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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 improvements 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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Quadruple 3-State NONINVErting BUfEr:-««-+++-srrerrrriiire it
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13_|nput Positive NAND Gate ....................................................................

1-0of-8 Decoder/Demuitiplexer with Address Latch ««-c-r-cevererrereriiieniinini...

1-0f-8 Decoder/Demultiplexer ---«--+-=+=- s emmvesnnnnenns ereeeerreseeereeeresenresreantaroane

1-0f-8 Decoder/Demultiplexer with LSTTL-Compatible Inputs
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INDEX BY FUNCTION

INDEX BY FUNCTION (3% : under development)

Conditions (Rated at Vcc=4.5V and Ta=—40~+85C, Switching specifications apply at C_=50pF)

INVERTERS
Electrical characteristics
High- Low- | Low-levelto | High-level to .
Type Description level level |high-level| low-level | Qutline Page
output output output output
current | current | propagation | propagation
(mA) (mA) [time (ns) {time (ns)
M74HCUO04P 14P4
M74HCUOQ4FP Hex Unbuffered Inverter —4 4 21 21 14P2N 2—18
M74HCU04DP 14P2P
M74HCO04P 14P4
M74HCO4FP Hex Inverter —4 4 24 24 14P2N 2—15
M74HC04DP 14P2P
M74HCTO4P ** 14pP4
M74HCTO4FP *x| Hex Inverter with LSTTL-Compatible Inputs —4 4 24 24 14P2N 2 =21
M74HCTO4DP ** 14P2P
M74HCO5P 14P4
M74HCOSFP Hex Inverter with Open-Drain Outputs — 4 29 21 14P2N 2—24
M74HCO5DP 14P2P
NAND GATES
M74HCOOP 14P4
M74HCOOFP Quadruple 2-Input Positive NAND Gate —4 4 23 23 14P2N | 2— 3
M74HCO0DP 14P2P
M74HCTOOP Quadruple 2-Input Positive NAND Gate with 14P4
M74HCTOOFP LSTTL-Compatible Inputs —4 4 24 24 14P2N | 2— 6
M74HCTO0DP 14P2P
M74HCO3P . | 14P4
M73HCO3FP Quadruple. 2-Input Positive NAND Gate with o 4 2 30 14P2N | 2— 12
M74HCO3DP Open-Drain Outputs 1aP2p
M74HC10P ) 14P4
M74HC10FP Triple 3-Input Positive NAND Gate —4 4 24 24 14P2N | 2— 33
M74HC10DP : 14P2P
M74HC20P 14P4
M74HC20FP Dual 4-Input Positive NAND Gate —4 4 23 23 14P2N | 2 — 42
M74HC20DP 14P2P
M74HC30P 14P4
M74HC30FP 8-Input Positive NAND Gate —4 4 42 42 14P2N | 2 — 49
M74HC30DP 14P2P
M74HC133P 16P4
M74HC133FP 13-Input Positive NAND Gate —4 4 42 42 16P2N | 2 —131
M74HC133DP 16P2P
AND GATES
M74HCO8P 14P4
M74HCO8FP Quadruple 2-Input Positive AND Gate —4 4 30 30 14P2N 227
M74HCO08DP 14P2P
M74HCO9P ” | 14P4
M74HCO9FP Quadrupl.e 2-Input Positive AND Gate with o 4 31 25 14PN 230
M7aHCO09DP Open-Drain Outputs 1ap2p
M74HC11P 14P4
M74HC11FP Triple 3-Input Positive AND Gate —4 4 3 3 14P2N 2—36
M74HC11DP 14P2P
M74HC21P ** 14P4
M74HC21FP *x| Dual 4-Input Positive AND Gate —4 4 26 26 14P2N 2—45
M74HC21DP x| 14P2P
MITSUBISHI 1—3
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INDEX BY FUNCTION

NOR GATES
Electrical characteristics
High- Low- | Low-level to | High-level to
ipti level level |high-level| low-level [ Quytii P:
Type Description output output output output utiine age
current | current | propagation | propagation
(mA) (mA) [time {ns) |time (ns) .
M74HCO2P 14P4
M74HCO2FP Quadruple 2-Input Positive NOR Gate —4 4 23 23 14P2N | 2— 9
M74HC02DP 14P2P
M74HC27P 14P4
M74HC27FP Triple 3-Input Positive NOR Gate —4 4 23 23 14P2N | 2 — 46
M74HC27DP 14p2p
M74HC4002P . 14P4
M74HC4002FP | Dual 4-Input Positive NOR Gate —4 4 30 30 14P2N | 2 —586
M74HC4002DP 14P2P
M74HC4078P 14P4
M74HCA078FP | 8-input Positive NOR/OR Gate —4 4 33 33 14P2N | 2 —643
M74HC4078DP | ~ 14P2P
OR GATES
M74HC32P 14P4
M74HC32FP Quadruple 2-Input Positive OR Gate —4 4 25 25 14P2N | 2 — 52
M74HC32DP . 14P2P
M74HC4075P 14P4
" M74HCA4075FP | Triple 3-Input OR Gate —4 4 ' 29 29 |/ 14P2N | 2 —640
M74HCA4075DP 14P2P
M74HC4078P 14P4
M74HC4078FP | 8-Input Positive NOR/OR Gate —4 4 33 33 14P2N | 2 —643
M74HC4078DP 14P2P
EXCLUSIVE OR GATES
M74HC86P 14P4
M74HC8B6FP Quadruple 2-Input Exclusive OR Gate —4 4 30 30 14P2N 2 —86
M74HC86DP ’ 14pP2P
EXCLUSIVE NOR GATES
M74HC266P 14P4
M74HC266FP Quadruple 2-Input Exclusive NOR Gate —4 4 30 30 14P2N | 2 —365
M74HC266DP 14P2P
_M74HC266AP | ) adruple 2-Input Exclusive NOR Gate with 14P4
M74HC266AFP | UOCTIR© T Y XS et — 4 31 25 | 14P2N | 2—368
M74HC266ADP| P -ran Ouip 14p2P
AND-OR-INVERTER GATES.
M74HC51P 14P4
M74HCS51FP 2-Wide, 2-input/2-Wide, 3-Input AND-OR-INVERT Gates —4 4 32 32 14P2N 2—59
M74HC51DP 14P2P
—a MITSUBISHI
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MITSUBISHI HIGH SPEED CMOS

INDEX BY FUNCTION

BUFFERS/LINE DRIVERS

ELECTRIC

Output Electrical characteristics
High- Low- | Low-level fo | High-tevel to
Type Description level level (high-level| low-level | Qutline Page
Two-state| Three-state | output output output output

current | current | propagation | propagation

(mA) (mA) [time (ns)|time (ns)
M74HC125P 14P4
M74HC125FP Quadruple 3-State Noninverting Buffer NI —6 6 25 25 14P2N | 2—120
M74HC125DP 14P2P
M74HC126P 14P4
M74HC126FP Quadruple 3-State Noninverting Buffer NI —6 6 25 25 14P2N | 2 —124
M74HC126DP 14P2P
M74HC240P . . . 20P4
M74HC240FP ?LC.:: i’:::':e':"em"g Buffer/Line Driver | —6 6 25 25 | 20PN | 2—273
M74HC240DWP 20P2V
M74HC240-1P Octal 3-State Inverting Buffer/Line Driver 20P4 .
M74HC240-1FP /Line Recelver | —24 24 19 19 20P2N 2-=277
M74HC240-1DWP| 20P2v
M74HCT240P Octal 3-State Inverting Buffer/Line Driver 20P4
M74HCT240FP /Line Receiver with LSTTL-Compatible Inputs : —6 6 ® 2 20P2N | 2 —281
M74HCT240DWP 20P2v
M74HCT240-1P *x X . . 20P4
e 12| S e e e | e [ o
M74HCT240-1DWP ** 20P2v
‘M74HC241P Octal 3-State Noninverting Buffer/Line Driver 20P4
M74HC241FP /Line Receiver NI —6 6 29 29 20P2N | 2 —289
M74HC241DWP 20P2V
M74HC241-1P . X . X 20P4
M74HC241-1FP /?_T;:l ;j:::e': oninverting Buffer/Line Driver NG| —24 | 2 23 | 23 [ 20PeN | 2—293
M74HC241-1DWP 20P2V
M74HCT241P Octal 3-State Noninverting Buffer/Line Driver 20P4
M74HCT241FP /Line Receiver with LSTTL-Compatible Inputs NI —® 6 32 32 20P2N | 2 —297
M74HCT241DWP 20P2v
M74HCT241-1P *x Octal 3-State Noninverting Buffer/Line Driver 20P4
MPHCT2S11FP | ine Receiver with LSTTL-Compatible Inputs A e z 23 | 20PN | 2301
M74HCT241-1DWP * % 20P2V
M74HC244P Octal 3-State Noninverting Buffer/Line Driver 20P4
M74HC244FP /Line Receiver NI —6 6 29 29 20P2N | 2 —313
M74HC244DWP 20P2v
M74HC244-1P Octal 3-State Noninverting Buffer/Line Driver 20P4
M74HC244-1FP K i NI —24 24 23 23 20P2N 2—317
M7aHC244-1Dwp| /e Recelver 20P2v
M74HCT244P Octal 3-State Noninverting Buffer/Line Driver 20P4
M74HCT244rP /Line Receiver with LSTTL-Compatible Inputs NI —6 6 %2 32 20P2N_| 2 —321
M74HCT244DWP 20P2v
M74HCT244-1P x* Octal 3-State Noninverting Buffer/Line Driver —-—«20P4 ’
M7AHCT2AAAFP x* /Line Receiver with LSTTL-Compatible Inputs NI 2 24 2 = 20P2N | 2325
M74HCT244-1DWP ** 20P2V
M74HC365P Hex 3-State Noninverting Buffer with 16P4
M74HC365FP Common Enables NI —6 6 30 30 16P2N | 2 —404
M74HC365DP 16P2P
M74HC366P Hex 3-State Inverter Buffer with 16P4
M74HC366FP " GCommon Enables | —6 6 24 24 16P2N | 2 —408
M74HC366DP 16P2P
M74HC367P Hex 3-State Noninverting Buffer with 16P4
M74HC367FP Separate 2-Bit and 4-Bit Sections N —6 & 30 3 16P2N_| 2 —412
M74HC367DP ' 16P2P
M74HC368P Hex 3-State Inverting Buffer with 16P4
M74HC368FP Separate 2-Bit and 4-Bit Sections I 6 6 24 «“ 16P2N | 2—416
M74HC368DP 16P2P
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INDEX BY FUNCTION

BUFFERS/LINE DRIVERS (continued)

Output Electrical characteristics
. High- Low- | Low-level to | High-level to
Type Description Two-state| Three-state ;3::\:! 33:;‘}: hlg:;:)el’\;el Io:/u-tlguvte '| Outine Page
current | current | propagation | propagation
(mA) (mA) [time (ns) [time (ns)
M74HC540P . o ] 20P4
M7aHCS40FP i‘:l' ::c'z:::“’e"'"g Buffer/Line Driver I —6 6 2 25 | 20P2N | 2—490
M74HC540DWP 20P2V
! :;::g::: :P 7::2 :‘-es::::el:onlnverting Bufter/Line Driver NI e s 29 29 2?;::24!1 2 —404
M74HC541DWP . 20P2V )
M74HC40498P Hex Inverting Bufter/Logic-Level 16P4
M74HC4049BFP Down Converter | —6 6 20 19 16P2N | 2—613
M74HC4049BDP 16P2P
M74HC4050BP - . . 16P4
M74HC4050BFP Hex Noninverting Buffer/Logic-Level NI —6 6 20 19 T6P2N | 2 —616
M74HCaosoBDp | D°W" Converter. 16P2P
| . Inverting output NI : Noninverting output
BUS TRANSCEIVERS
M74HC242P 14P4
M74HC242FP Quadruple 3-State Inverting Bus Transceiver | —6 6 25 25 14P2N | 2 —305
M74HC242DP 14P2P
M74HC243P . 14P4
M74HC243FP Quadruple 3-State Noninverting Bus Transceiver NI —6 6 25 25 14P2N | 2 —309
M74HC243DP ) 14P2P
M74HC245P ) 20P4
M74HC245FP Octal 3-State Noninverting Bus Transceiver NI —6 6 28 28 20P2N | 2 —329
M74HC245DWP 20P2V
M74HC245-1P ** - 20P4
M74HC245-1FP x| Octal 3-State Noninverting Bus Transceiver NI —24 24 21 21 20P2N | 2 —333
M74HC245-1DWP % x 20P2v
M74HCT245-1P % . . . 20P4
M7AHCT2A51FP oo O'Ctal 3-State Noninverting Bus Transceiver NI —24 24 21 21 20P2N | 2 —337
MIAHCT2A5-1DWP with LSTTL-Compatible Inputs 20P2V
M74HC640P 20P4 .
M74HC640FP Octal 3-State Inverting Bus Transceiver 1 —6 6 28 28 20P2N | 2 —529
M74HC640DWP 20P2V
M74HC640-1P ** 20P4
M74HC640-1FP «x| Octal 3-State Inverting Bus Transceiver ' —24 24 21 21 20P2N | 2 —533
M74HC640-1DWP 4 % 20P2V
M74HCTB40P-1 4 i ’ 20P4
MTAHCTO401FP ~k Of:tal 3-State Inverting Bus Transceiver | —24 24 21 21 20P2N | 2 —537
MTAHCTEA0-TDWP o with LSTTL-Compatibie Inputs 20P2v
M74HC643P Octal 3-State Inverting and Noninverting 20P4 )
M74HC643FP Bus Transcelver - NI, —6 [ 28 28 20P2N | 2 —541
M74HC643DWP ) 20P2V
M74HCB43-1P Octal 3-State Inverting and Noninverting _20P4
M74HC643-1FP *x i NI, 1 —24 24 21 21 20P2N | 2 —545
M74HC543-1DWP Ak Bus Transceiver 20P2V
M74HCTB43-1P % Octal 3-State Inverting and Noninverting Bus 20P4
MPHCTBA3AFP 4%|  ansceiver with LSTTL-Compatible Inputs NLE =24 ) 24 a 21 | 20P2N | 2549
M74HCT643-1DWP A+ 20P2V
M74HC645P 20P4
M74HC645FP Octal 3-State Noninverting Bus Transceiver NI —6 6 28 28 20P2N | 2 —5563
M74HC645DWP 20P2Vv

1—6 MITSUBISHI
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INDEX BY FUNCTION

BUFFERS/LINE DRIVERS (continued)

Output Electrical characteristics
High= Low- | Low-levelto | High-level to
Type Description level level |high-level| low-level [ Qutiine Page

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

M74HCE45-1P  #% 20P4
M74HC645-1FP %% | Octal 3-State Noninverting Bus Transceiver NI - | —24 24 21 21 20P2N | 2 —557
M74HCS45-1DWP %% , 20P2V
M74HCT645-1P A% ' T . 20P4
MITAHCTOAS-TFP A 3:;3,'_;-?18 :o:?,:;];.zr::‘fu:us Transceiver NG| —24 | 24 | 2t | 21 [20P2n | 2—861
M74HCTE45-IDWP A % 20P2V
M74HC646P % . . . 24P4D
M74HCB46FP 4% gfg'pi’i'"a:l?;"'"ve"'"g Bus Transceiver and NI —6 6 43 43" | 24P2 | 2565
M74HCE46DWP ** _ 24P2V
M74HCB48P A i , 24P4D
M74HCBA4BFP % gf:;';i:::'::m"g Bus Transceiver and i —6 6 43 43 | 2aP2 | 2572
M74HC548DWP A % : 24P2V

| * Inverting output NI . Noninverting output

SCHMITT TRIGGERS
Electrical characteristics
Positive- |Negative-| Low-fevel 1o | High-level to
Type Description going | going |high-level|low-level | Outline Page
threshold | threshold | output output
voltage | voltage | propagation | propagation N
V) (V) [time {ns) [time (ns)
M74HC14P 14P4
M74HC14FP Hex Schmitt-Trigger Inverter 1.55~3.15/0.9~2.45 31 31 14P2N | 2~ 39
M74HC14DP 14P2P
M74HC132P 14P4
M74HC132FP Quadruple 2-Input Schmitt-Trigger Positive NAND Gate 1.55~3.15(0.9~2.45 32 32 14P2N | 2—128
M74HC132DP 14P2P
J-K FLIP FLOPS
Electrical characteristics
o Opera- | Setup Hold g s )
Type Description i ting time time g 3 5 Outline Page
II(I?/IHZ) | (ns) (ns)
M74HC73P . 14P4
M74HC73FP Dual J-K Flip-Flop with Reset 21 25 0 V| — 1| 14P2N | 2— 62
M74HC73DP . 14p2pP
M74HC76P 16P4
M74HC76FP Dual J-K Flip-Flop with Set and Reset 21 25 0 1| 1| 16P2N | 2— 76
M74HC76DP 16P2P
M74HC107P 14P4
M74HC107FP Dual J-K Flip-Flop with Reset 21 25 0 L —|{1J| 14P2N | 2— 89
M74HC107DP 14P2P
M74HC109P - ) 16P4
M74HC109FP Dual J-K Flip-Flop with Set and Reset 21 25 5 t U LS| 16P2n | 2— 04
M74HC109DP 16P2P
M74HC112P 16P4
M74HC112FP | Dual J-K Flip-Flop with Set and Reset 21 25 0 L[] 16P2N | 2— 99
. M74HC112DP 16P2P
M74HC113P 14P4
M74HC113FP Dual J-K Flip-Flop with Set 21 25 0 VLU | — | 14P2N | 2—104
M74HC113DP 14P2P
M74HC114P 14P4
M74HC114FP Dual J-K Flip-Flop with Set and Common Reset 21 25 0 VLT | 14P2N | 2 —109
M74HC114DP 14P2P
t : Positive-going edge | : Negative-going edge 1] : Active low
MITSUBISHI 1-7
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INDEX BY FUNCTION

D-TYPE FLIP FLOPS

Electrical characteristics
Opera- Setup Hold 5. | % .
Type Description ting time time § 3 é Outline Page
C(MH2) | (ns) | (ns)
M74HC74P ' 14P4
M74HC74FP Dual D-Type Flip-Flop with Set and Reset 21 25 0 t [ 1| 14P2N | 2 — 67
M74HC74DP 14P2P
M74HC173P . . 16P4
M74HC173FP ng‘n‘::;i'zltcs:a:d':;‘;’z Flip-Fiop with 21 25 0 |t|—|M| 16PN | 2—225
M74HC173DP 16P2P
M74HC174P 16P4
M74HC174FP Hex D-Type Flip-Flop with Common Clock and Reset 21 25 5 t | —{1]| 16P2N | 2 —230
M74HC174DP 16P2P |
M74HC175P Quadruple D-Type Flip-Flop with 16P4
M74HC175FP Common Clock and Reset 24 25 5 t | —|LJ| 16P2N | 2 —234
M74HC175DP ! 16P2P
M74HC273P 20P4
M74HC273FP Octal D-Type Flip-Flop with Common Clock and Reset| 21 25 0 t | — || 20P2N [ 2—371
M74HC273DWP 20P2V
M74HC374P 20P4
M74HC374FP Octal 3-State Noninverting D-Type Flip-Flop 24 18 12 t ] —|— | 20P2N | 2 —433
M74HC374DWP 20P2V
M74HC374-1P »* o 20P4
M74HC374-1FP **| Octal 3-State Noninverting D-Type Flip-Flop 26 13 6 t | —|— | 20P2N | 2 —438
M74HC374-1DWP % . 20P2v
M74HCT374-1P »* . . . 20P4
M78HCTAT4-1FP Sk O.ctal 3-State Nonm\{ertlng D-Type Flip-Flop % 13 6 t | —1—[zoP2n | 2 —443
NTSHCTST4-10WP with LSTTL-Compatible Inputs 20P2V
M74HC377P ** 20P4
M74HC377FP x| Octal D-Type Flip-Flop with Common Clock and Enable — — — t | —|— | 20P2N | 2—451
M74HC377DWP ** 20P2v
M74HC534P 20P4 :
M74HCS534FP Octal 3-State Inverting D-Type Flip-Flop 24 18 12 t | —|—| 20P2N | 2—476
M74HC534DWP 20P2v
M74HC534-1P ** 20P4
M74HC534-1FP x| Octal 3-State Inverting D-Type Flip-Flop 26 13 6 t |—|—| 20P2N | 2 —481
M74HC534-1DWP ** 20P2v
MPAHCTSSA1P_ Octal 3-State Inverting D-Type Flip-Flop 20p4
M74HCTS34-1FP Ax| : 26 13 6 t | —|—/| 20r2n | 2 —486
MTAHCTS34-1DWP %o with LSTTL-Compatible Inputs 20P2V
M74HCS564P »* 20P4
M74HC564FP »x| Octal 3-State Inverting D-Type Flip-Flop 24 25 0 t | —|—| 20P2N | 2 —503
M74HCS64DWP ** 20P2v
M74HC574P »% 20P4
M74HC574FP »%| Octal 3-State Noninverting D-Type Flip-Flop 24 25 0 t |—|—| 20P2N | 2 —512
M74HCS7ADWP ** 20P2V
M74HC64EP *x Octal 3-State Noninverting Bus Transceiver and 24P4D
M74HCB646FP ** D-Type Flip-Flop 21 25 0 tl— 11— 24P2 2 —565
M74HC646DWP ** 24P2V
M74HC648P ** ] ] 24P4D
M74HCB48FP A | gf_:_;'p,ae‘ls:"?;i:llr;\;erﬂng Bus Transceiver and - 2 0 t = —2am2 1 2—572
M74HCG48DWP 4 ’ 24P2v
t : Positive-going edge 1] : Active low
MITSUBISHI
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INDEX BY FUNCTION

SYNCHRONOUS BINARY COUNTERS

Electrical
characteristics .
Type Description Count §,’ @ % Outline Page
frequency = ] <
(MHz)
M74HC161P 16P4
M74HC161FP Presettable 4-Bit Binary Counter with Asynchronous Reset 21 1 ® [LU®| 16P2n | 2 —190
M74HC161DP 16P2P
M74HC163P 16P4
M74HC163FP Presettable 4-Bit Binary Counter with Synchronous Reset 21 t | ® [LU®| 16P2N | 2—202
M74HC163DP 16P2P
M74HC191P ** 16P4
M74HC191FP xx| Presettable 4-Bit Binary Up/Down Counter — t | ® | — | 16P2N | 2—241
M74HC191DP »* 16P2P
M74HC193P ** 16P4
M74HC193FP »*| Presettable 4-Bit Binary Up/Down Counter with Reset 14 t 1 ® [L/®] 16P2N | 2—249
M74HC193DP ** 16P2P
M74HCG669P ** 16P4
M74HC669FP xx| Presettable 4-Bit Binary Up/Down Counter — t |1 ® | — | 16P2N | 2—579
M74HC669DP ** 16P2P
t ! Positive-going edge || : Active high [ : Active low ® : Asynchronous ®& :@ Synchronous
SYNCHRONOUS DECADE COUNTERS
M74HC160P 16P4
M74HC160FP Presettable BCD Counter with Asynchronous Reset 21 t | ® [Jl®| 16P2n | 2—184
M74HC160DP 16P2P
M74HC162P 16P4
M74HC162FP Presettable BCD Counter with Synchronous Reset 21 t | ® [[1®] 16P2N | 2—19
M74HC162DP ’ 16P2P
M74HC190P ** 16P4
M74HC190FP »x| Presettable BCD Up/Down Counter — t ® | — | 16P2N | 2—239
M74HC190DP 16P2P
M74HC192P ** 16P4
M74HC192FP *x| Presettable BCD Up/Down Counter with Reset 14 t 1l ® |[[1®] 16P2N | 2—243
M74HC192DP »* g 16P2P
M74HCA4017P ** 16P4
M74HCA4017FP *x| Decade Counter/Divider 16 Note| — [[1®| 16P2N | 2 —589
M74HC4017DP ** 16P2P

t : Positive-going edge

Note

1 : Active high

used with CP high.
OCTAL COUNTER/DIVIDERS

1J :Active low ® : Asynchronous ® : Synchronous
Positive-going edge when the CLOCK pin is used with CE low, negative-going edge when

the CLOCK ENABLE pin is

M74HCA4022P **

M74HC4022FP **

M74HC4022DP #*

Octal Counter/Divider

16 Note

— |1

16P4

16P2N

16P2P

2 —599

[l : Active high
Note

used with CP high.
MONOSTABLE MULTIVIBRATORS

Positive-going edge when the CLOCK pin is used with CE low, negative-going edge when

the CLOCK ENABLE pin is

ELECTRIC

Electrical characteristics | § | §
Resistance/capacitance 5 g
Type Description connected to 8 | < Outline Page
control output 219
pulse width K e
M74HC123P **x 16P4
M74HC123FP »x| Dual Retriggerable Monostable Multivibrator 1~1MQ/No limits | @ | @ | 16P2N | 2—114
M74HC123DP » % 16P2P
M74HC221P ** 16P4
M74HC221FP ~*| Dual Monostable Multivibrator 1~1MQ/No limits @ | 16P2N | 2—265
M74HC221DP »** 16P2P
M74HC4.538P * Dual Precision Monostable Multivibrator 416':4
M74HCA4538FP »x» (Retriggerable, Resettable) 1~1MQ/No limits | @ | @ | 16P2N | 2 —662
M74HC4538DP ** ! 16P2P
MITSUBISHI 1—9
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INDEX BY FUNCTION

LATCHES
Electrical characteristics
Low-level fo | High-levelto | Setup Hold 9|
Type Description high-| low-level | X El § Outline Page
output output time time 5|
propagation | propagation
time (ns) [time (ns)| (ns) (ns)
M74HC75P 16P4
M74HC75FP Dual 2-Bit Transparent Latch 32 32 25 5 YUl—]| 16P2n | 2— 72
M74HC75DP 16P2P
M74HC259P 16P4
M74HC259FP 8-Bit Addressable Latch/1-0f-8 Decoder 54 54 25 0 J1| LS| 16P2N | 2 —360
M74HC259DP 16P2P
M74HC279P »* 16P4
M74HC279FP **| Quadruple R-S Latch — — — — — | — | 16P2N | 2 —375
M74HC279DP »* 16P2P
M74HC354P #x . . 20P4
cours 2| 100 D Seloc s i e sy | s | v | (| | e
M74HC354DWP % 20P2v
M74HC3S6P x+ 8-Input Data Selector/Multiplexer with Data and 20P4
M74HCISGFP 1 ddress Latches and with 3-State Outputs & &3 10 5ot |TReeN ) 239
M74HC356DWP *+ 20P2V
M74HC373P 20P4
M74HC373FP | Octal 3-State Noninverting D-Type Transparent Latch 38 38 18 12 U|{—| 20p2n | 2—420
M74HC373DWP 20P2V
M74HC373-1P  #* 20P4
M74HC373-1FP »*| Octal 3-State Noninverting D-Type Transparent Latch 25 25 13 6 U |—/| 20p2n | 2 —425
M74HC373-1DWP » : 20P2V
M74HCT373-1P ** o 20P4
M74HCTIT31FP Sk O‘CtaI‘ 3-State Nomnve.rtmg D-Type Transparent Latch 25 25 13 6 1| — [20P2n | 2 —420
MTZHCTIT1DWP *x with LSTTL-Compatible Inputs 20P2V
M74HC375P 16P4
M74HC375FP Dual 2-Bit Transparent Latch 32 32 25 5 1| — | 16P2N | 2 —447
M74HC375DP 16P2P
M74HC533P 20P4
M74HCS33FP Octal 3-State Inverting D-Type Transparent Latch 38 38 18 12 17— | 20P2N | 2 —462
M74HC533DWP : 20P2V
M74HC533-1P ** 20P4
M74HC533-1FP **| Octal 3-State Inverting D-Type Transparent 25 25 13 6 1J{— [_20P2N | 2—467
M74HC533-1DWP * & 20P2V
M74HCT533-1P A 20P4
M74HCT5331FP * O.ctal 3-State Inverting D-Type Transparent Latch 25 25 13 6 171~ [20p2n | 2 —472
[ MTAHCTS33-10WP #e o | with LSTTL-Compatible Inputs 20P2V
M74HC563P #»x 20P4
M74HCS63FP x| Octal 3-State Inverting D-Type Transparent Latch 28 28 19 6 | — 1| 20P2N | 2 —498
M74HCS63DWP » 20P2V
M74HCS73P ** 20P4
M74HCS73FP x| Octal 3-State Noninverting D-Type Transparent Latch 28 28 19 6 1/ |—] 20P2N | 2 —507
M74HC573DWP 20P2Vv
U © Active low - [ | ! Active high 1t : Positive-going edge
1‘ —10 MITSUBISHI
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INDEX BY FUNCTION

SHIFT REGISTERS

Electrical Mode
slglz| 8%
Type Description Clock | 3| G |5 |=| g| oOutline Page
requencyl = (£ 1§ | 5 [ ©
(MHz) |- s
M74HC164P 14P4
M74HC164FP 8-Bit Serial-Input/Parallel-Output Shift Register 21 t|O|—|—{1J| 14P2N | 2—208
M74HC164DP ) 14P2P
M74HC165P ** 16P4
M74HC165FP »*| 8-Bit Serial-or Parallel-Input/Serial-Output Shift Register 21 t O] —1O|—1 16P2N | 2—213
M74HC165DP » % ' 16P2P
:77:.::?13::: i—itetSerial-or Paraliei-Input/Serial-Output Shift Register with o5 tlol—lolr 1::;‘:\1 2—219
M74HC166DP "16P2P
M74HC194P 16P4
M74HC194FP 4-Bit Bidirectional Universal Shift Register 24 t(O|O|O|U | 16P2N | 2—255
M74HC194DP 16P2P
M74HC195P 16P4
M74HC195FP 4-Bit Universal Shift Register 24 t|O|—[O|1J| 16P2N | 2—260
M74HC195DP 16P2P
M74HC299P +x 8-Bit Bidirectional Universal Shift Register with 20P4
M74HC299FP ** 3-State Parallel Outputs o 1O OO L[ 2r2N | 2384
M74HC299DWP % 20P2V
M74HC323P 8-Bit Bidirectional Universal Shift Register with 20P4
M74HC323FP »* 3-State Parallel Outputs — 11 OO 1O 1| 20P2N | 2—391
M74HC323DWP ** 20P2V
M74HC595P . i ., . 16P4
M74HC595FP BL-;:hzzrlsa-I;r;:):téSu::at:or Parallel-Output Shift Register with 21 tlo|—|— |1l 7eren | 2—517
M74HC595DP 16P2P
M74HC597P =% . i X . . X 16P4
M74HC597FP *x IB[:::‘ IS-::;a':-or Parallel-input Serial-Output Shift Register with 21 tlol—|o |15 1eP2n | 2 ~523
M74HC597DP ** 16P2P
t Positi\}e-going edge [ : Active low )
BINARY RIPPLE COUNTERS
chaE:asggr‘i::t'ics -
Type Description Count § % Outline Page .
frequency | = | &
(MHz)
M74HC393P 14P4
M74HC393FP Dual 4-Stage Binary Ripple Counter 21 | TL| 14P2N | 2 —457
M74HC393DP 14P2P
M74HC4020P ** 16P4 )
M74HC4020FP x*( 14-Stage Binary Ripple Counter 16 V|| 16P2N | 2 —595
M74HC4020DP »* 16P2P
M74HC4024P 14P4
M74HC4024FP | 7-Stage Binary Ripple Counter 21 L T1] 14P2n | 2 —605
| M74HCA4024DP 14P2P
M74HC4040P »* 16P4
M74HC4040FP xx| 12-Stage Binary Ripple Counter 16 V| 1] 16P2N | 2 —609
M74HC4040DP +* ) 16P2P
| ! Negative-going edge [ : Active high
ASYNCHRONOUS DECADE COUNTER
M74HC390P 16P4
M74HC390FP Dual 4-Stage Binary Ripple Counter with <2 and 5 Sections 21 V(1| 16P2N | 2 —452
M74HC390DP 16P2P :

| : Negative-going edge

Il : Active high
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MITSUBISHI HIGH SPEED CMOS

INDEX BY FUNCTION

ANALOG SWITCHES/MULTIPLEXERS

Electrical characteristics
“ON" Propagation time(ns)
Type Description resistance, | From Data | From Control Outline Page
Vi=2.5V | nput to inhibit
Q) output to output

M74HCA4051P ** : 16P4
M74HC4051FP x| 8-Channel Analog Multiplexer/Demultiplexer 215 15 93 16P2N | 2 —619
M74HC4051DP »xx 16P2P
M74HC4052P »* ! 16P4 .
M74HC4052FP **| Dual 4-Channel Analog Multiplexer/Demultiplexer 215 15 93 16P2N | 2 —625
M74HC4052DP ** ’ 16P2P
M74HC4053P ** 16P4
M74HC4053FP x*| Triple 2-Channel Analog Multiplexer/Demultiplexer 215 15 93 16P2N | 2 —630
M74HC4053DP x» 16P2P
M74HC4066P Quad Analog Switch/Multiplexer/Demultiplexer with 14P4
M74HC4066FP Enhanced ON-Resistance Linearity 215 13 ® 14P2N | 2635
M74HC4066DP 14P2P

DATA SELECTORS/DIGITAL MULTIPLEXERS

Electrical characteristics
Type Description ot;',;)pe‘" Stmb:ropagast:;::me(ns) Data Outline Page
inhibit input input
to output to output to output

M74HC151P . 16P4
M74HC151FP 8-Input Data Selector/Multiplexer NI, | 35 63 49 16P2N | 2 —161
M74HC151DP ) 16P2P
M74HC153P 16P4
M74HC153FP Dual 4-Input Data Selector/Multiplexer NI 24 44 35 16P2N | 2 —166
M74HC153DP 16P2P
M74HC157P 16P4 )
M74HC157FP Quadruple 2-Input Noninverting Data Selector/Multiplexer | NI 29 32 32 16P2N | 2—176
M74HC157DP : 16P2P
M74HC158P ) 16P4
M74HC158FP Quadruple 2-Input inverting Data Selector/Multipiexer | 29 32 32 16P2N | 2—180
M74HC158DP 16P2P
M74HC251P 16P4
M74HC251FP 8-Input Data Selector/Multiplexer with 3-State Outputs (35, Ni, | 55 51 49 16P2N | 2 —341
M74HC251DP 16P2P
M74HC253P Dual 4-input Data Selector/Multipiexer with ) N 16P4
M74HC253FP 3-State Outputs . 3S, NI 38 44 35 16P2N | 2 —346
M74HC253DP 16P2P
M74HC257P Quad le 2-1 t Data Selector/Mulitipl ith 16P4
M74HC257FP 3_;?33%3{);?:" ata Selector/Multiplexer wi 3s, NIl 38 25 2% 16P2N | 2 —351
M74HC257DP 16P2P
M74HC258P xu Quadruple 2-Input Data Selector/Multiplexer with . 16P4
M74HC258FP 3-State Outputs 35,1 38 25 + 25 16P2N | 2 —356
M74HC258DP #x i 16P2P
M74HC298P »* . . 16P4
M74HC298FP * Quadruple 2-Input Data Selector/Multiplexer with NI . o _ T6P2N | 2 —383
M74HC208DP | CUlPUt Latch 16P2P

‘M74HC3MP kel 8-Input Data Selector/Multiplexer with Data and 20P4
M74HCISAFP xx Add’r)ess Létches and with ;-State Outputs 3, N1 &8 7 % 20P2N | 2 =352
M74HC354DWP #* 20P2V
M74HC356P #* . R 20P4
M74HC356FP % 8-I'nput Data Selector/N!ultlpI'exer with Data and 35, NI | 41 7 63 20P2N | 2 —398
M74HC3I56DWP A% Address Latches and with 3-State Outputs 2092V

| : Inverting output NI : Noninverting output 3S ! Three-state output

MITSUBISHI
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MITSUBISHI HIGH SPEED CMOS

INDEX BY FUNCTION

DECODERS
Electrical
characteristics
Low-level to | High-level to
Type Description high-level| low-level | Qutline Page
output output
propagation ( propagation
time (ns) |time (ns)
M74HC42P 16P4
M74HCA2FP 1-0f-10 Decoder 38 38 16P2N | 2 — 55
M74HC42DP 16P2P
M74HC137P } 16P4
M74HC137FP 1-of-8 Decoder/Demultiplexer with Address Latch 43 60 16P2N | 2 —134
M74HC137DP 16P2P
M74HC138P 16P4
M74HC138FP 1-of-8 Decoder/Demultiplexer 38 50 16P2N | 2 —139
M74HC138DP 16P2P
M74HCT138P »x . 16P4
M74HCT138FP * x| 1-of-8 Decoder/Demultiplexer with LSTTL-Compatible Inputs 38 50 16P2N | 2 —144
M74HC138DP »»* 16P2P
M74HC139P . 16P4
M74HC139FP Dual 1-of-4 Decoder/Demultiplexer 55 55 16P2N | 2 —148
M74HC139DP 16P2P '
M74HC154P »* 24P4AD
M74HC154FP *x| 1-0f-16 Decoder/Demultiplexer 42 42 24P2 2—1N
M74HC154DWP ** 24P2v
M74HC155P 16P4
M74HC155FP Dual 1-of-4 Decoder/Demultiplexer — — 16P2N | 2 —175
M74HC155DP 16P2P
M74HC237P 16P4
M74HC237FP | 1-of-8 Decoder/Demultiplexer with Address Latch 59 47 16P2N | 2 —267
M74HC237DP 16P2P
M74HC238P ** 16P4
M74HC238FP *x| 1-of-8 Decoder/Demultiplexer — — 16P2N | 2 —272
M74HC238DP »* 16P2P
M74HC259P 16P4
M74HC259FP 8-Bit Addressable Latch/1-of-8 Decoder 54 54 16P2N | 2 —360
M74HC259DP 16P2P
M74HCAS11P ** 16P4
M74HC4511FP *x| BCD-to-Seven-Segment Latch/Decoder/Display Driver 151 151 16P2N | 2 —647
M74HCAS11DWP % ' 16P2P
M74HC4514P *x ‘ 24P4D
M74HC4514FP *%| 1-0f-16 Decoder/Demultiplexer with Address Latch (“H” Level Output) 58 44 24P2 2 —652
M74HCA514DWP A * 24p2v
M74HC4515P * x| 24PAD
M74HC4515FP **| 1-of-16 Decoder/Demultiplexer with Address Latch (“L” Level Output) 58 44 24P2 | 2 —657
M74HC4515DWP >3 24P2v
M74HC4543P ** 16P4
M74HC4543FP **| BCD-to-Seven-Segment Latch/Decoder/Display Driver for Liquid-Crystal Displays 96 96 16P2N | 2 —665
M74HC4543DP A * 16P2P
DISPLAYED CHARACTERS
M74HCA4511P, M74HC4511FP, M74HC4543P, M74HC4543FP .
Decimal value 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
N 7 C I (N -
oispiay | | | | E' e ol 8 -
MITSUBISHI 1—13
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MITSUBISHI HIGH SPEED CMOS

INDEX BY FUNCTION

ENCODERS ' i

Electrical
characteristics
X Low-level to | High-level to
Type Description high-level| low-level |  Qutline Page
. output output
propagation | propagation
) time (ns) [time (ns)
M74HC147P ) 16P4
M74HC147FP 10-Line Decimal to 4-Line BCD Priority Encoder 38 38 16P2N | 2 —152
M74HC147DP | 16P2P
M74HC148P ) 16P4
M74HC148FP 8-Line to 3-Line Priority Encoder 38 38 16P2N | 2 —156
M74HC148DP 16P2P
COMPARATORS
M74HC85P 16P4 )
M74HCB85FP 4-Bit Magnitude Comparator 58 58 16P2N | 2— 81
M74HC85DP ) . 16P2P
M74HC688P ) _ ' 20P4
M74HC688FP | 8-Bit Equality Comparator ] 53 53 | 20P2N | 2 —582
M74HC688DWP 20P2V
FULL ADDERS
M74HC283P 16P4
M74HC283FP 4-Bit Binary Full Adder with Fast Carry o 51 51 16P2N | 2 —379
M74HC283DP |- 16P2P

PARITY GENERATOR/CHECKERS

M74HC280P 14P4
M74HC280FP 9-Bit Odd/Even Parity Generator/Checker : 52 52 14P2N | 2 —376
M74HC280DP 14P2P

REGISTER FILES

M74HC670P % 16P4
M74HC670FP x| 4-By-4 Register File with 3-State} Outputs v — — 16P2N | 2 —581
M74HC670DP »* . 16P2P

1 ;] 4 : ) Q.. MITSUBISHI
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SYMBOLOGY

SYMBOLOGY
Symbol ' Discription

C, Input capacitance The output capafitance at input terminals

C. Load capacitance Extenally connected output capacitance

Co Output disable capacitance The output capacitance when the output is in the high-impedance state

Cep Power dissipation capacitance The internal capacitance of the IC calculated from the power dissipation

Cyx External timing capacifance The capacitance connected to set the pulse width of monostable multivibrators

f, Input frequency The sine wave frequency applied to the input terminal.

fmax Maximum repetition frequency The maximum frequency of repetitive inputs at which the device operates normally

GND Ground l

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

| Current or input Currents flowing into the IC are positive; currents flowing out of the IC are negative

lec Supply current The current flowing into the IC at the V¢ pin

lob Supply current The current flowing into the IC at the Vpp pin

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

[’ High-level input current The input current for a high-level input

he Low-level input current The input current for a low-level input

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

lorr Input off-state leak current The leakage. between the input and output terminals of an analog switch in the off state

lon High-level output curent Output load current in the high-level output state

loL Low-level output current Output load current in the low-leve! output state

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

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

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

(o] Output Indicates output

Pq Power dissipation The product of the supply voltage and supply current

R, Input resistance External resistance connected at input

RL Load resistance External load resistance

Rorr Analog switch off resistance The DC resistance of an analog switch in the off state

Ron Analog switch on resistance The DC resistance of an analog switch in the on state

Rx External timing resistance The resistance connected to set the pulse width of monostable multivibrators

Ta Ambient temperature The air temperature in the vicinity of the IC

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

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

Topr Operating (ambient) temperatuer The ambient temperature range over which the IC will operate correctly

tpd Propagation delay time The average period from when the specified input is applied until the specified output

’ changes ’
teHL High-level to Iow-level output propaga- The period required for the output to change from logic high to low after the specified input
tion time is applied

tenz Output disable time from high-level 'The period required for the output to change from logic high to the high-impedance state
after the specified input is applied

teLn Low-level to high-level output prop- The period required for the output to change from logic low to high after the specified input

: agation time is applied

teLz Output disable time from low-level The period required for the output to change from logic low to the high-impedance state after
the specified input is applied . .

tezn Gutput enable time to high-leve! The period required for the output to change from the high-impedance state to logic high
after the specified input is applied ‘

tezL Output enable time to low-leve! The period required for the output to change from the high-impedance state to logic low after

. ) the specified input is applied
tr Rise time . The period for an input pulse to change from logic low to high
trec Recovery time The period required from when the input state is released until the next clock pulse can be
’ applied
Tstg Storage temperature The temperature range over which the IC can be safely stored

MITSUBISHI
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SYMBOLOGY

Symbol Discription
tsu Setup time The period that other specified inputs must be held before the specified input can be
applied
trao High-level to low-level The time required for the output to fall after the specified input is applied
output transition time ) .
triv Low-level to high-level The time required for the output to fall after the specified input is applied
output transition time
tw Pulse width The period over which a pulse remains within the reference vbltage range
twa Output pulse width The pulse width at the output of a monostable multivibrator
Vee Supply voltage The voltage applied at the V¢ pin
Voo Supply voltage The voltage applied at the Vpp pin
Vee Supply voltage " The voltage applied at the Vge pin
Vi Hysteresis voltage The difference between the Positive-going and Negative going threshold voltages of a
Schmitt trigger circuit
V, Input voltage The voltage applied to an input
Vin High-level input voltage The logic high voltage applied to an input
Vo Low-level input voitage ~ The logic low voltages applied to an input
Vo Output voltage . . The voltage applied to or appearing at an output
Vou High-level output voltage The voltage at the ouptut in the hAigh-Ievel state.
VoL Low-level output voltage The voltage at the output in the low-level state
Vss Supply voltage The voltage applied at the Vss pin
Vs Threshold voitage When an input crosses this voltage level, the output state changes
Vr+ Positive-going threshold voltage The threshold voltage for the low-to-high state change
Vo— Negative-going threshold voltage The threshold voltage for the high-to low state change
z High-impedance state Indicates. an output in the high-impedance state
1—16 9 MITSUBISHI
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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: Pg=5uW/package, max.
(Voo=5V, Ta=25C, quiesent state)

High noise margin: 30% of V¢, min. (Vec=4.5V, 6V)
Wide operating voltage range: Vcc=2~6V

Wide operating temperature range: Ta=—40~-+80C
Low input current: |1, | <1xA, max.

These characteristics make the series ideally suited to ap-
plications in both industrial and consumer digital equip-
ment.

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 5~8 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~+47.0 "
vV, Input voltage —0.5~Vge+0.5 v
Vo Output voltage —0.5~Vgc+0.5 v
[ Input protection diode current Vi< —20 A
1K put pi Vi > Ve 20 m
I ‘| Output parasitic diode current Vo <OV \ —20 A
m,
oK Vo > Veo 20
Standard +25
| Output current
° P Butfered +35 mA
Standard +50
| Supply/GND current Vee, GND y
ce PPly. Y Buffered | ° +70 mA
Tstg Storage temperature range —65~+4150 C

Table 2 JEDEC 74HC/HCT Series Recomended Operating Conditions

Limits
Symbol Parameter Type Unit
Min Typ Max
HC/HCU 2 6
\"Z Supply voltage
ce PPly vollag HCT | 4.5 55 | Y
Vi Input voltage 0 Vee \'
Vo Output voltage 0 Vee v
Topr Operating temperature range —40 +85 C
Voc=2.0V | 0 1000
Vee = 4.5V HC 0 500
tr, Input risetime, falitime.
n P Voo =6.0V 0 w0 | ™
HCT 0 500
MITSUBISHI

ELECTRIC

1-17




MITSUBISHI HIGH SPEED CMOS

INTRODUCTION

Table 3 JEDEC 74HC/HCU Serlés Electrical characteristics

Limits
Symbol Parameter Type Test conditions 25C —40~+85C Unit
' VeelV) Min Typ Max Min Max
2.0 1.5 1.5
"HC 4.5 *3.15 3.15
Vin High-ievel input voltag I\II:I =°é;:; Voo=0.1v ' g g ‘: i : § v
HCU 4.5 3.6 3.6
6.0 4.8 4.8
2.0 0.3 . 0.3
HC 4.5 0.9 0.9
Vie Low-level input voltage I\::i;oé;::;\ Voo =01V g g ; - ; i :) i v
HCU . 4.5 0.8 0.8
6.0 1.1 1.1
lon = —20uA 2.0 1.9 1.9
He lon = —20pA 4.5 4.4 4.4
Standard Vi=Vi, Vi low = —20uA 6.0 5.9 5.9
lon = —4.0mA 4.5 3.98 3.84
lon = —5.2mA 6.0 5. 48 5.34
low = —20uA 2.0 1.9 1.9
HC low = —20uA 4.5 4.4 4.4 )
Vou High-level output voitage Butfered Vi=Vuy, ViL lon = —20uA 6.0 5.9 5.9 v
lon = —6.0mA 4.5 3.98 3.84
lon = —7.8mA 6.0 5.48 5.34
ton = —20uA 2.0 1.8 1.8
Vi=Vy lon=—20uA 45 | 4.0 4.0
HCU lon = —20uA 6.0 5.5 | 5.5
low = —4.0mA 4.5 3.86 3.76
Vi=eND = —s.omA 6.0 | 5.36 5.26
- loL = 20uA 2.0 0.1 0.1
"o lo = 20uA 4.5 0.1 0.1
Standard Vi=Vyy, ViL loL = 20uA 6.0 0.1 0.1
loL = 4.0mA 4.5 0.26 0.33
lo.=5.2mA, 6.0 0.26 0.33
loL = 20uA - 2.0 0.1 0.1
He lou = 201A 4.5 0.1 0.1
VoL Low-level output voltage Buffeiad Vi=Vy, Vi loL = 20uA 6.0 0.1 0.1 v
loL = 6. 0mA 4.5 0.26 0.33
lo. = 7.8mA 6.0 0.26 . 0.33
loL = 20uA 2.0 0.2 . 0.2
Vi = Vi lou = 20uA | 45 0.5 0.5
HCU ' lo, = 20uA | 6.0 0.5 0.5
Vi=Veo lo = 4.0mA 4.5 0.32 0.37
loL ='5. 2mA 6.0 0.32 0.37
(™ High-level input current V=6V 6.0 0.1 1.0 uA
he Low-level input current vi=0v 6.0 —0.1 —1.0 #A
lozn Off-state high-level output current Vi=Vi, Vi, Vo= Vec 6.0 0.5 5.0 HA
lozL Off-state low-level output current Vi= Vi, Vi, Vo= GND 6.0 —0.5 —5.0 uA
Gate : 2.0 20.0
lec Quiescent supply current F/F V| = Vgc, GND, lo=0uzA 6.0 4.0 40.0 #A
MSH - ) 8.0 80. 0
1—18 ' ‘ MITSUBISHI
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Table 4 JEDEC 74HCT Serieis Electrical Characteristics

Limits
Symbol Parameter Type Test conditions ) 25T ~40~+4-85C Unit
Vee(V) Min Typ Max Min Max
4.5
Vin High-level input voitage Vo =0.1V, Voo~ 0.1v § 2.0 2.0 Y
N llp| = 20uA
5.5
4.5
Vi Low-level input voltage Vo= 0.1, Vgg=0.1V § 0.8 0.8 A\
llo] = 20nA
5.5
low = —20uA 4.5 4.4 4.4
Standard | Vi = Viu, V| -
Vou High-level output voltage L Low=—4.0ma 45 3.98 3.84 v
Buffersd | Vi= Vig, Vi low = —20uA 4.5 4.4 4.4
loy = —6.0mA 4.5 3.98 3.84
low = 20uA 4.5 0.1 0.1
Stendard | Vi =V Vi 1 o 4.5 0.26 0.33
Voo Low-level output voltage v
Buftered | Vi= Ve Vi loL = 20uA 4.5 0.1 0.1
loL = 6.0mA 4.5 0.26 0.33
™ High-level input current V,=5.5V 5.5 0.1 1.0 uA
e Low-level input current V=0V 5.5 —0.1 -1.0 uA
lozn Oft-state high-level output current Vi= Vi, Vi, Vo= Vce 5.5 0.5 5.0 HA
lozL Off-state low-level output current Vi =V, Vi, Vo= GND 5.5 —0.5 —5.0 #A
Gate 2.0 20.0
lec Quiescent supply current F/F | Vi= Ve, GND, lo=0u«A 5.5 4.0 '40.0 #A
MSt 8.0 80.0
Alec Maximum quiescent supply current V;=2.4V (Note 1) 5.5 2.7 2.9 mA
Note 1 : Only one input is set at this value and all other inputs are fixed at V¢ or GND.
Table 5 Mitsubishi M74HC/HCU/HCT Series Absolute Maximum Ratings
Symbol Parameter Type Conditions Ratings Unit
Veo Supply voltage —0.5~47.0 v
Vv, Input voltage —0.5~Vcc+0.5 v
Vo Output voltage —0.5~Vcc+0.5 v
vi<ov —20
11 Input protection diode current Vi > Voo 20 mA
o Vo < OV —20
lok Output parasitic dlode’curvent Vo > Voo 20 mA
- Standard +25
lo Output current Buftered +35 mA
Standard +50
lcc Supply/GND current Baffored Vee, GND %75 mA
Pd Power dissipation 500 mwW
Tstg Storage temperature range —65~-4150 ‘C
Table 6 Mitsubishi M74HC/HCU/HCT Series Recommended Operating Conditions
Symbol Parameter Type Limits Unit
Min Typ Max
HC/HCU 2 6
Vce Supply voltage HeT a5 5.5 v
\" Input voltage 0 Vee v
Vo Output voltage 0 Vee v
Topr Operating temperature range —40 +-85 C
Voo = 2.0V 0 1000
Vee = 4.5V HC 0 500 s
tes input risetime, falitime Vee = 6.0V k 0 400
HCT 0 500
HCU No limit
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Table 7 Mitsubishi M74HC/HCU/HCT Series Electrical Characteristics (Ta=—40~+80%)

Limits
Symbol Parameter Type Test conditions 25T —40~485C Unit
Veo(V) Min Typ Max Min Max
we | Vo= 0 Vom0V i:g 311: 311:
llo] = 20uA 6.0 | 4.2 4.2
Vi High-level input voltag Vo= 0.2V, [to] = 20uA 20 | 1.7 1.7 v
HCU | Vo=0.5v, |lo|l=20uA 4.5 3.6 3.6
Vo=0.5V, llo| =20uA 6.0 4.8 4.8
o | VoSOV Vom0V i g 1?;3: 1?:%:
ok s= 20ur 6.0 1.8 1.8
Vie Low-leval nput voltage Vo=Voo—0.2V, Ilo] = 20uA 2.0 0.3 03| v
HCU | Vo= Vee—0.5V, llo| =20uA 4.5 0.8 0.8
Vo = Vgc—0.5V, |lo| =20uA 6.0 1.1 1.1
lon = —20uA 2.0 1.9 1.9
HC lon = —20uA 4.5 4.4 4.4
Standard Vi=Vi, ViL loy = —20uA 6.0 5.9 5.9
) low = —4.0mA 4.5 4.18 4.13
lon = —5.2mA 6.0 5.68 5. 63
low = —20uA 2.0 1.9 1.9 °
e lon = —201A 4.5 4.4 4.4
Von High-level output voitage Buffered V=V, Vi lon = —20uA 6.0 5.9 5.9 \
ton = —6.0mA 4.5 4.18 4.13
lon = —7.8mA 6.0 5. 68 5.63
- lop = —20uA 2.0 1.8 1.8
Vi=Vi | lon=—20uA 4.5 4.0 4.0
HCU - lon = —20uA 6.0 5.5 5.5
. - lon = —4.0mA 4.5 3.98 3.84
Vi=GND | = —5.2mA 6.0 | 5.48 5.34
N loL = 20uA 2.0 0.1 0.1
He ‘ lo = 20zA 4.5 0.1 0.1
Vi= Vi, Vi loL = 201A 6.0 0.1 0.1
Standard
loL = 4.0mA 4.5 0.26 0.33
tor = 5.2mA 6.0 0. 26 0.33
loL = 20uA 2,0 0.1 0.1
] He loL = 20uA 4.5 0.1 0.1
VoL Low-level output voltage Buffered Vi= Vi, Vi loL = 20uA 6.0 0.1 0.1 \Y
loL = 6. 0mA 4.5 0.26 0.33
loL = 7.8mA 6.0 0.26 0.33
loL = 20uA 2.0 0.2 0.2
Vi=Viu loL = 20uA 4.5 0.5 0.5
HCU loL = 20uA 6.0 0.5 0.5
Vi=Veo loL = 4.0mA 4.5 0.26 0.33
loL = 5. 2mA 6.0 0. 36 0.33
hn High-level input current v, =6V 8.0 0.1 1.0 y77.
he Low-level input current V=0V 6.0 —0.1 —1.0 ~A
lozn Off-state high-levet output current V=V, Vi, Vo= Vgc 6.0 0.5 5.0 A
lozL Off-state low-level output current Vi=Vi, Vi, Vo= GND 6.0 —0.5 —5.0 MA
Gate 1.0 10. 0:
lec Quiescent supply current F/F V)= Vge¢, GND, lo=0uA 6.0 2.0 '20.0 HA
MSI 4.0 40.0
1—20 MITSUBISHI
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Table ‘8 Mitsubishi M74HCT Series Electrical Characteristics <Ta=—40~+86’c)

Limits
Symbol Parameter Type Test conditions 25T —40~+85C Unit
’ Min Typ Max Min Max
Vin High-level input voltage Vo=10. W'. Veo=0.1v 2.0 2.0 Y
llg] = 20uA
Viu Low-level input voltage Vo=0.1V, Vec—0.1V 0.8 0.8 | v
[1o] = 20pA
loyw = —20uA Vee—0.1 Vee—0.1
Standard | Vi = Vi, ViL lon = —4.0mA, Vcc=4.5V 4.18 4.13
Vou High-level output voltage ::: — _:;;A’ Voo = 5.5V v::lﬁ. - v::lz_ ; v
Buffered | V,= Vi, ViL lon = —6.0mA, Vge=14.5V 4.18 4,13
lon = —7.2mA, - Vg¢ = 5.5V 5.18 5.13
loL = 20uA 0.1 0.1
Standard | V; = Vin, Vi lor = 4.0mA, Voo = 4.5V 0.26 0.33
VoL Low-level output voltage lo. = 4.8mA, Vg =5.5V 0.26 0.33 v
loL == 20uA 0.1 0.1
Buffered | Vi = Viu, Vi oL = 6.0mA, Vge=4.5V 0.26 0.33
loL =7.2mA, Vgc =5.5V 0.26 0.33
"] High-leve! input current Vi = Vco 0.1 1.0 #A
I Low-levelinput current Vi=GND —0.1 —1.0 #A
lozn Ofi-state high-level output current Vi= Vi, Vi, Vo=Vec 0.5 5.0 uA
lozL Off-state fow-level output current Vi=Vi, Vi, Vo= GND —0.5 —5.0 uA
Gate : 1.0 10.0
lcc Quiescent supply current | F/F V) = Vge, GND, lg =0uzA 2.0 20.0 ~A
MS| 4.0 40.0
Aloe Maximum quiescent supply current Vi = 2.4V, 0.4V (Note 3) 2.7 2.9 mA
Note 3 . Only one is set at this value and other inputs are fixed at Vg or GND
MITSUBISHI =21
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1. Basic Structure : Al GATE Al
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- n SUBSTRATE
cess. This fine pattern process has enabled us to increase )
the MOS transistor drive current capability and reduce the . (a)

parasitic capacitances. (These two improvements allow the

new structure to operate at frequencies as fast as LSTTL POLYCRYSTALLINE SILICON Al S0,

speed.)

2. Operational Description ,
Fig.2 show the one stage inverter circuit that is the basis of n SUBSTRATE
the high-speed CMOS logic. Fig.3 shows the behavior of
this circuit (supply current Igc and output voltage Vo) when
the supply voltage is Vg and the input voltage V, is raised
from GND to Vgc. Fig.1 CMOS device structures
The characteristic curves of the logic are classified by di- (a) AI-GATE CMOS (40008 SERIES)
viding the graph into three regions according to the input (b) Si-GATE CMOS (M74HC SERIES)
voltage.
I : In this region, only p-channel transistor T, is on. Vo is
at Vgc and Igc is negligible. Vee
I : In this region, Vo varies as a function of V,. As V, in- ¢'°°.
creases, n-channel transistor T, turns on, causing Vo to
J
[ e—

fall. The slope of the descent steepens abruptly, and
the value of V,-at that point is referred to as the
threshold voltage of the circuit. Increases of V, about
this value bring Vo very close. to GND I.evel. INPUT OUTPUT
The value of Vg in region II is determined by the rela- v, V—9 g Vo

tive on resistances of T, and T,. Igc is constantly flow-
ing, and reaches a maximum where V, equals the

—
threshold voltage. D, Ds
I : In this region, only T is on. Vo is at GND level, and lcc
N

D,

is negligible.

Fig.2 The one stage Inverter circuit

Q
e}

OUTPUT VOLTAGE Vo,

0 Vo Voo | Vane | Voo
INPUT VOLTAGE V,

Fig.3 170 and supply current characterlstlcs
of the one stage inverter

1—22 , MITSUBISHI
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3. Transfer Characteristics

In high-speed CMOS logic, the circuit threshold voltage is
designed approximately 1/2Vc, far superior to the TTL and
LSTTL logic, where the threshold voltage is independent of

the supply voltage.

The M74HC series includes three devices types. The HC

type has CMOS-level 1/0 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-

Vee=6V
—~ 6 ~ 30
2 £
0 9
> Vee=4.5V ) [‘
w . V=6V
2 4 £ 2 =
w
5 c
[¢] - 4 L
> 8 Vee=4.5V
| Vee=2V
a 2 CcC : 10 'l
5 E'. Voc=2V
o - 2 B l
0 | | 1 0 \n_
0 2 4 6 0 2 4 6

[INPUT VOLTAGE V, (V)

Fig.4-a Qutput voltage vs. input voltage (M74HCO00)

INPUT VOLTAGE V, (V)

Fig.4-b Supply current vs. input voltage (M74HCO00)

Vee=6V 2
5 T g
) Q
5] L
- WCC=4.5V\ C
z Vee=6V
g N\ & 20 o
F \ « I
] [id
0 i =} L
> o
5 Vee=2V \ - Veo=4.5V
'n__ 2 & 10 \
2 35 Vec=2V
T — T \
0 ) N 0 1
0 2 4 6 : 0 2 1 6

INPUT VOLTAGE V, (V)

Fig.5-a Output voltage vs. input voltage (M74HCU04)

INPUT VOLTAGE V, (V)

Fig.5-b Supply current vs. input voltage

(M74HCUO04)

; 6 % 30
s Vee=5V = |
- R
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9 i 3 i
= Vee=5V
g 2 > 10 )
- o
3 5
© B 7]

0 1 . 1 - 0 -
0 2 4 6 0 2 4 6

INPUT VOLTAGE V, (V)

Fig.6-a Output voltage vs. input voltage (M74HCT240)

INPUT VOLTAGE V, (V)
Fig.6-b Supply current vs. input voltage

(M74HCT240)
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acteristics of representative devices: Fig.4 shows the char-
acteristics of M74HC00, Fig.5 those of M74HCUO04, and
Fig.6 those of M74HCT240. The left side of the figures (a)
shows the output voltage Vo vs. the input voltage V,. The
right side shows the supply current Igc vs the input voltage
V..

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 controlied 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 t\ype 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 type has steep threshold characteristics like the
HC type that regenerate the input waveform, but with the
HCT type, the input is TTL-level.

1 ELECTRIC
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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 Ve,
the load capacitances C,, the input rise time tr, the input
fall time tf, and the ambient temperature Ty all affect the
propagation time.

g

)
80 P4

40
N
/ / \JGC’A'S =AM
P N
/
0 100 200 300 400 500

OUTPUT LOAD CAPACITANCE C_ (pF)

Fig.7-a Low-level to high-level output
propagation time (M74HC00)
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Fig.8-a Low-level to high-level output
propagation time (M74HC240)

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 C,, Fig. 9 for the standard-type M74HCO00, Fig. 10
for buffered-type M74HC240. The propagation delay of the
buffered type shows only a small dependence on C.. In
addition, the higher the supply voltage is, the shorter the
delay, and the lower the delay dependence on C,. The de-
lay increase with respect to the load capacitance is linear.
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Fig.7-b High-level to low-level output
propagation time (M74HC00)
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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 Vgc.

and GND. While the gate is held. at either Vo or GND, one
of the two transistors will be off, which means that while the
input is tied to either Voo or GND, the only current drain
between Ve and GND (lge) 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 Ta=20C, and still
only several nA at Ta=85T.
As explained in the section 3, high-speed CMOS logic
draws greater power during switching, when a current flows
between Vsc and GND. The higher the supply voltage Ve,
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 M74HC00 and M74LS00
devices with a capacitive load C_ of 0, 15, and 50pF. The
power dissipation of the M74HCO0 increases in proportion
to the frequency.At a load of 15pF and operating frequency
of 10MHz or over, the power dissipation of the M74HC00
exceeds that of the M74LS00, 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=(Cpp+C.)*Vec?+f+lcc* Voo
where Cpp is the internal power dissipation capacitance, C_
is the load capacitance, and f is the frequency. So simply
connection a capacitive load to the M74HCQO0 will increase
the power dissipation by only the capacitive charging and
discharging currents. The same relation holds true in princi-
ple for the M74LS00, 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 Vgc and discharged at GND
level, while LSTTL is limited to within the 0.2~ 4V range.
This means that the M74HCO00 is more greatly influenced
by C_, so at higher C_ values the bandwidth over which the
M74HCOO0 dissipates less power become narrower. There-
fore, good circuit design demands that the capacitative
loads be kept as low as possible.

Vec=bV
100 | . .
BRI %
(D\E, Yy ° /
10
ES_’ M74LS00
o
P4
9
l_
-y
8 o1
a
o —— C,=0pFOPEN
w ——m C =15pF
g oo —eem! C_=50pF
o
0. 001 i il | a1

100k 1M 10M  100M
FREQUENCY f (Hz)

Fig.9 Power dissipation per gate vs. frequency
for the M74HCO00 and M74LS00

1k 10k

6. Noise Margin

As explained in the section 3, the threshold voltage of high-
speed CMOS logic is approximately 1/2 of the supply voit-
age Vgc. In addition, when there is no load, the high-level
output voltage Vo is nearly equal to V¢, and the low-level
output voltage Vo, nearly at GND level. This gives high-
speed CMOS logic a much high DC noise margin than
LSTTL.

The high-level noise margin V,y and low-level noise mar-
gin Vi are given by Vuyn=Von—Vi, and Viu=Vo_— V..
Fig.10 compares Vyy and Viy of LSTTL and high-speed
CMOS logic at a 5V supply voltage. Vyy and Vi are both
1.4 for high-speed CMOS logic, a great improvement over
the much lower values of LSTTL. In addition the threshold
voltage of LSTTL has a temperature dependence of about
—2mV/C, while high-speed CMOS logic has no such de-
pendence — guaranteeing a constant noise margin over a
wide temperature range.

The AC noise margins of LSTTL and high-speed CMOS
logic is similar. At a 5V supply voitage, the typical propaga-
tion time of both is about 10ns, and both offer similar noise
immunity.

'
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Vee

Vee, Ds 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 M74HC series has been designed to with-
stand 1/0 surge currents of up to & 20mA without demage.
Although the individual data sheets for the series may not
show this I/0O protection circuit, each device incorporates

Vou

VIH
1.5V

Vi M v Vin0. 4V Vin=1.4v

Vo max 0.1v

o HIGH-SPEED
LsTTL CMOS LOGIC

HC-TYPE

Fig.10 A comparison of LSTTL and high-speed CMOS

DC noise margins (Voc=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-layer thickness of 0.06um. This thin oxide
layer has an insulation breakdown voltage of only 100V,
therefore any larger voltages applied on the gate will des-

this circuit, each device incorporates this circuit.

Vee

j.

Dy
R
OUTPUT
|NPU'|'(> AN— o

—T, D‘k De

D2 Dy —
o
GND

troy the IC. To prevent this from occuring, all devices in the :; ';‘:::::: ::::::Z:
M74HC series feature an input protection circuit consisting D, : Diode formed by p* diffusion and substrate (n)
of diodes D4, Dy, and D3, and resistor Ry in place of a con- D, : Diode formed by p-well (p) and n diffiusion
ventional direct input. D; : Diode formed by p-well (p) and n* diffusion
When a steeply sloped positive overvoltage pulse is ap- D,  Parasitic diode formed by p-well (p) and drain of T, (nh)
plied to the input, it charges the parasitic capacitor formed D : Parasitic diode formed by substruate (n) and T drain (")
by R, in parallel with Dy, D,, and Ds. The time constant of Ds :Pirafltlgdrode 'formed by substrate (n) amliI island (p)
this circuit delays the voltage rise on the gate, while Dy Ri = n" diffusion resistor formed on top of p-we
passes a current to V¢, this clamps the input voltage at
Vece, and prevents high voltages from appearing on the  Fig.11 The protection circuit of the M74HC series
gate oxide layer.
If a steeply sloped negative overvoltage pulse is applied to
the input, D, and D3 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 capacitor, or inputs over 3kV produced by discharge
of a 100pF capacitor with a 1.5k} resistance. These values
are comparable with LSTTL and TTL.
D, and Ds protect the circuit against -overvoltages at ap-
plied at the outputs. When a surge voltage is applied at
MITSUBISHI
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DEFINITIONS AND TEST METHODS FOR SPECIFICATIONS
AND TYPICAL CHARACTERISTICS

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 (Vcc)
(2) Input voitage (V,)
(3) Switching 170 voltage (Vo)
(4) Output voltage (Vo)
5) Input protection diode current (I,c)
6) Output parasitic diode current (lok)
) Output current (1o)
8) Supply/GND current (lcc)

) Power dissipation (Pg)
{0 Storage temperature range (Tstg)
1-1 Supply Voltage (Vcc)
Specifies the range of supply voltages that may be safely
applied at Vgc 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 V¢ to GND. This phe-
nomenon, known as “latchup”, may either destroy the IC or
greatly reduce its refiability.
1-2 Input Voltage (V))

Indicates the permissible applied voltage at the input ter-
minals with respect to GND. Exceeding this value may
cause latchup.
1-3 Switching I/0 Voltage (Vo)
Applies to devices containing analog switching circuits
such as M74HCA4066, and. specifies the maximum permissi-
ble voltage that may be applied to the switching input or
output terminals without causing latchup.
1-4' OQutput 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 Vgc+0.5V, when the output state is low, they
cannot drop below —0.5V. 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 (k)
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 (lox)

. 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 (lo)

Specifies the maximum allowable currents at the output ter-
minals during normal operatibn. 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 V¢ 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, 1/0
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 (Vcc)

Specifies the supply voltage applied at Vqc with respect to
ground. The supply voltge of high-speed CMOS devices is
2~BV(4.5~5.5V for type HCT), which is much wider than
TTL devices (4.75~5.25V).

2-2 Input Voltage (V)

Specifies the optimum input voltage range. This range is
the same for all supply voltage range of Vgc=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 Voc=2~6V.

2-4 Operating Temperature Range (Topr)

Specifies the ambient tmeperature range within which the
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DEFINITIONS AND TEST ME’THODS FOR SPECIFICATIONS
AND TYPICAL CHARACTERISTICS

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 Voo =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 Ty under worst-case

conditions. All parameters are guaranteed at 2, 4.5, and 6V

supply voltages, except for Iy, I, lozu, lozL, and lce, which

are guaranteed at Voc=6V only.

4-1 High-Level Input Voltage (V)

Specifies the high-level input voltage required to generate

the specified output conditions.

4-2 Low-level Input Voltage (V)

Specifies the low-level input voltage required to generate

the specified output conditions.

4-3 Positive-going Threshold Voltage (V)

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 (V1-).

4-4 Negative-going Threshold Voltage (V1)

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 (Vr4).

4-5 Hysteresis Voltage (Vy)

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 (Vou)

Indicates the high-level output voltage obtained at the out-

puts when high-level input voltage V,; (Vy+ for Schmitt trig-

ger devices) and low-level input voltage V, (Vr - for

Schmitt trigger devices) are applied as specified to the in-

put terminals indicated to the input.

4-7 Low-Level Output Voltage (Vo)

Similar to the above. Indicates the low-level output voltage

obtained under the specified conditions.

4-8 Maximum Output Leak Current (lp)

In devices with open drain outputs, this parameter indicates
the current outfiow 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 (Roy)

Applies to devices containing analog switching circuits. In-
dicates the DC on-state resistance of the analog switches.
Guaranteed for input voltage of 0 to Vgc.

4-10 On-State Resistance Variation (A Rgy)

Indicates the difference between the maximum and mini-
mum on-state resistance values (Roy) for analog switches
in a single device.

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

4-12 High-Level Input Current (1,;;)

Indicates the current that flows into the device when 6V is
applied to the input at Voc=6V. |y for type HCT is deter-
mined with input and supply voltages of §.5V.

4-13 Low-Level Input Current (I.)

Indicates the current that flows out of the device when OV
is applied to the input at Vcc=6V. |, for type HCT is deter-
mined with a supply voltage of 5.5V.

4-14 Off-state High-Level Output Current (lozn)

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 Vcg = 6V. lgzy for
type HCT 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 (loz )

Applies to devices with three-state outputs. Indicates the
current that flows out of the device when OV is applied to
an output in the high-impedance state at Voc=86V. lgz_ for
type HCT 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 (Icc)

Indicates the current that flows at Voc 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 Vo and low-level inputs at ground.
4-17 Maximum Quiesenct Supply Current (Alcc)
Applies to device with TTL-level inputs (type HCT). Indi-
cates the current that flows at Vgc when the output condi-
tions are stable. The current is specified with 2.4V and 0.4V
applied at a singie input while all other inputs are held at
Vee or ground and Ve is at 5V+10%.

4-18 Active-State Supply Currnet (Icc)

Applies to one-shot multivibrator circuits. Indicates the cur-~
rent that flows at Vgc when the timing circuit constate Rx/
Cyx is 1/2Vgc. 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 Vgc and low-level inputs at GND.

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

The switching characteristics are measured at Tg=—40~
+85C, 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 (i, t) and specified output load capaci-
tance C,.

5-1 Low-Level to High-Level Output Transistion Time

(trLn)

Indicates the time required for the output waveform to .

change from 10% 1o 90% of Ve when inputs are applied to

cause the output to change from low to high.

5-2 High-Level to Low-Level Output Transition Time
(truu)

Indicates the time required for the output waveform to

change from 90% to 10% of V¢ when inputs are applied to

cause the output to change from high to low.

5-3 Low-Level to High-Level Output Propagation
Time (tpLn)

Indicates the timé 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 Propagatlon Time
(teLn)

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 (tpz4)

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 high.

5-6 Output enable time to low-level (tpz)

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 (tp,z)

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 (tp,7)

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

Appiies 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 1kHz, and
the amplitude 1.25Vp.p. Measurements are performed at
Vcc=2.§v,' and Vss='_25V

5-11 Maximum Transmission Frequency (fmax(l/O))
Applies to devices containing analog switches. Indicates
the frequency bandwidth transmitted by analog switches in.
the “on” state. A 1.25Vp_p sine wave is applied at the /0
terminals and the frequency is increased until the output is
3dB down from the input level (about 7/10). This frequency
is designated at fmax (1/0). Measurements are performed
at Vgc=2.5V, and Vgg=—2.5V.

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 50dB down from the input voltage (about 1/316), is
defined as the feedthrough level.

5-13 Crosstalk (Control-input-to-Switch)

Applies to devices containing analog switches. Indicates
the degree of interference between signals at the control
inputs and those at the 1/0 pins of the analog switches. A
pulse is applied to a controf 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. Indicates
the degree of interference between signals at the 1/0 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 1kHz. This frequency is defined as fmax (C).
5-16 - Input Capacitance (C,)

Indicates the capacitance between an input terminal and
GND. lt is normally measured at OV and f=1MHz. "

5-17 Feedthrough Capacitance (Cx.y; v.x)

Applies to devices containing analog switches. Indicates
the capacitance between 1/O 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;
Po=Cep * Vcc? * fitles * Vec

6. Timing Requ:rements (see sections 7-2
and 7-3)
These parameters specify the input timing requnrements for
clock pulses, reset pulses, etc. required by devices con-
tainging flip flops to maintain stable output waveforms in
the specified sequence.
Timing requirements are measured at Ta=25C, and in-
clude pulse width, setup time, hold time, and recovery time.
6-1 Puise 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 puise 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 (trec)
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 o
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 - } 7-1-4 Von
7-1-1 Vi, Vi (1)
Vee
Vee
T " llol
o] Input conditions | — 14 ‘g —
lo (see table) 2 g 2
Input conditions | —1 5 51— ) 5
(seetable) Y12 & — i
—= 3 Vou
Von Measurement Conditions ’L
Measurement Conditions I ) Function Input conditions
Prp— NAND Input under test at Vss, all others at Vo
Function ' t:;pu ﬁo:th onstv AND All inputs at Veo :
NAND Inpfn under :st at v, al ers at Vi NOR All inputs at GND ~
AND All inputs at Viy OR Input under test at Vpp, all others at GND
NOR__|Allinputs at Vi Note : The input conditions of devices with three-state input
ote . The input conditions evices Wi ree-state inputs are
3 it V) . ) .
OR - Input under test at Vi, all cthers at Vi, set to place the outputs in the active (low-impedance)
Note : The input conditions of devices with three-state inputs are state.
set to place -the outputs in the active (low-impedance)
state. 7-1-5 Vo
7-1-2 V|H, V"_(Z) . !
. Vee :
Vee j
N
ju— Input conditions 3 2]l=
Input conditions | —] . 5 ('3, (see table) £ 3
(see table) {—]a & ]
—= 4 VoL
Vor Measurement Conditions
Measurement Conditions ’L Function ‘Input conditions
Function Input conditions ' NAND All inputs at Vg
NAND Al Inputs at Vi AND Input under test at GND, all others at V¢g
AND Input under test at Vi, all others at Vi, B NOR lnpt"‘ under ‘:‘ at Veo, all others at GND
NOR Input under test at Vi, all others at Vi OFR All inputs at GND
OR All inputs at Vy Note . The input conditions of devices with three-state inputs are
- - — - set to place the outputs in the active (low-impedance)
Note : The input conditions of devices with three-state inputs are state. ]
set to place the outputs in the active (low-impedance)
state. ) 7-1-6 o
7-1-3  Vry, Vo, Vy (VT+_VT-)
Vee
Vs Vr—
V,
& Veo — R.=1kQ
. el
. Input conditions ‘g -1
ol (see table) £ 3 Vo
=] b o —
—/ 1= 35 1= s|— )
Note1< —43 BE}F—0 Note2<—143 B
c 3 £ S
—4 = 0 1" ©
Voo Von Measurement Conditions
an Jr Function Input conditions
o NAND | Input under test at GND, all others at Vg
Note 1 : When measuring Vr., all inputs are set at Vr. AND Al inputs at Vo

Note 2 : When measuring Vy—_, the input under test is set at Vr_, NOR All inputs at GND
and all others at V.

Note 3 : Measured at all inputs. OR Input under test at Vg, all others at GND
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7-1-7 On-State Resistance (Roy) 7-1-10 |,
@7 Veo
-
E o
g &}— oeen
z 2
Vi = 0
o]
\" -—
i ,L
Note : Measured at all inputs
—Vo|
——_4—— Q)
10 : 7-1-11  lozw lozL
Note 1 : Input conditions are set to place
7-1-8  loer v the outputs in the high-
3 impedance state.
IVCC T 2 . Before applying a high-level ex-
~ ternal test voltage to an output,
) e set input conditions to generate a
OTHER
H _! | NOTE {—« mPTJErs lﬁ_z_" low-level output when the output
! OFF Voo S Yoo =°Vo s enabled.
Vi ——°V OR conTao (102, | 3 : Before applying a low-level exter-
' GND INPUTS nal test voltage to an output, set
! input conditions to generate a
_J high-level output when the output
- - is enabled.
Vss
7-1-12 |
7-1-9 1y cc
Vee
Vee
lec
hn
-5 - -
v 5 5 2
1 ’5 = INPUT CONDITIONS —a ,’E —— OPEN
z L|—OPEN —J1z >
z 2D [e]
£ 3 pu—
J? . . Note : Set the input conditions according to the function table before
Note : Measured at all inputs performing the measurement.

7-2 Switching Characteristics Test Circuits

OUTPUT

TO OQUTPUT TERMINALS

!

teLn, teue

TO OUTPUT TERMINALS

INPUT OuUTPUT

[o]
’-Ill
[Ofur]
gz
I

£z
e
25
e
BT

Vee OUTPUT OUTPUT

R

"
ez, toz

tpLz, tpz. (OPEN DRAIN OUTPUTS)

TO OUTPUT
TERMINALS

ICL Re

tenz, thzu
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AND TYPICAL CHARACTERISTICS

7-3 Timing Charts
7-3-1 Types HC and HCU

OTypical Gate (including gates with three-state outputs)

—_—\ Vee
DATA INPUT ¢50% S 50% OUTPUT CCNTROL INPUT
.—j K— GND
oL » torn |tz
B )
INVERTED OUTPUT 50% 50% N OUTPUT1
g VoL Vou
ten | tonL
%09 4~ 0% Vo Vo
NONINVERTED 50% 50% OUTPUT 2
OUTPUT 10% 10% Vou
trin truL

OTypical Flip Flop

. tw tw
Vcc SETIONRPUT _\ [—;———— Vcc
CLOCK INPUT 50
7 50% 50% 50% RESET INPUT RSO% 1>
GND \ GND
tsu th rec
. Vee Vee
DATA INPUT 50% 50% CLOCK INPUT 50%
GND
teum tere
90% h— Vou
NONINVERTED 50% NONINVERTED 50%
OUTPUT 0% OUTPUT . Vou
tron toLn
tpnL
Ty V
90% oH
INVERTE ;
OUTPlTJTD 50% INVERTED - A50% .
10% OUTPUT
Vou
truL
7-3-2 Type HCT
KR 3.0v
DATA INPUT : OUTPUT CONTROL \ Y/ 1.3v
/ 1.3v 1.3v o INPUT 1.3V ov
ton | teun | tez tez
Vou h—
INVERTED OUT : INVERTED OUTPUT
outeuT 1.3v 1.3V 1.3v 10% Vou
| tenz tozn
Vou
NONINVERTED

NONINVERTED OUTPUT
OUT! PU
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7-4-3 Sine Wave Transmission

R.=1kQ

+2.5v

7-4 Switching Characteristic Test Circuits for Analog Switchs
Low-Level to High-Level and High-Level to Low-Level

7-4-1
Propagation Time (1/0-to-1/0)

3 Vee
V, 0—— Vo
. R.=1k§} —2.5v
== >R .
J -—‘CL - C_=50pF
The sine wave input amplitude is £1. 25V.
Timing Chart fmax(l/o) is the input frequency f; that satisfies 20|og,0 v, O —_3dB
6ns_, - -
90% 90% 7-4-4  Feedthrough, Maximum Transmission Frequency
Vi 50% 50% (fmax(1/0)) :
0% 10% max(l/0
: +2.5v Ro=Tkf
Vee C_=50pF
Vo 50% 50% ‘ 2 sv”"j . sw parameter
—— W_ | +2.5v ’P:Jlaximum Transmission
" requency
— o | teue / Feedthrough
v, o— Vo
+2.5va_ SW|
7-4-2 Low-Level to High-Level and High-Level to Low-Level —2.5v° -
Propagation Time (Control-Input-to-1/0) I Ves
The sine wave input amplitude is *1.25V.
tpuz, tezw | Sa=1, Sg=2 R.=1k tmax(1/0) is the input frequency f, that satisfies ZOIogw—V————SOdB
terz, tpzL : Sa=2, Sg=1 9 Veo C_=50pF
7-4-5 Crosstalk (Switch-to-Switch)
R.=1kQ
CL=50pF

Timing Chart

50%

VOL

Vou

ks %

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

R.=1kQ

6ns 6ns Ivcc C,=50pF
90% ;*l [—- - -——]
10% {

oVo

Ve G

OUT/IN

—
v t

Timing Chart

Ve b {90% 50%
o Nio% ¢

fmax(C) is the input frequency f, that yields an output ampli-
tude (Vo) that is 1/2 the amplitude measured at f=1kHz.

7-4-8 Input Capacitance C,, Feedthrough Capacitance
(Cxevs v-x)
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8. Basic Gate Ta=—45C ——e—msnm
Characteristics Ta=25C
Ta=85C =ececcua- -
INPUT-TO-OUTPUT TRANSFE INPUT-TO-OUTPUT TRANSFER
CHARACTERISTICS CHARACTERISTICS
M74HCO0P M74HCUO4P
6 Vee=6V V=6V
3 2 ™
(o] - (]
> Voc=4.5V > Voo=4.5V
w o S
g 4 ;.5 4 N
3 3
9 B >
= = =
5, | Vee=2v 5 Vec=2V
[N o
= E
2 =)
o [~ (o]
0 A ) A 0 e
0 2 4 6 0 2 4 6
INPUT VOLTAGE V, (V) INPUT VOLTAGE V, (V)
INPUT-TO-OUTPUT TRANSFER INPUT-TO-OUTPUT TRANSFER
CHARACTERISTICS CHARACTERISTICS
M74HCT240P ) M74HC132P
- i Veo=6V
> ~
2 & : > 6
N Voo=5V 2
3 o Vee=4.5V
< [}
5 4 E 4
> i o)
E > -
2 =
o po] Vee=2V
E 2 B2 ey
3 5
L 0 |
0 ) . . 0 A
0 2 4 6 0 2 4 3
INPUT VOLTAGE V, (V) * INPUT VOLTAGE V, (V)
HIGH-LEVEL OUTPUT CURRENT VS ) LOW-LEVEL OUTPUT CURRENT
" HIGH-LEVEL OUTPUT VOLTAGE VS LOW-LEVEL OUTPUT VOLTAGE
HIGH-LEVEL ouTPUT M74HCO0P M74HCO0P
VOLTAGE Vol(=Von—Vec) (V) < =z
— —4 —2 0 £ E
T T I 0 ~ -
Vee=2V 3 3
[
Veo=4.5V _— z Et
- p B w00
—y ey
F—= 5 & K Voe=6V
Vee=6V o= O ——
e S o o -
L.~ 2 2 -~
—l [ = i
=) 5 P——
o © o Voe=4.5V
—100 1 i i
o frr
5 >
w .
5 . V=2V
b ; 1 1
2 g o 2 4 6 ;
LOW-LEVEL OUTPUT VOLTAGE Vo (V)
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HIGH-LEVEL OUTPUT CURRENT VS
- HIGH-LEVEL OUTPUT VOLTAGE

HIGH-LEVEL M74HC240P

LOW-LEVEL OUTPUT CURRENT VS
LOW-LEVEL OUTPUT VOLTAGE

OUTPUT VOLTAGE Vo (=Von—Vee)(V) M74HC240P
-6 .
= =
£3 B85
EE £2 100
— 22— 2 — _
Vec=4.5V % 3% 038 ch 6v
- 49 4>
—— T T R g G S
ag 8t |
---------- - _'”__1 o e s o
o Veo=4.5V__]
"] —100 éa 88 T comt e
Vee=6V. » I -
s o g
Vee=2V
4 6
LOW-LEVEL OUTPUT
CURRENT lo. (mA)
ANALOG SWITCH
ON-STATE RESISTANCE
M74HC4066P
1k
~ 800
S 60 |
% 400 ' \
I p—
8 0 / \ Yoor® '
4 / \
hd
o100
o 80 — 4.5
g % Voo=4.5V
TR ]
& Veoe=6V
@ 2
r4
o
10 ,
-4 -3 —2 -1 0 1 2 3 4
v
INPUT VOLTAGE (Vin——5)(V)
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LOW-LEVEL TO HIGH-LEVEL

LOW-LEVEL TO HIGH-LEVEL
OUTPUT PROPAGATION TIME tp 4 (ns)

LOW-LEVEL TO HIGH-LEVEL

LOW-LEVEL TO HIGH-LEVEL OUTPUT

PROPAGATION TIME VS LOAD CAPACITANCE

OUTPUT LOAD CAPACITANCE Co (pF)

8

3

o]
b=1

P
o

n
=]

o

LOW-LEVEL TO HIGH-LEVEL OUTPUT
PROPAGATION TIME VS LOAD CAPACITANCE

M74HCOOP
5100
£
I
& .
Y
g N
=
Z 60 /‘VQ/
e . \\cy
E
Qo /
< 40
a d Y
8 / Neco.
o ] N
- 20p7 L v 056.0 —
=) % ¢
L |
20
S "¢ 700 200 300 400 500

M74HCUO04P
o /
Y
1
I A9
A /460 ] 46.0\1'
/ cG
=]
/
0 100 200 300 400 500

OUTPUT LOAD CAPACITANCE Cq (pF)

LOW-LEVEL TO HIGH-LEVEL OUTPUT
PROPAGATION TIME VS LOAD CAPACITANCE

M74HC240P
2o
I
s
w 80
s |~
[ Q\l
z 2.
o 60 Z
> =
g
< 2
2
£ 2 o™ ]
5 B, e e 30
E =] ¢
3o L
G700 20 300 400 50

OUTPUT LOAD CAPACITANCE Co (pF)

HIGH-LEVEL TO LOW-LEVEL OUTPUT
PROPAGATION TIME VS LOAD CAPACITANCE

M74HCO00P

s 100
4% /
w .z
>0 g0
iz
; [ Q\\

z - A
9 %} 60 400/
ok
<
.Jg /
wg 40 /
e =N
ac Noc
t / //l/51
gié 20 p ’//,/ Noc™ ™
N

o 0 30

o
g

OUTPUT LOAD CAPACITANCE Co (pF)

HIGH-LEVEL TO LOW-LEVEL OUTPUT
PROPAGATION TIME VS LOAD CAPACITANCE

M74HCUO4P
= 100
£
gl 8o
1
2
3
0
aZ g0 //
o? P
Pl A2
e N
>§ 40
-9 o
Ia . / \lcc’A'
(_'J’— 20 oV
IE Vccgﬁ'
5 |
0 0 700 200 300 400 500

OUTPUT LOAD CAPACITANCE Co (pF)

HIGH-LEVEL TO LOW-LEVEL OUTPUT
PROPAGATION TIME VS LOAD CAPACITANCE

M74HC240P
glOO
JF /
w.e
Dw 80
-
zF Sy
0z &
30 60 Qy
ok
g
__'(5
§u<. 40
wo / AN |1
4K Voo
3 s
22 ¢
I% _—4/ ]
—

O O5—— w0 30 @0 50

OUTPUT LOAD CAPACITANCE Co (pF)
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- THE MITSUBISHI QUALITY-ASSURANCE SYSTEM
~AND DEVICE RELIABILITY DATA

MITSUBISHI HIGH SPEED CMOS

1. Introduction

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-

tem and reliablility test procedufes use"d at Mitsubishi Elec-
tric to guarantee that our customers receive highly uniform
and reliable products.

2. The Quality-Assurance System

This system consists of quality-assurance procedures in the
design and production processes. Fig. 1 shows the entire
system.

[Administration Division l\gaﬁf Processing " Qualty Production Management
Sales Division o vision Disision Principal
Outside [Materials Division D&s;gm:g |Assembly Division| Quallty Control Assurance Accounting Division standards pages
Warehousing and |Processing Division Division Process Planning Division
Shipping Division Division N
Customer purchase
. specifications,
O
(Markst research }I( 1:,‘.’:,'::’“ contact with
JIS and other
THal production. standardization
O - _( )_. Primary testing
development
6processing o Y O
: @ O
Preprocessing conference
Secondary
_—( Preproduction )—h tosting )
|
Mass pr oduction Product drawings
conference N Product.
Production Drawing specifications
drawings supply
Delivery
‘ specifications
Purchasing
Production specilfications
~ 7 process planning Pro duct!on
1 h cl Operations pecial E inspection
sm"?ﬁ?"&?‘s'rﬂ’ planning } -purpose specifications
e NN Purchasing
planning >"\ specifications
Orders placed
Subcontracted product S X A
2 quality control , :urfz':\astllngs
> " . specification:
\/ i
Recslvmg . )\ AAA Scope of
L J S5 inspection reports
-/ w® 58 =
gzl BERES £,
Water - S £ 895528505 2 Operator
rocessin Eg,‘ [ -%5-] §§ 2.£ guidance
- °
=5 Warehousing | H g o ¥ é = memoranda
£5 ALE Y BHE B§ = 8 |scope of inspection
§ =4 A " Intemat = oF g £ reports
e Y s £ S
. E.E < \ § E & [Scope of inspection
1 a ¢ § 8 reports
Final Quality \r € é g
L inspection] z 8-
> 3
Warehousing ) v
O O O
COrrectIve measures for
p 9 lities ) Detivery
- Shipping { Shipping specifications
directives \ po— process planning, Scope of inspection
Orders ived i reports
3 ( Packing and )A > ]
g - shippin, - !
| gee
Delivery-rel Feedback
23.‘.’;‘.':.’.%?“’ Q Q Q Corrective action
. for
O Corrective /7 7/
\J measures for complaints
Compensatory action
and report
. -Assur: tem Main divisions — Flow of materials,.
Fig.1 The Quality-Assurance Syste % components and production
D e

O Peripheral divisions

Flow of information
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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
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-

[ Actions
Tests

—— Data flow
—==* Corrective actions

CD Succession of steps

Establishing
reliability of
materials and
processes

Management
- testing

Data record of

F,
\\ eedback data
« Reliability test data
N from wafer and

similar devices{ reliabitity of device
under development

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 biock 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.

Establishing
reliability of
device under
development ~

devices

Design
inspection

FTA and FMEA
failue rate prediction

Establishing the
design reliability

Determining

Feedbao‘( aata

. N ’
Device reliability /I

N
assembly
N\, test
\_processes data i
\
Process Device |
evaluation evaluation
O\ J N
Circuit-block-leve! Device-level
evaluation evaluation

Single-unit,
transistor-level, and
cell-level evaluation

Fig.2 Methods of Determining and Ensuring Reliability
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3-2 Test ltems and Condltlons
Table 1 Reliability Test ltems and Conditions for the M74HCOOP Series

Test item

Conditions

Measured parameters

Solderability test

Wetted with rosin-base flux and i d up to stoppers for 5sec in 230°C solder bath.

Visual inspection

Thermal stress

Soldering reliability test

260°C, 10sec

Thermal shock test

—40~125C, 15cycles, 10min/cycle

Temperature cycle test

—65~150°C, 1 hr/cycle

Electrical characteristics

Visual inspection

Lead strength test 250g, 90°, bent three times
Shock test 1500G, 0. 5msec, 3times each along X, Y, and Z axes
Mechanical stress Natural drop test 75¢m to a wooden board, Y' direction, 3times
Vibration test 20G, 100~2000Hz, 4times each along X, Y, and Z axes

Constant acceration test.

20000G, Y direction, 1min

Electrical characteristics|

High-temperature op

eration life test

Ta=85C, 1257C, 150°C V=6V, 8.5V

Electrical characteristics|

High-temperature storage life test

To=150C

Electrical characteristics

High-temperature high-
humidity storage test

857, 85%RH

High-temperature high-
humidity bias test

85°C, 85%RH Vee=6V

Humidity resi

Pressure-cooker test
(saturated)

121°C, 2atm, 100%

Pressure-cooker test
(unsaturated)

130°C, 85%RH, Voo=6V

Electrical characteristics|

Table 2 Reliability Test ltems and Conditions for the M74HCOOFP Series

Test item

Conditions

Measured parameters

Solderbility test

Wetted with rosin-base flux and immersed up to stoppers for 5sec in 230°C solder bath.

Visual inspection

Soldering thermal stress test (1)

Entire surface immersed in solder (260°C, 10sec, 3times)
&
High-temperature, high-humidity bias test (85°C, 85%RH, V¢c=6V, 1000hr)

Electrical characteristics

Soldering thermal stress test (2)

Entire surface immersed in solder (260°C, 10sec, 3times)
i |
Pressure-cooker test (121°C, 2atm, 240hr)

Electrical characteristics

Soldering thermal stress test (3)

High-temperature high-humidity storage (85°C, 85%RH, 24hr)

4
Entire surface immersed in solder (260°C, 10sec, 3times)

Q .
High-temperature, ﬁigh-humidity bias test (85°C, 85%RH, Voc=6V, 1000hr)

Electrical characteristics

Thermal stress test

Entire surface iImmersed in solder (260°C, 10sec, 3times)
4

Thermal shock test (—40~4125°C, 15cycles)
8

Temperature cycle test (—65~+150'C, 500cycles)

Electrical characteristics

High-temperature, high-humidity bias test

85°C, 85%RH, Vo=6. 0V, 1000hr

Electrical characteristics

Pressure-cooker te:

st (saturated)

121°C, 2atm, 240hr

Electrical characteristics

Pressure-cooker te

st (unsaturated)

130°C, 85%RH, Vc=6. 0V, 1000hr

Electrical characteristics

Lead strength test

250g, 90°, bent three times

Visual inspection

High-temperature operation life test

Ta=125'C, Vgc=6. 0V, 1000hr

Electrical characteristics

High-temperature storage life test

T5=150'C, 1000y

Electrical characteristics|
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3-3 Deveice Failure Cirteria

)

Electrical Characterlstlcs

Table 3 Device Failure Crlterla

Failure points
Parameter Unit
Lower Upper

High-level output voltage (Vou) LX0.9 - v
Low-level output voltage (Vo) - ux1.1 v
High-level output current (lon) LX0.8 - mA
Low-level output current (io,) LX0.8 - mA
High-level input voltage (Vix) LX0.8 - v
Low-level input voltage (Vi) - uUXx1.2 v
Input current (1) - UX2.0 uA
Quiescent supply current (Icc) - ux2.0 uA
Functional fault Short, open, misoperation -

L . Lower limit U : Upper limit

@)

3)

Solderability

- Solder adheres to less than 95% of the wetted area.

Terminal Strength
Lead separation or damage is observed.

3-4 Results of Reliability Tests
Table 4 shows the results of reliability tests on M74HCOOP series DIP devices, and Table 5 those of M74HCOOFP SOP de-
vices.

(1)

High-Temperature Operation Tests

Tests were conducted under the following conditions: Vcc =6, 8.5V (6V only for SOPs), and Ta=85, 125, 150°C (125C
only for SOPs). Table 6 shows the failure ratios based on this data. At Ta=25C, the statistical failure ratio is 0.0012%
/1,000hr (1.2FIT), and at Ta=55C, it is 0.001%/1,000hr (10FIT).

High-Temperature Storage Test .

Devices were stored for 2,000 hours (1,000 for SOPs) without any failures.

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 devnces
failed, indicating that no humidity-related application problems will develop. :

Soldering Termal Stress Test

The results show that the heat stress problems generally associated with surface-mounted SOPs have been solved.
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.

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 3015, C=100pF, R=1.5k{) 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 I/
O protection circuit design. All pms of all devices can withstand at least 3kV.

Latchup Resistance Test )

Although static electricity would readily cause latchup in previous CMOS devices, the pattern layout and I/Q protection
of Mitsubishi M74HC series high-speed CMOS devices has eliminated this source of latchup.

In-house checks of latchup resistance were performed uéing 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=0Q. The
latchup resistance was evaluated at inputs, outputs and V¢e.

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 Qty Failures
Solderability test Wetted with rosin-base flux and immersed up to stoppers for Ssec in 230°C solder bath. 264 0
Soldering rellablllty test 260C, 10sec - . 836 0
Thermal stress Thermal shock test —40~125C, 15¢ycles, 10min/cycle 836 0
Temperature cycle test —65~150C, 1 hr/cycle 836 0
Shock test 1500G, 0. 5msec, 3times each along X, Y, and Z axes 132 0
. Natural drop test 75¢m to a wooden board, Y' direction, 3times 132 0
Mechanical stress :
. Vibration test 20G, 100~2000Hz, 4times each along X, Y, and Z axes 132 0
Constant acceration test 2000G, Y direction, 1min 132 0
Lead strength test 250g, 90°, bent three times 198 0
High-temperature operation life test (1) 857C, V=6V, 2000hr 560 0
High-temperature operation life test (2) ' | 85°C, Voe=8.5V, 2000hr 376 0
High-temperature operation life test (3) 125°C, Voo=6V, 2000hr ] ) 298 0
High-temperature operation life test (4) 125°C, Vge=8. 5V, 2000hr 146 1l over)
High-temperature operation life test (5) 150°C, Voe=6V, 1000hr - 158 0
High-temperature storage life test 150°C, 2000hr : 220 -0
High-temperature high- 85°C., 85%RH, 2000hr 308 0
humidity storage test .
High-temperature high- | oo s596RH, Veo=6V 2000hr ) ' 52 0
Humidity resistance hurnidiy bias test :
Pressure-cooker test
121°C, 2atm, 240hr 439 0
(saturated)
Pressure-cooker test 130, 859%RH, Voe=6V, 500hr 302 0
(unsaturated) I
Table 5 Results of Reliability Tests on the M74HCOOFP Series
Test item Conditions Qty Failures
Solderbility test Wetted with rosin-base flux and immersed up to stoppers for Ssec in 230°C solder bath. 110 0
Soldering thermal stress test (1) Entire surface immersed in solder (260°C, 10sec, 3times) )
8 . . 10 0
High-temperature, high-humidity bias test (85°C, 85%RH, Voc=6V, 1000hr)
Soldering thermal stress test (2) Entire surface immersed in solder (260°C, 10sec, 3times)
3 : 110 0
- Pressure-cooker test (121°C, 2atm, 240hr)
Soldering thermal stress test (3) High-temperature high-humidity storage (85°C, 85%RH, 24hr)
R 8
Entire surface immersed in solder (260°C, 10sec, 3times) 110 0
¢
High-temperature, high-humidity bias test (85°C, 85%RH, Voc=6V, 1000hr)
Thermal stress test Entire surface immersed in solder (260°C, 10sec, 3times)
4
Thermal shock test (—40~-+125C, 15cycles) ne 0
3 —_—
- Temperature cycle test (—65~-+150C, 500cycles)
High-temperature, high-humidity bias test 85°C, 85%RH, Vco=6. 0V, 1000hr o 0
Pressure-cooker test (saturated) " ] 121°C, 2atm, 240hr ne 0
Pressure-cooker test (unsaturated) 130°C, 85%RH, Vc=6. 0V, 1000hr 1o 0
Lead strength test 250g, 90°, bent three times . L 0
High-temperature operation life test Ta=125C, Voc=6. 0V, 1000hr 190 0
High-temperature storage life test : Ta=150C, 1000hr 110 0
- MITSUBISHI
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Table 6 High-Temperature Operation Test Data and Probable Failure Ratio

Device

aa

C=100pF
R=1,5kQ

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

Fig.3 Breakdown voltage test circuit

Test conditi Test result Failurs atio (FIT) Remarks
T
st conditions est results P 00 P
85°C, Veo==6~8.5V, 2000hr 0/936
125°C, Vgc=6~8. 5V, 2000hr 17444 Activation energy :
1V .
125°C, Vo=6V, 1000hr 0/1368 12 35 10 ooy &
125°C, Voc=6V, 3000~5000hr 0/328 ’
150°C, Vgc=6V, 1000hr 0/158
Table 7 Results of Tests on Periodic Sampling (M74HCOOP Series)
Test item Test Conditi Qf Fallure ratio (FIT) Remarks
one Y [“n | 2008 | 500H | 1000M
High-temperature operation life test 125°C Vgo=6V 1368 0 0 0 0
High-temperature storage life test 150C 792 0 0 0 0
%‘ High-temperature high-humidity bias test | 85°C, 85%RH Voc=6V 912 0 0 0 0
€ Pressure-cooker test (saturated)| 121°C, 2atm, 100% 1824 0 0 0 3* [|* ) Al eorasion
E
T © | Pressure-cooker test (unsaturated)| 130°C, 85%RH Voc=6V 1053 0 0 0 -
Temperature cycle test (1) —65~-+150'C, 1hr/cycle, 100 cycles 1824 0
Temperature cycle test (2) —65~+-150"C, 1hr/cycle, 1,000 cycles 528 0
" Wetted with rosin-base flux and immersed up
Solderability test i 1056 0
to stoppers for 5sec in 230C solder bath.
Table 8 Results of Electro-Static Discharge Test
T T ' Polari Q Breakdown voltage
ype ostpin olerity i kv %V KV
Input + 5 - -
HC20P
M74HC20 Output + 5 -
Input + 5 )
M74HC32P
8 Output * 5 -=)
Input + 5 =)
M74HC42P
Output + 5 -p
Input * 5 =)
M74HC1
60P Output + 5 =)
Input + 5 -)
M74HC164P t
6 Output + 5 -
R
—\  o— W,
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Table 9 Results of Latchup Resistance Tests Using the Capacitor Charge Method

Type Test pin Polarity
Input +
M74HC20P Output
Vec
Input
M74HC32P Output
Ve
Input
M74HC42P Output
Vee
Input
M74HC160P Output
Vee
Input
M74HC164P Qutput

Vee

[
<

Test results
No latchup
K

”

No tatchup

4

”

No fatchup

”

”

No latchup

7

”

No latchup
4

HIH R H T P P
gflo|a|lajaloa|la|lolalalala|loa|a|on

”

o) O |
Vee VeotVe

k>
777

C=200pF Vee=7.0V

Fig.4 Latchup resistance test circuit (capacitor charing method)

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

Input Output
Type
yp Qty T — ¥ =
M74HC20P 5 >300mA <—300mA >300mA ‘ <—300mA
M74HC32P 5 . ’ B ' ’
M74HC42P 5 v 2 - ”
M74HC160P 5 ” B ’ ”
M74HC164P 5 . . ’ -
—
“ D <
A
N\ N
Itrg
Vee Vee
Vee _-F' Voo p—
IN or OUT , , IN or OUT
GND__ o (."g GND
7J7 777 Voo=7.0V 7J7 ‘ 7
INPUTS, OUTPUTS (+) . INPUTS, OUTPUTS (—)

Fig.5 Latchup resistance test circuit (current-injection method)

1—46 ) - MITSUBISHI
W ELECTRIC



MITSUBISHI HIGH SPEED CMOS

APPLICATION NOTES

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 Ve or GND as described betow:

(1) NAND and AND Gates

Tie unused inputs to Vg¢ 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 Vgc 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 Vg or GND. Otherwise, Icc 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 many high-speed CMOS applications, capacitors are
connected between 1/0 pins and either Vgc 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 V.. 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 Vo 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

flows. When the output is tied to Vg, about 80mA current
flows. These currents may cause latchup, overheating,
damage to the IC’s internal wiring, and loss of reliability.
Therefore, output pins should never be tied to Vce, GND, or
any other fixed voltage level.

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«F plas-
tic-film or ceramic capacitor with good high-frequency
characteristics between the Vo and GND lines. 10~100uF
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 100k @ ~1MQ 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.

9 MITSUBISHI

1—47

ELECTRIC -




MITSUBISHI HIGH SPEED CMOS

APPLICATION NOTES

(4) Soldering irons and baths must have power-supply in-
sulation resistances of over 10M Q 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
conductive envelopes, or the terminais 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 Vgc to GND. Even
after the trigger current ceases, this current continues to

flow. The current is very large, and can easily damage or
destroy the IC. For this reason, the phenomenon is called
“latchup”.

8-1 The Latchup 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. Try and Ty, have pnpn thyristor structures.

If any one of Trs, Trs, Trs, Or Tre turn on due to a current

surge, a base current will flow to Try or Trp, initiating

latchup.

The following external factors can initiate latchup:

(1)} Input voltage (V,) exceeds supply voltage (V).
V\>Vee

(2) Input voltage (V) falls below GND. V,<GND

(3) Output voitage (Vo) exceeds supply voltage (Vce).

Vo>Vee .

Output voltage (Vo) falis below GND. Vo<GND

Supply voltage (Vcc) becomes excessive.

~ =
o s

Vee Vin

Vour GND

Fig.1 A CMOS inverter and its parasitic transistors
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R,

-
o
-‘
3 ]%A
E

Trs or Tre T
rz

V) or Vo

(Ra)
Rz

Ll

GND

7

Fig.2 The parasitic transistor circuit that causes latchup

TraON = T, ON —» T, ON -|

C_

1) V\>Vse (2) V\<GND
Vee Vee
-[ TRIG v
-[GER e Voo i v e ©5
vi(2 = l Z 3
GND © TRIG Gnp ©
TrsON — T, ON — T, ON Trs ON — Ty ON — Tp, ON
(3) Vo>Vec (4) Vo<GND
Vee . Vec
[ Y/ TRIG ]- I
Y
e o5 N oen o Voo Slve
oJ g [ o2 5
z2 3]V z 3 l
1 GnND GND TRIG

Trs ON — T, ON — Ty, ON J
r'.

(5) Excessive Vcc

al
INPUT
OUTPUT
)

GND

Try (Tr2) BREAKDOWN =»  Tr2(Tn) ON —» Tp (T(2) ON

C ]

Flg.3 Latchup mechanisms

Note : The recirculating arrow indicates latchup.
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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>Vgc and V,<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 20mA (Fig.4). )

Veen Veee
V V
L Ve e R L Ve g /
OJ 5 z = a
O DA L
~ GNp © ' GND ©
Vee
ch
S

Vece

Vi>Vece

® When using a differential circuit

When a differential circuit is used, the input voltage V| may
exceed V¢ 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.

Fig.4 Preventing latchup when dual power supplies are used

V?c
R=IKQ vy, |5 Voo 5]
Vyy 00— g )
anp ©

-V
V11 I ‘
GND

e ——— Vo
Wiz

GND

o - Vg

—————————
Viz WITH DIODE
’ GND

WITHOUT DIODE

RE1KQ Vi

vy 0—|

INPUT
OUTPUT

Vi o - = GND

———— Ve
v —V——K— Vee WITHOUT DIODE
2 = - - = —— GND
. Voo
Viz WITH DIODE
—————— v GND

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

+0.5
19 022
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6.3%0.15
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Dimension in mm

7.62+0.3
- _ L 7\
L
0.5MIN |3MIN 0_27+g.gg
- ¥ -
0.5%0.1
1.570.3
2.54+0.25 -5-001 7.6~10
TYPE 16P4 16-PIN MOLDED PLASTIC DiP Dimension'in mm
+0.5
. ¥ 02
l-l"l 1 £ 1 0
o)
(=]
O +|
Pl
0
| SRS [ SHARS Ry SN ey MEND [ D g S gy e
7.6240.3
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AL Dfa o d | PACKAGE OUTLINES

TYPE 20P4 20-PIN MOLDED PLASTIC DIP : ' ' ) Dimension in mm

+0.5
. AR N
MArarar e I'_L%’l
9
@ S
o)
0|
CICJ LJ d g W W Ld
le 7.62+0.3
I---- + +
H )
l ' 0.5MIN |3 MIN N 0.27i8.8g
- ¥ > :
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) 0.3 15703
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Dimension in mm

TYPE 24P4D 24-PIN MOLDED PLASTIC DIP
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MITSUBISHI HIGH SPEED CMOS

PACKAGE OUTLINES

TYPE 14P2N 14PIN MOLDED PLASTIC SOP : Dimension in mm
@
“RAAAAAEA
O ‘ w
o8 88 8EHH,
__‘ 1.2740.15 0-@8:&
5 10.120.1 - %
A (15/1)
uinininininisii
] = 4°%4 :
TYPE 16P2N 16PIN MOLDED PLASTIC SOP Dimension in mm
®
HAAAHBAAR®
AL ELEEES
1.2740.15 0-4t8'(',5
% 10.12£0.1 - §|
—8—e8u-d+ A (15/1)
4 x4 b
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MITSUBISHI HIGH SPEED CMOS

PACKAGE OUTLINES

IHAAAAARAAER"

Q

ﬁi@ TEEE,

5.3%0.1

12.6+0.1

0.8)

1.940.2

TYPE 20P2N 20PIN MOLDED PLASTIC SOP

7.

0.6+0.

A (15/1)

Dimension in mm

i

HARARAAAARR

O

FEUOBEHAE0E,

B

1.2740.2 0.45+0.1

TYPE 24P2 24PIN MOLDED PLASTIC SOP

(__Sﬂ_.

Dimension in mm

1-—54

1 ' o2
1 TTI’ZLHJTLEU‘LHJ;LFLD il , qz
h - - 0.540.2
15.040.2 a9 §
a "'f 8.12+0.3
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MITSUBISHI HIGH SPEED CMOS

PACKAGE OUTLINES

TYPE 14P2P 14-PIN MOLDED PLASTIC SOP(JEDEC 150mil body)

Dimension in mm

“HAAAAAR®

S N
H 0.175+0.075 s
[=2]
O 3 2
s HHBHbB,
+0.09
1.2740.15 0-4_o.05
[Te)
s
S
H -
[Te)
5 8.65%0.1 R -
- o -

0.75+0.2

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

Dimension in mm

“DRAAARAR®

)
H 0.17540.075 N
(o3} o
O o H
] w0
LOop@HHEHAER,
: +0.09
1.2740.15 0-4_5.05
o) T 1
~
o
+
2
2 9.90.1 0 «
- 5 =
4\ 0.75+0.2
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MITSUBISHI HIGH SPEED CMOS

PACKAGE OUTLINES

Dimension in mm

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

“DBAARAARAAR"

10.3+0.3

7.5+0.1

8 HHHHHHHH

+0.09
1.27+0.15 —0.05

2.5+0.15
1.025
2.3

12.84+0.1
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QUADRUPLE 2-INPUT POSITIVE NAND GATE

MITSUBISHI HIGH SPEED CMOS

M74HCOOP/FP/DP

DESCRIPTION

The M74HCO0 is a semiconductor integrated circuit con-
sisting of four 2-input positive-logic NAND gates, usable as
negative-logic NOR gates.

FEATURES

® High-speed: 8ns typ. (C_=15pF, Vcc=5V)

® Low power dissipation: 54W/package, max
(Vee=5V, Ta=25C, quiescent state)

High noise margin: 30% of V¢, min (Vec=4.5V, 6V)
Capable of driving 10 74LSTTL loads’

Wide operating voltage range: Vgc=2~6V

Wide operating temperature range: Ta=—40~+857C

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

FUNCTIONAL DESCRIPTION

Use of silicon gate technoldgy allows the M74HCO0 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
741.800.

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

PIN CONFIGURATION (TOP VIEW)

S ‘
a—=[1 4] v
INPUTS I E j ce
B1—[2 ——{13] ~ B4
INPUTS
ourruT Y13 @EL—M
‘ FOPN [11]+v4  ourpur
INPUTS
B2—[5 [10] + B3
INPUTS
ourrur 26 9]+ A3
~ GND |7 E"Y3 OUTPUT
14P4
Outline 14P2N
14P2P

LOGIC DIAGRAM (EACH GATE)

A :
INPUTS]I . :DO—CD—DO—O Y OUTPUT

ABSOLUTE MAXIMUM RATINGS (T3 = —40~+85C, unless otherwise noted)

Symboi Parameter Conditions Ratings Unit
Vee Supply voltage —0.5~+7.0 \
\A ] Input voltage —0.5~Vec+0.5 v
Vo Output voitage —0.5~Vee+0.5 v
hik Input protection diode current Vi <OV —20 mﬁ
V) > Vee 20
] Vo < OV —20
Yok Output parasitic diode current Vo Vo 20 mA
fo Output current per output pin +25 mA
lce Supply/GND current Ve, GND +50 mA
Pd Power dissipation (Note 1) 500 mwﬂ
Tstg LStorage temperature range —65~+150 C
Note 1 : M74HCOOFP, Ta = —40~-+60C and To = 60~857C are derated at —6mW/C.
M74HCOODP, Ty = —40~+-50C and Tq = 50~85C are derated at —5mW/C.

ELECTRIC
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MITSUBISHI HIGH SPEED CMOS

M74HCOOP/FP/DP

- QUADRUPLE 2-INPUT POSITIVE NAND GATE

- RECOMMENDED OPERATING CONDITIONS (Ta

= —40~+85TC)
Limits
Symbol Parameter i Tvp Max Unit
Vee Supply voltage 2 6 \'
\"4 Input voltage 0 Vece \"
Vo Output voltage 0 Vee v
Topr Operating temperature range —40 +85 c
Vee = 2.0V 0 1000
tr, tf tnput risetime, failtime Vge = 4.5V 0 500 ns
‘ Voo = 6.0V 0 400
ELECTRICAL CHARACTERISTICS
Limits
Symbol Parameter Test conditions 25C —40~+85C Unit
VeelV) Min Typ Max Min Max
2,0 1.5 1.5
Vin High-leve! input voltage ;Y:{;oé;,\:; Vee—0.1V " 45 | 3.15 3.15 v
6.0 4.2 4,2
. Vo = Vog—0.1V 2.0 0 5 0.5
Vio Low-level input voltage 4.5 1.35 1.35 v
l1o| = 20uA
6.0 1.8 1.8
fon = —20uA 2.0 1.9 1.9
lon = —20uA 4.5 4.4 4.4
Von High-level output voltage Vi= Vi, ViL low = —20uA 6.0 5.9 5.9 v
low = —4.0mA 4.5 4.18 4.13
lon = —5.2mA 6.0 | 5.68 5.63
lor = 20uA 2.0 0.1 0.1
loL = 20uA 4.5 0.1 0.1
Vou Low-level output voltage Vi=Vi loL = 201A 6.0 0.1 0.1 v
loL = 4,0mA 4.5 0.26 0.33
lop = 5.2mA 6.0 0.26 0.33
[ High-level input current V=6V : 6.0 0.1 1.0 A
e Low-level input current V=0V 6.0 —0.1 -1.0 “
lcc Quiescent supply current Vi=Vge, GND, lo=0¢A 6.0 1.0 10.0 #A
2—4 @ MITSUBISHI

ELECTRIC




MITSUBISHI HIGH SPEED CMOS

M74HCOOP/FP/DP

QUADRUPLE 2-INPUT POSITIVE NAND GATE

SWITCHING CHARACTERISTICS (Voc=5V. Ta=25C)

Limits

Symbol Parameter Test conditions o o Mox Unit
trin Low-level to high-level and high-level to low-level 10 s
n
t | i
traL output transition time G = 15pF (Note 3) 10
toLH Low-level to high-level and high-ievel to low-level 15 s
tenL output propagation time 15 "
'SWITCHING CHARACTERISTICS (Voo = 2~6V, Ta = —40~+85¢C)
Limits
Symbol Parameter Test conditions . 25C —40~+-85°C Unit
Vee(V) | Min Typ Max Min Max
2.0 75 95
trim Low-level to high-level and 4.5 15 o 19
high-level to low-level 5.0 13 16 ns
on- e 2.0 75 %
tria output transition time 4.5 15 19
6.0 13 16
Cy = 50pF (Note 3
= S0pF (Note3) 2.0 ) 13
teLm Low-level to high-level and 4.5 : 18 23
high-ievel to tow-level 6.0 15 19 ns
9 2.0 ) 113
tenL output propagation time 4.5 18 23
6.0 15 19
C Input capacitance 10 10 pF
Cep Power dissipation capacitance (Note 2) 25 pF
Note 2 : Cpgp 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 = Cpp * Vo * itloc * Voo
Note 3 : Test Circuit
INPUT Vee OUTPUT
PG buT )
(1) The puise generator (PG) has the following
500 C. characteristics (10%~90%): ty = 6ns, tf = 6ns
GND (2) The capacitance C_ includes stray wiring
capacitance and the probe input capacitance.
TIMING DIAGRAM
Vee
A’_B___j > L_
GND
tren tru
' v 0% Fos Vo
50% 50%
\10% 10% Voo
tonL
- MITSUBISHI
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MITSUBISHI HIGH SPEED CMOS

M74HCTOOP/FP/DP

QUADRUPLE 2-INPUT POSITIVE NAND 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.

FEATURES

® TTL level input V). = 0.8V max V,y = 2.0V min

® High-speed: 8ns typ. (C_=15pF, Voc=5V)

® Low power dissipation: 54W/package, max
(Vee=5V, Ta=25C, quiescent state)

® Capable of driving 10 74LSTTL loads

® Wide operating temperature range: Ta=—40~-485C

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

FUNCTIONAL DESCRIPTION

Use of silicon gate technology aillows the M74HCTOO 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
741L.500.

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 1o 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 OQutput
Y

I r| (>
I I|r|rjm
r|lTiI|x

PIN CONFIGURATION (TOP VIEW)

A —[T] 12] Ve

m{@ =i
INPUTS

output  Y1+[3 @j - A4

A2—[4 [11]—»va outeur
INPUTS { g2 % @ E*—BS
QUTPUT Y2~ E @% +~— A3

GND [Z 8
14P4

Outline 14P2N
14P2P

INPUTS

—y3  OUTPUT

LOGIC DIAGRAM (EACH GATE)

INPUTS

A
I Y QUTPUT
B

2—6 MITSUBISHI
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MITSUBISHI HIGH SPEED CMOS

M74HCTOOP/FP/DP

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

ABSOLUTE MAXIMUM RATINGS (1= —40~+85C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.5~+7.0 \Y
Vv, Input voltage —0.5~Vce+0.5 Vv
Vo Output voltage —0.5~Vce+0.5 \
h Input protection diode current Vi< v =20 mA

Vi > Vee 20
lok Output parasitic diode current Vo< OV -2 mA
Vo > Vee 20
lo Output current, per output pin +25 mA
lce Supply/GND current Vee, GND +50 mA
Pq Power dissipation (Note 1) 500 mwW
Tstg Storage temperature range —65~+150 T
Note 1 : M74HCTOOFP, Tg = —40~+60C and Ty = 60—85C are derated at —6mW/C.
M74HCTOODP, T3 = —40~+50"C and Ty = 50—85°C are derated at —5mW/C.
RECOMMENDED OPERATING CONDITIONS (Ta=—40~+85C)
Limits
Symbol Parameter Unit
Min Typ Max
Vee Supply voltage 4.5 5.5 \'
\"A input voltage 0 Vece \"
Vo Output voltage 0 Vce v
Topr Operating temperature range —40 +85 c
Vee = 2.0V 0 1000
ty, tf Input risetime, falltime Voo = 4.5V 0 500 ns
Voo = 6.0V 0 400
ELECTRICAL CHARACTERISTICS (Voc =5V+10%, unless otherwise noted)
Limits
Symbol Parameter Test conditions 25C —40~+85T Unit
Min Typ Max Min Max
Vin High-level input voltage Vo =0-1V, Veo—0.1v 2.0 2.0 v
llo! = 20uA
Vie Low-level input voltage Voo—0. 1V 0.8 0.8 Y
lio] = 20uA
lon = —20uA Vee—0.1 Veg—0.1
Vou High-level output voltage Vi=Vu, ViL lon = —4.0mA, Vee = 4.5V 4,18 4,13 v
lon = —4.8mA, Vg = 5.5V 5.18 5.13
loL = 20uA 0.1 0.1
VoL Low-level output voltage Vi=Vjy loL = 4.0mA, Vge = 4.5V 0.26 0.33 v
loL = 4.8mA, Ve = 5.5V 0. 26 0.33
it High-level input current V,=5.5V 0.1 1.0
e High-level input current V=0V —-0.1 —1.0 A
lec Quiescent supply. current V)= Vge, GND, lo=0xA 1.0 10.0 #A
Alce Maximum quiescent state supply current| V; = 2.4V, 0.4V (Note 2) 2.7 2.9 mA
Note 2 : Only one input is set at this value and all others are fixed at Ve or GND.
MITSUBISHI 2—7
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o MITSUBISHI HIGH SPEED CMOS

N M74HCTOOP/FP/DP

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

SWITCHING CHARACTERISTICS (Vec =5V, Ta=25¢)

Limits
Symbol ‘ Parameter Test conditions Unit
R Min Typ Max

trin Low-level to high-level and high-level to low-level 10 ns
t output transition time 10 ns

THL i G = 15pF (Note 4)
teLn Low-level to high-level and high-level to low-level 15 ns
tprL output propagation time 15 ns

SWITCHING CHARACTERISTICS (vce =5v£10%, Ty = —40~+85C)
) Limits .
Symbol Parameter Test conditions 25C —40~485C Unit
Min Typ Max Min Max )

trin Low-leve! to high-level and high-fevel 15 19 ns
t to low-level output transition time 15 19 - ns

THE - - CL = 50pF (Note 4)
toLn Low-level to high-level and high-level 18 24 ns
tenL 1o low level output propagation time 18 24 ns
C, Input capacitance 10 10 | pF
Cep Power dissipation capacitance {Note 3) pF

Note 3 ! Cppis 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:
Pp = Cpp * Voo * fitloc * Veo

Note 4 : Test Circuit

INPUT Vee OUTPUT

I

PG puT

(1)The pulse generator (PG) has the following
500 j)rGND lCL characteristics (10%~90%): t; = 6ns, t; = 6éns

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

TIMING DIAGRAM

3.0v
A B / \
1.3V 13V
—_— NV ov

tru trim

- —a

— 90% 0% Vou
Y 1.3V 1.3V

10% 10% Vou

e toun

1 1
s MITSUBISHI
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QUADRUPLE 2-INPUT POSITIVE NOR GATE

MITSUBISHI HIGH SPEED CMO0S

M74HCO2P/FP/DP

DESCRIPTION

The M74HCO02 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 typ. (C_=15pF, Vcc=5V)

® Low power dissipation: 54 W/package, max
(Vec=5V, Ta=25TC, quiescent state)

High noise margin: 30% of V¢, min (Vge=4.5V, 6V)
Capable of driving 10 74LSTTL loads

Wide operating voltage range: Voc=2~6V

Wide operating temperature range: Ta=—40~-+85C

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

FUNCTIONAL DESCRIPTION

Use of silicon gate technology allows the M74HCO02 to
maintain the low power dissipation and high noise margin
characteristics of the standard CMOS Iogic 4000B series
while giving high-speed performance equivalent to the
741.802.

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 low, the output Y will be-
come high, and when at least one of the inputs is high, the
output Y will become low.

FUNCTION TABLE

Inputs Qutput
A B Y
[ L H
H L L
L H L
H H L

PIN CONFIGURATION (TOP VIEW)

outrur 1 +[1] [14]  Vec
Al — E E — Y4 OUTPUT
INPUTS ’
81 —[3] [12] - B4
INPUTS
OUTPUT Y2+ E 1]+~ A4
A2 Eﬁ 10]—-v3 oureur
INPUTS '
82— [6] 9]~83
INPUTS
ano  [7] 8] A
14P4
Outline 14P2N
14P2P

LOGIC DIAGRAM (EACH GATE)

INPUTS} AZ:D&—<{>—>0—0Y OuTPUT
B

ABSOLUTE MAXIMUM RATINGS (7a= ~40~+85C, unless otherwise noted)

Symbol : Parameter Conditions Ratings Unit
Vee Supply voltage —0.5~+7.0 v
\ Input voltage —0.5~Vcc+0.5 v
Vo Output voltage —0.5~Vgo+0.5 \"

o v, <0V —20
hi input protection diode current Vi> Voo 20 mA
_ Vo < 0V —20

lok Output parasitic diode current Vo > Voo 20 mA
o Output current per output pin +25 mA
lec Supply/GND current Vee, GND +50 mA
Pd Power dissipation (Note 1) 500 mw
Tstg Storage temperature range —65~+150 C

Note 1 ! M74HCO2FP, Ty = —40~-+60C and T3 = 60~85C are derated at —6mW/C.
M74HCO02DP, Tq = —40~+50C and To = 50~85C are derated at —5mW/C.
4 MITSUBISHI ‘ g
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MITSUBISHI HIGH SPEED CMO0S

B Ve  M74HCO2P/FP/DP

QUADRUPLE 2-INPUT POSITIVE NOR GATE

RECOMMENDED OPERATING QONDITIONS (Ta = —40~+85C)

Limits "
Symbol Parameter . Il T Max Unit
Veco Supply voltage 2 6 v
V, Input voltage 0 Vee \%
Vo Output voltage 0 Vee v
Topr Operating themperature range —40 +85 c
Vec = 2.0V 0 1000
tr, tf Input risetime, falltime Vec = 4.5V 0 500 ns
g Voo = 6.0V 0 400
ELECTRICAL CHARACTERISTICS
| Limits
Symbol ' Parameter Test conditions 25C —40~+-85C Unit
: Vee(V) Min Typ Max [ Min Max
Vo=0.1V 2.0‘ 1.5 1.5
Vin High-level input voltage llo] = 20uA 4.5 3.15 3. ‘15 v
6.0 4.2 4.2 i
Vo=0.1V, Voc—0.1V 20 ‘ 5 0-5
Vi Low-level input voltage lo| = 20A 4.5 1.35 1.35 \
6.0 1.8 ‘1.8
lon = —20uA 2.0 1.9 1.9
low = —20zA ‘4.5 4.4 4.4
Vou High-fevel output voltage Vi=Vy lon = —20uA 6.0 5.9 5.9 'S
fon = —4.0mA .4.5 4.18 4.13
low = ~5.2mA 6.0 5. 68 5. 63
oL = 20uA 2.0. [ 0.1
5 loL = 20uA 4.5 0.1 0.1
VoL Low-level output voltage Vi= Vi, Vi loL = 20uA 6.0 0.1 0.1 v
lou = 4.0mA 4.5 0.26 | 0.33
loo=5.2mA . 6.0 0.26 0.33
Iin High-level input current V=6V 6.0 0.1 1.0 uA
I | Low-level input current V=0V 6.0 —0.1 —1.0 A
lec Quiescent supply current Vi=Vee, GND, lg = 0uA 6.0 1.0 10.0 nA
2—10 -4 MITSUBISHI
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MITSUBISHI! HIGH SPEED CMOS

M74HCO2P/FP/DP

QUADRUPLE 2-INPUT POSITIVE NOR GATE

SWITCHING CHARACTERISTICS (Voo =5V, Ta = 25C)

Symbol Parameter Test conditions Limits Unit
ym , ara, e Min Typ Max
trin Low-level to high-level and high-level to low-level 10 ns
tput transition ti ‘ 10 ns
trHe output transition time L= 150F (Note 3)
tpLH Low-level to high-level and high-level to low-ievel 15 ns
tpHL output propagation time 15 ns
SWITCHING CHARACTERISTICS (Vcc = 2~6V, Ta = —40~+85C)
Limits
Symbol Parameter Test conditions 25C —40~+485C Unit
Veo(V) Min Typ Max Min Max
2.0 75 95
trin Low-level to high-level and 4.5 15 19 ns
high-level to low-level 6.0 13 16
g 2.0 75 9%
trHL output transition time 4.5 15 19 ns
6.0 13 16
Cp == 50pF (Note 3
LT (Nate 3) 2.0 20 13
teLn Low-tevel to high-level and 4.5 18 23 ns
high-level to low-level 6.0 » 15 19
9 2.0 9 13
teHL output propagation time 4,5 18 23 ns
6.0 15 19
C, Input capacitance 10 10 pF
Cpp Power dissipation capacitance {Note 2) 31 pF
Note 2 : Cppis 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 = Cep * Vic? * fitlce * Voo '
Note 3 : Test Circuit
INPUT Vee OUTPUT
PG DUT
1 (1)The pulse generator (PG) has the following
500 CL characteristics (10%~90%): ty = 6ns, t = 6ns
GND . (2) The capacitance C_ includes stray wiring
capacitance and the probe input capacitance:
TIMING DIAGRAM
: Vee
A B 7 50% ‘50%
GND
true trin
ol i
0% 0% Vou
b 50% 50%
10% 10%
Vou
tony teLn
1 1
‘MITSUBISHI 211
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MITSUBISHI HIGH SPEED CMOS

M74HCO3P/FP/DP

QUADRUPLE 2-INPUT: POSITIVENANb GATE WIT‘II OPEN-DRAIN OUTPUTS

DESCRIPTION

The M74HCOS is. 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 typ. (C,=15pF, Voc=5V)

® Low power dissipation: 54 W/package, max
(Voc=5V, Ta=25C, quiescent state) »
High noise margin: 30% of Vgc, min (Vgc=4.5V, 6V)
Capable of driving 10 74LSTTL loads

Wide operating voltage range: Vgc=2~6V

Wide operating temperature range: Ta=—40~+85C

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

FUNCTIONAL DESCRIPTION

Use of silicon gate technology allows the M74HCO03 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 IC differs from the 74LS03 and a voltage
higher than V¢ can not be applied to the output.

FUNCTION TABLE

PIN CONFIGURATION (TOP VIEW)

. Vee

|5 —
INPUTS
- EE =
INPUTS
OUTPUT Y1« [: j —Ad
a2 —[a} 11]—v4  oureur
INPUTS
B2 - |: 10] — B3
INPUTS
vz~ [¢] @Eﬂs

GND E 8]~ va ournur
14P4

Outline 14P2N
“14P2P

OUTPUT

% . Open-drain output

LOGIC DIAGRAM (EACH GATE)

Vee
A %
OUTPUT
INPUTS £ 1 ‘
B

Inputs Output
A B Y
L L H
L H H
H L H
H H L
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MITSUBISHI HIGH SPEED CMOS

M74HCO3P/FP/DP

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

ABSOLUTE MAXIMUM RATINGS (1a= —40;+85’C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vce Supply voltage —0.5~+7.0 v
Vv Input voltage —0. 5~Vge+0.5 v
Vo Output voltage —0.5~Vge+0.5 v

Vi< oV —20
hk Input protection diode current V> Voo 20 mA
) Vo <OV —20

lox Output parasitic diode current Vo> Voo 20 mA
lo Output current per output pin +25 mA
lcc Supply/GND current Ve, GND +50 mA
Pd Power dissipation (Note 1) 500 mw
Tstg Storage temperature range —65~+4150 C

Note 1 : M74HCO3FP, T3 = —40~+60C and T4 = 60~85C are derated at —6mW/C.
M74HCO3DP, Ta = —40~+50C and T4 = 50~85C are derated at —5SmW/C.
RECOMMENDED OPERATING CONDITIONS (14 = —40~+85%)
Symbol Parameter Limits Unit
Min Typ Max

Veo Supply voltage 2 6 \'

\7) Input voltage 0 Vee \'

Vo Output voltage 0 Vee v
Topr Operating temperature range —40 -+85 C

Voo = 2.0V 0 1000
tr, tf Input risetime, falitime Voo = 4.5V 0 500 ns
Vee = 6.0V 0 400
ELECTRICAL CHARACTERISTICS
Limits
Symbot Parameter Test conditions 25C —40~+-85C Unit
VeelV) Min Typ Max Min Max
) . Vo =0.1V, Vgc—0.1V 2.0 1-5 1-5
Vin High-level input voltage 4.5 3.15 3.15 v
llg] = 20pA
6.0 4.2 4.2
' Vo = Veo0.1V 2.0 0.5 0.5
Vi Low-ievel input voltage 4.5 1.35 1.35 v
Nol = 20pA
6.0 1.8 1.8
lo = 20uA 2.0 0.1 0.1
loL = 20uA 4.5 0.1 0.1
Voo Low-level output voitage Vi=Vy loL = 20uA 6.0 0.1 0.1 v
lo. = 4.0mA 4.5 0.26 0.33
lor = 5.2mA 6.0 0.26 0.33 .
I High-level input current V=6V 6.0 0.1 1.0 uA
[ Low-ievel input current V=0V 6.0 C—0.1 —1.0 uA
lo Maximum output leakage current Vi = Vs, Vi Vo= Voo 6.0 0.5 5.0 uA
Vi= Vi, Vi, Vo= GND 6.0 —0.5 —5.0 .
lcc Quiescent supply current V= Vge, GND, lo=0uA 6.0 1.0 10.0 uA
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QUADRUPLE 2-INPUT POSITIVE NAND GATE WITH OPEN-DRAIN OUTPUTS

SWITCHING CHARACTERISTICS (Vec =5V, Ta=25¢C)

Symbol Parameter Test conditions Limits Unit
' Min Typ Max

trhl High-level to low-level output transition time Ru=1ka 10 ns

C_ = 15pF (Note 3)
teLn Low-level to high-level and high-level to low-level R, = 1k}, C_= 5pF (Note 3) .20 ns
tpuL output‘ propagation time Ry = 1kQ, C¢ = 15pF (Note 3) 20 ns
SWITCHING CHARACTERISTICS (vee = 2~6V, Ta = —40~+85C)
Limits

Symbol Parameter Test conditions 25C —40~+-85C Unit
Vee(V) Min Typ . Max Min Max
High-level to low-level 2.0 s %

tre output transition time 4.5 15 19 ns
6.0 13 16
. AL = 1kQ 2.0 125 158

teLH Low-level to high-level and G, = 50pF (Note 3) 4.5 25 . 32 ns
high-level to low-level 6.9 2 27
2.0 125 158

teHL output propagation time 4.5 25 32 ns
6.0 L 20 | . 27

C, T Input capacitance 10 10 pF

Co Output capacitance ‘| AorB=GND 10 10 pF

Cpp Power dissipation capacitance (Note 2) 11 pF

Note 2 : Cppis 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:
Pp = Cpp * Veo? * fitlee * Ve

Note 3 : Test Circuit

INPUT Vee  OUTPUT  Vee
[ "
PG puT

500 C. (1)The pulse generator (PG) has the following
GND characteristics (10%~90%): tr = 6ns, ty = 6ns

(2) The capacitance C_ includes stray wiring

capacitance and the probe input capacitance.

TIMING DIAGRAM

Ve

A B 50%

’ GND
tont
90%
Y 50%
10% Voo
frnu
14 MITSUBISHI
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M74HCO4P/FP/DP

HEX INVERTE

S

DESCRIPTION
The M74HCO04 is a semiconductor integrated circuit con-
sisting of six inverters.

FEATURES

® High-speed: 10ns typ. (C =15pF, Vcc==5V)

® | ow power dissipation: 54 W/package, max
(Vee=5V, Ta=25C, quiescent state)

High noise margin: 30% of Vg, min (Voc=4.5V, 6V)
Capable of driving 10 74LSTTL loads

Wide supply voltage range: Voc=2~6V

Wide operating temperature range: Ta=—40~+85C

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

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 performance equivalent to the
741.S04.

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 fow, the output Y will become high.

FUNCTION TABLE

Input Output
A Y
L H
H L

PIN CONFIGURATION (TOP VIEW)
INPUT A1 —| 1 ~ _l__41 Vee
OUTPUT Yi |2 &ﬁﬂ«m INPUT
INPUT A2+E E—-Ye OUTPUT
ouTPUT YZ'_E@?E“AS INPUT
INPUT A3~E E»Ys OUTPUT

ouTPUT YS“EE%E"M INPUT

anp  [7] [8]— va oureur
14P4

Outline 14P2N
- . 14P2P

LOGIC DIAGRAM (EACH INVERTER)

INPUT OUTPUT
Ao Dﬂ% :D——-Do—o Y

ABSOLUTE MAXIMUM RATINGS (T5=—40~+85C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage ’ —0.5~+7.0 \%
vV, Input voltage —0.5~Vgc+0.5 v
Vo Output voltage —0.5~Vcc+0.5 \2

. " R v, <oV —20

hik Input protection diode current V> Voo 20 mA

lok Output parasitic diode current Vo< OV —20 mA
Vo > Vee 20

lo Output current per output pin +25 mA
lcc Supply/GND current Vee, GND +50 mA
Pd Power dissipation (Note 1) 500 mw
Tstg Storage temperature range —65~—+150 c

Note 1 ! M74HCO4FP, Tq = —40~+60°C and Ty = 60~85°C are derated at —6mwW/C.
M74HC04DP, T4 = —40~+50"C and Ta = 50~85C are derated at —5mwW/C.
MITSUBISHI 2—15
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Y ~ MT74HCO4P/FP/DP

HEX INVERTER

RECOMMENDED OPERATING CONDITIONS (7= —40~+85¢)

Symbo! Parameter . - Limits Unit
Min Typ Max
Vee Supply voltage 2 6 Vv
\/ Input voltage 0 Vee v
Vo Output voltage 0 Veo \'2
Topr Operating temperature range —40 485 c
Voo = 2.0V 0 1000
tr, tf Input risetime, falltime Vee = 4.5V 0 500 ns
Vec = 6.0V 0 400
ELECTRICAL CHARACTERISTICS
Limits
Symbol Parameter ‘ Test conditions 5C —40~+85C Unit
' VoelV) | Min Typ Max Min Max
Vo=0.1V 2.0 1.5 1.5
Vin High-level input voltage llo] = 20uA - 4.5 3.15 ~ 3.15 "
6.0 4.2 4.2
Vo = Veo—0. 1V 2.0 0.5 0.5
Ve Low-leve! input voltage lol = 20uA 4.5 1.35 1.35 v
6.0 1.8 1.8
lon = —20uA 2.0 1.9 . 1.9
lon = —~20A 4,5 4.4 4.4
Vou High-ievel output voltage vi=Vy lon = —20uA 6.0 5.9 5.9 v
low = —4.0mA 4.5 4.18 4,13
lon = —5.2mA 6.0 5.68 5.63
oL = 20uA 2.0 0.1 0.1
. loL = 20uA 4.5 0.1 ' 0.1
Voo Low-level output voitage Vi= Vi lor = 20iA 6.0 Q.1 Q.1 v
lop = 4.0mA 4.5 : 0.26 0.33
loL = 5.2mA 6.0 0.26 0.33
[ High-leve! input current V=6V 6.0 0.1 1.0 uA
fie Low-level input current V=0V 6.0 —0.1 -1.0 uA
loc Quiescent supply current Vi = Voo, GND, lo=0uA 6.0 1.0 10.0 | xA
‘ MITSUBISHI
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M74HCO4P/FP/DP

HEX INVERTER

SWITCHING CHARACTERISTICS (Voo =5V, Ta = 25¢)

Symbot ’ Parameter Test conditions Limits Unit
Min Typ Max -
trin Low-level to high-level and high-level to low-level 10 ns
trug output lransitio.n time ) €, = 150F (Note 3) 10 ns
teLn Low-ievel to high-level and high-level to low-level . 17 ns
teHL output propagation time / 17 ns
SWITCHING CHARACTERISTICS (Vce = 2~6V, To = —40~+85C)
. Limits .
Symbol Parameter Test conditions 25°C —40~+85C Unit
VeelV) Min Typ Max Min Max
2.0 . 75 95
tren Low-level to high-level and 4.5 15 19 ns
high-level to low-level 6.0 13 16
) 2.0 . 75 95
trhL output transition time 4.5 15 : 19 ns
6.0 13 16
C, = 50pF (Note 3) >0 % 108
teLH Low-level to high-level and 4.5 19 24 ns
high-level to low-level : 6.0 - 16 20
. 2.0 86 108
tenL output propagation time 4.5 19 ' 24 ns
6.0 16 20
C, Input capacitance ) 10 10 pF
Cpp Power dissipation capacitance (Note 2) 26 pF

Note 2 ! Cgp 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 = Cpp * Vec? * fitloe * Ve

Note 3 © Test Circuit

INPUT Vee OuUTPUT

PG DUT

(1)The pulse generator (PG) has the following
500 CL characteristics (10%~90%): tr = 6ns, tf = 6ns
iGND l @

The capacitance C. includes stray wiring
capacitance and the probe input capacitance.

TIMING DIAGRAM

‘ [\ Vee
A 50% 50%
__—/ \_ GND
true t

TLH
!
EE— %% % Vo
Y 50% 50%
10% 10% Vou
teuL teLn N




MITSUBISHI HIGH SPEED CMOS

 M74HCUO4P/FP/DP

HEX UNBUFFERED INVERTER

DESCRIPTION ‘ ,
The M74HCUO04 is a semiconductor integrated circuit con-
sisting of six unbuffered inverters.

FEATURES

® High-speed: 7ns typ. (C_=15pF, Voc=5V)

® Low power dissipation: 54 W/package, max
(Vee=5V, Ta=25C, quiescent state)

High noise margin: 30% of Vgc, min (Vec=4.5V, 6V)
Capabile of driving 10 74LSTTL loads

Wide supply voltage range: Voc=2~6V

Wide operating temperature range: Ta=—40~+85C

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

FUNCTIONAL DESCRIPTION

Use of silicon gate technology allows the M74HCUO04 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
740804, :

Unbuffered outputs Y make this device suitabie for linear
circuit applications such as oscillators and amplifier circuits
as well as logic system applications. However, considera-

PIN CONFIGURATION (TOP VIEW)

eut A1 =[] = E Vee
outPUT Y1 «E& @7_3'] ~ A8 INPUT
et A2 —[3] [12] - v6 oureur
OUTPUT Yz‘;E& ‘ E"‘A5 INPUT
weur A3 —[5] [10] - vs oureur
outPUT YSFEW % 9]+ A4 INPUT
anD [T 8]— Y4 ouTPUT
14P4
Outline 14P2N
14P2P

LOGIC DIAGRAM (EACH INVERTER)

tion must be given in linear circuit applications dissipated
power is much greater than of the 4000B series. INPUT A O O ¥ 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 Ratings Unit
Veo Supply voltage —0.5~47.0 v
Vv, input voitage —0.5~Vgc+0.5 \%
Vo Output voitage —0.5~Vge+40.5 v
| Input protection diode current WtV -2 A

e n
K p protection diode curre V'S Voo 20 m,
Vo <OV —20

[} Qutput parasitic diode current A

oK put B . Vo > Ve 20 "
lo Output current per output pin +25 mA
lee Supply/GND current Vce, GND +50 mA

Pd Power dissipation (Note 1) 500 mw
Tstg Storage temperature range —65~+150 c

Note 1 @ M74HCUO4FP, Tg == —40~+60°C and T4 = 60~85°C are derated at —6mW/C.

M74HCUO4DP, T3 = —40~+50C and T4 = 50~85°C are derated at —5mW/C.

2—18
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MITSUBISHI HIGH SPEED CMOS

M74HCUO4P/FP/DP

HEX UNBUFFERED INVERTER

RECOMMENDED OPERATING CONDITIONS (Ta=—40~+8¢)

Symbol Parameter - Limits Unit
Min Typ Max
Vee Supply voltage 2 .6 \'
\'/] input voltage 0 Vcc v
Vo Qutput voltage 0 Vee \4
Topr Operating temperature range —40 +85 c
tr, tf Input risetime, falltime No limit ns
ELECTRICAL CHARACTERISTICS
Limits
Symbol Parameter Test conditions 25C —40~+-85C Unit
Vee(V) Min Typ Max Min Max
Vo=0.2V, |ip| =20uA 2.0 1.7 1.7 ) ]
Vin High-level input voltage Vo=0.5V, |lg| = 20uA 4.5 3.6 3.6 \
Vo =0.5V, |lo| =20uA 6.0 4.8 4.8 ]
Vo = Vec—0.2V, lip| = 20#A 2.0 0.3 0.3
VL Low-level input voltage Vo = Vge—0.5V, llo| = 20uA 4.5 0.8 0.8 v
) Vo= Vec—0.5V, |lo| = 20xA 6.0 1.1 1.1 B
2.0 1.8 1.8
Vi=Vy, lon= —20uA 4.5 4.0 4.0
Vou High-level output voltage 6.0 5.5 ’ 5.5 v
V)= GND, loy = —4.0mA 4.5 3.98 3.84
Vi = GND, loy= —5.2mA 6.0 5. 48 5.34 i
2.0 0.2 0.2
Vi=Vp, loL=20uA 4.5 0.5 0.5
Voo Low-leve! output voltage 6.0 ] 0.5 0.5 v
V= Vcg, lor =4.0mA 4.5 0.26 0.33
Vi= Vce, oo =5.2mA 6.0 0.26 0.33 |
[ High-level input current V=6V 6.0 0.1 1.0 uA |
Tye Low-level input current Vi=0v 6.0 —0.1 —1.0 A
lec Quiescent supply current Vi=V¢g, GND, lo=0zA 6.0 1.0 10.0 uA
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M74HCUO4P/FP/DP

HEX UNBUFFERED INVERTER

SWITCHING- CHARACTERISTICS (Voo =5V, Ta=125¢)

Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
trin Low-level to high-level andhigh-level to low-level 10 ns
trae output lransitio.n time o= 1‘5pF (Note 3) 10 ns
teLn Low-ltevel to high-level and high-level to low-level 13 ns
teuL output propagation time 13 ns
SWITCHING . CHARACTERISTICS (Ve =2~6V, Ta = —40~+85C)
] Limits
Symbol Parameter Test conditions 5C —40~+85C Unit
| ’ Vee(V) Min Typ Max Min Max
- 2.0 75 9%
tren Low-level to high-level and 4.5 15 19 ns
6.0 13 16
high-level to Iow-levgl 2.0 75 %
| ' | output transition time 4.5 15 19 ns
6.0 13 16
Gy = 50pF (Note 3) >0 02 103
ten Low-level to high-level and 4.5 16 21 ns
high-level to low-level 6.0 14 18
2.0 82 103
tenL output propagation time 4.5 16 . 21 ns
6.0 14 18
C Input capacitance 15 15 pF
Cpp Power dissipation capacitance (Note 2) 25 ’ pF

Note 2 : Cgpis 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 = Cpp * Vcc? * fitleo * Voo

Note 3 :@ Test Circuit

" INPUT Vee OUTPUT

PG DUT

(1)The pulse generator (PG) has the following
500 EG C. characteristics (10%~90%): ty = 6ns, t; = 6ns
ND l

(2) The capacitance C, inciudes stray "wiring
capacitance and the probe input capacitance.

TIMING DIAGRAM

’—20 | 4 MITSUBISHI
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MITSUBISHI HIGH SPEED CMOS

M74HCTO4P/FP/DP

w HEX INVERTER WITH LSTTL-COMPATIBLE INPUTS

DESCRIPTION
The M74HCTO04 is a semiconductor integrated circuit con-
sisting of six inverters.

FEATURES

® TTL level input V| (=0.8V, max V,;;=2.0V, min

® High-speed: 10ns typ. (C_=15pF, Vcc=5V)

® Low power dissipation: 54 W/package, max
(Vee=5V, Ta=25T, quiescent state)

® Capable of driving 10 74LSTTL loads

® Wide operating temperature range: Ta=—40~+85C

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

FUNCTIONAL DESCRIPTION

Use of silicon gate technology allows the M74HCTO04 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
741.S04.

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 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.

PIN CONFIGURATION (TOP VIEW)

eut A1 —[1]

outeut Y1 +[2]
INPUT A2 —[3]
outrut v2 4]
INPUT A3~ [ ]
outeut ¥3 +[6]

GND [z

LY

\J
E Veo

[13] — A6 NPUT

[12] - v6 outeut

[10] - v5 outpur

& ﬁﬂ« A4 INPUT

8 | - Y4 OUTNPUT

14P4

Outline 14P2N

14P2P

LOGIC DIAGRAM (EACH INVERTER)

INPUT A D_W_‘Do——o Y

OUTPUT

FUNCTION TABLE

Input Output
A . Y
L H
H L

ABSOLUTE MAXIMUM RATINGS (1o = —40~+85%C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vae Supply voltage —0.5~+7.0 v
V, Input voltage —0.5~Vcc+0.5 \2
Vo Output voltage —0.5~Vcc+0.5 v
Ik Input protection diode current Vi<V =20 mA

Vi > Vee 20
e Vo <OV —20

lok Output parasitic diode current VoS Voo 20 mA
lo Output current per output pin +25 mA
lec Supply/GND current Vce, GND +50 mA
Pd Power dissipation (Note 1) 500 mw
Tstg Storage temperature range —65~-4150 C

Note 1 ! M74HCTO4FP, Ta = —40~+60C and Ta = 60~85°C are derated at —6mw/C.
M74HCTO04DP, Ta = —40~+4-50C and T4 = 50~85°C are derated at —5mW/C.
MITSUBISHI o1
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MITSUBISHI HIGH SPEED CMOS
M74HCTO4P/FP/DP

RECOMMENDED OPERATING

HEX INVERTER WITH LSTTL-COMPATIB.LE INPUTS

CONDITIONS (12 = —40~+85%C)

Symbol Parameter Limits Unit
Min Typ Max .
Vce Supply voltage 4.5 5.5 \4
\A Input voltage 0 ) Vee \%2
Vo Output voltage 0 Vee \4
Topr Operating temperature range —40 485 c
tr, tf Input risetime, falltime 0 500 ns

ELECTRICAL CHARACTERISTICS (Voo = 5V:£10%, uniess otherwiss noted)

Limits
Symbol Parameter Test conditions 25C —40~+485C Unit
Min Typ Max Min Max
) Vo=0.1V
Vin High-level input voltage 2.0 2.0 \"
llo| = 20pA
Vo = V¢c—0.1V
Viu Low-level input voltage 0 Teo 0.8 0.8 \"
llo| = 20uA
lon = —20uA Vee—0. 1 Veo—0. 1
Vou High-level ouutput voltage Vi=V, loy = ~4.0mA, Vgo=4.5V 4.18 4,13 v
lon = —4.8mA, Vgo =5.5V 5.18 5.13
loL = 20uA 0.1 0.1
VoL Low-level output voltage Vi=Vy lo. = 4.0mA, Vec =4.5V 0.26 0.33 \"
lo. = 4.8mA, Vcc=5.5V 0.26 0.33
(M High-level input current Vi = Vee 0.1 1.0 HA
he Low-level input current V= GND —0.1 —1.0 #A
lcc Quiescent supply current Vi = Vcc, GND, Ip=0uA 1.0 10.0 uA
ADlce Maxif q! supply current V,=2.4v, 0.4V (Note 2) . 2.7 2.9 mA
Note 2 : Only one input is set at this value and all other inputs are fixed at Ve or GND.
SWITCHING CHARACTERISTICS (Voo =5V, Ta=25¢)
. Limits
Symbol Parameter Test conditions Unit
. Min Typ Max
trim Low-level to high-level and high-level to jow-level 10 ns
t tput transition ti . 10 ns
THL output transition time : C. = 15pF (Note 4) !
teLn Low-level to high-level and high-leve! to low-level 15 ns
teHL output propagation time 15 ns
SWITCHING CHARACTERISTICS (Vcc = 5v£10%, Ta = —40~+85¢C)
Limits
Symbol Parameter est conditions 2T —40~+485C Unit
Min Typ Max Min Max
trin Low-level to high-level and 15 19 ns
t Ootput ransiion time 15 19 ns
THE i C = 50pF (Note 4)
tpLh L ow-level to high-level and 18 24 ns
= high-level to low-level
tonL output propagation time 18 24 ns
C, Input capacitance 10 10 pF
Cep Power dissipati p (Note 3) pF
Note' 3 : Cpp 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 formuta:

Po = Cpp * Voo’ * fitlec * Voo

_ MITSUBISHI
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MITSUBISH! HIGH SPEED CMOS

M74HCTO4P/FP/DP

HEX INVERTER WITH LSTTL-COMPATIBLE INPUTS

Note 4 : Test Circuit

INPUT

PG

Veo OUTPUT

500

TIMING DIAGRAM

A / \
1.3v 1.3v

—_

iGND : 71; L (1)The pulse generator (PG) has the following

characteristics (10%~90%): t, = 6ns, t = 6ns
(2) The capacitance C_ includes stray wiring
capacitance and the probe input capacitance.

3.0v
ov
trug
l
90% Von
1.3v
\10% 10% Vou

tonL

MITSUBISHI 27— 33
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MITSUBISHI HIGH SPEED CMOS

- M74HCO5P/FP/DP

HEX INVERTER WITH OPEN-DRAIN OUTPUTS

DESCRIPTION
The M74HCO05 is a semiconductor-integrated circuit con-
sisting of six inverters with open-drain outputs.

FEATURES

® Open-drain outputs )

® High-speed: 8ns typ. (C, P=15pF, Vcc=5V)

® Low power dissipation: 52 W/package, max
{(Voc=5V, Ta=25C, quiescent state)

High noise margin: 30% of V¢c, min (Vog=4.5V, 6V)
Capable of driving 10 74LSTTL loads

Wide operating voltage range: Voc=2~6V

Wide operating temperature range: Ta=—40~+85C

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

FUNCTIONAL DESCRIPTION

Use of silicon gate technology allows the M74HCO05 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
741.805.

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

PIN CONFIGURATION (TOP VIEW)

A

INPUT 1A= E E Vee
outrut 1Y ~[2] & ﬁﬁ] —6A INPUT

INPUT  2A—> E * E — BY OUTPUT
oureur 2y «[4] :Y ﬁ [T1]5a iUt

INPUT SA— E * E - 5Y OUTPUT

ouTPUT 3Y~E3 ﬁﬂn— 4A INPUT
*

ano  [7] [5]—4v oureur
14P4
Outline 14P2N
" 14P2P

* . Open-drain output

LOGIC DIAGRAM (EACH INVERTER)

Vee

Y OQUTPUT

INPUT A%—J

Input Output
A Y
L H
H L
29— ‘ _MITSUBISHI

"W ELECTRIC -




MITSUBISHI HIGH SPEED CMOS

M74HCOSP/FP/DP

HEX INVERTER WITH OPEN-DRAIN OUTPUTS

ABSOLUTE. MAXIMUM RATINGS (7a= —40~-+85%, uniess otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vce Supply voltage —0.5~-+7.0 v
vV, Input voltage —0.5~Vcce+0.5 \
Vo Output voltage —0.5~Vcc+0.5 \"

] Vv, <OV . —20
113 Input protection diode current V> Veo 20 mA
lok Output parasitic diode current Vo<Ov —2 mA
Vo > Vee 20

lo Output current per output pin +25 mA
lec Supply/GND current Ve, GND +50 mA
Pd Power dissipation (Note 1) 500 mwW
Tstg Storage temperature range —65~-4150 ‘C

Note 1 : M74HCOSFP, Ty = —40~+607C and T, = 60~85C are derated at —6mW/C. '
M74HCO5DP, Tq = —40~+450C and Ta = 50~85°C are derated at —5mW/C.
RECOMMENDED OPERATING CONDITIONS (Ta=—40~+85C)
Symbol Parameter - Limits Unit
Min Typ Max
Vce Supply voltage 2 6 v
V, Input voltage 0 Vee v
Vo Output voltage ¢} Vece \'
Topr Operating temperature range —40 +-85 c
Voo = 2.0V 0 1000
tr, 4 Input risetime, falltime Voo = 4.5V 0 500 ns
Vee = 6.0V 0 400
ELECTRICAL CHARACTERISTICS
Limits
Symbol Parameter Test conditions 25C —40~+4-85C Unit
Vee(V) Min Typ Max Min Max
Vo=0.1V 2.0 1.5 1.5
Viu High-level input voltage lo| = 201A 4.5 3.15 3.15 v
6.0 4.2 4.2
' 2.0 0.5 0.5
Vo= Vee—0.1v
Vi Low-level input voltage 4.5 1.35 1.35 v
llol = 20A
6.0 1.8 1.8
oL = 20uA 2.0 0.1 0.1
loL = 20uA 4.5 0.1 0.1
VoL Low-level output voltage V)=V loL = 20uA 6.0 0.1 0.1 \"
loL = 4.0mA 4.5 0.26 0.33
loL = 5. 2mA 6.0 0.26 0.33
I High-level output current V=6V 6.0 0.1 1.0 ~A
I Low-level input current V) =0V 6.0 —0.1 —1.0 ©A
lo Maximum output leakage current z: : z:: zz; 2:;0 g g _gg _: g uA
lce Quiescent supply current V)= V¢e, GND, lp=0uA 6.0 1.0 10.0 rA
MITSUBISHI A
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MITSUBISHI HIGH SPEED CMOS

M74HCOSP/FP/DP

©“HEX INVERTER WITH OPEN-DRAIN OUTPUTS

SWITCHING CHABACTERISTICS (Voo =8V, Ta=25C)

. ’ ' Limits
Symbol Parameter Test conditions : - Unit
Min Typ Max
t High-level to low-level output transition ti : Au=1k0 10 |
THL -level to OW evel output transity me CL= IspF(NOte3) ns
teLn Low-level to high-level and high-level to low-level R, = 1k, C_ = 5pF (Note3) 20 ns
teuL output propagation time R = 1k}, C_= 15pF (Note 3) 14 ns
SWITCHING CHARACTERISTICS (Voc = 2~6V, Ta = —40~+85C)
Limits
Symbol Parameter Test conditions . 2B5C —40~+-85C Unit
Vee(V) Min Typ Max Min Max
High-level to low-level 2.0 ‘ I %
tru ou? ut transition time 4.5 ‘ 15 19 ns
P 6.0 13 | 18
. R =1k0) 2.0 - 115 145
teLn _| Low-level to high-level and G, = 50pF (Note 3) 4.5 23 29 ns
high-level to low-level ' ° 6.0 2 =
9 ‘ 2.0 . 85 105
tene output propagation time 4,5 17 2 ns
6.0 14 18
C input capacitance 10 10 pF
Co Quitput capacitance A=GND . 10 : 10 pF
Cep Power dissipation capacitance (Note 2) 8 pF
Note 2 : Cppls 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 calcuiated using the following formula:
Pp = Cep *Vec® * fitlec * Voo
Note 3 ! Test Circuit
INPUT Voo  OUTPUT Voo
[ .
PG DUT
500 GND C. (1)The pulse generator (PG) has the following
characteristics (10%~90%): ty = 6ns, tf = 6éns
(2) The capacitance C_ includes stray wiring

TIMING DIAGRAM

capacitance and the probe input capacitance.

Vee . "

"GND

' " MITSUBISHI
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QUADRUPLE 2-INPUT POSITIVE AND GATE

' MITSUBISHI HIGH SPEED CMOS

M74HCOSP/FP/DP

DESCRIPTION

The M74HCO08 is a semiconductor integrated circuit con-

sisting of four 2-input positive-logic AND gates, usable as
negative-logic OR gates.

FEATURES

® High-speed: 9.5ns typ. (C_=15pF, Vcc=5V)

® Low power dissipation: 54W/package, max
(Vee=5V, Ta=25TC, quiescent state)

High noise margin: 30% of Vg¢, min (Vgc=4.5V, 6V)
Capable of driving 10 74LSTTL loads

Wide operating voltage range: Vgc=2~6V

Wide operating temperature range: Ta=—40~+85C

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

FUNCTIONAL DESCRIPTION

Use of silicon gate technology allows the M74HCO08 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
741.S08.

Buffered outputs Y improve input-to-output transfer charac-
teristics and minimizes output impedance variations with

PIN CONFIGURATION (TOP VIEW)

INPUTS { 82 "E ] — s

} INPUTS

a1 —[1] E Veo
INPUTS { o1 [2] 5] ae
OUTPUT Y1 '—E@ @:’ —B4 } TS
a2—[4] @ [11] > v4  oureur

oureur vz +—[6] (9] 83
ano  [7] [8] ~v3  oureur
14P4
Outline 14P2N
14P2P

LOGIC DIAGRAM (EACH GATE)

respect to input voltage variations. A
When both inputs A and B are high, the output Y will be- INPUTS Y OUTPUT
come high, and when at least one of the inputs is low, Y will B
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~+85C, uniess otherwise noted)

Symbol Parameter Conditions Ratings Unit
Voo Supply voltage —0.5~+7.0 \
v, Input voltage —0.5~Vgc+0.5 Y
Vo Output voltage —0.5~Vgc+0.5 Vv

] vV <oV ] , —20

hik Input protection diode current V> Voo 0 mA

lok Output parasitic diode current Vo< OV —20 mA
Vo > Vee 20

lo Output current per output pin . ) *+25 mA
lcc Supply/ GND current Ve, GND +50 mA
Pd Power dissipation (Note 1) 500 mwW
Tstg Storage temperature range —65~-+150 C

Note 1 : M74HCO8FP, T = —40~-+60C and T4 = 60~85C are derated at —6mW/C.
M74HCO08DP, Tq = —40~+-50C and Ty = 50~85°C are derated at —5mw/TC.
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MITSUBISHI HIGH SPEED CMOS

M74HCOS8P/FP/DP

f

QUADRUPLE 2-INPUT POSITIVE AND GATE

RECOMMENDED OPERATING CONDITIONS (ta=—40~+8%¢)

Symbol Parameter Limits, Unit
- Min Typ Max
Vee Supply voltage 2 6 v
Vy Input voltage 0 Vce \2
Vo Output voltage 0 Vee \"
Topr Operating temperature range —40 +85 ‘C
Voo = 2.0V 0 1000
tes tf Input risetime, talitime Vee = 4.5V Q 500 ns
Vg = 6.0V 0 400 ]
ELECTHICAL CHARACTERISTICS ‘
. Limits
Symbol _ Parameter Test conditions 25T —40~+4-85C Unit
Vee(V) Min Typ Max Min Max
2.0 1.5 1.5
Vin High-level input voltage |\|/:1==0éo]:l:\ Voo=0. 1 4.5 3.15 3.15 v
6.0 4,2 4.2
Vo=0.1v 2.0 0.5 0.5
Vi Low-ievel input voltage lo| = 20uA 4.5 1.35 1.35 v
’ 6.0 1.8 1.8
fon = —20uA 2.0 1.9 1.9
lon = —20uA 4.5 4,4 4.4
" Vou High-level output voltage V= Vi lon = —20uA 6.0 5.9 5.9 \"
' low = —4.0mA 4.5 4.18 4.13
low = —5.2mA 6.0 5.68 5.63
loL = 20uA 2.0 0.1 ' 0.1
lou=20uA - 4.5 0.1 0.1
Voo Low-level output voltage Vi= Vin, - ViL loL = 20uA 6.0 0.1 0.1 A\
lor = 4.0mA 4,5 0.26 0.33
loL = 5.2mA 6.0 0.26 0.33
M High-level input current V) =6V 6.0 0.1 1.0 wA
he Low-level input current V=0V 6.0 —0.1 —1.0 uA
lee Quies