

40 

t pLH Low-level to high-level and 30 
high-level to low-level output 

t pHL propagation time (CS1-Y) 30 

tpLH Low-level to high-level and 30 

t pHL 
high-level to low-level ou~ 

35 propagation time (CS2, CS3-Y) 

C I Input capacitanc~ 10 

Cpo Power dissipation capacitance (Note 4) 

Note 4 CPO is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power disSipated during operation under no-load conditions Is calculate.d using the following formula: 
Po = Cpo' Vee

2 
• fl+lee • Vee 

2-146 
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-40-+BS"C Unit 

Min Max 

2.0 V 

0.8 V 

vee-O. l 

4.13 V 

5.13 

0.1 

0.33 V 

0.33 

1. a 
-1.0 

/-tA 

40. a /-tA 

2.9 mA 

Limits 
Unit 

Typ Max 

10 ns 

10 ns 

25 ns 

35 ns 

25 ns 

25 ns 

25 ns 

30 ns 

-40-+SS"C Unit 

Min Max 

19 ns 

19 ns 

38 ns 

50 ns 

38 ns 

38 ns 

38 ns 

43 ns 

10 pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HCT138P/FP/DP 

I-OF -8 DECODER/DEMUL TIPLEXER WITH LSTTL-COMPATIBLE INPUTS 

Note 5 : Test Circuit 

INPUT 

PG 1--+----1 

50n 

TIMING DIAGRAM 

A 

YO-Y? 

YO-Y? 

CS1 

YO-Y? 

CS2, CS3 

YO-Y? 

Vee 

DUT 

OUTPUT 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance Cl includes stray wiring 
capacitance and the probe input capacitance. 

3.0V 

OV 

VOH 

VOL 

3.0V 

OV 

VOH 

VOL 
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. DESCRIPTION 
The M74HC139 is a semiconductor integrated circuit con
sisting of a 2-bit binary to divide-by-4 decoder/demultiplex
er with chip select inputs. 

FEATURES 
• Chip select inputs 
• High-speed: 19ns typo (CL=~5pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a= -40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC139 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS139. 
When operated as a decoder, a 2-bit binary code are ap
plied to inputs AO and A1, one of outputs YO through Y3 cor
responding to this value will become low and the other out
puts will all become high. In this case, chip select input CS 
should be maintained at low. When CS is high, all outputs 
will become high irrespective of AO and A 1. 

MITSUBISHI HIGH SPEED CMOS 

M74HC139P/FP/DP 

DUAL 1-0F-4 DECODERlDEMUL TIPLEXER 

PIN CONFIGURATION (TOP VIEW) 

INPUTS 

OUTPUTS 

1 
AOa- 2 

A1a-

GND 

16P4 
Outline 16P2N 

16P2P 

Vee 

CHIP SELECT 
INPUT 

OUTPUTS 

When operated as a 1-of-4 demultiplexer, CS is used as a 
data input and AO and A1 are used as slecting inputs. 

LOGIC DIAGRAM (EACH DECODER/DEMUL TIPLEXER) 

['" INPUTS 

A1 

CHIP SELECT 
INPUT CS 
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MITSUBISHI HIGH SPEED CMOS 

M74HC139P IFP/DP 

DUAL 1·0F·4 DECODER/DEMULTIPLEXER 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

cs A1 AO YO Y1 Y2 Y3 
L L _L L H H H 

L L H H L H H 

L H L H H L H 

L H H H H H L 

H X X H H H H 

Notel: X: Irrelevant 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K 
VI< OV 

Input protection diode current 
VI> Vee 

10K Output parasitic diode current 
Vo< OV 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 : M74HC139FP, Ta = -40-+70t and Ta = 70-85t are derated at -6mW/t. 
M74HC139DP, Ta = -40-+50'C and Ta = 50-85'C are derated at -5mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vec 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

I Vcc=2.0V 0 1000 

t r., tf Input risetlme, -falltlme I Vee = 4.5V 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

VIL Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

Icc Quiescent supply current 

Test conditions 

Vcc(V) 

Vo = O. lV, Vcc-O.1V 
2.0 

1101 =20p.A 
4.5 

6.0 

Vo = O. lV, Vce-O.1V 
2.0 

1101 =20p.A 
4.5 

6.0 

10H = -20p.A 2.0 

IOH == -20p.A 4.5 

VI = VIH, Vil 10H = -20p.A 6.0 

10H= -4.0mA 4.5 

10H= -S.2mA 6.0 

10l = 20p.A 2.0 

10l = 20p.A 4.5 

VI = VIH, Vil 10l = 20p.A 6.0 

10l = 4.0mA 4.5 

10l = S.2mA 6.0 

VI =6V 6.0 

VI=OV 6.0 

VI = Vee, GND, 10=Op.A 6.0 

• MITSUBISHI 
;""'ELECTRIC 

Unit 

V 

V 

V 

·c 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

._----------------'-----------_. 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vcc+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 
±50 rnA 
500 rnW 

-65-+150 ·c 

Limits 

2S'C -40-+BS'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63. 

0.1 0,1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /-lA 

-0.1 -1.0 /-lA 

4.0 40.0 /-lA 

2-149 



MITSUBISHI HIGH SPEED CMOS 

M74HC139P IFP/DP 

DUAL I-OF -4 DECODER/DEMUL TIPLEXER 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = 1SpF (Note 4) 

10 

t pLH Low-level to high-level and high-level to low-level • 30 

tpHL output propagation time (CS - y) 30 

t pLH Number of delay 30 

t pHL Low-level to high-level and high-level to low-level gate stages 4 30 

t pLH output propagation time (A - y) Number of delay 38 

t pHL gate stages S 38 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

Symbol 

tTLH 

tTHL 

t pLH 

tpHL 

t pLH 

t pHL 

t pLH 

\ 
t pHL 

C 1 

Cpo 

Note 3 

2-150 

Limits 

Parameter Test conditions 2S'C -40-+8S'C 

Vcc(V) Min Typ Max Min 

2.0 75 

Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

output transition time 4.5 15 

CL = SOpF (Note 4) 
6.0 13 

2.0 175 

Low-level to high-level and 4.5 35 

high-level to low-level 6.0 30 

output propagation time 2.0 175 

(CS-y) 4.5 35 

6.0 30 

2.0 175 

4.5 35 
Number of delay 

6.0 30 

2.0 175 

Low-level to high-level and 
gate stages 4 

4.5 35 

high-level to low-level 6.0 30 

output propagation time 2.0 220 

(A-Y) 4.5 44 
Number of delay 

6.0 38 

2.0 220 
gate stages S 

4.5 44 

6.0 38 

Input capacitance 10 

Power dissipation capacitance (Note 3) 62 

CPO is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per decoder) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vce

2 
• fl+lee • Vee 

.,,' " ' , MlTSUBISHI 
"'EL~CTRIC .. 

Max 

95 

19 

16 

95 

19 

16 

219 

44 

38 

219 

44 

38 

219 

44 

38 

219 

44 

38 

275 

55 

47 

275 

55 

47 

10 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 



Note 4 Test Circuit 

INPUT Vcc 

PG 1---+----1 OUT 

50n 

TIMING DIAGRAM 

A 

YO-Y3 

YO-Y3 

CS 

YO-Y3 

MITSUBISHI HIGH SPEED CMOS 

M,74HC139P IFP/DP 

DUAL I-OF -4 DECODER/DEMUL TIPLEXER 

OUTPUT 

(l)The pulse generator (PG) ,has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vcc 

------GND 

VOL 

Vcc 

GNO 

VOH 

VOL 
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MITSUBISHI HIGH SPEED CMOS 

M74HC147P/FP/DP 

·10·LINE DE·CIMAL TO 4-LINE BCD PRIORITY ENCODER 

DESCRIPTION 
The M74HC147 is a semiconductor integrated circuit con
sisting of a 10-line decimal to 4-line BCD encoder with 
priority. 

FEATURES 
• Priority for data input 
• High~speed: 16ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 20f,tW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC147 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed· performance equivalent to the 
74LS147. 
When an input is applied to one of the nine input lines D1 
through 09, th'e corresponding inverted BCD code is output 

LOGIC DIAGRAM 

PIN CONFIGURATION. (TOP' VIEW) 

INPUTS 06-

07-

1 

A2+-
OUTPUTS _ 

A1 +-

GNO 

16P4 
Outline 16P2N 

Vee 

NC 

OUTPWT 

INPUTS 

-Mi OUTPUT 

16P2P NC: NO CONNECTION 

at . AO through A3. When more than one input is applied 
simultaneously, the signal at the highest order input pin is 
given priority. 
DO does not exist as an input, and when all inputs are high, 
all outputs will become high, allowing zero to be obtained. 
The device is ideal for Keyboard encoders or range selec
tors. 

Vee 
------------.----------@--=-, 

INPUTS 

2.,.-152 

I 

I 

-------------------®=-~ 
GNO . 

•... . ·MITSUBISHI 
~'ELECTRIC 

OUTPUTS 



MITSUBISHI HIGH SPEED CMOS 

M74HC147P/FP/DP 

10·LINE DECIMAL TO 4·LINE BCD PRIORITY ENCODER 

FUNCTION TABLE (Note 1) 

Inputs 

01 02 03 04 05 06 07 08 09 

H H H H H H H H H 

X X X X X X X X L 

X X X X X X X L H 

X X X X X X L H H 

X X X X X L H H H 

X X X X L H H H H 

X X X L H H H H H 

X X L H H H H H H 

X L H H H H H H H 

L H H H H H H H H 

Note 1 X : Irrelevant 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI< OV 
11K Input protection diode current 

VI> Vcc 

Vo< OV 
10K Output parasitic diode current 

Vo > Vcc 

10 Output current per, output pin 

Icc Supply/GND current Vee. GND 

Pd Power disSipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC147FP, Ta = -40-+70·C and Ta = 70-85·C are derated at -6mW/"C. 
M74HC147DP, Ta = -40-+50·C and Ta = 50-85·C are derated at -5mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta= -40-+85·C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Operating temperature range 

Vce = 2.0V 

t r• tf Input risetime, falltime Vee = 4.SV 

Vce = 6.0V 

Limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 
-40 +85 

0 1000 

0 500 

0 400 

'MITSUBISHI 
;"ELECTRIC 

Unit 

V 

V 

V 

·C 

ns 

Outputs 

A3 A2 A1 AO 
H H H H 

L H H L 

L H H H 

H L L L 

H L L H 

H L H L 

H L H H 

H H L L 

H H L H 

H H H L 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 
±50 rnA 
500 rnW 

-65-+150 ·C 

2-153 



MITSUBISHI HIGH SPEED CMOS 
., "" .~; 'l,: M74HC147P/FP/DP 

10-LINE DECIMALi T04-LINE BCD PRIORITY ENCODER 

ELECTRICAL CHARACTERISTICS 
limits 

Symbol Parameter Test conditions 2S'C 

Vcc(V) Min Typ Max 

Vo = O. IV, Vcc-O. IV 
2.0 1.5 

V IH High-level input voltage 
1101 =2O~A 

4.5 3.15 

6.0 4.2 
\ 2.0 0.5 

Vo = O. IV, Vcc-O. IV 
V IL Low-level Input voltage 

1101 =2O~A 
4.5 1.35 

6.0 1.8 

100 = '-2O~A 2.0 1.9 

IOH = -2O~A 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -2O~A 6.0 5.9 

10H= -4.0mA 4.5 4.18 

10H = -S.2mA 6.0 5.68 

10L = 2O~A 2.0 0.1 

10L = 2O~A 4.5 0.1 

VOL Low-level output voltage VI= VIH, VIL 10L = 2O~A 6.0 0.1 

10L= 4.0mA 4.5 0.26 

10L = S.2mA 6.0 0.26 

IIH High-level input current VI =6V 6.0 0.1 

IrL Low-level input current Vr=OV 6.0 1"-0.1 

Icc Quiescent supply current VI- Vee, GND, 10 =O~A 6.0 4.0 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Symbol Parameter Test conditions 
Min 

tTLH Low-level to high-level and high-level to low-level 

hHL output transition time 
CL = 1SpF (Note 4) 

t pLH Low-level to high-level and high-level to low-level 

t pHL output propagation time (01-09 - A6-A3) 

SWITCHING CHARACTERISTICS (Vee = 2-6V, Ta = -40-+85'C) 

limits 

Symbol Parameter Test conditions 2S'C 

Vcc(V) Min Typ Max 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

CL = SOpF (Note 4) 
6.0 13 

2.0 150 

t pLH Low-level to high-level and 4.5 30 

high-level to low-level 6.0 26 

output propagation time 2.0 150 

t pHL CO-A) 4.5 30 

6.0 26 

C I Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 

Note 3 CPO is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2
• fl+lee ' Vee ' 

, • · ... M~TSUBISHI 
"'ELECTRIC, 

-40-+8S'C Unit 

Min Max 

1.5 

3.15 V 

4.2 

0.5 

1.35 V 

1.8 

1.9 

4.4 

5.9 V 

4.13' I 
5.63 

0.1 

0.1 

0.1 V 

0.33 

0.33 

1.0 /-lA 

-1.0 /-lA-

40.0 /-lA 

limits 
Unit 

Typ Max 

10 ns 

10 ns 

26 ns 

26 ns 

-40-+8S'C Unit 

Min Max 

95 

19 ns 

16 

95 

19 ns 

16 

190 

38 ns 

33 

190 

38 ns 

33 

10 pF 

pF 



Note 4 : Test Circuit 

INPUT 

PG t--~~--I 

500 

TIMING DIAGRAM 

50% 

tpHl 

AO-AS (IN-PHASE) 

tpLH 

AD-AS (OUT-OF-PHASE) 

MITSUBISHI HIGH SPEED CMOS 

M74HC147P/FP/DP 

IO-LINE DECIMAL TO 4-LINE BCD PRIORITY ENCODER 

Vee OUTPUT 

OUT 

GNO 

50% 

90% 
50% 
10% 

tTlH 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capaci~ance and the probe input capacitance. 

50% 

tplH 

50% 

tpHl 

• MITSUBISHI 
.... ELECTRIC 

Vee 

GNO 

VOH 

VOL 

VOH 

VOL 
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DESCRIPTION 
The M74HC148 is a semiconductor integrated circuit con
sisting of an 8-line binary octal encoder with priority, 

FEATURES 
• Priority for date input 
• Easily expandable number of input bits 
• High-speed: 16ns typ, (CL =15pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 
• High noise margin: 30% of Vee, min (Vee=4,5V,6V) 
• Capable of driving 10 74LSTTL loads 
• Wide· operating voltage range: Vee= 2-6V 
• Wide operating temperature range: T a=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC148 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS148, 
When an input is applied to one of the eight input lines DO 
through 07, the corresponding 3-bit binary code is output at 
AO through A2, When more than one input is applied simul
taneously, the highest order pin is, given priority. By using 

LOGIC DIAGRAM 

MITSUBISHI HIGH SPEED CMOS 

M74HC148P/FP/DP 

I-LINE,; TO 3-LINE PRIORITY ENCODER 

PIN CONFIGURATION (TOP VIEW) 

INPUTS 

07-

ENABLE INPUT E -

1

A2+-
OUTPUTS _ 

A1 +-

GNO 

16P4 
Outline 16P2N 

16P2P 

Vee 

ENABLE OUTPUT 

GROUP SIGNAL 
OUTPUT 

INPUTS 

-AO OUTPUT 

enable-input E, enable-output EO, and group-signal output 
GS, the number of lines can be easily expc~.nded, making 
the device ideal for keyboard encoders and range selec
tors. 

Vee 

ENABLE -
INPUT E 5 

-----------------@---i 

INPUTS 
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MITSUBISIII HIGH SPE'ED CMOS 

M74HC148P/FP/DP 

a·LINE TO 3·LINE PRIORITY ENCODER 

FUNCTION TABLE (Note 1) 

Inputs 

E 00 01 02 03 04 05 06 07 A2 

H X X X X X X X X H 

L H H H H H H H H H 

L X X X X X X X L L 

L X X X X X X L H L 

L X X X X X L H H L 

L X X X X L H H H L 

L X X X L H H H H H 

L X X L H H H H H H 

L X L H H H H H H H 

L L H H H H H H H H 

Note 1 • - X: Irrelevant 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode, current 

VI> Vcc 

Vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per, output pin 

lee 'Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 M74HC148FP, Ta = -40-+70t and Ta = 70-85t are derated at -SmW/t. 
M74HC148DP, Ta = -40-+50'C and Ta = 50-85t are derated at -5mW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

ToDr Operating temperature range 

I Vee = 2.0V 

t r• tf Input risetlme, falltime I Vee=4.5V 

I Vee = 6.0V 

Limits 

Min Typ Max 

2 6 

0 Vee 
0 Vee 

-40 +85 

0 1000 

0 500 

0 400 

" --MITSUBISHI 
"ELECTRIC 

Unit 

V 

V 

V 

'C 

ns 

Outputs 

A1 AO GS EO 

H H H H 

H H H L 

L L L H 

L H L H 

H L L H 

H H L H 

L L L H 

L H L H 

H L L H 

H H L H 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 
-20 

20 
mA 

-20 

20 
mA 

±25 mA 

±50 mA 

500 mW 

-65-+150 "C 

2-157 



MITSUBISHI HIGH SPEED CMOS 

M74HC148P/FP/DP 

I-LINE TO 3-LINE PRIORITY ENCODER 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

VeC<V) Min 

Vo = O. lV, Vee-O.1V 
2.0 1.5 

V IH High-level Input voltage 
1101 = 20pA 

4.5 3.15 
6.0 4.2 

Vo == O. lV, Vee-O.1V 
2.0 

V IL Low-level Input voltage 
1101 = 20pA 

4.5 
6.0 

10H = -20pA 2.0 1.9 
10H = -20pA 4.5 4.4 

VOH High-level output voltage VI = VIH, VIL 10H = -20pA 6.0 5.9 
10H= -4.0mA 4.5 4.18 
10H= -S.2mA 6.0 5.68 
IOL=20pA 2.0 
IOL=20pA 4.5 

VOL Low-level output voltage VI = VIH, VIL 10L= 20pA 6.0 
10L = 4.0mA 4.5 
10L= S.2mA 6.0 

IIH High-level Input current VI=6V 6.0 

IlL Low-level input current VI=OV 6.0 
Icc Quiescent supply current VI = Vee, GND, 10=OpA 6.0 

SWITCHING CHARACTERISTICS (Vee = SV. Ta =2S'C) 

Symbol Parameter Test conditions 

tTLH 

hHL 

tpLH 

t pHL 

t pLH 

t pHL 

tpLH 

tpHL 

tpLH 

t pHL 

tpLH 

tpHL 

2-158 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (00-57 - ACi-la) 
Low-level to high-level and high-level to low-level 

output propagation time (00-57 - EO, GS) 

Low-level to high-level and high-level to low-level 

output propagation time (E - EO) 
Low-level to high-level and high-level to low-level 

output propagation time (E - GS) 

Low-level to high-level and high-level to low-level 

output propagation time (E - ACi-la) 

CL = lSpF(Note4) 

.•. MITSUBISHI 
;"'ELECTRIC 

Limits 

25-c -40-+as-c Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1.35 1.35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 

0.1 1.0 
-0.1 -1.0 

J.lA 

4.0 40.0 J.lA 

Limits 
Unit 

Min Typ Max 

10 ns 
10 ns 
26 ns 
26 ns 
28 ns 
28 ns 
20 ns 
20 ns 
20 ns 
20 ns 
21 ns 
21 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC148P/FP/DP 

I-LINE TO 3-LINE PRIORITY ENCODER 

SWITCHING CHARACTERISTICS (Vee = 2-6V. T a = -40-+S5'C) 

Limits 

Symbol Parameter Test conditions 25'C 

vedv) Min Typ Max 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

high-level to 10w-leve·1 
6.0 13 

2.0 75 

tTHL output transition time 4.5 15 

6.0 13 

2.0 150 

t pLH Low-level to high-level and 4.5 30 
high-level to low-level 6.0 26 

output propagation time 2.0 150 

t pHL Coo-57 - Ao-A2) 4.5 30 

6.0 26 

2.0 165 

t pLH Low-level to high-level and 4.5 33 
high-level to low-level 6.0 28 

output propagation time 2.0 165 

t pHL (60-57 - Eo, GS) 4.5 33 

CL = 50pF (Note 4) 
6.0 28 

2.0 120 

t pLH Low-level to high-level and 4.5 24 

high-level to low-level 6.0 20 

output propagation time 2.0 120 

t pHL CE- Eo) 4.5 24 

6.0 20 

2.0 115 

t pLH Low-level to high-level and 4.5 23 

high-level to low-level 6.0 20 

output propagation time 2.0 115 

t pHL (E- GS) 4.5· 23 

6.0 20 

2.0 125 

t pLH Low-level to high-level and 4.5 25 

high-level to low-level 6.0 21 

output propagation time 2.0 125 

t pHL CE-Ao-A2) 4.5 25 

6.0 21 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee2 

• fl+lee • Vee 

• . MITSUBISHI 
~ELECTRIC. 

-40-+85'C Unit 

Min Max 

95 

19 ns 

16 

95 

19 ns 

16 

190 

38 ns 

33 

190 

38 ns 

33 
205 

41 ns 

35 

205 

41 ns 

35 

150 

30 ns 

26 

150 

30 ns 

26 

145 

29 ns 

25 

145 

29 ns 

25 

155 

31 ns 

26 

155 

31 ns 

26 

10 pF 

pF 
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Note 4 : Test Circuit 

INPUT 

PG 1--+---1 

500 

TIMING DIAGRAM 

INPUT 50% 

tPHL 

OUTPUT 50% 
(IN-PHASE) 

t pLH 

OUTPUT 90% 
(OUT-OF-PHASE) 50% 

10% 
tTLH 

2-:-1.60 

Vcc 

OUT 

OUTPUT 

50% 

tpLH 

tpHL 

MITSUBISHI HIGH SPEED C,MOS 

M74HC148P/FP/DP 

I-LINE TO 3-LINE PRIORITY ENCODER 

(1)The pulse generator (PG) has the following 
characteristics (10%-900.16): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GNO 

V OH 

50% 
VOL 

V OH 

VOL 
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DESCRIPTION 
The M74HC151 is a semiconductor integrated circuit con
sisting of an 8-line to 1-line date selector/multiplexer. 

FEATURES 
• High-speed: 22ns typo (CL =15pF, Vee=5V) 
• Low power dissipation: 20.uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V;6V) 
• Capable of driving 107 4LSTTL loads 
• Wide supply voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC151 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS151. 
The M74HC151 consists of data selector functions for 
selecting one of eigh input line signals and multiplexer 
functions for converting 8-bit parallel data into serial data 
using time-division. 
The 8-line signal is applied to data inputs 00 through 07,. 
and after one of the data inputs has been selected by 

MITSUBISHI HIGH SPEED CMOS 

M74HC151P/FP/DP 

I-INPUT DATA SELECTOR/MUL TIPLEXER 

PIN CONFIGURATION (TOP VIEW) 

03--+ 

02 --+ 
DATA INPUTS 

01 --+ 

00 --+ 

I 
y-

OUTPUTS _ 

OUTPUT 
ENABLE INPUT 

y-

GNO 

16P4 
Outline 16P2N 

16P2P 

Vee 

DATA INPUTS· 

SELECT INPUTS 

. select inputs AO through A2, that input signal will be output 
at Y or an inverted signal will be output at Y. By applying 8-
bit parallel data to 00 through 07, and connecting the out
put of a synchronous octal counter to AO through A2, 00 

. through 07 data will be output at Y synchronous with th~ 
clock pulse in the order of 00-07. When output-enable in
put OE is high, Y will become low and Y will become high 
irrespective of other inputs. 
The M74HC151 has the same functions and pin connections 
as the M74HC251, but the latter has a 3-state output. 

LOGIC DIAGRAM Vee 
-----------------------~ 

OATA 
INPUTS 

SELECT{ INPUTS 

OUTPUT 
ENABLE 
INPUT 

03 1 ~------------~.-~ 

5Yl 

I 
I 

I 
I 

I 
I 

----. ~-----------~_0J 
. • MITSUBISHI 

"-ELECTRIC 

GNO 

~OUTPUTS 

vJ 

2-161 



MITSUBISHI HIGH SPEED CMOS 

M74HC151P/FP/DP 

a-INPUT DATA SELECTOR/MUL TIPLEXER 

FUNCTION TABLE (Note 1) 

Inputs 

A2 A1 AO OE DO 01 02 03 04 05 

X X X H X X X X X X 

L L L L L X X X X X 

L L L L H X X X X X 

L L H L X L X X X X 

L L 'H L X H X X X X 

L H L L X X L X X X 

L H L L X X H X X X 

L H H L X X X L X X 

L H H L X X X H X X 

H L L L X X X X L X 

H L L L X X X X H X 

H L H L X X X X X L 

H L H L X X X X X H 

H H L L X X X X X X 

H H L L X X X X X X 

H H H L X X X X X X 

H H H L- X X X X X X 

Note 1 X: Irrelevant 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K Input protection diode current 
VI < OV 

VI> Vec 

10K Output parasitic diode current 
Vo < OV 

Vo > Vee 

10 Output current per output pin 

lee Supplyi'GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC151FP, Ta = -40-+70'C and Ta = 70-85'C are derated at -6mW/'C. 
M74HC151DP, Ta = -40 ..... +50'C and Ta = 50-85'C are derated at -5mW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Toor Operating temperature range 

I Vec = 2.0V 

t r, tf Input risetlme, falltime I Vee=4.5V 

I Vcc = 6.0V 

2-162 

Limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 
-40 +85 

0 1000 

0 500 

0 400 

• MITSUBISHI 
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Unit 

V 

V 

V 

·c 

ns 

Outputs 

06 07 Y Y 

X X L H 

X X L H 

X X H L 

X X L H 

X X H L 

X X L H 

X X H L 

X X L H 

X X H L 

X X L H 

X X H L 

X X L H 

X X H L 

L X L H 

H X H L 

X L L H 

X H H L 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 

±50 rnA 

500 rnW 

-65-+150 ·c 



MITSUBISHI HIGH SPEED CMOS 

M74HC151P/FP/DP 

a-INPUT DATA SELECTOR/MUL TIPLEXER 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vcctV) Min 

2.0 1.5 

V IH High-level input voltage 
Vo = O. 1 V, Vcc-O. lV 

4.5 3.15 
1101 = 20fJ.A 

6.0 4.2 

Vo = O. lV, Vcc-O. 1 V 
2.0 

V IL Low-level input voltage 
1101 = 20fJ.A 

4.5 
6.0 

10H = -20fJ.A 2.0 1.9 
10H = -20fJ.A 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -20fJ.A 6.0 5.9 
10H = -4.0mA 4.5 4.18 
10H = -5.2mA 6.0 5.68 
10L = 20fJ.A 2.0 

10L = 20fJ.A 4.5 

VOL Low-level output voltage VI = VIH, VIL 10L = 20fJ.A 6.0 

10L = 4.0mA 4.5 

10L = 5.2mA 6.0 

IIH High-level input current VI =6V 6.0 

IlL Low-level input current VI=OV 6.0 

Icc Quiescent supply current VI = Vee, GND, 10=0fJ.A 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25"C) 

Symbol Parameter Test conditions 

tTLH 

tTHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pLH 

t pHL 

tpLH 

tpHL 

t pLH 

t pHL 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (0 - y) 

Low-level to high-level and high-level to low-level 

output propagation time (0 - y) 
Low-level to high-level and high-level to low-level 

output propagation time (A - y) 

Low-level to high-level and high-level to low-level 

output propagation time (A - y) 
Low-level to high-level and high-level to low-level 

output propagation time (OE - y) 

Low-level to high-level and high-level to low-level 

output propagation time (OE - y) 

CL = 15pF (Note 4) 

. '. MITSUBISHI 
.... ELECTRIC 

Limits 

. 25"C -40-+85"( Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1. 35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 
O. I O. I 

O. I O. I 

O. I O. I V 

0.26 0.33 

0.26 0.33 

O. I 1.0 /-lA 

-0.1 -1.0 /-lA 

4.0 40.0 /-lA 

Limits 
Unit 

Min Typ Max 

10 ns 
10 ns 
29 ns 
29 ns 
32 ns 
32 ns 
43 ns 
43 ns 
35 ns 
35 ns 
23 ns 
23 ns 
21 ns 
21 ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HC151P/FP/DP 

I-INPUT DATA SELECTORIMUL TIPLEXER 

SWITCHING CHARACTERISTICS (Vcc= 2-6V, Ta = -40-+85'C) 

Symbol 

tTLH 

tTHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pLH 

t pHL 

C 1 

Cpo 

Note 3 

2-164 

Limits 

Parameter Test conditions 25'C 

Vcc(V) Min Typ Max 

2.0 75 

Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

output transition time 4.5 15 

6.0 13 

2.0 195 

Low-level to high-level and 4.5 39 

high-level to low-level 6.0 33 

output propagation time 2.0 195 

(D-Y) 4.5 39 

6.0 33 

2.0 185 

Low-level to high-level and 4.5 37 

high-level to low-level 6.0 32 

output propagation time 2.0 185 

(D-Y) 4.5 37 

6.0 32 

2.0 250 

Low-level to high-level and 4.5 50 

high-level to low-level 
CL = 50pF (Note 4) 

6.0 43 

output propagation time 2.0 250 

(A-Y) 4.5 50 

6.0 43 

2.0 205 

Low-level to high-level and 4.5 41 

high-level to low-I,evel 6.0 35 

output propagation time 2.0 205 

(A-Y) 4.5 41 

6.0 35 

2.0 140 

Low-level to high-level and 4.5 28 

high-level to low-level 6.0 24 

output propagation time 2.0 140 

(OE-Y) 4.5 28 

6.0 24 

2.0 127 

Low-level to high-level and 4.5 25 

high-level to low-level 6.0 22 

output propagation time 2.0 127 

(OE-Y) 4.5 25 

6.0 22 

Input capacitance 10 

Power dissipation capacitance (Note 3) 70 

CPO is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated uSing the following formula: 
Po = Cpo' VCC

2
• fl+lcc ' Vcc 

• MITSUBISHI 
..... ELECTRIC 

-40-+85'C Unit 

Min Max 

95 

19 ns 

16 

95 

19 ns 

16 

244 

49 ns 

41 

244 

49 ns 

41 

231 

46 ns 

40 

231 

46 ns 

40 

312 

63 ns 

54 

312 

63 ns 

54 

256 

51 ns 

44 

256 

51 ns 

44 

175 

35 ns 

30 

175 

35 ns 

30 

159 

32 ns 

28 

159 

32 ns 

28 

10 pF 

'pF 



Note 4 Test Circuit 

INPUT Vee 

PG r--+---I OUT 

50n 

TIMING DIAGRAM 

o 

Y 

0 

Y 

OE 

Y 

OUTPUT 

tTLH 

Vee 

MITSUBISHI HIGH SPEED CMOS 

M74HC151P/FP/DP 

I-INPUT DATA SELECTOR/MUL TIPLEXER 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

AO, A1, A2 

Vee 

GNO GNO 

VOH VOH 

Y, Y 
VOL VOL 

Vec Vee 

OE 

GNO GNO 

VOH VOH 

Y 

VOL VOL 

Vee 

GNO 

VOH 

VOL 
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MITSUBISHI HIGH SPEED CMOS 

M74HC153P/FP/DP 

DUAL 4.;INPUT DATA SELECTOR/MULTIPLEXER 

DESCRIPTION 
The M74HC1S3 is a semiconductor integrated circuit con
sisting of two 4-line to 1-line data selectors/multiplexers. 

FEATURES 
• High-speed: 13ns typo (CL =lSpF, Vee=SV) 
• Low power dissipation: 20,uW/package, max 

(Vee=SV, Ta=2SoC, quiescent state) 

• High noise margin: 30% of Vec, min (Vcc=4.S, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide supply voltage range: Vce=2-6V 
• Wide operating temperature range: T a= -40-+SSoC 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC1S3 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS1S3. 

The M74HC1S3 consists of data selector functions for 
selecting one of four input line signals and multiplex func
tions for converting 4-bit parallel data into serial data using 
time-division. 
The 4-line signal is applied to data inputs DO through 07, 
and after one of the data inputs has b~en selected by 
select inputs AO and A 1, that input signal will be output at 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT 
OEa-ENABLE INPUT 

SELECT INPUT A1-

03a-

I 02a-
DATA INPUTS 

01a-

OOa-

OUTPUT 

GNO 

16P4 
Outline 16P2N 

16P2P 

Vee' 

OUTPUT 
ENABLE INPUT 

SELECT INPUT 

DATA INPUTS 

OUTPUT 

Y. 8y applying 4-bit parallel data to DO through 03 and con
necting the output of a synchronous quadruple counter to 
AO and A 1, DO through 03 data will be output at Y synchro
nous with the clock pulse in the order~of 00-03. Select in
puts A are common to the two circuits while the output
enable inputs OE are independent. When OE is high, Y will 
become low irrespective of other inputs. 

LOGIC DIAGRAM , ~e --------- '---0---~ 

03a 

02a 

OOa 

DATA INPUTS 

03b 

02b 

01b 

OOb 

{ 

A1 

SELECT INPUTS 
AO 

OUTPUT ENABLE { OEa 

INPUTS OEb 

3 ' I 

I 

--------. ---0;::-~ 
GNO 
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OUTPUTS 
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MITSUBISHI HIGH SPEED CMOS 

M74HC153P/FP/DP 

DUAL 4-INPUT DATA SELECTOR/MUL TIPLEXER 

FUNCTION TABLE (Note 1) 

Inputs Output 

A1 AO 00 01 02 03 OE y 

X X X X X X H L 

L L L X X X L L 

L L H X X X L H 

L H X L X X L L 

L H X H X X L H 

H L X X L X L L 

H L X X H X L H 

H H X X X L L L, 

.H H X X X H L H 

Note 1 X : Irrelevant 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage -0.5-+7.0 V 

VI Input voltage -0. 5-Vee+0. 5 V 

Vo Output voltage -0. 5-Vee+0. 5 V 

vl < OV -20 
11K Input protection diode current rnA 

VI> Vee 20 

Vo< OV -20 
10K Output parasitic diode current rnA 

Vo > Vee 20 

10 Output current per output pin ±25 rnA 
Icc Supply/GND current Vee. GND ±50 rnA 
Pd Power dissipation (Note 2) 500 rnW 
Tstg Storage temperature range -65-+150 'c 

Note 2 : M74HC153FP, Ta = -40-+70'C and Ta = 70-85'C are derated at -6mW/"C. 
M74HC153DP, T a = -40-+50'C and T a = 50-85'C are derated at -5mW/"C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85'C) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 2 6 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Topr Operating temperature range -40 +85 ·C 

I Vee = 2.0V 0 1000 

t r • tf Input risetime, falltime I Vee = 4.5V 0 500 ns 

I Vee = 6.0V 0 400 

• MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC153P/FP/DP 

DUAL 4 .. INPUT DATA SELECTOR/MULTIPLEXER 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vcdv) Min 

Vo = O. lV, Vee-O.1V 
2.0 1.5 

VIH High-level Input voltage 
1101 = 20JiA 

4.5 3.15 
6.0 4.2 

Vo = O. lV, Vee-O.1V 
2.0 

V IL LoW-level Input voltage 
1101 = 20JiA 

4.5 
6.0 

10H = -20JiA 2.0 1.9 
10H = -20JiA 4.5 4.4 

V OH High-level output voltage VI = VIH' VIL 10H = -20JiA 6.0 5.9 
10H = -4.0mA 4.5 4.18 
10H = -S.2mA 6.0 5.68 
10L = 20JiA 2.0 
10L = 20JiA 4.5 

VOL Low-level output voltage VI= VIH, VIL 10L = 20JiA 6.0 
10L = 4.0mA 4.5 
10L = S.2mA 6.0 

IIH High-level Input current .VI=6V 6.0 
IlL Low-level Input current VI=OV 6.0 
Icc Quiescent supply current VI = Vee, GND, 10=OJiA 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 2S'C) 

Symbol Parameter Test conditions 

tTLH 

tTHL 

t pLH 

t pHL 

tpLH 

t pHL 

tpLH 

t pHL 

2-168 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation lime (0 - y) 

Low-level to high-level and high-level to low-level 

output propagation time (A - y) 

Low-level to high-level and high-level to low-level 

output propagation time (OE - y) 

CL = lSpF (Note 4) 

•. MITSUBISHI 
.... ELECTRIC 

Limits 

25'C -40-+8S'C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1.35 1.35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 
0.1 0.1 
0.1 ' 0; 1 V 

0.26 ' '0:33 
0.26 0.33 

0.1 1.0 J.lA 
-0.1 -1.0 J.lA 

4.0 40.0 J.lA 

Limits 
Unit 

Min Typ Max 

10 ns 

10 ns 

23 ns 

23 ns 

30 ns 
30 ns 

15 ns 

15 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC153P/FP/DP 

DUAL 4-INPUT DATA SELECTOR/MUL TIPLEXER 

SWITCHING CHARACTERISTICS (Vee = 2-6V. T a = -40-+85"C) 

Limits 

Symbol Parameter Test conditions 25'C 

vedv) Min Typ Max 

2.0 75 

hLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

hHL output transition time 4.5 15 

6.0 13 

2.0 126 

t pLH Low-level to high-level and 4.5 28 

high-level to low-level 6.0 23 

output propagation time 2.0 126 

t pHL (D-V) 4.5 28 

CL = 50pF (Note 4) 
6.0 23 

2.0 158 

t pLH Low-level to high-level and 4.5 \ 35 

high-level to low-level 6.0 30 

output propagation time 2.0 158 

t pHL (A-V) 4.5 35 

6.0 30 

2.0 95 

tpLH Low-level to high-level and 4.5 19 

high-level to low-level 6.0 16 

output propagation time 2.0 95 

t pHL (OE-V) 4.5 19 

6.0 16 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 48 

Note 3 Cpo is the internal capacitance of the IC caluculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the follwing iormula : 
Po = Cpo· Vee

2 
• fl+lee • Vee 

Note 4 Test Circuit 

INPUT 

PG t--~---t 

50n 

Vee 

OUT 

OUTPUT 

- (1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns. tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

• MITSUBISHI 
"-ELECTRIC 

-40-+85'C Unit 

Min Max 

95 

19 ns 

16 

95 

19 ns 

16 

158 

35 ns 

29 

158 

35 ns 

29 

198 

44 ns 

38 

198 

44 ns 

38 

120 

24 ns 

20 

120 

24 ns 

20 

10 pF 

pF 
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TIMING DIAGRAM 
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MITSUBISHI. IiIGH SPEED CMOS 

M74HC1:S3P/FP/DP 

,DUAL 4-INPUT DATA SELECTOR/ MUL TIPLEXER: 

Vee 
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GND 

VOH 
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MITSUBISHI HIGH. SPEED CMOS 

M74HC154P/FP/DWP 

DESCRIPTION 
The M74HC154 is a semiconductor integrated circuit con': 
sisting of a 4-bit binary to 16-line decoder/demultiplexer 
with chip select inputs. 

FEATURES 
• Two chip select inputs 
• High-speed: 21ns typo (CL=15pF, Vce=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC154 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS154. 
When operated as a 1-of-16 decoder, by applying a 4-bit 
binary code to inputs AO through A3, the corresponding out
put. YO through Y15 will become low and all the others will 
become high. 
In this case, chip select inputs CS1 and CS2 should be 

LOGIC DIAGRAM OUTPUTS 

I-OF -16 DECODER/DEMUL TIPLEXER 

PIN CONFIGURATION (TOP VIEW) 

OUTPUTS 

GND 

maintained low. 

24P4D 
Outline 24P2 

24P2V 

vee 

INPUTS 

OUTPUTS 

When both CS1 and CS2 are not low, all outputs will be
come high irrespective of AO through A3. 
When operated as a 1-of-16 demultiplexer, CS1 or 'CS2 is 
used as a data input and AO through A3 are used as select
ing inputs. 

r-______________________________ ~A~ ____________________________________ ~ 

CS1 CS2 AO 

CHIP SELECT INPUTS 

A1 A2 A3 

INPUTS 

•. MITSU81SHI 
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Vee 

I 

-------__________ @J 
GND 
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MITSUBISHIHIGH SPEED CMOS 

M74HC154P/FPlDWP' 

I-OF -16 DECODER/DEMUL TIPLEXER 

FUNCTION TABLE (N~f;l 1) 

Inputs Outputs 

CS1 CS2 A3 A2 A1 AO YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 ya 
L L L L L L L H H H H H H H H 
L L L L' L H H L H H H H H H H 

L L L L H L H H L H H H H H H 

L L L L H H H H H L H H H H I-! 
L L L H L L H H H H L H H H H 

L L L H L H H H H H H L H H H 

L L L H H L H H H H H H L H H 
L L L H H H H H H H H H H L H 
L L H L L L H H H H H H H H L 
L L H L L H H H H H H H H H H 

L L H L H L H H H H H H H H H 

L L H L H H H H H H H H H H H 

L L H H L L H H H H H H H H H 

L L H H L H H H H H H H H H H 

L L H H H L H H H H H H H H H 
L L H H H H H H H H H H H H H 
L H X X X X H H H H H H H H H 
H L X X X X H H H H H H H H H 

H H X X X X H H H H H H H H H 

Note 1 X : Irrelevant 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5'C, unless otherwise rioted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vcc 

Vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vcc, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC1'54FP, Ta = -40-+80'C and Ta = 80-85"C are derated at -7mW/'C. 
M74HC154DWP, Ta = -40-+S0'C and Ta = SO-S5'C are derated at -7mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+S5'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Operating temperature range 

I Vcc=2.0V 

t r• tf Input risetlme, faiitime I Vec=4.5V 

I Vec = 6.0V 

2-172 

Limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 
-40 +85 

0 1000 

0 500 

0 400 

',' MITSUBISHI 
"'ELECTRIC 

Unit 

V 

V 

V 

t 

ns 

Y9 Y10 Y11 Y12 Y13 Y14 . Y15 

H H H H H H H 

H H H H H H H 

H H H H H 'H H 

H H H H H H H 

H H H H· H H H 

H H H H H H H 

H H H H H H H 

H H H H H H H 

H H H H H H H 

L H H H H H H 

H L H H H H H 

H H L H H H H 

H H H L H H H 

H H H H L H H 

H H H H H L H 

H H H H H H L 

H H H H H H H 

H H H H H H H 

H H H H H H H 

Ratings Unit .. 
-0.5-+7.0 V 

-.0. 5-Xee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±25 mA 

±50 mA 

500 mW 

-65-+150 t 



MITSUBISHI HIGH SPEED CMOS 

M74HC154P/FP/DWP 

I-OF -16 DECODER/DEMUL TIPLEXER 

ELECTRICAL CHARACTERISTICS 
Limits 

Symbol Parameter Test conditions 25'C -40-+BS'C Unit 

Vcdv) Min Typ Max Min Max 

Vo = O. lV, Vcc-O. lV 
2.0 1.5 1.5 

V IH High-level Input voltage 
1101 =201-tA 

4.5 3.15 3.15 V 

6.0 4.2 4.2 

Vo = O. lV, Vcc-O.1V 
2.0 O.? 0.5 

V IL Low-level Input voltage 
1101 =201-tA 

4.5 1. 35 1. 35 V 

6.0 1.8 1.8 

10H = -201-tA 2.0 1.9 1.9 

10H = -201-tA 4.5 4.4 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -201-tA 6.0 5.9 5.9 V 

10H= -4.0mA 4.5 4.18 4.13 

10H= -S.2mA -6.0 5.68 5.63 

10L = 20l-tA 2.0 O~ 1 0.1 

10L= 20l-tA 4.5 0.1 0.1 

VOL Low-level. output voltage VI = VIH, VIL 10L = 20l-tA 6.0 0.1 0.1 V 

10L = 4.0mA 4.5 0.26 0.33 

10L = S.2mA 6.0 0.26 0.33 

IIH High-level input current VI =6V 6.0 0.1 1.0 J.lA 

IlL low-level input current VI=OV 6.0 -0.1 -1.0 J.lA 

Icc Quiescent supply current VI = Vee, GND, 10=OI-tA 6.0 4.0 40.0 J.lA 

SWITCHING CHARACTERISTICS (Vee = SV, T a = 2S"C) 

Symbol 
Limits 

Parameter Test conditions Unit 
Min Typ Max 

tTLH LOW-level to high-level and high-level to low-level 10 ns 

tTHL output transition time 10 ns 
t pLH LOW-level to high-level and high-level to low-level 

CL = lSpF (Note 4) 
32 ns 

tpHL output propagatiOn time (A - y) 32 ns 
t pLH Low-level to high-level and high-level to low-level 32 ns 
tpHL output propagation time (CS1, CS2 - y) 32 ns 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+BS"C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+8S"C Unit 

vedv) Min Typ Max Min Max 

2.0 75 95 

tTLH Low-level to high-level and 4.5 15 19 ns 

6.0 13 16 
high-level to low-level 

2.0 75 95 

tTHL output transition time 4.5 15 19 ns 

6.0 13 16 

2.0 160 190 

t pLH Low-level to high-level and 4.5 36 42 ns 

high-level to lOW-level 
CL = SOpF (Note 4) 

6.0 30 35 

output propagation time 2.0 160 190 

t pHL (A-y) 4.5 36 42 ns 

6.0 30 35 

2.0 160 190 

t pLH Low-level to high-level and 4.5 36 42 ns 

high-level to low-level 6.0 30 35 

output propagation time 2.0 160 190 

t pHL (CS1, CS2 - y) 4.5 36 42 ns 

6.0 30 35 

C I Input capacitance 10 10 pF 

Cpo Power dissipation capacitance (Note 3) pF 

Note 3 : Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power disSipated during operation undj:lr no-load conditions is calculated using the following formula: Po = Cpo' Vee

2 
• fl+lee • Vee 

• MITSUBISHI 
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MITSUBISHI HiGH SPEED CMOS 

M74HC154P/FP/DWP 

I-OF -16 DECODER/DEMUL TIPLEXER 

Note 4 : Test Circuit 

INPUT Vee' OUTPUT 

PG I---+---t OUT 

500 

TIMING DIAGRAM 

A 

hLI1 

2-174 

tTI1L 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%):tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GNO 

VOH 

VOL 

VOI1 

VOL 

Vee 

GNO 

VOH 

VOL 
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DESCRIPTION 
The M74HC155 is a semiconductor integrated circuit con
sisting of two 2-bit binary to 4-line decoders/demulti
plexers. 

FEATURES 
• High-speed: 19ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 
• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC155 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS155. 
When operated as a 2-bit binary to 4-line decoder, by ap
plying 2-bit binary data to inputs Aa and Ab', the corres
ponding output YO through Y3 will become low and all the 
others will become high. 
In this case, chip select inputs Cs1 a and Cs1 b should be 
maintained at high and low respectively, and chip select in
puts Cs2a and Cs2b should be maintained low. 
When both Cs2a and Cs2b are high, all the outputs will be-

FUNCTION TABLE (Note 1) 

MITSUBISHI HIGH SPEED CMOS 

M74HC1SSP/FP/DP 

DUAL 1·0F·4 DECODER/DEMUL TIPLEXER 

PIN CONFIGURATION (TOP VIEW) 

j 
Cs1a-+ 

CHIP SELECT 
INPUTS CS2a -+ 

INPUT Ab-+ 

vaa--

Y2a--
OUTPUTS 

Y1a--

Vaa--

GND 

come high. 

16P4 
Outline 16P2N 

16P2P 

When operated as a 3-bit binary to 8-line decoder, by ap
plying 3rd-bit binary data to connected Cs1 a and Cs2b, the 
output signals will appear at YOb through Y3b and YOa 
through Y3a in accordance with the function table given. 
When operated as a 1-of-4 demultiplexer, by using Cs1 a 
and Cs1 b as data inputs, and by using Aa and Ab as select 
inputs, the output signals will appear at YO through Y3. 
When operated as a 1-of-8 demultiplexer, by using con
nected Cs1 a and Cs1 b as 3rd-bit select input, and by using 
connected Cs2a and Cs2b as data input, the output Signals 
will appear at YOb through Y3b and YOa through Y3a. , 

<2-BIT BINARY TO 4-LlNE DECODER/1-LlNE TO 4-LlNE DEMULTIPLEXER) 

Inputs Outputs Inputs 

Ab As Cs2a Cs1a YOa Y1a Y2a Y3a Ab Aa Cs2b Cs1b YOb 

X X H X H H H H ,X X H X H 

L L L H L H H H L L L L L 

L H L H H L H H L H L L H 

H L L H H H L H H L L L H 

H H L H H H H L H H L L H 

X X X L H H H H X X X H H 

<3-BIT BINARY TO 8-LlNE DECODER/1-LlNE TO 8-LlNE DEMULTIPLEXER) 

Inputs 

Ac Ab Aa Cs YOb Y1b Y2b 

X X X H H H H 

L L L L L H H 

L L H L H L H 

L H L L H H L 

L H H L H H H 

H L L L H H H 

H L H L H H H 

H H L L H H H 

H H H L H H H 

Note 1 X Irrelevant 
Ac Cs1a and CS1b (when connected) 

'Cs Cs2a and CS2b (when connected) 

Outputs 

Y3b 

H 

H 

H 

H 

L 

H 

H 

H 

H 

YOa Y1a Y2a Y3a 

H H H H 

H H H H 

H H H H 

H H H H 

H H H H 

L H H H 

H L H H 

H H L H 

H H H L 

".. MITSUBISHI 
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Outputs 

Y1b Y2b 

H H 

H H 

L H 

H L 

H H 

H H 

---------_.,-,-,---------------, 

Y3b 

H 

H 

H 

H 

L 

H 
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MITSUBISHI HIGH SPEED CMOS 

M74HC157P/FP/DP 

QUADRUPLE 2·INPUT NONINVERTING DATASEL£CTOR1~ULTIPLEXER 

DESCRIPTION 
The M74HC157 is a semiconductor integrated circuit con
sisting of four 2-line to 1-line data selectors/multiplexers. 

FEATURES 
• High-speed: 12ns typo (CL=15pF, Vcc=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate. technology allows the M74HC157 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS157. 
TheM74HC157 consists of four circuits each containing 
data selector functions for selecting one of two input line 
signals and multiplexer fun9tions for converting 2-bit para
llel data into serial data using time-division. 
The 2-line signal is applied to data inputs A and B, and af
ter one of the inputs has been selected by select input S, it 
is output at pin Y. 8y applying 2-bit parallel data to A and 

LOGIC DIAGRAM OUTPUTS 

PIN CONFIGURATION (TOP VIEW) 

SELECT INPUT 

OUTPUT 

GND 

Vee 

OUTPUT . 
15 -OE ENABLE INPUT 

16P4 . 
Outline 16P2N 

16P2P 

bUTPUT 

B, and connecting the output of a binary counter to S, A and 
B date will be output at Y synchronous with the clock pulse 
in -the order A-B. S and output-enable input OE are com
mon to all four circuits. When OE is high, all outputs, Y will 
become low irrespective of other inputs. 
M74HC157 is the same functions and pin connections as 
M74HC257, differing in that the output of M74HC257 is 3-
state. 

r-~ ____________ ~A~ ______________ ~ 

r-
I 

I 
I 

I 
I 

I 

- AO BO 
\ 
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MITSUBISHI HIGH SPEED CMOS 

M74HC157P/FP/DP 

QUADRUPLE 2-INPUT NONINVERTING DATA SELECTOR/MULTIPLEXER 

FUNCTION TABLE (Note 1) 

Inputs Output 

OE 5 A B Y 
H X X X L 
L L L X L 

L L H X H 

L H X L L 
L H X H H 

:Note 1 X : Irrelevant 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI< OV 
11K Input protection diode current 

VI> Vcc 

Vo<OV 
10K Output parasitic diode current 

Vo> Vcc 

10 Output current per output pin 

lee Supply/GND current Vcc, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC157FP, Ta = -40-+70'C and Ta = 70-85'C are derated at -GmW/"C. 
M74HC157DP, Ta = -40-+50'C and Ta = 50-85'C are derated at -5mW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Operating temperature range 

I Vcc = 2.0V 

t r , tf Input risetime, falitime I Vcc=4.5V 

I Vee = 6.0V 

Limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 

-40 +85 

0 1000 

0 500 

0 400 

. '.MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

·C 

ns 

_._ .. _-_ ..• _-----------------_._----------------

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Ve6+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 

±50 rnA 

500 mW 

-65-+150 ·C 

2-177 



MITSUBISHI HIGH SPEED CMOS 

M74HC157P/FP/DP 

QUADRUPLE 2.INPUT NONINVERTING DATA SELECTOR/MULTIPLEXER 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vedv) Min 

Vo = O. IV, Vee-O. IV 
2.0 1.5 

V IH High-level input voltage 4.5 3.15 
1101 = 20IJA 

6.0 4.2 

Vo = O. lV, Vce-O. lV 
2.0 

V IL Low-level Input voltage 
1101 = 20IJA 

4.5 
6.0 

10H = -201JA 2.0 1.9 
10H = -201JA 4.5 4.4 

V OH High-level output voltage VI = VIH ' VIL 10H = -201JA 6.0 5.9 
10H = -4.0mA 4.5 4.18 
10H= -5.2mA 6.0 5.68 
10L = 20IJA 2.0 
10L = 20IJA 4.5 

VOL Low-level output voltage VI = VIH ' VIL 10L = 20IJA 6.0 
10L = 4.0mA 4.5 
10L = 5.2mA 6.0 

IIH High-level Input current VI =6V 6.0 

IlL Low-level Input current VI=OV 6.0 

Icc Quiescent supply current VI = Vee, GND, 10= OIJA 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Symbol Parameter Test conditions 

hLH 

tTHL 

t pLH 

t pHL 

t pLH 

tpHL 

tpLH 

tpHL 

2-178 

Low-level to high-level and high-level to low-level 

output transitioh time 

Low-level to high-level and high-level to low-level 

output'propagatlon time (A, B - y) 

Low-level to high-level and high-level to low-level 

output propagation time (S - y) 

Low-level to high-level and high-level to low-level 

output propagation time (OE - y) 

CL = 15pF (Note 4) 

.•. MlTSUBISHI 
;"ELECTRIC 

Limits 

25'C -40-+B5'C Unit 

Typ Max Min Max 

1.5 
i 

3.15 V 

4.2 
0.5 0.5 

1.35 1.35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

O. I 0.1 
0; 1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 

0.1 1.0 /-iA 

-0.1 -1.0 /-iA 

4.0 40.0 /-iA 

Limits 
Unit 

Min Typ Max 

10 ns 
10 ns 
20 ns 
20 ns 
20 ns 
20 ns 
18 ns 
18 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC157P/FP/DP 

QUADRUPLE 2-INPUT NONINVERTI'NG DATA SELECTOR/MULTIPLEXER 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+S5"C) 

Limits 

Symbol Parameter Test conditions 25'C 

Vcc(V) Min Typ Max 

2,0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

6.0 13 

2.0 125 

tpLH Low-level to high-level and 4.5 25 

high-level to low-level 6.0 21 

output propagation time 2.0 125 

tpHL (A, B-Y) 4.5 25 

CL = 50pF (Note 4) 
6.0 21 

2.0 125 

tpLH Low-level to high-level and 4.5 25 

high-level to low-level 6.0 21 

output propagation time 2.0 125 

tpHL (s-y) 4.5 25 

6.0 21 

2.0 115 

t pLH Low-level to high-level and 4.5 23 

high-level to low-level 6.0 20 

output propagation time 2.0 115 

t pHL (OE-Y) 4.5 23 

6.0 20 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 51 

Note" 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power diss~ation during operation ~nder no-load conditions is calculated using the following formula: 
Po = Cpo' Vee • fl+lee • Vee 

Note 4 Test Circuit 

INPUT 

PG r---+--~ 

50n 

TIMING DIAGRAM 

INPUT 

IN PHASE OUTPUT 

OUT OF PHASE 
OUTPUT 

Vee 

OUT 

GNO 

OUTPUT 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance, 

Vee 

~------------------- GNO 

10% 11'---------------- VOL 

• MITSUBISHI 
"'ELECTRIC 

-40-+S5"C Unit 

Min Max 

95 

19 ns 

16 

95 

19 ns 

16 

158 

32 ns 

27 

158 

32 ns 

27 

158 

32 ns 

27 

158 

32 ns 

27 

145 

29 ns 

25 

145 

29 ns 

25 

10 pF 

pF 
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MITSUBISHI HI8H SPEED CMOS 

M74HC15SP/·FP/DP 

QUADRUPLE 2-INPUT INVERTING DATA SELECTOit-AMULTIPLEXER 

DESCRIPTION 
The M74HC158 is a semiconductor integrated circuit con
sisting of four 2-line to 1-line data selectors/multiplexers. 

FEATURES 
• High-speed: 12ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, T a=25"C, quiescent state) 
• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V ' 
• Wide operating temperature range: T a=-40-+85"C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon' gate technology allows the M74HC158 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS158. 
The M74HC158 consists of four circuits each containing 
date selector functions for selecting one of two input line 
signals and multiplexer functions for converting 2-bit para
llel data into serial data using time-division. 
The 2-line signal is applied to data inputs A and B, and af
ter one of the data inputs has been selected by select in-

LOGIC DIAGRAM OUTPUTS 

PIN CONFIGURATION (TOP VIEW) 

SELECT 
INPUT 

DATA INPUTS 

OUTPUT 

OUTPUT 

Vee 

{ 

AO- 2 

80-3 

15 ... ~ ~~X~~J INPUT 

14 ... A3} 

GND 

DATA INPUTS 
13 ... B3 

16P4 
Outline·16P2N 

16P2P 

OUTPUT 

OUTPUT 

put S, it is inverted and output at pin Y. By applying 2-bit 
parallel data to A and B, and connecting the ol,Jtput of a 
binary counter to S, the inverted A and B data will be out-' 
put at Y synchronous with the clock pulse in the order A-B. 
S and output-enable input OE are common to all four cir
cuits. When OE is high, all outputs, Y will become high 
irrespective of other inputs. 

~ ______________ ~A~ ____ ~ ________ ~ 

I-
I 

I 
I 

I 
I 

I 

" AO BO 
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MITSUBISH'I HIGH SPEED CMOS 

M74HC158P/FP/DP 

QUADRUPLE 2-INPUT INVERTING DATA SELECTOR/MULTIPLEXER 

FUNCTION TABLE (Note 1) 

Inputs Output 

OE S A B Y 

H X X X H 

L L L X H 

L L H X L 

L H X L H 

L H X H L 

Note 1 X : Irrelevant 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vee 

Vo< OV 
10K Output parasitic diode current 

Vo> Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC158FP, Ta = -40-+70'C and Ta = 70-85'C are,derated at -6mW/"C. 
M74HC158DP, Ta = -40-+50'C and Ta = 50-85'C are derated at -5mW/"C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Operating temperature range 

I Vee = 2.0V 

t r, tf Input rlsetlme, falltlme I Vcc=4.5V 

I Vee = 6.0V 

limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 

-40 +85 

0 1000 

0 500 

0 400 

•. MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

·c 

ns 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 
±50 rnA 
500 rnW 

-65-+150 ·c 

2-181 



MITSUBISHI HIGH SPEED CMOS 

M74HC158P/FP/DP 

QUADRUPLE 2-INPUT INVERTING DATA SELECTOR/MULTIPLEXER 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vcdv) Min 

Vo = O. lV, Vcc-O., 1 V 
2.0 1.5 

V IH High-level Input voltage 4.5 3.15 
1101 = 20IJ.A 

6.0 4.2 
2.0 

V IL Low-level Input voltage 
Vo = O. lV, Vcc-O.1V 

4.5 
1101 = 20IJ.A 

6.0 
10H = -201J.A 2.0 1.9 
10H = -201J.A 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -20IJ.A 6.0 5.9 
10H= -4.0mA 4.5 4.18 
10H= -S.2mA 6.0 5.68 
10L = 20IJ.A 2.0 
10L = 20IJ.A 4.5 

VOL Low-level output voltage VI = VIH, VIL 10L = 20IJ.A 6.0 
10L =4.0mA 4.5 
10L = S.2mA 6.0 

IIH High-level Input current VI =6V 6.0 

IlL Low-level Input current VI=OV 6.0 

Icc Quiescent supply current VI = Vee, GND, 10=OIJ.A 6.0 

SWITCHING CHARACTERISTICS (Vcc =5V, Ta=25'C) 

Symbol Parameter Test conditions 

tTLH 

tTHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pLH 

t pHL 

2-182 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (A, B - y) 
Low-level to high-level and high-level to low-level 

output propagation time (5 - y) 
Low-level to high-level and high-level to low-level 

output propagation time (OE - y) 

CL = l5pF (Note 4) 

• MITSUBISHI 
.... ELECTRIC 

Limits 

25t: -40-+8S'C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1. 35 1.35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 

0.1 1.0 /-iA 

-0.1 -1.0 /-iA 

4.0 40.0 /-iA 

Limits 
Unit 

Min Typ Max 

10 ns 
10 ns 
20 ns 
20 ns 
20 ns 
20/ ns 
18 ns 
18 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC158P/FP/DP 

QUADRUPLE 2-INPUT INVERTING DATA SELECTOR/MULTIPLEXER 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 25'C 

Vcc(V) Min Typ Max 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

6.0 13 

2.0 125 

t pLH Low-level to high-level and 4.5 25 

high-level to low-level 6.0 21 

output propagation time 2.0 125 

tpHL (A, B-V) 4.5 25 

CL = 50pF (Note 4) 
6.0 21 

2.0 125 

tpLH Low-level to high-level and 4.5 25 

high-level to low-level 6.0 21 

output propagation time 2.0 125 

t pHL (S-V) 4.5 25 

6.0 21 

2.0 115 

t pLH Low-level to high-level and 4.5 23 

, high-level to low-level 6.0 20 

output propagation time 2.0 115 

tpHL (OE-V) 4.5 23 

6.0 20 

C, Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 82 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipation during operation under no-load conditions is calculated using the following formula: 
PD = CpD • Vee

2 
• f,+lee • Vee 

Note 4 Test Circuit INPUT 

PG t--+--~ 

50n 

TIMING DIAGRAM 

INPUT 

IN PHASE 
OUTPUT 

OUT OF PHASE 
OUTPUT 

Vee 

OUT 

OUTPUT 

(1) The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GNO 

tTHL 

VOH 

VOL 

hLH 

90% 
VOH 

VOL 

. 'MITSUBISHI 
.,., ELECTRIC 

-40-+S5'C Unit 

Min Max 

95 

19 ns 
16 

95 

19 ns 
16 

158 

32 ns 
27 -

158 

32 ns 
27 

158 

32 ns 
27 

158 

32 ns 
27 

145 

29 ns 
25 

145 

29 ns 
25 

10 pF 

pF 
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MITSUBISHI HIGH SPEED CMOS 

. M74HC160P/FPIDP , , 

PRESETTABLE BCD COUNTER WITH ASYNCHRONOUS RESET 

DESCRIPTION 
The M74HC160 is a semiconductor integrated circuit con
sisting of a presettable synchronous BCD counter with an 
asynchronous reset input. 

FEATURES 
• Asynchronous reset and synchronous preset inputs 
• Enable input and ripple carry output allow cascade con

nection 

• Count frequency 45MHz typo (CL=15pF, Vcc=5V) 
• Low power dissipation: 20,uW/package, max 

(Vcc=5V, Ta=25°C, quiescent state) 

• Wide supply voltage range: Vcc=2-6V 
• Wide operating temperature range: Ta=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC160 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS160. 
When the count pulse is applied to Glock input CK, the 
number of count pulses will be output at outputs 00 through 
03 synchronous with the count pulse in BCD code. Count
ing takes place when, CK changes from low-level to high
level. 
The preset functions synchronously with the count pulse. By 
supplying data to preset data inputs PO through P3 and set
ting load input LOAD to low-level, when CK changes from 

LOGIC 

DATA INPUTS 

ENABLE INPUTS 

DIRECT 
RESET INPUT 

CLOCK INPUT 

PO 3 

PIN CONFIGURATION (TOP VIEW) 

CLOCK INPUT CK .... 

po .... 

P1 .... 
PRESET 
DATA INPUTS P2 .... 

P3 .... 

ENABLE INPUT Ep .... 

GND 

Vee 

RIPPLE CARRY 
OUTPUT 

OUTPUTS 

ENABLE INPUT 

9 +- LOAD LOAD INPUT 

16P4 
Outline 16P2N 

16P2P 

lOW-level to high-level, the PO through P3 signals will be 
output to 00 through 03, respectively, irrespective of en
able inputs Ep and ET. This permits persetting of the 
counter. 
When values greater than 10 are preset, the count adv
ances as shown in the State Transition Diagram. 
The reset operates asynchronously, and by setting direct 
reset input Ro to low-level, 00 through 03 will become low 
irrespective of other inputs. 
The ripple carry output RCO will become high only when 
00 is high, 01 is low, 02 is low, 03 is high and ET is high. 
Ep, ET and RCO are used in cascade connections of 'the 
counter synchronous from when the coun~er is used as a 
nbit counter. (See the Application Example.) 

OUTPUTS 

RCO 
15 RIPPLE CARRY 

OUTPUT 

LOAD INPUT LOAD 9 

--------, --------0----J 
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MITSUBISHI HIGH SPEED CMOS 

M74HC160P/FP/DP 

PRESETTABLE BCD COUNTER WITH ASYNCHRONOUS RESET 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

RD LOAD ET Ep CK 00 01 02 03 RCO 

L X X X X L L L L L 

H L L X t L 
PO P1 P2 P3 f---

H L H X t L* Note 1 t: Change from low to high (positive-edge trigger) 

H H H H 

H H L X 

t Count 

X Count suppressed 

L* 

L 

L* 

* : RCO is normally low, but will become high when 00 is 
high, 01 is low, 02 is low, 03 is high and ET is high. 
Accordingly RCO = 00 • 01 • 02 • 03 • ET 

H H H L X Count suppressed X : Irrelevant 

OPERATION TIMING DIAGRAM STATE TRANSITION DIAGRAM 

LO~ =r-1l,Jr----:',------------
Po...J I I: C':- - = _ =- _ -:.. --=~ 
~~ IL ___________ _ 

P2 i I ------------ I L __________ _ 

P3 Ir-----------
i ------------

CK 
I~ _____ --~ 

Ep d ....... --...... 
ET I~I'-------~---~~ 

i 
00---1 I 

01~~~---~r--~-------
02--1 I ~ 

--+----+--f I IL..-------r--------
03 - ~ I I I r--l .. ___ ......L ______ _ 

--I i II 
RCO I I II ~L ____ .... ------~ 

W t 17• 8 ~ 0 .. 31. ..I 
RESET PRESET COUNT COUNT SUPPRESSED 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K Input protection diode current 
VI < OV 

VI> Vee 

Vo < OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC160FP, Ta = -40-+70'C and Ta = 70-85'C are derated at -6mW/"C. 
M74HC160DP, Ta = -40-+50'C and Ta = 50-85'C are derated at -5mW/"C . 

• . MITSUBISHI 
.... ELECTRIC 

Ratings 

-0.5-+7.0 

-0. 5-Vee+0. 5 

-0. 5-Vee+0. 5 

-20 

20 

-20 

20 

±25 

±50 

500 

-65-+150 

Unit 

V 

V 

V 

rnA 

rnA 

rnA 

rnA 

rnW 

·c 
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MITSUBISHI HIGH SPEED CMOS 

M74HC160P/FP/DP 

PRESETTABLE BCD COUNTER WITH ASYNCHRONOUS RESET 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+S5'C) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 2 6 V 

VI Input voltage 0 Vee V 

Va Output voltage 0 Vee V 

Tcmr Operating temperature range -40 +85 'c 
I Vcc = 2.0V 0 1000 

t r • tf Input risetlme, falltime I Vcc=4.5V 0 500 ns 

I Vcc = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vcdv) Min 

2.0 1.5 

V IH High-level input voltage 
Vo = O. lV, Vcc-O. lV 

4.5 3.15 
1101 = 20/1A 

6.0 4.2 

2.0 

V IL Low-level input voltage 
Vo = O. lV, Vcc-O. lV 

4.5 
1101 = 20/1 A 

6.0 

10H = -20/1A 2.0 1.9 

10H = -20/1A 4.5 4.4 

VOH High-level output voltage VI = VIH, VIL 10H = -20/1A 6.0 5.9 

10H = -4.0mA 4.5 4.18 

10H = -5.2mA 6.0 5.68 

10L = 20/1A 2.0 

10L = 20/1A 4.5 

VOL Low-level output voltage VI = VIH, VIL 10L = 20/1A 6.0 

IOL = 4.0mA 4.5 

10L = 5.2mA 6.0 

IIH High-level input current VI=6V 6.0 

IlL Low-level input current VI=OV 6.0 

lee Quiescent supply current VI =Vcc, GND, 10=0/1A 6.0 

SWITCHING CHARACTERISTICS (Vcc = 5V, T a = 25'C) 

Symbol Parameter Test conditions 

fmax 

tTLH 

hHL 

t pLH 

tpHL 

t pHL 

tpLH 

tpHL 

t pLH 

t pHL 

t pHL 

2-186 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (CK - Q) 

High-level to low-level output propagation time 

CR;; - Q) 

Low-level to high-level and high-level to low-level 

output propagation time (ET - RCO) 

Low-level to high-level and high-level to low-level 

output propagation time (CK - RCO) 

High-level to low-level output propagation time 

CR;; - RCO) 

CL = 15pF (Note 4) 

., " , MITSUBISHI 
;"ELECTRIC 

Limits 

25'C -40-+S5'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1:35 1. 35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 ,0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /-lA 

-0.1 -1.0 /-lA 

4.0 40.0 /-lA 

Limits 
Unit 

Min Typ Max 

30 MHz 

10 ns 

10 ns 

28 ns 

34 ns 

36 ns 

26 ns 

32 ns 

30 ns 

36 ns 

38 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC160P/FP/DP 

PRESETTABLE BCD COUNTER WITH ASYNCHRONOUS RESET 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

limits 

Symbol Parameter Test conditions 25'C 

Vec(V) Min Typ Max 

2.0 5 

fmax Maximum clock frequency 4.5 27 

6.0 32 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

6.0 13 

2.0 170 

t pLH Low-level to high-level and 4.5 34 

high-level to low-level 6.0 29 

output propagation time 2.0 205 

tpHL (CK-O) 4.5 41 

6.0 35 

High-level to low-level 2.0 210 

t pHL output propagation time CL = 50pF (Note 4) 4.5 42 

(Ao-O) 6.0 36 

2.0 160 

t pLH Low-level to high-level and 4.5 32 

high-level to low-level 6.0 27 

output propagation time 2.0 195 

t pHL (ET - RCO) 4.5 39 

6.0 33 

2.0 175 

t pLH Low-level to high-level and 4.5 35 

high-level to low-level 6.0 30 

output propagation time 2.0 215 

t pHL (CK- RCO) 4.5 43 

6.0 37 

High-level to low-level 2.0 220 

t pHL output propagation time 4.5 44 

(Ao- RCO) 6.0 37 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note '3) 57 

Note Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+lee • Vee 

• MITSUBISHI 
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-40-+85'C Unit 

Min Max 

4 

21 MHz 

25 

95 

19 ns 

16 

95 

19 ns 

16 

214 

43 ns 

36 

258 

52 ns 

44 

265 

53 ns 

45 

202 

40 ns 

34 

246 

49 ns 

42 

221 

44 ns 

37 

271 

54 ns 

46 

277 

55 ns 

47 

10 pF 

pF 

2-187 



MITSUBISHI HIGH SPEED CMOS 

M74HC160P/FP/DP 

PRESETTABLE BCD COUNTER WITH A.SYNCHRONOUS RESET 

TIMING REQUIERMENTS (Vee = 2-6V, Ta = -40-+85"C) 

Symbol Parameter 
I 

tW(CK) Clock pulse width 

tw<Rj) Direct reset pulse width 

tSU(p) 
P setup time with 

respect to CK 

LOAD setup time with 
tSU(LOAO) 

respect to CK 

tSU(E) 
ET, Ep setup time with 

respect to CK 

P hold time with 
th(p) 

respect to CK 

LOAD hold time with 
th(LoAo) 

respect to CK 

th(E) 
ET, Ep hold time with 

respect to CK 

Ro recovery time with 
trec(Rj) 

respect to CK 

LOAD recovery time with 
treC(LOAo) 

respect to CK 

. Note 4 Test Circuit 

INPUT Vee 

PG 1---+----1 OUT 

50n 

2-188 

Test conditions 

OUTPUT 

Limits 

25"C 

vcdv) Min Typ Max 

2.0 80 

4.5 16 

6.0 14 

2.0 80 

4.5 16 

6.0 14 

2.0 150 

4.5 30 

6.0 26 

2.0 135 

4.5 27 

6.0 23 

2.0 200 

4.5 40 

6.0 34 

2.0 50 

4.5 10 

6.0 9 

2.0 0 

4.5 0 

6.0 0 

2.0 0 

4.5 0 

6.0 0 

2.0 125 

4.5 25 

6.0 21 

2.0 125 

4.5 25 

6.0 21 

(1)The pulse generator (PG) has the following 
characteristics (10%":"90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

• MITSUBISHI 
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-40-+85"C Unit 

Min Max 

101 

20 ns 

17 

101 

20 ns 

17 

189 

38 ns 

32 

170 

34 ns 

29 

250 

50 ns 

43 

63 

13 ns 

11 

0 

0 ns 

0 

0 

0 ns 

0 

158 

32 ns 

27 

158 

32 ns 

27 



MITSUBISHI HIGH SPEED CMOS 

M74HC160P/FP/DP 

PRESETTABLE BCD COUNTER WITH ASYNCHRONOUS RESET 

TIMING DIAGRAM 
Vee 

Ro 50% 50% 

GND 

tW(liDl treC(liDl 

Vee 

CK 

GND 
tpHL tpLH 

90% 
QO-Q3 50% 50% 

RCO 10% 

hLH 

Vee 

r---------,Vee GND 

50% 

GND Vee 

CK 

r-----1-------Vee GND 

PO-P3 50% 

~----+--------GND Vee 

50% 

Vee GND 

CK 

GND VOH 

VOL 

APPLICATION EXAMPLE CONFIGURATION OF A 10" COUNTER USING CASCADE CONNECTION' 
• CONNECTION FOR LOW-SPEED 

APPLICATION 

ENABLE INPUT TO NEXT STAGE 

COUNT PULSE _-.-4-------+--------+-------_ TO NEXT STAGE 

• CONNECTION FOR HIGH-SPEED 
~------~------~------~TONEXTSTAGE 

APPLICATIONS 

ENABLE INPUT TO NEXT STAGE 

COUNT PULSE .--+--------~------~-------+-------~TONEXTSTAGE 

• . MITSUBISH. I 
i-.ELECTR,C 2-189 



MITSUBISHI HIGH SPEED CMOS 

M74HC161P/FP/DP 

PRESETTABLE 4·BIT BINARY COUNTER WITH ASYNCHRONOUS RESET 

DESCRIPTION 
The M74HC161 is a semiconductor integrated circuit con
sisting of a presettable synchronous 4-bit binary 
(hexadecimal) counter with direct reset input. 

FEATURES 
• Direct reset and synchronous preset inputs 
• Enable input and ripple carry output for cascade con

nection 
• Count frequency 45MHz typo (CL=15pF, Vcc=5V) 
• Low power dissipation: 20,uW/package, max 

(Vcc=5V, Ta=25°C, quiescent state) 

• Wide operating voltage range: Vcc=2-6V 
- • Wide operating temperature range: T a=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC161 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the . 
74LS161. 
When the count pulse is applied to clock input CK, the 
number of count pulses will be output at outputs 00 through 
03 synchronous with the count pulse in 4-bit binary code. 
Counting takes place when CK changes from low-level to 
high-level. 
The preset functions synchronously with the count pulse. 8y 

LOGIC 

DATA INPUTS 

ENABLE INPUTS 

DIRECT RESET 
INPUT 

CLOCK INPUT 

P1 

PIN CONFIGURATION (TOP VIEW) 

DIRECT RESET Ro-INPUT 

CLOCK INPUT CK-

PO-

PRESET DATA 
P1-

INPUTS 
P2-

P3-

ENABLE INPUT Ep
-

GND 

Vee 

15 - RCO ~~f~BTCARRY 

OUTPUTS 

ENABLE INPUT 

9 ..... LOAD LOAD INPUT 

16P4 
Outline 16P2N 

16P2P 
supplying data to PERSET data inputs PO through P3 and 
setting load input LOAD to . low-level, when CK changes 
from low-level to high-level, the PO through P3 signals will 
be output to 00 through 03, respectively, irrespective of 
enable inputs Ep and ET. This permits persetting of the 
counter. 
The reset operates asynchronously, and by setting direct 
reset input Ro to I.ow-Ievel. 00 through 03 will become low, 
irrespective of other inputs. 
The ripple carry output RCO will become high only when all 
of 00, 01, 02, 03 and ET are high. Ep, ET and RCO are 
used in cascade connections of the counter in synchronous 
from when the counter is used as a n-bit counter. (See the 
Application Example.) 

OUTPUTS 

----------------®----~ 
GND 
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MITSUBISHI HIGH SPEED CMOS 

M74HC161P/FP/DP 

PRESETTABLE 4-BIT BINARY COUNTER WITH ASYNCHRONOUS RESET 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

RD LOAD ET Ep CK 00 01 02 03 RCO 

L X X X X L L L L L 

H L L X t L 

t 
PO P1 P2 P3 L* H L H X Note 1 t: Change from low to high level (positive-edge trigger) 

H H H H 

H H L X 
H H H L 

t Count 

X Count suppressed 

X Count suppressed 

L* 

L 

L* 

* : RCa is normally low, but will become high when all of 
QO, Q1, Q2, Q3 and ET are high. Accordingly, RCa = 
QO • Q1 • Q2 • Q3 • Er 

X : Irrelevant 

OPERATION TIMING DIAGRAM STATE TRANSITION DIAGRAM 

Ro~ 
LOAD : :L..,J,... __________________ _ 

PO : I :~.:-.: :-= = ::: .. -_-___ -_ -:'::::::. -_:.: 
P1 I : ': ------------------
P2...J I J I L.._':':====-====='::":-':-'::: 

I I I i ------------------I L.. __________________ _ 

CK J I 
Ep , I r"1 --------~-----' 

I ,~I--------~---~ 
ET I I I '----
-- ., II,........, r--1 r--1 I, QO __ ' II I L.........I L-..J 1+. ______ _ 

--., II r--L.-......Jr-
::::~ I :: ~L.. __ -+' ______ _ 

I Q3--UJ' --..--.-;' 

RCO U 111--2
• 13------.-~--+--:--:-~=-i 

RESET PRESET 

n I 
14 15 0 

2: 

COUNT SUPPRESSED ·1 COUNT I 

ABSOLUTE MAXIMUM RATINGS (T a = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI< OV 
11K Input protection diode current 

VI> Vee 

Vo < OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 : M74HC161FP, Ta = -40-+70'C and Ta = 70-85'C are derated at -6mW/"C. 
M74HC161DP, Ta = -40-+50'C and Ta = 50-85'C are derated at -5mW/"C. 

'MITSUBISHI 
.... ELECTRIC 

Ratings 

-0.5-+7.0 

-0. 5-Vee+0. 5 

-0. 5-Vee+0. 5 

-20 

20 

-20 

20 

±25 

±50 

500 

-65-+150 

Unit 

V 

V 

V 

rnA 

rnA 

rnA 

rnA 

rnW 

'c 
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MITSUBISHI HIGH SPEED CMOS 

M74HC161P/FP/DP 

PRESETTABLE 4·BIT BINARY COUNTER WITH ASYNCHRONOUS RESET 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 2 6 V 

VI Input voltage a Vee V 

Vo Output voltage a Vee V 

Topr Operating temperature range -40 +85 ·c 
I Vcc = 2.0V a 1000 

t r , tf Input risetime, failtime I Vcc=4.SV 0 500 ns 
I Vcc = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

Vcc(V} Min 

Vo = O. IV, Vcc-O. IV 
2.0 1.5 

V IH High-level input voltage 
1101 = 20l-lA 

4.5 3.15 
6.0 4.2 

Vo = O. lV, Vcc-O. lV 
2.0 

V IL Low-level input voltage 
1101 = 20l-lA 

4.5 

6.0 
10H = -201-lA 2.0 1.9 
10H = -201-lA 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL 10H =,-2OI-lA 6.0 5.9 
10H= -4.0mA 4.5 4.18 
10H = -S.2mA 6.0 5.68 
10L = 20l-lA 2.0 

10L = 20l-lA 4.5 

VOL Low-level output voltage VI = VIH, VIL 10L = 20l-lA 6.0 
10L = 4.0mA 4.5 
10L = S.2mA 6.0 

IIH High-level input current VI =6V 6.0 

IlL Low-level input current VI=OV 6.0 

lee Quiescent supply current VI = Vcc, GND, 10 = OI-lA 6.0 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, Ta = -40-+8S'C) 

Symbol Parameter Test conditions 

fmax 
tTLH 

hHL 

t pLH 

t pHL 

t pHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pHL 

2-,192 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

LOW-level to high-level and high-level to lOW-level 

output propagation time (CK - Q) 

High-level to low-level output propagation time 

(Ro-Q) 

LOW-level to high-level and high-level to lOW-level 

output propagation time (ET - RCO) 

Low-level to high-level and high-level to lOW-level 

output propagation time(CK - RCO) 

High-level to lOW-level output propagation time 

CFfo- RCO) 

CL = lSpF (Note 4) 

• MITSUBISHI 
..... ELECTRIC 

Limits 

2S'C -40-+8S'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 
1.35 1.35 V 

1.8 1.8 

1.9 
4.4 

5.9 V 

4.13 
5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 
O. , 1.0 /-lA 

-0.1 -1.0 /-lA 

4.0 40.0 /-lA 

Limits 
Unit 

Min Typ Max 

30 MHz 

10 ns 
10 ns 
28 ns 
34 ns 

36 ns 

26 ns 
32 ns 
30 ns 
36 ns 

38 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC161P/FP/DP 

PRESETTABLE 4 .. BIT BINARY COUNTER WITH ASYNCHRONOUS RESET 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+8S"C) 

Limits 

Symbol Parameter Test conditions 25"C -40-+85"C Unit 

VcC<V) Min Typ Max Min Max 

2.0 5 4 

fmax Maximum clock frequency 4.5 27 21 MHz 

6.0 32 25 

2.0 75 95 

tTLH Low-level to high-level and 4.5 15 19 ns 

6.0 13 16 
high-level to low-level 

2.0 75 95 

hHL output transition time 4.5 15 19 ns 

6.0 13 16 
2.0 170 214 

t pLH Low-level to high-level and 4.5 34 43 ns 

high-level to low-level 6.0 29 36 
output propagation time 2.0 205 258 

t pHL (CK-O) 4.5 41 52 ns 

6.0 35 44 
High-level to low-level 2.0 210 265 

t pHL output propagation time CL = 50pF (Note 4) 4.5 42 53 ns 

CR;;- 0) 6.0 36 45 
2.0 160 202 

t pLH Low-level to high-level and 4.5 32 40 ns 

high-level to low-level 6.0 27 34 
output propagation time 2.0 195 246 

t pHL (ET - RCO) 4.5 39 49 ns 

6.0 33 42 

2.0 175 221 
t pLH Low-level to high-level and 4.5 35 44 ns 

high-level to low-level 6.0 30 37 
output propagation time 2.0 215 271 

t pHL (CK- RCO) 4.5 43 54 ns 

6.0 37 46 
High-level to low-level 2.0 220 277 

t pHL output propagation time 4.5 44 55 ns 

CR;;- RCO) 6.0 37 47 
C 1 Input capacitance 10 10 pF 

Cpo Power dissipation capacitance (Note 3) 57 pF 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vce

2 
• fl+lee • Vee 
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MITSUBISHI HIGH SPEED CMOS 

M74HC161P/FP/DP 

PRESETTABLE·4·BIT BINARY COUNTER WITH· ASYNCHRONOUS RESET 

TIMING REQUIREMENTS (Vcc = 2-6V, Ta = -40-+85"C) 

Symbol Parameter 

tW(CI<) Clock pulse width 

tW(R[)) Direct reset pulse width 

tsU(p) 
P setup time with 

respect to CK 

LOAD setup time with 
tSU(LOAO) 

respect to CK 

tsu(e) 
Er, Ep setup time with 

respect to CK 

P hold time with 
th(p) 

respect to CK 

LOAD hold time with 
th(LOAO) 

respect to CK 

th(e) 
ET, Ep hold time with 

respect to CK 

Ro recovery time with 
trec(R[)) 

respect to CK 

LOAD recovery time with 
treC(LOAO) 

respect to CK 

Note 4 Test Circuit 

INPUT Vcc 

OUT 

GND 

2-194 

limits 

Test conditions 25"C 

OUTPUT 

vcdv) Min Typ Max 

2.0 80 

4.5 16 

6.0 14 

2.0 80 

4.5 16 

6.0 14 

2.0 150 

4.5 30 

6.0 26 

2.0 135 

4.5 27 

6.0 23 

2.0 200 

4.5 40 

6.0 34 

2.0 50 

4.5 10 

6.0 9 

2.0 0 

4.5 0 

6.0 0 

2.0 0 

4.5 0 

6.0 0 

2.0 125 

4.5 25 

6.0 21 

2.0 125 

4.5 25 

6.0 21 

(1) The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

-40-+85"C Unit 

Min Max 

101 

20 ns 

17 

101 

20 ns 

17 

189 

38 ns 

32 

170 

34 ns 

29 

250 

50 ns 

43 

63 

13 ns 

11 

0 

0 ns 

0 

0 

0 ns 

0 

158 

32 ns 

27 

158 

32 ns 

27 



MITSUBISHI HIGH SPEED CMOS 

M74HC161P/FP/DP 

PRESETTABLE 4-BIT BINARY COUNTER WITH ASYNCHRONOUS RESET 

TIMING DIAGRAM 

PO-P3 

CK 

CK 

00-03 

RCO 

50% 

50% 

APPLICATION EXAMPLE 

treC(RO) 

,-------------------Vee 

50% 

GND 

,---------~------------Vee 

~---------_+-----------------GND 

Vee 

GND 

CONFIGURATION OF A PROGRAMMABLE DIVIDER 

ENABLE INPUT 

COUNT PULSE 

RESET INPUT ----' 
or 

PROGRAM 

Note 5 The reset function is invoked by setting the reset input to 
high and applying a count pulse. The Ro pin cannot be used 
in this application because it sets 00 through 03 to low. 

• MITSUBISHI 
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CK 

RCO 

PO 
L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

Vee 

GND 

Vee 

GND 

Vee 

GND 

Vee 

GND 

Vee 

50% 

~--GND 

P1 P2 P3 Rate of 
division 

L L L 1/16 
L L L 1/15 
H L L 1/14 
H L L 1/13 
L H L 1/12 
L H L 1/11 
H H L 1/10 
H H L 1/9 
L L H 1/8 
L L H 1/7 
H L H 1/6 
H L H 1./5 
L H H 1/4 
L H H 1/3 
H H H 1/2 
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MITSUBISHI HIGH SPEED CMOS 

M74HC162P/FP/DP 

PRESETTABLE BCD COUNTER WITH SYNCHRONOUS RESET 

DESCRIPTION 
The M74HC162 is a semiconductor integrated circuit con
sisting of a presettable synchronous BCD counter with a 
synchronous reset input. 

FEATURES 
• Synchronous reset and preset inputs 
• Enable input and ripple-carry output allow cascade con

nection 
• Count frequency 45MHz typo (CL=15pF, Vcc=5V) 
• Low power dissipation: 20,uW/package, max 

(Vcc=5V, T a=25°C, quiescent state) 

• Wide supply voltage range: Vcc=2-6V 
• Wide operating temperature range: T a=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC162 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS162. 
When the count pluse is applied to clock input CK, the 
number of count pulses will be output at outputs 00 through 
03 synchronous with the count pulse in BCD code. Count
ing takes place when CK changes from lOW-level to high
level. 
The preset functions synchronously with the count pulse. By 
supplying data to PERSET data inputs PO through P3 and 
setting load input LOAD to low-level, when CK changes 

LOGIC 

DATA INPUTS 

ENABLE INPUTS 

RESET INPUT 

CLOCK INPUT 

PIN CONFIGURATION ,(TOP VIEW) 

RESET INPUT 

CLOCK INPUT CK--+ 

PO--+ 

P1 --+ 
PRESET DATA 
INPUTS P2 --+ 

P3--+ 

ENABLE INPUT Ep --+ 

GND 

Vee 

15 --+ RCO RIPPLE CARRY 
OUTPUT 

OUTPUTS 

ENABLE INPUT 

9 +- LOAD LOAD INPUT 

16P4 
Outline 16P2N 

16P2P 

from lOW-level to high-level, the PO through P3 signals will 
be output to 00 through 03, respectively, irrespective of 
enable inputs Ep and ET. This permits presetting of the 
counter. 

When values greater than 10. are preset, the count adv
ances as shown in the State Transition Diagram. 
The reset operates synchronously with the count pules, and 
by setting reset input R to low-level, 00 through 03 will be
come low when CK changes from low-level to high-level. 
The ripple carry output RCO will become high only when 
00 is high, 01 is low, 02 is low, 03 is high and ET is high. 
Ep , ET and RCO are used in cascade connections of the 
counter in synchronous from when the counter is used as a 
n-bit counter. (See the Application Example.) 

OUTPUTS 

--'------, --' -----~-~ 
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MITSUBISHI HIGH SPEED CMOS 

M74HC162P/FP/DP 

PRESETTABLE BCD COUNTER WITH SYNCHRONOUS RESET 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

R LOAD ET Ep CK 00 01 02 03 RCO 

L X X X t L L L L L 

H L L X t L 
PO P1 P2 P3 Note 1 t: Change from low to high (positive-edge trigger) 

H L H X 

H H H H 

H H L X 

t 
t Count 

X Count suppressed 

~ 
L* 

L 

* : RCa is normally low, but will become high when 00 is 
high, 01 is low, 02 is low, 03 is high and ET is high. 
Accordingly RCa =00 • 01 • 02 • 03 • ET 

H H H L X Count suppressed L* 
X : Irrelevant 

OPERATION TIMING DIAGRAM STATE TRANSITION DIAGRAM 

LOAD~ 

IY 
PO .J 
P1.J 

P2...J 

I L - .::--= -=.:: .:: = -=. -:'.::--:..--= == = 
I L = = = = =:: .. :::.. -=--:... -:... ---::: 
I L -=-.=-.:: =-= =:: =-~ -:... -_-=--:::: 
1 

P3 __ +1--+-' 
CK 

I 
EP __ -+I_f-I 
ET I 
---I I 

00___ I I 
--:LJr-, I 

01 - -:.r--c-!..i.....:-------J I 
02 =.::-L.-.r!------fl------- - -L.!.L...r----, I 
03 -- -I -rr- -..:----,r--------

RCa I II r1 .... ___ ~It__------
t t 17. B 9 0 2 31 I 

COUNT COUNT SUPPRESSED RESET PRESET 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

V j Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current-

VI> Vcc 

Vo< OV 
10K Output parasitic diode current 

Vo > Vcc 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 : M74HC162FP, Ta = -40-+70'C and Ta = 70"':'85'C are derated at -6mW/"C. 
M74HC162DP, Ta = -40-+50'C and Ta = 50-85'C are derated at -5mW/'C. 

'MITSUBISHI 
"'ELECTRIC 

Ratings 

-0.5-+7.0 

-0. 5-Vee+0. 5 

-0. 5-Vee+0. 5 

-20 

20 

-20 

20 

±25 

±50 

500 

-65-+150 

Unit 

V 

V 

V 

mA 

mA 

mA 

mA 

mW 

'c 
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MITSUBISHI HIGH SPEED CMOS 

M74HC162P/FP/DP 

PRESETTABLE BCD COUNTER WITH SYNCHRONOUS RESET 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Symbol 
Limits 

Parameter Unit 
Min Typ Max 

Vee Supply voltage 2 6 V 

VI Input voltage 0 Vee V 

Vo Output voltage O' Vee V 

T oDr Operating temperature range -40 +85 ·C 

Vee = 2.0V 0 1000 

t r • tf Input risetime, falltime Vee = 4.SV 0 500 ns 
Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

Vcc(V) Min 

Vo = O. IV, Vee-O. IV 
2.0 1.5 

V IH High-level Input voltage 
1101 =20)JA 

4.5 3.15 

6.0 4.2 

Vo = O. IV, Vee-O. IV 
2.0 

V IL Low-level Input voltage 
1101 = 20)JA 

4.5 

6.0 

10H = -20)JA 2.0 1.9 

10H = -20)JA 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -20)JA 6.0 5.9 

10H = -4.0mA 4.5 4.18 

10H= -S.2mA 6.0 5.68 

10L = 20)JA 2.0 
"-

10L = 20)JA 4.5 

VOL Low-level output voltage VI = VIH, VIL 10L = 20)JA 6.0 

10L = 4.0mA 4.5 

10L = S.2mA 6.0 

IIH High-Iavel input current VI=6V 6.0 

IlL Low-level input current VI=OV 6.0 

Icc Quiescent supply current , VI = Vee, GND, 10=O)JA 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Symbol Parameter Test conditions 

fmax 
tTLH 

tTHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pLH 

t pHL 

2-198 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (CK - Q) 

Low-level to high-level and high-level to low-level 

output propagation time (ET - RCO) 

Low-level to high-level and high-level to low-level 

output propagation time (CK - RCO) 

CL =ISpF (Note 4) 

• MITSUBISHI 
;"ELECTRIC 

Limits 

2S'C -40-+8S'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 .V 

0.26 0.33 

0.26 0.33 

0.1 1.0 J.iA 
-0.1 -1.0 J.iA 

4.0 40.0 J.iA 

Limits 

. Typ 
Unit 

Min Max 

30 MHz 

10 ns 
10 ns 
28 ns 
34 ns 
26 ns 
32 ns 
30 ns 
36 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC162P/FP/DP 

PRESETTABLE BCD COUNTER WITH SYNCHRONOUS RESET 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, Ta = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 25'C 

vcdv) Min Typ Max 

2.0 5 

fmax Maximum clock frequency 4.5 27 

6.0 32 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

6.0 13 

2.0 170 

tpLH Low-leve.1 to high-level and 4.5 34 

high-level to low-level 6.0 29 

output propagation time 2.0 205 

t pHL (CK-Q) CL = 50pF (Note 4) 4.5 41 

6.0 35 

2.0 160 

tpLH Low-level to high-level and 4.5 32 

high-level to low-level 6.0 27 

output propagation time 2.0 195 

t pHL (ET - RCO) 4.5 39 

6.0 33 

2.0 175 

t pLH Low-level to high-level and 4.5 35 

high-level to low-level 6.0 30 

output propagation time 2.0 215 

t pHL (CK- RCO) 4.5 43 

6.0 37 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 58 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' VCC

2 
• fl+lcc • Vcc 

.• MITSUBISHI 
.... ELECTRIC 

-40-+85'C Unit 

Min Max 

4 

21 MHz 

25 

95 

19 ns 

16 

95 

19 ns 

16 

214 

43 ns 

36 

258 

52 ns 

44 

202 

40 ns -

34 

246 

49 ns 

42 

221 

44 ns 

37 

271 

54 ns 

46 

10 pF 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HC162P/FP/DP 

PRESETTABLE BCD COUNTER WITH SYNCHRONOUS RESET 

TIMING REQUIREMENTS (Vee = 2-6V, T a = -40-+85'C) 

Symbol Parameter 

tW(CK) Clock pulse width 

P setup time with 
tsu(p) 

respect to CK 

LOAD setup time with 
tSU(LOAO) 

respect to CK 

R setup time with 
tSU(R) 

respect to CK 

ET, Ep setup time with 
tsu<e) 

respect to CK 

P hold time with 
th(p) 

respect to CK 

LOAD hold time with 
th(LOAO) 

respect to CK 

R hold time with 
th(R) 

respect to CK 

ET, Ep hold time with 
th(e) 

respect to CK 

R recovery time with 
trec(R) 

respect to CK 

--

treC(LOAO) 
LOAD recovery time with 

respect to CK 

Note 4 Test Circuit 

INPUT Vee 

PG ~--+-----t OUT 

50n 

2-200 

limits 

Test conditions 25'C 

OUTPUT 

Vcc(V) Min Typ Max 

2.0 80 
4.5 16 
6.0 14 
2.0 150 
4.5 30 
6.0 26 
2.0 135 
4.5 27 
6.0 23 
2.0 160 
4.5 32 
6.0 27 
2.0 200 
4.5 40 
6.0 34 
2.0 50 
4.5 10 
6.0 9 
2.0 0 
4.5 0 
6.0 0 
2.0 0 
4.5 0 
6.0 0 
2.0 0 
4.5 0 
6.0 0 
2.0 125 
4.5 25 
6.0 21 
2.0 125 
4.5 25 
6.0 21 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

• . MlrSUBISHI 
"'ELECTRIC 

"":40-+B5'C Unit 

Min Max 

101 
20 ns 

17 
189 
38 ns 

32 
·170 

34 ns 

29 
202 

40 ns 

34 
250 
50 ns 

43 
63 
13 ns 

11 

0 
0 ns 

0 
0 
0 ns 

0 
0 
0 ns 

0 
158 
32 ns 

27 
158 
32 ns 

27 



MITSUBISHI HIGH SPEED CMOS 

M74HC162P/FP/DP 

PRESETTABLE BCD COUNTER WITH SYNCHRONOUS RESET 

TIMING DIAGRAM 

CK 

00-03 

RCO 

PO-P3 

CK 

50% 

tSU(LOAO) 

tsu(fi) 

50% 

th(LOAO) tree(LOAO) 

50% 

APPLICATION EXAMPLE 

50% 

treei"Fi) 

Vee 

GND 

Vee 

GND 

Vee 

GND 

CONFIGURATION OF A BASE n COUNTER 

1/6 M74HC04 
OR 1/4 M74HCOO 

ENABLEINPUT~~~~ 

ENABLE INPUT -+~--I 

COUNT PULSE -+----1> 

"''''''''--_0_ •• __ '.'' __ '0_''._._ .. _._ .. ____ ~ 

• MITSUBISHI 
.... ELECTRIC 

Vee 

GND 
tw(eK) 

Vee 

GND 

V OH 

VOL 

Vee 

Ep • ET 

GND 

Vee 

CK 

GND 

Vee 

ET 50% 

GND 

V OH 

RCO 

VOL 

BASE n COUNTER PIN CONNECTED TO GATE INPUT 

3 01 

5 02 

6 00, 02 

7 01, 02 

9 03 
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MITSUBISHI HIGH ,SPEED CMOS 

M74HC163P/FP/DP 

PRESETTABLE 4-BIT BINARY COUNTER WITH SYNCHRONOUS RESET 

DESCRIPTION 
The M74HC163 is a semiconductor integrated circuit con
sisting of a presettable synchronous 4-bit binary 
(hexadecimal) counter with synchronous reset input. 

FEATURES 
• synchronous reset and preset inputs 
• Enable input and ripple-carry output allow cascade con

nection 

• Count frequency: 45MHz typo (CL=15pF, Vcc=5V) 
• Low power dissipation: 20,uW/package, max 

(Vcc=5V, Ta=2SoC, quiescent state) 

• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: T a= -40-+SSoC 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC163 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS163. 
When the count pulse is applied to clock input CK, the 
number of count pulses will be output at outputs 00 through 
03 synchronous with the count pulse in 4-bit binary code. 
Counting takes place when CK changes from low-level to 
high-level. 

The preset functions synchronously with the count pulse. 8y 

LOGIC 

DATA INPUTS 

ENABLE INPUTS 

RESET INPUT 

CLOCK INPUT 

PO 

P1 

PIN CONFIGURATION (TOP VIEW) 

RESET INPUT R-+ Vee 

CLOCK INPUT CK-+ 

PO-+ 

P1-+ 
PRESET DATA 
INPUTS 

P2-+ 
OUTPUTS 

P3-+ 

ENABLE INPUT Ep-+. ENABLE INPUT 

GND 9 .- LOAD LOAD INPU"T: 

Outline 

supplying data to PERSET data inputs PO through P3 and 
setting load input LOAD to low-level, when CK changes 
from low-level to high-level, the PO through P3 signals will 
be output to 00 through 03, respectively, irrespective of 
enable inputs Ep and ET. This permits persetting of the 
counter. 
The reset operates synchronously with the count pules, and 
by setting reset input R to low-level, 00 through 03 will be
come low when CK changes from low-level to high-level. 
The ripple carry output RCO will become high only when 
00, 01, 02, 03 and ET are high. Ep , ET and RCO are used 
in c~scade connections of the counter in synchronous from 
when the counter is used as a n-bit counter. (See the Ap
plication Example.) 

OUTPUTS 

15 RCO 
RIPPLE CARRY 
OUTPUT 

__________ ._~_ .. --__%_---J 
GND 
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MITSUBISHI HIGH SPEED CMOS 

M74HC163P/FP/DP 

PRESETTABLE 4-BI.T BINARY COUNTER WITH SYNCHRONOUS RESET 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

R LOAD ET Ep CK 00 01 02 03 RCO 

L X X X t L L L L L 

H L L X t L 
PO P1 P2 P3 L* H L H X t 

Note 1 t: Change from low to high 
(positive-edge trigger) 

H H H H 

H H L X 

t Count 

X Count suppressed 

L* 

L 

L* 

* : RCO is normally low, but will become high when all of 
00, 01, 02, 03 and ET are high. Accordingly, RCO = 
00 • 01 • 02 • 03 • ET 

H H H L X Count suppressed X : Irrelevant 

OPERATION TIMING DIAGRAM 

R~ 

STATE TRANSITION DIAGRAM 

LOAD Y,-_________________ _ 
~ I, _____________ _ 

I~ _____ -----------P1 I I _______________ _ 

I 
P2 ...J I L'= =.= -= .:-.:-= = =-":::.::'::::' -:. = 

I 
P3.J , L -:. -:..-:.-_____ -_-_-_-..:-.:-.:--=-..=-= 

I 
CK 

Ep ____ ~,--~ ~I------~ 
ET , I 

00 ::::: '-:~~ _______ _ 

--- -I +,-------
01 ---....JII--ri---~1 
---~ I 

02 - - --i---i '------!I---------
- -- "'1 ~-------

03 ----H '----+:-------
RCO I In, 

~ ~ y 13 14 15 0 l' 21 I 
RESET PRESET COUNT -I-cOUNT SUPPRESSED-

ABSOLUTE MAXIMUM RATINGS ("r a = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI<OV 
11K Input protection diode current 

VI> Vcc 

Vo < OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vce. GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2: M74HC163FP, Ta = -40-+70'C and Ta = 70-85'C are derated at -6mW/"C. 
M74HC163DP, Ta = -40-+50'C and Ta = 50-85'C are derated at -5mW/"C. 

• MITSUBISHI 
.... ELECTRIC 

Ratings 

-0.5-+7.0 

-0. 5-Vee+0. 5 

-0. 5-Vee+0. 5 

-20 

20 

-20 

20 

±25 

±50 

500 

-65-+150 

Unit 

V 

V 

V 

mA 

mA 

mA 

mA 

mW 
·C 
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MITSUBISHI HIGH SPEED CMOS 

M74HC163P/FP/DP 

PRESETTABLE 4·BIT BI.NARYCOUNTER WITH SYNCHRONOUS RESET 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Symbol Parameter 
Limits 

Unit 
Min Typ Max 

Vee Supply voltage 2 6 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

TQPJ Operating temperature range -40 +85 'c 
l Vcc = 2.0V 0 1000 

t r • tf Input rlsetime, falltlme I Vcc=4.SV 0 500 ns 
I Vcc = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vcdv) Min 

2.0 1.5 

V IH High-level Input voltage 
Vo = O. IV. Vcc-O. IV 

4.5 3.15 
1101 =20p.A 

6.0 4.2 

2.0 

V IL Low-level Input voltage 
Vo = O. IV. Vcc-O. IV 

4.5 
1101 = 20p.A 

6.0 

10H = -20p.A 2.0 1.9 

10H = -20p.A 4.5 4.4 

V OH High-level output voltage VI = VIH• VIL 10H = -20p.A 6.0 5.9 

10H= -4.0mA 4.5 4.18 

10H= -S.2mA 6.0 5.68 

10L= 20p.A 2.0 

10L= 20p.A 4.5 

VOL Low-level output voltage VI = VIH• VIL 10L = 20p.A 6.0 

10L = 4.0mA 4.5 

10L = S.2mA 6.0 

IIH High-level input current V,=6V 6.0 

IlL Low-level input current VI=OV 6.0 

Icc Quiescent pupply current VI = Vcc. GND. 10=Op.A 6.0 

SWITCHING CHARACTERISTICS (Vce = 5V, Ta = 25'C) 

Symbol Parameter Test conditions 

fmax 
tTLH 

tTHL 

t pLH 

t pHL 

tpLH 

tpHL 

tpLH 

t pHL 

2-.-204 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (CK - Q) 

Low-level to high-level and high-level to low-level 

output propagation time (ET - RCO) 

Low-level to high-level and high-level to low-level 

output propagation time (CK - RCO) 

CL = 15pF (5:! 4 ) 

• ··.MITSUB.ISHI 
.... ELECTRIC 

Limits 

2S"C -40-+8S'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1. 35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

O. I 1.0 /-lA 

-0.1 -1.0 /-lA 

4.0 40.0 /-lA 

Limits 
Unit 

Min Typ Max 

30 MHz 

10 ns 
10 ns 
28 ns 
34 ns 
26 ns 
32 ns 
30 ns 
36 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC163P/FP/DP 

PRESETTABLE 4-BIT BINARY COUNTER WITH SYNCHRONOUS RESET 

SWITCHING CHARACTERISTICS (Vee = 2~6V, Ta = -40-+85'C) 

Limits 

_Symbol Parameter Test conditions 2S'C 

vcc(v) Min Typ Max 

2.0 5 

fmax Maximum clock frequency 4.5 27 
6.0 32 
2.0 75 

tTLH Low-level to high-level and 4.5 15 
6.0 13 

high-level to 10w~level 
2.0 75 

tTHL output transition time 4.5 15 
6.0 13 
2.0 170 

tpLH Low-level to lJigh-level and 4.5 34 
high-level to low-level 6.0 29 
output propagation time 2.0 205 

t pHL (CK-Q) CL = 50pF (Note 4) 4.5 41 
6.0 35 
2.0 160 

tpLH Low-level to high-level and 4.5 32 
high-level to low-level 6.0 27 
output propagation time 2.0 195 

t pHL (ET- RCO) 4.5 39 
6.0 33 
2.0 175 

tpLH Low-level to high-level and 4.5 35 
high-level to low-level 6.0 30 
output propagation time 2.0 215 

t pHL (CK- RCO) 4.5 43 
6.0 37 

C, Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 62 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load condition~ 
The power dissipated during operation under no-load conditions is calculated using the following formula: 

Po = Cpo' Vec
2

• ' 1+lce ' Vee 

'MITSUBISHI 
;.., ELECTRIC 

-40-+SS'C Unit 

Min Max 

4 
21 MHz 

25 
95 
19 ns 
16 
95 
19 ns 
16 

214 
43 ns 
36 

258 
52 ns 
44 

202 
40 ns 
34 

246 
49 ns 
42 

221 
44 ns 
37 

271 
54 ns 
46 
10 pF 

pF 

2-205 
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MITSUBISHI HIGH SPEED CMOS 

M74HC163P/FP/DP 

PIJESETTABLE 4·BIT BINARY COUNTER WITH SYNCHRONOUS RESET 

TIMING REQUIREMENTS (Vee = 2-6V, Ta = -10-+S5'C) 

Symbol Parameter 

tW(CK) Clock pulse width 

tsu(p) 
P setup time with 

respect to CK 

--
tSU(LOAO) 

LOAD setup time with 

respect to CK 

R setup time with 
tsU(Fi) 

respect to CK 

tSU(E) 
ET, Ep setup time with 

respect to CK 

P hold time with 
th(p) 

respect to CK 

--
LOAD hold time with 

th(LOAO) 
respect to CK 

R hold time with 
th(Fi) 

respect to CK 

th(E) 
ET, Ep hold time with 

respect to CK 

R recovery time with 
trec(Fi) 

respect to CK 

--
treC(LOAD 

LOAD recovery time with 

) respect to CK 

Note 4 Test Circuit 

INPUT 

PG ~-+---I 

50n 

2-206 

Vee 

OUT 

GND 

Limits 

Test conditions 25"C 

OUTPUT 

vcdv) Min Typ Max 

2.0 SO 

4.5 16 
6.0 14 
2.0 150 
4.5 30 
6.0 26 
2.0 135 
4.5 27 
6.0 23 

2.0 160 
4.5 32 
6.0 27 
2.0 200 
4.5 40 

6.0 34 
2.0 50 
4;5 10 
6.0 9 
2.0 0 
4.5 0 
6.0 0 
2.0 0 
4.5 0 

6.0 0 
2.0 0 
4.5 0 
6.0 0 
2.0 125 

4.5 25 
6.0 21 
2.0 125 
4.5 25 
6.0 21 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, if = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

. • MITSUBISHI 
;'ELECTRIC 

-40-+85"C Unit 

Min Max 

101 
20 ns 

17 
189 

38 ns 

32 
170 

34 ns 

29 
202 

40 ns 

34 
250 
50 ns 

43 
63 
13 ns 

11 
0 
0 ns 

0 
0 
0 ns 

0 
0 
0 ns 

0 
158 
32 ns 

27 
158 
32 ns 

27 



MITSUBISHI HIGH SPEED CMOS 

M74HC163P/FP/DP 

PRESETTABLE 4 .. BIT BINARY COUNTER WITH SYNCHRONOUS RESET 

TIMING DIAGRAM 

CK 

00-03 

RCO 

PO-P3 

CK 

tSU(LOAO) th(LOAO) 

Vee 

50% 

GND 
treC(LoAO) 

Vee 

50% 

GND 

Vee 

GND 

APPLICATION EXAMPLE 
CONFIGURATION OF A BASE n COUNTER 

1/6 M74HC04 
OR 1/4 M74HCOO 
OR 1/3 M74HC10 

ENABLE INPUT --1---1 

ENABLE INPUT --+---.;_-t 

COUNT PULSE ~---v 

• MITSUBISHI 
.... ELECTRIC 

Ep ET 

CK 

ET 

RCO 

BASE 

3 
5 
6 

7 

9 

10 
11 
12 
13 
14 
15 

Vee 

GND 
tw(eK) 

Vee 

GND 

VOH 

VOL 

Vee 

GND 

Vee 

GND 

Vee 

50% 

GND 

V OH 

VOL 

PIN CONNECTED TO GATE INPUT 

01 
02 

00, 02 

01, 02 
03 

00, 03 

01, 03 

00, 01, 03 

02, 03 
00, 02, 03 
01, 02, 03 
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MITSUBISHI HIGH SPEED CMOS 

M74HC164P/FP/DP 

I-BIT SERIAL-INPUT /PARALLEL .. OUTPUTSHIFT REGISTER 

DESCRIPTION 
The M74HC164 is a semiconductor integrated circuit con
sisting of an 8-bit serial-input serial/parallel-output shift 
register with direct reset input. 

FEATURES 
• High-speed: (Clock frequency) 60MHz typo 

(CL=15pF, Vee=SV) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=2SoC, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.SV, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage ran'ge: Vee=2-6V 
• Wide operating temperature range: T a= -40-+8S

o
C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC164 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS164. 
The M74HC164 consists of eight edge-triggered D-type 
flip-flops. The logical product A 1-A2 of the serial data in
puts A1 and A2 acts as the shift register input. QA through 
QH are taken out from the outputs of each flip-flop. 
When both A 1 and A2 are high, and the clock pulse is ap
plied to clock input CK, the high-level signals will be 
shifted synchronously with the clock pulse in the order of 
QA-QH. 

LOGIC DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

1 
A1-+ 

SERIAL DATA 
INPUTS A2-+ 

aA+-

aB+-

OUTPUTS 
ac+-

aD+-

GND 

14P4 
Outline 14P2N 

14P2P 

vee 

+- Ro 

OUTPUTS 

DIRECT RESET 
INPUT 

+- CK CLOCK INPUT 

When at least one of A1 or A2 is low, the low-level signal 
will be shifted synchronously with the clock pulse. The shift 
operation will take place when CK changes from low-level 
to high-level. _ 
When the direct reset input Ro is low, all outputs will be re
set to 10w':'level irrespective of other inputs. When used as 
a shift register, Ro should be maintained at high-level. 

OUTPUTS 
~----------------------~~----------------------~ 

SERIAL DATA1A1 1 
INPUTS A2 2.-----..--.J 

I , 
DIRECT - I 
RESET INPUT Ro 9 

" CP 

fNL~U~K CK ~-;o.} 'I ' ! ~C!. TO CP OF EACH FLIP-FLOP . , 

2-208 
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MITSUBISHI HIGH SPEED CMOS 

M74HC164P/FP/DP 

a-BIT SERIAL-INPUT / PARALLEL-OUTPUT SHIFT REGISTER 

FUNCTION TABLE (Note 1) 

Operating Inputs Outputs 

mode RD CK A1 A2 QA QB QC QD QE QF 

Reset L X X X L L L L L L 

H t L L L QAo QBo QCo QDo QEo 

H t H L L QAo QBo QCo QDo QEo 
Right shift 

H t L H L QAo QBo QCo QDo QEo 

H t H H H QAo QBo QCo QDo QEo 

No change H • X X QAo QBo QCo QDo QEo QFo 

Note 1 t: Change from low-level to high-level 
• : Change from high-level to low-level 
0° : Output state before clock input changed 
X : Irrelevant 

OPERATING TIMING DIAGRAM 

A1 I 
I 
I 

U 
I I 
I I 

L-Jr1~ __________ ~1 +' __________ _ 

A2_~I----:" ___ .. 

CK I 
I 

OA:::~l~ __ ~ ___ ~ LJ1------~~----------, , ,--, OB ___ , ~ I~ ____ ~~ ________ _ 

I 
___ ~ I • ......., 

OC ___ , ~ I ____ ~----------

I 
---., 1 ,--, 00 ___ , ~ 10.......;...:... _______ _ 

OE---4 ~--~. ~ 
---~,----~----------- ~ ~....;.-------

I I OF:::1 ~~' _______ __ 
I I 
I I 

o ---, ~ G ___ , . ~I~ ________ _ 

---~ r-i OH ___ f - ~.-__ ----__ 
I I I I 
......t E .,1'1 

RESET RIGHT SHIFT RESET 

• MITSUBISHI 
;"ELECTRIC 

QG QH 

L L 
QFo QGo 

QFo QGo 

QFo QGo 

QFo QGo 

QGo QHo 
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MITSUBISHI HIGH SPEED CMOS 

M74HC164P/FP/DP 

I-BIT SERIAL-INPUT /P:ARALLEL-OUTPUT SHIFT REGISTER 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

V, > Vee 

vo<OV 
10K Output parasitic diode current 

/ Vo > Vee 

10 Output eurreht per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 M74HC164FP, Ta = -40-+70·C and Ta = 70-85·C are derated at -6mW/"C. 
M74HC164DP, Ta = -40-+50·C and Ta = 50-85·C are derated at -5mW/"C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85·C) 

I 
limits 

Symbol Parameter 
Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vec 

Vo Output voltage 0 Vcc 

Topr Operating temperature range -40 +85 

I Vee = 2.0V 0 1000 

t r• tf Input risetime, fal/time I Vee = 4.5V 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V'L Low-level input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

"H High-level input current 

"L Low-level input current 

Icc Quiescent supply current 

2-210 

Test conditions 

vedv) 

Vo = .0. 1 V, Vee-O. 1 V 
2.0 

/101 = 20f.LA 
4.5 

6.0 

Vo = O. lV, Vee-O. lV 
2.0 

/10/ = 20l-lA 
4.5 

6.0 

10H = -201-lA 2.0 

IOH = -20f.LA 4.5 

V, = V'H, V'L 10H = -20f.LA 6.0 

10H = -4.0mA 4.5 

10H= -5.2mA 6.0 

IOL = 20l-lA 2.0 

10L = 20l-lA 4.5 

V, = V'H. V'L 10L = 20l-lA 6.0 

10L = 4.0mA 4.5 

10L = 5.2mA 6.0 

v,=6V 6.0 

v,=OV '6.0 

V, = Vee, GND,lo=OI-lA 6.0 

. 6; MITSUBISHI 
~'I:LECTRIC 

Unit 

V 

V 

V 

·C 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 
±50 rnA 
500 rnW 

-65-+150 ·C 

limits 

25·C -40-+85"C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1. 35 V 

1.8 1.8 

1.9 

4.4 ' 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 J.l.A 
-0.1 -.1.0 J.l.A 

4.0 40.0 J.l.A 



MITSUBISHI HIGH SPEED CMOS 

M74HC164P/FP/DP 

I·BIT SERIAL·INPUT / PARALLEL·OUTPUT SHIFT REGISTER 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Symbol Parameter Test conditions 
Min 

fmax Maximum clock frequency 30 

tTLH Low-level to high-level and high-level to low-level 

tTHL output transition time 

t pLH Low-level to high-level and high-level to low-level CL = lSpF (Note 4) 

tpHL output propagation time (CK - Q) 

t pHL 
High-level to low-level output propagation time 

(Ro-Q) 

SWITCHING CHARACTERISTICS (Vee = 2-6V, Ta = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 2S'C 

vcdv) Min Typ Max 

2.0 5 

fmax Maximum clock frequency 4.5 27 
6.0 31 
2.0 75 

tTLH Low-level to high-level and 4.5 15 
,6.0 13 

high-level to low-level 
2.0 75 

tTHL output transition time 4.5 15 

CL = SOpF (Note 4) 
6.0 13 
2.0 175 

t pLH Low-level to high-level and 4.5 35 
high-level to low-level 6.0 30 
output propagation time 2.0 175 

t pHL (CK-Q) 4.5 35 
6.0 30 

High-level to low-level 2.0 205 

t pHL output propagation time 4.5 41 
(Ro-Q) 6.0 35 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 150 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power disSipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee2 

• fl+l ee • Vee 

TIMING REQUIREMENTS (Vee = 2-6V; T a = -40-+85'C) 

Symbol Parameter 

tw CK, Ro clock pulse width 

tsu 
A setup time with 

respect to CK 

A hold time with 
th 

respect to CK 

-

tree 
Ro recovery time with 

respect to CK 

Test conditions 

vedv) 
2.0 

4.5 

6.0 
2.0 

4.5 
6.0 

2.0 
4; 5 

6.0 

2.0 

4.5 
6.0 

'MITSUBISHI 
1'& ELECTRIC 

Limits 

2S'C 

Min Typ Max 

80 

16 

14 
50 

10 
9 

5 
5 

5 

5 
5 
5 

_ •• _ .. _ •• _ .. "" .... "" ....... 'oo."._ ... " .. __ "" ... _",_, _________________ . 

Limits 
Unit 

Typ Max 

MHz 

10 ns 

10 ns 

30 ns 

30 ns 

35 ns 

-40-+SS'C Unit 

Min Max 

4 
21 MHz 

24 

95 
19 ns 

16 

95 

19 ns 

16 

218 
44 ns 

38 
218 

44 ns 

38 

256 
51 ns 

44 
10 pF 

pF 

-40-+SS'C Unit 

Min Max 

100 

20 ns 

18 
65 

13 ns 

" 5 

5 ns 

5 

5 
5 ns 

5 
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Note 4 : Test Circuit 

INPUT 

TIMING DIAGRAM 

A1,A2 

CK 

Q 

Ro 

CK 

Q 
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MITSUBISHI HIGH SPEED CMOS 

M74HC164P/FP/DP 

I-BIT SERIAL-INPU,T /PARALLEL-OUTPUT SHIFT REGISTER 

Vee 

DUT 

OUTPUT 

tsu 

tpHL 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns ' 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GND 

Vee 

'------ GND 

tTLH 

tw 

50% 

',MITSUBISHI 
;"ELECTRIC 

VOH 

~~------- VOL 

tTHL 

Vee 

GND 

Vee 

GND 

VOH 

VOL 



DESCRIPTION 
The M74HC165 is a semiconductor integrated circuit' con
sisting of an 8-bit serial- or parallel-input/serial output shift 
register. 

FEATURES 
• High-speed: 40MHz clock frequency typo 

(CL =15pF, Vee=5V) 

• Low power dissipation: 20.uW/package, max 
(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a= -40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC165 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS165. 
The parallel or serial input mode is selected by serial shiftl 
parallel load input sip signal. When sip is high, serial data 
input SA operates and the 8-bit flip flop operates serial 
shifts with the clock pulse. When sip is low, parallel data 
inputs A- H operate. As A- H enter direct set, direct reset 

LOGIC DIAGRAM 

MITSUBISHI HIGH SPEED CMOS 

M74HC165P/FP/DP 

PIN CONFIGURATION (TOP VIEW) 

SERIAL SHIFTI _ 
PARALLEL LOAD S/P
INPUT 

CLOCK INPUT CK1 _ 

PARALLEL DATA 
INPUTS 

E-

SERIAL OUTPUT Q H +-

GND 

Vee 

15 +- CK2 CLOCK INPUT 

PARALLEL DATA 
INPUTS 

10 +- SA ~~~0ATL DATA. 

--""""L'"9"--, - Q H SERIAL OUTPUT 

16P4 
Outline 16P2N 

16P2P 

of each flip f.loP! irrespective of other inputs be read. Serial 
data transfer is suspended while parallel loading takes 
place. The load and shift operation takes place when clock 
input CK1 or CK2 changes from low to high. 
For permit use of combination of two clock or use of one 
prohibition clock input, clock is 2-input NOR gate. When 
either input is maintained high, the clock operation stops. 
When it is maintained low, the data tr~nsfer is possible. 

PARALLEL DATA INPUTS 

SERIAL SHIFTI 
PARALLEL sip 
LOAD INPUT 

~~~LAi DATA SA 10 

CLOCK CK1 2 
INPUT 

7 QH}SERIAL 
DATA 

>------{ 9 Q
H 

OUTPUTS 

CLOCK CK215 I 

INPUT L ____________________________ ~-J 

,. MITSUBISHI 
"'ELECTRIC 

GND 
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MITSUBISHI. HIGH SPEED CMOS 

M74HC16SP/FP/DP 

S-BIT S'ERIAL-OR PAR~L'LEL,-INPUT/SERIAL-OUTPUT SHIFT REGISTER. 

FUNCTION TABLE (Note 1) 

Operating 
Inputs Outputs 

- Internal -
mode SIP CK1 CK2 SA A-H 

Q F QG 
QH Q H 

QA Q e Qe Q D QE 

Load L X X X a-h a b c d' e f g h h 

H t L L X L QA
D QeD QeD Q D

D QED Q F
D QG

D ~ 
H t L H X H QA

D QeD QeD Q D
D QED Q F

D QG
D ~ 

Shift 
t QA

D QeD QeD Q D
D QED Q F

D QG
D ~ H L L X L 

H L t H X H Q A
D QeD QeD Q D

D QED' Q F
D QG

D ~ 
Clock H H X X X QA

D QeD QeD Q D
D QED Q F

D QG
D QH

D a-;:;o 
inhibition H X H X X QA

D QeD QeD Q D
D QED Q F

D QGO QHO a-;:;o 
No change H X X X X Q A

D QeD QeD Q D
D QED Q F

D QGO Q H
D a-;:;o 

Note 1 X Irrelevant 
t Change from low to high 

QO Output state before clock input changed 

OPERATING TIMING DIAGRAM 

CK1 

CK2 

SA 
L 

SIP 

A 

B 

C 
D 

E 

F 

G 

H 

QH H 

L 

SERIAL SHIFT 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless otherwise noted) 

Symbol 

Vee 

VI 

V~ 

11K 

10K 

10 

Icc 

Pd 

Tstg 

Note 2 

2-214 

Parameter Conditions 

Supply voltage 

Input voltage 

Output voltage 

VI < OV 
Input protection diode current 

VI> Vee 

Vo< OV 
Output parasitic diode current 

Vo > Vee 

Output current per output pin 

Supply/GND current Vee. GND 

Power dissipation (Note2) 

Storage temperature range 

M74HC165FP, Ta = -40-+70·C and Ta = 70-85·C are derated at -6mW/"C. 
M74HC165DP, Ta = ~40-+50·C and Ta = 50-85'C are derated at -5mW/"C. 

" MITSUBISHI 
.... ELECTRIC 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 

±50 rnA 

500 rnW 

-65-+150 ·C 



MITSUBISHI HIGH SPEED CMOS 

M74HC165P/FP/DP 

I-BIT SERIAL-OR PARALLEL-INPUT /SERIAL-OUTPUT SHIFT REGISTER 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85'C) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 2 6 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Topr Ambient operating temperature -40 +85 'c 
I Vcc = 2.0V 0 1000 

t r• tf Input risetime, falltime I Vcc = 4.SV 0 500 ns 
I Vcc = 6. ov 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

VcdV) Min 

2.0 1.5 

V IH High-level input voltage 
Vo = O. lV, Vcc-O. lV 

4.5 3.15 
1101 = 20l1A 

6.0 4.2 

Vo = O. lV, Vcc-0.1V 
2.0 

V IL Low-level input voltage 
1101 = 20l1A 

4.5 
6.0 

10H = -2011A 2.0 1.9 
10H = -2011A 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -2011A 6.0 5.9 

10H = -4.0mA 4.5 4.18 
10H = -S.2mA 6.0 5.68 

10L = 20l1A 2.0 

10L = 2Ol1A 4.5 

VOL Low-level output voltage VI = VIH, VIL 10L = 20l1A 6.0 
'loL = 4.0mA 4.5 

10L = S.2mA 6.0 

IIH High-level input current VI=6V 6.0 

IlL Low-level input current VI=OV 6.0 

lee Quiescent supply current VI = Vcc, GND, 10= 011 A 6.0 

SWITCHING CHARACTERISTICS (Vcc = 5V, T a = 25'C) 

Symbol Parameter Test conditions 

fmax 

hLH 

hHL 

t pLH 

tpHL 

tpLH 

tpHL 

tpLH 

t pHL 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (CK - QH or 0;:;) 
Low-level to high-level and high-level to low-level 

output propagation time (SIP - QH or 0;:;) 
Low-level to high-level and high-level to low-level 

output propagation time (H - QH or 0;:;) 

CL = lSpF (Note 4) 

• MITSUBISHI 
.... ELECTRIC 

Limits 

2S'C -40-+8S'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1. 35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 
0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 
0.1 1.0 /-lA 

-0.1 -1.0 /-lA 

4.0 40.0 tJ.A 

Limits 
Unit 

Min Typ Max 

30 MHz 

10 ns 
10 ns 
25 ns 
25 ns 
30 ns 
30 ns 
25 ns 
25 ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HC16SP/FP/DP 

'I-B.IT. -.5ER1AL·OR,'PARAL.LEL·INPUT/SERIAL·OUTPUTSH-IFT REGISTER 

SWITCHING CHARACTERISTICS (Vee = 2-6V. T a = -40-+85"C) 

Symbol 

fmax 

hLH 

hHL 

t pLH 

tpHL 

tpLH 

t pHL 

t pLH 

tpHL 

C 1 

Cpo 

Note 3 

2-'-216 

Limits 

Parameter Test conditions 25"C 

vedv) Min Typ Max 

2.0 5 
Maximum clock frequency 4.5 27 

6.0 32 
2.0 75 

Low-level to high-level and 4.5 15 
6.0 13 

high-level to low-level 
2.0 75 

output transition time 4.5 15 
6.0 13 
2.0 150 

Low-level to high-level and 4.5 30 
high-level to low-level 6·9 26 
output propagation time 2.0 150 
(Clock - QHI 0;;) CL = 50pF (Note 4) 4.5 30 

6.0 26 
2.0 175 

Low-level to high-level and 4.5 35 
high-level to low-level 6.0 30 
output propagation time 2.0 175 
(Sip - QH or 0;;) 4.5 35 

6.0 30 
2.0 150 

Low-level to high-level and 4.5 30 
high-level to low-level 6.0 26 
output propagation time 2.0 150 
(H - QH or 0;;) 4.5 30 

6.0 26 
Input capacitance 10 
Power dissipation capacitance (Note 3) 

CPO is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· Vee2 

• fl+lee • Vee 

.• MITSUBISHI 
;"ELECTRIC 

-40-+85"C Unit 

Min Max 

4 
21 MHz 

25 
95 
19 ns 

16 
95 
19 ns 

16 
189 
38 ns 

32 
189 
38 ns 

32 
221 
A4 ns 

37 
221 

44 ns 

37 
189 
38 ns 

32 
189 
38 ns 

32 
10 pF 

pF 



MITSU~ISHI HIGH SPEED CMOS 

M74HC165P/FP/DP 

I-BIT SERIAL-OR PARALLEL-INPUT /SERIAL-OUTPUT SHIFT REGISTER 

TIMING REQUIREMENTS (Vcc = 2-6V, T a = -40-+S5'C) 

Symbol Parameter 

Clock pulse width 
tw 

Load pulse width 

SA setup time with respect to CK 

sip setup time with respect to CK 

tsu 

A-H setup time with respect to sip 

CKl setup time with respect to CK2 

CK2 setup time with respect to CKl 

SA hold time with respect to CK 

th sip hold time with respect to CK 

A-H hold time with respect to sip 

CKl recovery time with respect to CK2 
tree 

CK2 recovery time with respect to CKl 

Note 4 Test Circuit 

INPUT vcc 

PG 1-----+----1 DUT 

50n 
GND 

Limits 

Test conditions 2S'C 

OUTPUT 

vcdv) Min Typ Max 

2.0 80 

4.5 16 

6.0 14 

2.0 100 

4.5 20 

6.0 17 

2.0 100 

4.5 20 

6.0 17 

2.0 100 

4.5 20 
6.0 17 

2.0 100 

4.5 20 

6.0 17 

2.0 0 

4.5 0 
6.0 0 

2.0 0 

4.5 0 

6.0 0 

2.0 0 

4.5 0 
6.0 0 

2.0 100 

4.5 20 

6.0 17 

(1) The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

• MITSUBISHI 
..... ELECTRIC 

-40-+8S'C Unit 

Min Max 

101 
20 ns 

17 

126 

25 ns 

21 

126 

25 ns 

21 

126 

25 ns 

21 

126 
25 ns 

21 

0 

0 ns 

0 

0 

0 ns 

0 

0 

0 ns 

0 
126 

25 ns 

21 
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MITSUBISHI HIGH SPEED CMOS 

M74HC165P/FP/DP 

I-BIT SERIAL.';OR PARALLEL .. INPUT ISERIA,L·OUTPUTS~HIFT REGISTER 

DIAGRAM 

tw 

tpLH 

90% 
50% 
10% 

tTLH 

Vee 

GND 

VOH 

50% 

VOL 

Vee 

GND 
tsu th 

Vee 

GND 

CK1 

CK2 

Vee 

GND 
tpHL 

VOH 

Q H 

VOL 

Q H 

sip 

tsu 

A-H 

SA 

CK 

.. ,,> MITSUBISHI 
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tw 

Vee 

GND 

VOH 

VOL 

VOH 

VOL 

Vee 

GND 
th 

Vee 

50% 

GND 

Vee 

50% 

GND 
tsu th 

Vee 

GND 

Vee 

GND 

Vee 
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MITSUBISHI HIGH SPEED CMOS 

M74HC166P/FP/DP 
I-BIT SERIAL-OR 
PARALLEL-INPUT /SERIAL-OUTPUT SHIFT REGISTER WITH RESET 

DESCRIPTION 
The M74HC166 is a semiconductor integrated circuit con
sisting of an a-input serial/parallel-input serial-output shift 
register. 

FEATURES 
• High-speed: (Clock frequency) 60MHz typo 

(CL =15pF, Vcc=5V) 

• Low power dissipation: 20,uW/package, max 
(Vce=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vec=2-6V 
• Wide operating temperature range: T a=-40-+a5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC166 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS166. 
Parallel or serial input modes can be selected by the signal 
of the serial-shift/parallel-Ioad input sip. When sip is high, 
serial data input SA is enabled and a-bit flip-flop is possible 
to do serial shift by the clock pulse. When sip is low, para
llel data inputs A through H are enabled and the input data 
is loaded syncrnously with the next clock pulse. During the 
parallel load, transfer of serial data is suppressed. Shift or 
load is enabled when clock input CK1. or CK2 changes from 
lOW-level to high-level. 
The clock employs a 2-input NOR, with usable in combina
tion or with either input usabl,e as a clock suppressing in-

LOGIC DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

A-+ 

B-+ 
PARALLEL 
DATA INPUTS C-+ 

D-+ 

{ 

CK1-+ 
CLOCK INPUTS 

CK2-+ 

GND 

Vee 
SERIAL 

15 +- sip SHIFT/PARALLEL 
LOAD INPUT 

14 4- H PARALLEL 
DATA INPUT 

13 -+ QH OUTPUT 

16P4 
Outline 16P2N 

16P2P 

PARALLEL 
DATA INPUTS 

DIRECT 
RESET INPUT 

put. When one of the inputs is held at high-level, the clock 
stops; when held at low-level, data tra(lsfer is enabled. 
When direct reset input Ro is low, the shift register is reset 
irrespective of other inputs. 

PARALLEL DATA INPUTS 

r_--------------------~A~--------------------------~\ 
E 

SERIAL 

~~~~~LEL SIP 15r-~~~--~~~~~--~4-~--~--~~~~--~--~_+~_4--~ 
LOAD INPUT 

CLOCK J CK1 6 
INPUTS 1 I 

CK2 7 

Vee 

DIRECT 
RESET 
INPUT 

~ 9 I 

~------------ - -------- - -_. -- - ----------.~ 
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MITSUBISHI HIGH SPEED CMOS 

M74HC166P/FP/DP, 

8·BIT SERIAL·OR ,~' 

PAR~L(EL.INPUT ISt'RIAL·OUTPUT ',SHIFT REGISTER WITH RESET 

FUNCTION TABLE (Note 1) 

Operating 
Inputs Outputs 

Internal 
mode Ro sip CK1 CK2 SA. A-H Q H 

QA, Q B 

Load H L X X X a-h a b h 

H H t L L X L QA,0 QGo 

Shift 
H H' t L H X H QA,0 QGo 

H H L t L X L QA,0 QGo 

H H L t H X, H QA,0 QGo 

Clock H H H X X X QA,0 QBO QHO 

prohibition H H X H X X QA,0 QBO QHO 

No change H H L L X X QA,0 QBO Q
H

O' 

Reset L X X X X X L L L 

Note 1 X Irrelevent 
t Change from low-level to high-level 

QO Output state before clock input changed 

OPERATING TIMING DIAGRAM 

I I 
I I 
I I 
• I 

~p ~ II! 
A __ ~~ ________________________ ~ __ ~ Hl.-----!--+I-------------------------
B Ll I I 

C f1?:i i i 
o LI I I 
E nt1 !! 
F LI I: 
G nh i I 
H ; nm I: 

+--+----------------...... ~! :H i H ~ 
IE----------J~~ k ~,' 

CLOCK SERIAL SHIFT 
PROHIBITION 

RESET SERIAL SHIFT 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless,otherwise noted) 

Symbol Parameter Conditions 

Vcc Supply voltage 

VI Input voltage 

Vo Output voltage 
, V,<OV 

11K Input protection diode current 
VI> Vcc 

Output parasitic diode current 
vo<OV 

10K 
Vo:> Vcc 

10 Output current per output pin 

Icc Supply/GND current Vcc. GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC166FP, T a = -40-+ 70'C and T a = 70-85'C are derated at -Srt\W /'C. 

2-220 

M74HC166DP, Ta = -40-+50'C and Ta = 50-85'C are derated at -5mW/'C. 

• '" MITSlJBISHI 
.... ELECTRIt 

Ratings 

-0.5-+7.0 

-0. 5-Vcc+0. 5' 

-'-0. 5-Vcc+0. 5 

-20 

20 
-20 

20 

±25 

±50 

500 

-65-+150 

Unit 

V 

V 

V 

rnA 

rnA 

rnA 

rnA· 

mW 
t; 



MITSUBISHI HIGH SPEED CMOS 

M74HC166P/FP/DP 

a·BIT SERIAL·OR 
PARALLEL·INPUT /SERIAL·OUTPUT .SHIFT REGISTER WITH RESET 

RECOMMENDED OPERATING CONDITIONS (Ta= -40-+85'C) 

limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 2 6 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Topr Operating temperature range -40 +85 t 
I Vee = 2.0V 0 1000 

t r• tf Input rlsetime, falltlme l Vee = 4.SV 0 500 ns 
I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

Vedv) Min 

Vo = O. lV. Vee-O.1V 
2.0 1.5 

V IH High-level Input voltage 
1101 = 2OJ.lA 

4.5 3.15 
6.0 4.2 

Vo = O. lV. Vee-O. lV 
2.0 

V IL Low-level Input voltage 
1101 = 20J.lA 

4.5 
6.0 

10H = -20J.lA 2.0 1.9 
10H = -20J.lA 4.5 4.4-

V OH High-level output voltage VI = VIH• VIL 10H = -20J.lA 6.0 5.9 
10H= -4.0mA 4.5 4.18 
10H= -S.2mA 6.0 5.68 
10L = 20J.lA 2.0 
10L = 20J.lA 4.5 

VOL Low-level output voltage VI = VIH• VIL 10L = 20J.lA 6.0 
10L = 4.0mA 4.5 
10L = S.2mA 6.0 

IIH High-level Input current VI=6V 6.0 

IlL Low-level Input current VI=OV 6.0 

Icc Quiescent supply current VI = Vce• GND. 10=OJ.lA 6.0 

SWITCHING CHARACTERISTICS (Vee = SV, T a = 25'C) 

Symbol Parameter Test conditions 

fmax 
tTLH 

tTHL 

tpLH 

t pHL 

tpHL 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (CK - QH) 

High-level to low-level output propagation time 

(R;;- QH) 

CL = lSpF (Note 4) 

' .. MIT.SUBISHI 
.... ELECtRIC ... 

Limits 

2S"C -40-+85"C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1. 35 1. 35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 

0.1 1.0 J.l.A 
-0: 1 -1.0 J.l.A 

4.0 40.0 J.l.A 

Limits 
Unit 

Min Typ Max 

35 MHz 

10 ns 
10 ns 
25 ns 
25 ns 

25 ns 
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:'.l,.' MITSUBISHI HIGH SPEED CMOS 

M74HC166P/FP/DP 

8-BIT SERIAL-OR 
PARALL.EL .. INPUT /SERIAL.OUTPUT· SHIFT REGI'STER WITH RESET 

SWITCHING CHARACTERISTICS (Vee = 2-6V. T a = -40";;+85'C) 

Symbol 

fmax 

tTLH 

tTHL 

t pLH 

t pHL 

tpHL 

C, 

Cpo 

Note 3 

2-222 

Limits 

Parameter Test conditions 25'C 

Vcc(V) Min Typ Max 

2.0 6 
Maximum clock frequency 4.5 31 

6.0 36 
2.0 75 

Low-level to high-level and 4.5 15 
6.0 13 

high-level to low-level 
2.0 75 

output transition time 4.5 15 

CL = 50pF (Note 4) 
6.0 13 
2.0 150 

Low-level to high-level and 4.5 30 
high-level to low-level 6.0 26 
output propagation time 2.0 150 
(CK- OH) 4.5 30 

6.0 26 
2.0 150 

High-level to low-level output 
4.5 30 

propagation time (Ro - OH) 
6.0 26 

Input capacitance 10 
Power dissipation capacitance (Note 3) 76 

CPO is the internal capacitance of the IC calculated from operation supply current under no-load conditions, 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• f,+lee • Vee 

, .. , .. ~ITSUBISHI. 
"'ELECTRIC~ 

-40-+S5'C Unit 

Min Max 

5 
25 MHz 

29 
95 
19 ns 

16 
95 
19 ns 

16 
190 
38 ns 

32 
190 
38 ns 

32 
190 
38 ns 

32 
10 pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC166P/FP/DP 

I-BIT SERIAL-OR 
PARALLEL-INPUT /SERIAL-OUTPUT SHIFT REGISTER WITH RESET 

TIMING REQUIREMENTS (Vcc = 2-6V. T a = -40-+85'C) 

Symbol Parameter 

tW(CK) Clock pulse width 

tW(R[) Direct reset pulse width 

tSU(A-H) 
A-H setup time with 

respect to CK 

tSU(SA) 
SA setup time with 

respect to CK 

sip setup time with 
tsu(sip) 

respect to CK 

t SU(CK1) 
CK1 setup time with 

respect to CK2 

t SU(CK2) 
'CK2 setup time with 

respect to CK1 

A-H hold time with 
th(A-H) 

respect to CK 

th(SA) 
SA hold time with 

respect to CK 

SIP hold time with 
th(siP) 

respect to CK 

trec(cK1) 
CK1 recovery time with 

respect to CK2 

trec(cK2) 
CK2 recovery time with 

respect to CK1 

-

trec(Rii) 
Ro recovery time with 

respect to CK 

Note 4 Test Circuit 

INPUT Vcc 

f 
PG t--...-:----I DUT 

500 
GND 

Limits 

Test conditions 25'C 

OUTPUT 

vcdv) Min Typ Max 

2.0 80 

4.5 16 

6.0 14 

2. a 100 

4.5 20 

6.0 17 

2. a 80 

4.5 16 

6.0 14 

2.0 80 

4.5 16 
6.0 14 

2.0 145 

4.5 29 

6.0 25 

2. a 100 

4.5 20 

6.0 17 

2.0 100 

4.5 20 

6.0 17 

2.0 5 

4.5 5 

6.0 5 

2.0 5 

4.5 5 

6. a 5 

2.0 0 

4.5 0 
6.0 0 

2.0 100 

4.5 20 

6.0 17 

2.0 100 

4.5 20 

6.0 17 

2.0 40 

4.5 8 

6.0 7 

(1) The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

• . MITSUBISHI 
i'& ELECTRIC 

-40-+S5'C Unit 

Min Max 

100 

20 ns 

17 

125 

25 ns 

21 

100 

20 ns 

17 

100 

20 ns 

17 

180 

36 ns 

31 

125 

25 ns 

21 

125 

25 ns 

21 

5 

5 ns 

5 

5 

5 ns 

5 

0 

0 ns 

0 

125 

25 ns 

21 

125 

25 ns 

21 

50 

10 ns 

9 
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SA 
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MITSUBISHI HIGH SPEED CPtlQS 

M74HC166P/FP/DP 

I-BIT SERIAL-OR 
PARALLEL~INPUT /SERIAL-OUTPUT SHIFT REGISTER WITH RESET 

/ 
50% 

tsueA-H) theA-H) 

Vee 

GND 

Vee 

GND 

Vee 

50% 

GND 

Vee 

GND 

• MITSUBISHI 
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Vee 

SIP 

GND 
tsu(S/P) th(S/P) 

Vee 

CK 

GND 

Vee 

GND 

Vee 

"------ GND 



MITSUBISHI HIGH SPEED CMOS 

M74HC173P/FP/DP 

QUADRUPLE 3·STATE D· TYPE FLIP·FLOP WITH COMMON CLOCK AND RESET 

DESCRIPTION 
The M74HC173 is a semiconductor integrated circuit con
sisting of a 4-bit register with 3-state output. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High-speed: (clock frequency) 60MHz typo 

(Cl =50pF, Vee=5V) 

• Low power dissipation: 20,uW/package, max 
(Vee=5V, T a=25'C, quiescent state) 

• High noise margin: 30% of Vee, min (Vce=4.5V, 6V) 
• Capable of driving 157 4LSTTL loads 
• Wide operating voltage range: Vee=2--6V 

OUTPUT j OE1 -+ 1 
ENABLE 
INPUTS 

OUTPUTS 

Vee 

DIRECT 
RESET INPUT 

DATA INPUTS 

• Wide operating temperature range: Ta=-40--+85'C 

APPLICATION 

CLOCK INPUT 
10 ..... DE2 f DATA 

ENABLE 
9 ..... DE1 INPUTS GND 

General purpose, for use in industrial and 'consumer digital 

equipment. 

LOGIC DIAGRAM ~ - -----------

DATA INPUTS 

DATA ENABLE INPUTS { 

CLOCK INPUT 

DIRECT RESET INPUT 

16P4 
Outline 16P2N 

16P2P 

aD 

OUTPUTS 

OUTPUT ENABLE INPUTS I i OE1 1 

OE2 2 -----' GND· I 
~-------------~ 

• MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC173P/FP/DP 

QUADRUPLE 3·STATE D·TVPEFLIP·FLOP WITH COMMON CLOCK AND RESET 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC173 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS173. 
The M74HC173 contains four edge-triggered D-type flip
flops with common direct reset input Ro and common clock 
input CK. 
When CK changes from low-level to high-level, the signals 
just previously input at 0 appears at outputs Q in accord
ance with the function table given. 
WhE;ln Ro becomes high while output enable inputs OE1 
and OE2 are held low, all outputs Q become low-level 
irrespective of other inputs. 

FUNCTION TABLE (Note 1) 

Inputs 

OE1 OE2 Ro CK DE1 

L L H X X 

L L L L X 

L L L H X 

L L L t H 

L L L t X 

L L L T L 

L L L t L 

L L L + X 

L H X X X 

H L X X X 

H H X X X 

Note 1 Z High impedance 
X Irrelevant 
t Change from low to high level 
+ Change from high to low level 

DE2 0 

X X 

X X 

X X 

X X 

H X 

L L 

L H 

X X 

X X 

X X 

X X 

When one of data enable inputs DE1 or DE2 is high, whil~ 
OE1, OE2 and Ro are held low, output Q is maintained. 
When either OE1 or OE2 is high, all outputs Q will become 
the high-impedance state, and the contents of the flip-flop 
are not affected even when OE1 and OE2 are changed. 
When used as a D-type flip-flop, OE1, OE2, Ro, DE1 and 
DE2 should all be maintained at low-level. 

00 Output state 0 before clock input changed. 

ABSOLUTE MAXIMUM RATINGS(Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K Input protection diode current 
VI < OV 

VI> Vee 

10K Output parasitic diode current 
Vb< OV 

Vo> Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC173FP, Ta = -40-+70'C and Ta = 70-85'C are derated at -7mW/'C 
M74HC173DP, T a = -40-+50'C and Ta = 50-85'C are derated at -5mW/'C 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Operating temperature range 

I Vee = 2. OV 

t r• tf Input risetlme, falltime I Vee = 4.5V 

I Vee = 6.0V 

2"7""226 

Limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 

-40 +85 

0 1000 

0 500 

0 400 

'" MIT,5UBISHI 1'& ELECTRIC 

Unit 

V 

V 

V 

'c 

ns 

Ratings 

-0.5~+7.0 

-0. 5-Vee+0. 5 

-0. 5-Vee+0. 5 

-20 

20 

-20 

20 

±35 

±75 

500 

-65-+150 

Output 
Q 

L 
QO 

QO 

QO 

QO 

L 

H 
QO 

Z 

Z 

Z 

Unit 

V 

V 

V' 

rnA 

rnA 

rnA 
rnA 
rnW 
'c 



MITSUBISHI HIGH SPEED CMOS 

M74HC173P/FP/DP 

QUADRUPLE 3-STATE D-TYPE FLIP-FLOP WITH COMMON CLOCK AND RESET 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vedv) Min 

2.0 1.5 

V IH High-level input voltage 
Vo = O. , V, Vcc-'O.' V 

4.5 3.15 
1101 = 20/lA 

6.0 4.2 

2.0 

V IL Low-level input voltage 
Vo = O. , V, Vce-O. lV 

4.5 
1101 = 20/lA 

6.0 
10H = -20/lA 2.0 1.9 

10H = -20/lA 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -20/lA 6.0 5.9 

10H = -6.0mA 4.5 4.18 
10H = -7. 8mA 6.0 5.68 

10L = 20/lA 2.0 

10L = 20/lA 4.5 

VOL Low-level output voltage VI = VIH , VIL 10L = 20/lA 6.0 

10L = 6.0mA 4.5 

10L = 7.8mA 6.0 

IIH High-level input current VI =6V 6.0 

IlL Low-level input current VI=OV 6.0 

lozH Off-state high-level output current VI = VIH, VIL, Vo= Vee 6.0 

lozL Off-state low-level output current VI = VIH, VIL, Vo= GND 6.0 

Icc Quiescent supply current VI = Vee, GND, 10=O/lA 6.0 

SWITCHING CHARACTERISTICS (Vce = 5V, Ta = 25°C) 

Symbol Parameter Test conditions 

fmax 
hLH 

hHL 

tpLH 

tpHL 

tpHL 

tpLz 

tpHz 

tPZL 

tPZH 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output tranSition time 

Low-level to high-level and high-level to low-level 

output propagation time (CK - Q) 

High-level to low-level output propagation time 

(Ro-Q) 

Low-level. high-level output disable time 

(OE-Q) 

Low-level, high-level output enable time 

(OE-Q) 

CL = 50pF (Note 4) 

CL = 5 pF (Note 4) 

CL = 50pF (Note 4) 

• MITSUBISHI 
.... ELECTRIC 

Limits 

25°C -40-+85°C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1: 35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /-LA 
-0.1 -1.0 /-LA 

0.5 5.0 /-LA 
-0.5 -5.0 /-LA 

4.0 40.0 /-LA 

Limits 
Unit 

Min Typ Max 

30 MHz 

10 ns 
10 ns 
31 ns 
31 ns 

27 ns 

25 ns 
25 ns 
28 ns 
28 ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HC173P/FP/DP 

'. QUA,DRUPLE 3·STATE; D~TYPE FLIP·FLOP WITH COMMON CLOCK AND RESET 

SWITCHING CHARACTERISTICS (Vcc = 2-6V. Ta= -40-+8S"C) 

Symbol 

fmax 

tTLH 

hHL 

t pLH 

tpHL 

tpLH 

tpHL 

tpHL 

t pLZ 

tpHz 

tPZL 

tPZH 

tPZL 

tPZH 

C, 

Co 

Cpo 

II/ote 3 

2-:-228 

Limits 

Parameter Test conditions 25'C -40-+S5'C 

VcdV) Min Typ Max Min 

2.0 5 4 
Maxmum clock frequency CL = 50pF (Note 4) 4.5 27 21 

6.0 32 25 
2.0 60 

Low-level 10 hlgh-Ieve! and 4.5 i2 

CL = 50pF (Nole4) 
6.0 10 

high-level to low-level 
2.0 60 

output transition time 4.5 12 
6.0 10 
2.0 175 
4.5 35 

CL = 50pF (Note 4) 
6.0 30 

, 2.0 175 
Low-level to high-level and 4.5 35 
high-level to low-level 6.0 30 
output propagation time 2.0 225 
(CK-O) 4.5 45 

CL = 150pF (Note 4) 
6.0 38 
2.0 225 
4.5 45 
6.0 38 
2.0 150 

High-level to low-level CL = 50pF (Note 4) 4.5 30 
6.0 26 

output propagation time 
2.0 200 

(Ro-O) CL = 150pF (Note 4) 4.5 40 
6.0 34 
2.0 150-

Low-level. high-level 4.5 30 

CL = 50pF (Note 4) 
6.0 26 

output disable time 
2.0 150 

(OE-O) 4.5 30 
6.0 26 
2.0 150 
4.5 30 

CL = 50pF (Note 4) 
6.0 26 
2.0 150 

Low-level. high-level 4.5 30 
6.0 26 

output enable time 
2."0 200 

(OE-O) 4.5 40 

CL = 150pF (Note 4) 
6.0 34 
2.0 200 
4.5 40 
6.0 34 

Input capacitance 10 
Off-state output capacitance OE= Vce 15 
Power dissipation capacitance (Note 3) 45 

COP is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per flip-flop) 
The power dissipated during operation under no-load conditions is calculated'using the following formula: 
Po = Cpo' VCC

2 
• f,+lcc • Vee 

• MITSUBISHI 
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Max 

75 
15 
13 
75 
15 
13 

221 
44 
37 

221 
44 
37 

284 
57 
48 

284 
57 
48 

189 
38 
32 

252 
50 
43 

189 
38 
32 

189 
38 
32 

189 
38 
32 

189 
38 
32 

252 
50 
43 

252 
50 
43 
10 
15 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC173P/FP/DP 

QUADRUPLE 3-STATE D-TYPE FLIP-FLOP WITH COMMON CLOCK AND RESET 

TIMING REQUIREMENTS (Vee = 2-6V, T a = -40-+B5·C) 

Symbol Parameter 

tw CK, AD Clock pulse width 

D, DE setup time with 
tsu 

respect to CK 

0, DE hold time with 
th 

respect to CK 

tree 
AD recovery time with 

respect to CK 

Note 4 Test Circuit 

INPUT Vee OUTPUT 

PG OUT 

500 
GNO ICL 

TIMING DIAGRAM 
tw 

CK 

tplH 

90% 

Q 

hlH 

OE 

Q 

Q 

Test conditions 

Vee 

~ RL = lkO 

SWl 

50% 

tpHl 

90% 

Vee 

GND 

VOL 

VOH 

Limits 

25"C 

vcdv) Min Typ Max 

2.0 80 

4.5 16 

6.0 14 

2.0 100 

4.5 20 

6.0 17 

2.0 0 

4.5 0 

6.0 0 

2.0 90 

4.5 18 

6.0 15 

Parameter SWl SW2 

tTLH.hHL 
Open Open 

t pLH• tpHL 
tpLZ Closed Open 

tpHZ Open Closed 

tpz~ Closed Open 

t PZH Open Closed 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee CK 

GND 
tw 

VOH RD 

tpHL 
VOL 

Q 

o or DE 

tsu th 

CK 

• MITSUBISHI 
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-40-+85·C Unit 

Min Max 

101 

20 ns 

17 

126 

25 ns 

21 

0 

0 ns 

0 

113 

23 ns 

19 

Vee 

GNO 

tree 

Vee 

GND 

VOH 

VOL 

Vee 

50% 

GNO 

Vee 

GNO 
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MITSUBISHI HIGH SPEED CMOS 

M74HC174P/FP/DP 

HEX D· TYPE FLIP.FLOP WITH COMMON CLOCK' AND RESET 

DESCRIPTION 
The M74HC174 is a semiconductor integrated circuit con
sisting of six positive-edge triggered D-type flip flops with 
common clock and direct reset inputs. 

FEATURES 
• High-speed: (clock frequency) 60MHz typo 

(CL=15pF, Vcc=5V) 

• Low power dissipation: 20,uW/package, max 
(Vee=5V, T a=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vec=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: Ta=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC174 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS174. 
The M74HC174 contains six internal edge-triggered D-type 
flip-flops with common direct reset input RD and common 
clock input CK. 
When CK changes from low-level to high-level, the signals' 
just previously input 0 appears at outputs Q in accordance 
with the function table ~iven. When RD is low, all outputs Q 

will become low irrespective of other inputs. 
When used as a D-type flip-flop, RD should be maintained 
at high-level. 

LOGIC DIAGRAM 

,---
I 

I 
I 

DIRECT RESET INPUT 

CLOCK INPUT 

DO 01 

6 

02 

PIN CONFIGURATION (TOP VIEW) 

DIRECT 
RESET INPUT 

OUTPUT 

100-
DATA INPUTS j 

OUTPUT 

DATA INPUT 

OUTPUT 

GNO 

'16P4 
Outline 16P2N 

16P2P 

FUNCTION TABLE (Note 1) 

Vee 

Inputs Outputs 

Ro CK 0 Q 

H t H H 

H t L L 

H + X QO 

L X X L 

H L X QO 

Note 1 X: Irrelevant 
t : Change from low to high 
+ : Change from high to low 

OUTPUT 

OUTPUT 

DATA INPUT 

OUTPUT 

CLOCK INPUT 

QO : Output state Q before clock input 
changed 

OUTPUTS 

03 04 

03 

vee 

I 

I 

I 

--{8)-J 
GNO 

DATA INPUTS 

2--:-230 . .• . .MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC174P/FP/DP 

HEX D· TYPE FLIP.FLOP WITH COMMON CLOCK AND RESET 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

V, < ov 
11K Input protection diode current 

V, > Vee 

Vo< OV 
10K Output parasitic diode current 

Vo > Vce 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 M74HC174FP, Ta = -40-+70'C and Ta = 70-85'C are derated at -6mW/'C. 
M74HC174DP, Ta = -40-+50'C and Til = 50-85'C are derated at -5mW/'C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

I Vee = 2.0V 0 1000 

t r, tf Input risetime, falltime I '(ee = 4.5V 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V'H High-level input voltage 

V ,L Low-level input voltage 

I 

V OH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

Icc Quiescent supply current 

Test conditions 

vedv) 

Vo = O. lV, Vee-O. lV 
2.0 

/10/ =20pA 
4.5 

6.0 

2.0 
Vo = O. lV, Vee-O. lV 

4.5 
/10/ = 20pA 

6.0 

10H = -20pA 2.0 

10H = -20pA 4.5 

V, = V'H, V,l 10H = -20pA 6.0 

10H= -4.0mA 4.5 

IOH = -5.2mA 6.0 

IOl = 20l1A 2.0 

IOl = 20l1A 4.5 

V, = V,H, V'l 10l = 20l1A 6.0 

IOl = 4.0mA 4.5 

IOl = 5.2mA 6.0 

v,=6V 6.0 

V,=OV 6.0 

V, = Vee, GND, lo=OpA 6.0 

• MITSUBISHI 
;"ELECTRIC 

Unit 

V 

V 

V 

'c 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5~+7.0 V 

-0. 5~Vee+0. 5 V 

-0. 5~Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 
±50 rnA 

500 rnW 
-65-+150 'c 

Limits 

25'C -40-+85'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1. 35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /.LA 

-0.1 -1.0 /.LA 

4.0 40.0 f.J.A 
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MITSUBISHI HIGH SPEED CMOS 

,';' M74HC174P/FP/DP 

HEX D-TYPE ,FLIP-FLOP WITH COMMON CLOCK AND RESET 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Symbol Parameter Test conditions 
Min 

fmax Maximum clock frequency 30 

tTLH Low-level to high-level and high-level to low-level 

tTHL output transition time 

t pLH Low-level to high-level and high-level to low-level CL = lSpF (Note 4) 

t pHL output propagation time (CK - Q) 

H!"h- !evel to fo\ov-Iaval out .... ut .... ro .... a-atioii time 

I (R~-Q) 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

Limits 

Symbol Parameter Test condilions 2S'C 

vcdv) Min Typ Max 

2.0 5 

fmax Maximum clock frequency 4.5 27 

6.0 31 

2.0 75 

tTLH Low-level to high-level and 4:5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

CL = SOpF (Note 4) 
6.0 13 

2.0 165 

t pLH Low-level to high-level and 4.5 33 

high-level to low-level 6.0 28 

output propagation time 2.0 165 

t pHL (CK-Q) 4.5 33 

6.0 28 

High-level to low-level 2.0 165 

t pHL output propagation time 4.5 33 

(Ro-Q) 6.0 28 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 64 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+lee • Vee 

TIMING REQUIREMENTS (Vee = 2-6V, Ta = -40-+85'C) 

Symbol Parameter 

tW(CK) Clock pulse width 

tW(R[)) Direct reset pulse width 

tsu 
D setup time with 

respect to CK 

D hold time with 
th 

respect to CK 

-
tree 

RD r.eeovery time with 

respect to CK 

Test conditions 

vcdv) 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

• ,MITSUBISHI 
"'ELECTRIC 

Limits 

2S'C 

Min Typ Max 

80 

16 

14 

80 

16 

14 

100 

20 

17 

5 

5 

5 

5 

5 

5 

Limits 
Unit 

Typ Max 

MHz 

10 ns 

10 ns 

30 ns 

30 ns 

30 ns 

-40-+BS'C Unit 

Min Max 

4 

21 MHz 

24 

95 

19 ns 

16 

95 

19 ns 

16 

206 

41 ns 

35 

206 

41 ns 

35 

206 

41 ns 

35 

10 pF 

pF 

-40-+8S'C Unit 

Min Max 

106 

20 ns 

18 

106 

20 ns 

18 

125 

25 ns 

21 

5 

5 ns 

5 

5 

5 ns 

5 



Note 4 : Test Circuit 

INPUT 

PG r'--+----I 

50n 

TIMING DIAGRAM 

R,~ 

o 

CK 

Q 

R;; 

CK 

Q 

MITSUBISHI HIGH SPEED CMOS 

M74HC174P/FP/DP 

HEX D· TYPE FLIP.FLOP WITH COMMON CLOCK AND RESET 

Vee 

OUT 

tw(Ri) 

OUTPUT 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GND 

Vee 

GND 

VOH 

VOL 

• MITSUBISHI 
~ELECTRIC 

Vce 

GNO 

Vee 

GNO 

Vee 

GNO 
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f' , 
,l MITSUBISHI HIGH SPEED CMOS 

M74HC1·7SP/FP/DP 

QUADRUPLE·D.TYPE FLIP",FLOP WITH COMMON CLOCK AND RESET 

DESCRIPTION 
The M74HC175 is a semiconductor integrated circuit con
sisting of four positive-edge-triggered D-type flip flops with 
common clock and direct reset inputs. 

FEATURES 
• High-speed: (clock frequency) 60MHz typo 

(CL =15pF, Vcc=5V) 

• Low power dissipation: 20,uW/package, max 
(Vcc=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vcc=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: Ta=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC175 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS175. 
The M74HC175 contains four edge-triggered D-type flip
flops with common direct reset input RD and common clock 
input CK. 

LOGIC DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

DIRECT 
RESET INPUT 

OUTPUTS! 

DATA INPUTS! 

OUTPUTS! 

00-

01-

GND 

vee 

9 - CK CLOCK INPUT 

16P4 
Outline 16P2N 

16P2P 

When CK changes from low-level to high-level, the Signals 
just previously input at 0 appears at outputs Q and Q in 
accordance with the function table given. 
When RD is low, output Q and Q will become low and high 
irrespective of other inputs. 
When used as a D-type flip flop, RD should be maintained 
at high-level. 

TO OTHER CIRCUITS 

DIRECT_~ ~ 
rJ~8f RD~----------------------~ 

CP 

'-----CP 

2~234 '. ..·.MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC175P/FP/DP 

QUADRUPLE D· TYPE FLIP·FLOP WITH COMMON CLOCK AND RESET 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

RD CK 0 0 
H t H H 

H t L L 

H .j. X 0° 
H L X 0° 
L X X L 

Note 1 x: Irrelevant 
t : Change from low to high 
.j. : Change from high to low 
0° : Output state 0 before clock input changed 
an : Output state 0 before clock input changed 

0 
L 

H 

CO 
CO 
H 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85"C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI< OV 
11K Input protection diode current 

VI> Vee 

Vo< ov 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC175FP, Ta = -40-+70"C and Ta = 70-85"C are derated at -SmW/"C. 
M74HC175DP, Ta = -40-+50"C and Ta = 50-85"C are derated at -5mW/"C. 

• • MITSUBISHI 
-"ELECTRIC 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
·mA 

±25 mA 
±50 mA 
500 mW 

-65-+150 "C 
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MITSUBISHI HIGH SPEED CMOS 

M74HC175P/FP/DP 

QUAD~~PLED~ ,[JPE .. FLIP.FLOp· WITHCOMMON'CLOCK AND RESET 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85"(:) 

L.lmlts 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 2 6 V 

V, Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

ToDr Operating temperature range -40 +85. "C 
Vee = 2.0V 0 1000 

tr, tt Input fisetiii'ie, iaiiiim.:; VCC~ 4.SV 0 500 ns 
Vee'" 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

VeC<V) Min 

Vo == O. IV, Vee-O. IV 
2.0 1.5 

V'H High-level Input voltage 
1101 =20J.lA 

4.5 3.15 
6.0 4.2 

Vo = O. lV, Vee-O. IV 
2.0 

V'L Low-level Input voltage 
1101 =20J.lA 

4.5 
6.0 

10H'" -20J.lA 2.0 1.9 
10H = -20J.lA 4.5 4.4 

V OH High-level output voltage V, = V'H, V'L 10H = -20J.lA 6.0 5.9 
10H= -4.0mA 4.5 4.18 
IOH=-5.2mA 6.0 5.68 
10L'" 20J.lA 2.0 
10L'" 20llA 4.5 

VOL Low-level output voltage V, = V'H, V'L IOL=20IlA 6.0 
10L= 4.0mA 4.5 
10L= S.2mA 6.0 

I'H High-level Input current VI =6V 6.0 

I'L Low-level Input current V,=OV 6.0 
Icc Quiescent supply current VI = Vee, GND, 10 = Oil A 6.0 

SWITCHING CHARACTERISTICS (Vee = SV, Ta = 2S"(:) 

Symbol Parameter Test conditions 

fmax 
tTLH 

tTHL 

t pLH 

t pHL 

tpLH 

tpHL 

2-236 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (CK-Q, 0) 
Low-level to high-level and high-level to low-level 

output propagation time CR;;-Q, 0) 

CL = lSpF (Note4) 

..•. ,·'MITSUBISHI 
~ELE;CT"I.C 

Limits 

2S-C -40-+8S-C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1.35 1.35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 
0.1 0.1 
0.1 O.l V 

0.26 0.33 
0.26 0.33 
0.1 1.0 J.lA 

-0.1 -LO J.lA 

4.0 40.0 J.lA 

Limits 
Unit 

Min Typ Max 

35 MHz 

10 ns 
10 ns 
25 ns 
25 ns 
20 ns 
20 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC17SP/FP/DP 

QUADRUPLE D-TYPE FLIP-FLOP WITH COMMON CLOCK AND RESET 

SWITCHING CHARACTERISTICS (Vee = 2-SV, T a = -40-+85"C) 

Limits 

Symbol Parameter Test conditions 25"C 

vedv) Min Typ Max 

2.0 6 

fmax Maximum clock frequency 4.5 30 

S. a 35 

2. a 75 

tTLH Low-level to high-level and 4.5 15 

6. a 13 
high-level to low-level 

2. a 75 

tTHL output transition time 4.5 15 

6.0 13 

2.0 150 

tpLH Low-level to high-level and CL = 50pF (Note4) 4.5 30 

high-level to low-level 6.0 26 

output propagation time 2.0 150 

tpHL (CK-O,O) 4.5 30 

6.0 26 

2.0 125 

tpLH Low-level to high-level and 4.5 25 
high-level to low-level 6. a 21 

output propagation time 2. a 125 

tpHL (Ro-O,O) 4.5 25 

6. a 21 

C, Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 52 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the. following formula: 
Po = Cpo' Vee

2 
• f,+lee • Vee 

TIMING REQUIREMENTS (Vee = 2-6V. T a = -40-+85"C) 

Symbol Parameter 

tW(CK) Clock pulse width 

tW(Rj) Direct reset pulse width 

tsu 
D setup time with 

respect to CK 

D hold time with 
th 

respect to CK 

-

tree 
Ro recovery time with 

respect to CK 

\ 

Test conditions 

vcdv) 

2.0 

4.5 

6. a 
2. a 
4.5 

6. a 
2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

• .MITSUBISHI 
;"ELECTRIC· 

Limits 

25"C 

Min Typ Max 

80 

16 

14 

80 

16 

14 

100 

20 

17 

5 

5 

5 

100 

20 

17 

-40-+SS'C Unit 

Min Max 

5 

24 MHz 

28 

95 

19 ns 

16 

95 

19 ns 

16 

189 

38 ns 

32 

189 

38 ns 

32 

158 

32 ns 

27 

158 

32 ns 

27 

10 pF 

pF 

-40-+SS'C Unit 

Min Max 

101 

20 ns 

17 

101 

20 ns 

17 

126 

25 ns 

21 

5 

5 ns 

5 

126 

25 ns 

21 
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MITSUBISHI HIGH SPEED CMOS 

M74HC175P/FP/DP 

.QUADRUPLE D.TYPE FLIP·FLOP. WITH. COMM.ON, CLOCK AND RESET 

Note 4 : Test Circuit 

INPUT 

S001 

TIMING DIAGRAM 

Vee 

OUT 

OUTPUT 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, t! = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

~
r-----------------------------------------------------------vee 

At; 
GNO 

o 

tsu 

CK 

Q 

CK 

Q 
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,------------ Vee 

GNO 

tsu 

Vee 

'-------------- GND 

1'"";.;;.:.;:;.....--------------- VOL 

.Jroo~--------------- VOH 

r------------------------- Vee 

GND 

Vec 

'--------- GND 

,------------ VOH 

VOH 

'-------------- VOL 
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DESCRIPTION 
The M74HC190 is a semiconductor integrated circuit con
sisting of a presettable synchronous decimal up/down 
counter with up/down control input. 

FEATURES 
• Up/down switching by up/down control input 
• High-speed: (clock frequency) 45MHz typo 

(CL =15pF, Vee=5V) 

• Low power dissipation: 20,uW/package, max 
(Vcc=5V, T a=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vcc=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC190 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the' 
74LS190. 
When count enable input CE is low and load input LOAD is 
high, and count pulses are applied to clock input CK, the 
number of count pulses is output at 00 through 03 in BCD 
code in sync with count pulses. The count is incremented 
when up/down control input U/D is low, and decremented 
when U/D is high. The count is enabled when CK cbanges 
from low to high. 

The preset function operates irrespective of the count 
pulse. When data is supplied to data inputs PO through P3 
and load input LOAD is low, the signal at PO through P3 is 
output at 00 through 03 and presets the counter, irrespec
tive of other inputs. When numbers greater than ten are 
preseted, the counter operates in accordance with the 
state transition diagram. 
The carry output CO becomes high only when 9 appears at 
00 through 03 during count up and when 0 appears during 
count down. The ripple clock output RC becomes low only 
when CE and CK are both low and when 9 appears at 00 
through 03 during count up and when 0 appears during 
count down. CE, CO and RC are used for a cascade con
nection. 
CE can be changed from high to low irrespective of CK, 
but can be changed from low to high only when CK is high. 
U/D should be changed only when CK is high. 

MITSUBISHI HIGH SPEED CMOS 

M74HC190P/FP/DP 

PRESETTABLE BCD UP/DOWN COUNTER 

PIN CONFIGURATION (TOP VIEW) 

DATA INPUT P1-+ 

j 
Q1 +

OUTPUTS 
QO+-

9~~U~T ENABLE CE -+ 

g~~~"6~ INPUT U/D-+ 

Vee 

DATA INPUT 

CLOCK INPUT 

RIPPLE CLOCK 
OUTPUT 

CARRY OUTPUT 

j 
Q2+

OUTPUTS 
11 +- LOAD tOAD INPUT 

Q3+-
DATA INPUTS 

GND 

16P4 
Outline 16P2N 

16P2P 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

LOAD CE UfD CK QO I Q1 I Q2 

L X X X PO I P1 I P2 

H L L t Count up 

H L H t Count down 

H H X X Count suppressed 

Notel: Change from low to high 
X : Irrelevant 

Inputs Output 

CE COw CK RC 

L H L L 

L H H H 

H X X H 

X L X H 

(1) Output CO is ~rated by the following logic equation. 

I Q3 

I P3 

CO=QO 0 Q3(U/D) ....................................................... Count up 
CO=QO 0 Q1 oQ2 0 Q3 0 (U/D) ................................ Count down 

• MITSUBISH. I 
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MITSUBISH.I,HIGH SPEED CMOS 

M74H'C190'P/FP/DP 

PRESETTABLE BCD UP/DOWN COUNTER 

TIMING DIAGRAM 

LO: 1_.' -----------'------------------------------
~ ------------------------ --~,---- --~------
P2 -.::====.====:====~:_-_: 

---------~-------~-P3 _-+-....... 
CK 

UID 

CE 

00 

01 

02 

03 

co 

, 2 2 

PRESET COUNT UP COUNT SUPPRESSED COUNT DOWN 

(1) (2) (3) , (4) 

The contents of timing diagram 

(1) Preset to 7 

(2) Count up 8, 9, 0, 1, 2 

(3) Count suppressed 

(4) Count down 1, 0, 9, 8, 7 
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MITSUBISHI HIGH SPEED CMOS 

M74HC191P/FP/DP 

PRESETTABLE 4-BIT BINARY UP/DOWN COUNTER 

DESCRIPTION 
The M74HC191 is a semiconductor integrated circuit con
sisting of a presettable synchronous 4-bit binary 
(hexadecimal) counter with up/down control input. 

FEATURES 
• Up/down switching by up/down control input 
• Enable input and ripple clock and carry outputs for cas

cade connection 
• Count frequency 40MHz typo (CL =1SpF. Vee=SV) 
• Low power dissipation: 20,uW/package. max 

(Vee=SV. Ta=2S·C. quiescent state) 
• High noise margin: 30% of Vee. min (Vee=4.S. 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+8S·C 

APPLICATION 
General purpose. for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC191 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS191. 
When count enable input CE is low and load input LOAD is 
high. and count pulses are applied to clock input CK. the 
number of count pulses is output at 00 throgh 03 in 4-bit 
binary code in sync with count pulses. The count is in
cremented when up/down control input U/D is low. and de
cremented when U/D is high. The count is enabled when 
CK changes from low to high. 
The preset function operates irrespective of the count 
pulse. When data is supplied to data inputs PO through P3 
and load input LOAD is set low. the signal at PO through P3 
is output at 00 through 03 irrespective of other inputs. and 
presets the counter. 
The carry output CO will become high only when 152 

appears at 00 though 03 during count up and when O2 

appears duruing count down. The ripple clock output RC 
will becomes low only when CE and CK are both low and 
when 152 appears at 00 through 03 during count up and 
when O2 appears during count down. CEo CO and RC are 
used for a cascade connection. 
CE can be changed from high to low irrespective of CK. 
but can be changed from low to high only when CK is high. 
U/D should be changed only when CK is high. 

PIN CONFIGURATION (TOP VIEW) 

Vc.c 

. j01- 15 - PO ~RpEJiT DATA 

OUTPUTS 
00-

?~pUU~T ENABLE CE-+ 

CONTROL INPUT UfO -+ 

13 --+ RC ~~f~OTCLOCK 

12 --+ CO CARRY OUTPUT 

j
02-

OUTPUTS 
11 - LOAD LOAD INPUT 

03-
-P2 f PRESET DATA 

GND 
INPUTS 

-P3 

16P4 
Outline 16P2N 

16P2P 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

LOAD CE UfD CK 00 I 01 I 02 
L X X X PO I P1 I P2 
H L L t Count up 

H L H t Count down 

H H X X Count suppressed 

Note 1 t: Change from low to high 
X : Irrelevant 

Inputs Output 

CE COw CK RC 

L H L L 

L H H H 

H X X H 

X L X H 

(1) Output CO is generated b}' the following logic equation. 

I 
I 

03 

P3 

CO=OO' 01' 02' 03' (UfO) .. · ............ ·· .... ·· .... · .. · .. · .. ·Count up 
CO=OO' 01 • 02' 03' (UfO) ................................ Count down 

• MITSUBISHI 
... ·ELECTRIC 
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MITSUBISHI HIGH SPEED CMOS 
I'· ." 

. l-.' M74HC191P/FP/DP 

PRESETTABLE 4·BIT BINARY UP/DOWN COUNTER 

TIMING DIAGRAM 
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LOAD~ ___________________ _ 

PO ~ ~- --~.------. -------
~------------------P1_--+_+" ________________ _ 

-------------------n~ ~ ______________ ~ __ 

P3 

CK --t-.., 

U/D 

00 

01 

02 

03 

co 

1 2 15 14 13 

PRESET 
(1) 

COUNT UP COUNT SUPPERESSEO COUNT DOWN 
(4) 

The contents of timing diagram 

(1) Preset to 13 

(2) Count up 14, 15,0,1,2 

(3) Count suppressed 

(4) Count down 1,0,15,14,13 

(2) (3) 

• . MITSUBISHI -
"'ELECTRIC 



MITSUBISHI HIGH SPEED CMOS 

M74HC192P/FP/DP 

PR'ESETTABLE BCD UP/DOWN COUNTER WITH RESET 

DESCRIPTION 
The M74HC192 is a semiconductor integrated circuit con
sisting of a synchronous decimal up/down counter with re
set and preset inputs. 

FEATURES 
• High-speed: clock frequency 30MHz typo 

(CL =15pF, Vee=5V) 

• Low power dissipation: 20,uW/package, max 
(Vee=5V, T a=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC192 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS192. 

The count input consists of independent clock up input CKu 
and clock down input CKo. When load input LOAD and 
CKo are both high for count up, count pulses are applied to 
CKu, and when LOAD and CKu are both high for count 
down, count pulses are applied to CKo, and then the num
ber of count pulses is output at 00 through 03 in BCD 
code in sync with the count pulses. The counter is enabled 
when CKu or CKo changes from low to high. 
The preset function operates irrespective of the count 
pulse. When data is pupplied to preset inputs PO through 
P3 and load input LOAD is set low, the signal at PO through 
P3 is output at 00 through 03 and presets the counter, 
irrespective of CKu and CKo. When the number greater 
than ten is preset, the counter operates in accordance with 
the state transition table. 
When direct reset input Ro is high, the reset function sets 
01 through 03 low, irrespective of other inputs. 
The carry output CO will become low only when 9 appears 
at 00 through 03 and CKu is low during count up. The bor
row output BO will become low only when 0 appears at 00 
through 03 and CKo is ,low. CO and BO are connected to 
CKu and CKo in the next state for a cascade connection. 
(See application examples) 

PIN CONFIGURATION (TOP VIEW) 

Vee 

DATA INPUT 

DATA INPUT P1-+ 

OUTPUTS I Q1 +

QO +

CLOCK DOWN 

RESET INPUT 

INPUT CKo-+ 13 -+ BO ~~~~sr 

?~~0{ UP CKu-+ 12 -+ CO CARRY OUTPUT 

OUTPUTS I Q2 +

Q3+-

GND 

11 +- LOAD LOAD INPUT 

16P4 
Outline 16P2N 

16P2P 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

Ro LOAD CKu CKo 00 I 01 I 02 I 03 CO 80 

H X X X L I L I L I L H H* 

L L X X PO I P1 I P2 I P3 H* H* 

L H X X Count suppressed H* H* 

L H t H Count up H* H* 

L H H t Count down H* H* 

Note 1 t: Change from low to high 
* : Normally set high, but becomes low under the following 

conditi,-",on.!:... _~= 
CO = QO·Q3·CK" .. · .... ·· .................... · ...... ···· Count up 
BO = QO·Q1·Q2·Q3·CKo ......................... Count down 

X : Irrelevant 

• 'MITS,UBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC192P/FP/DP' , 

PRESETTABLE BCD UP/DOWN COUNTER WITH RESET 

LOGIC DIAGRAM 

j-lt-----tt---lt----r-m 
i .. . i 

I i 

I i 
" 

I 

------------------J 
GND 

TIMING DIAGRAM STATE TRANSITION DIAGRAM 

Ro 

LOAD--++-- ~-----------------------------
r-++--+--l-- - - - - - - ----- - - - - -- - - - - --

PO 

r-+-+-~--- ... ------- -------- ----
P1 

r-+-+-~--- -- - --- ---- ----- ---
P2 --------------------P3 __ -+-+--+ ..... 

CKu 

CKo--~--~~------------~ 

CO 

BO 

RESET PRESET 
(1) (2) 
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9 0 

COUNT UP 
(3) 

2 o 9 8 

COUNT DOWN 

"'.' ,MITSUBISHI .... ELECTRIC 

- COUNT UP 
---- COUNT DOWN 



MITSUBISHI HIGH SPEED CMOS 

M74HC192P/FP/DP 

PRESETTABLE BCD UP/DOWN COUNTER WITH RESET 

ABSOLUTE MAXIMUM RATINGS (T a = -40-+8S·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI< ov 
11K Input protection diode current 

VI> Vee 

Vo<OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current, per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC192FP, Ta:= -40-+70·C and Ta = 70-8S·C are derated at -6mW/"C. 
M74HC192DP, T a = -40-+S0·C and T a = SO-8S·C are derated at -SmW/"C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+8S·C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vcc 

Topr Operating temperature range -40 +85 

! Vee = 2.0V 0 1000 

t r, tf Input risetime, falltime !Vce =4.SV 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

V OH high-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

Icc Quiescent supply current 

Test conditions 

vedv) 

Vo = O. lV, Vee-O. lV 
2.0 

1101 =20,uA 
4.5 

6.0 

Vo = O. lV, Vec-0.1V 
2.0 

1101 = 20,uA 
4.5 

6.0 

10H = -20,uA 2.0 

10H = -20,uA 4.5 

VI = VIH, Vil ~ 10H= -20,uA 6.0 

10H = -4.0mA 4.5 

IOH = -S.2mA 6.0 

I.ol = 20,uA 2.0 

IOl = 20,uA 4.5 

VI = VIH ' Vil IOl = 20,uA 6.0 

IOl = 4.0mA 4.5 

IOl = S.2mA 6.0 

VI =6V 6.0 

VI=OV 6.0 

VI=Vce, GND, lo=O,uA 6.0 

, .. MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 
·C 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±25 mA 
±50 mA 
500 mW 

-65-+150 ·C 

Limits 

25·C -40-+85"C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1. 35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 J.lA 
-0.1 -1.0 J.lA 

4.0 40.0 J.lA 
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MITSUBISHI HIGH SPEED CMOS 

M74HC192P/FP/DP 

p"ES~\rT~IU,.E BCD ,UP/DOWN COUNTER WITH RESET 

SWITCHING CHARACTERISTICS (Vcc = 5V. T a = 25'C) 

Symbol Parameter Test conditions 
Min 

fmax Maximum clock frequency 20 

hLH Low-level to high-level and high-level to low-level 

tTHL output transition time 

t pLH Low-level to high-level and high-level to low-level 

t pHL output propagation time (CKu - CO) 

t pLH High-level to low-level output propagation time 
CL = i5pF (Note 4) 

t pHL (CKo- BO) 

t pLH Low-level to high-level and high-level to low-level 
output propagation time 

t pHL (CKu. CKo - 00,01,02,03) 

t pLH Low-level to high-level and high-level to low-level 

t pHL output propagation time (LOAD - 00. 01, 02. 03) 

t pHL 
High-level to low-level output propagation time 

(Ro - 00. 01, 02. 03) 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, T a = -40-+85'C) 

Symbol 

fmax 

tTLH 

hHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pHL 

C 1 

Cpo 

Note 3 

2-246 

Limits 

Parameter Test conditions 25'C 

VcC<V) Min Typ Max 

2.0 3 
Maximum clock frequency 4.5 18 

6.0 20 
2.0 75 

Low-level to high-level and 4.5 15 
6.0 13 

high-level to low-level 
2.0 75 

output transition time 4.5 15 
6.0 13 
2.0 140 

Low-level to high-level an_d 4.5 28 
high-level to low-level 6.0 24 
output propagation time 2.0 130 
(CKu - CO) 4.5 26 

6.0 22 
2.0 130 

Low-level to high-level and 4.5 26 
high-level to low-level 

CL = 50pF (Note 4) 
6.0 22 

output propagation time 2.0 130 
(CKo- BO) 4.5 26 

6.0 22 
2.0 215 

Low-level to high-level and 4.5 43 
high-level to low-level 6.0 37 
output propagation time 2.0 275 
(CKu,CKo - 00, 01, 02. 03) - 4.5 55 

6.0 47 
2.0 230 

Low-level to high-level and 4.5 46 
high-level to low-level 6.0 39 
output propagation time 2.0 290 
(LOAD - 00, 01, 02, 03) 4.5 58 

6.0 49 
High-level to low-level 2.0 265 
output propagation time 4.5 53 
(Ro - 00, 01. 02. 03) 6.0 45 
Input capacitance 10 
Power dissipation capacitance (Note 3) 

CPO is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: ' 
Po = Cpo' VCC

2 
• fl+lcc • Vcc 

"',' '. M, I"T, S,UB"ISH, I i'fA £L.E~TR~C;~_ 

Limits 
Unit 

Typ Max 

MHz 

10 ns 

10 ns 

26 ns 

24 ns 

24 ns 

24 ns 

40 ns 

52 ns 

42 ns 

55 ns 

47 ns 

--:40-+85"C Unit 

Min Max 

2.5 
14 MHz 

16 
95 
19 ns 

16 
95 
19 ns 

16 
175 
35 ns 

30 
163 
33 ns 

28 
163 
33 ns 

28 
163 
33 ns 

28 
269 
54 ns 

46 
344 
69 ns 

59 
280 
58 ns 

49 
363 
73 ns 

61 
331 
66 ns 

56 
10 pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC192P/FP/DP 

PRESETTABLE 'BCD UP/DOWN COUNTER WITH RESET 

TIMING REQUIREMENTS (Vee = 2-6V, T a = -40-+8S'C) 

Symbol Parameter 

tW(CK) Clock pulse width 

tW(LOAO) LOAD pulse width 

tW(RO) Reset pulse width 

tsu 
P setup time with 

respect to LOAD 

P hold time with 
th 

respect to LOAD 

--
treC(LoAO) 

LOAD recovery time with 

respect to CK 

treC(Ro) 
Ro recovery time with 

. respect to CK 

Note 4 : Test Circuit 

INPUT Vee 

PG 1---+----1 OUT 

son 

.. _._----_ .. _-_. ------

limits 

Test conditions 2S'C -40-+BS'C 

OUTPUT 

vcdv) Min Typ Max Min 

2.0 110 138 
4.5 22 28 

6.0 19 24 

2.0 100 125 

4.5 20 25 
6.0 17 21 
2.0 260 325 

4.5 52 65 
6.0 45 56 
2.0 100 125 
4.5 20 25 

6.0 17 22 
2.0 0 0 
4.5 0 0 
6.0 0 0 

2.0 
4.5 
6.0 
2.0 10 10 
4.5 10 10 

6.0 10 10 

(1) The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

• MITSUBISHI 
lli'&ELECTRIC 

Max 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HC192P/FP/D'P 

PRESE,TTABLE B,CD UP/DOWN COUNTER WITH RESET 

TIMING DIAGRAM 
twceK) tWCRo) 

Vee Vee 

CK Ao 50% 

GND GND 

VOH VOH 

a 
VOL VOL 

VOH Vee 

a LOAD 50% 

VOL GND 

tsu th 

VOH Vee 

a P 50% 

VOL GND 
trecCLOAO) 

Vee 

tWCLOAO) CK 
Vee GND 

LOAD 50% 

GND Vee 

Ro 

VOH GND 

a 
VOL Vee 

CK 50% 

VOH GND 
a 

VOL 

APPLICATION EXAMPLE 
CONFIGURATION OF AN ASYNCHRONOUS BASE 10n COUNTER 
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OUTPUTS 
r-______________ ~A~ __________________ ~ 

( 100 101 

~~ 

COUNT UP 

COUNT DOWN 

RESET~---+~----~--------~+-------------~-+------------~ 

LOAD~----~----------------~---------------1------------~ 

.,' . ,MITSUBISHI 
.... ELECTRIC 

TO THE NEXT STAGE 



MITSUBISHI HIGH SPEED CMOS 

M74HC193P/FP/DP 

PRESETTABLE 4-BIT BINARY UP/DOWN COUNTER WITH RESET 

DESCRIPTION 
The M74HC193 is a semiconductor integrated circuit con
sisting of a synchronous hexadecimal (4-bit binary) up/ 
down counter with reset and preset inputs. 

FEATURES 
• High-speed: clock frequency 30MHz typo 

(CL=15pF, Vee=5V) 

• Low power dissipation: 20.uW/package, max 
(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, SV) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2--SV 
• Wide operating temperature range: Ta=-40--+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC193 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS193. 

The count input consist~ of independent clock up input CKu 
and clock down input CKo. When load input LOAD and 
CKo are both high for count up, count pulses are !=lpplied to 
CKu, and when LOAD and CKu are both high for count 
down, count pulses are applied to CKo, and then the num
ber of count pulses is output at 00 through 03 in 4-bit pure 
binary code in sync with the count pulses. The counter is 
enabled when CKu or GKo changes from low to high. 
The preset function operates irrespective of the count 
pulse. When data is supplied to preset inputs PO through 
P3 and load input LOAD is set low, the signal at PO through 
P3 is output at 00 through 03 and presets the counter, 
irrespective of CKu and CKo. 
The reset function sets 01 through 03 low, irrespective 
other inputs when reset input Ro is high. 
The carry output CO will become low only when 15 
appears at 00 through 03 and CKu is low during count up. 
The borrow output BO will become low only when 0 
appears at 00 through 03 and CKo is low. CO and BO are 
connected to CKu and CKo in the next stage for a cascade 
connection. 
(See application examples) 

PIN CONFIGURATION (TOP VIEW) 

~~~~~T DATA P1-+ Vee 

j
Q1 +

OUTPUTS 

QO+-

PRESET DATA 
INPUT 

RESET INPUT 

~~~3~ DOWN CKo -+ 

~~~8f UP CKu -+ 

13 -+ BO ~3~~8r' 
12 -+. CO CARRY OUTPUT 

lQ2 +-
OUTPUTS 

Q3+-

GND 

11 +- LOAD LOAD INPUT 

10 +- P21 PRESET DATA 
INPUTS 

9 +- P3 

16P4 
Outline 16P2N 

16P2P 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

Ro LOAD CKu CKo 00 J 01 I 02 I 03 CO BO 

H X X X L I L I L I L H H* 
L L X X PO I P1 I P2 I P3 H* H* 
L H X X· Count suppressed H* H* 
L H t H Count up H* H* 
L H H t Count down H* H* 

Note 1 t: Change from low to high 
* : Normally set high, but becomes low under the following 

condi-"Ctio=n,,---. ----~= 
CO=QO· Q1 • Q2 • Q3 • CKII"'Count up 
BO=Q1 • Q1 • 02 • Q3 • CKo'''Count down 

X : Irrelevant 

• MITSUBISHI 
;"ELECTRIC 
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MITSUBISHI"ICH SPEED CMOS 

'M74HC'1'93P/FP/DP 

PRESETTABLE 4-B.IT BINA!RY UP/DOWN COUNTER WITH RESET 

LOGIC OIAGRAM 

TIMING DIAGRAM 

PO 

P1 

P2 

P3 

CKu 

CKo 

QO 

Q1 

Q3 

CO 
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.-+ ........ --1-...... -------------------------

--+-+--~ - ------------ - - -- - -- - --- -
.-+ ........ --1-...... -----__.---------------------

.-+ ........ --1-...... ----------------------- ---

14 15 

RESET PRESET COUNT UP 

o 15 14 13 , 

COUNT DOWN 
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STATE TRANSITION 
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MITSUBISHI HIGH SPEED CMOS 

M74HC193P/FP/DP 

PRESETTABLE 4-BIT BINARY UP/DOWN COUNTER WITH RESET 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage -0. 5-Vee+0. 5 

11K Input protection diode current 
VI < OV 

VI> Vee 

Vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current, per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 M74HC193FP, Ta = -40-+70'C and Ta = 70-85'C are derated at -6mW/'C. 
M74HC193DP, Ta = -40-+50'C and Ta = 50-85'C are derated at -5mW/'C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

T oDr Operating temperature range -40 +85 

I Vee = 2.0V 0 1000 

t r, tf Input risetime, fail time I Vee = 4.5V 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

Icc. Quiescent supply current 

Test conditions 

Vee(V) 

2.0 
Vo = O. lV, vee-O.lV 

4.5 
1101 = 20J.l.A 

6.0 

Vo = O. lV, Vee-O.lV 
2.0 

1101 = 20J.l.A 
4.5 

6.0 

10H = -20J.l.A 2.0 

10H = -20J.l.A 4.5 

VI = VIH, VIL 10H = -20J.l.A 6.0 

iOH = -4.0mA 4.5 

iOH = -5.2mA 6.0 

10L = 20J.l.A 2.0 

loi. = 20J.l.A 4.5 

VI = VIH, VIL IOL = 20J.l.A 6.0 

10L = 4.0mA 4.5 

10L = 5.2mA 6.0 

VI =6V 6.0 

VI=OV 6.0 

VI = Vee, GND, lo=OJ.l.A 6.0 

..•. MITSUBISHI 
1"& ELECTRIC 

Unit 

V 

V 

V 

'c 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

V 

-20 

20 
mA 

-20 

20 
mA 

±25 mA 
±50 mA 
500 mW 

-65-+150 'c 

Limits 

25'C -40-+B5'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1. 35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /-lA 
-0.1 -1.0 /-lA 

4.0 40.0 /-lA 
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MITSUBISHI HIGH SPEED CMOS 

M74~C193P/FP/DP 

PRESETTABLE 4-BIT BINARY UP/DOWN COUNTER WITH RESET 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Symbol Parameter Test conditions 
Min 

fmax Maximum clock frequency 20 

tTLH Low-level to high-level and high-level to low-level 

hHL output transition time 

tpLH Low-level to high-level and high-level to low-level 

t pHL output propagation time (CKu - CO) 

t pLH H'gh-h3vel to low-level output propaga\lon timo 

t pHL (CKo - BO) CL = lSpF (Note 4) 

t pLH Low-level to high-level and high-level to low-level 

tF>HL f'6~~: pcffoa~ag~~ t~1~ 02, 03) 

t pLH Low-level to high-level lind high-level to low-level 

t pHL output propagation time (LOAD.,... 00, 01, 02, 03) 

t pHL 
High-level to low-level output propagation time 

(Ro - 00, 01, 02, 03) 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

Symbol 

fmax 

tTLH 

tTHL 

t pLH 

t pHL 

t pLH 

t pHL 

tpLH 

t pHL 

t pLH 

t pHL 

t pHL 

C 1 

Cpo 

Note 3 

2-252 

limits 

Parameter Test conditions 2S'C 

Vcc<v) Min Typ Max 

2.0 3 

Maximum clock frequency 4.5 18 

6.0 20 

2.0 75 

Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

output transition time 4.5 15 

6.0 13 

2.0 140 

Low-level to high-level and 4.5 28 

high-level to low-level 6.0 24 

output propagation time 2.0 130 

(CKu-CO) 4.5 26 

6.0 22 

2.0 130 

Low-level to high-level and 4.5 26 

high-level to low~level 
CL = SOpF (Note 4) 

6.0 22 

output propagation time 2.0 130 

(CKo - BO) 4.5 26 

6.0 22 

2.0 215 

Low-level to high-level and 4.5 43 

high-level to low-level 6.0 37 

output propagation time 2.0 275 

(CKu, CKo - 00, 01, 02, 03) 4.5 55 

6.0 47 

2.0 230 

Low-level to high-level and 4.5 46 

high-level to low-level 6.0 39 

output propagation time 2.0 290 

(LOAD - 00, 01, 02, 03) 4.5 58 

6.0 49 

High-level to low-level 2.0 265 

output propagation time 4.5 53 

(Fi;; - 00, 01, 02, 03) 6.0 45 

Input capacitance 10 

Power dissipation capacitance (Note 3) 

CPO is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+lee • Vee 

, ',"" :MITSUBISHI 
"ELECTRIC 

Limits 

Typ 
Unit 

Max 

MHz 

10 ns 
10 ns 
26 ns 
24 ns 
24 ns 
24 ns 
40 ns 
52 ns 
42 ns 
55 ns 

47 ns 

-40-+8S'C ' Unit 

Min Max' 

2.5 

14 MHz 

16 

95 

19 ns 
16 

95 

19 ns 
16 

175 

35 ns 
30 

163 

33 ns 
28 

163 

33 ns 
28 

163 

33 ns 
28 

269 

54 ns 
46 

344 

69 ns 
59 

280 

58 ns 
49 

363 

73 ns 
61 

331 

66 ns 
56 

10 pF 
pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC193P/FP/DP 

PRESETTABLE 4-BIT BINARY UP/DOWN COUNTER WITH RESET 

TIMING REQUIREMENTS (Vcc = 2-6V, Ta= -40-+85°C) 

Symbol Parameter 

tW(CK) Clock pulse width 

tW(LOAO) LOAD pulse width 

tW(RO) Reset pulse width 

P setup time with 
tsu 

respect to LOAD 

P hold time with 
th 

respect to LOAD 

LOAD recovery time with 
treC(LoAO) 

respect to CK 

RD recovery time with 
treC(Ro) 

respect to CK 

Note 4 Test Circuit 

INPUT Vce 

PG t----+---i DUT 

50n 

Limits 

Test conditions 25"(; -40-+S5"(; 

vcdv) Min Typ Max Min Max 

2.0 110 138 

OUTPUT 

4.5 22 
6.0 19 
2.0 100 
4.5 20 
6.0 17 
2.0 130 
4.5 26 
6.0 22 
2.0 100 
4.5 20 
6.0 17 
2.0 0 
4.5 0 
6.0 0 
2.0 

4.5 
6.0 
2.0 10 
4.5 10 
6.0 10 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

'. . MITSUB. ISHI 
"'EL~CTRIC 

28 
24 

125 
25 
21 

163 
33 
28 

125 
25 
22 
0 
0 
0 

10 
10 
10 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HC193P/FP/DP 

PRESETTABLE4·BI:T BINARY UP/DOWN COUNTER WITH RESET 

TIMING DIAGRAM 

tw(eK) 

Vee Vee 

CK Ro 50% 

GND '-----GND 

YOH 

CO. BO Q 

VOL '-------- VOL 

VOH 

Q -------Vee 

VOL LOAD 50% 

GND 
VOH tsu 

Q ._----Vec 

VOL P 50% 

'-----GND 

treC(LOAO) 

----vee Vee 

LOAD 
CK 

GND GND 

,.------- VOH 
Vee 

Ro 
Q 

'--------GND 

_---Vee 

CK 50% 
Q 

GND 
'-------- VOL 

APPLICATION EXAMPLE 
CONFIGURATION OF AN ASYNCHRONOUS 
2n COUNTER OUTPUTS 

2--254 

COUNT UP 

COUNT DOWN 

~~ ______________________ A~ __________ ~ __ ~ ____ ~~ 

/2 0 21 22 2 3 24 2 5 2 6 27 2 8 2 9 2 10 2 ,,' 

~ 
PROGRAM 

RESET~~--~+---------------~~~--------------~~--------------~ 

LOAD ~------+-----------------~~----------------~~--------

:, .•• ",,,I"$UBISHI 
IwELECTRIC' 

TO THE 
NEXT 
STAGE 



MITSUBISHI· HIGH SPEED CMOS 

M74HC194P/FP/DP 

4·BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 

DESCRIPTION 
The M74HC194 is a semiconductor integrated circuit con
sisting of a 4-bit bidirectional serial/parallel-input serial/pa
rallel-output shift register with direct reset input. 

FEATURES 
• High-speed: SOMHz clock frequency typo 

(CL=1SpF, Vee=SV) 
• Low power dissipation: 20.uW/package, max 

(Vee=SV, T a=2SoC, quiescent state) 
• High noise margin: 30% of Vee, min (Vee=4.5, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+8SoC 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC194 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS194. 
This device is usable as a serial input-serial/parallel output 
and parallel input-serial/parallel output shift register will the 
mode select inputs SO and S1. 
When SO is maintained high and S1 is low, serial data sup
plied at serial data input SA will be shifted sequentially to 
outputs QA through Qo in synchronous with the clock pulse 
applied at clock input CK. When SO is maintained low and 
S1 is high, serial data supplied at serial data input So will 
be shifted sequentially to outputs Q o through QA in syn
chronous with the clock pulse applied at CK. 
When SO and S1 are both maintained high, parallel data 
supplied at inputs A through D are simultaneously shifted to 
Q A through Q o by a single clock pulse. When SO and S1 are 
both maintained low, none of the flip flops will change 
state, even if clock pulse is applied at CK. 
Left-shift, right-shift and parallel data reading operation 
take place when the clock pulse changes from low to high. 
When the direct reset input Ro is low, QA through Qo will 
become low, irrepsective of other inputs. 

PIN CONFIGURATION (TOP VIEW) 

DIRECT RESET 
INPUT 

SERIAL DATA 
INPUT 

PARALLEL DATA 
INPUTS 

Flo-

SA-

A-

8-

C-

D-

Vcc 

SERIAUPARALLEL 
DATA OUTPUTS 

CLOCK INPUT 

SERIAL DATA So-INPUT 

GND 

10 +- S.1 } MODE SELECT 
INPUTS 

+-SO 

16P4 
Outline 16P2N 

16P2P 

FUNCTION TABLE (Note 1) 

Operating Inputs 

mode RD SO S1 CK SA So A-D 

Reset L X X X X X X 

H H L t L X X 
Right shift 

H H L t H X X 

Left-shift 
H L H t X L X 

H L H t X H X 

Parallel read H H H t X X A-.D 

Clock inhibit H L L X X X X 

Note 1 Change from low to high 
X Irrelevant 

Outputs 

Q A Q B Qc 
L L L 
L QAO QBO 

H QAO QBO 

QBO Q c o QDO 

QBO Q c o QDO 

A B C 
QAO QBO Q c o 

QO Output state of Q before clock input changed 

Q D 

L 
Q co 

Q c o 

L 

H 

D 

QDO 

'MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC194P/FP/DP 

4·BITBIDIRECTIONAL UNIVERSAL SHIFT REGISTER 

LOGIC DIAGRAM 

SA 

SERIAL DATA 
INPUT 

SERIAL/PARALLEL DATA OUTPUTS 

PARALLEL DATA INPUTS 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vee 

Vo < OV 
10K Output paraSitic diode current 

Vo> Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC194FP, Ta = -40-+70·C and Ta= 70-85·C are derated at -6mW/"C. 
M7 4HC194DP. T a = -40-+50·C and T a = 50-85·C are derated at -5mW /"C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85·C) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 2 6 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Topr Operating temperature range -40 +85 ·C 

I Vce=2.0V 0 1000 

t r• tf Input risetime, falltime l Vcc=4.5V 0 500 ns 

I Vec=6.0V 0 400 

2-256 •••• < MITSUBISHI 
~ELECTRIC« 

S1 
~ 

So 

SERIAL 
DATA 
INPUT 

MODE CLOCK DIRECT 
SELECT INPUT RESET 
INPUTS INPUT 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±25 mA 
±50 mA 
500 mW 

-65-+150 ·C 



MITSUBISHI HIGH SPEED CMOS 

M74HC194P/FP/DP 

4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

Vee(V) Min 

Vo = O. lV, Vee-O. lV 
2.0 1.5 

V IH High-level input voltage 
1101 =20J1.A 

4.5 3.15 

6.0 4.2 

2.0 

V IL Low-level input voltage 
Vo = O. lV, Vee-0.1V 

4.5 
1101 =20J1.A 

6.0 

10H = -20J1.A 2.0 1.9 

10H = -20J1.A 4.5 4.4 

V OH High-level output voltage VI = VIH, Vil 10H = -20J1.A 6.0 5.9 

10H = -4.0mA 4.5 4.18 

10H= -S.2mA 6.0 5.68 

10l = 20p.A 2.0 

10l = 20J1.A 4.5 

VOL Low-level output voltage VI = VIH, Vil 10l = 20J1.A 6.0 

10l= 4.0mA 4.5 

10l = S.2mA 6.0 

IIH High-level input current VI =6V 6.0 

IlL Low-level input current VI=OV 6.0 

Icc Quiescent supply current VI = Vee, GND, 10= OJ1.A 6.0 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

Symbol Parameter Test conditions 

fmax 
tTLH 

hHL 

t pLH 

t pHL 

t pHL 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 
Cl .= lSpF (Note4) 

Low-level to high-level and high-level to low-level 

output propagation time (CK - Q) 

High·level to low-level output propagation time (RD - 0) 

• . MITSUBISHI 
;"ELECTRIC 

limits 

2S'C -40-+BS'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /-lA 

-0.1 -1.0 /-lA 

4.0 40.0 /-lA 

Limits 
Unit 

Min Typ Max 

35 MHz 

10 ns 

10 ns 

24 ns 

24 ns 

25 ns 
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J; MITSUBISHI HIGH SPEED CMOS 

M74HC194P/FP/DP 

4.BIT BIDIRECTIONAL UN,IVERSAL SHIFT REGISTER 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, T a = -40-+S5'C) 

Limits 

Symbol Parameter Test conditions 25"C 

VcdV) Min Typ Max 

2.0 6 
f max Maximum clock frequency 4.5 30 

6.0 35 
2.0 75 

tTLH L.o-,,·.-Iaval to high-level and 4.5 15 
6.0 13 

high-level to low-level 
2.0 75 

tTHL output transition time 4.5 15 

CL = 50pF (Note4) 
6.0 13 
2.0 145 

t pLH Low-level to high-level and 4.5 29 
high-level to low-level 6.0 25 
output propagation time 2.0 145 

t pHL (CK-Q) I 4.5 29 
6.0 25 

High-Ie~el to low-level 2.0 150 
t pHL output propagation time 4.5 30 

(~-Q) 6.0 26 
C 1 Input capacitance 10 
Cpo Power dissipation capacitance (Note 3) 127 

Note 3 Cpo Is the internal capacitance of the IC calculated from operation supply current under no-load conditions, 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' VCC

2 
• fl+lcc • Vcc 

TIMING REQUIREMENTS (Vcc = 2-6V, Ta = -40-+85'C) 

Symbol Parameter 

tw CK, Ro Clock pulse width 

tsu 
A, B, C, 0 set,up time with 

respect to CK 

tsu 
SO, S1, setup time with 

respect to CK 

tsu 
SA, So setup time with 

respect to CK 

th 
A, e, C, 0 hold time with 

respect to CK 

th 
SO, S1 hold time with 

respect to CK 

th 
SA, So hold time with 

respect to CK 

Ro recovery time with 
t rec ' 

respect to CK 

2-258 

Test conditions 

VCC(V) 

2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 

",: MITSUBISHI. 
'-ELECTRIC 

Limits 

25"C 

Min Typ Max 

80 
16 
14 

100 
20 
17 

100 
20 
17 

100 
20 
17 

0 
0 
0 

0 
0 
0 
0 
0 
0 
5 
5 
5 

-40-+85"C Unit 

Min Max 

5 
24 MHz 
28 

95 
19 ns 

16 
95 
19 ns 

16 
183 
37 ns 

31 
183 
37 ns 

31 
189 
38 ns 

32 
10 pF 

pF 

-40-+85"C Unit 

Min Max 

101 
20 ns 

17 
126 
25 ns 

21 
126 
25 ns 

21 
126 
25 ns 

21 

0 
0 ns 

0 
0 
0 ns 

0 
0 
0 ns 

0 
5 
5 ns 

5 



Note 4 Test Circuit 

INPUT Vce 

PG 1--+---1 DUT 

500 
GND 

TIMING DIAGRAM 

tw 

CK 

tpLH 

90% 
Q 50% 

10% 

tTLH 

A-D, SO, 
51, SA, So 

tsu th 

CK 

MITSUBISHI HIGH SPEED CMOS 

M74HC194P/FP/DP 

4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 

OUTPUT 

50% 

Vce 

GND 
tpHL 

VOH 

VOL 

Vce 

GND 

Vce 

GND 

(1)The pulse generator (PG) has the following 
. characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

tw 

Ro 

CK 50% 

tpHL 

Q 

. 'MITSUBISHI 
.... ELECTRIC 

Vee 

GND 

Vcc 

GND 

VOH 

VOL 
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DESCRIPTION 
The M74HC195 is a semiconductor integrated circuit con
sisting of a 4-bit serial/parallel-input serial/parallel-output 
shift register with direct reset input. 

FEATURES 
• High-speed: 50MHz clock frequency typo 

(CL =15pF, Vee=5V) 

• Low power dissipation: 20,uVvipackage, max 
(Vee=5V, T a=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vec=4.5, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: Ta=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC195 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS195. 
This device is usable as a serial input- serial/parallel out
put and parallel input- serial/parallel output shift register 
with the serial shift/parallel load input SIP. When SIP is 
maintained high, serial data supplied at serial data inputs J 
and K will be shifted sequentially to serial/parallel outputs 
Q A through Qo in synchronous with the clock pulse sup
plied at clock input CK. The first stage flip flop at J and K 
functions as a J-K flip flop. When serial data is supplied 
from one line, J and K are connected and function as a se
rial input pin. When SIP is maintained low, parallel data 
supplied at parallel data inputs A through D will be output 
at Q A through Q o by a single clock pules applied at CK. 
The shift or parallel reading operation take ,place when CK 
changes from low to high. 
The last-stage flip flop has complementary outputs Q o and 

aD. 
When direct reset input Ro is low, Q A through Q o will be
come low and aD will become high, irrespective of other 
inputs. 

MITSUBISHI HIGH SPEED CMOS 

M74HC195P/FP/DP 

4·BIT UNIVERSAL SHIFT REGISTER 

PIN CONFIGURATION (TOP VIEW) 

SERIAL DATA 

1 

J-

INPUTS K-

PARALLEL DATA 
INPUTS 

A-

B-

C-

Vcc 

D- CLOCK INPUT 

SERIAL 
GND - SIP SHIFT/PARALLEL 

LOAD INPUT 

16P4 
Outline 16P2N 

16P2P 

FUNCTION TABLE (Note' 1) 

Operating Inputs Outputs 

mode CK RD SIP J K A-D QA QB Qc 
Reset X L X X X X L L L 

t H H H H X H QAO QBO 

Right shift 
t H H L L X L QAO QBO 

t H H H L X ~ QAO QBO 

t H H L H X QAO QAO QBO 

Parallel read t H L X X A-D A B C 

Note 1 Change frome low to high 
X Irrelevant 
QO Output state of Q before clock input changed 
CO Output state of Q before clock input changed 

QD 

L 
Qco 

Q co 

Qco 

Qco 

D 

QD 
H 

~ 
~ 
~ 
~ 

0 
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MITSUBISHI HIGH SPEED CMOS 

M74HC19SP/FP/DP 

4·BIT UNIVERSAL SHIFT REGISTER 

LOGIC DIAGRAM 
SERIAL/PARALLEL DATA OUTPUTS r-______________________ ~A~ ____________________________ ~ 

Vee ,-. -
I 

I 
I 

I 
I 

·---1 
I 

I 
I 

I 

I 
I 

I 

I 
o 

I 

I 
I 

I 

I 
I 

I 
I 
I 

I 

I 
I 

3 - 4 - 10 

K A SIP CK RD GND 
~ ~--------------------~r_------------------------~ SERIAL CLOCK DIRECT 

SHIFT/PARALLEL INPUT RESET SERIAL DATA INPUTS PARALLEL DATA INPUTS 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+8S'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI< OV 
11K Input protection diode current 

VI> Vee 

Vo<OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note. 2 : M74HC195FP, Ta = -40-+70'C and Ta = 70-8S'C are derated at -6mW/"C. 
M74HC195DP, Ta = -40-+S0'C and Ta = SO-8S'C are derated at -SmW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+8S'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Operating temperature range 

Vee = 2.0V 

t r• tf Input risetime, falltime Vcc=4.5V 

Vee = 6.0V 

limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 
-40 +85 

0 1000 

0 500 

0 400 

• MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

·c 

ns 

LOAD INPUT JNPUT 

Ratings 

-0.5-+7.0 

-0. 5-Vee+0. 5 

-0. 5-Vee+0. 5 

-20 

20 

-20 

20 

±25 

±50 

500 

-65-+150 

Unit 

V 

V 

V 

mA 

mA 

mA 
mA 
mW 
·c 
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MITSUBISHI HIGH SPEED CMOS 

M74HC19SP/FP/DP 

4-BIT UNIVERSAL SHIFT REGISTER 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vcdv) Min 

2.0 1.5 
V IH High-level input voltage 

Vo=O.1V, Vee-O.1V 
4.5 3.15 

1101 =20J.jA 
6.0 4.2 
2.0 

V IL Low-ievei input voitage 
Vo = O. lV, Vcc-O. lV 

4.5 
1101 = 20J.jA 

6.0 
10H = -20J.jA 2.0 1.9 
10H = -20J.jA 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL IOH = -20J.jA 6.0 5.9 
10H = -4.0mA 4.5 4.18 
10H= -S.2mA 6.0 5.68 
10L = 20J.jA 2.0 
10L= 20J.jA 4.5 

VOL Low-level output voltage VI = VIH, VIL 10L = 20J.jA 6.0 
10L= 4.0mA 4.5 
10(;= S.2mA 6.0 

IIH High-level input current VI=6V 6.0 

IlL Low-level Input current V1=OV 6.0 

Icc Quiescent supply current VI = Vcc, GND, 10=OJ.jA 6.0 

SWITCHING CHARACTERISTICS (Vcc=SV, Ta =25'C) 

Symbol Parameter Test conditions 

fmax 
tTLH 

tTHL 

t pLH 

t pHL 

tpLH 

t pHL 

t pHL 

t pHL 

2'-262 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (CK - Q) CL = 1SpF (Note 4) 

Low-level to high-level and high-level to low-level 

output propagation time (CK - 00) 
High-level to low-level output propagation time (Ro - Q) 

High-level to low-level output propagation time (Ro - Qo) 

.• ,- MI.'fSU. BISH .. I 

.... ELECTRIC, 

Limits 
, 

2S'C -40-+8S'C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1.35 1.35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 
O~ 1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 

0.1 1.0 I-/A 
-0.1 -1.0 I-/A 

4.0 40.0 I-/A 

Limits 
Unit 

Min Typ Max' 

35 MHz 

10 ns 
10 ns 
24 ns 
24 ns 
24 ns 
24 ns 
25 ns 
25 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC195P/FP/DP 

4·BIT UNIVERSAL SHIFT REGISTER 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, T a = -40-+S5"C) 

Limits 

Symbol Parameter Test conditions 25"C 

vcc(v) Min Typ Max 

2.0 6 
fmax Maximum clock frequency 4.5 30 

6.0 35 
2.0 75 

tTLH Low-level to high-level and 4.5 15 
6.0 13 

high-level to low-level 
2.0 75 

tTHL output transition time 4.5 15 
6.0 13 
2.0 145 

t pLH Low-level to high-level and 4.5 29 
high-level to low-level 6.0 25 
output propagation time 2.0 145 

t pHL (CK-Q) CL = 50pF (Note 4) 4.5 29 
6.0 25 
2.0 145 

t pLH Low-level to high-level and 4.5 29 
high-level to low-level 6.0 25 
output propagation time 2.0 145 

t pHL (CK- 00) 4.5 29 
6.0 25 

High-level to low-level 2.0 150 
t pHL output propagation time 4.5 30 

(R;;-Q) 6.0 26 
High-level to low-level 2.0 150 

t pHL output propagation time 4.5 30 
(R;;- 00) 6.0 26 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 152 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· VCC

2 
• fl+lcc • Vcc 

Note 4 Test Circuit 

INPUT 

PG r--+-----I 

500 

Vcc 

OUT 

GNO 

OUTPUT 

(1)The pulse generator (PG) has the fOllowing 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

'.. MITSUBISHI 
.... ELECTRIC 

-40-+S5"C Unit 

Min Max 

5 
24 MHz 

28 
95 
19 ns 
16 
95 
19 ns 
16 

183 
37 ns 
31 

183 
37 ns 
31 

183 
37 ns 
31 

183 
37 ns 
31 

189 
38 ns 
32 

189 
38 ns 
32 
10 pF 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HC195P/FP/DP 

4-BIT UNIVERSAL SHIFT REGIS.TER 

TIMING REQU,IREMENTS (Vee = 2-6V. Ta = -40-+85"C) 

Symbol Parameter 

-
tw CK. RD clock pulse width 

tsu 
A. B. C. D setup time with 

respect to CK 

J. K setup time with 
tsu 

respect to CK 

tsu 
SIP setup time with 

respect to CK 

th 
A. B. C. D hold time with 

respect to CK 

J. K hold time with 
th 

respect to CK 

SIP hold time with 
th 

respect to CK 

Ro recovery time with 
tree 

respect to CK 

TIMING DIAGRAM 

tw 

CK 

tpLH 

90% 
Q OR Q 50% 

10% 

hLH 

A-D, J, K, SIP 

CK 

2.:....264 

tsu 

Test conditions 

th 

VcC<V) 

2.0 

4.5 

6.0 

2.0 

4.5 
6.0 
2.0 

4.5 

6.0 
2.0 

4.5 

6.0 
2.0 

4.5 
6.0 

2.0 

4.5 

6.0 
2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

Vee 

GND 
tpHL 

VOH 

VOL 

Vee 

GND 

Vee 

GND 

. • . MITSUBISHI 
"'ELECTRIC 

. Limits 

25"C -40-+8S"C Unit 

Min Typ Max Min Max 

80 1m 

1'6 20 ns 

14 17 

100 126 

20 25 ns 

17 21 
100 126 

20 25 ns 

17 21 

100 126 

20 25 ns 

17 21 
0 0 

0 0 ns 

0 0 

0 0 
I 

0 0 ns 

0 0 
0 0 

0 0 ns 

0 0 

5 5 

5 5 ns 

5 5 

tw 

Vee 

Ro 
GND 

tree 

Vee 

CK 

GND 
tpHL 

VOH 

Q 50% 

VOL 
tpLH 

VOH 
Q 

VOL 



DESCRIPTION 
The M74HC221 is a semiconductor integrated circuit con
sisting of two monostable multivibrators with direct reset 
inputs. 

FEATURES 
• Direct reset input can interrupt output pulses. 
• High-speed: 28ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC221 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performanqe equivalent to the 
74LS221. 

When external resistor Rx and electrostatic capacitor Cx 
are connected to timing terminals Rx/Cx and Cx as_shown 
in Fig. 1, and trigger pulses are applied at input A or B, 
positive pulses will appear at Q and negative pulses, at Q. 

(Fig.2- (a)) The pulse width twa is set by Rx and Cx. The 
trigger is applied when A changes from high-level to low
level or when B changes from low-Ieve.! to high-level. 

- -- -----------.~~~~. 

MITSUBISHI HIGH SPEED CMOS 

M74HC221P/FP/DP 

DUAL MONOSTABLE MULTIVIBRATOR 

PIN CONFIGURATION (TOP VIEW) 

TRIGGER j 
INPUTS 

61 --+ 

DIRECT RESET 
~1-+ INPUT 

OUTPUTSj 
01-

Q2-

TIMING 
TERMINALS j 

Cx2-+ 

Rx/Cx2 -+ 

GND 

Vee 

TIMING -RX/Cx1! 
- C

x 
1 TERMINALS 

16P4 
Outline 16P2N 

16P2P 

! OUTPUTS 

DIRECT RESET 
INPUT 

! TRIGGER 
INPUTS 

When direct reset input Ro is low, Q will be reset low and 
Q will be reset high, irrespective of the output state, allow
ing output pulses to be narrower by Ro. (Fig.2- (b) ). When 
Ro changes from low-level to high-level while A is low and 
B is high, the trigger is applied and Q and Q change state. 

LOGIC DIAGRAM (EACH MONOSTABLE MUL TIVIBRATOR) Vee 

{ 

Rx/Cx 

TIMING TERMINALS 
Cxo----<~--~I~~-

TRIGGER INPUTS 

{

A 

6 o---l~-a >-----H 

DIRECT RESET INPUT RD 

• . MITSUBISHI 
.... ELECTRIC 

~----o : } OUTPUTS 
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FUNCTION TAI;:ILE (Note 1) 

Inputs Outputs 

RD A B Q Q 

L X X L H 

X H X L H 

X X L L H 

H L t n If 
H + H n U 

n 1 r t I u 
J L U 

Note ( : Change from low to high level 
+ : Change from high to low level 
n : Positive one-shot operation 
If : Negative one-shot operation 
X : Irrelevant 

OPERATION 
1. How to use the timing terminals 
Resistor Rx and capacitor Cx are connected to timing ter
minals Rx/Cx and Cx, as shown in Fig. 1. If Cx is polar, the 
positive lead should be connected to the Rx/Cx side, and 
the negative lead to the Cx side. A diode is connected to 
prevent latchup. 

Vee 
o 

Rx/Cx 

Flg.l Connection of external resistor Rx and 

capacitor Cx to timing terminals Rx/Cx and Cx 

2. Output pulse width tWQ 
The output pulse width twa is determined as follows: 
when Cx>100000pF, Rx~10kO 
twa=0.46Cx • Rx (ns) 
Cx is given in pF, and Rx in kO. 

3. Output pulse width control 
The output pulse width is controlled in the following two 
ways. 
3-1 Normal use 
Fig.2- (a) is the directions as ordinary monostable multivib
rator operation and the output pulse width twa can be set 
by using the formula and figure shown in section 2 above. 
3-2 Shortening of the output pulse width with Ro Signal 
As shown in Fig.2- (b) • the output pulse which has been 
generated by the trigger'signal ~an be terminated with the 
Ro signal and it is possible to shorten its width as required . 

MITSUBISHI HIGH SPEED CMOS 

M74HC221P/FP/DP; 

DUAL MONOSTABLE MULTIVIBRATOR. 

B n------------
Q --1~~~------tw-o----~a~I __________ ___ 

(a) Normal use 

B n~ __________________ ___ 
RD U 

----, 
Q I -- Decrease with 

Ro pulse 

two 
(b) Output pulse width shortened by the input signal ifo 

Flg.2 Output pulse width control 

4. Precautions for use 
4-1 The lead lengths of external resistor Rx and capaci
tor Cx should be as short as possible (less than 3cm) to 
minimize stray wiring capacitance and to prevent misopera
tion due to noise. Care should also be taken to isolate this 
circuit from noise sources as far as possible. 
4 - 2 Insert a capacitor of 0.01 ,.,. 0.1 J.l F with good high

frequency characteristics between Vee and GND .. 
4 - 3 Output pulses may be generated when power is 
switched oli. 
4 - 4 Capacitor discharge when the power is turned off 
may cause thermal breakdown or latchup, so a diode 
should be connected as shown in Fig. 1. 

2-266 . ,. . MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC237P/FP/DP 

1·0F·8 DECODER/DEMULTIPLEXER WITH ADDRESS LATCH 

DESCRIPTION 
The M74HC237 is a semiconductor integrated circuit con
sisting of a 3-bit binary to 8-line decoder/demultiplexer 
with address latch. 

FEATURES 
• Built-in address latch 
• High-speed: 18ns typo (CL = 15pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee= 2-6V 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC237 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS237. 
The M74HC237 consists of a 3-bit binary to 8-line decoder/ 
demultiplexer with an address latch to store the signals of 
inputs AO through A2. When latch-enable input LE is low, a 
3-bit binary code, applied to inputs AO through A2, goes 
through the latch and becomes the decoder input signal. In 
this case, the output YO through Y7 corresponding to this 
value will become high and other outputs will all become 

PIN CONFIGURATION (TOP VIEW) 

INPUTS 

LATCH 
ENABLE INPUT 

CHIP SELECT I 
INPUTS 

OUTPUT 

AO ...... 

A1 ...... 

A2 ...... 

LE ...... 

CS2 ...... 

CS1 ...... 

16P4 
Outline 16P2N 

16P2P 

Vee 

OUTPUTS 

low. When LE is high, the AO through A2 signals existing im
mediately prior to the high-level setting will be stored in 
the latch. In this case, those stored contents will not change 
even if AO through A2 are changed. 
In this case, chip select inputs CS1 and CS2 should be 
maintained at high and low, respectively. When CS1 and 
CS2 are in conditions other than those given above, all out
puts will become low. 
When operated as a 1-of-8 demultiplexer, CS1 or CS2 is 
us.ed as a data input and AO through A2 are used as the 
selecting inputs. 

LOGIC DIAGRAM Vee 
I---------------~-

INPUTS 

LATCH 
ENABLE INPUT 

CHIP SELECT I 
INPUTS 

I h.l..=\ ~ 
I 

I 
CS2 5 I 

----------------®--~ 

., .. MITSUBISHI 
"ELECTRIC 

GND 

OUTPUTS 

Y5 
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MITSUBISHI HIGH SPEED CMOS 

M74HC237P/FP/DP 

I-OF -8· DECODERI~EMUL T,IPLEX,ER WITH ADDRESS LATCH 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

LE CS1 CS2 A2 A1 AO YO Y1 Y2 Y3 Y4 

X X H X X X L L L L L 

X L X X X X L L L L L 

L H L L L L H L L L L 

L H L L L H L H L L L 

L H L L H L L L H L L 

L H L L H H L L L H L 
L H L H L L L L L L H 

L H L H L H L L L L L 

L H L H H L L L L L L 

L H L H H H L L L L L 

H H L X X X YOO Y1° Y2° Y3° Y4° 

Note 1 x: Irrelevant 
yO : Output state Y before LE changed to high 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+SSt. unless otherwise noted) 

Symbol Parameter Con,dllions 

Vee Supply voltage 

VI Input voltage 

Va Output voltage 

VI <OV 
11K Input protection diode current 

VI> Vee 

Vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

lee Supply/GND current Vee. GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC237FP. Ta = -40-+70t and Ta = 70-SSt are derated at -SmW/t. 
M74HC237DP. T a = -40-+S0'C and T a = 50-SSt are derated at -SmW It. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+SS'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Va Output voltage 

Topr Operating temperature range 

I Vee = 2.0V 

t r• tf Input rlsellme. falltime I Vee=4.5V 

J Vee = 6.0V 

2-268 

Limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 

-40 +85 

0 1000 

0 500 

0 400 

',', MllSUB""IS" ,H,,' .... ,ELECTR~" 

Unit 

V 

V 

V 

'C 

ns 

YS Y6 Y7 

L L L 

L L L 

L L L 

L L L 

L L L 

L L L 

L L L 

H L L 

L H L 

L L H 
YSO Y6° Y7° 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+O. 5 V 

-20 
mA 

20 

-20 

20 
rnA 

±25 mA 

±50 mA 

500 mW 

-65-+150 'c 



MITSUBISHI HIGH SPEED CMOS 

M74HC237P/FP/DP 

I-OF-8 DECODER/DEMULTIPLEXER WITH ADDRESS LATCH 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vcctV) Min 

Vo = O.lV, Vee-O.lV 
2.0 1.5 

V IH High-level Input voltage 
1101 =20f.jA 

4.5 3.15 

6.0 4.2 

Vo = O. lV, Vee-O. lV 
2.0 

V IL Low-level Input voltage 
1101 =20f.jA 

4.5 

6.0 

10H = -20f.jA 2.0 1.9 

10H = -20f.jA 4.5 4.4 

V OH High-level output voltage VI = VIH, Vil 10H = -20f.jA 6.0 5.9 

10H= -4.0mA 4.5 4.18 

10H = -S.2mA 6.0 5.68 

10l = 20f.jA 2.0 

10l = 20f.jA 4.5 

VOL Low-level output voltage VI = VIH, Vil 10l = 20f.jA 6.0 

10l = 4.0mA 4.5 

10l = S.2mA 6.0 

IIH High-level Input current VI =6V 6.0 

IlL Low-level input current VI=OV 6.0 

Icc Quiescent supply current VI = Vee, GND, 10=Of.jA 6.0 

SWITCHING CHARACTERISTICS (Vee = SV, T a = 2S'C) 

Symbol Parameter Test conditions 

tTLH 

hHL 

tpLH 

tpHL 

tpLH 

t pHL 

t pLH 

t pHL 

t pLH 

t pHL 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (A - y) 

Low-level to high-level and high-level to low-level 

output propagation time (CS2 - y) 

Low-level to high-level and high-level to low-level 

output propagation time (CS1 - y) 

Low-level to high-level and high-level to low-level 

output propagation time (LE - y) 

Cl = lSpF (Note 4) I 

• MITSUBISHI 
.... ELECTRIC 

limits 

2S'C -40-+8S'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 J.l.A 
-0.1 -1.0 J.l.A 

4.0 40.0 J.l.A 

Limits 
Unit 

Min Typ Max 

10 ns 
10 ns 
41 ns 
32 ns 
35 ns 
25 ns 
35 ns 
27 ns 
44 ns 
33 ns 
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· f MITSUBISHI HIGH SPEED CMOS 

M74HC237P/FP/DP 

1-0F~8DECQDERIDEMULTIPLEXER WITH ADDRESS LATCH 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, T a = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 2S'C 

vcdv) Min Typ Max 

2.0 75 

tTLH Low-level to high-level and 4.5 15 -
6.0 13 

high-level to low-level 
2.0 75 

tTHL output transition time 4.5 15 

6.0 13 

2.0 235 

t pLH Low-level to high-level and 4.5 47 

high-level to low-level 6.0 40 

output propagation time 2.0 185 

t pHL (A-Y) 4.5 37 

6.0 31 

2.0 200 

t pLH Low-level to high-level and 4.5 40 

high-level to low-level 
CL = SOpF (Note 4) 

6.0 34 

output propagation time 2.0 145 

t pHL (CS2-Y) 4.5 29 

6.0 25 

2.0 200 

t pLH Low-level to high-level and 4.5 40 

high-level to low-level 6.0 34 

output propagation time 2.0 160 

t pHL (CS1-Y) 4.5 32 

6.0 27 

2.0 250 

t pLH Low-level to high-level and 4.5 50 

high-level to low-level 6.0 43 

, output propagation time 2.0 190 

t pHL (LE-Y) 4.5 38 

6.0 32 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 105 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions, 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' VCC

2 
• fl+lcc • Vee 

TIMING 

Synibol 

tw 

tsu 

th 

2-270 

REQUIREMENTS (Vcc = 2-6V, T a = -40-+85'C) 

Parameter 

Latch enable pulse width 

A setup time with 

respect to LE 

A hold time with 

respect to LE 

Test conditions 

vcdv) 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

," MITS,lIBISHI 
~.ELECTRI~ 

Limits 

2S'C 

Min Typ Max 

80 

16 

14 

100 

20 

17 

50 

10 

9 

-40-+8S'C Unit 

Min Max 

95 

19 ns 

16 

95 

19 ns 

16 

296 

59 ns 

50 

233 

47 ns 

40 

252 

50 ns 

43 

183 

37 ns 

31 

252 

50 ns 

43 

202 

40 ns 

34 

315 

63 ns 

54 

239 

48 ns 

41 

10 pF 

pF 

-40-+8S'C Unit 

Min Max 

101 

20 ns 

17 

126 

25 ns 

21 

63 

13 ns 

11 



MITSUBISHI HIGH SPEED CMOS 

M74HC237P/FP/DP 

1-0F -8 DECODER/ DEMULTIPLEXER WITH ADDRESS LATCH 

Note 4 : Test Circuit 

INPUT vee 

PG t---+---I OUT 

50n 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL 'includes stray wiring 
capacitance and the probe input capacitance. 

TIMING DIAGRAM 

A 

y 

Y 

hLH 

tw 

LE 

y 

-------_ •.. _------

OUTPUT 
A 

A 

LE 

Vce 

CS1 

GND 

VOH 

y 

VOL 

VOH 

VOL 

tTHL CS2 

Y 

•.. MITSUBISHI 
""ELECTRIC 

_---vee 

50% 

GNO 

vee 

50% 

"----GNO 

,._------Vee 

50% 

GNO 

Vee 

GNO 

VOH 

VOL 

Vee 

GND 

VOH 

VOL 

Vee 

GND 

VOH 

VOL 
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DESCRIPTION 
The M74HC238 is a semiconductor integrated circuit con
sisting of a 3-bit binary-to-octal decoder/demultiplexer with 
chip select inputs. 

FEATURES 
• Three chip select inputs 
• Expandable to 24 outputs without external components 
• High-speed: 18ns typo (CL=15pF, Vce=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=SV, T a=2SoC, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.SV, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+8SoC 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC238 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS238. 
When operated as a decoder, a 3-bit binary code are ap
plied to inputs AO, A 1 and A2, one of outputs YO through Y7 
corresponding to this value will become high and the other 
outputs will all become low. 
In this case, chip select input CS1 should be maintained at 
high while CS2 and CS3 should be maintained at low. 
When CS1, CS2 and CS3 are in conditions other than those 
given above, all outputs will become low irrespective of AO 
through A2. 
When operated as a 1-of-8 demultiplexer, CS1, CS2 or CS3 
is used as data input and AO through A2 input are used as 
selecting input 

FUNCTION TABLE (Note 1) 

Inputs 

CS1 CSX A2 

X H X 

L X X 

H L L 

H L L 

H L L 

H L L 

H L H 

H L H 

H L H 

H L H 

Note 1 CSX = CS2 + CS3 
X : Irrelevant 

A1 

X 

X 

L 

L 

H 

H 

L 

L 

H 

H 

AO YO 

X L 

X L 

L H 

H L 

L L 

H L 

L L 

H L 

L L 

H L 

Y1 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

MITsUBlsHI HIGH SPEED CMOS 

M74HC238P/FP/DP 

, 1 .. ,O'F.;8 DECODER/DEMUL TIPLEXER 

PIN CONFIGURATION (TOP VIEW) 

INPUTS 

CHIP SELECT 
INPUTS 

OUTPUTS 

Y2 

L 

L 

L 

L 

H 

L 

L 

L 

L 

L 

AO --+ 

A1 --+ 

A2 --+ 

CS2-+ 

CS3 --+ 

CS1-+ 

Y7 +-

GND 

16P4 
Outline 16P2N 

-16P2P 

Outputs 

Y3 Y4 Y5 

L L L 

L L L 

L L L 

L L L 

L L L 

H L L 

L H L 

L L H 

L L ,L 

L I.:. L 

OUTPUTS 

Y6 Y7 

L L 

L L 

L L 

L L 

L L 

L L 

L L 

L L 

H L 

L H 
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MITSUBISHI HIGH SPEED CMOS 

M74HC240P/FP/DWP 

OCTAL 3-STATE INVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

DESCRIPTION 
The M74HC240 is a semiconductor integrated circuit con
sisting of two blocks of 3-state non-inverting buffers each 
with four independent circuits that share a common enable 
input. 

FEATURES 
• High-fanout 3-state output: (loL =6mA, IOH=-6mA) 
• High-speed: 10ns typo (Cl =50pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5, 6V) 
• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a= -40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC240 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS240. 
The M74HC240 consists of two independent blocks with 
each block containing four buffers. 
When enable input E is low and input A (or B) is low then 
output Y will become high. However, if A (or B) is high then 
Y will become low. 
When E is high then all outputs within the block will be
come high-impedance state, irrespective of A (or B). 
All eight buffer circuits can be controlled simultaneously by 
connecting EA and EB of the two blocks. 

FUNCTION TABLE (Note 1) 

Inputs 

A. B EA. EB 
L L 

H L 

X H 

Note 1 Z: High impedance 
X : Irrelevant 

Output 

YA. YB 

H 

L 

Z 

PIN CONFIGURATION (TOP VIEW) 

ENABLE INPUT EA -

INPUT A1-

OUTPUT YB4 +-

INPUT A2-

OUTPUT YB3 +-

INPUT A3-

OUTPUT 

INPUT A4-

OUTPUT YB1 +-

GND 

20P4 
Outline 20P2N 

20P2V 

Vee 

ENABLE INPUT 

OUTPUT 

INPUT 

OUTPUT 

INPUT 

OUTPUT 

INPUT 

OUTPUT 

+- B1 INPUT 

LOGIC DIAGRAM (EACH BUFFER) 

ENABLE INPUT 
EA OR EB 

TO OTHER THREE CIRCUITS 
~ 
I 

OUTPUT 
YA OR YB 
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. MITSUBISHI HIGH SPEED CMOS 
I~, ,~, .. 

. . ~, '" ., M74HC240PI FP/DWP 

OCTAL 3~STATE INVERTING BUFFER/LINE ,DRIVER/LINE RECEIVER 

ABSOLUTE MAXIMUM RATINGS (Ta = "':'40-+S5'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Va Output voltage 

VI <OV 
11K Input protection diode current 

VI> Vee 

10K 
Vo<OV 

Output parasitic diode current 
Va> Vee 

10 Output current per outpllt pin 

·Iee Supply/GND current Vee, GND 

Pd Power dissipation (Note2) 

Tst9 Storage temperature range 

Note 2 :- M74HC240FP, Ta == -40-+7S'C and Ta = 7S-SS'C are derated at -7mW/'C. 
M74HC240DWP, T a = -40-+S0'C and T a = SO-S5'C are derated at -7mW /'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+S5'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Va Output voltage 0 Vee 

Toor Operating temperature range -40 +85 

Vee = 2.0V 0 1000 

t r• tf Input rlsetlme, falltlme Vec=4.SV 0 500 

Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

IIH High-level Input current 

IlL Low-level input current 

10zH Off-state high-level output current 

iOZL Off-state low-level output current 

lee Quiescent supply current 

2-274 

Test conditions 

Vec(V) 

Vo = O.lV 
2.0 

1101 = 20lJ,A 
4.5 

6.0 

Vo = O. lV, Vee-O. lV 
2.0 

4.5 
1101 = 20tlA 

6.0 

10H = -201J,A 2.0 

10H = -201J,A 4.5 

VI=Vll 10H= -201J,A 6.0 

10H = -6.0mA 4.5 

10H = -7.8mA 6.0 

10l = 20lJ,A 2.0 

10l = 20lJ,A 4.5 

VI = VIH, Vil 10l = 20lJ,A 6.0 

10l = 6.0mA 4.5 

10l = 7.8mA 6.0 

VI =6V 6.0 

VI=OV 6.0 

V, = V'H, V'l, Vo = Vee 6.0 

V, = V,H, V,l, Vo = GND 6.0 

V, = Vee. GND, 10 = OIJ,A 6.0 

.• ... MITSUBISHI 
~'ELECTRIC . 

Unit 

V 

V 

V 

'c 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4;4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7,0 V 

-0. 5-Vcc+O. 5 V 

-0. 5-Vcc+0. 5 V 

-20 

20 
rnA 

-:20 

20 
rnA 

±35 rnA 
±75 rnA 
500 rnW 

-65-+150 'c 

limits 

2S'C -40-+BS'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1. S 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 J..lA 

-0.1 --'1.0 J..lA 

0.5 5.0 J..lA 

-0.5 -5.0 J..lA 

4.0 40.0 J..lA 



MITSUBISHI HIGH SPEED CMOS 

M74HC240P/FP/DWP 

OCTAL 3 .. STATE INVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, T a = -40-+S5'C) 

Symbol Parameter Test conditions 
Limits 

Min Typ Max 

hLH Low-level to high-level and high-level to low-level 10 

hHL output transition time 
CL = SOpF (Note 4) 

10 
t pLH Low-level to high-level and high-level to low-level 18 
t pHL output propagation time (A - VA, B - VB) 18 
t pLZ Output disable time from low-level and high-level 

CL = S pF (Note 4) 
25 

tpHZ (EA-VA, EB-VB) 25 
tPZL Output enable time to low-level and high-level 

CL = SOpF (Note 4) 
28 

t PZH (EA - VA, EB - VB) 28 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, T a = -40-+S5'C) 

Limits 

Symbol Parameter Test conditions 2S'C -40-+SS'C 

vcdv) Min Typ Max Min 

2. a 60 

tTLH Low-level to high-level and 4.5 12 

CL = SOpF (Note 4) 
6. a 10 

high-level to low-level 
2. a 60 

tT~L output transition time 4.5 12 

6. a 10 

2. a 100 

tpLH 4.5 20 

CL = SOpF (Note 4) 
6.0 17 

2. a 100 

t pHL Low-level to high-level and 4.5 20 

high-level to low-level 6. a 17 

output propagation time 2. a 150 

t pLH (A - VA, B - VB) 4.5 30 

CL = lS0pF (Note 4) 
6. a 26 

2.0 150 

tpHL 4.5 30 

6. a 26 

2. a 150 

tpLZ Output disable time from 4.5 30 

CL = SOpF (Note 4) 
6. a 26 

low-level and high-level 
2. a 150 

tpHZ (EA - VA, EB - VB) 4.5 30 

6. a 26 

2. a 150 

tPZL 4.5 30 

CL = SOpF (Note 4) 
6. a 26 

2. a 150 

t PZH Output enable time to low-level 4.5 30 

6. a 26 
and high-level 

2. a 200 

tPZL (EA-VA, EB-VB) 4.5 40 

CL = lS0pF (Note4) 
6. a 34 

2. a 200 

t PZH 4.5 40 

6. a 34 

C 1 Input capacitance 10 

Co Off-state output capacitance EA = Vee, EB = Vee 15 

Cpo Power dissipation capacitance (Note 3) 57 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per buffer) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
PD = CpD • VCC

2 
• fl+lcc • Vcc 

•. MITSU. BIS~I 
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Max 

75 

15 

13 

75 

15 

13 

126 

25 

21 

126 

25 

21 

189 

38 

32 

189 

38 

32 

189 

38 

32 

189 

38 

32 

189 

38 

32 

189 

38 

32 

252 

50 

43 

252 

50 

43 

10 

15 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 
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Note 4 : Test Circuit 

TIMING DIAGRAM 

A, B 

VA, VB 

VA, VB 
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MITSUBISHI HIGH SPEED CMOS 

M74HC240P/FP/DWP 

OCTAL 3 .. S,TATEINVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

Vce 

~------------ GND 

li~----- VOH 

------Vec 

GND 

Parameter SWl SW2 

t~LH' tTHL 
Open Open 

tpLH, tpHL 

tpLZ Closed Open 

tpHZ Open Closed 

tPZL Closed Open 

tPZH Open Closed 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

• MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC240-1P/FP IDWP 

OCTAL 3-STATE INVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

DESCRIPTION 
The M74HC240-1 is a semiconductor integrated circuit con
sisting of two blocks of 3-state inverting buffers each with 
four independent circuits that share a common enable 
input. 

FEATURES 
• High-fanout 3-state output: (IOL =24mA, IOH=-24mA) 
• High-speed: 7ns typo (CL=50pF, Vee=5V) 
• Low power dissipation: 25,uW/package, max 

(Vec=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vec=4.5, 6V) 
• Capable of driving 60 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a= -40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC240-1 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS240. 
The circuit is designed to suppress the increased switching 
noise that normally occurs at high output currents. 
The M74HC240-1 consists of two independent blocks with 
each block contairying four buffers. 
When enable input E is low and input A (or B) is low then 
output Y will become high. However, if A (or B) is high then 
Y will become low. 
When E is high then all outputs within the block will be
come high-impedance state, irrespective of A (or B). 
All eight buffer circuits can be controlled simultaneously by 
connecting EA and EB of the two blocks. 

FUNCTION TABLE (Note 1) 

Inputs 

A, B EA, EB 

I.- L 

H L 

X H 

Note 1 Z: High impedance 
X : Irrelevant 

Output 

VA, VB 

H 

L 

Z 

PIN CONFIGURATION {TOP VIEW} 

ENABLE INPUT EA -+ 1 vee 

INPUT A1-+ 

OUTPUT YB4--

INPUT A2-+ 

OUTPUT YB3-

INPUT A3-+ 

OUTPUT YB2-

INPUT A4-+ 

OUTPUT YB1--

GND 

19 -- EB ENABLE INPUT 

20P4 
Outline 20P2N 

20P2V 

-- B1 INPUT 

LOGIC DIAGRAM (EACH BUFFER) 

ENABLE INPUT 

EA OR EB 

TO OTHER THREE CIRCUITS 

~ 
I 

OUTPUT 
VA OR YB 

'. MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC240-1P/FP/DWP 

OCTAL 3.STATE INVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

ABSOLUTe MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K 
VI< OV 

Input protection diode current 
VI> Vee 

10K Output parasitic dlode,current 
Vo< OV 

Vo > Vce 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC240-1FP, Ta = -40-+75'C and Ta = 75~85'C are derated at -7mW/'C. 
M74HC240-1DWP, Ta = -40-+80'C and Ta = 80-85'C are derated at -7mW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

I Vee = 2.0V 0 500 

t r• tf Input rlsetlme, falltlme I Vcc=4.SV 0 50 

I Vee = 6.0V 0 30 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level Input voltage 

V IL LOW-level input voltage 

VOH High-level output voltage 

VOL LOW-level output voltage 

IIH High-level Input current 

IlL Low-level input current 

10zH Off-state high-level output current 

10zL Off-state low-level output current 

Icc Quiescent supply current 

2-278 

Test conditions 

VedV) 

Vo=O.lV 
2.0 

1101 = 20/JA 
4.5 

6.0 

2.0 
Vo = O. 1 V, Vec-O.1V 

4.5 
1101 =20/JA 

6.0 

10H = -20/JA 2.0 

10H = -20/JA 4.5 
VI = VIL 

10H = -20/JA 6.0 

IOH= -24mA 4.5 

10L = 20/JA 2.0 

10L = 20/JA 4.5 
VI = VIH, VIL 

10L = 20/JA 6.0 

10L = 24mA 4.5 

VI=6V 6.0 

VI=OV 6.0 

VI = V'H, V'L, Vo = Vee 6.0 

VI = VIH, VILo Vo = GND 6.0 

VI = Vee, GND, 10 = O/JA 6.0 

,;6,' '", MITSU, BISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

'c 

ns/V 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

3.98 

Ratings, Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±50 rnA 
±200 rnA 

500 rnW 
-65-+150 'c 

limits 

2S'C -40-+SS'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 
V 

3.84 

0.1 0.1 

0.1 0.1 

0.1 0.1 
V 

0.39 0.5 

0.1 1.0 J,LA 
-0.1 -1.0 J,LA 

0.5 5.0 J,LA 
-0.5 -5.0 J,LA 

5.0 50.0 J,LA 



MITSUBISHI HIGH SPEED CMOS 

M74HC240-1P/FP/DWP 

OCTAL 3·STATE INVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

SWITCHING . CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 10 

t pLH Low-level to high-level and high-level to low-level 
CL = 50pF (Note 4) 

14 

tpHL output propagation time (A - VA, B-VB) 14 

t pLZ Output disable time from low-level and high-level 
CL = 5 pF (Note 4) 

18 

t pHZ (EA - VA, EB - VB) 18 

tPZL Output enable time to low-level and high-level 
CL = 50pF (Note 4) 

21 
tPZH · (EA - VA, EB - VB) 21 

SWITCHING CHARACTERISTICS (Vee = 2-6V. T a = -40-+S5'C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+85'C 

Vcc(V) Min Typ Mall Min 

2: 0 60 

tTLH Low-level to high-I~vel and 4.5 12 

6.0 10 
high-level to low-level 

2.0 60 

hHL output transition time 4.5 12 

6.0 10 

2.0 75 

tpLH Low-level to high-level and 4.5 15 

high-level to low-level 6.0 .13 

output propagation time 2.0 75 

t pHL (A-VA. B-VB) 4.5 15 

CL = 50pF (Note 4) 
6.0 13 

2.0 115 

tpLZ Output disable time from 4.5 23 

6.0 20 
low-level and high-level 

2.0 115 

t pHZ (EA - VA, EB - VB) 4.5 23 

6.0 20 

2.0 115 

tPZL Output enable time to 4.5 23 

6.0 20 
low-level and high-level 

2.0 115 

t PZH (EA - VA. EB - VB) 4.5 23 

6.0 20 

C 1 Input capacitance 10 

Co Off-state output capacitance EA = Vee, EB = Vee 15 

Cpo Power dissipation capacitance (Note 3) 43 

Note 3 Cpo is the internal capacitance of the IC calc·ulated from operation supply current under no-load conditions. (per buffer) , 
The power dissipated during operation under no-load conditions is calculated uSing the following formula: 
Po = Cpo' Vee

2 
• fl+lee • Vee 

• MITSUBISHI 
"-ELECTRIC 

Max 

75 

15 

13 

75 

15 

13 

95 

19 

16 

95 

19 

16 

145 

29 

25 

145 

29 

25 

145 

29 

25 

145 

29 

25 

10 

15 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HC240-1P/FP/DWP 

OCTAL 3·STATE INVERTIN'Q BUFFER/LINE DRIVER/LINE RECEIVER 

Note 4 : Test Circuit 

INPUT Vee OUTPUT 2XVOH 

I ~ I ~ :~-5000 
B - L:J =~ f 

~onl i GND 1-" 1 RL =50on 

TIMING DIAGRAM 
Vee 

A, B 
~___________ GND 

I io------- VOH 

VA, YB 

VOL 

-------Vcc 

EA, EB 

GND 

VA, VB 

VOH 

VA, VB 

Parameter SW 

tTLH • hHL 
Open 

t pLH• tpHL 

t pLZ Closed 

t pHZ Open 

t PZL Closed 

t PZH Open 

(1)The pulse generator (PG) has the follOWing 
characteristics (10%-90%): tr = 3ns, tf = 3ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT240P IFP/DWP 
OCTAL 3-STATE INVERTING 
BUFFER/LINE DRIVER/LINE RECEIVER WITH LSTTL-COMPATIBLE INPUTS 

DESCRIPTION 
The M74HCT240 is a semiconductor integrated circuit con
sisting of two blocks of 3-state inverting buffers each with 
four independent circuits that share a common enable 
input. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• TTL level input V1L = O. 8V max V1H = 2. OV min 
• High-fanout 3-state output: (loL =6mA, IOH= -6mA) 
• High-speed: 12ns typo (CL=50pF, Vcc=5V) 
• Low power dissipation: 20,uW/package, max 

(Vcc=5V, Ta=25°C, quiescent state) 

• Capable of driving 15 74LSTTL loads 
• Wide operating temperature range: Ta=-40 ........ +S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 

ENABLE INPUT 

INPUT A1 --+ 

OUTPUT YB4-

INPUT 

OUTPUT YB3-

INPUT A3 --+ 

OUTPUT 

INPUT A4 --+ 

OUTPUT YB1-

GND 

20P4 
Outline 20P2N 

20P2V 

Vee 

ENABLE INPUT 

OUTPUT 

INPUT 

OUTPUT 

INPUT 

OUTPUT 

INPUT 

OUTPUT 

INPUT 

Use of silicon gate technology allows the M74HCT240 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS240. 

LOGIC DIAGRAM (EACH BUFFER) 

As the inputs are TTL level, the device can be used as a 
level converter from LSTTL to high-speed CMOS. In that 
case, no pull-up resistors are required. 
The M74HCT240 consists of two independent blocks with 
each block containing four buffers. 
When enable input E is low and input A (or B) is low then 
output Y will become high. However, if A (or B) is high then 
Y will become low. 
When E is high then all outputs within the block will be
come high-impedance state, irrespective of A (or B). 
All eight buffer circuits can be controlled simultaneously by 
connecting EA and EB of the two blocks. 

FUNCTION TABLE (Note 1) 

Inputs 

A, B EA, EB 

L L 

H L 

X H 

Note 1 Z: High impedance 
X : Irrelevant 

Output 

VA, VB 

H 

L 

Z 

ENABLE INPUT 
EAOREs 

• MITSUBisHI 
"'ELECTRIC 
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TO OTHER THREE CIRCUITS 

~ 

OUTPUT 
YA ORYB 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT240P/FP/DWP 

OCTAL 3·STATE INVERTING 
BUFFER/LINE DRIVER/LINE RECEIV.ER WITH LSTTL·COMPATIBLE INPUTS 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K 
VI < OV 

Input protection diode current 
VI> Vee 

10K Output parasitic diode current 
Vo< OV 

Vo > Yee 

10 Output current, per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 M74HC240FP, Ta = -40-+75·C and Ta = 75-85·C are derated at -7mW/"C. 
M74HC240DWP, Ta = -40-+80·C and Ta = 80-85·C are derated at -7mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85·C) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5.5 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Topr Operating temperature range -40 +85 ·C 

I Vee = 2.0V 0 1000 

t r• tf Input rlsetlme, talltime I Vee = 4.5V 0 500 ns 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS (Vee = 5V±10%, unless otherwise noted) 

Symbol 

VIH 

V IL 

VOH 

VOL 

IIH 

IlL 

10zH 

10zL 

Icc 

Alec 

Note 3 

Parameter Test conditions 

High-level input voltage 
Vo=O.lV 

1101 = 20Jl.A 

Low-level Input voltage 
Vee-O. 1 V, Vee-O. 1 V 

1101 = 20Jl.A 

10H = -20Jl.A 

High-level output voltage VI = VIL 10H = -6. OmA, Vee = 4. 5V 

10H = -7. 2mA, Vee = 5. 5V 

10L = 20Jl.A 

Low-level output voltage· VI = VIH, VIL IOL = 6. Om A, Vee = 4.5V 

10L = 7. 2mA, Vee = 5. 5V 

High-level input current VI=5.5V 

High-level input current VI=OV 

Off-state high-level output current VI = VIH, VIL, Vo = Vcc 

Off-state low-level output current VI = VIH, VIL, Vo = GND 

Quiescent supply current VI = Vee, GND, 10=0Jl.A 

Maximum quiescent state supply current VI = 2.4V,· 0.4V (Note 3) 

Only one input is set at this value and all others are fixed at Vee or GND . 

. . • ', MITSUBISHI 
~.ELECTRIC 

Min 

2.0 

Vee-0. 1 

4.18 

5.18 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+O. 5 V 

-0. 5-Vce+0. 5· V 

-20 

20 
mA 

-20 

20 
mA 

±35 mA 
±75 mA 
500 mW 

-65-+150 ·C 

Limits 

25·C -40-+B5·C Unit 

Typ Max Min Max 

2.0 V 

0.8 0.8 V 

Vee'-:O• l 

4.13 V 

5.13 

0.1 0.1 

0.26 0.33 V 

0.26 0.33 

0.1 1.0 

-0.1 -1.0 
/-lA 

0.5 5.0 

-0.5 -5.0 
/-lA 

4.0 40.0 /-lA 
2.7 2.9 mA 



MITSUBISHI HIGH SPEED CMOS 

M74HCT240P/FP/DWP 

OCTAL 3-STATE INVERTING 
BUFFER/LINE DRIVER/LINE RECEIVER WITH LSTTL-COMPATIBLE INPUTS 

SWITCHING CHARACTERISTICS (Vcc = 5V. T a = 25"C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 12 

12 tTHL output transition time 
CL = 50pF (Note 5) 

t pLH Low-level to high-level and high-level to low-level 23 

t pHL output propagation time (A - VA. B - VB) 23 

t pLZ Output disable time from low-level and high-level 
CL=5pF (Note 5) 

27 

(fA - VA. EB - VB) 27 t pHZ 

t PZL Output enable time to low-level and high-level 
CL = 50pF (Note 5) 

32 

(EA - VA, EB - VB) 32 tpZH 

SWITCHING CHARACTERISTICS (Vcc = 5V±10%. Ta = -40-+85"C) 

Limits 

Symbol Parameter Test conditions 25"C -40-+85"C 

Min Typ Max Min 

tTLH Low-level to high-level and high-level 
CL = 50pF (Note 5 ) 

12 

12 hHL to low-level output transition time 

t pLH Low-level to high-level and 
CL = 50pF (Note 5 ) 

23 

23 t pHL high-level to low-level 

tpLH output propagation time 
CL = 150pF (Note 5) 

38 

(A-YA. B-VB) 38 tpHL 

t pLZ Output disable time from 32 
low-level and high-level CL = 50pF (Note 5 ) 

32 tpHZ (EA - VA. EB - VB) 
tPZL 

CL = 50pF (Note 5 ) 
32 

t pZH 
Output enable time to low-level 

32 
.and high-level 

47 t PZL (Eli - VA. EB - VB) CL = 150pF (Note 5) 
tPZH 47 

C 1 Input .capacitance 10 

Co Off-sate output capacitance EA= EB= Vee 15 

Cpo Power dissipation capacitance (Note 4) 42 

Note 4 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per buffer) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· VCC

2 
• fl+lcc • Vcc 

• MITSUBISHI 
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Max 

15 

15 

29 

29 

48 

48 

40 

40 

40 

40 

59 

59 

10 

15 

Unit 

ns 

ns 

ns 

ns 

Unit 

'ns 

ns 

ns 

ns 

ns 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT240P/FP/DWP 

OCTAL 3·STATE INVERTING 
BUFFER/LINE DRIVER/LINE RECEIVER WITH tSTTL·COMPATIBLE INPUTS 

Note 5: Test Circuit 

TIMING DIAGRAM 

A,B 

VA, YB 

EA, EB 

VA, YB 

VA, YB 

2-284 

3,OV 

OV 

90% 
VOH 

1.3V 
10% 

VOL trLH 

Parameter SWl SW2 

hLH. tTHL 
Open Open 

tpLH• tpHL 
tpLZ Closed Open 
tpHZ Open Closed 
tPZL Closed Open 
t PZH Open Closed 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe'input capacitance. 

,.-----3.0V 

OV' 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT240-1P/FP/DWP 
OCTAL 3·STATE INVERTING BUFFER/LINE DRIVERI 
LINE RECEIVER WITH LSTTL·COMPATIBLE INPUTS 

DESCRIPTION 
The M74HCT240-1 is a semiconductor integrated circuit 
consisting of two blocks of 3-state inverting buffers each 
with foar independent circuits that share a common enable 
input. 

FEATURES 
• TTL level input VIL = O. 8V max VIH = 2. OV min 
• High-fanout3-state output: (IOL=24mA, IOH=~24mA) 
• High-speed: 9ns typo (CL =50pF, Vcc=5V) 
• Low power dissipation: 25,uW/package, max 

(Vcc=5V, Ta=25°C, quiescent state) 

• Capable of driving 60 74LSTTL loads 
• Wide operating temperature range: T a=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HCT240-1 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS240. 
The circuit is designed to suppress the increased switching 
noise that normally occurs at high, output currents. 
As the inputs are TTL level, the device can be used as a 
level converter from LSTTL to high-speed CMOS. In that 
case, no pull-up resistors are required. 
The M74HCT240-1 consists of two independent blocks with 
each block containing four buffers. 
When enable input E is low and input A (or B) is low then 
output Y will become high. However, if A (or B) is high then 
Y will become low. 
When E is high then all outputs within the block will be
come high-impedance state, irrespective of A (or B). 
All eight buffer circuits can be controlled simultaneously by 
connecting EA and EB of the two blocks. 

FUNCTION TABLE (Note 1) 

Inputs 

A, B EA, EB 

L L 

H L 

X H 

Note 1 Z: High impedance 
X : Irrelevant 

Output 

VA, VB 

H 

L 

Z 

PIN' CONFIGURATION (TOP VIEW) 

ENABLE INPUT 

INPUT A1-+ 

OUTPUT YB4-

INPUT A2-+ 

OUTPUT YB3-

INPUT A3-+ 

OUTPUT 

INPUT A4-+ 

OUTPUT 

GND 

20P4 
Outline 20P2N 

20P2V 

ENABLE INPUT 

OUTPUT 

INPUT 

OUTPUT 

I NP,UT 

OUTPUT 

INPUT 

OUTPUT 

INPUT 

LOGIC DIAGRAM (EACH BUFFER) 

ENABLE INPUT 
EA OR EB 

TO OTHERTHREECIRCUITS 

~ 

OUTPUT 
VA OR VB 

• MITSUBISHI 
i'f&ELECTRIC . 2-285 

. _------_ ..... " ... _-_ .... _._-------_.-



MITS,UBISHI HIGH SPEED CMOS 

M74HCT240·1PlFP/DWP 

OCTAL 3-STATE INVERTING BUFFERILINE DRIVERI 
LINE 'RECEIVER WITH LSTTL-COMPATIBLE INPUTS 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K 
VI <OV 

Input protection diode current 
VI> Vce 

10K Output parasitic diode current 
Vo< OV 

Vo > Vee 

10 Output current, per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Nole2) 

Tstg Storage temperature range 

Note 2 : M74HC240-1FP, Ta = -40-+75'C and Ta = 75-85'C are derated at -7mW/'C, 
M74HC240-1DWP, Ta = -40-+80'C and Ta = 80-85'C are derated at -7mW/'C, 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 4.5 5.5 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Ambient operating temperature -40 +85 

I Vee = 4.5V 0 25 
t r, tf Input risetime, falltlme I Vee=5.5V 0 15 

Unit 

V 

V 

V 
·C 

ns/V 

ELECTRICAL CHARACTERISTICS (Vee =SV±10%, unless otherwise noted) 

Symbol Parameter Test conditions 

V IH High-level input voltage 
Vo = O. lV 

1101 =20ttA 

VII_ Low-Ie~el input voltage 
Vo = O. lV, Vee-O. lV 

1101 =20ttA 

V OH High-level output voltage VI=VIL 
10H = -20ttA 

10H = -24mA, Vee = 4.5V 

IOL = 20ttA 
VOL Low-level output voltage Vj= VIH, VIL 

10L = 24mA, Vee = 4. 5V 

IIH High-level input current VI = Vee 

IlL Low-level input current VI= GND 

10zH Off-state high-level output current VI = VIH, VIL, Vo = Vee 

10ZL Off-state low-level output current VI = VIH, VIL, Va = GND 

Icc Quiescent supply current VI = Vee, GND, 10 = OttA 

.6lee Maximum quiescent supply current VI = 2. 4V, O.4V (Note 3) 

Note 3 : Only one input is set at this value and all other inputs are fixed at Vee or GND . 

2-286 
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Min 

2.0 

Vee-0• 1 

3.98 

Ratings Unit 

-0.5-+7.0 V 

-0. 5":"Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±50 rnA 
±200 rnA 

500 rnW 
-65-+150 t 

Limits 

25'C -40-+85'C Unit 

Typ Max Min Max 

2.0 V 

0.8 0.8 V 

Vee-0• 1 

3.84 
V 

0.1 0.1 
V 

0.39 0.5 

0.1 1.0 

-0.1 -1.0 
J.lA 

0.5 5.0 

-0.5 -5.0 . 
J.lA 

5.0 50.0 J.lA 

2.7 2.9 rnA 



MITSUBISHI HIGH SPEED CMOS 

M74HCT240-1P/FP/DWP 

OCTAL 3-STATE INVERTING BUFFER/LINE DRIVERI 
LINE RECEIVER WITH LSTTL-COMPATIBLE INPUTS 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25"C) 

Symbol Parameter Test conditions 
Limits 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 10 
t pLH Low-level to high-level and high-level to low-level 

CL = 50pF (Note 5) 
14 

t pHL output propagation time (A - VA, B - VB) 14 
t pLZ Output disable time from low-level and high-level 

CL = 5 pF (Note 5) 
18 

t pHZ (EA - VA, EB - VB) 18 
t PZL Output enable time to low-level and high-level 

CL = 50pF (Note 5) 
21 

t PZH (EA - VA, EB - VB) 21 

SWITCHING CHARACTERISTICS (Vee = 5V±10%, Ta = -40-+85"C) 

limits 

Symbol Parameter Test conditions 25"C -40-+85"C 

Min Typ Max Min 

tTLH Low-level to high-level and 12 
high-level to low-level 

12 tTHL <output transition time 

t pLH 
Low-level to high-level and 15 
output propagation time 

t pHL (A-VA, B-VB) 15 

t pLZ 
Output disable time from CL =50pF (Note 5) 

23 
low-level and high-level 

t pHZ (EA - VA, EB - VB) 23 

t PZL 
Output enable time to 23 
low-level and high-level 

t PZH (EA - VA, EB - VB) 23 

C 1 Input capacitance 10 

Co Off-state output capacitance EA = Vee, EB = Vcc 15 

Cpo Power dissipation capacitance (Note 4) 

Note 4 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per buffer) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· Vee

2 
• fl+lee • Vee 

•. ·MITSUBISHI 
.... ELECTRIC 

Max 

15 

15 

19 

19 

29 

29 

29 

29 

10 

15 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 
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Note 5 : Test Circuit 

INPUT Vcc OUTPUT 

B~Js t 
1 IGND 1 

TIMING DIAGRAM 

A, B 

90% 
1.3V 
10% 
hLH 

MITSUBISHI HIGH SPEED CMOS 

M74HCT240-1P/FPlDWP 

OCTAL 3·STATE INVERTING BUFFER/LINE DRIVER/ 
LINE RECEIVER WITH LSTTL·COMPATIBLE INPUTS 

3,OV 

OV 

VOH 

VOL 

Parameter SW 

tTLH• tTHL 
Open 

tpLH• tpHL 

tpLZ Closed 

tpHZ Open 

tPZL Closed 

tPZH Open 

(l)The pulse generator (PG) has the following 
characierislics (10%-90%): ir = 3ns, if = 3ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

------3.0V 

VA, VB 

2:-288 
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MITSUBISHI HIGH SPEED CMOS 

M74HC241P/FP/DWP 

OCTAL 3-STATE NONINVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

DESCRIPTION 
The M74HC241 is a semiconductor integrated circuit con
sisting of two blocks of 3-state non-inverting buffers each 
with four independent circuits that share a common enable 
input. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High-fanout 3-state output: (IOL =6mA, IOH= -6mA) 
• High-spe'ed: 10ns typo (CL=SOpF, Vcc=SV) 
• Low power dissipation: 20.uW/package, max 

(Vcc=SV, Ta=2SoC, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.S, 6V) 
• Capable of driving 1S 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+8SoC 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC241 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS241. 
The M74HC241 consists of two independent blocks with 
each block containing four buffers. 
When enable input EA is low and input A is low then output 
VA will become low. However, if A is high then VA will be
come high. Inverted in the other block, a high enable input 
EB signal causes operation the same as that just described 
with input B signal output at VB. 

When EA is high or EB is low then all V within the block will 
become high-impedance state, irrespective of A or B. 

LOGIC DIAGRAM (EACH BUFFER) 

ENABLE INPUT 

INPUT A1-+ 

OUTPUT YB4 +-: 

INPUT A2-+ 

OUTPUT YB3 +-

INPUT A3-+ 

OUTPUT YB2 +- 7 

INPUT A4-+ 

GND 

20P4 
Outline 20P2N 

20P2V 

FUNCTION TABLE (Note 1) 

Inputs 

A EA 
L L 

H L 
X H 

Note 1 Z: High impedance 
X : Irrelevant 

Inputs 

B EB 
L H 

H H 

X L 

Output 

YA 
L 

H 

Z 

Output 

VB 

L 

H 

Z 

Vee 

+- B1 INPUT 

TO OTHER THREE CIRCUITS TO OTHER THREE CIRCUITS 

INPUT 
A 

ENABLE INPUT 

EA 

~ 
I 
I 

OUTPUT INPUT 
YA B 

ENABLE INPUT 
EB 

• MITSUBISHI 
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~ 
I 
I 

OUTPUT 
EB 
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MITSUBISHI HIGH SPEED CMOS 

M74HC241P/FP/DWP 

-OCTAL :3-STATE NONINVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5·C. unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K Input protection diode current 
VI<OV 

VI> Vee 

10K Output parasitic diode current' 
Vo< OV 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation, (Note2) 

Tstg Storage temperature range 

Note 2 : M74HC241FP. Ta = -40-+75'C and Ta = 75-S5'C are derated at -7mW/'C. 
M74HC241 DWP. Ta = -40-+S0'C and Ta = SO-S5'C are derated at -7mW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta= -40-+S5'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

I Vee = 2.0V 0 1000 

t r • tf Input rlsetlme. falltime I Vee=4.5V 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

10zH Off-state high-level output current 

10zL Off-state low-level output current 

Icc Quiescent supply current 

2-290 

Test conditions 

Vee(V) 

2.0 
Vo = O. lV. Vee-O.1V 

4.5 
1101 =20J.l.A 

6.0, 

2.0 
Vo = O. lV. Vee-O.1V 

4.5 
1101 =20J.l.A 

6.0 

10H = -20J.l.A 2.0 

IOH = -20J.l.A 4.5 

VI = VIH• VIL 10H = -20J.l.A 6.0 

iOH = -S.OmA 4.5 

10H = -7.8mA 6.0 

10L = 20J.l.A 2.0 , 
10L = 20J.l.A 4.5 

VI = VIH• VIL 10L = 20J.l.A '6.0 

10L = S.OmA 4.5 

IOL=7.8mA 6.0 

VI=SV 6.0 

VI=OV 6.0 

VI = VIH. VIL. Vo= Vee 6.0 

VI=VIH. VIL• Vo= GND 6.0 

VI = Vee. GND. 10 = OJ.l.A 6.0 

,',' ,"MITSUBISHI 
"ELECTRIC 

Unit 

V 

V 

V 

·C 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±35 mA 
±75 mA 
500 mW 

-65-+150 'C 

Limits 

25'C -40-+85'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1. 35 V 

1.8 1.8 

1.9 

4.4 

5.9 V. 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 f./.A 
-0.1 -1.0 f./.A 

0.5 5.0 f./.A 
-0.5 -5.0 f./.A 

.4.0 40.0 f./.A 



MITSUBISHI HIGH SPEED CMOS 

M74HC241P/FP/DWP 

OCTAL 3-STATE NONINVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

hLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = SOpF (Note 4) 

10 

tPLH Low-level to high-level and high-level to low-level 20 

t pHL output propagation time (A - VA, B - VB) 20 

t pLZ Output disable time from low-level and high-level 
CL= SpF(Note4) 

25 

t pHZ (EA - VA, EB - VB) 25 

t PZL Output enable time to low-level and high-level 
CL = SOpF (Note 4) 

28 

t PZH (EA - VA, EB - VB) 28 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+S5'C) 

Limits 

Symbol Parameter Test conditions 2S'C -40-+SS'C 

VcC<V) Min Typ Max Min 

2.0 60 

tTLH Low-level to high-level and 4.5 12 

CL = SOpF (Note 4) 
6.0 10 

high-level to low-level 
2.0 60 

tTHL output transition time 4.5 12 

6.0 10 

2.0 115 

t pLH 4.5 23 

CL = SOpF (Note 4) 
6.0 20 

2.0 115 

t pHL Low-level to high-level and 4.5 23 

high-level to low-level 6.0 20 

output propagation time 2.0 165 

t pLH (A-YA, B-YB) 4.5 33 

CL = lS0pF (Note 4) 
6.0 28 

2.0 165 

t pHL 4.5 33 

6.0 28 

2.0 150 

t pLZ Output disable time from 4.5 30 

CL = SOpF (Note 4) 
6.0 26 

low-level and high~level 
2.0 150 

t pHZ (EA - VA, EB - YB) 4.5 30 

6.0 26 

2.0 150 

t PZL 4.5 30 

CL = SOpF (Note 4) 
6.0 26 

2.0 150 

t PZH Output enable time to low-level· 4.5 30 

6.0 26 
and high-level 

2.0 200 

t PZL (EA - VA, EB - YB) 4.5 40 

CL = lS0pF (Note 4) 
6.0 34 

2.0 200 

t PZH 4.5 40 

6.0 34 

C 1 Input capacitance 10 

Co Off-state output capacitance EA = Vee, EB = GND 15 

Cpo Power dissipation capacitance (N6te 3) 59 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per buffer) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vcc2 

• fl+lcc • Vee 

• . MITSUBISHI 
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Max 

75 

15 

13 

75 

15 

13 

145 

29 

25 

145 

29 

25 

208 

42 

35 

208 

42 

35 

189 

38 

32 

189 

38 

32 

189 

38 

32 

189 

38 

32 

252 

50 

43 

252 

50 

43 

10 

15 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HC241P/FP/DWP 

OCTAL 3·STATE, NONINVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

Note 4 : Test Circuit 

TIMING DIAGRAM 

A, B 

VA, VB 

EB 

EA 

VA, VB 

VA, VB 

2-292 

Vee 

-------GND 

1"""10 .. % ____ VOL 

tTHL 

Vee 

'------GND 

------Vce 

GND 

Parameter SW'l SW2 

hLH. tTHL 
Open Open 

tpLH• tpHL 
tpLZ Closed Open 

tpHz Open Closed 

tPZL Closed Op~n 

tPZH Open Closed 

(1) The pulse generator (PG) has the following 
characteristics (1 09-~-907~): tr =; ens, if ~ '6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance, 

. .• .' MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC241-1P/FP/DWP 

OCTAL 3-STATE NONINVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

DESCRIPTION 
The M74HC241-1 is a semiconductor integrated circuit con
sisting of two blocks of 3-state non-inverting buffers each 
with four independent circuits that share a common enable 
input. 

FEATURES 
• High-fanout 3-state output: (loL=24mA, IOH=-24mA) 
• High-speed: 8ns typo (CL =SOpF, Vee=SV) 
• Low power dissipation: 2S.uW/package, max 

(Vee=SV, Ta=2S·C, quiescent stat~) 
• High noise margin: 30% of Vee, min (Vee=4.S, 6V) 
• Capable of driving 60 74LSTTL .Ioads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+8S·C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC241-1 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS241. 
The circuit is designed to Suppress the increased switching 
noise that normally occurs at high output cu'rrents. 
The M74HC241-1 consists of two independent blocks with 

LOGIC DIAGRAM (EACH BUFFER) 

PIN CONFIGURATION (TOP VIEW) 

ENABLE INPUT Vee 

INPUT A1-- 19 - EB ENABLE INPUT 

OUTPUT YB4-

INPUT A2--

OUTPUT YB3-

INPUT A3--

OUTPUT YB2 - 7 

INPUT A4--

OUTPUT YB1 - 9 

GND 

20P4 
Outline 20P2N 

20P2V 

each block containing four buffers. 
When enable input EA is low and input A is low then output 
YA will become low. However, if A is high then YA will be
come high. Inverted in the other block, a high enable input 
EB signal causes operation the same as that just described 
wit~ input B signal output at VB. 
When EA is high or EB is low then all Y within the block will 
become high-impedance state, irrespective of A or B. 

TO OTHER THREE CIRCUITS TO OTHER THREE CIRCUITS 

ENABLE INPUT 

EAo-----<J 

~ 
I 

ENABLE INPUT 

EB 

• MITSUBISHI 
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MITSUIISHI HIGH SPEED CMOS 

M74HC241-1P/FP/DWP 

'OCTAL 3·STATE NONINVERTINGIUFFER/LINEDRIVER/LINE RECEIVER 

FUNCTION TABLE '(Note 1) 

Inputs Output Inputs Output 

A EA VA B EB VB 
L L 

H L 

X H 

Notel: Z : High impedance 
X : Irrelevant 

L 

H 

Z 

L H L 

H H H 

X L Z 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI< OV 
11K Input protection diode current 

\ VI> Vee 

Vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

lee Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Ts~g Storage temperature range 

Note 2 : M74HC241-1FP, Ta = -40-+75'C and Ta = 75-S5'C are derated at -7mW/'C. 
M74HC241-1DWP, Ta = -40-+S0'C and Ta = SO-S5'C are derated at -7mW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = ....:40-+S5·C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Ambient operating temperature -40 +85 

I Vee = 2.0V 0 500 

t r• tf Input risetime, falltime I Vec=4.SV 0 50 

I Vee = 6.0V 0 30 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

VOH High-level output voltnge 

VOL Low-level output vollpge 

IIH High-level input current 

IlL Low-level input euuent 

10zH Off-state high-level output cuuent 

IOZL Off-state low-level output current 

lee Quiescent supply current 

2-294 

Test conditions 

VedV) 

Vo = O.W, Vee-O. IV 
2.0 

1101 =20f.l.A 
4.5 

6.0 

Vo = O. IV, Vee-O. IV 
2.0 

1101 =20f.l.A 
4.5 

6.0 

10H = -20f.l.A 2.0 

10H = -20f.l.A 4.5 
VI = VIH, VIL 

10H~ -20f.l.A 6.0 

10H= -24mA 4.5 

10L = 20f.l.A 2.0 

10L = 20f.l.A 4.5 
VI = VIH, VIL 

10L = 20f.l.A 6.0 

10L = 24mA 4.5 

VI =6V 6.0 

VI=OV 6.0 

VI = VIH, VIL, Vo = Vee 6.0 

VI = VIH, \:I'lL, Vo = GND 6.0 

VI = Vee, GND, 10 = Of.l.A 6.0 

"MITSlJBISHI 
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Unit 

V 

V 

V 
·C 

ns/V 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

3.98 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-,-Vee+0. 5 V 

-20 

20 
mA 

-20 
mA 

20 

±50 mA 
±200 mA 

500 mW 
-65-+150 ·C 

Limits 

25t -40-+85'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 
V 

3.84 

0.1 0.1 

0.1 0.1 

0.1 0.1 
V 

0.39 0.5 

0.1 1: 0 J.l.A 
-0.1 -1.0 J.l.A 

0.5 5.0 J.l.A 
-0.5 -5.0 J.l.A 

5.0 50.0 J.l.A 
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MITSUBISHI HIGH SPEED CMOS 

M74HC241-1P/FP/DWP 

OCTAL 3-STATE NONINVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

SWITCHING CHARACTERISTICS (Vcc = 5V. Ta = 25·C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

hLH Low-level to high-level and high-level to low-level 10 

10 hHL output transition time 
CL = 50pF (Note 4) 

t pLH Low-level to high-level and high-level to low-level 16 

t pHL output propagation lime (A - VA, B - VB) 16 

tpLZ Output disable time from low-level and high-level 
CL = 5 pF (Note 4) 

18 

(EA - VA, EB - VB) tpHZ 18 

tPZL Output enable time to low-level and high-level 
CL = 50pF (Note 4) 

21 

(EA - VA, EB - VB) 21 t PZH 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, T a = -40-+S5·C) 

Limits 

Symbol Parameter Test conditions 25·C -40-+S5·C 

vcdv) Min Typ Max Min 

2.0 60 

tTLH Low-level to high-level and 4.5 12 

6.0 10 
high-level to low-level 

2.0 60 

tTHL output transition time 4.5 12 

6.0 10 

2.0 90 

t pLH Low-level to high-level and 4.5 18 

high-level to low-level 6.0 15 

output propagation time 2.0 90 

t pHL (A-YA, B-YB) 4.5 18 

CL = 50pF (Note 4) 
6.0 15 

2.0 115 

tpLZ Output disable time from 4.5 23 

6.0 20 
low-level and high-level 

2.0 115 

t pHZ (EA - VA, EB - VB) 4.5 23 

6.0 20 

2.0 115 

tPZL Output enable time to 4.5 23 

6.0 20 
low-level and high-level 

2.0 115 

t PZH (EA - VA, EB - VB) 4.5 23 

6.0 20 

C 1 Input capacitance 10 

Co Off-state output capacitance EA = Vee, EB = GND 15 

Cp~ Power dissipation capacitance (Note 3) 43 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per buffer) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' VCC

2 
• fl+lcc • Vcc 

• MITSUBISHI 
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Max 

75 

15 

13 

75 

15 

13 

115 

23 

20 

115 

23 

25 

145 

29 

25 

145 

29 

25 

145 

29 

25 

145 

29 

25 

10 

15 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HC241-1P/FP/DWP 

"'OCTAL 3·STATE NONINVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

Note 4 : Test Circuit 

INPUT Vce 

PG t--'---I DUT 

500 

1 I GND 

TIMING DIAGRAM 

A, B 

VA, VB 

EB 

EA 

VA, VB 

VA, VB' 

2-296 

OUTPUT 2XVOH 

~ RL =5000 

SW 

lRL =5000 

Vee 

GND 

VOH 

10% 
VOL 

hHL 

Vee 

GND 

Vee 

GND 

Parameter SW 

t'TLH, tTHL 
Open 

tpLH, tpHL 

tpLZ Closed 

tpHZ Open 

tPZL Closed 

tPZH Open 

(1)The pulse generator (PG) has the following 
ctiaiactaiistics (10~~·--SO%): tr = 3ii5, tf = 3iiS 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT241P/FP/DWP 
OCTAL 3-STATE NONINVERTING 
BUFFER/LINE DRIVER/LINE RECEIVER WITH LSTTL-COMPATIBLE INPUTS 

DESCRIPTION 
The M74HCT241 is a semiconductor integrated circuit con
sisting of two blocks of 3-state noninverting buffers each 
with four independent circuits that share a common enable 
input. 

FEATURES 
• TTL level input VIL =0.8V max VIH=2.0V min 
• High-fanout 3-state output: (loL =6mA, IOH=-6mA) 
• High-speed: 13ns typo (CL =SOpF, Vcc=SV) 
• Low power dissipation: 20,uW/package, max 

(Vcc=5V, Ta=2S·C, quiescent state) 

• Capable of driving 1S 74LSTTL loads 
• Wide operating temperature range: Ta=-40 ....... +8S·C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HCT241 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS241. 
As the inputs are TTL level, the device can be used as a 
level converter from LSTTL to high-speed CMOS. In that 
case, no pull-up resistors are required. 
The M74HCT241 consists of two independent blocks with 
each block containging four buffers. 

LOGIC' DIAGRAM (EACH BUFFER) 

INPUT A 

EA 

TO OTHER THREE CIRCUITS 

~ 
I 
I 

>---+--0 OUTPUT 
VA 

PIN CONFIGURATION (TOP VIEW) 

ENABLE INPUT EA -+ 

INPUT A1 -+ 

OUTPUT YB4 +-

INPUT A2-+ 

OUTPUT YB3--

INPUT A3-+ 

OUTPUT YB2--

INPUT A4-+ 

OUTPUT YB1 +-

GND 

20P4 
Outline 20P2N· 

20P2V 

Vee 

ENABLE INPUT 

OUTPUT 

INPUT 

OUTPUT 

INPUT 

OUTPUT 

INPUT 

INPUT 

When enable input EA is low and input A is low then output 
YA will become low. However, if A is high then YA will be
come high. Inverted in the other block, a high enable input 
EB Signal causes operation the same as that just described 
with input B signal output at VB. 
When EA is high or EB is low then all Y within the block will 
become high-impedance state, irrespective of A or B. 

INPUT B 

ENABLE INPUT 
EB 

TO OTHER THREE CIRCUITS 

~ 
I 
I 

>----+--0 OUTPUT 
VB 

• MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT241P/FP/DWP 

OCTAL 3·STATE NON INVERTING 
BUFFER/LI.NE DRIVER/LINE RECEIVER WITH LSTTL·COMPATIBLE INPUTS 

FUNCTION TABLE (Note 1) 

Inputs Output Inputs Output 

A EA YA B EB YB 
L L 

H L 

X H 

Note 1 Z: High impedance 
X : Irrelevant 

L 

H 

Z 

L H L 
H H H 

X L Z 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+SS'C. unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI< OV 
11K Input protection diode current 

VI> Vee 

Vo < OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note2) 

TS!g Storage temperature range 

Note 2 M74HCT241 FP. Ta = -40-+75'C and T a = 75-SS'C are derated at -7mW/"C. 
M74HCT241 DWP. Ta = -40-+S0'C and Ta = SO-S5'C are derated at -7mW/'C. 

RECOMMENDED Or:-ERA TlNG CONDITIONS (T a = -40-+S5'C) 

limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5.5 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Topr Operating .temperature range -40 +85 'c 
Ir. If Input risetime. falltime 0 500 ns 

ELECTRICAL CHARACTERISTICS (Vee = SV±10%. unless otherwise noted) 

Symbol 

V IH 

V IL 

V OH 

VOL 

hH 

IlL 

10zH 

10ZL 

Icc 

.c..lee 

Note 3 

2-298 

Parameter Test conditions 

High-level input voltage 
Vo = O. lV, Vee-O. IV 

1101 =20J.l,A 

LOW-level input voltage 
Vo = O. IV, Vee-O. lV 

1101 =20J.l,A 

10H = -20J.l,A 

High-level output voltage VI = VIH, VIL 10H =>-6. OmA, Vee = 4.SV 

IOH = -7.2mA, Vee = S.SV 

IOL = 20J.l,A 

LOW-level output voltage VI = VIH, VIL IOL = 6.0mA, Vee = 4.5V 

IOL = 7.2mA, Vee = 5.SV 

High-level input current VI = Vee 

Low-level input current VI = GND 

Off-state high-level output current VI = VIH, VIL' Vo = Vee 

Off-state low-level output current VI = VIH, VIL, Vo = GND 

Quiescent supply current VI = Vee, GND, 10= OJ.l,A 

Maximum quiescent supply current VI=2.4V,O.4V(Note3), 10=OJ.l,A 

Only one inpul is set at this value and all other inputs are fixed at Vee or GND . 

.. ,. ·MITSUBISHI 
~ELECTRIC 

Min 

2.0 

Vee-O• l 

4.18 

5.18 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±35 rnA 
±75 rnA 
500 rnW 

-65-+150 'c 

Limits 

2S'C -40-+BS'C Unit 

Typ Max Min Max 

2.0 V 

0.8 0.8 V 

Vee-O• 1 

4.13 V 

5.13 

0.1 0.1 

0.26 0.33 V 

0.26 0.33 

0.1 1.0 /1A 
-0.1 -1.0 /1A 

0.5 5.0 /1A 
-O.S -5.0 /1A 

4.0 40.0 /1A 
2.7 2.9 rnA 



MITSUBISHI HIGH SPEED CMOS 

M74HCT241P/FP/DWP 

OCTAL 3-STATE NONINVERTING 
BUFFER/LINE DRIVER/LINE RECEIVER WITH LSTTL-COMPATIBLE INPUTS 

SWITCHING CHARACTERISTICS (Vcc = 5V, T a = 25°C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

hLH Low-level to high-level and high-level to low-level 12 

hHL output transition time 
CL = 50pF (Note 5) 

12 

t pLH Low-level to high-level and high-level to low-level 25 

t pHL output propagation time (A - VA, B - VB) 25 

t pLZ Output disable time from low-level and high-level 
CL = 5pF(Note5) 

27 

t pHZ (EA - VA, EB - VB) 27 

t PZL Output enable time to low-level and high-level 
CL = 50pF (Note 5) 

32 

t PZH (EA - VA, EB - VB) 32 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, T a = -40-+85°C) 

Limits 

Symbol Parameter Test conditions 25°C -40-+S5°C 

Min Typ Max Min 

hLH Low-level to high-level and 12 
high-level to low-level CL = 50pF (Note 5) 

12 tTHL output transition time 

t pLH Low-level to high-level and 
CL = 50pF (Note 5) 

25 

t pHL high-level to low-level 25 

t pLH output propagation time 
CL = 150pF (Note 5) 

40 

t pHL (A-YA, B-YB) 40 

t pLZ Output disable time from 32 

t pHZ 

1~level and high-level CL = 50pF (Note 5) 
32 (EA - VA. EB - VB) 

t PZL 
CL = 50pF (Note 5) 

32 

t PZH 
Output enable time to low-level 

32 

t PZL 

and high-level 
47 (EA - VA, EB....,- VB) CL = 150pF (Note5) 

t PZH 47 

C 1 Input capacitance 10 

Co Off-state output capacitance EA = Vcc, EB = GND 15 

Cpo, Power dissipation capacitance (Note 4) 44 

Note 4 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per buffer) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· VCC

2 
• fl+lcc • Vcc 

'MITSUBISHI 
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Max 

15 

15 

32 

32 

51 

51 

40 

40 

40 

40 

59 

59 

10 

15 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 
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MITSUBISHI 'HIGH SPEED CMOS 

M74HCT241P/FP/DWP 

OCTAL 3-STATE NONINVERTING 
BUFFER/LIN,E DRIVER/LINE RECEIVER WITH, LSTTL-COMPATIBLE INPUTS 

Note 5 : Test Circuit 

TIMING DIAGRAM 

A"B 

VA, VB 

2-300 

3.0V 

ov 

VOH 

10% 
VOL 

tTHL 

3.0V 

OV 

Parameter SW1 SW2 

t TLH• tTHL 
\ 

tpLH. t pHL 
Open Open 

t pLZ Closed Open 
t pHZ Open Closed 
t PZL Closed Open 
t PZH Open Closed 

(1)The pulse generator (PG) has the following 
characteristics (1C%r-90%): tr = 8ns, t,:;;: 6ni 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

,-----3.0V 

OV 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT241-1P/FP/'DWP f'" 1:\I\s \s I\ot a e subject 
~ot\ce" , \\II\\tS af 
\lafa.1l\"tf\COCTAL 3-STATE NONINVERTING 

BUFFER/LINE DRIVER/LINE RECEIVER WITH LSTTL-COMPATIBLE INPUTS 

DESCRIPTION 
The M74HCT241-1 is a semiconductor integrated circuit 
consisting of two blocks of 3-state noninverting buffers each 
with four independent circuits that share a common ena.ble 
input. 

FEATURES 
• TTL level input VIL =0.8V max VIH=2.0V min 
• High-fanout 3-state output: (loL=24mA, IOH=-24mA) 
• High-speed: 10ns typo (CL=50pF, Vcc=5V) 
• Low power dissipation: 25,uW/package, max 

(Vcc=5V, Ta=25t, quiescent state) 
• Capable of driving 60 74LSTTL loads 
• Wide operating temperature range: T a=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of Silicon gate technology allows the M74HCT241-1 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS241. 
The circuit Is designed to suppress the increased switching 
noise that normally occurs at high output currents. 
As the inputs are TTL level. the device can be used as a 
level converter from LSTTL to high-speed CMOS. In that 
case, no pull-up resistors are required. 

LOGIC DIAGRAM (EACH BUFFER) 

A 

ENABLE INPUT 

EA 0-------<l 

TO OTHER THREE CIRCUITS 

~ 
I 

OUTPUT 
>--+---..,0 YA 

PIN CONFIGURATION (TOP VIEW) 

ENABLE INPUT EA _ 

INPUT A1-

OUTPUT YB4-

INPUT A2-

OUTPUT YB3-

INPUT A3-

OUTPUT YB2-

INPUT A4-

OUTPUT YB1-

GND 

20P4 
Outline 20P2N 

20P2V 

Vee 

ENABLE INPUT 

INPUT 

The M74HCT241-1 consists of two independent blocks with 
each block containging four buffers. 
When enable input EA is low and input A is low then output 
YA will become, low. However, if A is high then YA will be
come high. Inverted in the other block, a high enable input 
EB signal causes operation the same as that just described 
with input B signal output at VB. 
When EA is high or EB is low then all Y within the block will 
become high-impedance state, irrespective of A or B. 

TO OTHER THREE CIRCUITS 

~ 
I 
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MITSUBISHI HI.GH SPEED CMOS 

M74HCT241·1P/FP/DWP 

OCTAL 3·STATE NONINVERTING 
BUFFER/LINE DRIVER/LINE RECEIVER WITH LSTTL·COMPATIBLE INPUTS 

FUNCTION TABLE (Note 1) 

Inputs Output Inputs Output 

A EA 

L L 

H L 

X H 

Notel: Z : High impedance 
X : Irrelevant 

VA 

L 

H 

Z 

B EB VB 

L H L 

H H H 

X L Z 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+SS'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K Input protection diode current 
VI< OV 

VI> Vee 

10K Output parasitic diode current 
Vo<OV 

Vo > Vee 

10 Output current, per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HCT241-1FP, T8 = -40-+7S'C and Ta = 7S-SS'C are derated at -7mW/'C. 
M74HCT241-1DWP, T8 = -40-+S0'C and Ta = SO-SS'C are derated at -7mW/'C. 

RECOMMENDED O~ERATING CONDITIONS (Ta = -40-+SS'C) 

Parameter 
Limits 

Symbol Unit 
Min Typ Max 

Vee Supply voltage 4.5 5.5 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Toor Operating temperature range -40 +85 'C 
I Vcc=4.SV 0 25 

ns/V t r • tf Input rlsetlme, falltlme I Vcc=S.SV 0 15 

ELECTRICAL CHARACTERISTICS (Vee = SV±l 0%, unless otherwise noted) 

Symbol Parameter Test conditions 

V IH High-level Input voltage 
Vo = O. lV, Vee-O. lV 

1101 =20jiA 

V IL Low-level input voltage 
Vo = O. lV, Vee-O.1V 

1101 = 20jiA 

VOH High-level output voltage VI = VIH, VIL 
IOH = -20jiA 

IOH = -24mA, Vee = 4. SV 

10L = 20jiA 
VOL Low-level output voltage VI=VIL 

10L = 24mA, Vee = 4. SV 

IIH High-level Input current VI = Vee 

IlL Low-level input current VI= GND 

10zH Off-state high-level output current VI = VIH, VIL, Vo = Vee 

10ZL Off-state low-level output current VI =VIH. VIL, Vo = GND 

Icc Quiescent supply current VI = Vee, GND, 10 = OjiA 

.Q.lee Maximum quiescent supply current VI = 2. 4V, O.4V (Note 3) 

Note 3 : Only one input is set at this value and all other inputs are fixed at Vee or GND. 

2-302 . •. MITSU. BISHI 
"ELECTRIC 

Min 

2.0 

Vee-0. 1 

3.98 

Ratings, Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±50 rnA 

±200 rnA 

500 rnW 

-65-+150 ·C 

limits 

2S'C -40-+8S"C Unit 

Typ Max Min Max 

2.0 V 

0.8 0.8 V 

Vee-O,l 
V 

3.84 

0.1 0.1 

0.39 0.5 
V 

0.1 1.0 

~0.1 -1.0 
/-LA 

0.5 5.0 

-0.5 -5.0 
/-LA 

5.0 50.0 /-LA 

2.7 2.9 mA 



MITSUBISHI HIGH SPEED CMOS 

M74HCT241-1P/FP/DWP 

OCTAL 3-STATE NON INVERTING 
BUFFER/LINE DRIVER/LINE RECEIVER WITH LSTTL-COMPATIBLE INPUTS 

SWITCHING CHARACTERISTICS (Vcc = SV, T a = 2S"C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTL_H Low-level to high-level and high-level to low-level 10 

10 tTHL output transition time 
CL = 50pF (Note 5) 

tpLH Low-level to high-level and high-level to low-level 16 

t pHL output propagation time (A - VA, B - VB) 16 

t pLZ Output disable time from low-level and high-level 
CL=5pF (NoteS) 

18 

(EA - VA, EB - VB) 18 tpHz 

t pZL Output enable time to low-level and high-level 
CL = 50pF (Note 5) 

21 

(EA - VA, EB - VB) 21 t pZH 

SWITCHING CHARACTERISTICS (Vcc =SV±10%, Ta= -40-+85"C) 

Limits 

Symbol Parameter Test conditions 25"C -40-+S5"C 

Min Typ Max Min 

tTLH Low-level to high-level and 12 
high-level to low-level 

12 tTHL output transition time 

tpLH Low-level to high-level and 18 
output propagation time 

tpHL (A- VB, B - VB) 18 

tpLZ Output disable time from CL = 50pF (Note 5) 
23 

low-level and high-level 
tpHZ (EA - VA, EB - VB) 23 

tpZL Output enable time to 23 
low-level and high-level 

tPZH (EA - VA, EB - VB) 23 

C 1 Input capacitance 10 

Co Off-state output capacitance EA = Vee, EB = Vee 15 

Cpo Power dissipation capacitance (Note 4) 

Note 4 : Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per buffer) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· Vec

2 • fl+lcc • Vee 

•.. MITSUBISHI 
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Max 

15 

15 

23 

23 

29 

29 

29 

29 

10 

15 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT241-1P/FP/DWP 

OCTAL 3-STATE NONINVERTINC 
BUFFER/LINE DRIVERlLINE· RECEIVER WITH LSTTL-COMPATIBLE INPUTS 

Note 5 : Test Circuit 

TIMING DIAGRAM 

A.B 

VA. VB 

2-304 

3.0V 

ov 

VOH 

10% 
VOL 

tTHL 

3.0V 

OV 

Parameter SW' 

hLH. tTHL 
Open 

tpLH• tpHL 
t pLZ Closed 

t pHZ Open 

t PZL Closed 

t PZH Open 

(llThe pulse generator (PG) has the following 
characteristics (10%-90%): tr = 3ns. tl = 3ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

,...----3.0V 

OV 

• .. MIT5UB,15HI 
..... ELECTRIC 



MITSUBISHI HIGH SPEED CMOS 

M74HC242P/FP/DP 

QUADRUPLE 3-STATE INVERTING BUS TRANSCEIVER 

DESCRIPTION 
The M74HC242 is a semiconductor integrated circuit con
sisting of four bus transceivers with inverted outputs. 

FEATURES 
• High-fanout 3-state output: (loL =6mA, 10H= -6mA) 
• High-speed: 10ns typo (CL=50pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, T a=25°C, quiescent state) 
• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a= -40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC242 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS242. 
Two buffers with 3-state inverted outputs have their inputs 
and outputs mutually connected and can be used as buffers 
in both bidirectional. 
The input/output direction is controlled by enable inputs 
EAB and EBA. 
When EAB and EBA are both low, the data ports A will be
come input terminals and the data ports B will become out
put terminals. When EAB and EBA are both high, B will be
come output terminals and A will become output terminals. 
Whichever the case, the inverted signals of the input ter
minals will appear at the output terminals. When EAB is 
high and EBA is low or when EAB is low and EBA is high, A 
and B will both become high-impedance state and they will 
be separated. 

PIN CONFIGURATION (TOP VIEW) 

ENABLE INPUT EAB .... Vee 

NC 13 +- EBA ENABLE INPUT 

DATA PORTS 

A1-

A2-

A3-

A4-

GND 

14P4 
Outline 14P2N 

NC 

DATA PORTS 

-B3 

-B4 

14P2P NC : NO CONNECTION. 

LOGIC DIAG,RAM (EACH TRANSCEIVER) 
TO OTHER THREE CIRCUITS 

ENABLE 
INPUTS 

EAB 

EBAo-----~ 

FUNCTION TABLE (Note 1) 

Inputs. Outputs 

EAB EBA A 

H H 0 

L H Z 

H L Z 

L L I 

Note 1 I: Input terminal 
o : Output terminal (inverted outputs) 
Z : High impedance 

I I 
I I 

B 

I 

Z 

Z 

0 

ABSOLUTE MAXIMUM RATINGS (T a = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K Input protection diode current 
VI < OV 

VI> vcc 

10K Output parasitic diode current 
Vo< ov 

Vo > Vcc 

10 Output current per output pin 

Icc Supply/GND current Vce, GND 

Pd Power dissipation (Note2) 

Ts~ Storage temperature range 

Note 2 : M74HC242FP, Ta == -40-+60'C and Ta = 60-85'C are derated at -6mW/'C. 
M74HC242DP, Ta = -40-+5O'C and Ta= 50-85'C are derated at -5mW/'C. 

• ,MITSUBISHI 
~ELECTRIC 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vcc+0. 5 V 

-0. 5-Vcc+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±35 mA 

±75 mA 

500 mW 

-65-+150 'c 

2-305 
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MITSUBISHI HIGH SPEED CMOS 

M74HC242P/FP/DP 

QUADRUPLE 3·STATE INVERTING BUS TRANSCEIVER 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85"<:) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 
Vee = 2.0V 0 1000 

t r• tf input risetime, faiiiime Vee=4.5V 0 500 
Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level Input voltage 

V IL Low-level Input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level Input current 

lozH Off-state high-level output current 

IOZL Off-state low-level output current 

Icc Quiescent supply current 

2-306 

Test conditions 

vedv) 

Vo = O. IV, Vee-O. lV 
2.0 

1101 = 20jiA 
4.5 
6.0 

Vo = O. IV, Vee-o. lV 
2.0 

1101 =.20jiA 
4.5 
6.0 

10H = -20jiA 2.0 
10H = -20jiA 4.5 

VI = VIH, V'L 10H = -20jiA 6.0 
10H = -6.0mA 4.5 
10H = -7.8mA 6.0 
10L = 20jiA 2.0 

10L = 20/.lA 4.5 

VI = VIH, V'L 10L = 20/.lA 6.0 
10L = 6.0mA 4.5 
10L= 7.8mA 6.0 

V,=6V 6.0 
V,=OV 6.0 

VI = V'H, V'L, Vo = Vee 6.0 

V, = V'H, V'L, Vo = GND 6.0 
V, = Vee, GND, 10 = O/.lA 6.0 

•.... MI-TSUBISHI 
;"ELECTRIC 

Unit 

V 

V 

V 

·C 

ns 

Limits 

25·C -40-+85·C Unit 

Min Typ Max Min Max 

1.5 1.5 
3.15 3.15 V 

4.2 4.2 

0.5 0.5 
1. 35 1.35 V 

1.8 1.8 
1.9 1.9 
4.4 4.4 
5.9 5.9 V 

4.18 4.13 
5.68 5.63 

0.1 0.1 
0.1 0.1 
0.1 0.,1 V 

0.26 0.33 
0.26 0.33 

0.1 1.0 IJ.A 
-0.1 -1.0 IJ.A 

0.5 5.0 IJ.A 
-0.5 -5.0 IJ.A 

4.0 40.0 IJ.A 



MITSUBISHI HIGH SPEED CMOS 

M74HC242P/FP/DP 

QUADRUPLE 3-STATE INVERTING BUS TRANSCEIVER 

SWITCHING CHARACTERISTICS (Vcc = SV. T a = 2S·C) 

Symbol Parameter 
Limits 

Test conditions 
Min Typ Max 

hLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = SOpF (Note 4) 

10 

t pLH Low-level to high-level and high-level to low-level 18 
t pHL output propagation time (A - S, S - A) 18 
t pLZ Output disable time from low-level and high-level 

CL = S pF (Note 4) 
25 

t pHZ (EAS - A. S. ESA- s. A) 25 

t PZL Output enable time to low-level and high-level 
CL = SOpF( Note 4) 

28 
t pZH (EAS - A, S. ESA - s. A) 28 

SWITCHING CHARACTERISTICS (Vcc = 2-6V. T a = -40-+8S·C) 

Limits 

Symbol Parameter Test conditions 2S·C -40-+SS·C 

VcC<V) Min Typ Max Min . 
2.0 60 

tTLH Low-level to high-level and 4.5 12 

CL = SOpF (Note 4) 
6.0 10 

high-level to low-level 
2.0 60 

hHL output transition time 4.5 12 

6.0 10 

2.0 100 

t pLH 4.5 20 

CL = SOpF (Note 4) 
6.0 17 

2.0 100 

t pHL Low-level to high-level and 4.5 20 

high-level to low-level 6.0 17 

output propagation time 2.0 150 

t pLH (A- s, S-A) 4.5 30 

CL = lS0pF (Note 4) 
6.0 26 

2.0 150 

t pHL 4.5 30 

6.0 26 

2.0 150 

t pLZ Output disable time from 4.5 30 

CL = SOpF (Note 4) 
6.0 26 

low-level and high-level 
2.0 150 

t pHZ (EAS - A, S, ESA - s, A) 4.5 30 

6.0 26 

2.0 150 

t PZL 4.5 30 

CL = SOpF (Note 4) 
6.0 26 

2.0 150 

t PZH Output enable time to low-level 4.5 30 

6.0 26 
and high-level 

2.0 200 

t PZL (EAS-A, S, ESA- s, A) 4.5 40 

CL = lS0pF (Note4) 
6.0 34 

2.0 200 

t PZH 4.5 40 

6.0 34 

C 1 Input capacitance 10 

Co Off-state output capacitance 15 

Cpo Power dissipation capacitance (Note 3) 58 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per transceiver) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· VCC

2
• fl+lcc • Vcc 

• . MITSUBISHI 
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Max 

75 

15 

13 

75 

15 

13 

126 

25 

21 

126 

25 

21 

189 

38 

32 

189 

38 

32 

189 

38 

32 

189 

38 

32 

189 

38 

32 

189 

38 

32 

252 

50 

43 

252 

50 

43 

10 

15 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 
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Note 4 : Test Circuit 

TIMING DIAGRAM 

A, B 

B, A 

EAB, EBA 

A, B 

A, B 

2-308 

MITSUBISHI HIGH SPEED CMOS 

M74HC242P/FP/DP 

QUADRUPLE 3·STATE INVERTING BUS TRANSCEIVER 

Parameter SWl SW2 

tTLH• tTHL 
Open Open 

t pLH• tpHL 
tpLZ Closed Open 

tpHZ Open Closed 

tPZL Closed Open 

t PZH Open Closed 

(1)The puise generator (PG) has the following 
characierisiics (10%-90%): ir = 6ns, if = ons 

(2) The capacitan'ce CL includes stray wiring 
capacitance and the probe input capacitance, 

Vee 

GND 

VOH 

10% 

tTHL 
VOL 

------ Vee 

"-____ GND 

• . MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC243P/F P/DP 

QUADRUPLE 3·STATE NO.NINVERTING BUS TRANSCEIVER 

DESCRIPTION 
The M74HC243 is a semiconductor integrated circuit con
sistillQ of four bus transceivers with noninverted outputs. 

FEATURFEATURES 
• High-fanout 3-state output: (loL =6mA, IOH=-:-6mA) 
• High-speed: 12ns typo (CL =50pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 

equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC243 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 

74LS243. 
Two buffers with 3-state noninverted outputs have their in
puts and outputs mutually connected and can be used as 
buffers ia both directions. 
The input/output direction is controlled by .enable inputs 
EAB and EBA. 
When EAB and EBA are both low, the data prots A will be
come input terminals and the data ports B will become out
put terminals. When EAB and EBA are both high, B will be
come input terminals and A will become output terminals. 
Whichever the case, the same signals as at the input ter
minals will appear at the output terminals. When EAB is 
high and EBA is low or when EAB is low and EBA is high, A 
and B will both become high-impedance state and they will 
be separated. 

PIN CONFIGURATION (TOP VIEW) 

ENABLE INP.UT EAB-+ Vee 

NC 13 +- EBA ENABLE INPUT 

DATA PORTS 

A1-

A2-

A3-

A4-

GND 

14P4 
Outline 14P2N 

NC 

DATA PORTS 

-B3 

-B4 

14P2P NC: NO CONNECTION 

LOGIC DIAGRAM (EACH TRANSCEIVER) 
TO OTHER THREE CIRCUITS 

I I 
I , 

DATAPORTA~~----~--C 

ENABLE 
INPUTS 

EAB 

EBA 0------0 .......... __ 

FUNCTION TABLE (Note 1) 

Inputs 

EAB EBA 
H H 

L H 

H L 

L L 

Notel: I: Input terminal 
o : Outputs 
Z : High impedance 

Data ports 

A 
0 

Z 

Z 

I 

B 
I 

Z 

Z 

0 

B 
DATA 
PORT 

ABSOLUTE MAXIMUM RATINGS (Ta ,:" -40-+85t, unless otherwise noted) 

Symbol Parameter Conditions 

Vec Supply voltage 

VI Input voltage 

Vo Output voltage 

11K Input protection diode current 
v,< ov 

VI> vee 

10K Output parasitic diode current 
vo< ov 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 : M74HC243FP, Ta = -40-+60·C and Ta = 60-85°C are derated at -6mW/·C. 
M74HC243DP, Ta = -40-+50°C and Ta = 50-85·C are derated at -5mWtC. 

\ •. MITSUBISHI 
~£LECTRIC 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vcc+0. 5 V 

-0. 5-Vcc+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

+35 rnA 
±75 rnA 
500 rnW 

-65-+150 ·C 

2-309 



MITSUBISHI HIGH SPEED CMOS 

M74HC243P/FP/DP 

QUADRUPLE 3-STATE NONINVERTING BUS TRANSCEIVER 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+S5'C) 

limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Va Output voltage 0 Vee 

TOOf Operating temperature range -40 +85 

I Vee = 2.0V 0 1000 

t r• tf Input risetime. falltime I Vcc=4.5V 0 500 

I Vee = 6.0V o 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

lozH Off-state high-level output current 

lozL Off-state low-level output current 

Icc Quiescent supply current 

2-310 

Test conditions 

VeC<V) 

Vo = O. IV, Vee-O. IV 
2.0 

1101 =20p.A 
4.5 

6.0 

Vo = O. lV, Vee-O. IV 
2.0 

1101 = 20p.A 
4.5 

6.0 

IOH= -20p.A 2.0 

10H = -20p.A 4.5 

VI = VIH, Vil 10H = -20p.A 6.0 

10H =' -6.0mA 4.5 

10H = -7.8mA 6.0 

10l = 20p.A 2.0 

10l = 20p.A 4.5 

VI = VIH, Vil 10l = 20p.A 6.0 

10l = 6.0mA 4.5 

10l = 7.8mA 6.0 

VI =6V, 6.0 

VI=OV 6.0 

VI = VIH, Vll, Vo = Vee 6.0 

VI = VIH, Vll, Vo = GND 6.0 

VI = Vee, GND, 10 = Op.A 6.0 

, ., MITSU. BISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

'c 

nl'l 

Limits 

25'C -40-+85'C Unit 

Min Typ Max Min Max 

1.5 1.5 

3.15 3.15 V 

4.2 4.2 

0.5 0.5 

1. 35 1.35 V 

1.8 1.8 

1.9 1.9 

4.4 4.4 

5.9 5.9 V 

4.18 4.13 

5.68 5.'63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /.LA 
-0.1 -1.0 /.LA 

0.5 5.0 /-lA 
-0.5 -5.0 /.LA 

4.0 40.0 /.LA 



MITSUBISHI HIGH SPEED CMOS 

M74HC243P/FP/DP 

QUADRUPLE 3-STATE NONINVERTING BUS TRANSCEIVER 

SWITCHING CHARACTERISTICS (Vee = 5V, Ta =25·C) 

Symbol Parameter 
Limits 

Test conditions 
Min Typ' Max 

hLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = 50pF (Note 4) 

10 
t pLH Low-level to high-level and high-level to low-level 18 
t pHL output propagation time (A - B, B - A) 18 
t pLZ Output disable time from low-level and high-level 

CL = 5 pF (Note 4) 
25 

t pHZ (EAB - A, B, EBA- B, A) 25 
t pzL Output enable time to low-level and high-level 

CL = 50pF (Note 4 ) 
28 

t pzH (EAB- A, B, EBA- B, A) 28 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85·C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+85"(: 

Vcc(V) Min Typ Max Min 

2.0 60 

tTLH Low-level to high-level and 4.5 12 

CL = 50pF (Note 4) 
6.0 10 

high-level to low-level 
2.0 60 

hHL output transition time 4.5 12 

6.0 10 

2.0 100 

t pLH 4.5 20 

CL = 50pF (Note 4) 
6.0 17 

2.0 100 

t pHL Low-level to high-level and 4.5 20 

high-level to low-level 6.0 17 

output propagation time 2.0 150 

t~LH (A- B, B-A) 
I 

4.5 30 

CL = 150pF (Note 4) 
6.0 26 

2.0 150 

t pHL 4.5 30 

6.0 26 

2.0 150 

t pLZ Output disable time from 4.5 30 

CL = 50pF (Note 4) 
6.0 26 

low-level and high-level 
2. a 150 

tpHZ (EAB - A, B, EBA - B, A) 4.5 30 

6.0 26 

2.0 150 

t PZL 4.5 30 

CL = 50pF (Note 4) 
6.0 26 

2.0 150 

t PZH Output enable time to low-level 4.5 30 

6.0 26 
and high-level 

2.0 200 

t PZL (EAB- A, B, EBA- B, A) 4.5 40 

CL = 150pF (Note 4) 
6.0 34 

2.0 200 

tPZH 4.5 40 

6.0 34 

C 1 Input capacitance 10 

Co Off-state output capacitance 15 

Cpo Power dissipation capacitance (Note 3) 71 

Note 3 Cpo is the internal capacitance of th~ IC calculated from operation supply current under no-load conditions. (per transceiver) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fJ+lee • Vee 

• MITSUBISHI 
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Max 

75 

15 

13 

75 

15 

13 

126 

25 

21 

126 

25 

21 

189 

38 

32 

189 

38 

32 

189 

38 

32 

189 

38 

32 

189 

38 

32 

189 

38 

32 

252 

50 

43 

252 

50 

43 

10 

15 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 
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Note 4 : Test Circuit 

TIMING DIAGRAM 

A, B 

e, A 

EAB, EBA 

A, B 

A, B 

2-312 

MITSUBISHI HIGH SPEED CMOS 

M74HC243P/FP/DP 

QUADRUPLE 3~STATE NONINVERTING BUS TRANSCEIVER 

10% 

tTHL 

Parameter SWl SW2 

tTLH, tTHL 
Open Open 

tpLH, tpHL 
tpLZ Closed Open 

tpHZ Open Closed 

tPZL Closed Open 

t PZH Open Closed 

(1 )The pulse generator (PG) has the following 
characteristics (;0%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GND 

VOH 

VOL 

_-----Vee 

..•.•.. MITSUBISHI 

.... ELECTRIC 



MITSUBISHI HIGH SPEED CMOS 

M74HC244P/FP/DWP 

OCTAL3-STATE NONINVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

DESCRIPTION 
The M74HC244 is a semiconductor integrated circuit con
sisting of two blocks of 3-state non-inverting buffers each 
with four independent circuits that share a common enable 
input. 

FEATURES 
• High-fanout 3-state output: (loL=6mA, IOH=-6mA) 
• High-speed: 10ns typo (CL=50pF, Vcc=5V) 
• Low power dissipation: 20,uW/package, max 

(Vcc=5V, Ta=25°C, quiescent state) 

• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature r.ange: T a=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC244 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40QOB series 
while giving high-speed performance equivalent to the 
74LS244. 
The M74HC244 consists of two independent blocks with 
each block containing four buffers. 
When enable input E is low and input A (or B) is low then 
output Y will become, low. However, if A (or B) is high then 
Y will become high. 
When E is high then all outputs within the block will be
come high-impedance state, irrespective of A (or B). 
All eight buffer circuits can be controlled simultaneously by 
connecting EA and EB of the two blocks. 

FUNCTION TABLE (Note 1) 

Inputs 

A, B EA, EB 

L L 

H L 
X H 

Note 1 Z: High impedance 
X : Irrelevant 

output 

VA, YB 

L 

H 

Z 

PIN CONFIGURATION (TOP VIEW) 

ENABLE INPUT EA --+ 1 Vee 

INPUT 19 +- EB ENABLE INPUT 

OUTPUT YB4 +- 3 

INPUT A2 --+ 4 

OUTPUT YB3 +- 5 

OUTPUT YB2 +- 7 

INPUT A4 .... 

OUTPUT YB1 +- 9 

GND 

20P4 
Outline 20P2N 

20P2V 

INPUT 

LOGIC DIAGRAM (EACH BUFFER) 

INPUT 
AOR B 

ENABLE INPUT 

EA OR EB 

TO OTHER THREE CIRCUITS 

~ 
I 

OUTPUT 

YA OR YB 

• MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC244P/FP/DWP 

OCTAL 3-STATE NONINVERTING BUFFER/,LINE DRIVE;RiLINE RECEIVER 

ABSOLUTE. MA)(IMUM RATINGS' (Ta= -40-+85"<:, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < ov 
11K Input prot~ctlon diode current 

VI> Vce 

Vo<OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC244FP, Ta = -40-+75·C and Ta = 75-85·C are derated at -7mW/"C. 
M74HC244DWP, Ta = -40-+80·C and Ta = 80-85·C are derated at -7mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta= -40-+85·C) 

limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

I Vee = 2.0V 0 1000 

t r• tf Input risetlme, falltime I Vee=4.5V 0 500 

I Ve~ = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

10zH Off-state high-level output current 

10ZL Off-state high-level output current 

Icc Quiescent supply current 

2-314 

Test conditions 

VeC<V) 

Vo = Vee-O.1V 
2. a 

1101 = 20jJ.A 
4.5 

6.0 

Vo = O. lV, Vee-O.1V 
2.0 

1101 = 20jJ.A 
4.5 

6.0 

IOH = -20jJ.A 2.0 

IOH = -20jJ.A 4.5 

VI = VIH, VIL 10H = -20f1.A 6.0 

IOH = -6.0mA 4.5 

IOH = -7. SmA 6.0 

IOL = 20jJ.A 2.0 

IOL = 20jJ.A 4.5 

VI = VIL IOL = 20jJ.A 6.0 

10L = 6.0mA 4.5 

IOL = 7. SmA 6.0 

VI =6V 6. a 
VI=OV 6.0 

VI = VIH, Vlb Vo = Vee 6.0 

VI = VIH, VIL' Vo = GND 6. a 
VI = Vee, GND, lo=OjJ.A 6.0 

.:, . MITSUBISHI 

..... ELECTRIC, 

Unit 

V 

V 

V 
·C 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±35 rnA 
±75 rnA 
500 rnW 

-65-+150 ·C 

limits 

2S·C -40-+SS·C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /-lA 
-0.1 -1.0 /-lA 

0.5 5.0 /-lA 
-0.5 -5.0 /-lA 

4.0 40.0 /-lA 



MITSUBISHI HIGH SPEED CMOS 

M74HC244P/FP/DWP 

OCTAL 3·STATE NONINVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

hHL output transition time 
CL = 50pF (Note 4) 

10 

t pLH Low-level to high-level and high-level to low-level 20 

t pHL output propagation time (A - VA, B-YB) 20 

t pLZ Output disable time from 'low-level and high-level 
CL = 5 pF (Note 4) 

25 

t pHZ (EA-YA, EB-YB) 25 

t PZL Output enable time to low-level and high-level 
CL = 50pF (Note 4) 

28 

t PZH (EA- VA, EB - VB) 28 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, T a = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+85'C 

Vcc(V) Min Typ Max Min 

2.0 60 

tTLH Low-level to high-level and 4.5 12 

CL = 50pF (Note 4) 
6.0 10 

high-level to low-level 
2.0 60 

hHL. output transition time 4.5 12 

6.0 10 

2.0 115 

t pLH 4.5 23 

CL = 50pF (Note 4) 
6.0 20 

2.0 115 

tpHL. Low-level to high-level and 4.5 23 

high-level to low-level 6.0 20 

output propagation time 2.0 165 

t pLH (A-YA, B-YB) 4.5 33 

CL = 150pF (Note 4) 
6.0 28 

2.0 165 

t pHL 4.5 33 

6.0 28 

2.0 150 

t pLZ Output disable time from 4.5 30 

CL = 50pF (Note 4) 
6.0 26 

low-level and high-level 
2.0 150 

t pHZ (EA - VA, EB - VB) 4.5 30 

6.0 26 

2.0 150 

t PZL 4.5 30 

CL = 50pF (Note 4) 
6.0 26 

2.0 150 

t PZH Output enable time to low-level 4.5 30 

6.0 26 
and high-level 

2.0 200 

t PZL (EA - VA, EB - VB) 4.5 40 

CL = 150pF (Note 4) 
6.0 34 

2.0 200 

t PZH 4.5 40 

6.0 34 

C 1 Input capacitance 10 

Co Off-state output capacitance EA = Vcc, EB = Vcc 15 

Cpo Power dissipation capacitance (Note 3) 57 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per buffer) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' VCC

2 
• fl+lcc • Vcc 

'.. . MITS'UBISHI 
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Max 

75 

15 

13 

75 

15 

13 

145 

29 

25 

145 

29 

25 

208 

42 

35 

208 

42 

35 

189 

38 

32 

189 

38 

32 

189 

38 

32 

189 

38 

32 

252 

50 

43 

252 

50 

43 

10 

15 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HC244P/FP/DWP 

OCTAL 3-STATE NONINVERTING BU:FFER/LINE DRIVER/LINE RECEIVER 

Note 4 : Test Circuit 

INPUT Vee 

OUT 

TIMING DIAGRAM 

A, B 

VA, YB 

VA, YB 

VA, YB 

2-316 

OUTPUT 

Vee 

'------- GNO 

-,..------ VOL 
tTHL 

_ ...... ----Vee 

GNO 

Parameter SWl SW2 

tTLH, tTHL 
Open Open 

tpLH, tpHL 

tpLZ Closed Open 

tpHZ Open Closed 

tpZL Closed Open 

tPZH Open Closed 

(1)The pulse gen~rator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe Input capacitance. 

• MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC244-1P/FP IDWP 

OCTAL 3·STATE NONINVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

DESCRIPTION 
The M74HC244-1 is a semiconductor integrated circuit con
sisting of two blocks of 3-state non-inverting buffers each 
with four independent circuits that share a common enable 
input. 

FEATURES 
• High-fanout 3-state output: (IOL=24mA, IOH=-24mA) 
• High-speed: Sns typo (CL =50pF, Vee=5V) 
• Low power dissipation: 25,uW/package, max 

(Vec=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 60 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate 'technology allows the M74HC244-1 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 

I 74LS244. 
The circuit is designed to suppress the increased switching 
noise that normally occurs at high output currents. 
The M74HC244-1 consists of two independent blocks with 
each block containing four buffers. 
When enable input E is low and input A (or B) is low then 
output Y will become low. However, if A (or B) is high then 
Y will become high. 
When E 'is high then all outputs within the block will· be
come high-impedance state, irrespective of A (or B). 
All eight buffer circuits can be controlled simultaneously by 
connecting EA and EB of the two blocks. 

FUNCTION TABLE (Note 1) 

Inputs 

A, B EA, EB 

L L 

H L 

X H 

Note 1 Z: High impedance 
X : Irrelevant 

output 

VA, VB 

L 

H 

Z 

PIN CONFIGURATION (TOP VIEW) 

ENABLE INPUT vee 

INPUT A1-+ 19 - EB ENABLE INPUT 

OUTPUT YB4-

INPUT A2-+ 

OUTPUT YB3 +- 5 

INPUT A3-+ 

OUTPUT YB2 +- 7 

INPUT A4-+ 

OUTPUT 

GND 11 - B1 INPUT 

20P4 
Outline 20P2N 

20P2V 

LOGIC DIAGRAM (EACH BUFFER) 

INPUT 
AOR B 

ENABLE INPUT 
EA OR EB 

()-------Q 

TO OTHER THREE CIRCUITS 

t 
I 

OUTPUT 
YA OR YB 

• MITSUBISHI 
.... ELECTRIC 2-317 



MITSUBISHI HIGH SPEED' CMOS 
, ,-

M74HC244-1P/FP/DWP 

OCTAL3-STATE NONINVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+8S'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI< OV 
11K Input protection diode current 

VI> Vcc 

Vo<OV 
10K Output parasitic diode current 

Vo > Vcc 

10 Output current, per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC244-1FP, Ta = -40-+7S"C and Ta = 7S-8S'C are derated at -7mW/'C. 
M74HC244-1DWP, Ta = -40-+80'C and Ta = 80-8S'C are derated at -7mW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+8S'C) 

limits 
Symbol Parameter 

Min Typ Max 

Vce Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

I Vee = 2.0V 0 500 

t r• tf Input risetlme, falltime I Vec=4.SV 0 50 

I Vee = 6V 0 30 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level Input voltage 

V IL Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

IIH High-level Input current 

IlL LOW-level Input current 

10;!:H Off-state high-level output current 

10;!:L Off-state high-level output current 

Icc Quiescent supply current 

2-318 

Test conditions 

VedV) 

2.0 
Vo = Vee-O. IV 

4.5 
1101 = 20}J.A 

6.0 

2.0 
Vo =0. lV, Vce-O.IV 

4.5 
1101 = 20/-lA 

6.0 

10H = -20/-lA 2.0 

10H = -20J1.A 4.5 
VI = VIH, VIL 

10H = -20J1.A 6.0 

10H = -24mA 4.5 

10L = 20J1.A 2.0 

10L = 20J1.A 4.5 
VI=VIL 

10L = 20J1.A .6.0 

10L= 24mA 4.5 

W=6V 6.0 

VI=OV 6.0 

VI = VIH, VIL, Vo= Vee \ 6.0 

VI = VIH, VIL. Vo = GND 6.0 

VI = Vee, GND, 10 = OpA 6.0 

'. .MITSUB1Sitl 
.... ELECTRIC 

Unit 

V 

V 

V 

'c 

ns/V 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

3.98 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vcc+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±50 'rnA 

±200 rnA 

SOO rnW 

-65-+150 'c 

limits 

2S'C -40-+SS'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 
V 

3.84 

0.1 0.1 

0.1 0.1 
\ 

0.1 0.1 
V 

0.39 0.5 

0.1 1.0 /.LA 
-0.1 -1.0 /.LA 

0.5 5.0 /.LA 
-0.5 -5 ... 0 /.LA 

5.0 50.0 /.LA 



MITSUBISHI HIGH SPEED CMOS 

M74HC244-1P/FP IDWP 

OCTAL 3·STATE NONINVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

SWITCHING CHARACTERISTICS (Vee = SV, T a = 2S'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

hLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = SOpF (Note 4) 

10 

t pLH Low-level to high-level and high-level to low-level 16 

t pHL output propagation time (A - VA, B - VB) 16 

t pLZ Output disable time from low-level and high-level 
CL = S pF (Note 4) 

18 

t pHZ (EA - VA, EB - VB) 18 

t PZL Output enable time to low-level and high-level 
CL = SOpF (Note 4) 

23 

t PZH (EA - VA. EB - VB) 23 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+8S'C) 

Limits 

Symbol Parameter Test conditions 2S'C- -40-+8S'C 

vcdv) Min Typ Max Min 

2.0 60 

hLH Low-level to high-level and 4.5 12 

6.0 10 
high-level to low-level 

2.0 60 

tTHL output transition time 4.5 12 

6.0 10 

2.0 90 

t pLH Low-level to high-level and 4.5 18 

high-level to low-level 6.0 15 

output propagation time 2.0 90 

t pHL (A-VA, B-VB) 4.5 18 

CL = SOpF (Note4) 
6.0 15 

2.0 115 

tpLZ Output disable time from 4.5 23 

6.0 20 
low-level and high-level 

2.0 115 

tpHZ (EA - VA, EB - VB) 4.5 23 

6.0 20 

2.0 115 

t PZL ' Output enable time to 4.5 23 

6.0 20 
low-level and high-level 

2.0 115 

t PZH (EA - VA, EB - VB) 4.5 23 

6.0 20 

C 1 Input capacitance 10 

Co Off-state output capacitance EA = Vcc. EB = GND 15 

Cpo Power dissipation capacitance (Note 3) 43 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per buffer) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2
• fl+lec ' Vee 

. • MITSUBISHI 
"'ELECTRIC 

Max 

75 

15 

13 

75 

15 

13 

115 

23 

20 

115 

23 

20 

145 

29 

25 

145 

29 

25 

145 

29 

25 

145 

29 

25 

10 

15 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 

ns 

ns 

ns 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HC244-1P/FP/DWP 

OCTAL 3·STATE NONINVERTING BUFFER/LINE DRIV~R/LINE RECEIVER 

Note 4 : Test Circuit 

INPUT Vcc 

PG ~-"""---1 OUT 

500 

TIMING DIAGRAM 

A, B 

VA, VB 

EA, EB 

VA, VB 

VA, VB 

2-320 

OUTPUT 

Vce 

'------- GND 

------Vce 

GND 

Parameter SW 
tTLH. tTHL 

Open 
tpLH. tpHL 

tpLZ Closed 

tpHZ Open 

tPZL Closed 

tPZH Open 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 3ns, tf = 3ns 

(2) The capacitance CL Includes stray wiring 
capacitance and the probe input capacitance. 

( 

• ,MITSU, B,ISMI' 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT244P/FP/DWP 
OCTAL 3·STATE NONINVERTING 
BUFFER/LINE DRIVER/LINE RECEIVER WITH LSTTL·COMPATIBLE INPUTS 

DESCRIPTION 
The M74HCT244 is a semiconductor integrated circuit con
sisting of two blocks of 3-state non-invering buffers each 
with four independent circuits that share a common enable 
input. 

FEATURES 
• TTL level inputs V,L =0.8V max, V'H=2.0V min 
• High-fanout 3-state output: (loL =6mA, IOH= -6mA) 
• High-speed: 13ns typo (CL =50pF, Vcc=5V) 
• Low power dissipation: 20.uW/package, max 

(Vcc=5V, Ta=25°C, quiescent state) 

• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: T a=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HCT244 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS244. 
As the inputs are TTL level, the device can be used as a 
level converter from LSTTL to high-speed. COMS. In that 
case, no pull-up resistros are required. 
The M74HCT244 consists of two independent blocks with 
each block containing four buffers. 
When enable input E is low and input A (or B) is low then 
output Y will become low. However, if A (or B) is high then 
Y will become high . 

. When E is high then all outputs within the block will be
come high-impedance state, irrespective of A (or B). 
All eight buffer circuits can be controlled simultaneously by 
connecting EA and EB of the two blocks. 

PIN CONFIGURATION (TOP VIEW) 

ENABLE INPUT EA- vee 

INPUT Al- 19 +- EB ENABLE INPUT 

OUTPUT YB4 +-

INPUT A2-

OUTPUT YB3 +

INPUT A3-

OUTPUT YB2 +- 7 

INPUT A4-

OUTPUT YBl +-

GND 

20P4 
Outline 20P2N 

20P2V 

+- B1 INPUT 

LOGIC DIAGRAM (EACH BUFFER) 

INPUT 
AOR S 

TO OTHER THREE CIRCUITS 

~ 
I 
I 

>---i---(J OUTPUT 
YA ORYS 

FUNCTION TABLE (Note 1) 

Inputs 

A, B EA, EB 

L L 

H L 

X H 

Note 1 Z: High impedance 
X : Irrelevant 

Output 

YA, YB 

L 

H 

Z 

• MITSUBISHI 2-321 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT244P/FP/DWP 

OCTAL 3-STATE NONINVERTING 
BUFFER/LINE DRIVER/LINE RECEIVER WITH LSTTL-COMPATIBLE INPUTS 

-ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5"C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI< OV 
11K Input protection diode current 

VI> Vee 

Vo< OV 
10K Output parasitic diode CUR'ent 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

.Tstg Storage temperature range 

Note 2: M74HCT244FP, Ta = -40-+75"C and Ta = 75-S5"C are derated at -7mW/t. 
M74HCT244DWP, Ta = -40-+S0"C and Ta = SO-S5"C are derated at -7mW/'C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+S5"C) 

limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5.5 V 

VI Input voltage 0 Veo V 

Vo Output voltage 0 Vee V 

Topr Operating temperature range -40 +85 "C 

t r, tf Input rlsetime, falltlme 0 500 ns 

ELECTRICAL CHARACTERISTICS (Vee = 5V±10%, unless otherwise noted) 

Symbol Parameter Test conditions 

V IH High-level input voltage 
Vo = Vee-O. TV 

1101 =201JA 

V IL Low-level Input voltage 
Vo = O. lV, Vee-O. lV 

1101 =201JA 

IOH = -201JA 

V OH High-level output voltage VI ~ VIH, VIL 10H = -6. OmA, Vee = 4. SV 

10H = -7.2mA, Vee = S. SV 

10L = 20IJA 

VOL Low-level output voltage VI=VIL 10L = 6. OmA, Vee = 4. SV 

10L = 7.2mA, Vee = S. SV 

IIH High-level input current VI = Vee 

IlL Low-level input current VI = GND 

10zH Off-state high-level output current VI = VIH, VIL. Vo = Vee 

10ZL Off-state low-level output current VI = VIH, VIL, Vo = GND 

Icc Quiescent supply current VI = Vee, GND, 10 = O/-LA 

.6lee Maximum quiescent supply current VI=2.4V, O.4V(Note3), 10=OIJA 

Note 3 : Only one input is set at this value and all other inputs are fixed at Vee or GND. 

2-322 " ' ,MITSUBISHI 
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Min 

2.0 

Vee-O• l 

4.18 

5.18 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-VeG+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±35 mA 
±75 mA 
,500 mW 

-65-+150 "C 

Limits 

2S'C -40-+8S"C Unit 

Typ Max Min ,Max 

2.0 V 

0.8 0.8 V 

Vee-O• l 

4.13 V 

5.13 

0.1 0.1 

0.26 0.33 V 

0.26 0.33 

0.1 1.0 tLA 
-0.1 -1.0 f.J.A 

0.5 5.0 tLA 
-0.5 -5.0 f.J.A 

4.0 40.0 tLA 
2.7 2.9 mA 



MITSUBISHI HIGH SPEED CMOS 

M74HCT244P/FP/DWP 

OCTAL 3-STATE NONINVERTING 
BUFFER/LINE DRIVER/LINE RECEIVER WITH LSTTL';COMPATIBLE INPUTS 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25°C) 

Symbol Parameter 
Limits 

Test conditions 
Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 12 

tTHL output transition time 
CL = 50pF (Note 5) 

12 

t pLH Low-level to high-level and high-level to low-level 25 

tpHL output propagation time (A - VA, B - VB) 25 

tpLZ Output disable time from low-level and high-level 
CL = 5 pF (Note 5) 

27 

t pHZ (EA - VA, EB - VB) 27 

t pZL Output enable time to low-level and high-level 
CL = 50pF (Note 5) 

32 

tPZH (EA-YA, EB- VB) 32 

SWITCHING CHARACTERISTICS (Vee = 5V±10%, Ta = -40-+85°C) 

Limits 

Symbol Parameter Test conditions 25°C -40-+85°C 

Min Typ Max Min 

tTLH low-level to high-level and .12 
high-level to low-level CL = 50pF (Note 5) 

12 tTHL output transition time 

t pLH Low-level to high-level and 
CL = 50pF (Note 5) 

25 

tpHL high-level to low-level 25 

t pLH output propagation time 
CL = 150pF(Note5) 

40 

t pHL (A-YA, B-YB) 40 

t pLZ Output disable time from 
CL = 50pF (Note 5) 

32 

t pHZ 
1~level a~high-Ievel 

32 (EA - YA, EB - VB) 

t pZL 
CL = 50pF (Note 5) 

32 

t pZH 
Output enable time to low-level 

32 

t pZL 
and high-level 

47 
(EA-YA, EB-YB) CL = 150pF (N~te 5) 

t PZH 47 

C 1 Input capacitance 10 

Co Off-state output capacitance EA = EB = Vcc 15 

Cpo Power dissipation capacitance (Note 4) 45 

Note 4 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per buffer) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+lee • Vec 

. 'MITSUBISHI 
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Max 

15 

15 

32 

32 

51 

51 

40 

40 

40 

40 

59 

59 

10 

15 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT244P/FP/DWP 

OCTAL 3·STATE NONINVERTING . 
BUFFER/LINE DRIVE~/LINE RECEIVER WITH LSTTL·COMPATIBLE INPUTS 

Note 5 : Test Circuit 

INPUT Vee 

PG '--+---4 OUT 

50n 

TIMING DIAGRAM 

A, B 

VA, VB 

EA, EB 

VA, VB 

VA, VB 

2-324 

3.0V 

OV 

VOH 

10% 
VOL 

tTHL 

Parameter SW1 SW2 

t TLH • tTHL 
Open Open 

t pLH • tpHL 

t pLZ Closed Open 

tpHZ Open Closed 

t PZL Closed Open 

t PZH Open Closed 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, t, = 6ns 

.(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

,-----3.0V 

OV 

• , MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT244-1P/FP/DWP 

DESCRIPTION 
The M74HCT244-1 is a semi.conductor integrated circuit 
consisting of two blocks of 3-state non-invering buffers 
each with four independent circuits that share a common 
enable input. 

FEATURES 
• TTL level inputs VIL=0.8V max, VIH=2.0V min 
• High-fanout 3-state output: (lOL =24mA, IOH=-24mA) 
• High-speed: 10ns typo (CL=50pF, Vcc=5V) 
• Low power dissipation: 25.uW/package, max 

(Vcc=5V, Ta=25°C, quiescent state') 

• Capable of driving 60 74LSTTL loads 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HCT244-1 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS244. 
The circuit is designed to suppress the increased switching 
noise that normally occurs at high output currents. 
As the inputs are TTL level, the device can be used as a 
level converter from LSTTL to high-speed CaMS. In that 
case, no pull-up resistors are required. 
The M74HCT244-1 consists of two independent blocks with 
each block containing four buffers. 
When enable input E is low and input A (or B) is low then 
output Y will become low. However, if A (or B) .is high then 
Y will become high. 
When E is high then all outputs within the block will be
come high-impedance state, irrespective of A (or B). 
All eight buffer circuits can be· controlled simultaneously by 
connecting EA and EB of the two blocks. 

FUNCTION TABLE (Note 1) 

Inputs 

A, B EA, EB 

L L 

H L 

X H 

Note 1 Z: High impedance 
X : Irrelevant 

Output 

VA, VB 

L 

H 

Z 

PIN CONFIGURATION (TOP VIEW) 

ENABLE INPUT EA .... 

INPUT A1 .... 

OUTPUT YB4-

INPUT A2 .... 

OUTPUT 

INPUT A3 .... 

OUTPUT YB2-

INPUT A4 .... 

OUTPUT YB1-

GND 

20P4 
Outline 20P2N 

20P2V 

Vee 

ENABLE INPUT 

LOGIC DIAGRAM (EACH BUFFER) 

INPUT 
AOR B 

TO OTHER THREE CIRCUITS 

t 
I 

'.. MITSUBISHI 
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MITSUBISHI,HIGH SPEED CMOS 

M74HCT244-1P/FP/DWP 

OCTAL 3·STATE NONINVERTING 
BUFFER/LINE DRIVERlLINE RECEIVER WITH LSTTL.COMPATIBLE INPUTS 

ABSOLUTE MAXIMUM RATINGS (T~= -40-+85t:, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K Input protection diode current 
VI< OV 

VI> Vee 

10K Output paraSitic diode current 
Vo<OV 

Vo > Vee 

10 Output current, per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 : M74HCT244-1FP, Ta = -40-+75t: and Ta = 75-85"C are derated at -7mW/t:. 
M74HCT244-1DWP, Ta = -40-+80t: and Ta = 80-85"C are derated at -7mW/"C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85t:) 

-, limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5.5 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Topr Operating temperature range -40 +85 ·C 

I Vee=4.SV 0 25 
ns/V t r• tf Input rlsetime, lalltlme I Vee = S.SV 0 15 

ELECTRICAL CHARACTERISTICS (Vcc = 5V±1 0%, unless otherwise noted) 

Symbol Parameter Test conditions 

V IH High-level Input voltage 
Vo=O.1V 

1101 = 20l-lA 

VIL Low-level Input vottage 
Vo = O. lV. Vee-O. lV 

1101 =201-lA 

VOH High-level output voltage VI = VIH. Vil 
IOH = -20J1.A 

10H = -24mA. Vee = 4.SV 

VOL Low-level output voltage VI=Vll 
10l = 20l-lA 

10l = 24mA. Vee = 4. SV 

IIH High-level Input current VI = Vee 

IlL Low-level input current VI = GND 

10zH Oil-state high-level output current VI = VIH. Vil. Vo = Vee 

10ZL Oil-state low-level output current VI = VIH. Vil. Vo = GND 

Icc Quiescent supply current VI= Vee, GND, 10 = OJ1.A 

~Iee Maximum quiescent supply current VI - 2.4V, O.4V (Note 3) 

Note 3 : Only one input is set at this value and all other inputs are fixed at Vee or GND. 

2-326 •. MllSUBISH. I 
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Min 

2.0 

Vee-0•1 

3.98 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±50 rnA 
±200 rnA 

500 rnW 
-65-+150 ·C 

limits 

2S"C -40-+85"C Unit 

Typ Max Min Max 

2.0 V 

0.8 0.8 V 

Vee-0. 1 

3.84 
V 

0.1 0.1 

0.39 0.5 
V 

0.1 1.0 

-0.1 -1.0 
/-LA 

0.5 5.0 

-0.5 -5.0 
/-LA 

5.0 50.0 /-LA 
2.7 2.9 rnA 



MITSUBISHI HIGH SPEED CMOS 

M74HCT244-1P/FP/DWP 

OCTAL 3-STATE NONINVERTING 
BUFFER/LINE DRIVER/LINE RECEIVER WITH LSTTL-COMPATIBLE INPUTS 

SWITCHING CHARACTERISTICS (Vec = 5V, Ta = 25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = SOpF (Note S) 

10 

tpLH Low-level to high-level and high-level to low-level 16 

tpHL output propagation time (A - VA, B - VB) 16 

t pLZ Output disable time from low-level and high-level 
CL = S pF (Note S) 

18 

t pHZ (EA-YA, EB-YB) 18 

tPZL Output enable time to low-Ievel·and high-level 
CL = SOpF (Note S) 

23 

tPZH (Eli: - VA, EB - VB) 23 

SWITCHING CHARACTERISTICS (Vcc = 5V±10%, Ta= -40-+85'C) 

Limits 

Symbol Parameter Test conditions 2S'C -40-+SS'C 

Min Typ Max Min 

hLH Low-level to high-level and 12 
high-level to low-level 

12 tTHL output transition time 

tpLH 
Low-level to high-level and 18 high-level to low-level 
output propagation time 

tpHL (A-YA. B-YB) 18 

tpLZ Output disable time from CL = SOpF (NoteS) 
23 

low-level and high-level 
t pHZ (Eli: - VA. EB - VB) 23 

tPZL 
Output enable time to 23 
low-level and high-level 

tPZH (8\ - VA. EB - VB) 23 

C 1 Input capacitance 10 

Co Off-state output capacitance EA = Vcc. EB = Vcc 15 

Cpo Power dissipation capacitance (Note 4) 

Note 4 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per buffer) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· VCC

2 
• fl+lcc • Vcc 
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Max 

15 

15 

23 

23 

29 

29 

29 

29 

10 

15 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 

ns 

ns 

ns 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT244-1P/FP/DWP 

. OCTAL 3-STATE NONINVERTING 
BUFFER/LINE DRIVER/LINE RECEIVER· WITH LSTTL-COMPATIBLE INPUTS 

Note 5 : Test Circuit 

INPUT Vee 

PG 1---.----4 OUT 

. son 

TIMING DIAGRAM 

A,B 

VA, VB 

VA, VB 

VA, VB 

2-.328 

OUTPUT 

90% 

RL = 500n 

SW 

RL = 500n 

3.0V 

OV 

VOH 

10% 
VOL 

hHL 

,------ 3. OV 

OV 

Parameter SW 

tTLH• tTHL 
Open 

t pLH• tpHL 

t pLZ Closed 

t pHZ Open 

tPZL Closed 

tpzH Open 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 3ns, tf = 3ns 

(2) The capacitance CL · includes stray wiring 
capacitance and the probe input capacitance. 



MITSUBISHI HIGH SPEED CMOS 

M74HC24SP/FP/DWP 

OCTAL 3-STATE NONINVERTING BUS TRANSCEIVER 

DESCRIPTION 
The M74HC245 is a semiconductor integrated circuit con
sisting of eight transceivers with noninverted outputs. 

FEATURES 
• High-fanout 3-state output: (loL=6mA, IOH=-6mA) 
• High-speed: 13ns typo (CL=50pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4:5V, 6V) 
• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC245 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS245. 
Two buffers with 3-state noninverted outputs have their in
puts and outputs mutually connected and can be used as 
buffers in both directions. 
The input/output direction is controlled by direction input 
DIR. 
When DIR is high, the data ports A will become input ter
minals and the data ports B will become output terminals. 
When DIR is low, B will become input terminals and A will 
become output terminals. 
When output enable input OE is high, A and B will both be
come a high-impedance state and they will be separated. 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

OE DIR A B 

L L 0 I 

L H I 0 
H X Z Z 

Note 1 I Input terminal 
o Output terminal (noninverted output) 
Z High impedance (A and B are separated) 
X Irrelevant 

PIN CONFIGURATION (TOP VIEW) 

DIRECTION 
DIR-+ INPUT 

Al-

A2-

A3-

A4-
DATA PORTS 

A5-

A6-

A7-

20P4 
Outline 20P2N 

20P2V 

OUTPUT ENABLE 
INPUT 

DATA PORTS 

LOGIC DIAGRAM (EACH TRANSCEVIER) 

DIRECTION 
INPUT DIR 

TO OTHER 7 CIRCUITS 

t t 
I 
I 
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MITSUBISHI'HIGH SPEED CMOS 

M74HC245P/FP/DWP 

OCTAL 3-STATE NON INVERTING BUS TRANSCEIVER 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+BS'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K Input protection diode current 
VI < OV 

VI> Vcc 

10K Output parasitic diode current 
Vo<'OV 

Vo > Vcc 

10 Output current per output pin 

Icc Supply/GND current Vcc, GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 : M74HC245FP, Ta = -40-+7S'C and Ta = 7S-BS'C are derated at -7mW/'C. 
M74HC245DWP, Ta = -40-+BO'C and Ta = BO-BS'C are derated at -7mW/'C. 

RECOMMENDED 'OPERATING CONDITIONS (Ta = -40-+B5'C) 

limits 
Symbol Parameter' 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 
T oDr Operating temperature range -40 +85 

Vcc=2.0V 0 1000 

t r, tf Input rlsetlme, falltlme Vce=4.SV 0 500 

Vce = S.OV 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level Input voltage 

V IL low-level input voltage 

V OH High-level output voltage 

VOL low-level output voltage 

IIH High-level input current 

IlL low-level Input current 

10zH Off-state high-level output current 

10ZL Off-state low-level output current 

Icc Quiescent supply current 

2-330 

Test conditions 

vectvl 

2.0 
Vo = O. IV, Vee-O. IV 

4.5 
1101 = 20J.l.A 

6.0 

2.0 
Vo = O.IV, Vee-O. IV 

4.5 
1101 = 20J.l.A 

6.0 

10H = -20J.l.A 2.0 

IOH = -20J.l.A 4.5 

VI = VIH, VIL 10H = -20J.l.A 6.0 

10H= -S.OmA 4.5 

10H = -7.8mA 6.0 

10L =20J.l.A 2.0 

IOL= 20J.l.A 4.5 

VI = VIH, VIL 10L = 20J.l.A 6.0 

10L =S.OmA 4.5 

10L = 7.8mA 6.0 

VI=SV 6.0 

VI=OV 6.0 

VI = VIH, VIL. Vo = Vee 6.0 

VI = VIH. VIL, Vo = GND 6.0 

VI = Vee, GND, 10 = OJ.l.A 6.0 

• ,MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

'c 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 
20 ' mA 

-20 

20 
mA 

±35 mA 
±75 mA 
500 mW 

-65-+150 'c 

Limits 

2S'C -40-+8S'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 I1A 
-0.1 -1.0 I1A 

O. S 5.0 I1A 
-O.S -5.0 I1A 

4.0 40.0 I1A 



MITSUBISHI HIGH SPEED CMOS 

M74HC245P/FP/DWP 

OCTAL 3-STATE NONINVERTING BUS TRANSCEIVER 

SWITCHING CHARACTERISTICS (Vee = 5V. Ta = 25'C) 

Parameter 
limits 

Symbol Test conditions 
Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = 50pF (Note 4) 

10 

t pLH Low-level to high-level and high-level to low-level 21 

t pHL output propagation time (A - B, B - A) 21 

t pLZ Output disable time from low-level and high-level 
CL = 5pF(Note4) 

42 

t pHZ (OE-A, B) 42 

t pZL Output enable time to low-level and high-level 
CL = 50pF (Note 4) 

42 

t PZH (OE-A, B) 42 

SWITCHING CHARACTERISTICS (Vec = 2-6V. T a = -40-+S5'C) 

limits 

Symbol Parameter Test conditions 25'C -40-+S5'C 

VccCV) Min Typ Max Min 

2.0 60 

tTLH Low-level to high-level and 4.5 12 

CL = 50pF (Note 4) 
6.0 10 

high-level to low-level 
2.0 60 

tTHL output transition time 4.5 12 

6.0 10 

2.0 110 

t pLH 4.5 22 

CL = 50pF (Note 4) 
6.0 19 

2.0 110 

tpHL Low-level to high-level and 4.5 22 

high-level to low-level 6.0 19 

output propagation time 2.0 195 

t pLH (A- B, B-A) 4.5 39 

CL = 150pF (Note 4) 
6.0 34 

2.0 195 

tpHL 4.5 39 

6.0 34 

2.0 172 
t pLZ Output disable time from 4.5 43 

CL = 50pF (Note 4) 
6.0 41 

low-level and high-level 
2.0 172 

t pHZ (OE- A, B) 4.5 43 

6.0 41 

2.0 184 

t pZL 4.5 46 

CL = 50pF (Note 4) 
6.0 41 

2.0 184 

t pZH Output enable time to low-level 4.5 46 

6.0 41 
and,high-Ievel 

2.0 216 

t PZL (OE-A, B) 4.5 54 

CL = 150pF (Note 4) 
6.0 47 

2.0 216 

t pZH 4.5 54 

6.0 47 

C 1 Input capacitance 10 

Co Off-state output capacitance OE= Vce 15 

Cpo Power dissipation capacitance (Note 3) 58 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions, (per transceiver) 
The power dissipation during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2
• fl+lee ' Vee 
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Max 

75 

15 

13 

75 

15 

13 

140 

28 

24 

140 

28 

24 

245 

49 

43 

245 

49 

43 

208 

52 

50 

208 

52 

50 

224 

56 

50 

224 

56 

50 

260 

65 

57 

260 

65 

57 

10 

15 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 
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Note 4 : Test Circuit 

INPUT Vee OUTPUT 

DUT 

GND 

TIMING DIAGRAM 

A, B 

B, A 

OE 

A, B 

A, B 

2-332 

MITSUBISHI HIGH SPEED CMOS 

M74HC24SP/FP/DWP 

OCTAL 3-STATE NONINVERTING BUS TRANSCEIVER 

Parameter SWl SW2 

Vee 

tn.H,hHL· 
Open Open 

t pLH, tpHL 

~ RL = lkO 

SWl 

t pLZ 

t pHZ 

t PZL 

Closed Open 

Open Closed 

Closed Open 

Vee 

GND 

Vee 

GND 

VOL 

V OH 

tPZH Open Closed 

(1 ) The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 
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MITSUBISHI HIGH SPEED. CMOS 

M74HC24S-1P/FP/DWP 

OCTAL 3-STATE NONINVERTING BUS TRANSCEIVER 

DESCRIPTION 
The M74HC245-1 is a semiconductor integrated circuit con
sisting of eight bus transceivers with noninverted outputs. 

FEATURES. 
• High-fanout 3-stateoutput: (loL=24mA. IOH=-24mA) 
• High-speed: Sns typo (CL=SOpF. Vee=SV) 
• Low power dissipation: 2S,uW/package. max 

(Vee=SV. Ta=2S"C. quiescent state) 
• High noise margin: 30% of Vee. min (Vee=4.SV. 6V) 
• Capable of driving 60 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+SSt 

APPLICATION 
General purpose. for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC24S-1 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS24S. 
The circuit is designed to suppress the increased switching 
noise that normally occurs at high output currents. 
Two buffers with 3-state noninverted outputs have their in
puts and outputs mutually. connected and can be used as 
buffers in both directions. 
The input/output direction is controlled by direction input 
DIR. 
When DIR is high. the data ports A will become input ter
minals and the data ports 8 will become output terminals. 
When DIR is low. 8 will become input terminals and A will 
become output terminals. 
When output enable input OE is high. A and 8 will both be
come a high-impedance state and they will be separated. 

FUNCTION TABLE (Note 1) 

Inputs Data ports 

OE DIR A B 

L L 0 I 

L H I 0 
H X Z Z 

Note 1 I Input terminal 
o Output terminal (noninverted output) 
Z High impedance (A and B are separated) 
X Irrelevant 

PIN CONFIGURATION (TOP VIEW) 

DIRECTION 
DIR-INPUT 

A1-

A2-

A3-

A4"': 
DATA PORTS 

A5-

A6-

A7-

A8-

GND 

20P4 
Outline 20P2N 

20P2V 

vee 
OUTPUT ENABLE 
INPUT 

DATA PORTS 

LOGIC DIAGRAM (EACH TRANSCEVIER) 

DIRECTION 
INPUT DIR 

OUTPUT ENABLE 
INPUT OE 

TO OTHER 7 CIRCUITS 

t t 
I 
I 
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MITSUBISHI HIGH SPEED CMOS 

M74HC24S-1 P/FP/DWP 

OCTAL 3-STATE NONINVERTING BUS TRANSCEIVER 

ABSOLUTE MAXIMUM RATINGS (Ta = -40~+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K 
VI< OV 

Input protection diode current 
VI> Vcc 

10K Output parasitic diode current 
Vo<OV 

Vo > Vcc 

10 Output current. per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC245-1FP, Ta = -40-+75"C and Ta = 75-S5"C are derated at -7mW/"C. 
M74HC245-1DWP, Ta = -40-+80"C and Ta = SO-85"C are derated at -7mW/"C. 

RECOMMENDED ,OPERATING CONDITIONS (T a = -40-+S5'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +S5 

I Vee=2.0V 0 500 

tr. tf Input rlsetlme, falltlme I Vee=4.SV 0 50 

I Vee = 6.0V 0 30 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level Input voltage 

V IL Low-level input voltage -

VOH High-level output voltage 

VOL Low-level output voltage 

hH High-level Input current 

IlL Low-level Input current 

10zH Off-state high-level output current 

lozL Off-state low-level output current 

Icc Quiescent supply current 

2-334 

I 

Test conditions 

vedv) 

2.0 
Vo = O. lV, Vee-O.1V 

4.5 
1101 = 20lJ,A 

6.0 

2.0 
Vo = O. lV, Vee-O.1V 

4.5 
1101 = 20lJ,A 

6.0 

10H = -201J,A 2.0 

10H = -201J,A 4.5 
VI = VIH' VIL 

10H = -201J,A 6.0 

10H= -24mA 4.5 

10L = 20lJ,A 2.0 

10L = 20lJ,A 4.5 
VI = VIH, VIL 

10L = 20lJ,A 6.0 

10L = 24mA 4.5 

VI =6V 6.0 

VI=OV 6.0 

VI = VIH' VIL! Vo = Vee 6.0 

VI = VIH, YIL, Vo = GND 6.0 

VI = Vee, GND, 10 = OIJ,A 6.0 

'" '- .. MITS, UBISHI 
"ELECTRIC 

\ 

Unit 

V 

V 

V 
·C 

ns/V 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

3.98 

Ratings Unit 

-0.5-+7.0· V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±50 rnA 
±200 rnA 

500 rnW 
-65-+150 "C 

Limits 

2S"C -40-+8S'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1.35 V 

1.8· 1.B 

1.9 

4.4 

5.9 
V 

3.B4 

0.1 0.1 

0.1 0.1 
V 

0.1 0.1 

0.39 0.5 

0.1 1.0 f.lA 
-0.1 -1.0 f.lA 

0.5 5.0 f.lA 
-0.5 -5.0 f.lA 

5.0 50.0 f.lA 



MITSUBISHI HIGH SPEED CMOS 

M74HC24S-1 P/FP/DWP 

OCTAL 3·STATE NONINVERTING BUS TRANSCEIVER 

SWITCHING CHARACTERISTICS (Vee = 5V, Ta=25'C) 

Symbol 
limits 

Parameter Test conditions 
Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = 50pF (Note 4) 

10 

t pLH Low-level to high-level and high-level to low-level 15 
t pHL output propagation time (A - B, B - A) 15 

t pLZ Output disable time from low-level and high-level 
C~ = 5 pF (Note 4) 

25 

t pHZ (OE-A, B) 25 

tPZL Output enable time to low-level and high-level 
CL = 50pF (Note 4) 

28 
t PZH (OE-A, B) 28 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+85'C 

VeC<V) Min Typ Max Min Max 

2.0 60 75 

tTLH Low-level to high-level and 4.5 12 15 

6.0 10 13 
high-level to low-level 

2.0 60 75 

tTHL output,transition time 4.5 12 15 

6.0 10 13 

2.0 85 105 

t pLH Low-level to high-level and 4.5 17 21 

high-level to low-level 6.0 14 18 

output propagation time 2.0 85 105 

tpHL (A- B, B-A) 4.5 17 21 

CL = 50pF (Note 4) 
6.0 14 18 

2.0 150 190 

t pLZ Output disable time from 4.5 30 38 

6.0 26 33 
low-level and high-level 

2.0 150 190 

t pHZ (OE-A, B) 4.5 30 38 

6.0 26 33 

2.0 150 190 

t PZL Output enable time to 4.5 30 38 

6.0 26 33 
low-level and high-level 

2.0 150 190 

tPZH (OE- A, B) 4.5 30 38 

6;0 26 33 

C 1 Input capacitance 10 10 

Co Off-state output capacitance OE=Vec 15 15 

Cpo Power dissipation capacitance (Note 3) 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per transceiver) 
The power dissipation during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2
• fl+lee ' Vee 

• MITSUBISHI 
..... ELECTRIC 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 

ns 

ns 

ns 

pF 
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Note 4 : Test Circuit 

INPUT Vee 

PG 1---+--..... OUT 

soo 

TIMING DIAGRAM 

A, B 

B, A 

OE 

A, B 

A, B 
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MITSUBISHI HIGH SPEED CMOS 

M74HC245-1P/FP/DWP 

OCTAL 3·STATE NON INVERTING BUS TRANSCEIVER 

OUTPUT 2XVOH 

~ RL = 5000 

SW 

Vee 

GNO 

VOH 

10% 

hHL 
VOL 

Vee 

GNO 

VOL 

VOH 

Parameter SW 

hLH. tTHL 
Open 

tpLH• tpHL 

tpLZ Closed 

tpHz Open 

tPZL Closed 

tPZH Open 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 3ns, tf = 3ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 
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MITSUBISHI HIGH SPEED CMOS . 

M74HCT24S-1P/FP/DWP 

DESCRIPTION 
The M74HCT245-1 is a semiconductor integrated circuit 
consisting of eight transceivers with noninverted outputs. 

FEATURES 
• TTL level inputs V1L =0.8 max, VIH=2.0V min 
• High-fanout 3-state output: (loL = 24mA, IOH= - 24mA) 
• High-speed: 10ns typo (CL =50pF, Vcc=5V) 
• Low power dissipation: 25,uW/package, max 

(Vcc=5V, Ta=25°C, quiescent state) 

• Capable of driving 60 74LSTTL loads 
• Wide operating temperature range: T a=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HCT245-1 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS245. 
The circuit is designed to. suppress the increased switching 
noise that normally occrus at high output currents. 
As the inputs are TTL level, the device can be used as a 
level converter from LSTIL to high-speed CMOS. In that 
case, no pull-up resistors are required. 
Two buffers with 3-state noninverted outputs have their in
puts and outputs mutually connected and can be used as 
buffe~s in both directions. 
The input/output direction is controlled by direction input 
DIR. 
When DIR is high, the data ports A will become input ter
minals and the data ports -8 will become output terminals. 
When DIR is low, 8 will become input terminals and A will 
become output terminals. 
When output enable input OE is high, A and 8 will both be
come a high-impedance state and they will be separated. 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

OE DIR A B 

L L 0 I 

L H I 0 

H X Z Z 

Note 1 I Input terminal 
o Output terminal (noninverted output) 
Z High impedance (A and B are separated) 
X Irrelevant 

PIN CONFIGURATION (TOP VIEW) 

DIRECTION 
INPUT DIR- Vee 

A1- OUTPUT ENABLE 
INPUT 

A2-

A3-

A4-
DATA PORTS 

A5-
DATA PORTS 

A6-

A7-

A8-

GND -B8 

20P4 
Outline 20P2N 

20P2V 

LOGIC DIAGRAM (EACH TRANSCEVIER) 

DIRECTION 
INPUT DIR 

DATA PORT 

TO OTHER 7 CIRCUITS 
, t 

I 
I 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT245-1P/FP/DWP 

OCTAL 3-STATE 
NONINVERTING. BUS TRANSCEIV'ER WITH LSTTL·COMPATIBLE INPUTS 

\ ., 

ABSOLUTE M~IMUM RATINGS (Ta = ';""40-+8S'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K Input protection diode current 
VI < OV 

VI> Vee 

10K Output parasitic diode current 
Vo< OV 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HCT245-1FP, Ta = -40-+7S'C and Ta = 7S-8S'C are derated at -7mW/'C. 
M74HCT245-1DWP, T a = -40-+80'C and T a = 80-85'C are. derated at -7mW I'C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+8S'C) 

Symbol 
Limits 

Parameter Unit 
Min Typ Max 

Vee Supply voltage 4.5 5.5 V 

VI Input voltage 0 Vee V 

Vb Output voltage 0 Vee V 
ToDr Ambient operating temperature -40 +85 ·c 

t r• tf Input rlsetlme, falltlme 
I Vee = 4.5V 0 25 

ns/V I Vee = S.SV 0 15 

ELECTRICAL CHARACTERISTICS (Vee = SV±10%, unless otherwise noted) 

Symbol Parameter Test conditions 

V IH High-level Input voltage 
Vo = O. lV, Vee-O. lV 

1101 =201-lA 

V IL Low-level Input voltage 
Vo = O. lV, Vee-O.1V 

1101 = 20l-lA 

V OH High-level output voltage VI=VIL 
10H = -201-lA 

10H = -24mA, Vee = 4. SV 

10L =201-lA 
VOL Low-level output voltage VI = VIH, VIL 

10L = 24mA, Vee = 4. SV 

IIH High-level input current VI = Vee 

IlL Low-level Input current V,= GND 

10zH Off-state high-level output current VI = VIH, VIL, Vo = Vee 

10zL Off-state low-level output current VI = VIH, VIL, Vo = GND 

Icc Quiescent supply current VI = Vee, GND, 10 = OI-lA 

.6. Icc Maximum quiescent supply current VI = 2.4V, O.4V (Note 3) 

Note 3 : Only one input is set at this value and all other inputs are fixed at Vee or GND . 

2-338 • ' .... ' •.. MITSUBISHI 
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Min 

2.0 

Vcc-0• 1 

3.98 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±50 rnA 
±200 rnA 

500 rnW 
-65-+150 "C 

Limits 

25'C -40-+8S'C Unit 

Typ Max Min Max 

2.0 V 

0.8 0.8 V 

Vcc-0• 1 
V 

3.84 

0.1 0.1 

0.39 0.5 
V 

0.1 1.0 

-0.1 -1.0 
/-I A 

0.5 5.0 

-0.5 -5.0 
/-I A 

S.O 50.0 /-I A 
2.7 2.9 rnA 



MITSUBISHI HIGH SPEED CMOS 

M74HCT24S-1P/FP/DWP 

OCTAL 3-STATE 
NON INVERTING BUS TRANSCEIVER WITH LSTTL-COMPATIBLE INPUTS 

SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = 50pF (Note 5) 

10 

t pLH Low-level to high-level and high-level to low-level 15 

t pHL output propagation time (A - B, B - A) 15 

t pLZ Output disable time from low-level and high-level 
CL = 5 pF (Note 5) 

25 

t pHZ (OE-A, S) 25 

t PZL Output enable time to low-level and high-level 
CL = 50pF (Note 5) 

28 

t PZH (OE- A, B) 28 

SWITCHING CHARACTERISTICS (Vcc = 5V±10%, Ta = -40-+S5'C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+85'C 

Min Typ Max Min 

hLH Low-level to high-level and 12 
high-level to low-level 

12 tTHL output transition time 

tpLH Low-level to high-level and 17 
high-level to low-level 

tpHL 
output propagation time 
(A- B, B-A) 17 

t pLZ Output disable time from CL = 50pF (Note 5) 
30 

low-level and high-level 
t pHZ (OE-A,B) 30 

tPZL 
Output enable time to 30 
low-level and high-level 

tPZH (OE-A, B) 30 

C 1 Input capacitance 10 

Co Off-state output capacitance OE= Vcc 15 

Cpo Power dissipation capacitance (Note 4) 

Note 4 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per transceiver) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' VCC

2 
• fl+lcc • Vcc 
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Max 

15 

15 

21 

21 

38 

38 

38 

38 

10 

15 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT24S-1P/FP/DWP 

OCTAL 3-STATE 
NONINVERTING BUS TRANSCEIVER WITH LSTTL·COMPATIBLE INPUTS 

Note 5 : Test Circuit 

INPUT Vcc 

PG 1---+--4 OUT 

500 
GNO 

TIMING DIAGRAM 

A,B 

B,A 

A, B 

A, B 

2-340 

OUTPUT 2XVOH 

10% 

~ RL =5000 

SW 

RL = 5000 

3.0V 

OV 

VOH 

tTHL 
VOL 

,..----- 3.0V 

OV 

Parameter SW 

tTLH• tTHL 
Open 

tpLH• tpHL 

tpLZ Closed 

tpHZ Open 

tPZL Closed 

tPZH Open 

(1)The pulse generator (PG) has the following 
, characteristics (10%-90%): tr = 3ns, tf = 3ns 

(2) The capacitance CL Includes stray wiring 
capacitance and the probe input capacitance. 
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MITSUBISHI HIGH SPEED CMOS 

M74HC251P/FP/DP 

I-INPUT DATA SELECTOR/MUL TIPLEXER WITH 3-STATE OUTPUTS 

DESCRIPTION 
The M74HC251 is a semiconductor integrated circuit con
sisting of an 8-line to 1-line data selector/multiplexer with 
3-state outputs. 

FEATURES 
• High-speed: 20ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vec=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 

• Capable of driving 10 74LSTTL loads 
• Wide supply voltage range: Vec=2-6V 
• Wide operating temperature ranqe: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC251 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 

74LS251. 
The M74HC251 consists of data selector functions for 
selecting one of eight input line signals and multiplexer 
functions for converting 8-bit parallel data into serial data 
using time-division. 
The 8-line signal is applied to data inputs DO through D7, 

PIN CONFIGURATION (TOP VIEW) 

03-

02-
DATA INPUTS 

01-

00- 4 

I 
y- 5 

OUTPUTS _ 

OUTPUT 
ENABLE INPUT 

y-

GNO 

16P4 
Outline 16P2N 

16P2P 

Vee 

DATA INPUTS 

SELECT INPUTS 

and after one of the data inputs has been selected by 
select inputs AO through A2, that input signal will be output 
at Y or an inverted signal will be output at Y. 8y applying 8-
bit parallel data to DO through D7, and connecting the out
put of a synchronous octal counter to AO through A2, DO 
through D7 data will be output at Y synchronous with the 
clock pulse in the order of DO-D7. When output-enable in
put OE is high, all outputs will become a high-impedance 
state irrespective of other inputs. 

M74HC251 has the same functions and pin connections as 
the M74HC151, but the former has a 3-state output. 

LOGIC DIAGRAM . Vee 

D3 ;------------------------------1 
I 

02 2r---~==F===~~) 

DATA INPUTS 

01 

DO 

A2 

~Jk~~l A1 

AO 

---------w-J 

•. MITSUBISHI 
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GNO 

OUTPUTS 
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MITSUBISHI HIGH SPEED CMOS 

M74HC251P/FP/DP 

I·INPUT DATA .SELECTOR/MUL TIPLEXER WITH 3·STATE OUTPUTS 

FUNCTION TABLE (Note 1) 

Inputs 

A2 A1 AO OE DO 01 02 03 04 05 

X X X H X X X X X X 

L L L L L X X X X X 

L L L L H X X X X X 

L L H L X L X X X X 

L L H L X H X X X X 

L H L L X X L X X X 

L H L L X X H X X X 

L H H L X X X L X X 

L H H L X X X H X X 

H L L L X X. X X L X 

H L L L X X X X H X 

H L H L X X X X X L 

H L H L X X X X X H 

H H L L X X X X X X 

H H L L X X X X X X 

H H H L X X X X X X 

H H H L X X X X X X 

Note 1 X: Irrelevant 
Z : High impedance 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Va Output voltage 

VI < ov 
11K Input protection diode current 

VI> Vee 

Vo < OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 : M74HC251FP, Ta = -40-+70'C and Ta = 70-85'C are derated at -6mW/'C. 
M74HC251DP, Ta = -40-+50'C and Ta = 50-85'C are derated at -5mW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta= -40-+85'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Va Output voltage . 

Topr Operating temperature range 

I Vec = 2.0V 

t r• tf Input risetime, falltime I Vee=4.5V 

I Vee = 6.0V 

2-342 

Limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 
-40 +85 

0 1000 

0 500 

0 400 

' .. .. MITSUBISHI 
"'ELECTRIC' 

Unit 

V 

V 

V 

'c 

ns 

Output 

06 07 Y Y 

X X Z Z 

X X L H 

X X H L 

X X L H 

X X H L 

X X L H 

X X H L 

X X L H 

X X H L 

X X L H 

X X H L 

X X L H 

X X H L 

L X- L H 

H X H L 

X L L H 

X H H L 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±25 rnA 

±50 mA 

500 mW 

-65-+150 'c 



MITSUBISHI HIGH SPEED CMOS 

M74HC251P/FP/DP 

a-INPUT DATA SELECTOR/MUL TIPLEXER WITH 3-STATE OUTPUTS 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vedv) Min 

Vo = O. lV. Vee-O.1V 
2.0 1.5 

V IH High-level input voltage 
1101 = 20llA 

4.5 3.15 

6.0 4.2 

Vo = o. lV. Vee-O. lV 
2.0 

V IL Low-level input voltage 
1101 = 20llA 

4.5 

6.0 

10H = -201lA 2.0 1.9 

10H = -201lA 4.5 4.4 

V OH High-level output voltage VI = VIH• VIL 10H = -201lA 6.0 5.9 

10H = -4.0mA 4.5 4.18 

10H = -5.2mA 6.0 5.68 

10L = 20llA 2.0 

10L = 20llA 4.5 

VOL Low-level output voltage VI = VIH. VIL 10L = 20llA 6.0 

10L = 4.0mA 4.5 

10L = 5.2mA 6.0 

IIH High-level input current VI =6V 6.0 

IlL Low-level input current VI=OV 6.0 

lozH Off-state high-level output current VI = VIH. VIL. Vo= Vee 6.0 

,lozL Off-state low-level output current VI=VIH • VIL• Vo = GND 6.0 

Icc Quiescent supply current VI = Vee. GND. 10=OIlA 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25°C) 

Symbol Parameter Test conditions 

hLH 

tTHL 

t pLH 

t pHL 

tpLH 

tpHL 

t pLH 

t pHL 

tpLH 

tpHL 

t pLZ 

t pHZ 

tPZL 

t PZH 

t pLZ 

t pHZ 

tPZL 

tPZH 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (0 - y) 

Low-level to high-level and high-level to low-level 

output propagation time (0 - V) 

Low-level to high-level and high-level to low-level 

output propagation time (A - y) 

Low-level to high-level and high-level to low-level 

output propagation time (A - V) 

Output disable time from low-level and high-level 

(OE-Y) 

Output enable time to low-level and high-level 

(OE-Y) 

Output disable time from low-level and high-level 

(OE-V) 

Output enable time to low-level and high-level 

(OE-V) 

CL = l5pF (Note 4) 

CL= 5pF(Note4) 

CL = l5pF (Note 4) 

CL = 5 pF (Note 4) 

CL = 15pF (Note 4) 

• MITSUBISHI 
.... ELECTRIC 

Limits 

25°C -40-+85°C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /-LA 
-0.1 -1.0 /-LA 

0.5 5.0 /-LA 
-0.5 -5.0 /-LA 

4.0 40.0 /-LA 

Limits 
Unit 

Min Typ Max 

10 ns 
10 ns 
29 ns 
29 ns 
32 ns 
32 ns 
35 ns 
35 ns 
35 ns 
35 ns 
35 ns 
35 ns 
26 ns 
26 ns 
40 ns 
40 ns 
27 ns 
27 ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HC251P/FP/DP 

I·INPUT· DATA SELECTOR/MUL TIPLEXER WITH 3·STATE OUTPUTS 

SWITCHING CHARACTERISTICS (Vee = 2-6V, Ta = -40-+85·C) 

Symbol Parameter 

tTLH Low-level to high-level and 

high-level to low-level 

tTHL output transition time 

t pLH Low-level to high-level and 

high-level to 10w,level 

output propagation time 

t pHL (D-Y) 

t pLH Low-level to high-level and 

high-level to low-level 

output propagation time 

.tpHL (D-V) 

t pLH Low-level to high-level and 

high-level to low-level 

output propagation time 

t pHL (A-Y) 

t pLH Low-level to high-level and 

high-level to low-level 

output propagation time 

t pHL (A-V) 

t pLZ Output disable time from 

low-level and high-level 

t pHZ (OE-Y) 

t PZL Output enable time to 

low-level and high-level 

tPZH (OE-Y) 

t pLZ Output disable time from 

low-level and high-level 

t pHZ (OE-V) 

2-344 

Test conditions 

Vcdv) 

2.0 
4_5 

6.0 

2.0 
4;-0 
6_ 0 

2.0 

4.5 
6.0 
2_ 0 

4.5 
6.0 

2.0 
4_5 

6.0 

2.0 

4.5 
6.0 

2.0 

4.5 
6.0 
2.0 

4.5 

CL = SOpF (Note 4) 
6.0 
2.0 

4.5 
6.0 

2.0 

4.5 
6.0 
2.0 

4.5 
6.0 

2.0 

4.5 
6.0 
2.0 

4.5 
6.0 

2.0 

4.5 
6.0 
2.0 

4.5 
6. b 
2.0 

4.5 
6.0 

• ""MITSUBISHI 
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limits 

2S·C -40-+8S·C Unit 

Min Typ Max M~n Max 

75 95 
15 19 ns 
13 16 
75 95 
15 19 ns 
13 16 

195 244 
39 49 ns 
33 41 

195 244 
39 49 ns 
33 41 

185 231 
37 46 ns 
32 40 

185 231 

37 46 ns 
32 40 

205 256 
41 51 ns 
35 44 

205 256 
41 51 ns 
35 44 

205 256 

41 51 ns 
35 44 

205 256 
41 51 ns 
35 44 

195 244 
39 49 ns 
33 41 

195 244 

39 49 ns 
33 41 

145 181 
29 36 ns 
25 31 

145 181 
29 36 ns 
25 31 

220 275 

44 55 ns 
37 46 

220 275 
44 55 ns 
37 46 



MITSUBISHI HIGH SPEED CMOS 

M74HC251P/FP/DP 

a-INPUT DATA SELECTOR/MUL TIPLEXER WITH 3-STATE OUTPUTS 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, Ta = -40-+85'C)(continued) 

Limits 

Symbol Parameter Test conditions 25"C 

VcC<V) Min Typ Max 

2.0 150 

tPZL Output enable time to 4.5 30 

CL = 50pF( Note 4) 
6.0 26 

low-level and high-level 
2.0 150 

tPZH (OE-Y") 4.5 30 

6.0 26 

C 1 Input capacitance 10 

Co Off-state output capacitance OE= Vcc 15 

Cpo Power dissipation capacitance (Note 3) 67 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vcc2 

• fl+lcc • Vcc 

Note 4 Test Circuit 

INPUT Vec OUTPUT 

PG DUT 

50n 
GND .I

CL 

TIMING DIAGRAM 

Y 

D 

Y 

Vcc 

~ RL = lkO 

SWl 

Vce 

GND 

VOH 

VOL 

Vee 

GND 

90% 
VOH 

50% 

10% VOL 
tTLH 

Parameter SWl SW2 

tTLH, hHL 
Open Open 

t pLH, tpHL 

t pLZ Closed Open 

t pHZ Open Closed 

t PZL Closed Open 

t PZH Open Closed 

(1)The pulse generator (PGJ has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

AO, A1, A2 

Y, Y 

OE 

Y, Y 

Y, Y 

• MITSUBISHI 
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-40-+85'C Unit 

Min Max 

188 

38 ns 

33 

188 

38 ns 

33 

10 pF 

15 pF 

pF 

Vcc 

GND 

VOH 

VOL 

Vce 

GND 

VOL 

VOH 

2-345 



MITSUBISHI HIGH SPEED CMOS 

M74HC253P/FP/DP 

DUAL 4-INPUT DATA SELECTOR/MULTIPLEXER WITH '"3-STATE OUTPUTS 

'DESCRIPTION 
The M74HC253 is a semiconductor integrated circuit con
sisting of two 4-line to 1-line data selectors/multiplexrs with 
3-state outputs. 

FEATURES 
• High-speed: 18ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 20.uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 
• High noise margin: 30% of Vee, min (Vee"';"'4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide supply voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC253P to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS253. 

The M74HC253 consists of data selector functions for 
selecting one of four input line signals and multiplex func
tions for converting 4-bit parallel data into serial data using 
time-division. 
The 4-line signal is applied to data inputs DO through 07, 
and after one of the data inputs has been selected by 

PIN CONFIGURATION b'OPVIEW) 

OUTPUT ENABLE OE -+ 1 
INPUT a Vee 

SELECT INPUT A 1 -+ 15 __ OEb ~~:~~T ENABLE 

D3a-+ 14 -- AO SELECT INPUT 

DATA INPUTS 

DATA INPUTS 
DOa-+ 

OUTPUT 

GND -+ Yb OUTPUT 

16P4 
Outline 16P2N 

16P2P 

select inputs AO and A1, that input signal will be output at 
Y. 8y applying 4-bit parallel data to DO through 03, and 
connecting the output of a synchronous quadruple counter 
to AO and A 1, DO through 03 data will be output at Y syn
chronous with the clock pulse in the order of 00-03. Sieict 
inputs A are common to the two circuits while the output
enable inputs OE are independent. When OE is high, Y will 
become a high-impedance state irrespective of other 
inputs. 

LOGIC DIAGRAM ~ 
D3a 3 -----------------ry--l 

DATA INPUTS 

D3b 

D2b 

D1b 

DOb 

SELECT INPUTS { 

A1 

AD 

OUTPUT ENABLE INPUTS { 
OEa 

OEb 
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MITSUBISHI HIGH SPEED CMOS 

M74HC253P/FP/DP 

DUAL 4-INPUT DATA SELECTOR/MULTIPLEXER WITH 3-STATE OUTPUTS 

FUNCTION TABLE (Note 1) 

Inputs Output 

A1 AO DO 01 02 03 OE y 

X X X X X X H Z 

L L L X X X L L 

L L H X X X L H 

L H X L X X L L 

L H X H X X L H 

H L X X L X L L 

H L X X H X L H 

H H X X X L L L 

H H X X X H L H 

Note 1 X: Irrelevant 
Z : High impedance 

ABSOLUTE MAXIMUM RATINGS (T a = -40-+85-c) 

Symbol Parameter Conditions 

Vee Supply voltage 

V, Input voltage 

Vo Output voltage 

V,< ov 
1'K Input protection diode current 

V, > Vee 

Vo<OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2 ) 

Tstg Storage temperature range 

Note 2 : M74HC253FP, Ta = -40-+70·C and Ta = 70-85·C are derated at -SmW/-c. 
M74HC2530P, Ta = -40-+50-c and Ta = 50-S5t are derated at -5mW/-c. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85·C) 

Symbol Parameter 

Vee Supply voltage 

V, Input voltage 

Vo Output voltage 

Topr Operating temperature range 

Vee = 2.0V 

try tl Input risetime, falltlme Vee = 4.SV 

Vee = 6.0V 

Limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 

-40 +85 

0 1000 

0 500 

0 400 

.···MITSUBISHI 
"'ELECTRIC 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 

±50 rnA 

500 rnW 

-65-+150· "C 

Unit 

V 

V 

V 
·C 

ns 
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i~. ~ '1'.'. !' MITSUBISHI HIGH SPEED CMOS 

M74HC253P/FP/DP 

DUAL4.i1INP,UT" DATASELECTORfMUL TfPLEXER WITH3·S'YATE OUTPUTS 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

Vcc(V) Min 

Vo = O. lV. Vcc-O.1V 
2.0 1.5 

V'H High-level Input voltage 
\10\ == 20fJA 

4.5 3.15 
6.0 4.2 

Vo = O. lV. Vcc-O.1V 
2.0 

V'L Low-level Input voltage 
\10\ =20fJA 

4.5 
6.0 

10H = -20fJA 2.0 1.9 
10H = -20fJA 4.5 4.4 

VOH High-level output voltage V, == V'H. V'l 10H = -20/JA 6.0 5.9 
10H= -4.0mA 4.5 4.18 
10H = -S.2mA 6.0 5.68 
10l = 20fJA 2.0 
10l= 20fJA 4.5 

VOL Low-level output voltage V, == V,H• V,l IOl=20fJA 6.0 
10l == 4.0mA 4.5 
10l =S.2mA 6.0 

I'H High-level Input current V,==6V 6.0 
IlL Low-level Input current V,=OV 6.0 
IOZH Off-state high-level output current V, = V'H. Vil. Vo = Vee 6.0 
IOZL Off-state low-level output current V, = V'H. V'l. Vo == GNO 6. a 
Icc Quiescent supply current V, = Vee. GND. 10 == O/JA 6.0 

SWITCHING CHARACTERISTICS (Vcc =5V, Ta =25t:) 

Symbol Parameter Test conditions 

t TL•H 

tTHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pLZ 

t pHz 

tpzL 

t PZH 

2-348 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (0 - y) 

Low-level to high-level and high-level to low-level 

output propagation time (A - y) 

Output disable time from low-level and high-level 

(OE-Y) 

Output enable time to low~level and high-level 

(OE-V) 

Cl = lSpF (Note 4) 

Cl = SpF(Note4) 

Cl == lSpF (Note 4) 

, '. "', fS, UBISH", I, ... EtICTRIC': 

~,! I 

Limits 

25'C -40-+85'C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1.35 1.35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 

0.1 1.0 J.tA 
-0.1 -1.0 J.tA 

0.5 5.0 J.tA 
-0.5 -5.0 J.tA 

4.0 40.0 J.tA 

Limits 
Unit 

Min Typ Max 

10 ns 
10 ns 
23 ,ns 
23 ns 
30 ns 
30 ns 
27 ns 
27 ns 
18 ns 
18 ns 



MITSUSISNI HIGH SPEED CMOS 

M74HC253P/FP/DP 

DUAL 4.INPUT DATA SELECTOR/MULTIPLEXER WITH 3·STATE OUTPUTS 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 25"<: 

VcdV) Min Typ Max 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

6.0 13 

2.0 126 

tpLH Low-level to high-level and 4.5 28 

high-level to low-level 6.0 23 

output propagation time 2.0 126 

tpHL (O-V) 4.5 28 

6.0 23 

2.0 158 

tpLH Low-level to high-level and 4.5 35 

high-level to low-level 
CL = 50pF (Note 4) 

6.0 30 

output propagation time 2.0 158 

tpHL (A-V) 4.5 35 

6.0 30 

2.0 135 

tpLZ Output disable time from 4.5 30 

6.0 25 
low-level and high-level 

2.0 135 

t pHZ (OE-V) 4.5 30 

6.0 25 

2.0 90 

tPZL Output enable time to 4.5 20 

6.0 17 
low-level and high-level 

2.0 90 

t PZH (OE-V) 4.5 20 

6.0 17 

C 1 Input capacitance 10 

Co Off-state output capacitance OE= Vee 15 

Cpo Power dissipation capacitance (Note 3) 61 

Note 3 : Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 

Note 4 

PG 

The power dissipated during operation under nO-load conditions is calculated using the following formula: 
Po = Cpo' Vee2 • fl+loo • Vee 

Test Circuit 

INPUT Vee OUTPUT 

OUT 

500 
GND ICL 

Vee 

~ RL = 1kO 

SW1 

SW2 1 R, -lkn 

Parameter SW1 SW2 

tTLH• tTHL 
Open Open 

tpLH• tpHL 

tpLZ Closed Open 

tpHZ Open Closed 

tpzL Closed Open 

tPZH Open Closed 

(1)The p\llse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

.•. ' . . MITSUBISH. I 
"'ELECTRIC 

-40-+85"<: Unit 

Min Max 

95 

19 ns 

16 

95 

19 ns 

16 

158 

35 ns 

29 

158 

35 ns 

29 

198 

44 ns 

38 

198 

44 ns 

38 

169 

38 ns 

31 

169 

38 ns 

31 

113 

25 ns 

21 

113 

25 ns 

21 

10 pF 

15 pF 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HC253P/FP/DP 

DUAL 4-INPUTDATA SELECTOR/MULTIPLEXERWIT'H 3-S.TATE OUTPUTS 

TIMING DIAGRAM 

o 

y 

2-350 
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MITSUBISHI HIGH SPEED CMOS 

M74HC257P/FP/DP 

QUADRUPLE 2·INPUT DATA SELECTOR/MULTIPLEXER WITH 3·STATE OUTPUTS 

DESCRIPTION 
The M74HC257 is a semiconductor integrated circuit con
sisting of four 2-line to 1-line data selectors/multiplexers 
with 3-state outputs. 

FEATURES 
• High..,fanout 3-state output: (loL =6mA, IOH=-6mA) 
• High-speed: 12ns typo (CL =50pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC257 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS257. 
The M74HC257 consists of four circuits each containing 
date selector functions for selecting one of two input line 
signals and multiplexer functions for coiwerting 2-bit para
llel data into serial data using time-division. 

LOGIC DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

SELECT 
INPUT 

DATA INPUTS 1 

OUTPUT 

DATA INPUTS 1 

OUTPUT 

GND 

16P4 
Outline 16P2N 

16P2P 

Vee 

OUTPUT 
ENABLE INPUT 

[DATA INPUTS 

OUTPUT 

fDATA INPUTS 

OUTPUT 

The 2-line signal is applied to data inputs A and B, and af
ter one of the data inputs has been selected by select in
put S, it is output at pin Y. By applying 2-bit parallel data to 
A and B, and connecting the output of a binary counter to S, 
A and B date will be output at Y synchronous with the clock 
pulse in the order A-B. Both S and output-enable input OE 
are common to all four circuits. 
When OE is high, all outputs Y will become high impe
dance state irrespective of other inputs. 

Vee 

--------------------------~-

BO 

A1 

DATA INPUTS B1 

SELECT INPUTS 

OUTPUT 
ENABLE INPUT . J 

---------------------~-

•. MITSUBISHI 
"'ELECTRIC 

GND 

OUTPUTS 
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MITSUBISHI HIGH SPEED CMOS 

M74HC257P/FP/DP 

QUADRUPLE 2-INPUTDATA SELECTOR/MUL TJPLEXER WITH 3-STATE OUTPUTS 

FUNCTION TABLE (Note 1) 

Inputs Output 

OE S A B Y 

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 

Note 1 X: Irrelevant 
Z : High impedance 

ABSOLUTE MAXIMUM RATINGS (T a = -40-+85·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vee 

Vo < ov 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC257FP, Ta = -40-+70·C and Ta = 70-85·C are derated at -GmW/"C. 
M74HC257DP, Ta = -40-+50·C and Ta = 50-85·C are derated at -5mW/t. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85·C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Toor Operating temperature range 

I Vee=2.0V 

t r, tf Input risetime, falltime I Vee = 4.5V 

I Vee = 6.0V 

2-352 

Limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 
-40 +85 

0 1000 

0 500 

0 400 

• . MITSUBISHI 
..... ELECTRIC 

Unit 

V 

V 

V 
·C 

ns 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±35 mA 
±75 mA 
500 mW 

-65-+150 ·C 
-



MITSUBISHI HIGH SPEED CMOS 

M74HC257P/FP/DP 

QUADRUPLE 2-INPUT DATA SELECTOR/MUL TIPLEXER WITH 3-STATE OUTPUTS 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

Vec(V) Min 

Vo = O. lV, Vee-0.1V 
2.0 1.5 

V IH High-level input voltage 
1101 = 20l1A 

4.5 3.15 
6.0 4.2 

Vo = O. lV, Vee-O.1V 
2.0 

V IL Low-level input voltage 
1101 = 20l1A 

4.5 

6.0 
10H = -2011A 2.0 1.9 

10H = -2011A 4.5 4.4 
V OH High-level output voltage VI = VIH, VIL 10H = -2011A 6.0 5.9 

10H= -6.0mA 4.5 4.18 
10H = -7. SmA 6.0 5.68 

10L = 20l1A 2.0 
10L = 2Ol1A 4.5 

VOL Low-level output voltage VI = VIH, VIL 10L = 2Ol1A 6.0 
10L = 6.0mA 4.5 
10L = 7. SmA 6.0 

IIH High-level input current VI =6V 6.0 

IlL Low-level input current VI=OV 6.0 

lozH Off-state high-level output current VI = VIH, VIL, Vo= Vee 6.0 

lozL Off-state low-level output current VI=VIH, VIL, Vo= GND 6.0 

Icc Quiescent supply current VI = Vee, GND, 10 = 011 A 6.0 

SWITCHING CHARACTERISTICS (Vee = SV, T a = 2S'C) 

Symbol Parameter Test conditions 

hLH 

tTHL 

t pLH 

t pHL 

t pLH 

t pHL 

tpLZ 

tpHz 

tpzL 

tpZH 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (A, a-v) 
Low-level to high-level and high-level to low-level 

output propagation time (S-Y) 

Output disable time from low-level and high-level 

(OE-Y) 

Output enable time to low-level and high-level 

(OE-Y) 

CL = SOpF (Note 4) 

CL = S pF (Note 4) 

CL = SOpF (Note 4) 

• MITSUBISHI 
.... ELECTRIC 

Limits 

2S'C -40-+SS'C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 
1.9 
4.4 

5.9 V 

4.13 

5.63 
0.1 0.1 
0.1 0.1 

0.1 0.1 V 

0.26 0.33 
0.26 0.33 

0.1 1.0 /-lA 
-0.1 -1.0 /-lA 

0.5 5.0 /-lA 
-0.5 -5.0 /-lA 

4.0 40.0 /-lA 

Limits 
Unit 

Min Typ Max 

10 ns 
10 ns 
18 ns 
18 ns 
29 ns 
29 ns 
23 ns 
23 ns 
20 ns 
20 ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HC257P/FP/DP 

QUADRUPLE 2-INPUT DATA. SELECTO'R/MUL TIPLEXER, WITH 3-STATE OUTPUTS 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, T a = -40-+S5'C) 

Symbol 

hLH 

hHL 

t pLH 

t pHL 

t pLH 

tpHL 

t pLH 

t pHL 

tpLH 

t pHL 

t pLZ 

t pHz 

t PZL 

t PZH 

t PZL 

t PZH 

C 1 

Co 

Cpo 

Note 3 

2-354 

Limits 

Parameter Test conditions 2S'C 

Vcc(V) Min Typ Max 

2.0 60 
Low-level to high-level and 4.5 12 

CL = SOpF (Note 4) 
6_0 10 

high-level to low-level 
2.0 60 

output transition time 4.5 12 
6.0 10 
2.0 100 
4.5 20 

CL = SOpF (Note 4) 
6.0 17 
2.0 100 

Low-level to high-level and 4.5 20 
high-level to low-level 6.0 17 
output propagation time 2.0 150 
(A, B-Y) 4.5 30 

CL = 150pF (Note 4) 
6.0 26 
2.0 150 
4.5 30 
6.0 26 
2.0 160 
4.5 32 

CL = SOpF (Note 4) 
6.0 27 
2.0 160 

Low-level to high-level and 4.5 32 
high-level to low-level 6.0 27 
output propagation time 2.0 210 
(S-y) 4.5 42 

CL = lS0pF (Note 4) 
6.0 36 
2.0 210 
4.5 42 
6.0 36 
2.0 140 

Output disable time from 4.5 2& 

CL = SOpF (Note 4) 
6.0 24 

low-level and high-level 
2.0 140 

(OE-Y) 4.5 28 
6.0 24 

2.0 110 
4.5 22 

CL = SOpF (Note 4) 
6.0 19 
2.0 110 

Output enable time to 4.5 22 
6.0 19 

low-level and high-level 
2.0 160 

(OE-Y) 4.5 32 

CL = lS0pF (Note 4) 
6.0 27 
2.0 160 
4.5 32 
6.0 27 

Input capacitance 10 
Off-state output capacitace OE = Vcc 15 
Power dissipation capacitance (Note 3) 

CPO is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipation during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' VCC

2 
• fl+lcc • Vcc 

• ' . MITSUBISHI 
.... ELECTRIC 

-4O~+BS'C Unit 

Min Max 

75 
15 ns 

13 
75 
15 ns 

13 
126 
25 ns 

21 
126 

25 ns 

21 
189 
38 ns 

32 
189 
38 ns 

32 
200 
40 ns 

34 
200 

40 ns 

34 
265 
53 ns 

45 
265 
53 ns 

45 
175 

35 ns 

30 
175 

35 ns 

30 
140 
28 ns 

24 
140 
28 ns 

24 
200 
40 ns 

34 
200 

40 ns 

34 
10 pF 

15 pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC257P/FP/DP 

QUADRUPLE 2-INPUT DATA SELECTOR/MUL TIPLEXER WITH 3-STATE OUTPUTS 

Note 4 Test Circuit 

'INPUT Vee OUTPUT 

PG DUT 

500 rCL 

TIMING DIAGRAM 

INPUT 

IN PHASE 
OUTPUT 

OUT OF PHASE 
OUTPUT 

OE 

y 

Y 

Vee 

~ RL = 1kO 

SW1 

SW2 

l"C ~ ,.0 

hHL 

90% 
50% 
10% 

tTLH 

Vee 

GND 

VOL 

VOH 

Parameter SW1 SW2 

hLH. tTHL 
Open Open 

tpLH , tpHL 
tpLZ Closed Open 

tpHZ Open Closed 

t pzL Closed Open 

tPZI-:I Open Closed 

(1) The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance, 

Vee 

GND 

VOH 

VOL 

VOH 

VOL 

•. ' MITSUBISHI 
~ELECTRIC 2-355 
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M74HC258P/FP/DP 

QUADRUPLE2-INPUT DATA SELECTOR/MULTIPLEXER WITH 3-STATEOUTPUTS 

DESCRIPTION 
The M74HC258 is a semiconductor integrated circuit con
sisting of four 2-line to 1-line data selectors/multiplexers 
with 3-state outputs. 

FEATURES 
• High-fanout 3-state output (loL =SmA, IOH= -SmA) 
• High-speed: 12ns typo (CL=50pF, Vcc=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=SV, Ta=2SoC, quiescent state) 
• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vce=2-6V 
• Wide operating temperature range: T a=-40-+8SoC 

APPLICATION 
General purpose, for use in ,industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC258P to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS2S8. 
The M74HC258 consists of four circuits each containing 
data selector functions for selecting one of two input line 
Signals and multiplexer functions for converting 2-bit para
llel data into serial data using time-division. 
The 2-line Signals are applied to data inputs A and B. and 
after one of the data inputs has been selected by select in
put S, it is output at pin Y. By applying 2-bit parallel data to 
A and B. and connecting the output of a binary counter to S, 
the data at A and B will be inverted and sequentially output 

PIN CONFIGURATION (TOP VIEW) 

SELECT INPUT S-

1 

AO-
DATA INPUTS 

BO-

OUTPUT YO +-

1 

A1-
DATA INPUTS 

B1-

OUTPUT Y1 +-

GND 

16P4 
Outline 16P2N 

16P2P 

Vee 

OUTPUT 
ENABLE INPUT 

f DATA INPUTS 

OUTPUT 

f DATA INPUTS 

.... Y2 OUTPUT 

at Y in synchronous with the clock pulse in the order A-B. 
S and output-enable input OE are common to all four cir
cuits. When OE is high, all outputs Y will become high im
pedance state irrespective of other inputs. 

FUNCTION TABLE (Note n 
Inputs Output 

OE 5 A 8 Y 

H X X X Z 

L L L X H 

L L H X L 

L H X L H 
L H X H L 

Note 1 X: Irrelevant 
Z : High impedance 

Vee LOGIC DIAGRAM i--'-------------------------~-~ 

DATA INPUTS 

SELECT INPUT 

OUTPUT ENABLE INPUT 

2-356 

I 

I 
I 

---------------------~-~ 
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MITSUBISHI HIGH SPEED CMOS 

M74HC258P/FP/DP 

QUADRUPLE 2·INPUT DATA SELECTOR/MUL TIPLEXER WITH 3·STATE OUTPUTS 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+8S'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

V, Input voltage 

Vo Output voltage 

V, < OV 
1'K Input protection diode current 

V, > Vee 

Vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 M74HC258FP, Ta = -40-+70'C and Ta = 70-8S'C are derated at -6mW/'C. 
M74HC258DP, Ta = -40-+S0'C and Ta = SO-8S'C are derated at -SmW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+8S'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

V, Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +8S 

Vcc=2.0V 0 1000 

tr. tf Input riselime, falltime Vcc = 4.5V 0 SOO 

Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V ,H High-level input voltage 

V ,L Low-level Input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

I'H High~level input current 

I'L Low-level Input current 

10zH Off-state high-level output current 

10ZL Off-state low-level output current 

Icc Quiescent supply current 

Test conditions 

vcdv) 

Vo = O. lV, Vcc-O.lv 
2.0 

1101 = 20liA 
4.5 

6.0 

2.0 
Vo = O. lV, Vcc-O.1V 

4.5 
1101 =20liA 

6.0 

IOH = -20liA 2.0 

10H = -20liA 4.5 

V, = V'H, V,L IOH = -20liA 6.0 

10H= -6.0mA 4.5 

10H = -7. SmA 6.0 

10L = 20liA 2.0 

10L = 20liA 4.5 

V, = V'H, V'L IOL = 20liA 6.0 

10L = 6.0mA 4.5 

IOL= 7. SmA 6.0 

V, =6V 6.0 

V,=OV 6.0 

V, = V'H, V'L, Vo= Vcc 6.0 

V,=V'H, V,L• Vo= GND 6.0 

V, = Vee, GND, 10 = OliA 6.0 

• MITSUBISHI 
1'& ELECTRIC 

Unit 

V 

V 

V 

'c 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+O. S V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±35 rnA 
±75 rnA 

SOO rnW 
-65-+150 'c 

Limits 

2S'C -40-+SS'C Unit 

Typ Max Min Max 

1. S 

3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 J.lA 
-0.1 -1.0 J.lA 

0.5 5.0 J.lA 
-0.5 -5.0 J.lA 

4.0 40.0 J.lA 

~ 
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MITSUBISHI HIGH SPEED CMOS 

M74HC258P/FP/DP 

QUADRUPLE 2-INPUT· DATA SELECTOR/MULTIPLEXER WIT,H3-STATE OUTPUTS 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Symbol Parameter Test conditions 

tTLH Low-I.evel to high-level and high-level to low-level 

tTHL output transition time 

t pLH Low-level to high-level and high-level to low-level 
CL = SOpF (Note 4) 

t pHL output propagation time (A, B - Y) 
tpLH Low-level to high-level and high-level to low-level 

t pHL output propagation time (S - y) 

t pLZ Output disable time from low-level and high-level 
CL = S pF (Note 4) 

t pHZ (OE-Y) 

tPZL Output enable time to low-level and high-level 
CL = SOpF (Note 4) 

t pZH (OE-Y) 

SWITCHING CHARACTERISTICS (Vee = 2~6V, T a = -40~+S5'C) 

Symbol Parameter 

tTLH Low-level to high-level and 

high-level to low-level 

tTHL output transition time 

tpLH 

t pHL L.ow-Ievel to high-level and 

high-level to low-level 

output propagation time 

t pLH (A, B-Y) 

tpHL 

t pLH 

t pHL L.ow-Ievel to high-level and 

high-level to low-level 

output propagation time 

t pLH (S-y) 

t pHL 

2-358 

Test conditions 

VeC<V) 

2.0 

4.5 

CL = SOpF (Note 4) 
6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

CL = SOpF (Note 4) 
6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

CL = lS0pF (Note 4) 
6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

CL = SOpF (Note 4) 
6.0 

2.0 

4.5 

6_0 

2.0 

4.5 

CL = 1S0pF (Note 4) 
6.0 

2.0 

4.5 

6.0 

• .. MITSUBISHI 
..... ·ELECTRIC 

L.lmits 

Min Typ 
Unit 

Max 

10 ns 
10 ns 
18 ns 
18 ns 
18 ns 
18 ns 
25 ns 
25 ns 
28 ns 
28 ns 

Limits 

2S'C -40-+SS'C Unit 

Min Typ Max Min Max 

60 75 

12 15 ns 
10 13 

60 75 

12 15 ns 
10 13 

100 126 

20 25 ns 
17 21 

100 126 

20 25 ns 
17 21 

150 189 

30 38 ns 
26 32 

150 189 

30 38 ns 
26 32 

100 126 

20 25 ns 
17 21 

100 126 

20 25 ns 
17 21 

150 189 

30 38 ns 
26 32 

150 189 

30 38 ns 
26 32 



MITSUBISHI HIGH SPEED CMOS 

M74HC258P/FP/DP 

QUADRUPLE 2·INPUT DATA SELECTOR/MULTIPLEXER WITH 3·STATE OUTPUTS 

SWITCHING CHARACTERISTICS (Vee = 2-6V, Ta = -40-+85·C)(Continued) 

Limits 

Symbol Parameter Test conditions 25·C 

vcdv) Min Typ Max 

2.0 150 

tpLZ Output disable time from 4.5 30 

CL = 50pF (Note 4) 
6.0 26 

low-level and high-level 
2.0 150 

tpHZ (OE-Y) 4.5 30 

6.0 26 

2.0 150 

tPZL 4.5 30 

CL = 50pF (Note 4) 
6.0 26 

2.0 150 

tPZH Output eaable time to 4.5 30 

low-level and high-level 
6.0 26 

2.0 200 

tPZL (OE-Y) 4.5 40 

CL = 150pF (Note 4) 
6.0 34 

2.0 200 

tPZH 4.5 40 

6.0 34 

C 1 Input capacitance 10 

Co Off-state output capacitance DE = vcc 15 

Cpo Power dissipation capacitance (Note 3) 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipation during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· VcC

2 
• fl+lcc • Vee 

Note 4 Test Circuit 

INPUT Vee OUTPUT 

PG OUT 

50n 
GNO ICL 

TIMING DIAGRAM 

INPUT 

IN PHASE 
OUTPUT 

OUT OF PHASE 
OUTPUT 

Vee 

~RL=1kn 
SWl 

SW2 

i.e ~ 1kn 

hHL 

tTLH 

Parameter SWl SW2 

tTLH• tTHL 
Open Open 

tpLH• tpHL 

t pLZ Closed Open 

tpHZ Open Closed 

t PZL Closed Open 

t PZH Open Closed 

(1) The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vcc 

OE 

GNO 

VOH 

Y 

VOL 

VOH 

Y 
VOL 

• MITSUBISHI 
..... ELECTRIC 

-40-+S5·C Unit 

Min Max 

189 

38 ns 

32 

189 

38 ns 

32 

189 

38 ns 

32 

189 

38 ns 

32 

252 

50 ns 

43 

252 

50 ns 

43 

10 pF 

15 pF 

pF 

Vee 

GNO 

VOL 

VOH 
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MITSUBISHI HIGH SPEED CMOS 

M74HC259P/FP/DP 

I .. BITADDRESSABLE LATCH/ I .. OF -I DECODER 

DESCRIPTION 
The M74HC259 is a semiconductor integrated circuit con
sisting of eight latches and a demultiplexer which desig
nates the latches, with a 3-bit binary code. 

FEATURES 
• High-speed: 18ns typo (CL=15pF, Vcc=5V) 
• Low power dissipation: 20,uW/package, max 

(Vcc=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vcc=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC259 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS259. 

The M74HC259 consists of a 3-bit binary-to-octal demulti
plexer and eight latchs. The following operational modes 
can be selected by combining the enable input E and reset 
input R. 

OUTPUTS 

PIN CONFIGURATION (TOP VIEW) 

AO-+ Vee 

ADDRESS 

INPUTS A1-+ RESET INPUT 

A2-+ ENABLE INPUT 

00 .... DATA INPUT 

01 .... 
OUTPUTS 

02 .... 
OUTPUTS 

03 .... 

GND -+ 04 

16P4 
Outline 16P2N 

16P2P 

(1) 3-bit binary-to-octal decode.r/demultiplexer (E low, R 
low) 

(2) Addressable latch (E low, R high) 
(3) Data input inhibit (E high, R high) 
(4) Direct reset (E high, R low) 
When this device is used as a 3-bit binary-to-octal decod
er/demultiplexer, and the select inputs AO- A2 are desig
nated by a 3-bit binary number, the same signal as the data 

LOGIC DIAGRAM A~ ____________________________ ~ 

00 

1- · 
I 

I 
I 

I 
I 

I 
I 

I 
I 

o A2 A1 AO 
DATA INPUT '" ________ --.. ,--____ ....... 

ADDRESS INPUTS 
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03 94 05 07 --0---l 
I 

I 
I 

I 
I 

I 
I 

I 
I 

---------0--~ 
R 

ENABLE RESET 
INPUT INPUT 

• . NtITSUBISMI 
.... ELECTRIC 

GND 



MITSUBISHI HIGH SPEED CMOS 

M74HC259P/FP/DP 

I-BIT ADDRESSABLE LATCH/ I-OF -I DECODER 

input D will appear in one of the outputs 00- 07 corres
ponding to that number and all the other outputs will be 
low. The latch does not operate in this mode. When used 
as an addressable latch and inputs AD- A2 are designated 
as above, the corresponding latch will be selected and the 
same signal as D will appear in the output. 
When E changes from low to high (data inhibit mode), the 

FUNCTION TABLE (Note 1) 

Operation mode 
Inputs 

R E D AO A1 

Direct reset L H X X X 

L L L L L 

L L H L L 

L L L H L 
3-bit binary-to-octal 

L L H H L 
decoder / demu Iti plexer 

L L L H H 

L L H H H 

Data input suspension H H X X X 

H L L L L 

H L H L L 

H L L H L 

Addressable latch H L H H L 

H L L H H 

H L ,H H H 

Note 1 X: Irrelevant 
QO : Output state Q before enable input changes 

A2 

X 

L 

L 

L 

L 

H 

H 

X 

L 

L 

L 

L 

H 

H 

information from the data input D immediately before the 
change will be latched. When E is low, the signal appear
ing in a will be also changed if the signal D is changed. 
In the data input inhibit mode, 00-07 will not change even 
if D is changed and the status before E is high will be held. 
In the direct reset mode, all outputs will be reset to low, 
irrespective of the status of D or AO-A2. 

Outputs 

00 01 02 03 04 05 06 07 

L L L L L L • L L 

L L L L L L L L 

H L L L L L L L 

L L L L L L L L 

L H L L L L L L 

L L L L L L L L 

L L L L L L L H 

00° 01° 02° 03° 04° 05° 06° 07° 

L 01° 02° 03° 04° 050 06° 07° 

H 01° 02° 03° 04° 05° 06° 07° 

00° L 02° 03° 04° 05° 06° 07° 

00° H 02° 03° 04° 05° 06° 07° 

00° 01° 02° 03° 04° 05° 06° L 

00° 01° 02° 03° 04° 05° 06° H 

ABSOLUTE MAXIMUM RATINGS (T a = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vcc Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vce 

Vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 M74HC259FP, Ta = -40-+70'C and Ta = 70-85'C are derated at -6mW/"C. 
M74HC259DP, Ta = -40-+50'C and Ta = 50-85'C are derated at -5mW/"C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Operating temperature range 

I Vee = 2.0V 

t r, tf Input risetime, falltime I Vec=4.5V 

I Vee = 6.0V 

Limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 
-40 +85 

0 1000 

0 500 

0 400 

'MITSUBISHI 
.... ELECTRIC 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vcc+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±25 mA 

±50 mA 

500 mW 

-65-+150 'c 

Unit 

V 

V 

V 
·C 

ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HC259P/FP/DP 

/8-BI.T ADDRESSABLE LATCH/ I-OF -8 DECODER 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

. VcdV) Min 

2.0 1.5 

V IH High-level input voltage 
Vo = O. lV, Vee-O. TV 

4.5 3.15 
1101 =201J.A 

6.0 4.2 
2.0 

VIL Low-level Input voltage 
Vo = O. IV, Vee-O. lV 

4.5 
1101 =201J.A 

6.0 
10H = -201J.A 2.0 1.9 
10H = -201J.A 4.5 4.4 

VOH High-level output voltage V,= V'H, V'L 10H= -201J.A 6.0 5.9 
10H = -4.0mA 4.5 4.18 
10H = -5.2mA 6.0 5.68 
10L = 20IJ.A 2.0 
10L = 20IJ.A 4.5 

VOL Low-level output voltage V, = V'H, V'L 10L = 20IJ.A 6.0 
10L = 4.0mA 4.5 
10L = 5.2mA 6.0 

IIH High-level input current VI=6V 6.0 

IlL Low-level input current V,=OV 6.0 

Icc Quiescent supply current VI = Vee, GNO, 10= OIJ.A 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, Ta = 25'C) 

Symbol Parameter Test conditions 

tTLH 

tTHL 

t pLH 

tpHL 

t pLH 

t pHL 

t pLH 

tpHL 

tpHL 

2-362 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (0 - Q) 

Low-level to high-level and high-level to low-level 

output propagation time (A - Q) 

Low-level to high-level and high-level to low-level 

output propagation time (E - Q) 

High-level to low-level output propagation time 

(R-Q) 

CL = 15pF (Note 4) 

•.. ~ITSUBISHI 
~ELECTRIC ., 

Limits 

25'C -40-+85'C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1. 35 1.35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 

0.1 1.0 
-0.1 -1.0 

/-lA 

4.0 40.0 /-lA 

Limits 
Unit 

Min Typ Max 

10 
10 

ns 

32 
32 

ns 

38 
38 

ns 

35 
35 

ns 

27 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC259P/FP/DP 

I-BIT ADDRESSABLE LATCH/l-0F-1 DECODER 

SWITCHING CHARACTERISTICS (Vee = 2-SV, T a = -40-+S5t) 

Limits 

Symbol Parameter Test conditions 25'C 

Vcc<V) Min Typ Max 

2.0 75 

tTLH Low-level to high-level and 4.5 15 
S.O 13 

high-level to low-level 
2.0 75 

tTHL output transition time 4.5 15 
6.0 13 
2.0 1S0 

t pLH Low-level to high-level and 4.5 37 
high-level to low-level S.O 32 
output propagation time 2.0 1S0 

tpHL (0-0) 4.5 37 
6.0 32 
2.0 220 

t pLH Low-level to high-level and CL = 50pF (Note 4) 4.5 43 
high-level to low-level 6.0 37 
output propagation time 2.0 220 

t pHL (A-O) 4.5 43 
6.0 37 
2.0 200 

t pLH Low-level to high-level and 4.5 40 
high-level to low-level 6.0 35 
output propagation time 2.0 200 

t pHL (E-O) 4.5 40 
6.0 35 

High-level to low-level 2.0 150 
tpHL output propagation time 4.5 31 

(R-O) 6.0 26 
C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 27 

Note 3 : Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee2 

• fl+lee • Vee 

TIMING REQUIREMENTS (Vee = 2-SV, Ta = -40-+S5t) 

Symbol Parameter 

tw E, R pulse width 

tsu 
A, 0 setup time with 

respect to E 

th 
A, 0 hold time with 

respect to E 

Test conditions 

VcC<V) 

2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 

'MITSUSISH. 
;""'ELECTRIC 

Limits 

25'C 

Min Typ Max 

SO 
16 
14 

100 
20 
15 
0 
0 
0 

-40-+85'C Unit 

Min Max 

95 
19 
16 
95 

ns 

19 
16 

225 
46 
40 

225 
ns 

46 
40 

275 
54 
46 

275 
ns 

54 
46 

250 
50 
44 

250 
ns 

50 
44 

190 
39 ns 

32 
10 pF 

pF 

-40-+85'C Unit 

Min Max 

100 
20 ns 

lS 
125 
25 ns 

19 
0 
0 ns 

0 
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Note 4 : Test Circuit 

INPUT 

PG t---~-~ 

500 

TIMING DIAGflAM 

o 

Q 

A 

Q 

0 / 
tw 
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Vee 

OUT 

MITSUBISHI HIGH SPEED CMOS 

M74HC259P/FP/DP 

" .'-BIT ADDRESSABLE LATCH/ I-OF -8 DECODER 

OUTPUT 

Vee 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

------GND 50% 

Q 

Vee 

A 

GND 

VOH 

E 
VOL 

Vee 

0 
GND 

Vee 

0 
GNO 

VOH 

VOL 
E 

"M. ITSU .. BIS.H.I 
"ELECTRIC'i, 

GND 

'------- VOL 

Vee 

GND 

Vee 

GND 

Vee 

GND 

Vee 

GND 

tsu th 

Vee 

GND 



MITSUBISHI HIGH SPEED CMOS 

M74HC266P/FP/DP 

QUADRUPLE 2-INPUT EXCLUSIVE NOR GATE 

DESCRIPTION 
The M74HC266 is a semiconductor integrated circuit con
sisting of four 2-input exclusive NOR gates. 

PIN. CONFIGURATION (TOP VIEW) 

FEATURES 
• High-speed: 9ns typo (CL=1SpF, Vee=SV) 
• Low power dissipation: S,uW/package, max 

(Vee=SV, T a=2S·C, quiescent state) 
• High noise margin: 30% of Vee, min (Vce=4.SV, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vec=2-6V 
• Wide operating temperature range: T a=-40-+8S·C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 

INPUTS { 

OUTPUTS { 

INPUTS { 

A1-+ Vee 

81-+ 

Y1-

Y2-

A2-+ 

82':'" -83 

GND -A3 

14P4 
Outline 14P2N 

14P2P 
Use of silicon gate technology allows the M74HC266 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS266. 

LOGIC DIAGRAM (EACH GATE) 

Buffered outputs Y improve input-to-output transfer charac
teristics and reduce to a minimum output impedance varia
tions with respect to input voltage variations. 
When both inputs A and B are either high or low, the output 
Y will become high, and when the levels of A and Bare 
opposite, the output Y will become low. 
Note that the outputs of M74HC266 and 74LS266 differ in 
that the outputs of the M74HC266 is not open drain. 
This device of some makers is named 74HC7266. 

FUNCTlON TABLE 
Inputs Output 

A B Y 

L L H 

H L L 

L H L 

H H H 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85"C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

V, Input voltage 

Vo Output voltage 

I,!< Input protection diode current 
v,< ov 

VI> vcc 

10K Output parasitic diode current 
Vo< OV 

vo> Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 1) 

Tstg Storage temperature range 

Note 1 M74HC266FP, Ta =-40-+60"C and Ta = 60-85'C are derated at -6mW/"C. 
M74HC266DP, Ta = -40-+50·C and Ta = 50-85'C are derated at -5mW/"C. 

• . MITSUBISHI 
.... ELECTRIC·· 

Ratings 

-0.5-+7.0 
-0. 5-Vee+0. 5 
-0. 5-Vee+0. 5 

-20 

20 
-20 

20 

±25 
+50 

500 
-65-+150 

} INPUTS 

} OUTPUTS 

} INPUTS 

Y OUT
PUT 

Unit 

V 
V 
V 

rnA 

rnA 

rnA 
rnA 
rnW 
·C 
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MITSUBISHI HIGH SPEED CMOS 

M74HC266P/FP/DP 

QUADRUPLE 2·INPUT EXCLUSIVE NOR GATE 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+SS"C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 
VI Input voltage 0 Vee 

Va Output voltage a Vee 

TQPr Operating temperature range -40 +85 
I Vee'" 2.0V a 1000 

tr. tf Input rlsetlme, falltlme I Vee = 4.5V 0 500 
I Vee = 6.0V a 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level Input voltage 

V IL Low-level Input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

IIH High-level Input current 

IlL Low-level Input current 

Icc Quiescent supply current 

2-366 

Test conditions 

VeC<V) 

Vo = O. lV, Vee-O.1V 
2.0 

1101 =20J.lA 
4.5 
6.0 

Vo = O. lV, Vee-O.1V 
;2.0 

1101 = 20J.lA 
4.5 
6.0 

10H = -20J.lA 2.0 
10H= -20J.lA 4.5 

VI = VIH, VIL 10H = -20J.lA 6.0 
10H= -4.0mA 4.5 
10H= -S.2mA 6.0 
10L = 20J.lA 2.0 
10L = 2OJ.lA 4.5 

VI = VIH, VIL 10L = 20J.lA 6.0 
10L = 4.0mA 4.5 
10L = 5.2mA 6.0 

VI=6V 6.0 
VI=OV 6.0 
VI = Vee, GND, 10=OJ.lA 6.0 

. •. 'MITSUBISH.I 
.... ELECTRIC, 

Unit 

V 

V 

V 

·c 

ns 

Limits 

25'C -40-+8S'C Unit 

Min Typ Max Min Max 

1.5 1.5 
3.15 3.15 V 

4.2 4.2 
0.5 0.5 

1.35 1.35 V 

1.8 1.8 
1.9 1.9 
4.4 4.4 
5.9 5.9 V 

4.18 4.13 
5.68 5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 
0.1 1.0 J.lA 

-0.1 -1.0 J.lA 
1.0 10.0 J.lA 



MITSUBISHI HIGH SPEED CMOS 

M74HC266P/FP/DP 

QUADRUPLE 2-INPUT EXCLUSIVE NOR GATE 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

hLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = 15pF(Note3) 

10 

tpLH Low-level to high-level and high-level to low-level 20 

t pHL output propagation time 20 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+S5'C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+S5'C 

vcdv) Min Typ Max Min 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

CL = 50pF (Note 3) 
6.0 13 

2.0 120 

t pLH Low-level to high-level and 4.5 24 

6.0 20 
high-level to low-level 

2.0 120 

t pHL output propagation time 4.5 24 

6.0 20 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 2) 38 

Note 2 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per gate) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2
• fl+lee ' Vec 

Note 3 Test Circuit 

INPUT Vee 

PG DUT 

50n 

TIMING DIAGRAM 

A 

B 

y 

OUTPUT 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vce 

~-----------------------------------GND 

• . MITSUBISHI 
.... ELECTRIC 

r-------------------- Vee 

50% 
GND 

VOH 

----------- VOL 

Max 

95 

19 

16 

95 

19 

16 

151 

30 

26 

151 

30 

26 

10 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HC266AP/FP/DP 
QUADRUPLE2-INPUT EXCLUSIVE· NOR GATE WITH OPEN-DRAIN OUTPUTS 

DESCRIPTION 
The M74HC266A is a semiconductor integrated circuit con
siting of four 2-input exclusive NOR gates with open-drain 
outputs. 

FEATURES 
• Open drain outputs 
• High-speed: Sns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 5,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 1 d 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a= -40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC266A to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS266. 
Open-drain outputs permit a versatile selection of high out
put impedances by means of externally connected load re
sistors. This makes "AND ties" a possibility, unlike the case 
of normal gates. 
When both inputs A and 8 are either high or low, the output 
Y will become high, and when the levels of A and 8 are 
opposite, the output Y will" become low. 
Note that, unlike 74LS266, voltages higher than Vee must 
not be applied to the output. 

LOGIC DIAGRAM (EACH GATE) 

INPUTS 1 : 

PIN CONFIGURATION (TOP VIEW) 

INPUTS j 

OUTPUTS j 

-INPUTS 1 

A1-

B1-

Y1 +-

Y2+-

A2-

82-

GND 

14P4 
Outline 14P2N 

14P2P 

Vee 

!INPUTS 

! OUTPUTS 

+-83 

!INPUTS 
+-A3 

* : Open-dr~in output 

For application requlrmg normal outputs, another device, 
the M74HC266 is available with the same functions and pin 
configuration. 
This device of some makers is named 74HC266. 

FUNCTION TABLE 
Inputs Output 

A B Y 

L L H 

H L L 

L H L 

H H H 

Vee 

~Y OUTPUT 

1 

2-368 • MIT5UBISH.1 
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MITSUBISHI HIGH SPEED CMOS 

M74HC266AP/FP/DP 

QUADRUPLE 2-INPUT EXCLUSIVE NOR GATE WITH OPEN-DRAIN OUTPUTS 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K 
VI < OV 

Input protection diode current 
VI> Vcc 

10K 
Vo< OV 

Output parasitic diode current 
Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vcc, GND 

Pd Power dissipation (Note 1) 

Tstg Storage temperature range 

Note 1 M74HC266AFP, T a = -40-+60·C and T a = 60-85·C are derated at -6mW/"C. 
M74HC266ADP, T a = -40-+50·C and T a = 50-85·C are derated at -5mW/"C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85·C) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 2 6 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Topr Operating temperature range -40 +85 ·C 

I Vec = 2.0V 0 1000 

t r • tf Input risetime, falltime I Vec=4.5V 0 500 ns 

I Vee = 6. OV 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vcdv) Min 

2.0 1.5 

V IH High-level input voltage 
Vo = O. lV, Vee-O.1V 

4.5 3.15 
110 I = 20,uA (Note 3) 

6.0 

2.0 

V IL Low-level input voltage 
Vo = O. lV, Vee-0.1V 

4.5 
110 I = 20,uA (Note 3) 

6.0 

10L = 20,uA 2.0 

10L = 20,uA 4;5 

VOL Low-level output voltage VI = VIH, VIL 10L = 20,uA 6.0 

10L = 4.0mA 4.5 

10L = 5.2mA 6.0 

IIH High-level input current VI =6V 6.0 

IlL Low-level input current VI=OV 6.0 

VI = VIH, VIL, Vo = Vce 6.0 
10 Maximum output leakage current 

VI = VIH, VIL, Vo = GND 6.0 

Icc Quiescent supply current VI = Vcc, GND, 10=0,uA 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, Ta =25'C) 

Symbol Parameter 

hHL High-level to low-level output transition time 

t pLH Low-level to high-level and high-level to low-level 

t pHL output propagation time 

Test conditions 

RL = lkO 

CL = l5pF(Note3) 

RL = lkO, CL = 5pF (Note 3) 

RL=lkO, CL=15pF(Note3) 

• MITSUBISHI 
;"ELECTRIC 

4.2 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+O. 5 V 

-0. 5-Vee+O. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

25 rnA 
±50 rnA 
500 rnW 

-65-+150 ·C 

Limits 

25'C -40-+85'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1. 35 V 

1.8 1.8 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /-lA 
-0.1 -1.0 /-lA 

0.5 5.0 

-0.5 -5.0 
/-lA 

1.0 10.0 /-lA 

Limits 
Unit 

Min Typ Max 

10 ns 

23 .ns 

17 ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HC266AP/FP/DP 

QUADRUPLE 2·INPUT EXCLUSIVE NOR GATE WITH OPEN·DRAIN OUTPUTS 

SWITCHING CHARACTERISTICS (Vee = 2-6V, Ta = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+85'C 

vcclv) Min Typ Max Min· 

2.0 75 

tTHL 
High-level to low-level 

4.5 15 
output transition time 

6.0 13 

RL = 1kO 
2.0 125 

t pLH Low-level to high-level and 
CL = 50pF (Note 3) 

4.5 25 

6.0 23 
high-level to low-level 

2.0 100 

t pHL output propagation time 4.5 20 

6.0 17 

C 1 Input capacitance 10 

Co Output capacitance A = B = Vee, GNO 10 

CpD Power dissipation capacitance (Note 2) 16 

Note 2 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per gate) 
The power dissipation during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+lee • Vee 

Note 3 Test Circuit 

INPUT 

PG t----t---i 

500 

TIMING DIAGRAM 

A 

Vee OUTPUT 

OUT 

GND f' 

Vee 

RL 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

~----------------~---------GND 

B ------+---------~------~ ~------ Vee 

y ----1---'1 

2-370 ,. MITSUBISH ... I 
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GND 

Max 

95 

19 

16 

155 

31 

26 

125 

25 

21 

10 

10 

Unit 

ns 

ns 

ns 

pF 

pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC273P/FP/DWP 

OCTAL D-TYPE FLIP-FLOP WITH COMMON CLOCK AND RESET 

DESCRIPTION 
The M74HC273 is a semiconductor integrated circuit con
sisting of eight positive-edge triggered D-type flip flops 
with common clock and direct reset inputs. 

FEATURES 
• High-speed: (clock frequency) 40MHz typo 

(CL=15pF, Vcc=5V) 

• Low power dissipation: 20,uW/package, max 
(Vcc=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vcc=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: T a=-40-+S5°C 

PIN CONFIGURATION (TOP VIEW) 

~~~~~~NPUT R;; - 1 

OUTPUT 

{ 

00- 3 
DATA INPUTS 

01-

{ 

01 .... 5 
OUTPUTS 

02 +-

{

02 - 7 
DATA INPUTS 

03 -

OUTPUT 03 .... 9 

Vcc 

OUTPUT 

APPLICATION GNO CLOCK INPUT 

General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC273 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS273. 
The M74HC273 contains eight edge-triggered D-type flip 
flops with common direct reset input Ro and common clock 
input CK. 
When CK changes from low-level to high-level, the signals 
just previously input at D appears at output Q in accord
ance with the function table given. 
When Ro is low, all. outputs Q will become low, irrespective 
of other inputs. When used as a D-type flip flop, Ro should 
be maintained high. 

LOGIC DIAGRAM 

20P4 
Outline 20P2N 

20P2V 

FUNCTION TABLE (Note 1) 

Inputs Output 

RD CK D 

L x X 

H t H 

H t L 

H L X 

H ! x 
Note 1 t Change from low to high 

i Change from high to low 

a 
L 

H 

L 
aD 
aD 

0° Output state 0 betor clock input changed 
X Irrelevant . 

OUTPUTS 
r~--------------------~A~----------------------------__ 

00 04 05 06 07 Vcc 

I 

CLOCK INPUT CK 111----1::::110---1-+<:'" I 
I 

OIRECT _ ~ RESET INPUT RD 1 r-~~~--r-~~~---+---r--~--~--~--+---~~--~~~---+---r--~ 

- 10 

00 01 02 03 04 05 06 07 GNO 

'--------------------------~~---------------------------~ 
OATA t'NPUTS 

'MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

··M74HC273P/FP/DWP 

OCTAL D-TYPE FLIP-FLOP 'WITM'·COMMON CLOCK AND RESET 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 
.. 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

vl < OV 
11K Input protection diode current 

VI> Vee 

Vo < OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

lee Supply/GND current Vee, GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 : M74HC273FP, Ta = -40-+75'C and Ta = 75-85'C are derated at -7mW/"C. 
M74HC273DWP, Ta = -40-+80'C and Ta = 80-85'C are derated at -7mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

To~r Operating temperature range -40 +85 

I Vee=2.0V 0 1000 

t r, If Input rlsetlme, failtime I Vee=4.SV 0 500 

I Vee=6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

lee Quiescent supply current 

2-372 

Test conditions 

Vee(V) 

2.0 
Vo = O. lV, Vee-O. lV 

4.5 
1101 =201-tA 

6.0 

2.0 
Vo = O. lV, Vee-O. lV 

4.5 
1101 = 20l-tA 

6.0 

10H = -201-tA 2.0 

10H = -201-tA 4.5 

VI=VIH, VIL 10H = -201-tA 6.0 

10H = -4.0mA 4.5 

10H = -S.2mA 6.0 

10L = 20l-tA 2.0 

IOL = 20l-tA 4.5 

VI = VIH, VIL 10L = 20l-tA 6.0 

10L = 4.0mA 4.5 

10L = 5.2mA 6.0 

VI=6V 6.0 

VI=OV 6.0 

VI = Vee, GND, 10=OI-tA 6.0 

.• MITSUBISH .. I 
.... ELECTRIC 

Unit 

V 

V 

V 

'c 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 
±50 rnA 
500 rnW 

-65-+;50 ·c 

limits 

2S'C -40-+8S'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 O. , 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 J.lA 
-0.1 -1.0 J.lA 

4.0 40.0 J.lA 



MITSUBISHI HIGH SPEED CMOS 

M74HC273P/FP/DWP 

OCTAL D-TYPE FLIP-FLOP WITH COMMON CLOCK AND RESET 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

fmax Maximum clock frequency 30 

tTL.H Low-level to high-level and high-level to low-level 10 

tTHL output transition time 10 

t pLH Low-level to high-level and high-level to low-level CL = 15pF (Note 4) 27 

tpHL output propagation time (CK - 0) 27 

t pHL 
High-level and high-level to low-level 

27 (R;;- 0) 

SWITCHING CHARACTERISTICS (Vee = 2-6V, Ta = -40-+85'C) 

limits 

Symbol Parameter Test conditions 25"C -40-+85"C 

VcC<V) Min Typ Max Min Max 

2.0 5 4 

fmax Maximum clock frequency 4.5 27 21 

6.0 32 25 

2.0 75 95 

hLH Low-level to high-level and 4.5 15 19 

6.0 13 16 
high-level to low-level 

2.0 75 95 

tTHL output transition time 4.5 15 19 

CL = 50pF (Note 4) 
6.0 13 16 

2.0 160 202 

tpLH Low-level to high-level and 4.5 32 40 

high-level to low-level 6.0 27 34 

output propagation time 2.0 160 202 

t pHL (CK-O) 4.5 32 40 

6.0 27 34 

2.0 160 202 

t pHL 
High-level to low-level output 

4.5 32 40 
propagation time (Ro - 0) 

6.0 27 34, 

C, Input capacitance 10 10 

Cpo Power dissipation capacitance (Note 3) 65 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per flip-flop) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· Vee

2 
• fl+lee • Vee 

TIMING REQUIREMENTS (Vee = 2-6V, T a = -40-+85·C) 

Symbol Parameter 

tw CK. Ro pulse width 

tsu 
o setup time with 

respect to CK 

o hold time with 
th 

respect to CK 

Ro recovery time with 
tree 

respect to CK 

Test conditions 

VcC<V) 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

• MITSUBISHI 
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Limits 

25"C -40-+85"C 

Min Typ Max Min Max 

80 101 

16 20 

14 17 

100 126 

20 25 

17 21 

0 0 

0 0 

0 0 

100 126 

20 25 

17 21 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 
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Note 4 Test Circuit 

INPUT 

PG 

50n 

TIMING DIAGRAM 

D 

CK 

Q 

Ro 

CK 

Q 

2-374 

MITSUBISH~ HIGH SPEED CMOS 

M74HC273:P/FP/DWP 

OCTAL D-TYPE FLn~-FLOP WITH COMMON CLOCK AND RESET 

Vee OUTPUT 

DUT 

GND 

tsu 

tpHL 

(1) The pulse generator (PG) has the following 

rCL characteristics (10%-90%): tr = 6ns, tf = 6ns 
(2) The capacitance CL includes stray wiring 

capacitance and the probe input capacitance. 

tw 

50% 

, th tsu 

hLH 

50% 

" ,MITS,UBISHI 
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th 

tTHL 

Vee 

GND 

Vee 

GND 

VOH 

VOL 

Vee 

GND 

Vee 

GND 

VOH 

VOL 



DESCRIPTION 
The M74HC279 is a semiconductor integrated circuit con
sisting of four R-S flip flops. 

FEATURES 
• High speed: 15ns typo (CL =15pF, Vee=5V) 
• Low power dissipation: 5,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: V~e=2-6V 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC279 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS279. 

Two of the 4 circuits have set inputs Sl and S2 and reset in
put R and the other 2 circuits have set input S and reset in
put R. 
When Sl or S2 or both are low or S is low, the output Q will 
become high, and when R is low, the output Q will become 
low. When Sl or S2 or both are low and R is low; the output 
will become high but when each of the inputs simul
taneously become high, the status of Q connot be predeter
mined. 

FUNCTION TABLE (Note 1) 

Inputs Output 

s* R a 
H H 0° 
H L L 

L H H 

L L H 

Note 1 0°: Output state 0 before input 
conditions are set 

* : When S consists of two in
puts, H indicates S, and S; 
are both high, L indicates 
either S, or S; is low. 

MITSUBISHI HIGH SPEED CMOS 

M74HC279P/FP/DP 

QUADRUPLE R-S LATCH 

PIN CONFIGURATION (TOP VIEW) 

Ra-+ Vcc 

INPUTS S1a -+ 

S2a -+ 

OUTPUT Oa+- OUTPUT 

1 Rb-+ 
INPUTS _ 

Sb-+ INPUTS 

OUTPUT Ob+-

GND -+ OC OUTPUT 

16P4 
Outline 16P2N 

16P2P 

• MITSUBISHI 
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! 
MITSUBISHI HIGH SPEED CMOS 

M74HC280P/FP/DP 

'-BIT ODD/EVEN PARITY GENERATOR/CHECKER 

DESCRIPTION 
The M74HQ280 is a semiconductor integrated circuit con
sisting of a 9-bit parity generator/checker. 

FEATURES 
• High-speed: 20ns typo (CL=1SpF, Vee=SV) 
• Low power dissipation: 20,uW/package, max 

(Vee=SV, Ta= 2SoC, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.SV, SV) 
• Capable of driving 10 74LSTTL loads 
• Wide supply voltage range: Vee=2 ....... SV 
• Wide operating temperature range: T a=-40-+8SoC 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC280 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS280. 
The M74HC280 combines the functions of a 9-bit parity 
generator and a parity checker. When used as a parity 
generator, applying 9-bit data to date inputs A through I will 
result in a generation of parity output to the even parity out
put or the odd parity output depending upon the number of 

PIN CONFIGURATION (TOP VIEW) 

{ 

G-+ 
DATE INPUTS 

H-+ 

NC 

DATE INPUT I ..... 

EVEN PARITY OUTPUT +-

ODD PARITY OUTPUT +-

GND 

14P4 
Outline 14P2N 

DATE INPUTS 

14P2P NC : NO CONNECTION 

high values in the data input. See the Function Table for 
details. When used as a parity checker, one bit from among 
the 9 bits of data input is used as an od9 or even parity de
signation and the remaining eight bits are used as date. 

FUNCTION TABLE 
Number of date input 

EVEN PARITY ODD PARITY 
high values 

Even H L 
Odd L H 

LOGIC DIAGRAM Vee 

DATA 
INPUTS 
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I 

I 
I 

.t-_______ ~-_---J 
GND 
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EVEN PARITY 
OUTPUT 

ODD RARITY 
OUTPUT 



MITSUBISHI HIGH SPEED CMOS 

M74HC280P/FP/DP 

9-BIT ODD/EVEN PARITY GENERATOR/CHECKER 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Va Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vee 

Vo < OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

lee Supply/GND current Vee, GND 

Pd Power dissipation (Note 1) 

Tstg Storage temperature range 

Note 1 M74HC280FP, Ta = -40-+60'C and Ta = 60-85'C are derated at -6mW/"C. 
M74HC280DP, Ta = -40-+50'C and Ta = 50-85'C are derated at -5mW/'C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Va Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

l Vee=2.0V 0 1000 

tr. tf Input risetime, falltime I Vee=4.5V 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

,IIH High-level input current 

III.: Low-level input current 

lee Quiescent supply current 

Test conditions 

vedv) 

Vo=O.lV, 
2.0 

Vee-O. 1V 
4.5 

1101 = 20f.1A 
6.0 

2.0 
Vo = O. lV, Vce-O:lV 

4.5 
1101 =20f.1A 

6.0 

10H = -20f.1A 2.0 

10H = -20f.1A 4.5 

VI = VIH, VIL 10H = -20f.1A 6.0 

10H = -4.0mA 4.5 

10H= -5.2mA 6.0 

10L = 20f.1A 2.0 

10L = 20f.1A 4.5 

V, = V'H, V'L 10L = 20J-lA 6.0 

10L = 4.0mA 4.5 

10L = 5.2mA 6.0 

V,=6V 6.0 

V,=OV 6.0 

V, = Vee, GND, 10=Of.1A 6.0 

• MITSUBISHI 
~ELECTRIC 

Unit 

V 

V 

V 

'c 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-"Vee+O. 5 V 

-0. 5 ..... Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 
±50 rnA 
500 rnW 

-65-+150 'c 

Limits 

25'C -40-+85'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 

4.4 

~. 9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 '0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /-lA 

-0.1 -1.0 /-lA 

4.0 40.0 /-lA 
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MITSUBISHI HIGH SPEED CMOS 

M74HC280P/FP/DP 

I.BIT ODD/EVEN PARITY GENERATOR/CHECKER 

SWITCHING CHARACTERISTICS (Vee = 5V, Ta=25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTL .. H Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = 15pF (Note 3) 

10 

tpLH Low-level to high-level and high-Iev.el to low-level 35 

tpHL output propagation time 35 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+85'C 

VeC<V) Min Typ Max Min 

2.0 75 

hLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time .4.5 15 

CL = 50pF (Note 3) 
6.0 13 

2.0 205 

tpLH 
Low-level to high-level and 

4.5 41 
high-level to low-level 

6.0 35 
output propagation time 

2.0 205 
EVEN PARITY 

41 t pHL A-I- 4.5 
ODD PARITY 

6.0 35 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 2) 92 

Note 2 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per gate) 
The power dissipated during operation under no-load conditions is calculated usIng the following formula: 
Po = Cpo' Vee

2 
• fl+lee • Vee 

Note 3 Test Circuit 

INPUT 

PG t----+----I 

50n 

TIMING DIAGRAM 
A-I 

IN-PHASE OUTPUT 

OUT -OF-PHASE 
OUTPUT 

2-378 

Vee 

OUT 

OUTPUT 

(1 )The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GNO 

VOL 

_---VOH 

.• '. ·.MITSUBISHI 
..... ELECTRIC 

Max 

95 

19 

16 

95 

19 

16 

258 

52 

44 

258 

52 

44 

10 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HC283P/FP/DP 

4-BIT BINARY FULL ADDER WITH FAST CARRY 

DESCRIPTION 
The M74HC283 is a semiconductor integrated circuit con~ 
sisting of a 4-bit full adder. 

FEATURES 
• High-speed: 30ns typo (CL=1SpF, Vee=SV) 
• Low power dissipation: 20,uW/package, max 

(Vee=SV, Ta=2S·C, quiescent state) 

• High noise margin: 30% of Vee, min (Vce=4.SV, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+8S·C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC283 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS283. 
The M74HC283 is a 4-bit binary full adder. When 4-bit bin
ary values applied inputs AO-A3 and 80-83, and the car
ry signal frqm the previous stage is applied to earry input 
CI, the corresponding sum output for the respective bits will 
appear at SO-53 and the carry output will appear at CO. 

LOGIC DIAGRAM 
OUTPUTS 

I-
I 

I 
I 

I 
I 

I 
I 

I 
I 

INPUTS 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT S1- Vee 

1 
B1-

INPUTS 
A1-

f INPUTS 

OUTPUT so- OUTPUT 

l
AO-

INPUTS 

BO-
f INPUTS 

CARRY INPUT CI - OUTPUT 

GND CARRY OUTPUT 

16P4 
Outline 16P2N 

16P2P -

FUNCTION TABLE (Note 1) 

Inputs 

C K-1 AK BK 

L L L 

L H L 

L L H 

L H H 

H L L 

H H L 

H L H 

H H H 

Outputs 

SK C K 
L L 

H L 

H L 

L H 

H L 

L H 

L H 

H H 

Note 1 SK and CK are sum and carry outputs generated by the sum of 
addends AK and BK and carry input CK-1• Their values are 
given by the following logical equations. 

SK=AKEBBKEBCK_1 EB=Exclusive OR 
CK=AK • BK+(AK+BK) • CK-1 +=OR 

k=O-3 ·=AND 

CARRY OUTPUT 
CO GND 

9 -~ 

I 

-~ 
Vee 

• MIT,SUBISH, I 
.... ELECTRIC 2-379 



MITSUBISHI HIGH SPEED CMOS 

M74HC283P/FP/DP 

4.BIT BINARY FULL ADDER WITH FAST CARRY 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85"C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K Input protection diode current 
VI < OV 

VI> Vcc 

10K Output parasitic diode current 
Vo<OV 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2: M74HC283FP, Ta = -40-+70"C and Ta = 70-8S"C are derated at -SmW/"C. 
M74HC283DP, Ta = -40-+S0"C and Ta = SO-8S"C are derated at -SmW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+8S"C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Ambient operating temperature -40 +85 

Vee = 2.0V 0 1000 

t r• tf Input rlsetlme, falltlme Vee = 4.SV 0 500 

Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level Input voltage 

V IL Low-level Input voltage 

VOH High-level output voltage 

VOL LOW-level output voltage 

IIH High-level Input current 

IlL Low-level Input current 

Icc Quiescent supply current 

2--380 

Test conditions 

VedV) 

2.0 
Vo = O. IV, Vee-O. lV 

4.5 
1101 =20p.A 

6.0 

Vo = O. IV, Vee-O.1V 
2.0 

4.5 
1101 =20p.A 

6.0 

10H = -20p.A 2.0 

10H = -20p.A 4.5 

VI = VIH, Vil 10H = -20p.A 6.0 

10H= -4.0mA 4.5 

IOH= -S.2mA 6.0 

10l= 20p.A 2.0 

IOl= 20p.A 4.5 

VI = VIH, VIL 10l = 20p.A 6.0 

10l= 4.0mA 4.5 

IOl= S.2mA 6.0 

VI =6V 6.0 

VI=OV 6.0 

VI = Vee, GND,lo=Op.A 6.0 

',' "'"IVII,t5UBISHI 
I'AELECTRIC' 

Unit 

V 

V 

V 
·C 

ns' 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Un!t 

-0.5-+7.0 V 

-0. 5-Vee+0. 5' V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±25 mA 
±50 mA 
500 mW 

-65-+150 ·c 

Limits 

25'C -40-+85'C Unit 

Typ Max Min Max 

1.5 

3.15 / V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 f,tA 

-0.1 -1.0 f,tA 

4.0 40.0 f,tA 



MITSUBISHI HIGH SPEED CMOS 

M74HC283P/FP/DP 

4-BIT BINARY FULL ADDER WITH FAST CARRY 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Symbol Parameter Test conditions 
Min 

tTLH Low-level to high-level and high-level to low-level 

tTHL output transition time 

tpLH Low-level to high-level and hlgh~level to low-level 

tpHL output propagation time (CI - SK) 

tpHL 
Low-level to high-level and high-level to low-level 

CL = 15pF (Note 4) 
output propagation time (AK, BK - SK) 

tpl.H Low-level to high-level and high-level to low-level 

t pHL output propagation time (CI - CO) 

tpLH Low-level to high-level and high-level to low-level 

tpHL output propagation time (AK, BK - CO) 

SWITCHING CHARACTERISTICS (Vee = 2 .... SV, T a = -40 .... +S5"C) 

Limits 

Symbol Parameter Test conditions 25'C 

Vcc(V) Min Typ Max 

2.0 75 

hLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to lOW-level 

2.0 75 

tTHL output transition time 4.5 15 

6.0 13 

2.0 210 

t pLH Low-level to high-level and 4.5 42 

high-level to low-level 6.0 36 

output propagation time 2.0 210 

t pHL (CI-SK) 4.5 42 

6.0 36 

high-level to lOW-level 2.0 270 

tpHL output propagation time CL"" 50pF (Note 4) , 4.5 54 

(AK, BK-~) 6.0 46 

2.0 175 

tpLH Low-level to high-level and 4.5 35 

high-level to low-level 6.0 30 

output propagation time 2.0 175 

tpHL (CI-CO) 4.5 35 

6.0 30 

2.0 225 

tpLH Low-level to high-level and 4.5 45 

high-level to lOW-level 6.0 38 
output propagation time 2.0 225 

t pHL (AK, BK- CO) 4.5 45 

6.0 38 

C. Input capacitance 10 

Cpo Power dissipation capaCitance (Note 3) 

Note 3 : Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions, 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• 1,+lee • Vee 

.• M. ITSUBISHI 
"ELECTRIC 

Limits 
Unit 

Typ Max 

10 

10 
ns 

38 

38 
ns 

49 ns 

31 

31 
ns 

41 

41 
ns 

-40-+85'C Unit 

Min Max 

90 

18 ns 

16 

90 

18 ns 

16 

265 

53 ns 

45 

265 

53 ns 

45 

340 

68 ns 

58 

220 

44 ns 

37 

220 

44 ns 

37 

280 

56 ns 

48 

280 

56 ns 

48 

10 pF 

pF 
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Note 4 : Test Circuit 

INPUT Vee OUTPUT 

PG 1---+----1 OUT 

50n 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

APPLICATION EXAMPLE 

MITSUBISHI' HIGH SPEED CMOS 

M74HC283P/FP/DP 

4·BIT BINARY FULL ADDER WITH FAST CARRY 

TIMING DIAGRAM 

Vee 

INPUT 

GND 

tTHL 

STANDARD 
VOH' 

PHASE 
OUTPUT 

VOL 

tTLH 

VOH 
INVERSE 

PHASE 
OUTPUT 

VOL 

The 4N-bit binary parallel adder using N pieces of the M74HC283 is shown in the following. 

INPUTS 

2-382 

CARRY INPUT 
M74HC283 

_~L-__ 

A1 
A2 
A3 

80 
81 

SO 

S1 

S2 
82 

S3 
83 CO 

r-~~_M....,74HC283 

AO CI 

A1 
SO 

A2 
A3 

S1 

80 
81 

S2 

82 
S3 

83 CO 

I 

: TO NEXT STAGE CI 

: FROM PREVIOUS CO 
I 

M74HC283 
,..--..... _""'" 

AO CI 

A1 

A2 
A3 
80 
81 
82 

SO 

S1 

S2 

S3 
83 CO 

CARRY OUTPUT 

SUM OUTPUT 

• ,"MITSUBISfll 
.... ELECTRIC , 1 



MITSUBISHI HIGH SPEED CMOS 

M74HC298P/FP/DP 
QUADRUPLE 2-INPUT DATA 
SELECTOR/MUL TIPLEXER WITH OUTPUT LATCH 

DESCRIPTION 
The M74HC298 is a semiconductor integrated circuit con
sisting of four 2- to 1-line multiplexer with temporary stor
age and common selector and clock inputs. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High-speed: 17ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 
• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Cap~ble of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC298 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS298. 
When selector input S is set low, data input B will be 
selected and when S is set high, data input A will be 
selected. When latch clock input CK changes from high to 
low level, the selected data will appear at output Y. Since 
negative-edge trigger D-type flip flops are used for tem
porary storage, the state of Y is not affected by the state of 
A or B while CK is high or low. 

FUNCTION TABLE (Note 1) 

Inputs Output 

CK S B A y 

! L L X L 

! L H X H 

! H X L L 

! H X. H H 

Note 1 !: Change from high to low level (negative-edge trigger) 
X : Irrelevant 

DATA INPUTS 

• MITSUBISHI 
.... ELECTRIC 

A1-+ Vee 

AO-+ 

80-+ 
OUTPUTS 

81-+ 

A2-+ 

A3-+ LATCH CLOCK 
INPUT 

SELECT INPUT 

GND -82 DATA INPUT 

16P4 
Outline 16P2N 

16P2P 
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MITSUBISHI HIGH SPEED CMOS 

M74HC299P/FP/DWP 
a-BIT BIDIRECT,IONAL UNIVERSAL SHIFT 
REGISTER WITH 3-STATE PARALLEL OUTPUTS 

DESCRIPTION 
The M74HC299 is a semiconductor integrated circuit con
sisting of an 8-bit serial/parallel-input, serial/parallel-output 
shift register with 3-state 9utputs and a direct reset input. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High-speed: 40MHz clock frequency typo 

(CL =1SpF, Vcc=SV) 

• Low power dissipation: 20,uW/package, max 
(Vcc=SV, Ta=2SoC, quiescent state) 

• High noise margin: 30% of Vee, min (Vcc=4.SV, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: T a=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital I 

equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC299 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS299. 
Use of mode select inputs S1 and S2 allows the device to 
operate in the following modes. 
(1) Parallel read S1 ="H" S2="H" 
(2) Right shift S1 ="H" S2="L" 
(3) Left shift S1 ="L" S2="H" 
(4) Clock inhibit S1 ="L" S2="L" 
In the parallel data-read mode, 8-bit parallel data applied 
at parallel 110 pins P A/QA ....... PH/QH will be stored in the flip 
flops when clock input CK changes from lOW-level to high
level. 
In the right-shift mode, serial data applied at serial data in
put SA will be right-shifted from PA/QA to PH/QH by one bit 
each time the clock input CK changes from lOW-level to 
high-level. 
In the left-shiij mode, serial data applied at serial data in
put SH will be left-shifted from PH/QH to PA/QA by one bit 
each time the clock input CK changes from lOW-level to 
high-level. 
In the clock inhibit mode, the clock pulse input is suppres
sed at each flip flop and· the state of flip flop will not 
change and the previous states of the flip flops will be 
maintained. When OE1 or OE2 is high, PA-PH will become 
high-impedance state Z. Changing OE1 or OE2 will not 
affect the contents of the flip flops. 
When direct reset input RD is low, each flip flop will be re
set low, irrespective of other inputs. 
Serial data outputs Q'A and Q'H are used to extend the 
number of bits. 
See Application Example. 

MODE SELECT 51-

OE1-

OE2-

INPUT 

OUTPUT! 
ENABLE 
INPUTS 

PQ/QQ-

INPUTS PE/QE -
IOUTPUTS 

Pe/Qe -

PA/QA-

~t~tGTDATA Q'A +-

DIRECT RESET 
INPUT 

GND 

2-384 • ... MIT5UB .. 15HI 
..... ELECTRIC 

( 

20P4 
Outline 20P2N 

20P2V 

Vee 

MODE SELECT 
INPUT 
SERIAL DATA 
INPUT 

SERIAL DATA 
OUTPUT 

INPUTS 
IOUTPUTS 

CLOCK INPUT 

SERIAL DATA 
INPUT 



LOGIC DIAGRAM 

SERIAL 
DATA 
INPUT 

CLOCK 
INPUT 

MODE SELECT INPUTS 

S2 S1 
-~ --~ --<1r--------

MITSUBISHI HIGH SPEED CMOS 

M74HC299P/FP/DWP 

8-BIT BIDIRECTIONAL UNIVERSAL SHIFT 
REGISTER WITH 3-STATE PARALLEL OUTPUTS 

Vcc 
--_._,-- ----------' ---------~ 

SRIm' ~ '~ " I 
H SL 

• * 
o 

CK 12~~~~>-_+-~4-~~~~+_++~~4-r-rr+-~~~~r-~t+-+~-~rr_rt+-Ji_r~rr__, 
DIRECT 
RESET 
INPUT 

~ 9~+-~~-_+~+-4_~~L-~+_++~-4-r-rr~_+~~4-~~-+_+~~~_+~t+~+__r~~ 
OUTPUT 
ENABLE 
INPUTS 

f OE1 ~ 

l OE2 3 
7 --0-----17 16 10 

PA/QA PC/QC PF/QF PG/QG Q' H' PH/QH GND 
'----'-''--'''---------='----'=------=-----=--IN-P-U-T---'S=--IO.rU-=-T-P-U-T-S--------------~ SERIAL INPUT 

DATA IOUTPUT 
OUTPUT 

FUNCTION TABLE (Note 1) 

Operation mode 
Inputs Parallel data 1/0 Serial data outputs 

Ro CK S1 S2 SA SH OE1 OE2 PA/OA PB/OB PclOc PO/OO PE/OE PF/QF PG/OG PH/OH Q'A Q'H 

L X L X X X L L L L L L L L L L L L 
Direct reset 

L X X L X X L L L L L L L L L L L L 

H t H L L X L L L QAO QBO QeD Q o
O QED QFO QGO L QG

O 

Righ shift 
H t H L H X L L H QAO QBO QeD Q oO QED QFO Q G

O H QGO 

H t L H X L L L QBO QeD Q o
O QED QFO Q G

O QHO L QBO L 
Left shift 

t QBO QeD Q o
O QED QFO Q G

O QHO QBO H L H X H L L H H 

Parallel read H t H H X X L L PA PB Pc Po PE PF PG PH PA PH 

H X L L X X L L QAO QBO QeD QDO QEO OFO Q G
O QHO QAO QHO 

Clock inhibit 
QAO QBO QeD QDO QED QFO Q G

O QHO QAO QHO H L X X X X L L 

Output disable X X X X X X H L Z Z Z Z Z Z Z Z QAO QHO 

(PA/OA-PH/OH, ) X X X X X X L H Z Z Z Z Z Z Z Z QAO QHO 
are ilie high 

X X X X X X H H Z Z Z Z Z Z Z Z QAO QHO -impedance state. 

Note 1 Qno: Output state before input condisions are set. 
X : Irrelevant 
t : Change from low to high level (positive-edge trigger) 

Pn : PA/QA-PH/QH operate as inputs. Q'A and Q'H are in the same state as PA and PH. respectively. 
Z : High-impedance state. The flip flops are held in the same state as before PA/QA-PH/QH become the high-impedance state. 

• 'MITSUBISHI 
.... ELECTRIC 
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MITSUBISHIHIGH SPEED CMOS 

M74HC299P/FP/DWP 

a-BIT BIDIRECTIONAL UNIVERSAL SHIFT 
REGISTER WITH 3-STATE PARALLEL OUTPUTS 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C. unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K 
VI <OV 

Input protection diode current 
VI> Vce 

Vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current (OA-OH) 

10 Output currents (O'A-O'H) 

lee Supply/GND current Vee. GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC299FP. Ta = -40-+75'C and Ta = 75-85'C are derated at -6mW/'C. 
M74HC299DWP. T a = -40-+80'C and Ta = 80-85'C are derated at -7mW/'C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Ambient operating temperature 

I Vee = 2.0V 

tr. tf Input risetime. falltime I Vee=4.5V 

I Vee = 6.0V 

2-386 

Limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 

-40 +85 

0 1000 

a 500 

a 400 

• . MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

'c 

ns 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±35 rnA 
±25 mA 

±75 rnA 
500 rnW 

-65-+150 'c 



MITSUBISHI HIGH SPEED CMOS 

M74HC299P/FP/DWP 

8.BIT BIDIRECTIONAL UNIVERSAL SHIFT 
REGISTER WITH 3·STATE PARALLEL OUT'PUTS 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vcdv) Min 

2.0 1.5 

V IH High-level input voltage 
Vo = O. IV, Vce-O. lV 

4.5 3.15 
1101 = 20J1,A 

6.0 4.2 

2.0 

V IL Low-level input voltage 
Vo = O. lV, Vce-O. IV 

4.5 
1101 = 20J1,A 

6.0 

10H = -20J1,A 2.0 1.9 

High-level output voltage VI = VIH, VIL 10H = -20J1,A 4.5 4.4 

10H = -20J1,A 6.0 5.9 

V OH High-level output voltnge 10H = -6.0mA 4.5 4.18 

( PA/aA-PH/aH) 
VI = VIH, VIL 

10H = -7. SmA 6.0 5.68 

high-level output voltnge(Q'A, a'H) 
10H = -4.0mA 4.5 4.18 

VI=VIH, VIL 
10H = -5.2mA 6.0 5.68 

10L = 20J1,A 2.0 

Low-level output voltage VI = VIH, VIL 10L = 20J1,A 4.5 

10L = 20J1,A 6.0 

VOL Low-level output voltnge 10L = 6.0mA 4.5 

(PA/aA-PH/QH) 
VI=VIH, VIL 

IOL = 7.8mA 6.0 

Low-level output voltnge(a'A, a'H) 
10L = 4.0mA 4.5 

VI=VIH, VIL 
10L = 5.2mA 6.0 

IIH High-level input current VI =6V 6.0 

IlL Low-level input current VI=OV 6.0 

lozH Off-state high-level output current VI= VIH, VIL, Vo= Vce 6.0 

lozL Off-state low-level output current VI=VIH, VIL, Vo= GND 6.0 

Icc Quiescent supply current VI = Vee, GND; 10 = OJ1,A 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Symbol 

fmax 
tTLH 

hHL 

t pLH 

tpHL 

t pHL 

t pLH 

tpHL 

t pLH 

t pLZ 

tpHZ 

t PZL 

t PZH 

Parameter 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (CK - a'A' a'H) 

High-level to low-level output propagation time 

(R;; - a'A' O'H) 

Low-level to high-level and high-level to low-level 

output propagation time (CK - aA-aH) 

High-level to low-level output propagation time 

(R;;- aA-QH) 

Output disable time from low-level and high-level 

(OE- OA-OH) 

Output enable time to low-level and high-level 

(OE- OA-aH) 

Test conditions 

CL = 50pF (Note 4) 

CL = 5pF (Note 4) 

CL = 50pF (Note 4) 

•.. MITSUBISHI 
.... ELECTRIC 

Limits 

25'C -40-+S5'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 

4.13 V 

5; 63 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 

0.26 0.33 V 

0.26 0.33 

0.26 0.33 

0.26 0.33 

0.1 1.0 /.LA 
-0.1 -1.0 /.LA 

0.5 5.0 /.LA 
-0.5 -5.0 /.LA 

4.0 40.0 /.LA 

Limits 
Unit 

Min Typ Max 

25 MHz 

10 ns 
10 ns 
35 ns 
35 ns 

40 ns 

35 ns 
35 ns 

40 ns 

25 ns 
25 ns 
35 ns 
35 ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HC299P/FP/DWP 
8~BIT BIDIRECTIONAL UNIVERSAL SHIFT 
REGISTER WITH 3-STATE PARALLEL OUTPUTS 

SWITCHING CHARACTERISTICS (Vee = 2-6V, Ta = -40-+S5'C) 

Symbol Parameter 

fmax Maximum clock frequency 

tTLH Low-level to high-level and 

high-level to low-level 

tTHL output transition time 

tpLH Low-level to high-level and 

high-level to low-level 

output propagation time 

tpHL (CK-a'", a'H) 

High-level to low-level 

tpHL output propagation time 

(R;; - a'", a'H) 

tpHL 

tpHL Low-level to high~level and 

high-level to low-level 

output propagation time 

tpLH (CK-a,,-aH) 

tpHL 

High-level to low-level 

tpHL output propagation time 

(R;;- O,,-aH) 

t pLZ Output disable time from 

low-level and high-level 

tpHZ (OE-O,,-OH) 

tPZL Output enable time to 

low·level and high-level 

tPZH (OE-O,,-OH) 

2-388 
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Test conditions 

Vcc(V) 

2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5. 
6.0 
2.0 
4.5 

CL == 50pF (Note 4) 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 

CL = lS0pF (Note 4) 
6.0 
2.0 
4.5 
6.0 
2.0 

CL = SOpF (Note 4) 4.5 
6.0 
2.0 

CL = lS0pF (Note 4) 4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 

CL = SOpF (Note 4) 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 

•.. MITSUBISHI 
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limits 

25"C -40-+85"C Unit 

Min Typ Max Min Max 

5 4 
25 20 MHz 

29 23 
60 75 
12 15 ns 

10 13 
60 75 
12 15 ns 

10 13 
170 210 
38 48 ns 

35 44 
170 210 
38 48 ns 

35 44 
200 250 
44 55 ns 

38 46 
170 210 
38 48 ns 

35 44 
170 210 
38 48 ns 

35 44 
206 260 
46 57 ns 

39 49 
206 260 
46 57 ns 

39 49 
200 250 
44 55 ns 

\ 38 46 
236 295 
52 65 ns 

46 57 
160 200 
32 40 ns 

28 34 
160 200 
33 40 ns 

28 34 
160 200 
32 40 ns 

28 34 
160 200 
32 40 ns 

28 34 



MITSUBISHI HIGH SPEED CMOS 

M74HC299P/FP/DWP 
I-BIT BIDIRECTIONAL UNIVERSAL SHIFT 
REGI.STER WITH 3-STATE PARALLEL OUTPUTS 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) (Continued) 
Limits 

Symbol Parameter Test conditions 2S'C 

vcdv) Min Typ Max 

2.0 220 

tpZL Output enable time to 4.5 44 

CL = lS0pF (Note4) 
6.0 37 

low-level and high-level 
2.0 220 

tPZH (OE - QA. QH) 4.5 44 

6.0 37 

C, Input capacitance 10 

Co Off-state output capacitance OE=Vcc 

Cpo Power dissipation capacitance (Note 3) 

Note 3 : Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• f,+lec • Vce . 

TIMING REQUIREMENTS (Vcc = 2-6V, T a = -40-+85'C) 

Symbol Parameter 

tw CK, R;; pulse width 

tsu 
SA. SH setup time with 

respect to CK 

th 
SA, SH hold time with 

respect to CK 

R;; recovery time with 
tree 

respect to CK 

Note 4 Test Circuit 

INPUT Vee OUTPUT 

PG OUT 

500 
GNO ICL 

Test conditions 

Vec 

~ RL = lkO 

SWl 

SW2 I R,-lkn 

Limits 

2S"C 

vcdv) Min Typ Max 

2.0 100 

4.5 20 

6.0 17 

2.0 100 

4.5 20 

6.0 17 

2.0 5 

4.5 5 

6.0 5 

2.0 10 

4.5 10 

6.0 10 

Parameter SW1 SW2 

tTLH• tTHL 
Open Open 

tpLH• tpHL 
tpLZ Closed Open 

tpHZ Open Closed 

tPZL Closed Open 

tPZH Open Closed 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

". . MITSU. BISHI 
..... ELECTRIC 

-40-+85'C Unit 

Min Max 

275 

55 ns 

47 

275 

55 ns 

47 

10 pF 

pF 

pF 

-40-+85"C Unit 

Min Max 

125 

25 ns 

21 

125 

25 ns 

21 

5 

5 ns 

5 

10 

10 ns 

10 
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TIMING DIAGRAM 

CK 50% 

tplH tpHl 

Pia, a' 

tTlH 

tw 

50% 

tpHl 

PIa, a' 50% 

tree 

CK 50% 

MITSUBISHI.· HIGH SPEED CMOS 

M74HC299PlFP/DWP 

a.BIT BIDIRECTIONAL UNIVERSAL SHIFT 
REGISTER WITH 3·STATE PARALLEL OUTPUTS 

Vee Vee 

OE1, OE2 50% 
GND GND 

tPZL tplZ 

VOH 
Pia 50% 

VOL 

tPZH tpHZ 

tTHl VOH 
Pia 50% 

Vee 

GND 

Vee 

VOH 50% 

GND 

VOL 
tsu th 

Vee 

Vee 
CK 

GND 

GND 

APPLICATION EXEAMPLE 
The following is an example of a 16-bit shift register using two M74HC299s. 

In the same way, by using NICs. 8N-bit shift register is configured. 

L S2 

,J, ,J, 
SA SH OE10E2 

- Sl 

r-- CK 
M74HC299 

,~~'2,),},}'2~ , 
Ro a A OA Os Oe 00 OE OF OG OHa H 

T I I 
I '-----oJ 

I 

L S2 
SA SH OE10E2 

'-- Sl 

CK 
M74HC299 

r-

., ~~'2,),},}'2~ . 
Roa A OAOsOeOOOEOFOGOHaH 

r I 
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, MITSUBISHIHIGH SPEED CMOS 

M74HC323P/FP/DWP 
8-BIT BIDIRECTIONAL UNIVERSAL 
SHIFT REGISTER WITH 3-STATE PARALLEL OUTPUTS 

DESCRIPTION 
The M74HC323 is a semiconductor integrated circuit con
sisting of an 8-bit serial/parallel-input, serial/parallel-output 
shift register with 3-state outputs and a synchronous reset 
input. 

FEATURES 
• High speed: 40MHz clock frequency typo 

(CL=50pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 

equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC323 to 
maintain the low power dissipation and high noise margin 

characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS323. 
Use of mode select inputs S1 and S2 allows the device to 

operate in the following modes. 
(1) Parallel read S1 ="H" S2="H" 
(2) Right shift S1 ="H" S2="L" 
(3) Left shift S1 ="L" S2="H" 
(4) Clock inhibit S1 ="L" S2="L" 
In the parallel data-read mode, 8-bit parallel data applied 
at parallel data I/O pins PA/QA-PH/QH will be stored in the 
flip flops when the clock input CK changes from low-level 
to high-level. In the right-shift mode, serial data applied at 
seria,1 data input SA will be right-shifted from PA/QA to PHI 

FUNCTION TABLE (Note 1) 

Inputs 
Operation mode 

R CK S1 S2 SA SH OE1 OE2 

Reset 
L t L X X X L L 

L t X L X X L L 

Right shift 
H t H L L X L L 

H t H L H X L L 

Left shift 
H t L H X L L L 

H t L H X H L L 

Parallel read H t H H X X L L 

Clock inhibit 
H X L L X X L L 

H L X X X X L L 

Output disable X X X X X X H L 

(PA/QA-PH/QH ) X X X X X X L H 
are the high-
impedance state. X X X X X X H H 

Note 1 . Qno. Output state before input conditions are set. 
X : Irrelevant 
t : Change from low to high-level (positive-edge trigger) 

PIN CONFIGURATION (TOP VIEW) 

MODE SELECT 
INPUT 81-+ 

OUTPUT 
ENABLE 
INPUTS 

PARALLEL 
DATA INPUTS 
OUTPUTS 

OE1-+ 

OE2-+ 

PG/QG

PE/QE

Pe/Qe-

PA/QA -

~mtbTDATA Q'A +-

RESET INPUT R -+ 

GND 

Vee 

+- 82 

--+ Q'H 

MODE SELECT 
INPUT 
SERIAL DATA 
INPUT 
SERIAL DATA 
OUTPUT 

16 - PH/QH I 
15 - PF/QF 6~~~LLEL 

I 
INPUTS 

14 - Po/Qo OUTPUTS 

13 - PB/QB 

___ --"-""-' +- CK CLOCK INPUT 

20P4 
Outline 20P2N 

20P2V 

SERIAL DATA 
INPUT 

QH by one bit each time the clock input CK changes from 
low-level to high-level. In the left-shift mode, serial data 
applied at serial data input SH will be left-shifted from PHI 
QH to PA/QA by one bit each time the clock input CK 
changes from low-level tb high-level. 
In the clock inhibit mode, the clock pulse input is suppres
sed at each flip flop and the state of flip flop will not 
change and the previous states of the flip flops will be 

maintained. When OE1 or OE2 is high, P A/QA - PH/QH will 
become the high-impedance state Z. Changing OE1 or 
OE2 will not affect the contents of the flip flops. 
When reset input R is low and CK changes from low-level 

to high-level, all flip flops will become low. 
Serial data output Q' A and Q' H are used to extend the num

ber of bits. 

Parallel data 1/0 Serial data outputs 

PA/QA PB/QB Pc/Qc Po/Qo PE/QE PF/QF PG/QG PH/QH Q'A Q'H 

L L L L L L L L L L 

L L L L L L L L L L 

L QAO Q eo Q co QDO QEO QO 
F, QGo L QGo 

H QAO Q eo Q co QDO QEO QFO QGo H QGo 

QefJ Q c o QDO QEO QFO QGo QHO L Q eo L 
Q eo Qc o QDO QEO QFO QGo QHO H Q eo H 

PA Pe Pc PD PE PF PG PH PA PH 
QAo Q eo Qc o QDo QEo QFo QGo QHO QAO QHO 

QAO Q eo Q c o QDO QEO QFO QGo QHO QAO QHO 

Z Z Z Z Z Z Z Z QAO QHO 

Z Z Z Z Z Z Z ,Z QAO QHO 

Z Z Z Z Z Z Z Z QAO QHO 

Pn : PA/QA-PH/QH operate as inputs. Q'A and Q'H are in the same state as PA and PH. 
Z : High-impedance state. The flip flops are held in the same state as before PA/QA-PH/QH become the high-impedance state. 
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" ,,' , .', ~~" MITSUBISHI HIGH SPEED CMOS 

~o.~~~7M74HC3S4P/FP/DWP 
1"'~ '1\0\ a ~'o\ee 
~O\\ee'.~:\~~\l.SateS a-INPUT, DATASELECTOR/MULJIPLEXER 
v-taS"e , WITH DATA AND ADDRESS LATCHES AND WITH 3-STATE OUTPUTS 

DESCRIPTION 
The M74HC354 is a semiconductor integrated circuit con
sisting of an a-line to 1-line date selector/multiplexer with 
3-state outputs. 

FEATURES 
• High-speed: 32ns typo (CL =50pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25·C, quiescent state) 

• High noise margin: 30% of Vee, min (Vec=4.5V, SV) 
• Capable of driving 1S 74LSTTL loads 
• Wide operating voltage range: Vee=2-SV 
• Wide operating temperature range: T a=-40-+8S·C 

• 3-state outputs 

APPLICATION 
General purpose, for use in industri~1 and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 

PIN CONFIGURATION (TOP VIEW) 

DATA INPUTS 

07-

06-

05-

04-

03-

02-

01-

00-

~~~~Tr-?P~T O~E-
GND 

20P4 
Outline 20P2N 

20P2V 

FUNCTION TABLE (Note 1) 

Vee 

Use of silicon gate technology allows the M74HC3S4 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS354. 

Inputs Outputs 

The M74HC354 consists of a circuit containing data selec
tor function for selecting one of eight input line signals and 
multiplexer function for converting 8-bit parallel date into 
serial data using time-division: 
The 8-line signals are applied to data inputs DO through ,07, 
and after one of the data inputs has been selected by 
address inputAO, A1 and A2, it is olltput at pin V, and the 
inverted signal is output at pin V. 
8y applying a-bit para"el data to DO through 07, arid con
necting the output of an octal synchronous counter to AO, 
A1 and A2, parallel data will be output at V synchronous 
with the clock pulse 'in the order DO through 07. 

A2 A1 AO OLE OE1 

X X X X H 

X X X X X 

X X X X X 
L L L H L 

L L H H L 

L H L H L 

L H H H L 

H L L H L 
H L H H L 
H H L H L 

H H H H L 

L L L L L 
L L H L L 

L H L L L 

L H H L L 
H L L L L 
H L H L L 

H H L L L 
H H H L L 

Note 1 X Irrelevant 
Z High impedance 

OE2 OE3 Y 

X X Z 

H X Z 

X L Z 

L H DO 

L H 01 

L H 02 

L H 03 

L H 04 

L H 05 

L H 06 

L H 07 

L .H DOn 

L H 01n 

L H 02n 

L H 03n 

L H 04n 

L H 05n 

L H 06n 

L H 07n 

When the data latach-eanble input OLE is low, the input 
data is stored in the data latch. When address latch-enable 
input ALE is low, the address data is stored in the address 
latch. When the output-enable input OE1, OE2 is high or 
OE3 is low, then V and Y will become high impedance 
state, irrespective of other inputs. DOn-D7n Data inputs before OLE is changed to low 
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Z 

Z 

Z 

DO 
-
01 
-
02 
-
03 
-
04 
-
05 
-
06 
-
07 

DOn 

01t'1 
-
02n 

03n 
-
04n 
-
05n 
-
06n 

07n 



MITSUBISHI HIGH SPEED CMOS 

M74HC354P/FP/DWP 

a-INPUT DATA SELECTOR/MUL TIPLEXER 
WITH DATA AND ADDRESS LATCHES AND WITH 3-STATE OUTPUTS 

LOGIC DIAGRAM OUTPUTS 

Vee 

r----- - --- - --- -------- - ----i ----~ 
1 I 

OE1 OE2 OE3 AO A1 A2 ALE OLE DO 01 02 03 04 05 06 07 GND 
, , ~ ''--------------..,v,.-------------'J 
OUTPUT ADDRESS INPUTS ADDRESS DATA DATA INPUTS 
ENABLE INPUTS LATCH LATCH 

ENABLE ENABLE 
INPUT INPUT 

ABSOLUTE MAXIMUM RATINGS (T a = -40-+S5·C. unless otherwise noted) 

Symbol Parameter Test conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vce 

Vo < OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 : M74HC354FP. Ta = -40-+75·C and Ta = 75-S5·C are derated at -7mW/"C. 
M74HC354DWP. Ta = -40-+S0·C and Ta = SO-S5·C are derated at -7mW/"C. 

• MIT. SUB. ISH I 
.... ELECTRIC 

Ratings 

-0.5-+7.0 

-0. 5-Vee+0. 5 

-0. 5-Vee+0. 5 

-20 

20 

-20 

20 

±35 

±75 

500 

-65-+150 

I 
I 

I 
1 

I 
I 

I 
I 

I 
1 

I 
,I 

Unit 

V 

V 

V 

mA 

mA 

mA 
mA 
mW 
·C 
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MITSUBISHI HIGH ,SPEED CMOS 

M74HC354P/FP/DWP 
I-INPUT DATA SELECTOR/MUL TIPLEXER' 
WITH DATA AND ADDRESS LATCHES AND WITH, 3-STATE OUTPUTS 

RECOMMENDED" OPERATING CONDITIONS (Ta = -40-+85"C) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee - Supply voltage 2 6 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

T oDr Operating temperature range -40 +85 'c 
I Vee = 2.0V 0 1000 

t r • tf Input rlsetlme, falltime I Vee=4.5V 0 500 ns 
I Vee=6.0V 0 400 

ELECTRICAL CHAR,ACTERISTICS 
I 

Symbol Parameter Test conditions 

vedV) Min 

Vo = O. lV, Vee-O.1V 
2.0 1.5 

V IH High-level input voltage 
\10\ = 20llA 

4.5 3.15 
6.0 4.2 

Vo = O. lV, Vee-O.1V 
2.0 

V IL Low-level Input voltage 
1101 = 20llA 

4.5 
6.0 

10H = -201lA 2.0 1.,9 
10H = -201lA 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -201lA 6.0 5.9 
10H = -6.0mA 4.5 4.18 
10H= -7.8mA 6.0 5.68 
10L =201lA 2.6 
10L = 20llA 4.5 

VOL Low-level output voltage VI = VIH, VIL 10L = 20llA 6.0 
10L= 6.0mA 4.5 
10L = 7.8mA 6.0 

IIH High-level input current VI =6V 6.0 
IlL Low-level Input current VI=OV 6.0 

lozH Off-state high-level output current. VI=VIH, VIL, Vo = Vee 6.0 

lozL Off-state low-Ieveloutput current VI = VIH, VIL' Vo= GNO 6.0 

Icc Quiescent supply current VI = Vee, GNO, 10 = OIlA 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Symbol Parameter Test conditions 

hLH 

hHL 

tpLH 

tpHL 

t pLH 

tpHL 

tpLH 

tpHL 

t pLH 

tpHL 

t pLZ 

tpHZ 

tPZL 

tPZH 

2-394 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (0 - Y, y) 
Low-level to high-level and high-level to low-level 

output prppagation time (OLE - Y, y) 
Low-level to high-level and high-level to low-level 

output propagation time (A - Y, y) 
Low-level to high-level and high-level to low-level 

output propagation time (ALE - Y, y) 
Output disable time from low-level and high-level 

(OE, OE - Y, y) 
Output enable time to low-level and high-level 

(OE, OE - Y, y) 

CL = 50pF (Note 4) 

CL= 5pF(Note4) 

CL = 50pF (Note 4) 

',MITS,UBIStiI 
"'ELECTRIC' 

Limits 

25'C -40-+85'C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1. 35 1. 35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 

0.1 1.0 /-iA 
-0.1 -1.0 /-iA 

0.5 5.0 /-iA 
,-0.5 -5.0 /-iA 

4.0 40.0 /-iA 

Limits 
Unit 

Min Typ Max 

10 ns 
10 ns 
46 ns 
46 ns 
53 ns 
53 ns 

56 ns 
56 ns 
58 ns 
58 ns 
32 ns 
32 ns 
24 ns 
24 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC354P/FP/DWP 

8-INPUT DATA SELECTOR/MUL TIPLEXER 
WITH DATA AND ADDRESS LATCHES AND WITH 3-STATE OUTPUTS 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+S5°C) 

Symbol Parameter 

tTLH Low-level to high-level and 

high-level to low-level 

tTHL output transition time 

t pLH 

t pHL Low-level to high-level and 

high-level to low-level 

output propagation time 

t pLH (O-Y, y) 

t pHL 

t pLH 

t pHL Low-level to high-level and 

high-level to low-level 

output propagation time 

t pLH (OLE-Y, y) 

t pHL 

t pLH 

t pHL Low-level to high-level and 

high-level to low-level 

output propagation time 

t pLH (A-Y, y) 

t pHL 

t pLH 

t pHL Low-level to high-level and 

high-level to low-level 

output propagation time 

t pLH (ALE-Y, y) 

t pHL 

Test conditions 

Vcc(V) 

2.0 

4.5 

CL = 50pF (Note 4) 
6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

CL = 50pF (Note4) 
6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

CL = 150pF (Note 4) 
6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

CL = 50pF (Note 4) 
6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

CL = 150pF (Note 4) 
6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

CL = 50pF (Note4) 
6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

CL = 150pF (Note 4) 
6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

CL = 50pF (Note 4) 
6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

CL = 150pF (Note 4) 
6.0 

2.0 

4.5 

6.0 

•. MITSUBISHI 
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Limits 

25°C -40-+S5"C Unit 

Min Typ Max Min Max 

60 75 

12 15 ns 
10 13 

60 75 

12 15 ns 
10 13 

235 294 

47 59 ns 
40 50 

235 294 

47 59 ns 
40 50 

275 344 

55 68 ns 
46 58 

275 344 

55 68 ns 
46 58 

270 337 

54 68 ns 
46 58 

270 337 

54 68 ns 
46 58 

310 387 

62 78 ns 
52 66 

310 357 

62 78 ns 
52 66 

285 356 

57 71 ns 
48 60 

285 356 

57 71 ns 
48 60 

325 406 

65 81 ns 
55 69 

325 406 

65 81 ns 
55 69 

300 375 

60 75 ns 
51 64 

300 375 

60 75 ns 
51 64 

340 425 

68 85 ns 
58 72 

340 425 

68 85 ns 
58 72 
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MITSUBISHI HIGH SPEED CMOS 

M74HC354P/FP/DWP 

a-INPUT DATA SELECl'OR/MUL TIPLEXER 
WITH DATA AND ADDRESS LATCHES AND WITH 3-STATE OUTPUTS. 

SWITCHING CHARACTERISTICS (Vcc = 2 ..... 6V. Ta = -40-+85"C)(Contlnued) 

Limits 

Symbol ' Parameter Test conditions 25"C -40-+85"C 

Vcc(V) Min Typ Max Min 

2.0 165 

tpLZ Output disable time from 4.5 33 

low-level and high-level CL == SOpF (Note 4) 
6.0 28 

2.0 165 

t pHZ (OE, OE- Y, y) 4.5 33 

6.0 28 

2.0 125 

tPZL. 4.5 25 

CI. = SOpF (Note 4) 
6.0 21 

2.0 125 

tPZH Output enable time to low-level 4.5 25 

and high-level 
6.0 21 

2.0 165 

tpZL. (OE, OE - Y, y) 4.5 33 

CL = 150pF (Note 4) 
6.0 28 

2.0 165 

tpZH 4.5 33 

6.0 28 

C. Input capacitance 10 

Co Off· state output capacitance OE="H" 15 

Cpo Power dissipation capacitance (Note 3) 

Note 3 : Cpo Is the Internal capacitance of the IC calculated from operation supply current under no-load conditions, (per flip flop) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· Vee

2 
• f.+lee • Vee 

TIMING REQUIREMENTS (Vee = 2-6V. Ta = -40-+85"C) 

Limits 

Max 

206 

40 

35 

206 

40 

35 

156 

31 

26 

156 

31 

26 

206 

41 

35 

206 

41 

35 

10 

15 

Symbol Parameter Test conditions 25"C -40-+85'C 

Address latch enable pulse width 
t',lll 

Data latch enable pulse width 

o setup time with respect to OLE 
tsu 

A setup time with respect to ALE 

OLE hold time with respect to 0 
th 

ALE hold time with respect to A 

Note 4 : Test Circuit 

INPUT Vee 

OUT 

2-396 

VcC<V) Min Typ Max Min 

2.0 80 100 

4.5 16 20 

6.0 15 18 

2.0 50 60 

4.5 10 13 

6.0 10 13 

2.0 5 5 

4.5 5 5 

6.0 5 5 

Parameter SWl SW2 

tTl.H• tTHl. 
Open Open 

tpL.H. tpHL. 

tpLZ Closed Open 

tpHZ Open Closed 

tPZL. Closed Open 

tpZH Open Closed 

(l)The pulse generator (PG) has the follOwing 
characteristics (10%-90%): tr = 6ns. tf = 6ns 

(2) The capacitance CL. Includes stray wiring 
capacitance and the probe input capacitance, 

• . MITSUBISH. 
~ILECTR~., 

Max 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 

Unit 

ns 

ns 

ns 



TIMING DIAGRAM 

o 

Y 

Y 

Y,V 

MITSUBISHI HIGH SPEED CMOS 

M74HC354P/FP/DWP 

I·INPUT DATA SELECTOR/MUL.TIPLEXER 
WITH DATA AND ADDRESS LATCHES AND WITH 3·STATE OUTPUTS 

Vee 
OE 

GNO 

VOH 

Y,V 
VOL 

tTHL 

VOH 

50% V,Y 

VOL 

Vee 

GNO 

Y,V 

"----VOL 

",----VOH V,Y 

,...----Vee 

O,A 
GNO 

OLE,ALE 

VOH 

"'MITSUBI$HI 
;"'ELECTRIC 

"----.... GNO 

Vee 

'GNO 

Vee 

tsu th 
'GNO 

Vee 

,GNO 
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DESCRIPTION 
The M74HC356 is a semiconductor integrated circuit con
sisting of an 8-line to 1 line data selector/multiplexer with 3-
state outputs. 

FEATURES 
• High-fanout 3-state output: (loL=6mA, IOH=-6mA) 
• High-speed: 35ns typo (CL=50pF, Vcc=5V) 
• Low power dissipation: 20,uW/package; max 

(Vcc=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vcc, min (Vcc=4.5V, 6V) 
• Capable of driv;ng 15 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: Ta=-40-+85°C 
• 3-state outputs 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC356 to 
maintain the low power dissipation and high noise margin 
characteri.stics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS356. 
The M74HC356 consists of a circuit containing data selec
tor function for selecting one of eight input line signals and 
multiplexer function for converting, 8-bit parallel data into 
serial data using time-division. 
The 8-line signals are applied to data inputs DO and 07, 
and after one of the data inputs has been selected by 
address input AO, A 1, and A2, it is output at pin Y" and the 
inverted signal is output at pin Y. 
By applying 8-bit parallel data to DO through 07, and con
necting the output of an octal synchronous counter to AO, 
A1 and A2, parallel data will be output at Y synchronous 
with the clock pulse in the order DO through 07. 
DO through 07 all contain edge-triggered flip flops. Input 
data is sent to the data latch. by the rising edge of data 
latch clock OLC. The address data is stored in the address 
latch when the address latch enable input ALE is low. 
When the output enable input OE1, OE2 is high or OE3 is 
low then Y and Y will become high impedance state 
irrespective of other inputs. 

MITSUa.SHI HIGH SPEIED CMOS 

M74HC356P/FP/DWP 

PIN .CONFIGURATION(TOP VIEW) 

07- Vcc 

06-
19UTPUTS 

05-

04-
DATA INPUTS 

03-

02-

01-

DO-

gt6~~~~~T OLe-

GNO 

17+- 0E3 1 
_ OUTPUT 

16 +- OE2 I ENABLE 
INPUTS 

15 +- OE1 

20P4 
Outline 20P2N 

20P2V 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

A2 A1 AO OLe OE1 OE2 OE3 y y 

x x x X H X X Z Z 

x x x x X H X Z Z 

x x x x x X L Z Z 

L L L t L L H DOn DOn 
-

L L H t L L H D1n D1n 

L H L t L L H D2n D2n 
-

L H H t L L H D3n D3n 

t-i L L t L L H D4n 
-
D4n 

H L H t L L H D5n D5n 
-

H H L t L L H DSn DSn 
-

H H H t L L H D7n D7n 

L L L X L L H DOp DOp 
-

L L H X L L H D1p D1p 
-

L H L X L L H D2p D2p 
-

L H H X L L H D3p D3p 
-

H L L X L L H D4p D4p 
-

H L H X L L H D5p D5p 
-

H H L X L L H DSp DSp 

H H H X L L H D7p D7p 

Note 1 X Irrelevant 
Z High impedance 
On Each data input 0 at the rise of OLe 

.OP. Each data input 0 at the rise of previous OLe 

2-398 ' ..... '. MITSUBISHI 
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MITSUBISHI HIGH SPEED CMO$ 

M74HC356P/FP/DWP 

I-INPUT DATA SELCTOR/MUL TIPLEXER 
WITH DATA AND ADDRESS LATCHES AND WITH 3-STATE OUTPUTS 

LOGIC DIAGRAM 

OUTPUT ENABLE _ 
INPUTS OE2 j

OE1 

OE3 

AD 

ADDRESS INPUTS A1 

A2 

ADDRESS LATCH ALE 
ENABLE INPUT 

DATA LATCH 
CLOCK INPUT 

DO D1 D2 

OUTPUTS 
,....--A---.. 

D3 D4 

DATA INPUTS 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K Input protection diode current 
VI < OV 

VI> Vee 

10K Output parasitic diode current 
Vo < OV 

Vo > Vec 

10 Output current, per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC356FP, Ta = -40-+75'C and Ta = 75-S5'C are derated at ~7mWI"C. 
M74HC356DWP, Ta = -40-+S0'C and Ta = SO-S5'C are derated at -7mWI"C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+S5'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Operating temperature range 

Vee = 2.0V 

t r, tf Input risetime, falltime Vee=4.5V 

Vee = 6.0V 

Limits· 

Min Typ Max 

2 6 

0 Vee 

0 Vee 
-40 +85 

0 1000 

0 500 

0 400 

,. ·MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

·c 

ns 

Vee 

-----~ 

I 

I 
I 

I 
I 

I 

D5 D6 D7 GND 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±35 mA 
±75 mA 
500 mW 

-65-+150 ·c 

2-399 



MITSUBISHI HIGH SPEED CMOS, 

M74HC356P/FP/DWP 

I-INPUT DATA SELCTOR/MUL TIPLEXER 
WITH DATA AND ADDRESS LATCHES AND WITH 3-STATE OU·TPUTS 

ELECTRICAL CHARACTERISTICS 
Limits 

Symbol Parameter Test conditions 25"C -40-+85"C Unit 

VcC<V) Min Typ , Max Min Max 

Vo = O. lV. Vce-O. lV 
2.0 1.5 1.5 

V IH High-level input voltage 
1101 =20J,lA 

4.5 3.15 3.15 V 

6.0 4.2 4.2 

Vo = O. lV. Vcc-O.1V 
2.0 0.5 0.5 

V IL Low-level input voltage· 
1101 = 20J,lA 

4.5 1.35 1.35 V 

6.0 1.8 1.8 

IOH = -20J,lA 2.0 1.9 1.9 

IOH = -20J,lA 4.5 .4.4 4.4 

V OH High-level output voltage VI = VIH• VIL 10H = -20J,lA 6.0 5.9 5.9 V 

IOH = -6.0mA 4.5 4.18 4.13 

10H = -7.8mA 6.0 5.68 5.63 

10L = 20p.A 2.0 0.1 0.1 

IOL = 20J,lA 4.5 0.1 0.1 

VOL Low-level output voltage VI = VIH• VIL 10L = 20J,lA 6.0 0.1 0.1 V 

IOL = 6.0mA 4.5 0.26 0.33 

10L = 7.8mA 6.0 0.26 0.33 

IIH High-level input current VI=6V 6.0 0.1 1.0 

IlL Low-level Input current VI=OV 6.0 -0.1 -1.0 
J.lA 

lozH Off-state high-level output current VI = VIH• VIL• Vo = Vee 6.0 0.5 5.0 

lozL Off-state low-level output current VI=.VIH. 'ilL. Vo = GND 6.0 -0.5 -5.0 
J.lA 

Icc Quiescent supply,current VI = Vee. GNO. 10 = OJ,lA 6.0 4.0 40.0 J.lA 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 ns 
hHL output transition time 10' ns 
t pLH Low-level to high-level and high-level to low-level 50 ns 
t pHL output propagation time (OLC - Y, y) 

CL = 50pF (Note 4) 
50 ns 

t pLH Low-level to high-level and high-level to low-level 56 ns 
t pHL output propagation time (A - Y, y) 56 ns 
t pLH Low-level to high-level and high-level to low-level 58 ns 
t pHL output propagation time (ALE - Y, y) 58 ns 
t pLZ Output disable time from low-level and high-level 

CL = 5 pF (Note 4) 
32 ns 

t pHZ (OE, OE - Y, y) 32 ns 
t PZL Output enable time to low-level and high-level 

CL = 50pF (Note 4) 
24 ns 

t PZH (OE, OE - Y, y) 24 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC356P/FP/DWP 

8-INPUT DATA SELCTOR/MUL TIPLEXER 
WITH DATA AND ADDRESS LATCHES AND WITH 3-STATE OUTPUTS 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85·C) 

Limits 

Symbol Parameter Test conditions 25·C -40-+S5°C Unit 

Vcc(V) Min Typ Max Min Max 

2.0 60 75 

hLH Low-level to high-level and 4.5 12 15 ns 

CL = 50pF (Note 4) 
6.0 10 13 

high-level to low-level 
2.0 60 75 

hHL 
output transition time 4.5 12 15 ns 

6.0 10 13 
2.0 225 318 

t pLH .4.5 51 63 ns 

CL = 50pF (Note 4) 
6.0 43 53 
2.0 225 318 

tpHL 4.5 51 63 ns 
Output disable time from 

6.0 43 53 
low-level and high-level 

2.0 295 369 
(OLC - Y, y) 

t pLH 4.5 59 73 ns 

CL = 150pF (Note4) 
6.0 50 63 
2.0 295 369 

t pHL 4.5 59 73 ns 
6.0 50 63 
2.0 285 356 

t pLH 4.5 57 71 ns 

CL = 50pF (Note 4) 
6.0 48 60 
2.0 235 356 

t pHL 4.5 57 71 ns 
Output enable time to low-level 

6.0 48 60 
and high-level 

2.0 325 406 
(A-Y,Y) 

t pLH 4.5 65 81 ns 

CL = 150pF (Note 4) 
6.0 55 69 
2.0 325 406 

t pHL 4.5 65 81 ns 
6.0 55 69 
2.0 300 375 

t pLH 4.5 60 75 ns 

CL = 50pF (Note 4) 
6.0 51 64 
2.0 300 375 

t pHL Low-level to high-level and 4;5 60 75 ns 
high-level to low-level 6.0 51 64 
output propagation time 2.0 340 425 

t pLH (ALE-Y, y) 4.5 68 85 ns 

CL = 150pF (Note4) 
6.0 58 72 

2.0 340 425 
t pHL 4.5 68 85 ns 

~ 

6.0 58 72 

2.0 165 206 

tpLz Output disable time from 4.5 33 41 ns 

CL = 50pF (Note 4) 
6.0 28 35 

low-level and high-level 
2.0 165 206 

t pHz 
(OE, OE - Y, y) 4.5 33 41 ns 

6.0 28 35 

•... MITSUBISHI 2-401 
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MITSUBISHI HIGH SPEED CMOS 

M74HC356P/FP/DWP 

a-INPUT DATA SELCTOR/MULTIPLEXER 
WITH DATA AND ADDRESS L4TCHES AND WITH 3-STATE OUTPUTS 

SWITCHING CHARACTERISTICS (Vee = 2-6V, Ta = -40-+S5'C) (Continue) 
Limits 

Symbol Parameter Test conditions 2S'C -40-+8S'C 

Vcc(V) Min Typ Max Min Max 

2.0 125 156 

tPZL 4.5 25 31 

CL = SOpF (Note 4) 
6.0 21 26 

2.0 125 156 

tPZH 4.5 25 31 
Output enable time to low-level 

6.0 21 26 
and high-level 

2.0 165 206 
(OE, OE - Y, y) 

tPZL 4.5 33 41 

CL = lS0pF (Note 4) 
6.0 28 35 

2.0 165 206 

tPZH 4.5 33 41 

6.0 28 35 

C 1 Input capacitance 10 10 

Co Oil-state output capacitance OE = Vcc 15 15 

Cpo Power dissipation capacitance (Note 3) 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per flip flop) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· Vee

2 
• fl+lee • Vee 

TIMING REQUIREMENTS (Vee = 2-6V, Ta = -40-+S5'C) 

Symbol Parameter 

tw 
Address latch enable pulse width 

Data latch clock pulse width 

tsu 
D setup time with respect to DLC 

A setup time with respect to ALE 

th 
DLC hold time with respect to D 

ALE hold time with respect to A 

Note 4 : Test Circuit 

INPUT Vee OUTPUT 

PG OUT 

SOO 
GNO ICL 

2-402 

Test conditions 

Vee 

~ RL = lkO 

SWl 

SW2 I R,~ lkn 

Limits 

2S'C 

Vcc(V) Min Typ Max 

2.0 80 

4.5 16 

6.0 15 

2.0 50 

4.5 10 

6.0 10 

2.0 5 

4.5 5 

6.0 5 

Parameter SWl SW2 

tTLH• hHL 
Open Open 

tpLH• tpHL 

tpLZ Closed Open 

tpHZ Open Closed 
t PZL Closed Open 

tPZH Open Closed 

(1) The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance . 

•... ~ITSUBISHI 
;"'ELECTRIC 

-40-+85'C 

Min Max 

100 

20 

18 

50 

10 

10 

5 

5 

5 

Unit 

ns 

ns 

ns 

ns 

pF 

pF 

pF 

Unit 

ns 

ns 

ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC356P/FP/DWP 

I-INPUT DATA SELCTOR/MUL TIPLEXER 
WITH DATA AND ADDRESS LATCHES AND WITH 3-STATE OUTPUTS 

TIMING DIAGRAM 
-----Vee Vee 

DLe AO,A1,A2 

GND GND 

Y,Y Y 

-----VOL 

Y, Y 
Ic-VOH 

,..-----VOH 
,50% 

__________ -J. VOL 

OE 

Y, Y 

Y, Y 

D,A 

th 

DLE, ALE 

Vee 

OE 

GND 

Y, Y 

VOL 

VOH 

Y, Y 

Vee 

DLE, ALE 
GND 

Vee 

Y, Y 
GND 

Y, Y 

• MITSUBISHI 
"'ELECTRIC 

Vee 

"'-----GND 

Vee 

GND 

VOH 

VOL 

VOH 

VOL 
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MITSUBISHI HIGH SPEED CMOS 

M74HC365P/FP/DP 

HEX 3.STATE NONINVERTING BUFFER WITH COMMON ENABLES 

DESCRIPTION 
The M74HC365 is a semiconductor integrated circuit con

, sisting of six buffers with 3-state non inverted outputs and 
common enable inputs. 

FEATURES 
• High'-fanout 3-state output: (loL =6mA, IOH= -6mA) 
• High-speed: 10l')s typo (CL=50pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC365 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed. performance equivalent to the 
74LS365. 
The M74HC365 consists of six 3-state buffers with output
enable inputs common to all circuits. 
When output-enable inputs OE1 and OE2 are both low, out
puts Y will become enable state. If input A is high, a high
level signal will be output to Y and if input A is low, a low
level signale will be output to Y. 
When at least one of input OE1 or OE2 is high, Y will be-

LOGIC DIAGRAM (EACH BUFFER) 

INPUT A 0-----1 

OUTPUT-ENABLE.I OEl 
INPUTS _ 

OE2o--~lI 

TO OTHER FIVE CIRCUITS 
~ 

A 
I 
I 

PIN CONFIGURATION (TOP VIEW) 

~~;G~T-ENABLE OE1- Vcc 

INPUT AO- 15 OE2 OUTPUT-ENABLE 
- INPUT 

OUTPUT 

INPUT 

OUTPUT 

INPUT 

OUTPUT 

YO-

Al-

Yl-

A2-

Y2-

GND 

16P4 
Outline 16P2N 

16P2P 

come high-impedance state. 

INPUT 

OUTPUT 

INPUT 

OUTPUT 

INPUT 

-Y3 OUTPUT 

A version of the M74HC356 with an inverted output, the 
M74HC366, is also' available. 

FUNCTION TABLE (Note 1) 

Inputs Output 
OEl OE2 A y 

L L L L 
L L H H 

H X X Z 

X H X Z 

Note 1 X: Irrelevant 
Z : High Impedance 

Vce 

d 
J~OY OUTPUT 

1 
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MITSUBISHI HIGH SPEED CMOS 

M74HC365P/FP/DP 

HEX 3-STATE NONINVERTING BUFFER WITH COMMON ENABLES 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Va Output voltage 

11K Input protection diode current 
VI < OV 

VI> Vcc 

10K Output parasitic diode current 
Vo< OV 

Vo > Vcc 

10 Output cuurent per output pin 

Icc Supply/GND current Vcc, GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 M74HC365FP, Ta = -40-+70·C and Ta = 70-85·C are derated at -SmW/"C 
M74HC365DP, T a = -40-+50·C and T a = 50-85·C are derated at -5mW/"C 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85·C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Va Output voltage 0 Vee 

Toor Operating temperature range -40 +85 

I Vcc = 2.0V 0 1000 

t r , tf Input risetime, falltime I Vce = 4.5V 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

lozH Off-state high-level output current 

IOZL Off-state low-level output current 

Icc Quiescent supply current 

Test conditions 

vcdv) 

2.0 
Vo = Vec.,....O. lV 

4.5 
1101 = 20l-lA 

6.0 

Vo = o. lV, Vce-O.1V 
2.0 

1101 = 20l-lA 
4.5 

6.0 

10H = -201-lA 2.0 

10H = -201-lA 4.5 

VI = VIH, VIL 10H = -201-lA 6.0 

10H = -6.0mA 4.5 

10H = -7. SmA 6.0 

10L = 20l-lA 2.0 

10L = 20l-lA 4.5 

VI=VIL IOL = 20l-lA 6.0 

IOL = 6.0mA 4.5 

IOL = 7. SmA 6.0 

VI =6V 6.0 

VI=OV 6.0 

VI = VIH, VIL, Vo= Vcc 6.0 

VI = VIH, VIL, Vo= GND 6.0 

VI = Vee, GND, 10= 01-1 A 6.0 

• . MITSUBIS. HI 
.... ELECTRIC 

Unit 

V 

V 

V 

·C 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±35 rnA 
±75 rnA 
500 rnW 

-65-+150 ·C 

Limits 

25"C -40-+S5·C Unit 

Typ ax Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 J.lA 
-0.1 -1.0 /.LA 

0.5 5.0 J.lA 
-0.5 -5.0 J.lA 

4.0 40.0 /.LA 

2-405 



MITSUBISHI HIGH SPEED CMOS 

M74HC36SP/FP/DP 

HEX 3·STATE NONIN'YERTING BUFFER· WITH COMMON ENABLES 

SWITCHING CHARACTERISTICS (Vcc =5V, Ta=25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

t Tl•H Low-level to high-level and high-level to low-level. 10 

tTHL output transition time 
CL = 50pF (Note 4) 

10 

t pLH Low-level to high-level and high-level to low-level 22 

t pHL output propagation time (A - V) 22 

t pLZ Output disable time from low-level and high-level 
CL= 5pF(Note4) 

36 

t pHZ (DE-V) 36 

tp%L Output enable time to low-level and high-level 
CL - SOpF (Note 4) 

40 

t PZH (OE-V) 40 

SWITCHING CHARACTERISTICS (Vcc = ·2-SV, T a = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 25"(; -40-+85"(; 

VcC<V) Min Typ Max Min 

2.0 60 

tTLH Low-level to high-level and 4.5 12 

CL = 50pF (Note 4) 
S.O 10 

high-ievel to low-level 
2.0 60 

tTHL output transition time 4.5 12 

6.0 10 

2.0 105 

t pLH 4.5 24 

CL = SOpF (Note 4) 
6.0 19 

2.0 105 

tpHL Low-level to high-level and 4.5 24 

high-level to low-level 6.0 19 

output propagation time 2.0 135 

tPLH (A-V) 4.5 29 

CL == 150pF (Note 4) 
6.0 24 

2.0 135 

tpHL 4.5 29 

6.0 24 

2.0 175 

tpLZ Output disable time from 4.5 44 

CL = SOpF (Note 4) 
6.0 37 

low-level and high-level 
2.0 175 

tpHZ (OE-V) 4.5 44 

6.0 37 

2.0 230 

tPZL 4.5 44 

CL = 50pF (Note 4) 
6.0 35 

2.0 230 

tPZH Output enable time to 4.5 44 

6.0 35 
low-level and high-level 

2.0 245 

tPZL (OE-V) 4.5 53 

CL = lS0pF (Note 4) 
6.0 41 

2.0 245 

tPZH 4.5 53 

6.0 41 

C. Input capacitance 10 

Co Off-state output capacitance OE=Vcc 15 

Cpo Power dissipation capacitance (Note 3) 49 

Note ~ COP is the internal capacitance of the IC calculated from operation -supply current under no-load conditions. (per buffer) 
The power dissipated during operation under no-load conditions is calculated USing the following formula: 
Po = Cpo' VCC

2
• f.+lcc· Vcc 

Max 

75 

15 

13 

75 

15 

13 

130 

30 

24 

130 

30 

24 

168 

36 

30 

168 

36 

30 

218 

55 

46 

218 

55 

46 

287 

55 

43 

287 

55 

43 

306 

66 

51 

'306 

66 

51 

10 

15 

Unit 

OS 

os 

ns 

os 

ns 

ns 

ns 

os 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

os 

os 

ns 

ns 

pF 
pF 
pF 



Note 4 : Test Circuit 

INPUT Vcc 

PG J...--+---I OUT 

500 
GND 

TIMING DIAGRAM 

A 

y 

OE 

y 

y 

MITSUBISHI HIGH SPEED CMOS 

M74HC365P/FP/DP 

HEX 3-STATE NONINVERTING BUFFER WITH COMMON ENABLES 

OUTPUT Vcc 

~ RL = lkO 

SWl 

Vee 

Parameter SW1 SW2 

hLH. tTHL 
Open Open 

tpLH• tpHL 
t pLZ Closed Open 
t pHZ Open Closed 
t PZL Closed Open 
t PZH Open Closed 

(1) The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

~-----------GNO 

VOH 

~~h';;"HL-- VOL 

_--------- VCC 

GNO 
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MITSUBISHI HIGH SPEED CMOS 

M74HC366P/FP/DP 

HEX 3.STATE INVERTING BUFFER WITH COMMON ENABLES 

DESCRIPTION 
The M74HC366 is a semiconductor integrated circuit con
sisting of six buffers with 3-state inverted outputs and com;. 
mon enable inputs. 

FEATURES 
• High-fanout 3-state output: (loL =6mA, IOH=-6mA) 
• High-speed: 10ns typo (CL=50pF, Vcc=5V) 
• Low power dissipation: 20j./W/package, max 

(Vcc=5V, T a=25°C, quiescent state) 
• High noise margin: 30% of Vcc, min (Vcc=4.5V, 6V) 
• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC366 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS366. 
The M74HC366 consists of six 3-state buffers with output
enable inputs common to all circuits. 
When output-enable inputs OE1 and OE2 are both low, out
puts Y will become enable state. If input A is high, a low
level signal will be output to Y and if input A is low, a high
level signal will be output to Y. 
When at least one of input OE1 or OE2 is high, Y will be
come high-impedance state. 

LOGIC DIAGRAM (EACH BUFFER) 

INPUT A l)-----t 

OUTPUT-ENABLE I OEl 
INPUTS _ 

OE2 U----O-.l 

TO OTHER FIVE CIRCUITS 

~ 

A 
I 
I 

PIN CONFIGURATION. (TOP VIEW) 

~~:~~T.ENABLE OEl _ 1 Vee 

INPUT AO- 15 - OE2 ~~~TUT.ENABLE 

OUTPUT 

INPUT 

OUTPUT 

INPUT 

OUTPUT 

YO-
Al-

GND 

16P4 
Outline 16P2N 

16P2P 

INPUT 

OUTPUT 

INPUT 

OUTPUT 

INPUT 

-Y3 OUTPUT 

A version of the M74HC366 with a non-inverted output, the 
M74HC365, is also available. 

FUNCTION TABLE (Note 1) 

Inputs Output 

OEl OE2 A y 

L L L H 

L L H L 

H X X Z 

X H X Z 

Note 1 X: Irrelevant 
Z : High impedance 

Vee 

d 
J 0'( OUTPUT 

1 
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MITSUBISHI HIGH SPEED CMOS 

M74HC366P/FP/DP 

HEX 3-STATE INVERTING BUFFER WITH COMMON ENABLES 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

V, Input voltage 

Vo Output voltage 

"K Input protection diode current 
V, < OV 

V, > Vee 

10K Output parasitic diode current 
Vo< OV 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note2) 

TSlg Storage temperature range 

Note 2 M74HC366FP, Ta = -40-+70'C and Ta = 70-85'C are derated at -6mW/"C. 
M74HC366DP, Ta = -40-+50'C and Ta = 50-85'C are derated at -5mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

V, Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

I Vee = 2.0V 0 1000 

Ir, If Input risetime, falltime I Vee = 4.5V 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V'H High-level input voltage 

V'L Low-level input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

"H High-level input current 

"L Low-level input current 

10zH Off-state high-level output current 

10ZL Off-state low-level output current 

Icc Quiescent supply current 

Test conditions 

vedv) 

2.0 
Vo = 0.1V 

4.5 
1101 =20"A 

6.0 

2.0 
Vo = O. lV, Vee-0.1V 

4.5 
1101 =20"A 

6.0 

10H = -20"A 2.0 

IOH = -20"A 4.5 

V,=V'l IOH = -20"A 6.0 

IOH = -6.0mA 4.5 

IOH = -7.8mA 6.0 

IOl = 20"A 2.0 

IOl = 20"A 4.5 

V, = V'H, V'l IOl = 20"A 6.0 

IOl= 6.0mA 4.5 

IOl = 7.8mA 6.0 

V,=6V 6.0 

V,=OV 6.0 

V, = V'H, V'l, Vo= Vee 6.0 

V, = V'H, V'l, Vo = GND 6.0 

V, = Vee, GND, lo"=O"A 6.0 

• MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

·C 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5--Vee+0. 5 V 

-0. 5--Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

+35 rnA 
±75 rnA 
500 rnW 

-65-+150 ·c 

Limits 

25'C -40-+85'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1. 35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /.LA 
-0.1 -1.0 /.LA 

0.5 5.0 /-LA 
-0.5 -5.0 /.LA 

4.0 40.0 /.LA 

2-409 



MITSUBISHI HIGH SPEED CMOS 

M74HC366P/FP/DP 

HEX 3·STATEINVERTING BUFFER WITH COMMON ENABLES 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25"C) 

limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
C L = 50pF (Note 4) 

10 

t pLH Low-level to high-level and high-level to low-level 18 

t pHL output propagation time (A - Y) 18 

t pLZ Output disable time from low-level and high-level 
C L = SpF(Note4) 

36 

t pHZ (OE-Y) 36 

t PZL Output enable time to low-level and high-level 
CL = SOpF (Note 4) 

40 

tPZH (OE-V) 40 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85"C) 

Symbol 

hLH 

tTHL 

t pLH 

-
t pHL 

t pLH 

t pHL 

t pLZ 

t pHZ 

t PZL 

t pzH 

tPZL 

t pzH 

C 1 

Co 

Cpo 

Note 3 

2-410 

Limits 

Parameter Test conditions 2S"C -40-+85"C 

Vcc(V) Min Typ Max Min 

2.0 60 

Low-level to high-level and 4.5 12 

C L = SOpF (Note 4) 
6.0 ,10 

high-level to low-level 
2.0 60 

output transition time 4.5 12 

6.0 10 

2.0 82 

4.5 19 

C L = SOpF (Note 4) 
6.0 16 

2.0 82 

Low-level to high-level and 4.5 19 

high-level to low-level 6.0 16 

output propagation time 2.0 107 

(A-V) 4.5 26 

CL = 150pF (Note 4) 
6.0 22 

2.0 107 

4.5 26 

6.0 22 

2.0 175 

Output disable time from 4.5 44 

CL = SOpF (Note 4) 
6.0 37 

low-level and high-level 
2.0 175 

(OE-V) 4.5 44 

6.0 37 

2.0 230 

4.5 44 

CL = SOpF (Note 4) 
6.0 35 

2.0 230 

Output enable time to 4.5 44 

6.0 35 
low-level and high-'Ievel 

2.0 245 

(OE-V) 4.5 53 

CL = lS0pF (Note 4) 
6.0 41 

2.0 245 

4.5 53 

6.0 41 

Input capacitance 10 

Off-state output capacitance OE= Vce 15 

Power dissipation capacitance (Note 3) 46 

COP is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per buffer) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vec

2 
• fl+lee • Vee 

'. . ',MITSUB.IS.H.I ..... £LECTRIC, 

Max 

75 

15 

13 

75 

15 

13 

102 

24 

20 

102 

24 

20 

134 

32 

27 

134 

32 

27 

218 

55 

46 

218 

55 

46 

287 

55 

43 

287 

55 

43 

306 

66 

51 

306 

66 

51 

10 
15 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns . 

ns 

pF 

pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC367P/FP/DP 
HEX 
3·STATE NONINVERTING BUFFER WITH SEPARATE 2.BIT AND 4·BIT SECTIONS 

DESCRIPTION 
The M74HC367 is a semiconductor integrated circuit con
sisting of six buffers with 3-state noninverted outputs, the 4-
bit and 2-bit sections having common enable inputs. 

FEATURES 
• High-fanout 3-state output: (IOL. =6mA, IOH= -6mA) 
• High-speed: 10ns typo (CL =50pF, Vee=5V) 
• Low power dissipation: 20.uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vec=4.5V, 6V) 
• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC367 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving higtl-speed performance equivalent to the 
74LS367. 
The M74HC367 consists of six 3-state buffers with output
enable inputs common to the 2-bit and 4-bit sections. 
When output-enable input OE is low, outputs Y will become 
enable state. If input A is high, a high-level signal will be 
output to Y and if input A is low, a low-level signale will be 
output to Y. 
When OE is high-level, Y will become high-impedance 
state. 

LOGIC DIAGRAM (EACH BUFFER) 

TO OTHER CIRCUITS 
,..----"-----. 

INPUT A 0-----1 

OUTPUT-ENABLE OE 0----0 
INPUT 

". 
I 
I 

PIN CONFIGURATION (TOP' VIEW) 

?NUpT~~T-ENABLE OEl _ 
Vee 

INPUT AO- 15 +- OE2 ?NUp~~T-ENABLE 

OUTPUT YO-

INPUT Al-

OUTPUT Yl-

INPUT A2.-

OUTPUT Y2-

GND 

16P4 
Outline 16P2N 

16P2P 

INPUT 

OUTPUT 

INPUT 

OUTPUT 

INPUT 

OUTPUT 

A version of the M74HC367 with an inverted output, the 
M74HC368, is also available. 

FUNCTION TABLE (Note 1) 

Inputs Output 

OE A Y 

L L L 

L H H 

H X Z 

Note 1 X: Irrelevant 
Z : High impedance 

Vee 

J 
J QY OUTPUT 

1 
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Note 4 : Test Circuit 

INPUT 

PG t--+---t OUT 

50n 
GNO 

TIMING DIAGRAM 

A 

MITSUBISHI HIGH SPEED CMOS 

M74HC366P/FP/DP 

HEX 3.STATE INVERTING BUFFER WITH COMMON ENABLES 

OUTPUT 

r 
Vee 

~___________ GNO 

li------- VOH 

-------Vee 

GNO 

VOH 

Parameter SWl SW2 
tTLH• tTHL · 

Open Open 
t pLH• tpHL 

t pLZ Closed Open 

tpHz Open Closed 
t pZL Closed Open 
t PZH Open Closed 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL Includes stray wiring 
capacitance and the probe Input capacitance. 
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MITSUBISHI HIGH SPEED CMOS 

M74HC367P/FP/DP 

HEX 
3-STATE NONINVERTING BUFFER WITH SEPARATE 2-BIT AND 4-BITSECTIONS 

ABSOLUTE MA~IMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K 
VI< OV 

Input protection diode current 
VI> Vcc 

10K 
Vo<OV 

Output parasitic diode current 
Vo > Vcc 

10 Output current per output pin 

lee Supply/GND current Vcc, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2: M74HC367FP, Ta = -40-+70'C and Ta = 70-85'C are derated at -6mW/'C 
M74HC367DP, T a = -40-+5O'C and T a = 50-85'C are derated at -5mW/'C 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

I Vcc = 2.0V 0 1000 

t r, tf Input risetime, falltime l Vcc=4.5V 0 500 

I Vce = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

10zH Off-state high-level output current 

10zL Off-state low-level output current 

lee Quiescent supply current 

Test conditions 

Vec<V) 

2.0 
Vo = Vce-O. 1 V 

4.5 
1101 = 20l1A 

6.0 

2.0 
Vo = O. lV, Vee-O.1V 

4.5 
1/01 = 2011 A 

6.0 

10H = -2011A 2.0 

10H = -2011A 4.5 

VI = VIH, VIL 10H = -2011A 6.0 

10H= -6.0mA 4.5 

IOH= -7.8mA 6.0 

10L = 20l1A 2.0 

10L = 20l1A 4.5 

VI=VIL 10L = 20l1A 6.0 

IOL = 6.0mA 4.5 

10L = 7.BmA 6.0 

VI =6V 6.0 

VI=OV 6.0 

VI=V1H, VIL, Vo= Vee 6.0 

VI = VIH, VIL, Vo == GND 6.0 

VI = Vce, GND, 10= 011 A 6.0 

• MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

·c 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±35 rnA 
±75 rnA 
500 rnW 

-65-+150 ·c 

Limits 

25'C -40-+85'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1. 35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 J..lA 
-0.1 -1.0 J..lA 

0.5 5.0 J..lA 
-0.5 -5.0 J..lA 

4.0 40.0 J..lA 
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MITSUBISHI HIGH SPEED CMOS 

M74HC367P/FP/DP 

HEX 
3"STATE NONINVERTING BUFFER WITH SEPARATE 2·BIT AND 4.BIT SECTIONS 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = 50pF (Note 4) 

10 

t pLH Low-level to high-level and high-level to low-level 22 

t pHL output propagation time (A - y) 22 

t pLZ Output disable time from low-level and high-level 
CL = 5 pF (Note 4) 

33 
t pHZ (OE-Y) 33 
t PZL Output enable time to low-level and high-level 

CL = SOpF (Note 4) 
37 

t PZH (OE-Y) 37 

SWITCHING CHARACTERISTICS (Vee = 2-6V, fa = -40-+SS'C) 

Limits 

Symbol Parameter Test conditions 25"C -40-+SS"C 

Vcc(V) Min Typ Max Min 

2.0 60 

tTLH Low-level to high-level and 4.5 12 

CL = SOpF (Note 4) 
6.0 10 

high-level to low-level 
2.0 60 

tTHL output transition time 4.5 12 
6.0 10 
2.0 105 

t pLH 4.5 24 

CL = SOpF (Note 4) 
6.0 19 
2.0 105 

t pHL Low-level to high-level and 4.5 24 
high-level to low-level 6.0 19 
output propagation time 2.0 135 

t pLH (A-Y) 4.5 29 

CL = 150pF (Note 4) 
6.0 24 
2.0 135 

tpHL 4.5 29 
6.0 24 
2.0 117 

t pLZ Output disable time from 4.5 35 

CL = SOpF (Note 4) 
6.0 31 

low-level and high-level 
2.0 117 

t pHZ (OE-Y) 4.5 35 
6.0 31 
2.0 172 

tPZL 4.5 38 

CL = 50pF (Note 4) 
6.0 35 
2.0 172 

tpZH Output enable time to 4.5 38 
6.0 35 

low-level and high-level 
2.0 187 

tPZL (OE-Y) 4.5 46 

CL = 150pF (Note 4) 
6.0 42 
2.0 187 

t PZH 4.5 46 
6.0 42 

C 1 Input capacitance 10 

Co Off-state output capacitance OE=Vcc 15 
Cpo Power dissipation capacitance (Note 3) 47 

Note 3 : COP is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per buffer) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+lec • Vee 

2-414 • MITSUBISHI 
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Max 

75 
15 
13 
75 
15 
13 

130 
30 
24 

130 
30 
24 

168 
36 
30 

168 
36 
30 

146 
44 
39 

146 
44 
39 

216 
47 
43 

216 
47 
43 

233 
57 
52 

233 
57 
52 
10 
15 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC367P/FP/DP 

HEX 
3·STATE NONINVERTINGBUFFER WITH SEPARATE 2·BIT AND 4-BIT SECTIONS 

Note 4 Test Circuit 

INPUT Vcc OUTPUT 

PG OUT 

500 
GNO ICL 

TIMING DIAGRAM 

A 

Y 

OE 

y 

y 

Vcc 

~ RL = lkO 

SWl 

SW2 

l"C -lkfl 

Vcc 

GNO 

VOH 

tTHL 
VOL 

_----- Vee 

GNO 

VOH 

Parameter SWl SW2 

tTLH• tTHL 
Open Open 

tpLH• tpHL 

tpLZ Closed Open 

tpHz Open Closed 

tpZL Closed Open 

t PZH Open Closed 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 
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MITSUBISHI HIGH SPEED CMOS 

M74HC368P/FP/DP 

HEX 3·STATE INVERTING BUFFER WITH SEPARATE.2·BIT AND 4·BIT SECTIONS 

DESCRIPTION 
The M74HC368 is a semiconductor integrated circuit con
sisting of six buffers with 3-state inverted output, the 4-bit 
and 2-bit sections having common enable inputs. 

FEATURES 
• High-fanout 3:-state output: (loL =6mA, IOH= -6mA) 
• High-speed: 10ns typo (CL =50pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 
• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC368 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS368. 
The M74HC368 consists of six 3-state buffers with output
enable inputs common to the 2-bit and 4-bit sections. 
When output-enable input OE is low, outputs Y will become 
enable state. If input A is high, a low-level signale will be 
output to Y and if input A is low, a high-level signal will be 
output to Y. 
When OE is high, Y will become high-impedance state. 

LOGIC DIAGRAM (EACH BUFFER) 

INPUT A l.}-----i 

OUTPUT-ENABLE OE l)------( 
INPUT 

TO OTHER CIRCUITS 

~ 

'" I 
I 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT-ENABLE -
INPUT OEl -+ Vee 

INPUT AO-+ 15 +- OEZ ?NUpT0TUT-ENABLE 

OUTPUT YO+-

INPUT Al-+ 

OUTPUT Yl +-

INPUT A2-+ 

OUTPUT Y2+-

GND 

16P4 
Outline 16P2N 

16P2P 

INPUT 

OUTPUT 

INPUT 

OUTPUT 

INPUT 

-+'13 OUTPUT 

A version of the M74HC368 with a noninverted output, the 
M74HC367, is also available. 

FUNCTION TABLE (Note 1) 

Inputs Output 

OE A Y 

L L H 

L H L 

H X Z 

Note 1 X: Irrelevant 
Z : High impedance 

Vee 

J 
J.---~o '1 OUTPUT 

1 
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MITSUBISHI HIGH SPEED CMOS 

M74HC368P/FP/DP 

HEX 3·STATE INVERTING BUFFER WITH SEPARATE 2·BIT AND 4·BIT SECTIONS 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless otherwise noted) 

Symbol Parameter Test conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vee 

Vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 M74HC368FP, T a = -40-+60·C and T a = 60-85·C are derated at -6mW/·C 
M74HC368DP, Ta = -':'40-+50·C and Ta = 50-85·C are derated at -5mW/"C 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85·C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

I Vee = 2.0V 0 1000 

t r , tf Input risetime, falltime I Vee = 4.5V 0 500 

1 Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL LOW-level input voltage 

V OH High-level output voltage 

VOL LOW-level output voltage 

IIH High-level input current 

IlL LOW-level input current 

10zH Off-state high-level output current 

10ZL Off-state low-level output current 

Icc Quiescent supply current 

Test conditions 

VeC<V) 

2.0 
Vo = O. lV 

4.5 
1101 = 20l1A 

6.0 

2.0 
Vo = O. lV, Vcc-O. lV 

4.5 
1/01 = 20l1A 

6.0 

IOH = -2011A 2.0 

IOH = -2011A 4.5 

VI = VIL 10H = -2011A 6.0 

IOH = -6.0mA 4.5 

IOH= -7.8mA 6.0 

10L = 20l1A 2.0 

IOL = 20l1A 4.5 

VI = VIH, VIL IOL = 20l1A 6.0 

IOL = 6.0mA 4.5 

10L = 7.8mA 6.0 

VI =6V 6.0 

VI=OV 6.0 

VI = VIH, VIL, Vo = Vee 6.0 

VI=VIH, VIL, Vo = GND 6.0 

VI = Vee, GND, 10=OI1A 6.0 

• MITSUBISHI 
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Unit 

V 

V 

V 

·C 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±35 mA 
±75 mA 
500 mW 

-65-+150 ·C 

Limits 

25·C -40-+85·C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1. 35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /.LA 
-0.1 -1.0 /.LA 

0.5 5.0 /.LA 
-0.5 -5.0 /.LA 

4.0 40.0 /.LA 
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MITSUBISHI HIGH SPEED CMOS 

M74HC368P/FP/DP 

HEX· 3;.STATEINVERTINGBUFFER WITH SEPARATE 2-BIT AND 4-BIT SECTIONS 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25t) 

limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = 50pF (Note 4) 

10 
t pLH Low-level to high-level and high-level to low-level 18 
t pHL output propagation time (A - V) 18 

tpLz Output disable time from low-level and high-level 
CL= 5pF(Note4) 

33 
t pHz (OE-V) 33 
t PZL Output enable time to low-level and high-level 

CL = 50pF (Note4) 
37 

t pZH (OE-V) 37 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+85'C 

tTLH 

tTHL 

tpLH 

t pHL 

t pLH 

tpHL 

tpLz 

t pHZ 

t pZL 

tpZH 

t pZL 

tpZH 

C 1 

Co 

Cpo 

Note 3 

2-418 

vcdv) Min Typ Max Min 

2.0 60 
Low-level to high-level and 4.5 12 

CL"" 50pF (Note4) 
6.0 10 

high-level to low-level 
2.0 60 

output transition time 4.5 12 
6.0 10 
2.0 82 
4.5 19 

CL = 50pF (Note 4) 
6.0 16 
2.0 82 

Low-level to high-level and 4.5 19 
high-level to low-level 6.0 16 
output propagation time 2.0 107 
(A-V) 4.5 26 

CL = 150pF (Note 4) 
6.0 22 
2.0 107 
4.5 26 
6.0 22 
2.0 117 

Output disable time from 4.5 35 

CL = 50pF (Note 4) 
6.0 31 

low-level and high-level 
2.0 117 

(OE-V) 4.5 35 
6.0 31 
2.0 172 
4.5 38 

CL = 50pF ( Note 4 ) 
6.0 35 
2.0 172 

Output enable time to 4.5 38 
6.0 35 

low-level and high-level 
2.0 187 

(OE-V) A.5 46 

CL = 150pF (Note 4) 
6.0 42 
2.0 187 
4.5 46 
6.0 42 

Input capacitance 10 
Off-state output capacitance OE= Vee 15 
Power dissipation capacitance (Note 3) 44 

COP is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per buffer) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' VCC

2 
• fl+l cc • Vee 

..' , .. MITSUBISH. I 
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Max 

75 
15 
13 
75 
15 
13 

102 
24 
20 

102 
24 
20 

134 
32 
27 

134 
32 
27 

146 
44 
39 

146 
44 
39 

216 

47 
43 

216 
47 
43 

233 
57 
52 

233 

57 
52 
10 
15 

Unit 

ns 

ns 

ns 

ns 

I)S 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 
pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC368P/FP/DP 

HEX 3-STATE INVERTING BUFFER WITH SEPARATE 2-BIT AND 4-BIT SECTIONS 

Note 4 : Test Circuit 

INPUT Vee 

PG ~-+---4 OUT 

50n 

TIMING DIAGRAM 

A 

OUTPUT Vee 

~RL = lkO 

SWl 

Vee 

~____________ GNO 

li---- VOH 

,-------- Vee 

GNO 

VOH 

Parameter SWl SW2 

tTLH• tTHL 
Open Open 

tpLH• tpHL 

t pLZ Closed Open 

tpHZ Open Closed 

tPZL Closed Open 

tpzH Open Closed 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 
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MITSUBISHIHIGH SPEED CMOS 

M74HC373P/FP/DWP 

OCTAL 3.STATE·NONINVItRTING D. TYPE TRANSPARENT LATCH 

DESCRIPTION 
The M74HC373 is a ·semiconductor integrateci circuit con
sisting of eight 3-state output D-type latches with common 
latch-enable input and output-enable input. 

FEATURES 
• High-fanout3-state output: (loL=6mA, IOH=-6mA) 
• High-speed: 13ns typo (CL=SOpF, Vee=SV) 
• Low power dissipation: 20,uW/package, max 

(Vee=SV, Ta=2S·C, quiescent state) 
• High noise margin: 30% of Vee, min (Vcc=4.SV, 6V) . 
• Capable of driving 1S 74LSTTL loads 
• Wide operating voltage range: Vcc=2 ...... 6V 
• Wide operating temperature range: Ta=-40 ...... +8S·C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC373 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS373. 
The M74HC373 consists of eight D-type latches with latch
enable input LE and output-enable input OE common to all 
circuits. 
When LE is high, the data at input 0 appears at output Q 

through the latch and the Q state follows changes in the 0 
state. When LE changes from high-level to low-level, the 
data existing immediatry prior to the change at 0 will be 
stored in the latch. 
Even if other inputs are changed when LE is low, the con
tents stored in the latch will not be affected . 

LOGIC DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT-ENABLE -
INPUT OE-+ 

OUTPUT 00-

\

00-+ 
DATA INPUTS 

01-+ 

\

01 -
OUTPUTS 

02-

\

02-+ 
DATA INPUTS 

03-+ 

OUTPUT 03-

Vee 

GNO " -LE ~~8~-ENABLE 

20P4 
Outline 20P2N 

20P2V 

When. OE is high, all outputs Q will become high
impedance state. 
A version of the M74HC373 with the same pin connections 
and an inverted output, the M74HCS33, is also available. 

FUNCTION TABLE (Note 1) 

Inputs Output 

OE LE 0 Q 
L H H H 

L H L L 
L L X QO 

H X X Z 

Note 1 00: Output state 0 before LE changed 
Z : High impedance . 
X : Irrelevant 

OUTPUTS 
r~--------------------~A~--------------------------------~ 

~ ____ -+~ ____ -.~ ____ ~~ ____ ~~ ____ ~~ ____ ~-r ____ ~~ ____ -,~7 ~ 

~~~~tENABLE LE 111)-41 >-t-+-------f-6-------f-6-------++_-----~------++_-----t+_------_tJ 

2-420 
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MITSUBISHI HIGH SPEED CMOS 

M74HC373P/FP/DWP 

OCTAL 3-STATE NONINVERTING D-TYPE TRANSPARENT LATCH 

ABSOLUTE MAXIMUM RATINGS (T a = -40-+85·C. unless otherwis,e noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < ov 
11K Input protection diode current 

VI> Vee 

Vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Not2) 

Tstg Storage temperature range 

Note 2 : M74HC373FP, Ta = -40-+75'C and Ta = 75-85'C are derated at -7mW/"C. 
M74HC373DWP, Ta = -40-+80'C and Ta = 80-85'C are derated at -7mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

I Vee=2.0V 0 1000 

t r• tf Input risetime. lalltime I Vee=4.5V 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

V OH 'High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

10zH Off-state high-level output current 

10ZL Off-state low-level output current 

Icc Quiescent supply current 

Test conditions 

vcdv) 

Vo = O. lV, Vee-O. lV 
2.0 

1101 =20J1.A 
4.5 

6.0 

Vo = O.lV, Vec-O. lV 
2.0 

1101 = 20J1.A 
4.5 

6.0 

10H = -20J1.A 2.0 

10H = -20J1.A 4.5 

VI = VIH, VIL 10H = -20J1.A 6.0 

10H = -6.0mA 4.5 

10H = -7. SmA 6.0 

10L =20J1.A 2.0 

10L = 20J1.A 4.5 

VI = VIH, VIL IOL = 20J1.A 6.0 

10L = 6.0mA 4.5 

10L = 7. SmA 6.0 

VI =6V 6.0 

VI=OV 6.0 

VI = VIH, VIL, Vo = Vee 6.0 

VI = VIH, VIL, Vo= GND 6.0 

VI = Vee, GND, 10=OJ1.A 6.0 

'. MITSOBISHI 
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Unit 

V 

V 

V 

·c 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±35' mA 
±75 rnA 
500 mW 

-65-+150 "C 

Limits 

25"C -40-+S5"C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1. 35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /-lA 
-0.1 -1.0 /-lA 

0.5 5.0 /-lA 
-0.5 -5.0 /-lA 

4.0 40.0 /-lA 

2-421 



MITSUBISHI HIGH SPEED CMOS 

M74HC373P/FP/DWP 

OCTAL 3·STATE NONINVERTING D· TYPE TRANSPARENT LATCH 

SWITCHING CHARACTERISTICS (Vee = 5V. T a = 25'C) 

Symbol Parameter 

tTLH' Low-level to high-level and high-level to low-level 

hHL output transition time 

tPLH Low-level to high-level and high-level to low-level 

tpHL output propagation time (0 - 0) 

tpLH Low-level to high-level and high-level to low-level 

tpHL output propagation time (LE - 0) 

t pLZ Output disable time from low-level and high-level 

tpHZ (DE-O) 

tPZL Output enable time to low-level and high-level 

tPZH (OE-O) 

2-422 

Test conditions 

Cl = SOpF (Note 4) 

Cl = 5 pF (Note 4) 

Cl = 50pF (Note4) 

, •. '. MITSUBISHI 
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limits 

Min Typ 
Unit 

Max 

10 ns 
10 ns 
25 ns 

25 ns 

30 ns 

30 ns 

25 ns 
25 ns 

28 ns 
28 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC373P/FP/DWP 

OCTAL 3-STATE NONIN'VERTING ,D..;TYPE TRANSPARENT LATCH 

SWITCHING CHARACTERISTICS (Vee = 2-6V, Ta = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 2S'C -40-+8S'C 

VcdV) Min Typ Max Min 

2.0 60 

tTLH Low-level to high-level and 4.5 12 

CL = SOpF (Note 4) 
6.0 10 

high-level to low-level 
2.0 60 

hHL output transition time 4.5 12 

6.0 10 

2.0 150 

t pLH 4.5 30 

CL = SOpF (Note 4) 
6.0 26 

2.0 150 

t pHL Low-level to high-level and 4.5 30 
high-level to low-level 6.0 26 
output propagation time 2.0 200 

tpLH (D-O) 4.5 40 

CL = lS0pF (Note 4) 
6.0 34 

2.0 200 

t pHL 4.5 40 

6.0 34 

2.0 175 

t pLH 4.5 35 

CL = SOpF (Note 4) 
6.0 30 

2.0 175 

t pHL Low-level to high-level and 4.5 35 
high-level to low-level 6.0 30 

output propagation time 2.0 225 

t pLH (LE- 0) 4.5 45 

CL = lS0pF (Note 4) 
6.0 38 

2.0 225 

tpHL 4.5 45 
6.0 38 

2.0 150 

t pLZ Output disable time from 4.5 30 

CL = SOpF (Note 4) 
6.0 26 

low-level and high-level 
2.0 150 

t pHZ (OE-O) 4.5 30 

6.0 26 

2.0 150 

tPZL 4.5 30 

CL = SOpF (Note 4) 
6.0 26 

2.0 150 

t PZH Output enable time to 4.5 30 

6.0 26 
low-level and high-level 

2.0 200 

t PZL (OE-O) 4.5 40 

CL = lS0pF (Note 4) 
6.0 34 

2.0 200 

tPZH 4.5 40 

6.0 34 

C 1 Input capacitance 10 

Co Output disabled capacitance OE = Vcc 15 

Cpo Power dissipation capacitance (Note 3) 57 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply currentunder no-load conditions. (per latch) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee2 • fl+lee • Vee 

" , MITSUBISHI 
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Max 

75 

15 

13 

75 

15 

13 
189 

38 

32 

189 

38 

32 
252 

50 

43 

252 

50 

43 
221 

44 

37 
221 

44 

37 
284 

57 

48 

284 

57 

48 
189 

38 

32 

189 

38 
32 

189 

38 

32 

189 

38 

32 

252 

50 

43 

252 

50 

43 

10 

15 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 
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MITSUBISHIHIGH SPEED CMOS 

M74HC373P/FP/DWP 

OCTAL 3·STATE NONINVERTING D.;TYPE TRANSPARENT LATCH 

TIMING REQUIREMENTS (Vee = 2-6,V. T a = -40-+85"C) 

Symbol Parameter 

tw Latch enable pulse width 

tsu 
D setup time with 

-
respect to LE 

D hold time with 
th -

respect to LE 

Note 4 Test Circuit 

INPUT Vcc 

PG 1--*'""---4 OUT 

,50n 
GNO 

TIMING DIAGRAM 

o 

Q 

OE 

Q 

Q 

2-424 

Limits 

Test conditions I 25"(; -40-+85"(; 

OUTPUT 

Vee 

'-------- GNO 

1'-""----- VOL 

------Vee 

GNO 

VOL 

VOH 

Vcc<V) Min Typ Max Min 

2.0 80 101 
4.5 16 20 
6.0 14 17 
2.0 75 90 
4.5 15 18 
6.0 13 16 
2.0 50 60 
4.5 10 12 
6.0 9 11 

Parameter SW1 SW2 

tTLH• tTHL 
Open Open 

tpLH• tpHL 

tpLZ Closed Open 

tpHZ Open Closed 

tPZL Closed Open 

tPZH Open Closed 

(1) The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns. tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

o 

o 

tsu th 

LE 

Q 

• MITSUBISHI 
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Max 

Unit 

ns 

ns 

ns 

Vee 

GNO 

Vee 

GNO 

Vee 

GNO 

Vee 

GNO 

VOH 

VOL 



MITSUBISHI HIGH SPEED CMOS 

M74HC373-1P/FP/DWP 

OCTAL 3-STATE NONINVERTING D-TYPE TRANSPARENT LATCH 

DESCRIPTION 
The M74HC373-1 is a semiconductor integrated circuit con
sisting of eight 3-state output D-type latches with common 
latch-enable input and output-enable input. 

FEATURES 
• High-fanout 3-state output: (loL = 24mA, IOH= - 24mA) 
• High-speed: 9ns typo (CL=50pF, Vcc=5V) 
• Low power dissipation: 25,uW/package, max 

(Vcc=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vcc=4.5V, 6V) 
• Capable of driving 60 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: T a=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC373-1 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS373. 
The circuit is designed to suppress the increased switching 
noise that normally occurs at high output currents. 
The M74HC373-1 consists of eight D-type latches with 
latch-enable input LE and output-enable input OE common 
to all circuits. 
When LE is high, the data at input 0 appears at output Q 

through the latch and the Q state follows changes in the 0 

state. When LE changes from high-level to low-level, the 
data existing immediatry prior to the change at 0 will be 
stored in the latc~. 
Even if other inputs are changed when LE is low, the con
tents stored in the latch will not be affected. 

LOGIC DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT ENABLE _ 
INPUT OE-

OUTPUT 00-

\

DO
DATA INPUTS 

D1-

\

01- 5 
OUTPUTS 

02-

\

D2-
DATA INPUTS 

D3-

OUTPUT 03-

Vcc 

GND - LE ~~;8~ ENABLE 

20P4 
Outline 20P2N 

20P2V 

When OE is high, all outputs Q will become high

impedance state. 
A version of the M74HC373-1 with the same pin connec
tions and an inverted output, the M74HC533-1, is also avail

able. 

FUNCTION TABLE (Note 1) 

Inputs Output 

OE LE D 

L H H 

L H L 

L L X 

H X X 

Note 1 0 0
: Output state 0 before LE changed 

Z : High impedance 
X : Irrelevant 

OUTPUTS 

Q 

H 

L' 
QO 

Z 

~ ____________________ ~A __________________________________ ~ 

~~~s~ ENABLE .LE 11 

03 04 05 06 07 Vee '-I 
I 

I 
I 

_~J 
D1 GND 

----------------------------~v~------------------------------~ 
DATA INPUTS 
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MITSUBISHI HIGH SPEED CMOS 

M74HC373-1PIFPIDWP 

OCTAL 3.STATE·NONIN\fERTING D~TYPE TRANSPARENT LATCH 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vee 

Vo < OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature 

Note 2 : M74HC373-1FP ,Ta = -40-+75'C and Ta = 75-S5'C are derated at -7mW/"C. 
M74HC373-1DWP, Ta = -40-+S0'C and Ta = SO-S5'C are derated at -7mW/"C .. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+S5'C) 

Symbol 
Limits 

Parameter 
Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage a Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

Vee = 2.0V a 500 

t r• tf Input risetlme, falltime Vee=4.SV 0 50 

Vee=6.0V 0 30 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltnge 

-

V IL Low-level input voltage 

V OH High-level output voltage 

VOL Low-level output voltnge 

IIH High-level inputeurrent 

IlL Low-level input current 

10zH Off-state high-level output current 

10ZL Off-state low-level output current 

Icc Quiescent supply current 

2-426 

Test conditions 

Vec(V) 

Vo=O.lV, Vee-O.1V 
2.0 

1101 = 20/-lA 
4.5 

6.0 

Vo = O. lV, vee-O. lV 
2.0 

1101 = 20/-lA 
4.5 

6. a 
10H = -20/-lA 2.0 

IOH = -20/-lA 4.5 
VI = VIL, VIH 

10H = -:20/-lA 6.0 

10H = -24mA 4.5 

10L = 20/J.A 2. a 
10L = 20/J.A 4.5 

VI = VIH, VIL 
IOL = 20/J.A 6.0 

10L = 24mA 4.5 

VI =6V 6.0 

VI=OV 6.0 

VI = VIH, VIL, Vo = Vee 6.0 

VI = VIH, VIL, Vo = GND 6.0 

VI = Vee, GND, 10';" O/-lA 6.0 

. •. MITSUBISHI 
..... ELECTRIC 

Unit 

V 

V 

V 

'c 

ns/V 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

3.98 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±50 mA 
±200 mA 

500 mW 
-65-+150 ·c 

Limits 

2S'C -40-+8S'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1.35 V 

1. S 1.8 

1.9 

4.4 

5.9 
V 

3.84 

0.1 0.1 

0.1 0.1 

0.1 O. , 
V 

0.39 0.5 

0.1 1. a 
-0.1 -1.0 

f.J.A 

0.5 5.0 

-0.5 -5.0 
f.J.A 

5. a 50. a f.J.A 



MITSUBISHl HIGH SPEED CMOS 

M74HC373-1P/FP/DWP 

OCTAL I-STATE NONINVERTING D-TYPE TRANSPARENT LATCH 

SWITCHING CHARACTERISTICS (Vee = 5V. T a = 25'C) 

Symbol Parameter Test conditions 
Min 

tTLH Low-level to high-level and high-level to low-level 

tTHL output transition time 

t pLH Low-level to high-level and high-level to low-level 
CL = 50pF (Note 4) 

t pHL output propagation time (0 - a) 

t pLH Low-level to high-level and high-level to low-level 

t pHL output propagation time (IT - a) 

t pLZ Output disable time from low-level and high-level 
CL = 5 pF (Note 4) 

(OE-O) t pHZ 

t PZL Output enable time to low-level and high-level 
CL = 50pF (Note 4) 

t PZH (OE-O) 

SWITCHING CHARACTERISTICS (Vee = 2-6V. T a = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 25'C 

vedv) Min Typ Max 

2.0 60 

tTLH Low-level to high-level and 4.5 12 

6.0 10 
high-level to low-level 

2.0 60 

tTHL output transition time 4.5 12 

6.0 10 

2.0 100 
t pLH Low-level to high-level and 4.5 20 

high-level to low-level 6.0 17 

output propagation time 2.0 100 

t pHL (0-0) 4.5 20 

6.0' 17 

2.0 115 

tpLH Low-level to high-level and 4.5 23 

high-level to low-level 
CL = 50pF (Note 4) 

6.0 20 

" 2.0 115 output propagation time 

t pHL (IT- a) 4.5 23 

6.0 20 

2.0 125 

t pLZ Output disable time from 4.5 25 

6.0 ·21 
low-level and high-level 

2.0 125 

t pHZ (OE-O) 4.5 25 

6.0 21 

2.0 125 

tPZL Output enable time to 4.5 25 

6.0 21 
low-level and high-level 

2.0 125 

t PZH (OE-O) 4.5 25 

6.0 21 

C 1 Input capacitance 10 
Co Off-state output capacitance OE = Vee 15 

Cpo Power dissipation capacitance (Note 3) 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using 'the following formula: 
Po = Cpo • Vee

2 
• fl+lee • Vee 

• MITSUBISHI 
"'ELECTRIC 

Limits 
Unit 

Typ Max 

10 

10 
ns 

18 
ns 

18 

21 
ns 

21 

20 

20 
ns 

23 

23 

-40-+85'C Unit 

Min Max 

75 

15 

13 
ns 

75 

15 

13 

125 

25 

21 

125 
ns 

25 

21 

145 

29 

25 

145 
ns 

29 

25 

155 

31 

26 

155 
ns 

31 

26 

155 

31 

26 

155 
ns 

31 

26 

10 
15 pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HC373-1P/FP/DWP 

OCTAL 3.STA~E NONINVERTING D..:TYPE TRANSPARENT LATCH 

TIMING REQUIREMENTS (Vee = 2-6V. T a = -40-+85·C) 

Symbol Parameter 

tw Latch enable pulse width 

o setup time with 
tsu 

respect to LE 

o hold time with 
th 

respect to LE 

Note 4 Test Circuit 

INPUT Vee 

PG t---....... ---4 OUT 

500 
GND 

TIMING DIAGRAM 

o 

o 

OE 

0 

0 

2-428 

Test conditions 

OUTPUT 2XVOH 

~ RL = 5000 

SW 

RL = 5000 

Vee 

GND 

VOH 

10% 
VOL 

hHL 

------Vee 

GND 

VOL 

VOH 

limits 

25"C 
vedv) Min Typ Max 

2.0 60 
4.5 12 
6.0 10 
2.0 50 
4.5 10 
6.0 9 
2.0 25 
4.5 5 
6.0 5 

Parameter SW 
hLH' tTHL 

Open 
tpLH, tpHL 

tpLZ Closed 

tpHZ Open 

tPZL Closed 

t PZH Open 

(1)The pulse generator (PG) has the following 
\ characteristics (10%-90%): tr = 3ns. tf = 3ns 
(2) The capacitance CL includes stray wiring 

capacitance and the probe input capacitance. 

o 

o 

tsu th 

0 

.' MITSUBISHI 
.... ELECTRIC 

-40-+85"C Unit 

Min Max 

75 
15 ns 

13 

65 
13 ns 

11 
30 
6 ns 

6 

Vee 

GND 

Vee 

GND 

Vee 

GND 

Vee 

GND 

VOH 

VOL 



f\.~i MITSUBISHI HIGH SPEED CMOS 

~\J\\~.~,on.So~e M74HCT373-1P/FP/DWP O~~~ hna\ s\>"C\ \ c"an~e. 
f'" 1"'S ,s not :e subiect to 

t'ot'ce·~tf'C\,~'ts.. OCTAL 3-STATE NON INVERTING 
\larat" D-TYPE TRANSPARENT LATCH WITH LSTTL~COMPATIBLE INPUTS 

DESCRIPTION 
The M74HCT373-1 is a semiconductor integrated circuit 
consisting of eight 3-state output D-type latches with com
mon latch-enable input and output-enable input. 

FEATURES 
• TTL level inputs V'L =0.8V max, V'H=2.0V min 
• High-fanout 3-state output: (loL =24mA, IOH=-24mA) 
• High-speed: 11ns typo (CL=50pF, Vcc=5V) 
• Low power dissipation: 25,uW/package, max 

(Vcc=5V, Ta=25°C, quiescent state) 

• Capable of driving 60 74LSTTL loads 
• Wide operating temperature range: Ta=-40 ...... +85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HCT373-1 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS373. 

The circuit is designed to suppress the increased switching 
noise that normally occurs at high output currents. 
As the inputs are TTL level, the device can be used as a 
level converter from LSTTL to high-speed CMOS. In that 
case, no pull-up resistors are required. 
The M74HCT373-1 consists of eight D-type latches with 
latch-enable input LE and output-enable input OE common 
to all circuits. 
When LE is high, the data at input D appears at output Q 

through the latch and the Q state follows changes in the D 
state. When LE changes from high-level to low-level, the 

LOGIC DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT-ENABLE -
INPUT OE ..... 

OUTPUT 00-

\

00 ..... 
DATA INPUTS 
\ 01 ..... 

\

01-
OUTPUTS 

02-

{

02 ..... 
DATA INPUTS 

03 ..... 

OUTPUT 03-

GNO 

Vee 

11 - IE ~~~3~-ENABLE 

20P4 
Outline 20P2N 

20P2V 

data existing immediatry prior to the change at D will be 
stored in the latch. 
Even if other inputs are changed when LE is low, the con
tents stored in the latch will not be affected. 
When OE is high, all outputs Q will become high
impedance state. 
A version of the M74HCT373-1 with the same pin connec
tions and an inverted output, the M74HCT533-1, is also 
available. 

OUTPUTS 
~ ____________________ ~A~ __________________________________ ~ 

>-____ -.-+ ____ ~~------~------.-0~3----~_+------~------~0~6----_,~7 ~ 

~--------------------------~vr------------------------------J 
DATA INPUTS 

•. MITSUBISHI 
.... ELECTRIC 

I 

I , 

_~J 
GND 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT373·1 P/FP/DWP 

OCTAL 3·STATE NON INVERTING 
D· TYPE TRANSPARENT LATCH WITH LSTTL·COMPATIBLE INPUTS 

FUNCTION TABLE (Note 1) 

Inputs Output 

OE LE 0 Q 
L H H H 

L H L L 

L L X QO 

H X X Z 
-

Note 1 0 0 : Output state a before LE changed 
Z : High impedance 
X : Irrelevant 

ABSOLUTE fttlAXIMUM RATINGS (Ta = -40-+S5'C. unless oth~rwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI<OV 
11K Input protection diode current 

VI> Vee 

Vo<OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Not2) 

Tstg Storage temperature range 

Note 2 : M74HCT373-1FP. Ta = -40-+75'C and Ta = 75-S5'C are derated at -7mW/'C. 
M74HCT373-1DWP. Ta = -40-+S0'C and Ta = SO-S5'C are derated at -7mW/'C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+S5'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Ambient operating temperature 

I Vee = 4.5V 
tr. tf Input rlsetlme. falltlme I Vee = 5.5V 

2-430 

LImits 

Min Typ Max 

4.5 5.5 

0 Vee 

0 Vee 

-40 +85 

0 25 

0 15 

,. MITSUBISHI 
~ELECTRIC 

Unit 

V 

V 

V, 

t 

ns/V 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 
20 

rnA 

-20 

20 
rnA 

±50 rnA 
±200 rnA 

500 rnW 
-65-+150 t 



MITSUBISHI HIGH SPEED CMOS 

M74HCT373-1P/FP/DWP 

OCTAL 3-STATE NONINVERTING 
D-TYPE TRANSPARENT LATCH WITH LSTTL-COMPATIBLE INPUTS 

ELECTRICAL CHARACTERISTICS (Vet; = 5V±10%, unless otherwise not~d) 

Limits 

Symbol Parameter Test conditions 25'C -40-+S5'C 

Min Typ Max Min Max 

V IH High-level input voltage 
Vo = O. lV, Vee-O. lV 

2.0 2.0 
1101 =201JA 

V IL Low-level Input voltage 
Vo = O. lV, Vee-O. lV 

0.8 0.8 
1101 =201JA 

V OH High-level output voltage VI=VIL 
10H = -201JA Vee-O. 1 Vee-O• 1 

10H = -24mA, Vee = 4.SV 3.98 3.84 

10L = 20IJA 0.1 0.1 
VOL Low-level output voltage VI = VIH, VIL 

10L = 24mA, Vee = 4. SV 0.39 0.5 

IIH High-level Input current VI = Vee 0.1 1.0 

IlL Low-level Input current VI = GNO -0.1 -1.0 

lozH Off-state high-level output current VI = VIH, VILo Vo = Vee 0.5 5.0 

lozL Off-state low-level output current VI = VIH, VILo Vo= GNO -0.5 -5.0 

Icc aulescent supply current VI = Vee, GNO, 10 = OIJA 5.0 50.0 

~Icc Maximum quiesce~t supply current VI = 2.4V, O.4V (Note 3) 2.7 2.9 

Note 3 : Only one input Is set at this value and all other inputs are fixed at Vee or GNO. 

SWITCHING CHARACTERISTICS (Vee = 5V, Ta = 25'C) 

Umits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 10 

tpLH Low-level to high-level and high-level to low-level 
CL = SOpF (Note 5) 

18 

tpHL output propagation time (0 - a) 18 

tpLH Low-level to high-level and high-level to low-level 21 

t pHL output propagation time ([E - a) 21 

t pLZ Output disable time from low-level and high-level 
CL= 5pF(Note5) 

20 

tpHz (OE-a) 20 

tPZL Output enable time to low-level and high-level 
CL = 50pF (Note 5) 

23 

tPZH (OE-a) 23 

SWITCHING CHARACTERISTICS (Vee =5V±10%, Ta= -40-+S5'C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+S5'C 

Min Typ Max Min Max 

tTLH Low-level to high-level and 12 15 
high-level to low-level 

12 15 tTHL output transition time 

tpLH Low-level to high-level and 20 25 
high-level to loW-level 

tpHL 
output propagation time' 
(0-0) 20 25 

tpLH Low-level to high-level and 17 21 
high-level to low-level CL = 50pF (Note 5) CJ.!!!put propagation time 

tpHL (LE-a) 17 21 

tpLZ Output disable time from 25 31 
low-level and high-level 

tpHZ (OE-a) 25 31 

tPZL Output enable time to 25 31 
low-level and high-level 

tPZH (OE-a) 25 31 

C I Input capacitance 10 10 

Co Off:state output capacitance OE= Vee 15 15 

Cpo Power dissipation capacitance (Note 4) 

Note 4 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per latch) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee2 

• fl+lee • Vee 

• MITSUBISHI 
..... ELECTRIC 

Unit 

V 

V 

V 

V 

/-LA 

/-LA 

/-LA 

rnA 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

pF 

2-431 

----_ ...... _ .. "_ .. " ...... __ .,,, •. _---------,----------_ ... _______ ' .. IIIIWI.IIIIIIIKlII. ____ • ________ , 



MITSUBISHI HIGH SPEED CMOS 

M74HCT373-1P/FP/DWP 

OCTAL 3-STATE NON INVERTING 
D-TYPE TRANSPARENT LATCH WITH LSTTL-COMPATIBLE INPUTS 

TIMING REQUIREM,ENTS (Vee = 5V±10%, Ta = -40-+S5'C) 

limits 

Symbol Parameter Test conditions 25'C -40-+85'C 

Min Typ Max Min 

tw Latch enable pulse with 12 15. 

tsu o setup time with respect to LE 10 13 

th o hold time with respect to LE 5 6 

Note 4 Test Circuit Parameter SW 

hLH,tTHL 

INPUT Vee OUTPUT 2XVOH t pLH, t pHL 
Open 

PG r--+----I OUT 

50n 
GND 

TIMING DIAGRAM 

0 

Q 

OE 

Q 

Q 

2-432 

~ RL = 500n 

SW 

3V 

OV 

VOH 

VOL 

3V 

OV 

VOL 

VOH 

tpLz Closed 

t pHZ Open 

t PZL Closed 

t pZH Open 

(1)l'he pulse generator (PG) has the following 
characteristics (10%-90%): tr = 3ns, tf = 3ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

0 

0 

tsu th 

LE 1. 3V 

tw 

LE 

Q 

• MITSUBISHI 
"-ELECTRIC 

Max 

3V 

OV 

3V 

OV 

3V 

OV 

3V 

OV 

'VOH 

VOL 

Unit 

ns 

ns 

ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC374P/FP/DWP 

OCTAL 3-STATE NONINVERTING D-TYPE FLIP-FLOP 

DESCRIPTION 
The M74HC374 is a semiconductor integrated circuit con
sisting of eight positive-edge-triggered 3-state output D
type flip-flops with common clock and output-enable input. 

FEATURES 
• High-fanout 3-state output: (loL =6mA, IOH=-6mA) 
• High-speed: (Clock frequency) 6SMHz typo 

(CL =SOpF, Vee=SV) 
• Low power dissipation: 20,uW/package, max 

(Vee=SV, Ta=25·C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.SV, 6V) 
• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+8S·C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC374 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS374. 
The M74HC374 contains eight edge-triggered D-type flip
flops, sharing common clock input CK and output-enable 
input OE. 

When CK changes from lOW-level to high-level, the signals 
just previously input at D is stored in the flip-flop. 
When OE is low, the signal stored in the flip-flop will be 

LOGIC DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT-ENABLE 
INPUT 

OUTPUT 

DATA INPUTS 
{ 

00-

01-

OUTPUTS 1 
1 02+-

02-
DATA INPUTS 

03-

OUTPUT 03 +-

GNO 

output to Q. 

20P4 
Outline 20P2N 

20P2V 

Vee 

OUTPUT 

f DATA INPUTS 

} OUTPUTS 

I DATA INPUTS 

OUTPUT 

CLOCK INPUT 

When OE is high, all outputs Q will become high
impedance state. The contents stored in the flip-flop will 
not be affected even if OE changes. 
A versi0(l of the M7 4HC37 4 with the same pin connections 
and an inverted output, the M74HCS34, is also available. 

OUTPUTS 
~ ____________________ ~A~ ________ ~ ____________________ ~ 

03 04 as 06 

OUTPUT-ENABLEOE 1 
INPUT 

CLOCKINPUTCK 11~~~-----4+-----~~-----+~-----+~-----++------+~----~ 

00 01 04 
'~--------------------------~v~----------------------------~/ 

OATAINPUTS 

'MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC374P/FP/DWP 

OCTAl.3-STATE NONINVERTING D-TYPE FLIP-FLOP 

FUNCTION TABLE (Note 1) 

Inputs Output 

OE CK 0 0 
L t L L 

L t H H 

L L X 0° 
L H X 0° 
L + X 0° 
H X X Z 

Note 1 Q O
: Output state Q before clock input changed 

Z : High inmpedance 
X : Irrelevant 
t : Change from low to high level 
+ : Change from high to low level 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless otherwise noted) 

Symbol Parameter' Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

v , < OV 
11K Input protection diode current 

V, > Vee 

Vo< OV 
10K Output parasitic diode current , 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tst9_ Storage temperature range 

Note 2 : M74HC374FP, Ta = -40-+75·C and Ta = 75-85·C are derated at -7mW/"C, 
M74HC374DWP, Ta = -40-+80·C and Ta = 80-85·C are qerated at -7mW/"C, 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85·C) 

Symbol Parameter 

Vee Supply voltage 

V" Input voltage 

Vo Output voltage 

To~ Operating temperature range 

I Vee = 2.0V 

t r• tf Input risetime, falltime I Vee = 4.5V 

I Vee = 6.0V 

2-434 

Limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 
-40 +85 

0 1000 

0 500 

0 400 

•. .... M. ITSUB.... IsH ... 1. ,.ELECTRIC-,' 

Unit 

V 

V 

V 
·C 

ns 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0.5-Vee+0.5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±35 rnA 
±75 rnA 
500 rnW 

~65-+150 ·C 



MITSUBISHI HIGH SPEED CMOS 

M74HC374P/FP/DWP 

OCTAL 3·STATE NONINVERTING D· TYPE FLIP·FLOP 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

VcC<V) Min 

Vo = O. lV, Vcc-O.1V 
2.0 1.5 

V IH High-level Input voltage 
1101 = 20l-lA 

4.5 3.15 
6.0 4.2 

Vo = O. lV, Vee-O.1V 
2.0 

V IL Low-level Input voltage 
1101 =201-lA 

4.5 
6.0 

10H = -20I-lA 2.0 1.9 
10H = -201-lA 4.5 4.4 

V OH High-level output voltage VI = VIH, Vil 10H = -201-lA 6.0 5.9 
10H= -6.0mA 4.5 4.18 
10H= -7.BmA 6.0 5.68 
10l = 20l-lA 2.0 
10l = 20l-lA 4.5 

VOL Low-level output voltage VI = VIH, Vil 10l= 20l-lA 6.0 
10l = 6.0mA 4.5 
10l = 7.BmA 6.0 

IIH High-level input current VI =6V 6.0 

IlL Low-level Input current V1=OV 6.0 

IOZH Off-state high-level output current VI=VIH, Vll, Vo= Vce 6.0 

IOZL Off-state low-level output current VI=VIH, Vll, Vo= GND 6.0 

Icc aulescent supply current VI = Vcc, GND, 10 = OI-lA 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V. Ta = 25'C) 

Symbol Parameter Test conditions 

fmax 
hLH 

hHL 

tpLH 

tpHL 

tpLZ 

tpHZ 

tPZL 

tPZH 

Maximum clock frequency 

Low-,Ievel to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (CK:"" a) 

Output disable time from low-level and high-level 

(OE-a) 

Output enable time to low-level and high-level 

(OE-a) 

Cl = 50pF (Note 4) 

Cl = 5 pF (Note 4) 

CL = SOpF (Note 4) 

• MITSUBISHI 
~ELECTRIC 

Limits 

25'C -40-+B5'C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 ' 

1.35 1. 35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 
0.1 1.0 J-lA 

-0.1 -1.0 J-lA 
0.5 5.0 J-lA 

-0.5 -5.0 J-lA 
4.0 40.0 J-lA 

Limits 
Unit 

Min Typ Max 

35 MHz 

10 ns 
10 ns 
32 ns 
32 ns 
25 ns 
25 ns 
28 ns 
28 ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HC374P/FP/DWP 

'.OCTAL 3·STATENONINVERTING D· TYPE FLIP·FLOP 

SWITCHING CHARACTERISTICS (Vee = 2-GV, T a = -40-+85'C) 

Symbol 

fmax 

tTLH 

hHL 

t pLH 

t pHL 

tpLH 

t pHL 

t pLZ 

t pHZ 

t PZL 

t PZH 

t PZL 

t PZH 

C. 

Co 

Cpo 

Note 3 

2-436 

limits 

Parameter Test conditions 25"C -40-+85"C 

vcdv) Min Typ Max Min 

2.0 6 5 

Maximum clock frequency CL = 50pF (Note 4) 4.5 30 24 

6.0 35 28 

2.0 60 

Low-level to high-level and 4.5 12 

CL = 50pF (Note 4) 
6.0 10 

high-level to low-level 
2.0 60 

output transition time 4.5 12 

6.0 10 

2.0 180 

4.5 36 

CL = 50pF (Note 4) 
6.0 31 

2.0 180 

Low-level to high-level and 4.5 36 

high-level to low-level 6.0 31 

output propagation time 2.0 230 

(CK-Q) 4.5 46 

CL = 150pF (Note4) 
6.0 39 

2.0 230 

4.5 46 

6.0 39 

2.0 150 

Output disable time from 4.5 30 

CL = 50pF (Note 4) 
6.0 26 

low-level and high-level 
2.0 150 

(OE-Q) 4.5 30 

6.0 26 

2.0 150 

4.5 30 

CL = 50pF (Note 4) 
6.0 26 

2.0 150 

Output enable time to 4.5 30 

6.0 26 
low-level and high-level 

2.0 200 

(OE-Q) 4.5 40 

CL = 150pF (Note4) 
6.0 34 

2.0 200 

4.5 40 

6.0 34 

Input capacitance 10 
Off-state output capacitance OE=Vee 15 

Power dissipation capacitance (Note 3) 63 

CPO is the internal capacitance Of the IC calculated from operation supply current under no-load conditions, (per flip-flop) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· Vee

2 
• f.+lee • Vee 

•. MITSUBISHI 
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Max 

75 

15 

13 

75 

15 

13 

227 

45 

39 

227 

45 

39 

290 

58 

49 

290 

58 

49 

189 

38 

32 

189 

38 

32 

189 

38 

32 

189 

38 

32 

252 

50 

43 

252 

50 

43 

10 

15 

'Unlt 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC374P/FP/DWP 

OCTAL I-STATE NONINVERTING D-TYPE FLIP-FLOP 

TIMING REQUIREMENTS (Vee = 2-6V, T a = -40-+85·C) 

Symbol Parameter 

tw Clock pluse width 

D setup time with 
tsu 

respect to CK 

D hold time with 
th 

respect to GK 

Note 4 Test Circuit 

INPUT Vee OUTPUT 

PG DUT 

50n 
GND r 

TIMING DIAGRAM 

D 50% 

tsu 

CK 

Q 

Q 

Q 

Test conditions 

th 

Limits 

25·C 

vcdv) Min Typ Max 

2.0 80 

4.5 16 

6.0 14 

2.0 75 

4.5 15 

6.0 13 

2.0 50 

4.5 10 

6.0 9 

Parameter SW1 SW2 

tTLH • hHL 
Open Open 

t pLH • t pHL 

t pLZ Closed Open 

tpHZ Open Closed 

t PZL Closed Open 

tPZH Open Closed 

(1) The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance. CL includes stray wiring 
capacitance and the probe input capacitance. 

50% 

tsu th 

Vee 

GND 

VOH 

• MITSUBISHI 
"'ELECTRIC 

-40-+S5·C Unit 

Min Max 

101 

20 ns 

17 

90 

18 ns 

16 

60 

12 ns 

11 

Vce 

GND 

Vee 

GND 

VOH 

VOL 
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MITSUBISHI HIGH SPEED CMOS 

M74HC374-1P/FP/DWP 

OCTAL 3·STATENONINVERTING D· TYPE FLIP·FLOP 

DESCRIPTION 
The M74HC374-1 is a semiconductor integrated circuit con
sisting of eight positive-edge-triggered 3-state output D
type flip-flops with common clock and output-enable input. 

FEATURES 
• High-fanout3-state output: (IOL=24mA, IOH=-24mA) 
• High-speed: (clock frequency) 60MHz typo 

(CL =50pF, Vee=5V) 
• Low power dissipation: 25,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 
• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 60 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC374-1 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS374. 
The circuit is designed to suppress the increased switching 
noise that normally occurs at high output currents. 
The M74HC374-1 contains eight edge-triggered D-type 
flip-flops, sharing common clock input CK and output
enable input OE. 
When CK changes from lOW-level to high-level, the signals 

LOGIC DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

~~;~~T-ENABLE OE _ 

OUTPUT 00-

I 00-
DATA INPUTS 

01-

OUTPUTS j 

DATA INPUTS I 
01-

02-

OUTPUT 03-

GND 

20P4 
Outline 20P2N 

20P2V 

Vee 

OUTPUT 

I DATA INPUTS 

} OUTPUTS 

} DATA INPUTS 

OUTPUT 

-- CK CLOCK INPUT 

just previously input at D is stored in the flip-flop. 
When OE. is low, the signal stored in the flip-flop will be 
output to Q. 

When OE is high, all outputs Q will become high
impedance st~lte. The contents stored in the flip-flop will 
not be affected even if OE changes. 
A version of the M74HC374-1 with the same pin connec
tions and an inverted output, the M74HC534-1, is also avail
able. 

OUTPUTS 

r_--------------------~A~------------------------------~ 

CLOCK INPUT CK 11 

2-438 

00 01 02 03 04 05 06 

01 04 
'~------------------------~v----------------------------~/ 

OATAINPUTS 
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MITSUBISHI HIGH SPEED CMOS 

M74HC374-1P/FP/DWP 

OCTAL 3-STATE NONINVERTING D-TYPE FLIP-FLOP 

FUNCTION TABLE (Note 1) 

Inputs Output 

OE CK 0 0 
L t L L 

L t H H 

L L X 0° 
L H X 0° 
L • X 0° 
H X X Z 

Note 1 0°: Output state 0 before clock input changed 
Z : High inmpedance 
X : Irrelevant 
t : Change from low to high level 
• : Change from high to low level 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5"<:, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vcc 

Vo< OV 
10K Output parasitic diode current 

Vo> Vec 

10 Output current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 : M74HC374-1FP, Ta = -40-+75"<: and Ta = 75-S5°C are derated at -7mW/"C. 
M74HC374-1DWP, Ta = -40-+S0"<: and Ta = SO-S5°C are derated at -7mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+S5°C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Operating temperature range 

I Vce=2.0V 

t r• tf Input risetlme, falltime I Vee=4.SV 

I Vec=6.0V 

Limits 

Min Typ Max 

2 6 
0 Vee 
0 Vee 

-40 +85 
0 500 
0 50 
0 30 

• MITSUBISHI 
..... ELECTRIC 

Unit 

V 
V 

V 

"C 

nslV 

Ratings Unit 

-0.5-+7.0 V 
-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 
-20 

20 
rnA 

-20 

20 
rnA 

±50 rnA 
±200 rnA 

500 rnW 
-65-+150 °C 

2-439 



MITSUBISHI HIGH SPEED CMOS 

M74HC374-1P/FP/DWP 

'OCTAL 3",STATE NONINVERTING D· TYPE FLIP.FLOP 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

VcC<V) Min 

Vo = O. lV. Vec-O.1V 
2.0 1.5 

V IH High-level Input voltage 
1101 = 20~A 

4.5 3.15 
6.0 4.2 

Vo = o. lV. Vec-O.1V 
2.0 

V IL L-ow-Ievel Input voltage 
1101 = 20~A 

4.5 
6.0 

10H= -20~A 2.0 1.9 

V OH High-level output voltage 
10H = -20~A 4.5 4.4 

VI = VIH. VIL 
10H = -20~A 6.0 5.9 
10H= -24mA 4.5 3.98 
10L = 20~A 2.0 

VOL Low-level output voltage 
10L= 20~A 4.5 

VI = VIH. VIL 
10L= 20~A 6.0 
10L = 24mA 4.5 

IIH High-level Input current VI=6V 6.0 

IlL Low-level Input current VI=OV 6.0 

lozH Off-state high-level output current VI=VIH• VIL• Vo= Vcc 6.0 

lozL Off-state low-level output current V1=VIH. V1L• Vo= GND 6.0 

Icc Quiescent supply current VI = Vcc. GND. 10 = O~A 6.0 

SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25'C) 

Symbol 

fmax 
tTLH 

tTHL 

t pLH 

t pHL 

t pLZ 

t pHZ 

t PZL 

t PZH 

2-440 

Parameter 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (CK - Q) 

Output disable time from low-level and high-level 

(OE-Q) 

Output enable time to low-level and high-level 

(OE-Q) 

Test conditions 

CL = 50pF (Note4) 

CL = 5 pF (Note 4) 

CL = 50pF (Note 4) 

' •.. MITSUBISHI 
..... ELECTRIC 

Limits 

25"C -40-+B5"C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1.35 1. 35 V 

1.8 1.8 
1.9 
4.4 
5.9 

V 

3.84 
0.1 0.1 
0.1 0.1 
0.1 0.1 

V 

0.39 0.5 
0.1 1.0 /-lA 

-0.1 -1.0 /-lA 
0.5 5.0 /-lA 

-0.5 -5.0 f.J.A 
5.0 50.0 /-lA 

Limits 
Unit 

Min Typ Max 

35 MHz 

10 ns 
10 ns 
20 ns 
20 ns 
20 ns 
20 ns 
23 ns 
23 ns 

/ 



MITSUBISHI HIGH SPEED CMOS 

M74HC374-1P/FP/DWP 

OCTAL 3-STATE NONINVERTING D-TYPE FLIP-FLOP 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+S5'C) 

Limits 

Symbol Parameter Test conditions 2S'C -40-+SS'C 

vedv) Min Typ Max Min Max 

2. a 6 5 

fmax Maximum clock frequency 4.5 32 26 

6. a 38 31 

2. a 60 75 

tTLH Low-level to high-level and 4.5 12 15 

6. a 10 13 
high-level to low-level 

2.0 60 75 

tTHL output transition time 4.5 12 15 

6.0 10 13 

2. a 110 140 

t pLH Low-level to high-level and 4.5 22 28 

high-level to low-level 6. a 19 24 

output propagation time 2. a 110 140 

t pHL (CK-O) CL = SOpF (Note 4) 4.5 22 28 

6.0 19 24 

2.0 125 155 

t pLZ Output disable time from 4.5 25 31 

6. a 21 26 
low-level and high-level 

2. a 125 155 

t pHZ (OE-O) 4.5 25 31 

6. a 21 26 

2. a 125 155 

t PZL Output enable time to 4.5 25 31 

6. a 21 26 
low-level and high-level 

2. a 125 155 

t PZH (OE-O) 4.5 25 31 

6. a 21 26 

C 1 Input capacitance 10 10 

Co Off-state output capacitance OE = Vcc 15 15 

Cpo Power dissipation capacitance (Note 3) 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per flip~flop) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+lee • Vee 

TIMING REQUIREMENTS (Vee = 2-6V, T a = -40-+S5'C) 

Symbol Parameter 

tw Clock pluse width 

tsu 
o setup time with 

respect to CK 

o hold time with 
th 

respect to CK 

Test conditions 

Vee(V) 

2. a 
4.5 

6.0 

2. a 
4.5 

6.0 

2. a 
4.5 

6. a 

., MITSUBISHI 
"ELECTRIC 

Limits 

25'C -40-+SS'C 

Min Typ Max Min Max 

60 75 

12 15 

10 13 

50 65 

10 13 

9 " 25 30 

5 6 

5 '6 

Unit 

MHz 

ns 

ns 

ns 

ns 

pF 

Unit 

ns 

ns 

ns 
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Note 4 Test Circuit 

INPUT Vee OUTPUT 

PG ~-"""---1 DUT 

50n 
GND 

TIMING DIAGRAM 

D 

tsu 

CK 

Q 

Q 

Q 

2'-442 

MITSUBISHI HIGH SPEED CMOS 

M74HC374-1P/FP/DWP 

. OCTAL 3·STATE NONINVERTING D. TYPE FLIP·FLOP 

RL = 500n 

SW 

RL = 500n 

th 

Parameter SW 

t TLH• tTHL 
Open 

t pLH• t pHL· 

t pLZ Closed 

t pHZ Open 

t PZL Closed 

t PZH Open 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 3ns, tf = 3ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

50% 

tsu th 

------ Vee 

GND 

• MITSUBISHI 
.... ELECTRIC 

Vee 

GND 

Vee 

GND 

VOH 

VOL 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT374-1P/FP/DWP 
~O\':~tr\cW1\,\sa OCTAL 3-STATE 
~t NON INVERTING D-TYPE FLIP-FLOP WITH LSTTL-COMPATIBLE INPUTS 

DESCRIPTION 
The M74HCT374-1 is a semiconductor integrated circuit 
consisting of eight positive-edge-triggered 3-state output 
D-type flip-flops with common clock and output-enable 
input. 

FEATURES 
• TTL level inputs VIL =0.8V max, VIH=2.0V mim 
• High-fanout 3-state output: (loL=24mA, ,loH=-24mA) 
• High-speed: (Clock frequency) 55MHz typo 

(CL=50pF, Vcc=5V) 

• Low power dissipation: 25,uW/package, max 
(Vcc=5V, Ta=25°C, quiescent state) 

• Capable of driving 60 74LSTTL loads 
• Wide operating temperature range: T a=-40-+85°C 

APPLICATION 
General purpose, for us~ in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HCT374-1 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS374. 
The circuit is designed to suppress the increased switching 
noise that normally occurs at high output currents. 
As the inputs are TTL level, the device can be used as a 
level converter from LSTTL to high-speed CMOS. In that 
case, no pull-up resistors are required, 
The M74HCT374-1 contains eight edge-triggered D-type 
flip-flops, sharing common clock input CK and output-

LOGIC DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

enable input OE. 

20P4 
Outline 20P2N 

20P2V 

OUTPUT 

f DATA INPUTS 

} OUTPUTS 

} DATA INPUTS 

OUTPUT 

CLOCK INPUT 

When CK changes from low-level to high-level, the signals 
just previously input at 0 is stored in the flip-flop. 
When OE is low, the signal stored in the flip-flop will be 
output to Q. 

When OE is high, all outputs Q will become high
impedance state. The contents stored. in the flip-flop will 
not be affected even if OE changes. 
A version of the M74HCT374-1 with the same pin connec
tions and an inverted output, the M74HCT534-1, is also 
available. 

OUTPUTS 
r~----------------------A~--------------------------------~ 

00 01 02 03 04 05 06 

UTPUT -ENABLEOE 1 
INPUT 

CLOCKINPUTCK 11~.~~----~~----~~-----+~----~~-----+~-----+~----~ 

DO 01 02 04 
'~--------------------------~v~----~----------------------/ 

DATA INPUTS 

• . MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT374-1P/FP/DWP 

OCTAL 3.STATE 
NONINVERTING D· TYPE FLIP·FLOP WITH LSTTL .. COMPATIBLE INPUTS 

FUNCTION TABLE (Note 1) 

Inputs Output 

OE CK 0 Q 

L t L L 
L t H H 

L L X QO 

L H X QO 

L J. X QO 

H X X Z 

Note 1 QO: Output state Q before clock input changed 
Z : High inmpedance 
X : Irrelevant 
t : Change from low to high level 
J. : Change from high to low level 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+8S'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K 
VI < OV 

Input protection diode current 
VI> Vcc 

Vo<OV 
10K Output parasitic diode current 

Vo >Vce 

10 Output current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note 2) 

Tst!1 Storage temperature range 

Note '2 : M74HCT374-1FP, Ta = -40-+75'C and Ta = 75-8S'C are derated at -7mW/'C. 
M74HCT374-1DWP, Ta = -40-+S0'C and Ta = SO-SS'C are derated at -7mW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Ambient operating temperature 

I Vee = 4.5V 
t r• tf Input rlsetime, falltime I Vee = 5.5V 

2-444 

Limits 

Min Typ Max 

4. S 5.5 

0 Vee 

0 Vee 
-40 +S5 

0 25 

0 15 

•... MITSUBISHI 
..... ELECTRIC 

Unit 

V 

V 

V 
·C 

ns/V 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 
mA 

20 

-20 

20 
mA 

±50 mA 
±200 mA 

500 mW 
-65-+150 ·C 



MITSUBISHI HIGH SPEED CMOS 

M74HCT374-1P/FP/DWP 

OCTAL 3·STATE 
NONINVERTING D· TYPE FLIP·FLOP WITH LSTTL·COMPATIBLE INPUTS 

ELECTRICAL CHARACTERISTICS (Vee = 5V±10%, unless otherwise noted) 

Limits 

Symbol Parameter Test conditions 25'C -40-+S5'C 

Min Typ Max Min Max 

V IH High-level Input voltage 
Vo = O. lV, Vcc-O. lV 

2.0 2.0 
1101 = 20t/A 

VIL. Low-level Input voltage 
Vo = O. lV, Vcc-O. IV 

0.8 0.8 
1101 =20t/A 

V OH High-level output voltage VI = VIL 
10H = -20t/A Vee-'-O.1 Vee-O• 1 

10H = -24mA, Vee: = 4.5V 3.98 3.84 

VOL. 
10L = 20t/A 0.1 0.1 

Low-level output voltage VI=VIH, VIL 
0.39 0.5 10L = 24mA, Vcc = 4. 5V 

IIH High-level Input current VI = Vcc 0.1 1.0 

IlL. LOW-level Input current VI=GND -0.1 -1.0 

lozH Off-state high-level output current VI = VIH, VIL, Vo= Vcc 0.5 5.0 

lozL Off-state low-level output current VI = VIH, VIL, Vo= GND -0.5 -5.0 

Icc Oulescent supply current VI = Vcc, GND, 10 = Ot/A 5.0 50.0 

L::..lcc Maximum quiescent supply current VI = 2. 4V, O. 4V (Note 3) 2.7 2.9 

Note 3 .only one input is set at this value and all other inputs are fixed at Vee or GND. 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

fmax Maximum clock frequency 35 

tTLH Low-level to high-level and high-level to low-level 10 

hHL output transition time CL = 50pF (Note 5) 10 

tpL.H Low-level to high-level and high-level to low-level 20 

tpHL output propagation time (CK - 0) 20 

tpL.Z Output disable time from low-level and high-level 20 

t pHZ (OE-O) 
CL = 5 pF (Note 5) 

20 

tPZL. Output enable time to lOW-level and high-level 23 

t pzH (OE-O) 
CL = 50pF (Note 5) 

23 

SWITCHING CHARACTERISTICS (Vce= 5V±10%, Ta =-40-+85'C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+85'C 

Min Typ Max Min Max 

fmax Maximum clock frequency 32 26 

tTL.H Low-level to high-level and 12 15 
high-level to low-level 

12 15 tTHL. output transition time 

tpLH LOW-level to high-level and 
high-level to low-level 

22 28 

tpHL. 
output propagation time 

22 28 (CK-O) 

Output disable time from 
CL = 50pF (Note 5) 

t pLZ 25 31 
low-level and high-level 

tpHZ (OE-O) 25 31 

tPZL. Output enable time to 25 31 
low-level and high-level 

tpzH (OE-O) 25 31 

C I Input capacitance 10 10 

Co Off-state output capaCitance OE = Vcc 15 15 

Cpo Power dissipation capacitance (Note 4) 

Note 4 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per flip-flop) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• ' 1+lee • Vee 

. • MITSUBISHI 
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Unit 

V 

V 

V 

V 

~A 

~A 

~A 

mA 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

MHz 

ns 

ns 

ns 

ns 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT374-1P/FP/DWP 

OCTAL 3-STATE 
NONINVERTING D-TYPE FLIP-FLOP WITH LSTTL-COMPATIBLE INPUTS 

TIMING REQUIREMENTS (Vee = 5V±10%, Ta = -40-+S5'C) 

Symbol 

tw 

tsu 

th 

Note 5 : 

PG 

TIMING 

D 

CK 

Q 

Q 

Q 

2-446 

Parameter Test conditions 

Clock pluse width 

D setup time with respect to CK 

D hold time with respect to CK 

Test Circuit 

INPUT Vee OUTPUT 2XVOH 

~RL = soon 
sw 

DUT 

son 
GND ICL RL = soon 

DIAGRAM 

tsu th 

tsu 

Limits 

25'C -4Cl-+85'C 

th 

Min Typ Max Min 

12 15 
10 13 

5 6 

Parameter SW 

tTLH. tTHL 
Open 

tpLH. tpHL 

tpLZ Closed 

tpHZ Open 

tPZL Closed 

tPZH Open 

(, ) The pulse generator (PG) has the followi ng 
characteristics (10%-90%): tr = 3ns, tf = 3ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

3V 

I''----OV 

3V 

----OV 

_------VOH 

Max 

------3V 

OV 

VOL 
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Unit 

ns 
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DESCRIPTION 
The M74HC375 is a semiconductor integrated circuit con
sisting of four bistable latches with outputs a and O. 

FEATURES 
• High-speed: 14ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 10.uW/package, max 

(Vcc=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vec, min (Vec=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vce=2-6V 
• Wide. operating temperature range: T a=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC375 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS375. 
The use of buffered outputs improves the input-to output 
transfer characteristics and minimizes output impedance 
variations with respect to input voltage variations. 
The M74HC375 has four D-type latch.es, and is provided 
with enable inputs LE common to two circuits each. When 
LE is high, the infromation from the data input D will appear 
in the outputs a and Q. When the D signal changes, the 
signal that appears in outputs a and a also will change. 
When LE changes from high to low, the status of 0 im
mediately before the change will be latched will LE is low, 
a and a will not change even if D changes. 
A unit, the M74HC75, having the same functions and elec
trical characteristics as the M74HC375 is also available. 

LOGIC DIAGRAM (EACH LATCH) 

DATA INPUT 0 0------1 

LE 

LE 

LATCH LEo-----I 
ENABLE INPUT 

MITSUBISHI HIGH SPEED CMOS 

M74HC37SP/FP/DP 

DUAL 2·BIT TRANSPARENT LATCH 

PIN CONFIGURATION (TOP VIEW) 

DATA INPUT DOa-+ 

1 

QOa+
OUTPUTS 

QOa+-
LATCH ENABLE 
INPUT LEa-+ 

1 

Q1a+
OUTPUTS _ 

Q1a+-

DATAINPUT D1a-+ 

GND 

Vee 

LATCH 
12 +- LEb ENABLE INPUT 

16P4 
Outline 16P2N 

16P2P 

+- DOb DATA INPUT 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

LE D Q Q 

H H H L 

H L L H 

L X QO QO 
-

Note 1 QO, CO : Output state Q, Q before input condition is set 
X' : Irrelevant 

>-----0: ) OUTPUTS 

LE LE 

• MITSUBISHI 
.... ELECTRIC 2-447 



MITSUBISHI HIGH SPEED CMOS· 

M74HC375P/FP/DP 

DUAL 2-BIT TRANSPARENT LATCH 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vcc 

Vo<OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC375FP, Ta = -40-+70'C and Ta= 70-85'C are derated at -GmW/'C. 
M74HC375DP, Ta = -40-+50'C and Ta = 50-85'C are derated at -5mW/'C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 
_ T oDr Operating temperature range -40 +85 

Vee = 2.0V 0 1000 

t r, tf Input risetime, falltime Vee=4.5V 0 500 

Vce = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

VOH High-level outnput voltage 

VOL Low-level outnput voltage 

IIH High-level input current 

IlL Low-level input current 

Icc Quiescent supply current 

2-448 

Test conditions 

vcdv) 

2.0 
Vo = O. lV, Vee-O.1V 

4.5 
1101 = 20p.A 

6.0 

2.0 
Va = O. lV, Vee-O.lV 

4.5 
1101 = 20p.A 

6.0 

10H= -20p.A 2.0 

10H = -20p.A 4.5 

VI = VIH, Vll 10H = -20p.A 6.0 

10H = -4.0mA 4.5 

IOH= -5.2mA 6.0 

IOl = 20p.A 2.0 

IOl = 20p.A 4.5 

VI = VIH. Vll 10l = 2Op.A 6.0 

10l = 4.0mA 4.5 

10l = 5.2mA 6.0 

VI=6V 6.0 

VI=OV 6.0 

VI = Vee, GND, 10 = Op.A 6.0 

'MITSUBISHI 
lIT'& ELECTRIC 

Unit 

V 

V 

V 

'c 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-:-20 

20 
rnA 

±25 rnA 
±50 rnA 
500 rnW 

-65-+150 ·C 

Limits 

2S'C -40-+BS'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /-lA 

-0.1 -1.0 /-lA 

2.0 20.0 /-lA 



MITSUBISHI HIGH SPEED CMOS 

M74HC375P/FP/DP 

DUAL 2·BIT TRANSPARENT LATCH 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25·C) 

Symbol 
Limits 

Parameter Test conditions 
Min Typ Max 

hLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 10 
t pLH Low-level to high-level and high-level to low-level 23 
t pHL output propagation time (D - a) 23 
tpLH Low-level to high-level and high-level to low-level 

CL = 15pF (Note 4) 
20 

t pHL output propagation time (D - a) 20 
tpLH Low-level to high-level and high-level to low-level 27 
tpHL output propagation time (LE - a) 27 
t pLH Low-level to high-level and high-level to low-level 23 
t pHL output propagation time (LE - a) 23 

SWITCHING CHARACTERISTICS (Vee = 2-6V, Ta = -40-+85·C) 

Limits 

Symbol Parameter Test conditions 25·C -40-+85·C 

Vee(V) Min Typ Max Min 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

hHL output transition time 4.5 15 

6.0 13 

2.0 125 

t pLH Low-level to high-level and 4.5 25 
high-level to low-level 6.0 21 

output propagation time 2.0 125 

t pHL (D-a) 4.5 25 

6.0 21 

2. a 110 

t pLH Low-level to high-level and 4.5 22 
high-level to low-level 

CL = 50pF (Note 4) 
6.0 19 

output propagation time 2.0 110 

t pHL (D-a) 4.5 22 

6.0 19 

2.0 145 

tpLH Low-level to high-level and 4.5 29 
high-level to low-level 6.0 25 

output propagation time 2.0 145 

t pHL (LE- a) 4.5 29 

6.0 25 

2.0 125 

tpLH Low-level to high-level and 4.5 25 
high-level to low-level 6.0 22 

output propagation time 2.0 125 

tpHL (LE-a) 4.5 25 

6.0 22 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 66 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per latch) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+lee • Vee 

• MITSUBISHI 
"'ELECTRIC 

Max 

95 

19 

16 

95 

19 

16 

156 

32 

27 

156 

32 

27 

138 

28 

24 

138 

28 

24 

181 

36 

31 

181 

36 

31 

156 

31 
28 

156 

31 

28 

10 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HC37SP/FP/DP 

DUAL 2·BIT TRANSPARENT LATCH 

TIMING REQUIREMENTS (Vee = 2-6V, T a = -40-+SS'C) 

Symbol Parameter 

tw LE pulse width 

tsu 
o setup time with -

respect to LE 

o hold time with 
th 

respect to LE 

Note 4 : Test Circuit 

INPUT Vee 

PG t---+---I OUT 

son 

TIMING DIAGRAM 

o 

Limits 

Test conditions 25'C 

OUTPUT 

vcdv) Min Typ Max 

2.0 80 

4.5 16 

6.0 14 

2.0 100 

4.5 20 

6.0 17 

2.0 5 
4.5 5 

6.0 5 

(1) The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

LE 

~-------------GNO 

Q 

[) SO% 

tsu 

tw 

LE 

2...;...450 

th 

50% 

Q 

~-=--- VOL 

Vee 

GNO 

Vee 

GNO 

• MITSUBISHI 
.... ELECTRIC 

-40-+85'C Unit 

Min Max 

100 

20 ns 

18 

125 

25 ns 

21 

5 

5 ns 

5 

Vee 

GND 

SO% 

'''----VOL 

----VOH 

50% 



MITSUBISHI HIGH SPEED CMOS 

M74HC377P/FP/DWP 

OCTAL D· TYPE FLIP·FLOP WITH COMMON CLOCK AND ENABLE 

DESCRIPTION 
The M74HC377 is a semiconductor integrated circuit con
sisting of eight positive-edge triggered D-type flip flops 
with common clock and enable inputs. 

FEATURES 
• High-speed: (clock frequency)40MHz typo 

(CL=15pF, Vec=5V) 

• low power dissipation: 20J,lW/package, max 
(Vee=5V, Ta=25

D

C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74lSTTlioads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+S5°C 

PIN CONFIGURATION (TOP VIEW) 

ENABLE INPUT E -

OUTPUT QO +-

1

00-
DATA INPUTS 

01-

1 

Q1 +-
OUTPUTS 

Q2+-

1

02-
DATA INPUTS 

03-

OUTPUT Q3 +-

Vee 

OUTPUT 

OUTPUT 

APPLICATION GNO +- CK CLOCK INPUT 

General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC377 to 

20P4 
Outline 20P2N 

20P2V 

maintain the low power dissipation and high noise margin ' FUNCTION TABLE (Note 1) 

characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74lS377, 

The M74HC377 contains eight D-type flip flops with com
mon clock and enable inputs. 

Inputs 

E CK 0 

H X X 

L t H 

L t L 

X L X 

Note 1 t Change from low to high 

Output 

0 
0° 
H 

L 

0° When CK changes from low-level and high-level, the sig
nals just previously input at D appears at outputs Q in 
accordance with function table given. QO Output state Q before input conditions are set 

When E is high, the output does not change, irrespective of 
other inputs. Changing E from high to low, or from low to 
high does not cause misoperation. 

• . MITSUBISHI 
"ELECTRIC 

X Irrelevant 
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MITSUBISHI HIGH SPEED CMOS 

M74HC390P/FP/DP 

DUAL 4·STAGE BINARY RIPPLE COUNTER WITH + 2 AND +5 SECTIONS 

DESCRIPTION 
The M74HC390 is a semiconductor integrated circuit con
sisting of two asynchronous decade counters with direct re~ 
set input. 

FEATURES 
• High-speed: (clock frequency) 60MHz typo 

(CL =1SpF, Vcc=SV) . 

• Low power dissipation: 20.uW/package, max 
(Vcc=SV, Ta=2SoC, quiescent state) 

• High noise margin: 30% of Vcc, min (Vcc=4.SV, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: Ta=-40-+SSoC 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC390 to 
maintain the low power dissipation and high noise margin 
characteristics ~f the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS390. 
Each decade counter consists of a binary counter and a 
divide-by-S counter. When using a binary counter, by ap
plying· the count pulse to clock input CKA a frequency
demultiplied Signal will be output to QA. When using a 
divide-by-S counter, by applying the cQunt pulse to clock 
input CKB a frequency-demultiplied signal will be output to 
QB through QD. 

PIN CONFIGURATION (TOP VIEW) 

CLOCK INPUT CKAa --+ 1 

DIRECT RESET 
INPUT 

Vee 

CLOCK INPUT 

OUTPUT OAa +- 14 +- Rob ~~~~~T RESET 

CLOCK INPUT CKSa --+ 

I OSa +- 5 

OUTPUTS I OCa +

ODa+-

GND 

16P4 
Outline 16P2N 

16P2P 

CLOCK INPUT 

OUTPUTS 

When using the decade counter to output BCD code from 
QA through QD, connect QA and CKB together and apply 
the count pulse to CKA. When outputting a signal with a 
SO% duty cycle from QA, connect QD and CKA together 
and apply the count pulse to CKB. 
Counting takes place when the clock input changes from 
high-level to low-level. 
When" direct reset input Ro is high, QA through QB will be
come low irrespective of other inputs. Maintain the low
level state when counting. 

LOGIC DIAGRAM 
(EACH COUNTER) 

CKA~-rl~~o-------~ 

2-452 

CLOCK 
INPUTS 

DIRE.CT RESET INPUT Ro 

• MITSUBISHI 
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OA 

os 

OUTPUTS 

OC 

OD 



MITSUBISHI HIGH SPEED CMOS 

M74HC390P/FP/DP 

DUAL 4·STAGE BINARY RIPPLE COUNTER WITH +2 AND +5 SECTIONS 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

CK I RD OA I OB 

X I H L I L 

~ I' L 

Note1: Change from high to low level 
X : Irrelevant 

I OC 

I L 

Count 

Count number OA OB OC 

0 L L L 

1 H L L 

2 L H L 

3 H H L 

I OD 

I L 

4 L L H 

5 H L H 

6 L H H 

7 H H H 

8 L L L 

9 H L L 

With QA and CKB connected and CKA used as input. 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+8S·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI< OV 
11K Input protection diode current 

VI> Vee 

Vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 : M74HC390FP, Ta = -40-+70·C and Ta = 70-8S·C are derated at -6mW/"C. 
M74HC390DP, Ta = -40-+S0·C and Ta = SO-8S·C are derated at -SmW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+8S·C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Toor Operating temperature range 

I Vcc=2.0V 

tr, ·f Input risetime, lalltime I Vee = 4.5V 

I Vee = 6.0V 

Limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 

-40 +85 

0 

0 

0 

• MITSUBISHI 
iii'&. ELECTRIC 

1000 

500 

400 

Unit 

V 

V 

V 
·C 

ns 

Ratings 

-0.5-+7.0 

-0. 5-Vee+0. 5 

-0. 5-Vee+0. 5 

-20 

20 

-20 

20 

±25 

±50 

500 

-65-+150 

OD 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

Unit 

V 

V 

V 

mA 

mA 

mA 

mA 

mW 

·C 

2-453 



MITSUBISHI HIGH SPEED CMOS 

M74HC390P/FP/DP 

DUAL 4-STAGE·BINARY RIPPLE COUNTER WITH +2 AND +S SECTIONS 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

Vcc(V) Min 

Vo = O. IV, Vcc-O. IV 
2.0 1.5 

V IH High-level Input voltage 
1101 =20J1.A 

4.5 3.15 
6.0 4.2 

Vo = O. IV, Vcc-O. IV 
2.0 

V IL Low-level Input voltage 
1101 =20J1.A 

4.5 
6.0 

10H = -20J1.A 2.0 1.9 
10H = -20J1.A 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -20J1.A 6.0 5.9 
10H = -4.0mA 4.5 4.18 
10H = -S.2mA 6.0 5.68 
10L = 20J1.A 2.0 
10L = 20J1.A 4.5 

VOL Low-level output voltage VI = VIH, VIL 10L = 20J1.A 6.0 
10L= 4.0mA 4.5 
10L = S.2mA 6.0 

IIH High-level input current VI =6V 6.0 

IlL Low-level input current VI=OV 6.0 
Icc Quiescent supply current VI = Vcc, GNO, 10=OJ1.A 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25·C) 

Symbol Parameter Test conditions 

fmax 
tTLH 

tTHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pHL 

2-454 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (CKA - OA) 

Low-level to high-level and high-level to low-level output 

propagation time (eRA - Qe, with QA and CKB connected) , 

Low-level to high-level and high-level to low-level 

output propagation time (CKS - as) 
Low-level to high-level and high-level to low-level 

output propagation time (CKS - OC) 

Low-level to high-level and high-level to low-level 

output propagation time (CKS - 00) 

High-level to low-level output propagation time 

(Ao - OA, as, OC, 00) 

CL = ISpF (Note 4) 

'. ' , MITSUBISHI 
"ELECTRIC, 

Limits 

2S'C -40-+8S'C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1.35 1. 35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 
0.1 1.0 fJ.A 

-0.1 -1.0 fJ.A 

4.0 40.0 fJ.A 

Limits 
Unit 

Min Typ Max 

30 MHz 

10 os 
10 os 
20 os 
20 ns 
50 os 
50 ns 
21 os 
21 os 
32 os 
32 os 
21 os 
21 os 

28 os 



MITSUBISHI HIGH SPEED CMOS 

M74HC390P/FP/DP 

DUAL 4·STAGE BINARY RIPPLE COUNTER WITH + 2 AND + 5 SECTIONS 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85·C) 

Limits 

Symbol Parameter Test conditions 25·C -40-+85·C 

VedV) Min Typ Max Min 

2.0 5 4 

fmax Maximum clock frequency 4.5 27 21 

6.0 31 24 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

6.0 13 

2.0 120 

t pLH Low-level to high-level and 4.5 24 

high-level to low-level 6.0 21 

output propagation time 2.0 120 

t pHL (CKA- QA) 4.5 24 

6.0 21 

2.0 290 

t pLH Low-level to high-level and 4.5 58 

high-level to low-level 6.0 50 

output propagation time 2.0 290 

t pHL (00 - aG, with QA and CKB connected) 4.5 58 

6.0 50 

CL = 50pF (Note 4) 
2.0 130 

t pLH Low-level to high-Ieilel and 4.5 26 

high-level to low-level 6.0 22 

output propagation time 2.0 130 

t pHL (CKB-QS) 4.5 26 

6.0 22 

2.0 185 

t pLH Low-level to high-level and 4.5 37 

high-level to low-level 6.0 32 

output propagation time 2.0 185 

t pHL (CKB - QC) 4.5 37 

6.0 32 

2.0 130 

t pLH Low-level to high-level and 4.5 26 

high-level to low-level 6.0 22 

output propagation time 2.0 130 

t pHL (CKB-QD) 4.5 26 

6.0 22 

High-level to low-level 2.0 165 

t pHL output propagation time 4.5 33 

(RD - QA, QB, QC, QD) 6.0 28 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 46 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per counter) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+lee • Vee 

• MITSUB. ISHI 
... ·ELECTRfC 

Max 

95 

19 

16 

95 

19 

16 

150 

30 

26 

150 

30 

26 

360 

72 

62 

360 

72 

62 

160 

33 

28 

160 

33 

28 

230 

46 

40 

230 

46 

40 

160 

33 

28 

160 

33 

28 

210 

41 

35 

10 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 
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.. MITSUBISHI HIGH SPEED CMOS 

M74HC390P/FP/DP 

DUAL 4~STAQE BINARY RIPPLE COUNTER WITH + 2 AND + 5 SECTIONS 

TIMING REQUIREMENTS (Vee = 2-6V, Ta = -40-+85'C) 

Symbol Parameter 

tW(CK) Clock pulse width 

tW(Ro) Direct reset pulse width 

RD recovery time with 
trec 

respect to CK 

Note 4 : Test Circuit 

INPUT Vee 

OUT 

TIMING DIAGRAM 

a 

Ro 

a 

CK 

2-456 

Limits 

Test conditions 25"C 

OUTPUT 

Vcc(V) Min Typ Max 

2.0 80 
4.5 16 
6.0 14 
2.0 80 
4.5 16 
6.0 14 
2.0 50 
4.5 10 
6.0 9 

(llThe pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GNO 

VOH 

VOL 

Vee 

GND 

. ,... • ·,.MITSUBISHI 
I/Ila ELECTRIC 

-40-+85"C Unit 

Min Max 

100 
20 ns 

18 
100 
20 ns 

18 
65 
13 ns 

" 



DESCRIPTION 
The M74HC393 is a semiconductor integrated circuit con
sisting of two asynchronous 4-bit binaly (hexadecimal) 
counters with direct reset input. 

FEATURES 
• High-speed: (clock frequency) 60MHz typo 

(CL=15pF, Vce=5V) 

• Low power dissipation: 20~W/package, max 
(Vee=SV, T a=2SoC, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+SSoC 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC393 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS393. 
When the count pulse is applied to clock input CK, a binary 
code will be output to 01 through 04. Counting takes place 

LOGIC DIAGRAM (EACH COUNTER) 

CLOCK INPUT CK 

DIRECT RESET INPUT Ro 

MITSUBISHI HIGH SPEED CMOS 

M74HC393P/FP/DP 

DUAL 4-STAGE BINARY RIPPLE COUNTER 

PIN CONFIGURATION (TOP VIEW) 

CLOCK INPUT 

DIRECT 
RESET INPUT 

OUTPUTS 

CKa-+ 

Roa-+ 

01a-

02a-

03a -

04a -

GND 

14P4 
Outline 14P2N 

14P2P 

CLOCK INPUT 

DIRECT 
RESET INPUT 

OUTPUTS 

when the clock input changes from high-level to lOW-level. 
When direct reset input Ro is high, 01 through 04 will be
come low irrespective of other inputs. Maintain the low
level state when counting. 

OUTPUTS 

'.MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC393P/FP/DP 

DUAL 4·STAGE BINARY RIPPLE COUNTER 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

CK I RD 01 I 02 
X I H L I L 

~ I L 

Notel: Change from high to low level 
X : Irrelevant 

J 03 

I L 

Count 

Count number 

0 

I 04 1 

I L 2 
3 

4 

5 

6 

7 

8 

9 

10 

11 
12 

13 

14 

15 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

III, 
VI < OV 

Input protection diode current 
VI> Vee 

Vo<OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output eurre'nt per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 : M74HC393FP, Ta = -40-+60'C and Ta = 60-85'C are derated at -6mW/'C. 
M74HC393DP, Ta = -40-+50'C and Ta = 50-85'C are derated at -5mW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Toor Operating temperature range 

I Vee = 2.0V 

t r• tf Input risetime, lal/time I Vee=4.5V 

I Vce=6.0V 

2-458 

Limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 

-40 +85 

0 1000 

0 500 

0 400 

• MITSUBISHI 
;"ELECTRIC 

Unit 

V 

V 

V 
·c 

ns 

01 02 ,03 Q4 
L 'L L L 

H L L L 

L H L L 

H H L L 

L L H L 

H L H L 

L H H L 

H H H L 

L L L H 

H L L H 

L H L H 

H H L H 

L L H H 

H L H H 

L H H H 

H H H H 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+O. 5 V 

-0. 5-Vce+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±25 mA 

±50 mA 

500 mW 

-65-+150 ·c 



MITSUBISHI HIGH SPEED CMOS 

M74HC393P/FP/DP 

DUAL 4·STAGE BINARY RIPPLE COUNTER 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

Vcc!V) Min 

Vo = O. lV, Vee-O.1V 
2.0 1.5 

V IH High-level Input voltage 
1101 = 20/1A 

4.5 3.15 

6.0 4.2 

2.0 

V IL Low-level input voltage 
Vo = O. 1 V, Vce-O.1V 

4.5 
1101 = 20/1A 

6.0 

10H = -20/1A 2.0 1.9 

10H = -20/1A 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -20/1A 6.0 5.9 

10H = -4.OmA 4.5 4.18 

10H = -5.2mA 6.0 5.68 

10L = 20/1A 2.0 

10L = 20/1A 4.5 

VOL Low-level output voltage VI = V1H, V1L 10L = 20/1A 6.0 

10L = 4.OmA 4.5 

10L = 5.2mA 6.0 

IIH High-level input current VI=6V 6.0 

IlL Low-level input current V1=OV 6.0 

Icc Quiescent supply current VI = Vee, GND, 10 = O/1A 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25°C) 

Symbol Parameter Test conditions 

fmax 

hLH 

tTHL 

t pLH 

tpHL 

t pLH 

t pHL 

tpLH 

t pHL 

t pLH 

tpHL 

t pHL 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (CK-Q1) 

Low-level to high-level and high-level to low-level 

output propagation time (CK-Q2) 

Low-level to high-level and high-level to low-level 

output propagation time (CK-Q3) 

Low-level to high-level and high-level to low-level 

output propagation time (CK-Q4) 

High-level to low-level output propagation time 

(Ro-Q1, Q2, Q3, Q4) 

CL = l5pF (Note 4) 

'MITSUBISHI 
~ELECTRIC 

Limits 

25°C -4O-+85°C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0: 5 

1.35 1. 35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 f.J.A 
-0.1 -1.0 f.J.A 

4.0 40.0 f.J.A 

Limits 

Typ 
Unit 

Min Max 

30 MHz 

10 ns 
10 ns 
20 ns 
20 ns 
35 ns 
35 ns 
42 ns 
42 ns 
50 ns 
50 ns 

28 ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HC393P/FP/DP 

DUAL 4.STAGE BINARY RIPPLE COUNTER 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, Ta = -4O.-+85'C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+85"<: 

VcC<V) Min Typ Max Min 

2.0. 5 4 

fmax Maximum clock frequency 4.5 27 21 

6.0. 31 24 

2.0. 75 

tTLH Low-level to high-level and 4.5 15 

6.0. 13 
high-level to low-level 

2.0. 75 

tTHL output transition time 4.5 15 

6.0. 13 

2.0. 120. 

tpLH Low-level to high-level and 4.5 24 

high-level to low-level 6.0. 21 
output propagation time 2.0. 120. 

tpHL (CK-Q1) 4.5 24 

6.0. 21 

2.0. 190. 

tpLH Low-level to high-level and 4.5 38 

high-level to low-level 
CL = 50pF (Note 4) 

6.0. 32 

output propagation time 2.0. 190. 

tpHL (CK-Q2) 4.5 38 

6.0. 32 

2.0. 240. 

tpLH Low-level to high-level and 4.5 48 

high-level to low-level 6.0. 41 

output propagation time 2.0. 240. 

t pHL (CK-Q3) 4.5 48 

6.0. 41 

2.0. 290. 

t pLH Low-level to high-level and 4.5 58 
high-level to low-level 6.0. 50. 

output propagation time 2.0. 290. 

t pHL (CK-Q4) 4.5 58 

6.0. 50. 

High-level to low-level 2.0. 165 

tpHL output propagation time 4.5 33 
(Ro-Q1, Q2, Q3, Q4) 6.0. 28 

C 1 Input capacitance 10. 

Cpo Power dissipation capacitance (Note 3) 41 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per counter) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
PD = CpD • Vee

2 
• '1+lec ' Vec 

Max 

95 

19 

16 

95 

19 

16 

150. 

30. 

26 

150. 

30. 

26 

240. 

47 

40. 

240. 

47 

40. 

30.0. 

60. 

51 

30.0. 

60. 

51 

360. 

72 
62 

360. 

72 
62 

210. 

41 

35 

10. 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 
pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC393P/FP/DP 

DUAL 4·STAGE BINARY RIPPLE COUNTER 

TIMING REQUIREMENTS (Vee = 2-6V, T a = -40-+85"C) 

Symbol Parameter 

tw(Ci<) Clock pulse width 

tW(RO) Direct reset pulse width 

Ro recovery time with 
trec 

respect to CK 

Note 4 : Test Circuit 

INPUT Vcc 

PG t--+---I OUT 

son 

TIMING DIAGRAM 

Q 

Ao 

Q 

CK 

Test conditions 

OUTPUT 

tW(RO) 

Limits 

2S"C 

vcdv) Min Typ Max 

2.0 80 

4.5 16 

6.0 14 

2.0 80 

4.5 16 

6.0 14 

2.0 50 

4.5 10 

6.0 9 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vec 

50% 

GND 

VOH 

VOL 

tree 

Vee 

50% 

GND 

• MITSUBISHI 
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-40-+85"C Unit 

Min Max 

100 

20 ns 

18 

100 

20 ns 

18 

65 

13 ns 

11 

2-461 



MITSUBISHI HIGH SPEED CMOS 

M74HCS33P/FP/DWP 

OCTAL 3·STATE INVERTING D·TYPE TRANSPARENT LATCH 

DESCRIPTION 
The M74HC533 is a semiconductor integrated circuit con
sisting of eight 3-state output D-type latches with common 
latch-enable input and output-enable input. 

FEATURES 
• High-fanout 3-state output: (loL =6mA, IOH= -6mA) 
• High-speed: 13ns typo (CL=50pF, Vee=5V) 
• Low power dissipation: 20~W/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC533 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS533. 
The M74HC533 contains of eight D-type latch with latch
enable input LE and output-enable input OE common to all 
circuits. 
When LE is high, the signals of data input 0 will go through 
the latch and be output to inverted output Q. When the 
state of 0 changes, the state of Q will also change. When 
LE changes from high-level to low-level, the data existing 
immediately prior to the change at D will be stored in the 
latch. 
Even if other inputs are changed when LE is low, the con
tents stored in the latch will not be affected. 

LOGIC DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

?~;~~T-ENABLE OE

OUTPUT 00-

1
00-

DATA INPUTS 
01-

\
01-

OUTPUTS _ 

Q2-

1
02-

DATA INPUTS 
03-

OUTPUT 

Vee 

OUTPUT 

OUTPUT 

GNO - LE ~~B~-ENABLE 

20P4 
Outline 20P2N 

20P2V 

When OE is high, all outputs Q will become high
impedance state. 
A version of the M74HC533 with the same pin connections 
and a noninverted output; the M74HC373, is also available. 

FUNCTION TABLE (Note 1) 

Inputs Output 

OE LE D Q 

L H H L 

L H L H 

L L X QO 

H X X Z 
- - -

Note 1 QO Output state Q before LE changed 
Z High impedance 
X Irrelevant 

OUTPUTS 
~ ________________ ~~A~ ________________________________ ~ 

r-- -------
~~:~~T-ENABLEOE ;~~------~~----r+----~r+----~-t----~-+----~-t----~-t----~ 

LATCH-ENABLE 
INPUT 

2-462 
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MITSUBISHI HIGH SPEED CMOS 

M74HCS33P/FP/DWP 

OCTAL 3-STATE INVERTING D-TYPE TRANSPARENT LATCH 

ABSOLUTE MAXIMUM RATINGS (Ta = -40~+85·C, unless otherwise noted) 

Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage -0.5-+7.0 V 

VI Input voltage -0. 5-Vee+0. 5 V 

Vo Output voltage -0. 5-Vee+0. 5 V 

VI< OV -20 
11K Input protection diode current mA 

VI> Vee 20 

Vo < OV -20 
10K Output parasitic diode current mA 

Vo > Vee 20 

10 Output current per output pin ±35 mA 
lee SupplyiGND current Vee. GND ±75 mA 
Pd Power dissipation (Note2) 500 mW 
Tstg Storage temperature range -65-+150 ·C 

Note 2: M74HC533FP, Ta = -40~+75·C and Ta = 75~85·C are derated at -7mW/"C. 
M74HC533DWP, T a = -40~+80·C and T a = 80~85·C are derated at -7mW /"C. 

RECOMMENDED OPERATING CONDITIONS (Ta= -40~+85·C) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 2 6 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Topr Operating temperature range -40 +85 ·C 

I Vee = 2.0V 0 1000 

t r • tf Input risetime, falltime I Vce = 4.5V 0 500 ns 

I Vee=6.0V 0 400 

'. . MITSU.BISHI 2-463 ~ELECTRIC 
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MITSUBISHI HIGH SPEED CMOS 

M74HCS33P/FP/DWP 

OCTAL 3·STATE INVERTING D· TYPE TRANSPARENT LATCH 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vedv) Min 

Vo = O. 1 V. Vcc-O.1V 
2.0 1.5 

V'H High-level Input voltage 
1101 =201J.A 

4.5 3.15 
6.0 4.2 

Vo = O.lV. Vee-O.lV 
2.0 

V'L Low-level Input voltage 
1101::= 20IJ.A 

4.5 
6.0 

10H = -201J.A 2.0 1.9 
10H = -201J.A 4.5 4.4 

V OH High-level output voltage VI = VIH •. V'L 10H = -201J.A 6.0 5.9 
10H= -6.0mA 4.5 4.18 
10H= -7.BmA 6.0 5.68 
10L = 20IJ.A 2.0 
10L = 20IJ.A 4.5 

VOL Low-level output voltage VI = VIH• VIL 10L = 20IJ.A 6.0 
10L = 6.0mA 4.5 
10L = 7.BmA 6.0 

I'H High-level Input current VI =6V 6.0 
IlL Low-level Input current VI=OV 6.0 

IOZH Off-state high-level output current V,=V'H. V'L. Vo= Vee 6.0 

IOZL Off-state low-level output current VI=VIH. VIL• Vo= GND 6.0 

Icc Quiescent supply current VI = Vee. GND. 10 = OIJ.A 6.0 

SWITCHING CHARACTERISTICS (Vee = SV, Ta = 2S·C) 

Symbol Parameter Test conditions 

tTLH 

tTHL 

tpLH 

t pHL 

t pLH 

t pHL 

t pLZ 

t pHZ 

tPZL 

t PZH 

2-464 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (0 - a) 

Low-level to hlgh·level and high-level to low-level 

output propagation time eLf - a) 

Output disable time from low-level .and high-level 

(OE-a) 

Output enable time to low-level and high-level 

(OE-a) 

CL = 50pF (Note 4) 

CL= 5pF(Note4) 

CL = 50pF (Note 4) 

, •. MITSUBISHI 
;"ELECTRIC 

Limits 

25"C -40-+85"C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1.35 1. 35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 
0.1 0.1 

0.1 0.1 V 

0.26 0.33 
0.26 0.33 

0.1 1.0 J.lA 
-0.1 -1.0 J.l.A 

0.5 5.0 J.l.A 
-0.5 -5.0 J.lA 

4.0 40.0 J.lA 

Limits 
Unit 

Min Typ Max 

10 ns 

10 ns 

25 ns 

25 ns 

30 ns 

30 ns 

25 ns 

25 ns 

28 ns 

28 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC533P/FP/DWP 

OCTAL 3-STATE INVERTING D-TYPE TRANSPARENT LATCH 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

limits 

Symbol Parameter Test conditions 2S"C -40-+8S'C 

VCC(V) Min Typ Max Min 

2.0 60 

hLH Low-level to high-level and 4.5 12 

CL = SOpF (Note 4) 
6.0 10 

high-level to low-level 
2.0 60 

hHL output transition time 4.5 12 

6.0 10 

2.0 150 

tpLH 4.5 30 

CL = SOpF (Note 4) 
6.0 26 

2.0 150 

tpHL Low-level to high-level and 4.5 30 
high-level to low-level 6.0 26 

output propagation time 2.0 200 

tpLH (0-0) 4.5 40 

CL = lS0pF (Note 4) 
6.0 34 

2.0 200 

tpHL 4.5 40 

6.0 34 

2.0 175 

tpLH 4.5 35 

CL = SOpF (Note 4) 
6.0 30 

2.0 175 

tpHL Low-level to high-level and 4.5 35 
high-level to low-level 6.0 30 

output propagation time 2.0 225 

tpLH (LE- a) 4.5 45 

CL = lS0pF (Note 4) 
6.0 38 

2.0 225 

tpHL 4.5 45 

6.0 38 

2.0 150 

tpLZ Output disable time from 4.5 30 

CL = SOpF (Note 4) 
6.0 26 

low-level and high-level 
2.0 150 

tpHZ (DE-a) 4.5 30 

6.0 26 

2.0 150 

t PZL 4.5 30 

CL = SOpF (Note 4) 
6.0 26 

2.0 150 

tPZH Output enable time to 4.5 30 

6.0 26 
low-level and high-level 

2.0 200 

tPZL (OE-O) 4.5 40 

CL = lS0pF (Note 4) 
6.0 34 

2.0 200 

tPZH 4.5 40 

6.0 34 

C 1 Input capacitance 10 

Co Off-state output capacitance DE = Vcc 15 

Cpo Power dissipation capacitance (Note 3) 57 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per latch) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 • fl+lee • Vee 

' ..... MITSUBISHI 
.... ELECTRIC 

Max 

75 

15 

13 

75 

15 

13 

189 

38 

32 

189 

38 

32 

252 

50 

43 

252 

50 

43 

221 

44 

37 

221 

44 

37 

284 

57 

48 

284 

57 

48 

189 

38 

32 

189 

38 
32 

189 

38 

32 

189 

38 
32 

252 

50 

43 

252 

50 

43 

10 

15 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

I\S 

ns 

ns 

nS 

pF 

pF 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HCS33P/FP/DWP 

OCTAL 3·STATE INVERTING D· TYPE TRANSPARENT LATCH 

TIMING REQUIREMENT (Vee = 2-6V, T a = -40-+8S'C) 

Symbol Parameter 

tw Latch enable pulse width 

tsu 
o setup time with 

respect to LE 

o hold time with 
th -

respect to LE 

Note 4 : Test Circuit 

INPUT Vee OUTPUT 

PG DUT 

soo 
ICL 

TIMING DIAGRAM 

0 

hHL hLH 

Q 

OE 

Q 

Q 

2-466 

Test conditions 

Vee 

~ RL = 1kO 

SWl 

SW2 

lAC -lkO 

Vee 

GND 

VOH 

VOL 

Vee 

GND 

VOL 

VOH 

Limits 

25'C 

Vcc(V) Min Typ Max 

2.0 SO 
4.5 16 
6.0 14 
2.0 75 
4.5 15 
6.0 13 
2.0 50 
4.5 10 
6.0 9 

Parameter SWl SW2 

tTLH, hHL 
Open Open 

tpLH, tpHL 
tpLZ Closed Open 

. tpHZ Open Closed 

tPZL Closed Open 

tPZH Open Closed 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance Cl. includes stray wiring 
capacitance and the probe input capacitance. 

LE 

Q 

0 

D 

tsu th 

LE 

• MITSUBISH, I 
"'ELECTRIC 

-40-+85'C Unit 

Min Max 

101 
20 ns 

17 
90 
1S ns 

16 
60 
12 ns 

" 

Vee 

GND 

----VOl. 

Vee 

GND 

Vee 

GND 

Vee 

GND 



MITSUBISHI HIGH SPEED CMOS 

M74HC533-1P/FP/DWP 

OCTAL 3-STATE INVERTING D-TYPE TRANSPARENT LATCH 

DESCRIPTION 
The M74HC533-1 is a semiconductor integrated circuit con
sisting of eight 3-state output D-type latches with common 
latch-enable input and output-enable input. 

FEATURES 
• High-fanout3-state output: (loL=24mA, IOH=-24mA) 
• High-speed: 9ns typo (CL=50pF, Vce=5V) 
• Low power dissipation: 25.uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 60 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC533-1 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS533. 
The circuit is designed to suppress the increased switching 
noise that normally occurs at high output currents. 
The M74HC533-1 consists of eight D-t}ipe latches with 
latch-enable input LE and output-enable input OE common 
to all circuits. 
When LE is high, the signals of data input D will go through 
the latch and be output to inverted output Q. When the 
state of D changes, the state of Q will also change. When 

LOGIC DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

~~~~~T-ENABLE OE-+ 

OUTPUT 00 +-

1

00-+ 
DATA INPUTS 

01-+ 

1

01+-
OUTPUTS _ 

Q2+-

1 
02-+ 

DATA INPUTS 

03-+ 

OUTPUT 

Vee 

OUTPUT 

GNO +- LE ~~~~~-ENABLE 

20P4 
Outline 20P2N 

20P2V 

LE changes from high-level to low-level, the data existing 
immediately prior to the change at D will be stored in the 
latch. 
Even if other inputs are changed when LE is low, the con
tents stored in the latch will not be affected. 
When OE is high, all outputs Q will become high
impedance state. 
A version of the M74HC533-1 with the same pin connec
tions and a noninverted output, the M74HC373-1, is also 
available. 

OUTPUTS 
__ --------------------~A~----------------------------------~ 

r- - -------
OUTPUT-ENABLE

OE 
I 

INPUT 1 

LATCH-ENABLE 
INPUT 

01 

DATA INPUTS 

• MITSUBISHI 
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I 

_-----@-J 
GND 
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MITSUBISHI HIGH· SPEED CMOS 

M74HCS33·1P/FP/DWP 

OCTAL 3·STATE INVERTING ,D. TYPE TRANSPARENT LATCH 

FUNCTION TABLE (Note 1) 

Inputs Output 

OE LE 0 Q 

L H H L 

L H L H 

L L X QO 

H X X Z 
- - -

Note 1 0°: Output state 0 before LE changed 
Z : High impedance 
X : Irrelevant 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI > Vee 

Vo< OV 
10K Output parasitic dlode.current 

Vo > Vee 

10 Output current per output pin 

Icc SupplylGND current Vee. GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74I;1C533-1FP, Ta = -40-+75t and Ta = 75-85·C are derated at -7mW/"C. 
M74HC533-1DWP, Ta = -40-+80t and Ta = 80-85·C are derated at -7mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85t) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Operating temperature range 

I Vee = 2.0V 

t r• tf Input rlsetime, falltlme l Vee=4.5V 

I Vee = 6.0V 

2-468 

Limits 

Min Typ Max 

2 6 

0 Vee 
0 Vee 

-40 +85 

0 500 

0 50 

0 30 

• MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 
·C 

ns/V 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vce+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±50 mA 
±200 mA 

500 mW 
-65-+150 "C 



MITSUBISHI HIGH SPEED CMOS 

M74HCS33-1P/FP/DWP 

OCTAL 3-STATE INVERTING D-TYPE TRANSPARENT LATCH 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vcdv) Min 

Va = O. lV, Vcc-O. IV 
2.0 1.5 

V IH High-level input voltage 
1101 =20j./A 

4.5 3.15 
6.0 4.2 

Va = O. IV, Vcc-O. lV 
2.0 

V IL Low-level Input voltage 
1101 =20j./A 

4.5 
6.0 

10H = -20j./A 2.0 1.9 
10H = -20j./A 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL 
10H = -20j./A 6.0 5.9 
10H= -24mA 4.5 3.98 
10L = 20j./A 2.0 
10L = 20j./A 4.5 

VOL Low-level output voltage VI = VIH, VIL 
10L = 20j./A 6.0 
10L = 24mA 4.5 

IIH High-level Input current VI =6V 6.0 

IlL Low-level Input current VI=OV 6.0 

lozH Off-state high-level output current VI = VIH, VIL, Va = Vee 6.0 

lozL Off-state low-level output current VI = VIH, VIL, Vo = GND 6.0 
Icc Quiescent supply current VI = Vee, GND, 10 = OJ./A 6.0 

SWITCHING CHARACTERISTICS (Vee = SV, T a = 2S·C) 

Symbol 

tTLH 

tTHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pLZ 

t pHZ 

t PZL 

t PZH 

Parameter 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (0 - a) 

Low-level to high-level and high-level to low-level 

output propagation time CL"E - a) 

Output disable time from low-level and high-level 

(OE-a) 

Output enable time to low-level and high-level 

(OE-a) 

Test conditions 

CL = 50pF (Note 4) 

CL = 5 pF (Note 4) 

CL = 50pF (Note 4) 

• MITSUBISHI 
.... ELECTRIC 

Limits 

25'C -40-+85'C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1.35 1.35 V 

1.8 1.8 
1.9 
4.4 
5.9 

V 

3.84 
0.1 0.1 
0.1 0.1 
0.1 0.1 

V 

0.39 0.5 
0.1 1.0 /-LA 

-0.1 -1.0 /-LA 
0.5 5.0 /-LA 

-0.5 -5.0 /-LA 
5.0 50.0 /-LA 

Limits 
Unit 

Min Typ Max 

10 ns 
10 ns 
18 ns 
18 ns 
21 ns 
21 ns 
20 ns 
20 ns 
23 ns 
23 ns 
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MITSU81SHI HIGH SPEED. CMOS 

M74HCS33-1P/FP/DWP 

OCTAL 3·STATE INVERTING D.TYPE TRANSPARENT LATCH 

SWITCHING CHARACTERISTICS (Vee = 2-6V, Ta =: -40-+85"C) 

LImits 

Symbol Parameter Test conditions 25'C. -40-+85'C 

Vcdv) Min Typ Max Min Max 

2.0 60 75 

tTLH Low-level to high-level and 4.5 12 15 

6.0 10 13 
high-level to low-level 

2.0 60 75 

tTHL output transition time 4.5 12 15 

6.0 10 13 

2.0 100 125 

tpLH Low-level to high-level and 4.5 20 25 

high-level to low-level 6.0 17 21 

output propagation time 2.0 100 125 

tp~L (0-0) 4.5 20 25 

6.0 17 21 

2.0 115 145 

tpLH Low-level to high-level and 4.5 23 29 

high-level to low-level 
CL = 50pF (Note 4) 

6.0 20 25 

output propagation time 2.0 115 145 

tpHL (LE-O) 4.5 23 29 

6.0 20 25 

2.0 125 155 

tpLZ Output disable time from 4.5 25 31 

6.0 21 26 
low-level and high-level 

2.0 125 155 

tpHZ (OE-O) 4.5 25 31 

6.0 21 26 

2.0 125 155 

tPZL Output enable time to 4.5 25 31 

6.0 21 26 
low-level and high-level 

2.0 125 155 

tPZH (OE-O) 4.5 25 31 

6.0 21 26 

C. Input capacitance 10 10 

Co Off-state output capacitance OE=Vcc 15 15 

Cpo Power dissipation capacitance (Nete 3) 

Note 3 : Cpo is the Internal capacitance of the IC calculated from operation supply current under no-load conditions. (per latch) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo 'VCC

2 
• f.+lcc • Vee 

TIMING REQUIREMENT (Vee = 2-6V, T a = -40-+85'C) 

Symbol Parameter 

tw Latch enable pulse width 

tsu 
D setup time with 

respect to LE 

D hold time with 
th 

respect to LE 

2-470 

Test condltior,s 

Vcdv) 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

•. MITSUBISHI 
;"ELECTRIC·. 

Limits 

25'C -40-+85'C 

Min Typ Max Min Max 

60 75 

12 15 

10 13 

50 65 

10 13 

9 11 
25 30 

5 6 

5 6 

Unit 

ns 

ns 

ns 

ns 

ns 

pF 

Unit 

ns 

ns 

ns 



Note 4 : Test Circuit 

INPUT Vee 

PG DUT 

50n 
GND 

TIMING DIAGRAM 

D 

hHL 

Q 

OE 

Q 

Q 

MITSUBISHI HIGH SPEED CMOS 

M74HC533-1P/FP/DWP 

OCTAL 3-STATE INVERTING D-TYPE TRANSPARENT LATCH 

OUTPUT 2XVOH 

ICL 

~ RL = 500n 

sw 

RL = 500n 

Vee 

"'----- GND 

Vee 

GND 

VOL 

VOH 

Parameter SW 

hLH. tTHL 
Open 

tpLH• tpHL 

tpLZ Closed 

tpHZ Open 

tPZL Closed 

tPZH Open 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 3ns, tf = 3ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

LE 

Q 

D 

D 

tsu th 

LE 
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Vee 

GND 

'---- VOL 

Vee 

GND 

Vee 

GND 

Vee 

GND 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT533-1P/FP/DWP 

DESCRIPTION 
The M74HCT533-1 is a semiconductor integrated circuit 
consisting of eight 3-state output D-type latches with com
mon latch-enable input and output-enable input. 

FEATUR"ES 
• TTL level inputs VIL=0.8V max, VIH=2.0V min 
• High-fanout 3-state output: (loL =24mA, IOH=-24mA) 
• High-speed: 11ns typo (CL=50pF, Vcc=5V) 
• Low power dissipation: 25,uW/package, max 

(Vcc=5V, T a=25°C, quiescent state) 

• Capable of driving 60 74LSTTL loads 
• Wide operating temperature range: T a=-40 ....... +85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HCT533-1 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS533. 
The circuit is designed to suppress the increased switching 
noise that normally occurs at high output currents. 
As the inputs are TTL level, the device can be used as a 
level converter from LSTTL to high-speed CMOS. In that 
case, no pull-up resistors are required. 
The M74HCT533-1 contains of eight D-type latch with 
latch-enable input LE and output-enable input OE common 
to all circuits. 
When LE is high, the signals of data input 0 will go through 

, the latch and be output to inverted output Q. When the 
state of 0 changes, the state of Q will also change. When 
LE changes from high-level to fow-Ievel, the data existing 

LOGIC DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

~~:0~T-ENABLE OE

OUTPUT 00-

1
00-

DATA INPUTS' 
01-

{
01-

OUTPUTS _ 

Q2-

1
02-

DATA INPUTS 

03-

OUTPUT 

GNO 

20P4 
Outline 20P2N 

20P2V 

Vee 

OUTPUT 

OUTPUT 

_ LE T~~3~-ENABLE 

immediately prior to the change at 0 will be stored in the 
latch. 

Even if other inputs are changed when LE is low, the con
tents stored in the latch will not be affected. 
When OE is high, all outputs Q will become high
impedance state. 
A version of the M74HCT533-1 with the same pin connec
tions and a noninverted output, the M74HCT373-1, is also 
avaiiSible. 

OUTPUTS 
__ ------------------~A~--------------------------------~ 

r- - -------
OUTPUT-ENABLE OE 
INPUT 1 

LATCH-ENABLE 
INPUT 
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MITSUBISHI HIGH SPEED CMOS 

M74HCTS33-1P/FP/DWP 

OCTAL 3-STATE INVERTING 
D-TYPE TRANSPARENT LATCH WITH LSTTL·COMPATIBLE INPUT 

FUNCTION TABLE (Note 1) 

Inputs Output 

OE LE D 

L H H 

L H L 

L L X 

H X X 
- - -

Note 1 QO: Output state Q before LE changed 
Z : High impedance 
X : Irrelevant 

Q 

L 

H 
QO 

Z 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+SS·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI< OV 
11K Input protection .diode current 

VI> Vee 

Vo<OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 : M74HCT533-1FP, Ta = -40-+7S·C and Ta = 7S-BS·C are derated at -7mW/t. 
M74HCT533-1DWP, Ta = -40-+BOt and Ta = BO-SSt are derated at -7mW/t. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+BSt) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Ambient operating temperature 

I Vee =4.5V 
t r• tf Input rlsetime, falltlme I Vee = 5.5V 

Limits 

Min Typ Max 

4.5 5.5 

0 Vee 

0 Vee 
-40 +85 

0 25 

0 15 

• MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

t 

ns/V 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±50 rnA 
±200 rnA 

500 rnW 
-65-+150 t 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT533-1P/FP/DWP 

OCTAL3-STATE INVERTING 
D-TYPE TRANSPARENT LATCH WITH LSTTL .. COMPATIBLE INPUT 

ELECTRICAL CHARACTERISTICS (Vee = SV±10%. unless otherwise noted) 

Limits 

Symbol Parameter Test conditions 25'C -40-+85'C 

Min Typ Max Min Max 

V IH High-level Input voltage 
Vo = O. IV, Vce-O. IV 

2.0 2.0 
\ 10\ = 20IJA 

V IL Low-level Input voltage 
Vo = O. IV, Vce-O. IV 

0.8 0.8 
\ 101 = 20IJA 

V OH High-level output voltage VI = VIL 
10H = -20IJA Vce-O• 1 Vee-O• 1 

10H= -24mA, Vcc= 4.SV 3.98 3.84 

10L = 20IJA 0.1 0.1 
VOL Low-level output voltage VI=VIH, VIL 

0.39 0.5 10L = 24mA, Vcc = 4. SV 

IIH High-level Input current VI = Vee 0.1 1.0 

IlL Low-level input current VI = GNO -0 •. 1 -1.0 

lozH Off-state high-level output current VI = VIH, VIL, Vo = Vec 0.5 5.0 

lozL Off-state low-level output current VI =VIH, VIL, Vo= GNO -0.5 -5.0 

Icc Quiescent supply current VI = Vee, GNO, 10 = OIJA 5.0 50.0 

.6. Icc Maximum quiescent supply current VI=2.4V,O.4V(Note3) 2.7 2.9 

Note 3 : Only one Input is set at this value and all other inputs are fixed at Vee or GND. 

SWITCHING CHARACTERISTICS (Vee=SV. Ta=2S'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 10 

t pLH Low-level to high-level and high-level to low-level 
CL = SOpF (NoteS) 

18 

t pHL output propagation time (0 - 0) 18 

t pLH Low-level to high-level and high-level to low-level 21 

t pHL output propagation time (IE - 0) 21 

t pLZ Output disable time from low-level and high-level 
CL = 5 pF (Note 5) 

20 

t pHZ (OE-O) 20 

tPZL Output enable time to low-level and high-level 
CL = 50pF (Note 5) 

23 

t PZH (OE-O) 23 

SWITCHING CHARACTERISTICS (Vee = SV±10%, Ta = -40-+8S'C) 

Limits 

Symbol Parameter Test conditions 2St -40-+8S'C 

Min Typ Max Min Max 

tTLH Low-level to high-level and 12 15 
high-level to low-level 

12 15 tTHL output transition time 

tpLH Low-level to high-level and 20 25 
high-level to low-level 

tpHL 
outputpropagation time 
(O-Q) 20 25 

t pLH Low-level to high-level and 23 29 
high-level to low-level CL = 50pF (Note 5) Q!!!put Q!'opagation time 

tpHL (LE-Q) 23 29 

t pLZ Output disable time from 25 31 
low-level and high-level 

tpHZ (OE-O) 25 31 

tPZI- Output enable time to 25 31 
low-Ievel,and high-level 

tpZH (OE-O) 25 31 
I 

C I Input capacitance 10 10 

Co Off-state output capacitance OE=Vcc 15 15 

Cpo PONe! dissipation capacitance (Nole 4) 

Note CPO is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per latch) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2
• fl+lec ' Vcc 

2-474 . ' .. ··MITSUBISHI 
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Unit 

V 

V 

V 

V 

J.lA 

J.lA 

J.lA 
mA 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 

ns 

ns 

ns 

ns 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HCT533-1P/FP/DWP 

OCTAL 3·STATE INVERTING 
D. TYPE TRANSPARENT LATCH WITH LSTTL·COMPATIBLE INPUT 

TIMING REQUIREMENTS (Vee = 5V±10%, Ta = -40-+85'C) 

limits 

Symbol Parameter Test conditions 25'C -40-+B5'C 

Min Typ Max Min Max 

tw Latch enable pluse width 12 15 

tsu o setup time with respect to LE 10 13 

th o hold time with respect to LE 5 6 

Note 5 : Test Circuit Parameter SW 

tTLH• tTHL 

INPUT Vee OUTPUT 2XVOH 
Open 

tpLH, tpHL 

PG 1---+---1 OUT 

50n 
GND 

TIMING DIAGRAM 

o 

OE 

Q 

Q 

~ RL = 500n 

SW 

tpLZ Closed 

tpHZ Open 

tPZL Closed 

tPZH Open 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 3ns, tf = 3ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

3V ,..------ 3V 
o 

------ OV 

o 

LE 

3V 

OV 

LE 

VOL 

VOH 

Q 
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1.3V OV 

3V 
1.3V 

GND 
tsu th 

3V 
1.3V 

GND 

tw 

Unit 

ns 

ns 

ns 
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MITSUBISHI HIGH SPEED CMPS 

M74HC·534P/FP/DWP 

OCTAL 3:S'TATE INVERTING D-TYPE FLIP-FLOP 

DESCRIPTION 
The M74HC534 is a semiconductor integrated circuit con
sisting of eight edge-triggered 3-state output D-type flip
flops with common clock input and output-enable input. 

FEATURES 
• High-fanout 3-state output: (loL =6mA, IOH=-6mA) 
• High-speed: 13ns typo (CL=50pF, Vee=5V) 
• low power dissipation: 20,uW/package, max 

(Vec=5V, T a=25°C, quiescent state) 
• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 15 74lSTTlioads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a= -40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 

PIN CONFIGURATION (TOP VIEW)· 

OUTPUT-ENABLE 
INPUT 

OUTPUT OO+-

DATA INPUTS 1 
00-

01-

OUTPUTS \ 
01+-

02+-

DATA INPUTS { 
02-

03-

OUTPUT 03+-

GNO 

20P4 
Outline 20P2N 

20P2V 

~se of silicon gate technology allows the M74HC534 to 
maintain the low power diSSipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74lS534. 

A version of the M74HC534 with the same pin connections 
and a noninverted output, the M74HC374, is also·avai.lable. 

The M74~C534 contains eight edge-triggered D-type flip
flops, sharing common clock input CK and output-enable 
input OE. 

When CK changes from low-level to high-level, the signals 
just previously input at 0 is stored in the flip-flop. 
When output-enable input OE is low, the signals stored in
the flip-flop will be output to Q. 
When OE is high, all outputs Q will become high
impedance state. The contents stored in the flip-flop are 
not affected even if OE is changed. 

LOGIC DIAGRAM 

OUTPUTS r-__________________ ~A~ ________________________________ __ 

00 

OUTPUT -ENABLE-
INPUT OE 1 

CLOCK INPUT 

I 

____ @J 
01 02 03 04 07 GNO 

~--------------------------v~----------------------------~I 
OATAINPUTS 
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MITSUBISHI HIGH SPEED CMOS 

M74HCS34P/FP/DWP 

OCTAL 3·STATE INVERTING D· TYPE FLIP·FLOP 

FUNCTION TABLE (Note 1) 

Inputs Output 

OE CK D Q 

L i L H 

L i H L 

L L X QO, 

L H X QO 

L ~ X QO 

H X X Z 
- -

Note 1 0°: Output state 0 before clock input changed 
Z: High impedance 
X : Irrelevant 
i : Change from low to high level 
~ : Change from high to low level 

ABSOLUTE MAXIMUM RATINGS (T a = -40-+S5'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vee 

Vo < OV 
10K Output parasitic diode current 

Vo> Vee 

10 Output current, per output pin 

lee Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 M74HC534FP, Ta = -40-+75·C and Ta = 75-S5'C are derated at -7mW/"C. 
M74HC534DWP, T a = -40....;+SO·C and T a = SO-S5·C are derated at -7mW/"C. 

RECOMMENDED OPERATING CONDITIONS (T a = -4P-+S5'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Operating temperature range 

I Vee = 2.0V 

t r• tf Input risetime, falltime I Vee =4.5V 

I vee = 6.0V 

Limits 

Min Typ Max 

2 6 

0 Vee 

a Vee 
-40 +85 

0 1000 

a 500 

0 400 

• MITSUBISHI 
~ELECTRIC 

Unit 

V 

V 

V 
·C 

ns 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±35 rnA 
±75 rnA 
500 rnW 

-65-+150 ·C 
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MITSUBISHI HIGH SPEED CMOS 

M74HC534P/FP/DWP 

OCTAL 3.STATE INVERTING D·TVPE FLIP·FLOP 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vcdv) Min 

Vo = O. lV, Vcc-O. lV 
2.0 1.5 

V IH High-level Input voltage 
1101 = 20liA 

4.5 3.15 
6.0 4.2 
2.0 

V IL Low-level Input voltage 
Vo = O. IV, Vee-O. IV 

4.5 
1101 = 20liA 

6.0 
10H = -201iA 2.0 1.9 
10H = -201iA 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -201iA 6.0 5.9 
10H= -6.0mA 4.5 4.18 
10H = -7.8mA 6.0 5.68 
10L = 20liA 2.0 
10L = 20liA 4.5 

VOL Low-level output voltage V1= V1H, V1L 10L =20p.A 6.0 
10L= 6.0mA 4.5 
10L = 7.8mA 6.0 

IIH High-level Input current VI=6V 6.0 

IlL Low-level Input current VI=OV 6.0 

lozH Off-state high-level output current V1=VIH, VIL, Vo= Vee 6.0 

lozL Off-state low-level oIitput current VI=VIH, VIL, Vo= GND 6.0 

Icc Quiescent supply current VI = Vee, GND, 10 = OIiA 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V. T a = 25·C) 

Symbol Parameter Test conditions 

fmax 
tTLH 

hHL 

tpLH 

t pHL 

tpLZ 

t pHZ 

tPZL 

t pZH 

2-478 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (CK - cD 
Output disable time from low-level and high-level 

(OE-O) 

Output enable time to low-level and high-level 

(OE-O) 

CL = SOpF (Note 4) 

CL = 5 pF (Note 4) 

CL = 50pF (Note4) 

'··MITSUBISHI 
..... ELECTRIC 

Limits 

25'C -40-+B5'C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1.35 1. 35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 

0.1 1.0 J,lA 
-0.1 -1.0 J,lA 

0.5 5.0 J,lA 
-0.5 -5.0 J,lA 

4.0 40.0 J,lA 

Limits 
Unit 

Min Typ Max 

35 MHz 

10 ns 
10 ns 
32 ns 
32 ns 
25 ns 
25 ns 
28 ns 
28 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC534P/FP/DWP 

OCTAL3~STATE INVERTING D-TYPE FLIP-FLOP 

SWITCHING CHARACTERISTICS (Vcc = 2-6V. T a = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 2S'C -40-+SS'C 

vcdv) Min Typ Max Min 

2.0 6 5 

fmax Maximum clock frequency CL = SOpF (Note 4) 4.5 30 24 
6.0 35 28 

2.0 60 

tTLH Low-level to high-level and 4.5 12 

CL = SOpF (Note 4) 
6.0 10 

high-level to low-level 
2.0 60 

tTHL output transition time 4.5 12 

6.0 10 

2.0 180 

t pLH 4.5 36 

CL = SOpF (Note 4) 
6.0 31 
2.0 180 

tpHL Low-level to high-level and 4.5 36 
high-level to low-level 6.0 31 
output propagation time 2.0 230 

tpLH (CK-O) 4.5 46 

CL = lS0pF (Note 4) 
6.0 39 

2.0 230 

tpHL 4.5 46 
6.0 39 

2.0 150 

tpLZ Output disable time from 4.5 30 

CL = SOpF (Note 4) 
6.0 26 

low-level and high-level 
2.0 150 

t pHZ (OE-O) 4.5 30 

6.0 26 

2.0 150 
t PZL 4.5 30 

CL = SOpF (Note 4) 
6.0 26 

2.0 150 
tPZH Output enable time to 4;5 30 

6.0 26 
low-level and high-level 

2.0 200 

t PZL (OE-O) 4.5 40 

CL = lS0pF (Note 4) 
6.0 34 

2.0 200 
t PZH 4.5 40 

6.0 34 
C, Input capacitance 10 

Co Off-state output capacitance OE = Vcc 15 

Cpo Power dissipation capacitance (Note 3) 63 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per flip-flop) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' VCC

2 
• f,+lcc • Vcc 

'. MITSUBISHI 
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Max 

75 

15 

13 
75 

15 

13 
227 

45 

39 
227 

45 
39 

290 

58 
49 

290 

58 

49 
189 

38 
32 

18.9 

38 
32 

189 

38 
32 

189 

38 
32 

252 

50 
43 

252 

50 
43 

10 

15 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HCS34P/FP/DWP 

OCTAL 3·STATE INVERTING D.TYPE FLIP.FLOP 

TIMING REQUIREMENTS (Vee = 2-6V, Ta = -40-+85"(;) 

Symbol Parameter 

tw Clock pulse width 

tsu 
o setup time with 

respect to CK 

o hold time with 
th 

respect to CK 

Note 4 : Test Circuit 

INPUT Vee OUTPUT 

PG t--+---f OUT 

50n 

TIMING DIAGRAM 

o 

CK 

a 

2-480 

Limits 

Test conditions 25"C -40-+85"C 

Vee 

~ RL = 1kO 

SW1 

tsu 

_----- Vee 

GNO 

Vcc(V) Min Typ Max Min 

2.0 80 101 

4.5 16 20 

6.0 14 17 

2.0 75 90 
4.5 15 18 

6.0 13 16 

2.0 50 60 

4.5 10 12 

6.0 9 11 

Parameter SW1 SW2 

tTLH• tTHL 
Open Open 

tpLH• tpHL 

tpLZ Closed Open 

tpHZ Open Closed 

tPZL Closed Open 

tPZH Open Closed 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GNO 

th 

Vee 

GNO 

VOH 

VOL 
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Max 

Unit 

ns 

ns 

ns 



MITSUBISHI HIGH SPEED CMOS 

M74HCS34-1P/FP/DWP 

OCTAL 3-STATE INVERTING D· TYPE FLIP-FLOP 

DESCRIPTION 
The M74HC534-1 is a semiconductor integrated circuit con
sisting of eight edge-triggered 3-state output D-type flip
flops with common clock input and output-enable input. 

FEATURES 
• High-fanout 3-state output: (IOL =24mA, IOH=-24mA) 
• High-speed: (clock frequency) 60MHz typo 

(CL =50pF, Vee=5V) 
• Low power dissipation: 25,uW/package, max 

(Vee=5V, T a=25°C, quiescent state) 
• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 60 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a= -40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC534-1 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS534. 
The circuit is designed to suppress the increased switching 
noise that normally occurs at high output currents. 
The M74HC534-1 contains eight edge-triggered D-type 
flip-flops, sharing common clock input CK and output
enable input OE. 
When CK changes from low-level to high-level, the signals 

LOGIC DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT-ENABLE 
OE-INPUT 

OUTPUT OO+-

DATA INPUTS j 00-

01-

OUTPUTS 1 
01 +-

02+-

DATA INPUTS { 
02-

03-

OUTPUT 03-

GNO 

20P4 
Outline 20P2N 

20P2V 

just previously input at 0 stores in the flip-flop. 
When output-enable input OE is low, the signals stored in 
the flip-flop will be output to Q. 
When OE is high, all outP,uts Q will become high
impedance state. The contents stored in the flip-flop will 
not be affected even if OE is changed. 
A version of the M74HC534-1 with the same pin connec
tions and a noninverted output, the M74HC374-1, is also 
available. 

OUTPUTS 
r-__________________ ~A~ ________________________________ ~ 

OUTPUT-ENABLE-
INPUT OE , 

CLOCK INPUT 

01 
~--------------------------~r----------------------------_/ 

OATAINPUTS 
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-~ 
GNO 
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MITSUBISHI HIGH SPEED CMOS 

M74HCS34-1P/FP/DWP 

. OCTAL3·STATE INVERTING D·TVPE FLIP.FLOP 

FUNCTION TABLE (Note 1) 

Inputs. Output 

OE CK D Q 

L t L H 

L t H L 

L L X QO 

L H X QO 

L • X QO 

H X X Z 
- -

Note 1 QO: Output state Q before clock input changed 
Z : High impedance 
X : Irrelevant 
t : Change from low to high level 
~ : Change from high to low level 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5"C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vee 

Vo<OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current, per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC534-1FP, Ta = -40-+75"C and Ta =?5-S5"C are derated at -7mW/"C. 
M74HC534-1DWP, Ta = -40-+S0"C and Ta = SO-S5"C are derated at -7mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+S5"C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Operating temperature range 

I Vee = 2.0V 

t r • tf Input rlsetlme, falltime I Vee = 4.5V 

I Vee = 6.0V 

2-482 

Limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 
-40 +S5 

0 500 

0 50 

0 30 

.• MITSUBISHI 
",ELECTRIC 

Unit 

V 

V 

V 

"C 

nsN 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±50 rnA 
±200 rnA 

500 rnW 
-65-+150 ·C 



MITSUBISHI HIGH SPEED CMOS 

M74HC534-1P/FP/DWP 

OCTAL 3·STATE INVERTING D· TYPE FLIP.FLOP 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

Vcc(V) Min 

Vo = O. IV. Vce-O. IV 
2.0 1.5 

V 1H High-level Input voltage 
1101 =20j.lA 

4.5 3.15 
6.0 4.2 

Vo = O. IV. Vce-O. IV 
2.0 

V 1L Low-level input voltage 
1101 = 20j.lA 

4.5 
6.0 

10H = -20j.lA 2.0 1.9 
10H = -20j.lA 4.5 4.4 

V OH High-level output voltage VI = VIH. Vil 
10H = -20j.lA 6.0 5.9 
10H= -24mA 4.5 3.98 
10l = 20j.lA 2.0 
10l = 20j.lA 4.5 

VOL Low-level output voltage VI = VIH• Vil 
10l = 20j.lA 6.0 
10l = 24mA 4.5 

IIH High-level Input current VI =6V 6.0 

IlL Low-level Input current VI=OV 6.0 

IOZH Off-state high-level output current VI = VIH• Vil• Vo= Vec 6.0 

IOZL Off-state low-level output current VI=VIH. Vil. Vo= GND 6.0 

Icc Quiescent supply current VI = Vcc. GND. 10 = OJ.lA 6.0 

SWITCHING CHARACTERISTICS (Vee = SV. T a = 2S·C) 

Symbol Parameter Test conditions 

fmax 
tTLH 

tTHL 

t pLH 

t pHL 

t pLZ 

t pHZ 

t PZL 

t PZH 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (CK - a) 

Output disable time from low-level and high-level 

(OE-a) 

Output enable time to low-level and high-level 

(OE-a) 

Cl = 50pF (Note 4) 

Cl = 5 pF (Note 4) 

Cl = 50pF (Note 4) 

• MITSUBISHI 
.... ELECTRIC 

Limits 

25"C -40-+B5"C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1. 35 1.35 V 

1.8 1.8 
1.9 
4.4 
5 .. 9 

V 

3.84 
0.1 0.1 
0.1 0.1 
0.1 0.1 

V 

0.39 0.5 
0.1 1.0 ttA 

-0.1 -1.0 ttA 
0.5 5.0 ttA 

-0.5 -5.0 ttA 
5.0 50.0 ttA 

Limits 
Unit 

Min yp Max 

35 .MHz 

10 ns 
10 ns 
20 ns 
20 ns 
20 ns 
20 ns 
23 ns 
23 ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HCS34-1PI FP/DWP 

OCTAL 3 .. STATE INVERTING D· TYPE FLIP·FLOP 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, Ta = -40-+85"C) 

Limits 

SYmbol Parameter Test conc~ltIons 25"C -40-+8S"C 

vcdv) Min Typ Max Min Max 

2.0 6 5 

fmax Maximum clock frequency 4.5 32 26 

6.0 38 31 

2.0 60 75 

tTl_H Low-level to high-level and 4.5 12 15 

6.0 10 13 
high-level to low-level 

2.0 60 75 

hHL output transition time 4.5 12 15 

6.0 10 13 

2.0 110 140 

tpLH Low-level to high-level and 4.5 22 28 

high-level to low-level 6.0 19 24 

output propagation time 2.0 110 140 

tpHL (CK-o) CL = SOpF (Note 4) 4.5 22 28 

6.0 19 24 

2.0 125 155 

tpLZ Output disable time from 4.5 25 31 

6.0 21 26 
low-level and high-level 

2.0 125 155 

tpHz (OE-o) 4.5 25 31 

6.0 21 26 

2.0 125 155 

tpZL Output enable time to 4.5 25 31 

6.0 21 26 
low-level and high-level 

2.0 125 155 

tpZH (OE-o) 4.5 25 3t 

6.0 21 26 

C, Input capacitance 10 10 

Co Off-state outPllt capacitance OE = Vce 15 15 

Cpo Power dissipation capacitance (Note 3) 

Note 3 : Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per flip-flop) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' VCC

2
• f,+lcc ' Vcc 

TIMING REQUIREMENTS (Vcc = 2-6V, Ta = -40-+8S'C) 

Symbol Parameter 

tw Clock pulse width 

tsu 
o setup time with 

respect to CK 

o hold time with 
th 

respect to CK 

2-484 

Test conditions 

vedV) 

2.0 

4.5 

6 •. 0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

'.. MllSUBISHI 
;"ELECTRIC 

Limits 

2S"C -40-+8S"C 

Min Typ Max Min Max 

60 75 

12 15 

10 13 \ 

50 65 
-

10 13 

9 11 

25 30 

5 6 

5 6 

Unit 

MHz 

ns 

ns 

ns 

ns 

pF 

Unit 

ns 

ns 

ns 



Note 4 Test Circuit 

INPUT Vee 

PG ~-+--~ OUT 

son 
GNO 

TIMING DIAGRAM 

o 

CK 

a 

a 

a 

MITSUBISHI HIGH SPEED CMOS 

M74HC534.1P/FP/DWP 

OCTAL I-STATE INVERTING D-TYPE FLIP-FLOP 

OUTPUT 2XVOH 

~ RL = soon 
sw 

RL = soon 

50% 

tsu 

_----- Vee 

GNO 

Parameter SW 

tTLH• tTHL 
Open 

t pLH• tpHL 

tpLZ Closed 

tpHZ Open 

tPZL Closed 

tpzH Open 

(llThe pulse generator (PG) has the following 
characteristics·(10%-90%): tr = 3ns, tf = 3ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe Input capacitance. 

Vee 

GNO 

th 

Vee 

GNO 

V OH 

VOL 
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INVERTING D-TYPE FLIP-FLOP WITH LSTTL-COMPATIBLE INPUTS 

DESCRIPTION 
The M74HCT534-1 is a semiconductor., integrated circuit 
consisting of eight edge-triggered 3-state output D-type 
flip-flops with common, clock input and output-enable input. 

FEATURES 
• TTL level inputs V1L =0.8V max, VIH=2.0V min 
• High-fanout 3-state output: (loL =6mA, IOH= -6mA) 
• High-speed: (Clock frequency) 55MHz typ: 

(CL =50pF, Vcc=5V) 
• Low power dissipation: 25,uW/package, max 

(Vcc=5V, Ta=25°C, quiescent state) 
• Capable of driving 60 74LSTTL loads 
• Wide operating temperature range: T a=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HCT534-1 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equi't(alent to the 
74LS534. 
The circuit is'designed to suppress the increased switching 
noise that normally occurs at high output currents. 
As the inputs are TTL level, the device can be used as a 
level· converter from LSTTL to high-speed CMOS. In that 
case, no pull-up resistors are required. 
The M74HCT534-1 contains eight edge-triggered D-type 
flip-flops, sharing common clock input CK and output-

LOGIC DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

~Y;JTUT-ENABLE OE

OUTPUT '00-

I 00-
DATA INPUTS 

01-

l '01-
OUTPUTS 

'02-

I
, 02-

DATA INPUTS 
03-

OUTPUT '03-

GND 

enable input OE. 

20P4 
Outline 20P2N 

20P2V 

Vee 

OUTPUT 

OUTPUT 

- CK CLOCK INPUT 

When CK changes from low-level to high-level, the signals 
just previously input at 0 is stored in the flip-flop. 
When output-enable input OE is low, the Signals stored in 
the flip-flop will be output to Q. 
When OE is high, all outputs a will become high
impedance state. The contents stored in the flip-flop are 
not affected even if OE is changed. 
A version of the M74HCT534-1 with the same pin connec
tions and a non inverted output, the M74HCT374-1, is also 
available. 

OUTPUTS r-__________________ ~A~ ______________________________ ~ 

'00 

OUTPUT-ENABLE-- '~~--~~~----~+-----~+-----~+-----~+-----~4-----~4---~ INPUT OE ,. 

CLOCK INPUT 

, 2-486 

01 
~------------------------~v~----------------------------~/ 

DATA INPUTS 
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MITSUBISHI HIGH SPEED CMOS 

M74HCTS34-1P/FP/DWP 

OCTAL 3·STATE 
INVERTING D· TYPE FLIP·FLOP WITH LS.TTL·COMPATIBLE INPUTS 

FUNCTION TABLE (Note 1) 

Inputs Output 

OE CK 0 0 
L t L H 

L t H L 

L L X 0° 
L H X 0° 
L + X 0° 
H X X Z 

- -
Note 1 0°: Output state a before clock input changed 

Z : High impedance 
X : Irrelevant 
t : Change from low to high level 
+ : Change from bigh to low level 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI<OV 
11K Input protection diode current 

VI> Vec 

Vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current, per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HCT534-1FP, Ta = -40-+75·C and Ta = 75-S5·C are derated at -7mW/"C. 
M74HCT534-1DWP, Ta = -40-+S0·C and Ta = SO-85'C are derated at -7mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+S5·C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Ambient operating temperature 

I Vec = 4.5V 
t r• tf Input risetlme, falltime I Vcc=5.5V 

Limits 

Min Typ Max 

4.5 5.5 

0 Vee 

0 Vee 
-40 +85 

0 

0 

'.MITSUBISHI 
.... ELECTRIC 

25 

15 

Unit 

V 

V 

V 
·C 

nslV 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±50 rnA 
±200 rnA 

500 rnW 
-65-+150 ·C 
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MITSUBISHI HIGH SPEED CMOS 

M74HCTS34·1P/FP/DWP 

OCTAL 3-STATE 
INVERTING D-TYPE FLIP-FLOP WITH LSTTL-COMPATIBLE INPUTS 

ELECTRICAL CHARACTERISTICS (Vee = 5V±10%. unless otherwise noted) 

limits 

Symbol Parameter Test conditions 25"C -40-+S5"C 

Min Typ Max Min Max 

V IH High-level Input voltage 
Vo = O.lV, Vec-O.lV 

2.0 2.0 
1101 = 20J,lA 

V IL Low-level Input voltage 
Vo = O. lV, Vec-O. lV 

0.8 0.8 
1101 = 20J-lA 

VOH High-level output voltage VI = VIL 
10H = -20J-lA Vee-D. 1 Vee-D. 1 

10H= -24mA, Vce =4.5V 3.98 3.84 

VOL Low-level output voltage VI=·VIH, 
10L= 20J,lA 0.1 0.1 

VIL 
10L = 24mA, Vcc = 4.5V 0.39 0.5 

IIH High-level Input current VI= Vce 0.1 1.0 

IlL Low-level Input current VI= GND -0.1 -1.0 

lozH Off-state high-level output current Vi = VIH, VIL, Vo= Vcc 0.5 5.0 

lozL Off-state low-level output current VI = VIH, VIL, Vo= GND -0.5 -5.0 

Icc Quiescent supply current VI = Vce, GND, 10 = OJ-lA 5.0 50.0 

Alec Maximum quiescent supply current VI =2.4\f, O.4V(Note3) 2.7 2.9 

Note 3 : Only one input is set at this value and all other inputs are fixed at Vee or GND. 

SWITCHING CHARACTERISTICS (Vee = 5V. Ta = 25"C) 

limits 
Symbol Parameter Test conditions 

Min Typ Max 

fmax Maximum clock frequency 35 

tTLH Low-level to high-level and high-level to low-level 10 

hHL output transition time CL = 50pF (Note5) 10 

tpLH Low-level to high-level and high-level to low-level 20 

tpHL output propagation time (CK - 0) 20 

t pLZ Output disable time from low-level and high-level 
CL= 5pF(Note5) 

20 

t pHZ (OE-O) 20 

tPZL Output enable time to low-level and high-level 
CL = 50pF (Note 5) 

23 

t PZH (OE-O) 23 

SWITCHING CHARACTERISTICS (Vee = SV±10%. Ta = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 2S'C -40-+SS'C 

Min Typ Max Min Max 

fmax Maximum clock frequency 32 26 

tTLH Low-level to high-level and 12 15 
high-level to low-level 

12 15 tTHL output transition time " 

tpLH LOW-level to high-level and 22 28 
high-level to low-level 

tpHL 
output l2!.opagation time 

22 28 (CK-Q) 

Output disable time from 
CL = 50pF (Note 5) 

tpLz 25 31 
low-level and high-level 

t pHZ (OE-O) 25 31 

tPZL 
Output enable time to 25 31 
low-level and high-level 

t PZH (OE-O) 25 31 

C I Input capacitance 10 10 

Co Off-state output capacitance OE=Vce 15 15 

Cpo Power dissipation capacitance (Note 4) 

Note 4 CPO is the internal capacitance of the IC calculate'd from operation supply current under no-load conditions. (per flip-flop) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2
• fl+lec ' Vee 

2-488 • ' ,MITSUBISHI 
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Unit 

V 

V 

V 

V 

J.lA 

J.lA 

J.lA 

mA 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

MHz 

ns 

ns 

ns 

ns 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HCTS34-1P/FP/DWP 

OCTAL 3·STATE 
INVERTING D· TYPE FLIP·FLOP WITH LSTTL·COMPATIBLE INPUTS 

TIMING REQUIREMENTS (Vee = SV±10%, Ta = -40-+8S
0

C) 

limits 

Symbol Parameter Test conditions 25"C -40-+85"C 

Min Typ Max Min 

tw Clock pluse width 12 15 

tsu o setup time with respectto CK 10 13 

th o hold time with respect to CK 5 6 

Note 5 : Test Circuit Parameter SW 

tTLH, tTHL 
Open 

INPUT Vee OUTPUT 2XVOH t pLH, tpHL 

PG OUT 

son 
GNO ICL 

TIMING' DIAGRAM 

0 

tsu th 

CK 

Q 

OE 

Q 

Q 

~ RL = soon 
sw 

1. 3V 

tsu 

_-----3V 

OV 

tpLZ Closed 

tpHZ Open 

tPZL Closed 

tPZH Open 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 3ns, tf = 3ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

3V 

1. 3V 
OV 

th 

3V 

OV 

VOH 

VOL 
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Max 

Unit 

ns 

ns 

ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HCS40P/FP/DWP 

. OCTAL 3·STATE INVERTING BUFFER/LINEDRIVE·R/LINE RECEIVER 

DESCRIPTION 
The M74HC540 is a semiconductor integrated circuit con
sisting of 3-state inverting buffers each with eight indepen
dent circuits that share a common enable inputs. 

FEATURES 
• High-speed: 12ns typo (CL =50pF, Vcc=5V) 
• Low power dissipation: 20,uW/package, max 

(Vcc=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vcc, min (Vcc=4.5V, 6V) 
• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: T a=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC540 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS .logic 40008 series 
while giving high-speed performance equivalent to the 
74LS540. 
The M74HC540 has hysteresis characteristics in the input 
circuits and inverting 3-state outputs with a high noise 
margin. 
When the output enable inputs OE1 and OE2 are both low, 
and an input A is low, then the corresponding output Y will 
become high: when A is high, Y will become low. 
When either OE1 or OE2 is high, all outputs will become 
the high-impedance state, irrespective of A. 
The input and output pins are arranged for facilitated board 
layout (data flow-through pin out). 

LOGIC DIAGRAM (EACH BUFFER) 

INPUT A 

OUTPUT ENABLE INPUTS 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT ENABLE -
INPUT OE1- Vee 

A1- 19 _ OE2 ?~:G~T ENABLE 

INPUTS 

GND 

20P4 
Outline 20P2N 

20P2V 

FUNCTION TABLE (Note 1) 

Inputs 

A OE1 

L L 

H L 

X L 

X H 

X H 

Note 1 Z: High impedance 
X : Irrelevant 

TO OTHER BUFFERS 

*' I 
I 
I 

OE2 

L 

L 

H 

L 

H 

Output 
y 

H 

L 

Z 

Z 

Z 

~---(') Y OUTPUT 

OUTPUTS 
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MITSUBISHI HIGH SPEED CMOS 

M74HCS40P/FP/DWP 

OCTAL 3-STATE INVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI< OV 
11K Input protection diode current 

VI> Vee 

vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 M74HC540FP, Ta = -40-+75'C andTa = 75-85'C are derated at -7mW/'C. 
M74HC540DWP, Ta = -40-+80'C and Ta = 80-85'C are derated at -7mW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

I Vee = 2.0V 0 1000 

t r, tf Input risetime, falltime I Vee = 4.SV 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

10zH Off-state high-level output current 

10zL Off-state low-level output current 

Icc Quiescent supply current 

Test conditions 

vcctV) 

2.0 
Vo=O.lV 

4.5 
1101 = 20f./A 

6.0 

2.0 
Vo = O. lV, Vcc-O.1V 

4.5 
110 I =20f./A 

6.0 

10H = -20f./A 2.0 

10H = -20f./A 4.5 

VI=VIL 10H = -20f./A 6.0 

10H = -6.0mA 4.5 

10H= -7.8mA 6.0 

10L = 20f./A 2.0 

10L = 20f./A 4.5 

VI = VIH, VIL 10L = 20f./A 6.0 

10L = 6.0mA 4.5 

10L = 7.BmA 6.0 

VI =6V 6.0 

VI=OV 6.0 

VI=VIH, VIL, Vo= Vee 6.0 

VI = VIH, VIL, Vo= GND 6.0 

VI = Vee, GND, 10 = Of./A 6.0 

• "MITSUBISHI 
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Unit 

V 

V 

V 

·c 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 
-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±35 rnA 
±75 rnA 
500 rnW 

-65-+150 ·c 

Limits 

2S'C -40-+8S'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1. 35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 

-0.1 -1.0 
/-LA 

0.5 5.0 

-0.5 -5.0 
/-LA 

4.0 40.0 /-LA 
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MITSUBISHI HIGH SPEED CMOS 

M74HCS40P/FP/DWP 

OCTAL I·STATE INVERTING BUFFER/LIN~ DRIVER/LINE RECEIVER 

SWITCHING CHARACTERISTICS (Vee = SV, Ta = 2S'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

10 tTHL output transition time 
CL = SOpF (Note 4) 

t pLH Low-level to high-level and high-level to low-level 18 

tpHL output propagation time (A - y) 18 

t pLZ Output disable time from low-level and high-level 
CL = 5 pF (Note 4) 

25 

(OE-Y) 25 t pHZ 

t pzL Output enable time to low-level-and high-level 
CL = SOpF (Note 4) 

28 

(OE-Y) 28 tpZH 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+8S'C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+BS'C 

tTLH 

hHL 

t pLH 

tpHL 

tpLH 

t pHL 

t pLZ 

t pHZ 

t PZL 

t PZH 

t PZL 

t PZH 

C, 

Co 

Cpo 

Note 3 

2-492 

vcdv) Min Typ ,Max Min 

2.0 60 

Low-level to high-level and 4.5 12 

CL = SOpF (Note 4) 
6.0 10 

high-level to low-level 
2.0 60 

output transition time 4.5 12 

6.0 10 

2.0 100 

4.5 20 

CL = SOpF (Note 4) 
6.0 17 

2.0 100 

Low-level to high-level and 4.5 20 

high-level to low-level 6.0 17 

output propagation time 2.0 150 

(A-Y) 4.5 30 

CL = 1 SOpF (Note 4) 
6.0 26 

2.0 150 

4.5 30 

6.0 26 

2.0 150 

Output disable time from 4.5 30 

CL = SOpF (Note 4) 
6.0 26 

low-level and high-level 
,2.0 150 

(OE-Y) 4.5 30 

6.0 26 

2.0 150 

4.5 30 

CL = SOpF (Note 4) 
6.0 26 

2.0 150 

Output enable time to 4.5 30 

6.0 26 
low-level and high-level 

2.0 200 

(OE-Y) 4.~ 40 

CL = 1S0pF (Note 4) 
6.0 34 

2.0 200 

4.5 40 

6.0 34 

Input capacitance 10 

Off-state output capacitance OE = Vec 15 

Power dissipation capacitance (Note 3) 40 

CPO is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per buffer) 
The power dissipated during operation under no-19ad conditions is calculated using the following formula: 
Po,= Cpo' Vce

2 
• f,+lee • Vee 
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Max 

75 

15 

13 

75 

15 

13 

126 

25 

21 

126 

25 

21 

190 

38 

32 

190 

38 

32 

189 

38 

32 

189 

38 

32 

1-89 

38 

32 

189 

38 

32 

252 

50 

43 

252 

50 

43 

10 

15 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 

pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC540P/FP/DWP 

OCTAL 3-STATE INVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

Note 4 : Test Circuit 

INPUT Vee OUTPUT 

PG DUT 

50n 
GND ICL 

TIMING DIAGRAM 

A 

tpHL 

Y 

tTHL 

OE 

tpZL 

y 

tPZH 

y 

Parameter SWl SW2 

tTLH• tTHL 

Vee t pLH• t pHL 
Open Open 

tpLH 

~RL=lkn 
SWl 

SW2 1 R,-lkO 

tTLH 

t pLZ Closed Open 

tpHZ Open Closed 

tPZL Closed Open 

t~ZH Open Closed 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vec 

GND 

VOH 

VOL 

Vcc 

GND 

VOL 

VOH 
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MITSUBISHI HIGH SPEED·' CMOS 

M74HCS41P/FP/DWP 

OCTAL a-STATE NON INVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

DESCRIPTION 
The M74HC541 is a semiconductor integrated circuit con
sisting of 3-state non-inverting buffers each with eight inde
pendent circuits that share a common enable inputs. 

FEATURES 
• High-speed: 14ns typo (CL=SOpF, Vec=5V) 
• Low power dissipation: 20.uW/package, max 

(Vee=5V, T a=2S·C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.SV, 6V) 
• Capable of driving 1S 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+SS·C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HCS41 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LSS41. 
The M74HC541 has hysteresis characteristics in the input 
circuits and noninverting 3-state outputs with a high noise' 
margin. 
When the output enable inputs OE1 and OE2 are both low, 
and an input A is low, then the corresponding output Y will 
become low; when A is high, Y will become high. 
When either OE1 or OE2 is high, all outputs will become 
the high-impedance state, irrespective of A. 
The input and output pins are arranged for facilitated board 
layout (data flow-through pin out). 

LOGIC DIAGRAM (EACH BUFFER) 

INPUT A o----t 

OE1 Q---CI 

OUTPUT ENABLE INPUTS 

OE20---o 

PIN CONFIGURATION (TOP VIEW) 

A2-

A3-

A4-
INPUTS 

A5-

A6-

A7-

A8-

GND 

20P4 
Outline 20P2N 

20P2V 

FUNCTION TABLE (Note 1) 

Inputs 

A OE1 

L L 

H L 
X, L 

X H 

X H 

Note 1 Z: High impedance 
X : Irrelevant 

OE2 

L 

L 

H 

L 

H 

TO OTHER BUFFERS 

~ 
I 
I 

Output 
y 

L 

H 

Z 

Z 

Z 

>----0 Y OUTPUT 
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MITSUBISHI HIGH SPEED CMOS 

M74HCS41P/FP/DWP 

OCTAL 3·STATE NONINVERTING BUFFER/LINE DRIVER/LINE RECEIVER 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C. unless otherwise noted) 

Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage -0.5-+7.0 V 

VI Input voltage -0. 5-Vee+0. 5 V 

Vo Output voltage -0. 5-Vee+0. 5 V 

VI< OV -20 
11K Input protection diode current 

20 
mA 

VI> Vce 

10K 
Vo< OV -20 

Output parasitic diode current mA 
Vo > Vee 20 

10 Output current per output pin ±35 rnA 
lee Supply/GND current Vee. GND ±75 rnA 
Pd Power dissipation (Note2) 500 mW 
Tstg Storage temperature range -65-+150 ·C 

Note 2 : M74HC541FP, Ta = -40-+75·C and Ta = 75-85·C are derated at -7mW/"C. 
M74HC541 DWP, Ta = -40-+80·C and Ta = 80-85·C are derated at -7mW/"C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85·C) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 2 6 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Topr Operating temperature range -40 +85 ·C 

I Vee = 2.0V 0 1000 

t r, tf Input risetime. falltime I Vee = 4.SV 0 500 ns 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 
Limits 

Symbol Parameter Test conditions 2S·C -40-+8SoC Unit 

VeC<v) Min Typ Max Min Max 

2.0 1.5 1.5 

V IH High-level input voltage 
Vo= Vee-O.1V 

4.5 3.15 3.15 V 
1101 =20/J.A 

6.0 4.2 4.2 

Vo = O. lV, Vee-O.1V 
2.0 0.5 0.5 

V IL Low-level input voltage 
1101 = 20/J.A 

4.5 1.35 1. 35 V 

6.0 1.8 1.8 

10H = -20/J.A 2.0 1.9 1.9 

10H = -20/J.A 4.5 4.4 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -20/J.A 6.0 5.9 5.9 V 

10H = -6.0mA 4.5 4.18 4.13 

10H = -7. SmA 6.0 5.68 5.63 

10L = 20/J.A 2.0 0.1 0.1 

10L = 20/J.A 4.5 0.1 6.1 

VOL Low-level output voltage VI=VIL 10L = 20/J.A 6.0 0.1 0.1 V 

10L = 6.0mA 4.5 0.26 0.33 

10L = 7.BmA 6.0 0.26 0.33 

IIH High-level input current VI =6V 6.0 0.1 1.0 

IlL VI=OV 6.0 -0.1 -1.0 
/-LA 

Low-level input current 

10zH Off-state high-level output current VI= VIH, VIL, Vo= Vee 6.0 0.5 5.0 

10ZL Off-state low-level output current VIL, Vo = GND 6.0 -0.5 -5.0 
/-LA 

VI=VIH. 

lee Quiescent supply current VI = Vee, GND, lo=O/J.A 6.0 4.0 40.0 /-LA 

o··c • 0 MITSUBISHI 
..... ELECTRIC. 
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MITSUBISHI HIGH SPEED CMOS 
,:,.: ~ " 

, /"\' M74HC541P/FP/DWP 

OCTAL 3':STATE NONINVERTINGBUFFER/LINE DRIVER/LINE RECEIVER 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH ,Low-level to high-level and high-level to low-level 10 

10 tTHL output transition time 
CL = 50p,," (Note 4) 

t pLH Low-level to high-level and high-level to low-level 20 

t pHL output propagation time (A - V) 20 

t pLZ Output disable time from low-level and high-level 
CL = 5 pF (Note 4) 

25 

(OE-V) 25 t pHZ 

tPZL Output enable time to low-level and high-level 
CL = 50pF (Note 4) 

28 

(OE-V) 28 t PZH 

SWITCHING CHARACTERISTICS (Vec = 2",:,6V, T a = -40-+S5'C) 

Symbol 

tTLH 

tTHL 

t pLH 

tpHL 

t pLH 

tpHL 

t pLZ 

t pHZ 

tPZL 

t PZH 

tPZL 

t PZH 

C, 

Co 

Cpo 

Note 3 

2-496 

Limits 

Parameter Test conditions 25"C -40-+B5"C 

vcdv) Min Typ Max Min 

2.0 60 

Low-level to high-level and 4.5 12 

CL= 50pF (Note 4) 
6.0 10 

high-level to low-level 
2.0 60 

output transition time 4.5 12 

6.0 10 

2.0 115 

4.5 23 

CL = 50pF (Note 4) 
6.0 20 

2.0 115 

Low-level to high-level and 4.5 23 

high-level to low-level 6.0 20 

output propagation time 2.0 165 

(A-V) 4.5 33 

CL = 150pF (Note 4) 
6.0 28 

2.0 165 

4.5 33 

6.0 28 

2.0 150 

Output disable time from 4.5 30 

CL = 50pF (Note 4) 
6.0 26 

low-level and high-level 
2.0 150 

(OE-V) 4.5 30 

6.0 26 

2.0 150 

4.5 30 

CL = 50pF (Note4) 
6.0 26 

2.0 150 

Output enable time to 4.5 30 

6.0 26 
low-level and high-level 

2.0 200 

(OE-Y) 4.5 40 

CL = 150pF (Note4) 
6.0 34 

2.0 200 

4.5 40 

6.6 34 

Input capacitance 10 

Off-state output capacitance OE= vcc 15 

Power dissi~ation capacitance (Note 3) 44 

CPO is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per buffer) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• f,+lee • Vee 

•. MITSUBISHI 
;'ELECTRIC' 

Max 

75 

15 

13 

75 

15 

13 

145 

29 

25 

145 

29 

25 

208 

42 

35 

208 

42 

35 

189 

38 

32 

189 

38 

32 

189 

38 

32 

189 

38 

32 

252 

50 

43 

252 

50 

43 

10 

15 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 

pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HCS41P/FP/DWP 

OCTAL 3-STATE NONINVERTING BUFFER/ LINE DRIVER/ LINE RECEIVER 

Note 4 Test Circuit 

INPUT Vee OUTPUT 

PG ~-+---t OUT 

50n 
GNO 

TIMING DIAGRAM 

A 

y 

OE 

tPZL 

y 

tPZH 

y 

Parameter SWl SW2 

t TLH • tTHL 
Open Open 

t pLH • t pHL 

t pLZ Closed Open 

t pHZ Open Closed 

t PZL Closed Open 

t PZH Open Closed 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

~---------------- GNO 

Vee 

GNO 

VOL 

VOH 
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N' MITSUBISHI HIGH SPEED CMOS 

~~\\f\\~o~~""· M74HC563P/FP/DWP 
~~ \;-""" \\1\~\ ~9"\ \0 c"~ 'P . 1\0\ ~ ",~'o\eC 

. . '1:"\~ ~'" ,\S ~te 

~;~:e\t\c\\tI', OCTAL 3-STATE INVERTING D-TYPE TRANSPARENT LATCH 

DESCRIPTION 
The M74HC563 is a semiconductor integrated circuit con
sisting of eight three-state-output D-type latches with com
mon latch-enable input and output-enable input. 

FEATURES 
• High-fanout 3-state output: (loL =6mA, IOH=-6mA) 
• High-speed: 12ns typo (CL=50pF, Vcc=5V) 
• Low power dissipation: 20,uW/package, max 

(Vce=5V, Ta=25"C, quiescent state) 
• High noise margin: 30% of Vee, min (Vce=4.5V, 6V) 
• Capable of driving 157 4LSTTL loads 
• Wide operating voltage range: Vec=2-6V 
• Wide operating temperature range: Ta=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC563 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS563. 
The M74HC563 consists of eight D-type latches with latch
enable input LE and output-enable input OE common to all 
circuits. 
When LE is high, the signals of data input D will go through 
the latch and be output to inverted output Q. When the 
state of 0 changes, the state of Q will also change. When 

LOGIC DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT _ 
ENABLE INPUT OE-+ 

00-+ 

01-+ 

02-+ 

DATA INPUTS 
03-+ 

04-+ 

06-+ 

07-+ 

GNO 

20P4 
Outline 20P2N 

20P2V 

Vee 

OUTPUTS 

+- LE ~~3~ ENABLE 

LE changes from high-level to low-level, the data existing 
immediately prior to the change at D will be stored in the 
latch. 

Even if other inputs are changed when LE is low, the con
tents stored in the latch will not be affected. 
When . OE is high, all outputs Q will become high
impedance state. 

A version of the M74HC563 with the same pin connections 
and a non inverted output, the M74HC573, is also available. 

OUTPUTS 
~ __________________ ~A~ ________________________________ ~ 

OUTPUT 
ENABLE INPUT OE 

LATCH_ 
ENABLE INPUT" LE 11)......4~-+4------...,....------+--------~------~------~------t+--------f-l 

DO 01 02 

2-498 

03 04 

DATA INPUTS 
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MITSUBISHI HIGH SPEED CMOS 

M74HCS63P/FP/DWP 

OCTAL 3-STATE INVERTING D-TYPE TRANSPARENT LATCH 

FUNCTION TABLE (Note 1) 

Inputs Output 

OE LE 0 0 
L H H L 

L H L H 

L L X 0° 
H X X Z 

- - -
Note 1 0°: Output state 0 before LE changed 

Z : High Impedance 
X : Irrelevant 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vce Supply voltage 

VI Input voltage 

Vo Output voltage 

VI <OV 
11K Input protection diode current 

VI> Vec 

Vo< OV 
10K Output parasitic diode current 

Vo > Vce 

10 Output current per output pin 

lee Supply/GND current Vce. GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 : M74HC563FP, Ta = -40--+75'C and Ta = 75-85'C are derated at -7mW/'C. 
M74HC563DWP, Ta = -40-+80'C and Ta = 80-85'C are derated at -7mW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Toor Ambient operating temperature 

I Vee = 2.0V 

t r• tf Input risetime. falltime I Vee=4.5V 

I Vee = 6.0V 

Limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 
-40 +85 

0 1000 

0 500 

0 400 

• MITSUBISHI 
~ELECTRIC 

Unit 

V 

V 

V 

'c 

ns 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±35 mA 

±75 mA 

500 mW 

-65-+150 'C 
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MITSUBISHI HIGH SPEED CMOS 

M74HC563P/FP/DWP 

OCTAL 3·STATE INVERTING D·TVPE TRANSPARENT LATCH 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions' 

VcC<V) Min 

Vo = O. lV, Vcc-O.1V 
2.0 1.5 

V IH High-level Input voltage 
\10\ = 20pA 

4.5 3.15 
6.0 4.2 

Vo = O. lV, Vce-O.1V 
2.0 

V IL Low-level Input voltage 4.5 
\10\ = 20pA 

6.0 
10H = -20pA 2.0 1.9 
10H = -20pA 4.5 4.4 

V OH High-level output voltage VI = VIH, Vil 10H = -20pA 6.0 5.9 
10H = -S.OmA 4.5 4.18 
10H = -7. SmA 6.0 5.68 
10l = 20pA 2.0 
10l = 20pA 4.5 

VOL Low-level output voltage VI = VIH, Vil 10l = 20pA 6.0 
10l =6.0mA 4.5 
10l = 7. SmA 6.0 

IIH High-level Input current VI=SV 6.0 

IlL Low-level input current VI=OV 6.0 
lozH Off-state high-level output current VI = VIH, Vll, Vo = Vee 6.0 

lozL Off-state low-level output current VI = VIH, VIL, Vo = GNO 6.0 

Icc Quiescent supply current VI = Vee, GNO, 10 = OpA 6.0 

SWITCHING CHARACTERISTICS (Vee = SV. T a = 2S'C) 

Symbol Parameter Test conditions 

hLH 

tTHL 

tpLH 

t pHL 

t pLH 

t pHL 

t pLZ 

t pHZ 

t pZL 

t pZH 

2-500 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (0 - C) 

Low-level to high-level and high-level to low-level 

output propagation time (LE - C) 

Output disable time frorTtlow-level and high-level 

(DE-C) 

Output enable time to low-level and high-level 

(OE-C) 

CL = SOpF (Note 4) 

CL = 5 pF (Note 4 ) 

CL = 50pF (Note 4) 

" 'MITS, UBISHI 
;"'ELECTRIC.·, 

Limits 

25'C -40-+as'C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

\ 
1.35 1.35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 

0.1' 1.0 J..lA 

-0.1 -1.0 J..lA 

0.5 5.0 J..lA 

-0.5 -5.0 J..lA 

4.0 40.0 J..lA 

Limits 
Unit 

Min Typ Max 

10 ns 
10 ns 
25 nS 
25 ns 
30 ns 
30 nS 
25 ns 
25 ns 
28 ns 
28 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HCS63P/FP/DWP 

OCTAL' 3-STATE INVERTING D-TYPE TRANSPARENT LATCH 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85°C) 

Limits 

Symbol Parameter Test conditions 2S"C 

VeC<V) Min Typ Max 

2.0 60 

tTLH Low-level to high-level and 4.5 12 

CL = SOpF (Note4) 
6.0 10 

high-level to low-level 
2.0 60 

tTHL output transition time 4.5 12 

6.0 10 

2.0 150 

t pLH 4.5 30 

CL = SOpF (Note4) 
6.0 26 

2.0 150 

t pHL Low-level to high-level and 4.5 30 

high-level to low-level 6.0 26 

output propagation time 2.0 200 

t pLH (0-0) 4.5 40 

CL = lS0pF (Note 4) 
6.0 34 

2.0 200 

t pHL 4.5 40 

6.0 34 

2.0 175 

t pLH 4.5 35 

CL = SOpF (Note 4) 
6.0 30 

2.0 175 

tpHL Low-level to high-level and 4.5 35 

high-level to low-level 6.0 30 

output propagation time 2.0 225 

t pLH (IE-a) 4.5 45 

CL = lS0pF (Note 4) 
6.0 38 

2.0 225 

t pHL 4.5 45 

6.0 38 

2.0 150 

tpLZ Output disable time from 4.5 30 

CL = SOpF (Note4) 
6.0 26 

low-level and high-level 
2.0 150 

t pHZ (OE-a) 4.5 30 

6.0 26 

2.0 150 

t PZL 4.5 30 

CL = SOpF (Note 4) 
6.0 26 

2.0 150 

t PZH Output enable time to 4.5 30 

6.0 26 
low-level and high-level 

2.0 200 

tpzL (OE-a) 4.5 40 

CL = lS0pF (Note 4) 
6.0 34 

2.0 200 

t PZH 4.5 40 

6.0 34 

C 1 Input capacitance 10 

Co Off-state output capacitance OE = Vee 15 

Cpo Power dissipation capacitance (Note 3) 

Note 3 Cpo is the internal capacitance of the IC calculated from opera~ion supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo • Vee

2 
• fl+lec • Vee 

• MITSUBISHI 
'" ELECTRIC 

-40-+85"C Unit 

Min Max 

75 

15 ns 

13 

75 

15 ns 

13 

189 

38 ns 

32 

189 

38 ns 

32 

252 

50 ns 

43 

252 

50 ns 

43 

221 

44 ns 

37 

221 

44 ns 

37 

284 

57 ns 

48 

284 

57 ns 

48 

189 

38 ns 

32 

189 

38 ns 

32 

189 

38 ns 

32 

189 

38 ns 

32 

252 

50 ns 

43 

252 

50 ns 

43 

10 pF 

15 pF 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HCS63P/FP/DWP 

OCTAL 3-STATE INVERTING D-TYPE TRANSPARENT LATCH 

TIMING REQUIREMENTS (Vee = 2-6V, T a = -40-+85·C) 

Symbol Parameter 

tw Latch enable pulse width 

o setup time with 
tsu -

respect to LE 

o hold time with 
th -

respect to LE 

Note 4 Test Circuit 

INPUT Vee OUTPUT 

PG OUT 

50n 
GND ICL 

TIMING DIAGRAM 

o 

OE 

Q 

Q 

2-502 

Test conditions 

Vee 

~RL=lkn 
SWl 

SW2 I R, ~ Ikn 

Vee 

GNO 

VOL 

VOH 

limits 

25"C 

vcdv) Min Typ Max 

2.0 SO 
4.5 16 
6.0 14 
2.0 75 
4.5 15 

6.0 13 
2.0 50 
4.5 10 
6.0 9 

Parameter SW1 SW2 

tTLH• tTHL 
Open Open 

tpLH• tpHL 

t pLZ Closed Open 

t pHZ Open Closed 

t PZL Closed Open 

tPZH Open Closed 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

tw 

LE 

Q 

0 

0 

tsu th 

LE 

" . 'MITSUBISH. I 1'& ELECTRIC 

-40-+B5"C Unit 

Min Max 

1m 
20 ns 

17 
90 
1S ns 

16 
60 
12 ns 

11 

Vee 

GND 

VOH 

VOL 

Vee 

GNO 

Vee 

GNO 

VOH 

VOL 



MITSUBISHI HIGH SPEED CMOS 

M74HCS64P/FP/DWP 

OCTAL 3-STATE INVERTING D-TYPE FLIP-FLOP 

DESCRIPTION 
The M74HC564 is a semiconductor integrated circuit con
sisting of eight edge-triggered D-type flip-flops with 3-state 
outputs, common clock input and output-enable input. 

FEATURES 
• High-fanout 3-state output: (loL =6mA, IOH=-6mA) 
• High-speed: (clock frequency) 40MHz typo 

(CL =50pF, Vee=5V) 

PIN CONFIGURATION (TOP VIEW) 

?NU~~~T.ENABLE OE -+ 

00-+ 

01-+ 

02-+ 

03-+ 

Vee 

• Low power dissipation: 20,uW/paekage, max DATA INPUTS OUTPUTS 

(Vee=5V, Ta=25°C, quiescent state) 04-+ 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 05-+ 

• Capable of driving 15 74LSTTL loads 06-+ 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+85°C 

07-+ 

GNO 11 - CK CLOCK INPUT 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

20P4 
Outline 20P2N 

20P2V 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC564 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS564. 

A version of the M74HC564 with the same pin connections 
and a non inverted output, the M74HC574, is also available. 

FUNCTION TABLE (Note 1) 

The M74HC564 contains eight edge-triggered D-type flip
flops, sharing common clock input CK and output-enable 
input OE. 

When CK changes from low-level to high-level, the signals 
just previously input at D stores in the flip-flop. 

OE 

L 

L 

L 

L 

L 

H 
-

Inputs 

CK 

t 
t 
L 

H 

~ 

X 

Output 

D Q 

L H 

H L 

X QO 

X 0° 
X 0° 
X Z When output-enable input OE is low, the signals stored in 

the flip-flop will be inverted and output to Q. 
-

Note 1 0° Output state 0 before CK changed 

When the OE is high, all outputs Q will become high impe
dance state. Even if OE is changed, the contents stored in 
the flip-flop will not be affected. 

LOGIC DIAGRAM 

00 02 

OUTPUT -ENABLE 
INPUT 

OE 

OUTPUTS 

03 

Z High impedance 
X Irrelevant 
t Change from lOW-level to high-level 
~ Change from high-level to lOW-level 

05 06 

CLOCKINPUTCK 11r;~~------~------~------~------~~--~~~-----+~----~~ 

DO 01 02 03 04 05 06 07 
~------------------~----~v~----------------------------~ 

DATA INPUTS 

'. .. MITSUBISHI 
.... ELECTRIC 2-503 



MITSUBISHI HIGH SPEED CMOS 

M74HC564P/FP/DWP' 

. \ OC.TAL 3-STATE INVERTING D-TYPE FLIP-FLOP 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5t. unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

v,< OV 
11K Input protection diode current 

VI> Vee 

Vo< OV 
10K Output parasitic diode current 

Vo > Vce 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC564FP. Ta ='-40-+7S'C and Ta = 7S-SS'C are derated at -7mW/'C. 
M74HC564DWP. T a = -40-+S0t and T a = so-sst are derated at -7mW /'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+SS'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vec 

Vo Output voltage 0 Vcc 

T oDr Ambient operating temperature -40 +85 

Vee=2.0V 0 1000 

t r• tf Input risetlme. falltime Vee = 4.SV 0 500 

Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level inn put current 

10zH Off-state high-level output current 

10ZL Off-state low-level output current 

Icc Quiescent supply current 

2-504 

Test conditions 

Vee(V) 

2.0 
Vo = O. lV, Vee-O. lV 

4.5 
1101 =201LA 

6.0 

2.0 
Vo = O. lV, Vee-O. IV 

4.5 
1101 = 20ILA 

6.0 

10H = -201LA 2.0 

10H = -201LA 4.5 

VI = VIH, Vil 10H = -201LA 6.0 

IOH = -6.0mA 4.5 

10H= -7.BmA 6.0 

10l = 20ILA 2.0 

10l = 20ILA 4.5 

VI = VIH, Vil 10l = 20ILA 6.0 

10l = 6.0mA 4.5 

10l = 7.BmA 6.0 
VI =6V 6.0 

VI=OV 6.0 

VI = VIH, Vll, Vo = Vee 6.0 

VI = VIH, Vllo Va = GND 6.0 

VI = Vee, GND, 10 = OILA 6.0 

'. MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

'c 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±35 rnA 
±75 rnA 
500 rnW 

-65-+150 ·c 

limits 

2S'C -40-+BS'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1. 35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 f..I,A 

-0.1 -1.0 f..I,A 

0.5 5.0 f..I,A 

-0.5 -5.0 f..I,A 

4.0 40.0 f..I,A 

- ~ . 



MITSUBISHI HIGH SPEED CMOS 

M74HCS64P/FP/DWP 

OCTAL 3·STATE INVERTING D· TYPE FLIP·FLOP 

SWITCHING CHARACTERISTICS (Vee = SV, T a = 2S·C) 

Symbol 
Limits 

Parameter Test conditions 
Min Typ Max 

fmax Maximum clock frequency 35 

tTLH Low-level to high-level and high-level to low-level 10 

hHL output transition time CL = SOpF (Note 4) 10 
t pLH Low-level to high-level and high-level to low-level 32 
t pHL output propagation time (CK - a) 32 
t pLZ Output disable time from low-level and high-level 

CL = SpF(Note4) 
25 

t pHZ (OE-a) 25 
t PZL Output enable time to low-level and high-level 

CL = SOpF (Note 4) 
28 

t PZH (OE-a) 28 

SWITCtilNG CHARACTERISTICS (Vee = 2-6V, Ta = -40-+8S·C) 

Limits 

Symbol Parameter Test conditions 2S·C -40-+85"C 

VcclV) Min Typ Max Min 

2. a 6 5 

fmax Maximum clock frequency 4.5 30 24 
6. a 35 28 

2. a 60 

tTLH Low-level to high-level and CL = SOpF (Note 4) 4.5 12 
6. a 10 

high-level to low-level 
2. a 60 

hHL output transition time 4.5 12 

I 6.0 10 

2. a 180 
t pLH 4.5 36 

CL = SOpF (Note 4) 
6.0 31 

2. a 180 

t pHL Low-level to high-level and 4.5 36 
high-level to low-level 6.0 31 
output propagation time 2.0 230 

t pLH (CK-a) 4.5 46 

CL = 1S0pF (Note 4) 
6.0 39 

2. a 230 

t pHL 4.5 46 
6.0 39 
2. a 150 

t pLZ Output disable time from 4.5 30 

CL = SOpF (Note 4) 
6. a 26 

low-level and high-level 
2. a 150 

t pHZ (OE-a) 4.5 30 

6. a 26 

2. a 150 
t PZL 4.5 30 

CL = SOpF (Note 4) 
6. a 26 

2.0 150 

t PZH Output enable time to 4.5 30 

6. a 26 
low-level and high-level 

2.0 200 
t PZL (OE-a) 4.5 40 

CL = 1S0pF (Note 4) 
6. a 34 

2.0 200 
t PZH 4.5 40 

6.0 34 

C 1 Input capacitance 10 

Co Off-state output capacitance OE = Vcc 15 

Cpo Power dissipation capacitance (Note 3) 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per flip flop) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· Vee

2 
• fl+l ce • Vee 

• MITSUBISHI 
~~LECTRIC, 

Max 

75 

15 
13 
75 

15 

13 

227 

45 
39 

227 

45 

39 
290 

58 
49 

290 

58 
49 

189 
38 

32 
189 

38 

32 

189 
38 
32 

189 

38 

32 
252 

50 
43 

252 

50 

43 

10 
15 

Unit 

MHz 

ns 

ns 

ns 

ns 

Unit 

MHz 

ns 

ns, 

ns 

ns 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HC564P/FP/DWP 

OCTAL3·STATE INVERTING D .. TYPE FLIP·FLOP 

TIMING REQUIREMENTS (Vee = 2-6V. T a = -40-+85'C) 

Symbol Parameter 

tw Clock pulse width 

tsu 
o setup time with 

respect to CK 

o hold time with 
th 

respect to CK 

Note 4 : Test Circuit 

INPUT Vee OUTPUT 

PG OUT 

50n 
GND ICL 

TIMING DIAGRAM 

o 

CK 

Q 

OE 

Q 

Q 

2-506 

Limits 

Test conditions 25'C -40-+S5'C 

Vee 

~RL=1kn 
SWl 

SW2 1 R,-lkn 

50% 

tsu 

Vee 

GNO 

VOL 

VOH 

Vce(V) Min Typ Max Min 

2.0 80 101 

4.5 16 20 

6.0 14 17 

2.0 75 90 

4.5 15 18 

6.0 13 16 

2.0 50 60 

4.5 10 12 

6.0 9 11 

Parameter SW1 SW2 

tTLH. tTHL 
Open Open 

tpLH. t pHL 

t pLZ Closed Open 

t pHZ Open Closed 

t PZL Closed Open 

t PZH Open Closed 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

----Vee 

GNO 

Vee 

"------ GNO 

11-------- VOH 

' .... MITSUBISH. I 
..... ELEC1\RIC 

Max 

Unit 

ns 

ns 

ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HCS73P/FP/DWP 

OCTAL 3-STATE NON INVERTING D-TYPE TRANSPARENT LATCH 

DESCRIPTION 
The M74HC573 is a semiconductor integrated circuit con
sisting of eight 3-state output D-type latches with common 
enable input and output-enable input. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High-fanout 3-state output: (loL =6mA, IOH=-6mA) 
• High-speed: 12ns typo (CL=50pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, T a=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 

?~l0VT-ENABLE OE _ 

00-

01-

DATA INPUTS 

05-

06-

GNO 

20P4 
Outline 20P2N 

20P2V 

Vee 

OUTPUTS 

LATCH-ENABLE 
INPUT 

Use of silicon gate technology allows the M74HC573P to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS573. 

A version of the M74HC573 with the same pin connections 
and an inverted output, the M74HC563, is also available. 

The M74HC573 cosists of eight D-type latches with latch
enable input LE and output-enable -input OE common all 
circuits. 
When LE is high, the signals of data input D will go through 
the latch and be output to Q. When the state of D thanges, 
the state of Q will also change. When LE changes from 
high-level to low-level, the data existing immediatery piror 
to the change at D will be stored in the latch. 
Even if other inputs are changed when LE is low, the con
tents stored in the latch will not be affected. 
When output enable input OE is high, all outputs Q will be
come high impedance state. 

LOGIC DIAGRAM 

FUNCTION TABLE (Note 1) 

Inputs Output 

OE LE D Q 

L H H H 
L H L L 

L L X QO 

H X X Z 
-

Note 1 0 0 Output state 0 before LE changed 
Z High impedance 
X Irrelevant 

OUTPUTS 
~ __________ ~A ______________________________ ~ 

OUTPUT
ENABLE 
INPUT 

LATCH
ENABLE 
INPUT 

00 01 02 03 

00 01 02 03 04 05 06 07 
~-------------------------~v~-------------------------~ 

OATA INPUTS 

• MITSUBISHI 
.... ELECTRIC 

I 

-~ 
GNO 
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MITSUBISHI HIGH SPEED CMOS 

M74HCS73P/FP/DWP 

OCTAL 3·STATE NONINVERTING D· TYPE TRANSPARENT LATCH 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5t, unless otherwise noted) 

Symboi Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K Input protection diode current 
VI< OV 

VI> Vee 

10K Output parasitic diode current 
Vo<OV 

Vo > Vee 

10 Output current, per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2: M74HC573FP, Ta = -40-+75·C and Ta = 75-S5·C are derated at -7mW/·C. 
M74HC573DWP, Ta = -40-+S0·C and Ta = SO-S5·C are derated at -7mW/'C. 

RECOMMENDED OPERATING CONDITIONS (T a = -:40-+S5t) 

limits 
Symbol Param'eter' 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Toor Operating temperature range -40 +85 

Vee = 2.0V 0 1000 

tr. tf Input rlsetlme, falltlme Vee = 4.5V 0 500 

Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level Input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level Input current 

10zH Off-state high-level output current 

10ZL Off-state low-level output current 

Icc Quiescent supply current 

2-508 

Test conditions 

vedV) 

2.0 
Vo = O. lV, Vee-O. lV 

4.5 
1101 =20I-lA 

6.0 

2.0 
Vo = O. IV, Vee-O. IV 

4.5 
1101 =201-lA 

6.0 

IOH == -201-lA 2.0 

10H== -201-lA 4.5 

VI = VIH, VIL 10H == -20I-lA 6.0 

10H== -6.0mA 4.5 

10H== -7.8mA 6.0 

IOL==20I-lA 2.0 

10L =201-lA 4.5 

VI== VIH, VIL 10L== 20l-lA 6.0 

10L == 6;OmA 4.5 

10L== 7.8mA 6.0 

VI == 6V 6.0 

VI == OV 6.0 

VI == VIH, VIL, Vo == Vee 6.0 

VI = VIH, VIL. Vo == GND 6.0 

VI == Vee, GND, 10 == OI-lA 6~ 0 

• ,MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

"C 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

+35 mA 
+75 mA 
500 mW 

-65-+150 ·C 

Limits 

25t -40-+85t Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 

-0.1 -1.0 
J.lA 

0.5 5.0 
J.lA 

-0.5 -5.0 

4.0 40.0 J.lA 



MITSUBISHI HIGH SPEED CMOS 

M74HCS73P/FP/DWP 

OCTAL 3-STATE NONINVERTING D-TYPE TRANSPARENT LATCH 

SWITCHING CHARACTERISTICS (Vee = 5V. T a = 25"C) 

Symbol 

t TL•H 

tTHL. 

t pLH 

tpHL. 

t pLH 

tpHL 

t pLZ 

t pHZ 

tPZL. 

tPZH 

Parameter 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (0 - a) 

Low-level to high-level and high-level to low-level 

output propagation time (IE - a) 

Output disable time from low-level and high-level 

(OE-a) 

Output enable time to low-level and high-level 

(OE-a) 

Test conditions 

CL = 50pF (Note 4) 

CL= 5pF(Note4) 

CL = 50pF (Note 4) 

'. MITSUBISHI 
.... ELECTRIC 

limits 
Unit 

MI~ Typ Max 

10 
10 

ns 

19 

19 
ns 

20 

20 
ns 

20 
20 

ns 

25 

25 
ns 

2-509 



MITSUBISHI HIGH SPEED CMOS 

M74HCS73P/FP/DWP 

OCTAL 3-STATE NONINVERTING D-TYPE TRANSPARENT LA1"CH 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+S5t) 

Limits 

Symbol Parameter Test conditions 25'C -40-+B5t 

VcC<V) Min Typ Max Min 

2.0 60 

tTLH Low-level to high-level and 4.5 12 

CL = 50pF (Note 4) 
6.0 10 

high-level to low-level 
2.0 60 

tTHL 
output transition time 4.5 12 

6.0 10 

2.0 110 

t pLH 4.5 22 

C L = 50pF (Note 4) 
6.0 19 

2.0 110 

t pHL Low-level to high-level and 4.5 22 

high-level to low-level 6.0 19 

output propagation time 2.0 150 

t pLH (0-0) 4.5 30 

C L = 150pF (Note 4) 
6.0 26 

2.0 150 

t pHL 4.5 30 

6.0 26 

2.0 115 

t pLH 4.5 23 

C L = 50pF (Note 4) 
6.0 20 

2.0 115 

t pHL Low-level to high-level and 4.5 23 

high·level to low· level 6.0 20 

output propagation time 2.0 155 

t pLH (LE-O) 4.5 31 

CL = 150pF (Note4) 
6.0 27 

2.0 155 

tpHL 4.5 31 

6.0 27 

2.0 125 

t pLZ Output disable time from 4.5 25 

CL = 50pF (Note 4) 
6.0 21 

low-level and high~level 
2.0 125 

tpHz 
(OE-c) 4.5 25 

6.0 21 

2.0 140 

tPZL 4.5 28 

CL = 50pF (Note 4) 
6.0 24 

2.0 140 

tpZH Output enable time to 4.5 28 

6.0 24 
low-level and high-level 

2.0 180 

t PZL 
(OE-c) 4.5 36 

C L = 150pF (Note 4) 
6.0 31 

2.0 180 

t pZH 4.5 36 

6.0 31 

C 1 Input capacitance 10 

Co Off·state output capacitance OE = Vec 15 

Cpo Power dissipation capacitance (Note 3) 

Note 3 : Cpo is the internal capacitance of the Ie calculated from operation supply current under no-load conditions. (per latch) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+lee • Vee 

2-510 
•. MITSUBI$HI 

.... ElECTRIC. 

Max 

75 

15 

13 

75 

15 

13 

138 

28 

24 

138 

28 

24 

188 

38 

33 

188 

38 

33 

143 

29 

25 

143 

29 

25 

194 

47 

34 

194 

47 

34 

156 

31 

27 

156 

31 

27 

175 

35 

30 

175 

35 

30 

225 

45 

39 

225 

45 

39 

10 

15 

Unit 

ns 

ns 

ns 

ns 

ns 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HCS73P/FP/DWP 

OCTAL 3-STATE NONINVERTING D-TYPE TRANSPARENT LATCH 

TIMING REQUIREMENTS (Vee = 2-6V, T a = -40-+85·C) 

Symbol Parameter 

tw Latch enable pulse width 

tsu 
o setup time with 

-
respect to LE 

o hold time with 
th 

respect to LE 

Note 4 Test Circuit 

INPUT Vce OUTPUT 

PG DUT 

50n 
GND 

TIMING DIAGRAM 

D 

Q 

10% 

hHL 

Test conditions 

Vee 

GND 

VOH 

VOL 

Vee 

GND 

VOL 

VOH 

Limits 

25·C -40-+85"<: 

Vcc(V) Min Typ Max Min 

2.0 80 101 

4.5 16 20 

6.0 14 17 

2.0 75 95 

4.5 15 19 

6.0 13 16 

2.0 25 31 

4.5 5 6 

6.0 4 5 

Parameter SW1 SW2 

tTLH • hHL 
Open Open 

tpLH• t pHL 

tpLZ Closed Open 

tpHZ Open Closed 

tPZL Closed Open 

tpZH Open Closed 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

D 50% 

D 

tsu th 

IE 50% 

tw 

LE 

Q 

Max 

Unit 

ns 

ns 

ns 

Vee 

GND 

Vee, 

GND 

VOH 

VOL 

Vee 

GND 

-----VOL 
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MITSUBISHI HIGH SPEED CMOS 

M74HCS74P/FP/DWP 

OCTAL 3-STATE NONINVERTINQ D-TYPE FLIP-FLOP 

DESCRIPTION 
The M74HCS74 is a semiconductor integrated circuit con
sisting of eight edge-triggered D-type flip;;flops with 3-state 
outputs, common clock input and output-enable input. 

FEATURES 
• High-fanout 3-state output: (IOL =6mA, IOH=-6mA) 
• High-speed: (clock frequency) 6SMHz typo 

(CL=SOpF, Vcc=SV) 
• Low power dissipation: 20,uW/package, max 

(Vce=5V, Ta=2S·C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+8S·C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M7 4HC57 4 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LSS74. 
The M74HCS74 contains eight edge-triggered D-type flip
flops, sharing common clock input CK and. output-enable 
input OE. 
When CK changes from low-level to high-level, the signals 

LOGIC DIAGRAM 

PIN CONFIGURATION (tOP VIEW) 

OUTPUT-ENABLE 
INPUT 

DATA INPUTS 

OE-+ 

00-+ 

01-+ 

02-+ 

03-+ 

20P4 
Outline 20P2N 

20P2V 

just previously- input at D stores. in the flip-flop. 

OUTPUTS 

CLOCK INPUT 

When output-enable input OE is low, the Signals stored in 
the flip-flop will be output to Q. 

When OE is high, all outputs Q will become high impe
dance state. Even if OE is changed, the contents stored in 
the flip-flop will not be affected. 
A version of the M74HCS74 with the same pin connections 
and an inverted output, the M74HCS64, is also available. 

OUTPUTS 
~ ____________________ ~A ________________________________ ~ 

05 06 

OUTPUTOE 1 ~1>----~-4----~-+----~-+----~-+----~-r----~-+----~-+----~ 
ENABLE 
INPUT 

CLOCKINp,UTCK 11~1~~------~------~------~------H-------~------~------~ 

2-512 

00 01 02 03 
~------~----------------~v~----------------------------~/ 

OATAINPUTS 
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MITSUBISHI HIGH SPEED CMOS 

M74HC574P/FP/DWP 

OCTAL 3-STATE' NON INVERTING D-TYPE FLIP-FLOP 

FUNCTION TABLE (Note 1) 

OE 

L 

L 

L 

L 

L 

H 

Note 1 

Inputs Output 

CK 0 0 
t L L 

t H H 

L X 0° 
H X 0° 
~ X 0° 
X X Z 

QO: Output state Q before CK changed 
Z : High impedance 
X : Irrelevant 
t : Change from low-level to high-level 
~ : Change from high-level to low-level 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply Yoltage 

VI Input yoltage 

Vo Output Yoltage 

VI< OV 
11K Input protection diode current 

VI> Vce 

Vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vec, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC574FP, Ta = -40-+75'C and Ta = 75-S5'C are derated at -7mW/'C. 
M74HC574DWP, Ta = -40-+S0'C and Ta = SO-S5'C are derated at -7mW/'C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+S5'C) 

Symbol Parameter 

Vee Supply yoltage 

VI Input Yoltage 

Va Output Yoltage 

Toar Ambient operating. temperature 

I Vcc = 2.0V 

t r, tf Input risetime, falltime I Vee = 4.5V 

I Vee = 6.0V 

Limits 

Min Typ Max 

2 6 

0 Vee 
0 Vee 

-40 +85 

0 1000 

0 500 

0 400 

• MITSUBISHI 
~ELECTRIC 

Unit 

V 

V 

V 

·c 

ns 

Ratings Unit 

--0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±35 mA 

±75 mA 

500 mW 

-65-+150 ·c 

2-513 



MITSUBISHI HIGH SPEED CMOS 

M74HC574P/FP/DWP 

OCTAL 3·STATE NONINVERTING D· TYPE F,LIP·FLOP 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

Vcc(V) Min 

Vo = O. lV, Vcc-O.1V 
2.0 1.5 

V 1H High-level input voltage 
1101 = 20f.LA 

4.5 3.15 
6.0 4.2 

Vo = O. lV, Vee-O.1V 
2.0 

V IL Low-level input voltage 
1101 = 20f.LA 

4.5 
6.0 

10H = -20f.LA 2.0 1.9 
10H = -20f.LA 4.5 4.4 

VOH High-level output voltage VI = VIH, Vil 10H = -20f.LA 6.0 5.9 
10H= -6.0mA 4.5 4.18 
10H = -7.BmA 6.0 5.68 
10l = 20f.LA 2.0 
10l = 20f.LA 4.5 

VOL Low-level output voltage VI = VIH, Vil IOl = 20f.LA 6.0 
IOl = 6.0mA 4.5 
10l = 7.8mA 6.0 

IIH High-level input current VI=6V 6.0 

IlL Low-level input current VI=OV 6.0 

lozH Off-state high-level output current VI=VIH, Vll, Vo= Vee 6.0 

lozL Off-state low-level output current VI'=VIH, Vll, Vo= GND 6.0 

Icc Quiescent supply current VI = Vee, GND, lo=Of.LA 6.0 

SWITCHING CHARACTERISTICS (Vee = SV, T a = 2S·C) 

Symbol Parameter Test conditions 

fmax 

tTLH 

hHL 

tpLH 

t pHL 

tpLz 

tpHZ 

t pZL 

tpZH 

2-514 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (CK - Q) 

Output disable time from low-level and high-level 

(OE-Q) 

Output enable time to low-level and high-level 

(OE-Q) 

Cl = 50pF (Note 4) 

CL = 5 pF (Note 4) 

Cl = 50pF (Note 4) 

. • . MITSUBISHI 
';"ELECTRIC ' 

limits 

25"C -40-+B5"C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1.35 1.35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 
0.1 1.0 /.lA 

. -0.·1 -1.0 /.lA 
0.5 5.0 /.lA 

-0.5 -5.0 /.lA 
4.0 40.0 /.lA 

Limits 
Unit 

Min Typ Max 

3S MHz 

10 
10 

ns 

32 
32 

ns 

25 
25 

ns 

28 
28 

ns 



MITSUBISHI HIGH SPEED CMOS 

M74HCS74P/FP/DWP 

OCTAL 3-STATE NONINVERTING D-TYPE FLIP-FLOP 

SWITCHING CHARACTERISTICS (Vee = 2-6V. T a = -40-+85·C) 

Limits 

Symbol Parameter Test conditions 2S·C -40-+BS"C 

Vcdv) Min Typ Max Min 

2.0 6 5 

fmax Maximum clock frequency 4.5 30 24 

6.0 35 28 

2.0 60 

hLH low-level to high-level and CL = 50pF (Note 4) 4.5 12 

6.0 10 
high-level to low-level 

2.0 60 

tTHL output transition time 4.5 12 

6.0 10 

2.0 180 

t pLH 4.5 36 
j 

CL = SOpF (Note 4) 
6.0 31 

2.0 180 

t pHL low-level to high-level and 4.5 36 

high-level to low-level 6.0 31 

output propagation time 2.0 230 

t pLH (CK-O) 4.5 46 

CL = lS0pF (Note 4) 
6.0 39 

2.0 230 

t pHL 4.5 46 

6.0 39 

2.0 150 

t pLZ Output disable time from 4.5 30 

CL = SOpF (Note 4) 
6.0 26 

low-level and high-level 
2.0 150 

tpHZ (OE-O) 4.5 30 

6.0 26 

2.0 150 

t PZL 4.5 30 

CL = SOpF (Note 4) 
6.0 26 

2.0 150 

tPZH Output enable time to 4.5 30 

6.0 26 
low-level and high-level 

2.0 200 

t PZL (OE-O) 4.5 40 

CL = lS0pF (Note 4) 
6.0 34 

2.0 200 

tPZH 4.5 40 

6.0 34 

C, Input capacitance 10 

Co Off-state output capacitance OE = Vec 15 

Cpo Power dissipation capacitance (Note 3) 

Note 3 : Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per flip flop) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• f,+lee • Vee 

• . MITSUBISHI 
.... ELECTRIC 

Max 

75 

15 

13 

75 

15 

13 

227 

45 

39 

227 

45 

39 

290 

58 

49 

290 

58 

49 

189 

38 

32 

189 

38 

32 

189 

38 

32 

189 

38 

32 

252 

50 

43 

252 

50 

43 

10 

15 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 

2-515 



MITSUBISHI HIGH SPEED CMOS 

M74HCS74P/FP/DWP 

OCTAL a·STATE NONINVERTING D· TYPE FLIP-FLOP 

TIMING REQUIREMENTS (Vcc = 2-6V. T a = -40-+85"C) 

Symbol Parameter 

tw Clock pulse width 

tsu 
o setup time with 

respect to CK 

o hold time with 
th 

respect to CK 

Note 4 : Test Circuit 

INPUT Vcc OUTPUT 

OUT 

500 GNO 

TIMING DIAGRAM 

o 

CK 

a 

OE 

a 

a 

2-516 

Test conditions 

Vce 

~RL=1kn 
SWl 

tsu 

Vce 

limits 

2S"C 

VcC<V) Min Typ Max 

2.0 80 

4.5 16 

6.0 14 

2.0 75 

4.5 15 

6.0 13 
2.0 50 

4.5 10 

6.0 9 

Parameter SW1 SW2 

tTLH, tTHL 
Open Open 

tpLH, tpHL 

tpLZ Closed Open 

t pHZ Open Closed 

tPZL Closed Open 

tPZH Open Closed 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns. tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitanc~. 

Vee 

GNO 

th 

Vee 

GNO 

VOH 

VOL 

GNO 

. .• MITSUBISHI 
;"ELECTRIC 

-40-+8S"C Unit 

Min Max 

101 

20 ns 

17 

90 

18 ns 

16 

60 

12 ns 

11 
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MITSUBISHI HIGH SPEED CMOS 

M74HCS95P/FP/DP 
8-BIT SERIAL-INPUT/SERIAL-OR 
PARALLEL-OUTPUT SHIFT REGISTER WITH LATCHED 3-STATE OUTPUTS 

DESCRIPTION 
The M74HC59S is a semiconductor integrated circuit con
sisting of an 8-bit serial input/parallel output shift register 
with 3-state output latch. 

FEATURES 
• High-speed: (clock frequency) 30MHz typo 

(C l =50pF, Vee=5V) 

• Low power dissipation: 20j.tW/package, max 
(Vee=5V, Ta=2S"C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.SV, 6V) 
• Capable of driving 1S 74LSTTL loads (OA-OH) 

10 74LSTTL loads (SOH) 

• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+8S"C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment, 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HCS9S to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LSS9S. 

Each bit of shift register consists of two flip flops with inde
pendent clocks for shift and latch. 
The clock inputs contain independent shift clock input CKs 
and latch clock input CKl . Shift and latch operations take 
place when the inputs change from lOW-level to high-level. 
Serial data input A is data input of the first shift register. 
When A is high and' a pulse is applied to CKs, the high
level signal will be shifted in order. When A is low and a 
pulse is applied to CKs, the lOW-level Signal will be shifted 
in order. 

FUNCTION TABLE (Notel) 

Inputs 
Operation mode 

R CKs CKL A OE OA 

Shift t, L X X X L 
Reset 

X X t .X L Latch t2 

Shift t, H t X H L 
Shift 

H X t X L Latch t2 
latch 

H t X L L Shift t, 
operation 

Latch t2 H X t X L 

3 -state X X X X H 

Note 1. t : Change from low-level to high-level 
QO : Output state 0 before clock input is changed 
X : Irrelevant 

QAO 

L 

QAO 

H 

OAO 

L 

Z 

qO : Contents of shift register before clock input changed 
q : Contents of shift register 
t" t2 : t2 is set after t, is set 
Z : High impedance 

PIN CONFIGURATION (TOP VIEW) 

Os+-

Oe +-

OD+-

OUTPUTS OE +-

GND 

Vee 

OUTPUT 

SERIAL DATA INPUT 

13 +- OE OUTPUT ENABLE 
INPUT, _ 

12 +- CKL LATCH CLOCK INPUT 

11 +- CKs SHIFT CLOCK INPUT 

RESET INPUT 

9 -+ SOH SERIAL DATA OUTPUT 

16P4 
Outline 16P2N 

16P2P 

When a pulse is applied to CKL, the contents of the shift 
register existing at that time will be stored in the latch reg

ister and appear at outputs OA through OH- OA through OH 
are buffered 3-state outputs. 
To extend the number of bits, serial data .output SOH is 
used to output the eighth bit of the shift register. 
By connecting CKs and CKL, the shift register state de
layed by 1 clock cycle is output at OA through OH' 
When reset input R is low, shift register and SOH will be re
set. To reset OA through OH to low-level, CKL must be 
changed from low-level to high-level after the shift register 
is reset by R. 

When· output-enable input OE is high, OA through OH will 
becom high impedance state, but SOH is not changed. 
Even if OE is changed, shift operation is not affected. 

Outputs Serial data 

Oe Oe 0 0 OE Q F QQ Q H output SOH 
Q eo Qe o Qo o QEO OFO QGo QHO L 

L L L L L L L L 

Oeo Oeo 0 0 ° OEO QFO OGo QHO qQO 

qAO qeO qeO qoo qEO qFO qQO qGo 

Q eo Oeo 0 0 ° OEO QFO OQo QHO qQO 

qAO qeO qeO qoo QED qFO qGO qQO 

Z Z Z Z Z Z Z qH 
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MITSUBISHI HIGH SPEED CMOS 

M74HC595P/FP/DP 

8-BI·T SERIAL-INPUT/SERIAL-OR 
PARALLEL-OUTPUT SHIFT REGISTER WITH LATCHED 3-STATEOUTPUTS 

OUTPUTS LOGIC DIAGRAM (EACH LATCH) A~ __________________________ ~\ 

as ac Q, Q, Q. Q, SO, _~ aD 

l-
I 

I 
I 

I 
I 

I 
I 

OE CKL A 
OUTPUT LATCH SERIAL 
ENABLE CLOCK DATA 

INPUT INPUT INPUT 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vee 

Vo < OV 
10K Output p'arasitlc diode current 

Vo > Vee 

I QA-QH 
10 Output current per output pin 

I SOH 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 M74HC595FP, Ta = -40-+70·C and Ta = 70....:.85·C are derated at -6mW/·C. 
M74HC595DP, Ta = -:-40-+50·C and Ta = 50-85·C are derated at -5rnW/"C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85·C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

, Topr Operating temperature range 

I Vee = 2.0V 

tr, tf Input risetlme, lalltime I Vee=4.5V 

I Vee = 6.0V 

2-518 

Limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 

-40 +85 

0 1000 

0 500 

0 400 

,. MITSUBISHI 
.... ELECTRIC. 

Unit 

V 

V 

V 

·C 

ns 

I 
I 

I 
I 

I 
I 

-~ 
CKs R GND 

SHIFT RESET 
CLOCK INPUT 
INPUT 

Ratings 

-0.5-+7.0 

-0. 5-Vee+0. 5 

-0. 5-Vee+0. 5 

-20 

20 

-20 

20 

±35 

±25 

±75 

500 

-65-+150 

Unit 

V 

V 

V 

rnA 

rnA 

rnA 

rnA 

mW 
·C 



MITSUBISHI HIGH SPEED CMOS 

M74HC595P/FP/DP 

a-BIT SERIAL-INPUT/SERIAL-OR 
PARALLEL-OUTPUT SHIFT REGISTER WITH LATCHED 3-STATE OUTPUTS 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vcdv) Min 

2.0 1.5 
V IH High-level input voltage 

Vo = O. lV. Vcc-O. lV 
4.5 3.15 

1101 = 20f../A 
6.0 4.2 

2.0 
V IL Low-level input voltage 

Vo = O. lV. Vcc-O.1V 
4.5 

1101 = 20f../A 
6.0 

10H = -20f../A 2.0 1.9 
10H = -20f../A 4.5 4.4 

V OH 
High-level 

QA-QH VI = VIH. VIL 10H = -20f../A 6.0 5.9 
output voltage 

10H = -6.0mA 4.5 4.18 
10H = -7.BmA 6.0 5.68 
10L = 20f../A 2.0 
10L = 20f../A 4.5 

Low-level 
VOL QA-QH VI = VIH• VIL 10L = 20f../A 6.0 

output voltage 
10L = 6.0mA 4.5 
10L = 7.BmA 6.0 
10H = -20f../A 2.0 1.9 
10H = -20f../A 4.5 4.4 

V OH 
High-level 

SQH VI = VIH. VIL 10H = -20f../A 6.0 5.9 
output voltage 

10H = -4.0mA 4.5 4. 1~ 
10H = -5.2mA 6.0 5.68 
10L = 20f../A 2.0 

10L = 20f../A 4.5 
Low-level 

VOL SQH VI = VIH• VIL IOL = 20f../A 6.0 
output voltage 

10L = 4.0mA 4.5 
10L = 5.2mA 6.0 

IIH High-level input current VI =6V 6.0 

IlL Low-level input current VI=OV 6.0 

lozH Off-state high-level output current VI = VIH• VIL. Vo= Vee 6.0 

lozL Off-state low-level output current VI = VIH• VIL• Vo = GND 6.0 

Icc Quiescent supply current VI = Vee. GND. 10=Of../A 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Symbol Parameter Test conditions 

fmax 

hLH 

tTHL 

hLH 

tTHL 

t pLH 

t pHL 

t pHL 

t pLH 

t pHL 

t pLZ 

t pHZ 

tPZL 

t PZH 

Maximum clock frequency 

Low-level to high-leve.1 and high-level to low-level 

output transition time (SQH) 

Low-lev~1 to high-level and high-level to low-level 

output transition time (QA - QH) 

Low-level to high-level and high-level to low-level 

output propagation time (CKs - SQH) 

High-level to low-level output propagation time 

CR - SQH) 

Low-level to high-level and high-level to low-level 

output propagation time (CKL - QA-QH) 

Output disable time from low-level and high-level 

(OE- QA-QH) 

Output enable time to low-level and high-level 

(OE - QA-QH) 

CL = 50pF (Note 4 ) 

CL = l5pF (Note 4) 

CL = 50pF (Note 4) 

CL = 15pF (Note 4 ) 

CL = 50pF (Note 4) 

CL = 5 pF (Note 4 ) 

CL = 50pF (Note 4 ) 

• MITSUBISHI 
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Limits 

25'C -40-+B5'C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1. 35 1.35 V 

1.8 1.8 
1.9 

4.4 

5.9 V 

4.13 
5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 

1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 
0.26 0.33 

0.1 1.0 
-0.1 -1.0 

/-(A 

0.5 5 .. 0 
-0.5 -5.0 

/-(A 

4.0 40.0 /-(A 

Limits 
Unit 

Min Typ Max 

30 MHz 

10 

10 
ns 

10 
10 

ns 

35 

35 
ns 

30 ns 

30 
30 

ns 

25 

25 
ns 

28 
28 

ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HC595P/FP/DP 

8·BIT SERIAL·INPUT/SERIAL·OR 
PARALLEL·OUTPUT SHIFT REGISTER WITH LATCHED 3·STATE OUTPUTS 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

Symbol Parameter 

fmax Maximum clock frequency 

tTLH Low-level to high-level and 

high-level to low-level 

output transition time 

tTHL (SQH) 

tTLH Low-level to high-level and 

high-level to low-level 

output propagation time 

tTHL (Q ... -QH) 

t pLH Low-level to high-level and 

high-level to low-level 

output propagation time 

t pHL (CKs - SQH) 

High-level and low-level output 

t pHL propagation time 

(R- SQH) 

t pLH 

t pHL Low-level to high-level and 

high-level to low-level 

output propagation time 

t pLH (CKL - Q ... -QH) 

t pHL 

t pLZ 
Output disable time from 

low-level and high-level 

·tpHZ 
(OE - QA-QH) 

2-520 

Test conditions 

Vcdv) 

2.0 

4.5 

6.0 
2.0 

4.5 

6.0 
2.0 

4.5 

6.0 
2.0 

4.5 

6.0 
2.0 

4.5 
6.0 

2.0 
CL = 50pF (Note 4) 4.5 

6.0 
2.0 

4.5 

6.0 

2.0 
4.5 

6.0 
2.0 

4.5 

6.0 

2.0 

4.5 
6.0 
2.0 

4.5 

CL = 150pF (Note 4) 
6.0 
2.0 

4.5 
6.0 

2.0 

4.5 
6.0 

CL = 50pF (Note 4) 
2.0 
4.5 
6.0 

• . MITSUBISHI 
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Limits 

25"(; -40-+85'C Unit 

Min Typ Max Min Max 

5 4 

27 21 MHz 

32 25 

75 95 

15 19 

13 16 
75 95 

ns 

15 19 

13 16 

60 75 

12 15 

10 13 

60 75 
ns 

12 15 

10 13 

210 265 

42 53 
36 45 

210 265 
ns 

42 53 

36 45 

175 221 

35 44 ns 
30 37 

175 221 

35 44 

30 37 

175 221 
ns 

35 44 
30 37 

225 284 

45 57 

38 48 

225 284 
ns 

45 57 

38 48 

150 189 

30 38 

26 32 
150 189 

ns 

30 38 
26 32 



MITSUBISHI HIGH SPEED CMOS 

M74HCS9SP/FP/DP 

8-BIT SERIAL-INPUT /SERIAL-OR 
PARALLEL-OUTPUT SHIFT REGISTER WITH LATCHED 3-STATE OUTPUTS 

SWITCtilNG CHARACTERISTICS (Vee = 2-6V, T a = -40-+85·C) 

Limits 

Symbol Parameter Test conditions 2S"C 

VeC<V) Min Typ Max 

2.0 150 

t PZL Output enable time to 4.5 30 

low-level and high-level CL = SOpF (Note 4) 
6.0 26 

2.0 150 

t PZH 
(OE- QA-QH) 4.5 30 

6.0 26 

2.0 200 

t PZL Output enable time to 4.5 40 

low-level and high-level CL = lS0pF (Note 4) 
6.0 34 

2.0 200 

t PZH 
(OE- QA-QH) 4.5 40 

6.0 34 

C I Input capacitance 10 

Co Off-state output capacitance (QA-QH) 15 

Cpo Power dissipation capacitance (Note 3) 287 

Note 3 Cpo IS the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• f,+lee • Vee 

TIMING REQUIREMENTS (Vee = 2-6V, T a = -40-+85·C) 

Symbol Parameter 

tW(CKs) Clock pulse width 

tW(CKL) Clock pulse width 

tW(R) Reset pulse width 

tsu 
A setup time with 

respect to CKs 

tsu 
CKs setup time with 

respect to CKL 

A hold time with 
th 

respect to CKs 

tree 
R recovery time with 

respect to CKs 

Test conditions 

Vcc<V) 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

. ", MITSUBISHI 
"'ELECTRIC 

Limits 

2S·C 

Min Typ Max 

80 

16 

14 

80 

16 

14 

80 

16 

14 

100 

20 

17 

100 

20 

17 

5 

5 

5 

50 

10 

9 

-40-+BS·C 

Min Max 

189 

38 

32 

189 

38 

32 

252 

50 

43 

252 

50 

43 

10 

15 

-40-+BS·C 

Min Max 

101 

20' 

17 

101 

20 

17 

101 

20 

17 

126 

25 

21 

126 

25 

21 

5 

5 

5 

63 

13 

11 

---------_ .. _ .. _ ... _---_ ... _._ ... -------------------_ .. _-_ ... _._ .. _._--_ .... _ .......... , .... _-_ ... --.... ----

Unit 

ns 

ns 

pF 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HCS9SP/FP/DP 

I·BIT SERIAL·INPUT/S.ERIAL.OR 
PARALLEL·OUTPUT SHIFT .REGISTER WITH LATCHED 3·STATE OUTPUTS 

Note 4 : Test Circuit Parameter SWl SW2 

INPUT Vee OUTPUT 

PG DUT 

50n 
GND ICL 

TIMING DIAGRAM 
tw 

CKs 50% 

tpLH 

SOH 
90% 

50% 
10% 

tTLH 

tw 

CKs 50% 

OA-OH 

2-522 

tpHL 

Vee 

t TLH• tTHL 
Open Open 

tpLH. tpHL 

tpLZ Closed Open 

tpHZ Open Closed 

tPZL Closed Open 

tPZH Open Closed 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

,..--------- Vee 

CKL 

GND GND 

VOH 

VOL OA-OH 50% 

50% 

Vee 

GND 

Vee ,---- Vee 
A 

GND ----GND 

VOH Vee 

CKs 

VOL GND 

Vee 

GND 

CKs 50% 

tsu tw 
VOL 

CKL 50% 
VOH 

,... MIT5UBI5.HI 
lli'aELECTRIC 

Vee 

GND 

Vee 

GND 



. ~'<' MITSUBISHI HIGH SPEED CMOS 

\ \"~\~~\O~.so~e M74HC597P/FP/DP 
~~~\...~~t:a~~::c~~cc~a~~e. 

'ce·.,\:~\~\::~~ate ~\} 8·BIT SERIAL·OR PARALLEL 
~o\\ t\C 

vatl)\t\e\ ·INPUT /SERIAL·OUTPUT SHIFT RE'GISTER WITH INPUT LATCH 

DESCRIPTION 
The M74HC597 is a semiconductor integrated circuit con
sisting of an 8-bit serial-input/parallel-input with latch, se
rial-output shift register. 

FEATURES 
• Serial-input/parallel-input with latch, serial output 
• High-speed: 30MHz clock frequency typo 

(CL=15pF, Vce=5V) 

• Low power dissipation: 20,uW/package, max 
(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 

• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTlONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC597 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS597. 
The mode select input SIP is used to select either serial or 
parallel input. When SIP is high and serial data input SA is 
applied, the data in the 8-bit flip flops will be shifted serial
ly in sync with the clock pulse CKs. When the latch clock 
pulse CKL is applied, parallel data applied at A- H will be 

LOGIC DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

8--+ 

C--+ 

D--+ 

F--+ 

G--+ 

H-+ 

GND 

Vee 

PARALLEL DATA 
INPUT 

14 +- SA ~~~~i DATA 

_ SERIAL-SHIFT 
13 +- Sip /PARALLEL 

-LOAD SELECT 

12 +- CKL ~r;.:,.~~ CLOCK 
INPUT 

11 +- CKs SHIFT CLOCK 

16P4 
Outline 16P2N 

16P2P 

INPUT 
DIRECT RESET 
INPUT 

SERIAL DATA 
OUTPUT 

stored in the input latch without affecting the contents of 
the shift register. 
Next, sip is low and the parallel data latched at A- H will 
be loaded in sync with the next clock pulse input at CKL. 

Serial data transfer is suppressed while parallel data is 
loaded. Shift or load operations are performed at the rising 
edge when CKL changes from low-level to high-Ieve/. 
When direct reset input RD is low, the shift register will be 
reset and serial data output Q H will become low, irrespec
tive of other inputs. 

SERIAL DATA OUTPUT Q H Vee 

1------------· --- 9 

SERIAL DATA 
INPUT 

~~~~~ CLOCK CKs 

DIRECT RESET 
INPUT 

SERIAL-SHIFT 
/PARALLEL-LOAD 
SELECT INPUT 

LATCH CLOCK 
I~PUT 

A 8 C D E F G H 

~----------------~----~v~------------------------~ 

PARALLEL DATA INPUTS 

• .MITSUBISHI 
;'ELECTRIC 

GND 
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MITSUBISHI HIGH SPEED CMOS 

M74HCS97P/FP/DP 

'S-BIT SERIAL-OR PARALLEL 
-INPUT/SERIAL-OUTPUT SHIFT REGISTER WITH INPUT LATCH 

FUNCTION TABLE (Note 1) 

Inputs Output 

Ro SIP CKL CKs SA A-H a H 

L X X X X X L Shift register is reset. Input latch is not affected. 

H H t X a-h no change 
Parallel data is stored in the Input latch. Shift register is not 

X 
affected. 

H L t X X a-h h 
Parallel data is stored in the Input latch and loaded to the shift 
register. 

H L X X X X hL 
Parallel data stored in the Input latch Is loaded in the shift reg-
ister. 

H H X t L X aGn Low-level data is serially shifted Into the shift register. 
H H X t H X aGn High-level data is serially shifted Into the shift register. 

H H t X L, H a-h a Gn Serial data is. shifted into the 
H H X t L, H a-h aGn stored in the Input latch. 

Note 1 t: Change from low to high level 
X : Irrelevant 
a-h indicate logic level of inputs A;""H. 
hL indicates logic level stored In the input latch H. 
QGn Indicates logic level of data in the shift register G before shift clock changed. 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+8S'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < ov 
11K Input protection diode current 

VI> vcc 

Vo< OV 
10K Output parasitiC diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vec, GND 

Pd Power diSSipation (Note2) 

Tstg Storage temperature 

Note 2 : M74HC597FP, Ta = -40-+70'C and Ta = 70-8S·C are derated at -SmW/"C. 
M74HC597DP, Ta = -40-+S0'C and Ta = SO-8S·C are derated at -SmW/"C. 

RECOMMENDED OPERATING 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Ambient operating temperature 

Vee = 2.0V 

t r• tf Input risetime, falltime Vee=4.SV 

Vee = 6.0V 

2-524 

CONDITIONS (T a = -40-+8S·C) 

limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 
-40 +85 

0 1000 

0 500 

0 400 

•. MITSUBISH. I 
.... ELECTRIC 

Unit 

V 

V 

V 
·C 

ns 

shift register and parallel 

Ratings 

-0. S-+7. 0 

-0. 5-Vee+0. 5 

-0. 5-Vee+0. 5 

-20 

20 

-20 

20 

±25 

±50 

500 

-65-+150 

data is 

Unit 

V 

V 

V 

rnA 

rnA 

rnA 

rnA 

rnW 
·C 



MITSUBISHI HIGH SPEED CMOS 

M74HC597P/FP IDP 

8-BIT SERIAL-OR PARALLEL 
.INPUT /SERIAL-OUTPUT SHIFT REGISTER WITH INPUT LATCH 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

Vec(V) Min 

Vo = O. lV, Vee-0.1V 
2.0 1.5 

V IH High-level input voltage 
1101 = 20l-lA 

4.5 3.15 

6.0 4.2 

Vo = O. lV, Vee-O.1V 
2.0 

V IL Low-level Input voltage 
1101 = 20~A 

4.5 

6.0 

10H = -20I-lA 2.0 1.9 

10H = -20I-lA 4.5 4.4 

VOH High-level output voltnge VI = VIH, VIL 10H = -201-lA 6.0 5.9 

10H = -4.0mA 4.5 4.18 

10H = -5.2mA 6.0 5.68 

IOL = 20l-lA 2.0 

10L = 20l-lA 4.5 

VOL low-level output voltage VI = VIH, VIL 10L = 20l-lA 6.0 

10L = 4.0mA 4.5 

10L = 5.2mA 6.0 

IIH High-level input current VI =6V 6.0 

IlL Low-level input current VI=OV' 6.0 

Icc Quiescent supply current VI = Vee, GND, 10=OI-lA 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25"<:) 

Symbol Parameter Test conditions 

fmax 
tTLH 

tTHl. 

tpLH 

tpHl. 

t pLH 

tpHl. 

tpHl. 

t pLH 

t pHL 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (CKL - QH) 

Low-level to high-level and high-level to low-level 

output propagation time (CKs - QH) 

Low-level to high-level and high-level to low-level 

output propagation .time (Ro - QH) 

Low-level to high-level and high-level to low-level 

output propagation time (S/p - QH) 

CL = 15pF (Note 4) 

., MITSUBISHI 
"'ELECTRIC 

Limits 

25"(; -40-+85"(; Unit 

Typ Max Min Max 

1.5 

3:15 V 

4.2 

0.5 0.5 

1. 35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 I-lA 

-0.1 -1.0 I-lA 

4.0 40.0 I-lA 

Limits 
Unit 

Min Typ Max 

30 MHz 

10 ns 
10 ns 
35 ns 
35 ns 
30 ns 
30 ns 

30 ns 

30 ns 
30 ns 

2-525 
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MITSUBISHI HIGH SPEED CMOS 

M74HCS97P/FP IDP 

I·BIT SERIAL·ORPARALLEL 
·INPUT /SERIAL·OUTPUT SHIFT REGISTER WITH INPUT LATCH 

SWITCHING CHARACTERISTICS (Vee = 2-SV, Ta = -40-+85'C) 

Symbol 

fmax 

tTLH 

hHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pHL 

t pLH 

t pHL 

C 1 

Cpo 

Note 3 

2--:526 

Limits 

Parameter Test conditions 25'C 

Vcc(V) Min Typ Max 

2.0 5 

Maximum clock frequency 4.5 27 

6.0 32 

2.0 75 

Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

output transition time 4.5 15 

6.0 13 

2.0 210 

Low-level to high-level and 4.5 42 

high-level to low-level S.O 36 

output propagation time 2.0 210 

(CKL - OH) 4.5 42 

CL = 50pF (Note 4) 
6.0 36 

2.0 175 

Low-level to high-level and 4.5 35 

high-level to low-level 6.0 30 

output propagation time 2.0 175 

(CKs- OH) 4.5 35 

6.0 30 

High-level to low-level 2.0 175 

output propagation time 4.5 35 

(Ro - OH) 6.0 30 

2.0 175 

Low-level to high-level and 4.5 35 

high-level to low-level 6.0 30 

output propagation time 2.0 175 

(S/P- OH) 4.5 35 

6.0 30 

Input capacitance 10 

Power dissipation capacitance (Note 3) 

CPO is the internal capacitance of t,he IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· Vee

2 
• fl+lee • Vee 

·.MITSUBISHI 
..... ELECTRIC 

-40-+85'C ' Unit 

Min Max 

4 

21 MHz 

25 

95 

19 ns 
16 

95 

19 ns 
16 

265 

53 ns 
45 

265 

53 ns 
45 

221 

44 ns 
37 

221 

44 ns 
37 

221 

44 ns 
37 

221 

44 ns 
37 

221 

44 ns 
37 

10 pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC597P/FP IDP 

I-BIT SERIAL-OR PARALLEL 
-INPUT/SERIAL-OUTPUT SHIFT REGISTER WITH INPUT LATCH 

TIMING REQUIREMENTS (Vee = 2-6V, T a = -40-+S5·C) 

Symbol Parameter 

Pulse width 
tw 

(CKs, CKLo siP, AD) 

A-H setup time with 
tSU(CKL) 

respect to CKL 

SA setup time with 
tSU(CKs) 

respect to CKs 

SIP setup time with 
tSU(CKs) 

respect to CKs 

A-H hold time with 
th(cKL) 

respect to CKL 

SA hold time with 
th(cKs) 

respect to CKs 

SIP hold time with 
th(cKs) 

respect to CKs 

-

treC(Ro) 
Ro recovery time with 

respect to CKs 

Note 4 Test Circuit 

INPUT Vee 

OUT 

GND 

Limits 

Test conditions 25"C 

OUTPUT 

vcdv) Min Typ Max 

2.0 80 

4.5 16 

6.0 14 

2.0 100 

4.5 20 

6.0 17 

2.0 100 

4.5 20 

6.0 17 

2.0 100 

4.5 20 

6.0 17 

2.0 25 

4.5 5 

6.0 4 

2.0 5 

4.5 5 

6.0 5 

2.0 

4.5 

6.0 

2.0 100 

4.5 20 

6.0 17 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

• MITSUElISHI 
"'ELECTRIC 

-40-+S5"C Unit 

Min Max 

101 

20 ns 

17 

126 

25 ns 

21 

126 

25 ns 

21 

126 

25 ns 

21 

32 

6 ns 

5 

5 

5 ns 

5 

ns 

126 

25 ns 

21 

2-527 



TIMING DIAGRAM 
1/fmax 

tw 

50% 

50% 

sip 

50% 

50% 

50% 

sp 50% 

CKs 

2-528 

MITSUBISHI HIGH SPEED CMOS 

M74HCS97P/FP IDP 

8-BIT SERIAL-OR PARALLEL 
-INPUT ISERIAL-OUTPUTSHIFT REGISTER WITH INPUT LATCH 

Vee 

GND 

Vee 

GND 

50% 

'-----vOL 

CKs 

~------Vee 

50% 

'---------GND 

Vee 
CKs 

'---- GND 

Vee 

GND 

Vee 

GND 

.•. ' MITSUBISHI 
.... ELECTRIC 

50% 

tw 

90% 
50% 
10% 

~---Vee 

50% 

GND 

,------- Vee 

GND 

50% 

'----+------- VOL 

-~f----+E:-- tree 

~--Vee 

50% 

GND 

~------Vee 

50% 

'------- GND 

Vee 

50% 

GND 



MITSUBISHI HIGH SPEED CMOS 

M74HC640P/FP/DWP 

OCTAL 3-STATE INVERTING BUS TRANSCEIVER 

DESCRIPTION 
The M74HC640 is a semiconductor integrated circuit con
sisting of eight transceivers with inverted outputs. 

FEATURES 
• High-fanout 3-state output: (loL =6mA, IOH=-6mA) 
• High-speed: 13 ns typo (CL =50pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vec=5V, T a=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC640 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS640. 

Two buffers with 3-state inverted outputs have their inputs 
and outputs mutually connected and can be used as buffers 
in both directions. 
The input/output direction is controlled by direction input 
DIR. 

When DIR is high, the data ports A will become input ter
minals and the data ports 8 will become output terminals. 
When DIR is low, 8 will become input terminals and A will 
become output terl)1inals. 

When output enable input OE is high, A and 8 will both be
come a high-impedance state and they will be separated. 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

OE DIR A B 

L L 0 I 

L H I 0 
H X Z Z 

Note 1 I Input terminal 
o Output terminal (inverted output) 
Z High impedance (A and B are separated) 
X Irrelevant 

PIN CONFIGURATION (TOP VIEW) 

DIRECTION 
INPUT 

DATA PORTS 

DIR-+ 

A1-

A2-

A3-

A4-

A5-

20P4 
Outline 20P2N 

20P2V 

Vcc 

LOGIC DIAGRAM (EACH TRANSCEIVER) 

DIRECTION 
INPUT DIR 

OUTPUT ENABLE 
INPUl OE 

TO OTHER 7 CIRCUITS 
, t 

I 
I 

• MITSUBISHI 2-529 
~ELECTRIC 
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MITSUBISHI HIGH SPEED CMOS 

M74HC640P/FP/DWP 

OCTAL 3·STATE INVERTING BUS TRANSCEIVER 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K Input protection diode current 
VI < OV 

VI> Vcc 

10K Output parasitic diode current 
Vo< OV 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note2) 

Tst9· Storage temperature range 

Note 2 M74HC640FP, Ta = -40-+75'C and Ta = 75-S5'C are derated at -7mW/'C. 
M74HC640DWP, T a = -40-+S0'C and T a = SO-S5'C are derated at -7mW I'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+S5'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Toor Operating temperature range -40 +85 

I Vee = 2.0V 0 1000 

t r, tf Input risetime, lalltime I Vee = 4.5V 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

10zH Off-state high-level output current 

10ZL Off-state low-level output current 

Icc Quiescent supply current 

2-530 

Test conditions 

VeC<V) 

2.0 
Vo = O. lV, Vee-O. 1 V 

4.5 
1101 =20/lA 

6.0 

2.0 
Vo = O. lV, Vee-O. lV 

4.5 
1101 = 20/lA 

6.0 

10H = -20/lA 2.0 

10H = -20/lA 4.5 

VI=VIH, VIL IOH = -20/lA 6.0 

10H = -6.0mA 4.5 

10H = -7. SmA 6.0 

10L = 20/lA 2.0 

IOL = 20/lA 4.5 

VI = VIH, VIL IOL = 20/lA 6.0 

10L = 6.0mA 4.5 

10L = 7. SmA 6.0 

VI =6V 6.0 

VI=OV 6.0 

VI=VIH, VIL, Vo= Vee 6.0 

VI=VIH, VIL, Vo= GND 6.0 

VI = Vee, GND, 10=O/lA 6.0 

.• MITSUBISHI 
..... ELECTRIC 

Unit 

V 

V 

/V 

'c 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0.5-Vee+0•5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±35 rnA 
±75 rnA 
500 rnW 

-65-+150 'c 

Limits 

25'C -40-+SS'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

. 0.26 0.33 

0.26 0.33 

0 .• 1 1.0 /-LA 
-0.1 -1.0 /-LA 

0.5 5.0 /-LA 
-0.5 -5.0 /-LA 

4.0 40.0 /-LA 



MITSUBISHI HIGH SPEED CMOS 

M74HC640P/FP/DWP 

OCTAL 3-STATE INVERTING BUS TRANSCEIVER 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Symbol 
Limits 

Parameter Test conditions 
Min Typ Max 

hLH Low-level to high-level and high-level to low-level 10 

tn-iL output transition time 
CL = 50pF (Note 4) 

10 
t pLH Low-level to high-level and high-level to low-level 21 
t pHL output propagation time (A - B, B-A) 21 
t pLZ Output disable time from low-level and high-level 

Cl = 5 pF (Note 4) 
42 

t pHZ (OE-A, B) 42 
t PZL Output enable time to low-level and high-level 

CL = 50pF (Note 4) 
42 

-tpZH (OE-A, B) 42 

SWITCHING CHARACTERISTICS (Vec = 2-6V, T a = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+85'C 

Vcc<V) Min Typ Max Min Max 

2. a 60 75 

tTLH Low-level to high-level and 4.5 12 15 

Cl = 50pF (Note 4) 
6. a 10 13 

high-level to low-level 
2. a 60 75 

hHL output transition time 4.5 12 15 

6. a 10 13 

2. a 110 140 

t pLH 4.5 22 28 

Cl = 50pF (Note 4) 
6. a 19 24 

2. a 110 140 

t pHL Low-level to high-level and 4.5 22 28 
high-level to low-level 6. a 19 24 

output propagation time 2. a 195 245 

t pLH (A- B, B-A) 4.5 39 49 

CL = 150pF (Note 4) 
6. a 34 43 

2. a 195 245 

t pHL 4.5 39 49 

6. a 34 43 

2. a 172 208 

t pLZ Output disable time from 4.5 43 52 

CL = 50pF (Note 4) 
6. a 41 50 

low-level and high-level 
2. a 172 208 

tpHZ (OE-A, B) 4.5 43 52 

6. a 41 50 

2. a 184 224 

t PZL 4.5 46 56 

CL = 50pF (Note 4) 
6. a 41 50 

2. a 184 224 

t PZH Output enable time to low-level 4.5 46 56 

6. a 41 50 
and high-level 

2. a 216 260 

t PZL (OE-A, B) 4.5 54 65 

CL = 150pF (Note 4) 
6. a 47 57 

2.0 216 260 

t PZH 4.5 54 65 

6. a 47 57 

C 1 Input capacitance 10 10 

Co Off-state output capacitance OE = Vcc 15 15 

Cpo Power dissipation capacitance (Note 3) 53 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per transceiver) 
The power dissipation during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee2 • fl+lee • Vee 

• - MITSUBISHI 
1'& ELECTRIC 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 
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Note 4 : Test Circuit 

INPUT Vee 

PG 1---"'---1 OUT 

500 GNO 

TIMING DIAGRAM 

A, B 

B, A 

A, B 

A, B 

2..,..532 

OUTPUT 

MITSUBISHI HIGH SPEED CMOS 

M74HC640P/FP/DWP 

OCTAL 3-STATE INVERTING BUS TRANSCEIVER 

Vee 

Parameter SWl SW2 

t TLH, tTHL 
Open Open 

tpLH, tpHL 

t pLZ Closed Open 

tpHZ Open Closed 

tPZL Closed Open 

t PZH Open Closed 

(1)The pulse generator (PG)' has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitanc~ CL includes stray wiring 
ca:paeitance and the probe input capacitance. 

~-----------GNO 

Jt----VOH 

,---------- Vee 

VOL 

VOH 
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MITSUBISHI HIGH SPEED CMOS 

M74HC640-1P/FP/DWP 

OCTAL 3-STATE INVERTING BUS TRANSCEIVER 

DESCRIPTION 
The M74HCS40-1 is a semiconductor integrated circuit con
sisting of eight bus transceivers with inverted outputs. 

FEATURES 
• High-fanout 3-state output: (loL = 24m A, 10H= - 24mA) 
• High-speed: 8 ns typo (CL =SOpF, Vee=SV) 
• Low power. dissipation: 2S,uW/package, max 

(Vee=SV, Ta=2SoC, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.SV, SV) 
• Capable of driving SO 74LSTTL loads 
• Wide operating voltage range: Vee=2-SV 
• Wide operating temperature range: Ta=-40-+8SoC 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HCS40-1 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high.,.speed performance equivalent to the 
74LSS40. 
The circuit is designed to suppress the increased switching 
noise that normally occurs at high output currents. 
Two buffers with 3-state inverted outputs have their inputs 
and outputs mutually connected and can be used as buffers 
in both directions. 
The input/output direction is controlled by direction input 
DIR. 
When DIR is high, the data ports A will become input ter
minals and the data ports 8 will become output terminals. 
When DIR is low, 8 will become input terminals and A will 
become output terminals. 
When output enable input OE is high, A and 8 will both be
come a high-impedance state and they will be separated. 

FUNCTION TABLE (Note 1) 

Inputs Data ports 

OE DIR A B 

L L 0 I 

L H I 0 

H X Z Z 

Note 1 I Input terminal 
o Output terminal (inverted output) 
Z High impedance (A and B are separated) 
X Irrelevant 

PIN CONFIGURATION (TOP VIEW) 

DIRECTION 
INPUT DIR-+ Vee 

A1 .... 
OUTPUT ENABLE 
INPUT 

A2 .... 

A3 .... 

A4 .... 
DATA PORTS 

A5 .... 
DATA PORTS 

A6 .... 

A7 .... 

A8 .... 

GND .... B8 

20P4 
Outline 20P2N 

20P2V 

LOGIC DIAGRAM (EACH TRANSCEIVER) 

DIRECTION 
INPUT DIR 

TO OTHER 7 CIRCUITS , , 
I 
I 

B 
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MITSUBISHI HIGH SPEED CMOS 

M74HC640-1P/FP/DWP 

OCTAL 3-STATE INVERTING BUS TRANSCEIVER 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K Input protection dl.ode current 
VI < OV 

VI> Vee 

10K Output parasitic diode current 
Vo < OV 

Vo > Vee 

10 Output current, per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 M74HC640-1FP, Ta = -40-+75'C and Ta = 75-85'C are derated at -7mW/"C. 
M74HC640-1DWP, Ta = -40-+S0'C and Ta = SO-85'C are derated at -7mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+S5'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

I Vee = 2.0V 0 500 

t r• tf Input risetime, falltime I Vee=4.5V 0 50 

I Vee = 6.0" 0 30 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level Input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

10;!:H Off-state high-level output current 

10;!:L Off-state low-level output current 

Icc Quiescent supply current 

2-534 

Test conditions 

Vee(V) 

Vo = O. lV, Vee-0.1V 
2.0 

1101 =201J,A 
4.5 

6.0 

Vo = O. lV, Vee-0.1V 
2.0 

1101 = 20lJ,A 
4.5 

6.0 

IOH = -20J,LA 2.0 

IOH = -201J,A 4.5 
VI = VIH, VIL 

IOH = -201J,A 6.0 

IOH= -24mA 4.5 

IOL = 20lJ,A 2.0 

IOL = 20lJ,A 4.5 
VI = VIH, VIL 

IOL = 20lJ,A 6.0 

IOL = 24mA 4.5 

VI =6V 6.0 

VI=OV 6.0 

VI = V\H, V\l! Vo = Vee 6.0 

VI = VIH, VIL, Vo = GND 6.0 

VI = Vee, GND, lo=OIJ,A 6.0 

' ... MITSUBISHI 
"'ELECTRIC 

Unit 

V 

V 

V 

'c 

ns/V 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

3.98 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±50 rnA 
±200 rnA 

500 rnW 
-65-+150 'c 

limits 

25t -40-+85t Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 
V 

3.84 

0.1 0.1 

0.1 0.1 

0.1 0.1 
V 

0.39 0.5 

0.1 1.0 /-lA 
-0.1 -1.0 /-lA 

0.5 5.0 /-lA 
-0.5 -5.0 /-lA 

5.0 50.0 /-lA 



MITSUBISHI HIGH SPEED CMOS 

M74HC640-1P/FP/DWP 

OCTAL 3-STATE INVERTING BUS TRANSCEIVER 

SWITCHING CHARACTERISTICS (Vee = SV, T a = 2S'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = SOpF (Note 4) 

10 
t pLH Low-level to high-level and high-level to low-level 15 
t pHL output propagation time (A - B, B - A) 15 
t pLZ Output disable time from low-level and high-level 

CL = 5 pF (Note 4) 25 
t pHZ (OE-A, B) 25 
t PZL Output enable time to low-level and high-level 

CL = SOpF (Note 4) 
28 

t PZH (OE-A, B) 28 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+8S'C) 

Limits 

Symbol Parameter Test conditions 2S'C -40-+BS'C 

VcC<V) Min Typ Max Min Max 

2.0 60 75 

tTLH Low-level to high-level and 4.5 12 15 
6.0 10 13 

high-level to low-level 
2.0 60 75 

tTHL output transition time 4.5 12 15 

6.0 10 1~ 

2.0 85 105 

t pLH Low-level to high-level and 4.5 17 21 
high-level to low-level 6.0 14 18 
output propagation time 2.0 85 105 

t pHL (A- B, B-A) 4.5 17 21 

CL = SOpF (Note4) 
6.0 14 18 
2.0 150 190 

t pLZ Output disable time from 4.5 30 38 
6.0 26 33 

low-level and high-level 
2.0 150 190 

t pHZ (OE-A, B) 4.5 30 38 
6.0 26 33 
2.0 150 190 

t PZL Output enable time to 4.5 30 38 
6.0 26 33 

low-level and high-level 
2.0 150 190 

t PZH (OE-A, B) 4.5 30 38 
6.0 26 33 

C 1 Input capacitance 10 10 

Co Off-state output capacitance OE= Vcc 15 15 

Cpo Power dissipation capacitance (Note 3) 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per transceiver) 
The power dissipation during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+l ee • Vee 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 
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Note 4 : Test Circuit 

INPUT 

DUT 

50n 
GND 

TIMING DIAGRAM 

A, B 

B, A 

OE 

A, B 

A, B 

2-536 

OUTPUT 

MITSUBISHI HIGH SPEED CMOS 

M74HC640-1P/FP/DWP 

OCTAL 3-STATE INVERTING BUS I TRANSCEIVER 

RL = 500n 

sw 

RL = 500n 

Vee 

Parameter SW 

tTLH• tTHL 
Open 

tpLH• tpHL 

tpLZ Closed 

tpHZ Open 

tPZL Closed 

tPZH Open 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 3ns, tf = 3ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

~------------GND 

Ir------VOH 

,.----------Vee 

., '. MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT640-1P/FP/DWP 

DESCRIPTION 
The M74HCT640-1 is a semiconductor integrated circuit 
consisting of eight transceivers with inverted outputs. 

FEATURES 
• TTL level inputs VIL =0.8V max, VIH=2.0V min 
• High-fanout 3-state output: (loL = 24mA, IOH= - 24mA) 
•. High-speed: 10 ns typo (CL =50pF, Vcc=5V) 

• Low power dissipation: 25,uW/package, max 
(Vcc=5V, Ta=25"C, quiescent state) 

• Capable of driving 60 74LSTTL loads 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HCT640-1 to 
maintain the low power qissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS640. 
The circuit is designed to suppress the increased switching 
noise that normally occurs at high output currents. 
As the inputs are TTL level, the device can be used as a 
level converter from LSTTL to high-speed CMOS. In that 
case, no pull-up resistors are required. 
Two buffers with 3-state inverted outputs have their inputs 
and outputs mutually connected and can be used as buffers 
in both directions. 
The input/output direction is controlled by direction input 
DIR. 

When DIR is high, the data ports A will become input ter
minals and the data ports B will become output terminals. 
When DIR is low, B will become input terminals and A will 
become output terminals. 
When output enable input OE is high, A and B will both be
come a high-impedance state and they will be separated. 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

OE DIR A B 

L L 0 I 
L H I 0 
H X Z Z 

Note 1 I Input terminal 
o Output terminal (inverted output) 
Z High impedance (A and B are separated) 
X Irrelevant 

PIN CONFIGURATION (TOP VIEW) 

DIRECTION 
INPUT DIR- Vee 

A1- OUTPUT ENABLE 
INPUT 

A2-

A3-

A4-
DATA PORTS 

A5-
DATA PORTS 

A6-

A7-

A8-

GND -B8 

20P4 
Outline 20P2N 

20P2V 

LOGIC DIAGRAM (EACH TRANSCEIVER) 

DIRECTION 
iNPUT DIR 

OUTPUT ENABLE 
WpUi OE 

TO OTHER 7 CIRCUITS 

t t 
I 
I 
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MITSUBISHI. I:IIGH SPEED CMOS 

M74HCT640~tP/FP/I)WP 

OCTAL 3-STATE 
INVERTING BUS TRANSCEIVER WITH LSTTL-COMPATIBLE INPUTS 

ABSOLUTE MAXIMVM RATINGS (Ta = -4Q-+SS'C. unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K 
VI<OV 

Input protection diode current 
VI> Vee 

10K 
Vo<OV 

Output parasitic diode current 
Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 : M74HCT640-1FP. Ta = -40-+7S'C and Ta = 75-SS'C are derated at -7mW/"C. 
M74HCT640-1DWP. Ta = -40-+S0'C and Ta = SO-SS'C are derated at -7mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta =;' -40-+SS'C) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5.5 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

ToDr Ambient operating temperature -40 +85 "C 
I Vee = 4.5V 0 25 

t r• tf Input risetlme, falltlme I Vee = 5.5V 0 15 
ns/V 

ELECTRICAL CHARACTERISTICS (Vee = SV±10%, unless otherwise noted) 

Symbol Parameter Test conditions 

V IH High-level input voltage 
Vo = O. 1V, Vec-O. IV 

1101 =20fJ.A 

V IL Low-level Input voltage 
Vo = O. 1V, Vee-0.1V 

1101 = 20fJ.A 

V OH High-level output voltage VI=VIL 
10H = -20fJ.A 

10H = -24mA, Vee = 4. 5V 

10L = 20fJ.A 
VOL Low-level output voltage VI = VIH, VIL 

10L = 24mA, Vee = 4. 5V 

IIH High-level Input current VI= Vee 

IlL Low-level input current VI = GND 

10zH Off-state high-level output current VI = VIH, Vilt Vo = Vee 

10ZL Off-state low-level output current VI = VIH, VIL, Vo = aND 

Icc Quiescent supply current VI = Vee, GND, 10= OfJ.A 

Alec Maximum quiescent supply current VI = 2.4V, 0.4V (Note 3) 

Note 3 : Only one input is set at this value and all other inputs are fixed at Vee or GND. 

2-538 •. MITSUBISHI 
;"ELECTRIC 

Min 

2.0 

Vee-O• l 

3.98 

Ratings Unit 

-0.5-+7.0 V 

~o. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±50 mA 
±200 mA 

500 mW 
-65-+150 ·c 

Limits 

25"C -40-+85"C Unit 

Typ Max Min Max 

2.0 V 

0.8 0.8 V 

Vee-O• l 
V 

3.84 

0.1 0.1 

0.39 0.5 
V 

0.1 1.0 

-0.1 -1.0 
/-lA 

0.5 5.0 

-0.5 -5.0 
itA 

5.0 50.0 /-lA 
2.7 2.9 mA 



MITSUBISHI HIGH SPEED CMOS 

M74HCT640-1P/FP/DWP 

OCTAL 3-STATE 
INVERTING BUS TRANSCEIVER WITH LSTTL-COMPATIBLE INPUTS 

SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25t) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = 50pF (Note 5) 

10 

t pLH Low-level to high-level and high-level to low-level 15 

tpHL output propagation time (A - a, a - A) 15 

t pLZ Output disable time from low-level and high-level 
CL = 5 pF (Note 5) 

25 

t pHZ (OE-A, a) 25 

t PZL Output enable time to low-level and high-level 
CL = 50pF (Note 5) 

28 

tPZH (OE-A, a) 28 

SWITCHING CHARACTERISTICS (Vcc = 5V±10%, Ta = -40-+85"C) 

Limits 

Symbol Parameter Test conditions 25"C -40-+85"C 

Min Typ Max Min 

tTLH Low-level to high-level and 12 
high-level to low-level 

12 hHL output transition time 

tpLH 
Low-level to high-level and 17 
high-level to low-level 

tpHL 
output propagation time 
(A- a, a-A) 17 

tpLZ 
Output disable time from CL = 50pF (Note 5) 

30 
low-level and high-level 

t pHZ (OE-A.a) 30 

t pZL 
Output enable time to 30 
low-level and high-level 

t PZH (OE-A,a) 30 

C 1 Input capacitance 10 

Co Off-state output capacitance OE= Vee 15 

Cpo Power dissipation capacitance (Note 4) 

Note 4 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per transceiver) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· VCC

2 
• fl+lcc • Vce 

• . MITSUBISHI 
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Max 

15 

15 

21 

21 

38 

38 

38 

38 

10 

15 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 
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Note 5 : Test Circuit 

INPUT 

PG 1-'--'---1 

son 

MITSUBISHI HIGH SPEED CMOS 

M74HCT640·1P/FP/DWP 

OCTAL 3-STATE 
INVERTING BUS TRANSCEIVER WITH LSTTL-COMPATIBLE INPUTS 

Vee 

OUT 

OUTPUT 2XVOH 

~ RL =5000 

SW 

Parameter SW 

tTLH• tTHL 
Open 

tpLH• tpHL 

tPLZ- Closed 

tpHZ Open 

tPZL Closed 

t PZH Open 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 3ns, tf = 3ns 

(2) The capacitance CL Includes stray wiring 
capacitance and the probe Input capacitance. 

TIMING DIAGRAM 

A,B 

B,A 

A,B 

A,B 

2-540 

3.0V 

OV 

90% 
VOH 

1.3V 
10% 

VOL 
tTLH 

,-------3.0V 

OV 
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MITSUBISHI HIGH SPEED CMOS 

M74HC643P/FP/DWP 

OCTAL 3-STATE INVERTING A-ND NONINVERTING BUS TRANSCEIVER 

DESCRIPTION 
The M74HC643 is a semiconductor integrated circuit con
sisting of eight transceivers with inverted and noninverted 
outputs. 

FEATURES 
• High-fanout 3-state output: (loL =6mA, IOH=-6mA) 
• High-speed: 13ns typo (CI. =50pF, Vee=5V) 
• Low power dissipation: 20tLW/package, max 

(Vce=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC643 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while 'giving high-speed performance equivalent to' the 
74LS643. 
Two buffers with 3-state inverted and noninvertered outputs 
have their inputs and outputs mutually connected and can 
be used as buffers in both directions. 
The Input/output dire~tion is controlled by direction input 
DIR. 
When DIR is high, the data ports A will become input ter
minals and the data ports 8 will become output terminals. 
When DIR is low, 8 will become input terminals and A will 
become output terminals. 
When output enable input OE is high, A and 8 will both be
come a high-impedance state and they will be separated. 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

OE DIR A B 

L L 0 I 

L H I 0 
H X Z Z 

Note 1 I Input terminal 
o Output terminal (noninverted output) 
'0 Output terminal (inverted output) 
Z High impedance (A and B are separated) 
X Irrelevant 

PIN CONFIGURATION (TOP VIEW) 

DIRECTION 
INPUT DIR-

A1-

A2-

A3-

A4-
DATA PORTS 

A5-

A6-

A7-

AS-

GND 

20P4 
Outline 20P2N 

20P2V 

Vee 

OUTPUT ENABLE 
INPUT 

DATA PORTS 

LOGIC DIAGRAM (EACH TRANSCEIVER) 

DIRECTION 
INPUT 

DIR 

TO OTHER 7 CIRCUITS 

t t 
I 
I 
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MITSUBISHI HIGH SPEED CMOS 

M74HC643P/FP/DWP 

OCTAL 3-STATE INVERTING AND' NONINVERTING BUS TRANSCEIVER 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

v,<OV 
,1 1K Input protection diode current 

V, > Vce 

·IOK 
Vo<OV 

Output paraslti.c diode current 
Vo > Vee 

10 Outpu~ current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC643FP, T a = -40-+75"<: and T a = 75-85·C are derated at -7mW/"C. 
M74HC643DWP, Ta = -40-+80·C and Ta = 80-85·C are derated at -7mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85·C) 

limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 
Vo Olltput voltage 0 Vee 

Topr Operating temperature range -40 +85 
I Vee = 2.0V 0 1000 

tr. tf Input risetime, falltime l Vee=4.SV 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VIH High-level input voltage 

VIL Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

10zH Off-state high-level output current 

10ZL Off-state low-level output current 

Icc Quiescent supply current 

2-542 

Test conditions 

VeC<V) 

Vo = O. lV. Vee-O. lV 
2.0 

1101 =20p.A 
4.5 
6.0 

Vo = O. lV. Vee-O.1V 
2.0 

1101 =20pA 
4.5 
6.0 

10H = -20f..lA 2.0 
10H = -20f..lA 4.5 

V, = V'H. V'L IOH = -20f..lA 6.0 
10H = -6.0mA 4.5 
10H= -7.BmA 6.0 
10L = 20f..lA 2.0 
10L = 20f..lA 4.5 

V, = V'H. V'L 10L = 20f..lA 6.0 
10L = 6.0mA 4.5 
10L = 7.BmA 6.0 

V,=6V 6.0 
V,=OV 6.0 

V,=V'H. V'L. Vo= Vee 6.0 

V,= V'H. V'L. Vo= GND 6.0 
V, = Vee. GND. 10 = Of..lA 6.0 

• MITSUBISHI 
i'a.ELECTRIC 

Unit 

V 

V 
V 
·C 

ns 

Min 

1.5 
3.15 
4.2 

1.9 
4.4 
5.9 

4.18 
5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 
-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±35 mA 
±75 mA 
500 mW 

-65-+150 ·C 

Limits 

2S·C -40-+8S·C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1.35 1. 35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 

0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 
0.1 1.0 /-lA 

-0.1 -1.0 /-lA 
0.5 5.0 /-lA' 

-0.5 -5.0 /-lA 
4.0 40.0 /-lA 



MITSUBISHI HIGH SPEED CMOS 

M74HC643P/FP/DWP 

OCTAL 3-STATE INVERTING AND NON INVERTING BUS TRANSCEIVER 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

hLH Low-level to high-level and high-level to low-level 10 

hHL output transition time 
CL = 50pF (Note 4) 

10 
t pLH Low-level to high-level and high-level to low-level 21 

tpHL output propagation time (A - B, B - A) 21 

t pLZ Output disable time from low-level and high-level 
CL = 5 pF (Note 4) 

42 

t pHZ (OE-A, B) 42 
t PZL Output enable time to low-level and high-level 

CL = 50pF (Note 4) 
42 

tpzH (OE-A, B) 42 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+85'C 

VcC<V) Min Typ Max Min 

2.0 60 

hLH Low-level to high-level and 4.5 12 

CL = 50pF (Note 4) 
6.0 10 

high-level to low-level 
2.0 60 

hHL. output transition time 4.5 12 

6.0 10 

2.0 110 

t pLH 4.5 22 

CL = 50pF (Note 4) 
6.0 19 
2.0 110 

tpHL. Low-level to high-level and 4.5 22 
high-}evel to low-level 6.0 19 
output propagation time 2.0 195 

t pLH (A- B, B-A) 4.5 39 

CL = 15DpF (Note 4) 
6.0 34 
2.0 195 

tpHL. 4.5 39 

6.0 34 

2.0 172 

t pLZ Output disable time from 4.5 43 

CL = 50pF (Note 4) 
6.0 41 

low-Iellel and high-level 
2.0 172 

t pHZ (OE-A, B) 4.5 43 
6.0 41 

2.0 184 

tPZL. 4.5 46 

CL = 50pF (Note 4) 
6.0 41 
2.0 184 

t PZH Output enable time to low-level 4.5 46 

6.0 41 
and high-level 

2.0 216 

tPZL. (OE-A, B) 4.5 54 

CL = 150pF (Note 4) 
6.0 47 
2.0 216 

tpzH 4.5 54 

6.0 47 

C, Input capacitance 10 

Co Off-state output capacitance OE == Vee 15 

Cpo Power dissipation capacitance (Note 3) . 55 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per transceiver) 
Th- ,ower dissipation during operation under no-load conditions is calculated using the following formula: 
Po Cpo' Vee

2 
• f,+lee • Vee 

•. MITSUBISHI 
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Max 

75 

15 
13 

75 
15 
13 

140 

28 
24 

140 

28 
24 

245 
49 

43 
245 

49 

43 

208 

52 
50 

208 

52 
50 

224 

56 
50 

224 

56 

50 
260 

65 

57 
260 

65 
57 

10 

15 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HC643P/FP/DWP. 

OCTAL3-STATE INVER.TING AND NONINVER'TING BUS TRANSCEIVER 

Note 4 Test Circuit 

INPUT Vee 

PG 1--+---1 OUT 

50n 
GNO 

TIMING DIAGRAM 

A 

B 

OE 

A, B --

A, B 

2-544' 

OUTPUT Vee 

~RL= lkO 

SWI 

Vee 

'--------GNO 

Jr----VOH 

------Vee 

GNO 

Parameter SWI SW2 

t TLH, tTHL 
Open Open 

t pLH , tpHL 

t pLZ Closed Open 

tpHZ Open Closed 

t PZL Closed Open 

t PZH Open Closed 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance, 

B 

A 

'., MITSUBISHI 
.... ELECTRIC 

Vee 

GNO 

VOH 

VOL 
tTHL 



MITSUBISHI HIGH SPEED CMOS 

M74HC643-1PI FP/DWP 

DESCRIPTION 
The M74HC643-1 is a semiconductor integrated circuit con
sisting of eight bus transceivers with inverted and nonin
verted outputs. 

FEATURES. 
• High-fanout 3-state output: (loL=24mA, IOH=-24mA) 
• High-speed: 8ns typo (CL =50pF, Vcc=5V) 
• Low power dissipation: 25,uW/package, max 

(Vcc=SV, Ta=2S·C, quiescent state) 

• High noise margin: 30% of Vee, min (Vec=4.5V, 6V) 
• Capable of driving 60 74LSTTL loads 
• Wide operating voltage range: Vce=2-6V 
• Wide operating temperature range: T a=-40-+SSoC 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC643-1 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS643. 
The circuit is designed to suppress the increased switching 
noise that normally occurs at high output currents. 
Two buffers with 3-state inverted and noninvertered outputs 
have their inputs and outputs mutually connected and can 
be used as buffers in both directions. 
The Input/output direction is controlled by direction input 
DIR. 

When DIR is high, the data ports A will become input ter
minals and the data ports B will become output terminals. 
When DIR is low, B will become input terminals and A will 
become output terminals. 
When output enable input OE is high, A and B will both be
come a high-impedance state and they will be separated. 

FUNCTION TABLE (Note 1) 

Inputs Data ports 

OE DIR A B 

L L 0 I 

L H I 0 
H X Z Z 

Note 1 I Input terminal 
o Output terminal (noninverted output) 
o Output terminal (inverted output) 
Z High impedance (A and B are separated) 
X Irrelevant 

PIN CONFIGURATION (TOP VIEW) 

DIRECTION 
INPUT DIR- Vee 

A1-
OUTPUT ENABLE 
INPUT 

A2-

A3-

A4-
DATA PORTS 

AS-
DATA PORTS 

A6-

A7-

A8-

GND -B8 

20P4 
Outline 20P2N 

20P2V 

LOGIC DIAGRAM (EACH TRANSCEIVER) 

DIRECTION 
INPUT 

DIR 

TO OTHER 7 CIRCUITS 

, t 
I , 

• MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC643-1P/FP/DWP 

OCTAL 3-STATE INVERTING AND NONINVERTING BUS TRANSCEIVER 

ABSOLUTE MAXIMUM RATINGS (Ta = -40 ..... +SS·C. unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

V, > vcc 

Vo<OV 
10K Output parasitic diode current 

Vo > Vec 

10 Output current per output pin 

Icc Supply/GND current Vcc, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC643-1FP. Ta = -40 ..... +7S·C and Ta = 7S ..... SS·C are derated at -7mW/"C. 
M74HC643-1DWP. Ta = -40-+S0"C and Ta = SO ..... SS·C are derated at -7mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+SS·C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

V, Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Tcmr Operating temperature range -40 +85 

Vce = 2.0V 0 500 

t r• tf Input risetime. falltime Vee=4.5V 0 50 

Vec = 5.5V 0 30 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level Input voltage 

V IL Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

IIH High-level Input current 

I'L Low-level input current 

10zH Off-state high-level output current 

10ZL Off-state low-level output current 

Icc Quiescent supply current 

2-546 

Test conditions 

VedV) 

Vo = o. lV, Vee-O. TV 
2.0 

1101 = 20pA 
4.5 

6.0 

Vo=O.1V, Vee-O.1V 
2.0 

4.5 
1101 = 20pA 

6.0 

IOH = -20pA 2.0 

IOH = -20JlA 4.5 
V, = V'H, V'L 

IOH = -20JlA 6.0 

10H= -24mA 4.5 

10L = 20pA 2.0 

IOL= 20JlA 4.5 
V, = V'H, V'L 

IOL = 20pA 6.0 

10L = 24mA 4.5 

V,=6V 6.0 

V,=OV 6.0 

V, = V'H, V'L. Vo = Vee 6.0 

V, = V'H, V'L,. Vo = GND 6.0 

V, = Vee, GND, 10 = OJlA 6.0 

. '. MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

·C 

ns/V 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

3.98 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+O. 5. V 

-20 

20 
mA 

-20 

20 
mA 

±50· mA 
±200 mA 

500 mW 
-65-+150 ·C 

Limits 

25"C -40-+85t Unit 

Typ Max Min Max 

1.5 

3.15 V 

4·2 
0.5 0.5 

1. 35 .. 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 
V 

3.84 

0.1 0.1 

0.1 0.1 
V 

0.1 0.1 

0.39 0.5 

0.1 1.0 J.l.A 
-0.1 -1.0 J.l.A 

0.5 5.0 J.l.A 
-0.5 -5.0 J.l.A 

5.0 50.0 J.l.A 



MITSUBISHI HIGH SPEED CMOS 

M74HC643-1P/FP/DWP 

OCTAL 3-STATE INVERTING AND NONINVERTING BUS TRANSCEIVER 

SWITCHING CHARACTERISTICS (Vee = 5V, Ta = 25'C) 

limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = 50pF (Note 4) 

10 

t pLH Low-level to high-level and high-level to low-level 15 

tpHL output propagation time (A - B, B - A) 15 

t pLZ Output disable time from low-level and high-level 
CL = SpF(Note4) 

25 

t pHZ (OE-A, B) 25 

tPZL Output enable time to low-level and high-level 
CL = 50pF (Note 4) 

28 

t PZH (OE-A, B) 28 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

limits 

Symbol Parameter Test conditions 2S'C -40-+85°C 

VeC<V) Min Typ Max Min 

2.0 60 

hLH Low-level to high-level and 405 12 

6.0 10 
high-level to low-level 

2.0 60 

hHL output transition time 4.5 12 

600 10 

2.0 85 

tpLH Low-level to high-level and 4.5 17 

high-level to low-level 6.0 14 

~tput propagation time 2.0 85 

t pHL (A- B, B-A) 4.5 17 

CL = SOpF (Note 4) 
600 14 

200 150 

t pLZ Output disable time from 405 30 

6.0 26 
low-level and high-level 

200 150 

tpHZ (OE-A, B) 405 30 

6.0 26 

200 150 

tPZL Output enable time to 405 30 

600 26 
low-level and high-level 

200 150 

t PZH (OE-A, B) 4.5 30 

600 26 

C 1 Input capacitance 10 

Co Off-state output capacitance OE = Vee 15 

Cpo Power dissipation capacitance (Note 3) 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per transceiver) 
The power dissipation during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 0 fl+lce • Vec 

• MITSUBISHI 
i'& ELECTRIC 

Max 

75 

15 

13 

75 

15 

13 

105 

21 

18 

105 

21 

18 

190 

38 

33 

190 

38 

33 

190 

38 

33 

190 

38 

33 

10 

15 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 

pF 

pF 
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MITSUB.ISHI HIGH SPEED CMOS 

M74HC643-1P/FP/DWP 

OCTAL 3.STATE INVERTING AND NONINVERTING BUS TRANSCEIVER 

Note 4 : Test Circuit 

INPUT Vce OUTPUT 

PG ~-+---I DUT 

50n 
GND 

. TIMING DIAGRAM 

A 

tpHL tpLH 

B 

hHL tTLH 

OE 

tPZL 

A, B 

tPZH 

A, B 

2-548 

Vee 

Parameter SW 

tTLH• tTHL 
Open 

tpLH, tpHL 

tpLZ Closed 

tpHZ Open 

tPZL Closed 

tPZH Open 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 3ns, tf = 3ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance . 

B 
Vee 

GND ~---------------GND 

VOH 

A 

VOL 

Vee 

GND 

VOL 

VOH 

• MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

PRE\"~~~~~! 
~otice: Thl;':itS are sub)ec 

rametrlC I 

M74HCT643-1P/FP/DWP 
pa OCTAL 3-STATE INVERTING 

AND NONINVERTING BUS TRANSCEIVER WITH LSTTL-COMPATIBLE INPUTS 

DESCRIPTION 
The M74HCT643-1 is a semiconductor integrated circuit 
consisting of eight transceivers with inverted and nonin
verted outputs. 

FEATURES 
• TTL level inputs VIL =0.8V max, VIH=2.0V min 
• High-fanout 3-state output: (loL =24mA, IOH=-24mA) 
• High-speed: 10ns typo (CL=50pF, Vcc=5V) 
• Low power dissipation: 25.uW/package, max 

(Vcc=5V, T a=25°C, quiescent state) 

• Capable of driving 60 74LSTTL loads 
• Wide operating temperature range: T a= -40-+8SoC 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HCT643-1 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS643. 
The circuit is designed to suppress the increased switching 
noise that normally occurs at high output currents. 
As the inputs are TTL level, the device can be used as a 
level converter from LSTTL to high-speed CMOS. In that 
case, no pull-up resistors are required. 
Two buffers with 3-state inverted and noninvertered outputs 
have their inputs and outputs mutually connected and can 
be used as buffers in both directions. 
The Input/output direction is controlled by direction input 
DIR. 

When DIR is high, the data ports A will become input ter
minals and the data ports 8 will become output terminals. 
When DIR is low, 8 will become input terminals and A will 
become output terminals. 
When output enable input OE is high, A and 8 will both be
come a high-impedance state and they will be separated. 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

OE DIR A B 
L L 0 I 

L H I 0 
H X Z Z 

Note 1 I Input terminal 
o Output terminal (noninverted output) 
(5 Output terminal (inverted output) 
Z High impedance (A and B are separated) 
X Irrelevant 

PIN CONFIGURATION (TOP VIEW) 

DIRECTION 
INPUT DIR .... Vee 

A1-
OUTPUT ENABLE 
INPUT 

A2-

A3-

A4-
DATA PORTS 

A5-
DATA PORTS 

A6-

A7-

A8-

GND -88 

20P4 
Outline 20P2N 

20P2V 

LOGIC DIAGRAM (EACH TRANSCEIVER) 

DIRECTION 
INPUT 

DIR 

TO OTHER 7 CIRCUITS , , 
I 
I 

. ". MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT643-1PIFP/DWP 

OCTAL 3-STATE INVERTING 
AND NONINVERTING BUS TRANSCEIVER WITH' LSTTL-COMPATIBLE INPUTS 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+8S·C. unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K 
VI < OV 

Input protection diode current 
VI> Vee 

Vo<OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HCT643-1FP. Ta = -40-+7S'C and Ta = 7S-8S'C are derated at -7mW/"C. 
M74HCT643-1DWP. Ta = -40-+80'C and Ta = 80-8S'C are derated at -7mW/"C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+8S'C) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5.5 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Topr Ambient operating temperature -40 +85 ·c 
I Vee=4.5V 0 25 

tr. tf Input rlsetime. falltlme I Vee = 5.5V 0 15 
ns/V 

ELECTRICAL CHARACTERISTICS (Vee = SV±10%. unless otherwise noted) 

Symbol 

V IH 

V IL 

V OH 

VOL 

IIH 

IlL 

10zH 

10ZL 

Icc 

Alec 

Note 3 

2-550 

Parameter Test conditions 

High-level input voltage 
Vo = O. lV, Vee-O.1V 

1101 =20f.1.A 

Low-level Input voltage 
Vo = O. lV, Vee-O.1V 

1101 =20f.1.A 

High-level output voltage VI=VIL 
IOH = -20f.1.A 

10H = -24mA, Vee = 4. 5V 

10L = 20f.1.A 
Low-level output voltage VI = VIH, VIL 

10L = 24mA, Vee = 4.5V 

High-level input current VI = Vee 

Low-level input current VI=GND 

Off-state high-level output current VI = VIH, VIL, Vo = Vee 

Off-state low-level output current VI = VIH, VIL, Vo = GND 

Quiescent supply current VI = Vee, GND, 10 = Of.1.A 

Maximum quiescent supply current VI = 2.4V, O.4V (Note 3) 

Only one input is set at this value and all other inputs are fixed at Vee or GND. 

• MITSUBISH, I 
.... ELECTRIC· 

Min 

2.0 

Vee-O• 1 

3.98 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±50 rnA 
±200 rnA 

500 rnW 
-65-+150 ·c 

Limits 

25'C -40-+85'C Unit 

Typ Max Min Max 

2.0 V 

0.8 0.8 V 

Vee-a. 1 

3.84 
V 

0.1 0.1 

0.5 
V 

0.39 

0.1 1.0 

-0.1 -1.0 
J.l.A 

0.5 5.0 
J.l.A 

-0.5 -5.0 

5.0 50.0 J.l.A 
2.7 2.9 rnA 
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MITSUBISHI HIGH SPEED' CMOS 

M74HCT643-1P/FP/DWP 

OCTAL 3-STATE INVERTING 
AND NONINVERTING BUS TRANSCEIVER WITH LSTTL-COMPATIBLE INPUTS 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25"C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

hLH Low-level to high-level and high-level to low-level 10 

tTHL output tranSition time 
CL = 50pF (Note 5) 

10 

t pLH Low-level to high-level and high-level to low-level 15 

t pHL output propagation time (A - B, B - A) 15 

t pLZ Output disable time from low-level and high-level 
CL = 5 pF (Note 5) 

25 

t pHZ (OE~A, B) 25 

tPZL Output enable time to low-level and high-level 
CL = 50pF (Note 5) 

28 

t pZH (OE-A, B) 28 

SWITCHING CHARACTERISTICS (Vee = 5V±10%, Ta = -40-+S5"C) 

Limits 

Symbol Parameter Test conditions 25"C -40-+S5"C 

Min T,yp Max Min Max 

tTLH _ Low-level to high-level and 12 15 
high-level to low-level 

12 15 hHL output transition time 

t pLH 
Low-level to high-level and 17 21 
high-level to low-level 
output propagation time 

t pHL (A- B, B-A) 17 21 

tpLZ 
Output disable time from CL = 50pF (Note 5) 

30 38 
low-level and high-level 

tpHZ (OE-A, B) 30 38 

tPZL 
Output enable time to 30 38 
low-level and high-level 

tPZH caE-A, B) 30 38 

C, Input capacitance 10 10 

Co Off-state output capacitance OE = Vee 15 15 

- Cpo Power dissipation capacitance (Note 4) 

Note 4 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per transceiver) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· Vee

2 
• f,+lee • Vee 

. ',MITSUBISHI 
"'ELECTRIC 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 

ns 

ns 

ns 

pF 
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Note 5 : 

PG 

MITSUBISHI HIGH SPEED CMOS 

M74HCT643-1P/FPIDWP 

OCTAL 3·STATE INVERTING 
AND NONINVE"TING BUS TRANSCEIVER W'ITH LSTTL·COMPATIBLE INPUTS 

Test Circuit 

INPUT Vcc OUTPUT 2XVOH 

~ RL = 500n 
sw 

OUT 

50n 
GNO ICL RL = 500n 

Parameter SW 

tTLH• tTHL 
Open 

tpLH• tpHL 

tpLZ Closed 

tpHZ Open 

tPZL Closed 

tPZH Open 

(l)The pulse generator (PG) has the following 
characteristiCs (10%-90%): tr = 3ns, tf = 3ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe Input capacitance. 

TIMING DIAGRAM 

A 

8 

A, 8 

A, B 

2-552 

3.0V 

B 

OV 

90% 
VOH 

1.3V A 

10% 
VOL 

tTLH 

,..------ 3.0V 

OV 

" MITSUBISHI 
llli'&ELECTRIC 

3.0V 

OV 

VOH 

10% 
VOL 

tTHL 



MITSUBISHI HIGH SPEED CMOS 

M74HC645P/FP/DWP 

OCTAL 3-STATE NONINVERTING BUS TRANSCEIVER 

PESCRIPTION 
The M74HC64S is a semiconductor integrated circuit con
sisting of eight transceivers with noninverted outputs. 

FEATURES 
• High-fanout 3-state output: (IOL =6mA, IOH= -6mA) 
• High-speed: 13ns typo (CL =SOpF, Vee=SvJ 
• Low power dissipation: 20.uW/package, max 

(Vee=SV, Ta=2SoC, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.SV, 6V) 
• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vee=2--6V 
• Wide operating temperature range: Ta=-40--+SSoC 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC645 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while· giving high-speed performance equivalent to the 
74LS645. 
Two buffers with 3-state noninverted outputs have their in
puts and outputs mutually connected and can be used as 
buffers in both directions. 
The input/output direction is controlled by direction input 
OIR. 

When OIR·is high, the data ports A will become input ter
minals and the data ports 8 will become output terminals. 
When OIR is low, 8 will become input terminals and A will 
become output terminals. 
When output enable input OE is high, A and 8 will both be
come a high-impedance state and they will be separated. 

FUNCTION TABLE (Note 1) 

Inputs Outputs 

OE DIR A B 

L L 0 I 

L H I 0 
H X Z Z 

Note 1 I Input terminal 
o Output terminal (noninverted output) 
Z High impedance (A and B are separated) 
X Irrelevant 

PIN CONFIGURATION (TOP VIEW) 

DIRECTION 
INPUT DIR --+ 

A2-

A4-
DATA PORTS 

A5-

20P4 
Outline 20P2N 

20P2V 

Vcc 

OUTPUT 
ENABLE INPUT 

DATA PORTS 

LOGIC DIAGRAM (EACH TRANSCEIVER) 

DIRECTION 

INPUT DIR 

OUTPUT ENABLE 

INPUT OE 

TO OTHER 7 CIRCUITS , , 
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MITSUBISHI HIGH SPEED CMOS 

M74HC64SP/FP/DWP 

OCTAL3-STATE NONINVERTING BUS TRANSCEIVER 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K Input protection diode current 
VI < OV 

VI> Vcc 

10K Output parasitic diode'current 
Vo< OV 

Vo > Vcc 
10 Output current per output pin 

Ice Supply/GND current Vcc• GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 M74HC645FP, Ta = -40-+75'C and Ta = 75-S5'C are derated at -7mW/'C. 
M74HC645DWP, Ta = -40-+S0'C' and Ta = SO-S5'C are derated at -7mW/'C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+S5'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vec Supply voltage 2 6 

VI Input voltage 0 Vec 

Vo Output voltage 0 Vee 

Toor Operating temperature range """"40 +85 

Vee=2.0V 0 1000 

t r• tf Input risetlme, falltime Vce=4.SV 0 500 

Vce=S.OV 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level Input voltage 

V IL Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

10zH Off-state high-level output current 

10ZL Off-state low-level output current 

lee Quiescent supply current 
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Test conditions 

Vec(V) 

2.0 
Vo = O. lV. Vee-O.1V 

4.5 
1101 = 20IJ.A 

6.0 

2.0 
Vo = O. lV. Vee-O. lV 

4.5 
1101 = 20IJ.A 

6.0 

10H = -201J.A 2.0 

10H= -201J.A 4.5 

VI = VIH• VIL 10H = -201J.A 6.0 

IOH= -S.OmA 4.5 

10H = -7. SmA 6.0 

10L = 20IJ.A 2.0 

10L = 20IJ.A 4.5 

VI = VIH• VIL 10L = 20IJ.A ' 6.0 

10L = S.OmA 4.5 

10L = 7. SmA 6.0 

VI=SV 6.0 

VI=OV 6.0 

VI=VIH• VIL. Vo = Vee 6.0 

VI = VIH• VIL. Vo = GND 6.0 

VI = Vee. GND. 10 = OIJ.A 6.0 
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III-. ELECTRIC ' 

Unit 

V 

V 

V 

'c 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

+35 mA 
+75 mA 
500 mW 

-65-+150 'c 

Limits 

2S'C -40-+SS'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1. 35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0,26 0.33 

0.26 0.33 

0.1 1.0 /-LA 
-0.1 -1.0 /-LA 

0.5 5.0 /-LA 
-0.5 -5.0 /-LA 

4.0 40.0 /-LA 



MITSUBISHI HIGH SPEED 'CMOS 

M74HC645P/FP/DWP 

OCTAL 3-STATE NONINVERTING BUS TRANSCEIVER 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25"C) 

Symbol Parameter 
Limits 

Test conditions 
Min Typ Max 

hLH Low-level to high-level and high-level to low-level 10 

hHL output transition time 
CL = 50pF (Note 4) 

10 
t pLH Low-level to high-level and high-level to low-level 21 
t pHL output propagation time (A - B, B-A) 21 
t pLZ Output disable time from low-level and high-level 

CL = 5pF(Note4) 
42 

t pHZ (OE-A, B) 42 
t PZL Output enable time to low-level and high-level 

CL = 50pF (Note 4) 
42 

t PZH (OE-A, B) 42 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85"C) 

Limits 

Symbol Parameter Test conditions 25"C -40-+85"C 

Vcc(V) Min Typ Max Min Max 

2.0 60 75 

hLH Low-level to high-level and 4.5 12 15 

CL = 50pF (Note 4) 
6.0 10 13 

high-level to low-level 
2.0 60 75 

hHL output transition time 4.5 12 15 

6.0 10 13 

2.0 110 140 

tpLH 4.5 22 28 

CL = 50pF (Note 4) 
6.0 19 24 

2.0 110 140 

tpHL Low-level to high-level and 4.5 22 28 

high-level to low-level 6.0 19 24 

output propagation time 2.0 195 245 

tpLH (A- B, B-A) 4.5 39 49 

CL = 150pF (Note 4) 
6.0 34 43 

2.0 195 245 

tpHL 4.5 39 49 

6.0 34 43 

2.0 172 208 

tpLZ Output disable time from 4.5 43 52 

CL = 50pF (Note 4) 
6.0 41 50 

low-level and high-level 
2.0 172 208 

tpHZ (OE-A, B) 4.5 43 52 

6.0 41 50 

2.0 184 224 

tPZL 4.5 46 56 

CL = 50pF (Note4) 
6.0 41 50 

2.0 184 224 

tPZH Output enable time to low-level 4.5 46 56 

6.0 41 50 
and high-level 

2.0 216 260 

tPZL (OE-A, B) 4.5 54 65 

CL = 150pF (Note 4) 
6.0 47 57 

2.0 216 260 

tPZH 4.5 54 65 

6.0 47 57 

C 1 Input capacitance 10 10 

Co Off-state output capacitance OE= Vcc 15 15 

Cpo Power dissipation capacitance (Note 3) 58 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per transceiver) 
The power dissipation during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+lcc • Vee 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 

2-555 



Note 4 Test Circuit 

INPUT Vee 

PG 1---""---1 OUT 

500 
GNO 

TIMING DIAGRAM 

A, B 

B, A 

OE 

A, B 

A, B 

2-556 

OUTPUT 

MITSUBISHI HIGH SPEED CMOS 

M74HC64SP/FP/DWP 

OCTAL3·STATE NON INVERTING BUS TRANSCEIVER 

Vee 

~ RL = lkO 

SWl 

Vee 

Parameter SWl SW2 

tTLH, tTHL 
Open Open 

tPLi-h tpHL 

tpLZ Closed Open 

tpHZ Open Closed 

tpzL Closed Open 

tPZH Open Closed 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance_ 

'--------GND 

VOH 

Vcc 

GNO 

VOL 

VOH 

'MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC64S-1P/FP/DWP 

OCTAL 3-STATE NONINVERTING BUS TRANSCEIVER 

DESCRIPTION 
The M74HC645-1 is a semiconductor integrated circuit 
consisting of eight bus transceivers with non inverted out
puts. 

FEATURES 
• High-fanout 3-state output: (tOL =24mA, IOH=-24mA) 
• High-speed: Sns typo (CL =50pF, Vee=5V) 
• Low power dissipation: 25,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 60 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC645-1 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS645. 
The circuit is designed to suppress the increased switching 
noise that normally occurs at high output currents. 
Two buffers with 3-state non inverted outputs have their in
puts and outputs mutually connected and can be used as 
buffers in both directions. 
The input/output direction is controlled by direction input 
DIR. 
When DIR is high, the data ports A will become input ter
minals and the data ports 8 will become output terminals. 
When DIR is low, 8 will become input terminals and A will 
become output terminals. 
When· output enable input OE is high, A and 8 will both be
come a high-impedance state and they will be separated. 

FUNCTION TABLE (Note 1) 

Inputs Data ports 

OE DIR A B 
L L 0 I 

L H I 0 
H X Z Z 

Note 1 I Input terminal 
o Output terminal (noninverted output) 
Z High impedance (A and B are separated) 
X Irrelevant 

PIN CONFIGURATION (TOP VIEW) 

DIRECTION 
INPUT 

DATA PORTS 

20P4 
Outline 20P2N 

20P2V 

OUTPUT 
ENABLE INPUT 

DATA PORTS 

LOGIC DIAGRAM (EACH TRANSCEIVER) 

DIRECTION 

INPUT DIR 

TO OTHER 7 CIRCUITS 

t t 
I 
I 
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MITSUBISHI HIGH SPEED CMOS 

M74HC64S .. 1P/FP/DWP 

OCTAL 3-STATE NONINVERTING BUS TRANSCEIVER 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K Input protection diode current 
VI < OV 

VI> Vee 

10K 
Vo< OV 

Output parasitic diode current 
Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note2) 

Tstg Storage \amperature range 

Note 2 : M74HC645-1FP, Ta = -40-+75'C and Ta = 75-S5"C are derated at -7mW;oC. 
M74HC645-1DWP, Ta = -40-+S0"C and Ta = SO-S5'C are derated at -7mW;oC. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+S5"C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

Vee = 2.0V 0 500 

tr. tf Input rlsetlme, falltlme Vee = 4.5V 0 50 

Vee = 6.0V 0 30 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level Input voltage 

V 1L Low-level Input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL LOW-level Input current 

10zH Off-state high-level output current 

10ZL Off-state low-level output current 

Icc Quiescent supply current 
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Test conditions 

VeC<V) 

Vo = O. IV. Vee-O.1V 
2.0 

1101 =20J1.A 
4.5 

6.0 

2.0 
Vo = O. IV. Vee-O. IV 

4.5 
1101 =20J1.A 

6.0 

10H = -20J1.A 2.0 

10H = -20J1.A 4.5 
VI = VIH. V1L 

10H = -20J1.A 6.0 

10H= -24mA 4.5 

10L = 20J1.A 2.0 

10L = 20J1.A 4.5 
VI = VIH• V1L 

10L = 20J1.A 6.0 

10L ~ 24mA 4.5 

VI =6V 6.0 

VI=OV 6.0 

VI = VIH. VIL. Vo =. Vee 6.0 

VI = VIH. VIL. Vo = GND 6.0 

VI = Vee. GND. 10 = OJ1.A 6.0 

• . MITSUBISHI 
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Unit 

V 

V 

V 
·C 

ns/V 

Min 

1.5 

3.15· 

4.2 

1.9 

4.4 

5.9 

3.98 

Ratings Unit 

-0.5-+7.0 V 

~o. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

.20 
rnA 

-20 

20 
rnA 

±50 rnA 
±200 rnA 

500 rnW 
-65 ...... +150 ·c 

Limits 

25'C -40-+85'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 
V 

3.84 

0.1 0.1 

0.1 0.1 
V 

0.1 0.1 

0.39 0.5 

0.1 1.0 J.l.A 
-0.1 -1.0 J.l.A 

0.5 5.0 J.l.A 
-0.5 -5.0 J.l.A 

5.0 50.0 J.l.A 



MITSUBISHI HIGH SPEED CMOS 

M74HC64S-1P/FP/DWP 

OCTAL 3·STATE NONINVERTING BUS TRANSCEIVER 

SWITCHING CHARACTERISTICS (Vec = 5V, T a = 25"C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

tTHL output transition time 
CL = SOpF (Note 4) 

10 

t pLH Low-level to high-level and high-level to low-level 15 

t pHL output propagation time (A - B, B - A) 15 

t pLZ Output disable time from low-level and high-level 
CL = 5 pF (Note 4) 

25 

t pHZ (OE-A, B) 25 

t PZL Output enable time to low-level and high-level 
CL = ,SOpF (Note 4) 

28 

t PZH (OE-A, B) 28 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, T a = -40-+85·C) 

Limits 

Symbol Parameter Test conditions 2S·C -40-+8S·C 

Vcc(V) Min Typ Max Min 

2.0 60 

tTLH Low-level to high-level and 4.5 12 

6.0 10 
high-level to low-level 

2.0 60 

tTHL output transition time 4.5 12 

6.0 10 

2.0 85 

t pLH Low-level to high-level and 4. ? 17 

high-level to low-level 6.0 14 

output propagation time 2.0 85 

t pHL (A- B, B-A) 4.5 17 

CL = SOpF (Note 4) 
6.0 14 

2.0 150 

t pLZ Output disable time from 4.5 30 

6.0 26 
low-level and high-level 

2.0 150 

t pHZ (OE-A, B) 4.5 30 

6.0 26 

2.0 150 

t pzL Output enable time to 4.5 30 

6.0 26 
low-level and high-level 

2.0 150 

t pzH (OE~A, B) 4.5 30 

6.0 26 

C 1 Input capacitance 10 

Co Off-state output capacitance OE = Vcc 15 

Cpo Power dissipation capacitance (Note 3) 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per transceiver) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· VCC

2 
• fl+lcc • Vce 
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Max 

75 

15 

13 

75 

15 

13 

105 

21 

18 

105 

21 

18 

190 

38 

33 

190 

38 

33 

190 

38 

33 

190 

38 

33 

10 

15 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 

ns 

ns 

ns 

pF 
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Note 4 : Test Circuit 

INPUT Vce 

PG l--........ --I OUT 

50n 
GNO 

TIMING DIAGRAM 

A,B 

B,A 

OE 

A, B 

A, B 

2-560 

OUTPUT 

MITSUBISHI HIGH SPEED CMOS 

M74HC64S-1P/FP/DWP 

OCTAL·3-STATE NONINVERTING BUS TRANSCEIVER 

Vee 

GNO 

Parameter SW 

tTLH,hHL 
Open 

tpLH, tpHL 

t pLZ Closed 

t pHZ Open 

tPZL Closed 

tPZH Open 

(1) The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 3ns, tf = 3ns 

(2) The capacitance CL includes stray 'Wiring 
capacitance and the probe input capacitance. 

------ Vee 

GNO 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT64S-1P/FP/DWP 

DESCRIPTION 
The M74HCT645-1 is a semiconductor integrated circuit 
consisting of eight three-state noninverted bus transceivers. 

FEATURES 
• TTL level input VIL =0.8V max VIH=2.0V min 
• High-fanout 3-state output: (loL =24mA, IOH=-24mA) 
• High-speed: 10ns typo (CL=50pF, Vcc=5V) 
• Low power dissipation: 25,uW/package, max 

(Vcc=5V, Ta=25°C, quiescent state) 

• Capable of driving 60 74LSTTL loads 
• Wide operating temperature range: T a= -40 ....... +85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HCT645-1 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS645. 
The circuit is designed to supprQss the increased switching 
noise that normally occurs at high output currents. 
As the ihputs. are TTL level, the device can be used as a 
level converter from LSTTL to high-speed CMOS. In that 
case, no pull-up resistors are required. 
Two buffers with 3-state noninverted outputs have their in
puts and outputs mutually connected and can be used as 
buffers in both directions. 
The input/output direction is controlled by direction input 
DIR. 
When DIR is high, the data ports A will become input ter
minals and the data ports B will become output terminals. 
When DIR is low, B will become input terminals and A will 
become output terminals. 
When output enable input OE is high, A and B will both be
come a high-impedance state and they will be separated. 

FUNCTION TABLE (Note 1) 

Inputs Data ports 

OE DIR A B 

L L 0 I 

L H I 0 
H X Z Z 

Note 1 I Input 
o Output (noninverting output) 
Z High impedance (A and 8 are isolated) 
X Irrelevant 

PIN CONFIGURATION (TOP VIEW) 

DIRECTION 
INPUT DIR-+ 

DATA PORTS 

A84;+ 

GND 

20P4 
Outline 20P2N 

20P2V 

Vee 

-88 

OUTPUT ENABLE 
INPUT 

DATA PORTS 

LOGIC DIAGRAM (EACH TRANSCEIVER) 

DIRECTION 
INPUT DIR 

TO OTHER SEVEN CIRCUITS 

, t 
I 
I 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT645·1P/FP/DWP 

OCTAL 3·STATE 
NONINVERTING BUS TRANSCEIVER WITH LSTTL·COMPATIBLE INPUTS 

ABSOLUTE MAXIMUM R~TINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K 
VI < OV 

Input protection diode current 
VI> Vee 

10K 
Vo< OV 

Output parasitic diode current 
Vo > Vee 

10 Output current per output pin 

lee Supply/GND current Vee, GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature 

Note 2 M74HCT645-1FP, Ta = -40-+75'C and Ta = 75-85'C are derated at -7mW/"C. 
M74HCT645-1DWP, Ta = -40-+80'C and Ta = 80-85'C are derated at -7mW/"C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85'C) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5.5 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Topr Operating temperature range -40 +85 'c 
I Vee = 4.SV 0 25 

t r• tf Input risetime, falltime 
I Vee = S.SV 0 15 

ns/V 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

Min 

V IH High-level input voltage 
Vo = O. lV, Vee - O. lV 

2.0 
1101 = 20l-lA 

V IL Low-level input voltage 
Vo = O.lV, Vee-0.1V 

1101 = 20l-lA 

V OH high-level output voltage VI=VIH, VIL 
10H = -201-lA Vee-O• l 

VOL 

IIH 

IlL 

10zH 

10ZL 

lee 

.6. lee 

Note 3 

2-562 

10H = -24mA, Vee=4.SV 

10L = 20l-lA 
Low-level output voltage VI = VIH, VIL 

10L = 24mA, Vee = 4. SV 

high-level input current VI = Vee 

LOW-level input current VI = GND 

Off-state high-Ierel output current VI = VIH, VIL, Vo= Vee 

Off-state low-lev~1 output current VI = VIH, VIL, Vo= GND 

Quiescent suPPIYI current VI = Vee, GND, 10= 01-1 A 

Maximum quiescent supply current VI = 2. 4V, O. 4V (Note 3) 

Only one input is set at this value and all other inputs are fixed at Vee or GND. 

.,." ···MITSUBISHI 
.... ELECTRIC 

3.98 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±50 rnA 
±200 rnA 

500 rnW 
-65-+150 ·c 

Limits 

2S'C -40-+BS'C Unit 

Typ Max Min Max 

2.0 V 

0.8 0.8 V 

Vee-O• l 

3.84 
V 

0.1 0.1 
V 

0.39 0.5 

0.1 .1.0 

-0.1 -1.0 
/-lA 

0.5 5.0 
/-lA 

-0.5 -5.0 

5.0 50.0 /-lA 
2.7 2.9 rnA 



-
MITSUBISHI HIGH SPEED CMOS 

M74HCT64S-1P/FP/DWP 

OCTAL 3-STATE 
NONINVERTING BUS TRANSCEIVER WITH LSTTL-COMPATIBLE INPUTS 

SWITCHING CHARACTERISTICS (Vee = SV, T a = 2S·C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

hLH Low-level to high-level and high-level to low-level 10 

hHL output transition time 10 

t pLH Low-level to high-level and high-level to low-level 
CL = 50pF (Note 5) 

15 

t pHL output propagation time (A - B, B-A) 15 

t pLZ Output disable time from low-level and high-level 
CL = 5pF(Note5) 

25 

tpHZ (OE-A, B) 25 

t PZL Output enable time to low-level and high-level 
CL = 50pF (Note 5) 

28 

t pZH (OE-A, B) 28 

SWITCHING CHARACTERISTICS (Vee = SV±10%, Ta = -40-+8S"<:) 

Limits 

Symbol Parameter Test conditions 25"<: -40-+85"<: 

Min Typ Max Min 

hLH Low-level to high-level and 12 
high-level to low-level 

12 hHL output transition time 

t pLH Low-level to high-level and 17 " 

high-level to low-level output 
t pHL propagation time (A - B, B - A) 17 

t pLZ Output disable time from CL = 50pF (Note 5) 
30 

low-level and high-level 
t pHZ (OE-A,B) 30 

tPZL 
Output enable time to 30 
low-level and high-level 

tPZH (OE-A,B) 30 

C 1 Input capacitance 10 

Co Off-state output capacitance OE= Vee 15 

Cpo Power disipation capacitance (Note 4) 

Note 4 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per transceiver) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· Vee

2 
• fl+lee • Vee 

Note S Test Circuit Parameter SW 

tTLH• tTHL 

INPUT Vee OUTPUT 2XVOH t pLH, tpHL 
Open 

PG OUT 

50n 
GNO 

~ RL = soon 
sw 

t pLZ Closed 

t pHZ Open 

tPZL Closed 

t PZH Open 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 3ns, tf = 3ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

• MITSUBISHI 
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Max 

15 

15 

21 

21 

38 

38 

38 

38 

10 

15 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HCT64S-1P/FP/DWP 

OCTAL 3-STATE 
NON INVERTING BUS TRANSCEIVER WITH LSTTL~COM'PATIBLE INPUTS 

TIMING DIAGRAM 

A, B 

B, A 

OE 

A, B 

A, B 

2-564 

3.0V 

OV 

VOH 

10% 

tTHL 
VOL 

_---3.0V 

OV 
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MITSUBISHI HIGH SPEED CMOS 

M74HC646P/FP/DWP 
&tIIe\f\ 

?t OCTAL 3-STATE NON INVERTING BUS TRANSCEIVER AND D-TYPE FLIP-FLOP 

DESCRIPTION 
The M74HC646 is a semiconductor integrated circuit con
sisting of eight bus transceivers with noninverted outputs. 

FEATURES 
• High-fanout 3-state outputs (IOL =6mA, IOH=-6mA) 
• High-speed: 70MHz clock frequency typo 

(CL =50pF, Vee=5V) 

• Low power dissipation: 20,uW/package, max 
(Vcc=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 157 4LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC646 to 
maintain of the low power dissipation and high noise margin 
the standard CMOS logic 4000B se'ries while giving high
speed performance equivalent to the 74LS646. 
The M74HC646 consists of eight bidirectional buffers by in
terconnecting the 1/0 buffers of two D-type flip flops with 3-
state noninverted outputs. The 1/0 direction is controlled by 
output~enable input OE and direction input DIR. The signals 
are routed from input to output or from the flip flop to output 

by source select inputs SAB and SBA' 
None of the Signals are inverted. 
When OE is low and DIR is high, the data ports A will be
come input terminals and the data ports B will become out
put terminals. When SAB goes low, the signal A, which was 
stored in flip frop (A) as QA when SAB was high, appears at 
B. When SAB is held low and when clock input CKAB 
changes from low to high, the Signal present at A is stored 
in flip flop (A) . When SAB is held high and when CKAB 
changes from low to high, the signal present at A is in
verted and stored in flip flop (A). At the same time, the sig
nal QA which was stored in flip frop (A), appears at B. 
When OE and DIR are both low, the I/O direction is re
versed: B will become input terminals and A will become 
output terminals. When SBA goes low, the Signal B, Which 
was stored in flip flop (B) as QB when SBA was high, 
appears at A. When SBA is held low and clOck input CKBA 
changes from low to high, the Signal present at B is stored 
in flip flop (B). 

When SBA is held high and CKBA changes from low to high, 
the signal present at B is stored in flip flop (B) . At the 
same time, the signal QB which was stored in flip flop (B), 
appears at A. 
When OE is high, both A and B will become high impe
dance state and they will be separated. When CKAB 

PIN CONFIGURATION (TOP VIEW) 

CLOCK INPUT CKAB -

f~p~~CE SELECT SAB __ 2 

Vee 

23 +- CKBA CLOCK INPUT 

22 +- SBA f~p~~CE SELECT DIRECTION INPUT DIR--

DATA PORTS 

GND 

21 +- OE ~~~TUT-ENABlE 

20 -BO 

24P4D 
Outline 24P2 

24P2V 

DATA PORTS 

changes from low to high, the Signal present at A is stored 
in flip flop (A). When CKBA changes from low to high, the 
signal present at B is stored in flip flop (B). -

.• MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC646PIFP/DWP 

OCTAL -3·STATE NONINVERTING BUS TRANSCEIVER AND D·TVPE FLIP·FLOP 

FUNCTION TABLE (Note 1) 

OE 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

Note 1 

Note 2 

Note 

2-566 

Control inputs Data ports Flip flop 
Operational description 

DIR CKAB CKBA SAB SBA A B QA Q B 

X X X X X X X QAO QBO The output of data ports A and B are disabled. 

t 
,--

QAo X X X X L X X Data ports A and Bare stroed by the flip flops at the rising edge of 

t 
r---

QAO X X X X I H I X X CKAS and CKSA. The output of data ports A and B Is disabled. 
-

QBO X X t X X X L X 
r---

QBO X X t X X X H X 

H X X* L X L L QAO QBO 
The output of data port B is enabled. (Note2) 

1} When SAS is low, data port A appears at data port B. The state of 
r---

the flip flop (A) is unchanged. 
H X X* L X H H QAO QBO 

f---
2} When SAS is high, the output of flip flop (A) appears at data port B. 

H X X* H X X QAO QAO QBO 

I r---- 0 
H t X* L X L L QAO QBO 3) When SAS is low, the data port A appears at data port B and is 

f--- stored in flip flop (A) at the rising edge of CKAS. 

H t X* L X H H QAO Q B
D 

f---
4} When SAS is high, the data port A is stored in flip flop (A) at the ris-H t X* H X L QAO QAO QBO 

r---- ing edge of CKAS, and the output of flip flop (A) appears at data port 
H t X* H X H QAO QAO QBO B. 

L X* X X L L L QAO QBO 
The out~ut of data port A is enabled. (Note 3) 

1} Wl1en SSA Is low, the data port B appears at data port A. The state 
f---

of flip flop (B) is unchanged. 
L X* X X L H H QAO QBO 

f---
2) When SSA is high, the output of flip flop (B) appears at data port A. 

L X* X X H QBO X QAO QBO 

0 - I 
L X* t X L L L QAO QBO 3) When SSA is low, the data port B appears at data port A and is 

- stored is flip flop (B) at the rising edge of CKAS. 

L X* t X L H H QAO Q B
D 

----;-
QAO QBO 4) When SSA is high, the data port B is stored in flip flop (B) and the L X* t X H QBO L 

- output of flip flop (B) appears at data port A. 
L X* t X H QBO H QAO QBO 

X : Irrelevant 
t : Change from low to high 

QA
D

, Q s
o : Output state of flip flops before the rise of CKAS and CKBA. 

I : Input terminal of data port 
o : Output terminal of data port 
* : As CKAS and CKSA are not selected by the I/O directional signal, data from data ports A and B can be stored in the corresponding 

flip flops at the rising edge of CKAB or CESA. 

The output at port B is given by : 
B = (A· SAS) + (OA· SAB) 

The output at port B is given by: 
A = (B • SBA) + (Os· SSA) 

• MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC646P/FP/DWP 

OCTAL 3-STATE NON INVERTING BUS TRANSCEIVER AND D-TYPE FLIP-FLOP 

LOGIC DIAGRAM (EACH TRANSCEIVER) 
sAB--.--------------------

~~---4D OA~--~-J 

F/F(A) 

CKAB CKAB 

DATA POUT A 
CKBA CKBA 

F/F(B) 
OB Dlb---~ 

TB 

{CKAB~CKAB CLOCK INPUTS 

CKBA~CKBA 

{
SABi~~SAB 

DATA SOURCE ~ 
SELECT INPUTS ~ ~____ _ 

SBA~SBA 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K Input protection diode current 
VI < OV 

VI> Vcc 

10K Output parasitic diode current 
Va< OV 

Va> Vce 

10 Output current per output pin 

Icc Supply/GNDeurrent Vee, GND 

Pd Power dissipation (Note 4) 

Tstg Storage temperature range 

Note 4 : M74HC646FP, T a = -40-+80·C and T a = 80-85·C are derated at -7mW/"C. 
M74HC646DWP, Ta = -40-+80·C and Ta = 80-85·C are derated at -7mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85·C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Operating temperature range 

Vee = 2.0V 

t r• tf Input risetime, falltime Vec=4.5V 

Vee = 6.0V 

Limits 

Min Typ Max 

2 6 

0 Vee 

0 Vee 

-40 +85 

0 1000 

a 500 

0 400 

. • MITSUBISHI 
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Unit 

V 

V 

V 

·C 

ns 

B DATA PORT 

TA 

TB 

Ratings Unit 

-0.5~+7.0 V 

-0. 5~Vee+O. 5 V 

-0. 5~Vee+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±35 mA 
±75 mA 
500 mW 

-65~+'50 ·C 
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""i MITSUBISHI HIGH SPEED CMOS 

M74HC646P/FP/DWP 

OCTAL3-STATE NONINVERTING BUS TRANSCEIVER AND D-TYPE FLIP-FLOP 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vedv) Min 

Vo = O. lV, Vee-0.1V 
2.0 1.5 

V'H High-level input voltage 
1101 = 201-1 A 

4.5 3.15 

6.0 4.2 

Vo = O. lV, Vee-O. lV 
2.0 

V'I- Low-level input voltage 
1101 = 201-1 A 

4.5 

6.0 

10H"" -20I-IA 2.0 1.9 

10H"" -201-lA 4.5 4.4 

V OH High-level output voltage V, = V'H, V'L 10H"" -201-lA 6.0 5.9 

10H"" -6.0mA 4.5 4.18 

10H"" -7.8mA 6.0 5.68 

10L = 20l-lA 2.0 

10L"" 20l-lA 4.5 

Val- Low-level output voltage V,= V'H, V'L 10l= 20l-lA 6.0 

10L= 6.0mA 4.5 

10L == 7.8mA 6.0 

I'H High-level Input current V,=6V 6.0 

1'1- Low-level Input current V,=OV 6.0 

10zH Off-state high-level output current V, = V'H, V'L, Vo = Vee 6.0 

10zI- Off-state low-level output current V, = V'H, V'L, Vo = GND 6.0 

Icc Quiescent supply current V, = Vee, GND, 10 = O/J.A 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25·C) 

Symbol Parameter Test conditions 

fmax 
tTI-H 

tTHI-

tpI-H 

tpHI-

tpI-H 

tpHI-

tpI-H 

tpHI-

tPI-Z 

t pHz 

tPZI-

t pZH 

tPI-Z 

t pHz 

t PZL 

t PZH 

2-568 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (A - B, B - A) 

Low-level to high-level and high-level to low-level 

output propagation time (CKAB - B, CKBA - A) 

Low-level to high-level and high-level to low-level 

output propagation time (SAB - B, SBA - A) 

Output disable time from low-level and high-level 

(OIA-A, B) 

Output enable time to low-level and high-level 

(OIA-A, B) 

Output disable time from low-level and high-level 

(OE-A, B) 

Output enable time to low-level and. high-level 

(OE-A, B) 

CL = 50pF (Note 6) 

CL = 50pF (Note 6) 

Cl = 5pF (Not6) 

CL= 50pF (Note 6) 

CL = 5pF (Note 6) 

Cl = 50ptr (Note 6) 

•... MITSUBISHI 
.... ELECTRIC 

Limits 

25'C ~40-+85'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /-iA 
-0.1 -1.0 /-iA 

0.5 5.0 /-iA 
-0.5 -5.0 /-iA 

4.0 40.0 /-iA 

Limits 
Unit 

Min Typ Max 

30 MHz 

10 ns 
10 ns 
30 ns 
30 ns 
40 ns 
40 ns 
30 ns 
30 ns 
30 ns 
30 ns 
33 ns 
33 ns 
30 ns 
30 ns 
33 ns 
33 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC646P/FP/DWP 

OCTAL 3-STATE NON INVERTING BUS TRANSCEIVER AND D-TYPE FLIP-FLOP 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

Symbol Parameter 

fmax Maximum clock frequency 

tTLH Low-level to high-level and 

high-level to low-level 

tTHL output transition time 

t pLH 

t pHL Low-level to high-level and 

high-level to low-level 

output propagation time 

t pLH (A- B, B-A) 

t pHL 

t pLH 

t pHL Low-level to high-level and 

high-level to low-level 

output propagation time 

t pLH (CKAB - B, CKBA - A) 

t pHL 

t pLH 

t pHL Low-level to high-level and 

high-level to low-level 

output propagation time 

t pLH (SAB - B, SBA - A) 

t pHL 

t pLZ Output disable time trom 

low-level and high-level 

t pHZ (OIA - A, B) 

Test conditions 

vedv) 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 

CL = SOpF (Note 6) 4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 

CL= lS0pF (Note 6) 
6.0 
2. d 
4.5 
6.0 
2.0 
4.5 

CL = SOpF (Note 6) 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 

CL = lS0pF (Note 6) 
6.0 
2.0 

4.5 
6.0 
2.0 
4.5 

CL = 50pF (Note 6) 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 

CL = lS0pF (Note 6) 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 

CL = SOpF (Note 6) 
6.0 
2.0 
4.5 
6.0 

• MITSUBISH .. I 
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Min 

5 
27 
32 

Limits 

2S'C -40-+SS'C Unit 

Typ Max Min Max 

4 
21 MHz 

25 
60 75 
12 15 ns 
10 13 
60 75 
12 15 ns 
10 13 

170 214 
34 43 ns 
29 36 

170 214 
34 43 ns 
29 36 

220 277 
44 55 ns 
37 47 

220 277 
44 55 ns 
37 47 

220 277 
44 55 ns 
37 47 

220 277 
44 55 ns 
37 47 

270 340 
54 68 ns 
46 58 

270 340 
54 68 ns 
46 58 

170 214 
34 43 ns 
29 36 

170 214 
34 43 ns 
29 36 

220 277 
44 55 ns 
37 47 

220 277 
44 55 ns 
37 47 

175 221 
35 44 ns 
30 37 

175 221 
35 44 ns 
30 37 
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MITSUBISHI HIGH SPEED CMOS 

M74HC646P/FP/DWP 

OCTAL 3-STATE NONINVERTING BUS TRANSCEIVER AND D-TYPE FLIP-FLOP 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+8S'C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+85'C, 

Vcdv) Min Typ Max Min Max 

2.0 175 221 

tPZL 4.5 35 44 

CL = 50pF (Note 6) 
6.0 30 37 

2.0 175 221 

t pZH Output enable time to low-level 4.5 35 44 

6.0 30 37 
and high-level 

2.0 225 284 

t pZL (DIR-'A, B) 4.5 45 57 

CL = 150pF (Note 6) 
6.0 38 48 

2.0 225 284 

t pzH 4.5 45 57 

6.0 38 48 

2.0 175 221 

tpLZ Output disable time from 4.5 35 44 

6.0 30 37 
low-level and high-level 

2.0 175 221 

t pHz (OE-A, B) 4.5 35 ,44 

CL = 50pF( Note 6) 
6.0 30 37 

2.0 175 221 

tpzL 4.5 35 44 

6.0 30 37 

2.0 175 221 

tpZH Output enable time to low-level 4.5 35 44 

6.0 30 37 
and high-level 

2.0 225 284 

t pZL (OE-A, B) 4.5 45 57 

CL = 150pF(Note 6) 
6.0 38 48 

2.0 225 284 

tPZH 4.5 45 57 

6.0 38 48 

C 1 Input capacitance 10 10 

Co . Off-state output capacitance OE = Vee 15 15 

Cpo Power dissipation capacitance (Note 5) 

Note 5 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per flip flop) 
The power dissipation during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+lee • Vee 

TIMING REQUIREMENTS (Vee = 2-6V, T a = -40-+8S'C) 

Symbol Parameter 

tw CKAB, CKBA pulse width 

tsu 
A, B setup time with 

respect to CKAB', CKBA 

th 
A, B hold time with 

respect to CKAB, CKBA 

2-570 

Test conditions 

Vcc(V) 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 
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Limits 

25'C -40-+85'C 

Min Typ Max Min Max 

80 101 

16 20 

14 17 

100 125 

20 25 

17 21 

0 0 

0 0 

0 0 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 

Unit 

ns 

ns 

ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC646P/FP/DWP 

OCTAL 3-STATE NONINVERTING BUS TRANSCEIVER AND D-TYPE FLIP-FLOP 

Note 6 Test Circuit 

INPUT Vee 

DUT 

TIMING DIAGRAM 

A, B 

B, A 

DIR 

A, B 

A, B 

OE 

A, B 

A, B 

OUTPUT Vee 

~ RL = lKO 

SWl 

Vee 

~----------GND 

A, B 

Parameter SWl SW2 

tTLH, hHL 
Open Open 

tpLH , t pHL 

tpLZ Closed Open 

t pHZ Open Closed 

tPZL Closed Open 

t pZH Open Closed 

(1) The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

\ 
OA, Os FLIP FLOP OUTPUT / 

SAS, SSA 

Vee 

GND B, A 

VOL 

VOH 

CKAS, CKBA 

A, B 50% 

Vee 

GND 

Vee 

GND 

_----Vee 

GND 

Vee 

"---------+----- GND 
Vee 

GND 

VOL 

VOH 

B, A 
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DESCRIPTION 
The M74HC648 is a semiconductor integrated circuit con
sisting of eight bus transceivers with inverted outputs. 

FEATURES 
• High fon-'out 3-state outputs (IOL =6mA, IOH= -6mA) 
• High-speed: 70MHz clock frequency typo 

(CL =50pF, Vee=5V) 

• Low power dissipation: 20,uW/package, max 
(Vee=5V, Ta=25·C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40 ...... +85·C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC648 to 
maintain the low power dissipation and high noise margin of 
the standard CMOS logic 4000B series while giving high
speed performance equivalent to the 74LS648. 
The M74HC648 consists of eight bidirectional buffers by in
terconnecting the I/O buffers of two D-type flip flops with 3-
state inverted outputs. The JlO direction is controlled by 
output-enable input OE and direction input DlR. The signals 
are routed from input to output or from the flip flop to output 
by source select inputs SAS and SSA' The input signals are 
inverted when they appear at the output. 
When OE is low and DIR is high, the data ports A will be
come input terminals and the data ports B will become out
put terminals. When SAS goes low, the inverted signal A, 
which was stored in flip flop (A) as QA when SAS waS high, 
appears at B. When SAB is held low and when ,clock input 
CKAS changes from low to high, the signal present at A is 
stored in flip flop (A). When SAS is held high and when 
CKAS changes from low to high, the signal present at A is 
inverted and stored in flip flop (A). At the same time, the 
inverted signal QA which was stored in flip flop (A) , 
appears at B. 
When OE and DIR are both 'low, the I/O direction is re
versed: B will become input terminals and A will become 
output terminals. When SSA goes low, and the inverted sig
nal B, which/was stored in flip flop (B) as Q s when SSA was 
high, appears at A. When SSA is held low and clock input 
CKSA changes from low to high, the signal present at B is 
stored in flip flop (B). 
When SSA is held high and CKSA changes from low to high, 
the signal present at B is stored in flip flop (B).At the same 
time, the inverted signal as, which was stored in flip flop 
( B), appears at A. 
When OE is high, both A and B will become high impe-

MITSUBISHI HIGH SPEED CMOS 

M74HC648P/FP/DWP 

PIN CONFIGURATION (TOP VIEW) 

CLOCK INPUT CKAB -

f~p~~CE SELECT SAB-

DIRECTION INPUT DIR -

DATA PORTS 

GND 

24P4D 
Outline 24P2 

24P2V 

DATA PORTS 

dance state and they will be separated. When CKAS 
changes from low to high, the signal present at A is stored 
in flip flop (A). When CKSA changes from low to high, the 
signal present at B is stored in flip flop (B). 
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MITSUBISHI HIGH SPEED CMOS 

M74HC648P/FP/DWP 

OCTAL 3·STATE INVERTING BUS TRANSCEIVER AND D·TYPE FLIP·FLOP 

FUNCTION TABLE (Note 1) 

Control inputs Data ports Flip Flop 
Operational description 

OE DIR CKAB CKBA SAB SBA A B Q A Q B 

,H X X X X X X X QAO QBO The output of data ports A and 8 are disabled. 
-

H X t X X X L X QA
O X Data ports A and 8 are stored by the flip flops at the rising edge of 

-
H X t X X X I H I X QAO X CKAB and CKBA. The output of data ports A and 8 is disabled. 

-
H X X t X X X L X QBO 

-
H X X t X X X H X QBO 

L H X X· L X L H QAO QBO 
The output of data port 8 is enabled. (Note 2) 

,) When SAB is low, the data port A appears at data port 8. The state -
L H X X· L X H L QAO QBO 

of the flip flop (A) is unchanged. 

-
L H X X· H X X QAO QAO QBO 

2) When SAB is high, the output of flip flop (A) appears at data port 8. 

I - 0 
L H t X· L X L H QAO QBO 3) When SAB is low, the data port A appears at data port 8 and is 

- stored in flip flop (A) at the rising edge of CKAB. 
L H t X· L X H L QAO QBO 

-
L H t X· H X L QAO QAO QBO 4) When SAB is high, the data port A is stored in flip flop (A) at the ris-

- ing edge of CKAB, and the output of flip flop (A) appears at data port 
L H t X· H X H QAO QAO QBO 8. 

L L X· X X L H L QA
O QBO 

The output of data port A is enabled. (Note 3) 

,) When SeA is low, the data port 8 appears at data port A. The state 
-

L L X· X X L L H QAO QBO 
of flip flop (8) is unchanged. 

L L X· X X H 

----:-

QB
O X QAO QBO 

2) When SBA is high, the output of flip flop (8) appears at data port A. 

0 - I 
3) When SBA is low, the data port 8 appears at data port A and is L L X· t X L H L QA

O 
QB

O 

- stored in flip flop (8) at the rising edge of CKAB. 
L L X· t X L L H QAO QBO 

-
L L X· t X H QBO L QAO QBO 4) When SeA is high, the data port B is stored in flip flop (8) and the 

- output of flip flop (8) appears at data pout A. 
L L X· t X H QB

O H QAO QBO 

Notel: X : Irrelevant 
t : Change from low to high 

OAO,OSO : Output state of flip flops before the rising edge of CKAe and CKSA' 
I : Input terminal of data port 
o : Output terminal data port 
* : As CKAS and CKSA are not selected by the I/O direction signal, data from data ports A and 8 can be stored in the corresponding 

flip flops at the rising edge of CKAS or CKSA. 
Note 2 The outnput at data port B is given by: 

B = (A • SAS) + (OA • SAB) 
Note The output at data port B is given by: 

A = (S . SSA) + (OS· SSA) 

• MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC648P/FP/DWP 

OCTAL 3-STATE INVERTING BUS TRANSCEIV~RAND D.;TYPE FLIP.FLOP 

LOGIC DIAGRAM (EACH TRANSCEIVER) 

DATA 
PORT 

A 

CLOCK INPUTS 

SAB--~----------------~ 

CKBA 

F/F(B) 

OB 

{

CKABo----{:::>o--<f CKAB 

CKBAo----{:::>o--<fCKBA DIRECTION INPUT DIR 

DATA SOURCE ' INPUT 

{ 

SAB 0-----{:>-- SAB OUTPUT ENABLE OE 

SELECT INPUTS ..... .........._ .. _ 
SBA~SBA 

ABSOLUTE MAXIMUM RATINGS (Ta ·= -40-+85·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vee 

Vo < OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note4) 

Tstg Storage temperature range 

Note 4 : M74HC648FP, T a = -40-+80·C and T a = 80-85·C are derated at -7mW/"C. 
M74HC648DWP, Ta = -40-+80·C and Ta = 80-85·C are derated at -7mW/"C. 

RECOMMENDED OPERATING CONDITIONS (T a = -40--+85·C) 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

Topr Operating temperature range 

I Vcc = 2.0V 

t r• tf Input risetime, falltime I Vcc=4.5V 

I Vee = 6.0V 

2-574 

Limits 

Min Typ Max 

2 6 
0 Vee 

0 Vee 
-40 +85 

0 1000 

0 500 

0 400 

• MITSUBISHI 
~ELECTRIC 

Unit 

V 

V 

V 
·C 

ns 

B DATA PORT 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±35 rnA 

±75 rnA 

500 rnW 

-65-+150 ·C 



MITSUBISHI HIGH SPEED CMOS 

M74HC648P/FP/DWP 

OCTAL 3 .. STATE INVERTING BUS TRANSCEIVER AND D .. TVPE FLIP-FLOP 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vedv) Min 

2.0 1.5 

V IH High-level input voltage 
Vo = O. 1 V, Vce-O. lV 

4.5 3.15 
1101 = 20f.J.A 

6.0 4.2 

2.0 

V IL Low-level input voltage 
Vo = O. lV, Vee-O. lV 

4.5 
1101 =20f.J.A 

6.0 
10H = -20f.J.A 2. a 1.9 
10H = -20f.J.A 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -20f.J.A 6.0 5.9 
IOH= -6.0mA 4.5 4.18 
10H= -7.8mA 6. a 5.68 

10L = 20f.J.A 2.0 
10L = 20f.J.A 4.5 

VOL Low-level output voltage VI = VIH, VIL 10L = 2Of.J.A 6. a 
10L = 6.0mA 4.5 
10L = 7.8mA 6.0 

IIH High-level input current VI =6V 6. a 
IlL Low-level input current VI=OV 6.0 

lozH Off-state high-level output current VI=VIH, VIL, Vo= Vee 6.0 

lozL Off-state low-level output current VI=V,H, V'L, Vo= GNO 6.0 

Icc Quiescent supply current V, = Vec, GNO, 10 = Of.J.A 6. a 

SWITCHING CHARACTERISTICS (Vee = 5V, Ta = 25'C) 

Symbol Parameter Test conditions 

fmax 
tTLH 

hHL 

t pLH 

t pHL 

tpLH 

t pHL 

t pLH 

t pHL 

t pLZ 

t pHz 

t PZL 

t PZH 

t pLZ 

t pHZ 

tpZL 

t PZH 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (A - B, B - A) 

Low-level to high-level and high-level to low-level 

output propagation time (CKAB - B, CKBA - A) 

Low-level to high-level and high-level to low-level 

output propagation time (SAB - B, SeA - A) 

Output disable time from low-level and high-level 

(OIR - A, B) 

Output enable time to low-level and high-level 

(OrR-A, B) 

Output disable time from low-level and high-level 

(OE-A, B) 

Output enable time to low-level and high-level 

(OE-A, B) 

CL = 50pF (Note 6) 

CL = 50pF (Note 6) 

CL = 5pF (Note 6) 

Ci. = 50pF (Note 6) 

CL = 5pF (Note 6) 

CL = 50pF (Note 6) 

• MITSUBISHI 
"'ELECTRIC 

Limits 

25'C -40-+85'C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 

0.5 0.5 

1. 35 1.35 V 

1.8 1.8 

1.9 
4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 
0.1 1.0 /-lA 

-0.1 -1.0 /-lA 
0.5 5.0 /-lA 

-0.5 -5.0 /-lA 
4.0 40.0 /-lA 

Limits 
Unit 

Min Typ Max 

30 MHz 

10 ns 
10 ns 
30 ns 
3D ns 
40 ns 
40 ns 
30 ns 
30 ns 
30 ns 
30 ns 
33 ns 
33 ns 
30 ns 
30 ns 
33 ns 
33 ns 

2-575 



MITSUBISHI HIGH SPEED CMOS 

M74HC648P/FP/DWP 

OCTAL 3·STATE INVERTING .BUS TRANSC.EIVER AND D·TYPE FLIP·FLOP 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

Symbol Parameter 

fmax Maximum clock frequency 

tTLH Low-level to high-level and 

high-level to I~w-Ievel 

tTHL output transition time 

t pLH 

t pHL Low-level to high-level and 

high-level to low-level 

output propagation time 

t pLH (A-B, B-A) 

t pHL 

t pLH 

t pHL Low-level to high-level and 

high-level to low-level 

output propagation time 

t pLH (CKAB - B, CKBA - A) 

tpHL 

tPLH 

t pHL Low-level to high-level and 

high-level to low-level 

output propagation time 

t pLH (SAB - B, SSA - A) 

t pHL 

t pLZ Output disable time from 

Ibw-Ievel and high-level -
t pHZ (OIR-A, B) 

2-576 

Test conditions 

VcdV) 

2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 

CL = SOpF (Note 6) 4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 

CL = lS0pF (Note 6) 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 

CL = SOpF (Note 6) 
6.0 
2.0 

4.5 
6.0 
2.0 
4.5 

CL = 150pF (Note 6) 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 

CL = SOpF (Note 6) 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 

CL = lS0pF (Note 6) 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 

CL = 50pF (Note 6) 
6.0 
2.0 
4.5 
6.0 

.. , MITSUBISHI 
.... ELECTRIC 

Limits 

2S'C -40-+8S'C Unit 

Min Typ Max Min Max 

5 4 
27 21 MHz 

32 25 
60 75 
12 15 ns 
10 13 
60 75 
12 15 ns 
10 13 

170 214 
34 43 ns 
29 36 

170 214 
34 43 ns 
29 36 

220 277 
44 55 ns 
37 47 

220 277 
44 55 ns 
37 47 

220 277 

44 55 ns 
37 47 

220 277 
44 55 ns 
37 47 

270 340 
54 68 ns 
46 58 

270 340 
54 68 ns 
46 58 

170 214 
34 43 ns 
29 36 

170 214 
34 43 ns 
29 36 

220 277 
44 55 ns 
37 47 

220 277 
44 55 ns 
37 47 

175 221 

35 44 ns 
30 37 

175 221 

35 44 ns 
30 37 



MITSUBISHI HIGH SPEED CMOS 

M74HC648P/FP/DWP 

OCTAL 3-STATE INVERTING BUS TRANSCEIVER AND D-TYPE FLIP-FLOP 

SWITCHING CHARACTERISTICS (Vee = 2-SV. T a = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 2S'C -40-+SS"C 

vcdv) Min Typ Max Min Max 

2.0 175 221 

tPZL 4.5 35 44 

CL = SOpF (Note 6) 
6.0 30 37 

2.0 175 221 

tPZH Output enable time to low·level 4.5 35 44 

6.0 30 37 
and high-level 

2.0 225 284 

tpZL (DIR - A, B) 4.5 45 57 

CL = lS0pF (Note 6) 
S.O 38 48 

2.0 225 284 

t pZH 4.5 45 57 

S.O 38 48 

2.0 175 221 

t pLZ Output disable time from 4.5 35 44 

S.O 30 37 
low-level and high-level 

2.0 175 221 

t pHZ (OE-A, B) 4.5 35 44 

CL = 50pF (Note 6) 
6.0 30 37 

2.0 175 221 

t PZL 4.5 35 44 

6.0 30 37 

2.0 175 221 

t pZH Output enable time to low-level 4.5 35 44 

6.0 30 37 
and high-level 

2.0 225 284 

t pZL (OE-A, B) 4.5 45 57 

CL = lS0pF (Note 6) 
6.0 38 48 

2.0 225 284 

t PZH 4.5 45 57 

6.0 38 48 

C 1 Input capacitance 10 10 

Co Oil-state output capacitance OE = Vce 15 15 

Cpo Power dissipation capacitance (NoteS) 

Note 5 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per flip flop) 
The power dissipation during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 • fl+lee • Vee 

TIMING REQUIREMENTS (Vee = 2-SV. Ta = -40-+S5'C) 

Symbol Parameter 

tw CKAB. CKBA pulse width 

tsu 
A. B setup time with 

respect to CKAB• CKBA 

th 
A. B hlod time with 

respect to CKAB. CKBA 

Test conditions 

vcdv) 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

• MITSUBISHI 
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Limits 

2S'C -40-+8S"C 

Min Typ Max Min Max 

80 101 

16 20 

14 17 

100 125 

20 25 

17 21 

0 0 

0 0 

0 0 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

I 
ns 

ns 

pF 

pF 

pF 

Unit 

ns 

ns 

ns 

2-577 



MITSUBISHI HIGH SPEED CMOS 

M74HC648P/FP/DWP 

OCTAL3·STATE INVERTING BUS TRANSCEIVER AND D· TYPE FLIP·FLOP 

Note 6 : Test Circuit 

. INPUT Vcc 

PG OUT 

son 
GNO 

TIMING DIAGRAM 

A, B 

B, A 

DIR 

A, B· 

A, B 

OE 

A, B 

A, B 

2-578 

OUTPUT Voo 

~ RL = lk!l 

SWl 

SW2 

ICL 1 R,-1kD 

Vcc 

GNO 

""t""T-HL-- VOL 

_----Vcc 

'------ GND 

VOL 

-----Vcc 

GNO 

A, B 

Parameter SWl SW2 

hLH' tTHL 
Open Open 

tpLH, tpHL 
tpLZ Closed Open 

t pHz Open Closed 

t pZL Closed Open 

tPZH Open Closed 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

~~----------::D 
QA, Q B (FLIP FLOP OUTPUT) \~--

Vcc 

'---- GND 

B, A 

-----Vcc 

GND 

Vcc 
A, B 

'---------~----- GNO 

e, A 50% 

• MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC669P/FP/DP 

PRESETTABLE 4-BIT BINARY UP/DOWN COUNTER 

DESCRIPTION 
The M74HC669 is a semiconductor integrated circuit con
sisting of a 4-bit binary synchronous counter with up/down 
control and synchronous preset inputs. 

FEATURES 
• Up/down control and synchronous preset inputs 
• Enable input -and ripple-carry output allow cascade con

nection 

• High-speed: 45 MHz clock frequency typo 
(CL =15pF, Vee=5V) 

• Low power dissipation: 20,uW/package, max 
(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC699 to 
maintain the low power dissipation and high noise margin of 
the standard CMOS logic 40008 series while giving high
speed performance equivalent to the 74LS699. 
The preset function, up/down control and enable function 
operate in synchronous with the rising edge of the clock. To 
preset the counter to a specific value, Load input LOAD is 
set to low-level and the corresponding data is applied to 
data inputs PO through P3, the new count appears at out
puts 00 throgh 03 in synchronous with the rising edge of 
the next clock input at CK. 

Up/down control is possible when LOAD is high-level and 
count enable inputs Ep and ET are both low-level. The 
count increases when control input U/D is high-level, and 

FUNCTION TABLE (Note 1) 

Inputs 

LOAD Ep ET 
L X X 

H L L 

H L L 

H H X 

H X H 

Note 1 t: Change from low to high 
X : Irrelevant 

UfO CK 

X t 
H t 
L t 
X X 

X X 

PIN CONFIGURATION (TOP VIEW) 

~~~~R~~ INPUT UfO --+ 

CLOCK INPUT CK--+ 

PO --+ 

P1 --+ 
DATA INPUTS 

P2 --+ 

P3 --+ 

~~~~~E INPUT Ep --+ 

GND 

16P4 
Outline 16P2N 

16P2P 

decreases when U/D is low-level. 

Vee 

OUTPUTS 

COUNT 
ENABLE INPUT 

+- LOAD· LOAD INPUT 

The ripple carry output RCO will become low when the 
count reaches 15 (1111 2 ) going up orO (00002 ) gOing down. 
Ep, ET and RCO are used in cascade connections of the 
counter in synchronous from when the counter is used as a 
2n counter. 
Counting is inhibited when LOAD is high-level, and when 
either Ep or ET is high-level. 

Outputs 

00 I 01 I 02 I 03 RCO* 

PO I P1 1 P2 I P3 H 

Count up H 

Count down H 

Count spperessed H 

* : RCO is normally high, but when E:;: is low, the count is increasing, and QO, Q1, Q2 and Q3 are high, then RCO will become low. It also 
will become low when the count is decreasing and QO, Q1, Q2 and Q3 are low. 

RCO=QO· Q1 • Q2· Q3· (UfO) • E:;: 
RCO=QO· Q1 • Q2· Q3· (UfO) • E:;: 

• M. ITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC669P/FP/DP 

PRESETTABLE 4-BIT BINARY UP/DOWN COUNTER 

TIMING DIAGRAM 

2-580 

PO ~--------------------------r--------------------------P1---+'---------------------------

P2 

P3 
CK 

'--------------------------

TIMING DIAGRAM 
(1) Preset to 1 3 
(2) The count up sequence is 14, 15, 0, 1, 2 

14 15 0 1 2 2 2 15 14 13 (3) Count suppressed 

PRESET COUNT UP COUNT SUPPRESSED COUNTDOWN 
(1) (2) (3) (4) 

'. MITSUBISHI 
..... ELECTRIC 

(4) The count down sequences is 1,0,15,14,13. 



MITSUBISHI HIGH SPEED CMOS 

M74HC670P/FP/DP 

4-BY-4 REGISTER FILE WITH 3-STATE OUTPUTS 

DESCRIPTION 
The M74HC670 is a semiconductor integrated circuit con
sisting of a 4-word by 4-bit register file with 3-state outputs. 

FEATURES 
• Independent inputs for read and write addresses allow 

simultaneous reading and writing. 

• Read-enable and output-control inputs 
• High-speed: 21 ns typo (CL =15pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+85°C 

• 3-state outputs 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC670 to 
maintain the low power dissipation and high noise margin 
the standard CMOS logic 4oo0B series while giving high
speed performance equivalent to the 74LS670. 
The M74HC670 has sixteen flip flops for storage and has 
discrete enable, address and output-enable inputs for both 
reading and writing. One word can be read while another is 
written enabling high-speed data transfer. The use of 3-
state outputs enables "AND" ties. 

• Writing method 
By selecting a word using write address input WA and WB 
and applying date to the date inputs DO, 01, 02 and 03, 
writing into each bit is performed. 
For writing the write-enable input EW must be held low. 
When EW is high, no date will be written. 

• Reading method 
When a word is selected by read address inputs RA and 
RB, the contents of each bit appear at the outputs 00, 01, 
02 and 03. For reading the output-enable input OE must 
be held low. When OE is high, all outputs will become 
high-impedance state irrespective of other inputs. 

PIN CONFIGURATION (TOP VIEW) 

01-+ 

DATA INPUTS I 02 ...... 

03-+ 

READ 1 Re -+ 
ADDRESS 
INPUTS RA -+ 

1

03+

OUTPUTS 
02 ..... 

GNO 

Vcc 

DATA INPUT 

14 +- W A l WRITE ADDRESS 

13 +- We r INPUTS 

WRITE ENABLE 
INPUT 

OUTPUT ENABLE 
INPUT 

16P4 
Outline 16P2N 

16P2P 

FUNCTION TABLE (Notel) 

WRITTING FUNCTION 
Inputs 

-
W A We Ew 

0 

X X H 0° 
L L L O=D 
H L L 0° 
L H L 0° 
H H L 0° 

READING FUNCTION 
Inputs 

RA Re OE 00 
X X H Z 

L L L WoBo 

H L L W1Bo 

L H L W2Bo 

H H L W3 Bo 

Outputs 

Word 

1 2 

0° 0° 
0° 0° 

O=D 0° 
0° O=D 
0° 0° 

Outputs 

01 02 
Z Z 

WOB1 W OB2 
W1B1 W1B2 

W2B1 W2B2 

W3B1 W3B2 

Note 1 0° The contents of the word do not change. 

3 
0° 
0° 
0° 
0° 

O=D 

03 
Z 

WOB3 

W1 B3 

W2B3 

W3B3 

0=0 The input data is written to the specified word. 
WxBy Word X bit Y 
X Irrelevant 
Z High impedance 

• MITSUBISHI 
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DESCRIPTION 
The M74HC688 is a semiconductor integrated circuit con
sisting of an 8-bit digital comparator with a cascade input. 

FEATURES 
• High-speed: 28ns typo (CL=15pF, Vcc=5V) 
• Low power dissipation: 20,uW/package, max 

(Vcc=5V, Ta=25°C,.quiescent state) 

• High noise margin: 30% of Vcc,min (Vcc=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: T a=-40--:::+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC688 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
74LS688. 
When cascade input C is low and two 8-bit binary A and S 
are applied to comparison inputs AO-A7 and BO-B7, the 
output A=B will become low when A=B and the output will 
become high when A>S or A<S. 
When C is high, A= B will become high irrespective of AD 
-A7 or BO-B7. 

MITSUBISHI HIGH SPEED CMOS 

M74HC688P/FP/DWP 

8-BIT EQUALITY COMPARATOR 

PIN CONFIGURATION (TOP VIEW) 

CASCADE INPUT C- Vee 

AO- 19 -+ A=B OUTPUT 

INPUTS 

GND 

20P4 
Outline 20P2N 

20P2V 

FUNCTION TABLE (Note 1) 

Inputs Output 

A, S C A=S 

A=S L L 

A>S L H 

A<S L H 

X H H 

Note 1 x: Irrelevant 

INPUTS 

LOGIC DIAGRAM Vee 
AO 2 ----------------------®-------i 

INPUTS 

CASCADE 
INPUT 

2-582 

BO 

A1 

B1 

A3 

B3 

A4 

B4 

I 

___________ -®-___ J. 

. •. MITSUBISHI 
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GND 

A=B OUTPUT 



MITSUBISHI HIGH SPEED CMOS 

M74HC688P/FP/DWP 

8-BIT EQUALITY COMPARATOR 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

V, Input voltage 

Va Output voltage 

V, <OV 
1'K Input protection diode current 

V, > Vee 

Vo<oy 
10K Output parasitic diode current 

Vo > Vee 

10 Output current, per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 M74HC688FP, Ta = -40-+75'C and Ta = 75-S0'C are derated at -7mW;oC. 
M74HC688DWP, Ta = -40-+S0'C and Ta = 80-85'C are derated at -7mW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

V, Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Toor Operating temperature range -40 +85 

I Vee = 2.0V 0 1000 

tr. tf Input risetime, falltime I Vee = 4.5V 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V ,H High-level input voltage 

V,L Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

I'H High-level input current 

I'L Low-level input curr~nt 

Icc Quiescent supply current 

Test conditions 

Vec<V) 

Vee-O. 1V 
2.0 

Vo=O.lV, 
4.5 

1101 = 20f.l.A 
6.0 

Vo = O. lV, Vee-O.1V 
2.0 

1101 =20f.l.A 
4.5 

6.0 

10H = -20f.l.A 2.0 

10H = -20f.l.A 4.5 

V, = V,H ' V,L 10H = -20f.l.A 6.0 

10H = -4.0mA 4.5 

lo~ = -S.2mA 6.0, 

IOL = 20f.l.A 2.0 

10L = 20f.l.A 4.5 

V, = V,H, V'L 10L = 20f.l.A 6.0 

10L = 4.0mA 4.5 

10L = S.2mA 6.0 

V,=6V 6.0 

V,=OV 6.0 

V, = Vee, GND, 10 = Of.l.A 6.0 

• MITSUBISHI 
.... ELECTRIC 

Ratings Unit 

-0.5-+7.0 V 

-0; 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 
±50 rnA 
500 rnW 

-65-+150 'c 

Unit 

V 

V 

V 

·c 

ns 

Limits 

2S'C -40-+BS'C Unit 

Min Typ Max Min Max 

1.5 1.5 

3.15 3.15 V 

4.2 4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 1.9 

4.4 4.4 

5.9 5.9 V 

4.18 4.13 

5.68 5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 

-0.1 -1.0 
/-lA 

4.0 40.0 /-lA 
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MITSUBISHI HIGH SPEED CMOS 

M74HC688P/FP/DWP 

I-BIT EQUALITY COMPARATOR 

SWITCHING CHARACTERISTICS <Vcc=5V, Ta=25°C) 

Limits 
Symbol Parameter Test conditions 

Min 

tTLH Low-level to high-level and high-level to low-level 

tTHL output transition time 

t pLH Low-level to high-level and high-level to low-level 
CL = 15pF (Note 4) 

output propagation time (A, B - A=B) t pHL 

t pLH Low-level to high-level and high-level to low-level 

t pHL output propagation time (C - A=B) 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, T a = -40-+S5°C) 

limits 

Symbol Parameter Test conditions 25-c 

VcC<V) Min Typ Max 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL 
output transition time 4.5 15 

6.0 13 

2.0 210 

t pLH Low-level to high-level and 4.5 42 

high-level to low-level 
CL = 50pF (Note 4) 

6.0 36 

output propagation time 2.0 210 

t pHL (A, B-A=B) 4.5 42 

6.0 36 

2.0 120 

t pLH Low-level to high-level and 4.5 24 

high-level to low-level 6.0 20 

output propagation time 2.0 120 

t pHL (C-A=B) 4.5 24 

6.0 20 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 32 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' VCC

2 
• fl+lcc • Vcc 

Note 4 Test Circuit 

INPUT 

PG l----+----i 

50n 

2-584 

Vce 

OUT 

OUTPUT 

(t)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(Z) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

. 
'. MITSUBISHI 
~ELECTRIC 

Typ Max 

10 

10 

38 

38 

22 

22 

-40-+85-c 

Min Max 

95 

19 

16 

95 

19 

16 

265 

53 

45 

265 

53 

45 

151 

30 

26 

151 

30 

26 

10 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

pF 

pF 



TIMING DIAGRAM 

A=B 

A, B 

A=B 

-----Vee 

GND 

Vee 

GND 

VOH 

VOL 

• MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC688P/FP/DWP 

8-BIT EQUALITY COMPARATOR 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4002P/FP/DP 

DUAL 4-INPUT POSITIVE NOR GATE 

DESCRIPTION 
The M74HC4002 is a semiconductor integrated circuit con
sisting of two 4-input positive-logic NOR gates, usable as 
negative-logic NAND gates. 

FEATURES 
• High-speed: 10ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 5,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vec=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT Y1 +-

A1-

81-

INPUTS 
C1-

01-

NC 

GNO 

14P4 
Outline 14P2N 

14P2P 

OUTPUT 

INPUTS 

FUNCTIONAL DESCRIPTION NC : NO CONNECTION 
Use of silicon gate technology allows the M74HC4002 to 
maintain the low power dissipation and high noi-se margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
LSTTL. 

LOGIC DIAGRAM (EACH GATE) 

Buffered outputs Y improve input-to -output transfer charac
teristics and reduce to a minimum output impedance varia
tions with respect to input voltage variations. 
When all inputs A, B, C and D are low, the output Y will be
come high, and when at least one of the inputs is high; the 
output Y will become low. 

INPUTS ~~YOUTPUT 
FUNCTION TABLE 

Inputs Output 

A N Y 

L L H 

H L L 

L H L 

H H L 

N=B+C+O 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless otherwise noted) 

Symbol 

Vcc 

VI 

Vo 

11K 

10K 

10 

Icc 

Pd 

Tstg 

Note 1 

2-586 

Parameter Conditions 

Supply voltage 

Input voltage 

Output voltage 

V,< ov 
Input protection diode current 

V, > vee 

Vo< OV 
Output parasitic diode current 

Vo > Vee 

Output current per output pin 

Supply/GND current Vee, GND 

Power dissipation (Notel) 

Storage temperature range 

M74HC4002FP, Ta = -40-+60·C and Ta = 60-85·C are derated at -6mW/"C. 
M74HC4002DP, Ta = -40-+50·C and Ta = 50-85·C are derated at -5mW/"C. 

, ' • ,MITSUBISHI 
.... ELECTRIC 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vcc+0. 5 V 

-0. 5-Vcc+0. 5 V 

-20 

20 
mA 

-20 

20 
mA 

±25 mA 
±50 mA 
500 mW 

-65-+,150 ·C 



MITSUBISHI HIGH SPEED CMOS 

M74HC4002P/FP/DP 

DUAL 4.INPUT POSITIVE NOR GATE 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85'C) 

Symbol 
Limits 

Parameter 
Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Qutput voltage 0 Vee 

Topr Operating temperature range -40 +85 

I Vee = 2.0V 0 1000 

t r, tf Input risetime. falltime I Vee = 4.5V 0 500 

I Vec = 6. OV 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

Icc Quiescent supply current 

Test conditions 

Vcc(V) 

2.0 
Vo=O.lV 

4.5 
1101 = 20/-tA 

6.0 

Vo = O. lV, Vee-O. 1 V 
2.0 

1101 = 20/-tA 
4.5 

6.0 

10H = -20/-tA 2.0 

10H = -20/-tA 4.5 

VI=VIL 10H = -20/-tA 6.0 

10H = -4.0mA 4.5 

10H = -5.2mA 6.0 

10L = 20/-tA 2.0 

10L = 20/-tA 4.5 

VI = VIH, VIL 10L = 20/-tA 6.0 

10L = 4.0mA 4.5 

10L = 5.2mA 6.0 

VI =6V 6.0 

VI=OV 6.0 

VI = Vcc, GND, 10=O/-tA 6.0 

• MITSUBISHI 
'" ELECTRIC 

Unit 

V 

V 

V 

·c 

ns 

Limits 

25'C -40-+85'C Unit 

Min Typ Max Min Max 

1.5 1.5 

3.15 3.15 V 

4.2 4.2 

0.5 0.5 

1.35 1. 35 V 

1.8 1.8 

1.9 1.9 

4.4 4.4 

5.9 5.9 V 

4.18 4.13 

5.68 5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 J.lA 
-0.1 -1.0 J.lA 

1.0 10.0 J.lA 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4002P/FP/DP 

DUAL 4-INPUT POSITIVE NOR GATE 

SWITCHING CHARACTERISTICS (Vee = SV, T a = 2S'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

t TL•H Low-level to high-level and high-level to low-level '-0 

tTHL. output transition time 
CL = 15pF (Note 3) 

10 

tpL.H Low-level to high-level and high-level to low-level' 20 

tpHL. output propagation time 20 

SWITCHING CHARACTERISTICS (Vee = 2-6V, Ta = -40-+8S'C) 

Limits 

Symbol Parameter Test conditions 25'C -40-+85'C 

VcC<V) Min Typ Max Min 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

'6.0 13 
high-level to low-level 

2.0 75 

tTHL. output transition time 4.5 15 

CL = 50pF (Note 3) 
6.0 13 

2.0 120 

t pLH Low-level to high-level and 4.5 24 

6.0 20 
high-level to low-level 

2.0 120 

tpHL. output propagation time 4.5 24 

6.0 20 

C 1 Input capacitance 10 

Cpo Power disipatlon capacitance (Note 2) 31 

Note 2 Cpo is the internal capacitance of the IC calculated from the operation supply current under no-load conditions. (per gate) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2
• fl+lee ' Vee 

Note 3 : Test Circuit 

INPUT 

TIMING DIAGRAM 

A, e, C, 0 

y 

2-588 

Vee 

OUT 

OUTPUT 

(1)The pulse generator (PG) has the following 
characteristics (1 OO~-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring' 
capacitance and the probe input capacitance. 

Vee 

GND 

• . MITSUBISHI 
.... ELECTRIC 

Max 

95 

19 

16 

95 

19 

16 

151 

30 

26 

151 

30 

26 

10 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

pF 
pF 



DESCRIPTION 
The M74HC4017 is a semiconductor integrated circuit con
sisting of a decimal counter with direct reset input and de
code output. 

FEATURES 
• High-speed: (clock frequency)40MHz typo 

(CL =15pF, Vce=5V) 

• Low power dissipation: 20,uW/package, max 
(Vec=5V, T a=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC4017 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to' the 
74LS4017. 
The M74HC4017 is a decade Johnson counter with de
coded outputs, in which only one output is high at any time, 
the other outputs remaining at low. 
When clock enable input CKE and direct reset input RD are 
both held low, a pulse is applied to clock input CK, one 
output of 00 through 09 which corresponds to the number 
of counting pulses will become high. Counting takes place 
when CK changes from low-level to high-level. 

LOGIC DIAGRAM 

DIRECT RESET 
INPUT 

CLOCK INPUT 

CLOCK 
ENABLE INPUT 

,-----
, 

! 

! 

Q5 Q1 

MITSUBISHI HIGH SPEED CMOS 

M74HC4017P/FP/DP 

DECADE COUNTER/ DIVIDER 

PIN CONFIGURATION (TOP VIEW) 

Q5+-

Q1 +-

QO+-

OUTPUTS Q2+-

Q6+-

Q7+-

Q3+-

GND 

Vee 

DIRECT RESET 
INPUT 

CLOCK INPUT 

13+- CKE ~~~~~ INPUT 

16P4 
Outline 16P2N 

16P2P 

-Q8 

CARRY OUTPUT 

OUTPUTS 

When RD is held low and CK is high, a clock pulse is ap
plied to CKE, one output of 00 through 09 which corres
ponds to number of counting pulses will become high. 
Counting take place when CKE changes from high-level to 
low-level. 
When RD is high, 00 and carry-output CO both will become 
high, and 01 through 09 will become low, irrespective of 
other inputs. 
When 00 through 04 are high, CO will become high, and 
when 05 through O~ are high, CO will become low, provid
ing an output wavefrom with a 50% duty cycle. 

OUTPUTS 

Q7 Q3 Q9 

12 CO CARRY OUTPUT 

Q2 

OUTPUTS 

.--------------.--.. 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4017P/FP/DP 

DECADE COUNTER/DIVIDER 

FUNCTION TABLE (Note i) 

Inputs 

CK CKE 

X X 

X H 

L X 

t L 

t H 

~ X 

RD 
H 

L 

L 

L 

L 

L 

High-level output pin 

00 

an 

On+1 (Counter operation) 

an 

Note 1 x : Irrelevant 
t : Change from low to high 
~ : Change from high to low X t 

L ~ 

L 

L 
Qn : Indicates output pin which is high before the input con

dition is set. 
H ~ L On+1 (Counter operation) n : 0 through 9, but when n is 9, Qn+1 becomes QO. 

OPERATIONAL TIMING DIAGRAM 

RD---'~----------------------------------~r--
CK 

, 

, ; 1"'""1 r-I 1"'""1 r-I rt,,' r-
! ! I t-J r--..J t-J r.-..J! L.J 

QO ----""IIi i Hli!~ 
-----th, I iHiii 
in: ! i H i i 

-----+,-.....1/, , !! ! I Iii 

!: n' t ,: i i nl I: 

• • " I 'I I 'L_i-'_-I ! , , I " l"', 
I I 1 I I I I I I I I I 

I I I n : I I I I II 
III·· I IIII'~ 
I I , , " I I I , , , , 

", I H : :::::: iii i .. I I I I I I I 

Q1 

Q2 

Q3 

Q4 

Q5 
I , , , , I I I I I I I I , 

Q6 
I I I I I 'I I I I I I I 
I I I t I HI I I I I I I I 

I I I I I I I I I I I 
, , , , I I " I I I I , 
I I I , I I I, " I I I 
I I I I I I II I I I I I 

I I I I I I " I I I I I 
I I I I I I I I I I I I I 

Q7 

I , I I I I !I, H, I " ' I I , iii iii ' , , iii i 
I 1 I I I 

Q8 

iii i" HI,' 
I I I I I I 

Q9 

CO ! ! i ! !; I· 
! :: : 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol 

Vee 

V, 

Vo 

1'K 

10K 

,10 

Icc 

Pd 

Tstg 

Note 2 

2-590 

Parameter Conditions 

Supply voltage 

Input voltage 

Output voltage 

V,< OV 
Input protection diode current 

V, > Vee 

Vo< OV 
Output parasitic diode current 

Vo > Vee 

Output current per output pin 

Supply/GND current Vee. GND 

Power dissipation (Note 2) 

Storage temperat,ure range 

M74HC4017FP, Ta = -40-+70'C and Ta = 70-85'C are derated at -6mW/'C. 
M74HC4017DP, Ta = -40-+50'C and Ta = 50-85'C are derated at -5mW/'C . 

• . MITSUBISHI 
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Ratings 

-0.5-+7.0 

-0. 5-Vee+0. 5 

-0. 5-Vee+0. 5 

-20 

20 

-20 

20 

±25 

±50 

500 

-65-+150 

Unit 

V 

V 

V 

rnA 

rnA 

rnA 
rnA 
rnW 
'c 



MITSUBISHI HIGH SPEED CMOS 

M74HC4017P/FP/DP 

DECADE COUNTER/ DIVIDER 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85·C) 

Symbol Parameter 
I-imits 

Unit 
Min Typ Max 

Vee Supply voltage 2 6 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Topr Operating temperature range -40 +85 ·C 

I Vee = 2.0V 0 1000 

t r , tf Input risetime, falltime I Vee = 4.5V 0 500 ns 
I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 
Limits 

Symbol Parameter Test conditions 25·C -40-+85·C Unit 

vedv) Min Typ Max Min Max 

2.0 1.5 1.5 

V IH High-level input voltage 
Vo = O. lV, Vee-O. IV 

4.5 3.15 3.15 V 
1101 = 20J-tA 

6.0 4.2 4.2 

2.0 0.5 0.5 

V IL Low-level input voltage 
Vo = O. lV, Vee-O. lV 

4.5 1. 35 1.35 V 
1101 =20J-tA 

6.0 1.8 1.8 

10H = -20J-tA 2.0 1.9 1.9 

10H = -20J-tA 4.5 4.4 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -20J-tA 6.0 5.9 5.9 V 

10H = -4.0mA 4.5 4.18 4.13 

10H= -5.2mA 6.0 5.68 5.63 

10L = 20J-tA 2.0 0.1 0.1 

10L = 20J-tA 4.5 0.1 0.1 

VOL Low-level output voltage VI = VIH, VIL 10L = 20J-tA 6.0 0.1 0.1 V 

10L = 4.0mA 4.5 0.26 0.33 

10L = 5.2mA 6.0 0.26 0.33 

IIH High-level input current VI =6V 6.0 0.1 1.0 /.LA 

IlL Low-level input current VI=OV 6.0 -0.1 -1.0 /.LA 

Icc Quiescent supply current VI = Vee, GND, lo=OJ-tA 6.0 4.0 40.0 /.LA 

SWITCHING CHARACTERISTICS (Vee = 5V. T a = 25·C) 

Limits 
Symbol Parameter Test conditions Unit 

fmax 
tTLH 

tTHL 

t pLH 

t pHL 

t pLH 

tpHL 

t pLH 

t pHL 

t pLH 

t pLH 

tpHL 

t pLH 

tpHL 

Maximum clock frequency 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (CK - Q) 

Low-level to high-level and high-level to low-level 

output propagation time (CK - CO) 

Low-level to high-level and high-level to low-level 

output propagation time (RD - Q) 

Low-level to high-level output propagation time 

(RD - CO) 

Low-level to high-level and high-level to low-level 

output propagation time (CKE - Q) 

Low-level to high-level and high-level to low-level 

output propagation time (CKE - CO) 

CL = 15pF (Note 4) 

• MITSUBISHI 
.... ELECTRIC 

Min Typ Max 

30 MHz 

10 ns 
10 ns 
40 ns 
40 ns 
40 ns 
40 ns 
40 ns 

.40 ns 

40 ns 

44 ns 
44 ns 
44 ns 
44 ns 

2-591 



MITSUBISHI HIGH SPEED CMOS 

M74HC4017P/FP/DP 

DECADE COU'NTERI DIVIDER 

SWITCHING CHARACTERISTICS (Vee = 2-6V, Ta = -40-+85·C) 

Symbol 

f max 

tTLH 

tTHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pLH 

t pLH 

t pHL 

t pLH 

t pHL 

C 1 

Cpo 

Note 3 

2-592 

Limits 

Parameter Test conditions 25'C 

VcdV) Min Typ Max 

2.0 4 

Maximum clock frequency 4.5 20 

6.0 24 

2.0 75 

Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

output transition time 4.5 15 

6.0 13 

2.0 230 

Low-level to high-level and 4.5 46 

high-level to low-level 6.0 39 

output propagation time 2.0 230 

(CK-O) 4.5 46 

6.0 39 

2.0 230 

Low-level to high-level and 4.5 46 

high-level to low-level 6.0 39 

output propagation time 2.0 230 

(CK- CO) 4.5 46 

CL = 50pF (Note 4) 
6.0 39 

2.0 230 

Low-level to high-level and 4.5 46 

high-level to low-level 6.0 39 

output propagation time 2.0 230 

(Ro- 0) 4.5 46 

6.0 39 

Low-level to high-level 2.0 230 

output propagation time 4.5 46 

(Ro- CO) 6.0 39 

2.0 250 

Low-level to high-level and 4.5 50 

high-level to low-level 6.0 43 

output propagation time 2.0 250 

(CKE- 0) 4.5 50 

6.0 43 

2.0 250 

Low-level to high-level and 4.5 50 

high-level to low-level 6.0 43 

output propagation time 2.0 250 

(CKE- CO) 4.5 50 

6.0 43 

Input capacitance 10 

Power dissipation capacitance (Note 3) 

Cpo is the internal capacitance of the IC. calculated from operation supply current under no-load conditions, 
The power dissipation during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vec

2
• fl+lee ' Vee 

" .. MITSUBISHI 
.... ELECTRIC 

-40-+85"C Unit 

Min Max 

3 

16 MHz 

19 

95 

19 ns 

16 

95 

19 ns 

16 

290 

58 ns 

49 

290 

58 ns 

49 

290 

58 ns 

49 

290 

58 ns 

49 

290 

58 ns 

49 

290 

58 ns 

49 

290 

58 ns 

49 

315 

63 ns 

54 

315 

63 ns 

54 

315 

63 ns 

54 

315 

63 ns 

54 

10 pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC4017P/FP/DP 

. DECADE COUNTER/DIVIDER 

TIMING REQUIREMENTS (Vee = 2-6V, T a = -40-+8S·C) 

Symbol Parameter 

tw CK, CKE, Ro pulse width 

CKE setup time with 
tsu 

respect to CK 

tsu 
CK setup time with 

respect to CKE 

CKE hold time with 
th 

(espect to CK 

CK hold time with 
th -

respect to CKE 

tree 
Ro recovery time with 

respect to CK 

tree 
Ro recovery time with 

respect to CKE 

Note 4 Test Circuit 

INPUT Vee 

PG J---+----1 OUT 

son 
GNO 

TIMING DIAGRAM 

tw 

CK 

tpLH 

90% 
QO-Q7 50% 

10% 

tTLH 

limits 

Test conditions 25"C -40-+85"C Unit 

OUTPUT 

Vee 

50% 

GND 
tpHL 

90% VOH 

VOL 

vcdv) Min Typ Max Min 

2.0 80 101 

4.5 16 20 
6.0 14 17 
2.0 50 63 

4.5 10 13 

6.0 9 11 
2.0 50 63 

4.5 10 13 

6.0 9 11 
2.0 50 63 
4.5 10 13 
6.0 9 11 
2.0 50 63 

4.5 10 13 

6.0 9 11 
2.0 100 126 

4.5 20 25 
6.0 17 21 

2.0 100 126 

4.5 20 25 

6.0 17 21 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

CK 

CO 

• MITSUBIS.HI 
~ELECTRIC 

Max 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Vee 

GNO 

VOH 

-----VOL 
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tw 

Ro 50% 

QO, CO 

CKE 

QO-Q9 

( CKE 

CO 
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Vee 
CK 

GND 

VOH 

VOL 

VOH 

VOL 

tw 

CKE 

CKE 

CK 

Vee 

GND 

VOH 

VOL 

Ro 

Vee 

GND 

VOH 

VOL 

Ro 

CKE 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4017P/FP/DP 

DECADE COUNTER/DIVIDER 

Vee 

GND 

tsu th 

Vee 

50% 

GND 

Vee 

50% 

GND 

tsu th 

Vee 

50% 

GND 

Vee 

GND 

Vee 

I', 

GND 

Vee 

GND 

Vee 

50% 

GND 



DESCRIPTION 
The M74HC4020 is a semiconductor integrated circuit con
sisting of an asynchronous 14-stage binary counter with a 
direct reset input. 

FEATURES 
• High-speed: (clock-frequency) 40MHz typo 

(CL=15pF, Vce=5V) 

• Low power dissipation: 20,uW/package, max 
(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC4020 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to LSTTL. 
The M74HC4020 contains a 14-stage master-slave flip-flop 

with independent outputs 01 and 04-014 at .each flip-flop. 
When operated as a counter, the direct reset input RD 
should be held low and a clock pulse applied at clock input 
CK. 
Counting takes place when CK changes from high-level to 
low-level. When RD is set high, all flip-flops will be cleared 

MITSUBISHI HIGH SPEED CMOS 

M74HC4020P/FP/DP 

14-STAGE BINARY RIPPLE COUNTER 

PIN CONFIGURATION (TOP VIEW) 

Q12+- Vee 

Q13+-

Q14+-
OUTPUTS 

OUTPUTS Q6+-

Q5+-

Q7+- DIRECT RESET 
INPUT 

Q4+- CLOCK INPUT 

GND -+ Q1 OUTPUT 

16P4 
Outline 16P2N 

16P2P 

and all outputs 01 and 04-014 will become low irrespec
tive of CK. 

FUNCTION TABLE (Note 1) 

Inputs 
Output state 

CK RD 
X H All outputs are low-level 

t L No change 

J. L Advance counter 

Note 1 X: Irrelevant 
t : Change from low to high level 
J. : Change from high to low level 

OUTPUTS 
LOGIC DIAGRAM ~ ________ ~A~ __________ ~ ____ ~ 

CLOCK INPUT CK 

DIRECT RESET Ro 
INPUT 

I 
L ____ _ 

Q4 

- ----- - ------{ 

,Q14 Q13 Q12 Q11 Q10 Q9 Q8/ 
~--------~vr--~~--~----~ 

OUTPUTS 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4020P/FP/D P 

14-STAGE BINARY RIPPLE COUNTER 

ABSOLUTE MAXIMUM RATINGS (Ta = -40~+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

11K Input protection diode current 
VI < OV 

VI> Vee 

10K Output parasitic diode current 
Vo< ov 
Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 M74HC4020FP, Ta = -40-+70'C and Ta = 70-85'C are derated at -BmW/'C. 
M74HC4020DP, T a = -40-+50'C and T a = 50-85'C are derated at -5mW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta= -40-+85'C) 

"Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 

I Vee = 2.0V 0 1000 

t r• tf Input risetime, falltime I Vee=4.SV 0 500 

I Vee=6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL LOW-level input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

Icc Quiescent supply current 

2-596 

I 

Test conditions 

veclv) 

2.0 
Vo = O. IV, Vee-O. IV 

4.5 
1101 =20p.A 

6.0 

2.0 
Vo = O. IV, Vee-O. IV 

4.5 
1101 =20p.A 

B.O 
10H = -20p.A 2.0 

10H = -20p.A 4.5 

VI = VIH, VIL 10H = -20p.A 6.0 

10H = -4.0mA 4.5 

10H = -S.2mA 6.0 

10L = 20p.A 2.0 

10L = 20p.A 4.5 

VI = VIH' VIL 10L = 20p.A 6.0 

10L = 4.0mA 4.5 

10L = S.2mA 6.0 

VI =6V 6.0 

VI=OV 6.0 

VI = Vee, GND, 10=Op.A 6.0 

• MITSUBISHI 
"ELECTRIC 

Unit 

V 

V 

V 

'c 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 
±50 rnA 
500 rnW 

-65-+1.50 'c 

Limits 

2S'C -40-+8S'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 J.LA 

-0.1 -1.0 J.LA 

4.0 40.0 J.LA 



MITSUBISHI HIGH SPEED CMOS 

M74HC4020P/FP/D P 

14·STAGE BINARY RIPPLE COUNTER 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Symbol Parameter Test conditions 
Min 

fmax Maximum clock frequency 30 

tTLH Low-level to high-level and high-level to low-level 

hHL output transition time 

t pLH Low-level to high-level and high-level to low-level CL = 15pF (Note 4) 

t pHL output propagation time (CK - 01 ) 

t pHL 
High-level to low-level output propagation time 

(Ro - 01, 04-014) 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85'C) 

Limits 

Sy"mbol Parameter Test conditions 25'C 

VeC<V) Min Typ Max 

2.0 4 

fmax Maximum clock frequency 4.5 20 

6.0 24 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

CL = 50pF (Note 4) 
6.0 13 

2.0 210 

tpLH Low-level to high-level and 4.5 42 

high-level to low-level 6.0 36 

output propagation time 2.0 210 

tpHL (CK - 01) 4.5 42 

6.0 36 

High-level to low-level 2.0 240 

t pHL output propagation time 4.5 48 

(Ro - 01, 04-014) 6.0 41 

C, Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2
• f,+lee .• Vee 

TIMING REQUIREMENTS (Vee = 2-6V, T a = -40-+85'C) 

Symbol Parameter 

-
tw CK, Ro pulse width 

trec 
Ro recovery time with 

respect to CK 

Test conditions 

VcC<V) 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

• MITSUBISHI 
~ELECTRIC· 

limits 

'25'C 

Min Typ Max 

80 

16 

14 

100 

20 

17 

Limits 
Unit 

Typ Max 

. MHz 

10 ns 
10 ns 
35 ns 
35. ns 

40 ns 

-40-+85'C Unit 

Min Max 

3 

16 MHz 

19 

95 

19 ns 
16 

95 

19 ns 
16 

265 

53 ns 
45 

265 

53 ns 
45 

302 

60 ns 
51 

10 pF 

pF 

-40-+85'C Unit 

Min Max 

101 

20 ns 
17 

126 

25 ns 
21 

2-597 
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Note 4 : Test Circuit 

INPUT Vee 

PG 1---+----1 OUT 

50n 

TIMING DIAGRAM 

CK 

01 

tW(Rol 

Ro 

01,04-014 

CK 

2-598 

50% 

tree 

OUTPUT 

50% 

MITSUBISHI HIGH SPEED CMOS 

M74HC4020P/FP/DP 

14-STAGE BINARY RIPPLE COUNTER 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GNO 

VOH 

VOL 

Vee 

GNO 

VOH 

VOL 

Vee 

GNO 
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DESCRIPTION 
The M74HC4022 is a semiconductor integrated circuit con
sisting of an octal counter with reset input and decode 
output. 

FEATURES 
• High-speed: (clock frequency)40MHz typo 

(CL=15pF, Vee=5V) 

• Low power dissipation: 20,uW/package, max 
(Vee=5V, Ta=25'C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: T a=-40-+S5'C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC4022 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS4022. 
The M74HC4022 is an octal Johnson counter with a deco
dered outputs, in which only one output in high at any time, 
the other outputs remaining at low. 
When clock enable input CKE and direct reset input Ro are 
both held low, a clock pulse is applied to clock input CK, 
one output of 00 through 07 which corresponds to the num
ber of counting pulses will become high. Counting takes 
place when CK changes from low-level to high-level. 

LOGIC DIAGRAM 
.'a4 

1------- 11 

DIRECT RESET 
INPUT 

I 

I 
I 

CLOCK INPUT CK 14}---::r'b-<1">-h--.I. 

~~~~~E INPUT CKe 13 

MITSUBISHI HIGH SPEED CMOS 

M74HC4022P/FP/DP 

OCTAL COUNTER/ DIVIDER 

PIN CONFIGURATION (TOP VIEW) 

a1-

ao-

OUTPUTS a2-

as-

aa-

NC 

OUTPUT a3-

GND 

Vee 

DIRECT RESET 
INPUT 

CLOCK INPUT 

- CLOCK 
13 - CKe ENABLE INPUT 

12 - CO CARRY OUTPUT 

NC 

16P4 
Outline 16P2N 

16P2PNC: NO CONNECTION 

When Ro is held low and CK is high, a clock pulse is ap
plied to CKE, one output of 00 though 07 which corres
ponds to the number of counting pulses will become high. 
Counting takes place when CKE changes from high-level to 
low-level. 
When Ro is high, 00 and carry-output CO will become high, 
and 01 through 07 will become low, irrespective of other 
inputs. 
When 00 through 03 are high, CO will become high,· and 
when 04 through 07 are high, CO will become low, provid
ing an output wavefrom with a 50% duty cycle. 

OUTPUTS 

a1 aa 

I 

___ ®-J 
GND 

OUTPUTS 

'. MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4022P/FP/DP 

OCTAL COUNTER/DIVIDER 

FUNCTION TABLE (Note 1) 

Inputs 

CK CKE 

X X 

X H 

L X 

t L 

t H 

~ L 

X t 

RD 
H 

L 

L 

L 

L 

L 

L 

High-level output pin 

QO 

Qn 

Qn+l (Counter operation) 

Qn 

Note 1 X: Irrelevant 
t : Change from low to high 
~ . : Change from high to low 

L ~ L On : Indicates output pin which is high before the input con-

H ~ L Qn+l (Counter operation) 
dition is set. , 

: 0 through 7. but when n is 7. On+1 becomes 00. 

OPERATIONAL TIMING DIAGRAM 

RD I~--------------------------------------~r---
CK 

I I • 

QO ! ! n r--
~--+---~!--~----.~!:---+--~--~: ~: ---+,---+--~--~! . 

Q1 -----... f1 iii ~ .. ; ---+.--.... - ..... ---

Q2 ------+--..... n! ~ l fI,,; --... -... ---
" I I 

Q3-------~--_+il--~r----1~I--~i,~--+---~---+I--~I----+i--~r____1~-_+---
: : : : 1 I 

Q4 

Q5 

Q6 

: n' I I I I I r-I 
I ,,--~--+_-~i~-~l--~i~--..... i--~' ~ 

I 

.1 
1 
I 

I 

1 I 1 1 I 1 I I 
t 1. I I I I I I 

l ~~:--~---+:--... ---+:---+:--.... :-~'-----

l r----1~'---~--~-~---~---... -~-----
Q7 ! i H' . : 

------~----+---~---+---+!--~!---~~ ~~--.---~--+--~--+l---

i : I " l..-J' I 
: : : 
! ! i : 

CO 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C. unless otherwise noted) 

Symbol 

Vc~ 
V, 

Vo 

I,K 

10K 

10 

Icc 

Pd 
Tstg 

2-600 

Parameter Conditions 

Supply voltage 

Input voltage 

Output voltage 

V,< OV 
Input protection diode current 

V, > Vee 

Vo< OV 
Output ~arasitic diode current 

Vo > Vee 

Output current per output pin 

Supply/GND current Vee. GND 

Power dissipation (Note 2) 

Storage temperature range 

M74HC4022FP. Ta = -40-+70'C and Ta = 70-85'C are derated at -6mW/"C. 
M74HC4022DP. T a = -40-+50'C and T a = 50-85'C are derated at -5mW/"C . 

•. . . . ... MITSUBISHI 
"ELECTRIC. 

Ratings 

-0.5-+7.0 

-0. 5-Vcc+0. 5 

-0. 5-Vcc+0. 5 

-20 

20 

-20 

20 

±25 

±50 

500 

-65-+150 

Unit 

V 

V 

V 

rnA 

rnA 

rnA 
rnA 
rnW 
·c 



MITSUBISHI HIGH SPEED CMOS 

M74HC4022P/FP/DP 

OCTAL COUNTER/ DIVIDER 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85·C) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 2 6 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Topr Operating temperature range -40 +85 ·C 

I Vee = 2.0V 0 100b 

tr, tf Input risetime. falltime I Vee=4.SV 0 500 ns 
I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 
Limits 

Symbol Parameter Test conditions 25"(; -40-+SS·C Unit 

vedv) Min Typ Max Min Max 

Vo = O. lV, Vee-O.1V 
2.0 1.5 1.5 

V IH High-level input voltage 
1101 = 20/1A 

4.5 3.15 3.15 V 

6.0 4.2 4.2 

Vo = o. lV, Vee-O. 1 V 
2.0 0.5 0.5 

V IL Low-level input voltage 
1101 = 20/1A 

4.5 1. 35 1. 35 V 

6.0 1.8 1.8 

10H = -20/1A 2.0 1.9 1.9 

10H = -20/1A 4.5 4.4 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -20/1A 6.0 5.9 5.9 V 

10H= -4.0mA 4.5 4.18 4.13 

10H= ~S.2mA 6.0 5.68 5.63 

10L = 20/1A 2.0 0.1 0.1 

10L = 20/1A 4.5 0.1 0.1 

VOL Low-level output voltage VI = VIH, VIL 10L = 20/1A 6.0 0.1 0.1 V 

10L ~ 4.0mA 4.5 0.26 0.33 

10L = S.2mA 6.0 0.26 0.33 

IIH High-level input current VI =6V 6.0 0.1 1.0 f..lA 

IlL Low-level input current VI=OV 6.0 -0.1 -1.0 f..lA 

lee Quiescent supply current VI = Vee, GND, 10 = O/1A 6.0 4.0 40.0 f..lA 

SWITCHING CHARACTERISTICS (Vee = SV. Ta =25·C) 

Limits 
Symbol Parameter Test conditions Unit 

fmax Maximum clock frequency 

hLH Low-level to high-level and high-level to low-level 

hHL output transition time 

t pLH Low-level to high-level and high-level to low-level 

t pHL output propagation time (CK - Q) 

t pLH Low-level to high-level and high-level to low-level 

t pHL output propagation time (CK - CQ) 

t pLH Low-level to high-level and high-level to low-level 

t pHL output propagation time (Ro - Q) 

t pLH 
Low-level to high-level output propagation time 

(Ro - CO) 

t pLH Low-level to high-level and high-level to low-level 

t pHL output propagation time (CKE - Q) 

tpLH Low-level to high-level and high-level to low-level 

t pHL output propagation time (CKE - 'CO) 

CL = lSpF (Note 4) 

• MITSUBISHI 
.... ELECTRIC 

Min Typ 

30 

Max 

10 

10 

40 

40 

40 

40 

40 

40 

40 

44 

44 

44 

44 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4022P/FP/DP 

OCTAL COUNTER/DIVIDER 

SWITCHING CHARACTERISTICS (Vee = 2-6V, Ta = -40-+85"<;) 

Symbol 

fmax 

tTLH 

tTHL 

t pLH 

t pHL 

t pLH , 

t pHL 

t pLH 

tpHL 

t pLH 

t pLH 

tpHL 

tPLH 

tpHL 

C 1 

Cpo 

Note 3 

2-602 

Limits 

Parameter Test conditions 2S"<; 

Vec(V) Min Typ Max 

2.0 4 

Maximum clock frequency 4.5 20 

6.0 24 

2.0 75 

Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

output transition time 4.5 15 

6.0 13 

2;0 230 

Low-level to high-level and 4.5 46 

high-level to low-level 6.0 39 

output propagation time 2.0 230 

(CK-O) 4.5 46 

6.0 39 

2.0 230 

Low-level to high-level and 4.5 46 

high-level to low-level 6.0 39 

output propagation time 2.0 230 

(CK-CO) 4.5 46 

CL = SOpF (Note 4) 
6.0 39 

2.0 230 

Low-level to high-level and 4.5 46 

high-level to low-level 6.0 39 

output propagation time 2.0 230 

(Ro - 0) 4.5 46 

6.0 39 

Low-level to high-level 2.0 230 

output propagation time 4.5 46 

(Ro - CO) 6.0 39 

2.0 250 

Low-level to high-level and 4.5 50 

high-level to low-level 6.0 43 

output propagation time 2.0 250 

(CKe- 0) 4.5 50 

6.0 43 

2.0 250 

Low-level to high-level and 4.5 50 

high-level to low-level 6.0 43 

output propagation time 2.0 250 

(CKe- CO) 4.5 50 

6.0 43 

Input capacitance 10 

Power dissipation capacitance (Note 3) 

CPO is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipation during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2
• fl+lee ' Vee 

• MITSUBISHI 
;"ELECTRIC 

-40-+8S'C Unit 

Min Max 

3 

16 MHz 

19 

95 

19 ns 

16 

95 

19 ns 

16 

290 

58 ns 

49 

290 

58 ns 

49 

290 

58 ns 

49 

290 

58 ns 

49 

290 

58 ns' 

49 

290 

58 ns 

49 

290 

58 ns 

49 

315 

63 ns 

54 

315 

63 ns 

54 

315 

63 ns 

54 

315 

63 ns 

54 

10 pF 
pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC4022P/FP/DP 

OCTAL COUNTER/DIVIDER 

TIMING REQUIREMENTS (Vcc = 2-6V. T a = -40-+8S'C) 

Symbol Parameter 

tw CK. CKe. Ro pulse width 

CKe setup time with 
tsu 

respect to CK 

tsu 
CK setup time with 

respect to CKe 

CKe hold time with 
th 

respect to CK 

CK hold time with 
th -

respect to CKe 

tree 
Ro recovery time with 

respect to CK 

tree 
Ro recovery time with 

respect to CKe 

Note 4 Test Circuit 

INPUT Vee 

PG ...---+-----j DUT 

son 

TIMING DIAGRAM 

tw 

CK 

tpLH 

90% 
00-07 SO% 

10% 

tTLH 

Test conditions 

OUTPUT 

Vee 

SO% 

GND 
t pHL 

V OH 

Limits 

2S'C -40-+8S'C 

VcdV) Min Typ Max Min 

2. a 80 101 

4.5 16 20 

6. a 14 17 

2. a 50 63 

4.5 10 13 

6. a 9 11 

2.0 50 63 

4.5 10 13 

6. a 9 11 

2. a 50 63 

4.5 10 13 

6.0 9 11 

2. a 50 63 

4.5 10 13 

6. a 9 11 
2. a 100 126 

4.5 20 25 

6. a 17 21 

2. a 100 126 

4.5 20 25 

6. a 17 21 

(1) The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6n5. tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

CK 

CO 

Max 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Vee 

GND 

VOH 

VOL '----VOL 

• MITSUBISHI 
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tw 

RD 

01-07 

OO,CO 

tw 

CKE 

00-Q7 

CKe 

CO 

2-604 

Vee 

CK 

GND 

VOH 

CKe 

VOL 

VOH 

VOL 

CKe 

Vee 
CK 

GND 

VOH 

VOL 

Ro 

Vee 

VOH 

VOL 
Ro 

CKe 
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M74HC4022P/FP/DP 

OCTAL COUNTER/ DIVIDER 

Vee 

50% 

GND 

tsu th 

Vee 

GND 

Vee 

GND 

tsu th 

Vee 

GND 

Vee 

GND 

Vee 

50% 

GND 

Vee 

GND 

Vee 

50% 

GND 



DESCRIPTION 
The M74HC4024 is a semiconductor integrated circuit con
sisting of an asynchronous 7 -stage binary counter with 
direct reset input. 

FEATURES 
• High-speed: (clock frequency) 70MHz typo 

(CL=15pF, Vcc=5V) 

• Low power dissipation: 20,uW/package, max 
(Vcc=SV, Ta=2SoC, quiescent state) 

• High noise margin: 30% of Vee, min (Vcc=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2 ........ 6V 
• Wide operating temperature range: T a=-40 ........ +8S·C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC4024 to 
maintain the low power dissipation and high noise margin 
characteristics of the' standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
LSTTL. 
The M74HC4024 consists of a 7-stage master-slave flip-flop 
with independent output signals at each flip-flop. 
When used as a counter, the direct reset input RD is main
tained low and the clock pulse applied at clock input CK. 
The counter operates when CK changes from high-level to 
low-level, and pure binary codes will appear at each output 
O. 
When direct reset input RD is high, all flip-flop will be 
cleared and 01 through 07 all will become low irrespective 
of CK. 

LOGIC DIAGRAM 

CLOCK 

INPUT CK 

,-------

MITSUBISHI HIGH SPEED CMOS 

M74HC4024P/FP/DP 

7-STAGE BINARY RIPPLE COUNTER 

PIN CONFIGUR~ TION (TOP VIEW) 

CLOCK INPUT CK-

DIRECT RESET Ro --+ 
INPUT 

07-

06-
OUTPUTS 

05-

04-

GND 

14P4 
Outline 14P2N 

14P2P 

Vee 

NC 

NC 

- 03 OUTPUT 

NC 

NC : NO CONNECTION 

FUNCTION TABLE (Note 1) 

Inputs 
Output state 

CK RD 
X H , All outputs are low-level ---
t L No change 

~ L Proceed to next state (counter operation) 

Note 1 X: Irrelevant 
t : Change from low-level to high-level 
~ : Change from high-level to low-level 

OUTPUTS 

Vee 

I 

I 
I 

I 
I 

DIRECT 

RESET 
INPUT Ro 

--------------~ 

• MITSUBISHI 
i'a. ELECTRIC 

GND 

2-605 



MITSUBISHI HIGH SPEED CMOS 

M74HC4024P/FP/DP 

7-STAGE BINARY RIPPLE COUNTER 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Va Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vcc 

vo< OV 
10K Output parasitic diode current 

Vo > vce 

10 Output current per output pin 

Icc Supply/GND current Vce, GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 M74HC4024FP, Ta = -40-+60'C and Ta = 60-85'C are derated at -6mW/"C. 
M74HC4024DP, T a = -40-+50"C and T a = 50-85'C are derated at -5mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Va Output voltage 0 Vee 

Toor Operating temperature range -40 +85 

Vee = 2.0V 0 1000 

tr. tf Input risetime, falltime Vce = 4.SV 0 500 

Vee =6.0V 0 400 

ELeCTRICAL CHARAC;:TERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

Icc Quiescent supply current 

2-606 

Test conditions 

Vee(V) 

Vo = O. lV, Vee-O.1V 
2.0 

1101 =201JA 
4.5 

6.0 

Vo = O. lV, Vee-O.1V 
2.0 

1101 =201JA 
4.5 

6.0 

10H = -201JA 2.0 

10H = -201JA 4.5 

VI = VIH, VIL 10H == -20J,l.A 6.0 

10H= -4.0mA 4.5 

10H= -S.2mA 6.0 

10L = 20J,l.A 2.0 

10L = 20J,l.A 4.5 

VI = VIH, VIL 10L = 20IJA 6.0 

10L = 4.0mA 4.5 

10L = S.2mA 6.0 

VI=6V 6.0 

VI=OV 6.0 

VI = vec, GND, 10= OJ,l.A 6.0 

., 'MITSUBISHI 
;"ELECTRIC' 

Unit 

V 

V 

V 

'c 

ns 

Min 

1.5 

3.15 

4.2 

1.9 

4.4 

5.9 

4.18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vce+0. 5 V 

-0. 5-Vee+0. 5 V 

-20 

20 
rnA 

-20 

20 
mA 

±25 mA 
±50 mA 
500 mW 

-65-+150 ·c 

Limits 

2S'C -40~+85'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /-lA 
-0.1 -1.0 /-lA 

4.0 40.0 /-lA 



MITSUBISHI HIGH SPEED CMOS 

M74HC4024P/FP/DP 

7.STAGE BINARY RIPPLE COUNTER 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Symbol Parameter Test conditions 
Min, 

fmax Maximum clock frequency 30 

tTLH Low-level to high-level and high-level to low-level 

tTHL output transition time 

t pLH Low-level to high-level and high-level to low-level CL = 15pF (Note 4) 

t pHL output propagation time (CK - 01 ) 

t pHL 
High-level to low-level output propagation time 

(Ro- 01-07) 

SWITCHING CHARACTERISTICS (Vee = 2-6V,Ta = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 25'C 

VcC<V) Min Typ Max 

2.0 5 

fmax Maximum clock frequency 4.5 27 

6.0 32 

2. a 75 

hLH Low-level to high-level and 4.5 15 

6. a 13 
high-level to low-level 

2. a 75 

tTHL output transition time 4.5 15 

CL = 50pF (Note 4) 
6.0 13 

2. a 210 

tpLH Low-level to high-level and 4.5 42 

high-level to lOW-level 6.0 36 

output propagation time 2.0 210 

tpHL (CK-01) 4.5 42 

,6. a 36 

High-level to low-level 2. a 210 

tpHL output propagation time 4.5 42 

(Ro~ 01-07) 6. a 36 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 60 

Note 3 CDP is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power disSipated during operation under no-load condition is calculated using the following formula: 
Po = CpD • Vee

2 
• fl+lee • Vee 

TIMING REQUIREMENT (Vee =2-6V, Ta= -40-+85'C) 

Symbol Parameter 

tw CK, Ro clock pulse width 

tree 
Ro recovery time with 

respect to CK 

Test conditions 

Vce(V) 

2.0 

4.5 

6.0 

2.0 
4.5 

6.0 

• MITSUBISHI 
.... ELECTRIC 

25'C 

Min Typ 

80 

16 

14 

100 

20 

17 

Limits 

Max 

Limits 
Unit 

Typ Max 

MHz 

10 ns 
10 ns 
35 ns 
35 ns 

35 ns 

-40-+85'C Unit 

Min Max 

4 

21 MHz 

25 

95 

19 ns 
16 

95 

19 ns 
16 

265 

53 ns 
45 

265 

53 ns 
45 

265 

53 ns 
45 

10 pF 

pF 

-40-+85'C Unit 

Min Max 

101 

20 ns 
17 

126 

25 ns 
21 

2-607 



Note 4 : Test Circuit 

INPUT Vee 

PG t---+-~~ OUT 

son 

TIMING DIAGRAM 
tw 

CK 

tpLH 

90% 

01 

tTLH 

CK 

Ro 

01-07 

2-608 

OUTPUT 

tw 

tpHL 

MITSUBISHI HIGH SPEED CMOS 

M74HC4024P/FP/DP 

7·STAGE BINARY RIPPLE COUNTER 

(1)The pulse generator (PG) has the fO/lowing 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

50% 

GNO 

tpHL 

VOH 

10% 
VOL 

tTHL 

Vee 

50% 

GNO 

tree 

Vee 

GNO 

VOH 

VOL 

'. . MITSUBISHI 
'-ELECTRIC 



MITSUBISHI HIGH SPEED CMOS 

M74HC4040P/FP/DP 

DESCRIPTION 
The M74HC4040 is a semiconductor integrated circuit con
sisting of an asynchronous 12-stage binary counter with a 
direct reset input. 

FEATURES 
•. High-speed: (clock frequency) 40MHz typo 

(CL=15pF, Vee=5V) 

• Low power dissipation: 20,uW/package, max 
(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vcc=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: Ta=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC4040 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to LSTTL. 
The M74HC4040 contains a 12-state master-slave flip-flop 
with independent outputs 01-012 at each flip-flop. 
When operated as a counter, the direct reset input RD 
should be held low and a clock pulse applied at clock input 
CK. 
Counting takes place when CK changes from high-level to' 
low-level, and pure binary code outputs appear at each 

12-STAGE BINARY RIPPLE COUNTER 

PIN CONFIGURATION (TOP VIEW) 

Q12-

Q6-

Q5-

OUTPUTS Q7+-

Q4-

Q3+-

Q2+-

GND 

outputs 01-012. 

Vee 

OUTPUTS 

11 +- Ro DIRECT RESET 
. INPUT 

10 +- CKCLOCK INPUT 

16P4 
Outline 16P2N 

16P2P 

When Rb is set high, all flip-flops will be cleared and all 
outputs 01-012 will become low irrespective of CK. 

FUNCTION TABLE (Note 1) 

Inputs 
Output state 

CK AD 
X H All outputs are low-level 

t L No change 

~ L Advance counter 

Note 1 X: Irrelevant 
t : Change from low to high level 
~ : Change from high to low level 

OUTPUTS LOGIC DIAGRAM ~--------------~~~----------------~ 

CLOCK INPUT CK 

DIRECT RESET Ro 
INPUT 

,---
I 

I 

06 

012 011 010 09 
~----------~v~----------~ 

•. MITSUBIS.HI 
IIi'& ELECTRIC 

OUTPUTS 

Q7 Vee 

-~ 
I 

I 
I 

I 
I 

I 
I 

I 
I 

-~ 
GND 

2-609 



MITSUBIS.HI HIGH SPEED CMOS 

-~~ -7 I : M74HC4040P/FP/DP 

12-STAGE BINARY RIPPLE COUNTER 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+8S"C. unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI< OV 
11K Input protection diode current 

VI> Vee 

vo< OV 
10K Output parasitic diode current 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC4040FP. Ta = -40-+70'C and Ta = 70-8S'C are derated at -SmW/"C. 
M74HC4040DP. T a = -40-+S0'C and T a = SO-8S'C are derated at -SmW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+8S'C) 

limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

To~r Operating temperature range -40 +85 

I Vee=2.0V 0 1000 

t r, tf Input risetime. falltime I Vee=4.5V 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

Icc Quiescent supply current 

2-610 

Test conditions 

Vec(V) 

2.0 
Vo = O. IV, Vee-O. IV 

4.5 
1101 =20pA 

6.0 

Vo = O. IV, Vee-O. IV 
2.0 

1101 =20pA 
4.5 

6.0 

10H = -20pA 2.0 

10H = -20pA 4.5 

VI = VIH, VIL 10H = -20pA 6.0 

10H= -4.0mA 4.5 

10H= -5.2mA 6.0 

10L = 20pA 2.0 

10L::! 20pA 4.5 

VI = VIH, VIL 10L = 20J.l.A 6.0 

10L = 4.0mA 4.5 

10L =5.2mA 6.0 

VI=6V 6.0 

VI=OV 6.0 

VI = Vee, GND, lo=OJ.l.A 6.0 

'MITSUBISHI 
;"'ELECTRIC 

Unit 

V 

V 

V 

'c 

ns 

Min 

1.S 

3.15 

4.2 

1.9 

4.4 

5.9 

4; 18 

5.68 

Ratings Unit 

-0.5-+7.0 V 

-0.5-Vee+O.5 V 

-0. 5-Vee+O. 5 V 

-20 
rnA 

20 

-20 

20 
rnA 

±25 rnA 
±50 rnA 
500 rnW 

-65-+150 'C 

limits 

25'C -40-+B5'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1.35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

4.13 

5.63 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 IJ.A 

-0.1 -1.0 IJ.A 

4.0 40.0 IJ.A 



MITSUBISHI HIGH SPEED CMOS 

M74HC4040P/FP/DP 

12·STAGE BINARY RIPPLE COUNTER 

SWITCHING CHARACTERISTICS (Vee = 5V, Ta = 25"C) 

Symbol Parameter Test conditions 
Min 

fmax Maximum clock frequency 30 

tTLH Low-level to high-level and high-level to low-level 

tTHL output transition time 

t pLH Low-level to high-level and high-level to low-level CL = lSpF (N.ote 4) 

t pHL output propagation time (CK - 01) 

t pHL 
High-level to low-level output propagation time 

(Ro - 01-012) 

SWITCHING CHARACTERISTICS (Vcc = 2-6V, T a = -40-+S5"C) 

Limits 

Symbol Parameter Test conditions 2S"C 

VcC<V) Min Typ Max 

2.0 4 

fmax Maximum clock frequency 4.5 20 

6.0 24 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

I 6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

CL = 50pF (Note 4) 
6.0 13 

2.0 210 

t pLH Low-level to high-level and 4.5 42 

high-level to low-level 6.0 36 

output propagation time 2.0 210 

t pHL (CK- 01) 4.5 42 

6.0 36 

High-level to low-level 2.0\ 240 
t pHL output propagation time 4.5 48 

(Ro - 01-012) 6.0 41 

C, Input capacitance' 10 

Cpo Power dissipation capacitance (Nole 3) 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' VCC

2 
• f,+lcc • Vcc 

TIMING REQUIREMENTS (Vcc = 2-6V, Ta = -40-+85"C) 

Symbol Parameter 

tw CK, Ro pulse width 

tree 
Ro recovery time with 

respect to CK 

Test conditions 

VcC<V) 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

• MITSUBISHI 
..... ELECTRIC 

Limits 

2S"C 

Min Typ Max 

80 

16 

14 

100 

20 

17 

Limits 
Unit 

Typ Max 

MHz 

10 ns 
10 ns 
35 ns 
35 ns 

40 ns 

-40-+8S"C Unit 

Min Max 

3 

1~ MHz 

19 

95 

19 ns 
16 

95 

19 ns 
16 .. . _. 

265 

53 ns 
45 

265 

53 ns 
45 

302 

60 ns 
51 

10 pF 

pF 

-40-+8S"C Unit 

Min Max 

101 

20 ns 
17 

126 

25 ns 
21 ' 

2-611 



Note 4 : Test Circuit 

INPUT Vee 

PG t---+---4 OUT 

soo 

TIMING DIAGRAM 

o 

tW(Rol 

Ro 

01-Q12 

2-612 

MITSUB.lSHI HIGH SPEED CMOS 

M74HC4040P/FP/DP 

12·STAGE BINARY RIPPLE COUNTER 

OUTPUT 

50% 

1 (1 ) The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, If = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GND 

VOH 

VOL 

Vee 

GND 

VOH 

VOL 

Vee 

GND 

•. ,MITSUBISHI 
111'& ELECTRIC 



. MITSUBISHI HIGH SPEED CMOS 

M74HC4049BP/FP/DP 
H~X INVERTING BUFFER/ LOGIC·LEVEL DOWN CONVERTER 

DESCRIPTION 
The M74HC40498 is a semiconductor integrated circuit 
consisting of 6 bUilt-in buffer/converter circuits with invert
ing outputs. 

FEATURES 
• High-speed: 12ns typo (CL=50pF, Vee=5V) 
• Low power dissipation: 5,uW/package, max 

(Vee=5V, Ta=25'C, quiescent state) 
• High noise margin: 30% of Vee, min (Vee=4.5V, BV) 
• Capable of driving 15 74LSTTL loads ' 
• Wide operating voltage range: Vee=.2---BV 
• Wide operating temperature range: Ta=-40-+85'C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

PIN CONFIGURATION (TOP VIEW) 

Vee NC 

OUTPUT YO+- OUTPUT 

INPUT AO-+ INPUT 

OUTPUT Y1 +- NC 

INPUT OUTPUT 

OUTPUT Y2+- INPUT 

INPUT OUTPUT 

GND -A3 INPUT 

16P4 
Outline 16P2N 

16P2P 
FUNCTIONAL DESCRIPTION NC : NO CONNECTION 

Use of silicon gate technology allows the M74HC40498 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
LSTTL. 

LOGIC DIAGRAM (EACH BUFFER) 

Unlike ordinary input protection circuits, inputs can be ap
plied up to GND+15V, irrespective of Vcc, allowing the cir
cuit to be used as logic-level converter from CMOS to 
high-speed CMOS/LSTTL logic circuits. 
When input A is high, the output Y will become low, and 
when input A is low, the output Y will become high. 

INPUT A Y OUTPUT 

FUNCTION TABLE 
Input Output 

A y 

L H 

H L 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Va Output voltage 

I'K Input protection diode current V,<OV 

Vo < OV 
10K Output parasitic diode current 

Vo > Vce 

10 Output current per. output pin 

lee Supply/GND current Vee. GND 

Pd Power dissipation (Note 1) 

Tstg Storage temperature range 

Note 1 M74HC4049BFP,"fa = -40-+70'C and Ta = 70-85'C are derated at -6mW/'C 
M74HC4049BDP, T a = -40-+50'C and T a = 50-85'C are derated at -5mW/'C 

'.MITSUBISHI 
.... ELECTRIC 

Ratings Unit 

-0.5-+7.0 V 

-0.5-+18 V 

-0. 5-Vee+0. 5 V 
-20 mA 
-20 

20 
mA 

±35 mA 
±75 mA 
500 mW 

-65-+150 'c 

2-613 



MITSUBISHI HIGH SPEED CMOS 

M74HC4049BP/FP/DP 

HEX INVERTING BUFFER/LOGIC-LEVEL DOWN CONVERTER 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85"C) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vce Supply voltage 2 6 V 

VI Input voltage 0 15 V 

Vo Output voltage 0 Vee V 

Topr Operating temperature range -40 +85 "C 

Vee=2.0V 0 1000· 

t r• tf Input rlsetime, falltime Vee'= 4.SV 0 500 ns 

Vee = S.OV 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

Vec(V) Min 

Vo=O.lV 
2.0 1.5 

V IH High-level input voltage 
-1101 =20.uA 

4.5 3.15 
6.0 4.2 

Vo = Vee-D. lV 
2.0 

V IL Low-level input voltage 
1101 =20,uA 

4.5 
6.0 

10H= -20.uA 2.0 1.9 
10H= -2D.uA 4.5 4.4 

V OH High-level output voltage VI = VIL 10H = -20.uA 6.0 5.9 
10H= -S.DmA 4.5 4.18 
10H = -7.8mA 6.0 5.68 
10L = 20.uA 2.0 
10L = 2D.uA 4.5 

VOL Low-level output voltage VI = VIH 10L = 20.uA 6.0 
10L= S.OmA 4.5 
IOL=7.8mA 6.0 

VI=SV 6.0 
IIH High-level input current 

VI = 15V 6.0 

IlL Low-level input current VI=OV 6.0 

Icc Quiescent supply current VI =lSV, GND, 10= O/-iA 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25"C) 

Symbol Parameter Test conditions, 

tTLH 

tTHL 

tpLH 

t pHL 

2-614 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time 

CL = 50pF (Note 3) 

, .•. MITSUBISIJI 
.... ELECTRIC. 

Limits 

25'C -40-+8S'C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1.35 1.35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 
0.1 1.0 

J.lA 
0.5 5.0 

-0.1 -1.0 J.lA 
1.0 10.0 J.lA 

Limits 
Unit 

Min Typ Max 

10 ns 

10 ns 
15 ns 

15 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC4049BP/FP/DP 

HEX INVERTING BUFFER/LOGIC·LEVEL DOWN CONVERTER 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+B5·C) 

Limits 

Symbol Parameter Test conditions 25"C -40-+B5"C 

Vcc(V) Min Typ Max Min 

2.0 60 

tTLH Low-level to high-level and 4.5 12 

CL = 50pF (Note 3) 
6.0 10 

high-level to low-level 
2.0 60 

tTHL 
output transition time 4.5 12 

6.0 10 

2.0 85 

t PLH 4.5 17 

CL = 50pF (Note 3) 
6.0 15 

2.0 75 

tpHL Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 127 

t pLH 
output propagation time 4.5 25 

CL = 50pF (Note 3) 
6.0 22 

2.0 112 

t pHL 4.5 22 

6.0 19 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Nole 2) 34 

Note 2 : Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per buffer) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po= Cpo' Vee

2 
• fl+lee • Vee 

Note 3 : Test Circuit 

INPUT Vee 

PG OUT 

50.0 
GNO 

TIMING DIAGRAM 

A 

y 

OUTPUT 

ICL 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GNO 

90% 
VOH 

VOL 

tTLH 

• ·MITSUBISHI 
;'ELECTRIC 

Max 

75 

15 

13 

75 

15 

13 

100 

20 

18 

95 

19 

16 

150 

30 

27 

142 

28 

24 

10 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

2-615 



MITSUBISHI HIGH SPEED CMOS 

M74HC40S0BP/FP/DP 

HEX NONINVERTING-BUFFERI LOGIC"LEVEL DOWN CONVERTER 

DESCRIPTION 
The M74HC4050B is a semiconductor integrated circuit 
consisting of 6 built-in buffer/converter circuits with nonin
verting outputs. 

FEATURES 
• High-speed: 12ns typo (CL=50pF, Vee=5V) 
• Lew power dissipation: 5,uW/package, max 

(Vec=5V, Ta=25°C, quiescent state) 
• High noise margin: 30% of Vee, min (Vce=4.5V, 6V) 
• Capable of driving 15 74LSTTL loads 
• Wide operating voltage range: V cc= 2-6V 
• Wide operating temperature range: Ta=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

PIN CONFIGURATION (TOP VIEW) 

Vee 

OUTPUT YO-

INPUT AO--+ 

OUTPUT Y1-

INPUT 

OUTPUT Y2-

INPUT 

GND 

NC 

-A3 INPUT 

16P4 
Outline 16P2N 

16P2P 
FUNCTIONAL DESCRIPTION NC : NO CONNECTION 

Use of silicon gate technology allows the M74HC4050B to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
LSTTL., 

LOGIC DIAGRAM (EACH BUFFER) 

Unlike ordinary input protection circuits, inputs can be ap
plied up to GNO+15V, irrespective of Vee, allowing the cir
cuit to be used as logic-level converter from CMOS to 
high-speed CMOS/LSTTL logic circuits. INPUT A ~ Y OUTPUT 

When input A is high, the output Y will become high, and 
when input A is low, the output Y will become low. 

FUNCTION TABLE 
Input Output 

A y 

L L 

H H 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless otherwise noted) 

Symbol 

Vee 

V, 

Vo 

I'K 

10K 

10 

Icc 

Pd 

Tst~ 

Note 1 

2~616 

Parameter Conditions 

Supply voltage 

Input voltage 

Output voltage 

Input protection diode current V,< ov 

Vo < ov 
Output parasitic diode current 

Vo > vec 

Output current per output pin 

Supply/GND current, Vee, GND 

Power dissipation (Note 1) 

Storage temperature range 

M74HC4050BFP, Ta = -40-+70·C and Ta = 70-85·C are derated at -6mW/"C. 
M74HC4050BDP, T a = -40-+50·C and T a = 50-85"C are derated at -5mW /"C. 

'., MITSUBISHI 
.... ELECTRIC 

Ratings Unit 

,-0.5-+7.0 V 

-0.5-+18 V 

-0. 5-Vee+0. 5 V 

-20 mA 
-20 

20 
mA 

±35 mA 
±75 mA 
500 mW 

-65-+150 ·C 



MITSUBISHI HIGH SPEED CMOS 

M74HC40S0BP/FP/DP 

HEX NON INVERTING BUFFER/LOGIC-LEVEL DOWN CONVERTER 

RECOMMENDED OPERATING CONDITIONS (T a = -40-+85·C) 

Symbol Parameter 
Limits 

Unit 
Min Typ Max 

Vee Supply voltage 2 6 V 
V, Input voltage 0 15 V 

Vo Output voltage 0 Vec V 

Topr Operating temperature range -40 +85 ·C 

I Vee = 2.0V 0 1000 
try tf Input risetime. lalltime I Vcc=4.SV 0 500 ns 

I Vee = 6. OV 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

Vcciv) Min 

Vo = Vcc-O. 1V 
2.0 1.5 

V'H High-level input voltage 
1101 =20f.J.A 

4.5 3.15 
6.0 4.2 
2.0 

V'L Low-level input voltage 
Vo= O.1V 

4.5 
1101 =20f.J.A 

6.0 
10H = -20f.J.A 2.0 1.9 
10H = -20f.J.A 4.5 4.4 

V OH High-level output voltage V,=V'H 10H = -20f.J.A 6.0 5.9 
10H = -6.0mA 4.5 4.18 
IOH=-7.BmA 6.0 5.68 
10L = 20f.J.A 2.0 
10L = 20f.J.A 4.5 

VOL Low-level output voltage V,=V'L 10L = 20f.J.A 6.0 
10L = 6.0mA 4.5 
10L = 7.BmA 6.0 

V,=6V 6.0 
"H High-level input current 

V,=15V 6.0 

"L Low-level input current V,=OV 6.0 

Icc Quiescent supply current V,= 15V, GND, 10 =Of.J.A 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25·C) 

Symbol Parameter Test conditions 

tTLH Low-level to high-level and high-level to low-level 

tTHL output transition time 

tpLH Low-level to high-level and high-level to low-level 

tpHL output propagation time 

CL = 50pF (Note 3) 

• MITSUBISHI 
;"'ELECTRIC \ 

Limits 

2S·C :....40-+BS·C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1.35 1.35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 
0.1 1.0 
0.5 5.0 

J.l.A 

-0.1 -1.0 J.l.A 

1.0 10.0 J.l.A 

Limits 
Unit 

Min Typ Max 

10 
10 

ns 

15 
15 

ns 

2-617 



MITSUBISHI HIGH SPEED CMOS 

M74HC40S0BP/FP/DP 

HEX NONINVERTING BUFFER/ LOGIC-LEVEL DOWN CONVERTER 

SWITCHING CHARACTERISTICS (Vee = 2-6V, Ta = -40-+85t) 

Limits 

Symbol Parameter Test conditions 25'C -40-+8S'C 

Vec(V) Min Typ Max Min 

2.0 60 

tTLH Low-level to high-level and 4.5 12 

Cl = 50pF (Note 3) 
6.0 10 

high-level to low-level 
2.0 60 

tTHL output transition time 4.5 12 

6.0 10 

2.0 85 

tpLH 4.5 17 

Cl = 50pF (Note 3) 
6.0 15 

2.0 75 

tpHL Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 127 

tpLH output propagation time 4.5 25 

Cl = SOpF (Note 3) 
6.0 22 

2.0 112 

tpHL 4.5 22 

6.0 19 

C. Input capacitance 10 

Cpo Power dissipation capacitance (Note 2) 32 

Note 2 : Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per buffer) 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vec

2 
• f.+lec • Vee 

Note 3 : Test Circuit 

INPUT 

PG 

son 

TIMING DIAGRAM 

A 

y 

2-618 

Vee 

OUT 

GNO 

OUTPUT 

lCl 

(l)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Vee 

GNO 

VOH 

10% 
VOL 

tTHL 

• MITSUBISHI 
.... ELECTRIC 

Max 

75 

15 

13 

75 

15 

13 

100 

20 

18 

95 

19 

16 

150 

30 

27 

142 

28 

24 

10 

Unit 

ns 

ns 

ns 

ns 

-
ns 

ns 

pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC40S1P/FP/DP 

8-CHANNEL ANALOG MUL TIPLEXERIDEMUL TIPLEXER 

DESCRIPTION 
The M74HC4051 is a semiconductor integrated circuit con
sisting of a multiplexer/demultiplexer which is capable of 
selecting between 8 analog switches with 3-input digital 
signal. 

FEATURES 
• Low on-state resistance 
• High off-state resistance:.more than 109 0, typo 
• Excellent conductance linearity. Distortion 0.05% typo 

• Enable input 
• High-speed: 18ns typo (CL = 50pF, Vee = 4.5V, VEE = 

GND) 

• Low power dissipation: 20,uW/package, max 
(Vee=5V, VEE=GND, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Wide operating voltage range: Vec-VEE=2-12V 

Vec -GND=2-6V 

• Wide operating temperature range: T a=-40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC4051 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
LSTTL. 

LOGIC DIAGRAM Vee 

C 

PIN CONFIGURATION (TOP VIEW) 

CHANNEL I X4" 
INPUTS/OUTPUTS 1 

IX6-

COMMON PIN X" 

CHANNEL J 
X7" 

INPUTS/OUTPUTS 1 X5 _ 

ENABLE INPUT E--

GND 

16P4 
Outline 1-6P2N 

16P2P 

Vee 

CHANNEL 
INPUTS/OUTPUTS 

- B ICON1ROLINPUTS 

-c 

When a three-bit binary code is applied at control inputs A, 
Band C, the impedance between the common pin X and 
the selected channel XO through X7 will become I ow
impedance state, and the other channels will become high
impedance state. In this case, when enable input E is high, 
all channels XO through X7 will become high-impedance 
state, irrespective of other inputs. . 

Analog signals of amplitude Vee-VEE greater than logic am
plitude Vee-GND at A, Band C can be switched. 

----------------~ 

XO 

X1 (J) 
I-
::J 
a.. 

X2 I-
::J 
0 

X3 0 
::J 
a.. 

X4 ~ 
...J 
w 

X5 z 
z « 

X6 
J: 
u 

X7 

COMMON 
PIJLJ 

--------- X L L ____ _ 
-----~-------------

I 

----------' 
GND VEE 

•.. MITSUBISHI 
;""ELECTRIC 

* :OUT/IN~ IN/OUT 

CIN~ 
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MITSUBISHI HIGH SPEED CMOS 

M74HC40S1P/FP/DP 

a·CHANNEL ANALOG MUL TIPLEXER/DEMUL TIPLEXER 

FUNCTION TABLE (Note 1) 

Enable Control 

Input Inputs 
Switch.between channel Input/output and common pin 

E ,C B A XO X1 X2 X3 

L L L L ON OFF OFF OFF 

L L L H OFF ON OFF OFF 

L L H L OFF OFF ON OFF 

L L H H OFF OFF OFF ON 

L H . L L OFF OFF OFF OFF 

L H L H OFF OFF OFF OFF 

L H H L OFF OFF OFF OFF 

L H 1:-1 H OFF OFF OFF OFF 

H X X X OFF OFF OFF OFF 

Note 1 X Irrelevant 
ON Impedance between Xn and X is low. (n: 0-7) 
OFF Impedance between Xn and X is high. (n : 0-7) 

ABSOLUTE MAXIMUM RATINGS (T a == -40-+85'C, unless otherwise noted) 

.Symbol Parameter Test conditions 

Vee 

Vee 
Supply voltage 

VI Input voltage 
Control Inputs, enable input 

1/0 channels, common pin 

V IIO Input to output voltage 

Vo Output voltage 

VI< ov 
11K Input protection diode current 

VI> Vee 

10 Output current per gate 

Icc Supply/GND current Vee, GND 

Pd Power'dlsslpatlon (Note 2) 

Tstg Storage temperature 

Note 2 : M74HC4051FP, Ta == -40-+70·C and Ta == 70-85·C are derated at -6mW/"C. 
M74HC4051DP, Ta = -40-+50'C and Ta = 50-8S·C are derated at -5mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+8S·C) 

Symbol Parameter 

Vee 

Vee 
Supply voltage 

VI 
. L Control Input, enable input 

Input voltage I Channel input/output, common pin 

Vo Output voltage 

T oDr Ambient operating temperature 

Vee=2.0V 

t r• tf Input risetlme, falltlme Vee = 4.5V 

Vee = 6.0V 

2-620 

Limits 

Min Typ Max 

2.0 6.0 

0 -6.0 

O· Vee 

Vee Vee 

Vee Vee 
-40 +85 

a 1000 

a 500 

a 400 

• MITSUB. ISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

V 
·C 

ns 

X4 X5 X6 

OFF OFF OFF 

OFF OFF OFF 

OFF OFF OFF 

OFF OFF OFF 

ON OFF OFF 

OFF ON OFF 

OFF OFF ON 

OFF OFF OFF 

OFF OFF OFF 

Ratings 

-0.5-+7.0 

-7.0-+0.5 

-0;5-Vee+0• 5 

Vee-O. 5-Vee+0. 5 

±0.5 

Vee-a. 5-Vee+0. 5 
"':'20 

20 

±25 

±50 

500 

-65-+150 

X7 

OFF 

OFF 

OFF 

OFF 

OFF 

OFF 

OFF 

ON 

OFF 

Unit 

V 

V 

V 

V 

V 

mA 

mA 

mA 

mW 
·C 



MITSUBISHI HIGH SPEED CMOS 

M74HC40S1P/FP/DP 

I·CHANNEL ANALOG MUL TIPLEXER/DEMUL TIPLEXER 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH 
High-level 

Input voltage 

Low-level 
V IL 

input voltage 

RON On-state resistance 

On-state resistance varia-

ARoN tion (swltch-to-switch in 

the same package) 

Switch-off 
',z(ol=l=) 

leakage current 

Switch-on 
'iztoN) 

leakage current 

"H High-level input current 

"L Low-level input current 

Quiescent power 
Icc 

dissipation 

Test conditions 

VEe{V) Vec!V) 

- 2. a 
Refer to RON specification - 4.5 

- 6.0 
- 2.0 

Refer to RON specification - 4.5 

- 6.0 
VI = VIH VIL, Is = O.lmA GND 4.5 
VIS = GND-Vec -4.5 4.5 
(Test circuit 1) -6.0 6.0 

VI = VIH VIL, Is = O. lmA 
GND 2.0 
GND 4.5 

VIS = GND, Vec 
-4.5 4.5 

(Test circuit 1) 
-6.0 6.0 

VI = VIH, VIL GND 4.5 
VIS = GND-Vcc -4.5 4.5 

-6.0 6.0 
VI ='VIH, VIL, VIS = GND, Vce , GND 6.0 
Vos = Vee, GND -6.0 6.0 
VI = VIH, VIL, VIS = GND, Vcc GND 6.0 

-6.0 6.0 
V,=6V - 6.0 
VI=OV - 6. a 

GND, 10 = OIlA 
GND 6.0 

VI = Vee. 
-6.0 6.0 

• MITSUBISHI 
.... ELECTRIC 

Limits 

25"C -40-+85"C Unit 

Min Typ Max Min Max 

1.5 1.5 
3.15 3.15 V 

4.2 4.2 
0.5 0.5 

1. 35 1.35 V 

1.8 1.8 
170 215 

85 106 n 
50 63 

85 106 
63 78 

n 
37 47 

n 

±0.1 ±1.0 
±0.2 ±2.0 

IJ.A 

±O.2 ±2.0 
±O.4 ±4.0 

IJ.A 

0.1 1.0 IJ.A 
-0.1 -1.0 IJ.A 

4.0 40.0 
8.0 80.0 

IJ.A 

2-621 



MITSUBISHI HIGH SPEED CMOS 

M74HC4051P/FP/DP 

,-CHA'NNEL ANALOG MUL TIPLEXER/DEMUL TIPLEXER 

SWITCHING CHARACTERISTICS (Vee = 2~6V, T a = -40-+85"C) 

Symbol 

fmax 

Parameter 

Maximum propagation frequency 

RL = lkO, V's = 1.6VRMS 

Low-level to high-level and 

/--___ --j high-level to low-level 

output propagation time 

(XO-X? - X, X - XO-X?) 

Low-level to high-level and 

1------1 high-level to low-level 

output propagation time 

(A, B, C-X) 

Low-level and high-level 

1------1 output disable time 

(~' B, C - XO-X71 

E - X, XO-X? ) 

Test conditions 

CL = 50pF 

(Test circuit 2) 

RL = lkO 

CL = 50pF 

(Test circuit 3) 

RL= lkO 

CL = 50pF 

(Test circuitS) 

RL = lkO 

/----~--~----------------------___i CL=50pF 

(Test circuit 4) 

Low-level and high-level 

1------1 output enable. time 

(~' B, C - XO-X71 

E-X, XO-X? ) 

Sine wave propagation 

dissipation 

Feedthrough 

(switch off) 

Crosstalk 

(control input, 

enable input-to-switch output) 

Crosstalk 

(switch-to-switch) 

I Control input 

Input . l Channel input/output 
capacitance I Common pin 

Feedthrough capacitance 

Power dissipation capacitance (Note 3) 

V's = 1.6VRMS 

RL = 10kO 

(Test circuit 5) 

V's = 1. 6VRMS 

RL = 10kO 

CL = 50pF 

(Test circuit 2)' 

RL = lOkO 

R,=lkO 

CL = 50pF 

(Test circuit 6) 

RL = lkO, CL = 50pF 

(Test circuit 7) 

-4.5 

GND 
GND 
-4.5 

-6.0 

GND 
GND 
-4.5 

4.5 

2.0 
4.5 
4.5 
6.0 
2.0 
4.5 

4.5 
-6.0 6.0 

GND 
GND 
-4.5 
-6.0 

GND 
GND 
-4.5 

2.0 
4.5 
4.5 

6.0 
2.0 
4.5 

4.5 
-6.0 6.0 

GND 
GND 
-4.5 

-6.0 

GND 
GND 
-4.5 

-6.0 

GND 
GND 
-4.5 

-6.0 

GND 
GND 
-4.5 

2.0 
4.5 
4.5 
6.0 

2.0 
4.5 
4.5 
6.0 
2.0 

4.5 
4.5 
6.0 
2.0 

4.5 
4.5 

-6.0 6.0 

-4.5 4.5 

-4.5 4.5 

-4.5 4.5 

-4.5 4.5 

25"C 

Min Typ 

Limits 

Max 

.60 

12 

60 

12 

370 

74 

370 

74 

290 
58 

290 
58 

345 
69 

345 
69 

10 

Note 3 CPO is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vec

2 
• f,+lee • Vee 

,.,. MITSUBISHI 
.... ELECTRIC 

-40-+S5"C 

Min Max 

75 

15 

75 
15 

465 
93 

465 
93 

365 
73 

365 
73 

435 
87 

435 
87 

10 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

% 

MHz 

MHz 

pF 

pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC40S1P/FP/DP 

a"CHANNEL ANALOG MUL TIPLEXER/DEMUL TIPLEXER 

Test Circuit 

1. On-state resistance 

Vee 

A 0--rA--'--'\----

B 

C 

E 

GND 

R V,_o ( ) 
aN=~ (} 

2. Maximum propagation frequency, fiedthrough (switch off) 

A V".~ SVp-p A 
B e 1/f, 

C C V's 

E E 

Vas 

GND 

3. Low-level to high-level and high-level to low-level propagation time 
6ns 6ns 

XO-X7 90~ 
X .j,'O%X-

(XO-X7/X - X/XO-X7) 

A 
B B XO-X7 
C C X 
E E 

X 
XO-X7 

GND 

4. Low-level to high-level and high-level to low-level 

A 

B 
C 
E 

output propagation time, output enable, disable time 

(A, e, C, E -XO - X7/X) 6ns 6ns 

Vee 

A 

B 
C 
E 

90%1X'i 
A, B, C, E -11O%\, 

Parameter 81 

tpLZ 2 

t pHZ 

t PZL 2 

tPZH 1 

82 

1 

2 

1 
2 

5. Sine wave propagation distortion 

A 
B, 

C 
E 

'---'_---0 Vas 

6. Crosstalk (control input enable input) 

A 

B 

C 

E 

GND 

Vee 

6ns 6ns 

A,B,C, E 90~ 
.J,'O%~ 

7. Crosstalk (switch-te-switeh) 

Vee 
V's a:-f 5Vp- p 

~ 
A <r--r;:'"A ......... -l------, 

B B 
C C 
E UE~ __ ~i1-~ 

L--------1----.~ 

GND 

L---------_-..--o Vas 

8. Low-level to high-level and high-level to low-level propagation 

time (A, B, C - X) 6ns 6ns 

A, B, C 9O%/i=J:r 

-(,0%'-
r-fIIIi~---o XO-X7 

A 
B 

XO-X7 C 

E 
X 

CL 

•.. MITSUBISHI 
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TIMING DIAGRAM 

XO-X7IX 

X/XO-X7 

XO-X7, X 

XO-X7, X 

2-624 

MITSUBISHI HIGH SPEED CMOS 

M74HC40S1P/FP/DP 

. I-CHANNEL ANALOG' MUL TIPLEXER/DEMUL TIPLEXER 

Vee 

A,B,C 

GND 

VOH 

X 

VOL 

-----Vee 

GND 

VOL 

.•... ········MITSUBISHI 
;"ELECTRIC 

Vee 

GND 

VOH 

VOL 

Vee 

GND 



MITSUBISHI HIGH SPEED CMOS 

M74HC40S2P/FP/DP 

DUAL 4-CHANNEL ANALOG MUL TIPLEXER/DEMUL TIPLEXER 

DESCRIPTION 
The M74HC4052 is a semiconductor integrated circuit con
sisting of two multiplexer/demultiplexers capable of select
ing between 4 analog switches with 2-input digital signal. 

FEATURES 
• low on-state registance 
• High off-state resistance: more than 109 .a, typo 

• Excellent condu9tance linearity 

• Enable input 
• High-speed: 28ns typo (CL = 50pF, Vee = 4.5V, VEE = 

GND) 

• low power dissipation: 20.uW/package, max 
(Vcc=5V, VEE=GND, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Wide operating voltage range: Vee-VEE=2-12V 

Vee-:-GND=2-12V 

• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION -
Use of silicon gate technology allows the M74HC4052 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
lSTTL. 

When a two-bit binary code is applied at control inputs A 
and 8, the impedance between common pin X and the 
selected channel XO through X3 will become low, and the 
other channels will become high-impedance state. The im
pedance between common pin Y and channels YO through 
Y3 is controlled in the same way. In this case, when enable 
input E is high, all channels XO through X3 and YO through 
Y3 will become high-impedance state, irrespective of other 
inputs. 

LOGIC DIAGRAM Vee 

CONTROL INPUTS jA 10 

B 9 }-+--f-f"1 

ENABLE INPUT E 

GND 

PIN CONFIGURATION (TOP VIEW) 

CHANNEL I YO·
INPUTS/OUTPUTS] Y2-

Vee 

[CHANNEL 

COMMON PIN Y -
r INPUTS/OUTPUTS 

COMMON PIN 

1 

Y3-
CHANNEL 
INPUTS/OUTPUTS Yi-

12 -XO f CHANNEL 

ENABLE INPUT E -+ 
11 _ X3 INPUTS/OUTPUTS 

GND 

16P4 
Outline 16P2N 

16P2P 

I CONTROL 
+- B r INPUTS 

Analog signals of amplitude Vee - VEE greater than logic 
amplitude Vee-GND at A and 8 can be switched. 

FUNCTION TABLE (Note 1) 

Enable Control Switch between channel 

input inputs input/output and common pin 

E B A XO,YO Xi, Yi X2, Y2 X3,Y3 
L L L dN OFF OFF OFF 

L L H OFF ON OFF OFF 

L H L OFF OFF ON OFF 

L H H OFF OFF OFF ON 

H X X OFF OFF OFF OFF 

Note 1 X : Irrelevant 
ON : Impedance t;>etween Xn and X, and between Yn and 

Y is low. (n : 0-3) 
OFF : Impedance between Xn and X, and btween Yn and Y 

is high. (n : 0-3) 

XO 

COMMON PIN 

CHANNEL 
INPUTS/OUTPUTS 

'------IH3 Y COMMON PIN 
, 

--______ 1 

• , OUTIIN ~ iNloUT 

GIN 

•... MITSUBISHI 
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MITSUBISHI HIGH SPEED CMua 

M74HC4052P/FP/DP 

DUAL 4~CHANNEL ANALOG MUL TIPLEXER/DEMUL TIPLEXER 

ABSOLUTE MAXIMUM RATINGS (T a = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee 

VEE 
Supply voltage 

VI Input voltage 
Control Inputs, enable Inputs 

I/O channels, common pins 

VI/O Input to output voltage 

Vo Output voltage 

v,<OV 
"K Input protection diode current 

V, > Vee 

10 Output current per gate 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature 

Note 2 M74HC4052FP, Ta =-40-+70'C and Ta = 70-8S'C are derated at -SmW/'C. 
M74HC4052DP, Ta = -40-+5O'C and Ta = SO-8S'C are derated at -SmW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+8S'C) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee 2.0 6.0 

VEE 
Supply voltage 

0 -6.0 

.1 Control Input, enable Input 0 Vee 
VI Input voltage I Channel Input/output, common pin VEE Vee 

Vo Output voltage VEE Vee 

Topr Ambient operating temperature -40 +85 

I Vee = 2.0V 0 1000 

tr, tf Input rlsetlme, falltlme I Vee=4.5V a 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V'H 
High-level 

Input voltage 

VIL 
Low-level 

input voltage 

RON On-state resistance 

On-state resistance varia-

ARoN tion ( switch-te-switch in 

the same package) 

Switch-off 
'IZ(OFF) 

leakage current 

'IZ(ON) 
Switch-on 

leakage current 

IIH High-level input current 

IlL LOW-level input current 

Quiescent power 
Icc 

dissipation 

2-626 

Test conditions 

Vee(V) VcdV) 

- 2.0 

Refer to RON specification - 4.5 

- 6.0 

- 2.0 

Refer to RON specification - 4.5 

- 6.0 

V, = V'H V'L,' Is = O. lmA GND 4.5 

V's = GND-Vcc -4.5 4.5 

(Test circuit 1) -6.0 6.0 

GND 2.0 
V, = V'H V'L, Is=O.lmA 

GND 4.5 
V's = GND, Vee 

-4.5 4.5 
(Test circuit 1) 

-6.0 6.0 

V, = V'H, V'L GND 4.5 

V's = GND-Vcc -4.5 4.5 

-S.O 6.0 

V, = VIH. VIL, VIS = GND, Vce GND 6·9 
Vos = Vee, GND -6.0 6.0 

VI = VIH, VIL, VIS = GND, Vee GND 6.0 

-6.0 6.0 

VI=6V - 6.0 

VI=OV - 6.0 

GND, lo=OpA 
GND 6.0 

VI = Vee, 
-6.0 6.0 

• . MITSUBISHI 
111'& ELECTRIC 

Unit 

V 

V 

V 

V 

'c 

ns 

Min 

1.5 

3.15 

4.2 

Ratings Unit 

-0.5-+7.0 V 

-7.0-+0.5 V 

-0. 5-Vee+0. 5 
V 

VEE-O. 5-Vee+0. 5 

±0.5 V 

VEE ..... O. 5-Vee+0. 5 V 

-20 

20 
mA 

±25 mA 
±50 mA 
500 mW 

-65-+150 'c 

limits 

25'C -40-+85'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1. 35 V 

1.8 1.8 

170 215 

85 106 n 
50 63 

85 106 

63 
n 

78 

37 47 

n 

±0.1 ±1.0 

±0.2 ±2.0 
tLA 

±0.2 ±2.0 

±0.4 ±4.0 
tLA 

0.1 1.0 tLA 
-0.1 -1.0 tLA 

4.0 40.0 

8. O' 80.0 
tLA 



MITSUBISHI HIGH SPEED CMOS 

M74HC4052P/FP/DP 

DUAL 4-CHANNEL ANALOG MUL TIPLEXER/DEMUL TIPLEXER 

SWITCHING CHARACTERISTICS (Vee = 2-6V. T a = -40-+S5·C) 

Symbol 

fmax 

Parameter 

Maximum propagation frequency 

AL = IkO. V's = 1.6VRMS 

Low-level to high-level and 

high-level to low-level 

\-------1 output propagation time 

(
XO-X3-X. X-XO-X3) 

YO-Y3-Y. Y-YO-Y3 

Low-level to high-level and 

\--___ -j high-level to low-level 

output propagation time 

(A, 8-X, y) 

Low-level and high-level 

/-___ -1 output disable time 

(
A. 8-XO-X3.YO-Y3 ) 

"E-x. XO-X3. Y. YO-Y3 

Test conditions 

CL = 50pF 

(Test circuit 2) 

RL = IkO 

CL = 50pF 

(Test circuit 3) 

RL = IkO 

CL =50pF 

(Test circuit 8) 

AL = IkO 

\-----~--------------1CL=50pF 

(Test circuit 4) 

Low-level and high-level 

output enable time 
\------j 

(
A. 8-XO-X3. YO- Y3 ) 

"E-X. XO-X3. Y. YO-Y3 

Sine wave propagation 

distortion 

Feedthrough 

(switch off) 

Crosstalk 

( control input. 

enable input-to-switch outputs) 

Crosstalk 

( switch-to-switch) 

I Control input 

Input . I Channel input/output 
capacitance I Common pin 

Feedthrough capacitance 

Power dissipation capacitance (Note 2) 

V's = 1. 6VRMS 

RL = IOkO 

(Test circuit5) 

V,s = I. 6VRMS 

AL = IOkO 

CL = 50pF 

(Test circuit 2) 

RL = 10k!) 

R,= lkO 

CL = 50pF 

(Test circuit 6) 

AL = IkO. CL = 50pF 

(Test circuit 7) 

-4.5 

GND 
GND 
-4.5 
-6.0 

GND 
GND 
-4.5 
-6.0 

GND 
GND 
-4.5 
-6.0 

GND 
GND 
-4.5 
-6.0 

GND 
GND 
-4.5 
-6.0 

GND 
GND 
-4.5 
-6.0 

GND 
GND 
-4.5 
-6.0 

GND 
GND 
-4.5 

-6.0 

-4.5 

-4.5 

-4.5 

-4.5 

4.5 

2.0 

4.5 
4.5 
6.0 
2.0 

4.5 
4.5 
6.0 

2.0 

4.5 
4.5 
6.0 

2.0 

4.5 
4.5 
6.0 
2.0 

4.5 
4.5 
6.0 

2.0 

4.5 
4.5 
6.0 

2.0 

4.5 
4.5 
6.0 
2.0 

4.5 
4.5 
6.0 

4.5 

4.5 

4.5 

4.5 

25·C 

Min Typ 

Limits 

Max 

60 
12 

60 

12 

370 

74 

370 

74 

290 

58 

290 

58 

345 
69 

345 
69 

10 

Note 2 Cpo is the internal capacitance of the Ie calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee2 

• f,+lee • Vee 

,. MITSUBISHI 
.... ELECTRIC 

-40-+85'C 

Min Max 

75 

15 

75 

15 

465 
93 

465 
93 

365 
73 

365 
73 

435 
87 

435 
87 

10 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

% 

MHz 

MHz 

pF 

pF 

pF 

2-627 



MITSUBISHI HIGH SPEED CMOS 

M74HC4052P/FP/DP 

DUAL 4.CHANN~L ANALOG MUL TIPLEXER/DEMUL TIPLEXER 

Test Circuit 

1. On-state resistance 

Vee 

A o-n-....... --,I---~ 
B 

E 

R V,_o ( ) 
ON=1Q=4 n 

2. Maximum propagation frequency, fieldthrough (switch off) 

3. Low-level to high-level and high-level to low-level propagation time 

(
XO-)(3/X - X/XO- X3) 
YO-Y3/Y-Y /YO-Y3 

6ns 6ns 

XO-X3/X 90%tHi 
YO-Y31Y .j,'0%\. 

A 

B 

E 

rA"~"l-----, 

B XO-X3/X 
YO-Y3/Y 

E L:.,---.~J--I '-..... ->--_-' __ .Q X/XO-X3 

Y/YO-Y3 

GND 

4. Low-level to high-level and high-level to low-level output propagation 

time, output enable, disable time 

C
A, 8-XO-X3, YO-Y3 ) 
e-x, XO-X3, Y, XO-Y3 

Vee 

A o--iA-'-"l-----. 

B B 

GND 

6ns 6ns 

__ 90:tQ[% .' 
A,B, E 

10% 

Parameter 

tpLZ 

tpHZ 

t PZL 

t PZH 

51 52 
2 1 
1 2 
2 1 
1 2 

5. Sine wave propagation distortion 

A o--.f'A-....,~---. 

B 

E 
....... ---oVos 

6. Crosstalk (control Input, enable input) 

Vee 

6ns 6ns 

A, B, E 9O%/Hi 
f,OOJb\. 

A o--.r:--'-"""--""""I 
B 

E 

B 

E 

GND 

RI 

7. Crosstalk (switch-to-switch) 

Vee VIS~5Vp_p 
~ , . 

A o---r:-.....&..--,.----, 
B 

E 

B 

E 

GND 

'--------...--.--0 Vos 

8. Low-level to high-level and high-level to low-level 

propagation time 

(A, 8-X, y) 

A 

B 

E 

6ns 6ns 

A'B90~ 
.-f;0%\.. 

XO-X3 
""""-'-""""YO-Y3 

XO-X3 
t-IC::~---o YO-Y3 

X 
f-c---1>-----O Y 

2-628 ',.' . MITSUBISHI 
"'ELECTRIC·' 



TIMING DIAGRAM 

XO-X3/X 
YO-Y3/Y 

X/XO-X3 
Y/YO-Y3 

E 

XO-X3, X 
YO-Y3, Y 

XO-X3, X 
YO-Y3, Y 

MITSUBISHI HIGH. SPEED CMOS 

M74HC40S2P/FP/DP 

DUAL 4-CHANNEL ANALOG MUL TIPLEXER/DEMUL TIPLEXER 

10% 

hHL 

Vee 

A,B 

GND 

VOH 

X,Y 

VOL 

Vee 

A, B 

GND 

XO-X3, 
YO-Y3, 

VOL 

VOH 

XO-X3, 
YO-Y3, 

• MITSUBISHI 
;"ELECTRIC 

Vee 

GND 

VOH 

VOL 

Vee 

GND 

VOL 

VOH 

2-629 



MITSUBISHI HIGH SPEED CMOS 

M74HC4053P/FP/DP 
. TRIPLE 2·CHANNEL ANAL"OG MUL TIPLEXER/DEMUL TIPLEXER 

DESCRIPTION 
The M74HC4053 is a semiconductor integrated circuit con
sisting of three multiplexers/demultiplexers capable of 
selecting between 2 analog switches. 

FEATURES 
• Low on-state resistance 
• High off-state resistance: more than 109 (1, typo 
• Excellent conductance linearity 

• Enable input 
• High-speed: 28ns typo (CL = 50pF, Vee = 4.5V, VEE = 

GND) 

• Low power dissipation: 20,uW/package, max 
(Vee=5V, VEE=GND, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Wide operating voltage range: Vee-VEE=2-6V 

Vee-GND=2-6V 

• Wide operating temperature range: T a= -40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC4053 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
74LS4053. 
When a one-bit binaly code is applied at control inputs A, 8 
and C, the impedance between the common pin and the 
selected channel will become low, and the other channels 
will become high-impedance state. 
In this case, when enable input E is high, all channels will 
become high-impedance state, irrespective of other inputs. 

"LOGIC DIAGRAM Vee 

PIN CONFIGURATION (TOP VIEW) 

j
Y1-

CHANNEL INPUTS 
IOUTPUTS 1 YO -

Z1-

COMMON PIN Z -

~~~~~~itPUTS ZO-

ENABLE INPUT E -+ 

Vee 

GND 

Vee 

13 - X1l CHANNEL INPUTS 

12 .. xo r IOUTPUTS 

16P4" 
Outline 16P2N 

16P2P 

CONTROL 
INPUTS 

Analog signals of amplitude Vee-VEE greater than logic am
plitude Vee-GND at A, 8 and C can be switched. 

FUNCTION TABLE (Note 1) 

Enable 
input 

~ontrol in~'Jl!~~~~u~se~3~~~gn"~ln nputs 

E A,B,C XO, YO, ZO X1, Y1, Z1 
L L ON OFF 
L H OFF ON 
H X OFF OFF 

Note 1 X : Irrelevant 
ON : Impedance between Xn and X, Yn and Zn and Z is 

low(n: 0, 1) 
OFF : Impedance between Xn and X, Yn and Y, and Zn and 

Z is high (n : 0, 1) 

\---- - --- ---- - ---- ----, 

CONTROL INPUTS B 

ENABLE INPUT E 

* : OUT/IN~IN/OUT 
CIN~ 

2-630 

GND Vee 

" • MITSUBISHI 
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I 

COMMON PIN 

X1 

YO 
CHANNEL 

Y1 
INPUTS 
IOUTPUTS 

ZO 

Z1 

Z COMMON PIN 

COMMON PIN 



~~~~~~ ~~-~'~~.'''''''''''''.'-'-''-----'-~~--.----. 

MITSUBISHI HIGH SPEED CMOS 

M74HC4053P/FP/DP 

TRIPLE 2-CHANNEL ANALOG MUL TIPLEXER/DEMUL TIPLEXER 

ABSOLUTE MAXIMUM flATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee 

VEE 
Supply voltage 

Control input, enable input 
VI Input voltage 

Channel input/output, common pin 

VI/O Input to output voltage 

Vo Output voltage 

VI<OV 
11K Input protection diode current 

VI> Vee 

10 Output current per gate 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature 

Note 2: M74HC4053FP, Ta = -40-+70'C and Ta = 70-85'C are derated at -6mW/"C. 
M74HC4053DP, Ta = -40-+50'C and Ta = 50-85t are derated at -5mW/"C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

limits 
. Symbol Parameter 

Min Typ Max 

Vee 2.0 6.0 

VEE 
Supply voltage 

0 -6.0 

I Control Input, enable input 0 Vee 
VI Input voltage I Channel input/output, common pin VEE Vee 

Vo Output voltage VEE Vee 

Topr Ambient operating temperature -40 +85 

I Vee = 2.0V 0 1000 

t r• tf Input risetime; falltime I Vee=4.5V 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH 
High-level 

input voltage 

Low-level 
V IL 

input voltage 

RON On-state resistance 

On-state resistance varia-

Il.RON lion ( swltch-Io-switch in 

Ihe same package) 

Switch-off 
'lz(oFF) 

leakage currerit 

'IZ(ON) 
Switch-on 

leakage current 

IIH High-level input current 

IlL Low-level, inpul current 

Icc 
Quiescent power 

dissipation 

Test conditions 

VEE(V) vedv) 

- 2.0 

Refer to RON specification - 4.5 

- 6.0 

- 2.0 
Refer to RON specification - 4.5 

- 6.0 

VI = VIH VIL, Is = O. 1 mA GND 4.5 

VIS = GND-Vec -4.5 4.5 
(Test circuit 1) -6.0 6.0 

GND 2.0 
VI = VIH V1L, Is = O.lmA 

GND 4.5 
VIS = GND, Vee 

-4.5 4.5 
(Test circuit 1) 

-6.0 6.0 

VI = VIH, VIL GND 4.5 

VIS = GND-Vec -4.5 4.5 

-6.0 6.0 

VI = VIH, VIL, VIS = GND, Vce GND 6.0 

Vas = Vcc, GND -6.0 6.0 

VI = VIH, VIL, VIS = GND, Vee GND 6.0 

-6.0 6.0 
VI =6V - 6.0 
VI='OV - 6.0 

VI = Vec, GND, 10= OJ1,A 
GND 6.0 

-6.0 6.0 

• MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

V 

·c 

ns 

Min 

1.5 

3.15 

4.2 

Ratings Unit 

-0.5-+7.0 V 

-7.0-+0.5 V 

-0. 5-Vee+0. 5 V 

VEE-O. 5-Vee+0. 5 V 

±0.5 V 

VEE-O. 5-Vee+0. 5 V 

-20 

20 
mA 

±25 mA 
±50 mA 

500 mW 
-65-+150 ·c 

limits 

25"(; -40-+85t Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

170 215 

85 106 n 
50 63 

85 106 

63 
n 

78 

37 47 

n 

±0.1 ±1.0 

+0.2 +2.0 
/.lA 

±0.2 ±2.0 

+0.4 +4.0 
/.lA 

0.1 1.0 /.lA 
-0.1 -1.0 /.lA 

4.0 40.0 

8.0 80.0 
/.lA 

2'-631 



MITSUBISHI HIGH SPEED CMOS' 

M74HC4053P/FP/DP 

TRIPLE 2-CHANNEL ANALOG MUL TIPLEXER/DEMUL TIPLEXER 

SWITCHING CHARACTERISTICS (Vee = 2-6V. T a '= -40-+85°C) 

Symbol 

fmax 

t pLH 

t pHL 

t pLH 

t pHL 

t pLZ 

t pHZ 

tPZL 

t PZH 

C I 

Cr 

Cpo 

Note 3 

2-632 

L.lmlts 

Parameter Test conditions 2S'C 

VEE(V) VcC<V) Min Typ Max 

Maximum propagation frequency CL = SOpF 
-4.5 4.5 

RL = 1kO. VIS = 1. 6VRMS (Test circuit 2) 

GND 2.0 60 
Low-level to high-level and GND 4.5 12 
high-level to low-level -4.5 4.5 
output propagation time 

Rl = lkO 
-6.0 6.0 

~o, X,-XlX-XO, X1) CL = SOpF 
GND 2.0 60 

YO. Y1-'Y/Y-YO. Y1 
(Test circuit 3) 

GND 4.5 12 
ZOo Zl-Z/Z-ZO. Zl -4.5 4.5 

-6.0 6. a 
GND 2.0 370 

L.ow-Ievel to high-level and GND 4.5 74 
-4.5 4.5 high-level to low-level 

RL = lkO 
output propagation time -6.0 6.0 

eX) 
CL = 50pF 

GND 2. a 370 
B-Y 

(Test circuit 8) 
GND 4.5 74 

C-Z -4.5 4.5 
-6.0 6. a 
GND 2. a 290 
GND 4.5 58 

Low-level and high-level 
-4.5 4.5 

output disable time 
-6.0 6.0 c-xo, Xll~-" XO, X1) GND 2. a 290 

B-YO. Y1IE-Y. YO. Y1 
GND 4.5 58 

C-ZO. ZlIE-Z. ZOo Zl 
-4.5 4.5 

RL= 1kO 
-6.0 6. a 

CL = SOpF 
GND 2.0 345 

(Test elrcult4) 
GND 4.5 69 

Low-level and high-level 
-4.5 4.5 

output enable time 
-6.0 6.0 C-xo, Xll~-X, XO, X1) GND 2. a 345 

B-YO. Y1IE-Y. YO. Y1 
GND 4.5 69 

C-ZO. Zl/E-Z. ZOo Zl 
-4.5 4.5 
-6.0 6. a 

Sine wave propagation 
VIS = 1. 6VRMS 

RL = 10kO -4.5 4.5 
dissipation 

(Test circuit 5) 

VIS = 1. 6VRMS 

Feedthrough RL = 10kO 
-4.5 4.5 

(switch off) CL = SOpF 

(Test circuit 2) 

Crosstalk 
RL = 10kO 

(control input. 
RI = 1kO 

-4.5 4.5 
CL = SDpF 

enable input-to-switch output) 
(Test circuit 6) 

Crosstalk RL = 1kO. CL = 50pF 

(swltch-ta-switch) (Test circuit 7) 
-4.5 4.5 

I Control Input 10 
Input, l Channel input/output 
capacitance I Common pin 

Feedthrough capacitance 

Power dissipation capacitance (N ole 2) 

CPO Is the internal capacitance of the Ie calculated from operation supply current under no-load conditions, 
The power dissipated during operation under' no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+lee • Vee 

. • MITSUBISHI 
.... ELECTRIC 

.-40-+8S'C Unit 

Min Max 

MHz 

75 
15 

ns 

75 
15 

n.s 

465 
93 

ns 

465 
93 

ns 

365 
73 

ns 

365 
73 

ns 

435 
87 

ns 

435 
87 

ns 

% 

MHz 

mVp_p 

MHz 

10 
pF 

pF 

pF 



MITSUBISHI HIGH SPEED CMOS 

M74HC40S3P/FP/DP 

TRIPLE 2-CHANNEL ANALOG MUL TIPLEXER/DEMUL TIPLEXER 

Test Circuit 

1. On-state resistance 

Vee 

Ao-~Ar-~~----~ 
e 
C 

E 

GND 

R VI-O ( ) 
ON = 10-4 n 

2. Maximum propagation frequency, fieldthrough (switch off) 

A o--I'i\--L..-I--_--, 

B 

C 

E 

Vos 

3. Low-level to high-level and high-level to low-level propagation time 

(

XO' X1/X-X/XO, X1) 
YO, Y1/Y-Y/YO, Y1 
ZO, Z1/Z-z/Z0, Z1 

A 
e 
C 

E 

GND 

6ns 6ns 

90%"t"RI 
.j,"0%t. 

XO, X1/X 
YO, Y1/Y 
ZO, Z1/Z 

'---<_-0--.0 X/XO, X1 
Y/YO, Y1 

C
L 

Z/ZO, Z1 

4. Low-level to high-level and high-level to low-level output propagation 

time, output enable, disable time 

(

A-XO, X1/~-X, XC, X1) 
8-YO, Y1/E-Y, YO, Y1 
C-ZO, z1iE-Z, ZO, Z1. 

Vee 

6ns 6ns 

90%"t"RI 
A, e, c, E .f,'0% t. 

~----------.-

A o---lA ......... t-----, 
e 
C 

E 

Parameter 

t pLZ 

t pHZ 

t PZL 

tPZH 

Sl 

2 

1 
2 

1 

S2 

1 

2 
1 
2 

5. Sine wave propagation distortion 

Ao-~~--~----~ 

e 
C 

E 
...... t----oV Vos 

6. Crosstalk (control input, enable input) 

A 

e 
C 

E 

GND 

Vee 

6ns 6ns 

_ 90%"t"RI 
A, e, C, E .j,"0%\.. 

7. Crosstalk (switch-to-switch) 

A 
e 
C 

Vee 
VIS D:::l5Vp- p 

~ 

E L!E~..,.-.tttT----' 
L-----.---.-o 

GND 

L-----.--__ --o Vos 

B. Low-level to high-level and high-level to low-level 
propagation time 

(A-~ 8-Y 
c-

A 

e 
C 

E 

6ns 6ns 

A, e, C 9O%'/""Ht 
ON ~~O%\. 

XO, YO, ZO 

X1, Y1, Z1 

~~~-oX,Y.Z 

• MITSUBISHI 
.... ELECTRIC 2-633 
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TIMING DIAGRAM 

XO, X1/X 
YO, Y1/Y 
ZO, Z1/Z 

X/XO, X1 
Y/YO, Y1 
Z/ZO, Z1 

E 

XO, X1, X 
YO, Y1, Y 
ZO, Z1, Z 

XO,X1, X 
YO, Y1, Y 
ZO, Z1, Z 

2-634 

MITSUBISHI HIGH SPEED CMOS. 

M74HC40S3P/FP/DP 

, , 
TRIPLE 2~CHANNEL ANALOG MUL TIPLEXER/DEMUL TIPLEXER 

Vee A 

B 

VEE 
C 

VOH X 
Y 
Z 

VOL 

Vee A 

B 

C 
GND 

XO, X1 
YO, Y1 

VOL 
ZO, Z1 

VOH XO, X1 
YO, Y1 
ZO, Z1 

" MITSUBISHI 
~ELECTRIC 

Vee 

GND 

VOH 

50% 

VOL 

Vee 

GND 

VOL 



MITSUBISHI HIGH SPEED CMOS 

M74HC4066P/FP/DP 
QUADRUPLE ANALOG SWITCH/MUL TIPLEXER/DEMUL TIPLEXER 

WITH ENHANCED ON- RESISTANCE LINEARITY 

DESCRIPTION 
The M74HC4066 is a semiconductor integrated circuit con
sisting of four independent bidirectional analog switches. 

FEATURES 
• Low on-state resistance 60.0 typo (Vee=6V) 
• High off-state resistance: more than 1 09 .0, typo 
• Excellent conductance linearity: Variation 0.05% typo 
• High speed: 12ns typo (CL=50pF, Vee=6V) 
• Low power dissipation: 5,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 
• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Wide operating voltage range: Vec=2-6V 
• Wide operating temperature range: T a= -40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC4066 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
LSTTL. 
On/off control inputs CA, Ce, Ce and Co change the impe
dance between the switch inputs/outputs XA-YA, Xe-Ye, Xe-
Ye, and Xo-Yo. 
When control input CA, Ce, Ce, and CD are high, the impe
dance between the corresponding switch inputs/outputs 
will become low, and when CA,. Ce, C, and CD are low, the 
impedance will become high. 

CIRCUIT DIAGRAM (EACH SWITCH) 

PIN CONFIGURATION (TOP VIEW) 

INPUT/OUTPUT XA - 1 

1 

YA-
OUTPUTS/INPUTS 

Ye -

Vee 

13 -- CA ION/OFF 
CONTROL 

12 -- Co INPUTS 

INPUT/OUTPUT Xe - 4 r-;::===:::!5I111111 - Xo INPUT/OUTPUT 

ON/OFF j C e --+ 
CONTROL 
INPUTS Ce --+ 

- Xc INPUT/OUTPUT 

14P4 
Outline 14P2N 

14P2P 

FUNCTION TABLE (Note 1) 

Inputs Inputloutput-to-outputlinput impedance 

C (Vec= 4.5, 6V) 
H 60-1000 
L >109 0 (typ.) 

LOGIC DIAGRAM (EACH SWITCH) 

INPUT/OUTPUT 
Xo---------~----~ 

ON/OFF 
CONTROL 
INPUT C 

INPUT/OUTPUT X 0--------------------+---..-----.; ...... -+----------------{) Y OUTPUT /INPUT 

J 
ON/OFF CONTROL c~ ..... 
INPUT ~ 

1 

,--------.--.-.. -,-.-~ ..... -.. " .. ,,-.. --.--... -

• MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4066P/FP/DP 

QUADRUPLE ANALOG' SWI,TCH/MUL TIPLEXER/DEMUL TIf'LEXER 
WITH ENHANCED ON· RESISTANCE LINEARITY 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

VI/O Input to output voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vcc 

10 Output current per gate 

Icc Supply/GND current Vee, GND 

Pd Power dissipation (Note 1) 

Tstg Storage temperature 

Note 2 M74H04066FP, Ta = -40-+60'C and Ta = 60-S5'C are derated at -6mW/'C. 
M74HC4066DP, Ta = -40-+50'C and Ta = 50-S5'C are derated at -5mW/'C. 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+S5'C) 

limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Ambient operating temperature -40 +85 

I Vee = 2.0V 0 1000 

t r• tf Input rlsetime. falltlme I Vee = 4.5V 0 500 

I Vce = S.OV 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH 
High-level input 

voltage (control) 

Low-level Input 
V IL 

voltage (control) 

RON On-state resistance 

On-state resistance, varia-

b.RoN tlon ( switch-to-switch in 

the same pacage) 

Ilz(oFF) 
Switch-off 

leakage current 

Switch-on 
IIZ(ON) 

leakage current 

IIH 
High-level input 

current (control) 

IlL 
Low-level input 

current (control) 

Icc Quiescent power dissipation 

2-636 

Test conditions 

VeC<V) 

2.0 

Refer to RON specification 4" 5 
6.0 

2.0 

IloFF I ~ 1. OJLA 4.5 

6.0 

VeTL = VIH 2.0 

VIS = O-Vee (Test circuit 1 ) 4.5 

Is=l00JLA 

VeTL = VIH 

Is= 100JLA 

Swltch-to-swltch 

VeTL = VIL 

VIS = SV, Vos = OV 

VIS = OV, Vos = SV 

VeTL = VIH 

VIS=OV-SV 

Vos= OPEN 

VCTL = Vec, GND 

6.0 

2.0 

4.5 

6.0 

6.0 

6.0 

6.0 

6.0 

6.0 

• M,T5UBISHI 
..... ELECTRIC 

Unit 

V 

V 

V 

'c 

ns 

Min 

1.5 

3.15 

4.2 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vee+0. 5 V 

±0.5 V 

-0; 5-Vee+0. 5 V 

-20 

20 
mA 

±25 mA 
±50 mA 
500 mW 

-65-+150 'c 

limits 

25'C -40-+85'C Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1. 35 1.35 V 

1.8 1.8 

1000 

100 170 215 n 
70 140 180 

50 

3 n 
2 

±0.1 ±1.0 J.l-A 

±0.1 ±1.0 J.l-A 

0.1 1.0 J.l-A 

-0.1 -1.0 J.l-A 

1.0 10.0 J.l-A 



MITSUBISHI HIGH SPEED CMOS 

M74HC4066P/FP/DP 

QUADRUPLE ANALOG SWITCH/MUL TIPLEXER/DEMUL TIPLEXER 
WITH ENHANCED ON- RESISTANCE LINEARITY 

SWITCHING CHARACTERISTICS (Vee = 2-6V. T a = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 25'C 

Vcc(V) Min Typ Max 

Vss= -2.5V 

VIS = O. 88V RMS 

fmax(I/O) Maximum prapagation frequency RL = lkO (Test circuit2) 2.5 30 

CL = 50pF 

20lOQ10VO/V1 = -3dS 

RL = lkO 2.0 29 

fmax(c) Maximum control frequency CL = 15pF (Test circuit 3) 4.5 30 

Vos= 1/2Vcc 6.0 35 

2.0 14 50 

tpLH Low-level to high-level and 
RL=10kll 

4.5 5 10 

high-level to low-level 6.0 4 9 

output propagation time 
CL=50pF 

2.0 II 50 
(Test circuit 4) 

tpHL (X-Y, V-X) 4.5 5 10 

6.0 4 9 

2.0 16 115 

tpLZ 4.5 " 23 
Low-level and high-level RL = lkO 

6.0 10 20 
output disable time CL = 50pF 

2.0 21 115 
(C-X, C-Y) (Test Circuit 5) 

tpHZ 4.5 13 23 

6.0 12 20 

2.0 29 115 

tPZL 4.5 10 23 
Low-level and high-level RL = lkO 

6.Q 8 20 
output enable time CL = 50pF 

2.0 27 115 
(C-x, C-Y) (Test circuit 5) 

tpZH 4.5 10 23 

6.0 8 20 

Vss=-2.5V 

Sine wave propagation VIS = O. 88V RMS 
2.5 0.02 

distortion RL = 10kO 

fl = 1kHz (Test circuit 6) 

Vss= -2.5V 

Feedthrough 
VIS = O. 88V RMS 

(switch off) 
RL = 1 kO (Test circuit 2) 2.5 1.0 
CL = 50pF 

20log1oVos/Vls = -50dS 

RI=lkO 2.0 10 
Crosstalk 

(control input-to-swltch outputs) 
RL = 10kO (Test circuit 7) 4.5 20 

CL = 50pF 6.0 25 

Vss= -2.5V 

Crosstalk 
VIS = O. 88V RMS 

(swltch-to-swltch) 
RL = 1 kO (Test circuit 8) 2.5 1.5 

CL = 50pF 

201og10VOS/Vls = -50dS 

CI(c) Control Input 4 10 

CI(X,Y) 
Input capacitance 

Input/output, output/input (Test circuit 9) 

CX-Y,Y_X Feedthrough capaCitance (Test circuit 9) 

Cpo Power dissipation capacitance (Note 2) 9 

Note 2 : Cpo is the internal capaCitance of the Ie calculated from operation supply current under no-load conditions. 
The power diSSipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo· Vee

2
• fl+lee • Vec 

• MITSUBISHI 
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-40-+85'C Unit 

Min Max 

MHz 

MHz 

65 

13 ns 

" 65 

13 ns 

" 145 

29 ns 
25 

145 

29 ns 
25 

145 

29 na 
25 

145 

29 ns 
25 

% 

MHz 

mV 

MHz 

10 pF 

pF 

pF 

pF 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4066P/FP/DP 
QUADRUPLE ANALOG SWITCH/MUL TIPLEXER/DEMUL TIPLEXER 

WITH ENHANCED ON.RESISTANCE LINEARITY 

Test Circuit 

1. On-state resistance 

100.uA 

~~ 
C - Vee! l 

2. Maximum propagation frequency, fieldthrough (switch off) 

+2.5V 

6. Sine wave propagation distortion 

+2.5V 

Ed
1/ f, .. 

V,s

---
2.5V 

7. Crosstalk (control Input-to-switch-input) 

6ns 6ns 

ed
/f'SW 

Test parameter 

2.5V 

V's -
Maximum propagation frequency 

Fleldthrough 

3. Maximum control frequency 8. Crosstalk (switch-to-switch) 

Vee 

4. Low-level to high-level and high-level to low-I~vel 

output propagation time (X-V, V-X) 

+2.5V 

9. Input capacitance, fieldthrough capacitance 

(1) The pulse generator (PG) has the following characteristics (10%-90%) 
: tr=6ns, tf=6ns 

(2) The capacitance CL includes stray wiring capacitance and the probe 
input capacitance. 

5. Output enable, disable time (C-X, C-V) 

(1) The pulse generator (PG) has the following 
characteristics (10%-90%) : tr=6ns, tf=6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

Parameter 

t pLZ 

t pHz 

t PZL 

t PZH 

81 
2 

1 

2 

1 

2-638 • MITSUBISHI 
~ELECTRIC 

Cx-vv_x 
r- - ----tl--~--I 

C .1-
Hx) T 

I 

rJr 

82 
1 
2 

1 

2 

L_GND(Vss~ ~ 
'------. -2.5V 



MITSUBISHI HIOH SPEED CMOS 

M74HC4066P/FP/DP 

QUADRUPLE ANALOG SWITCH/MUL TIPLEXER/DEMUL TIPLEXER 
WITH ENHANCED ON· RESISTANCE LINEARITY 

TIMING DIAGRAM 

x, Y 

x, Y 

c 
Z 100 

0 
II: 

W 80 
() 
z « 60 
~ 
Ci5 
w 40 
II: 
W 
I- 20 « 
I-
en 
Z 0 
0 

u; 
5-

N 
J: 

50 ~ 
N 
.J 

~ 30 

w 
:::?! 
;:: 
W 
..J 

10 IlJ « en 
is 
I-
:l a. 
I-
:l 
0 

Vee 

C 

-------GND 

x, Y 

---- VOL 

ON-STATE RESISTANCE 
- INPUT VOLTAGE (TYP.) 

II! .1 
Veet=~S~ 

"'" 
J S ,.;-~ 

.IV So. 
~~ 6 .". 

,.,'r'" "-V .... 

'l=l00,uA 
Ta=2S"C 

-3 -2 -1 0 

INPUT VOLTAGE V1-(Vee/2)(V) 

OUTPUT DISABLE TIME 
- SUPPLY VOLTAGE (TYP.) 

C( 50pF 

RL=lkO 

Ta=2S"C 

"'-r-.... 
...... r-
~ - -

SUPPLY VOLTAGE (Vee)(V) 

x, Y 

20 

~ 10 
Q. 

I-
W 
:::?! 
;:: 
z 
o 3 

~ 
(!l 

~ 
~ 1 
D.. 0 

-;;; 
-5 

J: 
N 
~ 
.J 
N 
~ 
w 
:::?! 
;:: 
W 
..J 
IlJ « 
Z 
w 
l-
:l 
a. 
I-
:l 
0 

• MITSUBISHI 
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50 

30 

10 

S 

Vee 

'------ GND 

PROPAGATION TIME 
- SUPPLY VOLTAGE (TYP.) 

Ta=2S"C 
CL=50pF 

i\. 
or SpF 

RL = 10kO 

I" CL 50pF 

" ......... 
..... r--.~ 

r\ 

" 
CL=5pF 

~ ........ 
3 6 

SUPPLY VOLTAGE Vee (V) 

OUTPUT ENABLE TIME 
- SUPPLY VOLTAGE (TYP.) 

CL 50pF 

RL=lkO 

Ta=2S"C 

\ 

" "~ 
~ :-..... r--I-

SUPPLY VOLTAGE Vee (V) 
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MITSUBISHI HIGH SPIS:~D CMOS 

M74HC407SP/FP/DP 

TRIPLE 3·INPUT OR GATE 

DESCRIPTION 
The M74HC407S is a semiconductor integrated circuit con
sisting, of three 3-input positive-logic OR gates, usable as 
negative-logic AND gates. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High-speed: 10ns typo (CL =1SpF, Vcc=SV) 
• Low power dissipation: S,uW/package, max 

(Vce=SV, Ta=2SoC, quiescent state) 

• High noise margin: 30% of Vee, min (Vec=4.SV, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: Ta=-40-+SSoC 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 

INPUTS A2-

C2-

OUTPUT Y2 +-

GND 

14P4 
Outline 14P2N 

14P2P 

Vee 

-C1 INPUT 

Use of silicon gate technology allows the M74HC407S to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
LSTTL. 

LOGIC DIAGRAM (EACH GATE) 

Buffered outputs Y improve input-to-output transfer charac
teristics and reduce to a minimum output impedance varia
tions with respect to input voltage variations. 
When all inputs A, Band C are low, the output Y will be
come low, and when at least one of the inputs is high, the 
output Y will become high. 

FUNCTION TABLE 
Inputs Output 

A N y 

L L L 

H L H 

L H H 
H H H 

N=B+C 

IN
PUTS 

A 

B 

C 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol 

Vee 
VI 
Vo 

11K 

10K 

10 

Icc 

Pd 

Tstg 

Note 1 

2-640 

Parameter Conditions 

Supply voltage 

Input voltage 

Output voltage 

VI< OV 
Input protection diode current 

VI> Vee 

Vo< OV 
Output parasitic diode current 

Vo > Vee 

Output current per output pili 

Supply/GND current Vee, GND 

Power dissipation (Note 1) 

Storage temperature range 

M74HC4075FP, T a = -40-+60'C and T a = 60-85'C are derated at -6mW I'C. 
M74HC4075DP, T a = -40-+50'C and T a = 50-85'C are derated at ~5mWI'C. 

• MITSUBISHI 
;"'ELECTRIC 

Ratings 

-0.5-+7.0 
-0. 5-Vee+0. 5 
-0. 5-Ve~+0. 5 

-20 

20 
-20 

20 

±25 
±50 
500 

-65-+150 

Y OUT
PUT 

Unit 

V 
V 
V 

mA 

mA 

mA 
mA 
mW 
·c 



RECOMMENDED OPERATING CONDITIONS (T a = -40-+85"(;) 

Limits 
Symboi Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

V, Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 
I Vee=2.0V 0 1000 

tr. tf I Input rlsetime, falJllme I Vec=4.5V 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

V IH High-level input voltage 

V IL Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

Ice Quiescent supply current 

Test conditions 

VcdV) 

Vo = Vcc-O. IV 
2.0 

1101 =20f.lA 
4.5 

6.0 

va = O. lV, Vcc-O. IV 
2.0 

1101 = 20f.lA 
4.5 

6.0 
10H = -20f.lA 2.0 
10H = -20J.tA 4.5 

VI = VIH, VIL 10H = -20J.tA 6.0 
10H= -4.0mA 4.5 
10H = -S.2mA 6.0 

10L = 20f.lA 2.0 

10L = 20f.lA 4.5 
VI=VIL 10L = 20f.lA 6.0 

10L = 4.0mA 4.5 

10L = 5.2mA 6.0 
VI =6V 6.0 
VI=OV 6.0 

VI = Vee, GND, 10 = Of.lA 6.0 

• MITSUBISHI 
..... ELECTRIC 

MITSUBISHI HIGH SPEED CMOS 

M74HC407SP/FP/DP 

TRIPLE 3-INPUT OR GATE 

Unit 

V 

V 

V 

·c 

ns 

Limits 

25"C -40-+85'C Unit 

Min Typ Max Min Max 

1.5 1.5 

3.15 3.15 V 

4.2 4.2 

0.5 0.5 

1.35 1.35 V 

1.8 1.8 

1.9 1.9 

4.4 4.4 
5.9 5.9 V 

4.18 4.13 
5.68 5.63 

0.1 0.1 

0.1 0.1 
0.1 0.1 V 

0.26 0.33 

0.26 0.33 
0.1 1.0 

-0.1 -1.0 
/-lA 

1.0 10.0 /-lA 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4075P/FP/DP 

TRIPLE 3·INPUT OR GATE 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+S5'C) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tTLH Low-level to high-level and high-level to low-level 10 

10 hHL output transition time 
CL = 15pF (Note 3) 

t pLH Low-level to high-level and high-level to low-level 20 

t pHL output propagation time 20 

SWITCHING CHARACTERISTICS (Vee = 2-6V, Ta = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 25°C -40-+85°C 

Vec(V) Min Typ Max Min 

200 75 

tTLH Low-level to high-level and 405 15 

600 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

CL = 50pF (Note 3) 
6.0 13 

2.0 115 

t pLH Low-level to high-level and 4.5 23 

6.0 20 
high-level to low-level 

2.0 115 

t pHL output propagation time 4.5 23 

6.0 20 

C 1 Input capacitance 10 

Cpo Power dissipation capalitance (Note 2) 31 

Note 2 CpD is the internal capacitance of the IC calculated from operation supply current under no-load conditions. (per gate) 
The power dissipation during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2
• fl+lee '-Vee 

Note 3 Test Circuit 

INPUT 

50n 

TIMING DIAGRAM 

A, B, C 

y 

2-642 

Vec 

OUT 

OUTPUT 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capa<,:itance. 

Vce 

~--------------.... GNO 

10% 
1'------- VOL 

•. · ... MITSUBISHI 
.... ELECTItIC 

Max 

95 

19 

16 

95 

19 

16 

145 

29 

25 

145 

29 

25 

10 

Unit 

ns 

ns 

Unit 

ns 

ns 

pF 

pF 



DESCRIPTION 
The M74HC4078 is a semiconductor integrated circuit con
sisting of an 8-input positive-logic NOR/OR gates, usable 
as a negative-logic NANDI AND gate. 

FEATURES 
• High-speed: 16ns typo (CL=15pF, Vee=5V) 
• Low power dissipation: 5,uW/package, max 

(Vce=5V, Ta=25°C, quiescent state) 

• High nOise margin: 30% of Vee, min (Vce=4.5V, 6V) 
__ Capable of driving 10 74LSTTL loads 

• Wide operating voltage range: Vec=2-6V 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC4078 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
LSTTL. 

Buffered outputs Y and X improve input-to-output transfer 
characteristics and reduce to a minimum output impedance 
variations with respect to input voltage variations. 
When all inputs A through H are low, output Y will become 
high and output X will become low. When at least one of 
the inputs is high, output Y will become low and output X 
will become high. 

FUNCTION TABLE 
Inputs Outputs 

A N Y X 

L L H L 

H L L H 

L H L H 

H H L H 

N=B+C+D+E+F+G+H 

MITSUBISHI HIGH SPEED CMOS 

M74HC4078P/FP/DP 

a-INPUT POSITIVE NOR/OR GATE 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT x-
A-+ 

B-+ 
INPUTS 

C ..... 

D-+ 

NC 

GND 

14P4 
Outline 14P2N 

14P2P 

OUTPUT 

INPUTS 

NC : NO CONNECTION 

LOGIC DIAGRAM 

C 

D 

IN-

Y\OUT-
PUTS 

E 

F 
PUTS 

X 

G 

H 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85°C, unless otherwise noted) 

Symbol Parameter Conditions 

Vcc Supply voltage 

VI Input voltage 

Vo Output voltage 

VI< ov 
11K Input protection diode current 

VI> Vcc 

Vo < OV 
10K Output parasitic diode current 

Vo > Vcc 

10 Output current per output pin 

Icc Supply/GND current Vcc, GND 

Pd Power dissipation (Notel) 

Tstg Storage temperature range 

Note 1 M74HC4078FP, Ta = -40-+60'C and Ta = 60-85'C are derated at -6mW/'C. 
M74HC4078DP, Ta = -40-+50'C and Ta = 50-85'C are derated at -5mW/'C. 

• . MITSUBISHI 
.... ELECTRIC 

Ratings Unit 

-0.5-+7.0 V 

-0. 5-Vcc+0. 5 V 

-0. 5-Vcc+0. 5 V 

-20 

20 
rnA 

-20 

20 
rnA 

±25 rnA 
±50 rnA 
500 rnW 

-65-+150 "C 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4078P/FP/DP 

I-INPUT POSITIVE NORIOR GATE 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2 6 

VI Input voltage 0 Vee 

Vo Output voltage 0 Vee 

Topr Operating temperature range -40 +85 
I Vee = 2.0V 0 1000 

t r• tf Input rlsetime, lalltime I Vee = 4.5V 0 500 

I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS' 

Symbol Parameter 

V IH High-level Input voltage 

V IL Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

'IH High-level input current 

IlL Low-level input current 

Icc Quiescent s'upply current 

2-644 

Test conditions 

Vec(V) 

Vo = O. IV, Vee-O. IV 
2.0 

1101 = 20f.lA 
4.5 
6.0 

Vo = O. IV, Vee-O. IV 
2.0 

1101 =20f.lA 
4.5 
6.0 

10H = -20p.A 2.0 
10H = -20f.lA 4.5 

VI = VIL' VIH 10H = -20f.lA 6.0 
10H = -4.0mA 4.5 
10H= -5.2mA 6.0 
10L= 20llA 2.0 
10L = 20f.lA 4.5 

VI = VIH ' VIL 10L = 20f.lA 6.0 
10L= 4.0mA 4.5 
10L = 5.2mA 6.0 

VI=6V 6.0 
VI=OV 6.0 
VI = Vee, GND, 10=Of.lA 6.0 

.. ,! MITSUB. ISHI 
..... ELECTRIC 

Unit 

V 

V 

V 

'c 

ns 

Limits 

25'C -40-+85'C Unit 

Min Typ Max Min Max 

1.5 1.5 
3.15 3.15 V 

4.2 4.2 
0.5 0.5 

1.35 1.35 V 

1.8 1.8 
1.9 1.9 
4.4 4.4 
5.9 5.9 V 

4.18 4.13 
5.68 5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

,0.26 0.33 
0.26 0.33 

0.1 1.0 p,A 

-0.1 -1.0 /-lA 

1.0 10.0 /-lA 



MITSUBISHI HIGH SPEED CMOS 

M74HC4078P/FP/DP 

a-INPUT POSITIVE NOR/OR GATE 

SWITCHING CHARACTERISTICS (Vee = 5V. T a = 25'C) 

Limits 
Symbol Parameter Test conditions Unit 

Min 

tTLH Low-level to high-level and high-level to low-level 

hHL output transition time 

t pLH Low-level to high-level and high-level to low-level 
CL = ISpF (Note 3) 

tpHL output propagation time (A-H - y) 

t pLH Low-level to high-level and high-level to low-level 

t pHL output propagation time (A-H - X) 

SWITCHING CHARACTERISTICS (Vee = 2-6V. T a = -40-+85'C) 

Limits 

Symbol Parameter Test conditions 2S'C 

vcdv) Min Typ Max 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

hHL output transition time 4.5 15 

6.0 13 
, 

2.0 130 

t pLH Low-level to high-level and 4.5 26 

high-level to low-level 
CL = SOpF (Note 3) 

6.0 22 

output propagation time 2.0 130 

t pHL (A-H -v) 4.5 26 

6.0 22 

2.0 140 

t pLH Low-level to high-level and 4.5 28 
high-level to low-level 6.0 24 

output propagation time 2.0 140 

t pHL (A-H -X) 4.5 28 

6.0 24 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 2) 75 

Note 2 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load condition is calculated using the following formula: 
Po = Cpo' Vce

2 
• fl+lee • Vee 

• ·.MITSUBISHI 
;'ELECTRIC 

Tye Max 

10 ns 
10 ns 
22 ns 
22 ns 
24 ns 
24 ns 

-40-+8S'C Unit 

Min Max 

95 

19 ns 
16 

95 

19 ns 
16 

165 

33 ns 
28 

165 

33 ns 
28 

175 

35 ns 
30 

175 

35 ns 
30 

10 pF 

pF 
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Note 3 : Test Circuit 

TIMING DIAGRAM 

y 

x-----+--J' 
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Vee 

'------GND 

•. MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4078P/FP/DP 

8.INPUTPOSITIVE NOR/OR GATE 



MITSUBISHIHIGH SPEED CMOS 

M74HC4511P/FP/DP 

BCD-TO SEVEN-SEGMENT LATCH/DECODER/DISPLAY DRIVER 

DESCRIPTION 
The M74HC4511 is a semiconductor integrated circuit con
sisting of a BCD seven-segment decoder/driver. 

FEATURES 
• Contained latch for BCD input 

• Blanking input 
• High-speed: 55ns typo (CL =15pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2 ....... 6V 
• Wide operating temperature range: T a=-40 ....... +85°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC4511 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
LSTTL. 

When BCD code is applied to BCD (binary coded decimal) 
inputs A through 0, the corresponding segment outputs a 
through g will become high. When each output is con
nected to a seven-segment display device, numeric char
acters are displayed as shown in the displayed character 

PIN CONFIGURATION (TOP VIEW) 

BCD INPUTS 

LAMP TEST 
INPUT 

BLANKING 
INPUT 

LATCH ENABLE 
INPUT 

BCD INPUTS 

table. 

j 
8--+ 

C--+ 

LT--+ 

81--+ 

LE --+ 

f 
0--+ 

A--+ 

GND 

16P4 
Outline 16P2N 

16P2P 

SEGMENT 
OUTPUTS 

When latch enable input LE changes from low-level to 
high-level, the signals existing immediately prior to the 
change at A through 0 will be stored in the latch. When the 
blanking input B1 is low, a through g will become low, and 
display will be put out, irrespective of A through D. 
When lamp test input L T is low, a through g will become 
high irrespective of other inputs, and all display segments 
will be lighted for visual inspection. 

LAMP TEST 
LOGIC DIAGRAM BLANKING INPUT INPUT 

LATCH ENABLE INPUT LE 5 

BCD INPUTS 

o 

BI 

•.. MITSUBISHI 
.... ELECTRIC 

SEGMENT OUTPUTS 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4511P/FP/DP 

BCD'·TO SEVEN.SEGMENT LATCHIDEC'ODER/DISPLAY DRIVER 

FUNCTION TABLE (Note'O 

Inputs Qutputs 

Decimal value or function LE LT BI 0 C B A a b c d e f 

0 L H H L I. I. L H H H H H H 

1 L H H L L L H L H H L L L 

2 L· H H L L H L H H I. H H L 

3 L H H L L H H H H H H I. L 

4 L H H L H L L L H H L L H 

5 I. H H L H L H H L H H L H 

6 L H H I. H H I. L L H H H H 

7 I. H H I. H H H H H H L L L 

S L H H H I. L I. H H H H H H 

9 I. H H H I. I. H H H H L L H 

10 I. H H H I. H I. L I. I. I. L L 

11 L H H H L H H L L L L L L 

12 L H H H H L L L L I. L I. I L 

13 L H H H H L H L L L L L L 

14 L H H H H H L L L L L L L 

15 L H H H H H H L L L L L L 

Latch t H H X X X X aO bO CO dO eO ,0 

Blanking X H L X X X X L L L L L L 

Lamp test X L X X X X X H H H H H H 

Note 1 X Irrelevant 
t Change from low to high 

aO-gO Output state of a-9 when latch enable pulse is applied. 
Oeflnltlon 01. character segments 

DISPLAYED CHARACTERS 
Decimal number 0 1 2 3 4 5 6 7 8 9 

Displayed n I 2 3 1..1 C b -, 8 q 
character U I I :J I 

ABSOLUTE MAXIMUM RATINGS (T a = -40-+85t, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vce 

vo<ov 
10K Output parasitic diode current 

Vo > Vee 

When output Is high 
10 Output current per output pin 

When output Is low 

Supply/GND current 
Vce 

Icc 
GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC4511FP, Ta = -40-+70t and Ta = 70-S5t are derated at -SmW/t. 

2-648 

M74HC4511DP, Ta = -40-+50t and Ta = SO-85t are derated at -SmW/"C. 

- ,.; MITSUBISHI 
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10 11 12 13 14 

Ratings 

-0.5-+7.0 
-0. 5-Vee+0. 5 
-0. 5-Vee+0. 5 

-20 
20 

-20 
20 

-35 
25 

150 
-50 
500 

-65-+150 

g 

I. 

L 

H 

H 

H 

H 

H 

L 

H 

H 

L 

L 

I. 

L 

L 

L 
gO 

L 
H 

15 

Unit 

V 
V 
V 

mA 

mA 

mA 

mA 

mW 
t 



MITSUBISHI HIGH SPEED CMOS 

M74HC4511P/FP/DP 

BCD.;TO SEVEN·SEGMENT LATCH/DECODER/DISPLAY DRIVER 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85·C) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vec Supply voltage 2 6 V 

V, Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Topr Operating temperature range -40 +85 ·C 

Vee = 2.0V 0 1000 

t r• tf Input rlsetlme, falltlme Vee = 4.5V 0 500 ns 
Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

Vec<V) Min 

Vo = O. TV, Vee-O.TV 
2.0 1.5 

V'H Hlgh~level input voltage 
Ilol=20J.lA 

4.5 3.15 
6.0 4~ 2 

Vo = O. IV, Vee-O. IV 
2.0 

V'L LOW-level Input voltage 
1101 =20J.lA 

4.5 
6.0 

10H = -20J.lA 2.0 1.9 
10H = -20J.lA - 4.5 4.4 

VOH High-level output voltage V, = V'H, V'L 10H= -20f./.A 6.0 5.9 
IOH= -6.0mA 4.5 4.18 
10H= -7.8mA 6.0 5.68 
10L =20J.lA 2.0 
10L = 20J.lA 4.5 

VOL Low-level output voltage V, = V'H, V'L 10L = 20J.lA 6.0 
10L = 4.0mA 4.5 
10L = 5.2mA 6.0 

I'H High-level input current V,=6V 6.0 

I'L Low-level Input current v,=OV 6.0 

Icc Quiescent supply current V, = Vee, GND, 10= Of./. A 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Symbol Parameter Test conditions 

tTLH 

tTHL 

tpLH 

tpHL 

tpLH 

tpHL 

tpLH 

tpHL 

tpLH 

tpHL 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (A-D - a-g) 

Low-level to high-level and high-level to low-level 

output propagation time (LE - a-g) 

Low-level to high-level and high-level to low-level 

output propagation time (ei - a~g) 

Low-level to high-level and high-level to low-level 

output propagation time (IT - a-g) 

CL = T5pF ( Note 4) 

'. MITSUBISHI 
~ELECTRIC 

Limits 

25"C -40-+85"C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1. 35 1.35 V 

1.8 1.8 
1.9 
4.4 

5.9 V 

4.13 
5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 

0.26 0.33 
0.1 1.0 'J.lA 

-0.1 -1.0 J.lA 

4.0 40.0 J.lA 

Limits 
Unit 

Min Typ Max 

10 ns 
10 ns 

lOa ns 
lOa ns 
lOa ns 
100 ns 
100 ns 
lOa ns 
100 ns 
100 ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4511P/FP/DP 

'BCD-TO SEVEN-SEGMENTLATCHIOECODER/DISPLAY DRIVER 

SWITCHING CHARACTERISTICS (Vee = 2-6V. T a = -40-+85"C) 

,Limits 

Symbol Parameter Test conditions 2S"C 

Vcdv) Min Typ Max 

2.0 75 

tTLH Low-level to' high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

6.0 13 

2.0 600 

tpLH Low-level to high-level and 4.5 120 

high-level to low-level 6.0 102 

output propagation time 2.0 600 

t pHL (A-D- a-g) 4.5 120 

6.0 102 

2.0 600 

t pLH Low-level to high-level and 4.5 120 

high-level to low-level 
CL = SOpF (Note 4) 

6.0 102 

output propagation time 2.0 600 

tpHL (LE- a-g) 4.5 120 

6.0 102 

2.0 600 

tpLH Low-level to high-level and 4.5 120 

high-level to low-level 6.0 102 

output propagation time 2.0 600 

t pHL CBi - a-g) 4.5 120 

6.0 102 

2.0 600 

t pLH Low-level to high-level and 4.5 120 

high-level to low-level 6.0 102 

output propagation time 2.0 600 

t pHL (LT- a-g) 4.5 120 , 
6.0 102 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+lec • Vec 

TIMING REQUIREMENTS (Vec = 2-6V. T a = -4Q-+85"C) 

Symbol Parameter 

tw LE pulse width 

tsu 
A-D setup time with 

respect to LE 

A-D hold time with 
th 

respect to LE 

2-650 

Test conditions 

VcdV) 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

• . MITS"BISHI 
;"'ELECTRIC 

Limits 

2S'C 

Min Typ Max 

80 

16 

14 

100 

20 

17 

0 

0 

0 

-40-+85"C Unit 

Min Max 

95 

19 ns 

16 

95 

19 ns 

16 

756 

151 ns 

' 129 

756 

151 ns 

129 

756 

151 ns 

129 

756 

151 ns 

129 

756 

151 ns 

129 

756 

151 ns 

129 

756 

151 ns 

129 

756 

151 ns 

129 

10 pF 

pF 

-40-+8S"C Unit 

Min Max 

101 

20 ns 

17 

126 

25 ns 

21 

0 

0 ns 

0 



Note 4 : Test Circuit 

INPUT 

PG 

500 

TIMING DIAGRAM 

A-O 

LE 

a-g 

Bi 

a-g 

hHL 

LT 

tpLH 

a-g 

MITSUBISHI HIGH SPEED CMOS 

M74HC4511P/FP/DP 

BCD-TO SEVEN-SEGMENT LATCH/DECODER/DISPLAY DRIVER 

Vee 

OUT 

GND 

50% 

F 

OUT~UT 

rCL 

tTLI1 

tpHL 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

,.-------- Vee 

GNO 

Vee 

GND 

'----- VOL 

Vee 

GND 

VOI1 

VOL 

Vee 

GND 

VOI1 

VOL 

•. ,MITSUBISHI 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4514P/FP/DWP 

DESCRIPTION 
The M74HC4514 is a semiconductor integrated circuit con
sisting of a 4-bit binary to 16-line decoder/demultiplexer 
with address latch. 

FEATURES 
• High-speed: 24ns typo (CL =15pF, Vee=5V) 
• Low power dissipation: 20,uW/package, max 

(Yee=5V, Ta=25°C, quiescent state) 
• High noise margin: 30% of Vee, min (Vee=4.5V, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vee=2-6V 
• Wide operating temperature range: 'T a= -40-+S5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. ! 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC4514 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 4000B series 
while giving high-speed performance equivalent to the 
LSTTL. 
The M74HC4514 consists of a 4-bit binary to 16-lil"le decod
er/demultiplexer with an address latch to store the signals 
of inputs AO through A3. When latch-enable input LE is 
high, a 4-bit binary code, applied to inputs AO through A3, 
goes through the latch and will become a decoder input 
signal, the corresponding output YO through Y15 will be-

FUNCTION TABLE (Note 1) 

Inputs 

LE CS A3 A2 A1 AO YO Y1 Y2 Y3 Y4 

H L L L L L H L L L L 

H L L L L H L H L L L 

H L L L H L L L H L L 

H L L L H H L L L H L 

H L L H L L L L L L H 

H L L H L H L L L L L 

H L L H H L L L L L L 

H L L H H H L L L L L 

H L H L L L L L L L L 

H L H L L H L L L L L 

H L H L H L L L L L L 

H L H L H H L L L L L 

H L H H L L L L L L L 

H L H H L H L L L L L 

H L H H H L L L L L L 

H L H H H H L L L L L 

X H X X X X L L L L L 

L L X X X X YOo Y1° Y2° Y3° Y4° 

Note 1 x : Irrelevant 
yO : Output state Y before LE change to low-level 

PIN CONFIGURATION (TOP VIEW) 

. ~~;B~ ENABLE LE-

INPUTS
JAO

-!A1-

OUTPUTS 

IY7 .... 

Y6 .... 

YS .... 

Y4 .... 

Y3 .... 

GND 

OUTPUTS 

Outline 

come high, and a" the other outputs will become low. When 
LE is low, the signals existing immdiately prior to the 
change at AO through A3 will be stored in the latch, and the 
latch contents do not change even if AO through A3 are 
changed. In this case, chip select input CS is maintained 
low. When CS is high, YO through Y15 all will be,come low. 
When operated as a 1-of-16 demultiplexer, CS is used as 
the data input and AO through A3 are used as the select 
inputs. 

Outputs 

Y5 Y6 Y7 YS yg Y10 Y11 Y12 Y13 Y14 Y15 

L L L L L L L L L L L 

L L L L L L L L L L L 

L L L L \,. L L L L L L 

L L L L L L L L L L L 

L L L L L L L L L L L 

H L L L L L L L L L L 

L H L L L L L L L L L 

L L H L L L L L L L L 

L L L H L L L L L L L 

L L L L H L L L L L L 

L L L L L H L L L L L 

L L L L L L H L L L L 

L L L L L L L H L' L L 

L L L L L L L L H L L 
L L L L L L L L L H L 

L L L L L L L L L L H 

L L L L L L' L L L L L 

Y5° Y6° Y7° YSo ygO Y100 Y11° Y12° Y13° Y14° Y1So 

2-:-652 •.. ··MITSUBISH. I 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4514P/FP/DWP 

1-0F-16 DECODER/DEMULTIPLEXER WITH ADDRESS LATCHcuH" LEVEL OUTPUT) 

LOGIC DIAGRAM 

Vee 

I-------------------------------------~-; 

INPUTS 

LATCH ENABLE LE 
INPUT 

I 

I 
YO 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

Y15 

CHIP SELECT CS 23 
INPUT I 

~ ---------------------------@---J 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+S5'<:. unless otherwise noted) 

Symbol Parameter Conditions 

Vcc Supply voltage 

VI Input voltage 

Vo Output voltage 

VI< OV 
11K Input protection diode current 

VI> Vec 

Vo< OV 
10K Output parasitic diode current 

Vo > Vce 

16 Output current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC4514FP, Ta = -40-+S0'C and Ta = SO-S5'C are derated at -7mW/·C. 
M74HC4514DWP, Ta = -40-+S0'C and Ta = SO-SS'C are derated at -7mW/"C . 

• . MITSUBISHI 
"'ELECTRIC 

GND 

Ratings 

-0.5-+7.0 

-0. 5-Vcc+0. 5 

-0. 5-Vcc+O. 5 

-20 

20 

-20 

20 

±25 

- ±50 

500 

-65-+150 

OUTPUTS 

Unit 

V 

V 

V 

mA 

mA 

mA 
mA 
mW 
·C 
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'JIITSUBISHI HIGH SPEED CMOS 

M74HC4514P/FP/DWP 

I-OF-16 DECODER/DEMULTIPLEXER WITH ADDRESS LATCH("H" LEVEL OUTPUT) 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Symbol 
limits 

Parameter Unit 
Min Typ Max 

Vee Supply voltage 2 6 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

To~_r Operating temperature range -40 +85 'c 
I Vee = 2.0V 0 , 1000 

t r • tf Input risetime, falltlme I Vee=4.5V 0 500 ns 
I Vee = 6.0V. 0 400 

ELECTRICAL CHARACTERISTICS' 

Symbol Parameter Test conditions 

VedV) Min 

Va == O. lV, Vee-O.1V 
2.0 1.5 

V IH High-level input voltage 
1101 = 20/JA 

4.5 3.15 
6.0 4.2 

Va = O. lV, Vee-O. lV 
2.0 

V IL Low-level input voltage 
1101 =20/JA 

4.5 
6.0 

IOH = -20/JA 2.0 1.9 
IOH = -20/JA 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -20/JA 6.0 5.9 
10H = -4.0mA 4.5 4.18 
IOH= -5.2mA 6.0 5.68 
10L = 20/JA 2.0 
10L = 20/JA 4.5 

VOL Low-level output voltage VI = VIH, VIL 10L = 20/JA 6.0 
IOL = 4.0mA 4.5 
10L = 5.2mA 6.0 

IIH high-level input current VI =6V 6.0 
IlL Low-level input current VI=OV 6.0 

lee Quiescent supply current VI = Vee, GND, 10= O/JA 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, T a = 25'C) 

Symbol Parameter Test conditions 

tTLH 

tTHL 

t pLH 

tpHL 

t pLH 

t pHL 

t pLH 

tpHL 

2-654 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (CS - y) 

Low-level to high-level and high-level to low-level 

output propagation time (A - y) 

Low-level to high-level and high-level to low-level 

output propagation time CCe: - y) 

CL = l5pF (Note 4) 

• MITSUSISHI 
.... ELECTRIC 

Limits 

25'C -40-+S5'C Unit 

Typ Max Min Typ 

1.5 
3.15 V 

4.2 
0.5 0.5 

1.35 1. 35 V 

1.8 1.8 
1.9 

4.4 
5.9 V 

4.13 
5.63 

0.1 0.1 
0.1 0.1 
0.1 0.1 V 

0.26 0.33 
0.26 0.33 

0.1 1.0 
-0.1 -1.0 

/-lA 

4.0 40.0 /-lA 

Limits 
Unit 

Min Typ Max 

10 ns 
10 ns 
30 ns 
30 ns 
40 ns 
30 ns 
40 ns 
30 ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC4514P/FP/DWP 

1-0F-16 DECODER/DEMULTIPLEXER WITH ADDRESS LATCHC"H" LEVEL OUTPUT) 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+85"C) 

Limits 

Symbol Parameter Test conditions 25"C -40-+S5"C 

vedv) Min Typ Max Min Max 

2.0 75 95 

hLH Low-level 10 high-level and 4.5 15 19 

6.0 13 16 
high-level to low-level 

2.0 75 95 

hHL outpul transition time 4.5 15 19 

6.0 13 16 

2.0 175 221 

tpLH Low-level to high-level and 4.5 35 44 
high-level to low-level 6.0 30 37 

output propagation time 2.0 175 221 

t pHL (CS-y) 4.5 35 44 

CL = 50pF (Note 4) 
6.0 30 37 

2.0 230 290 

tpLH Low-level to high-level and 4.5 46 58 
high-level to low-level 6.0 39 49 
output propagation time 2.0 175 221 

t pHL (A-Y) 4.5 35 44 

6.0 30 37 

2.0 230 290 

tpLH Low-level to high-level and 4.5 46 58 
high-level to low-level 6.0 39 49 
output propagation time 2.0 175 221 

tpHL (LE- y) 4.5 35 44 

6.0 30 37 
C 1 Input capacilance 10 10 

Cpo Power dissipation capacitance (Note 3) 

Nole 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vee

2 
• fl+lee • Vee 

TIMING REQUIREMENTS (Vee = 2-6V, T a = -40-+85"C) 

Limits 

Symbol Parameter Test conditions 25"C -40-+85"C 

-
tw LE pulse width 

tsu 
A setup time with 

respect to IE 

A hold time with 
th 

respect to IE 

Nole 4 Tesl Circuit 

INPUT Vee 

PG J---+-----I DUT 

500 
GND 

OUTPUT 

Vedv) Min Typ Max Min 

2.0 80 101 

4.5 16 20 

6.0 14 17 

2.0 100 126 

4.5 20 25 

6.0 17 21 

2.0 5 5 

4.5 5 5 

6.0 5 5 

(1) The pulse generator (PG) has the following 
characteristics (10%-90%): t~ = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

•. MITSUBISHI 
.... ELECTRIC 

Max 

Unil 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 
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ns 

ns 

ns 
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MITSUBISHI HIOH SPEED CMOS 

M74HC4514PlFP/DWP 

I·OF.16 DECODER/DEMULTIPLEXER WITH ADDRESS' LATCH(UH" LEVEL OUTPUT) 

TIMING DIAGRAM 

y 

tw 

LE 

y 

, 2-656 

Vee 

A 

GND 

VOH 

y 

Vee 

A 

GND 

VOH 

LE 
VOL 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4515P/FP/DWP 

DESCRIPTION 
The M74HC4515 is a semiconductor integrated circuit con
sisting of a 4-bit binary to 16-line decoder/demultiplexer 
with address latch. 

FEATURES 
• High-speed: 24ns typo (CL=1SpF. Vcc=SV) 
• Low power dissipation: 20.uW/package, max 

(Vcc=SV, Ta=2SoC, quiescent state) 
• High noise margin: 30% of Vee, min (Vcc=4.SV, 6V) 
• Capable of driving 10 74LSTTL loads 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: T a=-40-+8SoC 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC4S1S to 
maintain the low power dissipation and high noise margin 

,characteristics of the standard CMOS logiC 40008 series 
while giving high-speed performance equivalent to the 
LSTTL. 
The M74HC4S15 consists of a 4-bit binary to 16-line decod
er/demultiplexer with an address latch to store the signals 
of inputs AO through A3. When latch enable input LE is 
high, a 4-bit binary code, applied to inputs AO through A3, 
goes through the latch and will become a decoder input 
signal, the corresponding· output YO through Y15 will be
come low and all the other outputs will become high. When 
LE is high. the signals existing immediately prior to the 
change at AO through A3 will be stored in the latch, and the 

FUNCTION TABLE (Note 1) 

Inputs 

LE CS A3 A2 A1 AO YO Y1 Y2 Y3 Y4 

H L L L L L L H H H H 

H L L L L H H L H H H 

H L L L H L H H L H H 

H L L L H H H H H L H 

H L L H L L H H H H L 
H L l H L H H H H H H 

H L L H H L H H H H H 

H L L H H H H H H H H 

H L H L L L H H H H H 

H L H L L H H H H H H 

H L H L H L H H H H H 

H L H L H H H H H H H 

H L H H L L H H H H H 

H L H H L H H H H H H 

H L H H H L H H H H H 

H L H H H H H H H H H 

X H X X X X H H H H H 

L L X X X X YOo Y1° Y2° Y3° Y4° 

Note 1 x: Irrelevant 
yo : Output state Y before IE changed to low-level 

PIN CONFIGURATION (TOP 'VIEW) 

~:3~ ENABLE IE -+ 

INPUTS J AO-+ 
1 A1-+ 

Y7-
vs
vs-

OUTPUTS 
"V3-
"Y2-

GND 

24P4D 
Outline 24P2 

24P2V 

Vee 

OUTPUTS 

latch contents do not change even if AO through A3 are 
changed. In this case, chip select input CS is maintained 
low. 
When CS is high, YO through Y1S all will become high. 
When operated as a 1-of-16 demultiplexer, CS is used as 
the data input and AO through A3 are used as the select 
inputs. 

Outputs 

YS Y6 Y7 Y8 yg Y10 Y11 Y12 Y13 Y14 Y1S 

H H H H H H H H H H H 

H H H H H H H H H H H 

H H H H H H H H H H H 

H H H H H H H H H H H 

H H H H H H H H H H H 

L H H H H H H H H H H 

H L H H H H H H H H H 

H H L H H H H H H H H 

H H H L H H H H H H H 

H H H H L H H H H H H 

H H H H H L H H H H H 

H H H H H H L H H H H 

H H H H H H H L H H H 

H H H H H H H H L H H 

H H H H H H H H H L H 

H H H H H H H H H H L 

H H H H H H H H H H H 
YSO Y6° Y7° Y8° ygO Y100 Y11° Y12° Y13° Y14° Y1SO 
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MITSUBISHI HIGH SPEED CMOS 

.. \ 
i M74HC451SP/FP/DWP 

1.0F.;16DECODE-R/DEMULTIPLEXER WITH ADDRESS LATCH('~L" LEVEL OUTPUT) 

LOGIC DIAGRAM 

Vee ,----------- @-l 

Yo 

Y1 

I 

I 
Y2 

va 

Y4 

Ys 

Y6 

INPUTS Y7 

Y8 

Y9 

Y10 

Y11 

Y12 

LATCH ENABLEu: 
INPUT Y13 

Y14 

Y15 

CHIP SELECT CS 23 
INPUT I 

~ ---------------------------@--J 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

V, Input voltage 

Vo Output voltage 

1,K Input protection diode current 
V, < OV 

V, > Vee 

10K Output parasitic diode current 
Vo< OV 

Vo > Vee 

10 Output current per output pin 

Icc Supply/GND current Vee. GND 

Pd Power dissipation (Note 2) 

Tstg Storage temperature range 

Note 2 : M74HC4515FP, T a = -40-+80'C and T a = 80-85'C are derated at -7mW/·C. 

2-658 

M74HC4515DWP, Ta = -40-+80'C and Ta = 80-85'C are derated at -7mW/"C . 
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GND 

Ratings 
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--20 

20 
-20 

20 
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±50 
500 

-65-+150 
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rnA 

rnA 

rnA 
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MITSUBISHI HIGH SPEED CMOS 

M74HC451SP/FP/DWP 

1-0F-16 DECODER/DEMUL TIPLEXER WITH ADDRESS LATCH(UL" LEVEL OUTPUT) 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+S5'C) 

Symbol 
Limits 

Parameter Unit 
Min Typ Max 

Vee Supply voltage 2 6 V 

VI Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Toor Operating temperature range -40 +85 ·C 

Vee = 2.0V 0 1000 
t r, tf Input risetime, falltime Vee=4.SV 0 500 ns 

Vee = 6. OV 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

Vec(V) Min 

Vo = O. IV, Vee-O. IV 
2.0 1:5 

V IH High-level input voltage 
1101 = 20/-lA 

4.5 3.15 
6.0 4.2 

Vo = O. IV, Vee-O. IV 
2.0 

V 1L Low-level input voltage 
1101 = 20/-lA 

4.5 
6.0 

10H = -20/-lA 2.0 1.9 
10H = -20/-lA 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -20/-lA 6.0 5.9 
10H= -4.0mA 4.5 4.18 
10H= -S.2mA 6.0 5.68 
10L = 20/-lA 2.0 
10L = 20/-lA 4.5 

VOL Low-level output voltage VI = VIH' VIL 10L= 20/-lA 6.0 
10L= 4.0mA 4.5 
10L= S.2mA 6.0 

IIH High-level input current VI =6V 6.0 
IlL Low-level input current VI=OV 6.0 

Icc Quiescent supply current VI = Vee, GND, 10=O/-lA 6.0 

SWITCHING CHARACTERISTICS (Vee = 5V, Ta = 25'C) 

Symbol Parameter Test conditions 

hLH Low-level to high-level and high-level to low-level 

hHL output transition time ... 

t pLH Low-level to high-level and high-level to low-level 

t pHL output propagation time (CS - y) 
t pLH Low-level to high-level and high-level to low-level 

t pHL output propagation time (A - y) 
t pLH Low-level to high-level and high-level to low-level 

t pHL output propagation time elf - y) 

CL = ISpF (Note 4) 

• MITSUBISHI 
;'ELECTRIC 

Limits 

25'C -40-+SS'C Unit 

Typ Max Min Max 

1.5 
3.15 V 

4.2 
0.5 0.5 

1.35 1.35 V 

1.8 1.8 
1.9 
4.4 
5.9 V 

4.13 

5.63 
0.1 0.1 
0;1 0.1 
0.1 0.1 V 

0.213 0.33 
0.26 0.33 

0.1 1.0 /-lA 

-0.1 -1.0 /-lA 

4.0 40.0 /-lA 

Limits 
Unit 

Min Typ Max 

10 ns 
10 ns 
30 ns 
30 ns 
40 ns 
30 ns 
40 ns 
30 ns 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4515PI FP/DWP 

I-Of-16 DECODER/DEMULTIPLEXER WITH ADD_RESS"LATCHi{"'L" LEVEL OUTPUT) 

SWITCHING CHARACTERISTICS (Vee = 2-6V, T a = -40-+SS'C) 

Limits 

Symbol Parameter Test conditions 2S'C -40-+SS'C 

VcC<V) Min Typ Max Min Max 

2.0 75 95 

tTLH Low-level to high-level and 4.5 15 19 

6.0 13 16 
high-level to low-level 

2.0 75 95 

tTHL output transition time 4.5 15 19 

6.0 13 16 

2.0 175 221 

t pLH Low-level to high-level and 4.5 35 44 

high-level to low-level 6.0 30 37 

output propagation time 2.0 175 221 

tpl;IL (C§-y) 4.5 3S 44 

CL = SOpF (Note 4) 
6.0 30 37 

2.0 230 290 

t pLH Low-level to high-level and 4.5 46 58 

high-level to low-level 6.0 39 49 

output propagation time 2.0 175 221 

t pHL (A-Y) 4.5 35 44 

6.0 30 37 

2.0 230 290 

t pLH Low-level to high-level and 4.5 46 58 

high-level to low-level 6.0 39 49 

output propagation time 2.0 17S 221 

t pHL (LE- y) 4.5 35 44 

6.0 30 37 

C, Input capacitance 10 10 

Cpo Powerdissipation capacitance (Note 3) 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions. 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' Vce

2 
• f,+lee • Vee 

TIMING REQUIREMENTS (Vee = 2-6V, T a = -40-+SS'C) 

Limits 

Symbol Parameter Test conditions 2S'C -40-+SS'C 

tw Le pulse width 

tsu 
A setup time with 

-
respect to LE 

A hold time with 
th -

respect to LE 

Note 4 Test Circuit 

INPUT Vee 

PG t---+---I DUT 

son 
GND 

2-'-660 

OUTPUT 

Vec(V) Min Typ Max Min 

2.0 80 101 

4.5 16 20 

6.0 14 17 

2.0 100 126 

4.5 20 25 

6.0 17 21 

2.0 5 5 

4.5 5 5 

6.0 5 5 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The· capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

. • MITSUBISHI 
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Max 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

Unit 

ns 

ns 

ns 



MITSUBISHI HIGH SPEED CMOS 

M74HC4515P/FP/DWP 

.1-0F-16 DECODER/DEMUL TIPLEXER WITH ADDRESS LATCHCuL" LEVEL O.UTPUT) 

TIMING DIAGRAM 

tTHL . 

tw 

LE 

y 

Vee 

A 

GND 

Y 

tTLH 

Vee 

A 

GND 

VOH 

LE 
VOL 

• . MITSUBISHI 
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Vee 

GND 

VOH 

VOL 

Vee 

50% 

GND 

tsu th 

Vee 

50% 

GND 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4538P/FP/DP 
DUAL PRECISION MONOSTABLE 
MULTIVIBRATOR (RETRIGGERABLE RESETTABLE) 

DESCRIPTION 
The M74HC4538 is a semiconductor integrated circuit, con
sisting of two retriggerable monostable multivibrators with 
direct reset inputs. 

FEATURES 
• Retriggerable multivibrator can generate wide output 

pulses. 
• Direct reset input can interrupt output pulses. 
• High speed: 30ns typo (CL=15pF, Vee=5V) 
• low power dissipation: 20,uW/package, max 

(Vee=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vee, min (Vee=4.5V, SV) 
• Capable of driving 10 74lSTTl loads 
• Wide operating voltage range: Vce= 2-:SV 
• Wide operating temperature range: Ta=-40-+85°C 

APPLICATION 
General purpose, for use in industrial and consumer d~gital 
equipment. 

FUNCTIONAL DESCRIPTION 
Use of silicon gate technology allows the M74HC4538 to 
maintain the low power dissipation and high noise margin 
characteristics of the standard CMOS logic 40008 series 
while giving high-speed performance equivalent to the 
lSTTl. 
Trigger input with built-in Schmitt trigger circuit prevents 
the occurrence of incorrect oscillations even when input 
signals having slow rise and fall times are applied. 
When external resistor Rx and electrostatic capacitor Cx 
are connected to timing terminals Rx/Cx and Cx as shown 

PIN CONFIGURATION (TOP VIEW) 

TIMING l' C
x
1-

TERMINALS 
Rx/Cx1-

DIRECT RESET 
INPUT 

TRIGGER 
INPUTS 

OUTPUTS 1 

~1-

A1-

01-

01-

GND 

Vee 

15 - Cx2 I TIMING 
TERMINALS 

14 - Rx/Cx2 

16P4 
Outline 16P2N 

16P2P 

DIRECT RESET 
INPUT 

I TRIGGER 
INPUTS 

I OUTPUTS 
-+ 02 

in Fig. 1, and trigger pulses are applied at input A or B, 
positive pulses will appear at Q and negative pulses, at Q. 
(Fig.2- (a» The pulse width twa is set by Rx and Cx. The 
trigger is applied when A changes from low-level to high
level or when B changes fro~ high-level to low-level. The 
retrigger function is used to obtain longer pulse width and 
output pulses can be extended by retriggering at A or B 
before the output pulse is completed. (Fig.2-(b». 
When direct reset input Ro is low, Q will be reset low and 
Q will be reset high, irrespective of the output state, allow
ing output pulses to be narrower by RD. (Fig.2-(c». 

LOGIC DIAGRAM (EACH MONOSTABLE MULTIVIBRATOR) 

TRIGGER { 
INPUTS 

DIRECT RESET R . 
INPUT 0 

2-662 

Vee 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4538P/FP/DP 

DUAL PRECISION MONOSTABLE 
MUL TIVIBRATOR (RETRIGGERABLE RESETTABLE) 

FUNCTION TABLE (Note 1) 

Inputs 

A B RD 
t H H 

X L H 

H X H 

L ~ H 

X X L 

Notel: X : Irrelevant 
t : Change from low to high level 
~ : Change from high to low level n : Positive one-shot operation 

U : Negative one-shot operation 

OPERATION 

Outputs 

Q 

n 
L 

L 

n 
L 

1. How to use the timing terminals 

Q 

U 
H 

H 

U 
H 

Resistor Rx and capacitor Cx are connected to timing ter
minals Rx/Cx and Cx, as shown in Fig. 1. If Cx is polar, the 
positive lead should be connected to the Rx/Cx side, and 
the negative lead to the Cx side. A diode is connected to 
prevent latchup. 

Cx 

Flg.l Connection of external resistor Rx and 
capacitor Cx to timing terminals Cx and Rx/Cx 

2. Output pulse width tWQ 
The output pulse width two is determined as follows: 
When Cx>100000pF, Rx~10kn 
two=O.72 Cx-Rx (ns) 

Cx is givin in pF, and Rx in kn. 

3. Output pulse width control 
The output pulse width can be controlled in the following 
three ways. 
3-1 Normal use 

Fig.2- (a) is the directions as ordinary monostable multi
vibrator operation and the output pulse width two can be 
set by using the formula and figure shown in section 2 

above. 
3 - 2 Extention of the output pulse width with retrigger 

function 
As shown in Fig.2-(b), the output pulse width can be ex
tended at will by applying additional trigger pulses be
fore the output pulse is completed. 

3-3 Shortening of the output pulse width with RD signal 
As shown in Fig.2- (c), the output pulse which has been 
generat~d by the trigger signal can be terminated with 
the RD signal and it is possible to shorten its width as re
quired. 

B Sl----- -------
Q -.J~~E-------tw-a~-----~~I __________ __ 

B 

Q 

RD 

Q 

-

(a) Normal use 

Retriggered 
..... _~ pulse· I .. ______ _ 

twa 

(b) Output pulse width extended by retriggered pulses 

u 
----, 

I 

Decrease with 

,-.. Ro pulse_ 
twa 

(e) Output pulse width shortened by the input signal RD 

Fig.2 Output pulse width contorl 
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.... ELECTRIC 2-663 



MITSUBISHI HIGH SPEED CMOS 

·M74HC4538:P/FP/DP 

DUAL PRECISION MONOSTABLE 
MUL.TIVIBRATOR (RETRIG~'ERABLE RESETTABLE) 

4. Precautions for use 
4-1 Additional trigger pulses must be applied at least trr 

later after the previous trigger pulse has been applied. 
The retrigger pulse during this period is ineffective. 

4- 2 The lead lengths of external resistor Rx and capaci
tor Cx should be as short as possible (less than 3cm) to 
minimize stray wiring capacitance and to prevent misop
eration due to noise. Care should also be taken to isolate 
this circuit from noise sources as far as possible. 

4 - 3 Insert a capacitor of 0.01 -.. 0.1 /-l F with good high
frequency characteristics between Vee and GND. 

4 - 4 Output pulses may be generated when power is 
switched on. 

4 - 5 Capacitor discharge when the power is turned off 
may cause thermal breakdown or latchup, so a diode 
should be connected as shown in Fig. 1. 

2-664 ',' MITSU81SHI 
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DESCRIPTION 
The M74HC4543 is a semiconductor integrated circuit con
sisting of a seven-segment BCD decoder/driver, enable to 
drive liquid-crystal displays. 

FEATURES 
• Contained latch for BCD input 

• Blanking input 
• High-speed: 45ns typo (CL=15pF, Vcc=5V) 
• Low power dissipation: 20,uW/package, max 

(Vcc=5V, Ta=25°C, quiescent state) 

• High noise margin: 30% of Vcc, min (Vcc=4.5V, 6V) 
• Wide operating voltage range: Vcc=2-6V 
• Wide operating temperature range: T a=-40-+B5°C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
When BCD code is applied to BCD (binary coded decimal) 
inputs A through 0, the corresponding segment outputs a 
through g will become high. When each output is con
nected to a seven-segment display device, numeric char
acters are displayed as shown in the displayed character 
table. 
When latch enable input LE changes from high-level to 
low-level, the signals existing immediately prior to the 
change at A through 0 will be stored in the latch. When 

MITSUBISHIHIGH SPEED CMOS 

M74HC4543P/FP/DP 

PIN CONFIGURATION (TOP VIEW) 

LATCH ENABLE -LE 
INPUT • -+ 

BCD INPUTS 

PHASE INPUT 

BLA.NKING INPUT 

GND 

16P4 
Outline 16P2N 

16P2P 

Vee 

SEGMENT 
OUTPUTS 

blanking input B1 is high, a.,... 9 will become low irrespec
tive of A through 0, and display will be put out. 
When phase input Ph is high, outputs a through g will be 
changed. To drive a liquid-crystal display device, the com
mon square wave signal must be applied to Ph and the 
common backplane of display device. (See Application 
Example.) To drive other display devices, Ph must be set to 
low or high, and additional components must be connected 
to the segment outputs to increase the drive current. 

LOGIC DIAGRAM BLANKI~ INPUT 

BCD 
INPUTS 

LATCH 
ENABLE 

INPUT 

,-------------- 7 

I 

I 

I 
I 

-~ I L-- ________________________________________ _ 

Ph GND 
PHASE INPUT 

'MITSUBISHI 
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SEGMENT 
OUTPUTS 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4$43P/FP/DP 

BCD· TO SEVEN·SEGMENT 
LATCHlDECODER/DISpLAY DRIVER FOR LIQUID·CRYSTAL DISPLAYS 

FUNCTION tABLE (Note 1) 

Inputs Outputs 

Decimal value or lunction LE Ph BI D C B A a b C d e f 

0 H. L L L ~ L L H H H H H H 

1 H L L L L L H L H H L L L 

2 H L L L L H L H H L H H L 

3 H L L L L H H H H H H L L 

4 H L L L H L L L H H L L H 

5 H L L L H L H H L H H L H 

6 H L L L H H L H L H H H H 

7 H L L L H H H H H H L L L 

8 H L L H L L L H H H H H H 

9 ~ I L L H L L H H H H H L H 

10 H L L H L H L L L L L L L 

" H L L H L H H L L L L L L 

12 H L L H H L L L L L L L L 

13 H L L H H L H L L L L L L 

14 H L L H H H L L L L L L L 

15 H L L H H H H L L L L L L 

Latch L L L X X X X aO bO CO dO eO fO 

Blanking X L H X X X X L L L L L L 

DITTO t H t t The output levels shown above are inverted. 

Note 1 X Irrelevant 
aO_gO Output state of a-g when latch enable pulse is applied. Definitions of character segments 
t Same combination as above 

DISPLAYED CHARACTERS 
Decimal value 0 1 2 3 4 5 6 7 8 9 10 11 12 13 

Displayed n I -I 3 1-: C , -, 8 CI 
character U I C .J C) , , 

ABSOLUTE MAXIMUM RATINGS (Ta = -40-+85·C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage 

, Vo Output voltage 

VI < OV 
11K Input protection diode current 

VI> Vee 

10K Output parasitic diode current' 
Vo < ov 
Vo > Vee 

'0 Output current per output pin 

Icc Supply/GND current Vee" GND 

Pd Power dissipation (Note2) 

Tstg Storage temperature range 

Note 2 : M74HC4543FP, Ta = -40-+70·C and Ta = 70-85·C are derated at -6mW/"C. 
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M74HC4543DP, Ta = -40-+50·C and Ta = 50-85·C are derated at -5mW/"C. 
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Ratings 

-0.5-+7.0 

-0. 5-Vec+0. 5 

-0. 5-Vcc+0. 5 

-20 

20 

-20 

20 

±25 

±50 

500 

-65-+150 

g 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

L 

L 

L 

L 

L 

L 
gO 

L 
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MITSUBISHI HIGH SPEED CMOS 

M74HC4543P/FP/DP 

BCD·TO, SEVEN·SEGMENT 
LATCH/DECODER/DISPLAY DRIVER FORLIQUID.CRYSTAL DISPLAYS 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-+85'C) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 2 6 V 

V, Input voltage 0 Vee V 

Vo Output voltage 0 Vee V 

Toor Operating temperature range -40 +85 'c 
I Vee=2.0V 0 1000 

t r, tf Input risetime, talltime I Vee = 4.SV 0 500 ns 
I Vee = 6.0V 0 400 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

vedv) Min 

2.0 1.5 

V'H High-level input voltage 
Vo = O. IV, Vee-O. IV 

4.5 3.15 
1101 = 20l1A 

6.0 4.2 

2.0 

V'L Low-level input voltage 
Vo = O. IV, Vee-O. IV 

4.5 
1/01 = 20l1A 

6.0 

10H = -2011A 2.0 .1.9 

10H = -2011A 4.5 4.4 

V OH High-level output voltage VI = VIH, VIL 10H = -2011A 6.0 5.9 

10H = -O.4mA 4.5 3.98 

10H = -0. 52mA 6.0 5.48 

10L = 20l1A 2.0 

10L = 20l1A 4.5 

VOL Low-level output voltage VI = VIH,' VIL 10L = 20l1A 6.0 

10L= O.4mA 4.5 

10L= O.S2mA 6.0 

"H High-level input current VI=6V 6.0 

"L Low-level input current VI=OV 6.0 

lee Quiescent supply current VI = Vee, GND, 10 = OI1A 6.0 

SWITCHING CHARACTERISTICS (Vee = SV, T a = 25'C) 

Symbol Parameter Test conditions 

tTLH 

tTHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pLH 

t pHL 

t pLH 

t pHL 

Low-level to high-level and high-level to low-level 

output transition time 

Low-level to high-level and high-level to low-level 

output propagation time (A-D - a .... g) 

Low-level to high-level and high-level to low-level 

output propagation time (l'E - a-g) 

Low-level to high-level and high-level to low-level 

output propagation time (81 - a-g) 

Low-level to high-level and high-level to low-level 

output propagation time (Ph - a-g) 

CL = ISpF (Note 4) 

• " MITSUBISHI 
.... ELECTRIC· 

Limits 

2S'C -40-+8St Unit 

Typ Max Min Max 

1.5 

3.15 V 

4.2 

0.5 0.5 

1.35 1. 35 V 

1.8 1.8 

1.9 

4.4 

5.9 V 

3.84 

5.34 

0.1 0.1 

0.1 0.1 

0.1 0.1 V 

0.26 0.33 

0.26 0.33 

0.1 1.0 /-lA 

-0.1 -1.0 /-lA 

4.0 40.0 /-lA 

Limits 
Unit 

Min Typ Max 

10 ns 
10 ns 
66 ns 
66 ns 
66 ns 
66 ns 
41 ns 
41 ns 
30 ns 
30 ns 

2-:-667 



MITSUBISHI HIGH SPEED CMOS 

M74HC4543P/FP/DP 

BCD· TO SEVEN.SEGMENT 
l,;'ATCH/DECODER/DISPLAY DRIVER FOR LIQU'ID .. CRYSTAL DISPLAYS 

SWITCHING CHARACTERISTICS (Vcc = 2-6V. Ta = -40-+85'C) 

limits 

Symbol Parameter Test conditions 2S'C 

Vcc<V) Min Typ Max 

2.0 75 

tTLH Low-level to high-level and 4.5 15 

6.0 13 
high-level to low-level 

2.0 75 

tTHL output transition time 4.5 15 

6.0 13 

2.0 385 

t pLH Low-level to high-level and 4.5 77 
high-level to low-level 6.0 66 

output propagation time 2.0 385 

t pHL (A-D-a-g) 4.5 77 

CL = 50pF (Note 4) 
6.0 66 

2.0 385 

t pLH Low-level to high-level and 4.5 77 
high-level to low-level 6.0 66 

output propagation time 2.0 385 

t pHL (LE- a-g) 4.5 77 

6.0 66 

2.0 240 

t pLH Low-level to high-level and 4.5 48 

high-level to low-level 6.0 41 

output propagation time 2.0 240 

t pHL (91- a-g) 4.5 48 

6.0 41 

2.0 175 

t pLH Low-level to high-level and 4.5 35 

high-level to low-level 6.0 30 

output propagation time 2.0 175 

tpHL (Ph- a-g) 4.'5 35 

6.0 30 

C 1 Input capacitance 10 

Cpo Power dissipation capacitance (Note 3) 

Note 3 Cpo is the internal capacitance of the IC calculated from operation supply current under no-load conditions, 
The power dissipated during operation under no-load conditions is calculated using the following formula: 
Po = Cpo' VCC

2 
• fl+lcc • Vcc 

TIMING 

Symbol 

tw 

tsu 

th 

2-668 

REQUIREMENTS (Vcc = 2-6V. T a = -40-+8S'C) 

Parameter 

-
LE pulse width 

A~D setup time with 

respect to LE 

A~D hold time with 
-

respect to LE 

Test conditions 

Vcc<V) 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

2.0 

4.5 

6.0 

:.', MITSUBISHI 
.... ELECTRIC 

Limits 

25'C 

Min Typ Max 

75 

15 

13 

75 

15 

13 

0 

0 

0 

-40-+8S'C Unit 

Min Max 

95 

19 ns 

16 

95 

19 ns 

16 

480 

96 ns 

82 

480 

96 ns 

82 

480 

96 ns 

82 

480 

96 ns 

82 

300 

60 ns 

51 

300 

60 ns 

51 

220 

44 ns 

37 

220 

44 ns 

37 

10 pF 

pF 

-40-+85'C Unit 

Min Max 

95 

19 ns 

16 

95 

19 ns 

16 

0 

0 ns 

0 



MITSUBISHI HIGH SPEED CMOS 

M74HC4543P/FP/DP 

BCD-TO SEVEN-SEGMENT 
LATCHIDECODER/DISPLAY DRIVER FOR LIQUID-CRYSTAL DISPLAYS 

Note 4 : Test Circuit 

INPUT 

PG t---~--t 

50n 

TIMING DIAGRAM 

LE 

BI 50% 

a-g 

APPLICATION EXAMPLE 

LIQUID-CRYSTAL DISPLAY DRIVER 

Ph 

Vee OUTPUT 

DUT 

(1)The pulse generator (PG) has the following 
characteristics (10%-90%): tr = 6ns, tf = 6ns 

(2) The capacitance CL includes stray wiring 
capacitance and the probe input capacitance. 

50% 

Vee 

Ph 

'------GND 

a-g (INVERSE PHASE 
OUTPUT) 

a-g (STANDARD PHASE 
OUTPUT) 

LIQUID-CRYSTAL DISPLAY 

~ 
Common Backplane 

1---------4--0 SQUARE WAVE INPUT (11.) 

• MITSUBISHI 
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Vee 

GND 

Vee 

GND 

VOH 

VOL 

Vee 

GND 
tpLH 

VOH 

VOL 
tpHL 

VOH 

50% 

VOL 

2-669 
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