


IIIN INTRODUcnON TO 74C 

74C is a CMOS pin for pin, function for 
function, equivalent to the 7400 TTL 
family. This new concept in CMOS was 
designed with the engineer in mind. Strict 
design rules were adhered to in the input and 
output characteristics, such as making all 
outputs capable of sinking 360/lA (two 
LPT2 L loads) and specifying all AC 
parameters at 50pF loads. These consistent 
design rules will simplify system design by 
giving the engineer realistic and workable 
parameters. The engineer can take full 
advantage of his knowledge of the 7400 line 
and utilize the design tricks he has learned. 

For those designs that require 4000 Series, 
National manufactures these circuits. 

National dM;S not assume any responsibility for lise Ilf any circuitry IIeseribed; no circuit palent licenses are illlplie!!; and National reserves the fight, at any time without notiee, to change said circuitry. 



Ills NUMERICAL INDEX AND TABLE O~ CONTENTS 

I ntroduction to 74C ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......................... . 
CMOS Guide ..........................•........................................ iv 
54C/74C Power Consumption Characteristics Guide. '. , . ' .... , ................................ y 
CMOS Cross Reference Guide . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vi 

74C DATA SHEETS IN NUMERICAL ORDER 

MM54COO/MM74COO Quad 2·lnput NAND Gate .......................................... . 
MM54C02/MM74C02 'Quad 2·lnput NOR Gate ........................................... . 
MM54C04/MM74C04 Hex Inverter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 

. MM54C08/MM74C08 Quad 2·lnput AND Gate ......................................•...... 5 
MM54C10/MM74C10 Triple 3·lnput NAND Gate ........................................... 1 
MM54C14/MM74C14 Hex Schmitt Trigger ................................................ 8 
MM54C20/MM74C20 Dual 4·lnput NAND Gate ........................................... . 
MM54C30/MM74C30 8·lnput NAND Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11 
MM54C32/MM74C32 Quad 2·lnput OR Gate .............................................. 14 
MM54C42/MM74C42 BCD·to·Decimal Decoder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 16 
MM54C48/MM74C48 BCD·to·7 Segment Decoder ........................................... 18 
MM54C73/MM74C73 Dual J·K Flip·Flops with Clear ................................. ; ...... 22 
MM54C74/11(1M74C74 Dual D Flip·Flop ................ , ................................ 25 
MM54C76/MM74C76 Dual J·K Flip·Flops with Clea'r and Preset ................................. 22 
MM54C83/MM74C83 4·Bit Binary Full Adder " ........................................... 28 
MM54C85/MM74C85 4·Bit Magnitude Comparator .......................................... 32 
MM54C86/MM74C86 Quad 2·lnput EXCLUSIVE·OR Gate ................................... " 5 
MM54C89/MM74C89 64·Bit TR I·STATE® Random Access ReadlWrite Memory ...................... 35 
MM54C90/MM74C90 4·Bit Decade Counter ............. , ................................. 39 
MM54C93/MM74C93 4·Bit Binary Counter ............. ; ................................. 39 
MM54C95/MM74C95 4·Bit Right·Shift/Left·Shift Register ..................................... 43 
MM54C107/MM74C107 Dual J·K Flip·Flops with Clear ..................................•.... 22 
MM54C151/MM74C151 8·Channel Digital Multiplexer ........................................ 45 
MM54C154/MM74C154 4·Line to. 16·Line Decoder/Demultiplexer ................................ 48 
MM54C157/MM74C157 Quad 2·lnput Multiplexer .....................•.................... 51 
MM54C160/MM74C160 Decade Counter with Asynchronous Clear ............................... 53 
MM54C161/MM74C161 Binary Counter with Asynchronous Clear ............................... 53 
MM54C162/MM74C162 Decade Counter with Synchronous Clear ................................ 53 
MM54C163/MM74C163 Binary Counter with Synchronous Clear ................................ 53 
MM54C164/MM74C164 8·Bit Parallel·Out Serial Shift Register .................................. 57 
MM54C165/MM74C165 Parallel·Load 8·Bit Shift Register ..................................... 60 
MM54C173/MM74C173 TRI·STATE® Quad D Flip·Flop ..................................... 64 
MM54C174/MM74C174 Hex D Flip-Flop ................................................ 67 
MM54C175/MM74C175 Quad D Flip·Flop ............................................... 70 
MM54C192/MM74C192 Synchronous 4·Bit Up/Down Decade Counter ............................. 73 
MM54C193/MM74C193 Synchronous 4·Bit Up/Down Binary Co,unter ............................. 73 
MM54C195/MM74C1954·Bit Register .................................................. 76 
MM54C200/MM74C200 256·Bit TRI·STATE® Random Access Read/Write Memory .................... 79 
MM54C221/MM74C221 Dual Monostable Multivibrator .... ) ................................... 82 
MiVl54C901(MM74C901 Hex Inverting TTL Buffer .......................................... 86 
MM54C902(MM74C902 Hex Non·lnverting TTL Buffer ....................................... 86 

, MM54C903(MM74C903 Hex Inverting PMOS Buffer ......................................... 86 
MM54C904(MM74C904 Hex Non·lnverting PMOS Buffer. ..................................... 86 
MM54C905(MM74C905 12-Bit Successive Approximation Register ............................... 90 
MM54C906(MM74C906 Hex Open main N·Channel Buffer ........................... -......... 95 
MM54C907(MM74C907 Hex Open Drain P·Channel Buffer .................................... 95 
MM74C908 Dual High Voltage CMOS Driver .............................................. 98 
MM54C909(MM74C909 Quad Comparator ............................................... 102 
MM54C910(MM74C910 256·Bit TRI·STATE® Random Access ReadlWrite Memory ................... 107 
MM54C914(MM74C914 Hex Schmitt Trigger ............................. , .............. " 109 
MII(174C918 Dual High Voltage CMOS Driver ................................•............. 98 



MM54C925/MM74C925 4-Digit Counter with. Multiplexe.d 7-Segment .output Driver. . . . . . . .. . . . . . . . . . . 112 
MM54C926/MM74C926 4-Digit Counter with Multiplexed 7-Segment .output Driver .................. . 
MM54C927/MM74C927 4·Digit Counter with Multiplexed 7-Segment .output Driver .................. . 

112 
112 

MM54C928/MM74C928 4-Digit Counter with Multiplexed 7-Segment .output Driver ...........•....... 112 
MM70C95/MM80C95 TRI-STATE® Hex Non-Inverting Buffer ............. ,. . ............... 113 
MM70C~7/MM80C97 TRI-STATE® Hex Non-Inverting Buffer......... . .................... 113 
MM78C29/MM88C29 Quad Single Ended Line Driver. . . . . . . . . . . . . . . . .................. 116 
MM78C30/MM88C30 Dual Differential Line Driver ................ . 116 

CD4000 DATA SHEETS IN NUMERICAL ORDER 

CD4001 M/CD4001 C Quadruple 2·lnput NDR Gate ............. . . . . . . . . 121 
CD4002M/CD4002C Dual 4-lnput NDR Gate ...... . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . 124 
CD4006M/CD4006C 18-Stage Static Shift Register. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126 
CD4007M/CD4007C Dual Complementary Pair Plus Inverter ................................... 129 
CD4009M/CD4009C Hex Buffer (Inverting) .............................................. 132 
CD4010M/CD4010C Hex Buffer (Non-Inverting) ........................................... 132 
CD4011 M/CD4011 C Quad 2-lnput NAND Gate ............................................ 134 
CD4012M/CD4012C Dual 4-1 nput NAND Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 134 
CD4013M/CD4013C Dual D Flip-Flop. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 136 
CD4014M/CD4014C 8-Stage Static Shift Register. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 139 
CD4015M/CD4015C Dual 4-Bit Static Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 142 
CD4016M/CD4016C Quad Bilateral Switch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 146 
CD4017M/CD4017C Divide-by-l0 Counter/Divider with 10 Decoded .outputs ...................... . 
CD4019M/CD4019C Quad AND-DR Select Gate .......................................... . 

150 
154 

CD4020M/CD4020C 14-Stage Ripple-Carry Binary Counter/Divider. . . . . . . . . . .............. 156 
CD4021 M/CD4021 C 8-Stage Static Shift Register. . . . . . . . . . . . . . . . . . . . . . . . . .. . . ............ 159 
CD4022M/CD4022C Divide-by-8 Counter/Divider with 8 Decoded .outputs . . . . . . . . . . . . . . . . . . . . . . . .. 162 
CD4023M/CD4023C Triple 3-lnput NAND Gate ........................................... 134 
CD4024M/CD4024C 7-Stage Ripple-Carry Binary Counter/Divider ............................... 166 
CD4025M/CD4025C Triple 3-lnput NDR Gate ................................ , ............ 170 
CD4027M/CD4027C Dual J-K Master/Slave Flip-Flop with Set and Reset ......................... '. 173 
CD4028M/CD4028C BCD-to-Decimal Decoder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 176 
CD4029M/CD4029C Presettable, Binary/Decade, Up/Down Counter .............................. 179 
CD4030M/CD4030C Quad EXCLUSIVE-DR Gate ........................................... 183 
CD4035M/CD4035C 4-Bit Parallel-In/Parallel-Dut Shift Register ................................. 186 
CD4040M/CD4040C 12-Stage Ripple-Carry Binary Counter/Divider. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 190 
CD4042M/CD4042C Quad Clocked D Latch ,. , ... , , , , , , , .. , .. , , , .. , , ..... , ......... , .. , . . . 193 
CD4049M/CD4049C MDS (CMOS) Hex Buffer ........ , . , ... , .. , ..... , ..... , , .. , ... , . , ..... 196 
CD4050M/CD4050C MDS (CMDS) Hex Buffer. . , ......... , ..... , .. , . , ... , ................. 196 
CD4066M/CD4066C Quad Bilateral Switch ... , ............... , .............. , .......... , . 199 
CD4069BM/CD4069BC Hex Inverter ....... , . _ , .................. , ..... , . , . , .... , , , .... 203 
CD4070BM/CD4070BC Quad EXCLUSIVE-DR Gate ......... , ..... , , . , ........ , . , ...... , . , , . , 203 
CD4076BM/CD4076BC TRI-STATE® Quad D Flip-Flop ... , ... , .... , ....... , . , .... , ... , ..... , 203 
CD401 06BM/CD401 06BC Hex Schmitt Trigger . , ................. , " ............... , , , . , ., 203 
CD40192BM/CD40192BC Synchronous Up/Down Decade Counter .......... , ............. , ...... 203 
CD40193BM/CD40193BC Synchronous Up/Down Binary Counter ......... , ..... , ............... 203 
CD4511BM/CD4511BC BCD-to-7 Segment Latch/Decoder/Driver ................... , ...... , ...... 204 

APPLI CA TION NOTES/BR I E FS 

AN-n, CMDS, The Ideal Logic Family 209 
AN-88, CMDS Linear Applications ... , ....... ' ... , ........ , , , .... , ... , .. , .......• ' . , . , . , 217 
AN-90, 54C/74C Family Characteristics .............. , ...... , ... , . , ...... , . , , ......... , ., 220 
AN-118, CMDS .oscillators ............ , ................ , , , . , ...... , . , ... , ... , .. , . , ... 226 
AN-138, Using the CMDS Dual Monostable Multivibrator ......................... , ..... , , .... 230 
AN-140, CMDS Schmitt TriggeF-A Uniquely Versatile Design Component ...... , ................... 236 
MB-18, MM54C/MM74C Voltage Translation/Buffering .. , . , ..... , ....... , ....... , ... , .. , . , ... 242 

CMDS Packages, . , ......... , , .. , ....... , ....... , .................. , .............. 244 
.ordering Information .......... , .......•. , ..... , ...................... , ............ 246 

iii 



w 
Q 

III~ 
CMOS GUIDE :5 
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:E GATES COUNTERS (CON'T) 
U MM74COO Quad 2-lnput NAND Gate MM74C193 Sync Up!Down Binary Counter 

MM74C02 Quad 2-lnput NOR Gate CD4017 Divide-by-10 Counter/Divider with 10 
MM74C04 Hex Inverter Decoded Outputs 

MM74C08 Quad 2-lnput AND Gate CD4018 Presettable Divide-by-"N" Counter 

MM74Cl0 Triple 3-lnput AND Gate CD4020 14 Stage Ripple Carry Binary Counter/ 

MM74C20 Dual 4-lnput NAND Gate Divider 

MM74C30 8-lnput NAND Gate CD4022 Divide-by-8 Counter/Divider with 8 

MM74C32 Quad 2-lnput OR Gate 
Decoded Outputs 

MM74C86 Quad 2-lnput EXCLUSIVE-OR Gate CD4024 Divide-by-8 Counter/Divider 

CD4001 Quad 2-lnput NOR Gate 
CD4029 Presettable Up/Down Counter 
CD4040 12-8it Binary Ripple Counter 

CD4002 Dual 4-lnput NOR Gate 
CD40192 Sync Up!Down Decade Counter 

CD4007 Dual Complementary Pair Plus Inverter 
CD40193 Sync Up!Down Binary Counter 

CD4011 Quad 2-lnput NAND Gate 
CD4012 Dual 4-lnput NAND Gate 

SHIFT REGISTERS 
CD4019 Quad AND-OR Select Gate 
CD4023 Triple 3-lnput NAND Gate MM74C95 4-Bit R-S L-S Register 

CD4025 Triple 3-lnput NOR Gate MM74C164 8-Bit S-In P-Out Shift Register 

CD4030 Quad EXCLUSIVE-OR Gate MM74C165 8-Bit S-In P-Out Shift Register 

CD4069 Hex Inverter MM74C195 4-Bit Parallel Shift Register 

CD4070B Quad EXCLUSIVE-OR Gate CD4006 18-Bit Shift Register 
CD4014 8-Bit Static Shift Register 

BUFFERS CD4015 Dual 4-Bit Shift Register 

MM74C901 Hex Inverting TTL Buffer CD4021 8-Bit Shift Register 
CD4035 4-Bit Parallel-In/Parallel-Out Shift 

MM74C902 Hex Non-Inverting TTL Buffer Register 
MM74C903 Hex Inverting PMOS Buffer 
MM74C904 Hex Non-Inverting PMOS Buffer DECODERS/MULTIPLEXERS 
MM74C906 Open Drain Buffer (Active Pull Down) 

MM74C42 BCD-to-Decimal Decoder 
MM74C907 Open Drain Buffer (Active Pull Up) 

MM74C48 BCD-to-l Segment Decoder 
MM80C95 TRI-STATE® Hex Buffer 
MM80C97 TRI-STATE® Hex Buffer 

MM74C151 8 Channel Digital Multiplexer 

CD4009 Hex Buffer (Inverting) 
MM74C154 4: 16 Decoder/Demultiplexer 

CD4010 Hex Buffer 
MM74C157 Quad 2-lnput Multiplexer 

CD4049 Hex Buffer (4009) 
CD4016 Quad Bilateral Switch 
CD4066 Quad Bilateral Switch 

CD4050 Hex Buffer (4010) 
CD4028 BCD-to-Decimal Decoder 

FLIP-FLOPS 
CD4511 BCD-to-7 Segment Decoder 

MM74C73 Dual J-K Flip-Flop MEMORIES 
MM74C74 Dual 0 Flip-Flop MM74C89 64-Bit TRI-STATE® Random Access 
MM74C76 Dual J-K Flip-Flop Read/Write Memory 
MM74Cl07 Dual J-K Flip-Flop MM74C200 256-Bit TRI-STATE® Random Access 
MM74C173 TRI-STATE®Quad 0 Flip-Flop Read/Write Memory 
MM74C174 Hex 0 Flip-Flop 
MM74C175 Quad 0 Flip-Flop ARITHMETIC FUNCTIONS 

CD4013 Dual 0 Flip-Flop MM74C83 4-Bit Binary Full Adder 
CD4027 Dual J-K Flip-Flop MM74C85 4-Bit Magnitude Comparator 
CD4042 Quad D Latch 
CD4076 TR I-STATE® Quad D Flip-Flop SPECIAL FUNCTIONS 

MM74C14 Hex Schmitt Trigger 
COUNTERS MM74C221 Dual Monostable Multivibrator 

MM74C90 Decade Counter MM74C905 Successive Approximation Register 
MM74C93 Binary Counter MM74C908 Dual -30V 250 mA Buffer 
MM74C160 Sync Decade Counter MM74C909 Linear Comparator 

MM74C161 Sync Binary Counter MM88C29 Dual Line and Clock Driver 

MM74C162 Fully Sync Decade Counter MM88C30 Dual Line Driver 

MM74C163 Fully Sync Binary Counter CD4016 Quad Bilateral Switch 
MM74C192 Sync Up/Down Decade Counter CD40106 Hex Schmitt Trigger 

iv 
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54C/74C POWER CONSUMPTION 
CHARACTER ISTICS GUIDE 

Typical characteristics T A ~ 25°C. 

CpO tpd (nsl 
DEVICE TYPE/PRODUCT DESCRIPTION (pFI CL = 50 pF 

(Not. 31 Vec = 5.0V 

MM54COO/MM74COO Quad 2·lnput NAND Gate 12 50 
MM54C02/MM74C02 Quad 2·1 nput NOR Gate 12 50 
MM54C04/MM74C04 Hex Inverter 12 50 
MM54C08/MM74C08 Quad 2·1 nput AN D Gate 14 80 
MM54C10/MM74C10 Triple 3·lnput AND Gate 18 60 
MM54C14/MM74C14 Hex Schmitt Trigger 20 220 
MM54C20/MM74C20 Dual 4·lnput NAND Gate 30 70 
MM54C30/MM74C30 8·lnput NAND Gate 26 125 
MM54C32/MM74C32 Quad 2·lnput OR Gate 15 80 
MM54C42/MM74C42 BCD·to-Decimal Decoder 50 200 
MM54C48/MM74C48 BCD·to·7 Segment Decoder NA 450 (11 
MM54C73/MM74C73 Dual J-K Flip·Flop 40 180 
MM54C74/MM74C74 Dual D Flip-Flop 40 180 
MM54C76/MM74C76 Dual J-K Flip·Flop 40 180 
MM54C83/MM74C83 4-Bit Binary Full Adder 120 300 
MM54C85/MM74C85 4-Bit Magnitude Comparator 45 220 (11 
MM54C86/MM74C86 Quad 2-lnput EXCLUSIVE-OR Gate 20 110 
MM54C89/MM74C89 64·bit TR I-ST ATE® Random Access Memory 230 270 
MM54C90/MM74C90 4-Bit Decade Counter 45 400 
MM54C93/MM74C93 4·Bit Binary Counter 45 400 
MM54C95/MM74C95 4·Bit R-S/L-S Register 100 200 
MM54C107/MM74C107 Dual J-K Flip-Flop 40 180 
MM54C151/MM74C151 8-Channel Digital Multiplexer 50 200 (11 
MM54C154/MM74C154 4: 16 Decoder/Demultiplexer 60 275 (11 
MM54C157/MM74C157 Quad 2-lnput Multiplexer 20 150 (11 
MM54C160/MM74C160 Sync Decade Counter 95 250 (21 
MM54C161/MM74C161 Sync 4-Bit Binary Counter 95 250 (21 
MM54C162/MM74C162 Sync Decade Counter 95 250 (21 
MM54C163/MM74C163 Sync 4-Bit Binary Counter 95 250 (21 
MM54C164/MM74C164 ,8-Bit SI/PO SIR 140 230 (21 
MM54C165/MM74C165 8-Bit PI/SO SIR 55 210 (21 
MM54C173/MM74C173 TRI-STATE® Quad D Flip-Flop 180 220 (21 
MM54C174/MM74C174 Hex D Flip-Flop 95 150 (21 
MM54C175/MM74C175 Quad D Flip-Flop 130 190 (21 
MM54C192/MM74C192 Sync Up/Down Decade Counter 70 250 (21 
MM54C193/MM74C193 Sync Up/Down Binary Counter 70 250 (21 
MM54C195/MM74C195 4-Bit Parallel SIR 130 200 (21 
MM54C221/MM74C221 Dual Monostable Multivibrators NA 250 (21 
MM54C901/MM74C901 Hex Inverting TTL Buffer 30 38 
MM54C902/MM74C902 Hex Non-Inverting TTL Buffer 50 57 
MM54C903/MM74C903 Hex Inverting TTL Buffer 30 38 
MM54C904/MM74C904 Hex Non-Inverting TTL Buffer 50 57 
MM54C905/MM74C905 12-Bit Successive Approximation Register 100 200 
MM54C906/MM74C906 Hex Open Drain N-Channel Buffers 30 NA 
MM54C907/MM74C907 Hex Open Drain P-Channel Buffers 30 NA 
MM54C908/MM74C908 Dual High Voltage CMOS Driver NA 150 (11 
MM54C918/MM74C918 Dual High Voltage CMOS Driver NA 150 (11 
MM70C95/MM80C95 TRI-STATE® Hex Non-Inverting Buffer 60 60 
MM70C97/MM80C97 TRI-STATE® Hex Non-Inverting Buffer 60 60 
MM78C29/MM88C29 Quad Single Ended Line Driver 150 200 
MM78C30/MM88C30 Dual Differential Line Driver 200 350 

Note 1: tpd shown is from data input to output. For more detailed specifications see individual data sheet. 

Note 2: tpd shown is from clock to output. For more detailed specifications see individual data sheet. 

Ll.tpd/pF LTTL (TTLI' 
CURVE FAN OUT 

A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
NA 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
B 2' 
B 2' 
B 2' 
B 2* 
A 2 
NA 2' 
NA 2* 
NA NA 
NA NA 
B 1* 
B 1* 
NA 5* 
NA 5* 

Note 3: CPO numbers shown are for independent identical functions within a package. For instC'!nce the total CPO for a MM75C157 is 
4 x 20 pF = 80 pF while the total CPD for the MM74C173 is 180 pF because all flip-flops have a common clock. 

Normalized Typical Power 
Consumption vs Frequency 

10' 10' 10' 

FREQUENCY (Hz) 

TOTAL POWER" Vce 2 K f M (Cpo + Cd + Vee ILEAKAGE ',. 

Typical Propagation Delay per pF of 
Load Capacitance vs Power Supply 

Vee ~ POWER SUPPl Y VOL TAGE (V) 

1''''1 :,(C-50)pFx 6;~ +tpdl 
CL " C CL "50 pF 

For complete explanation on use of curves see application note AN-90, 54C174C Family Characteristics. 
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~~ CROSS REFERENCE GUIOE 

74C CROSS REFERENCE 

National RCA Harris Teledyne 

MM74COO HD74COO MM74COO 
MM74C02 HD74C02 MM74C02 
MM74C04 CD4069 HD74C04 MM74C04 
MM74C08 
MM74Cl0 HD74Cl0 MM74Cl0 

MM74C14 CD40106 
MM74C20 HD74C20 MM74C20 
MM74C30 , 
MM74C32 

MM74C42 HD74C42 MM74C42 
MM74C48 'CD4511 
MM74C73 HD74C73 MM74C73 
MM74C74 HD74C74 MM74C74 
MM74C76 HD74C76 MM74C76 

MM74C83 
MM74C85 

lCD4030A MM74C86 
MM74C89 CD4070B 

MM74C90 

MM74C93 
MM74C95 MM74C95 
MM74Cl07 HD74Cl07 
MM74C151 HD74C151 MM74C151 
MM74C154 HD74C154 MM74C154 

MM74C157 HD74C157 MM74C157 
MM74C160 HD74C160 MM74C160 
MM74C161 HD74C161 MM74C161 
MM74C162 HD74C162 MM74C162 
MM74C163 HD74C163 MM74C163 

MM74C164 HD74C164 MM74Cl64 
MM74C165 HD74C165 
MM74C173 CD4076A HD74C173 MM74C173 
MM74C174 
MM74C175 

MM74C192 CD40192 HD74C192 MM74C192 
MM74C193 CD40193 HD74C193 MM74C193 
MM74C195 MM74C195 
MM74C200 
MM74c221 

MM74C901 HD74C901 
MM74C902 HD74C902 
MM74C903 HD74C903 
MM74C904 HD74C904 
MM74C905 

MM74C906 HD74C906 
MM74C907 HD74C907 
MM74C908 
MM74C918 
MM80C95 

MM80C97 
MM80C98 
MM88C29 
MM88C30 

*Functional equivalents. 

Motorola TI Fairchild 

'MC14511 

{MC14585 
MC14030 
MC14507 F340089 

TP4360 F340160 
TP4361 F340161 
TP4362 F340162 
TP4363 F340163 

F340174 
F340175 

F340192 
F340193 
F340195 

F340097 
F340098 
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4000 CROSS REFERENCE 
m 
Ci) 

National RCA Motorola 
Solid State 

Salitron Harris Fairchild TI c: 
Scientific 

C 
CD4001 CD4001A MC14001A SCL4001A CM4001A HD4001A F34001A TP4001A m 
CD4002 CD4002A MC14002A SCL4002A CM4002A HD4002A F34002A TP4002A 
CD4006 CD4006A MC14006A SCL4006A CM4006A 
CP4007 CD4007A MC14007A SCL4007A CM4007A HD4007A TP4007A 
CD4009 CD4009A MC14009A SCL4009A CM4009A HD4009A TP4009A 

CD4010 CD4010A MC14010A SCL4010A CM4010A HD4010A TP4010A 
CD4011 CD4011A MC14011A SCL4011A CM40011A HD4011A F34011A TP4011A 
CD4012 CD4012A MC14012A SCL4012A CM40012A HD4012A F34012A TP4012A 
CD4013 CD4013A MC14013A SCL4013A CM4013A HD4013A F34013A TP4013A 
CD4014 CD4014A SCL4014A CM4014A HD4014A TP4014A 

CD4015 CD4015A MC14015A HD4015 TP4015A 
CD4016 CD4016A MC14016A SCL4016A CM4016A TP4016A 
CD4017 CD4017A MC14017A CM4017A HD4017A 
CD4018 CD4018A HD4018 
CD4019 CD4019A SCL4019A CM40019A HD4019A F34019A TP4019A 

CD4020 CD4020A MC14020A SCL4020A CM4020A HD4020A 
CD4021 CD4021A MC14021A SCL4021 A CM4021A HD4021A TP4021 A 
CD4022 CD4022A MC14022A SCL4022A CM4022A HD4022A 
CD4023 CD4023A MC14023A SCL4023A CM4023A HD4023A F34023A TP4023A 
CD4024 CD4024A MC14024A SCL4024A CM4024A HD4024A 

CD4025 CD4025A MC14025A CM4025A HD4025A F34025A 
CD4027 CD4027A MC14027A SCL4027A HD4027A F34027A TP4027A 
CD4028 CD4028A MC14028A HD4028 TP4028A 
CD4029 CD4029A HD4029 TP4029A 
CD4030 CD4030A SCL4030A HD4030A F34030A 

CD4035 CD4035A MC14035A HD4035A 
CD4040 CD4040A MC14040A HD4040 
CD4042 CD4042A MC14042A HD4042 
CD4049 CD4049A MC14049A HD4049A F34049A TP4049A 
CD4050 CD4050A MC14050A HD4050A F34050A TP4050A 

CD4066 CD4066A HD4066 
CD4069 CD4069A 
CD4070B CD4070B MC14507A 
CD4076 CD4076A 
CD40106 CD40106 

CD40192 CD40192A 
CD40193 CD40193A 
CD4511 CD4511A MC14511A 
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MM54COO/MM74COO quad two-input NAND gate 

MM54C02/MM74C02 quad two-input NOR gate 
MM54C04/MM74C04 hex inverter 
MM54C10/MM74C10 triple three-input NAND gate 
MM54C20/MM74C20 dual four-input NAND gate 

general description features 
These logic gates employ complementary MOS 
(CMOS) to achieve wide power supply operating 
range, low power consumption, high noise im
munity and symmetric controlled rise and fall 
times. With features such as this the 54C/74C 
logic family is close to ideal for use in digital 
systems. Function and pin out compatibility with 
series 54/74 devices minimizes design time for 
those designers already familiar with the standard 
54/74 logic family. 

• Wide supply voltage range 3.0V to 15V 

All inputs are protected from damage due to 
static discharge by diode clamps to Vee and GND. 

connection diagrams 

• Guaranteed noise margin 

• High noise immunity 

• Low power 
consumption 

• Low power 
TTL compatibility 

1.0V 

0.45 Vee typo 

10 nW /package typo 

fan out of 2 
driving 74L 

MM54eOO/MM74COO MM54C02/MM74C02 MM54C04/MM74C04 

TOP VIEW TOP VIEW TOP VIEW 

MM54Cl0/MM74Cl0 MM54C20/MM74C20 

TOP VIEW 



absolute maximum ratings (Note 1) 

Voltage at Any Pin -0.3V to Vee + 0.3V 
Operating Temperature Range 

54C -55°C to +125°C 
74C -40°C to +85°C 

Storage Temperature Range -65°C to +150°C 
Maximum Vee Voltage 16V 
PacKage Dissipation 500 mW 
Lead Temperature (Soldering, 10 seconds) 300°C 

dc electrical characteristics 
Minimax limits apply across the guaranteed temperature range unless otherwise noted. 

PARAMETER CONOITIONS MIN TYP MAX UNITS 

CMOS TO CMOS 

Logical "1/1 Input Voltage (V IN (1)) Vee o 5.0V 3.5, V 

Vee o lOV 8,0 V 

Logical "0" Input Voltage (V1N(0!) Vee " 5.0V 1.5 V 

Vee o 10V 2.0 V 

Logical "1" Output Voltage (VOUTlll) Vee " 5.0V. 10 0 -lO~A 4,5 V 
-Vee o lOY, 10 ,0 -lO~A g,O V 

Logical "0" Output Voltage (VOUT (O!} Vee o 5,OV, 10 0 +lO~A 0.5 V 

Vee o lOY, 10 0 +lO~A 1.0 V 

Logical "1" Input Current (lINO)) Vee = 15V, V IN o 15V 0.005 1.0 ~A 

Logical "0" Input Current OIN(Q)) Vee 0 15V, VIN o OV -1.0 -0.005 ~A 

Supply Current (Icc) Vee 0 15V 0.01 15 ~A 

LOW POWER TO CMOS 

Logical "1" Input Voltage (V 1N (1)) 54C, Vee o 4.5V Vee -1.5 V 
74C, Vee o 4.75V Vee -1.5 V 

Logical' "0" Input Voltage (VI~(ol) 54C, Vee o 4.5V 0,8 V 
74C, Vee o 4.75V 0.8 V, 

Logical "1" Output Voltage (VOUT (1)) 54C, Vee 0 4.5V, 10 0 -'lO~A 4.4 V 
74C, Vee 0 4.75V, 10 0 -lO~A 4.4 V 

Logical "O'~: Output Voltage (VouTwd 54C, Vee 0 4.5V, 10 0 +10~A 0.4 V 
74C, Vee 0 4.75V, 10 0 + lO~A 0.4 V 

CMOS TO LOW POWER 

Logical "1" Input Voltage (V IN (1d 54C, Vee 04,5V 4.0 V 
74C, Vee 04.75V 4.0 V 

Logical."O" Input Voltage (V 1N10l ) 54C, Vee = 4,5V 1.0 V 
74C, Vee 04.75V 1.0 V 

Logical "1" Output Voltage (V OUTO )) 54C, Vee 0 4,5V, 10 0 -360~A 2.4 V 
74C, Vee 0 4.75V, 10 0 -360~A 2,4 V 

Logical "0" Output Voltage (VoUT!od 54C, Vee" 4.5V, 10 0 360~A 0.4 V 
74C, Vee 04.75,1 0 0'360~A 0.4 

0 
V 

OUTPUT DRIVE (See 54CI14C F'amily Characte~i$tic$ Data Sheet) 

Output Source Current (I souRce) Vee:: 5.0V, V'N(o~ :: OV 1.75 rnA 
T A' = 2Soc, V OVT :: OV 

Output Source Current (lsouRee) Vee "" lOV, V'N(o~ ::.ov 8,0 rnA 
TA 2SoC, VOUT :: OV 

Output Sink Current (lSINK) " Vee = S,OV, V ,N !,) "" S.OV 1.75 rnA 
TA :: 25°C, VOUT :: Vee 

Output Sink Current (lSINK) Vee:: 10V, Y'N!') :: 10V 8.0 rnA 
T A, '" 2SoC, VOUT :: Vee 



ac electrical characteristics 
T A = 25°C, CL = 50 pF, unless otherwise specified. 

PARAMETER CONDITIONS UNITS 

MM54COO/MM74COO, MM54C02/MM74C02, MM54C04/MM74C04 

Propagation Delay Time to Logical Vee = 5.0V 50 90 ns 
"1" or "0" ~tpd) Vee = lOV 30 60 

Input Capacitance (C IN ) INote 21 6.0 pF 

Power Dissipation Capacitance (Cpo) INote 31 Per Gate or Inverter 12 pF 

MM54Cl0/MM74Cl0 

PropagatIOn Delay Time to Logical Vee = 5.0V 60 100 
"1" or "0" (tpd ) Vee lOV 35 70 

Input Capacitance (C IN ) INote 21 7.0 pF 

Power Dissipation Capacitance (Cpo) (Note 3) Per Gate 18 pF 

MM54C20/MM74C20 

Propagation Delay Time to Logical Vee'" 5.0V 70 115 
"1" or "0" (tpd ) Vee = lOV 40 80 ns 

Input Capacitance (C IN ) INote 21 pF 

Power Dissipation Capacitance (Cpo) (Note 3) Per Gate 30 pF 

Note 1: "Absolute MaXimum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except 
for "Operating Temperature Range" they are not meant to Imply that the devices should be operated at these limits. The 
table of "Electrical Characteristics" provides conditions for actual deVIce operatIOn. 

Note 2: Capacitance is guaranteed by periodic test mg. 

Note 3: CpO determines the no load ac power consumptIon of any CMOS device. For complete explanation see 54C/74C 
Family Characteristics application note - AN~90 

typical performance characteristics 
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typical performance characteristics (con't) 
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MM54COS/MM74COS quad 2-input AND gate 
MM54CS6/MM74CS6 quad 2-input EXCLUSIVE-OR gate 

general description 

Employing complem~ntary MOS (CMOS) transis
tors to achieve wide power supply operating range, 
low' power consumption and high noise margin 
these gates provide basic functions used in the 
implementation of digital integrated circuit systems. 
The Nand P-channel enchancement mode transis
tors provide a symmetrical circuit with output 
swing essentially equal to the supply voltage. No 
dc power other than that caused by leakage 
current is consumed during static condition. All 
inputs are protected from damage due to static 
discharge by diode clamps to Vee and GND. 

connection diagrams 

MM54COB/MM74COB 

~ u ~ U 38 JA lV 

1A 18 1Y 2A 2B ZV GNU 

TOP VIEW 

truth tables 

MM54C08/MM74COB 

INPUTS OUTPUT 

A B Y 

L L L 

L H L 

H L L 

H H H 

H = High Level L= Low Level 

features 

• Wide supply voltage range 3.0V to 15V 

• Guaranteed noise margin 1.0V 

• High noise immunity 0.45 Vee typ 

• Low power fan out of. 2 
TTL compatibility driving 74L 

• Low power 10 nW/package typ 
consumption 

" 

MM54CB6/MM74C86 
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TOI'VIEW 
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absolu~e maximum ratings (Note 1) 

Voltage at Any Pin -o.3V to Vee +O.3V 
Operating Temperature Range 

MM54C08, MM54C86 -55°C to +125°C 
MM74C08, MM74C86 -40°C to +85°C 

Storage Temperature Range -65°C to +150°C 
Package Dissipation 500mW 
Operating Vee Range 3.0V to 15V , 
Absolute Maximum Vee 16V 
Lead Temperature (Soldering, 10 seconds) 300°C 

dc electrical characteristics 
Minimax limits apply across temperature range, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UN.lTS 

CMOS TO CMOS 

Logical "1" Input Voltage (V 1N (1d Vee ~ 5:0V 3.5 V 
Vee ~ lOV 8.0 V 

Logical "0" Input Voltage (V1N(O}J Vee ~ 5.0V 1.5 V 
Vee ~ 10V 2.0 V 

Logical "1" Output Voltage Vee ~ 5.0V.10 ~ -10MA 4.5 V 
IVOUTI1 ,I Vee ~ lOV, 10 ~-IOMA 9.0 V 

Logical "0" Output Voltage Vee ~ 5.0V, 10 ~ +10MA 0.5 V 
IVOUT(o,1 Vee ~ lOV, 10 ~ +lOMA 1.0 V 

Logical "1" Input Current (1IN{l») Vee ~ 15V, V ,N ~ 15V 0,005 1.0 MA 

Logical "0" Input Current (lIN (ad Vee ~ 15V, V ,N ~ OV -1.0 -0,005 MA 

Supply Current (I cc) Vee ~ 15V 0.01 15 MA 

CMOS/LPTTL INTERFACE 

Logical "1" Input Voltage (V 1N (1)1 54C, V ee ~ 4.5V Vee - 1.5 V 
74C, Vee" 4.75V Vc'c -1.5 V 

Logical "0" Input Voltage (V1N{O)1 54C, Vee" 4.5V 0.8 V 
74C, Vee" 4.75V 0.8 V 

Logical "1" Output Voltage 54C, Vee" 4.5V, 10 "':360MA 2.4 V 
IVOUT",I 74C, Vee" 4.75V, 10 "-360MA 2.4 V 

Logical "0" Output Voltage 54C, Vee" 4.5V, 10 " +360MA 0.4 V 
IVOUT(o,1 74C, Vee" 4.75V, 10 ~ +360J.lA 0.4 V 

OUTPUT DRIVE (See,54C174C Family Characteristics Da~a Sheet) 

Output Source Current (lSOUACE) Vee == 5.0V, VOUT = OV -1.75 -3.3 mA 
IP·Channell TA " 25°C 

Output Source Current (lSOURCE) Vee 0 lOV, VOUT " OV -8.0 -15 mA 
IP-Channel) T A "25°C 

Output Sink Current (lSINK) Vce =, 5.0V, VOUT = Vee 1.75 3.6 mA 
(N-ChannelJ. TA "25°C 

Output Sink Current (ISINK) Vee = lOV, VOUT = Vee 8.0 16 mA 
IN-Channell TA " 25"C 
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ac electrical characteristics 
(MM54C08JMM74C08) T A = 25°C, CL = 50 pF, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Propagation Delay Time to Logical Vee = 5.0V 80 140 ns 
"1" or "0" (tpdl Vee = 10V 40 70 ns 

Input Capacitance (C IN ) Note 2 5.0 pF 

Power Dissipation Capacitance (Cpd ) Note 3 Per Gate 14 pF 

ac electrical characteristics 
(MM54C86JMM74C86) T A = 25°C, CL = 50 pF, unless otherwise specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Propagation Delay Time to Logical Vee = 5.0V 110 185 ns 
"1" or "0" (tpd) Vee == 10V 50 90 ns 

Input Capacitance (GIN) Note 2 5.0 pF 

Power Dissipation Capacitance (Cpd ) Note 3 Per Gate 20 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. 
Except for "Operating Range" they are not meant to imply that the devices should be operated at these limits. The table 
of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: CpO determines the no load ac power consumption of any CMOS device. For complete explanation see 54C174C 
Family Characteristics application note. AN-gO. 

typical perforrnance characteristics 

Propagation Delay Time vs Propagation Delay Time vs 
Load Capacitance Load Capacitance 
MM54COB/MM74COB MM54CB6/MM74CB6 

150 150 
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ac test circuit switching time waveforms 
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CL =50pF . ..:: f: ~~t .-:f 

NOTE' DELAYS MEASURED WITH INPUT I,. If" 20 ns 
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MM54C14/MM74C14 hex schmitt trigger 

general description. 

The MM54C14/MM74C14 Hex Schmitt i;"rigger is a 
monolithic complementary MOS (CMOS) integrated 
circuit constructed with Nand P-ch'annel enhancement 
transistors. The positive and negative going threshold 
voltages, VT+ and VT-, show low variation with respect 
'to temperature (typ 0.OO05V/oC at Vee = 10V), and 
hYsteresis, VT + - VT - ~ 0.2 Vee is guaranteed. 

All inputs are protected from damagedl,le to static 
discharge by diode clamps to Vee. and GND. 

connection diagram 

features 

• Wide supply voltage· range 

.• High noise immuriity 

• low power 
TTL compatibil.ity 

• Hysteresis 

'GND 
TOP VIEW 

3.0V to 15V 

,·· .. ·'0.70 Vee typ 

fan out of2. 
driving 74l. 

0.4 \.t~c typ 
0.2 Vee guaranteed 

;.,. \ , .. ...-,'(' .: :,'1 



absolute maximum ratings 

Voltage at Any Pin 
Operating Temperature Range 

MM54C14 
MM74C14 

Storage Temperature Range 

-Q.3V to Vee + 0.3V 

-5S0C to +12SoC 
-40°C to +8SoC 

-6SoC to +lS0°C 

Package Dissipation 
Operating Vee Range 
Absolute Maximum Vee 
Lead Temperature (Soldering, 10 seconds) 

SOOmW 
3.0V to 1SV 

16V 
300°C 

dc electrical characteristics MinImax limits apply across temperature range, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

CMOS TO CMOS 

VT+ Positive Going Threshold Vee = 5V 3.0 3.6 4.3 V 
Voltage Vee = 10V 6.0 6.8 8.6 V 

Vee = 15V 9.0 10.0 12.9 
VT- Negative Going Threshold Vec = 5V 0.7 1.4 2.0 V 
Voltage Vee = 10V 1.4 3.2 4.0 V 

Vee = lSV 2.1 5.0 6.0 
Hysteresis (VT+ - VT-) Vee = SV 1.0 2.2 3.6 V 

Vec = 10V 2.0 3.6 7.2 V 
Vec = 15V 3.0 5.0 10.8 V 

Logical "1" Output Voltage Vee = 5V, 10 =-10/.lA 4.5 V 
(VOUTI1l ) Vee" 10V, 10 = -10/.lA 9.0 V 

Logical "0" Output Voltage Vee = 5V, 10 = +10/.lA 0.5 V 
(VOUT(O)) Vee" 10V, 10 "+10/.lA 1.0 V 

Logical "1" Input Current Vec = lSV, VIN " lSV 0.005 1.0 /.lA 
(IIN(1)) 

Logical "0" Input Current Vee = 15V, VIN "OV -1.0 -0.005 /.lA 
(IIN(O)) 

Supply Current (I eel Vee = 15V, VIN = OV/15V 0.05 15 /.lA 
Vee = 5V, V IN = 2.5V (Note 4) 20 /.lA 
Vee = 10V, VIN = 5V (Note 4) 200 /.lA 
Vce = 15V, VIN = 7.SV (Note 4) 600 /.lA 

CMOS/LPTTLINTERFACE 

Logical "1" Input Voltage Vee = 5V 4.3 V 
(VIlIj (1)) 

Logical "0" Input Voltage Vee = SV 0.7 V 
(VIN(O)) 

Logical "1" Output Voltage 54C, Vee =4.SV, 10 =-360/.lA 2.4 V 
(VOUT (1)) 74C, Vec = 4.75V, 10 "-360/.lA 2.4 V 

Logical "0" Output Voltage 54C, Vee" 4.5V, 10 = 360/.lA 0.4 V 
(VOUT(O)) 74C, Vce = 4.7SV,10 = 360/.lA 0.4 V 

OUTPUT DRIVE (See 54CI74C FamilyCharacteristi~ Data Sheet) 

Output Source Current Vec = 5V, VouT=OV,TA=2SoC -1.75 -3.3 mA 
(IsouAeE) (P·Channel) 

Output Source Current Vec = 10V, VOUT = OV, TA = 25°C -8.0 -15 mA 
(IS0UACE) (P·Channel) 

Output Sink Current (ISINK) Vee" 5V, VouT=Vee, 1.75 3.6 mA 
(N-Channel) TA " 25°C 

Output Sink Current (ISINK) Vee = 10V, VOUT = Vee, 8.0 16 mA 
(N-Channel) TA "25°C 

9 



10 

ac electrical characteristics 

PARAMETER 

Propagation Delay from Input 
to Output (tpdo or tpdl) 

I nput Capacitance 

Power Dissipation Capacitance 
(Cpo) 

Vee =5V 
Vee =10 

CONDITIONS 

Any Input (Note 2) 

(Note 3) Per Gate 

MIN TYP 

220 
80 

5.0 

20 

MAX 

400 
200 

UNITS 

ns' 
ns 

pF 

pF 

Note 1: "Absolute Maximum Ratings" are those values beYond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "ElectriCal Characteristics" 
provides condi.tions for actual devic:e operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: CpO determines the no load ac power consumption of any CMOS device. For complete explanation see 54C174C Family Characteristics 
application note, AN·90. 
Note 4: Only one of the six inputs is at 1/2. Vec, the others are either at VCC or GNO. 

typical application 

Low Power Oscillator 
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typical performance cha racteristics 

Tvpical Transfer Characteristics Guaranteed Trip Point Range 
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0.7 

0 
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Vee ------~----..,___-

VCCNfl 
- tz ......... 

-.... t1-
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12.9 VOLTAGE 

VT __ 

OV 

Vee 

OUTPUT 
VO\TAGE 

15 
OV 

Note: F9r more information on output drive characteristics, power dissipation, and propagation delaysf see AN-gO. 



MM54C30/MM74C30 8-input NAND gate 

general description 

The logic gate employs complementary MOS 
(CMOS) to achieve wide power supply operating 
range, low power consumption and high noise 
immunity. Function and pin out compatibility 
with series 54/74 devices minimizes design time 
for those designers familiar with the standard 
54/74 logic family. 

All inputs are protected from damage due to 
static discharge by diode clamps to Vee and GND. 

logic and connection diagrams 

11 

12---,,--..... 

1,4 113 

1 2 

. __ .0 _____ . _____________ ._0._."' _____ . ____ ."' 

12 

3, 

11 

4 

TOP VIEW 

features 

• Wide supply voltage range 

• Guaranteed noise margin 

• High noise immunity 

• Low power 
TTL compatibility 

110 19 

-

5 6 

8 
OUTPUT 

18 

L 

» 

17 
GNO 

3.0V to 15V 

1.0V 

0.45 Vee typ 

fan out of 2 
driving 74L 
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absolute maximum ratings (Note 1) 

Volt<lge at Any Pin 
Operating Temperature R<lnge 

MM54C30 
MM74C30 

Storage Temperature Range 
Package Dissipation 
Operating Vee Range 
Absolute Maximum Vee 
Lead Temperature (Soldering, 10 seconds) 

dc electrical cha racteristics 

-0.3V to Vee + 0.3V 

-55°C to +125°C 
-40°C to +85°C 

-65°C to +150°C 
500mW 

3.0V to 15V 
16V 

300°C 

Minimax iimits apply across temperature range, unless otherwise noted. 

PARAMETER 
, 

CONDITIONS 

CMOS TO CMOS 

LQgical '~1" Input Voltage (V,NI,)) Vee = S.OV 
Vee = 10V 

Logical "0" Input Voltage (V ,NIO)) Vee = 5.0V 
Vee = 10V 

Logical "1" Output Voltage (VOUT (11) Vee = 5.0V, 10 = -lOIlA 
Vee = 10V, lo=-10IlA 

Logical "0" Output Voltage (VOUTIO)) Vee = 5.DV, 10 = +101lA 
Vee =10V, 10 = +10ilA 

Logical "1" InPut Current (I'NI1)) Vee = 15V, Y'N = 15V 

Logical "0" Input Current (I'NIOI) Vee = 15V, V ,N .= OV 

Supply Current (I ed Vee=15V 

CMOS/LPTTL INTERFACE 

MIN 

3.5 
8.0 

4.5 
9.0 

-1.0 

Logical "I" Input Voltage (V ,N I,d 54C, V ce = 4.5V Vee-l.5 
74C, Vee = 4.75V Vee-l.5 

Logical "0" Input Voltage (V'NIQ)) 54C, Vee = 4.5V 
74C, Vee = 4,75V 

Logical "I" Output Voltage (VOUTI1)) 54C, Vee = 4.5V, 10 = -3601lA 2.4 
74C, Vee = 4. 75V, 10 = -3601lA 2.4 

Logical "a" Output Voltage (VOUTIQ)) 54C, Vee= 4.5V, 10 = 3GOilA 
74C, Vee = 4.75V, 10 = 360llA 

OUTPUT DRIVE lSee 54C/74C Family Characteristics Data Sheet) 

Output Source Current (lsouReE) Vee = 5.0V, VOUT = OV, -1.75 
IP-Channel) TA = 25~G 

Output Source Current (lsouReel Vee ='lOV, VOUT = OV, -8.0 
(P-Channel) 'T A = 25°C 

Output Sink Current (lSINK) Vee = 5.0V, VOUT =Vee , 1.75 
IN-Channel) TA = 25°C 

Output ~ink Current (lSINK) Vee = 10V, VOUT = Vee, 8.0 
IN-Channel) TA = 25°C 

TYP MAX UNITS 

V 
V 

1.5 V 
2.0 V 

V 
V 

0.5 V 
1.0 V 

0.005 1.0 IlA 

-0.005 IlA 

0.01 15 IlA 

V 
V 

0.8 V 
0.8 V 

V 
V 

0.4 V 
0.4 V 

-3.3 rnA 

-15 rnA 

3.6 rnA 

16 rnA 



ac electrical characteristics T A ~ 25°C, CL = 50 pF, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Propagation Delay Time to Logical "1" Vee = 5.0V 125 180 ns 
or "0" (tpd) Vee = 10V 55 90 ns 

Input Capacitance (C,N ) (Note 2) 4.0 pF 

Power Dissipation Capacitance (Cpd ) (Note 3) Per Gate 26 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except 
for "Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The 
table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: CpO determines the no load ae power consumption of any CMOS device. For complete explanation see ,54C/74C 
Family Characteristics application note, AN-gO. 

typical performance characteristics 

Propagation Delay Time vs 
Load Capacitance 

150 rT-r"-rr-r"-vr~...,.....,rr-r' 

: ~~~~T~A~.~25~'~C~+-~~ 
~ i-+-,-i",C",v+H SEE AC TEST CIRCUIT 

g 100 i-++H-++H-++H-+-H 
z 
o 

~ 
i 

I 

3 

50 i-+-:::!;;.....,k"'1=.~~e. ~c:;I; .... 1"'H~ 
~ 

50 100 150 

CL - LOAO CAPACITANCE (pFI 

switching time waveforms ac test circuit 

V ,N 

Ov ___ ·;:.lJ r·1 

Vee ,",.--1 \1 -- ~ 
50% \I-____ Jf 50% 

OV 

NOTE: DElAYS MEASURED WITH INPUT t" tf = 20 ns. 
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MM54C32/MM74C32 quad 2-input OR gate 

general description 

Employing complementary MOS (CMOS) transistors to 
achieve low power and high noise margin, these gates 
provide the basic functions used in the implementation 

'of digital integrated circuit systems. The Nand P-channel 
enhancement mode transistors provide a symmetrical 
circuit with output swings essentially equal to the supply 
voltage. This results in high noise imm~nity over a wide 
supply voltage range. No dc power other than that 
caused by leakage current is consumed during static 
conditions. All inputs are protected against static dis
charge damage. 

connection diagram 

vee 

TDPVIEW 

features 

• Wide supply voltage range 

• Guaranteed noise margin 

• High noise immunity 

• Low power TTL 
compatibility 

GND 

3.0V to 15V 

1.0V 

0.45 Vee typ 

fan out of 2 
driving 74L 



absolute maximum ratings (Note 1) 

Voltage at Any Pin -{),3V to Vcc +O.3V Package Dissipation 500mW 

Operating Temperature Range Operating Vcc Range 3.0V to 15V 

MM54C32 -55°C to +125°C Absolute Maximum V cc 16V 

MM74C32 -40°C to +85°C Lead Temperature (Soldering, 10 seconds) 300°C 

Storage Temperature Range --65°C to +150°C 

dc electrical cha racteristics MinImax limits apply across temperature range, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

CMOS TO CMOS 

Logical "'" Input Voltage (V1N(l)) Vee = S.OV 3.5 V 
Vee = 10V 8.0 V 

Logical "0" Input Voltage (V,N(O») Vee = S.OV 1.5 V 
Vee = 10V 2.0 V 

Logical "I" Output Voltage (VOUTW ) Vee = 5.0V, 10 =-10I'A 4.S V 
Vee = 10V, 10 = -10pA 9.0 V 

Logie~1 "0" Output Voltage (VOUT(O)) Vee = 5.0V, 10 = lallA 0.5 V 
Vee = 10V, 10 = 10pA 1.0 V 

Logical "I" Input Current (I,N('I) Vee = 15'V, V ,N = 15V 0.005 1.0 pA 

Logical "0" Input Current (I'NIO») Vee = 15V, V,N = OV -1.0 -{J.005 pA 

Supply Current (leel Vee = 15V 0.05 ,15 pA 

CMOS/LPTTL INTERFACE 

Logical "I" Input Voltage (V'N('I) 
MM54C32 Vee = 4.5V Vee-1.5 V 
MM74C32 Vee = 4.75V Vee-1.5 V 

Logical "a" Input Voltage (V,N(O)) 
MM54C32 Vee = 4.5V 0.8 V 
MM74C32 Vee = 4.75V 0.8 V 

Logical "I" Output Voltage (VOUT('I) 
MM54C32 Vee = 4.5V, 10 = -360pA 2.4 V 
MM74C32 Vee = 4.75V,10 =-360I'A 2.4 V 

Logical "0" Output Voltage (VOUT(OI) 
MM54C32 Vee = 4.5V, 10 = 360pA 0.4 V 
MM74C32 Vee = 4.75V, 10 = 360pA 0.4 V 

OUTPUT DRIVE (See 54C174C Family Characteristics Data Sheet) 

Output Source Current (lSOURCE) Vee = 5.0V, VOUT = OV -1.75 -3.3 mA 
(P·Channel) TA = 25°C 

Output Source Current (ISOURCE) Vee = 10V, VOUT = OV -8.0 -15 mA 
(P·Channel) TA = 25°C 

Output Sink Current (lSINK) Vee = 5.0V, VOUT = Vee 1.75 3,6 mA 
(N·Channel) TA = 2SoC 

Output Sink Current (lSINK) Vee = IOV, VOUT = Vee 8.0 16 mA 
(N·Channel) TA =25°C 

ac electrical characteristics TA = 25°C, C L = 50 pF, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Prooagation Delay Time to Logical "1" Vee = SV 80 150 ns 

(tPd' ) or "a" (tpdo) Vee ,= IOV 35 70 ns 

Input Capacitance (C ,N ) Any Input (Note 2) 5 pF 

Power Dissipation Capacitance (Cpd ) Per Gate (Note 3) 15 pF 

Not. 1: ., Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply tJ:1at the deviceS' should be operated at these limits. The table of "Electrical Characteristics" pro· 
vides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: CPD determines the no load ae power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics 
application note, AN-gO. 

---. ~ .. - -,---" .. -""", ~~'- ..--~.<- --'-'.'.'~ ~ .. , ... ~--.---.-.~ .. ---,- .. 
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MM54C42/MM74C42 BCD to decimal decoder 

general de~cription 

The MM54C42/MM74C42 one-of-ten decoder is a 
monolithic complementary MOS (CMOS) 
integrated circuit constructed with N- and 
P-channel enhancement transistors_ This decoder 
produces a logical "0" at the output corresponding 
to a four bit binary input from zero to nine, and a 
logical "1" at the other outputs_ 'For binary inputs 
from ten to fifteen all outputs are logical "1"_ 

features 
• Supply voltage range 

• Tenth power TTL 

compatible 

• High noise immunity 

3V to 15V 

drive 2 LPTTL loads 

0.45 Vee (typ.) 

schematic diagram 

• Low power 
• Medium speed operation 

50 nW (typ.) 

10 MHz (typ.) 

with 10V Vee 

applications 
• Automotive 

• Data terminals 

• Instrumentation 

• Medical electronics 

• AI arm systems 

• Industrial electronics 

• Remote metering 

• Computers 

'" 

'''"' ~ TO"",,,, "'·""T'"'''' 

L--====L:)c>--{>C_-oOUTPUT9 

connection diagram truth table 

r " " " " " " " . INPUTS OUTPUTS 

DeB A o 1 2 3 4 5 6 7 8 9 
o 0 0 0 o 1 1 1 1 1 1 1 1 1 
o 0 0 1 1 0 1 1 1 1 1 1 1 1 

o 0 1 0 11 o 1 cl 1 1 1 1 1 

~ t 
o 0 1 1 1 1 1 0 1 1 1 1 1 1 

0 1 o 0 1 1 1 1 o 1 1 1 1 1 

0 1 0 1 1 1 1 1 1 0 1 1 1 1 

0 1 1 0 1 1 1 1 1 1 0 1 1 1 

0 1 1 1 1 1 1 1 1 1 T 0 1 1 

1 o 0 0 1 1 1 T 1 1 1 1 o 1 
1 o 0 1 1 1 1 1 1 1 1 1 1 0 

1 0 1 0 1 1 1 1 1 1 1 1 1 1 

, , , . , . , 

J: . , , .. , . 
1 0 1 1 'I 1 1 1 1 1 1 1 1 1 

1 1 o 0 1 1 1 1 1 1 1 1 1 1 
1 1 0 1 1 1 1 1 ,., 1 1 1 1 
1 1 1 0 1 1 1 1 1 T 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 



absolute maximum ratings 
Voltage at Any Pin (Note 1) 
Operating Temperature MM54C42 

MM74C42 
Maximum Vee Voltage 

-0.3V to Vee +0.3V 
-5SoC to +125°C 
-40°C to +85°C 

16V 

Storage Temperature 
Package Dissipation 

Operating Vee Range 
LeadTemperature (Soldering, 10 sec) 

-6S0C to +150°C 
500 mW 

3V to 15V 
300°C 

electrical ~haracteristics MiniMax limits apply across temperature range unless otherwise specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

CMOS TO CMOS 

Logical "1" Input Voltage V'N(1} Vee: 5.0V 3.5 V 
Vee: 1O.0V 8 V 

Logical "a" Input Voltage VINIO) Vee: 5.0V 1.5 V 
Vee: 1O.0V 2 V 

Logical "1" Output Voltage VOUT (l) Vee: 5.0V, 10: -10pA 4.5 V 
Vee: 10.0V, 10: -10 pA 9.0 V 

Logical "0" Output Voltage VOUTlol Vee: S.OV, 10: +10 pA O.S V 
Vee: 10.0V, 10 : +10 pA 1 V 

Logical "1" Input Current I'NIH Vee: lS.0V, V,N: lSV 1 pA 

Logical "Q" Input Current I'NIOI Vee: 15.0V, V,N = OV -1 pA 

Supply Current lee Vee: 15.0V O.OS 300 pA 

I nput Capacitance Any Input 5 pF 

Propagation Delay Time to a Vee: 5.0V, CL : SO pF, TA : 25°C 200 300 ns 
Logical "0" or Logical" 1" Vee: 10.OV, CL : SO pF, TA: 2SoC 90 140 ns 
CMOS TO TENTH POWER 

INTERFACE 

Logical "1" Input Voltage VIN{1) 54C, Vee: 4.SV Vee - 1.S V 
74C, Vee: 4.7SV 

Logical "0" Input Voltage V,NIO} 54C, Vee: 4.SV 0.8 V 
74C, Vee: 4.7SV 

Logical "1" OLitput Voltage VOUTllI S4C, Vee: 4.SV, 10: -360pA 2.4 V 
74C, Vee: 4.7SV, 10: -360pA 

Logical "0" Output Voltage VOUTIO} S4C, Vee: 4.SV, '0 = 360 pA 0.4 V 
74C, Vee: 4.75V, 10: 360pA 

Propagation Delay Time to a Vee: 5.0V, ~L : SO pF, T A: 2SoC 250 400 ns 
Logical "0" or Logical" 1 " 

Note 1: This device should not be connected to circuits with the power on because high transient voltages may cause 
permanent damage. 

17 
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MM54C48/MM74C48 BCO-to-7 segment decoder , 

general description features 

• Wide supply voltage range 

• Guaranteed noise margin 

• High noise immunity 

• Low power 
TTL compatibility 

3.0V to 15V 

1.0V 

0.45 Vee typ 
fan out of 2 
driving 74L 

The MM54C48/MM74C48 BCD-to-7 segment decoder 
is a monolithic complementary MOS (CMOS) integrated 
circuit constructed with N- and P-channel enhancement 
transistors. Seven NAN D gates and one driver are con
nected in pairs to make binary-coded decimal (BCD) 
data and its complement available to the seven decoding 
AND-OR-INVERT gates. The remaining NAND gate and 
three input buffers provide test blanking input/ripple
blanking output, and ripple-blanking inputs. 

• High current sourcing output (up to 50 mAl 

connection diagram 

" 
15 14 13 

• Ripple blanking for leading or trailing zeros (optional) 

-. Lamp test provision 

OUTPUTS 

12 11 10 

B LAMPRB RB D A 
_______ TEST OUTPUTI INPUT __________ 

INPUTS BLANKING INPUTS 
INPUT 

TOP VIEW 

lullldljll-III;lbl II 
11=111-111= I ~II_III= 11= I 

10 11 12 13 14. 15 

"Segment Identification Numerical Designations 
and Resultant Displays 



absolute maximum ratings (Note 1) 

Voltage at Any Pin 

Operating Temperature Range 

MM54C48 

MM74C48 

Storage Temperature Range 

Package Dissipation 

Operati ng Vee Range 

Absolute Maximum Vee 

Lead Temperature (Soldering, 10 seconds) 

-o.3V to Vee + O.3V 

-55°C to +125°C 

-40°C to +85°C 

--65°C to +150°C 

500mW 

3.0V to 15V 

16V 

300°C 

dc electrical characteristics 
Min/max limits apply across temperature range, unless otherwise noted. 

PARAMETER 

CMOS TO CMOS 

Logical "1" Input Voltage (V,NI1)1 

Logical "0" Input Voltage (V 'NIO)) 

Logical ''1'' Output Voltage (V OUTI1)) 
(RB Output Only) 

Logical "0" Output Voltage (VOUTIO)) 

Logical "1" Input Current (I,NI1I) 

Logical "0" Input Current (I'NIO)) 

Supply Current (Icc) 

CMOS/LPTTL INTERFACE 

Logical ''1'' Input Voltage (V ,NI1I ) 

Logical "0" Input Voltage (V ,NIOI ) 

Logical "1" Output Voltage (VOUTI1)) 
(RB Output Only) 

Logical "0" Output Voltage (VOUTlO)) 

CONDITIONS 

Vee = 5.0V 
Vee = 10V 

Vee = 5.0V 
Vee = 10V 

Vee = 5.0V, 10 = -1 011 A 
Vee = 10V, 10 = -1 011 A 

Vee = 5.0V, 10 = +101lA 
Vec = 10V, 10 = +1 011 A 

Vee = 15V, V ,N = 15V 

Vee = 15V, V ,N = OV 

Vee = 15V 

54C, Vee = 4.5V 
74C, Vec = 4.75V 

54C, Vee = 4.5V 
74C, Vce = 4.75V 

54C, Vee = 4.5V, 10 = -50IlA 
74C, Vec =4.75V, 10 =-50IlA 

54C, Vee = 4.5V, 10 = 360llA 
74C, Vee = 4.75V, 10 = 360llA 

OUTPUT DRIVE (See 54C174C Family Characteristics Data Sheet) 

Output Source Current (Isou RCE) 

(P-Channel) (RB Output Only) 

Output Sink Current (I~'N K ) 
(N-Channel) 

Output Sink Current (I SINK ) 
(N-Channel) 

Output Source Current 
(NPN Bipolar) 

Vee = 4.75V, VOUT = O.4V 

Vec = 5.0V, 
TA =25°C 

Vee = 10V, 
TA =25°C 

Vee = 5.0V, 
Vec = 5.0V, 
Vcc = 10V, 
Vcc = 10V, 

VOUT = Vee 

VOUT=Vee 

VOUT = 3.4 
VOUT = 3.0 
VOUT = 8.4 
VOUT = 8.0 

MIN TYP 

3.5 
8.0 

4.5 
9.0 

0.005 

-1.0 41.005 

0.05 

Vee-1.5 
Vee-1.5 

2.4 
2.4 

-

1.75 3.6 

8.0 16 

20 

20 

MAX 

1.5 
2.0 

0.5 
1.0 

1.0 

300 

0.8 
0.8 

0.4 
0.4 

-0.80 

50 
65 
50 
65 

UNITS 

V 
V 

V 

V 

V 
V 

V 
V 

V 
V 

V 
V 

V 
V 

V 
V 

mA 

mA 

mA 

mA 
mA 
mA 
mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testi ng. 
Note 3: CPD determines the no load ae power consumption of any CMOS device. For complete explanation see 54C/74C. Family Characteristics 
application note, AN-90. 
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ac electrical characteristics T A = 25°C, CL = 50 pF, unless otherwise specified.' 

PARAMETER 

Propagation Delay to a "1" or "0" on 
Segment Outputs from Data Inputs 

Propagation Delay to a "0" on 
Segment Outputs from RB Input 

Propagation Delay to a "0" on 
Segment Outputs from Blanking Input 

Propagation Delay to a "1" on 
Segment Outputs from Lamp Test 

Propagation Delay to a "1" on RB 
Output from REI Input 

Propagation Delay to a "0" on RB 
Output from RB Input 

typical app.lications 

CONDITIONS 

Vee = 5,OV 
Vee = 10V 

Vee = 5.0V 
Vee = 10V 

Vee = 5.0V 
Vee = 10V 

Vee = 5,OV 
Vee = 10V 

Vee = 5.0V 
Vee = 10V 

Vee = 5.0V 
Vee = 10V 

Typical Connection Utilizing the Ripple·Blanking Feature 

MIN TYP MAX 

450 1500 
160 500 

500 1600 

.'80, 550 

350 1200 
140 450 

450 1500 
160 500 

600 2000 
250 800 

140 450 
50 150 

Blanking I nput Connection Di~gram 

UNITS 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

H-r-' 
r?~J. 

RBOIBI 1-.... "'--

20 

TO DISPLAY READOUTS 

(First three·stageswill blallk leading zeros, the fourth 
stagewiUnotblankzeros! 

Vee 

COMMON 
CATHODE LEO 

-+-t>o--t I~I MM74C9D6 L---l 

Light Emitting Diode (LEO) Readout 

(When RSD/BI is forced low, aU segment outputs are off 
regardloss of the state of anv other input condition) 

Vee 

COMMON 
ANODE.LED 

""1.7V 



typical applications (can't) 

Incandescent Readout 

HA filament pre-warm fnistDI is recommended tD ,edu~e filament 
thermal shock and increase the effective cold resistance Df the 
fil,ment. 

Gas Discharge Readout 

APPROPRIATE 
VOL TAGE 

truth table 
DECIMAL 

OR INPUTS 

FUNCllON L1 RBI 0 C B 

0 H H L L L 

1 H X L L L 

2 H X L L H 

3 H X L L H 

4 H X L H L 

5 H X L H L 

6 H X L H H 

7 H X L H H 

8 H X H L L 

9 H X H L L 

10 H X H L H 

11 H X H L H 

12 H X H H L 

13 H X H H L 

14 H X H H H 

15 H X H H H 

81 X X X X X 

RBI H L L L L 

LT L X X X X 

H "" high level. L :::I: low level, X :=- irreleVant 

A 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

X 

L 

X 

Fluorescent Readout 

DIRECT 
(LOW BRIGHTNESS) 

Liquid Crystal (LCl Readout 

Direct de drive Df LC's nl'lt retommended for life of lC readouts. 

Bl/ABOt OUTPUTS NOTE , b , d , f 9 

H H H H H H H L 1 

H L H H L L L L 1 

H H H L H H L H 

H H H H H L L H 

H L H H L L H H 

H H L H H L H H 

H L L H H H H H 

H H H H L L L L 

H H H H H H H H 

H H H H L L H H 

H L L L H H L H 

H L. L H H L L H 

H L H L L L H H 

H H L L H L H H 

H L L L H H H H 

H L L L L L L L 

L L L L L L L L 2 

L L L L L L L L 3 

H H H H H H H H 4 

Note 1: The blanking inp~t (811 must be open when output functions 0-15 are desired. The ripple-blanking input (RBI) must be high, if blanking 
of a decimal zero is not desired, 
Note 2: When a low logic level is applied directly to the blanking input (BI), all segment outputs are low regardless of the level of any other input. 

Note 3: Wh~n ripple-blanking input (RBI) and inputs AI B, C. and 0 are at a low level with the lamp·test input high, all segment outputs go low 
and the ripple-blanking output (RBO) goes to a low level (response condition). 

Note 4: When the blanking input/ripple-blanking output (SI/RBO) is open and a low is applied to the lamS:Hest input, all segment outputs are high. 

tOne BI/RBO is wire-AND logic serving as blanking input (131) and/or ripple-blanking output (RBO)' 
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~ Ills 
:E 
...... 
I"- MM54C73/MM74C73 dual J-K flip-flops with clear e c:; MM54C76/MM74C76 dual J-K flip-flops 
~ with clear and preset 
~ MM54C107/MM74C107 dual J-K flip-flops with clear 

:E general description 
These dual J-K flip - flops ilre monolithic 
complementary MOS (CMOS), integrated circuits 
constructed with N- and P-channel enhancement 
transistors_ Each flip-flop has independent J, K, 
clock and clear inputs and Q and Q outputs, The 
MM54C76/MM74C76 flip flops also include preset 
inputs and are supplied in' 16 pin packages, These 
flip flops are edge sensitive to the cI?ck input and 
change state on the negative going transition of the 
clock pulses. Clear or preset is independent of the 
clock ani:! is accomplished by a low level on the 
respective input. 

features 
• Supply voltage range 

• Tenth power TTL 
compatible 

3V to 15V 
drive 2 LPTTL loads 

logic and connection diagrams 

MM54C73/MM74C73 and MM54Cl07/MM74Cl07 

tI Cl 

CLOCK~ 

MM54C76/MM74C76 

nOC~A lh:-;::====¥ 
CUAHA 2 

.. ' 

ClOCKB 5 

• High noise immunity 

• Low power 
• Medium speed operation 

0.45 Vee (typ) 

50 nW (typ) 

10MHz (typ) 
with 10V supply 

applications 
• Automotive 

• Data terminals 

• Instrumentation 

• Medical electronics 

• Alarm systems 
• Industrial electronics 

• Remote metering 

• 'Computers 

Transmission Gate mm 
Ci Cl 

T T 

,,,",~",,",,",+''','"'''''''' FllRAlll~'UTS CIRtutTR¥ 

TOP VIEW 

Note: A logic "0" 011 clearsetsQto logic "0." Note: A logic "0" on clear sets 0 to logic "11-" Note 1: A logic "0" on tlearsets Q toa togic "0. , 
Note 2: A logic "0" on preset sets 0 to a logic "1." 

MM54C73/MM74C73 MM54Cl07/MM74Cl07 MM54C76/MM74C76 



absolute maximum ratings 

Voltage at any pin (Note 1) -o.3V to Vee +O.3V 
Operating Temperature MM54CXX -55°C to 125°C 

MM74CXX -40°C to +85°C 

Storage Temperature -65°C to 150°C 

Maximum Vee Voltage 16V 

Package Dissipation 500mW 
Lead Temperature (Soldering, 10 sec) 300°C 

Operating Vee Range +3V to 15V 

electrical characteristics 

PARAMETERS CONDITIONS MIN TYP 

CMOS TO CMOS 

Logical "1" Input Voltage V,NI1 ) 
Vee = 5.0V 3.5 
Vee = 10.0V 8 

Logical "0" Input Voltage V,NIO) 
Vee = 5.0V 
Vee = 10.0V 

Logical "1" Output Voltage VOUTI1 ) 
Vee = 5.0V 4.5 
Vee = 10.0V 9.0 

Vee = 5.0V 
Logical "0" Output Voltage VOUTIOI 

Vee = 10.0V 

Logical "1" Input Current IIN(1) Vee = 15,OV 

Logical "0" Input Current I'NIO) Vee z 15.0V -1.0 

Supply Current Icc Vee = 15.0V 0.050 

Input Capacitance Any Input 5 

Propagation Delay Time to a Logical "0" 
Vee = 5.0V, CL = 50 pF, TA = 25°C 180 

todO or Logical "1" tod1 From Clock to 
Vee = lO.OV, CL = 50 pF, TA = 25°C 70 

Q or <:r 
Propagation Delay Time to a Logical "0" Vee = 5.0V, C( = 50 pF, T A = 2SoC 200 
From Preset or Clear Vee = 10.0V, CL = SO pF, TA = 2SoC 80 

Propagation Delay Time to a Logical "1" Vee = S.OV, CL = 50 pF, TA = 2SoC 200 
From Preset Or Clear Vee = 10.V, CL = SO pF, TA = 25°C 80 

Time Prior to Clock Puis. That Data Musi Vee = S.OV, CL = 50 pF, TA = 25°C 110 
be Present, tSETUP Vee = 10V, CL = 50 pF, TA = 2SoC 45 

Time After Clock Pulse That J and K Vee = S.OV, CL = 50 pF, TA = 25°C -40 

Must be Held Vee = 10.0V, CL = 50.pF, TA = 25°C -20 

Minimum Clock Pulse Width Vee = 5.0V, CL = 50 pF, T A = 2SoC 120 

tWL = tWH Vee = 10.0V, CL = 50 pF, TA = 2SoC 50 

Minimum Preset and Clear Pulse Width 
Vee = 5.0V, CL = 50 pF, TA = 2SoC 90 
Vee = 10.0V, CL = 50 pF, TA = 25°C 40 

Maximum Toggle Frequency 
Vee = 5.0V, CL = 50 pF, TA = 25°C 2.5 4.0 
Vee = 10.0V, CL = 50pF, TA = 2SoC 7.0 11.0 

Clock Pulse Rise and Fall Time 
Vee = 5.0V,CL =50pF, TA =2SoC 
Vee = 10.0V, Cc = 50 pF, TA = 25°C 

LOW POWER TTL TO CMOS INTERFACE 

Logical "1" Input Voltage V 'NI1I 
54C, Vee = 4.SV 

Vee-loS 
74C, Vee = 4.75V 

Logical "0" Input Votlage V,NIO) 
54C, Vee = 4.SV 

74C, Vee = 4.7SV 

Logical "1" Output Voltage VOU,,,) 
54C, Vee = 4.SV, 10 '" -360j.l.A 

2.4 
14C, Vee = 4. 7SV, 10 = -360J.LA 

Logical "0" Output Voltage VOUTlO) 
S4C, Vee = 4.SV, 10 = 360J.LA 
74C, Vee = 4.tSV, 10 = 360J.LA 

Note 1: This device should not be connected to circuits with the power on because high transient voltages may cause 
permanent damage. 

~ 
3:: 
en 
~ 
n ..., 
W 
"-
3:: 
3:: ..... 
~ 
n ..... 
w 

3:: 
MAX UNITS 3:: 

C1I 
~ 

V n 
V ..... 

1.5 V 
en 
"-

2.0 V 3:: 
V 3:: 
V ..... 

0.5 V ~ 
1.0 V n ..... 
1.0 j.l.A en 

j.l.A 

60 j.l.A 3:: 
pF 3:: 

C1I 
300 ns ~ 
110 ns n ... 
300 ns 0 ..... 
130 ns "-
300 ns 3:: 
130 ns 3:: 
175 ns ..... 
70 ns ~ 

a ns n ... 
a ns 0 

190 ns ..... 
80 ns 

130 ns 
60 ns 

MHz 
MHz 

15 j.l.S 
5 J.LS 

V 

0.8 V 

V 

0.4 V 
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ac test circuit truth table 

Vee vee 

INPUTS [ 

typical applications 

Ripple Binary Counters 

C~~~~~: ______ ~,,-. __ -, ___ ~ ... ------......, 

Cl0CK--------'--_________ --' 

Shift Registers 

ClOCK-----~t_------t_--------' 

switching time waveforms 

CMOS to CMOS 

CLOCK 
ov--------}1Oo~ _____ __ 

JorK 

Jar K 

QadI 

OMO 

In tM1 

J K 0 

0 0 On 
0 1 0 

1 0 1 

1 1 Q" 

tn = bit time before clock pulse, 

tn+l :: bit time after clock -pulse. 

74CCotnpatibility 

v,, 

Guaranteed Noise Margin a$ a 
Function of V CC ~ 

ISV ,.---=-=_---,.---, 
13,5 

4.05 

J.05 

4.50V 

TTL to CMOS 

4.QV--_"""'1-

4.0 V -I-~=-r .. rl 

tOV . 

V::----IF-. -,,,,-'-·~--F 
V" ----+1---· ..... 

r-lpdg_~ 
0. 

12.5 

"V 



MM54C74/MM74C74 dual 0 flip-flop 

general description 
The MM54C74/MM74C74 dual D flip flop is a 
monolithic complementary MOS (CMOS) 
integrated circuit constructed with N- and 
P-channel enhancement transistors. Each flip flop 
has independent data, preset, clear and clock 
inputs and Q and Q outputs. The logic level 
present at the data input is transferred to the 
output during the positive going transition of the 
clock pulse. Preset or clear is_ independent of the 
clock and accomplished by a low level at the 
preset or clear input. 

features 
• Supply voltage range 
• Tenth power TTL compatible 

3V to 15V 
drive 2LPT2 L 

loads 

logic and connection diagrams 

f[ CL 

CtOCK~ 

r-

• High noise irnmunity 
• Low power 
• Medium speed operation 

applications 

• Automotive 
• Data terminals 
• Instrumentation 
• Medical electronics 
• Alarm system 
• Industrial electronics 
• Remote metering 
• Computers 

T 
'00 

0.45 Vee (typ) 
50 nW (typ) 

10 MHz (typ) 
with 10V supply 

~""ALlPCHANNHSUBSTRATES 'I-- CONNECTED TO Vee 

r---1 t+ ALL "-CHANNEL SUBSTRATES 

It-- CONNECTEOTOGND , 

INPU;r PRIlHCHON + TOIIllTERNALCIRCUIT 
FOR ALL INPUTS 

Note: A logic "0" on clear sets n tn logic "0." 
A logic "0" on preset sets n to logic "1." 
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absolute maximum ratings 
Voltage at any pin (Note 1) -0.3V to Vee + 0.3V 
Operating temperature MM54C74 _55°C to 125°C 

MM74C74 -40°C to +85°C 
Storage temperature -65°C to 150°C 
Maximum Vee Voltage 16V 
Package dis.sipation 500mW 
Lead temperature (Soldering, 10 sec; 300°C 
Operating Vee range t3V to +15V 

electrical characteristics 
MiniMax limits apply across temperature range unless otherwise specified. 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

CMOS TO CMOS 

Logical" 1" I nput Voltage V,N(,) Vee = 5.0V 3.5 V 
Vee = 10.0V 8.0 V 

Logical "0" Input Voltage V'N(O) Vee = 5.0V 1.5 V 
Vee = 10.0V 2.0 V 

Logical "1" Output Voltage VOUT(,) Vee = 5.0V 4.5 V 

Vee=10.0V 9.0 V 

Logical "0" Output Voltage VO~T(O) Vee '= 5.0V 0.5 V 
Vee=10.0V 1.0 V 

Logical "1" Input Current I,N(') Vee = 15.0V 1.0 /lA 

Logical "0" Input Current I'N(O) Vee = 15.0V -1.0 /lA 
. , 

Supply Current lee Vee=15.0V 0.05 60 /lA 

Input Capacitance Any Input 5.0 pF 

Propagation Delay Time to a Logical Vee= 5.0V,CL = 50 pF, TA = 25°C 180 300 ns 

"0" tpdO or L~gical "'" tpdl from Vee = 10.0V, CL = 50 pF, TA = 25°C 70 110 ns 
clock to Q or Q 

Propagation Delay Time to a Logical Vee = 5.0V, CL = 50 pF, TA = 25°C 180 300 ns 
"0" from Preset or Clear Vee = '1O.0V, CL = 50 pF, T A = 25°C 70 110 ns 

Propagation Delay Time to a Logical Vee = 5.0V, CL = 50 pF, T A = 25°C 250 400 ns 
"1" from Preset or Clear Vee = 10.0V, CL = 50 pF, TA = 25°C , 100 150 ns 

Time Prior to Clock Pulse That Data Vee = 5.0V, CL = 50 pF, TA = 25°C 100 50 ns 
Must be Present tSETUP Vee = 10.0V, CL = 50 pF, TA = 25°C 40 20 ns 

Time After Clock Pulse That Data Vee = 5.0V, CL = 50 pF, T A = 25° C -20 0 ns 
Must be Held Vee = 10.0V, CL = 50 pF, T A = 25°C -8.0 0 ns 

Minimum Clock Pulse Width Vee= 5.0V, CL = 50pF, TA = 25°C 100 250 ns 
(tWL = tWH) Vee = 10.0V, CL = 50 pF, TA = 25°C 40 100 ns 

Minimum Preset and Clear Pulse Vee = 5.0V, CL = 50 pF, TA = 25°C 100 160 ns 
Width Vee = 10.0V, CL = 50 pF, TA = 25°C 40 70 ns 

Maximum Clock Rise and Fall Vee = 5.0V, CL = 50 pF 15.0 /lS 
Time Vee = 1O.0V, CL = 50 pF 5.0 /lS 
Maximum CI,?ck Frequency Vee = 5.0V,CL = 50pF, TA = 25°C 2.0 3.5 MHz 

V CC = 10.0V, CL = 50 pF, T A = 25°C 5.0 8.0 MHz 

LOW POWER TTL/CMOS INTERFACE 

Logical "l"lnput Voltage V'N (1) 54C, Vee = 4.5V Vee - 1.5 
74C, Vee = 4.75V 

Logical "0" Input Voltage V,N(O) 54C, Vee = 4.75V 0.8 V 
74C, Vee = 4.75V 

Logical "1" Output Voltage VOUT(1) 54C, Vee = 4.5V, 10= - 360 /lA 2.4 V 
74C, Vee = 4.75V, 10 = - 360/lA 

Logical "0" Output Voltage VOUT(O) 54C, Vee = 4.50V, 10 = 360/lA 0.4 V 
74C, Vee = 4.75V, 10 = 360/lA 

Note 1: These devices should not be connected under power on conditions. 
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switching time waveforms 

CMOS to CMOS TTL to CMOS 

Vee----~·~~------- 4.0V----+-i--------

CLOCK 

ov----'=rl ov---........ rl 

Vee 4.0V -+-1..:::",...-1--::""" 
DATA 

tSETUP 0 tHOLD 0 

DATA 
OV 

Vee Vee-----r-------,---

Dorn 50% 

OV OV-----+----J 

Vee Vee -----1----"""'" 
ooril 50% 1.5V 

OV OV------------·'---

t,'" I,'" 20 ns 

ac test circuit 

INPUT--1
DATA a'~ 1 

INPUT ---ILC_L_D_CK __ ...Jh 

typical applications 

Ripple Counter (Divide by 2") 

74C Compatibility 

Vee 

TC'rC' 
":" -= 

~ 
~ 
w 

15V 

~ 4.05 

~ 3.05 

~ 

1.45 

0.45 

Shift Register 

Guaranteed Noise Margin as a 
Function of Vee 

4.50V 10V 

Vee 

15V 

13.5 

12.5 

2.5 
1.5 
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MM54C83lMM74C83 4-bit binary full adder 

general description 
The MM54C83/MM74C83 4-bit binary full adder per
forms the addition of two 4-bit binary numbers_ A carry 
input (Co) is included and the sum (~) outputs are pro
vided for each bit and the resultant carry (C4 ) is ob
tained from the fourth bit_ Since the carry-ripple-time is 
the limiting delay in the addition of a long word length, 
carry look-ahead circuitry lias been included in the 
design to minimize this delay_ Also, the logic levels of 
the input and output, including the carry, are in their 
true form_ Thus the en~-around carry is accomplished 
without the need for level itiverison_ 

logic diagram 

"061 1F 
"'111 

11E 
I~ 

'J~~ 
'81 (11 

I~ 
Al {fO I IL) 
Co (13 I 

features 
• Wide supply voltage range 3V to 15V 

• Guaranteed noise margin 1 V 

• High noise immunity 0.45 Vee typ 

• Low power fan out of 2 
TTL compatibility driving 74L 

• Fast carry ripple (Co to C4 ) 50 ns typ @ Vee = 10V 
and CL = .50 pF 

• Fast summing (~IN to ~OUT) 125 ns typ @ Vee = 10V 
and CL = 50 pF 

J 

-

./ 

J " , 

C?l D- ~4(15l 

t::!1 
-

D- ~3(21 

~ 

-LJo no-SD- ~2(6) 

-.I I 

~, -- D-',I9I 



absolute maximum ratings (Note 1) 

Voltage at Any Pin 
Operating Temperature Range 
MM54C83 
MM74C83 
Storage Temperature Range 
Package Dissipation 
Operating Vee Range 
Absolute Maximum Vee 
Lead Temperature (Soldering, 10 seconds) 

dc electrical characteristics 

-o.3V to Vee + 0.3V 

-55°C to +12'5°C 
-40°C to +85°C 

-65°C to +150°C 
500mW 

3Vto15V 
16V 

300°C 

Minimax limits apply across temperature range, unless otherwise noted. 

PARAMETER 

CMOS TO CMOS 

Logical "1" Input Voltage (V 'N (1)1 

Logical "0" Input Voltage (V,N(o)1 

Logical "1" Output Voltage (VOUT(,) I 

Logical "0" Output Voltage (VOUT(O) I 

Logical "1" Input Current (I'N(l)1 

Logical "0" Input Current (I'N(D)I 

Supply Current (Iecl 

CMOS/LPTTL INTERFACE 

Logical "1" Input Voltage (V,N(,)I 

Logical "0" Input Voltage (V,N(O)I 

Logical "1" Output Voltage (VoUT(l)1 

Logical "0" Output Voltage (VouT(o)1 

CONDITIONS 

Vee = 5.0V 
Vee = 10V 

Vee = 5.0V 

Vee = 10V 

Vee = 5.0V, 10 = -101lA 
Vee = 10V, 10 = -lallA 

Vee= 5.0V,10= +101lA 

Vee= 10V, 10=+lOIlA 

Vee = 15V, Y'N = 15V 

Vee = 15V, Y'N = OV 

Vee = 15V 

54C, Vee = 4.5V 
74C, Vee = 4.75V 

54C, Vee = 4.5V 
74C, Vee = 4.75V 

54C, Vee = 4.5V, 10 = -3601lA 
74C, Vee = 4.75V, 10 = -3601lA 

54C, Vee = 4.5V, 10 = 360llA 
74C, Vee = 4.75V, 10 = 360llA 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 

Output Source Current (lSOURCE) Vee = 5.0V, VOUT = OV 
(p·Channel I TA = 25°C 

Output Source Current (lSOURCE) Vee = 10V, VOUT = OV 
(P·Channell T A = 25°c 

Output Sink Current (ISINd Vee = 5.0V, VOUT = Vee 
(N-Channell TA = 25°C 

Output Sink Current (ISIN K I Vee = 10V, VOUT = Vee 
(N-Channel) TA = 25°C 

MIN 

3.5 

8.0 

4.5 
9.0 

-1.0 

Vee - 1.5 

Vee - 1.5 

2.4 
2.4 

-1.75 

-8.0 

1.75 

8.0 

TYP 

0.005 

-0.005 

0.05 

-3.3 

-15 

3.6 

16 

MAX 

1.5 

2.0 

0.5 
1.0 

1.0 

300 

0.8 
0.8 

0.4 
0.4 

UNITS 

V 

V 

V 

V 

V 
V 

V 
V 

V 
V 

V 

V 

V 

V 

V 

V 

rnA 

rnA 

rnA 

rnA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. . 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: CpD,determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics 
application note, AN·90. 
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ac electrical cha racteristics T A = 25°C, CL = 50 pF, unless otherwise sj:Jecified. 

PARAMETER 

Propagation Delay from Co to C. (tPDo or tpD') 

Propagation Delay from Sum Inputs to C4 

(tPDO or tpD') 

Propagation Delay from Co to Sum Outputs 

(tPDO or tpD') 

Propagation Delay from Sum Inputs 
to Sum Outputs (tPOD or t pD1 l 

Input Capacitance 

Power Dissipation Capacitance (Cpo) 

CONDITIONS 

Vee = 5.0V 
Vee = 10V 

Vee = 5.0V 
Vee = 10V 

Vee = 5.0V 
Vec = 10V 

Vee = 5.0V 
Vee = 10V 

Any Input (N,ote 2) 

Per Package (Note 3) 

MIN TYP 

120 
50 

250 
90 

350 
125 

300 
110 

5.0 

120 

MAX 

200 
80 

450 
150 

550 
200 

550 
180 

connection diagram switching time waveforms 

84 C4 co 

16 15 14 13 "TNO 
12 

B1 A1 

11 

~1 

10 

Vee ---+-11"9-"-, --90""%", 

.~--~--~----~~~ 
'--

INPUT 

ov~ 
50% 50% 

10% 

-

A4 

truth table 

AJ OJ 82 

INPUT 

Al/ 61/ A2/ 62/ 
/A3 /63 /A4 /64 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

L 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

H '" high level, L = low level 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

-1 1"-=:'" - r- t", 

OUTPUT vee, ~---s-o%-, +1"9::0'",%·,........."90=%",, 50% 

10% \ 10% 
OV 

_t, _ 1--" 
Inputs must be tied to appropriate logic level. 

A2 

OUTPUT 

~HEN ~HEN 
'CO=L CO=H 

WHEN WHEN 
C2=L C2=H 

'2:1/ 2:2/ C2/ l:1/ l:2/IC2/ 
/l:,3 /2:4 /C4,/k3 /k4 /C4 

L 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

L 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

L 

L 

H 

L 

H 

H 

H 

H 

L 

L 

L 

H 

L 

L 

L 

L 

H 

H 

H 

L 

L 

L 

L 

L 

H 

H 

H 

L 

H 

H 

H· 

H 

H 

H 

H 

Note: Input conditions at A3, A2, 82 and CO are used to determine outputs kl and ~2 and the 
value of the internal carry C2. The values at C2, A3, 83, A4, and 84 are then used to determine 
outputs ~3, ~4, and C4. 

UNITS 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

pF 

pF 



typical applications 

tiN (BIT 11 

AI8fT 11 A, 
~1 ~(81T II 

B(8IT 1) B, 

C, COUT (BIT 2) 

----
BITZ 

~3 

A (BlTl) A, 
C, !:IBIT 21 

B IB1T21 B, 

toUT (BIT 2) 

APPLICATION 

Connect the MM54C83/MM74C83 in the following 
manner to implement a dual single bit full adder. 

-= 
Co I A (BIT 11 A, 

LSD B (BIT 1) 
~, c IBIT 11 

B, 

A (BIT2) A, 
~2 ~ (BIT 2) 

8(BIT2) B, 
MM54CBJ 

OR 

A (BIT 3) A, MM74CBJ 

~3 c IB1T" 
B(BIT3) B, 

AtOIT4) A, 
~4 ~ (BIT 4) 

B (BIT 4) B, 

C, 

Co 

A(BIT 5) A, 
~ (BIT 5) c, 

B (BIT 5) B, 

A IBIT 61 A, 
c, ~ (BIT61 

B (BIT6) B, 
MM54CB3 

OR 

A (BIT 1) A, MM14C83 
~3 c IBIT II 

BtBIT1) B, 

I AIRI18) A, 
MSB ~4 ~(BIT81 

B(81T8) B. 

COUT fCs) 

(TO NEXT PACKAGE) 

CASCADING 

Connect the MM54C83/MM74C83 in the following 
manner to implement full adders with more than 4 bits. 
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MM54C85/MM74C85 4-bit magnitude comparator 

general description 

The MM54CB5/MM74CB5 is a four-bit magnitude 
comparator which will perform comparison of 
straight binary or BCD codes. The circuit consists 
of eight comparing 'inputs (AO, A 1, A2, A3, BO, 
B 1, B2, B3), three cascading inputs (A>B, A<B 
and A",B), and three outputs (A>B, A<B and 
A=B). This device compares two fOl:Jr-bit weirds 
(A and B) and determines whether they are "greater 
than," "less than," or "equal to" each other by a 
high level on the appropriate output. F;r words 
greater than four-bits, units can be cascaded by 
connecting the outputs (A>B, A<B, and A=B) of 
the least-significant stage to the cascade inputs 
(A>B, A<B and A=B) of the next-significant 
stage. In addition the least significant stage must 

logic diagram 

have a high level voltage (V IN (1)) applied to the 
A=B input and low level voltages (VIN(O)) applied 
to A>B and A<B inputs. 

features 

• Wide supply voltage raQge 

• Guaranteed noise margin 

• High noise immunity 

• Low power 
TTL compatibility 

• Expandable to 'N' stages 

• Applicable to binary or BCD 

3.OV to 15V 

1.0V 

0.45 Vee typ 
fan out of 2 
driving 74L 



absolute maximum ratings (Note 1) 

Voltage at Any Pin -0.3V to Vee +0.3V 
Operating Temperature Range 

MM54CB5 -55°C to +125°C 
MM74CB5 ~40°C to +85°C 

Storage Tempera'fure Range -65°C to +150°C 

Package Dissipation 500 rnW 
Operating V cc Range 3.0V to l5V 

Vee l6V 
Lead Temperature (Soldering, 10 seconds) 300°C 

dc electrical characteristics 
Min/max limits apply across temperature range, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

CMOS TO CMOS 

Logical "1" Input Voltage (V IN !11) Vee = 5.0V 3.5 V 

Vee -= lOV B.O V 

Logical "0" Input Voltage (V1N1O)l Vee = 5.0V 1.5 V 

Vee '" 10V 20 V 

Logical "1" Output Voltage (VouTnd Vee = 5.0V, 10 - lO~A 4.5 V 

Vee = lOV, 10 = ·lO~A 9.0 V 

Logical,."O" Output Voltage (VOUT 10)) Vee = 5.0V, 10 = ~10J.1A 0.5 V 

Vee = lOV, 100= tl0pA 1.0 V 

Logical "1" Input Current (lINI1)) Vcc=15V, V IN =- 15V 0.005 1.0 ~A 

Logical "0" Input'Current (iIN{Q)) Vee' = isv, VIN = OV 1.0 -0.005 ~A 

Supply Current (Icc) Vee =-.: 15V 0.05 300 ~A 

CMOS/LPTTL INTERFACE 

Logical "1" Input Voltage (V 1N (1)} 54C. Vee=4.5V Vee 1.5 V 

74C. Vee -= 4.75V Vee - 1.5 V 

Logical "0" Input Voltage (V1N(Qd 54C. Vec = 4.5V O.B V 

74C, Vec "" 4.75V 0.8 V 

Logic?l "1" Output Voltage (V OUTI ])) 54C, Vee = 4.5V, 10 = -360~A 2.4 V 

74C, Vee = 4.75V, 10 = ··360~A 2.4 V 

Logical "0" Output Voltage (VOUT IOI) 54C. Vec = 4.5V, 10 = 360~A 0.4 V 

74C, Vee = 4.75V, 10 = 360~A 0.4 V 

OUTPUT DRIVE (See 54C174C Family Characteristics Data Sheet) 

Output Source Current .(IsouReE) Vce ~ 5.0V, VOUT =OV -1.75 -3.3 rnA 

(P·Channel) TA = 25"C 

Output Source Current (ISOURCE) Vee == lOV, VOUT ;;; OV -B.O -15 rnA 

(p·Channel) TA = 25"C 

Output Sink Current (I SINK ) (N-Channel) Vee = 5.0V, VOUT ;;; Vee 1.75 3.6 rnA 

T A =25°C 

Output Sink Current (lSINK) (N-Channell Vee =:. 10V, VOUT =Vec 8.0 16 rnA 

TA =25"C 

ac electrical characteristics T A ~ 25°C, CL ~ 50 pF, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Propagation Delay Time from any A or Vee = 5,OV 250 600 ns 
B Data Input to any Data Output (tpdO Vee = 10V 100 300 ns 
or tpd1 ) 

Propagation Delay Time from any Cascade Vee = 5.0V 200 500 ns 
Input to any Output (tpdO·or tpd1 ) Vee = 10V 100 250 ns 

Input Capacitance Any Input 5.0 pF 

Power Dissipation Capacitance (Cpd ) (Note 3) Per Package 45 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except 
for "Operating Range" they are not meant to imply that the devices should be ·operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpd determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C 
Family Characteristics application note, AN-gO. ' 
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typical application 
Four Digit Comparator 

-LONGER WORD CQMPAAI$ON
COMPARING TWO 1,·8ITWORDS 

WORD A "0" 

"LSD" 

"MSD" 

OUTPUTS 

truth table 

COMPARING INPUTS 

A3.B3 A2. B2 A1,81 AO,BO 

A3>B3 X X X 

A3<B3 X X X 

A3 = B3 A2>B2 X X 

A3 = B3 A2<B2 X X 

A3 = B3 A2" B2 Al >BI X 

A3 = B3 A2 = B2 A1 < 81 X 

A3 = B3 A2 = B2 A1 '" 81 AO>BO 

A3 = B3 A2 = B2 Al '" 81 AO<BO 

A3 = B3 A2 = B2 AI" Bl AO = BO 

A3 ='B3 A2 = B2 AI'" 81 AO = 80 

A3'" 83 A2 = B2 AI = BI AD =- 80 

A3 = B3 A2 = B2 A1 '" 81 AO '" 80 

A3 = B3 A2 = B2 A1 " 81 AO = BO 

A3 = B3 A2 = B2 A1 '" 81 AO " BO 

A3 = B3 A2 = B2 A1 " 81 AO = BO 

A3 = B3 A2 = B2 AI = BI AO = BO 

H " high lel/el, L '" low level, X " Irrelevant 

WORDB 

"LSD" 

10 

" 

" 
13 

.. 
"MSO" 

" 

" 

connection diagram 

( 
82 

INPUTS 

'2 

OUTPUT A=B 

1 · A>8 

CASCAOING. A< .. 8 INPUTS 

A=B 

INPUT At 

GND 

TOP VIEW 

16 Vee 

15 Al} 
14 . INPU.TS 

83 

A>B 

A<8 

11 
80 

10 AO 

81 

switching time waveform 

Vee --j-r.::::----i 
INPUT 

OUTPUT 

OV 

Unused inputs must be tied to an appropriate IGgic level. 

CASCADING INPUTS OUTPUTS 

A>B A<B A=8 A>B A<B A=B 

X X X H L L 

X X .X L H L 

X X X H L L 

X X X L H L 

X X X H L L 

X X X L H L 

X X X H L L 

X X X L H L 

H L L H L L 

L H L L H L 

L L H L L H 

L H H L H H 

H L H H L H 

H H H H H H 

H H L H H L 

L L L L L L 



MM54C89/MM74C89 64-bit TRI-STATE® random access 
read/write memory 

general description 

The MM54C89/MM74C89 is a 16-word by 4-bit 
random access read/write memory_I nputs to the 
memory consist of four address lines, four data 
input lines, a write enable line and a memory 
enable line. The four binary address inputs are 
decoded internally to select each of the 16 possible 
word locations. An internal address register, latches 
the address information on the positive to negative 
transition of the memory enable input. The four 
TRI-STATE® data output lines working in con
junction with th~ memory enable input provides 
for easy memory expansion. 

Address Operation: Address inputs must be stable 
tSA prior to the posi'tive to negative transition 
of memory enable. It is thus not necessary to 
hold address information stable for more than 
tHA . after the memory is enabled (positive to 
negative transition of memory enable). 

Note: The timing is different than the DM7489 in 
that a positive to negative transition of the memory 
enable must occur for the memory to be selected. 

Write Operation: I nformation present at the data 
inputs is written into the memory at the selected 

logic and connection diagrams 

address by bringing write enable and memory 
enable low. 

Read Operation: The complement of the informa
tion which was written into the memory is non
destructively read out at the four outputs. This is 
accomplished by selecting the desired address and 
bringing memory enable low and )Nrite enable 
high. 

When the device is writing or disabled the output 
assumes a TRI-STATE (Hi-z) condition. 

features 

• Wide supply voltage range 
• Guaranteed noise margin 
• High noise immunity 

• Low power TTL 
compatibility 

• Input address register 
• Low power consumption 

3.0Vto 15V 
1.0V 

0.45 Vee typ 
fan out of 2 
driving 74L 

100 nW/package typ 
@Vee =5V 

• Fast access time 130 ns typ at Vee = 10V 

• TRI-STATE output 

DATA DATA DATA iiA'i'A DArA IIA'i'A DATA IiA'fA 

WRITE 
ENABLE 

MEMORY 
ENABLE 

INPUT A 

INPUTB 

IMPUTC 

INPUTB 

INPUT I OUTPUT 1 INPUT 2 iffifPilfZ INPUT 3 OUTPUT 3 INPUT .. ii'ii'fPiif4 

ADDRESS,lNPUTA 

........ ....", 
WA1'n'~:3 

DATA INPUT 1 .. 

iil1'Afl'tJmJT1 5 

DATA INPUT 2 Ii 

DiTAilUTJill'f2 1 

GN. 

TOP VIEW 

16 Vee 

15 ADDAESSINPUTI 

14 ADDRESS INPUT C 

ADDRESS IIII'UT D 

12 DATAIN.PUT4 

1'Dl"fAl1li'fPiif4 

II DATAINPUT3 

I DnDln'P1JT3 
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absolute maximum ratings 
Voltage at Any Pin -O.3V to Vee + O.3V 

Operating Temperature Range 
MMS4CS9 -55°C to +125°C 
MM74CS9 -40°C to +8SoC 

Storage Temperature Range -6SoC to +lS0°C 

Package Dissipation SOOmW 

Operating V cc Range 3.0V to lSV 

Absolute Maximum Vee 16V 

Lead Temperature (Soldering, 10 seconds) 300°C , 

dc electrical characteristics 
Min/max limits apply across temperature range, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

CMOS TO CMOS 

Logical "1" Input Voltage (V IN (1») Vee = S.OV 3.5 V 
Vee = lOV 8.0 V 

Logical "0" Input Voltage (V1N(0)) Vee"" 5.0V 1.5 V 
Vee'" lOV 2.0 V 

Logical "1" Output Voltage Vee = &.OV. 10 '" -1 GilA 4.5 V 
(VoUT(1}l Vee = 10V, 10 = -10~A 9.0 ·V 

Logical "0" Output Voltage Vee'" 5.0V, 10 = +10,uA 0.5 V 
(VoUT(Ol) Vee = lOY, 10 = +10,uA 1.0 V 

Logical "1" Input Current (llN(1)) Vee = 15\1, VIN = 15V 0.005 1.0 ~A 

logical "0" Input Current (lIN(o)) Vee = 15V, YIN = OV -1.0 -0.005 ~A 

Output Current in High Impedance Vee = 15V, Vo = 15V 0.005 1.0 ~A 

State Vee"" 15V, Va ~ OV -1.0 -0.005 ~ 

Supply Current (led Vec = 15V 0.05 300 ~A 

CMOS/LPTTL INTERFACE 

Logical "1" Input Voltage (V1N (1)1 54C, V cc ~ 4.5V Vcc~1.5 V 
74C, Vee = 4.75V Vec~1.5 V 

Logical "0'( Input Voltage {V1N(Od 54C, Vee = 4.5V 0.8 V 
74C, Vee = 4.75V 0.8 V 

Logical "1" Output Voltage 54C, Vee = 4.5V, 10 = -360~A 2.4 V 
(VOUT (1)) 74C, Vee = 4.75V, 10 = -360,uA 2.4 V 

Logical "0" Output Voltage 54C, Vee ='4.5V,l o = +360~A 0.4 V 
(VOUT(O)) 74C, Vee = 4.75V, 10 = +360~A 0.4 V 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 

Output Source Current (lsouRCE I Vec = 5.0V, VOUT = OV .- -1.75 -3.3 rnA 
(P-ChanneJ) TA = 25"C 

Output Source Current (ISOUACE) Vee = lOV, VOUT = OV -8.0 -15 mA 
(P-Channel) TA = 25°C 

Output Sink Current (lSINK) Vee = 5.0V, VOUT = Vec 1.75 3.6 rnA 
(N·Channel) TA =25°C 

Output Sink Current (lSINK ) Vee = 10V, VOUT = Vee 8.0 16 mA 
(N·Channell TA = 25°C 

ac electrical cha racteristics (T A ~ 25°C, GL ~ 50 pF, unless otherwise noted.) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Propagation Delay from Memory Enable Vce = 5.0V 270 500 ns 
(tpdl Vee = 10V 100 220 ns 

Access Time from Address Input (tace ) Vee = 5.0V 350 650 ns 
Vee·= lOV 130 280 ns 

Address Input Setup Time (tSA) Vee = 5.0V 150 ns 
Vee ",·lOV 60 ns 

Address Input Hold Time (tHA) Vee = 5.0V 60 ns 

Vee = 10V 40 ns 

Memory Enable Pulse Width (tME ) Vee = 5.0V 400 250 ns 
Vee= lOV 150 ~O ns 

Memory Enable Pulse Width (tM"E) Vee"; 5.0V 400 200 ns 

Vee = 10V 150 70 ns 
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ac electrical characteristics (con't) 

PARAMETER CONDITIONS MIN TYP MAX 

Write Enable Setup Time for a Read Vee = S.OV 0 

(tsRI Vee = 10V 0 

Write ~ Setup Time for a Write Vee = S.OV 'ME 
(tws) Vee = 10V tME 

Write Enable Pulse Width (tWE') Vee = 5.0V. tws ::;; 0 300 • 160 
Vee = lOV, tws = 0 100 60 

Data Input Hold Time (tHO) Vee = S.OV 50 
Vee = 10V 25 

Data Input Setup (t50 ) Vee = 5.0V 50 
Vee = lOV 25 

Propagation Delay from a Logical "'" Vee = 5.0V, CL = 5.0 pF, RL = 10k 180 300 
or Logical "0" to the High Impedance Vee = 10V, CL = 5.0 pF, RL = 10k 85 120 
State from Memory Enable (tll-l, tOI-l) 

Propagation Delay from a Logical "1" Vee = 5.0V, CL = 5.0 pF, RL = 10k 180 300 
or Logical "0" to the High Impedance Vee = IOV, CL =5.0 pF, RL = 10k 85 120 
State from Write Enable (tll-l' tOH1 

Input Capacity (GIN 1 Any Input (Note 2) 5.0 

Output Capacity (COUT ) Any Output (Note 2) 6.5 

Power Oissipatiqn Capacity (Cpd ) (Note 3) 230 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. 
Except for "Operating Range" they are not meant to imply that the devices should be operated at these limits. The table 
of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2:" Capacitance .is guaranteed by periodic testing. . . 
Note 3: CpO determines the no load ac power consumption of any CMOS deVice. For complete explanation see 54C174C 
Family Characteristics application note, AN·90. 

truth table 

ME WE OPERATION CONDITION OF OUTPUTS 

L L Write TRI·STATE 

L H Read Complement of Selected Word 

H L Inhibit, Storage TRI·STATE 

H H In_~l~it,_ Storage TRI·STATE 

ac test circuits 

10k 
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switching time waveforms (can't) 

'Road Cycle 
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MEMli'iiV 
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INPUT 

V" 
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DATA 
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Read Modify Write Cycle 
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MM54C90/MM74C90 4-bit decade counter 
MM54C93/MM74C93 4-bit binary counter 

general description 

The MM54C90/MM74C90 decade counter and the 
MM54C93/MM74C93 binary counter are complementary 
MaS (CMOS) integrated circuits constructed with Nand 
P·channel enhancement mode transistors. The 4·bit 
decade counter can be reset to zero or preset to nine by 
applying appropriate logic level on the R 01 , R 02 , R91 

and R92 inputs, also a separate flip·flop on the A·bit 
enables the user to operate it as a divide·by-2, 5 or 10 
frequency counter. The 4-bit binary counter can be 
reset to zero by applying high logic level on inputs R01 

and R 02 ' also a separate fl ip-flop on the A-bit enables 
the user to operate it as a divide-by·2, 8 or 16 divider. 

All inputs are protected against static discharge damage. 

features 

• Wide supply voltage range 

• Guaranteed noise margin 

• High noise immunity 

• Low power 
TTL compatibility 

logic and connection diagrams 
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absolute maximum ratings (Note 1) 

Voltage at Any Pin --{).3V to VCC +0.3V Operating Vee Range 3V to 15V 

Operating Temperature Range Absolute Maximum Vee 16V 

MM54C90, MM54C93 -55°C to +125°C Storage Temperature Range -65°C to +150°C 

MM74C90, MM74C93 -40° C to +85° C Lead Temperature (Solderi t")g, 10 seconds) 300°C 

Package Dissipation 500mW 

dc electrical characteristics Minimax limits apply across temperature range, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

CMOS TO CMOS 

Logical "1" Input Voltage (V 1N {1)l Vee == 5V 3.5 V 

Vcc=10V 8 V 

Logical "0" Input Voltage (V1N(0)) Vee =: 5V 1.5 V 

Vee == lOV 2 V 

Logical "1" Output Voltage (V OUT (1)) Vee =- 5V, 10 = -lO,uA 4.5 V 

Vee'" lOV, 10 == -lO,uA 9 V 

Logical "0" Output Voltage (VOUT(O)) Vee = 5V, 10 =: +10pA 0.5 V 

Vee = lOV, 10 "" -t lOIlA 1 V 

Logical "1" Input Current (1IN{1)) Vee = 15V, VIN = 15V 0.005 1 ~A 

Logicat "0" Input Current (lIN(O)) Vee = 15V, VIN = OV -1 ~.005 ~A 

Supply Current (,Iccl Vee = 15V 0.05 300 ~A 

CMOS/LPTTL INTERFACE 

Logical "1" Input Vol age (V IN (1)) 
. 

MM54C90. MM54C93 Vcc = 4.5V Vcc-l.5 V 

MM74C90. MM74C93 Vcc = 4.75V Vee-l.5 V 

Logical "0" Input Voltage (VIN (0)) 

MM54C90, MM54C93 Vec = 4.5V 0.8 V 

MM74C90. MM74C93 Vec:=: 4.75V 0.8 V 

Logical "1" OUtput Voltage (VOUT (1)) 

MM54C90, MM54C93 Vee ~ 4.5V. 10 ~ -360~A 2.4 V 

MM74C90, MM74C93 Vee ~ 4.75\!, !o "" -360,uA 2.4 V 

Logical "0" Output Voltage (VOUT (0)) 

MM54C90. MM54C93 Vee ~ 4.5V. 10 ~ 360~A 0.4 V 

MM74C90. MM74C93 Vee ~ 4.75V. 10 ~ 360~A 0.4 V 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 

Output Source Current (lSOURCE) Vee = 5V, V OUT :=: OV, -1.75 -3.3 rnA 

(P-Channel) TA = 25°C 

Output Source Current (ISOURCE) Vee = lOV,VOUT = OV, -8 -15 mA 

(P-Channeli TA ~ 25°C 

Output Sink Current (I SINK ) (N-Channel) Vec:=:5V, V OUT = V cc , 1.75 3.6 fllA 

TA = 25°C 

Output Sink Current (lSINK) (N·Channel) Vcc = 10V, V OUT = V cc , 8 16 mA 

TA ~25°C 

ac electrical characteristics T A = 25°C, CL = 50 pF, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Propagation Delay Time From AIN to Vcc = 5V 200 400 ns 

GA (tpdO or tpd 1 ) Vce :=: 10V 80 150 ns 

Propagation Delay Time From AIN to Vcc = 5V 450 850 ns 

Os (tpdO or t pd1 ) (MM54C93/MM74C93) Vcc = lOV 160 300 ns 

Propagation Delay Tim!! From AIN to Vec = 5V 450 800 ns 

Os (tpdO or tpd1 ) (MM54C90/MM74C90) Vec = 10V 160 300 ns 

Propagation Delay Time From AIN to Vce = 5V 500 1050 ns 

Ge (tpdo or t pd 1) (MM54C93/MM74C93) Vcc = lOV 200 400 ns 

Propagation Delay Time From AIN to Vee = 5V 500 1000 ns 

Ge (tpdo or t pd1 ) (MM54C90/MM74C90) Vcc :=: 10V 200 400 ns 

Propagation Delay Time From AIN to Vec :=: 5V 600 1200 ns 

GD ItpdO Dr 'Pd111MM54C93/1v]M74C931 Vcc = 10V 250 500 ns 

Propagation Delay Time From AIN to Vee = 5V 450 800 ns 

GD (tpdo or t pd1 ) IMM54C90/MM74C901 Vcc = 10V 160 300 ns 
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ac electrical characteristics (con't) 

PARAMETER 

Propagation Delay Time From ROl or R02 

to GA , Os. Oc or GD (tpdo or t pd1 ) 

(MM54C93/MM74C93) 

Propagation Delay Time From ROi or R02 

to GA' 0Bt Oc or GD (tpdO or t pd1 ) 

(MM54C90/MM74C90) 

Propagation Delay Time From R91 or R92 

to 0A or G D (t pdO or t pd1 ) 

(MM54C90/MM74C90) 

Maximum Clock Rise and Fall Time 

Minimum Clock Pulse Width (twl 

Maximum Clock Frequency 

1 nput Capacitance 

Power Dissipation Capacitance (Cpo) 

CONDITIONS 

Vee'" 5V 
Vee = 10V 

Vee = 5V 
Vee = lOV 

Vee"' 5V 
Vee =- lOV 

Vee = 5V 

Vee = lOV 

Vee'" 5V 
Vee = lOV 

Vee"'" 5V 
Vee -0- lOV 

Any Input (Note 2) 

Per Package (Note 3) 

MIN 

250 
100 

TYP 

150 
75 

200 
75 

250 
100 

100 
50 

45 

MAX 

300 
150 

400 
150 

500 
200 

15 
5 

UNITS 

ns 

ns 

ns 

ns 

ns 

"5 
"5 
ns 

MHz 
MHz 

pF 

pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: CpO determines the no load ac power consumption of any CMOS device. Fo(cof"T1plete explanation see 54C174C Family Characteristics 
application note, AN-gO. 

switching time waveforms and ac test circuits 
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____ .J L., ..... ---_______ _ 
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A" 

Note 1: MM54790, MM74C90 and MM5419J, MM14C43 
are solid line waveforms. D3!hed linp. waveform, are for 
MM54C90/MM14CgOonly. 
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truth tables 
MM54C90/MM74C90 4·Bit Decade Count ... 

BCD Count Sequence 

COUNT 
OUTPUT 

aD Oc °B 
0 L L L 

1 L L L 

2 L L H 

3 L L H 

4 L H l 

5 L H l 

6 L H H 

7 L H H 

8 H l l 

9 H L L 

Output QA is connected to Input B for 
BCD count. 

H '" High level 
L '" low level 
X "" Irrelevant 

°A 
L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

Reset/Count Function Table' 

RESET INPUTS OUTPUT 

RO' R02 R9. R92 aD Oc Og 

H H L X L L L 

H H X L L L L 

X X H H H L L 

X L X L COUNT 

L X l X COUNT 

L X X L COUNT 

X L L X COUNT 

°A 
L 

L 

H 

MM54C93/MM74C93 4·Bit Binary Counter 

Binarv Count Sequence 

OUTPUT 
COUNT 

aD Oc Og 

0 L L l 

1 L L L 

2 L l H 

3 l. L H 

4 L H L 

5 L H L 

6 L H H 

7 L H H 

8 H L L 

9 H L L 

10 H L H 

11 H L H 

12 H H L 

13 H H L 

14 H H H 

15 H H H 

Output QA IS connected to Input 8 for 
bmary count sequence. 

H" High level 

L '" Low level 
X '" Irrelevant 

OA 

L 

H 

L 

H 

L 

H 

L' 
H 

L 

H 

L 

H 

H 

L 

L 

H 

Reset/Count Function Table 

RESET INPUTS OUTPUT 

Ro. R02 aD Oc Og 

H H L L L 

L X COUNT 

X L COUNT 

ail 

L 



MM54C95/MM74C954-bit right-shift left-shift register 

general description 

This 4-bit shift register is a monolithic complemen
tary MOS (CMOS) integrated circuit composed of 
four D flip flops. This register will perform right
shift or left·shift operations dependent upon the 
logical input level to the mode control. A number 
of these registers may be connected in series to 
form an N-bit right shift or left shift register. 

When a logical "0" level is applied to the mode 
control input, the output of each flip flop is 
coupled to the D input of the succeeding flip flop. 
Right-shift operation is performed by clocking at 
the clock 1 input, and serial data entered at 
the serial input, clock 2 and parallel inputs A 
through D are inhibited. With a logical "1" level 
applied to the mode control, outputs to succeeding 
stages are decoupled and parallel loading is possible, 
or with external i.nterconnection, shift-left opera· 
tion can be accomplished by connecting the 
output of each flip flop to the parallel input of 
the previous flip flop and serial data is entered at 
input D. 

block and connection diagrams 

features 

• Medium speed operation 10 MHz typ 
Vee ~ 10V, CL ~ 50 pF 

• High noise immunity 

• Low power 

• Tenth power TTL 
compatible 

• Wide supply voltage range 

• Synchronous parallel load 

0.45 Vee typ 

100 nW typ 

Drive 2 LTTL 
loads 

3V to 15V 

• Parallel inputs and outputs from each flip flop 

• Negative edge triggered clocking 

applications 

• Data terminals 

• Instrumentation 

• Automotive 
., Medical electronics 

• Alarm systems 

• Remote metering 

• Industrial electronics 

• Computers 

SERIAL 
INPUT 

. r-"' 
MODECONTROl~MC . 

C>---lIoc 

~GNO 
Mode control = o fO,r right shift 
Mode control '" 1 for left shift Of paraUelload 

INPUT DUTPUT OUTPUT OUTPUT OUTPUT ttOtK2 , , . C 0 L-SHIFT 

INPUT MODE CLOCK1 
o CONTRQl RSHIFT 
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absolute maximum ratings 
Voltage at Any Pin ~Note 1) -o.3V to Vee +O.3V 
Operating Temperature MM54C9S -5SoC to +12SoC 

MM74C95 -40°C to"+8SoC 

Maximum Vee Voltage 
Package Dissipation 
Operating Vee Range 

Storage Temperature --65°C to +150°C Lead Temperature (Soldering, 10 sec) 

electrical characteristics 
Maximin limits apply across temperature range unless otherwise specified. 

PARAMETER 

CMOS TO CMOS 

logical "1" Input Voltage V1N (1 I 

Logical "0" Input Voltage V1N(QI 

Logical "1 "Output Voltage VOUT<U 

Logical "0" Output Voltage "OUTIOJ 

Logical "1 'Input Current I JN (lJ 

Logical "0" Input Current IIN<oj 

Supply Current Icc 

Input Capacitance 

Propagation Delay Time to a Logical "0" tpdO 

or logical ."" tpdl From Clock to 0 or (1 

Time Prior to Clock Pulse That Data Must be 

Preset tSETUP 

Time After Clock Pulse That Data Must be 
Held 

Minimum Clock Pui5e Width (tw ... = t WH ) 

Time Prior to Clock Pulse that Mode 
Control must be Preset 

Maximum Input Clock Frequency 

LOW POWER TTL/CMOS INTERFACE 

Logical "1" Input Volta!J€ VINlll 

Logical "0" Input Voltage VINIOI 

logical "1" Output Voltage VOUTI'I 

logical "0" Output Voltage VOUT(OI 

Propagation Delay Time to a Logical "0" tpdO 
or logical "1" tpdt From Clock to Q or Q 

I CONDITIONS 

Vee'" S.OY 
Vee'" 10.0V 

Vee'" 5.0V 
\(cc = 1O.OV 

Vee'" S.OV 
Vee'" 1O.0V 

Vee'" 5.0V 
Vee = 1O,QV 

Vee'" 15.0V 

Vee = 15.0V 

Vee c= 15.0V 

Anv Input 

Vee = S.OV,CL '" 50pF, TA '" 2SoC 

Vee'" 1O.DY,CL = 50 pF,TA '" 25°C 

Vee'" 5.0Y,CL =50pF,TA =2SoC 
Vee' '" lO.OV, CL '" 50 pF, TA = 25°C 

Vee'" S.OY, CL = 50 pF, T A = 2S"C 
Vee'" lO.aV, CL ,= 50 pF, T A = 2SQC 

Vee = 5.0V, C ... = 50pF, TA = 25°C 
Vee = 1O.QV,C ... = 50pF, TA = 25"C 

Vee ~ 5.0V,C ... = 5OpF, TA '= 25"C 
Vee" lO.OV, C ... : 50 pF, T A = 2Soc 

Vee = S.OV, C ... : 50 pF, TA : 25°C 
Vee'" lO.OV,C ... "'50pF, TA =2SoC 

54C, Vee'" 4.5V 
74C, ,,!ce '" 4.75V 

54C, Vee = 4.5V 
74C, Vee = 4.75V 

54C, Vee'" 4.5V, 10 " -100 pA 
74C,'yec =4,75V, 10 :-100pA 

54C, Vec '" 4,5V, 10 ~ 360pA 

74C, Vee =4.75V, 10 00 36.0J.lA 

Vee ~ 5.0V, CL ~ 50pF, TA - 2SoC 

Note 1: These devices should not be connected under "Power On" conditions. 

function table 

I MIN TVP 

3.5 

4.5 

-1 

0.050 

200 
80 

60 30 
25 10 

25 10 
10 50 

100 
'50 " 

200 100 
100 50 

3 
6.5 10 

Vee-l.S 

2.4 

175 

I 

INPUTS OUTPUTS 

MODE CLOCKS PARALLEL 

CONTROL 
SERIAL OA OB Dc 

2(L} 1(R} A c D 

H X X X X X X OAO aBO OeD 

H X X b 

X X OB t oct 0 0 
t d OBo Q Cn 0 00 

H X X X X X OAO °BO OeD 

X I H X X X X H OAo OBo 

X L X X X X QA~ OBo 

X X X X X OAO OBO Qeo -

X X X X X OAO OBO OeD 

H X X X X X OAO °BO OeD 

X X X X X OAO OBO OeD 

X X X X X OAO OBO OeD 

H X X X X X Undefined 

L X X X X X Operating Conditions 

t Shifting left reqUires external connection of Os to A, Qc to B, and GD to C. Serial data is entered at input D. 

H = high level (steady state), L = low level (ste<ldy state), X =' irrelevant (any input, inclu.ding transitions) 

t = transition from high to low level, I = transition from low to high level 

a, b, C, d = the level of steady-state input at Inputs A, B, C or 0, respectively. 

MAX 

1.5 
2 

.5 

300 

400 
160 

0.8 

, 0.4 

00 

ODD 

d 

ODD 

Oeo 

Oeo 

ODD 

ODD 

ODD 

ODD 

ODD 

QAO, 0BO, QCO. GDO = the level of GA, OS, Clc, or GO, respectively, before the indicated steady-state input conditions were established. 
GAn, OBn: 0Cn, GDo '" the level of GA, OB, OC, or QD< respectively, before the most-recent j transiti~n of the clock. 

I 

16V 
500mW 

+3V to +15V 
300°C 

UNITS 

v· 

V 
V 



MM54C1511MM74C151 8 channel digital multiplexer 

general description 

The MM54C151/MM74C151 multiplexer is a 
monolithic complementary MOS (CMOS) 
integrated circuit constructed with N- and 
P-channel enhancement transistors. 

This data selector/multiplexer contains on-chip 
binary decoding. Two outputs provide true (out
put Y) and complement (output W) data. A logical 
"1" on the strobe input forces W to a logical "1" 
and Y to a logical "D." 

All inputs are protected against electrostatic 
effects. 

features 
• Supply voltage range 3V to 15V 

logic and connection diagrams 

• Tenth power TTL 
compatible 

• High noise immunity 

• Low power 

applications 
• Automotive 

• Data terminals 

• Instrumentation 

• Medical electronics 

• Alarm systems 

• Industrial electronics 

• Remote metering 

• Computers 

OUTPUT!W) 

drive 2 LPTTL loads 

D.45 Vee typ 

5D nW typ 

Input Protection For All Inputs 

TOINlERNAlCIRCUIT 
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absolute maximum ratings 
, 

Valtage at Any Pin (Nate 11 -O.3V to VCC +O.3V 
Operating Temperature MM54C151 _55°C to +125°C 

MM74C151 -40°C to +85°C 

Storage Temperature -65°C to +150°C 

Maximum Vee Voliage 16V 

Package Dissipation 500mW 
Operating Vee Range 3V to 15V 
Lead Temperature (Soldering, 10 secl 300°C 

electrical characteristics 

Min/Max limits apply across temperature rang,e across otherwise specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

CMOS TO CMOS 

Logical "1" Input Voltage V IN I1I Vee 0 S.OV 3.S V 
Vee 0 1O.OV 8 V 

Logical "0" Input Voltage VINIO) Vee 0 S.OV 1.S V 
Vee o·10.0V 2 V 

Logical "1:' Output Voltage VOUT I1I VeeoS.OV.loo-l0IlA 4.S V 
Vee 0 10.0V, 10 0 -lallA 9 V 

Logical "0" Output Voltage VaUTIOI Vee 0 S.OV, la 0 +lOilA O.S V 
Vee 0 1O.OV. la 0 +10 IlA 1 V 

Logical "1" I nput. Current IINI1I Vee 0 lS.0V. VIN 0 lSV 1 IlA 

Logical "0" I nput Current IINIO) Vee 0 lS.0V, VIN 0 OV -1 IlA 

Supply Current Icc VeeolS.0V O.OS 300 IlA 

I nput Capacitance Any Input S pF 

Propagation Delay Time to a Vee 0 S.OV, CL = SO pF. TAo 2SOC 170 270 ns 
Logical "0" or Logical "1" from Vee o 1O.OV, CL 0 SOpF. TAo 2SOC 80 130 ns 
Data to Y 

Propagation Delay Time to a Vee 0 S.OV, CL 0 SO pF. TAo 2SoC 200 300 ns 
Logical "0" or Logical "1" from Vee 0 1O,OV. CL 0 SO pF. TA 0 2SOC 90 140 ns 
Data to W 

Prop~gation Delay Time to a Vee 0 S.OV. CL 0 so pF, TA 0 2SOC . 240 360 ns 
Logical "0" or Logical "1" from Vee 0 1O.OV, CL 0 SO pF. TA 0 2SOC 110 170 ns 
Strobe or Data Select to Y 

CMOS TO TENTH POWER 
INTERFACE 

Logical "1" Input Voltage V IN I1) S4C. Vee o 4.SV Vee-1.S V 
74C, Vee 0 4.7SV 

Logical "0" Input Voltage VINIO) S4C. Vee" 4.SV 0.8 V 
74C. Vee 0 4.7SV 

Logical "1" Output Voltage VaUTI1) S4C, Vee 0 4.SV. la 0 -3601lA 2.4 V 
74C. Vee.o 4.7SV, la 0 -3601lA 

Logical "0" Output Voltage VaUTIO) S4C, Vee 0 4.SV, la 0 360llA 0.4 V 
74C, Vee 0 4.7SV, la 0 360llA 

Propagation Delay Time to a Vee 0 S.OV, CL " so pF. TA " 2SOC 200 320 ns 
Logical "0" tpdO or a Logical "1" 
tpdl from Data I nput, to Y 

Note 1: This device should not ~e conne,cted under power on conditions . 

. 
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switching time waveforms 

CMOS to CMOS (tpdl .8c tpdOI 

V~~ OUT'Ul(W). 50% SO% 

.V 
t"", 1..,.0 

v~ 

OUTPUT {Y! 

v,,--10""=------:::::-.. 
DATA INPUT 

DATA SElECT 
STR08E ,v 

t"tt"20ns 

ac test circuit 

truth table 

C 

x 
0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

B A STROBE 

x X 1 

0 0 0 

0 0 0 

0 1 0 

0 1 0 

1 0 0 

1 0 0 

1 1 0 

1 1 0 

0 0 0 

0 0 0 

0 1 0 

0 1 0 

1 0 0 

1 0 0 

1 1 0 

1 1 0 

INPUTS 

DO 0, 02 

X X X 

0 x x 
1 X X 

X 0 X 

X 1 X 

x x 0 

x X 1 

X x x 
X X X 

x x x 
x x x 
X X X 

X X X 

x x x 
x x x 
X X X 

X X X 

03 

X 

x 
x 
X 

X 

x 
X 

0 

1 

x 
X 

X 

X 

x 
x 
X 

X 

TTL to CMOS (tpdl 8c tpdOI 

OUTPUT (WI I.SV 1.5Y V~~ 

OUTPUT {VI 

DATA INPUT 
DATASflECT 

STROBE 

04 05 

X X 

x x 
x x 
X X 

X X 

x x 
X X 

x x 
X X 

0 x 
1 X 

X 0 

X 1 

x x 
x X 

X X 

X X 

.V 
Ipdl tpolO 

V" 

.v--f-+'-------I~ 

•.• v--I-".=------,,"" .. '"'" 
I.SY 

.v 

OUTPUTS 

06 07 V W 

X X 0 1 

x x 0 1 

x X 1 0 

X X 0 1 

X X 1 0 

x x 0 1 

X X 1 0 

x x 0 1 

X X 1 0 

x x 0 1 

X X 1 0 

X X 0 1 

X X 1 0 

0 x 0 1 

1 X 1 0 

X 0 0 1 

X 1 1 0 
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MM54C154lMM74C154 4-line to 16-line 
decod e rl demu Itiplexe r 

general description 

The MM54C154/MM74C154 one of sixteen de
coder is a monolithic complementary MOS (CMOS) 
integrated circuit constructed with Nand P-channel 
enhancement transistors. The device is provided 
with two strobe inputs, both of which must be 
in the logical "0" state for normal operation. If 
either strobe input is in the logical "1" state, all 
16 outputs wi II go to the logical "1" state. 

To use the product as a demultiplexer, one of the 
strobe inputs serves as a data input terminal, 
while the other strobe input must be maintained 
in the logical "0" state. The information will then 
be transmitted to the selected output as deter
mined by the 4-line input address. 

features 

• Supply voltage range 3V to 15V 

logic and connection diagrams 

INPUTS 

~+=r:::)o--[>o--ot3 

• Tenth power TTL 
compatible 

• High noise margin 

• High noise immunity 

• Low power 

applications 
• Automotive 

• Data terminals 

• Instrumentation 

• Medical electronics 

• Alarm systems 

• Industrial electronics 

• Remote metering 

• Computers 

Vco 

drive 2 LPTTL 
loads 

1 V guaranteed 

0.45 Vc~ typ 

750 nW typ 

INPUT PROTECTION ~AA~ TO INTERNAL 

FOR All INPUTS !"~~ CIRC'lTRY 

OUTPUTS 

TOP VIEW 



absolute maximum ratings 

Voltage at Any Pin (l\Iote 1) 
Operating Temperature Range 

MM54C154 
MM74C154 

Storage Temperature Range 

Maximum Vee Voltage 

Package Dissipation 
Opera!ing Range, Vee 
Lead Temperature (Soldering, 10 sec) 

electrical characteristics 

-0.3V to Vee +0.3V 

-55°C to +125°C 
-40°C to +85°C 

-65°C to +150°C 

16V 

500 mW 
+3V to +15V 

300°C 

(Min/max limits apply across temperature range unless otherwise specified.) 

PARAMETER CONDITIONS MIN 

CMOS TO CMOS 

Logical "1" Input Voltage (V IN (l)) 
Vee'" 5V 3.5 
Vee = 10V 8 

Logical "0" Input Voltage (V1N(o)1 
Vee ~ 5V 

Vcc=10V 

Logical "1" Output Voltage (VOUT(l)l 
Vee = 5V, 10 "" -lOpA 4.5 
Vee = lOV, 10 = -10,uA 9 

Logical "0" Output Voltage (VOUT(O)) 
Vee = 5V. 10 = +1 011 A 
Vee = lOV, 10 = +10,uA 

Logical "1" Input Current (lIN(1)) Vee = 15V, VIN = 15V 

Logical "0" Input Current (lIN(Ol) Vee'" 15V, VIN = OV -1 

Supply Current {Iccl Vcc=15V 

Input Capacitance Any Input 

Propagation Delay to a Logical "0" From Vee = 5V, CL = 50 pF, TA = 25°C 
Any Input to Any Output (tpdo) Vee = lOV, CL = 50 pF; TA =; 25°C 

Propagation Delay to a Logical "0" From Vee=5V, CL '-'- 50 pF, TA '" 25°C 
Gl or G2 to Any Output (tpdol Vee = 10V, CL = 50 pF, T A = 25°C 

Propagation Delay to a Logical "1" From Vee ""5V, CL = 50 pF, TA = 25°C 
Any Input to Any Output (t pd1 ) Vee = 10V, CL = 50 pF, TA = 25°C 

Propagation Delay to a Logical "1" From Vee = 5V, CL = 50 pF, TA = 25°C 
Gl or G2 to Any Output (t pd1 ) Vee = lOV, CL == 50pF, TA = 25?C 

lOW POWER TTL/CMOS INTERFACE 

Logical "1" input Voltage (V 1N (1}) 
54C Vee = 4.5 

Vee -1.5 
74C Vee CO" 4.75-

Logical "0" Input Voltage (VIN~o)l 
54C Vee = 4.5 
74C Vee = 4.75 

Logical "1" Output Voltage (V O l!JT(1)) 
54C Vee =4.5V, 10 =-100,uA 
74C Vee = 4.75V, to = --100tlA 

2.4 

Logical "0" Output Voltage (V OUTW») 
54C Vee = 4.5V, 10 = 360,uA 
74C Vee = 4.75V, 10 = 360llA 

TYP MAX UNITS 

V 
V 

1.5 V 
2 V 

V 
V 

0.5 V 
1 V 

0.005 1 ~A 

-0.005 ~A 

0.05 300 ~A 

5 pF 

275 400 ns 
100 200 ns 

275· 400 m 

100 200 ns 

265 400 ns 
100 200 ns 

265 400 ns 
100 200 ns 

V 

0.8 V 

V 

0.4 V 

Note 1: This device should not be connected to circuits with the power on because high transient voltages may cause 
permanent damage. 
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switching time waveforms 

A'B'CORO~' SO'll Vee 
, OV 

'pd' '- t ... ~ 
ANY OUTPUT 50% f '. 5l1li Vee 

• ____ oJ. OV 

Gl0RG2~SD% Vee 
OV 

, ... ( ' ... , t:: 
Vee ------ leVee 

ANY OUTPUT 5l1li ..,- SO% 

W - W 

t, =-tf "'20 ns 

Guaranteed Noise Margin as a 
Function of V cc 

truth table 

INPUTS 

Gl G2 0 C 

L L L L 

L L L L 

L L L L 

L L L L 

L L L H 

L L L H 

L L L H 

L L L H 

L L H L 

L L H L 

L L H L 

L L H L 

L L H H 

L L H H 

L L H H 
L L H H 

L H X X 
H L X X 
H H X X 

B 

L 

L 

H 

H 

L 

L 
H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

X 
X 
X 

15V 

~ 
; 4.05 

; 3.05 

~ 

1.45 

0.45 

4.50V 

A 0 1 

L L H 

H H L 

L H H 

H H H 

L fI H 

H H H 

L H H 

H H H 

L H H 

H H H 

L H H 

H H H 

L H H 

H H H 

L H H 

H H H 

X H H 

X H H 

X H H 

x = "Don'i Care" Condition 

2 3 

H H 

H H 

L H 

H L 

H H 

H H 

H H 

H H 

H H 

H H 

H H 

H H 

H H 

'H H 

H H 

H H 

H H 
'H H 

H H 

10V ISV 

OUTPUTS 

4 5 6 7 8 9 10 II 12 13 14 15 

H H H H H H H H H H H H 

H H H H H H H ,H H H H H 

H H hi H H H H H H H H H 

H H H H H H H H H W H H 

L H H H H H H H H H H H 

H L H H H H H H H H H H 

H H L H H H H H H H H H 

H H H L H H H H H H H H 

H H H H L H H H H H H H 

H H H, H H L H H H H H H 

H H H H H H L H H H H H 

H H H H H H H L H H H H 

H H H H H H H H L H H H 

H H H H H H H H H L H H 

H H H H H H H H H H L H 

H H H H H H H H H H H L 

H H H H H H H H H H H H 

H H H H H H H H H H H H 

H H H H H H H H H H H H 



MM54C157/MM74C157 quad 2-input multiplexers 

general description 
• Low power These multiplexers are ~onolithic complementary 

MOS (CMOS) integrated circuits constructed with 
Nand P channel enhancement transistors. They 
consist of four 2·input mUltiplexers with a com· 
mon select and enable inputs. When the enable 
input is at logical "0" the four outputs assume 
the values as selected from the inputs. When the 
enable input is at logical "1" the outputs assume 
logical "0." Select decoding is done internally 
resulting in a single select input only. 

• Tenth power TTL compatible 

50 nW (typ) 

drive 2 LPTTL 
loads 

features 
• Su pply voltage range 
• High noise immunity 

3V to 15V 
0.45 Vee typ 

schematic and connection diagrams 

truth table 
'00 

IIIIPUT PROTECTION + TOINTEANAl 
FOR All INPUTS CIRCUITRY 

ENABLE SELECT A B OUTPUT Y 

1 X X X 0 

0 0 0 x 0 

0 0 1 X 1 

0 1 X 0 0 

0 1 X 1 1 

74L Compatibility 

15V 

405 

3.05 

145 

0.45 

Guaranteed Noise Margin as a 
Function of Vee 

13.5 

12,5 

~~~25 ~ 1.5 

4.50V lUV 15V 
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absolute maximum ratings 
Voltage at Any Pin (Note 1) -O.3V to Vee to O.3V 
Operating Temperatur£ MM54C157 -5SoC to 12SoC 

MM74C157 -40°C to +85°C 
Maximum V cc Vo1tag~ 16V 

Storage Temperature 
Package Dissipation 
Lead Temperature (Soldering, 10 sec) 
Operating Vee Range 

electrica I characteristics MiniMax limits apply a~ross temperature range unless otherwise specified. 

PARAMETER 

CMOS TO CMOS 

logical "1" Input Voltage VIN (l) 

Logical "O"'nput Voltage VIN(O) 

Logical "1" Output Voltage VOUTl1l 

Logical "0" Output Voltage VOUT(O) 

Logical "1" Input Current 'INIH 

Logical "0" Input Current IINIO) 

Supply Current Icc 

Input Capacitance 

Propagation Delay from Data to Output 
(t pdO or t pd1 ) 

Propagation Delay from Select to 
Output (tpdO or t pd1 ) 

Propagation Delay from Enable to 
Output (tpdO) 

CMQS TO TENTH POWER INTERFACE 

Logical "1" Input Voltage V IN(l) 

Logical "0" Input Voltage VIN(O) 

Logical "1" Output Voltage VOUT{1} 

Logical "0" Output Voltage VOUT(O) 

Propagation Delay from Select to 
Output (t pdO or t pd1 ) 

Vee" 5.0V 
Vee" 10.0V 

Vee" 5.0V 
Vee" 10.0V 

Vee" 5.0V 
Vee" 10.0V 

Vee = 5.0V 
Vee" 10.0V 

Vee" 15.0V 

Vee " 15.0V 

Vee" 15.0V 

Any Input 

CONDITIONS 

Vee" 5.0V CL " 50 pF, T A" 25'C 
Vee '" 10.0V CL =50pF,TA =25°C 

Vee::: 5.0V CL =: 50 pF, TA == 25°C 
Vee" 10.0V CL " 50 pF, TA "2SoC 

Vee'" s.OV CL =: 50 pF, TA '" 25°C 
Vee=10.0V CL =50pF,TA = 25°C 

54C 
74C 

54C 
74C 

54C 
74C 

54C 
74C 

Vee = 4.5V 
Vee" 4.75V 

Vee = 4.5V 
Vee" 4.75V 

Vee" 4.5V,lo" -360J.tA 
Vee" 4.75V, 10 " -360J.tA 

Vee = 4.5V, 10 '" 360 IJ.A 
Vee "4.75V,lo " 360J.tA 

MIN 

3.5 
8 

4.5 
9.0 

-1.0 

Vee -1.5 

2.4 

TYP 

0.005 

-0.005 

0.050 

5 

150 
70 

180 
80 

180 
80 

250 

MAX 

1.5 
2.0 

0.5 
1.0 

1.0 

60 

250 
110 

300 
130 

300 
130 

0.8 

0.4 

-6S0C to 150°C 
500nW 
300'C 

+3V to 15V 

UNITS 

V 
V 

V 
V 

V 
V 

V 
V 

J.tA 

J.tA 

J.tA 

pF 

ns 
ns 

ns 
ns 

ns 
ns 

y 

V 

V 

V 

ns 

Note 1: This device should not be connected to circuits with the power on because high transient voltage may cause permanent 
damage. 



MM54C160/MM74C160 decade counter 
with asynchronous clear 
MM54C1611MM74C161 binary counter 
with asynchronous clear 
MM54C162/MM74C162 decade counter 
with synchronous clear 
MM54C163/MM74C163 binary counter 
with synchronous clear 

ge.neral description 
These (synchronous presettable up) counters are 
monolithic complementary MOS (CMOS) inte
grated circuits constructed with Nand P channel 
enhancement mode transistors. They feature an 
internal carry lookahead for fast counting schemes 
and for cascading packages without additional 
gating. 

A low level at the load input disables counting and 
causes the outputs to agree with the data input 
after the next positive clock edge. The clear func
tion for the C162 and C163 is synchronous and a 
low level at the clear input sets all four outputs 
low after the next positive clock edge. The clear 
function for the C160 and C161 is asynchronous 
and a low level at the clear input sets all four 
outputs low regardless of the state of the clock. 

connection diagram 

CtEAIl-l 

ClOCK-2 

IN .. -J 

IN,,_4 

INc _5 

INo_6 

ENABlEP_J 

logic waveforms 
C160, --- C162 Decade Counters 

CLEARL-Jr---------

lOAO~.----------

" • ...r___lL-______ _ 

""...r___lL-______ _ 

,,-...r___l'__ _______ _ 

"0 ___________ _ 
ENA8lfP~ 

ENAaLET~ 

~LOCK~ 

OA~ 

n"l..LJ! I 

~l..LJ!,__~-------_ 

""~ 
''""' • ~-'L... -c--'-, -',-'-',--",---:,-

GND-8 

U 

TOPVIEW 

Counting is enabled when both count enable in
puts are high. Input T is fed forward to also enable 
the carry out. The carry output is a positive pulse 
with a duration approximately equal to the posi
tive portion of QA and can be used to enable suc
cessive cascaded stages. Logic transitions at the en
able P or T inputs can occur when the clock is high 
or low. 

features 
• High noise margin 1 V guaranteed 

0.45 Vee typ 
drives 2 LPTTL loads 

• High noise immunity 
• Tenth power TTL 

compatible 
• Wide supply voltage range 3V to 15V 
• Internal look-ahead for fast counting scemes 
• Carry output for N-bit cascading 
• Load control line 
• Synchronously programmable 

16 f-Vcc 

15 ~~:~~~ 
14~Q .. 

13~a" 

12 >-Ilc 

II-Go 

lD-ENABI.ET 

9-lDAD 

C161, ~-. C163 Binary Counters 

&lEAAL-.J---------------
lCAO~.-----------

" • ...r___l'__ _______ _ 

",--------------
I~c...r___l'__ ___ ~ ___ __ 

,,-s--L. ____________ _ 
ENABlEP~ 

ENASlET~ 

ClOCK~ 

QA~ 

o"~ 

~~ 

'o~ 

CARRV n lJ 14 ~L. --:--'-, -,=--,'---',--",-
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absolute maximum ratings' 

Voltage at Any Pin (Note 1) cO.3V to Vee +0.3V 
Operating Temperature MM54C160/1/2/3 _55°C to +125°C 

MM74C160/1/2/3 -40" C to +85" C 
Storage Temperature _65°C to +150°C 
Maximum Vee Voltage 16V 
Package Dissipation 500mW 
Operating Vee Range "3V to +15V 
Lead· Temperature (Soldering, 10 sec) 300"C 

electrical characteristics 
Min/Max limits apply across temperature range unless otherwise specified, 

PARAMETER' CONDITIONS MIN TVP MAX UNITS 

CMOS to CMOS 

Logical "1" I nput Voltage V,N I1I Vee = 5V 3.5 V 
Vee= 10V 8.0 V 

Logical "0" Input Voltage V,NIOI Vee= 5V 1.5 V 
Vee = lOV 2.0 V 

Logical "'1" Output Voltage VOUTllI Vee =5V 10c-lOpA 4.5 V 
Vee= 10V 10=-10pA 9.0 V 

Logical "0" Output Voltage VOUTIOI Vee = 5V 10=+lOpA 0.5 V 
Vee = 10V 10 = +lOpA 1.0 V 

Logical "1" Input Current IINO) Vee = 15V V ,N = 15V 0.005 1.0 pA 

Logical "0" Input Current I'NIOI Vee= 15V Y,N = OV -1.0 -0.005 pA 

Supply Current Icc Vee = 15V 0.05 300 pA 

I nput Capacitance Any Input 5 pF 

Propagation delay time from clock Vee =5V, CL =50 pF, TA = 25"C 250 400 ns 
to Q tpdO or. tpdl .Vee =.10V,CL = 50pF, TA ".25"C ,100 160 ns 

Propagation delay'time from ,clock Vee" 5V; CL = 50 pF, TA = 25"C 290 450 ns 
to carry out tpdO or tpdl Vee = rov, CL = 50 pF, TA = 25"C 120 190 os 

Propagation delay time from T Vee = 5V, CL = 50 pF, T A= 25"C 180 290 os 
enable to carry out tpdO or tpdl Vee = 10V, CL = 50 pF, TA = 25"C 70 os 

Propagation time from clear to Vee = 5V, CL = 50 pF, T A = 25"C 190 300 os 
Q (C162 and C163 onlyi tpdO Vee = 10V, CL = 50 pF, TA = 25"C 80 ns 

Time prior to clock that data Vee = 5V, CL = 50 pF, TA = 25"C 120 os 
or load must be present tSETUP Vee = 10.'l"CL.= 50pF, TA = 25°C 30 ns 
Time prior to cluck th'at ena'ble P Vee = 5V, CL = 50 pF, T A = 25"C 170 280 ns 
or T must be present tSETUP Vee = lOY; C,-=50 pF, TA = 25"C' '70 120 ns 

Time prior to cl'ock that clear Vee =5V, CL = 50pF, TA = 25"C 120 19.0 ns 
must be present (1 ~2, 163 only) Vee = 10V, CL =.'50 pF, TA = 25eC 50 80 ns 
tSETUP 

Minimum dock pulses width tWL Vee = 5V, CL =50pF, TA =25°C 90 170 ns 
ortWH Vee= 10V,CL =50pF,TA = 25"C 35 70 os 

Maximum dock rise or fall time Vee = 5V, CL = 50 pF, TA = 25"C I 15 ps 
Vee = Jgv, CL = 50 pF, T A = 25".C 5.0 ps 

Maximum clock frequency Vee = 5\1, CL = 50 pF, T A = 25"C 2.0 3.0. MHz 
Vee = 10V,CL = 50 pF, T" = 25"C 5.5 8.5 MH; 

CMOS/LPTTL INTERFACE I 
Logical "1" Input Voltage 54C' Vee =. 4 .. 5V Vee -1.5. 1 V 

74C Vee = 4.75V . <. 
Logical "0" Input Voltage 54C Vee = 4.5V' 0.8 V 

74C Vee = 4.75V 

Logical "1" ?utput yoltage '54C Vee = 4.5V: 10" -360pA 2.4 V 
74C Vee = 4.75V 

Logical "0" Output YCEiltage 54C Vee = 4.5V lo~360!lA V 
74C Vee ='4.75V 0.4 

Note 1: This device ShOUld_~.~t,be."co·~nected d.,~ring power Qn_conditr~:ms_ i 

J 
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logic diagrams 

MM74C160, MM74C162; Clear is Synchronous for the MM74C162 

Q. Q, 

CLEAR 

CLOCK 

LQAD 

ENABLE' 

ENABLET-4 ..... --------------------------------------' 

MM74C161, MM74C163; Clear is Synchronous for the MM74C163 

Q. .. 
CLEAR 

CLOCK 

LOAD 

£NABLE' 

ENA.lET .......... _____ -----------------------------_ .. 

CARRV 
OUTPUT 

CARRY 
OUTPUT 
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switching time waveforms 

CLEAR 

LOAO 

INPUT 

ENABLE P 
OAT 

CLOCK 

OUTPUT 

50% 

Note 1: All illputpulsesarefrum generators having the following chara&teristics: t,'''tl'' 
20 ns PRR S t MHz duty cycle::; 50%, ZOUT "0 SOll. 

Note 2: All times are measmed from 50% to 50%. 

cascading packages 
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M M 54 C164/ M M74 C164 
a-bit parallel-out serial shift register 

general description 

The MM54C164/MM74C164 shift registers are a 
monolithic complementary MOS (CMOS) 
integrated circuit constructed with N- and 
P-channel enhancement transistors. These 8-bit 
shift registers have gated serial inputs and clear. 
Each register bit is a D-type master/slave flip flop. 
A high-level input enables the other input which 
will then determine the state of the flip flop. 

Data is serially shifted in and out of the 8·bit 
register during the positive going transition of 
clock pulse. Clear is independent of the clock and 
accomplished by a low level at the clear input. 
All inputs are protected against electrostatic effects. 

features 
- Supply voltage range 3V to 15V 

- Tenth power TTL compatible drive 2 LPTTL 

- High noise immunity 

- Low power 

- Medium speed operation 

applications 

- Data terminals 

- Instrumentation 

- Medical electronics 

- Alarm systems 

- Industrial electronics 

- Remote meterly 

loads - Computers 

block diagram 

CLOCK 

0.45 Vee typ 

50 nW typ 

8.0 MHz typ 
with 10V supply 

ClEARo-----i::><>--..... -+-..... -+-..... -+-... -+-... -+-... -+-... -+----' 

Q, Q, 

connection diagram truth table 

Serial I nputs A and 8 

INPUTS OUTPUT 

tn tn+1 

A B QA 

1 1 1 

0 1 0 

1 0 0 

0 0 0 
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absolute maximum ratings 

Voltage at Any Pin (Note 1) -o.3V to Vee +0.3V 
Operating Temperature MMS4C164 -SSoC to +12SoC 

MM74C164 -40°C to +8SoC 
Storage Temperature --65°C to +1S0°C 
Package Dissipation SOOmW 
Maximum Vee Voltage 16V 
Operating Vee Range 3V to 15V 
Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics 
Minimax limits apply across temperature range unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX I UNITS 

CMOS TO CMOS 

Logical "1" Input Voltage V1N (1) 
Vee = 5.0V 3.5 V 
Vee = 10.0V 8 V 

Logical "0" Input Voltage V IN(OI 
Vee ::: 5.0V 1.6 V 
Vee = 10.0V 2 V 

Logical "1" Output Voltage V OU T(1) 
Vee = 5.0V 10 =-lOIlA 4.5 V 
Vee = 10.0V 10 =-10IlA 9.0 V 

Logical "0" Output Voltage VOUT(O) 
Vee 5.0V 10=-lO IlA 0.5 V 
Vee = 10.0V 10 =-10IlA 1 V 

Logical ."" Input Current I'N{1J Vee = 15.0V Y'N = 15V 0.006 1 IlA 

logical "0" Input Current ilNIDI Vee = 15.0V Y'N = OV -1 -0.005 IlA 

Supply Current Icc Vee = 15.0V 0.05 300 IlA 

Input Capacitance Any Input 5 pF 

Propagation Delay Time to a Logical "0" or Vee ::: 5.0V, CL = 50 pI', TA = 25°C 230 310 ns 
logical "1" From Clock to Q Vee = 10.OV, CL = 50 pF, T A = 25°C 90 120 ns 

Propagation Delay Time to a Logical "1" from Vee ::: 5.0V, CL = 50 pF, TA = 2SoC 280 380 ns 
Clear to Q Vee = 10.OV, CL = 50 pF, TA = 25°C 110 150 n, 

Time Prior to Clock Pulse That Data Must be Vee ::: 5.0V, CL = 50 pF, TA = 25°C 110 ns 
Present 1SETUP Vee = 10.OV, CL = 50 pF, TA = 25°C 30 n, 

Time After Clock Pulse That Data Must be Vee == 5.0V, CL = 50 pF, TA = 25°C a n, 
Held Vee = IO.OV, CL = 50 pF, TA = 25°C O. ns 

Maximum Clock Frequency, 
Vee = 5.0V, CL = 50 pF, TA = 25°C 2 3 MHz 
Vee = lO.OV, CL = 50 pF, TA = 25°C 5.5 8 MHz 

Minimum Clear Pulse Width Vee = 5.0V, CL = 50 pF, T A = 25°C 150 ns 
Vee = 10.OV, CL = 50 pF, T A = 25°C 55 n, 

Maximum Clock Rise and Fall Time Vee = 5.0V, CL = 50 pF, TA = 25°C 15 11' 
Vee = 10.OV, CL = 50 pF, TA = 25°C 5 11' 

CMOS TO TENTH POWER INTERFACE 

Logical "1" Input Voltage V IN(l} 
54C Vee = 4.5V 

Vee -1.5 V 
74C Vee = 4.75V 

Logical "0'1 Input Voltage V 1N1o} 
54C Vee = 4.5V 

0.8 V 
74C Vee = 4.75V 

Logical "1" Output VoltageYOUT(1} 
54C Vee =4.5V, 10 =-360IlA 

2.4 V 
74C Vee = 4.75V, 10 = -360IlA 

Logical "0" Output Voltage V,OUTlO) 
54C Vee =4.5V, 10 = 360l'A 

0.4 V 
74C Vee =4.75V, 10 = 360llA 

Propagation Delay Time to a Logical "0'·1 or . 
320 n, 

Logical "1" From Clock To a 

Note 1: These devices should not be connected under power on conditions. 
-

., 
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ac test circuit 

INPUTS [ 

CLOCK 

switching time waveforms 

CLOCK 

DATA 

DATA 

'"{~ 
, .... _------- ~ 

::~~l ~'---j--: -
'. --1 r----LSl~---

',::::::.1.1. ----------....Jr--l~_tl---
" :::-.... l---------------'''f-i ----
'. --71 ___________ ----'n~----

tlJAA Cltll 
CMOS to CMOS TTL to CMOS 

v,,----j-,j.;;;:; ____ _ 

ov--""""'''-T ov---_I 

ov -1-1=:....+--"~ 

v" -----t------r- v,,-----t------,--
1.5V 

ov----+----J 
ov ____ +-___ J 

v,'----+-___ '" 

ov----------'-- ov----------~-

typical applications 

74C Compatibility 

Guaranteed Noise Margin as a Function of Vee 

15V 

1.45 

0.45 

13.5 

12.5 

~~~2.5 ~ 1.5 

4.50V 10V 15V 

Vee 
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MM54C165/MM74C165 parallel-load 8-bitshift register 

general description 
The MM54C165/IVIM74C165 is an 8-bit serial shift 
register which shifts data from Q A to Q H when 
clocked. Parallel inputs to each stage are enabled by 
a low level at the shift/load input. Also included 
is a gated clock input and a complementary output 
from the eighth·bit. 

Clocking is accomplished through a 2-input NOR· 
gate permitting one input to be used as a clock· 
inhibit function. Holding either of the clock inputs 
high inhibits clocking, and holding either clock. 
input low with the shift/load input high enables 
the other clock input. Data transfer occurs on the 
positive edge of the clock. The clock inhibit input 
should be changed to a high level.only while the 
clock input is high. Parallel loading is inhibited as 

connection diagram 

block diagram 

CLOCK 

CLOCK INHIBIT 

SHIFT! 
LOAD 

Sit 

'><>---+S7[ 

PARAllEL INPUTS 

long as the shift/load input is high. When taken 
low, data at the parallel inputs is loaded directly 
into the register independent of the state of 
the clock. 

features 
• Wide supply voltage range 

• Guaranteed noise margin 

• High noise immunity 

• Low power 
TTL compatibility 

• Direct overriding load 

• Gated clock inputs 
• Fully static operation 

SERIAL OUTPUT 
INPUT QH 

3.0V to 15V 

1.0V 

0.45 Vce typ 
fan out of 2 
driving 74L 

Slto----~---------~---------~---------~---------t_-------t_--------t_------------~ 
mo----;-_1~---;-_1~---;-_1~---;--1~---t__t------t__t-----t__.---_, 

SERIAL 10 
INPUT 

,. 
I'ARAllELINPUTS 



absolute maximum ratings (Note 1) 

Voltage at Any Pin 
Operating Temperature Range 

MM54C165 
MM74C165 

Storage Temperature Range 
Package DissipatiOri 
Operating V ce Range 
Absolute Maximum Vee 

--{).3V to Vee +0.3V 

-55°C to +125°C 
-40°C to +85°C 

-65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 

500mW 
3.0V to 15V 

16V 
300°C 

dc electrical characteristics 
Min/max limits apply across temperature range, unless otherwise noted. 

PARAMETER CONDITIONS 

CMOS TO CMOS 

Logical "1" Input Voltage (V ,Nt1 )1 Vee = 5.0V 
Vee = 10V 

Logical "0" Input Voltage (V'NIO)I Vee = 5.0V 

Vee = 10V 

Logical" 1" Output Voltage (V OUT (1)1 Vee = 5.0V, 10 = -1Oj.lA 

Vee = 10V, 10=-10j.lA 

Logical "0" Output Voltage (VOUTIO)I Vee = 5,OV, 10 = +10j.lA 
Vee = 10V, 10 = +10j.lA 

Logical "1" Input Current (lIN(l)) Vee = 15V, V ,N =15V 

Logical "0" Input Current (1IN(O)l Vee = 15V, V ,N = OV 

Supply Current (Iecl Vee = 15V 

CMOS/LPTTL INTERFACE, 

Logical "1" Input Voltage (VINI 1)1 54C, Vee = 4,5V 
74C, Vee = 4,75V 

Logical "0" Input Voltage (V,NIO)I 54C, Vee = 4,5V 
74C, Vee = 4.75V 

Logical "1" Output Voltage (V OUTI 1)1 54C, Vee = 4.5V, 10 = -360j.lA 
74C, Vee = 4.75V, 10 = -360j.lA 

Logical "0" Output Voltage (VOUTIO)I 54C, Vee = 4.5V, 10 = 360j.lA 
74C, Vee = 4.75V, 10 = 360j.lA 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet I 

Output Source Current (lsouRCE) Vee = 5.0V, V OUT = OV, 
(P-Channell TA = 25°C 

Output Source Current (lSOURCE) Vee = 1OV, V OUT = OV, 
(P,Channel) TA = 25°C 

Output Sink Current (lSINK) Vee = 5,OV, V OUT = Vee, 

(N-Channell TA = 25°C 

Output Sink Current (I SINK I IVee~1OV: VOUT = Vee, 
(N·Channell TA = 25°C 

MIN TYP MAX UNITS 

3.5 V 

8.0 V 

1.5 V 
2.0 V 

4.5 V 

9.0 V 

0.5 V 
1.0 V 

0.005 1,0 j.lA 

-1.0 "0,005 j.lA 

0.05 300 j.lA 

Vee-1.5 V 
Vee -1.5 V 

0.8 V 
0,8 V 

2.4 V 
2.4 V 

0.4 V 
0.4 V 

-1.75 -3,3 mA 

-8,0 -15 mA 

1.75 3,6 mA 

8.0 16 mA 
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ac electrical characteristics TA = 25°C, CL = 50 pF, unless otherwise specified. 

PARAMETER 

Propagation Delay Time to a Logical "0" 

(tpdO). or Logical "1" (tpd')' from Clock 
or Load to Q or Q 

Propagation Delay Time to a Logical "0" 

(tpdO). or Logical '''-' (tpdl ), from H to 
OorQ 

Clock Inhibit Set-up Time 

Serial Input Set-up Time 

Serial Input Hold Time 

Parallel Input Set-up Time 

Parallel Input Hold Time 

Minimum Clock. Pulse Width 

Minimum Load Pulse Width 

Maximum Clock Frequency 

Maximum Clock Rise and Fall Time 

Input Capacitance (C ,N ) 
Power Dissipation Capacitance (Cpd } 

.... 

CONDITIONS 

Vee ~ 5.0V 
Vee = 10V 

Vee = 5.0V 
Vee = lOV 

Vee = 5.0V 
Vee = 10V 

Vee = 5.0V 
Vee = 10V 

Vee = 5.0V 
Vee = 10V 

Vee = 5.0V 
Vee = 10V 

Vee = .5.0V 
Vee = 10V 

Vee = 5.0V 
Vee = 10V 

Vee = 5.0V. 
Vee = 10V 

Vee = 5.0V 
Vee = 10V 

Vee = 5.0V 
Vee = 10V 

(Note 2) 

(Note 3) 

MIN 

150 
60 

50 
30 

50 
30 

150 
60 

50 
30 

10 
5.0 

TYP' MAX 

200 400 
80 200 

200 400 
80 200 

75 
30 

25 
15 

0 
0 

75 
30 

0 
0 

70 200 
30 100 

85 180 
30 90 

6.0 2.5 
12 5.0 

5.0 
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UNITS 

ns 
ns 

ns 
ns' 

ns 
ns 

ns 
ns 

ns 
. ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

MHz 
MHz 

!1s 
!1S 

pF 

pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except 
for "Operating Temperature Range" they are not meant to imply that the devices should be operated at'these limits. 'The 
table of "Electrical Characteristics" provides conditions for actual device ojleration. 
Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: ~pd determines the no load ac power consumption of any CMOS device. For co~plete explanation see 54C174C 
Family Characteristics application note, AN-gO. 

switching time waveforms 

CLOCK 

SERIAL 
INPUT 

, .. 
INPUTS 

SHIFT! 
LOAD 

Q, 

V" 
0.5 Vee 

OV 

V" 
0.5 Vee 

OV 

Vee, 

0.5 Vee 0 
ov-

v" 
0.5 Vee 

OV - _1F>d0 

Vee - h 
0.5 Vee 

OV 

NoteA: The remaining six'd8t8 and the selial illput are low. 

NoteB: Priol to wst, high level data is loaded 1n10 H input. 



truth table 
INPUTS INTERNAL 

SHIFT! CLOCK PARALLEL OUTPUTS OUTPUT 

LOAD INHIBIT 
CLOCK SERIAL 

A. .. H a A a • 

L x X x , . .. h , b 

H L L X X aAo QBO 

H L 1 H X H aAn 
H L 1 L X L a An 
H H 1 X X aAo aso 

x '" irrelevant 

f '" transition from VINIO) to VIN(1) 
. h '" the level at data inputs A thru H 

GAO. Qao, 0HO '" the level of QA, 0B or QH. before the indicated input conditions were established 

DAn. Osn '" the level of QA or Os before the most recent t transition of the clock 

logic waveforms 
CLOCK 

CLOCKINHI81T --~--l---------------
SERIAllNPUl __ 00-__ + _____________ _ 

SHIFT/LOAD 

DATA 

OUTPUT G.i 

OUTPUT OH 

I 
r-INHIBIT

LOAD 

"~-'-~-SERIAL SHIfT --~~~~~_ 

a.. 

h 

aHO 
aGn 
aGn 
aHo 
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MM54C173/MM74C173 TRI-STATE® quad 0 flip-flop 

general description 

The MM54C173/MM74C173 TRI-STATE quad D 
flip flop is a monolithic complementary MOS 
(CMOSI integrated circuit constructed with N 
and P-channel enhancement transistors. The four 
D type flip flops operate synchronously from a 
common clock. The TR I-STA TE output allows the 
device to be used' in bus organized systems. The 
outputs are placed in the TRI-STATE mode when 
either of the two output disable pins are in the 
logic "1" level. The input disable allows the flip 
flop to remain in their present states without 
disrupting the ciock. If either of the two input 
disables are taken to a logic "1" level, the Q 

outputs are fed back to the inputs and in this 
manner the flip flops do not change state. 

Clearing is enabled by taking the input to a logic 
"1" level. Clocking occurs on the positive going 
transition. 

features 
• Supply voltage range 3V to 15V 

logic and connection diagrams 

INPUT'Ao-----_----i, 

DATAIHPur( 
DISABLE 

OUTPUT ( 
DISABlE 

• Tenth power TTL 
compatible 

• High noise immunity 

• Low power 

• Medium speed operation 

• High impedance TRI-STATE 

Drive 2 LPTTL 
loads 

0.45 Vee typ 

• Input disabled without gating the clock 

applications 
• A\Jtomotive 

• Data terminals 

• Instrumentation 

• Medical electronics 

• Alarm systems 

• Industrial electronics 

• Remote meteri ng 

• Computers 

DATA DATA 
INPUT INPUT INPUT INPUT IIilPUT INI'UT 

Vee CLEAR A B t 0 DISABLE DISA8L~ 

DUTPUrD 



absolute maximum ratings 

Voltage at Any Pin (Note 1) -0.3 to Vee +0.3V 
Operating Temperature MM54C173 -55°C to +125°C 

MM74C173 -40°C to +85°C 
Storage Temperature -oSoC to +150°C 
Maximum Vee Voltage 16V 
Package Dissipation 500mW 
Operating Vee Range +3V to +15V 
Lead Temperature (Soldering. 10 sec) 300°C 

electrical cha racteristics 
MinImax limits apply across temperature range unless otherwise specified. 

PARAMETER' CONDITIONS MIN TYP MAX UNITS 

CMOS TO CMOS 

Logical "1" Input Voltage V ,N1,) Vee = S.OV 3.S V 
Vee = 10.0V 8 V 

Logical "0" Input'Voltage V,Nio) Vee = S.OV I.S V 
Vee = 10.0V 2 V 

Logical "I" Outp~ Voltage V OUTI') 
Vee = S.OV 4.S V 
Vee c 10.0V 9 V 

Logical "0" Output Voltage VOUTIO) 
Vee = S.OV 0,5 V 
Vee = 10.0V 1 V 

Logical "I" Input Current I'NI') Vee = IS.0V ' 0,005 1 jJ.A 

Logieal ''0'' Input Current I'NIO) -1 -O.OOS jJ.A 

Output Current in High Impedance State V = 15V Vo ,= ISV 0.001 jJ.A 
ee 'Vo = OV 0.001 jlA 

Supply Current lee Vee = 15V 0.05 300 jJ.A 

Input Capacitance Any Input 5 pF 

Propagation Delay Time to a Logical "0" It,,dO) Vee = 5.0V. CL = 50 pF, TA = 25°C 220 400 ns 
or Logical "I" It".,) From Clock to Output Vee = 10.0V, CL = 50 pF, TA = 25°C 80 200 ns 

Input Data Setup Time, ts OATA 
Vee = 5.0V, CL = SO pF, TA = 25°C 40 80 ns 
Vee = 10.0V, CL = 50 pF, TA = 25°C 15 30 ns 

Input Data Hold Time, tH OATA 
Vee =5.0V.CL =,50 pF, TA = 26°C 0 ns 
Vee = 10.0V, CL = 50 pF, TA = 25°C a n. 

Input Disable Setup Time. ts PISS 
Vee = S.OV. CL = SO pF, TA = 2SoC 100 200 ns 
Vee = 10.0V,CL = SOpF, TA =2SoC 3S 70 ns 

Input Disable Hold Time. tH' PISS 
Vee = S.OV, CL = SO pF. TA = 2SoC 0 n. 
Vee = 10.0V, CL = SO pF. TA = 2SoC 0 ns 

Delay From Out~ut Disable to High Impedance 
Vee = S.OV, CL = SO pF, T A = 2SoC 

170 340 
State (From Logical :'1" or Logical "0" Levell. 70 140 

n. 

t.H , tOH 
Vee = 10.DV, CL = 60 pF, T A = 2Soc ns 

Delay From Output Disable to Logical "I" 'Vee = S.OV. C..: = 50 pF, TA = 2SoC 170 340 ns ' 
Level, tHI (From High Impedance State) Vee = 10.0V, CL = 5O"pF, TA = 2SoC 7.0 140 n. 

Delay From Output Disable to Logical "0" Vee~ S.OV, CL = SOpF, TA = 2SoC 170 340 n' 
Level, tHO ,(From High Impedance State) Vee = 10.0V, CL '= 50 pF, TA = 2SoC 70 140 n. 

Propagation Delay Flom CIi"r to Output ~dR 
Vee = S.OV, CL = SO,pF, T~ = 2SoC 240 490 n. 

, Vee = 10.0V, CL = 50 pF, TA = 2SoC 90 180 

Maximum Clock Frequency 
Vee = S.OV, CL = SO pF, TA = 2SoC 3.0 4.0 

MHz 
Vee = 10.0V, CL = 50 pF, TA = 2SoC 7 12 

Minimum Clear Pulse Width 
Vee = 5.0V, CL ~ SO pF, TA = 2SoC ISO 
Vee =10'.OV,CL =50pF, TA = 2SoC ' 70 

n. 

Maximum Cl,ock Rise and Fall Time 
Vee = B.OV, CL ~ 50,pF 10 jJ.s 
Vee = l,o.OV, CL = 50 pF S " jJ.s 

Note 1: These devices should not be connected under "Power On" conditions. 
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(II) 
r.. .... 
C) electrical characteristics (con't) 
'It r.. 
~ PARAMETER CONDITIONS MIN TVP MAX UNITS 
~ LOW POWER TTL/CMOS INTERFACE ....... 
(II) 54C, Vee = 4.5V Vee-l.5 V r.. Logical "1" Input Voltage V'Nlt) .... 74C, Vee = 4.75V 

CJ 54C, Vee .= 4.5V 
"t Logical "0" Input Voltage V'NIO) 

74C, Vee = 4.75V 
.8 V 

LD 
::E Logical "1" Output Voltage VOUTI1) 

54C, Vee = 4.5V, 10 = -3601'A 
2.4 V 

::E 
74C, Vee = 4.75V,1 0 = -3601'A 

54C, Vee = 4.5V, 10 = 360l'A 
logical "0" Output Voltage VOUT(O) 

74C, Vee = 4.75V:1 0 = 360l'A 
.4 V 

Propagation Delay Time to a Logical "0", t"dO 
Vee = 5.0V, CL = 50 pF, TA = 25°C 500 ns 

or Logical "1" tpd' From Clock 

truth table 

Truth Table (Both Output Disables Low' 

In tn+1 

DATA INPUT DISABLE 
DATA 
INPUT OUTPUT 

Logic "1" on One or 80th Inputs X On 
Logic "0" on 80th Inputs 1 1 
Logic "0" on Both Inputs 0 0 

switching time waveforms 

CLEAR 

I~~~~ --t-----+--,. 

CLOCK --f----...J .... 
ou~:~~ ----..1 

66 



MM54C174/MM74C174 hex 0 flip-flop 

general description 

The MM54C174/MM74C174 hex D flip-flop is a 
monolithic complementary MOS (CMOS) integrated 
circuit constructed with N- and P-channel enhance
ment transisto.rs. Air have a direct clear input. 
Information at the D inputs meeting the setup time 
requirements is transferred to the Q outputs on the 
positive-going edge of the clock pulse. Clear is 
independent of clock and accomplished by a low 
level at the clear input. All inputs are protected by 
diodes.to Vcc and GND. 

logic diagram 

DATA 

ClEAR----------+-------' 

Cl Cl 

ClOCK~ 

connection diagram 

60 so 50 40 40 CLOCK 

CLEAR 10 10 20 ,Q 30 30 GND 

TOP VIEW 

features 

• Wide supply voltage range 

• Guaranteed .noise margin 

• High noise immunity 

• Low power 
TTL compatibility 

3.0V to 15V 

1.0V 

0.45 Vee typ 

fan out of 2 
driving 74L 

Cl f[ 

mtmt 
Ci Cl 

truth table 

INPUTS OUTPUT 

CLEAR CLOCK 0 0 

L X X L 

H I H H 

H I L L 

W L X Q 
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absolute maximum ratings (Note 1) 

Voltage at Any Pin 
Operating Temperature Ra~ge 

MM54C174 
MM74C174 

Storage Temperature Range 
Package Dissipation 
Operating V ce Range 
Absolute Maximum Vee 

-o.3V to Vee +O.3V 

-55°C to +125°C' 
-40°C to +85°C 

-65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 

500mW 
3.0V to 15V 

16V 
300°C 

dc electrical characteristics 

Min/max limits apply across temperature range, unless otherwise noted. 

PARAM~TER CONDITIONS 

CMOS TO CMOS 

Log;eal "1" Input Voltage (V ,Nl1 )1 Vee = 5.0V 
Vee = 10V 

Logical "0" Input Voltage (V,NIOII Vee = 5.0V 
Vee = 10V 

Logical "1" Output Voltage (VOUTI1I1 Vee = 5.0V. 10=-10I1A 

Vee = 10V. 10 = -1 011 A 

Logical "0" Output Voltage (VOUT lOll Vee = 5.0V, 10 = +1 011 A , 
Vee = 10V, 10 = +10/JA 

Logical "1" Input Current (I,N11I1 Vee = 15V, Y'N = 15V 

Logical "0" Input Current (I,NIOII Vee = 15V, Y'N = OV 

Supply Current (I eel Vee = jov 

CMOSiLPTTL INTERFACE 

Logical "1" Input Voltage (V ,NI1I 1 54C, Vee = 4.5V 
74C, Vee =4.75V 

Logical "0" I nput Voltage (V IN lOll 54C, Vee = 4.5V 
74C. Vee=4.75V 

Logical "1" Output Voltage (V ouTI1 )1 54C, Vee = 4,5V. 10 = -36011A 
74C, Vee = 4.75V, 10 = -36011A 

Logical "0" Output Voltage (VOUTIOII 54C, Vee = 4.5V, 10 = 360l1A 
74C, Vee = 4.75V, 10 = 360/JA 

OUTPUT DRIVE (See 64C174C' Family Characteristics Data Sheet I 

Output Source Current (lSOURCE) Vee = 5.0V, VOUT = OV, 
(P·Channell T A = 25'C 

Output Source Current (lsouAeE I Vee = 10V, V OUT = OV, 
IP·Channell TA = 2'5'C 

Output Sink Current (lSINKI Vee = 5.0V, VOUT = Vee, 
IN·Channell TA = 25'C 

Output Sink Current (lSINK I Vee = 10V, VOUT = Vee, 
IN·Channell TA = 25'C 

-

MIN TYP MAX UNITS 

3.5 V 
8.0 V 

1.5 V 
2.0 V 

4.5 V 
9.0 V 

0.5 V 
1.0 V 

0.005 1.0 I1A 

-1.0 -0.005 /JA 

0.05 300 /JA 

Vee-1.5 V 
Vce -1.5 V 

0.8 V 
0.8 V 

2.4 V 

2.4 V 

0.4 V 

0.4 V 

-1.75 -3.3 rnA 

-8.0 -15 rnA 

1.75 3.6 rnA 

.8.,0 16 rnA 



ac electrical characteristics TA ; 25°C, CL ; 50 pF, unless otherwise specified. 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

Propagation Delay Time to a Logical Vee = 5.0V 150 300 ns 
"0" (tpdO) or logical "1" (tpd') Vee = 10V 70 110 ns 
from Clock to Q 

Propagation Delay Time to a Logical Vee = 5.0V 110 300 ns 
"0" from Clear Vee = 10V 50 110 ns 

Time Prior to Clock Pulse that Data Vee = 5.0V 75 ns 
Must be Present (tSETUP) Vee = 10V 25 ns 

Time After Clock Pulse that Data Vee = 5.0V 75 ns 
Must be Held (tHOLO) Vee = 10V 25 ns 

Minimum Clock Pulse Width Vee = 5.0V 50 ns 

Vee = 10V 35 ns 

Minimum Clear Pulse Width Vee = 5.0V 65 140 ns 

Vee = 10V 35 70 ns 

Maximum Clock Rise Jnd Fall Time Vee = 5.0V 15 >1200 /1S 

Vee = 10V 5.0 >1200 /1S 

Maximum Clock Frequency Vee = 5.0V 2.0 6.5 MHz 

Vee = 10V 5.0 12 MHz 

Input Capacitance (C ,N ) Clear Input (Note 2) 11 pF 
Any Other Input 5.0 pF 

Power Dissipation Capacitance (Cpd ) Per Package (Note 3) 95 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except 
for "Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The 
table of "Electrical Characteristics" provides conditions for actual device operation~ 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpd determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C 
Family Characteristics application note, AN·90. 

switching time waveforms ac test circuit 

CMOS to CMOS 

CLOCK 

I.PUT- OATA 

DATA 

I.PUT - CLOCK 

lsETUPO 

DATA 50% 5D% V"~~O% (,[0% 
OV --1-+-,-,. t--~'O%:::"-+-.!ll--l,"il!%~" 

Vee -----+-----~-

Q - .... ,-1.0% 
OV 

Vee -----+----, _,,,,_\0% 
OV-----------,'----

t,"'t,=20n5 
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MM54C175/MM74C175 quad 0 flip-flop 

general description 

The MM54C175/MM74C175 consists of four positive
edge-triggered D-type flip-flops implemented with mono
lithic CMOS technology. Both true and complemented 
outputs from each flip-flop are externally available. All 
four flip-flops are controlled by a common clock and a 
common clear. Information at the D inputs meeting the 
set-up time requirements is transferred to the Q outputs 
on the positive going edge of the clock pulse. The clearing 
operation, enabled by a negative pulse at Clear input, 
clears all four Q outputs to logical "0" and ci's to 
logical "1." 

connection diagram and truth table 

Vee 4" 40 40 3D 30 JQ CLOCK 

TOP VIEW 

logic diagrams 

C1 

All inputs are protected from static discharge by diode 
clamps to Vee and GNP. 

features 

• Wide supply voltage range 
• Guaranteed noise margin 

• High noise immunity 

• Low power 
TTL compatibility 

Each Flip-Flop 

INPUTS 

CLEAR CLOCK 

L 

H 

H 

H 

H 

H :: Hrgh level 
L '" Low level 

:X = Irrelevant 

X 

t 
t 
H 

L 

.D 

X 

H 

L 

X 

X 

3.0V to15V 

1.0V 
'0.45 Vee typ 

fan out of 2 
driving 74L 

OUTPUTS 

Q Q 

L H 

H L 

L H 

NC NC 
I 

NC NC 

t = Transition from low to high level 
NC = No change 

CL 

W1,. 
C1 

CLOCK --{>~CL 
CLEAR TYPICAL ONE OF FOUR Cl 



absolute maximum ratings (Note 1) 

Voltage at Any Pin -o.3V to Vee +0.3V 
Operating Temperature Range 

MM54C175 -55°C to +125°C 
MM74C175 -40°C to +85°C 

Storage Temperature Range -il5°C to +150°C 
Package Dissipation 500mW 
Operating Vee Range 3.0V to 15V 
Absolute Maximum Vee 16V 
Lead Temperature (Soldering, 10 seconds) 300°C 

dc electrica I characteristics Min/max limits apply across temperature range, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

CMOS TO CMOS 

Logical "1" Input Voltage (V 1N (1») Vec~ 5.0V 3.5 V 
Vee ~ 10V 8.0 V 

Logical "a" Input Voltage (V IN(OI) Vee ~ 5.0V 1.5 V 
Vee ~ 10V 2.0 V 

Logical "1" Output Voltage (VOUT (ll) Vee ~ 5.0V, 10 ~ -10pA 4.5 V 
Vee = 10V, 10 ~ -10pA 9.0 V 

Logical "a" Output Voltage (VOUT(OI) Vee ~ 5.0V, 10 = 10pA 0.5 V 
Vee ~ 10V, 10 ~ 10pA 1.0 V 

Logical "1" Input Current (lIN(1)) Vee ~ 15V, V 1N ~ 15V 0.005 1.0 pA 

Logical "a" Input Current (lIN(oI) Vee ~ 15V, V 1N = OV -1.0 -0.005 pA 

Supply Current (I eel Vee ~ 15V 0.05 300 pA 

CMOS/LPTTL INTERFACE 

Logical "1" Input Voltage (V 1N (11) 
MM54C175 Vee = 4.5V Vee-1.5 V 
MM74C175 Vee ~ 4.75V Vee-1.5 V 

Logical "a" Input Voltage (V IN(~I) 
MM54C175 Vee ~ 4.5V 0.8 V 
MM74C175 Vee ~ 4.75V 0.8 V 

Logical "1" Output Voltage (VOUT(11) 
MM54C175 Vee ~ 4.5V, 10 ~ ~360pA 2.4 V 
MM74C175 Vee = 4.75V, 10 ~ -360pA 2.4 V 

Logical "a" Output Voltage (VOUT(OI) 
MM54C175 Vee ~ 4.5V, 10 ~ 360pA 0.4 V 
MM74C175 Vee ~ 4.75V. 10 ~ 360pA 0.4 V 

OUTPUT DRIVE (See 54CI74C Family Characteristics Data Sheet) 

Output Source Current JlsouAeE) Vee = 5.0V, VOUT = OV -1.75 -3.3 mA 

(P·Channel) TA = 25°C 

Output Source Current (lsou AeE) Vee ~ 10V, VOUT ~ OV -8.0 -15 mA 

(P·Channel) TA ~25°C 

Output Sink Current (lSINK) Vee = 5.0V, VOUT =Vee 1.75 3.6 mA 

(N·Channel) TA ~ 25°C 

Output Sink Current (lSINK) Vee ~ 10V, VOUT = Vee 8.0 16 mA 

(N·Channel) TA~25~C 
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ac electrical characteristics 

PARAMETER 

Propagation Delay Time to a Logical 
"0" (tpdO ) or Logical "1 " (tpd1) from 
Clock to Q or Q 

Propagiltion Delay Time to a Logical 
"0" from Clear to Q 

Propagation Delay Time to a Logical 
"1" from Clear to Q 

Time Prior to Clock Pulse that Data 
must be Present (tSET.UP) 

Time after Clock Pulse that Data 
must be Held (tHOLO ) 

Minimum Clock Pulse Width 

Minimum Clear Pulse Width 

Maximum Clock Rise Time 

Maximum Clock Fall Time 

Maximum Clock Frequency 

Input Capacitance (C'N) 

Power Dissipation Capacitance (Cpd ) 

TA = 25°C, CL = 50 pF, unless otherwise specified. 

CONDITIONS MIN TYP 

Vec = 5.0V 190 

Vee = 10V 75 

Vee = 5.0V 180 

Vee = 10V 70 

Vee = 5.0V 230 

Vee = 10V 90 

Vee = 5.0V 100 45 

Vee = 10V 40 16 

Vee = 5.0V -11 

Vee = 10V -4 

Vee = 5.0V 130 

Vee = 10V 45 

Vee = 5.0V 120. 

Vee = 10V 45 

Vee = 5.0V 15 450 

Vee = 10V 5.0 125 

Vee = 5.0V 15 50 

Vee = 10V 5.0 50 

Vee = 5.0V 2.0 3.5 

Vee = 10V 5.0 10 

. Clear Input (Note 2) 10 
Other Input 5.0 

Per Package (Note 3) 130 

MAX UNITS 

300 ns 
110 ns 

300 ns 
110 ns 

400 ns 
150 ns 

o 
o 
250 
100 

250 
100 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

p.s 
p.s 

p.s 
p.s 

MHz 
MHz 

pF 
pF 

pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual dev'ice operation. 

Note 2: Capacitance 'is guaranteed by' periodic testing. 

Note 3: CPO determines the no load ae power consumption of any CMOS device. For complete explanation see 54C/74C' Family Characteristics 
application note, AN-gO. 

SWitching time waveforms 

CLOCK 

DATA 

DATA 

nOR 0: 

nOR 0: 

CMOS to CMOS 

VCC~·-+ --j'_t~=_:;--_ 
J"- 90% 

50% 
__ --"'0.;.;.%'1" 

V::, Jf j" 1;% -=1" l-
OV'", 50% 905~~~1O::::% __ _ 

tSET_UP 1 tHOLO J1 
tSET_UP_O tHOLO 0 

OV 

Vee ---__ +-----. 
r--- ''''" _\.50% 

OV---------------------'(~--
t, '" tj 20 os 



MM54C192/MM74C192 sy-nchronous 
4-bit up/down decade counter 

MM54C193/MM74C193 synchronous 
4-bit up/down binary counter 

general description 
These up/down counters are monolithic comple
mentary MOS (CMOS) integrated circuits_ The 
MM54C192 and MM74C192 are BCD counters. 
While the MM54C193 and MM74C193 are binary 
counters. 

Counting up and counting down is performed by 
two count inputs, one being held high while the 
other is clocked. The outputs change on the posi
tive going transition of this clock. 

These counters feature preset inputs that are set 
when load is a logical "0" and a clear which forces 
all outputs to "0" when it is at logical "1." The 

connection diagram 

INPUTS OUTPUTS 

counters also have carry and borrow outputs so 
that they can be cascaded using no external 
circuitry. 

features 
• High noise margin 

• Tenth power 
TTL compatible 

• Wide supply range 

1 V guaranteed 

drive 2 LPTTL 
loads 

3V to 15V 

• Carry and borrow outputs for N-bit cascading 

• Asynchronous clear 

• High noise immunity 0.45 Vee typ 

INPUTS 
~~ 

cascading packages 

LOAD 

DATA INPUTS 

UP -u~ 
CLOCK 

DOWN DOWN 
CLOCK 

OUTPUTS 

CLEAR 

OAATA CLEAR BORROW CARRY 

I" 1& 14 13 12 

r--

1 2 J 4 5 -

LOAD 

11 

6 

DATA 
C 

10 

7 

9 

" 
DATA Ils n... COUNT COUNT Ilc 00 GNO 

B '-' DOWN UP -----------
INPUT OUTPUTS' I OUTPUTS 

INPUTS 

TOP VIEW 

TO NEXT 
STAGE 

Guaranteed Noise Margin as 
A Function of Vee 

1&V r-=======--, 

4.05 
3.05 

13.5 

12.5 

IV~"~(o§I~~~~~~~ 2.5 1.45 ~ 1.5 

0.45 
'------:--'--------' 

4.50V 10V 15V 
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absolute maximum ratings 

Voltage at Any Pin (Note 1) --{).3V to Vee + 0.3V 
Operating Temperature Range 

MM54C192, MM54C193 "-55°C to +125°C 
MM74C192, MM74C193 -400 C to +85° C 

Storage Temperature Range -65°C to +150°C 
Maximum Vee Voltage 16V 
Package Dissipation 500mW 
Operating V cc Range +3V to +15V 
Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics (Minimax limits apply across temperature range unless otherwjs~ specified.) 

PARAMETER CONDITIONS MIN .TYP MAX UNITS 

CMOS TO MOS 

Logical "1" Input Voltage (V1N (1)} 
Vee" 5V 3.5 V 

Vee = 10V 8 V 

Logical "0" Input Voltage (V IN (0)) 
Vee = 5V ·1.5 V 
Vee = 10V 2 V 

Logical "1" Output Voltage (VOUT (1l) 
Vee = 5V, 10 = -lOI1A 4.5 V 
Vee = lOV, 10 = -lOI1A 9 V 

Logical "0" Output Voltage (VOUT(O») 
Vee = 5V. 10 = +1011A 0.5 V 

Vee = lOV, 10 = +lOI1A 1 V 

Logical "1" Input Current (lIN{1)) Vee': 15V, V'N = 15V 0.005 1.0 I1A 

Logical"Q" Input Current (lINW}) Vee = 15V, V'N = OV -1.0 -0.005 I1A 

Supply Current (led Vee = 15V 0.05 300 I1A 

Input Capacitance Any Input 5 pF 

Propagation Delay Time to 0' From Vee = 5V, CL =50pF. TA =25'C 250 400 ns 
Count Up or Down (tpdO or tpd1 1 Vee = 10V. CL = 50 pF, T A = 25'C 100 160 ns 

Propagation Delay Time to Borrow Vee = 5V, CL =50pF, TA =25'C 120 200 ns 
From Count Down (tpdo or t pd1 ) Vee = 10V, CL "50 pF. TA = 25'C 50 80 ns 

Propagation Delay Time to Carry Vee = 5V, CL " 50 pF, T A = 25'C 120 200 ns 
From Count Up (t pdO or t pd1) Vee = 10V, CL = 50 pF. T A = 25'C 50 80 ns 

Time, Prior to Load That Data Vee = 5V. CL ~50 pF, TA=25'C 100 160 ns 
Must be Present (tSETVP) Vee = 10V, CL = 50 pF, T A = 25'C 30 50 ns 

Minimum Clear Pulse Width 
Vee = 5V, CL =50pF, TA = 25'C 300 480 ns 
Vee = 10V, CL = 50 pF, TA =25'C 120 190 ns 

Minimum Load Pulse Width 
Vee = 5V. CL "50pF, TA=25'C 100 160 ns 
Vee = 10V, CL = 50 pF, TA =25'C 40 65 ns 

Propagation Delay Time to 0 From Vee = 5V, CL = 50 pF. T A ~ 25'C 300 480 ns 
Load' (tpdO or tpd1 ) Vee = lOV. CL = 50 pF, TA = 25'C 120 190 ns 

Minimum Count Pulse Width 
Vee ~ 5V, CL = 50 pF. TA =25'C 120 200 os 
Vee = 10V, CL = 50 pF, T A = 25'C 35 80 ns 

Vee = 5V, CL =50pF, T A = 25'C 2.5 4 MHz 
Maximum Count Frequency 

Vee = 10V, CL = 50 pF. T A = 25'C 6 10 MHz 

Vee = 5V, CL = 50 pF, T A = 25'C 15 I1s 
Count Rise and Fall Time 

Vee = 10V, CL 0 50 pF, TA = 25'C 5 /1S 

CMOS TO TENTH POWER INTERFACE 

54C Vee = 4.5V Vec -1.5 V 
Logical "1" Input Voltage (V'N(lI i 74C Vee = 4.75V VeC l .5 V 

54C Vee = 4.5V 0.8 V 
logical "0" I nput Voltage (V'N(O)i 74C Vee = 4.75V 0.8 V 

54C Vee = 4.5V,. 10 = -'100/1A 2.4 V 
Logical "1" Output Voltage (VO.UT (1l t 74C Vee = 4.75V, 10 -10011A 2.4 V 

54C Vee" 4.5V, 10 = 360/1A 0.4' V 
Logical "0" Output Voltage (Vouno)') 

74C Vee = 4.75V. 10" 360l1A 0.4 V 

Note 1: This device should not be connected to circuits with the power on because high transient voltage may cause permanent 
damage. 
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schematic diagrams 

VccU a 

r GND MM54C192 Synchronous 4-Bit Up/Down Decade Counter 

~, .. 
" 

C'N tlc 
10 • 

COUNTk'=1~~~~~~~;d~~======:J:J==================:d~========================:d~ UP 
COUNT 4 
DOWN 14 

CLEAR <>-.,....--1)00-1 

vcc~ 8 

r GND MM54C193 Synchronous 4-Bit Up/Down Binary Counter 

CLEAR-..1l~:::;-,:================: 
LOAD 

DATA!:: 
:::::f:+::::1:+

- - - - - - - - - - - - - - - - -
~--------~-------1 ________________ _ 

-----------------

COUNT 
UP 

COUNT-++-++-+------+--, 
DOWN 

CARRY :.:+I==1=I==1=~---, 
BORROW 

SEQUENCE 
ILLUSTRATED 

Note 1: Clear outpuu'to zero, 

Nate 2: LOld Ipre$lltl to BCD seven. 

Nate 3: Count up to eight, pine, canY,2ero, one, Bnd rwo. 

NGte4: Cotlnt do'l'lll to onil,nro,bolfow, nine, eight, and seven. 

MM54C1921MM74C192 

LOAD 

DATA1D:
A-t+-+-!"'= = = = = = = = = = = == = = = = ~---~----------------------------------------------

Note 1: Clear outputs to zero. 

Nota 2: luad (preset) to bil\8lythirleen. 

Note 3: Coont up 111 fourtaen, fiheen, carry, IeIO, one, and twu. 

NntIl4:Countdowntoone,lero,horrow,hfteen,fuurteen,andthirteen. 

MM54C193/MM74C193 

NOTE A: CLEAR OVERRIDES LOAD, DATA, AND COUNT INPUTS, 

NOTE B; WHEN COUNTING UP, COUNT DOWN INPUT MUST BE HIGH; 
WHEN CDurntNG DOWN, COUNT-UP INPUT MUST BE HIGH. 
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MM54C195/MM74C195 4-bit registers 

general description 

The MM54C195/MM74C195 CMOS 4-bit registers 
feature parallel inputs, parallel outputs, J-K serial 
inputs, shift/load control input and a direct 
overriding clear. The following two modes of 
operation are possible. 

Parallel Load 
Shift in direction QA towards QD 

Parallel loading is accomplished by a~plying the 
four bits of data and taking the shift/load control 
input low. The data is loaded into the associated 
flip-flops and appears at the outputs after the 
positive transition of the clock input. During 
parallel loading, serial data flow is inhibited. 

Serial shifting is accomplished synchronously when 
the shift/load control input is high. Serial data 
for this' mode is entered at the J-K inputs. These 
inputs allow the first stage to perform as a J-K 
D or T-type flip flop as shown in the truth table. 

features 
• Medium speed operation 8.5 MHz (typ) with 

1 OV supply and 50 pF load 

• High noise immunity 0.45 Vee (typ) 

• Low power 100 nW (typ) 

• Tenth power TTL compatible drive 2 LPTTL 
loads 

• Supply voltage range 3V to 15V 

• Synchronous parallel load 
• Parallel inputs and outputs from each flip-flop 

• Direct overriding clear 

• Jand K inputs to first stage 
• Complementary outputs from last stage 

• Positive edge triggered clocking 

• Diode clamped inputs to protect against static 
charge 

applications 
• Automotive 

• Data terminals 

• Instrumentation 

• Medical electronics 

• Alarm systems 

• Remote metering 
• Industrial electronics 

• Computers 

schematic and connection diagrams 

,CLEAR o-!.--~====:::f=:t=+=4--1--I-+-L-I-+~ 

SHlfTILOAD~ 

'lN8TOGN.D 
PINI6TOVcc '. .. c 

TOP VIEW 



absolute maximum ratings 

Voltage at Any Pin (Note 1) 
Operating Temperature MM54C195 

Storage Temperature 
Maximum Vee Voltage 
Package Dissipation 

MM74C195 

Lead Temperature (Soldering, 10 sec) 
Operating Vee Range 

-0.3V to Vee +0.3V 
-55°C to +125°C 
-40°C to +85°C 
_65°Cto 150°C 

16V 
500mW 

300°C 
+3V to +15V 

electrical characteristics Max/Min limits apply across temperature range unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

CMOS TO CMOS 

Logical"'" Input Voltage V1N (1) 
Vee = S.OV 3.5 V 
Vee = 10.0V 8.0 V 

Logical "0" Input Voltage VIN(O) 
Vee = 5.0V 1.5 V 
Vee = 10.0V 2.0 V 

Logical "1" Output Voltage VOUT(1) 
Vee = 5.0V 4.5 V 
Vee = 10.0V 9.0 V 

Logical "0" Output Voltage VOUT(OI 
Vee = 5.0V 0.5 V 
Vee = 10.0V 1.0 V 

Logical "1" Input Current i IN (1) Vee = 15.0V 0.005 1.0 /IA 

Logical "0" Input Current IINto) Vee = 15.0V -1.0 --0.005 /IA 

Supply Current Icc Vee = 15.0V 0.050 300 /IA 

Inp!.!t Capacitance Any Input 5.0 pF 

Propagation Delay Time to a Logical Vee = 5.0V CL = 50 pF, TA = 25°C 150 300 ns 
"0" tpdO or Lo~cal "1" tpd1 from Vee = 10.0V CL '" 50 pF. T A = 2SOC 75 130 ns 
Clock to Q or Q 

Propagation Delay Time to a Logical "0" Vee = 5.0V CL = 50 pF, T A = 2SoC 150 300 ns 
or Logical "1" From Clear to Q or 0 Vee = 10.0V CL = 50 pF, T A = 2SoC 50 130 ns 

Time Prior to Clock Pulse That Data Vee = 5.0V CL = 50 pF, T A = 2SoC 80 200 

Must be Present tSETUP Vee = 1O.OV CL = 50 pF, TA = 25°C 35 70 

Time Prior to Clock Pulse That Vee = 5.0V CL = 50 pF, TA = 25°C 110 150 ns 

Shift/Load Must be Present tSETUP Vee = 10.0V Cl = 50 pF, TA = 2SoC 60 90 ns 

Time After Clock Pulse That Data Vee = 5.0V C l = SO pF, T A = 2SoC -10 0 ns 

Must be Held Vee = 1O.OV C l = 50 pF, T A = 25°C -5 0 ns 

Minimum Clock Pulse Width (tWL == tWHI 
Vee = 5.0V CL = 50 pF. T A = 25°C 100 200 ns 
Vee =. 10.0V CL =50pF,TA ~25°C 50 100 

Vee = S.OV CL = SO pF, TA = 25°C 90 130 
Minimum Clear Pulse Width 

Vee = 10V CL = 50 pF, TA = 2SoC 40 60 

Maximum Clock Rise and Fall Time Vee = 5.0V CL = 50 pF 5.0 /IS 
Vee = 10.0V CL = 50 pF 2,0 /IS 

Vee = 5.0V CL == 50 pF. T A = 25°C 2.0 3.0 MHz 
Maximum Input Clock Frequency 

Vee = 10.0V Cl = 50 pF, T A :: 2SoC 5.5 8.5 MHz 

LOW POWER TTL/CMOS .INTERFACE 

Logical "l"'lnput Voltage V1N (1) 
54C Vee = 4.5V Vee-loS V 
74C Vee = 4.75V 

Logical "0" Input Voltage V1N(O) 
54C Vee = 4.5V 0.8 V 
74C Vee = 4.75V 

Logical "1" Output Voltage VOUTH ) 
54C Vee = 4.5V, 10 = - 360 /IA 2.4 V 
74C Vee = 4.75V, 10 = - 360/IA 

Logical "0" Output Voltage VOUT(O) 
54C Vee = 4.5V, 10 = 360/IA 0.4 V 
74C Vee = 4. 75V, .I 0 = 360/IA 

Note: These devices should not be connected under power on condition. 
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switching time waveforms 

CMOS to CMOS 

VCC 
90% 

CLOCK 

TTL to CMOS 

4V $' 
___ 1_0%...J/ 50% 

OV---"';';'''''''""" 

OATA 

OV 

VCC 

DATA 

OV 

truth table 

t, = tf = 20 ns 

4.0V 

OV 

4.0V 

OV 

INPUTS AT tn OUTPUTS AT tn+1 

J 

L 

L 

H 

H 

K OA a. Oc 00 

H OAe a Ae aBo aCe 

L L a Ao aBc aCe 

H H a Ao aBc ace 

L OAn Q,An aBc a co 

Note: 'H·- HIGH LEVEL. L-- lOW LEVEL 
In = bit time befo~e clocl<. pul~e 
t(1+1 = bit time alter clock pulse 
0An = State of QA at In 

Guaranteed noise Margin as 
a Function of Vee 

15V r:-===:--:c====,,-, 

4.50V 15V 

13.5, 

12.5 

00 

ace 

OCn 

OCn 

6~n' 



MM54C200/MM74C200 256-bit TRI-STATE® 
random access read/write memory 

general description 
The MM54C200/MM74C200 is a 256-bit random 
access read/write memory. Inputs consist of eight 
address lines, a data input line, a write enable 
line, and three chip enables. The eight binary 
address inputs are decoded internally to select 
each of the 256 locations. An internal address 
register, latches and address information on the 
positive to negative edge of CE3 . The TRI
STATE data output line working in conjunction 
with CE, or CE2 inputs provides for easy memory 
expansion. 

Address Operation: Address inputs must be stable 
tSA prior to the positive to negative transition of 
CE3 - It is thus not necessary to hold address 
information stable for more than tHA after the 
memory is enabled (positive to negative transition). 

Note: The timing is different than the DM74200 
in that a positive to negative transition of the 
memory enable must occur for the memory to be 
selected. 

logic and connection diagrams 

Read Operation: The data is read out by selecti ng 
the proper address and bringing CE3 low and write 
enable high. Holding CE, or CE 2 or CE3 at a 
high level forces the output into TRI-STATE. 
When used in bus organized systems, CE, , or CE2 , 

a TR I-STATE control, provides for fast access 
times by not totally disabling the chip. 

Write Operation: Data is written into the memory 
with CE3 low and write enable low. The state of 
CE, or CE2 has no effect on the write cycle. The 
output assumes TRI-STATE with write enable low. 

features 

• Wide supply voltage range 

• Guaranteed noise margin 

• High noise immunity 

• TTL compatibility 

• Low power 
• Internal address register 

3.0V to 15V 

1.0V 

0.45 Vee typ 

fan out of 1 driving 
standard TTL 

500 nW typ 

ADDRESS ADDRESS ADDRESS ADDRESS 

TRI-$TATE 
INfUT 0 INPUT C INPUT B INPUT A 

E:~I~--~--------------~--~--~--~-r~~~~~~~--~~ 
DA~: __ + ______________ I-__ I-__ -+I 

ADI~~~I __________ -+-+I 

X·DECODER 

255·81T 
MEMORY ARRAY 

ADDRESS 1 
INPUT A 

ADDRESS 2 
INPUTS 

eE, 
_ 4 
CE, 

- , 
eE, 

DATA 6 
OUT 

ADDRESS 
INPUT 0 

GND B 

TOP VIEW 

16 Vee 

15 ADDRESS 
INPUTC 

14 ADDRESS 
INPUTH 

13 DATA IN 

12 WRITE 

11 ADDRESS 
INPUTG 

10 ADDRESS 
INPUTF 

9 ADORESS 
INPUTE 
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absolute maximum ratings (Note 1) 
~ 

Voltage at Any Pin -0.3V to Vee. +0.3V 
Operating Temperature Range 

MM54C200 -55°C to +125°C 
MM74C200 --40° C to +85° C 

Storage Temperature Range -65°C to +150°C 
Package Dissipation 500mW 
Operating Vee Range 3.0V to 15V 
Absolute Maximum Vee 16V 
Lead Temperature (Soldering,10 seconds) 300°C 

dc electrical cha racteristics 
Minimax limits apply across temperature range, unless otherwise noted. 

PARAMETER CONDIT'IONS I MIN I TYP I MAX UNITS 

CMOS TO CMOS : 

Logical ''1'' Input Voltage (V 1N {1)) Vee"" S.OV 3.5 V 

Vee"" lOV 8.0 V 

Logical "0" Input Voltage (V IN (I)I) Vee"" S.OV 1.5 V 

Vee'" lOV 2.0 V 

L0gical "1" Output Voltage (V OUT {1)} Vee = 5.0V, 10 = -lOJ.lA 4.5 V 

Vcc""lOV, 10 = -lOpA 9.0 V 

Logical "0" Output Voltage (VOUT(Q)) Vee = S.OV, 10 -;+lOpA 0.5 V 
Vee eo lOV,1 10 '" +lOgA 1.0 V 

Logical "1" Input Current (lIN11)} Vee eo 15V, VIN '" 15V 0.005 1.0 "A 

Logical "Q" Input Current (1INWil Vee'" 15V VIN = OV -1.0 -0005 "A 

Supply Current Oed Vee = 15V 0.10 "A 

CMOSiLPTTL INTERFACE 

Logical "1" Input Voltage (V 1NO ,) 54C, Vee'" 4.SV Vee -1.5 V 

74C, Vee"" 4J5V Vee - 1.5 V 

Logical "0" Inpu't VQltage (V1NWll 54C, Vee'" 4.5V OB V 
74C, Vee'" 4.7SV O,B V 

Logical "1" Output Voltage (V OUT (1)1 54C, Vee'" 4.5V, 10 '" ~1.6 mA 2.4 V 
74C; Vee'" 4.79V, 10 ~~1.6·rnA 2.4 V 

Logical "0" Output Voltage (VOUT (0)) 54C, Vee'" 4.5V, 10 '" 1.6m~ 0.4 V 

74C, Vee:= 4.75V, to '" 1.6 rnA 0.4 V 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet> 

Output Source Current (lsouReE) Vee = 5.0V, VOUT "'OV -4,0 ~6,0 mA 
(P·Channel) TA = 25°C 

Output Source Current (ISOUACE) Vee'" lOV, V OUT '" OY 16.0 -25 mA 
(P·Channel) TA ,"" 25°C 

Output Sink Current (I SINK ) (N-Channel) Vec '" 5.0V, VOUT "" Vee 5,0 8.0 mA 
TA "" 25°C 

Output Sink Current (lSINK.) (N·Channel) Vee'" lOV, 'VbUT "" Vee 20,0 30 mA 
TA "" 2SoC 

ac electrical characteristics T A = 25°6, CL = 50 pF, unless otherwis~ specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Access Time From Aqdress hAee) Vee"" S.OV 450 900 ns 
Vee = lOV 200 400 ns 

~ 

Propagation Delay From GE3 Vee'= 5:0V 360 700 m 

(tpd) Vee = lOV 120 300 ns 

Propagation Delay From a 1 or CE2 Vee =.5 OV 250 500 ns 
(tpCE1) V6e'" lOV B5 200 m 

Address Setup Time (tsA ) Vee = S.OV 200 '80 n, 

Vee'" lOV 100 30 n, 

Address Hold Time (tHA ) Vee'" 5.0V 50 15 ns 
Vee'" lOV 25 5 ns 
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ac electrical characteristics (can't) 

PARAMETER 

Write ~ Pulse Width (tW'E) 

CE3 Pulse Widths (teE) 

Input Capacity (CIN I 

Output Capacity in TAl-STATE (eOUT ) 

Power Dissipation Capacity (Cpd ) 

CONDITIONS 

Vee'" 5.DV 
Vee'" lOV 

Vee = S.OV 

Vee = lOV 

Any Input (Note 21 

(Note 2) 

(Note 3) 

MIN 

300 
150 

400 
160 

TYP 

160 
70 

200 
80 

5.0 

9.0 

400 

MAX UNITS 

pF 

pF 

pF 

Ndte 1: "Absolute Maximum Ratings" are those yalue~ beyond which the safety of the device cannot be guaranteed. Except 
for "Operating Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpd determines the no load ae power consumption of any CMOS device. For complete explanation see 54C174C 
Family Characteristics application note, AN-go. 

switching time waveforms 

ADDRESS 
INPUT 

DATA. 

" 

om 
OUT 

DATA I. 

Read and Write Cycles Using CE3 (CE1 = CE2 = logic O) 

r-----..---------v" 

------___ DV 

~------v" 

'----___ ov 

r---- v" 

~ ___ , _______ ov 

j DV 

-'~ 

'~-------------LV" 
TRI-STATE 

--_-- ov TRI-STATE 

Read and Write Cycles Using CE3 .ndCE1 (or CE2) 

} / 
v" 

ov 

f-:ffi, v" 

ov 

"'-
v" 

'------ov 

t=t \ I:" "'00 
TRI STATE ~ 

______________ v" 

_________ OV 

TRI-STATE 

Note: Used for fast .ccess time in bused systems, 
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MM54C2211MM74C221 dual monostable multivibrator 

general description 

The MM54C221/MM74C221 dual monostable multi
vibrator is monolithic complementary MaS integrated 
circuit_ Each multivibrator features a negative-transition
triggered input and a positive-transition-triggered input 
either of which can be used as an inhibit input, and a 
clear input. 

Once fired, the output pulses are independent of further 
transitions of the A and B inputs and are a function of 
the external timing components CEXT and REXT ' The 
pulse width is stable over a wide range of temperature 
and Vee. Pulse stability will be limited by the accuracy 

connection diagrams 

of external timing components. The pulse width is 
approximately defined by the relationship tw(oun ."" 
CEXT REXT ' For further information and applications, 
see AN-138. 

features 

• Wide supply voltage range 

• Guaranteed noise margin 
• High noise immunity 

• Lowpower 
TTL compatibility 

4.5V to 15V 
1.0V 

0.4.5 Vee typ 
fan out of 2 
driving 74L 

Vee 1 A/CEXT 1 CEXT 1 Q 20. 2 ClR 2B 2. 
Timing Component 

Y" 

:~.-
TO CexT TO R/CEXT 

TERMINAL TERMINAL 

truth table 

INPUTS 

CLEAR A B 

L x x 
X H X 

X X L 

H L t 
H • H 

,. 

,. 

OUTPUTS 

a a 
L H 

L H 

L H 

SL :u-
SL -u-

13 12 11 

.5 

2Q 2 CEXT 2 R/CexT GNO 

TOP VIEW 

H '" High'level 
L ;= Low level 
t '" Transition from low to high 
: '" Transition from high to IOI(V 
..:.n- =' One high level pulse 
L..J .. One low !evel pulse 
X '" Irrelevant 



absolute maximum ratings (Note 1) 

Voltage at Any Pin 

Operating Temperature Range 

MM54C221 
MM74C221 

-Q.3V to Vee + 0.3V 

-55°C to +125°C 

-40°C to +85°C 

Package Dissipation 

Operating Vee Range 

Absolute Maximum Vee 
RExT :::: 80 Vee (.12) 

Storage Temperature Range -u5°C to +150°C Lead Temperature (Soldering, 10 seconds) 

de e leetriea I eha raeteristies Min/max limits apply across temperature range, unless otherwise noted. 

PARAMETER 

CMOS TO CMOS 

Logical "1" Input Voltage (VIN(1Ii 

Logical "0" Input Voltage (VIN(O)) 

Logical "1" Output Voltage (VOUT1 ')) 

Logical "0" Output Voltage (VOUTIO)) 

Logical "1" Input Current' (tIN(')) 

Logical "0" Input Current (IIN(O)) 

Supply Current (ted 

Leakage Current at R/CExT Pin 

CMOS/LPTTL INTERFACE 

Logical "1" Input Voltage (V IN (,)) 
MM54C221 ' 
MM74C221 

Logical "0" Input Voltage (VIN(O)) 
MM54C221 
MM74C221 

Logical "1" Output Voltage (VOUT(,)) 
MM54C221 
MM74C221 

Logical "0" Output Voltage (VOUT(O) ) 
MM54C221 
MM74C221 

CONDITIONS 

Vec = 5.0V 
Vee = 10V 

Vee = 5.0V 
Vee = 10V 

Vee = 5.0V, 10 = -101lA 
Vee = 10V, 10 = -101lA 

Vee = 5.0V, 10 = IOIlA 
Vee = 10V, 10 = 10llA 

Vee = 15V, VIN = 15V 

Vee = 15V, VIN = OV 

Vee = 15Y, REXT '" =, 
Ql, Q2 = Logic 0 (Note 3) 

Vee = 15V, Ql = Logic 1, 
Q2 = Logic 0 

Vee = 5.0V, Ql = Logic 1, 
Q2 = Logic 0 

Vee = 15V, VeExT = 5 .. 0V 

Vee = 4.5V 
Vee = 4.75V 

Vee ~ 4.5V 
Vee = 4.75V 

Vee =4.5V, 10 = -3601lA 
Vee = 4.75V,1 0 = -3601lA 

Vee = 4.5V, 10 = 360llA 
Vee = 4.75V,10 = 360llA 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 

Output Source Current (lsouReE) 
(P·Channel) 

Output Source Current (Isou AeE) 
(P·Channel) 

Output Sink Current (Is INK ) 
(N·Channel) 

Output Sink Current (ISINK ) 
(N·Channel) 

Vee = 5.0V, V OUT = OV, 
T A = 25°C 

Vee = 10V, VOUT = OV, 
T A = 25°C 

Vee = 5.0V, VOUT = Vee, 
T A = 25°C 

Vee = 10V, VOUT = Vee, 
TA = 25°C 

MIN 

3.5 
8.0 

4.5 
9.0 

-1.0 

Vee-l.5 

VeC1.5 

2.4 
2.4 

-1.75 

-8.0 

1.75 

8.0 

TYP 

0.005 

-{).005 

0.05 

15 

2 

0.01 

-3.3 

-15 

3.6 

16 

MAX 

1.5 
2.0 

0.5 
1.0 

1.0 

300 

3 

0.8 
0.8 

0.4 
0.4 

s: 
s: 
(It 

500mW ~ 

4.5V to 15V 
(") 
N 

16V N ... 
........ 

300°C s: 
s: ..... 
~ 
(") 
N 
N ... 

UNITS 

V 
V 

V 
V 

V 
V 

V 
V 

IlA 

IlA 

IlA 

mA 

mA 

IlA 

V 
V 

V 
V 

V 
V 

V 
V 

mA 

mA 

mA 

mA 

!l3 



ac electrical characteristics T A = 25°C, CL = 50 pF. unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Propagation Delay from Trigger Input Vee = 5.0V 250 500 ns 

,(A, B) to Output 0, O(tpo A.B) Vee = 10V 120 250 ns 

Propagation Delay from Clear Input Vee = 5.0V 250 500 ns 

(Cl) to Output 0, 0 (tPDeL) Vee = 10V 120 250 ns 

Time Prior to Trigger Input (A,B) that Vee = 5.0V 150 50 ns 
Clear must be set (tSET ) Vee = 10V 60 20 ns 

Trigger Input (A, B) Pulse Width (tW(A.B») Vee = 5.0V 150 50 ns 
Vee = 10V 70 30 ns 

Clear Input (Cl) Pulse Width (tW(eL») Vee = 5.0V 150 50 ns 

Vee = 10V 70 , 30 ns 
-° or ° Output Pulse Width (tW(OUT») Vee'" 5.0V, REXT = 10k, 900 ns 

CEXT = 0 pF 

Vee = 10V, RExT = 10k, 350 ns 
CEXT = 0 pF 

Vee = 15V, RE,XT = 10k, 320 ns 
CEXT = 0 pF 

Vee = 5.0V, REXT = 10k, 9 10.6 12.2 /lS 
CEXT = 1000 pF 

Vee = 10V, REXT = 10k. 9 10 11 /lS 
CEXT = 1000 pF 

Vee = 15V, REXT = 10k, 8.9 9.8 10.8 /lS 
CEXT = 1000 pF 

Vee = 5.0V, REXT = 10k, 900 1020 1200 /lS 
CEXT = O.l/lF 

Vee = lOV, REXT = 10k, 900 1000 1100 /lS 

: 
CEXT = O.l/lF 

Vee = 15V, REXT = 10k. 900 990 1100 /lS 
CEXT = O.l/lF 

ON Resistance of Transistor Between Vee = 5.0V (Note 4) 50 150 n 
R!CEXT to CEXT (RON) Vee = 10V (Note 4) 25 65 n 

Vee = 15V (Note 4) 16.7 45 n 
Output Duty Cycle R = 10k, C = 1,000 pF 90 % 

R= 10k,C=0.1/lF 95 % 

Input Capacitance (C ,N ) R/CEXT Input (Note 2) 15 25 pF 
Any Other Input (Note 2) 5 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond whic;:h the safety of the device cannot- be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The taple of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: In Standby (Q = Logic 01 the power dissipated equals the leakage current plus Vcc/ReXT. 
Note 4: See An-138 for detailed explanation of RON. 

84 



typical performance characteristics 
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2.0 

1.5 

1.0 

0.5 

-0.5 

-1.0 

-1.5 

Typical Distribution of Units for 
Output Pulse Width 

TA :: 25°C 

RexT ::: 10k+--H++-H++-H 
CeXT '" 1000 pF++H---++H-l 

H++--H-lIIftffH->Vcc " 5V 
H++-H-lILffiH-t4 Vee =: lOV 

Vee = 15V 

-5 -2 0 2 5 

OUTPUT PULSE WIDTH (Tw. %) 

Typical Variation in Output 
Pulse Width vs Temperature 

5V 

PULSE WIDTH::: 1000/15 

10V ,....... 

15V 
N-. 

-55 25 125 

T A - AMBIENT TEMPERATURE eCI 

0% Point pulse wIdth: 

At Vee" 5V, Tw '" 10.6fJs 
At Vee::: lOV, Tw::: lOps 
At Vee" 15V, Tw" 9.81Js 

Percentage of units within !4%: 

At Vee'" 5V, 90% of units 
At Vee'" lOV, 95% of units 
AtVcc '" 15V, 98% of units 

switching time waveforms 

Vee 

AtNPUT 

Vee 

B INPUT 

Vee 

; CLEAR 

Vee 

Vee 

u 

i 1.0 
~ 
w 
u 
z 0.8 

=> 
0.6 

~ 
w 0.4 

'" >= 0.2 :5 

'" 

500 
z 
0 

>= 
:1: 400 

2i~ os 
~~ .... 300 

0>< 
~ u 
~ .. 200 .. ~ 
u'" 
~ ~ .... 100 
I 

o? 

Typical Distribution of Units for 
Output Pulse Width 

TA '" 25"C 
RexT ::: 10k 
CexT ::: O.1fJF +H---+++----+-H 

H++-H-+it-HH--,"vee '" 5V 
'lLVee '" 10V 

H++-H-tJIt-H.!J..iee = 15V 

-5 -2 0 2 5 

OUTPUT PULSE WIDTH (Tw• %1 

Typical Power Dissipation 
per Package 

NOTE, POWER SHOWN IS MEASURED 
WITH BOTH ONE-SHOTS SWITCHIN~ 
TOGETHER. A~D ~EXT' lOOk VI'--

I I 
Vee "'.15V 

Vee -10V ~ r-
/ --r:dC "5V r-

L_~ 

50 100 

OUTPUT DUTY CYCLE (%) 

0% Point pulse-width: 

At Vee'" 5V, Tw.o 1020ps 

At Vee::: lOY, Tw '" 1000,us 
AtVcc =15V, Tw "982"s 

Percentage of units within ±4%: 

At Vee = 5V, 95% of units 

At Vee'" 10V, 97% of units 

At Vee = 15V, 98% of units 
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MM54C901lMM74C901 hex inverting TTL buffer 
MM54C902/MM74C902 hex non-inverting TTL buffer 

MM54C903/MM74C903 hex inverting PMOS buffer 
MM54C904/MM74C904 hex non-inverting PMOS buffer 

general description 

These hex buffers employ complementary MOS 
to achieve wide supply operating range, low power 
consumption, high noise immunity. These buffers 
provide direct interface from PMOS into CMOS 
or TTL and direct interface from CMOS to TTL 
or CMOS operating at a reduced Vee supply. For 
specific applications see MOS Brief 18 in the back 
of this catalog. 

connection and logic diagrams 

MM54C901/MM74C901 

MM54C903/MM? 4C903 

TOPVIEW 

MM54C901/MM74C901 
CMOS to TTL Inverting Buffer 

MM54C902/MM74C902 
CMQS to TTL Buffer 

GOD 

features 

• Wide supply voltage range 3.0Vto 15V 

• Guaranteed noise margin 1.0V 

• High noise immunity 0.45 Vee typ 

• TTL compatibil ity . fan out of 2 driving 
standard TTL 

MM54C902/MM74C902 

MM54C904/MM74C904 

TOPVIEW 

MM54C903/MM74C903 

PMOS to TTL or CMOS I nverting Buffer 

i gJ14:l Bv':ly -
INPUT-VV~ J--- OUTPUT 

tq 
MM54C904/MM74C904 

PMOS to TTL or CMOS Buffer 

GNO 



absolute maximum ratings (Note 1) 

Voltage at Any Output Pin -0.3V to Vee +0.3V 
Voltage at Any Input Pin 

MM54C901/MM74C901 -{).3V to +15V 
MM54C902/MM74C902 -{).3V to +15V 
MM54C903/MM74C903 Vee -17V to Vee +0.3V 
MM54C904/MM74C904 Vee -17V to Vee +0.3V 

Operating Temperature Range 
MM 54C90 1 , MM54C902, MM54C903, MM54C904-55"C to +125"C 
MM74C901, MM74C902, MM74C903, MM74C904 -40°C to +B5°C 

Storage Temperature Range -65"C to +150"C 
Package Dissipation 500 mW 
Operating Vee Range 3.0V to 15V 
Absolute Maximum Vee 16V 
Lead Temperature (Soldering, 10 seconds) 300"C 

dc electrical characteristics 
Minimax limits apply across temperature range, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP 

CMOS TO CMOS 

Logical "1" Input Voltage (V IN (l») Vee 0 5.0V 3.5 
Vee 0 10V B.O 

Logical "0" Input Voltage (V1NW)l Vee o5.0V 
Vee 0 10V 

Logical "1" Output Voltage (VOUT (l») Vee 0 5.0V. 10 0 -lOIlA 4.5 
Vee 0 lOV. 10 0 -lOIlA 9.0 

Logical "0" Output Voltage {VOUT (0) J Vee 0 5.0V, 10 0 +101lA 
Vee 0 10V, 10 0 +101lA 

Logical "1" Input Current (lIN(l») Vee 0 15V, V IN 015V 0.005 

Logical "0" Input Current (lIN(O}) Vee 0 15V, VIN = OV -1.0 -0.005 

Supply Current Occl Vec o 15V 0.05 

TTL TO CMOS 

Logical "1" Input Voltage (VIN (1}) 54C, Vee 04.5V Vee1.5 
74C, Vee o4.75V Vcc-1.5 

Logical "0" Input Voltage (VIN(O») 54C, Vee 04.5V 
74C, Vee 04.75V 

CMOS TO TTL 

Logical "1" Input Voltage (VINI1J) 
MM54C901, MM54C903 Vee 04.5V 4.0 
MM54C902, MM54C904 Vee 04.5V Vee l .5 
MM74C901, MM74C903 Vee 04.75 4.25 
MM74C902, MM74C904 Vee 04.75 Vee1.5 

Logical "0" Input Voltage (V IN IOJ) 
MM54C901, MM54C903 Vee 04.5V 
MM54C9.02, MMp4C904 Vee 04.5V 
MM74C901, MM74C903 Vee 04.75 
MM74C902, MM74C904 Vec 0 4.75 

Logical "1" Output Voltage (VOUT (1)) 54C, Vee 0 4.5V, 10 o-BOOIlA 2.4 
74C, Vee 0 4.75V, 10 0 -BOOIlA 2.4 

Logical "0" Output Voltage (VOUT(Q)) 
MM54C901, MM54C903 Vee 0 4.5V, 10 ~ 2.6 mA 
MM54C902, MM54C904 Vee 0 4.5V, 10 0 3.2 mA 
MM74C901, MM74C903 Vee 0 4.75V, 10 02.6 mA 
MM74C902, MM74C904 Vee 0 4.75V, 1003.2 mA 

OUTPUT DRIVE (MM54C901/MM74C901, MM54C903/MM74C903) (See 54C174C Family Characteristics Data Sheet) 

Output Source Current (lsouAce) Vee 0 5.0V, VOUT oOV 5.0 
(P·Channel) TA 0 25"C, V ,N oOV 

Output Source Current (lsouAce) Vee 0 10V, VOUT oOV 20 
(P·Channel) TAo 25"C, V ,N oOV 

Output Sink Current (I?INK) Vec = 5.0V, V OUT = Vee 9 
(N·Channel) TA = 25°C, V IN = Vee 

Output Sink Current (ISINK ) Vee 0 5.0V, VOUT °O.4V 3.B 
(N·Channel) TA -= 25°C, VIN = Vee 

MAX 

1.5 
2.0 

0.5 
1.0 

1.0 

15 

O.B 
O.B 

1.0 
1.5 
1.0 
1.5 

0.4 
0.4 
0.4 
0.4 

UNITS 

V 
V 

V 

V 

V 
V 

V 
V 

IlA 

IlA 

IlA 

V 
V 

V 
V 

V 
V 
V 
V 

V 
V 
V 
V 

V 
V 

V 
V 
V 
V 

mA 

mA 

mA 

m'A 
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dc electrical characteristics (con't) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

OUTPUT DRIVE (MM54C902/MM74C902, MM54C904/MM74C904 (See 54C/74C Family Characteristics Data Sheet) 

Output Source Current (IsouACE) Vee = 5.0V, VOUT = OV 5.0 mA 
(P-Channell TA = 2SoC, VIN = Vee 

Output Source Current (lSOURCE) Vee = 10V, VOUT = OV 20 mA 
(P-Channell TA = 25°C, VIN = Vee 

Output Sink Current (lsINKI Vee = 5.0V, VOUT = Vee 9 mA 
(N-Channell TA = 25°C, V'N = OV 

OutputSink Current (lSINK) Vee = 5.0V, VOUT= O.4V 3.8 mA 
(N-Channell TA = 25°C, VIN = OV 

ac electrical characteristics T A = 25°C, CL = 50 pF, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

MM54C901/MM74C901, MM54C903/MM74C903 

Input Capacitance (C IN ) Any Input (Note 21 14 pF 

Power Dissipation Capacity (Cpdl (Note 31 Per Buffer 30 pF 

Propagation Delay Time to a Logical "1" (tpd {1)) Vee = 5.0V 38 70 ns 
, Vee = 10V 22 30 ns 

Propagation Delay Time to a Logical "0" (tpd(O)) Vee = 5.0V 21 35 ns 
Vee = lOV 13 20 ns 

MM54C902/MM74C902, MM54C904/MM74C904 

Input Capacitance (GIN) Any I nput (Note 21 5.0 pF 

Power Dissipation Capacity (Cpd ) (Note 3) Per 'Buffer 50 pF 

Propagation Delay Time to a Logical "1" (tpd (1)) Vee = 5.0V 57 90 ns 
Vee = 10V 27 40 ns 

Propagation Delay Time to a Logical "0" (tpd(O)) Vee = 5.0V 54 90 ns 
Vee = 10V 25 40 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except 
for "Operating Range" they are not meant to imply that the devices should be operated at these limits. The, table of 
"electrical Characteristics" provides conditions for actual device operation. 

Note 2: Capacitance is guarante,ed by periodic testing. 
Note 3: CPO determines the no load ac po~er consumption of any CMOS device. For complete explanation 'see 54C/74C 
Family Characteristics application note, AN-90. 

typical applications 
PMOS to CMOS or TTL Interface CMOS to TTL or CMOS at a Lower VCC 

-1- ~ r--v!- 1 ----&-H}-r+.- 1 ~Vee 
Vee TIt 

b v" TTl 
PMOS OR 

rv'" 
CMOS OR J V"' 

CMOS CMOS 

1vOO ~ -T- GND 

~ 
, l\ ~ 

~ -= -:L '-IMM&4CgOl/MM14C9fJl el'} 
[MM54C903/MM74C9030,] - MM&4C902/MM14C902 

NOTE: Vee + VOIl $l1V 
MM54C904/MM14C904 NOTE: VCC1 ;;: Vce2 

Vcc$15V 

ac test circuit and switching time waveforms 
CMOS to CMOS 

- '1-- -l'f-
v" D.9 

D:.\ v," o--E?yvo", '," 50% 50% 

DV 

~t 
D.I 

*Cl~!iOPF 

v" ~F-
Note; Delays measured with input t,. 4 "' 20 QS. VOUT ' 

DV 
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typical performance characteristics 

Typical Propagation Delay to a 
Logical "0" for the MM54C901/ 
MM74C901 and MM54C903/ 
MM74C903 

100 I I I 
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Typical Propagation Delay to a 
Logical "0" for the MM54C902/ 
MM74C902 and MM54C9041 
MM74C904 
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Typical Propagation Delay to a 
Logical" 1" for the MM54C9011 
MM74C901 and MM54C9031 
MM74C903 
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MM54C905/MM74C905 12-bit successive approximation register 

general description 
The MM54C905/MM74C905 CMOS 12-bit successive 
approximation register contains all the digit control and 
storage necessary for successive approximation analog
to-digital conversion_ Because of the unique capability 
of CMOS to switch to each supply rail without any offset 
voltage, it can also be used in digital systems as the 
control and storage element in repetitive routines_ 

features 
• Wide supply voltage range 3_0V to 15V 

connection diagram 

• Guaranteed noise margin 

• High noise immunity 

• Low power TTL 
compatibility 

1.0V 

0.45 Vee typ 

fan out of 2 
driving 74L 

• Provision for register extension or truncation 

• Operates in START/STOP or continuous conversion 
mode 

• Drive ladder switches directly_ For 10 bits or less 
with 50k/100k RI2R ladder network 

vree fi11 NC Q11 010 Q9 08 Q7 06 Ne CP 

truth table 

TIME 

tn 

o 

2 

3 

6 

10 

11 

12 

13 

14 

D 

X 

Dl1 

010 

D9 

D8 

07 

06 

D5 

04 

D3 

D2 

01 

00 

X 

X 

X 

H '" High level 

L '" Low level 
X " Don't care 

1NPUTS 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

24 

-

DO 011 

x x 
X 

D11 011 

010 Dll 

09 D11 

""'08 011 

07 Dll 

D6 D11 

05 011 

04 D11 

D3 D11 

02 011 

01 011 

DO 011 

X 011 

H X H 

23 22 21 20 19 18 11 16 15 

DO CC 00 

010 

X 

H 

Dl0 

Dl0 

010 

Dl0 

010 

Dl0 

010 

010 

D10 

Dl0 

Dl0 

Dl0 

NC 

09 

X 

H 

H 

L 

D9 

09 

09 

09 

D9 

D9 

D9 

09 

D9 

09 

D9 

NC 

Q1 Q2 03 04 05 

08 

X 

H 

H 

H 

L 
D8 

DB 
D8 

08 

08 

08 

08 

08 

08 

08 

NC 

OUTPUTS 

07 

X 

H 

H 

H 

H 

07 

07 

07 

07 

07 

07 

07 

07 

07 

NC 

06 

X 

H 

H 

H 

H 

H 

L 

06 

D6 

06 

06 

06 

06 

06 

06 

NC 

10 

NC 

14 13 

11 .tz 
D GND 

05 
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H 

H 

H 

H 
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D5 

05 
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05 

05 

05 
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NC 

04 

X 
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H 

H 

H 

H 

H 

H 
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04 

04 

04 

D4 

04 

04 

NC 
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H 
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H 

H 

H 

H 

H 
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03 

03 
-03 

03 
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NC 
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H 

H 

H 

H 

H 

H 

H 

H 

L 

02 

02 

02 
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NC 

01 
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H 

H 
H 

H 

H 

H 

H 

H 

H 

H 

01 

01 

01 

NC 

00 
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H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

DO 

00 

NC 

CC 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

NC 
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absolute maximum ratings (Note 1) 

Voltage at Any Pin 
Operating Temperature Range 

MM54C905 
MM74C905 

Storage Temperature Range 
Package Dissipation 
Operating Vee Range 
Absolute Maximum Vee 
Lead Temperature (Soldering, 10 seconds) 

-o.3V to Vee +0.3V 

-55°C to +125°C 
-40°C to +85°C 

--65°C to +150°C 
500mW 

3.0V to 15V 
16V 

300°C 

de electrical characteristics Minimax limits apply across temperature range, unless otherwise noted. 

PARAMETER 

CMOS TO CMOS 

Logical "1" Input Voltage (V ,NI1 )) 

Logical "0" Input Voltage (V 'NIO)) 

Logical "1" Output Voltage (VOUTll)) 

Logical "0" Output Voltage (VOUTIOI) 

Logical "1" Input Current (l,Nin) 

Logical "0" Input Current (I,NIOI) 

Supply Current (Ieel 

CMOS/LPTTL INTERFACE 

Logical "1" Input Voltage (V ,NI1 )) 
MM54C905 
MM74C905 

Logical "0" Input Voltage (V ,NI01 ) 
MM54C905 
MM74C905 

Logical 'T' Output Voltage (VOUTlll) 
MM54C905 
MM74C905 

Logical "0" Output Voltage (VOUTIOI) 
MM54C905 
MM74C905 

CONDITIONS 

Vee = 5.0V 
Vee = 10V 

Vee = 5.0V 
Vee = 10V 

Vee = 5.0V, 10 = -101lA 
Vee = 10V, 10 = -1 011 A 

Vee = 5.0V, 10 = 10llA 
Vee = 10V. 10 = 10IlA 

Vee = 15V, V ,N =15V 

Vee =15V, V ,N = OV 

Vee = 15V 

Vee = 4.5V 

Vee = 4.75V 

Vee = 4.5V 

Vee = 4.75V 

Vee=4.5V, 10 = -3601lA 
Vee = 4.75V, 10 = -3601lA 

Vcc =4.5V, 10 = 360llA 
Vce = 4.75V, 10 = 360llA 

'OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 

Output Source Current (lSOURCE) Vec = 5.0V, VOUT = OV 
(P-Channell TA = 25'C 

Output Source Current (ISOURCE) Vee = 10V, VOUT = OV 
(P-Channell T A = 25'C 

Output Sink Current (ISINK ) Vce = 5.0V, VOUT = Vee 
(N-Channell TA = 25'C 

Output Sink Current (lSINK) Vee = 10V, VouT=Vee 
(N-Channell TA ~ 25'C 

011-00 Outputs Vee = 10V ±5% 

RSOURCE VOUT = Vee - 0_3V 
T A = 25'C ' 

RSINK Vee = 10V ±5% 
VOUT =0_3V 
TA = 25'C 

MIN TYP MAX UNITS 

3.5 V 
8.0 V 

1.5 V 
2.0 V 

4.5 V 
9.0 V 

0.5 V 
1.0 V 

0.005 1.0 IlA , 

-1.0 -0.005 IlA 

0.05 300 IlA 

Vee-l.5 V 
Vee-l.5 V 

0.8 V 
0:8 V 

2.4 V 
2.4 V 

0.4 V 
0.4 V 

-1.75 -3.3 rnA 

-8.0 -15 rnA 

1.75 3.6 rnA 

8.0 16 rnA 

150 350 n 

80 230 n 

. 
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ac electrical characteristics T A = 25°C, CL = 50 pF, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Propagation Delay Time From Clock Vee = 5.0V 200 350 ns 
Input To Outputs (00-011) (tpd(Q») Vee = 10V 80 150 ns 

Propagation Delay Time From Clock Vee = 5.0V 180 325 ns 
Input To Do (tpd(OO») Vee = 10V 70 125 ns 

Propagation Delay Time From Register Vee = 5.0V 190 350 ns 
Enable (E) To Output (011) (tpd(E») Vee = 10V 75 150 ns 

Propagation Delay Time From CLock Vee = 5.0V 190 350 ns 

To CC (tpd(ee») Vee = 10V 75 0.50 ns 

Data Input Set·Up Time (tos) Vee = 5.0V 80 ns 

Vee = 10V 30 ns 

Start Input Set· Up Time (tss) Vee = 5.0V 80 ns 

Vee = 10V 30 ns 

Minimum Clock Pulse Width (tPWL, tPWH) Vee = 5.0V 250 125 ns 

Vee = 10V 100 50 ns 

Maximum Clock Rise and Fall Time (t" tf) Vee = 5.0V 15 /1S 

Vee = 10V 5 /1S 

Maximum Clock Frequency (fMAx ) Vee = 5.0V 2 4 MHz 

Vee = lOV 5 10 MHz 

Clock Input Capacitance (CeLK ) Clock Input ~Note 21 10 pF 

Input Capacitance (C IN ) Any Other Input (Note 2) 5 pF 

Power Dissipation Capacitance (Cpo) (Note 3) 100 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device ctlnnot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: CpO determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics 
application note, AN-90. 

typical performance characteristics 
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timing diagram 
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USER NOTES FOR A/D CONVERSION 

The register can be used with either current switches 
that require a low voltage level to turn the switch ON or 
current switches that require a high voltage level to turn 
the switch ON. If current'switches are used which turn 
ON with a low logic level, the resulting digit output from 
the register is active low. That is, a logk "1" is represented 
as a low voltage level. If current switches are used which 
turn ON with a high logic level, the resulting digit 
output is active high. A logic "1" is represented as a high 
voltage level. 

For a maximum error of ±112 LSB,.the comparator must 
be biased. If curre,nt switches that require a high voltage 
level to turn ON are used,the comparator should be 
biased +1/2 LSB and if the current switches require a 
low logic level to turn ON, then the comparator must be 
biased -1/2 LSB. 

\ 

The register can be used to perform 2's complement 
conversion by offsetting the comparator one half full 

typical applications 

range +1/2 LSB and using the complement of the MSB 
011 as the sign bit. 

If the register is truncated and operated in the contin
uous conversion mode, a lock,up condition may occur 
on power'ON. This situation can be overcome by making 
the START input the "OR" function of CC and the 
appropriate register output. 

The register, by suitable selection of register ladder 
network, can be used to perform either binary or 
BCD conversion. 

The register outputs can drive the 10 bits or less with 
50k/l00k R/2R ladder network directly for Vce ~ 10V 
or higher. In order to drive the 12-bit 50k/l00k ladder 
network and have the ±1/2 LSB resolution, the 
MM54C902/MM74C902 or MM54C904/MM74C904 is 
used as buffers, three buffers for MSB (011 L two buffers 
for 010, and one buffer for 09. 

12-Bit Successive Approximation A-to-D Converter, Operating in Continuous 
Mode, Drives the 50k/100k Ladder Network Directly 

12-Bit Successive Approximation A-to-D Converter 
Operating in Continuous 8-Bit Truncated Mode 

VR~F - IOV---:----1 

, Vco 

~ 

CLOCK CP 

0 S 
MM54C9D5!MM74C905 " SERIAL 

DATA 
VRH ~ lOv--,-:;;L ________ ,..f:::;-;;;,;;;;:;;-j 

r D~S $'f4MM54CJ2 f"" E Vee ~: 

D11 D" .. .. D1 DO D5 .. OJ Q2 Q1 DO 00 
OUT 
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MMS4C905/MM74C905 
SERIAL 

ClOCK- CP DDDo"DD'U',' 
~D'r',D'~DTDg~Dr'~Dr'~D'~D5~Dr'~DrJ~D2~'TD'~~ 

J±!=I33~3~~~1) PARALlEL DATAOUT 

L __ R_2_RL_A_DD_ER __ ~'/4MM54C909 R ~ 5Dk 

ANALOG INPUT-V'o/'or--l ;OMPARATOR 

lOOk lOOk 

50k 50' 
lOOk 

~~I/I~_M_M5_4C_90_9 _____________ ~~ 
SDk· 1/ 

ANALOG INPUT-_"\OVV---1 

defin ition of terms 

CP: Register clock input. 
CC: Conversion complete-this output remains at 
VOUT (1) during a conversion' and goes to VOUT(O) when 
conversion is complete. 

D: Serial data input-connected to comparator output in 
A-to-D applications. 

E: Register enable-this input is used to expand the 
length of the register. When E is at V1N (1)Oll is forced 
to VOUT(1Land inhibits conversion. When not used for 
expansion E must be connected to V1N(O) (GNU). 

Q11: True register MSB output. 

all: Complement of register MSB output. 

Oi (j ~ 0 to 11): Register outputs. 

S: Start input-holding start input at V1N(O) for a~ least 
one {:Iock period will initiate a conversion by setting 
MSB (011) at VOUT(O) and all other output (010-00) 
at VOUT(1)' If set-up time requirements are met, a con
version may be initiated by holding start input at V1N(O) 
for less than one clock period. 

DO: Serial data output-D input delayed by one clock 
period. 



MM54C906/MM74C906 hex open drain N-channel buffers 
MM54C907/MM74C907 hex open drain P-channel buffers 

general description features 

• Wide supply voltage range 

• Guaranteed noise margin 

• High noise immunity 

3.0V to 15V 

1.0V 

0.45 Vee typ 

These buffers employ monolithic CMOS technology 
in achieving open drain outputs. The MM54C906/ 
MM74C906 consists of six inverters driving six N·channel 
devices; and the MM54C907/MM74C907 consists of six 
inverters driving six P-channel devices. The open drain 
feature of these buffers makes level shifting or wire 
AND and wire OR functions by just the addition of 
pull-up or pull-down resistors. All inputs are protected 
from static discharge by diode clamps to V ce and to 
ground. 

• High current sourcing and sinking open drain outputs 

connection diagram 

logic diagrams 

Vee 

~OUTPUT 

IN'UT~9 INPUT~J 
LOUT'UT 

MM54C906/MM74C906 MM54C907/MM74C907 
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absolute maximum ratings (Note 1) 
Voltage at Any Input Pin 
Voltage at Any Output Pin 

MM54C906/MM74C906 
MM54C907 IMM7 4C907 

Operating Temperature Range 
MM54C906/MM54C907 
MM74C906/MM74C907 

Storage Temperature Range 
Package Dissipation 
Operating Vee Range 
Absolute Maximum Vee 
Lead Temperature (Soldering, 10 seconds) 

-il.3V to Vee + 0.3V 

. -il.3V to +18V 
Vee - 18V to Vee + 0.3V 

-55°C tei +125°C 
-40° C to +85° C 

--£5°C to +150°C 
500mW 

3.0V to 15V 
16V 

300°(; 

dc electrical cha racteristics Min/max limits apply across temperature range, unless otherwise noted. 

PARAMETER 

CMOS TO CMOS 

Logical "1" Input Voltage (V,NI,)) 

Logical "0" Input Voltage (V ,NIO)) 

Logical "1" Input Current (I,NI1I) 

Logical "0" Input Current (I,NIO,! 

Supply Current (lee) 

Output Leakage 

MM54C906 

MM74C906 

MM54C907 

MM74C907 

.' 

CMOS/LPTTL INTERFACE 

Logical "l"lnput Voltage (V ,NllI ) 

Logical "0" Input Voltage (V 'NIOI ) 

OUTPUT DRIVE CURRENT 

MM54C906 

MM74C906 

MM54C907 

MM74C907 

MM54C906/MM74C906 

MM54C907/MM74C907 
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CONDITIONS 

Vee = 5.0V 
Vee = 10V 

Vee = 5.0V 
Vee = 10V 

Vee = 15V, Y'N = 15V 

Vee = 15V, Y,N = OV 

Vee = 15V, Output Open 

Vee = 4.5V, Y,N = Vee-1.5 
Vee = 4.5V, VouJ = 1aV 

Vee = 4.75V, Y,N = Vee -;-1.5 
Vee = 4.75V, V OUT = 1av 

Vee = 4.5V, Y'N = 1.0V + 0.1 Vee 
Vee = 4.5V, VOUT = Vee -1aV 

Vee = 4.75V, Y'N = 1.0V + 0.1 Vee 
Vee = 4.75V, V OUT = Vee~laV 

54C, Vee = 4.5V 
74C, Vee = 4.75V 

54C, Vee = 4.5V 
74C, Vee = 4.75V 

Vee = 4.5V, Y,N = 1.0V + 0.1 Vee 
Vee = 4.5V, VOUT = 0.5V 
Vee =4.5V, V OUT = 1.0V 

Vee'" 4.75V, Y,N = 1.0V + 0.1 Vee 
Vee = 4.75V, VOUT = 0.5V 
Vee = 4.75V, VOUT = 1.OV 

Vee = 4.5V, Y,N = Vee-1.5 
Vee = 4.5V, V OUT = Vee-o·5V 
Vee = 4.5V, VOUT = Vee-l.OV 

. Vee = 4.75Vi Y,N = Vee-1.5 
Vee = 4.75V, V OUT = Vee-o·5V 
Vee = 4.75V, VOUT = Vee-1.0V 

Vee = lOY, 
Vee = lOY, 
Vee = lOY, 

Vee = lOY, 
Vee = TOV, 
Vee = lOY, 

V IN = 2.0V 
VOUT = 0.5V 
V OUT = 1.OV 

Y,N = a.ov 
V OUT ,,9.5V 
V OUT = 9.0V 

MIN 

3.5 
8.0 

-1.0 

TYP 

0.005 

-il.005 

0.05 

0.005 

0:005 

0.005 

0.005 

a 
12 

8 
12 

1.5 
3.0 

1.5 
3.0 

20 
30 

4.0 
8.0 

MAX 

1.5 
2.0 

T.O 

15 

5 

5 

5 

5 

0.8 
0.8 

UNITS 

V 
V 

V 
V 

I1A 

I1A 

I1A 

I1A 

I1A 

I1A 

I1A 

V 
V 

V 
V 

mA 
rnA 

rnA 
rnA 

rnA 
rnA 

rnA' 
rnA 

rnA 
rnA 

rnA 
rnA 



ac electrical characteristics T A = 25°C, CL = 50 pF, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Propagation Delay to a Logical "0" 
(tpdO) 

MM54C906iMM74C906 Vee = 5V, R = 10k 150 ns 

Vee = 10V, R = 10k 75 ns 

MM54C907 iMM74C907 Vee = 5V, (Note 4) 150 + 0.7 RC ns 

Vee = 10V, (Note 4) 75+0.7 RC ns 

Propagation Delay to a Logical" 1" 
(tpd1 ) 

MM54C906iMM74C906 Vee = 5V, (Note 4) 150 + 0.7 RC ns 

Vee = 10V (Note 4) 75 + 0.7 RC ns 

MM54C907iMM74C907 Vee = 5V, R = 10k 150 ns 

Vee = 10V, R = 10k 75 ns 

Input Capacity (C ,N ) (Note 2) 5 pF 

Output Capacity (COUT ) (Note 2) 20 pF 

Power Dissipation Capacity (Cpd ) (Note 3) Per Buffer 30 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Capacitance is guranteed by periodic testing. 
Note 3: CPD determines the no load ae power consumption of any CMOS device. For complete explanation see 54C174C Family Characteristics 
application note, AN-gO. (Assumes outputs are open.) 

Note 4: HC" used in calculating propagation includes output load capacity (CL) plus device output capacity (COUT). 

typical applications 

Wire OR Gate 

f" A + B 

Note: Can be eKtended to more than 2 inputs. 

CMOS or TTL to PMOS Interface 

CMOS 
OR 

TTty GNO ':" 

':" Note: 
MM54C90J{ . 

MM14C907 

Vee + Voo:; 18V 

Vee"; 15V 

Wire AND Gate 

/~ 
f \ 

L - \ 
MM;C9D6/~ 
MM74C9D6 

foO A· B 

Note: Can be eKtended to mOle than 2 inputs. 

CMOS or TTL to CMOS· at a Higher V CC 

97 

s: 
s: 
U1 
~ 
(") 
CD 
o 
en 
....... s: 
s: .... 
~ 
n 
CD 
o 
en 

s: 
s: 
U1 
~ 
n 
CD 
o 
~ 
s: 
s: 
~ 
n 
CD 
o .... 



co 
o 
~ MM74C908. MM74C918 dual high voltage CMOS drivers 

~ 
2: 
2: general description 

98 

The MM74C908 and MM74C9l8 are general purpose 
dual high voltage drivers, each capable of sourcing a 
minimum of 250 mA at VpUT = Vee - 3V, and 
Tj = +65°C. 

CMOS drivers. are useful in interfacing normal CMOS 
voltage levels to driving relays, regulators, lamps, etc. 

The MM74C908 and MM74C9l8 consist of two CMOS 
NAND gates driving an emitter follower darlington 
output to achieve high current drive and high voltage 
capabilities. In the "OFF" state the outputs can with
stand a maximum of 30V across the device. These 

connection diagrams 

features 
• Wide supply voltage range 
• High noise immunity 
• Low output "ON" resistance 
• High voltage 

• High current 

MM74C908 

VOUT A GNO 

TOP VIEW 

MM74C918 

TOPVIEW 

3V to l8V 
0.45 Vee (typ) 

8n (typ) 

30V 
250mA 



absolute maximum ratings (Note 1) 

Voltage at Any Input Pin -o.3V to Vcc +0.3V 

Voltage at Any Output Pin 32V 
Operating Temperature Range 

MM74C908/MM74C918 -40°C to '+85°C 

Operating V cc Range 3V to 18V 
Absolute Maximum Vcc 19V 

ISOURCE 500mA 
Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 
Package Dissipation Refer to Maximum Power Dissipation vs 

Ambient Temperature Graph 

dc electrical cha rac1;eristics Min/max limits apply across temperature range, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

CMOS TO CMOS 

Logical "1" Input Voltage (V 'N (11) Vee: 5V 3.5 V 
Vee - 10V B V 

Logical "0" Input Voltage (V,N(OI) Vee: 5V 1.5 V 
Vee: 10V 2 V 

Logical "1" Input Current (I,N(11) Vee: 15V. V ,N : 15V 0.005 1 /lA 

Logical "0" Input Current (l,N (01) Vee: 15V. V ,N : OV -1 -0.005 /lA 

Supply Current (IcC> Vee: 15V, Outputs Open Circuit 0.05 15 /lA 

Output "OFF" Voltage I V ,N : Vee, lOUT :.-200/lA 30 56 V 

CMOS/LPTTL INTERFACE 

Logical "1" Input Voltage (V:N (1) 

MM74C90B/MM74C91B Vee: 4.75V Vee-1.5 V 

Logical "0" Input Voltage (V ,N (01) 
MM74C90B/MM74C91B Vee: 4.75V O.B V 

I 
OUTPUT DRIVE 

Output Voltage (V OUT) lOUT = -300 rnA, Vee::::: 5V, Tj = 25°C Vee-1.B Vee-2.7 V 
lOUT = -250 rnA, Vee::::: 5V, T j = 65.oC Vee-1.9 Vee-3.0 V 
lOUT =-200 rnA, V~e :::::5V, Tj : 150°C Vce -2.0 Vee-3.6 V 

Output Resistance (RON) lOUT = -300 rnA, Vee::::: 5V, Tj = 25°C 6 9 n. 
lOUT;' -250 rnA, Vee::::: 5V, Tj = 65°C 7.!j 12 n. 
lOUT = -200 rnA, Vee::::: 5V, Tj = 150°C' 10 1B n. 

Output Resistance Temperature 0.55 O.BO %/oC 

Coefficient 

Thermal Resistance (8 jA ) 

MM74C90B (Note 3) 100 110 °C/W 

MM74C91B (Note 3) 45 55 °C/W 

ac electrical characteristics 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Propagation Delay to a Logic "1" Vee = 5V, R L = 50n, CL : 50 pF', T A: 25°C 150 300 ns 
(tpd1 ) Vee': 10V, RL = 50n, CL : 50 pF, TA = 25°C 65 120 ns 

Propagation Delay to a Logic "0" Vee: 5V, 'RL = 50n, CL : 50 pF, TA : 25°C 2 10 /lS 
(tpdo) Vee = 10V, RL : 50n, CL :,50 pF,T A: 25°C 4 20 /lS 

Input Capacitance (C,N ) (Note 2) 5.0 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot he guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be o~rated at these limits. The table of "Electrical Characteristics" I 

provides conditions for actual device. operation. 

Nato 2: Capacitance is guaranteed by periodic testi ng. 
Nota 3: 6jA measured in free air with device soldered into printed circuit board. 
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typical' performance characteristics 

Maximum Power Dissipation Maximum Vee - VOUT 
va Ambient Temperature YS 100iT Typical lOUT va Typical VOUT 

L400 300 500 
II 11 ' " ; 2200 .! 275 450 . 

!c 2000 MM74C91~t l- I- 250 
~ 1800 (55'CIW)_ 15 ./ 400 

I r- ex: 225 

" ex: 350 is 1600 1'l 200 
/ 

.! I 
ex: 1400 ~ 175 5 300 

~ 1200 " ex: 150 
.g 

250 ... '" ./ ~ 

~ 1000 li: 125 :l 200 
I- Tj=B5°C_ 0: Vee =5V 

~ 600 '" 100 r-- > 150 l-I!: I- Tj=25"C 
"" 600 1~74C908 11 '" 75 

1 :IE 400 (1,1O"CIW) .. 
50 100 

I I I 

~ 200 5 25 50 
I • 100 _. .g 

~ o 10 203040'5060 7080901001'10120 ' 0 1.0 1.5 2.0 2,5 3,0 3.5 5.0 4,5 4.0 3,5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 

.T. - AMBIENT TEMPERATURE rC) MAXIMUM Vee - Vour (V) TYPICAL Vou< (V) . 

Typical lOUT YS Typical VOUT Typical lOUT YS TypicalVOUT 

500 550 

450 
II 

500 

400 450 

" 350 " 400 
:.s II .! 

350 V 
5 300 5 V .g 

250 
.g 300 

V ~ II 
~ 

:l 200 :l 250 
/ 

0: Vee = 5V 
IE: 200 

> 150 r-- > / Vee = 5V 
l- I Tj • 65'C 

I- 150 
100 

Tj = 150'C 

I 100 L1 50 50 
II 11 0 

5.0 4,5 4.0 3.5 3,0 2,5 2.0' 1.5 1.0 0.5 0,0 . 5.0 4.5 4.0 3.5 3.0 2,5 2,0 1.5 1.0 0.5 0.0 

TYPICAL Vou< (V) TYPICAL Vour (V) 

ac test circuit switching time waveforms 

Vee 

r-~-- ., -t'r- ~ .. ~ 
I I .vee 

t ~ INPUT~ I 
I INPUT 0.5 V"!' 0.5 Vee 

I MM74C908 I OV 
l-

I 
OR MM74C918 I 

~~~ -~F L ____ ~ 
..Lc,OUTPUT 

R, 
·OUTPUT 50 T. 5O

PF . :'" OV 

. 0.5 Vee 

* 
~= .. =ZOns 



power considerations 
Calculating Output "ON" Resistance (RL > 18m 

The output "ON" resistance, RON, is a function of the 
junction temperature, T j , and is given by: 

RON = 9 (Tj - 25) (0.008) + 9 (1) 

and T j is given by: 

(2) 

where T A = ambient temperature, 8 jA = thermal resis· 
tance, and POAV is the average power dissipated within 
th~ device. POAV consists of normal CMOS power 
terms (due to leakage currents, internal capacitance, 
switching, etc.) which are insignificant when compared 
to the power dissipated in the outputs. Thus, the output 
power term defines the allowable limits of operation and 
includes both outputs, A and B. Po is given by: 

2 2 
Po = lOA RON + los RON, (3) 

where 10 is the output current, given by: 

(4) 

V L is the load voltage. 

The average power dissipation, POAV , is a function of 
the duty cycle: 

POAV = IOA2 RON (Duty CycleA ) + 

los 2 RON (Duty Cycles) 

(5) 

where the duty cycle is the % time in the current source 
state. Substituting equations (1) and (5) into (2) yields: 

T j = T A + 8jA [9 (Tj - 25) (0.008) + 9] (6a) 

[I oA 2 (Duty CycleA ) + los2 (Duty Cycles)] 

simplifying: 

(6b) 

TA + 7.2 ajA [loA 2 (Duty CycleA) + 108 2 (Duty Cyclesil 
T j = 

1 - 0.072 a,A [loA 2 (Duty CycleA ) + los 2 (Duty Cycles) J 

Equations (1), (4), and (6b) can be used in an iterative 
method to determine the. output current, output resis· 
tance and junction temperature. 

OUTPUT A OUTPUT B 

For example,let Vee = 15V, RLA = lOOn, RLs = lOon, 
V L = OV, TA = 25°C, 8jA = 110°C/W, Duty CycleA= 
50%, Duty Cycles = 75%. 
Assuming RON = 11£1, then: 

15 

11 + 100 
135.1 mA, 

los 135.1 mA 

and 

T = TA +7.2 OjA [l oA 2 (Duty CycleAI + 10. 2 (Duty Cycle.IJ 

J 1-0.0720jA [l oA 2 (Duty CycleA) + 10. 2 (Duty Cycle.)] 

25 +(7.2) (110) ](0.1351)2 (0.5) + (0.1351)2 (0.75)J 

T j = 1-(0.072) (110) [(0.13511 2 (0.5) + (0.1351)2(0.75)] 

T j = 52.6°C 

and RON = 9 (Tj - 25) (0.008) + 9 = 

9 (52.6 - 25) (0.008) + 9 = 1 m 

1111 
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MM54C909/MM14C909 quad comparator 

general description 

The MM54C909/MM74C909 contains four independent 
voltage comparators designed to operate from standard 
54C/7~C power supplies. The output allows current 
sinking only thus the wire OR function is possible using 
a common resistor pull up. 

Not only does the MM54C909/MM74C909 function as 
a comparator for analog inputs but also has many appli· 
cations as a voltage translator and buffer when interfacing 
the 54C/74C family to other logic systems. 

connection diagram 

features 

• Wide supply voltage range 

• TTL compatibility 

• Low power consumption 

• Low input bias current 

• Low input offset current 

• Low input offset voltage 

• Large common mode 
input voltage range 

• Large differential input 
voltage range 

OUTPUT J OUTPUT 4 GND INPUT 4+ INPUT 4- INPUT J+ INPUT 3-

14 

OUTPUT 2 OUTPUT 1 INPUT 1- INPUT t+ INPUT 2- INPUT 2+ 

TOPVIEW 

typical applications (v+ =; 5.0 V De ) 

+5.0 Voc 

10k -12:n 

lOOk 

3.0V to 15V 

fan out of 1 
driving 74 

Icc ~ aOOMA typ 
at Vee ~ 5.0 V De 

250 nA max 

±50 nA max 

±5.0 mV max 

OV to Vee-l.5V 

v' 

5.1k 

vo 

CMOS/TTL to MOS LOQic Converter Ground Referenced Thermocouple 
in Single Supply System 
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absolute maximum ratings (Note 1) 

Voltage at Any Pin 
Operating Temperature Range 

MM54C909 
MM74C909 

Storage Temperature Range 
Package Dissipation (Notes 2 and 3) 
Operati ng Vee Range 
Absolute Maximum Vee 
Input Current (V ,N < --o.3V) (Note 4) 
Lead Temperature (Soldering, 10 seconds) 

dc electrical characteristics 

-0.3V to Vee +.0.3V 

-55°C to +125°C 
-40°C to +85°C 

-65°C to +150°C 
500mW 

3.0V to 15V 
18V 

50mA 
300°C 

Min/max limits apply across temperature range, unless otherwise noted. (Vee = +5.0 V De) 

PARAMETER 

Input Offset Voltage (Note 9) 

Input Bias Current 

(I'N(+I or I'N(-I) (Note 5) 

Input Offset Current 

(I'N(+I -I'N(-II 

Input Common Mode Voltage 
(Note 6) 

Supply Current (Icc! 

Voltage Gain 

CONDITIONS 

TA = 25'C 

T A = 25'C, With Output in 
Linear Range 

TA = 25'C 

TA = 25'C 

TA = 25'C, RL =~ 
On All Outputs 

TA = 25'C, RL e: 15 kn 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 

Output Sink Current (IS'NK) 
MM54C909 
MM74C909 

Output Leakage Current 

Differential Input Voltage (Note 8) 

Vcc = 4,50V 
Vcc = 4.75V, VOUT = OAV 

V'NH e: 1.0Vac 
V'N(+) == 0 Voe 

V'N(+I e: 1.0 Vac, V'NH = 0 Vac, 
V OUT = 15 Vac 

V'N(+I e: 1.0 V oc , V'N(-I = 0 V oc , 
V OUT = 5 V oc' T A = 25' C 

All V'N'Se: 0 Voc 

MIN 

o 
o 

1.6 

TYP MAX UNITS 

±9 mV 
±2 ±5 mV 

25 250 nA 
400 nA 

±150 nA 
±5 ±50 nA 

Vcc -2 V 
Vcc -1.5 V 

800 2000 IlA 

200 V/mV 

3.2 rnA 

0.1 nA 

15 V 

Note 1: II Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device oper~tion. 

Note 2: For operating at high temperatures, the MM74C909 must be derated based on +125° C maximum junction temperature and a thermal 
resistance of +175°C/W which applies to the device soldered in a printed circuit board, operating in a still air ambient. The MM54C909 must be 
derated'based on a +150°C maximum junction temperature. The low bias dissipation and the ON·OFF characteristic of the outputs keeps the chip 
dissipation very smaJi (Pd < 100 mW), provided the output sink current is within specified limits. 

Note 3: Short circuits fro; the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately 
20 mA independent of the magnitude of V+. 

Note 4: This input current will only exist when the voltage at any of the input leads is driven negative. There is a lateral NPN parasitic transistor 
action on the IC chip. The transistor action can cause the output voltages of the comparators to go to the V+ voltage level (or to ground for a large 
overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will reestablish when the input 
voltage, which was negative, again returns to a value greater than -o.3V. 

Note 5; The direction of the input current is out of the IC. This current is essentially constant, independent of the state of the output so no loading 
change exists on the reference or input lines. 

Note 6: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than O.3V. The upper end of 
the common·mode voltage range is V+ - 1.5V, but either or both inputs can go to +15V without damage. 

Note 7: The response time specified is for a 100 mV input step with 5.0 mV overdrive. For larger overdrive signals 300 ns can be obtained, see 
typical performance characteristics section. 

Note 8: The positive excursions of the input can equal Vce supply voltage level, and if the other input voltage remains within the common-mode 
voltage range, the comparator will provide a proper output state. The low input voltage state must not be less than -n.3V. 

Note 9: At output switch point, Vo = 1.4 VDC, RS = on with V+ from 5 VOC to 30 VDC and over the full input common mode range (OVDC) 
to V+ ±1.5 VDC). 
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ac electrical characteristics RL = 5.1 kD, V RL = 5.0 Voc , unless otherwise specified, 

PARAMETER CONDITIONS 

Large Signal Response Time V ,N = TTL Swing 

V REF = 1.4 V DC 

Response Time TA = 25°C 

typical performance characteristics 

application hints 

ReSponse Time for Various 
Input Overdrives - Positive 
Transition 

" INPUT OVERORIVE - laO mV 

i".:,. ~ Ji 
N ~ 5mV 

111 1 
II 120mV II '''. '_ 

1'" .... Il 11 ~_ 
r l--"}, " 125'~ - . _ ' •• 

I I I 
0.5 1.5 

TIME v.sec) 

The MM54C909/MM74C909 is a high gain, wide band
width device; which, like most comparators, can easily 
oscillate if the output lead is inadvertently allowed to 
capacitively couple to the inputs via stray capacitance. 
This shows up only during the output voltage transition 
intervals as the comparator changes states. Power supply 
bypassing is not required to solve this problem. Standard 
PC board layout is helpful as it reduces stray input
output coupling. Reducing the input resistors to <10 kD 
reduces the feedback signal levels and finally, adding 
even a small amount (1 to 10 mV) of positive feedback 
(hysteresis) causes such a rapid transition that oscilla
tions due to stray feedback are not possible. Simply 
socketing the I/C and attaching resistors to the pins will 
cause input-output oscillations during the small transi
tion intervals unless hysteresis is used. If the input 
signal is a pulse waveform, with relatively fast rise and 
fall· times, hysteresis is not required. 

All pins of any unused comparators should be grounded. 

The bias network of the MM54C909/MM74C909 estab
lishes an Icc current which is independent of the 
magnitude of the power supply voltage over the range of 
from 3.0V to 15V. 

typical applications (con't) (v+ = 5.0 Voc) 

+5.0 Voc 

V· 

Basic Comparator Driving CMOS 

104 

MIN 

~ 
6.0 

:: 5.0 

~- 4.0 Q> 
>-

3.0 .... 0 
",> 

~ 2.0 
Q 1.0 

w' 

'" ;':> 
C;.§. 
> z -50 

~;> -100 

TYP MAX 

300 

1.3 

Response Time for Various 
I nput Overdrives - Negative 
Transition 

5.0 mV' INPUT OVERORIVE 

20:m~ H ~~= . "."-
100 mV - -

ILl 
I .11 
~ .'25·h-

..lA..l.l 
0.5 1.0 1.5 2.0 

TIME (/J-sec) 

UNITS 

ns 

J.i.s 

It is usually unnecessary to use a bypass capacitor across 
the power supply line. 

The differential input voltage may be larger than V+ 
without damaging the device. Protection should be pro
vided to prevent the input voltages from going negative 
more than -0.3 V oc (at 25°C). An input clamp diode 
and input resistor can be used as shown in the applica
tions section. 

Many outputs can be tied together .to provide an output 
OR'ing function. An output "pull-up" resistor can be 
connected to any available power supply voltage within 
the permitted supply voltage range and there is no 
restriction on this voltage due to the magnitude of the 
voltage which is applied to the V+ terminal of the 
MM54C909/MM74C909 package. The output can also 
be used as a simple 'SPST switch to ground (when a 
"pull-up" resistor is not used). The amount of current 
which the output device can sink is limited by the drive 
available (which is independent of V+) and the gain of 
the output device. When the maximum current limit 
is reached (approximately 16 mA). the output transistor 
will come out of saturation and the output voltage will 
rise very rapidly. 

+VREf 0--...,----1 

Vo 

10k 

Non~lnverting Comparator with Hysteresis, 



typical applications (con't) (v+ = 5.0 VDC ) 

+5.0V oc 

360 

100 

360 

100 

+5.0 Voe 

360 

100 

100 

Visible Voltage Indicator 

V,, __ ~OV 

~7V "" TRIP POINT 

Rl 
lOOk 

TRIP POINT ~ -Vee Rl 
R2 

R2 
lOOk 

lOOk 

10k 1/4DM54XX 

Driving TTL 

5.0V r---~~--""'- 3V", Vee <: 15V 

lOOk 

CMOS DEVICE 

Note: For Inverting buffer reverse Input connectIOn. 

5V Logic to CMOS Operating at VCC "" 5V 

V' 

+VIN 0-----1 3k 

>-4_-o Vo 

1M 

V' O---,\MrlH 

1M 

1M 

Inverting Comparator with Hysteresis 

5.1k 

ANY CMOS OR 
TTL DEVICE 

Hi Voltage I nverting PMOS to CMOS or TTL 
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typical applic'ations (con't) (v+ = 5.0 vocl 

+vc 
FREQUENCV 

CONTROL 
VOLTAGE 

INPUT 

v+ '" +30 Voe 

~PF 

lOOk 

100k 

+250 mVoc < Vc < +50 Voe 
100 Hz < fo < 100 kHl 

v+ 

4.3k 

lOOk 

v;Jl..I 
f ~ 100 kHz 

Vo 

lOOk 

, Squarewave Oscillator 

500pF 

10 

10k 

10k 

50k 

v' 

3.0k 

5.1k 

Two-Oecade High-Frequency VCO 

8DpF 

P 
1M 

+15 Voc 0--'\1""'-41----1 

1M 
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R1 
1M 

R1 
lOOk 

1M 

01 
lN914 

01 
1N914 

v· 

15k 

*for large ratios of R1IR2, 
01 can be llmilted, 

Pulse Generator 

lN914 

-= 

Crystal Controlled Oscillator 

V' 

1UOk 

J.Ok 

>~~+-o OUTPUT 1 

OUTPUT 2 

v+ 
(SVocl 

5.1k 

500 

100 Vo 

-= -= 
1M 

Remote Temperature Sensing 



Advance Information 

MM54C910/MM74C910 256-bit TRI-STATE® 
random access read/write memory 

general description 
The MM54C910(MM74C910 is a 64 word by 4 bit 
random access memory. I nputs consist of six address 
lines, four data input lines, a write enable, and a 
memory enable line. The six address lines are internally 
decoded to select one of 64 word locations. An internal 
address register, latches the address information on the 
positive to negative transition of memory enable. The 
TRI-STATE outputs allow for easy memory expansion. 
This circuit operates on a 3 to 5V power supply. 

Address Operation: Address inputs must be stable tSA 
prior to the positive to negative transition of memory 
enable, and tHA after the positive to negative transition 
of memory enable. The address register holds the 
information and stable address inputs are not needed at 
any other time. 

Write Operation: Data is written into memory at the 
selected address if write enable goes low while memory 
enable is low. Write enable must be held low for tWE 
and data must remai'n stable tH D after write enable 
returns high. 

logic and connection diagrams 

Read Operation: Data is nondestructively read from a 
memory location by an address operation with write 
enable held high: 

Outputs are in the TRI-STATE (Hi-Z) condition when 
the device is writing or disabled_ 

features 

• Supply voltage range 

• High noise immunity 

• TTL compatible fan out 

• Input address register 

• Low power consumption 

• Fast access time 

• TRI-STATE outputs 

3V to 6V 

0.45 Vee typ 
1 TTL load 

200 nW( 
package 

300 ns typ 
at 5V 

WRITE MEMORY 
Vee 00U13 OlN3 DIN4 OIlUT. ENABLE rNAB'LI' Ac AD 

10 
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switching time waveforms 

Read Cycle 

V" 
MEMORY 
ENABLE 

V" 
ADDRESS 

INPUT 

DATA OUT 

V" 
WRITE 

ENABLE 

V" 
DATA 

IN 

NOTE: t,..~ 60 HS 

t,=lDns 

truth table 

-
ME WE 

L L 

L H 

H L 

H H 
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AODRESS 
INPUT 

Write Cycle 

v" ______ , 

WRiTE Vcc ..,..-------" 

ENABLE 

DATA 
INPUT 

v,, ___________ , 

Read Modify Write Cycle 

OPERATION OUTPUTS 

Write TRI-STATE 

Read Data 

Inhibit, Store TRI-STATE 

Inhibit, Store TRI-STATE 



MM54C914/MM74C914 hex schmitt trigger 

general description 

The MM54C9l4/MM74C9l4 is a monolithic CMOS Hex 
Schmitt trigger with special input protection scheme. 
This scheme allows the input voltage levels to exceed 
Vee or ground by at least 25V, and is valuable for 
applications involving voltage level shifting or mismatched 
power supplies. 

The positive and negative-going threshold voltages, VT+ 
and VT-, show low variation with respect to temperature 
(typ 0.005 V/"C at Vee = lOY). And the hysteresis, 
VT+ - VT - 2 0.2 Vee is guaranteed. 

connection diagram 

features 

• Hysteresis 

• Special input protection 

• Wide supply voltage range 

• High noise immunity 

• Low power TTL 
compatibility 

GNO 
TOP,VIEW 

Special I nput Protection 

INPUT --JWIr--t--+ TO GATE 

BV '" 35V 
for the diode~. 

0.4 Vee typ 
0.2 Vee guaranteed 

Extended Input 
Voltage Range 

3.0V to 15V 

0.70 Vee typ 

fan out of 2 
driving 74L 
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absolute maximum ratings 

Voltage at Any Input Pin 
Voltage at Any Other Pin 

Operating Temperature Range 
MM54C914 

MM74C914 

Vee -25V to Vee +25V 

-Q.3V to Vee +0.3V 

-55°C to +125°C 

-40°C to +85°C 

Storage Temperature Range 

Package Dissipation 

Operating Vee Range 

\ Absolute Maximum Vee 
Lead Temperature (Soldering, 10 seconds) 

--65°C to +150°C 
500mW 

3.0V to 15V 

16V 
300°C 

dc electrical characteristics Min/max limits apply acroSs temperature range, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

CMOS TO CMOS 

VT+ Positive Going Threshold Vee = 5V 3.0 3.6 4.3 V 
Voltage Vee = lOV 6.0 6.8 8.6 V 

Vee = 15V g.O 10.0 12.9 
VT- Negative Going Threshold Vee = 5V 0.7 1.4 2.0 V 
Voltage Vee = 10V 1.4 3.2 4.0 V 

Vee = 15V 2.1 5.0 6.0 
Hysteresis (VT+ - VT-) Vee =.5V 1.0 2.2 3.6 V 

Vee = 10V 2.0 3.6 7.2 V 
Vee = 15V 3.0 5.0 10.8 V 

Logical "1" Output Voltage Vee = 5V, 10 =-10IlA 4.5 V 
(VOUTllI) Vee = 10V, '0 = -lOIlA 9.0 V 

Logical "0" Output Voltage Vee = 5V,· 10 = +lOIlA 0.5 V 
(VOUTIO,) Vee = 10V, 10 = +lOIlA 1.0 V 

Logical "1" Input Current Vee = 15V, V ,N = 15V 0.005 5.0 IlA 
(I'NI1,) 

Logical "0" Input Current Vee = 15V, V ,N =-10V -100.0 -0.005 IlA 
(l,N 101) 

Supply Current (I eel Vee = 15V, V ,N =-10V/25V 0.05 300 IlA 
Vee = 5V, V ,N = 2.5V (Note 4) 20 IlA 
Vee = 10V, V ,N = 5V (Note 4) 200 IlA 
Vee = 15V, V ,N = 7.5V (Note 4) 600 IlA 

CMOS/LPTTL INTERFACE 

Logical ''1'' Input Voltage Vee = 5V 4.3 V 
(V ,NllI ) 

Logical "0" Input Voltage Vee = 5V 0.7 V 
(V 'NIO,) 

Logical "1" Output Voltage 54C, Vee = 4.5V, '0 =-36OIlA 2.4 V 

(VOUTllI) 74C, Vee = 4.75V, '0 = -3601lA 2.4 V 

Logical "0" Output Voltage 54C, Vee = 4.5V, '0 = 360llA 0.4 V 

(VOUTIO,) 74C, Vee = 4.75V, '0 = 360llA 0.4 V 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 

Output Source Current Vee = 5V, VOUT = OV, T A = 25°C -1.75 -3.3 mA 
(lsouReE) (P-Channel) 

Output Source Current Vee = 10V, VOUT = OV, TA = 25°C -8.0 -15 mA 
(lsouReE) (P·Channel) 

Output Sink Current (lSINK) Vee = 5V, VOUT = Vee, 1.75 3.6 mA 
(N-Channel) T A = 25°C 

Output Sink Current (lSINK) Vee = 10V, VOUT = Vee, 8.0 16 mA 
(N-Channel) TA =25°C 
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ac electrical characteristics TA = 25°C, CL = 50 pF, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Propagation Delay from Input Vee = 5V 220 400 ns 

to Output (tpdo or tpd 1 ) Vee = 10 80 200 ns 

Input Capacitance Any Input (Note 2) 5.0 pF 

Power Dissipation Capacitance (Note 3) Per Gate 20 pF 

(Cpo) 

Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Nota 2: Capacitance is guaranteed by periodic testing. 

Nota 3: CPO determines the no load ae power consumption of any CMOS device. For complete explanation see 54C174C Family Characteristics 
application note. AN·90. 
Note 4: Only one input is at 1/2 Vee. the others are either ;t Vee or GND. 

typical application 

GND 1 

Note: Vee1 > VCC2 

GND 1 < GND 2 

typical performance characteristics 

GND 2 

Typical Transfer Characteristics Guaranteed Trip Point Range 

20 1& 

~ 1& 
~ VT• ~ 10 
< Vee'" 5V w 
!:; " '" 10 TVT_ ~ > ... '" ~ V .. > 

& g ... 
~ 4.3 
;:; 3.0 

V,. 2.0 
0.7 

0 
10 1& 20 10 1& 

INPUT VOLTAGE (V) Vee (V) 

vee 

V,. 

INPUT 
VDLTAGE 

V, 

ov 

Vee 

OUTPUT 
VOLTAGE 

OV 
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Advance Information 

MM54C925/MM74C925, MM54C926/MM74C926, 
MM54C927/MM74C927, MM54C928/MM74C928 
4-digit counter with multiplexed 7-segment output drivers 

general description 
These CMOS counters consist of a 4-digit counter, an 
internal output latch, NPN output sourcing drivers for 
a 7-segment display, and internal multiplexing circuitry 
with 4 multiplexing outputs_ The counters have a reset 
and count on the negative edge of "Clock. The multiplexing 
circuit has its own free running oscillator and requires 
no external clock. This circuit operates on a 3 to 5V 
power supply. 

The MM54C925/MM74C925 is a 4-decade counter and 
has Latch Enable, Clock and Reset inputs. 

The MM54C926/MM74C926 is like the MM54C925/ 
MM74C925 except that it has a Carry Out used for 
cascading counters, and it has a Display Select that 
allows the user to select whether the number in the 
latch or the number in the counter is displayed. 

The MM54C927/MM74C927 is Hke the MM54C926/ 
MM74C926 except the second most significant digit 

connection diagrams 
MM54C925/MM74C925 

RESET CLOCK DOUT COUT 

I" " 14 13 12 11 10 , 

-

1 2 , 4 5 • 1 I' 
LATCH AOUT BOUT GND 

ENABLE 

Segment Identification 

typical application 
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divides by 6 rather than 10. Thus, if the clock input 
frequency was 10 Hz, the display would read tenths of 
seconds, seconds, tens of seconds, and minutes (i.e. 
9:59.9). -

The MM54C928/MM74C928 is like the MM54C926/ 
MM74C926 except the most significant digit, divides 
by 2 rather than 10 and the Carry Out is an overflow 
indicator. Thus, this is a "3 1/2 digit counter." 

features 

• Supply range 
• Guaranteed noise margin 

• ' High noise immunity 

• High segment sourcing current 

• Internal multiplexing circuitry 

3.0V to 6.0V 

1.0V 

0.45 typ 
40mA@ 

Vee -1.6V 

MM54C926/MM74C926, MM54C927/MM74C927, 
MM54C928/MM74C928 

I" 17 16 

-

1 2 , 

Display 

CARRY 
OUT RESET CLOCK DOUT COUT 

15 14 13 12 11 10 

-

4 5 • 1 , I' 
o LATCH DISPLAY AOUT BOUT GND 

ENABLE SelECT 



MM70C95/MM80C95, MM70C97/MM80C97 TRI-STATE® 
hex non-inverting buffers 

general description 

These gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N 
and P-channel enhancement mode transistors. Each 
of the devices are used to convert CMOS or TTL 
outputs to TRI-STATE® outputs with no logic 
inversion. The MM70C95/MMBOC95 has common 
TR I-STATE controls for all six buffers. The 
MM70C97/MMBOC97 has two TRI-STATE con
trols, one for two buffers and one for the other 
four. 

Inputs are protected from damage due to static 
discharge by diode clamps to Vee and GND. 

connection diagrams 

TOP VIEW 

MM70C95/MM80C95 

truth tables 

MM7OC95/MM80C95 

DISABLE INPUT 
INPUT OUTPUT 

OISl 0lS2 

0 0 0 0 
0 0 1 1 
0 1 X H~z 

1 0 X H~z 

1 1 X H~z 

features 

• Wide supply voltage range 3.0V to 15V 

• Guaranteed noise margin 1.0V 

• High noise immunity 0.45 Vee (typ) 

• TTL compatible Drive 1 TTL load 

applications 

• Bus drivers typical propagation delay 
into a 150 pF load is 40 ns 

TOP VIEW 

MM70C97/MM80C97 

MM70C97/MM80C97 

DISABLE INPUT 
DlS4 DlS2 

0 0 
0 0 
X 1 
1 X 

*Output 5·6 cnly 
**Output '-4 only 
X = t rrelevant 

INPUT OUTPUT 

0 0 
1 1 
X H~z 

X H~z 
.. 
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absolute maximum ratings (Note 1) 

Voltage at Any Pin O.3V to Vee IO.3V Storage Temperature Range -6S6 C to'+150°C 
Operating Temperature Range Package Dissipation 500mW 

MM70C95, MM70C97 -5S"C to t 12S"C Power'Supply Voltage"Vee 16V 
MMSOC95. MMSOC97 -40°C to +85°C Lead Temperature (Soldering, 10 seconds) 300°C 

dc electrical cha racteristics Min/max limits apply across temperature range unless otherwise specified. 

PARAMETER I CONDITIONS MIN I TYP I MAX I UNITS 

CMOS TO CMOS 

Logical "1 'Input Voltage (V1N01 ) Vee co S.OV 35 V 

Vee = lOV S.O V 

Logic'al "0" Input Voltage (V INIO') Vee - 5.0V 15 V 
Vee 0 10V 2.0 V 

'Logtcal "1 . Output Voltage (VOUTI11) Vee eo S.OV 4.5 V 

Vee 10V 9.0 V 

Logical "0" Output Voltage (V OUT 101) Vee ~ 5.0V 0.5 V 

Vee "'" lOV 10 V 

Logical "1" Input Current (1IN(1d Vee '" 15V 0.005 10 "A 

Logical "0" Input Current (lIN (0)) 10 0.005 "A 

Output CUrrent in High Impedance Vee = 15V, Vo ~ 15V 0.005 1.0 "A 
State Vee ..c 15V. Vo OV 1.0 ~0.OO5 "A 

Supply Current (Icc) Vee '" 15V 0.01 15 "A 

TTL INTERFACE 

Logical "1" Input Voltage (VINod lOC Vee'" 4.5V Vee - 1.5 V 
SOC Vee = 4.75V Vee - 1.5 V 

Logical "0" Input Vpltage (V IN (01) 70C Vee = 4.5V O.S V 
SOC Vee = 4.75V O.S V 

Logical" 1" Output Voltage (VOUT (11) 70C Vee" 4.5V. to - --1.6 mA 2.4 V 

SOC Vee ~ 4.75V, 10 ~ 1.6mA 24 V 

Logical "0" Output Voltage (VOUTW)l 70C Vee'" 4.5V, to = 1.6 mA 0.4 V 
SOC Vce "4.75V, 10 = 1.6 mA 0.4 V 

OUTPUT DRIVE CURRENT 

Output Source Current (tSOURCE) Vce - 5.0V, V INnl - 5.0V 4.35 rnA 
T A "" 2Soc, VOUT = OV 

Output Source Current (ISOURCE) Vee = 10V, V 1N (1I" lOV 20 rnA 
TA = 25°C, VOUT =OV 

Output Sink Current (lSINK) Vce "'" S.OV, V INIO) '" OV 4.35 rnA 
T A'" 25°C, VOUT "" Vcc 

Output Sink Current (ISINK ) Vcc = lOY, V IN ", OV 20 rnA 
'. T A:: 2SoC, VOUT '" Vee 

ac electrical characteristics T A = 25°C, CL =50 pF, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Input Capacitance Any Input (Note 2) 5.0 pF 

Output Capacitance TRI·STATE (COUT ) Any Output (Note 21 9.0 pF 

Power Dissipation Capacity (Cpd ) (Note 3) 60 pF 

Propagation Delay Time to a togicaf "0" hlldO) Vee oo5.0V 60 100 ns 

or Logical "1" (tpd1 ) From Data Input to Vee'" lOY 25 40 ns 

Output 

Delay From Disable Input to High Impedance Vee'" S.OV, CL '" 5.0 pF, RL '" 10k SO 135 ns 

State (From Logical "1" or Logical "0" Vee" lOV, CL "5.0 pF, RL '" 10k 50 90 ns 

Level)(tIH , tOHl MM70C95/MM8OC95 

Delay From Disable I nput to Logical" 1" Level Vcc '" S.OV, CL "50 pF. AI. "'" 10k 120 200 ns 

(tHd or tQ Logical "0" Level (tHO)!F.rom High Vee = lOV, CL '" 50 pF, RL '" 10k 50 90 ns 

Impedance State) MM70C95/MM80C95 

Delay From Disable Input to High Impedance Vee"'" 5.0V, RL '" 10k 70 125 ns 

State (From Logical "1" or Logical "0" Levell Vee'" lOY, RL '" JOk 50 90 ns 

(tIH, tOH )MM70C97/MM80C97 

Delay From Disable Input to Logical" 1" Level Vee = 5.0V, AL '" 10k 95 175 ns 

(tHil or to Logical "0" Level (tHO HFwm Higli Vee'" lOY, RL .. 10k 40 80 ns 

Impedance State) MM70C97/MM80C97 

Propagation Delay Time to a Logical "0" (tpdO) Vee'" 5.0V, CL '" 150 pF, T A '" 25°c S5 160 ns 

or Logical "1" (tpdd From Data Input to Vee = lOV, CL '" 15Q pF, TAc = 25°C 40 80 ns 

Output 

Note 1: "Absolute Maximum Ratings" are those values' beyond which the safety of the device cannot be guaranteed. Except 
for "Operating Temperature Range" they are not meant to imply that the devices should be operated at these: limits. The 
table Of "Electrical Characteristics" provides conditions for actual devic~ operation. I 

Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: CpO determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C 
Family Characteristics application note, AN-SO. 
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typical performance characteristics 

150 

] 

~ 
Q 100 

~ 

~ 
~ 50 
go 
I 

J. 

Propagation Delay YS 

Load Capacitance 

Vee'" 3.0V 

Vee = !2,.-'~Vj..1~=t--I-+-+-i 

1-++--++ Vee = 10V +i± .... ..-t 

Vee -15V 

50 100 150 

Cl - LOAD CAPACITANCE IpF) 

atpeVpF YS 

Power Supply Voltage 

--,,::- 0.75 '1::PI=+++=l+:p~:;;;r;rl _ I- TA -25°C 
::l I-t-+-H-+-+i-+-+ t r• t,::: 20 os 
z 
~ 
<3 0.50 I-t-+--IH-+-+i-+--H-++-I-+-j 
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:3 
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~ 0.25 I-t-+-H-'k-+i-t--H-++-I-+-j 
" ~ .. 
~ 
'1"& 

5.0 10 15 

Vee - POWER SUPPL Y VOLTAGE IV) 

ac test circuits and switching time waveforms 
MM70C95/MM80C95 TRI-STATE 

ONE OF SIX DEVICES r---------, 
I v" I 

"T' I J I 
IN/' 0' _____ ~::::::::~;:[=) I I 

CO"ROlSFORACe !I ~J ' SIX DEVICES _ I 
, r--- ----, I 

::;; ~ I ] ~y> h I I 
" I I' 1- I L ______ -.l L _______ ....J 

MM70C97/MM80C97 
ONE OF TWO/FOUR DEVICES r---------, 
I ~ I 

T" I J I , r----+-r, I I 
INllo------l-"'----I-..... -LJ 

ONEOFTWO !~J' TRI-STATE CONTROLS I I r---- ----, 
,~L[) iTI I I 

DlSI2.....----~ I 
I II 1- I L ______ -.l L _______ -.l 

INPUT_----Q---'>o.--4ll-=>--,O. -I,-OUTPUT 
DlSABLF. J e

, 
OUTPUT 

tOH and tHO 

v" 

~" 
INPUT OUTPUT 

DISABLE Tel 

DISABLE 

OUTPUT 

Note: Delays measured with input t,., 1, S 20 ns. 

J 
OOP/1 

3 
001'/1 

v," 

VOUT 

0.1 Vee 

(For TRI-STATE® Parameters) 

CMOS to CMOS 
-1,- -1/-

V" .9 9 

50% 50% 

DV ---...:.l..;:j '-"---

~"- { - F--V" 

50% 

OV 

50% 

DISABlE 

OUTPUT 

DISABLE 
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MM78C29/MM88C29 quad single ended line driver 
MM78C30/MM88C30 dual differential line driver 

general description 

The MM7BC30/MMB,BC30 is a dual differential line 
driver that also performs the dual four-input NAND or 
dual four-input AND function. The absence of a clamp 
diode to Vee in the input protection circuitry ~lIows a 
CMOS user to interface systems operating at different 
voltage levels. Thus, a CMOS digital signal source can 
operate at a Vee voltage greater than the Vee voltage 
of the MM7BC30 line driver. The differential output of 
the MM7BC30/MMBBC30 eliminates ground-loop errors. 

The MM7BC29/MMBBC29 is a non-inverting single-wire 
transmission line driver with a similar input protection 
circuit. And since the output ON resistance is a low 20n 

logic and connection diagrams 

INPUT 

v"" 
I,· . 

-

, 
Nt 
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1/4 MM78C29/MM88C29 

v,, 

OUTPUT 

INPUT 1 

INPUT 2 

INPUT 3 

INPUT 4 

MM78C29/MM88C29 

Nt Nt 

13 12 11 '0 9 8 

-

2 3 • 5 6 11 
IN, NC IN, OUT 2 OUT 1 GND 

TOP VIEW 

typ, the device can be used to drive lamps, relays, 
solenoids, and clock lines, besides driving data lines. 

features 

• Wi de supply voltage range 

• High noise immunity 

• Low output ON resistance 

1/2 MM78C30/MM88C30 

MM78C30/MM88C30 

3.0V to 15V 

0.45 Vee typ 

20n typ 

AN' 
OUTPUT 

NAND 
OUTPUT 

BAND BNAND 
v"" IN3B 1N48 OUT OUT 

1" 13 12 11 10 9 8 

- -
. 

, 2 3 • 5 6 t IN,. IN~ A AND A NAND GND 
OUT OUT 

TOP VIEW 



absolute maximum ratings (Note 1) 
Voltage at Any Pin -o.3V to +16V 
Operating Temperature Range 

MM7BC29/MM7BC30 -55°C to +125°C 
MMBBC29/MMBBC30 -40°C to +B5°C 

Storage Temperature Range -65°C to +150°C 
Package Dissipation 500mW 
Operating Vee Range 3.0V to 15V 
Absolute Maximum Vee 16V 
Average Current at Vee and Ground 100mA 
Average Current at Output 

MM7BC30/MMBBC30 50mA 
MM7BC29/MMBBC29 25mA 

Maximum Junction Temperature, Tj 150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

dc electrical characteristics Min/max limits apply across temperature range, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

CMOS TO CMOS 

Logical "1" Input Voltage (V IN (1)) Vee = 5.0V 3.5 V 
Vee = 10V B.O V 

Logical "0" Input Voltage (VIN(O)) Vee = 5.0V 1.5 V 
Vee = 10V 2.0 V 

Logical "1" Input Current (1IN(1)) Vee = 15V, V IN = 15V 0.005 1.0 pA 

Logical "0" Input Current (IIN(O)) Vee = 15V, V IN = OV -1.0 -0.005 f.1A 

Supply Current (lee) Vee = 15V 0.05 100 f.1A 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 

Output Source CUrrent 
MM7BC29/MM7BC30 VOUT eo Vee -1.6V, 

Vee:::: 4.5V, Tj = 25°C::: 57 BO mA 
Tj = 125°C 32 50 mA 

MMBBC29/MMBBC30 VOUT = Vee -1.6V, 
Vee ::::4.75V, Tj =25°C 47 80 mA 
Tj = 85°C 32 60 mA 

Output Sink Current 
MM78C29/MM78C30 VOUT = O.4V, Vee = 4.50V 

Tj = 25°C 11 20 mA 
Tj = 125°C 8 14 mA 

VOUT = O.4V, Vee = 10V 
Tj = 25°C 22 40 mA 
Tj = 125°C 16 28 mA 

MM88C29/MM88C30 VOUT = O.4V, Vee = 4.75V 
Tj = 25°C 9.5 22 mA 
Tj = 85°C 8 18 mA 

VOUT = O.4V, Vee = 10V 
T j = 25°C 19 40 mA 
Tj = 85°C 15.5 33 mA 

Output Source Resistance 
MM78C29/MM78C30 VOUT = Vee -1.6V, 

Vee:::: 4.5V, Tj = 25°C 20 28 Q 

Tj = 125°C 32 50 Q 

MM88C29/MM88C30 VOUT = Vee -1.6V, 
Vee:::: 4.75V, Tj = 25°C 20 34 Q 

Tj = 85°C 27 50 Q 
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dc electrical characteristics (can't) . 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Output Sink Resistance 
MM78C29/MM78C30 VOUT = 0.4V, Vee = 4.5V 

Tj = 25°C 20 36 n 
Tj = 125°C 28 50 n 

VOUT = O.4V, Vee = 10V 
Tj = 25°C 10 18 n 
Tj ", 125°C 14 25 n 

MM88C29/MM88C30 VOUT = O.4V, Vee = 4.75V 
Tj = 25°C 18 41 n 

Tj = 85°C 12 50 n 

VOUT = O.4V, Vee = 10V 
Tj = 25°C 10 21 n 

Tj = 85°C 12 26 n 

Output Resistance Temperature-
Coefficient 

Source 0.55 %tc 
Sink 0.40 %tc 

Thermal Resistance,8 jA 

°C/W MM78C29/MM78C30 100 

(D-Package) 
MM88C29/MM88C30 150 °C/W 

(N-Package) 

ac electrical characteristics IA = 25°C, CL = 50 pF 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Propagation Delay Time to Logical "1" (See Figure 2J I' 
or "0" (tpd ) 

MM78C29/MM88C29 Vee = 5V 80 200 ns 

Vee = lOV 35 10 ns 
MM78C30/MM88C30 Vee = 5V 110 350 ns 

Vee = 10V 50 150 ns 

Power Dissipation Capacitance (Cpo) 
MM78C29/MM88C29 (Note 3) 150 pF 
MM78C30/MM88C30 (Note 3) 200 pF 

Input Capacitance (C IN ) 

MM78C29/MM88C29 (Note 2) 5.0 pF 
MM78C30/MM88C30 (Note 2) 5.0 pF 

Differential Propagation Delay Time RL = lOOn, CL = 5000 pF 
to Logical "1" or "0" (See Figure 1 J 

MM78C30/MM88C30 Vee = 5V 400 ns 
Vee = 10V 150 ns 

Note 1: "~bsolute Maximum Ratings" are those values beyond which the safety of the device, cannot be guaranteed, Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated' at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: CPO determines the no load ae power consumption of any CMOS device. For complete explanation see 54C174C Family Characteristics \ 
application note, AN~90. 
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typical performance characteristics 
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typical applications 

· .. ·1 

v" 

;,,·1 
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INPUT 
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V" 

" 
1I6MM78C29/ 

MM88C29 

':" 

Digital Data Transmission 

LINE DRIVER AND RECEIVER (NOTE 31 ' 

Note1: Exact value depends on line length. 

CI 
O.01J.lF 

INOTE !) 

Note 2: OPtional to conttol response time. 
_~~~~~~~fu~m RM~ 

SINGLE-WIRE TRANSMISSION LINE (NOTE 11 V" 

OUTPUT 

Note 1: Vee 15 3V to 15V ':" 

Typical Data Rate vs Transmission line Length 
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Note 1: The transmission line used was #22 guage unshielded twisted pair 
(40ktermination). 

Note2: The curves generated assume that both driversaredrivmgequal 
lines, and that the maxi{T1um power is 500 mW/package. 
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CD4001M/CD4001C quadruple 2-input NOR gate 

general description 

The CD4001M/CD4001C is a monolithic complemen
tary MOS (CMOS) quadruple two-input NOR gate 
integrated circuit. N a'nd P·channel enhancement mode 
transistors provide a symmetrical circuit with output 
swings essentially equal to the .supply voltage. This 
results in high noise immunity over a wide supply 
voltage range. No dc power other than that caused by 
leakage current is consumed during static conditions. 

schematic and connection diagrams 

.-----.... -----.... -<>VDD 

'----..... -~--.... __OV" 

All inputs are protected against static discharge and 
latching conditions. 

features 

• Wide supply voltage range 

• Low power 

• High noise immunity 

TOP VIEW 

3V to 15V 

10 nW (typ) 

0.45 VDD (typ) 

v", 
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absolute maximum ratings 

Voltage at Any Pin (Note 1) Vss - 0.3V to Voo + 0.3V 
Operating Temperature Range 

CD4001M -55°C to +125°C 
CD4001C -40°C to +85°C 

Storage Temperature Range -65°C to +150°C 
Package Dissipation 500mW 
Operating Voo Range Vss + 3.0V to Vss + 15V 
Lead Temperature (Soldering, 10 seconds) 300°C 

dc electrical characteristics CD4001M 

LIMITS 

PARAMETER CONDITIONS -5Soc 2SoC 125°C UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Quiescent Device Voo "SV O.OS 0.001 0.05 3 p.A 
Current (I e! Voo " lOV 0.1 0.001 0.1 6 p.A 

Quiescent Oevice Dissi- Voo" 5V 0.25 0.005 0.2S 15 p.W 
pat ion/Package (Po) Voo "10V 1 am 1 60 p.W 

Output Voltage Low Voo" 5V, V," Voo,lo "OA 0.G1 a 0.G1 0.05 V 
Level (Voe! Voo " 10V, V, " Voo , 10 "OA 0.01 a am 0.05 V 

Output Voltage High Voo "5V, VI = Vss. 10 "OA 4.99 4.99 5 4.95 V 
Level (VOH ) Voo " 10V, V, "Vss , 10"OA 9.99 9.99 10 9.95 V 

Noise Immunity Voo" 5V, Vo "3.6V,lo "OA 1.5 1.5 2.25 1.4 V 
(VNL ) (All Inputs} Voo "lOV, Vo "7.2V,lo " OA 3 3 4.5 2.9 V 

Noise Immunity Voo" 5V, Vo" 0.95V,lo "OA 1.4 1.5 2.25 1.5 V 
(VNH ) (All Inputs} Voo " 10V, Vo "2.9V, 10 "OA 2.9 3 4.5 3 V 

Output Drive Current Voo" 5V, Vo "O.4V, V, "Voo 0.5 0.40 1 0.28 mA 
N-Channel (IoN) Voo " lOV, Vo "0.5V,V, "Voo 1.1 0.9 2.5 0.65 mA 

Output Drive Current Voo" 5V, Vo "2.5V, V, " Vss -Q.62 -Q.5 -2 -Q.35 mA 
P·Channel (loP) Voo " 10V, Vo "9.5V, V, "Vss -Q.62 -{l.5 -1 -Q.35 rnA 

Input Current (I,) 10 pA 

~c electrical characteristics CD4001C 

LIMITS 

PARAMETER CONDITIONS -40°C 2SoC 8SoC UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Quiescent Device Voo " 5V 0.5 0.005 0.5 15 p.A 
Current {ILl Voo" 10V 5 0.005 S 30 p.A 

Ouiescent Device Dissi- Voo "5V 2.5 0.025 2.5 75 p.W 
pation/Package (Po) Voo "10V 50 0.05 50 300 p.W 

Output Voltage Low Voo" 5V, V," Voo , 10 "OA 0.01 0 am 0.05 V 
Level (Voe! Voo" 10V, V, "Voo,l o "OA 0.01 0 om 0.05 V 

Output Voltage High Voo" 5V, V," Vss , 10 "OA 4.99 4.99 5 4.95 V 
Level (VoH) Voo "10V, V, "Vss , 10 = OA 9.99 9.99 lO 9 .. 95 V 

Noise Immunity Voo " 5V, Vo "3.6V,lo "OA 1.5 1.5 2.25 1.4 V 
(VNe! (All Inputs) Voo " 10V, Vo "7.2V, 10 "OA 3 3 4.5 2.9 V 

Noise Immunity Voo "5V, Vo "0.95V, 10 = OA 1.4 1.5 2.25 1.5 V 
(V NH ) (All Inputs) Voo " 10V, Vo "2:9V, 10 =OA 2.9 3 4.5 3 V 
Output Drive Current .Voo " 5V, Vo = 0.4V, V, = Voo 0.35 0.3 1 0.24 rnA 
N·Channel (IoN) Voo" 10V, Vo = 0.5V, V, = Voo 0.72 0.6 2.5 0.48 mA 

Output Drive Current Voo" 5V, Vo = 2.5V, V, = Vss -Q.35 -Q,3 -2 -Q.24 rnA 
P·Channel (loP) VOD = 10V, Vo "9.5V, V," Vss -Q.3 -Q.25 -1 -Q.2 rnA 

Input Current (I,) 10 pA 

Note 1: This device should not be connected -to circuits with the power on because high transient voltages ~ay cause permanent damage. 
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ac electrical characteristics CD4001M 

T A = 25°C and CL = 15 pF and input rise and fall times = 20 ns. Typical temperature coefficient for all values of V DO = 0.3%/oC. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Propagation Delay Ti me High Voo = 5V 35 65 ns 

to Low Level (tPHL) Voo = 10V 25 40 ns 

Propagation Delay Time Low Voo = 5V 35 65 ns 
to High Level (tPLH ) Voo = 10V 25 40 ns 

Transition Time High to Low Voo = 5V 65 125 ns 

Level (tTHL) Voo = 10V 35 70 ns 

Transition Time Low to High V OD = 5V 65 175 ns 
Level (tTLH) Voo = 10V 35 75 ns 

Input Capacitance (CI ) Any Input 5 pF 

ac electrical characteristics CD4001 C 

T A = 25°C and CL = 15 pF and input rise and fall times = 20 ns. Typical temperature coefficient for all values of V DO = 0.3%tC. 

-
PARAMETER CONDITIONS MIN TYP MAX UNITS 

Propagation Delay Time High Voo = 5V 35 80 ns 

to Low Level (tPHd Voo = 10V 25 55 ns 

Propagation Delay Time Low Voo = 5V 35 120 ns 
to High Level (tPLH ) Voo = 10V 25 65 ns 

Transition Time High to Low Voo = 5V 65 200 ns 

Level (tTHL) Voo'= 10V 35 115 ns 

Transition Time Low to High Voo = 5V 65 300 ns 
Level (tTLH ) Voo = 10V 35 125 ns 

Input Capacitance (CI ) Any Input 5 pF 
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CD4002M/CD4002C dual 4-input NOR gate 

general description 

These NOR gates are monolithic complementary 
MOS (CMOS) integrated circuits. The Nand P 
channel enhancement mode transistors provide a 
symmetrical circuit with output· swings essentially 
equal to the supply voltage. This results in high 
noise immunity over a wide supply voltage range, 
No DC power other than that caused by leakage 
current is consumed during static conditions. All 
inputs are protected against static discharge and 
latching conditions. 

features 

• Wide supply voltage range 3V to 15V 

schematic and connection diagrams 

Voo 

• Low power 

• High noise immunity 

applications 

• Automotive 

• Data terminals 
.• Instrumentation 

• Medical electronics 

• Alarm system 

• I ndustrial controls 

• Remote metering 

• Computers 

Voo 

TOP VIEW 

10 nW (typical) 

0.45 V DD (typical) 

Nt 

NC Vss 



absolute maximum ratings 
Voltage at Any Pin (Note 1) 

Operating Temperature Range CD4002M 
CD4002C 

Storage Temperature Range 

V$-O.3V"to V$+15.5V 
-55"C to +125"C 

-40"C to +85"C 
-65"C to + 150"C 

electrical characteristics 

TEST 
CONDITIONS CD4002M 

CHARACTERISTIC _55°C 25u C 

Vo VDD MIN TVP MAX MIN TVP MAX 
VOLTS VOLTS 

Ou'e~cent Dev,ce 05 0001 0.05 
Current (I~) 10 01 0001 01 

QUiescent Device 0.25 0.005 0,25 
Disslpallon/Package (Pol 10 001 I 

Output Voltage 0.01 0.01 
Low Level (Vod 10 0.01 

High level WOH) 499 499 5 

10 9.99 999 10 

NOise Immunity Vo >3.5 15 15 2.25 
(Alllnpuh) (V NI ) 

Yo> 7.0 10 45 

Vo < 1 5 225 
(V NH ) 

Vo <3.0 10 2.9 4.5 

Output D"~eCurrent 
04 0.5 040 

N·Channel noN) V, = Voo 
0.5 10 09 

2.5 -062 -05 
P-Channel (loP) V, ~ Vss 

9.5 10 -062 -05 

Input Current (I,) 10 

MIN 

4.95 

995 

14 

29 

15 

0.28 

065 

-0.35 

-035 

Package Dissipation 
Lead Temperature (Soldering. 10 sec) 
Operating VOD Range 

LIMITS 

CD4002C 

12S"C -40"c 25~C 

TVP MIN TVP MAX MIN TVP 

05 0005 

0.005 

25 

60 50 005 

005 001 

005 001 

499 4.99 

9.99 9.99 10 

1.5 15 2.25 

4.5 

14 15 225 

2.9 4.5 

0.35 03 

072 06 25 

-035 -03 -2 

- -0.3 -025 

10 

MAX 

05 

25 

001 

0,01 

500mW 
300"C 

Vss+3V to V ss +15V 

85'C 

MIN TVP MAX 

15 

30 

75 

300 

0.05 

0.05 

4.95 

995 

2.9 

1.5 

024 

048 

-024 

-0.2 

Note 1: This device should not be connected to circuits with the power on because high transient voltage may cause permanent 
damage. 

LIMITS 

CHARACTERISTICS 
TEST 

CD4002M CD4Q02C UNITS 

Veo - TVP MAX 
(VOLTS) 

Propagation Delay T,me 35 50 

low·to·H,ghLevel (tPLHI 25 40 55 

H,gh·to-lowlevel (tPHd 35 95 35 120 

Trans,tlOnTlme' 65 200 

low·to-H,gh level (tTLHI 10 35 35 115 

Hogh·to·lowlevel (tTHd 65 65 300 

10 35 75 35 125 

Input Capacitance (Cd Any Input ,F 

(") 
0 
~ 
0 
0 
N 
3: ...... 
(') 
0 
~ 
0 
0 
N 

UNITS (") 

,A 

,w 

v 

mA 

,A 
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CD4006M/CD4006C 18-stage static shift register 

general description 
The CD4006M/CD4006C 18-stage static shift register 
is comprised of four separate shift register sections, 
two sections of four stages and two sections of five 
stages. Each section has an independent data input.' 
Outputs are available at the fourth stage and the fifth 
stage of each section. A common clock sign~1 is used for 
all stages. Data is shifted to the next stage on the 
negative-going transition of the clock. Through appro
priate connections of inputs and outputs, mUltiple 
register sections of 4,5, 8 and 9 stages or single register 
section of 10, 12, 13, 14, 16, 17, and 18 stages can b~ 
implemented using one package. 

features 
• Wide supply voltage range 

• High noise immunity 
• Low clock input capacitance 

logic diagrams 

3.0V to 15V 
0.45 VDD typ 

6 pF typ 

• Medium ,speed operation 

• Low power 
• Fully static operatiqn 

applications 

• Automotive 
• Data terminals 

• Instrumentation 

• Medical electronics 

• Alarm system 
• I ndustry control 

• Remote metering 

• Computers 

OATA~om --J>o- OUTPUT 
IF 4TH OR r 5TH STAGE r-f· 

FROM 
PREVIOUS 

STAGE 
(OR DATA 

IF 1ST STAGE} 

_ r=--Ci 

CLOCK Cl 

connection diagram 

I 

DATA 1 NC CLOCK DATA 2 DATA 3 DATA 4 

TOP VIEW 
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TO NEXT STAGE 
0'1 -H' TTl , -tIT L-f-J 

Ci 

,truth table 

D CL~ 

0 L-
1 L-
X --l 

x ,= Don't care 
tl == Level change 

NC = No chan~e 

10 MHz typ 
with VDD ~ 10V 

Ci ,±-, 
-HI T8-', 

I i I L-f-J 
Cl 

D+l 

0 

1 

NC 



absolute maximum ratings 

Voltage at Any Pin (Note 1) Vss - 0.3V to VDD + 0.3V 
Operating Temperature Range .. 

CD4006M -55°C to +125°C 
CD4006C -40°C to +85°C 

Storage Temperature Range -65°C to +150°C 
Package Dissipation 500mW 
Operating V DO Range Vss + 3.0V to Vss + 15V 
Lead Temperature (Soldering, 10 seconds) 300°C 

dc electrical characteristics CD4006M 

LIMITS 

PARAMETER CONDITIONS "55"C 25°C 125°C UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Quiescent Device Voo "5.0V 0.5 0.01 0.5 30 /lA 
Current (I L) Voo " 10V 1.0 001 1.0 60 /lA 

Quiescent Device Dissi- Voo "5.0V 2.5 0.05 2.5 150 ~W 

pation/Package (p 0) Voo" 10V 10 0.1 10 600 I'W 

Output Voltage Low Voo "5.0V 0.01 0 0.01 0.05 V 
LevellV oL ) Voo." 10V 0.01 0 0.01 0.05 V 

Output Voltage High Voo "5.0V 4.99 4.99 5 4.95 V 
LevellV oH ) Voo " 10V 9.99 9.99 10 9.95 V 

Noise Immunity Voo "5.0V 1.5 1.5 2.25 1.4 V 
IVNL ) IAlllnputs) Voo " 10V 3.0 3.0 4.5 2.9 V 

Noise Immunity Voo ".5.0V 1.4 1.5 2.25 1.5 V 
IVNH ) IAlllnputs) Voo " 10V 2.9 3.0 4.5 3.0 V 

Output Drive Current Voo" 5.0V. Va" 0.5V 0.155 0.125 0.25 0.085 rnA 
N·Channel (IoN) Voo "10V, Va" 0.5V 0.31 0.25 0.5 0.175 rnA 

Output Drive Current Voo "5.0V, Va" 4.5V -0.125 -0.1 -0.15 -0.07 rnA 
P·Channel (loP) V oo "10V, Va" 9.5V -0.25 -0.2 -0.3 -0.14 rnA 

Input Current (I,) Any Input 10 pA 

dc electrical characteristics CD4006C 

LIMITS 

PARAMETER CONDITIONS -40°C 25°C 85°C UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Quiescent Device Voo ~ 5.0V 5 0.03 5 70 /lA 
Current II cI Voo " 10V 10 0.05 10 140 /lA 

Quiescent Device Dissi- Voo "5.0V 25 0.15 25 350 /lW 
pat ion/Package IPo ) Voo " lOV 100 0.5 100 1400 /lW 

Output Voltage Low Voo "5.0\1 0.01 0 om 0.05 V 
LevellV oL ) Voo " 10V 0.01 0 0.01 0.05 V 

Output Voltage High Voo "5.0V 4.99 4.99 5 4.9.5. V 
Level IVOH ) Voo " 10V 9.99 9.99 10 9.95 V 

Noise Immunity Voo "5.0V 1.5 1.5 2.25 1.4 V 
IVNc! IAII Inputs) Voo " 10V 3 3 4.5 2.9 V 

Noise Immunity Voo "5.0V 1.4 1.5 2.25 1.5 V 
IVNH ) IAlllnputs) Voo " 10V 2.9 3 4.5 3 V 

Output Drive Current Voo "5.0V, Va" 0.5V 0.072 0.06 0.25 0.048 rnA 
N·Channel (IoN) Voo " 10V, Va" 0.5V 0.15 0.125 0.5 0.10 rnA 

Output Drive Current Voo "5.0V, Va" 4.5V -0.06 -0.05 -0.15 -0.04 rnA 
P·Channel (loP) Voo " 10V, Va" 9.5V -0.12 -0.1 -0.3 -0.08 rnA 

Input Current (ld Any Input 10 pA 

Note 1: This device should not be connected to circuits'with power on because high transient voltages may cause permanent damage. 
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acelectrical characteristics 
CD4006M at TA ;= 25°C and CL ;= 15 pF. Typical temperature coefficient for all values of V DO ;= 0.3'Yo1bc .. 

. LIMITS 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX 

Propagation Delay Time (tPLH ;= tpHd Voo ;= 5.0V 180 400 ns 
Voo ;= 10V 80 200 ns 

Transition Time (tTLH ;= tTH d Voo ;= 5.0V 150 '400 ns 
Voo;= 10V 60 200 ns 

Minimum Clock Pulse Width Voo ;= 5.0V 100 500 ns 
(TwL ;= TwH ) Voo;= 10V 50 ." 200 ns 

Clock Rise and Fall Time Voo ;= 5.0V 15 !1S 
(t,CI ;= tICI)' Voo;= 10V 5 !1S 

Set·UpTime Voo;= 5.0V 50 80 ns 
Voo ;= 10V 25 40 ns 

Maximum Clock Frequency (fel ) Voo ;= 5.0V 1 5 MHz 
Voo ;= 10V . 2.5 10 MHz 

Input Capacitance (C I ) Data Input 5 pF 
Clock Input 6 pF 

ac electrical characteristics CD4006C 

LIMITS 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX 

Propagation Delay Time (tpLH ;= t pH L) Vo~;= 5.0V 180 500 ns 
Voo ;= 10V 80 250 ns 

Transition Time (tTLH ;= t THL ) Voo ;= 5.0V 150 400 ns 
Voo ;= 10V 60 250 ns 

Minimum Clock Pulse Width Voo ;= 5.0V 100 830 ns 
(TwH ;=TwL ) Voo ;= 10V 50 250 ns 

Clock Rise and Fall Time Voo ;= 5.0V . 15 !1S 
(t,CI ;= tICI)* Voo;= 10V 5 !1s 

Set·Up Time Voo;= 5.0V 50 100 ns 
VoD;= 10V 25 50 ns 

Maximum Clock Frequency (fed Voo ;= 5.0V 0.6 5 MHz 

Voo = 10V 2 10 MHz 

I nput Capacitance (CI ) Data Input 5 pF 

Clock Input 6 pF 

*If more than one u'nit is cascaded trel should be made less than or equal to the sum of the fixed propagation delay time at 15 pF and the' 
transition time of the output stage for the estimated capacitive load. 

switching time 
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CD4007M/CD4007C dual complementary pair plus inverter 

general description features 

The CD4007M/CD4007C consists of three complemen
tary pairs of N-channel and P-channel enhancement mode 
MOS transistors. All inputs are protected from static 
discharge by diode clamps to VDD and Vss. 

• Wide supply voltage range 

• High noise immunity 
3.0V to 15V 

0.45 Vee typ 

For proper operation the voltages at "II pins must be 
constrained to be between Vss - 0.3V and VDD + 0.3V 
at all times. 

connection diagram 

ac test c.ircuits 

voo j14'11 

\

IP 

INPUT 10 H. : 12 OUTPUT 

I N 15 pF 

-1; .. J 

voo 

14 13 12 11 10 

~----------------~~I N 

TOP VIEW 

Note: All P-channel substrates are connected to VOD . 
and all N-channel substrates are connected to Vss. 

Voo 

I j14.2 

\

IP 

INPUT J H OUTPUT 

I N 15 pF 

1;.4 J 

Voo 

j14 

\

IP 
S,13 

INPUT 6 n OUTPUT 

I N 15 pF 

. 1; J 
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absolute maximum ratings (Note 1) '; .. 

Voltage at Any Pin Vss - 0.3V to Vee + 0.3V 
Operating Temperature Range <\',r 

CD4007M -S5°C to +1 2SoC 
CD4007C " --40°C to +8SoC 

Storage Temperature Range -65°C to +150°C 
Package Dissipation 500mW 
Operating Vee Range Vss + 3.0V to Vss + 15V 
LeadTemperature (Soldering, 10 seconds) 300°C 

(, 

dc electrical characteristics CD4007M 

LIMITS 

PARAMETER CONDITIONS -55°C 25°C 12So.C UNITS 

MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Quiescent Device Voo = 5V ·0.05 0.001 0.05 3 IlA 
Current (ld Voo '= 10V 0.1 0.001 0.1 6 IlA 

Quiescent Device Dissi- Voo = 5V 0.25 0.005 0.25 15 IlW 
pation/Package (Po) Voo = 10V 1 0.01 1 60 IlW 

Output Voltage Low Voo = 5V 0.01 0 0.01 0.05 V 
Level (Vod Voo = 10V 0.01 0 0.01 0.05 V 

Output Voltage Hi!t1 Voo = 5V 4.99 4.99 5 4.95 V 
Level (VOH ) Voo = 10V 9,99 9.99 10 9.95 V 

Noise Immunity Voo = 5V, Vo = 3.6V 1.5 1.5 2.25 1.4 V 
(VNd (All Inputs) Voo = 10V, Vo = 7.2V 3 3 4.5 2.9 V 

Noise Immunity Voo = 5V, Vo =0.95V 1.4 1.5 2.25 1.5 V 
(VNH ) (All Inputs) Voo = 10V, Vo = 2.9V 2.9 3 4.5 3 V 

Output Drive Current Voo = 5V, Vo = O.4V, V, = Voo 0.75 0.6 1 0.4 rnA 
N·Channel (IoN) Voo = 10V, Vo =0:5V, V, = Voo 1.6 1.3 2.5 0.95 rnA. 

Output Drive Current Voo = 5V, Vo = 2:5V, V, ~ Vss -1.75 -1.4 -4 -1 rnA 
P·Channel (loP) Voo = 10V, Vo = 9.5V, Vi = Vss :-1.35 -1.1 -2.5 -Q.]5 rnA 

I nput Current (I,) 10 pA 

dc electrical cha.racteristics CD400ic 

LIMITS 

'PARAMETER CONDITIONS -4QoC 25°C 85°C ·UNITS 

MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Quiescent Device Voo = 5V 0.5 0.005 0.5 15 p.A 
.current (ld Voo = 10V 1 0.005 1 30 p.A 

Quiescent Device Oissi- Voo = 5V 2.5 0.025 2.5 75 p.W 
pation/Package (Po) Voo = 10V 10 0.05 10 300 p.W 

Output Voltage Low Voo = 5V 0.01 0 0.01 0.05 V 
Level (VOL) Voo = 10V 0.01 0 0.01 0.05 V 

Output Voltage High Voo = 5V 4.99 4.99 5 4.95 V 
Level (VOH ) Voo = 10V 9.99 9.99 10 9.95 V 

Noise Immunity Voo = 5V, Vo '= 3.6V 1.5 1.5 2.25 1.4 V 
(VNd (All Inputs) Voo = 10V, Vo = 7.2V 3 3 4.5 2.9 V 

Noise Immunity Voo = 5it, Vo =·0.95V 1.4 1.5 2.25 1.5 V 
(VNH ) (All Inputs) Vee = 10V, Vo = 2.9V 2.9 3 4.5 3 V 

OutPUt Drive Current Vee = 5V, Vo = O.4V, V, = Vee 0.35 0.3 1 0.24 rnA 
N·Channel OoN) Voo = 10V, Vo = 0.5V, V, = Voo 1.2 1 2.5 0.8 rnA 

Output Drive Eurrent Voo = 5V, Vd = 2.5V, V, = Vss -1.3 '-1.1 -4 -Q.9 rnA 
P·Channel (10 P) Voo = 10V, Vo =9.5V, V, = Vss -Q.65 -Q.55 -2.5 -Q.45 mA 

Input Current (I,) 10 pA 

Note 1: This device should not be connected to circuits with the power on because high transient voltages may cause permanent damage. 
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ac electrical characteristics CD4007M 

TA = 25°C and CL = 15 pF'and input rise and fall times = 20 ns. Typical temperature coefficient for all values of Voo = 0.3%/oC. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Propagation Delay Time (tPLH = tpH L) Voo = 5V 35 60 ns 

Voo=10V 20 40 ns 

Transition Time (tTLH = tTHL ) Voo = 5V 50 75 ns 

Voo = 10V 30 40 ns 

Input Capacitance (C I ) Any Input 5 pF 

ac electrical characteristics CD4007C 

T A = 25°C and CL = 15 pF and input rise and fall times = 20 ns. Typical temperature coefficient for all values of V DO = 0.3%tC. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Propagation Delay Time (tPLH = t pHL ) Voo = 5V 35 75 ns 

Voo = 10V 20 50 ns 

Transition Time (tTLH = tTH L) Voo = 5V 50 100 ns 

Voo = 10V 30 50 ns 

Input Capacitance (C I ) Any Input 5 pF 

switching time waveforms 

_I~t, -I ~t, 

VDD 
90% 90%~ INPUT 50% 50% 

Vss~ -I ~~~ tpHL - -
OUTPUT 

t. '" t, '" 20 ns 
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CD4009M/CD4009C hex buffers (inverting) 
CD4010M/CD4010C hex buffers (non-inverting) 

general description 

These hex bl!ffers are monolithic complementary 
MOS (CMOS) integrated circuits. The Nand P 
channel enhancement moqe transistors provide a 
symmetrical circuit with output swings essentially 
equal to the supply voltage. This results in high 
noise immunity over a wide supply voltage range. 
No DC power other than that caused by leakage 
current is consumed during static conditions. All 
inputs are protected against static discharge. These 
gates may be used as hex buffers, CMOS to DTL or 
TTL interface or as CMOS current drivers. Con
version ranges are from 3 to 15 volts providing 

Vee <::: VDD · 

features 
• Wide supply voltage range 3V to 15V 

• Low power 100 nW (typical) 

schematic and connection diagrams 

+-+-...... --0 K 1.S ::~ 

Hex COS/MOS to OTl or TTL 
converter (non-inverting) 

Connect Vee to Oll or TTl 
supply 

Vss ":" Connect Voo to COS/MOS supply 

CD4009M/CD4009C 

Hex COS/MaS to OTt or TTl 
converter (inverting) 

Connect Vee to on or TTl 
supply 

Connect Voo to COS/MOS supply 

CD4010M/CD4010C 

• High noise immunity 0.45 V DO (typical) 

• High current sinking capability 8 mA (min) 
at VO = 0.5V and VDD = 10V 

applications 
• Automotive 

• Data terminals 

• Instrumentation 

• Medical electronics 

• Alarm system 

• Industrial controls 

• Remote metering 

• Computers 



absolute maximum ratings 
Voltage at Any Pin (Note 1) 
Operating Temperature Range CD40XXM 

CD40XXC 
Storage Temperature Range 

VS5 - O.3V to Vss + 15.5V 
-55"C to +12S"C 

-40"C to +8S"C 
-6S"C to +150"C 

dc electrical characteristics 

CHARACTERISTIC 

QulltKent Device Current 

lid 

OulescenlDevtCfl 
DIISlp;ltlon/Plickage IPol 

Output Voltage: 
l~-level Wod 

Noise Immunltv tAlllnpuul 

C04009M I 
CD4010M I 

Output OrlveCurrenl: 
N·Channel lioN) 

P.Channel!!"P) 

InputCurrenll1 l 1 

Vo .?4.0 

Vo ?8.0 

VoS: 1.5 

Vo.s;30 

Vo~3.5 

,. 
,. 
5 ,. 
5 ,. 
,. 
,. 

.99 

999 

, 6 

3.2 

" 
Vo~7.0 10 29 

0.4 3.75 

0.5 10 10 

2.5 -1.85 

9.5 10 -0.9 

03 

05 

" '5 

00' 

0.01 

4.99 

TVP MAX 

001 0.3 

0.01 05 

0.05 15 •. , 
o 0,01 

0.01 

9.99 10 

" 

2.25 

'.5 

2.25 

'.5 

15 2.25 

'.5 

>0 

-1.25 -1.75 

-0.6 -0.8 

>0 

Package Dissipation 
Lead Temperature (Soldering, 10 sec) 
Operating VOD Range 

LIMITS 

CD40XXC 

SOOmW 
300"C 

Vss + 3V to Vss + 15V 

MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

20. 

30 

0.03 

0.05 

42 7. 
100 '5 0.15 15 210 

~ ~ U 00 ~ 

005 001 0.01 0.05 

0,05 0.01 001 0.05 

4.95 4.99 4.99 4.95 

9.95 999 9.99 10 9.95 

.. " 
'.2 
L4 

29 

." 
2.' 

56 

-0.9 

-0.4 

>.6 

3.2 

, .• 
2.9 

3.6 

9.6 

->5 

-0.72 

2.25 

'.5 
1.5 2.25 

45 

1.5 2.25 

'.5 

-1.25 

-0.6 

'0 

•. 9 

>.9 

, .• 
2.9 

>.5 

2.' 

6.' 

-, 
-0.48 

Note 1: This device should not be connected to circuits with the power on because' high transient voltage may cause permanent 
damage. 

ac electrical characteristics at TA = 25°C a~d CL = 15 pF 
Typical Temperature Coefficient for all values of Voo = O.3%tC 

CHARACTERISTIC 

Propagatton Delay Ttme: 
Hlgh·to·LowLevelltPHd 

TranSlttonTlme: 
Htgh·to·Low Level (lTH1..1 

Input Capacitance ICt) 

TEST 
CONDITIONS 

Vee "Voo 

Voo" 10V 

Vee" 5V 

Vee" Voo 

Voo" 10V 

Vee =.5V 

Vee" "00 

AnVlnput 

V •• 
(VOLTS) 

'0 

10 

'0 

'0 

M" 

LIMITS 

C04QXXM 

TV. MAX MIN 

15 55 

10 30 

10 25 

50 80 

25 55 

" 30 

20 45 

16 40 

80 125' 

50 HIO 

5· 

CD40XXC 

TV. 

" '0 
10 

50 

26 

" 
20 

'6 
80 

00 

MAX 

70 

35 

'00 

70 

40 

60 

50 

160 
'20 

UNITS 

pF 

typical applications 

V.o~ '5V 

~-

.r---

mA 

mA 

pA 
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CD4011M/CD4011C quad 2-input NAND gate 
CD4012M/CD4012C dual 4-input NAND gate 
CD4023M/CD4023C triple 3-input NAND gate 

general description 
These NAND gates are monolithic complementary 
MOS (CMOS) integrated circuits. The Nand P 
channel enhancement mode transistors provide a 
symmetrical circuit with output swings essentially 
equal to the supply voltage. This results in high 
noise immunity over a wide supply voltage range. 
No DC power other than that caused by leakage 
current is consumed during static conditions. All 
inputs are protected against static discharge and 
latching conditions. . 

features 
• Wide supply voltage range 3V to 15V 

schematic and connection diagrams 

CD4011M/CD4011C SCHEMATIC 

CD4012M/CD4012C SCHEMATIC 

CD4023M/CD4023C.SCHEMATIC 

• Low power 
• High noise immunity 

applications 
• Automotive 

• Data Terminals 

• Instrumentation 

• Medical Electronics 

• Alarm System 

• I ndustrial Controls 

• Remote Metering 

• Computers 

v" 

10 nW (typical) 

0.45 V DD (typical) 



absolute maximum ratings 
Voltage at Any Pin (Note 1) Vss - O.3V to Vss + 15.5V 
Operating Temperatwre Range C040XXM -5SoC to +12SoC 

. C040XXC ~4O°C to +85°C 
Storage Temperature Range -85°C to +150°C 

Package Dissipation 
lead Temperature ISoldering. 10 sec) 
Operating Voo Range 

500mW 
300°C 

Vss + 3V to Vss + 15V 

Note 1: This device should not be .connected to circuits with the power on .because high transient voltage may cause permanent 
damage. 

dc electrical characteristics 

LIMITS 

CHARACTERISTIC 
TEST 

C040XXM 
CONDITIONS 

Vo v •• -55"'C 25'C 125"C 

VOLTS VOLTS MIN TV. MAX MIN TV. MAX MIN TV. MAX MIN 

QuieseentDevlce - 0.05 0.001 0.05 ., 
CUrrenlllLI 10 - 0.1 0.001 0.1 

Q"uescentDevlce - 0.25 0005 0.25 15 
Dissipalion/PackagelPoi 10 - 1 ~.01 1 - 60 

Output Voltage. 0.01 0.01 0.05 
LoW-Level (VOL) 10 - 0.01 0.01 0.05 

High·Level (VOH) 4.99 4.99 5 4.95 4.99 

10 9.99 9.99 10 9.95 9.99 

Noise Immunity Vo ~ 3.5 5 1.5 1.5 2.25 1.4 1.5 
tAli Inputs) tvNd Vo~7.0 10 , , 4'.5 2.9 , 

Vo-:::' 1.5 1.4 1.5 2.25 1.5 1.4 
IVNHI 

Vo~ 3.0 10 2.9 , 4.5 2.9 

Output Drive Current 0.5 0.31 0.25 0.5 0175 - 0.145 
N·ChannellloNI 0.5 10 0.62 0.5 0.6 0.35 0.' 

P·ChllnneIIlDP) 4.5 5 -0.31 - -0.25 -0.5 0.175 - -0.145 

9.5 10 -0.75 - -0.6 -1.2 0.4 -0.35 

Input Current (II) 10 

ac electrical characteristics @TA =25°CandCL = 15pF 

Typical Temperature Coefficient for all values of Voo= O.3%/oC 

-40"C 

TV. 

-

-

-

LIMITS 

TEST 
CONDITIONS ·CD40XXM CHARACTERISTICS 

CD40XXC 

.. ·c 
MAX MIN TV. MAX 

0.5 0.005 0.5 

0.005 5 

2.5 0.025 2.5 

50 0.05 50 

am - 0 0.01 

0.01 - 0.01 

4.99 5 

9.99 10 

1.5 2.25 , 4.5 

1.5 2.25 , 4.5 

0.12 0.5 

0.25 0.6 

- -0.12 -0.5 -
- -0.3 -1.2 -

10 

CD40XXC UNITS 

Voo MIN TVP MAX MIN TYP MAX 
(VOLTSI 

50 75 50 100 
ns 

lD 25 40 25 50 

Propagation Delay Time: 
Low-to-High Level (tPLH) 

High-to Low Level CtpHL) 50 75 50 100 ns 
10 25 40 25 50 

5 75 100 75 125 ns 
10 40 60 40 75 

Transition Time: 
Low-ta-High Level (tTLH) 

High-to-Low Level (tTHd 5 75 125 .75 150 
ns 

10 50 75 50 100 

Input Capacitance (C I ) Any Input pF 

as·C 
MIN TV' MAX 

15 

30 

75 

- 300 

- 0.01 

- 0.01 

4.95 -
9.95 -
1.4 

2.9 

1.5 

0.95 -
0.2 

.... 95 -
-0.24 -

UNITS 

pA 

lIN 

V 

V 

mA 

mA 

pA 
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CD4013M/CD4013C dual 0 flip"flop 

general description 

The CD4013M/CD4013C dual D flip-flop is a 
monolithic complementary MOS (CMOS) inta-' 
gratilcJ circuit constructed with N and P cl:limnel 
enhancement transistors. Each flip flop has inde
pendent data, set, reset, and clock inputs and, 
"0" and "0" outputs_ These devices can be used 
for shift register applications, and, by connecting 
",0" output to the data input, for counter and 
toggle applications. The logic' level present at the 
"D" input is transfered to the 0 output during the 
positive-going transition of the clock pulse. Set
ting or resetting is independent of the clock 
and is accomplished by a high level on the set' 
or reset line respectively. 

features 

• Supply voltage range 3V to 15V 

schematic and connection diagrams 

~~lJlJ ""'---urur" 
\. v .. 

ALL • .suISTRATl$Cl~ltDltftEeTEDTov"" 
. I-

ALtN-IIUBSTRATElcl::ICDNNECTEDTDV", 
. I-

• Noise Immunity 

• Low pow'er 
• Medium speed operation 

applications 

• Automotive 

• Data terminals 

• Instrumentation 

• Medical electronics 

• Alarm system 

• Industrial electronics 

• Remote metering· 

• Computers· 

0.45 V DO (typ) 
50 nW (typ) 

10 MHz (typ) with 
10 volt supply 

~ C~DC~ 2 RESET.2 DATA! SET! 

0. 0:, CLOCK I RESET I pATAI 

TDPVIEW 

v. 



absolute maximum ratings 

Voltage at Any Pin (Note 1) 
Operating Temperature Range 

CD4013M 
CD4013C 

Storage Temperature Range 
Package Dissipation 
Lead Temperature (Soldering, 10 sec) 
Operating V DO Range 

Vss - 0.3V to Vss + 15.5V 

_55°C to +125°C 
_40°C to +85°C 

-65°C to +150°C 
500mW 

300°C 
Vss + 3V to Vss + 15V 

dc electrical characteristics 

LIMITS 
TEST 

CD4013M 
CONDITIONS 

CHARACTERISTIC 
-5S'C 

Vo VOO TVP MAX TV' VOLTS VOLTS 

QUIescent DevlceCurlent 0005 , 
(ld 10 0005 2 

QUIescent DeVIce 0025 5 
DISSIpatIOn/Package (PDI 10 20 005 20 

Output Voltage V,N =5 00' 00' 
low-LeveIIVoL ) 

V". 00; 

High·level (VOH ) 
V,N=O 499 5 

V,N =0 999 999 " NOIse ImmunIty (All Vo >35 " Inputs) (V NL ) Vo > 7 a 10 45 

(VNHI 
Vo < 1.5 14 225 

Vo <::30 " 29 45 

Output DnveCurrent Vo =0.5 065 0.5 
N-Channel (joN) Vo =05 10 1.25 10 

P-ChannellloP) 
Vo =4.5 -031 -025 

Vo = 95 " -0.8 -065 -<3 

InputCurrerll (I,l '" 
Note 1: Devices should not be connected with power on. 

*Test performed with the following sequence of 1 's and O's. 

125 C 

TVP MAX 

60 

'20 

300 

1200 

005 

0.05 

495 499 

995 999 

29 

" 29 

0.35 035 

0.75 072 

-0175 -0.17 

-045 -04 

-40 C 

TV' 

ac electrical characteristics at T A = 25°C and CL = 15 pF 

Typical Temperature Coefficient for all values of Voo = O.3%/"C 

LIMITS 
TEST 

'CONDITIONS CD4013M 
CHARACTERISTICS 

Voo MIN TV' MAX MIN 
(VOLTS) 

CLOCKED OPERATION 

Propagation Delay Time. 150 250 
(tPH L = tpLH ~ 110 

75 125 
Transition Time (tTHI.- t TLH ) 

10 50 70 

Minimum Clock Pulse 125 175 
Width (tWL=tWH ) 10 50 80 

Maximum Clock R,se & 15 15 

Fall Time ('t'CL ~ t,eLl 10 

20 40 
Set-UpTime 

10 

25 
MaXimum Clock Fr~que'1cy (fed 

10 10 

Input Capae'tdnce (Gil Any Input 

SET & RESET OPERATION 

Propagation Delay Time 175 
225 I 

ItPHL-IRI) (tplHISII 10 75 110 l 

Monlmum Set and Reset Pulse 5 I 125 
175 I 

Widths ItWH'~". tWHIR II 10 ;0 80 

CD4013C 

25C 

MAX 

10 

002 20 

200 200 

001 001 

001 001 

499 

999 10 

45 

225 

03 

06 25 

-0.14 -05 

-033 

.. 

CD4013C 
UNt1S 

TY' MAX 

150 250 

125 

75 150 

50 75 

125 200 

50 100 

20 50 

MHl 
10 

pF 

''" I 7\0 

1
125 

1·5 

I }OO 

;0 100 

TV' 

140 

290 

2800 

005 

995 

15 

024 

05 

-0095 

-027 

.. 

UNITS 

,A 

,W 

rnA 

,A 
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(,) 
C") o truth table 
~ 
Q 
t,) 
...... 
:E 
M 

~ 
Q 
(,) 

logic diagram 

elt 0 R S Q Q 

f 0 0 0 0 1 

.F 1 0 0 1 0 

'- x 0 0 Q Q 

x x 1 0 0 1 

x x 0 1 1 0 

x x 1 1 
. 

No change 
* = I nvalid condition 

** == FF1/FF2 terminal assignments 
t == Level change 
x = Don"t ,care case 

S'To-------~------------------=_----------_, 

DATA 

R'SET 0---------------+--.:::..----------...1 SUFFERED OUTPUTS 

Cl~ 

switching time waveforms 

Voo-+--+,--+--..1 

DATA 

DATA Veo 

V"--+-~=-+"'::;;:..l 

Voo.------+--------~--~-----------

nORD vm ________ -+ ________ -J 

QORQVoo.---------+--______ ~ 
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CD4014M/CD4014C 8-stage static shift register 
general description 
The CD4014M/CD4014C is an 8-stage parallel input/ 
serial output shift register. A parallel/serial control 
input enables individual "jam" inputs to each of 8-
stages. Q outputs are available from the sixth, seventh 
and eighth stages. 

When the parallel/serial control input is in the logical 
"0" state, data is serially shifted into the register 
synchronously with the positive transition of the clock. 
When the parallel/serial control input is in the logical 
"1" state, data is jammed into each stage of the regis
ter synchronously with the positive transition of the 
clock. 

logic diagram 

PARALLEl 9 
SERIAL 

CONTROL 

SERIAL 11 
INPUT 

PARALLEL 
INPUT 

features 
• Synchronous operation 

• Wide supply voltage range 

• High noise immunity 

• Medium speed operation 
clock rate at VDD - Vss = 10V 

• Fully static operation 

• Low power 

applications 
• Parallel to serial conversion 

.• General purpose register 

CLOCKC"~~~~-1~--------~------------~~----~------~---------------" 

3.0V to 15V 

0.45 Vee typ 

5 MHz typ 

TERMINAL NO. 16 = VOD 

TERMINAL NO.8 = GNO 

connection diagram 

VDD 

I" 

r-

1 

15 

1 

PAR 
IN 

14 

3 

8 06 as 
PAR BUF BUf 

IN OUT OUT 

BUF 
OUT SER 
07 IN 

13 12 11 

4 5 , 

PAR IN 
TOP VIEW 

PARI 
SER 

eLK CONT 

ID , 

) I' 

truth table 

SERIAL 
PARALLEL! 

01 CL' 
INPUT 

SERIAL PI1 PI n 
(INTERNAL) 

CONTROL 

..r X 1 0 0 0 

..r x 1 1 0 1 

..r X 1 0 1 0 

..r X 1 1 1 1 

..r 0 0 X X 0 

..r 1 0 X X 1 

'- X X X X 01 

... '" LEVEL CHANGE X = DON'T CARE CASE 

On 

0 

0 

1 

1 

On 1 

On 1 

On 
NO 
CHANGE 

il39 



absolute maximum ratings (Note 1) 

Voltage at Any Pin Vss - 0.3V to Vee + 0.3V 

Operating Temperature Range 

CD4014M -55°C to +125°C 

CD4014C -40°C to +85°C 

Storage Temperature Range -65°C to +150°C 

'Package D issi pation 500 mW 

Operating Vee Range Vss + 3V to Vss + 15V 

Lead Temperature (Soldering, 10 seconds) 300°C 

dc electrical characteristics CD4014M 

LIMITS 

PARAMETERS CONDITIONS -5Soc 2SoC 12SoC UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Quiescent Device Current (I L ) Voo" 5V 5 0.5 5 300 fJA 
Voo"lOV 10 1 10 600 fJA 

Quiescent Device Dissipation Voo" 5V 25 2.5 25 1,500 fJW 
Package (Po) Voo "10V 100 10 100 6,000 fJW 

Output Voltage Voo" 5V 0.01 0 0.01 0.05 V 
low·level (VOL) Voo" lOV '0.01 0 0.01 0.05 V 

Output Voltage Voo" 5V 4.99 4.99 5 4.95 V 
High·level (V OH ) Voo" 10V 9.99 9.99 10 9.95 V 

Noise Immunity Vo"O.BV. Voo" 5V 1.5 1.5 2.25 1.4 V 
(All Inputs) (VNL) Va" lV, Voo" 10V 3 3 4.5 2.9 V 

Noise Immunity Vo" 4.2V. Voo" 5V 1.4 1.5 2.25 1.5 V 
(All I nputs) (V N H) Va" 9V. Voo= 10V 2.9 3 4.5 3 V 

Output Drive Current Vo" 0.5V. Voo = 5V 0.15 0.'12 0.3 0.OB5 rnA 
N·Channel (IoN) Va = 0.5V. Voo = lOV 0.31 0.25 0.5 0.175 rnA 

Output Drive Current Va = 4.5V. Voo = 5V -0.1 -o.OB -0.16 -0.055 rnA 
P·Channel (loP) Va = 9.5V. Voo = 10V -0.25 -0.20 -0.44 -0.14. rnA 

I nput Current (I,) 10 pA 

dc electrical characteristics CD4014C 

LIMITS 

PARAMETERS CONDITIONS -40°C 25°C Ssoc UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Quiescent Device Current (ILl Voo = 5V 50 0.5 .50 700 pA 

Voo = 10V 100 1 100 1,400 pA 

Quiescent Device Dissipation Voo = 5V 250 2.5 250 3,500 pW 
Packoge (Po) Voo = 10V 1,000 10 1,000 14,000 pW 

Output Voltage Voo = 5V 0.01 0 am 0.05 V 
low·level (Vael Voo = lOV 0.01 a 0.01 0.05 II 

Output Voltage Voo = 5V 4.99 4.99 5 4.95 V 
High·level (VOH ) Voo = 10V 9.99 9.99 10 9.95 V 

Noise Immunity Va = O.BV, Voo = 5V 1.5 1.5 2.25 1.4 V 
(All Inputs) (VNeI Vo=1V, Voo ·=·10V 3 3 4.5 2.9 V 

Noise Immunity Vo = 4.2V, Voo = 5V 1.4 1.5 2.25 1.5 V 
(All Inputs) (VNH) Va = 9V, Voo = 10V 2.9 3 4.5 3 V 

Output Drive Current Va = 0.5V, Voo = 5V 0.072 0.06 0.3 0.05 rnA 
N·Channel (IoN) Vo=0.5V, Voo = 10V 0.)2 0.1 0.5 0.08 rnA 

Output Drive Current Va = 4.5V, Voo= 5V -Q.06 -Q.05 -Q.16 -Q.04 rnA 
P·Channel (loP) Va = 9.5V, Voo = 10V -Q.12 -Q.l -Q.44 -Q.OS rnA 

I nput Current (I,) 10 pA 
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ac electrical characteristics CD4014M 

PARAMETERS 

Propagation Delay Time (tPHL , tpLH ) 

Transition Time (tTHL' t TLH ) 

Minimum Clock Pulse Width (tWL' tWH ) 

Minimum High Level Parallel/Serial Control Pulse Width 

(twH(p/sd 

Clock Rise Time (t,CL) or Clock Fall Time (tfCL) 

Set·up Time 

Maximum Clock Frequency (fed 

Input Capacitance (C,) (Note 2) 

ac electrical characteristics CD4014C 

PARAMETERS 

Propagation Delay Time (tPHL , tpLH 1 

Minimum Clock Pulse Width (tWL ' tWH) 

Minimum High Level Parallel/Serial Control Pulse Width 

(tWH{P/S) ) 

Clock Rise Time (t,CL) or Clock Fall Time (tfCL) 

Set-up Time 

Maximum Clock Frequency (fCL) 

Input Capacitance (C,) (Note 2) 

CONDITIONS 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = lOV 

Any Input 

CONDITIONS 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Any Input 

MIN 

1 
3 

MIN 

0.6 
2.5 

LIMITS 
UNITS 

TYP MAX 

300 750 ns 
100 225 ns 

150 300 ns 
75 125 ns 

200 500 ns 
100 175 ns 

200 500 ns 
100 175 ns 

15 /1S 

15 /1S 

100 350 ns 
50 80 ns 

2.5 MHz 
5 MHz 

5 pF 

LIMITS 
UNITS 

TYP MAX 

300 1,000 ns 

100 300 ns 

150 400 ns 

75 150 ns 

200 830 ns 

100 200 ns 

200 830 ns 

100 200 ns 

15 /1S 

15 /1S 

100 500 ns 

50 100 ns 

2.5 MHz 

5 MHz 

5 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Range" 
they are not meant to imply that the devices should be operated at these linihs. Th"e table of "Electrical Characteristics" provides conditions for 
actual d,evice operation. 

Note 2: Capacitance is gU?lranteed by periodic testing. 
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CD4015M/CD4015C dual 4-bit static register 

general description features 

• Wide supply voltage range 

• High noise immunity 

• Medium speed 
operation 

• Fully static operation 

applications 

3.0V to 15V 

0.45 Vee typ 

9 MHz (typ) clock rate 
atVoo -Vss ·=10V 

The CD4015M/CD4015C consist of two identical, inde
pendent, 4-stage serial-input/parallel-output registers. 
Each register has independent "Clock" and "Reset" in
puts as well. as a single serial "Data" input. "0" outputs 
are available from each of the four stages on both 
registers. All register stages are D-type, master-slave 
flip-flops. The logic level present at the data input is 
transferred into the first register stage and shifted over 
one stage at each positive-going clock transition. Reset
ting of all stages is accomplished by a high level on the 
reset line. Register expansion to 8 stages using one 
CD4015M/CD4015C package, or to more than 8 stages 
using additional CD4015M/CD4015C is possible. All 
inputs are protected from static discharge by diode 
clamps to Voo and Vss. 

• Serial-input/parallel-output data queueing 

• Serial to parallel data conversion 

• General purpose register 

connection diagram and truth table 

logic diagrams 
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absolute maximum ratings (Note 1) 

Voltage at Any Pin Vss - O.3V to Voo + O.3V Storage Temperature Range ~5°C to +150°C 

Operating Temperature Range Package Dissipation 5g0mW 

CD4015M -55°C to +125°C Operating Voo - Vss Range 3.0V to 15V 

CD4015C -40°C to +85°C Lead T~mperature (Soldering, 10 seconds) 300°C 

dc electrical characteristics CD4015M 

LIMITS 

PARAMETER CONDITIONS -5Soc 2SoC l2SoC UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Qu iescent Device Voo = SV 5 0.5 5 300 I1A 
Current (I L ) Voo = 10V 10 1 10 600 I1A 

Quiescent Device Dissi- Voo = 5V 25 2.5 25 1500 I1W 
pat ion/Package (Po) Voo = 10V 100 10 100 6000 I1W 

Output Voltage Low Voo = 5V 0.01 0 0.01 0.05 V 

Level (VOL) Voo = 10V 0.01 0 0.01 0.05 V 

Output Voltage High Voo = 5V 4.99 4.99 5 4.95 V 
Level (VOH ) Voo = 10V 9.99 9.99 10 9.95 V 

Noise Immunity (Any Voo = 5V, Vo = O.BV 1.5 1.5 2.25 1.4 V 
Input) (VNL ) Voo = 10V, Vo = 1.0V 3 3 4.5 2.9 V 

Noise Immunity (Any Voo = 5V, Va = 4.2V 1.4 1.5 2.25 1.5 V 
Input) (V NH) Voo = 10V, Va = 9.0V 2.9 3 4.5 3 V 

Output Drive Current Voo = 5V, Va = 0.5V 0.15 0.12 0.3 0.OB5 mA 

N·Channel (IoN) Voo = 10V, Va = 0.5V 0.31 0.25 0.5 0.175 mA 

Output Drive Current Voo = 5V, Va = 4.5V -0.1 -o.OB -0.16 -0.055 mA 

P·Channel (loP) Voo = 10V, Va = 9.5V -0.25 -0.20 -0.44 -0.14 mA 

Input Current (I,) 10 pA 

dc electrical characteristics CD4015C 

LIMITS 

PARAMETER CONDITIONS -40°C 2SoC 8SoC UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Quiescent Device Voo = 5V 50 0.5 50 700 MA 
Current (I L) Voo = 10V 100 1 100 1400 I1A 

Ouiescent Device Dissi- Voo = 5V 250 2.5 250 3500 MW 
pat ion/Package (Po) Voo = 10V 1000 10 1000 14000 MW 

Output Voltage Low V DO = 5V 0.01 a 0.01 0.05 V 

Level (VOL) Voo = 10V 0.01 0 0.01 0.05 V 

Output Voltage High Voo = 5V 4.99 4.99 5 4.95 V 
Level (VOH ) Voo = 10V 9.99 9.99 10 9.95 V 

Noise Immunity (Any Voo = 5V, Va = 0.8V 1.5 1.5 2.25 1.4 V 
Input (VNL) Voo = 10V, Va = 1.0V 3 3 4.5 2.9 V 

Noise Immunity (Any Voo = 5V, Va = 4.2V 1.4 1.5 2.25 1.5 V 
Input (VNH ) Voo = 10V, Va = 9.0V 2.9 3 4.5 3 V 

Output Drive Current Voo = SV, Va = 0.5V 0.072 0.06 0.3 0.05 mA 
N·Channel (IoN) Voo = 10V, Va = 0.5V 0.12 0.1 0.5 0.08 mA 

Output Drive Current Voo = SV, Vo =4.SV -0.06 -0.05 -0.16 -0.04 mA 

P·Channel (loP) Voo = 10V, Va = 9.SV -0.12 -0.1 -0.44 r{).08 mA 

Input Current (I,) 10 pA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for 
actual device operation. 
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ac electrical characteristics 

. PARAMETER 

CLOCKED OPERATION 

Propagation Delay Time (tpHL , tpLH) 

Transition Time (tTHL , tTLH ) 

Minimum Clock Pulse Width (tWL , t WH ) 

Clock Rise and Fall Time (t,eL, t,Cl_) 

Set-Up Time 

Maximum Clock Frequency (fcL ) 

Input Capacitance (C,) 

RESET OPERATION 

Propagation Delay Time (tPHLIR)) 

Minimum Set and Reset Pulse Widths 

(twHIR)) 

ac electrical characteristics 

PARAMETER 

CLOCKED OPERATION 

Propagation Delay Time (tpHL , tPLH) 

Transition Time (tTHL , t TLH ) 

Minimum Clock Pulse Width (twL , tWH ) 

Clock Rise and Fall Time 

Set-Up Time 

Maximum Clock Frequency (fcL ) 

Input Capacitance (C,) 

RESET OPERATION 

Propagation' Delay Time (tPHLIR)) 

Minimum Set and Reset Pulse Widths 

(twHIR)) 
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CD4015M 

CONDITIONS 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Voo 5V 
Voo = 10V 

CD4015C 

CONDITIONS 

Voo = 5V 
Voo = 10V 

Von = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

Voo = 5V 
Voo = 10V 

LIMITS 
UNITS 

MIN TYP MAX 

250 750 ns 
100 ,225 ns 

150 30b ns 
75 125 ns 

100 500 ns 
50 175 ns 

15 /1S 

15 /1S 

50 350 ns 
25 80 ns 

1 4 MHz 
3 9' MHz 

5 pF 

200 750 ns 
100 225 ns 

150 500 ns 
100 175 ns 

LIMITS 
UNITS 

MIN TYP MAX 

250 1000 ns 
100 300 ns 

150 400 ns 

75 150 ns 

100 830 ns 
50 200 ns 

15 /1S 

15 /lS 

50 500 ns 
25 100 ns 

0,6 4 MHz 
2.5 9 MHz 

5 pF 

200 ' 1000 ns 
100 300 ns 

150 830 ns 
100 200 ns 



schematic diagram 

145 

o 
c 
~ o 
~ 

U'I 
3: ...... 
o 
c 
~ o 
~ 

U'I 
o 



(.) 
co ... 

~ III~ 
:i! 
CD 
5 CD4016M/CD4016C quad bilateral switch 
~ 8 general description 

The CD4016M/CD4016C is a quad bilateral switch 
which utilizes P-channel and N-channel comple
mentary MOS (CMOS) circuits to provide an 
extremely high "OFF" resistance and low "ON" 
resistance switch. The switch will pass signals in 
either direction and is extremely useful in digital 
switching. 

features 
• Wide supply voltage range 3V to 15V 

• High noise immunity 0.45 Vcc typo 

• Wide range of digital ±7.5 \fPEAK 
and analog levels 

• Low "ON" resistance 300n typo 
VOD - Vss = 15V 

• Matched switch 
characteristics ARON = 40n typo 

• High "ON/OFF" output 65 dB typo 
voltage ratio @ f~ = 10kHz 

RL = 10k 

• High degree of linearity .5% distortion typo 
@ fis = 1 kHz 

• Extremely low leakage 

• Transmits frequencies up 

to 10 MHz 

applications 

ViS = 5 Vp-p 

Voo - VSS = 10V 
RL = 10 kn 

• Analog signal switching/multiplexing 

• Signal gating 

• Squelch control 

• Chopper 

• Modulator 

• Demodulator 

• Commutating switch 

• Digital signal switching/multiplexing 

• CMOS logic implementation 

• Analog to digital/digital to analog conversion 

• Digital control of frequency, impedance, phase, 
and analog-signal gain 

schematic and connection diagrams 
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"CONTROL 
V" JlVOl TAGE {Vel 

".0-.... -. 
Vg 

INPUT SIGNALS (VIS) 
TERMINAL NO~.1,4. 8, 11 

OUTPUT SIGNALS {Vosl 
TERMINAL NOS. 2,3, 9, 10 

s·o-.... -. 

OUT 

Note 1: All switch P·channel substrates a~ internally connected to termillill .No. 14. 
Note 2: All switch N-thannel substrates are internally connected to terminal No.7. 

'" r 

OUT OUT OUT 

Signal·level range: Vss < V.s > Voo Normal oPeration: Control-line biasing, 
switch Dill Vc "1" = VDD • switch OFF Vc "0" = Vss 



absolute maximum ratings 
Voltage at Any Pin (Note 1) Vss -0 3V to Vss +lS.5V 
Operating Temperature Range CD4016M -5SoC to +12SoC 

CD4016C -40°C to +85U C 

electrical characteristics CD4016M 

CHARACTERISTIC 

Quiescent Dissipation 

per Package 

AU Switches "OFF" 

All Switches "ON" 

Threshold Voltage 
N-Channel 

SYMBOL 

lOS'" lOIlA 

TEST CONDITIONS 

VOLTS 
TERMINALS APPLIED 
14 +10 

GND 
5,6,12,13 GNO 
1,4,8.11 ~+10 

2,3,9, 10 ~ +10 

VOL T5 

TERMINALS APPLIED 
14 
7 
5,6,12,13 
1-4,8-11 

+10 
GND 
+10 

~ +10 

Voo'" 5V, lOV, Of 15V 

P-Channel VTHP :~o"':~~~~v, or 15V 

SIGNAL INPUTS (Vis) AND OUTPUTS 1Vosl 

"ON" Resistance 

6"ON" Resistance 
Between Any 2 
of 4 Switches 

Sine Wave Response 
(Distortion) 

Input or Output 
Leakage-Switch "OFF" 
(Effective "OFF" 
Resistance) 

Frequency Aesponse
Switch "ON" 
(Sine Wave Input) 

Feedthrough 
Switch "OFF" 

Crosstalk Between any 2 
of the 4 switches 

(FreqUency at -50 dB) 

Capacitance Input CIS 

Output Cos 

Feedthrough CIOS 

Propagation Delay 
Signal Input to 
Signal Output 

CONTROllVcI 

Switch Threshold Voltage 

Input Current 

Average Input Capacitance 

Crosstalk -
Control Input to 
Signal Output 

Turn "ON" 
Propagation Delay 

Maximum Allowable 
Control Input 
Repetition Rate 

Ie 

Ce 

At'" 10kn 
f lS '" 1 kHz 

Voo 

+7.5V 

+5V 

Vc'" Voo Vss Vi. 

+7.5V 

+7.5V -7.5V -7.5V 

±0.25V 

+5V 
+5V -5V -SV 

+1SV OV 

+10V OV 

±0.25V 

+15V 

+0.25V 

9.3V 

+10V 

+0.25V 

5.6V 

+7.5V -7.5V ±7.5V 

+5V -5V ±SV 

+SV -5V 

Vc '" Vss 

-7.5V 

-5V 

5V(p·p) 
(Note 3) 

Vis 
+7.5V 
-7.5V 
+5V 
-5V 

Vc'" Voo '" +5V, Vss '" -SV 

Al '" t kn 20 Log lO -if.: '" -3dB 

VOl = 5V(p-p) Voo'" +5V, Vc = Vss '" -5V 

RL'" 1 kU 
VIS(A) '" 

5V(p-p) 

20 Log lO ~ = -50 dB 
Vi. 

Vc(A) '" Voo '" +5V 
Vel B) '" Vss = -5V 

20 Log10 ~:(~)) '" -50 dB 

Voo'" +5V, Vc '" Vss = -5V 

Vc'" Voo '" +10V, Vss= GND. CL = 15 pF 
ViS'" tOV (square wave) 
t, '" tl '" 20 ns (input signal) 

Voo - Vss '" 15V, lOY. 5V 
Ils= tOpA 

Voo - VSS '" lOV 
Vc ~ Voo - Vss 

Voo-Vss""OV 
Vc = lOV 
(square wave) 

t re '" tre'" 20 ns 

Voo eo 10V, Vss '" GNO, RL eo 1 kn 
CL '" 15 pF 
Vc'" 10V (square wave) 
t,'O' tf = 20 ns 

Note 1: The device should not be Connected to circuits with the power on. 
Note 2: ±10 X 10~3. 
Note 3: Symmetrical about OV. 

Storage Temperature Range 
Package Dissipation 

Lead Temperature (Soldermg, 10 sec) 

Operating Voo Range 

LIMITS 

-65°C to +150°C 

500mW 
300°C 

Vss +3V to Vss +15V 

t-.,,,,-5,,,5...,°Ci-_t-....,..-,2,,,5-,°C:,-_+--,;,,,,,2,,-5°,C_--l UNITS 
MIN TVP MAX MIN TYP MAX MIN TYP MAX 

0.7 

1.7 

-1.7 

120 360 

1';20 360 

130 775 

130 600 

130 600 

325 1870 

120 360 

120 360 

150 775 

130 600 

130 600 

300 1870 

2.9 

0.1 

0.1 

1.5 

-1.5 

200 400 

200 400 

280 850 

250 660 

250 660 

580 2000 

200 400 

200 400 

300 850 

250 660 

250 660 

560 2000 

10 

15 

0.4 

±100 
±100 

(Note'2) 125 
(Note 2) 125 

40 

125 

0.9 

0.2 

10 

0.5 1.5 2.7 

±10 

50 

20 

10 

0.2 

300 pW 

300 pW 

1.3 v 

-1.3 v 

300 600 

300 600 n 
470 1230 

400 960 

400 960 n 
900 2600 

300 600 

300 600 n 
490 1230 

400 960 

400 960 U 

880 2600 

% 

pA 

oA 

pF 

2.4 v 

pA 

pF 

mV 
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electrical characteristits CD4016C 

CHARACTERISTIC SYMBOL TEST CONDITIONS 

Quiescent Dissipation VOLTS 
per Package TERMINA.lS APPLIED 

Voo 14 +10 

All Switches "OFF~' V., GND 
VC 5,6,12,13 GND 
V" 1,4,8,11 s: +10 

PT 
Yo. 2,3,9,10 ~ +10 

VOLTS 
TERMINALS APPLIED 

Voo 14 +10 
All Switches "ON" Vss GND 

Vc 5,6.12,13 +10 
V;s=Vos 1-4,8-11 $: +10 

Threshold Voltage 
VTHN 

'os=10p.A 
N-Channel Voo 0= 5V, lOV, or 15V 

P-Channel • VTHP ~~o= =l~~~lOV; or 15V 

SIGNAL INPUTS (Vis) AND OUTPUTS (V",,) 

"ON" Resistance 

!1 "ON" Aesistance 
Between Any 2 
of 4 Switches 

Sine Wave Respon~e 
(Distortion) 

Input or Output 
Leakage-Switch "OFF" 
(Effective "OFF" 
Resistance) 

Frequency Response
Switch "ON" 
(Sine Wave Input) 

Feedthrough 
Switch "OFF" 

Crosstalk Between any 2 
of the 4 'switches 
(Frequency at -50 dB) 

Capacitance Input 

Output 

RON 

C" 
Cos 

Feedthrough CIOS 

Propagation Delay 
Signal Input to 
Signal Output 

CONTROL (Vel 

Switch Threshold Voltage 

Input Current 

Average Input Capacitance 

Crosstalk -
Control Input to 
Signal Output 

Turn "ON" 
Propagation Delay 

Maximum Allowable 
Control Input 
RefJetltlon Rate 

AL'" 10k.Q 

RL ", 10 kQ 

fiS'" 1 kHz 

Voo 

+7.SV 

+5V 

Vc'" Voo 

+7.5V 

+5V 

+15V 

+10V 

V., 

-7.SV 

-5V 

OV 

OV 

ViS 

+7.5V 

-7.5V 

±0.2SV 

+5V 

-5V 

±0.25V 

+15V 

+0.25V 

9.3V 

+10V 

+0.25V 

5.6V 

+7.5V -7.5V ±7.5V 

+5V -5V ±5V 

+5V -5V ' 5V{p·p) 
(Note 3~ 

Ve ,"" Vss ViS 

-7.5V 
+7.5V 
-7.5V 

-5V 
+5V 
-5V 

Ve " Voo ·"" +SV, Vss'" -5V 

RL ", 1 kn 20 Log lO ,~~: "" -3 dB 

ViS"" SV(p-p) Voo"" +SV, Vc'" Vss'" -5V 

RL"" 1 kQ 
V.IAI; 

5V(p-p) 

20 Log10 Vos '" -50 dB 
V" 

VelA) '" Voo '" +SV 
VelB) "" Vss'" -SV 

VosiB) 
20 LoglO VisiA) "" -50 dB 

Voo "" +5V. Ve '" Vss '" -5V 

Ve '" Voo = +10V, Vss '" GND, CL '" 15 pF 
Vis'" lOV (square wave) 
t r '" tt '" 20 ns (input signal) 

Voo - Vss '" 15V; lOY, 5V 
liS'" 10,uA 

Voo - Vss '" 10V 
Ve:::;: Voo - Vss 

V DO - Vss '" lOV 
Ve'" lOV 

Rl.. '" 10 k.l1 

(square wave) 

Voo ' lOV, Vss '" GNO, RL '" 1 k~2 
CL~15pF 

Ve ~ lOV (square wave) 
t f - tf '" 20 IlS 

Note 1: The device should not be connected to circuits with the power 0,,_ 

Note 2': ±10 X 10.3. 

Note 3: Symmetrical about OV. 

LIMITS 

t-::::-:r-:-4::,O:::-oCi-::-:-::-t-::::-:r-:2::,5-:0C'r.:=t-:-:=-:8:-5°-:Ci-::-:-:-:i UNITS 
MIN TVP MAX MIN TYP MAX MIN TVP MAX 

0.1 80 pW 

0.1 80 pW 

1.7 1.5 1.3 V 

-1.7 -1.5 -1.3 V 

130 370 200. 400 260 520 

130 370 200 400 260 520 n 
160 790 280 850 400 lOBO 

150 610 250 660 340 840 
150 610 250 660 340 840 n 
370 1900 580 2000 770 2380 
130 370 200 400 260 520 

130 370 200 400 260 520 n 
180 790 300 850 400 1080 

159 610 250 660 340 840 

150 610 250 660 340 2380 n 
350 1900 560 2000 750 2380 

10 n 
15 

0.4 % 

1100 
pA 

±100 
(Note 21 125 

nA 
(Note 2 I 125 

40 MH, 

1.25 

0.9 

pF 

0.2 

10 

0.5 1.5 2.7 V 

±10 pA 

pF 

50 mV 

20 

10 



typical ON resistance characteristics 

SUPPLY LOAD CONDITIONS 

CONDITIONS 
CHARACTERISTIC· 

Rl..:'" 1 kn RL % 10 kn 

VDD Vss VALUE V. VALUE V. 

(VI (VI (nl (VI (m IV! 

200 +15 200 +15 
RON +15 0 

200 0 200 0 

RON (max.) +15 0 300 +11 300 +9.3 

290 +10 250 +10 
RON +10 0 

290 0 250 0 

RON·(max.1 +10 0 SOO +7.4 560 +5.6 

860 +5 470 +5 
RON +5 0 

600 0 580 0 

RON (max.) +5 0 1.7k +4.2 7k +2.9 

200 +7.5 200 +7.5 
RON +7.5 -7.5 

200 -7.5 200 -7.5 

RON (max.) +7.5 -7.5 290 ±O.2S 280 ±25 

260 +5 250 +5 
RON +5 -5 

310 -5 250 -5 

RON (max.) +5 -5 600 ±O.2S 580 ±O.2S 

590 +2.5 450 +2.5 
RON +2.5 -2.5 

720 -2.5 520 -2.5 

RON (max.) +2.5 -2.5 232k ±O.2S 300k ±O.2S 

*Variation-from a perfect switch: RON = on. 

RL =l00kn 

VALUE V. 

(m (V} 

180 +15 

200 0 

320 +9.2 

240 +10 

300 0 

610 +5.5 

450 +5 

800 0 

33k +2.7 

180 +7.5 

180 -7.5 

400 ±O.2S 

240 +5 

240 -5 

760 ±O.2S 

490 +2.5 

520 -2.5 

870k ±O.2S 
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CD4017M/CD4017C divide-by-10 counter/divider 
with 10 decoded outputs 
general description 
The CD4017M/CD4017C .is a 5-stage divide-by-
10 Johnson counter with 10 decoded outputs and 
a carry out bit_ The counter is cleared to its zero 
count by a logical :'1" on its reset line_ The 
counter is advanced on the positive edge of the 
clock signal when the clock enable signal is in the 
logical "0" state_ 

The configuration of the CD4017M/CD4017C 
permits medium speed operation and assures a 
hazard free counting sequence_ The 10 decoded 
outputs are normally in the logical "0" state and 
go to the logical "1" state only at their respective 
time slot_ Each decoded output remains high for 
1 full clock cycle_ The carry-out signal completes 
a full cycle for every 10 clock input cycles and is 
used as a ripple, carry signal to any succeeding 
stages. 

connection and logic diagrams 

DECODED OUTPUT "5" 

DECODED OUTPUT 'T' 

DfCODEDQUTPUT"O" 

DECODED OUTPUT "Z" 

DECODED OUTPUT "6" 

DECODED QUTPUT "1" 

OECQDEDOUTPUT"3" 

' .. 

features 
• Wide supply voltage range 

• High noise immunity 
• Medium speed operation 

• Low power 
• Fully static operation 

applications 
• Automotive 

• Instrumentation 
• Medical electronics 

• Alarm systems 
• I ndustrial electronics 

• Remote metering 

'00 

15 RESET 

CLOCK 

CLOCK ENABLE 

DECOIJEDOUTPUT,"9" 

TO 
DECODED DUIPUT"4" 

DECQOEDOUTPU1"S" 

CLOCK o'!.:!,·{)oO-<Jf"',J-1rl-___ -+_..--___ t-..... ___ +_..--___ +. 
CLOCK 13 

ENABlE 

Terminal No, 8 = GND 
Terminal No. 16. '" Voo 

3.0V to 15V 

0.45 Voo typ 
5.0 MHz typ 

with 10V Voo 
10J.LW typ 

COUT 



absolute maximum ratings 

Voltage at Any Pin Vss - O.3V to Vss + 15.5V 

Operating Temperature Range 
CD4017M -55°C to +125°C 

CD4017C -40°C to +8SoC 
Storage Temperature Range -ii5°C to +150°C 

Package Dissipation 500mW 

Operating Voe Range Vss + 3.0V to Vss + 15V 
Lead Temperature (Soldering, 10 seconds) 300°C 

dc electrical characteristics CD4017M 

LIMITS 

PARAMETER CONDITIONS -55"C 25"C 12SOC UNITS 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Quiescent Device Veo '" S.OV 5.0 0.3 5.0 300 "A 
Current (ld Vpp '" lOV 10 0.5 10 600 "A 

Quiescent Device Dissi· Vpo == 5.0V 25 1.5 25 1.500 "W 
pation/Package (Po) Veo'" lOV 100 5.0 100 6,000 "W 

Output Voltage Low Veo '" 5.0V 0.01 0 0.01 0.05 V 

Level (Vod Vap '" lOV 0.01 0 0,01 0.05 V 

Output Voltage High Veo '" 5.0V 4.99 4.99 5.0 4.95 V 
Level (VOH ) Voo "" lOV 9.99 9.99 10 9.95 V 

Noise Immunity (V NL ) Vap '" 5.aV, Vo '" O.SV 1.5 1.5 2.25 1.4 V 
{All Inputs) Vpo '" lOV, Vo '" LOV 3.0 3.0 4.5 2.9 V 

Noise Immunity (VNH ) Voo=5.0V,Vo=4.2V 1.4 1.5 2.25 1.5 V 
{All Inputs) Voo '" lOV, Vo '" 9.0V 2.9 3.0 4.5 3.0 V 

Output Drive Current Decoded Outputs 
N·Channel (IoN) Vee'" S.OV, Vo ""O.SV 0.06 0.05 0.1 0.035 rnA 

Voo '" tOV, Vo "" O.SV 0.12 0.1 0.4 0.07 rnA 

Output Drive Current Carry Outputs 
N-Channel (ioN) Voo '" S.OV, Vo "" O.SV 0.185 0.15 0.4 0.105 rnA 

Voo'" lOV, Vo '" O.SV 0.45 0.35 1.0 0.25 rnA 

Output Drive Current Decoded Outputs 
P-Channel (loP) Voo '" S.OV, Vo ::: 4.5V -0.0375 -0.03 -0.075 -0.021 rnA 

Voo '" lOV, Va::: 9.SV -0.12 -0.1 -0.2 -0.07 rnA 

Output Drive Current Carry'Output 
P-Channel (loP) Voo == S.OV, Vo '" 4.5V -0.185 -0.15 -0.4 -0.105 rnA 

Voo ::: lOV, Va "" 9.SV -0.45 "0.35 -1.0 --0.25 rnA 

Input Current (Id 10 pA 

dc electrica I . characteristics CD4017C 

_l,IMITS 

PARAMETER CONDITIONS -40"C 25"C 85°C UNITS 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Quiescent Device Voo ::: S.OV 50 0.5 50 700 "A 
Current (ILl Voo =tOV 100 1.0 100 1,400 "A 

Quiescent Device Dissi- Voo "" 5.0V 250 2.5 250 3.500 "W 
pation/Package (Po) Voo '" lOV 1,000 10 1,000 14,000 "W 

Output Voltage Low Voo "" S.OV 0.01 0 0.01 0.05 V 

Level (Vod Voo ::: lOV 0.Q1 a 0.Q1 0.05 V 

Output Voltage High Voo '" 5.0V 4.99 4.99 5.0 4.95 V 

Level (V OH ) Voo "" lOV 9.99 9.99 10 9.95 V 

Noise Immunity (VNLI Voo "" S.OV, Vo "'O.BV 1.5 1.5 2.25 1.4 V 

"(AU Inputs) Voo "" lOV, Vo::: 1.0V 3.0 3.0 4.5 2.9 V 

Noise Immunity (VNH ) Voo ::: S.OV, Vo '" 4.2V 1.4 1.5 2.25 1.5 V 

(All Inputs) Voo '" tOV, Va =9.0V 2.9 3.0 4.5 3.0 V 

Output Drive Current Decoded Outputs 
N-Channel (IoN) Voo "" 5.nV, Va'" 0.5V 0.03 0.025 0.1 0.02 rnA 

Voo "" 10V, Vo '" O.SV 0.085 0.07 0.4 0.055 rnA 

Output Drive Current Carry Outputs 
N-Channel (IoN) Voo "" S.OV, Vo '" O.5V 0.095 0.08 0.4 0.065 rnA 

Voo '" lOV, Vo '" O.5V 0.3 0.25 1.0 0.2 rnA 

Output Drive Current Decoded Outputs 
P-Channel (loP) Voo ::: S.OV, Vo ::: 4.5V -0.018 -0.015 -0.075 -0.012 rnA 

Voo '" lOV, Vo ::: 9.5V -0.085 -0.07 -0.2 -0.055 rnA 

Output Drive Current Carry Outputs 
P-Channel (loP) Voo '" 5.nV, Vo ::: 4.5V -0.095 -0.08 -0.4 -0,065 rnA 

Voo '" lOV,' Vo ::: 9.5V -0.3 -0.24. 1.0 -0.20 rnA 

Input Current (11) 10 pA 
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(.) 
r0-o ac electrical characteristics CD4017M 
'lit TA = 25°C and CL = 15 pF. Typical Temperature Coefficient for all values of Voo = O.3%/oC. 0 
(.) 

LIMITS I ....... PARAMETER CONDITIONS UNITS 

:E MIN TYP MAX 

t:: CLOCKED OPERATION 

0 PropagatIon Delay Time Carry- VOP "" 5.0V 350 1000 
o;:t Out Line (tPHd Vop == lOV 125 250 

0 Propagation Delay Time Decode VOP == 5.0V 500 1200 (.) 
Out Lines (tPLH i VOP == lOV 200 400 

Transition Time Carry-Out Line VOP == 5.0V 100 300 
(tTHL ) VOP '" 10V 50 150 

Transition Time Decode-Out VOP '" 5.0V 300 900 
Line (t rLH ) VOP '" lOV 125 350 

Minimum Clock Puise Width (twd VOP =5.0V 200 500 

Minimum Clock Pulse Width (tWH ) VOP == 10V 100 170 

Clock Rise and Fall Time (tred Vap =5.0V 15 "' 
Clock Rise and Fall Time (tfCL ) VOP == lOV 15 "' 
Set-Up Time VOP == 5.0V 100 500 

Vap = lOV 50 200 

Maximum Clock Frequency (feLl VOD "" 5.0V 1.0 2.5 MH, 

VOP = 10V 3.0 5.0 MH, 

Input Cal?acitance (e l ) Any Input 5.0 pF 

RESET OPERATION 

Propagation Delay Time To Carry VOP == 5.0V 350 1000 
Out Line (tpHL(R)l VO[l '" lOV 125 250 

Propagation Delay Time To Voo "'5.0V 450 1200 
Decode Out Lines (tpHLIR)) Voo = lOV 200 400 

Reset Pulse Width (tWH (R)). Voo = 5.0V 200 500 
Voo = lOV 100 165 

Reset Removal Time Voo "'50V 300 750 
Voo = lOV 100 225 

ac electrical characteristics CD4017C 

TA = 25°C and CL = 15 pF. Typical Temperature Coefficient for all values of V DO = o.3%fc. 

I LIMITS J PARAMETER CONDITIONS UNITS 
I MIN TYP I MAX I 

CLOCKED OPERATION 

Propagation Delay Time Carry· VOD '" 5.0V 350 1300 
Out Line (tPH L) Voo == 10V 125 300 

Propagation Delay Time Decode V DO = 5.0V 500 1600 
Out Lines (t pLH ) Voo '" lOV 200 500 

JranSltlon Time Carry-Out Line Voo '" 5.0V 100 350 
(tTHL ) Voo == 10V 50 200 

Transition Time Decode-Out V OD '" S.OV 300 1200 
line (tTLH ) Voo '" lOV 125 450 

Minimum Clock Pulse Width {tWL } Voo =5.0V 200 830 

Minimum Clock Pulse Width (tWH ) VbO '" 10V 100 250 

Clock Rise and Fall Time (treLl Voo =5.0V 15 "' 
Clock Rise ~nd Fall Time (tfed Voo '" 10V 15 "' 
Set-Up Time Voo '" S.OV 100 700 

Voo '" 10V 50 300 

Maximum Clock ~requency (feL ) Voo =5.DV 0.6 2.5 MH, 
Voo '" 10V 2.5 5.0 MH, 

I nput Capacitance (CI ) Any Input 5.0 pF 

RESET OPERATION 

Propagation Delay Time To Carry Voo '" S.OV 350 1300 
Out line {tpHL(Rd VOP '" 10,V 125 300 

Propagation Delay Time To Voo = S,OV 450 1600 
Decode Out Lines (tPHUR}) VOP = lOV 200 500 

Reset Pulse Width (tWH(R}) Voo = S.OV 200 830 
Voo = lOV 100 250 

Reset Removal Time Voo = S.OV 300 1000 
Voo = lOV 100 275 
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switching time waveforms 

CLOCK 

"SET 1�.. ________ --'-____________ _ 

C" 

"6" 

CARRY 
CUT 

----~-------------------~ 

_____ ~r__)L __________________________ ~ 

_______ ~~ r 
__________ ~r_)L ______________________ _ 

_____________ ~L __________________ __ 

________________ ~r_)I.. __________________ __ 

__________________ r__)L ______________ _ 

_____________________ r-),L __________ __ 

------~-------------------~I..-----------
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s ~ CD4019M/CD4019C quad AND-OR select gate 

(.) 
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general description 

The CD4019M/CD4019C is a Complementary 
IinOS quad AND-OR select gate_ Low power and 
high noise margin over a wide voltage range is 
possible through implementation of NAND P
channel enhancement mode transistors_ These 
Complementary MOS (CMOS) transistors provide 
the building blocks for the four" AND-OR select" 
gate configurations, each consisting of two 2-input 
AND gates driving a single 2-input OR gate. 
Selection is accomplished by control bits KA and 
KB • All inputs are protected against static dis
charge damage. 

schematic and connection diagrams 

'.O--+-+--+-+~""_-+ 

',0--+-+-+-+-' 

Schematitdiagramfor1of4identicalstagH. 

features 

• Wide Supply Voltage Range 3V to 15V 

• High Noise Immunity 0.45Vcc typo 

• Medium-Speed Operation tpH L = tpLH = 
50 ins typ at 15 pF 

applications 
• AND-OR Select Gating 

• Shift-Right/Shift-Left Registers 

• True/Complement Selection 

• AND/OR/EXCLUSIVE-OR Selection 

TOP VIEW 



absolute maximum ratings 
Voltage at any pin (Note 1) Vss -o.3V to Vss +lS.5V Package dissipation 500mW 
Operating temperature range c"D4019M -5SoC to +12SoC Lead temperature (soldering, 10 sec) 300°C 

CD4019C -40°C to +8SoC Operating Voo range VSS +3Y to VSS +15Y 
Storage temperature range -tiSoe to +l50°C 

Note 1: This device should not be connected to circuits with the power on because high transient voltage may cause permanent 
damage. 

dc electrical characteristics 

LIMITS 

CHARACTERISTIC SYMBOL CONDITIONS CD4019M C0401SC" UNITS 

Vo Voo _55°C 25°C 12soe -40"C 25"C 85°C 

Volts Vatu Min TV. M .. Min TV' ,M .. Min TV. M .. Min TV' M .. Min TV' M .. Min Tv. -
OUI~5(:enl Device • 5 am 5 300 50 0.1 50 700 

.A 
Currenl " 10 10 0,05 10 600 100 0.2 100 1400 

QuiescentOev,ee 5 25 0.\5 25 15()O 250 0.5 25O 3500 
.W 

! DissIpatIon/Package 
p. 

10 100 0.5 100 5000 1000 2 1000 14000 

Output Voltage 5 0.01 0 0.01 0.05 0.01 0 0.01 0.05 
V 

Low Level V., 
10 0.01 0 0.01 0,05 0.01 0 0,01 0.05 

5 4,99 499 5 4.95 4.99 499 5 4,95 
High Level V YO" 

10 9.99 9.99 10 9.95 9.99 9,99 10 9.95 

Thre5hold VolI,ge 
VTHN ID = 20,.A 1.7 1.5 1.3 1.7 15 13 V 

N·Channel 

P·Channel VTHP ID =~20,.A -1.7 -1.5 -1.3 -1,7 -1.5 ~1.3 V 

V" 
0.9~ 5 15 15 2.25 1,4 15 1.5 2.25 1.4 

V 
NOise Immunitv 2.9 10 3 3 45 2.' 3 3 4.5 2.9 

(AlllnpuIS! 
3.' 5 1.4 1.5 2.25 1..5 1.4 1.5 2.25 1.5 

VN" 7.2 10 2.9 3 4.5 3 2.9 3 4.5 3 
V 

Output Drive Current 
1.N 

0.5 5 0.6 0.45 1.5 0.30 0.37 0.30 10 0.23 
mA N·Channel 0.5 10 0.' 0.75 2.5 0.55 0 .• 0.85 1.5 0,6 

P·Channel '.p 4.5 5 -0.31 -0.25 -0.5- -0.175 -0.145 -0.12 -0.5 -0.095 
mA 

9.5 10 -0.95 -0.7 -1.5 -0.5 -0.6 -0.5 -1,5 -0.4 

Input Current 
" 

10 10 pA 

ac electrical characteristics 
TA.= 25·C and CL = 15 pF Typical Temperature Coefftcient for all values of Voe = O.3%/oC 

LlM1TS 

CHARACTERISTICS SYMBOLS CONOIT10NS C04019M C04019C UNITS 

VOO 
(Volts) Min Typ Max Min Typ Max 

High to Low Level (tPHd"" 5 100 225 100 300 
Propagation Delay Time: 

Low to High Level itPLH ) 10 50 100 50 125 
ns 

High to Low Level (tTHL ) "" 5 100 200 100 275 
Transition Time 

Low to High Level (tTLH) 10 40 65 40 80 
ns 

All A and B Inputs 5 5 
Input Capacitance C, 

KA and Ka Inputs 12 12 
pF 
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CD4020M/CD4020C 
14-stage ripple-carry binary counter/divider 

general description 

The CD4020M/CD4020C is a 14-stage ripple
carry binary counter. Buffered outputs are ex
ternally available from stages 1, and 4 through 14_ 
The counter is reset to its logical "0" state by a 
logical "1" on the reset input-The counter is 
advanced one count on the negative transition 
of each clock pulse. 

features 
• Wide supply voltage range 

• High noise immunity 

• Medium speed operation 

3.0V to 15V 

0.45 Vcc typ 
10.0 MHz typ 

with Voo = lOV 

logic and connection diagrams 

• low power 
• Fully static operation 

applications 

• Automotive 

• Instrumentation 

• Medical electronics 

• Alarm systems 

• Industrial electronics 

• Remote metering 

Stage 1 of 14 BinarY'Stages 

CLQCK~ •• 
• 

A£SETA~~S::A~~S>-----4----t-----'-""'--

Q" 
16 VDO 

Qu 

.. 1 
Q n 

14 
Q .. Q" 

BUfFERED 
13 BUFFERED 

OUT 
Q, Oe OUT 

Q, " Q9 

Q, 11 RESET 

O. 10 INPUT PULSES 

Vu • 0 1 BUffeRED OUT 

TOP VIEW 

Q, } INPUT TO 
_ NEXT STAGE 

Q, 



absolute maximum ratings 

Voltage at Any Pin Vss - 0.3V to Vss + 15.5 
Operating Temperature Range 

CD4020M -55°C to +125°C 
CD4020C -40°C to +85°C 

Storage Temperature Range -65°C to +150°C 
Package Dissipation 500mW 
Operating V DD Range Vss + 3.0V to Vss + 15V 
Lead Temperature (Soldering, 10 seconds) 300°C 

dc electrical characteristics CD4020M 

LIMITS 

PARAMETER CONDITIONS -55'C 25'C 

MIN TYP MAX MIN TYP 

Quiescent Device Vao = S.OV 15 0.5 
Current (ILl VOD = lOV 25 1.0 

Quiescent DeVice Dissi· Voo = 5.0V 75 2.5 
patian Package (Po) Vao = lOV 250 10 

Output Voltage Low Voo=5.0V 0.01 0 
Level (VOL) VOD = lOV 0.01 0 

Output Voltage High Voo=5.0V 4.99 4.99 5.0 
Level (VOH ) VOD = lOV 9.99 9.99 10 

Noise Immunity Vao =5.0V, Vo =O.SV 1.5 1.5 2.25 
(V NL ) (All Inputs) Voo = 10V, Vo = 1.0V 3.0 3.0 4.5 

Noise Immunity Vao = 5.0V, Vo = 4.2V 1.4 1.5 2.25 
(VNH ) (All Inputs) Vao = 10V, Vo = 9.0V 2.9 3.0 4.5 

Output Dove Current Voo "" 5.0V, Vo = O.5V 0.09 0.075 0.2 
N-Channel (IoN) Voo = 10V, Vo = O.5V 0.185 0.15 0.4 

Output Drive Current Voo = 5.0V, Vo = 4.5V -{Jll '-0.09 -{J.25 
P-Channel (loP) Vao = 10V, Vo = 9.5V -0.25 -{J.20 -{J.5 

Input Current (11) Any Input 10 

dc electrical characteristics CD4020C 

LIMITS 

PARAMETER CONDITIONS -40'C 25'C 

MIN TYP MAX' MIN TYP 

Quiescent Device Vaa =5.0V 50 1.0 
Current (ILl Vaa=lOV 100 2.0 

Quiescent Device Dissi- Voo:= 5.0V 250 5.0 
pation Package (Po) Veo = lOV 1000 20 

Output Voltage Low Voo := 5.0V 0.01 0 
Level (Vad Voo'" lOV 0.01 0 

Output Voltage High Voo '" 5.0V 4.99 4.99 5 
Level (VaH ) Voo:: 10V 9.99 9.99 10 

Noise Immunity Voo = 5.0V, Vo '" O.BV 1.5 1.5 2.25 
IVNLIIAlllnputsl Voo = lOV, Vo:= 1.0V 3.0 3 4.5 

Noise Immunity Voo =5.0V, Vo "'4.2V 1.4 1.5 2.25 
IVNHIIAlllnputsl Voo = lOV, Vo "" 9.0V 2.9 3.0 4.5 

Output Drive Current Voo "" 5.0V, Va = O.5V 0.085 0.07 0.33 
N·Channel (IoN) Veo = 10V, Vo = O.5V 0.16 0.13 0.5 

Output Drive Current Voo '" 5.0V, Vo = 4.5V -{J.09 -{J.06 -{J.25 
P·Channel (10 PI Voo = 10V, Vo = 9.5V -{J.18 -{J.15 -{J.5 

Input Current (Ill Any Input 10 

125°C 

MAX MIN TYP 

15 
25 

75 
250 

0.01 
0.01 

4.95 
9.95 

1.4 
2.9 

1.5 
3.0 

0.05 
0.105 

-0.065 

:0.14 

85°C 

MAX MIN TYP 

50 
100 

250 
1000 

0.01 
0.01 

4.95 
9.95 

1.4 
2.9 

1.5 
3.0 

0.06 

0.10 

-{J.05 
-{J.12 

MAX 

900 
1500 

4500 
15000 

0.05 
0.05 

MAX 

700 
1400 

3500 
14000 

0.05 
0.05 

UNITS 

~A 

~A 

~W 

~W 

V 
V 

V 
V 

V 
V 

V 
V 

rnA 
rnA 

rnA 
rnA 

pA 

UNITS 

~A 

~A 

~W 

~W 

V 
V 

V 
V 

V 
V 

V 
V 

rnA 
rnA 

mA 
rnA 

pA 
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ac electrical characteristics CD4020M TA ~ 25°C, CL ~15 pF, and. 

input rise and fall times = 20 ns except t rCL • tfC'L Typical Te~perature Coefficient (for all values of V oo ) = ~.3%/oC. 

LIMITS 
PARAMETER CONDITIONS 

MIN TYP MAX 

CLOCKED OPERATION 

Propagation Delay Time (tPHL ~ tpLH) V DD ~ 5.0V 220 600 
VDD~10V 80 225 

Transition Time (tTHL ~ tTLH ) V DD ~ 5.0V 120 600 
VDD~10V 60 300 

Minimum Clock Pulse Width (tWL " tWH) V DD ~ 5.0V 150 335 
V DD ~ 10V 50 125 

Clock Rise and Fall Time (t,CL ~ t fCL ) V DD ~ 5.0V 15 
VDD~lOV 15 

Maximum Clock Frequency (fCL ) V DD ~ 5.0V 1.5 3.0 
VDD~10V 4.0 10 

I nput Capacitance (C, ) Any Input 5.0 

RESET OPERATION 

Propagation Delay Time (tpHLIR)) V DD ~ 5.0V 350 3000 
V DD ~ 10V 150 775 

Minimum Reset Pulse Width (tWH IR)) V DD ~ 5.0V 350 2500 
V DD ~ 10V 150 475 

ac electrical characteristics CD4020C TA ~ 25°C, CL ~ 15 pF, and input rise and fall 

times = 20 ns except t rCL , tfCL Typical Temperature Coefficient (for all values of VDO ) = 0.3%/oC. 

LIMITS 
PARAMETER CONDITIONS 

MIN TYP MAX 

CLOCKED OPERATION 

Propagation Delay, Time (tPHL ~ tpLH) V DD ~ 5.0V 220 650 
V DD ~ 10V 80 250 

Transition Time (tTH L ~ tTLH ) V DD ~ 5.0V 120 650 
VDD~lOV 60 350 

Minimum Clock Pulse Width (tWL ~ tWH ) V DD ~ 5,.OV 150 500 
V DD ~ 10V 50 165 

Clock Rise and Fall Time (t,CL ~ t fCL ) V DD ~ 5.0V 15 

V~D ~ 10V 15 

Maximum Clock Frequency (fcL ) V DD ~ 5.0V 1.0 3.0 
" 

V DD ~ 10V 3.0 10 

Input Capacitance (C,) Any Input 5.0 

RESET OPERATION 

Propagation Delay Time (tpHLIR)) V DD = 5.0V 350 3500 
V DD ~ 10V 150 900 

Minimum Reset Pulse Width (tWH IR)) V DD ~ 5.0V 350 3000 
V DD ~ 10V 150 550 

UNITS 

ns 
ns 

ns 
ns 

ns 
ns 

flS 

flS 

MHz 
MHz 

pF 

ns 

ns 

ns 
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CD4021M/CD4021C a-stage static shift register 

general description 

The CD4021 M/CD4021 C is an 8-stage parallel input/ 
serial output shift register. A parallel/serial control 
input enables individual "jam" inputs to each of 8-
stages. Q outputs are available from the sixth, seventh 
and eighth stages. 

When the parallel/serial control input is in the logical 
"0" state, data is serially shifted into the register 
synchronously with the positive transition of the clock. 
When the parallel/serial control is in the logical "1" 
state, data is "jammed" into each stage of the register 
asynchronously with the clock. 

logic diagram 

PARALLEll 9 

PARAllEL 
INPUT·1 

7 
PI·4 

features 

• Asynchronous parallel or synchronous serial operation. 

• Wide supply voltage range 3.0V to 15V 

• High noise immunity 
• Medium speed operation 

clock rate at V DD - Vss = 10V 

• Fully static operation 

applications 

• Parallel to serial data conversion 

• General purpose register 

0.45 Vee typ 
5 MHz typ 

SERIAL O-+-----I;>O-----..... -t-----.-+ .... + ..... + .... +---.... +------<~_t_---___. 
CONTROL 

SERIAL 11 
INPUT 

Cl 

«1O~~~~;X>-~------4--~~--~-~-~----t_~--~_l~ CLOCK C 

Voo = TERMINAL 16 
Vss '" TERMINAL 8 

connection diagram 
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IN BU' 

OUT SER 
VDD 

1,6 15 
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1 2 

8 06 
PAR aUF 
IN OUT 

14 

3 

as 
BU' 
OUT 

Q1 IN 

IJ 12 11 

4 5 6 

PAR IN 

TOP VIEW 

PARI 
SER 

eLK CONT 

10 9 
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truth table 

S.ERIAL 
PARAllEL! 

Q1 
Cl· SERIAL Pll PI n 

INPUT 
CONTROL 

(INTERNAL) 

x X 1 a 0 0 

X X 1 0 1 0 

X X 1 1 0 1 

X X 1 1 1 1 

f 0 0 x X 0 
f 1 0 X X 1 

'- X 0 X X 01 

... 0= LEVEL CHANGE X 0 DON'T CARE CASE 

On 

0 

1 

0 

1 

On 1 

On 1 

On 
NO 
CHANGE 
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absolute maximum ratings (Note 1) 

Voltage at Any Pin Vss - 0.3V to Voo + 0.3V 
Operating Temperature Range 

CD4021M -55°C to +125°C 
CD4021C -40°C to +85°C 

Storage Temperature Range -65°C to +150°C 
Package Dissipation 500 mW 
Operating Voo Range Vss + 3V to Vss + 15V 
Lead Temperature (Soldering, 10 seconds) 300°C 

dc electrical characteristics CD4021M 

LIMITS 

PARAMETERS CONDITIONS -55°C 25°C 12SoC UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Quiescent Device Current (I d V DD ~ 5V 5 0.5 5 300 IlA 
VDD~ lOV 10 1 10 600 IlA 

Quiescent Device Dissipation V DD ~ 5V 25 2.5 25 1,500 IlW 
Package (PDI VDD~10V 100 10 100 6,000 IlW 

Output Voltage V DD ~ 5V 0.01 a 0.01 0.05 V 
Low-LeveJ (VaLl VDD~ lOV 0.01 a 0.01 0.05 V 

Output Voltage V DD ~ 5V 4.99 4.99 5 4.95 V 
High-LevellVoHI VDD~10V 9.99 9.99 10 9.95 V 

Noise Immunity Vo~0.8V, VDD ~ 5V 1.5 1.5 2.25 1.4 V 
IAlllnputsllVNLI Vo ~ lV, VDD ~ 10V 3 3 4.5 2.9 V 

Noise Immunity Vo ~ 4.2V, VDD ~ 5V 1,4 1.5 2.25 1.5 V 
IAlllnputsllVNHI YlD ~ 9V, VDD ~ 10V 2.9 3 4.5 3 V 

Output Drive Current Vo ~ 0.5V, V DD ~ 5V 0.15 0.12 0.3 0.085 rnA 
N-Channel (lDNI Vo ~ 0.5V, V DD ~ 10V 0.31 0.25 0.5 0.175 rnA 

Output Drive Current Vo ~ 4.5V, V DD ~ 5V -0.1 -0,08 -0.16 ---0.055 rnA 
P·Channel II DPI Vo ~ 9.5V, V DD ~ 10V -0.25 ---0.20 ---0.44 ---0.14 rnA 

Input Current (II) 10 pA 

dc electrical characteristics CD4021C 

LIMITS 

PARAMETERS CONDITIONS -40°C 25°C 85°C UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 
c. 

Quiescent Device Current (ld VDD ~ 5V 50 0.5 50 700 IlA 
VDD ~ 10V .100 1 100 1,400 i'A 

Quiescent Device Dissipation VDD ~ 5V 250 2.5 250 3,500 IlW 
Package (PDI VDD ~ lOV 1,000 10 1,000 14.000 IlW 

Output Voltage VDD ~ 5V 0.01 a 0.01 0.05 V 
Low-Level IVOLI VDD ~ 10V 0.01 a 0.01 0.05 V 

Output Voltage V DD ~ 5V 4.99 4.99 5 4.95 V 
High-LevellVoHI VDD ~ 10V 9.99 9.99 10 9.95 V 

Noise Immunity Vo ~ O.BV, V'DD ~ 5V 1.5 1.5 2.25 1.4 V 

IAlllnputsllVNd Vo = lV, VDD =10V 3 3 4.5 2.9 V 

Noise Immunity Vo~4.2V, VDD ~ 5V 1.4 1.5 2.25 1.5 V 

IAlllnputsllVNHI Vo = 9V, VDD = 10V 2.9 3 4.5 3 V 

Output Drive Current Vo = 0.5V, V DD = 5V 0.072 0.06 0.3 0.05 rnA 
N-Channel (lDNI Vo~0.5V, VDD = 10V 0.12 0.1 0.5 0.08 rnA 

Output Drive Current Vo~4.5V, VDD = 5V ---0.06 ---0.05 ---0.16 ---0.04 rnA 
P:Channel (I DPI Va ~ 9.5V, VDD = 10V ---0.12 ---0.1 ---0.44 ---0.08 rnA 

Input Current (1,1 10 pA 
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ac electrical characteristics CD4021M 

PARAMETERS CONDITIONS MIN TYP MAX' ,UNITS 

Propagation Delay ~ime (tPHL. tpLH) Voo = 5V 300 750 ns 
Voo = 10V 100 225 ns 

Transition Time (tTHL. tTLH) Voo = 5V 150 300 ns 
Voo = 10V 75 125 ns 

Minimum Clock Pulse Width (tWL • tWH ) Voo = 5V 200 500 ns 
Voo = 10V 100 175 ns 

Minimum High Level Paraliel/Serial Control Pulse Width Voo = 5V 200 500 ns 
(tWHIP/S)) Voo = 10V 100 175 ns 

Clock Rise Time (t,CL) or Clock Fall Time (tfCL) Voo = 5V 15 JlS 
Voo = 10V 15 JlS 

Set-up Time Voo = 5V 100 350 ns 
Voo = 10V 50 80 ns 

Maximum Clock Frequency (fcel Voo = 5V 1 2_5 MHz 
Voo = 10V 3 5 MHz 

Input Capacitance'(C,) (Note 2) Any Input 5 pF 

ac electrical characteristics CD4021C . 
PARAMETERS CONDITIONS MIN TYP MAX UNITS 

Propagation Delay Time (tPHL. tPLH) Voo = 5V 300 1,000 ns 
Voo = 10V 100 300 ns 

Transition Time (tTHL. tTLH) Voo = 5V 150 400 ns 
Voo = 10V 75 150 ns 

Minimum Clock Pulse Width (tWL • tWH ) Voo = 5V 200 830 ns 

Voo = 10V 100 200 ns 

Minimum High Level Paraliel/Serial Control Pulse Width Voo = 5V 200 830 ns 

(tWHIP/sd Voo = 10V 100 200 ns 

Clock Ris. Time (t,cel or Clock Fall Time (tfCL) Voo = 5V 15 JlS 

Voo = 10V 15 JlS 

Set-up Ti"1e Voo ~ 5V 100 500 ns 

Voo = 10V 50 100 ns 

Maximum Clock Frequency (fcel Voo = 5V 0.6 2.5 MHz 

Voo = 10V 2.5 5 MHz 

Input Capacitance (C,) (Note 2) Any Input 5 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. E.xcept for "Operati"ng Tem-
perature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

, 

161 



CJ 
N 
N 
o 
'lit o 
CJ 
""-
:E 
N 
N 
o q 
o 
CJ 

CD4022M/CD4022C divide-by-8 
counter/divider with 8 decoded outputs 

general description 

The CD4022M/CD4022C is a 4'stage divide-by-8 
Johnson counter with 8 decoded outputs and a 
carry-out bit. The counter is cleared to its zero 
count by a logical "1" on its reset line. The 
counter is advanced on the positive edge of the 
clock signal when the clock enable signal is in the 
logical "0" state. 

The configuration of the CD4022M/CD4022C 
permits medium speed operation and assures an 
error free counting sequence. The 8 decoded out· 
puts are normally in the logical "0" state and go 
tc the ,logical "1" state only at their respective 
time slot. Each decoded output remains high for 
1 full clock cycle. The carry·out signal completes 
a full cycle for every.8 clock input cycles and is 
used as a ripple carry signal to any succeeding 
stages. 

logic and connection diagrams 

"0" "5" "2" 

CLOCK 

features 

• Wide supply voltage range 
• High noise immunity 
• Medium speed operation 

• Low power 
• Fully static operation 

applications 

• Automotive 
• Instrumentation 
• Medical electronics 

• AI a rm systems 
• Industrial electronics 
• Remote metering 

"1" 

CLOCK 
ENABLE 

DECODEQ 1 
OUTPUT "'" 

DECDQED 
OUTPUT "0" 

'1'62 

C 1 C 1 C 1 C 1 , , , 

RESETc>-:D<>-<=e_I--..... --++--.... --HI-+-... -++---' 

Terminal No.8:> GND 
Terminal No. 1& '" Vao 

"4" "I" ''6'' ''3'' 

12 

DECODED J 
OUTPUT "2" 

DECODED 
OUTPUT "5" 

DECODED 
OUTPUT ''6'' 

NC 

DECODED 1 
OUTPUT "3" 

Vm 

3.0V to 15V 

0.45 Voo typ 
5.0 MHz typ 

with 10V Voo 
10pW typ 

" Voo 

15 
RESET ,. 
CLOCK 

13 CLOCK 
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12 CARRV· 
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11 OECODED 

OUTPUT "." 
10 DECODED 

OUTPUT "1" 

Nt 

TOP VIEW 



absolute maximum ratings 

Voltage at Any Pin V •• - O.3V to Vss + 15.5V 

Operating Temperature Range 
CD4022M -55'C to +125'C 

CD4022C -40'C 'to +85'C 

Staarge Temperature Range -65'C to +150'C 

Package Dissipation 500mW 

Operating V DO Range V •• + 3.0V to V •• + 15V 
Lead Temperature (Soldering, 10 seconds) 300'C 

dc electrical characteristics CD4022M 

PARAMETER CONDITIONS _55°C 

MIN TYP MAX 

OJiescent Device Veo '" 5.0V 5.0 
Current (ld Veo::= lOV 10 

Ouiescent Device Oissi- Veo = S.OV 25 
pation/Package (Po) Veo "',lOV 100 

Output Voltage Low Veo = S.OV 0,01 
Level (VOL) Veo = lOV 0,01 

Output Voltage High Voo = 5.0V 4.99 
Level (VOH ) Veo = lOV 9.99 

Noise Immunity (VNLI Veo:: S.OV, Vo = O.BV 1.5 
(All Inputs) Veo = lOV, Vo '" 1.0V 3.0 

Noise Immunitv (V NH ) Voo'" S.OV, Vo = 4.2V 1.4 
(All Inputs} Voo = 10V. Vo = 9.0V 2.9 

Output Drive Current Decoded Outputs 
N-Channel (IoN) Voo = S.OV. Vo = O.SV 0.062 

Veo = lOV, Vo = n.SV 0.12 

Output Drive Current Carry Outputs 
N·Channel (loN)\ Voo = 5.0V, Vo = O.5V 0.185 

Voo = 10V, Vo "" O.5V 0.375 

Output Drive Current Decoded Outputs 
P-Channel (loP) Voo = 5.0V, Vo =4.5V -0.038 

Voo",lOV, Vo =9.5V -0.062 

Output Drive Current Carry Outputs 
P·Channel {I 0 PI Voo "" 5.0V, Vo = 4.5V -0.185 

Veo = 1OV, Vo = 9.5V -0.375 

Input Current '(II) 

dc electrical characteristics CD4022C 

PARAMETER CONDITIONS -40°C 

MIN TYP MAX 

Ouiescent Device Voe = 5.0V 50 
Current (ILl Voo "" 10V 100 

Quiescent Device Dissi- Voo '" 5.0V 350 
pation/Package (Po) Veo = lOV 1.000 

Output Voltage Low Veo = 5.0V 0,01 
Level {Yod Voo = lOV 0,01 

Output Voltage High Voo = 5.0V 4.99 
Level (YOH) Voo = lOV 9.99 

Noise Immunity (VNd Veo = 5.0V, Vo == O.BV 1.5 
(All Inputs) Vee = lOV, Vo = 1.0V 3.0 

. Noise Im.munity (VNH ) Veo = 5.0V, Vo = 4.2V 1.4 
(Allln""ts) Veo = lOV, Vo =9.0V 2.9 

Output'Drive Current Decoded' Outputs 
N·Channel (IoN) Voo::: 5.OV, Vo = O.SV 0.03 

Veo = lOV, Vo =O.5V 0.06 

Output Drive Current Carry Outputs 
N-Channel (IoN) VbO = 5.0V. Vo = 0.5V 0.095 

Voo :::: lOV, Vo = O.SV 0.155 

Output Drive Current Decoded Outputs 
P-Channel (loP) Voo = 5.OV, Vo = 4.5V -0,018 

VOD = 10V,'Vo =9.5V -0.06 

Output Drive Current Carry Outputs 
P·Channel (10 P) Voo = 5.0V, Vo = 4.5V -0.095 

Veo = lOV, Vo "" 9.5V -0.155 

Input Current (ld 

LIMITS 

25°C 

MIN TYP MAX 

0.3 5.0 
0.5 10 

1.5 25 
5.0 100 

0 0.01 
0 0,01 

4.99 5.0 
9.99 10 

1.5 2.25 
3.0 4.5 

1.5 2.25 
3.0 4.5 

0.05 0.15 
0.1 0.3 

0.15 0.5 
0.3 1.0 

-0.03 -0.075 
-0.05 -0.15 

-0.15 -0.4 
-0.3 -0.8 

10 

LIMITS 

25°C 

MIN TYP MAX 

0.5 50 
1.0 100 

2.5 250 
10 1.000 

0 0.01 
0 0.01 

4.99 5.0 
9.99 10 

1.5 2.25 
3.0 4.5 

1.5 2.25 
3.0 4.6 

0.025 0.15 
0.05 0.3 

0.08 0.5 
0.13 1.0 

-0,015 -0,075 
-0.05 -0.15 

-0.08 -0.4 
-0.13 -0.8 

10 

125'C 

MIN TYP 

4.95 
9.95 

1.4 
2.9 

1.5 
3.0 

0.Q35 
0.07 

0.105 
0.21 

-0.021 
-0.035 

-0.105 
-0.21 

85°C 

MIN TYP 

4.95 
9.95 

1.4 
2,9 

1.5 
3.0 

0.02 
0.04 

0.065 
0.105 

-0.012 
-0.04 

-0.065 
-0.105 

MAX 

300 
600 

1.500 
6.000 

0.05 
0.05 

MAX 

700 
1,400 

3.500 
14.000 

0.05 
0.05 

UNITS 
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ac electrical characteristics CD4022M 

TA = 25°C and CL = 15 pF. Typical Temperature Coefficient for all values of Voo = O.3%tC. 

LIMITS 
PARAMETER CONDITIONS 

MIN TYP MAX 

CLOCKED OPERATION 

Propagation Delay Time Carry- Voo = S.OV 325 1.000 
Out line (tPHL = tpLH) Voo '" lOV 125 250 

Propagation Delay Time Decode- Voo = 5.0V 400 1.200 
Out lines (tPHL = tPLH) Voo '" lOV 200 400 

Transition Time Carry-Out Line Voo '" S.OV 85 300 
(tTHL = tTLH) Veo = 10V 50 100 

Transition Time Decode-Out Veo = S.OV 300 900 
Lines (tTHL ::= tTLH) Veo = lOV 125 250 

Minir;num Clock Pulse Width (tWL "" tWH) Veo = S.OV 250 500 

Minimum Clock Pulse Width (tWL = tWH ) Voo = lOV 85 170 

Clock Rise and Fall Time ItrcLl Veo = S.OV 15 

Clock Rise and Fall Time (tfeL) Voo = lOV 15 

Clock Enable Set-Up Time Voo '" S.OV 350 175 
Veo = 10V 150 75 

Maximum, Clock Frequency (feL ) Voo '" S.OV 1.0 2.5 
Vao '" lOV 3.0 5.0 

Input Capacitance (Cd Any Input 5.0 

RESET OPERATION 

Propagation Delay Time Carry- Veo = 5.0V 300 900 
Out Line (tPLH) Voo = 10V 125 250 

Propagation Delay Time Decode- Voo '" 5.0V 500 1.250 
Out Line (tPLH ) Voo '" lOV 200 400 

Minimum Reset Pulse Width (twd Voo '" 5.0V 150 300 

Mjnimum Reset Pulse Width (tWH l Voo '" lOV 75 150 

ac electrical characteristics CD4022C 

I LIMITS 
PARAMETER CONDITIONS 

MIN TYP MAx 

CLOCKED OPERATION 

Propagation Delay Til;l1e Carry- Voo '" 5.0V 325 1.300 
Out Line (tPHL = tpLH) Voo '" lOV 125 500 

Propagation Delay Time Decode· Voo '" 5.0V 400 1.600 
Out ,Line (tPHL '" tpLH) Voo = lOV 200 800 

Transition Time Carry-Out Line Voo :: 5.0V 85 340 
(tTHL '" tTLH) Voo =lOV 50 200 

Transition Time Decode·Qu't Voo '" S.OV 300 1.200 
Lines {tTHL '" tTLH I Voo =,lOV 125 500 

Minimum Clock Pulse Width (tWL '" tWH) Voo "" 5.0V . 250 830 

Mi'nimum Clock ,Pulse Width (tWL :: tWH) Voo = lOV 85 250 

Clock Rise and Fall Time (trcd Voo = 5.0V 15 

Clock Rise and Fall Time (tfcd Voo '" lOV 15 

Clock Enable Set·Up Time Voo "" 5.0V 700 175 

Voo = lOV 300 75 

Maximum Clock Frequency (fCLI Voo = 5.0V 0.6 2.5 
VbO = 10V 2.0 5.0 

Input Capacitance (C I ) Any Input 5.0 

RESET OPERATION 

Propagation Delay Time Carry· Voo = 5.0V 300 1.200 
Out Line (tPHd Voo "" lOV 125 500 

Propagation Delay Time Decode· Voo:: 5.0V 500 2.500 
Out Line (tPLH) Voo = lOV 200 BOO 

Minimum Reset Pulse Width (twd Voo "" 5.0V 150 600 

Minimum Reset Pulse Width (twH) Voo "" lOV 75 300 

UNITS 
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timing diagram 
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CD4024M/CD4024C 7-stage ripple-carry binary counter/divider 

general description 

The CD4024M/CD4024C is a 7-stage ripple-carry binary 
counter. Buffered outputs are externally available from 
stages 1 through 7. The counter is reset to its logical "0" 
state by a logical "1" on the reset input. The counter is 
advanced one count on the negative transition of each 
clock pulse. 

features 

• Wide supply voltage range 

• High noise immunity 

logic diagram 

INPUT 1 ¢ 

PULSES FiF·T 

01 

connection diagram 

.166 

3.0V to 15v 
0.45 Vee typ 

Voo Ne 01 

1,• 13 12 

-

1 1 3 

INPUT RESET 07 
PULSES 

0, 
11 

• 
06 

• High speed 12 MHz (typ) input pulse rate 
Voo-Vss = 10V 

• Fully static operation 

• Low power 

applications 

• Frequency dividing circuits 

• Time-delay circuits 

• Counter control 

NC 03 NC 

10 9 8 

-

5 6 17 
05 o. v" 

TERMINAL NO. 14 TO VOD 
TERMINAL NO.7 TO Vss 

TOP VIEW 



absolute maximum ratings (Note 1) 

Voltage at Any Pin Vss - 0.3V to Vss + 15.5 
Operating Temperature Range 

CD4024M -55°C to +125°C 
CD4024C -40°C to +85°C 

Storage Temperature Range --u5°C to +150°C 
Package Dissipation 500 mW 
Operating Voo Range Vss + 3.0V to Vss + 15V 
Leading Temperature (Soldering. 10 seconds) 300°C 

dc electrical characteristics CD4024M 

LIMITS 

PARAMETERS CONDITIONS -55°C 25°C 125°C UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Quiescent Device Current (I L ) Voo ~ 5V 5 0.3 5 300 J1A 
Voo ~ 10V 10 0.5 10 600 J1A 

Quiescent Device Dissipation Voo ~ 5V 25 l.5 25 1,500 J1W 
Package (Po) Voo ~ 10V 100 5 100 6,000 J1W 

Output Voltage Voo ~ 5V 0.01 a 0.01 0.05 V 

Low·Level (VOL) Voo ~ 10V 0.01 a 0.01 0.05 V 

Output Voltage Voo ~ 5V 4.99 4.99 5 4.95 V 
High·Level(VoH ) Voo ~ 10V 9.99 9.99 10 9.95 V 

Noise Immunity Vo ~ 0.8V. Voo ~ 5V 1.5 l.5 2.25 1.4 V 

(All Inputs) (VNLi Vo ~ lV, Voo ~ 10V 3 3 4.5 2.9 V 

Noise Immunity Vo ~ 4.2V, Voo ~ 5V 1.4 1.5 2.25 l.5 V 

(All Inputs) (VNH ) Va ~ 9V, Voo ~ 10V 2.9 3 4.5 3 V 

Output Drive Current Voo ~ 5V 0.31 0.25 0.5 0.175 rnA 

N·Channel (IoN) Voo ~ 10V 0.62 0.5 1 0.35 rnA 

Output Device Current Voo ~ 5V -Q.19 -Q.15 -0.3 -0.105 rnA 

P·Channel (loP) Voo ~ 10V -0.45 -0.35 -0.7 -0.25 rnA 

Input Current (I,) 10 pA 

dc electrical characteristics CD4024C 

LIMITS 

PARAMETERS CONDITIONS -40°C 25°C 85°C UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Ouiescent Device Current (lL) Voo ~ 5V 50 0.5 50 700 J1A 

Voo ~ 10V 100 1 100 1,400 J1A 

Quiescent Device Dissipation Voo ~ 5V 250 2.5 250 3,500 J1A 

Package (Po) Voo~10V 1,000 10 1,000 14,000 J1A 

Output Voltage Voo ~ 5V 0.01 0 0.01 0.05 V 

Low·Level (V aLi Voo ~ 10V 0.01 a 0.01 0.05 V 

Output Voltage Voo ~ 5V 4.99 4.99 5 4.95 V 

High·Level (V aH) Voo ~ 10V 9.99 9.99 10 9.95 V 

Noise Immunity Va ~ 0.8V, Voo = 5V 1.5 1.5 2.25 1.4 V 

(All Inputs) (VNL) Va ~lV, Voo ~ 10V 3 3 4.5 2.9 V 

Noise Immunity Va ~ 4.2V, Voo ~ 5V 1.4 1.5 2.25 1.5 V 

(All Inputs) (VNH) Va ~ 9V, Voo ~ 10V 2.9 3 4.5 3 V 

Output Drive Current Voo ~ 5V 0.15 0.12 0.5 0.95 rnA 

N·Channel (IoN) Voo ~ 10V 0.31 0.25 1 0.2 rnA 

Output Drive Current Voo ~ 5V -Q.145 -0.12 -Q.3 -0.95 rnA 

P·Channel (loP) Voo ~ 10V -Q.31 -Q.25 -Q.7 -Q.2 rnA 

Input Current (I,) 10 pA 
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ac electrical characteristics CD4024M ! 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

t/J INPUT OPERATION 

Propagation Delay Time (tPH L' tpLH ) Voo = 5V 150 350 ns 
(Note 3) Voo = 10V 70 125 ns 

Transition Time (tTHL. tTLH) Voo = 5V 75 225 ns 
Voo = 10V. 40 125 ns 

Minimum Input-Pulse Width (tWL, tWH) Voo = 5V 75 330 ns 
Voo = 10V 40 125 ns 

Input Pulse Time (t,.p, t,.p) Voo = 5V 15 ns 
Voo = 10V 10 ns 

Maximum Input Pulse Frequency (ft/J) Voo = 5V 1.5 5 MHz 
Voo = 10V 4 12 MHz 

Input Capacitance (C,) (Note 2) Any Input 5 pF 

RESET OPERATION 

Propagation Delay Time (tPHLIRI) Voo = 5V 200 700 ns 
Voo = 10V 100 350 ns 

Minimum Pulse Reset Width (tWH IRI) Voo = 5V 200 500 ns 
Voo = 10V 100 300 ns 

ac electrical characteristics CD4024C 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 

t/J INPUT OPERATION 

Propagation Delay Time (tpHL, tpLH) Voo = 5V 150 400 ns 
(Note 3) V OD = 10V 70 150 ns 

Transition Time (tTHL , tTLH) Voo = 5V 75 250 ns 
Voo = 10V 40 150 ns 

Minimum Input-Pulse Width (tWL, tWH) Voo = 5V 75 500 ns 

Voo = lOV 40 165 ns 

Input Pulse Time (t,.p, t'<1» Voo = 5V 15 ns 
Voo = 10V 10 ns 

Maximum Input Pulse Frequency (f¢) V DO = 5V 1 5 MHz 
Voo = 10V 3 12 MHz 

Input Capacitance (C,) (Note 2) Any Input 5 pF 

RESET OPERATION 

Propagation Delay Time (tPHLIRI) VDO = 5V 200 800 ns 
Voo = 10V 100 400 ns 

Minimum Pulse Reset Width (twH IRI) Voo = 5V 200 600 ns 
Voo = 10V 100 350 ns 

Note 1: "Absolute Maximum Ratings" arethose'values beyond which the safety of the device cannot be guaranteed. Except for "Operating Range" 
they are not meant to imply that the devices should be operated at these limits. The table Of "Electrical Characteristics" provides conditions for 
actual device operation. 
Note 2: Capacitance is. guaranteed_by periodic testing. 

Note 3: To Q1 output. • 
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schematic diagram 

OUTPUT 

) 
TO NEXT 
STAGE 

Flip-flop logic (1 of 7 identical stages). 

CLOCK o-f':>o..t>o =:: " 
,NPUT 1 v-"lL~~~~~ ____ _ 
RESET~R 
INPUT~ 

Input Logic 
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CD4025M/CD4025C triple 3-input NOR gate 

general description 
These NOR gates are monolithic complementary 
MOS (CMOS) integrated circuits. The Nand p. 
channel enhancement mode transistors provide a 
symmetrical circuit with output swings essentially 
equal to the supply voltage. This results in high 
noise immunity over a wide supply voltage range. 
No dc power other than that caused by leakage 
current is consumed during static conditions. All 
inputs are protected against static discharge "and 
latching conditions. 

features 
• Wide supply voltage range 
• Low power 

3.0V to 15V 
10 nW (typ.) 

logic and connection diagrams 

• High noise immunity 0.45 Voo (typ.) 
• Medium speed tpHL = tpLH = 25 ns (tyP.) 

operation at CL = 15 pF 

applications 

• Automotive 
• Data terminals 
• Instrumentation 
• Medical electronics 
• Industrial controls 
• Remote metering 

• Computers 

" r-----------------~-------.----------------------------._-Ovoo 

Tor VIEW 

" ,--1--:.<P---t--:1r<' OUT 



absolute maximum ratings 

Voltage at Any Pin (Note 1 ) Vss - 0.3V to Vss + 15.5V 
Operating Temperature Range 

CD4025M -55°C to +125°C 
CD4025C -40°C to +85°C 

Storage Temperature Range --65°C to +150°C 
Package Dissipation 500 mW 
Operating V DO Range Vss + 3.0V to Vss + 15V 
Lead Temperature (Soldering, 10 seconds) 300°C 

dc electrical characteristics CD4025M 

LIMITS 

PARAMETER CONDITIONS _55°C 25'C 125'C UNITS 

MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Quiescent Device Voo "" 5.0V 0.05 0.001 0.05 3.0 ~A 

Current (ILl Voo"" lOV 0.1 0.001 0.1 6.0 ~A 

Quiescent Device Dissi· Voo :::: 5.0V 0.25 0.005 0.25 15 ~W 

patian Package {Po I Voo '" 10V 1.0 0.01 1.0 60 ~W 

Output Voltage Low VI '" Vss. 10 '" OA, Voo == 5.0V 0.01 0 om 0.05 V 

Level (VOL) VI = Vss , 10 = OA, Voo '" lOV 0.01 0 0.01 0.05 V 

Output Voltage High VI = V oo , 10 '" OA, Voo '" 5.0V 4.99 4.99 5.0 4.95 V 
Level (V OH ) VI == V oo , to '" OA, Voo '" lOV 9.99 9.99 10 9.95 V 

Noise Immunity 10 = 0, Vo = 4.3V, Voo = S.OV 1.5 15 2.25 1.4 V 
(VNL)(Alllnputs) to'" 0, Vo = 9.3V, Voo = 10V 3.0 3.0 4.5 2.9 V 

Noise Immunity to =0, Vo =O.7V, Voo '" 5.0V 1.4 15 ·2.25 1.5 V 
(VNH )(AII Inputs) to = 0, Vo = a.7V, Voo '" lOV 2.9 3.0 4.5 3.0 V 

Output Drive Current VI = V oo . Vo = OA, Voo = 5.0V 0.5 0.40 0.28 mA 
N-Channel (IoN) VI = V oo , Vo = 0.5, Voo "" lOV 1.1 0.9 0.65 mA 

Output Drive Current VI'" Vss , Vo '* 2.5V, Voo '" S.OV -0.62 -0.5 -0.35 mA 
P-Channel (loP) VI"" Vss , Vo "" 9.5V, Voo. "" lOV -0.62 -0.5 -0.35 mA 

Input CUrrent (Ill 10 pA 

dc electrical characteristics CD4025C 

LIMITS 

PARAMETER CONDITIONS -40'C 25'C 85'C UNITS 

MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Quiescent Device Voo "" S.OV 0.5 0.005 0.5 15 ~A 
Current (I L ) Voo = lOV 1.0 0.005 1.0 30 ~A 

Ouiescent Device Dissi· Voo "" S.OV 0.25 0.025 2.5 75 ~A 

pation Package (Po) Voo "" lOV 10 0.05 10 300 ~W 

Output Voltage Low VI = Vss. 10 = ~A. Voo ;. 5.0V 0.01 0 0.01 0.05 V 
Level (VOL) VI"" Vss , 10 "" OA, Voo = lOV 0.01 0 0.01 0.05 V 

Output Voltage High VI"" Voo. 1.0 = OAVoo 'i'S.OV 4.99 4.99 5.0 4.95 V 
Level (VOH ) VI = Veo, 10 = OA. Voo "" 10V 9.99 9.99 10 9.95 V 

Noise Immunity 10 = 0, Va'" 4.3V, Voo "" S.OV 1.5 1.5 2.25 1.4 V 
(VNd(AII Inputs) 10'" 0, Va = 9.3V. Veo '" lOV 3.0 3.0 4.5 2.9 V 

Noise Immunity 10"" O. Va'" O.7V, Voo = S.OV 1.4 1.5 2.25 1.5 V 
(VNH)(AII Inputs) 10'" 0, Va"" 0.7V, Voo = 10V 2.9 3.0 4.5 3.0 V 

Output Drive Current VI = V oo , Va "" O.4V, Voo '" S.OV 0.35 0.3 1.0 0.24 mA 
N-Channel (10 N) VI"" Voo , Va"" 0.5V, Voo "" 10V 0.72 0.6 2.5 0.48 mA 

Output Drive Current VI"" Vss , Vo ::fo2.5V, Voo = S.OV -0.35 -0.3 -2.0 -0.24 mA 
P·Channel (loP) VI = Vss , Va = 9.5V, Voo = 10V -0.3 -0.25 -1.0 -0.2 mA 

I nput Current (I,) 10 pA 

Note 1: This device should not be connected to circuits with the power on because high transient voltages may cause permanent 
damage. 
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, 
ac electrical characteristics CD4025M 

T A = 25°C and CL = 15 pF. Typical temperature coefficient for all values of Vee = 0.3%fc. 

LIMITS 
PARAMETER CONDITIONS 

MIN TYP MAX 

Propagation Delay Time High to Vee = 5.0V 35 50 
Low Level (tpHd Vee'" 10V 25 40 

Propagation Delay Time Low to Vee = 5.0V 35 70 
High Level (tPLH) Vee = 10V 25 45 

Transition Time High to Low Vee = 5,OV 65 125 
Level (trHd Vee = 10V 35 70 

Transition Time Low to High Vee = 5.0V 65 175 
Level (tTLH) Vee = 10V 35 75 

Input Capacitance (CI ) Any Input 5,0 

ac electrical characteristics CD4025C 

TA = 25°C and CL = 15 pF, Typical temperature coefficient for all values of Vee = 0.3%tC. 

LIMITS 
PARAMETER CONDITIONS 

MIN TYP MAX 

Propagation Delay Time High to Vee = 5.0V 35 80 
Low Level (tPHL) Vee = 10V 25 55 

Propagation Delay Time Low to Vee = 5.0V 35 120 
High Level (tPLH) Vee = 10V 25 65 

Transition Time High to Low Vee = 5.0V 65 200 
Level (tTHL) Vee = 10V 35 115 

Transition Time Low to High Vee = 5.0V 65 300 
Level (tTLH) Vee = 10V 35 125 

. Input Capacitance (Cd Any Input 5.0 

UNITS 

ns' 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

pF 

UNITS 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

pF 



CD4027M/CD4027C dual JK master/slave flip-flop 
with set and reset 

general description 
These dual JK flip·flops are monolithic Comple· 
mentary MaS (CMOS) integrated circuits con· 
structed with Nand P·channel enhancement mode 
transistors. Each flip·flop has independent J, K, 
set, reset and clock inputs and buffered Q and 
5 outputs. These flip·flops are edge sensitive to 
the clock input and change state on the positive 
going transition of the clock pulses. Set or reset 
is independent of the clock and is accomplished 
by a high level on the respective input. 

features 
• Wide supply voltage range 

• Low power 

schematic diagram 
1,9 

3.0V to 15V 

50 nW typ 

• Medium speed 
operation 

• High noise immunity 

applications 
• Automotive 
• Data terminals 

• Instrumentation 

• Medical electronics 

• Alarm systems 
• . Remote metering 

• Computers 

B.O MHz typ 
with 10V supply 

0.45 Vee typ 

~To-----------------------~--------------------------------~ 

6,10 
J<>--r--.... ., 

." 
K v, ----'L../ 

4,12 

RESET 3,13 ""- t ""-_ 
CLOCK CL 

connection diagram 

01 CLOCK 1 RESET 1 Kl Jl SET 1 

., il2 CLOCK 2 RESET 2 K2 J2 SET'2 Vss 

TOP VIEW 

truth table 
-tn_1 INPUTS 

CL' J 

J , 
J x 

J 0 

J x 

\... x 

X X 

X X 

X X 

Where: 

I == High Level 

a == Low Level 
... '" Level Change 
X = Don't Care 

K 

x 
0 

x 

I 

x 

X 

X 

X 

• '" Invalid Condition 

S 

0 

0 

0 

0 

0 

I 

0 

I 

+tn OUTPUTS 

R Q Q Q 

0 0 I 0 

0 I I 0 

0 0 0 I 

0 I 0 I 

0 X (No changel 

0 X I 0 

I X 0 I 

I X 

• '" tn_1 refers to the time interval prior to the 
positive clock pulse transition 

• = tn refers to the ti me intervals after the 
positive clock pulse transition 
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absolute maximum ratings 
, 

Voltage at Any Pin (Note 1) Vss - O.3V to Vss + 15.5V 
Operati89 Temperature Range 

CD4027M -55°C to +125°C 
CD4027C -40°C to +85°C 

Storage Temperature Range' -65°C to +150°C 
Package Dissipation 500mW 
Operating V DD Range Vss + 3.0V to Vss + 15V 
Lead Temperature (Soldering, 10 seconds) 300°C 

dc electrical characteristics CD4027M 

LIMITS 

PARAMETER CONDITIONS _55°C 25°C 125°C UNITS 

MIN TYP MAX MIN TYP MAX MIN P(P MAX 

Quiescent Device Vaa = 5.0V 1.0 0.005 1.0 60 Jl.A 
Current (ILl Vaa = 10V 2.0 0.005 2.0 120 Jl.A 

Quiescent Device Dissi· Vaa = 5.0V 5.0 0.025 5.0 300 Jl.W 
patian/Package (P D ) Vaa = 10V 20 0.05 20 1,200 IlW 

Output Voltage Low Vaa = 5.0V 0.01 0 0.01 0.05 V 
Level (Voel Vao = 10V 0.01 0 0.01 0.05 V 

Output Voltage High Vao = 5.0V 4.99 4.99 5.0 4.95 V 
Level (VOH ) Vao = 10V 9.99 9.99 10 9.95 V 

Noise Immunity V OD = 5.0V 1.5 1.5 2.25 1.4 V 
(V NL ) (All Inputs) Vaa = 10V 3.0 3.0 4.5 2.9 V 

Noise Immunity Vaa = 5.0V 1.4 1.5 2.25 1.5 V 
(VNH )(AII Inputs) Vaa = 10V 2.9 3.0 4.5 3.0 V 

Output Drive Current Vaa = 5.0V, Vo = 0.5V 0.63 0.5 1.0 0.33 mA 
N·Channel lioN) Vaa = 10V, Vo = 0.5V 1.25 1.0 2.5 0.7 mA 

Output Drive Current Vaa = 5.0V, Vo = 4.5V -0.31 ~.25 -0.5 -0.175 mA 
P·Channel (loP) Vaa = 10V, Vo = 9.5V ~.8 ~.65 -1.3 ~.45 mA 

Input Current (lJ) Any Input 10 \ pA 

dc electrical characteristics CD4027C 

LIMITS 

PARAMETER CONDITIONS -40°C 25°C 85°C UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Quiescent Device Vaa = 5.0V 10 0.01 10 140 Jl.A 
Current (lL) Vaa = 10V 20 0.05 20 280 IlA 

Quiescent Device Dissi- Vaa = 5.0V 50 0.05 50. 700 Jl.W 
pation/Package (Po) Vaa = 10V 200 0.02 200 2,800 Jl.W 

Output Voltage Low Vaa = 5.0V 0.01 0 0.01 0.05 V 
Level (VOL) Vaa = 10V 0.01 0 0.01 0.05 V 

Output Voltage High Vaa = 5.0V 4.99 4.99 5.0 4.95 V 
Level (VoH) Vaa = 10V 9.99 9.99 10 9.95 V 

.' 
Noise Immunity Vaa = 5.0V 1.5 1.5 2.25 1.4 V 

(VNL)(Alllnputs) Vaa = 10V 3.0 3.0 4.5 2.9 V 

Noise Immunity Vao = 5.0V 1.4 1.5 2.25 1.5 V 

(VNH)(Alllnputs) Vaa = 10V 2.9 3.0 4.5 3.0 V 

Output Drive Current Vaa = 5.0V, Vo = 0.5V 0.3 0.3 1.0 0.24 mA 

N·Channel 110 N) Vaa = 10V, Va = O.SV 0.72 0.6 2.5 0.5 mA 

Output Drive Current Vaa = 5.0V, Vo = 4.5V -0.17 -0.14 ~.5 ~.063 mA 

P·Channel lIaP) Voa = 10V, Va = 9.5V ~.4 -0.33 -1.3 ~.27 mA 

Input Current (ld Any Input 10 pA 

Note 1: This device should not be connected to circuits with power on because high transient voltages may cause permanent 
damage. 



ac electrical characteristics CD4027M 

T A = 25°C, Vss = OV"CL = 15 pF, and input rise and fall times = 20 ns, except t,CL and tlcL-

LIMITS 
PARAMETER,S CONDITIONS 

MIN TVP MAX 

Propagation Delay Time (tPH1J Voo = 5.0V 150 300 

Propagation Delay Time (tPLH) Voo = 10V 75 110 

Transition Time (tniLI Voo = 5.0V 75 125 

Transition Time (tTLH ) Voo = 10V 50 70 

Minimum Clock Pulse Width (tWL) Voo = 5.0V 125 300 

MinImum Clock Pulse Width (tWH ) Voo '" lOV 50 100 

Maximum Clock Rise and Fall 
Voo = 5.0V 15 

Time (t'trcLI 

Maximum Clock Rise and Fall 
Voo = 10V 5.0 

Time (tfcd 

Set-Up Time 
Voo = 5.0V 70 150 

Voo = 10V 25 50 

Maximum Clock Frequency Voo = 5.0V 1.5 3.0 
!Toggle Model (fCll Voo = 10V 4.5 8.0 

Input Capacitance (ell 5.0 

SET AND RESET OPERATION 

Propagation Delay Time (tpHLlA) I Voo = 50V 175 225 

Propagation Delay Time (tPLH (5)) Voo = 10V 75 110 

Minimum Set and Reset Pulse 
Voo = 5.0V 125 200 

Widths (tWH (5)) 

Minimum Set and Reset Pulse 
Voo = 10V 50 80 

Widths (tWL(Rl) 

ac electrical characteristics CD4027C 

T A = 25°C, Vss = OV, CL = 15 pF, and input rise and fall times = 20 05, except t,CL and tfCL. 

LIMITS 
PARAMETERS CONDITIONS 

MIN TVP MAX 

Propagation Delay Time (tPHL) Voo = 5.0V 150 400 

Propagation Delay Time (tPLH) Voo = 10V 75 150 

Transition Time (tTHL ) Voo = 5.0V 75 250 

Transition Time (tTLH) Voo = lOV 50 140 

Minimum Clock Pulse Width (tWL) Voo = 5.0V 125 400 

Minimum Clock Pulse Width (tWH ) Voo = lOV 50 130 

Maximum Clock Rise and Fall 
Voo = 5.0V 15 

Time ("trcd 

Maximum Clock Rise and Fall 
Voo = 10V 5.0 

Time (ttcd 

Voo = 5.0V 70 200 
Set-Up Time 

Voo = 10V 25 75 

Maximum Clock Frequency Voo = 5.0V 1.0 3.0 

IToggle ModellfCll Voo = 10V 3.0 B.O 

Input Capacitance (C,) 5·.0 

SET AND RESET OPERATION 

Propagation Delay Time (tpHL(A)J Voo = 5.0V 175 350 

Propagation Delay Time (tPLH IS)) Voo = 10V 75 150 

Minimum Set and Reset Pulse 
Voo = 5.0V 125 300 

Width, ItWH (S)) 

Minimum Set and Reset Pulse 
Voo = 10V 50 120 

Widths ItWL (Ad 
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CD4028M/CD4028C BCD-to-decimal decoder 

general description 

The CD4028M/CD4028C is a BCD-to-decimal or binary
to-octal decoder consisting of four. inputs, decoding 
logic gates, and ten output buffers. A BCD 'code applied 
to the four. inputs, A, B, C and D, results in a high level 
at the selected one of ten decimal decoded outputs. 
Similarly, a 3-bit binary code applied to inputs A, Band 
C is decoded in octal at outputs 0 through 7. A high 
level signal at the D input inhibits octal decoding and 
causes outputs 0 through 7 to go low. 

All inputs are protected against static discharge damage 
by diode clamps to V DD and V ss. 

features 
• Wide supply voltage range 

• High noise immunity 

3.0V to 15V 

0.45 V cc (typ) 

logic and connection diagrams 

10 

13 

12 

11 
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• Low power 

• Medium speed operation 

• Glitch free outputs 

tTHL , tTLH = 30 ns (typ) 
at VDD = 10V 

• High decoded output drive capability 8 mA (typ) 

• "Positive logic" on inputs and outputs 

applications 

• Code conversion 

• Address decoding 

• Indicator-tube decoder 

"0" 

"1" 

"2" 16 
v" 

15 
3 

14 
1 

1J 

"4" 11 
C 

11 
D 

"5" 10 
A 

V" 
9 • 
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TOP VIEW 
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absolute maximum ratings 
Voltage at Any Pin (Note 1) Vss - 0.3V to V DO + 0.3V 
Operating Temperature Range 

CD4028M -55°C to +125°C 
CD4028C -40°C to +85°C 

Storage Temperature Range -£5°C to +150°C 
Package Dissipation 500mW 
Operating V DO Range Vss + 3.0V to Vss + 15V 
Lead Temperature (Soldering, 10 seconds) 300°C 

dc electrical characteristics CD4028M 

LIMITS 

PARAMETER CONDITIONS -ssoc 2Soc 12SoC 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Quiescent Device Voo = 5V 5 0.5 5 300 
Current (I L) Voo = lOV 10 1 10 600 

Quiescent Oe,,'ice Oi55i- Voo = 5V 25 2.5 25 1500 
pation/Package (Po) Voo = 10V 100 10 100 6000 

Output Voltage Low Voo = 5V 0.01 a 0.01 0.05 
Level (VOL) Voo = 10V 0.Q1 a 0.01 0.05 

Output Voltage High Voo = 5V 4.99 4.99 5 4.95 
Level (VOH ) Voo = 10V 9.99 9.99 10 9.95 

Noise Immunity Voo = 5V 1.5 1.5 2.25 1.4 
(VNL ) (Allinpuls) Voo = 10V 3 3 4.5 2.9 

Noise Immunity Voo = 5V 1.4 1.5 2.25 1.5 
(VNH ) (All Inputs) Voo = 10V 2.9 3 4.5 3 

Output Drive Current Voo = 5V, Va = 0.5V 0.75 0.6 1.2 0.45 
N·Channel (IoN) Voo = 10V, Va = 0.5V 1.5 1.2 2.4 0.9 

Output Drive Current Voo = 5V, Va = 4.5V -{l.7 -{l.45 -{l.9 -{l.32 
P·Channel (loP) Voo = 10V, Va = 9.5V -1.4 -{l.95 -1.9 -{l.65 

I nput Current (I,) Any Input 10 

dc electrical characteristics CD4028C 

LIMITS 

PARAMETER CONDITIONS _40°C 2Soc 8SoC 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Quiescent Device Voo = 5V 50 5 50 700 
Current (I L) Voo = 10V 100 10 100 1400 

Quiescent Device Oi55i- Voo = 5V 250 25 250 3500 
pation/Package (Po) Voo = 10V 1000 100 1000 14000 

I 
Output Voltage Low Voo = 5V 0.01 a 0.01 0.05 
Level (VOL) Voo = 10V am a 0.01 0.05 

Output Voltage High Voo = 5V 4.99 4.99 5 4.95 
Level (V OH ) Voo = 10V 9.99 9.99 10 9.95 

Noise Immunity V o " = 5V 1.5 1.5 2.25 1.4 
(VNL ) (All Inputs) Voo = 10V 3.0 3 4.5 2.9 

Noise Immunity Voo = 5V 1.4 1.5 2.25 1.5 
(VNH ) (All Inputs) Voo = 10V 2.9 3 4.5 3 

Output Drive Current Voo = 5V, Va = 0.5V 0.35 0.3 1.2 0.25 
N·Channel (IoN) Voo = 10V, Va = 0.5V 0.7 0.6 2.4 0.5 

Output Drive Current Voo = 5V, Va = 4.5V -{l.32 -{l.22 -{l.9 -{l.18 

P·Channel (loP) Voo = 10V, Va = 9.5V -{l.65 -{l.48 -1.9 -{l.4 

Input Current (I,) Any Input 10 

Note 1: This device should not be connected to circuits with power on because high transient v61tages may cause permanent damage. 
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ac electrical characteristics CD4028M 

T A = 25°C. Vss = OV. CL = 15pF. and input rise and fall times = 20 ns. 

PARAMETERS CONDITIONS 

Propagation Delay Time (tPHL. tpLH) Voo = 5V 
Voo = 10V 

Transition Time (tTHL. tTLH) Voo= 5V 
Voo = 10V 

Input Capacitance (C,) Any Input 

ac electrical characteristics CD4028C 

TA = 25°C. Vss = OV. CL = 15 pF. and input rise and fall times = 20 ns. 

PARAMETERS CONDITIONS 

Propagation Delay Time (tPHL. tpLH) Voo = 5V 
Voo = 10V 

Transition Time (tTHL • tTLH) Voo = 5V 
Voo = 10V 

Input Capacitance (C,) Any Input 

truth table 

A B C· D 0 1 2 3 

0 0 Q 0 1 0 0 0 

0 0 0 1 0 1 0 0 
~ 

0 0 1 0 0 0 1 0 

0 0 1 1 0 0 0 1 

0 1 0 0 0 0 0 0 

0 1 0 1 0 0 0 0 

0 1 1 0 0 0 0 0 

0 1 1 1 0 0 0 0 

1 0 0 0 0 0 0 0 

1 0 0 1 0 0 0 0 

1 = High Leve' 
0= Low Level 

. 
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LIMITS 
UNITS 

MIN TYP MAX 

200 480 ns 
100 180 ns 

60 150 ns 
30 75 ns 

5 pF 

LIMITS 
UNITS 

MIN TYP MAX 

200 700 ns 
100 290 ns 

60 300 tiS 

30 150 ns 

5 pF 

4 5 6 7 8 9 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 .0 

1 0 0 0 0 0 

0 1 0 0 0 0 

0 0 1· 0 0 0 

0 0 0 1 0 0 

0 0 0 0 1 0 

0 0 0 0 0 1 
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CD4029M/CD4029C presettable, binary/decade, up/down counter 

general description 
The CD4029M/CD4029C is a presettable up/down normally at logical "1" state and goes to logical "0" 
counter which counts in either binary or decade mode state when the counter reaches its maximum count in 
depending on the voltage level applied at binary/decade the "up" mode or the minimum count in the "down" 
input. When binary/decade is at logical "1" the counter mode provided the carry input is at logical "0" state. 
counts in binary, otherwise it counts in decade. Similarly, 
the counter counts up when the up/down' input is at All inputs are protected against static discharge by diode 
logical "1" and vice versa. clamps to both V DD and V 55. 

A logical "1" preset enable signal allows information at features 
the "jam" inputs to preset the counter to any state 
asynchronously with the clock. The counter is advanced • Wide supply voltage range 3.0V to 15V 

one count at the positive-going edge of the clock if the • High noise immunity 0.45 VDD typ 

carry in and preset enable inputs are at logical "0." • Medium speed operation 9.0 MHz typ 
Advancement is inhibited when either or both of these with 10V VDD 

two inputs is at logical "1." The carry out signal is and 15 pF load 

connection diagram 
JAM INPUTS 

~ 
BINARYI 

VI' CLOCK nJ n, UP/DOWN DECADE 

16 15 14 13 11 11 10 9 

-

1 , J , 5 6 7 ..I' PRESET n, ~ CARRY nl CARRY V" ENABLE 
JAM INPUTS IN OUT 

TOP VIEW 

cascading packages 
Parallel Clocking 

UP/DOWN 

PRESET 
ENABLE J 'I JAM INPUTS 

1 
JAM INPUTS 

1 I f 'I 1 1 f 
U/O PE Jl J2 JJ J' U/O PE Jl J2 JJ J4 

-r- CI 
CO~CI co '--'- TO NEXT 

STAGE 

BlO eLK 01 n, nJ n, BlO eLK 01 n, nJ 04 

1 II 
I, 1 ,I I I L 

OUTPUTS OUTPUTS 

CLOCK 

BINARY! 
OECAOE 

Ripple Clocking 

UP/paWN 

PRESET 

1 1 'I 
ENABLE 

JAM INPUTS JAM INPUTS 

'I 1 I 1 f 
U/O PE J1 J2 JJ J4 U/O PE Jl J2 JJ J4 

TO NEXT 
~CI CO_~CI co r-r- STAGE 

.ID eLK QT n, OJ n, .10 eLK 01 02 nJ n, 

I ,I I I I, I .1 I I I, 
CLOCK '--OUTPUTS OUTPUTS 

BINARYI 
DECADE 
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absolute maximum ratings 
Voltage at Any Pin VSS -0.3V to VSS +15.5V 
Operating Temperature R<3:nge 

CD4029M -55°C to +125°C 

CD4029C -40° C to +85° C 

dc electrical characteristics CD4029M 

PARAMETER CONDITIONS 

MIN 

Quiescent Device V DO "5.0V 
Current (ILl V oo "10V 

Quiescent Device Dissi- Voo "5.0V 
pation/Package (PD) Voo" 10V 

Output Voltage Low Voo "5.0V 
Level (VOL) Voo" 10V 

Output Voltage High Voo" 5.0V 4.99 
Level (VOH ) Voo" 10V 9.99 

Noise Immunity (VNL ) Voo" 5.0V, Va" 0.8V 1.5 
(All Inputs) Voo" lOV, Va" 1.0V 3.0 

Noise Immunity (V NH ) Voo" 5.0V, Va" 4.2V 1.4 
(All Inputs) Voo "10V, Va" 9.0V 2.9 

Output Drive Current Q Outputs 

N·Channel (IoN) Voo "5.0V, Va" 0.5V 0.5 
Voo" 10V, Va" 0.5V 0.74 

Output Drive Current Carry Output 

N·Channel (IoN) Voo" 5.0V, Va" 0.5V 0.1 
Voo" 10V, Va" 0.5V 0.4 

Output Drive Current o Out pus 

P·Channel (loP) Voo" 5.0V, Va" 4.5V -0.18 
Voo" lOV, Va" 9.5V -0.3 

Output Drive Current Carry Output 

P·Channel (loP) Voo" 5.0V, Va" 4.5V -0.09 
Voo" 10V, Va" 9.5V -0.15 

Input Current (l,l 

dc electrical characteristics CD4029C 

" 
PARAMETER CONDITIONS 

MIN 

Quiescent Device Vo~ "5.0V 
Current (I L) Voo " 10V 

Quiescent Device Dissi- Voo " 5.0V 
pat ian/Package (Po) Voo 0 10V 

Output Voltage Low V DO = 5.0V 
Level (VOL) Voo = 10V 

Output Voltage High Voo " 5.0V 4.99 
Level (VOH ) Voo" 10V 9.99 

Noise Immunity (VNL ) Voo" 5.0V, Va" 0.8V 1.5 
(A!1lnputs) Voo 0 10V, Va 01.0V 3.0 

Noise Immunity (VNH ) V DO 0 5.0V. Va o4.2V 1.4 
(All Inputs) Vbo" 10V, Va o9.0V 2.9 

Output Drive Current Outputs 
N·Channel (IoN) Voo "5.0V, Va oO.5V 0.24 

Voo" 10V, Va" 0.5V 0.36 

Output Drive Current Carry Output 

N·Channel (IoN) Voo 0 5.0V, Va" 0.5V 0.05 
Voo'" 10V, V o' "" O.5V 0.19 

Output Drive Current Outputs 
P·C~annel (loP) Voo "5.0V, Va o4.5V -0,07 

Voo 0 10V, Vo" 9.5V --0.14 

Output Drive Cu.rrent Carry Output 

P·Channel (loP) Voo 0 5.0V, Va" 4.5V -0.04 
Voo" lOV, Va" 9.5V -0.07 

Input Current (Ill 

180 

-ss'c 
TYP 

--<10°C 

TYP 

, 
Storage Temperature Range --65°C to +150°C 
Package Dissipation 500mW" 

Operating VDD Range VSS +3.0V to VSS +15V 
Lead Temperature (Soldering, 10 seconds) 300°C 

LIMITS 

25°C 125°C UNITS 

MAX MIN TYP MAX MIN TYP MAX 

5.0 0.3 5.0 300 IlA 
10 0.5 10 600 IlA 

25 1.5 25 1,500 IlW 
100 5.0 100 6,000 IlW 

0.01 0.01 0.05 V 
0.01 0.01 0.05 V 

4.99 5.0 4.95 V 
9.99 10 9.95 V 

1.5 2.25 1.4 V 
3.0 4.5 2.9 V 

1.5 2.25 1.5 V 
3.0 4.5 3.0 V 

0.4 1.8 0.28 rnA 
0.6 4.0 0.42 rnA 

0.08 1.8 0.06 rnA 
0.32 4.0 0.22 rnA 

-0.12 -0.9 -0.08 rnA 
-0.2 -2.0 -0.14 rnA 

-0.06 -0.9. -0.04 rnA 
-0.1 -2.0 -0.07 rnA 

10 pA 

LIMITS 

25°C 8S'C UNITS 

MAX MIN TYP MAX MIN TYP MAX 

50 0.5 50 700 IlA 
100 1.0 100 1,400 IlA 

250 2.5 250 3,500 IlW 
1,000 10 1,000 14,000 ~W 

0.01 0 0.01 0.05 V 
0.01 0 0.01 0.05 V 

4.99 5.0 4.95 V 
9.99 10 9.95 V 

1.5 2.25 1.4 V 

3.0 4.5 2.9 V 

1.5 2.25 1.5 V 
3.0 4.5 3.0 V 

0.2 1.8 0.16 rnA 

0.3 4.0 0.24 mA 

0.04 1.8 0.03 rnA 

0.16 4.0 '0.13 mA 

-0.06 -0.9 -0.05 rnA 

-0.1 -2.0 -0.08 rnA 

-0.03 -0.9 -0.02 rnA 

-0.05 -2.0' -0.04 rnA 

1'0 pA 



ac electrical characteristics CD4029M 
T A = 25°C and CL = 15 pF. Typical Temperat,ure Coefficient for all values of Voo = o.3%fc. 

PARAMETER I CONDITIONS I MIN I TYP 

CLOCKED OPERATION 

Propagation Delay Time to a 
Outputs itPHL • tPLH I 

Propagation Delay Time to Carry 
Output (tPHL. tpu-d 

Transition Time/Q Outputs 

(tTHL. tTLH) 

Transition Time/Carry Output 

itTHL' t TLH ) 

Minimum Clock Pulse Width 
(tWL , tWHl 

Clock Rise and Fall Time 

(trCL' tfed 

Set-Up Time (tSH L, t SLH ) 

Maximum Clock Frequency (f CL) 

Input Capacitance Ie ) 
PRESET ENABLE OPERATION 

Propagation Delay Time To Q 

Outputs (tpHL' tPLH) 

Propagation Delay Time to Carry 

Output (tPHL. tPLHl 

Minimum Preset Enable Pulse 

Width (tWH) 

Minimum Preset Enable Removal 

Time (tREMOVAL) 

CARRY INPUT OPERATION 

Propagation Delay Time to Carry 

Output (tPH L. tpLH) 

Voo = 5.0V 
Voo .,. lOV 

Voo = 5.0V 
Voo '= lOV 

Voo = S,QV 

Voo ::: lOV 

Voo = 5.0V 
Voo = 10V 

Voo :: S.OV 

Voo = lOV 

Voo = S.OV 

Voo ::: lOV 

Voo = 5.0V 
Voo ::: lOV 

Voo :: S.DV 

Voo = lOV 

Any Input 

Von - S.OV 

Von'" lOV 

Voo "" S.OV 
Voo "" lOV 

Voo "" S.OV 
Voo '" lOV 

Voo ::: S.OV 

Voo "" lOV 

Voo ::: S.OV 
Voo ::: 10V 

ac electrical characteristics CD4029C 

1.5 
3.0 
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65 

280 
115 
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20 
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30 
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3.3 
9.0 

5.0 

230 
100 

340 
150 

80 
30 
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60 

200 
85 

T A = 25°C and CL = 15 pF. Typical Temperature Coefficient for all values of Voo = O.3%tC. 

PARAMETER I CONDITIONS I MIN I TYP 

CLOCKED OPERATION 

~ropagation Delay Time to q 
Outputs (tPHL. tpLH) 

Propagation Delay Time to Carry 

Output (tPHL. tPLH) 

Transition Time/Q Outputs 

(tTHL • tTLH) 

Transition Time/Carry Output 
(t THL • t TLH ) 

Minimum Clock Pulse Width 

(tWL' tWHI 

Clock Rise and Fall Time 

(t rCL . tfcLl 

Maximum Clock Frequency {fed 

Input Capacitance {Cll 

PRESET ENABLE OPERATION 

Propagation Delay Time to Q 

Outputs (tPHL' tPLH) 

Propagation Delay Time to Carry 

Output (tPHL. tpLHI 

Minimum Preset Enable Pulse 
Width (tWH ) 

Minimum Preset Enable Removal 

Time {tAEMOVAL} 

CARRY INPUT OPERATION 

Propagation Delay Time to Carry 

Output (tPHL' tPLH) 

Voo - 5.0V 
Voo ::: lOV 

Voo ::: 5.0V 
Voo = lOV 

Voo "" 5.0V 
Voo = lOV 

Voo ". 5.0V 
Voo = lOV 

Voo := S.OV 
Von"" lOV 

Voo == 5.0V 
Voo = lOV 

Voo = S.OV 
Voo ::: lOV 

Voo "" 5.0V 
Voo "" lOV 

Any Input 

Voo - S.OV 
Voo "" lOV 

Voo ::: 5.0V 
Voo = lOV 

Voo ::: 5.0V 
Voo = lOV 

Voo = 5.0V 
Voo = lOV 

Voo = 5.0V 
Voo = 10V 

150 
65 

280 
115 

50 
25 

40 
20 

80 
30 

140 
55 

3.3 
9.0 

5.0 

230 
100 

340 
150 

80 
30 

145 
60 

200 
85 

MAX 

650 
230 

850 
300 

200 
100 

400 
200 

340 
170 

15 
15 

650 
230 

650 
230 

850 
300 

330 
160 

650 
230 

350 
150 

MAX 

1300 
460 

1700 
600 

400 
200 

800 
400 

500 
250 

15 
15 

1300 
460 

1300 
460 

1700 
600 

660 
320 

1300 
460 

700 
200 

UNITS 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 

ns 

ns 
ns 

MHz 

MHz 

pF 

ns 
ns 

n, 
ns 

ns 
ns 

ns 
ns 

UNITS 

ns 
ns 

ns 
ns 

ns 

ns 

ns 
ns 

ns 
ns 

ns 
ns 

MHz 

MHz 

pF 

ns 

ns 

"' ns 

ns 
ns 

ns 

ns 

ns 
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logic waveforms Decade Mode 

CLOCk L~~~L~~~~L~~~~L~LL~~~~~ 
CARRY IN 

UP/DOWN 

BINARYI 
OECADE 
PRESET 
ENABLE 

J1 

J2 

J3 

J4 

01 

02 

03 

04 

CARRY OUT 

COUNT 

-, 

r--

0 

.--fi- r--~ 

,I 2 3 4 

I 

r-- 1.-- 1.-- Ir-
'-- 1'-- 1'-- I~ 

II r--

5 , 7 8 IY 8 7 , 
Binary Mode 

CLOCK rqL "L "LrLrL'L"L "LILILrLrL 
CARRY IN 

UP/DOWN 

BINARYI 
DECADE 

PRESET 
ENABLE 

J1 

J2 

J3 

J4 

a' 

02 

03 

04 

CARRY OUT 

COUNT 

h 

r--

r--

5 

switching 

r- r- .--
1'-- '-- '---

• 7 8 9 " " 
time waveforms 

Voo 

CLOCK 

V~ 

Voo--
PRESET 
ENABLE 

V~ 
tw,--

Voo 
JAM 

INPUT 
V~ 

Voo 
BID OR 

U/D 
V~ 

Voo 

nOUTPUT 

Vss' 

-tPHL 
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CD4030M/CD4030C quad EXCLUSIVE-OR gate 

general description 
These EXCLUSIVE-OR gates are monolithic Com
plementary MOS (CMOS) integrated circuits con
structed with Nand P-channel enhancement mode 
transistors. All inputs are protected against static 
discharge with diodes to Voo and Vss. 

features 

• Wide supply voltage range 3.0V to 15V 
100 nW (typ) 

t pHL = tpLH = 40 ns (typ) 
at CL = 15 pF, 10V supply 

• Low power 

• Medium speed 
operation 

• High noise immunity 0.45 Vee (typ) 

schematic diagra.m 

2 
Bo-~------+-~~' 

connection diagram 

v~o 

12 

applications 
• Automotive 

• Data terminals 

• Instrumentation 

• Medical electronics 

• Industrial controls 

• Remote metering 

• Computers 

v,. 

11 10 

v,. 
TOP VIEW 
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absolute maximum ratings 

Voltage at Any Pin (Note 1) Vss - 0.3V to Vss + 15.5V 
Operating Temperature Range 

CD4030M -55°C to +125°C 
CD4030C -40°C to+85°C 

Storage Temperature Range -65°C to +150°C 
Package Dissipation 500 mW 
Operating V DO Range Vss + 3.0V to Vss + 15V 
Lead Temperature (Soldering, 10 seconds) 300°C 

dc electrical characteristics CD4030M 

LIMITS 

PARAMETER CONDITIONS _55°C 2SOC 125°C UNITS 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Quiescent Device Voo :::5.0V 0.5 0.005 0.5 30 /lA 
Current (ld Voo=10V 1.0 0.01 1.0 60 /lA 

Quiescent Device Dissi- Voo ::: S.OV 2.5 0.025 2.5 150 /lW 
patian Package (Po) Voo ::: lOY 10 0.1 10 600 /lW 

Output Voltage Low Voo == S.OV 0.01 0 0.01 0.05 V 
Level (VoLl Voo == 10V 0.01 0 0.01 0.05 V 

Output Voltage liigh Voo := 5.0V 4.99 4.99 5.0 4.95 V 
Level (VOH ) Voo::: lOV 9.99 9.99 10 9.95 V 

Noise Immunity Voo = S.OV 1.5 1.5 2.25 1.4 V 
(All Inputs) (VNcI Von::: lOV 3.0 3.0 4.5 2.9 V 

Noise Immunity Voo = S.OV 1.4 1.5 2.25 1.5 V 
(All Inputs)(V NH) Voo = lOV 2.9 3.0 4.5 3.0 V 

Output Drive Current Voo = S.OV 0.75 0.6 1.2 0.45 mA 
N-Channel (IoN) Voo = 10V 1.5 1.2 2.4 0.9 mA 

Output Drive Current Voo = S.OV -0.45 -0.3 -0.6 -0.21 mA 
P-Channel (loP) Voo = lOV -0.95 -0.65 -1.3 -0.45 mA 

Input Current (I d VI = OVor VI = Voo 10 pA 

dc electrical characteristics CD4030C 

LIMITS 

PARAMETER CONDITIONS -40°C 25°C 8SoC , UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Quiescent Device Voo ::: 5.0V 5.0 0.05 5.0 70 /lA 
Current (lL) Von::: lOV 10 0.1 10 140 /lA 

Quiescent Device Dissi- Voo = 5.0V 25 0.25 25 350 /lW 
pation Package (Po) Voo "" ,pV 100 1.0 100 1,400 /lW 

Output Voltage Low Voo "" 5.0V 0.01 0 0.01 0.05 V 
Level (Vod VDD "" lOV 0.01 a 0.01 0.05 V 

Output Voltage High Voo o5.0V 4.99 4.99 5.0 4.95 V 
Level (VOH ) Voo "" lOV 999 9.99 10 9.95 V 

~oise Immunity Voo = 5.0V 1.5 1.5 2.25 1.4 V 
(Alllnputs)(VNL ) Voo "" lOV 3.0 3.0 4.5 2.9 V 

Noise Immunity Voo "" 5.0V 1.4 1.5 2.25 1.5 V 
(Alllnputs)IV NH ) VDD :: 10V 2:9 3.0 4.5 3.0 V 

Output Drive Current Voo '" 5.0 0.35 0.3 1.2 0.25 mA 
N·Channel (IoN) Voo = lOV 0.7 0.6 2.4 0.5 mA 

Output Drive Curre'nt Voo '" 5.0V -0.21 -0.15 -0.6 -0.12 mA 
P·Channel (loP) Voo "" 10V -0.45 -0.32 -1.3 -0.25 mA 

Input CUrrent (II) VI =OVarVI =Voo 10 pA 

Note 1: This device should not be connected to circuits with power on because high transient voltages may cause permanent I 

damage. 



ac electrical characteristics CD4030M 

at TA ; 25°C, Vss ; OV, and CL ; 15 pF. Typical temperature coefficient for all values of Voo ; 0.3%fc. 

LIMITS 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX 

Propagation Delay Ti me (tPH L) Voo ; 5.0V 100 200 ns 
Voo ; 10V 40 100 ns 

Propagation Delay Time (tPLH) Voo ; 5.0V 100 200 ns 
Voo ; 10V 40 100 ns 

Transition Time High to Low Voo ; 5.0V 70 150 ns 
Level (tTH L) Voo ; 10V 25 75 ns 

Transition Time Low to High Voo ; 5.0V 80 150 ns 
Level (tTLH) Voo ; 10V 30 75 ns 

Input Capacitance (C I ) VI ;OVorVI ;Voo 5.0 pF 

ac electrical characteristics CP4030C 

LIMITS 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX 

Propagation Delay Time (tPHd Voo ; 5.0V 100 300 ns 
Voo; 10V 40 150 ns 

Propagation Delay Time (tPLH) Voo; 5.0V 100 300 ns 

Voo '" 10V 40 150 ns 

Transition Time High to Low Voo; 5,OV 70 300 ns 
Level (tTHL ) Voo ; 10V 25 150 ns 

Transition Time Low to High Voo; 5.0V 80 300 ns 
Level (tTLH) Voo ; lOV 30 150 ns . 
Input Capacitance (CI ) VI; OVor VI; Voo 5.0 pF 

truth table (For One of Four Identical Gates) 

A B J 

0 0 0 

1 0 1 

0 1 1 

1 1 0 

Where: "1" = High Level 
"0" = Low Level 
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CD4035M/CD4035C 4-bit parallel-in/parallel-out shift register 

general description 

The CD4035M/CD4035C 4-bit parallel-in/parallel
out shift register is a monolithic complementary 
MOS (CMOS) integrated circuit constructed with 
P and N-channel enhancement mode transistors_ 
This shift register is a four-stage clocked serial 
register having provisions for synchronous parallel 
inputs to each stage and serial inputs to the first 
stage via JK logic_ Register stages 2, 3, and 4 are 
coupled in a serial "D" flip-flop configuration 
when the register is in the serial mode (Parallel/ 
Serial control low)_ 

Parallel entry via the "D" line of each register 
stage is permitted only when the Parallel/Serial 
control is "high_" 

In the parallel or serial mode information is trans
ferred on positive clock transitions_ 

When the True/Complement control is "high," the 
True contents of the register are available at the 
output terminals. When the True/Complement con
trol is "low," the outputs are the complements 
of the data in the register. The True/Complement 
control functions asynchronously with respect to 
the clock signal. 

JK input logic is provided on the first stage serial 
input to minimize logic requirements particularly 
in counting and sequence-generation applications. 
With JK inputs connected together, the first stage 

logic diagram 

PARAllEl 
INPUT -1 

becomes a "D" flip-flop. An asynchronous common 
reset is also provided. 

features 
• Wide supply voltage range 3.0V to 15V 

• 4-stage clocked shift operation 

• Synchronous parallel entry on all 4 stages 

• JK inputs on first stage 
• Asynchronous True/Complement control on 

all outputs 

• Reset control 
• Static flip-flop operation; master/slave config-

urqtion 

• Buffered outputs 
• Low-power dissipation 

• High speed 

applications 
• Automotive 
• Data terminals 

• Instrumentation 

• Medical electronics 

• Alarm systems 
• Industrial controls 

• Remote metering 

• Computers 

5.01lW typ (ceramic) 

to 5.0 MHz 

PA~~!~~1 ______ f>~ __ -+~9~~ __ ~~ ____ ~~~ __ ~ ______ ~~h-__ ~ ______ ~~~ __ -' 
CONTRot (PIS) 

• J o----t-<>-J 

CLOCK 0-' ------f>o-----~-+---+--~-+--_+---...... --+_----_+---....J , 
R'SET<>-----I :>o-.q")~-----""'---+----""'---+-----+-----+------' 

TRUEfCO~~~; 0.' -----D----------------N------------t+---------t+-----------, 

P/S=D=serillmode 
T/C=I=trueoutputs 9, ., 9" 

Q2 
9.. 9,,' 

OJ .. 

", 



absolute maximum ratings 

Voltage at Any Pin (Note 1 ) 
Operating Temperature Range 

CD4035M 
CD4035C 

Storage Temperature Range 
Package Dissipation 
Operating V DD Range 
Lead Temperature (Soldering, 10 seconds) 

dc electrical characteristics 

P~RAMETER CONDITIONS 

MIN 

QUiescent Device Voo '" S.DV 
Current (ILl Voo = lOV 

QUiescent Device Dlssl- Voo "s.nv 
patlon Package (Po) Voo = IOV 

Output Voltage Low Voo = S.OV 

Level (VOL) Voo '" lOV 

Output Voltage High Voo = s.nv 4.99 
Level (V OH ) Voo = lOV 9.99 

NOise Immunity Vo '" a.BV, Voo = S.OV 1.5 
(VNL ) (All Inputs) Vo = l.aV, Voo = tOV 3.0 

NOise Immunity Vo == 4.2V, Voo = S.OV 1.4 
(V NH ) (All Inputs) Vo == 9.0V, Voo '" IOV 2.9 

Output Drive Current Vo = O.SV, Voo "" S.OV 0.62 
N-Channel (IoN) Vo = 05V, Voo = IOV 1.55 

Output Dnve Current Vo = 4.5V, Voo = S.OV -0.31 

P·Channel (loP} Vo == 9.5V, Voo '" lOV -0.81 

Input Current (II) 

dc electrical characteristics 

PARAMETER CONDITIONS 

MIN 

QUiescent DeVice Voo "5.0V 
Current (ILl Voo " 10V 

QUiescent Device Dlssi· Voo '" 5.0V 
pation Package (Po) Voo "tOV 

Output Voltage Low Voo "5.0V 
Level (VOL) Voo " tOV 

Output Voltage High Voo "5.0V 4.99 
Level (V OH ) Voo "IOV 9.99 

Noise Immunity Vo'" 0.8V, Voo == 5.0V 1.5 
(VNL.)(Alllnputs) Va'" t.GV, Voo '" lOV 3.0 

NOise Immunity Vo"'4.2V, Voo =5.0V 1.4 
(V NH )(AlIlnputs) Va" 9.0V, Voo "'tOV 2.9 

Output Drive Current Va'" 0.5V, Voo = 5.0V 0.43 
N·Channel (ioN) Va'" O.5V, Voo =-IOV 1.05 

Output Drive Current Va == 4.5V, Voo '" 5.0V '-{).2 

P-Channel \loP) Va = 9.5V, Voo = lOV --0.56 

Input Current (Ill 

Note 1: This device should not be connected 
permanent damage. 

Vss - 0.3V to Vss + 15.5V 

-55°C to +125°C 
-40°C to +85°C 

-65°C to +150°C 
500mW 

Vss + 3.0V to Vss + 15V 
300°C 

CD4035M 

LIMITS 

-5SoC 2S"C 

TVP MAX MIN TVP 

5.0 0.3 
10 0.5 

25 1.5 
100 5.0 

0.Q1 
0.Q1 

4.99 5.0 
9.99 10 

15 2.25 

3.0 45 

1.5 225 
3.0 4.5 

050 1.0 
125 2.5 

-0 25 .-{).5 

--D.65 -13 

10 

CD4035C 

LIMITS 

-40°C 25°C 

TVP MAX MIN TVP 

50 05 
100 10 

250 2.5 
1,000 10 

0.01 
om 

4.99 5.0 
9.99 10 

1.5 2.25 
3.0 4.5 

1.5 2.25 
3.0 4.5 

0.35 1.0 
0.85 2.5 

-0.18 -0.5 
-0.45 --D.31 

10 

MAX 

5.0 
10 

25 
100 

0.01 
0.01 

MAX 

50 
100 

250 
1,000 

0.01 
001 

to circuits with the power on because high 

12SOC 

MIN TVP MAX 

300 
600 

1,500 
6,000 

0.05 
0.05 

4.95 
9.95 

1.4 
2.9 

15 

30 

0.35 
0.87 

-0.17 
.-{) 45 

85°C 

MIN TVP MAX 

700 
1,400 

3,500 
14,000 

0.05 
0.05 

4.95 
9.95 

1.4 
2.9 

1.5 
3.0 

0.24 
0.59 

--D. 12 
--0.31 

transient voltages may 

UNITS 

pA 
pA 

pW 
pW 

V 

V 

V 

V 

V 

V 

V 

mA 
mA 

mA 
mA 

pA 

UNITS 

pA 
pA 

pW 
pW 

V 

V 

V 

V 

V 

V 

V 

mA 
mA 

mA 
mA 

pA 

cause 
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ac electrical characteristics. CD4035M 
at T A = 25°C and CL = 15 pF. Typical Temperature Coefficient for all values of V OD = O.3%/oC. 

LIMITS 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX 

CLOCKED OPERATION 

Propagation Delay Time (tPLH) Voo = 5.0V 250 500 ns 

Propagation Delay Time (tPHd Voo = 10V 100 200 ns 

Transition Time (tTHd Voo = 5.0V 100 200 ns 

Transition Time (tTLH ) Voo = 10V 50 100 ns 

Minimum Clock Pulse Duration (twd Voo = 5.0V 200 335 ns 

Mini~um Clock Pulse Duration (tWH) Voo = 10V 100 165 ns 

Clock Rise and Fall Time (tred· Voo = 5.0V 15 15 jJ.s 

Clock Rise and Fall Time (tfCL) Voo = 10V 5.0 5.0 jJ.s 

JK Lines Setup Time Voo = 5.0V 250 500 ns 
Voo = lOV 100 200 ns 

Parallel-In lines Setup Time Voo = 5.0V 100 350 ns 
Voo = lOV 50 80 ns 

Maximum Clock Frequency (tel) Voo = 5.0V 1.5 2.5 MHz 
Voo = 10V 3.0 5.0 MHz 

Input Capacitance (e l ) Any Input 5.0 pF 

RESET OPERATION 

Propagation Delay Time (tPH L) Voo = 5.0V 250 500 ns 

Propagation Delay Time (tPLH) 'Voo = 10V 100 200 ns 

Minimum Reset Pulse Duration (tWL) Voo = 5.0V 200 400 ns 

Minimum Reset Pulse Duration (tWH) Voo = lOV 100 175 ns 

ac electrical cha racteristics CD4035C 

LIMITS 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX 

CLOCKED OPERATION 

Propagation Delay Time (tPLH) Voo = 5.0V 250 700 ns 

Propagation Delay Time (tPHL) Voo = 10V 100 300 ns 

Transition Time (tTHLl Voo = 5.0V 100 300 ns 

Tran~ition Time (tTLH) Voo = 10V 50 150 ns 

Minimum Clock Pulse Duration (tWL) Voo = 5.0V 200 500 ns 

Minimum Clock Pulse DUration (tWH) Voo = 10V 100 250 ns 

Clock Hise and Fall Time {trcd * Voo = 5.0V 15 15 /,S 

Clock Rise and Fall Time (tfCd Voo = 10V 5.0 5.0 /,s 

JK Lines Setup Time Voo = 5.0V 250 750 ns 

JK lines Setup Time Voo=.lOV 100 250 ns 

ParalieHn Lines Setup Time Voo = 5.0V 100 500 ns 
Voo = lOV 50 100 ns 

Maximum Clock Frequency (fed Voo = 5.0V 1.0 2.5 MHz 

Voo = lOV 2.0 5.0 MHi 

Input Capacitance (C I ) Any Input 5.0 pF 

RESET OPERATION 

Propagation Delay Time (tp'Hd Voo = 5.0V 250 700 ns 

Propagation Delay Time (tPLH) V OD "" 10V 100 300 ns 

Minimum Reset Pulse Duration (tWL ) Voo = 5.0V 200 500 ns 

Minimum Reset Pulse Duration (tWH ) Voo = 10V 100 200 ns 

*If more than' one unit is cascaded trCL should be made less than or equal to the sum of the fixed propagation delay time at 
15 pF and the transition time of the output driving stage for the estimated capacitive load. 

188 



connection diagram 

TRUE/COMPLEMENT OUTPUTS PARALLEL INPUTS 

V" Q2{U2 Q3/nl Q4/04 

Tn 
PI, 

"fill f16 I .. I .. I" L, 

I I I I I I 
r- HTAGE REGISTER 

I I I I I I , 
)c2 ! J 

" 
RE~:T cll:K p~7 

ai/iii K J 
~ 

TRUE/COMPLEMENT SERIAL 
OUTPUT INPUTS 

'-

truth table 

PI, 
t n _, HNPUTS) . c, 

J K R 

J 0 x 0 

J I X 0 

J x 0 0 

J I 0 0 

J x I 0 

\.... x x 0 

x x X I 

J' 
v~ 

. 

°n_l 

0 

0 

I 

0, , 

I 

0" 

X 

tn {OUTPUTSI 

0, 

0 

I 

0 

~ ~~~~LE 
I 

0, , 

0 
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(.) 

I~~ 
(.) 

" ::E 
o 
~ CD4040M/CD4040C 12-stage ripple-carry binary counter/divider 

8 
(.) general description 

The CD4040M(CD4040C is a 12-stage ripple-carry 
binary counter. Buffered outputs from each stage are 
externally available. The counter is reset to its logical 
"0" state by a logical "1" on the reset input. The 
counter is advanced one count on the negative transition 
of e.ach clock pulse. 

features 

• Wide supply voltage range 

• High noise immunity 

• Medium speed operation 

3.0V to 15V 

0.45 Vee typ 
10.0 MHz typ 

with Voo = 10V 

• Low power 

• Fully static operation 

applications 

• Automotive 

• Instrumentation 

• Medical electronics 

• Alarm systems 

• Industrial electronics 

• Remote metering 

logic diagram Stage 1 of 12 Binary Stages 

, 

01 } INPUT TO 
NEXT STAGE 

/'".....,~~ill 

ClaCK~' • 

RESET - .... -~----.A~~S:TTA~~S>-----... -----If-----.... ---

connection diagram 

190 

Voo 011 

[",6 " 

--

I 2 

BUFFERED 
OUT 

010 08 

14 

J 

13 

4 

BUFFERED 
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BUFFERED 
OUT 

TOP VIEW 

:>O_.,---+Q1 BUFFERED OUT 

switching time waveforms 

Voo--'--+-:;J.,=----,,=l 
CLOCK 

10% 
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01 

Voo--------+--",,;:;(.. 
01 
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02 
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02 
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absolute maximum ratings 

Voltage at Any Pin Vss -o.3V to VDD +0.3V 
Operating Temperature Range 

CD4040M -55°C to +125°C 
CD4040C -40° C to +85° C 

Storage Temperature Range -65°C to +150°C 
Package Dissipation 500mW 
Operating V DD Range Vss +3.0V to Vss +15V 
Lead Temperature (Soldering, 10 seconds) 300°C 

dc electrical characteristics CD4040M 

- PARAMETER CONDITIONS -55'C 

MIN TYP MAX MIN 

Quiescent Device V OD = 5.0V 15 
Current (I L ) Voo '" 10V 25 

Quiescent Device Dissi- Voo = 5.0V 75 

patian/Package (Po 1 V Dn = 10V 250 

Output Voltage Low Voo == 5.0V 0.01 

Level (VOL) Voo = lOV 0.01 

Output Voltage High Voo = 5.0V 4.99 4.99 
Level (VOH ) Voo = 10V 9.99 9.99 

Noise Immunity Voo = 5.0V, Vo = 0.8V 1.5 1.5 

IVNL ) IAlllnputs) Voo = lOV, Vo = 1.0V 3.0 3.0 

Ndise Immunity Voo = 5.0V, Vo = 4.2V 1.4 
~ 

1.5 

IVNH ) IAII Inputs) V dD = 10V, ),fo = 9.DV 2.9 3.0 

Output Drive Current Voo =5.0V, Vo =O.5V 0.22 0.18 
N-Channel (IoN) Voo = 10V, Vo = O.5V 0.44 0.36 

Output Drive Current Voo = 5.0V, Vo = 4.5V --0.15 --0.125 

P-Channel (loP) Voo 10V, Vo = 9.5V --0.3 -0.25 

Input Current (Ill Any Input 

i' 

dc electrical characteristics CD4040C 

PARAMETER CONDITIONS -40'c 

MIN TYP MAX MIN 

Quiescent Device Voo = 5.0V 50 
Current (ILl Voo = lOV 100 

Quiescent Device Oissi- Voo = 5.0V 250 

patian/Package (Po) Voo '" lOV 1000 

Output Voltage Low Voo "" S.OV 0.01 

Level (VOL) Voo '" 10V 0.Q1 

Output Voltage High Voo '" S.OV 4.99 4.99 
level (VOH ) Voo '" lOV 9.99 9.99 

Noise Immunity Voo = 5.0V, Vo = 0.8V 1.5 1.5 

IVNL ) IAlllnputs) ·Voo '" lOV, Vo :: 1.0V 3.0 3 

Noise Immunity Voo '" S.OV, Vo = 4.2V 1.4 1.5 

IVNH ) IAlllnputs) Voo = lOV, Vo o9.0V 2.9 3.0 

Output Drive Current Voo = 5.0V, Vo = 0.5V 0.21 0.18 
N-Channel (IoN) Voo = lOV, Vo == O.5V 0.42 0.36 

Output Drive Current Voo = 5.0V, Vo ' 4.5V --0.145 --0.125 

P-Channel (loP) Voo = lOY, Vo '" 9.SV --0.29 --0.25 

Input Current, (Ill Any Input 

, 

LIMITS 

25'C 

TYP MAX MIN 

0.5 15 

1.0 25 

2.5 75 
10 250 

0 0.01 
0 0.01 

5.0 4.95 

10 9.95 

2.25 1.4 

4.5 2.9 

2.25 1.5 

4.5 3.0 

0.55 0.125 

1.1 0.25 

--0.35 --0.085 
--0.7 --0.175 

10 

LIMITS 

25'C 

TYP MAX MIN 

1.0 50 
2.0 100 

5.0 250 
20 1000 

0 '0.01 

a 0.Q1 

5 4.95 
10 9.95 

2.25 1.4 

4.5 2.9 

2.25 1.5 
4.5 3.0 

0.55 0.15 
1.1 0.3 

--0.35 --0.1 

--0.7 --0.2 

10 

125'C 

TYP MAX 

900 

1500 

4500 
15000 

0.05 
0.05 

85'C 

TYP MAX 

700 
1400 

3500 
14000 

0.05 
0.05 

UNITS 

pA 
pA 

pW 
pW 

V 
V 

V 
V 

V 
V 

V 
V 

rnA 

rnA 

rnA 
rnA 

pA 

UNITS 

pA 
pA 

pW 
pW 

V 
V 

V 
V 

V 

V 

V 
V 

rnA 
rnA 

mA 
rnA 

pA 
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ac electrical characteristics CD4040M TA ~ 25°C, CL ~ 15 pF, and input rise and fall times ~ 20 ns 

except t,cL, tICL· Typical Temperature Coefficient (for all values of V DO) ~ 0.3%(C. 

LIMITS 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX 

CLOCKED OPERATION 

Propagation Delay Time (tPHL ~ tpLH) Voo ~ 5.0V 220 900 ns 
(Note 1) Voo ~ 10V 80 450 ns 

Transition Time (tTH L ~ tTLH ) Voo ~ 5.0V 120 300 ns 
Voo ~ 10V 60 150 ns 

Minimum Clock Pulse Width (tWL ~ tWH ) Voo ~ 5.0V 150 400 ns 
Voo ~ lOV 50 110 ns 

Clock Rise and Fall Time (t,cL ~ t,CL ) Voo = 5.0V 15 J.l.s 
Voo ~ 10V 7.5 J.l.s 

Maximum Clock Frequency (fcL ) Voo ~ 5.0V 1.5 3.0 MHz 

Voo = lOV 4.0 10 MHz 

Input Capacitance (C,) Any Input 5.0 . pF 

RESET OPERATION 

Propagation Delay TilJ1e (tpHL(R}) Voo ~ 5.0V 350 1000 ns 

Voo = lOV 150 500 ns 

Minimum Reset Pulse Width (tWH(R}) Voo ~ 5.0V" 350 1000 ns 
Voo ~ 10V 150 500 ns 

ac electrical characteristics CD4040C TA ~ 25°C, CL ~ 15pF, an.d input rise and fall times ~ 20 ns 

except t,CL, t,CL . Typical Temperature Coefficient (for all values of V DO) ~ 0.3%tC. 

LIMITS 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX 

CLOCKED OPERATION -
Propagation Delay Time (tPHl ~ t PLH ) Voo ~ 5.0V 220 950 ns 
(Note 1) Voo ~ 10V 80 475 . ns 

Transition Time (tTH l = tTlH ) Voo ~ 5.0V 120 350 ns 
Voo ~ 10V 60 175 ns 

Minimum Clock Pulse Width (twl ~ tWH ) Voo ~ 5.0V 150 500 ns 

Voo ~ 10V 50 125 ns 

Clock Rise and Fall Time (t,Cl ~ t'Cl) Voo~5.0V 15 J.l.s 

Voo = lOV: 7.5 J.l.s 

Maximum Clock Frequency (fcl ) V DO ~ 5.0V 1.0 3.0 MHz 
V DO ~ 10V 3.25 10 MHz 

Input Capacitance (C,) Any Input 5.0 pF 

RESET OPERATION 

. Propagation Delay Time (tp~l(R}) 'V DD ~ 5.0V 350 1250 ns 

Vat> ~ 10V 150 600 . ns 

Minimum Reset Pulse Width (tWH(R}) Voo ~ 5.0V 350 1250 ns 
V DO ~ 10V 150 600 ns 

Note 1: Measured from clock to Q1, or OJ to OJ + 1. i ='1, . .. ,11. 
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CD4042M/CD4042C quad clotked 0 latch 

general description 

The C04042M/C04042C quad clocked "0" latch is 
a monolithic complementary MOS (CMOS) integrated 
circuit constructed with P and N-channel enhancement 
mode transistors. The outputs Q and 5 either latch or 
follow the data input depending on the clock level 
which is programmed by the polarity input. For polarity 
= 0; the information present at the data input is trans
ferred to Q and 5 during 0 clock level; and for polarity 
= 1 the transfer occurs during the 1 clock level. When 
a clock transition occurs (positive for polarity = 0 and 

connection diagram and truth table 

VDD 04 03 03 02 

I" 15 14 13 12 11 10 9 

r- l-

I 1 3 4 , 6 7 

" 

-04 01 01 D1 CLOCK POLARITY 02 

TOP VIEW 

logic diagrams 

negative for polarity = 1) the information present at 
the input during the clock transition is retained at the 
outputs until an opposite clock transition occurs. 

features 

• Wide supply voltage range 

• High noise immunity 
• Clock polarity control 

CLOCK POLARITY 

0 0 

S 0 

1 1 

L 1 

1 

3.0V to 15V 

0.45 Vee typ 

Q 

D 

Latch 

D 

Latch 

ClOCK --1.)00--.--1 

I-.---CL 

CL 

POLARITY~; 
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absolute maximum ratings (Note 1) 

Voltage at Any Pin Vss - 0.3V to V DD + 0.3V 

Operating Temperature Range 

CD4042M -55°C to +125°C 

CD4042C' -40°C to +85°C 

Storage Temperature Range -65°C to +150°C 

Package Dissipation 500 mW. 

Operating V DO Range Vss + 3.0V to Vss + 15V 
Lead Temperature (Soldering, 10 seconds) 300°C 

de electrical characteristics CD4042M , 
LIMITS 

PARAMETERS CONDITIONS -55°C 25°C 125°C UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Quiescent Device Voo = 5V 1 0.005 1 60 fJA 
Current (ILl Voo = 10V 2 0.005 2 120 fJA 

Quiescent Device Dissi- Voo = 5V 5 0.025 5 300 fJW 
pation/Package (Po I. Voo = 10V 20 0.05 20 1200 fJW 

Output Voltage Low Voo = 5V 0.01 0 0.01 0.05 V 
Level (VOL~ Voo = 10V 0.01 0 0.01 0.05 V 

Output Voltage High Voo = 5V 4.99 4.99 5 4.95 V 
Level (VOH ) Voo = 10V 9.99 9.99 10 9.95 V 

Noise Immunity (All Voo = 5V, Vo = 0.95V 1.5 1.5 2.25 1.4 V 
Inputs) (VNLI Voo = 10V, Va = 2.9V 3 3 4.5 2.9 V 

Noise Immunity (All Voo = 5V, Va = 3.6V 1.4 1.5 2.25 1.5 V 
Inputs) (VNH ) , Voo = 10V, Va = 7.2V 2.9 3 4.5 3 V 

Output Drive Current Voo = 5V 0.5 0.4 1 0.27 , mA 
N·Channel (loNI Voo = 10V 1.25 1 2 0.7 mA 

Output Device Current Voo = 5 -0.45 -0.35 -1 -0.25 mA 
P·Channel (loPI Voo = 10V -1.15 -0.9 -2 -0.6 mA 

Input Current (I,) 10 pA 

dc electrical characteristics CD4042C 

LIMITS 

PARAMETERS CONDITIONS -40°C 25°C 85°C UNITS 

MIN TYP MAx MIN . TYP MAX MIN TYP MAX 

Quiescent Device Vao = 5V 10 0.01 10 140 /lA 
Current (I L) Voo = 10V 20 0.02 20 280 /lA 

Quiescent Device Dissi- Voo = 5V 50 0.05 50 700 fJW 
pat ion/Package (Po) Voo = 10V 200 0.2 200 2800 fJW 

Output Voltage Low Voo = 5V 0.01 0 0.01 0.05 V 
Level (VaLl Voo = 10V 0.01 0 0.01 0.05 V 

Output Voltage High Vaa = 5V 4.99 4.99 5 4.95 V 
Level (VOH ) Van = 10V 9.99 9.99 10 9.95 V 

Noise Immunity (All Vao = 5V, Va = 0.95V 1.5 1.5 2.25 1.4 V 
Inputs) (VNL ) Vao = 10V, Va = 2.91/ 3 \ 3 4.5 2.9 V 

Noise Immunity (All Vaa = 5V, Va = 3.6V 1.4 1.5 2.25 1.5 V 

Inputsl (VNHI Vao = 10V, Va = 7.2V 2.9 3 4.5 3 V 

Output Drive Current Vaa = 5V 0.24 0.2 1 0.18 mA 
N·Channel (IoN) Vao = 10V 0.6 0.5 2 0.45 mA 

Output Drive Current Vao = 5V -0.2 -0.175 -1 -0.15 mA 
P·Channel (I a P) Voa = 10V -0.34 -0.45 -2 -0.4 mA 

Input Current (I,) 10 pA , 
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ac electrical characteristics CD4042M 

LIMITS 
PARAMETERS CONDITIONS UNITS 

MIN TYP MAX 

Propagation Delay Time (tPH L, t pLH ) Voo = 5V 150 300 ns 
Voo = 10V 75 125 ns 

Transition Time (tTH L, t TLH ) Voo = 5V 100 200 ns 
Voo=10V 50 100 ns 

Minimum Clock Pulse Width (tWL , twH ) Voo = 5V 175 250 ns 
Voo=10V 50 75 ns 

Clock Rise Time (t'CL) or Clock Fall Time Voo = 5V 15 I1S 
(tICL ) Voo=10V 5 I1S 

Set-up Time Voo = 5V 50 100 ns 
Voo = 10V 25 50 ns 

Input Capacitance (C,) (Note 2) Any Input 5 pF 

ac electrical characteristics CD4042C 

LIMITS 
PARAMETERS CONDITIONS UNITS 

MIN TYP MAX 

Propagation Delay Time (tpHL , t pLH ) Voo = 5V 150 400 ns 

Voo = lOV 75 200 ns 

Transition Time (tTHL , tTLH ) Voo = 5V 100 300 ns 

Voo=10V 50 150 ns 

Minimum Clock Pulse Width (tWL , t WH ) Voo = 5V 175 350 ns 

Voo=10V 50 175 ns 

Clock Rise Time (t'CL) or Clock Fall Time Voo ~ 5V 15 I1S 
(tICL ) Voo = 10V 5 I1S 

Set-up Time Voo = 5V 50 125 ns 

Voo=10V 25 60 ns 

Input Capacitance (C,) (Note 2) Any Input 5 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "'Electrical Characteristics" pro-
vides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 
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CD4049M/CD4049C, CD4050M/CD4050C 
hex buffers 

general description 

These hex buffers are monolithic complementary 
MOS (CMOS) integrated circuits constructed with 
N- and P-Channel enhancement mode transistors_ 
These devices feature logic-level conversion using 
only one supply voltage (V eel- The input-signal 

. high level (V IH) can exceed the Vee supply voltage 
when these devices are used for logie-level conver
sions. These devices are intended for use as hex 
buffers, CMOS to DTL/TTL converters, or as 
CMOS current drivers, and they can drive directly 
two DTL/TTL loads_ 

features 

• _ Wide supply voltage range 

• High noise immunity 

schematic diagrams 

3_0V to 15V 

0045 Vee typ 

(a) Schematic Diagram of CD4049M, 1 of 6 Identical UniU 

connection diagrams 

CD4049M/CD4049C 

Ne l=f 

Vee G=A H"B I=e Vss 

TOP VIEW 

• Low power 100 nWtyp 

• Direct drive to 2TTLIoads at5.0V, Vee = 5.0V, 
VOL ~ OAV, ION ~ 3.0 mA 

• High source and sink current capability 

applications 

• CMOS hex inverter 
o 

• CMOS to DTL/TTL hex converter 

• CMOS curre.nt "Sink" or "Source" driver 

• CMOS high-to-Iow logic-level converter 

Jl 
1.0-... ..,.. ........... 

(b) Sche';'atic Diagram of CD4050M, 1 of 6 Identical Units 

CD4050M/CD4050C 

Nt L= F Nt K=E J=D 

H= B I=C VS$ 

TOP VIEW 



absolute maximum ratings (Note 1) 

Voltage at Any Pin Vss ~O.3V to Vss + 15.5V Storage Temperature Range 
Operating Temperature Range 

CD40XXM 
Package Dissipation 500 mW 

-55°C to +12SoC 

~40°C to +85°C 
Operating V DO Range Vss + 3.0V to Vss + 15V 

CD40XXC lead Temperature (Soldering, 10 seconds) 300°C 

dc electrical characteristics CD4049C. CD4050C 

LIMITS 

PARAMETER CONDITIONS UNITS 
~-.--,,--+--.---r--+---.--.--~ 

25°C 85°C 

MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Quiescent Device Vee::: 5.0\!, V 1H '" Vee 
Current tid Vee = lOV, V 1H '" Vee 

Quiescent Device 01551- Vee'" 5.0Y, V IH '" V ct 
pation Package (PDl Vee'" lOV, V1H "" Vee 

Output Voltage Low Vee'" 5.0V 
Level (Vod Vee'" lOV 

Output Voltage High Vee'" 5.0V 4.99 
Level (VOH ) Vee = lOV 9.99 

Noise Immunity (VNL ) Vee == S.OY, V OH = 3.6V 1.0 
(All Inputs) CD4049M Vee'" lOV, V OH '" 7.2V 2.0 

Noise Immunity (YNd Vee ;= 5.0Y, VOL'" O.95V 1.5 
(All Inputs) CD4050M Vee = lOV, VOL'" 2.9V 3.0 

Noise Immunity (VNH ) 
(AI! !'nputs) CD4050M 

Noise Immunity (VNH ) 
(All Inputs) CD4049M 

Output Drive Current 
N·Channel (lDN) 

Output Drive Current 
P-Channel (I~P) 

Input Current (Ill 

Vee'" lOV, VOH '" 7.2V 2.9 
Vee'" 5.0V, VOH := 3.6V 1.4 

Vee'" lOV, VOL'" 2.9V 2.9 
Vee'" 5.0V, VOL'" O.95V 1.4 

Vee'" 4.5V, Va '" OAV 3.1 
Vee'" 5.0V, Va '" OAV 3.6 
Vee -;, lOV, Va = O.5V 9.6 

Vee'" ,5.0V, Va '" 4.5V -0.6 
Vee'" 5.0V, Vo::: 2.5V -1.5 
Vee'" lOV, Vo '" 9.5V -1.5 

3.0 
5.0 

15 
50 

0.01 
0.01 

0.03 3.0 
0.05 5.0 

0.15 15 
0.5 50 

o 0.01 
o 0.01 

4.99 5.0 
9.99 10 

1.0 2.25 
2.0 4.5 

1.5 2.25 
3.0 4.5 

3.0 4.5 
1.5 2.25 

3.0 4.5 
1.5 2.25 

2.6 5.2 
3.0 6.0 
8.0 16 

-(l.5 ~1.0 

-1.25 -2.5 
-1.25 ~2.5 
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dc electrical characteristics CD4049M. CD4050M 

LIMITS 

4.95 
9.95 

0.9 
1.9 

1.4 
2.9 

3.0 
1.5 

3.0 
1.5 

2.1 
2.5 
6.6 

-(l.4 
-1.0 

-1.0 

42 
70 

210 
700 

0.05 
0.05 

v 
V 

V 
V 

V 

V 

mA 
mA 
mA 

mA 
mA 
mA 

pA 

PARAMETER CONDITIONS ~ __ -r_~=55=O=Cr-__ -+ ____ r-=25=O=C'-__ ~ ____ -r~12=5=OC~ ____ ~ UNITS 

MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Quiescent Device Vee'" 5·0V, V IH '" Vee 
Current (lL) Vee'" lOV, V1H ::: Vee 

Quiescent Device Dissi- Vee'" 5.0V, V IH ::: Vee 
pation Package (PD) Vee::: 1 OV, V!H '" Vee 

Output Voltage Low Vee'" 5.QV 
Level (VOL) Vee'" 10V 

Output Voltage High 
Level (VOH ) 

Noise Immunity (VNL ) 
(All Inputs) CD4049M 

Noise Immunity (VNL ) 
(All Inputs) CD4050M 

Noise Immunity (VNH ) 
(All Inputs) CD4050M 

Noise Immunity (VNH ) 
(All Inputs) CD4049M 

Output Drive Current 
N-Channel (IoN) 

Output Drive Current 
P-Channel (loP) 

Input Current (II) 

Vee'" 5.0V 4.99 
Vee'" lOV 9.99 

Vee"" 5.0V, VOH '" 3.6V 1.0 
Vee'" lOV, VOH ::: 7.2V 2.0 

Vee:: S.OV, VOL'" O.9SV 1.5 
Vee = lOV, VOL := 2.9V 3.0 

Vee'" 10V, VOH = 7.2V 2.9 
Vee'" S.OV, VOH '" 3.6V 1.4 

Vee::: lOV, VOL'" 2.9V 2.9 
Vee'" 5.0V, VOL'" O.95V 1.4 

Vee::: 4.5V, Va'" O.4V 3.3 
Vee'" S.OV. Vo '" 0.4V 3.75 
Vee'" lOV, Va ::: 0.5V 10 

Vee'" 5.0V, Vo '" 4.5V --0.62 
Vee'" 5.0V. Va = 2.5V -1.85 
Vee'" 10V. Vo '" 9.5V -1.85 

0.3 
0.5 

1.5 
5.0 

0.01 
0.01 

0.01 0.3 
0.01 0.5 

0.05 1.5 
0.1 5.0 

a 0.01 
o 0.01 

4.99 5.0 
9.99 10 

1.0 2.25 
2.0 4.5 

1.5 2.25 
3.0 4.5 

3.0 4.5 
1.5 2.25 

3.0 4.5 
1.5 2.25 

2.6 5.2 
3.0 6.0 
8.0 16 

-(l.5 ~1.0 

~1.25 -2.5 
~1.25 ~2.5 

10 

4.95 
9.95 

0.9 
1.9 

1.4 
2.9 

3.0 
1.5 

3.0' 
1.5 

1.8 
2.1 
5.6 

-(l.35 
-(l.9 
-(l.9 

20 
30 

100 
300 

0.05 
0.05 

V 
V 

V 
V 

V 
V 

V 
V 

V 
V 

mA 
mA 
mA 

mA 
mA 
mA 

pA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. 
Except for "Operating Range" they are not meant to imply that the devices should be operated at these limits. 'The 
table of "Electrical Characteristics" provides conditions for actual device operation. 
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ae electrical. characteristics CD4050M/CD4050C 

T A = 25°C, CL = 15 pF, and input rise and fall times? 20 ns. Typical Temperature Coefficient for all 

values of Vee = 0.3%tC. 

LIMITS 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX 

Propagation Delay Time High·to· Vee = 5.0V, V ,H =Vee 55 110 ns 
Low Level (t PH L) Vee = 10V, V ,H = Vee 25 55 ns 

Propagation Delay Ti me Low-to- Vee = 5.0V, V ,H = Vee 90 140 ns 
High Level (t PLH ) Vee = lOV,'V ,H = Vee 40 85 ns 

Transition Time High·to-Low Vee = 5.0V, V ,H = Vee 20 45 ns 
Level (t THL ) Vee = 10V, V,H = Vee 16 40 ns 

Transition Time Low-to:High Vee = 5.0V, V ,H = Vee 50 100 ns 
Level (t TLH ) Vee = 10V, V,H = Vee 30 60 ns 

Input Capacitance (C, ) Any Input 5.0 pF 

ac electrical characteristics CD4049M/CD4049C 

T A' = 25°C, CL = 15 pF, and input rise and fall times = 20 ns. Typical Temperature Coefficient for all 

values of Vee = 0.3%tC. 

LIMITS 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX 

Propagation Delay Time High-to- Vee = 5.0V, V ,H = Vee 15 55 ns 
Low Level (t PHL ) Vee =·lOV, V ,H = Vee 10 30 ns 

Propagation Delay Time Low-to- Vee = 5.0V, V'H = Vee 50 80 ns 
High Level (t pLH ) Vee = 10V, V ,H = Vee 25 55 ns 

Transition Time High-to-Low Vee = 5.0V, V 'H = Vee 20 45 ns 
Level (t THL ) Vee = 10V, V'H = Vee 16 40 ns 

Transition Time Low-to-High Vee = 5.0V, V'H = Vee 50 100 ns 
Level (t TLH ) Vee = 10V, V,H =Vee 30 60 ns 

Input Capacitance (C, ) Any Input 5.0 pF 
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CD4066M/CD4066C quad bilateral switch 

general description 
The CD4066M/CD4066C is a quad bilateral switch 
intended for the transmission or multiplexing of analog 
or digital signals. It is pin·for-pin compatible with 
CD4016M/CD4016C, but has a much lower ON resis
tance, and ON resistance is relatively constant over the 
input-signal range. 

features 
• Wide supply voltage range 

• High noise immunity 

• Wide range of digital and 
analog switching 

3V to 15V 

0.45 Vo·o typ 

±7.5VPEAK 

• ON resistance for 15V operation 80n typ 

5n • Matched ON resistance over 15V 
signal input 

• ON resistance flat over peak-to-peak signal range 

• High ON/OF F output voltage ratio 65 dB typ 

• High degree of linearity 

@ f is = 10 kHz, 

RL = 10 kn 

<0.5% distortion typ 

@f is = 1 kHz, 

Vis = 5V(p-p), 

Voo - Vss = 10V, 

RL = 10 kn 

schematic and connection diagrams 

1 of 4 Bilateral Switches 

v" 

• Extremely low OF F switch leakage 10 pA typ 

@Voo - Vss = 10\1. 

• Extremely high control input 
impedance 

• Low crosstalk between switches 

, 
• Frequency response, switch ON 

applications 

• Analog signal switching/multiplexing 

• Signal gating 

• Squelch control 

• Chopper 
• Modulator/Demodulator 

• Commutating switch 

• Digital signal switching/multiplexing 

• CMOS logic implementation 

TA = 25°C 
1012n typ 

-50 dB typ 

@ f is = 0.9 MHz, 

RL = 1 kn 
40 MHz typ 

• Analog to digital/digital to analog conversion 

• Digital control of frequency, impedance, phase, and 
analog-signal gain 

Hl9 
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absolute maximum ratings 

Voltage at Any Pin (Note 1) Vss -Q.3V to Vss +15.5V 
Operating Temperature Range 

CD4066M -55°C to +125°C 
CD4066C -40°C to +85°C 

Storage Temperature Range -65°C to +150°C 
Package Dissipation 500 mW 
Operating VDD Range Vss +3V to Vss +15V 
Lead Temperature' (Soldering, 10 seconds) 300°C 

electrical cha.racteristics CD4066C 

CHARACTERISTIC SYMBOL TEST CONDITIONS 

Quiescent Dissipation VOL TS 
per Package TERMINALS APPLIED 

VDD 14 +10 
All Switches 0 F F Vss 7 GND 

Vc 5.6, 12,13 GND 

V" 1,4,8,11 <+10 

PT 

Vo, 2,3,9,10 <no 
VOLTS 

TERMINALS APPLIED 
VDD 14 +10 

All Switches ON Vss 7 GND 

Vc 5,6,12,13 +10 
V's =: Vos 1-4,8-11 < +10 

(Thru 
lOOn) 

SIGNAL INPUTS (V.) AND OUTPUTS (Vo,) 

Vc=Voo Vss V" 
+7.5V -7.5V -7.5 to +7.5V 
:,"l~V OV OVto15V 

ON Resistance RDN RL =10kn 
+5V -5V -5V to +5V 
+lDV OV OVto lOV 

+2.5V -2.5V -2.5 to +2.5V 
+5V OV OV to 5V 

+7_5V -7.5V -7.Ste +7.5V 

..lON Resistance Between +15V OV OV to 15V 

Any 2 of 4 SWitches .6.RON RL "10kn 
+SV -SV -5V to+5V 
+10V OV OV to lOV 

Sine Wave ResP(')nse RL "'lOkfl +5V -5V 5V(p-p} 
(Distortion) f,s =: 1 kHz (Note 3) 

Vc=Vss V DD Vis 

-7.5V +7.5V +7.5V 
Input or Output -7.5V +7.5V -7.5V 
Leakage-Switch OFF (Note 2) 

(Effective OFF -5V +5V +5V 
ReSIStance) -5V +5V -5V 

(Note 2) 

Vc = V OD '" +5V, Vss '" -5V 
Frequency Response-

RL '" 1 kH Vo, 
Switch ON (Sine Wave 20 L09l0 ~ '" -3 dB 
Input) 

V's = 5V(p-p) V" 

VDD '" +5V, Vc = "ss = -5V 

Feedthrough Switch V o, 

OFF 
20 L0910 ~ '" -50 dB 

V" 

Vc (A) "" V OD '" +5V 
Crosstalk Between Any 2 RL" 1 kH Vc (B) = VS5 '" --5V 
of the 4 Switches V,s(A) "" 

20 L V 05(B) '" -50· dB (Frequency at -50 dB) 5V(p·pj 
0910 V,s(A) 

CapacItance 
Input C" V OD -= +5V, Vc = Vss '" -5V 
Output CDS VOD '" +5V, Vc '" Vss '" --5V 
Feedthrough CtOS V DO '" +5V, Vc '" Vss '" -5V 

Propagation Delay Ve '" VDD '" +10V, VS5 = GND, CL '" 15 pF 
Signal Input to Signal 'po V's'" 10V (square wave) 
Output tr '" tl := 20 ns (input signal) 

200 

LIMITS 

-40°C 2SoC 85°C UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

SO 0.1 50 300 "W 

50 0.1 50 300 "w 

80 250 80 280 130 300 n 

100 450 120 500 170 520 n 

190 3500 270 5000 330 S200 n 

5 n 

10 n 

0.4 % 

±lOO ±O.l ±lOa ±20Q nA 

±100 :!:D.05 ±100 ±200 nA 

40 MHz 

1.25 MHz 

0.9 MHz 

8 pF 
8 pF 
0.5 pF 

10 m 
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electrical characteristics CD4066C Continued C 

~ 
0 
(J) 

LIMITS (J) 

CHARACTERISTIC SYMBOL TEST CONDITIONS -40°C 25"C 85"C UNITS 3: 
MIN TYP MAX MIN TYP MAX MIN TYP MAX -.....; 

(") 
CONTROL IVel C 

~ 
Noise Immunity V NL V's ::;:VOD 

Voo - Vss '" lOV 

tjs'" lOMA 
4.5 V 0 

(J) 

Voo - Vss '" lOV (J) 
Input Current Ie 

Vc ~VDD -Vss 
±10 pA (") 

Average Input 
Ce pF 

Capacitance , , 
Crosstal k -Cont rol VOP - Vss = lOV 
Input to Signal RL = 10H2 

Vc = lOV 50 mV 
Output (square wave) 

Turn ON Propagation 
tpd C trc '" tic = 20 ns V's < lOY, CL '" 15 pF 35 

Delay 
" 

Maximum Allowable RL == 1 kr2, Voo = lOY, Vss = GND 

Control Input 
CL =15pF 

10 MH, 
Repetition Rate 

Vc = lOV (square wave) 

t r "'tf=20ns 

Note 1: The device should not be connected to circuits with the power on. 

Note 2: limit determined by minimum feasible leakage measurement for automatic testing. 

Note 3: Symmetrical about ov. 

electrical characteristics CD4066M 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDlTI'ONS "-55"C 25"C 125°C UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

QUiescent Dissipation VOLTS 
per Package TERMINALS APPLIED 

Voo 14 +10 

All SWitches OFF Vss 7 GND 
0.1 300 "w Ve 5.6. 12,13 GND 

V" 1,4,8,11 <+10 

V" 2,3,9,10 < +10 
PT 

VOLTS 

TERMINALS APPLIED 

Voo 14 +10 
All SWitches ON Vss 7 GND 0.1 300 "w 

Ve 5,6, 12,13 +10 

V's "'Vos 1,4,8,11 < +10 
{Thru 

100SlI 

SIGNAL INPUTS (VIS) AND OUTPUTS (Vos) 

Vc"'Voo Vs V" 
+7.5V -7.5V -7.5V to +7.5V 

60 220 80 280 145 320 rl 
+15V OV OV to 15V 

ON ReSistance RON RL "-' 10 kS1 +5V -5V -5V to +5V 
85 400 120 500 190 550 n 

+10V OV OV to lOV 
+2.5V -2.5V -2.5V to +2.5V 

160 3000 270 5000 360 5500 n 
+5V OV OV to 5V 

+7,5V -7.5V -7.5Vto+7.5V n 
..lON ReSistance Between 

..lRoN RL == 10 kS2 
+15V OV OV to 15V 

Any 2 of 4 SWitches +5V -5V -5V to +5V 
10 " +10V OV OV to 10V 

Sine Wave Response RL '" 10 k!2 +5V -5V 5V(p"pl 
0.4 "' (Distortion) flS '= 1 kHz (Note 3) 

Vc=-Vss Vo~ V" 

Input or Output 
-7.5V t-7.5V +7.5V 

±100 ±O.1 ±100 ±500 nA 
-7.5V +7.5V -7.5V 

Leakage-Switch OFF 
(Note 2) 

(Effective OFF 
-5V +5V +5V 

ReSistance) 
-5V +5V -"5V .!100 iO.Ol ±100 ±500 nA 

(Note 2) 

Frequency Response-
Vc ,-- VDD =- +5V, Vss =- -5V 

Switch ON (Sine Wave ~~: ~:S{~.P) 20 L09iO 
~~ '" 3 dB 40 MH, 

Input) V" 

Feedthrough SWitch 
Voo = +5V, Vc -= Vc;s == -5V 

Vo; 1.25 MH, 
OFF 20 Log lO "-50 dB 

V" 
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LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS -55°C 25°C 125°C UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Ve(A) '" Vao "" +5V 

Crosstalk Between Any 2 RL '" 1 kn Ve(B) '" Vss '" -5V 
of the 4 Switches Vis(A) "" Vos(B) 0.9 MHz 
(Frequency at -50 dB) 5V(p·p) 20 L0910 -- "-50da 

Vi,IA) 

Capacitance 
Input C,. Voo '" +5V, Vc =: Vss '" -5V a pF 

Output Cos Von = +5V, Vc == Vss '" -5V a pF 

Feedthrough CIOS Yoo '" +5V, Vc =: Vss '" -5V 0.5 pF 

Propagation Delay Vc '" Voo '" +10V, Vss '" GND, CL "' 15 pF 
Signal Input to t"" V's'" 10V (square wave) 10 ns 
Signal Output tr '" tf '" 20 ns (input signal) 

CONTROL (Vel 

Noise Immunity V NC V's s: Voo 
Voo - Vss = lOV 
lis"" 10,uA 

2 2 4.5 2 V 

Input Current Ie 
Voo - Vss = 10V 

±10 pA 
Vc ::; Voo - Vss 

. Average Input 
Ce 5 pF 

Capacitance 

Crosstalk-Control Voo - Vss '" 10V 
Input to Signal RL =10U1 Vc '" 10V 50 mV 
Output (square wave) 

Turn ON 
tpd C trc "'-tic "'- 20ns V,s:S 10V, CL "" 15 pF 35 ns 

Propagation Delay 

Maximum Allowable 
Voo'" 10V, Vss '" GND, RL '" 1 H2 

Control Input 
CL == 15pF 

10 MHz 

Repetition Rate 
Vc == lOV (square wave) 

tr "'tf '" 20ns 

Note 1: The device should not be connected to circuits with the power on. 

Note 2: limit determined by minimum feasible leakage measurement for automatic testing. 

Note 3: Symmetrical about av. 
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special considerations 

In applications where separate power sources are 
used to drive V DO and the signal input, the V DO 
current capability should exceed VDD/R L (R L ~ 
effective external load of the 4 CD4066M/CD4066C 
bilateral switches), This provision avoids any permanent 
current flow or clamp action on the V DO supply when 
power is applied or removed· from CD4066M/CD4066C. 

In certain applications, the external load-resistor current 
may include both V DO and signal-line components. To 

avoid drawing VDD current when switch current flows 
into terminals 1, 4, 8 or 11, the voltage drop across the 
bidirectional switch must not exceed 0.8V at T A :::; 25"c, 
or 0.6V at T A > 25°C (calculated from RON values 
shown). 

No V DO current will flow through RL if the switch 
current flows into terminals 2, 3, 9 or 10. 



Advance Reference Information 

CD4069BM/CD4069BC hex inverters 
(See MM74C04 Data Sheet) Page Number 1 

CD4070BM/CD4070BC quad EXCLUSIVE-OR gate 
(See MM74C86 Data Sheet) Page Number 5 

CD4076BM/CD4076BC TRI-STATE® quad 0 flip-flop 
(See MM74C173 Data Sheet) Page Number 64 

CD40106BM/CD40106BC hex schmitt trigger 
(See MM74C14 Data Sheet) Page Number 8 

CD40192BM/CD40192BC sync up/down decade counter 
(See MM74C192 Data Sheet) Page Number 73 

CD40193BM/CD40193BC sync up/down binary counter 
(See MM74C193 Data Sheet) Page Number 73 
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CD4511BM/CD4511BCBCD-to-7 segment latchl decod er Id river 

general description features 

The CD4511 BM/CD4511 BC BCD-to-seven segment latch/ • Low logic circuit power dissip~tion 
decoder/driver is constructed with complementary MOS • High current sourcing outputs (up to 25 mAl (CMOS) enhancement mode devices and NPN bipolar 
output drivers in a single monolithic structure. The circuit • Latch storage of code 
provides the functions of a 4-bit storage latGh, an 8421 
BCD-to-seven segment decoder, and an output drive • BlankiJ"]g input 

capabi I ity. Lamp test (L T), blanking (BI), and latch • Lamp test provision 
enable (LE) inputs are used to test the display, to 
turn-off or pulse modulate the brightness of the display, • Readout blanking on all illegal input combinations 
and to store a BCD code, respectively. It can be used • Lamp intensity modulation capability 
with seven-segment light emitting diodes (LED)' incan-
descent, fluorescent, gas discharge, or liquid crystal • Time share (multiplexing) facility 
readouts either directly or indirectly. 

Equivalent to Motorola MC14511 • 
Applications include instrument (e.g., counter, DVM, 
etc.) display driver, computer/calculator display driver, 
cockpit display driver, and various clock, watch, and 
timer uses. 

connection diagram truth table 

U INPUTS OUTPUTS 
1 . 

~voo DISPLAY 8-'- LE BI LT D C B A a b c d e f 9 

c2- ~f X X 0 X X X X 1 1 1 1 1 1 1 8 

rr....!. t-!!-, X 0 1 X X X X 0 0 0 0 0 0 0 

0 1 1 0 0 0 0 1 1 1 1 1 1 0 0 
Bi...! ~B 0 1 1 0 0 0 1 0 1 1 0 0 0 0 1 

LE....!. tl!-b 0 1 1 0 0 1 0 1 1 0 1 1 0 1 2 

0 1 1 0 0 1 1 1 1 1 1 0 0 1 3 

o....!. 11 
1--' 0 1 1 0 1 0 0 0 1 1 0 0 1 1 4 

• .2. tl!-d 
0 1 1 0 1 0 1 1 0 1 1 0 1 1 5 

0 1 1 0 1 1 0 0 0 1 1 1 1 1 6 

Vss....!. ~. 0 1 1 0 1 1 1 1 1 1 0 0 0 0 7 

0 1 1 .1 0 0 0 1 1 1 1 1 1 1 8 

0 1 1 1 0 0 1 1 1 1 0 0 1 1 9 

TOP VIEW 0 1 1 1 0 1 0 0 0 0 0 0 0 0 

0 1 1 1 0 1 1 0 0 0 0 0 0 0 

0 1 1 1 1 0 0 0 0 0 0 0 0 0 

Display 0 1 1 1 1 0 1 0 0 0 0 0 6 0 

0 1 1 1 1 1 0 0 0 0 0 0 0 0 

101 121:11'-/15161 IBlql 0 1 1 1 1 1 1 0 0 0 0 0 0 0 , I 
1 1 1 X X X X 

. , , 
0 1 2 3 4 5 6 1 8 , 

X = Don't care 
"Depends upon the BCD code applied during the 0 to 1 transition of LEo 

Segment Identification 

. 
f/~/b 
·l d 7, 
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absolute maximum ratings 

Voltage at Any Pin (Note 1) Vss - 0.3V to Voo + 0.3V 

Operating Temperature Range 

CD4511 BM -55°C to +125°C 

CD4511BC -40°C to +85°C 

Storage Temperature Range --65°C to +150°C 

Package Dissipation 500mW 

Operating Voo Range Vss + 3V to Vss + 15V 

Lead Temperature (Soldering, 10 seconds) 300°C 

d c electrical characteristics CD4511 BM 

--55°C 
PARAMETER CONDITIONS 

MIN TYP MAX 

O\ltput Voltage Voo = 5V 0.01 
Logical "0" Voo = 10V 0.01 
Level (V OUT) Voo = 15V 

Output Voltage Voo = 5V 4.1 
Logical "1" Voo = 10V 9.1 
Level (V OUT) Voo = 15V 

Noise Immunity Voo = 5V, VOUT ;:: 3.5V 1.5 

(VNd Voo = 10V, VOUT ;:: 7V 3.0 
Voo = 15V, VOUT ;:: 10.5V 

Noise Immunity Voo = 5V, VOUT:S: 1.5V 1.4 
(VNH ) Voo=10V, VouT :S:3V 2.9 

Voo = 15V, VOUT:S: 4.5V 

Output (Source) Voo = 5V, IOH = 0 mA 
Drive Voltage Voo = 5V, IOH=5mA 
(VOH) Voo = 5V, IOH = 10mA 

Voo=5V, IOH=15mA 
Voo = 5V, IOH = 20 mA 
Voo = 5V, IOH = 25 mA 

Voo = 10V, IOH = 0 mA 
Voo = 10V, IOH = 5 mA 
V DO = 10V, IOH = 10' rnA 
Voo = 10V, IOH = 15 rnA 
Voo = 10V, IOH = 20 mA 
Voo = 10V, IOH = 25 mA 

Voo = 15V, IOH = 0 mA 
Voo = 15V, IOH = 5 mA 
Voo = 15V, IOH = 10 rnA 
Voo = 15V, IOH = 15 mA 
Voo = 15V, IOH = 20 mA 
Voo = 15V, IOH = 25 mA 

Output (Sink) Voo = 5V, VOL = O.4V 0.5 
Drive Voltage Voo = 10V, VOL = 0.5V 1.1 

(lOL) VOO = 15V, VOL = 1.5V 

Input Current 

(lIN) 

Note 1: Devices should not be connected with power on. 

+25°C 

MIN TYP MAX 

0 0.01 
0 0.01 
0 

4.1 4.57 
9.1 9.58 

14.59 

1.5 2.25 
.3.0 4.5 

6.75 

1.5 2.25 
3.0 4.5 

6.75 

4.1 4.57 
4.24 

3.9 4.12 
3.94 

3.4 3.75 
3.54 

9.1 9.58 
9.26 

9.0 9.17 
9.04 

8.6 8.9 
8.75 

14.59 
14.27 
14.18 
14.07 
13.95 
13.8 

0.4 0.78 
0.9 2.0 

7.8 

10 

+125°C 

MIN TYP MAX 

0.05 
0.05 

4.1 
9.1 

1.4 
2.9 

1.5 
3.0 

0.28 
0.65 

UNITS 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 
V 
V 
V 
V 

V 
V 
V 
V 
V 
V 

V 
V 
V 
V 
V 
V 

rnA 
mA 
rnA 

pA 
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dc electrical characteristics CD4511 BC 

--400 e +25°C +85°C 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Output Voltage V OD : 5V O.OT a am 0.05 V 
Logical "0" VDD : TOV 0.01 a 0.01 0.05 V 

Level (V OUT) V DD : 15V a V 

Output Voltage VDD : 5V 4.1 4.1 4.57 4.1 V 
Logical "1" V DD : TOV 9.1 9.1 9.58 9.1 V 
Level (VOUT ) VDD : 15V 14.59 . V 

Noise Immunity VDD : 5V, VOUT :::: 3.5V 1.5 1 .. 5 2.25 1.4 V 
(VNL ) VDD :1'OV, VouT ::::7V 3.0 3.0 4.5 2.9 V 

VDD : 15V, VOUT :::: 10.5V, 6.75 V 

Noise Immunity V DD : 5V, VOUT:S: 1.5V 1.4 1.5 2.25 l.5 V 
(VNH ) VDD : 10V, VOUT:s: 3V 2.9 3.0 4.5 3.0 V 

VDD : 15V, VouT :S:4.5V 6.75 V 

Output (Source) VDD : 5V, IOH : a rnA 4.1 4.57 V 
Drive Voltage V DD : 5V, IOH : 5mA 4.24 V 
(VOH ) VDD : 5V, IOH: lOrnA 3.6 4.12 V 

VDD : 5V, 10H : 15 rnA 3.94 V 
V DD : 5V, 10H = 20 rnA 2.8 3.75 V 
V DO : 5V, 10H : 25 rnA 3.54 V 

VDD : 10V, 10H : a rnA 9.1 9.58 V 

VDD : 10V, IOH : 5 rnA 9.26 V 
VDD : 10V, IOH : 10 rnA 8.75 9.17 V 
V OD : 10V, fOH = 15 rnA 9.04 II 
VDO : 10V, IOH : 20 rnA 8.1 8.9 V 
V DD : 10V, IOH : 25 rnA 8.75 V 

V DD : 15V, 10H = a rnA 14.59 V 
V DD = 15V, 10H = 5 rnA 14.27 V 
V DO ~ 15V, 10H = lOrnA 14.18 V 

VDD = 15V, 10H = 15 rnA 14.07 V 
V DD : 15V, 10H = 20 rnA 13.95, V 

VDD = 15V, 10H = 25 rnA 13.8 V 

Output (Sink) VDD = 5V, VOL = 0.4V 0.23 0.2 0.78 0.16 rnA 
Drive Voltage VDD = 10V, VoL =0.5V 0.6 0.5 2.0 0.4 rnA 
(I OL ) VDD = 15V, VOL = 1.5V 7.8 rnA, 

Input Current 10 pA 

(l,N) 
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ac electrical characteristics 
TA = 25°C and CL = 15 pF, typical temperature coefficient for all values of Voo = O.3%!"C . 

CD4511BM CD4511BC 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Input Capacitance (C ,N ) Y,N = 0 5.0 5.0 pF 

Output Ri,e Time It,) (Figure la) Voo = 5.0V 30 175 30 200 n, 
Voo = 10V 17 75 17 110 n, 

Voo = 15V 15 15 n, 

Output Fall Time (t,) (Figure /a) Voo = 5.0V 1000 1000 n, 

Voo = 10V 1000 1000 ns 
Voo = 15V 1000 1000 ns 

Turn-Off Delay Time (Data) (tPLH) Voo = 5.0V 640 1500 640 2250 ns 
IFigure la) Voo = 10V 250 600 250 900 n, 

Voo = 15V 175 175 ns 

Turn-On Delay Time (Data) ItPHL) Voo = 5.0V 720 1500 720 2250 ns 
IFigure la) Voo = 10V 290 600 290 900 ns 

Voo = 15V 195 195 ns 

Turn-Off Delay Time (Blank) (tPLH) Voo = 5.0V 320 1000 320 1500 n, 
(Figure la) Voo = 10V 130 400 130 600 n, 

Voo = 15V 100 100 ns 

Turn-On Delay Time (Blank) (tpHL ) Voo = 5.0V 485 1000 485 1500 ns 
(Figure la) "v oo = 10V 200 400 200 600 ns 

Voo = 15V 160 160 ns 

Turn-Off Delay Time (Lamp Voo = 5.0V 290 625 290 940 ns 
Test) (tPHcI (Figure la) Voo = 10V 125 250 125 375 ns 

Voo = 15V 85 85 ns 

Turn-On Delay Time (Lamp Test) Voo = 5.0V 290 625 290 940 n, 
(tPHL ) (Figure la) Voo = lOV 120 250 120 375 n, 

Voo=15V 90 90 ns 

Setup Time (tSETUP) (Figure 1bl Voo = 5.0V 180 90 270 90 ns 
Voo = 10V 76 38 114 38 ns 
Voo = 15V 20 20 n, 

Hold Time (tHOLO ) (Figure lb) Voo = 5.0V 0 --1)0 90 . ·-90 ns 
Voo = 10V 0 ··38 38 -38 ns 
Voo = 15V -20 -20 ns 

Minimum Latch Enable Pulse Voo = 5.0V 520 260 780 260 n, 

Width (PWLEI (Figure Ie) Voo = 10V 220 110 330 110 n, 

Voo = 15V 65 65 "' 
switching time waveforms 

(.) ':=¥- .. -j [-'''' 
DO 90% 

INPUT 

VDV ~.,"-:j Imc 

D:~% h OUTPUT '0% 
10% 

OV 2unS:1 I--
(b) 

I, --rl- " 
VDD fs 9O% LE 50% 

DV 
10% 

~l r-'"DCD 
VDD--,--

OATA INPUT ' J{SO% ov ____ J 

(e) 
1-'--.. ,,",-

FOR SETUP 
VDD I 

OUTPUT I 
DV 

I __ .!~!.°!,.D __ 

VDD "";C Jf""' 9D% LE 50% . 
(STROBED) 

~::C~ DV 

FIGURE 1. 
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typical applications 

Light Emitting Diode (LED) Readout 

208 

COMMON 
CATHOOE LEO 

I ncandescent Readout 

Voo 

Voo 

UA filament pre-warm resistor is recommended to reduce filament 
thermal shock and increase the effective cold resistance of the 
filament. 

Gas Discharge Readout 

Voo APPROPRIATE 
VOL TAGE 

,COMMON 
ANODE LED 

Flourescent Readout 

Voo 

DIRECT 
(LOW BRIGHTNESS) 

Liquid Crystal (LC) Readout 

Direct de drive of LC's not tetommended for life of LC readouts. 



CMOS, THE IDEAL LOGIC FAMI L Y 

I NTRODUCTI ON 

Let's talk about the characteristics of an ideal logic 
family. It should dissipate no power, have zero 
propagation delay, controlled rise and fall times, 
and have noise immunity equal to 50% of the 
logic swing. 

Well, that ideal logic family is here - almost. 
The properties of CMOS (complementary MOS) 
begin to approach these ideal characteristics. 

First, CMOS dissipates low power. Typically, the 
static power dissipation is 10 nW per gate which is 
due to the flow of leakage currents. The active 
power depends on power supply voltage, frequency, 
output load and input rise time, but typically, gate 
dissipation at 1 MHz with a 50 pF load is less than 
10mW. 

Second, the propagation delays through CMOS are 
short, though not quite zero. Depending on power 
supply voltage, the delay through a typical gate is 
on the order of 25 to 50 ns. 

Third, rise and fall times are control fed, tending 
to be ramps rather than step functions. Typically, 
rise and fall times tend to be 20 to 40% longer 
than the propagation delays. 

Last, but not least, the noise immunity approaches 
50%, being typically 45% of the full logic swing. 

Besides the fact that it approaches the characteris· 
tics of an ideal logic family and besides the obvious 
low power battery applications, why should de· 
signers choose CMOS for new systems? The answer 
is cost. 

On a component basis, CMOS is stillmore expen· 
sive than TTL. However, system level cost may be 

Stephen Calebotta 
National Semiconductor 

lower. The power supplies in a CMOS system will 
be cheaper since they can be made smaller and with 
less regulation. Because of lower currents, the 
power supply distribution system can be simpler 
and therefore, cheaper. Fans and other cooling 
equipment are not needed due to the lower dissi· 
pation. Because of longer rise and fall times, the 
transmission of digital signals becomes simpler 
making transmission techniques less expensive. 
Finally, there is no technical reason why CMOS 
prices cannot approach present day TTL prices as 
sales volume and manufacturing experience in· 
crease. So, an engineer about to start a new design 
should compare the system level cost of using 
CMOS or some other logic family. He may find 
that, even at today's prices, CMOS is the most 
economical choice. 

National is building two lines of CMOS. The first 
is a number of parts of the CD4000A series. The 
second is the 54C/74C series which National 
introduced and which will become the industry 
standard in the near future. 

The 54C/74C line consists of CMOS parts which 
are pin and functional equivalents of many of the 
most popular parts in the 7400 TTL series. This 
line is typically 50% faster than the 4000A series 
and sinks 50% more current. For ease of·design, it 
is spec'd at TTL levels as well as CMOS levels, and 
there are two temperature ranges available: 54C, 
-55°C to +125°C or 74C, -40°C to +85°C. Table 1 
compares the port parameters of the 54C/74C 
CMOS line to those of the 54L/74L low power 
TTL line. 

TABLE 1. Comparison of 54L174L Low Power TTL and 54C/74C CMOS Port Parameters. 

FAMILY Vee V'l III V'H I'H VOL 
10l 

VOH 
10H 'pdQ 'pd' PD1sslGATE Po1sslGATE 

MAX MAX MIN 2.4V MAX MIN TVP TVP STATIC 1 MHz, 50 pF LOAD 

54l/74L 0.7 0.18 rnA 2.0 lOIlA 0.3 2.0 rnA 2.4 100,uA 31 3S 1 mW 2.25 mW 
54C/74C 0.8 3.S 0.4 *360pA 24 *'90pA 60 45 0.00001 mW 1.25mW 

54C/74C 10 2.0 8.0 1.0 **10J,.lA 9.0 H'O,uA 25 30 O.OOOO3mW 5mW 

'* Assumes interfacing to low power TTL. 
'* '* Assu mes i nterfaci ng to eM as. 
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CHARACTERISTICS OF CMOS 

The aim of· this section is to give the system 
designer not familiar with CMOS, a good feel for 
how it works and how it behaves in a system. 
Much has been written about' MOS devices in 
general. Therefore, we will not discuss the design 
and fabrication of CMOS transistors and circuits. 

The basic CMOS circuit is the inverter shown in 
Figure 2-1. It consists of two MOS enhancement 
mode transistors, the upper a P-channel type, the 
lower an N-channel type. 

V" 

1G~HANNEl 
v.. :rvoe, 

G ~HANNEl 
GNO 

FIGURE 2-1. Basic CMOS Inverter. 

The power supplies for CMOS are called Voo and 
Vss , or Vee and Ground depending on the manu
facturer. V DO and V ss are carryovers from con
ventional MOS circuits and stand for the drain and 
source supplies. These do not apply directly to 
CMOS since both supplies are really source supplies. 
Vee and Ground are carryovers from TTL logic 
and that nomeclature has been retained with the 
introduction of the 54C/74C line of CMOS. Vee 
and Ground is the nomenclature we shall use 
throughout this paper. 

The logic levels in a CMOS system are Vee (logic 
"1") and Ground (logic "0"). Since "on" MOS 
transistor has virtually no voltage drop across it if 
there is no current flowing through it, and since 
the input impedance to CMOS device is so high 
(the input characteristic of an MOS transistor is 
essentially' capacitive, looking like a 1012n resistor 
shunted by a 5 pF capacitor), the logic levels seen 
in a CMOS system will be essentially equal to the 
power supplies. 

Now let's look at the characteristic curves of 
MOS transistors to get an idea of how rise and 
fall times, propagation delays and power dissipation 
will vary with power supply voltage and capacitive 
loading. Figure 2-2 shows the characteristic curves 
of N-channel and P-channel enhancement mode 
transistors. 

There are a number of important observations to 
be made from these curves. Refer to the curve of 
VGS = 15V (Gate to Source Voltage) for the 
N-channel transistor. Note· that for a constant 
drive voltage VGS , the transistor behaves like a 
current source for Vos's (Drain to Source Voltage) 
greater than V GS - VT (Vr is the threshold 

voltage of an MOS transistor). For Vos's below 
VGS - VT , the transistor behaves essentially like a 
resistor. Note also that for lower VGS's, there are 
similar curves except that the magnitude of the 
los's are significantly smaller and that in fact, los 
increases approximately as the square of increasing 
V GS. The P-channel transistor exhibits essentially 
identical, but complemented, characteristics. 

VGs @Vee =15V 

.E 311 

VGS @Vee '" lOV 

to- Ves@Vee " 5V 

10 15 

OUTPUT VOL lAGE Vos (V) 

OUTPUT VOLTAGE VOS WI 

-15 -10 -5 

H.; ~ V~c'· iv l"" 

Ves @Vee " lOV 

Ves@Vee = 15V 

ld: 

Q 
C 

~ 
10 ~ 

c 

" " z .... 
20 If 

30 

FIGURE 2·2. Logical ;'1" Output Voltage vs 
Source Current., 

If we try to drive a capacitive load with these 
devices, we can see that the initial voltage change 
across the load will be ramp-like due to the current 
source characteristic fOllowed by a rounding off 
due to the resistive characteristic dominating as 
Vos approaches zero. Referring this to our basic 
CMOS inverter in Figure 2-1, as Vos approaches 
'zero, Vo UT wi II approach Vee or Ground depend· 
ing on whether the P-channel or N-channel transistor 
is conducting. 

Now if we increase Vee and, therefore,VGS , the 
inverter must drive the capacitor through a I'arger 
voltage swing. However, for this same voltage 
increase, the drive capability (los) has increased 
roughly as the square of V GS and, therefore, the 
rise times and the propagation delays through the 
inverter as measured in Figure 2-3 have decreased. 

So, we can see that for a given design, and therefore 
fixed capacitive load, increasing the power supply 
voltage will increase the speed of the system. 



Increasing Vee increases speed but it also increases 
power dissipation. This is true for two reasons. 
First, CV2 f power increases. This is the power 
dissipated in a CMOS circuit, or any other circuit 
for that matter, when driving a capacitive load. 

v" 
v" 

10% 
GNO 

v" 
VOUl 

GNO 

FIGURE 2·3. Rise and Fall Times and Propagation 
Delays as Measured in a CMOS System. 

For a given capacitive load and switching frequency, 
power dissipation increases as the square of the 
voltage change across the load. 

The second reason is that the VI power dissipated 
in the CMOS circuit increases with Vee (for Vee's 
> 2VT ). Each time the circuit switches, a current 
momentari Iy flows from Vee to Ground through 
both output transistors. Since the threshold voltages 
of the transistors do not change with increasing 
Vee, the input voltage range through which the 
upper and lower transistors are conducting simul· 
taneously increases as Vee increases. At the same 
time, the higher Vee provides higher V GS voltages 
which also increase the magnitude of the IDS 
currents. Incidently, if the rise time of the input 
signal was zero, there would be no current flow 
from Vee to Ground through the circuit. This 
current flows because the input signal has a finite 
'rise time and, therefore, the input voltage spends a 
finite amount of time passing through the region 
where both transistors conduct simultaneously. 
Obviously, input rise and fall times should be kept 
to a minimum to minimize VI power dissipation. 

Let's look at the transfer characteristics, Figure 2-4, 
as they vary with Vee. For the purposes of this 
discussion we will assume that both transistors in 
our basic inverter have identical but complementary 
characteristics and threshold voltages. Assume the 
threshold voltages, VT , to be 2V. If Vee is less 
than the threshold voltage of 2V, neither transistor 
can ever be turned on and the circuit cannot 
operate. If Vee is equal to the threshold voltage 
exactly then we are on the curve Figure 2-4a. 
We appear to have 100% hysteresis. However, it is 
not truly hysteresis since both' output transisto'~s 
are off and the output voltage is being held on the 
gate capacitances of succeeding circuits. If Vee is 
somewhere between one' and two threshold volt
ages (Figure 2-4b), then we have diminishing 
amounts of "hysteresis" as we approach Vee equal 
to 2VT (Figure 2-4c). At Vee equal to two thres
holds we have no "hysteresis" and no current flow 
through both the upper and lower transistors dur
ing switching. As Vee exceeds two thresholds the 

transfer curves begin to round off (Figure 2-4d). As 
V1N passes through the region where both transis
tors are conducting, the currents flowing through 
the transistors cause voltage drops across them 
giving the rounded characteristic. 

:ffim-' .. '. :g""'" 
.} 2 .} 2 

, , 

VL~ (VOLTS) 

(.1 (bl 

V," (VOLTSl v,~ (VULTSI 

(el (dl 

FIGURE 2-4. Transfer Characteristics vs Vee. 

Considering the subject of noise in a CMOS system, 
we must discuss at least two specs: noise immunity 
and noise margin. 

National's CMOS circuits have a typical noise 
immunity of 0.45 Vee. This means that a spurious 
input which is 0.45 Vee or less away from Vee or 
Ground typically will not propagate through the 
system as an erroneous logic level. This does not 
mean that no signal at all will appear at the output 
of the first circuit. In fact, there will be an output 
signal as a result of the spurious input, but it will 
be reduced in amplitude. As this signal propagates 
through the system, it will be attenuated even 
more by each circuit it passes through until it 
finally disappears. Typically, it will not change any 
signal to the opposite logic level. I n a typical 
flip flop, a 0.45 V ce spurious pulse on the clock 
line would not cause the flop to change state. 

National also guarantees that its CMOS circuits 
have a 1 V DC noise margin over the full power 
supply range and temperature range and with any 
combination of inputs. This is simply a variation of 
the noise immunity spec only now a specific set of 
input and output voltages have been selected and 
guaranteed. Stated verbally, the spec says that for 
the output of a circuit to be within 0,1...\1 ee volts 
of a proper logic level (Vee or Ground), the input 
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can be as much as 0.1 Vee plus'1V away from 
power supply rail. Shown graphically we have: 

15V r::c========--, 

4.05 

13.5 

12.5 

u 
~ 3.05 

VIN (0) 2.5 

1.45 b~~~~~~~~9 1.5 
0.45 

4.50V 10V 15V 

FIGURE 2-5. Guaranteed CMOS DC Margin Over 
Temperature as a Function of Vee. 
CMOS Guarantees lV. 

~ This is ,similar in nature to the standard TTL noise 
r margin spec which is O.4V. 

Z 
e( 
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4.5 5.0 

Vee 

5.5 

FIGURE 2-6. Guaranteed TTL DC Margin Over 
Temperature as a Function of Vee. 
TTL Guarantees O.4V. 

For a camplete picture of VOUT vs V IN refer to 
the transfer characteristic curves in Figure 2-4. 

SYSTEM CONSIDERATIONS 

This section describes how to handle many of the 
situations that arise in normal system design such 
as unused inputs, paralleling circuits for extra 
drive, data bussing, power considerations and inter
faces to other logic families. 

Unused inputs: simply stated, unused inputs should 
not be left open. Because of the very high imped
ance (~1012n), a floating input may drift back 
and forth between a "0" and "1" creating some 
very intriguing system problems: All unused inputs 
should be tied to Vee, Ground or another used 
input. The choice is not completely arbitrary, 
however, since there will be an effect on the 
output drive capability of the circuit in question. 
Take, for example, a four input NAND gate being 
used as a two input gate, The internal structure.is 
shown in Figure 3-1. Let inputs A & B be the 
unused inputs. 

If we were going to tie the unused inputs to a 
logic level, inputs A & B would have to be tied to 
Vee to enable the other inputs to function. That 
would turn on the lower A and B transistors and 
turn off the upper A and B transistors. At most, 
only two of the upper transistors could ever be 
turned on. However, if inputs A and B were tied 
to input C, the input capacitance would triple, but 
each time C went low, the upper A, Band C 
transistors would turn on, tripl ing the available 
source current. If input D was l.ow also, all four of 
the upper transistors would be on. 

FIGURE 3-1. MM74C20 Four Input NAND Gate. 

So, tying unused NAND gate inputs to Vee 
(Ground for NOR gates') will enable them, but 
tying unused inputs to other used inputs guarantees 
an increase in source current in the case of NAND 
gates (sink current in the case of NOR gates). 
There is no increase in drive possible through the 
series transistors. By using this approach, a multiple 
input gate could be used to drive a heavy current 
load such as a lamp or a relay. 

Parallel gates: depending on the type of gate, tying 
inputs together guarantees an increase in either 
source or sink current but not both. To guarantee 
an increase in both currents, a number of gates 
must be paralleled as in Figure 3-2. This insures 
that there are a number of parallel combinations 
of the series string of transistors (Figure 3-1), 
thereby increasing drive in that direction also. 

FIGURE 3-2. Para'lIeling Gates or Inverters I,ncreases 
Output Drive in Both Directions. 

Data bussing: there are essentially two ways to do 
this. First, connect ordinary CMOS parts to a bus 
using tran~fer gates (part no, CD4016C). Second, 



and the preferred way, is to use parts specifically 
designed with a CMOS equivalent of a TR I-STATE® 
output. 

Power supply filtering: since CMOS can operate 
over a large range of power supply voltages (3V 
to 15VI, the filtering necessary is minimal. The 
minimum power supply voltage required will be 
determined by the maximum frequency of opera
tion of the fastest element in the system (usually 
only a very small portion of any system operates 
at maximum frequencyl. The filtering should be 
designed to keep the power supply voltage some
where between this minimum voltage and the 
maximum rated voltage the parts can tolerate. 
However, if power dissipation is to be kept to a 
minimum, the power supply voltage should be 
kept as low as possible while still meeting all speed 
requirements. 

Minimizing system power dissipation: to minimize 
power con£umption in a given system, it should be 
run at the minimum speed to do the job with the 
lowest possible power supply voltage. AC and DC 
transient power consumption both increase with 
frequency and power supply voltage. The AC 
power is described as CV 2f power. This is the 
power dissipated in a driver driving a capacitive 
load. Obviously, AC power consumption increases 
directly with frequency and as the square of the 
power supply. It also increases with capacitive load, 
but this is usually defined by the system and is not 

alterable. The DC power is the VI power dissipated 
during switching. I n any CMOS device during 
switching, there is a momentary current path from 
the power supply to ground, (when Vee> 2V T I 
Figure 3-3. 
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VI POWER IS GIVEN BY: , 
PV1 '" Vee )("'2 IMAX x RISE liME TO PERIO~ RATIO 

RISE TIME TO Vee - 2VT tRLSE + tFALL 
PERinO RATIO eo --- , ---

Vee tTOTAL 

WHERE -' - = FREQUENCV 
tTOTAL 

FI GUR E 3-3. DC Transient Power. 

The maximum amplitude of the current is a rapidly 
increasing function of the input voltage which in 
turn is a direct function of the power supply 
voltage. See Figure· 2-4d. 

The actual amount of VI power dissipated by the 
system is determined by three things: power supply 
voltage, frequency and input signal rise time. A 
very important factor is the input rise time. If the 

rise time is long, power dissipation increases since 
the current path is established for the entire period 
that the input signal is passing through the region 
between the threshold voltages of the upper and 
lower transistors. Theoretically, if the rise time 
were zero, no current path would be established 

and the VI power would be zero. However, IIvith a 
finite rise time there is always some current flow 

and this current flow increases rapidly with power 
supply voltage. 

Just a thought about rise time and power dissipa
tion. If a circuit is used to drive many loads, its 
output rise time will suffer. This will result in an 
increase in VI power dissipation in every device 
being driven by that circuit (but not in the drive 
circuit itself!. If power consumption is critical, it 
may be necessary to improve the rise time of that 
circuit by buffering or by dividing the loads in 
order to reduce overall power consumption. 

So, to summarize the effects of power supply 
voltage, input voltage, input rise time a,)d output 
load capacitance on system power dissipation, we 
can say the following: 

,_ Power supply voltage: CV2f power dissipation 
increases as the square of power supply Voltage. 
VI power dissipation increases approximately 
as the square of the power supply voltage. 

2. Input voltage level: VI power dissipation in
creases if the input voltage lies somewhere 
between Ground plus a threshold voltage and 
Vee minus a threshold voltage. The highest 
power dissipation occurs when Y'N is at 1/2 
Vee. CV2f dissipation is unaffected. 

3. Input rise time: VI power dissipation increases 
with longer rise times since the DC current path 
through the device is established for a longer 
period. The CV2f power is unaffected by slow 

input rise times. 

4. Output load capacitance: the CV2f power dissi
pated in a circuit increases directly with load 
capacitance. VI power in a circuit is unaffected 
by its output load capacitance. However, in
creasing output load capacitance will slow 
down the output rise time of a circuit which in 
turn will affect the VI power dissipation in the 
devices it is driving. 

INTERFACES TO OTHER LOGIC TYPES 

There are two main ideas behind all of the follow
ing interfaces to CMOS. First, CMOS outputs 
should satisfy the current and voltage requirements 
of the other family's inputs. Second, and probably 
most important, the other family's outputs should 
swing as near as possible to the full voltage range 
of the CMOS power supplies. 

P-Channel MaS: there are a number of things to 
watch for when interfacing CMOS and P-MOS. The 
first is the power supply set. Most of the more 
popular P-MOS parts are specified with 17 to 24V 
power supplies while the maximum power supply 
voltage for CMOS is 15V. Another problem 
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is that unlike CMOS, the output swing of a push· 
pull P·MOS output is significantly less than the 
power supply voltage across it. P·MOS sWings from 
very close to its more positive supply (Vss ) to' 
quite a few volts above its more negative supply 
(V DD ). So, even if P·MOS uses a 15V or lower 
power supply set i its output swing will not go low 
enough for a reliable interface to CMOS. There are 
a number of ways to solve this problem depending 
on the configuration of the system. We will discuss 
two solutions for systems that are built totally 
with MOS and one solution for systems that 
include bipolar logic. 

FIGURE 3-4. A One Power Supply System Built 
Entirely of CMOS and P·MOS. 

First, MOS only. P·MOS and CMOS using the 
same power supply of less than 15V, Figure 3-4. 

'In this configuration CMOS drives P·MOS directly. 
However, P·MOS cannot drive CMOS directly be· 
cause of its output wi II not pu II down close enough 
to the lower power supply rail. RpD (R pull down) 
is added to each P·MOS output to pull it all the· 
way down to the lower rail. Its value is selected 
such that it is small enough to give the desired 
RC time constant when pulling down but not so 
small. that the P·MOS output c~nnot pull it 
virtually all the way up to the upper power supply 
rail when it needs to. This approach will work with 
push·pull as well as open drain P·MOS outputs. 

Another approach in a purely 'MOS system is to 
build a cheap zener supply to bias up the lower 
power supply rail of CMOS, Figure 3-5. 

Use a bias supply to reduce the voltage across the CMOS 
to match the logic swing of the P-MOS. Make sure the 
resulting voltage across the CMOS is less than 15V. 

FIGURE 3-5. A P·MOS and CMOS System Where The 
P·MOS Supply is Greater Than 15V. 

In this configuration the P·MOS supply is selected 
to satisfy the P·MOS voltage requirement. The bias 
supply voltage is selected to reduce the total 
voltage across the CMOS (and therefore its logic 
swing) to match the minimum s'wing of the P·MOS 

outputs. The CMOS can still drive P·MOS directly 
and now the P·MOS can drive CMOS with no' 
pull·down resistors. The other restrictions are that 
the total voltage across the CMOS is less than 15V 
and that the bias supply can handle the current 
requirements of all the CMOS. This approach is 
useful if the P·MOS supply must be greater than 
15V and the CMOS current requirement is low 
enough to be done easily with a small discrete 
component regulator. 

If the system has bipolar logic, it will usually 
have at least two power supplies. In this case, the 
CMOS is run off the bipolar supply and it inter· 
faces directly to P·MOS, Figure 3-6. 

Run the CMOS from the bipolar supply and interface directly to P·MOS 

FIGURE 3-6. A System With CMOS, P·MOS and Bipolar 
Logic. 

N-Channel MOS: interfacing to N-MOS is some
what simpler than interfacing to P-MOS although 
similar problems exist. First, N-MOS requires 
lower power supplies than P-MOS, being in the 
range of 5V to 12V. This is directly compatible 
with CMOS. Second, N-MOS logic levels range 
from slightly above the lower power supply rail to 
about 1 to 2V below the upper rail. 

At the higher power supply voltages, N·MOS and 
CMOS can be interfaced directly since the N-MOS 
high logic level will be only about 10 to 20 percent 
below the upper rail. However, at lower supply 
voltages the N·MOS output level will be down 20 
to 40' percent below the upper rail and something 
may have to be done to raise it. The simplest solu· 
tion is to add pull up resistors on the N·MOS 
outputs as shown in Figure 3-7. 

Both operate off same supply with pull up resmorsoptional from 
N·MOS to CMOS. 

FIGURE 3-7. A Syst.em With CMOS and N-MOS Only. 

TTL, LPTTL, DTL: two questions arise when 
interfacing bipolar logic families to CMOS. First, 
is the bipolar family's logic "1" output voltage high 
enough to drive CMOS directly? 



TTL, LPTTL, and DTL can drive 74C series CMOS 
directly over the commercial temperature range 
without external pull up resistors. However, TTL 
and LPTTL cannot drive 4000 series CMOS directly 
(DTL can) since 4000 series specs do not guarantee 
that a direct interface with no pull up resistors will 
operate properly. 

DTL and LPTTL manufactured by National (NS 
LPTTL pulls up one diode drop higher than the 
LPTTL of other vendors) will also drive 74C 
directly over the entire military temperature range. 
LPTTL manufactured by other vendors and stan
dard TTL will drive 74C directly over most of the 
mil temperature range. However, the TTL logic 
"1" drops to a somewhat marginal level toward the 
lower end of the mil temperature range and a pull 
up resistor is recommended. 

According to the curve of DC margin vs Vee for 
CMOS in Figure 2-5, if the CMOS sees an input 
voltage greater than Vee - 1.5V (Vee = 5V), the 
output is guaranteed to be less than 0.5V from 
Ground. The next CMOS element will amplify 
this 0.5V level to the proper logic levels of Vee or 
Ground. The standard TTL logic "1" spec is a VOUT 
min. of 2.4V sourcing a current of 400)1A. This 
is an extremely conservative spec since a TTL 
output will only approach a one level of 2.4V 
under the extreme worst case conditions of lowest 
temperature, high input voltage (0.8V), highest 
possible'leakage currents (into succeeding TTL 
devices), and Vee at the lowest allowable (Vee = 
4.5V). 

Under nominal conditions (25°C, Y'N = O.4V, 
nominal leakage currents into CMOS and Vee = 
5V) a TTL logic "1" will be more like Vee - 2V o , 
or Vee - 1.2V. Varying only temperature, the 
output will change by two times-2mV per °c, or 
-4 mV per "C. Vee - 1.2V is more than enough 
to drive CMOS reliably without the use of a pull 
up resistor. 

Ifthe system is such that the TTL logic "1" output 
can drop below Vee -:- 1.5V, use a pull up resistor 
to improve the logic "1" voltage into the CMOS. 

~ 
v" :: Rl'u v" , 

~5V±10% TTl CMOS 

Pull up resi~tor, Rpu . is needed only at the lower end of the Mil 
temperature range. 

. FIGURE 3-8. TTL to CMOS Interface. 

The second question is, can CMOS sink the bipolar 
input current and not exceed the maximum value 
of the bipolar logic zero input voltage] The logic 
"1" input is no problem. 

The LPTTL input current is small enough to allow 
CMOS to drive two loads directly. Normal power 
TTL input currents are ten times higher than 
those in LPTTL and consequently the CMOS out
put vO.ltage will be well above the input logic "0" 
maximum of 0.8V. However, by carefully examin
ing the CMOS output specs we will find that a two 
input NOR gate can drive one TTL load, albeit 
somewhat marginally. For example, the logical 
"0" output voltage for both an MM74COO and 
MM74C02 over temperature is specified at O.4V 
sinking 360)1A (about 420)1A at 25°C) with an 
input voltage of 4.0V and a Vee of 4.75V. Both 
schematics are shown in Figure 3-9. 

L-1--.... Ox.D 

FIGURE 3-9a. MM74COO. 

FIGURE 3-9b. MM74C02. 

Both parts have the same current sinking spec but 
their structures are different. What this means is 
that either of the lower transistors in the MM74C02 
can sink the same current as the tWQ lower series 
transistors in the MM74COO. Both MM74C02 
transistors together can sink twice the specified 
current for a given output voltage. If we allow the 
output voltage to go to 0.8V, then a MM74C02 
can sink four times 360)1A, or 1.44 mA which is 
nearly 1.6 mAo Actually, 1.6 mA is the maximum 
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spec for the TTL input current and most TTL' 
parts run at about 1 mAo Also, 360!.lA is the 
minimum CMOS sink current spec, the parts will 
really sink somewhere between 360 ard 540flA 
(between 2 and 3 LPTTL input loadsl. The 360/lA 
sink current is specified with an input voltage of 
4.0V. With an input voltage of 5.0V, the sink 
current will be about 560/lA over temperature, 
making it even easier to drive TTL. At room 
temperature with an input voltage of 5V, a CMOS 
output can sink about 800/lA. A 2 input NO R 
gate, therefore, will sink about 1.6 mA with a V OUT 

of about O.4V if both NOR gate inputs are at 5V. 

The main point of this discussion is that a common 
2 input CMOS NOR gate such as an MM74C02 

can be used to drive a normal TTL load in lieu of a 
special buffer. However, the designer must be 
willing to sacrifice some noise immunity over 
temperature to do so. 

TIMING CONSIDERATIONS IN CMOS MSls 

There is one more thing to be said in closing. All 
the flip-flops used in CMOS designs are genuinely 
edge sensitive. This means that the J-K flip-flops 
do not "ones catch" and that some of the timing 
restrictions that applied to the control lines on 
MSI functions in TTL have been relaxed in the 
74C series. 



CMOS LINEAR APPLICATIONS 

PNP and NPN bipolar transistors have been used 
for many years in "complementary" type of 
amplifier circuits. Now, with the arrival of CMOS 
technology, complementary P·channeI/N·channel 
MOS transistors are available in monolithic form. 
The MM74C04 incorporates a P·channel MOS 
transistor and an N·channel MOS transistor 
connected in complementary fashion to function' 
as an inverter. 

Due to the symmetry of the p. and N·channel 
transistors, negative feedback around the comple· 
mentary pair will cause the pair to self bias itself 
to approximately 112 of the supply voltage. 
Figure 1 shows an idealized voltage transfer 
characteristic curve of the CMOS inverter con· 
nected with negative feedback. Under these 
conditions the inverter is biased for operation 
about the midpoint in the linear segment on the 
steep transition of the voltage transfer character· 
istic as shown in Figure 1. 

5 

\ Vee ~ 15V 

5 

I~ 
15 

tNPUTVOLTAGE-V1N 

FIGURE 1. Idealized Voltage Transfer Characteristics of 
an MM74C04 Inverter. 

Under AC conditions, a positive going input will 
cause the output to swing negative and a negative 
going input will have an inverse effect. Figure 2 
shows 116 of a MM74C04 inverter package 
connected as an AC ampl ifier. 

c, 

Gene Taatjes 
National Semiconductor 

o--j t--Wv---! 

FIGURE 2. A 74CMOS Invertor Biased for Linear Mode 
Operation. 

The power supply current is constant during 
dynamic operation since the inverter is biased for 
Class A operation. When the input signal swings 
near the supply, the output signal will become 
distorted because the P·N channel devices are 
driven into the non·linear regions of their transfer 
characteristics. If the input signal approaches the 
supply voltages, the p. or N-channel transistors 
become saturated and supply current is reduced to 

essentially zero and the device behaves like the 
classical digital inverter. 

~ 12 

oJ' , 

5 
):1 VCC"15V 

.51--
M 

0 

5r-I~ 
5S"C 55°C 

I / 

0 
55°C 

1\ .5 / 
./ "'- ~ 125°C 

2.5 1.5 10 12.5 15 

INPUT VOLTAGE - VIN 

FIGURE 3. Voltage Transfer Characteristics for an 

Inverter Connected as a Linear Amplifier. 

Figure 3 shows typical voltage characteristics of 
each inverter at several values of the Vee. The 
shape of these transfer curves are relatively 
constant with temperature. Temperature affects 
for the' self biased inverter with supply voltage is 
shown in Figure 4. When the amplifier is operating 
at 3 volts, the supply current changes drastically as 
a function of supply voltage because the MOS 
transistors are operating in the proximity of their 
gate-s~urce threshold voltages. 
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10 

I 
~ 1.0 

~ 

~ 
100 

'" I 0.' 
-7S " " 75 100 125 

TEMPERATURE 

FIGURE 4. Normalized Amplifier Supply Current Versus 
Ambient Temperature Characteristics. 

Figure 5 shows typic.al curves of voltage gain as a 
function of operating frequency for various supply 
voltages. 

Output voltages can swing within millivolts of the 
supplies with either a single or dual supply. 

Vee ~ l.O V 

" 
Vee ~ 5.0 V 

40 
~ , 

Vcc=10V 

;i 30 

~ 
~ 20 

10 

1.0 10 10' • 0' 

OPERATING FREQUENCY - Hz 

FIGURE 5. Typical Voltage Gain Versus Frequency 
Characteristics for Amplifier Shown in Figure 2. 

APPLICA nONS 

Cascading Amplifiers for Higher Gain. 

By cascading the basic amplifier block shown in 
Figure 2 a high gain amplifier can be achieved. The 
gain will be multiplied by the number of stages 
used. I f more than one inverter is used inside the 
feedback loop (as in Figure 6) a higher open loop 
gain is achieved which results in more accurate 
closed loop gains. 

FIGURE 6. Three CMOS Inverters Used as an Xl0AC 
Amplifier. 

Post Amplifier for Op Amps. 

A standard operational ampl ifier used with a 
CMOS inverter for a Post Amplifier has several 
advantages. The operational amplifier essentially 
sees no load condition since the input impedance 
to the inverter is very high. Secondly, the CMOS 
inverters will swing ,to within millivolts of either 
supply. This gives the designer the advantage of 
operating the operational amplifier under no load 
conditions yet having the full supply swing 
capability on the output. Shown in Figure 7 is the 
LM4250 micropower Op Amp used with a 74C04 
inverter for increased output capability while 
maintaining the low power advantage of both 
devices. 

+1.5 V +1.5 V 

v" 

FIGURE 7. MM74C04 Inverter Used as a Post Amplifier 
for a Battery Operated Op Amp . 

The MM74C04 can also be used with single supply 
amplifier such as the LM324. With the circuit 
shown in Figure 8, the open loop gain is approxi
mately 160 dB. The LM324 has 4 amplifiers in a 
package and the MM74C04 has 6 amplifiers per 
package. 

+12V 

v" 

.M 
.oaK 

FIGURE 8. Single Supply Amplifier Using a CMOS 
Cascade Post Amplifier with the LM324. 

CMOS inverters can be paralleled for increased 
power to drive higher current loads. Loads of 
5.0 mA per inverter can be expected under AC 
conditions. 

Other 74C devices can be used to provide greater 
complementary current outputs. The MM74COO 
NAND Gate will provide approximately 10 mA 



from the Vee supply while the MM74C02 will 
supply approximately 10 mA from the negative 
supply. Shown in Figure 9 is an operational 
amplifier using a CMOS power post amplifier to 
provide greater than 40 mA complementary 
currents. 

v" 

10K 
'OllT"'50mA 

VOUT"'6.0Vpp 

FIGURE 9. MM74C00 and MM74C02 Used as a Post 
Amplifier to Provide Increased Current Drive. 

Other Applications. 

Shown in Figure 10 is a variety of applications 
utilizing CMOS devices. Shown is a linear phase 
shift oscillator and an integrator which use the 
CMOS devices in the linear mode as well as a few 
circuit ideas for clocks and one shots. 

Conclusion 

Careful study of CMOS characteristics show that 
CMOS devices used in a system design can be used 
for linear building blocks as well as digital blocks. 

Utilization of these new devices will decrease 
package count and reduce supply requ irements. 
The circuit designer now can do both digital and 
I inear designs with the same type of device. 

Phase Shift 
Oscillator Using MM74C04 

Integrator Using 
Any Inverting CMOS Gate 

ttl 
Square Wave Oscillator 

~
'V"R 

C 
INPUT 

,.,.", 

One Shot 

Staircase Generator 

FIGURE 10. Variety of Circuit Ideas Using CMOS 
Devices. 
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54C174C FAMILY CHARACTERISTICS 

INTRODUCTION 

The purpose of this 54C/74C Family Character
istics application note is to set down, in one place, 
all those characteristics which are common to the 
devices in the MM54C/MM74C logic family. The 
characteristics which can be considered to apply 
are: 

1. Output voltage·current characteristics 

2. Noise characteristics 

3. Power consumption 

4. Propagation delay (speed) 

5. Temperature characteristics 

With a good understanding of the above charac· 
teristics the designer will have the necessary tools 
to optimize his system. An attempt will be made 
to present the information in as simple a manner 
as possible to facilitate its use. This coupled with 

1.0 2.0 3.0 4.0 5.0 

Vos. VOUT (V) 

(A) Typical Output Sink Characteristic 
(N-ChanneU 

Thomas P. Redfern 
National Semiconductor 

the fact that 54C/74C has the same function and 
pin-out as standard series 54L/74L will make the 
application of CMOS to digital systems very 
.straightforward. 

OUTPUT CHARACTERISTICS 

Figure 1 and Figure 2 show typical output drain 
characteristics for the basic inverter used in the 
54C/74Cfamily. For more detailed information on 
the operation of the basic inverter the reader is 
directed to application note AN-77, "CMOS, The 
Ideal Logic Family." Although more complex 
gates, and MSI devices, _may be composed of 
combinations of parallel and series transistors the 
considerations that govern the output character
istics of the basic inverter apply to these more 
complex structures as well. 

Vas (V) 

° 

1\ 1'\.I""'h..1 1/ 

o 1.0 2.0 3.0 4.0 5.0' 

VOUT M 

(B) Typical Output Source Characteristic 
(P-ChanneO 

° 
-1.0 

-2.0 if .. 
-3.0 ~ 

-4.0 

-5.0 

FIGURE 1 
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(B) Typical Output Soince Characteristic 
(P-Channel) 

FIGURE 2 



The 54C/74C family is designed so that the output 
characteristics of all devices are matched as closely 
as possible. To ensure uniformity all devices are 
tested at four output conditions (see Figures 1 
and 2). These points are: 

Vee = 5.0V V'N = 5.0V V'N = OV 
los;>: 1.75 mA Ilosl;>: 1.75 mA 

Vos;>: 5.0V IVosl ;>: 5.0V 

Vee = 10V V'N = 10V V'N = OV 

los;>: 8.0 ml' Iiosl ?B.O mA 

Vos;>: 10V IVosl ? 10V 

Note that each device data sheet guarantees these 
points in the table of electrical characteristics. 

The output characteristics can be used to determ ine 
the output voltage for any load condition. Figures 
1 and 2 show load lines for resistive loads to Vee 
for sink currents and to GND for source currents. 
The intersections of this load line with the drain 
characteristic in question gives the output voltage. 
For example at Vee = 5.0V, VOUT = 1.5V (typ) 
with a load of 500[2 to ground. 

These figures also show the guaranteed points for 
driving two 54L174L standard loads. As can be 
seen there is typically ample margin at Vee = 5.0V. 

In the case where the 54C/74C device is driving 
another CMOS device the load line is coincident 
with the IDs = 0 axis and the output will then 
typically switch to either Vee or ground. 

NOISE CHARACTERISTICS 

Definition of Terms 

Noise Immunity: The noise, immunity of a logic 
element is that voltage which applied to the input 
will cause the output to change its output state. 

Noise Margin: The noise margin of a logic element 
is the difference between the guaranteed logical 
"1" ("0") level output voltage and the guaranteed 
logical "1" ("0") level input voltage. 

The transfer characteristic of Figure 3 shows 
typical noise immunity and guaranteed noise 
margin for a 54C/74C device operating at Vee = 
1 OV. The typical noise immunity does not change 
with voltage and is 45% of V cc. 

10 Vcc ·l0V 
TA=25"C 

"O"l£VEl NOISE MAilClN· 

'.0 
v,N"', .... u-VOU'"" ... AX 

~ 
"1"LEVilNOISEMARGIN-

VOUT"'.M'~ -V,~l1t,"'" , 6.0 
~ 

4.0 
(TYPICAL NOISE IMMUNITYI 

2.0 -'Tl I ~ ---.; 
2.0 4.0 6.0 8.0 10 

Y,N (V) 

FIGURE 3. Typical Transfer Characteristic 

All 54C/74C devices are guaranteed to have a 
noise margin of 1.0V or greater over all operating 
conditions (see Figure 4). 

15V r:-:-::-:-::=::-::-=--:-==-

> 
4.05 

~ 3.05 

4.50V 10V 15V 

1],5 

12.5 

2.' 
1.' 

FIGURE 4. Guaranteed Noise Margin Over Temperature 
vsVce 

Noise immunity is an important device character· 
istic. However, noise margin is of more use to the 
designer because it very simply defines the amount 
of noise a system can tolerate under any circum
stances and still maintain the integrity of logic 
levels. 

Any noise specification to be complete. must 
define how measurements are to be made. Figure 5 
indicates two extreme cases; driving all inputs 
simultaneously and driving one input at a time. 
Both conditions must be included because each 
represents one worst case extreme. 

VOUT 

(A) 

VOUT 

*VOUT = VOUTIHMIN, VOUTIOIMAX 

VN "ALLOWABLE NOISE VOL lAGE = tOV 

(B) 

FIGURE 5. Noise Margin Test Circuits 

To guarantee a noise margin of 1.0V, all 54C/74C 
devices are tested under both conditions. It is 
important to note that this guarantees that every 
node within a system can have 1.0V of noise, in 
logic "1" or logic "0" state, without malfunction
ing. This could not be guaranteed without testing 
for both conditions in Figure 5. 
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POWER CONSUMPTION 

There are four sources of power consumption in 
CMOS devices: (1) leakage current (2) transient 
power due to load capacitance (3) transient power 
due to internal capacitance and (4) transient power 
due to current spiking during switching. 

The first, leakage current, is the easiest to calculate 
and is simply the leakage current times V cc. The 
data sheet for each specific device specifies this 
leakage current. 

The second, transient power due to load capaci· 
tance, can be derived from the fact that the energy 
stored on a capacitor is 112 CV2. Therefore every 
time the load capacitance is charged 'or discharged 
this amount of energy must be provided by the 
CMOS device. The energy per cycle is then 
2 [(1/2) CVee2) = CVee2. Energy per unit time, 
or power, is then CVee 2 f, where C is the load 
capacitance and f is the frequency. 

The third, transient power due to internal capaci
tance takes exactly the same form as the load 
capacitance. Every device has some internal nodal 
capacitance which must be charged and discharged. 
This then represents another power term which 
must be considered. 

The fourth, transient power due to switching 
current, is caused by the fact that whenever a 
CMOS device goes through a transition, with 
Vee::::: 2 VT , there is a time when both N-channel 
and P-channel devices are both conducting. An 
expression for this current i,s derived in application 
note AN-77. The expression is: 

where: 

VT = threshold voltage 

lee (MAX) = peak non-capacitive current 
during switching 

f = frequency 

Note that this expression, like the capacitive power 
term is directly proportional to frequency. If the 
Pv I te~m is combined with the term arising from 
the internal capacitance, a capacitance Cpo may 
be defined which closely approximates the no load 
power consumption for a CMOS device when used 
in the foflowing expression: 

Power (no load) = Cpo Vee2 f 

The total power consumption is then simplified 
to: 

The procedure for obtaining Cpo is to measure 
the no load power at Vee = 10V vs frequency and 
calculate the value of Cpo which corresponds 'to 
the measured power consumption. This value of 
Cpo is given on each 54C/7 4C data sheet and 
with equation (1.) the compUtation of power 
consumption is sttaightforward. 

To simplify the task even further Figure 6 gives a 
graph of normalized power vs frequency for dif
ferent power supply voltages. To obtain actual 
power consumption find the normalized power for 
a particu lar Vee and frequency, then multiply 
by Cpo + CL -

to' 10' 

F~Eo.UENCY (Hz) 

FIGURE 6. Normalized'Typical Power Consumption 
vs Frequency 

As an example let's find the total power consump
tion for an MM74COO operating at f = 100 kHz, 
Vee = 10V and CL = 50 pF. From the curve, 
normalized power per gate equals lO/lW/pF. From 
the data sheet Cpo = 12 pF~ therefore, actual 
power per gate is: 

power 10p.W 0.62 mW 
-- = -- X(12pF+50pF)=---

gate pF gate 

no. of gates power 
total power = X -- + ILEAKAGE X Vee 

package gate 

= 4 X 0.62 mW + O.Olp.A X 10V '" 2.48 mW 

Up to this point the discussion of power con
sumption has been limited to simple gate functions. 
Power consumption for an MSI function is more 
complex but the same technique just derived 
applies. To demonstrate the technique let's com
putethetotal power consumption of a MMi4C161, 
four bit binary counter, at Vee = 10V, f = 1 MHz 
and CL = 50 pF on each output. 

The' no load power is still given by P (no load) = 
Cpo Vee2 f. This demonstrates the usefulness 
of the concept of the internal capacitance, Cpo, 
Even through the circuit is very complex and has 
many nodes charging and discharging at various 
rates, all of the effects can be easily lumped into 
one easy to use term, Cpo: 



Calculation of transient power due to load capaci
tance is a little more complex since each output 
is switched at one half the rate of the previous 
output: Taking this into account the complete 
expression for power consumption is: 

no load 
power 

output 2nd stage , 

3rd stage 

This reduces to: 

power of 
1 st stage 

4th stage 
& carry 
output 

leakage 
term 

From the data sheet Cpo = 90 pF and I L = 0.05/lA. 
Using Figure 6 total power is then: 

100/lW 
PTOTAL = (90 pF + 50 pF) X -- + 0.05 X 10~ 

pF 

X 10V "" 14 mW 

This demonstrates that with more complex devices 
the concept of Cpo greatly simplifies the calcula
tior of total power consumption. It becomes an 
easy task to compute' power for different voltages 
and frequencies by use of Figure 6 and the 
equations above. 

PROPAGATION DELAY 

Propagation delay for all 54C/74C devices is 
guaranteed with a load of 50 pF and input tise' 
and fall times of 20 ns. A 50 pF load was chosen, 
instead of 15 pF as in the 4000 series, because it 
is representative of loads commonly seen in CMOS 
systems. A good rule of thumb, in designing with 
CMOS, is to assume 10 pF of interwiring capaci
tance. Operating at the specified propagation 
delay would allow 5 pF fanout for the 4000 
series while 54C/74C has a fanout of 40pF. A 
fanout of 5 pF (one gate input) is all but useless, 
and specified propagation delay would most prob
ably not be realized in an actual system, 

Operating at' loads other than 50 pF poses a 
problem since propagation is a function of load 
capacitance. To simplify the problem Figure 7_ 
has been generated and gives the slope of the 
propagation delay vs load capacitance line (~tpd/ 
pF) as a function of power supply voltage. Because 

1. 1.5 
TA " 25"C 

li1 t,. =t, "'20r1s 

'" t:: 
:;! 1.0 

5 
" ; 
l!; 0,5 

'" 
I 

J. 
<1 5,0 10 15 

Vee - POWER SUPPL V VOLTAGE (V) 

FIGURE 7. Typical Propagation Oalayper pF of Load 
Capacitance ys Power Supply 

the propagation delay for zero load capacitance is 
not zero and dep~nds on the internal structure of 
each device, an offset term must be added that is 
unique to a particular device type. Since each 
data sheet gives propagation delay for 50 pF the 
actual delay for different loads can be computed 
with the aid of the following equation: 

lod = (C - 50) pF X --;:;F + tpd I Lltpd I 
CL = C CL = 50 pF 

where: 

C = Actual load capacitance 

ll.tpd 

pF 

propagation delay with 50 pF 
load, (specified on each de
vice data sheet) 

Value obtained from Figure 7. 

As an example let's compute the propagation 
delay for an MM74COO driving 15 pF load and 
operating with a V cc = 5.0V. The equation 
gives: 

I ns 
tpd =(15-50)pFXO.57- +50ns 

pF 
CL = 15 pF 

= -20 ns +-50 ns = 30 ns 

The same formula and curves may be applied to 
more complex devices. For example the propaga
tion delay from data to output for an MM74C157 
operating at Vee = 10V and CL = 100 pF is: 

lod I = (100 - 50) 0.29 ns + 70 ns 
CL =100pF 

= 14.5 + 70 "" 85 ns 
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It i.s significant to note that this equation and 
Figure 7. apply to.af/54C!74C devices. This is true 
because of the close match in drive characteristics 
of every device including MSI functions, i.e., the 
slope of the propagation· delay vs load capacitance 
line at a given voltage is typically equal for all 
devices. The Ohly exception is high fan-out buffers 

. which have a smaller~tpd/pF. 

Another point to consider in the design of a 
CMOS system is the affect of power supply 
voltage on propagation delay. Figure 8 shows 
propagation delay as a function of Vee and 
propagation delay times povverconsumption vs 
Vee for an MM74COO operating with 50 pF load 
at f = 100 kHz. 

t' 
] TA ·25°C 

.. 
150 300 ~ > t, = tf '" 20ns .. .. 

ul 
, .. .... X PYlA i iii 100 21NI 

~ ~ 
t .. !(l 

i :;: 
" 

50 100 ;l! 
5 ~ 
~ ~ , 
J. ~ 5.0 10 15 

f Vee (V) 

FIGURE 8. Speed Power Product and Propagation Delay 
vsVeC 

Above Vee = 5.0V note the speed power product 
curve approaches a straight line. However the 
tpd curve starts to' "flatten out." Going from 
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Vce = 5.0V to Vee. = 10V gives a 40% decrease 
in propagation delay and going from Vee = 10V . 
to Vee '" 15V only decreases propagation delay 
by 25%. Clearly for Vee > 10V a small increase 
in speed is gained by a disproportionate increase 
in power. Conversely, for small decreases in power 
below Vee = 5.0V large increases in propagation 
delay result. 

Obviously it is optimum to use the lowest voltage 
consistent with system speed requirements. How
everih general it can be seen from Figure 8 that 
the best speed power performance will be obtained 
in the Vee = 5.0V to Vee = 10V range. 

TEMPERATURE CHARACTERISTICS 

Figures 9 and 10 give temperature variations in drain 
characteristics for the N-channel and P-channel 
devices operating at Vee = 5.0V and Vee = 10V 
respectively. As can be seen from these curves the 
output sink and source current decreases as tem· 
perature increases. The affect is almost linear and 
can be closely approximated by a temperature 
coefficient of -0.3% per degree centigrade. 

Since the tpdcan be entirely. attributed to rise 
and fall time, the temperature dependance of 
tpd is a function of the rate at which the output 
load c:apacitance can be charged and discharged. 
This in turn is a function of the sink/source 
current which was shown above to vary as -{).3% 
per degree centigrade. Consequently we can say 
that tpd varies as -0.3% per degree centigrade. 
Actual measurements of tpd with temperature 
verifies this number. 

FIGURE 9 

FIGURE 10 

Vee = 5.0V ~ 
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FIGURE 11. Typical Gate Transfer Characteristics 

The drain characteristics of Figure 9 and 10 show 
considerable variation with temperature. Examina· 
tion of the transfer characteristics of Figure 11 

indicates that they are almost independent of 
temperature. The transfer characteristic is not 
dependent on temperature because although both 
the N·channel and P·channel device characteristics 
change with temperature these changes track each 
other closely. The proof of this tracking is the 
temperature independance of the tra'nsfer charac· 
teristics. Noise margin and maximum/minimum 
logic levels will then not be dependent on 
temperature. 

As discussed previously power consumption is a 
function of Cpo, CL , Vee, f and ILEAKAGE. All 
of these terms are essentially constant with tem· 
perature except I LEAKAGE. However, the leakage 
current specified on each 54C/74C device applies 
across the entire temperature range and therefore 
represents a worst case limit. 
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. CMOS OSCILLATORS 

INTRODUCTION 

This note describes several square wave oscillators that 
can be built using CMOS logic elements. These circuits 
offer the following advantages: 

• Guaranteed startability 

• Relatively good stability with respect to power supply 
variations 

• Operation over a wide supply v~ltage range (3V to 15V) 

• Operation over a wide frequency range from less than 
1 I::Iz to about 15 MHz 

• Low power consumption (see AN·90) 

• Easy interface to other logic families and elements 
including TTL 

Several RC oscillators and two crystal controlled oscil· 
lators are described. The stability of the RC oscillator 
will be sufficient for the bulk of applications; however, 
some applications will probably require the stability of 
a crystal. Some applications that require a lot of stability 
are: 

1. Timekeeping over a long interval. A good deal Of 
stability is required to duplicate the performance of 
an ordinary wrist watch (about 12 ppm). This is, of 
course, obtainable with a crystal. However, if the 
time interval is short and/or the resolution of the 
timekeeping pevice is relatively large, an RC oscillator 
may be adequate. For example: if a stopwatch is built 
with a resolution of tenths of seconds and the longest 
interval of interest is two minutes, then an accuracy 
of 1 part in 1200 (2 minutes x 60 seconds/minute x 
10 tenth/second) may be acceptable since any error 
is less than the resolution of the device. 

2. When logic elements are operated near their speCified 
limits. It may be necessary to maintain clock frequency 
accuracy within very tight limits in order to avoid 
exceeding the limits of the logic family being used, 
or in which the timing relationships of clock signals 
in dynamic MOS memory or shift register systems 
musi: be preserved. 

3. Baud rate generators for communications equipment. 

Mike Watts 
National Semiconductor 

4. Any system that must interface with other tightly 
specified systems. Particularly those that use a "hand
shake" technique in which Request or Acknowledge· 
pulses must be of specific widths. 

LOGICAL OSCILLATORS 

Before describing any specific circuits, a few words about 
logical oscillators may clear up some recurring confusion. 

Any odd number of inverting logic gates will oscillate if 
they are tied together in a ring as shown in Figure 1: 
Many beginning logic designers have discovered this (to 
their chagrin) by inadvertently providing such a path in 
their designs. However, some people are confused by the 
circuit in Figure 1 because they are accustomed to 
seeing sinewave oscillators implemented with positive 
feedback, or amplifiers with non·inverting gain. Since 
the concept of phase shift becomes a little strained when 
the inverters remain in their linear region for such a short 
,period, it is far more straightforward to analyze the 
circuit from the standpoint of ideal switches with finite 
propagation delays rather than as amplifiers with 1800 

phase shift. It then becomes obvious that a "1" chases 
itself around the ring and the network ·oscillates. 

ANY EVEN NUMBER OF 
ADDITIONAL GATES 

FIGURE 1. Odd Number of Inverters will Always Oscillate 

The frequency of oscillation will be determined by the 
total propagation delay through the ring and is ghlen by 
the following equation. 

2nTp 

Where: 

f frequency of oscillation 
Tp Propagation delay per gate 

n = number of gates 



This is not a practical oscillator, of course, but it does 
illustrate the maximum frequency at which such an 
oscillator will run. All that must be done to make this a 
useful oscillator is to slow it down to the desired 
frequency. Methods of doing this are described later. 

To determine the frequency of oscillation, it is necessary 
to examine the propagation delay of the inverters. 
CMOS propagation delay depends on supply voltage and 
load capacitance. Several curves for propagation delay 
for National's 74C line of CMOS gates are reproduced 
in Figure 2. From these, the natural frequency of 
oscillation of an odd number of gates. can be determined. 

An example may be instructive. 

Assume the supply voltage is 10V. Since only one input 
is driven by each inverter, the load capacitance on each 
inverter is at most about B pF. Examine the curve in 
Figure 2c that is drawn for Vee = 10V and extrapolate 
it down to B pF. We see that the curve predicts a 
propagation delay of about 17 ns. We can then calculate 
the frequency of oscillation for three inverters using the 
expression mentioned above. Thus: 

of ------;:- =9.BMHz 
2 x 3 x 17 x 10~ 

Lab work indicates this is low and that something closer 
to 16 MHz can be expected. This reflects the conserva· 
tive nature of the curves in Figure 2. 

Since this frequency is directly controlled by propaga· 
tion delays, it will vary a great deal with temperature, 
supply voltage, and any external loading, as indicated 

by the graphs in Figure 2. In order to build Ii usefully 
stable oscillator it is necessary to add passive elements 
that determine oscillation frequency and minimize the 
effect of CMOS characteristics. 

STABLE RC OSCILLATOR 

Figure 3 illustrates a useful oscillator made with three 
inverters. ActuallY,any inverting CMOS gate or combina· 
tion of gates could be used. This means left over portions 

EiC] C V
OUT 

R2 R1 

V, 

FIGURE 3. Three Gate Oscilaltor 

of gate packages can be often used. The duty cycle will 
be close to 50% and will oscillate at a frequency that 
is given by the following expression. 

( 0.405 R2 ) 
2 Rl C --- + 0.693 

Rl + R2 

Another form of this expression is: 

f=-~------
2C (0.405 Req + 0.693 R 1) 

Where: 

R = eq 
Rl R2 

Rl + R2 

Propagation Delay vs 
Ambient Temperature 
MM54COO/MM74COO, 
MM54C02/MM74C02, 
MM54C04/MM74C04 

Propagation Delay vs 
Ambient Temperature 
MM54COO/MM74COO, 
MM54C02, MM74C02, 
MM54C04/MM74C04 

Propagation Delay Time vs 
Load Capacitance 
MM54COO/MM74COO, 
MM54C02, MM74C02, 
MM54C04/MM74C04 
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The following three special cases may be useful. 

If Rt = R2 = R 

If R2»> Rl 

If R2«< Rl 

0.559 
f~-

RC 

0.455 
f~-

RC 

0.722 
f~ 

RC 

Figure 4 illustrates the approximate output waveform 
and the voltage V 1 at the charging node. 

J/2Vcc 

V,, 
V, 

1/2 Vee 

GNO 

-1/2 Vee 

VOUT 

FIGURE 4. Waveforms for Oscillator in Figure 3 

Note that the voltage V2 will be clamped by input 
diodes when V 1 is greater than V ce or more negative 
than ground. During this portion of the cycle current 
will flow through R2. At all other times the only current 
through R2 is a very minimal leakage term. Note also 
that as soon as V 1 passes through threshold (about 50% 
of supply) and the input to. the last inverter begins to 
change, V1 will also change in a direction that reinforces 
the switching action; i.e., providing positive feedback. 
This further enhances the stability and predictability of 
the network. 

This oscillator is fairly insensitive to power supply 
variations due largely to the threshold tracking close to 
50% of the supply voltage. Just how stable it is will be 
determined by the frequency of oscillation; the I~wer 
the frequency the more stability and vice versa. This is 
because propagation delay and the effect of threshold 
shifts comprise a smaller .portion of the overall period. 
Stability will also be enhanced if R 1 is made large 
enough to swamp any variations in the CMOS output 
resistance. 

TWO. GATE OSCILLATOR WILL NOT 
NECESSARILY OSCILLATE 

A popular oscillator is shown in Figure 5a. The only 
undesirable feature of this oscillator i~ that it may not 
oscillate. This is readily demonstrated by letting the value 
of C go to zero. The network then degenerates into 

Figure 5b" which obviously will 'not oscillate. This 
illustrates that there is some value of Cl that will not 
force the network to oscillate. The real difference 
between this two gate oscillator and the three ,gate 
oscillator is that the former must be forced to oscillate 
by the capacitor while the three gate network will 
always oscillate willingly and is simply slowed down by 
the capacitor. The three gate network will always 
oscillate~ regardless of thevalue·.of Cl but the two gate 
oscillator will not oscillate when Cl is small. 

MM74CD4 MM74CD4 MM74C04 MM74C04 

(a) (b) 

FIGURE 5. Less Than Perfect Oscillator 

The only advantage the two gate oscillator has over the 
three gate oscillator is that it uses one less inverter. 
This mayor may not be a real concern, depending on the 
gate count in each user's specific application. However, 
the next section offers a real minimum parts count 
oscillator. 

A SINGLE SCHMITT TRIGGER MAKES 
AN OSCILLATOR 

Figure 6 illustrates an oscillator made from a single 
Schmitt trigger. Since the MM74C14 is a hex Schmitt 
trigger, this oscillator consumes only one sixth of a 
package. The remaining 5 gates can be used either as 
ordinary inverters like the MM74C04 or their Schmitt 
trigger characteristics can be used to advantage in the 
normal manner. Assuming these five inverters can be used 
elsewhere in the system, Figure 6 must represent the 
ultimate in low gate count oscillators. 

FIGURE 6. Schmitt Trigger Oscillator 

Voltage V 1 is depicted in Figure 7 and changes between 
the two thresholds of' the Schmitt trigger. If these 
thresholds were constant percentages of Vee over the 
supply voltage range, the oscillator would be insensitive 
to variations in Vec. However, this is not the case. The 
thresholds of the Schmitt trigger vary enough to make 
the oscillator exhibit a good deal of sensitivity to Vee. 

Applications that do not require extreme stability or 
that have access to well regulated supplies should not 
be bothered by this sensitivity to Vee. Variations in 
threshold can be expected to run as high as four or five 
percent when Vec varies from 5V to 15V. 



VOUT 

GNO 
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V," 

V" 
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FIGURE 7. Waveforms for Schmitt Trigger Oscillator 
in Figure 6 

A CMOS Crystal Oscillator 

Figure 8 illustrates a crystal oscillator that uses only 
one CMOS inverter as the active element. Any odd 
number of inverters may be used, but the total propaga· 
tion delay through the ring limits the highest frequency 
that can be obtained. Obviously, the fewer inverters 
that are used, the higher the maximum possible frequency. 

C1 

~2 
Dr1 

R1 

V OUT 

1/6MM74C04 

FIGURE 8. Crystal Oscillator 

Capacitor C1 will pull the crystal down and C2 will 
pull it up. R 1 simply insures a dc path around the 
inverter and will bias it on. R 1 may be quite large, on 
the order of 1·5. megohms. The smaller R 1 is, the more 
the crystal's Q will be reduced. 

This oscillator is perfectly stable with respect to power 
supply variations as long as the propagation delay does 
not get so long that the oscillator cannot keep up with 
the crystal. A typical single inverter will oscillate quite 
readily at 9 MHz, even when V cc is 3V. 

A problem that must be addressed at the lower fre· 
quencies (below about 4 MHz) is that of overtone 
oscillation. Care must be taken to prevent the crystal 
from oscillating at its third harmonic. This is a problem 
in almost any design, whether or not CMOS is the active 
element. The problem is readi Iy handled by simply 
increasing the propagation delay through the ring of 
inverters to a point where the ring will not oscillate at 
the harmonic frequency but will continue to oscillate at 
the fundamental frequency. Figure 9 ill ustrates an 
acceptable method. 

This network is the same as the one in Figure 8 except 
that -more inverters are used and R2 and C3 have been 
added to deteriorate the propagation delay as much as 
desired. The five inverters not only add delay but also 
increase the gain through the loop. 

CONCLUSIONS 

A large number of oscillator applications can be imple· 
mented with the extremely simple, reliable, inexpensive 
and versatile CMOS oscillators described in this note. 
These oscillators consume very little power compared 
to most other approaches. Each of the oscillators 
requires less than one full package of CMOS inverters of 
the MM74C04 variety. Frequently such an oscillator can 
be built using leftover gates of the MM74COO, MM74C02, 
MM74C10 variety. Stability superior to that easily 
attainable with TTL oscillators is readily attained, 
particularly at lower frequencies. These oscillators are 
so versatile, easy to build, and inexpensive that they 
~hould find their way into many diverse designs. 

C1 

C2 

...---~~DI~-----II 
R1 

FIGURE 9. Crystal Oscillator with Overtone Protection 
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USING THE CMOS DUAL MONOSTABLE MULTIVIBRATOR 

INTRODUCTION 

The MM54C221/MM74C221 is a dual CMOS monostable 
multivibrator. Each one-shot has three inputs (A, Band 
CLR) and two outputs (Q and Q). The output pulse 
width is set by an external RC network. 

The A and B inputs trigger an output pulse on a negative 
or positive input transiti.on respectively. The CLR input 
when low resets the one-shot. Once triggered the A ilnd B 
inputs have no further control on the output. 

THEORY OF OPERATION 

Figure 1 shows that in its stable state, the one-shot 
clamps CEXT to ground by turning Nl ON and holds 
the positive comparator input at Vee by turning N2 
OF F. The prefix Nis used to denote N-channel transistors. 

The signal, G, gating N2 OFF also gates the comparator 
OFF thereby keeping the internal power dissipation to 
an absolute minimum. The only power dissipation when 
in the stable state is that generated by the current 
through REXT ' The bulk of this dissipation is in REXT 
since the voltage drop across N 1 is very small for normal 
ranges of REXT ' 

Vee 

15,1 

Vee 0 
16 

R' 
GNO 

V" 

V1 

R1 

V2 

R2 

N2 I 

L elR 
J,11 

A 
1.9 

I B 
2.10 

To trigger the one-shot the CLR input must be high. 
The gating, G, on the comparator is designed such that 
the comparator outPut is high when the one-shot is in 
its stable state. With the CLR input high the clear input 
to FF is disabled allowing the flip-flop to respond to the 
A or B input. A negative transition on A or a positive 
transition on B sets Q to a high state. -This inturn gates 
Nl OFF, and N2 and the comparator ON. 

Gating N2 ON establishes a reference of 0.63 Vee on 
the comparator's positive input. Since the voltage on 
CEXT can not change instantaneously Vl : OV at this 
time. The comparator then will maintain its one level on 
the output. Gating Nl OFF allows CEXT to start charging 
through REXT toward Vee exponentially. 

Assuming a perfect comparator (zero offset and infinite 
gain) when the voltage on CEXT , Vl, equals 0.63.Vee 
the comparator output will go from a high state to a 
low state resetting Q to a low state. Figure 2 is a timing 
diagram summarizing this sequence of ~vents. 

This diagram .is idealized' by assuming zero rise and fall 
times and zero propagation delay but it shows the basic 
operation of the one-shot. Also shown is the effect of 
taking the CLR input low. Whenever CLR goes 10wFF 

CLEAR 

FF 

FIGURE 1. Monostable Multivibrator ,"=ogic Diagram 
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FIGURE 2. One·Shot Timing Diagram 

is reset independent of all other inputs. Figure 2 also 
shows that once triggered, the output is independent of 
any transitions on B (or A) until the cycle is complete. 

The output pulse width is determined by the following 
equation: 

V1 = Vcc (1 - e-T/REXT CEXT) = 0.63 Vcc (1 ) 

Solving for t gives: 

T = REXT CEXT In (1/0.37) = REXT CEXT (2) 

A word of caution should be given in regards to the 
ground connection of the external capacitor (C EXT )' 
It shoUld always be connected, as shown in Figure 1 to 
pin 14 or 6 and never to pin 8. This is important 
because of the parasitic resistor R *. Because of the large 
discharge current through R *, if the capacitor is con
nected to pin 8, a four layer diode action can result 
causing the circuit to latch and possibly damage itself. 

ACCURACY 

There are many factors which influence the accuracy of 
the one-shot. The most important are: 

a. Comparator input offset 
b. Comparator gai n 
c. Comparator time delay 
d. Voltage divider R1, R2 
e. Delays in logic elements 
f. ON impedance of N1 and N2 
g. Leakage of N 1 
h. Leakage of CEXT 
i. Magnitude of REXT and CEXT 

The characteristics of CEXT and REXT are, of course, 
not determined by the characteristics of the one-shot.' 
In order to establish the accuracy of the one-shot, devices 
were tested using an external resistance of 10 kn and 
various capacitors. A resistance of 10 kn was chosen 

because the leakage and ON impedance of transistor N1 
have a minimal effect on accuracy with this value of 
resistance. 

Two values of CEXT were chosen, 1000 pF and O.lI1F. 
These values give pulse widths of 10J,lS and 1000l1s with 
REXT = 10 kn. 

Figures 3 and 4 show the resulting distributions of pulse 
widths at 25°C for various power supply voltages. 
Because propagation delays, at the same power supply 
voltage, are the same independent of pulse width, the 
shorter the pulse width the more the accuracy is 

u 

15 

~ ~ 1.0 1=t::J::1=f:::)::tj;+::tP:++=4:J 
w 
~ 0.8 

ffi 0.6 

fl: 
I.LI 0.4 
> 
;::: 
~ 0.2 

a; 

1-++-1-++-llltIlt-+-1;Vcc " 5V 
1-++-I-++fttH-+ftvcc " 10", 
1-++-I-+-htHtl--Y-l.-vcc '" 15V 

-5 -2 0 2 5 

OUTPUT PU LSE WIDTH (T w, %1 

0% Point pulse width: 

At Vee" 5V. Tw" 10.6)1s 
At Vee" 10V, Tw" lOps 

At Vee'" 15V, Tw " 9.8,'Js 

Percentage of units within .:':4%: 

At Vee ='5V, 90% of units 
At Vee" 10V, 95% of units 
AtVCC=15V, 98% of units 

FIGURE 3. Tvpical Pulse Width 'Distribution for 10"s Pulse. 
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15 
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~ 1.0 :; 
w 

0.8 u 

~ 
0.6 

~ 
w 0.4 
> ;::: 0,2 

~ 
a; 

TA " 26 Q C 
RUT" 10k 
tEXT" O.lpF 

Vee'" 5V 
~vcc =: 10V 

.~tcc" 15V 

~ 

-5-2025 

OUTPUT PULSE WIDTH (Tw, %1 

0% pulse width: 

At Vee" 5V, Tw '" 1020ps 
At Vee" 10V, Tw = 1000ps 
At Vee" 15V, Tw" 982jJS 

Percentage of units within ±4%: 

At Vee" 5V, 95% of units 
At Vee" 10V, 97%of units 
At Vee" 15V, 98% of units 

FIGURE 4. Typical Pulse Width Distribution for 1000". Pulse. 
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affected by propagation delay. Figures 3. and 4 clearly 
show this effect. As pointed out in application note 
AN·90, 54C/74C Family Characteristics; propagation 
delay is a function of Vee. Figure 3, (Pulse Width = 
10,us) shows much greater variation with Vee than 
Figure 4 (Pulse Width = 1000,us). This. same information 
is shown in Figures 5 and 6 in a different format. In 

~ 

~ I?II ?). 

'" co :/'J '" ffi 2· 

'" >- ~ eo 
iO 
w -2 ~ 
~ -4 

-6 

,Width= 10",. 
RUT'" 10 
CexT '" 1000 

:T'~~ 
~~ 

"" 

·10 

Vee (VI 

Il'\o! 

15 

FIGURE 5. Typical Percentage Deviation from 
Vee = 10V Value vs Vee IPW = 101")' 

~ 

'" eo 

ffi 
'" >-eo 
iO 
~ -2 

~ -4 

-6 

.... 
~~ 

10 

Vee (VI 

15 

FIGURE 6. Typical Percentage Deviation from 
Vee = 10V Value vs Vee (!'W = 10001")' 

these figures the percent deviation from the average 
pulse width at 10V Vee is shown vs Vee. In addition 
to the average value the 10% and 90% points are·shown. 
These percentage points refer to the statistical distribu· 
tion of pulse width error. As an exa1l1ple, at Vee = 10V 
for 10,us pulse width, 90% of the devices have errors of 
(ess than +1.7% and 10% have. errors less than -2.1 %. 
In other words, 80% have errors between +1.7% and 
-2.1%. 

The minimum error can be obtained by operating 
at the maximum Vee. A price must be paid for this 
and this price is, of course, increased power dissipation. 

1000 250 ~ ] c-f- T. =25'C 225 .. 
'" ;!i >-- BOO 200 eo~ , 1/ 

., 
iO~ 

,. 
175 ... 

w" I\, ~ ~ l< 600 150 
~~ I\. 

,. 
125 

... 
",. 

~I'.. /- ~ i!!\ 400 100 Ilk I' l.t' .. 
V" 

75 ~ 

5EE 
< 

200 50 " 
0:: i--" 

25 ~ > I--- ..... .... .. 0 
5 10 15 ~ 

Vee (Vl 

FIGURE 7. Typical Minimum Pulse Width and 
Power Dissipetion vs Vee. 

Figure 7 shows typical power dissipation vs Vee 
operating both sides of the one·shot at 50% duty cycle. 
Also"shownin the same figure is typical minimum pulse 
width vs Vee. The minimum pulse width is a strong 
function of internal. propagation delays. It is obvious 
from these two curves that increasing Vee beyond 10V 
will not appreciably improve inaccuracy due to propa
gation delay but will greatly increase power dissipation. 

Accuracy is also a function of temperature. To determine. 
the magnitude of its effects the one·shot was tested at 
temperature with the external resistance and capacitance 
maintained at 25°C. The resulting variation is shown in 
I=igures 8 and 9. 

PULSE WIDTH'" lOps 

10V 

15V 

:·8immlttem 
-55 25 125 

TA - AMBIENTTEMPERATURE rCI 

FIGURE 8. Typical Pul.e Width Error v. 
Temperature (PW = 101")' 

-55 25 125 

TA - AMBIENT TEMPERATURE I"CI 

FIGURE 9. Typical Pul.e Width Error vs 
Temperature (PW = 10001")' 

Up to this point the external timing reSistor,R EXT , has 
been held fi xed at 10 kn. I n actual applications other 
values may be necessary to achieve the desired pulse 
width. The. question then arises as to what effect this 
will have on accuracy. 

...--.... --..--4 ...... - ,'tI 

--11 Nl 

FIGURE 10. 

As REXT becomes larger and larger the leakage current 
on transistor N 1 becomes an ever increasing problem. 
The equivalent circuit for this leakage is shown in 
Figure 10. 



v(t) is given by: 

As before, when v(t) = 0.63 Vee, the output will reset. 
Solving for tL gives: 

(3) 

Using T as defined in Equation 2 the pulse width error is: 

tL -T 
PW Error = x 100% 

T 

Substituting Equations 2 and 3 gives: 

PW Error 
REXT CEXT Qn (1/0.37) 

PW Error is plotted in Figure 11 for Vee = 5, 10 and 
15V. As expected, decreasing Vee causes PW Error to 
increase with fixed I L. Note that the leakage current, 

'although here assumed to flow through N1, is general 
and could also be interpreted as leakage through CEXT . 
See MM54C221 /MM74C221 data sheet for leakage limits. 

§ 
0 

j 
~ 
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'" ffi 
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10.0 

1.0 
iy,"5l!, 

0.1 
;.t.lvcc ·iov 

'7 'v". ·.15V 

'/L Will J 1111111 0.01 
0.001 0.01 0.1 

ILEAKAGE X REXT (V) 

1.0 

FIGURE 11. Percentage Pulse Width Error Due to Leakage. 

10 demonstrate the usefulness of Figure 11 an example 
will be most helpful. Let us assume that N1 has a 
leakage of 250 x 10-9 amps, CEXT has leakage of 
150 x 10-9 amps, output pulse width = 0.1 s'econds and 
Vee = 5V. What REXT CEXT should be used to 
guarantee an error due to leakage of less than 5%. 

From Figure 11 we see that to meet these conditions 
REXT IL < 0.14V. 

Then: 

REXT < 0.14/(250 + 150) x 10-9 

< 350 kn 

Choosing standard component values of 250 kn and 
0.00411F would satisfy the above conditions. 

We have just defined the limitation on the· maximum size 
of REXT . There is a corresponding limit on the mini· 
mum size that REXT can assume. This is brought about 
because of the finite ON impedance of N1. As REXT is 
made smaller and smaller the amount of voltage across 
N 1 becomes Significant. The voltage across N 1 is: 

The output pulse width is defined by: 

v (to) = (Vee - VN1 ) (1 - e-t{)/REXT eEXT) 

+ VNl = 0.63 Vee 

Solving for to gives: 

to = REXT CEXT Qn (Vee - VN1) 
0.37 Vee 

Pulse Width Error is then: 

PW Error = 
to -T 

T 
x 100% 

Substituting Equations 2 and 4 gives: 

(4) 

( Vee - VN1) 
R EXT GEXT Qn ---- - REXT CEXT Qn (1/0.37) 

. 0.37 Vee 

R EXT CEXT Qn(1/0.37) 

This function is plotted in Figure 12 for rON of 50n, 
25n and 16.7n. These are the typical values of rON for 
a Vee of 5V, 10V and 15V respectively. 

As an example, assume that the pulse width error due to 
rON mustbe less than 0.5% operating at Vee = 5V. The 
typical value of rON for Vee = 5V is 50n. Referring to 

~ 10.0 

§ 
e ... 
w 1.0 " 

~ • ~~IN '" 50~) 
e 

'" ~ rON - 25fl 

ffi 
'" 0.1 l-

I 111\..'!! r'l. 
e 
§: 

~ 

iC 
0.01 

f= ~lllIm"rn ~ 
lk 10k lOOk 1M 

REXT (H) 

FIGURE 12. Percentage PulseWidthprror 
Due to Finite rON of Transistor N1 vs REXT-

the 50n curve in Figure 12, REXT must be greater than 
10 kn to maintain this accuracy. At Vee = 10V, REXT 
must be greater than 5 kn as can be seen from the 25n 
curve in Figure 12. 

Although clearly shown on the MM54q21/MM74C221 
data sheet, it is worthwhile, for the sake of clarity, to 
point out that the parasitic capacitance between pins 
7 (15) and 6 (14) is typically 15 pF. This capacitor is in 
parallel with CEXT and must be taken into account 
when accuracy is critical. 
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TYPICAL APPLICATIONS 

Basic One~Shot Oscillator 

1/2MM74C221 

01 

CLOCK 1 _-t:;==~t=)c>+--_J o,~ 

1/ZMM74C7J 

Rl 

Retriggerable One-8hot 

Vee "3Vto 15V 

R5 R6 

R2 

DV 

FREQUENCY TO DC CONVERTER 
VaDe'" Vee' R1 • C1 . f 

1/2MM74C221 

02 

I--l/F----1 
-l i-R1C1 I 
~ 

R3 

1/4MM74C32 

OUTPUT 

R9 

>-.... -Vo 

lEVEL DETECTOR 

Vo :: 0 FOR f > R41[(R3 ... R4) (A1 . C1)] 
Vo" 1 FOR f< R4f!(Al + R4) (At· (1)1 

Frequency Magnitude Comparator 
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TYPICAL APPLICATIONS (Continued) 
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CMOS SCHMITT TRIGGER 

Gerald Buurma 
National Semiconductor 

A UNIQUELY VERSATILE DESIGN COMPONENT 

INTRODUCTION 

The Schmitt trigger has found many applications in 
numerous circuits, both analog and digital. The versa
tility of a TTL Schmitt is hampered by its narrow 
supply range, limited interface capability, low input 
impedance and unbalanced output characteristics. The 
Schmitt trigger could be built from discrete devices to 
satisfy a particular parameter, but this is a careful and 
sometimes time-consuming design. 

The CMOS Schmitt trigger, which comes six to a 
package, uses CMOS characteristics to opti mize design 
and advance into areas where TTL could not go. These 
areas include: interfacing with op amps and transmission 
lines, which operate from large split supplies, logic level 
conversion, linear operation, and special designs relying 
on a CMOS characteristic. The CMOS Schmitt trigger 
has the following advantages: 

• High impedance input (1012n typical) 

• Balanced input and output characteristics 

• Thresholds are typically symmetrical to 1/2 Vee 

• Outputs source and sink equal currents 

• Outputs drive to supply rails 

• Positive and negative-going thresholds show low 
variation with respect to temperature 

• Wide supply range (3-15V), split supplies possible 

• Low power consumption, even during transitions 

• High noise immunity, 0.70 Vee typical 

Applications demonstrating how each of these charac
teristics can become a design advantage will be given 
later in the application note_ 

Vee 

J 
I PI 

:h:l1. 
OUT' 

INPUT 

I N2 

y;~ 
I Vee 

Nl 

1: 

ANAL YZING THE CMOS SCHMITT 

The input of the Schmitt trigger goes through a standard 
input protection and is tied to the gates of four stacked 
devices. The upper two are P-channel and the lower two 
are N-channel. Transistors P3 and N3 are operating in the 
source follower mode and introduce hysteresis by 
feeding back the output voltage, out', to two different 
points in the stack. 

When the input is at OV, transistors P1 and P2 are ON, 
and N1, N2 and P3 are OFF. Since out' is high, N3is 
ON and acting as a source follower, the drain of N 1, 
which is the source of N2, is at Vee-VTH . If the input 
voltage is ramped up to one threshold above ground 
transistor N1 begins to turn ON, N1 and N3 both being 
ON form a voltage divider network biasing the source of 
N2 at roughly ·hal·f the supply. When the input is a 
threshold above 1/2 Vee, N2 begins to turn ON and 
regenerative switching is about to take over. Any more 
voltage on the input causes out' to drop_ When out' drops, 
the source of N3 follows its gate, which is out', the 
influence of N3 in the voltage divider with N1rapidly 
diminishes, bringing out' down further yet. Meanwhile 
P3 has started to turn ON, its gate being brought low by 
the rapidly dropping out'. P3 turning ON brings the 
source of P2 low and turns P2 OFF. With P2 OFF, out' 
crashes down. The snapping action is due to greater than 
unity loop gai n through the stack caused by positive 
feedback through the source follower transistors. When 
the input is brought low again an id.entical process occurs 
in the upper portion of the stack and the snapping 
action' takes place when the lower threshold is reached. 

vee 

J 
I" 

Vee 

J ,OUTPUT 

I P4 

FIGURE 1. CMOS Schmitt Trigger 
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Out' is fed into the inverter formed by P4 and N4; 
another inverter built with very small devices, P5 and 
N5, forms a latch which stabilizes out'. The output is 
an inverting buffer capable of sinking 360f,lA or two 
LPTTL loads. 

The typical transfer characteristics are shown in Figure 
2; the guaranteed trip point range is shown in Figure 3. 

WHAT HYSTERESIS CAN DO FOR YOUR 

Hysteresis is the difference in response due to the direc
tion of input change. A noisy signal that traverses the 
threshold of a comparator can cause multiple transitions 
at the output, if the response time of the comparator is 
less than the time between spurious effects. A Schmitt 
trigger has two thresholds: any spurious effects must be 
greater than the threshold difference to cause multiple 
transitions. With a CMOS Schmitt at Vee = 10V there is 

20 

~ 
Vee'" 15V 

15 

'" VT• vT• 

'" !:; 

" 10 > 
>-
'" ~ >-
~ 

10 15 20 

INPUT VOLTAGE IVI 

FIGURE 2. Typical CMOS Transfer Characteristics 
for Three Different Supply Voltages. 

o 1 2 J 4 5 6 

TIME 1/.!5) 

typically 3.6V of threshold difference, enough hysteresis 
to overcome almost any spurious signal on the input. 

A comparator is often used to recover information sent 
down an unbalanced transmission line. The threshold of 
the comparator is placed at one half the signal amplitude 
(See Figure 4b). This is doen to prevent slicing level 
distortion. If a 4f,ls wide signal is sent down a transmission 
line a 4f,ls wide signal should be received or signal distor
tion occurs. If the comparator has a threshold above half 
the signal amplitude, then positive pulses sent are shorter 
and negative pulses are lengthened (See Figure 4c). This 
is called slicing level distortion. The Schmitt trigger does 
have a positive offset, VT+, but it also has a negative 
offset VT -. In CMOS these offsets are approximately 
symmetrical to half the signal level so a 4f,ls wide pulse 
sent is also recovered (see Figure 4d). The recovered 
pulse is delayed in time but the length is not changed, 
so noise immunity is achieved and signal distortion is not 
introduced because of threshold offsets. 

15 

~ 10 
w 

'" ~ 
" > 

~ 
5 

4.3 ;:; 
3.0 
2.0 
0.7 

0 
10 

Vee (Vl 

12.9 

15 

FIGURE 3. Guaranteed Trip Point Range. 

7 8 9 10 

al. Received signal from transmission 
line with thrt!sholds at different 
amplitudes. 

b) Recovered signal from comparator 
with threshold VTH has multiple 
transitions. 

c) Rer:overed signal from comparator 
witli positive offset on threshold, VT .. , 
positive pulse shorten, negative pulse 
lengthen, 

d) Recovered signal with CMOS Schmitt 
lri911'I, VT+ and VT . Restores true 
waveform. 

Recovered signal from Schmitt is same 
width.s comparuor with thr!1hold at 
VTH , and is onlv delayed in time. 

FIGURE 4. CMOS Schmitt Trigger Ignores Noise 
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V"]lflj 
BIAS POINT - - - -.:.. - - - -

v" 

a) Capacitor Impedance at lowest operatln~ frequency should be much less thall R R ~ 1/2 R . 

b}Byusingsplltsupplyl'1.510'1.5)directlllterfacRlsachleved. 

FIGURE 5. Sine to Square Wave Converter with Symmetrical Level Detection. 

J\JV\. 
NVVV 

.JlSlJ 

1/6MM74C14 
C1 

01 
lN914 

C2 

+ 

R2 

Where Rtel» l/fMAX and R2C2» response time of voltmeter ":" 
VOUT '" fR2CLI V where j. V = Vee. 

FIGURE 6. Diode Dump Tach Accepts an'y Input Waveform. 

APPLICATIONS OF THE CMOS SCHMITT 

Most of the following applications use a CMOS Schmitt 
characteristic to either simplify design or increase per·' 
formance. Some of the applications could not be done 
at all with another logic family. 

The circuit in Figure 5a is the familiar sine to square 
wave converter. Because of input symmetry the Schmitt 
trigger is easily biased to achieve a 50% duty cycle. The 
high input impedance simplifies the selection of·the bias
ing resistors and coupling capacitor. Since CMOS has a 
wide supply range the Schmlit trigger could be powered 
from split supplies (see Figure 5b). This biases the mean 
threshold value around zero. and makes direct coupling 
from an op amp output possible. 

In Figure 4, we see a frequency to voltage converter that 
accepts many w'1veforms with no change in output 
voltage. Although the energy in the waveforms are quite 
different, it is only the fr~quency that determines the 
output voltage. Since ·the outPut of the CMOS Schmitt 
pulls completely to the supply rails, a constant voltage 
swing across capacitor C1 causes a current to flow 
through the capacitor, dependent only on frequency. 
On positive output swings, the current is dumped to 
ground through 01. On negative output swings, current 
is pulled from the inverting op amp node through 02 and 
transformed into an average voltage by R2 and C2. 

Since the CMOS Schmitt pulls completely to the supply 
rails the voltage change across the capacitor is just the 
supply voltage. 



Schmitt triggers ,are often used to generate fast transi
tions when a slowly varying function exceeds a pre
determined level. In Figure 7, we see a typical circuit, a 
light activated switch. The high impedance input of the 
CMOS Schmitt trigger makes bi,asing very easy. Most 
photo cells are several k.Q brightly illuminated and a 
couple M.Q dark. Since CMOS has a 1012 .11 typical input 
impedance, no effects are felt on the input when the 
output changes. The selection of the biasing resistor is 
just the solution of a voltage divider equation. 

A CMOS application note wouldn't be complete without 
a low power application. Figure 8 shows a simple RC 
oscillator. With only six R's and C's and one Hex CMOS 

Vee 

trigger, six low power oscillators can be built. The square 
wave output is approximately 50% duty cycle because of 
the balanced input and output characteristics of CMOS. 
The output frequency equation assumes that t1 ~ t2 » 
tpdO + t pd1 ' 

We earlier saw how the CMOS Schmitt increased noise 
immunity on an unbalanced transmission line. Figure 9 
shows an application for a balanced or differential 
transmission line. The circuit in Figure 7a is CMOS 
EXCLUSIVE OR, the MM74C86, which could also be 
built from inverters, and NAND gates. If unbalanced 
information is generated on the line by signal crosstalk 
or external noise sources, it is recognized as an error. 

'----..... --+ "OR" CONFIGURATION "-AND" CONFIGURATION 

FIGURE 7. Light Activated Switch couldn't be Simpler. The Input Voltage Rises as Light Intensity I~creases, when VT+ is 
Reached, the Output will go, Low and Remain Low until the Intensity is Reduced Significantly. 

FIGURE 8. Simplest RC Oscillator? Six R's and C's make the CMOS Schmitt into Six Low Power Oscillators. Balanced 
Input and Output Characteristics give the Output Frequency a Typically 50% Duty Cycle. 

1/3 MM74C14 

A~ 1/4 MM74C86 

. ' D---o ERROR 

B ~ - -' , AB , AH", 

Error is detected when transmission line is unbalanced in either direction. 

a) Differential Error Detector. 

Transmitted data appears at F as long as transmission line is balanced, 
unbalanced data is igllOred and error is detected by above circuit. 

b) Oifferentialline Receiver. 

Truth Table 

A B 

o 0 NC 

o 
1 0 

1 1 NC 

NC "" No Change 

FIGURE 9. Increase Noise Immunity by using the CMOS Schmitt Trigger to Demodulate a Balanced Transmission Line. 
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The circuit In Figure 9b is a differential line receiver 
that recovers balanced transmitted data but ignores 
unbalanced signals by latching up. If both circuits of 
Figure 9 were used together, the error detector could 
signal the transmitter to stop transmission and the line 
receiver would remember the last valid information bit 
when unbalanced .signals persisted on the line. When 
balanced signals are restored,thereceiver can pick up 
where it left off. 

The standard voltage range for CMOS inputs is Vee 
+0.3V .and ground -0.3V. This is because the input pro· 
tection network is diode clamped to the supply rails. Any 
input exceeding the supply rails either sources or sinks 
a large amount of current through these diodes. Many 
times an input voltage range exceeding this is desirable; 
for example, transmission lines often operate from ±12V 
and op amps from ±15V. A solution to this problem is 
found in the MM74C914. This new device has an uncom· 
mon input protection that allows the input signal to go 
to 25V above ground, and 25V below Vee. This means 

. that the Schmitt trigger in the sine to square wave 
converter, in Figure 5b, could be powered by ±1.5V 
supplies and still be directly compatible with an op amp 
powered by ±15V supplies. 

A standard input protection circuit and the new input 
protection are shown in Figure 10. The diodes shown 
have a 35V breakdown. The' input voltage can go positive 
until reverse biased 02 breaks down through forward 
bias 03, which is 35V above ground. The input voltage 
can go negative until reverse biased 01 breaks down 
through forward bias 02, which is 35V below Vee. 
Adequate input protection against static charge is still 
maintained. 

CMOS'can be linear over a wide voltage .range if proper 
consideration is paid to the biasing of the inputs. Figure 
11 shows a simple VCO made with a CMOS. inverter, 
acting as an integrator, and a CMOS Schmitt, acting as a 
comparator with hysteresis. The inverter integrates the 
positive difference between its threshold and the input 
voltage V,N . The inverter output ramps up until the 
positive threshold of the Schmitt trigger is reached. At 
that time, the Schmitt trigger output goes low, turning 
on the transistor through Rs and speeding up capacitor 
Cs. Hysteresis keeps the output low until the integrating 
capacitor C is discharged through RD' Resistor RD 
should be kept much smaller than RC to keep reset time 
negligible. The output frequency is given by 

VTH - Y'N 

(VT+ - VT-) Ree· 

The frequency dependence with control voltage is given 
by the derivative with respect to Y'N So, 

-1 

where the minus sign indicates that the output frequency 
increases as the input is brought further below the inverter 
threshold. The maximum output frequency occurs when 
Y'N is at ground and the frequency will decrease as Y'N 
is raised up ahd will finally stop oscillating at the 
inverter threshold, approximately 0.55 Vee. 

FIGURE 10. Input Protection Diodes, in a) Normally Limit the Input Voltage Swing to 0.3V above VCC and 0.3V 
below Ground. In bl 02 or 01 is Reverse Biased Allowin~ Input SWings of 25V above ~,round or 25V below Vee. 

dfo - 1 

0-:; VjN:; 1/2 Vee 
1/6MM74CD4 d~ = WT+ - VT )'RcC 

FIGURE 11: linear CMOS. 
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The pulses from the VCO output are quite narrow 
because the reset time is much smaller than the integra· 
tion time. Pulse stretching comes quite naturally to a 
Schmitt trigger. A one·shot or pulse stretcher made with 
an inverter and Schmitt trigger is shown in Figure 12. 
A positive pulse coming into the inverter causes its 
output to go low, discharging the capacitor through the 
diode D1. The capacitor is rapidly discharged, so the 
Schmitt input is brought low and the output goes 
positive. Check the size of the capacitor to make sure 
that inverter can fully discharge the capacitor in the 
input pulse time, or 

C t:..V t:..V 
ISINK INVERTER> __ + 

t:..T R 

where t:..V = Vee for CMOS, and t:..T is the input pulse 
width. 

For very narrow pulses, under 100 ns, the capacitor can 
be omitted and a large resistor will charge up the CMOS 
gate capacitance just like a capacitor. 

When the inverter input returns to zero, the blocking 
diode prevents the inverter from charging the capacitor 
and the resistor must charge it from its supply. When 
the input voltage of the Schmitt reaches VT+, the 
Schmitt output will go low sometime after the input 
pulse has gone low. 

1/6MM74C04 

SL --j I t- 0----1 

THE SCHMITT SOLUTION 

The Schmitt trigger, built from discrete parts, is a careful 
and sometimes time·consuming design. When introduced 
in integrated TTL, a few years ago, many circuit designers 
had renewed interest because it was a building block 
part. The input characteristics of TTL often make biasing 
of the trigger input difficult. The outputs don't source 
as much as they sink, so multivibrators don't have 50% 
duty cycle, and a limited supply range hampers inter· 
facing with non 5V parts. 

The CMOS Schmitt has a very high input impedance with 
thresholds approximately symmetrical to one half the 
supply. A high voltage input is available. The outputs 
sink and source equal currents and pull directly to the 
supply rails. 

A wide threshold range, wide supply range, high noise 
immunity, low power consumption, and low board 
space make the CMOS Schmitt a uniquely versatile 
part. 

Use the Schmitt trigger for signal conditioning, restora· 
tion of levels, discriminating noisy signals, level detecting 
with hysteresis, level conversion between logic families, 
and many other useful functions. 

The CMOS Schmitt is one step closer to making design 
limited only by the imagination of the designer. 

1/6MM74Ct4 

To = tiN +T 

T"'RCl.'n(Ycc ~~) BESURETHAT ISINKINVERTER CVcc + ~ 
Vee - VT + t R 

FIGURE 12. Pulse Stretcher. A CMOS Inverter Discharges a Capacitor, 
a Blocking Diode allows Charging through R only. Schmitt Trigger 
Output goes Low after the RC Delay. 
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John Jorgensen 
Thomas P. Redfern 

National Semiconductor 

MM54C/MM74C VOLTAGE TRANSLATION/BUFFERING 

INTRODUCTION 

A new series of MM54C/MM74C buffers has been designed 
to interface systems operating at different voltage levels. 
In addition to performing voltage translation, the 
MM54C901/MM74C901 through MM54C904/MM74C904 
hex buffers can drive two standard TTL loads at 
Vce = 5V. This is an increase of ten times over the two 
LpTTL loads that the standard MM54C/MM74C gate can 
drive. These new devices greatly increase the flexibility 
of the MM54C/MM74C family when interfacing to other 
logic systems. 

PMOS TO CMOS INTERFACE 

Since most PMOS outputs normally can pull more nega
tive than ground, the conventional CMOS input diode 
clamp from input to ground poses problems. The least 
of these is increased power consumption. Even though 
the output would be clamped at one diode drop (-D.6V), 
all the current that flows comes from the PMOS negative 
supply. For TTL compatible PMOS this is -12V. A PMOS 
output designed to drive one TTL load will typically sink 
5 mAo The total power per TTL output is then 
5 mA x 12V = 60 mW. The second problem is more 
serious. Currents of 5 mA 'or greater from a CMOS 
input clamp diode can cause four·layer diode action on 
the CMOS device. This, at best, will totally disrupt 
normal circuit operation and, at worst, will cause 
catastrophic failure, 

To overcome this problem the MM74C903and 
MM74C904 have been designed with a clamp diode from 
inputs to V ce only. This single diode provides adequate 
static discharge protection and, at the same time, allows 
voltages of up to -17V on any input. Since there is 
essentially no current without the diode, both the high 
power dissipation and latch up problems are eliminated. 

To demonstrate the above characteristics, Figures 1, 2, 
and 3 'show typical TTL compatible PMOS circuits 
driving standard CMOS with two clamp diodes, TTL 
compatible PMOS driving MM74C903/MM74C904, and 
the TTL compatible PMOS to CMOS system interface, 
respectively, 
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FIGURE 1. 

........JI+~ 

....... / I -O';A I '\ 
TYPICAL PMOS Ttl t-, I I 
PUSH·PUll OUTPUT V~D I I 

1-12V) I I 

FIGURE 2. 

STD CMOS INPUT 

MM14C90JIMM14C904 

CMOS 

GND 

NOTE: Vee + Voo S17V 
Vee S;;15V 

[ MM54C903IMM14C90J or I 
MM54C904/MM74C904 

FI GURE 3. PMOS to CMOS or TTL I ntertace 



CMOS TO CMOS OR TTL INTERFACE 

When a CMOS system which is operating at Vee = 10V 
must provide signals to a CMOS system whose Vee = 5V, 
a problem similar to that found in PMOS-to-CMOS inter
face occurs_ That is, current would flow through the 
upper input diode of the device operating at the lower 
Vee - This current could be in excess of 10 mA on a 
typical 74C device, as shown in Figure 4_ Again, this will 
cause increased power as well as possible four layer diode 
action. 

CMOS 
@Vcc =1nV 

CMOS 
@Vcc "lDV 

ISOURCE ~ 
10mA{TVP} 

FIGURE 4. 

FIGURE 5. 

V" 
(+5V) 

STO CMOS 
@Vcc =5V 

MM74C901/MM74C9n2 
@Vcc=5V 

Using the MM74C901 or MM74C902 will eliminate this 
problem. This occurs simply because these parts are 
designed with the upper diode removed, as shown in 

Figure 5. With. this diode removed the current being 
sourced goes from about 10 mA to the leakage current 
of the reverse biased input diode. 

Since the MM74C901 and MM74C902 are capable of 
driving two standard TTL loads with only normal input 
levels, the output can be used to directly drive TTL. With 
the example shown, the inputs of the MM74C901 are in 
excess of 5V. Therefore, they can drive more than two 
TTL loads. In this case the device would drive four loads 
with V1N = 10V.lf the MM74C902 were used, the output 
drive would not increase with increased input voltage. 
This is because the gate of the output n-channel device is 
always being driven by an internal inverter whose output 
equals that of Vee of the device. 

The example used was for systems of Vee = 10V on one 
system and Vee = 5V on the second, but the MM74C901 
and MM74C902 are capable of using any combination of 
supplies up to 15V and greater than 3V, as long as Vee1 
is greater than or equal to Vee2 and grounds are 
eommon. Figure 6 diagrams this configuration. 

CMOS 

GNO 

NOTE. Vee1 ::;:VCC2 

TTl 
OR 

CMOS 

GNO 

- ~[MM54C901/MM74C901 or] 
- MM54C902iMM74C9112 

FIGURE 6. CMOS to TTL or CMOS at a Lower VCC 

The inputs on these devices are adequately protected 
with the single diode, but, as with all MOS devices, 
normal care in handling should be observed. 
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CMOS PACKAGES 

0.092 DIA NOM 

PIN NO.1 INDENT· 

10300~1 ~t' 
IrO J2O ~r 
~o.o09 ~ +0.015 

I 32S +0.025 I f-D. _0.015-1 

F~ 
• .. TV' .' 0.130 to.DOS 

0.065 - ~ 

'J . :=]10 
0.075 1 1_ L --JL 0.018 ~1~5 MIN 

±0.015 ~ 0.100 :to.003 
TV' 

f-- 0.300 --1. . f 0.030 

~fTMAX 

~ ~:~4-
~G.325 ~::~:~ 

¥c~. . . 0.040 '.130 TV' .:J.j'0.005 0.020 
-- MIN 

0.0&5 

,:-J I 1'.100 ~11;;,rr 
to.015 Iln,i I±O.OOO MIN 

14 Lead M~lded Dual-In-Line Package (NI 16 Lead Molded Dual-In-Line Package (NI 

0.062 

RA' 

11 
0.540 

~~~~nrr~~~~~~' 

,. ° .'.'15 . ·L L .. . T.V'. ±0.OD5 t~"" 
O.310~ 

[";;MAX!!!!II 

~ ~ :::~~--\-
!DENT ~~~ 

MAX ~ ~ 
----t- ~~~~ 1--0.625 +0.025--1 1_ 0.015 - I I - 0.100 - 11_ 0.018 0.125 

-0.015 to.015-"-1 ITYP~ltO.003 MIN 1-0.315 ~::~:-l 

PlNNO.1 .... ~H 
.045 o.,,,J i-- --I0.IO~ --11--'.'" '.125"·'" 

to.OIO ±0.010 0.019 MIN 

24 Lead Molded Dual-In-line Package (NI 

ri"· .. · " IDENT 

0.008 
0.012 

Lo.325 ~:::~~.J 

16 Lead·Cavity Dual-In-Line Package (01 
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PIN NO. 1 
IDENT 

14 Lead Cavity Dual-In-Line Package (01 

r------------~~:----------~~I N n 11 1& 15 14 13 

11 
0.530 0.550 

~rr.~~~~~~rT.~~~T.*~~ MAX MjX 

0.610 ' 0.610 0.200 
rFMAX~ r----MAX~ MAX 0.050 

L~-~} JtffimitW1..l T 
• -0.015 :to.OIO to.Dl0 to.002 MIN 

24 Lead Cavity Dual-In-Line Package (01 



0.025 
'AD 

'IJ::A~ 
r",,-=...1l.<,--,""-,,!LI.!.L=-; I GLASS 

9.280 
MAX 

.....",..,.".",...,.",.,."."..,.".......~ 

rcD."D~ 

! r~\-'"f J 
0.012 

t-- 0.385---1 ~~~, l- 0.100 ---J I-
:to.025 BOTH ENDS to.Ol0 

14 Lead Cavity Dual-I n-Line Package (J) 

f--,:::::---I 

0.025 
'AD 

~""-~~~~~~~~~~~~~'~I---r'::: 
0.515 

~~~l 

~". ~11 J I-D.D60 - I I. D.1OO --II- D.018 .'" "''' 
0.100 ---, 1:t0.ol0 :to.002 MIN 

24 Lead Cavity Dual-In-Line Package (J) 

0.050 
:!:D.005 

0.390 
MAX uLASS 

o.oso' 
*0.005 

0.025 
'AD 

I-- D.'OO-l 
±O.OIO 

0.060 0.200 

~ L-- -_H __ 0018 0125 0070 
±0.002 MIN 

16 Lead Cavity Dual-In-Line Package (J) 

1--0.020 
D.1l4lJ 

PIN NO. 1 0.275 0750 

IDENT~ G~::S 0:770 

""":1 
II D.01' --11-- 0.019 

14 Lead Flat Package (F) 

INCHES TO MILLIMETERS CONVERSION TABLE 

1I1~111:l 
INCHES MM INCHES MM INCHES MM 1 

PINND.1 0.275 
IOENT~ MAX 0.B80 

" .... U r 
1.~ " .. -II..-

0040 0019 

16 Lead Flat Package (F) 

PINNO.1 
IDENT 

1~ ···jl 0.0400.019 

0.275 0.880 

j 
24-Lead Flat Package (F) 

0.001 0.0254 0.010 0.254 0.100 2.54 

0.002 0.050B 0.020 0.50B 0.200 5.08 

0.003 0.0762 0.030 0.762 0.300 7.62 

0.004 0.1016 0.040 1.016 OAOO 10.16 

0.005 0.1270 0.050 1.270 0.500 12.70 

0.006 0.1524 0.060 1.524 0.600 15.24 

0.007 O.l77B 0.070 1.778 0.700 17.78 

0.008 0.2032 0.080 2.032 0.800 20.32 

0.009 0.2286 0.090 2.286 0.900 22.86 

All package dimensions are in inches. 
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III~ ORDERING INFORMATION 

ORDER 
PACKAGE 

NUMBER 

MM74CXXN Molded DIP (N) 
MM74CXXJ Cavity DIP (J) 
MM54CXXJ Cavity DIP (J) 
MM54CXXD Cavity DIP (D) 
MM54CXXF Cavity Flat Pack (F) 
MM80CXXN Molded DIP (N) 
MM80CXXJ Cavity DIP (J) 
MM70CXXJ Cavity DIP (J) 
MM70CXXD Cavity DIP (D) 
MM70CXXF Cavity Flat Pack (F) 

ORDER 
RCA 

EQUIVALENT PACKAGE 
NUMBER 

DESIGNATION 

CD40XXCN CD40XXAE Molded DIP (N) 

CD40XXCJ Cavity DIP (J) 
CD40XXMJ CD40XXAF Cavity DIP (J) 
CD40XXMD CD40XXAD Cavity DIP (D) 
CD40XXMF CD40XXAK Cavity Flat Pack (F) 

'CD45XXBCN CD45XXBE Molded DIP (N) 
'CD45XXBCJ Cavity DIP (J) 
*CD45XXBMJ CD45XXBF Cavity DIP (J) 
'CD45XXBMD CD45XXBD Cavity DIP (D) 
*CD45XXBMF CD45XXBK Cavity Flat Pack (F) 

*Equivalent to Motorola MC145XX Series 
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TEMPERATURE 
RANGE 

-40° C to +85° C 
-40°C to +85°C 

-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 

-40°C to +85°C 
-40° C to +85° C 

-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 

TEMPERATURE 
RANGE 

-40°C to +85°C 
-40° C to +85° C 

, -55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-40° C to +85° C 
-40°C to +85°C 

-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


