


Device Function Index II 

B·Series Family Data IJ 

Reliability and Handling Procedures IJ 

CMOS Previews IJ 

CMOS Data Sheets II 

CMOS Reliability II 

Mechanical Data II 

Pin Assignment II 



Volume S/Series B 
prepared by 

Technical Information Center 

Semiconductor 
Data Library 

CMOS INTEGRATED CIRCUITS 

This book presents technical data for the broad line of McMOS integrated 

circuits. Complete specifications are provided in the form of data sheets. 

The comprehensive 'specifications for the B Series reflect the industry 

specification developed under the auspices of EIA/JEDEC. This coordination 

permits multiple sources of the B Series of devices. 

The information in this book has been carefully checked and is believed to 

be reliable; however, no responsibility is assumed for inaccuracies. Further

more, this information does not convey to the purchaser of microelectronic . 

devices any license under the patent right of any manufacturer. 

Printed in U.S.A. 

For marketing and application information contact: 
CMOS Marketing 
Motorola Semiconductor Products Inc. 
3501 Ed Bluestein Blvd. 
Austin, Texas 78721 
(512) 928-2600 

Series B 
Second Printing 

©MOTOROLA INC., 1976 
"All Rights Reserved" 



McMOS, MECL, MECL 10,000, MHTL, and MTTL are trademarks of Motorola Inc. 



CONTENTS 

NUMERICAL INDEX ...... : . . . . . . . . . . . . . . . . . . . . . . . . . . . ii 
DEVICE FUNCTION INDEX ........................... ; . 1-1 

McMOS Selection Guide by Function . . . . . . . . . . . . . . . . . . . . 1-3 

Summary of Motorola CMOS Line . . . . . . . . . . . . . . . . . . . . . . 1-7 

B-SERIES FAMILY DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1 
RELIABILITY AND HANDLING PROCEDURES . . . . . . . . . . . . . . . 3-1 

CMOS PREVIEWS . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . 4-1 

CMOS DATA SHEETS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-1 

CMOS RELIABILITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1 

Basic Concepts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-2 

The Source of Reliability . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-7 
Screenin.g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 6-9 
System Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-11 

Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-19 
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-20 

MECHANICAL DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-1 
PIN ASSIGNMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-1 

i 



NUMERICAL INDEX 

Part 
Number Function 

MC14000 Dual 3-lnput NOR Gate plus Inverter 
MC14001 Quad 2-lnput NOR Gate 

. MC14001B Quad 2-lnput NOR Gate 
MC14002 Dual 4-lnput NOR Gate 
MC14002.B Dual 4-lnput NOR Gate 

MC14006B 18-Bit Static Shift Register 
MC14007B Dual Complementary Pair plus Inverter 
MC14008B 4-Bit Full Adder 
MC14011 Quad 2-lnput NANO Gate 
MC14011 B Quad 2-lnput NANO Gate 

MC14012 Dual 4-lnput NANO Gate 
MC14012B Dual 4-lnput NANO Gate 
MC14013B Dual D Flip-Flop 
MC14014B 8-Bit Static Shift Register 
MC14015B Dual 4-Bit Static Shift Register 

MC14016B Quad Analog Switch/Quad Multiplexer 
MC14017B Decade Counter/Divider 
MC14018B Presettable Divide-by-N Counter 
MC14020B 14-Bit Binary Counter 
MC14021B 8-Bit Static Shift Register 

MC14022B Octal Counter/Divider 
MC14023 Triple 3-lnput NANO Gate 
MC14023B Triple 3-lnput NANO Gate 
MC14024B Seven Stage Ripple Counter 
MC14025 Triple 3-lnput NOR Gate 

MC14025B Triple 3-lnput NOR Gate 
MC14027B Dual J-K Flip-Flop 
MC14028B BCD-to-Decimal Decoder 
MC14032B Triple Serial Adder (Positive Logic) 
MC14034B 8-Bit Universal Bus Register 

MC14035B 4-Bit Shift Register 
MC14038B Triple Serial Adder (Negative Logic) 
MC14040B 12-Bit Binary Counter 
MC14042B Quad Latch 
MC14043B Quad NOR R-S Latch 

MC14044B Quad NANO R-S Latch 
MC14046B Phase-Locked Loop 
MC.14049B Hex Inverter/Buffer 
MC14050B Hex Buffer' 
MC14051B 8·Channel Analog Multiplexer 

*Add suffix to part number on all orders. 
AL 3 to 18 V, -55 to +125°C, ceramic package 
CL 3 to 18 V, -40 to +85°c, ceramic package 
CP 3 to 18 V, -40 to +85°c, plastic package 

L Limited voltage range, limited temperature 

p 

EFL 
FL 
FP 
EVL 
VL 
VP 
z ' 

range, ceramic package, 
Limited voltage range, limited temperature 
range, plastic package 
3 to 18 V, -55 to +125°C, ceramic package 
3 to 18 V, -40 to +85°c, ceramic package 
3 to 18 V, -40 to +85°c, plastic package 
3 to 6 V, -55 to +125°C, ceramic package 
3 to 6 V, -40 to +85°C, ceramic package 
3 to 6 V, -40 to +85°c, plastic package 
Limited voltage range, limited temperature 
range, leadless ceramic package 

ii 

Second 
Suffix* Pins Sourced Page 

AL,CL,CP 14 ,,,, 5-2· 
AL,CL,CP 14 ,,,, 5-5 
AL,CL,CP 14 ,,,, 5-9 
AL,CL,CP 14 ~ 5-14 
AL,CL,CP 14 ,,,, 

5~14 

AL,CL,CP 14 ,,,, 5-15 
AL,CL,CP 14 ,,; 5-19 
AL,CL,CP 16 ,,,, 5-23 
AL,CL,CP 14 ,,,, 5-29 
AL,CL,CP 14 ,,,., 5-29 

AL,CL,CP 14 ,,,, 5"30 
AL,CL,CP 14 ,,,, 5-30 
AL,CL,CP 14 ,,,, 5-31 
AL,CL,CP 16 ,,,, 5-35 
AL,CL,CP 16 ""' 5-39 

AL,CL,CP 14 ,,,, 5-45 
'AL,CL,CP 16 ,,, 5-51 
AL,CL,CP 16 ,,,, 5-56 
AL,CL,CP 16 ,;, 5"60 
AL,CL,CP 16 ,,,, 5-35 

AL,CL,CP 1.6 ,,,, 5-65 
AL,CL,CP 14 ,,,, 5-70 
AL,CL~CP 14 ,,,, 5-70 
AL,CL,CP 14 ,,,, 5-71 
AL,CL,CP 14 ,,,, 5-76 

AL,CL,CP 14 ,,,, 5-76 
AL,CL,CP 16 ,,,, 5-77 
AL,CL,CP 16 ,,,, 5-81 
AL,CL,CP 16 ,,,, 5-86 
AL,CL,CP 24 ,,,, 5~91 

AL,CL,CP 16 ,,,, 5-98 
AL,CL,CP 16 ,,,, 5-86 
AL,CL,CP 16 ,,,, 5-103 
AL,CL,CP 16 ,,,, 5-107 
AL,CL,CP 16 ' ,,,, 5-111 

AL,CL,CP 16 ,,,, 5-111 
AL,CL,CP 1.6 ,,,, 5-115 
AL,CL,CP 16 ,,,, 5-120 
AL,CL,CP 16 ,,,, 5-120 
AL,CL,CP 16 ,,,, 5-124 

Chips are available for all McMOS types. 
Consult your Motorola Sales Office or 
Authorized Motorola Distributor. 



NUMERICAL INDEX (continued) 

Part Second 
Number Function Suffix* Pins Sourced Page 

MC14052B Dual 4-Channel Analog Multiplexer AL,CL,CP 16 ~ 5-124 
MC14053B Triple 2-Channel Analog Multiplexer AL,CL,CP 16 ~ 5-124 
MC14066B Quad Analog Switch AL,CL,CP 14 ~ . 5-130 
MC14068B 8-lnput NANO Gate AL,CL,CP 14 ~ 5-135 
MC14069B Hex Inverter AL,CL,CP 14 ~ 5-136 

MC14070B Quad Exclusive OR Gate AL,CL,CP 14 ~ 5-138 
MC14071 Quad 2-lnput OR Gate AL,CL,CP 14 ~ 5-140 
MC14071 B Quad 2-lnput OR Gate AL,CL,CP 14 ~ 5-140 
MC14072B Dual 4-lnput OR Gate AL,CL,CP 14 ~ 5-141 
MC14073B Triple 3-lnput AND Gate AL,CL,CP 14 ~ 5-142 

MC14075B Triple 3-lnput OR Gate AL,CL,CP 14 ~ 5-143 
MC140768 Quad 0-Type Register AL,CL,CfP 16 ~ 5-144 
MC14077B Quad Exclusive NOR Gate AL,CL,CP 14 ~ 5-138 
MC14078B 8-lnput NOR Gate AL,CL,CP 14 ~ 5-149 
MC14081 Quad 2-lnput AND Gate AL,CL,CP 14 ~ 5-150 

MC14081B Qu~d 2-lnput AND Gate AL,CL,CP 14 ~ 5-150 
MC14082B Dual 4-lnput AND Gate AL,CL,CP 14 ~ 5-151 
MC14093B Quad 2-lnput NANO Schmitt Trigger AL,CL,CP 14 ~ 5-152 
MC14160B Decade Counter (Asynchronous Clear) AL,CL,CP 16 ~ 5-155 
MC14161B Binary Counter (Asynchronous Clear) AL,CL,CP 16 ~ 5-155 

MC14162B Decade Counter (Synchronous Clear) AL,CL,CP 16 ~ 5-155 
MC14163B Binary Counter (Synchronous Clear) AL,CL,CP 16 ~ 5-155 
MC14174B Hex D Flip-Flop AL,CL,CP 16 ~ 5-163 
MC14175B Quad D Flip-Flop AL,CL,CP 16 ~ 5-167 
MC14194B 4-Bit Universal Shift Register AL,CL,CP 16 ~ 5-171 

MC14408 Binary-to-Phone Pulse Converter L,P 16 5-175 
MC14409 Binary-to-Phone Pulse Converter L~P 16 5-175 
MC14410 2-of-8 Tone Encoder L,P 16 5-183 
MC14411 Bit-Rate Frequency Generator L,P 24 5-187 
MC14412 Universal Low-Speed Modem FL,VL 16 5-191 

MC14415 Quad Precision Timer/Driver EFL,FL,FP, 16 5-196 
EVL,VL,VP 

MC14419 2-of-8 Keypad-to-Binary Encoder L,P 16 5-201 
MC14422 Remote Control Transmitter p 16 4-2' 
MC14431 12-Bit A/D Converter L,P 24 4-3 
MC14433 3Y:i Digit A/D Converter L,P 24 44 

MC14435 3Y:i Digit A/D Logic Subsystem EFL,FL,FP, 16 5-205 
EVL,VL,VP 

MC14440 LCD Watch/Clock Circuit L,Z 40,36 5-212 
MC14450 Oscillator 216 Divider/Buffer L,P 6 5-216 
MC14451 Osei I la tor/Divider/Buffer L,P 16 5-220 
MC14452 Digitally Trimmed Frequency Divider p 14 4-5 

MC14490 Hex Contact Bounce Eliminator EFL,FL,FP, 16 5-224 
EVL,VL,VP 

MC14501 Triple Gate AL,CL,CP 16 5-231 
MC14502B Strobed Hex Inverter/Buffer AL,CL,CP 16 ~ 5-235 
MC145038 Hex 3-State Buffer AL,CL,CP 16 ~ 5-239 
MCM14505 64 x 1-Bit Static RAM AL,CL,CP 14 5-243 

MC14506B Dual Expandable AOI Gate AL,CL,CP . 16 5-257 
MC14507 Quad Exclusive OR Gate AL,CL,CP 14 ~ 5-257 
MC14508B Dual 4-Bit Latch AL,CL,CP 24 ~ 5-258 
MC14510B BCD Up/Down Counter AL,CL,CP 16 ~ 5-263 
MC14511 B BCD-to-7 Segment Latch/Decoder/Driver AL,CL,CP 16 ~- 5-269 

*Suffixes defined on page ii. 
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NUMERICAL INDEX (continued) 

Part 
Number Function Suffix* 

MC14512 8-Channel Data Selector AL,CL,CP 
MC14514B 4-Bit Latch/4-to-16 Line Decoder (High) AL,CL,CP 
MC14515B 4-Bit Latch/4-to-16 Line Decoder (Low) AL,CL,CP 
MC14516B Binary Up/Down Counter AL,CL,CP 
MC145-17B Dual 64-Bit Static Shift Register AL,CL,CP 

MC14518B Dual BCD Up Counter AL,CL,CP 
MC14519B 4-Bit AND/OR Selector AL,CL,CP 
MC14520B Dual Binary Up Counter AL,CL,CP 
MC14521B 24-Stage Frequency Divider AL,CL,CP 
MC14522B Programmable BCD Divide-by-N Counter AL,CL,CP 

MCM14524 256 x 4-Bit Read Only Memory AL,CL,CP 
MC14526B Programmable Binary Divide-by-N Counter AL,CL,CP 
MC14527B BCD Rate Multiplier AL,CL,CP 
MC14528B Dual Monostable Multivibrator AL,CL,CP 
MC14529B Dual 4-Channel Analog Data Selector AL,CL,CP 

MC14530B. Dual 5-1 nput Majority Logic Gate AL,CL,CP 
MC14531B 12-Bit Parity Tree AL,CL,CP 
MC14532B 8-Bit Priority Encoder AL,CL,CP 
MC14534B Real Time 5-Decade Counter AL,CL,CP 
M.C14536B Programmable Timer AL,CL,CP 

MCM14537 256 x 1-Bit Static RAM AL,CL 
MC14538B Dual Precision Monostable Multivibrator AL,CL,CP 
MC14539B Dual 4-Channel Data Selector/Multiplexer AL,CL,CP 
MC14541B Programmable.Oscillator-Timer AL,CL,CP 
MC14543B BCD-to-7 Segment Latch/Decoder/Driver AL,CL,CP 

MC14549B Successive Approximation Register AL,CL,CP 
MCM14552 64 x 4-Bit Static RAM Al:.,CL,CP 
MC14553B 3-Digit BCD Counter AL,CL,CP 
MC14554B 2 x 2-Bit Parallel Binary Multiplier AL,CL,CP 
MC14555B Dual Binary to 1-of-4 Decoder AL,CL,CP 

MC14556B Dual Binary to 1-of-4 Decoder (Inverting) AL,CL,CP 
MC14557B 1-to-64-Bit Variable Length Shift Register AL,CL,CP 
MC1455.8B BCD-to-7 Segment Decoder AL,CL,CP 
MC14559B Successive Approximation Register AL,CL,CP 
MC14560B NBCD Adder AL,CL,CP 

MC14561B 9's Complementer AL,CL,CP 
MC14562B 128-Bit Static Shift Register AL,CL,CP 
MC14566B Industrial Time Base Generator AL,CL,CP 
MC14568B Phase Comparator/Programmable Counter AL,CL,CP 
MC14569B Dual Programmable BCD/Binary Counter AL,CL,CP 

MC14572 Hex Gate AL,CL,CP 
MC14580B 4 x 4 Multiport Register AL,CL,CP 
MC14581B 4-Bit Arithmetic Logic Unit AL,CL,CP 
MC14582B Look-Ahead Carry Block AL,CL,CP 
MC14583B Dual Schmitt Trigger AL,CL,CP 

MC14584B Hex Schmitt Trigger AL,CL,CP 
MC14585B 4-Bit Magnitude Comparator AL,CL,CP 
MCM14505 64-Bit Static Random Access Memory AL,CL,CP 
MCM14524 1024-Bit Read Only Memory AL,CL,CP 
MCM14537 256-Bit Static Random Access Memory AL,CL 
MCM14552 256-Bit Static Random Access Memory Au,CL,CP 

NMOS Devices Designed to work with the MC14422 CMOS device: 

MC6525 
MC6526 

Remote Control Receiver 
Remote Control Receiver 

*Suffixes defined on page ii. 
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p 
p 

Pins 

16 
24 
24 
16 
16 

16 
16 
16 
16 
16 

16 
16 
16 
16 
16 

16 
16 
16 
24 
16 

16 
16 
16 
14 
16 

16 
24 
16 
16 
16 

16 
16 
16 
16 

'16 

14 
14 
16 
16 
16 

16 
24 
24 
16 
16 

14 
16 
14 
16 
16 
24 

28 
28 

Second 
Sourced ,,, ,,, ,,, ,,, ,,, 

,,, ,,, ,,, 
,,, 
,,, ,,, ,,, ,,, 
,,, ,,, 

,,, 

,,, 
,,, 

,,, ,,, ,,, 

,,, 

Page 

5-275 
5-280 
5-280 
5-286 
5-292 

5-296 
5-301 
5-296 
5-306 
5-312 

5-319 
5-312 
5-326 
5-332 
5-337 

5-343 
5-348 
5-351 
5-357 
5-363 

5-370 
5-378 
5-381 
5-385 
5-391 

5-396 
5-403 
5-410 
5-416 
5-420 

5-420 
5-423 
5-427 
5-396 
5-433 

5-437 
5-443 
5-447 
5-453 . 
5-461 

5-466 
5-469 
5-474 
5-479 
5-483 

5-489 
5-492 
5-243 
5-319 
5-370 
5-403 

4-6 
4-7 
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Device 

NANO Gates 

MC14011 l 
MC14011B I 
MC14093B 
MC14023 l 
MC14023B f 
MC14012 } 
MC14012B 
MC14068B 

NOR Gates 

MC14001 
MC140018 
MC14025 l 
MC140258 f 
MC14000 
MC14002 l 
MC14002B f 
MC14078B 

McMOS SELECTION GUIDE BY FUNCTION 

Function Page 

Quad 2-lnput NANO Gate .................................. 5-29 

Quad 2-lnput NANO Schmitt Trigger ..................•••...... 5-152 

Triple 3-lnput NANO Gate ......................•.••.....•. 5-70 

Dual 4·1nput NANO Gate ................................... 5-30 

8-1 nput NAN D Gate . . . . . . . . . . . . . . . . . . . . . . • . . . . . • • . . . • . • • 5-135 

Quad 2-lnput NOR Gate ............... , .... ; .....••....... 5-5 
Quad 2-lnput NOR Gate ............ ; .............. ~ ...... , 5-9 

Triple 3-lnput NOR Gate •...........••......•..•.......... 5-76 

Dual 3-lnput NOR Gate plus Inverter .........•.......•......... 5-2 

Dual 4-lnput NOR Gate .............. : ...........•.•...... 5-14 

8-lnput NOR Gate ...........•.......... : ......•..•..... 5-149 

AND Gates 

MC14081 } 
MC14081 B Quad 2-lnpµt AND Gate ............................••..... 5-150 

MC140738 Triple 3-lnput AND Gate .....................•...•........ 5-142 
MC14082B Dual 4-lnput AND Gate ..........................•........ 5-151 

OR Gates 

MC14071 l 
MC140718 f Quad 2-lnput OR Gate .......................•....•....... 5:.140 

MC14075B Triple 3-lnput OR Gate ............................•...... 5-143 
MC14072B Dual 4-lnput OR Gate ...........................•.•....•. 5-141 

Complex Gates 

MC140708 
MC140778 
MC14501 

MC14506B 
MC14507 
MC14519B 

MC145308 
MC14572 

Quad Exclusive OR Gate ..................•.•.....••••..•.. 5-138 
Quad Exclusive NOR Gate ........•••........•.............. 5-138 
Triple Gate •........ -..................•.....•••..••.•• 5-231 

(Dual 4-lnput NANO Gate and 2-lnput NOR/OR Gate 
or 8-lnput AND/NANO Gate) 

Dual Expandable AND-OR-INVERT Gate: ..... -..........•••...... 5-252 
Quad Exclusive OR Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5~257 
4-Bit AND/OR Selector ..........................•.•..•..• 5-301 

(Quad 2-Channel Data Selector or Quad Exclusive NOR Gate) 
Dual 5-lnput Majority Logic Gate ......................•.....•. 5-343 
Hex· Gate ....•••...•................................. 5-466 

(Quad Inverter plus 2-lnput NOR Gate plus 2-lnput NANO Gate) 
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II 
McMOS SELECTION GUIDE BY FUNCTION (continued) 

Inverters/Buffers 

MC14007B 
MC14049B 
MC14050B 
MC14069B 
MC14502B 
MC14503B 
MC14584B 

Dual Complementary Pair plus Inverter . . . . . . . . . . . . . . . . . . ...... 5-19 
Hex Inverter/Buffer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... 5-120 
Hex Buffer ........................................... 5-120 
Hex Inverter .......................................... 5-136 
Strobed Hex Inverter/Buffer ................................. 5-235 
Hex 3-State Buffer . . . . . . . . . . . ........................ 5-239 
Hex Schmitt Trigger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... 5-489 

Decoders/Encoders 

MC14028B 
MC14514B 
MC14515B 
MC14532B 
MC14555B 
MC14556B 

BCD-to-Decimal/Binary-to-Octal Decoder . . . . . . . ........ . 
4-Bit Latch/4-to-16 Line Decoder (High) ............... . 
4-Bit Latch/4-to-16 Line Decoder (Low) ................ . 
8-Bit Priority Encoder .......................... . 
Dual Binary-to-1-of-4 Decoder/Demultiplexer ............... . 
Dual Binary-to-1-of-4 Decoder/Demultiplexer (Inverting) ........ . 

....... 5-81 

....... 5-280 

....... 5-280 

. ...... 5-351 

. . . . . . . 5-420 

....... 5-420 

Display Decoders 

MC14511B 
MC14543B 
MC14558B 

BCD-to-Seven Segment Latch/Decoder/Driver ...................... 5-269 
BCD-to-Seven Segment Latch/Decoder/Driver ...................... 5-391 
BCD-to-Seven Segment Decoder . . . . . . . . . . . . . . . . . . . . . . . . ...... 5-427 

Multiplexers/Demultiplexers/Bilateral Switches 

MC14016B 
MC14066B 
MC14053B 
MC14052B 
MC14529B 
MC14539B 
MC14051B 
MC14512 
MC14519B 

Schmitt Triggers 

MC14093B 
MC14583B 
MC14584B 

Quad Analog Switch/Quad Multiplexer .......................... 5-45 
Quad Analog Switch/Quad Multiplexer .......................... 5-130 
Triple 2-Channel Analog Multiplexer/Demultiplexer ................... 5-124 
Dual 4-Channel Analog Multiplexer/Demultiplexer. . .................. 5-124 
Dual 4-Channel Analog Data Selector . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-337 
Dual 4-Channel Data Selector/Multiplexer ...•.................... 5-381 
8-Channel Analog Multiplexer/Demultiplexer ....................... 5-124 
8-Channel Data Selector . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 5-275 
4-Bit AND/qR Selector ................................... 5-301 

Quad 2-lnput NANO Schmitt Trigger 
Dual Schmitt Trigger ........... . 
Hex Schmitt Trigger ........... . 

......................... 5-152 

......................... 5-483 

. . . . . . . . . . . . . . . . . . . . . . . . . 5-489 

Flip-Flops/Latches 

MC14013B 
MC14027B 
MC14042B 
MC14043B 
MC14044B 
MC14076B 
MC14175B 
MC14508B 
MC14174B 

Dual Type D Flip-Flop .................................... 5-31 
Dual J-K Flip-Flop ...................................... 5-77 
Quad Latch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ·. . . ._, . . . . 5-107 
Quad NOR R-S Latch .................................... 5-111 
Quad NANO R-S Latch . . . . . . . . . ........................ 5-111 
Quad 0-Type Register . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-144 
Quad Type D Flip-Flop ................................... 5-167 
Dual 4-Bit Latch ............ -. . . . . . . . . . . . . . . . . . . .••... 5-258 
Hex Type D Flip-Flop . . . . . . . . . . . . . . . . . . . . . . . . ...... 5-163 
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McMOS SELECTION GUIDE BY FUNCTION (continued) 

Shift Registers 

MC14035B 
MC14194B 
MC14015B 
MC14014B 
MC14021B 
MC140348 
MC14006B 
MC145578 
MC14517B 
MC14562B 

Counters 

MC14024B 
MC14017B 
MC14018B 
MC14160B 
MC14162B 
MC14510B 
MC14522B 
MC14040B 
MC14020B 
MC14022B 
MC14161 B 
MC14163B 
MC145168 
MC14526B 
MC14518B 
MC145208 
MC145698 
MC14553B 
MC14534B 
MC14566B 

4-Bit Parallel-In/Parallel-Out Shift Register . 
4-Bit Bidirectional Universal Shift Register . 
Dual 4-Bit Static Shift Register ... . 
8-Bit Static Shift Register ........ . 
8-Bit Static Shift Register ... . 
8-Bit Universal Bus Register ....... . 
18-Bit Static Shift Register ....... . 
1-to-64 Bit Variable Length Shift Register. 
Dual 64-Bit Static Shift Register . 
128-Bit Static Shift Register ........ . 

. . 5-98 

. . 5-171 

. . 5-39 
... 5-35 
. .. 5-64 
. .. 5-91 
. .. 5-15 

..... 5-423 
... 5-292 

. .... 5-443 

Seven-Stage Ripple Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-71 
Decade Counter/Divider . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-51 
Presettable Divide-by-N Counter . . . . . . . . . . . . . . . . . . . . . . . . . 5-56 
Decade Counter (Asynchronous Clear). . . ................. 5-155 
Decade Counter (Synchronous Clear) . . . . ...................• 5-155 
BCD Up/Down Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... 5-263 
Programmable Divide-by-N 4-Bit Counter (BCD) . . ................ 5-312 
12-Bit Binary Counter . . . . . . . . . . . . . . . . . . . . . . . . . . .... 5-103 
14-Bit Binary Counter . . . . . . . . . . . . . . . . . ................ 5-60 
Octal Counter/Divider . . . . . . . . . . . . . . . . .............. 5-65 
4-Bit Binary Counter (Asynchronous Clear). . ................ 5-155 
4-Bit Binary Counter (Synchronous Clear). . . . . ................ 5-155 
Binary Up/Down Counter . . . . . . . . . . . . . . ................ 5-286 
Programmable Divide-by-N 4-Bit Counter (Binary). . . . . . . . . . . • . . . .. 5-312 
Dual BCD Up Counter .................................... 5-296 
Dual Binary Up Counter . . . . . . . . . . . . ...................... 5-296 
Dual Programmable BCD/Binary Counter . . . . . . . . . .. 5-461 
Three-Digit BCD Counter . . . . . . . . . . . . . . . . .. 5-410 
Real Time 5-Decade Counter . . . . . . . . . . . . . .. 5-357 
Industrial Time Base Generator . . . . . . . . . . . . .. 5-447 

Oscillators/Timers 

MC14521 B 
MC14536B 
MC14541 B 
MC14450 
MC14451 
MC14452 

25-Stage Frequency Divider . . ..... . 
Programmable Timer . . . . ... '. . . . . . . . 
Programmable Oscillator/Timer. . . . . . . ..... . 
Oscillator/216 Divider/Buffer ..............•......... 
Oscillator/211 to 219 Divider/Buffered Duty Cycle Control ..... . 
Digitally Trimmed Frequency Divider ................. . 

. 5-306 

. 5-363 

. 5-385 
. .. 5-216 

. 5-220 
... 4-5 

Phase-Locked Loops 

MC140468 
MC14568B 

Multivibrators 

MC145288 
MC14538B 

Phase-Locked Loop ...................................... 5-115 
Phase Comparator and Programmable Counter ...................... 5-453 

Dual Retriggerable/Resettable Monostable Multivibrator .........•...... 5-332 
Dual Precision Retriggerable/Resettable Monostable Multivibrator ..... · ...... 5-378 

• 



El 
McMOS SELECTION GUIDE BY FUNCTION (continued) 

Adders/Comparators 

MC14008B 
MC14032B 
MC14038B 
MC14!560B 
MC14561B 
MC14582B 
MC14585B 

4-Bit Full Adder .•............•..........•..•••.•.••..•• 5-23 
Triple Serial Adder (Positive Logic) ..•..........•..••.•• -...••... 5-86 
Triple Serial Adder (Negative Logic) . . . • . . • . . . . . . . . . . . . • . . . • . . • • 5-86 
NBCD Adder ................ ~ ............•.........•. 5-433 
9's Complementer •.••... · .....•.....•......•...••..•..... 5-437 
Look-A.head Carry Block ......................... · ..•..•.... 5-479 
4-Bit Magnitude. Comparator . . . . . . . . • . . . . . . . . . • . • . . • . . • • . . . . 5-492 

ALU Rate Multipliers 

MC14527B 
MC14554B 
MC14581B 

Parity Checker 

MC14531B 

Memories 

MC14580B 
MCM14505 
MCM14537 
MCM14552 
MCM14524 

BCD Rate Multiplier: •..................................•. 5-326 
2 x 2-Bit Parallel Binary Multiplier .......•...........••....•.... 5-416 
4-Bit Arithmetic Logic Unit ....•......................•...•• 5-474 

12-Bit Parity Tree. . .· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 5-348 

4 x 4 Multiport Register . . • . . • . . . . . . . • . . . . . . . . . . . . . . . • • . . . . 5-469 
64-Bit Static Random Access Memory ...... , ..........•..•.•..•• 5-243 
256-Bit Static Random Access Memory .......•.... · ....••..• _ ..... 5-370 
256-Bit Static Random Access Memory • · ...............•••••.•..• 5-403 
1024-Bit Read Only Memory .•....••..............•...••••.. 5-319 

Communications/Telephone Functions 

MC14408 
MC14409 
MC14410 
MC14411 
MC14412 
MC14419 

Binary to Phone Pulse Converter Subsystem ...........••.••.•... -..• 5-175 
Binary to Phone Pulse Converter Subsystem .......•..•.....••.•.... 5-175 
2-of-8 Tone Encoder ..........................•....•..... 5-183 
Bit Rate Generator ..............•......•................ 5-187 

_Universal low-Speed Modem .....•............•....•.••.•... 5-191 
2-of-8 Keypad:.to-Binary Encoder. ·. . . . . . . . . . . • . . . . . . . . . • . • . . . . . 5-201 

A/D Converter/Logic Functions 

MC14431 
MC14433 
MC14435 
MC14549B 
MC14559B 

12-Bit A/D Converter Digital Subsystem. . . . . • . . . . . . . • • • . . • . . • • . . . 4-3 
3-% Digit A/D Converter . . . . . . . • . . . . . . . . . . . . . . . . . • •• · . . . . . • . 4-4 
3-% Digit AID logic Sul:)systein. . . . . • . . . . . • . . . . • • . . ~ • • • . . • . . . • 5-205 
Successive Approximation Register. . . . . . . . . . . . • . . . • . . . . • . . . • • • . 5-396 
Successive Approximation Register. . . . . . . . . . . . • . . . • . . • . . . • . . . . . 5-396 

Other Complex Functions 

MC14415 
MC14422 
MC1'4440 
MC14490 

Quad Precision Timer/Driver ....•.......•...•..........••..• 5-196 
Remot_e Control Transmitter . . . . . . . .· . . . . . . • . . • • . • . '. • • • . • . • • • 4-2 
LCD Watch/Clock Circuit ...•..•.....•.... ; ..•....•.•..•..• 5-212 
Hex Contact Bounce Eliminator .........•..••...•..•.••.....• 5-224 
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·SUMMARY OF MOTOROLA CMOS LINE 

Gates 

Single-Level Muiti-Level 

Buffers& Multi function/ Decoders/ Schmitt Flip-Flops/ Multi-
NOR/NANO OR/AND Inverters AOI Encoders Triggers Latches vibrators II 

MC14000 MC14071 MC14007B MC14070B MC14028B MC14093B MC14013B MC14528B 
MC14001 MC14071B MC14049B MC14077B MC14514B MC14583B MC14027B MC14538B 
MC14001B MC14072B MC14050B MC14506B MC14515B MC14584B MC14042B 
MC14002 MC14073B MC14069B MC14507 MC14532B MC14043B 
MC14002B MC14075B MC14502B MC14519B MC14555B MC14044B 
MC14011 MC14081 MC14503B MC14530B M'c14556B MC14076B 
MC14011B MC14081B MC14174B 
MC14012 MC14082B MC14175B 
MC14012B MC14508B 
MC14023 
MC14023B 
MC14025 

MC14025B 
MC14068B 
MC14078B 
MC14501 
MC14572 

Counters Phase- Memories 

Shift Oscillators Locked Multiport 
Registers Ripple Synchronous & Timers Loop Register RAMs ROMs 

MC14006B MC14020B MC14017B MC14450 MC14046B MC14580B MCM14505 MCMl4524 
MC14014B MC14024B MC14018B MC14451 MC14568B MCM14537 
MC14015B MC14040B MC14022B MC14452 MCM14552 
MC14021B MC14534B MC14160B MC14521B 
MC14034B MC14566B MC14161B MC1453SB 
MC14035B MC14162B MC1454lB 
MC14194B MC14163B 
MC14517B 

I 
MC14510B 

MC14557B MC14516B 
MC14562B MC14518B 

MC14520B 
MC14522B 
MC14526B 
MC14553B 
MC14569B 

Multiplexers/ Arithmetic Circuits 

Demultiplexers, Display \ Parity Other 
Bilateral Drivers/ Adders/ . ALU/Rate - Generator/ Communication/ A/D Complex 
Switches Encoders Comparators Multipliers Checker Telephone Converters Functions 

MC14016B MC145118' MC14008B MC14527B MC14531B MC14408 MC14431 MC14415 
MC14051B MC14543B MC14032B MC14554B MC14409 MC14433 MC14422 
MC14052B MC14558B MC14038B MC14581B MC14410 MC14435 MC14440 
MC14053B MC14560B MC14411 MC14549B MC14490 
MC14066B MC14561B MC14412 MC14559B 
MC14512 MC1f582B MC14419 
MC14519B MC14585B 
MC14529B 
MC14539B 
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8-SERIES FAMl'-V DATA 

The CMOS Devices in this volume which have a 8 
suffix meet the minimum. values for the industry
standardized * family specification for the 8 Series. 
These standardized values are shown in the Maximum 
Ratings and Electrical Characteristics Tables. 

The 8-Series devices are compatible with the 
other devices in the CMOS product line. Features 
include: 

• All buffered outputs 

• 3-18 volt operational limits 

• Capable of driving two low-power TTL loads, 
one low-power Schottky TTL load, or two 
HTL loads over the rated temperature range 

• Maximum input current of± 1 µA at 15 volt 
power supply over the temperature · range 

• Parameters specified at 5.0, 10, and 15 volt 
supply 

• Noise margins of 1.0 V min @ 5.0 V supply 
2~0 V min@ 10 V supply 
2.5 V min@ 15 V supply 

For the industry-standardized 8 series, the maxi
mum ratings and recommended operating range are 
shown ·at the bottom of this page. The industry
statidardized limits for the static characteristics are 
shown in two formats: Table 1 is in the industry 
format and Table 2 is in the equivalent Motorola for
mat. ·The Motorola format is used throughout this 
data book. Additional specification values are shown 
on the individual data sheets. 

Switching characteristics for the 8-series devices 
are specified under the following conditions: 

Load Capacitance, CL, of 50 pF 

Input pulse voltage equal to +VDD supply voltage 

Input pulse rise and fall times of 20 ns 

Propagation Delay times measured from 50% 
point of input voltage to 50% point of output 
voltage 

Three different supply voltages: 5, 10, and 15 V 

Exceptions to the 8-Series Family Specification 
There are a number of devices which have a 8 

suffix whose input and/or outputs vary somewhat 
from the 8-Series family specification because· of 

functional requirements. Some categories of notable 
exceptions are: 

Inverting buffers with only one stage of buffering 
do not meet the input voltage specification. 

Deviceswith specialized outputs on the chip, such 
as NPN emitter-follower drivers or transmission 
gates, do not meet output specifications. 

Devices with specialized inputs, such as oscillator 
inputs, have unique input specifications. 

Input Voltage 
The input voltage specification is interpreted as 

the worst-case input voltage to produce an output 
level of "1 " or "O". The "1" or "O" output level is 
defined as a deviation from the supply (VDD) and 
ground (V ssl levels .. For a 5.0 V supply, this devia
tion is 0.5 V; for a 10 V supply, 1 .0 V; and for 15 V, 
1 .5 V. As an example, in a device operating at a 
5.0 V supply, the device with the input starting at 
ground is guaranteed to switch on or before 3.5 V 
and not to switch up to 1.5 V. Switching and not 
switching are defined as within 0.5 V of the ideal 
output level for the example with a 5.0 V supply. 
The actual switching level referred to the input is 
between 1 .5 V and 3 .5 V. 
Noise Margin 

The values for input voltage and the given 
defined output deviation lead to minimum noise 
margins of 1.0 V, 2.0 V, and 2.5 V for a 5.0 V, 10 V, 
and 15 V supply, respectively. 
Output Drive Current 

Devices in the· 8 Series are capable of sinking a 
minimum of 0.36 mA over the temperature range 
with a 5.0 V supply, This value guarantees that these 
CMOS devices will drive Schottky low-power TTL 
inputs which require 0.36 mA maximum over the 
temperature range. 

Compatibility 
Other devices in the CMOS line not labeled with 

the B suffix also have 3.0 to 18 volt operating limits. 
These devices are fully compatible with 8-Series de
vices over the full voltage range. Notable in this 
group is a series of eight gates available in non
buffered (numbered without the 8 suffix) and 
buffered designs (8 suffix on the part number). 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value Unit 

DC Supply Voltage vDD -0.5 to +18 Vdc 

Input Voltage, All Inputs Vin .:.o.5 to VDD + 0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -5!5 to +125 oc 

C L/CP' Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 _oc 

RECOMMENDED OPERATING RANGE 
jDcSupply Voltage I VoD +3.0 to +15 Vdc I 

*Specifications coordinated bV E IA/JEDEC Solid-State Products Council. 
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TABLE 1 - INDUSTRY FORMAT FOR CMOS INDUSTF~Y B-SERIES SPECIFICATIONS 

ELECTRICAL CHARACTERISTICS 

LIMITS 

TEMP Voo TLow* +25°c THIGH* 

PARAMETER RANGE (Vdc) CONDITIONS Min Max Min Typ Max Min Max UNITS 
--'-

Quiescent 

loo Device Current 5 0.25 0.25 7.5 
Mil 10 V1N = Vss or Voo \ 

0.5 0.5 15 µAde 
15 1.0 1.0 30 

GATES 
5 All valid input 1.0 1.0 7.5 

Comm 10 combinations 2.0 2.0 15 µAde 
15 4.0 4.0 30 

5 1.0 1.0 30 
Mil 10 V1N = Vss or Voo 2.0 2.0 60 µAde 

15 4.0 4.0 120 
BUFFERS, 

FLIP-FLOPS 5 All valid input 4 4.0 30 
Comm 10 combinations 8 8.0 60 µAde 

15 16 16.0 120 

5 5 5 150 
Mil 10 V1N = Vss or Voo 10 10 300 µAde 

15 20 20 600 
MSI 

5 All valid input 20 20 150 
Comm 10 combinations 40 40 300 µAde 

15 80 80 600 

Vol Low-Level 5 0.05 0.05 0.05 
Output Voltage All 10 VIN= Vss or Voo 0.05 0.05 0.05 Vdc 

15 llo1<1µA 0.05 0.05 0.05 

VoH High-Level 5 4.95 4.95 4.95 
Output Voltage All 10 VIN= Vss or Voo 9.95 9.95 9.95 Vdc 

15 llo1<1µA 14.95 14.95 14.95 

V1L Input 5 Vo= O.SV or 4.SV 1.5 1.5 1.5 
Low Voltage All 10 Vo= 1.0V or 9.0V 3.0 3.0 3.0 Vdc 

15 Vo= 1.SV or 13.SV 4.0 4.0 4.0 
llo1<1µA 

V1H Input 5 Vo= O.SV or 4.SV 3.5 3.5 3.5 
High Voltage All 10 Vo= 1.0V or 9.0V 7.0 7.0 7.0 Vdc 

15 Vo= 1.SV or 13.5 v 11.0 11.0 11.0 

llo1<1µA 

IOL Output Low Vo= 0.4V, 
(Sink) Current 5 V1N=Oor5V 0.64 0.51 0.36 

Vo=O.SV, 
Mil 10 V1N=Oor10V 1.6 1.3 0.9 mAdc 

Vo=1.5V, 
15 V1N=Oor15V 4.2 3.4 2.4 

Vo= 0.4V, 
5 V1N-=Oor5V 0.52 0.44 0.36 

Vo= O.SV, 
Com 10 V1N=OorJOV 1.3 1.1 0.9 mAdc 

Vo= 1.5V, 
15 V1N =Oor 15V 3.6 3.0 2.4 

loH Output High Vo =4.6V, 
(Source) Current 5 V1N=Oor5V -0.25 \ -0.2 -0.14 

Vo =9.5V, 
Mil 10 V1N = 0 or 10V -0.62 -0.5 -0.35 mAdc 

Vo= 13.5V, 
15 V1N=Oor15V -1.8 -1.5 -1.1 

Vo =4.6V, 
5 V1N=Oor5V -0.2 -0.16 -0.12 

Vo =9.SV, 
Com 10 V1N = 0 or 10V -0.5 -0.4 -0.3 mAdc 

Vo= 13.SV, 
15 V1N=Oor15V -1.4 -1.2 -1.0 

l1N Input Current Mil 15 VIN= 0 or 15V ±0.1 ±0.1 ±1.0 µAde 
Comm 15 V1N=Oor15V ±0.3 ±0.3 ±1.0 µAde 

C1N Input Capacitance All - Any Input 7.5 pF 
per unit load 

*TLQW = -55°C for Military temperature range device, -40°C for Commercial temperature range device. 
THIGH= +125°C for Military temperature range device, +~s0c for Commercial temperature range device. 
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TABLE 2 - MOTOROLA FORMAT FOR CMOS INDUSTRY B-SERIES SPECIFICATIONS 

ELECTRICAL CHARACTERISTICS 

Voo Tiow 

Characteristic Symbol Vdc Min 

Output Voltage "O" Level VOL 5.0 -

Vin= Voo o~O 10 -
15 -

"1" Level VoH 5.0 4.95 
Vin= O or Voo 10 9.95 

15 14.95 

Input Voltage # "O" Level V1L 
(Vo= 4.5 or 0.5 Vdc) 5.0 -
(Vo= 9.0 or 1.0 Vdc) 10 -
(Vo= 13.5 or 1.5 Vdc) 15 -

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 3.5 
(Vo= 1.0 or 9.0 Vdcl 10 7.0 
(Vo= 1.5 or 13.5 Vdcl 15 11.0 

Output Drive Current (AL Device) loH 
(VoH = 4.6 Vdc) Source 5.0 -0.25 
(VoH =9.5 Vdc) 10 -0.62 
(VoH = 13.5 Vdc) 

(Vol =0.4 Vdc) Sink loL 
(Vol= o.5 Vdc) 
(VoL = 1.5 Vdcl 

Output Drive Current (CL/CP Device) loH 
(VoH =4.6Vdc) Source 
(VoH = 9.5 Vdc) 
(VoH = 13.5 Vdc) 

(VoL =0.4 Vdc) Sink loL 
(VoL = 0.5 Vdcl 
(VoL = 1.5 Vdc) 

Input Current (AL Device) lin 

Input Current (CL/CP Device) lin 

Input Capacitance Cin 
(Vin =0) 

Gate Quiescent Current (AL Device) •oo 
(Per Package l 

(CL/CP Device) loo 

Flip-Flop and Buffer Quiescent Current 'op 
(Per Package) (AL Device) 

(CL/CP Device) loo 

MSI Quiescent Current (AL Device) loo 
(Per Package) 

(CL/CP Device) loo 

LSI Quiescent Current 'oo 

*Tiow = -55°C for AL Device, -4o0 c for CL/CP Device. 
Thigh= +125°c for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

15' 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

Noise Margin for both "1" and "O" level= 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min @ Voo = 10 Vdc 
2.5 Vdc min @ Voo = 15 Vdc 
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-1.8 

0.64 
1.6 
4.2 

-0.2 
-0.5 
-1.4 

0.52 
1.3 
3.6 

-

-
-

-
-
-
-
-
-

-
-
-

-
-
-

-
-
-
-
-
-

* 2s0 c Thigh* 

Max Min Max Min Max Unit 

0.05 - 0.05 - 0.05 Vdc 
0.05 - 0;05 - 0.05 
0.05 - 0.05 - 0.05 

- 4.95 - 4.95 - Vdc 
- 9.95 - 9.95 -
- 14.95 - 14.95 -

Vdc 
1.5 - 1.5 - 1.5 
3.0 - 3.0 - 3.0 
4.0 - 4.0 - 4.0 

Vdc 
- 3.5 - 3.5 -
- 7.0 - 7.0 -
- 11.0 - 11.0 -

mAdc 
- -0.2 - -0.14 -
- -0.5 - -0.35 -
- -1.5 - -1.1 -
- 0.51 - 0.36 - mAdc 
- 1.3 - 0.9 -
- 3.4 - 2.4 -

mAdc 
- -0.16 - -0.12 -
- -0.4 - -0.3 -
- -1.2 - -1.0 -
- 0.44 - 0.36 - mAdc 
- 1.1 - 0.9 -
- 3.0 - 2.4 -

±0.1 - ±0.1 - ±1.0 µAde 

±0.3 - ±0.3 - ±1.0 µAde 

- - 7.5 - - pF 

0.25 - 0.25 - 7.5 µAde 
0.5 - 0.5 - 15 
1.0 - 1.0 - 30 

1.0 - 1.0 - 7.5 µAde 
2.0 - 2.0 - 15 
4.0 - 4.0 - 30 

1.0 - 1.0 - 30 µAde 
2.0 - 2.0 - 60 
4.0 - 4.0 - 120 

4.0 - 4.0 - 30 µAde 
8.0 - 8.0 - 60 
16 - 16 - 120 

5.0 - 5.0 - 150 µAde 
10 - 10 - 300 
20 - 20 - 600 

20 - 20 - 150 µAde 
40 - 40 - 300 
80 - 80 - 600 

See Individual Data Sheets. 
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McMOS RELIABILITY AND DEVICE 
HANDLING PROCEDURES 

Confident use of a family of components requires 
assurance of the reliability of a component under 
normal operating conditions and the ability of the 
device to survive abnormal conditions that may 
occur. CMOS, and specifically Motorola McMOS, has 
achieved the high confidence level for equipment us· 
age that has been enjoyed by many other semicon
ductor products. 

RELIABILITY 

Figure 1 shows the composite failure rate of com
mercial ceramic and plastic packaged McMOS inte
grated circuits as a function of temperature. Note 
that CMOS devices dissipate little power and work 
nominally close to ambient temperature. This feature 
adds to ·cMOS reliability. The data shown represent 
over 40 million equivalent device hours and give 
failure rates to the factory set of test limits. This 
standard of failure is more severe than a catastrophic 
failure rate. 

For a more .detailed discussion of McMOS relia· 
bilitY, see Chapter 6. 

HANDLING PRECAUTIONS 

All McMOS devices have diode input protection 
against adverse electrical environments such as static 
discharge. The following statement is included on 

· each data sheet: 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vin and 
Vout be constrained to the range V SS .;;;: 
(Vin or Vout).;;;: Voo-

. Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or VooL 

FIGURE 1 - FAILURE RATE OF 
COMMERCIAL McMOS INTEGRATED CIRCUITS 

(Ceramic and Plastic Packaged Devices) 
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Unfortunately, there can be severe el.ectrical 
environments during the process of handling. For 
example, static voltages generated by a person walk
ing across a common waxed floor have been measured 
in the 4 to 15 kV range (depending on humidity, 
surface conditions, etc.). These static voltages are 
potentially disastrous when discharged into a CMOS 
input considering the energy stored in the capacity 
("'='300 pt=) of the human body at these voltage levels. 

Present McMOS gate protection structures can 
generally protect against overvoltages. This is usually 
sufficient except in the severe cases. Following are 
some suggested handling procedures for McMOS 
devices, many of which apply to most semiconduc
tor devices. 

1 . All MOS devices should be stored or trans
ported in materials that are somewhat conduc
tive. MOS devices must not be inserted into 
conventional plastic "snow" or plastic trays. 

2. All MOS devices should be placed on a grounded 
bench surface and operators should ground 
themselves prior to handling devices, since a 
worker can be statically charged with respect 
to the bench surface. 

3. Nylon clothing should not be worn while 
handling MOS circuits. 

4. Do not insert or remove MOS devices from 
test sockets with power applied. Check all 
power supplies to be used for testing MOS 
devices to be certain there are no voltage 
transients present. 

5. When lead straightening or hand soldering is 
necessary, provide ground straps for the 
apparatus used. 

6. Do not exceed the maximum electrical vol
tage ratings specified by the data sheet. 

7. Double check test equipment setup for proper 
polarity of voltage before conducting para
metric or functional testing. 

8. Cold chambers using C02 for cooling should 
be equipped with baffles, and devices must be 
contained on or in conductive material. 

9. All unused device inputs should be connected 
to Voo or Vss-

When external connections to a PC board address 
only an input to a CMOS integrated circuit, it is 
recommended that a resistance 10 kn or greater be 
used in s.eries with the input. This resistor will limit 
accidental damage if the PC board is removed and 
wiped across plastic, nylon carpet or inserted into 
statically charged plastic "snow". 

The input protection circuit, while adding some 
delay time, provides protection by clamping positive 
and negative potentials to Yoo and Vss, respec
tively. Figure 2 shows the internal circuitry for the 
diode-resistor protection. 

The input protection circuit consists of a series 
isolation resistor R5, whose typical value is 1.5 kn, 
and diodes 01 and D2, which clamp the input 
voltages between the power supply pins V DD and 
V SS· Diode D3 is a distributed structure resulting 
from the diffusion fabricati<:>n of Rs. 

FIGURE 2 - SCHEMATIC DIAGRAM, 
DIODE-RESISTOR INPUT PROTECTION 

r-------, 
I 
I 
I 

04 

Vss 

All present Motorola integrated circuits have the above diode 
protection with the exception of the MC14049 and MC14050. 

3-3 

IJ 



El 

3-4 





Product Preview----....,------,..--------. 
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MC14422P 
REMOTE CONTROL TRANSMITTER 

• 22 Channel Capacity 

• Transmission of Information Is Achieved by Time Multi-
plexing Five Frequencies 

• No Possibility of Doppler Effect Interference 

• Extremely Low External Component Count 

• Low Power Consumption 

• Designed for Use with the MC6525 and MC6526 
Remote Control Receivers 

• Applications in TV Receivers Security Controls Toys 
Industrial Remote Controls, and Remote Control Locks 

-
? ?'< ?< 4 

JO. -...,- ..... 

?< ?'< 5 Decoder j' 
<> ~ ~ ~ O--+-<C>--He>-+<:~+-----<:>-t-----e-~~-+--~-.i and 

y>-< ?' ) ?'< ?'< 
_,.,_ _;... - ~ ~ -

y>'< ?' > ?'< ?'< 
"" - - -

6 
~ 

7 
_,.,_ 

9 -
10 
~ -
11 _,.,_ -
12 
_,.,_ 

~ 

-
~ 

Row 
Enable 

Idle -
--

56-Bit 
Latch 

v00 =Pin 16 

r
...._.__.__,l Vss =Pin a 

. Scanner 

Scanner l 
OscillatorJ 

13 14 

McMOS LSI 
{LOW-POWER COMPLEMENTARY MOS) 

PLASTIC PACKAGE 
CASE 648 -

.--------+-ld .. leM Reference 
Oscillator 

I : 

~ 
L-..,.{ Output 
ldle~I Gate 

~ Control 

• 

Variable 
Divider 

v---~~l l 
15 

f I I 
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--Product Preview----------------, 

MC14431 McMOS LSI 
12-BIT BINARYA/D CONVERTER 

DIGITAL SUBSYSTEM 

• On-Chip Clock 

• Non-Multiplexed Binary Output 

• System Overrange Output 

• On-Chip Auto Polarity Sensor 

6 

Comparator 

Reset 

Strobe 
Disable 

8 

Oscillator 
Inputs 

4 5 3 2 

Clock 

Reset/Strobe 
Generator 

vDD =Pin 24 
Vss =Pin12 

(LOW-POWER COMPLEMENTARY MOS) 

L SUFFIX 
CERAMIC PACKAGE 

CASE 716 

512-Count 
Delay 

12-Bit Binary Counter 

12-B it Latch 

Binary Outputs 

4-3 

P SUFFIX 
PLASTIC PACKAGE 

CASE 709 

Auto 
Polarity 
Sensor 

Ramp 
Control 

and 
Overflow 

9 

Polarity 

7 

Ramp 
Control 

10 

Overflow 

II 



--Product Preview-----~-------------, 

MC14433-
3% DIGIT A/D CONVERTER 

• Single Chip ·A/D Converter 

• Auto Polarity 

• Auto Zero 

• Zin> 1000 M.Q 

• Single Positive V~ltage Reference 

• Low External Parts Count 

External 
Clock 
Resistor 

10 11 

VDo"' Pin 24 

Vss "'Pin 12 
Output Vss"' Pin 13 

McMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

.L SUFFIX 
CERAMIC PACKAGE 

CASE 716 

Multiplexer 

Latches 

Control 
Logic 

9 

Display 
Update 

4-4 

End of 
Conversion 

4 5 

Polarity 
Detect 

P SUFFIX 
PLASTIC PACKAGE 

CASE 709 

03 

02 

01 

00 

OS4 

OS3 

DS2 

DS1 

Analog 
Subsystem 

7 8 

Integrator 
Resistor and 
Capacitor 

Offset 
Capacitor 
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10 

MC14452P 
DIGITALLY TRIMMED FREQUENCY OIVIDER 

• Count Range = 223 - 23n, where n = 0 to 127 

• Output Drive Current= 15 mA@ Voo = 6 Vdc 

• For 0.5 Hz Output: 
4.194304 to 4.195320 Hz Input 
Recommended crystal frequency = 

4.194812 Hz± 0.00012% 
Can be trimmed with MC14452 to 

±0.0000019% 

8 ftest = fosc 7 4 

McMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

PLASTIC PACKAGE 

CASE 646 

1 MSB 

2 

3 

Osc Control 72 71------e--t-+--t---t Comparator 4 
Counter 
Length 
Selection 

v 00 = Pin 14 

v 55 =Pin 7 

4-5 

Reset 
State 

Output 
Logic 

5 

6 

7 LSB 

Voo 

Duty 

------·cycle) 

Vss 

II 



~-Product Previe-wr --------------. 

MC6525P 
REMOTE CONTROL RECEIVER 

• Binary-Coded Output to Address 12 Programs 

• High Input Sensitivity- 250 mV rms 

• · Good Noise Immunity - Input Multiplex Signal 
Read Repetitively Up to Eight Times 

• Internal Up/Down Counte·r for Program Sequencing 

• Designed for Use with the MC'14422 Remote 
Control Transmitter 

Voo =Pin 28 
Vss =Pins 
Vas =Pin 1 
VGG =Pin 2 

(SR} From 
Diode 
Matrix 
Local 
Control 

Instruction Prog+ 
Decoder 

Prog-

(A) 

(B) 

(C) 

4-6 

MOS 
(N-CHANNEL, METAL GATE) 

26 

Up/Down 
Counter 

PLASTIC PACKAGE 
CASE 710 

Voltage 
Comparator 

Variable 
72 
74 
78 

8 
VO 

SR 
...----.._----L!_":... PR8 

..... ......, ...... ..r-y-vPR12 

1------4._.-+-+-11~;..;;nA 

t-------4~-+--1~:.=ns 

t----------+--11...,-nc 

1--------... -ll~~D -----



~-Product Preview---------------. 

MC6526P 
REMOTE CONTROL RECEIVER 

• Binary-Coded Output to Address 32, 16, or 8 

Programs 

• High Input Sensitivity-250 mV rms 

• Good Noise Immunity-Input Multiplex Signal 
Read Repetitively up to Eight Times 

• Internal Up/Down Counter for Program 

Sequencing 

• Designed for Use with the MC14422 Remote 

Control Transmitter 

Voo =Pin 28 
Vss =Pin 5 
Vss =Pin 1 
VGG =Pin 2 

26 

MOS 
(N-CHANNEL, METAL GATE) 

PLASTIC PACKAGE 

CASE 710 

Voltage 
Comparator 

Variable 
-0-3 
-0-4 
78 

From 
Diode 
Matrix 
Local 
Control 

Instruction Prog+ 
Decoder 

Prog-

~(A-'l_.,_. Presettable t---------t~.::OA 
:~: Utj~~:rn 1----------IM.!.!:;nB 

t----------1...,.:..:nc 
(D) 
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NIOTOROLA 
Semiconduc'fors 
BOX 20912 •PHOENIX, ARIZONA 85036 

DUAL 3-INPUT "NOR" GATE PLUS INVERTER 

The MC14000 dual 3-input NOR gate plus inverter is constructed 
with MOS P-channel and N-channel enhancement mode devices in a 
single monolithic structure. These complementary MOS logic gates 
find primary use where low power dissipation and/or high noise 
immunity is desired. 

• Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc 

• Noise Immunity= 45% of Voo typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Single Supply Operation - Positive or Negative 

• High Fanout > 50 

• Input Impedance= 1012 ohms typical 

• Logic Swing Independent of Fanout 

• Pin-for-Pin Replacement for CD4000 

MAXIMUM RATINGS!Voltages referenced to Vssl 

Rating Symbol 

DC Supply Voltage vDD 
Input Voltage, All Inputs Vin 
DC Current Drain per Pin I 

Operating Temperature Range - AL Device TA 
CL/CP Device 

Storage Temperature Range Tstg 

CIRCUIT SCHEMATIC 

"14 11 12 13 
Voo 

Vss 
7 6 

Value 

-0.5 to +18 

-0.5 to VDo +0.5 

10 

-55 to +12.5 
-40 to +85 

-65 to +150 

8 

10 

5-2 

Unit 

Vdc 

Vdc 

mAdc 
oc 

oc 

MC14000 

McMOS SSI 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL 3-INPUT "NOR" GATE 
PLUS INVERTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

MC14XXX Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAM 

113=L>-
12 10 

13 

a-{>o-s 
v00 =Pin 14 
V55 =Pin 7 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended th.at Vin and V0 ut be 
constrained to the range Vss .;;; (Vin or 
Voutl.;;; VDD· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vssor VDol. 



MC14000 

ELECTRICAL CHARACTERISTICS 

Voo T1ow * 2s0 c Thl.!l..h* 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin=Voo or o 10 

15 

"1" Level VoH 5.0 
Vin= o or Voo 10 

15 

Input Voltage# ""O" Level VIL 
(Vo= 3.6 or 1.4 Vdc) 5.0 
(Vo= 7.2 or 2.8 Vdc) 10 
(Vo= 11.5 or 3.5 Vdc) 15 

"1" Level V1H 
(Vo= 1.4 or 3.6 Vdc) 5.0 
(Vo= 2.8 or 7.2 Vdc) 10 
(Vo=3.5or 11.5Vdc) 15 

Output Drive Current (AL Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(Vol= 0.4 Vdc) Sink loL 5.0 
(Vol= 0.5 Vdc) 10 
(Vol= 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(Vol= 0.4.Vdcl Sink loL 5.0 
(Vol= 0.5 Vdcl 10 
(Vol= 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin =0) 

Quiescent Current (AL Device) 100 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current**t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Gate) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

*Trow= -55°C for AL Device, -4o0 c for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combin.ation. 
tTo calculate total supply current at loads other than 50 pF: 

IT(CL) = IT(50 pF)+ 3 x 10-3 (CL -50) VoDf 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 3.75 

3.6. -
7.1 -
11.4 -

-0.62 -
-0.62 -
-1.8 -

0.5 -
1.1 -
4.2 -

-0.23 -
-0.23 -
-0.69 -

0.23 -
0.60 -
1.8 -
- ±0.1 

- ± 0.3 

- -

- 0.05 
- 0.10 
- 0,20 

- 0.5 

- 1.0 

- 2.0 

Min Typ Max Min 

- 0 0.05 -
- 0 0.05 -
- 0 0.05 -

4.95 5.0 - 4.95 
9.95 10 - 9.95 

14.95 15 - 14.95 

- 2.25 1.5 -
- 4.50 3.0 -
- 6.75 3.75 -

3.5 2.75 - 3.5 
7.0 5.50 - 7.0 

11.25 8.25 - 11.25 

-0.5 -1.7 - -0.35 

.-0.5 -0.9 - -0.35 
-1.5 -3.5 - -1.1 

0.4 0.78 - 0;28 

0.9 2.0 - 0.65 

3.4 7.8 - 2.4 

-0.2 -1.7 - -0.16 
-0.2 -0.9 - -0.16 
-0.6 -3.5 - -0.48 

0.2 0.78 - 0.16 
0.5 2.0 - 0.40 
1.5 7.8 - 1.2 

- ±0.00001 ±0.1 -

- ±0.00001 ±0.3 -
- 5.0 7.5 -

- 0.0005 0.05 -
- 0.0010 0.10 -
- 0.0015 0.20 -
- 0.0005 0.5 -
- 0.0010 1.0 -
- 0.0015 2.0 -
IT = (0.28 µA/kHz) f + I Do/3 
IT - (0.55 µA/kHz) f + I oo/3 
IT = (0.83 µA/kHz) f + I oo/3 

where: IT is in µA (per package), CL in pF, VoD in Vdc, and fin kHz is input frequency. 
•*The formulas given are for the typical characteristics only at 25°c. 

@ MOTOROLA Semiconductor Products Inc. 

Max 

0.05 
0.05 
0.05 

-

-
-

1.4 
2.9 
3.6 

-
-
-

-
-
-
-
-
-

-

-
-

-
-

-

± 1.0 

± 1.0 

-

1.5 
3.0 
6.0 

3.8 
7.5 

15.0 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

·µAde 

. pF II 
µAde 

µAde 

µAde 



MC14000 

SWITCHING CHARACTERISTICS* ICL = 50pF, TA= 25°c1 

Voo Typ Max 
C.,.racteristic Symbol Vdc All Types AL Device CL/CP Device 

Output Rise Time tr 
tr= (3.0 ns/pF) CL + 30 ns 5.0 180 350 400 
t,=(1.5ns/pFICL +15ns 10 90 150 200 
tr= (1.1 ns/pFI CL + 10 ns 15 65 110 160 

Output Fall Time tf 
tt= (1.5 ns/pF) CL+ 25 ns 5.0 100 175 200 
tf = (0. 75 ns/pF) CL+ 12.5 ns 10 50 75 100 

tf = (0.55 ns/pF) Ct + 9.5 ns 15 37 55 80 

Propagation Delay Time tpLH•/ 
tPLH· tPHL = (1.7 ns/pF) CL+ 30 ns tPHL 5.0 115 165 200 
tpLH· tPHL = (0.66 ns/pF) CL+ 22 ns 10 55 95 110 

tPLH· tPHL = (0.50 ns/pF) CL+ 15 ~s 15 40 75 85 

*The formulas given are for the typical characteristics only. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator 

Voo 

FIGURE 2 - TYPICAL VOLTAGE AND CURRENT 
TRANSFER CHARACTERISTICS 

14 

'C 

~ 12 
w 

"' <( 10 
~ 
0 
> 8.0 
I-

~ 
I-
::> 
0 

0 

> 

L_~~:l:::;~~..,::j~L._Jo 
2.0 4.0 6.0 8.0 10 12 14 16 

V;n. INPUT VOLTAGE (Vdc) 

Output 

20 ns 

----Vss 

FIGURE 3 - TYPICAL VOLTAGE TRANSFER 
CHARACTERISTICS versus TEMPERATURE 

~ 

"' 
~ 
> 
I-
:::> 
I-
::> 
0 

> 

6 I =-1 
unJsed inp

1
uts I-- ~p=15Vdc 

~ 
connected to 
vss. 

J_ 
2 

_l 

10 Vdc a ~A= +1
1
2soc 

0 

~ 
. - -

a b 
b TA= .55oc 

14 

8. 0 

a b 
6. 0 

4. 

nVdc 

0 1 

~ 2. 0 

0 

i b 

~ 1'.. 
2.0 4.0 6.0 8.0 10 12 14 16 

V;n. INPUT VOLTAGE (Vdc) 

Unit 

ns 

ns 

ns 
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ltllOTOROLA 
Semiconductors 
BOX 20912 •PHOENIX, ARIZONA 85036 

QUAD 2-INPUT "NOR" GATE 

The MC14001 quad 2-lnput NOR gate is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single 
monolithic structure. These complementary MOS logic gates find 
primary use where low power dissipation and/or, high noise immunity 
is desired. · 

• Quies~ent Current = 0.5 nA typ/pkg @ 5 Vdc 

• Noise Immunity= 45% of Voo typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Single Supply Operation - Positive or Negative 

• High Fanout > 50 

• Input Impedance = 1012 ohms typic;I 

• Logic Swing Independent of Fanout 
• Pin-for-Pin Replacement for CD4001A 

MAXIMUM RATINGS (Voltages referenced to Vss> 

Rating Symbol Value Unit 

DC Supply Voltage VoD -0.5 to +18 Vdc 

Input Voltage, All Inputs Vin -0.5 to VoD +O 5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 --oc 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

CIRCUIT SCHEMATIC 

voo 
14 10 

MC14001 

McM05 551 
(LOW-POWER COMPLEMENTARY MOS) 

QUAD 2-INPUT "NOR" GATE 

L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 632 CASE 646 

ORDERING INFORMATION . 

MC14XXX Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended O_perating 

Temperature Range 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAM 

12=1>-
13 

Voo =Pin 14 
Vss= Pin 7 

11 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages 'Or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the. range Vss .;; (Vin or 
Voutl..;; Voo· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
V55 or Vool. 

II 
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MC14001 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin=V 00 or0 10 

15 

"1" Level VoH 5.0 
Vin= O or Voo 10 

15 

Input Voltage # "O" Level V1L 
(Vo= 3.6 or 1.4 Vdc) 5.0 
(Vo= 7 .2 or 2.8 Vdc) 10 

(Vo= 11.5 or 3.5 Vdc) 15 

"1" Level V1H 
!Vo= 1.4 or 3.6 Vdc) 5.0 
(Vo= 2.8 or 7.2 Vdc) 10 
(Vo= 3.5 or 11.5 Vdc) 15 

Output Drive Current (AL Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 9.5 Vdc) 10 
!VoH = 13.5 Vdc) 15 

(Vol= 0.4 Vdc) Sink IQL 5.0 
(Vol = 0.5 Vdc) 10 
(Vol= 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(Vol= 0.4 Vdc) Sink loL 5.0 
(Vol= 0.5 Vdc) 10 
(Vol= 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) loo 5.0 
(Per Package) 10 

15 

Total Supply Current*• ·t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Gate, CL= 50 pF) 15 

*T1 0 w = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= + 125°C for AL Device. +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 
tTo calculate total supply current at loads other than 50 pF: 

IT(CL) = IT(50 pF) + N x 10-3 (CL -50) Voof 

T1ow * 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 3.75 

3.6 -
7.1 -

11.4 -

~0.62 -
-0.62 -
-1.8 -

0.5 -
1.1 -
4.2 -

-0.23 -

-0.23 -
-0.69 -

0.23 -

0.60 -
1.8 -

- ±0.1 

- ± 0.3 

- -

- 0.05 
- 0.10 
- 0.20 

- 0.5 

- 1.0 

- 2.0 

2s0 c Thl.9_h* 

Min Typ Max Min Max 

- 0 0.05 - 0.05 
- 0 0.05 - 0.05 
- 0 0.05 - 0.05 

4.95 5.0 - 4.95 -
9.95 10 - 9.95 -

14.95 15 - 14.95 -

- 2.25 1.5 - 1.4 

- 4.50 3.0 - 2.9 

- 6.75 ;us - 3.6 

3.5 2.75 - 3.5 -
7.0 5.50 - 7.0 -

11.25 8.25 - 11.25 -

-0.5 -1. 7 - -0.35 -
-0.5 -0.9 - -0.35 -
-1.5 -3.5 - -1.1 -

0.4 0.78 - 0.28 -
0.9 2.0 - 0.65 -
3.4 7.8 - 2.4 -

-0.2 -1.7 - -1.16 -
-0.2 -0.9 - -0.16 -

-0.6 -3.5 - -0.48 -

0.2 0.78 - 0.16 -

0.5 2.0 - 0.40 -
1.5 7.8 - 1.2 -

- ±0.00001 ±0.1 - ± 1:0 

- ±0.00001 ± 0.3 - ± 1.0 

- 5.0 7.5 - -

- 0.0005 0.05 - 1.5 
- 0.0010 0.10 - 3.0 
- 0.0015 0.20 - 6.0 

- 0.0005 0.5 - 3.8 

- •0.0010 1.0 - 7.5 

- 0.0015 2.0 - 15.0 

IT= (0.28 µA/kHz) f + loo!N 
IT= (0.55 µA/kHz) f + loo/N 
IT = (0.83 µA/kHz) f + I oo/N 

where: IT is in µA (per package), CL in .PF, Voo in Vdc, fin kHz is input frequency and where N is number of gates per package. 

••The formulas given.are for the typical characteristics only at :;!5°C. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF 

µAde 

µAde 

µAde 



MC14001 

SWITCHING CHARACTERISTICS* !CL= 50 pF, TA= 25°Cl 

VDD Typ 
Characteristic Symbol Vdc All Types AL Device 

Output Rise Time tr 
tr= (3.0 ns/pF) CL+ 30 ns 5.0 180 350 
tr= (1.5 ns/pF) CL+ 15 ns 10 90 150 
tr= (1.1 ns/pF) CL+ 10 ns 15 65 110 

Output Fall Time tf 
tf = (1.5 ns/pF) CL+ 25 ns 5.0 100 175 
tf = (0.75 ns/pF) CL+ 12.5 ns 10 50 75 
tf = (0.55 ns/pF) CL+ 9.5 ns 15 37 55 

Propagation Delay Time tPLH, 
All Inverting Non-8 Series Gates tPLH 

tPLH, tPHL = (1.7 ns/pF) CL+ 30 ns 5.0 115 165 
tPLH' tPHL = (0.66 ns/pF) CL+ 22 ns 10 55 95 
tPLH' tPHL = (0.50 ns/pF) CL+ 15 ns 15 40 75 

Non-Inverting Non-8 Series Gates 
(MC14071 and MC14081 only) 

tPLH' tPHL = (1.7 ns/pF) CL+ 80 ns 5.0 165 275' 
tPLH' tPHL = (0.66 ns/pF) CL+ 42 ns 10 75 135 
tPLH, tPHL = (0.5 ns/pF) CL+ 25 ns 15 50 95 

*The formulas given are for the typical characteristics only. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator 

Input 

14 Voo 

"All unused inputs of AND, NANO gates must be 
connected to Voo· 
All unused inputs of OR, NO,R gates must be 
connected to Vss· 

Output 

Output 

Non-I nv~.;.r_ti_n;;.g ---'ir-I 

Max 
CL/CP Device Unit 

ns 
400 
200 
160 

ns 
200 
100 
80 

ns 

200 
110 
85 

400 
185 
130 
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FIGURE 2 -TYPICAL VOLTAGE AND CURRENT 
TRANSFER CHARACTERISTICS 
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2: 
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~ 
0 

" 0 4.0 
> 

2.0 

0 
0 

-2.0 

a 
-4.0 b 

c 

-6.0 

-8.0 

-10 
-10 

TA= +25°C 
Unused input 
connected to 
vss. 

One input only 
Both inputs 
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FIGURE 4 ...,. TYPICAL OUTPUT SOURCE 
CHARACTERISTICS 

TA= -55°C 
TA= +25°C 
TA= +1250C 

Vos. DRAIN VOLTAGE (Vdc) 
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FIGURE 3-TYPICAL VOLTAGE TRANSFER 
CHARACTERISTICS versus TEMPERATURE 
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Vin. INPUT VOLTAGE (Vdc) 

FIGURE 5 - TYPICAL OUTPUT SINK 
CHARACTERISTICS 
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MOTOROLA 
Semiconductors 
BOX 20912 •PHOENIX, ARIZONA 85036 

8-SUFFIX SERIES McMOS GATES 

The B Series logic gates are constructed with P and N channel en
hancement mode devices in a single monolithic structure (Comple
mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 

• Quiescent Current= 0.5 nA typ/pkg@ 5 Vdc 

• Noise Immunity= 45% of VDD typ 

• Supply Voltage Range =··3.0 Vdc to 18 Vdc 

• All Outputs Buffered 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera
ture Range_. 

• Double. Diode Protection on All Inputs 

• Pin-for-Pin Relpacements for CD4001 B 

MAXIMUM RATINGS(Voltages referenced to Vssl 

Rating Symb9I 

DC Supply Voltage vDD 
Input Voltage, All Inputs Vin 
DC Current Drain per Pin I 

Operating Temperature Range - AL Device TA 
CL/CP Device 

Storage Temperature Range . Tstg 

CIRCUIT SCHEMATIC 
(1/4 of Device Shown) 

1,6,8,130------

·~ 
Vss 

Value Unit 

-0.5 to +f8 Vdc 

-0.p to VDD +0.5 Vdc 

10 mAdc 

-55to +125 oc 

-40 to +85 

-65 to +150 oc 

5-9 

MC14001B 

McM05 551 
(LOW-POWER COMPLEMENTARY MOS) 

QUAD 2-IN.PUT "NOR" GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

MC14XXXB Suffix Denotes 

E L . Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAM 

12=jJ--' 11 
13 

Voo: Pin 14 
vss: Pin 7 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages, or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vss .;;; (Vin or 
Vout>.;;; VDD· 
Unused inputs must always be tied to an 
appropriate lpgic voltage level· (e.g.,, either 
VssorVDDl· 

II 
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MC14001B 

ELECTRICAL CHARACTERISTICS 

Voo T1ow * 2s0 c Thigh* 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin= v00 or o 10 

15 

"1" Level VoH 5.0 
Vin=-OorVoo 10 

15 

. Input Voltage# "O" Level V1L 
IVo = 4.5 or 0.5 Vdc) 5.0 
IVo = 9.0 or 1.0 Vdc) 10 
IVo = 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
IVo = 0.5 or 4.5 Vdc) 5.0 
IVo = 1.0 or 9.0 Vdc) 10 
IVo = 1.5 or 13.5 Vdc) 15 

Output Drive Current IAL Device) loH 
IVoH =2.5 Vdc) Source 5.0 
IVoH =4.6 Vdc) 5.0 
IVoH = 9.5 Vdc) 10 
IVoH = 13.5 Vdc) 15 

IVoL =0.4 Vdc) Sink loL 5.0 
IVoL = 0.5 Vdc) 10 
IVoL = 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) loH 
IVoH = 2.5 Vdc) Source 5.0 
IVoH = 4.6 Vdc) 5.0 
IVoH = 9.5 Vdc) 10 
IVoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdc) Sink loL 5.0 
IVoL =0.5 Vdc) 10 
IVoL = 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 01 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) loo 5.0 
(Per Package) 10 

15 

Total Supply Current* •·t IT 5.0 
I Dynamic plus Quiescent, 10 
Per Gate, CL= 50 pF) 15 

*T10 w= -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-3.0 -
-0.64 -
-1:6 -
-4.2 -

0.64 -
1.6 -
4.2 -

-2.5 -
-0.52 -

-1.3 -
-3.6 -

0.52 -
1.3 -

3.6 -

- ±0.1 

- ± 0.3 

- -
- 0.25 
- 0.50 
- 1.00 

- 1.0 

- 2.0 

- 4.0 

Noise Margin for both "1" and "O" level ~ 1.0 Vdc min@ Voo = 5.0 Vdc 

2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loa,ds other·than 50 pF: 
IT(CL) = IT(5o pF) + N x 10-3- (CL -50) Voof 

Min Typ Max Min Max 

- 0 0.05 - 0.05 
- 0 0.05 - 0.05 
- 0 0.05 - 0.05 

4.95 5.0 - 4.95 -
9.95 10 - 9.95 -

14.95 15 - 14.95 -

- 2.25 1.5 - 1.5 
- 4.50 3.0 - 3.0 

- 6.75 4.0 - 4.0 

3.5 2.75 - 3.5 -
7.0 5.50 - 7.0 -

11.0 8.25 - 11.0 -

-2.4 -4.2 - -1.7 -
-0.51 -0.88 - -0.36 -
-1.3 -2.25 - -0.9 -
-3.4 -8.8 - -2.4 -

0.51 0.88 - 0.36 -
1.3 2.25 - 0.9 -
3.4 8.8 - 2.4 -

-2.1 -4.2 - -1.7 -
-0.44 -0.88 - -0.36 -
-1.1 -2.25 - -0.9 -
-3.0 -8.8 - -2.4 -

0.44 0.88 - 0.36 -
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -

- ±0.00001 ±0.1 - ± 1.0 

·- ±0.00001 ±0.3 - ± 1.0 

- 5.0 7.5 - -

- 0.0005 0.25 - 7.5 
- 0.0010 0.50 - 15.0 
- 0.0015 1.00 - 30.0 

- 0.0005 1.0 - 7.5 

- 0.0010 2.0 - 15.0 

- 0.0015 4.0 - 30.0 

IT= (0.3 µA/kHz) f + •oo/N 
IT= (0.6 µA/kHz) f + •Do/N 
IT= (0.9 µA/kHz) f + •oo/N 

where: IT is in µA (per package), CL in pF, Voo in Vdc, f in kHz is input frequency and N is number of gates per package. 
••The formulas given are for the typical characteristics only at 25°c. · 

@ MOTOROLA Semiconduc'f:or Produc'f:s Inc. 

5-10 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF 

µAde 

µAde 

µAde 



MC140018 

8-SERIES GATE SWITCHING TIMES 

SWITCHING CHARACTERISTICS* (CL= 50 pF, TA= 25°C) 

Voo All Types 
Characteristic Symbol Vdc lllrin 

Output Rise Time, All B-Series Gates tr 
tr= (1.35 ns/pF) CL+ 33 ns 5.0 -
tr= (0.60 ns/pF) CL+ 20 ns 10 -
tr= (0.40 ns/pF) CL+ 20 ns 15 -

Output Fall Time, All B-Series Gates tf 
tf = (1.35 ns/pF) CL+ 33 ns 5.0 -
tf = (0.60 ns/pF) CL+ 20 ns 10 -
tf = (0.40 ns/pF) CL+ 20 ns 15 -

Propagation Delay Time tPLH· tPHL 
MC14001B, MC14011B only 

tPLH· tPHL = (0.90 ns/pF) CL+ 80 ns 5.0 -
tPLH· tPHL = (0.36 ns/pF) CL+ 32 ns 10 -
tPLH· tPHL = (0.26 ns/pF) CL+ 27 ns 15 -

All Other 2, 3, and 4 Input Gates 
tPLH· tPHL = (0.90 ns/pF) CL+ 115 ns 5.0 -
tpLH· tpHL = (0.36 ns/pF) CL+ 47 ns 10 -
.tPLH· tPHL = (0.26 ns/pF) CL+ 37 ns 15 -

8-lnput Gates (MC14068B, MC14078Bl 
tPLH· tPHL = (0.90 ns/pF) CL+ 155 ns 5.0 -
tPLH· tPHL = (0.36 ns/pF) CL+ 62 ns 10 -
tPLH· tPHL = (0.26 ns/pF) CL+ 47 ns 15 -

*The formulas given are for the typical characteristics only. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator 

Input 

•Alf unused inputs of AND, NANO gates must be 
connected to Voo-
All unused inputs of OR, NOR gates must be 
connected to Vss· 

Output 

Non-I nvEt.;.r_ti_n;;.g---''ll 

Typ 

100 
50 
40 

100 
50 
40 

125 
50 
40 

160 
65 
50 

200 
80 
60 

@ MOTOROLA Semiconductor Produc'fs Inc. 
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Max Unit 

ns 
200 
100 
80 

ns 

200 
100 
80 

ns 

250 
100 
80 

320 
130 
100 

400 
160 
120 
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TYPICAL B-SERIES GATE CHARACTERISTICS 

N-CHANNEL DRAIN CURRENT 

FIGURE 2 - Vas= 6.0 Vdc 
5.0 ....---...----.---.-----.,.-----.----.---.----.----.---. 

4.0 t---"-t-----lt--~t-----1t----1---1----t----t--"1"----1 

1.0 2.0 3.0 4.0 5.0 
Vos. DRAIN-TO-SOURCE VOLTAGE (Vdc) 

FIGURE 4 - Vas= 10 Vdc 
20 

18 

16 
TA= ~55°C 

-40°C 
14 +25°C 
12 

+85°C 
10 

8.0 
+125°C 

6.0 

4.0 

2.0 

O ~LO 2.0 3.0 4.0 7.0 8.0 9.0 6.0 5.0 10 

Vos. DRAIN-TO-SOURCE VOLTAGE (Vdc) 

FIGURE 6 - Vas= 15 Vdc 
50 

45 

40 

35 TA=-55°C 

30 

25 

20 

15 

10 

5.0 

~ 

~ 
~oc 

LJ v +l5oC +8 oc 

IL ~ +125°C 

tW 
_llL_ 
~ 

2.0' 4.0 6.0 8.0 10 12 14 16 18 20 

Vos. DRAIN-TO-SOURCE VOLTAGE (Vdc) 

P-CHANNEL DRAIN CURRENT 

Fl.GURE 3 - Vas= -5.0 Vdc 
-10.---.-----.,.-----.,.--~-~-~---~-~-~ 

-9.0 t---+---t---t-----lt----1---1---1----t----t---i 

-8.0 l---t---1---1-----jl-----l----jf---+-

< 
.5 -7.0 1--t--t--t--ll---!-::::;;;;;lfo-"'9'::=:;;;:;1 .... -t-=i 
1-
z 
~ -6.0 

a -5.o 1---r--r--f-7'~F---1---1f----1--::='---t-""""1 
z 

< -
4

.

0 

t=l=l~l~l:I;~~~~:EEffi~=l :;_ -3.0 
p 

-2.0 l--~~~~i""==-lf----1--1'---+--+--+---i 

-1.0 l--'7.~"'---r--r-----1r----l---lt----l---l---I--; 

-1.0 -2.0 -3.0 -4.0 -5.0 

Vos. ORAIN-TO-SOURCE VOLTAGE (Vdc) 

FIGURE 5 - Vas= -10 Vdc 
-50 

-45 

-40 

~ -35 
I-

~ -30 

a -25 

~ -20 

c -15 
E 

-10 
~ +125°C 

-5.0 

0 
0 -1.0 -2.0 -3.0 -4.0 -5.0 -6.0 -7.0 -8.0 -9.0 -10 

Vos. DRAIN-TO-SOURCE VOLTAGE (Vdc) 

FIGURE 7 - Vas= -15 Vdc 
-100 

-90 

-80 
< 
.5 -70 
I-

TA=~C ~ -60 

a -50 
z 

~ -40 

~ -30 

-20 

-10 

0 
0 -2.0 -4.0 -6.0 -8.0 -10 -12 -14 -16 -18 -20 

Vos. DRAIN-TO-SOURCE VOLTAGE (Vdc) 
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MC14001B 
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16 
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TYPICAL B-SERIES GATE CHARACTERISTICS (cont'd) 

VOLTAGE TRANSFER CHARACTERISTICS 

FIGURE 8 - VDD = 5.0 Vdc 

Single Input NANO, AND 
Multiple Input NOR, OR 

~ 
~ 

v Single Input NOR, OR 
Multiple Input NANO, AND 

L 
1>1 

2.0 3.0 4.0 5.0 
Vin. INPUT VOLTAGE (Vdc) 

FIGURE 10 - VDD = 15 Vdc 

T I T 

:g 
:::: 
w 
~ 10 
:; 
0 
> 8.0 
~· 
t- 6.0 
::> 
0 

g 4.0 
> 

2.0 

2.0 

FIGURE 9 - VDD = 10 Vdc 

Single Input NANO, AND 
'Multiple Input NOR, OR 

y 
V1 Single Input NOR, OR 

Multiple Input NANO, AND v 
I' 

4.0 6.0 8.0 10 
Vin. INPUT VOLTAGE (Vdc) 

:g 
12 :::: 

Single Input NANO.AND 
t----+---+---+-t---+-1t-- Multiple Input NOR, OR ----i 

DC NOISE IMMUNITY (VNL AND VNHl 

w 
(!) 
<( 

:; 
0 
> 
t-
~ 
t-
::> 
0 

g 
> 

10 

8.0 

6.0 

I~ 1:: ljNOR,J 
>----+---+---+-+---+--+-- MIL'.nput NANO, AND -1 

The de noise immunity is defined as the input 
voltage range from an ideal "1" or "O" input level 
(assuming the previous Mclllios driving stage is 
unloaded) which does not produce output state 
(combination) change(s). The typical and limit 
values of the input ranges VNL and VNH for the 
output to stay within a range 1N out from either 
Voo or V55 are given in the Electrical Char
acteristics table. The definitions of VNL, VNH· 
and AV out are illustrated in Figure 11 for invert
ing and non-inverting functions. 

4.0 

2.0 

0 0 2.0 4.0 6.0 8.0 10 12 14 16 

Vin. INPUT VOLTAGE (Vdc) 

FIGURE 11 - DC NOISE IMMUNITY 

(a) Inverting Function (b) Non-Inverting Function 

Vout Voo Vout Voo 

AV out 

0 

Vss = O volts de 

@ MOTOROLA Semiconduc'f:or Produc'f:s ~nc. ______ ___, 
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MOTOROLA 
Semiconduc'fors 
BOX 20912 •PHOENIX, ARIZONA 85036 

DUAL 4-INPUT "NOR" GATE 

The MC14002 and MC14002B are constructed with P and N channel 
enhancement mode devices in a single monolithic structure (Comple
mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 

• Quiescent Current= 0.5 nA typ/pkg@ 5 Vdc 

• Noise Immunity= 45% of VDD typ 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• All Outputs Buffered (MC14002B only) 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range. (MC14002B only) 

• Double Diode Protection on All Inputs 

• Pin-for-Pin Replacements for CD4002A and CD4002B 

MAXIMUM RATINGS(Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD +0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55to +125 
Cl/CP Device -40 to +85 

Storage Temperature Range Tstg -()5 to +150 

Unit 

Vdc 

Vdc 

mAdc 

oc 

oc 

MC14002 CIRCUIT SCHEMATICS 
11/2 ~f Device Shown) 

MC14002 
MC14002B 

McMOS SSI 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL 4-INPUT "NOR" GATE 

L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 632 CASE 646 

ORDERING INFORMATION 

MC 14X X XJB 

1
T:::" c.,:'.::·:.,,, 

Delete for P Plastic Package 
Non·B Device. A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAM 

~~1 
1~~ 13 
11 

12 

MC14002B 

VDD =Pin 14 

Vss =Pin 1 

This device contains circuitry to protect the inputs against damage due 
to high static voltages or electric fields; however, it is advised that nor
mal precautions be taken to avoid application of any voltage higher than 
maximum rated voltages to this high impedance circuit. For proper 

operation it is recommended that Vin and V out be constrained to the 
range Vss <(Vin or V0 ut> < VDD· 
Unused inputs must always be tied to an a.Ppropriate logic voltage level 
(e.g., either Vss or VDDI-

5-14 



NIOTOROLA 
Semiconduc-fors 
BOX 20912 o PHOENIX, ARIZONA 85036 

18-BIT STATIC SHIFT REGISTER 

The MC14006B shift register is comprised of four separate shift 
register sections sharing a common clock: two sections have four 
stages, and two sections have five stages with an output tap on both 
the fourth and fifth stages. This makes it possible to obtain a shift 
register of 4, 5, 8, 9, 10, 12, 13, 14, 16, 17, or 18 bits by appropri
ate selection of inputs and outputs. This part is particularly useful in 
serial shift registers and time delay circuits. 
• Output Transitions Occur on the Falling Edge of the Clock Pulse 
• Quiescent Current - 5nA/package typical @ 5 Vdc , 

• Fully Static Operation 
• 8-MHz Shift Rate typical 
• Can be Cascaded to Provide Longer Shift Register Lengths 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

• Pin-for-Pin Replacement for CD4006 

MAXI MUM RA Tl NGS (Voltages referenced to V ss l 
Rating Symbol Value 

DC Supply Voltage VD'D -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VoD + 0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

Unit 

Vdc 

Vdc 

mAdc 

oc 

Oc 

BLOCK DIAGRAM 

VDD =Pin 14 
Vss =Pin 7 

Clock 3 

Data 

<cl 
1 

11 
08 

LOGIC DIAGRAM 
(ONE REGISTER STAGE) 

c 

I nput to output is 

MC14006B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

18-BIT STATIC SHIFT REGISTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE·632 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

MC'4XXXB 1 tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

TRUTH TABLE 
!Single Stage) 

Dn c On+1 
0 ~ 0 

1 ~ 1 

x ~ On 

X = Don't Care 

#Inverter used only on the first stage of 
each four·stage element. 

•Transmission 
Gata ,.40~ 

2 
(C) 

(A) A bidirectional low impedance when control input 1 is "low" 
and control input 2 is "high". 

(B) An open circuit when control input 1 is "high" and control 
input 2 is "low". 
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MC14006B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0!' Level Vol 5.0 
Vin 'C Voo orO 10 

15 

"1" Level VoH 5.0 
V!n = O or Voo 10 

15 

lnpiit Voltage# "O" Level V1L 
!Vo= 4.5 or 0.5 Vdc) 5.0 
!Vo= 9.0 or 1.0 Vdc) 10 
(Vo= 13.5 or 1.5 Vdcl 15 

"1" Level V1H 
!Vo= 0.5 or 4.5 Vdc) 5.0 
(Vo = 1.0 or 9.0 Vdc) 10 
!Vo= 1.5 or 13.5 Vdcl 15 

Output Drive Current (AL Device) IQH 
IVoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VOH = 13.5 Vdc) 15 

IVoL = 0.4 Vdcl Sink loL 5.0 
(VoL = 0.5 Vdc) 10 
(VOL= 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) IQH 
(VoH = 2.5 Vdc) Source 5.0 
IVoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(Vol= 0.4 Vdcl Sink IOL 5.0 
(VOL= 0.5 Vdc) 10 
IVoL = 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) 100 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current**t ly 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

*T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°c for AL Device, +85°C for CL/CP Device. 

,,;Noise immunity specified for worst-case input combination. 

T1ow . 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 

- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = IT(50 pF) + 1 x 10-3 (CL -50) Voof 

2a0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 
- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- 0.015 20 

- 0.005 20 
- 0.010 40 
- 0.015 80 

ly = (.1.3 µA/kHzl f + 100 
ly = 12.6 µA/kHzl f + loo 
ly = (3.9 µA/kHz) f + loo 

where: ly is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is· input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 

Thill_h* 
Min Max Unit 

- 0.05 Vdc 

- 0.05 

- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 1.5 
- 3.0 

- 4.0 

3.5 - Vdc 

7.0 -
11.0 -

mAdc 
-0.7 -

-0.14 -
-0.35 -
-1.1 -
0.36 - mAdc 
0.9 -
2.4 -

mAdc 
-0.6 -
-0.12 -
-0.3 -
-1.0 -
0.36 - mAdc 
0.9 -
2-.4 -
- ±1.0 µAde 

- ±1.0 µAde 

- - pF 

- 150 , µAde 
- 300 
- 600 

- 150 µAde 
- 300 
- 600 

µAde 

This device contains circuitry to 'protect the inputs against damage due to high static voltages or electric fields; however, it is ad
vised that normal precautions be taken to avoid application of' any voltage higher than maximum rated voltages to this high im

. pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range Vss..: (Vin or Voutl 
..;voo. 
Unused inputs must always be tied to an appropriate logic voltage level (e.g .. either Vss or Vool. 

@ MOTOROLA Semiconduc<or Produc<s Inc. 
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MC140068 

SWITCHING CHARACTERISTICS* I o I CL =50pF,"JA=25 C 
\ Min Max 

AL CL/CP TYP AL CL/CP 
Characteristic Symbol vDD Device Device All Types Device Device Unit 

Output A ise Time tr ns 
tr= (3.0 ns/pF) CL+ 30 ns 5.0 - - 180 350 400 
tr= (1.5 ns/pF) CL+ 15 ns 10 - - 90 150 200 
tr= (1.1 ns/pF) CL+ 10 ns 15 - - 65 110 160 

Output Fall Time tf ns 
tf = (1.5 ns/pF) CL+ 25 ns 5.0 - - 100 175 200 
tf = (0.75 ns/pF) CL+ 12.5 ns 10 - - 50 75 ·100 
tf = (0.55 ns/pF) CL+ 9.5 ns 15 - - 37 55 80 

Propagation Delay Time tPLH• ns 
tPLH• tPHL = (1.7 ns/pF) CL+ 220 ns tPHL 5.0 - - 305 460 600 
tPLH· tPHL = (0.66 ns/pF) CL+ 77 ns 10 - - 110 165 275 
tPLH• tPHL = (0.5 ns/pF) CL+ 55 ns 15 - - 80 120 200 

Minimum Clock Pulse Width PWc 5.0 - - 100 200 250 ns 
10 - - 60 70 125 
15 - - 40 55 95 

Maximum Clock Pulse Frequency PAF 5.0 2.5 2.0 5.0. - - MHz 
10 7.0 4.0 8.3 - -
15 10 6.0 12 - -

Maximum Clock Pulse Rise and Fall Time# tr, tf 5.0 15 15 - - - I.IS 

10 ·15 15 - -
15 15 15 - - -

Setup Time tsetup 5.0 - - -50 -15 0 ns 
10 - - -15 -5.0 0 
15 - - -8.0 -3.0 0 

Hold Time tho Id 5.0 - - 75 180 220 ns 
10 - - 25 90 110 
15 - - 20 75 90 

*The formula given is for the typical characteristics only at 25°C. 
#When shift register sections are cascaded, the maximum rise and fall times of the clock input should be equal to or less than the rise and 

fall times of the data outputs driving data inputs, plus the propagation delay of the output driving stage for the output capacitance load. 

FIGURE 1 - TYPICAL OUTPUT SOURCE CURRENT 
CHARACTERISTICS TEST CIRCUIT 

14 

Clock Q4f--'--<>------. 

QB 

D Q9 
PS Q13 

Dp10 Q17 

Vout 

Power 
Supply 

FIGURE 2 - TYPICAL OUTPUT SINK CURRENT 
CHARACTERISTICS TEST CIRCUIT 

14 

Q4f--'--<>------. 

Dp1 QB 

09 

Q13 

Dp1oa11 

Vss 

Vout 

@MOTOROLA Semiconductor Products Inc. _______ __. 
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MC14006B 

Pulse 
Generator 

FIGURE 3 ... POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

QSl--0-------~ 

091--0-------, 

Clock 

Data 

FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator 

1 

Pulse 
Generator 

2 

Voo 

14 

041---0------------. 

081---0---------~ 

7 Vss 

5-Stage 90% tPLH ~ 
Output 50% 
09,018 ............................... """"'..u.'"""""'"""'"""""""' ...... "-'-""""""' ............................................................. __ 10% 

tr 

~Output state can change since data previously clocked in might be in either state. 

@MOTOROLA Semiconductor Products Inc. 
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NIOTOROLA 
Semiconduc-fors 
BOX 20912 • PH OEN IX. ARIZONA 85036 

DUAL COMPLEMENTARY PAIR PLUS INVERTER 

The MC14007B multi-purpose device consists of three N-channel 
and three P-channel enhancement mode devices packaged to provide 
access to each device. these versatile parts are useful in inverter 
circuits, pulse-shapers, linear amplifiers, high input impedance ampli
fiers, threshold detectors, transmission gating, and functional gating. 

• Quiescent Current= 0.5 nA/package typical @ 5 Vdc 
• Noise Immunity= 45% of Voo typical 
• Diode Protection on All Inputs 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Single Supply Operation= Positive or Negative 
• Symmetrical Output Impedance - 200 ohms typical@ 10 Vdc. 
• Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper
, ature Range 

• Pin-for-Pin Replacement for CD4007 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage vDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

FIGURE 1 - TYPICAL APPLICATION: 2-INPUT ANALOG MULTIPLEXER 

Input 

6 

INPUT OUTPUT CONDITION 

1 A = c .. 8 = Open 
0 A = 8, C =Open 

Substrates of P-channel devices internally connected 
to Voo; substrates of N-ct'lannel devices internally 
connected to Vss· 

5-19 

Unit 

·vdc 

Vdc 

mAdc 

OC 

oc 

MC1400lB 

McM05 551 
I LOW-POWER COMPLEMENTARY MOSI 

DUAL COMPLEMENTARY PAIR 
PLUS INVERTER 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 632 CASE 646 

ORDERING INFORMATION 

MC>4XXXB 

1 
tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

SCHEMATIC 

14 13 2 11 

~~·~~~~ 
8 3 4 5 10 

Vpo =Pin 14 

Vss= Pin 1 

9 
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MC14007B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin= VooorO 10 

15 

"1" Level VoH 5.0 
Vin= Oor Voo 10 

15 

Input Voltage# "O" Level VIL 
(Vo= 3.6 or 1.4 Vdc) 5.0 
(Vo= 7.2 or 2.8 Vdc) 10 
(Vo= 11.5 or 3.5 Vdcl 15 

"1" Level V1H 
(Vo= 1.4 or 3.6 Vdcl 5.0 
(Vo= 2.8 or 7.2 Vdcl 10 
!Vo= 3.5 or 11.5 Vdcl 15 

Output Drive Current (AL Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 9.5 Vdc) 10 
IVoH, = 13.5 Vdc) 15 

(VOL= 0.4 Vdc) Sink loL 5.0 
IVoL = 0.5 Vdc) 10 
1v6L = 1.5 vdcl 15 

Output Drive Current (CL/CP Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdcl Sink loL 5.0 
(Vol =O.S Vdc) 10 
(Vol= 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin=Ol 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) loo 5.0' 
(Per Package) 10 

15 

Total Supply Current**t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Pachage) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

*T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

tTo calculate total supply current at loads other than 50 pF: 
IT(CLI = IT(50 pF) + 3 x 10-3 (CL -50) Vo of 

T1ow 

Min 

-
-
-

4.95 
9.95 
14.95 

-
-
-

3.6 
7.1 
11.4 

-1.75 
~1.35 

-5.0 

0.75 
1.6 
6.0 

-1.3 
-0.65 
-2.4 

0.52 
1.3 
4.0 

-
-
-

-
-
-
-
-
-

. 25°c 

Max Min Typ Max 

0.05 - 0 0.05 
0.05 - 0 0.05 
0.05 :.... 0 0.05 

- 4.95 5.0 -
- 9.95 10 -
- 14.95 15 -

1.5 - 2.25 1.5 
3.0 - 4.50 3.0 

3.75 - 6.75 3.75 

- 3.5 2.75 -
- 7.0 5.50 -
- 11.25 8.25 -

- -1.4 -5.0 -
- -1.1 -2.5 -
- -4.0 -10 -
- 0.6 1.0 -
- 1.3 2.5 -
- 5.0 10 -

- -1.1 -5.0 -
- -0.55 -2.5 -
- -2.0 -10 -
- 0.44 1.0 -
- 1.1 2.5 -
- 3.3 10 -

±0.1 - ±0.00001 ±0.1 

±0.3 - ±0.00001 ±0.3 

- ' - 5.0 7.5 

0.05 - 0.0005 0.05 
0.10 - 0.0010 0.10 
0.20 - 0.0015 0.20 

0.5 - 0.0005 0.5 
1.0 - 0.0010 1.0 
2.0 - 0.0015 2.0 

IT= (0.72 >fA/kHz) f + loo 
IT= (1.44 µA/kHz) f +loo 
IT= (2.16 µA/kHz) f +loo 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 

Thigh* 

Min Max Unit 

- 0.05 Vdc 
- 0.05 
- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 1.4 
- 2.9 
- 3.6 

Vdc 
3.5 -
7.0 -

11.25 -
mAdc 

-1.0 -
-0.75 -
-2.8 -
0.4 - mAdc 

0.95 -
3.5 -

mAdc 
-0.9 -
-0.45 -
-1.6 -
0.36 - mAdc 
0.9 -
2.7 -
- ±1.0 µAde 

- ±1.0 µAde 

- - pF 

- 1.5 µAde 
- 3.0 
- 6.0 

- 3.8 µAde 

- 7.5 
- 15 

µAde 

-------. @ MOTOROLA S.emiconductor Produc~s Inc. ______ __. 
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MC14007B 

SWITCHING CHARACTERISTICS*(Cl=50pF, TA =25°Cl 

Characteristic 

Output Rise Time 
tr= 1.2 ns/pF) Cl+ 30 ns 
~r = (0.5 ns/pF) Cl+ 20 ns 
tr= (0.4 ns/pF) Cl+ 15 ns 

Output Fall Time 
tf = (1.2 ns/pF) Cl+ 15. ns 

_ tf = (0.5 ns/pF) Cl+ 15 ns 
tf = (0.4 ns/pF) Cl+ 10 ns 

Turn-Off Delay Time 
tPLH = (1.5 ns/pF) CL+ 35 ns 
tPlH= (0.2 ns/pF) Cl+ 20 ns 
tPlH = (0.15 ns/pF) Cl+ 17.5 ns 

Turn-On Delay Time 
tPHl = (1.0 ns/pF) Cl+ 10 ns 
tPHl = (0.3 ns/pF) CL+ 15 ns 
tPHl = (0.2 ns/pF) Cl+ 15. ns 

*The formula given is for the typical characteristics only. 

FIGURE 2 - TYPICAL OUTPUT SOURCE CHARACTERISTICS 

Vos= VoH - Voo 

All unused inputs connected to ground. 

u- -4.ot--t-+-~~±~e:=$;;;:;;r:.~h~Wf-1 

1 
I-

a TA= -55°C 
b TA= +25°C 
c TA= +125oc 

~ -8.0 

a ~-+--+---+---+---+---b.C---+-~<-+H--1---1 

z -12r--r--r---r---r---iio"~--t--7'f:---/l"lt-i~--i 
~ 
c 

-8.0 -4.0 -2.0 -0 

Vos. DRAIN VOLTAGE (Vdc) 

8Ymbol 

tr 

tf 

tPLH 

tPHl 

Typ Max 

VDD All Types Al Device CL/CP Device Unit 

ns 
5.0 90 150 180 
10 45 75 90 
15 35 60 70 

ns 
5.0 75 125 150 
10 40 60 80 
15 30 50 60 

ns 
5.0 60 110 .130 
10 30 60 75 
15 25 45 55 

ns 
5.0 60 110 130 
10 30 60 75 
15 25 45 55 

FIGURE 3- TYPICAL OUTPUT SINK CHARACTERISTICS 

All unused inputs connected to ground. 

a TA= -55°C 
i--...,,rrtt~.,.._--t---+---+---+-- b TA= +25°C 

c TA= +1250C 

2.0 4.0 6.0 8.0 

Vos. DRAIN VOLTAGE (Vdc) 

10 

@ MOTOROLA Se11'1foonduct0r Products Inc.--------
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FIGURE 4- SWITCHING TIME AND POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator 

vDD 

APPL !CATIONS 

The MC140078 dual pair plus inverter, which has access 
to all its elements offers a number of unique circuit appli· 
cations. Figures 1, 5, and 6 are a few examples of the 
device flexibility. 

FIGURE 5 - 3-STATE BUFFER 

+vDD 

Disable 3~~r 

J 
Input 10~~" Output 

]: 
Disable .~~1' 

INPUT DISABLE OUTPUT 

1 0 0 
0 0 1 
x 1 Open 

X = Don't Care 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

FIGURE 6- AOI FUNCTIONS USING TREE LOGIC 

Substrat.es of P-channel devices internally connected to VDo; 
Sub5trates of N·channel devices internally connected to Vss· 

is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchase.r of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 

® MOTOROLA Semiconductor Produc'fs Inc. 
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/tllOTOROLA 
Semiconduc-fors 
BOX 20912 •PHOENIX, ARIZONA 85036 

4-BIT FULL ADDER 

The MC14008B 4-bit full adder is constructed with MOS P
channel and N-channel enhancement mode devices in a single mono~ 
lithic structure. This device consists of four full adders with fast 
internal look-ahead carry output. It is useful in binary addition and 
other arithmetic applications.The fast parallel carry output bit allows 
h_igh-speed operation when used with other adders in a system. 

• Look-Ahead Carry Output 

• High-Speed Operation - 160 ns typical from Sum in to Sum out 
• Quiescent Current - -5.0 nA/package typical @ 5 Vdc 

• Diode Protection on All Inputs 

• All Outputs Buffered 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

• Pin-for-Pin Replacement for CD4008 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

DC Current Drain per Pin I 10 

Opera~ing Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

BLOCK DIAGRAM 

Unit 

Vdc 

Vdc 

mAdc 
OC 

QC 

High-Speed 
Parallel Carry 

1-------0 14 Cout 

A4 1 u---t----+--+--+---t--t-~--~----1 

83 20---t----+--+--+---t-+---------1 

A3 3 o---t----+--+--+---t- ------1 

82 4 0--+---t---+--+-----------t 

A2 50---+---+--+-------------~ 

Bl 6 o--+---+-....... --------~ 

A1 70---t---..----------~ 

Cin 9 0----------------------' 

13 S4 

12 S3 

11 S2 

10 S1 

v 0 o =Pin 16 

Vss =Pins 

MC14008B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

4-BIT FULL ADDER 

filllllllM ,.,,,. 
J1l~Yt(H ~ ~ 1sryn1ll ~ ~ 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC'4XXXB 

11
Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 

C Limited Operating 
Temper'ature Range 

Cin 
0 
0 
0 
0 

1 
1 
1 
1 

TRUTH TABLE 
(One Stage) 

B A Cout 
0 0 0 
0 1 0 
1 0 0 
1 1 1 

0 0 0 
0 , 1 
1 0 1 
1 1 1 

s 
0 
1 
1 
0 

1 
0 
0 
1 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid applicetion of any voltage 
higher than· maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vin and 
V0 ut be constrained to the range Vss..;; 
(Vin or Voutl ..;; VoD-
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vool. 



MC14008B 

ELECTRICAL CHARACTERISTICS 

vDD 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin,. Voo or 0 10 

15 

"1" Level VoH 5.0 
Vin= o or Voo 10 

15 

Input Voltage# "O" Level V1L 
(Vo= 4.5 or 0.5 Vdc) 5.0 
(Vo = 9.0 or 1.0 Vdc) 10 
(Vo= 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 
(Vo = 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) IOH 
(VOH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VOH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

!VoL =. 0.4 Vdcl Sink IOL 5.0 
!Vol= 0.5 Vdc) 10 
(Vol = 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) loH 
(VOH = 2.5 Vdc) Source 5.o 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

!Vol = 0.4 Vdcl Sink loL 5.0 
(Vol = 0.5 Vdc) 10 
(Vot.: = 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) 100 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) loo 5.0 
(Per Package) 10 

15 

Total Supply Curre'ht**t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

*T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +ss0 c for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

T1ow * 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -

I 
1.3 -
3:6 -
- ±0.1 

- ±0.3 

-- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1 "'and "O" level = 1.0 Vdc min @ V DD = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than·50 pF: 
IT(CL) = IT(50 pF) + 5 x 10-3 (CL -50) Voof 

25°C 

Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 
- 4.50 3.0 
- 6.75 4.0 

3.5 2.75 -

7.0 5.50 -
11.0 8.25 . -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 .0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -

- ±0.00001 ±0.1 

·- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- O.D10 10 
- O.D15 20 

- 0.005 20 
- ' 0.010 40 
- 0.015 80 

it= (1.7 µA/kHzl f + loo 
IT= (3.4 µA/kHz) f + loo 
IT= (5.0 µA/kHz) f + loo 

· where: IT is in µA (per package). CL in pF, Voo in Vdc, and fin kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 

Thi11_h* 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 -
0.9 -
2.4 -

-0.6 I -
-0.12 -
-0.3 -
-1.0 -
0.36 -
0.9 -
2.4 -
- ± 1.0 

- ±1.0 

- -

- 150 
- 300 
- 600 

- 150 
- 300 
- 600 

@ MOTOROLA Semiconductor Products Inc. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF 

µAde 

·µAde 

µAde 



MC14008B 

SWITCHING CHARACTERISTICS* (CL= 50 pF, TA= 25°cl 

Characteristic 

Output Rise Time, 
tr= (3.0 ns/pF) CL+ 30 ns 
tr= (1.5 ns/pF) CL+ 15 ns 
tr= (1.1 ns/pF) CL+ 10 ns 

Output Fall Time, 
tf = (1.5 ns/pF) CL+ 25 ns 
tf = (0.75 ns/pF) CL+ 12.5 ns 
tf = (0.55 ns/pF) CL+ 9.5 ns 

Propagation Delay Time 
Sum In to Sum Out 

tPLH· tPHL = (1.7 ns/pFI CL +'316 ns 
tPLH· tPHL = (0.66 ns/pFI CL+ 127 ns 
tPLH· tPHL = (0.5 ns/pf) CL+ 90 ns 

Sum In to Carry Out 
tPLH· tPHL = (1.7 ns/pFI CL+ 220 ns 
tPLH· tPHL = (0.66 ns/pF) CL+ 112 ns 
tPLH· tPHL = (0.6 ns/pF} CL+ 85 ns 

Carry In to Sum Out 
tPLH· tPHL = (1.7 ns/pF} CL+ 290 ns 
tPLH· tPHL = (0.66 ns/pF} CL+ 122 ns 
tPLH• tPHL = (0.5 ns~pF) CL+' 90 ns 

Carry In to Carry Out 
tPLH· tPHL = (1.7 ns/pF} CL+ 85 ns 
tPLH• tPHL = (0.66 ns/pF} CL+ 42 ns 
tPLH· tPHL = (0.5 ns/pF} CL+ 30 ns 

*The formula is for the typical characteristics only. 

FIGURE 1 - TYPICAL SOURCE CURRENT 
CHARACTERISTICS TEST CIRCUIT 

a Vss 

Vo,ut 

External 
Power 
Supply 

Symbol 

tr 

tf 

tPLH·tPHL 

Voo 
Vdc 

6.o 
10 
15 

5.0 
10 
16 

5.0 
10 
15 

6.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

All Types 

Min Typ Max 

- 180 360 
- 90 180 
- 65 130 

- 100 200 

- 50 100 
- 40 80 

- 400 800 

- 160 320 
- 115 230 

- 305 610 
- 145 290 
- 110 220 

- 375 750 

- 155 310 
- 115 230 

- 170 340 
- 76 150 
- 55 110 

FIGURE 2 - TYPICAL SINK CURRENT 
CHARACTERISTICS TEST ,CIRCUIT 

Vout 

External 
Power 
supply 

Unit 

ns 

ns 

ns 

@ MOTOROLA se,..iconductor. Products Inc. -------..... 
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MC14008B 

El 

FIGURE 3- DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Pulse 
Generator 

Voo 

FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator 

Voo 

16 

84 S4t---o--------. 
A4 

83 531----u-----~ 

A3 

82 S2t---c.-------. 
A2 

: ~ s 1 i---o-----. r IL 
Cin Cout I L 

____ s_ vss t1' =c, = = 

@ MOTOROLA Serniconductc,r Products Inc. _______ _, 
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MC14008B 

FIGURE 5 - LOGIC DIAGRAM 

Cout 

84 

S4 
A4 

83 

II S3 A3 

82 

S2 
A2 

81 

A1 
S1 

Cin 
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MC14008B 

TYPICAL APPLICATION 

FIGURE 6 - USING THE MC140088 IN A 16·BIT ADDER CONFIGURATION 

A1---'84 

Chip 
1 

Cout 

S1 --- S4 

Word A+ B Inputs 

A1 --- 84 

S1 - -- S4 

A1--- 84 

Chip 
3 

S1 - - - S4 

Sum Outputs 

Calculation of 16-bit adder speed: 

A1-,--B4 

S1 --- S4 

tp total = tp (Sum to Carry) + tp (Carry to Sum) + 2 tp (Carry to Carry) 
Typically, the overall 16-bit adder speed at 10 V is: 

tp total= 115 +' 125 + 90 = 330 ns typ 

Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies, Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been,carefully checked and license under the petent rights of Motorola Inc. or others. 

@MOTOROLA Semiconductor Produc'fs Inc. 
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MOTOROLA 
Semiconductors 
BOX 20912 •PHOENIX, ARIZONA 85036 

QUAD 2-INPUT "NANO" GA TE 

The MC14011 and MC14011 B are constructed with P and N channel 
enhancement mode devices in a single monolithic structure (Comple
mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 

• Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc 

• Noise Immunity= 45% of VDD typ 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• All Outputs Buffered (MC14011 B only) 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range. (MC14011 B only) 

• Double Diode Protection on All Inputs 

• Pin-for-Pin Replacements for CD4011 A and CD4011 B 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage vDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD +0.5 

DC Current Drain per Pin I 10 

·operating Temperature Range - Al Device TA -55to +125 

Cl/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +1 SO 

Unit 

Vdc 

Vdc 

mAdc 

oc 

oc 

MC14011 CIRCUIT SCHEMATICS 
(1/4 of Device Shown) 

d 

MC14011 
MC14011B 

McMOS SSI 
(LOW·POWER COMPLEMENTARY MOSl 

QUAD 2-INPUT "NANO" GATE 

l SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 632 . CASE 646 

ORDERING INFORMATION 

MC14XX XJB p~f~I• ee .. :'.:::,,,. 

Delete for P Plastic Package 
Non·B Device- . A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAM 

:=c>-3 
:=o--4 
:;Q-10 
12~11 
13~ 

MC14011B 

voo =Pin 14 
vss =Pin 7 

7 Vss 1,6,8,130----~ 

This device contains circuitry to protect the inputs against damage due 
to high static voltages or electric fields; however, it is advised that nor· 
mal precautions be taken to avoid application of any voltage higher than 
maximum rated voltages to this high impedance circuit. For proper 

operation it is recommended that Vin and V out be constrained to the 
range Vss ~(Vin orV0 utl ~ VDD· 
Unused inputs must always be tied to an appropriate logic voltage level 
(e.g., either Vss or VDD); 
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NIOTOROLA 
Semiconducf:ors 
BOX 20912 •PHOENIX, A.RIZONA 85036 

DUAL 4-INPUT "NANO" GATE 

The MC14012 and MC14012B are constructed with P and N channel 
enhancement mode devices in a single monolithic structure (Comple
mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 

• Quiescent Current= 0.5 nA typ/pkg@ 5 Vdc 

• Noise Immunity= 45% of Voo typ 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• All Outputs Buffered (MC14012B only) 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range. (MC14012B only) · 

• Double Diode Protection on All Inputs 

• Pin-for-Pin .Replacements for CD4012A and CD4012B 

MAXIMUM RATINGS !Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage vDD -0.5to+18 

Input Voltage, All Inputs Vin -0.5 to vDD +0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55to +125 

CUCP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

3,10 O--+---+---------' 

Unit 

Vdc 

Vdc 

mAdc 

oc 

oc 

4,12 

MC14012 
MC14012B 

McM05 551 
(LOW-POWER COMPLEMENTARY MOSI 

DUAL 4-INPUT "NANO" GATE 

L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 632 CASE 646 

ORDERING INFORMATION 

MC14XXXJB l~<:I• ee .. :'.:·::._ 

Delete for P Plastic Package 
Non·B Device A Extended Operating 

. Temperature Range 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAM 

~~, 
1~P-13, 
11 

12 

MC14012B 

Same as 

VDo =Pin 14 

Vss =Pin 7 

5,11 above 
4, 11 o--+-----------' 

5, 12 n-...... ________ __. 

Vss 

This device contains .circuitry to protect the inputs against damage due 
to high static voltages or electric fields; however, it is advised that nor
mal precautions be taken to avoid application of any voltage higher than 
maximum rated voltages to this high impedance circuit. For proper 

operation it is recommended that Vin and V out be constrained to the 
range Vss.;;;; (Vin or Voutl.;;;; VDD· 
Unused inputs must always be tied to an appropriate logic voltage .level 
(e.g .. either Vss or VDDl-
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NIOTOROLA 
Semiconduc-fors 
BOX 20912 •PHOENIX, ARIZONA 85036 

DUAL TYPED FLIP-FLOP 

The MC14013B dual type D flip-flop i.s constructed with MOS 
P-channel and N-channel enhancement mode devices in a single 
monolithic structure. Each flip-flop has independent Data, (D), 
Direct Set, (S). Direct Reset, (R). and Clock (C) inputs and comple
mentary outputs (Q and 0). These devices may be used as shift regis
ter elements or as type T flip-flops for counter and toggle applica
tions. 

• Static Operation 

• Quiescent Current= 2.0 nA/package typical@ 5 Vdc 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Single Supply Operation 

• Toggle Rate= 4 MHz typical@ 5 Vdc 

• Logic Edge-Clocked Flip-Flop Design -
Logic state is retained indefinitely with clock level either high or 
low; information is transferred to the output only on the positive
going edge of the clock pulse 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

• Pin-for-Pin Replacement for CD4013 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Symbol Val\Je 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device 

CL/CP Device 

Storage Temperature Range 

TRUTH TABLE 

INPUTS 

CLOCKt DATA RESET SET 

_/"'- 0 0 0 

~ 1 0 0 

'- x 0 0 

x x 1 0 

x x 0 1 

x x 1 1 

X = Don't Care 
t = Level Change 

TA 

Tstg 

-55 to +125 

-40 to +85 

-65 to +150 

OUTPUTS 

Q 

0 

1 

a 
0 

1 

1 

a: 
1 

0 

a 
1 

0 

1 

No 
Change 
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DC 

OC 

M.C14013B 

McMOS SSI 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL TYPED FLIP-FLOP 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 632 CASE 646 

ORDERING INFORMATION 

• MC' .XXXB 

11
Suff1x Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C L1m1ted Operating 

Temperature Range 

BLOCK DIAGRAM 

s 
D Q 

c Q 
R 

4---~ 

8-----. 

s 
9 D Q 

11 c 
R 

10----

Voo =Pin 14 
v 55 =Pin 7 

13 

12 



MC14013B 

ELECTRICAL CHARACTERISTICS 
" 

Voo T1ow* 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin= Voo or 0 10 

15 

"1" Level VoH 5.0 
Vin"' Oor Voo 10 

15 

Input Voltageff "O" Level V1L 
(Vo= 4.5 or 0.5 Vdc) 5.0 
(Vo= 9.0 or 1.0 Vdc) 10 
(Vo= 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 
(Vo~ 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(VoL = 0.4 Vdcl Sink IQL 5.0 
(Vol= 0.5 Vdcl 10 
(VoL = 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(VoL = 0.4 Vdcl Sink •oi.: 5.0 
(VQL = 0.5 Vdc) 1q 
(VoL = 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current* *t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

*T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°c for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst·case input combination. 

Min 

-
-
-

4.95 
9.95 

14.95 

-
-
-

3.5 
7.0 

11.0 

-1.2 
-0.25 
-0.62 
-1.8 

0.64 
1.6 
4.2 

-1.0 
-0.2 
-0.5 
-1.4 

0.52 
1.3 

·3.6 

-
-

-

-
-
-

-
-
-

Noise.Margin for both "1" and "O" level= 1.0 Vdc min@ VDD = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ VoD = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CLl = IT(50 pF) + 2 x 10-3 (CL -50) Voof 

Max 

0.05 
0.05 
0.05 

-
-
-

1.5 
3.0 
4.0 

-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

±0.1 

±0.3 

-

1.0 
2.0 
4.0 

4.0 
8.0 
16 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 

- 4.50 3.0 

- 6:75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3,4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.002 1.0 
- 0.004 2.0 
- 0.006 4.0 

- 0.002 4.0 
- 0.004 8.0 
- 0.006 16 

IT = (0.75 µA/kHz) f + I DD 
IT= (1.5 µA/kHzl f + 100 
IT= (2.3 µA/kHz) f + loo 

~ 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
•*The formulas given are for the typical characteristics only at 25°C. 

Thigh* 

Min Max Unit 

- 0.05 Vdc 
- 0.05 
- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vdc 

7.0 -
11.0 -

mAdc 
-0.7 -

-0.14 -
-0.35 -
-1.1 -
0.36 - mAdc 
0.9 -
2.4 -

mAdc 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAdc 
0.9 -
2.4 -

- ±1.0 µAde 

- ±1.0 µAde 

- - .pF 

- 30 µAde 

- 60 
- 120 

- 30 µAde 
- 60 

- 120 

µAde 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range Vss.;; (Vin or Voutl 
.;;;vDD· 

Unused inputs must always be tied to an appropriate logic voltage level (e.g .. either Vss or Vool. 

MOTOROL,A Sen1iconductor Products Inc. @---------' 
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MC14013B. 

SWITCHING CHARACTERISTICS* (CL= 50 pF, TA= 25°c1 

Characteristic 

Output Rise Time 
tr= (3.0 ns/pF) CL + 30 ns 
tr= (1.5 ns/pF) CL+ 15 ns 
tr= (1.1 ns/pF) CL+ 10 ns 

Output Fall Time 
tf = (1.5 ns/pF) CL+ 25 ns 
tf = (0.75 ns/pF) CL+ 12.5 ns 
tf = (0.55 ns/pF) CL+ 12.5 ns 

Propagation Delay Time 
Clock to 0 

tPLH• tPHL = (1.7 ns/pF) CL+ 90 ns 
tPLH• tPHL = (0.66 ns/pF) CL+ 42 ns 
tPLH· tPHL = I0.5 ns/pF) CL+ 25 ns 

Set to Q 

tPLH· tPHL = (1.7 ns/pF) CL+ 90 ns 
tPLH· tPHL = (0.66 ns/pF) CL+ 42 ns 
tPLH· tPHL = (0.5 ns/pF) CL+ 25 ns 

Reset to Q 

tPLH· tPHL = (1.7 ns/pF) CL+ 265 ns 
tPLH· tPHL = (0.66 ns/pF) CL+ 67 ns 
tPLH• tPHL = (0.5 ns/pF) CL+ 50 ns 

Minimum Setup Times 

Minimum Clock Pulse Width 

Maximum Clock Pulse Frequency 

Maximum Clock Pulse Rise and Fall Time 

Minimum Set and Reset Pulse Width 

*The formula given is for the typical characteristics only. 

Min 
AL 

Symbol VDD Device 

tr 
5.0 -
10 -
15 -

tf 
5.0 -
10 -
15 -

tPLH· 
tPHL 

5.0 -
10 -
15 -

5.0 -
10 -
15 -

5.0 -
10 -
15 -

tsetup H 5.0 -
tsetup L 10 -

15 -
PWCH· 5.0 -
PWcL 10 -

16 -
PRF 6.0 2.0 

10 5.0 
15 7.0 

tr.·tf 5.0 15 
10 5.0 
15 4.0 

PWs 5.0 -
PWR 10 -

15 -

LOGIC DIAGRAM 
(1/2 of Device Shown) 

' 

Max 
CL/CP Typ AL CL/CP 
Device All Types Device Qevice Unit 

ns 
- 180 360 360 
- 90 180 180 
- 65 130 130 

ns 
- 100 200 200 
- 50 100 100 
- 40 80 80 

ns 

- 175 350 350 
- 75 150, 150 
- 50 100 100 

- 175 350 350 
- 75 150 150 
- 50 100 100 

- 350 450 450 

- 100 200 200 
- 75 150 150 

- 20 40 40 ns 

- 10 20 20 
- 7.5 15 15 

- 125 250 250 ns 
- 50 100 100 
- 35 70 70 

2.0 4.0 - - MHz 
5.0 10 - -
7.0 14 - -

15 - - - µs 
5.0 - - -
4.0 - - -

- 125 250 250 ns 
- 50 100 100 
- 35 70 70 

a 

® MOTOROLA Se11nit;onductor Products Inc. ---------' 
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MC14013B 

FIGURE 1 - DYNAMIC SIGNAL WAVEFORMS 
(Data, Clock, and Output) 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 
(Set, Reset, and Output) 

R 

------VOH 
tp~H tPHL 

a 50% 

Inputs Rand Slow. 

TYPICAL APPLICATIONS 

n-STAGE SHIFT REGISTER 

nth 

o-~ :rr-.: ---~a 
ClockO c== ~-- ~ 

Clock 

BINARY RIPPLE UP-COUNTER (Divide-by-2n) 

2 nth 

~rf:h rrro 
~~L--~ 
~ 

T Flip-Flop 

MODIFIED RING COUNTER (Oivide-by-(n + 1 II 

a 

Vol 

@ MOTOROLA Semiconductor Products Inc. 
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MOTOROLA 
Semiconductors 
BOX 20912 •PHOENIX, ARIZONA 85036 

8-BIT STATIC SHIFT REGISTER 

The MC14014B and MC14021 B 8-bit static shift registers are 
constructed with MOS P-channel and N-channel enhancement mode 
devices in a single monolithic structure. These shift registers find 
primary use in parallel-to-serial data conversion, synchronous and 
asynchronous parallel input, serial output data queueing; and other 
general purpose register applications requiring low power and/or 
high noise immunity. 

• Quiescent Current= 5.0 nA/package typical@ 5 Vdc 

• Synchronous Parallel Input/Serial Output (MC14014B) 

• Asynchronous Parallel Input/Serial Output (MC14021 B) 

• Synchronous Serial Input/Serial Output 
• Full Static Operation from DC to 7.0 MHz 
• "0" Outputs from Sixth, Seventh, and Eighth Stages· 

• Double Diode Input Protection 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low·power TTL Loads, One Low-power 
Schottky TTL Load to Two HTL Loads Over the Rated Temper
ature Range. 

• MC14014B Pin-for-Pin Replacement for CD4014 

• MC14021 B Pin·for-Pin Replacement for CD4021 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage Voo -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to Voo + o.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 OC 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 OC 

LOGIC DIAGRAM 

P6 

P/S 

05 

Clock 

v 00 =Pin16 P4=Pin4 

Vss =Pin 8 
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MC14014B 
MC14021B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

8-BIT STATIC SHIFT REGISTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

L Ceramic Package 
P Plastic Package 

MC•4XXXB 1 tSuffix Denotes 

A Extended Operating 
Temperature Range 

C Limited Operating 
Temperature Range 

TRUTH TABLE 

SERIAL OPERATION: 

06 07 08 
t CLOCK Os P/S t= n+6 t= n+7 t= n+8 

n ~ 0 0 0 ? ? 
n+1 _r- 1 0 1 0 ? 
n+2 _r- 0 0 0 1 0 
n+3 _,- 1 0 1 0 1 

'-- x 0 06 07 08 

PARALLEL OPERATION: 

CLOCK J Dsl PIS 1 Dm J *Om J 
~l ~l 1 1 0 T 0 J 1 1 1 

•as, 07, & 08 are available externally 

X = Don't Care 

07 



MC14014B • MC14021B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output. Voltage "O'"Level Vol 5.0 
Vin=VooorO 10 

15 

"1" Level VoH 5.0 
Vin=OorVoo 10 

15 

Input Voltage# "O" Level V1L 
!Vo= 4.5 or 0.5 Vdc) 5.0 
!Vo= 9.0 or 1.0 Vdc) 10 
!Vo= 13.~ or 1.5 Vdc) 15 

"1" Level VJH 
!Vo= 0.5 or 4.5 Vdc) 5.0 
!Vo= 1.0 or 9.0 Vdc) 10 
!Vo= 1.5 or 13.·5 Vdc) 15 

Output Drive .Current (AL Device) loH 
!VoH = 2.5 Vdc) Source 5.0 
!VoH = 4.6 Vdc) 5.0 
!VoH = 9.5 Vdc) 10 
!VoH = 13.5 Vdc) 15 

!Vol= 0.4 Vqc) Sink loL 5.0 
!Vol = 0.5 Vdcl 10 
!VoL = 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) loH 
!VoH = 2.5 Vdcl 1 Souree 5.0 
!VoH = 4.6 Vdc) 5.0 
(VoH = 9 .. 5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

!Vol= 0.4 Vdcl Sink loL 5.0 
!Vol= 0.5 Vdcl 10 
!Vol= 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) Joo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) loo 5.0 
(Per Package) 10 

15 

Total Supply Current••t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL= 50 pF on all outputs, all 
buffers switching) 

*T10 w = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

T1ow * 

Min Max 

- o.os 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = IT(50pF)+1.5 x 10-3 (CL -50) Voof 

' 

2s0 c Thl.!l._h* 
Min Typ Max Min Max Unit 

- 0 0.05 - 0.05 Vdc 
r 0 0.05 - 0.05 
- 0 0.05 - 0.05 

4.95 5.0 - 4.95 - Vdc 
9.95 10 - 9.95 -

14.95 15 - 14.95 -
Vdc 

- 2;25 1.5 - 1.5 
- 4.50 3.0 - 3.0 
- 6.75 4.0 - 4.0 

3.5 2.75 - 3.5 - Vdc 

7.0 5.50 - 7.0 -
11.0 8.25 - 11.0 -

mAdc 
-1.0 -1.7 - -0.7 -
-0.2 -0.36 - -0.14 -
-0.5 -0.9 - -0.35 -
-1.5 -3.5 - -1.1 -
0.51 0.88 - 0.36 - mAdc 
1.3 2.25 - 0.9 -
3.4 8.8 - 2.4 -

mAdc 
-0.8 -1.7 - -0.6 -

-0.16 -0.36 - -0.12 -
-0.4 -0.9 - -0.3 -
-1.2 -3.5 - -1.0 -

0.44 0.88 - 0.36 - mAdc 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -
- ±0.00001 ±0.1 - ±1.0 µAde 

- ±0.00001 ±0.3 - ±1.0 µAde 

- 5.0 7.5 - - pF 

- 0.005 5.0 - 150 µAde 
- 0.010 10 - 300 
- 0.015 20 - 600 

- 0.005 20 - 150 µAde 
- 0.010 40 .- 300 
- O.Q15 80 - 600 

IT= (0.75 µA/kHz) f + loo µAde 
IT= (1.50 µA/kHz) f + Joo 
IT= (2.25 µA/kHz) f + Joo 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
···*The formulas given are for the typical characteristics only at 25°C. 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vin and 
Vout be constrained to the range V ss ...;; 
(Vin or Voutl...;; Voo· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vool. 

<f!j MOTOROLA Semiconductor Products Inc. 
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SWITCHING CHARACTERISTICS* (CL= 50 pf, TA= 25°Cl 

Characteristic Symbol 

Output Rise Time tr 
tr= (3.0 ns/pF) CL+ 30 ns 
tr= (1.5 ns/pF) CL+ 15 ns 
tr= (1.1 ns/pF) CL+ 10 ns 

Output Fall Time tf 
tf = (1.5 ns/pF) CL+ 25 ns 
tf = (0.75 ns/pF) CL+ 12.5 ns 
tf = (0.55 ns/pF) CL+ 9.5 ns 

Propagation Delay Time (Clock to Q, P/S 'o Q) tPLH· 
tPLH• tPLH = (1.7 ns/pF) CL+ 315 ns tPHL 
tpHL• tPLH = (0.66 ns/pF) CL+ 137 ns 
tPHL· tPLH = (0.5 ns/pF) CL+ 90 ns 

'Minimum Clock Pulse Width PWc 

Maximum Clock Frequency fc 

Minimum Parallel/Serial Control Pulse Width PW(P/S) 

Minimum Setup Time tsetup 

Maximum Input Clock Rise Time trc 

*The formula given is for the typical characteristics only. 

FIGURE 1 - OUTPUT SOURCE CURRENT TEST CIRCUIT 

Pulse 
Generator 

Preset output under test to a logic "1" level. 

vDD 
Vdc 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5:0 
10 
15 

Min Max 

AL CL/CP Typ AL CL/CP 
Device Device All Types Device Device Unit 

ns 
- - 180 350 400 
- - 90 150 200 
- - 65 110 160 

ns 
- - 100 175 200 
- - 50 75 100 
- - 37 55 80 

ns 
- - 400 75Q 1000 
- - 170 250 400 
- - 115 170 265 

- - 150 400 500 ns 
- - 75 175 200 
- - 40 135 150 

1.5 1.0 3.0 - - MHz 
3.0 2.5 6.0 - -
4.0 3.0 8.0 - -
- - 150 400 500 ns 

- - 75 175 200 
- - 40 135 150 

- -, 150 350 500 ns 

-- - 50 80 100 
- - 30 60 80 

15 15 - - - µs 

15 15 - - -
15 15 - - -

FIGURE 2 - OUTPUT SINK CURRENT TEST CIRCUIT 

Pulse 
Generator 

@ MOTOROLA Semiconductor Products Inc. 
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FIGURE 3- POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

500 µF 

Pulse P/S 

Generator c 06 
1 P1 

P2 CL 

P3 

P4 07 

P5 

P6 

rr 
P7 

Pulse PS OS 

Generator 
2 

Vss 

Clock 

Data 

FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator 

2 

Switch Position 1 = Parallel In 
Switch Position 2 = Serial In 

vDD 

06 

07 

as 

I 
I 
I 
I 
I 
I 
I 
I 
I 

1 Vss sw2: 

I -= I L _______________ J 

tr tf 

PWcL = PWcH = 50% Duty C..vcte 
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DUAL ~BIT STATIC SHIFT REGISTER 
The MC140158 dual 4-bit static shift register is constructed with 

MOS P-channel and N-channel enhancement mode devices in a single 
monolithic structure. It consists of two identical, independent 
4-state serial-input/parallel-output registers. Each register has inde
pendent Clock and Reset inputs with a single serial Data input. The 
register states are type D master-slave flip-flops. Data is shifted from 
one stage to the next during the positive-going clock transition. Each 
register can be cleared when a high level is applied on the Reset line. 
There complementary MOS shift registers find primary use in buffer 
storage and serial-to-parallel conversion where low power dissipation 
and/or noise immunity is desired. 

• Quiescent Current= 5.0 nA/package typical @ 5 Vdc 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Single Supply Operation - Positive or Negative 

• High Fanout - > 50 

• Input Impedance = 1012 ohms typical 

• Low Input Capacitance - 5.0pF typical 

• Logic Swing Independent of Fanout 

• Toggle Rate= 6.0 MHz@ 10 Vdc 

• Logic Edge-Clocked Flip-Flop Design -
Logic state is retained indefinitely with clock level either high or 
low; information is transferred to the output only on the positive 
going edge of the clock pulse. · 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range. 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage Voo -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - Al Device TA 
CL/CP Device 

Storage Temperature Range Tstg 

TRUTH TABLES 

CLOCKED OPERATION 
(SYNCHRONOUS I 

D On On+l 
0 0 0 
0 1 0 
1 0 1 
1 1 1 

On+l = Dn, R = 0 

-55 to +125 
-40 to +85 

-65 to +150 

DIRECT OPERATION 
(ASVNCHRONOUSI 

C = D = Don't Care 

5-39 

OC 

OC 

MC14015B 

McMOS MSI 

(LOW-POWER COMPLEMENTARY MOS) 

DUAL 4-BIT STATIC 
SHIFT REGISTER 

LSUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE648 

ORDERING INFORMATION 

MC'4XXXB l. lS .. u· ffix . Denotes 
L Ceramic Package 
J!- Plastic Package 
A Extended Operating 

. Temperature Range 
' · C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

oo 5 
7 D 

01 4 

Q2 3 
9 c 

R 03 10 

6 

00 13 

15 D 
01 12 

02 11 

c 
R 03 2 

14 

v00 = Pin 16 

Vss =Pins 



MC140158 

ELECTRICAL CHARACTERISTICS 

Voo T1ow 
Characteristic Symbol Vdc Min 

Output Voltage "O" Level VOL 5:0 -
Vin=VooorO 10 -

15 -
"1" Level VoH 5.0 4.95 

Vin= o or Voo 10 9.95 
15 14.95 

Input Voltage"' "O" Level V1L 
(Vo= 4.5 or 0.5 Vdcl 5.0 -
(Vo = 9.0 or 1.0 Vdc) 10 -
(Vo= 13.5 or 1.5 Vdcl 15 -

"1" Level V1H 
IVo = 0.5 or 4.5 Vdc) 5.0 3.5 
(Vo= 1.0 or 9.0 Vdcl H) 7.0 
IVo = 1.5 or 13.5 Vdc) 15 11.0 

Output Drive Current (AL Device) IOH 
IVOH : 2.5 Vdc) So4rce 5.0 -1.2 
(VoH = 4.6 Vdc) 5.0 -0.25 
IVoH = 9.5 Vdc) 10 -0.62 
(VoH = 13.5 Vdc) 15 -1.8 

<vol = 0.4 Vdcl Sink IQL 5.0 0.64 
<Vol= 0.5Vdcl 10 1.6 
<Vol= 1.5 Vdc) 15 4.2 

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 -1.0 
<VoH = 4.6 Vdc) 5.0 -0.2 
(VoH = 9.5 Vdc) 10 ..,,o.5 
(VoH = 13.5 Vdc) 15 -1.4 

<Vol = 0.4 Vdcl Sink loL 5.0 0.52 
IVoL = 0.5 Vdc) 10 1.3 
IVoL = 1.5 Vdcl 15 3.6 

Input Current (AL Device) lin 15 -
Input Current (CL/CP Device) lin 15 -
Input Capacitance Cin - -

(Vin= 0) 

Quiescent Current (AL Device) 100 5.0 -
(Per Package) 10 -

15 -
Quiescent Current (CL/CP Device) 100 5.0 -

(Per Package) 10. -
15 -

Total Supply Current* •t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

*Trow= -55°C for AL Device, 40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

"Noise immunity specified for worst-case input combination. 
Noise Margin for both "1" and "O" level = 1.0 Vdc min @ V DD = 5.0 Vdc 

2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = IT(50 pF) + :2tx 10-3 (CL -50) Voof 

. 
Max Min 

0.05 -
0.05 -
0.05 -
- 4.95 

- 9.95 

- 14.95 

1.5 -
3.0 -
4.0 -

- 3.5 
- 7.0 
- 11.0 

- -1.0 

- -0.2 
- -0.5 

- -1.5 

- 0.51 

- 1.3 

- 3.4 

- .,.o.8 
- -0.16 

- -0.4 

- -1.2 

- 0.41 
- 1.1 

- 3.0 

±0.1 -
±0.3 -

- -

5.0 -
10 -
20 -
20 ..,. 
40 -
80 -

IT= 
IT= 
IT= 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
•*The formulas given are for the typical characteristics only at 2s0 c. 

2s0 c Thigh* 
Typ Max Min Max Unit 

0 0.05 - 0.05 Vdc 
0 0.05 - 0.05 
0 0.05 - 0.05 

5.0 - 4.95 - Vdc 
10 - .9.95 -
15 - 14.95 -

Vdc 
2.25 1.5 - 1.5 
4.50 3.0 - 3.0 

6.75 4.0 - 4.0 

2.75 - 3.5 - Vdc 
5.50 - 7.0 -
8.25 - 11.0 -

mAdc 
-1.7 - -0.7 -
-0.36 - -0.14 -
-0.9 - -0.35 -
-3.5 - -1.1 -
0.88 - 0.36 - mAdc 

2.25 - 0.9 -
8.8 - 2.4 -

mAdc 
-1.7 - -0.6 -
-0.36 - -0.12 -
-0.9 - -0.3 -
-3.5 - -1.0 -
o.88 - 0.36 - mAdc 
2.25 - 0.9 -
8.8 - 2.4 -

±0.00001 ±0.1 - ± 1.0 µAde 

±0.00001 ±0.3 - ±1.0 µAde 

5.0 7.5 - - pF 

0.005 5.0 - 150 µAde 

O.Q10 10 - 300 
O.Q15 20 - 600 

0.005 20 - 150 µAde 
0.010 40 - 300 
0.015 80 - 600 

(1.2 µA/kHz) f + I DD µAde 
(2.4 µA/kHzl t + •oo 
(3.6 µA/kHzl t + •oo 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad· 
vised that normal precautions be taken to avoid application of any voltage higher than .maximum rated voltages to this high im· 
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range Vss .,;;;. (Vin or Voutl 
.;;voo. · 

·Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or Vool . 

.__ ______ ® MOTOROLA Sen-.iconductor Products Inc. 
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MC14015B 

SWITCHING CHARACTERISTICS* (CL= 50 pF. TA= 25°c1 

Min 

AL CL/CP Typ 
Characteristic Symbol Voe Device Device All Types 

Output Rise Time tr 
tr= (3.0 ns/pF) CL+ 30 ns 5.0 - - 180 
tr= (1.5 ns/pF) CL+ 15 ns 10 - - 90 
tr= (1.1 ns/pF) CL+ 10 ns 16 - - 65 

Output Fall Time tf 
tf = (1.5 ns/pF) CL +25 ns 5.0 - - 100 
tf = (0.76 ns/pF) CL+ 12.6 ns 10 - - 50 
tf = (0.56 ns/pF) CL+ 9.5 ns 16 - - 37 

Propagation Delay Time tPLH• 
Clock, Data to Q tPHL 

tPLH· tPHL = (1.7 ns/pF) CL+ 226 ns 6.0 - - 310 
tPLH• tPHL = (0.66 ns/pF) CL+ 92 ns 10 - - 126 
tPLH· tPHL = (0.5 ns/pF) CL+ 66 ns 15 - - 90 

Reset to Q 

tPLH· tPHL = (1.7 ns/pF) CL+ 375 ns 6.0 - - 460 
tPLH• tPHL = (0.66. ns/pF) CL+ 147 ns 10 - - 180 
tPLH· tPHL = (0.5 ns/pF) CL+ 96 ns 15 - - 120 

Minimum Clock Pulse Width PWc 6.0 - - 186 
10 - - 86 
15 - - 55 

Maximum Clock Pulse Frequency PRF 5.0 1.5 1.0 2.0 
10 3.0 2.6 6.0 
16 3.76 3.0 7.6 

Maximum Clock Pulse Rise and Fall Times tr,tf 6.0 16 15 -
10 15 15 -
15 15 15 -

Minimum Reset Pulse Width PWR 5.0 - - 200 
10 - - 80 
15 - - 60 

Setup Time tsetup 5.0 - - 100 
10 - - 60 
15 - - 40 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Clock 

Data 

PULSE 
GENERATOR 

2 

PULSE 
GENERATOR i-----<>-1 

1 

Max 

AL CL/CP 
Device Device Unit 

ns 
350 400 
150 200 
110 160 

ns 
175 200 
75 100 
55 80 

ns 

750 1000 
250 400 
170 266 

750 1000 
250 400 
170 265 

400 600 ns 
175 200 
135 160 

- - MHz 
- -
- -
- - µ.s 
- -
- -

300 600 ns 
120 200 
90 150 

350 500 ns 
80 100 
60 75 

@ MOTOROLA Semiconductor Products Inc. --------' 

5-41 

II 



MC14015B 

PULSE 
GENERATOR 

2 

PULSE 
GENERATOR 

1 

PULSE 
GENERATOR 

2 

PULSE 
GENERATOR 

1 

FIGURE 2 .._SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

DATA 
INPUT 

CPWL = CPWH = 50% Duty Cycle 
tr= tf .;20 ns 

ao 

FIGURE 3 - SETUP AND HOLD TIME TEST CIRCUIT AND WAVEFORMS 

® MOTOROLA Se1niconductor Products Inc. --------
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LOGIC DIAGRAMS 

SINGLE BIT 

::>e>------<>O ____ _. ~:x~ :~ 
Date 

COMPLETE DEVICE 

RESET INPUT BUFFER 

@MOTOROLA Sernicondudor Producf:s Inc. 
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QUAD ANALOG SWITCH/QUAD MULTIPLEXER 

The MC14016 quad bilateral switch is ~onstructed with MOS P
channel and N-channel enhancement mode devices in a single mono
lithic structure. Each MC14016 consists of four independent switches 
capable of controlling either digital or anafog signals. The quad bi
lateral switch is used in signal gating, chopper, modulator, demodu
lator and CMOS logic implementation. 

• High On/Off Output Voltage Ratio - 65 dB Typical 

• Quiescent Current= 0.5 nA/package typical @ 5 Vdc 

• Low Crosstalk Between Switches - 80 dB typical @ 1.0 MHz 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Transmits Frequencies Up to 54 MHz @ 5 Vdc 

• Linearized Transfer Characteristics 

• Low Noise - 12nV N Cycle, f;;.: 1 kHz typic~I 
• Pin-for-Pin Replacement for CD4016, CD4066 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value Unit 

DC ·Supply Voltage VDD -0.5 to +18 Vdc 

Input Voltage, All Inputs Vin -0.5 to VDD + o.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 
. CLICP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

This device contains circuitry to protect the control inputs against damage due to 
high static voltages or electric fields; however, it is advised that normal precautions 
be taken to avoid application of any voltage higher than maximum rated voltages 
to this high-impedance circuit. A destructive high-current mode may occur if Vin 
and Vout is not constrained to the range Vss.;; (Vin or Voutl.;; VDD· 

CIRCUIT SCHEMATIC 
(1/4 OF DEVICE SHOWN) 
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McM05 551 
(LOW-POWER COMPLEMENTARY MOS) 

QUAD ANALOG SWITCH 
QUAD MULTIPLEXER 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 632 ~ASE 646 

ORDERING INFORMATION 

M<"XXXB 1 tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

Control 1
1

~
3 

· · 2 

1 
Out 1 

In 1 

Control 2 ~
5 

· . 
3 

4 
Out 2 

In 2 

Control 3 ~
6 

. 9 

8 
Out3 

In 3 

Control 4 . 1~· 
In 4 

10 

11 
Out 4 

Voo =Pin 14 
Vss,;, Pin 7 



ELECTRICAL CHARACTERISTICS 

Voo 
Characteristics Figure Symbol Vdc 

Input Voltage# 1 V1L 5.0 
Control Input 10 

15 

V1H 5.0 
10 
15 

Input Current (AL Device) Control - lin 15 

Input Current (CL/CP Device) Control - lin 15 

Input Capacitance - Cin 
Control -
Switch Input -
Switch Output -
Feed Through -

Quiescent Current (AL Device) 2,3 loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 2,3 loo 5.0 
(Per Package) 10 

15 

"ON" Resistance (AL Device) 4,5,6 RoN 
(Ve= Voo. RL = 10 kU) 

(Vin= +5.0 Vdc) 5.0 
(Vin= -5.0 Vdc) Vss = -5 Vdc 
(Vin= ±0.25 Vdc) 

(Vin= +7.5 Vdc) 7.5 
(Vin= -7.5 VdCl Vss = -7.5 Vdc 
(Vin= ±0.25 Vdc) 

(Vin = +10 Vdc) 10 
(Vin= +0.25 Vdc) Vss = o Vdc 
(Vin = +5.6 Vdc) 

(VJn = +15 Vdc) 15 
(Vin= +0.25 Vdc) Vss = o Vdc 
(Vin = +9.3 Vdc) 

"ON" Resistance (CL/CP Device) 4,5,6 RoN 
(Ve= Voo. RL = 10 kU) 

' (Vin = +5.0 Vdc) 5.0 
(Vin= -5.0 Vdc) Vss =-5 Vdc 
(Vin = ±0.25 Vdc) 

(Vin= +7.5 Vdc) 7.5 
(Vin= -7.5 Vdc) v55 = -7.5 Vdc 
(Vin= ±0.25 Vdc) 

(Vin= +10 Vdc) 10 
(Vin= +0.25 Vdc) Vss = o Vdc 
(Vin= +5.6 Vdc) 

(Vin= +15 Vdc) 15 
(Vin= +0.25 Vdc) Vss = 0 Vdc 
(Vin= +9.3 Vdc) 

li."ON" Resistance - li.RoN 
Between any 2 circuits in a common 
package 

!Ve= Vool 
(Vin= ±5.0 Vdc) Vss = -5Vdc 5.0 
(Vin= ±7 .5 Vdc) Vss = -7 .5 Vdc 7.5 

Input/Output Leakage Current (Ve= Vssl - -
(Vin= +5.0, Vout = -5.0 Vdc) 5.0 
(Vin= -5.0, Vout = +5.0 Vdc) 5.0 

(Vin= +7.5, Vout = -7.5 Vdc) 7.5 
(Vin= -7.5, Vout = +7.5 Vdc) 7.5 

*T1ow = -55°C for AL Device, -4o0 c for CL/CP pevice. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

#Input Voltage Specified as the voltage required at the Control Input 
for a 10 µA current through the transmission gate with an input-to
output stress of Voo-Vss for V1L and V1H· 

Tiow * 25°C Thigh* 

Min Max Min Typ Max Min Max Unit 

- - - 1.5 0.9 - - Vdc 
- - - 1.5 0.9 - -
- - - 1.5 0.9 - -
- - 2.0 3.0 - - - Vdc 
- - 6.0 8.0 - - -
- - 11 13 - - -
- ±0.1 - ±0.00001 ±0.1 - ±1.0 µAde 

- ±0.3 - ±0.00001 ±0.3 - ±1.0 µAde 

pF 
- - - 5.0 - - -
- - - 5.0 - - -
- - - 5.0 - - -
- - - 0.2 - - -
- 0.25 - 0.0005 0.25 - 7.5 µAde 
- 0.50 - 0.0010 0.50 - 15 
- 1.00 - 0.0015 1.00 - 30 

- 1.0 - 0.0005 1.0 - 7.5 µAde 
- 2.0 - 0.0010 2.0 - 15 
- 4.0 - 0.0015 4.0 - 30 

Ohms 

- 600 - 300 660 - 960 
- 600 - 300 660 - 960 
- 600 - 280 660 - 960 

- 360 - 240 400 ...: 600 
- 360 - 240 400 - 600 
- 360 - 180 400 - 600 

- 600 - 260 660 - 960 
- 600 - 310 660 - 960 
- 600 - 310 660 - 960 

- 360 - 260 400 - 600 
- 360 - 260 400 - 600 
- 360 - 300 400 - 600 

Ohms 

- 610 - 300 660 - 840 
- 610 - 300 660 - 840 
- 610 - 280 660 - 840 

- 370 - 240 400 - 520 
- 370 - 240 400 - 520 
- 370 - 180 400 - 520 

- 610 - 260 660 - 840 
- 610 - 260 660 - 840 
- 610 - 310 660 - 840 

- 370 - 260 400 - 520 
- 370 - 260 400 - 520 
- 370 - 300 400 - 520 

Ohms 

- - - 15 - - -
- - - 10 - - -

nAdc 
- ±125 - ±0.001 ±125 - -
- ±125 - ±0.001 ±125 - -
- ±250 - ±0.0015 ±250 - -
- ±250 - ±0.0015 ±250 - -

NOTE: All unused control inputs must be returned to Voo or Vss as 
appropriate for the circuit application. 
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MC14016B 

SWITCHING CHARACTERISTICS* (CL= 50 pF, TA= 25°c) 

Max 

vDD Typ AL CL/CP 
Characteristic Figure Symbol Vdc All Types Device Device Unit 

Propagation Delay Time (Vss = O Vdc) 7 tPLH· 5.0. 15 30 45 ns 
Vin to Vout tPHL 10 7.0 10 15 
(Ve= VDD· RL = 1.0 kn) 15 6.0 7.5 12 

Control to Output 8 5.0 34 60 90 ns 
(Vin< 10 Vdc, RL = 1.0 kn) 10 20 30 45 

15 15 23 35 

Crosstalk, Control to Output (Vss = O Vqcl 9 - 5.0 30 - - mV 
(Ve= VDD· Rin = 1.0 kn, Rout= 10 kn! 10 50 - -

15 100 - -

Crosstalk between any two switches (Vss = O Vdc) - - 5.0 -80 - - dB 
(RL.= 1.0 kn, f = 1.0 MHz, 

Vout1 
crosstalk = 20 log 1 o Vout

2 
l 

Maximum Control Input Pulse Frequency (Vss = 0 Vdc) - - 5.0 5.0 - - MHz 
(RL = 1.0 k.11) 10 10 - -

15 12 - -

Noise Voltage (Vss = O Vdcl 10,11 - 5.0 24 - - nvrJcycle 
(Ve= VDD· t = 100 Hzl 10 25 - -

15 30 - -
(Ve= VDD· f = 100 kHz) .~ 5.0 12 - -

10 12 - -
15 15 - -

Sine Wave (Distortion) (Vss = -5 Vdc) - - 5.0 0.16 - - % 
(Vin= 1.77 Vdc RMS Centered@ 0.0 Vdc, 
AL= 10 kn, f = 1.0 kHz) 

Insertion Loss (Ve= VDD· Vin= 1.77 Vdc, Vss = -5 Vdc, 12 - 5,0 dB 
RMS centered = 0.0 Vdc, f = 1.0 MHz) 

Vout 
l1oss = 20 10910-v;-l 

(AL= 1.0 k.11) 2.3 - -
(AL= 10 k.11) 0.2 - - II 
(AL= 100 k.11) 0.1 - -
(AL= 1.0 M.11) 0.05 - -

Bandwidth (-3 dB) 12,13 BW 5.0 MHz 
(Ve= VDD· Vin= 1.77 Vdc, Vss = -5 Vdc, 
RMS centered@ 0.0 Vdc) 
(AL= 1.0 k.11) 54 - -
(AL= 10 kn) 40 - -
(RL = 100 kn) 38 - -
(AL= 1.0 M.11) 37 - -

Feedthrough (Vss = -5 Vdc) - - 5.0 kHz 

Vout 
(Ve= Vss, 20.10910 ~ = -50 dB) 

(AL= 1.0 kn) 1250 - -
(RL='10k.11) 140 - -
(AL= 100 k.11) 18 - -
(AL= 1.0 M.11) 2.0 - -

*The formula is for the typical characteristics only. 
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LOGIC DIAGRAM 
(1/40F DEVICE SHOWN) 

Control 0--..-.--1 

Logic Diagram Restrictions 
V55 svin S:Voo 

V55 <Vout S:Voi:> 

Vcontrol Vin to V out Resistance 

V55 >109 Ohms typ 

Voo 3 x 102 Ohms typ 

F'IGURE 2 - QUIESCENT POWJ:R DISSIPATJON 
TEST CIRCUIT 

Pulse 
Generator 

To all 
4 circuits 

Po=Vooxio 

z 
0 
j:: 
;t 
gj 
E 
IC 

10 k ~ 
~ 
~-

Ve 

FIGURE 1- INPUT VOLTAGE 
TEST CIRCUIT 

VIL= Ve when 15 = 10 µA 
V1H = v 00 - Ve when 15 = 10 µA 

FIGURE 3 - TYPICAL POWER DISSIPATION PER CIRCUIT 
(1/4 OF DEVICE SHOWN) 

100 

10 

le. FR£UUENCY (Hz) 

TYPICAL RoN versus INPUT VOLTAGE 

FIGURE 4 - Vss = -5.0 V AND ...:.7.5 V FIGURE 5 - Vss = 0 V 

700 

600 
lL = 10~!2 --
TA=25°C-

700 

600 ... 
_g 

Vss = o Vdc----i t---1 
RL=10k!2 

t---1 TA=25°C ___, 
500 ..s 500 

w 
'-' z 

400 

300 

Ve= voo = 5.o Vdc 
Vss = -5.0 Vdc -r--

~ 400 

~ 300 
z 

t--Ve= voo = 10 Vdc 

~ i.--~ 
I.I::::: ....... Lo-

200 

100 

r-.. - -
~~s==~~~ ~~~5 Vdc _ 

p 
200 z 

0 
IC 

100 

....,..,,,, 
...-Ve = voo = 15 Vdc - 1----

_i I j_ 

J 

0 
-10 -8.0 -4.0 '4.0 8.0 10 2.0 6.0 10 14 18 20 

'Vin. INPUT VOLTAGE (Vdc) Vin. INPUT VOLTAGE (Vdc) 
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FIGURE 6 - RoN CHARACTERISTICS 
TEST CIRCUIT 

Ve 

~in 

FIGURE 8-TURN-ON DELAY TIME TEST CIRCUIT 
AND WAVEFORMS 

in= 0.0 Vdc 

x =Voe 

FIGURE 10 - NOISE VOLTAGE TEST CIRCUIT 

Ouan-Tech 

Ve= Voo Model 
2283 

or Equiv 

35 

30 

( 25 

~ 20 
w 
t!I 
< 15 :; 
0 
> 
.w 10 ti) 

0 z 
5.0 

0 

FIGURE 7 - PROPAGATION DELAY TEST CIRCUIT 
AND WAVEFORMS 

tPLH~ ~r V55 

Vout__J. . ~ 

FIGURE 9 - CROSSTALK TEST CIRCUIJ 

Ve 10 k 

FIGURE 11 - TYPICAL NOISE CHARACTERISTICS 

~ 
r,.. lfil 
~ """ 

~15"Vdc 

" ~ 1d~ 
5.0~ ~ Ni... 

~ 

10 100 1.0 k 10k 

f, FREQUENCY (Hz) 
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ffi 
~ -6.0 
..... 
< 
~ -8.0 

~ 
-10 

-12 

FIGURE 12 - TYPICAL INSERTION LOSS/BANDWIDTH 
CHARACTERISTICS 

JTIU~Ld1ll 
11 ~ 
1.okn N ~ 

-3.0 dB (RL = 1.0 Mn)~~ 
I I I 111111 -1 

-3.0 dB (RL = 10 kn) ~ 

-3.0 dB (RL = 1.0 kn)!--"" 

10 k 100 k 1.0M lOM 100 M 

fin. INPUT FREQUENCY (Hz) 

FIGURE 13 - FREQUENCY RESPONSE TEST CIRCUIT 

Ve 

(\--- +2.5 Vdc 

V;n -v 0.0 Vdc 

- -2.5 Vdc 
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NIOTOROLA 
Semiconduc-tors 
BOX 20912 •PHOENIX, ARIZONA 85036 

DECADE COUNTER/DIVIDER 
The MC14017B is a five-stage Johnson decade counter with built

in code converter. High-speed operation and spike-free outputs are 
obtained by use of a Johnson decade counter design. The ten de
coded outputs are normally low, and go high only at their appropriate 
decimal time period. The output changes occur on the positive
going edge of the clock pulse. This part can be used in frequency 
division applications as well as decade counter or decimal decode 
display applications. 

• Fully Static Operation 
• DC Clock Input Circuit Allows Slow Rise Times 
• Carry Out Output for Cascading 
• 12 MHz (typical) Operation@ VDD = 10 Vdc 
• Divide-by-N Counting 
• Quiescent Current = 5.0 nA/package.Typical @ 5 Vdc 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

• Pin-for-Pin Replacement for CD4017 

MAXIMUM RATINGS (Voltages referenced, to Vssl 

Rating Symbol Value 

DC Supply Voltage vDD -0,5 to +18 

Input Voltage, All Inputs Vin -0.5 to Voo + o.5 

DC Current Drain per Pin I 10 

Operatin•g Temperature Range - AL Device TA -55 to +125 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg_ -65 to +150 

LOGIC DIAGRAM 

13 

15 

Unit 

Vdc 

Vdc 

mAdc 

OC 

oc 

MC14017B 

McMOS MSI 

(LOW-POWER COMPLEMENTARY MOS) 

DECADE COUNTER/DIVIDER 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

M°'4XXX' 

11
Sutfix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

FUNCTIONAL TRUTH TABLE 
(Positive Logic) 

CLOCK DECODE 

CLOCK ENABLE RESET OUTPUT= n 

0 x 0 n 
x 1 0 n 
x x 1 00 
~ 0 0 n+1 

'--- x 0 n 
x ...r- 0 n 

1 ""\._ 0 n+1 

X =Don't Care If n <5 Carry= "1", Otherwise= "O" 

BLOCK DIAGRAM 

Clock 14 00 3 

01 

02 4 

03 

04 10 
Clock 

13 05 
Enable 

06 

07 6 

08 9 

09 11 

Reset 15 Cout 12 

vDD =Pin 16 
Vss =Pin 8 

II 



ELECTRICAL CHARACTERISTICS 

· Voo T1ow * 25°c Th!B_h* 
Characteristic Symbol Vdc 

Output Voltage "O" Level VoL 5.0 
Vin= Voo orO 10 

15 

"1" Level VoH 5.0 
Vin=OorVoo 10 

15 

Input Voltage# "O" Level Vil 
(Vo= 4.5 or 0.5 Vdc) 5.0 
(Vo= 9.0 or 1.0 Vdcl 10 
(Vo= 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
(Vo= 0.5or4.5 Vdc) 5.0 
IVo = 1.0 or 9.0 Vdcl 10 
IVo = 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) loH 
<VoH = 2.5 Vdcl Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VOH = 9.5 Vdcl .10 
(VoH = 13.5 Vdc) 15 

(VoL = 0.4 Vdc) Sink IOL 5.0 
!Vol= 0.5 Vdcl 10 
!Vol= 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) loH 
(VOH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

!Vol= 0.4 Vdcl Sink IQL 5.0 
IVol = 0.5 Vdcl 10 
IVol = 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (Cl/CP Device) lin 1.5 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current* *t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL= 50 pF on all outputs, all 
buffers switching) 

*T1ow = -'55°C for AL Device, -40°C for CL/CP [)evice. 
Thigh = +125°C for AL Device, +85°c for CL/CP Device. 

=Noise immunity specified for worst-case input combinatior:i. 

Min 

-
-
-

4.95 
9.95 

14.95 

-
-
-

3.5 
7.0 

11.0 

-1.2 
-0.25 
-0.62 
-1.8 

0.64 
1.6 
4.2 

-1.0 
-0.2 
-0.5 
-1.4 

0.52 
1.3 
3.6 

-
-

-

-
-
-
-
-
-

Max Min Typ Max Min 

0.05 - 0 0.05 -
0.05 - 0 0.05 -
0.05 - 0 0.05 -
- 4.95 5.0 - 4.95 
- 9.95 10 - 9.95 
- 14.95 15 - 14.95' 

1.5 - 2.25 1.5 -
3.0 - 4.50 3.0 -
4.0 - 6.75 4.0 -

- 3.5 2.75 - 3.5 
- 7.0 5.50 - 7.0 
- 11.0 8.25 - 11.0 

- -1.0 -1.7 - -0.7 

- -0.2 -0,36 - -0.14 

- -0.5 -0.9 - -0.35 

- -1.5 -3.5 - -1.1 

- 0.51 0.88 - 0.36 

- 1.3 2.25 - 0.9 

- 3.4 8.8 - 2.4 

- -0.8 -1.7 - -0.6 
- -0.16 -0.36 - -0.12 

- -0.4 -0.9 - -0.3 

- -1.2 -3.5 - -1.0 

- 0.44 0.88 - 0.36 

- 1.1 2.25 - 0.9 
- 3.0 8.8 - 2.4 

±0.1 - ±0.00001 ±0.1 -
±0.3 - ±0.00001 ±0.3 -

- - 5.0 7.5 -

5.0 - 0.005 5.0 -
10· - O.o10 10 -
20 - O.Q15 20 -
20 - 0.005 20 -
40 - 0.010 40 -
80 - 0.015 80 -

Ir= (0.27 µA/kHzl t + 100 
Ir= !0.55 µA/kHz) t + 100 
IT= (0.83 µA/kHz) f + too 

Noise Margin for both "1" and "O" level= 1.0 Vdc min@Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo ca1c,1late total supply current at loads other than 50 pF: 
tr<<;•J = lrl50 pFl + 1.1 x 10-3 !CL -50l v00t 

where: tr is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
**The formulc.~ given are for the typical characteristics only at.25°c. 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
a.ivised that normal precautions be taken 
to avoid application of any voltage higher 
thar. maximum· rated voltages to this high 
impel-lance circui,t. For proper operation it 

'is recommended that Vin and Vout be 
constrained to the range Vss ..;; (Vin or 
Voutl.,;;;; Voo· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
v58 or v001. 

@ MOTOROLA Senriconductor Products Inc. 

5-52 

Max 

0.05 
0.05. 

0.05 

-
-
-

1.5 
3.0 
4.0 

-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-

± 1.0 

±1.0 

-

150 
300 
600 

150 
300 
600 

Unit 

Vdc 

Vdc 

Vdc 

Vdi: 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF 

µAde 

µAde 

µAde 



MC14017B 

SWITCHING CHARACTERISTICS* (CL= 50 pf, TA= 25°C1 

Min Max 

\ 
vDD AL CL/CP Typ AL CL/CP 

Characteristic Symbol Vdc Device Device All Types Device Device Unit 

Output Rise Time tr ns 
tr= (3.0 ns/pf) CL+ 30 ns 5.0 - - 180 350 400 
tr= (1.5 ns/pf) CL+ 15 ns 10 - - 90 150 200 
tr= (1.1 ns/pf) CL+ 10 ns 15 - - 65 110 160 

Output Fall Time tf ns 
tf = (1.5 ns/pF) CL+ 25 ns 5.0 - - 100 175 200 
tf = (0.75 ns/pF) CL+ 12.5 ns 10 - - 50 75 100 
tf = (0.55 ns/pf) CL+ 9.5 ns 15 - - 37 55 80 

Propagation Delay Time tpLH• ns 
Reset to Decode Output tpHL 
tPLH.tPHL = (1.7 ns/pf) CL+ 415 ns 5.0 - - 500 750 1000 
tPLH,tPHL = (0.66 ns/pF) CL+ 197 ns 10 - - 230 350 460 
tPLH,tPHL = (0.5 ns/pF) CL+ 115 ns 15 - - 140 250 350 

Propagation Delay Time tPLH• ns 
Clock to Cout tpHL 
tPLH•tPHL = (1.7 ns/pF) CL+ 315 ns 5.0 - - 400 600 800 
tPLH·tPHL = (0.66 ns/pf) CL+ 117 ns 10 - - 150 250 350 
tPLH·tPHL = (0.5 ns/pF) CL+ 75 ns 15 - - 100 190 250 

Propagation Delay Time tpLH• ns 
Clock to Decode Output tpHL -· 
tPLH.tPHL= (1.7 ns/pF) CL+ 415 ns 5.0 - - 500 750 1000 
tPLH•tPHL = (0.66 ns/pF) CL+ 197 ns 10 - - 230 350 460 
tPLH·tPHL = (0.5 ns/pF) CL+ 115 ns 15 - - 140 250 350 

Turn-Off Delay Time tpLH ·- ns 
Reset to Cout 
tPLH = (1.7 ns/pF) CL+ 315 ns 5.0 - - 400 600 800 
tPLH = (0.66 ns/pF) CL+ 117 ns 10 - - 150 250 350 ·-
tp.1,.H = (0.5 ns/pf) CL+ 75 ns 15 - - 100 190 250 

Minimum Clock Pulse Width PWc 5.0 - - 100 200 250 ns El 
10 - - 42 70 100 
15 - - 30 55 75 

Maximum Clock Frequency PRF 5.0 2.5 2.0 5.0 - - MHz 
10 7.0 5.0 12 - -
15 9.3 6.7 16 - -

Minimum Reset Pulse Width PWR 5.0 - - 200 330 500 ns 
10 - - 100 165 250 
15 - - 75 125 190 

Reset Removal Time tr em 5.0 - - 300 500 750 ns 
10 - - 100 200 275 
15 - - 80 150 210 

Maximum Clock Input Rise and Fall Time tr,tf 5.0 -
10 No Limit 
15 

Clock Enable Setup Time !setup 5.0 - - 175 300 700 ns 
10 - - 75· 150 300 
15 - - 52 115 225 

Clock Enable Release Time trel 5.0 - - 260 405 700 ns 
10 - - 100 200 300 
15 - - 70 150 225 

*The formula given is for the typical characteristics only. 
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Vss 

A 
Voo--o s1 

B 
Vss --o s1 

Pulse 
Generator 

Voo FIGURE 1 - TYPICAL OUTPUT SOURCE AND OUTPUT SINK CHARACTERISTICS 

TEST CIRCUIT 

Vout 
Clock 00 
Enable 

01 OUTPUT OUTPUT 

SINK DRIVE SOURCE DRIVE 
02 

03 

04 

Clock to 
DECODE 

(S1 to A) desired 
OUTPUTS outputs 

Reset 05 (S1 to B) 

06 Clock to 5 

07 Carry thru 9 S1 to A 
(S1 to B) 

OB VGS = Voo - Voo 
09 External Vos= Vout Vout-Voo 

Power 
Supply 

FIGURE 2 - TYPICAL POWER DISSIPATION TEST CIRCUIT 

500 µF 

---O>------i A eset 

fc 
>-----+---<>---...... Clock 

APPLICATIONS INFORMATION 

Figure 3 shows a technique for extending the number of decoded output states for the MC14017B. Decoded 
outputs are sequential within each stage and from stage to stage, with no dead time (except propagation delay). 

R 
c 

MC14017B 
CE 

oo 01 ••• as o9 

~ 
9 Decoded 
Outputs 

First Stage 

FIGURE 3 - COUNTER EXPANSION 

R 
c 

MC14017B 
CE 

0001·· • ~ 08 09 

~ 
8 Decoded 
Outputs 

Intermediate Stages 

c 

CE 

R 

MC14017B 

01 ••• 08 09 

~ 
8 Decoded 
Outputs 

Last Stage 
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FIGURE 4 - AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS 
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NIOTOROLA 
Semiconduc-tors 
BOX 20912 •PHOENIX, ARIZONA 85036 

PRESETTABLE DIVIDE-BY-N COUNTER 
The MC14018B contains five Johnson counter stages which are 

asynchronously presettable and resettable. The counters are syn· 
chronous, and increment on the positive going edge of the clock. 

Presetting is accomplished by a logic 1 on the preset enable input. 
Data on the Jam inputs will then be transferred to their respective 
Cl outputs (inverted). A logic 1 on the reset input will cause all 
0: outputs to go to a logic 1 state. 

Division by any number from 2 to 10 can'be accomplished by 
connecting appropriate 0: outputs to the data input, as shown in 
the Function Selection table. Anti-lock gating is included in the 
MC14018B to assur.e proper countin,g sequence. 

• Fully Static Operation 
• Medium Speed - 6.5 MHz typical@ 10 V 
• Schmitt Trigger on Clock Input 
• Capable of Driving Two Low-Power TTL Loads, One 

Low-Power Schottky TTL Load or Two'HTL Loads 
, Over the Rated Temperature Range 

• Pin·for·Pin Replacement for CD4018 

MAXIMUM RAT:INGS (Voltages referenced to Vssl 

Rating Symbol Value U.nit 

DC Supply Voltage VoD -0.5 to +18 Vdc 

Input Voltage, All Inputs Vin -0.5 to VoD + 0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

This device contains circuitry to protect the inputs against (jamage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to 
this high impedance circuit. For proper operation it is recommended that Vin and 
Vout be constrained to the range Vss,,;;; (Vin or Voutl,,;;; VDD· 

. Unused inputs must always be tied to an appropriate logic voltage level (e.g., 
either Vss or VDDl. 
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MC14018B 

McMOS MSI 
(LOW.POWER COMPLEMENTARY MOS) 

PRESETTABLE 
DIVIDE"BY-N COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

. CASE 648 

ORDERING INFORMATION 

MC'4XXXB ltSuffix Denotes 

L Ceramic Package 
I> Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

FUNCTIONAL TRUTH TABLE 

Preset Jam 
Clock Reset Enable Input on 

"""\.._ 0 0 x on 

...r 0 0 x Dn 

x 0 1 0 1 

x 0 1 1 0 

x 1 x x 1 

*Dn is \he Data input for that stage. Stage 1 has 
Data brought out to Pin 1. 

BLOCK DIAGRAM 

14 Clock 01 

Data 

15 Reset 02 4 

10 PE 

2 Jam 1 03 6 

3 Jam 2 

Jam 3 04 11 

9 Jam 4 

12 Jam 5 05 13 

Voo =Pin 16 

Vss =Pin 8 



MC14018B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin=VooorO 10 

15 

"1" Level VoH 5.0 
Vin=OorVoo 10 

15 

l~put Voltage# "O" Level V1L 
(Vo= 4.5 or 0.5 Vdcl 5.0 
(Vo= 9.0 or 1.0 Vdcl 10 
(Vo= 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 
(Vo= 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 or 13.5 Vdcl 15 

Output Drive Current (AL Device) IOH 
(VOH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0· 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(VOL= 0.4 Vdc) Sink loL 5.0 
(Vol = 0.5 Vdcl 10 
(Vol= 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) loH. 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 

I 
15 

(Vol= 0.4 Vdcl Sink loL 5.0 
lVoL = o.5 Vdcl 10 
(Vol= 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current** t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL ~ 50 pF on all outputs, all 
buffers switching) 

*T1ow = -55°C for AL Device, -40°c for CL/CP Device. 
Thigh = +125°c for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

T1ow * 

Min Max 

- 0.05 
- 0.05 
- '0.05 

4.95 -
9.95 -

14.95 -

- 1.5 

- 3.0 
- 4.0 

3.5 -
'7.0 -
11.0 -

-3.0 -
-0.64 -
-1.6 -
-4.2 -
0.64 -
1.6 -
4.2 -

-2.5 -
-0.52 -
-1.3 -
-3.6 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = IT(50 pF) + 1 x 10-3 (CL -50) Voof 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 
- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-2.4 -4.2 -
-0.51 -0.88 -
~1.3 -2.25 -
-3.4 -8.8 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-2.1 -4.2 -
-0.44 -0.88 -
-1.1 -2.25 -
-3.0 -8.8 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -

- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- O.Q15 20 

- 0.005 20 
- 0.010 40 
- O.Q15 80 

IT= (0.3 µA/kHz) f + loo 
IT= (0.7 µA/kHz) f + loo 
IT= (1.0 µA/kHz) f + loo 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. · 

Th!ll_h* 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 
- 4;0 

3.5 -
7.0 -

11.0 -

-1.7 -
-0.36 -
-0.9 -
-2.4 -

0.36 -
0.9 -
2.4 -

-1.7 -
-0.36 -
-0.9 -
-2.4 -
0.36 -
0.9 -
2.4 -

- ± 1.0 

- ±1.0 

- -

- 150 
- 300 
- 600 

- 150 
- 300 
- 600 

® MOTOROLA Semiconductor Products Inc. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

j.!Adc 

pF II 
µAde 

µAde 

µAde 



MC14018B 

SWITCHING CHARACTERISTICS* (CL= 50 pF, TA= 25°c1 

Voo 
All Types 

Characteristic Symbol Vdc Min Typ Max Unit 

Output Rise and Fall Time tr,tf ns 
tr,tf = (1.35 ns/pF) CL+ 32 ns 5.0 - 100 200 
tr,tf = (0.6 ns/pF) CL+ 20,ns 10 - 50 100 
tr,tf = (0.4 ns/pF) CL+ 20 ns 15 - 40 80 

Propagation ~elay Time tPLH• ns 
Clock to Q tPHL 

tPLH,tPHL = (0.90 ns/pF) CL+ 265 ns 5.0 - 310 620 
tPLH.tPHL = (0.36 ns/pF) CL+ 102 ns 10 - 120 240 
tPLH,tPHL = (0.26 ns/pF) CL+ 72 ns 15 - 85 170 

Reset to Q ns 
tPLH = (0.90 ns/pF) CL+ 325 ns 5.0 - 370 740 
tPLH = (0;36 ns/pF) CL+ 132 ns 10 - 150 300 
tPLH = (0.26 ns/pF) CL+ 81 ns 15 - 100 200 

-
Preset Enable to Q ns 

tPLH.tPHL = (0.90 ns/pF) CL+ 325 ns 5.0 - 370 740 
tPLH.tPHL = (0.36 ns/pF) CL+ 132 ns 10 - 150 300 
tPLH,tPHL = (0.26 ns/pF) CL+ 81 ns 15 - 100 200 

Minimum Setup Time tsetup ns 
Data (Pin 11 to Clock 5.0 - 0 200 

10 - 0 100 
15 - 0 80 

Jam Inputs to Preset Enable 5.0 - 0 200 ns 
10 - 0 100 
15 - 0 80 

Data (Jam lnputsHo-Preset tho Id 5.0 - 270 540 ns 
Enable Hold Time 10 - 250 500 

15 - 240 480 

Minimum Clock. Pulse Width PWc 5.0 - 200 400 ns 
10 - 100 200 

El 
15 - 80 160 

Minimum Reset or Preset Enable PWR, 5.0 - 145 290 ns 
Pulse Width PWpE 10 - 65 130 

15 - 55 110 

Maximum Clock Rise and Fall Time tr,tf 5.0 ns 
10 No Limit 
15 

Maximum Clock Pulse Frequency PRF MHz 
5.0 1.25 2.5 -
10 3.25 6.5 -
15 4.0 8.0 -

*The formulas given are for the typical characteristics only. 

FIGURE 1 - SWITCHING TIME WAVEFORMS 

Any Input 

Any Output 

® MOTOROLA Semfoonductor Products Inc. ---~--~ ...... 
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TIMING DIAGRAM 
COs Connected to Data Input) 

Clock-~ mumruumnnnnnnntumrmru 
Reset 

Preset Enable _-+-_________ t--11--11--1 ___ _rn_.....,.. __ +-

Jam 1 

Jam2 

Jam3 

Jam4 

Jam 5 

01 

03 

04 

05 

-+-+-

Don't Care 
Until Preset Enable 
Goes High 

-+-+-+-+-+-+'flLL 
l~-llLL 
1--~-JllL

J 

IL 

ur 
urr 

I'-+-

FUNCTION SELECTION 

Connect 

Counter Data Input 

Mode (Pin 11 to: 

Divide by 10 "05 
Divide by a' "04 
Divide by 6 (:13 

Divide by 4 n2 

Divide by 2 Cl1 

Divide by 9 Q5. 04 

Divide by 7 04• Q.3 
Divide by 5 03. 6.2 
Divide by 3 02•01 

Clock 14 

Data 1 

Reset 15 

Preset Enable 10 

Comments 

No external 
components needed. 

Gate package 
needed to provide 

AND function. 

Counter Skips all 

VDD =Pin 16 

Vss =Pin a 

Jam 2 

6.2 

LOGIC 
DIAGRAM 

03 

Jam 4 

04 

Jam 5 

@ MOTOROLA Sel'l'liconductor Produc'fs inc. 
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NIOTOROLA 
Semiconduc-fors 
BOX 20912 •PHOENIX, ARIZONA 85036 

14-BIT BINARY COUNTER 
The MC140208 14-stage binary counter is constructed with MOS 

P-channel and N-channel enhancement mode devices in a single mon
olithic structure. This part is designed with an input wave shaping 
circuit and 14 stages of ripple-carry binary counter. The device 
advances the count on the negative-going edge of the clock pulse. 
Applications include time delay circuits, counte~ controls, and fre
quency-dividing circuits. 

• Fully Static Operation 

• Quiescent Current =5.0 nA/package typical@ 5 Vdc 

• Noise Immunity = 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc. to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated 
Temperature Range 

• Low Input Capacitance = 5.0pF typical 

• Buffered Outputs Available. from stages 1 and 4 thru 14 

• Common Reset Line 

• 13 MHz Typical Counting Rate@ VDD = 15V 

• Pin-for-Pin Replacement for CD4020 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage vDD -0.5 to +18 

Unit 

Vdc 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 , Vdc 

DC Current Drain per Pin 

Operating Temperat~re Range - AL Device 

CL/CP Device 

Storage Temperature Range 

I 

TA 

Tstg 

06 = P n 4 
07 = P n 6 
08=Pn13 

10 

-55 to +125 
-40 to +85 

-65 to +150 

LOGIC DIAGRAM 

09 = Pin .12 
010 =Pin 14 
011 =Pin 15 

5-60 

mAdc 

oc 

QC 

MC14020B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

14-BIT BINARY COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC14XXXB 

11
Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 
_: 

CLOCK 

....r 
'-

x 

v 00 =Pin 16 
v55 =Pin a 

TRUTH TABLE 

RESET OUTPUT ST ATE 

0 No Change 

0 Advance to next 
state 

1 All Outputs are low 

R 



MC14020B 

ELECTRICAL CHARACTERISTICS 

Voo T1ow 
. 

Characteristic Symbol Vdc Min Max 

Output Voltage "O" Level Vol 5.0 - 0.05 
Vin"' Voo or O 1Q - 0.05 

15 - 0.05 

"1" Level VoH 5.0 4.95 -
Vin= O or Voo 10 9.95 -

15 14.95 -
Input Voltage#: "O" Level V1L 

(Vo= 4.5 or 0.5 Vdc) 5.0 - 1.5 
(Vo =9.0 or 1.0 Vdc) 10 - 3.0 
(Vo= 13.5 or 1.5 Vdc) 15 - 4.0 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 3.5 ..:. 

(Vo= 1.0 or 9.0 Vdcl 10 7.0 -
!Vo= 1.5 or 13.5 Vdc) 15 11.0 -

Output Drive Current (AL Device) loH 
(VOH 2 2.5 Vdc) Source 5.0 -1.2 -
(VoH = 4.6 Vdc) 5.0 -0.25 -
(V OH = 9.5 Vdcl 10 -0.62 -
(VoH .. 13.5 Vdc) 15 -1.8 -
(VoL = 0.4 Vdcl Sink IOL 5.0 0.64 -
(VOL= 0.5 'vdc) 10 1.6 -
(VOL= 1.5 Vdc) 15 4.2 -

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 -1.0 -
(VoH = 4.6 Vdc) 5.0 -0.2 -
(VoH = 9.5 Vdc) 10 -0.5 -
(VoH = 13.5 Vdc) 15 -1.4 -
(Vol =,0.4 Vdc) Sink IOL 5.0 0.52 -
(Vol= 0.5 Vdc) 10 1.3 -
!Vol= 1.5 Vdcl 15 3.6 -

Input Current (AL Device) lin 15 - ±0.1 

Input Current (CL/CP Device) lin 15 - ±0.3 

Input Capacitance Cin -
(V;n = 0) 

Quiescent Current (AL Device) 100 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 

t 
10 
15 

Total Supply Current• •t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

-*T1ow = -55°C for AL Device, -40'?C for CL/CP Device. 
Thigh= +125°c for AL Device, +85°c for CL/CP Device. 

#Noise immunity specified for worst·case input combination. 

--

-
·-
-

-
-
-

Noise Margin for both "1" and "O" level = 1.0 Vdc min @ V DD = 5.0 Vdc 
2.0 Vdc min@ VoD = 10 Vdc 
2.5 Vdc min@ VDD = 15 Vdc 

tTo calculate total supply current at loads other than·50 pF: 
ITICLI = IT(50 pF) + 1 x 10-3 (CL -50) VDDf 

-

5.0 
1Q 
20 

20 
40 
80 

ii 

2s0 c 

Min Typ Max 

- 0 0.05 

- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 

- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -

7.0 5.50 -
11.0 8.25 -
-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0,00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- O.Q15 20 

- 0.005 20 
- 0.010 40 

- 0.015 80 

IT= I0.42 µA/kHz) f + loo 
IT = (0.85 µA/kHz) f + loo 
IT,= (1.43 µA/kHz) f + loo 

where: IT is in µA (per package), CL in pF, VoD in Vdc, and fin kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°c. 

Thig_h* 

Min Max Unit 

- 0.05 Vdc 
- 0.05 
- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vdc 

7.0 -
11.0 -

mAdc 
-0.7 -

-0.14 -
-0.35 -
-1.1 -
0.36 - mAdc 
0.9 -
2.4 -

mAdc 
-0.6 -

-0.12 - I 

-0.3 -
-1.0 -
0.36 - mAdc 
0.9 -
2.4 -

- ±1.0 µAde 

- ±1.0 µAde 

- - pF 

- 150 µAde 

- 300 
- 600 

- 150 µAde. 
- 300 
- 600 

µAde 

· This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im
pedance circuit. For proper operation it is recommended that Vin and V out be constrained to the range V SS .;;; (Vin or V outl 
"Voo-
unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or Vool. 
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MC14020B 

SWITCHING CHARACTERISTICS*(CL = 50pF, TA= 25°C) 

Characteristic 

Output Rise Time 
tr= (3.0 ns/pF) CL +30 ns 
tr= (1.5ns/pF) CL +15ns 
tr= (1.1 ns/pF) CL +10 ns 

Output Fall Time 
tf = (1.5 ns/pF) CL +25 ns 
tf = (0. 75 ns/pF) CL +12.5 ns 
tf = (0.55 ns/pF) CL +9.5 ns 

Propagation Delay Time 
Clock to01 

tPHL· tPLH = (1.7 ns/pF) CL+ 315 ns 
tPHL· tPLH = (0.66 ns/pF) CL+ 137 ns 
tPHL• tPLH = (0.5 ns/pF) CL+ 95 ns 

Clock to 014 

tPHL· tpu-i = (1.7 ns/pF) CL+ 2715 ns 
tPHb tPLH = (0.66 ns/pF) CL+ 967 ns 
tPHL· tPLH = (0.5 ns/pF) CL+ 575 ns 

Propagation-Delay Time 
Reset to On 

tPHL = (1.7 ns/pF) CL+ 510 ns 
tPHL = (0.66 ns/pFl CL+ 197 ns 
tPHL = (0.5 ns/pF) CL+ 155 ns 

Minimum Clock Pulse Width 

Maximum Clock Pulse Frequency 

Maximum Clock Rise and Fall Time 

Minimum Reset Pulse Width 

*The formula given is for the typical characteristics only. 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND 
WAVEFORM 

Pulse 
Generator 

Clock 

0.01 µF I Ceramic 

Symbol 

tr 

tf 

tPLH• 
tPHL 

tPHL 

PWc 

PRF 

tr,tf 

· PWR 

vDD 
Vdc 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

Min Max 
AL CL/CP Typ AL CL/CP 

Device Device All Types Device Device 

- - 180 350 400 
- - 90 150 200 
- - 65 110 160 

- - 100 175 200 
- - 50 75 100 

- - 37 55 80 

- - 400 600 750 
- - 170 255 300 
- - 120 180 230 

- - 2.8 5.6 8.4 
- - 1 .. 0 2.0 3.0 
- - 0.6 1.5 2.5 

- - 595 3000 3500 
- - 230 775 900 
- - 180 580 680 

- - 140 335 500 
- - 55 125 165 
- - 38 95 125 

1.5 1.0 3.5 - -
4.0 3.0 9.0 - -
5.0 4.0 13 - -

No No - - -
Limit Limit - - -

- - -

- - 320 2500 3000 
- - 120 .475 550 
- - 80 355 420 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND 
WAVEFORMS 

Pulse 

Clock 

Unit 

ns 

ns 

ns 

µs 

ns 

ns 

MHz 

-

ns 

® MOTOROLA Se,,,iconductor Products Inc. _______ ____. 
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MC14020B 

FIGURE 3 - TIMING DIAGRAM 

1 2 4 8 16 32 64 128 256 512 1024 2048 4096 8192 16,384 

Clock Lfl...fl..Il_J --U- --U- --U- --U- --U- --U- --U- --U- --U- LJ L.J L.J --U-
Reset ---i.__ _____ _ 

01 _JL_ I_--,__--,__--,__-,__ -,__ --,__ I_ --,__ --,__ l- -,__ --,__ 
04 ____.____r--t_ I_-,__--,__--,__-,__--,__-,__-,__--,__--,__ 
05 i--i_ --,__ --,__ --,__ --,__ --,__ --,__ -,__ --,__ -,__ 

06 r-i.._-,__ L_ L_-,__ -,__-,__ -,__ L_ 

07 r-i_ --,__ L_ L_ -,__ -,__ L_ L_ 

010 ----------'-----------' 

011 --------------------~ 

012--------------..,--------~ 

013-----------------------~ 

@ MOTOROLA SemlconduC'f:or ProduC'fs Inc. 
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NIOTOROLA 
SelT'liconduc"fors 
BOX 20912 •PHOENIX, ARIZONA 85036 

8-BIT STATIC SHIFT REGISTER 

The MC14014B and MC14021 B 8-bit static shift registers are 
constructed with MOS P-channel and N-channel enhancement mode 
devices in a single monolithic structure. These shift registers find 
primary use in parallel-to-serial data conversion, synchronous and 
asynchronous parallel input, serial output data queueing; and other 
general purpose register applications requiring low power and/or 
high noise immunity. 

• Quiescent Current= 5.0 nA/package typical @ 5 Vdc 

• Synchronous Parallel Input/Serial Output (MC14014B) 

• Asynchronous Parallel Input/Serial Output (MC14021 B) 
• Synchronous Serial Input/Serial Output 

• Full Static Operation from DC to 7.0 MHz 
• "0" Outputs from Sixth, Seventh, and Eighth Stages 
• Double Diode Input Protection 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load to Two HTL Loads Over the Rated Temper· 
ature Range. 

• MC14014B.Pin-for-Pin Replacement for CD4014 

• MC14021 B Pin·for·Pin Replacement for CD4021 

MAXIMUM RATINGS (Voltages referenced to Vss) 

/ Rating Symbol Value 

DC ~upply Voltage Voo -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to v00 +. 0.5 

Unit 

Vdc 

Vdc 

DC Current Ora.in per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 OC 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

LOGIC DIAGRAM 

P/S 

Ds 

Clock 

VDo = Pin 16 P4 =Pin 4 
Vss =Pin a 

5-64 

MC14021B 
FOR COMPLETE DATA 

SEE MC14014B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOSI 

S-BIT STATIC SHIFT REGISTER 

·1--,~l·i-.. :' 1

' 1sU 1s · 1 
' 

1 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

L Ceramic Package 
P Plastic Package 

MC'4XXXB 

1 
tSuff1x Denotes 

A Extended Operating 
Temperature Range 

C Limited Operating 
Temperature Range 

TRUTH TABLE 

SERIAL OPERATION: 

06 07 08 
t CLOCK Os PIS t= n+6 t= n+7 t.= n+S 

n _r- 0 0 0 ? ? 
n+1 ......r- 1 0 1 0 ? 
n+2 ......r- 0 0 0 1 0 
n+3 ......r- 1 0 1 0 1 

'-- x 0 06 07 08 

PARALLEL OPERATION: 

CLOCK 1 Dsl PIS 1 Dm J "Om ] 

~I ~I 1 I 0 l 0 J 1 1 1 
• 06, 07, & 08 are available externally 

X = Don't Care 



ltllOTOROLA 
Semiconduc-tors 
BOX 20912 o PHOENIX, ARIZONA 85036 

OCTAL COUNTER/DRIVER 
The MC14022B is a four-stage Johnson octal counter with buiit-in 

code converter, High-speed operation and spike-free outputs are ob
tained by use of a Johnson octal counter design. The eight decoded 
outputs are normally low, and go high only at their appropriate octal 
time period. The output changes occur on the positive-going edge of 
the clock pulse. This part can be used in frequency division appli
cations as well as octal counter or octal decode display applications. 

• Fully Static Operation 
• DC Clock Input Circuit Allows Slow Rise Times 
• Carry Out Output for Cascading 
• 12 MHz (typical) Operation@ VDD = 10 Vdc 
• Divide-by·N Counting 
• Quiescent Current= 5.0 nA/package Typical @ 5 Vdc 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

• Pin-for-Pin Replacement for CD4022 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage vDo -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature· Range - AL Device TA -55 to +125 OC 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65.to +150 OC 

LOGIC DIAGRAM 

13 

15 

10 
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MC14022B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

OCTAL COUNTER/DIVIDER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC14XXXB 

1
tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

FUNCTIONAL TRUTH TABLE 
(Positive Logic) 

CLOCK 
CLOCK ENABLE RESET OUTPUT= n 

Cl x 0 n 
x 1 0 n 

_r- 0 0 n+l 
~ x 0 n 

1 ~ 0 n+l 
x _r 0 n 
x x 1 00 

X = Don't Care If n< 4 Carry= 1, Otherwise= 0 

BLOCK DIAGRAM 

Clock 14 00 2 

01 1 

3 

Clock 
13 Enable 11 

05 4 

06 5 

07 10 
Reset 15 Cout 12 
vDD =Pin 16 
Vss =Pin 8 

II 
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MC14022B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin=VDoorO 10 

15 

"1" Level VoH 5.0 
Vin= O or Voo 10 

15 

Input Voltage# "O" Level V1L 
IVo = 4.5 or. 0.5 Vdc) 5.0 
!Vo= 9.0 or 1.0 Vdc) 10 
(Vo= 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
!Vo= 0.5 or 4.5 Vdc) 5.0 
!Vo= 1.0 or 9.0 Vdc) 10 
!Vo= 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(VoL = 0.4 Vdc) Sink IOL 5.0 
(VOL= 0.5 Vdc) 10 
!Vol= 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VOH = 13.5 Vdc) 15 

!Vol= 0.4 Vdcl Sink loL 5.0 
!Vol= 0.5 Vdcl 10 
!Vol= 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current ICL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) 100 5.0 
(Per Package} 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package} 10 

15 

Total SupplV Current••t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

"Trow= -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°c for CL/CP Device. 

;:Noise immunity specified for worst-case input combination. 

Ttow . 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -
- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -
-1.2 -

-0.25, -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo -= 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
lr(CLI = lr(50 pF) + 1.25 x 10-3 (CL -50) Voof 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -
- 2;25 1.5 
- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- O.ot5 20 

- 0.005 20 
- 0.010 40 
- O.Q15 80 

Ir = (0.28 µA/kHz) f + I DD 
Ir= 10.56 µA/kHzl f + loo 
Ir = (0.85 µA/kHz) f +'I DD 

where: tr is in µA (per package), CL in pF, VDo in Vdc, and fin kHz is input frequency. 
•"The formulas given are for the typical characteristics only at 25°C. 

Thigh* 
Min Max Unit 

- 0.05 Vdc 
- 0.05 
- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vdc 
7.0 -

11.0 -
mAdc 

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 - mAdc 
0.9 -
2.4 -

mAdc 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAdc 
0.9 -
2.4 -

- ±1.0 ).iAdc 

- ±1.0 µAde 

- - pF 

- 150 µAde 
- 300 
- 600 

- 150 µAde 
- 300 
- 600 

µAde 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad· 
vised that normal precautions be taken to avoid application of any voltage higher than maxim'um rated voltages to this high im
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to1the range Vss.;; (Vin or Voutl 
.;;vDD· . 
Unused inputs must always be tied to an appropriate logic voltage level (e.g .. either Vss or Vool. 

--------- MOTOROLA Sen1iconductor Products Inc. ®---------
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MC14022B 

SWITCHING CHARACTERISTICS* (CL= 50 pf, TA= 25°CI 

Min Max 

vDD AL CL/CP Typ AL CL/CP 
Characteristic Symbol Vdc Device Device All Types Device Device Unit 

Output Rise Time tr ns 
tr= (3.0 ns/pf) CL+ 30 ns 5.0 - - 180 350 400 
tr= (1.5 ns/pf) CL+ 15 ns 10 - - 90 150 200 
tr= (1.1 ns/pf) CL+ 10 ns 15 - - 65 110 160 

Output Fall Time tf ns 
tf = (1.5 ns/pf) CL+ 25 ns ?.O - - 100 175 200 
tf = (0.75 ns/pf) CL+ 12.5 ns 10 - - 50 75 100 
tf = (0.55 ns/pf) CL + 9.5 ns 15 - - 37 55 80 

Propagation Delay Time tpLH· ns 
Reset to Decode Output tpHL 
tPLH.tPHL = (1.7 ns/pf) CL+ 415 ns 5.0 - - 500 750 1000 
tPLH·tPHL = (0.66 ns/pf) CL+ 197 ns 10 - - 230 350 460 
tPLH.tPHL = (0.5 ns/pf) CL+ 115 ns 15 - - 140 250 350 

Propagation Delay Time tPLH· ns 
Clock to Cout tpHL 
tPLH•tPHL = (1.7 ns/pf) CL+ 315 ns 5.0 - - 400 600 800 
tPLH·tPHL = (0.66 ns/pfl CL+ 117 ns 10 - - 150 250 350 
tPLH·tPHL = (0.5 ns/pf) CL+ 75 ns 15 - - 100 190 250 

Propagation Delay Time tPLH· ns 
Clock to Decode Output tpHL 
tPLH.tPHL= (1.7 ns/pf) CL+ 415 ns 5.0 - - 500 750 1000 

tPLH·tPHL = (0.66 ns/pf) CL+ 197 ns 10 - - 230 350 460 

tPLH,tPHL = (0.5 ns/pF) CL+ 115 ns 15 - - 140 250 350 

Turn-Off Delay Time tpLH ns 
Reset to Cout 
tPLH = (1.7 ns/pF) CL+ 315 ns 5.0 - - 400 600 800 
tPLH = (0.66 ns/pF) CL+ 117 ns 10 - - 150 250 350 
tp_!,.H = (0.5 ns/pF) CL+ 75 ns - 15 - - 100 190 250 

Minimum Clock Pulse Width PWc 5.0 - - 100 200 250 ,. ns 

10 - - 42 70 100 
15 - - 30 55 75 

Maximum Clock Frequency PRF 5.0 2.5 2.0 5.0 -- - MHz 
10 7.0 5.0 12 - -
15 9.3 6.7 16 - -

Minimum Reset Pulse Width PWR 5.0 - - 200 330 500 ns 
10 - - 1.00 165 250 
15 - - 75 125 190 

Reset Removal Time trem 5.0 - - 300 500 750 ns 
10 - - 100 200 275 
15 - - 80 150 210 

Maximum Clock Input Rise and Fall Time tr,tf 5.0 -
10 No Limit 

15 

Clock Enable Setup Time tsetup 5.0 - - 175 300 700 ns 
10 - - 75 150 300 
15 - - 52 115 225 

Clock Enable Release Time trel 5.0 - - 260 405 700 ns 
10 - - 100 200 300 
15 - - 70 150 225 

*The formula given is for the typical characteristics only. 
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Vss 
Clock 00 

Enable 01 

vDo--·-A Q2 

03 

Reset 

S1 Q5 
Vss--- 8 

06 

07 
Clock 

SL Cout 

Vss 

500 µF 

Pulse fc 
Generator 

FIGURE 1 -TYPICAL OUTPUT SOURCE AND OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 

00 

01 

Clock Enable 02 

03 

04 

Reset 05 

06 

07 
Clock 

Cout 

Vss 

Vout 

.Output 
Sink Drive 

Outputs (S1 to A) 

Clock to 05 
Carry thru 07 

(S1 to 8) 

VGs= Voo 

External Vos= Vout 

Power 
Supply 

FIGURE 2-TYPICAL POWER DISSIPATION 
TEST CIRCUIT 

APPLICATIONS INFORMATION 

Output 
Source Drive 

Clock to desired 
Output 

(S1 to 8) 

S1 to A 

-voe 

Vout -Voe 

Figure 3 shows a technique for extending the number of decoded output states for the 
MC14022B. Decoded outputs are sequential within each stage and from stage to stage, with no 
dead time (except propagation delay). 

FIGURE 3.,.. COUNTER EXPANSION 

R R R 
c c c 

MC140228 MC140228 MC140228 
CE CE CE 

00 01•. ·0607 0001 ••• 06 01 ... 06 07 

~ 
~ ~ 6 Decoded 

7 Decoded 6 Decoded Outputs 
Outputs Outputs 

First Stage Intermediate Stages Last Stage 
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MC14022B 
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/tllOTOROLA 
Semiconductors 
BOX 20912 •PHOENIX, ARIZONA 85036 

TRIPLE 3-INPUT "NANO" GATE 

The MC14023 and MC14023B are constru~ted with P and N channel 
enhancement mode devices in a single monolithic structure (Comple
mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 

• Quiescent Current= 0.5 nA typ/pkg@ 5 Vdc 

• Noise Immunity= 45% of VDD typ 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• All Outputs Buffered (MC14023B only) 

• Capable of Driving Two Low·power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range. (MC14023B only) 

• Double Diode Protection on All Inputs 

• Pin-for-Pin Replacements for CD4023A and CD4023B 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol 

DC Supply Voltage VDD 

Input Voltage, All Inputs Vin 

DC Current Drain per Pin I 

Operating Temperature Range - AL Device TA 
CL/CP Device 

Storage Temperature Range Tstg 

MC14023 

d 

Value 

-0.5to+18 

-0.5 to VDD +0.5 

10 

-55 to +125 

--40 to +85 

-65 to +150 

CIRCUIT SCHEMATICS 
(1/3 of Device Shown) 

Unit 

Vdc 

Vdc 

mAdc 

oc 

oc 

MC14023 
MC14023B 

McMOS SSI 
(LOW·POWER COMPLEMENTARY MOS) 

TRIPLE 3-INPUT "NANO" GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

MC14XXXJ'l~·:·' C.,.:'.:•:: • .,. 
Delete for P Plastic Package . 
Non-B Device A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Rang': 

LOGIC DIAGRAM 

113=C>-
12 10 

13 

Vss 

· Voo 

VoD =Pin 14 

Vss =Pin 7 

MC14023B 

d 
8,6,13~ 

9 3, 8, 13 0---------~ 

Vss 

This device contains circuitry to protect the inputs against damage due 
to high static voltages or electric fields; however, it is advised that nor
mal precautions be taken to avoid application of any voltage higher than 
max.imum rated voltages to this high impedance circuit. For proper 

operation it is recommended that Vin and V out be constrained to the 
range Vss ~(Vin or Voutl ~ Voo'- . 
Unused inputs must always be tied to an appropriate logic voltage level 
(e.g., either Vss or VoD>· 
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NIOTOROLA 
Semiconduc"fors 
BOX 20912 •PHOENIX, ARIZONA 85036 

SEVEN STAGE RIPPLE COUNTER 

The MC140248 is a seven stage ripple counter with short propa
gation delays and high maximum clock rates. The Reset input has 
standard noise immunity (typically 45% of VDbl. however the 
Clock input has a typical noise immunity of 70% of VDD with no 
maximum Clock input rise or fall time. The output of each counter 
stage is buffered. 

• Quiescent Current =5.0 nA/package typical@ 5 Vdc 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Output Transitions Occur on the Falling Edge of the Clock Pulse 

• 8-MHz Operation @ VDD = 10 Vdc typical 

• Exceedingly Slow Input Transition Rates may be Applied to the 
Clock Input 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

• Pin-for-Pin Replacement for CD4024 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage vDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +1.25 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

LOGIC DIAGRAM 

12 11 4 3 

01 02 06 07 

03 =Pin 9 
04 =Pin 6 
05 =Pin 5 

5-71 

Unit 

Vdc 

Vdc 

mAdc 
OC 

OC 

MC14024B 

McM05 551 
(LOW-POWER COMPLEMENTARY MOS) 

SEVEN STAGE 

RIPPLE COUNTER 

L SUFFIX 
CER~MIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 632 CASE 646 

ORDERING INFORMATION 

MC>4XXXO 

1
1:;Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

PIN ASSIGNMENT 

Clock Voo 14 

Reset NC 13 

3 07 01 12 

4 06 02 11 

05 NC 10 

6 04 03 9 

Vss NC 8 

Voo =Pin 14 

Vss =Pin 7 

NC= No Connection 

I 



MC14024B 

ELECTRICAL CHARACTERISTICS 

Voo T1ow * 

Characteristic ·Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin - Voo or o 10 

15 

"1" Level VoH 5.0 
Vin - o or Voo 10 

15 

Input Voltagef' "O" Level VIL 
(Vo = 4.5 or 0.5 Vdc) 5.0 
(Vo =.9.0 or 1.0 Vdc) 10 
(Vo= 13.5 or 1.5 Vdc) 15 

"1'' Level V1H 
(Vo = 0.5 or 4.5 Vdc) 5.0 
(Vo= 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) loH 
(V OH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc). 15 

IVoL = 0.4 Vdc) Sink loL 5.0 
(Vol = 0.5 Vdc) 10 
IVoL = 1.5 Vdc) 1,5 

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
IVoH = 4.6 Vdcl 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(Vol= 0.4 Vdcl Sink IQL 5.0 
(Vol= 0.5 Vdcl 10 
(VoL = 1_.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current**t IT 5.0 
(Dynamic plus Quiescent, 10 
Per _Package) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

, *Trow= -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°c for CL/CP Device. 

-"'Noise immunity specified for worst·case input combination. 

Min 

-
-
-

4.95 
9.95 

14.95 

-
-
-

3.5 
7.0 

11.0 

-1.2 
-0.25 
-0.62 
-1.8 

0.64 
1.6 
4.2 

-1.0 
-0.2 
-0.5 
-1.4 

0.52 
1.3 
3.6 

-

-
-

-
-
-

-
-
-

Noise Margin for both "1 "'and "'O" level = 1.0 Vdc min@ VoD = 5.0 Vdc 
2.0 Vdc min@ VoD = 10 Vdc 
2.5 Vdc min@ VoD = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = IT(50 pF) + 1 x 10-3 (CL -50) Voof 

Max 

0.05 
. 0.05 

0.05 

-
-
-

1.5 
3.0 
4.0 

-
-
-

...., 

-
-
-
-

-
-

-
-
-' 

-
-
-
-

±0.1 

±0.3 

-

5.0 
10 
20 

20 
40 
80 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 

- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 

- 4.50 3.0 

- . 6.75 4.0 

3.5 2.75 -

7.0 5.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -

0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- 0.015 20 

- 0.005 20 
- 0.010 40 
- ·O.o15 80 

IT =(0.31 µA/kHzl f + loo 
IT =(0.60 µA/kHz) f + loo 
IT =(0.89 µA/kHz) f + loo 

where: IT is in µA (per package), CL in pF, VDD in Vdc,· and fin kHz is input frequency. 
•*The formulas given are for the typical 'characteristics only at 25°c. 

Thigh* 

Min Max Unit 

- 0.05 Vdc 

- 0.05 
- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vdc 

7.0 -
11.0 -

mAdc 
-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 - mAdc 
0.9 -
2.4 -

mAdc 
-0.6 -
-0.12 - -
-0.3 -
-1.0 -
0.36 - mAdc 
0.9 -
2.4 -
- ± 1.0 µAde 

- ±1.0 µAde 

- - pF 

- 150 µAde 

- 300 
- 600 

- 150 µAde 

- 300 
- 600 

!-'Ade 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im
pedance circuit. For proper operation it is recommended that Vin• and Vout be constrained to the range Vss ..;; (Vin or Voutl 
.;;;vDD· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or Vool. 

® MOTOROLA Sen>ic.onduc~or Products Inc. --------
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MC14024B 

SWITCHING CHARACTERISTICS* 0 (CL = 50.pF, T.A = 25 Cl 
Min ""Mi"x 

AL CL/CP Typ AL CL/CP 

Characteristic Symbol Voo Device Device All Types Device Device Unit 

Output Rise Time tr ns 

tr = (3.0 ns/pF) CL + 30 ns 5.0 - - 180 350 400 

tr= (1.5 ns/pFI CL+ 15 ns 10 - - 90 150 200 

tr= (1.1 ns/pF) CL+ 10 ns 15 - - 65 110 160 

Output Fall Time tf ns 

tf = (1.5 ns/pF) CL+ 25 ns 5.0 - - 100 175 200 

tf = (0.75 ns/pF) CL+ 12.5 ns 10 - - 50 75 100 

· tf = (0.55 ns/pFI CL+ 9.5 ns 15 - - 37 55 80 

Propagation Delay Time tPLH• ns 
Clock to 01 tPHL 

tPLH• tPHL = (1.7 ns/pF) CL+ 295 ns 5.0 - - 380 490 600 

tPLH· tPHL = (0.66 ns/pF) CL+ 117 ns 10 - - 150 195 230 

tPLH• tPHL"' (0.5 ns/pF) CL+ 85 ns 15 - - 110 150 175 

Clock to07 
tPLH• tPHL = (1.7 ns/pF) CL.+ 915 ns 5.0 - - 1000 2000 3000 

tPLH· tPHL = (0.66 ns/pF) CL+ 367 ns 10 - - 400 545 750 

tPLH· tPHL = (0.5 ns/pF) CL+ 275 ns 15 - - 300 410 565 

Reset to On 
tPLH• tPHL = (1.7 ns/pFI CL+ 415 ns 5.0 - - 500 700 800 

tPLH· tPHL = (0.66 ns/pF) CL+ 217 ns 10 - - 250 350 400 

tPLH· tPHL = (0.5 ns/pF) CL+ 155 ns 15 - - 180 260 300 

Minimum Clock Pulse Width PWc 5.0 - - 200 330 500 ns 

10 - - 60 125 165 

15 - - 40 95 125 

Minimum Reset Pulse Width PWR 5.0 - - 375 500 600 ns 

10 - - 200 300 350 
15 - - 150 225 260 

Reset Removal Time trem 5.0 - - 250 375 625 l]S 

10 - - 75 110 190 ., 

15 - - 50 85 145 

Maximum Clock Input Rise and Fall Times tr. tf 5.0 No No - - - - II 
10 Limit Limit - - -

I 15 - - -
Maximum Input Pulse Frequency fmax 5.0 1.5 1.0 2.5 - - MHz 

10 4.0 3.0 8.0 - -
15 5.3 4.0 12 - -

*The formula given is for the typical characteristics only. 

TRUTH TABLE 

CLOCK RESET STATE 

0 0 No Change 

0 1 All Outputs Low 

1 0 No Change 

1 1 All Outputs Low 

___,,,,,,-- 0 -No Change 

__..;.-- 1 All Outputs Low 

--...__ 0 Advance One Count 

-...__ 1 All Outputs Low 

® MoToROLA Semicon.ductor Products Inc.-.-------~ 
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MC140248 

FIGURE 1 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS TEST CIRCUIT 

Count On to a 
logic "1" level. 

Voo VoL = Vout 

Power 
Supply 

FIGURE 2 - TYPICAL OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 

Voo 

FIGURE 3- POWER DISSIPATION TEST CIRCUIT 

Pulse 
Generator 

Voo 

0.01 µ.F 
Jceramic 
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FIGURE 4- FUNCTIONAL WAVEFORMS 
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MOTOROLA 
Semiconduc"fors 
BOX 20912 •PHOENIX, ARIZONA 85036 

TRIPLE 3-INPUT "NOR" GATE 

The MC14025 and MC14025B are constructed with P and N channel 
enhancement mode devices in a single monolithic structure (Comple· 
mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 

• Quiescent Current =, 0.5 nA typ/pkg @ 5 Vdc 

• Noise Immunity= 45% of VDD typ 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• All Outputs Buffered (MC14025B only)' 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range. (MC14025B only) 

• Double Diode Protection on All Inputs 

• Pin-for-Pin Replacements for CD4025A and CD4025B 

MAXIMUM RATrNGS(Voltagesreferenced-to Vssl 

Rating ,Symbol Value 

DC Supply Voltage Voo -0,5to+18 

Input Voltage. All Inputs Vin -0,5 to VoD +0,5 

DC Current Drain per Pin I 10 

Operating Temperature Range,_ AL Device TA -55to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

Unit 

Vdc 

Vdc 

mAdc 

oc 

oc 

MC14025 
CIRCUIT SCHEMATICS 
(1/3 of Device Shown) ' 

1,3, 11 ---.... 

7 Vss 

MC.14025 
MC14025B 

McMOS SSI 
(LOW-POWER COMPLEMENTARY MOS} 

TRIPLE 3-INPUT "NOR" GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

MC14xxxJT~•:•·c .. ;:'.:::,.,. 
Delete for P Plastic Package 
Non-B Device A Extended Operating 

Temperature Range 
, _,_ C Limited Operating 

Temperature Range 

LOG IC DIAGRAM 

:3:£>---9 
:3:£>---6 
113:£>-
1~ 10 

13 , 

MC14025B 

v00 =Pin 14 
V55 =Pin 7 

This device contains circuitry to protect the inputs against damage due 
to high static voltages or electric fields; however, it is advised that nor· 
mel precautions be taken to avoid application of any voltage higher than 
maximum rated voltages to this high impedance circuit. For proper 

operation it is recommended that Vin and V out be constrained to the 
range Vss"' (Vin or Voutl"' Voo· . , , 
Unused inputs must always be tied to an appropriate logic voltage level 
(e.g., either Vss or Vool. 



NIOTOROLA 
Semiconductors 
BOX 20912 •PHOENIX, ARIZONA 85036 

DUAL J-K FLIP-FLOP 

The MC1402'7B dual J-K flip-flop has independent J, K, Clock 
(C). Set (S) an'\ Reset (R) inputs for each flip-flop. These devices 
may be used in control, regist\'!r, or toggle functions. 

• Quiescent Current= 2.0 nA/package typical @ 5 Vdc 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdo to 18 Vdc 

• Single Supply Operation - Positive or Negative 

• Toggle Rate= 3.0 MHz typical @ 5 Vd~ 

• Logic Swing Independent of Fanout 

• Logic Edge-Clocked Flip-Flop Design -
Logic state is retained indefinitely with clock level either high or' 
low; information is transferred to the output only on the positive
going edge of the clock pulse 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

• Pin-for-Pin Replacement for CD4027 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage vDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device 
CL/CP Device 

Storage Temperature Range 

TRUTH TABLE 

INPUTS 

ct J K 

-_r 1 x 
_r x 0 

_r 0 x 
_r x 1 

\_ x x 
x x x 

'x. x x 
x x x 

X = Don't Care 
t = Level Change 

:j: = Present State 
• = Next State 

s 
0 

0 

0 

0 

0 

1 

0 

1 

R 

0 

0 

0 

0 

0 

0 

1· 

1 

TA -55 to +125 oc 

-40 to +85 

Tstg -65 to +150 OC 

OUTPUTS* 

Ont On+l On+l 

0 1 0 

1 1 0 

0 0 1 

1 0 1 

x Qn On No Change 

x 1 0 

x 0 1 

x 1 1 

This device contains circuitry to protect the inputs against dan;iage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to 
this high impedance circuit. For proper operation it is recommended that Vin and 
Vout be constrained to the range Vss.;; (Vin or Voutl.;;; VDD· 
Unused inputs must always be tied to .an appropriate logic voltage level (e.g., 
either Vs$ or VDDI. 

MC14027B 

McMOS SSI 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL J-K FLIP-FLOP 

. I --
, 

J ' " ' . 
L SUFFIX 

CERAMIC PACKAGE 
P SUFFIX 

PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

M°'4XXXB 

11
Suff1x Denotes . 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

6 a 

~ 

a 

4 

9 

10 a 15 

13 c 

,, K a 14 
R 

12 

vDD =Pin 16 
Vss =Pin a 



MC14027B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0°Level Vol 5.0 
Vin= Voo or o 10 

15 

"1" Level VoH 5.0 
Vin=OorVoo 10 

'15 

Input Voltage# "O" Level VIL 
(Vo= 4.5 or 0.5 Vdc) 5.0 
(Vo= 9.0 or 1.0 Vdc) 10 
(Vo= 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 
(Vo= 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) loH 
(VOH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VOH = 13.5 Vdc) 15 

(Vol = 0.4 Vdcl Sink IOL 5.0 
(Vol= 0.5 Vdc) 10 
(Vol= 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

!Vol= 0.4 Vdc) Sink loL 5.0 
(V(JL = 0.5 Vdc) 10 
(Vol= 1.5 Vdc) 15 

I np.ut Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current* *'f IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL= 50 pF on all outputs, all 
buffers switching) 

*T1ow = -55°c for AL Device, -40°C for CL/CP Device. 
Thigh"' +125°C for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst·case input combination. 

T1ow * 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -

-0.62 -
-1.8 -

0.64 -
1.6 -
4.2 -

-1.0 -

-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -

- ±0.1 

- ± 0.3 

- -

- 1.0 
- 2.0 
- 4.0 

- 4.0 
- 8.0 
- 16 

Noise Margin for both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 

2.5 Vdc min@ Voo = 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 

IT(CL) = IT(50 pF) + 2 x 10-3 (CL -50) Voof 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -

9.95 10 -
14.95 15 -

- 2.25 1.5 
- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 .-0.9 -
-1.5 -3.5 -
0.51 , 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -

-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -

0.44 0.88 -
1.1 2.25 -
3.0 8.8 -

- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.002 1.0 
- 0.004 2.0 
- 0.006 4.0 

- 0.002 4.0 
- 0.004 8.0 
- 0.006 16 

IT= (0.80 µA/kHz) f + loo 
IT= (1.60 µA/kHz) f + loo 
Ir= (2.40 µA/kHz) f + loo 

where: IT ·is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
•*The formulas given are ,for the typical characteristics only at 25°C. 

Thigh* 

Min Max 

- 0.05 

- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-0.7 -
-0.14 -
-0.35 -
-1.1 -

0.36 -
0.9 -
2.4 -

-0.6 -

-0.12 -
-0.3 -
-1.0 -

0.36 -
0.9 -
2.4 -

- ± 1.0. 

- ±1.0 

- -

- 30 
- 60 
- 120 

- 30 
- 60 
- 120 

@ MOTOROLA Sernfoonductor"Products Inc. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF 

µAde 

µAde 

µAde 



. MC14027B 

SWITCHING CHARACTERISTICS* (CL= 50 pF, TA= 25°c1 

Min Max 

AL CL/CLP Typ AL CL/CP 
Characteristic Symbol vDD Device Device All Types Device Device Unit 

Output Rise Time tr ns 
tr= (3.0 ns/pF) CL+ 30 ns 5.0 - - 180 360 360 
tr= (1.5 ns/pF) CL+ 15 ns 10 - - 90 180 180 
tr= (1.1 ns/pF) CL+ 10 ns 15 - - 65 130 130 

Output Fall Time tf ns 

tf = (1.5 ns/pF) CL+ 25 ns 5.0 - - 100 200 200 

tf = (0.75 ns/pF) CL+ l2.5 ns 10 - - 50 100 100 

tf = (0.55 ns/pF) CL+ 12.5 ns 15 - - 40 80 80 

Propagation Delay Time tpLH• ns 
Clock to Q tPHL 

tPLH· tPHL = (1.7 ns/pF) CL+ 90 ns 5.0 - - 175 350 350 
tPLH· tPHL = (0.66 ns/pFl CL+ 42 ns 10 - - 75 150 150 

tPLH· tPHL = (0.5 ns/pF) CL+ 25 ns 15 - - 50 100 100 
Set to Q 

tPLH· tPHL = (1.7 ns/pF) CL+ 90 ns 5.0 - - 175 350 350 
tPLH· tPHL = (0.66 ns/pF) CL+ 42 ns 10 - - 75 150 150 
tPLH• tPHL = (0.5 ns/pF) CL+ 25 ns 15 - - 50,. 100 100 

Reset to Q 

tPLH· tPHL = (1.7 ns/pF) CL+ 265 ns 5.0 - - 350 450 450 
tPLH· tPHL = (0.66 ns/pF) CL+ 67 ns 10 - - 100 200 200 
tPLH· tPHL = (0.5 ns/pF) CL+ 50 ns 15 - - 75 150 150 

Minimum Setup Times tsetup H 5.0 - - 70 140 140 ns 

tsetup L 10 - - 25 50 50 

15 - - 17 35 35 

Minimum Clock Pulse Width PWCH· 5.0 - - 165 330 330 ns 

PWcL 10 - - 55 110 110 

15 - - 38 75 75 

Maximum Clock Pulse Frequency PRF 5.0 1.5 1.5 3.0 - - MHz 

10 4.5 4.5 9.0 - -
15 6.5 6.5 13 - -

Maximum Clock Pulse Rise and Fall Time tr. tf 5.0 15 15 - - - µs 

10 5.0 5.0 - - - II 
15 4.0 4.0 - - -

Minimum Set and Reset Pulse Width PWs. 5.0 - - 125 250 250 ns 

PWR 10 - - 50 100 100 

15 - - 35 70 70 

*The formula given is for the typical characteristics only. 
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MC14027B 

Q 

FIGURE 1 - DYNAMIC SIGNAL WAVEFORMS 
(J, K, Clock, and Output) 

1 ' 
--PRF=f-

tPLH 

Inputs Rand Slow. 
For the measurement of PWc. PRF, and Po 
the Inputs J and K are kept high. 

c 

c~c 

R 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 
(Set, Reset, and Output) 

------~ 
""'"';..;.;..~~~~~~~vss 

Vss 

. - VoH 
tp~H .. tPHL 

.a 50% • 

VoL, 

Inputs J and K low. 

LOGIC D'AGRAM 
( 1 /2 of Device Shown) 

a 

® MOTOROLA Semiconduc'for Producf:s Inc. 
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BCD-TO-DECIMAL DECODER 
BINARY-TO-OCTAL DECODER 

The MC 140288 decoder is constructed so that an 8421 BCD code 
on the four inputs provides a decimal (one-of-ten) decoded output, 
while a 3-bit binary input provides a decoded octal (one-of-eight) 
code output with D forced to a logic "o". Expanded decoding such 
as binary-to-hexadecimal (one-of-16), etc., can be achieved by using 
other MC14028B devices. The part is useful for code conversion, ad
dress decoding, memory selection control, demultiplexing, or read
out decoding. 

• Diode Protection on All Inputs 

• Noise Immunity= 45% of VDD typical 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

• Positive Logic Design 
• Quiescent Current 5.0 nA /package typical@ 5 Vdc 

• Low Outputs on All Illegal Input Combinations 

• Pin-for-Pin Replacement for CD4028 ~ 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Unit 

Vdc 

Input Voltage, Alf Inputs Vin -0.s to VDD + 0.5 · Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 OC 

CL/CP Device -40to +85 

Storage Temperature Range Tstg -65 to +150 OC 

BLOCK DIAGRAM 

10 A 00 3 

01 14 

3-Bit 02 2 

Binary B 03 15 Octal 

8421 Inputs 
Decoded Decimal 

04 1 Outputs BCD Decoded 
Inputs 05 6 Outputs 

12 06 

07 4 

08 9 

11 D 09 5 

VDo =Pin 16 
Vss =Pina 
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MC14028B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

BCD-TO-DECIMAL DECODER 
BINARY-TO-OCTAL DECODER 

L SUFFIX 
CERAMIC PACK~GE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

M°'4XXXB 1 tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

TRUTH TABLE 

INPUT OUTPUT 

D C B A Q9Q8Q706050403Q2Q100 

0 0 0 0 0 0 0 0 0 0 0 0 0 1 
0 0 0 1 0 0 0 0 0 0 0 0 1 0 
0 0 1 0 0 0 0 0 0 0 0 1 0 0 
0 0 1 1 0 0 0 0 0 0 1 0 0 0 
0 1 0 0 0 0 0 0 0 1 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 o· 0 
0 1 1 0 0 0 0 1 0 0 0 0 0 0 
0 1 1 1 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 1 1 0 0 0 0 0 0 0 0 0 
1 0 1 0 0 0 0 0 0 0 0 0 0 0 
1 0 1 1 0 0 0 0 0 0 0 0 0 0 
1 1 0 0 0 0 o. 0 0 0 0 Ci 0 0 
1 1 0 1 0 0 0 0 0 0 0 0 0 0 
1 1 1 0 0 0 0 0 0 0 0 0 0 0 
1 1 1 1 0 0 0 0 0 0 0 0 0 0 



MC14028B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 

Vin v00 or o 10 
15 

"1" Level VoH 5.0 
Vin Oor v 00 10 

15 

Input Voltage~ "O" Level V1L 
IVo = 4.5 or 0.5 Vdc) 5.0 
IVo = 9.0 or 1.0 Vdcl 10 
(Vo= 13.5or1.5 Vdcl 15 

"1'' Level V1H 
(Vo= 0.5 or4.5 Vdc) 5.0 
IVo = 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 qr 13.5 Vdc) 15 

Output Drive Current (AL Device) IOH 
IVoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VOH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(Vol= 0.4 Vdcl Sink loL 5.0 
(Vol = 0.5 Vdcl 10 
(Vol= 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9;5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(Vol= 0.4 Vdcl Sink loL 5.0 
<Vol= 0.5 Vdcl 10 
(Vol= 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

lnp.ut Current (CL/CP Device) lin 15 

Input Capacitance. . Cin -
(Vin= 0) 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current* *l IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL= 50 pF on all outputs:, all 
buffers switching) 

*T1ow = -55°c for AL Device, -40°c for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

T1ow* 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -

0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ± 0.3 -

-- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than·50 pF: 
IT(CL) = IT(50 pF) + 1 x 10-3 (CL -50) Voof 

25°c 

Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 
- 4.50 3.0 
- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

·- ±0.00001 ±0.3 

- 5.0 7.5 

- o.oqs 5.0 
- 0.010 10 
- 0.015 20 

- 0.005 20 
- 0.010 40 
- 0.015 80 

IT= (0.3 µA/kHz) f + loo 
IT= (0.6 µA/k.Hz) f + 100 
IT= (0.9 µA/kHz) f + loo 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
**The formulas given are for the typical characteristics only at 2s0 c. 

Thi_gh * 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 -
0.9 -
2.4 -

-0.6 -
-0.12 -
-0.3 -
-1.0 -
0.36 -
0.9 -
2.4 -

- ± 1.0 

- ±1.0 

- -

- 150 
- 300 
- 600 

- 150 
- 300 
- 600 

@ MOTOROLA Semiconductor Products Inc. 

5-82 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF 

µAde 

µAde 

µAde 



MC14028B 

SWITCHING CHARACTERISTICS* !CL= 50 pF. TA= 25°Cl 

Typ 
Ch•r.cteristic Symbol Voo All Types 

Output Rise Time tr 
tr = 13.0 ns/pF) CL+ 30 ns 5.0 180 
tr= (1.5 ns/pF) CL+ 15 ns 10 90 
tr= (1.1 ns/pFl CL+ 10 ns 15 65 

Output Fall Time tf 
tf " (1.5 ns/pFI CL+ 25 ns 5.0 100 
tf = (0.75 ns/pF) CL+ 12.5 ns 10 50 
tf = (0.55 ns/pFl CL+ 9.5 ns 15 37 

Propagation Deley Time tPLH• 
tPLH• tPHL = (1.7 ns/pFl CL+ 215 ns tPHL 5.0 300 
tPLH• tPHL = 10.66 ns/pF) CL+ 97 ns 10 130 
tPLH• tPHL = (0.6 ns/pF) CL+ 65 ns 15 90 

*The formula given is for the typical characteristics only. 

FIGURE 1 - DYNAMIC SIGNAL WAVEFORMS 

lnpuu a. c, and o 
twitching In retpect 
to a BCOcode. 

lnputt A, B, and O low. 

AL 
Device 

350 
150 
110 

175 
75 
55 

480 
200 
140 

M•x 

CL/CP 
Dav ice Unit 

ns 
400 
200 
160 

ns 
200 
100 
80 

ns 
700 
300 
20Q 

All outputs connected 
to respective CL loads. 
f in respect to a system 
clock. 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; hoWever, it is ad
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the.range Vss <: (Vin or Voutt 
<voo-
Unusect inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or Voot. 
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MC14028B 

LOGIC DIAGRAM 

A 

B 

c 

D 

APPLICATION INFORMATION 

Expanded decoding can be performed by using the 
MC140288 and other McMOS Integrated Circuits. The cir
cuits in Figure 2 converts any 4-bit code to a decimal or 
hexadecimal code. The accompanying- table shows the 
input binary combinations, the associated "output num
bers" that go "high" when selected, and the redefined 

, output numbers" needed for the proper code. For ex
ample: For the combination DCBA = 0111 the output 
number 7 is· redefined for the 4-bit binary, 4-bit gray, ex
cess-3, or excess-3 gray codes as 7, 5, 4, or 2,_ respectively. 
Figure 3 shows a 6-bit binary 1-of-64 decoder using nine 
MC14028B circuits and two MC14069B inverters. 

The MC140288 can be used. in decimal digit displays, 
such as, neon readouts or incandescent projection indi
cators as shown in Figure 4. 

INPUTS OUTPUT NUMBERS 

D c B A 15 14 13 12 11 10 9 8 7 6 5 

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 0 0 0 0 0 

/ 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 
0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 
0 1 1 1 0 0 o· 0 0 0 0 0 1 0 0 

1· 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 
1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 
1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 

1 1 0 0 0 0 0 1 0 0 0 0 0 0 o-
1 1 0 .1 0 0 1 0 0 0 0 0 0 0 0 
1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 
1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 

4 3 

0 0 
0 0 
0 0 
0 1 

1 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

FIGURE 2 - CODE CONVERSION CIRCUIT 
AND TRUTH TABLE 

Inputs 
~ 
0 C B A 

r-<J----

1 l 
I D c B A c A B D 

MC1402BB MC14028B 

09 ------00 09 - - - - - ,_ -00 

11 l T 
7- - - - - - -0 

I I J. I 
15- - - - - - ·8 

Output Numbers 

CODE AND REDEFINED 
OUTPUT NUMBERS 

Hexadecimal Decimal 

c:> M 

~~ .~ > Ill YA~ c: c::; Cl> 

'c: ~ f! fl fl .. ~ N 

2 1 0 
'<tiji '<t~ x x~ :.{ '<t 

w w 
0 0 1 0 0 0 0 
0 1 0 1 1 1 1 
1 0 0 2 3 0 2 2 
0 0 0 3. 2 0 3 3 

0 0 0 4 7 1 4 4 
0 0 0 5 6 2 3 
0 0 0 6 4 3 1 4 
0 0 0 7 5 4 2 

0 0 0 8 15 5 
0 0 0 . 9 14 6 5 
0 0 0 10 12 7 9 6 
0 0 0 11 13 8 5 

0 0 0 12 8 9 5 6 
0 0 0 13 9 6 7 7 

0 0 0 14 11 8 8 8 
0 0 0 15 10 7 9 9 
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MC14028B 

FIGURE 3 - SIX-BIT BINARY 1-0F-64 DECODER 

Inputs 

A B C 0 E F Inhibit 
(No Selection) 

..---'-~ ......... ~~'--~~--'------. 
A B c 0 

'0 / """'"".-1.~/6-,.,M~C-1-4-06_9_8~~~~~~~~~~~~~----,.v~~~~~~~~~~~~~~~~~~~~~ 

A 00 
01 
02 

B 03 

MC14028B 
04 
05 

c 06 
07 

0 as 
09 

64 Outputs (Selected Output is High) 

FIGURE 4- DECIMAL DIGIT DISPLAY APPLICATION 

---o--'--

Appropriate 
Voltage 

or 

Appropriate 

---rFrl. . v··~.ncandescent 
ltJ ltJ ltJDO~•V 

2 1 0 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 
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BOX 20912 •PHOENIX, ARIZONA 85036 

TRIPLE SERIAL ADDERS 
The MC140328 and MC14038B triple serial adders have the clock 

and carry reset inputs common to all three adders. The carry is 
added on the positive-going clock transition for the MC140328, and 
on the negative-going clock transition for the MC140388. Typical 
applications include serial arithmetic units, digital correlators, digital 
servo control systems, datalink computers, and flight control 
computers. 

• Static Operation from de to 5.0 MHz 

• Buffered Outputs 

• Single-Phase Clocking 

• Quiescent Current= 5.0 nA/package typical@ 5 Vdc 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera
ture Range. 

• Pin-for-Pin Replacement for CD4032 and CD4038 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value Unit 

DC Supply Voltage vDD -0.5 to +18 Vdc 

Input Voltage, All Inputs Vin -0.5 io VDD + o.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid ·application of any voltage higher than maximum rated voltages to 
this high impedance circuit. For proper ope.ration it is recommended that Vin and 
Vout be constrained to the range Vss.;; (Vin or Voutl.;; VDD· 
Unused· input~ must always be tied to an appropriate logic voltage level (e.g., 
either Vss or VDDL 

LOGIC DIAGRAMS 

OC 

oc· 

MCl4032B 
MC14038B 
McMOS MSI 

(LOW-POWER COMPLEMENTARY MOS) 

TRIPLE SERIAL ADDERS 

Positive Logic - MC14032B 
Negative Logic - MC14038B 

~~ 
J''f{{(U~ u,~ 16ryn1l~ ij ~ 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC14XXXB 1
1

Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

A110 

81 11 
Invert 1 7 

A2 13 

82 12 

Invert 2 5 

A3 15 

83 14 
Invert 3 2 

Clock 3 

Carry Reset 6 o-----~ 

9 51 

4 52 

MC14032B 
(ONE SECTION AND COMMON INPUTS SHOWN) 

MC14038B 

s 

Clock 
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MC 140328 • MC 140388 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin=VooorO 10 

15 

"1" Level VoH 5.0 
Vin=OorVoo 10 

15 

Input Voltage# "O" Level V1L 
(Vo= 4.5 or 0.5 Vdc) 5.0 
(Vo= 9.0 or 1.0 Vdc) 10 
(Vo= 13.5or1.5 Vdc) 15 

"1" Level VtH 
(Vo= 0.5 or 4.5 Vdc) 5.0 
IVo = 1.0 or 9.0 Vdc) 10 
IVo = 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) IOH· 
IVoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
IVoH = 9.5 Vdc) 10 
IVoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdc) Sink IOL 5.0 
IVoL = 0.5 Vdc) 10 
<Vol= 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

<Vol= 0.4 Vdcl Sink loL 5.0 
<Vol = 0.5 Vdcl 10 
(Vol= 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current.(CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent.Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current**t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

*T10 w = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°c for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

T1ow* 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -

- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = ITl50 pF) + 3 x 10-3 (CL -50) Voof 

2s0c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 
- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0;15 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- O.Q15 20 

- 0.005 20 
- 0.010 40 
- O.Q15 80 

IT= (0.96 µA/kHz) t + too 
IT= (1.93 µA/kHz) f + I DD 
11' = (2.8 :µA/kHz) f + too 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
• *Tlie"formulas given are for the typical characteristics only at 25°c. 

Thigh* 

Min Max 

- 0.05 

- 0.05 

- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 -
0.9 -
2.4 -
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 -
0.9 -
2.4 -
- ±1.0 

- ±1.0 

- -

- 150 
- 300 
- 600 

- 150 
- 300 
- 600 

® MOTOROLA Semiconductor Products Inc. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

I 

µAde 

µAde 

pF 

µAde 

µAde 

µAde 



MC14032B • MC14038B 

SWITCHING CHARACTERISTICS* ICL = 50pF, TA= 25°c) 

Min Max 

vDD . AL CL/CP Typ AL CL/CP 
Characteristic Symbol Vdc Device Device All Types Device Device Unit 

Output Rise Time tr ns · 
tr= (3.0 ns/pF) CL+ 30 ns 5.0 - - 180 350 400 
tr= (1.5ns/pF) CL+ 15ns. 10 - - 90 150 200 
tr= (1.1 ns/pF) CL+ 10ns 15 - - 65 110 160 

Output Fall Time tf ns 
tf = ( 1.5 ns/pF) CL+ 25 ns 5.0 - - 100 175 200 
tf = (0.75 ns/pF) CL+. 12.5 ns 10 - - 50 75 100 
!f. = (0.55 ns/pF) C_L + 9.5 ns 15 - - 37 55 80 

Propagation Delay Time tPLH• ns 
A,B or Invert to Sum tPHL 

tPLH• tPHL = (1.7 ns/pF) C.L + 195 ns 5.0 - - 280 1100 1400 

tPLH• tPHL = (0.66 ns/pF) CL+ 87 ns 10 - - 120 250 300 

tPLH• tPHL = (0.5 ns/pF) CL+ 65 ns 15 - - 90 190 230 

Clock to Sum ns 
tPLH• tPHL = (1.7 ns/pF) CL+ 415 ns 5.0 - - 500 2200 2400 
tPLH• tPHL = (0.66 ns/pF) CL+ 147 ns 10 - - 180. 500 600 
tPLH• tPHL = (0.5 ns/pF) CL + 110 ns 15 - - 135 380 450 

Input Setup Time tsetup 5.0 - - -10 1 10 10 ns 
10 - - 0 10 10 
15 - -- 0 10 10 

Maximum Clock Pulse Frequency PRF 5.0 1.5 1.0 4.0 - - MHz 
10 3.0 2.5 10 - -
15 6.0 4.0 12 - -

Maximum Clock Rise and Fall Times tr,tf, 5.0 15 15 - - - /.IS 

10 15 15 - - -
15 15 15 - - -

*The formula given is for the typical characteristics only. 

TIMING DIAGRAMS 

MC14032B 

Word 1 +Word 2--+--Word 3 +Word 4--1 

A 

B 

c 
I nv -+--+-+-+-+---+--+---1--t 
CR 

s 

Word 1: 0.0111100 = +60 

Word 2: 0.0110010 = +50 
0.1101110 =+110 

Word 3: 1.1011011 = -37 

word4: 1.100-1110=-50 
1.0101001 = -87 

Note: Unused input pins must be connected to either v00 or Vss· 

MC14038B 

- -Word 1 + Word 2 - T Word 3 + Word 4----' 

A 

B 

c 
Inv 
CR 

s 
- --·True Sum --------i--Complemented Sum 

Word 1: 1.1000011 = -61 

Word 2: 1.1001101 = -51 
1:0o1000o = -112 

Word 3: 0.0100100 = +36 

Word 4: 0.0110001 = +49 
0.1010101 = +85 

I 
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MC14032B • MC14038B 

FIGURE 1 -TYPICAL OUTPUT SOURCE TEST CIRCUIT 

Vos= VoH - Voe 

Voo=-VGs 

A1 

81 

Inv 1 

A2 

82 

Inv 2 

A3 

83 

lnv3 

Clock 

CR 

Voe 

S1 

Vss 
External 
Power 

Supply 

FIGURE 2 - TYPICAL OUTPUT SINK TEST CIRCUIT 

.-----<J>----1A1 

81' 

r-+-t--0-----11 nv 1 

A2 

82 

~o-+-+-+-O-~lnv2 

A3 

83 

----+--<>---< I nv 3 

'------D---i Clock 

CR 

Voe 

_____ vss 

Vos= VoL 

External 
Power 

Supply 

FIGURE 3 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator 

Voe 

500 pF 

A1 S1 

81 

Inv 1 

A2 

82 

lnv2 S2 

A3 

83 

lnv3 

Clock 

CR S3 

Vss 

0,01 µF J Ceramic 

iil 

20 ns 20 ns 

Voe 

Vss 

Voe 
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MC14032B • MC14038B I 
FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Voo 

A1 S1 

81 

Inv 1 

A2 
Programmable 82 

Pulse 
Generator lnv2 S2 

A3 

83 CL 
lnv3 

Clock 

il CR S3 

Vss 

MC14032B 

Voo, 
A 

Vss 

Voo 
8 

Vss 

Clock 

Vss 

VoH 
Sum 

VoL 

MC14038B 

A 

8 

Voo 
Clock 

Sum 
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MOTOROLA 
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BOX 20912 •PHOENIX, ARIZONA 85036 

8-BIT UNIVERSAL BUS REGISTER 
The MC14034B is a bidirectional 8-bit static parallel/serial, 

input/output bus register. The device contains two sets of input/ 
output lines which allows the bidirectional transfer of data between 
two buses; the conversion of serial data to parallel form, or the 
conversion of parallel data to serial form. Additionally the serial 
data input allows data to be entered shift/right, while shift/left can 
be accompolished by hard-wiring each parallel output to the previous 
parallel bit input 

Other useful applications for this device include pseudo-random 
code generation, sample and hold register, frequency and phase
comparator, address or buffer register, and serial/parallel input/ 
output conversions. 

• Bidirectional Parallel Data Input 
• Quiescent Current= 10 nA/package tvpical@ 5 Vdc 
• Noise Immunity= 45 % of Voo typical 
• Diode Protection on All Inputs 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Static Operation Oto 5.0 MHz@ VoD = 10 Vdc 
• Single Supply Operation= Positive or Negative 
• Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated 
Temperature Range. 

• Pin·for-Pin Replacement for CD4034 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Symbol Value 

DC Supply Voltage Voo -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + o.5 

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

Unit 

Vdc 

Vdc 

mAdc 

oc 

oc 

This device contains circuitry to protect the inputs against damage due to high static 
voltages or electric fields; however, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated voltages to this high 
impedance circuit. For proper operation it is recommended that Vin and Vout be 
constrained to the range Vss.;; (Vin or V 0utl.;; VDD· 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either 
Vss or VDDL 

5-91 

MC14034B 

McMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

8-BIT UNIVERSAL BUS REGISTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 71G 

P SUFFIX 
PLASTIC PACKAGE 

CASE 709 

ORDERING INFORMATION 

MC'4XXXB r~"n;' Dooo<H 
L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
c Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

A1 A2 A3 A4 A5 AG A7 AB 
1G 17 1B 19 20 21 22 23 

9 

13 

10 

11 

14 

15 

B 5 4 3 
Bl B2 B3 B4 B5 BG B7 BB 

Voo=Pin24 
v 55 =Pin 12 



MC14034B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin=VooorO 10 

15 

"1" Level VoH 5.0 
Vin=Oor Voo 10 

15 

Input Voltage# "O" Level V1L 
(Vo =4.5 or 0.5 Vdc) 5.0 
!Vo= 9.0 or 1.0 Vdc) 10 
!Vo= 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
(Vo= 0.5 or4.5 Vdc) 5.0 
(Vo = 1.0 or 9.0 Vdc) 10 
!Vo= 1.5 or 13.5 Vdcl 15 

Output Drive Current (AL Device) IOH 
!VoH = 2.5 Vdcl Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13 .5 Vdc) 15 

!Vol= 0.4 Vdcl 
I 

Sink loL 5.0 
(VOL= 0.5. Vdcl 10 
(VOL= 1.5 Vdc) 15 

Output Drive Current (CL/Cf> Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
!VoH = 4.6 Vdcl 5.0 
(VoH = 9.5 Vdc) 10 
(VOH = 13.5 Vdc) 15 

!Vol= 0.4 Vdcl Sink loL 5.0 
!VoL = 0.5 Vdcl 10 
(VoL = 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) · 

Quiescent Current (AL Device) 100 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current* *'t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL m 50 pF on all outputs, all 
buffers switching) 

*T10 w= -55°C for AL Device, -40°c for CL/CP Device. 
Thigh= +125°c for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

T1ow * 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -

0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ± 0.3 

- -

- 5.0 

- 10 

- 20 

- 50 

- 100 

- 200 

Noise Margin for both."1" and "O" level= 1.0 Vdc min@ VoD = 5.0 Vdc 
2.0.Vdc min@ v 00 = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = IT(50 pF) +4 x 10-3 (CL -50) VDof 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 

- 4.50 3.0 
- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -1. 7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -

- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.010 5.0 
- 0.020 10 
- ·0.030 20 

- O.D10 50 

- 0.020 100 

- 0.030 200 

IT= 12.2 µA/kHz) f + 100 
IT= (4.4 µA/kHz) f + 100 
IT= (6.6 µA/kHz) t + loo 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
•*The formulas given are for the typical characteristics only at 25°C". 

Th!g_h* 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 -
0.9 -
2.4 -

-0.6 -
-0.12 -
.-0.3 -
-1.0 -
0.36 -
0.9 -
2.4 -

- ±1.0 

- ±1.0 

- -

- 150 
- 300 
- 600 

- 375 
- 750 
- 1500 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF 

µAde 

µAde 

µAde 



, . MC14034B 

SWITCHING CHARACTERISTICS* (CL= 50pF, TA= 25°Cl 

Min Max 

Voo AL CL/CP Typ AL CL/CP 
Characteristic Symbol Vdc Device Device All Types Device Device Unit 

Output Rise Time A or B tr ns 
tr= (3.0 ns/pF) CL +30 ns 5.0 - - 180 390 . 400 

tr= (1.5 ns/pF) CL +15 ns 10 - - 90 150 200 

tr= (1.1 ns/pF) CL +10ns 15 - - 65 110 160 

Output Fall Time A or B tf ns 
tf = (1.5 ns/pF) CL +25 ns 5.0 - - 100 175 200 
tt= (0.75ns/pF) CL +12.5ns 10 - - 50 75 110 
tf = (0.55 ns/pF) CL +9.5 ns 15 - - 37 ~5 80 

Propagation Delay Time 
A (Bl Synchronous Parallel Data Input, tPLH· ns 
B (A) Parallel Data Output tPHL 
tPLH· tPHL = (1.7 ns/pF) CL+ 440 ns 5.0 - - 525 940 1300 

tPLH· tPHL = (0.66 ns/pF) CL+ 172 ns 10 - - 205 350 515 

tPLH· tPHL = (0.5 ns/pF) CL+ 120 ns 15 - - 145 270 360 

Propagation Delay Time 
A(B) Asynchronous Parallel Data Input tPLH· ns 
B (A) Parallel Data Output 

\_ tPHL 
tPLH· tPHL = (1.7 ns/pF) CL+ 420 ns 5.0 - - 505 900 1350 

tPLH· tPHL = l0.66 ns/pF) CL+ 147 ns 10 - - 180 300 450 

tPLH· tPHL = (0.5 ns/pF) CL+ 105 ns 1~. - - 130 225 340 

Minimum Clock Pulse Width PWc 5.0 - - 170 340 500 
10 - - 70 140 200 
15 - - 55 100 150 

Maximum Clock Pulse Frequency PRF 5.0 1.5 1.0 2.5 - - MHz 

10 3.0 2.5 6.0 - -
15 4.0 3.0 8.0 - -

Maximum Clock Pulse Rise tr,tf '5.0 15 15 - - - µs 

and Fall Times 10 15 15 - - -
15 15 15 - - -

A, B Input Setup Time tsetup 5.0 - - 35 70 100 ns 
10 - - 15 30 45 

15 - - 12 25 35 

Minimum High Level AE, P/S, A/S Pulse Width Pw_ 5.0 - - 200 400 600. , ns 
10 - - 90 180 270 
15 - - 80 140 200 

•The formula given is for the typical characteristics only. 

TRUTH TABLE 

"A" Enable P/S A/B A/S MODE OPERATIONt 

0 0 0 x Serial Synchronous Serial d<1ta input, A <1nd 6 parallel data outputs disabled. 
0 0 x Serial Synchronous Serial data input, 6·Parallel data output. 
0 0 0 Parallel 6 Synchronous Parallel data inputs, A-Parallel data outputs disabled. 

0 0 Parallel 6 Asynchronous Parallel data inputs, A-Parallel data outputs disabled. 
0 1 0 Parallel A-Parallel data inputs disabled, 6-Parallel data outputs, synchronoqs data recirculation. 
0 1 1 1 Parallel A-Parallel data inputs disabled, 6-Parallel data outputs, asynchronous data recirculation. 

0 0 x Serial Synchronous serial data input, A-Parallel data output. 
0 x Serial Synchronous serial data input, 6-Parallel data output. 

0 0 Parallel 6-Synchronous Parallel data input, A-Parallel data output. 

0 1 Parallel 6-Asynchronous Parallel data input, A-Parallel data output. 

0 Parallel A-Synchronous Parallel data input, 6-Parallel data output. 
Parallel A-Asynchronous Parallel data input, 6-Parallel data output. 

X = Don't Care 
tOutputs change at·positive transition of clock in the serial mode and when the A/S input is low in the parallel mode. 

During transfer from parallel to serial operation, A/S should remain low in order to.prevent Ds transfer into flip-flops. 

@ MOTOROLA Sernfoonductor Products Inc. _______ ___, 
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Data 

A1 A2 A3 A4 A5 A6 A7 AS 
Serial Data 

Input 

Enable A 

EXPANDED A/B 

BLOCK DIAGRAM Parallel/Serial P/S 

Asyn/Syn A/S 

Clock 

01 02 03 04 05 06 07 08 

Data 

OPERATING CHARACTERISTICS 

The MC140348 is composed of eight register cells con
nected in cascade with additional control logic. Each 
register cell is composed of one "D" master-slave flip-flop 
with separate internal clocks, and two data transfer gates 
allowing the data to be transferred bidirectionally from 
bus A to bus B and from bus B to bus A, and to be 
memorized. Besides the single phase clock and the serial 
data inputs, the control logic provides four other features: 

A Enable Input - When high, this input ena~les the 
bus A data lines. 

A/B Input (Data A or Bl - This input controls the 
direction of data flow: when high, the data flows from 

bus A to bus B; when low, the data flows from bus B 
to bus A. 

P/S Input (Parallel/Serial) - This input controls the 
data input mode (parallel or serial). When high, the data is 
transferred to the register in a parallel asynchronous mode 
or a parallel synchronous mode (positive clock transition). 
When low, the data is entered into the register in a serial 
synchronous mode (positive clock transition). 

A/S Input (Asynchronous/Synchronous to the Clock) 
- When this input is high, the data is transferred inde
pendently from the clock rate; when low, the clock is 
enabled and the data is transferred synchronously. 

LOGIC DJAGRAM 

A Enable 9 

A/B 11 

Serial 10 
Data 

Parallel 13 
Serial 

A1 
16 

A2 A3A4A5A6A7 
17 18 19 20 21 22 

~~~~~ 
_LLLJ_ 

8 
Bl 

6 Stages 
(Sarne as 
Stage 1) 

-r6-r-r 
765432 
020304 0506 07 
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MC14034B 

FIGURE 1 - PROPAGATION DELAY AND TRANSITION 
TIMES WAVEFORMS 

Input 
A(B) 

Clock 

- .... 
Output ' 

B(A) \ 

PROPAGATION AND TRANSITION TIME TEST CIRCUITS 

FIGURE 2 - A SYNCHRONOUS DATA INPUT, B PARALLEL 
DATA OUTPUT AND SETUP TIME 

FIGURE 3 - B SYNCHRONOUS DATA INPUT, B PARALLEL 
DATA OUTPUT AND SETUP TIME 

Programmable 
Pulse 

Generator 

A Enable 

P/S 

Ds 

A/B 

A/S 

c 

Programmable 
Pulse 

Generator 

Voo 

Vss 

A Enable 

P/S 

Ds 

A/B 

A/S 

c 
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Programmable 
Pulse 

Generator 

FIGURE 4 -POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 

VDo 

..,_+--0--IAE 

--t--o--1P/S 

1-+--+--0~ Ds 

A/B 

._--o~A/S 

1---1----0---1 c 

Cl,ock 

PWcL 

.__ ____ _. 

81 '82 83 84 85 86 87 88 

FIGURE 5 -16-BIT PARALLEL IN/PARALLEL OUT, PARALLEL IN/SERIAL OUT, 
SERIAL IN/PARALLEL OUT, SERIAL IN/SERIAL OUT REGISTER 

VDo 

~:~:I >---+----1 

V DD o---+-----< 

A 1 A2 A3 A4 AS A6 A 7 AB 

A Enable 

vDD 

A1 A2 A3 A4 AS A6 A7 AB 

A Enable 

P/S 

-~---11----...J Ds 

A/8 

,AIS 

PIS '>--_..,14--------------------14---------------.t~ 
A/S >----.tH-----'---------------<IH-------------_.. 

Clock >---..... ------------------+--------------.!~ 
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MC14034B 

FIGURE 6 - SHIFT RIGHT/SHIFT LEFT WITH PARALLEL INPUTS 

Shift Left Output 

A Enable>-----~--
:io-..... ---+------------<t-------------.~AE 

Shift Left/ 
Shift Right 

Clock 

A1 AS 
AE 

Ds 
A/8 

A/S 

c 81 

P/S 

Ds 

A/8 

A/S 

c 81 

Shift Right 
Output 

Register 2 
MC140348 

Shift 
Left Input• 

A/S Parallel ">---l------,---++---+-+--+--+-+--l-l--+----<1o-+---+--t--T--+-1-t-t-'"t-- A/S 
Entry 

'-----1--1--+---1-1--.i.-+--+---_.---+-+--t-1---t--t--t--r~c10ck 

'---------..---+--t--+--+--+-+--!-l-----+---+-+--1--+-t-1r--t-+--AE 

Voo 

Register 3 
MC140348 

AS 

Voo 

,A1 
AE 

P/S 

Ds 

A/8 

A/S 

Register 4 
MC140348 

A "High" ("Low"} on the Shift Left/Shift Right input allows serial 
data on the Shift Left Input (Shift Right Input} to enter the register 
on the positive transition of the clock signal. A "high" on the "A" 
Enable Input disables the "A" parallel data lines on Reg. 1 and 2 and 
enables the "A" data lines on registers 3 and 4 and allows parallel data 
into registers 1 and 2. Other logic schemes may be used in place of 
registers 3 and 4 for parallel loading. 

When parallel inputs are not used Reg. 3 and 4 and associated logic 
are n~t required. 

*Shift left input must be disabled during parallel entry. 

AS 

Circuit diagrams utilizing Motorola products are included as a. means 
of illustrating typical semicon.ductor applica~ions; consequently, 
complete information sufficient for construction pµrposes is not 
nec;essarily given. The information has been carefully checked and 

is believed to be entirely reliable. However, no responsi,bility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purcllaser of the.semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 

@ MOTOROLA Semiconductor Products Inc. --------' 



NIOTOROLA 
Semiconduc'fors 
BOX 20912 •PHOENIX, ARIZONA 85036 

4-BIT PARALLEL-IN/PARALLEL-OUT 
SHIFT REGISTER 

The MC14035B 4-bit shift register is constructed with MOS P
channel and N-channel enhancement mode devices in a single mono
lithic structure. It consists of a 4-stage clocked serial-shift register 
with synchronous parallel inputs and buffered parallel outputs. The 
Parallel/Serial (P/S) input allows serial-right shifting of data or syn
chronous parallel loading via inputs Dpo thru Dp3. The True/Com
plement (T/C) input determines whether the outputs display the Q 
or 0 outputs of the flip-flop stages. J-K logic forms the serial input 
to the first stage. With the J and K inputs connected together they 
operate as a serial "D" input. 

This device may be effectively used for shift-right/shift-left regis
ters, parallel-to-serial/serial-to-parallel conversion, sequence genera
tion, up/down Johnson or ring counters, pseudo-random code gener
ation, frequency and phase comparators, sample and hold registers, 
etc... · 

• 4-Stage Clocked Serial-Shift Operation 

• Synchronous Parallel Loading of all Four Stages 
• J-K Serial Inputs on First Stage 
• Asynchronous True/Complement Control of all Outputs 

• Fully Static Operation 
• Asynchronous Master Reset 
• Data Transfer Occurs on the Positive-Going Clock Transition 

• No Limit on Clock Rise and Fall Times 

• All Inputs are Buffered 
• 6.0 MHz Operation@ VDD = 10 Vdc 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol 

DC Supply Voltage vDD 

Input Voltage, All Inputs Vin 

DC Current Drain per Pin I 

Operating Temperature Range - Al Device TA 
CL/CP Device 

Storage Temperature Range Tstg 

TRUTH TABLE 

INPUTS tn OUTPUT 

c J K R ao 
_r Ci) 0 0 0 
_r 0 1 0 oo (n· 1l _, 1 0 0 Oo (n · 1) _, 1 1 0 1 

'-- x x 0 oo (n-1) 
x x x 1 0 

Value 

-0.5 to +18 

-0.5 to VDD. + o.5 

10 

-55 to +125 
-40 to +85 

-65 to +150 

x = Don't Care 
P/S = 0 =Serial Mode 
TIC = 1 =True Outputs 

Unit 

Vdc 

Vdc 

mAdc 

oc 

OC 

MC14035B 

McMOS MSI 
(LOW·POWER COMPLEMENTARY MOS) 

4-BIT 
PARALLEL-IN/PARALLEL-OUT 

SHIFT REGISTER 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC14XXXB 1
1

Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

9 Dpo 

10 Dp1 
oo 

11 DP2 

12 Dp3 01 15 

P/S 

4 02 14 

3 K 

03 13 
6 Clock 

2 TIC R 

5 

VoD =Pin 16 
Vss"' Pin a 



MC14035B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin= Voo orO 10 

15 

"1" Level VoH 5.0 
Vin= OorVoo 10 

15 

Input Voltage# "O" Level VIL 
lVo = 4.5 or 0.5 Vdc) 5.0 
!Vo= 9.0 or 1.0 Vdc) 10 
(Vo= 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 
!Vo = 1.0 or 9.0 Vdc) 10 
(Vo= 1.5or13.5 Vdc) 15 

Output Drive Current (AL Device) loH 
(VOH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VOH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(VoL = 0.4 Vdc) Sink IQL 5.0 
(VoL = 0.5 Vdc) 10 
!Vol= 1.5 Vdcl . 15 

Output Drive Current (CL/CP Device) IQH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(VoL = 0.4 Vdc) Sink loL 5.0 
(VoL = 0.5 Vdc) 10 
(VoL = 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) loo 5.0 
(Per Package) 10 

15 

Total Supply Current* *'t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

*T1ow = -55°C for AL Device, -40°C forCL/CP D~vice. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

;<Noise immunity specified for worst-case input combination. 

T1ow " 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -

0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -

0.52 -
1.3 -
3.6 -

- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = IT(50 pF) + 1 x 10-3 (CL -50) Voof 

25°C 

Min Typ Max 

- 0 0.05 

-- 0 0.05 
- 0 0.05 

4.95 5.o -
9.95 10 -

14.95 15 -

- 2.25 1.5 
- 4.50 3.0 

- 6.7!)_ 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -

0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 . -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- O.Q15 20 

- 0.005 20 
- 0.010 40 
- 0.015 80 

IT= (1.0 µA/kHz) f + loo 
IT= (2.0 µA/kHz) f + loo 
IT= (3.0 µA/kHz) f + loo 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 

Thigh" 
Min Max Unit 

- 0.05 Vdc 
- 0.05 
- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vdc 

7.0 -
11.0 -

mAdc 
-0.7 -

-0.14 -
-0.35 -
-1.1 -
0.36 - mAdc 
0.9 -
2.4 -

mAdc 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAdc 
0.9 -
2.4 -

- ± 1.0 µAde 

- ±1.0 µAde 

- - pF 

- 150 µAde 
- 300 
- 600 

- 150 µAde 
- 300 
- 600 

µAde 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; howev.er, it is ad
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im
pedance circuit. For proper operation it is recommended that Vjn and Vout be constrained to the range Vss .;; (Vin or Voutl 
.;;voo-
unused inputs must always be tied to an appropriate logic voltage level (e.g., either V55 or Vool. 

MOTOROLA Serniconduc~or Produc~s Inc. ®--------' 
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MC140358 

SWITCHING CHARACTERISTICS* (CL• 50 pf, TA• 2s0 c> 
Min 

VDD AL 
Characteristic Symbol Vdc Device 

Output Rise Timll tr 
tr= (3.0 ns/pFI CL+ 25 ns 6.0 -
tr'" (1.6 ns/pF) CL+ 12 ns 10 -
tr"' ( 1.1 ns/pf) CL+ 8.0 ns 16 -

· ·Output Fall Time tf 
tf• (1.6ns/pFI CL +47 ns 6.0 -
tf = (0. 75 ns/pf) CL + 24 ns 10 -
tf = (0.55 ns/pFI CL+ 17 ns 15 -

Propagation Delay Tillle, Clock or Reset to Q tpLH• 
tpHL 

tPLH• tPHL = (1.75 ns/pFI CL+ 223 ns 5.0 -
tPLH• tPHL = (0.70 ns/pFI CL+ 89 ns 10 -
tPLH• tPHL = (0.53 ns/pF) CL + _67 ns 15 -

Minimum Clock Pulse Width PWc 5.0 -
10 -
15 -

Minimum Reset Pul5e Width PWA 5.0 -
10 -
15 -

Maximum Clock Pulse Rise and Fall Time tr,tf 5.0 -
10 -
16 -

Maximum Clock Pulse Frequency PAF 5.0 1.5 
10 3.0 
15 5.0 

J-R Setup Time tsetup 5.0 -
10 -
15 -

P/S Control Setup Time tsetup 5.0 -
10 -
15 -

Parallel Input Setup Time tsetup 5.0 -
10 -
15 -

*The formula given is for the typical characteristics only. 

FIGURE 1 - TIMING DIAGRAM ' 

TIC Input Low 

Clock 
Input 

J-i< 
Input 

P/S 
Input 

Dpo 
Input 

01 

Reset Input ~ow tPHL 

50% 

Mex 
CL/CP Typ AL CLICP 
Device All Types Device Device Unit 

ns 
- 180 350 400 
- 90 150 ·200 

- 65 110 160 

ns 
- 100 175 200 
- 50 75 100 
- 37 55 80 

ns 

- 300 500 750 
- 130 200 325 - 95 150 240 

- 135 336 500 ns 
- 45 165 250 
- 40 125 190 

- 80 400 500 ns 
- 40 175 200 
- 35 130 150 

- - No No -
- - Limit Limit 
- -
1.0 2.5 - - MHz 
2.0 6.0 - -
3,0 10 - -
- 120 500 750 ns 
- 50 200 250 
- 30 150 190 
- 25 500 750 ns 
- 10 200 250 
- 7.5 150 190 

- 90 500 750 ns 
- 20 200 250 
- 15 150 190 

@ MOTOROLA Se,..iconductor Products Inc.---------
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K 3 

c 6 

R 5 

T/C 2 

LOGIC DIAGRAM 

APPLICATION DIAGRAM 
Shift Left/Shift Right Register 

.----------~----------oQO LeftShift 

Left Shift 
Serial Input 

~---------------001 

~------<1..--+----002 

Serial Output 

Voo 
~------+----+----o 03 Right Shift 

Serial Output 

16 15 14 13 12 11 10 9 
Voo 01 02 03 Dp3 Dp2 Dp1 Dpo 

QO T/C K J R c P/S Vss 
1234 56 8 

Voo 
Right Shift o-----------~ 
Serial Input 

Reseto---------'--.,...----' 

Clock 0--------------' 
Left/Right 0----.,...-----------~ 
Shift Select 
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TRIPLE SERIAL ADDERS 
The MC140328 and MC140388 triple serial adders have the clock 

and carry reset inputs common to all three adders. The carry is 
added on the positive-going clock transition for the MC14032B, and 
on the negative-going clock transition for the MC14038B.·Typical 
applications include serial arithmetic units, digital correlators, digital 
servo control systems, datalink computers, and flight control 
computers. 

• Static Operation from de to 5.0 MHz 

• Buffered Outputs 

• Single-Phase Clocking 

• Quiescent Current= 5.0 nA/package typical@ 5 Vdc 

• Supply Voltage. Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera
ture Range. 

• Pin-for-Pin Replacement for CD4032 and CD4038 

MAXI MUM RATINGS (Voltages referenced to Vss) 

Rating Symbol Value Unit 

DC Supply Voltage VDD -0.5 to +18 Vdc 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 OC 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 , OC 

This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to 
this high imped;;mce circuit. For proper operation it is recommended that Vin and 
Vout be constrained to the range Vss.;;; (Vin or V0 utl.;;; Voo· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g .. 
either Vss or Vool. 

LOGIC DIAGRAMS 

MC14038B 
FOR COMPLEJ"E DATA 

SEE MC14032B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

TRIPLE SERIAL ADDERS 

Positive Logic - MC14032B 
Negative Logic - MC140388 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC'4XXX8 l tSuff1x Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

A1 10 

61 11 
Invert 1 7 

A2 13 
62 12 

Invert 2 5 

A3 15 
63 14 

Invert 3 2 

Clock 3 

Carry Reset 6 u--~..--~ 

9 $1 

4 S2 

1 S3 

MC14032B 
(ONE SECTION AND COMMON INPUTS SHOWN) 

MC14038B 

Ao+--..---~ 

6 o+-+-t--------,'1__../ s 

Clock 

5-102 
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Invert 

Carry 
Reset 

Clock 
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12-BIT BINARY COUNTER 

The MC140408 12-stage binary counter is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single mono
lithic structure. This part is designed with an input wave shaping 
circuit and 12 stages of ripple-carry binary counter. The device 
advances the count on the negative-going edge of the clock pulse. 
Applications include time delay circuits, counter controls, and fre
quency-driving circuits. 

• Fully Static Operation 

• Quiescent Current= 5.0 nA/package typical @ 5 Vdc 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Low Input Capacitance= 5.0 pF typical 

• Capable of Driving Two Low-Power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated 
Temperature Range. 

• Common Reset Line 

• 13 MHz Typical Counting Rate@ Voo = 15 V 

• Pin-for-Pin Replacement for CD4040 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating 

DC Supply Voltage 

Input Voltage, All Inputs 

DC Current Drain per Pin 

Operating Temperature Range - AL Device 
CL/CP Device 

Storage Temperature Range 

Symbol 

VDD 

Vin 

I 

TA 

Tstg 

04 =Pin 5 
05 =Pin 3 
06 =Pin 2 

Value 

-0.5 to +18 

-0.5 to VDD + o.5 

10 

-55 to +125 
-40 to +85 

-65 to +150 

LOGIC DIAGRAM 

07 =Pin 4 
as= Pin 13 
09 =Pin 12 

Unit 

Vdc 

Vdc 

mAdc 

OC 

oc 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

12-BIT BINARY COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 .CASE 648 

ORDERING INFORMATION 

MC14XXXB 

11
Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

TRUTH TABLE 

CLOCK RESET OUTPUT ST A TE 

.J" 0 No Change 

""""\.... 0 Advance to next 
state 

x 1 All Outputs are low 

X = Don't Care 

vDD =Pin 16 

Vss =Pin a 
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ELECTRICAL CHARACTERISTICS 

Voo Ttow * 

Characteristic Symbol Vdc Min Max 

Output Voltage "O" Level Vol 5.0 - 0.05 
Vin=VooorO 10 - 0.05 

15 - 0.05 

"1" Level VoH 5.0 4.95 -
V;n~OorVoo 10 9.95 -

15 14.95 -
Input Voltage# ''.O" Level V1L 

(Vo= 4.5 or 0.5 Vdc) 5.0 - 1.5 
(Vo= 9.0 or 1.0 Vdc) 10 - 3.0 
IVo = 13.5 or 1.5 Vdc) 15 - 4.0 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 3.5 -
(Vo= 1.0 or 9.0 Vdc) 10 7.0 -
IVo = 1.5 or 13.5 Vdc) 15 11.0 -

Output Drive Current (AL Device) loH 
(VoH = 2.5 Vdc) Source 5.0 -1.2 -
(VoH = 4.6Vdc) 5.0 -0.25 -
(VoH = 9.5 Vdc) 10 -0.62 -
(VoH = 13.5 Vdc) 15 -1.8 -
IVoL = 0.4 Vdcl Sink IQL 5.0 0.64 -
(Vol..= 0.5 Vdcl 10 1.6 -
(Vol= 1.5 Vdcl 15 4.2 -

Output Drive Current (CL/CP Device) IQH 
(VoH = 2.5 Vdc) Source 5.0 -1.0 -
(VoH = 4.6 Vdcl 5.0 -0.2 -
(VoH = 9.5 Vdc) 10 -0.5 -
(VoH = 13.5 Vdc) 15 -1.4 -
IVoL = 0.4 Vdc) Sink loL 5.0 0.52 -
IVoL = 0.5 Vdc) 10 1.3 -
IVoL = 1.5 Vdcl 15 3.6 -

Input Current (AL Device) lin 15 - ±0.1 

Input Current (CL/CP Device) lin 15 - ±0.3 

Input Capacitance Cin - - -
!Vin= 0) 

Quiescent Current (AL Device) loo 5.0 - 5.0 
(Per Package) 10 - 10 

15 - 20 

Quiescent Current (CL/CP Device) 100 5.0 - 20 
(Per Package) 10 - 40 

15 - 80 
Total Supply Current* •t IT 5.0 

(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL= 50 pF o.n all outputs, all 
buffers switching) 

I 

*T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP .Device. 

FNoise immunity specified forworst·case input combination. 
Noise Margin for both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc 

2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min @Voo = 15 Vdc' 

tTo calculate total supply current at loads other than 50 pF: 
lr(CL) = lr(50 pF) + 1 x 10-3 (CL -50) Vo of 

where: Ir is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is 
input frequency. 

•*The formulas given are for the typical character.istics only at 25°C. 

2s0 c Th!s!'I* 
Min Typ Max Min Max Unit 

- 0 0.05 - 0.05 Vdc 
- 0 0.05 - 0.05 
- 0 0.05 - 0.05 

4.95 5.0 - 4.95 - Vdc' 
9.95 10 - 9.95 -

14.95 15 - 14.95 -
Vdc 

- 2.25 1.5 - 1.5 
- 4.50 3.0 - 3.0 
- 6.75 4.0 - 4.0 

3.5 2.75 - 3.5 - Vdc 

7.0 5.50 - 7.0 -
11.0 8.25 - 11.0 -

mAdc 
-1.0 -1.7 - ..:0.1 -
-0.2 -0.36 - -0.14 -
-0.5 -0.9 - -0.35 -
-1.5 -3.5 - -1.1 -
0.51 0.88 - 0.36 - mAdc 

1.3 2.25 - 0.9, -
3.4 8.8 - 2.4 -

mAdc 
-0.8 -1.7 - -0.6 -

-0.16 -0.36 - -0.12 -
-0.4 -0.9 - -0.3 -
-1.2 -3.5 - -1.0 -
0.44 0.88 - 0.36 - mAdc 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -

- ±0.00001 ±0.1 - ± 1.0 µAde 

- ±0.00001 . ±0.3 - ±1.0 µAde 

- 5.0 7.5 - - pF 

- 0.005 5.0 - 150 µAde 

- O.Q10 10 - 300 
- 0.015 20 - 600 

- 0.005 20 - 150 µAde 

- O.Q10 40 - 300 
- 0.015 80 - 600 

Ir= (0.42 µA/kHzl t + 100 µAde 
Ir = (0.85 µA/kHz) f + I DD 
Ir= (1.43 µA/kHz) t + loo 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; hoV\lever, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For. proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vss .;; (Vin or 
Vout>.;; Voo· 
Unused inputs must always be tied. to an 
appropriate logic voltage level (e.g., either 
Vssor Vool. 
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MC14040B 

SWITCHING CHARACTERISTICS*ICL = 50pF, TA =·25°CI 

Characteristic 

Output Rise Time 
tr= (3.0ns/pF) CL +30ns-
tr= (1.5 ns/pF) CL+ 15 ns 
tr = ( 1.1 ns/pF I CL + 10 ns 

Output Fall Time 
tf = (1.5 ns/pF) CL+ 25 ns 
tf = (0.75 ns/pF) CL+ 12.5 ns 
tf = (0.55 ns/pF) CL + 9.5 ns 

Propagation Delay Time 
Clock toQ1 

tPHL· tpui = (1.7 ns/pF) CL +315 ns 
tPHL• tPLH = (0.66 ns/pF) CL +137 ns 
tPHL• tPLH = (0.5 ns/pF) CL +95 nt 

CiOck to 012 
tPHL· tPLH = (1.7 ns/pFI CL +2415 ns 
tPHL• tPLH = (0.66 ns/pF) CL +867 ns 
tPHL• tPLH = (0.5 ns/pFI cj_ +475 ns 

Propagation Delay Time 
Reset to On 

tpHL = (1.7 ns/pFI CL +485 ns 
tPHL = (0.66 ns/pF) CL +182 ns 
tPHL = (0.5 ns/pFI CL +145 ns 

Minimum Clock Pulse Width 

Maximum Clock Pulse Frequency 

Maximum Clock Rise and Fall Time 

~inimum Reset Pulse Width 

*The formula given is for the typical characteristics only. 

FIGURE 1 - POWER DISSIPATION TEST 

CIRCUIT AND WAVEFORM 

Pulse 
Ganaretor 

0.01 µF 
lCeramic 

Symbol 

tr 

tf 

tpLH• 
tPHL 

tPHL 

PWc 

PRF 

tr.tf 

PWR 

vDD 
Vdc 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 
5.0. 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

Min Max 

AL CL/CP Typ AL CL/CP 
Device Device All Types Device Device 

- - 180 350 400 
- - 90 150 200 
- - 65 110 160 

- - 100 175 200 

- - 50 75 100 
- - 37 55 80 

- - 400 700 1050 
- - 170 280 420 
- - 120 210 320 

- - 2.5 5.0 7.5 
' - - 0.9 1.8 2.7 
- - 0.5 1.4 2.1 

- - 570 1080 1620 
- - 215 400 600 
- - 170 300 450 

- - 140 250 385 
- - 55 100 150 

- - 38 75 115 

2.0 1.5 3.5 - -
5.0 3.5 9.0 - -
6.5 4.5 13 - -
No No - - -

Limit Limit - - -
- - -

- - 320 640 960 
- - 120 240 360 

- - 80 180 270 

FIGURE 2 - SWITCHING TIME TEST 

CIRCUIT AND WAVEFORMS 

Pulse 
Generator 
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Unit 

ns 

ns 

ns 

µs 

ns 

ns 

MHz 

-

. .-ns 



MC14040B 

FIGURE 3 - TIMING DIAGRAM 

1 2 4 8 16 32 64 128 256 512 1024 2048 4096 

. CiOck 1...fU1J1...J Lr Lr II II Lr II Lr II Lr Lr -,_ 

01 _Jl_ L_ L_ L_ L_ L_ L_ L_ L_ L__-,__-,_ 
02 ! L_ L_ L_ L_ L_ L_ L_ L_-,__-,__-,__ 

03 __r--i_ -i_ L_ L_ -i_ L_ L_ L_-,__ L. 
04 -- __r- L_ L_ L_-,__ L__ L_ L_-,__-,__ 

05 - - __r- L_ L_ L_ L_ L_ -i---,__-,_ 
06 --- --- --- __r- L_ L_ L__-,__ L_ L_ -,__ 

07 ------- --- --- --- --- _r- L__ L_-,__ l_ -,__ -,_ 

as ------- --- --- --- --- --- __r- L_ L_ L_ I.._ L 
09 _________________________ __r- -,__ L_ -,__ L_ 

010 ____________________________ __r- L_ L__ L. 
011 ------------ _. - ----__ _s- L_ """L 
012 -------------__ . __ ------ _s- """L 

APPLICATIONS INFORMATION 
TIME-BASE GENERATOR 

A 60 Hz sinewave obtained through a 1.0 Megohm 
resistor connected directly to a standard 120 Vac power 
line is applied to the clock input of the MC14040B. By 
selecting outputs 05, 010, 011, and 012 division by 

1.0M MC14040B 

-cu- c 05 

010 
120 Vac 
60 Hz 011 , R 012 

Vss 

Circuit diagrams utilizing Motoro)a·products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

3600 is accomplished. The MC14040B decodes the counter 
outputs, produces a single output pulse, and resets the 
binary counter. The resulting output frequency is 1.0 
pulse/minute. 

is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the. purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 
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NIOTOROLA 
Semiconduc-fors 
BOX 20912 •PHOENIX, ARIZONA 85036 

QUAD LATCH 
The MC 140428 quad latch is constructed with MOS P-channel 

and N-channel enhancement mode devices in a single monolithic 
structure. Each latch has a separate data input, but all four latches 
share a common clock. The clock polarity (high or low) used to 
strobe date through the latches can be reversed using the polarity 
input. Information present at the data input is transferred to ourputs 
a and a during the clock level which is determined by the polarity 
input. When the polarity input is in the logic "o" state, data is trans
ferred during the low clock level, and when the polarity input is in 
the logic "1'' state the transfer occurs during the high clock level. 

• Buffered Data Inputs 

• Common Clock 

• Positive or Negative Edge Clocked 

• 0 and Q Outputs 

• Double Diode Input Protection 

• No limit on Clock Rise or Fall Times 

• Quiescent Current= 2.0 nA/package typical@ 5 Vdc 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range. 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supp.ly Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

DC Current Drain per Pin -".. I 

Operating Temperature Range - AL Device TA 
CL/CP Device 

Storage Temperature Range Tstg 

LOGIC DIAGRAM 

v 0 D =Pin 16 
v85 =Pin a 

Latch 
1 

Latch 
2 

Latch 
3 

Latch 
4 

10 

-55 to +125 
-40 to +85 

-65 to +150 

5·107 

Unit 

Vdc 

Vdc 

mAdc 

OC 

OC 

MC14042B 

McMOS 551 
(LOW-POWER COMPLEMENTARY MOS) 

QUAD LATCH 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PAC~AGE 

CASE 648 CASE 620 

ORDERING INFORMATION 

MC>4XXXB 1
1

Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

PIN ASSIGNMENT 

03 vDD 16 

2 00 03 15 

3 ao D3 14 

4 DO D2 13 

5 Clock 02 12 

6 Polarity 02 11 

D1 01 10 

8 Vss 01 9 

TRUTH TABLE 

CLOCK POLARITY Q 

0 0 Data 

...r 0 Latch 

1 1 Data 

~ 1 Latch 

II 



ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Outpur Voltage "O" Level Vol 5.0 
Vin= v00 or o 10 

15 

"1" Level VoH 5.0 
Vin=OorVoo 10 

15 

Input Voltage# D Inputs "O" Level VIL 
(Vo= 4.5 or 0.5 Vdc) 5.0 
(Vo= 9.0 or 1.0 Vdc) 10 
(Vo= 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) , 5.0 
(Vo= 1.0 or 9.0 Vpc) 10 
(Vo= 1.5 or 13.5 Vdc) 15 

Input Voltage C,P Inputs "O" Level VIL 
(Vo= 4.5 or 0.5 Vdc) 5.0 
(Vo= 9.0 or 1.0 Vdc) 10 
(Vo; 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 
(Vo= 1.0or9.0Vdc) 10 
(Vo= 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) IOH 
IVoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(Vol = 0.4 Vdcl Sink loL 5.0 
IVoL = 0.5 Vdcl 10 
IVoL = 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdcl Sink IQL 5.0 
IVoL = 0.5 Vdcl 10 
(Vol= 1 ;5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current* *t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL= 50 pF on all outputs, all 
buffers switching) 

*T10 w = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°c for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

T1ow * 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

- 1.5 
- 3.0 
- 3.75 

3.5 -
7.0 -

11.25 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -

0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 1.0 
- 2.0 
- 4.0 

- 4.0 
- 8.0 
- 16 

Noise Margin for both "1" and "0" level= 1.0 V.dc min@Voo = 5;0 Vdc 

2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = IT(50 pF) + 4 x 10-3 (CL -50) Voof 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 

- 4.50 3.0 
- 6.75 4.o 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

- 2.25 1.5 
- 4.50 3.0 

- 6.75 3.75 

3.5 2.75 -
7.0 5.50 -

11.25 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -

- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.002 1.0 
- 0.004 2.0 
- 0.006 4.0 

- 0.002 4.0 
- 0.004 8.0 
- 0.006 16 

IT= (1.0 µA/kHz) f + loo 
IT = (2.0 µA/kHz) f + I DD 
IT= {3;0 µA/kHz) f + loo 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°c. 

Thjg_h* 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

- 1.5 
- 3.0 
- 3.75 

3,5 -
7.0 -

11.25 -

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 -
0.9 -
2.4 -

-0.6 -
-0.12 -
-0.3 -
-1.0 -
0.36 -
0.9 -
2.4/ -

- ± 1.0 

- ±1.0 

- -

- 30 
- 60 
- 120 

- 30 

- 60 
- 120 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

-Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF 

µAde 

µAde 

_µAde 



MC14042B 

SWITCHING CHARACTERISTICS* !CL= 50pF, TA= 25oc1 

All Types 

Characteristic Symbol vDD Typical 

Output Rise Time tr 
tr = (3.0 ns/pF) CL + 30 ns 5.0 180 
tr= (1.5 ns/pF) CL+ 15 ns 10 90 
tr= (1.1 ns/pF) CL+ 10 ns 15 65 

Output Fall Time tf 
tf = (1.5 ns/pF) CL + 25 ns 5.0 100 
tf = (0.75 ns/pF) CL+ 12.5 ns 10 50 
tf = (0.55 ns/pF) CL+ 9.5 ns 15 40 

Propagation Delay Time, D to Q, Q tPLH• 
tPLH· tPHL = (1.7 ns/pF) CL+ 135 ns tPHL 5.0 220 
tPLH• tPHL = (0.66 ns/pF) CL+ 57 ns 10 90 
tPLH· tPHL = (0.5 ns/pF) CL+ 35 ns 15 60 

Propagation Delay Time, Clock to Q, Q tPLH· 
tPLH· tPHL = (1.7 ns/pF) CL+ 135 ns tPHL 5.0 220 
tPLH· tPHL = (0.66 ns/pF) CL+ 57 ns 10 90 
tPLH· tPHL = (0.5 ns/pF) CL+ 35 ns 25 60 

Minimum Clock Pulse Width PWc 
5.0 150 
10 50 
15 40 

Maximum Clock Rise Time tr 
5.0 
10 
15 

Hold Time tho Id 
5.0 50 
10 25 
15 20 

Setup Time tsetup 
5.0 0 
10 0 
15 0 

*The formula given is for the typical characteristics only. 

FIGURE 1 -AC AND POWER DISSIPATl!'.>N TEST CIRCUIT AND TIMING DIAGRAM 
(Data to Output) 

v-DD 

16 

Clock 

Polarity 

Pulse 4 
Generator DO 

1 
D1 

D2 

14 
03 

For Power Dissipation test, each output is 
loaded with capacitance CL. 

01 

01 

02 

02 

03 

03 

Vss 

1 
f 

2 Data Input 
3 

10 

9 

11 
Q Output 

12 

15 
0 Output 

Maximum 

360 
180 
130 

200 
100 
80 

440 
180 
120 

440 
180 
120 

300 
100 
80 

No, 
Limit 

100 
50 
40 

50 
30 
25 

Unit 

ns 

ns 

ns 

ns 

ns 

-

ns 

ns 
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MC14042B 

Clock Input 
P.G.1 

0 Output 

FIGURE 2-AC TEST CIRCUIT AND TIMING DIAGRAM 
(Clock to Output) 

Pulse 
Generator 

1 

Pulse 4 
Generator 

2 

14 

Note: CL connected to output under test. 

Voo 
16 

Clock 

Polarity 

DO 

01 

02 

03 

00 

00 

01 

01 

02 

02 

03 

03 

8 Vss 

"Input clock rise time is 20 ns except for maximum rise time test. 

2 

3 

10 

9 

11 

12 

15 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range Vss ..; (Vin or V 0utl 
..;vDD· , 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or Vool. 

@ MOTOROLA Sen1iconduC'for ProduC'fs Inc. 

5-110 



S1 

R1 

S2 

R2 

MOTOROLA 
Semiconductors 
BOX 20912 o PHOENIX, ARIZONA 85036 

McMOS MSI 
QUAD R-S LATCHES 

The MC140438 and MC140448 quad R-S latches are constructed 
with MOS P-channel and N-channel enhancement mode devices in a 
single monolithic structure. Each latch has an independent Q output 
and set and reset inputs. The Q outputs are gated through three
state buffers having a common enable input. The ou~puts are 
enabled with a logical "1" or high on the enable input; a logica1 
"O" or low disconnects the latch from the Q outputs, result
ing in an open circuit at the Q outputs. 

• Quiescent Current= 14.0 nA/pkg typical@ 10 Vdc 

• Double Diode Input Protection 

• Three-State Outputs with Common Enable 

• Outputs Capable of Driving Two Low-Power TTL Loads, One 
Low-Power Schottky TTL Load, or Two HTL Loads Over the 
Rated Temperature Range 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

MC14043B 
4 4 

00 

6 6 
R1 

01 

51 

12 

02 

v00 =Pin 16 

Vss =Pins 

14 

R3 
03 

TRUTH TABLE 

SR E a 
xx 0 High 

Impedance S3 

0 0 1 No Change 
0 1 1 0 
1 0 1 1 
1 1 1 1 

X = Don't Care 

5-111 

QUAD "NOR" R-S LATCH 

MC14044B 
QUAD "NANO" R-S LATCH 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC14XXXB Suffix Denotes 

MC14044B 

L Ceramic Package 
P Plastic Package 

A ~=::~:r:~u~:~:~;: 
.C Limited Operating 

Temperature Range 

00 

01 

02 

03 

Voe= Pin 16 

Vss =Pins 

TRUTH TABLE 

s RE Q 

x XO High 
Impedance 

0 0 1 0 
0 1 1 1 
1 0 1 0 
1 1 1 No Change 

X = Don't Care 

II 



MC14043B • MC14044B 

ELECTRICAL CHARACTERISTICS · 

Voo T1ow 
Characteristic Symbol Vdc Min 

Output Voltage "O" Level Vol 5.0 -
Vin=Voo or O 10 -

15 -
"1" Level VoH 5.0 4.95 

Vin=OorVoo 10 9.95 
15 14.95 

Input Voltage#" "O" Level VIL. 
(Vo·= 4.5 or 0.5 Vdc) 5.0 -
(Vo=9.0or 1.0 Vdc) 10 -
(Vo=13.5 or 1.5 Vdc) 15 -

''1'' Level V1H 
!Vo= 0.5 or 4.5 Vdc) 5.0 3.5 
(Vo= 1.0 or 9.0 Vdc) 10 7.0 
(Vo-1.5 or 13.5 Vdc) 15 11.0 

Output Drive Current (Al Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 -3.0 

(VoH =4.6 Vdc) 5.0 -0.64 

(VoH =9.5 Vdc) 10 -1.6 

(VOH = 13.5 Vdc) 15 -4.2 

(Vol= 0.4 Vdc) Sink IOL 5.0 0.64 
(Vol= 0.5 Vdc) 10 1.6 
!Vol= 1.5 Vdc) 15 4.2 

Output Drive Current (Cl/CP Device) IOH 
(VOH = 2.5 Vdc) Source 5.0 -2.5 

(VoH =4.6 Vdc) 5.0 -0.52 

(VoH =9.5 Vdc) 10 -1.3 

(VoH = 13.5 Vdc) 15 -3.6 

!Vol= 0.4 Vdc) Sink loL 5.0 0.52 
(Vol =0.5 Vdc) 10 1.3 
(Vol= 1.5 Vdc) 15 3.6 

· Input Current (AL Device) lin 15 -

Input Current (Cl/CP Device) lin 15 -
Input Capacitance Cin - -

(Vin=O) 

Quiescent Current (Al Device) loo 5.0 -
(Per Package) 10 -

15 -
Quiescent Current (CL/CP Device) 100 5.0 -

(Per Package) 10 -
15 -

Total Supply Current**t IT 5.0 

(Dynamic plus Quiescent, Per Package) 10 

(Cl= 50 pF on all outputs, all outputs 15 
switching) 

Three-State Output Leakage Current ITL 15 -
(AL Device) 

Three-State Output Leakage Current ITL 15 -
(CL/CP Device) 

•r1 0 w= -55°c for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for.AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

. 
Max 

0.05 
0.05 
0.05 

-
-
-

1.5 
3.,0 
4.0 

-
-
-

-
-
-
-
-
-
-

-
-
-
-
-: 
-
-

±0.1 

± 0.3 

-

1.0 
2.0 
4.0 

4.0 
8.0 
16 

±0.1 

±1.0 

Noise Margin for both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ VoD = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = IT(50 pF) + 4 x 10-3 (CL -50) VDDf 

2s0 c 
Min .Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 

- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-2.4 -4.2 -
-0.51 -0.88 -
-1.3 -2.25 -
-3.4 -8.8 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-2.1 -4.2 -
-0.44 -0.88 -
-1.1 -2.25 -
-3.0 -8.8 -

0.44 0.88 -
1.1 2.25 -
3.0 8.8 -

- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.002 1.0 
- 0.004 2.0 
- 0.006 4.0 

- 0.002 4.0 
- 0.004 8.0 

- 0.006 16 

'IT= (0.58 µA/kHz) f + loo 
IT= (1.15µA/kHz) f + 'oo 
IT= (1.73 µA/kHz) f + loo 

- ±0.0001 ±0.1 

- ±0.0001 ±1.0 

where: Ir is.in µA (per package), CL in pF, VDo in Vdc, and fin kHz is input freQuency. 
•"The formulas given are for the typical characteristics only at 25°C. 

Th!fl_h 0 
• 

Min Max 

- 0.05 
- 0.05 

- • 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.7 -
-0.36 -
-0.9 -
-2.4 -
0.36 -
0.9 -
2.4 -

-1.7 -
-0.36 -
-0.9 -
-2.4 -

0.36 -
0.9 -
2.4 -

- ± 1.0 

- ±1.0 

- -

- 30 
- 60 
- 120 

- 30 

- 60 

- 120 

- ±3.0 

- ±7.5 

(f!) MOTOROLA Semlconducf:or Product:• Inc. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc. 

mAdc 

mAdc 

µAde 

µAde 

pF 

µAde 

µAde 

µAde 

µAde 

µAde 



MC14043B • MC14044B 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage vDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to vDD + 0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

SWITCHING CHARACTERISTICS* (CL= 50 pf, TA= 25°C) 

Voo 

Characteristic Symbol Vdc 

Output Rise Time tr 

tr= (1.35 ns/pF) CL+ 32.5 ns 5.0 

tr= (0.60 ns/pF) CL+ 20 ns 10 

tr= (0.40 ns/pF) CL+ 20 ns 15 

Output Fall Time tf 

tf = (1.35 ns/pF) CL+ 32.5 ns 5.0 

tf = (0.60 ns/pF) CL+ 20 ns 10 

tf = (0.40 ns/pF) CL+ 20 ns 15 

Propagation Delay Time tPLH 

tPLH = (0.90 ns/pF) CL+ 130 ns 5.0 

tPLH = (0.36 ns/pF) CL+ 57 ns 10 

tPLH = (0,26 ns/pF) CL+ 47 ns 15 

tPHL = (0.90 ns/pF) CL.+ 130 ns tPHL 5.0 

tPHL = (0.36 ns/pF) CL+ 57 ns 10 

tPHL = (0.26 ns/pF) CL+ 47 ns 15 

Minimum Set Pulse Width PWs 5.0 

10 

15 

Minimum Reset Pulse Width PWR 5.0 

10 

15 

Three-State Enable/Disable Delay ten. tDis 5.0 

10 

15 

*The formulas given are for the typical characteristics only. 

AC WAVEFORMS 

MC14043B 

Set 
Set 

V55 

20 ns 
Voo 

Reset Reset 
V55 

VoH 
a 

a 
VoL 

tPLH 

Unit 

Vdc 

Vdc 

mAdc 

OC 

oc 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circu.it. For proper operation it 
is recommended that Vin and V 0 ut be 
constrained to the range Vss .;; (Vin or 
Voutl.;; VDD· 
Unused inputs must always be tied to an 
approprfate logic voltage level (e.g., either 
Vssor VDDl· 

Typ Max Unit 

ns 

100 200 

50 100 

40 80 

ns 

100 200 

50 100 

40 80 

ns 

175 350 

75 175 

60 120 

175 350 ns 

75 175 

60 120 

80 200 ns 

40 100 

30 70 

80 200 ns 

40 100 

30 70 

150 300 ns 

80 160 

55 110 

MC14044B 

20 ns 
Voo 

Vss 

Voo 

Vss 

VoH 

VoL 

tPLH tPHL 

® MOTOROLA Se,.,.,iconduc'for Produc'fs Inc. --_____ __. 
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MC14043B • MC14044B 

THREE-STATE ENABLE/DISABLE DELAYS 

Set, Reset, and Switch Conditions for 3-State Tests. 

MC14043B 

TEST s R S1 S2 

ten Voo Vss Open Closed 

ten Vss Voo Closed Open 

tOis Voo Vss Open Closed 

to is Vss Voo Closed Open 

Enable 

QA 

05 

MC14044B 

Q S1 S2 

A Closed Open 

B Open Closed 

A Closed Open 

B Open Closed 

Q 

B 

A 

B 

A 

To 
Output 
Under 
Test 

1k 

Voo 

Vss 

Voo 

VoL 

VoH 

Vss 

@ MOTOROLA Semiconduc'for Produc'fs Inc. 

5-114 



NIOTOROLA 
Semiconduc-fors 
BOX 20912 o PHOENIX, ARIZONA 85036 

PHASE-LOCKED LOOP 

The MC14046B phase-locked loop contains two phase compara
tors, a voltage-controlled oscillator (VCO). source follower, and 
zener diode. The comparators have two common signal inputs. 
PCAin and PCBin· Input PCAin can be used directly coupled to large 
voltage signals, or indirectly coupled (with a series capacitor) to 
small voltage signals. The self-bias circuit adjusts small voltage signals 
in the linear region of the amplifier. Phase comparator 1 (an exclu
sive OR gate) provides a digital error signal PC1out. and maintains 
90° phase shift at the center frequency between PCAin and PCBin 
signals (both at 50% duty cycle). Phase comparator 2 (with leading 
edge sensing logic) provides digital error signals PC20 ut and PCP out. 
and maintains a 0° phase shift between PCAin a_nd PCBin signals 

. (duty cycle is immaterial). The linear VCO produces an output signal 
VCOout whose frequency is determined by the voltage of input 
VCOin and the capacitor and resistors connected to pins ClA, C19, 
R 1, and R 2. The source-follower output SF out with an external re
sistor is used where the VCOin signal is needed but no loading can be 
tolerated. The· inhibit input lnh, when high, disables the VCO and 
source follower to minimize standby power consumption. The zener 
diode can be used to assist in power supply regulation. 

Applications include FM and FSK modulation and demodulation, 
frequency synthesis and multiplication, frequency discrimination, 
tone decoding, data' synchronization and conditioning, voltage-to
frequency conversion and motor speed control. 

• VCO Frequency= 1.4 MHz Typical@ VOD = 10 Vdc 
• VCO Frequency Drift with Temperature = 0.04%!°C Typical 

@VoD = 10 Vdc 
• VCO Linearity= 1% Typical 
• Quiescent Current= 5.0 nA/package typical@ 5 Vdc 

• Low Dynamic Power Dissipation - 70 µW Typical @to= 10 kHz, 
VDD = 5.0 Vdc, Rl = 1.0 MH, R2 = 00, RsF = 00 

• Buffered Outputs Compatible with MHTL and Low-Power TTL 

• Diode Protection on All Inputs 
• Supply Voltage Range= 3.0 to 18 Vdc 

• Pin-for-Pin Replacement for CD4046 

BLOCK DIAGRAM 

r---------------~ 
f Self Bias Phase 

Circuit Comparator 1 PCAin 14 

Phase 

, PCB in 3 o-~------+-L~C::'.o::.:m~p::ar:_:a_:::to::_r_:2_J 

Voo =~in 16 
v55 =Pin a 

lnh 

2 PC1out 

13 PC2out 

1 PCPout 

4 VCOout 
11 R1 
12 R2 

6 C1A 
7 C1e 

· 10 SFout 
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MC14046B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

PHASE-LOCKED 
LOOP 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC'4XXX8

11
Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit .. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range V55 .;;; ,(Vin or 
Voutl.;;; Voo-
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vool. Pins 6, 7, 10, 11, 12, and 
15 if unused must be left open. 



MAXIMUM RATINGS (Voltages' referenced to Vss l 

Rating Symbol Value Unit 

DC Supply Voltage Voo -0.5 to +18 Vdc 

Input Voltage, All Inputs Vin -o.5 to Voo + 0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperat1.1re Range - AL Device TA -55 to +125 oc 

CL/CP Device -40 to +85 

Storage Temperature· Range Tstg -65 to +150 OC 

ELECTRICAL CHARACTERISTICS 

Voo T1ow . 2s0c Th!i.h*· 
Characteristic Symbol Vdc 

Output Voltage "O" Level VOL 5.0 
Vin= Voo or O 10 

15 

"1" Level VQH 5.0 
Vin= o or Voo 10 

15 

Input Voltagell "O" Level V1L 
!Vo= 4.5 or 0.5 Vdcl 5.0 
(Vo = 9.0 or 1.0 Vdcl 10 
!Vo= 13.5 or 1.5 Vdcl 15 

"1" Level V1H' 
(Vo= 0.5 or 4.5 Vdc) 5.0 
(Vo= 1.0 or 9.0 Vdcl 10 
(Vo= 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) loH 
(VOH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
!VoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdcl Sink IOL 5.0 
(VoL = 0,5 Vdc) 10 
(VOL= 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

!VoL = 0.4 Vdcl Sink toL 5.0 
!Vol= 0.5 Vdcl 10 
!Vol= 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) 100 5.0 
(Per Package) 10 

(lnh = "1" and PCA = "1"1 15 

Quiescent Current (CL/CP Device) too 5.0 
(Per Package) 10 

(lnh • "1'' and PCA • "1"1 15 

Total Supply Current t IT 5.0 
(lnh • ' 10", f0 • 10 kHz, CL• 50 pF, 10 
R1 • 1 l\1fl, R2 - ... RsF - ... and 15 
60% Duty Cyclal 

*Ttow = -55°c for Al Device, -40°C for Cl/CP Device. 
Thigh= +125°C for Al Device, +85°c for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

Min Max 

- 0.05 
- 0.05 

- 0.05 

4.95 -
9 .. 95 -

14.95 -
- 1.5 
- 3.0 

- 4.0 

3.5 -
7.0 -

11.0 -
-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -
- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O" level = 1.0 Vdc min @Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@Voo = 15 Vdc 

tTo Calculate Total Current in General: 

Min Typ Max Min 

- 0 0.05 -
-· 0 0.05 -
- 0 0.05 -

4.95 5.0 - 4.95 
9.95 10 - 9.95 

1,4.95· 15 - 14.95 

- 2.25 1.5 -
- 4.50 3.0 -
- 6.75 4.0 -

3.5 2.75 - 3.5 
7.0 5.50 - 7.0 

11.0 8.25 - 11.0 

-1.0 -1.7 - -0.7 
-0.2 -0.36 - -0.14 
-0.5 -0.9 - -0.35 
-1.5 -3.5 - -1.1 

0.51 0.88 - 0.36 
1.3 2.25 - 0.9 
3.4 8.8 - 2.4 

-0.8 -1.7 - -0.6 
-0.16 -0.36 - -0.12 
-0.4 -0.9 - -0.3 
-1.2 -3.5 - -1.0 

0.44 0.88 - 0.36 
1.1 2.25 - 0.9 
3.0 8.8 - 2.4 

- ±0.00001 ±0.1 -
- ±0.00001 ±0.3 -
- 5.0 7.5 -

- 0.005 5.0 -
- 0.010 10 -
- 0,015 20 -
- 0,005 20 -
- 0.010 40 -
- 0,015 80 -

IT= (1.46µA/kHzl f 1+ loo 
IT= (2.91 µA/kHz) f + loo 
IT= (4.37 µA/kHz) t + 100 

·, 

IT ··•2.2 x Voo (VCOin -1.65 + Voo -1.35 \3/4 
. R1 R2 I (

VCO· -1.65)3/4 
+ 1.6x · m + 1x10-3(CL +91 Voo f+ 

• . RsF 

Mex 

0.05 
0.05 
0.05 

-
-
.,.. 

1.5 
3.0 
4.0 

-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-

± 1.0 

±1.0 

-

150 
300 
600 

150 
300 
600 

1x10-1 Voo2 (100-% Duiv,~cte of PCAin) +IQ where: IT in µA, CL in pF, VCOin· Voo in Vdc, f in KHz, and· 

R1, R2, RsF in Mn.cl on VCOout· ® MOTOROLA Sen>iconductor Products Inc. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF 

µAde 

µAde 

µAde 



MC14046B 

ELECTRICAL CHARACTERISTICS* (CL= 50 pF, TA= 2s0 c1 
Minimum Maximum 

vDD AL CL/CP Typical AL CL/CP 
- Characteristic Symbol Vdc Device Device All Types Device Device Units 

Output Rise Time tr ns 
tr= (3.0 ns/pF) CL+ 30 ns 5.0 - - 180 350 400 
tr= (1.5 ns/pF) CL+ 15 ns 10 - -- 90 150 200 
tr= (1.1 ns/pF) CL+ 10 ns 15 - - 65 110 160 

Output Fall Time if ns 
tf = (1.5 ns/pF) CL+ 25 ns 5.0 - - 100 175 200 
tf = (0.75 ns/pF) CL+ 12.5 ns 10 - - 50 75 100 
tf = (0.55 ns/pF) CL+ 9.5 ns 15 - - 37 55 80 

PHASE COMPARATORS 1and2 

Input Resistance - PCAin - Rin 5.0 1.0 1.0 2.0 - - Mn 
10 0.2 0.2 0.4 - -
15 0.1 0.1 0.2 - -

- PCBin Rin 15 150 15 1500 - - M.!1 

Minimum Input Sensitivity Vin 5.0 - - 200 300 400 mVp·p 
AC Coupled - PCAin 10 - - 400 600 800 
C series= 1000 pF, f = 50 kHz 15 - - 700 1050 1400 

DC Coupled - PCAin• PCB in - 5to 15 See Noise Immunity 

VOLTAGE CONTROLLED OSCILLATOR (VCO) 

Maximum Frequency fmax 5.0 0.50 0.35 0.70 MHz 

(VCOin = VDD· Cl = 50 pF' 10 1.0 0.7 1.4 
R 1 = 5 kn, and R2 = oo l • 15 1.4 1.0 1.9 

Temperature - Frequency Stability 5.0 0.12 %/OC 
(R2 = ~) 10 0.04 

15 O.Q15 

Linearity (R2 = oo) % 
(VCOin = 2.50 v ± 0.30 V, R1 ;;, 10 kn) 5.0 
(VCOin = 5.00 V ± 2.50 V, R1 ;;, 400 kn) 10 

E (VCOin = 7.50 v ± 5.00 v. Rl;;, 1000 kn) 15 1 

Output Duty Cycle 5to15 50 % 

Input Resistance - VCO;n Rin 15 150 15 1500 Mil 

SOURCE-FOLLOWER 

Offset Voltage - 5.0 - - 1.65 2.2 2.5 Vdc 

(VCOin .:Oinus SF out• RsF > 50 kn) 10 - - 1.65 2.2 2.5 
15 - - 1.65 2.2 2.5 -

Linearity - % 
(VCOin = 2.50 v ± 0.30 V, RsF > 50 kn) 5.0 - - 0.1 - -
(VCOin = 5.00 v ± 2.50 V, RsF > 50 kn) 10 - - 0.6' - -
(VCOin = 7.50 v ± 5.00 V, RsF > 50 kn) 15 - - 0.8 - -

ZENER DIODE 

Zener Voltage (lz = 50 µA) Vz 6.7 6.3 7.0 7.3 7.7 Vdc 

Dynamic Resistance (lz = 1 mA) Rz 100 

*The formula given is for the typical characteristics only. 

@ MOTOROLA Se11'1iconductor Products Inc. ---------' 
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MC14046B 

FIGURE 1 - PHASE COMPARATORS STATE DIAGRAMS 

Input State 

PC lout 

Input State 

~ PCAin PCB in 

PC2out 

PCP out 
(Lock Indicator) 

0 

0 

PHASE COMPARATOR 1 

0 

PHASE COMPARATOR 2 

3-State 

Output Disconnected 

0 

Refer to Waveforms in Figure 3. 

FIGURE 2 - DESIGN INFORMATION 

Characteristic Using Phase Comparator 1 Using Phase Comparator 2 

No signal on input PCAin· VCO in PLL system adjusts to center frequency VCO in PLL system adjusts to minimum fre
quency (fminl. lfol. 

Phase angle between PCAin and PCBin· 90° at center frequency (fol. approaching o0 Always o0 in lock (positive rising edges). 
and 180° at ends of lock range (2fL). 

Locks on harmonics of center frequency. Yes No 

Signal input noise rejection. 

Lock frequency range (2fL). 

Capture frequency range (2fcl-

Center frequency (fol.' 

VCO output frequency (f). 

Note: This information is intended 
only to be a design guide. Some 
laboratory experimentation may be 
required for fixed designs. 

High Low 

The frequency range of the input signal on which the loop will stay locked if it was 
initially in lock. 2fL =full VCO frequency range= fmax - fmin· 

The frequency range of the input signal on which the loop will lock if it was initially 
out of lock. 

Depends on low-pass filter characteristics 
(see Figure 31. fc.;;; fL 

The frequency of VC00 ut• when VCOin = 1 /2 Voo 

[
VCOin-1.65 Voo-1.35] 

K +----
f"" R

1 
R

2 
MHz (at 25°Cl 

1c1 + 321 1v00 + 1.61 

where: 
Voo in Vdc; 5.0 Vdc.;;; Voo .;;; 15 Vdc 
VCOin in Vdc; 1.65 Vdc.;;; VCOin.;;; (Voo -1.35 Vdc) 
R1 and R2 in Mn; R1;;., 0.005 Mn ,R2 .. 10 Mn 
C1 in pf; C1 ;;., 50 pF 

K = 0.95 @ Voo = 5.0 Vdc 
= 0.95@ Voo = 10 Vdc 
= 1.08@ Voo = 15 Vdc 

o 1.65 ii2 v 00 (Voo Voo 
-1.35) 

VCOin 

@ MOTOROLA Sernfoonductor Products Inc. _______ _. 
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MC14046B 

FIGURE 3 - GENERAL PHASE-LOCKED LOOP CONNECTIONS AND WAVEFORMS 

9 Source 10 
Follower 1----...---P 

PCA;n 14 External 
Low-Pass 

Filter 

@Frequency f' 

PCB;n 

Phase 2 or 13 

Comparator pc1 out 

PC20 ut 

r"Ex-;.;;al 1 
7N 

L_c~~'.:__J 

11 12 

Typical Low-Pass Filters 

(b) R3 

vco 

Cle 

Cl 

'"'"'to"""' 

. *C2 

Note: for further information, see: 
(1) F. Gardner, "Phase-Lock Techniques", John Wiley and Son, New York, 1966. 
(2) G. S. Moschytz, "Miniature RC Filters Using Phase-Locked Loop", BSTJ, May, 1965. 

Waveforms 

Phase Comparator 1 

~
. Voo 

PCA;n 
Vss 

Phase Comparator 2 

~
Voo 

PCA;n 
Vss 

I I 
I I 

: r-, r.--i,'- VvoH 
PCB;n ___:j · L___J ! L__ 

I I I I OL 

______, I u' I VoH 
PCP out LJ 

I I I 1 VOL 

H VoH 
PC2out ___j ' u' ) ___ _ 

----VOL 

VCO;n ____/ ....... ___ _ 
-VoL 

VCOout 
@Frequency Nf' = f 

@ MOTOROLA Se.-niconduc~or Products Inc. -------~ 
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HEX BUFFERS 

The MC14049B hex inverter/buffer and MC14050B noninverting 
hex buffer are constructed with MOS P-channel and N-channel en
hancement mode devices in a single monolithic structure. These 
complementary MOS devices find primary use where low power 
dissipation and/or high noise immunity is desired. These devices 
provide logic-level conversion using only one supply voltage, Vee. 
The input-signal high level (V1H) can exceed the Vee .supply 

'voltage for logic-level conversions. Two TTL/DTL Loads can be 
driven when the devices are used as CMOS-to-TTL/DTL converters 
(Vee= 5.0 V, VoL ·~ 0.4 V, loL;;;;, 3.2 mA). Note that pin 16 is 
not connei;:ted internally on these devices; consequently connections 
to this terminal will not affect circuit operation. 

• High Source and Sink Currents · 

• High-to-Low Level Converter 

,• Quiescent Current= 2.0 nA/package typical@ 5 Vdc 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 8) 

Ratin'g Symbol Value 

DC Supply Voltage VoD '-0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to Voo + 0.5 

DC Current Drain per Input Pin I 10 

DC Current Drain per Output Pin I 45 

Operating Temperature Range - AL Device TA -55 to +125 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 . 

CIRCUIT SCHEMATIC 
( 1 /6 OF CIR CU IT SHOWN) 

MC14049B MC14050B 

JL 
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Unit 

Vdc 

Vdc 

mAdc 

mAdc 
oc 

"c 

MC140498 
MC14050B 

McMOS SSl 

(LOW-POWER COMPLEMENTA~Y MOSI 

HEX BUFFERS 
Inverting - MC140498 

Noninverting - MC14050B 

L SUFFIX P SUFFIX 
CERAMIC PACKAGE .PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC'4XXXB 

11
Suff1x Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAMS 

MC14049B . MC14050B 

3--{>--2 3-{)--2 

5--{>--4 s--{)--4 

1--{>--6 1-{)--6 
9--{>--10 9--{)--10 

11--{>--12 11-{)--12 

14--{>--15 14-{)--15 

NC= Pin 13, 16 NC = Pin 13, 16 
Vss =Pin 8 V55 =Pin 8 
Vee= Pin 1 Vee= Pin 1 



ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin= Voo orO 10 

15 

"1" Level VoH 5.0 
10 
15 

Input Voltage "O" Level V1L 
(Vo= 3.6 or 1.4 Vdc) 5.0 
(Vo= 7.2 or 2.8 Vdc) 10 
(Vo= 11.5 or 3.5 Vdcl 15 ' 

"1" Level V1H 
(Vo= 1.4 or 3.6 Vdc) 5.0 
(Vo;: 2.8 or 7.2 Vdc) 10 
(Vo= 3.5 or 11.5 Vdcl 15 

Output Drive Current (AL Device) loH 
<VoH = 2.5 Vdcl 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

<VoL = 0.4 Vdcl loL 5.0 
(VoL = 0.5 Vdc) 10 
(VOL= 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VOH = 13.5 Vdc) 15 

(VoL = 0.4 Vdc) loL 5.0 
IVoL = 0.5 Vdcl 10 
IVoL = 1.5 Vdcl 16 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin=O) 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) loo 5.0 
(Per Package) 10 

15 

Total Supply Current**t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL 50 pF on all outputs, all 
buffers switching) 

*Trow= 55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°c for CL/CP Device. 

tTo Calculate total supply current at loads other than 50 pF: 
ITICLI = IT(50 pF) + 6 x' 10-3 (CL -50) .Voof 

where: IT is in µA (per pachage), CL in pF, Voo in Vdc, 
and f in kHz is input frequency. 

T1ow* 

Min Max 

- 0.05 

- 0.05 

- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 
- 3.76 

3.6 -
7.1 -
11.4. -. 

-1.6 -
-1.6 -
-4.7 -
3.75 -
10 -
30 -

-1.5 -
-1.5 -
-4.5 -
3.6 -
9.6 -
28 -
- ±0.1· 

- ±0.3 

- -

- 1.0 
- 2.0 
- 4.0 

- 4.0 
- 8.0 
- 16 

**The formulas given are for the typical characteristics only at 25°c. 

25°C This..h* 

Min Typ Max Min Max 

- 0 0.05 - 0.05 
- 0 0.05 - 0.05 
- 0 0.05 - 0.05 

4.95 5.0 - 4.95 -
9.95 10 - 9.95 -
14.96 15 - ·14.95 -

- 2.25 1.5 - 1.4 
- 4.50 3.0 - 2.9 
- 6.75 3.75 - 3.6 

3.5 2.75 - 3.5 -
7.0 5.50 - 7.0 -

11.25 8.25 - 11.25 -

-1.25 -2.5 - -0.9 -
-1.25 -2.5 - -0.9 -
-3.75 -10 - -2.7 -
'3.2 6.0 - 2.1 -
8.0 16 - 5.6 -
24 40 - 16.8 -

-1.25 -2.6 - -1.0 -
-1.25 -2.5 - -1.0 -
-3.75 -10 - -3.0 -

3.2 6.0 - 2.5 -
8.0 16 - 6.6 -
24 40 - 19 -
- ±0.00001 ±0.1 - ±1.0 

- ±0.00001 ±0.3 - ±1.0 

- 10 20 - -

- 0.002 1.0 - 30 
- 0.004 2.0 - 60 •c 

- 0.006 4.0 - 120 

- 0.002 4.0 - 30 
- 0.004 8.0 - 60 
- 0.006 16 - 120 

IT= (1.77 µA/kHz) f + loo 
IT = (3.54 µA/kHz) f + loo 
IT= (5.31 µA/kHz) f + loo 

FIGURE 1 -AMBIENT TEMPERATURE 
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MC14049B • MC14050B 

SWITCHING CHARACTERISTICS* (CL= 50 pF, TA= 25°c1 

Voo All Types 

Characteristic Symbol Vdc Min Typ Max Unit 

MC14049B 

Output Rise Time tr ns 
tr= (0.8 ns/pF) CL+ 60 ns 5.0 - 100 200 
tr= (0.3 ns/pF) CL+ 35.ns 10 - 50 100 
tr ='(0.27 ns/pF) CL+ 26.5 ns 15 - 40 80 

Output Fall Time tf ns 
tf = (0.3 ns/pF) CL+ 25 ns 5.0 - 40 80 
tf = (0.12 ns/pF) CL+ 14 ns 10 - 20 40 
tf = (0.1 ns/pF) CL+ 10 ns 15• - 15 30 

Propagation Delay Time tPLH ns 
tPLH = (0.38 ns/pF) CL+ 61 ns 5.0 - 80 160 
tPLH = (0.20 ns/pF) CL+ 30 ns 10 - 40 80 
tPLH = (0.11 ns/pF) CL+ 24.5 ns 15 - 30 60 

Propagation Delay Time tPHL ns 
tpH L = (0.38 ns/pF l CL + 11 ns 5.0 - 30 60 
tPHL = (0.12 ns/pF) CL+ 9 ns 10 - 15 30 
tPHL = (0.11 ns/pF) CL+ 4.5 ns 15 - 10 20 

MC14050B 

Output Rise Time tr ns 
tr= (0.7 ns/pF) CL+ 65 ns 5.0 - 100 200 
tr= (0.25 ns/pF) CL+ 37.5 ns 10 - 50 100 
tr= (0.2 ns/pF) CL+ 30 ns 15 - 40 80 

Output Fall Time tf ns 
tt = (0.2 ns/pF) CL+ 30 ns 5.0 - 40 80 
tf = (0.06 ns/pF) CL +17 ns 10 - 20 40 
tf = (0.04 ns/pF) CL+ 13 ns 15 - 15 30 

Propagation Delay Time tPLH ns 
tPLH = (0.33 ns/pF) CL+ 63.5 ns 5.0 - 80 160 
tPLH = (0.19 ns/pF) CL+ 30.5 ns 10 - 40 80 
tPLH = (0.06 ns/pF) CL+ 27 ns 15. - 30 60 

Propagation Delay Time tPHL ns 
tPHL = (0.2 ns/pF) CL+ 30 ns 5.0 - 40 80 
tPHL = (0.1 ns/pF) CL+ 15 ns 10 - 20 40 
tPHL = (0.05 ns/pF) CL+ 12.5 ns 15 - 15 30 

. . *The formula given 1s for the typical charactertst1cs only . 

FIGURE 2 - TYPICAL VOLTAGE TRANSFER CHARACTERISTICS versus TEMPERATURE 
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MC14049B • MC14050B 

FIGURE 3 - TYPICAL OUTPUT SOURCE CHARACTERISTICS 

~· ~· -~O ~· Vos DRAIN-TD-SOURCE VOLTAGE (Vdc) 

FIGURE 4 - TYPICAL OUTPUT SINK CHARACTERISTICS 
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FIGURE 5 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Pulse 
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# 

:~vout 

e 
Vss J L 

#Invert on Me14049B only 

Output 
Me14050B 

VOL 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im
pedance circuit. For "proper operation it is recommended that Vin and Vout be constrai.ned to the range Vss .;; (Vin or Voutl 
.;;voo-
unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or Vool. 
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NIOTOROLA 
Senliconductors 
BOX 20912 o PHOENIX, ARIZONA 85036 

ANALOG MULTIPLEXERS/DEMULTIPLEXERS 

The 'MC14051, MC14052 and MC14053 analog multiplexers 
are digitally controlled analog switches. The MC14051 effectively 
implements an 8PST electronic switch, the MC14052 a 4PDT, 

·and the MC14053 a OP3T. All three devices feature low ON 
impedance and very low OFF leakage current. Control of analog 
signals up to the complete supply voltage range can be achieved. 

• High On/Off Output Voltage Ratio - 65 dB typical 
• Quiescent Current= 5.0 nA/package typical@ 5 Vdc 
• Low Crosstalk Between Switches - 80 dB typieal 
• Diode Protection oil All Inputs 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Transmits Frequencies Up to 65 MHz 
• LinearizedTransfer Characteristics, LI.RON <60 Q for 

Vin=. Voo to Vee@ 15 Vdc 
• Low Noise - 12 nV /~, f;;;.. 1 kHz typical 
• Pin-for-Pin Replacement for C04051, C04052, and CD4053 

MAXIMUM RATINGS 
Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

DC Current Drain per Pin I 25 

Operating Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

MC14052 

Unit 

Vdc 

Vdc 

mAdc 
oc 

OC 

MC14051 
8-Channel Analog 

Multiplexer/Demultiplexer 
Dual 4-Channel Analog 

Multiplexer/Demultiplexer 

r Inhibit 

Co"tr••{~ 
Inhibit 

11 A 
Controls 

10 B B 

9 c XO 

x 13 

X1 

MC14051B 
.MC14052B 
MC14053B 

McMOS MSI 
(LOW.POWER COMPLEMENTARY MOS) 

ANALOG MULTIPLEXERS/ 
DEMULTIPLEXERS 

CASE 620 

.L SUFFIX 
CASE 648 

PSUFFIX 
PLASTIC PACKAGE . CERAMIC PACKAGE 

ORDERING INFORMATION 

MC14XXXB 

1 
tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

, Temperature Range 
C Limited Operating 

Temperature Range 

Controls 

MC14053 
Triple 2-Channel Analog 

Multiplexer/Demultiplexer 

r Inhibit 

11 A x 14 

10 B 

9 c 
XO y 15 Commons 13 

f 
Commons 

X1 
Out/In 

Out/In 13 14 X1 X2 
x 3 11 X3 15 X2 Common Switches 

Switches 12 X3 Out/In. In/Out 1 YO 

In/Out 1 X4 5 Y1 y 3 

Switches 2 
In/Out 1 

5 

5 X5 2 Y2 3 

2 X6 4 Y3 

4 X7 

v00 = Pin 16 v00 =Pin 16 

Vss = Pin 8 Vss = Pin 8 
Vee= Pin 7 Vee =Pin 7 

Note: Control Inputs referenced to Vss. Analog Inputs and Outputs reference to VEE· Vee must be .;;V5s. 

5-124 

YO 
Y1 

zo z 
Z1 

Voo =Pin 16 
V55 =Pin 8 
Vee= Pin 1 

4 



FIGURE 1 - SWITCH CIRCUIT SCHEMATIC 

VDD 

In/Out 

Control 

TRUTH TABLE 

Control Inputs 
Select ON Switches 

Inhibit C* B A MC14051 MC14052 MC14053 

0 0 0 0 XO 
0 0 0 1 X1 
0 0 1 0 X2 
0 0 1 1 X3 

0 1 0 0 X4 
0 1 0' 1 X5 
0 1 1 0 X6 
0 1 1 1 X7 

1 x x x None 

*Not applicable for MC14052 
x = Don't Care 

YO XO zo YO 
Y1 X1 zo YO 
Y2 X2 zo Y1 
Y3 X3 zo Y1 

Z1 YO 
Z1 YO 
Z1 Y1 
Z1 Y1 

None None 

FIGURE 3 - MC14052 FUNCTIONAL DIAGRAM 
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:: ::0---'-----~-------1 
Y3 4 :<>~-------------

XO 
X1 
XO 
X1 

XO 
X1 
XO 
X1 

13 x 

vDD 

Out/In 

""10 

IMO•<~ 0•</I' 

Control 

FIGURE 2 - MC14051 FUNCTIOl\IAL DIAGRAM 
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c 9 

X013 
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FIGURE 4 - MC14053 FUNCTIONAL DIAGRAM 
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MC14051B • MC14052B • MC14053B 

ELECTRICAL CHARACTERISTICS 

Voo-Vssl 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
10 
15 

"1" Level VoH 5.0 
10 
15 

.Input Voltage V1L 
{L>V out .;;; 1.5 Vdc) 5.0 
("'Vout.;;; 3.0 Vdc) 10 
("'Vout .;;;4.5 Vdc) 15 

("'Vout .;;; 1.5 Vdc) V1H 5.0 
{L>V 0ut .;;; 3.0 Vdc) 10 
("'Vout.;;; 4.5 Vdc) 15 

Input Current (Control, Inhibit) lin -

Input Capacitance Cin 
(Vin= 0) 
Control, Inhibit -
Switch Inputs -

Output Capacitance MC14051 Cout 10 
MC14052 )0 
MC14053 10 

Feedthrough Capacitance MC14051 Cin-out 10 
MC14052 10 
MC14053 10 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) loo 5.0 
(Per Package) 10 

15 

Total Supply Current **t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

ON Resistance (AL Device) RoN 5.0 
10 
15 

ON Resistance (CL/CP Device)' RoN· 5.0 
10 
15 

t:. ON Resistance BetwE!en Any Two Channels t:.RoN 5.0 

' 10 
15 

OFF Channel Leakage Current Any Channel - 15 
(AL Device) All Channel.s OFF: 

MC14051 15 
MC14052 15 
MC14053 15 

OFF Channel Leakage Cu.rrent Any Channel - 15 
(CL/CP Device) All Channels OFF: 

MC14051 15 
MC14052 15 
MC14053 15 

*T1ow = -55°C for AL Device, -4o0c for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 

#Noise immunity is defined as the control input voltage coincident with the 
specified change, t:.Vout• at an output in the OFF state. 

**The formulas given are for the typical characteristics only at 25°C. 
tTotal Supply Current, IT, is the current drawn at device terminals Voo and 
Vss for total current through the device. The channel component, 
(Vin-VoutllRoN. should not be included. 

T1ow .. 
Min Max 

- 0.01 
- O.Q1 
- O.Q1 

4.99 -
9.99 -
14.99 -

1.5 -
3.0 ,.... 
4.5 -
1.4 -
2.9 -
4.4 -
- -

- -
- -

- -
- -
- -

- -
- -
- -
- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

- 800 
- 400 
- 220 

- 880 
- 450 
- 250 

- -
- -
- -
- 100 

- 100 
- 100 
- 100 

- 1000 

- 1000 
- 1000 
- 1000 

25°c Thigh* 

Min Typ Max Min Max Unit 

- 0 O.Q1 - 0.05 Vdc 

- 0 0.01 - 0,05 

- 0 0.01 - 0.05 

4.99 5.0 - 4,95 - Vdc 
9.99 10 - 9.95 -
14.99 15 - 14.95 -

Vdc 
1.5 2.25 - 1.4 -
3.0 4.50 - 2.9 -
4.5 6.75 - 4.4 -

1.5 2.25 - 1.5 - Vdc 
3.0 4.50 - 3.0 -
4.5 6.75 - 4.5 -
- 10 - - - pAdc 

pF 

- 5.0 - - -
- 10 - - -
- 60 - - - pF 
- 32 - - -
- 17 - - -

- 0.18 - - - pF 
- 0.12 - - -
- 0.10 - - -
- 0.005 5.0 - 150 µAde 
- O.Q10 10 - 300 
- 0.015 20 - 600 

- 0.005 20 - 150 µAde 

- 0.010 40 - 300 
- O.Q15 80 - 600 

IT = (0.07 µA/kHz) f + I DD µAde 
IT = (0.20 µA/kHz) f + I DD 
IT = (0.36 µA/kHz) f + I OD 

- 250 1050 - 1300 .n 
- 120 500 - 550 

- 80 280 - 320 

- 250 1050 - 1200 .n 
- 120 500 - 520 
- 80 280 - 300 

- 25 - - - .n 
- 1-0 - - -
- 5.0 - - -
- ±0.01 100 - - nAdc 

- ±0.08 100 - -
- ±0.04 100 - -
- ±0.02 100 - -
- ±0.01 1000 - - nAdc 

- ±0.08 1000 - -
- ±0.04 1000 - -
- ±0.02 1000 - -
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SWITCHING CHARACTERISTICS* (CL= 50 pF, TA= 25°c) 

Max 

VDD-Vss Typ AL CL/CP 
Characteristic Symbol Vdc All Types Device Device Unit 

Propagation Delay Times tPLH·tPHL ns 
Switch Input to Switch Output (RL = 10 kn) 

MC14051 

tPLH,tPHL = (0.17 ns/pF) CL+ 26.5 ns 5.0 35 55 90 
tPLH.tPHL = (0.08 ns/pF) CL+ 11 ns 10 15 25 40 
tPLH,tPHL = (0.06 ns/pF) CL+ 9.0 ns 15 12 18 30 

MC14052 
tPLH.tPHL = (0.17 ns/pF) CL+ 21.5 ns 5.0 30 45 75 ns 
tPLH.tPHL = (0.08 ns/pF) CL+ 8.0 ns 10 12 18 30 
tPLH.tPHL = (0.06 ns/pF) CL+ 7.0 ns 15 10 15 25 

MC14053 

tPLH,tPHL = (0.17 ns/pF) CL+ 16.5 ris 5.0 25 40 65 ns 
tPLH,tPHL = (0.08 ns/pF) CL+ 4.0 ns 10 8.0 12 20 
tPLH.tPHL = (0.06 ns/pF) CL+ 3.0 ns 15 6.0 9.0 15 

Inhibit to Output (RL = 10 kn): 
Output "1" or "O" to High Impedance, or t"1 "H,t"O"H ns 

High Impedance to "1" or "O" Level tH"1",tH"O" 
MC14051 5.0 850 1275 2125 

10 300 450 750 
15 250 375 625 

MC14052 5.0 950 1425 2375 ns 
10 325 490 800 
15 230 350 575 

MC14053 5.0 1000 1500 2500 ns 
10 350 525 875 
15 215 325 540 

Control Input to Output (RL = 10 k!l) tPLH.tPHL ns 
MC14051 5.0 350 525 875 

10 140 210 350 
15 100 150 250 

MC14052 5.0 325 490 815 ns 
10 130 195 325 
15 90 135 225 

MC14053 5.0 300 450 750 ns 
10 120 180 300 
15 80 120 200 

Sine Wave Distortion - 10 0.04 - - % 
(RL = 1k.11,f=1 kHz) 

Bandwidth BW MHz 
(RL = 1 k.11, Vin= 1/2 (VDD-Vss) p-p, 

Vout 
20 Logrn-:-:--= -3 dB) MC14051 10 20 - -

Vin MC14052 10 30 - -
MC14053 10 55 - -

Feedthrough Attenuation, Input to Output - MHz 

(RL = 1 k.11, 20 Log10 Vout = -50 dB) MC14051 10 4.5 - -
. · Vin MC14052 10 3.5 - -

MC14053 10 3.0 - -
Channel Separation - 10 3.0 - - MHz 

(RL = 1 k.11, Vin= 1/2 (VDD -Vss) p-p, 

20 Log10 Vout(B) = -50 dB) 
Vin(A) 

Feedthrough Control, Input to Output - 10 30 - - mV 
(R1 = 1 k.11, RL = 10 k.11, Control/Inhibit 
tr = tf = 20 ns) 

Maximum Control Frequency - 10 10 - - MHz 
(RL = 1 k.11, Vout = 1/2 Vinl 

*The formulas given are for the typical characteristics only. 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range VEE.;;;; (Vin or V 0utl 
.;;;yDD· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or Vool. 
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MC140518 • MC14052B • MC140538 

FIGURE 5 - NOISIE IMMUNITY 

Voo 

FIGURE 7 - BANDWIDTH AND FEEDTHROUGH 
ATTENUATION 

A, B, and C inputs used to turn ON or OFF 
the switch under test. 

FIGURE 9 - FEEDTHROUGH, CONTROL TO 
SIGNAL OUTPUT 

TEST CIRCUITS 

/FIGURE 6 - PROPAGATION DELAY TIMES, 

CONTROL AND INHIBIT TO OUTPUT 

Pulse 
Generator 

0 0 

Voo Vee Vee,Voo 

FIGURE 8 - CROSSTALK BETWEEN ANY TWO SWITCHES 

FIGURE 10 - MAXIMUM CONTROL FREQUENCY 

"i__ 
112<voo-vee> ·~ 

T 

Voo 
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MC14051 B • MC140528 • MC140538 

FIGURE 11 - CHANNEL RESISTANCE (RoNl TEST CIRCUIT 
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Vee= Vss 

Voo X-Y 
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TYPICAL RESISTANCE CHARACTERISTICS 
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FIGURE 14 - Voo = 2.5 v' VEE= -2.5 v 
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FIGURE 13- Voo = 5.0 v. VEE= -5.0 v 
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MOTOROLA 
Semiconductors 
BOX 20912 o PHOENIX, ARIZONA 85036 

QUAD ANALOG SWITCH/QUAD MULTIPLEXER 
The MC14066 consists of four independent switches capable of 

controlling either digital or analog signals. This quad bilateral switch 
is useful in signal gating, chopper, modulator, demodulator and 
CMOS logic implementation. 

The MC14066 is designed to be pin-for-pin compatible with the 
MC14016, but has much lower ON resistance. Input voltage swings 
as large as the full supply voltage .can be controlled via each inde
pendent control input. 

• High On/Off Output Voltage Ratio - 65 dB typical 
• Quiescent Current= 0.5 nA/package typical @ 5 Vdc 
• Low Crosstalk Between Switches -50 dB typical@ 8 MHz 
• Diode Protection on All Inputs 
• Supply Voltage. Range= 3.0 Vdc to 18 Vdc 
• Transmits Frequencies Up to 65 MHz@ 10 Vdc 
• Linearized Transfer Characteristics, 6RON <60 n for 

Vin= Voo to Vss (at 15Vl 
• Low Noise - 12 nV /y Cycle, f ~ 1 kHz typical 
• Pin-for-Pin Replacement for CD4016, CD4066, MC14016 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol 

DC Supply Voltage VDD 

Input Voltage, All Inputs Vin 

DC Current Drain per Pin I 

Operating Temperature Range - AL Device TA 

Storage Temperature Range 

Voe 

CL/CP Device 

Tstg 

CIRCUIT SCHEMATIC 
(1/4 OF DEVICE SHOWN) 

Value 

-0.5 to +18 

-0.5 to vDD + o.5 

25 

-55 to +125 
-40 to +85 

-65 to +150 

Unit 

Vdc 

Vdc 

mAdc 
OC 

OC 

In/Out Out/In 

McMOS Is a Trademark of Motorola Inc. 
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MC14066B 

McM05 551 
(LOW-POWER COMPLEMENTARY MOS) 

QUAD ANALOG SWITCH 
QUAD MULTIPLEXER 

L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 632 CASE 646 

ORDERING INFORMATION 

MC14XXXB 

1 
tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

13 
Control1~ 2 

1 
Out 1 

.In 1 BLOCK 

C 

~
5 . . DIAGRAM 

antral 2 
3 

4 
Out2 

In 2 

Control3~ ' 9 
B Out 3 

In 3 

~ 
v 00 =Pin14 

Control 4 10 Vss = Pin 7 

11 
Out4 

In 4 

LOGIC DIAGRAM AND TRUTH_TABLE 
(1/4 OF DEVICE SHOWN) 

'"'o"'~ o""'" 
Control 

r Control 1 Switch ] Logic Diagram Restrictions r 0 1 OFF] Vss s;vin S:Voo 

( 1 1 ON ] Vss ~Vout S:Voo 

Vcontrol Vin to Vout Resistance 

Vss > 1 o9 Ohms typ 

Voe 3 x 102 Ohms typ 



MC14066B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Input Voltage (Control) "O" Level VIL 
(Vo - 4.5 or 0.5 Vdc) 5.0 

(Vo 9.0 01 1.0 Vd(;) 10 

(Vo 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
(Vo, 0.5 or 4.5 Vdc) 5.0 
(Vo - 1.0019.0Vdcl 10 
(Vo , 1.5 01 13.5 Vdc) 15 

Input Current (AL Devic~) Cont1ol Im 15 

Input Current (CL/CP Device) Cont1ol lin 15 

Input Capacitance Cin 
(Vin 0) 

Control Input 
_Switch Inputs 10 

Output Capacitance Cout 10 

Feedthrough Capacitance Cin·out 10 

Quiescent Current (AL Device) lo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) io 5.0 
(Per Package) 10 

15 

ON Resistance (AL Device) RoN 5.0 
10 
15 

ON Resistance (CL/CP Device) RoN 5.0 
10 
15 

D,ON Resistdnce Between Any Two of D.RoN 5.0 
Four Switches 10 

15 

Input/Output Leakage Current 15 
Switch OFF (AL Device) 

:nput/Output Leakage Cu1rent 15 
Switch OFF (CL/CP Device) 

*The formulas given are for the typical characteristics only. 
T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Devi~e. 

Ttow * 

Min Max Min 

1 .. 5 
3.0 --

- 3.75 -

3 .. 5 3.5 
7.0 7.0 

11.25 11.25 

±0.1 
1 ±0.3 

0.25 
0.50 
1.00 

1.0 

2.0 
4.0 

800 
400 
220 

880 
450 
250 

±100 

±300 

2s0 c Thigh* 

Typ Max Min Max Unit 

Vdc 

2.25 1.5 -- 1.5 

4.50 3.0 - 3.0 

6.75 3.75 - 3.75 

Vdc 
2.75 - 3.5 -
5.50 - 7.0 ·-

8.25 ·- 11.25 

±0.00001 ±0.1 - ± 1.0 µAde 

±0.00001 ±o.3 ± 1.0 µAde 

pF 

5.0 -- --
8.0 --

8.0 -- - - pF 

0.5 - -- -· pF 

0.0005 0.25 - 7.5 µAde 

0.0010 0.50 15 

0.0015 1.00 - 30 

0.0005 1.0 -· 7.5 µAde 
0.0010 2.0 - 15 

0.0015 4.0 30 

250 1050 - 1300 S! 

120 500 - 550 

80 280 - 320 

250 1050 - 1200 S2 

120 500 - 520 
80 280 - 300 

25 -· -- -- H 

10 - ·-

5.0 -- - -

± O.Ql ± 100 - ±1000 nAdc 

±0.01 ±300 ±1000 nAdc 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vss .;;; (Vin or 
Voutl.;;; VDD·. 
Unused inputs must always be . tied to an 
appropriate logic voltage level (e.g., either 
Vss or vDDl. 

@ MOTOROL_A Semioonduof:or Producf:s Inc. 
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MC14066B 

SWITCHING CHARACTERISTICS* ICL = 50 pF. TA= 25°c unless otherwise noted.I 

Chiractaristic 

Propagation Delay Times 
Input to Output (RL = 10 kn) 

Vss = o Vdc 

tPLH,tPHL = (0.17 ns/pF) CL+ 15.5 ns 
tPLH·tPHL = (0.08 ns/pF) CL+ 6.0 ns 
tPLH.tPHL = (0.06 ns/pF) CL+ 4.0 ns 

Control to Output (RL = 300 n) ' 
Output "1" to High Impedance 

Output "O" to High Impedance 

High Impedance to Output "1" 

High Impedance to Output "O" 

Sine Wave Distortion Vss = -5 Vdc 

(Vin= 1.77 Vdc, RMS Centered@ 0.0 Vdc, 
RL ':" 10 kn, f = 1.0 kHz) 

Frequency Response (Switch ON) Vss = -5 Vdc 

(RL = 1kn,20 Log,~= -3 dB) 
Vin 

Feedthrough Attenuation (Switch OFF) Vss = -5 Vdc 

(RL = 1 kn, 20 Log 1o Vout = -50 dB) 
Vin 

Cros5talk Between Any Two Switches Vss = -5 Vdc 

(RL = 1 kH, 20 Log10 Vout(B) = -50 dB, 
Vin(A) 

(Switch A ON, Switch B OFF) 

Crosstalk, Control Input to Signal Output ' Vss = -5 Vdc 

Maximum Control Input Frequency Vss~OVdc 

(20 Log1~= :..5 dB) 
Vin 

*The formulas given are for the typical characteristics only. 
T1ow = -55°C for AL Device, -40°C for CL/CP Device. 

Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

Vo_o 
Symbol Vdc 

tPLH.tPHL 
5.0 
10 
15 

t"1"H 5.0 
10 
15 

t"O"H 5.0 
10 
15 

tH"1" 5.0 
10 
15 

tH"O" 5.0 
10 
15 

5.0 

5.0 

- 5.0 

- 5.0 

- 5.0 

- 5.0 

10 
15 

Max 

Typ AL CL/CP 
All Types Device Device Unit· 

ns 
20 30 45 
10 15 30 
7.0 10 20 

35 50 100 ns 
30 45 90 
25 38 75 

30 45 90 ns 
25 38 75 
20 30 60, 

60 90 180 ns 
20 30 60 
15 22 45 

60 90 180 ns 
16 25 50 
14 20 40 

0.1 - - % 

65 - - MHz 

1.0 - - MHz 

8.0 - - MHz 

50 - - mV 

6.0 - - MHz 

8.0 - -
8.5 - -

@ MOTOROLA Semiconductor Producf:s Inc. ______ ___, 
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MC14066B 

FIGURE 1 - NOISE IMMUNITY 

FIGURE 3 - BANDWIDTH AND 
FEEDTHROUGH ATTENUATION 

Ve= Voo for Bandwidth Test 

Ve= Vss for Feedthrough Test 

Voo;Vss --~ 
.----""'\ 

Voo Vss 

FIGURE 5 - FEEDTHROUGH, 
CONTROL TO OUTPUT 

TEST CIRCUITS 

FIGURE 2 - PROPAGATION DELAY TIME, 
CONTROL TO OUTPUT 

FIGURE~ - CROSSTALK B~TWEEN 
ANY TWO SWITCHES 

FIGURE 6 - MAXIMUM CONTROL FREQUENCY 

Voo :r1...Jl_f1_ 
Vss · 

@ MOTOROLA Semlaonduof:or Product:• Ina. ------"""' 
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MC14066B 

FIGURE 7 - CHANNEL RESISTANCE IRoN> TEST CIRCUIT 

Voo 

Voo 

Vss 

Keithley 160 
Digital 

1 kSl 
Range X-Y 

TYPICAL RESISTANCE CHARACTERISTICS 

350 

Ci) 300 
:E 
:c 
~ 250 
u 
z 
~ 200 

~ 
a: 150 
~ 

~ 100 

~ 
50 

0 
-10 

700 

FIGURE 8 -Voo = 7.6 V, Vss • -7.6 V 

---l... 

-8.0 -6.0 -4.0 -2.0 0.2 4.0 6.0 

Vin. INPUT VOLTAGE (VOLTS) 

FIGURE 10 - Voo = 2.5 v. Vss .. -2.5 v 

TA= m 0 c 

-1 
_ 2s0 c 

-~soc-
i 

8.0 10 

6001--1---11-------i------i---+--+--t---t---t----1 
Ci) 
:E s 5001---l----l----11-------l'-------l---+--+--+--+---1 
w 
u ...... 
~ 4001---<l-------l>----+---+-1~~._...--+--t---+--+---t 

~ 300 7~ =\ 
~ ~ JS1'A :J.125oc+---+--i 

~ 2001--1---11----+-....,,..+v-+--~--'l,",-+-b.-2-50-t-c===:===:==: 
~ 100 ~ ~-551C--+---+---l 

o.___.___,.....___. _ __. _ __. _ _.. _ _... _ _...,....-_,..,....-_, 
-10 -8.0 -6.0 -4.0 -2.0 2.0 4.0 6.0 8.0 10 

Vin. INPUT VOLTAGE (VOLTS) 

(I) 

:E 

FIGURE 9 - Voo - 6.0 v, Vss. -6.0 v 

3SO 

3001---1---1----1,__--1---1--f---+--+--+---I 

~ 2SOl---1---1----11----1---1>---f--+--+--+----I 
w 
u 
z 200 l--l---l----11----1---1i----f--+--+--+---I 

~ 
~ 1so~-1--i---,.-L.q~1--__:::::i-.~~"""""L--=--t"b.."".....-~Tf = 12soc-

~ 100 +--- ~ 2~oc-1--
z ~ ---~soc-+--
~ SO T 

o....___,,.,,__,.":-__. _ __.~~,...-~.,,-_.,,.::--_.,,..,,-_.,,.::--.....,.._ 
-10 -8.0 -6.0 -4.0 -2.0 2.0 4.0 6.0 8.0 10 

I Vin. INPUT VOLTAGE (VOLTS) 

FIGURE 11 - COMPARISON AT 25°C, Voo - -Vss 
3

SO t-TA~ 2S°C-+---+--+--+---+--+--+---+------i 
Ci) 3001---1------1'---f--f-1.li~,c-f---t---t---t---t----i 
~ ~ .· 

~ 250 r------t---r--r---i-1/-#----r~~l voo = 2.5 v -+---.f------1 

~200 i \ 
ff3 1\:---

a: 1501--1---1----11----11----11---fl--1--'--+--+--f--f 
z 
? 1--""- ~ v 
~ 1oot=:=Jt;~:::'.~~~:::::J::::J:~~~:l::=:-:11.~5~v:j 

50l----;l----1r---f--f--f--+--+--+--+--l 

o.___.__--1.__-..1_-..1_-..1 _ __. _ __., _ __.,'--__.,--J 
-10 -8.0 -6.0 -4.0 -2.0 2.0 4.0 6.0 8.0 10 

Vjn, INPUT VOLTAGE (VOLTS) 

@ MOTOROLA Semiconductor Produc'fe 'Inc. ------...J 
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N#OTOROLA 
Semiconducf:ors 
BOX 20912 •PHOENIX, ARIZONA 85036 

B-SUFFIX SERIES McMOS GATES 

The B Series logic gates are constructed with P and N channel en
hancement mode devices in a single monolithic structure (Comple
mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 

• Quiescent Current= 0.5 nA typ/pkg@ 5 Vdc 

• Noise Immunity = 45% of VDD typ 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• All Outputs Buffered 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera
ture Range. 

• Double Diode Protection on All Inputs 

•, Pin-for-Pin Replacement for CD4068B 

MAXIMUM RATINGS(Voltages referenced to Vssl 

Rating Symbol Value Unit 

DC Supply Voltage Voo -0.5 to +18 Vdc 

Input Voltage, All Inputs Vin -0.5 to VDD +0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 oc 

Cl/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

CIRCUIT SCHEMATIC 

2 

3 

5 

4 

Voo 

9 

10 

11 

12 
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MC14068B 

McM05 551 
(LOW·POWER COMPLEMENTARY MOS) 

8-INPUT "NANO" GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 63Z 

P SUFF'IX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION, 

MC14XXX8 Suffix Denotes 

EL Ceramic Package 
P Plastlc Packagee 
A Extended Op•ratlng 

Temperature Range 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAM 

~~13 
10 ' 

11 

12 

v 00 =Pin 14 

Vss=Pin7 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and · Vout be 
constrained to the range Vss .;; (Vin or 
Voutl.;; Voo· 
Unused inputs must always be tied to an 
appropriate logic voltage level· (e.g., either 
Vss or Vool. 



NIOTOROLA 
Semiconductors 
BOX 20912 •PHOENIX, ARIZONA 85036 

HEX INVERTER 
The MC14069B hex inverter is constructed with MOS P-channel 

and N-channel enhancement mode devices in a single monolithic 
structure. These inverters find primary use where low power dissi· 
pation and/or high noise immunity is desired. Each of the six inverters 
is a single stage to minimize propagation delays. 

• Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc 
• Noise Immunity= 45% of VDD typ 
• Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-Power TTL Loads, One Low-Power 

Schottky TTL Load or Two HTL Loads Over the Rated 
Temperature Range 

• Double Diode Protection on All Inputs 
• Pin-for-Pin Replacement for CD4069B 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating 

DC Supply Voltage 

Input Voltage, All Inputs. 

DC Current Drain per Pin 

Operating Temperature Range - AL Device 

Storage Temperature Range 

LOGIC DIAGRAM 

1~2 

3~4 

5~6 

9~8 

11~19 

13~12 

CL/CP Device 

vDD= Pin 14 
Vss =Pin 7 

Symbol Value 

vDD -0.5 to +18 

Vin -0.5 to VDD + 0.5 

I 10 

TA -55 to +125 
-40 to +85 

Tstg -65 to +150 

CIRCUIT SCHEMATIC 
(1/6 OF CIRCUIT SHOWN) 

•Double diode protection on all 
inputs not shown. 

Unit 

Vdc 

Vdc 

mAdc 
OC 

OC 

MC14069B 

McM05 551 
(LOW-POWER COMPLEMENTARY MOS) 

HEX INVERTER 

Jiff' ..• 
L SUFFIX 

CERAMIC PACKAGE 
P SUFFIX 

PLASTIC PACKAGE 
CASE 646 CASE 632 

ORDERING INFORMATION 

MC14XXXB 

1
tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or 11lectric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and V 0ut be 
constrained to the range Vss ~ (Vin or 
Voutl ~VDD· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
v55 or Vool. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator Input 
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ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level VoL 5.0 
Vin= Voo or O 10 

15 

"1" Level VoH 5.0 
Vin~OorVoo 10 

15 

Input Voltage# "O" Level V1L 
(Vo= 3.6 or 1.4 Vdcl 5.0 
(Vo= 7 .2 or 2.8 Vdcl 10 
(Vo= 11.5 or 3.5 Vdc) 15 

"1" Level V1H 
(Vo= 1.4 or 3.6 Vdcl 5.0 
(Vo= 2.8 or 7.2 Vdcl 10 
(Vo= 3.5 or 11.5 Vdcl 15 

Output Drive Current (AL Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(VoL = 0.4 Vdc) Sink IQL 5.0 
(VoL = 0.5 Vdc) 10 
(VoL = 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9;5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(VoL = 0.4 Vdc) Sink loL 5.0 
(VoL = 0.5 Vdc) 10 
(VoL' = 1.5 Vdc) 15 

Jnput Current (AL Device) · lin 15 

Input Current (CL/CP Device) lin 15 

I nput·Capacitance Cin -
(Vin=O). 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current**t IT 5.0 
(Dynamic plus Quiescent, Per Gate) 10 
(CL= 50pF) 15 

Output Rise and Fall Times** tr,tf 
(CL= 50pF) 
tr,tf = (1.35 ns/pF) CL+ 33 ns 5.0 
tr,tf = (0.60 ns/pF) CL+ 20 ns 10 
tr,tf = (0.40 ns/pF) CL+ 20 ns 15 

Propagation Delay Times** tPLH· 
(CL= 50pF) tPHL 

tPLH,tPHL = (0.90 ns/pF) CL+ 20 ns 5.0 
tPLH.tPHL = (0;36 ns/pF) CL+ 22 ns 10 
tPLH,tPHL = (0.26 ns/pF) CL+ 17 ns 15 

, *T10 w= -55°C for AL Device, -40°c for CL/CP Device. 
Thigh= +125°c for AL Device, +85°C for CL/CP Device. 

-#Noise immunity specified for worst-case input combination. 
tTo calculate total supply current at loads other than 50 pF: 

IT(CL) = IT(50 pF) + 6 x 10-3 (CL -50) Voof 

Tiow 
Min 

-
-
-

4.95 
9.95 

14.95 

-
-
-

3.5 
7.1 
11.4 

-3.0 
-0.64 
-1.6 
-4.2 

0.64 
1.6 
4.2 

-2.5 
-0.52 
-1.3 
-3.6 

0.52 
1.3 
3.6 

-

-

-
-
-
-

-
-
-

-
-
-

-
-
-

* 2s0 c 
Max Min Typ Max 

0.05 - 0 0.05 
0.05 - 0 0.05 
0.05 - 0 0.05 

- 4.95 5.0 -
- 9.95 10 -
- 14.95 15 -

1.5 - 2.25 ' 1.5 

3.0 - 4.50 3.0 
3.75 - 6.75 3.75 

- 3.5 2.75 -;-
- 7.0 5.50 -
- 11.25 8.25 -

- -2.4 -4.2 -
- -0.51 -0.88 -
- -1.3 -2.25 -
- -3.4 -8.8 -
- 0.51 0.88 -
- 1.3 2.25 -
- 3.4 8.8 -

- -2.1 -4.2 -
- -0.44 -0.88 -
- -1.1 -2.25 -
- -3.0 -8.8 -
- 0.44 0.88 -
- 1.1. 2.25 -
- 3.0 8.8 -

±0.1 - ±0.00001 ±0.1 

±0.3 - ±0.00001 ±0.3 

- - 5.0 7.5 

0.25 - 0.0005 0.25 
0.50 - 0.0010 0.50 
1.00 - 0.0015 1.00 

1.0 - 0.0005 1.0 
2.0 - 0.0010 2.0 
4.0 - 0.0015 4.0 

IT = (0.3 µA/kHz) f + I DD/6 
IT= (0.6 µA/kHz) f + IDD/6 
IT = (0.9 µA/kHz) f + lpD/6 

- - 100 200 
- - 50 100 
- - 40 80 

- - 65 125 
- - 40 80 
- - 30 60 

where: IT is in µA (per package). CL in pF; Voo in Vdc, and fin kHz is input frequ'ency. 
**The formulas given are for the typical characteristics only at 25°C. , 

Thigh* 

Min Max Unit 

- 0.05 Vdc 
- 0.05 
- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 1.4 

- 2.9 
- 3.6 

3.5 - Vdc 

7.0 -
11.25 -

mAdc 
-1.7 -

-0.36 -
-0.9 -
-2.4 -
0.36 - mAdc 
0.9 -
2.4 -

mAdc 
-1.7 -

-0.36 -
-0.9 .. 
-2.4 -
0.36 - mAdc 
0.9, -
2.4 -
- ± 1.0 µAde 

- ±1.0 µAde 

- - pF 

- 7.5 µAde 

- 1.5 
- 30 

- 7.5 µAde 
- 15 

- 30 

µAde 

ns 

- -
- -
- -

ns 

- -
- -
- -

<f!J MOTOROLA Semiconduc'for Produc'fs Inc. 
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MOTOROLA 
Semiconducf:ors 
BOX 20912 •PHOENIX,. ARIZONA 85036 

McM05 551 
QUAD EXCLUSIVE "OR" AND"NOR" GATES 

The MC140708 quad exclusive OR gate and the MC140778 quad 
exclusive NOR gate are constructed with MOS P-channel and 
N-channel enhancement mode devices in a single monolithic 
structure. These complementary MOS logic gates find primary use 
where low power dissipation and/or high noise immunity is desired. 
• Quiescent Current = 0.5 nA typ/pkg@ 5 Vdc 
• Noise Immunity= 45% of VoD typ 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc· 
• All Outputs Buffered 
• Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Tempera
ture Range. 

• Double Diode Protection on All Inputs 
• MC140708 - Replacement for CD4030, CD4070, and 

MC14507 Types 
• MC140778 - Replacement for CD4077 Type 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA .55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

·FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND )NAVE FORM 

20 ns---i 
I 
I 

~- 20 ns 

---1/f----... 
50% Duty Cycle 

• 1 nverted output on MC 140778 only. 

Unit 

Vdc 

Vdc 

mAdc 

OC 

oc 

VDD 

MC140'70B 
QUAD EXCLUSIVE "OR" GATE 

MC14077B 
QUAD EXCLUSIVE "NOR" GATE 

CASE 632 
L SUFFIX 

CERAMIC PACKAGE 

CASE 646 
PSUFFIX 

PLASTIC PACKAGE 

ORDERING INFORMATION 

MC14XXXB 1
1

Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

MC14070 MC14077 
Quad Exclusive OR Quad Exclusive NOR 

Gate Gate 

~=D-3 ~=1>-3 
:=c>-4 :=I>-4 

:=c>-10 :=r>-10 

12=D- 12=1>-11 11 13 . 13 

vDD s Pin 14 
Vss z Pin 7 

(Both Devices) 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Pulse 
·Generator 

VDD 

*Inverted output on MCf4077B only. 
#Connect unused input to VDD for MC14070B, to Vss for MC14077B. 
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ELECTRICAL CHARACTERISTICS 

Voo Ttow * 

Characteristic Symbol Vdc Min Max 

Output Voltage "O" Level Vol 5.0 - 0.05 
V;n =-Voo or O 10 - 0.05 

15 - 0.05 

"1" Level VoH 5.0 4.95 -
V;n=OorVoo 10 9.95 -

15 14.95 -
Input Voltagen- "O" Level V1L 

(Vo= 4.5 or 0.5 Vdc) 5.0 - 1.5 
(Vo= 9.0 or 1.0 Vdcl 10 - 3.0 
(Vo= 13.5 or 1.5 Vdcl 15 - 4.0 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 3.5 -
(Vo= 1.0 or 9.0 Vdc) 10 7.0 -
(Vo= 1.5 or 13.5 Vdc) 15 11.0 -

Output Drive Current (AL Device) loH 
(VoH = 2.5 Vdc) Source 5.0 -3.0 -
(VoH = 4.6 Vdc) 5.0 -0.64 -
(VoH = 9.5 Vdc) 10 -1.6 -
(VoH = 13.5 Vdc) 15 -4.2 -
(Vol = 0.4 Vdcl Sink IOL 5.0 0.64 -
(Vol = 0.5 Vdcl 10 1.6 -
(Vol= 1.5 Vdcl 15 4.2 -

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 -2.5 -
(VoH = 4.6 Vdc) 5.0 -0.52 -

(VoH = 9.5 Vdc) 10 -1.3 -
(VoH = 13.5 Vdc) 15 -3.6 --
(Vol= 0.4 Vdd Sink loL 5.0 0.52 -
(Vol= 0.5 Vdcl 10 1.3 -
(Vol= 1.5 Vdcl 15 3.6 -

Input Current (AL Device) lin 15 - ±0.1 

Input C,urrent (CL/CP Device) lin 15 - ±0.3 

Input Capacitance Cin - - -
(Vin= 0) 

Quiescent Current (AL Device) •oo 5.0 - 0.25 
(Per Package) 10 - 0.50 

15 - 1.00 

Quiescent Current (CL/CP Device) loo 5.0 - 1.0 
(Per Package) 10 - 2.0 

15 - 4.0 

Total Supply Current**{ ly 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15" 

(CL= 50 pF on all outputs, all 
buffers switching) 

Output Rise and Fall Times** tr,tf 
(CL= 50pF) 
t,,tf = (1.35 ns/pF) CL+ 33 ns 5.0 - -
t,,tf = (0.60 ns/pF) CL+ 20 ns 10 - -
t,,tf = (0.40 ns/pF) CL+ 20 ns 15 - -

Propagation Delay Times** tPLH· 
(CL= 50 pF) tPHL 

tPLH·tPH L =(0.90 ns/pF) CL +115 ns 5.0 - -
tPLH,tPHL =(0.36 ns/pF) CL +47 ns 10 - -
IPLH,IPHL =(0.26 ns/pF) CL +37 ns 15 - -

*Tiow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

.itNoise immunity specified for worst·case input combination. 

2s0 c Thigh* 

Min Typ Max Min Max Unit 

- 0 0.05 - 0.05 Vdc 

- 0 0.05 - 0.05 
- 0 0.05 - 0.05 

4.95 5.0 - 4.95 - Vdc· 
9.95 10 - 9.95 -

14.95 15 - 14.95 -
Vdc 

- 2.25 1.5 - 1.5 
- 4.50 3.0 - 3.0 
- 6.75 4.0 - 4.0 

3.5 2.75 - 3.5 - Vdc 

7.0 5:50 - 7.0 -

11.0 8.25 - 11.0 -
mAdc 

-2.4 -4.2 - -1.7 -
-0.51 -0.88 - -0.36 -
-1.3 -2.25 - -0.9 -
-3.4 -8.8 - -2.4 -
0.51 0.88 - 0.36 - mAdc 
1.3 2.25 - 0.9 -
3.4 8.8 - 2.4 -

mAdc 
-2.1 -4.2 - -1.7 -

-0.44 -0.88 - -0.36 -
-1.1 -2.25 - -0.9 -
-3.0 -8.8 - -2.4 -
0.44 0.88 - 0.36 - mAdc 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -

- ±0.00001 ±0.1 - ± 1.0 µAde 

- ±0.00001 ±0.3 - ±1.0 µAde 

- 5.0 7.5 - - pF 

- 0.0005 0.25 - 7.5 µAde 
- 0.0010 0.50 - 15 
- 0.0015 1.00 - 30 .::.. 
- 0.0005 1.0 - 7.5 µAde 
- 0.0010 2.0 - 15 
- . 0.0015 4.0 - 30 

IT= (0.3 µA/kHz) f + loo µAde 
ly = (0.6 µA/kHzl t + loo 
IT= (0.9 µA/kHz) f + •oo 

ns 

- 100 200 - -
- 50 100 - -
- 40 80 - -

ns 

- 175 350 - -
- 75 150 - -
- 50 100 - -

Noise Margin for both··\·· and "O'" level= 1.0 Vdc min@ Voo ~ 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

This devii;e c;:ontains circuitry to protec::t 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avotd application of any voltage 
higher than maximum rated voltages to 
this hign impedance circuit. For proper 
operation it is recommended that Vin and 
Vout be constrained to the range Vss <: 

tTo calculate total' supply current at loads other than 50 pF: 
IT(CL) = IT(50 pF) + 1 x 10-3 (CL -50) Voof 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 

IVinorVout) .r;;; Voo. 
Unused inputs must always be tied to 1n 
appropriate logic.voltage level (e.g., either 
VssorVooJ. ®M• *ThMe for

0

mulaTs gOivenRare

0

forLtheAtypical characteristics only at 25°C. 

\UJ Semiconducf:or Producf:s Inc. 
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MOTOROLA 
Semiconductors 
BOX 20912 •PHOENIX, ARIZONA 85036 

QUAD 2-INPUT 0 0R" GATE 

The MC.14071 and MC14071 B are constructed with P and N channel 
enhancement mode. devices in a single monolithic structure (Comple
mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. · 

• Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc 

• Noise Immunity= 45% of VDD typ 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• All Outputs Buffered 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range. (MC14071 B only) 

• Double Diode Protection on All Inputs 

• Pin-for-Pin Replacements for CD4071A and CD4071 B 

MAXIMUM RATINGS (Voltages referenced to Vssl 
Rating Symbol 

DC Supply Voltage vDD 

Input Voltage, All Inputs Vin 

DC Current Drain per Pin I 

Operating Temperature Range - Al Device TA 
Cl/CP Device 

Storage Temperature Range Tstg 

MC14071 

Value 

-0.5 to +18 

-0.5 to vD·o +0.5 

10 

-55to +125 

-40 to +85 

-65 to +150 

CIRCUIT SCHEMATICS 
(1/4 of Device Shown) 

Unit 

Vdc 

Vdc 

mAdc 

oc 

oc 

MC14071 
MC14071B 

McMOS SSI 
(LOW-POWER COMPLEMENTARY MOS) 

QUAD 2~1NPUT "OR" GATE 

L SUFFIX 
CERAMl'c PACKAGE 

CASE 632 

p sui:=FIX 
PLASTIC PACKAGE 

CASE 646 

oymERING INFORMATION 

Mc14xx xJT(:' c.:'.:·,: .. ,. 
Delete for P Plastic Package 
Non-B Device . A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAM 

1.2=D-
13 

MC14071B 

11 

VDD =Pin 14 
v 55 =Pin 7 

o--+----.-. ~
vDD Qj· . 14 vDD 

1,6,8,130----- .....J 

2,5,9,12 

. tt~~3.4.10.'1 

~---i----. !JV·D· D 14 
1,6,s,13 ~ I 

2, 5,9, 12 

This device contains circuitry to protect the inputs against damage due 
to high static voltages or electric fields; however, it is advised that nor· 
inal precautions be taken to avoid application of any voltage higher than 
maximum rated voltages to this high impedance circuit. For proper 

~ ~L 
Vss 

operation it is· recommended that Vin and V out be constrained to the 
range Vss ~(Vin or V 0 utl ~ VDD· · 
Unu.sed inputs must always be tied to an appropriate logic voltage level 
(e.g., either Vss or VDol· 
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B-SUFFIX SERIES McMOS GATES 

The B Series logic gates are constructed with P and N channel en
hancement mode devices in a single monolithic structure (Comple
mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 

• Quiescent Current= 0.5 nA typ/pkg@ 5 Vdc 

• Noise Immunity = 45% of VDD typ 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• All Outputs Buffered 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera
ture Range. 

• Double Diode Protection on All Inputs 

• Pin-for-Pin Replacement for CD4072B 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Symbol 

DC Supply Voltage VoD 

Input Voltage, All Inputs Vin 

DC Cu~rent Drain per Pin I 

Operating Temperature Range - AL Device TA 

Storage Temperature Range 

Cl/CP Device 

Tstg 

CIRCUIT SCHEMATIC 
(1/2 of Device Shown) 

Value Unit 

-0.5 to +18 Vdc 

-0.5 to v0 o +0.5 Vdc 

10 mAdc 

-55 to +125 oc 

-40 to +85 

-65 to +150 oc 
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MC14072B 

McMOS SSI 
(LOW-POWER COMPLEMENTARY MOS! 

DUAL 4-INPUT "OR" GATE 

,..,. "·--~~~ 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

MC><XXXB 1bSuf.flx., Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAM 

~~, 
:~~13 
12~· 

v 00 =Pin 14 

Vss =Pin 7 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; hoV11ever, it . is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and ·vout be 
constrained to the range Vss .;; (Vin or 
Vout).;; Voo-
Unused inputs must always be tied to an 
appropriate logic voltage level· (e.g., either 
Vssor Vool. 

II 



8-SUFFIX SERIES McMOS GATES 

The. B Series logic gates are constructed with P and N channel en
hancement mode devices in a single monolithic structure (Comple
fJlentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 

• Quiescent Current= 0.5 nA typ/pkg@ 5 Vdc 

• Noise Immunity= 45% of VDD typ 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• All Outputs Buffered 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera
ture Range. 

• Double Diode Protection on All Inputs 

• Pin-for-Pin Replacement for CD4073B 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Symbol 

DC Supply Voltage vDD 

Input Voltage. All Inputs Vin 

DC Current Drain per Pin I 

Operating Temperature Range - AL Device TA 

Storage Temperature Range 

1,3, 11 0---~ 

Cl/CP Device 

Tstg 

CIRCUIT SCHEMATICS 
(1/3 of Device Shown) 

Voo 

Value Unit 

-0.5 to +18 Vdc 

-0.5 to VDD +0.5 Vdt 

10 mAdc 

-55 to +125 oc 

-40 to +85 

-65 to +150 oc 

J TDD 
.--+----<!~ ... HJ-o9.6.10 

9 lss 
d 

8,5,13~ 
9 
V55 
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MC14073B 

McM05 551 
(LOW-POWER COMPLEMENTARY MOS) 

TRIPLE 3-INPUT "AND" GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

MC>4XXX8 II:':I• ee •• :'.:':: .... 
P Plastic Package 

A ~=~;:::~u~:~:~;: 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAM 

1130---12 10 
13 

v00 =Pin 14 
V55 =Pin 7 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid ·application of any voltage higher 
tha~ maximum. rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the· range V55 .;; (Vin or 
Voutl.;; VDD· 
Unused inP.uts must always be tied to an 
appropriate logic voltage level· (e.g., either 
Vssor v 00i. 



NIOTOROLA 
Semiconduc'fors 
BOX '20912 • PHO EN IX, ARIZONA 85036 

B-SUFFIX SERIES McMOS GATES 

The B Series logic gates are constructed with P and N channel en
hancement mode devices in a single monolithic structure (Comple
IJlentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 

• Quiescent Current = 0.5 nA typ/pkg@ 5 Vdc 

• Noise Immunity = 45% of VDD typ 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• All Outputs Buffered 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HT,L Loads Over the Rated Tempera
ture Range. 

• Double Diode Protection on All Inputs 

• Pin-for-Pin Replacement for CD4075B 

MAXIMUM RATINGS!Voltages referenced to Vssl 

Rating Symbol 

DC Supply Voltage vDD 

Input Voltage, All Inputs Vin 

DC Current Drain per Pin I 

Operating Temperature Range - Al,. Device TA 

Storage Temperature Range 

Cl/CP Device 

Tstg 

CIRCUIT SCHEMATIC 
(1/3 of Device Shown) 

Value· Unit 

-05to+18 Vdc 

-0.5 to VoD +0.5 Vdc 

10 mAdc 

-55to+125 OC 

-40 to +85 

-65 to +150 OC 

MC14075B 

McMOS SSI 
(LOW·POWER COMPLEMENTARY MOS) 

TRIPLE 3-INPUT "OR" GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

MC14XXXB Suffix Denotes 

L Ceramic Package 
· P Plastic Package 

A Extended Operating 
Temperature Range 

C Limited Operating · 
Temperature Range 

LOGIC DIAGRAM 

:~6 
5 ___r:--L-/ 

v 00 =Pin 14 

Vss =Pin 7 

11~ 
12 10 

13 

This device contains circuitry to protect 
the 'inputs against damage due to high static 
voltages or electric fields; hovvever, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vss .;; (Vin or 
Voutl.;; VDD· · 
Unused inP.uts must always be tied to an 
appropriate logic voltage level· (e.g., either 
Vssor v 00L 
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4·BIT D·TYPE REGISTER 
_ with THREE.STATE OUTPUTS 

The MC14076B 4-Bit Register consists of four 0-type flip-flops 
operating synchronously from a common clock. OR gated output
disable inputs force the outputs into a high-impedance state for use 
in bus organized systems. OR gated data-disable inputs cause the Q 
outputs to be fed back to the D inputs of the flip-flops. Thus they 
are inhibited from changing state while the clocking process remains 
undisturbed. An asynchronous master reset is provided to clear all 
four flip-flops simultaneously independent of the clock or disable 
inputs. 
• Three-State Outputs with 'Gated Control Lines 

• Fully lndepend.-.t Clock Allows Unrestricted Operation for the 
Two Modes: Parallel L,.oad and Do Nothing 

• Asynchronous Master Reset 
• For Bus Buffer Registers 
• Quiescent Current= 5.0 nA/package typical @ 5 Vdc: 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vss l 
Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

,Input Voltage, All Inputs Vin -0.5 to VDD + o.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 1-0 ' mAdc 

Operating Temperature Range - AL Device TA -55 to +125 Oc 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

FUNCTION TABLE 

INPUTS 

Data Disable Data OUTPUT 
Reset Clock A B D Q 

1 x x x x 0 

0 0 x x x On 

0 _r 1 I x x On 

0 _r x 1 x On 

0 ...r 0 0 0 0 

0 _r 0 0 1 1 

When either output disable A or B (or both) la (are) high the output Is disabled to the high~ 
Impedance 1tate; however sequential operation of the flip-flops Is not affected. 

X • Oon't Cara. 
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MC14076B 

McMOS MSI 
(LOW..P.OWER COMPLEMENTARY MOS) 

QUAD D-TYPE REGISTER 
with THREE STATE OUTPUTS 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC14XXXB 1 tSufflx Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

15 Reset oo 3 

14 DO 

13 01 

12 . D2 01 4 

11 D3 

10 B} Data 
9 A Disable 02 5 

7 Clock 

2 B} Output 
A Disable 03 6 

v00 =Pin 16 
Vss •.PlnS 



MC14076B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin=VooorO 10 

15 

"'1" Level VoH 5.0 
Vin= OorVDD 10 

15 

Input Voltage# "O" Level' V1L 
(Vo= 4.5 or 0.5 Vdcl 5.0 
!Vo= 9.0 or 1.0 Vdcl 10 
!Vo= 13.5 or 1.5 Vdcl 15 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdcl 5.0 
!Vo= 1.0 or 9.0 Vdcl 10 
!Vo= 1.5 or 13.5 Vdcl 15 

Output Drive Current (AL Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
!VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

·(VOL= 0.4 Vdc) Si,nk loL 5.0 
!VoL = 0.5 Vdcl 10 
!VoL = 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) .5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdc) Sink 'oi. 5.0 
!VoL = 0.5 Vdc) 10 
!Vol= 1.5 Vdcl 15 

Input Current (AL Device) ljn 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 01 

Quiescent Current (AL Device) 100 5.0 
(Per Packagel 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Packagel 10 

15 

Total Supply Current**t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

Three-State Leakage Current ITL 15 
!AL Devicel 

Three·State Leakage Current 'TL '15 
(CL/CP Device) 

*T10 w = -55°C for AL Device. -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst·case input combination. 

T1ow* 
Min Max 

- 0.05 
- 0.05 
- 0-.05 

4.95 -
9.95 -

14.95 -
- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-,0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

- ±0.1 

- ±1.0 

Noise Margin for both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CLI = IT(50 pF) + 2 }( 10..:3 (CL -50) Voof 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -
- 2.25 1.5 
- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -
-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 '-0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- O.o16 20 

- 0.005 20 
- 0.010 40 
- O.o15 80 

IT =(0.75 µA/kHz) f + loo 
IT=(1.50 µA/kHz) f+ loo 
IT = (2.25 µA/kHz) f + I DD 

- ±0.00001 ±0.1 

- ±0.00001 ± 1.0 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 

1 

Thigh* 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -
- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 -
0.9 -
2.4 -

-0.6 -
-0.12 -
-0.3 -
-1.0 -
0.36 -
0.9 -
2.4 -
- ±1.0 

- ±1.0 

- -

- 150 
- 300 
- 600 

- 150 
- 300 
- 600 

- ±3.0 

- ±7.5 

.___ _____ @ MOTOROLA Semiconductor Product• Ina. 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

~ 
mAdc 

mAdc 

mAdc 

#Ade 

µAde 

pF 

µAde 

µAde 

µAde 

µAde 

µAde 



MC14076B 

SWITCHING CHARACTERISTICS* (CL .. 60 pF, TA .. 26°Cl 

All Types 

Voo 
Characteristic Symbol Vdc Min Typ Max Ullit 

Output Rise Time, All B.Serles Gates tr ns 
tr= (3.0 ns/pF) CL+ 30 ns 6.0 - 180 360 
tr= (1.6 ns/pF) CL+ 16 ns 10 - 90 180 
tr= (1.1 ns/pF) CL+ 10 ns 15 - 65 130 

Output Fall Time, All B.Series Gates tf ns 
tf = (1.5 ns/pF) CL+ 25 ns 5.0 - 100 200 
tf = (0.75 ns/pF) CL+ 12.6 ns 10 - 50 100 
tf = (0.55 ns/pF) CL+ 9.5 ns 15 - 40 80 

Propagation Delay Time tPLH• tPHL ns 
Clock to Q 

tPLH· tPHL = (1.7 ns/pFI CL+ 216 ns 6.0 - 300 600 
tPLH· tPHL = (0.66 ns/pF) CL+ 92 ns 10 - 125 260 
ti>LH· tPHL = (0.5 ns/pF) CL+ 65 ns 15 - 90 180 

Reset to Q 

'PLH• tPHL = (1.7 ns/pF) CL+ 216 ns 5.0 - 300 600 
tPLH• tPHL = (0.66 ns/pF) CL+ 92 ns 10 - 125 250 
tPLH· tPHL = (0.5 ns/pF) CL+ 65 ns 15 - 90 180 

3-State Propagation Delay, Output "1" or "O" t"1"H• 6.0 - 150 300 ns 
to High Impedance t"O"H 10 - 60 120 

15 - 45 90 

3-State Propagation Delay, High Impedance tH"1"• 5.0 - 200 400 ns 
to "1" or "O" Level tH"O" 10 - 80 160 

15 - 60 120 

Minimum Clock Pulse Width PWc 6.0 - 130 260 ns 
10 - 55 110 
15 - 40 80 

Minimum Reset Pulse Width PWR 5.0 - 186 370 ns 
10 - 75 150 
15 - 55 110 

Data Setup Time tsetup 5.0 - 16 30 ns 
10 - 5 10 
15 - 2 4 

Data Hold Time tho Id 6.0 - 65 130 ns 
10 - 30 60 
15 - 25 50 

Data Disable Setup Time tsetup 6.0 - 110 220 ns 
10 - 40 80 
15 - 25 60 

Maximum Clock Pulse Rise and Fall Time tr. tf 5.0 15 - - /J.S 

10 15 - -
15 15 - -

Maximum Clock Pulse Frequency PRF 5.0 1.8 3.6 - MHz 
10 4.5 9.0 -
15 6.0 12 -

*The formula given is for the typical characteristics only. 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im
pedance circuit. For proper operation 'it is recommended that Vin and Vout be constrained to the range Vss .;;; (Vin or Voutl 
.;;;voo-
unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or Vool. 
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MC14076B 

0 Input 
I nformetion 

Clock 

a Output 

FIGURE 1 - TIMING DIAGRAM FIGURE 2 -THREE-sTATE PROPAGATION DELAY 
WAVESHAPE AND CIRCUIT 

----VoD Output 
Disable 

• ---t---,,----Vss A or B 

Reset= O 
Date Disable A and B = O 
Ouwut Disable A and B = o 

Output Di18bie A 1 
Output Disable B 2 

Data Disable A 9 
Data Disable B 10 

Clock 7 

Reset 15 

AnyQ 
Output 

~-+--.,.,,..,-.Y-.---- VoH 

{
"" 2.5 v@ v0 D = 5 v. 

10 V, end 15 V 

{

"" 2 v @ v00 = 5 v 
':" 6V@Voo=10V 
""10V@Voo=15V 

------.....Ji:---~voL 

c~:=:d -1-oi~~:::i~:ted Outputs 
Connec1Bd 

Anya 
Output 

,other l~L = 1 kn I VDD for t"o"H and tH"O" 
nputs MC14076B . Vss for t"1"H and tH"1" 

Output 

~i:'rb: JCL 

FUNCTIONAL BLOCK DIAGRAM . 

3 QO 

401 

502 

603. 

@MOTOROLA SemlconduC'for Produc1:s Inc. 
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NIOTOROLA 
Semiconduc-fors 
BOX 20912 •PHOENIX, ARIZONA 85036 

McMOS SS'I 
QUAD EXCLUSIVE "OR" AND"NOR" GATES 

The MC14070B quad exclusive' OR gate and the MC14077B qu~d 
exclusive NOR gate are constructed with MOS P-channel and 
N-channel enhancement mode devices In a single monolithic 
structure. These complementary MOS logic gates find primary use 
where low power dissipation and/or high noise immunity.is desired. 
• Quiescent Current= 0.5 nA typ/pkg@ 5 Vdc · 
• Noise Immunity= 45% of VDD typ 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• All Outputs Buffered 
• Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Tempera
ture Range. 

• Double Diode Protection on All Inputs 
• MC14070B - Replacement for CD4030, CD4070, and 

MC14507 Types 
• MC14077B - Replacement for CD4077 Type 

MAXIMUM RATINGS (Voltages referenced to Vss I 
Rating Symbol Value 

DC Supply Voltage vDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg. -65 to +150 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

50% Duty Cycle 

'Inverted output on MC140778 only. 

Unit 

Vdc 

Vdc 

mAdc 

OC 

oc 

Vss 

'MC14077B 
QUAD EXCLUSIVE "NOR" GATE 

FOR COMPLETE DATA 
SEE MC14070B 

CASE 632 

L SUFFIX 
CERAMIC PACKAGE 

CASE 646 

·PSUFFIX 
PLASTIC PACKAGE 

ORDERING INFORMATION 

MC'4XXXB 

1 
tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

MC14070 
Quad Exclusive OR 

Gate 

MC14077 
Quad Exclusive NOR 

Gate 

12=D-· 11 
13 

12=1>--
13 

VDDs Pin 14 
V55-Pin 7 

(Both Devices) 

11 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator 

•inverted output on MC14077B only. 

vDD 

#Ca,nnect unused input to VDD for MC14070B, to Vss for MC14077B. 
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Semiconduc'fors 
BOX 20912 o PHOENIX, ARIZONA 85036 

B-SUFFIX SERIES McMOS GATES 

The B Series logic gates are constructed with P and N channel en
hancement mode devices in a single monolithic structure (Comple
fTlentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 

• Quiescent Current = 0.5 nA t'(p/pkg @ 5 Vdc 

• Noise Immunity = 45% of VOD typ 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• All Outputs Buffered 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera-
ture R<!nge. 

1 

• Double Diode Protection on.All Inputs 

• Pin-for-Pin Replacement for CD4078B 

MAXIMUM RA TINGS (Voltages referenced to V55l 

Rating Symbol Value Unit 

DC Supply Voltage vDD -0.5 to +18 Vdc 

Input Voltage, All Inputs Vin -0.5 to vDD +0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - Al Device TA -55to +125 oc 

Cl/CP Device -40 to +85 

Storage Temperature Range Ts!ll_ -65 to +150 oc 

CIRCUIT SCHEMATIC 

4 Same as 
5 above 
9 Same as 

10 above 

11 Same as 

12 above 
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MC14078B 

McMOS 551 
(LOW·POWER COMPLEMENTARY MOSI 

8-INPUT "NOR" GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

MC>4XXXB 1~:• .,...::: ... 
· P Plastic Package-

A Extended Operating 
Temperature Range 

C Limited Operating 
Temperature !"•nae 

LOGIC DIAGRAM 

2?-3 
4 . 

: . . .13 
10 . 

11 

12 

v 00 =Pin 14 
v55 =Pin 7 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; ho-ver, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltilges to this high 
impedance circuit, For proper operation it 
is recommended that Vin and Vout be 
constrained to the. range Vss .;; (Vin or 
Voutl.;; Voo· 
Unused inP.uts · must always be tied to an 
appropriate logic voltage level· (e.g .. either 
v55 orVool. 



NIOTOROLA 
Semiconductors 
BOX 20912 •PHOENIX, ARIZONA 85036 

QUAD 2-INPUT "AND" GATE 

The MC14081 and MC140818 are constructed with P and N channel 
enhancement mode devices in a single monolithic structure (Comple
mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 

• Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc 

• Noise Immunity= 45% of VDD typ 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• ·All Outputs Buffered 

• Capable of Driving Two Low-power TTL loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range. (MC140818 only) 

• Double Diode Protection on All Inputs 

• Pin-for-Pin Replacements for CD4081 A and CD40818 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage vDD -0.5to+18 

Input Voltage, All Inputs Vin -0.5 to VDD +0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +125 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

Unit 

Vdc 

Vdc 

mAdc 

oc 

oc 

MC14081 

CIRCUIT SCHEMATICS 
(1/4 of Device Shown) 

14 v00 

d j d 

2, 5, 9, 12 0-___ __. 1,6,8, 13 0-___ __. 

7 Vss 

MC14081 
MC14081B 

McMOS SSI 
(LOW-POWER COMPLEMENTARY MOS) 

QUAD 2-INPUT "AND" GATE 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 CASE 632 

ORDERING INFORMATION 

Mc14xxxJT~':'• c .. :'.::·:.,,. 
Delete for P Plastic Package 
Non·B Device A Extended Operating 

· Temperature Range 
C Limited Operating 

· Temperature Range 

LOGIC DIAGRAM 

v 00 =Pin 14 
Vss =Pin 7 

12:=[)-11 
13 

MC14081B 

This device contains circuitry to protect the inputs against damage due 
to high static voltages or electric fields; however, it is advised that nor· 
mal precautions be taken to avoid application of any voltage higher than 
maximum rated voltages to this high impedance circuit. For proper 

operation it is recommended that Vin and Vout be constrained to the 
range Vss,;;;; (Vin or V 0 utl,;;;; Voo· 
Unused inputs must always be tied to an appropriate logic voltage level 
(e.g., either Vss or Voo>· 
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NIOTOROLA 
Semiconduc'fors 
BOX 20912 o PHOENIX·. ARIZONA 85036 

B-SUFFIX SERIES McMOS GATES 

The B Series logic gates are constructed with P and N channel en
hancement mode devices in a single monolithic structure (Comple
mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 

• Quiescent Current= 0.5 nA typ/pkg@ 5 Vdc 

• Noise Immunity = 45% of VoD typ 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• All Outputs Buffered 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera
ture Range. 

• Double Diode Protection on All Inputs 

• Pin-for-Pin Replacement for CD4082B 

MAXIMUM RATINGS(Voltages referenced to Vss> 

Rati'l9 Symbol 

DC Supply Voltage vDD 

Input Voltage, All Inputs Vin 

DC Current Drain per Pin I 

Operating Temperature Range - AL Device TA 

Storage Temperature Range 

Cl/CP Device 

Tstg 

CIRCUIT SCHEMATIC 
(1/2 of Device Shown) 

Value Unit 

-0.5to+18 Vdc 

-0.5 to vDD +0.5 Vdc 

10 mAdc 

-55 to +125 oc 

-40 to +85 

-65 to +150 oc 

MC14082B 

McMOSSSI 
(LOW·POWER COMPLEMENTARY MOSI 

DUAL 4-INPUT "AND" GATE 

...... 
L SUFFIX 

CERAMIC PACKAGE 
CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

MC14XXXB Suffix Denotes 

L Ceramic Package 
P Plastic Package 

A ~=~~:r:~u~~~=~;: 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAM 

~P-· 
,~P-13 
11 

12 

v 00 =Pin 14 

Vss =Pin 7 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or ~lectric fields; hovvever, it is 
advised that normal precautions be. taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vss .;; (Vin or 
Voutl.;; VDD· 
Unused inputs must always be tied to an 
appropriate logic voltage level· (e.g., either 
Vssor vDD>· 

II 
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MOTOROLA 
Semiconduc-tors 
BOX 20912 •PHOENIX, ARIZONA'85036 

.. 

Advance Information 

QUAD 2-INPUT "NANO" SCHMITT TRIGGER 

The MC14093B Schmitt trigger is constructed with MOS P-channel 
and N-channel enhancement mode devices in a single monolithic 
structure. These devices find primary use where low power dissi
pation and/or high noise immunity is desired. The MC14093B may 
be used in place of the MC14011B quad 2-input NANO gate for 
enhanced noise immunity or. to "square up" slowly changing 
waveforms. 

• Quiescent Current= 0.5 nA typ/pkg@ 5 Vdc 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-Power TTL Loads, One Low-Power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

• Double Diode Protection on All Inputs 

• Pin-for-Pin Compatible with CD4093 

• Can be Used to Replace MC14011B 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value Unit 

DC Supply Voltage vDD -0.5 to +18 Vdc 

Input Voltage, Ail Inputs V;n -0.5 to VDD + o.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - Al Device TA 
CL/CP Device 

Storage Temperature Range Tstg 

EQUIVALENT CIRCUIT SCHEMATIC 
(1/4 OF CIRCUIT SHOWN) 

-55 to +125 
-40 to +85 

-65 to +150 

This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to 
this high impedance circuit. For prol>er operation it is recommended that Yin and 
Vout be constrained to the range Vss" (Vin or Voutl" VDD· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., 

. either Vss or Vool. 

This is advance information .and specifications ar.e subject to change without notice. 
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OC 
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MC14093B 

McMOS SSI 
(LOW.POWER COMPLEMENTARY MOS) 

QUAD 2-INPUT "NANO" 
SCHMITT TRIGGER 

••••• 
L SUFFIX 

CERAMIC PACKAGE 
PSUFFIX 

PLASTIC PACKAGE 

CASE 632 CASE 646 

ORDERING INFORMATION 

MC'4X XX B 

1 
l;Suffix Denotes 

L c:;eramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperatu·re R~nge 

LOGIC DIAGRAM 

12=@-~ 11 
13 

v 00 =Pin 14 

Vss =Pin 7 



MC14093B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 

Vin Voo or 0 10 
15 

"1" Level VoH 5.0 
Vin o or VDo 10 

15 

Input Voltage# "O" Level VIL 
(Vo - 4.5 or 0.5 Vdc) 5.0 
(Vo 9.0 or 1.0 Vdc) 10 
(Vo, 13.5 or 1.5 Vdc) 15 

"1" Level VfH 
(Vo" 0.5 or 4.5 Vdc) 5.0 
(Vo, 1.0 or 9.0 Vdc) 10 
(Vo~ 1.5 or 13.5 Vdc) - 15 

Output Drive Current (AL Device) IOH 
(V OH ' 2.5 VdCl Source 5.0 
(VoH " 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VOH = 13.5 Vdc) 15 

(Vol= 0.4 Vdc) Sink IOL 5.0 
(VoL = 0.5 Vdc) 10 
(Vol= 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(Vol= 0.4 Vdc) Sink loL 5.0 
(Vol = 0.5 Vdc) 10 
(Vol= 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) too 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device') loo 5.0 
(Per Package) 10 

15 

Total Supply Current*• t IT 5.0 
(Dynamic plus Quil!scent, 10 
Per Package) 15 

(CL - 50 pF on all outputs, all 
buffers switching) 

Hysteresis Voltage VH 5.0 
10 
15 

·T1ow -.55°C for AL Device, -40°C for CL/CP Device. 
Thigh -- t125°C for AL Device. t85°C for CL/CP Device. 

-"Noise immunity specified for worst-case .input combination. 

Trow * 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-3.0 -
-0.64 -
-1.6 -
-4.2 -
0.64 -
1.6 -
4.2 -

-2.5 -
-0.52 -
-1.3 -
-3.6 -
0.52 -
1.3 --
3.6 -
- ±0.1 

- ± 0.3 

-- -

- 0.25 
-- 0.50 
- 1.00 

- 1.0 

- 2.0 
- 4.0 

- -
- -
- -

Noise Margin for both "1" and "O" level 1.0 Vdc min@ VDD 5.0 Vdc 
2.0 Vdc min~~ Voo 10 Vdc 
2.5 Vdc min@ Voo 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(Cll IT(50 pF) t 4 x 10-3 (CL -50} VoDf 

25°C 

Min Typ Max 

- 0 0.05 
- 0 0.05 
- ·o 0.05 

4.95 5.0 -
9.95 10 -

14.95. 15 -

- 2.25 1.5 
- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50. -

11.0 8.25 -

-2.4 -4.2 -
-0.51 -0.88 -
-1.3 -2.25 -
-3.4 -8.8 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-2.1 -4.2 -
-0.44 -0.88 -
-1.1 -2.25 -
-3.0 -8.8 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -

- ±0.00001 ±0.1 

·- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.0005 0.25 
- 0.0010 0.50 
- 0.0015 1.00 

- 0.0005 1.0 
- 0.0010 2.0 
- 0.0015 4.0 

IT= (1.2µA/kHz) f+ loo 
IT= (2.4µA/kHz) f+ loo 
IT= (3.6 µA/kHz) f +loo 

- 0.3 -
- 0.4 -
- 0.7 -

where: IT is in µA (per package}. CL in pF, Voo in Vdc, and fin kHz is input frequency. 
·•The formulas given are for the typical characteristics only at 25°C. 

Th!g_h* 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.7 -
-0.36 -
-0.9 -
-2.4 -

0.36 -
0.9 -
2.4 -

-1.7 -
-0.36 -
-0.9 -
-2.4 -
0.36 -
0.9 -
2.4 -

- ± 1.0 

- ±1.0 

- -

- 7.5 
- 15 
- 30 

- 7.5 
- 15 
- 30 

- -
- --
- -

@ MOTOROLA Sen>iconductor Products Inc. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF II 
µAde 

µAde 

µAde 

Vdc 
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MC14093B 

SWITCHING CHARACTERISTICS (CL= 50 pF, TA= 25°c) 

vDD 
Characteristic Symbol Vdc Min Typ Max 

Output Rise Time tr 5.0 100 
-10 50 
15 40 

Output Fall Time tf 5.0 100 
10 50 
15 40 

Propagation Delay Time tPLH· tPHL 5.0 160 
10 65 
15 50 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVE FORMS 

Pulse 
Generator Input 

Voo 

o------o Output 

FIGURE 2 - TYPICAL SCHMITT TRIGGER APPLICATIONS 

(a) Schmitt Triggers will square up 
inputs with slow rise and fall times. 

Vin~ 
~ Vout 

Vcontrol = 1 

Vout 

(b) A Schmitt trigger offers maximum 
noise immunity in gate_applications. 

Unit 

ns 

ns 

ns 

® MOTOROl.,.A Semiconduc~or Producu Inc. _______ _. 
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McMOS MSI 

SYNCHRONOUSPROGRAMMABLE~BIT 
COUNTERS 

The MC141608 - MC141638 are synchronous programmable 
counters constructed with complementary MOS P-Channel and 
N-Channel enhancement mode devices in a single monolithic struc
ture. These counters are functionally equivalent to the 74160-
74163 TTL counters. 

Two are synchronous programmable decade counters with 
asynchronous and synchronous clear inputs respectively (MC 14160, 
MC14162). The other two are synchronous programmable 4-bit 
binary counters with the asynchronous and synchronous clear 
respectively (MC14161, MC14163). 

• Internal 'Look-Ahead for Fast Counting 
• Carry Output for N-Bit Cascading 
• .Synchronously Programmable 
• Synchronous Counting 
• Load Control Line 
• Synchronous or Asynchronous Clear 
• Positive Edge Clocked 

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 8). 

Rating Symbol Value 
DC Supply Voltage vDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to vDD + o.5 
DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

Unit 
Vdc 
Vdc 

mAdc 
oc 

OC 

This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to 
this high-impedance circuit. For proper operation it is recommended that Vin 
and Vout be constrained to the range' Vss .,;;; (Vin or Voutl.,;;; VDD· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., 
either Yss or Vool· 

c .. cc 

MC14160B 
DECADE COUNTER 

with Asynchronous Clear 

MC14161B 
4-BIT BINARY COUNTER 

with Asynchronous Clear 

MC14162B 
DECADE COUNTER 

with Synchronous Clear 

MC14163B 
4-BIT BINARY COUNTER 

with Synchronous Clear 

.• ,,,,,,! 
1 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

ORDERING INFORMATION 

Denotes 

M"'4m• I T S"::ffix L Cer!lmic Package 
Plastic Package 
Extended Operating 

Temperature Range 
Limited Operating 

Temperature Range 

10 

9 

2 

3 

4 

6 

BLOCK DIAGRAM 

PE 01 

TE 

Clear 02 

Load 

Clock 03 

P1 

P2 tl4 

P3 

P4 
Carry 

Ou1 

v00 ; Pin 16 

Vss"' Pin 8 

14 

13 

12 

11 

15 

II 



MC14160B thru MC14163B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin= v 00 or0 10 

15 

"1" Level VoH 5.0 
Vin= O or Voo 1.0 

15 

Input Voltage# "O" Level VIL 
(Vo= 4.5 or 0.5'Vdc) 5.0 
!Vo =9.0 or 1.0 Vdc) 10 
(Vo~ 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
(Vo: 0.5 or 4.5 Vdc) 5.0 
(Vo= 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

!VoL = 0.4 Vdcl Sink IOL 5.0 
(Vol'= 0.5 Vdc) 10 
!VoL = 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) loH 
(VOH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(VoL = 0.4 Vdc) Sink loL 5.0 
(VoL = 0.5 Vdc) 10 
(VoL = 1.5 Vdc) 15 

Input Current (AL,Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) •ob 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current*• "t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL= 50 pF on all outputs, all 
buffers switching) 

*T1ow = -55°C for AL Device, -40°C f~r CL/CP Device. 
Thigh= +125°C for AL Device, +85°c for CL/CP Device. 
~oise immunity specified for worst-case input combination. 

T1ow 
. 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4~95 .::. 
9.95 -

14.95 -

- 1.5 
-- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-3.0 -
-0.64 -
-1.6 -
-4.2 -
0.64 -
1.6 -
4.2 -

-2.5 -
-0.52 -
-1.3 -
-3.6 -

0.52 -
1.3 -
3.6 -
- ±0.1 

- ± 0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O" level= 1.0 Vdc mi.n@ VoD = 5.0 Vdc 
2.0 Vdc min@ VoD = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(C'L) = IT(50 pF) + 1 x 10-3 (CL -50) Voof 

2s0 c; 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1".5 
- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-2.4 -4.2 -
-0.51 -0.88 -
-1.3 -2.25 -
-3.4 -8.8 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-2.1 -4.2 -
-0.44 -0.88 -
-1.1 -2.25 -
-3.0 -8.8 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

-:- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 

- 0.010 10 
- O.Q15 20 

- 0.005 20 
- 0.010 40 

- O.Q15 80 

'r = !0.56 .uA/kHzl f + 100 
IT= (1.1 .uA/kHzl t + 100 
•r = 11.9 .uA/kHzl f +Joo 

where: IT is in .uA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
•*The formulas given are for the typical characteristics·only at 25°C.' 

Th!i.h* 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.7 -
-0.36 -
-0.9 -
-2.4 -
0.36 -
0.9 -
2.4 -

-1.7 -
-0.36 -
-0.9 -
-2.4 -
0.36 -
0.9 -
2.4 -

- ± 1.0 

- ±1.0 

- -

- 150 

- 300 
- 600 

- 150 

- 300 

- 600 

<f!J MOTOROLA Semiconducf:or Products Inc. 
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Unit 

Vcic 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

.uAdc 

pF 

.uAdc 

µAde 

.uAdc 



MC14160B thru MC141638 

SWITCHING CHARACTERISTICS* (CL= 50 pF' TA= 25°c1 

\loo 
Characteristic -Symbol Vdc Min Typ Max Unit 

Output Rise Time tr ns 
tr= ( 1.35 ns/pF) CL+ 33 ns 5.0 - 100 200 
tr= (0.6 ns/pF) CL+ 20 ns 10 - 50 100 
tr= (0.4 ns/pF) CL+ 20 ns 15 - 40 80 

Output Fall Time tf ns 
tf = (1.35 ns/pF) CL+ 33 ns 5.0 - 100 200 
tf = (0.6 ns/pf) CL+ 20 ns 10 - 50 100 
tf = (0.4 ns/pF) CL +.20 ns 15 - 40 SQ 

Propagation Delay Time tPLH• ns 

tPHL 
Clock toO 

tPLH· tPHL = (0.90 ns/pF) CL+ 305 ns 5.0 - 350 700 
tPLH· tPHL = (0.36 ns/pF) CL+ 132 ns 10 - 150 300 
tPLH· tPHL = (0.26 ns/pF) CL+ 87 ns 15 - 100 200 

Clock to Carry Out 
tPLH· tPHL = (0.90 ns/pF) CL'+ 395 ns 5.0 - 440 880 
tPLH. tPHL = (0.36 ns/pF) CL+ 167 ns 10 - 185 370 
tPLH· tPHL = (0.26 ns/pF) CL+ 112 ns 15 - 125 250 

TE to Carry Out 
tPLH• tpH L = (0.90 ns/pF) CL + 255 ns 5.0 - 300 600 
tPLH· tPHL = (0.36 ns/pF) CL+ 112 ns 10 - 130 260 
tPLH· tPHL = (0.26 ns/pF) CL+ 77 ns 15 - 90 180 

Clear to Q (MC14160, MC14161 only) 
tPLH· tPHL = (0.90 ns/pF) CL+ 110 ns 5.0 - 155 310 
tPLH· tPHL = (0.36 ns/pF) CL+ 37 ns 10 - 55 110 
tPLH• tPHL = (0.26 ns/pF) CL+ 22 ns 15 - 35 70 

Minimum Setup Time 
Data to Clock tsetup 5.0' - 160 320 ns 

10 - 65 130 
15 - 45 90 

Load to Clock 5.0 - 300 600 
10 - 130 260 
15 - 90 180 

Enable to Cloek (PE or TE) 5.0 - 210 420 
10 - 85 170 
15 - 60 120 

Clear to Clock (MC14162,MC14163 only) 5.0 - 155 310 
10 - 55 110 
15 - 35 70 

' Minimum Clock Pulse Width, High PWcH 5.0 - 125 250 ns 
10 - 50 100 
15 - 35 70 

Maximum Clock Rise Time tr 5 15 - - µs 
10 15 - -
15 15 - -

Maximum Clock Pulse Frequency PRF 5.0 1.0 2.0 - MHz 
10 2.5 5.0 -
15 4.0 8.0 -

*'!he formula given is for the typical characteristics only. 
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MC14160B thru MC14163B 

SWITCHING WAVEFORMS 

Clear 

tsetup (Clear) MC14162, MC14163 only 

Load 

Data Input 

Enable (PE or TE) 

Clock 

Output 
(Q or Carry) 

50% 

FUNCTIONAL DESCRIPTION 

These counters are fully programmable; that is the 
outputs may be preset to either level. As presetting is 
synchronous, settling up a low level at the load input 
disables the counter and causes the outputs to. agree with 
the setup data after the next clock pulse regardless of the 
levels of the enable inputs. Low-to-high transitions at the 
load input should be avoided when the clock is low if the 
enable inputs ·are high at or before the transition. The 
clear function for the MC14160, MC14161 is asyn
chronous and a low level at the clear input sets all four of 
the flip-flop outputs low regardless of the levels of the 
clock, load or enable inputs. The clear function for the 
MC14162 and MC14163 is synchronous and a low level 
at the clear inputs sets all four of the flip-flop outputs 
low after the next clock pulse, regardless of the levels of the 
enable inputs. This synchronous clear allows the count 
length to be modified easily; decoding the maximum 

count desired can be accomplished with one external 
NANO gate. The gate output is connected to the clear 
input to synchronously clear the counter to 0000 (LLLL). 

The carry look-ahead circuitry provides 'for cascading 
counters for n-bit synchron.ous applications without 
additional gating. Instrumental in accomplishing this 
function are two count-enable inputs and a carry output. 
Both count-enable inputs (PE, TE) must be high to count, 
and enable input TE fed forward to enable the carry 
output. The carry output thus enabled will produce a 
positive output pulse with a duration . approximately 
equal to the positive portion of the 01 output. This posi· 
tive overflow carry pulse can be used to enable successive 
cascaded.stages. High-to-low-level transitions at the enable 
PE or TE inputs should occur only when the clock input 
is high. 

@ MOTOROLA Semiconduc'for Produc'fs Inc~ 
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MC14160B thru MC141638 

2 
Ctocko---_, 

7 peo----r-, 

MC14160, MC14162 LOGIC DIAGRAM 
(Clear is synchronous for MC14162) 

10 ~----4~---"'-n 
TE0--.... -1 

(f!} MOTOROLA Semiconductor Products ,;,c. 
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MC14160B thru MC14163B 

MC14160, MC14162 TIMING DIAGRAM 

Sequence illustrated In waveforms: 

1. Clear outputs to zero. 
2. Preset to BCD seven. 
3. Count to eight, nine, zero, one, two, and three. 
4. 'inhibit 

Clear (MC14160) -----.LJ 
I 

Clear (MC14162) ~ ! j 
. L.l.J 

Data 
Inputs 

Load----'-

P1 

P2 

P3 

(Asynch~onous) 

(Synchronous) 

P4-----------------------------------------------

Clock (MC14160l-------. 

Clock (MC141·62) 

Enables {PE : 
TE ____ --.,I __ _, 

I 
I 

01-----1 

I I I 
: II I· 

02- - - _ ___. . ·-----------· 
Outputs 1 I . I 

03- - _:__r-i ___________ ~------------
: I .. '---... 

04-- :----... 

• 1 r---1 Carry _____ !.._ _____ __,! !.._ ____________________ __ 

. Out I I 7 18 9 0 

I I I· Count 
Clear Preset 

2 31 

·I· Inhibit 
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MC14160B thru MC14163B 

P1 

Clear 

Clock 

P4 

PEO----r-, 
n-----' 

TE 0---+-1 
10 

MC14161, MC14163 . LOGIC DIAGRAM 

(Clear is Synchronous for MC14163) 

15 >-------------0 Carry Out 
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., MC14160B thru MC14163B 

MC14161, MC14163 TIMING DIAGRAM 

Sequence illustrated in waveforms: 

1. Clear outputs to zero. 
2. Preset to binary twelve. 
3. Count to thirteen, fourteen, fifteen, zero, one, and two, 
4. Inhibit 

Clear (MC14161) -----. LJ (Asynchronous) 

I 
Clear (MC14163)----, ~ I ) 

~(Synchronous 

Load -------. 

P1 ----...:.-----------------------------

Data P2-----=-----------------------------
lnputs 

P3 

P4 

Clock (MC14161) ------

El 
Clock (MC14163) ----. 

PE--------

{ 

I I 
Enables. I I---------------------... 

TE ____ ....,.I --1-
1 I 
I I 
I I 

01- --1 I 

I I 
I I 

02-- I ·I 

I P'----------
03 - - _,,;___) : 

: p: _ _.1 ______ __ 

04;..... - _,__J ', 
I I 

Outputs 

Carry ____ ....:., __ ._: __ : ___ __,11., _ __, ______ ...,... ________ _ 
Out t12 113 14 15 O 2 I 

I I · · I · Count 
.. 

Clear Preset 
Inhibit 
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/tllOTOROLA 
Semiconductors 
BOX 20912 o PHOENIX, ARIZONA 85036 

HEX TYPED FLIP-FLOP 

The MC14174B hex type D flip-flop is constructed with MOS P
channel and N-channel enhancement mode devices in a single mono
lithic structure. Data on the D inputs which meets the setup time 
requirements is transferred to the Q outputs on the positive edge of 
the clock pulse. All six flip-flops share common clock and reset in
puts. The reset is active low, and independent of the clock. 
• Static Operation 
• All Inputs and Outputs Buffered 
• Diode Protection on All Inputs 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Noise Immunity = 45% of VDD typical 
• Output Compatible with Two HTL Loads, Two Low-Power TTL 

Loads or One Low-Power Schottky TTL Load 
• Functional Equivalent to TTL 74174 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating • Symbol 

DC Supply Voltage VoD 

Input Voltage, All Inputs Vin 

DC Current Drain per Pin I 

Operating Temperature Range - AL Device TA 
CL/CP Device 

Storage Temperature Range 

Clock _, _, 
'"'-

x 

X = Don't Care 

TRUTH TABLE 
(Postive Logic) 

INPUTS 

Tstg 

Data Rat 
0 1 

1 1 

x 1 

x 0 

Value 

-0.5 to +18 

-0.5 to VDo + o.5 

10 

-55 to +125 
-40to +85 

-65 to +150 

OUTPUT 

a 
0 

1 
Q 

0 

No 
Change 

Unit 

Vdc 

Vdc 

mAdc 
oc 

oc 

This device contains circuitry to protect the 
Inputs against damage due to high static 
voltages or alectric fields; however, It is ad· 
vised that normal _precautions be taken to 
avoid appllcatlon of any voltage higher than 
maximum rated voltages to this high Im-

recommended· that Vin and Vout be con· 
strained to the range Vss <;(Vin or Vout> 
"Voo· 

. pedance circuit. For proper operation It Is 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vssor Vool . 

MC14174B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

HEX TYPED FLIP-FLOP 

L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC14XXXB Suffix . Denotes 

9 

1 

3 

4 

6 

11 

13• 

14 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

Clock oo 
Reset 

01 
DO 

01 02 

02 03 10 
03 

04 
04 12 

05 05 15 

v 00 = Pin.16 
v85 =Pins 



MC14174B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin= Voo or o 10 

15 

"1" Level VoH 5.0 
Vin= 0 or Voo 10 

15 

Input Voltage#" "O" Level V1L 
<Vo= 4.5 or 0.5 Vdcl 5.0 
(Vo= 9.0 or 1.0 Vdcl 10 

<Vo= 13.5 or 1.5 Vdcl 15 
"1" Level V1H 

(Vo=0.5 or4.5 Vdc) 5.0 
<Vo = 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH =4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15. 

<Vol= 0.4 Vdcl Sink loL 5.0 
CVoL = 0.5 Vdcl 10 

<Vol= 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) IQH 
(VOH = 2.5 Vdc) Source 5.0 
(VoH =4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

<Vol= 0.4 Vdcl Sink IQL 5.0 
(Vol = 0.5 Vdcl 10 
(VoL=1.5Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin c 01 

Quiescent Current (AL Device) 100 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current•• t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL= 50 pF on all outputs, all 
buffers switching) 

*T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= + 125°C for. AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

T1ow * 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -

9.95 -
14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -
-3.0 -

-0.64 -
-1.6 -
-4.2 -
0.64 -
1.6 -
4.2 -

-2.5 -
-0.52 -
-1.3 -
-3.6 -

0.52 -
1.3 -
3.6 -

- ±0.1 

- ±0.3 

- -

- 5.0 

- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O" level= 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo ,;, 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 
- 4.50 3.0 
- 6.75 4.0 

3.5 2.75 
I -

7.0 5.50 -
11.0 8.25 -

-2.4 -4.2 -
-0.51 -0.88 -
-1.3 -2.25 -
-3.4 -8.8 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-2.1 -4.2 -
-0.44 -0.88 -
-1.1 -2.25 -
-3.0 -8.8 -

0.44 0.88 -
1.1 2.25 -
3.0 8.8 -

- ±0.00001 ±0.1 

- ±0.00001 - ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- O.Q15 20 

- 0.005 20 
- 0.010 40 
- O.Q15 80 

1T = c1.1µA/kHzlf+1 00 
IT = (2.3 µA/kHz) f + loo 
IT= (3.7 µA/kHzl f +·loo 

IT(CL) = IT(50pF) +3 x 10-3 (CL -50) Voof 
where: IT is i~ µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 

•*The formulas given are for the typical characteristics only at 25°C. 

Thillh* 

Min Max Unit 

- 0.05 Vdc 
- 0.05 
- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vdc 

7.0 -

11.0 -
mAdc 

-1.7 -
-0.36 -
-0.9 -
-2.4 -
0.36 - mAdc 
0.9 -
2.4 -

mAdc 
-1.7 -
-0.36 -
-0.9 -
-2.4 -
0.36 - mAdc 
0.9 -
2.4 -

- ± 1.0 µAde 

- ±1.0 µAde 

- - pF 

- 150 µAde 

- 300 
- 600 

- 150 µAde 

- 300 

- 600 

µAde 
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MC14174B 

SWITCHING CHARACTERISTICS* (CL= 50 pf, TA= 25°C) 

Voo All Types 

Characteristic Symbol Vdc Min Typ ·Max Unit 

Output Rise and Fall Time tr. tf ns 

tr, tf =. (1.35 ns/pF) CL+ 32 ns 6.0 - 100 200 
tr, tf = (0.6 ns/pF) CL+ 20 ns 

I 
10 - 50 100 

tr. tf = (0.4 ns/pF) CL+ 20 ns ~5 - 40 80 
Prope!J(ition Delay Time - Clock to Q tPLH• ns 

tPLH• tPHL = (0.9 ns/pF) CL+ 165 ns tPHL 5.0 - 210 420 

tPLH• tPHL = (0.36 ns/pF) CL+ 64 ns 10 - 86 170. 

tPLH· tPHL = (0.26 ns/pF) CL+ 52 ns 15 - 65 130 

Propagation Delay Time - Reset to Q tPHL ns 

tPHL = (0.9 ns/pFI CL+ 205 ns 6.0 - 260 500 

tPHL = (0.36 ns/pF) CL+ 79 ns 10 - 100 200 

tPHL = (0.26 ns/pF) CL+ 62 ns 15 - 75 150 

Minimum Clock Pulse Width . PWc 5.0 - 75 150 ns 

10 - 45 90 

15 - 35 70 
Minimum Aeset Pulse Width PWR 5.0 - 100 200. ns 

10 - 50 100 

15 - 40 80 
Maximum Clock Pulse Frequency PRF 5.0 2.0 7.0 - MHz 

10 5.0 12.0 -
15 6.5 15.5 -

Maximum Clock Pulse Rise and Fall Time tr. tf 5.0 15 - - µs 

10 16 - -
.· 15 15 - -

Data Setup Time tsetup 5;0 - 20 40 ns 

10 - 10 20 

15 - 0 15 
Data Hold Time tho Id 5.0 - 40 80 ns 

10 - 20 40 

15 - 15 30 
11eset Removal Time** trem 5.0 - 125 260 ns 

10 - 50 100 

15 - 40 80 

•The formulas given are for the typical characteristics only. 
••The reset signal must be high prior to a positive-going transition of the clock. 
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MC14174B 

3 4 

00 

TIMING DIAGRAM 

FUNCTIONAL BLOCK DIAGRAM 

5 

01 

6 11 

02 

13 

10 

03 

12 

04 

14 

Voo 

Vss 

Voo 

Vss 

15 

05 
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NIOTOROLA 
Semiconductors 
BOX 20912 •PHOENIX, ARIZONA 85036 

QUAD TYPE D FLIP-FLOP 

The MC14175B quad type D flip-flop is constructed with MOS P
channel and N-channel enhancement mode devices in a single mono
lithic structure. Each of the four flip-flops is positive-edge triggered 
by a common clock input (C). An active-low reset input (R) asyn
chronously resets all flip-flops. Each flip-flop has independent Data 
(D) inputs and complementary outputs (Q and 0). These devices 
may be used as shift register element's or as type T flip-flops for 
counter and toggle applications. 

• Complementary Outputs 

• Static Operation 
• All Inputs and Outputs Buffered 

• Diode Protection on All Inputs 
•·Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Noise Immunity= 45% of VDD typical 
• Output Compatible with Two HTL Loads, Two Low-Power TTL 

Loads or One Low-Power Schottky TTL Load 
• Functional Equivalent to TTL 74175 

MAXIMUM RATINGS (\f,oltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage Voo -0,5 to +18 

Input Voltage, All Inputs Vin -0,5 to Voo + o.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 OC 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 OC 

TRUTH TAllLE 
(Postive Logic) 

INPUTS OUTPUTS 

Clock Data Reset Q Q 

_J- 0 
_,.- 1 

'- x 
x x 

X = Don't Care 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
It Is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high Impedance circuit. For proper 

1 

1 

1 

0 

0 

1 

Q 

0 

1 

0 

a 
1 

No 
Change 

operation It is recommended that Vin and 
V out· be constrained to the range V SS .;;; 
(Vin or Voutl.;;; Voo· 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or v 00l. 

MC14175B 

McM05 551 
(LOW.POWER COMPLEMENTARY MOS) 

QUAD TYPED FLIP-FLOP 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC14XXXB Suffix Denotes 

9 

4 

12 

13 

L, Ceramic Package 
P Plastic Package 

A ~::;:,:~u~~~=~;; 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

Clock 2 

Reset 
3 

01 7 
DO 

01 6 

01 02 10 

02 
02 11 

03 15 

03 03 14 

v00 =Pin 16, 
Vss=Pin8 



MC141758 

ELECTRICAL CHARACTERISTICS 

Voo T1ow• 

Characteristic Symbol Vdc Min Max 

Output Voltage "O" Level Vol 5 .. 0 - 0.05 
Vin=VooorO 10 - 0.05 

15 - 0.05 

"1" Level VC)H 5.0 4.95 -
Vin=Oor Voo 10 9.95 -

15 14.95 -
Input Voltage# "O" Level V1L 

(Vo= 4.5 or 0.5 Vdcl 5.0 - 1.5 
(Vo =9.0 or 1.0 Vdcl 10 - 3.0 
(Vo =13.5 or 1.5 Vdcl 15 - 4.0 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdcl. 5.0 3.5 -
(Vo= 1.0 or 9.0 Vdc) 10 7.0 -
(Vo= 1.5 or 13.5 Vdc) 15 11.0 -

--'-
Output Drive Current (AL Device) IQH 

(VoH = 2.5 Vdc) Source 5.0 -3.0 -
(VoH = 4.6 Vdc) 5.0 -0.64 -
(VoH =9.5 Vdcl 10 -1.6 ' -
(VoH -13.5 Vdc) 15 -4.2 -
(Vol =0.4 Vdcl Sink IQL 5.0 0.64 -
(VoL -o.5 Vdcl 10 1.6 -
(Vol= 1.5 Vdcl 15 4.2 -

Output Drive Cur.rent (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 -2.5 -
(VoH = 4.6 Vdc) 5.0 -0.52 -
(VoH = 9.5 Vdc) 10 -1.3 -
(VoH = 13.5 Vdc) 15 -3.6 -
(Vol= 0.4 Vdcl Sink loL 5.0. 0.52 -
(Vol= 0.5 Vdcl 10 1.3 -
(VOL= 1.5 Vdcl 15 3.6 -

Input Current (AL Device) lin 15 - ±0.1 

Input Current (CL/CP Device) lin 15 - ±0.3 

Input Capacitance Cin - - -
(Vin= 0) 

Quiescent Current (AL Device) loo 5.0 -' 5Jj 
(Per Package) 10 - 10 

15 - 20 

Quiescent Current (CL/CP Device) 100 5.0 - 20 
(Per Package) 10 - 40 

I 

15· - 80 
Total Supply Current .. t IT 5.0 

(Dynamic plus Quiescent, 10' 
Per Package) ' 15 

(CL= 50 pF on all outputs, all 
buffers switching) 

*Trow= -55°C for AL Device, -40°c for CL/CP Device. 
Thigh"' +125°C for AL Device, +85°c for CL/CP Device . 

. #Noise immunity specified for worst-case input combination. 
Noise Margin for both "1" and "O" level= 1.0 Vdc min@Voo =5.0 Vdc 

2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 

2s0 c 
Min Typ Max 

- 0 0.05 

- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 

- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25. -

-2.4 -4.2 -
-0.51 -0.88 -
-1.3 ,..2.25 -
-3.4 -8.8 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-2.1 -4.2 -
-0.44 -0.88 -
-1.1 -2.25 -
-3.0 -8.8 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- O.Q10 10 
- O.Q15 20 

- 0.005 20 

- 0.010 40 
- O.Q15 80 

IT= 11.1 µA/kHzl t + loo 
IT= (3.4 µA/kHz) t + loo 
IT= (5.0 µA/kHzl t + loo 

IT(CLI = IT(50 pF) + 4 x 10-3 (CL -50) Voof 
where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 

**The formulas given are for the typical characteristics only at 2s0 c. 

Th!J.h• 

Min Max 

- 0.05 

- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 

- 3.0 

- 4.0 

3.5 -
7.0 -

11.0 -

-1.7 -
-0.36 -
-0.9 -
-2.4 -
0.36 -
0.9 -
2.4 -

-1.7 -
-0.36 -
-0.9 -
-2.4 -
0.36 -
0.9 -
2.4 -
- ±1.0 

- ±1.0 

- -

- 150 
- 300 
- 600 

- 150 
- 300 
- 600 

(f!} MOTOROLA Sem/conduc'for Produc'fs Inc. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF 

µAde 

µAde 

µAde 



MC14175B. 

SWITCHING CHARACTERISTICS* (CL= 50 pF, TA= 25°C) 

Voo 
All Tvnes 

Characteristic Symbol Vdc Min Typ Max Unit 

Output Rise and Fall Time t,, tf .ns 
tr, tf = (1.35 ns/pF) CL+ 32 ns 5.0 - 100 200 
tr. tf = (0.6 ns/pF) CL + 20 ns 10 - 50 100 
tr. tf = (0.4 ns/pF) CL+ 20 ns 15 - 40 80 

Propagation Delay Time - Clock to Q tPLH• ns 

tPLH· tPHL = (0.9 ns/pF) CL+ 175 ns tPHL 5.0 - 220 420 

tPLH· tPHL = (0.36 ns/pF) CL+ 72 ns 10 - 90 170 

tPLH· tPHL = (0.26 ns/pF) CL+ 57 ns 15 - 70, 130 

Propagation Delay Time - Reset to Q tPHL ns 

tPHL = (0.9 ns/pF) CL+ 280 ns 5.0 - 325 650 
tPHL = (0.36 ns/pF) CL+ 112 ns 10 - 130 260 
tPHL = (0.26ns/pF) CL +87 ns 15 - 100 200 

Minimum Clock Width PWc 5.0 - 110 250 ns 
10 - 45 100 
15 - 35 75 

Minimum Aes8t Pulse Width PWR 5.0 - 100 200 ns 
10 - 40 80 
15 - 30 60 

Maximum Clock Pulse Frequency PRF 5.0 2.0 4.5 - MHz 
10 5.0 11 -
15 6.5 14 -

., 

Maximum Clock Pulse Rise and Fall Time tr. tf 5.0 15 - - I-IS 
10 15 - -
15 15 - -

Data Setup Time tsetup 5.0 - 60 120 ns 
10 - 25 50 _, 

15 - 20 40 

Data Hold Time tho Id 5.0 - 40 80 ns 
10 - 20 40 
15 - 15 30 

lreSet Removal Time** trem 5.0 - 125 250 ns 
10 - 50 100 
15 - 40 80 

*The formulas given are for the typical characteristics only. 
**The reset signal must be high prior to a positive-going transition of the clock. 

(f!;; MOTOROLA Sel'rllc;onductor Products Inc~ 
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MC141758 

TIMING DIAGRAM 

FUNCTIONAL BLOCK DIAGRAM 

2 

QO 

3 

00 Q1 

6 

01 
10 

Q2 

11 

02 
15 

Q3 

14 

03 

Voo 

Vss 

Voo 

Vss 
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NIOTOROLA 
Semiconductors 
BOX 20912 •PHOENIX, ARIZONA 85036 

4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 

The MC 141948 is a 4-bit static shift register capable of operating 
in the parallel load, serial shift left, serial shift right, or hold mode. 
The asynchronous Reset input, when at a low level, overrides all 
other inputs, resets all stages, and forces all outputs low. When 
Reset is at a logic 1 level, the two mode control inputs, SO and S1, 
control the operating mode as shown in the truth table. Both serial 
and parallel operation are triggered on the positive-going transition 
of the Clock input. The Parallel Data, Data Shift, and mode control 
inputs must be stable for the specified setup and hold times before 
and after the positive-going Clock transition. 

• Quiescent Current = 5.0 nA typ/pkg @ 5 Vdc 
• Typical Shift Frequency= 9.0 MHz@ 10 Vdc 
• Synchronous Right/Left Serial Operation 
• Synchronous Parallel Load 
• Asynchronous Hold (Do Nothing) Mode 
• Functional Pin for Pin Equivalent of 74194 

TRUTH TABLE 

INPUTS OUTPUTS 

OPERATING (Re$8t = 1) (@tn+ 1l 

MODE S1 so DSR DSL DP0-3, 00 01 02 

0 0 x x x 00 01 02 

1 0 x 0 x 01 02 Q3 
Shift Left 

0 x 1 x 01 02 03 1 

0 1 0 x x 
Shift Right 

0 1 1 x x 

Parallel 
1 1 x x 0 

1 1 x x 1 

X • Don't Care 
tn+1 •State after the next positive-going transition of the clock. 

S1 10 

so 9 

Clock 11 

VoD •Pin 16 
Vss •Pins 

ReS8t 1 G-----...i 

00 
15 

0 00 01 

1 00 01 

0 0 0 

1 1 1 

LOGIC DIAGRAM 

&;.171 

01 
14 

03 

03 

0 

1 

02 

02 

0 

1 

MCl4l94B 

McMOS MSI 
(LOW.POWER COMPLEMENTARY MOS) 

4-BIT BIDIRECTIONAL 
UNIVERSAL SHIFT REGISTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC14XXXB 1
1

Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended,Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

02 
13 

03 
12 



MC141948 

ELECTRICAL CHARACTERISTICS 

Voo 
Ch•recteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin: vDDorO 10 

15 

"1" Leiiel VoH 5.0 
Vin~ Oor VDD 10 

15 

Input Voltage~ "0" Level V1L 
. (Vo = 4.5 or 0.5 Vdcl 5.0 
(Vo= 9.0 or 1.0 Vdcl 10 
(Vo= 13.5or1.5 Vdcl 15 

"1" Level V1H 
(Vo'= 0.5 or 4.5 Vdcl 5.0 
(Vo= 1.0 or 9.0 Vdcl 10 
(Vo= 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) loH 
(V QH =- 2.5 Vdc) Source 5.0 
(VQH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VOH =- 13.5 Vdc) 15 

(VoL = 0.4 Vdcl Sink IQL 5.0 
(Vol= 0.5 Vdc) 10 
(Vol= 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) loH 
(VOH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(VQL = 0.4 Vdc) Sink IQL 5.0 
(Vol= o.5 Vdcl 10 
(VQL = 1.5 Vdc) 15 

Input Curren.t (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 01 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/.CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current* *t IT 5.0 
(Dynamic plus Quiescent, ·10 
Per Package) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

*T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

.:Noise immunity specified for worst-case input combination. 

T1ow * 

Min M•x 

- 0.05 
- 0.05 

- 0.05 

4.95 -
9.95 -

,14.95 -

- 1.5 

- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -
-3.0 -

-0.64 -
-1.6 -
-4.2 -
0.64 -
1.6 -
4.2 -

-2.5 -
-0.52 -
-1.3 -
-3.6 --
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O" level= 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ VoD = 10 Vdc 
2.5Vdc min@ Voo = 15 Vdc ' 

tTo calculate total supply current at loads other than 50 pF: 
IT(CLl = IT(50 pF) + 2 x 10-3 (CL -50) Voof 

2&0 c Thilb_* 
Min Typ M•X Min Mex Unit 

- 0 0.05 - 0.05 Vdc 
- 0 0.05 - 0.05 

- 0 0.05 - 0.05 

4.95 5.0 - 4.95 - Vdc 
9.95 10 - 9.95 -

14.95 15 - 14.95 -
Vdc· 

- 2.25 1.5 - 1.5 
- 4.50 3.0 - 3.0 

- 6.75 4.0 - 4.0 

3.5 2.75 - 3.5 - Vdc 

7.0 5.50 - 7.0 -
11.0 8.25 - 11.0 -

mAdc 
-2.4 -4.2 - -1.7 -

-0.51 -0.88 - -0.36 -
-1.3 -2.25 - -0.9 -
-3.4 -8.8 - -2.4 -
0.51 0.88 - 0.36· - mAdc 
1.3 2.25 - 0.9 -
3.4 8.8 ..., 2.4 -

mAdc 
-2.1 -4.2 - -1.7 -
-0.44 -0.88 - -0.36 -
-1.1 -2.25 - -0.9 -
-3.0 -8.8 - -2.4 -

0.44 0.88 - 0.36 - mAdc 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -
- ±0.00001 ±0.1 - ±1.0 µAde 

- ±0.00001 ±0.3 - ± 1.0 µAde 

- 5.0 7.5 - - pF 

- 0.005 5.0 - 150 µAde 
- 0.010 10 - 300 
~ 0,015 20 - 600 

- 0.005 20 - 150 µAde 

- O.otO 40 - 300 
- 0,015 80 - 600 

IT= (0.95 µA/kHz) f + loo µAde 
IT= (.1.9 µA/kHz) f + I Do 
IT= (2.9 µA/kHz) f +loo 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
•*The formulas given are for the typical characteristics only at 25°C. 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised· that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages· to 
this high impedance circuit. For proper 
operation it is recommended that Vin and 
Vout be constrained to the range Vss < 
(Vin or Voutl < VDo· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VssorVool. 
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__ M_c_1_4_1_e4_e ____________________________________________________________ ___.l' 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value Unit· 

DC Supply Voltage VDD -0.5 to +18 Vdc 

Input Voltage, All _Inputs Vin -o.5 to VDD + 0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 oc 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

SWITCHING CHARACTERISTICS* ICL "'50 pF, TA= 25°Cl 

Voo All Types 

Characteristic Symbol Vdc Min Typ Max Unit 

Output Rise and Fall Time t,,tf ns 
tr,tf = (1.35 ns/pF) CL+ 32 ns 5.0 - 100 200 
tr,tf = (0.6 ns/pF) CL+ 20 ns 10 - 50 100 
tr,tf = (0.4 ns/pF) CL+ 20 ns 15 - 40 80 

Propagation Delay Time tPLH·tPHL ns 
Clock to 0 

tPLH,tPHL = (0.9 ns/pF) CL+ 230 ns 5.0 - 275 550 
tPLH•tPHL = (0.36 ns/pF) CL+ 92 ns 10 - 110 220 
tPLH·tPHL = (0.26 ns/pF) CL+ 72 ns 15 - 85 170 

Reset to Q tPHL ns 
tPHL = (0.9 ns/pF) CL+ 305 ns 5.0 - 350 700 
tPHL = (0.36 ns/pF) CL+ 122 ns 10 - 140 280 
tPHL = (0.26 ns/pF) CL+ 97 ns 15 - 110 220 

Minimum Clock Pulse Width PWc 5.0 - 140 280 ns 
10 - 55 110 
15 - 40 ·85 

Minimum Reset Pulse Width PWR 5.0 - 90 180 ns 
10 - 35 70 
15 - 26 50 

Maximum Clock Pulse Frequency PRF 5.0 1.8 3.6 - 'MHz 

(Shift Right or Left Mode) . 10 4.5 9.0 -
15 6.0 12 -

Maximum Clock Pulse Rise and Fall Time tr,tf 5.0 
No 

- - µs 
10 

Limit 
- -

15 - -
Setup Time tsetup - ns 

Data to Clock 5.0 - -8.0 10 
10 - 0 20 
15 - 9.0 40 

Mode Control (S) to Clock 5.0 - 100 200 ns 
10 - 36 75 
15 - 27 55 

Hold Time tho Id ns 
Data to Clock 5.0 - 90 180 

·10 - 25 50 
15 - 10 35 

Mode Control (S) to Clock 5.0 - -40 0 ns 
10 - . -27 0 
15 - -20 0 

Reset Removal Time** trem 5.0 - 150 300 ns 
10 - 55 110 
15 - 40 80 

*The formulas given are for the typical characteristics only. 
**The reset signal must be high prior to a positive-going transition of the clock •. 
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MC14194B 

FIGURE 1 - SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 
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FIGURE 2 - DYNAMIC POWER DISSIPATION 
TEST CIRCUIT AND WAVEFORMS 
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NIOTOROLA 
Semiconduc-tors 
BOX 20912 • PH OEN IX, ARIZONA 85036 

Advance Information 

BINARY TO PHONE PULSE CONVERTER SUBSYSTEM 

The MC14408 and the MC14409 are devices designed to convert 
a four bit binary input code to a number of serial output pulses 
corresponding to the value of the input code. 

The devices can be used in telephone pulse dialing applications 
when combined with their companion devi.ce, the MC14419 
(2-of-8 keypad-to-binary code converter). The devices have been 
partitioned to allow convenient addition of RAM memory and 
controls for repertoire dialing applications. 

The MC14408 and MC14409 perform identical functions with 
the exception of the signal output at the ORO (Dial Rotating 
Output). In the MC14408, ORO remains high during continuous 
outpulsing of all digits and in the MC14409 ORO is low between 
each digit pulse burst. 

• On-Chip Oscillator 
• Diode Protection on All Inputs 
• Dialing of Numbers Up to 16 Digits Long 
• Memory Storage (FIFO) and Re-Dialing (single pin) of Last 

Telephone Number 
• Hold Interrupt Control for Additional lnterdigit Delays (such as 

a Wait for Intermediate Dial Tones) 
• Selectable Dialing Rate (10 pps or 20 pps) 
• Selectable lnterdigit Time (300 or 800 ms@ 10 pps; 

150 or 400 ms @ 20 pps) 
• Selectable Make-Break Ratio (61% or 67%) 
• Buffered Outputs Compatible with Discrete Transistor Driver 

Interface, One Low-power Schottky TTL Load or Two Low
power TTL Loads Over the Rated Temperature Range. 

• Low Power Dissipation - loo (operating with oscillator) 
= 470 µA typ@ Voo = 5.0 Vdc, fosc = 16 kHz, 
CL= 50 pF 

BLOCK DIAGRAM 

Strobe 3 o--- ST Clk Osc 

40-- \)4 
6PL 

Binary 
Inputs 

5 

6 

Call Request 13 

03 

02 

01 CAO ID~RO 
HOL RED MBA 

Control Inputs Re-Dial 10-------l 
Hold 9 

lnterdigit Time 14--------' 

Make-Break Ratio 15--------~ 

11 Outpulsing 

12 Dial Rotating 
Output 

v00 =Pin 16 
Vss =:Pins 

This is advance information and specifications are subject to change without notice. 

5-175 

MC14408 
MC14409 

McMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

BINARY TO PHONE PULSE 
CONVERTER SUBSYSTEM 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX · 
PLASTIC PACKAGE 

CASE 648 

PIN ASSIGNMENT 

Osc Voo 16 

2 Clk MBA 15 

3 ST IDT 14 

4 04 CRQ 13 

5 03 ORO 12 

6 02 OPt. 11 

01 RED 10 

8 Vss HOL 9 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; ho\lllever, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and V 0ut be 
constrained to the range V55 .;;; (Vin or 
Voutl.;;; Voo-
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss.orVool. 

II 



MC14408 • MC14409 

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 8.1 

Rating Symbol Value Unit 

DC Supply Voltage VDD -0.5 to +6.0 Vdc 

Input Voltage, All Inputs Vin --0.5 Vdc 
to 

VDD +o.5 ' 
DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range TA -40to+85 oc 
Storage Temperature Range Tstg ~5 to +150 .,,.c 

ELECTRICAL CHARACTERISTICS 

VDD -4o0c 2s0 c +ss0 c 
Characteristic Symbol Vdc Min 

supply Voltage · VDo - 3.0 

Output Voltage "O" Level Vout 5.0 -
"1" Level 5.0 4.95 

Noise Immunity 

(AVout E> 0.5 Vdc) VNL 5.0 1.5 
(t.Vout <; 0.5 Vdc) VNH 5.0 1.4 

Output Drive Current IC)H 
IVoH = 2.5 Vdc) Source 5.0 -1.0 
(V OH = 4.6 Vdc) 5.0 -0.20 
(Vol= 0.4 Vdc) Sink IOL 5.0 0.52 

Input Current lin 6.0 -
Input Capacitance Cin - -

(Vin =0) 

Operating Supply Cur~ent IDD 3 -
fc1k = 16 kHz (operating 5 -

with 6 -
Osei 

FIGURE 1 -TIMING DIAGRAM,,... DATA AND STROBE INPUTS 

I 01.02.00. _J 
or 04 1---1 thold 

n 
~PWsT 

ST-------

Voo 

Vss 
\ 

Voo 

Vss 

Max Min Typ Max Min Max Unit 

6.0 3.0 5.0 6.0 3.0 6.0 Vdc 

0.05 - 0 0.05 - 0.05 Vdc 

- 4.95 5.0 - 4.95 - Vdc 

- 1.5 2.25 - 1.4 - Vdc 
- 1.5 2.25 - 1.5 - Vdc 

I 
mAiJc 

- -0.80 -1.7 - -0.60 -
- -0.16 -0.36 - -0.12 -
- 0.44 0.88 - 0.36 - mAdc 

- - ±0.00001 ±0.30 - 1.0 µAde 

12 - 5.0 12 - 12 pF 

250 - 160. 200 - 200 µAde 
700 - 470 550 - 550 

1250 - 740 1000 - 1000 

FIGURE 2 - TIMING DIAGRAM - CALL REQUEST 

I 
Voo 

Voo 
(Power) 

Vss , .. ...I tpc 

I I 
Voo 

CRQ 

Vss 

If power is turned off after each call, CRQ must stay high after 
power is applied (for a duration of tpcl to ensure no spurious 
outpulsing. For this use the redial function is invalid. 
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MC14408 ~ MC14409 

SWITCHING CHARACTERISTICS (CL= 50 pF, TA= 25°CI 

Characteristic Symbol Voo Min Typ Max Unit 

Output Rise Time** tr 5.0 - 180 400 ns 
tr = (3.0 ns/pF) CL+ 30 ns 

Output Fall Time** tf 5.0 - 100 200 ns 
tf = (1.5 ns/pF) CL+ 25 ns 

Power Up to Call Request Pause tpc 3 to 6 48/tcik* - - ms 

Call Request to First Strobe Pulse tcs 3 to 6 48/tcik* - - ms 

Strobe to Strobe Separation Time tss 3 to 6 48/fcik* - - ms 

Strobe Pulse Width PWsT 3 to 6 1.0 - - j.IS 

Strobe to Data Hold Time tho Id 3 to 5 - 150 400 ns 

Clock Frequency tc1k 3 to 6 12.5 16 100 kHz 

Percent Break to Make Ratio %MB 3 to 6 % 
(MBA =0) - 61 - I 

(MBA= 1) - 67 -
Outpulsing Rate (foPL = *fc1k/1.6) foPL 3 to 6 pps 

fc1k = 16 kHz. - 10 -
fc1k = 32 kHz - 20 -

lnterdigit Time t1D 3 to 6 ms 
t10 = (5 x IDT +,3)/fOPL 

IDT =O 
foPL = 10 pps - 300 -
foPL = 20 pps - 150 -

IDT= 1 
fOPL = 10 pps - 800 -
fOPL = 20 PPS - 400 -

Strobe to Output Time tso1 3 to 6 - ms 
Initial Outpulsing Stream 

IDT =O 
foPL = 10 PPS 300 - 400 
fOPL = 20 pps 150 - 200 

IDT= 1 

fOPL = 10 PPS 800 - 900 
foPL = 20 pps 400 - 450 

Continued Outpulsing Stream tsoc 3 to 6 ms 
IDT =Oor 1 

fOPL = 10 pps 100 - 200 
foPL = 20pps 50 - 100 

Hold to Outpulse Time tHQL 3 to 6 ms 
IDT= Oor 1 

foPL = 10 PPS 100 - 200 
foPL = 20 PPS 50 - 100 

Dial Rotating Overlap Time tDR 3 to6 ms 
fOPL = 10 pps. - 100 -
fOPL = 20 PPS - 50 -

*~elk in kHz 
**The formula given is for the typical characteristics only. 

([!) MOTOROLA SemiconductoT PToilucts Inc. ___ ....,.._ ___ __, 
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FIGURE 3 - PHONE DIALER SYSTEM TIMING DIAGRAM 

I• • t· ·1 CRa--i_ _t::, _..._ _____ t_s_s _________________________ _ 

sT -------- J ... 1_st-(3_,_· ________ n, .. 2_n_d_<_2_, ____________ D,..._3r_d_<_s_, __ _ 

I '· . 1 •• _______ -----,---------- ... ,----,-------· HOL 

ORO ____ _ 

OPL_r---1~, ~ROjfi~'--I_· "---ioPLH~'DRO 
tso1 r t10 

%MB= 100-B-
CRQ B+ M ----------------------------------------------ST ~-4-th--(1_> _________________ __. __________________ _ 

HOL 1 J 
ORO .=:.J I I I I U1IU1J1J I I I I I I I I 

I u' OPL 

~ w ... ~'HOL 
CAO .----------------__) 

sT _______ ~q~s-t_h_<_s>_..._ __ .n, .. s_th-(1_> _______________________ _ 

HOL 

ORO 

OPL 
I I I I 

I LJ1.Jl.flfl.J1J I 

~tsoc 

,-----------, 
u· I I 

Notes: 
(")1st, 2nd, 3rd, etc., denotes Strobe pulse sequence - i.e., which digit 

in the phone number is being dialed. The number In parentheses de
notes the numerical value of the digit being dlaled. The examples 
define the various voltage - level and timing requirements, not a 
complete phone number. -

(••)For the MC14408 the ORO signal will remain high provided digits 
remain in the memory, or a digit for continuing outpulsing is strobed 
in before the anticipated falling edge of the most significant digit in 
th_e memory. (i.e., (200-% MB] ms after the most significant out-
pulsing edge). / 

(••')For tl'le HOL signal to hold a next digit (e.g. the 4th, etc.,) the HOL 
falling edge must not appear after lt10-%MB + 100) ms the last 
outpulslng edge of the previous digit. 

I 1-----i__ 

@ MOTOROLA SenJiconduc~or Produc~s Inc. 
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EXAMPLE 

L 

5.0mH 

5.0mH 

%L 

±5.0 

_±5.0 

FIGURE 4 - COMPONENT SELECTION FOR 
OSCILLATOR/CLOCK FREQUENCY 

7.118 . . 
fc1k = .J-.::C- where fclk in kHz, L in mH, 

C = C1 = C2 in µF 

%fctk = -0.5 [%C + %L) ±3.0 where %fclk• %C, %L are 
the frequency capacitor, end 
inductor tolerances in per
cent. The ±3.0% accounts 
for supply voltage and am
bient temperature variations. 

OUTPULSING RATE 
C=C1=C2 %C tc1k %fc1k fQPL = fctk/1.6 

0.04µF ±5.0 ""16-kHz ±8.0 ""10 PPS 

0.01 µF ±5.0 ""32 kHz ±8.0 ""20 pps 

FIGURE 5 -TRUTH TABLE 

INPUTS OUTPUTS 

~ 0403 0201 ST RE!) mrc IDT MBA Ol5t OROt 

x x x x x x x x 
x x x x 1 x x 1 (Steady State) 0 (Steady State) 

x x x x IL x x Number of pulses tl..n of nth During outpulsing 
';;'ti;D"i9it' digit= binary combination of Otherwise 

04, 03, 02. 01 .• 

x x x x Lr x Digits of number in memory During outpulsing 

re·sent. Otherwise 

x x x x x 
1 
l A her conclusion of 1 After conclusion of digit 

digit being outpulsed. O being outpulsed 

x x x x x x x 300 ms lnterdigit timel 
800 ms lnterdigit time 1Ctk = 16 kHz 

x x x x x x x x x 61% ("'1.6:1) Make-Break Ratio ,_ 67% ("'2:1) Make-Break Ratio 

X .. Don't Care 

With the exception of 
0000 which will give 10 pulses. 

t Refer to timing diagram Figure 3. 

® MOTOROLA Seniiconductor Products Inc.--------' 
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DEVICE OPERATION 

OSCILLATOR (Osc, Pin 1) 

This pin is an input to the internal oscillator and feed
back connection for the L-C 7T-network. An external clock 
signal, if desired can be applied to Osc. 

CLOCK (Clk, Pin 2) 

This pin is an output from the internal oscillator and 
feedback connection for the L-C 7T-network and provides 
the system clock for the MC14419 bounce eliminator 
circuitry. 

STROBE INPUT (ST, Pin 3). 

This Strobe input, when high (ST = VDDI. signifies 
that the data at the D1, D2, D3, and D4 inputs is valid, 
and enters the 4-bit number into the internal FIFO 
(First-In, First-Out) memory for subsequent outpulsing. 
The first strobe pulse after a call is requested (CRQ 
= low) clears the memory of any previous number and 
~nters the first digit of the new number. Successive 
strobe pulses will store up to a maximum of 16 digits in 
the internal FIFO memory, which ignores ali digits 
entered in excess of that amount until a new calt is 
requested. 

DATA INPUTS (D4, 03, 02, D1, Pins 4, 5, 6, 7) 

These pins are the Data inputs to the internal memory. 
A binary coded digit number entered ~I result in an 
equivalent number of pulses at the OPL (outpulsing) 
output, except for the code 000_0, which will outpulse 
10 pulses. 

NEGATIVE POWER SUPPLY (Vss. Pin 8) 

This pin is. the negative power supply connection. 
Normally this pin .is system ground. 

HOLD (HOL, Pin 9) 
When taken low (HOl = Vssl. the Hold input disables 

the outpulsing at the completion of the digit being out
pulsed. When taken high, outpulsing res:.:'Tles. This feature 
can be used in multi-dial-tone phone systems to provide 
longer interdigit pauses when necessary. 

RE-DIAL (RED, Pin 10) 

The Re-Dial input, when taken low (RED = Vssl 
automatically outpulses the digits entered into memory 
after the last time a call was requested. 

OUTPULSING (OPL, Pin 11) 
The Outpulsing output sends out bursts of pulses 

equivalent to the digits of the telephone number stored in. 
the memory. The duty cycle and interdigit time of the 
digit pulse bursts are controlled, respectively by the MB R 
(Pin 16) and IDT (Pin 14). 

DIAL ROTATING OUTPUT (ORO, Pin 12) 

The Dial Rotating (also known as "Off Normal") 
Output provides a signal which indicates that digit pulse 
bursts are being sent. In the MC14409, ORO goes high 
(VDDI at the beginning of the first digit pulse burst and 
goes low (Vssl between succeeding consecutive digit 
pulse bursts. In the MC14408, however, ORO goes high at 
the beginning of the first digit pulse burst and remains 
high until the last digit pulse burst of the telephone 
number has been sent (see Timing Diagram, Figure 3). 

CALL REQUEST (CRO, Pin 13) 

The Call Request input when taken low (CRQ = Vssl 
resets internal counters and prepares the internal. logic to 
either accept new digit inputs to be dialed, or to re-dial 
(see RED, Pin 10) the digits stored in the memory. 

INTERDIGIT TIME OD!, Pin 14) 
The lnterdigit Timing input determines the length of 

time between consecutive digit pulse bursts. See the 
lnterdigit Time (t1ol in the switching characteristics for 
the length of time. 

MAKE-BREAK RATIO (MBR, Pin 15) 
The Make-to-Break Ratio input controls the duty cycle 

of the digit pulse bursts at the OPL output. For MBR 
= VDD. duty cycle = 67% low, 33% high; and for MBR 
= Vss. duty cycle= 61% low, 39% high. 

POSITIVE POWER SUPPL y (VDD· Pin 16) 
This pin is the package positive power supply pin. 

,__ ______ ® MOTOROLA SenJiconductor Products Inc. 
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From 
Keypad 

FIGURE 6- KEYPAD TO PULSE DIALER FLOW DIAGRAM 
I 

_f 
r Pick-up Head-set 1 

1 
J . 1 --~ l Dial-tone heard J 

:J I 
1 } 

Keyboard buttons pressed • Re-dial button pressed . 
(previous number cleared). (previous number held). 

r---- Dial tone stops with 1st digit, Dial tone stops with 1'St digit, 
but receiver connects to.line but receiver connects to. line 

after each digit sent. t after each digit sent. t 

J "T 11 
Error. Error. 

r 
Error. l Data entry error Too many digits put No number 

recognized by in (>16). Ignores in memory. 
r person dialing. excess. 

•A number can be interrupted between 
Call made with success J digits by use of the Hold Input. 

"1 or busy signal. 
tWith the MC1 14408 the line connects after J 

1-
total outpulsing has stopped. 

Hang-up Head-set 

1 

FIGURE 7- PHONE DIALER SYSTEM 

MC14419 
2-of-8 Keypad-to-Binary Encoder 

MC14408, MC14409 
Binary-to-Phone Pulse Converter 

r=u u 
Cooomn { : 
Inputs . 7 

9 

. Voo =Pin 16 
Vss =Pins 

15 

R1 Clock 14 
R2 ST 3 Clk 

ST 

R3 13 
04 

4 04 
R4 12 

03 03' 
Cl 11 
C2 02 6 02 

C3 10 
01 01 

C4 

,---.--J 

I 
I 

MC14408/409 
Control Inputs 

Hold 9 

Call Request 13 

Re-Dial 10 

lnterdlgit Time 14 

Make-Break Ratio 15 

I· 
I •For Component Value Selection See Figure 4. 

L=• 

ORO 

11 Outpulsing 

12 Dial Rotating 
Output•• 

Voo =Pin 16 
Vss =Pins 

••Between each digit 
pulsetraln, MC14408 
ORO stays high, 
MC14409 D.RO goes low. 

Circuit diagrams utilizing Motorola products are lncuded as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such inf6rmation does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semic·onductor devices described any 
necessarily given. The information has been carefully checked and · license under the patent rights of Motorola Inc. or others. 

@ MOTOROl-A Sen>iconductor Products Inc.---------' 
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To 
Phone 

Lines ---~•'\ l-+--r~.._OJ 

To 
Phone 
Lines 

Receiver 

FIGURE 8- STANDARD K-500 TELEPHONE 

L---

GN r-=----:- --, 

Encapsulated 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L _ ~0~1~trL _J 

FIGURE 9 - MODIFIED K·SOO TELEPHONE 

ORO. 

... 
CIC) 
co 

1N4004 GN r--=-- - - - --, 

Encapsulated 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0.04µF L _ K·600 Circuitry_ _J 

1...--.r'rY"Y'--....1 r--o Vss 

Re-dial 

(SPOT Momentary) 

fi"!\ o-vss & MOTOROLA Serniconducf:or Produds Inc. 
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MOTOROLA 
Semiconductors 
BOX 20912 o PHOENIX, ARIZONA 85036 

.2-0F-8 TONE ENCODER 

The MC14410 2·of·8 tone encoder is constructed with comple· 
mentary MOS enhancement mode devices. It is designed to accept 
digital inputs in a 2-of-8 code format and to digitally synthesize the 
high and low band sine waves specified by telephone tone dialing 
systems. The inputs are normally originated from a 4 x 4 matrix 
keypad, which generates 4 row and 4 column input signals in a 
2-of-8 code format (1 row and 1 column are simultaneously connected 
to Vssl. The master clocking for the MC14410 is achieved from a 
crystal controlled oscillator which is included on the chip. Internal 
clocks, which operate the logic, are enabled only by one or more 
row and column signals being activated simultaneously. The two 
sine wave outputs have NPN bipolar structures on t!ie same substrate 
which allows for low output impedance and large source currents. 
Applications of this device include telephone tone dialing, radio and 
mobile telephones, process control, point-of-sale terminals, and 
credit card verification terminals. 

• Diode Protection on All Inputs 

• Noise Immunity= 45% of VDD Typical 

• Supply Voltage Range.= 4.4 Vdc to 6.0 Vdc 

• On-Chip Oscillator (Crystal or External Clock Source may be 
applied to Pin 10) 

• On-Chip Pull-Up Resistors on Row and Column Inputs 

• Designed with Multiple Key Lockout (Eliminates Need for Me-
chanical Lockout in Keypad) 

• Two Sine Wave Generators On-Chip 

• Frequency Accuracy ±0.2% 

• Low Harmonic Distortion 

• Single Tone Capability 

• Fast Oscillator Turn-On and Turn-Off Times 

1
3 

Row 4 

Inputs : 

Oscillator 
Connections 

1
10 

9 

Column 13 
Inputs 12 

1

14 

11 

BLOCK DIAGRAM 

Oac1n Oscillator 
and 

Multiple 
Oacout Kev Disable 

+N 
Control 

v 00 =Pin 16 
Vss =Pin s 

2 Low 
Band Out 

7Teat 
Point A 

15 High 
Band Out 
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MC14410 

McMOS LSI 
(LOW.POWER COMPLEMENTARY MOSI 

2-0F-8 TONE ENCODER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN ASSIGNMENT 

N.C. Voo 16 

LB out HBout 15 

3 R1 C1 14 

4 R2 C2 13 

5 R3 C3 12 

6 R4 C4 11 

TPA Osc1n 10 

Vss OsCout 9 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. A destruc
tive high-current niode may occur if Vin 
and Vout are not constrained to the range 
Vss (Vin or Vout> .;; Voo· 
Due to the sourcing capability Of this 
circuit, damage can occur to the device if 
Voo is applied, and the outputs are shorted 
to Vss and are at a peak sinewave voltage. 



MC14410 

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 8.) 

Rating Symbol Value Unit 

DC Supply Voltage vDD -0.5 to +6.0 Vdc 

Input Voltage, All Inputs Vin V55-0.5 Vdc 
to 

vDD + o.5 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range TA -40to +85 OC 

~torage Temperature Range Tstg -65 to +150 .,,.c 

ELECTRICAL CHARACTERISTICS 

Voo -40°c 25°c +s5°c 

Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit 

Supply Voltage VDD - 4.4 6.0 4.4 5.0 6.0 4.4 .6.0 Vdc 

Output Voltage "O" Level Vout 5.0 - 0.05 - 0 0.05 - 0.05 Vdc 

Pins 7 and 9 
"1" .Level 5.0 4.95 - .4.95 5.0 - 4.95 - Vdc 

Input Voltage 
(Vo= 4.5 or 0.5 Vdc) "O" Level V1L 5.0 1.5 - 1.5 2.25 - 1.5 - Vdc 
(Vo= 0.5 or 4.5 Vdc) "1" Level V1H 5,0 1.5 - 1.5 2.25 - 1.5 - Vdc 

Output Drive Current loH mAdc 
(VoH = 2.5 Vdc) Source 

Pin 7 5.0 -0.05 - -0.05 -0.4 - -0.04 -
Pin 9 -0.23 - -0.20 -1.7 - -0.16 -

(VOL= 0.4 Vdc) Sink IOL mAdc 
Pin 7 5.0 . 0.05 - 0.05 0.20 - 0.04 -
Pin 9 0.23 - 0.20 0.78 - 0.16 -

Input Pull-Up Resistor Source Current l1L 6.0 - 140 - 30 100 - 80 µAde 

(Vin= 0 Vdc) Pins 3-6, 11-14 

Input Capacitance Cin - - - - 5.0 - - - pF 
(Vin= OVdc) 

Quiescent Cu~rent IQ mAdc 
4.4 - 0.48 - 0.2 0.4 - 0.33 
6.0 - 1.3 - 0.55 1.1 - 0.9 

Total Supply Current IT mAdc 
(Dynamic plus Quiescent) ~.4 - 1.7 - 0.7 1.4 - 1.15 
(RL=15kf2,f=1MHz) 6.0 - 3.5 - 1.45 2.9 - 2.4 

Low Band Output VLpp mVpp 
Voltage Swing Pin 2 Only 4.4 400 600 500 600 700 550 750 

6.0 800 1000 900 1000 1100 950 1150 

High Band Output VHpp mVpp 

Voltage Swing Pin 150nly 4.4 600 900 700 850 1000 800 1100 
6.0 1100 1400 1200 1350 1500 1300 1600 

Low Band-High Band Ll.V 5.0 - - - 2.5 - - - dB 
Voltage Differential 

Low Band-High Band Pin 2,15 Zo - - - - 80 - - - n 
Output Impedance 

Low Band-High Band Pin 2,15 V2H-V14H 4.4 - -20 - -30 -25 - -25 dB 
2nd thru 14th Harmonics to 
(RL = 15 knl 6.0 

Maximum Clock Pulse Frequency PRF 4.4 - - - 1.0 - 1.1 - MHz 

Turn-on Time ton 5.0 - - - 8.0 - - - ms 
(Power on to oscillation) 

@ MOTOROLA Se1niconduc~or Produc~s Inc. 
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TABLE 1 - FUNCTIONAL TRUTH TABLE 

ACTIVE LOW INPUTS OUTPUTS 

Activated Activated Low Band High Band 
Row Lines Column Lines Pin 2 

None x•• de level 

x•• None de level 

One One fL• 

-Two or more . One de level 

One Two or more ~· 
Two or more Two or more. de level 

•see Table 2 
• • X ~ Don't care 

.g 

.~ 
Q. 
E 
<I: 

FIGURE 1 .:... TYPICAL SINE WAVE OUTPUT 
(Pins 2 or 15, No External Filtering) 

Time 

Pin 15 
de level 

de level 

f'H• 

fH• 

de level 

de level 

TABLE 2 - OUTPUT FREQUENCY TABLE 

Input Line Frequency Generated** 

Activated (low) fl (Hz) fH (Hz) 

R1 697 -
R2 770 -
R3 852 -
R4 941 -
C1 - 1209· 

C2 - 1336 

C3 - 1477 

C4 - 1633 

•*All frequencies are accurate to ±0.2% (crystal tolerance 
not included). 

I 

FIGURE 2 - TYPICAL FREQUENCY SPECTRUM 
(Pins 2 or 15, No .External Filtering) 

Fundamental Frequency 

FIGURE 3 - TYPICAL CRYSTAL CIRCUIT 

Rt=15M.n±10% 

CRYSTAL SPECIFICATION 

Crystal. Mode 

Frequency 

Rs 

Co 
Temperature Range 

Test Level 

Test Set 

Parallel 

1 MHz± 0.1% 

540.n typ 

7.0 pF typ 

-40°c to +85°C 

1mW 

TS-330/TSM or Equivalent 

•'Suggested Suppliers: Tyco, CTS Knight and Motorola Crystal Products. 

9 

Oscout 

Row In 

MC14410 

Column In 

High Band 

Low Band 

® MOTOROLA Semiconductor Products Inc. -------~ 
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FIGURE 4 - TYPICAL TELEPHONE INTERFACE APPLICATION 

Column 

5.1 k 

Telephone 
Terminals 

Rt!i=tifler AssamblY 
MDA92-4 

I 

l~ 
l t 
: Telephone 

Line 
I Connections 

Note: Appllcatlon using standard telephone keypad. 
Interface 
Circuitry 

I 
I 
I 
I 
I 
I 
I 
I 
I 

FIGURE 5 - LOW LEVEL OUTPUT 
TONE GENERATOR APPLICATION 

To tow 
1-()--"l'.,._~· lwel Input 

,.,..OdBAttenu.ilonl 

Not9: Appllcatlon utlnt Chomerlc• Keyp.ts #EA21823 (4 rowt x 3 columns) 
#ER21811 (4rowt•4columftsJ 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

FIGURE 6- BATTERY POWERED OPERATION 
(Driving Audio Spaaker) 

Note: Applicnlon ullno ChorMrlcs K•YP9d• IEA21'23 (4 rowt x 3 columntJ 
#EA21811 "rows x 4 columns) 

9::J~. 
of Keyboard 

is believed to be entirely reliable. However, no responsibility is 
assumed for Inaccuracies. Furthermore, such information does not 
convey to the purchaser of. the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 

@MOTOROLA Semlconducf:or /Producf:s Inc. 
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Semiconductors 
BOX 20912 •PHOENIX, ARIZONA 85036 

BIT RATE GENERATOR 
The MC14411 bit rate generator is constructed with comple

mentary MOS enhancement mode devices. It utilizes a frequency 
divider network to provide a wide range of output frequencies. 

A crystal controlled oscillator is the clock source for the network. 
A two-bit address is provided to select one of four multiple output 
clock rates. 

Applications include a selectable frequency source for equipment 
in the data communications market, such as teleprinters, printers, 
CRT terminals, and microprocessor systems. 
• Single 5.0 Vdc (± 5%) Power Supply 

• Internal Oscillator Crystal Controlled for Stability ( 1.8432 MHz) 

• Sixteen Different Output Clock Rates 

• 50% Output Duty Cycle 

• Programmable Time Bases for One of Four Multiple Output Rates 

• Buffered Outputs Compatible with Low Power TTL 

• Noise Immunity= 45% of VDD Typical 

• Diode Protection on All Inputs 

• External Clock May be Applied to Pin 21 

MAXIMUM RATINGS (Voltages referenced to V55. Pon 12.l 

Rating Symbol Value Unit 

DC Supply Voltage Range vDD 

Input Voltage, All Inputs Vin 

DC Current Drain per Pin I 

Opera_ting Temperature Range TA 

Storage Temperature Range Tstg 

BLOCK DIAGRAM 

Rate SelectA 23 0-----------------. 
Rate Selects 22 0---------------. 

•crv1talout 20 

.. 
Oscillator 

Circuit 

5.25 to -0.5 

VoD + o.5 to 
v 5s·-o.s 

10 

-40 to +85 

-65 to +150 

J!r.iiit100----4ti----+---tti---+--------i 

•see Figure 2 for typical crystal otclllator circuit. 
••outputs go to "1" level upon reHt. 
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Vdc 

Vdc 

mAdc 

oc 

OC 

F1 

17 F2 

2 F3 

16 F4 

3 F6 

15 F6 

4 F7 

5 F8 

7 F9 

6 F10 

8 f 11 

14 F12 

13 F13 

9 F14 

18 F16 

19 'F16 

2 

MC14411 

McMOS LSI 
(LOW.POWER COMPLEMENTARY MOS) . 

BIT RATE GENERATOR 

LSUFFIX 
CERAMIC PACKAGE 

CASE 716 

PS~FFIX ~ 
PLASTIC PACKAGE . ! 

CASE 709 24 J , 
1 

PIN ASSIGNMENT 

1 24 

2 23 

3 22 

4 21 

5 Xtalout 20 

6 F16 19 

7 F15 18 

8 F2 17 

9 F4 16 

10 F6 15 

11 F12 14 

12 F13 13 

v00 •Pin 24 
Vss •Pin 12 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range V55 · < (Vin or 
Voutl < Voo· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
V55 orVool. 
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ELECTRICAL CHARACTERISTICS 

Voo -40°C 25°c 

Charact•istic Symbol Vdc Min Max Min Typ Max 
Supply Voltage Voo - 4.75 5.25 4.75 5.0 5.25 

Output Voltage "O" Level Vout 5.0 - 0.05 - 0 0.05 

"1" Level 5.0 4.95 - 4:95 5.0 -
Input Voltage 

(Vo= 4.5 or 0.5 Vdcl "O" Level V1L 5.0 1.5 - 1.5 2.25 -
IVo = 0.5 or 4.5 Vdc) "1" Level V1H 5.0 1.5 - 1.5 2.25 -

f'O"utputl>rive Current loH 
IVoH = 2.5 Vdc) Source 5.0 -0.23 - -0.20 -1.7 -
(VOL= 0.4 Vdc) Sink loL 5.0 0.23 - o.;m 0.78 -

'T npun:·urrent lin - - ±0.1 - ±0.00001 ±0.1 
Input Capacitance Cin - - - - 5.0 -

(Vin= 01 

l:Juiescenfl)issipation ~a 5.0 - 2.5 - 0.015 2.5 

"Power Dissipation**t Po 5.0 lPo = 17.5 mW/MHzl f +Pa 
(Dynamic plus Quiescent) 
(CL= 15 pF) 

Output Rise Time** tr 5.0 - - -
tr= (3.0 ns/pF) CL + 25 ns 

f'O"utputTalfi1me""" tf 5~0 - - -
tf = (1.5 ns/pF) CL+ 47 ns 

[11/faximum Input Clock Frequency fmax 5.0 - - -
t For dissipation at different external load capacitance (CLI refer to corresponding formula: 

PTICLI =Po+ 2,6 x 1'!""3 (CL - 15 pF) Voo2t 

where: PT, Po in mW, CL in pF, Voo in Vdc, ~nd fin MHz. 

*"The formula given is for the typical characteristics only. 

TABLE 1 - OUTPUT CLOCK RATES 

I Rate Select Rate 

B A 

0 0 X1 

0 1 XS 

1 0 X16 

1 1 X64 

Output Output Rates (Hz) 

Number X64 X16 XS 

F1 614.4 k 153.6 k 76.8 k 
F2 460.8 k 115.2 k. 57.6 k 
F3 307.2 k 76.8 k 38.4 k 
F4 230.4 k 57.6 k 28.Sk 
F5 153.6 k 38.4 k 19.2 k 
F6 115.2 k 28.8 k 14.4 k 
F7 76.8 k 19.2 k 9600 
F8 38.4 k 9600 4800 
F9 19.2 k. 4800 2400 
F10 12.8 k 3200 1600 
F11 9600 2400 1200 
F12 8613.2 2153.3 1076.6 
F13 7035.5 1758.8 879.4 
F14 4800 1200 600 
F15 921.6 k. 921.6 k 921.6 k 
F16* 1.843M 1.843M 1.843M 

*F16 is buffered oscillator output. 

70 200 

70 ~00 

1.8432 -

X1 

9600 
7200 
4800 
3600 
2400 
1800 
1200 
600 
300 
200 
150 

134.5 
109.9 

75 
921.6 k 
1.843M 

+l!J5DC 

Min Max Unit 

4.75 5.25 Vdc 

- 0.05 Vdc 

4.95 - Vdc 

Vdc 
1.5 -
1.5 - Vdc 

mAdc 

-0.16 -
0.16 - mAdc 

- ±1.0 µAde 

- - pF 

- 15 mW 

mW 

- - ns 

- - ns 

1.85 - MHz 
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FIGURE 1 - DYNAMIC SIGNAL WAVEFORMS 

-i°nf=_=i~L v
00 

lnput~Vss 

FIGURE 2 - TYPICAL CRYSTAL OSCILLATOR CIRCUIT 

Rate Select 
Reset A B 

Xtalin 
' 21 

CJ• 

20 
Xtalout 

Rt= 15 M{l±10% 

MC14411 

CRYSTAL SPECIFICATION 
Crystal Mode 
Frequency 

Rs 
Co 
Temperature Range 
Test Level 
Test Set 

Bit Rate 
Clock Outputs 

Parallel 
1.8432 MHz ±.0.05%@ 13 pF 
540 n max 
7.0 pF max 
0 to 70°C 
1 mW 
TS - 330/TSM or Equivalent 

•suggested Crystal Suppliers: Tyco, CTS Knight and Motorola 

Crystal Products. 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 
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APPLICAllONS INFORMATION 
Typical applications of the Bit Rate Generator (BRG) 

include providing standard clock. frequencies for data 
communications equipment, and external synchronization 
of a BRG output to a data source. The synchronization 
is accomplished by releasing the Reset input of the BRG 
during a data transition of the data source. 

A typical data communication system is shown in 
Figure 3. In this example a standard frequency from the 
BRG is used for the clock input to the terminal transmitter 
and receiver (MC2257, MC2259). In a similar system the 
BRG, via Rate Select inputs, can provide up to 64 
standard data communications frequencies for a multiple 
frequency system. Some examples of equipment frequency 
requirements are shown in Table 2. 

FIGURE 3 -TYPICAL DATA COMMUNICATION 

TERMINAL BLOCK DIAGRAM 

•oata Access Arrangement 

Control 

Terminal 
Receiver 
MC2259 

Terminal 
Transmitter 

MC2257 

Bit Rate 
Generator 
MC14411 

TABLE 2 -TYPICAL DATA COMMUNICATION 
EQUIPMENT BIT RATE FREQUENCIES 

Frequency (Hz) Use 

75 Asynchronous Mode 
110 Teleprinters 

134.49 Printers, typewriters 
150 CRT Terminals 
200 etc. 
300 

600 Asynchronous Mode (high speed) 
1200 Printers 

CRT Terminals 
(i.e., Credit Card Verification, 

Personal Bank Checks, etc.I 

2400 Synchronous Mode 
3600 Such as Communication from 
4800 Computer to Computer or 
7200 Computer to Peripheral 
9600 

Bus 

@MOTOROLA Semiconductor Products Inc. 
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Semiconduc-fors 
BOX 20912 •PHOENIX, ARIZONA 85036 

UNIVERSAL LOW SPEED MODEM (0-600 bps) 

The MC14412 contains a complete FSK (Frequency~Shift Keying) 
modulator and demodulator compatible with both foreign (C.C.l .T.T. 
standards) and U.S.A. low speed (0 to 600 (bps) communication 
networks. 
• On Chip Crystal Oscillator 
• Echo Suppressor Disable Tone Generator 
• Originate and Answer Modes 
• Simplex, Half-Duplex, and Full Duplex Operation 
• On Chip Sine Wave Generator 
• Modem Self Test Mode 
• Single Supply: VDD = 4.75 to 15 Vdc FL, FP Suffix 

VDD = 4.75 to 6.0 Vdc VL, VP Suffix 
e Selectable Data Rates: 0-200, 0-300, 0-600 bps 
• Post Detection Filter 
• TTL or CMOS Compatible Inputs and Outputs 

TYPICAL APPLICATIONS: 
• Stand Alone Low-Speed Modems 
• Built-In Low:Speed Modems 
• Remote Terminals, Acoustical Couplers 
• Credit Verification 
• Point of Sale 
• Remote Data Collection 
• Remote Process Control 
• Radio Data Transmission 

Oscout 3 Clock 
Divider 

250 kHz 

Transmit 
Enable 120---+--1---~-+--+--...._.....i 

Tr~~~:it l l0---+--1---~-+--.._ _ __, 

Type 140---+--I--~._----~ 

Echo 130----1-~.._+-+--------' 

L----~--1 

MC14412 

McMOS LSI 
(LOW.POWER COMPLEMENTARY MOS) 

UNIVERSAL LOW SPEED 
(0-600 bps) 

MODEM 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 690 CASE 648 

ORDERING INFORMATION 

MC144XX t tSuff. ix Denotes 

L Ceramic Package 
P Plastic Pack·age 

· F Extended Operating 
Temperature Range 

V Limited Operating 
Temperature Range 

Sine Wave 
Generator 

BLOCK DIAGRAM 

Transmit Carrier 
9 (FSK Output) 

TTLPullUp 150---._~~1--1--------------+----+-------~ 
Disable 

vDD~ 

Receive Data Rate so-._-+----~+----------.i 

Reset 50---+---I--~-----------

5~191 

Change 
Detector 

VDD=Pin16 
Vss =Pins 

Receive 
Carrier 
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MAXIMUM RATINGS I Voltages referenced to Vss. Pin 81 

Rating Symbol Value 

DC Supply Voltages MC14412F VDD -0.5 to 15 
MC14412V -0.5 to 6.0 

Input Voltages, All Inputs Vin VDD +0.5to 
Vss-0.5 

DC Current Drain per Pin I 10 
(except Pin 8, 71 

DC Current Drain (Pin 8, 71 I 35 

Operating Temperature Range TA -40 to +85 

Storage Temperature Range Tstg -65 to +150 

ELECTRICAL CHARACTERISTICS 

Voo** 
-40°c 

Characteristic Symbol Vdc Min Max 

Output Voltage "O" Level VoL 5.0 - 0.05 
Vin .. VDDorO 10 - 0.05 

16 - 0.05 

"1" Level VoH 5.0 4.95 -
Vin•OorVDD 10 9.96 -

16 14.96 -
Input Voltage• "O" Level V1L 

IVo = 4.5 or 0.5 Vdc) 5.0 - 1.5 
IVo = 9.0 or 1.0 Vdcl 10 - 3.0 
(Vo= 13.5or1.5 Vdc) 15 - 4.0 

"1" Level V1H 
(Vo =.0.5 or 4.5 Vdcl 5.0 3~5 -

- (Vo .. 1.0 or 9.0 Vdc) 10 7.0 -
(Vo= 1.5 or 13.5 Vdc) 15 11.0 -

Pins 12, 15 5 to 15 0.75 -
Output Drive Current loH 

(VoH =2.5) (Pin 7) 5 -0.62 -
(VOH =9.51 10 -0.62 -
(VoH = 13.5) 15 -1.8 -
IVoL =0.4) loL 4.75 2.3 -
(VoL =0.51 10 5.3 -
(Vol= 1.5) 15 15 -

Input Current (Pin 15 = VDDI lin - - -
Input Pull-Up Resistor. Source Current Ip 5 285 -

!Pin 15 = Vss. Vin"' 2.4 Vdcl 
Pins 1,2,5,6,10,11,12,13,14 

Input Capacitance Cin - - -
Total Supply Current IT 5 - 4.5 

(Pin 15 = VDDl 10 - 13 
15 - 27 

Modulator/Demodulator Frequency ACC 5to 15 - -
Accuracy 
(Excluding Crystal) 

Transmit Carrier Output. V2H 5 to 15 - -
2nd Harmonic 

Transmit Carrier Output Vout 5 - -
Voltage (R L = 100 kn) 10 - -
(Pin 9) 15 - -

Unit 

Vdc 

Vdc 

mAdc 

mAdc 
oc 

oc 

Min. 

-
-
-

4.96 
9.96 
14.95 

-
-
-

3.5 
7.0 
11.0 
0.8 

-0.5 
-0.5 
-1.5 

2.0 
4.5 
13 

-
250 

-
-
-
-
-

-25 

0.2 
0.5 
1.0 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
adyised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance ciFcuit. For proper operation it 
is recommended that Vin and V0 ut be 
constrained to the range Vss .;;; (Vin or 
Voutl.;;; VDD· 
Unused inputs must always be tied to an 
appropriate logic voltage leveHe.g., either 
Vss or VDDI· 

+24°c +ss0 c 

Typ Max Min Max Unit 

0 0.05 - 0.05 Vdc 
0 0.05 - 0.05 
0 0.05 - 0.05 

6.0 - 4.95 - Vdc 
10 - 9.95 -
15 - 14.95 -

Vdc 
2.25 1.5 - 1.5 
4.50 3.0 ..,. 3.0 
6.76 4.0 - 4.0 

Vdc 
2.75· - 3.5 -
6.50 - 7.0 -
8.25 - 11.0 -
2.0 - 0.85 -

mAdc 
-1.5 - -0.35 -
-1.0 - -0.35 -
-3.6 - -1.1 -
4.0 - 1.6 - mAdc 
10 - 3.6 -
35 - 10 -

±0.00001 ±0.1 - - µAde 

460 - 205 - µAde 

5.0 - - - pf 

1.1 4.0 - 3.5 mAdc 
4.0 12 - 11 
8.0 25 - 23 

0.5 - - - % 

-32 - - - dB 

0.30 - - - VRMS 
0.85 - - -
1.5 - - -

*DC Noise Immunity IV1L. V1HI is defined as the maximum voltage change from an ideal "O" 
or "1" input level, that the curcuit will withstand before accepting an erroneous input. 

**Note: Only 5-Volt specifications apply to MC14412VL and MC14412VP devices. 
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PIN ASSIGNMENT 

Rx Car vDD 16 

ST TTLD 15 

3 Oscout Type 14 

4 Osc1n Echo 13 

5 Reset 
Tx 

12 Enable 

6 Rx Rate Tx 11 
Data 

7 Rx Data Mode 10 

8 Vss Tx Car 9 

FIGURE 1 - TYPICAL LOW-SPEED MODEM APPLICATION 

Transmit Data 
Parallel Format 

Terminal 
Transmitter 

Terminal 
Receiver 

Receive Data 
Parallel Format 

r 
I 

T.x Data I 

Rx Data I 

--------, 
I 
I 

Modulator 

MC14412 

I 
I 
I 
I 

Tx 

Car, 

I Rx 
Demodulator --------1 I Car 

I 
L_ I 

_ _ _J 

Bandpass 
Filter 

and Limiter 

FIGURE 2 - MC14412 INPUT/OUTPUT SIGNALS 

*CRYSTAL SPECIFICATION 

Crystal Mode - Parallel 
Frequency - 1 MHz± 0.1% 
Rs= 540!1 typ 
C0 = 7 pF typ 
Temperature Range -4o0 c to +s5°c 
Test Level - 1 mW 

Suggested Crystal Suppliers 
Tyco, CTS Knight and 
Motorola Crystal Products. 

RF= 15 M!l ± 20% 

To 
Data Terminal 

Equipment 

11 

12 

13 

10 

14 

15 

6 

5 

4 

Echo 

1.0 MHz 
Crystal • 

3 

Tx Car 

-- - -----
Mode 

Type 

TTLD 

ST 

--------
Rx Data 

Rx Car 
Rx Data Rate 

Reset 

9 

Duplexer 

Modulator 

Control 

Demodulator 

-Data Flow 

FSK 
Format 

To 

Telephone 
Network 

Telephone 
Network 
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DEVICE OPERATION 
GENERAL 

Figure 1 shows the modem in a system application. 
The data to be transmitted is presented in serial format 
to the modulator for conversion to FSK signals for trans
mission over the telephone network. The modulator out
put is buffered/amplified before driving the 600 ohm 
telephone line. 

The FSK signal from the remote modem is received via 
the telephone line and filtered to remove extraneous 
signals such as the local Transmit Carrier. This filtering 
can be either a bandpass which passes only the desired 

'band of frequencies or a notch which rejects the known 
interfering signal. The desired signal is then limited to pre
serve the axis crossings and fed to the demodulator where 
the data is recovered from the received FSK carrier. 

INPUT/OUTPUT FUNCTIONS 
Figure 2 shows the 1/0 interface for the MC14412 

'low-speed modem. The following is a description of each 
individual signal. 

TYPE. (Pin 14) 
The Type input selects either the U.S. or C.C.l.T.T. 

operational frequencies for both transmitting and receiving 
data. When the Type input= "1", the U.S. standard is 
selected and when the Type input= "O", the C.C.l.T.T. 
standard is selected. 

TRANSMIT DATA (Tx Data, Pin 11) 
Transmit Data is the binary information input. Data 

entered for transmission .is modulated using FSK tech· 
niques. When operating in the U.S. standard (Type= "1") 
a logic "1" input level represents a Mark or when oper
ating in the CCITT standard (Type = "O") a logic "1" · 
input level represents a Mark. 

TRANSMIT CARRIER (Tx Car, Pin 9) 
The Transmit Carrier is a digital-synthesized sine wave 

derived from a 1.0 MHz oscillator reference. The frequency 
characteristics are as follows: 

United States Standard Type= "1" 
Echo= "O" 

Mode Tx Data 
Originate "1" Mark. 
Originate "1" Space 
Answer "O" Mark 
Answer "O" Space 

C.C.l.T.T. Standard 

Mode Tx Data 

Channel "1" Mark 
No.1 "1" Space 
Channel "O" Mark 
No. 2 "O" Space 

Tx Car 
"1" 1270 Hz 
"O" 1070 Hz 
"1" 2225 Hz 
"O" 2025 Hz 

Type= "O" 
Echo= "O" 

Tx Car 
"1" 980 Hz 
"O" 1180 Hz 
"1" 1650 Hz 
"O" 1850 Hz 

Echo Suppressor 
Disable Tone· 

Type= "O" 
Echo= "1" 

Mode Tx Data Tx Car 

Chan. No. 2 "O" "1" 2100 Hz 

TRANSMIT ENABLE (Tx Enable, Pin 12) 
The Transmit Carrier output is enabled when the Tx 

Enable input = "1". No output tone can be transmitted 
when Tx Enable= "O". 

MODE (Pin 10) 
The Mode input selects the pair of transmitting and 

receive frequencies used during modulation and demodu
lation. When Mode = "1", the U.S. originate mode is 
selected (Type input = "1") or the C.C.LT.T. Channel 
No. 1 (Type input = "0"). When mode= "O", the U.S. 
answer mode is selected (Type input = "1 ") or the 
C.C.l.T.T. Channel No. 2 (Type input= "0"). 

ECHO (Pin 13) 

When the Echo input= "1" (Type= "O", Mode= "O", 
Tx Data = "1") the modulator will transmit a 2100 Hz 
tone for disabling line echo suppressors. During normal 
data transmission,_ this input should be low= "O". 

RECEIVE DATA (Rx Data, Pin 7) 
The Receive Data output is the digital data resulting 

from demodulating the Receive Carrier. 

RECEIVE CARRIER (Rx Car, Pin 1) 
The Receive Carrier is the FSK input to the demodu

lator. This input must have either a CMOS or TTL com
patible logic level input (see TTL pull-up disable) at a 
duty cycle of 50% ± 4%, that is a square wave resulting 
from a signal limiter. 

RECEIVE DATA RATE (Rx Rate, Pin 6) 
The demodulator has been optimized for signal to noise 

performance at 200, 300, and 600-bps. 

Data Rate 
0 - 200 bps 
0 · 300 bps 
0 - 600 bps 

SELF TEST (ST, Pin 2) 

Rx Rate 
"1" 
"1" 
"O" 

Type 
"O" 
"1" 
"1" 

When a high level (ST= "1") is placed on this input, 
the demodulator is switched to the modulator frequency 
an,d demodulates the transmitted FSK signal. 
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DEVIC-= OPERATION (continued) 

RESET (Pin 5) 

This input is provided to decrease the test time of the 
chip. In normal operation, this input may be used to 
disable the demodulator (Reset = "1 ") - otherwise it 
should be tied low = "O". 

CRYSTAL (Oscjn. Oscout. Pin 4, Pin 3, respectively) 

A 1.0 MHz crystal is required to utilize the on chip 
oscillator. A 1.0 MHz square wave clock can also be 
applied to the Oscin input to satisfy the clock require
ment (see Figure 2). 

When utilizing the 1.0 MHz crystal, external parasitic 
capacitance, including crystal shunt capacitance, must be 
< 9 pF at the crystal input (pin 4). 

TTL PULL-UP DISABLE (TTLD, Pin 15) 

To improve TTL interface compatibility, all of the 
inputs to the MODEM have controllable P-Channel devices 
which act as pull-up resistors when TTLD input is low 
("O"). When the input is taken high ("1") the pull-up 
is disabled, thus reducing power dissipation when inter
facing with CMOS. 

FIGURE 3 - M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 

.. 
'O 

.~ 
ii 
E 
< 

FIGURE 4 -TRANSMIT CARRIER 
SINEWAVE 

T:ime 

MC6800 
Microprocessor 

Address Data 
Bus Bus 

Read Only 
Memory 

Random 
Access 

Memory 

Interface 
Adapter 

ACIA 
MC14412 
Modem 

FIGURE 5 - TYPICAL TRANSMIT CARRIER 
FREQUENCY SPECTRUM 

0 

iii 
~ -40 
c 
·a; 
0 

I I 
1st 2nd 

Harmonic 

Frequency 
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MOTOROLA 
Semiconduc'fors 
BOX 20912 •PHOENIX, ARIZONA 85036 

QUAD PRECISION TIMER/DRIVER 

The MC14415 quad timer/driver is constructed with comple
mentary MOS enhancement mode de\fices. The output pulse width 
of each digital timer is a function of the input clock frequency. 
Once the proper input sequence is detected the output buffer is set 
(turned on), and after 100 clock pulses are counted, the output 
buffer is reset (turned off). 

The MC14415 was designed specifically for application in high 
speed line printers to provide the critical timing of the hammer 
drivers, but may be used in many applications requiring precision 
pulse widths. 

• Four Precision Digital Time Delays 

• Schmitt Trigger Clock Conditioning 

• NPN Bipolar Output Drivers 

• Timing Disable Capability Using Inhibit Output 

• Positive or Negative Edge Strobing on the Inputs 

• Synchronous Polynomial Counters Used for Delay Counting 

• Power Supply Operating Range 
:!: 3.0 Vdc to 18 Vdc (MC14415EFL/FL/FP) 
= 3.0 Vdc to 6.0Vdc (MC14415EVLNLNP) 

MAXI MUM RA Tl NGS !Voltages referenced to V ss. Pin 8) 

Rating Symbol 

DC Supply Voltage 
- MC14416EFL/FL/FP 
- MC14416EVL/VL/VP 

Input Voltage, All Inputs 

DC Current Drain per Input Pin 

DC Current Drain per Output Pin 

Operating Temperature Range 
- MC14416EFLIEVL 
- MC14416FL/FP/VL/VP 

Storage· Temperature Range 

SetA 3 

Set B 4 

SetC 5 

Set D 6 

Strobe 2 9 

StrOiiii1 7 

Input Disable 10 

OutputSet 2 

Input 
Logic 

BLOCK DIAGRAM 

Divide-BY· 
100 

Counters 

Clock 
Conditioning 

Circuit 

Clock 1 n---------_. 

VDo 

Vin 

ljn 

lout 

TA 

Tstg 

Value Unit 

Vdc 
+18 to -0.6 
-+6.0 to -0.6 

vDD +o.6to Vdc 
Vss-0.6 

10 mAdc 

20 mAdc 
oc 

-66to +126 
-40 to +86 

~6 to +160 oc 

14 Output A 

Output 13 Output B 

Buffers 12 Output C 

11 Output D 

vDD •Pin 16 

Vss "'Pins 

Output Inhibit 15 0----------------
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McMOS LSI . 
ILOW·POWER COMPLEMENTARY MOSI 

QUAD PRECISION 
TIMER/DRIVER 

.. ~ •. --· 
L SUFFIX . 

CERAMIC PACKAGE 16 
CASE 690 1 

2 

3 

4 

5 

6 

8 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN ASSIGNMENT 

Clock VDo 16 
§t lnh 15 

Set A Out A 14 

Set-'8 OutB 13 

SetC OutC 12 

SetD OutD 11 

S'i' 1 Dis 10 

Vss ST2 9 

ORDERING INFORMATION 

MC14415 Denotes 

Ceramic Package 
Plastic Package 
·~xtended Operating 

Voltage Range 
•Limited Operating 

Voltage Range 
Blan.k ••standard Operating 

Temperature Range 
••Extended Operating 

Temperature Range 
E 

•see Features (above, left) 
.. see Maximum Ratings 
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ELECTRICAL CHARACTERISTICS 

Voe T1ow . 
Characteristic Symbol Vdc Min Max 

Output Voltage "O" Level Vout 5.0 - 0.01 
(No Load) 10 - 0.01 

15 - -
"1" Level 5.0 - -

10 - I -
15 - -

Noise Immunity VNL 
(•Wout < 1.5 Vdc) 5.0 1.5 -
(AVout.;;; 3.0 Vdc) 10 3.0 -
(AVout < 4.5 Vdc) 15 - -
(AVout < 1.5 Vdcl VNH 5.0 1.4 -
(AVout < 3.0 Vdc) 10 2.9 -
(AVout < 4.5 Vdcl 15 - -

Output Drive Voltage (NPN Driver) VoH 
lloH= OmAI Source 5.0 - -
lloH= 5.0mAl - -
lloH= 10mA - -
ltoH= 15mAI - -
lloH= OmAI 10 - -
lloH= 5.0mAI - -
lloH= 10mAI - -
lloH= 15mAl - -
lloH= OmAI 15 - -
ltoH= 5.0mAI - -
OoH= 10mAI - -
lloH= 15mAl - -

Output Drive Current loL 
(VoL = 0.4 Vdcl Sink 5.0 0.23 -· 
(VoL = 0.5 Vdc) 10 0.60 -
IVoL = 1.5 Vdc) 15 - -

Input Leakage Current ljn - - -
Input Capacitance . Cin - - -

(Vin= 01 

Quiescent Dissipation Pa 
5.0 - 0.25 

10 - 1.0 
15 - -

Power Dissipation** Po 
(Dynamic plus Quiescent) 
(CL= 15 pf) 5.0 

10 
15 

*T1ow= -55°C for MC14415EFL, EVL; -4<>°C for MC14415FL,FP,VL,VP 
Thigh= +125°C for MC14415EFL,EVL; +85°c for MC14415FL,FP,VL,VP 

**The formula given 'is for the typical characteri~tics only. 

2s0c · Th"gh* 
Min Typ Max Min Max 

- 0 0.01 - 0.05 

- 0 0.01 - 0.05 
- - - - -

3.0 4.14 - - -
8.0 9.09 - I - -
- 14.12 - - -

1.5 2.25 - 1.4 -
3.0 4.50 - 2.9 -
- 6.75 - - -
1.5 2.25 - 1.5 -
3.0 4.50 - 3.0 -
- 6.75 - - -

3.0 4.14 - - -
2.7 3.44 - - -
2.5 3.30 - - -
2.2 3.08 - - -
8.0 9.09 - - -
7.7 8.45 - - -
7.5 8.30 - - -
7.1 8.14 - - -
- 14.12 - - -
- 13.81 - - -
- 13.70 - - -
- 13.61 - - -

0.20 0.78 - 0:16 -
0.50 2.0 - 0.40 -
- 7.8 - - -
- 10 - - -
- 5.0 - - -

- 0.00005 0.25 - 3.5 

- 0.00022 1.0 - 14 

- 0.00050 - - -

Po = (56 mW /MHz) f + Pa 
Po = (225 mW/MHz) f +Pa 
Po= (510 mW/MHz) f +Pa 

This device contains circuitry to protect the inputs against damage due to -high static voltages or electric fields; 
however, it is advised that normal precautions be taken to avoid application of any voltage higher than maximum 
rated voltages to this high impedance circuit. For proper operation it is recommended that Vin and Vout be 
constrained to the range Vss <(Vin or Vout> < Voo-

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or Voo>. 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

",pAdc 
pf 

mW 

mW 
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I MC14415 

SWITCHING CHARACTERISTICS- ICL = 15pF, TA= 25°CI 

Characteristic 

Output Rise Time* 
tr=12.0ns/pFICL + 10ns 
tr= (1.25 ns/pF) CL+ 6 ns 
tr= (1.10 ns/pF) CL+ 3 ns 

Output Fall Time* 
tf = ( 1.5 ns/pF) CL+ 47 ns 
tf = (0.75 ns/pFI CL+ 24 ns 
tf = (0.55 ns/pF) CL+ 17 ns 

Turn-Off Delay Time* 
tPLH = (2. 7 ns/pF) CL + 560 ns 
tpLH = (1.2 ns/pF) CL+ 282 ns 
tPLH = (0.91 ns/pF) CL + 286 ns 

Turn-On Delay Time* 
tPHL = (2.4 ns/pFI CL+ 564 ns 
tPHL = (1.0ns/pF) CL+ 285ns 
tPHL = (0.75'ns/pF) CL+ 289 ns 

Turn-On Delay Time (Inhibit to Output) 

Turn-Off Delay Time (Inhibit to Output) 

Minimum Input Pulse Coincidence (Figure 31 

Minimum Input Pulse Width (Figure 1 I 

Maximum Input Clock Frequency 

Clock Input Rise and Fall Times (Figure 11 

*The formula given is for the typical characteristics only. 

FIGURE 1 - SWITCHING CHARACTERISTICS -WAVEFORM 
RELATIONSHIPS 

Clock 

Output .J 

Symbol 

tr 

tf 

tPLH 

tpHL 

tPHLI 

tPLHI 

PCmin 

PW min 

f 

tcr• 
tcf 

1000 

~ 900 

""" 

Voo 
Vdc Typ Max Unit 

ns 
5.0 40 85 
10 25 60 
15 20 -

ns 
5.0 70 150 
10 35 80 
15 25 -

ns 
5.0 600 1200 
10 300 600 
15 150 -

ns 
5.0 600 1200 
10 300 \)00 
15 150 -

ns 
5.0 300 550 
10 225 425 
15 110 -

ns 
5.0 300 550 

10 225 425 
15 110 -

ns 
5.0 450 500 
10 350 450 
15 - -

ns 
5.0 450 500 
10 350 450 
15 - -

MHz 
5.0 0.7 -
10 1.0 -
15 1;5 -
5.0 - 15 µs 
10 - 5.0 
15 - -

FIGURE 2 -AMBIENT TEMPERATURE 
POWER DERATING 

PLkTIC OR c1ERAMIC _ 
~ 800 

~ 700 

I---::s PACKAGE 

~} 600 
c,.. 

~~ 500 

~~ 400 
:E 
i 300 
x 
~ 200 

e 100 

0 
25 

~ 
~ cs: 

'l 
~ 

t'-... 
:s:J 

50 75 100 125 150 175 

TA, AMBIENT TEMPERATURE (DC) 
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FIGURE 3 - TYPICAL OPERATION MODES AND FUNCTIONAL TIMING DIAGRAM 

MODE 1 - OUTPUT SET INITIATES TIME DELAY 

Input Disable 

Strobe 2 ___!Tl\ ______________ _ 

Strobe 1 
Minimum Coincidence= 

Sat A 600 ns@ Voe= 4. 76 Vdc 

Output Inhibit 

Clock 

MODE 3: OUTPUT INH.IBIT DISABLES TIME DELAY 

Input Disable 

Strobe 2 

Strobe1 
Sat A 

Output Sat 

Output Inhibit 

Clock 

____ ,,, 

MODE 2: SET A INITIATES TIME DELAY 

Input Disable 

Strobe 2 

Strobe 1 

Set A 

Output Inhibit 

tpLH 

MODE 4: POSITIVE-EDGE $TROBE (ST2) INITIATES TIME DELAY 

Input Disable 

500 ns@ v00 = 4. 75 Vdc 

@ MOTOROLA Semiconductor Products Inc. ---------' 
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MOTOROLA 
Semiconduc'fors 
BOX 20912 •PHOENIX, ARIZONA 85036 

2-0F-8 KEYPAD-TO-BINARY ENCODER 

The MC14419 is designed for phone dialer system applications, 
but finds many applications as a keypad-to-binary e'ncoder. The 
device contains .a 2-of-8 to binary encoder, a strobe generator, and 
an illegal state detector. The encoder has four row inputs and four 
column inputs, and is designe,d to accept inputs from 16 keyswitches 
arranged in a 4 x 4 matrix. For an output on the four data lines, one 
and only one row along with one and only one column input line 
must be activated. All other combinations are suppressed by the 
illegal state detector to eliminate false data output.' 

The strobe generator produces a strobe pulse when any of the 
10 keys corresponding to numerals 0 through 9 are depressed. The 
strobe output can be used to eliminate erroneous data entry due to 
contact bounce. For a strobe output to occur, the key row and 
column input lines 'must remain stable for 80 clock pulses after 
activation. When the contact bounce has settled and 80 clock pulses 
have occurred, the output will be a single strobe pulse equal in 
width to that of the clock low state. The strobe generator will 
.output one and only one pulse each time a numerical k~y is de
pressed. After the pulse has occurred, noise and bounce due to 
contact .break will not cause another strobe pulse. With a 16 kHz 
input clock frequency, the pulse occurs 5 ms after the last bounce. 

• Suppressed Output for I !legal Input Codes 
• On-Chip Pullup Resistors for Row and Column Inputs 
• Clock Input Conditioning Circuit 
• Low Current Drain in Standby Mode 

5.0 µA Typical @ 5.0 Vdc 
• Subsystem Complement to the MC14408/14409 Phone 

Pulse Converter 
• Codes for Numbers 0-9 Produce a Strobe Pulse 

BLOCK DIAGRAM 

Row I =~ ~ 
Inputs R3 3 0-----.-t-f-""O 

R4 4 o---...... .+-t-t--41"0 

Column I~~ : 
Inputs C3 0---4.+-+-l-+-+-t--411(] 

C4 9 o-..-t-f'-t-t-f'-t-f-"'U 

BCD 
Detector 

.__ ___ __, 

vDD =Pin 16 
v88 =Pin B 

2-of~S 
to 

Binary 
Encoder 

and 
Illegal 
Code 

Detector 

1-----u 13 D4 

1-----u 12 D3 

1-------IC.l 11 D2 

1----<l 10 D 1 

F\.?01 

Data 
Outputs 

MC14419 

McMOS MSI 
(LOW.POWER COMPLEMENTARY MOS) 

2-0F-8 KEYPAD-TO-BINARY 
ENCODER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACK.A,GE 

CASE 648 

PIN ASSIGNMENT 

R1 vDD 16 

R2 Clock 15 

3 R3 ST 14 

4 R4 D4 13 

C1 D3 12 

6 C2 D2 11 

C3 D1 10 

8 Vss C4 9 

v00 =Pin 16 
Vss =Pin a 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avaid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vss ..;; (Vin or 
·voutl.,; Voo-

II 
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MAXIMUM RATINGS (Voltages referenced to Vss. Pin 8.1 

Rating Symbol V11lue Unit 

DC Supply Voltage VDo +6.0 to -0.5 Vdc 

Input Voltage, All Inputs Vin vDD + o.5 Vdc 
to 

V55-0.5 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range TA -40to+85 oc 

Storage Temperature Range Tstg -65 to +150 oc 

ELECTRICAL CHARACTERISTICS 

Voo 
-40oc 25°c +85°c 

Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit 

Supply Voltage Operating Range vDD - ~.o 6.0 3.0 5.0 6.0 3.0 6.0 Vdc 

Output Voltage "O" Level Vout 5.0 - 0.05 - 0 0.05 - 0.05 Vdc 

"1" Level 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc 

Input Voltage "O" Level V1L 6.0 1.6 - 1.6 2.25 - 1.4. - Vdc 
IVo = 4.6 or 0.6 Vdc) 

"1" Level V1H 6.0 1.4 - 1.6 2.26 - 1.6 - Vdc 
IVo = 0.6 or 4.6 Vdc) 

Output Drive Current IOH 5.0 -0.23 - -0.20 -1.7 - -0.16 - mAdc 
(VOH = 2.6 Vdc) Source 

(VOL = 0.4 Vdcl Sink IOL 5.0 0.23 - 0.20 0.78 - 0.16 - mAdc 

Input Leakage Current l1H 5.0 - ±0.1 - ±0.00001 ±0.1 - ±1.0 µAde 
(Vin= VDDl 

II Pullup Resistor Sourc.e Current l1L 5.0 265 460 190 250 330 125 215 µAde 
(Row and Column Inputs) 

IVin =Vssl 
Input Capacitance Cin - - - - 5.0 - - - pF 

(Vin= Vssl 

Standby Supply Current IDDS 3.0 - 3.0 - 1.0 3.0 - 6.0 µAde 
lfclock = 16 kHz, No Keys 5.0 - 15 - 5.0 15 - 30 
Depressed) 6.0 - 60 - 20 60 - 120 

Standby Supply Current as a IDDS 5.0 I DDS = 0.09 µA/kHz + 3.0 µA µAde 
Function of Clock Frequency* 
I No Keys Depressed) 

*The formula given is for the typical characteristics only. 

SWITCHING CHARACTERISTICS ICL = 50 pF, TA= 25°Cl 

Characteristic Symbol Voo Min Typ Max Unit 

Output Rise and Fall Times, D1 thru 04 (Figure 1 I tr,tf 5.0 - 300 - ns 

Propagation Delay Time, Row or Column Input to tPLH• 5.0 - 1000 - ns 
Data Output (Figure 1 l tPHL 

Clock Pulse Frequency Range PRF 3.0 to 6.0 4.0 16 80 kHz 

® MOTOROLA Semlconducto, P,aducts Inc. -------
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FIGURE 1 - SWITCHING TIME WAVEFORMS FIGURE 2 - TYPICAL STROBE PULS,E DELAY TIMES 

PAF tST* 
Clock Frequency Strobe Pulse Delay Time 

Row or Voo kHz ms 

Column 4.0 20 
Input Vss 8.0 10 

16 5.0 
32 2.5 

Dn 
80 1.0 

Output "tsT z ( 1/PRF) • 80, with PRF in kHz, tsT in ms. 

VoL 

FIGURE 3 - STROBE GENERATOR TIMING DIAGRAM 

Row or 
Column 

Input 

Strobe Generator 
Ou1PUt 

Contact 
Make 

Bounce 

Noise 
Spike 

~ I 
l--tsT-11--PwsT". 

80 Clock 0 
Pulses !! 

Contact 
Break 

Bounce 

•• PWsT = Strobe Pulse Width = Low State Clock Pulse Width (PW Ll. 

TRUTH TABLE 

Inputs 

Row Column Outputs 

Kev** A4 R3 R2 R1 C4 C3 C2 C1 04 03 02 01 Strobe 

1 1 1 1 0 1 1 1 0 0 0 0 1 J'L 
2 1 1 1 0 1 1 0 1 0 0 1 0 J'L 
3 1 1 1 0 1 0 1 1 0 0 1 1 J"'L 
A 1 1 1 0 9 1 1 1 1 1 0 0 0 

4 1 1 0 1 1 1 1 0 0 1 0 0 .n. 
5 1 1 0 1 1 1 0 1 0 1 0 1 Jl. 
6 1 1 0 1 1 0 1 1 0 1 1 0 -"-
B 1 1 0 1 0 1 1 1 1 1 0 1 0 

7 1 0 1 1 1 1 1 0 0 1 1 1 .n. 
8 1 0 1 1 1 1 0 1 1 0 0 0 .n. 
9 1 0 1 1 1 0 1 1 1 0 0 1 J'L c 1 0 1 1 0 1 1 1 1 1 1 0 0 . 0 1 1 1 1 1 1 0 1 0 1 0 0 
0 0 1 1 1 1 1 0 1 0 0 0 0 .I1. 
# 0 1 1 1 1 0 1 1 1 0 1 1 0 
D 0 1 t 1 0 1 1 1 1 1 1 1 0 

All Other Combinations 0 0 0 0 0 

••see Figure 4 for keypad designation. 

® MOTOROLA Se,.,lconductor Products Inc.------~ 
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FIGURE 4 - TYPICAL KEYPAD INTERFACE APPLICATION 

Keypad with DPST 
N.O. Switches 4 >< 4 Keypad 

R1 

15 

Clock 

Vo[) 

16 

Voo 
01 10 

02 11 
R2 

Common 

··~I Keypad 

MC14419 03 12 

or 

Keypad with SPST 
N.O. Switches 

Column 

MC14419 

R3 

R4. 

C4 C3 C2 

9 6 

FIGURE 5 - PHONE DIALER SYSTEM 

MC14408, MC14409. 

04 13 

ST 14 

C1 Vss 

5 8 

2-of-8 Keypad-to-Binary Encoder 

fcik = 16 kHz 

Bioary-to-l'hone Pul• Converter 
L = 5mH 

u Row 
Inputs 

{l Column 
Inputs 

R1 

R2 

R3 

R4 

C1 

C2 
C3 
C4 

r-
1 

I 

15 
I C1 10.o<:C 2 

µF-= Vss 
Clock 14 I 3 Clock Osc 

ST 
I 

ST 
13 4 

5P[ 
04 04 

12 5 
03 03 

11 6 
02 02 ORO 

10 
01 01 

I 

----- _J 

Call Request 13 u----~ 

v 00 =Pin 16 I MC14408/409 Re-Dial 10 o-------' I 
Hold 9 

Vss =Pin e -
1 

I 
I 
I 

Control Inputs 
lnterdigit Time 14 u-------~ 

Make-Break Ratio 15 u---------~ 

o~I 
µF -

- Vss 

11 Outpulsing 

12 Dial Rotating 
Output• 

v00 =Pin 16 

Vss =Pin a 

•Between each digit 
pulsetrain, MC14408 
ORO stays high, 
MC14409 ORO goes low. 

Circuit.diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been cuefully checked and 

is believed to be _entirely reliable. However, no responsibility Is 
assumed for inaccuracies. Furthermore, such information does not 
convey to· the purchaser of tha semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 

@MOTOROLA Semiconductor Products lftc. 
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Semiconductors 
BOX 20912 •PHOENIX, ARIZONA 85036 

3-1/2 DIGIT A/D LOGIC SUBSYSTEM 

The MC14435 A/D Logic is designed specifically for use in 
a dual-slope integration A/D converter system. 

The device consists of 3-1/2 digits of BCD counters, 13 memory 
latches, and output multiplexing circuitry. An internal clock oscil· 
lator is provided to generate system timing and to set the output 
multiplexing rate. A single capacitor is required to set the oscillator 
frequency. 

• On-Chip Clock to Control Digit Select, Multiplexing, and BCD 
Counters Simultaneously 

• Multiplexed BCD Output 

• Built-In 100-Count Delay for Accurate System Conversion of 
Low-Level Inputs 

• System Over-Range Output 

• Linear Companion Device Available From Motorola 
(MC1405L/1505L) 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14435 EFL/FL/FP) 
= 3.0 Vdc to 6.0 Vdc (MC14435EVL/VL/VP) 

MAXIMUM RATINGS (Voltages referenced-to Vss. Pin 8.) 

Rating Symbol 

DC Supply Voltage vDD 
- MC14435EFL/FL/FP 
- MC14435EVL/VL/VP 

Input Voltage, All Inputs Vin 

DC Current Drain per Pin I 

Operating Temperature Range MC14435EFL/EVL TA 
MC14435FL/FP/VL/VP 

Storage Temperature Range Tstg 

BLOCK DIAGRAM 

Display 
Update 6 

Comparator 5 

vDD =Pin 16 
Vss =Pin B 

Value Unit 

Vdc 
+18 to -0.5 

+6.0 to -0.5 

vDD +o.5 Vdc 

to Vss -0.5 

10 mAdc 

-55to +125 OC 

-40to +85 

-65 to +150 oc 

13 01 BCD 
14 00} 
12 02 o.;tputs 

11 03 

i----..... 9 ov;r.;ng; 
1----_..,, 7 Ramp 

Control 

t----~10 1/2 Digit 

Note: MC1505/1405 A/D Converter Subsystem 
recommended for linear front end. 

MC14435 

McMOS LSI 
(LOW-POWER COMPLEMENT ARY MOS) 

3-1/2 DIGIT A/D LOGIC 
SUBSYSTEM 

.rfff!t~-1 ' -

L SUFFIX - -
CERAMIC PACKAGE 16 

CASE 620 1 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN ASSIGNMENT 

DS3 vDD 16 

2 DS1 DS2 15 

3 C1 00 14 

4 C2 01 13 

Comp 02 12 

6 DU 03 11 

RC 1/2 D 10 

8 Vss OR 9 

ORDERING INFORMATION 

MC14435 ~~uffix Denotes -
L Ceramic Package 

. p Plastic Package 
F •Extended Operating 

Voltage Range 
V •Limited Operating 

- Voltage Range 
Blank ••standard Operating 

Temperature Range 
E ••extended Operating 

•see Features (above, left) 
••see Maximum Ratings 

Temperature Range 

II 
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MC14435 

Display 6 

FUNCTIONAL DIAGRAM 

DS1 

DS2 

l--.-+---+----'------r:>o-oDs3 

Update o------+---~ 
(DU) 

Comparator 5 
(Comp) o------' 

oo 
01 

02 

03 

9 Overrange 
(QR) 

1 Ramp Control 
(RCl 

10 1/2 Digit 
(1/2 D) ~---1 Latch t----------------i 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. ·F~r proper operation it 

is recommended that Vin and Vout be 
constrained to the range V55 .;;; (Vin or 
Voutl.;;; Voo· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
V55 or Vool. 

® MOTOROLA Se1niconductor.Products Inc. 
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ELECTRICAL CHARACTERISTICS 

Voo** T1ow . 
Characteristic Symbol Vdc Min Max 

Output' Voltage "O" Level Vout 5.0 - 0.01 
10 - O.Q1 
15 - 0.05 

"1" Level 5.0 4.99 -
10 9.99 -
15 14.95 -

Noise Immunity VNL 
U1V0 ut<1.5 Vdc) 5.0 1.5 -
(A Vout < 3.0 Vdc) 10 3.0 -
(A Vout < 4.5 Vdc) 15 4.5 -
( 6 Vout < 1.5 Vdc) VNH 5.0 1.4 -
(A V0ut < 3.0 Vdc) 10 2.9 -
(A V0 ut < 4.5 Vdcl 15 4.4 -
Output Drive Current loH 
Source - All outputs 
(VOH = 2.5 Vdc) 5.0 -0.23 -
(VoH = 9.5 Vdc) 10 -0.23 -
(VoH = 13.5 Vdcl 15 -0.23 -
Sink - OSI, DS2, DS3 loL 
(VOL= .0.4 Vdc) 5.0 1.60 -
(VoL = 0.5 Vdc) 10 2.55 -
(VoL = 1.5 Vdc) 15 8.3.5 -
Sink - 00, 01, 02, 03 IOL 
(VoL = 0.4 Vdc) 5.0 1.60 -
(VOL= 0.5 Vdc) 10 2.25 -
(VOL= 1.5 Vdc) 15 7.20 -
Sink_.- 1/20, RC, OR loL 
(VoL = 0.4 Vdc) 5.0 0.23 -
(VOL= 0.5 Vdc) 10 0.60 -
(VOL= 1.5 Vdc) 15 2.15 -
Input Current .lin - - -
Input Capacitance Cin - - -

(Vin =0} 

Quiescent Dissipation Pa 
(Comp Input Lowl 5.0 - 2.15 

10 - 8.50 
15 - 19.50 

Dynamic Power Di&Sipation Po 
(Comp Input Highl 5.0 - 12.4 

10 - 62.0 
15 - 248 

* =- "°' 0 T1ow 55 C for MC14435 EFL, EVL, -40 C for MC14435FL, FP, VL, VP. 
Thigh= +125°c for MC14435 EFL. EVL; +85°C for MC14435 FL, FP, VL, VP. 

**Only 5 volt spe~ifications apply to MC14435 EVL, VL, VP devices. 

25°c Th11_h* 
Min Typ Max Min Max Unit 

- 0 O.ot - 0.05 Vdc 
- 0 0.01 - 0.05 
- 0 0.05 - 0.10 

4.99 5.0 - 4.95 - Vdc 
9.99 10 - 9.95 -

14.95 15 - 14.90 -
Vdc 

1.5 2.25 - 1.4 -
3.0 4.£?0 - 2.9 -
4.5 6.75 - 4.4 -
1.5 2.25 - 1.5 - Vdc 
3.0 4.50 - 3.0 -
4.5 6.75 - 4.5 -

mAdc 

-0.20 -1.35 - -0.14 -
-0.20 -0.64 - -0.14 -
-0.20 -2.35 - -0.14 -

mAdc 
1.60 3.45 - 1.12 -
2.15 6.50 - 1.50 -
7.0 21.0 - 4.90 -

mAdc 
1.60 2.55 - 1.12 -
1.90 5.80 - 1.35 -
6.0 18.5 - 4.20 -

mAdc 
0.20 0.64 - 0.14 -
0.50 1.57 - 0.35 -
1.8 5.5 - 1.25 -
- 10 - - - pAdc 

- 5:0 - - - pF 

mW 
- 0.40 1.75 - 1.75 
- 1.60 6.85. - 6.85 
- 3.6 15.75 - 15.75 

mW 
- 2.0 10 - 10 
- 16.7 50 - 50 
- 66.7 200 - 200 

® MOTOROLA Semiconductor Products Inc. -~---"---
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SWITCHING CHARACTERISTICS ICL = 1.SpF, TA= 25°CI 

Voo Typical 
Characteristic Symbol Vdc All Types Unit 

Output Rise and Fall Time tr<' tf 5.0 100 ns 
. 10 50 

15 40 

Propagation Delay Time tPLH· 5.0 14 µs 
(Comp to all Outputs) tPHL 10 5.0 

15 3.0 

Propagation Delay Time tPLH• 5.0 2.4 µs 
(Clock to RC) tPHL 10 1.0 

15 0.75 

Propagation Delay Time tPLH, 5.0 2.2 µs 
(Clock to Digit Selects tPHL 10 0.85 

or a outputs) 45 0.65 

Display Update Pulse Width PW(DU) 5.0 230 ns 
10 90 
15 65 

Comparator Pulse Width (Low State) PW(Comp) 5.0 11.5 µs 
10 4.5 
15 2.5 

OPERATING CHARACTERISTICS 

The MC14435 contains the clock, BCD ·counters, 
latches, BCD multiplexing, and control circuitry for a 
3-1/2 digit A to D converter. In conjunction with the 
MC1505 analog subsystem a multiplexed A to D can be 
implemented in three 16-pin packages as shown in Figure 5. 

Two connections are required between the analog sub
system (MC1505) and the logic subsystem (MC14435). 
These two connections are the comparator input (Comp) 
and th.e. ramp control output (RC) of the MC14435. The 
clock and counters operate whenever the comparator line 
is high. After 1000 counts from the clock, the RC output 

goes high, switching the integrator input from the un
known current to the reference current. When the inte
grator output falls below the threshold level the comparator 
line goes low, inhibiting the clock and ending the con
version cycle. The BCD content of the counters is then 
strobed into the latches, the counters reset, and the con
version cycle starts over. 

After the RC line goes high, the next 100 pulses are 
subtracted, compensating for the offset produced by the 
analog subsystem. The three BCD latch outputs are multi
plexed into a single 4-line output. The multiplex frequency 

® MOTOROl.A Semiconductor Pr~ducts Inc. 
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is the same as the clock frequency. 
The internal oscillator requires a capacitor between 

pins 3 and 4. Figure 1 shows a curve ~f output frequency 
versus capacitance value for determining the desired system 
clock frequency. An external clock oscillator may be 
used by removing the clock capacitor and conriecting 
the external signal to pin 3 (negative edge trigger), or 
pin 4 (positive edge trigger). 

The Display Update input (DU) is used to control the 
rate of display of the BCD multiplexed outputs. If the DU 
input is held high, the system makes conversions contin
uously and strobes each conversion into the memory 
latches to be multiplexed'out. If the DU input is held low, 
after one conversion has been entered into the latches, all 

OUTPUT MULTIPLEX TIMING DIAGRAM 

Clock ~ 

Comp 1 

0 

DS1 1 
0 

_1 
DS2 O 

_1 
OS3 O L__J 

00 1 r--1 0 

011 II 0 

02 1 

0 

1 
03 0 

1 
1/2 D 0 

FIGURE 1 - TYPICAL OSCILLATOR FREQUENCY versus 
EXTERNAL CAPACITOR VALUE 

0.1 

"' JIII I 
~ ~ JlIII ~ 3 0.01 

~ 
w 
<.> 

~ 0.001 
t-
u 
~ 
5 
80.0001 

voo = s 
-.;; 15Vdc 

Vdc~lOVd'tS 
1'1.,,1 

~ ?lo 

other conversions will be blocked from entering. By 
synchronizing the DU input wi'th the system clock, the 
rate of displayed output updating can be controlled. 

The 3-digit multiplexed BCD pins 11, 12, 13, and 14 
are low for a BCD word of "zero", while the digit select 
lines are nqrmally high and go low for the individual digit 
selection. The half-digit output (pin 10) is in the logic "1" 
state whenever the input voltage is greater than 1.0 volt. 
When the input voltage is greater than 2.0 volts, pin 9 goes 
low after 2100 counts are reached during the ramp down 
portion of the conversion cycle, or 3100 total counts. The 
overrange (OR) pin remains in this condition._until the 
counters are reset and the ne~t conversion cycle starts. 

INPUTS 

Comp DU 

0 x 

_r- x 

~o 

FUNCTIONAL TRUTH TABLE 

FUNCTION 

BCD Counter is held reset to "'O"'. 
Digit Select Counter is_ held reset to .OS 1. 
Previous count is held in latches. 
Clock oscillator is inhibited, RC and OR are held reset. 

Clock oscillator starts 
BCD counter begins counting clock. 
Digit Select counter runs, operating output multiplexing. 
Previous count is held in latches. • 

Clock oscillator is inhil!>ited. 
New count is strobed from the first BCD 
Counter into latches. 
BCD counters are reset. 
Digit select counter is reset to 0$1. 
RC and OR are reset. 

The first negative edge of Comp after DU is brought low 
produces the same results as. if DU was high. On subsequent 
cycles o_f Comp the Clock oscillator, BCD counters,_and 
Di9it Select counter operate normally, but no_ further latch 
strobe)I occur. 

RC a';;d OR are reset. 

X = Don't Care 

35 

30 

~ 20 
z 
0 

!;;: 10 
a: 
<( 

> 

~ 
~ -10 
8 
~ -20 

-30 

FIGURE 2 - TYPICAL OSCILLATOR FREQUENCY 
VARIATION versus TEMPERATURE 
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~ 
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APPLICATION INFORMATION 

The dual ramp A to D system is an integrating con
verter whose output is relatively independent of both 
clock frequency and integrator capacitor value. The timing 
diagram shows a typical conversion cycle for the dual 
ramp system. A block diagram of the basic system is 
shown in Figure 3 of the data sheet. The up ramp 
voltage is created by charging an integrator capacitor with 
a constant current whose value is proportional to the 
unknown input voltage. This time period (T1) lasts for a 
fi.xed number of clock pulses, which in the case of the 
MC14435 is 1000 clock pulses. The voltage on the output 
of the integrator at this point is proportional to the input 
voltage. After this fixed time period the ramp direction is 
reversed by switching the integrator capacitor input to a 
reference current which is the opposite polarity of the 
input current. The integrator capacitor is discharged until 
the output voltage reaches the comparator threshold value. 
:rhis variable time period (T2) is proportional to the 
unknown input voltage. The unknown input voltage is the 

product of the reference voltage and the ratio of T2 to 

Tl or T2 = T1 ~· 
When the input voltage to the basic dual ramp system 

is zero or near zero the integrator current during the ramp 
up time period is zero or near zero. In this case the 
ramp down period would be very short. Thus any noise in 
the system could cause delay in the comparator line going 
low and cause instability in low voltage readings. The 
problem is eliminated by adding a fixed offset current to 
'the unknown current and subtracting out the equivalent 
number of counts in the digital counters to compensate 
for the offset current. With this technique the A to D 
always has at least a minimum number of counts on the 
counters with a zero input voltage. In the case of the 
MC14435 the number of pulses subtracted out is 100 
pulses; e.g., the down ramp is 100 pulses longer than T2. 

For additional information consult the MC1505 (Ana· 
log Subsystem) dat~ sheet. 

FIGURE 3 - BASIC DUAL RAMP SYSTEM 

Vx 

•o +•xi Comp 

Ramp Control 

Control 
Circuitry 

FIGURE 4 - DUAL SLOPE A/D CONVERTER SYSTEM TIMING DIAGRAM 

10 
= •x(maxl 

20 

10 corresponds to ramp 
slope when Ix = 0. 

Integrator 

Comparator 

(Ix+ •o> T1 =IA (T2 +TO) Ramp 

Vin= VREF ¥, 
Control 

t1 t2 t3 t4 

J L 
L 

t2 t4 

@ MOTOROLA Semiconductor Products Inc. 

6-210 



@ 
~ 
a 
a 
~ 

(I) 
CD 

= .... 
C') 
0 
:s 
~ n· ... 
0 .. ,, 
a 
~ 
C') ,.. 
~ 
.... :s 
~ 

:>no o 
~ 0 .... :::;· 

:hg 
!~~~ 
ce.a3·'; 
~ 5!'° 3 
:I 3 ~"' . QI< c: 

~H~ 
5·~ "'~ 
o::h: 
~ n· -·o 
~ ~·g Q 
g·;~~ 
:T"" o~ 

;g:~ 
~~~a 

HU 
~~g~ 
~s=: ""-...c QI 

:h·~~ 
at:> ... C» 
:I 0<:1 
Q. ..... ~ ell 

~8 =iii' .. ::i ca 

HH 
~o~a 
:~~·O 
~s g g 

Hh 
i.~~J 
J,..,,"" 
ii?;~~ 
2.:; ~~ 
!!:3 ~ .. 
s 3:~. 
a a~;: 
~~~~ 
~ ~=-~ 
0 CD ~:1 

2 ~·~ ~ 
JU'l-QJ ~ 

~ ~g.-~ 
£.~S: 
io -· o.: ;;-
<»:i< 

~ s ;· 

10 k 
Full Scale 

Calibration 

Full 
Scale 100 
Trim 

FIGURE 5 - TYPICAL AID SYSTEM INCLUDING DRIVERS AND LED DISPLA VS 

+VDo Int, +vDo +vDD 

n I ?11 Clock D~n 1f]1s 

~ 6 ~·~· •• 

QO 
14 _! !!. J. 3 _,.,,_ .,..,. ..... ...... ..... " 

Q1 10 !.. Quad _,;_ ,.. 
13 3 ""' ..... Segment p 13 RamJi-

,.. ,.. 
"V' "V' 11 1~ Driver 12 - MC75491 .,..,. 

""' -~ 

Control Q2 
7 12 2 10 ,..I 11 .J! 

* MC1505 
,.. MC14435 - - MC14543 

10 ...... -v ""' -7'.J\. 'A 7L.l\. 

Analog 
Input 

Notes: 

Common 
used in this 

Vo1s may 
to conserve 

Use the to 
calculate th 
current limit 

v 
RL=-

Where: V 
voltage drop 
ILED ist_he 

(This assum 
across the sa 
sister driver 

Q3 1= 426 913~ ).. 1/2 D 
1 

~ 
11 4 "V' 

0--0- - ,.. 
7 

Quad ..., -v 
~ Segment .J\.. 

Driver 

2 9 5 8 7 1! ~ 
3/4 

r.Itrt I 
,.. 

r.-y.-y 
MC75491 .....,. 

" -
1015( ~ 20 

1 Ill 10 k . 

~ -:-. Comparator 
DS1 -= - 4269~ 

"::' Output 
DS2 Zero Adjust 

DS3 

~s '"oos 

+Vo1s 

O>Voos •••~ •.•• 

~2N-2 1.5 k . ' 

2N4402 2N4402 
Anode Displays are 
xample. 

e lower than VDD 
ower. 

lowing formula to 
value of R L• the 

I ,-, ,- f~/ ng resistor: 

DIS - VLED -' 1LED I -, I I 
LED is the forward 

of the LEO and b c a b c d e f g a b c d e f g a b c d e f g 

esired current. p p1 III 111 
is the voltage drop 

: 2/3 RL 
I J IJ urated bipolar tran- 5.0 k I~ I~ 

to be negligible). 
~ 

Y>-
(114 MC75491) 

II 

3 ,.. 
"" 
5 
~ ....., 

~ 
~ 

RL 

~ 
R~ • 

Rl 

RL : 
~ 

RL 

: 
R~ ~ 

? 
RL 



L.C.[,> WATCH/CLOCK CIRCUIT 

The MC14440 utilizes complementary MOS processing to. give 
micropower performance for watch and clock applications. This 
circuit provides hours and minutes information during normal use. 
On . demand, the seconds and date of the month are displayed 
sequentially. A 1/2-Hz flashing colon is provided to separate the 
hours and minutes. · 

All timekeeping registers in the MC14440 can be set at a 1-Hz 
rate by enabling the appropriate setting pin (hours, minutes, or 
days). The seconds register is set to zero when minutes are set; the 
start pin must be enabled to begin timekeeping. 

The. MC14440 oscillator section ·is driven by a 32-kHz crystal, 
biasing .capacitors and resistors, and a 1.58-V battery. Outputs are 
supplied to drive a diode-capacitor voltage converter that provides 
the drive for the high voltage (3 .. 8 V typical) portion of the circuit 
and the liquid crystal display. 

• Low Current Drain - 5.0 µA typical 
• · Single CMOS Chip 
• On-Chip Oscillator (Uses 32. 768-kHz Crystal) 
• Diode Input Protection 
• Operates from Single 1.58 Vdc Battery 
• Frequency Outputs for DC-DC Up-Converter 
• Directly Drives a Liquid Crystal Display ( L.C.D) 
• Hours, Minutes, Seconds, Date ·of Month Display Capability 

Display 

vDD Vss HF Hf: Common 

(40] 36 16[16] 

HoursSet (15] 15 u--1-11------; 

22(26) 21 [25) 30[34] 

I 
I 
I 
I 

Senirig I 
Minutes/Data (27] 23 ~-+-i-------1 Function I 
Second/Date (38] 34 ~-+-1-------1 Control l 
Demand/Start I I L __________ _J 

Display Test (19] 19 

Number at end of terminal 

Vss' 
35(39] 

MC14440 

McMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

L.C.D WATCH/CLOCK CIRCUIT 

CHIP 

L SUFFIX 
CERAMIC PACKAGE 

CASE 715 

ZSUFFIX 
LEAD LESS CERAMIC PACKAGE 

CASE 703 

Level Shift Test 
20(20] 

BuM =Pin 2 (2] 

CuM = Pin 3 [3] 

DuM =Pin 4 (4] 

EuM = Pin 5 (5] 

FuM=Pin 6 (6] 

BTM =Pin 9 (9] 

CTM =Pin 10 (10) 

DTM= Pin 11 (11] 

ETM =-Pin 12 [12) 

FTM =·Pin 13 (13] 

BuH = Pin 27 (31] 

CuH = Pin 28 (32] 

DuH = Pin 29 (33] 

EuH =Pin 31 (35] 

FuH =Pin 32 (36] 

denotes pin number for .__--t-----+---+------+------+---+----+---1-_. 
leadless Cera.mic Square 
Package. 
Number in brackets de
notes pin number for 
dual in-line package. 

(28] 24 
TH 

(30] 26 33(37] 
AuH· .. GuH 

(7 Lines) 

(29] 25 
Col 

c '>1'> 

1818 1M14J 

ATM···GTM 
(7 Lines) 

(1] 1 7(7] 

AuM· .. GuM 
(7 Lines) 



MAXIMUM RATINGS (Voltages referenced to Vool 

Rating Symbol 

DC Supply Voltage V55 
V55' 

Input Voltage Display Test Input Vin 

Other Inputs 

DC Current Drain per Pin I 

Operating Temperature Range TA 
Storage Temperature Range Ts!9_ 

Value 

-1.65 to +o.5 
-4.5 to +o.5 

Voo +0.5to 
Vss' -0.5 

Voo + 0.5 to 
V55-0.5 

10 

-10to +60 

-30to +85 

Unit 

Vdc 

Vdc 

mAdc 
oc 

-oc 

This device contains circuitry to protect 
the inputs against damage.due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 

. than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range V55 .;;; (Vin or 
Voutl.;;; Voo· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VssorVool. 

ELECTRICAL CHARACTERISTICS (Voo = o. Vss = -1.40 Vdc, Vss' = -4.5 Vdc, TA= 25°C unless otherwise noted.I 

Characteristic Symbol Min Typ Max Unit 

Power Supply Operating Range Vss -1.65 --1.58 -1.4 Vdc 
Vss' -4.5 -3.8 -3.0 

Output High Voltage VoH -0.2 0.0 - Vdc 

Output Low Voltage HF.HF VoL - -1.4 -1.2 Vdc 
Segment Drivers, Display Common - -4.5 -4.3 

Output Drive Current µAde 
(Vos= 0.2 VI HF.HF IOH 70 100 -

IOL 100 250 -
Segment Drivers IOH ·2.0 10 -

IQL 2.0 40 -
Display Common loH 15 60 -

loL 15 60 -
Quiescent Current toss .,.... 0.1 1.0 µAde 

. toss· - 0.2 3.0 

Input CurreA.t lin - 0.00001 - µAde 

Dynamic Device Current 155 - 4.0 10 µAde 
lfin = 32. 768 kHz, No Output Load, V SS = -1.58 VI 155' - 1.0 3.0 

Minimum Voltage Required for Oscillator $tart V~sst - 1.4 1.5 Vdc 
(See Applications Information) 

EuM DuM CuM BuM AuM Voo Vss Sec GuH FuH 

5 4 3 2 36 35 34 33 32 

AuM 0 40 

FuM 6 31 EuH 2 BuM 39 

3 CuM Sec 38 
GuM 7 30Com 

4 DuM GuH 37 

ATM 8 29DuH 5 EuM FuH 36 

6 FuM EuH 35 

BTM 9 28CuH GuM Com 34 

8 ATM DuH 33 
CTM 10 27 BuH 

9 BTM CuH 32 

26AuH 10 c™ BuH 31 
0™11 

11 DTM AuH 30 

ETM 12 25 Colon 12 ETM 29 

13 Fj'M TH 28 

fTM 13 24TH 14 GTM Min 27 

15 Hr HF 26 
GTM 14 16 Vss HF 25 

Hr Vss Osc Osc OT LST HF HF Min 17 Oscout NC 24 

out in 18 Oscin NC 23 
Die Size: 151 x 174 mils 19 OT NC 22 
Chip bonding pad assignment same as Case 703 pin assignment. 

20 LST NC 21 Chip geometry subject to change without notice as modifications are made. 

Due to die cleavage angles, the actual size of the chip could be up to 
7.0 mils (0.17 mm) larger than indicated in both dimensions. 

® MOTOROLA Semiconduct:or Product:s Inc. 
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MC14440 

OPERATING CHARACTERISTICS 

NORMAL OPERATION 
During normal operation the setting function inputs 

are tied to Vss (-1.58 V) and the seven-segment outputs 
display tens of hours, unit hours, tens of minutes, and 
unit minutes information. The colon flashes at 1 /2 Hz. 

SECONDS/DATE DEMAND 
When the seconds/date demand input is at VDD (0.0 V) 

the seconds register information is displayed on the tens 
of minutes and unit minutes seven-segment outputs. The 
colon remains on and the tens and unit hours seven
segment outputs are blanked. 

When the seconds/date demand input is returned to 
Vss the date register information is displayed on the unit 
hours and tens of minutes seven-segment outputs for two 
to three seconds. Tens of hours, unit minutes, and the 
colon are blanked while the date is being displayed. 

MINUTES SET 
When the hours register is at "12", the minutes register 

may be set at a 1-Hz rate by applying VDD to the minutes/ 
date set input. To begin normal timekeeping, the start 
input must be enabled. 

STARTING 
During setting of the minutes register, the seconds 

register is reset to zero and the other timekeeping registers 
are prevented from advancing until VDD is .applied to the 

start input (second/date demand). This allows accurate 
time setting when referenced to a precision time standard. 

HOURS SET 
The hours register may be set at a 1-Hz rate when V DD 

is applied to the hour set input. The other timekeeping 
registers are not altered or affected while hours are 
being set. 

DATE SET 
When the hours are not at "12" the date register may 

be set at a 1-Hz rate by applying VDD to the minute/date 
set input. The other timekeeping registers are not affected 
while the date is being set. 

DISPLAY TEST 
\Mien the display test input has VDD applied, it may 

be used to generate a "1" on all seven-segment outputs 
relative to the voltage level of the display common output. 

LEVEL SHIFT TEST 
The level shift test input must be left open during 

normal operation. This input is used for rapid testing of 
the circuit. If it is tied to a fixed voltage, normal operation 
will be inhibited. 

NORMAL DISPLAY TRUTH TABLE 

Second/Date Minutes/ 
Function Demand/Start Hours Set Date Set Comments 

Hours, minutes display 0 0 0 Timepiece runs normally with hours and 
minutes displayed and the colon blinking. 

Seconds di~~ 1 0 0 Timepiece displays seconds and colon only. 

Date display 0 0 0 For 2 to 3 seconds after coming to this input 
condition from the seconds display input 
condition, the date is displayed on the center 
two digits. 

SETTING PROCEDURE 

Second/Date Minutes/ 
Step Demand/Start Hours Set Date Set Comments 

1. Set hours if= 12. 0 1 0 Hours advance at 1-Hz rate until released to 
the 0, 0, 0 input co~dition. 

2. Set date. 0 0 1 With hours if= 12, date advances at a 1-Hz rate. 

3. Set hours= 12. 0 1 0 Hours advance at 1-Hz rate until released to 
the 0, 0, 0 input condition. 

4. Set minutes. 0 0 1 With hours= 12, minutes advance at 1-Hz rate 
and seconds are reset to zero. 

5. Set hours. 0 1 0 Hours advance at 1-Hz rate until released to 
the 0, 0, 0 input condition. 

6. Initiate timekeeping. 1 0 0 Timekeeping is started; date will be displayed 
for 2 to 3 seconds, then hours and minutes 
with colon blinking. 

O=Vss. 1 =Voo 

@ MOTOROLA Sen-.iconductor Products Inc.--------' 
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MC14440 

APPLICATIONS INFORMATION 

TH 
(Tens of Hours) 

Display 
Common 

01, 02 = MBl101, MMT500 
or Equiv. 

03 = MBl101, MMT501 
or Equiv. 

UH 
(Unit Hours) 

Note 1. Recommended L.C.D for 
watch applications: 
Motorola MLC500 or MLC501. 

For clocks, the MLC400 may be used. 
Note 2. Level Shift Test pin must be 

left floating. 

Colon 

6-35 pF 

•Note 3. For information on the MT032A, contact the 
Motorola Ouartz Timepiece Crystal Group, 
(312) 451-1000. 

••Note 4. When Display Test is connected to ground (V ool, 
all segments are displayed. 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necess~nily given. The information has been carefully checked and 

TM 
(Ten.s of 
Minutes) 

22 pF 

UM 
(Unit Minutes) 

is believed to be entirely reliable. However. no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 

@ MOTOROLA Sen>iconduc~or Produc~s Inc. ---------" 
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MOTOROLA 
Semiconduc~ors 
BOX 20912 o PHOENIX, ARIZONA 85036 

OSCILLATOR/216 DIVIDER/BUFFER 
with Integrated Feedback Capacitor 

The MC14450 consists of an oscillator, 16-stage divider, and two 
buffers in a single monolithic structure. This circuit ~mploys 
complementary MOS devices for low-voltage operation and extremely 
low power dissipation. It finds primary use in crystal controlled 
timing circuitry, and is particularly suited for wristwatch and low
voltage clock operation. -

The oscillator section has an output capacitor integrated on the 
chip. The addition of a crystal, an input capacitor, and a feedback 
resistor is all that is necessary to complete the oscillator circuit. 

The divider section consists of a 16-stage binary divider. Two 
outputs are provided, 180 degrees out of phase. The outputs of the 
last six stages of the divider are used to gate the output pulses, 
providing narrow output pulse widths. Both outputs are buffered to 
provide fast rise and fall times, and to maximize energy transfer to 
the load for the pulse duration. 

-The MC14450 utilizes a 1.58 volt silver oxide battery, and provides 
peak output pulse voltages of more than 1.20 volts with a 5.2 
kilohm load. 

This device provides a divide-by-65,536 function and can be 
operated at frequencies to 1.0 MHz. When operated at 32. 768 kHz, 
it provides 0.5 Hz, 1.563% duty cycle alternating output pulses. 

• Extremely Low Operating Current Consumption: 4.0 µA Typical 
• Typical Power Supply = 1.58 V , 
• Inverting Amplifier with Integrated Feedback Capacitor 
• Gated and Buffered Outputs 
• Diode Protection on Input 
• High Output Drive at Low Voltage 

T
Cout 

vss 

Voo =Pin 6 
Vss =Pin 3 

BLOCK DIAGRAM 

5-216 

MC14450 

McM05 551 
(LOW·POWER COMPLEMENTARY MOS) 

OSCILLATOR/216 DIVIDER/ 
BUFFER 

LSUFFIX 
CERAMIC PACKAGE 

CASE 688 

MCC PREFIX 
CHIP 



MC14450 

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 3.1 

Rating Symbol 

DC Supply Voltage Voo 
Input Voltage, AH Inputs Vin 

DC Current Drain per Pin I 

Operating Temperature Range TA 
Storage Temperature Range Tstg 

Value 

+3.0 to -0.5 

Voo+0.5to 
Vss-0.5 

10 

0 to +50 

-30 to +85 

Unit 

Vdc 

Vdc 

mAdc 
oc 

oc 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vss .;;; (Vin or 
Vout> "Voo· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vssor Vool. 

ELECTRICAL CHARACTERISTICS IVoo = 1.58 Vdc;Vss = o. TA= 25°c unless otherwise noted.I 

Characteristic Symbol Min Typ Max . Unit 

Power Supply Operatlng Range voo 1.3 1.5 3.0 Vdc 

Output Voltage (No Load) V..o.t:1.. 1.4 1.5 - Vdc 

V...Q_L - 0.0 0.1 Vdc 

Output Drive Current 
(VoH = ·1.3 Vdc) loH 700 - - µAde 
(VOL= 0.2 Vdc) loL 1000 - - µAde 

Input Current lin - 0.00001 - . µAde 

Quiescent Device Current •a - - 1.0 µAde 

Dynamic Device Current 100 µAde 
(f = 3i768 kHz, No Output Load) Square Wave, Pin 2 - 2.6 7.0 

MT032A Crystal - 4.0 -
Minimum Voltage Required for Oscillator Start Voos - 1.4 1.5 Vdc 

Feedback Oscillator Capacitance Cout - 20 - pF 

FIGURE 1 - OUTPUT WAVEFORMS 

--T--·I 
Vout1 jl ____ n =rE-PWM-0 - ... -~==~n-~:~~ 

~' ·I ' 

Vout2 -._----~-... ·= MMO n VOH2 - • - - ,..._ _____ ~· ._ _____ _,,......._ ___ vou 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- 0 

PWMo. MOTOR DRIVE PULSE WIDTH= 0.01563 T 

OUTPUT PERIOD, T =INPUT :~~3~UENCY 
Von I= VQHI = VQL2 
Von.2 = VQH2 = Vou 

Note: Refer to Figure 4 for connection diagram. 

'--------@ MOTOROLA Se1FJiconductor Products Inc. 



MC14450 

FIGURE 2 -TYPICAL 32-kHz OSCILLATOR CIRCUIT FIGURE 3 - TYPICAL CURR,ENT DRAIN versus FREQUENCY 
(No Output Load) 

6-35 pf 

- 100 
<{ 

II L..f 
12'. 

: 

m o.,. """' 3 
..... 
z 
w 
a: 
a: 
:::> 

~ 10 
voo = 1.58 v 

~ 

MOTOROLA MTQ32A CRYSTAL 
fA(CL) = 32.768 kHz 

R5<0;30k!! 

- to Oscout (P111 1l 
0 

> 
0 

~ 
1.0 

2.0 

~ ,,,,,.... 
~ 

5.0 10 20 50 100 200 500 1000 2000 
Co= 1.9 pf Typical 
C1=0.0056 pf Typical fin. DIVIDER INPUT FREQUENCY (kHz) 

APPLICATIONS INFORMATION 
Figure 4 illustrates a typical wristwatch system. The MC14450 drives a rotary motor which 

rotates 180° with each input pulse. · 

BATTERY 
1.58 v 

FIGURE 4 -TYPICAL WRISTWATCH SYSTEM 

I ::L I 
L__~ -- - - -- _ ~~RS_J 

OUTPUT WAVEFORM ACROSS MOTOR 

Von= Voltage at pin 4 
minus voltage at pin 5. 

R motor= 5.2 k i! minimum 

~~IO·T···-----j r-'°'"'' 
~-~ L n t u - .. 

WATCH 
MOVEMENT 

Circuit diagrams utilizing Motorola products ar~ included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

is believed to be entirely reliable. However, no responsibility is 
assumed for .inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 

® MOTOROLA Semiconducror Producrs Inc.--------



MC14450 

MILLIMETERS 
DIM MIN MAX 
A 5.97 7.11 
B 4.32 5.72 
c 1.17 1.91 
D 0.25 0.51 
F 0.08 0.15 
G 1.27 BSC 
H 0.13 0.89 
K 1.90 3.05 
N 0.89 J. l.52 

PACKAGE DIMENSIONS 

CASE 688-05 CASE 704-02 

INCHES 
MIN MAX 

0.235 0.280 
0.170 0.225 
0.046 0.075 
0.010 I 0.020 
o.oof 0.006 

0.050.BSC 
0.005__1 0.035 
0.075 0.120 
0.035 0.060 

A 1·11~ 
. jt 

NOTES: 
1. LEADS, TRUE POSITIONED 

WITHIN 0.13 mm (0.005) RADIUS 
TD DIM "A" & "B" AT MAXIMUM 
MATERIAL CONDITION. 

DIM 
A 
B 
c 
D 
F 
G 
H 
K 
N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
5.69 6.35 0.224 0.250 
4.06 5.08 0.160 0.200 
1.17 1.90 0.046 0.075 
0.38 0.51 0.015 0.020 
0.20 0.30 0.008 0.012 
1.22 1.32 0.048 0.052 
0.13 0.89 0.005 0.035 
2.34 2.84 0.092 0.112 
0.89 1.14 0.035 0.045 

MCC14450 BONDING PADS 

2 

3 

Chip geometry subject to change without 
notice as modifications are made. 

Due to die cleavage angles, the actual size of the chip 
6 could be up to 7.0 mils (0.17 mm) larger than indicated 

in both dimensions. 

4 

Die Size: 64 x 68 mils 

®MOTOROLA Semiconducf:or ProduC'fs Inc. 
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MOTOROLA 
Semiconduc'fors 
BOX 20912 • PHOENIX, ARIZONA 85036 

OSCILLATOR/211to219 DIVIDER/BUFFERED 
DUTY CYCLE CONTROL 

The MC14451 consists of three sections: an oscillator, an 18-stage 
divider, and a buffered flip-flop for pulse width control and current 
sink drive. These circuits employ metal-gate complementary MOS de
vices for low-voltage operation and extremely low power dissipation. 

A wide variety of output pulse widths and frequencies can be 
obtained using the pulse-width-control flip-flop. The number of 
combinations can be further increased by the variety of crystal 
frequencies or R-C networks used with the oscillator section. 

The buffered output of the duty-cycle-control flip-flop consists 
of an N-channel MOSFET for maximum current sinking capability 
and a P-channel active pullup device. Outputs from the 18-stage 
divider section provide a negative logic binary count. 

Applications of the MC14451 include power-off timers, low
power-consumption timers especially suited for battery applications, 
elapsed timers, wall clocks, auto-timers for feeding systems, fuse 
timers, incubator timers, weather measurement equipment, and many 
other battery or low-power applications. 

• On-Chip Duty Cycle Control 
• Buffered Duty Cycle Control Output 
• On-Chip Oscillator 
• Low Power Consumption -20 µ.W typical@ 1.5 Vdc 

and f = 262 kHz 
• Operating Supply Voltage Range = 1.3 to 3.0 Vdc 
• Diode Protection on Inputs 

BLOCK DIAGRAM 
Voo 

3 
Osc1n 

Vss 
4 

Oscout 

2 
010. 011 011 

'~ Duty Cycle 
.,_J - Control Output 

q 
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15 

012 

14 

013 

MC14451 

McMOS MSI 
(LOW.POWER COMPLEMENTARY MOS) 

OSCILLATOR/211to219 DIVIDER/ 

BUFFERED DUTY CYCLE 
CONTROL 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

• 

13 12 
014 015 

Voo =Pin 16 
Vss =Pin 8 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

MCCPREFIX 
CHIP 

11 10 

016 017 
9 

018 



MC14451 -

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 81 This device contains circuitry to protect 
Rating Symbol Value Unit the inputs against damage due to high static 

DC Supply Voltages VDD +3.0to -0.5 Vdc voltages or electric fields; however, it is 

Input Voltage, All Inputs Vin VDD+0.5to Vdc 
advised that normal precautions be taken 
to avoid application of any voltage higher 

Vss-0.5 than maximum rated voltages to this high 
DC Current Drain per ~in I 10 mAdc impadimce circuit. For proper operation it 

Operating Temperature Range TA -10 to +60 oc is recommended that Vin and Vout be 

Storage Temperature Range Ts![ -30to+85 oc 
constrained to the range Vss .;;; (Vin or 
Vout>.;;; VoD· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vssor Voe> • 

. ELECTRICAL CHARACTERISTICS (Voe= 1.58 Vdc, Vss = o. TA= 25°C unless otherwise noted.I 

Characteristic Symbol Min Typ Max Unit 

Power Supply Operating Range Voe 1.3 1.5 3.0 Vdc 

Output Voltage V..o.Ji 1.38 1.5 - Vdc 

Vol - 0.0 0.2 Vdc 

Output Drive Current IOH ,11,Adc 
(VoH = 1.3 Vdc) Divider Outputs -8.0 -25 -

Duty Cycle Control Output -8.0 -25 -
(Vol= 0.2 Vdcl Divider Outputs IOl 15 50 - PA de 

Duty Cycle Control Output 400 1200 -
Input Current 'in - 0.00001 - µAde 

Quiescent Device Current ia - 1.0 15 µAde 

Dynamic Device Current too - 20 200 µAde 
(f = 262.144 kHz, no output load) 

Minimum Voltage Required for Oscillator Start Voes - 1.2 1.5 Vdc 

TYPICAL OSCILLATOR CIRCUITS 

FIGURE 1 - 262-kHz CIRCUIT FIGURE 2 - 32.768 kHz CIRCUIT 

.- -- to Osc1n 

to Oscin Cin 1 r 6-35 p;l 
(Pin 3) 

r 5-40~ --
_cin ? (Pin 3) 

n D RF= 22 M 

n ~ D RF = 22 M ~ 20pF I 
~ 27pF I Cout 

to Oscout 
Cout 

~ 

.... to Oscout Crystal Specification (Pin 4) 

Crystal Specification (Pin 4) (MT032A) 

(MTQ262) FA(C() •32.768 kHz 

fA(CL) = 262.144 kHz Rss30kH 

Ass 1.s kH 0:1!:40k 

Q~20k Co".' 1.9 pF Typical 

Co= 8.0 pF Typical C 1 = 0.0056 pF Typical 

C1 = 0.025 pF Typical 
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FIGURE 3 - TIMING DIAGRAM 

2° 21 28 29 210 211 3072 212 6120 6144 7168 213 214 216 216 217 218 219 

Osc1n ~ - -u U U U LJ li lJ LJ lJ lJ lJ lJ LJ LI l.J L 
011 s s _r _f s _f 

010•011 L_J LJ" S S I S I S 
012 s r s r _r s 
013 _r _r I _r _r 
014 S _r S .S 
fu6 s s s 
016 s s 
fu7 J 
018 

Driver Input 

Duty Cycle Reset 

Duty Cycle Control Output 

14 13 12 11 

2 

3 4 6 6 

Die Size: 67 x 69 mils 

MCC14451 BONDING PADS 

Chip geometry subject to change 
without notice as modifications 
are made. 

Due to die cleavage angles, the actual size of the chip 
could be up to 7.0 'mils (0.17 mm) larger than indi
cated in both dimensions. 
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FIGURE 4 - FUNCTIONAL MATRIX 

Crystal Frequency = 262.144 kHz 

Pin6 Pin 7 (Duty Cycle R8Mtl Connected To: 
(Driver 
lnputl 

Connected Pin 1 Pin2 Pin 15 Pin 14 Pin 13 Pin 12 Pin 11 Pin 10 Pin9 
To: Characteristic 011 010 e 011 012 013 014 015 016 017 018 

Pin 9 Pulse Width 3.9ms 5.85 ms 7.Sms 15.62 ms 31.25ms 62.5ms 125ms 250ms 500ms 
018 fout 1 Hz 1 Hz 1 Hz 1 Hz 1 Hz 1 Hz 1 Hz 1 Hz 1 Hz 

Pin 10 Pulse Width 3.9ms 5.85ms 7.8ms 15.62ms 31.25ms 62.5 ms 125ms 250ms 
017 fout 2 Hz 2 Hz 2Hz 2Hz 2Hz 2 Hz 2Hz 2 Hz 

Pin 11 Pulse Width 3.9ms 5.85ms 7.8ms 15.62 ms 31.25ms 62.5ms 125ms 
016 fout 4 Hz 4 Hz 4Hz 4 Hz 4 Hz 4 Hz 4Hz 

Pin 12 Pulse Width 3.9ms 5.85ms 7.8ms 15.62 ms 31.25ms 62.5ms 
015 fout 8 Hz 8 Hz 8Hz 8Hz SHz 8 Hz 

Pin 13 Pulse Width 3.9ms 5.85 ms 7.8ms 15.62ms 31.25ms 
014 fout 16 Hz 16 Hz 16 Hz 16 Hz 16 Hz 

Pin 14 Pulse Width 3.9ms 5.85ms 7.Sms 15.62 ms 
013 fout 32Hz 32 Hz 32 Hz 32 Hz 

Pin 15 Pulse Width 3.9ms 5.85ms 7.8ms 
012 fout 64 Hz 64 Hz 64 Hz 

Pin 1 Pulse Width 3.9ms 
011 fout 128 Hz 

Crystal Frequency = 32. 768 kHz 

Pin6 Pin 7 (Duty Cycle Reset) Connected To: 
(Driver 
lnputl 

Connected Pin 1 Pin2 Pin 15 Pin 14 Pin 13 Pin 12 Pin 11 Pin 10 Pin9 
To: Characteristic 011 (iiO;"Qfi 012 013 014 015 016 017 018 

Pin 9 Pulse Width 31.3 ms 46.Sms 62.5 ms 125ms 250ms 500ms 1000ms 2000ms 4000ms 
018 fout 0.125 Hz 0.125 Hz 0.125 Hz 0.125 Hz 0.125 Hz 0.125 Hz 0.125 Hz 0.125 Hz 0.125 Hz 

Pin 10 Pulse Width 31.3 ms 46.Sms 62.5ms 125ms 250ms 500ms 1000 ms 2000 ms 
017 fout 0.25 Hz 0.25 Hz 0.25 Hz 0.25 Hz 0.25 Hz 0.25 Hz 0.25 Hz 0.25 Hz 

Pin 11 Pulse Width 31.3 ms 46.Sms 62.5ms 125ms 250ms 500ms 1000 ms 
016 fout 0.5 Hz 0.5 Hz 0.5 Hz 0.5 Hz 0.5 Hz 0.5 Hz 0.5 Hz 

Pin 12 Pulse Width 31 .. 3ms 46.Sms 62.5ms 125ms 250ms 500ms 
015 fotlt 1 Hz 1 Hz 1 Hz 1 Hz 1 Hz 1 Hz 

Pin 13 Pulse Width 31.3 ms 46.Sms 62.5ms 125ms 250ms 
014 fout 2 Hz 2 Hz 2 Hz 2 Hz 2 Hz 

Pin 14 Pulse Width 31.3 ms 46.Sms 62.5ms 125ms 
013 fout 4 Hz 4 Hz 4 Hz 4 Hz 

Pin 15 Pulse Width 31.3 ms 46.8ms 62.5 ms 
012 fout 8Hz 8 Hz 8 Hz 

Pin 1 Pulse Width 31.3 ns 
011 fout 16Hz. 
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HEX CONTACT BOUNCE ELIMINATOR 

The MC14490 is c~nstructed with complementary MOS enhance
ment mode devices, and is used for the elimination of extraneous 
level changes that result when interfacing with mechanical contacts. 
The digital contact bounce eliminator circuit takes an input signal 
from a bouncing contact and generates a clean digital signal four 
clock periods after the input has stabilized. The bounce eliminator 
circuit will remove bounce on both the "make" and the "break" of 
a contact closure. The clock for operation of the MC14490 is derived 
from an internal R-C oscillator which requires only an external 
capacitor to adjust for the desired operating frequency (bounce 
delay). The clock may also be driven from an external clock source 
or the oscillator of another MC14490. 

• Diode Protection on All Inputs 

• Noise Immunity = 45% of VDD Typical 

• Six Debouncers per Package 

• Internal Pullups on All Data Inputs 

• Internal Oscillator (R-C), or External Clock Source 

• TTL Compatible Data Inputs/Outputs 

• Single Line Input, Debounces Both "Make" and "Break" Contacts 

• Does Not Require "Form C" (Single Pole Double Throw) Input Signal 

• Cascadable for Longer Time Delays 

• Schmitt Trigger on Clock Input (Pin 7) 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14490EFL/FL/FP) 
= 3.0 Vdc to 6.0 Vdc (MC14490EVL/VLNP) 

BLOCK DIAGRAM 

Data 

MC14490 

McMOS LSI 
(LOW.POWER COMPLEMENTARY MOS) 

HEX CONTACT 
BOUNCE ELIMINATOR 

·-·-1 L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC14490 §.t;uffix D.enotes 
L Ceramic Package 
p Plastic Package 
F •Extended Operating 

Voltage Range 
V •Limited Operating 

Voltage Range 
Blank ••standard Operating 

· Temperature Range 
· E ••extended Operating 

•see Features (above, left) 
••see Ma.ximum Ratings 

Temperature Range 

4-Bit Static Shift Register 

cl>1 ct>2 Voo =Pin 16 
Vss =Pin a. 

'-----------------------------'P---o 13 .Cout 

'--------------...,---------------'P---o4 Dout. 

'-----~-----------------------'~11 Eout 

~6 Fout 



MAXIMUM RATINGS (Voltages referenced to V55, Pin 8.) 

Rating Symi>PI Value 

DC Supply Voltage Voo 
- MC14490 EFL/FL/FP +18 to -0.5 

- MC14490EVL/VL/VP +6.0 to -0.5 

Input Voltage, All Inputs 'Vin v00 +o.5 
to Vss -0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range MC14490EFL/EVL TA -55 to +125 
MC14490FL/FP/VL/VP -40 to +85 

Stor11ge Temperature Range Tstg -65 to +150 

ELECTRICAL CHARACTERISTICS 

Voo** T1ow* 
Characteristic Symbol Vdc Min Max 

Output Voltage "O" Level Vout 5.0 - 0.01 
10 - 0.01 
15 - 0.02 

"1" Level 5.0 4.99 -
10 9.99 -
15 14.95 -

Noise Immunity VNL 
(LWout .;; 0.8 Vdc) 5.0 1.5 -
(L'.".Vout.;; 1.0 Vdc) 10 3.0 -
(L'.".Vout.;; 1.5 Vdc) 15' 4.5 -
(L'.".Vout.;; 0.8 Vdc) VN,H 5.0 1.4 -
(L'.".Vout.;; 1.0 Vdc) 10 2.9 -
(L'.".Vout.;; 1.5 Vdc) 15 4.4 -

Output Drive Current*** loH 
Source 

Oscillator Output 
(VoH = 2.5 Vdc) 5.0 -0.23 -
(VoH = 9.5 Vdc) 

I 
10 -0.23 -

(VoH = 13.5 Vdc) 15 -0.69 -
Debounce Outputs 
(VoH = 2.5 Vdc) 5.0 -0.60 -
(VoH = 9.5 Vdc) 10 -0.60 -
(VoH = 13.5 Vdc) 15 -1.8' -

Sink loL 
Oscillator Output 

(VOL= 0.4 Vdc) 5.0 0.23 -
(VOL= 0.5 Vdc) 10 0.60 -
IVoL = 1.5 Vdc) 15 1.8 -

Debounce Outputs 
(VoL = 0.4 Vdc) 5.0 2.4 -
(VoL = 0.5 Vdc) 10 4.0 -· 
IVoL = 1.5 Vdcl 15 12 -

Input Leakage Currents l1H 
Debounce Inputs - - -

(V1H = Vool I 

Pullup Resistor Source Current l1L 
Debounce Inputs 5.0 210 375 

(V1L = Vssl 10 415 740 
15 610 1100 

Input Capacitance Cin - - -
(Vin= 0) 

Quiescent Current 100 
5.0 - 150 
10 - 280 
15 - 840 

*T1ow = -55°C for MC14490 EFL, EVL; ~4a°C for MC14490FL, FP, VL, VP. 

Thigh= +125°c for MC14490 EFL, EVL; +85°C for MC14490FL, FP, VL, VP. 
**Only 5-volt specifications apply to MC14490 EVL, VL, VP devices. 

***Care must be taken not to exceed maximum current ratings (See Maximum 
Ratings Table and Figure 21. · 

Unit 

Vdc 

Vdc 

mAdc 

oc 

oc 

Min 

-
-
-

4.99 
9.99 
14.95 

1.5 
3.0 
4.5 

1.5 
3.0, 
4.5 

-0.20 
-0.20 
-0.60 

-0.50 
-0.50 
-1.5 

0.20 
0.50 
1.5 

2.2 
3.3 
w 

-

140 
280 
415 

-

-
-
-

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and V0 ut be 
constrained to the range Vss .;; (Vin or 
Voutl.;; Voo· 

25°c Thigh* 
Typ Max Min Max Unit 

0 0.01 - 0.05 Vdc 
0 0.01 - 0.05 
0 0.02 - 0.10 

5.0 - 4.95 - Vdc 
10 - 9.95 -
15 - 14.75 -

Vdc 
2.25 - 1.4 -
4.50 - 2.9 -
6.75 - 4.4 -
2.25 - 1.5 - Vdc 
4.50 - 3.0 -
6.75 - 4.5 -

mAdc 

! 

-1.7 - -0.16 -
-0.9 - -0.16 -
-3.5 - -0.48 - I; 

-2.6 - -0.4 -
-1.4 - -0.4 -
-5.4 - -1.2 -

mAdc 

0.78 - 0.16 -
2.0 - 0.4 -
7.8 - 1.2 -

4.0 - 1.8 -
10 - 2.7 -
40 - 8.1 -

pAdc 
10 - - -

µAde 

190 255 70 130 
380 500 145 265 
570 750 215 400 

5.0 - - - pF 

µAde 
40 120 - 100 
75 225 - 180 
225 675 - 550 
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ELECTRICAL CHARACTERISTICS (CL':" 15 pFI 

Characteristic 

Output Rise Time 
All Outputs 

Output Fall Time . 
Oscillator Output 

Debounce Outputs 

Propagation Delay Time 
Oscillator Input to 

Debounce Outputs 

Maximum Clock Frequency 
(50% Duty Cycle) 

Minimum Setup Time 
(See Figure 11 

Maximum External Clock Input 
Rise and Fall Time 
Oscillator Input 

Voo** T1ow* 
Symbol Vdc Min Max 

tf 

PRF 

tsetup 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

Min Typ 

70 
35 
25 

70 
35 
25 

50 
25 
18 

625 
250 
200 

700 
275 
200 

0.4 
1.0 
1.3 

200 
40 
30 

Max Min Max-

L. 

Typical Oscillator Frequency fosc f = 
0

·
375 

VDD IVDD in Vdc, Cext in pFI 
Cext 

*T10 w= -55°C for MC14490 EFL, EVL;-400C for MC14490FL, FP, VL, VP. 
Thigh= +125°c for MC14490 EFL, EVL; +a5oc for MC14490FL, FP. VL, VP 

**Only 5-volt specifications apply to MC 14490 EVL, VL, VP devices. 

FIGURE 1 - TYPICAL SWITCHING TIME WAVEFORMS 

Aout 

Aout 

Voo 

-----ov 
tPLH 

50"A~90"-'_ Voo 
___ __., 10% -------OV 

~ tr 

i ,.----.... ------voo 

~~:~L -"'----~::D 
_/ 

50% 
10% ------ 0 v 

tf 

50% -~ Voo 

tsetupCov 
---------5-0%- Voo 

. 0 v 

FIGURE 2 -AMBIENT TEMPERATURE 
POWER DERATING 

1000 

~ 900 .!. I 
0

- 800 .... ~..-----,~--+----+-PLASTIC OR CERAMIC 
~ ~ PACKAGE --i 

E 100 t--~...-r,---+---+---+----1--~ 

~E soo ~ ....... I 
IC 1;j 500 ~rs: 
;:~ 
~~ 400 '-.I 
~ ").. 
~ 300 ........ 

<( 200t-----+--+---+-~-"'-<-l---+--~ 
:i:_ ~ 
g: 10~ .::s 

25 50 75 100 125 150 175 

TA, AMBIENT TEMPERATURE (OC) 

Unit 

ns 

ns 

ns 

ns 

ns 

MHz 

ns 

ns 

MHz 
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THEORY OF OPERATION 

The· MC14490 Hex Contact Bounce Eliminator is 
basically a digital integrator. The circuit can integrate 

·both up and down. This enables the circuit to eliminate 
bounce on both the leading and trailing edges of the signal, 
shown in the timing diagram of Figure 3. 

Each of the six Bounce Eliminators is composed of a 
4%-bit register (the integrator) and logic to compare the 
input with the contents of the shift register, as shown in 
Figure 4. The shift register requires a series of timing 
pulses in order to shift the input signal into each shift 
register location. These timing pulses (the clock signal) 
are represented in the upper waveform of Figure 3. Each 
of the six Boun~e Eliminator circuits has an internal 
resistor as shown in Figure 4. A pullup resistor was incor
porated rather than a pulldown resistor in order to imple· 
ment switched ground input signals, such as those coming 
from relay contacts and push buttons. By switching 
ground, rather than a power supply lead, system faults 
(such as shorts to ground on the signal input leads) will 
not cause excessive currents in the wiring and contacts. 
Signal lead shorts to ground are much more probable than 
shorts to a power supply lead. 

When the relay contact is open the shift register is 
loaded with a 1 (positive logic assumed) on each positive 
edge of the clock signal. To understand the operation, we 
assume all bits of the shift register are loaded with 1 'sand 
the output is at a 1 or high level. 

At clock edge 1 (Figure 3) the input has gone low 
and a 0 (low level) has been loaded into the first bit or 
storage location of the .shift register. Just after the posi· 
tive edge of clock 1 the input signal has bounced back to 
a logic 1. This causes the shift register to be reset to all 
l's in all four bits - thus starting the timing sequence 
over again. 

During clock edges 3 to 6 the input signal has stayed 
low. Thus a logic 0 has been shifted into all four shift 
register bits and, as shown, the output goes to a 0 during 
the positive edge of clock pulse 6. 

It should be noted that. there is a 3% to 4% clock 
period delay between the' clean input signal and output 
signal. In this example there is a delay of 3.8 clock periods 
from the beginning of the clean input signal. 

After some time period of N clock periods, the contact 
is opened and at N+7 a 1 is loaded into the first bit. Just 
after N+7, when the input bounces low, all bits are reset 
to 0. At N+8 nothing happens because the input and 
output are low and all bits of the shift register are 0. At 
time N+9 and thereafter the input signal is a high ( 1) clean 
signal. At N+13 the output goes high (1) as a result of 
four 1 's being shifted into the shift register. 

Assuming the input signal is long enough to be clocked 
through the Bounce Eliminator, the output signal will be 
no longer or shorter than the clean input signal plus or 
minus one clock period. 

The amount ()f time distortion between the input and 
output signals is a function of the difference. in bounce 
characteristics on the edges of the input signal and the 
clock frequency. Since most relay contacts have more 
bounce when making as compared to breaking, the overall 
delay, counting bounce period, will be greater on the 
leading edge of the input signal than on the trailing edge. 
Thus, the output signal will be shorter than the input 
signal - if you include the leading edge bounce in the 
overall timing calculation. 

The only requirement on the clock frequency in order 
to obtain a bounce free output signal is that four clock 
periods do not occur while the input signal is in a false 
state. Referring to Figure 3, a false state is seen to occur 
three times at the beginning of the input signal. The input 
signal goes low three times before it finally settles down 
to a valid low state. The first three low pulses are referred 
to as false states. 

If the user has an available clock signal of the proper 
frequency, it may be used by connecting it to the oscillator 
input (pin 7). However, if an external clock is not available 
the user can place a small capacitor across the oscillator 
.input and output pins in order to start up an internal 
clock source (as shown in Figure 4). The clock signal at 
the oscillator output pin may then be used to clock other 
MC14490 Bounce Elimjnator packages. With the use of the 
MC14490, a large number of signals can be cleaned up, 
with the requirement of only one small capacitor external 
to the Hex Bounce Eliminator packages. 

FIGURE 3 - TIMING DIAGRAM 

2 3 4 6 N+7 N+S N+9 N+10 N+11 N+12 N+13 

Clock 

Input 

Output 

Contact Closed Contact Open 
Contact•~l4--.i1+-~...-,._~~~~~~~~~~-.M-~~...-.-~~~~~~~~--

O pen Contact 
Bouncing 

Contact 
Bouncing 
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FIGURE 4 - TYPICAL "FORM A" CONTACT DEBOUNCE CIRCUIT 
(Only One Debouncer Shown) 

Pullup Resistor 
(Internal) Data 

~uA..__:_in __ ____,.__-a 4-Bit Static Shift RlllJister 

= Contact 

Oscillator 
and 

9 Two-Phase 
'------O>----l Clock Generator 
Oscout 

l/l1 l/l2 
</>1 l/l1 </>2 

</>2 

OPERATING CHARACTERISTICS 
The single most important characteristic of the 

MC14490 is that it works with a single signal lead as an 
input, making it directly compatible with mechanical 
contacts (Form A and B). 

The circuit has a built in pullup resistor on each' 
input. The worst case value of the pullup resistor (deter
mined from the Electrical Characteristics table) is used to 
calculate the contact wetting current. If more contact 
current is required, an external resistor may be connected 
between Voo and the input. 

Because of the built in pullup resistors, the inputs 
cannot be driven with a single standard CMOS gate when 
V.oo is below 5 V. At this voltage, the input should be 

driven with paralleled standard gates or by the MC14049 
or MC14050 buffers. 

The clock input circuit (pin 7) has Schmitt trigger 
shaping such that proper clocking will occur even with 
very slow clock edges, eliminating any need for clock. 
preshaping. In addition, other MC14490 oscillator inputs 
can be driven from a single oscillator output buffered 
by an MC1-4050 (see Figure 5). 

The MC14490 is TTL compatible' on both the inputs 
and the outputs. When Voo is at 4.5 V, the buffered 
outputs can sink 1.6 mA at 0.4 V. The inputs can be 
driven with TTL, a; a result of the internal input pull
up resistors. 

FIGURE 5 - TYPICAL SINGLE OSCILLATOR 
DEBOUNCE SYSTEM 

O$cin 
1/6 MC14050 

From 
MC14490 

To System 

Contacts Logic 

• 
MC14490 

To System • 
Logic 0SCjn 1: From Contacts 

From Contacts MC14490 
To System 

Logic 
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TYPICAL APPLICATIONS 

ASYMMETRICAL TIMING 

In applications where different leading and trailing 
edge delays are required (such as a fast·attack/slow release 
timer.) Clocks of different frequencies can be gated into 
the MC14490 as shown in Figure 6. In order to produce a 
slow attack/fast release circuit leads A and 13 should. be 
interchanged. The clock out lead can then be used to 
feed clock signals to the other MC14490 packages where 
the asymmetrical input/output timing is required. 

FIGURE 6- FAST ATTACK/SLOW RELEASE 
CIRCUIT 

~ 
Out 

= I - - ---·-'---IMC14490 

I 
I 
I 

-1 
I 
I 
I 
~-

I 
I 

L-~1;1;- l 
I 
I 

LATCHED OUTPUT 

The contents of the Bounce Eliminator can be latched 
by using several extra gates as shown in Figure 7. If the 
latch lead is high the clock will be stopped when the 
output goes low. This will hold the output low even 
though the input has returned to the high state. Any time 
the clock is stopped the. outputs wil I be representative of 
the input signal four clock periods earlier. 

Glock 

FIGURE 7 - LATCHED OUTPUT CIRCUIT 

Osc;n 

Out 

MC14490 

i-----+- Oscout 

Latch= 1 
Unlatch= 0 

MULTIPLE TIMING SIGNALS 

As shown in Figure 8, the Bounce Eliminator circuits· 
can be connected in series. In this configuration each 
output is delayed by four clock periods relative to its 
respective input. This configuration may be used to gener
ate multiple timing signals such as a delay line, for 
programming other timing operations. 

One application of the above is shown in Figure 9, 
where it is required to have a single pulse output for a 
single operation (make) of the push button or relay contact. 
This only requires the series connection of two Bounce 
Eliminator circuits, one inverter, and one NOR gate in 
order to generate the signal AB as shown in Figures 9 and 
10. The signal AB is four clock periods in length. If the 
inputs to the NOR gate are interchanged the pulse AB will 
be generated upon release or break of the contact. With 
the use of a few additional parts many different pulses 
and waveshapes may be generated. 

FIGURE 8 - MUL TIPLE-Tll'.'.'ING CIRCUIT CONNECTIONS 

_x 15 

. ....c--'= ., . o--<:>---a~_e_.e_._1~n--<>---Aout 
Ain ~ 

14 2 
B.E.2 n--.o--- Bout 

3 13 
B.E. 3 in--o--- Cout 

12 4 
B.E. 4 .1n--o--- Dout 

5 11 
B.E. 5 

10 6 
B.E. 6 

7 . 1 9 

Osc;n ~ Osc0 ut 
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Clock 

Input -iJlfl 

A 

B 

c 

0 

E 

F 

AB 

~B 

FIGURE 9 - SINGLE PULSE OUTPUT CIRCUIT 

In 

In 

A = Active Low 
B =Active Low 

Out 

FIGURE 10 - MULTIPLE OUTPUT SIGNAL TIMING DIAGRAM 

t1' 

~ I 

Circuit diagrams utilizing Motorola products ar11 includl!d as a means 
of illustrating typical semiconductor applications; consequently, 
~omplete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

is believed to be entirely reliable. However. no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license _under the patent rights of Motorola Inc. or others. 
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TRIPLE GATE 
DUAL 4-INPUT "NANO" GATE 

2-INPUT "NOR/OR" GATE 
8-INPUT "AND/NANO" GATE 

The MC14501 is constructed with MOS P-channel and N-channel 
enhancement mode devices in a single monolithic structure. These 
complementary MOS logic gates find primary use where low power 
dissipation and/or high noise immunity is desired. Additional char
acteristics can be found on the Family Data Sheet. 

• Quiescent Current = 0.5 nA/package typical @ 5 Vdc 

• Noise Immunity= 45% of Voo typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Single Supply Operation - Positive or Negative 

• High Fanout> 50 
• Input Impedance= 1012 ohms typical 

• Logic Swing Independent of Fanout 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Rang~ 

MAXIMUM RATINGS (Voltages referenced toVssl 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDo + 0.5 

, DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

CIRCUIT SCHEMATIC 

vDD 

Numbers in parenthesis are for second 4-input gate. 
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Unit 

Vdc 

Vdc 

mAdc 

OC 

OC 

MC14501 

McMOS 551 
(LOW..POWER COMPLEMENTARY MOS) 

TRIPLE GATE 
DUAL 4-INPUT "NANO" GATE 

2-INPUT "NOR/OR" GATE 
8-INPUT "AND/NANO" GATE 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC'4XXX 

11
Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAM 
(POSITIVE LOGIC) 

;Q----
3 I 

13 

1~~r ___ _; 
14 AND 

12 

~~::NANO 
9 v0 D =Pin 16 

Vss =Pin 8 

Use Dotted Connection Externally to 
Obtain 8-lnput AND/NANO 

Note: Pin 14 must not be used as an input 
to the inverter. 



MC14501 

ELECTRICAL CHARACTERISTICS 

Voo Tfow * 25°C Thigh* 

Characteristic Symbol Vdc Min Max Min Typ Max. Min Max Unit 

Output Voltage "O" Level Vol 5.0 - 0.05 - 0 0.05 - 0.05 Vdc 
Vin=v00 or0 10 - 0.05 - 0 0.05 - 0.05 

15 - 0.05 - 0 0.05 - 0.05 
"1" Level VoH 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc 

Vin= o or v 00. 10 9.95 - 9.95 10 - 9.95 -
15 14.95 - 14.95 15 - 14.95 -

Input Voltage# "O" Level VIL Vdc 
(\i'o = 3.6 or 1.4 Vdc) 5.0 - 1.5 - 2.25 1.5 - 1.4 
(Vo= 7.2 or 2.8 Vdc) 10 - 3.0 - 4.50 3.0 - 2.9 
(Vo= 11.5 or 3.5 Vdc) 15 - 3.75 - 6.75 3.75 - 3.6 
(Vo= 1.4 or 3.6 Vdcl "1" Level VIH 5.0 3.6 - 3.5 2.75 - 3.5 - Vdc 
(Vo= 2.8 or 7.2 Vdcl 10 7.1 - 7.0 5.50 - 7.0 -
(Vo= 3.5 or 11.5 Vdc) 15 11.4 - 11.25 8.25 - 11.0 -

Output Drive Current loH mAdc 
(AL Device) / 

(VoH = 2.5 Vdc) Source 5.0 -1.2· - -1.0 -1.7 - -0.7 -
(VoH = 4.6 Vdc) 5.0 -025 - -0.2 -0.36 - -0.14 -
(VoH = 9.5 Vdc) NANO 10 -0.62 - -0.5 -0.9 - -0.35 -
(VoH = 13.5 Vdc) 15 -1.8 - -1.5 -3.5 - -1.1 -
(VoH = 2.5 Vdc) NOR 5.0 -2.1 - -1.75 -3.0 - -1.22 - mAdc 
(VoH = 4.6 Vdc) 5.0 -0.42 - ....:o.35 -0.63 - -0.24 . -
(VoH = 9.5 Vdc) 10 -1.06 - -0.88 -1.58 - -0.62 -
(VoH ""13.5 Vdc) 15 -3.1 - -2.63 -6.12 - -1.84 -
(VoH = 2.5 Vdc) NOR- 5.0 -3.6 - -3.0 -5.1 - -2.1 - mAdc 
(VoH = 4.6 Vdc) 5.0 -0.72 - -0.6 -1.08 - -0.42 -
~VoH = 9.5 Vdc) Inverter 10 -1.8 - -1.5 -2.7 - -1.05 -
(VoH = 13.5 Vdc) 15 -5.4 - -4.5 -10.5 - -3.15 -
(Vol= 0.4 Vdcl Sink loL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc 
!Vol= 0.5 Vdcl NANO 10 1.6 - 1.3 2.25 - 0.9 -
!Vol= 1.5 Vdcl 15 4.2 - 3.4 8.8 - 2.4 -
!Vol= 0.4 Vdcl NOR 5.0 0.92 - 0.77 1.32 - 0.54 - mAdc 
!Vol= 0.5 Vdcl 10 2.34 - . 1.95 3.37 - 1.36 -
!Vol= 1.5 Vdcl 15 6.12 - 5.1 13.2 - 3.57 -

. !Vol= 0.4 Vdcl NOR- 5.0 1.54 - 1.28 2.2 - 0.90 - mAdc 
!Vol =0.5 Vdcl Inverter 10 3.90 - . 3.25 5.63 - 2.27 -
!Vol= 1.5 Vdcl 15 10.2 - 8.5 22 - 5.95 -

Output Drive Curr.ent loH -- mAdc 
(CL/CP Device) 
IVoH = 2.5 Vdc) Source 5.0 -1.0 .:.. -0.8 -1.7 - -0.6 -
(VoH = 4;6 Vdc) 5.0 -02· - -0.16 -0.36 - -0.12 -
(VoH = 9.5 Vdc) NANO 10 -0.5 - -0.4 -0.9 - -0.3 -
(VoH = 13.5 Vdc) 15 -1.4 - -1.2 -3.5 - -1.0 -
(VoH = 2.5 Vdc) NOR 5.0 -1.68 - -1.4 -3.0 - -1.05 - mAdc 
(VoH = 4.6 Vdc) 5.0 -0.34 - -0.28 -0.63 - -0.21 -
(VoH = 9.5 Vdc) 10 -0.84 - -0.7 -1.58 - -0.52 -
(VoH'= 13.5 Vdc) 15 -2.52 - -2.1 -6.12 - -1.57 -
(VoH = 2.5 Vdc) NOR- 5.0 -2.88 - -2.4 -5.1 - -1.8 - mAdc 
(VoH = 4.6 Vdc) 5.0 -0.58 - -0.48 -1.08 - -0.36 -
(VoH =9.5 Vdc) Inverter 10 -1.44 - -1.2 -2.7 - -0.9 -
(VoH = 13.5 Vdc) 15 -4.32 - -3.6 -10.5 - -2.7 -
!Vol =0.4 Vdcl Sink loL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc 
!Vol =0.5 Vdcl NANO 10 1.3 - 1.1 2.25 - 0.9 -
!Vol= 1.5 Vdcl 15 . 3.6 - 3.0 8.8 - 2.4 -
!Vol =0.4 Vdc) NOR 5.0 0.79 - 0.66 1.32 - 0.54 - mAdc 
!Vol =0.5 Vdc) 10 1.98 - 1.65 3.37 - 1.36 -
!Vol= 1.5 Vdc) 15 5.4 - 4.5 132 - 3.57 -
!Vol= 0.4 Vdcl NOR- 5.0 1.32 - 1.1 2.2· - 0.90 - mAdc 
!Vol= 0.5 Vdcl Inverter 10 3.3 - 2.75 5.63 - 2.27 -
!Vol= 1.5 Vdc) 15 9.0 - 7.5 ~22.0 - 5.95 -

@ MOTOROLA Semiconduc~or Produc~s Inc. --------' 
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ELECTRICAL CHARACTERISTICS (Continued) 

Voo 
Characteristic Symbol Vdc Min 

Input Current (AL Device) lin 15 -
Input Current (CL/CP Device) lin 15 -
Input Capacitance Cin - -

(Vin =0) 

Quiescent Current (AL Device) loo 5.0 -
(Per Package) 10 -

15 -
Quiescent Current (CL/CP Device) loo 5.0 -

(Per Package) 10 -
15 -

Total Supply Current**t IT 5.0 
(Dynamic pJus Quiescent, 10 
Per Package I 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

*T1ow = -55°C for AL Device, -40°c for CL/CP Device. 
Thigh = +125°c for AL Device, +85°C for CL/CP Device. 

#Noise_ immunity specified for worst-case input combination: 
tTo calculate total supply current at loads other than 50 pf: 

IT(CLI = IT(50 pF) + 4 x 10-3 (CL -50) Voof 

Tiow* 25°c 

Max Min Typ Max 

±0.1 - ±0.00001 ±0.1 

±0.3 - ±0.00001 ±0.3 

- - 5.0 7.5 

0.05 - 0.0005 0.05 
0.10 - 0.0010 0.10 
0.20 - 0.0015 0.20 

0.5 - 0.0005 0.5 
1.0 - 0.0010 1.0 
2.0 - 0.0015 2.0 

IT= (1.2 µA/kHz) f +loo 
IT= (2.4 µA/kHz) f +loo 
IT = (3.6 µA/kHz) f + loo 

where: IT is in µA (per package), CL in pf, Voo in Vdc, and fin kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°c. 

SWITCHING CHARACTERISTICS** !CL= 50 pF, TA= 25°CI 

Typ 
Characteristic Figure Symbol Voo All Types 

Output Rise Time NANO, NOR 2,3 tr 
tr = (3.0 ns/pF) CL+ 30 ns 6.0 180 
tr= (1.5 ns/pF) CL+ 15 ns 10 90 
tr= (1.1 ns/pF) CL+ 10 ns 15 65 

Output fallTime NANO, NOR 2,3 tf 
tf = (1.5 ns/pf) CL+ 25 ns 5.0 100 
tf = (0.75 ns/pF) CL+, 12.5 ns 10 50 
tf = (0.55 ns/pF) CL+ 9.5 ns 15 37 

Output Rise Time NOR-Inverter 3 tr 
tr= (1_.35 ns/pf) CL+ 32.5 ns 5.0 100 
tr= (0.60 ns/pf) CL+ 20 ns 10, 50 
tr= (0.40 ns/pF) CL+ 17 ns 

' 
15 37 

Outµut Fall Time NOR-Inverter 3 tf 
tf = (0.67 ns/pf) CL+ 26.5 ns 5.0 60 
tf = (0.45 ns/pF) CL+ 17.5 ns 10 40 
tf = (0.37 ns/pF) CL+ 11.5 ns 15 30 

Propagation Delay Time NANO 2 tPLH• 
tPLH• tPHL = (1.7 ns/pF) CL+ 45,ns tPHL 50 130 
tPLH,tPHL = (0.66 ns/pF) CL+ 37 ns 10 70 
tPLH· tPHL = (0.5 ns/pfi') CL+ 25 ns 15 50 

tPLH.tPHL = (1.7 ns/pf) CL +30ns NOR 3 tPLH· 5.0 115 
tpLH· tPHL =_ (0.66 ns/pF) CL+ 32 ns tPHL 10 66 
tPLH· tPHL = (0.5 ns/pf) CL+ 20 ns 16 45 

tpLH· tPHL = (1.7 ns/pF) CL+ 45 ns NOR-Inverter 3 tPLH· 5.0 130 
tPLH· tPHL = (0.66 ns/pF) CL+ 37 ns tPHL 10 70 
tPLH· tPHL = (0.5 ns/pf) CL +26 ns 15 50 

** The formµ la g111en 1s for the typical characteristics only. 

Thigh* 

Min Max Unit 

- ±1.0 µAde 

- ±1.0 µAde 

- - pF 

- 1.5 µAde 
- 3.0 
- 6.0 

- 3.8 µAde 
- 7.5 
- 15 

µAde 

Max 

AL CL/CP 
Device Device ~nit 

ns 
350 400 
150 200 
110 160 

ns 
175 200 
75 100 
55 80 

ns 
175 200 
75 100 
55 80 

ns 
100 140 
75 100 
50 75 

ns 
200 300 
110 175 
80 125 

175 260 ns 
100 160 
76 100 ' 

200 300 ns 
110 175 
80 125 
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FIGURE 1-POWER DISSIPATION TEST CIRCUIT 
AND WAVEFORM 

Pulse 
Generator 

Pulse 
Generator 

Voe 

This devii:e contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range V55 .;;; (Vin or 
Vout>.;;; Voo-
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Voo>. 

FIGURE 2 - 4-INPUT "NAND" GATE SWITCHING 
TIME TEST CIRCUIT AND WAVEFORMS 

FIGURE 3 - "NOR" GATE and "NOR-INVERTER" 
SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Output (Bl 

Output (B) = "NOR" 
Output'·(C) = "NOR-lnverUtr" 

All unused inputs 
connected to ground. 

@MOTOROLA Setrnlconductor Produtts Inc. 
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MOTOROLA 
Semiconduc"fors 
BOX 20912 o PHOENIX, ARIZONA 85036 

STROBED HEX INVERTER/BUFFER 
The MC 145028 is a strobed hex buffer/inverter with 3-state out

put, an inhibit control, and guaranteed TTL drive over the temper
ature range. The 3-state output simplifies design by allowing a 
common bus. 

• Quiescent Current= 2.0 nA/package typical@ 5 Vdc 

• Separate Output Disable Control 

• 3-State Output 

• Output Impedance = 200 ohms @ 5.0 V Supply Guaranteed 
Over Full Temperature Range 

• Input Impedance= 1012 ohms typical 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range. 

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 8) 

Rating Symbol Value 

DC Supply Voltage vDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

DC Current Drain per Input Pin I 10 

DC Current Drain per Output Pin I 30 

Operating Temperature Range - AL Device TA -55 to +125 

CL/CP Device -40 to +85 

Storage Temperature Range T stg -65 to +150 

CIRCUIT DIAGRAM 

. Disable 

Inhibit 

Other five buffers are identical 

TRUTH TABLE 

Dn Inhibit Disable On 

0 0 0 1 

1 0 0 0 

x 1 0 0 

x x 1 High 

Unit 

Vdc 

Vdc 

mAdc 

mAdc 
oc 

-,,-c 

Impedance X = Don't Care 

McMOS is a trademark of Motorola Inc. 
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MC14502B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

STROBED HEX 
INVERTER/BUFFER 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

L Ceramic Package 
P Plastic Package 

MC'4XXXB 1
1

Suffix Denotes 

A Extended Operating 
Temperature Range 

C Limited Operating 
Temperature Range 

LOGIC DIAGRAM 

Output ~-i~~~~= 4 v-------. 
Inhibit 12 

D1 3 ----.----:r__, 

D2 6 

D3 

04 10 

D5 13 

v 0 D =Pin 16 
v55 =Pin a 

5 01 

02 

2 03 

9 04 

11 05 

14 06 



ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin= Voo or O 10 

15 

"1" Level VoH 5.0 
Vin;OorVoo 10 

15 

Input Voltage# "O" Level V1L 
(Vo= 4.5 or 0.5 Vdc) 5.0 
(Vo= 9.0 or 1.0 Vdc) . 10 
(Vo= 13.5 or 1.5 Vdc) 1-5 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 
(Vo= 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH =·4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
IVoH 7 13.5 Vdc) 15 

(Vol= 0.4 Vdc) Sink loL 5.0 
IVoL = 0.5 Vdc) 10 
IVoL = 1.5 Vdc) 15 

Output Drive Current.(CL/CP Device) loH 
IVoH = 2.5 Vdc) Source 5.0 
IVoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
IVoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdc) Sink loL 5.0 . 

IVoL = 0.5 Vdc) 10 
IVoL = 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Curren.t (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current* *t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL= 50 pF on all outputs, all 
buffers switching) 

Three-State Leakage Current ITL 15 
(AL Device) 

Three-State Lea.kage Current ITL 15 
(CL/CP Device) 

. *T1ow = -55°c for AL Device, -40°C for CL/CP Device. 
Thigh= +125°c for AL Device, +85°C for CL/CP Device. 

;:Noise immunity specified for worst-case input combination. 

1:1ow * 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 
' 

-

-1.2 -
-0.25 -
-0.62 -
-1.8 -

3.5 -
7.8 -
29 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -

2.3 -
5.0 -
19 -

- ±0.1 

- ±0.3 

- -

- 1.0 
- 2.0 
- 4.0 

- 4.0 
- 8.0 
- 16 

- ±0.1 

- ±1.0 

Noise Margin for both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc , 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CLI= IT(50 pf)+ 6 x 10-3 (CL -50) Voof 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 
- 4.50 3.0 
- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
2.8 6.6 -
6_.3 17 -
24 66 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -

1.9 6.6 -
4.2 17 -

16 66 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.002 1.0 
- 0.004 2.0 
- 0.006 4.0 

- 0.002 . 4.0 

- 0.004 8.0 
- 0.006 16 

IT=· 12.1 µA/kHz) t + 100 
IT= (5.3 µA/kHz) f + I DD 
IT= 18.0 µA/kHz) t + loo 

- ±0.00001 ±0.1 

- ±0.00001 ± 1.0 

where: IT is in µA (per package), CL in pf, Voo in Vdc, and fin kHz is input frequency. 
**The form.ulas given are for the typical characteristics only at 25°C. 

Thig_h* 

Min Max Unit 

- 0.05 Vdc 
- 0.05 
- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vdc 

7.0 -
11.0 -

mAdc 
-0.7 -

-0.14 -
-0.35 -
-1.1 -
2.0 - mAdc 
4.4 -
16 -

mAdc 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
1.6 - mAdc 
3.4 -
13 -

- ±1.0 µAde 

- ±1.0 µAde 

- - pF 

- 30 µAde 
- 60 
- 120 

- 30 µAde 

- 60 
- 120 

µAde 

- ±3.0 µAde 

- ±7.5 µAde 

This device contains circuitry to protect the inputs against damage due to hlgh static voltages or electric fields; however, it is ad
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range Vss,.; (Vin or Voutl 
,.;voo. 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or VooL 

MOTOROLA Se1niconductor Products Inc. @--------' 
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MC14502B 

SWITCHING CHARACTERISTICS* ICL = 50 pF, TA= 25°c> 

Characteristic 

Output Rise Time 
tr= (3.0 ns/pF) CL+ 30 ns 
tr= (1.5 ns/pF) CL+ 15 ns 
tr= (1.1 ns/pF) CL+ 10 ns 

Output Fall Time 
tf = (0.6 ns/pF) CL+ 10 ns 
tf = (0.3 ns/pF) CL+ ~.O ns 
tf = (0.27 ns/pF) CL+ 1.5 ns 

Propagation Delay Time 
tPHL = (0.38 ns/pF) CL+ 116 ns 
tPHL = (0.15 ns/pF) CL+. 47.5 ns 
tpH L = (0.11 ns/pF) CL + 34.5 ns 

Propagation Delay Time. 
tPLH = (1.4 ns/pF) CL+ 225 ns 
tPLH = (0.7 ns/pF) CL+ 95 ns 
tPLH = (0.3 ns/pF) CL+ 80 ns 

3-State Propagation Oela,Y, Output "1" to High Impedance 
t"1"H = (0.38 ns/pF) CL+ 46 ns 
t"1"H = (0.15 ns/pFI CL+ ~2.5 ns 
t"1"H = (0.11 ns/pF) CL+ 19.5 ns 

3-State Propagation Delay, High Impedance to "1" Level 
tH"1" = (0.38 ns/pF) CL+ 241 ns 
tH"1" = (0.15 ns(pF) CL+ 97 .5 ns 
tH"1" = (0.11 ns/pF) CL+ 74.5 ns 

3-State Propagation Delay, Output "0" to High Impedance 
t"O"H = (0.38 ns/pF) CL+ 131 ns 
t"O"H = (0.15 ns/pF) CL +62.5 ns 
~"O"H = (0.11 ns/pf) CL + 49.5 ns 

3-State Propagation Delay, High Impedance to "O" Level 
tH''O" = (0.38 ns/pF) CL+ 141 ns 
tH"O" = (0.15 ns/pF) CL+ 57.5 ns 
tH"O" = (0.11 ns/pF) CL+ 44.5 ns 

*The formula given is for the typical characteristics only. 

FIGURE 1 -TYPICAL OUTPUT SOURCE 
CURRENT TEST CIRCUIT lloHl 

16 + v 00 

Dis 

lnh Q1 

01 Q2 

02 

03 

04 Q5 

05 

06 Vas= -Voo 

8 Vos= VoH-Voo 

Vss 

Symbol 

tr 

tf 

tPHL 

tPLH 

t"1"H 

tH"1" 

t"O"H 

tH"O" 

All Types 

Voo Min Typ Max 

5.0 - 180 360 
10 - 90 180 
15 - 65 130 

5.0 - 40 80 
10 - 20 40 
15 - 15 30 

5.0 - 135 270 
10 - 55 110 
15 - 40 80 

5.0 - 295 590 
10 - 130 260 
15 - 95 190 

5.0 - 65 130 
10 - 30 60 
15 - 25 50 

5.0 - 260 520 
10 - 105 210 
15 - 80 160 

5.0 - 150 300 
10 - 70 140 
15 - 55 110 

5.0 - 160 320 
10 - 65 130 
15 - ,50 100 

FIGURE 2-TVPICAL OUTPUT SINK 
CURRENT TEST CIRCUIT lloLI 

16 + v 00 

Dis 

lnh Q1 

01 Q2 

02 Q3 

03 Q4 

04 Q5 

05 Q6 

06 
Vos= VoL 

8 .vss Vas= Voo 

-= 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
/ 
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FIGURE 3- POWER DISSIPATION TEST CIRCUIT 
AND WAVEFORM 

Dis 
lnh 01 

CL 
D1 02 

CL 
D2 03 

D3 04 
Pulse D4 

Generator 
D5 

D6 

FIGURE 5 - AC TEST CIRCUIT AND WAVEFORMS 
hr, tf, tPHL• and tPLHl 

16 VDD 

Disable 

Inhibit 01 
Pulse D1 02 

Generator 
D2 03 

D3 

D4 

D5 

D6 

8 
Vss 

For all tr, tf, tPHL• and tpLH measu.rements Vin may be 
applied to any other Dn input or to Inhibit. 

20ns-

Vss 

VoH 

i 

50% 
Duty 
Cycle 

i 

FIGURE 4 - AMBIENT TEMPERATURE 
POWER DERATING 

~ 
.§. 

1000 

900 

2 800 
0 ~ 

PLASTic OR C~AMIC -
PACKAGE 

j:: 700 ;t 
~~ 600 
o~ 

~ 
a: ~ 500 
~~ 
~~ 400 

300 

200 

100 

0 
25 50 

~ 

~ 
"" t----t-· ~ 
~ 

75 100 125 150 175 

TA. AMBIENT TEMPERATURE (DC) 

FIGURE 6 - 3-STATE AC TEST CIRCUIT AND WAVEFORMS 
(t 0 1''H: tH"1 "• t"O"H• tH"O") 

Switch Positions for 3-State Test 

TEST S1 52 53 

t"1"H Open Closed Closed 

t"O"H Closed Open Open 

tH"O" Closed Open Open 

tH"1" Open Closed Closed 

16 VDD 

Disable 

Inhibit 01 

D1 

D2 

D3 04 

D4 05 

D5 

_____ a..,vss 

S4 

Open 

Closed 

Closed 

Open 

Voo 

J 

""0.5 v@ vDD = 5 v, 
10 V, and 15 V Output 

(Tests 1 and 2) 
O Outputs t·~1"H tH"{1·;, 2V@VDD= 5V 

SO% "" 6 v@ vDD = 10 v 
""10 v@ vDD = 15 v 

10% ---VOL 

@ MOTOROLA Semlconduc'for Produc'fs Inc. 
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HEX NON-INVERTING 3-STATE BUFFER 

The MC14503B is a hex non-inverting buffer with 3-state outputs, 
and a high current source and sink capability. The 3-state outputs 
make it useful in common bussing applications. Two disable controls 
are provided. A high level on the Disable A input causes the outputs 
of buffers 1 through 4 to go into a high impedance state and a high 
level on the Disable B input causes the outputs of buffers 5 and 6 
to go into~ high impedance state. 

• 3-State Outputs 

• TTL Compatible - Will Drive One TTL Load Over Full Tempera-
ture Range 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Symmetrical Turn-On and Turn-off Delays 

• Symmetrical Output Rise and Fall Times 

• Two Disable Controls for Added Versatility 

• Pin for Pin Replacement for MM80C97 and 340097 

MAXIMUM RATINGS (Voltages referenced to V55, Pin 8) 

Rating Symbol 'Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Input Pin I 10 mAdc 

DC Current Drain per Output Pin I 25 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 oc 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 cc 

CIRCUIT DIAGRAM 

One of two/four buffers r-------, 

I ~JI 

.~~::i----~.. ~: ~i---==h9:r-f '" 
+ I + Vss I 

To Other Buffers I I 

L...:_ ______ J 
*Diode protection on all inputs (not shown) 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 

operation it is recommended that Vin and 
Vout be constrained to the range Vss .;;; 
(Vin or Vout> .;; VDD· 

Unused inputs must always be tied on an 
appropriate logic voltage level (e.g., either 
Vss or VDD). 
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MC14503B 

McM05 551 
(LOW-POWER COMPLEMENTARY MOS) 

HEX 3-STATE BUFFER 

Jiff!!~ .d 
1 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

Inn 

0 

1 

x 

Denotes 

Ceramic Package 
Plastic Package 
Extended Operating 
Temperature Range 
Limited Operating 
Temperature Range 

TRUTH TABLE 

Appropriate 
Disable 
Input Outn 

0 0 

0 1 

1 High 
Impedance 

X = Don't Care 

LOGIC DIAGRAM 

Disable B 

In 5 Out 5 

In 6 Out6 

In 1 Out 1 

In 2 Out 2 

ln 3 Out 3 

In 4 Out4 

Disable A 

VDo =Pin 16 
Vss =Pins 



. ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level VOL 5.0 
Vin= VDD or o 10 

15 

"1" Level VoH 5.0 
Vin=OorVDD 10 

15 

Noise Immunity# "O" Level V1L 
(Vo= 3.6 or 1.4 Vdc) 5.0 
(Vo= 7.2 or 2.8 Vdc) 10 
(Vo= 11.5 or 3.5 Vdc) 

15 
"1" Level 

(Vo= 1.4 or 3.6 Vdc) V1H 5.0 

(Vo= 2.8 or 7.2 Vdc) 10 

(Vo= 3.5 or 11.5 Vdc) 15 

Output Drive Current_ (AL Device)*** loH 
(VoH = 2.5 Vdc) Source 4.5 

(VoH = 2.5 Vdc) 5.0 

(VoH = 4.6 Vdc) . 5.0 

(VoH = 9.5 Vdc) 10 

(VoH = 13.5 VdC) 15 

Sink IOL 
fVoL = 0.4 Vdc) 4.5 

!Vol= 0.4 Vdc) 5.0 

fVoL = 0.5 Vdc) 10 

fVoL = 1.5 Vdcl 15 

Output Drive Current (CL/CP Device)**• loH 
(VoH = 2.5 Vdc) Source 4.75 

(VoH = 2.5 Vdc) 5.0 

(VoH = 4.6 Vdc) 5.0 

(VoH = 9.5 Vdc) 10 

(VoH = 13.5 Vdc) 15 

Sink loL 
(Vol= 0.4 Vdcl 4.75 

IVoL = 0.4 Vdc) 5.0 

IVoL = 0.5 Vdcl 10 

IVoL = 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance (Vin= 0) ~ -
Quiescent Current (AL Device) la 5.0 

(Per Package) 10 

15 

Quiescent Current (CL/CP Device) roo 5.0 
(Per Package) 10 

15 

Total Supply Current**t 100 5.0 

(Dynamic plus Quiescent, Per Package) 10 

(CL= 50 pF on all outputs) 15 

(All outputs switching, 50% Duty Cycle) 

3-State Output Leakage Current ITL 15 
(AL Device) 

3-State Output Leakage Current ITL 15 

(CL/CP Device) 

*Trow= -55°C for AL Device, -;40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 
tTo calculate total supply current at loads other than 50 pF; 

T1ow * 

Min Max 

- 0.05 

- 0.05 

- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 

- 3.0 

- 3.75 

3.5 -

7.0 -

11.25 -

-4.55 -
-6.00 -
-1.28 -
-3.20 -

-8.20 -

2.80 -
3.00 -
7.85 -

19.95 -

-4.30 -
-5.00 ·-

-1.04 -
-2.60 -
-7.20 -

2.30 -

2.50 -
6.50 -

16.50 -

-· ±0.1 

- ±0.3 

- -
- 1.0 

- 2.0 

- 4.0 

- 4.0 

- 8.0 

- 16 

- ±0.1 

-

- ±1.0 

-

IT(CL) = IT(50 pF) + 6 x 10-3 (CL - 5-0) VoD f 

25uc 

Min Typ Max 

- 0 0.05 

- 0 0.05 

- 0 0.05 

4.95 5.0 -

9.95 10 -
14.95 15 -

- 2.25 1.5 
- 4.50 3.0 

- 6.75 3.75 

3.5 2.75 -
7.0 5.5 -

11.25 8.25 . -

-3.6 -6.35 -
-4.80 -8.40 -

-1.02 -1.76 -
-2.60 -4.50 -
-6.80 -17.60 -

2.30 2.55 -
2.40 2.75 -

6.35 7.00 -

16.10 25.00 -

-

-3.60 -7.25 -

-4.20 -8.40 -
-0.88 -1.76 -

-2.20 -4.50 --
-6.00 -17.60 -

1.95 2.65 -
2.10 2.75 -
5.45 7.00 -
13.80 25.00 -

- ±0.00001 ±0.1 

- ±0.00001 ±3.0 

- 5.0 7.5 

- 0.002 1.0 

- 0.004 2.0 

- 0.006 4.0 

- 0.002 4.0 

- 0.004 8.0 

- 0.006 16 

(IT= 2.5 µA/kHz) t +loo 
(IT= 6.0 µA/kHz) t+ioo 
(IT= 10 µA/kHz) t+IDo 

- ±0.0001 ±0.1 

-
- ±0.0001 ±1.0 

-

IT is in µA (per package) CL in pF, VDg in Vdc, and fin kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25 C · 

***Care must be. taken not to exceed maximum current rati~gs (see maximum ratings table and Figure 1). 
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Thigh* 

Min Max Unit 

- 0.05 Vdc 

- 0.05 

- 0.05 

4.95 - Vdc 

9.95 -

14.95 -
Vdc 

- 1.5 

- 3.0 

- 3.75 

3.5 
I - Vdc 

7.0 -
11.25 -

mAdc 

-2.60 -

-3.40 -

-0.72 -
-1.80 -
-4.80 -

mAdc 

1.60 -

1.75 -

4.45 -

11.30 -

mAdc 

-2.60 -
-3.40 -
-0.72 -
-1.80 -
-4.80 -

mAdc 

1.60 -

1.75 -
4.45 -
11.30 -

- ± 1.0 µAde 

- ± 1.0 µAde 

- - pF 

- 30 µAde 

- 60 

- 120 

- 30 µAde 

- 60 

- 120 

µAde 

- ±3.0 µAde 

-

- ±7.5 µAde 
L 



MC14503B 

SWITCHING CHARACTl:RISTICS* (CL= 50 pF, TA,,; 25°Cl 

Voo All Types 

Characteristic Symbol Vee Typ 

Output Rise Time tr 

tr= (0.5 ns/pF) CL+ 20 ns 5.0 45 

tr= (0.3 ns/pF) CL+ 8.0 ns 10 23 

tr= (0.2 ns/pF) CL+ 8.0 ns 15 18 

Output Fall Time tf 

tf = (0.5 ns/pF) CL+ 20 ns 5.0 45 

tf = (0.3 ns/pF) CL+ 8.0 ns 10 23 

tf = (0.2 ns/pF) CL+ 8.0 ns 15 18 

Turn-Off Delay Time, all Outputs tPLH 

tPLH = (0.3 ns/pF) CL+ 60 ns 5.0 75 

tPLH = (0.15 ns/pF) CL+ 27 ns 10 35 

tPLH = (0.1 ns/pF) CL +20 ns 15 25 

Turn-On Delay Time, all Outputs tPHL 

tPHL = (0.3 ns/pF) CL+ 60 ns 5.0 75 

tPHL = (0.15 ns/pF) CL +27 ns 10 35 

tPHL = (0.1 ns/pF) CL+ 20 ns 15 : 25 

3-State Propagation Delay Time t"1"H 
Output "1" to High Impedance 

t"1"H = (0.12 ns/pF) CL +69 ns 5.0 75 

t"1"H = (0.12 ns/pF) CL+ 34 ns 10 40 

t"1"H = (0.12 ns/pF) CL +29 ns 15 35 

Output '"O" to High Impedance t"O"H 

t"O"H = (0.12 ns/pF) CL+ 74 ns 5.0 80 

l"O"H = (0.12 ns/pF) CL+ 34 ns 10 40 

t"O"H = (0.12 ns/pF) CL+ 29 ns. 15 35 

High lmp'edance to "1" Level lH"1" 

tH"1" = (0.09 ns/pF) CL+ 6 ns 5.0 65 

tH"1" = (0.06 ns/pF) CL+ 22 ns 10 25 

tH"1" = (0.03 ns/pF) CL+ 19 ns 15 20 

High Impedance to "O" Level tH"O" 

lH"O" = (0.09 ns/pF) CL+ 95 ns 5.0 100 

tH"O" = (0.06 ns/pF) CL+ 32 ris 10 35 

tH"O" = (0.03 ns/pF) CL+ 24 ns 15 25 

*The formulas given are for the typical characteristics onl.y. 

FIGURE 1 - AMBIENT TEMPERATURE POWER DERATING 

1200 

! 
~ 1000 

~ 
~~ 800 

cc~ 
~ ~ 600 

~~ 
~ 400 
x 
<( 
:IE 
~ 200 

IS 

'"" 

0 
25 

s 
~ 
~ ~ 

......... ,...,.. ~ ~CL DEVICE 

""' b.J ~ 
CP DEVICE-:;; [S . ~AL DEVICE 

:s 

50 75 85 100 125 150 175 

TA. AMBIENT TEMPERATURE (OC) 

-Max Unit 

ns 

60 

30 

25 

ns 

60 

30 

25 

ns 

100 

40 

30 

ns 

100 

40 

30 

ns 

110 

60 

45 

ns 

120 

60 

50 

ns 

100 

40 

30 

ns 

150 

50 

40 
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MC14503B 

Disable 
Input 

Pulse 
Generator 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
It,, tf, tPHL· and tpLHI 

Output 

V55 r 
FIGURE 3 - 3 STATE AC TEST CIRCUITS AND WAVEFORMS 

(t "1"H, t H "1", t "O "H, t H "0"} 

Pulse 
Generator 

Output for t"O"H• tH"O" Circuit "'VoL + 0.05 V 

@11110TOROLA Semiconductor Products Inc. 
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64-BIT STATIC RANDOM ACCESS MEMORY 

The MCM14505 64-bit random access memory is fully decoded 
on the chip and organized as 64 one-bit words (64 X 1). Medium 
speed operation and micropower supply requirements make this 
device useful for scratch pad or buffer memory applications where 
power must be conserved or where battery operation is required. 

When used with a battery backup, the MCM 14505 can be utilized 
as an alterable read-only memory, allowing the battery to retain in
formation in the memory when the system is powered down, and 
allowing the battery to charge when power is applied. The micro
power requirements of this memory allow quiescent battery operation 
for great lengths of time without significant discharging. 

• Quiescent Current= 5.0mA/package typical@ 5 Vdc 

• Noise Immunity= 45% of Voo typical 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Single Read/Write Control Line 

• Wired-OR Output Capability (3-State Output) for Memory 
Expansion 

• Access Time= 180 ns typical at Voo = 10 Vdc 

• Write Cycle Time= 275 ns typical at Voo = 10 Vdc 

• Fully Buffered Low Capacitance Inputs 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS !Voltages referenced to V55l 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperatu~e Range - AL Device TA -55 to +125 OC 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 OC 

This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to 
this high impedance circuit. For proper operation it is recommended that Vin and 
Vout be constrained to the range Vss.;; (Vin or Vout>.;; VDD· 
Unused inputs must always be tied to an .. appropriate logic voltage level (e.g., 
either V SS ()r V DD). 

MCM14505 

McMOS LSI 

(LOW-POWER COMPLEMENTARY MOS) 

64-BIT (64 x 1) STATIC 
RANDOM ACCESS MEMORY 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 632 CASE 646 

ORDERING INFORMATION 

MC14XXXB 

11
Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

Address I :; 3 
Inputs A 3 4 

A411 

A512 

Data In 13 

Strobe 5 

CE1 6 

CE2 8 

A/W 9 

64-Word 
By 

1 Bit 
Storage 
Array 

Control 

v 00 =Pin 14 

Vss =Pin 7 

10 Data Out 

II 
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MCM14505 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O"'Level Vol 5.0 
Yin= Voo orO 10 

15 

"1" Level VoH 5.0 
Vin= 0 or VoD 10 

15 

Noise Immunity # VNL 
{LIVout.;; 0.8,Vdcl 5.0 
{LIV out .;; 1.0 Vdcl 10 
{LIV out .;; 1 .5 Vdcl 15 

{LIV out .;; 0.8 Vdcl VNH 5.0 
(LIVout.;; 1.0 Vdcl 10 
{LIV out .;; 1.5, Vdcl 15 

Output Drive Current (AL Device) loH 
IVoH = 2.5 Vdcl Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9,5 Vdc) 10 
(VOH = 13.5 Vdcl 15 

IVoL = 0.4 Vdcl Sink loL 5.0 
IVoL = 0.5 Vdcl 10 
IVoL = 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) loH 
(VQH = 2.5 Vdc) Source 5.0 
(VoH = 4.() Vdcl 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

!VoL = 0.4 Vdcl Sink loL 5.0 
IVoL = 0.5 Vdcl 10 
IVoL = 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) l1n 15 

Input Capacitance Cin -
(Vin= 01 

Quiescent Current (AL Device I loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) loo '5.0 
(Per Package) 10 

15 

Total Supply Current••t IT 5.0 
(,Dynamic plus Quiescent, 10 
Per Package) 15 

(CL= 50 pF on all outputs, all 
buffers switching) 

Three-State Leakage Current ITL 15 
(AL Device) 

Three-State ·Leakage Current ITL 15 
(CL/CP Device) 

*T10 w = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°c for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 
tTo calculate total supply current at loads other than 50 pF: 

IT(CLI = IT.150 pF) + 1 x fo-3 (CL -50) VDof 

T1ow 
Min 

-
-
-

4.95 
9.95 

14.95 

1.5 
3.0 
4.5 

1.4 
2.9 
4.4 

-1.2 
-0.2.5 
-0.62 
-1.8 

0.3 
0.9 
2.2 

-1.0 
-0.2 
-0.5 
-1.4 

0.2 
0.6 
3.9 

-
-
-

-
-
-
-
-
-

-

-

.. 25°c 

Max Min Typ Max 

0.05 - 0 0.05 
0.05 - 0 0.05 
0.05 - 0 0.05 

- 4.95 5.0 -
- 9.95 10 -
- 14.95 15 -

- 1.5 2.25 -
- 3.0 4.50 -
- 4.5 6.75 -
- 1.5 2.25 -
- 3.0 4.50 -
- 4.5 6.75 -

- -1.0 -1.7 -
- -0.2 -0.36 -'-

- -0.5 -0.9 -
- -1.5 -3.5 -
- 0.25 0.35 -
- 0.75 1.2 -
- 1.7 4.5 -

- -0.8 -1.7 -
- -0.16 -0.36 -
- -0.4 -0.9 -
- -1.2 -3.5 -

- 0.15 0.35 -
- 0.5 1.2 -
- 0.75 4.5 -

±0.1 - ±0.00001 ±0.1 

± 1.0 - - ±0.00001 ±1.0 

- - 5.0 7.5 

5.0 - 0.050 5.0 
10 - 0.100 10 
20 - 0.150 20 

50 - 0.050 50 
100 - 0.100 100 
200 - 0.150 200 

IT =(1.28 µA/kHz) f + loo 
IT =(2.56 µA/kHz) f + IDD 
IT= (3.85 µA/kHz) f + IDD 

±0.1 - ±0.00001 ±0.1 

±1.0 - ±0.00001 ± 1.0 

. where: Ir is in µA (per package), CL in pF, VDD in Vdc, and fin kHz is input frequency. 
**The formulas given ~re for the typical characteristics only at 25°c. , 

TMgh" 
Min Max Unit 

- 0.05 Vdc 

- 0.05 
- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
1.4 -
2.9 -
4.4 -
1.5 - Vdc 
3.0 -
4.5 -

mAdc 
-0.7 -

-0.14 -
-0.35 -
-1.1 -
0.18 - mAdc 
0.50 -
1.2 -

mAdc 
-0.6 -
-0.12 -
-0.3 -
-1.0 -
1.0 - mAdc 

4.0 -
6.0 -
- ± 1.0 µAde 

- ±14 µAde 

- - pF 

- 150 µAde 
-: 300 
- 600 

- 375 µAde 
- 750 
- 1500 

µAde 

- ±3.0 µAde 

- ±7.5 µAde 

@ MOTOROLA Semiconductor Products Inc. ----------' 
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SWITCHING CHARACTERISTICS* (CL= 50 pF, TA= 25°CJ 

Typ Max 

Characteristic Symbol Voo, All Types AL Davlce CL/CP Device Unit 

Output Rise Time tr ns 
tr= (2.43 ns/pF) CL+ 58.5 ns 5.0 180 360 360 
tr= (1.08 ns/pF) CL+ 36 ns 10 90 180 180 
tr= (0.72 ns/pF) CL+ 39 ns 16 75 150 150 

Output Fall Time tf ns 
tf = (2.16 ns/pF) CL+ 52 ns 5.0 160 320 320 
tf = (0.96 ns/pF) CL+ 32 ns 10 80 160 160 
tf = (0.69 ns/pF) CL+ 33 ns 15 65 130 130 

Propagation Delay Time tacc(R) ns 
Read Aceess Time 

tacc(R) = (1.4 ns/pF) CL+ 385 ns 5.0 455 640 750 
. tacc(R) = (10.7 ns/pF) CL+ 175 ns 10 210 215 400 
tacc(R) = (0.5 ns/pF) CL+ 105 ns 15 130 235 300 

Minimum Strobe Down Time tsTL ns 
5.0 100 400 500 
10 50 100 125 
15 76 80 95 

Address Setup Time tsetup(A) ns 
5.0 -100 200 300 
10 -40 80 120 
15 -25 60 90 

Data Setup Time tsetup(D) ns 
- 5.0 70 140 200 

10 25 50 75 
15 20 40 55 

Read Setup Time tsetup(R) ns 
5.0 90 180 270 
10 20 40 60 
15 15 30 45 

Write Setup Time tsetup(W) ns 
5.0 80 275 400 
10 25 75 100 
15 11 55 75 

Address Release Time trel(R) ns 
5.0 15 50 75 II 
10 10 15 25 
15 5.0 10 20 

Data Hold Time thold(D) ns 
5.0 0 35 50 
10 0 10 15 
15 0 7.5 10 

Read Release Time trel(R) ns 
5.0 -90 0 0 
10 -25 0 0 
15 -10 0 0 

Write Release Time trel(W) ns 
5.0 5.0 0 0 
10 10 0 0 
15 30 0 0 

Read Cycle Time tcyc(R) ns 
5.0 500 650 750 
10 200 300 400 
15 150 225 300 

Write Cycle Time tcyc(W) ns 
5.0 440 600 700 
10 275 400 550 
15 200 300 415 

Output Disable Delay ldis ns 
(10% Output Change into 1.0 kn Load) 5.0 200 400 600 

10 80 160 200 
15 60 120 150 

.. *The formula ts for the typical characteristics only. 
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MCM14505 

Address 

Strobe 

FIGURE 1 - READ CYCLE TIMING DIAGRAM 

tsTH min= tcyc(R) max-tsTL min 

Note: The read/write input can be maintained at a logical "1" 
(high voltage) during a read cycle. 

Data Output -
0
-u-t-p-ut--.. 

"O" 
'----'"-+-~~~~~~~~~~-'"~VoL Disabled 

FIGURE 2 - WRITE CYCLE TIMING DIAGRAM 

Address 

100 

[ 

L 0.01 
-60 

Strobe 

FIGURE 3 - MAXIMUM STROBE PULSE WIDTH 
versus TEMPERATURE 

~ I 
l ~ Vaa = 5.0 Vdc 

rs~ 
::s; 

::--... 
.L .l ::::i::,., 10Vdc ~ 

~ ........ ~ 
1: ...,,;;; 

l l ~ 15Vdc i--.... 

...... 

...... 

~ 

.l .l. l .l. l I I I 
-20 20 60 100 

TA, AMBIENT TEMPERATURE (OC) 

J 
J 

140 

tsTH min= tcyc(W) max-tSTL min 

Note: The read/write input can be maintained at a logic "0'" 
(low voltage) during a write cycle. If the read/write 
input is maintained at a logic "O" while the strobe is 
a logic "1 ",then the output data will be disabled (high 
impedance) during the write cycle. 

FIGURE 4 - TYPICAL READ ACCESS TIME 
versus LOAD CAPACITANCE 

CL, LOAD CAPACITANCE (pF) 

® MOTOROLA Se,..iconductor Products Inc. 



MC!'Jl14505 

FIGURE 5 - TYPICAL OUTPUT SOURCE 
CAPABILITY versus TEMPERATURE 

Voo-io__r 
Vlnput .· 

o--- --
--l ~3oons 

f=1.0kHz 

Voo Notes: 

FIGURE 6 - TYPICAL OUTPUT SINK 
CAPABILITY versus TEMPERATURE 

Voo 

1. Cycle R/W to ground and then to Voo 
prior to measurement to insure turn- .-------__...--___, 

Vos= VoL 
on of the device under test. 

2. For the P-channel characteristics, 
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FIGURE 7 - FUNCTIONAL CIRCUIT DIAGRAM 
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MCM14505 

OPERATING CHARACTERISTICS 

In considering the operation of the MCM14505 CMOS memory, 
refer to the functional circuit diagram of Figure 7 and timing 
diagrams shown in Figures 1 and 2. The basic memory cell is a 
cross-coupled flip-flop consisting of two inverter gates and two 
P-channel devices for read/write control. The push-pufl cell provides 
high speed as wel I as low power. 

During a read cycle, when the strobe line is high the write 
selection drivers are disabled and the data from the selected row is 
available on columns 1b, 2b, 3b, and 4b. The A4 and A5 address 
bits are decoded to select output data from one of the four columns. 
The output data is available on the data output pin only when the 
strobe and read/write lines are high simultaneously and after the 
read access time, tacc(Rl· has occurred (see Figure 11. Note that 
the output is initially disabled and always goes to the logic "O" state 
(low voltage) before data is valid. The output is in the high
impedance state (disabled) when the strobe line or the R/W line is 
in the low state. The memory is strobed for reading or writing only, 
when the strobe, CE1, and CE2 are high simultaneously. The R/W 
line can be a de voltage during a·read or write cycle and need not 
be pulsed, as sho~n in the timing diagrams. For this case the R/W 
line should be a logic "1" (high) for reading and a logic "O" for 
writing. 

When the strobe line is high, the column read/write inhibit 
ga~es and the row decoder inhibit gates are disabled, the selected 

row is in the low state, and the unselected 15 rows retain their 
logic "1" level due to the row capacitance that exists when the row 
decoder inhibit gates are disabled. This capacitive storage mecha
nism requires a maximum strobe width (see Figure 3) equal to the 
junction reverse bias RC time constant. When the strobe is returned 
to a logic "O" the rows are forced to VoD by the row decoder 
inhibit gates (pullup devices). Similarly the column read/write 
inhibit gates (pulldown devices) force the column lines to a logic 
"O" state. 

Two column lines are- associeted witl) each memory cell in order 
to write into the cell. The write selection drivers are enabled when 
the R/W line is a logic "O" and the strobe line is a logic "1". The 
input data is written into the column selected by the column 
decoder. For instance, if a "1" is to be written in the memory cell 
associated with row 1 and column 1, then row 1 would be enabled 
(logic "0") while column 1b is forced high and column 1a is forced 
loiN by the write selection drivers. If a logic "O" is to be written 
into the cell, then column 1a is forced high and 1b is forced low. 
Tlie data that is retained in the memory cell is the data that was 
present on the data input pin at the moment the strobe goes low 
when R/W is low, or when R/W goes high when the strobe is high. 

APPLICATIONS INFORMATION 

Figure8showsa 256-word by n-bit static RAM memory system 
The outputs of four MCM14505 devices are tied together to form 
256 words by 1 bit. Additional bits are attained by paralleling the 
inputs in groups of four. Memories of larger words can be attained 
by decoding the most significant bits of the address and ANDing 
them with the strobe input. 

Fan-in and fan-out of the~ memory is limited only by speed 
requirements. The extremely low input and output leakage current 
(100 nA maximum) keep the output voltage levels from changing 
significantly as more outputs are .tied together .. With the output 
levels independent of fan-out, most of the power supply range is 
available as logic swing, regardless of the number of units wired 
together. As a result, high noise immunity is maintained under 
all conditions. 

Power dissipation is 0.1 µ.W per bit at a 1.0-kHz rate for a 
5.0-volt power supply, while the static power dissipation is 2.0 nW 
per bit. This low power allows non-volatile information storage 
when the memory is powered by a small standby battery. 

Figure 9 shows an optional standby power supply circuit for 
making a CMOS memory ."non-volatile". When the usual power 
fails, a battery is used to sustain operation or maintain stored 
information. While normal power supply voltage is present, the 
battery is trickle-charged through a resistor which sets the charging 
rate. Ve is the sustaining voltage, and v+ is the ordinary voltage 
from a power supply. VoD connects to the power pin on the 
memory. Low-leakage diodes are recommended to conserve 
battery power. 

The memory system shown in Figure 8 can be interfaced 
directly with the other devices in the McMOS family. No external 
components are required. 

At the inputs to the CMOS memory, TTL devices can interface 
directly if an open-collector logic gate such as the MC7407 is used 
·as shown in Figure 10. Driver circuits are not required since the 
input capacitance is low (4.0 to 6.0 pFl. The address, data, and 
read/write inputs do not need to be fast since they can be changed 
,for the duration when the strobe pulse is low, tsTL (see Figures·1 
and 2). For high-speed operation, a push-pull driver should be used 
if more than five strobe inputs must be driven at one time. One 
circuit of the type shown in Figure 10 can be used for every ten 

•strobe inputs. 

Figures 11, 12, and 13 show methods of interfacing the 
memory output to TTL logic at. various memory voltages. If a 
VoD of 5.0 volts is used for slow-speed, low-power applications, 
one transistor and one resistor must be used (Figure HI. The 
MCM14505AL will drive one low-power TTL gate directly. 

If a VDo of 10 volts is used, the output of the memory device 
can fan out to two low-power TTL gates (Figure 12al or to a 
discrete transistor (Figure 12b). The discrete transistor circuit 
provides higher speed and/or high fan-out. A pulldown resistor 
at the base of the transistor is not needed for fast turn-off because 
of the push-pull output of the memory. Turn-on time of the 
transistor is much faster in Figure 12b since the voltage rise is only 
0.75 volt. The low output capacitance of the MCM14505 means 
that several outputs can be wire-ORed without significantly de
grading performance. The read access time is increased by only 
20 n11 tvpically for 16 outputs tied together when Figure 12b 
is.used. 

Five low-power TTL gates can be driven from the memory 
output if a Voo of 15 volts is used (Figure· 13al. Figure 13b 
shows the interface if a discrete transistor is used. The 1.0 kilohm 
resistor in the base is required to insure that not more than 10 mA 
flows through the output as listed .in the maximum ratings. If a 
2.0 kilohm collector resistor is used (fan-out ;= 3), the turn-on 
time of the transistor is only slightly faster than in the circuit 
shown in Figure 12b due to the lower output impedance when 
Voo = 15 volts. The voltage at the memory data output has to 
rise to oniy 1.3 volts to insure driving a fan-out of three TTL devices. 

If a 510-ohm collector resistor is used, 20 TTL loads may be 
driven. The read access time is increased about 20 ns when four 
memory outputs are tied together since the output voltage must 
rise to 3.7 volts before the transistor can sink the full IOL for a 
fan-out of 20 TTL devices. Almost any NPN transistor with a 
minimum beta of 15 can be used for the interface shown in 
Figures 11, 12and 13. 

The high source current from the push-pull output stage ~f the 
MCM14505 makes for a simpler interface circuit since a low source 
c1,1rrent memory requires a differential eomparato~ to achieve high
speed operation. 
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FIGURE 8 - CMOS 256-WORD BY n-BIT STATIC 
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Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such inform;ition does not 
convey to the purchaser of the semiconductor devices described any 
license under the p<1tent rights of Motorola Inc. or others. 
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FIGURE 9 - STAND BY 
BATTERY CIRCUIT FIGURE 10 - TTL TO CMOS INTERFACE 

FIGURE 11 - CMOS-TO-TTL INTERFACE 
FOR VDo = 5.0V 

+ 
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Voo 
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FIGURE 12-CMOS·TO·TTL INTERFACE 
FOR VoD= 10V 

Voo =5.o v 

MCM14505 

Vee 

TO TTL 
(F.O. = 1) 

Note: The MCM14505AL will drive one 
low power TTL gate directly. 

a. Using a Low.Power TTL Gate b. Using Discrete Devices 
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FIGURE 13- CMOS-TO-TTL INTERFACE 
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NIOTOROLA 
Semiconduc'fors 
BOX 20912 •PHOENIX. ARIZONA 85036 

·DUAL 2-WIDE, 2-INPUT EXPANDABLE 
AND-OR-INVERT GATE 

The MC1450SB is an expandable AND-OR-INVERT gate with in· 
hibit and 3-State output. The expand option allows cascading with 
any other gate, which may be carried as far as desired as long as the 
propagation delay added with each gate is considered. For example, 
the second AOI gate in this device may be used to expand the first 
gate, giving an expanded 4~wide, 2-input AOI gate. This device is 
useful in data control and digital multiplexing applications. 

• Quiescent Current= 2.0 nA/package typical @ 5 Vdc 

• 3-State Output 

• ·separate Inhibit Line 

• Diode Protection on All Inputs 

• Supply Voltage RAnge = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage Voo -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to Voo + o.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 

Storage Temperature Range 

AA 

BA 

CA 3 

DA 4 

EA 5 

6 

14 

E9 13 

09 12 

C9 11 

B9 10 

A9 9 

C L/CP Device 

Tstg 

LOGIC DIAGRAM 

-40 to +85 

...;55 to +150 

VoD =Pin 16 
Vss =Pin a 

7 z9 

Z = (AB + CD + E + I) 

5-252 

oc 

OC 

MC14506B 

McM05 551 
(LOW-POWER COMPLEMENTARY MOSI 

DUAL EXPANDABLE 
AND-OR-INVERT GATE 

l 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC14XXXB 

11
Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

A 

0 
0 
0 
x 
x 
1 
x 
x 
x 
x 

This device contains circuitry to protect 
the inputs against damage due to higfi 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vin and 
Vout be constrained to the range Vss < 
(Vin or Voutl < Voo. 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or.Voci. 

TRUTH TABLE 

B c D E INHIBIT DISABLE z 
0 0 0 1 0 o' 1 
x 0 x 1 0 0 1 
x x 0 1 0 0 1 
0 0 x 1 0 0 1 

0 x 0 1 o. 0 1 
1 x x x x 0 0 
x 1 1 x x 0 0 
x x x 0 x 0 0 

x x x x 1 0 0 
x x x x x ' High 

Impedance 

X = Don't Care 



MC145068 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin=VooorO 10 

15 

"1" Level VoH 5.0 
Vin= Oor Voo 10 

15 

Input Voltage# "O" Level V1L 
(Vo= 4.5 or 0.5 Vdc) 5.0 
(Vo = 9.0 or 1.0 Vdc) 10 
(Vo= 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 
(Vo = 1.0 or 9.0 Vdc) 10 
IVo = 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
IVoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdcl Sink loL 5.0 
(VoL = 0.5 Vdc) 10 
IVoL = 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdcl Sink l_OL 5.0 
IVoL = 0.5 Vdcl 10 
IVoL = 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) •oo 5.0 
(Per Package) 10 

15 

Total Supply Current**t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL= 50 pf on all outputs, all 
buffers switching) 

Three-State Leakage Current ITL 15 
(AL Device) 

Three-State Leakage Current ITL 15 
(CL/CP Device) 

*T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

f'Noise immunity specified for worst-case input combination. 

T1ow 
. 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -

7.0 -
11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -

0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -

0.52 -
1.3 -
3.6 -

- ±0.1 

- ±0.3 

- -

- 1.0 
- 2.0 
- 4.0 

- 4.0 
- 8.0 
- 16 

- ±0.1 

- ±LO 

Noise Margin for both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ v 00 = 10 Vdc 
2.5 Vdc min@ v 00 = 15 Vdc 

tTo calculate total supply current at loads other than 50 pf: 
IT(CL) = IT(50 pf) + 2 x 10-3 (CL -50) Voof 

25°c 

Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 

- 4.50 3.0 
- 6.75 4.0 

3.5 2.75 -

7.0 5.50 -
11.0 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.002 1.0 
- '0.004 2.0 
- 0.006 4.0 

- 0.002 4.0 
- 0.004 8.0 
- 0.006 16 

IT= (0.6 µA/kHz) f + loo 
IT= (1.1 µA/kHz) f+ loo 
IT= ( 1.7 µA/kHz) f +loo 

I 

- ±0.00001 ±0.1 

- ±0.00001 ±l.O 

where: IT is in µA (per package), CL in pf, Voo in Vdc, and fin kHz is input frequency. 
**The formulas given are for th_e typi\=al characteristics only at 25°c. 

Thil_h* 

Min Max Unit 

- 0.05 Vdc 
- 0.05 
- 0:05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vdc 
·1.0 -

11.0 -
mAdc 

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 - mAde 
0.9 -
2.4 -

mAdc 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAde 
0.9 -
2.4 -

- ±1.0 µAde 

- ±1.0 µAde 

- - pf 

- 30 µAde 

- 60 
- 120 

- 30 µAde 
- 60 
- 120 

, .µAde 

- ±3.0 µAde 

- ±7.5 µAde 
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MC14506B 

SWITCHING CHARACTERISTICS* (CL• 50 pf.TA= 25°C) 

Typ Mu 

Ch ..... istic Symbol Yoo AU Types AL Device CL/CP Device Unit 

Output Rise Time tr ns 
tr= (3.0 ns/pf) CL + 30 ns 5.0 180 350 400 
tr= (1.5 ns/pf) CL + 15 ns 10 90 150 200 
tr= (1.1 ns/pf) CL + 10 ns 15 66 110 160 

Output Fall Time tf ns 
tf = (1.5 ns/pf) CL + 25 ns 5.0 100 175 200 
tf ".' (0. 75 ns/pf) CL + 12.5 ns 10 50 75 100 
tf = (0.55 ns/pf) CL + 9.5 ns 15 37 55 80 

Data Propagation Delay Time tpLH ns 
tpLH = (1.7 ns/pf) CL+ 210 ns 5.0 295 440 580 
tpLH = (0.66 ns/pf) CL + 77 ns 10 110 166 225 
tpLH = (0.5 ns/pf) CL + 50 ns 15 75 110 180 

tpHL = (1.7 ns/pf) +CL 185 ns tpHL 5.0 270 360 480 ns 
1pHL = (0.66 ns/pf CL+ 62 ns 10 95 135 175 
tpHL = (0.5 ns/pf) CL+ 40 ns 15 65 110 140 

Expand PrOpagation Delay Time tpLH ns 
tpLH = (1.7 ns/pf) CL + 95 ns 5.0 180 270 430 
tpLH = (0.66 ns/pf) CL + 42 ns 10 75 110 160 
tpLH =. (0.5 ns/pf) CL+ 25 ns 15 50 75 125 
tpHL = 1C1.7 ns/pf) CL+ 115 ns tpHL 5.0 200 270 330 ns 
tpHL = :(0.66 ns/pf) CL +47 ns 10 80' 90 110 
tPHL = (0.5 ns/pf) CL+ 30 ns 15 55 60 90 

Inhibit Propagation Delay Time tpLH ns 
tpLH = (1.7 ns/pf) CL+ 135 ns 5.0 220 360 500 
tPLH = (0.66 ns/pF) CL + 67 ns 10 100 150 225 
tpLH = (0.5 ns/pF) CL+ 40 ns 15 66 100 160 

tpH L = (1.7 ns/pf) CL+ 145 ns tpHL 5.0 230 360 400 ns 
tpHL = (0.66 ns/pF) CL + 62 ns 10 95 140 175 
tPHL = (0.5 ns/pf) CL+ 35 ns 15 60 100 150 

3State Propagation Delay Time 

El 
"1" to High Impedance t .. 1"H 5.0 60 125 150 ns 

10 45 75 110 
15 35 60 90 

"O" to High Impedance t•'O"H 5.0 90 135 225 ns 
10 55 80 140 
15 40 60 100 

High Impedance to "1" 1H"1" 5.0 110 250 300 ns 
10 50 100 125 
15 40 60 100 

High Impedance to "O" 1H"O" 5.0 170 255 425 ns 
10 70 105 175 
15 50 75 125 

•The formula i;ven is for the typical c:h.-acteristics only. 

FIGURE 1 - TYPICAL VOLTAGE TRANSFER CHARACTERISTICS 
(al EXPAND INPUTS (bl DATA INPUTS 

16 I 16 l _l 
a ~A=1125oe' 

14 1--Von = 15 Vdc I- 14 Von= 15Vdc t--t-b TA=+25oC ---1· i-• 
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~ 12 c i 12 
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!'"" b 

CJ 10Vdc w JC-C 
c( CJ 
~ 10 t-- a c( 10 I 
0 b~ ~ a-i > 0 
I- 8.0t--.C Unused inputs - > ,8.0 t--b 
~ I connected to I- r .. .J, 
I- t l l-
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~ 6.0t-5.0Vdc ::> 6.0_ 50Vdc--I I- Enable input connected to 

:II 4.IH-:~ 
~ 1-1 0 i-=- Von. Other inputs connec-.:: 4.0 0 

-: TA;+125J;; 
g a~ tldto Vss. > 

c..,.. > b..,. l l l l 2.0 b TA=+25°C - 2.0 c 

0 
j_ TA =

1
-ss0cl 

0 
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Vin. INPUT VOLTAGE (Vdc) Vin. INPUT VOLTAGE (Vdc) 
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MC14506B 

FIGURE 2 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS TEST CIRCUIT 
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FIGURE 4 - 3-STATE LEAKAGE CURRENT 
TEST CIRCUIT 
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FIGURE 3 - TYPICAL OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 
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FIGURE 5- TYPICA~ POWER DISSIPATION TEST CIRCUIT 

0.01 µF 
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Pulse B DA 
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EA 

50% Duty Cycle A Ae 

Be 
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De 
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Pulse 
Generator 

B 

Pulse 
Generator 

FIGURE 6..,. SWITCHING TIME TEST Cl RCUIT AND WAVEFORMS 
(Data Inputs) 

Voo 

16 

lnh ZA 
20 ns 

AA 

BA 

CA 

DA 

EA 

Ae 

Be 

Ce 

De 

Ee 

Dis 

FIGURE 7 - SWITCHING TIME TESJCIRCUIT AND WAVEFORMS 
(For 3-State Output) 

Voo Vout Voo 

16 

lnh ZA 

AA 

BA 

CA c] 1 k 

DA 

EA S2 A 

Ae 

J:e Be 

Ce 

09 

20 ns 

""2.5.V@Voo=5V, 
10V,and 15V 

{

"" 2 v@ v 00 = s v 
"" 6 v@ v 00 = 10 v 

10% "" 10 v@ v 00 = 15 v 

Ee ----•---· VoL 

Dis Ze 

e Vss "To test other side of circuit connect to this output and 
- change switch (51 l to other expand input (E). 

SWITCH POSITIONS 

TEST 51 52 

t"O"H A. A 

t"1"H B B 

tH"O" A A 

tH"1" B B 
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NIOTOROLA 
Semiconduc-tors 
BOX 20912 • PHOENIX, ARIZONA 85036 

QUAD EXCLUSIVE-"OR" GATE 

The MC14507 quad exclusive OR gate is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single 
monolithic structure. These complementary MOS logic gates find 
primary use where low power dissipation and/or high noise immun
ity is desired. 

• Quiescent Current= 0.5 nA/package typical @ 5 Vdc 
• Noise Immunity= 45% of VDD typical 
• Diode Protection on All Inputs 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Single Supply Operation - Positive or Negative 
• High Fanout >SO 
• Input Impedance= 1012 ohms typical 
• Logic Swing Independent of Fanout 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage vDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to vDD + o.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating_ Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

NOTE: 

Not Recommended for New Designs. Use MC14070B as a Direct 
Replacement. 

5-257 

OC 

OC 

MC14507 

McMOS SSI 
(LOW-POWER COMPLEMENTARY MOS) 

QUAD EXCLUSIVE "OR" GATE 

.. ~.~ .... ~uu ,rmrn~ 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

MC14XXX 

11
Suffix Denotes 

L. Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAM 
POSITIVE LOGIC 

3 =1$2 

Voo =Pin 14 
Vss =Pin 1 

II 



MOTOROLA 
Serniconduc'fors 
BOX 20912 • PHOENIX, ARIZONA 85036 

DUAL 4-BIT LATCH 
The MC145088 dual 4·bit latch is constructed with MOS P-chan· 

nel and N-channel enhancement mode devices in a single mono· 
lithic structure. The part consists of two identical, independent 4-bit 
latches with separate Strobe (ST) and Master Reset (MR) controls. 
Separate Disable inputs force the outputs to a high impedance state 
and allow the devices to. be used in time sharing bus line applications. 

These complementary MOS latches find primary use in buffer 
storage, holding register, or general digital logic functions where low 
power dissipation and/or high noise immunity is desired. Additional 
characteristics can be found on the Family Data Sheet. 
• Quiescent Current= 5.0 nA/package typical@ 5 Vdc 
• High Fanout> 50 
• Input Impedance= 1012 ohms typical 
• 3-State Output 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Capable of. Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load to Two HTL Loads Over the Rated Temper· 
ature Range. 

MAXIMUM RATINGS (Voltages referenced to Vss> 

Rating Symbol Value 

DC Supply Voltage Voe -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to Voe + o.5 

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA ..;.55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

TRUTH TABLE 

MR ST Disable D3 D2 D1 DO 03 02 01 oo 
0 1 0 0 0 0 0 0 0 0 0 
0 1 O· 0 0 0 1 0 0 0 1 
0 1 0 0 0 1 0 0 0 1 0 
0 1 0 0 1 0 0 0 1 0 0 
0 1 0 1 0 0 0 1 0 0 0 

0 0 0 x x x x Latched 
1 x 0 x x x x 0 0 0 0 
x x 1 x x x x High Impedance 

X • Don't Care 

CIRCUIT DIAGRAM 

Dis 

MA 

ST 

I 

: 
(To other three latches) 
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Unit 

Vdc 

Vdc 

mAdc 
oc 

oc 

MC14508B 

McMOS MSI 
(LOW.POWER COMPLEMENTARY MOS) 

DUAL 4-BIT LATCH 

24~SUFFIX ~~l~ICPACKAGE 
CASE 716 

24~ PSUFFIX 
PLASTIC PACKAGE 

1 CASE 709 

ORDERING INFORMATION 

MC14XXXB 

1
tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

1 MR 00 6 
2 ST 
3 ·Dis 01 7 

4 DO 
6 D1 Q2 9 

D2 
D3 Q3 11 

13 MR 
17 00 

14 ST 
16 Dll· 01 19 
16 DO 
18 D1 Q2 21 

20 D2 
22 D3 

Q3 23 

VDD•Pln 24 
Vss •Pin 12 



MC145088 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
~ Vin= v 00 orO 10 

15 

"1" Level VoH 5.0 
Vin·= O or Voo 10 

15 

Input Voltage# "O" Level V1L 
(Vo= 4.5 or 0.5 Vdc) 5.0 
(Vo= 9.0 or 1.0 Vdc) 10 
(Vo= J.r·5 or 1.5 Vdc) 15 

"1" Level VtH 
(Vo= 0.5 or 4.5 Vdc) 5.0 
!Vo = .. 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) IQH 
IVoH = 2.5 Vdc) Source 5.0 
IVoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(VoL = 0.4 Vdc) Sink toL 5.0 
(VoL = 0.5 Vdc) 10 
(VoL = 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0\ 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdc) Sink loL 5.0 
IVoL = 0.5 Vdc) 10 
·1voL = 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) tin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) too 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) too 5.0 
(Per Package) 10 

15 

Total Supply Current**t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

ICL = 50 pF on all outputs. all 
buffers switching) 

Three-State Leakage Current ITL 15 
(AL Device) 

Three-State Leakage Current ·1TL 15 
(CL/CP Device) 

*T1ow ·= -55°C for AL Device. -40°C for CL/CP Device. 
Thigh·= +125°C for AL Device, +85°C for CL/CP Device. 

;:Noise immunity specified for worst-case input combination. 

T1ow * 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -

- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

- ±0.1 

- ±1.0 

Noise Margin for both "1" and "O" level= 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
ITICL) = ITl50 pF) + 8 x 10-3 (CL -50) Voof 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 
- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -
-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -
-0.8 -1.7 -

-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- O.Q15 20 

- 0.005 20 
- 0.010 40 
- O.Q15 80 

IT= (1.46µA/kHzl f +loo 
IT = (2.91 µA/kHz) f + loo 
IT= (4.37 µA/kHz) f + loo 

- ±0.00001 ±0.1 

- ±0.00001 ±1.0 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is ihput frequency. 
•*_The formulas given are for the typical characteristics only at 25°c. 

Thigh* 

Min Max Unit 

- 0.05 Vdc 
- 0.05 
- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vdc 

7.0 -
11.0 -

mAdc 
-0.7 -

-0.14 -
-0.35 -
-1.1 -
0.36 - mAdc 
0.9 -
2.4 -

mAdc 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAdc 
0.9 -
'2.4 -
- ±1 .. 0 µAde 

- ±1.0 µAde 

- - pF 

- 150 µAde 
- 300 
- 600 

- 150 µAde 

- 300 
- 600 

µAde 

- ±3.0 µAde 

- ±7.5 µAde 

@ MOTOROLA SeTniconductor Products Inc. _______ ...,.. 
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MC14508B 

SWITCHING CHARACTERISTICS* (CL= 50 pF. TA= 25°c1 

All Types 

Characteristic Symbol Voo Min Types Max Unit 

Output A ise Time tr 
tr= (3.0\ns/pF) CL+ 30 ns, 5.0 - 180 360 
tr= (1.5 ns/pF) CL+ 15 ns 10 - 90 180 
tr= (1.1 ns/pF) CL+ 10 ns 15 - 65 130 

Output Fall Time tf 
tf = (1.5 ns/pF) CL+ 25 ns 5.0 - 1001 200 
tf = (0.75 ns/pF) CL+ 12.5 ns 10 - 50 100 
tf = 10:55 ns/pF) CL+ 9.5 ns 15 - 40 80 

Propagation Delay Time tPLH• 
tPLH· tPHL = (1.7 ns/pF) CL+ 135 ns tPHL 5.0 - 220 440 
tPLH· tPHL = (0.66 ns/pF) c.L + 57: ns 10 - . 90 180 
tPLH· tPHL = (0.5 ns/pF) CL+ 35 ns 15 - 60 120 

Minimum Master Reset Pulse Width PWMR 5.0 - 100 200 
10 - 50 100 
15 - 35 70 

Minimum Strobe Pulse Width PWsT 5.0 - 70 140 
10 - 35 70 
15 - 20 40 

Minimum Setup Time tsetup 5.0 - 25 50 
10 - 10 20 
15 - 5.0 10 

Hold Time tho Id 5.0 - 0 0 
10 - 0 0 
15 - 0 0 

3-State Propagation Delay Time t"1"H 
Output "1" to High Impedance 

t"1 "H = (0.49 ns/pF) CL+ 60.5 ns 5.0 - 85 170 
t"1"H = (0.29 ns/pF) CL+ 35.5 ns 10 - 50 100 
t"1 "H = (0.19 ns/pF) CL+ 25.5 ns 15 - 35 70 

Output "0" to High lmpedanc11 t"O"H 
t"O"H = 0.32 ns/pF) CL+ 49 ns 5.0 - 65 130 
t"O"H = (0.29 ns/pF) CL+ 25.5 ns 10 - 40 80 
t"O"H = (0.28 ns/pF) CL+ 16 ns 15 - 30 60 

High Impedance to "1" Level tH"1" 
tH"1" = (0.41 ns/pF) CL+ 64.5 ns 5.0 - 85 170 
tH"1" = (0.31 ns/pF) CL+ 34.5 ns ' 10 - 50 100 

tH"1" = (0.30 ns/pF) CL+ 20 ns 15 - 35 70 

High Impedance to "O" Level tH"O" 
tH"O" = (0.49 ns/pF) CL+ 60.5 ns 5.0 - 85 170 
tH"O" = (0.29 ns/pF) CL+ 35.5 ns 10 - 50 100 
tH"O" = (0.19 ns/pF) CL+ 25.5 ns 15 - 35 70 

*The formula given 1s for the typical characteristics only. 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however. it is ad
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range Vss.;;; (Vin or Voutl 
.;;;voo. I 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or Vool. 

ns 

ns 

ns 

ns. 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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MC14508B 

Strobe 
Input 

Pulse 
Generator 

FIGURE 1 - AC WAVEFORMS 

Master Resety.:ew VDD 
Input 

Vss 

OnOutput \ r--VoH 

\__/_vol 

FIGURE 2 -3-STATE AC TEST CIRCUIT AND WAVEFORMS 

03 Output 

VoD 

MR !vDD 00 
ST ST1 

Disable 01 TEST ST1 

DO t"1"H OPEN 

D1 
02 

t"O"H CLOSE 

D2 
03 

D3 
tH"O" CLOSE 

tH"1" OPEN 

Vss 

ST2 

-= 

"' 2.5 V @ V DO : 5 V, 

t•~i"H , tH'' 1" 10V,and15V 
"" 2V@VDD: 5V 

. 
90% . . . {"" 6V@VDD:10V 

"' 10 V @ V DO : 15 V 

10% ---VOL 

ST2 

CLOSE 
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OPEN 

CLOSE 

® MOTOROLA Se,,.iconduc~or Produc~s Inc. 

6-2R1 

ST3 

CLOSE 

OPEN 

OPEN 

CLOSE 

ST4 

OPEN 

CLOSE 

CLOSE 

OPEN 



MC14508B 

3-STATE MODE OF OPERATION 

The MC145088 can be used in bussed systems as shown. 
The output terminals of N 4-bit latches can be directly wired to a 
bus line, and to one of the 4-bit latches selected. The selected 
latch controls the logic state of the bus line, and the remaining 
(N-1) 4-bit latches are disabled into a high impedance "off" state. 
The number of latches, N, which may be connected to a bus line is 
determined from the output drive current, loo. the 3-state or 
disabled output leakage current, ITL• and the load current, IL, 
required to drive the bus line (including fanout to other device 
inputs) a,nd can be calculated by the following:, 

N =loo - IL+ 1 
ITL 

N must be calculated for both high and low logic states of the 
bus line; 

Selected as 
Driving Device 

Disabled 

Disabled 

TYPICAL 3-STATE APPLICATIONS 

EXAMPLE 1 
Reset 

Clock 

Serial 
Data 

Disable>----+-__, 
'----..-~~--' 

4-Line Data Bus 

EXAMPLE 2 

'o D 

~ 

1/2 
MC14508B 

i+- 100 

1-ITL 

1/2 
MC14508B 

1 TL~ 

~ 
1/2 

MC14508B 

ITL-+ IL 

~ k 
~ 

BUS LINES 
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NIOTOROLA 
Semiconduc-fors 
BOX 20912 o PHOENIX, ARIZONA 85036 

BCD UP/DOWN COUNTER 

The MC14510B-BCD up/down counter is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single 
monolithic structure. The counter consists of type D flip-flop stages 
with a gating structure to provide type T flip-flop capability. The 
counter can be cleared by applying a high level on the Reset line. 
This complementary MOS counter finds primary use in up/down and 
difference counting and frequency synthesizer applications where 
low power dissipation and/or high noise immunity is desired. It is 
also useful in A/D and D/A conversion and for magnitude. and sign 
generation. 

• Quiescent Current= 5.0 nA/package typical@ 5.0 Vdc 

• Noise Immunity= 45% of Voo typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Low Input Capacitance - 5.0 pF typical 

• Internally Synchronous for High Speed 

• Logic Edge-Clocked Design - Count O_cgurs on Positive Going 
Edge of Clock 

• 5.0-MHz Counting Rate 

• Asynchronous Preset Enable Operation 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera
ture Range. 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage VoD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDo + o.5 

Unit 

Vdc 

Vdc 

DC Current Drai11 per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 oc 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

TRUTH TABLE 

PRESET 
CARRY IN UP/DOWN ENABLE RESET ACTION 

1 x 0 0 No Count 

0 1 0 0 Count Up 

0 0 0 0 Count Down 

x x 1 0 Preset 

x x x 1 Reset 

X = Don't Care 

MC14510B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOSI 

BCD UP/DOWN COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC14XXXO 

1
1:;Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

PE 01 6 

Carry In 

9 A 02 11 

10 Up/Down 

15 Clock 03 14 

4 P1 

12 P2 04 2 

13 P3 

3 P4 c!!!!Y 
Out 

VDD =Pin 16 
Vss =Pin a 



MC14510B 

ELECTRICAL CHARACTERISTICS 

voo 
. Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin= Voo orO 10 

15 

"1" Level VoH 5.0 
Vin= Oor Voo 10 

15 

Input Voltage# "O" Level V1L 
(Vo = 4.5 or 0.5 Vdc) 5.0 
(Vo = 9.0 or 1.0 Vdc) 10 
(Vo= 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 
(Vo= 1.0 or 9.0 Vdc) 10 
!Vo= 1.5 or 13.5.Vdc) 15 

Output Drive Current (AL Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
IVoH = 9.5 Vdc) 10 
IVoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdcl Sink loL 5.0 
!VoL = 0.5 Vdcl 10 
IVoL = 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) IOH 
IVoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 ' 
IVoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

fVoL = 0.4 Vdcl Sink loL 5.0 
!VoL = 0.5 Vdcl · 10 

!VoL = 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current••t IT 5.0 
!Dynamic plus Quiescent, 10 

Per Package) 15 
(CL = 50 pF on all outputs, all 
buffers switching) 

*T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

yNoise immunity specified for worst·case input combination. 

T1ow * 

Min Max 

- 0.05 

- 0.05 

- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 

- 4.o 

3.5 -
7.0 ·-

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O" level= 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ '(oo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
. ITICL) = IT(50 pF) + 1 x 10-3 (CL -50) Voof 

25°c 

Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 
- 4.50 3.0 
- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 --0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-;1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- 0,015 20 

- 0.005 20 
- 0.010 40 
- 0.015 80 

IT= (0.58 µA/kHz) f + loo 
IT= (1.2 µA/kHz) f + loo 
IT= (1.7 µA/kHz) f.+ loo 

where: IT is in µA (per package), Ct. in pF, Voo in Vdc, and fin kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 

Th.lfl_h* 
Min Max Unit 

- 0.05· Vdc 
- 0.05 
- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 1.5 
- 3.0 

- 4.0 

3.5 - Vdc 

7.0 -
11.0 -

mAdc 
-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 - mAdc 
0.9 -
2.4 -

mAdc 
-0.6 -

--0.12 -
-0.3 -
-1.0 -
0.36 - mAdc 
0.9 -
2.4 -

- ± 1.0 µAde 

- ±1.0 µ·Ade 

- - pF 

- 150 µAde 
- 300 
- 600 

- 150 µAde 

- 300 
- 600 

µAde 

This device contains circuitry to protect the inputs 8Qainst damage due to high static voltages or electric fields; however, it is ad· 
visad that normal precautions be taken to avoid application of any voltage higher than maximum ratad voltages to this high im
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range Vss <; (Vin or V 0ut> 
.;;;;voo· 
Unusad inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or Vool. 
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MC14510B 

SWITCHING CHARACTERISTICS ICL = 50 pF, TA= 25°Cl 

All Types 

Characteristic Symbol Voo Min Typ Max Unit 

Output Rise Time tr ns 
tr= (3.0ns/pF) CL+ 30 ns 5.0 - 180 360 
tr= (1.5 ns/pF) CL +15 ns 10 - 90 180 
tr= (1.1 ns/pF) CL+ 10 ns 15 - 66 130 

Output Fall Time tf ns 
tf = (1.6 ns/pF) CL+ 26 ns 5.0 - 100 200 
tf = (0.75 ns/pF) CL+ 12.5 ns 10 - 50 100 
tf = (0.55 ns/pF) CL+ 9.5 ns 15 - 40 80 

Propagation Delay Time tPLH• ns 
Clock to Q tPHL 

tf>LH• tPHL = (1.7 ns/pFI CL+ 230 ns 5.0 - 316 630 
tPLH• tPHL = (0.66 ns/pF) CL+ 97 ns 10 - 130 260 
tPLH· tPHL = (0.5 ns/pF) CL+ 75 ns 15 - 100 200 

Clock to Carry Out tPLH· ns 

tPLH• tPHL = (1.7 ns/pF) CL+ 230 ns tPHL 5.0 - 316 630 
tPLH· tPHL = (0.66 ns/pF) CL+ 97 ns 10 - 130 260 
tPLH· tPHL = (0.5 ns/pF) CL+ 75 ns 15 - 100 200 

CarrYTri to Carry Out tPLH• ns 

tPLH· tPHL = (1.7 ns/pF) CL+ 95ns tPHL 5.0 - 180 360 
tPLH· tPHL = (0.66 ns/pF) CL +.47 ns 10 - 80 160 

tPLH· tPHL = (0.5 ns/pF) CL+ 35 ns 15 - 60 120 

Preset or Reset to Q tPLH• ns 
tPLH· tPHL = (1.7 ns/pF) CL+ 230 ns tPHL 5.0 - 315 630 
tPLH· tPHL = (0.66 ns/pFI CL+ 97 ns 10 - 130 260 
tPLH· tPHL = (0.5 ns/pF) CL+ 75 ns 15 - 100 200 

Preset or Reset ot Carry Out· tPLH• ns 

11>LH· tPHL = 11.7 ns/pFI CL+ 465 ns tPHL 5.0 - 550 1100 

tPLH· tPHL = (0.66 ns/pF) CL+ 192 ns ·10 - 225 450 
tPLH· tPHL = (0.5 ns/pF) CL+ 125 ns 15 - 150 300 

Minimum Clock Pulse Width PWc 5.0 - 200 400 ns 
10 - 100 200 II 
15 - 75 150 

Maximum Clock Pulse Frequency PRF 5.0 1.5 3.0 - MHz 
10 3.0 6.0 -
15 4.0 8.0 -

Preset or Reset Removal Time** trem 5.0 - 325 650 ns 
10 - 115 230 
15 - 90 180 

Maximum Clock Rise and Fall Time tr, tf 5.0 15 - - µs 
10 15 - -
rs 15 - -

Carry In Setup Time tsetup 5.0 - 130 260 ns 
10 - 60 120 
15 - 50 100 

Up/Down Setup Time tsetup 5.0 - 250 500 ns 
10 - 100 200 
15 - 75 150 

Minimum Preset Enable Pulse Width PWpe 5.0 - 100 200 ns 
10 - 50 100 
15 - 40 80 

*The formula given is for the typical characteristics only. 
**The Preset or Reset Signal must be low prior to a positive.going transition of the clock. 

® MOTOROLA Se,.,lconductor Products Inc.-------~ 
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FIGURE 1 - POWER DISSIPATION TEST CIRCUIT'AND WAVEFORM 

Clock 

0.01 µF 

Jceramic 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Programmable 
Pulse 

Generator 

VoD 

i--~--+--o--acarry In 

1---0--t-~-~R 021---C.>-------~ 

t---Q--+---0--1 Up/Down 

1---<>--+--0---1 Clock 031----<.:1-------. 

'-----..-----':~ 
04 

i----<.>--.r r r r r 
Carry In or VDo 
Up/Down 

Vss 

Clock 
Voo 

iVss 

vDD 
Preset Enable 

Vss 

tr 

VoH 
01 or Carry Out 

VoL 
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LOGIC DIAGRAM 

P1 01 
. 4 6 

P2 02 
12 11 

P3 03 
13 14 

P4 04 
3 2 

carry Cui 7 <>-----~ 

Up/Down 10 

TIMING DIAGRAM 

Clock 

Cii"r'rYiiii---+---~-+--+--+-~+--+-~+--+-~+--+---+--+~-+---t~-+---t~-+'lr-~1•~+--+-~+--1 
Up/Oownl---+-~~-+-~+--+-~+--+-~+--+w[L 

Reset 
1---1-~~-+----+--+-~+--+-~+--+-~+--+~+--+~-+---t~-+---t~-+-___,~ ........ ~~-+---4 

PEh J1hl 
'-+--+-+-+---..,+-+---+--+--+-+-+---..,+-+-+--+--+-+-+--1--+~I 4-

P11---+---'1---+-~i---+-~+--+-~+--+-~+--+~+--+~-+-~~-+-~~-+-~i---+-~t---+-~I 

P21---+--+-+--+----ll--+--+-+--+----l-+--+-+--+--,-l--+--+-+--+-~~J 
P3t--+-+--+--+--+--t~t--+--+--+--+--+~t--+--+--+--+--+~t--~J....-+--+---+--

01 l--i t--i ..........., 1--1 t-- t--i ~ ........., ~ r--i n 
1--' I-- ~ ........., t-- ,__., ,__...... ,__., t---1 t--t--f 4-- t-

02 ~ l'--t--i 1--+---' 1----t--l r---+--i ~ r---+--i .r--j1._ 
03 

______ .r--ji._ 

04 l---+---+----+--"4~+------+---4r-t"t---+--+-

Count 0 1 2 3 4 5 6 7 8 9 8 7 6 5 4 3 2 1· 0 O 9 6 7 O 
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FIGURE 3 - PRESETTABLE CASCADED UP/DOWN COUNTER 

01 Q2 Q3 Q4 

Pre•t 
Enable 

o .. Count 

Cout 
L.S.D. 

1 •Up MC14510B 

~lvo~e•t 
oo~....____.~--~~~~~~~....-~~-

open =Count 

Q1 Q2 03 

PE 

C1n 

Clock M.S.O. 
MC14510B 

U/O 

R 
P1 P2 P3 

Resistors s 1 0 k Sl 

FIGURE 4 - PROGRAMMABLE CASCADED FREQUENCY DIVIDER 

fout Q1 02 03 Q4 

PE 

c,n 

Clock L.S.D. 
MC14510B 

+Voo 

Clock (fin> Th{~:.v:.h;:: ~~i.~ches 
~-t---~+-~~~~~~~~~~~ 

+Voo 
Open= Count 

Qt Q2 ,Q3 

PE 

c,n 
Clock M.S.O. 

MC14510B 
U/D 

RP1 P2 P3 

+Voo 
Resistors= 10 kSl 

fin 
fout" n 

04 

Co:t 

P4 

Q4 

Cout 

P4 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; 'consequently, 
complete information sufficient for construction purposes Is not 
necessarily given. Tile information has been carefully checked and 

Is believed to be entirely reliable. However, no responsibility Is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc/or others. 

@MOTOROLA SemlconduC'for ProduC'fs Inc. 
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NIOTOROLA 
Semiconducf:ors 
BOX 20912 •PHOENIX, .ARIZONA 85036 

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER 

The MC14511 B BCD-to-seven segment latch/decoder/driver is con
structed with complementary MOS (CMOS) enhancement mode de
vices and NPN bipolar output drivers in a single monolithic structure. 
The circuit provides the functions of a 4-bit storage latch, an 8421 
BCD-to-seven segment decoder, and an output drive capability .. Lamp 
test (LT), blanking (Bi), and latch enable (LE) inputs are used to test 
the display, to turn-off or pulse modulate the brightness of the 
display, and to store a BCD code, respectively. It can be used with 
seven-segment light emitting diodes (LED). incandescent, fluorescent, 
gas discharge, or liquid crystal readouts either directly or indirectly. 

Applications include instrument (e.g., counter, DVM, etc.) dis
play driver, computer/calculator display driver, cockpit display driver, 
and various clock, watch, and timer uses. 

• Quiescent Current =5.0 nA/package typical@ 5 Vdc 
• Low Logic Circuit Power Dissipation 

• High-Current Sourcing Outputs (Up to 25 mA) 

• Latch Storage of Code 

• Blanking Input 

• Lamp Test Provision 

• Readout Blanking on all Illegal Input Combinations 

• Lamp Intensity Modulation Capabipty 

• Time Share (Multiplexing) Facility 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated 
Temperature Range. 

MAXIMUM RATINGS (Voltages referenced to Vssl. 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 
Input Voltage, All Inputs Vin -0.5 to VoD + o.5 

Unit 

Vdc 

Vdc 
DC Current Drain per Input Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 oc 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 
Maximum Continuous Output Drive· Current loHmax 25 mA 

(Source) per Output 

Maximum Continuous Output l'.'ower PoHmax 50 mW 
(Source) per Oµtput * 

This device contains circuitry to protect the inputs against damage due to high static 
voltages or electric fields; however, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated voltages to this high im
pedance circuit. A destructive high current mode may occure if Vin and Vout is not 
constrained to the range Vss E;;; (Vin or V0 utl E;;; VDD· 

Due to the sourcing capability of this circuit, damage can occur to the device if VDD is 
applied, and the outputs are shorted to Vss and are at·a logical 1 (See Maximum 
Ratings). 

Unused. inputs must always be tied to an appropriate logic voltage level (e.g., either 
V55orV0Dl· 
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McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

BCD-TO-SEVEN SEGMENT 
LATCH/DECODER/DRIVER 

.. "lfl'·,.o 
L SUFFIX P SUFFIX 

CERAMIC PACKAGE ' PLASTIC PACKAGE 
CASE 620 CASE 648 

ORDERING INFORMATION 

MC14XXXB ~Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

13 a 

12 1f-:)b 
11 •Qc 

6 10 
d 

15 v 00 =Pin 16 

14 V55 = Pin8 

DISPLAY 

IOI 1l213IYISlbl 718191 
01'23456 789 

TRUTH TABLE 

IN~ _OUT~ 

LE Bl LT D C B A a b c d e f 9 DISPLAY 

x x 0 x x x x 1 1 1 1 1 1 1 8 
x 0 1 x x x x 0 0 0 0 0 0 0 Stank 

0 1 1 0 0 0 0 1 1 1 1 1 1 0 0 
0 1 1 0 0 0 1 0 1 1 0 0 0 0 1 
0 1 1 0 0 1 0 1 1 0 1 1 0 1 2 
{) 1 1 0 0 1 1 1 1 1 1 0 0 1 3 

0 1 1 0 1 0 0 0 1 1 0 0 1 1 4 
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 
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 
0 1 1 1 0 1 0 0 0 0 0 0 0 0 Blank 
0 1 1 1 0 1 1 0 0 0 0 0 0 0 Blank 

0 1 1 1 1 0 0 0 0 0 0 0 0 0 Blank 
0 1 1 1 1 0 1 0 0 0 0 0 0 0 Blank 
0 1 1 1 1 1 0 0 0 0 0 0 0 0 Blank 
0 1 1 1 1 1 1 0 0 0 0 0 0 0 Blank 
1 1 1 x x x x 

X = Don't Care 
"Depends upon the BCD code previously applied 

.when LE =,O 

E 



MC14511B 

ELECTRICAL CHARACTERISTICS 

Voo T1ow * 25°c Thigh* 

Characteristic Symbol Vdc Min Max Miri Typ Max Min Max Unit 

Output Voltage "O" Level VoL 5.0 - 0.05 - 0 0.05 - 0.05 Vdc 
Vin=VDDorO 10 - 0.05 - 0 0.05 - 0.05 

15 - 0.05 - 0 0.05 - 0.05 

"1" Level VoH 5.0 4.1 - 4.1 4.57 - 4.1 - Vdc 
Vin=OorVDD 10 9.1 - 9.1 9.58 - 9.1 -

15 14.1 - 14.1 14.59 - 14.1 -
Input Voltage# "O" Level VIL Vdc 

(Vo= 3.8or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5 - 1.5 
(Vo = 8.8 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0 
(Vo= 13.8or 1 .. 5 Vdc) 15 - 4.0 - 6.75 4.0 - 4;0 

(Vo = 0.5 or 3.8 Vdc) "1" Level V1H 5.0 3.5 - 3.5 2.75 - 3.5 - Vdc 
(Vo= 1.0 or 8.8 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo= 1.5 or 13.8 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Voltage (AL Device) VoH Vdc 

(loH = 0 mAdc) Source 5.0 4.10 - 4.10 4.57 - 4.1 -
(loH = 5.0 mAdc) - - - 4.24 - - -
(loH = 10 mAdc) 3.90 - 3.90 4.12 - 3.5 -

(loH = 15 m,Adcl - - - 3.94 - - -
(loH = 20 mAdc) 3.40 - 3.40 3.75 - 3.0 -
(IOH = 25 mAdc) - - - 3.54 - - -

(IOH = 0 mAdc) 10 9.10 - 9.10 9.58 - 9.1 - Vdc 

(loH = 5.0 mAdc) - - - 9.26 - - -
(IOH = 10 mAdc) 9.00 - 9.00 9.17 - 8.6 -
(IOH = 15 mAdc) - - - 9.04 - - -
!loH = 20 mAdc) 8.60 - 8.60 8.90 - 8.2 -
!loH = 25 mAdc) - - - 8.75 - - -
(loH = O mAdc) 15 14.1 - 14.1 14.59 - 14.1 - Vdc 
(IOH = 5.0 mAdc) - - - 14.27 - - -
(IOH = 10 mAdc) 14.0 - 14.0 14.18 - 13.6 -
(loH = 15 mAdc) - - - 14.07 - - -
OoH = 20 mAdc) 13.6 - 13.6 13.95 - 13.2 -
(IOH = 25 mAdc) - - - 13.80 - - -

Output Drive Voltage (CL/CP Device) VoH Vdc 
OoH = OmAdc) Source, 5.0 4.10 - 4.10 4.57 - 4.1 -
(IOH = 5.0 mAdc) - - - 4.24 - - -
UoH = 10 mAdc) 3.60 - 3.60 4.12 - 3.3 -
(loH = 15 mAdc) - - - 3.94 - - -
!loH = 20 mAdc) 2.80 - 2.80 3.75 - 2.5 -
(loH = 25 mAdc) - - - 3.54 - - -

(IOH = 0 mAdc) 10 9.10 - 9.10 9.58 - 9.1 - Vdc 
!loH = 5.0 mAdc) - - - 9.26 - - -
(loH = 10 mAdc) 8.75 - 8.75 9.17 - 8.45· -
OoH = 15 mAdc) - - - 9.04 - - -
(loH = 20 mAdc) 8.10 - 8.10 8.90 - 7.8 -
(IOH = 25 mAdc) - - - 8.75 - - -

(loH = O mAdc) 15 14.1 - 14.1 14.59 - 14.1 - Vdc 
(loH = 5.0 mAdc) - - - 14.27 - - -
(IOH = 10 mAdc) 13.75 - 13.75 14.18 - 13.45 -
(IOH = 15 mAdc) - - - 14.07 - - -

(loH = 20 mAdc) 13.1 - 13.1 13.95 - 12.8 -
( loH = 25 mAdcl - - - 13.80 - - -

Output Drive Current (AL Device) loL mAdc 
(Vol = 0.4 Vdc) Sink 5.0 0.64 - 0.51 0.88 - 0.36 -

~ 

IVoL = o.5 Vdcl 10 1.6 - 1.3 2.25 - 0.9 -
IVoL = 1.5 Vdc) 15 4.2 - 3.4 8.8 - 2.4 -

Output Drive Current (CL/CP Device) IOL mAdc 
(Vol =0.4 Vdcl Sink 5.0 0.52 - 0.44 0.88 - 0.36 -
(Vol = 0.5 Vdcl 10 1.3 - 1.1 2.25 - 0.9 -
(Vol = 1.5 Vdc) 15 3.6 - 3.0 8.8 - 2.4 -

(Continued) 

<f!j MOTOROLA Semiconductor Products Inc. 
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ELECTRICAL CHARACTERISTICS (Continued) 

Voo 
Characteristic Symbol Vdc 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin =O) 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current** t IT 5.0 
(Dynamic plus Quiescent, 10 

Per Package) 15 
(CL= 50 pF on all outputs, all 
buffers switching) 

*T1 0 w= -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 
Noise Margin for both "1" and "O" level= 

1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

Min 

-
-
-
-
-
-
-
-
-

SWITCHING CHARACTERISTICS* (CL= 50 pF, TA= 25°Cl 

Characteristic 

Output Rise Time 

Output Fall Time 
tf = (1.5 ns/pF) CL+ 50 ns 
tf = (0.75 ns/pF) CL+ 37 .5 ns 
tf = (0.55 ns/pF) CL+ 37.5 ns 

Data Propagation Delay Time 
tPLH = (0.40 ns/pF) CL + 620 ns 
tPLH = (0.25 ns/pF) CL + 237.5 ns 
tPLH = (0.20 ns/pF) CL + 165 ns 

tPHL = (1.3 ns/pF) .cl +655 ns 
tPHL = (0.60 ns/pF) CL + 260 ns 
tPHL = (0.35 ns/pF) CL + 182.5 ns 

Blank Propagation Delay Time 

tPLH =: (0.30 ns/pFl CL + 305 ns 
tPLH = (0.25ns/pF) CL+ 117.5 ns 
tPLH = (0.15 ns/pF) CL + 92.5 ns 

tPHL = (0.85 ns/pF) CL + 442.5 ns 
tpHL = (0.45 ns/pF) CL + 117 .5 ns 
tPHL = (0.35 ns/pF) CL + 142.5 ns 

Lamp Test Propagation Delay Time 

tPLH = (0.45 ns/pF) CL + 290.5 ns 
tPLH = (0.25 ns/pF) CL + 112.5 ns 
tPLH = (0.20 ns/pF) CL + 80 ns 

tPHL = ( 1.3 ns/pF) CL + 248 ns 
tPHL = (0.45 ns/pF) CL + 102.5 ns 
tPHL = (0.35 ns/pF) CL + 72.5 ns 

Minimum Setup Time 

Minimum Hold Time 

Minimum Latch Enable Pulse Width 

*The formula given 1s for the typical characteristics only. 

T1ow * 25°c Th!ll_h* 
Max Min Typ Max Min Max Unit 

±0.1 - ±0.00001 ±.0.1 - .± 1.0 µAde 

±0.3 - ±0.00001 ±0.3 - i 1.0 µAde 

- - 5.0 7.5 - - pF 
/ 

5.0 - 0.005 5.0 - 150 µAde 

10 - 0.010 10 - 300 
20 - 0.015 20 - 600 

20 - 0.005 20 - 150 µAde 

40 - 0.010 40 - 300 
80 - 0.015 80 - 600 

1:r= (1.9 µA/kHzl f +loo µAde 

IT~ (3.8 µA/kHz) f + loo 
IT= (5.7 µA/kHz) 1 + loo 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = IT(50 pF) + 3.5 x 10-3 (CL -50) Voof 

where: IT is in µA (per package), CL in pF, Voo in Vdc, 
and fin kHz is input frequency. 

• *Tlie formulas given are for the typical 
characteristics only at 25°c. 

Voo All Types 

Symbol Vdc Min Typ Max Unit 

tr ns 
5.0 - 40 80 

10 - 30 60 

15 - 25 50 

tf -
ns 

5.0 125 250 

10 
- 75 150 

15 
- 65 130 

tPLH ns 
5.0 

- 640 1280 

10 - 250 500 
I' 

15 - 175 350 

tPHL 5.0 - 720 1440 ns 
10 - 290 580 
15 - 200 400 

tPLH - ns 
5.0 320 640 -
10 130 260 

-
15 100 200 

tPHL 5.0 - 485 970 ns 
10 - 200 400 
15 - 160 320 

tPLH ns 
5.0 - 313 625 

10 - 125 250 

15 - 90 180 

lpHL 5.0 - 313 625 ns 
10 - 125 250 
15 - 90 180 

tsetup 5.0 -- 90 180 ns 
10 - 38 76 
15 - 20 40 

th old 5.0 - -90 0 ns 
10 - -38 o, 
15 - -20 0 

PWLE 5.0 - 260 520 ns 
10 - 110 220 
15 - 65 130 

(f!} MOTOROLA Sem/conduc'f:or Produc'f:s Inc. 
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MC14511B 

FIGURE 1 -,DYNAMIC POWER DISSIPATION 
SIGNAL WAVEFORMS 

Input LE low, and Inputs D, Bf and LT high. 
f in respect to a system clock. 
All outputs connected to respective CL loads. 

A, B, and C 

FIGURE 2- DYNAMIC SIGNAL WAVEFORMS 

(a) Inputs D and LE low, and Inputs A. B, Bt and LT high. 

lnputC 

(b) Input D low, Inputs A, B, iii and LT high., 

20ns 

LE 

lnputC 

------Vss 

(c) Data DCBA strobed into latches. 

LE 

@ MOTOROLA Semiconduc'f:or Produc'f:s Inc. 
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MC145118 

CONNECTIONS TO VARIOUS DISPLAY READOUTS 

LIGHT EMITTING DIODE (LEO) READOUT 

vDD 

Vss 

Common 
Cathode LED 

---~1.7V 

INCANDESCENT READOUT 

vDD vDD 

=Vss = 

GAS DISCHARGE READOUT 

vDD 

= Vss 

Appropriate 
Voltage 

VDD 

= Vss 

Common 
Anode LED 

:::::: 1.7 v 

FLUORESCENT READOUT 

vDD 

= Vss 

Direct 
(Low Brightness) 

Filament 
Supply 

-= V$s or appropriate 
voltage below Vss· 

LIQUID CRYSTAL (LCD) READOUT 
Exci:tation 

vDD 
(Square Wave, 
Vss to vDD> 

**A filament pre-warm resistor is recommended to reduce filament 
thermal shock and increase the effective cold resistance of the 
filament. 

Direct de drive of LCD's not recommended for life of LCD readouts. 

@ MOTOROLA Semicond~ctor Products Inc. ------~ 
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LOGIC DIAGRAM. 

A7 
13 a 

12 b 

B 1 
11 c 

10 d 

9 e 

15 f 

14 g 

. (f!j MOTOROLA Semiconduc'for Produc'fs Inc. 
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MOTOROLA 
Semiconduc'fors 
BOX 20912 •PHOENIX, ARIZONA 85036 

8-CHANNEL DATA SELECTOR 

The MC14512 is an 8-channel data selector constructed with 
MOS P-channel and N-channel enhancenient mode devices in a single 
monolithic structure. This data selector finds primary application in 
signal multiplexing functions. It may also be used for data routing, 
digital signal switching, signal gating, and number sequence gener
ation. 

• Quiescent Current= 5.0 nAJpackage typical @ 5 Vdc 

• Noise Immunity = 45% of VDD typical 
• Diode Protection on All Inputs 
• High Fanout> 50 
• Single Supply Operation - Positive or Negative 
• 3-State Output (Logic "1", Logic "0", High Impedance) 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc , 
• Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to V55l 

Rating Symbol Value 

DC Supply Voltage vDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +125 
C L/CP Device · -40 to +85 

Storage Temperature Range Tstg -65 to +150 

TRUTH TABLE 

c B A INHIBIT DISABLE z 
0 0 0 0 0 XO 
0 0 1 0 0 X1' 
0 1 0 0 0 X2 
0 1 1 0 0 X3 

1 0 0 0 0 X4 
1 0 1 0 0 X5 
1 1 0 0 0 X6 
1 1 1 0 0 X7 

"' 
. I/I 

"' 
1 0 0 

ti> "' "' "' 
1 High 

Impedance 

I/I • Don't Care 

5-275 

Unit 

Vdc 

Vdc 

mAdc 
OC 

OC 

MC145.12 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOSI 

8-CHANNEL DATA SELECTOR 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC14XXX 

11
Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

15 Disable Z 14 

10 Inhibit 

11 A 

12 

13 

XO 

X1 

3 X2 · 

4 X3 

5 X4 

6 XS 

X6 

9 X7 

v 00 =Pin 16 
Vss =Pin a 
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ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin=VooorO 10 

15 

"l" Level VoH 5.0 
Vin= o or Voo 10 

15 

Input Voltage# "O" Level V1L 
(Vo = 4.5 or 0.5 Vdc) 5.0 
!Vo = 9.0 or 1.0 Vdcl 10 
!Vo = 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
!Vo= 0.5 or 4.5 Vdc) 5.0 
IVo = 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH '.' 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdc) Sink IQL 5.0 
IVoL = 0.5 Vdc) 10 
IVoL = 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

IVoL-,;, .0.4 Vdcl Sink IQL 5.0 
IVoL = 0.5 Vdcl 10 
IVoL = 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL· Device) 100 5.0 
(Per Pac:kage) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current*• t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

Three·State Leakage Current ITL 15 
(AL Device) 

Three-State Leakage Current ITL 15 
(CL/CP Device) 

*T1ow = -55°C for AL Device, -40°c for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/GP Device. 

cztNojse immunity specified fo·r worst-case input combination. 

T1ow * 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -
-0.62 -
-0.62 -
-1.8 -
0.50 -
1.1 -
4.2 -

-0.23 -
-0.23 -
-0.69 -

0.23 -
0.60 -
1.8 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

- ±0.1 

- ±1.0 

Noise Margin for both "1" and "O" level ~ 1.0 Vdc min@ VoD = 5.0 Vdc 
2.0 Vdc min@ VDD = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vi:lc 

tTo calculate total supply current at toads other than 50 pF: 
IT(CL) = IT(50 pF} + '1 x 10-3 (CL -50) VDDf 

25°.C \ 

Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 
- 4.50 3.0 
- 6.75 4.0 

3.5 2.75 -
7.0 5.50 / -

11.0 8.25 -

-0.50 -1.7 -
-0.50 -0.9 -
-1.5 -3.5 . -
0.40 0.78 ~ 

0.90 2.0 -
3.4 7.8 -

-0.20 -1.7 -
-0.20 -0.9 -
-0.60 -3.5 -

0.20 0.78 -
0.50 2.0 -
1.5 7.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- O.o15 20 

- 0.005 '20 

- 0.010 40 
- O.o15 80 

IT= (0~8 µA/k!-lzl t + 100 
IT =. (1.6 µA/kHz) f + loo 
IT= (2.4 µA/kHz) f + IDD 

- ±0.00001 ±0.1 

- ±0.00001 ±1.0 

where: IT is in µA (per package), CL in pF, VDD in Vdc, and tin kHz is input frequency. 
**The formulas given are _for the typical characteristics only at 25°C. 

Th!B_h* 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-0.35 -
-0.35 -
-1.1 -
0.28 -
0.65 -
2.4 -

-0.16 -
-0.16 -
-0.48 -
0.16 -
0.40 .:..: 

1.2 -
- ±1.0 

- ± 1.0 

- -

- 150 
- 300 
- 600 

- 150 
- 300 
- 600 

- ±3.0 

- ±7.5 

@ MOTOROLA SemiconduCtor Products Inc. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

. µAde 

pF 

µAde 

µAde 

µAde 

µAde 

µAde 



MC14512 

SWITCHING CHARACTERISTICS* (CL= 15 pF, TA= 25°CI 

Typ Max 
Characteristic Symbol vDD All Types AL Device CL/CP Device 

Output Rise Time tr 
tr= (3.0 ns/pF) CL + 25 ns 5.0 70 175 200 
tr= (1.5 ns/pF) CL+ 12 ns 10 35 75 110 
tr= (1.1 ns/pF) CL +8ns 15 25 55 80 

Output Fall Time tf 
tf = (1.5 ns/pF) CL+ 47 ns 5.0 70 175 200 
tf = (0.75 ns/pF) CL+ 24 ns 10 35 75 1'10 
tf= (0.55ns/pF) CL+ 17ns 15 25 55 80 

Turn-Off Delay Time tPLH 
tPLH = (0.9 ns/pF) CL+ 211 ns 5.0 225 500 750 
tPLH = (0.3 ns/pF) CL+ 70 ns 10 75 175 200 
tPLH = (0.23 ns/pF) CL+ 54 ns 15 57 130 150 

Turn-On Delay Time tPHL 
tPHL = (2.7 ns/pF) CL+ 18!4ns 5.0 225 500 750 

tPHL = (0.9 ns/pF) CL+ 61 ns 10 75 '175 200 

tPHL = (0.68 ns/pFI CL+ 47 ns 15 57 130 150 

3-State Output Delay Times t"1"H• t"O"H• 5.0 50 125 150 
"1" or "O" to High Z, and t"H"1• tH"O" 10 25 75 100 
High Z to "1" or "O" 15 19 60 75 

*The formula given is for the typical characteris1ics only. 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Voo 

Disable 

Inhibit z 
A .iCL 8, 

c 
XO 
X1 

Pulse 
X2 
X3 
X4 

X6 

X7 

Vss 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im

- pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range V55 .;; (Vin or Voutl 
.;;;vDD· 
Unused inputs must always be tied to an appropriate log.ic voltage level (e.g., either Vss or Vool. 

Unit 

ns 

ns 

ns 

ns 

ns 
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MC14512 

Pulse 
Generator 

Pulse 
Generator 

vDD 

Disable 
Inhibit 

A 

B 

c 
XO 

X1 

X2 

X3 
X4 

X6 
X6 

X7 

Disable 
Inhibit 

.,_-t-0--f XO 

X1 

X2 
X3 

X4 

X6 

X6 

X7 

z 

FIGURE 2 - AC TEST CIRCUIT AND WAVEFORMS 

20 n1 

Input 

Output 
(Tests 1 and 2) 

Input Connections for tr. tf, tPLH• tPHL 

TEST INHIBIT A XO 
1 P.G. Gnd VDD 
2 Gnd P.G. vDD 
3 Gnd Gnd P.G. 

FIGURE 3 - 3-STATE AC TEST CIRCUIT AND WAVEFORM 

Disable 
Input 

Output 

voL{"" 2.s v • vDD .. s v, 
tH .. 1" 10V,and15V 

lvss 
{

"" 2 v o VoD = s v 
VoH ... 6V0Voo=10V 

10% ""10VllVoo'"15V 
------'1---VoL. 

Switch Positions for 3·State Test 

TEST $1 S2 S3 S4 

t"1"H Open Closed Closed Open 

t"O"H Closed Open Open Closed 

tH"O" Closed Open Open Closed 

tj.j••1" Open Closed Clo1ed Open 

......_ ______ . ® MOTOROLA Sen1iconductor Products Inc. ______ __, 
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MC14512 

LOGIC DIAGRAM 

13 

c ~-------------------

X3 

X7 

3-STATE MODE OF OPERATION 

Output terminals of several MC14512 8-Bit Data Selectors 
can be connected to a single data bus as shown. One MC14512 
is selected by the 3-state contro'I, and the remaining devices ere 
disabled into a high impedance "off" state. The number of 8-bit 

:_,,data selectors, N, that may be connected to a bus line is determined 
from the output drive current, loo. 3-state or disable output leak· 
age current, ITL· and the load current, IL• required to drive the 
bus line (including fanout to other device inputs), and can be calcu· 
lated by: 

N =loo- IL + 1 
ITL 

N must be calculated for both high and low logic states of the bus 
line. 

15 
i------..ri Disable 

10 
i------~ Inhibit 

V55 

- l o~ _L '"T- '"~To·· 
Transmission 1-; 

Gate 

Data 
Selected Bus 

Device 

'oo 
MC14512 

IL 

Disabled Load 

1TL 

MC14512 

Disabled 
ITL 

MC14512 
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Semiconduc'fors 
BOX 20912 •PHOENIX, ARIZONA 85036 

4·-BIT LATCH/4-T0-16 LINE DECODER 

The MC14514B and MCM5158 are two output options of a 4 to 
16 llne decoder with latched inputs. The MC145148 (output active 
high option) presents a logical "1'' at the selected output, whereas 
the MC145158 (output active low option) presents a logical "O" at 
the selected output. The latctftls are R-S type flip-flops which hold 
the last input data presented prior to the strobe transition from "1" 
to "o". These high and low options of a 4-bit lat<:h/4 to 16 line de.
coder are constructed with N-channel and P-channel enhancement 
mode devices in a single monolithic structure. The latches are R-S 
type flip-flops and data is admftted upon a signal incident at the 
strobe input, decoded, and presented at the output. 

These complementary circuits find primary use in decoding appli
cations where low power dissipation and/or high noise immunity is 
desired.. · 

• Quiescent Current= 5.0 nA package typical@ 5 Vdc 

• Noise Immunity= 45% of Voo typical 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

• Single Supply Operation - Positive or Negative 
• Input Impedance= 1012 ohms typical 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage Voo -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to Yoo + 0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 oc 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 OC 

BLOCK DIAGRAM .A8ci5 

AEici5 
INHIBIT 

VDD =Pin 24 
ABci5 

Vss =Pin 12 
S3 ABCD 

0 
0 
0 

A ii co 0 

Data 1 
A ABCD 

3 B S6 ABCD 
Data 2 4to 16 S7 ABCD 

0 
0 
0 
0 

21 Latch c Decoder ABCD Data3 

22 D 
ABCD 

Data4 ABC D 

0 
0 
0 
0 

S11 ABCD 0 

Strobe 512 ABCD 

S13 ABCD 

0 
0 
0 

ABC D 1 
ABCD 

MC14514B 
MC14sise 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOSI 

4-BIT LATCH/4-T0-16 
LINE DECODER 

24
9--, '.' 

'' 
1 

l SUFFIX 
CERAMIC PACKAGE 

CASE 716 

P SUFFIX 
PLASTIC PACKAGE 

CASE 709 , 

ORDERING INFORMATION 

MC14XXXB 

1 
tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

DECODE TRUTH TABLE (Strobe= 1) 

DATA INPUTS SELECTED OUTPUT 

MC14514 = Logic "1" 
D c B A MC14515 =Logic "O" 

0 0 0 0 so 
0 0 0 1 S1 
0 0 1 0 S2 
0 0 1 1 S3 

0 1 0 0 S4 
0 1 0 1 S5 
0 1 1 0 S6 
0 1 1 1 S7 

1 0 0 0 SS 
1 0 0 1 S9 
1 0 1 0 S10 
1 0 1 1 S11' 

1 1 0 0 S12 
1 1 0 1 S13 
1 1 1 0 514 
1 1 1 1 S15 

x x x x All Outputs =o. MC14514 
All Outputs=1,MC14515 

23 X = Don't Care 
Inhibit 
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MC14514B • MC14515B 

ELECTRICAL CHARACTERISTICS 

Voo T1ow * 2s0c Th!i_h* 
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit 

Output Voltage "O" Level Vol 5.0 - 0.05 - 0 0.05 - 0.05 Vdc 
Vin=VooorO 10 - 0.05 - 0 0.05 - 0.05 

15 - 0.05 - 0 0.05 - 0.05 

"1" Level VoH 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc 
Vin=OorVoo 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -
Input-Voltage# "O" Level V1L Vdc 

(Vo= 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5 - 1.5 
(Vo= 9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0 
(Vo= 13.5 or 1.5 Vdc) 15 - 4.0 - 6.75 4.0 - 4.0 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 - Vdc 
(Vo= 1.0 or 9.0 Vdcl 10 1.0· - i.o 5.50 - 7.0 -
(Vo= 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) IOH mAdc 
(VoH = 2.5 Vdc) Source 5.0 -1.2 - -'-1.0 -1.7 - -0.7 -
(VoH = 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 ' - -0.14 -
(VoH = 9.5 Vdc) 10 -0.62 - -0.5 -0.9 - -0.35 -
(VoH = 13.5 Vdc) 15 -1.8 - -1.5 -3.5 - -1.1 -
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc 
IVoL = 0.5 Vdc) 10 1.6 - 1.3 2.25 - 0.9 -
(VoL = 1.5 Vdc) 15 4.2 - 3.4 8.8 - 2.4 -

Output Drive Current (CL/CP Device) loH rriAdc 
(VoH = 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -
(VoH = 4.6 Vdc) 5.0 -0.2 - -0.16 -0.36 - -0.12 -
(VoH = 9.5 Vdc) 10 -0.5 - -0.4 -0.9 - -0.3 -

I (VoH = 13.5 Vdc) 15 -1.4 - -1.2 -3.5 - -1.0 -
(VoL = 0.4 Vdc) Sink loL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc 
(VoL = 0.5 Vdc) 10 1.3 - 1.1 2.25 - 0.9 -
(VoL = 1.5 Vdcl 15 3.6 - 3.0 -8.8 - 2.4 -

Input Current (AL Device) lin 15 - ±0.1 - ±0.00001 ±0.1 - ±1.0 µAde 

Input Current (CL/CP Device) lin. 15 - ±0.3 - ±0.00001 ±0.3 - ±1.0 µAde 

Input Capacitance Cin - - - - 5.0 7.5 - - pF 
(Vin= 0) 

Quiescent Current (AL Device) loo 5.0 - 5.0 - 0.005 5.0 - 150 µAde 
(Per Package) 10 - 10 - 0.010 10 - 300 

15 - 20 - 0.015 20 - 600 

Quiescent Current (CL/CP Device) loo 5.0 - 20 - 0.005 20 - 150 µAde 
(Per Package) 10 - 40 - O.G10 40 - 300 

15 - 80 - Q.Q1_5 80 - 600 
Total Supply Current* *t IT 5.0 'T =(1.35 µA/kHz) f + 100 µAde 

(Dynamic plus Quiescent, 10 IT =12.70 µA/kHz) f + loo 
Per Package) 15 IT =(4.05 µA/kHzl f + loo 

(CL= 50 pF on all ou"tput~. all 
buffers switching) 

*Trow= -55°C for AL Device, -40°C for CL/CP Device. tTo calculate total supply current at loads other than 50 pF: 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

FNoise immunity specified f~r worst-case input combination. 
Noise Margin for both "1" and "O" level = 

1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

IT(CLl = IT(50 pF) +2 x 10-3 (CL -50) Voof 

where: IT is in µ.A (per package), CL in pF, Voo in Vdc, 
and fin kHz is input frequency. 

**The formulas given are for tl:'te typical characteristics only at 25°C. 

This device contains circuitry to protect the inputs against damage due to high static 
voltages or electric fields; however, it is advised that normal precautions be tal<en to 
avoid application of any voltage higher than maximum rated voltages to this high 
impedance circuit. For proper operation it is recommended that Vin and Vout be 
constrained to the range Vss <<Vin or V 0 ut> < Voo· 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either 
V55 or Vool. 
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MC14514B • MC14515B 

SWITCHING CHARACTERISTICS* (CL'"' 50 pF, TA• 2s0 c> 

Cherecterlstlc Symbol Yoo Min 

Output R Isa Time t, 
tr "' (3.0 ns/pF) CL+ 30 ns 5.0 -
tr• (1.6 ns/pF) CL+ 16 ns 10 -
tr'"' (1.1 ns/pF) CL +·10 ns 16 -

Output Fall Time tf 
tf"' 11.5 ns/pFI CL+ 25 ns 5.0 -
tf • (0.76 ns/pF) CL+ 12.6 ns 10 -
tf = (0.65 ns/pF) CL+ 9.5 ns 15 -

Propagation Delay Time tPLH• 
tPLH· tPHL = (1.7 ns/pFI CL+ 466 ns tPHL 5.0 -
tPLH• tPHL = (0.66 ns/pFI CL+ 192 ns 10 -
tPLH• tPHL = (0.6 ns/pF) CL+ 126 ns 16 -

Inhibit Propagation Delay Times tPLH· 
tpLH• tPHL := (1.7 ns/pF) CL+ 315 ns tPHL 6.0 -
1PLH• tPHL = (0.66 ns/pFI CL+ 117 ns 10 -
tPLH• tPHL'" (0.5 ns/pF) CL+ 76 ns 16 -

Setup Time tsetup 
6.0 -
10 -
16 -

Strobe Pulse Width PWsT 
&.O -
10 -
15 -

*The formula given Is for the typical characteristics only. 

FIGURE 1 - DRAIN CHARACTERISTICS TEST CIRCUIT 

For MC14514B 

1. For P·channel: Inhibit" Vss 
and 01-04 constitute 
binary code for "output 
under test." 

2. For N·channel: Inhibit= Voo 

Voo 

Vos 

Strobe 

Inhibit 

01 

02 

03 

04 

Vss 

All Types 

Typ M•x Unit 

n1 
180 360 
90 180 
66 130 

ns 
100· 200 
50 100 
40 80 

ns 
550 1100 
225 460 
150 300 

ns 
400 800 
150 300 
100 200 

ns 
125 250 
50 100 
38 75 

ns 
175 360 
50 100 
38 75 

For MC14515B 

1. For P-channel: Inhibit= Voo 
2. For N-channel: Inhibit= Vss 

and 01-04 constitute binary 
code for "output under test." 

@ MOTOROLA Semiconductor Products Inc. 
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MC14514B • MC145158 

FIGURE 2 - DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

lo 500 I 0.01 µF 
p.F Ceramic 

Pulse 
01 so Generator 
02 

03 

04 

S15 

ICL 

FIGURE 3 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Voo II so Output SO 

S1 OutputS1 tr 

Inhibit lcLI IcL 
Input 

I -=.-= 
Programable I 

Pulse I 
Generator 02 I 

I Output 

03 
I 
I 
I tr 

S15 Output S15 

Vss lCL 
-= 
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MC14514B • MC14515B 

COMPLEX DATA ROUTING 

Two MC14512 eight-channel data selectors are used here with 
the MC145148 four-bit latch/decoder to effect a complex data 
routing system. A, total of 16 inputs from data registers are selec
ted and transferred via a 3-state ciata bus to a data distributor for 
rearrangement and entry into 16 output registers. In this way 
sequential data can be re-routed or intermixed according to patterns 
determined by data select and distribution inputs. · 

Data is placed into the routing scheme via the eight inputs on 
both MC14512 data selectors. One register is assigned to each 
input. The signals on AO, A 1, and A2 choose one of eight inputs 
for transfer out to the 3-state data bus. A. fourth signal, labelled 
Dis, disables one of the MC14512 selectors, a~uring transfer of 
data from only one register. 

In addition to a choice of input registers, 1 thru 16, the rate of 
transfer of the sequential information can also be varied. That is, 
if the MC14512 were addressed at a rate that is eight ti.mils faster, 

than the shift frequency of the input registers, the most significant 
bit (MSB) from each register could be selected for transfer to the 
data bus. Therefore, all of the most significant bits from all of the 
registers can be transferred to the data bus before the next most 
significant bit is presented for transfer by the input registers. 

Information from the 3-state bus is redistributed by the 
MC14514B four-bit latch/decoder. Using the four-bit address, 01 
thru 04, the information on the inhibit line can be transferred to 
the addressed output line to the desired output registers, A thru P. 
This distribution of data bits to the output registers can be made 
in many complex patterns. For example, all of the most significant 
bits from the input registers can be routed into output register A, 
all of the ne><( most significant bits into register s; etc. In this 
way horizontllil, vertical, or other methods of data slicing can be 
implemented. 

DAT A ROUTING SYSTEM 

Input 
Registers 

Register 1 

Register 8 

Register 9 

Register 16 

Data 
Transfer 

Dis 
a 

D1 

D2 ('II 

D3 ;i) 
;!' 
(J 

D5 :::? 

D6 

D7 
AO A1 A2 

AO A1 A2 
DO a 
D1 

D2 ('II 

;i) D3 .., 
04 u 

:::? 

07 
Ois 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

3-5tate 
Data Bus 

Data 
Distribution 
~ 

D1 02 D3D4 
so 

Strobe 

m .., 
;i) S7 .., 
u SS 
:::? 59 

510 

511 

512 

513 
Inhibit 514 

515 

Output 
Registers 

Register A 

Register P 

is believed to be entirely reliable. However, no responsibility Is 
assumed for inaccuracies. Furthermore, such information does not 
convey· to the purchaser of the semiconductor .devices described any 
license under the patent rights of Motorola Inc. or others. 
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NIOTOROLA 
Semiconductors 
BOX 20912 •PHOENIX, ARIZONA 85036 

BINARY UP/DOWN COUNTER 

The MC 145168 is constructed with MOS P-channel and N-channel 
enhancement mode devices in a single monolithic structure: This 
complementary MOS circuit finds primary use where low power dis
sipation and/or high noise immunity is desired. 

This binary presettable up/down counter may be used as a 
counting/frequency synthesizer, in A/D and D/A conversion, for 
up/down counting, for magnitude and sign generation, and for dif
ference counting. 

• Quiescent Current= 5.0nA/package typical@ 5.0 Vdc 

• Noise immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Low Input Capacitance - 5.0 pF typical 

• Internally Synchronous for High-Speed 

• Logic Edge-Clocked Design - Count Occurs on Positive Going 
Edge of Clock 

• 5;Q.MHz Counting Rate 

• Single Pin Reset 

• Asynchronous Preset Enable Operation 

• Capable of- Driving Two Low.power TTL Loads, One Low.power 
Schottky TTL Load· or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage vDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

TRUTH TABLE 

PRESET 
CARRY IN UP/DOWN ENABLE RESET ACTION 

1 x 0 0 No Count 
0 1 0 0 Count Up 
0 0 0 0 Count bown 
x x 1 0 Preset 
x x x 1 Reset 

X = Don't Care 

5-286 

Unit 

Vdc 

Vdc 

mAdc 
oc 

OC 

MC14516B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOSI 

BINARY UP/DOWN COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC•4XXXB 1tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

PE 01 6 

5 Carry In 

9 R 02 11 

10 Up/Down 

15 Clock 03 14 

4 P1 

12 P2 04 2 

13 P3 

3 P4 c~ 
Out 

vD·D =Pin 16 
Vss =Pins 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages· or electric fields; ho111ever, it is 
advised that normal precautions bi taken 
to avoid· application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and V0 ut be 
constrained to the range Vss .;;; (Vin or 
Voutl"' Voo· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either' 
V55 or Vool. 



MC14516B 

ELECTRICAL CHARACTERISTICS 

Voo T1ow * 

Characteristic Symbol Vdc Min Max 

Output Voltage "O" Level Vol 5.0 - 0.05 
Vin= Voo or o 10 - 0.05 

15 - 0.05 

"1" Level VoH 5.0 4.95 -
Vin=OorVoo 10 9.95 -

15 14.95 -
Input Voltage# ''0" Level V1L 

(Vo"' 4.5 or 0.5 Vdc) 5.0 - 1.5 
(Vo= 9.0 or 1.0 Vdc) 10 - 3.0 
(Vo= 13.5 or 1.5 Vdc) 15 - 4.0 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 3.5 -
(Vo= 1.0 or 9.0 Vdc) 10 7.0 -
(Vo= 1.5 or 13.5 Vdc) 15 11.0 -

Output Drive Current (AL Device) loH 
(VoH = 2.5 Vdc) Source 5.0 -1.2 -
(VoH = 4.6 Vdc) 5.0 -0.25 -
(VoH = 9.5 Vdc) 10 -0.62 -
(VoH = 13.5 Vdc) 15 -1.8 -
(VoL = 0.4 Vdc) Sink IOL 5.0 0.64 -
(VoL = 0.5 Vdc) 10 1.6 -
(VoL = 1.5 Vdcl 15 4.2 -

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 -1.0 -
(VoH = 4.6 Vdc) 5.0 -0.2 -
(VoH = 9.5 Vdc) 10 -0.5 -
(VoH = 13.5 Vdc) 15 -1.4 -

(VoL = 0.4 Vdc) ~ink loL 5.0 0.52 -
(Vol= 0.5 Vdcl 10 1.3 -
(Vol= 1.5 Vdcl 15 3.6 -

Input Current (AL Device) lin 15 - ±0.1 

Input Current (CL/CP Device) lin 15 - ±0.3 

Input Capacitance Cin - - -
(Vin= 0) 

Quiescent Current (AL Device) 100 5.0 - 5.0 
(Per Package) 10 - 10 

15 - 20 

Quiescent Current (CL/CP Device) 100 5.0 - 20 
(Per Package) 10 - 40 

15 - 80 
Total Supply Current**'t IT 5.0 

(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL= 50 pF on all outputs, all 
buffers switching) 

*T1 0 w = -55°C for AL Device, -40°c for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 

"Noise immunity specified for worst-case input combination. 
Noise Margin for both "1" and "O" level = 1.0 Vdc min@ VDD = 5.0 Vdc 

2.0 Vdc min@ VoD = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 

25°C 

Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 
- 4.50 3.0 
- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- O.D15 20 

- 0.005 20 
- 0.010 40 
- 0.015 80 

IT= (0.58 µA/kHz) f + loo 
IT= (1.2 µA/kHz) f +loo 
IT= (1.7 µA/kHz) f +loo 

lr(CL) = IT(50 pF) + 1 x 10-3 (CL -50) Voof 
where: IT is in µA (per package), CL in pF, VoD in Vdc, and fin kHz is input frequency. 

**The formulas given are for the typical characteristics only at 25°c. 

Th1ll_h* 

Min Max 

- 0.05 
.!. 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -
-0.7 -

-0.14 -
-0.35 -
-1.1 -
0.36 -
0.9 -
2.4 -

-0.6 -
-0.12 -
-0.3 -
-1.0 -
0.36 -
0.9 -
2.4 -

- ±.1.0 

- ±1.0 

- -

- 150 
- 300 
- 600 

- 150 
- 300 
- 600 

® MOTOROLA Semiconductor Products Inc. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF 

µAde 

µAde 

µAde 
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SWITCHING CHARACTERISTICS* ICL = 50 pF, TA= 25°CI 

All Types 

Characteristic Symbol Voo Min Typ Max Unit 

Output Rise Time t~ ns 
tr= (3.0 ns/pF) Ct+ 30 ns 5.0 - 180 360 
tr= (1 ;5 ns/pF) CL+ 15 ns 10 - 90 180 
tr"' (1.1 ns/pF) CL+ 10 ns 15 - 65 130 

Output Fall Time tf ns 
tf = (1.5 ns/pF) CL+ 25 ns 5.0 - 100 200 
tf = (0.75 ns/pF) CL+ 12.5 ns 10 - 50 100 
tf = (0.55 ns/pF) CL+ 9.5 ns 15 - 40 80 

Propagation Delay Time tpLH• ns 
Clock too tPHL 

tPLH· tPHL = (1.7 ns/pF) CL+ 230 ns 5.0 - 315 630 
tPLH• tPHL = (0.66 ns/pF) CL+ 97 ns 10 - 130 260 
tPLH• tPHL = (0.5 ns/pF) CL+ 75 ns 15 - 100 200 

Clock to Carry Out tPLH• ns 

tPLH• tPHL = (1.7 ns/pF) CL+ 230 ns tPHL 5.0 - 315 630 
tPLH• tPHL = (0.66 ns/pF} CL+ 97 ns 10 - 130 260 
tPLH· tPHL = (0.5 ns/pF) CL+ 75 ns 15 - 100 200 

Carry In to Carry Out tPLH, ns 
tPLH• tPHL = (1.7 ns/pF) CL+ 95 ns tPHL 5.0 - 180 360 
tPLH• tPHL = (0.66 ns/pF) CL+ 74 ns 10 - 80 160 

tPLH• tPHL = 0.5 ns/pF) CL+ 35 ns 15 - 60 120 

Preset or Reset to Q tpLH• ns 

tPLH· tPHL = (1.7 ns/pF) CL+ 230ns tPHL 5.0 - 315 630 
tPLH· tpHL = (0.66 ns/pF) CL+ 97 ns 10 - 130 360 
tPLH• tPHL = (0.5 ns/pF) CL+ 75 ns 15 - 100 300 

Preset or Reset to Carry Out tPLH• ns 
tPLH• tPHL = (1.7 ns/pF) CL+ 465 ns tPHL 5.0 - 550 1100 
tPLH• tPHL = (0.66 ns/pF) CL+ 192 ns 10 - 225 450 
tPLH· tPHL = (0.5 ns/pF) CL+ 125 ns 15 - 150 300 

Minimum Clock Pulse Width PWc 5.0 - 200 400 ns 
10 - . 100 200 
15 - 75 150 

Maximum Clock Pulse Frequency PRF 5,0 1.5 3.0 - MHz 
10 3.0 6.0 -
15 4.0 8.0 -

Preset or Reset Removal Time** trem 5.0 - 325 650 ns 
10 - 115 230 
15 - 90 180 

Maximum Clock Rise and Fall Time tr. tf 5.0 15 - - µs 

10 15 - -
15 15 - -

Carry In Setup Time ·tsetup 5.0 - 130 260 ns 
10 - 60 120 
15 - 50 100 

Up/Down Setup Time tsetup 5.0 - 250 500 ns 
10 - 100 200 
15 - 75 150 

Minimum Preset Enable Pulse Width PWpe 5.0 - 100 200 ns 
10 - 50 100 
15 - 40 80 

*The formula given is for the typical characteristics only. 
**The Preset or Reset signal must be low prior to a positive-going transition of the clock. 

@ MOTOROLA Semiconductor Products Inc. _______ ..,... 
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Pulse 
Generator 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

0.01 µF J Ceramic 

TIMING DIAGRAM 

Clock 

Clock . 

Carry In ~·-

Up/Down 
,_ 

Reset r---+~-o-~+-~1---+~-+-~+--+~-+-~-+-~+--+~-o-~-1-~1---+~-+-~+---1,__-+-~-+-~+-"""""' 

P2 ~--+~-+-~+-~1---+~-+-~+---+~-+~-+-~+--+~-+-~+-----1---+~-+-~+---1!---+~-+-~+--+-Vss 

P3 1 

P4 l---+-+--+--+--1---+--+--+--+--+'J 
1---1 .....__, 1---1 1----1 .....__, I--+-- 1---1 1---1 1---1 r----1 i---. 

01 r---1 1-- 1-- r---" 1-- r---1 1-- 1----1 !---I ~ r-
02 r---1 l--t---1 t---t----t'--1----i r--+----1 r---n 1---t--i t--+---11--1----i i---r-

03 1 ~,... 
~ 

r-04 
I---+--+--

Count 5 6 8 9 10 11 12 13 14 15 9 8 6 5 ·4 3 2 0 0 15 0 
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El 

LOGIC DIAGRAM 

P1 01 P2 02 
4 6 12 11 

P3 03 
13 14 

P4 04 
3 2 

TOGGLE FLIP·FLOP 
FLIP·FLOP FUNCTIONAL TRUTH TABLE 

PRESET TOGGLE 
ENABLE CLOCK ENABLE On+1 

1 x x Parallel In 

0 ~ 0 On 

0 ~ 1 On 

0 ~ x On 

P8rifliiTn ~ . PEP (5 

c; 
T 0 

X •Don't Care 

FIGURE 2 - SWITCHING TIME WAVEFORMS 

t1atup 

Carrylnor -------+~+---+~~~~---,--~+---1f--~~+-~~~~~~
Up/Down 

Voo 

Vss 
Clock 

Voo 
Vss 
Voo 

Pre .. t Enable 
Vss 

t, 
VoH 

VoL 

-------""'11-•~~~0~~~I!_ -
Q 1 or c.r;voUt 90% 10%, .... ______ , 

tPLH 
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FIGURE 3 - PRESETTABLE CASCADED UP/DOWN COUNTER 

010 020 030 040 

Thumbwheel Switches 
(Open for "0") 

Clo~-+--+-----------

+Voo-e~•Lt--4 .. --------..----
Open =Count 

01n 

PE 

U/D 

02n 03n 

M.S.D. 
MC14516B 

P2 P3 

Resistors= 10 k'1 

FIGURE 4 - PROGRAMMABLE CASCADED FREQUENCY DIVIDER 

fout 010 020 030 040 

PE 

Cin Cout 
Clock L.S.D. 

MC145168 

+Voo 

Clock (fin> Th(~::nh::~ ~~i,res 
~-et+--..-,...--------------

+ Vo o 
Open= Count 

01n 02n 03n 

M.S.O. 
MC14516B 

U/D 

RP1 P2 P3 

+voo 

Resistors = 1 0 kn 

f;n 
fout = n 

04n 

~ 

P4 

04~ 

Cout 

P4 

Circuit diagrams utilizing-Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 

_n_ecessarily .given. The information has been carefully checked and 

is believed to be entirely reliable. However. no responsibility is ' 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license u.nder the patent ·rights of Motorola Inc. or others. 

~.@ MOTOROLA Semlcondudor Products Inc. 
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MOTOROLA 
Semiconductors 

MC14517B 
'BOX 20912 o PHOENIX, ARIZONA 85036 

DUAL 64-BIT STATIC SHIFT REGISTER 

The MC14517B dual 64-bit static shift register consists of two 
identical, independent, 64-bit. registers. Each register has separate 
clock and write enable inputs, as well as outputs at bits 16, 32, 48, 
and 64. Data at the data input is entered by clocking, regardless 
of the state of the write enable input. An output is disabled (open 
circuited) when the write enable input is high. Dµring this time, 
data appearing at the data input as well as the 16-bit, 32-bit, and 
48-bit taps may be entered into the device by application of a clock 
pulse. This feature permits the register to be loaded with 64 bits in 
16 clock periods, and also permits bus logic to be used. This device 
is useful in time delay circuits, temporary memory storage circuits, 
and other serial shift register applications. 
• Quiescent Current= 10 nA/package typical@ 5 Vdc 
• Noise Immunity= 45% of Voo typical 
• Diode Protection on All Inputs 
• Fully Static Operation 
• Output Transitions Occur on the Rising Edge of the Clock Pulse 
• 6.7 MHz Operation@ VDD = 10 Vdc 
• Exceedingly Slow Input Transition Rates May Be Applied to the 

Clock Input · 
• 3-State Output at 64th-Bit Allows Use in Bus Logic Applications 
• Shift Registers of any Length may be Fully Loaded with 16 

Clock Pulses · 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-power TTL loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMlJM RATINGS (Voltages referenced to Vssl 

Rating 

DC Supply Voltage 

Input Voltage, All Inputs 

DC Current Drain per Pin 

Operating Temperature Range - AL Device 

Storage Temperature Range 

FUNCTIONAL 

TRUTH TABLE 

X = Don't Care 

CL/CP Device 

WRITE 
CLOCK ENABLE 

0 0 

0 1 

1 0 

1 1 

_;- 0 

_r 1 

"'\.. 0 

"- 1 

Symbol Value 

vDD -0.5 to +18 

Vin -0.5 to VDD + o.5 

I 10 

TA -55 to +125 
-40 to +85 

Tstg -65 to +150 

DATA 16·BITTAP 

x Content of ·16·Bit 
Displayed 

x High impedance 

x Content of 16-Bit 
Displayed 

x High Impedance 
Data entered Content of 16-Bit 
into 1st Bit Displayed 

Data entered Data at tap 
into 1st Bit entered into 17-Bit 

x Content of 16- Bit 
Displayed 

x High Impedance 

McMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL 64-BIT STATIC 
SHIFT REGISTER 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAG.E 

CASE 690 CASE 648 

ORDERING INFORMATION 

MC•4XXXB 1
1

Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

Unit 

Vdc 

Vdc 

mAdc 
oc 

oc 

32·BITTAP 

Content of 32·Bit 
Displayea 

High Impedance 
Content of 32-Bit 

Displayed 
High Impedance 

Content of 32-Bit 
Displayed 

Data at tap 
entered into 33-Bit 
Content of 32-Bit 

Displayed 
High Impedance 

PIN ASSIGNMENT 

48·BITTAP 

Content of 48-Bit 
Displayed 

High Impedance 
Content of 48-Bit 

Displayed 
High Impedance 

Content of 48-Bit 
Displayed 

Data at tap 
entered into 49-Bit 
Content of 48-Bit 

Displayed 
High Impedance 

16 

15 

14 

13 

12 

11 

10 

9 

64-BITTAP 

Content of 64-Bit 
Displayed 

High Impedance 
Content of 64-Bit 

Displayed 
High Impedance 

Content of 64-Bit 
Displayed 

High Impedance 

Content of 64-Bit 
Displayed 

High Impedance 



ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin ° VooorO 10 

15 

"1" Level VoH 5.0 
Vin~ Oor Voo 10 

15 

Input Voltage# "O" Level V1L 
(Vo= 4.5 or 0.5 Vdc) 5.0 
(Vo= 9.0 or 1.0 Vdc) 10 
(Vo= 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 
(Vo= 1.0 or 9.0 Vdc) 10 
(\/o = 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(Vol = 0.4 Vdcl Sink IQL 5.0 
(Vol =.0.5 Vdc) 10 
(VoL = 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) IQH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(Vol= 0.4 Vdcl Sink IQL 5.0 
(Vol= 0.5 Vdcl 10 
(Vol= 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) 100 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current**t IT 5.0 
(Dynamic pl.us Quiescent, 10 
Per Package) 15 

(CL= 50 pF on all outputs, all 
buffers switching) 

Three-State Leakage Current ITL 15 
(AL Device) 

Three-State Leakage Current ITL 15 
(CL/CP Device) 

*T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device . 

.::Noise immunity specified for worst·case input combination. 

Ttow 
. 

Min Max 

- 0.05 
- 0.05 

- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ± 0.3 

- -

- 5.0 
- 10 
- 20 

- 50 
- 100 
- 200 

- ±0.1 

- ±1.0 

Noise Margin for both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = IT(50 pF) + 4 x 10-3 (CL -50) Voof 

25°c 

Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 

- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 ·-0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3· 

- 5.0 7.5 

- 0.010 5.0 
- 0.020 10 
- 0.030 20 

- 0.010 50 

- 0.020 100 

- 0.030 200 

IT =(4.2 µA/kHz) f + 100 
IT =(8.8 µA/kHz) f + 100 
IT= (13.7 µA/kHz) f + •oo 

- !0.00001 ± 0.1 

- •0.00001 ± 1.0 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
**The formulas given are for the typical chara.cteristics only at 25°C. 

Th!l_h* 

Min Max Unit 

- 0.05 Vdc 
- 0.05 

- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vdc 

7.0 -
11.0 -

mAdc 
-0.7 -

-0.14 -
-0.35 -
-1.1 -
0.36 - mAdc 
0.9 -
2.4 -

mAdc 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAdc 
0.9 -
2.4 -
- ± 1.0 µAde 

- ±1.0 µAde 

- - pF 

- 150 µAde 

- 300 
- 600 

- 375 µAde 

- 750 

- 1500 

µAde 

- ±3.0 µAde 

- ±7.5 µAde 

@ MOTOROLA Semiconductor Products Inc. _______ ..... 
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MC14517B 

SWITCHING CHARACTERISTICS* (CL= 50 pF, TA= 25°c1 
Min Max 

AL CL/CP Typ AL CL/CP 
Characteristic Symbol voD Device Device All Types Device Device Unit 

Output Rise Time tr ns 
tr= (3.0 ns/pFI CL+ 30 ns 5.0 - - 180 350 400 
tr= (1.5 ns/pF) CL+ 15 ns 10 - - 90 150 200 
tr= (1.1 ns/pF) CL+ 10 ns 15 - - 65 110 160 

Output Fall Time tf ns 
tf = (1.5 ns/pF) CL+ 25 ns 5.0 - - 100 175 200 
tf = (0.75 ns/pF) CL+ 12.5 ns 10 - - 50 75 100 
tf = (0.55 ns/pF) CL+ 9.5 ns 15 - - 37 55 80 

Propagation Delay Time tpLH' ns 
tPLH' tPHL = (1.7 ns/pF) CL+ 390 ns tPHL 5.0 - - 475 590 770 
tPLH, tpH L = (0.66 ns/pF I CL + 177 ns 10 - - 210 245 300 
tPLH, tPHL = (0.5 ns/pFI CL+ 115 ns 15 - - 140 175 215 

Minimum Clock Pulse Width PWc 5.0 - - 170 250 330 ns 
10 - - 75 100 125 
15 - - 60 75 100 

Maximum Clock Pulse Frequency PRF 5.0 2.0 1.5 3.0 - - MHz 
10 5.0 4.0 6.7 - -
15 6.7 5.3 8.3 - -

Maximum Clock Pulse Rise and Fall Time tr,tf 5.0 - - - No No -
10 - - - Limit Limit 
15 - - - .. ** 

Data to Clock Setup Time !setup 5.0 - - -40 1-10 0 ns 
10 - - -15 0 10 
15 - - 0 5 15 

Data to Clock Hold Time th old 5.0 - - 75 120 150 ns 
10 - - 25 50 75 
15 - - 10 25 35 

Write Enable to Clock Setup Time tsetup 5.0 - - 170 300 400 ns 
10 - - 65 130 200 
15 - - 50 80 110 

Write Enable to Clock Release Time trel 5.0 - - 160 280 380 ns 
10 - - 55 120 180 
15 - ~ 40 70 100 

*.The formula given is for the typical characteristics only. 
•*When shift register sections are cascaded, the maximum rise and fall time of the clock input should be equal to or less than the rise and fall 

time of the data outputs, driving data inputs, plus the propagation delay of the output driving stage for the output capacitance load. 

c 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

REPETITIVE WAVEFORM 

Voo 

oo--...._--<1--'D 

c n--..~--'"'-

016 032 048 064 

D-----'/ 
(f ~ 1/2 f 0 ) 

50µF 
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FIGURE 2 - TYPICAL OUTPUT SOURCE CURRENT 
CHARACTERISTICS TEST CIRCUIT 

FIGURE 3 - TYPICAL OUTPUT SINK CURRENT 
CHARACTERISTICS TEST CIRCUIT 

016 032 048 064 

Vss 

Vout = VoH 

External 
Power 
Supply 

016 032 048 064 
D 

016 032 048 064 

External 
Power 
Supply 

(Output oeing tested should be in the high-logic state). (Output being tested .should be in the low-logic state). 

Pin No's 

Clock 4 ( 12) 

Data in 7 (9) 

tsetupl 

16-bit output1 (15) 
17-bit input 

32-bit output 6 (10) 
33-bit input 

tsetup 1 

48-bit output 2 (14) 
49-bit input 

64-bit output 5( 11) 

Clock 

Data 

FIGURE 4 - AC TEST WAVEFORMS 

Write ~____r-.....,_,_ 
Enable~--------

Write Enable= 0, 16-bit output 
Write Enable= 1, 17-bit input 

32-bit output 
33-bit input 

48-bit output 
49-bit input 

This device contains circuitry to protect the inputs against damage due to high static 
voltages or electric fields; however, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated voltages to this high 
impedance circuit. For proper operation it is recommended that Vin and Vout be 
constrained to the range Vss.;;; (Vin or Voutl.;;; Voo· 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either 
Vss or Vool. 

5~~1 
v.oo 

V55 

voo 

V55 

Voo 

V55 

Voo 

Vss 

Voo 

V55 

64-bit output 
High Impedance 
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NIOTOROLA 
,Sei"niconductors 
BOX 20912 •PHOENIX, ARIZONA 85036 

DUAL UP COUNTERS 

The MC1451BB dual BCD counter and the MC14520B dual bi
nary counter are constructed with MOS P-channel and N-channel 
enhancement mode devices in a single monolithic structure. Each 
oonsists of two identical, independent, internally synchronous 4-
stage counters. The counter stages are type D flip-flops, with inter
changeable Clock and Enable lines for incrementing on either the 
pqsitive-going or negative-going transition as required when cascad
ing multiple stages. Each counter can be cleared by applying a high 
level on the Reset line. In addition, the MC14518B will count out of 
all undefined states within two clock periods. These complementary 
MOS up counters find primary use in multi-stage synchronous or 
ripple counting applications requiring low power dissipation and/or 
high noise immunity. Additional characteristics can be found on the 
Family Data Sheet. 

• Quiescent Current= 5.0 nA/package typical@ 5 Vdc 

• Noise Immunity= 45% of VDo WPical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Low Input Capacitance = 5.0 pF typical 

• Internally Synchronous for High Internal a~d External Speeds 

• Logic Edge-Clocked Design - Incremented on Positive Transition 
of Clock or Negative Transition on 'Enable 

• 6.0 MHz Counting Rate 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vss I 
Rating Symbol Value 

DC Supply Voltage VoD -0.5to +18 

Input Voltage, All Inputs Vin -0.5 to VoD + 0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

TRUTH TABLE 

CLOCK ENABLE RESET ACTION 

_r 1 0 Increment Counter 

0 '- 0 Increment Counter 

'- x 0 No Change 

x _r- 0 No Change _, 0 0 No Change 

1 '- 0 No Change 

x x 1 01 thru 04 = 0 

X = Don't.Care 

fi-?96 

Unit 

Vdc. 

Vdc 

mAdc 
OC 

oc 

MC14518B 
MC14520B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL BCD UP COUNTER 
(MC14518B) 

DUAL BINARY UP COUNTER 
(MC14520B) 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

L Ceramic Package 
P Plastic Package 

MC'4XXX8

1
tSuffix Denotes 

A Extended Operating 
Temperature Range 

C Limited Operating 
Temperature Range 

BLOCK DIAGRAM 

00 

01 

02 

03 
R 

3 

4 

5 

6 

00 11 

12 
c 

13 

14 
R 

vDD =Pin 16 
Vss =Pin 8 

This device contains circuitry to protect the 
inputs against damage due to high static volt
ages or electric fields: however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi
mum rated voltages to this high impedance 
circuit. For proper operation it is recommended 
that Vin and Vout be constrained to the range 
Vss,;;;; <Vin or Voutl ,;;;; VDD· 
Unu5ed inputs must always be tied to an 
appropriate logic voltage level (e.g., either Vss 
or VDDl· 



MC14518B • MC14520B 

ELECTRICAL CHARACTERISTICS 

Voo T1ow 
.. 

Characteristic Symbol Vdc Min Max 

Output Voltage "O" Level Vol 5.0 - 0.05 
Vin= Voo orO 10 - 0.05 

15 - 0.05 

"1" Level VoH 5.0 4.95 -
Vin=OorVoo 10 9.95 -

15 14.95 -
Input Voltage# "O" Level VtL 

(Vo= 4.5 or 0.5 Vdcl 5.0 - 1.5 
IVo = 9.0 or 1.0 Vdc) 10 - 3.0 
(Vo= 13.5 or 1.5 Vdc) 15 - 4.0 

"1'' Level VtH 
(Vo= 0.5 or 4.5 Vdc) 5.0 3.5 -
IVo = 1.0 or 9.0 Vdc) 10 7.0 -
(Vo= 1.5 or 13.5 Vdc) 15 11.0 -

Output Drive Current (AL Device) loH 
(VoH = 2.5 Vdc) Source 5.0 -1.2 -
(VoH = 4.6 Vdc) 5.0 -0.25 -
(VoH = 9.5 Vdc) 10 -0.62 -
IVoH = 13.5 Vdc) 15 .,-1.8 -
IVoL = 0.4 Vdcl Sink loL 5.0 0.64 -
(Vol= 0.5 Vdcl 10 1.6 -
IVoL = 1.5 Vdc) 15 4.2 -

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 -1.0 -
(VoH = 4.6 Vdc) 5.0 -0.2 -
(VoH = 9.5 Vdc) 10 -0.5 -
(VoH = 13.5 Vdc) 15 -1.4 -

IVoL = 0.4 Vdcl Sink toL 5.0 0.52 -
IVoL = 0.5 Vdcl 10 1.3 -
IVoL = 1.5 Vdcl 15 3.6 -

Input Current (AL Device) tin 15 - ±0.1 

Input Current (CL/CP Device) tin 15 - ±0.3 

Input Capacitance Cin - - -
(Vin= 0) 

Quiescent Current (AL Device) loo 5.0 - 5.0 
(Per Package) 10 - 10 

15 - 20 

Quiescent Current (CL/CP Device) too 5.0 - 20 
(Per Package) 10 - 40 

15 - 80 

Total Supply Current .. t IT 5.0. 
(Dynamic plus Quiescent, - 10 

Per Package) 15 
(CL = 50 pF on all outputs, all 
buffers switching) 

*T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°c for AL Device, +85°C for CL/CP Device. 

J<Noise immunity specified for worst-case input combination. 
Noise Margin for both "1" and "O'; level = -1.0 Vdc min@ Voo = 5.0 Vdc 

2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = IT(50 pF) + 2 x 10-3 (CL -501 Voof 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 

- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 

- 4.50 3.0 
- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -

0.44 0.88 -
1.1 2.25 -
3.0 8.8 -

- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

5.0 "7.5 

- 0.005 5.0 

- 0.010 10 
- 0.015 20 

- 0.005 20 

- 0.010 40 
- 0.015 80 

'T = (0.6 µA/kHzl f + too 
'T = (1.2 µA/kHzl t + too 
'T = 11.7 ;uA/kHzl t +too 

where: IT is in µA (per_package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 

Th!s..h" 
Min Max Unit 

- 0.05 Vdc 
- 0.05 

- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vdc 

7.0 -
11.0 -

mAdc 
-0.7 -

-0.14 -
-0.35 -
-1.1 -
0.3.6 - 1J1Adc 
0.9 -
2.4 -

mAdc 
-0.6 -

-0.12 -
-0.3 - . 
-1.0 -
0.36 - mAdc 
0.9 -
2.4 -

- ± 1.0 µAde 

- ±1.0 µAde 

- - pF 

- 150 µAde 
- 300 
- 600 

- 150 µAde 

- 300 
- 600 

µAde 
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MC14518B • MC14520B 

SWITCHING CHARACTERISTICS* ICL .. 50pF, TA= 25°Cl 

Ch•ecteristic 

Output Rise Time 
tr= (3.0 ns/pF) CL+ 30 ns 
tr= (1.5 ns/pF) CL+ 15 ns 
tr= (1.1 ns/pF) CL+ 10ns 

Output Fall Time 
tf = (1.5 ns/pF) CL+ 25 ns 
tf = (0.75 ns/pF) CL+ 12.5 ns 
tf= (0.55-ns/pF) CL +9.5 ns 

Propagation Delay Time 
Clock to a 

tPLH· tPHL"' (1.7 ns/pF) CL+ 215 ns 
tPLH• tPHL = (0.66 ns/pF) CL+ 97 ns 
tPLH· tPHL = (0.5 ns/pF) CL+ 75 ns 

Reset to Q 

tPLH· tPHL = (1.7 ns/pF) CL+ 265 ns 
tPLH· tPHL = (0.66 ns/pf) CL+ 117 ns 
tPLH· tPHL = (0.66 ns/pF) CL+ 95 ns 

Minimum Clock Pulse Width 

Maximum Clock P11lse Frequency 

Maximum Clock or Enable Rise and Fall Time 

Minimum Enable Pulse Width 

Minimum Reset Pulse Width 

Symbol' VDD 

tr 
5.0 
10 
15 

tf 
5.0 
10 
15 

tpLH· 
tPHL 

5.0 
10 
15 

5.0 
10 
15 

PWcH. 5.0 
PWcL 10 

15 

PRF 5.0 
10 
15 

tr,tf 5.0 
10 
15 

PWE 5.0 
10 
15 

PWR 5.0 
10 
15 

FIGURE 1 - POWER DISSIPATION TEST 
CIRCUIT AND WAVEFORM 

0.01 µF 

J;Ceramic 

All Types 

Min Typ Max Unit 

ns 
- 180 360 

- 90 180 

- 65 130 

ns 
- 100 200 

- 50 100 

- 40 80 

ns 

- 280 560 
- 115 230 
- 80 160 

- 330 660 
- 130 260 
- 90 180 

- 100 200 ns 
- 50 100 
- 35 70 

1.5 2.5 - MHz 
3.0 6.0 -
4.0 8.0 -
15 - - µs 
15 - -
15 - -
- 220 440 ns 

- 100 200 
- 70 140 

- 125 250 1 ns 

- 55 110 
- 40 80 
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MC14518B • MC14520B 

Pulse 
Generator 

MC14518B 

MC14620B 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Voe 

PWcL = PWcH = 50% Duty Cycle 

FIGURE 3 -TIMING DIAGRAM 

1 2 3 4 5 6 1 s 9 10 11 12 13 14 15 16 11 1sl 

Clock ----Mrinnn.n.n.n.r1"'+--+--t---+--t--1-.;--t--1"---
Enabl• umnruumr~ 

Reset 

1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 
~ ~ h ~ ~ h ~ ~ ~ h 

oo- ~ t- ,........ !-- 1- t- !-- H H L-
r-+- 1--+-i t--t--1 l--+--

01--+- ~ t-1--

02 --+-+-+--! 

03--+-+-+--+--+--+--+--lr-+-l--+-+-+-+--+--+--+--I~ 
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 0 1 2 3 4 
~ ~ ~ ~ ~ h ~ ~ ~ h 

oo- ~ H t-' H r- !-- H t- H L-
1-+-1 1--t- ~ ~ t--t-1 

01--1- H-1 ~ ,__._..... 1--1-- I L-

02--..._ __ ""' 

03--+-+-+--+--+--+--+-4 
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MC14518B • MC14520B 

Reset 

FIGURE 4 - DECADE COUNTER (MC14518B) LOGIC DIAGRAM 
(1/2 OF DEVICE SHOWN) 

oo 01 02 

FIGURE 5 - BINARY COUNTER (MC14520B) LOGIC DIAGRAM 
(1/2 OF DEVICE SHOWN) 

00 01 02 

03 

03 
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MOTOROLA 
Semiconduc'fors · 
BOX 20912 • PHOEN°IX, ARIZONA 85036 

4-BIT AND/OR SELECTOR 
or 

QUAD 2-CHANNEL DATA SELECTOR 
or 

QUAD EXCLUSIVE "NOR" GATE 

The MC14519B is constructed with MOS P.channel and N·channel 
enhancement mode devices in a single monolithic structure. These 
complementary MOS logic gates find primary use where low power· 
dissipation and/or high noise immunity is desired. 

This device exemplifies the design versatility of McMOS logic 
structure. This part provides three functions in one package; a 4·-Bit 
AND/OR Selector, a Quad 2·Channel Data Selector, or a Quad Ex· 
elusive NOR Gate. 
• Quiescent Current= 5.0 nA/package typical@ 5 Vdc 

• Noise Immunity= 45% of VDo typical 
·• Diode Protection on All Inputs 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Single Supply Operation - Positive or Negative 

• High Fanout> 50 
• Input Impedance= 1012 cihms typical 
• Logic Swing Independent of Fanout· 
• Capable of Driving Two Low.power TTL Loads, One Low·power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range 

• Plug·ln Replacement for CD4019 in Most Applications 

; {A Control 
Inputs 

B 

Data 
Inputs 

V3 

9 

14 

LOGIC DIAGRAM 
(Positive Logic) 

Voo =Pin 16 
Vss =Pin, s 

c .,n1 

10 zo 

11 Z1 

12 Z2 

13 Z3 

,MC14519B 

"McMOS MSI 
(LOW·POWER COMPLEMENTARY MOS) 

4-BIT AND/OR SELECTOR 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PAC'KAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC14XXXB IT s.w, D•••U.• 

L L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

TRUTH TABLE 

CONTROL INPUTS OUTPUT 

A B Zn 

0 0 0 
0 1 Yn 
1 0 Xn 
1 1 Xn@Yn 

Note. 

Xn@ Yn meansXn (Exclusive-NORI Y;, 
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MAXIMUM RATINGS (Voltages referenced to V55l 

Rating 

DC Supply Voltage 

Input Voltage, All •nputs 

DC Current Drain per Pin 

Operating Temperature Range - AL D~ice 
CL/CP Device 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level VOL 5.0 

Vin v00 or0 10 
15 

"1" Level VoH 5.0 
Vin · Oor Voo 10 

15 

Input Voltage" "O" Level VIL 
IVo -· 4.5 or 0.5 Vdcl 5.0 
IVo = 9.0 or 1.0 Vdcl 10 
IVo = 13.5 or 1.5 Vdcl 15 

''1" Level V1H 
IVo = o.5 or 4.5 Vdcl 5.0 
IVo; 1.0 or 9.0 Vdcl 10 
IVo = 1.5or 13.5Vdcl 15 

Output Drive Current (AL Device) loH 
IVoH ~ 2.5 Vdcl Source 5.0 
IVoH = 4.6 Vdcl 5.0 
IVoH = 9.5 Vdcl 10 
IVoH = 13.5 Vdcl 15 

IVoL = o.4 Vdcl Sink· IOL 5.0 
IVQL = 0.5 Vdc) 10 
IVoL = 1.5 Vdcl 15 

Output Drive Current.(CL/CPDevicel IOH 
IVoH = 2.5 Vdcl Source 5.0 
IVoH = 4.6 Vdcl 5.0 
IVoH = 9.5 Vdcl 10 
IVoH = 13.5 Vdcl 15 

IVoL = 0.4 Vdcl Sink toL 5.0 
IVoL = 0.5 Vdc) 10 
IVoL = 1.5 Vdcl 15 

Input Current (AL Device) •in 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin~ 01 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current• •t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

ICL - 50 pF on all outputs. all 
buffers switching) 

Three-State Leakage Current ITL 15 
IAL Device) 

Three-State Leakage Current ITL 15 
ICL/CP Device) 

"T1ow • -55°C for AL Device, -40°C for CL/CP Device. 
Thigh"' +125°C for AL Device. +85°c for CL/CP Device. 

=Noise immunity specified for worst·case input combination. 
Noise Margin for both ··rand "O" level = 

t.O Vdc min@ VDo =· 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo -= 15 Vdc 

T1ow 
Min 

-
-
-

4:95 
9.95 

14.95 

-
-
-

3.5 
7.0 

11.0 

-1.2 
-0.25 
-0.62 
-1.8 

0.64 
1.6 
4.2 

-1.0 
-0.2 
-0.5 
-1.4 

0.52 
1.3 
3.6 

-
-
·-

-
-
-

-
-
-

-

-

Symbol Value Unit 

Voo · -0.5 to +18 Vdc 

Vin -o.5 to v00 + o.5 Vdc 

I 10 mAdc 

TA -55 to +125 oc 

-40 to +85 

Tstg -65 to +150 oc 

* 25°c Thil_h* 
Max Min Typ Max Min Max Unit 

0.05 - 0 0.05 - 0.05 Vdc 
0.05 - 0 0.05 - 0.05 
0.05 - 0 0.05 - 0.05 

- 4.95 5.0 - 4.95 - Vdc 
- 9.95 10 - 9.95 -
- 14.95 15 - 14.95 -

Vdc 
1.5 - 2.25 1.5 - 1.5 
3.0 - 4.50 3.0 - 3.0 

4.0 - 6.75 4.0 - 4.0 

- 3.5 2.75 - 3.5 - Vdc 
- 7.0 5.50 - 7.0 -
- 11.0 8.25 - 11.0 -

mAdc 
- -1.0 -1.7 - -0.7 -
- -0~2 -0.36 - -0.14 -
- -0.5 -0.9 - -0.35 -
- -1.5 -3.5 - -1.1 -

. - 0.51 0.88 - 0.36 - mAdc 

- 1.3 2.25 - 0.9 -
- 3.4 8.8 - 2.4 -

mAdc 
- -0.8 -1.7 - -0.6 -
- -0.16 -0.36 - -0:12 -
- -0.4 -0.9 - -0.3 -
- -1.2 -3.5 - -1.0 -
- 0.44 0.88 - 0.36 - mAdc 
- 1.1 2.25 - 0.9 -
- 3.0 8.8 - 2.4 -

±0.1 - ±0.00001 ±0.1 - ± 1.0 µAde 

±0.3 ·- ±0.00001 ±0.3 - ±1.0 µAde 

- - 5.0 7.5 - - pF 

5.0 - 0.005 5.0 - 150 µAde 
10 - 0.010 10 - 300 
20 - 0.015 20 - 600 

20 - O.OQ5 20 - 150 µAde 

40 - 0.010 40 - 300_ 
80 - O.ot5 80 - 600 

IT= (1.2 µA/kHzl f + 100 µAde 

IT"' 12.4 µA/kHzl t + 100 
IT= 13.6 µA/kHzl f + too 

±0.1 - ±0.00001 ± 0.1 - ±3.0 µAde 

±1.0 - ±0.00001 ± 1.0 - ±7.5 µAde 

tTo calculate total supply current at loads other than 50 pF: 
ITICL) = ITl50 pF) + 4 x 10-3 ICL -50) Voof 

where: IT is in µA (per package). CL in pF, Voo in Vdc, 
and fin kHz is input frequency. 

•"The formulas given are for the typical characteristics only at 25°c. 
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MC145198 

SWITCHING CHARACTERISTICS* ICL = 50 pF, TA= 25°Cl 

Typ Mex 
Characteristic Symbol Voo All Typas AL Device CL/CP Device 

Output A ise Time t, 
tr= (3.0 ns/pF) CL+ 30 ns 5.0 180 350 
tr= (1.5 ns/pF) CL+ 15 ns 10 90 150 
tr= (1.1 ns/pFI CL+ 10 ns 15 65 110 

Output Fall Time tf 
tf = (1.5 ns/pF) CL+ 25 ns 5.0 100 175 
tf = (0.75 ns/pF) CL+ 12.5 ns 10 50 75 
tf = (0.55 ns/pF) CL+ 9.5 ns 15 37 55 

Propagation Delay Time tpt:.H• 
tPLH• tPHL = (1.7 ns/pF) CL+ 1S5 ns tpHL 5.0 250 375 
tPLH· tPHL = (0.66 ns/pF) CL +.82 ns 10 115 170 

· tPLH• tPHL = (0.5 ns/pFI CL+ 65 ns 15 90 135 

*The formula given is for the typical characteristics only. 

FIGURE 1 - DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Pulse 
Generator 

Pulse 
Generator 

+Voo 

A Voozo 

i----1-~--1 B 

XO 
YO 

X1 

Y1 

X2 

50% Duty Cycle 

lss 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Voo 

20 ns 20.ns 

~rL 
Z1 

~rL Outputs 

Z2 

:rL 
iCL 
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400 
200 
160 

200 
100 
80 

500 
225 
165 

Unit 

ns 

ns 
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MC145198 

Data A 

Clock A 

Reset A 

Control A 

Control B 

Invert 

TYPICAL CIRCUIT APPLICATIONS 

DATA REGISTER SELECTION COMPARISON 

r------~------------------------~ 
I MC14016B : 

Dual 4-Bit Register 

4-Bit Register A 4-Bit Register B 

01 02 03 04 

XO X1 .x2 X3 YO Y1 Y2 Y3 
A MC14619B 

AND/OR Select/Exel NOA 
B 

zo Z1 Z2 Z3 

r- -1 
I I MC14070B 

I louad 

I I Exclusive OR 

L--
_ _J 

oo 01 02 03 

CONVERSION TABLE 

OPERATION 
CODE OUTPUT FUNCTION 

A B INV QO Q1 Q2 Q3 

0 0 0 0 0 0 0 Inhibit, all zeros 

0 0 1 1 1 1 1 Inhibit, all ones 

1 0 0 XO X1 X2 X3 Control A 

1 0 1 XO x1 x2 X3 Control A and Invert 

0 1 0 YO Y1 Y2 Y3 Control B 

0 1 1 YO v1 v2 ¥3 Control Band Invert 

1 1 0 xo@vo x1@v1 x2@v2 X3@Y3 Exclusive NOA 

1 1 1 xo©vo x1G)v1 x2(±>v2 X3(t>Y3 Exclusive OR 

Data B 

Clock B 

Reset B 

Circuit diagrams utilizing Motorola products are included as,11 means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. .The information has been carefully checked and 

is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the. semiconductor devices described any 
license under the patent rights of Motorola,lnc. or others. 

(f!j MOTOROLA Semiconduc'for Produc'fs Inc. 



ltllOTOROLA 
Semiconduc-tors 
BOX 20912 •PHOENIX, ARIZONA 85036 

DUAL UP COUNTERS 

The MC14518B dual BCD counter and the MC14520B dual bi
nary counter are constructed with MOS P-channel and N-channel 
enhancement mode devices in a single monolithic structure. Each 
consists of two identical, independent, internally synchronous 4-
stage counters. The counter stages are type D 'flip-flops, with inter
changeable Clock and Enable lines for incrementing on either the 
positive-going or negative-going transition as required when cascad
ing multiple stages. Each counter can be cleared by applying a high 
level on the Reset line. In addition, the MC14518B will count out of 
all undefined states within two clock periods. These complementary 
MOS up counters find primary use in multi-stage synchronous or 
ripple counting applications requiring low power dissipation and/or 
high noise immunity. Additional characteristics can be found on the 
Family Data Sheet. 

• Quiescent Current= 5.0 nA/package typical @ 5 Vdc 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Low Input Capacitance= 5.0 pF typical 
• Internally Synchronous for High Internal and External Speeds. 

• Logic Edge-Clocked Design - Incremented on Positive Transition 
of Clock or Negative Transition on Enable · 

• 6.0 MHz Counting· Rate 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -o.5 to vDD + o.5 

DC.Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

TRUTH TABLE 

CLOCK EilJABLE RESET ACTION 

..r 1 0 Increment Counter 

0 "- 0 Increment Counter 

'- x 0 No Change 

x ~ 0 No Change 

_r- 0 0 No Change 

1 """"\.... 0 No Change 

x x 1 01 thru 04= 0 

X = Don't Care 
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Unit 

Vdc 

Vdc 

mAdc 

oc 

OC 

MCl4520B 
FOR COMPLETE DATA 

SEE MC14518B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL BCD UP COUNTER 
(MC14518B) 

DUAL BINARY UP COUNTER 
(MC14520B) 

L SUFFIX 
CER'AMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC'4.XXXB 1 tSuff1x Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

QO 

Q1 

Q2 

Q3 
R 

QO 

Q1 

10 
c 

Q2 
Enable 

Q3 
R 

15 
vDD =Pin 16 
Vss =Pin 8 

3 

4 

5 

6 

11 

12 

13 

14 

This device contains circuitry ·to protect the 
inputs against damage due to high static volt
ages or electric fields: however, it is advised 
that normal precautions be taken to avoid 
application of any voltage· higher than maxi
mum rated voltages to this high impedance 
circuit. For proper operation it is recommended, 
that Vin and Vout be constrained to the range 
Vss.;; (Vin or Voutl.;; VoD· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either Vss 
or VDDI· 



MOTOROLA 
Semlconduc'fors 
BOX 20912 •PHOENIX, ARIZONA 85036 

24-STAGE FREQUENCY DIVIDER 

The MC14521B consists of a chain of 24 flip-flops with an input 
circuit that allows three modes of operation. The input will function 
as a crystal oscillator, an RC oscillator, or as an input buffer for an 
external oscillator. Each flip-flop divides the frequency of the 
previous flip-flop by two, consequently this part will count up to 
224 = 16,777,216. The cou.nt advances on the negative going edge of 
the clock. The outputs of the last seven-stages are available for added 
flexibility. 

• Ouiesc.ent Current = 5.0 nA/package typical @ 5 Vdc 
• f(max) = 9.0 MHz typical@ VDD = 10V 

• All Stages are Resettable 

• Reset Disables the RC Oscillator for Low Standby Power Drain 

• RC and Crystal Oscillator Outputs Are Capable of Driving 
External Loads 

• Test Mode to Reduce Test Time 

• VDD' and Vss' Pins Brought Out on Crystal Oscillator Inverter 
to Allow the Connection of External Resistors· for Low-Power 
Operation 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera-
ture Range. · 

MAXI MUM RA Tl NGS (Voltages referenced to v ss I 
Rating Symbol Value 

DC Supply Voltage vDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device 
CL/CP Device 

Storage Temperature Range 

Resat 
2 

Stages 

TA 

Tstg 

1 thru 17 

-55 to +125 OC 

-40 to +85 

-65 to +150 oc 

BLOCK DIAGRAM 

Stages · 
18 thru 24 

MC14.521B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

24-STAGE FREQUENCY DIVIDER 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC14XXXB 1
1

Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

PIN ASSIGNMENT 

Voo 16 

2 Reset 15 

3 Vss 14 

4 021 13 

5 Voo 12 

6 In 2 11 

Out 1 10 

8 Vss In 1 9 

OUTPUT COUNT CAPACITY 

018 2
18 

= 262,144 
019 2:= 524,288 
020 2 = 1,048,576 
021 2 21 

,. 2.097, 152 

018 019 020 021 022 023 024 022 2
22 = 4,194,304 

5 3 4 
01.1t 1 Voo' Vss' Out 2 

v00 =Pin 16 

Vss= Pin8 

10 11 12 13 14 15 

023 2 23 
,. 8,388,608 

024 2
24 = 16,777 .216 

This device contains circuitry tQ protect the inputs against damage d11e to high static voltages or electric fields; however, .it is advised that 
normal preca11tions be taken to avoid.application of any voltage higher than maxim11m rated volta!Jt!S to this high impedance circ11it. For proper 
operation it is recommended that Vin and Vout be constrained to the ran!Jt! V55 ~(Vin or Voutl ~ VoD· 

Unused inp11ts must always be tied to an appropriate logic voltage level (e.g., either V55 or VDpl. 
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ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin=Voooro 10 

15 

"1" Level VoH 5.0 
Vin= Oor Voo 10 

15 

Input Voltage# "O" Level V1L 
(Vo = 4.5 or 0.5 Vdc) 5.0 
!Vo= 9.0 or 1.0 Vdc) 10 
!Vo= 13.5 or 1.5 Vdcl 15 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 
(Vo = 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 OJ 13.5 Vdc) 15 

Output Drive Current (AL Device) loH 
(VoH ·= 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VQH = 13.5 Vdc) 15 

<Vol= 0.4 Vdcl Sink loL 5.0 
!Vol'."' 0.5 Vdcl 10 
<Vol= 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VOH = 13.5 Vdc) 15 

!Vol =·0.4 Vdcl Sink loL 5.0 
(VOL= 0.5 Vdc) 10 
<Vol= 1.5Vdcl 15 

Input Current (AL Device) lin 15 

Input Current ·(CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) 100 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current* *t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

*T1ow = -55°c for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°c for CL/CP Device . 

.:Noise immunity specified for worst·case input combination. 

T1ow . 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O" level= 1.0 Vdc min @Voo = 5.0 Vdc 
2.0.Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

2s0c Th!g_h* 
Min Typ Max Min Max 

- 0 0.05 - 0.05 
- 0 0.05 - 0.05 

- 0 0.05 - 0.05 

4.95 5.0 - 4.95 -
9.95 10 - 9.95 -

14.95 15 - 14.95 -

- 2.25 1.5 - 1.5 
- 4.50 3.0 - 3.0 

- 6.75 4.0 - 4.0 

3.5 2.75 - 3.5 -
7.0 5.50 - 7.0 -

11.0 8.25 - 11.0 -

-1.0 -1.7 - -0.7 -
-0.2 -0.36 - -0.14 -
-0.5 -0.9 - -0.35 -
.::1.5 -3.5 - -1.1 -
0.51 0.88 -. 0.36 -
1.3 2.25 - 0.9 -
3.4 8.8 - 2.4 -

-0.8 -1.7 - -0.6 -
-0.16 -0.36 - -0.12 -
-0.4 -0.9 - -0.3 -
-1.2 -3.5 - -1.0 -
0.44 0.88 - 0.36 -
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -
- ±0.00001 ±0.1 - ± 1.0 

- ±0.00001 ±0.3 - ±1.0 

- 5.0 7.5 - -

- 0.005 5.0 - 150 
- 0.010 10 - 300 
- 0.015 20 - 600 

- 0.005 20 - 150 
- O.Q10 40 - 300 
- 0.015 80 - 600 

IT =(0.42 µA/kHz) f + loo 
IT =(0.85·µA/kHz) f + loo 
IT =(1.4 µA/kHzl f + loo 

@ MOTOROLA Semiconductor Products Inc. 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF 
II 

µAde 

µAde 

µAde 
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SWITCHING CHARACTERISTICS* (CL= 50 pF, TA= 25°CI 

Min 

vDD AL CL/CP Typ 
Characteristic Symboi Vdc Device Device All Types 

Output Rise Time tr 
tr= (3.0 ns/pFI CL + 30 ns 5.0 - - 180 

tr= (1.5 ns/pFI CL+ 16 .ns 10 - - 90 
tr= (1.1 ns/pF) CL+ 10 ns 15 - - 65 

Output Fall Time tf 
tf = (1.5 ns/pFI CL+ 25 ns 5.0 - - 100 
tf = (0.75 ns/pFI CL+ 12.5 ns 10 - - 50, 
tf = (0.55 ns/pFI CL + 9.5 ns 16 - - 37 

Propagation Delay Time tpLH• 
Clock to 018 tPHL 

tPHL· tPLH = (1.7 ns/pF) CL+ 4415 ns 5.0 - - 4.5 

tPHL• tPLH = (0.66 ns/pF) CL+ 1667 ns 10 - - 1.7 

tPHL· tPLH = (0.5 ns/pF) CL+ 1175 ns 15 - - 1.2 

Clock to 024 
tPHL.'tPLH = (1.7 ns/pF) CL+ 5915 ns 5.0 - - 6.0 
tPHL• tPLH = (0.66 ns/pFI. CL+ 2167 ns , 10 - - 2.2 
tPHL· tPLH = (0.5 ns/pFl CL+ 1475 ns 15 - - 1.5 

Propagation Delay Time tPHL 
Reset to On 

tPHL = (1.7 ns/pF) CL+ 1215 ns 5.0 - - 1300 

tPHL = (0.66 ns/pF) CL+ 467 ns 10 - - 500 

tPHL = (0.5 ns/pF) CL+ 325 ns 15 - - 350 

Minimum Clock Pulse Width PWc 5.0 - - 140 
10 - - 55 
15 - - 40 

Maximum Clock Pulse Frequency PRF 5.0 2.0 1.5 3.5 
10 5.0 3.5 9.0 
15 6.5 4.5 12 

Maximum Clock Rise and Fall Time tr,tf 5.0 15 15 -
10 15 15 -
15 15 15 -

Minimum Reset Pulse Width PWR 5.0 - - 700 
10 - - 300 
15 - - 200 

*The formula given is for the typical characteristics only. 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

500µF 

Pulse 
Generator 

1
0.01 µF 

-= Ceramic 

Vor:J 

Max 
AL CL/CP 

Device Device 

350 400 
150 200 
110 160 

175 200 
75 110 
55 80 

9.0 13.5 
3.5 5.2 
2.7 3.9 

12 18 
4.5 6.5 
3.5 5.0 

2600 4000 
1000 1500 
750 1200 

250 385 
100 150 
75 120 

- -
- -
- -
- -
- -
- -

1400 1800 
600 900 
450 700 

@·MOTOROLA Semlconduci:or Produci:s Inc •. 
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Unit 

ns 

ns 

µs 

µs 

ns 

ns 

MHz 

µs 

ns 
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FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator 

FIGURE 3 - CRYSTAL OSCILLATOR CIRCUIT 

Voo 

D 
Ro 

Cs CT 

':' ':' 

•optional for· low power operation. 

ln2 I 
[

20nsl '20ns l 
90% 

10% 50% 

PWcL ::J__PWcH. 
90% 

50% I 

J t:LH 
I-tr 

FIGURE 4-TVPICAL DATA FOR CRYSTAL 
OSCILLATOR CIRCUIT 

500 kHz 50 kHz 
CHARACTERISTIC CIRCUIT CIRCUIT 

Crystal Characteristics 
Resonant Frequency 500 50 

Equivalent Resistance, Rs 1.0 6.2 

External Resistor/Capacitor Values 

Ro 47 750 

CT 82 82 

Cs 20 20 

Frequency Stability 
Frequency Change as a Function 

of v00 CTA = 25°c1 
VooChangefrom5.0Vto 10V +6.0 +2.0 
Voo Change from 10V to 15 v +2.0 +2.0 

Frequency Change as a Function 
of Temperature (Vo9 = 10 V) 
TA Change from -55 C to +25°C 

MC14521 only -4.0 -2.0 
Complete Oscillator• +100 +120 

TA Change from +25°c to +125°c 
MC14521 only -2.0 -2.0 
Complete O.scillator• -160 -560 

•complete oscillator Includes crystal, capacitors, and resistors. 

@ MOTOROLA Sen1lconductor Product• Inc. 

20 ns 

IJ UNIT 

kHz 
kn 

kn 
pF 
pF 

ppm 
ppm 

ppm 
ppm 

ppm 
ppm 



MC14521B 

FIGURE 5 - RC OSCILLATOR STABILITY 

Test Circuit 
Figure 7 

-12~:;1=+~~~~~-J;;;;:;::d 
Arc= 56kn, {--Rs=O,f= 10.15kHz@Vaa = 10 V, TA=250C 

_
16 

c = 1000 pF --- Rs= 120 kn, f = 7.8 kHz@Vaa = 10 v, TA= 25oc 

-55 -25 0 25 50 75 100 125 

TA, AMBIENT TEMPERATURE (DC), DEVICE ONLY 

FIGURE 7 - RC OSCILLATOR CIRCUIT 

Rs 

1 
f:::---

2.3 RTc C 

Rs;;. 2 RTc 

FIGUR~ 6 - RC OSCILLATOR FREQUENCY AS A 
FUNCTION OF RTC AND C 

100 

50 ~ 
voo = 10 v Test Circuit 

.1 ~ure7 

~ -...,.,,. ~ 20 

- 10 

~ 5.0 t--- fas a function 
a: I-- of C 
~ 2.0 
~ 

~ (RTC = 56 k!"!) 
t=..(Rs = 120 k) 

~ 1.0 

~ 0.5 

0.2 

0·\ok 
0.0001 

:s f as a function _ 
::s of Rrc -

'"' '1 (C_= 1000 pF):::: Ei3 
(Rs"' 2Rrcl .= 

:"S: 

~ ~ 
r"."ol ~ 

"' '"' 
~ 

~ 
b.I 

10 k 100k 
Arc. RESISTANCE (OHMS) 
0.001 O.Ql 

C, CAPACITANCE (µF) 

FIGURE 8 - FUNCTIONAL TEST CIRCUIT 

Pulse 
Generator 

Voe 

1.0m 

0.1 

FUNCTIONAL TEST SEQUENCE 

INPUTS OUTPUTS COMMENTS 

Reset In 2 Out 2 Vss' Voo' Q18tlTuQ24 Counter is in three 8-stage 

1 0 0 Voo Gnd 0 
sections in parallel mode 
Counter is reset. In 2 and 

A test function (see Figure 8) has been in- Out 2 are connected together 

eluded for the reduction of test time required to 
0 1 1 

First "O" to "1" transition 

exercise all 24 counter stages. This test function on In 2, Out 2 node. 

divides the counter into three 8-stage sections, 0 '0 255 "O" to "1" transitions 

and 255 counts are loaded in each of the 8-stage 1 1 are clocked into this In 2, 
- - Out 2 node. 

sections in parallel. All flip-flops are now at a - -
logic "1''. The counter is now returned to the - -

normal 24-stages in series configuration. One 1 1 1 The 255th "O" to "1" 

more pulse is entered into Input 2 (In 2) which 
transition. 

0 0 1 
will cause the counter to ripple from an all 0 0 Gnd 1 
"1" state to an all "O" state. Counter converted back to 

1 0 Voo 1 24-stages in ser.ies mode. 

1 j 1 
Out 2 converts back to an 
output. 

Counter ripples from an 
0 0 all "1" state to an all 

"O" stage. 

([!} MOTOROLA Semiconductor Products Inc. 

5-310 



MC14521B 

LOGIC DIAGRAM 

Voo Reset 
5 2 

6 4 
ln2 Out2 

3 
out 1 Vss 

10 
018 

11 
019 

12 13 
020 021 

14 
022 

15 
023 

1 
024 

v 00 =Pin 16 

v 88 =Pins 

@ MOTOROLA Semiconduc'for. Produc'fs Inc. 
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PROGRAMMABLE DIVIDE-BV-N 4-BIT COUNTERS 

The MC14522B BCD counter and the MC145268 binary counter 
are constructed with MOS P-channel and N-channel enhancement 
mode devices in a single monolithic structure. 

These devices are programmable, cascadable down counters with 
a decoded .. 0 .. state output for divide-by-N applications. In single 
stage applications the .. 0,, output is applied to the Preset Enable 
input. The Cascade Feedback input allows cascade divide-by-N 
operation· with no additional gates required. The Master Reset 

· function provides synchronous initiation of divide-by-N cycles. The 
Clock Inhibit input allows disabling of the pulse counting function. 

These complementary MOS counters can be used in frequency 
synthesizers, phase-locked loops, and other frequency division appli
cations requiring low power dissipation and/or high noise immunity. 

• Quiescent Current= 5.0 nA/package typical @ 5 Vdc 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Internally Synchronous for High Internal and External Speeds. 

• Logic Edge-Clocked Design - Incremented on Positive Transition 
of Clock or Negative Transition of Clock Inhibit· 

• 5.0 MHz Counting Rate 

• · Asynchronous Preset Enable 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS !Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 19 mAdc 

,operating Temperature Range - Al Device TA 
CL/CP Device 

Storage Temperature Range 

Clock 
0 

..r 
x 
1 
x 
x 

MC14522B 
Output 

Count 04 03 02 
9 1 0 0 
8 1 0 0 
7 0 1 1 
6 0 1 1 
5 0 1 0 
4 0 1• 0 
3 0 0 1 
2 0 0 1 
1 0 0 0 
0 0 0 0 

Tstg 

TRUTH TABLES 

BOTH TYPES 
Preset Master 

Inhibit Enable Reset 
0 0 0 
0 0 0 
1 0 0 

'- 0 0 
x 1 0 
x x 1 

01 Count 
1 15 
0 14 
1 
0 

13 
12 

1 11 
0 10 

1 
0 

9 
8 

1 7 
0 6 

5 
4 
3 
2 
1 
0 

-55 to +125 oc 

-40 to +85 

, -65 to +150 OC 

Actien 
No Count 
Count-1 
No Count 
Count-1 
P-resei 
Reset 

MC14526B 
Output 

04 03 02 01 
1 1 1 1 
1 1 1 0 
1 1 0 1 
1 1 0 0 
1 0 1 1 
1 0 1 0 
1 0 0 1 
1 0 0 0 
0 1 1 , 
0 1 1 0 
0 1 0 1 
0 1 0 0 
0 0 1 1 
0 0 1 0 
0 0 0 1 
0 0 0 0 
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MC14522B 
MC14526B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

PROGRAMMABLE DIVIDE-BY-N 
4-BIT COUNTERS 

BCD - MC14522B 
Binary - MC14526B 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE. 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC14XXXB 

1 
tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C limited Operating 

Temperature Range 

BLOCK DIAGRAM 

13 01 

3 

5 Dp1 02 9 

11 Dp2 

14 Dp3 03 15 

2 Dp4 

10 MR 04 

4 

6 "O" 12 

v00 =Pin 16 
Vss = Pin8 

This device contains· circuitry -to protect 
the inputs against damage due to high static 
voltages or electric fields; holllll!ver, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and V0 ut. be 
constrained to the range Vss " ·1vin or 
Voutl "VoD· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vssor VDol. 
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ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin= Voo or o 10 

15 

"1" Level VoH 5.0 
Vin=OorVoo 10 

15 

Input Voltage* "O" Level V1L 
(Vo.., 4.5 or 0.5 Vdc) 5.0 
(Vo= 9.0 or 1.0 Vdc) 10 
(Vo= 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
(Vo• 0.5 or 4.5 Vdc) 5.0 
IVo = 1.0 or 9.0 Vdc) 10 
IVo = 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) loH 
!VoH = 2.5 Vdc) Source 5.0 
(VOH = 4.6 Vdc) 5.0 
IVoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdcl I 15 

IVoL = 0.4 Vdc) Sink IOL . 5.0 
!Vol= 0.5 Vdcl 10 
(VoL = 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) . Source 5.0 
!VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdc) Sink loL 5.0 
(VoL = 0.5 Vdc) 10 
(VoL = 1.5 Vdc) 15 

Input Current (AL Device) fin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin•O) 

Quiescent Current (AL Device) 'oo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current••t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

*T1ow - -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°c for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

T1ow * 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 

-· 3.0 
- 4.0 

3.5 -
1;0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 - -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both ·~1" and "O" level= 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo "'10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
11-ICL) = ITl50 pF) + 1 x 10-3 (CL -50) Voof 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 

- 4.50 3.0 
- 6.75 4.0 

3.5 2.75. -
7.o 5.50 -

11.0 8.25 -
-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1..5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- 0.015 20 

- 0.005 20 
- O.Q10 40 
- 0.015 80 

IT= (1.7 µA/kHz> f + 100 
IT= (3.4 µA/kHz) f + 100 
IT= (5.1 µA/kHz) f + too 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
•*The formulas given are for the typical characteristics only at 25°C. 

Th!l_h* 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
.9.95 -
14.95 -
- 1.5 

- 3.0 

- 4.0 

3.5 -
7.0 -

11.0 -
-0.7 -

-0.14 -
-0.35 -
-1.1 -
0.36 -
0.9 -
2.4 -
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 -
0.9 -
2.4 -
- ± 1.0' 

- ±1.0 .-

- -

- 150 
- 300 
- 600 

- 150 
- 300 
- 600 

<f!) MOTOROLA Semiconductor Products Inc. 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

·. pF II 
µAde 

µAde 

µAde 



MC14522B • MC14526B 

SWITCHING CHARACTERISTICS* (CL= 50 pf.TA= 25°C) 

Min Max 

AL CL/CP Typ AL CL/CP 
Characteristic Symbol VDD Device Device All Types Device Device Unit 

Output Rise Time tr ns 
tr = (3.0 ns/pF) CL+ 30 ns 5.0 - - 180 350 400 
tr= (1.5 ns/pf) CL+ 15 ns 10 - - 90 150 200 
tr= (1.1 ns/pF) CL+ 10 ns 15 - - 65 110 160 

Output Fall Time tf ns 
tf = (1.5 ns/pF) CL+ 25 ns 5.0 - - 100 175 200 
tf = (0.75 ns/pF) CL+ 12.5 ns 10 - - 50 75 100 
tf = (0.55 ns/pf) CL+ 9.5 ns 15 - - 37 55 80 

Propagation Delay Time tPLH, ns 
Q Outputs 1PHL 

tPLH. tPHL = (1.7 ns/pF) CL+ 465 ns 5,0 - - 550 825 1100 
tPLH• tPHL = (0.66 ns/pF) CL+ 197 ns 10 - - 230 234 450 
tPLH· tPHL = (0.5 ns/pf) CL+ 135 ns 15 - - 160 240 340 

"O" Output 
tPLH• tPHL = (1.7 ns/pf) CL+ 155 ns 5.0 - - 240 360 500 
tPLH· tPHL = (0.66 ns/pF) CL+ 87 ns 10 - - 120 250 300 
tPLH· tPHL = (0.5 ns/pF) CL+ 65 ns 15 - - 90 190 225 

Minimum Clock Pulse Width PWc 5.0 - - 100 250 300 ns 
10 - - 50 100 150 
15 - - 40 75 115 

Maximum Clock Pulse Frequency PRF 5.0 1.5 1.0 2.0 - - MHz 
10 3.0 2.5 5.0 - -
15 4.0 3.0 6.6 - -

Maximum Clock or Inhibit Rise and Fall Time tr. tf 5.0 15 15 - - - µs 
10 15 15 - - -
15 15 15 - - -

Hold Time tho Id 5:0 - - 75 125 150 ns 
10 - - 25 50 75 
15 - - 20 40 60 

Minimum Preset Enable Pulse Width PWpE 5.0 - - 100 250 300 ns 
10 - - 50 100 150 
15 - - 40 75 115 

Minimum Master Reset Pulse Width PWMR 5.0 - - 200 300 350 ns 
10 - - 100 250 300 
15 - - 75 200 225 

*The formula given is for the typical characteristics only. 

@ MOTOROLA Semiconducf:or Products Inc. 
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MC14522B • MC14526B 

FIGURE 1 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS TEST CIRCUIT 

Voo = -VGs 

01 

PE 

Dp1 02 

Op2 

Dp3 03 

Dp4 
loH 

04 

Inhibit 

c "O" 

External 
Vss Power 

Supply 

FIGURE 2 - TYPICAL OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 

Voo = VGs 

CF 01 

PE 

Dp1 02 

Op2 
Dp3 03 

Op4 
MR 04 

Inhibit 

c "O" 

Vss 

FIGURE 3 - POWER DISSIPATION 

Pulse 
Generator 

1 

Pulse 
Generator 

2 

Pulse 
Generator 

Voo 

CF 01 

PE 

Op1 02 

Op2 
Op3 03 

Op4 
MR 04 

Inhibit 

c 

FIGURE 4- AC TEST CIRCUITS 

A) TEST NOS. 1 - 6 

Voo 

CF 01 
PE 

Dp1 02 

Dp2 

Dp3 03 

Dp4 

MR 

Pulse 
Generator 

Bl TEST NO. 7 
Voo 

CF 01 

PE 

OP1 02 

DP2 

Dp3 03 

Dp4 
MR 04 

Inhibit 

"O" 

@ MOTOROLA Semiconductor Products Inc. 
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MC14522B • MC145268 

FIGURE 5- AC TEST CONNECTIONS AND WAVEFORMS 

TEST NO. 1 TEST NO. 2 

01 

TEST NO. 3 TEST NO. 4 

PG1 

PG1 

PG2 

TEST NO. 5& 7 TEST N0.6 

PG1 

20ns~b 
90% 

------r10% 
if""' PG1 

CHARACTERISTIC TEST NO. CLOCK INHIBIT PE MR Dpn CF OVTP!JT 

t,, tf, tPLH, tPHL 1 PG1 Vss Vss Vss Vss Vss 01 
2 Voo PG1 Vss Vss Vss Vss 01 
3 Vss Vss PG1 Vss PG2 Vss On 
4 Vss Vss Voo PG1 .Voo Vss On 
5 Vss Vss Voo Vss PG1 Vss On 

PWMR 4 Vss Vss Voo PG1 Voo Vss On 
PWpe 3 Vss Vss PG1 Vss PG2 Vss On 

PWc 1 PG1 Vss Vss Vss Vss Vss 01 

fMax 1 PG1 Vss Vss Vss Vss Vss 01 

tho Id 3 Vss Vss PG1 Vss PG2 Vss On 
t,, tf 6 V55 Vss Vss Voo Vss PG1 "O" 

tPLH,tPHL 7 PG Vss Fig 48 Vss Fig 49 Voo "O" 

'-------@ MOTOROLA Semiconductor Product• Inc. 
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MC14522B • MC14526B 

FIGURE 6 - MC145228 LOGIC DIAGRAM (BCD Divide·by·N Counter) 

Inhibit 

Clock 

MRe>-~~~--~~~~~-,-~~~~~~~ 

FIGURE 7 - MC14526B LOGIC DIAGRAM (Binary Divide-by·N Counter) 

PE<>-~~~-t---1f--~ .... 

Inhibit 

Clock 

MR<>-~~~--~~~~~~~~~~~~ 

@.MOTOROLA ~emlcondu~tor Product• Inc. 
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04 

"O" 
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MC14522B • MC14526B 

Cycle Inhibit 

FIGURE 8 - 2-STAGE PROGRAMMABLE DOWN COUNTER 
(One Cycle) 

_.,...-.... --~~~~~~~~~~~~~~~ 
+voo 

10 k. 

Clock 

Master 

Reset 

Master 

Reset 

Q1 

PE 

02 03 

L.S.O. 
MC14522B 
MC14526B 

04 

"O" 

Thumbwheel Switches 
(Open= "0") 

01 02 Q3 

M.S.O. 
MC14522B 
MC14526B 

Q4 

"O" 

FIGURE 9 - 2-STAGE PROGRAMMABLE FREQUENCY DIVIDER 

01 

PE 

02 03 

L.S.D. 
MC14522B 
MC14526B 

04 

Thumbwheel Switches 
(Open= "0") 

01 02 03 

M.S.O. 
MC14522B 
MC14526B 

04 

"O" 

Counting Cycle 

8 (14) 

~
9(15) 

no n1 

1 (1) 1· 
O (0)--0-l _Stop at "O" 

L. S.D. 
Counter 

M.S.O. 
Counter 

Counting Cycle 

9 (15) 
8 (14) 

j"' ; (2) 
1 (1) 

0 (0) 
L.s.o. 

Counter 

rn 
M.S.O. 

Counter 

Circuit diagrams utilizing Motorola products are included as a means 1 is believed to be entirely reliable. However, no re.sponsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is _not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 

<f!) MOTOROLA Semiconductor Products Inc. 



NIOTOROLA 
Semiconduc-fors 
BOX 20912 •PHOENIX, ARIZONA 85036 

1024-BIT READ ONLY MEMORY 
The MCM14524 is a complementary MOS mask programmable 

Read Only Memory (ROM). This device is ordered as a factory spe
cial with its unique pattern specified by the user. 

This ROM is organized in a 256 x 4-bit pattern. The contents of 
a specified address (< AO, A 1, A2, A3, A4, A5, A6, A 7 >) will 
appear at the four data outputs (80, 81, 82, 83) following the 
negative going edge of the clock. When the clock goes high, the data 
present at the output will be latched. The memory Enable may be 
taken low asynchronously, forcing the .data outputs low and reset
ting the output latches. This device finds application wherever low 
power or high noise immunity is a design consideration. 

• Diode Protection on All Inputs 

• Noise Immunity= 45% of Voo typical 

• Quiescent Current - 10 nA/package typical @ 5 Vdc 

• Single Supply Operation - Either Positive or Negative 

• Memory Enable Alloll'l(s Expansion 

• Output Latches Provide a Useful Storage Register 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load to Two HTL Loads Over the Rateq Temper~ 
ature Range 

BLOCK DIAGRAM 

Enable 

Clock 

AO 

A2 

Memory 

A3 
Matrix 

(32 x 8) 

A4 

1 of 32 
(32 x 8) 

A5 
Address 
Decoder 

(32 x 8) 
A6 

(32 x 8) 
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MCM14524 

McMOS LSI 
(LOW-POWER COMPLEMENT ARY MOS) 

1024-BIT 
(256 x 4) 

READ ONLY MEMORY 

·-1r1p-.---
16 ~ 16 

1 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORQERING INFORMATION 

MC><XXX 

1 
tSuff1x Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range -

vDD =Pin 16 
Vss =Pin 8 

Output 3 
Decoder Latch and BO 
(1of8) Buffer 

Address Output 4 
Decoder Latch and B1 
(1of8) Buffer 

Address Output 5 
Decoder Latch and B2 
(1of8) Buffer 

Address Output 6 
Decoder Latch and B3 
(1 of 8) Buffer 



MCM14524. 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Symbol 

DC Supply Voltage vDD 

Input Voltage, All Inputs Vin 
DC Current Drain per Pin I 

Operating Temperature Range - AL Device TA 
CLICP Device 

Storage Temperature Range Tstg 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
10 
15 

"'1" Level VoH 5.0 
10 
15 

Noise Immunity ft VNL 
(.W out ..; 0.8 Vdc) 5.0 
(~Vout ..; 1.0 Vdc) 10 

\ 

1-'W out .;; 1.5 Vdc) 15 

(-W out .;; 0.8 Vdc) VNH 5.0 
(.:,Y out .;; 1.0 Vdc) 10 
(.W out .;; 1.5 Vdc) 15 

Output Drive Current (AL Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(Vol= 0.4 Vdc) Sink loL 5.0 
(Vol= 0.5 Vdc) 10 
(Vol= 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdcl Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(Vo'H = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

!Vol= 0.4 Vdcl Sink loL 5.0 
(Vol= 0.5 Vdcl 10 
!Vol= 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
·1vin =Ol 

Quiescent Current (AL Device) la 5.0 
(Per Package) 10 

15 

Quiescent.Current (CL/CP Device) la 5.0 
(Per Package) 10 

15 

Total Supply Current**t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL.= 50 pF on all outputs, all 
buffers switching) 

*T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°c for AL Device. +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 
tTo calculate total supply current at loads other than 50 pF: 

IT(CL) = IT(50 pF) + 1 x 10-3 (CL -50) VDof 

Value 

-0.5 to +18 

-0.5 to VDD + 0.5 

10 

-55 to +125 
-40 to +85 

-65 to +150 

T1ow 
. 

Min Max 

- O.Q1 
- O.Q1 
- 0.01 

4.99 -
9.99 -
14.99 -

1.5 -
3.0 -

3.75 -

1.4 -
2.9 -
3.65 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -

0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 50 
- 100 
- 200 

Unit 

Vdc 

Vdc 

mAdc 

OC 

oc 

Min 

-
-
-

4.99 
9.99 
14.99 

1.5 
3.0 

3.75 

1.5 
3.0 
3.75 

·-1.0 
-0.2 
-0.5 
-1.5 

0.51 
1.3 
3.4 

-0.8 
-0.16 
-0.4 
-1.2 

0.44 
1.1 
3.0 

-
-
-

-
-
-
-
-
-

This device con~ins circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; howev~r. it is advised that 
normal precautions be taken to avoid applica
tions of any voltage higher than maximum rated 
voltages to this high impedance circuit. 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g .. either Vss 
or v001. 

2s0 c ThJgh* 
Typ Max Min Max Unit 

0 0.01 - 0.05 Vdc 
0 0.01 - 0.05 
0 0.01 - 0.05 

5.0 - 4.95 - Vdc 
10 - 9.95 -
15 - 14.95 -

Vdc 
2.25 - 1.4 -
4.50 - 2.9 -
6.75 - 3.75 -
2.25 - 1.5 - Vdc 
4.50 - 3.0 -
6.75 - 3.75 -

mAdc 
-1. 7 - -0.7 -

-0.36 - -0.14 -
-0.9 - -0.35 -
-3.5 - -1.1 -

0.88 - 0.36 - mAdc 
2.25 - 0.9 -
8.8 - 2.4 -

mAdc 
-1.7 - -0.6 -

-0.36 - -0.12 -
-0.9 - -0.3 -
-3.5 - -1.0 -
0.88 - 0.36 - mAdc 
2.25 - 0.9 -
8.8 - 2.4 -

±0.00001 ±0.1 - ±1.0 µAde 

±0.00001 ±0.3 - ±1.0 µAde 

5.0 - - - pF 

0.010 5.0 - 150 µAde 
0.020 10 - 300 
0.030 20 - 600 

0.010 50 - 375 µAde 
0.020 100 - 750 
,0.030 200 - 1500 

ly = (1.6 µA/kHz) f + IQ µAde 
ly = (3.2 µA/kHzl f + la 
ly :' (4.8 µA/kHz) f + la 

where: ly is in µ.A (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 

@ MOTOROLA Sen>iconductor Products Inc. 
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SWITCHING CHARACTERISTICS ICL = 50 pf, TA= 25°c1 

Min Max 

AL CL/CP Typ AL CL/CP 
Characteristic Symbol Yoo Device Device All Type Device Device Unit 

Output Rise Time ., tr ns 
tr,tf = (3.0 ns/pf) CL+ 30 ns 5.0. - - 180 350 400 
tr,tf = (1.5 ns/pf) CL+ 15 ns 10 - - 90 150 200 
tr,tf = (1.1 ns/pF) CL+ 10 ns 15 - - 65 110 160 

Output Fall Time tf ns 
tr,tf = (1.5 ns/pf) CL+ 25 ns 6.0 - - 100 175 200 
tr,tf = (0.75 ns/pf) CL+ 12.5 ns 10 - - 60 75 100 
tr,tf = (0.56 ns/pf) CL+ 9.5 ns 15 - - 37 55 80 

Clock Read Access Delay Time taccc ns 
taccc = (1.7 ns/pf) CL+ 1265 ns 5.0 - - 1350 2650 4000 
taccc = (0.66 ~s/pf) CL+ 517 ns 10 - - 550 1050 1600 
taccc = (0.6 ns/pf) CL+ 325 ns 16 - - 350 800 1200 

Enable Access Delay Time taccEn ns 
taccEn = (1.7 ns/pf) CL +160 ns 5.0 - - 245 380 615 
taccEn = (0.66 ns/pf) CL+ 77 ns 10 - - 110 165 265 
taccEn = (0.5 ns/pf) CL+ 50 ns 15 - - 75 120 190 

Minimum Clock Pulse Width* PWcH 5.0 - - 160 300 450 ns 
10 - - 55 1.10 166 
16 - - 35 85 125 

PWcL 5.0 - - 1200 2400 3600 ns 
10 - - 475 950 1425 
15 - - 300 715 1070 

Maximum Low Clock Pulse Width# PWcL 5.0 5.0 2.0 10 - - ms 
10 1.5 0.9 3.0 - -
15 0.15 0.1 0.3 - -

Address Setup Time tsetupA 5.0 0 0 0 - - ns 
10 0 0 0 - -
15 0 0 0 - -

Address Hold Time tholdA 5.0 0 0 0 - - .. ns 
10 !> 0 0 - -
15 0 0 0 - -

Minimum Clock to Enable Setup Time tsetupC 5.0 - - '1425 2850 4275 ns 
10 - - 575 1150 1725 
15 - - 400 865 1295 

Minimum Clock to Enable Hold Time tholdC 5.0 - - 0 100 160 ns 
10 - - 0 50 75 
15 - - 0 40 66 

*The clock can remain high indefinitely with the data remaining latched. 
#If clock stays low too long, the dynamically S!ored data will leak off and will have to be recalled. 

FIGURE 1 -OUTPUT DRIVE CURRENT FIGURE 2 - SWITCHING TIME TEST CIRCUIT. 
TEST CIRCUIT (Refer to timing diagram) 

Pulse 
Generator 

Notes: 

Vout 

Vss 

1. Source current, address ROM to obtain a "l" 
on all four outputs (BO thru B3). 

2. Sink current, address ROM to obtain a "O" 
on all four outputs (BO thru B3). 
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Voo 

c 
E BO 

AO 
A1 B1 

Pulse A2 
Gen·erator A3 B2 

A4 

A5 B3 

~ 
Pulse A6 

A7 

Vss 

Note: 
Address ROM to obtain level change when 
clocking any one address line. 



1 · MCM14524. 

al Using Clock to 

Read Memory 
Address 

Input 

Enable 
Input 

Data 
Output 

bl Using the Enable 
to Read Memory 

MEMORY READ CYCLE TIMING DIAGRAMS 

Address Valid 
(Address must be fixed) 

20 ns 

----V1H 

20 ns 

- Enable pulse not required 
in this diagram to read memory 

P-.-----------"---...... ~----~voL 
•Data outputs always go to the logic "1" state before the data is valid 

between accessing successive "O's" 
••outputs forced to "O" by Enable. 

~~~u~ss Efi~._ ____ A_d_d_ra_s_s_v_a_li-d----~ 
Clock 
Input 

Enable 
Input 

Data 
Outputs 

50% 

e::~-1 

PWcL 

50% 

tsetuPC 

Access "O" 

t In this mode of operation, tha negative.going edge of Enable 
should occur on or before the clock negative edge. 

fThe data outputs are valid without the logic "1" pulse occurring 
during the access cycle as shown in a) above. 

CUSTOM PROGRAMMING 

By the programming of a single photo mask for the MCM14524, 
the customer may specify the content of the memory. 

Address Inputs: 
Words are numbered 0 through 255 and are addressed using 
sequential addressing of Address leads AO through A7 with AO 
as the least significant digit. 
Logic "O" is defined as a "low" Address input (V1 LI. 
Logic "1" is defined as a "high" Address input IV1 HI· 

~ D A7 A6 A5 A4 A3 A2 A1 AO. 
Word 0 0 0 0 0 0 0 0 ·0 
Word 1 0 0 0 0 0 0 0 1 
Word 2 0 0 0 0 0 0 1 0 
Word 3 0 0 0 0 0 0 1 1 

Word 255 1 1 1 1 1 1 1 1 

@ MOTOROLA Se1T1iconductor Products Inc. _______ _, 
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MCM14524 

TRUTH TABLE 

CLOCK ENABLE BO I Bt I B2 I B3 

Voo~ Vss 1 . l. l · 1. (Address) (Addr-) (Address) (Address) 

Vss.-/ Voo 1 OUTPUT DATA 
LATCHES 

x 0 0 I 0 T 0 I 0 

X • Don't Care 
"Indicates contents of specified Address will appear at outputs as stated above. 

Two methods may be used to transmit the custom memory 
pattern to Motorola. 

METHOD A: PUNCHED COMPUTER CARDS 

A binary coded decimal equivalent of each desired output may 
be punched in standard computer cards (four cards are required 
for all 256 words) in numerical (word number) order. 64 words 
per card are punched in columns 12 thru 75 using the Binary to 
Hexadecimal conversion table. Columns 77 and 78 are used 
to number the cards, which must be in numerical order. Please 
use characters as shown in the table when punching computer cards. 

ROM SAMPLE WORD PROGRAMMING FOR P,.MJllCHED CARD 

~AMPLE WORD 
ADDRESS INPUTS OUTPUTS 

WORD 
NUMBER A7 AG A5 A4 A3 A2 A1 AO B3 B2 B1 

0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 1 0 0 1 
2 0 0 0 0 0 0 1 0 0 0 1 
3 0 0 0 0 0 0 1 1 0 0 0 

•, 
•. 

255 1 1 1 1 1 1 1 1 1 0 1 

BO 
O· 
1 
1 
0 

0 

CARD 

BINARY TO HEXA· 
DECIMAL CON· 

VERSION TABLE 
BINARY 
WORD CARD 

D ESIRED CHARACTER 
0 0 0 0 0 
0 0 0 1 1 
0 0 1 0 2 
0 0 1 1 3 

0 1 0 0 4 
0 1 0 1 5 
0 1 1 0 6 
0 1 1 1 7 

1 0 0 0 8 
1 0 0 1 9 
1 0 1 0 A 
1 0 1 1 B 

1 1 0 0 c 
1 1 0 1 D 
1 1 1 0 E 
1 1 1 1 F 

CHARACTER 
0 
3 
3 
0 

A 

} 

Shown in columns 
12 - 15 on card 

below 

Card 
WORD NUMBER No., 

01234 S6l8910111213141Sl617181920212223242S262l2829303t3233343S363l383940414243444S464l4849SOS1S253S4SSS65l58586061626301 

1801081D88DIODlllllllllllllllllllllll.llllllllllllllllllllllllllllllllll.llDIDDO 
llllSllllllHUUMHMHllMnnnnxnnnnn•nUUMU•n•••UUU•~•U•UM»UUM»MUM58HUUUMUU~Hnn~nnunnnnnn 

I 111 1111111111111111111111111111 111111111 I 11111111111111111111111111111111111I11 

22222222222222222222222222222221222222222222222222222222222222222222222222222222 

33333333333311333333333333333333333333333333333333333333333333333333333333333333 

4444444444444444444444444444444444t444444444444444444444444444444444444444444444 

55555555555555555555555555555555555555555555555555555555555555555555555555555555 

&111111111&666&6666666&666&6666666666666666666666666666666666666666&666666666666 

11111111111111111111111111111111111111111111111111111111111111111111111111111111 

a11a111111a1111111111111a11111aaaaaaa11111111111a1111aaaaaaa1aaaaasaaaaaaa1aaaaa 

99999999999999999999999991999999999999999999999999999999999999999999999999999999 
1 t , I s I I I I 1111 1111111111111111 n II u n !I 211111n111111ulllluIiII11D4111u41•.Al4'414141111111"MIi1151SI"It111! II II u ii II [1111111 1111 u 1111111111 u 
GLOBE NO. 1 STANDARD FORM 508 t 

@ MOTOROLA Semiconductor Products Inc.-------~ 
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MCM14524 

WORD c 
0 

1 

2 
3 

4 

5 

6 
7 

8 

9 

10 
11 
12 

13 
14 

15 

16 

17 
18 
19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 
41 

42 

43 
44 

45 

46 
47 

48 
49 

50 

METHOD B: TRUTH TABLE 

For customers who do not have access to punch cards, Motorola 
will accept Truth Tables. When filling out the table, use the 0 to F 
hexidecimal character in column "C". 

CUSTOM PROGRAM for the MCM14524 Read Only Memory 

WORD c WORD c WORD c 
51 102 153 

52 103 154 

53 104 155 

54 105 156 

55 106 15? 

56 107 158 

57 '1os 1_59 

58 109 160 

59 110 161 

60 111 162 

61 112 163 

62 1~·~13 164 

63 114 165 

64 115 166 

65 116 167 

66 117 168 

67 118 169 

68 119 170 

69 120 171 

70 121 172 

71 122 173 

72 123 174 

73 124 175 

74 125 176 

75 126 177 

76 127 178 

77 128 179 

78 129 180 

79 130 181 

80 131 182 

81 132 183 

82 133 184 

83 134 185 

84 135 186 

85 136 187 

86 137 188 

87 138 189 

88 139 190 

89 140 191 

90 141 192 

91 142 193 

92 143 194 

93 144 195 

94 145 196 

95 146 197 

96 147 198 

97 148 199 

98 149 200 

99 150 201 

100 151 202 

101 152 203 

WORD c 
204 

205 

206 
207 

208 

209 

210 

211 

212 

213 

214 
215 

216 

217 

218 
219 

220 

221 
222 
223 

224 

225 

226 

227 

228 

229 
230 

231 

232 

233 

234 

235 

236 
237 

238 

239 

240 

241 
242' 

243 

244 

245 

246 

247 

248 

249 

250 
251 
252 

253 

254 

255 

<f!J MOTOROLA Semiconduc'for Produc'fs, Inc~ 
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PROGRAMMABLE DIVIDE-BY-N 4-BIT COUNTERS 

The MC145228 BCD counter and the MC14526B binary counter 
are constructed with MOS P-channel and N-channel enhancement 
mode devices in a single monolithic structure. 

These devices are programmable, cascadable down counters with 
a decoded "O" state output for divide-by-N applications. In single 
stage applications the "O" output is applied to the Preset Enable 
input. The Cascade Feedback input allows cascade divide-by-N 

1 operation with no additional gates required. The Master Reset 
function provide~ synchronous initiation of divide-by-N cycles. The 
Clock· Inhibit input allows disabling of-the pulse counting function. 

These complementary MOS counters can be used in frequency 
synthesizers, phase-locked loops, and other frequency division appli
cations requiring low power dissipation and/or high noise immunity. 

• Quiescent Current = 5.0 nA/package typical @ 5 Vdc 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Internally Synchronous for High Internal and External Speeds; 

• Logic Edge-Clocked Design -:-- Incremented on Positive Transition · 
of Clock or Negative Transition of Clock Inhibit 

• 5.0 MHz Counting Rate 

• Asynchronous Preset Enable 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage vDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA 
CL/CP Device 

Storage Temperature Range 

Clock. 
0 

_r 
x 
1 
x 
x 

MC14522B 
Output 

Count 04 03 02 
9 1 0 0 
8 1 0 0 
7 0 1 1 
6 0 1 1 
5 0 1 0 
4 0 1 0 
3 0 0 1 
2 0 0 1 
1 0 0 0 
0 0 0 0 

Tstg 

TRUTH TABLES 

BOTH TYPES 
Preset Master 

1nh.ibit Enable Reset 
0 0 0 
0 0 0 
1 0 0 

"'\:... 0 0 
x 1 0 
x x 1 

01 Count 

1 15 
0 14 
1 
0 

13 
12 

1 11 
0 . 10 
1 
0 

9 
8 

1 7 
0 6 

5 
4 
3 
2 
1 
0 

-55 to +125 OC 

-40 to +85 

-65 to +150 OC 

Action 
No Count 
Count-1 
No Count 
Count-1 
Preset 
Reset 

MC14526B 
Output 

04 03 02 01 
1 1 1 1 
1 1 1 0 
1 1 0 1 
1 1 0 0 
1 0 1 1 
1 0 1 0 
1 0 0 1 
1 0 0 0 
0 1 1 1 
0 1 1 0 
0 1 0 1 
0 1 0 0 
0 0 1 1 
0 0 1 0 
0 0 0 1 
0 0 0 0 
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MC14526B 
FOR COMPLETE DATA 

SEE MC14522B 

McMOS MSI 
(LOW-POWER COMPLEMENT.ARV MOS) 

PROGRAMMABLE DIVIDE-BY-N 
4-BIT COUNTERS 

BCD - MC14522B 
Binary -MC14526B 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC•4XXXO 

1
tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

13 01 

3 

Dp1 02 

11 Dp2 

14 Dp3 03 15 

Dp4 

10 Mfl 04 

4 

6 c "O" 12 

v 00 =Pin 16 
V55=Pin8 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high: 
imped~nce circuit. For proper operation it 
is recommended that Vin and V.out be 
constrained to the range Vss .;;; (Vin or 

Voutl.;;; Voo-

Unu5ed inputs must always be tied. to an 
appropriate logic voltage level (e.g., either 

VssorVool. 

II 



MOTOROLA 
Semiconduc'fors 
BOX 20912 o PHOENIX, ARIZONA 8503_6 

BCD RATE MULTIPLIER 

The MC14527B BCD rate multiplier (ORM) provides an output 
pulse rate based upon the BCD input number. For example, if 6 is 
the BCD input number, there will be six output pulses for every ten 
input pulses. This part may be used for arithmetic operations includ~ 
ing multiplication and division. Typical applications include digital 
filters, motor speed control and frequency synthesizers. 

• Quiescent Current = 5.0 nA/package typical @ 5 Vdc 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Low Input Capacitance - 5.0 pF typical 

• Internally Synchronous for High Speed 

• Output Clocked on the Negative Going Edge of Clock 

• Strobe for Inhibiting or Enabling Outputs 

• Enable and Cascade Inputs for Cascade Operation of Two or 
More DRMs 

• "9" Output for the Parallel Enable Configuration and DRMs in 
Cascade 

• Complementary Outputs 

• Clear and Set to Nine Inputs 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -o.5 to vDD + o.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 OC 

CLICP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 OC 

TRUTH TABLE 

LOGIC LEVEL 

INPUTS NUMBER OF PULSES 

No.of 
D c B A Clock Pulses Ejn STROBE CASCADE CLEAR SET Eout "9" 

0 0 0 0 10 0 0 0 0 0 0 
0 0 0 1 10 0 0 0 0 0 1 
0 0 1 0 10 0 0 0 0 0 2 2 1. 
0 0 1 1 10 0 0 0 0 0 3 3 1 
0 1 0 0 10 0 0 0 0 0 4 4 1 
0 1 0 1 10 0 0 0 0 0 5 5 1 
0 1 1 0 10 0 0 0 0 0 6 6 1 
0 1 1 1 10 0 0 0 0 0 . 7 7 1 
1 0 0 0 10 0 0 0 0 0 8 8 1 
1 0 0 1 10 0 0 Q 0 0 9 9 1 
1 0 1 0 10 0 0 0 0 0 8 8 1 
1 0 1 1 10 0 0 0 0 0 9 9 1 
1 1 0 0 10 0 0 0 0 0 8 8 1 
1 1 0 1 10 0 0 0 0 0 9 9 1 
1 1 1 0 10 0 0 0 0 0 8 8 1 
1 1 1 1 10 0 0 0 0 0 9 9 1 
x x x x 10 1 0 0 0 0 
x x x x 10 0 1 0 0 0 
x. x x x 10 0 0 1 0 0 
1 x x .X 10 0 0 0 1 0 
0 x x x 10 0 0 0 1 0 
x x x x 10 0 0 0 0 1 

X • Don•tcare 
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MC14527B 

McMOS MSI 
(LOW·POWER COMPLEMENTARY MOS) 

BCD RATE MULTIPLIER 

..rf!f!Pu -1 
16 

LSUFFIX 
CERAMICf>ACKAGE 

1 
. 

CASE 620 .P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC'4XXXB 

1 
tSuffix Denotes' 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

4 

s 
12 Case Eout 7 

11 E1n 
Rate Input 9 Clock 

Out 6 
10 ST 

f' 
A 

Out 6 
15 B 

Multiplier : c 
0 "9" 

Clear 

13 

v00 =Pin 16 
Vss=Pin s 



MC14527B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin=VooorO 10 

15 

"1" Level VoH 5.0 
Vin•OorVoo 10 

15 

Input Voltage# "O" Level VIL 
(Vo .. 4.5 or 0.5 Vdc) 5.0 
(Vo• 9.0 or 1.0 VdcJ tO 
(Vo• 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
(Vo .. 0.5 or 4.5 Vdc) 5.0 
IVo 2 1.0 or 9.0 Vdc) 10 
IVo = 1.5 or 13.5 Vdcl 15 

Output Drive Current (AL Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
('!OH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdcl Sink loL 5.0 
IVoL = 0.5 Vdcl 10 
IVoL = 1.5 Vdcl - 15 

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
IVoH = 13.5' 1cl 15 

IVoL = 0.4 Vdcl Sink toL 5.0 
(Vol= 0.5 Vdc) 10 
IVoL = 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current* •t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL= 50 pF on all outputs, all 
buffers switching) 

*T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

T1ow * 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -
-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc , 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
ITICL) = IT(50 pF) + 1.2 x 10-3 (CL -50) Voof 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 

- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- 0.015 20 

- 0.005 20 
- O.Q10 40 
- O.Q15 80 

1T = I0.85 µA/kHzl f + loo 
IT =(1.75 µA/kHzl-f + 100 
IT =(2.6 µA/kHzl f + loo 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin' kHz is input freQuency. 
**The formulas given are for·the typical characteristics only at 25°C. 

Thigh* 

Min Max 

- 0.05 

- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 

- 4.0 

3.5 -
7.0 -

11.0 -

-0.7 -
-0.14 -
-0.35 -
-1.1 -
O.j6 -
0.9 -
2.4 -

-0.6 -
-0.12 -
-0.3 -
-1.0 -
0.36 -
0.9 -
2.4 -

- ± 1.0 

- ±1.0 

.- -

- 150 
- 300 
- 600 

- 150 
- 300 
- 600 

@ MOTOROLA Semlconduc~or Produc~• Inc. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF 

µAde 

µAde 

µAde 



MC14527B 

SWITCHING CHARACTERISTICS* (CL =SOpF, TA =25°CI 

Min Max 

AL CL/CP Typ AL CL/CP 
Characteristic Symbol vDD Device Device All Types Device Device Unit 

Output Rise Time tr ns 

tr= (3.0 ns/pF-) CL +30 ns 5.0 - - 180 360 400 
tr= (1.6 ns/pF) CL+ 15 ns 10 - - 90 150 200 
tr= (1.1 ns/pF) CL+ 10 ns 15 - - 65 110 160 

Output Fall Time tf ns 

tf = (1.5 ns/pF) CL+ 25 ns 5.0 - - 100 175 200 
tf = (0.75 ns/pF) CL+ 12.5 ns 10 - - 50 76 100 
tf = (0.55 ns/pF) CL+ 9.5 ns 15 - - 31 56 80 

Propagation Delay Time· tPHL· ns 

Clock to Out tPHL 
tPLH,tPHL = (1.7 ns/pF) CL+ 115 ns 5.0 - - 200 300 500 
tPLH,tPHL = (0.66 ns/pFI CL+ 67 ns 10 - - 100 150 250 
tPLH·tPHL = (0.5 ns/pF) CL+ 45 ns 15 - - 70 120 175 

Clock to OUt tPLH· ns 

tPLH,tPHL = (1.7 ns/pF) CL+ 40 ns tPHL 5.0 - - 125 190 315 
tPLH,tPHL = (0.66 ns/pF) CL+ 32 ns 10 - - 65 100 150 
tPLH·tPHL = (0.5 ns/pF) CL+ 20 ns 15 - - 45 70 115 

Clock to Eout tPLH· ns 

tPLH·tPHL = (1.7 ns/pF) CL+ 210 ns tPHL 5.0 - - 295 500 900 
tPLH·tPHL = (0.66 ns/pF) CL+ 97 ns -10 - - 130 200 325 
tPLH,tPHL = (0.5 ns/pF) CL'.+ 60 ns 15 - - '85 150 230 

Clock to "9" tPLH· ns 

tPLH,tPHL = (1.7 ns/pF) CL+ 315 ns tPHL 5.0 - - 400 600 1000 
tPLH,tPHL = (0.66 ns/pF) CL+ 122 ns 10 - - 155 260 400 
tPLH,tPHL = (0.5 ns/pF) CL+ 85 ns 15 - - 110 200 300 

Set or Clear to Out tPHL ns 

tPHL = (1.7 ns/pF) CL+ 295 ns 5.0 - - 380 700 1000 
tPHL = (0.66 ns/pF) CL+ 132 ns 10 - - 165 300 400 
tPHL = (0.6 ns/pF) CL +85 ns 15 - - 110 230 300 

Cascade to Out tPLH ns 

tPHL = (1.7 ns/pF) CL+ 40 ns 5.0 - - 125 190 316 
tPHL = (0.66 ns/pF) CL+ 32 ns 10 - - 65 100 150 
tpHL = (0.5 ns/pF) CL+ 20 ns 15 - - 45 70 115 

Strobe to Out tPLH ns 

tPHL = (1.7 ns/pF) CL+ 145 ns 5.0 - - 230 350 700 
tPHL = (0.66 ns/pF) CL+ 72 ns 10 - - 105 lSO 265 
tpHL = (0.5 ns/pF) CL+ 45 ns 15 - - 70 120 190 

Minimum Clock Pulse Width PWc 5.0 - - 250 340 500 ns 

10 - - 1'10 170 200 
15 - - 80 130 150 

Maximum Clock Pulse Frequency PRF 5.0 1.5 1.0 2.0 - - MHz 

10 3.0 2.5 4.5 - -
15 4.0 3.3 6.0 - -

Maximum Clock Pulse Rise and Fall Time tr,tf 5.0 15 15 - - - - µs 

10 15 15 - - -
15 15 15 - - -

Minimum Set or Clear Pulse Width PWs 5.0 - - 80 180 240 ns 

PW clear 10 - -:- 35 70 100/ 
15 - - 30 55 75 

Set Removal Time trem 5.0 - - -20 0 0 ns 

10 - - -10 0 0 
15 - - -7.5 0 0 

Enable In Setup Time tsetup 5.0 - - 175 360 400 ns 

10 - - 60 120 160 
l 15 - - 45 '90 120 

*The formula given is for the typical characteristics only. 

@ MOTOROLA. Semlconducf:or Producf:s Inc. 
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MC14527B 

Pulse 
Generator 

Multiplier { 
Preset No. 

FIGURE 1 - TEST CIRCUIT AND TIMING DIAGRAM 

A 

B 

c 

Voo 

D "9" 
Clear 

012345678901 234 

Clock~ 

Oa ..Il.fl_[LJL__f 

Ob~ 

Oc _f1___J1__JL 

Od~ 

R1 ___JL___JL 

R2~ 

R3 .JlJU1I1JlJ1_ 

R4~ 

Outp;~~ai~1:~ ~ 
BEnabled~ 

CEnabllld~ 

D Enabled J1.flIULJ1JUUlJ 
FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS I 

Eout LJ 

Programmable 
Pulse 

Generator 

Set 

Set 

Out 

Voo 

s 
.-----+--O-----lcasc Eoutl---0---------..., 

.---t-<>---1 E in 

.---t--Q----t Clock Cuti---<>------. 
1------+-<l--1ST 

I 
Output (Pin 6) n I n 

(PresetNo.of1) ---l~L.. 

(Pre~tNo.of2)·~ 
I 

(PresetNo.of3) ~ 

(Preset No. of 4) __lL_1L_Jl__JL_ 

(PresetN.o. of5) ~ 
I I 

(Preset No. of 6) --11JUl___JlfUL 
I 

(Preset No. of 7) -1UUULJUULJUUL 
(Preset No. of Bl~ 
(Preset No. of9) J1JlJU1IUlJ1flJ 

I 
I 

tf 

([!) MOTOROLA Semiconductor Producte Inc. 
1 

-------



MC14527B 

Pulse 
Generator 

Clear 13 

FIGURE 3- POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Voo 

Enable In 
11 

Set to Nine 4 

500 0.01 µF 

P.F l Ceramic 

LOGIC DIAGRAM 

0 C B A 
3 2 15 14 

Clock 

50% Duty Cycle 

Strobe Cascade 
10 12 

6 Out 

Voo =Pin 16 
Vss =Pin a 

>---------~ 1 "9" 

@ MOTOROLA Semiconductor Products Inc. 
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MC14527B 

FIGURE 4 - TWO MC14527Bs IN CASCADE .WITH PRESET NO. of 94 

Most Significant 
Digit 

A 

B Out 

c 
o ©e 
Clock out 

Case 

ein "9" 

ST 
Clear S 

Clock 0-....... ---------~ 

Least Significant 
Digit 

A 

B Out 

c 
o ®e 
Clock out 

Ein "9" 

ST 
Clear S 

Clock 

Out 

ORM@ 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

Note: More then two MC14527Bs 
mey be cascaded using this 
configuration. 

0 1 2 3 4 5 •6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 

7 
One-of four output pulses contributed by ORM @ to 

output for every 100 clock pulses in for preset No. of 94. 

is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information _does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola l_nc. or others. 

@ MOTOROLA Semico.nduc'for Produc'fs Inc. 
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DUAL MONOSTABLE MULTIVIBRATOR 

The MC145288 is a dual, retriggeral:ile, resettable monostable 
multivibrator. It may be triggered from either edge of an input pulse, 
and will produce an accurate output pulse over a wide range of 
widths, the duration and accuracy of which are determined by the 
external timing components, Cx and Rx. 

• Separate Reset Available 

• Quiescent Current= 5.0 nA/package typical @ 5 Vdc 

• Diode Protection on All Inputs 

• Triggerable from Leading or Trailing Edge Pulse 

• Supply Voltage Range= 3.0 Vdc to 18 ~de 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vss l 
Rating Symbol Value Unit 

DC Supply Voltage vDD -0.5 to +18 Vdc 

Input. Voltage, All Inputs ' Vin -0.5 to VDD + o.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 OC 

CL/CP Device -40 to +85 

Storage Temperat~re Range Tstg -65 to +150 OC 

LOGIC DIAGRAM 
( 1 /2 o.f Device Shown) 

Voo 

+ 
I,. 

Rx ::t cx 
' " .-- ... ~-, 
I ' ' I 

2 T2 1iT1 

Note:. Externally ground pins 1 and 15 to pin 8. 
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MC14528B 

McMOS MSI 

(LOW-POWER COMPLEMENTARY MOS) 

DUAL 
RETRIGGERABLE/RESETTABLE 
MONOSTABLE MULTIVIBRATOR 

L ~UFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC14XXXB 

1 
tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

4 

12 

11 

BLOCK DIAGRAM 

T1 T2 
01-----010 

Rx and Cx are external components. 

Voo =Pin 16 
v55 =Pin a 



MC14528B 

ELECTRICAL CHARACTERISTICS 

Voo T1ow * 2s0 c Thigh" 
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit 

Output Voltage "O" Level Vol 5.0 - 0.05 - 0 0.05 - 0.05 Vdc 
Vin= v 00 orO 10 - 0.05 - 0 0.05 - 0.05 

15 - 0.05 - 0 0.05 - I 0.05 

"1" Level VoH 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc 
Vin=OorVoo 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -
Input Voltage# "O" Level VIL Vdc 

(Vo= 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5 - 1.5 
(Vo= 9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0 
(Vo= 13.5 or 1.5 Vdc) 15 - 4.0 - 6.75 4.0 - 4.0 

"1" .Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 - Vdc 
(Vo= 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo= 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) IOH mAdc 
(VoH = 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -
(VoH = 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 - -0.14 -
(VoH = 9.5 Vdc) 10 -0.62 - -0.5 -0.9 - -0.35 -
(VoH = 13.5 Vdc) 15 -1.8 - -1.5 -3.5 - -1.1 -
IVoL "'... 0.4 Vdcl Sink IOL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc 
IVoL = 0.5 Vdcl 10 1.6 - 1.3 2.25 - 0.9 -
IVoL = 1.5 Vdcl 15 4.2 - 3.4 8.8 - 2.4 -

Output Drive Current (CL/CP Device) loH mAdc 
(VoH = 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -
(VoH = 4.6 Vdc) 5.0 -0.2 - -0.16 -0.36 - -0.12 -
(VoH =,9.5 Vdc) 10 -0.5 - -0.4 -0.9 - ' -0.3 -
(VoH = 13.5 Vdc) 15 -1.4 - -1.2 -3.5 - -1.0 -
IVoL = 0.4 Vdc) Sink l_oL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc 
IVoL = 0.5 Vdcl 10 1.3 - 1.1 2.25 - 0.9 -
IVoL = 1.5 Vdcl 15 3.6 - 3.0 8.8 - 2.4 -

Input Current (AL Device) lin 15 - ±0.1 - ±0.00001 ±0.1 - ±1.0 µ.Ade 

Input Current (CL/CP Device) lin· 15 - ±0.3 - ±0.00001 ±.0.3 - ±1.0 µ.Ade 

Input Capacitance Cin - - - - 5.0 7.5 - - pF 
(Vin= 0) 

Quiescent Current (AL Device) •oo 5.0 - 5.0 - 0.005 5.0 - 150 µ.Ade 
(Per Package) 10 - 10 - 0.010' 10 - 300 

15 - 20 - 0,015 20 - 600 

Quiescent Current (CL/CP Device) 160 5.0 - 20 - 0.0.05 20 - 150 µ.Ade 
(Per Package) 10 - 40 - 0.010 40 - 300 

15 - 80 - 0,015 80 - 600 

**Total Supply Current at an external IT - IT(CL. Cxl = [(CL+ 0.36Cx1Voof + 2x10-8 RxCx1Voo-212f] x 10-3 
load Capacitance (CLI and at where: IT in µ.A (per circuit), CL and CX in pF, Rx in megohms, 
external timing capacit.ance ICxl. 
use the formula -

*T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°c for AL Device, +85°c for CL/CP Device. 

#Noise immunity specified for worst·case input combination. 

Noise Margin for both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc miri@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

**The formulas given are for t'1e typical charaeteristics only at 25°C. 

Voe in Vdc, fin kHz is input-frequency. 

(f!} MOTOROLA Semiconductor Pro«:!ucts Inc. 
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SWITCHING CHARACTERISTICS** (CL= 50 pF, TA= 25°c) 

Max 

Cx Rx Voo Typ AL CL/CP 
Characteristic Symbol pF k.11. Vdc All Types Device Device Unit 

Output Rise Time tr - - ns 
tr= (3.0 ns/pF) CL + 30 ns 5.0 180 350 400 
tr= (1.5 ns/pF) CL+ 15.ns 10 90 150 200 
tr= (1.1 ns/pF) CL+ 10 ns 15 65 110 160 

Output Fall Time tf - - ns 
tf = (1.5 ns/pF) CL+ 25 ns 5.0 100 175 200 
tf = (0. 75 ns/pF) CL+ 12.5 ns 10 50 75 100 
tf = (0.55 ns/pF) CL + 9.5 ns 15 37 55 80 

Turn-Off, Turn-On Delay Time - A or B to Q or Q tPLH· 15 5.0 ns 

tPLH· tPHL = (1.7 ns/pF) CL +240 ns tPHL 5.0 325 490 700 

tPLH• tPHL = (0.66 ns/pF) CL+ 87 ns 10 120 180 300 

tPLH· tPHL = (0.5 ns/pF) CL+ 65 ns 15 90 135 225 

Turn-Off, Turn-On Delay Time - A or B to Q or Q tPLH· 1000 10 ns 

tPLH· tPHL = (1.7 ns/pF) CL+ 620 ns tPHL 5.0 705 - -
tPLH· tPHL = (0.66 ns/pF) CL +257 ns 10 290 - -
tPLH• tPHL = (0.5 ns/pF) CL+ 185 ns 15 210 - -

Minimum Input Pulse Width - A or B PW in 15· 5.0 5.0 70 150 240 ns 
10 30 75 120 
15 30 55 90 

1000 10 5.0 70 - - ns 
10 30 - -
15 30 - -

Output Pulse Width - Q or Q PW out 15 5.0 5.0 550 - - ns 
(For Cx < 0.01 µF use graph for appropriate Voo level.) 10 350 - -

15 300 - -

El .Output Pulse Width - Q or Q PW out 10,000 10 5.0 30 ±10 ±15 µs 
(For Cx > 0.01 µFuse formula: 10 50 ±25 ±40 

PWout = 0.2 Rx Cx Ln [Voo-Vssl) t 15 55 ±25 ±40 

Pulse Width Match between Circuits in the same package. t1-t2 10,000 10 5.0 6.0 15 25 % 
10 8.0 20 35 
15 8.0 20 35 

Reset Propagation Delay - Co to Q or Q tPLH· 15 5.0 5.0 325 490 600 ns 

tPHL 10 90 150 225 
15 60 110 170 

1000 10 5.0 1000 - - ns 
10 300 - -
15 250 - -

Minimum Retrigger Time trr 15 5.0 5.0 0 - - ns 
10 0 - -
15 0 - -.• 

1000 10 5.0 0 - - ns 
10 0 - -
15 0 - -

Min 

External Timing Rx - - - 5.0 1000 1000 k.11. 

External Timing Capacitance Cx - - '- No Limits µF 

**The formula given is for the typical characteristics only. 

tRx is in Ohms, Cx is in farads, Voo and Vss in volts, PWout in seconds. 
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FIGURE 1 - OUTPUT SOURCE CURRENT TEST CIRCUIT FIGURE 2 - OUTf'UT SINK CURRENT TEST CIRCUIT 

Vin 

A 

B 

Voo 
16 

Q Open A 

B 

Voo 
16 

Q 

Open 

FIGURE 3 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 

Voo 

T1 T2 T2' T1' 

A 

B Q 

Co Q c\J; 
A' Q' CLi 

B' Q' CL* Vin 

Co CLi 

20 ns 

Duty Cycle= 50% 

Vss 

FIGURE 4 - AC TEST CIRCUIT. 

Rx 

T1 

A 

B 

Co 

A' 

B' 

Co' 

Voo 

Rx' 
·•ex= 15 pF 

*CL= 15 pF 
Rx= 5.o kn 

T2 T2' T1' 

Q 1---0-------.. 

Q i--o-------.C L :;t 
a· t---o----.c L T -
a· CLi = 

'----~----' 

CLi 

Vss 

INPUT CONNECTIONS 

CHARACTERISTICS 

tPLH•tPHL•tr,tf, 

PWout• PWin 

tPLH•tPHL•tr,tf, 

PWout• PWin 

tPLH(R)•tPHL(R)• PWin 

• 1 ncludes capacitance of probes, 
wiring, and fixture parasitic. 

NOTE: AC test waveforms 
for PG1, PG2, and PG3 on 
next page. 

Co A B 

Voo PG1 Voo 

Voo Vss PG2 

PG3 PG1 PG2 

PG1= ___f1_ 

PG2 = ---i_r-

PG3 = ---i__r--
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FIGURE 5-AC TEST WAVEFORMS 

A 

B--+-------

a 

FIGURE 6 - NORMALIZED PULSE WIDTH 
versus TEMPERATURE 
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FIGURE 7- PULSE WIDTH versusCx 
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DUAL 4-CHANNEL ANALOG DATA SELECTOR 

The MC14529 analog data selector is a dual 4-channel or single 
8-channel device depending on the input coding. The device is suit
able for digital as well as analog application, including various one
of-four and one-of-eight data selector functions. Since the device has 
bidirectional analog characteristics . it can also be used as a dual 
binary to 1-of-4 or a binary to 1-of-8 decoder. 

• Data Paths Are Bidirectional 

• Quiescent Current= 1.0 nA/package typical@ 5.0 Vdc 

• 10-MHz Operation (typical) 

• · 3-State Outputs 

• Linear "On" Resistance 

• "On" Resistance 120 Ohms typical@ 15 V 

• Low Noise - 12 nV !../ Cycle, f ;;;i: 1 kHz typical 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage vDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to Voo + 0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 

Storage Temperature Range 

STx STy B A 

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

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

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

0 0 <I> <I> 

<I>= Don't Care 

CL/CP Device -40 to +85 

Tstg -65 to +150 

TRUTH TABLE 

z w 
XO YO 
X1 Y1 
X2 Y2 
X3 Y3 

XO 
X1 
X2 
X3 

YO 
Y1 
Y2 
Y3 

High 
Impedance 

I 
l 

Dual 4-Channel Mode 
2 Outputs 

Single 8-Chanrrel Mode 
1 Output 

(Zand W tied together) 

OC 

OC 

This device contains circuitry to protect the control inputs against damage due to 
high static voltages or electric fields; however, it is advised that normal precautions 
be taken to avoid application of any voltage higher than maximum rated voltages 
to this high-impedance circuit. A destructive high-current mode may occur if Vin 
or Vout is not constrained to the range Vss..,;;; Vin or Vout..,;;; Voo· 

MC145298 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL~CHANNELANALOG 
DATA SELECTOR 

OR 
8-CHANNEL ANALOG 

DATA SELECTOR 

.. f16111M.~ ~~~~ J'yn1l~ijij 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION · 

L Ceramic Package 
P Plastic Package 

MC14XXXB 1 tSuffix Denotes 

A Extended Operating 
Temperature Range 

C Limited Operating 
Temperature Range 

BLOCK DIAGRAM 

3-State Output Enable 

Strobe X 1 u----------. 

6 u--...--iA 

U--+-+--i.B 

2 o--+--+---tXO 

3 X1 

4 X2 

5 X3 

14 u----tYO 

13 Y1 

12 Y2 

11 Y3 

z 

w 

Strobe Y 15 O--'---------' 

v 00 =Pin 16 
v55 =Pin s 

9 

10 

II 
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ELECTRICAL CHARACTERISTICS 

Vss Voo Tiow . 25°c Thigh* 

Characteristic Figure Symbol Vdc Vdc Min Max Min Typ Max Min Max Unit 

Output Voltage "O" Level 1 VOL 0.0 5.0 - 0.05 - 0 0.05 - 0.05 Vdc 

Vin=VooorO 10 - 0.06 - "' 0.05 - 0.05 
15 - 0.05 - \ 0 0.06 - 0.06 

"1" Level VoH 0.0 5.0 4.95 - 4.96 5.0 - 4.95 - Vdc 

10 9.95 - 9.95 10 - 9.95 -
Vin= Oor Voo 15 14.95 - 14.95 15 - 14.95 -

Noise Immunity 2 VNL 0.0 Vdc 
(lout..; 10 µAdel 5.0 1.5 - 1.5 2.25 - 1.4 -

10 3.0 - 3.0 4.50 - 2.9 -
15 4.5 - 4.5 6.75 - 4.4 -

II out;;. 10 µAdel VNH 0.0 5.0 1.4 - 1.5 2.25 - 1.5 - Vdc 
10 2.9 - 3.0 4.50 - 3.0 -
15 4.4 - 4.5 6.75 - 4.5 -

Input Current lin 0.0 15 - ±0.1 - ±0.00001 ±0.1 - ±1.0 µAde 
(AL Device) Control 

Input Current (CL/CP lin 0.0 15 - ±0.3 - ±0.00001 ±0.3 - ±1.0 µAde 
Device) Control 

Input Capacitance - Cin 0.0 pF 
(Vin =0) 
Control - - - - 5.0 7.5 - -
Switch Input - - - - 8.0 - - -
Switch Output - - - - 20 - - -
Feed Through - - - - 0.3 - - -

Quiescent Current (AL 3 loo - 5.0 - 1.0 - 0.001 1.0 - 60 µAde 

Device) (Per Package) 10 - 1.0 - 0.002 1.0 - 60 
15 - 2.9 - 0.003 2.0 - 120 

Quiescent Current (CL/CP 3 loo - 5.0 - 5.0 - 0.001 5.0 - 70 µAde 

Device) (Per Package) 10 - 5.0 - 0.002 5.0 - 70 
15 - 10 - 0.003 10 - 140 

"ON" Resistance 4,5, RoN Ohms 
(AL Device) 6 

!Ve= vDD· RL = 10 knl 
(Vin = +5.0 Vdcl -5.0 5.0 - 400 - 200 480 - 640 
(Vin= -5.0 Vdc) - 400 - 200 480 - 640 
(Vin= ±.0.25 Vdc) - 400 - 190 480 - 640 

(Vin'= +7.5 Vdcl -7.5 7.5 - 240 - 160 270 - 400 
(Vin= -7.5 Vdc) - 240 - 160 270 - 400 
(Vin = ±.0.25 Vdc) - 240 - 120 :?70 - 400 

(Vin= +10 Vdcl 0 10 - 400 - 180. 480 - 640 
(Vin = +0.25 Vdc) - 400 - 180 480 - 640 
(Vin= +5.6 Vdc) - 400 - 220 480 - 640 

(Vin= +15 Vdc) 0 15 - 250 - 180 270 - 400 
(Vin= +0.25 Vdc) - 250 - 180 270 - 400 
(Vin= +9.3 Vdc) - 250 - 215 270 - 400 

"ON"Resistance (eL/eP 4,5, RoN Ohms 
Device) 6 

<ve = VDD· RL = 10 knl 
(Vin = +5.0 Vdcl -5.0 5.0 - 410 - 200 480 - 560 
(Vin= -5.0 Vdc) - 410 - 200 480 - 560 
(Vin= :i'0.25.Vdc) - 410 - 190 480 - 560 

(Vin= +7.5 Vdc) -7.5 7.5 - 250 - 160 270 - 350 
(Vin= -7.5 Vdcl - 250 - 160 270 - 350 
(Vin = ±.0.25 Vdc) - 250 - 120 270 - 350 

(Vin= +10 Vdcl 0 10 - 410 - 180 480 - 560 
(Vjn = +0.25 Vdcl - 410 - 180 480 - 560 
(Vjn = +5.6 Vdc) - 410 - 220 480 - 560 
(Vin = +15 Vdcl 0 15 - 250 - 180 270 - 350 
(Vin= +0.25 Vdc) - 250 - 180 270 - 350 
( Vjn = +9.3 Vdcl - 250 - 215 270 - 350 

c."ON" Resistance - :.RON Ohms 
Between any 2 circuits in 
a common package 

<Yin= ±.5.0 Vdcl -5.0 5.0 - - - 15 - - -
(Vin= ±.7.5 Vdc) -7.5 7.5 - - - 10 - - -

ill\.*Tiow.= -55°C for AL De.vice, -40°C for CL/CP Device. Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

\2) MOTOROLA Semiconduct:or Product:s Inc. 
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SWITCHING CHARACTERISTICS IT A= 25°c1 

Typical Maximum 

Characteristic Figure Symbol Vss VDD All Types AL Device CL/CP Device Unit 

Vin to Vout Propagation Delay Time 7 tPLH·tPHL 0.0 5.0 20 40 60 ns 
(CL= 50 pf, RL = 1.0 kn) 10 10 20 30 

15 8.0 15 25 
Propagation Delay Time, Control to 8 tPHL·tPLH 0.0 5.0 200 400 600 ns 
Output, Vin= VDD or Vss 10 80 160, 240 

(Vin .co; 10 Vdc, CL= 50 pf. 15 50 120 180 
AL= 1.0 kfl I 

Crosstalk, Control to Output 9 - 0.0 5.0 5.0 - - mV 
(CL= 50 pF, RL = 1.0 kfl I 10 5.0 - -
Rout= 10 kn) 15 5.0 - -

Maximum Control Input 10 - 0.0 5.0 5.0 - - MHz 
Pulse Frequency 10 10 - -
ICL = 50pF, RL = 1.0 kfl I 15 12 - -

Noise Voltage 11,12 - 0.0 5.0 24 - - nV/.jCycie 
( f = 100 Hz) 10 25 - -

15 30 - -
(f= 100kHz) 5.0 12 - -

10 12 - -
15 15 - -

Sine Wave (Distortion) - - % 

(Vin= 1.77 Vdc RMS -5.0 5.0 0.36 - -
Centered @ 0.0 Vdc, 
RL = 10 kn, f = 1.0 kHz) 

Input/Output Leakage, Current - - nA 

' (Vin = +5.0 Vdc, Vout = -5.0 Vdc) -5.0 5.0 ±.0.001 ±125 ±125 
(Vin= -5.0 Vdc, Vout = +5.0 Vdc) -5.0 5.0 ±.0.001' ±125 ±125 
(Vin= +7.5 Vdc, Vout = -7.5 Vdc) -7.5 7.5 ±0.0015 ±250 ±250 
(Vin= -7.5 Vdc, Vout = +7.5 Vdc) -7.5 7.5 ±0.0015 ±250 ±250 

Insertion loss - - dB 
(Vin= 1.77 Vdc -5.0 5.0 
RMS centered @ 0.0 Vdc, 
f = 1.0 MHz. 

l1oss = 20 log10 Vout 
Vin 

II 
(Rl = 1.0 knl 2.0 - -
IRL = 10 kfl) 0.8 - -
(AL= 100 knl 0.25 - -
IRL = 1.0 Mn) O.o1 - -

Bandwidth (-3 dB) - BW -5.0 5.0 MHz 
(Vin= 1.77 Vdc 
RMS centered @ 0.0 Vdc) 

(AL= 1.0 kfll 35 - -
(Rl = 10 kill 28 - -
IAL = 100 kill 27 - -
(Rl = 1.0 Mil) 26 - -

Feedthrough and Crosstalk - - -5.0 5.0 kHz 

( 20 Los10 Vout = -50 dB) 
Vin 

(Rl = 1.0 knl 850 - -
(RL=10kS1) 100 - -
IRL = 100 kill 12 - -
IRL = 1.0 Mil) 1.5 - -

@ MOTOROLA Se,.,iconduc•or Produc•s Inc. ---------' 
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FIGURE 1 ·OUTPUT VOLTAGE 
TEST CIRCUIT 
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Vss 
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VoL 

v55 = o.o v '" 

FIGURE 3 - QUIESCENT POWER DISSIPATION 
TEST CIRCUIT 

STx = STy = Voo 
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Po= Voo x lo 
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FIGURE 2 - NOISE IMMUNITY 
TEST CIRCUIT 
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Voo 

X3 Z 

Y3 W 

Vss 

VNL = VN when lg= 10 µA 

VNH = Voo -VN when lg.= 10 µA 

.Pins 2,3,4, 12, 13 and 14 are left open. 

I 
I 

FIGURE 4- RoN CHARACTERISTICS 
TEST CIRCUIT 
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TYPICAL AQN versus INPUT VOLTAGE 

FIGURE 5 
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FIGURE 7- PROPAGATION DELAY TEST CIRCUIT 
AND WAVEFORMS 
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FIGURE 9- CROSSTALK TEST CIRCUIT 
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FIGURE 11 - NOISE VOLTAGE TEST CIRCUIT 
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FIGURE 8 - TURN-ON DELAY TIME TEST CIRCUIT 
AND WAVEFORMS 

0.0 Vdc 
Voo 

FIGURE 10 - FREQUENCY RESPONSE TEST CIRCUIT 

Voo ~L 

r\---. +2.5 Vdc 

Vjn 0.0 Vdc v __ 2 •5 Vdc X,Y Input 

FIGURE 12 - TYPICAL NOISE CHARACTERISTICS 
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FIGURE 13 - TYPICAL INSERTION LOSS/BANDWIDTH 
CHARACTERISTICS 
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DUAL 5-INPUT MAJORITY LOGIC GATE 

The MC14530B dual five-input majority logic gate is constructed 
with P-channel and N-channel enhancement.mode devices in a single 
monolithic structure. Combinational and sequential logic expressions 
are easily implemented with the majority logic gate, often resulting 
in fewer components than obtainable with the more basic gates. This 
device can also provide numerous logic.functions by using the Wand 
some of the logic (A thru E) inputs as control inputs. 

• Single Supply Operation - Positive or Negative 

• Quiescent Current= 0.5 nA/package typical @ 5 Vdc 

• Input Impedance= 1012 ohms typical 

• High Fanout> 50 

• Diode Protection on Inputs 

• Noise Immunity= 45% of Voo typical 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
·ature Range 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Symbol 

DC Supply Voltage VDD 

Input Voltage, All Inputs Vin 
DC Current brain per Pin . I 

Operating Temperature Range - AL Device TA 
CL/CP Device 

Storage Temperature Range Tstg 

LOGIC TABLE 

INPUTS A B C D E 
For all combinations of inputs where three 
or more inputs are logical "O". 

For all combinations of inputs where three 
or more inputs are logical" 1". 

Value 

-0.5 to +18 

-0.5 to vDD + o.5 

10 

-55 to +125 
-40 to +85 

-65 to +150 

w z 
0 

0 

0 0 

Unit 

Vdc 

Vdc 

mAdc 

OC 

OC 

This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to 
this high-impedance circuit. For proper operation, it is recommended that Vin 
end Vout be constrained to the.range Vss.;;; (Vin or Voutl.;;; Voo· 
Unused inputs must be tied to an appropriate logic level (e.g., Vss or Vool. 

MC14530B 

McMOS SSI 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL 5-INPUT MAJORITY 
LOGIC GATE 

~Gf/111118 
J

1

1~¥ u u 16ryn1'fl ~ ~ 
L SUFFIX PSUFFIX 

CERAMIC PACKAGE . PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC'4XXXB 1 tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

w 
5n--------

1 

2 

3 

4 

9 

1Q 
11 

12 

13 

• Z =Ms 0 W = (ABC+ABD+ABE+ACD+ 
ACE+ADE+BCD+BCE+ 
BDE+CDE)0W 

A 

B 

c 
D 

E 

140-------~ 

w 

*M5 is a logical "1" if any three or more 
inputs are logical "1". 

® = Exclusive NOR = Exclusive OR 

TRUTH TABLE 

Ms w z 
0 0 1 
0 1 0 
1 0 0 
1 1 1 

v 00 =Pin 16 
Vss =Pin 8 

II 
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ELECTRICAL CHARACTERISTICS 

Voo T1ow . 2s0 c 
Characteristic Symbol, Ydc Min Max Min Typ Max 

Output Voltage "O" Level Vol 5.0 - 0.05 - 0 0.05 
Vin=VooorO 10 - 0.05· - 0 0.05 

15 - 0.05 - 0 0.05 
"1" Level VoH 5.0 4.95 - 4.95 5.0 -

Vin= 0 or Voo 10 9.95 - 9.95 10 -
15 14.95 - 14.95 15 -

Input Voltage# "O" Level VrL 
(Vo= 3.5 or 1.5 Vdc) 5.0 - 1.2 - 2.25 1.25 

(Vo= 7.0 or 3.0 Vdc) 10 - 2.5 - 4.50 2.5 

!Vo = 10.5 or 4.5 Vdc) 15 - 3.0 - 6.75 3.0 

"1" Level VrH 
!Vo= 1.5 or 3.5 Vdc) 5.0 3.85 - 3.75 2.75 -
!Vo = 3.0 or 7.0 Vdc) 10 7.6 - 7.5 5.50 -
!Vo= 4.5 or 10.5 Vdc) 15 12.1 - 12 8.25 -

Output Drive Current (AL Device) loH 
(VoH = 2.5 Vdc). Source 5.0 -1.2 - -1.0 -1.7 -
(VoH = 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 -
(VoH = 9.5 Vdc) 10 -0.62 - -0.5 -0.9 -
(VoH = 13.5 Vdc) 15 -1.8 - -1.5 -3.5 -
WoL = 0.4 Vdcl Sink 'OL 5.0 0.64 - 0.51 0.88 -
!Vol= 0.5 Vdcl 10 1.6 - 1.3 2.25 -
IVoL = 1.5 Vdc) 15 4.2 - 3.4 8.8 -

Output Drive Current (CL/CP Device) loH 
IVoH = 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 -
(VoH = 4.6 Vdcl 5.0 -0.2 - -0.16 -0.36 -
(VoH = 9.5 Vdc) 10 -0.5 - -0.4 -0.9 -
(VoH = 13.5 Vdc) 15 -1.4 - -1.2 -3.5 -
!Vol= 0.4 Vdcl Sink loL 5.0 0.52 - 0.44 0.88 -
IVoL = 0.5 Vdcl 10 1.3 - 1.1 2.25 -
(Vol= 1.5 Vdcl 15 3.6 - 3.0 8.8 -

Input Current (AL Device) lin I 15 - ±0.1 - ±0.00001 ±0.1 

Input Current (CL/CP Device) lin 15 - ±0.3 - ±0.00001 ±0.3 

Input Capacitance Cin - - - - 5.0 7.5 
(Vin= 0) 

Quiescent Current (AL Device) too 5.0 - 0.25 - 0.0005 0.25 
(Per Package) 10 - 0.50 - 0.0010 0.50 

15 - 1.00 - 0.0015 1.00 

Quiescent Current (CL/CP Device) 100 5.0 - 1.0 - 0.0005 1.0 
(Per Package) 10 - 2.0 - 0.0010 2.0 

15 - 4.0 - 0.0015 4.0 

Total Supply Current••t IT 5.0 IT= (0.75 µA/kHz) f + loo 
(Dynamic plus Quiescent, 10 IT= (1.50µA/kHz) f +loo 
Per Package) 15 IT~ (2.25 µA/kHz) f + loo 

ICL = 50 pF on all outputs, all 
buffers switching) 

*Trow= -55°c for AL.Device, -:40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/GP Device. , 

#Noise immunity ·specified for worst-case input combination. Standard family noise margin 
specification is met for any one input tested at a time. 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = lr(50 pF) + 2 x 10-3 (CL -50) Voof 

where: IT is in µA (per package), CL in pF,Voo in Vdc, and fin kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 

Thjg_h* 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.15 

- 2.4 

- 2.9 

3.75 -
7.5 -
12 -

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 -
0.9 -
2.4 -

-0.6 -
-0.12 -
-0.3 -
-1.0 -
0.36 -
0.9 -
2.4 -
- ±1.0 

- ±1.0 

- -

- 7.5 
- 15 
- 30 

- 7.5 

- 15 

- 30 

@ MOTOROLA Semlconduc'for Produc'f•. Inc. 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAefu 

µAde 

pF 

µAde 

µAde 

µAde 



MC145308 

SWITCHING CHARACTERISTICS* ICL = 50pF, TA= 25°c1 

'Characteristic Symbol 
v 

VDD 
Output Rise Time tr 

tr= (3.0 ns/pF) CL+ 30 ris 5.0 
tr= (1.5 ns/pF) CL+ 15 ns 10 
tr=11.1 ns/pFICL+10ns 15 

Output Fall Time tf 
tf = ( 1.5 ns/pF) CL +25 ns 5.0 
tf = (0.75 ns/pF) CL +12.5 ns 10 
tf = (0.55 ns/pF) CL+ 9.5 ns 15 

Propagation Delay Time tpLH 
A, C, W = Voo; 8, E = Gnd; 0 =Pulse Generator 

tPLH = (1.7 ns/pF) CL+ 290 ns 5.0 
tPLH = (0.66 ns/pF) CL + 127 ns 10 
tPLH = (0.5 ns/pF) CL+ 85 ns 15 
tpHL = (1.7 ns/pF) CL+ 345 ns tPHL 5.0 
tPHL = (0.66 ns/pF) CL+ 162 ns 10 
tPHL = (0.5 ns/pF) CL+ 95 n,s 15 

A, B, C, 0, E =Pulse Generator; W "Voo tPLH 
tPLH" (1.7 ns/pF) CL+ 170 ns 5.0 
tPLH = (0.66 ns/pF) CL+ 87 ns 10 

tPLH" (0.5 ns/pF) CL+ 60 ns 15 

tPHL = (1.7 ns/pF) CL +..195 ns tpHL 5.0 
tPHL = (0,66 ns/pF) CL +92 ns 10 
tpHL = (0.5 ns/pF) CL+ 75 ns 15 

A, B, C, D, E = Gnd; W = Pulse Generator tPLH• 
tPHL• tPLH = (1.7 ns/pFl CL+ 145 ns tfiHL 5.0 
tPHL· tPLH = (0.66 ns/pF) CL+ 72 ns 10 
tPHL• tPLH = (0.5 ns/pF) CL+ 50 ns 15 

*The formula given is for the typical characteristics only. 

FIGURE 1- POWER DISSIPATION TEST 
CIRCUIT AND WAVEFORM 

16 

.,_--l"D--t A 
_,..,_ 

B ~ 

.r..' c -_,..,_ 
D l Pulse 1 

~ 

.r.. e Generator J __,..,_ w ~ 

J\. A 
_,..,_ 

B ,.;r 

-0 c 
_,..,_ D ~ 

J\. e ~ 

J\. w, ~ 

~LlF- Voo 

Vin~~~~Vss 
Cycle 

8 Vss 

~ 

Typ Max 
All Types AL Device CL/CP Device Unit 

ns 
180 350 400 
90 150 200 
66 110 160 

ns 
100 175 200 
50 75 100 
37 55 80 

ns 

375 640 960 
160 260 400 
110 200 300 

430 800 1200 ns 
195 360 540 
120 270 410 

ns 
255 400 640 
120 180 300 
85 140 210 

280 500 "750 ns 

125 220 330 
100 170 250 

ns 
230 350 575 
105 150 265 
75 120 190 

I 

z _,.._ _,... -

F 
z 
....... _,... -

f . 

@ MOTOROLA Semiconduc'for Produc'fs Inc. ------~ 
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w 

0 A 

B 

c 
Y D 

E 

w o--------. 

0 A 

y 

B 

c 
D 

E 

w 

x 

0 
0 
0 
0 
1 
1 
1 
1 

SEQUENTIAL LOGIC APPLICATIONS 

COINCIDENT FLIP-FLOP 

x 

0 
0 
1 
1 

x 

0 
0 
1 
1 

y 

0 
0 
1 
1 
0 
0 
1 
1 

y On+1 

0 0 
1 o A flip-flop that will change only when both inputs agree. 

0 o 
1 1 

ASTABLE MULTIVIBRATOR 

y 

0 
1 
0 
1 

On+1 
1 

2T 
2T 
0 

A flip-flop with three output conditions, where the third state is 
in oscillation between "1" and ''O". The period of oscillation 
is twice the delay of the gate and the feedback element. 

COINCIDENT FLIP-FLOP 

z 
0 
1 
0 
1 
0 
1 
0 
1 

On+1 

0 
On 
On 
On 
On 
On 
On 

1 

The flip-flop changes state only when all ''1's" or all "O's" are 
entered. This configuration may be extended by cascading Ms 
gates to cover n-inputs where all inputs must be "1's" or "O's" 
before the output will change. As an example, this configuration 
is useful for controlling an n-stage up/down counter that is to cycle 
from a minimum to maximum count and back again without 
flipping over (from all ''1's" to all "O's".) 

Circuit diagrams utilizing Motorola products are included llS a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient· for construction purposes is not 
necessarily giv11n . .The information has been carefully checked and 

is l:>elieved to i)e entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
cc;>nvey to the purchaser of the semiconductor devices described any 
license l!nder the patent rights of Motorola Inc. or others. 

([!) MOTOROLA Semiconductor Products Inc. 
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BASIC COMBINATIONAL FUNCTIONS 

,~w . A . 
B Z 

~ . Ms 

0

~W z 
-

5 

5-lnput Majority Gates 

3-lnput Majority Gates 

,~w 1 
1 z 

-i OR3 

3-lnput OR Gate 3-lnput NOR Gate 

,~w 0 . . z 

O . ~ AND3 

0

~w g z 

i NAND3 

3-lnput AND Gate 3-lnput NANO Gate 

DOUBLING THE WEIGHT OF INPUT VARIABLE A 
w BY TYING IT TO ANY TWO INPUTS 

W~ (AB+AC+AD+BCDl@W 

T W CORRELATION OF MULTIPLE SAMPLES 
o{}k WITH A TEST BIT 

SO A 
S B Z · s~ c . Correlation of 60%, 80%, 100% 

~ 0 . 
S4 E 

To{}kw To A 
SO B Z 
St C 
S2 0 
83 E 

To A 

The gate will have a "1" output 
if the test bit To matches or cor
relates with 3, 4 or 5 of the sample 
bits80-84. 

Correlation of 75%, 100%. 

TO' z 
To{}kw 

SO ~ . Correh1tion of 100% 

$1 D 
S2 E 

5-INPUT MAJORITY LOGIC GATE APPLICATIONS 

Each package labeled Ms is a single majority logic gate 
using five inputs, A thru E, and one output Z. 

1. Majority Logic Gate Array 
yielding the symetric function 
of 1 thru 7 variables true, out 
of 7 input variables (X1 ... X7) 

(e.g., if any two-input variables 
are true (logical "1"), Z1 and 
Z2 are true (logical" 1"). 

X1 X3 
X2 X4 X5 X6 X7 

<f!j MOTOROLA Semiconductor Proclucf:• ·Inc. 

5-347 

Z7 

Z6 

Z5 

Z4 II 
Z3 

Z2 

Z1 



MOTOROLA 
Semiconducfors 
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12-BIT PARITY TREE 

The MC14531B 12-bit parity tree is constructed with MOS P
channel and N-channel enhancement mode devices in a single mono
lithic structure. The circuit consists of 12 data-bit inputs (DO thru 
011), and even or odd parity selection input (W) and an output (0). 
The parity selection input can be consider~ as an additional bit. 
Words of less than 13 bits can generate an even or odd parity output 
if the remaining inputs are selected to contain an even or odd num
ber of ones, respectively. Words of greater than 12-bits can be ac
commodated by cascading other MC14531B devices by using the W 
input. Applications include checking or including a redundant (par
ity) bit to a word for error detection/correction systems, controller 
for remote digital sensors or switches (digital event detection/cor
rection), or as a multiple input summer without carries. 

• Noise Immunity= 45% of VDD typical 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• All Outputs Buffered 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

• Quiescent Current - 5.0 nA/package typical @ 5 Vdc 

• VariableWord Length 

• Diode Protection on All Inputs 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA 
CL/CP Device 

Storage Temperature Range Tstg 

LOGIC DIAGRAM 

DO 

01 6 

02 5 

03 4 

04 3 

05 2 

06 1 

07 15 

08 14 

09 13 

D10 12 

D11 11 

Odd/Even W 10 

Q •DO@ D1@ 02 (!> ••.. @ D11@ W 

-55 tci +125 
-40 to +85 

-65 to +150 

v00 =Pin 16 
Vss =Pin 8 

5-348 
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MC14531B 

McMOS MSI 
(LOW.POWER COMPLEMENTARY MOS) 

12-BIT PARITY TREE 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC14XXXB 1
1

Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

w D11 D10 

TRUTH TABLE 

INPUTS 
DECIMAL 
(OCTAL) 

OUTPUT 

D2 D1 DO EQUIVALENT a• 
0 (0) 

(1) 
'(2) 
(3) 

(4) 
(5) 
(6) 
(7) 

8184 (17770) 
8185 (17771) 
8186 (17772) 
8187 (17773) 

8188 (17774) 
8189 (17775) 
8190 (17776) 
8191 ( 17777) 

•o = Even Parity Note: May redefine to suit application by 
1 =Odd Parity manipulating Wand/or other available O's. 



MC14531B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin= VoD orO 10 

15 

"1" Level VoH 5.0 
Vin=OorVoo 10 

15 

Input Voltage# "O" Level V1L 
IVo = 4.5 or 0.5 Vdcl 5.0 
IVo = 9.0 or 1.0 Vdcl 10 

IVo = 13.5 or 1.5 Vdcl 15 
"1" Level V1H 

IVo = 0.5 or4.5 Vdcl 5.0 
(Vo;, 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) loH 
IVoH = 2.5 Vdc) Source 5.0 
IVoH = 4.6 Vdc) 5.0 
IVoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdcl Sink IOL 5.0. 
IVoL = 0.5 Vdc) 10 
IVoL = 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) IOH 
IVoH = 2.5 Vdc) Source 5.0 
IVoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(Vol= 0.4 Vdcl Sink loL 5.0 
IVoL = 0.5 Vdc) 10 
(Vol= 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) IDD 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) IDD 5.0 
(Per Package) 10 

15 

Total Supply Current••t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL = 50 pf on all outputs: all 
buffers switching) 

"T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°c for AL Device, +85°C for CL/CP Device . 

.i::Noise immunity specified for worst-ca~ input combination. 

T1ow * 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -
- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -

- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and ''O" level = 1.0 Vdc min@ VDD = 5.0 Vdc 
2.0 Vdc min @l VDD = 10 Vdc 
2.5 Vdc min@ VDD = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = IT(50 pf) + 1 x 10-3 (CL -50) VDDf 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 

- 4.50 3.0 
- 6.75 4'.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -
-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 ..... 3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8,8 -

- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- 0,015 20 

- 0.005 29 
- 0.010 40 
- O.ot5 80 

IT = (0.25 µA/kHz) t + IDD 
IT = (0.50 µA/kHz) t + IDO 
IT = (0.75 µA/kHzl t + IDD 

where: IT is in µA (per package), CL in pf, Voo in Vdc, and fin kHz is input frequency . 
.. The formulas given are for the typical characteristics only at 25°C. 

Th!ilh* 
Min Max 

- 1
0.05 

- O.Q5 

- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 

- 4.0 

3.5 -
7.0 -

11.0 -

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 -
0.9 -
2.4 -

-0.6 -
-0.12 -
-0.3 -
-1.0 -
0.36 -
0.9 -
2.4 -
- ± 1.0 

- ±1.0 

- -

.:... 150 
- 300 
- 600 

- 150 
- 300 
- 600 

<[!) MOTOROLA Semiconductor Produqts Inc. 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF II 
µAde 

µAde 

µAde 
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SWITCHING CHARACTERISTICS* (CL= 50 pF, TA"' 25°c) 

Typ 
Characteristic Symbol VDo All Types 

Output Rise Time tr 
tr= (3.0 ns/pF) CL+ 30 ns 5.0 180 
tr= (1.5 ns/pF) CL+ 15 ns 10 90 
tr= (1.1 ns/pF) CL+ .10 ns 15 65 

Output Fall Time tf 
tf .. (1.5 ns/pF) CL+ 25 ns 5.0 100 
tf = (0.75 ns/pF) CL+ 12.5 ns 10 50 

. tf"' (0.55 ns/pF) CL+ 9.5 ns 15 37 

Propagation Delay Time tPLH• 
Data toO tPHL 

tPLH• tPHL "' (1.7 ns/pF) CL+ 355 ns 5.0 440 
tPLH. tPHL = (0.66 ns/pF) CL+ 142 ns 10 175 
tPLH· tPHL = (0.5 ns/pF) CL+ 95 ns 15 120 

Odd/Even to Q 
tPLH· tPHL •(U ns/pF) CL+ 165 ns 5.0 250 

tPLH• tPHL =(0.66 ns/pF)CL + 67 ns 10 100 

tPLH• tPHL =(0.5 ns/pF) CL+ 45 ns 15 70 

*The formula given is for the typical characteristics only. 

FIGURE 1 - DYNAMIC POWER D•SSIPATION 
SIGNAL WAVEFORM 

AL 
Device 

350 
150 
110 

175 
75 
55 

880 
350 
240 

500 
200 
140 

Voo 

Signal 
Input 

,..._ _____ ,,, --- Vss 

Data Rate (f) 

f In respect to system clock 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 

Max 

CL/CP 
Device 

400 
200 
160 

200 
100 
80 

1320 
525 
360 

750 
300 
210 

@ MOTOROLA Semiconductor Product• Inc. 
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8-BIT PRIORITY ENCODER 

The MC 145328 is constructed with complementary MOS 
(CMOS) enhancement mode devices. The primary function of a pri
ority encoder is to provide a binary address for the active input with 
the highest priority. Eight data inputs (DO thru 07) and an enable 
input (Einl are provided, Five outputs are available, three are address 
outputs (00 thru 02), one groUp select (GS) and one enable output 
(Eoutl· 

• Quiescent Current= 5.0 nA/package typical@ 5 Vdc 

• Noise Immunity= 45% of VDo typical 

• Diode Protection o.n All Inputs 

• Low Input Capacitance - 5.0 pF typical 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value Unit 

DC Supply Voltage VDD -0.5 to +18 Vdc 

Input Voltage, All Inputs Vin -o.5 to VDD + 0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 oc 

CLICP Device -40 to +85 

Storag11 Temperature Range Tstg -65 to +150 OC 

TRUTH TABLE 

INPUT OUTPUT 

Ein 07 06 05 04 D3 02 D1 DO GS 02 01 oo Eout 
0 x x x x x x x x 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 1 

1 1 x x x x x x x 1 1 1 1 0 
1 0 1 x x x x. x x 1 1 1 0 0 
1 0 0 1 x x x x x 1 1 0 1 o. 
1 0 0 0 1 x x x x 1 1 0 0 0 

1 0 0 0 0 1 x x x 1 0 1 1 0 
1 0 0 0 0 0 1 x x 1 0 1 0 0 
1 0 0 0 _o 0 0 1 x 1 0 0 1 0 
1 0 0 0 0 0 0 0 1 1 0 0 0 0 

X =Don't Care 

This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to 
this high impedance circuit. For proper operation it is recommended that Vin and 
Vout be constrained to the range Vss.;; (Vin or V0 utl.;; VDD· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., 
either Vss or Vool. 

5·-351 

MC14532B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

8-BIT PRIORITY ENCODER 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC14XXXB 

1
tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

5 

10 

11 

12 

13 

2 

3 

4 

BLOCK DIAGRAM 

Ein Eout 

DO 

01 oo 
02 

03 01 

04 

05 02 

06 

07 GS 

v00 =Pin 16 
Vss =Pin a 

15 

9 

7 

6 

14 

II 
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ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin= VooorO 10 

15 

"1" Level VoH 5.0 
Vin=OorVoo 10 

15 

Input Voltage# "O" Level V1L 
(Vo= 4.5 or 0.5 Vdc) 5.0 
IVo = 9.0 or 1.0 Vdcl 10 
!Vo= 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 
IVo = 1.0·or 9.0 Vdc) 10 
IVo = 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) IOH 
IV OH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
IVQH = 9.5 Vdc) 10 
(VOH = 13.5 Vdc) 15 

IVoL = o.4 Vdcl Sink IOL 5.0 
(VoL = 0.5 Vdc) 10 
(VOL= 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) loH 
(VOH = 2.5 Vdc) Source 5.0 
IVoH = 4.6 Vdc) 5.0 
IVoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdcl .Sink loL 5.0 
(VOL= 0.5 Vdc) 10 
IVoL = 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance c'in -
(Vin= 0) 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0. 
(Pe~ Package) 10 

15 

Total SJJpply Current"'t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL·= 50 pF on all outputs, all 
buffers switching) 

'T1ow ,, -55°C for Al Device, -40°c for CL/CP Device. 
Thigh= +125°c for AL Device, +85°c for CL/CP Device . 

.i:Noise immunity specified for worst·case,. input combination. 

T1ow * 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
~.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -

0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "J" and "O" level = 1.0 Vdc min@ Voo ~ 5.0 Vdc 
2.0 Vdc min@ VoD ~ 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

· tTo calculate total supply current at loads other than 50 pF: 
ITICLI = IT(50 pF) + 6 x 10-3 (CL -501 Voof 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 
- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 ...:.o.9 -
-1.2 -3.5 -

0.44 0.88 -
1.1 2.25 -
3.0 '8.8 -
- ±0.00001 ±0.1 

- ±0;00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- O.Q15 20 

- 0.005 20 
- 0.010 40 
- 0.015 80 

IT= (1.74 µA/kHz) f + loo 
IT = (3.65 µA/kHz) f + loo 
IT= (6;73 µA/kHz) f + 100 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
*'The formulas given are for the typical characteristics only at 2s0 c. 

Thll._h* 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0. 
- 4.0 

3.5 -
7.0 -

11.0 -

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 -
0.9 -
2.4 -

-0.6 -
-0.12 -
-0.3 -
-1.0 -
0.36 -
0.9 -
2.4, -
- ±1.0 

- ±1.0 

- -

- 150 
- 300 
- 600 

- 150 
- 300 

- 600 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

v 

mAdc 

µAde 

µAde 

pF 

µAde 

µAde 

µAde 



I/ MC14532B 

SWITCHING CHARACTERISTICS* (CL"' 50 pF, TA= 25°c1 

Characteristic 

Output Rise Time 
tr= (3.0 ns/pF) CL+ 30 ns 
tr= (1.5 ns/pF) CL+ 15 ns 
tr= (1.1 ns/pF) CL+ 10 ns 

I 

Output Fall Time 
tf = (1.5 ns/pF) CL+ 25 ns 
tf = (0.75 ns/pF) CL+ 12.5 ns 
tf = (0.55 ns/pF) CL+ 12;5 ns 

Propagation Delay Time - Ein to !§out 
tPLH· tPHL = (1.7 ns/pF) CL+ 25 ns, 
tPLH· tPHL = (0.66 ns/pF) CL+ 22 ns 
tPLH· tPHL = (0.5 ns/pF) CL+ 20 ns 

Propagation Delay Time - Ein to GS 
tPLH• tPHL = (1.7 ns/pF) CL+ 25 ns 
tPLH· tPHL = (0.66 ns/pF) CL + 22 ns 
tPLH· tPHL = (0.5 ns/pF) CL+ 20 n$ 

Propagation Delay Time - Ein to On 
tPLH· tPHL = (1.7 ns/pF) CL+ 85 ns 
tPLH• tPHL = (0.66 ns/pF) CL+ 52 ns 
tPLH• tPHL = (0.6 ns/pF) CL+ 40 ns 

Propagation Delay Time - Dn to On 
tPLH· tPHL = (1.7 ns/pF) CL+ 135 ns 
tPLH• tPHL = (0.66 ns/pF) CL+ 77 ns 
tPLH· tPHL = (0.5 ns/pF) CL+ 60 ns 

Propagation Delay Time - Dn to GS 
tPLH• tPHL = (1.7 ns/pF) CL+ 85 ns 
tPLH· tPHL = (0.66 ns/pF) CL+ 52 ns 
tPLH· tPHL = (0.5 ns/pf) CL f 40 ns 

*The formula given is for the typical characteristics only. 

Switch 
Matrix 

FIGURE 1 - TYPICAL SINK AND SOURCE 
CURRENT CHARACTERISTICS 

Ein 

DO 

01 

02 

03 

04 

05 

06 

07 

Output VGs= Voo VGs = -Voo 

Symbol 

tr -

tf 

tPLH· 
tPHL 

tPLH•. 
tPHL 

tPHL· 
tPLH 

tPLH• 
tPHL 

tPLH· 
tPHL 

Vout 

External 
Power 
Supply 

Under Vos= Vout Vos= Vout -Voo 
Test Sink Current Source Current 

DO thru 07 Ein DO thru 06 07 Ein 
Eout x 0 0 0 1 
QO x 0 0 1 1 
Qt x 0 0 1 1 
Q2 x 0 0 1 1 
GS x 0 0 1 1 

Max 

Typ AL CL/CP 
VDD All Types Device Device Unit 

ns 
5.0 180 . 350 400 
10 90 150 200 
15 65 110 160 

ns 
5.0 100 175 200 
10 . 50 75 100 
15 37 55 80 

ns 
5.0 205 315 476 
10 110, 165 260 
15 80 125 190 

ns 
6.0 175 270 400 
10 90 136 200 
15 65 105 155 

ns 
5.0 . 280 430 650 
10 140 210 326 
16 100 160 250 

ns 
6.0 300 466 720 
10 170 226 350 
16 110. 170 265 

ns 
6.0 280 430 650 
10 140 210 326 
16 100 160 250 

FIGURE 2 - TYPICAL POWER DISSIPATION TEST CrRCUIT 

Pulse 
Generator 

(f0 ) 

Voe 

......_. _____ @ MOTOROLA Semiconductor Product~ Inc. 
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MC14532B 

FIGURE 3 ':"'"AC TEST CIRCUIT AND WAVEFORMS 

Voo 

E1n Eout 

DO CL 
01 ao 

Programmable 02 CL 
Pulse 03 01 

Generator 
04 CL 
05 Q2 

06 CL 
07 

50% 
DO 10 

50% 
01 11 

50% 
02 12 

50% 
03 13 

50% 

04 

50% 
0'5 2 

50% 
06 3 

50% 
07 4 

E;n 5 
tPLH 

Eout 15 
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10 
DO ...... -

11 
01 ..... -

12 
02 -

13 
03 ..... -

1 
04 n. 

2 
05 -

3 

06 -
4 

07 ..... -

5 
E;n n. 

LOGIC DIAGRAM 
(Positive Logic) 

LOGIC EQUATIONS 

Eout = E; 0 •DO• 01 • 02 • 03 • 04 • 05 • 06 • 07 
oo = E; 0 • 101 • 02 • 04 • 06 + 03 • 04 • 06 + 05 • 06 + 07) 
01 = E; 0 • (02 • 04 • 05 + 03 • 04 • 05 + 06 + 07) 

02 = E; 0 • (04 + 05 + 06 + 07) , 

GS= E1n • (00 + 01 + 02 + 03 + 04 + 05 + 06 + 07 

o-
~>-----1-+~--f-~ 

i=E>-
~>--1-+--+~~ 

,__~~~~~~~-L__t____/../")0--.--~~~~ b~~~~~~--r:-

'--~~~~~~~~r----~ -
.--
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MC145328 

FIGURE 4 - TWO MC146328'1 CASCADED FOR 4-BIT OUTPUT 

015 014 013 D.12 011 010 09 08 

07 06 05 04 03 02 01 DO 

Voe Eout 

GS 

03 

07 06 05 04 03 02 01 DO 

07 06 05 04 03 02 01 DO 

Eout 

02 01 00 

3/4 MC140718 

Eout• "1" , 
with Din• "O" 

FIGURE 5 - .DIGITAL TO ANALOG AND ANALOG TO DIGITAL CONVERTER 

DIGITAL TO ANALOG CONVERSION 

Clock 
Input 

The digital eight-bit word to be converted is applied 
to the inputs of the MC14512 with the most significant 
bit at X7 and the least significant bit at XO. A clock in
put of up to 2.5 MHz (at Voo = 10 V) is applied to the 
MC14520B. A compromise between lbias for .the 
MC1710 and ~R between N and P-channel outputs gives 
a value of R of 33 k ohms. In order to filter out the 
switching frequencies, RC should be about 1.0 ms (if 
R = 33 k ohms, C ~ 0.03 µF). The analog 3.0 dB band-, 
width would then be de to 1.0 kHz. 

Voe 

ANALOG TO DIGITAL CONVERSION 
An analog signal is applied to the analog input of the 

MC1710. A digital eight-bit word known to represent a 
digitized level less than the analog input is applied to the 
MC14512 as in the 0 to A conversion. The' word is 
incremented at rates sufficient to allow steady state to 
be reached between incrementations (i.e. 3.0 ms). The 
output of the MC1710 will change when the digital 
input represents the first digitized level above the analog 
input. This word is the digital representation of the 
analog word. 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The ·information has been carefully checked and 

Voe Vss 

c E ,R E R 

1/2 MC14620B 1/2 MC14520B 

01 01 02 03 04 

DO 01020304050607 
Digital Input/Output 

8-BitWord 
MC14532B to be Converted 

'------tAX7X6X5X4X3X2X1XO 

'-------18 

'--------tC 

MC1710 

MC14612 

z 

R 

1-------tt----o Analog 

Stop 
Word 
Incrementation 

Analog 
Input 

Output 

is believed· to be entirely reliable. However, no responsibility is 
assumed for lnaccurac~es .. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. ' 
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/tllOTOROLA 
Semiconductors 
BOX 20912 •PHOENIX, ARIZONA 85036 

REAL TIME 5-DECADE COUNTER 

The MC14534B is a complementary MOS circuit composed of 
five dec!'Jde ripple counters that have their respective outputs time 
multiplexed using an internal scanner. Outputs of each counter are 
selected by the scanner and appear on four BCD pins. The selected 
decade is indicated by a logic high on the appropriate digit select 
pin. Both BCD and digit select outputs have three-state controls pro
viding an "open-circuit" when these controls are high and allowing 
time multiplexing. Cascading may be accomplished by using the 
carry-out pin. The counters and scanner can be independently reset 
by applying a high to the counter master reset (MR) and the scanner 
reset (SR). The MC14534B was specifically designed for application 
in real time or event counters where continual updating and multi
plexed displays are used. 
• Four Operating Modes (See truth table) 
• Input Error Detection Circuit 
• Clock Conditioning Circuits for Slow Transition Inputs 
• Counter Sequences on Positive Transition of Clock A 
• Supply Voltage Range =.3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

To Capacitors 

23 
Clock B 0--------,------.i 

Reset 

Mode A 

Scanner 
1c01-----~-----i.-t 

Clock 

Note:-? 
= 3-State 

Output Buffer 

BLOCK DIAGRAM 

Error Out 

Digit Select 

MC14534B 

Mc.MOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

REAL TIME 

5-DECADE COUNTER 

24~ PLAS~l~u::~~AGE 
CASE 709 

1 

ORDERING INFORMATION 

L Ceramic Package 
P Plastic Package 

MC14XXXB 

11
Suffix Denotes 

A Extended Operating 
Temperature Range 

C Limited Operating 
Temperature Range 

v 00 =Pin 24 

Vss =Pin 12 

Carry Out 

QO 

BCD 
Out 

21 3-State BCD 
Control 

3-State Control. Out 

0 Qor OS 

High Impedance 



MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol 

DC Supply Voltage vDD 

Input Voltage, All Inputs Vin 
DC Current Drain per Pin I 

Ope~ating Temperature Range - AL Device TA 
CL/CP Device 

Storage Temperature Range Tstg 

ELECTRICAL CHARACTERISTICS 
I Voo 

Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin=VDDorO 10 

15 

"1" Level VoH 5.0 
Vin= 0 or VDD 10 

15 

Input Voltage# "O" Level V1L 
IVo = 4.5 or 0.5 Vdc) 5.0 
IVo = 9.0 or 1.0 Vdc) 10 
IVo = 13.5 or 1.5 Vdc) 15 

IVo = 0.5 or 4.5 Vdc) "1" Level V1H. 5.0 
IVo = 1.0 or 9.0 Vdc) 10 
IVo = 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) IOH 
IVoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
IVoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

!Vol= 0.4 Vdcl Sink IOL 5.0 
(Vol= 0.5 Vdc) 10 

fVoL" 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdcl 15 

(Vol= 0.4 Vdc) Sink loL' 5.0 
(Vol= 0.5 Vdc) 10 
(Vol= 1.5 Vdc) 15 

Output Drive Current - Pins 1 and 22 
(AL Device) 
(VoH = 2.5 Vdc) Sou;ce loH 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(Vol= 0.4 Vdc) Sink IOL 5.0 
(VOL= 0.5 Vdc) 10 
(Vol= 1.5 Vdcl 15 

Output Drive Current - Pins 1 and 22 
(CL/CP Device) 
(VoH = 2.5 Vdc) Source IQH 5.0 
IVoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdc) Sink loL 5.0 
(VOL= 0.5 Vdc) 10 
(VoL = 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin~ 0) • 

*T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

Value Unit 

-0.5 to +18 Vdc 

-0.5 to VDD + 0.5 Vdc 

10 mAdc 

-55 to +125 oc 

-40 to +85 

_:55 to +150 oc 

T1ow 
. 

Min Max Min 

- 0.05 -
- 0.05 -
- 0.05 -

4.95 - 4.95 

9.95 - 9.95 
14.95 - 14.95 

1.0 - 1.0 

2.0 - 2.0 

3.0 
.,.. 3.0 

4.0 - 4.0 
8.0 - 8.0 
12 - 12 

-1.2 - --1.0 
-0.25 - -0.2 
-0.62 -- -0.5 
-1.8 ..,. -1.5 

0.64 - 0.5\ 
1.6 - 1.3 
4.2 - 3.4 

-1.0 - -0.8 
-0.2 - -0.16 
-0.5 - -0.4 
-1.4 - -1.2 

0.52 - 0.44 
1.3 - 1.1 
3.6 - 3.0 

-0.31 - -0.25 
-0.31 - -0.25 
-0.9 - -0.75 

0.024 - C).02 

0.06 - 0.05 

1.3 - 0.25 

-0.11 - -0.10 
-0.11 - -0.10 
-0.33 - -0.30 

0.012 - 0.01 

0.03 - 0.025 
0.14 - 0.12 

- ±0.1 -

- ±0.3 -

- - -

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vss :,;;;;; (Vin or 
Voutl :s;;;vDD· 
l,Jnused inputs must always be tied to an 
appropriate logic voltage level (e.g .. either 
Vssor VDDI· 

2s0 c Thigh* 

Typ Max Min Max Unit 

0 0.05 - 0.05 Vdc 

0 0.05 - 0.05 

.o 0.05 - 0.05 

5.0 - 4.95 - Vdc 

10 - 9.95 -
15 - 14.95 -

Vdc 
1.5 - - 1.0 
3.0 - - 2.0 
4.5 - - 3.0 

3.5 - 4.0 - Vdc 
7.0 - 8.0 -
11 - 12 -

mAdc 

-1.7 - -0.7 -
-0.36 - -0.14 -
-0.9 - -0.35 -
-3.5 - -1.1 -
0.88 - 0.36 - mAdc 

2.25 - 0.9 -
8.8 - 2.4 -

mAdc 

-1.7 - ·-0.6 -
-0.36 -- -0.12 -
-0.9 - -0.3 -
-3.5 - -1.0 -

0.88 - 0.36 - m~dc 

2.25 - 0.9 -
8.8 - 2.4 -

mAdc 

-0.8 - -0.17 -· 
-0.4 - -0.17 -
-1.6 - -0.51 -
0.03 - O.Q14 - mAdc 
0.09 - 0.035 --
1.63 - 0.175 -

mAdc 

-0.8 - -0.08 -
-0.4 - -0.08 -
-1.6 - -0.24 -
0.02 - 0.008 - mAdc 
0.05 - 0.02 -
1.35 -- 0.10 -

±0.00001 ±0.1 - ±1.0 µAde 

±0.00001 ±0.3 - ±1.0 µAde 

5.0 7.5 - - pF 

#Noise immunity specified for worst-case input combination. 
Noise Margin for both "1" and "O" level = 1.0 Vdc min@ V DD = 5'.0 Vdc 

· 2.0 Vdc min@ VDD = 10 Vdc 
2.5 Vdc min@ VoD = 15 Vdc 
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Voo T1ow 
. 2s0 c Th~· 

Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit 

Quiescent Current (AL Device) 100 5.0 - 5.0 -· O.Q10 5.0 ·- 150 . µAde 
(Per Package) 10 - 10 - 0.020 10 - 300 

15 - 20 - 0.030 20 - 600 

Quiescent Current (CL/CP Device) loo 5.0 - 50 - 0.010 50 - 375 µAde 
(Per Package) 10 - 100 - 0.020 100 - 750 

15 - 200 - 0.030 200 - 1500 

Total Supply Current**t IT 5.0 IT= (0.5 µA/kHz) f + loo µAde 
(Dynamic plus Quiescent, 10 IT= (1.0 µA/kHz) f + I DD Scan Oscillator 
Per Package) 15 IT =·(1.5 µA/kHz) f + loo Frequency = 1 kHz 

(CL= 50 pF on all outputs, all 
buffers switching) 

Three·State Leakage Current ITL 15 - ±0.1 - ±0.00001 ± 0.1 - ±3.0 µAde 
(AL Device) 

Three-State Leakage Current ITL 15 - ±1.0 - +0.00001 ± 1.0 - ± 7.5 µAde 
(CL/CP Device) 

tTo calculate total supply current at loads other than 50 pF: ••The formulas given are for the typical characteristics only at 25oc. 
IT(CLl = IT(50 pFl + 1 x 10-3 (CL -50) Voof where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 

SWITCHING CHARACTERISTICS* (CL= 50 pF' TA= 25°c1 

Min Max 

AL CL/CP Typ AL CL/CP 
Characteristic Symbol VDD Device Device All Types Device Device Unit 

Output Rise Time tr ns 
tr= (3.0 ns/pF) CL + 95 ns 5.0 - - 180 350 400 
tr= ( 1.5 ns/pF) CL+ 78 ns .10 - - 90 150 200 
tr= ( 1. 1 ns/pF) CL + 68 ns 15 - - 65 110 160 

Output Fall Time tf ns 
tf = ( 1.5 ns/pF) CL + 117 ns 5.0 - - 100 175 200 
tf = (0.75 ns/pF) CL+ 89 ns 10 - - 50 75 100 
tf = (0.55 ns/pF) CL+ 67 ns 15 - - 37 55 80 

Pr.opagation Delay Time, tpLH· µs 

Clock to Q tPHL 
tPLH· tPHL = ( 1.8 ns/pF) CL+ 4.0 µs 5.0 - - 4.0 8.0 16 
tPLH· tpHL = (0.8 ns'/pF) CL+ 1.5µs 10 - - 1.5 3.0 6.0 

tPLH· tPHL = (0.6 ns/pF) CL+ 1.0 µs 15 - - 1.0 2.25 4.5 

Clock to Carry Out tPLH µs 

tfiLH = (1.8 ns/pF) CL+ 3.3µs 5.0 - - 3.3 6.6 13.2 
tPLH = (0.8 ns/pF) CL+ 1.1 µs 10 - - 1.1 2.2 4.4 II 
tPLH = (0.6 ns/pF) CL+ 0.8 µs 15 - - 0.8 1.7 3.9 

Master Reset to Q . tPHL µs 

tPHL = (1.8 ns/pF) CL+ 1.8µs 5.0. - - 1.8 3.6 7.2 

tpHL = (0.8 ns/pF) CL+ 0.6 µs 10 - - 0.6 1.2 2.4 

tPHL = (0.6 ns/pF) CL+ 0.5 µs 15 - - 0.5 0.9 1.8 

Master Reset to Error Out tPHL µs 

tPHL = (1.8 ns/pF) CL+ 0.57 µs 5.0 - - 0.6 1.5 3.0 

tPHL = (0.8 ns/pF) CL+ 0.19 µs 10 - - 0.2 0.5 1.0 

tPHL = (0.6 ns/pF) CL+ 0.11 µs 15 - - 0.12 0.38 0.75 

Scanner Clock to Q tpLH· µs 

tPLH· tPHL = (1.8 ns/pF) CL+ 1.8µs tpHL 5.0 - - 1.8 3.6 7.2 

tPLH· tPHL = (0.8 ns/pF) CL+ 0.6µs 10 - - 0.6 1.2 2.4 

tPLH· tPHL = (0.6 ns/pF) CL+ 0.5 µs 15 - - 0.5 0.9 1.8 

Scanner Clock to Digit Select tpLH· µs 

tPHL· tpLH = (1.8 ns/pF) CL+ 1.5µs tPHL 5.0 - - 1.5 3.0 6.0 

tPHL· tPLH = (0.8 ris/pF) CL+ 0.5µs 10 - - 0.5 1.0 2.0 

tPHL· tPLH = (0.6 ns/pF) CL+ 0.4 µs 15 - - 0.4 0.75 1.5 

Maximum Clock Pulse Frequency PRF 5.0 0.5 0.25 1.0 - - MHz 
10 1.0 0.5 3.0 - -
15 1.2 0.6 5.0 - -

Minimum Clock or Scanner Clock Pulse Width PWc 5.0 - - 500 1000 2000 ns 
10 - - 190 500 1000 
15 - - 125 375 750 

Master Reset Pulse Width PWMR 5.0 - - 900 2000 4000 ns 

10 - . - 300 600 1500 
15 - - 250 450 1125 

*The formula given is for the typical characteristics only. 
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MC14534B 

Mode A 

0 

0 

COUNTER TIMING DIAGRAM 

Clock A r1 n r1 ri ii r1 r1 ri ri n _ _ 1n ___ 1n __ iL __ ll ___ Ji.n.r 
~Lf~l.fL-fL.fLf""'"'iL-f~ -tt- -ff- II 1' I' I 

H H H H H !r---i1r---i!r---i 1r--1:r---1, H 
Units QO _J µ ~ ~ t-J HJ µJ ~ µJ H-' i.LJ I 

I 1 I 1 I I! : I 1,:: 
Units 01 I I I I 1 .....LL 1 , 1 

--~--~----r+-- ---
Units 02 j 

f 

1 1 1 1 1 1 I I 11 · II: 
'1 I I I I I . 11 ,, 

__ _. . I --~ -- -1+ --...,..,- ---rr .. • -H-i-
. I I I I I 

Units03 ---Y4L.:i,_.:--µ..:~_:1J_.:il.L 
H I \ I ~ JL' 111 

Units Cn + 4 

Tens 00 

Tens 03 

Tens Cn + 4 

Hun•dreds 00 

Hundreds Q3 

Hundreds Cn + 4 

-------'II L __ _fi_ __ -fi_ __ ...J J--~ . __ JU_ 
__________ r --1f_:: 11--:---4--:i} --lW
______ :-µ_ --11. ---u. __ iJ_ __ -ii: 

I H 1
1 I t71-

----t"L--~ ~ __ _Jl_ __ _Jl __ -fU_ 
, . 

1 
I -4: 11 I _______ r- ---u_ ___ 1J_ ___ µ_ -.:iw-

1 -4 ! I -i:: ----------------- __ µ_ ___ JJ- __ :-µ_ __ -~ 
n n "-,Hi 

---------------------iJ L -+ ~---n- -- -H-J-
Thousands 00 -------------------~r- -il_ _jL __ :i-4--

1: -1 ! I 1 I ------------ __ µ_ ___ ~ --.14-
---------trl JL __ _fil_ 

---LJ__._fil_ 
. 1 I 11 I 

Thousands Q3 

ThousandsCn + 4 

Teri Thousands QO 

Ten Thousands Q3 __ ,I __ :::! 
~------------------------ tt -H-t-

Ten Thousands Cn + 4 ___________________________ rt_ __ JU-

Mode B 

0 

0 

__ 
----------------M Master Reset 1 I L 

First Decade Output 

Normal Count and Display 

Inhibited 

l,nhibited 

Counts 3,4,5,6, 7 = 5 
Counts 8,9,0, 1,2 = 0 

MODE CONTROL TRUTH TABLE 

Carry to Second Stage Application 

At 9 to 0 transition of first decade 5-Decade Counter 

Input Clock Test Mode: Clock directly into stages 1, 2, and 4. 

At 4 to 5 transition of first decade 4-decade counter with 710 and roundoff at front end. 

At 7 to 8 transition of first decade 4-decade counter with 1/2 pence capab[lity. 

@ MOTOROLA Semiconduc'for Produc'fs Ina. 
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SCANNER TIMING DIAGRAM 

Scanner--------......, 
Clock 

Scanner 
Reset 

OS1 

OS2 

OS3 

Units 

Tens 

------+--------+----- Hundreds 

OS4------+-----_.
1 

Thousands 

DS5 Ten 
Thousands 

Note: If Mode B = 1, the first decade is inhibited and S1 will not go high, and 
the cycle will.be shortened to four stages. 
DS5 is selected automatically when Scanner Reset goes high. 

ERROR DETECTION TIMING DIAGRAM 

Reset 

Cloe~ A 

Clock B 

Error 
Out 

I 
I 

Good Pulse 
Error 

1 
: Error 

2 

I I 

I P'--------Good Pulse I Error · 
3 

Error 
4 

Note: Error detector looks for inverted.·pulse on ciock B. Whenever a positive 
edge at Clock A is not accompanied by a negative pulse at Clock B (or 
vice-versa) within a time period of the one-shots an error is counted. 
Three errors result in Error.Out to go to a "1". If error detection is not 
needed, tie Clock B high or low· and leave Pins 1 and 22 unconnected. 

CLOCK SKEW RANGE 

lOOO~~~g~§§!§~!§~~§~~~~~~ 500~ 
~ 300 µ~~-1---+--l---+---l--+---1--+---+--l--+-+--+----1 
] 1-:'S.:..l::s:'-'--1---+-~i----l---l---1---+--+--+-I +---+-+--< 

~ 100~§1\::~~~~~~~~~~~f:~~~~~ ~ E Skew in this rang~~ 
t5 50 -..... .......,, ~~:~:'.s in counted_E 

~ 30 1'~ Max 

~ ~ :S ~ Ske~inthisr;J.ge~ 
~ 101~~~g~~~j§§t~mayormaynot =~ ;;: .E result in counted ~ 
j 5.0 -...;; error. -4-+---
< 3.01----c Skew in this range :r Min 

t= ~~:!~~~~ no error -+-+--+-+--J_+-_J_+--T+---+--1----i 
1.0 L.._L_.___.___,.__...L.__J_...L.__J_..J....__J_~'-1.-.l.-....J 

3.0 5.0 7.0 9.0 11 13 15 17 
Voo (Vdc) 

Notes: 

1. The skew is the time difference be
tween the low-to-high transition of 
CA to the high-to-low transition of 
C9 or vice.-versa. Capacitors C1 = C22 
tied from pins 1 and 22 to Vss· 

2. This graph is accurate for C1 = C22 ~ 
100 pF. 

3. When the error detection circuitry is 
not used, pins 1 and 22 are left open. 

@ MOTOROLA Sem/conducf:or Producf:s Inc. ---------' 
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Voo 

En 

Clock C 

1/2 
MC146188 

APPLICATIONS INFORMATION 

FIGURE 1 - CASCADE OPERATION 

MC146348 ..n.. MC146348 

Clock A Cout• Clock A 

*Carry Out is high for a single clock period when all five BCD decades 
go to zero. (Carry Out also goes high when MR is applied.) 

FIGURE 2 - FORCING A DECADE TO THE Q OUTPUTS 

Clock----------< Clock A 
QO 

} BCDfo• Q1 

MC146348 
SC 

Q2 

Q3 
· DS1 DS2 DS3 DS4 DS6 

When the Q outputs of a given decade are required, this configuration will 
lock up the selected decade within four clock cycles. The select line feed
back may be hardwired or switched. 

Selected 
Decade 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 

@ MOTOROLA Semiconduc'for Produc'fs Inc. 
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NIOTOROLA 
Semiconducf:ors 
BOX 20912 •PHOENIX, ARIZONA 85036 

PROGRAMMABLE TIMER 

The MC14536B programmable timer is a flexible 24-stage rippl_e 
binary counter with 16 stages selectable by a binary code. Provisions 
for an on-chip RC oscillator, or an external clock are provided. An 
on-chip monostable circuit incorporating a pulse-type output has 
also been included. By selecting the appropriate output in conjunc
tion with the correct input clock frequency, a variety of timing can 
be achieved. 

• 24 Flip-Flop Stages -Will Coant From 20 to 224 

• Last 16 Stages Selectable By Four-Bit Select Code 

• Input Allows Bypassing of First Eight Stages 

• Set and Reset Inputs 

• Clock Inhibit Input 

• On~Chip RC Oscillator Provisions 

• On-Chip Monostable Output Provisions 

• Clock Conditioning Circuit Permits Operation With Very Long 
.Rise and Fall Times 

• Clock Input fmax = 3.0 MHz typical@ Voo = 10 Vdc 

• Counter Advances On Negative Going Edge of Clock 

• Test Mode Allows Fast Test Sequence 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXI MUM RA Tl NGS (Voltages referenced to Vss l 
Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -o.5 to VDD + 0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device· TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

Out1 

BLOCK DIAGRAM 

Clock lnh. 
7 

Out2 

Voo =Pin 16 
v55 =Pin a 

Reset Set 8-Bypass 
2 1 6 

oc 

oc 

a a a 
10 11 12 

Mono-In 

a 
13 

15 

MC14536B 

McMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

PROGRAMMABLE TIMER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC14XXXB 

11
Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

Stages 9 thru 24 
a a a a Q a a a a 
14 15 16 17 1 21 22 23 

Decoder 

Monostable 13 Decode 
Multivibrator Out 



MC14536B 

ELECTRICAL CHARACTERISTICS 

Voo T1ow * 

Characteristic Symbol Vdc Min Max 

Output Voltage "O" Level Vol 5.0 - 0.05 
Vin "'VDD or 0 10 - 0.05 

15 - 0.05 
"1" Level VoH 5.0 4.95 -

Vin•OorVDD 10 9.95 -
15 14.95 -

Input Voltage# "O" Level V1L 
(Vo = 4.5 or 0.5 Vdcl 5.0 - 1.5 
IVo • 9.0 or 1.0 Vdcl 10 - 3.0 
!Vo• 13.5 or 1.5 Vdcl 15 - 4.0 

"1" Level V1H 
!Vo• 0.5 or 4.5 Vdcl 5.0 3.5 -
!Vo = 1.0 or 9.0 Vdcl 10 7.0 -
IVo • 1.5 or 13.5 Vdcl 15 11.0 -

Output Drive Current (AL Device) IOH 
IVoH = 2.5 Vdcl Source 5.0 -1.2 -
(VoH .. 4.6 Vdc) 5.0 -0.25 -
IVoH • 9.5 Vdcl 10 -0.62 -
IVoH - 13.5 Vdcl 15 -1.8 -
IVoL • 0.4 Vdcl Sink IOL 5.0 0.64 -
IVoL • 0.5 Vdcl 1Q 1.6 -
IVoL =. 1.5 Vdcl 15 4.2 -

Output Drive Current (CL/CP Device) loH 
IVoH = 2.5 Vdcl Source 5.0 -1.0 -
IVoH = 4.6 Vdcl 5.0 -0.2 -
IVoH .. 9.5 Vdcl 10 -0.5 -
(VoH .. 13.5 Vdcl 15 -1.4 -

IVoL - 0.4 Vdcl Sink loL 5.0 0.52 -
IVoL • 0.5 Vdcl 10 1.3 

' 
-

(VOL • 1.5 Vdcl 15 3.6 -
Input Current (AL Device) lin 15 - ±0.1 

Input Current (CL/CP Device I lin 15 - ±0.3 

Input Capacitance Cin - -
(Vin•OI 

Quiescent Current (AL Device) IDD 5.0 - 5.0 
(Per Package) 10 - 10 

I 
15 -· 20 

Quiescent Current (CL/CP Device) IDD 5.0 - 50 
(Per Package) . 10 - 100 

15 - 200 

Total Supply Current• ~.t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

ICL = 50 pf on all outputs, all 
buffers switching) 

1 

*T1ow = -55°c for AL Device, -40°c for CL/CP Device. 
Thigh = t125°C for AL Device. +85°c for CL/CP Device. 

· ... Noise immunity specified for worst-case input combination. 
Noise Margin for both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc 

2.0 Vele min@VDo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
ly(CL) = ly (50 pf) + 3 x 10-3 ICL -50) VoDf 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 
- 4.50 3.0 
- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-t.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-t.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

·- ±0.00001 :t0.3 

- 5.0 7.5. 

- 0.010 5.0 
- 0.020 10 
- 0.030 20 

- 0.010 50 
- 0.020 100 
- 0.030 200 

IT= (1.15µA/kHzl f+ loo 
IT= (2.3 µA/kHz) f +loo 

IT= (3.65 µA/kHz) f + loo 

where: IT is in µA (per package), CL in pf, Voo in Vdc, ai:id fin kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°c. 

Th!l.h* 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -
-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 -
0.9 -
2.4 -

-0.6 -
-0.12 -
-0.3 -
-1.0 -
0.36 -
0.9 -
2.4 -
- ± 1.0 

- ±1.0 

- -

- 150 
- 300 
- 600 

- 375 
- 750 
- 1500 

@ MOTOROLA Sendconducto,. Products In<;. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF 

µAde 

µAde 

µAde 
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SWITCHING CHARACTERISTICS* ICL = 50 pF, TA= 25°Cl 

Min ·Max 

AL CL/CP Typ AL CL/CP 
Characteristic Symbol vDD Device Device All Types Device Device Unit 

Output Rise Time tr ns 
tr= (3.0 ns/pF) CL+ 30 ns 5.0 - - 180 350 400 
tr= (1.5 ns/pF) CL+ 15 ns 10 - - 90 150 200 
tr= (1.1 ns/pF) CL+ 10 ns 15 - - 65 110 160 

Output Fall Time tf ns 
tf = ( 1.5 ns/pF) CL+ 25 ns 5.0 - - 100 175 200 
tf = (0.75 ns/pF) CL+ 12.5 ns 10 - - 50 75 100 
tf = (0.55 ns/pF) CL+ 9.5 ns 15 - - 37 55 80 

Propagation Delay Time 1pLH· ns 
Clock to Q 1, 8-Bypass (Pin 6) High tpHL 

tPLH· tPHL = i1 .7 ns/pF) CL+ 1715 ns 5.0 - - 1800 3600 5400 
tPLH. tPHL = (0.66 ns/pF) CL+ 617 ns 10 - - 650 1300 2000 
tPLH· tPHL = (0.5 ns/pF) CL+ 425 ns 15 - - 450 1000 1500 

Clock to 01, 8-Bypass (Pin 6) Low tpLH· !JS 

tpLH· tPHL = (1.7 ns/pF) CL+ 3715 ns tpHL 5.0 - - 3.8 7.6 12 
tPLH· tPHL = (0.66 ns/pF) CL+ 1467 ns 10 - - 1.5 3.0 4.5 
tPLH· tPHL = (0.5 ns/pF) CL+ 1075 ns 15 - - 1.1 2.3 - 3.5 

Clock to 016 tpLH· !JS 

tPHL• tpLH = (1.7 ns/pF) CL +6915 ns tpHL 5.0 - - 7.0 14 21 
tPHL· tPLH = (0.66 ns/pF) CL+ 2967 ns 10 - - 3.0 6.0 9.0 
tPHL· tPLH = (0.5 ns/pF) CL+ 2175 ns 15 - - 2.2 4.5 7.0 

Reset to On lPHL ns 
tpHL = (1.7 ns/pF) CL+ 1415 ns 5.0 - - 1500 3000 4500 
tPHL = (0.66 ns/pF) CL+ 567 ns 10 - - 600 1200 1800 
tpH L = (0.5 ns/pF) CL + 425 ns 15 - - 450 900 1400 

Minimum Clock Pulse Width PWc 5.0 - - 300 600 900 ns 
10 - - 100 200 300 
15 - - 85 170 255 ., 

Maximum Clock Pulse Frequency PRF 5.0 0.6 004 1.2 - - .:MHz 
(50% Duty Cycle) 10 2.0 1.5 3.0 - -

15 2.5 2.0 5.0 - -
Maximum Clock Rise and Fall Time tr,tf 5.0 No No - - - -

10 Limit Limit - - -
15 - - -

Minimum _Reset Pulse Width PWR 5.0 - - 500 1000 1500 ns 
10 - - 200 400 600 
15 - - ' 150 300 450 

*The formula given is for the typical characteristics only. 

TRUTH TABLE 

Decode 
Clock Osc Decode D c B A Out 8-Bypass 

IN1 Set Reset lnh lnh Out2 Out2 Out 0 0 0 0 9 1 

..r 0 0 0 ,0 ..r '"'\... No 
Change 

0 0 0 1 10 2. 
0 0 1 0 11 3 

'- ""\_ 
Advance 

0 0 0 0 J to 
next state 

0 0 1 1 -12 4 

0 1 0 0 13 5 
0 1 0 1 14 6 

x 1 0 0 0 0 1 1 0 1 1 0 15 7 
x 0 1 0 0 0 l 0 0 1 1 1 16 8 

x 0 0 1 0 No 
change 

1 0 0 0 17 9 
1 0 0 1 18 10 

0 0 0 0 x 0 1 No 
Change 

1 0 1 0 19 11 
1 0 1 1 20 12 

v "'\... _r Advance 
1 0 0 0 to 

next state 

1 1 0 0 21 13 
1 1 0 1 22 14 
1 1 1 0 23 15 

X • Oon1 t Care . ~ 1 1 1 1 24 16 

@ MOTOROLA Sen>iconductor Products Inc. _______ __. 
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OPERATING CHARACTERISTICS 

Set input initializes output to a "1''. This is accom
plished by setting an output conditioning latch to a 1 
while at the same time resetting the 24 flip-flop stages. 
With the occurence of the first negative transition of the 
clock, the output will change to a "o". When the circuit is 
in the Set condition, the counter flip-flop stages will start 
counting on the second negative transition. The resu !ting 
behavior is the same as if each of the 24 flip-flop stages 
were·set. 

Reset inputs resets all stages to a logical "O". Reset or 
Set also disables the on-chip RC oscillator to allow very 
low power standby operation. ln1 input is used as the 
external Clock input or as the input to the on-chip 
RC oscillator. 

Out 1, Out 2 outputs are used in the on-chip RC 
oscillator configuration. 

8-Bypass input bypasses the first eight stages resulting 
in a 16-stage counter with all 16 stages selectable, one at a 
time. Clock Inhibit input disconnects the first counter 
stage from the input circuit, therefore inhibiting counting. 
This Clock Inhibit input is independent of the state of the 

Clock input. When the Clock Inhibit input is disabled, 
the counter will start counting only with the occurrence of 
the first negative edge of the Clock. 

Binary Select inputs A, 8, C, and 0 select the flip-flop 
stage to be connected to the output. Decode Out output 
can either be connected directly to a flip-flop output or 
to the monostable output. Osc Inhibit input can be used 
to disable the on-chip RC oscillator to allow very low 
power standby operation. Mono In in~ut is used as the 
timing pin for the on-chip monostable oscillator. If the 
Mono In input is groundeJ:I through a resistor, the mono
stable circuit is disabled and the output is connected 
directly to the selected flip-flop. The monostable circuit 
is enabled if a resistor is connected between this pin and 
Yoo and a capacitor connected between this pin and 
ground. Any desired pulse width can be achieved depend
ing upon the value of the R and C selected. 

The test mode configuration divides the 24 flip-flop 
stages into three 8-stage sections to facilitate a fast test 
sequence. This test mode is enabled when 8-Bypass, Set 
and Reset are at a "1" 

APPLICATIONS 

FIGURE 1 - TIME INTERVAL CONFIGURATION USING 
EXTERNAL CLOCK; SET AND CLOCK 

INHIBIT FUNCTIONS 

A 
Out 1 

B 

c 

D 

Set 

Reset Out 2 
8-Bypass 

Clnh 

Mono-In 

Osc lnh 

ln1 Decode Out 

Vss 

FIGURE 3- TIME INTERVAL CONFIGURATION USING 
ON-CHIP RC O_SCILLATOR AND RESET INPUT 

TO INITIATE TIME INTERVAL 

FIGURE 2 -TIME INTERVAL CONFIGURATION USING 
EXTERNAL CLOCK; RESET AND OUTPUT 

MONOSTABLE TO ACHIEVE A PULSE OUTPUT 

JUlJl 

..-~~~~~~---
vDD 

A 

B 
Out 1 

c 

D 

Set 

Reset Out 2 

8-Bypass 

Clnh 

Mono-In 

Osc lnh 
t~ f-

ln 1 Decode Out 
_n_ 

A 

B 

c 

D 

Set 

Reset 
8-Bypass 

Clnh 

Mono-In 

Osc lnh 

ln1 

Vss 

vDD 

Out 1 

Out2 

Decode Out 

Vss 

Rs 

Rte 

1 
f=><-

-2.3RTcC 
Rs;;.. 2 RTc 

@ MOTOROLA Semiconduc<or Produc<s Inc. 
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LOGIC DIAGRAM 

Reset 

II 

Voo =Pin 16 
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TYPICAL RC OSCILLATOR CHARACTERISTICS 
(For Circuit Diagram See Figure 3 in Application) 

~ 
i5 
~ 
~ 
c 

FIGURE 4 - RC OSC!LLATOR STABILITY 

l:; -4.01-----+----+---+---t---+---+---
ffi ---- --- ----
:::> 
c::I 
~ -8.0 

RTc = 56 kn, {--Rs =O, 1=10.15 kHz@Voo = 10 v, TA= 25oc 
-16 C=lOOOpF ---Rs=120kn,f=7.8kHz@Voo=10V,TA=25DC 

-55 -25 0 25 50 75 100 125 
*Device Only. TA. AMBIENT TEMPERATURE (DC)* 

FIGURE 5 - RC OSCILLATOR FREQUENCY AS A 
FUNCTION OF RTC AND C 

0.2 f---l--+-11--l-+-H-++---+---+-+-+++HK---+--+-.-t-+i+H 

0·\ok 

0.0001 

10k 100k 
RTc. RESISTANCE (OHMS) 
0.001 0.01 

C, CAPACITANCE (µFl 

1.0m 

0.1 

MONOSTABLE CHARACTERISTICS 
(For Circuit Diagram See Figure 2 in Application) 

FIGURE 6 - TYPICAL Cx versus PULSE WIDTH@ VDD "'5.0 v 

] 
:c 
I-
c 
i 
w 

"' _, 
~ 
.: 

l 

100 

Formula for calculating PWout in 

10 

microseconds.is as follows: 2 
PWout = 0.00247 RX• Cx0.85 12 71..o' r--

...1. Where Rx is in k!2, CX in pF. 7 r-- P" 0 

~ ~ 
Rx= 100Jm-

i-- i;;>' ........- "::;;7 J...-' 
1--50kn._ -~

1

1ok~ 
i..-1-" 

I=== 5kn 

1.0 

] TA= 25°c 

:J Voo = 5 v 
J 11 0.1 

1.0 10 100 
ex. EXTERNAL CAPACITANCE (pF) 

1000 

FIGURE 8 - TYPICAL Cx versus PULSE WIDTl1@ VDD = 15 V 

100 

]; 
:c 10 
I
C 
§ 
w 
~· 
~ 

1.0 

0. l 

I== Formula for calculating PW out in v 
microseconds is as follows: 1Z p I-- J;2" 

I-- PWout = 0.00247 Rx• cx0.85 7 ~ I-- Where RX is in kn, CX in pF. v v 

.i.-- I;;;> 
........ 

7 Rx= 100k!2 t-1"" ->"' y 
Rx= 1ok~ J;7 ~ :::z 

l=Rx=lOkn 
r-Rx=5kn TA=25°C 

.l I Voo= 15v 

l 
1.0 10 100 1000 

ex. EXTERNAL CAPACITANCE (pF) 

FIGURE 7 - TYPICAL Cx versus PULSE WIDTH@ VDD"' 10 v 

100~~~~~~~~~~~!EJl~~~~!1ll~ t:== Formula for calculating PW0ut in 
I---- microseconds is as follows: 2 );" 
I---- PWout = 0.00247 Rx• cx0.85 ~ 

~ lO I---- Where Rx is in kn, Cx in pF. t-t-rtt-.,,~'-t-~:71"-+-t-Hrt-H 

I-
C 

§ T 17' ~v 

'.1 Rx= 100 kn ~l-++"'14+H::!:.----"4-"""-1-+++++i.+~--,,.. .... ..d~~--,,i"IL.q:V-+1f+++l 

~ ~R~x~=~5 1o~k~~~~~~~~~~~lt1J~:::z~~§t!i!!ll 1.0 
.J .... 
15: t:Rx= 1okn i;;;;;i 

._Rx= 5 kn 1-+""""m---+---jf--+-l-l-+++1--- TA= 25°c 
f------<if--i+-+-HH+l+----+--+-+-+-+++++--Voo=lOV 

] J 
. 10 100 

ex. EXTERNAL CAPACITANCE (pF) 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 

1 

it is advised that normal precautions be 
taken' to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vjn and 
Vout be constrained to the range Vss .;; 
(Vin or V 0 utl.;;; Voo-

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vssor v00 1. 

1000 

® MOTOROLA Semiconductor Products Inc. 
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FIGURE 9 - POWER DISSIPATION TEST 
CIRCUIT AND WAVEFORM FIGURE 10.,.. SWITCHING TIME TEST CIRCUIT A~D WAVEFORMS 

Pulse 
Generator 

Voo 

Set 
Out 1 

ao-t----(.>-18-Bypass 
Pulse -

Generator 1--'1-+--if----o-1 In 1 
Clnh 

Out 
Mono-In 2· 

r--1!--9->---<l-1 Osc I nh 
A 

B 
c 
Decode Out 

au----o-1 0 

FUNCTIONAL TEST SEQUENCE 

Test function (Figure 11) has been included for the 
reduction of test time required to exercise all 24 counter 
stages_. This test function divides the counter into three 
8-stage sections and. 255 counts are loaded in each of the 
8-stage sections in parallel. All flip-flops are now at a "1''. 
The counter is now returned to the normal 24-stages in 
series configuration. One more pulse is entered into ln1 
which will cause the counter to ripple from an all "1'' state 
to an all "O" state. 

FIGURE 11 - FUNCTIONAL TEST CIRCUIT 

Voo 

Set 

Reset 
Out 1 

8-Bypass 

ln1 

C lnh 

Mono-In Out 
2 

Osc.lnh 
A 

B 

c 
0 

....._ _____ vss 

FUNCTIONAL TEST SEQUENCE 

ln1 Set 

0 

1 
0 

0 

0 

0 

0 

0 

0 

0 

INPUTS 

Reset 8-Bypass 

0 0 

0 0 

0 0 

OUTPUTS 

Decade Out 
01 thru 024 

0 

0 

0 

0 

COMMENTS 

All 24 stages are in Reset mode. 

Counter is in three 8-stage sections in parallel mode. 

First "1" to "O" transition of clock. 

255 "1" to "O" transitions are clocked in the counter. 

The 255 "1 "' to "O" transition. 

Counter converted back to 24 stages in series mode. 
Set and Reset must be connected together and simultaneously go 

from "1" to "O". 

ln1 Switchestoa"'1". 

Counter Ripples from an all "1" state to an all "O" state. 
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NIOTOROLA 
Semiconduc-fors 
BOX 20912 • PH OEN IX, ARIZONA 85036 

256-BIT STATIC RANDOM ACCESS MEMORY 

The MCM 14537 is a static random access memory (RAM I organ
ized in a 256 x 1-bit pattern and constructed with MOS P-channel 
and N-channel enhancement mode devices in a single monolithic 
structure. The circuit consists of eight address inputs (Anl. one data 
input (Dini. one write enable input (WEI, one strobe input (ST), two 
chip enable inputs (CEnl. and one data output(Doutl. 

Using both chip enable inputs as extensions of the address inputs, 
a 10-bit address scheme may be employed. Four MCM14537 devices 
may be used to comprise a 1024-bit memory without additional 
address decoding. The CE and ST inputs are dissimilar'y designed to 
enable usage of the memory in a variety of applications. An output 
latch is provided on the chip for storing the data read or written into 
memory, making a data-out storage register unnecessary. The CE 
inputs control the data output for third-state (high output imped
ance) or active operation which makes the memory very useful in a 
bus oriented system. When CE2 is high the chip is fully disabled. 
When CE 1 is high the output is in the third state but data can be 
written into the output latch during a read cycle. This enables the 
use of the memory for fast reading by using the CE 1 input to enable 
the latCh. The memory is also designed so that de signals can operate 
the memory with no maximum pulse width required on the CE and 
ST lines. 

Medium speed operation and micropower operation make the 
device useful in scratch pad and buffer applications where micro
power or battery operation and high noise immunity are required. 

• Quiescent Current= 0.5 µA/package typical @ 5 Vdc 

• Noise Immunity= 45% of VoD typical 

• 3-state Output Capability for Memory Expansion 

• Output Data Latch Eliminates Need for Storage Buffer 

• Access Time= 700 ns typical@ VDD = 10 Vdc 

• Fully Decoded and Buffered 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS !Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage vDD -0.5 to +18 

Input Voltage, All Inputs Vin --0.5 to VDD + 0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - Al Device TA -55 to +125 OC 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 OC 

5-370 

MCM1453-7 

McMOS LSI 
(LOW-POWER COMPLEMENT ARY MOS) 

256-BIT (256 x 1) STATIC 
RANDOM ACCESS MEMORY 

.. ~ 
1 

CERAMIC PACKAGE 
CASE 690 

ORDERING INFORMATION 

MCM'4XXX 1 T s"rn. Dooo'"' 

L L Ceramic Package 

A Extended Op~rating 
Temperature Range 

C Limited Operating 
Temperature Range 

PIN ASSIGNMENT 

Al Voo 16 

2 A2 AO 15 

3 D;n A7 14 

4 WE CE1 13 

5 A3 ce2 12 

6 A4 ST 11 

A5 Dout 10 

8 Vss AG 9 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vss .;; (Vin or 
Voutl.;; VDD· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vssor VDDL 



MCM14537 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Le_vel Vol 5.0 
Vin= VooorO 10 

15 

"1" Level VoH 5.0 
Vin=OorVoo 10 

15 

Noise Immunity # VNL 
<~v out .;;; 0.8 Vdc) 5.0 
(.W out .;;; 1 :o Vdc) 10 
(L'>V out .;;; 1 .5 Vdc) 15 

(z>V out .;;; 0.8 Vdc) VNH 5.0 
{L,V out .;; 1.0 Vdc) 10 
(.W out .;;; 1.5 Vdc) 15 

Output Drive Current (AL Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(Vol= 0.4 Vdcl Sink IOL 5.0 
IVoL = 0.5 Vdcl 10 
IVoL = 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdc) Sink loL 5.0 
IVoL = 0.5 Vdcl 10 
IVoL = 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current {CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current {AL Device) 100 5.0 
{Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current**t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

Three-State Leakage Current ITL 15 
(AL Device) 

Three-State Leakage Current ITL 15 
(CL/CP Device) 

*T10 w = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

=Noise immunity specified for worst-case input combination. 

T1ow 
. 

Min Max 

- 0.05 
- 0.05 

- 0.05 

4.95 -
9.95 -

14.95 -

1.5 -
3.0 -
4.5 -

1.4 -
2.9 -
4.4 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
~0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±1.0 

- -

- 100 
- 200 
- 400 

- 100 

- 200 

- 400 

- ±0.1 

- ±1.0 

Noise Margin for both "1" and "O" level= 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
ITICL) = IT{50 pF) + 1 x 10-3 {CL -50) Vo of 

2s0 c 
Min Typ Max 

-- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

1.5 2.25 -
3.0 4.50 -
4.5 6.75 -
1.5 2.25 -
3.0 4.50 -
4.5 6.75 -

--1.0 -1.7 -
-0.2 . -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
~.4 8.8 -

-0.8 -1.7 -· 
-0.16. -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 ...,. 
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±1.0 

- 5.0 7.5 

- 0.5 100 
- 1.0 200 
- 1.5 400 

- 0.5 100 
- 1.0 200 
- 1.5 400 

,IT = ( 1.46 µA/kHz) f + loo 
IT = (2.91 µA/kHz) f + loo 
IT = (4.37 µA/kHz) f + loo 

- t0.00001 ± 0.1 

- ~0.00001 ± 1.0 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
•*The formulas given are for the typical characteristics only at 25°C. 

Thigh* 

Min Max 

- 0.05 
- 0.05 

- 0.05 

4.95 -
9.95 -
14.95 -

1.4 -
2.9 -
4.4 -
1.5 -
3.0 -
4.5 -

-0.7 -
-0.14 -
-0.35 -
-1.1 -

0.36 -
0.9 -
2.4 -

-0.6 -
:..0.12 -
-0.3 -
-1.0 -
0.36 -
0.9 -
2.4 -
- ± 1.0 

- ±14 

- -

- 1800 
- 3600 
- 7200 

- 1800 

- 3600 

- 7200 

- ±3.0 

- ±7.5 
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Unit 

Vdc. 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF 

µAde 

µAde 

µAde 

µAde 

µAde 



SWITCH I NG CHARACTERISTICS* (CL= 60 pF. TA = 26°C) 

Characteristic Figure 

Output Rise Time 3 
tr= (3.0 ns/pF) CL+ 30 ns 
tr= (1.6 ns/pF) CL+ 16 ns 
tr= (1.1 ns/pF) CL+ 10 ns 

Output Fall Time 3 
tf = (1.6 ns/pF) CL+ 25 ns 
tf = (0.76 ns/pF) CL+ 12.5 ns 
tf = (0.66 ns/pF) CL +·9.6 ns 

Read Access Time from ST or CE2 4,5 
tacc = ( 1.4 ns/pF) CL+ 2480 ns -
tacc = (0.7 nspF) CL+ 690 ns 
tacc = (0.5 ns/pF) CL+ 393 ns 

Output Enable Delay from,CE1 or CE2 5,6 

Setup Time from An 'to ST or CE2. 4,5,6,7 

Hold Time from An to ST or CE2 4,5,6,7 

Data Hold Time 7 

Data Setup Time 7 

Write Enable Hold Time 7 

Write Enable Setup Time 7 

Write Enable to Dout Disable0 4 

Strobe or CE2 Pulse Width When Reading 4,5,6 

Strobe, CE 1 or CE 2 Pulse Width ,When Writing 7 

Write Recovery Time 4 
tw = (1.4 ns/pF) CL+ 219 ns 
tw = (0. 7 ns/pF) CL+ 70 ns 
tw = (0.5 ns/pF) CL+ 47.5 ns 

CE1 or CE2 to Dout Disable Del~** 6 

I 

Read Setup Time 4,5 

Read Hold Time 4,5 

Read Cycle Time 4,5 

Write Cycle Time 7 

*The formula given 1s for the typical characteristics only. 
** 10% output change into a 1.0 k!l load. 

Symbol 

tr 

tf 

tacc(R) 

tacc(CEnl 

t!etup(A) 

thold(A) 

thold(D) 

tsetup(D) 

thold(WE) 

tsetup(WEI 

twE, 

PW(R) 

PW(W) 

tR(WI 

tCEn 

tsetup(R) 

thold(R) 

tcyc(R) 

tcyc(WI 

Min 

AL CL/CP 

vDD Device Device 

6.0 -
10 - -
15 - -

5.0 - -
10 - -
16 - -
6.0 450 400 
10 200 150 
15 150 115 

5.0 80 70 
10 30 25 
15 '23 20 

5.0 - -
10 - -
15 - -

5.0 - -
10 - -
15 - -
5.0 - -
10 - -
15 - -
5.0 - -
10 - -
15 - -
5.0 - -
10 - -
15 - -
5.0 - -
10 - -
15 - -

5.0 - -
10 - -
15 - -
5.0 - -
10 - -
15 - -
5.0 - -
10 - -
15 - -
5.0 80 70 
10 30 25 
15 25 20 

5.0 80 70 
10 30 25 
15 25 20 

5.0 - -
10 - -
15 - -
5.0 - -
10 - -

. 15 - -
5.0 - -
10 - -· 
15 - -
5.0 - -
10 - -
15 - -

Max 

Typ AL CL/CP 
All Types Device Device Unit 

ns 
180 360 400 
90 160 200 
66 110 160 

ns 
100 175 200 
50 76 100 
37 55 80 

ns 
2500 4000 6000 
700 1400 2000 
400. 1050 1500 

300 600 900 ns 
100 200 300 
70 150 225 

600 1200 1800 ns 
200 400 600 
140 300 450 

200 400 600 ns 
80 160 240 
55 120 180 

480 960 1400 ns 
160 320 500 
110 240 375 

1200 2400 3600 ns 
600 1200 1800 
420 900 1350 

50 100 150 ns 

20 40 60 
15. 30 45 

240 480 720 ns 
80 160 240 
55 120 180 

240 480 720 ns 
80 160 240 
55 120 180 

450 900 1350 ns 

150 300 450 
100 225 340 

1200 1800 2400. ns 
600 840 1260 
420 630 945 

ns 
.240 480 720 

80 160 240 
55 120 180 

300 600 900 ns 
100 200 300 
70 150 225 

-100 -30 0 ns 
-40 -10 0 
-30 -7.5 0 

180 360 540 ns 
60 180 240 
45 135 180 

2500 4000 6000 ns 
700 1400 2100 
500 1050 1575 

1400 3400 4800 ns 
700 1400 2100 
500 1050 1575 
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Pulse 
Generator 

(Single Pulse) 

Voo 

Vss 

Pulse 
Generator 

1 

FIGURE 1 - TYPICAL OUTPUT SOURCE AND SINK CURRENT CHARACTERISTICS TEST CIRCUIT 

01 

SW1 

f1. 

Voo 

AO 

A1 

A2' 

A3 

A4 Output Source Output Sink 
A5 Input Cha(acteristics ,Characteristics 

A6 Dout vout WE Pulse Once Pulse Once 
A7 

D1n SW1 in Position 1 SW1 in Position 2 
ST VGS -Voo Voo 
WE 

CE1 External 
Vos Vout-Voo Vout 

CE2 Power 

Djn Supply 

Vss 

FIGURE 2 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 

500µF 

AO 

A1 

A2 

A3 

A4 

A5 

A6 Dout 
A7 

0.01 µ.F 

I Ceramic 

= Pulse (~ 
Generator 

1 

Pulse 
Generator 

2 

\ ___ _ 
t---o---oOutput (Dout> -....,..----"""\'-------..1;-

Pulse f2 
ST 

WE 

CE1 

CE2 

Generator t---+---<.>--<.J 
2 r 

Djn 

Vss 

FIGURE 3- AC TEST CIRCUIT 

_y Voo 

,.. AO 
_,..,. A1 ~ 

_,... A2 ~ 

Pulse _,.. 
A3 ·~ 

Generator ,.. 
A4 1 

.....,. 
_,.. 
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MCM14537 

Address 
Inputs 
CAnl 

Strobe 
CST> 

FIGURE 4- READ CYCLE WAVEFORMS UTILIZING STROBE-TO-ACCESS MEMORY 

vDD 

50% 

-----vss 

Write Enable 
CWEl 

Data Output 
CDout> 

NOTES: 1 High Impedance output state occurs when WE is maintained as a logical 
'.'O" (low level). 

2 The output momentarily displays data from the previous state. 

3 For read operation, WE may be maintained at a logical "1" (high level) 
during.the complete cycle. 

4 CE1 and CE2 are maintained at a logical "O" state (low level). 
5 All input rise and fall times are 20 ns·. 

FIGURE 5 - READ CYCLE WAVEFORMS UTILIZING CE2 FOR ACCESS MEMORY 

Address 
Inputs 
(Anl ~--------t-se_t_u_p-(A_) ___________________ th-o-ld_(_A_)~O~%-----~--------

Chip Enable 2 

(CE2) 

tsetup(R);v 

_.. ___ PW(R1) ----t~ 

® 

• 'hold(R) . 

. . @ 50% 
(WE) -

=wr-ite_~En-ab~le ~ d 
--------

Data Output 
CDout> 

tacc(CEnl 

NOTES: 1 High Impedance output state occurs when CE1 or CE2 is maintained 
in the logical "1" state (high level). 

2 The output momentarily displays data from the previous state. 

3 For read operation, WE may be maintained at a logical "1" (high level) 
during the complete cycle. 

4 All input rise and fall times. are 20 ns. 

5 PW (R1) ;;a.tacc (R) max 

90% 

10% 

vDD 

Vss 

vDD. 

Vss 

vDD 

Vss 

VoH 

VoL 
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MCM14537 

FIGURE 6 - READ CYCLE WAVEFORMS UTILIZING CE1 AND CE2 TO ACCESS MEMORY 

Address 

~~ '••••<•>~ ... 
vDD 

Inputs 
(Anl 

Vss 

PW(R2) 
vDD 

~E2 ® 
Vss 

tdelay(CE2) 

--vDD 

CE1 

t~CC(CEnl . :::I 1--t<CEnl 

~
_._...........,....,......._ ~~~~~-. ~..,....,..,..,voH 

. Data 0 utp ut © . 5-0% 
<Dout> __ _ 

Address 
Inputs 
(An) 

Strobe or 

NOTES: 1 
VoL 

High impedance output state occurs when CE 1 or CE2 is maintained 
in the logical "1" state (high level). 

2 WE is maintained at the logical "1" state for this example. 
3 All input rise and fall times are 20 ns 

4 tdelay(CE2) minimum assuares that only data presently addressed 
will appear at the output. 

tdelay(CE2) min.= taccR max. - tacc(CE1) min. 

5 PW(R2) ;;;;i.tdelay (CE2) min+ tacc (CEnl max 

FIGURE 7 - WRITE CYCLE WAVEFORMS 

CE1 or CE2 © 
(ST. CE1. CE2) 

Write Enable 
(WE) 

Data Input 

(Din> 

'-----Vss 

' 1-- - ~""'"''""' © "~..,,,..,_ y.:. ""--Voo 

Vss 

~)~ ... -~--VoH 
~------..,...------~voL 

NOTES: 1 The Strobe. CE1, and CE2 may be utilized to control a write cycle, 
however, during changes of address either Strobe or CE2 must 
be in the logical "1" state (high level). 

2 Data input logic level is don't care during the indicated intervals. 
3 Data input logic level must remain fixed. 

4 Write Enable may be maintained as a logical "O" during the write cycle. 
5 . All input rise and fall times are 20 ns. 
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LOGIC/BLOCK DIAGRAM ,----·---
Din o--=-------------------. 

I 

A7o--"'--------< 

A60---.r-------~ 

A50-r--l-------I 

A40-_,1--------1 

A30---,.------__,~ 

A20--1t-------I 

A1o--+---------l 

AOo---.1-------1 

Write 
Circuitry 

16 x 16 x 1 
Meinory 
Array 

-----------, 

Set 

Reset 

3-State Enable 

(High Resistance State) 

Output 
Latch 

__ ......_-a Do.ut 

I 
l 
I 
I 
I 
I 

I I 
L _______ .....,.---- - ---- ---~- - ___ J 

FUNCTION CE1 CE2 8T 'WE Djn Dout COMMENTS 

Address changing 
x x 1 x x RIA ~ :'~~~~ea~~t~eEI~ <;,~?._and 

valid 
R 

CE2 = "1", fully disables Internal x 1 x x x logic and output. 

Address changing x 0 0 x x RIA Changing address In this mode 
not valid may result in altered data. 

1 x x x x R 
CE1 = "1" disables write cycle 

Dout disabled In and Dout· 
high resistance state x 1 x x x R The chip is fully disabled. 

WE = "O" enables writing into 
x x x 0 x R memory if CE1, CE2, and 

ST= "O". 

Dout enabled in 
If ST·='"!", the output stores 

0 0 x 1 x A and.reads the previous data 
active state from or written into memory. 

0 0 0 1 x A 
The output reads the present 
contents that are addressed. 

Read addressed The addressed location is read 
memory location 1 0 0 1 x R into output latch with output in 
Into output latch. the "R" state. 

Disable reading x 1 x x x R Address changing can take 
from memory x x 1 x x RIA place in this condition. 

Write into memory 0 0 0 0 A R Din Is written into memory 
and into the output latch 

Write disabled 1 x x -X x R WE= "1" Is a read enable. 
t x 1 x x x R WE = "O" is a write enable. 

x x 1 x x RIA 
x x x 1 x RIA 

R = High resistance state at Dout 
A°• An active level of ·either Vss or VoD 

RI A • An R or A condition depending on the don't care condition 
X"' Don't care condition (must be In thu "1" or "O" state) 
1 • A high level at VDD 
o =A low level at Vss 

MOTOROLA Se1niconductor Products Inc. _______ ..;J 
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MCM14537 

TYPICAL APPLICATION FOR SERIAL WORDS UTILIZING BUS TECHNIQUES 

10-Bit 
Address 

Address 
Register. 

I 
....II 
~.LU 

Ill I 

[ An 

0 

10-Bit { 
Add res s 

-----.-

[ 1 of 4 
Decoder 

- ------ - -------, 

Output Bus 

Tword = tecc(ST)+ (n-1) tecc(CE1). 
T word(typ) = 3.8 µs for a 32-blt serial word at Voo = 1 O V 

~ \ 

~ 

..if :I 

11 ll ......... 1.1 
l.Ll 1....1..l ·nn nn 

CEH ·c.1 I <-Jr c.l An An An 

0 0 D 

Typical 1024 x 1 RAM Utilizing Four MCM14537'1. 

_I :I 
TI :I II 

ill IIJ: II III 
llll JII IIII 

~ ] l J I J l~J An An An 

CE2 0 CE2 0 CE2 0 

~ I 
J ~ 

t::. r 
Typical Low Power 1024 x 1 RAM Utilizing Four MCM14537's. 

Dout 
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MOTOROLA 
Semiconductors 
BOX 20912 •PHOENIX, ARIZONA 85036 

Advance Information 

DUAL PRECISION MONOSTABLE MUL TIVIBRATOR 

The MC14538B is a dual, retriggerable, resettable monostable 
multivibrator. It may be triggered from either edge of an input pulse, 
and will produce an accurate output pulse over a wide range of 
widths, the duration and accuracy of which are determined by the 
external timing components, Cx and Rx. Linear CMOS techniques 
allow more precise control of output pulse width. 

• ±0.5% Typical Pulsewidth Variation from Part to Part 

• ±0.5% Typical Pulsewidth Variation over Temperature Range 

• New Formula: PWout = RC (PW in seconds, R in ohms, C in 
farads) 

• Pulse Width Range = 1.0 µs to oo 

• Symmetrical Output Sink and Source Capability 

• Separate Latched Reset Inputs 
• Quiescent Current (Standby) < 2 nA Typical 

• 3.0 Vdc to 18 Vdc Operational Limits 

•. Triggerable from Positive or Negative-Going Edge 

• Pin-for-Pin Compatible with MC14528B and CD4098 

MAXIMUM RATINGS (Voltages referenced toVssl 

Rating Symbol Value Unit 

DC Supply Voltage VDD -0.5 to +18 Vdc 

Input Voltage, All Inputs Vin -0.5 to VDo + 0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 
Operating Temperature Range - AL Device TA, -55 to+125 oC 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to+150 oC 

This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions 
be taken to avoid application of any voltage higher than maximum rated voltages 
to this high-impedance circuit. For proper operation it is recommended that Vin 
and Vout be constrained to the range Vss ~(Vin or Vout> ~ VDD· 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either 
Vss or VDD). 

This is advance Information and specifications are subject to change without notice. 
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MC14538B 

McMOS MSI 
(LOW.POWER COMPLEMENTARY MOS) 

DUAL PRECISION 
RETRIGGERABLE/RESETIABLE 
MONOSTABLE MUL TIVIBRATOR 

P SUFFIX L SUFFIX 
CERAMIC PACKAGE 

CASE 620 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC14XXXB 

11
Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

Rx and Cx are.external components. 

voo =Pin 16 
Vss =Pins 



MC145388 

ELECTRICAL CHARACTERISTICS 

Voo Ttow . 2s0 c Th!l_h* 
Characteristic Symbol Vdc Min Max Min Typ Max Min Max 

Output Voltage "O" Level VoL 5.0 - 0.05 - 0 0.05 - 0.05 
Vin= VooorO 10 - 0.05 - 0 0.05 - 0.05 

15 - 0.05 - 0 0.05 - 0.05 

"1" Level VoH 5.0 4.95 - 4.95 5.0 - 4.95 -
Vin= Oor Voo 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -
Input Voltage" "O" Level V1L 

IVo = 4.5 or 0.5 Vdcl 5.0 - 1.5 - 2.25 1.5 - 1.5 
IVo = 9.0 or 1.0 Vdcl 10 - 3.0 - 4.50 3.0 - 3.0 
(Vo= 13.5 or 1.5 Vdcl 15 - 4.0 - 6.75 4.0 - 4.0 

"1" Level V1H 
IVo = 0.5 or 4.5 Vdcl 5.0 3,5 - 3.5 2.75 - 3.5 -
IVo = 1.0 or 9.0 Vdcl 10 7.0 - 7.0 5.50 - 7.0 -
(Vo= 1.5 or 13.5.Vdcl 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) loH 
(VoH = 2.5 Vdc) Source 5.0 -3.0 - -2.4 -4.2 - -1.7 -
(VoH = 4.6 Vdcl 5.0 -0.64 - -0.51 -0.88 - -0.36 -
(VoH = 9.5 Vdcl 10 -1.6 - -1.3 -2.25 - -0.9 -
(VoH = 13.5 Vdc) 15 -4.2 - -3.4 -8.8 - -2.4 -
(VoL = 0.4 Vdc) Sink IOL 5.0 0.64 - 0.51 0.88 - 0.36 -
(VOL = 0.5 Vdcl 10 1.6 - 1.3 2.25 - 0.9 -
(VOL= 1.5 Vdcl 15 4.2 - 3.4 8.8 - 2.4 -

Output Drive Current (CL/CP Device) IOH 
(VoH = 2.5 Vdcl Source 5.0 -2.5 - -2.1 -4.2 - -1.7 -
(VoH = 4.6 Vdc) 5.0 -0.52 - -0.44 -0.88 - -0.36 -
(VoH = 9.5 Vdc) 10 -1.3 - -1.1 -2.25 - -0.9 -
IVoH = 13.5 Vdc) 15 -3.6 - -3.0 -8.8 - -2.4 -

(VoL = 0.4 Vdc) Sink IOL 5.0 0.52 - 0.44 0.88 - 0.36 -
IVoL = 0.5 Vdcl 10 1.3 - 1.1 2.25 - 0.9 -
(VoL = 1.5 Vdc) 15 3.6 - 3.0 8.8 - 2.4 -

Input Current (AL Device) lin 15 - ±0.1 - ±0.00001 ±0.1 - ±1.0 

Input Current (CL/CP Device) lin 15 - ±0.3 - ±0.00001 ±0.3 - ±1.0 

Input Capacitance Cin - - - - 5.0 7.5 - -
(Vin= 01 

Quiescent Current (AL Device) 100 5.0 -
(Per Package) 10 -

15 - This table lists all of the characteristics to be specified 

Quiescent Current (CL/CP·Device) 5.0 
for this device. Final specifications were not available 

100 - at the time of printing. For the latest data, contact: 
(Per Package) 10 

15 

Total Supply Current••t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

*T10 w = -55°C for AL Device, -40°c for CL/CP Device. 
Thigh= +125°C for AL Device, +ss0 c for CL/CP Device. 

41'Noise immunity specified for worst-case input combination. 

-
-

Noise Margin for both "1" and "O" level= 1.0 Vdc min@ Voo = 5.0 Vdc 
' 2.0 Vdc min@ Voo = 10 Vdc 

2.5 Vdc min@ Voo = 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 

lr(CLI = lr(50 pF) + 1 x 10-3 (CL -501 Voof 

CMOS Marketing 
Motorola Semiconductor Products Inc. 
3501 Ed Bluestein Blvd. 
Austin, Texas 78721 
(512) 928-2600 

where: Ir is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
*.*The formulas given are for the typical characteristics only at 25°c. 

@ MOTOROLA Semiconductor Products Inc. 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF 

µAde 

...........,___ 
µAde 

,___ 
µAde 



MC14538B 

SWITCHING CHARACTERISTICS ICL =50pF, TA •25°Cl 

Charact•lstlc Symbol 

Output Rise Time tr 

Output Fell Time tf 

Propagation Delay Time tpLH· 
AorBtoQorO tPHL 

AorBtoQorQ 

CotoOorQ 

Minimum Input Pulse Width PW in 

Output Pulse Width - Q or Q PWout 

Minimum Retrigger Time trr 

External Timing Resistance Rx 

External Timing Capacitance Cx 

ex Rx VDD 
pf kO Vdc 

- -
5.0 
10 
15 

- -
5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

- - -
- - -

LOGIC DIAGRAM 
(1/2 of Device Shown) 

Vref1 

Min Max 

AL CL/CP Typ AL CL/CP 
Device Device All Types Device Device 

- -
- -
- -

Th is table lists all of the characteristics to be specified 
for this device. Final specifications were not available 
at the time of printing. For the letest d•ta, contact: 

CMOS Marketing 
Motorola Semiconductor Products Inc. 
3501 Ed Bluestein Blvd. 
Austin, Texas 78721 
(5121 928-2600 

- -
- -
- -
- -
- -
- -
- -
- -
- -

- -
- -

Q 6 

Control 
5 

B 

3 Q Q 
Co s R 

Unit 

ns 

ns 

t--
ns 

t---
ns 

t--
ns 

ns 

ns 

ns 

k0 

µ.F 

@ MOTOROLA S•1niconductor Products Inc.-------
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MOTORQLA 
Semiconductors 
BOX 20912 •PHOENIX, ARIZONA 85036 

DUAL 4-CHANNEL DATA SELECTOR/MULTIPLEXER 

The MC14539B data selector/multiplexer is constructed with 
MOS P-channel and N-channel enhancement mode devices in a single 
monolithic structure. The circuit consists of two sections of four in
puts each. One input from each section is selected by the address 
inputs A and B. A "high" on the Strobe input will cause the output 
to remain "low". 

This device finds primary application in signal multiplexi11g 
functions. It permits multiplexing from N-lines to I-line, and can also 
perform parallel-to-serial conversion. The Strobe input allows cas
cading of n-lines to n-lines. 

• Quiescent Current= 5.0 nA/package typical@ 5 Vdc 

• Noise Immunity= 45% of Voo typical 

• High Fanout > 50 ' 

• Input_ Impedance= 1012 ohms typical 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

DC Current Drain per Pin 'I 10 

Operating Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

TRUTH TABLE 

ADDRESS DATA INPUTS 
INPUTS X3 X2 X1 XO OUTP'UTS 
B A Y3 Y2 Y1 YO ST.ST' z.w 
x x x x x x 1 0 
0 0 x x x 0 0 0 
0 0 x x x . 1 0 1 
0 1 x x 0 x 0 0 

I 0 1 x x 1 x 0 1 

1 0 x 0 x x 0 0 
1 0 x 1 x x 0 1 
1 1 0 x x x 0 0 
1 1 1 x x x 0 1 

X = Don't Care 
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Unit 

Vdc 

Vdc 

mAdc 

oc 

OC 

MC14539B 

McMOS MSI 
(LOW·POWER COMPLEMENTARY MOSI 

DUAL 4-CHANNEL 
DATA SELECTOR/MULTIPLEXER 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
Pt.ASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC14XXXB 

11
Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range , 

BLOCK DIAGRAM 

14 

2 z 
ST 

6 XO 

5 X1 

4 X2 

3 

B w 9 

15 ST' 

10 YO 

11 Y1 

12 Y2 

13 

Voo =Pin 16 
Vss =Pin a 

II 
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MC14539B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin" v 0 oor0 10 

15 

"1" Level VoH 5.0 
Vin~ O or Voo 10 

15 

Input Voltage# "O" Level VIL 
(Vo= 4.5 or 0.5 Vdc) 5.0 
(Vo= 9.0 or 1.0 Vdc) 10 
(Vo= 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdcl 5.0 
(Vo= 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) loH 
(VOH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(VoL = 0.4 Vdcl Sink IQL 5.0 
(VoL = 0.5 Vdcl 10 
(VoL = 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) IQH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(VOL= 0.4 Vdc) Sink loL 5.0 
(VoL = 0.5 Vdc) 10 
(Vol= 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL pevice) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) loo 5.0 
(Per Package) 10 

15 

Total Supply Current* •t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL - 50 pF on all outputs, all 
buffers switching) 

*T1ow" -55°C for AL Device, -40°c for CL/CP Device. 
Thigh= +125°C for AL Device, +85°c for CL/CP Device. , 

-"Noise immunity specified for worst·c;;ise input combination. 

T1ow * 

Min Max 

- 0.05 
-- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ± 0.3 

·- -

- 5.0 
- 10 
-· 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O" level= 1.0 Vdc min@ Voo = 5.0 Vdc 

2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = IT(50pF) +2 x 10-3 (CL -50) Voof 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 
- 4.50 3.0 

- 6.75 4.0. 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

·- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- 0.015 20 

- 0.005 20 
- 0.910 40 
- 0.015 80 

IT= (0.85 µA/kHz) f + loo 
IT= (1.7 µA/kHz) f + loo 
IT= (2.6 µA/kHz) f + loo 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
•*,The formulas given are for the typical characteristics only at 25°c. 

Thjah* 

Min Max Unit 

- 0.05 Vdc 

- 0.05 

- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vdc 

7.0 -
11.0 -

mAdc 
-0.7 -

-0.14 -
-0.35 -
-1.1 -
0.36 - mAdc 
0.9 -
2.4 -

mAdc 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAdc 
0.9 -
2.4 -
- ± 1.0 µAde 

- ±1.0 µAde 

- - pF 

- 150 µAde 

- 300 
- 600 

- 150 µAde 

- 300 
- 600 

µAde 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad
vised that •normal precautions be taken to avoid application of any voltage higher than maximum ratad voltages to this high im
~edance circui.t. For proper operation it is recommended that Vin and Vout be constrained to the range Vss E> (Vin or Voutl 
"'Voo. 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or v00). 

@ MOTOROLA Semiconductor Product• Inc. 
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SWITCHING CHARACTERISTICS* (CL= 50 pF, TA= 25°CI 
Typ 

Characteristic Symbol vDD All Types 

Output Rise Time tr 
tr= (3.0 ns/pF) CL+ 30 ns 5.0 180 
tr= (1.5 ns/pF) CL+ 15 ns 10 90 
tr= (1.1 ns/pF) CL+ 10 ns 15 65 

Output Fall Time tf 
tf = (1.5 ns/pF) CL+ 25 ns 5.0 100 
tf = (0.75 ns/pF) CL+ 12.5 ns H> 50 
tf = (0.55 ns/pF) CL+ 9.5 ns 15 37 

Propagation Delay Time tPLH• 
X, Y Input to Output tPHL 

tPLH·tPHL = (1.7 ns/pF) Ci..+ 125 ns 5.0 210 
tPLH• tPHL = (0.66 ns/pF) CL+ 57 ns 10 90 
tPLH· tPHL = (0.5 ns/pF) CL+ 45 ns 15 70 

A Input to Output tPLH 
tPLH = (1.7 ns/pF) CL+ 140 ns 5.0 225 
tPLH = (0.66 ns/pF) CL+ 77 ns 10 110 
tPLH = (0.5 ns/pF) CL+ 60 ns 15 85 

tPHL = (1.7 ns/pF) CL+ 160 ns tPHL 5.0 245 
tPHL = (0.66 ns/pF) CL+ 82 ils 10 115 
tPHL = (0.5 ns/pF) CL+ 65 ns 15 90 

Strobe Input to Output tPLH· 

tPLH• tPHL = (1.7 ns/pF) CL+ 60 ns tPHL 5.0 145 
tPLH• tPHL = (0.66 ns/pF) CL+ 42 ns 10 75 
tPLH• tPHL = (0.5 ns/pF) CL+ 35 ns 15 60 

*The formula given is for the typical characteristics only. 

FIGURE 1 - AC TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator 

A 

B 
ST 
XO 
X1 

X2 
X3 
ST' 

YO 
Y1 
Y2 
Y3 

Voo 

z 
Input 

:rL 

Output 
(Test 1) 

w Output 
(Tests 2 and 3) 

Vss 
tpHL 

-= 
Input Connections for tr, tf, tPLH• TPHL 

TEST STROBE A XO 

1 Gnd Gnd P.G 
2 P. G. Gnd Voo 
3 Gnd P. G. Voo 

~ax 

AL Device CL/CP Device 

350 400 

150 200 

110 160 

175 200 

75 100 

55 80 

320 515 

150 240 

110 175 

340 565 

165 275 

130 215 

430 645 

190 285 

150 220 

220 365 

115 185 

90 140 

@ MOTOROLA Semiconductor Product• Inc. 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 
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Pulse 
Generator 

FIGURE 2 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

500µF 

A 

B 

ST 
XO 
X1 

X2 
X3 
ST' 
VO 
V1 

V2 
V3 

-= 

z 

1CL 
w 

Vss 

LOGIC DIAGRAM 

20 ns 

V;n 

,ST 
1 

@-MOTOROLA Semiconduc'for Produc'fs Inc. 
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ltllOTOROLA 
Semiconduc'fors 
BOX 20912 o PH OEN IX, ARIZONA 85036 

PROGRAMMABLE TIMER 

The MC 14541 B programmable timer consists of a 16-stage binary 
counter, an integrated oscillator for use with an external capacitor 
and two resistors, an automatic power-on reset circuit, and output 
control logic. 

Timing is initialized by turning on power, whereupon the power
on reset is enabled and initializes the counter, within the specified 
VDD range. With the power already on, an external reset pulse. can 
be applied. Upon release of the initial reset command, the oscillator 
will oscillate with a frequency determined by the external RC net· 
work. The 16-stage counter divides the oscillator frequency (f0 sc) 
with the nth stage frequency being f0 sc/2n. 

• Available Outputs 28, 210, 213 or 216 

• Increments on Positive Edge Clock Transitions 

• Low Symmetrical Output Resistance (typically 100 n@ 15 Vdc) 

• Built-in Low Power RC Oscillator 
(±2% accuracy over temperature range and ± 10% supply and 
±3% over processing @ <10 kHz) · 

• Oscillator Frequency Range~ DC to 100 kHz 

• Oscillator May Be Bypassed if External Clock Is Available (Apply 
external clock to Pin 3) 

• Automatic Reset Initializes All Counters When Power Turns On 
(Limits - VDD from 8.5 Vdc to 18 Vdc when enabled) 

• External Master Reset Totally Independent of Automatic Reset 
Operation 

• Operates as 2n Frequency Divider or Single Transition Timer 

• Q/Q Select Provides Output Logic Level Flexibility 

• Reset (auto or master) Disables Oscillator During Resetting to 
Provide No Active Power Dissipation 

• Clock Conditioning Circuit Permits Operation with Very Slow 
Clock Rise arid Fall Times 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

MAXIML!M RATINGS (Voltages referenced toVssl 

Rating Symbol Value 

DC Supply Voltage vDD -0.5 to +18 

Input Voltage, All Inputs '· Vin -0.5 to VDD + o.~ 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 oc 

CL/CP Device -40 to +85 

Storage Ter;nperature Range Tstg -65 to +150 oc 

MC14541B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

OSCILLATOR/TIMER 

L SUFFIX 
CERAMIC PACKAGE 

· PSUFFIX 
PLASTIC PACKAGE 

CASE 632 CASE 646 

ORDERING INFORMATION 

MC14XXX8

11
Suffi>< Denotes 

L Ceramic Package 
P Plastic Package 
A E><tended Operating 

Temperature Range 
C Limited Operating 

Tempe~ature Range 

12 

13 

2 

3 

5 

6 

10 

9 

BLOCK DIAGRAM 

A 

B 

Rte 

Ctc 

Rs a 
AR 

MR 

Mode 

Q/Q 

v 00 =Pin 14 

Vss =Pin 7 

8 

II 
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MC14541B 

ELECTRICAL CHARACTERISTICS 

Yoo 
Characteristic Symbol Vdc 

Output Voltage "O" Leval VoL 5.0 
Vin= Voo orO 10 

15 

"1" Level VoH 5.0 
Vin= o orVoo 10 

15 

Input Voltage# "O" Level V1L 
(Vo= 4.5 or 0.5 Vdc) 5.0 
!Vo= 9.0 or 1.0 Vdc) 10' 
!Vo= 13.5 or 1.5 Vdcl 15 

"1" Level V1H 
(Vo= 0.6 or 4.5 Vdc) 5.0 
!Vo= 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 or 13.5 Vdc) 16 

Output Drive Current (AL Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdc) Sink IQL 5.0 
(VoL = 0.5 Vdc) 10 
(VoL = 1.5 Vdc) 15 

Output Drive Current' (CL/CP Device) IOH 
(VoH = 2.5Vdc) Source !i.O 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(VoL = 0.4 Vdc) Sink 5.0 
(VoL = 0.5 Vdc) 10 
(VoL = 15 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin=O) 

Quiescent Current (AL Device) 
5io 

(Pin 5 is High) loo 10 
Auto Reset Disabled 15 

Quiescent Current (CL/CP Device) 
5.0 

(Pin 5 is High) loo 10 
Auto Reset Disabled 15 

Auto Reset Quiescent Current 
5.0 

looR 10 
(Pin 5 is low) 15 

' Supply Current**t 
(Dynamic plus Quiescent) 5.0 

lo 10 
15 

*T1ow = -55°C for AL Device, -4o0 c for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

Tiow• 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.96 -
14.95 -

- 1.6 
- 3.0 
- 4.0 

3.5 -
7.0 -
11.0 -

7.96 -
4.19 -
16.3 -
1.93 -
4.96 -
19.3 -

5.1 -
2.69 -
10.5 -
1.24 -
3.18 -
12.4 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

- 200 
- 250 
- 500 

Noise Margin for both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo . = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

2s0 c Thigh* 

Min Typ Max Min Max Unit 

- 0 0.05 - 0.05 Vdc 
- 0 0.05 - 0.05 
- 0 0.05 - 0.05 

4.95 6.0 - 4.95 - Vdc 
9.96 10 - 9.96 -
14.96 16 - 14.95 -

Vdc 
- 2.25 1.6 - 1.6 
- 4.50 3.0 - 3.0 
- 6.76 4.0 - 4.0 

Vdc 
3.6 2.75 - 3.5 -
7.0 5.60 - 7.0 -
11.0 8.26 - 11.0 -

mAdc 
6.42 12.83 - 4.49 -
3.38 6.75 - 2.37 -
13.2 26.33 - 9.24 -
1.56 3.12 - 1.09 - mAdc 
4.0 8.0 - 2.8 -
15.6 31.2 - 10.9 -

mAdc 
4.27 12.83 - 3.5 -
2.25 6.75 - 1.85 -
8.8 26.33· - 7.22 -
1.04 3.12 - 0.85 -
2.66 8.0 - 2.18 -
10.4 31.2 - 8.50 -
- ±0.00001 ±0.1 - ±1.0 µAde 

-· ±0.00001 ±0.3 - :1:1.0 µAde 

- 5.0 7.5 - - pF 

µAde 
- 0.005 5.0 - 150 
- 0,010 10 - 300 
- O.Q15 20 - 600 

µAde 
- 0.005 20 - 150 
- 0.010 40 - 300 
- 0.015 80 - 600 

µAde 
- 7 200 - 1200 
- 30 250 - 1500 
- 82 500 - 2000 

µAde 
10 = (0.4 µA/kHz) t + 100 
10 = 10.8 µA/kHzl t + loo 
10 = 11.2 µA/kHz) f + loo 

tWhen using the on chip oscillator the total supply current (in µAde) becomes : IT= lo+ 2 Ctc Voo f x 10-3 \1\ihere lo is in µA, Ctc is in 
pF, Voo in Volts DC, and fin kHz. (see fig. 3) . 
Dissipation during power-on with automatic reset enabled is typically 50µA@ Voo = 10Vdc. · 

**The formula given is for the typical chara.cteristics only. 

@ MOTOROLA Se1niconductor Products Inc. 



MC14541B 

SWITCHING CHARACTERISTICS* ICL .. 50 pF, TA= 25°Cl 

Charecteristic 

Output Rise Time 
tr = (3.0 ns/pF) CL + 30 ns 
tr= (1.6 ns/pF) CL+ 15 ns 
tr= (1.1 ns/pF) CL+ 10 ns 

Output Fall Time 
tf = (1.6 ns/pFI CL + 25 ns 
tf = (p.75 ns/pF) CL+ 12.6 ns 
tf • (0.65 ns/pFI CL+ 9.6 ns 

Turn-Off, Turn-On Clock to Q (28 Output) 
tPLH,tPHL = (1.7 ns/pF) CL +3415 ns 
tPLH• tPHL = (0.66 ns/pF) CL+ 1217 ns 
tPLH· tPHL = (0.5 ns/pF) CL+ 876 ns 

Turn-On, Turn-Off Clock to Q (216 Output) 
tPHL· tPLH = (1.7 ns/pF) CL+ 6915 ns 
tPHL• tPLH = (0.66 ns/pF) CL+ 3467 ns 
tPHL• tPLH = (p.5 nsYpF) CL+ 2476 ns 

Minimum Clock Pulse Width 

Maximum Clock Pulse Frequency 

Minimum MR Pulse Width 

*The formula giwn is for the typical characteristics only. 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT 
AND WAVEFORM 

Pulse 
Generator 

Voo 

Rs 

AR 

Q/Q Select 

Mode 

A 

B 

MR 

a 

(Rte and Ctc outputs are left open) 

Duty Cycle 

VDD 
Symbol 

tr 

tf 

tPLH 
tPHL 

tPHL 
tPLH 

PWc 

PRF 

PWMR 

Typle1I 
Vdc 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

6.0 
10 
15 

5.0 
10 
15 

6.0 
10 
15 

6.0 
10 
15 

M1xlmum 

All Types AL Device CL/CP Device Unit 

ns 
180 350 400 
90 150 200 
65 110 160 

ns 
100 175 200 
50 75 100 
37 56 80 

I.IS 
3.5 7.0 10.5 
1.25 2.5 3.8 
0.9 1.9 2.9 

I.IS 
6.0 12 18 
3.5 7.0 10 
2.6 5.26 7.5 

300 600 900 ns 
100 200 300 
85 150 225 

1.6 - - MHz 
4.0 - -
6.0 - -
300 600 900 ns 
100 200 300 
86 150 225 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
AND WAVE FORMS 

Pulse 
Generator 

Voo 

a 

@ MOTOROLA SeMiconductor Products Inc. _______ _. 

5-3B7 

II 



MC145418 

FIGURE 3 - OSCILLATOR CIRCUIT USING RC CONFIGURATION 

I 
I 
I 
I Internal 

L-~~--

Rs 

>-----..... To Clock 
Circuit 

TYPICAL RC OSCILLATOR CHARACTERISTICS 

FIGURE 4 - RC OSCILLATOR STABILITY 

---- --- ----

RTc = 51' k!!, ;--Rs" o. t = 10.15 kHz@ Voo = 10 v. TA= 25oc 
-16C=1000pF l---Rs=120k!l,f=7.8kHz@Voo=10V,TA.=250C 

-55 -25 0 25 50 75 100 125 

TA, AMBIENT TEMPERATURE (OC) 

FIGURE 5- RC OSCILLATOR FREQUENCY AS A 
FUNCTION OF Rrc AND c 

10k 100k 
RTc. RESISTANCE (OHMS) 
0.001 0.01 

C. CAPACITANCE (µF) 

I.Om 

0.1 

® MOTOROLA Sen1iconduCtor Prod~cts Inc.--------
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MC14541B 

EXPANDED BLOCK DIAGRAM 

A12 

B 13 0----------------e--+----------, 

Rs 3 

C ~!1::r 281--+-----i::. 

Reset 

Power-On 
Reset 

v00 =Pin 14 
Vss =Pin 7 

6 
Master Reset 

FREQUENCY SELECTION TABLE 

Number of 
Counter Stages Count 

A B n 2n 

0 0 13 8192 

0 1 10 1024 

1 0 8 256 

1 1 16 65536 

8-Stage 
Counter 

Reset 

Pin 

5 

6 

9 

10 

SQ 

l 
10 9 

Mode Q/Q 
Select 

TRUTH TABLE 

State 

0 1 
Auto Reset Oper- Auto Reset 

ating Disabled 

Timer Operational Master Reset On 

Output I nltially Output Initially High 
Low After Reset After Reset 

Single Cycle Mode Recycle Mode 

.___ ______ ·@ MOTOROLA Semiconductor Products Inc. ----------' 
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3 

4 

6 
J'1.. Input 

-= 

OPERATING CHARACTERISTICS 

With Auto Reset pin set to a "O" the counter circuit is 
initialized by turning on power. Or with power already on, 
the counter circuit is reset when the Master Reset pin is set 
to a "1 ". Both types of reset will result in synchronously 
resetting all counter stages independent of counter state. 
Auto Reset pin when set to a "1" provides a low power 
operation. 

The RC oscillator as shown in Figure 3 will oscillate 
with a frequency determined by the external RC net· 
work i.e., 

f-
1 

if (1 kHzEO;fEO; 100 kHz) 
- 2.3Fft'CCtc 

and Rs~ 2 Rte where Rs ;;;a. 10 k.Q 

The time select inputs (A and B) provide a two·bit 
address to output any one of four counter stages (28, 210, 
213 and 216). The 2n counts as shown in the Frequency 
Selection Table represents the Q output of the Nth stage 
of the counter. When A is "1", 216 is selected for both 
states of B. However, when B is "O", normal counting is 
interrupted and the 9th counter stage receives its clock 
directly from the oscillator (i.e., effectively outputing 28). 

The Q/Oselect output control pin provides for a choice 
o.f output level. When the counter is in a reset condition 
and Q/Q select pin is set to a "O" the Q output is a "O", 
correspondingly when Q/O select pin is set to a "1" the 
Q output is a "1 ". 

When the mode control pin is set to a "1", the selected 
count is continually transmitted to the output. But, with 
mode pin "O" and after a reset condition the RS flip-flop 
(see Expanded Block Diagram) resets, counting commenced 
and after 2n·1 counts the RS flip·flop sets which causes 
the output to change state. Hence, after another 2n· 1 
counts the output will not change. Thus, a Master Reset 
pulse ·must be applied or a change in the mode pin level 
is required to reset the single cycle operation. 

14 Voo 
13 B 

12 A 

11 N.C. 

10 

9 

8 
Output 

___:___rL_ 
-l t I-

DIGITAL TIMER APPLICATION 

When Master Reset (MR) receives a positive pulse, the 
internal counters and latch are reset. The Q output goes 
high and remains high until the selected· (via A and B) 
number of clock pulses are counted, the Q output then 
goes low and remains low· until another input pulse is 
received. 

This "one shot" is fully retriggerable and as accurate as 
the input frequency. An external clock can be used (pin 
3 is the clo~k input, pins 1 and 2 are outputs) if additional 
accuracy is needed. 

Notice that a setup time equal to the desired pulse 
width output is required immediately following initial 
power up, during which time Q output will be high. 

@ MOTOROLA Semiconducf:or Producf:s Inc. 
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NIOTOROLA 
Semiconductors 
BOX 20912 •PHOENIX, ARIZONA .85036 

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER 
for LIQUID CRYSTALS 

The MC14543B BCD-to-seven segment latch/decoder/driver is 
designed for use with liquid crystal readouts, and is constructed with 
complementary MOS (CMOS) enhancement mode devices. The cir
cuit provides the functions of a 4-bit storage latch and an 8421 BCD· 
to-seven segment decoder and driver. The device has the capability 
to invert the logic levels of the output combination. The phase (Ph), 
blanking (Bl), and latch disable (LO) inputs are used to reverse the 
truth table phase, blank the display, and store a BCD code, respec
tively. For liquid crystal (LC) readouts, a square wave is applied to 
the Ph input of the circuit and the electrically common backplane 
of the display. the outputs of the circuit are connected directly to 
the segments of the LC readout. For other types of readouts, such 
as light-emitting diode (LED), incandescent; gas discharge, and 
fluorescent readouts, connection diagrams are given on this data 
sheet. 

Applications include instrument (e.g., counter, DVM etc.) display 
driver, computer/calculator display driver, cockput display driver, 
and various clock, watch, and timer uses. 

• Logic Circuit Quiescent Current 5.0nA/package typical @ 

5 Vdc 
• Latch Storage of Code 
• Blanking Input 
• Readout Blanking on All Illegal Input Combinations 
• Direct LED (Common Anode or Cathode) Driving Capability 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

• Pin-for-Pin Replacement for CD4056A (with Pin 7 Tied to Vssl. 

MAXIMUM RATINGS (Voltages referenced to Vss> 

Rating Symbol Value Unit 

DC Supply Voltage vDD -0.5 to +18 Vdc 

Input Voltage, All Inputs Vin --'0.5 to VDD + 0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 OC 
CL/CP Device -40to +85 

Storage Temperature Rance Tstg -65 to +150 oc 

Maximum Continuous Output Drive Current loHmax 10 mAdc 
(Source or Sink) per Output loLmax 

Maximum Continuous Output Power* PoHmax 70 mW 
(Source or Sink) per Output PoLmax 

*PoHmax = IOH (VoH • VDDl and PoLmax = loL (VOL -V5sl 

c <?n1 

MC14543B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

BCD-TO-SEVEN SEGMENT 
LATCH/DECODER/DRIVER 

for 
LIQUID CRYSTALS 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC14XXXB 1tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

TRUTH TABLE 
INPUTS OUTPUTS 

LO Bl Ph* 0 C B Aa b c d e I g Display 

x 1 0 x x x x 0 0 0 0 0 0 0 Blank 

1 0 0 0 0 0 0 1 1 1 1 1 1 0 0 
1 0 0 0 0 0 1 0 1 1 0 0 0 0 1 
1 0 0 0 0 1 0 1 1 0 1 1 0 1 2 
1 0 0 0 0 1 1 1 1 1 1 0 0 1 3 
1 0 0 0 1 0 0 0 1 1 0 0 1 1 4 
1 0 0 0 1 0 1 1 0 1 1 0 1 1 5 
1 0 0 0 1 1 0 1 0 1 1 1 1 1 6 
1 0 0 0 1 1 1 1 1 1 0 0 0 0 7 
1 0 0 1 0 0 0 1 1 1 1 1 1 1 8 
1 0 0 1 0 0 1 1 1 1 1 0 1 1 9 
1 0 0 1 0 1 0 0 0 0 0 0 0 0 Blank 

1 0 0 1 0 1 1 0 0 0 0 0 0 0 Blank 

1 0 0 1 1 0 0 0 0 0 0 0 0 0 Blank 

1 0 0 1 1 0 1 0 0 0 0 0 0 0 Blank 

1 0 0 1 1 1 0 0 0 0 0 0 0 0 Blank 

1 0 0 1 1 1 1 0 0 0 0 0 0 0 Blank 

0 0 0 x x x x .. .. 
t t 1 t Inverse of Output Display 

Combinations as above 
Above 

X = Don't care 
t = Above Combinations 
• = For liquid crystal readouts, apply a square wave to Ph. 

For common cathode LEO readouts, select Ph = 0. 
For co,;,mon anode LEO readouts, select Ph = 1. 

•• = Depends upon the BCD code previously applied when LO = 1. 

II 
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MC14543B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin=VooorO 10 

15 

"1" Level VoH 5.0 
Vin=OorVoo 10 

15 

Input Voltage# "O" Level Vtl 
(Vo= 4.5 or 0.5 Vdc) 5.0 
(Vo= 9.0 or 1.0 Vdcl 10 
(Vo.= 13.5 or 1.5 Vdc) 15 

"1" Level VtH 
(Vo= 0.5 or 4.5 Vdc) 5.0 
(Vo= 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 or 13.5 Vdcl .15 

Output Drive Current (AL Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
IVoH = 0.5 Vdc) 10 
IVoH = 9.5 Vdc) 10 
IVoH = 13.5 Vdc) 15 
IVoL = 0.4 Vdc) Sink loL 5.0 
IVoL = 0.5 Vdcl 10 
IVoL = 9.5 Vdcl 10 
IVoL = 1.5 Vdc) 15 

Output Drive currentl'cL/CP Device) loH 
IVoH = 2.5 Vdc) Source 5.0 
IVoH = 4.6 Vdc) 5.0 
IVoH = 0.5 Vdc) 10 
IVoH = 9.5 Vdc) 10 
(VoH = 13.5 V~c) 15 
IVoL = 0.4 Vdc) Sink IOL 5.0 
IVoL = 0.5 Vdcl 10 
(VoL = 9.5 Vdcl 10 
IVoL = 1.5. Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) loo 5.0 
(Per Package) 10 

15 

Total Supply Current• •t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 
(CL = 50 pF on all outputs, all 
buffers switching) 

•trow= -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for Cl/CP Device. 

;FNoise immunity specified for_worst·case input co.mbination. 

T1ow * 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -
- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -
-1.2 -
-0.25 -
- -

-0.62 -
-1.8 -
0.64 -
1.6 -
- -

4.2 -

-1.0 -
-0.2 -
- -

-0.5 -
-1.4 -

0.52 -
1.3 -
- -

3.6 -
- ±0.1 

- ±0.3 

·- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and ·:o" level = 1.0 Vdc min@ V DD = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ VDo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 

- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -
- 2.25 1.5 

- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -
-1.0 ·-1.7 -
-0.2 -0.36 -
- -8.7 -

-0.5 -0.9 -
-1.5 -3.5 -
0.51. 0.88 -
1.3 2.25 -
- 10.1 -

3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 - . 

- -8.7 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1, 2.25 -
- 10.1 -
3.0 8.8 -
- ±0.00001 ±0.1 

- . ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- 0'.015 20 

- 0.005 20 
- 0.010 40 
- 0.015 80 

IT= 11 ;6 µA/kHzl t + loo 
IT= (3.1 µA/kHzl 1 + too 
IT= (4.7 µA/kHzl 1 + loo 

IT(CL) = IT(50 pF) + 3.5 x 10-3 (CL -50) Voof . . 
where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 

**The formulas given are for the typical characteristics only at 25°C. 

Thigh* 
Min Max 

- 0.05 
- 0.05 

- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -
... 0.1 -
-0.14 -
- -

-0.35 -
-1.1 -
0.36 -
0.9 -
- -

2.4 -

-,0.6 -
-0.12 -

- -
-0.3 -
-1.0 -
0.36 -
0.9 -
- -

2.4 -
- ± 1.0 

- ±1.0 

- -

- 150 
- 300 
- 600 

- 150 
- 300 
- 600 

@ MOTOROLA Semiconductor· Produc'f• Inc. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF 

µAde 

µAde 

µAde 



MC14643B 

SWITCHING CHARACTERISTICS* (CL• 60 pF TA• 26°C) 

Clwracteristic 

Output Rise.Time 

tr= (3.0 ns/pF) CL + 30 ns 
tr= (1.5 ns/pF) CL+ 16 ris 
tr= (1.1 ns/pF) CL+ 10 ns 

Output Fall Time 
tf = (1.5 ns/pF) CL+ 26 ns 
tf = (0.76 ns/pf) CL+ 12.6 ns 
tf = (0.66 ns/pf) CL+ 9.6 ns 

Turn-Off Delay Time 
tPLH .. (1.7 ns/pF) CL+ 620 ns· 
tPLH • (0.66 ns/pf) CL + 217 ns 
tPLH "'(0.6 ns/pF) CL+ 160 ns 

Turn-On Delay Time 
tPHL = (1.7 ns/pF) CL+ 420 ns 
tPHL = (0.66 ns/pf) CL+ 172 ns 
tPHL = (0.5 ns/pf) CL+ 130 ns 

Minimum Setup Time 

Minimum Hold Time 

Minimum Latch Disable Pulse Width (Strobing Data) 

"The formula given is for the typical characteristics only. 

AS 

B 3 

c 2 

04 

LO 1 

Voo =Pin 16 
Vss= Pins 

Symbol 

tr 

tf 

tpLH 

1pHL 

' 

!setup 

tho Id 

PWLD 

LOGIC DIAGRAM 

V[)D 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

6.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

Phase .6 

Typ Max 

AllTyp,11 AL Device CL/CP Device 

180 360 400 
90 150 200 
65 100 160 

100 175 200 
60 76 110 
37 55 80 

606 1100 1650 
260 440 660' 
185 330 495 

505 1100 1650 
205 440 66Q 
155 330 495 

-40 0 80 
-15 0 -30 
-10 0 20 

40 80 120 
15 30 45 
10 20 30 

125 250 375 
60 100 160 
40 80 120 

<f!} MOTOROLA Semiconductor Product• Inc. 
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Unit 

ns 

ns 

ns 

ns 

ns 

... 
ns 

ns 

9 a 

10 b 

11 c 

12 d 

13 e 

15 f 

14 g 



MC14543B 

FIGURE 1 - TYPICAL OUTPUT SOURCE 

CHARACTERISTICS 

-12 -8.0 -4.0 
(VOH -Vaal. SOURCE DEVICE VOLTAGE (Vdc) 

FIGURE 3 - DYNAMIC POWER DISIPATION 
SIGNAL WAVEFORMS 

Inputs Bl and Ph low, and Inputs D and LO high. 
f in respect to a system clock. 

All outputs connected to respective CL loads. 

50% Duty Cycle 

~
VoH 

Any Output 

. ---VOL 

FIGURE 2 - TYPICAL OUTPUT SINK 

CHARACTERISTICS 

-u 181---1--.M'--4--+--'"--1---1-'-~ 

i 
1-

ffi 
~ 121--....+6---+-~::;.i~ ..... ~~ 
(.) 

:..: 
z 
Ci.i 
~ 6.0 l--,_,,.--+--+-----11---+=....:1--+-~ 

PoLmax = 70 mWdc 
I I 

vss = o Vdc 

4.0 8.0 12 
(VOL - Vssl. SINK DEVICE VOLTAGE (Vdc) 

16 

FIGURE 4 - DYNAMIC SIGNAL WAVEFORMS 

(a) Inputs D, Ph, and Bl low, and Inputs A, B, and LO high. 

c 
v-------..1::-4----Voo 

----Vss 

VoH 

~----....:.::~r--+--VoL 

(b) Inputs D, Ph, and Bl low, and Inputs A and B high. 

LO 

c 

LO 

20ns 
----.1-1------------ Voo 

~---------~vss 

th old ,......;.. ___ ._., _ __;,;.;;..;..;;. _____ Voo 

-------Vss 

""-VoH 
VoL 

(c) Data DCBA strobed into latches 

.~------Voo 

-----~-0%-L~ 1---l " V55, 

<E!J MOTOROLA Semiconductor Product• Inc. 
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MC14543B 

CONNECTIONS TO VARIOUS DISPLAY READOUTS 

LIQUID CRYSTAL (LC) READOUT 

One of Seven Segments 

Common 
Backplane 

Square Wave 
IVss to Voo1 

LIGHT EMITTING DIODE (LEDi READOUT 

Common Common 
Cathode LED Anode LED 

MC14543B 
Output 

Ph 
MC14543B 

Output 

Ph 

-= Vss 

-= Voo 

Note: Bipolar transis.tors may be added for gain (for Voi:> .;;;;1ov or lout~ 10 mA). 

FLUORESCENT READOUT 

MC14543B 
Output 

Ph 

Vss 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vin and 
Vout be constrained to the range Vss.;;; 
(Vin or Voutl.;; Voo· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vool. 

Filament 
Supply 

3 

2 

4 

6 

101 
0 

A 

B 

c 
D 

Ph 

Bl 

INCANDESCENT READOUT 

MC14543B 

Output 

Ph 

Appropriate 
Voltage 

GAS DISCHARGE READOUT 

9 
b 1"0 

11 

d 12 

13 

15 

Appropriate 
Voltage 

f r:-,b 

eQc 

d 

v 00 =Pin 16 

LO 14 v 55 =Pins 

DISPLAY 

112131YIs161718191 
2 3 4 5 6 8 9 

@ MOTOROLA Semiconductor.Products Inc. 
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MOTOROLA 
Semiconductors 
BOX 20912 •PHOENIX, ARIZONA 85036 

SUCCESSIVE APPROXIMATION REGISTERS 

The MC145498 and MC14559B successive approximation regis
ters are 8-bit registers providing all the digital control and storage 
necessary for successive approximation analog-to-digital conversion 
systems. These parts differ in only one control input. The Master 
Reset (MR) on the MC145498 is required in the cascaded mode 
when greater than 8 bits are desired. The Feed Forward (FF) of the 
MC145598 is used for register shortening where End-of-Conversion 
(EOC) is required after less than eight cycles. 

Applications for the MC14~498 and MC14559B include finding 
square roots, division; ring counters, serial-to-parallel conversion, and 
analog-to-digital conversion. 

• Totally Synchronous Operation 

• ·All Outputs Buffered 
• Single Supply Operation 

• Serial Output 
• Retriggerable 
• Compatible with a Variety of Digital and Analog Systems such as 

the MC1408 8-Bit DIA Converter 

• All Control Inputs Positive-Edge Triggered 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-power TTL Loads, One Lo_w-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vss l 

Rating Symbol Value Unit 

DC Supply Voltage vDD -0.5 to +18 Vdc 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 oc 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

TRUTH_ TABLES 
MC14549B MC14559B 

SC SC(t-11 MR MR(t-1) Clock Action SC SC(t-1) EOC Clock Action 

x x x x -,_ None x x x ..,_ None 
x x 1 x ~ Reset 1 0 0 ....r Start 

'Conversion 

1 0 0 0 _r Start x 1 O; ....r Continue 
Conversion Conversion , x 0 1 ....r Start 0 0 0 _;r Continue 
Conversion Conversion 

1 1 0 0 _r- Continue 0 x 1 ..r Retain· 
Conversion Conversion 

Result 

0 x 0 x ....r Continue 1 x 1 ...r- Start 
Previous Conversion 
Operation 

X = Don't Care 
t·1 = St:ate at Previous Clock _r-

5-396 

MC14549B 
MC14559B 
McMOS MSI 

(LOW-POWER COMPLEMENTARY MOS) 

SUCCESSIVE APPROXIMATION 
REGISTERS ~ 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC14XXXB 

1
tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limi1:ed Operating 

Temperature Range 

9 

10 

6 

BLOCK DIAGRAM 

oo 
01 

c 
02 

03 
SC 

04 

FF or 
05 

MR# 06 

07 
D 

EOC 

Sout 

vDD =Pin 16 
Vss= Pins 

4 

3 

15 

14 

13 

12 

11 

#For MC14549B Pin 10 is MR input 
For MC14559B Pin 10 is FF input 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; howev11r, it is 
advised that ·normal precautions tie taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vss ,.;; (Vin or 
Voutl ,.;;vDD· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vssor VDDl· 
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ELECTRICAL CHARACTERISTICS 

Voo T1ow" 
Characteristic Symbol Vdc Min Max 

Output Voltage "O" Level Vol 5.0 - 0.05 
Vin=VooorO 10 - 0.05 

15 - 0.05 

"1" Level VoH 5.0 4.95 -
Vin= o or Voo 10 9.95 -

15 14.95 -
Input Voltage# "O'" Level V1L 

(Vo= 4.5 or 0.5 Vdcl 5.0 - 1.5 
(Vo= 9.0 or 1.0 Vdc) 10 - 3.0 
(Vo= 13.5 or 1.5 Vdc) 15 - 4.0 

"·1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 3.5 -
(Vo; 1.0 or 9.0 Vdc) 10 7.0 -
(Vo= 1.5 or 13.5 Vdc) 15 11.0 -

Output Drive Current (AL Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 -1.2 -
(VoH = 4.6 Vdc) 5.0 -0.25 -
(VoH = 9.5 Vdc) 10 -0.62 -
(VoH = 13.5 Vdc) 15 -1.8 -
(VoL = 0.4 Vdc) Sink IOL 5.0 1.28 -
(Vol= 0.5 Vdcl Q Outputs 10 3.2 -
(VoL = 1.5 Vdcl 15 8.4 -
(VoL = 0.4 Vdc) Sink 5.0 0.64 -
(VoL = 0.5 Vdc) Pin 5, 11 only 5.0 1.6 -
(VoL = 1.5 Vdcl 10 4.2 -

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 -1.0 -
(VoH = 4.6 Vdc) 5.0 -0.2 -
(VoH = 9.5 Vdc) 10 -0.5 -
(VoH = 13.5 Vdc) 15 -1.4 -
(VoL = 0.4Vdcl Sink lot 5.0 1.04 -
!VoL = 0.5 Vdcl Q Outputs 10 2.6 -
!VoL = 1.5 Vdcl 15 7.2 -

(VoL = 0.4 Vdcl Sink loL 5.0 0.52 -
(VoL = 0.5 Vdc) Pin 5, 11 only 10 1.3 -
(VoL = 1.5 Vdcl 15 3.6 -

Input Current (AL Device) lin 15 - ±0.1 

Input Current (CL/CP Device) lin 15 - ±0.3 

Input Capacitance Cin - ·- -
(Vin= 0) 

Quiescent Current (AL Device) loo ·5.0 - 5.0 
(Per Package) 10 - 10 

15 - 20 

Quiescent Current (CL/CP Device) 100 5.0 - 20 
(Per Package) 10 - 40 

15 - 80 
Total Supply Current .. t IT 5.0 

(Oy.namic plus Quiescent, ' 10 
Per Package) 15 

(CL"' 50 pF on all outputs, all 
buffers switching) 

'T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°c for Al Device, +85°C for Cl/CP Device. 

=!FNoise immunity specified for worst-case input combination. 
Noise Margin for both ' .. 1 .. and "O" level = 1.0 Vdc min@ V DD = 5.0 Vdc 

2.0Ydc min@Voo = 10 Vdc 
2.5 Vdc min@ VoD = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(Cl) IT(50 pf:)+ 2 x 10-3 (CL -50) VDDf 

25°C .. 

Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95. 10 -

14.95 15 -

- 2.25 1.5 
- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

··1.0 -1.7 -
.:0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -

1.02 1.76 -
2.6 4.5 -
6.8 17.6 -

0.51 0.88 -
1.3 2.25. -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36' -
-0.4 -0.9 -
-1.2 -3.5 -
0.88 1.76 -
2.2 4.5 -
6.0 17.6 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.·1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- O.Q15 20 

- 0.005 20 
- O.Q10 40 
- O.Q15 80 

IT= 10.a µA/kHz) f + 100 
IT= (1.6 µA/kHz.l t + loo 
IT= (2.4 µA/kHz) t + loo 

where: IT is in µA (per package), Cl in pF, VDD in Vdc, and fin kHz is input frequency. 
•'The formulas given are for the typical characteristics only at 25°C. 

Thig_h" 

Min Max 

- 0.05 
- 0.05 

- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.72 :-
1.8 -
4.8 -

0.36 -
0.9 -
2.4 -

-0.6 -
-0.12 -
-0.3 -
-1.0 -
0.72 -
1.8 -
4.8 -

0.36 -
0.9 -
2.4 -
- ± 1.0 

- ± 1.0 

- -

- 150 
- 300 
- 600 

- 150 
- 300 
- 600 

([!) MOTOROLA Semiconductor Product• Inc. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

\ 

mAdc II 
µAde 

µAde 

pF 

µAde 

µAde 

µAde 
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SWITCHING CHARACTERISTICS* (CL= 50 pF TA= 25°C) 

Min Max 
I-

AL CL/CP Typ AL CL/CP 

Characteristic Symbol vDD Devica Device All Types Device Device Unit 

Output Rise Time tr ns 

tr= (3.0 ns/pF) CL+ 30 ns 5.0 - - 180 350 400 

tr= (1.5 ns/pF) CL+ 15 ns 10 - - 90 150 200 

tr= (1.1 ns/pF) CL+ 10 ns 15 - - 65 110 160 

Output Fall Time tf ns 

tf = (1.5 ns/pF) CL+ 25 ns 5.0 - - 100 175 200 

tf = (0.75 ns/pF) CL+ 12.5 ns 10 - - 50 75 100 

tf = (0.55 ns/pF) CL+ 9.5 ns 15 - - 37 55 80 

Propagation Delay Time tPLH· ns 

Clock to Q tPHL 
tPLH· tPHL = (1.7 ns/pF) CL+ 415 ns 5.0 - - 500 750 1200 

tPLH• tPHL = (0.66 ns/pF) CL+ 177 ns 10 - - 210 295 500 

tPLH· tPHL = (0.5 ns/pF) CL+ 130 ns 15 - - 155 225 380 

Clock to Sout 
tPLH· tPHL = (1.7 ns/pF) CL+ 665 ns 5.0 - - 750 1100 1800 

tPLH· tPHL = (0.66 ns/pF) CL+ 277 ns 10 - - 310 450 750 

tPLH• tPHL = (0.5 ns/pF) CL+ 195 ns 15 - - 220 330 550 

Clock to EOC 
tPLH· tPHL = (1.7 ns/pF) CL+ 215 ns 5.0 - - 300 440 750 

tPLH• tPHL = (0.66 ns/pF) CL+ 97 ns 10 - - 130 195 325 

tPLH· tPHL = .10.5 ns/pF) CL+ 75 ns 15 - - 100 150 250 

SC, D, FF or MR Setup Time tsetup 5.0 - - 125 175 300 ns 
10 - - 50 75 150 
15 - - 40 55 115 

El Minimum Clock Pulse Width PWc 5.0 - - 350 500 600 ns 
10 - - 135 200 300 
15 - - 100 150 225 

Minimum Pulse Width - D, SC, FF or MR PW 5.0 - - 250 375 750 ns 
10 - - 100 150 300 
15 - - 80 115 225 

Maximum Clock Rise and Fall Time tr, tf 5.0 15 15 - - - /JS 

10 5.0 5.0 - - -
15 4.0 4.0 - - -

Maximum Clock Pulse Frequency PRF 5.0 1.0 0.8 1.5 - - MHz 
10 2.0 1.5 3.0 - -
15 2.5 2.0 4.0 - -

*The formula given is for the typical characteristics only. 

@ MOTO,;,OLA Semiconduc'tor Produc'ts Inc. 
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Programmable 
Pulse 

Generator 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Voo 

ao 
Q1 

c 
Q2 

a3 
SC 

Q4 

as 
FF(MA) a6 

a7 
.D EOC 

Sout 

Vss 

-= c 

SC-------' 

D ~-------t---'"'I 

Note: Pin 10 = Vss 

TIMING DIAGRAM 

~ - Don·~ care condition 
I nh - Indicates Serial Out is inhibited low_. 

• - as is ninth-bit of serial information available from 8-bit register. 

Note: Pin 10 = Vss 

@ MOTORQLA Semloonduotor Product• Inc. 
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OPERATING CHARACTERISTICS 

Both the MC14549B and MC14559B can be operated 
in either the "free run'~ or "strobed operation" mode for 
conversion schemes with any number of bits. Reliable 
cascading and/or recirculating operation can be achieved 
if the End of Convert (EOC) output is used as the con
trolling function, since with EOC = 0 (and with SC = 1 
for MC14549B but either 1or0 for MC14559B) no stable 
state exists under continual clocked operation. The 
MC14559B will automatically recirculate after EOC = 1 
during externally strobed operation, provided SC = 1. 

All data and control inputs for these devices are trig
gered into the circuit on the positive edge of the clock 
pulse. 

Operation of the various terminals is as follows: 
C = Clock - A positive-going transition of the Clock is 

required for data on any input to be strobed into the 
circuit. 

SC = Start Convert - A conversion sequence is initi· 
ated on the positive-going transition of the SC input ori 
succeeding clock cycles. 

D.: Data In - Data on this input (usually from a com· 
parator in A/D applications) is also entered into the cir· 
cuit,on a positive-going transition of the clock. This input 
is Schmitt triggered and synchronized to allow fast re
sponse and guaranteed quality of serial and parallel data. 

MR = Master Reset (MC14549B only) - Resets all out
put to 0 on positive-going transitions of the clock. If re
moved while SC = 0, the circuit will remain reset until· 
SC = 1. This allows easy cascading of circuits. 

FF= Feed Forward (MC14559B only) - Provides reg
ister shortening by removing unwanted bits from a sys
tem. 

For operation with less than 8 bits, tie the output 
following the least significant bit of the circuit to EOC. 

E.g., for a 6-bit conversion, tie 06 to FF; the part will 
respond as shown in the timing diagram less two bit times. 
Note that 06 and 07 will still operate and must be dis
regarded. . 

For 8-bit operation, FF is tied to Vss. 
For applications with more than 8 but less than 16 

bits, use the basic connections shown in Figure. 1. The FF 
input of the MC14559B is used to shorten the setup. 
Tying FF directly to the least significant bit used in the 
MC14559B allows EOC to provide the cascading signal, 
and results in smooth transition of serial information from 
the MC14559B to the MC14549B. The Serial Out (Sout) 
inhibit structure of the MC14559B remains inactive one 
cycle after EOC goes high, while Sout of the MC14549B 
remains inhibited until the second clock cycle of its 
operation. 

On= Data Outputs - After a conversion is-initiated the 
Q's on succeeding cycles go high and are then condition
ally reset dependent upon the state of the D input. Once· 
conditionally reset they remain in the proper state ,until 
the circuit is either reset or reinitiated. 

EOC = End of Convert - This output goes high on the 
negative-going transition of the clock following FF = 1 
(for the MC14559B) or the conditional reset of 07. This 
allows settling of the digital circuitry prior to the End of 
Conversion indication. Therefore either level or edge 
triggering can indicate complete conversion. 

Sout = Serial Out - Transmits conversion in serial 
fashion. Serial data occurs during the clock period when 
the corresponding parallel data bit is conditionally reset. 
Serial Out is inhibited on the initial period of a cycle, 
when the circuit is reset, and on the second cycle after 
EOC goes high. This provides efficient operation when 
cascaded. 

FIGURE 1 - 12·BIT CONVERSION SCHEME 

c 

SC 

FF 

From AID 
Comparetor 

D 

MC146598 

00 0102 03""07 

-..-

Sout 

EOC 

External 
Clock 1/4 MC14001 

c 
D Sout 

SC 
MC14549B 

MR 

00 01 02 03 04 05 Q6 07 EOC 

Serial Out 
(Continual 
update every 
13 clock cycles) 

MSB To D/A and Perallel Data 
To D/A and LSB 
Parallel Data 

tComplation of conversion 
automatically re-initiates 
cycle in free run mode. 

°F F allows EOC to acthiete 
as if in 4-stage register. 

••cescedlng using EQC guarant•d; 
no 1teble unfunctionel 1tate. 

Free run mode 

External strobe 

@ MOTOROLA Semiconductor Product• Inc. ______ __.. 
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TYPICAL APPLICATIONS 

Externally Controlled 6-Bit ADC (Figure 2) 
Several features are shown in this application: 
• Shortening of the register to six bits by feeding the 

seventh output bit' into the FF input. 
• Continuous conversion, if a continuous signal is 

,applied to SC. 
• Externally controlled updating (the start pulse must 

be shorter than the conversion cycle). 
• The EOC output indicating that the parallel data 

are valid and that the serial output is complete. 

Continuously Cycling 8-Bit ADC (Figure 3) 
This ADC is running continuously because the EOC 

signal is fed back to the SC input,Jimmediately initiating 
a new cycle on the next clock pulse .. 

Continuously Cycling 12-Bit ADC (Figure 4) 
Because each successive approxiamtion register (SAR) 

has a capability of handling only an eight-bit word, two 
must be cascaded to make an ADC with more than 
eight bits. 

When it is necessary to cascade two SAR's, the second 
SAR must have a stable resettable state to remain in while 
awaiting a subsequent start signal. However, the first stage 
must not have a stable resettable state while recycling, 
because during switch-on or due to outside influences, the 
first stage has entered a reset state, the entire ADC will 
remain in a stable non-functional condition. 

This 12-bit ADC is continuously recycling. The serial 
as well as the parallel outputs are updated every thirteenth 
clock pulse. The EOC pulse indicates the completion of 

FIGURE 2 - EXTERNALLY CONTROLLED 6-BIT ADC 

c 
SC 

MC145498, Sout 

oo 01 02 03 04 os os 01 FF EOC 

To DAC 

FIGURE 3 - CONTINUOUSLY CYCLING 8-BIT ADC 

c 
Sout 

SC 'MC14559B 

To DAC 

@ MOTOROLA Semiconductor Product• Inc. 
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FIGURE 4 - CONTINUOUSLY CYCLING 12·BIT ADC 

To OAC 

the 12·bit conversion cycle, the end of the serial output 
word, and the validity of the parallel data output. 

Externally Controlled 12·Bit ADC (Figure 5) 
In this circuit the external pulse starts the first SAR 

and simultaneously resets the cascaded second SAR. When 
04 of the first SAR goes high, the second SAR starts 
conversion, and the first one stops conversion. EOC indi· 
cates that the parallel data are valid and that the serial 
output is complete. Updating the output data is started 
with every external control pulse. 

To OAC 

EOC' 

Additional Motorola Parts for Successive 
Approximation ADC 

Monolithic digital-to-analog converters - The MC1408/ 
1508 converter has eight-bit resolution and is available 
with 6, 7, and 8-bit accurac;y. The amplifier-comparator 
block - The MC1407 /1507 contains a high speed oper· 
ational amplifier and a high speed comparator with ad· 
justable window. 

With these two linear parts it is possible to construct 
SA-ADCs with an accuracy of up to eight bits, using as the 
register one MC14549B or one MC14559B. An additional 
CMOS block will be necessary to generate the clock fre
quency. 

Additional information on successive approximation 
ADC is found in Motorola Application Note AN-716. 

FIGURE 5- EXTERNALLY CONTROLLED 12-BIT ADC 

C Sout 
SC 

MC14559B 

([!} MOTOROLA Semiconductor Product• Inc. --------' 
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256-BIT STATIC RANDOM ACCESS MEMORY 

The MCM 14552 is a static random access memory (RAM) organ
ized in a 64 x 4 bit pattern. The three chip enable inputs can be used 
as extensions of the six address inputs, creating 9-bit address scheme. 
Eight MCM 14552 devices may be used to comprise a 2048-bit mem
ory (512 x 4) without additional address decoding. 

The mode control (M) is used to change the control logic charac
teristic of the circuit. For example,with M high, the 3-state input 
(T) fully controls the. 3-state characteristic of the output. With M 
low, the output 3-state characteristic is controlled by chip enable 
inputs (CE), write enable input (WE) and T. The latch enable (LE) 
input provides flexibility for holding output data unchanged during 
write operations as well as increasing the outpuuing of paired words. 

The memory is designed so that de signals may operate the mem
ory, with no maximum pulse width restrictions. 

Medium speed, micropower operation, and control flexibility 
make the device useful in scratch pad or buffer applications where 
battery operation or high noise immunity are required. 

• Quiescent Current= 50 µA/package typical@ 5 Vdc 

• Noise Immunity= 45% of VDD typical 

• 3-state Output Capability for Memory Expansion 

• Output Data Latch Eliminates Need for Storage Buffer 

• Access Time= 700 ns typical@ VDD = 10 Vdc 

• Fully Decoded and Buffered 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VoD + o.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 . mAdc 

Operating Temperature Range - AL Device TA -55 to +125 oc 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 OC 

This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages 
to this high impedance circuit. For proper operation it is recommended that 
Vin and Vout be constrained to the range Vss ~(Vin or V0 utl ~ VDD· 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either 
V55or VDD· 
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MCM14552 

McMOS LSI 
(LOW.POWER COMPLEMENTARY MOS) 

256-BIT (64x 4) STATIC 
RANDOM ACCESS MEMORY 

LSUFFIX 
CERAMIC PACKAGE 

CASE 716 

,.~ 
PSUFFIX 

PLASTIC PACKAGE 
CASE 709 

ORDERING INFORMATION 

MCM14XXX 

11
Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

PIN ASSIGNMENT 

24 

2 23 

3 22 

4 21 

5 20 

6 19 

18 

8 17 

9 16 

10 15 

11 14 

12 13 
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ELECTRICAL CHARACTERISTICS 

Voo 
Characteristi.c Symbol Vdc 

Output Voltage "O" Level VoL 5.0 
Vin= v00 or o 10 

15 

"1" Level Vo.H 5.0 
Vin=OorVoo 10 

15 

Input Voltage# "O" Level VtL 
IVo = 4.5 or 0.5 Vdc) 5.0 
(Vo= 9.0 or 1.0 Vdc) 10 
IVo = 13.5 or 1.5 Vdcl 15 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 
(Vo= 1.0 or 9.0 Vdc) 10 
IVo = 1.5 or 13.5 Vdcl 15 

Output Drive Current (AL Devic;e) IOH 
(VoH = 2.5· Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc)' 10 
IVoH = 13.5 Vdc) 15 

(VoL = 0.4 Vdc) Sink loL 5.0 
IVoL = 0.5 Vdc) 10 
(VoL = 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
IVoH = 4.6 Vdc) 5.0 
IVoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdc) Sink loL 5.0 
(VoL = 0.5 Vdc) 10 
(VoL = 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent.Current (AL Device) too 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) loo 5.0 
(Per Package) 10 

15 

Total Supplv, Current•• t ly 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

. (CL = 50·pF ~n all outputs, all 
buffers switching) 

Three-State Leakage Current ITL 15 
(AL Device) 

Three-State Leakage Current ITL 15 
(CL/CP Device) 

*Trow= -55°C for AL Device, -40°c for CL/CP Device. 
Thigh= +125°c for AL Device, +85°c for CL/CP Device. 

"1'Noise immunity specified for worst-case input combination. 

Ttow * 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 

- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -

0.52 -
1.3 -
3.6 -
- ±0.1 

- ±1.0 

- -

- 5.0 
- 10 
- 20 

- 50 
- 100 
- 200 

- ±0.1 

- ±1.0 

Noise Margin fc:>r both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ VDo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current-at loads other than 50· pF: 
IT(CLI = IT(50 pF) + 4 x 10-3 (CL -50) Vo of 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 

- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 1.5 -

- 2.25 1.5 
- 4.50 3.0 
- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 :...1.7 -
-0.2 -0.36 -
-0.5 -0:9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -

0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±1.0 

- 5.0 7.5 

- 0.050 5.0 
- 0.100 10 
- 0.150 20 

- 0.050 50 
- 0.100 100 
- 0.150 200 

11- = 11.98 µA/kf:iz) f + too 
IT = (3.96 µA/kHz) f + I DD 
IT =(5.86' µA/kHzl f + too 

- ±0.00001 ±0.1 

- ±0.00001 ± 1.0 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
•*The formulas given are for the typical characteristics only at 25°C. 

Th!l_h* 
Min Max Unit 

- 0.05 Vdc 
- 0.05 
- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vdc 
7.0 -

11.0 -
mAdc 

-0.7 -
-0.14 ~ 

-0.35 -
-1.1 -
0.36 - mAdc 
0.9 -
2.4 -

mAdc 
-0.6 -

-0.-12 -
-0.3 -
-1.0 -

0.36 - mAdc 
0.9 -
2.4 -
- ±1.0 µAde 

- ±14.0 µAde 

- - pF 

- 150 µAde 
- 300 
- 600 

- 375 µAde 
- 750 
- 1500 

µAde 

- ±3.0 µAde 

- ±7.5 µAde 

@ M~TOROLA Semlcond~c'for Produc'fe Inc •. ______ .... 
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SWITCHING CHARACTERISTICS* (CL= 50 pF, TA= 25°c1 

VDD Typ Max 

Characteristic Figure Symbol Vdc All Types AL Device CL/CP Device Unit 

Output Rise Time 1 tr ns 
tr - (3.0 ns/pF) CL+ 30 ns 5.0 180 350 400 
tr= (1.5 ns/pF) CL+ 15 ns 10 90 150 200 
!r = (1.1 ns/pF) C~ + 10 ns 15 65 110 160 

Output Fall Time 1 tf ns 
tf = (1.5 ns/pF) CL+ 25 ns 5.0 100 175 200 
tf =.(0.75 ns/pF) CL+ 12.5 ns 10 50 75 100 
tf = (0.55 ns/pF) CL+ 9.5 ns 15 37 55 80 

Read Cycle Time 1,2 tcyc(R) 5.0 .2000 3000 6000 ns 
\ 

10 750 1100 2200 
15 500 825 1650 

Write Cycle Time 3.4 tcyc(W) 5.0 1200 1800 3600 ns 
10 750 1100 22.00 
15 500 825 1650 

Address to Strobe Setup Time 1,3 tsetup(A..$T) 5.0 500 750 1500 ns 
10 150 225 450 

_'.c 15 120 170 350 
Strobe to Address Hold Time 1,3 thold(ST-A) 5.0 .50 75 150 ns 

10 0 35 100 
15 0 25 75 

Address to C,hip Enable Setup Time 2;4 tsetup(A-CE) 5.0 600 900 1800 ns 
10 200 300 600 
15 150 225 450 

Chip Enable to Address Hold Time 2.4 thold(CE-A) 5.0 150 225 450 ns 
10 100 150 300 
15 75 120 225 

Strobe or Chip Enable Pulse Width When Reading 1,2 PW(R) 5.0 450 900 1800 ns 
10 150 225 450 
15 100 170 350 

Strobe or Chip Enable Pulse Width When Writing 3.4 PW(W) 5.0 1200 1800 3600 ns 
10 600 900 1800 
15 400 675 1350 

Read Setup Time 1 tsetup(R) 5.0 -100 30 0 ns 
10 -40 10 0 
15 -30 7.5 0 

Read Hold Time 1 thold(R) 5.0 180 360 540 ns 
10 60 180 240 
15 45 140 180 

Data Setup Time 3.4 tsetup(D) 5.0 600 900 1800 ns 
10 200 300 600 
15 150 225 450 

Data Hold Time 3.4 thold(D) 5.0 200 300 600 ns 
10 50 75 150 
15 30 60 120 

*The formula given is for the typicai characteristics only. (continued) 
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MCM14552 

SWITCHING CHARACTERISTICS* (CL= 50 pF, TA= 25°Cl (continued) 

Characteristic 

Write Enable Setup Time 

Write Enable Hold Time 

Read Access Time from Strobe 

Read Access Time from Chip Enable 

Output Enable/Disable Delay from Chip Enable or 
Write Enable 

Three-State Enable/Disable Output Delay 

Latch· to Output Propagation Delay 

.*The formula given is for the typical characteristics only. 

LOGIC DIAGRAM 

M 

Figure Symbol 

3,4 tsetup(WE) 

3,4 thold(WE) 

1,3 tacc(R-ST) 

2 tacc(R-CE) 

2,4 tR(CEI· 
tR(WE) 

2 t(T) 

1 t[E 

D;n D;n D;n D;n 

0 1 2 3 

4 6 8 10 

VDD 
Vdc 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15, 

5.0 
10 
15 

5.0 
10 
15 

Typ 
All Types 

240 
80 
55 

50 
20 
15 

2000 
700 
350 

2100 
750 
400 

400 
200 
150 

400 
160 
120 

500 
200 
150 

LE 
20 

WE 11 

S'T20----~~-+--+-----------I--""+--+-+---------. 

CE1 23 

CE2 22 

CE3 21 

A5 18 0-----------1 

A4 1,7 o----------1 

A3 16 0-----------1 

A2150------------1 

3 to 8 

Decoder 

3 to8 

A 1 14 ~----------1 Decoder 

AO 13 0-----------1 

Write 
Circuitry 

64 x 4 

Memory 

Array 

DO 00 

D1 01 

Latches 

D2 02 

D3 03 

vDD =Pin 24 
v55 =Pin 12 

Max 

AL Device CL/CP Device Unit 

'T 
19 

480 
160 
120 

100 
40 
30 

3000 
1050 
800 

3150 
1100 
825 

600 
400 
300 

600 
240 
180 

750 
300 
225 

720 ns 
240 
180 

150 ns 
60 
45 

6000 ns 
2100 
1600 

6300 ns 
2250 
1700 

1200 ns 
600 
450 

1200 ns 
480 
360 

1500 ns 
600 
450 

3 Dout 0 

5 Dout 1 

7 Dout2 

9 Dout 3 

.___ ______ @ MOTOROLA Semiconduc'for Produc'fs Inc. 
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MCM14552 

Address 

Write Enable 

Latch Enable 

Data Out 

FIGURE 1 - READ CYCLE WAVEFORMS UTILIZING STROBE TO ACCESS MEMORY 

tsetup(R) 

tcyc(R) 

'"'~"~ @--------- ::: 
,.------....... ,--------- vDD 

50% 

Vss 
i.---- PW(R)-----

,__ __ .....;... ______ vDD 

50% 

---------- Vss 

----vDD 
50% 

1'-----Vss 

'•~(R~l ~ :~O:~OL 
~~~-----------------__;,1~00;.;.% 50%VoH 

tr,tf 

Notes:, 1 - CE1, CE2, CE3 and Tare low, Mis high. 
2 - WE may be held high during the complete read cycle. 

FIGURE 2 - READ CYCLE WAVEFORMS UTILIZING CHIP ENABLE TO ACCESS MEMORY 

-t=""'1-------- tcyc(R) :J . 
Address ·--0=---------'-------.J}I( 50% 

thold(A-CE) 

vDD 

Vss 

------- ---------vDD 

'--------- Vss · 

Chip Enable 50% 

Three:State ~VDo 
---------'----'-------.... -~ _ _____/ Vss 

------1 tR(CE) f-- tp(CE). •. - . .. 

Data Out 
-----...,.,..,,...,..,.,,..,..,...,..,,.. - - ·~. VoH 

~i 50% 

Notes: 1 - Unused CE, ST, M and 'fare low and WE i~ high. 
2 - High impedance output state occurs when .any CE is high 

and M is low, or when 'f is high. 
3 - The output displays data from the previous state. 

4 - PW(R);;. tacc(A-CE)max· 

VoL 

@ MOTOROLA Semiconducf:or Producf:s Inc. 
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MCM14552 

FIGURE 3 - WRITE CYCLE WAVEFORMS UTILIZING STROBE 

Write Enable 

Data In 

· Notas: 1 - CE1, CE2, CE3 and 'fare maintained at the logical "O" level. 
2 - Mis maintained at the logical "1" level. 
3 - The output displays the contents of the previous state. 
4 - The output displays the contents of the presently addressed location as in .a 

read modify write cycle. I 

5 - Tha output displays the data that was written into addressed location. 

FIGURE 4-WRITE CYCLE WAVEFORM UTILIZING CHIP ENABLE 

Address · --------.*50% 

· ~1------tcyc(W)-----i-
VDD 

Vss 
thold(A-CEl---1 _ ~ 

tsetup(A-CE) I .r--------..-----------'--vDD 
Chip Enable 

Write Enable 

Data In 

Data Out 

50% 
Vss 

..... -----vDD 
50% 
------Vss 

---------.--,1------~vDD 

-----+------.--,1----_,1'--' ,.._---------1------vss 

,.----VoH 

----voL 
Notes: 1 - High impedance output state occurs when CE is high or when WE 

is low, for M and "F maintained in the low state. 
2 - Unused CE's, ST, Mand 'fare maintained at the logical "0" level. 

<E!J. MOTOROLA. Semiconduc'for P'rod1ri1c'fs· Inc. 



MCM14552 

TRUTH TABLE 
Function CE 1 CE 2 CE 3 'f 

Address x x x x 
Changing x x 1 x 
Valid x 1 x x 

1 x x x 
Address Changing 0 0 0 x 

Not Valid 

Dout Disabled 
Un high resistance state) x x 1 x 

x 1 x x 
1 x x x 
x x x 1 
x x x x 

Dout Enabled 0 0 0 0 
Un active state) x x x 0 

Read Addressed 0 0 0 x 
Memory Location 
Into Output Latch 

Disable Reading x x 1 x 
From Memory x 1 x x 

1 x x x 
x x x x 
x x ·X x 

Write Into Memory 0 0 0 x 
Write Disabled x x 1 x 

x 1 x x 
1 x x x 
x x x x 
x X, x x 

Output Latch Enabled 0 0· 0 X, 

Output Latch Disabled x x 1 x 
x 1 x x 
1 x x x 
x x x x 
x x x x 

R = High resistance state at Dout· 
A = An active level of either Voo or V55. 

RIA =An R or A condition depending on the don't care condition. 

LE M 

x x 
x x 
x x 
x x 
x x 

x 0 
x 0 
x 0 
x x 
x 0 

x x 
x 1 

0 x 

x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
0 x 
x x 
x x 
x x 
1 x 
x x 

ST WE Din Dout Comments 

1 x x R/A Dout will be active if all 
x x x R/A CE • o. 'f • o and WE • 1 
x x x R/A orifM•1andT•O 
x x x R/A 

0 x x R/A Dout will be active if f • 0 
and WE = 1 or if M • 1 
andT•O 

x x x R Disables write circuitry 
x x x R 
x x x R 
x x x R 'I' • 1 always disables Dout 
x 0 x R M = 0 and write operation 

disables Dout 
x 1 x A Read operation~ Dout active 
x x x A Read or write,~ active 

0 x x R/A If WE = 0, Din • Dout 

x x x R/A 
x x x R/A 
x x x A/A 
1 x x R/A 
x 0 x R/A 

0 0 A R/A 

x x x R/A 
x ·X x R/A 
x x x R/A 
1 x x R/A 

x 1 x A/A 

0 x x R/A 

x x x R/A 

x x x R/A 
x x x R/A 

x x x R/A 

1 x x R/A 

X ~ Don't care condition (must be in the "1" or "O" state}. 
=A high level at VDD· 
= A low level at V55. 

FIGURE 5 - 512 WORD x 16 BIT MEMORY BOARD Data Inputs 

DO 01 D2 D3 

1111 
AS ...,o---------a CE3 
A7 ~ CE2 
A6 ~ CE1 
A5v A5 
A4~ A4 

A3..., A3 
A2~ A2 
A1o A1 
AO v AO 

Ail Mand CE' 
inputs are 
grounded 

,-c S'f 
+--< 'f 

AS O<">-''+---l--'1-+-+-+--+---<1 CE3 
A7 ~-+--i--<i-+-+--+--+--o ce2 
A6 ~~+-+--1-+-+-+--+---a CE 1 

'--f--< A5 
"'---1----< A4 

'-----+--a A3 
'-----+---<1 A2 

'-------n A1 
'------+---a AO 

+-c5T 
Board Strobe <'>...,-------.n T 

l.M
1
CM1 4552, 

: 32 places 

I 

..._l~-.---.-.-,---..,...... 

DO D1 D2 03 

D4 D5 D6 D7 DS D9 D10D11 D12 D13D14 D15 

D4 D5 D6 D7 DS D9D10D11 012 013 014 015 

Data Outputs 

@ MOTOROLA Se,;,.lconduc'for Produc'f• Inc. 
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NIOTOROLA 
Semiconduc-tors 
BOX 20912 •PHOENIX, ARIZONA 85036 

THREE-DIGIT BCD COUNTER 

The MC145538 three-digit BCD counter consists of three negative 
edge triggered BCD counters that are cascaded synchronously. A 
quad .latch at the output of each counter permits storage of any 
given count. The information is then time division multiplexed, 
providing one BCD number or digit at a time. Digit select outputs 
provide display control. All outputs are TTL compatible. 

An on-chip oscillator provides the low-frequency scanning clock 
which drives the multiplexer output selector. 

This device is used in instrumentation counters, clock displays, 
digital panel meters, and as a building block for general logic 
applications. 

• TTL Outputs 

• On-Chip Oscillator 

• Cascadable 

• Clock Disable Input 

• Pulse Shaping Permits Very Slow Rise Times on Input Clock 

• Output Latches 

• Master Reset 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

DC Current Drain per Pin I 10 

DC Current per Pin, All Outputs I 20 

Operating Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

TRUTH TABLE 

INPUTS 

MASTER 
RESET CLOCK DISABLE LE OUTPUTS 

0 ~ 0 0 No Change 

0 ~ 0 0 Advance 

0 x 1 x No Change 

0 1 ~ 0 Advance 

o. 1 ~ 0 No Change 

0 0 x x No Change 

0 x x ~ Latched 

0 x x 1 Latched 

1 x x 0 oo·= 01=02 .. 
03= 0 

X • Don't Care 

5-410 

Unit 

Vdc 

Vdc 

mAdc 

mAdc 

OC 

oc 

MC14553B 

McMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

THR EE-DIG'IT BCD COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC14XXXB 1tSuffix Denotes 

· L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

12 

10 

11 

13 

Temperature Range 

BLOCK DIAGRAM 

4 3 

C1A c1s 00 

Clock 01 

02 
LE 

Dis 
051 

MR 
053 

vDD =Pin 16 
Vss =Pins 

9 

6 

14 

15 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vin and 
Vout be constrained .to the range Vss :i;;;;; 
(Vin or Voutl :i;;;;; VDD· 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VssorVDDl· 



ELECTRICAL CHARACTERISTICS 

Voo 
Cherecteriltlc Symbol Vdc 

Output Voltage "O" Lewi Vol 5.0 
Vin=VooorO 10 

16 

"1" Level VoH 6.0 
Vin=OorVoo 10 

16 

Input Voltage# "0" Level V1L 
!Vo'." 4.6 or 0.6 Vdc) 5.0 
(Vo• 9.0 or 1.0 Vdc) 10 
(Vo= 13.5 or 1.6 Vdc) 15 

"1" Level V1H 
(Vo= 0.6 or 4.5 Vdc) 5.0 
!Vo= 1.0 or 9.0 Vdcl 10 
(Vo= 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) · loH 
IVoH = 4.6 Vdc) Source 6.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(Vol= 0.4 Vdc) Sink-Pin 3 loL 5.0 
!Vol= 0.5 Vdcl 10 
!Vol= 1.5 Vdcl 15 

!VoL = 0.4 Vdc) Sink-Other Outputs loL 5.0 
(Vol= 0.5 Vdcl 10 
!Vol= 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) loH 
(VoH = 4.6 Vdc) Source 5.0 
(VoH = 9.5 Vdc) 10 
IVoH = 13.5 Vdc) 15 

(Vol= 0.4 Vdc) Sink-Pin 3 IOL 5.0 
!VoL = 0.5 Vdcl 10 
IVoL = 1.5 Vdcl 15 

(VoL = 0.4 Vdc) Sink-Other Outputs IOL 5.0 
!Vol= 0.5 Vdcl 10 
(Vol= 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin=Ol 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) loo 5.0 
(Per Package) 10 

15 

Total Supply Current**t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL= 50 pF on all outputs, all 
buffers switching) 

*T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°c for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

T1ow• 

Min Mix 

- 0.06 
- 0.06 
- 0.06 

4.96 -
9.96 -
14.96 -

- 1.5 
- 3.0 
- 4.0 

3.6 -
7.0 -
11.0 -

-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -
3.0 -
6.2 -
19 -

-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
2.4 -
3.8 -
10 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 50 
- 100 
- 200 

Noise Margin for both "1" and "O" level = 1.0 Vdc min@ VDD = 5.0 Vdc 
2.0 Vdc min@ VDD = 10 Vdc 
2.5 Vdc min@. VDD = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
ITICLI = IT(50 pF) + 4 x 10-3 (CL -50) VDDf 

25°C 

Min Typ Mix 

- 0 0.06 
- 0 0.06 
- 0 0.05 

4.96 6.0 -
9.95 10 -
14.96 16 -

- 2.26 1.5 
- 4.50 3.0 
- 6.76 4.0 

3.6 2.75 -
7.0 6.50 -
11.0 8.26 -

-0.20 -0.36 -
-0.50 -0.9 -
-1.5 ·-3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -
2.5 4.0 -
5.0 8.0 -
15 20 -

-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
2.0 4.0 -
3.0 8.0 -
8.4 20 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.010 5.0 
- 0.020 10 
- 0.030 20 

- 0.010 50 
- 0.020 100 
- 0.030 200 

IT = (0.35 µA/kHz) f + I DD 
IT= I0.85 µA/kHz) f + loo 
IT= (1.50 µA/kHz) f + I DD 

where: IT is in µA (per package), Cl in pF, VDD in Vdc, and fin kHz is input frequency. 
**The formulas given are for the typical characteristics only at 2s0 c. , 

Thigh* 

Min Mix 

- 0.05 
- 0.06 
- 0.05 

4.95 -
9.95 -
14.96 -

- 1.6 
- 3.0 
- 4.0 

3.5 -
7.0 -
11.0 -

-0.7 -
-0.35 -
-1.1 -
0.36 -
0.9 -
2.4 -
1.6 -
3.5 -
10 -

-0.12 -
-0.3 -
-1.0 -
0.36 -
0.9 -
2.4 -
1.6 -
2.5 -
7.0 -
- ±1.0 

- ±1.0 

- -

- 150 
- 300 
- 600 

- 375 
- 750 
- 1500 

@ MOTOROLA Semiconductor Products Inc. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 
II 

µAde 

pF 

µAde 

µAde 

µAd1; 



MC145538 

SWITCHING CHARACTERISTICS* (CL• 60 pF, TA• 26°CI 

Min 

AL CL/CP Typ 
Chlracteristic Figure ~bol Vnn Device Device AH Types 

Output Rise Time 3a tr 
tr• (3.0 ns/pF) CL+ 30 ns 5.0 - - 180 
tr• (1.5 ns/pF) CL+ 15 ns 10 - - 90 
tr• (1.1 ns/pF) CL+ 10 ns 15 - - 65 

Output Fall Time 3a tf 
, tf • 11.5 ns/pF) CL+ 25 ns 5.0 - ·- 100 
tf • (0~75 ns/pF) CL+ 12.5 ns 10 - - 1)0 
tf"' (0.55 ns/pF) CL+ 9.5 ns 15 - - 37 

Clock to BCD Out tPLH• 5.0 - - 900 

3a tpHL 10 - - 500 
15 - - 300 

Clock to Overflow 3a tPHL 5.0 - - 600 
10 - - 400 
15 - - 200 

Reset to BCD Out 3b tpHL 5.0 - - 900 
10 - - 500 
15 - - 300 

Clock to Latch Enable Setup Time 3b tsetup 5.0 - - 300 
10 - - 200 
15 - - 100 

Minimum Clock Pulse Width 3a PWc 5.0 - - 275 
10 - - 100 
15 - - 75 

Minimum Reset Pulse Width 3b PWR 5.0 - - 200 
10 - - 125 
15 - - 75 

Input Clock Frequency 3a tc 5.0 0.9 0.7 1.5 
10 2.5 2.0 5.0 
15 3.5 '2.5 7.0 

Input Clock Rise Time 3b tr 5.0 - - -
10 - - -
15 - - -

Scan Oscillator Frequency 2 fosc 5.0 - - 0.4/C1 
10 - - 1.2/C1 

15 - - 1.6/C1 

•The formula given is for the typical characteristics only. 

FIGURE 1 - AMBIENT TEMPERATURE POWER DERATING 

1200 

i 
~ 1000 

~ 
~~ 800 
Q"' a:..., 
~,:; 600 
IC a: 
:E ~ 
i 400 

~ 
:E 
~ 200 

[S 

[S 

0 
25 

~ 
rs:J 

.......... b.. lS 
'b... ' l:::::_CL DEVICE 

...... 
!'>.... ~ 

CP DEVICE" lS ,AL DEVICE 

:'5. 

50 75 85 100 125 150 175 
TA, AMBIENT TEMPERATURE (DC) 

Max 
AL CL/CP 

Device Dwice Unit 

ns 

350 400 
150 200 
110 160 

ris 
175 200 
75 100 
55 80 

1500 2000 ns 
800 1000 
600 750 

1000 1300 ns 
600 800 
450 600 

1300 2000 ns 
700 1000 
525 750 

700 900 ns 
350 500 
265 375 

410 550 ns 
150 200 
110 150 

400 600 ns 
200 300 
150 ' 225 

- - MHz 
- -
- -
No No ns 

Limit Limit 

- - Hz/µF 
- -
- -

@ MOTOROLA Se11niconductor Products Inc.-------
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FIGURE 2 - 3-DIGIT COUNTER TIMING DIAGRAM (Reference Figure 4) 
0 

-NM~m~~m~e:~~~~~~ ~~1mg;~~~~~~1~~§ !§i~i~~i~;imm~, 
Units Clock ~ . 1Il.J1Jll1IU1J1 

11111111 Ill 111111 111 1111111 1111 It I .,.w·,...,·:-i :-: :.....: :-: ,J..: 
~-~·..1:!-J LJ !--J !..J !....J !....J~l-

1 I I I 11 I I . I I I fl I I I I It :1 I I I I II 
~-~--1-a.-_JL__Jl_jl_ 

I I I' . I I II I I I '1 I I 11 
. ~ : I ·. r---"~-1.L_____r---i__i.L 

- ~ 111 111.11 .. ~ 
! 1 ! .___f!'L__fll_ il_ L_____J IL ______ _, 11 II 11 11 II 

Units QO 

Units 01 

Units 02 

Units Q3 

___ __. .______ n n .JL.J IL 
-r-------; .-- 11 1 I ., ,... --------., L'il_.1 IL 
_____________ ...,11 --4 :1 

Tens Clock 

TensOO _______ __, 

Tens03 ______________ \ 1L_' 1L-'\upat9so 1L 
Hundreds ' Up at SO 11 11 I I 

Clock --------------·-----------~·-fl-· fl-
HundredsOO 

____________________________________ __,r-·_J IL 

Hundreds 03 ------------------------------ \Up at 800 " 
Disable 1 (Disables Clock When High) 

Overflow -----------------------------------------~ 

(a) 

Master 
Reset 

Pulse 
Generator 

(b) 

Generator 
1 

Generator 
2 

Generator 
3 

c 

LE 

Dis 

MR 

c 

LE 

MR 

Dis 

FIGURE 3- SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 

16 vDD 

03 20ns 
:::r::CL 02 

01 
:::r::CL-:-

60% 

oo :::r::CL-:-

O.F. :::r::CL-:-

551 *CL-:-

552 

553 Overflow 

8 Vss 

-= 
vDD 

03 

02 :::LCL 

01 '.:t CL -:- Internal 

:::r::CL-:- Latch Data oo Input '.:t CL -:-O.F. 

Ds1 *CL-:- Latch Enable 

Ds2 

Ds3 BCD Out 

Vss ~PHL 
Reset 

60%, 

-= 

@ 
PWR 
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OPERATING CHARACTERISTICS 
The MC14553B three-digit counter, shown in Figure 4, 

consists of three negative edge-triggered BCD .counters 
which are cascaded in a synchronous fashion. A quad latch 
at the output of each of the three BCD counters permits 
storage of any given count. The three sets of BCD outputs 
(active high), after going through the latches, are time 
division multiplexed, providing one BCD number or digit 
at a time. Digit select outputs (active low) are provided 
for display control. All outputs are TTL compatible. 

An on-chip oscillator provides the low frequency scan
ning clock which drives. the multiplexer output selector. 
The frequency of the oscillator can be controlled ex
ternally by a capacitor between pins 3 and 4, or it can be 
overridden and driven with an external clock at pin 4. 
Multiple devices can be cascaded using the overflow 
output, which provides one pulse for every 1000 counts. 

The Master Reset input, when taken high, initializes the 
three BCD counters and the multiplexer scanning circuit. 
While Master Reset is high the digit scanner is set to digit 
one; but all three digit select outputs are disabled to 
prolong display life, and the scan oscillator is inhibited. 
The Disable ·input, when high, prevents the input clock 
from reaching the counters, while still· retaining the last 
count. A pulse shaping circuit at the clock input permits 
the counters to continue operating on input pulses with 
very slow rise times. Information present in the counters 
when the latch input goes high, will be stored in the 
latches and will be retained while the latch is high, 
independent of other inputs. Information can be recovered 
from the latches after the counters have been reset if 
Latch Enable remains high during the entire reset cycle. 

FIGURE 4 - EXPANDED BLOCK DIAGRAM 

Clock 
12 

Pulse 
Shaper 

11 
Disable 
(Active 
High) 

MR 
(Active High) 

c 01 

02 
R 

-:-10 
Units 

c 
01 

R -:-10 
Tens 

01 

R +10 02 
.03 

Hundreds 

Overflow 

Quad 
Latch 

Quad 
Latch 

5-414 

Multiplexer 
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Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor .applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 
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is believed to be entirely reliable. However, no respon$ibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 
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2-BIT BY 2-BIT PARALLEL BINARY MULTIPLIER 

The MC14554B 2 x 2-bit parallel binary multiplier is constructed 
with complementary MOS (CMOS) enhancement mode devices. The 
multiplier can perform the multiplication of two binary numbers 
and simultaneously add two other binary numbers to the product. 
The MC14554B has two multiplicand inputs (XO and X1). two mul
tiplier inputs (YO and Y1), five cascading or adding inputs (KO, K1, 
MO, M1, and M2), and five sum and carry outputs (SO, S1, S2, C1 
[S3], and CO). The basic multiplier can be expanded into a straight· 
forward m-bit by n·bit pa~allel multiplier without additional logic 
elements. 

Application areas include arithmetic processing (multiplying/ 
adding, obtaining square roots, polynomial evaluation, obtaining 
reciprocals, and dividing). Fast Fourier Transform processing, digital 
filtering, communications (convoluation and correlation), and process 
and machine controls. 

• Oiode Protection on All Inputs 

• All Outputs Buffered 

• Ouiescept Current= 5.0 nA tYPical @ 5 Vdc 

• Straight-forward m-Bit By n-Bit Expansion 

• No Additional Logic Elements Needed for Expansion 

• Multiplies and Adds Simultaneously 

• Positive Logic Design 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced toVssl 

Rating Symbol Value 

DC Supply Voltage vDD -0.5to+18 

Input Voltage, All Inputs Vin -0.5 to VoD + 0.5 

Unit 

Vdc 

Vdc 

DC Current Dra.in per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 oc 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 OC 

MC14554B 

McMOS ~SI 
(LOW-POWER COMPLEMENTARY MOS) 

2-BIT BY 2-BIT PARALLEL 
BINARY MULTIPLIER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC'4XXX8

1 
tSuff1x Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

lhis device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 

, taken to avoid application of any voltage 
higher than. maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vin and 
Vout be constrained to the range Vss.;; 
(Vin or V0 utl.;; Voo-

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
V55or Vool. , 

BLOCK DIAGRAM EQUATIONS 

S=(XxY)+K+M 

14 XO so 11 Where: 

13 X1 x Means Arithmetic Times. 
15 YO S1 9 + Means Arithmetic Plus. 

Y1 s = S3 52 s1lso. x = X1XO, y = Y1YO, 
12 KO 52 K = K1 KO, M = M1 MO (Binary Numbers). 
10 K1 Example: 

Given: X=2(10),Y=3~11) 
K = 1 (01 ), M = 2!10) 

2 MO C1 [53'! 6 

3 M1 

5 M2 co 4 
Then: S = (2. x 3) + 1 + 2 = 9 

s = (10 x 11) + 01+10 = 1001 

Note: CO connected to M2 for this size multiplier. 
See general expansion diagram for other size multipliers. 

v 0 o =Pin 16 
Vss =Pins 



MC14554B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symj>ol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin=VooorO 10 

15 

"1" Level VoH 5.0 
Vin=OorVoo 10 

15 

Input Voltage# "O" Level V11.: 
IVo = 4.5 or 0.5 Vdc) 5.0 
IVo = 9.0 or 1.0 Vdcl 10 
IVo .. 13.5 or 1.5 Vdcl 15 

"1" Level V1H 
IVo"' 0.5 or 4.5 Vdcl 5.0 
IVo = 1.0 or 9.0 Vdcl 10 
IVo,. 1.5 or 13.5 Vdcl 15 

Output Drive Current (AL Device) IQH 
IVoH = 2.5 Vdc) Source 5.0 
IVoH-= 4,6 Vdc) 5.0 
IVoH = 9.5 Vdc) 10 
IVoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdc) Sink IQL 5.0 
IVoL = 0.5 Vdc) 10 
IVoL = 1.5 Vdc). 15 

Output Drive Current ICL/CP Device) IQH 
IVoH = 2.5 Vdc) Source 5.0 
IVoH = 4.6 Vdc) 5.0 
IVoH = 9.5 Vdc). 10 
IVoH = 13.5 Vdcl 15 

IVoL = 0.4 Vdcl Sink IQL 5.0 
IVoL = 0.5 Vdc) 10 
IVoL = 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current ICL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= Ol 

Quiescent Current (Ai. Device) 100 5_0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) loo 5.0 
(Per Package) 10 

15 

Total Supply Current .. t IT 5.0 
(Dyn'amic plus Quiescent, 10 
Per Package) 15 

ICL"' 50 pF on all outputs, all 
buffers switching) 

•T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

T1ow * 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
,1.3 -
3.6 -
- ±0.1 

- ±0_3 

- -

- 5_0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1'' and "0" level= 1.0 Vdc min@Voo "'5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc_min@ Voo ... 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CLI = IT(50 pf) + 3.5 x 10-3 (CL -501 Voot 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 
- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -
-1.0 -1.7 -
-0.2 -0.36 --
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0 .. 88 -
1.3 2.25 -
3.4 8.8 -

-"0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 .±0.1 

-- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- 0,015 20 

- 0.005 20 

- 0.010 40 
- 0.015 80 

IT= (1.0 µA/kHz) f + loo 
IT= (2.0 µA/kHz) f + loo 
IT= (3.0 µA/kHz) f + loo 

where: IT is in µA (per package), CL in pF. Voo in Vdc. and fin kHz is input frequency. 
••The formulas given are for the typical characteristics only at 25°c. 

Th!g_h* 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

·- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 -
0.9 -
2.4 -

-0.6 -
-0.12 -
-0.3 -
-1.0 -
0.36 -
0.9 -
2.4 -
-· ± 1.0 

- ± 1.0 

- -

- 150 
- 300 
- 600 

- 150 
- 300 
- 600 

------- @ MOTOROLA Semiconductor Products Inc. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF 

·•:. 
µAde 

µAde 

µAde 



MC14554B 

SWITCHING CHARACTERISTICS* (CL= 50 pF, TA= 25°Cl 

Characteristic 

Output A ise Time 
tr= (3.0 ns/pF) CL+ 30 ns 
tr= (1.5 ns/pF) CL+ 15 ns 
tr= (1.1 ns/pF) CL+ 10 ns 

Output Fall Time 
tf= (1.5 ns/pF) CL+ 25 ns 
tf = (0.75 ns/pF) CL+ 12.5 ns 
tf = (0.55 ns/pF) CL+ 9.5 ns 

Propagation Delay Time 
KO to CO 

tPLH· tPHL = (1.7 ns/pF) CL + 185 ns 
tPLH• tPHL = (0.66 ns/pF) CL+ 82 ns 
tPLH· tPHL = (0.5 ns/pF) CL+ 60 ns 

MO to 52 
tPLH·tPHL = (1.7 ns/pF) CL +595 ns 
tPLH• tPHL = (0.66 ns/pF) CL+ 247 ns 
tPLH• tPHL = (0.5 ns/pF) CL+ 185 ns 

*The formula given is for the typical characteristics only. 

FIGURE 1 - DYNAMIC POWER DISSIPATION 

WAVEFORMS 

20 ns 20 ns 

Symbol 

tr 

tf 

tPLH· 
tPHL 

Any Output Vol 
(50% Duty Cycle) 

All outputs connected to respective 
CL loads. f = system clock frequency. 

LOGIC DIAGRAM 

M1 Y1 MO 

4 
co 

3 

Multiplier 
Cell 

c 

5 
M2C>-----, 

M y 

Multiplier 
Cell 

Xl'41--1~-----t~--o 
Multiplier Multiplier X 

c 

6 
C1(S3) 

Cell Cell 

K 
10 

K1 

11 
so 

vDo 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

Max 

Typ AL CL/CP 
All Types Device Device Unit 

ns 
180 350 400 
90 150 200 
65 110 160 

ns 
100 175 200 
50 75 100 
37 55 80 

ns 

270 430 675 
115 170 290 
85 130 215 

680 1250 1700 
280 500 750 
210 380 570 

FIGURE 2 - DYNAMIC.SIGNAL WAVEFORMS 

20 ns 20 ns 

For KO to CO: 
Inputs XO, X1, YO, Y,1, K1, and M2 low, and inputs 
MO and M 1 high. 

For MO to S2: 
Inputs X1, Y1, and KO low, and inputs XO, YO, 
K1, M1, and M2 high. 

s 

c 

@ MOTOROLA Semiconductor Products Inc. -------~ 

5-418 



r MC145548 

Y (n-1) 

M(n-2) 

M(n-1) 

S(m + n-1) S(m + n-2) 

EXPANSION DIAGRAM 

m-Bit by n-Bit Parallel Binary Multiplier (Top View) 

Y and M • 
Y3 Y1 Y1 Voe 

Y(n-2) M2 Y2 MO 

XO M3 

S(m + n-3) S(m+2) S(m+1) S(m) 

S = (X x Y) + K + M Where: x means Arithmetic Times. 
+ means Arithmetic Plus. 

S =S(m+ n-1) S(m+ n-2) - --52 S1 SO 

MO 

M1 

co 

M2 

c;1 

S2 

Vss 

X= X(m.-1) X (m-2) - - · X2 X1 XO, Y = Y(n-1) Y(n-2) - - · Y2 Y1 YO 
K = K(m-1) K(m-2) · - - K2 K1 KO and M = M(n-1) M(n-2) - - - M2 M1 MO 
(Binary Numbers). 

Number of output binary digits = m + n 

YO 

XO 

X1 

KO 

so 

K1 

S1 

YO 

XO 

X1 

KO 

K1 

YO 

X2 

X3 

K2 

K3 ---~ 

---1: 
YO 

X(m-2) 

X(m-1) 

K(m-2) 

K(m-1) 

S(m-1) S3 S1 
S(m-2) S2 SO 

Number of packages = mxn/4 (For m or n or both odd select next highest even number.) 

X and K 

Circuit diagrams external to Motorola products are Included as a means of illustrating typical semiconductor applications; consequently, 
complete Information sufficient for construction purpases is not necessarily given. The Information In this Application Note has been care
fully checked and Is believed to be entirely reliable. However, no responsibility is assumed for Inaccuracies. Furthermore, such information 
does not convey to the purchaser of the semiconductor devices described any license under the patent rights of Motorola Inc. or others. 
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\. 

DUAL BINARY TO 1-0F-4 
DECODER/DEM UL TIP LEXER 

The MC145558 and MC145568 are constructed with comple
mentary MOS (CMOS) enhancement mode devices. Each Decoder/ 
Demultiplexer has two select i~puts (A and 8), an active low Enable 
input (E), and four mutually exclusive outputs (00, 01, 02, 03). 
The MC145558 has the selected output go to the "high" state, and 
the MC145568 has tHe selected output go to the "low" state, Ex
panded decoding such as binary-to-hexadecimal (1-of-16), etc., can 
be achieved by using other MC14555B or MC14556B devices. 

Applications include code conversion, address decoding, memory 
selection control, and demultiplexing (using the Enable input as a 
data input) in digital data transmission systems. 

• Diode Protection on All Inputs 

• Noise Immunity= 45% of VDo Typical 
• Active High or Active Low Outputs 
• Low Quiescent Current - 5.0 nA/package typical @ 5 Vdc 
• Expandable 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• All Outputs Buffered 
• Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vssl 

. Rating Symbol Value 

DC Supply Voltage VoD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + o.5 

Unit 

Vdc 

Vdc 

~rrent Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 oc 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 Oc 

BLOCK DIAGRAM 
MC14555B MC14556B 

A 00 4 2 A oo 4 

B 01 5 01 5 
3 B 

02 6 02 6 
E E 

03 03 

14 A 00 12 14 A oo 12 

B 
01 11 ,01 11 

1.3 13 B 
02 10 02 10 

,15 E 15 E 
03 03 9 9 

v 00 ·Pin 16 
Vss =Pina 

5-420 

MC14555B 
MC145568 

McMOS SSI 

(LOW-POWER COMPLEMENTARY MOS) 

DUAL BINARY TO 1-0F-4 
DECODER/DEMULTIPLEXER 

Active High Outputs - MC14555B 
Active Low Outputs - MC14556B 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC14XXXB 1 T:;Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

TRUTH TABLE 

INPUTS OUTPUTS OUTPUTS 
ENAB'LE SELECT MC14555B MC14556B 

E B A 03 0201 0003 02 01 oo 
0 0 0 0 0 0 1 1 1 1 
0 0 1 0 0 1 0 1 1 0 
0 1 0 0 1 0 0 1 0 1 
0 1 1 1 0 0 0 0 1 1 

1 x x 0 0 0 0 1 1 1 

X = Don't Care 

This device contains circuitry to .protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it· is advised that normal precautions be 
taken to avoid application of any voltage 
higher 'than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vin and 
Vout be constrained to the range Vss .;; 
(Vin or Voutl <VoD· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vssorv001. 

0 
1 
1 
1 

1 



MC14555B • MC14556S 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level VOL 5.0 
Vin= Voo orO 10 

15 

"1" Level VoH 5.0 
Vin= O or Voo 10 

15 

Input Voltage# "O" Level V1L 
(Vo= 4.5 or 0.5 Vdc) 5.0 
(Vo= 9.0 or 1.0 Vdc) 10 
(Vo= 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
(Vo = 0.5 or 4.5 Vdci 5.0 
(Vo= 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 or 13.p Vdc) 15 

Output Drive Current (AL Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(VoL = 0.4 Vdc) Sink loL 5.0 
(VoL = 0.5 Vdc) 10 
IVoL = 1.5 Vdc) 15 

Output Drive Current (CL/CP Device). IQH 
(VOH = 2.5 Vdc) · Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.? Vdc) 15 

(VoL = 0.4 Vdc) Sink loL 5.0 
(VoL = 0.5 Vdc) 10 
(VoL = 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device I 100 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) loo 5.0 
(Per Package) 10 

15 

Total Supply Current••t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

*T1 0 w = -55°C for AL Device, -40°c for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

;;Noise immunity specified for worst-case input combination: 

T1ow * 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 \ -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -
-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40· 
- 80 

Noise Margin for both "1" and "P" level = 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads o~her than 50 pF: 
IT(CL) = IT(50 pF) + 2 x 10-3 (CL -50) Voof 

2s0c 
Min Typ Max 

- 0 0.05 

- 0 0.05 

- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -
- 2.25 1.5 

- ~.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -
-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -
-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- t0.00001 ±0.3 

- 5.0 7.5 

- O:oo5 5.0 
- 0.010 10 
- 0.015 20 

- 0.005 20 

- 0.010 40 
- O.Q15 80 

IT = (0.85 µA/kHz) f + loo 
IT= (1.7 µA/kHz) f+ loo 
IT = 12.6 µA/kHzl f + •oo 

where: Ir is in µA (per package), CL in pF, Voo in Vqc, ard fin kHz is input frequency. 
•*The formulas given are for the typical charaeteristics only at 25°C. 

Th!t_h* 
Min Max 

- 0.05 

- 0.05 

- 0.05 

·4.95 -
9.95 -
14.95 -

- 1.5 

- 3.0 

- 4.0 

3.5 -
7 •. 0 -

11.0 -
-0.7 -

-0.14 -
--0.35 -
-1.1 -
0.36 -
0.9 -
2.4 -

-0.6 -
--0.12 -
-0.3 -
-1.0 -
0.36 -
0.9 -
2.4 -
- ± 1.0 

- ±1.0 

- -

- 150 
- 300 
- 600 

- 150 

- 300 
- 600 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF 

µAde 

µAde 

µAde 



MC14555B • MC14556B 

SWITCHING CHARACTERISTICS* CCL= 50 pF, TA= 25°c1 

Characteristic Symbol 

Output Rise Time tr 
tr = (3.0 ns/pFI CL + 30 ns 
tr= (1.5 ns/pF) cl·+ 15 ns 
tr= (1.1 ns/pFI CL+ 10 ns 

Output Fall Time tf 
tf = (1.5 ns/pFI CL + 25 ns 
tf = (0.75 ns/pF) CL+ 12.5 ns 
tf = (0.55 ns/pF) CL+ 9.5 ns 

Propagation Delay Time - A, B to Output tPLH· 
tPLH· tPHL = (1.7 ns/pF) CL+ 135 ns tPHL 
1PLH· tPHL = (0.66 ns/pFI CL+ 62 ns 
1PLH• tPHL = (0.5 ns/pF) CL+ 45 ns 

Propagation Delay Time - E to Output tPLH• 
tPLH· tPHL = (1.7 ns/pF) CL+ 115 ns tPHL 
tPLH· 1PHL = (0.66 ns/pF) CL+ 52 ns 
1PLH· tPHL = (0.5 ns/pF) CL+ 40 ns 

*The formula given is for the typical characteristics only. 

FIGURE 1 - DYNAMIC POWER DISSIPATION SIGNAL WAVEFORMS 
Input E low. 

A Inputs 
(50% Duty Cycle) 

B Inputs 
(50% Duty Cycle) 

Output Q1 

-------------- VoH 

"----------VOL 

All 8 outputs connect to respective CL loads. 
fin respect to a system clock. 

vDD 

5.0 
10 
15 

5.0 
10 
15 . 

5.0 
10 
15 

5.0 
10 
15 

LOGIC DIAGRAM 
( 1 /2 of Dual) 

A 

B 

"Eliminated for MC14555B 

Typ 
All Types Max All Types Unit 

ns 
180 360 
90 180 
65 130 

ns 
100 200 
50 100 
37 80 

ns 
220 440 
95 190 
70 140 

ns 
200 400 
85 170 
65 130 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 
Input A high, Input E low. 

Output03 
MC14555B ----"I 

QO 

Q1 

Q2 

Q3 

@ MOTOROLA Semiconductor Products Inc. __ __;. ____ __. 
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BOX 20912 o PHOENIX, ARIZONA 85036 

1-T0-64 BIT VARIABLE LENGTH SHIFT REGISTER 

The MC14557B is a static clocked serial shift register whose length 
may be programmed to be any number of bits between 1 and 64. The 
number of bits selected is equal to the sum of the subscripts of the 
enabled Length Control inputs (L 1, L2, L4, LS, L16, and L32) plus 
one. Serial data may be selected from the A or B data inputs with 
the A/B select input. This feature is useful for recirculation purposes. 
A Clock Enable (CE) input is provided to allow gating of the clock 
or negative edge clocking capability. 

The device can be effectively used for variable digital delay lines 
or si.mply to implement odd length shift registers. 
characteristics can be found on the Family Data Sheet. 

• Quiescent Current= 10 nA/package typical@ 5 Vdc 
• 1·64 Bit Programmable Length 
• 0 and Cl Serial Buffered Outputs 
• Asynchronous Master Reset 
• All Inputs Buffered 
• No Limit On Clock Rise and Fall Times 
• 8 MHz Operation@ Voo = 10 Vdc Typical 
• Supply Voltage. Range= 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vss l 
Rating Symbol Value 

DC Supply Voltage vDD -0.5.to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

LENGTH SELECT TRUTH TABLE 

L32 

0 

0 
0 
0 
0 
0 

L16 

0 

0 
0 
0 
0 
0 

0 

0 

LB 

0 

0 
0 

0 
0 
0 

0 

0 

L4 

0 

0 
0 

0 

0 

0 

L2 

0 

0 

.1 

0 
0 

0 
0 

0 

0 

L1 

0 
1 

0 
1 

0 

0 

0 
1 

0 

Register Length 

1-Bit 
2-Bits 

3-Bits 

4-Bits 

5-Bits 
6-Bits 

33-Bits 

34-Bits 

61-Bits 

62-Bits 

63-Bits 

64-Bits 

Note: Length equals the sum of the binary length 
control subscripts plus one. 
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McMOS LSI 
(LOW-POWER COMPLEMENTARY MOSI 

1-T0-64 BIT 
VARIABLE LENGTH 

SHIFT REGISTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC'4XXXB 1 tSuffix Denotes 

L Ceramic: Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

3 R 
4 c 
5 Ct 
6 B a 

A 
A/B Select 
L1 
L2 
L4 a 
L8 
L16 
L32 

v00 =Pin 16 

v55 =Pin a 

TRUTH TABLE 

Inputs Output 

R A/B Clock CE Q 

0 0 _r 0 B 

0 1 _r 0 A 

0 0 1 ""'\_ B 

0 1 1 ""-- A 

1 x x x 0 

O is the output of the first selected 
shift register stage. 

X = Don't Care. 

10 

11 

II 
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ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level VOL 5.0 
Vin= Voo oro 10 

15 

"1" Level VoH 5.0 
Vin= o or Voo 10 

15 

Input Voltage# "O" Level V1L 
(Vo= 4.5 or 0.5 Vdcl 5.0 
IVo = 9.0 or 1.0 Vdcl 10 
(Vo= 13.5 or 1.5 Vdcl 15 

"1" Level V1H 
IVo = 0.5 or 4.5 Vdcl 5.0 
(Vo = 1.0 or 9.0 Vdcl 10 
IVo = 1.5 or 13.5 Vdcl 15 

Output Drive Current (AL Device) loH 
IVoH = 2.5 Vdc) Source 5.0 
IVoH = 4.6 Vdcl 5.0 
IVoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdc) Sink IQL p.O 
IVoL = 0.5 Vdc) 10 
IVoL = 1.5 Vdc) 15 

Output Dri've Current ICL/CP Device) loH 
IVoH = 2.5 Vdc) Source 5.0 
IVoH = 4.6 Vdc) 5.0 
IVoH = 9.5 Vdc) 10 
IVoH = 13.5 Vdc) is 

IVoL = 0.4 Vdc) Sink loL 5.0 
IVoL = 0.5 Vdcl 10 
IVoL = 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) 100 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) loo 5.0 
'(Per Package) 10 

15 

Total Supply Current* *t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL= 50 pF on all outputs, all 
buffers switching) 

*T10 w = -55°C for AL.Device, -40°C for CL/CP·Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

!"Noise immunity specified for worst·case input combination. 

T1ow . 
Min Max 

- 0.05 
- 0.05 

- 0.05' 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64\ -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 50 
- 100 
- 200 

Noise Margin for both "1" and "O" level= 1.0 Vdc min@ Voo = ~-0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
ITICLl = ITl50 pF) + 1 x 10-3 (CL -50) Voof 

2s0 c Thjg_h* 

Min Typ Max Min Max Unit 

- 0 0.05 - 0.05 Vdc 
- 0 0.05 - 0.05 
- 0 0.05 - 0.05 

4.95 5.0 - 4.95 - Vdc 
9.95 10 - 9(95 -

14.95 15 - 14.95 -
Vdc 

- 2.25 1.5 - 1.5 
- 4.50 3.0 - 3.0 
- 6.75 4.0 - 4.0 

3.5 2.75 - 3.5 - Vdc 

7.0 5.50 - 7.0 -
11.0 8.25 - 11.0 -

mAdc 
-1.0 -1.7 - -0.7 -
-0.2 -0.36 - -0.14 -
-0.5 -0.9 - -0.35 -
-1.5 -3.5 - -1.1 -
0.51 0.88 - 0.36 - mAdc 
1.3 2.25 - 0.9 -
3.4 8.8 - 2.4 -

mAdc 
-0.8 -1.7 - -0.6 -

-0.16 -0.36 - -0.12 -
-0.4 -0.9 - -0.3 -
-1.2 -3.5 - -1.Q -
0.44 0.88 - 0.36 - mAdc 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -
- ±0.00001 ±0.1 - ±1.0 µAde 

- ±0.00001 ±0.3 ~ ±1.0 µAde 

- 5.0 7.5 - - pF 

- 0.010 5.0 - 150 µAde 
- 0.020 10 - 300 
- 0.030 20 - 600 

- 0.010 50 - 375 µAde 

- 0.020 100 - 750 

- 0.030 200 - 1500 

IT= (1.75 µA/kHz) f + loo µAde 
IT = (3.5 µA/kHz) f + I DD 
l.T = (5.25 µA/kHz) f + I DD 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
•*The formulas giv~n are for the typical characteristics only at 2s0 c. ' 

This device contains circuitry' to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit.· For J>roper 
operation it is recommended that Vin and 
Vout be constrained to the range Vss .;; 
(Vin or Voutl.;; Voo-

Minimum No. of Typical S~up Time 
Bits Selected s-.CE ns 

1 180 

2 120 
3 90 
5 60 
9 30 
17 0 
33 -30 

Length Sele1=t 
Lines.= 1 

None 

L1 

L2 
L4 
LS 
L16 
L32 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vssor Vool. 

SETUP TIME CHART 

The nature of the length select '1ogic causes the setup time to 
vary with the number of ·bits selected. The following table 
summarizes the typicctl variation at Voo = 10 V, TA= 25°c. 
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SWITCHl"IG CHARACTERISTICS* (Cl• 50 pF, TA• 25°CI 

Char.cteristic 

Output Rise Time 
tr .. (3.0 ns/pf) CL+ 30 ns 
tr• (1.5 ns/pF) CL+ 15 ns 
tr= (1.1 ns/pf) CL+ 10 ns 

Output Fall Time 
tf • (1.5 ns/pf) CL+ 25 ns 
tf • (0.75 ns/pF) CL+ 12.5 ns 
tf = (0.55 ns/pF) CL+ 9.5 ns 

Propagation Delay Time 
(C or CE to Q or Q) 

tPLH• tPHL • (1.7 ns/pF) CL+ 415 ns 
tPLH• tPHL = (0.66 ns/pF) CL+ 167 ns 
tPLH• tPHL = (0.5 ns/pf) CL+ 125 ns 

(R toOorQ) 
tPLH· tPHL = (1.7 ns/pF) CL+ 390 ns 
tPLH• tPHL = (0.66 ns/pF) CL+ 157 ns 
tPLH· tPHL = (0.5 ns/pF) CL+ 115 ns 

Minimum Clock Pulse Width 

Minimum Reset Pulse Width 

Maximum Clock Pulse Frequency. 
-

Maximum Clock Pulse Rise and Fall Time 

Data to Clock Setup Time (A or B to C or CE) 
L1, L2, L4, LB, L16, L32 = 0 

Data to Clock Hold Time (A or B to C or CE) 
L1, L2, L4, LB, L16, L32 =O 

.. •The formula given 1s for the typical characteristics only. 

1-bit length: 
C'E= o 

A/B= 1 
L 1 = L2 = L4 = LS = L 16 = L32 = 0 

Symbol Voo 
t, 

5.0 
10 
15 

tf 
5.0 
10 
15 

tPLH· 
tPHL 

5.0 
10 
15 

5.0 
10 
15 

PWc 5.0 
10 
15 

PWR 5.0 
10 
15 

PRF 5.0 
10 
15 

tr. tf 5.0 
10 
15 

tsetup 5.0 
10 
15 

thold 5.0 
10 
15 

TIMING DIAGRAM 

Min 

AL CL/CP 
Device Device 

- -
- -
- -

- -
- -
- -

- -
-: -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
1.7 0.83 
5.0 2.7 
6.7 3.3 

No No 
Limit Limit 

- -
- -
- -
- -
- -
- -

Max 

Typ AL CL/CP 
All Types Device Device Unit 

ns 
180 350 400 
90 150 200 
65 110 100 

ns 
100 175 200 
50 75 100 
37 55 80 

ns 

500 750 1250 
200 300 500 
150 225 375 

-iw 

475 715 1190 
190 285 475 
140 210 350 

220 330 660 ns 
68 100 200 
50 75 150 

300 450 900 nJ 
90 135 270 
60 90 180 

2.5 - - MHz 
8.0 - -
10.5 - -
- - - -
- - -
- - -

450 675 1350 ns 
1BO 270 540 
135 200 400 

-450 -300 -150 ns 
-180 -120 -:60 

, -135 -90 -45 

@ MOTOROLA Semiconduc~o,. PToducU Inc.--------
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NIOTOROLA 
Semicon~ucfors 
BOX 20912 • PHOENIX, ARIZONA 85036 

BCD-TO-SEVEN SEGMENT DECODER 

The MC14558B decodes 4-bit binary coded decimal data depen· 
dent on the state of auxiliary' inputs, Enable and RB I, and provides an 
active high seven-segment output for a display driver. 

An auxiliary input truth table is shown, in addition to the BCD 
to seven-segment truth table, to indicate the functions available with 
the two auxiliary inputs. · 

Leading Zero blanking is easily obtained with an external flip-flop 
in time division multiplexed systems displaying most significant 
decade first. 

• Quiescent Current= 5.0 nA/package typical@ 5 Vdc 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Segment Blanking for All Illegal Input Combinations 
• Lamp Test Function 
• Capability for Suppression of Non-Significant Zeros 
• Lamp Intensity Function 
• Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to vDD + o.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

AUXILIARY INPUT TRUTH TABLE 

BCD 
Enable RBI Input ABO 
Pin 3 Pin 5 Code Pin 4 

0 0 x 0 

0 1 x 1 

1 1 0 1 

1 0 0 0 

1 x 1-9 1 

X =Don't Care 
RBI= Ripple Blanking Input 

RBO = Ripple Blanking Output 

Function Performed 

Lamp Test 

B.lank Segments 

Display Ze.ro 

Blank Segments 

1-9 Displayed 
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McMOS MSI 
(LOW.POWER COMPLEMENTARY MOS) 

BCD-TO-SEVEN 
SEGMENT DECODER 

.. fllllllM .~ "f)JW ~ ~ u J'Y\ITYfl ~ ~ 
L SUFFIX 

CERAMIC PACKAGE 
P SUFFIX 

PLASTIC PACK~GE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC•4X,XXS 1tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGR~M 

A 13 

B b 12 f 1-:)b 
c 11 

eQc 
6 D d 10 

d 
En 9 

15 v 0 D =Pin 16 

RBI 14 V55 =Pin 8 

ABO 4 

DISPLAY 

IDl / l2l 31 '-1l S lb I 7181 'ii 
0123456 89 
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ELECTRICAL CHARACTERISTICS 

Voo 
Chllracteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin;, Voooro 10 

15 

"1" Level VoH 5.0 
Vin= Oor Voo 10 

15 

Input Voitage# "O" Level VIL 
IVo = 4.5 or 0.5 Vdcl 5.0 
IVo = 9.0 or 1.0 Vdcl 10 
IVo =.13.5 or 1.5 Vdcl 15 

"1" Level V1H 
(Vo= 0.5 or4.5 Vdcl 5.0 
IVo = 1.0 or 9.0 Vdcl 10 
IVo = 1.5 or 13.5 Vdcl 15 

Output Drive Current (AL Device) loH 
IVoH' = 2.5 Vdcl Source 5.0 
IVoH = 4.6 Vdcl 5.0 
IVoH = 9.5 Vdc) 10 
IVoH =_ 13.5 Vdc) 15 

IVoL = 0.4 Vdc) Sink IQL 5.0 
IVoL = 0.5 Vdcl 10 
IVoL = 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) IQH 
IVoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
IVoH = 9.5 Vdc) 10 
IVoH = 13.5 Vdcl 15 

IVoL = 0.4 Vdcl Sink loL 5.0 
<VoL = 0.5 Vdcl 10 
(VQL = 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin=OI 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescerit Current "ICL/CP Device I 100 5.0 
(Per Package) 10 

15 

Total Supply Current•• t IT 5.0 
.I Dynamic plus Quiescent, 10 
Per Package) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

*Tiow = -55°C for AL Device, :...o0c for CL/CP Device. 
Thigh= +125°C for AL Device, +85°c for. CL/CP Device. 

#Noise immunity specified for worst·case input combination. 

T1ow . 
Min M•X 

:.... 0.05 
- 0.05 
- 0.05 

4.95 ...,.. 

'9.95 -
14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -
-1.2 -

-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1A -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min C§l Voo = 15Vdc 

tTo calculate total supply current at loads other than 50 pF: 
ITICLl = lrl50 pFI + 4 x 1o-3 (CL -501 Voof 

2s0 c 
Min Typ M•x 

- 0 0.05 
- 0 0.05 

- ,0 0.05 

4.95 5.0 -' 

9.95 10 -
14.95 15 -

- 2.25 1.5 

- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -
-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -
-0.8 -1.7 -

-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 

- 0.010 10 
- 0.015 20 

- 0.005 20 

- 0.010 40 

- 0.015 80 

ly • 11.2 #A/kHzl f + •oo 
IT - (2.4 µA/kHz) f + ·•oo 
ly • (3.6 ,iA/kHzl t + loo 

where: IT: is in_µA (per package I. CL in pF, Voo in Vdc. and f in kHz is input frequency. 
•*The formulas given are for the typical characteristics only at 25°c. 

Thitb_* 
Min M•x Unit 

- 0.05 Vdc 

- 0,05 

- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 1.5 
- 3.0 
- 4.0 

' 

3.5 - Vdc 
7.0 -

11.0 -
mAdc 

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 - mAdc 
0.9 -
2.4 -

mAdc 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAdc 
0.9 -
2.4 -
- ± 1.0 µAde 

- ±1.0 µ~de 

- - pF 

- 150 µAde 

- 300 
- 600 

- 150 µAde 
- 300 
,_ 

600, 

µAde 

This device contains circuitry to protect the inputs aplnst damage due to high static voltages or electric fields; however, it is ad
visad. that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im
pedance circuit. For proper operation it is recommended th&t Vin and Vout be.constrained to the range Vss .;;;·(Vin or Voutl 
<Voo· · , · 

UnuMCI inputs must always be tied to a~ appropriate logic voltage level (e.g .. either Vss or Vool. 

@ MOTOROLA Sen>iconductor Products Inc. --------' 
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SWITCH I NG CHARACTERISTICS* I CL = 50 pf. TA = 25°C; see Figure 1 I 

Typ Ma!Cimum 

Charact•istic Symbol vDD All Types AL Device CL /CP Device Unit 

Output Rise Time tr ns 
tr= (3.0 ns/pf) CL+ 30 ns 5.0 180 350 400 
tr= (1.5 ns/pf) CL+ 15 ns 10 90 150 200 
tr= (1.1 ns/pf) CL+ 10 ns 15 65 110 I 160 

Output Fall Time tf ns 
tf = (1.5 ns/pf) CL+ 25 ns 5.0 100 175 200 
tf = (0.75 ns/pF) CL+ 12.5 ns 10 50 75 100 
tf = (0.55 ns/pf) CL+ 9.5 ns 15 37 55 80 

Propagation Delay Time tPLH ns 
tPLH = (1.7 ns/pf) CL+ 495 ns 5.0 580 1000 1500 
tPLH = (0.66 ns/pf) CL+ 187 ns 10 220 400 600 
tPLH = (0.5 ns/pf) CL+ 120 ns - 15 145 300 450 

Propagation Delay Time tpHL ns 
tPHL = (1.7 ns/pf) CL + 695 ns 5.0 780 1500 2200 
tPHL = (0.66 ns/pf) CL+ 242 ns 10 275 500 750 

tPHL = (0.5 ns/pf) CL+ 160 ns 15 185 375 565 

*The formula given is for the typical characteristics only. 

TRUTH TABLE 

INPUTS OUTPUTS* 

En RBI D c B A a b c d e f g RBO 
Pin 3 Pin 5 Pin 6 Pin 2 Pin 1 Pin 7 Pin 13 Pin 12 Pin 11 Pin 10 Pin 9 Pin 15 Pin 14 Pin 4 DISPLAY 

, ,-, 
1 1 0 0 0 0 1 1 1 1 1 1 0 1 u 
1 x 0 0 0 1 0 0 0 0 1 1 0 1 I 

I 

1 x 0 0 1 0 1 1 0 1 1 0 1 1 2 
1 x 0 0 1 1 1 1 1 1 0 0 1 1 3 
1 x 0 1 0 0 0 1 1 0 0 1 1 1 '-/ 
1 x 0 1 0 \1 1 0 1 1 0 1 1 1 5 II 
1 x 0 1 1 0 0 0 1 '1 1 1 1 1 b 
, x 0 1 1 1 1 1 1 0 0 0 0 1 

-, 
I 

, x 1 0 0 0 1 1 1 1 1 1 1 1 8 
1 x 1 0 0 1 1 1 1 0 0 1 1 , q 
, 0 0 0 0 0 0 0 0 0 0 0 0 0 Blank 

,o 0 x x x x 1 , 1 , 1 1 1 0 8 
0 1 x x x x 0 0 0 0 0 0 0 1 Blank 

•All non-valid BCD input codes produce a blank display. 

X = Don't Care 

FIGURE 1 - SIGNAL WAVEFORMS 

Any Input 

Any Output 

@ MOTOROLA Se,..iconduc~or Produc~s Inc. _______ ___. 
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TYPICAL APPLICATIONS 

FIGURE 2 - LEADING AND TRAILING ZERO 
SUPPRESSION WITH LAMP TEST 

N4 N3 N2 N1 • N-1 N-2 N-3 

Vss RBI RBO RBI RBO RBI RBO R'BI RBO RBI RBO RBI RBO RBI ABO 

En En En En En En En 

Lamp Test 
Vss 

FIGURE 3 - LEADING AND TRAILING ZERO SUPPRESSION 
WITH PWM INTENSITY BLANKING AND NO LAMP TEST 

N4 N3 N2 N1 • N-1 N-2 N-3 

Voo 

RBI RBO RBI RBO RBI ABO ABO RBI RBI RB5 RBI ABO 

Blanking En En En En En En En 

El 
FIGURE 4 - ZERO SUPPRESSION WITH LAMP TEST 

AND INTENSITY BLANKING 

N4 N3 N2 N1 N-1 N-2 N-3 

RBI RBO RBI RBo RBI ABO RBI ABO RBI ABO RBI ABO RBI RBO 

En En En En En En En 

@MOTOROLA 
\ 
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c( 
a: 
C1 
c( 

Ci 
u 

8 
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MOTOROLA 
Semiconductors 
BOX 20912 •PHOENIX, ARIZONA 85036 

SUCCESSIVE APPROXIMATION REGISTERS 

The MC145498 and MC145598 successive approximation regis
ters are 8-bit registers providing all the· digital control and storage 
necessary for successive approximation analog-to-digital conversion 
systems. These patts differ in only one control input. The Master 
Reset (MR) on the MC14549B is required in the cascaded .mode 
when greater than 8 bits are desired. 'The Feed Forward (FF) of the 
MC14559B is used for register shortening where End-of-Conversion 
(EOC) is required after less than eight cycles. ' 

Applications for the MC145498 and MC145598 include finding 
square roots, division, ring counters, serial-to-parallel conversion, and 
analog-to-digital conversion. 

• Totally Synchronous Operation 

• All Outputs Buffered 
• Single Supply Operation 

• Serial Output 
• Retriggerable 

• Compatible with a Variety of Digital and Analog Systems such as 
the MC1408 8-Bit D/A Converter 

• All Control Inputs Positive-Edge Triggered 

• Supply Voltage. Range= 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL 'Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value Unit 

DC Supply Voltage vDD -0.5 fo +18 Vdc 

Input Voltage, All Inputs Vin -0.5 to vDD + o.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 oc 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

TRUTH TABLES 
MC14549B MC14559B 

SC SC(t-1) MR MR(t-l) Clock Action SC SC(t-1) EOC Clock Action 

x x x x -.,__ None x x x -,_ None 
x x 1 X. ...r- Reset 1 0 0 ....r- Start 

Conversion 

1 0 0 0 __r- Start x 1 0 ....r- Continue 
Conversion Conversion 

1 x 0 1 ~ Start 0 0 0 _r Continue 
Conversion Conversion 

1 1 0 0 ...r- Continue 0 x 1 ;...r Retain 
Conversion Conversion 

Result 

0 x 0 x ~· Continue 1 x 1 _r Start 
Previous Conversion 
Operation 

X = Don't Care 

t-1 =State at Previous Clock...r-
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MC14559B 
FOR C,OMPLETE DATA· 

SEE MC14549B 

McMOS MSI 
(LOW·POWER COMPLEMENTARY MOS) 

SUCCESSIVE APPROXIMATION 
REGISTERS 

L SUFFIX 
'CERAMIC PACKAGE 

PSUFFIX 
P.LASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC•4XXXB 

11
Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

oo 4 

01 3 
c 

02 2 

03 
9 SC 

04 15 

FF or 
05 14 

10 
MR# 06 13 

07 12 
6 D 

EOC 11 

Sout 5 

v 00 =Pin 16 
Vss =Pin 8 

#For MC14549B Pin 10 is MR input 
For MC14559B Pin 10 Is FF input 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 

· advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vss ..;; (Vin or 
Vout> o;;;vDD· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vssor vDDl· 
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NBCDADDER 

The MC14560B adds two 4-bit numbers in NBCD (natural binary 
coded decimal) format, resulting in sum a.nd carry outputs in NBCD 
code. 

This device can also subtract when one set of inputs is comple
mented with a 9'sComplementer (MC14561B). 

All inputs and outputs are active high. The carry input for the 
least significant digit is connected to Vss for no carry in. 

• Quiescent Current = 5.0 nA/package typical @ '5 Vdc 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Single Supply Operation - Positive or Negative 

• · Fanout>50 

• Input Impedance= 1012 ohms typical 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value Unit 

DC Supply Voltage vDD -0.5 to +18 Vdc 

Input Voltage, All Inputs Vin· -0.5 to VDo + 0.5 Vdc 

DC Current Drain per Pin 1· 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to+150 

TRUTH TABLE* 

INPUT O.UTPUT 

A4 A3 A2 A1 84 83 B2 81 Cin Cout S4 S3 S2 

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

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

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

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

1 0 0 0 0 1 0 ·1 0 1 0 0 1 

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

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

•Partial truth table to show logic operation for representative input values. 

This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 

·taken to avoid application of any voltage higher than maximum rated voltages to 
this high impedance circuit. For proper operation it is reco.mmended that Vin and 
Vout be constrained to the range Vss <:(Vin orV0 utl <: VoD· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., 
either Vss or Vool. 
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MC14560B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

NBCDADDER 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC'4XXXB 

11
Suffix Denotes 

L Ceramic Package 
P Plastic Package·. 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

15 

14 

2 

3 

4 

6 

BLOCK DIAGRAM 

Cin S1 

A1 

81 S2 

A2 

82 S3 

A3 

83 S4 

A4 

84 Cout 

v 00 =Pin 16 
V55 =Pin 8 

13 

12 

11 

10 

9 



MC14560B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O"·Level Vol 5.0 
Vin= Voo or

0

0 10 
15 

"1" Level VoH 5.0 
Vin•OorVoo 10 

15 

Input Voltage# "O" Level V1L 
(Vo= 4.5 or 0.5 Vdc) 5.0 
(Vo= 9.0 or 1.0 Vdc) 10 
!Vo= 13.5 or 1.5 Vdcl 15 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 
(Vo = 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) IQH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(Vol= 0.4 VdC) Sink loL 5.0 
<Vol= 0.5 Vdcl 10 
<Vol= 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) IQH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

<Vol= 0.4 Vdcl Sink loL 5.0 
<Vol= 0.5 Vdcl 10 
(Vol= 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) 100 5.0 
(Per Packa~e) 10 

15 

Quiescent Current (CL/CP Device) loo 5.0 
(Per Package) 10 

15 

Total Supply Current**t IT 5.0 
·(Dynamic plus Quiescent; 10 

Per Package) 15 
(CL= 50 pF on all outputs, all 
buffers switching) 

*T10 w = -55°C for AL Devic~:-4o0c for CL/CP Device. 
Thigh= +125°C for AL Device, +85°c for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

T1ow . 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 

- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O" level = 1.0 Vdc niin @Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply.durrent at loads other than 50 pF: 
ITICLl = IT(60 pF) +5 x 10-3 (CL -50) Voof 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -
- 2.25 1.5 
- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -·1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -
-0.8 -1.7 -

-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.006 5.0 
- 0.010 10 
- 0.015 20 

- 0.005 20 
- 0.010 40 
- O.Q16 80 

IT= (1.68 µA/kHz) f + IQ 
IT= (~.35 µA/kHz) f + la 
IT= (6.03 µA/kHz) f + la 

where: IT is in µA (per package); CL in pF, Voo in Vdc, .and fin kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°c. · 

Thigh* 
Min Max Unit 

- 0.05 ·Vdc 
- 0.05 

- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 1.5 

- 3.0 

- 4.0 

3.5 - Vdc 
7.0 -

11.0 -
mAdc 

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 - mAdc 
0.9 -
2.4 -

mAdc 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAdc 
0.9 -
2.4 -
- ±1.0 µAde 

- ±1.0 µAde 

- - pF 

- 150 µAde 
- 300 
- 600 

- 150 µAde 
- 300 
- 600 

100 µAde 

loo 
1.00 

Circuit diagrams .utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is .not 
necessarily given. The information has been carefully checked and 

is believed to be entirely reliable. However. no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license .under the patent rights of Motorola Inc. or others. 

® /!lfOTOROLA Se,,.iconductor Products Inc. _______ __, 
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MC14560B 

SWITCHING CHARACTERISTICS* (CL= 50 pF. TA= 25°c1 

Characteristic 

Output Rise Time 
tr= (3.0 ns/pF) CL+ 30 ns 
tr= (1.5 ns/pF) CL+ 15 ns 
tr= (1.1 ns/pFICL +10ns 

Output Fall Time 
tf = (1.5 ns/pF) CL+ 25 ns 
tf = (0.75 ns/pF) CL+ 12.5 ns 
tf = (0.55 ns/pF) CL+ 9.5 ns 

Propagation Delay Time 
A.or B to S 

tPLH· tPHL = (1.7 ns/pF) CL+ 665 ns 
tPLH· tPHL = (0.66 ns/pF) CL+ 297 ns 
·tPLH· tPHL = (0.5 ns/pF) CL+ 195 ns 

A or B to Cout 
tPLH· tPHL = (1.7 ns/pF) CL+ 565 ns 
tPLH· tPHL = (0.66 ns/pF) CL+ 197 ns 
tPLH• tPHL = (0.5 ns/pF) C(. + 145 ns 

Cin to Cout 
tPLH· tPHL = (1.7 ns/pFI CL+ 465 ns 
tPLH· tPHL = (0.66 ns/pF) CL+ 187 ns 
tPLH· tPHL = (0.5 ns~pFI CL+ 135 ns 

Turn-Off Delay Time 
Cin to S 

tPLH = (1.7 ns/pF) CL+ 715 ns 
tfiLH = (0.66 ns/pFI CL+ 317 ns 
tPLH = (0.5 ns/pF) CL+ 215 ns 

Turn-On Delay Time 
Cin to S 

tPHL = (1.7 ns/pF) CL + 565 ns 
tPHL = (0.66 ns/pF) CL+ 197 ns 
tPHL = (0.5 ns/pF) CL+ 145 ns 

*The formula given 1s for the typical characteristics only. 

FIGURE 1,.... POWER DISSIPATION WAVEFORMS 

All Inputs 

Any Output_) 

Duty Cycle= 50% 
All outputs connected to respective CL loads 
f = System clock frequency 

Symbol 

tr 

tf 

tPLH· 
tPHL 

tPLH 

tPHL 

Max 

Typ AL CL/CP 
VDo All Types Device Device Unit 

ns 
5.0 180 350 400 
10 90 150 200 
15 65 110 160 

ns 
5.0 100 175 200 
10 50 75 100 
15 37 55 80 

ns 

5.0 750 1400 2100 
10 330 600 900 
15 220 450 675 

5.0 650 1200 1800 
10 230 400 600 
15 170 300 450 

5.0 550 1000 1500 
10 220 400 600 
15 160 300 450 

ns 

5.0 800 1500 2250 
10 350 650 975 
15 240 490 750 

ns 

5.0 650 1200 1800 
10 230 400 600 
15 170 300 450 

FIGURE 2 -SWITCHING TIME WAVEFORMS 

Any Input 

Any Output 

(f!) MOTOROLA Semiconductor Products Inc. _______ _. 
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MC14560B 

FUNCTIONAL EQUIVALENT LOGIC DIAGRAM 

v00 - Pin 16 
V55 =Pin 8 

FIGURE 3 - PARALLEL ADD/SUBTRACT CIRCUIT 

Add/Subtract--------------~ 

One. MC14560B and MC14561B permit a 
BCD digit to be added to or subtracted from 
a second digit, such as in this typical con· 
figuration. A second · MC14561B permits 
either digit to be added to or subtracted 
from the other, or either word to appear un· 
modified at the output. 

Additional applications data may be found 
in Application Note AN-738. 

TRUTH TABLE 

Zero Add/Subtract Result 

0 0 B plus A 

0 1 B minus A 

1 x 8 

X = Don't Care 

A•{ 

··{ 

·{ 

MC145618 

A1 F1 

A2 

A3 F2 

A4 

Comp 

z F4 

MC145618 

A1 F1 

A2 

A3 F2 

A4 

Comp F3 

Comp 

z F4 

C1n 51 
A1 

A2 s2 

A3 Units 

A4 

81 

82 54 

83 

84 Cout 

MC145608 

C;n 51 

A1 

A2 

A3 Tens 

A4 53 

81 

82 54 

83 

84 Cout 

@ MOTOROLA . SemlconduC'f:or ProdUC'fs Inc. 
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9's COMPLEMENTER 

The MC14561 B 9's complementer is a companion to the 
MC14560B NBCD' adder to allow BCD subtraction. A BCD number 
(8-4-2-1 code) is applied to the inputs (A1 = 20, A2 = 21, A3 = 22, 
A4 = 23). lfthe complement control (Comp) is low, the BCD number 
appears at the outputs unmodified. The complement disable (Comp) 
allows the complement control to be gated, or an inverted control 
signal to be used. If the complement input is high and the disable 
input low, the 9's complement of the number is displayed at the 
outputs. ·The zero control (Z), when high, forces the outputs low 
regardless of the state of the other inputs. , 

When the MC14561B is used to perform BCD subtraction in con
junction with the MC14560B NBCD adder, the complement control 
becomes an add/subtract control. 

• Quiescent Current= 5.0 nA/package typical @ 5 Vdc 
• Propagation Delay= 160 ns typical at VDD = 10 Vdc 
• All Inputs Buffered · 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage VoD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + o.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 oc. 

CL/CP Device -40 t<? +85 

Storage Temperature Range Tstg -65 to +150 OC 

TRUTH TABLE 

z Comp Comp Fl F2 F3 F4 Mode 

0 0 0 

0 0 1 A1 A2 A3 A4 Straight-through 

0 1 1 

0 1 0 A1 A2 A2A3 + A2A3 A2A3A4 Complement 

1 x x 0 0 0 0 Zero 

X = Don't Care. 

MC14561B 

McM05 551 
(LOW-POWER CO~PLEMENTARV MOS) 

9's COMPLEMENTER 

,..,,,. '~ 
~u~ ,ryf(Yfl~ 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
.PLASTIC PACKAGE 

CASE 632 CASE 646 

ORDERING .INFORMATION 

MC'4XXXB 

1 
tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

v 0 D =Pin 14 

A1 F1 13 

2 A2 

3 A3 F2 12 

4 A4 

5 Comp F3 11 

6 Comp 

9 z F4 10 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vin and 
Vout be constrained to the range Vss.;; 
(Vin or Voutl.;;; Voo-

Unused inputs .must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vool- . 



MC14561B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Voi.. 5.0 
Vin= Voo or O 10 

15 

"1" Level VoH 5.0 
Vin=OorVDD 10 

15 

Input Voltage# "O" Level V1L 
(Vo = 4.5 or 0.5 Vdc) 5.0 
(Vo = 9.0 or 1.0 Vdc) 10 
IVo = 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 
(Vo = 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 or 13.S-Vdc) 15 

Output Drive Current (AL Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdc) Sink IOL 5.0 
IVoL = 0.5 Vdc) 10 
(Vol= 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
IVoH = 9.5 Vdc) 10 
IVoH = 13.5 Vdc) 15 

(Vol= 0.4 Vdcl 'Sink loL 5.0 
IVoL = 0.5 Vdc) 10 
IVoL = 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 1q 

Input Capacitance Cin -
!Vin= 0) 

Quiescent Current (AL. Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
!Per Package) 10 

15 

Total Supply Current* *t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 
(CL= 50 pF on all outputs, all· 
buffers switching) 

*T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Ttiigh = +125°C for AL Device, +85°C for CL/CP Device. 

l!Noise immunity specified for worst-case input combination. 

T1ow * 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

'11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ;!:0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "0" level= 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 1.0 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = IT(50 pF) +4 x 10-3 (CL -50) Voof 

25°c 

Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 
- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -

- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- 0.015 20 

- 0.005 20 
- 0.610 40 
- 0.015 80 

IT= (1.5 µA/kHz) f + loo 
IT= (3.0 µA/kHz) f + loo 
IT= (4.5 µA/kHz) f + loo 

where: Ir is in µA (per package), CL in pF, Voo in Vdc, and fin. kHz is input frequency. 
•*The formulas given are for the typical characteristics only at 25°C. 

Th!s_h* 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 -
0.9 -
2.4 -

-0.6 -
-0.12 -
-0.3 -
-1.0 -
0.36 -
0.9 -
2.4 -
- ± 1.0 

- ± 1.0 

- -

- 150 
- 300 
- 600 

- 150 
- 300 
- 600 

® MOT(>ROLA Semiconductor Products Inc. 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

I 

µAde 

µAde 

pF 

µAde 

µAde 

µAde 



MC14561B 

SWITCHING CHARACTERISTICS* (CL= 50 pF, TA= 25°C) 

Typ Maximum 

Characteristic Symbol VDD All Types AL Device CL/CP Device Unit 

Output Rise Time tr ns 
tr= (3.0 ns/pF) CL+ 30 ns 5.0 180 350 400 
tr= (1.5 ns/pF) CL+ 15 ns 10 90 150 200 
tr= (1.1 ns/pF) CL+ 10 ns 15 65 110 160 

Output Fall Time tf ns 
tf = (1.5 ns/pF) CL + 25 ns 5.0 100 175 200 
tf = (0.75 ns/pF) CL+ 12.5 ns 10 50 75 100 
tf = (0.55 ns/pF) CL+ 9.5 ns 15 37 55 80 

Propagation Delay Time tPLH, ns 
tPLH· tPHL = (1.7 ns/pF) CL+ 315 ns tPHL 5.0 400 600 1000 
tPLH· tPHL = (0.66 ns/pF) CL+ 127 ns 10 160 240 400 
tPLH· tPHL = (0.5 ns/pF) CL+ 95 ns 15 120 180 300 

*The formula given 1s for the typical character1st1cs only. 

FIGURE 1 - SWITCHING TIME WAVEFORMS 

II 

Any Input 
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MC14561B 

A1 

A2 
2 

A3 
3 

A4 

4 

LOGIC DIAGRAM 

Comp o--------i 
5 

Comp 

6 

z 
9 

Illegal 

BCD 

input 

Codes 

.. 
:I 

! .. c 
ii~ 
E> ·;:;-; 
a: A4 
0 0 

1 0 

2 0 

3 0 

4 0 
5 0 

6 0 

7 0 

8 1 

9 1 

10 1 

11 1 

12 1 

13 1 
14 1 

15 1 

TRUTH TABLE - COMPLEMENT MODE 
(Z = 0, Comp= 1, Comp= 0) .. 

:I 

& 
:I 
0 

Inputs .. Outputs c 

H ·p 
A3 A2 A1 ca[ F4 F3 F2 
0 0 0 9 1 0 0 

0 0 1 8 1 0 0 

0 1 0 7 0 1 1 

0 1 1 6 0 1 1 

1 0 0 5 0 1 0 

1 0 1 4 0 1 0 

1 1 0 3 0 0 1 

1 1 1 2 0 0 1 

0 0 0 1 0 0 0 

0 0 1 0 0 0 0 

0 1 0 7 0 1 1 

0 1 1 6 0 1 1 

1 0 0 5 0 1 0 
1, 0 1 4 0 1 0 

1 1 0 3 0 0 1 

1 1 1 2 0 0 1 

v 00 =Pin 14 

Vss= Pin 7 

F1 
1. 

0 

1 

0 
1 

0 
1 

0 
1 

0 

1 

0 

1 

0 
1 

0 

..__ ______ @ MOTOROLA Se1niconduc~or Produc~s Inc. _______ _. 



MC145618 

Zero 

0 

0 , 

TYPICAL APPLICATIONS 

One MC145608 and one MC145618 permit a BCD digit 
to be added to or subtracted from a second di.git, such as 
in the typical configurations in Figures 2 and 3. A second 
MC14561B.permits etther digit.to be added to or subtract
ed from the other, or either word to appear unmodified 
at the output. 

FIGURE 2-PARALLEL ADD/SUBTRACT CIRCUIT (10'sCOMPLEMENT) 

Add/Subtract-----------------. 

MCt456t8 

A{ Ft 

F2 C1n St 
At 

A2 S2 

Comp A3 

z F4 A4 S3 

'··{ 
8t 

82 S4 

83 

Cout 

MCt456t8 

A10{ 
A1 Ft 

A2 

A3 F2 St 

A4 

Comp F3 A2 S2 

Comp A3 
z F4 A4 83 

~··{ 
8t 

82 ·S4 

83 

84 C~ut TRUTH TABLE 

Add/Subtract Result 

0 8 plus A 

t' 8 minus A 

x 8 

X = Don't Care 

Units 

Tens 
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MC14561B 

FIGURE 3 - SERIAL ADD/SUBTRACT CIRCUIT 

Type D 
Flip-Flop 

D a 

c 
Add/Subtract 

A Register 
MC14661B 

A1 F1 

A2 

100's 10's 1's A3 F2 Cin 51 

}R•NI• 

A4 A1 
Comp F3 A2 52 

Comp A3 

z F4 A4 53 

Clock 81 

82 54 
100's 10's 1's 83 

84 Cout 

B Register 

Circuit, diagrams external tci Motorola products are Included as a means of Illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes Is not necessarily given. The Information in this Application Note has been care
fully checked and is believed to be entirely reliable. However, no responsibility is essumed for Inaccuracies. Furthermore, such Information 
does not convey to the purchaser of the semiconductor devices described any license under the patent rights of Motorola Inc. or others. 

@MOTOROLA SemlconduC'for ProduC'fs Inc. 
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NIOTOROLA 
Semiconduc.,ors 
BOX 20912 • PHOENIX, ARIZONA 85036 

128-BIT STATIC SHIFT REGISTER 

The MC14562B is a 128-bit static shift register constructed with 
MOS P-channel and N-channel enhancement mode devices in a single 
monolithic structure. Data is clocked in and out of the shift register 
on the positive edge of the clock input. Data outputs are available 
every 16 bits, from 16 through bit 128. This complementary MOS 
shift register is primarily used where low power dissipation and/or 
high noise immunity is desired. 
• Diode Protection on All Inputs 

• Noise Immunity= 45% of VoD typical 
• Single Supply Operation - Positive or Negative 

• Fully Static Operation 
• Exceedingly Slow Input Transition Rates May Be Applied to the 

Clock Input 

• 5.6 MHz Operation@ VDD = 10 Vdc 
• Cascadable to Provide Longer Shift Register Lengths - 1.5 MHz 

Operation@ VDD = 10 Vdc 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to V55I 

Rating Symbol Value Unit 

DC Supply Voltage vDD -0.5 to +18 Vdc 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 OC 

CL/CP Device -40to +85 

Storage Tempe~ature Range Tstg -65 to +150 Oc 

LOGIC DIAGRAM 

Clock 5 

10016 

13032 

9048 

1064 

8080 

2096 

30128 

5-443 

MC14562B 

McMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

128-BIT STATIC SHIFT 
REGISTER 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 632 CASE 646 

ORDERING INFORMATION 

MC'4XXXB 

11
Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

12 Data 

5 Clock 

Pins 4 and 11 
not used. 

016 

032 

048 

064 

080 

096 

0112 

0128 

Voe= Pin 14 
v55 sPin1 

10 

13 

9 

1 

8 

2 

6 

3 

II 
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MC145628 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level VOL 5.0 
Vin= Voo orO 10 

15 

"1" Level VoH 5.0 
Vin= o or Voo 10 

15 

Input Voltage# "O" Level V1L 
<Vo= 4.5.or 0.5 Vdcl 5.0 
<Vo =9.0or 1.0Vdcl 10 
!Vo= 13.5 or 1.5 Vdcl 15 

"1" Level V1H 
(Vo = 0.5 or 4.5 Vdcl 5.0 
<Vo= 1.0 or 9.0 Vdcl 10 
<Vo= 1.5 or 13.5 Vdcl 15 

Output Drive Current (AL Device) loH 
(VOH" 2.5 Vdcl Source 5.0 
(VoH = 4.6 Vdc) 5.0 
IVoH = 9.5 Vdc) 10 
IVoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdcl Sink IOL 5.0 
(VOL= 0.5 Vdc) 10 
(VOL= 1.5 Vdc) 15 

Output Drive Current (CL/CP Device} IOH 
IVoH = 2.5 Vdc) Source 5.0 
<VoH = 4.6 Vdcl 5.0 
IVoH = 9.5 Vdc) 10 
IVoH = 13.5 Vdc) 15 

<VoL = 0.4 Vdcl Sink IOL 5.0 
<Vol= 0.5 Vdcl 10 
IVoL = 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) •in 15 

Input Capacitanc~ Cin -
(Vin= 01 

Quiescent Current (AL Device) 100 5.0 
(Per Package) 10 

I 15 

Ouiescent Current (CL/CP Device) loo 5.0 
(Per Package) 10 

15 

Total Supply Current .. t IT 5.0 
(Dynamic plus QuieSc:ent, 10 
Per Package) 15 

(CL = 50 pf on all outputs, all 
buffers switching) 

*T1ow = -55°C for AL Device, 40°C for CL/CP Device. 
Thigh-= +125°c for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst·case input combination. 

T1ow * 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 

- 4.0 

3,5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 ~ 

3.6 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 60 
- 100 
- 200 

Noise Margin for both "1" and "0" level= 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pf; 
ITICLI - IT(50 pF) + 4 x to-3 (CL -50) Voof 

25°c 

Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -
- 2.25 1.5 

- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

'-0.8 -1.7 -
'."0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3' 

- 5.0 7.5 

- 0010 5.0 
- 0.020 10 

- 0.030 20 

- 0.010 50 
- 0.020 100 

- 0.030 200 

IT= (1.94µ.A/kHz) f +loo 
IT= (3.81 µA/kHz) f + loo 
IT = (5.52 µA/kHz) f + loo 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
•*The formulas given are for the typical characteristics only at 25°C. 

Thllt!_* 
Min Max Unit 

- 0.05 Vdc 
- 0.05 
- 0.05 

4.95 - . Vdc 

9.95 -
14.95 -

Vdc 
- 1.5 
- io 
- 4.0 

3.5 - Vdc 
7.0 -

11.0 -
mAdc 

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 - mAdc 
0.9 -
2.4 -

mAdc 
-o.6 -

,-0.12 -
1-0.3 -
-1.0 -
0.36 - mAdc 
0.9 -
2.4 -
- ±1.0 µAde 

- :I: 1.0 µAde 

- - pf 

- 150 µAde 

- 300 
- 600 

- 375 µAde 
- 750 

- 1600 

µAde 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad· 
visad that normal precautions ba taken to avoid application o.f any voltage higher than maximum ratad voltages to this high im
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range Vss < (Vin or Voutl 
<Voo-
unusad inputs must always be tied to an appropriate logic.voltage level (e.g., either Vss or Vool. 

® MOTOROLA Se,..iconduc~or Products Inc. 
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MC14562B 

SWITCHING CHARACTERISTICS* (CL= 50 pF, TA= 25°c1 

Min 

AL CL/CP Typ 
Characteristic Symbol vDD Device Device All Types 

Output Rise Time tr 
tr = (3.0 ns/pF) CL + 30 ns 6.0 - - 180 
tr= (1.5 ns/pF) CL+ 16 ns 10 - - 90 
tr= (1.1 ns/pF) CL+ 10 ns 16 - - 65 

Output Fall Time tf 
tf = (1.5 ns/pF) CL+ 25 ns 6.0 - - 100 
tf = (0.75 ns/pF) CL+ 12.6 ns 10 - - 60 
tf = (0.55 ns/pF) CL+ 9.6 ns 16 - - 37 

Propagation Delay Time tPLH• 
Clock to Q tPHL 

tPLH· tPHL = (1.7 ns/pF) CL+ 616 ns 6.0 - - 600 
tPLH· tPHL = (0.66 ns/pF) CL+ 217 ns 10 - - 250 
tPLH· tPHL = (0.5 ns/pF) CL+ 146 ns 15 - - 170 

Minimum Clock Pulse Width PWc 5.0 - - 300 
(50% Duty Cycle) 10 - - 110 

16 - - 75 

Maximum Clock Pulse Frequency PAF 6.0 1.1 0.6 1.9 
10 3.0 1.6 5.6 
15 4.0 2,0 8.0 

Data to Clock Setup Time tsetup "1" 6.0 - - -170 
10 - - -64 
16 - - -60 

tsetup "O" 5.0 - - -91 
10 - - -58 
16 - - -40 

Data to Clock Hold Time thold "1" 6.0 - - 263 
10 - - 109 
15 - - 100 

thold "O" 5.0 - - 267 
10 - - 140 
16 - - 93 

*The formula given is for the typical characteristics only. 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 

Data 

Clock 

Q16 ~~..o-~~~~~~~~~~~~~~~--. 

Q32 ~~..o-....,..~~~~~~~~~~-~ ...... 

Q48~~..o-~~~~....,-~--'-~~~~-. 

as41-~-o--~~~~~~~~~ 

asoi--.o----------. 
ags1-~-o-~~~~----. 

~~~=~:rCLJ:CL~CL~C~CL~CL~CL~CL 
-= -= -= -= -= -= -= -= 

fo 
Clock 

Max 

AL CL/CP 
Device Device 

360 400 
160 200 
110 160 

176 200 
76 100 
66 80 

900 1600 
376 660 
256 500 

450 900 
165 330 
125 260 

- -
- -
- -

-40 -20 
-30 -10 
-15 0 

-40 -20 
-30 -10 
-15 0 

320 350 
. 135 166 

125 166 

320 360 
170 200 
106 140 

Data 

(f =%fol ------JI 

Vss 

r-vDD 

\'-------JI Vss 

Unit 

ns 

ns 

ns 

ns 

MHz 

ns 

ns 

ns 

ns 
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MC14562B 

TIMING DIAGRAM 

Pin 
No's I- Pulse 1-! I-Pulse 16-l I-Pulse 32-j j..Pulse 128..j 

Clock 5 \_j\__./\_j\_J\_ _ _/\__j\__/\__~ 

Data In 1:_;-\_·--,..----------

016 10 _________ ~-----------------

032 13 ------~------
0128 3 

AC TEST WAVEFORMS 

Clock 

vDD 

Data In 
Vss 

El thold"O" 

016 
Vss 

vDD 
Clock 

vDD 
Date In 

Vss 
tsetUP"1" 

thold"1" 

016 

tPLH 

Note: The remaining Date-Bit Outputs (032, 048, 064, 080, 096,\1112 end 0128) will occur et 
· Clock Pulse 32, 48, 64, 80, 96, 112, 128 In the same relationship as 016. 

@MOTOROLA Semiconductor Products Inc. 
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/tllOTORO~A 
Semiconduc'fors 
BOX 20912 •PHOENIX, ARIZONA 85036 

INDUSTRIAL TIME BASE GENERATOR 

The MC 14566B industrial time base generator is constructed with 
MOS P-channel and N-channel enhancement mode devices in a single 
monolithic structure. This device consists of a divide-by-10 ripple 
counter and a divide-by-5 or divide-by-6 ripple counter to permit 
stable time generation from a 50 or 60 Hz line. By cascading this 
device as divide-by-60 counters, seconds and minutes can be counted 
and are available in BCD format at the circuit outputs. An internal 
monostable multivibrator is included whose output can be used as a 
reset or clock pulse providing additional frequency flexibility. Also a 
pin has been included to allow divide-by-5 counting for generating 
1.0 Hz from European 50 Hz I ine. 

• Negative Edge Triggered Counters for Ease of Cascading 
• Pulse Shapers on Counter Inputs Accept Slow Input Rise Times 
• Monostable Multivibrator Positive or Negative Edge Triggered 
• Noise Immunity= 45% of VDD typical 
• Diode Protection on All Inputs 
• Quiescent Current = 5.0 nA/package typical @ 5 Vdc 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS !Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage VDo , -0,5 to +18 

Input Voltage, All Inputs Vin -0,5 to VDD + 0,5 

Unit 

Vdc 

Vdc 

DC Current Drain P,er Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

EXPANDED BLOCK DIAGRAM 

ooA 
C 01A---0 

Reset 

l BCD 

f Out 

5-447 

oc 

OC 

Om 

MC14566B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

INDUSTRIAL 
TIME BASE GENERATOR 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

M°'4XXXB 

1 
tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

CA OOA 3 

01A 4 
15 

02A 5 

2 Reset Q3A 6 

11 +516 Control 
008 12 

019 13 
8 029 14 

9 A Om 10 

VDD= Pin 16 
Vss= Pin 8 

II 
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MC14566B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage · "O".Level Vol 5.0 
vih = Voo or o 10 

15 

"1" Level VoH 5.0 
Vin=OorVoo 10 

15 

Input Voltage# "O" Level V1L 
(Vo= 4.5 or 0.5 Vdc) 5.0 
<Vo= 9.0 or 1.0 Vdc) 10 

(Vo= 13.5 o.r 1.5 Vdcl 15 
"1" Level V1H 

(Vq = 0.5 or 4.5 Vdc) 5.0 
!Vo= 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 or 13.5 Vdcl 15 

Output Drive Current (AL Device) IOH 
(VOH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
!VoH = 9.5 Vdc) 10 
IVoH = 13.5 Vdc) 15 

!VoL = 0.4 Vdc) Sink IOL 5.0 
(VoL = 0.5 Vdc) 10 
(VOL= 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
IVoH = 13.5 Vdc) 15 

<voL = 0.4 Vdc) Sink IOL 5.0 
<VoL = 0.5 Vdc) 10 
IVoL = 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) 100 5.0 
(Per Package) 10 

1.5 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current••t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL= 50 pF on all outputs, all 
buffers switching) 

*T10 w = -55°C for AL Device, -4d0 c for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

T1ow * 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -
-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

,__ 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1'! and "O" level= 1.0 Vdc min@Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = IT(50 pF) + 1 x 10-3 (CL -50) Voof 

2s0 c Thill_h* 
Min Typ Max Min Max Unit 

- 0 0.05 - 0.05 Vdc 
- 0 0.05 - 0.05 
- 0 0.05 - 0.05 

4.95 5.0 - 4.95 - Vdc 
9.95 10 - 9.95 -

14.95 15 - 14.95 -
Vdc 

- 2.25 1.5 - 1.5 
- 4.50 3.0 - 3.0' 

- 6.75 4.0 - 4.0 

3.5 2.75 - 3.5 - Vdc 

7.0 '5.50 - 7.0 -
11.0 8.25 - 11.0 -

mAdc 
-1:0 -1.7 - -0.7 -
-0.2 -0.36 - -0.14 -
-0.5 -0.9 - -0.35 -
-1.5 -3.5 - -1.1 -
0.51 0.88 - 0.36 - mAdc 
1.3 2.2~ - 0.9 -
3.4 8.8 - 2.4 -

mAdc 
-0.8 -1.7 - -0.6 -

-0.16 -0.36 - -0.12 -
-0.4 -0.9 - ' -0.3 -
-1.2. -3.5 - -1.0 -
0.44 0.88 - 0.36 - mAdc 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -
- ±0.00001 ±0.1 - ± 1.0 µAde 

- ±0.00001 ±0.3 - ±1.0 µAde 

- 5.0 7.5 - - 'pF 

- 0.005 5.0 - 150 µAde 

- 0.010 10' - 300 
- 0.015 20 - 600 

- 0.005 20 - 150 µAde 
- 0.010 40 - 300 
- O.Q15 80 - 600 

l.T = (1.0 µA/kHz) f + I DD µAde 

IT= (2.0 µA/kHz) f + loo 
IT= (3.0 µA/kHz) f + loo 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
•*The formulas given are for the typical characteristics only at 25°C. 

This device contains circuitry to protect 
the input& against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit: For proper 
operation it is recommended that Vin and 
Vout be constrained to the range Vss.;; 
(Vinor.Voutl.; Voo· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g .. either 
VssorVool. 
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SWITCHING CHARACTERISTICS* (CL= 50 pF, TA= 25°CI 

Min 

AL CL/CP Typ 
Characteristic Symbol vDD Device Device All Types 

Output Rise Tiine tr 
tr= (3.0 ns/pF) CL+ 30 ns 5.0 - - 180 
tr= (1.5 ns/pF) CL+ 15 ns 10 - - 90 
tr= (1.1 ns/pF) CL+ 10 ns 15 - - 65 

Output Fall Time tf 
tf = (1.5 ns/pF) CL+ 25 ns 5.0 - - 100 
tf = (0.75 ns/pF) CL+ 12.5 ns 10 - - 50 
tf = (0.55 ns/pF) CL + 9.5 ns 15 - - 37' 

Propagation Delay Time, Clock to Q3A tpLH• 
tPLH,tPHL = (1.7 ns/pF) CL+ 1365 ns tpHL 5.0 - - 1450 
tPLH·tPHL = (0.66 ns/pF) CL+ 497 ns 10 - - 530 
tPLH•tPHL = (0.5 ns/pF) CL+ 295 ns 15 - - 320 

Propagation Delay Time, Reset to Q3A tPHL 
tPHL = (1.7 ns/pF) CL+ 845 ns 5.0 - - 930 
tPHL = (0.66 ns/pF) CL +.282 ns 10 - - 315 
tPHL = (0.5 ns/pF) CL+ 185 ns .15 - - 210 

Minimum Clock Pulse Width PWc 
5.0 - - 400 
10 - - 125 
15 - - 90 

Minimum Reset Pulse Width PWR 
5.0 - - 400 
10 - - 125 
15 - - 90 

Maximum Clock Pulse Frequency PRF 
5.0 0.5 0.3 1.0 
10 1.5 1.0 2.5 
15 2.0 1.5 4.2 

Maximum Clock Pulse Rise and Fall Time tr,tf 
5.0 No No -
10 Limit Limit -
15 -

Monostable. Multivibrator Pulse Width PWOm 
5.0 900 1200 2800 
10 300 400 900 
15 200 300 600 

*The formula given is for the typical characteristics only. 

Pulse 
Generator 

FIGURE 1 - POWER ,DISSIPATION TEST CIRCUIT AND WAVEFORM 

t--+---u---ni CA 

..._-u---nic B 

500 µF 

QOA1----u---.,1----------------~ 

Q1A1----u---.,1--------------~ 

Q2A1----u---.,1--------------. 

Q3Al-----,.-Q-..,..-4..._---------. 

-~---1+ 5/6Contro1 100e1----u---------
0181----u-------. 

Max -

AL CL/CP 
Device Device Unit 

ns 
350 400 
150 200 
110 160 

ns 
175 200 
75 100 
55 80 

ns 
3000 4500 
1000 1500 
750 1000 

ns 
2000 3000 
600 1000 
450 750 

ns 
750 1200 
250 400 
180 270-

ns 
750 1200 
250 400 
180 270 

MHz 
- -
- -
- -

-
- -
- -
- -

ns 
- -
- -
- -
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FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Programmable 
Pulse 

Generator 

Note: Assume+ 10 Counter at 
"6" and + 5/6 Counter at 
"2" at beginning of 
sequence. 

~A 

Ca 

Reset 

Control 

B 

A 

Voo 

QOA 

Q1A 

Q2A 

Q3A 

009 

019 

029 

Om 

V55 

50% 
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TIMING DIAGRAM 

Divide-By-10 Counter 

0 2 3 4 5 6 8 9 0 

02~-........ ~~~~~~~ 

03~ 

Divide-By 5/6 Counter 
0 2 3 4 0 2 3 4 

Clock 

Reset 

Control 
75/6 ~---~~~~~~~~~~~~~-

L_ 01~ 

02~ 
____ IL_ 

Monostable Multivibrator 

~ = Don't Care 

@ MOTOROLA Semiconductor Products Inc. ---------
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>1500 pF• I 

APPLICATION - 12 HOUR CLOCK 

+ 5/6 Control not shown= Vss 

Reset pins not shown = Vss 
•care must be taken in the indicated circuit to filter line 
transients which may cause "false" counting. 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications;· consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 

@MOTOROLA Semiconductor Produc'fs Inc. 
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Semiconduc"fors 
BOX 20912 • PFIOENl.X, ARIZONA 85036 

Advance Information 

PHASE COMPARATOR AND 
PROGRAMMABLE COUNTERS 

The MC145688 consists of a phase comparator, a divide-by-4, 16, 
64 or 100 counter and a programmable divide-by-N 4-bit binary 
counter (all positive-edge triggered) constructed with MOS P-channel 
and N-channel enhancement mode devices (complementary MOS) 
in a single monolithic structure'. 

This device can be used with: 

• Both counters cascaded and the output of the second counter 
connected to the phase comparator (CTL high). 

• Separate use of the programmable divide-by-N counter, for 
example cascaded with MC145698 (CTL low), MC14522B or 
MC14526B. 

The MC145688 has been designed for use in conjunction with a pro
grammable divide-by-N counter for frequency synthesizers and phase 
locked loop applications requiring low power dissipation and/or high 
noise immunity. _ 

• Quiescent Current= 5.0 nA typ/pkg @ 5 Vdc 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Symbol Value Unit 

DC Supply Voltage VDD -0.5 to +18 Vdc 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +i25 OC 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 OC 

BLOCK DIAGRAM 

r----------.., 
I I 

PC;n 14r >-'-+---A Phase 1-------"l 113 PCout 

B Comµarator 12 PCPout 

CTL HIGH 

C1 9 

CTL 15 

"O" 3 

PE 

v 00 =Pin 16 

Vss ~Pin a 

PC;n 
11 G 

Counter 01 

10-F 

1 Q1/C2 

"O" 

This is advance information and specifications are. subject to change without notice. 

P.C. 

01 

02 

MC14568B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

PHASE COMPARATOR 
AND PROGRAMMABLE 

COUNTERS 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING. INFORMATION 

M~•4XXXB 

11
Suff1x Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 

C Limited Operating 
Temperature Range 

0 
0 

TRUTH TABLE 

G Division Ratio 
Pin 11 of Counter 01 

0 4 
16 

0 64 
100 

The divide-by-zero state on the programmable 
divide-bY-N 4-bit binary counter, 02, is illegal. 

CTL LOW 

PC out 

PC out 

PCP out 
P.C. ec,~ 

. PCP out 

C1 
01 

Q1/C2 

"O"~ 
Q1/C2 
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MC14568B 

E LE CTR ICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 

Vin =VooorO 10 
15 

"1" Level VoH 5.0 
Vin =O or Voo 10 

15 

Input Voltage# "O" Level VIL 
(Vo= 4.5 or 0.5 Vdc) 5.0 
(Vo = 9.0 or 1.0 Vdc) 10 

(Vo= 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
IVo = 0.5 or 4.5 Vdc) 5.0 
(Vo 0 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) IOH 
!VoH ~ 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) -1- 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(Vol= 0.4 Vdc) Sink IQL 5.0 
!Vol= 0.5 Vdc) 10 

(Vol= 1.5 Vdc) 15 

Output Drive Current (CL/CP Device). IQH 
!VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(Vol= 0.4 Vdc) Sink loL 5.0 

(Vol= 0.5 Vdc) 10 

!Vol= 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

.Input Capacitance Cin 
(Vin" 0) 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current'' l IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL 5b pF on all outputs, all 
buffers switching) 

Three-State Leakage Current, Pins 1, 13 ITL 15 
(AL Device) 

Three-State Leakage Current, Pins 1, 13 ITL 15 
(CL/CP Devices) 

*T1 0 w -55°C for AL Device, -40°c for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

-"Noise immunity spec.:ified for worst·case input combination. 

T1ow * 

Min Max 

0.05 
0.05 
0.05 

4.95 
9.95 

14.95 

1.5 
3.0 
4.0 

3.5 
7.0 

11.0 

-1.2 
-0.25 
-0.62 
-1.8 

0.64 
1.6 
4.2 

-1.0 
-0.2 
-0.5 
-1.4 

0.52 
1.3 
3.6 

± 0.1 

± 0.3 

5.0 
10 
20 

20 
40 
80 

±0.1 

± 1.0 

Noise Margin for both "1" and "O" level - 1.0 Vdc min@ Voo 0 5.0 Vdc 

2.0 Vdc min@ v00 10 Vdc 
2.5.Vdc min@ Voo ·· 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = IT(50 pF) + 1 x 10-3 (CL -50) Voof 

2s0 c Th!9_h* 

Min Typ Max Min Max Unit 

0 0.05 0.05 Vdc 
0 0.05 0.05 
0 0.05 0.05 

4.95 5.0 4.95 Vdc 
9.95 10 9.95 

14.95 15 14.95 

Vdc 
2.25 1.5 1.5 
4.50 3.0 3.0 

6.75 4.0 4.0 

3.5 2.75 3.5 Vdc 

7.0 5.50 7.0 
11.0 8.25 11.0 

mAdc 
-1.0 -1. 7 -0,7 
-0.2 ~0.36 -0.14 
-0.5 -0.9 -0.35 
-1.5 -3.5 -1.1 

0.51 0.88 0.36 mAdc 
1.3 2.25 0.9 
3.4 8.8 2.4 

mAdc 
-0.8 -1.7 -0.6 

-0.16 -0.36 -0.12 
-0.4 -0.9 -0.3 
-1.2 -3.5 -1.0 

0.44 0.88 0.36 mAdc 
1.1 2.25 0.9 
3.0 8.8 2.4 

±0.00001 ±0.1 ± 1.0 µAde 

±0.00001 ±0.3 ±1.0 µAde 

5.0 7.5 pF 

0.005 5.0 150 µAde 

0.010 10 300 
0.015 20 600 

0.005 20 150 µAde 
0.010 40 300 
0.015 80 600 

IT= (0.2 µA/kHz) f +loo µAde 

IT = (0.4 µA/kHz) f + loo 
IT= (0.9 µA/kHzl t + 100 

±0.00001 ±0.1 ± 3.0 µAde 

10.00001 ! 1.0 ±7.5 µAde 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
*'The formulas given are for the typical characteristics only at 25°c. 

This device contains circuitry to protect 
the inputs against damage due_ to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vin and 
Vout be constrained to the range V SS ..;; 
(Vin or Voutl..;; Voo· 

Unused inputs must always be tied to an 
appropriate _logic voltage level (e.g., either 
Vss or Vool. 

@ MOTOROLA Semiconductor Prod.,cts Inc. 
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SWITCHING CHARACTERISTICS (CL= 50 pF, TA= 25°Cl 

Minimum Maximum 

Characteristic Symbol VDD 
AL CL/CP 

Typical 
AL CL/CP Unit Vdc All Types 

Device Device Device Device 

Output Rise Time tr 5.0 - - 180 350 400 ns 
10 - - 90 150 200 
15 - - 65 110 160 

Output Fall Time tf 5.0 - - 100 175 200 ns 
10 - - 50 75 100 
15 - - 37 55 80 

Minimum Pulse Width, C1, 01/C2, or PCin Input PW 5.0 - - 125 250 300 ns 
10 - - 60 120 150 
15 - - 45 90 115 

Maximum Clock Rise and Fall Time. tr, tf 5.0 15 15 - - - µs 
C1, 01/C2, or PCin Input 10 15 15 - - -

15 15 15 - - -

PHASE COMPARATOR 

Input Resistance Rin 5.0to15 - - 106 - - Mfl. 

Input Sensitivity, DC Coupled - 5.0 to 15 See Input Voltage 

Turn-Off Delay Time, tPHL 5.0 - - 550 825 1375 ns 
PCout and PCP out Outputs 10 - - 195 300 490 

15 - - 120 180 -300 

Turn-On Delay Time, tPLH 5.0 - - 675 1000 1690 ns 
PCout and PCP out Outputs 10 - - 300 450 750 

15 - - 190 285 475 

DIVIDE-BY-4, 16,64 OR 100COUNTER (D1) 

Maximum Clock Pulse Frequency PRF MHz 
Division Ratio= 4, 64 or 100 5.0 3.0 2.0 6.0 - -

10 8.0 6.0 16 - -
15 10 9.0 22 - -

Division Ratio = 16 5.0 1.0 0.7 2.5 - - MHz 
10 3.0 2.5 6.3 - -
15 5.0 4.0 9.7 - -

Propagation Delay Time, 01/C2 Output tPLH. ns 
Division Ratio= 4, 64 or 100 tPHL 5.0 - - 450 900 1200 

II 
10 - - 190 300 400 
15 - - 130 250 300 

Division Ratio = 16 5.0 - - 720 1400 1800 ns 
10 - - 300 550 700 
15 - - 200 350 450 

PROGRAMMABLE DIVIDE-BY-N 4·BITCOUNTER (02) 

Maximum Clock Pulse Frequency PRF 5.0 1.5 1.0 1.8 - - MHz 
(Figure 3a) 10 3.0 2.5 8.5 - -

15 4.0 3.0 12 - -

Turn-On Delay Time, "O" Output tPLH 5.0 - - 450 800 1100 ns 
(Figure 3a) 10 - - 190 300 400 

15 - - 130 210 300 

Turn-Off Delay Time, "O" Output tPHL 5.0 - - 225 400 600 ns 
(Figure 3a) 10 - - 85 150 200 

15 - - 60 150 200 

Minimum Preset Enable Pulse Width PWpE 5.0 - - 75 250 300 ns 
(Figure 3b) 10 - - 40 100 150 

15 - - 30 75 115 

® MOTOROLA Semiconductor Products Inc. _______ _, 
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Pulse 
Generator 

Pulse 
Generator 

Vss 

SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 
FIGURE 1 - PHASE COMPARATOR 

Voo 

Voo 

"0" REF 
out @ 

PC;n 
PG1 

PCP out 

PC out 

FIGURE 2 - C.OUNTER 01 

FIGURE 3 - COUNT~R 02 

a. b. 

"O" 

Pulse 
Generator 1 

Pulse 
Generator 2 

Voo 

Dp1 
Dp2 PCout 

~~!PCP out 

01/C2 

PC;n 
F 
G 
C1 
CTL 
PE "O" 

Vss 

~~~~~~~~~~~~~ 

*N is the value programmed on the Op Inputs. 
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LOGIC DIAGRAM 

II 
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OPERATING CHARACTERISTICS 

The MC14568B contains a phase comparator, a fixed 
divider H· 4, + 16, + 64, + 100) and a programmable 
divide-by-N 4-bit counter. 

PHASE COMPARATOR 

The phase comparator is a positive edge controlled 
logic circuit. It essentially consists of four flip-flops and 
an output pair of MOS transistors. Only one of its inputs 
(PCin. pin 14) is accessible externally. The second is 
connected to the output of one of the two counters D 1 
or 02 (see block diagram). 

Duty cycles of both input signals (at A and B) need not 
be taken into consideration since the comparator responds 
to leading edges only. 

If both input signals have identical frequencies but 
different phases, with signal A (pin 14) leading signal· B 
(Ref.), the comparator output will be high for the time 
equal to the phase difference. 

If signal A lags signal B, the output will be low for the 
same time. In between, the output will'be in a three-state 
condition and the voltage on the capacitor of an RC filter 
normally connected at this point will have some inter
mediate value (see Figure 4). When used in a phase locked 
loop, this value will adjust the Voltage Controlled Oscil
lator frequency by reducing the phase difference between 
the reference signal and the divided VCO frequency to 
zero. 

FIGURE 4- PHASE COMPARATOR WAVEFORMS 

n n-Voo 

A(PCinl~ I ~ L-vss 
Ii--- 1/f --11 

8 (Ref.) ~:: 
----1 i I I VoH 

PCP 0 ut LJ u 
' ' ' ,'---- voL 

PCout H 1 
1 VoH _____. - u·----

FIGURE 5 - PHASE COMPARATOR 

STATE DIAGRAM 

VoL 

Input State 

A 8 

PC out 

PCP out 
(Lock Indicator) 

If the input signals have different frequencies, the out
put signal will be high when signal A has a lower fre· 
quency than signal B, and low otherwise. 

Under the same conditions of frequency difference, the 
output will vary between VoH (or Voll and some inter
mediate value until the frequencies of both signals are 
equal and their phase difference equal to zero, i.e. until 
locked condition is obtained. 

Capture and lock range will be determined by the VCO 
frequency range. The comparator is provided with a lock 
indicator output, which will stay at logic 1 in locked 
conditions. 

The state diagram (Figure 5) depicts the internal state 
transitions. It assumes that only one transition on either 
signal occurs at any time. It shows that a change of the 
output state is always associated with a positive transition 
of either signal. For a negative transition, the output does 
not change state. A positive transition may not cause the 
output to change; this happens when the signals have 
different frequencies. 

DIVIDE BY 4, 16, 64 OR 100 COUNTER' (01) 

This counter is able to work at an input frequency of 
5 MHz for a Voo value of 10 volts over the standard 
temperature range when dividing by 4, 64 and 100. Pro
gramming is accomplished by use of inputs F and G (pins 
10 and 11) according to the truth table shown. Connect
ing the Control input (CTL, pin 15) to Voo allows cas
cading this counter with the programmable divide-by-N 
counter provided in the same package. Independent 
operation is obtained when the Control input is con· 
nected to V SS· 

The different division ratios have been chosen to gen
erate the reference· frequences corresponding to the chan
nel spacings normally required in frequency synthesizer 
applications. For example, with the division ratio 100 
and a 5 MHz crystal stabilized source a reference fre
quency of 50 kHz is supplied to the comparator. The 
lower divi$iOn ratios permit operation with low frequency 
crystals. 

0 

0 

3·State 
Output Disconnected 

0 
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If used in cascade with the programmable divide-by-N 
counter, practically all usual reference frequencies, or 
channel spacings of 25, 20, 12.5, 10, 6.25 kHz, etc. are 
easily achievable. 

PROGRAMMABLE DIVIDE-BY-N 
4-BIT COUNTER (02) 

This co·unter is programmable by using inputs Dp1 ... 

Dp4 (pins 7 ... 4). The Preset Enable input enables the 
parallel preset inputs Dp1 ... Dp4. The "o" output must 
be ·externally connected to the PE input for single stage 
applications. Since there is not a cascade feedback input, 
this counter, when cascaded, must be used as the most 
significant digit. Because of this, it can be cascaded with 
binary counters as well as with BCD counters (MC14569B, 
MC14522B, MC14526B). 

TYPICAL APPLICATIONS 

f;n c 

FIGURE 6 - CASCADING MC14568B AND MC14522B OR MC14526B WITH MC14569B 

CF 

MC14569B 
Q c 

CF 

MC14522B 
or 

MC14526B 
"0" 

CF 

MC14622B 04 
or 

MC14526B 
PE "O" 

Q1/C2 

MC14568B 

PE 

Dp1--- Dp4 

FIGURE 7 - FREQUENCY SYNTHESIZER WITH MC14568B and MC14569B USING A MIXER 

(Channel Spacing 10 kHzl 

PC;n PCoutt-------1 

MC14568B G 
(144-146 MHz) 

F 
01/C2 

Q 
CF 

MC14569B Ct----+ul 

'---~-------------tPEout 
_______ .... 

Frequencies shown in parenthesis are given as an example. 

MC14011 

2M 

Crystal 
Oscillator 

(143.6 MHz) 

Mixer 
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FIGURE 8 - FREQUENCY SYNTHESIZER USING MC14568B, MC14569B AND MC14522B 
(Without Mixer) 

PCout--------11 
(5MHz) 

c 1 MC14568B 0 ---_,Voo 
n---11----.1CTL Voo 

<Voo> "O" 

Vss Voo 
bp1-- - -Dp4 

N1 

(0-5) 
(625 kHz steps) 

Divide ratio= 160N1+16N2 +NJ 

Example: 
fout= N1 (MHz)+ N2 (x100 kHz)+ NJ (x25 kHz) 
Frequency range = 5 MHz 
Channel spacing = 25 kHz 
Reference frequency = 6.25 kHz 

MC14522B 

"0" 

Dp1----Dp4 

N2 

(0-9) 

(62.5 kHz steps) 

PE out 
(BCD) 

NJ 

CF c 

(O, 4, 8, 12) 
(6.25 kHz steps) 

fout 

Figures shown in parenthesis 
refer to example. 
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Semiconduc'fors 
BOX 20912 o PHOENIX, ARIZONA 85036 

Advance Information 

HIGH SPEED PROGRAMMABLE DIVIDE-BY-N 
DUAL 4-BIT BCD/BINARY COUNTER 

The MC145698 is a high speed programmable divide-by-N dual 
4-bit BCD or binary down counter constructed with MOS P-channel 
and N-channel enhancement mode devices (complementary MOS) 
in a single monolithic structure. 

It has been designed for use with the MC14568B phase compara
tor/counter in frequency synthesizers; phase-locked loops, and other 
frequency division applications requiring low power dissipation and/ 
or high noise immunity. 

• 8 MHz Counting Rate for Any Division Ratio Greater Than 1 

• Speed-up Circuitry for Zero Detection and Preset Enable 

• Each 4-Bit Counter Can Divide Independently in BCD or Binary 
Mode 

• Quiescent Current= 5.0 nA typ/pkg@ 5 Vdc 

• Can be Cascaded with MC14568B, MC14522B and MC14526B 
for Frequency Synthesizer Applications 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

Unit 

Vdc;: 

Vdc 

mAdc 

OC 

OC 

CTL = "O" for Binary Count 

CTL = "1" for BCD Count 

BLOCK DIAGRAM 

MC14569B 

McMOS MSI 
(LOW.POWER COMPLEMENTARY MOS) 

HIGH SPEED PROGRAMMAB.LE 
DIVIDE-BY-N DUAL 4-BIT 
BCD/BINARY COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

PSU!=FIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC•4XXXB 

11
Suffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

DPA2'DPA3 1DPA4 

4 5 6 

CTLB 

10 

Dp91 Dp92 DPB3 DPB4 

c 
9 

Binary to Johnson 

Encoder 

BCD/Binary 

High Speed 

Johnson Counter 

CF'o-------~ 
7 

Clock 

PE 

Preset Enable 

(Including Early Zero Detection) 

This is advance information and specifications ere subject to change without notice. 

5-461 

11 12 13 14 

4-Bit Seti/Binary 

Synchronous Counter 
Q 

15 

'-------~ PEout 

vDD =Pin 16 

Vss =Pin a 

II 
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ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin =Voo or o 10 

15 

"1" Level VoH 5.0 
Vin=OorVoo 10 

15 

Input Voltage# "O" Level V1L 
(Vo= 4.5 or 0.5 Vdc) 5.0 
(VQ = 9.0 or 1.0 Vdc) 10 
(Vo= 13.5or1.5 Vdc) 15 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 
(Vo= 1.0 or 9.0 Vdc) 10 
!Vo= 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH =9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(Vol =0.4 Vdcl Sink loL 5.0 
!Vol =0.5 Vdcl 10 
(VoL=1.5Vdc) 15 

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH =4.6 Vdc) 5.0 
(VoH =9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

!Vol= 0.4 Vdcl Sink loL 5.0 
(Vol= 0.5 Vdc) 10 
!Vol =1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (Cl,../CP Device) lin 15 

Input Capacitance Cin -
(Vin=Ol 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current• •t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 
(CL= 50 pF on all outputs, all 
buffers switching) 

*T1 0 w =-55°C for AL Device. -40°C for CL/CP Device. 
Thigh= +125°c for AL Device, +85°c for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

T1ow 
Min 

-
-
-

4.95 
9.95 

14.95 

-
-
-

3.5 
7.0 

11.0 

-3.0 
-0.64 
-1.6 
-4.2 

0.64 
1.6 
4.2 

-2.5 
-0.52 
-1.3 
73.6 

0.52 
1.3 
3.6 

-
-

-

-
-
-
-
-
-

Noise Margin for both "1" and "O" level= 1.0 Vdc min@ VoD = 5.0 Vdc 

2.0 Vdc min@ VoD =10 Vdc 
2.5 Vdc min@ VoD =15 Vdc 

tTo calcula.te total supply current 'at loads other than 50 pF: 
IT(CLI = IT(50 pF) + 1 x 10-3 (CL -50) VDDf 

* 

Max Min 

0.05 -
0.05 -
0.05 -
- 4.95 
- 9.95 
- 14.95 

1.5 -
3.0 -
4.0 -

- 3.5 
- 7.0 
- 11.0 

- -2.4 

- -0.51 

- -1.3 

- -3.4 

- 0.51 
- 1.3 
- 3.4 

- -2.1 
- -0.44 
- -1.1 
- -3.0 

- 0.44 
- 1.1 
- 3.0 

±0.1 -
±0.3 -

- -

5.0 -
10 -
20 -
50 -
100 -
200 -

where: IT is in µA (per package), CL in pF, VoD in Vdc, arid fin kHz is input frequency. 
'*The formulas given are for the typical characteristics only at 25°C. . 

2s0 c Thigh* 
Typ Max Min Max Unit 

0 0.05 - 0.05 Vdc 
0 0.05 - 0.05 
0 0.05 - 0.05 

5.0 - 4.95 - Vdc 
10 - 9.95 -
15 - 14.95 -

Vdc 
2.25 1.5 - 1.5 
4.50 3.0 - 3.0 
6.75 4.0 - 4.0 

2.75 - 3.5 - Vdc 

5.50 - 7.0 -
8.25 - 11.0 -

mAdc 
-4.2 - -1.7 -
-0.88 - --0.36 -
-~.25 - -0.9 -
-0.88 - -2.4 -
0.88 - 0.36 - mAdc 
2.25 - 0.9 -
8.8 - 2.4 -

mAdc 
-4.2 - -1.7 -
-0.88 - -0.36 -
-2.25 - -0.9 -
-8.8 - -2.4 -
0.88 - 0.36 - mAdc 
2.25 - 0.9 -
8.8 - 2.4 -

±0.00001 ±0.1 - ± 1.0 µAde 

±0.00001 ±0.3 - ±1.0 µAde 

5.0 7.5 - - pF 

0.005 5.0 - 150 µAde 
O.Q10 10 - 300 
0.015 20 - 600 

0.005 50 - 150 µAde 

O.Q10 100 - 300 
O.Q15 200 - 600 

µAde 

This . device contains circuitry to protect 
the inputs against damage due to high ,static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of ariy voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and V 0ut be 
constrained to the range Vss .;; (Vin or 
Voutl.;; Voo· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vssor VoDI. 
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MC145698 

SWITCHING CHARACTERISTICS (CL= 50 pF, TA= 25°c1 

Voo 
All Types 

Characteristic Symbol Vdc Min Typ Max Unit 

Output Rise Time tr 5.0 - ns 
10 
15 

Output Fall Time tf 5.0 This table lists all of the char- ns 
10 acteristics to be specified for this 
15 device. Final specifications were 

Turn-On Delay Time tPLH not available at the time of ns 
PEout 5.0 printing. For the latest data, 

10 contact: 
15 

0 Output 5.0 CMOS Marketing ns 
10 Motorola Semiconductor 
15 Products Inc. 

Turn-Off Delay Time tPHL 3501 Ed Bluestein Blvd. ns 
PEout 5.0 Austin, Texas 78721 

10 
(5121928-2600 

15 

OOutput 5.0 - ns 
10 -
15 -

Minimum Clock Pulse Width PWc 5.0 - ns 
10 -
15 -

Maximum Clock Pulse Frequency # PRF 5.0 - MHz 
10 -
15 -

Maximum Clock Pulse Rise.and Fall Time tr. tf 5.0 - i.is 
10 -
15 -

#This inplies that zero detection and preset enable is done while the clock is running at the specified frequency. 

SWITCHING WAVEFORMS 

FIGURE 1 

c 

a 

FIGURE 2 

20 ns 

c 

PE 
~HL=i....__ tPLH4t 50% 90%. 

----------~ . 

tr 
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LOGIC DIAGRAM 
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MC14569B 

OPERATING CHARACTERISTICS 

The MC14569B includes a high speed Johnson counter 
followed ·by a BCD/binary 4-bit synchronous counter (see 
block diagram). The use of an encoder allows the Johnson 
counter to be programmed (i.e. preset) in BCD or binary 
code through inputs DPA 1. DPA2. DPA3, and DPA4· 

The BCD/binary counter can be programmed through 
inputs DPB1. DPB2. DPB3. and DPB4· For each counter a 
divide ratio of 10 (BCD count) or 16 (binary count) can 
be chosen independently by inputs CTLA and. CTLB 
respectively. When one of those inputs is set high, the 
divide ratio of the corresponding counter is 10 (BCD); 
when it is set low, the division ratio is 16 (binary). 

A Cascade Feedback input (pin 7), a Q output (pin 15) 
and a Preset Enable output (pin 1) made it possible to 
cascade the MC14568B, MC14522B and MC14526B with 
this device. CF, Q and PEout of MC14569B must be 
respectively connected to "O", C and PE of the following 
counter. 

::C 
e 
> u z 
w 
:::) 
0 
w 
It 
u. 
... · 

When MC14569B is used alone, CF must be connected 
to Voo. One pulse will appear on output PE0 ut every N 
clock periods (N being the value programmed on the Op 
inputs). Both counters included in MC14569B, and even
tually all the counters which are cascaded, should nor
mally be preset at the programmed values during the clock 
period where they all reach the count zero. For best speed 
performance, preset is started as soon as count 1 is detected. 
As a consequence, it is not possible to program a frequency 
division ratio of one. However, it is possible to program a 
division ratio of 11 (i.e. DPA1 •... DPA4 = 1,0,0,0 and 
DPB1 •... DPB4 = 1,0,0,0), or a division ratio of 101 if 
another counter is cascaded with the MC 14569B. 

This high speed configuration makes it possible to 
guarantee a maximum clock pulse frequency of 5 MHz 
for a 10 V VoD supply for any division ratio greater than 
one. Due to the presence of the early zero detectio.[l, the 
circuit must be used in the two least significant digit 
positions. 

Because all the circuitry is static, there is no minimum 
frequency specification for the Clock input, C (pin 9). 

0'--~...1....~-1-~_.~_....~~'--~+-~~ 

-40 -20 0 +20 +40 +60 +80 +100 

TA, AMBIENT TEMPERATURE (°C) 
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MOTOROLA 
Semiconductors 
BOX 20912 o PHOENIX, ARIZONA 85036 

HEX GATE 

The MC14572 hex functional gate is constructed with MOS 
P-channel and N-channel enhanc;ement mode devices in a single 
monolithic structure. These complementary MOS logic gates find 
primary use where low power dissipation and/or high noise immun
ity is.desired. The chip contains four inverters, one NOR gate and 
one NANO gate. 

• Quiescent Current= 0.5 nA/package typical@ 5 Vdc 

• Noise Immunity= 45% of Voo typical 
• Diode Protection on All Inputs 
• Single Supply Operation 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Input Impedance= 1012 ohms typical 

• NOR Input Pin Adjacent to Vss Pin to Simplify Use As An 
Inverter 

• NANO Input Pin Adjacent to Voo Pin to Simplify Use As An 
Inverter 

• NOR Output Pin Adjacent to Inverter Input Pin For OR 
Application 

• NANO Output Pi.n Adjacent to Inverter ,Input Pin For AND 
Application 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper·_ 
ature Range 

MAXIMUM RATINGS !Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -o .. 5 to VDD + 0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

CIRCUIT SCHEMATIC 

Vo~ 

~~ 7 

6 
5 14 

Vss 

15 

5-466 

Unit 

Vdc 

Vdc 

mAdc 
Oc 

oc 

13 

MC14572 

McMOS SSI 
(LOW.POWER COMPLEMENT ARY- MOS) 

HEX GATE 

4 INVERTERS PLUS 
2-INPUT NOR GATE PLUS 

2-INPUT NANO GATE 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC14XXX 

1 
tSufflx Oenotea 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAM 

2----{>o- 1 

10-{)»- 9 

12-{)»-11 

14~--
15~1;3 

v00 =Pin 16 

Vss =Pin a 
5=6+7 

13 = 14 • 15 



MC14572 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin·= Voo or o 10 

15 

"1" Level VoH 5.0 
Vin= o orVDo 10 

15 

Input Voltage# "O" Level V1L 
IVo = 3.6 or 1.4 Vdcl 5.0 
(Vo = 7.2 or 2.8 Vdc) 10 
IVo = 11.5 or 3.5 Vdcl 15 

"1" Level V1H 
IVo = 1.4 or 3.6 Vdcl 5.0 
(Vo= 2.8 or 7.2 Vdcl 10 
(Vo= 3.5or11.5 Vdc) 15 

Output Drive Current (AL Device) IOH 
(VOH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
IVoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdc) Sink loL 5.0 
IVoL = 0.5 Vdcl 10 
IVoL = 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) IOH 
(VOH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
IVoH = 9.5 Vdcl 10 
(VoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdcl Sink loL 5.0 
IVoL = 0.5 Vdcl 10 
IVoL = 1.5 Vdcl 15 

Input Current (AL Device) l1n 15 

Input Current (CL/CP Device) ljn 15 

Input Capacitance . Cin -
(Vin =0) 

Quiescent Current (AL Device I loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 
Total Supply Current**t IT 5.0 

(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL= 50 pF on all outputs, all 
buffers switching) 

*T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°c for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 
tTo calculate total supply·current at loads other than 50 pF: 

ITIC1) = IT(50 pF) + 6 x 10-3 (CL -50) Voof 

T1ow 
Min 

-
-
-

4.95 
9.95 

14.95 

-
-
-

3.6 
7.1 
11.4. 

-1.2 
-0.25 
-0.62 
-1.8 

.o.64 
1.6 
4.2 

-1.0 
-0.2 
-0.5 
-1.4 

0.52 
1.3 
3.6 

-
-
-

-
-
-

-
-
-

. 2s0c 
Max Min Typ Max 

0.05 - 0 0.05 
0.05 - 0 0.05 
0.05 - 0 0.05 

- 4.95 5.0 -
- 9.95 10 -
- 14.95 15 -

1.5 - 2.25 1.5 
3.0 - 4.50 3.0 

3.75 - 6.75 3.75 

- 3.5 2.75 -
- 7.0 5.50 -
- 11.25 8.25 -

- -1.0 -1.7 -
- -0.2 -0.36 -
- -0.5 -0.9 -
- -1.5 -3.5 -
- 0.51 0.88 -
- 1.3 2.25 -
- 3.4 8.8 -

- -0.8 -1.7 -
- -0.16 -0.36 -
- -0.4 -0.9 -
- -1.2 -3.5 -
- 0.44 0.88 -
- 1.1 2.25 -
- 3.0 8.8 -

±0.1 - ±0.00001 ±0.1 

±0.3 - ±0.00001 ±0.3 

- - 5.0 7.5 

0.05 - 0.0005 0.05 
0.10 - 0.0010 0.10 
0.20 -, 0.0015 0.20 

0.5 - 0.0005 0.5 
1.0 - 0.0010 1.0 
2.0 - 0.0015 2.0 

IT= (1.89 µA/kHz) f +too 
IT= (3.80 µA/kHz) f + too 
IT= (5.68 µA/kHzl.f +loo 

where: IT is in µA (per package), CL in pF, Voe in Vdc, and fin kHz is input frequency. 
**The formulas given are for th~ typical characteristics only at 25°c. 

Th!ll_h* 
Min Max Unit 

- 0.05 Vdc 
- 0.05 
- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 1.4 

- 2.9 

- 3.6 

3.5 - Vdc 
7.0 -

11.25 -
mAdc 

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 - mAdc 
0.9 -
2.4 -

mAdc 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAdc 
0.9 -
2.4 -
- ±1.0' µAde 

- ±1.0 µAde 

- - pF 

- 1.5 µAde 
- 3.0 
- 6.0 

- 3.8 µAde 
- 7.5 
- 15 

µAde 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad· 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im
pedance circuit. For proper operation it is recommended that Vin and V 0ut _be constrained to the range Vss < (Vin or V 0utl 
<Voo-
unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or Vool. 
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MC14572 

·SWITCHING CHARACTERISTICS* (CL= 50 pF, TA= 25°c1 

Typ M•x 
Ch•racteristic Symbol Voo All Types AL D.vice CL/CP Device Unit 

Output Rise Time tr ns 
tr= (3.0 ns/pF) CL+ 30 ns 5.0 180 350 400 
tr= (1.5 ns/pF) CL+ 15. n.s 10 90 150 200 
tr= (1.1 ns/pF) CL+ 10 ns 15 65 110 160 

Output Fell Time tf ns 
tf = (1.5 ns/pF) CL+ 25 ns 5.0 100 175 200 
tf = (0.75 ns/pF) CL+ 12.5 ns 10 60 75 100 
tf = (0.55 ns/pF) CL + 9.5 ns 15 37 56 80 

·Propagation Delay Time tPLH· ns 
tPLH,tPHL = (1.7 ns/pF) CL +30 nsl tPHL 6.0 116 165 200 
tPLH· tPHL = (0.66 ns/pF) CL+ 22 ns) 10 56 96 110 
tPLH·tPHL = (0.6ns/pFICL+15 nsl 15 40 75 86 

*The formula given is for the typical characteristics only. 

FIGURE 1 - SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 

Voe Voe 

El Input 16 

Pulse 2 Output Pulse 
Generator Generator 

Output 
5 

-= ICL 
-= 

Voe 

1 j-- 20ns --l 
90% 90% 

Input 50% 50% 
10% 10% 

:.j. Vss 

Output ,~HL 
Pulse 

Generator VoH 
90% 

Output J 00% 10% Vol -= 
tfL· 
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NIOTOROLA 
Semiconducf:ors 
BOX 20912 o PHOENIX, ARIZONA 85036 

4 x 4 MUL TIPORT REGISTER 

The MC14580B is a 4 by 4 multiport register useful in small 
Sc:ratch pad memories, arithmetic operations when coupled with an 
adder, and other data storage applications. It allows independent 
reading of any two words (or the same word at both outputs) while 
writing into any one of four words. 

Address changing and data entry occur on the rising edge of the 
clock. When the write enable inpllt is low, the contents of any word 
may be accessed but not altered. 

• Logic Swing Independent of Fanout 

• No Restrictions on Clock Input Rise or Fall Times 

• 3-State Outputs 

• Single Phase Clocking 

• Quiescent Current= 10 nA/package typical@ 5 Vdc 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range. 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin .co.5 to vDD + o.5 

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

BLOCK DIAGRAM 

} Wo•dA 
Output 

} woro e 
Output 

WE 

Data { 
Input , 

3-State B 

5-469 

Uri it 

Vdc 

Vdc 

mAdc 

oc 

OC 

MC14580B 

McMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

4 x 4 MUL TIPORT REGISTER 

·~---. 
24 . 

1 -

L SUFFIX 
CERAMIC PACKAGE 

,.~ 
P SUFFIX 

·PLASTIC PACKAGE 
CASE 709 

ORDERING INFORMATION 

MC'4XXXB 

1 
tSuffix Denotes 

L Ceramic Package 
P Plastic Package 

' A Extended Operating 
Temperature Range 

C Limited Operating 
Temperature Range 

PIN AsSIGNMENT 

24 

2 23 

3 22 

4 21 

5 20 

6 19 

7 18 

8 17 

9 16 

10 15 

11 14 

12 13 

v 00 =Pin 24 
Vss ='Pin 12 



MC14580B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin= Voo oro 10 

15 

"1" Level VoH 5.0 
Vin= 0 or Voo 10 

15 

Input Voltage# "O" Level V1L 
(Vo= 4.5 or 0.5 Vdcl 5.0 
!Vo= 9.0 or 1.0 Vdcl 10 
(Vo= 13.5 or 1.5 Vdcl 15 

"1" Level V1H 
!Vo = 0.5 or 4.5 Vdcl 5.0 
(Vo= 1.0 or 9.0 Vdcl 10 
!Vo= 1.5 or 13.5 Vdcl 15 

Output Drive Current (AL Device) IOH 
(VOH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

!Vol= 0.4 Vdcl Sink loL 5.0 
!Vol = 0.5 Vdcl 10 
!Vol= 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

!Vol= o.4 Vdcl Sink loL 5.0 
!Vol= 0.5 Vdcl 10 
(Vol= 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
'(Vin= 0) 

Quiescent Current (AL Device) 100 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) too 5.0 
(Per Package) 10 

15 

Total Supply Current** t IT 5.0 
(Dynami.c plus Quiescent, 10 
Per Package) 15 
(CL= 50 pF on all outputs, all 
buffers swi.tching) 

Three-State Leakage Current ITL 15 
(AL Device) 

Three·State Leakage Current ITL 15 
(CL/CP Device) 

~Tlow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device, 

#Noise immunity specified for worst·case input combination. 

T1ow . 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -
-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 50 

- 100 
- 200 

- ±0.1 

- :1:1.0 

Noise Margin for both "1" and "O" level= 1.0 Vdc mln@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 

2s0c Th!llh* 
Min Typ Max Min Max Unit 

- 0 0.05 - 0.05 Vdc 
- 0 0.05 - 0.05 
- 0 0.05 - 0.05 

4.95 5.0 - 4.95 - Vdc 
9.95 10 - 9.95 -

14.95 15 - 14.95 -

Vdc 
- 2.25 1.5 - 1.5 
- 4.50 3.0 - 3.0 
- 6.75 4.0 - 4.0 

3.5 2.75 - 3.5 - Vdc 

7.0 5.50 - 7.0 -
11.0 8.25 - 11.0 -

mAdc 
-1.0 -1.7 - -0.7 -
-0.2 -0.36 - -0.14 -
-0.5 -0.9 - -0.35 -
-1.5 -3.5 - -1.1 -
0.51 0.88 - 0.36 - mAdc 
1.3 2.25 - 0.9 -
3.4 8.8 - 2.4 -

mAdc. 
-0.8 -1.7 - -0.6 -

-0.16 -0.36 - -0.12 -
. -0.4 -0.9 - -0.3 -

-1.2 -3.5 - -1.0 -
0.44 0.88 - 0.36 - mAdc 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -
- ±0.00001 ±0.1 - ±1.0 µAde 

- ±0.00001 ±0.3 - ±1.0 µAde 

- 5.0 7.5 - - pF 

- 0.010 5.0 - 150 µAde 
- 0.020 10 - 300 
- 0.030 20 - 600 

- 0.010 50 - 375 µAde 
- 0.020 100 - 750 
- 0.030 200 - 1500 

'T = 11.18 µA/kHzl f + 100 µAde 
IT= (1.9141A/kHz) f + too 
IT= (2.67 µA/kHz) f + •oo 

- ±0.00001 ±0.1 - ±3.0 µAde 

- ±0.00001 ±1.0 - :1:7.5 µAde 

ly(CLI = IT(50 pF) + 4 x 10-3 (CL -501 Voof 
where: IT is i~ µA (per pa~kage), CL in pF, Voo in Vdc, and fin kHz is input frequency. 

**The formulas given are for the typical characteristics only at 25°C. 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
thi~ high impedance circuit. For proper 
operation it is recommended that .Vin and 
Vout be constrained to the range Vss < 
(Vin or Voutl < Voo: 
Unused inputs must always be tied to an 
appropriate'logic voltage level (e.g., either 
VssorVool. 
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MC14580B 

SWITCHING CHARACTERISTICS* !CL= 50 pF, TA= 25°Cl 
Max 

Typ 
Characteristic Symbol VDD All Types AL Device CL/CP Device Unit 

Output Rise Time tr ns 
tr= (3.0 ns/pF) CL+ 30 ns 5.0 180 350 400 
tr = ( 1.5 ns/pF) CL + 15 ns 10 90 150 200 
tr= (1.1 ns/pF) CL+ 10 ns 15 65 110 160 

Output Fall Time tf ns 

tf = (1.5 ns/pF) CL+ 25ns 5.0 100 175 200 
tf = (0.75 ns/pF) CL+ 12.5 ns 10 50 75 100 

tf = (0.55 ns/pF) CL+ 9.5 ns 15 37 55 80 

Propagation Delay Time, Clock to Output tpLH· ns 

tPHL• tPLH = (1.7 ns/pF) CL+ 1415 ns tpHL 5.0 1500 3000 4500 

tPHL• tP.LH = (0.66 ns/pF) CL+ 467 ns 10 500 1000 1500 

tPHL· tPLH = (0.5 ns/pF) CL+ 325 ns 15 350 750 1125 

Write Enable Setup Time tsetup(WE) 5.0 800 1600 2400 ns 
10 300 600 900 
15 180 450 675 

Write Enable Setup Time tsetup(WE) 5.0 -300 +100 +150 ns 
10 -100 +50 +75 
15 -60 +40 +55 

Write Enable Hold Time thold(WEI 5.0 -800 -1600 -2400 ns 
10 -300 -600 -900 -, 

15 -180 -450 -675 

Address and Data Setup Time tsetup(DI· 5.0 150 300 450 ns 

tsetup(W) 10 70 140 210 
15 50 105 160 

Address and Data Hold Time thold(DI· 5.0 160 320 480 ns 

thold(W) 10 65 130 195 
15 50 100 150 

3.State Enable/Disable Delay Time** tel is• 5.0 355 600 900 ns 

ten 10 140 220 350 
15 85 165 250 

Positive Clock Pulse Width PWcH 5.0 1000 2000 3000 ns 
10 350 700 1050 
15 200 525 800 

Negative Clock Pulse Width PWcL 5.0 400 800 1200 ns 
10 85 170 255 
15 60 130 200 

*The formula given is for the typical characteristics only. 
**Measured at the point of 10"A. change at output when the output load is 1.0 kn and 50 pF. 

FIGURE 1 - OUTPUT DRIVE CURRENT TEST CIRCUIT 

Voo Vout 

WE QOA 
WO 

W1 •os 
ROA 

R1A Sink Current Source Current 
R09 External 

·R19 Power 
Supply 

c 
DO 

Position of 51 2 1 

V<;sz Voo -Voo 

Vos= Vout Vout- Voo 

01 

02 

03 

Vss 
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MC145808 

Pulse 
Generator 

1 

Pulse 
Generator 

2 

Pulse 
Generator 

3 

FIGURE 2 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS (3-State Inputs are High) 

rRepetitive Waveformsl 

P.G.1----,.. L 
P.G. 2 J1_JL_J1._JL_f 

FIGURE 3 - AC WAVEFORMS AND DEFINITIONS 

P.G.3~ 
Output---,_ r--\. r-
OnA,B L.J \.._J 

-·-----------·-~------------------------------------ vDD Readn ... ,, ________________ ,,~s-0_% ________________________________ Vss 

-~----------------~•r----------------------------------- VDD Writen ... 
1
, _______________ ,,

1
,,. _____________________________________ v

55 
tsetup(W)-i..o---i.__ 

Clock 

Data 
Input 

---... ------------- vDD 
~s_o_% _____________ Vss 

1..---------- V DD 
WE ,__ _________ _, ______ Vss 

3-Staqt A or B ------------------------------------------. VDD 

1'--J+------- Vss 

111!!1!1 = D.on't Care 
R is third state (High Impedance) 
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MC14580B 

Clock WE Write 1 Write 0 Read 1A 

~ 1 S1 52 51 
_r 1 51 52 51 

~ x x x x 

x x x x x 
0 x x x x 
1 x x x x 

_r 1 0 0 0 

_r- 0 0 0 0 

51. and 52 refer to input states of either "1" or "O" 
R implies high resistance -109 ohms . 
X = Don't care 

LOGIC DIAGRAM 

TRUTH TABLE 

Read QA Read 1e Read 08 
52 S1 52 
52 51 52 
x x x 

x x x 
x x x 
x x x 

1 1 0 

1 1 0 

3-State A 3-StateB Dn On A OnB 
1 1 1 1 1 
1 1 0 0 0 
1 1 x No No 

Change Change 
0 0 x R A 
1 1 x No No 

Change Change 
1 1 x No· No 

Change Change 
1 1 Dn to Contents Contents 

word 0 of word 1 ofword2 
displayed displayed 

1 1 WordO Contents Contents 
not of word 1 ofword2 

altered displayed display_ed 
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MOTOROLA 
Semiconduc'fors 
BOX 20912 o PHOENIX, ARIZONA 85036 

4-BIT ARITHMETIC LOGIC UNiT 

The MC14581B is a CMOS 4-bit ALU logic unit capable of providing 
16 functions of two Boolean variables and 16 binary arithmetic operations 
on two 4-bit words. The level pf the mode control input determines 
whether the output funciton is logic or arithmetic. The desired logic func
·tion is selected by applying the appropriate binary word to the select 
inputs (SO thru 53) with the mode control input high, while the desired 
arithmetic operation is selected by applying a low voltage to the mode con
trol input, the required level to carry in, and the appropriate word to the 
select inputs. The word inputs and function outputs can be operated with 
either active high or active low data. 

Carry propagate (Pi and carry generate (G) outputs are provided to 
allow a full look-ahead carry scheme for fast simultaneous carry genera
tion for the four bits in the package. Fast arithmetic operations on long 
words are obtainable by using the MC14582B as a second order look ahead 
block. An inverted ripple carry input (Cnl and a ripple carry output 
(Cn+4l are included for ripple through operation. 

When the device is in the subtract mode (LHHL), comparison of 
two 4-bit words present at the A and B inputs is provided using the A = B 
output. It assumes a high-level state when indicating equality. Also, when 
the ALU is in the subtract mode the Cn+4 output can be used to indicate 
relative magnitude as shown in this table: 

Data 
Cn Cn+4 Magnitude 

Level 
H H ASB 

Active L H A<B 
High H L A>B 

L L A~B 

L L ASB 
Active H L A<B 
Low L H A>B 

H H A~ B 

FEATURES: 
• Functional and Pinout Equivalent to 74181. 
• Quiescent Current = 5.0 nA/package typical @ 5 Vdc 
• High Noise Immunity= 45% of VDD typical 
• Diode Protection on All Inputs 
• Low Input Capacitance - 5.0 pF typical 
• All Outputs Buffered 
• Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-power TTL Load, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage vDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +125 

CL/CP Dev.ice -40 to +85 

Storage Temperature Range Tstg -65 to +150 

5-474 

Unit 

Vdc 

Vdc 

mAdc 

OC 

OC 

MC14581B 

McMOS MSI 
(LOW·POWER COMPLEMENTARY MOS) 

4-BIT ARITHMETIC LOGIC UNIT 

2~.LSUFFIX .~~ ~ li ij ~:RAMIC PACKAGE 

1 CASE 684 

PSUFFIX 
PLASTIC PACKAGE 

CASE 709 

ORDERING INFORMATION 

MC'4XXXB 1 tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limite.d Operating 

Temperature Range 

Function{: 
Select 
Inputs 5 

6 

W~d12:. 
A 21 

19 

w~rd 12~ 
B 20 

18 

Carry In 7 

Modes 
Control 

BLOCK DIAGRAM 

G 
p 

Voo =Pin 24 
Vss =Pin 12 

9 l 10 Output 
11 Function 

13 

14 
Comparison 
Output 

Ripple 
16 Carry 

Output 



MC14581B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "'0" Level Vol 5.0 
Vin=VDDorO 10 

15 

"1" Level VoH 5.0 
Vin =10 or VoD 10 

15 

Input Voltage# "O" Level V1t 
(Vo= 4.5 or 0.5 Vdc) 5.0 
<Vo= 9.0 or 1.9 Vdcl 10 
(Vo= 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
<Vo= 0.5 or 4.5 Vdc) 5.0 
<Vo= 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) loH 
IVoH = 2.5 Vdc) Source 5.0 
<VoH = 4.6 Vdc) 5.0 
IVoH = 9.5 Vdc) 10 
<VoH = 13.5 Vdc) 15 

IVoL = o.4 Vdcl Sink IOL 5.0 
IVoL = 0.5 Vdc) 10 
IVoL = 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
IVoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
IVoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdc) Sink loL 5.0 
IVoL = 0.5 Vdcl 10 
IVoL = 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current••t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

*Tiow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +85°C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

T1ow * 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -

4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -

- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O" level= 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ VoD = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CLI = IT(50 pF) + 8 x 10-3 (CL -50) VDof 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 

- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-'0.5 -0.9 -
-1.5 -3.5 ~ 

0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- <r.005 5.0 
- 0.010 10 
- O.Q15 20 

- 0.005 20 

- 0.010 40 
- 0.015 80· 

IT= (1.8 µA/kHz) f + loo 
IT= (3.7 µA/kHz) f + loo 
IT= (5.5 µA/kHz) f + loo 

/ 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
•*The formulas given are for the typical characteristics only at 25°C. 

Thigh* 
Min Max Unit 

- 0.05 Vdc 
- 0.05 
- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vdc 
7.0, -

11.0 -
mAdc 

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 - mAdc 
0.9 -
2.4 -

mAdc 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAdc 
0.9 -
2.4 -

- ± 1.0 µAde 

- ±1.0 µAde 

- - pF 

- 150 µAde 
- 300 
- 600 

- 150 µAde 
- 300 
- 600 

µAde 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im
pedance circuit .. For proper operation it is recommended that Vjn and Vout be constrained to the range Vss .;; (Vin or V 0utl 
..:voe. 
unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or VoDl. 
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MC1-4581B 

SWITCHING CHARACTERISTICS* ICL = 50 pF, TA= 25°CI 

Typ Max 
Characteristic Symbol Voo All Types AL Device C L/CP Device Unit 

Output Rise Time tr ns 
tr= (3.0 ns/pF) CL+ 30 ns 5.0 180 350 400 
tr= (1.5 ns/pF) CL+ 15 ns 10 90 150 200 
tr= (1.1 ns/pF) CL+ 10 ns 15 65 110 160 

Output Fall Time tf ns 
tf = (1.5 ns/pF) CL.+ 25 ns 5.0 100 . 175 200 
tf = (0.75 ns/pF) CL+ 12.5 ns 10 50 75 100 
tf = (0.55 ns/pF) CL + 9.5 ns 15 37 55 80 

Propagation Delay Time tPLH• ns 
Sun In to Sum Out tPHL 

tPLH•tPHL = (1.7 ns/pf) CL+ 620.ns 5.0 705 1050 2000 
tPLH•tPHL = (0.66 ns/pF) CL+ 217 ns 10 250 375 700 
tPLH•tPHL = (0.5 ns/pF) CL+ 1S5 ns 15 180 270 525 

Sum In to 'Sum Out (Logic Mode) tPLH· ns 
tPLH·tPHL = (1.7 ns/pF) CL+ 520 ns tPHL 5.0 605 1000 1700 
tPLH·tPHL = (0.66 ns/pF) CL+ 182 ns 10 215 350 600 
tpLH·tPHL = (0.5 ns/pf) CL+ 155 ns 15 180 270 525 

Sum In to A= B tPLH• ns 
tPLH,tPHL = (1.7 ns/pf) CL+ 870 ns tPHL 5.0 955 1500 3000 
tPLH,tPHL = (0.66 ns/pF) CL+ 297 ns 10 330 500 1000 
tPLH.tPHL = (0.5 ns/pF) CL+ 220 ns 15 245 375 750 

Sum In to Por G tPLH• ns 
tPL,.H.tPHL = (1.7 ns/pF) CL+ 400 ns tPHL 5.0 485 730 1300 
tPLH,tPHL = (0.66 ns/pF) CL+ 147 ns 10 180 2.70. 450 
tPLH,tPHL = (0.5 ns/pF) CL+ 105 ns 15 130 195 340 

Sum In to Cn+4 tPLH• ns 
tPLH,tPHL = (1.7 ns/pf) CL+ 530 ns 5.0 615 1000 1700 
tPLH,tPHt. = (0.66 ns/pF) CL+ 187 ns 10 220 350 600 
tPLH•tPHL = (0.5 ns/pF) CL+ 135 ns 15 160 265 450 

Carry In to Sum Out tPLH· ns 
tPLH;tPHL = (1.7 ns/pF) CL+ 295 ns tPHL 5.0 380 570 1000 
tPLH,tPHL = (0.66 ns/pF) CL+ 112 ns 10 145 220 360 
tPLH•tPHL = (0.5 ns/pF) CL+ 80 ns 15 105 160 265 

Carry In to Cn+4 tPLH· ns 
tPLH·tPHL = (1.7 ns/pF) CL+ 220 ns tPHL 5.0 305 460 760 
tPLH•tPHL = (0.66 ns/pFI CL+ 87 ns 1.0 120 180 300 
tPLH,tPHL = (0.5 ns/pF) CL+ SO ns 15 85 130 210 

*The formula given is for the typical characteristics only. 

AC TEST SETUP REFERENCE TABLE 

AC PATHS .OC DATA INPUTS FIG. 3 
TEST INPUTS OUTPUTS TOVss TOVoo MOOE WAVEFORM 

sumin to Sumout AO Any F Remaining A's 
All B's Add Jll1 Delay Time Cn 

SumintoP Ao ji Remaining A's 
All B's Add lfl1 Delay Time Cn 

Suminto G BO Cn+y 
AllA's Remaining B's Add Jll1 

Deley Time Cn 

Sumin to Cn+4 eo G All A's Remaining i's Add Jll2 
Deley Time Cn 

Cn to Sum0 ut 
Cn Any F All A's All B's Add #1 

Deley Time 

Cn to Cn+4 
Cn Cn+4 All A's All B's Add #1 

Deloy Time 

Sumin to A• B AO A•B All B's 
Cn Sub #2 

Delay Time Remaining A•s 

Sumin to Sum0 ut 
AllB•s Any F M 

Exclusive 
#2 Delay Time All A's 

OR 
I Logic Model -

@ MOTOROLA Semiconductor Products Inc.--------

5-476 



FIGURE 1 - TYPICAL SOURCE CURRENT TEST CIRCUIT FIGURE 2 -TYPIC.AL SINK CURRENT. TEST CIRCUIT 

High for 
all outputs 
except Cn+4 

Voo 

TP;n 

Pulse 
Generator 

See AC Test 
Setup 

Reference 
Table 

Vout = VoH 

loH 

External 
Power 
Supply 

Low for 
all outputs 
except Cn+4 

V55 

FIGURE 3 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Load A 
TPout 

I ;.,,± TP;n 

Load A #1 

F1 Load .A 
TPout 

F2 Load A 

F3 Load A 

#2 

A=B Load A TPout 

Cn+4 Load A 

G Load A 

p Load A 

FO 

'F1 
F2 

FJ 

A=B 

Cn+4 

G 
p 

FIGURE 4 - DYNAMIC ~OWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Voo 

Load A 
TPout 

so S152 S3 I 
AO 

FO Load A ;.,,± 
A1 

F1 Load A 
A2 

A3 
F2 Load A 

Pulse FJ Load A 
BO 

Vout = VoL 

External 
Power 
Supply 

Generator 
81 

A=B Load A 
82 

Load A 
83 

Cn+4 

G Load A TP;n 
Cn p Load A 
MC 
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MC14581B 

Function 
Select 
Inputs 

Word A I 
W•••• I 

Carry In 

·Mode Control 

El 

BLOCK DIAGRAM BLOCK DIAGRAM 

(ACTIVE LOW) (ACTIVE HIGH) 

3 3 

4 4 

5 

6 6 

Voo =Pin 24 
so S1 S2 S3 v88 =Pin 12 so 51 52 S3 

AO 2 AO 
FO 9 FO 

23 A1 23 

21 'F1 10 

Io"""' 
21 F1 

'F2 11 Function F2 
19 A3 19 A3 

BO F3 13 F3 

22 B1 22 B1 
A=B 14 Comparison Output A=B 

20 B2 20 B2 
Cn+4 16 Ripple Carry Output 

18 B3 18 B3 
o 17 } Look-Ahead Cn 

G 
Cn 

Carry Outputs 
8 MC 

p 15 8 MC 
p 

TRUTH TABLE 

INPUTS/OUTPUTS ACTIVE LOW INPUTS/OUTPUTS ACTIVE HIGH 

FUNCTION LOGIC ARITHMETIC* LOGIC ARITHMETIC* 
SELECT FUNCTION FUNCTION FUNCTION FUNCTION 

S3 S2 S1 SO (MC= HI IMC = L, Cn = LI (MC=HI (MC = L, Cn =HI 

L L L L A A minus 1 A A 

L L L H AB AB minus 1 A+B A+B 

L L H L A+B AB minus 1 AB A+B 

L L H H Logic "1" minus 1 Logic "O" minus 1 

L H L L A+B A plus (A+B) AB A plus AB 

L H L H B AB plus (A+B) 8 (A+B) plus AB 

L H H L A@B A minus B minus 1 A@B A minus B minus 1 

L H H H A+B A+B AB AB minus 1 

H L L L AB Aplus(A+B) A+B A plus AB 

1:1 L L H A@ B A plus B A0s A plus B 

H L H L B AB plus (A+B) B (A+B) plus AB 

H L H H A+B A+B AB AB minus 1 

H H L L Logic "O" A plus A Logic "1" A plus A 

H H L H AB AB plus A A+B (A+B) plusA 

H H H L AB AB plus A A+B (A+B) plus A 

H H H H A A A A minus 1 

• Expressed as two's complements. For arithmetic function with Cn in the 
opposite state, the resulting function is as shown plus 1. 

9 

10 

11 

13 

14 

16 

17 

15 
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ltllOTOROLA 
Semiconduc'fors 
BOX 20912 •PHOENIX, ARIZONA 85036 

LOOK-AHEAD CARRY BLOCK 

The MC14582B is a CMOS look-ahead carry generator capable of 
anticipating a carry across four binary adders or groups of adders. 
The device is cascadable to perform full look-ahead across .n-bit ad
ders. Carry, generate-carry, and propagate-carry functions are pro
vided as enumerated in the pin designation table shown below. 

• Quiescent Current= 5.0 nA/package typical @ 5 Vdc 
• High Speed Operation - 140 ns typical@ VDD = 10 Vdc 

(from Data-in to Carry-out) 
• Expandable to any Number of Bits 
• Noise Immunity= 45% of VDD typical 
• All Buffered Outputs 
• Low Power Dissipation 
• Diode Protection on All Inputs 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-Power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage vDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VDD + o.5 

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +125 

CL/CP Device -40 to +85 

.Storage Temperature Range Tstg -65 to +150 

LOGIC EQUATIONS 
Cn+x = GO +·('Pb• Cnl 
Cn+y = ~ + (!:! • ~) + (~ • ~ • Si_) _ _ '"-
Cn+z = ~ + (~ • ~) + (~ • ".'..! • ~) +(~•!:'.!•~•Si> 

G = G3 + (P3 • G2) + (P3 • P2 • G1) + (P1 • P2 • P3 •GO) 
P=P3•P2•P'i•l5"0 

PIN DESIGNATIONS 

DESIGNATION PIN NO's FUNCTION 

Go,G1,G2.G3 3,1,14,5 
Active-Low 

Carry-Generate Inputs 

PCi,P1,P2.P3 4,2,15,6 
Active-Low 

Carry-Propagate Inputs 

Cn 13 Carry Input 

Cn+x• Cn+y 12,11,9 Carry Outputs 
Cn+z 

G 10 Active-Low Group 
Carry-Generate Output· 

p 7 
Activ•LOW Group 

Carry-Propagate Output 

5-479 

Unit 

Vdc 

Vdc 

mAdc 

oc 

OC 

MC14582B 

McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

LOOK-AHEAD CARRY BLOCK 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC>4XXXB 

1 
tSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

13 C;n Cn+x 12 

3 GO 

G1 Cn+y 11 

14 G2 

5 G3 Cn+z 9 

4 PO 

2 P1 p 

15 P2 

6 P3 'G 10 

Voo =Pin 16 
Vss =Pin 8 

II 
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MC14582B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level VOL 5.0 
Vin=VooorO 10 

15 

"1" Level VoH 5.0 
Vin= o or Voo 10 

15 

Input Voltage# "O" Level V1L 
IVo = 4.5 or 0.5 Vdcl 5.0 
IVo = 9.0 or 1.0 Vdc) 10 
IVo = 13.5 or 1.5 Vdc) \ 15 

"1" Level V1H 
IVo = 0.5 or4.5 Vdc) 5.0 
IVo " 1.0 or 9.0 Vdcl 10 
IVo = 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) loH 
IVoH = 2.5 Vdc) Source 5.0 
IVoH = 4.6 Vdc) 5.0 
IVoH = 9.5 Vdc) 10 
IVoH = 13.5 Vdc) 15 

(Vol= 0.4 Vdcl Sink loL 5.0 
IVoL = 0.5 Vdc) 10 
IVoL = 1.5 Vdc) 15 

Output Drive Current ICL/CP Device) loH 
IVoH = 2.5 Vdc) Source 5.0 
IVoH = 4.6 Vdc) 5.0 
IVoH = 9.5 Vdc) 10 
IVoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdc) . Sink loL 5.0 
IVoL = 0.5 Vdcl 10 
IVoL = 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

lhput Current (CL/CP Device) lin 15 

Input Capacitance Cin -
Nin = 01 

Quiescent Current (AL Device) 100 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current• •t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL= 50 pF on all outputs, all 
buffers switching) 

*T1ow = -55°C for AL Device, -40°C for CLICP Device. 
· Thigh= +,125°C for AL Device, t85°c for CL/CP Device. 
~Noise immunity specified for worst-case input combination. 

Ttow . 
Min Max 

- 0.05 
- 0.05 

- 0.05 

4.95 -
9.95 -

14.95 -
- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -
-1.2 -
-0.25 - -
-0.62 -
~1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O" level= 1.0 Vdc min@Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
. ITICLI = IT(50 pF) + 5 x 10-3 (CL ..:501 Voof 

2s0 c Thill_h* 
Min Typ Max Min Max Unit 

- 0 0.05 - 0.05 Vdc 
- 0 0.05 - 0.05 
- 0 0.05 - 0.05 

4.95 5.0 - - 4.95 - Vdc 
9.95 10 - 9.95 -

14,95 15 - 14.95 -
Vdc 

- 2.25 1.5 - 1.5 
- 4.50 3.0 - 3.0 
- 6.75 4.0 - 4.0 

3.5 2.75 - 3.5 - Vdc 
7.0 5.50 - 7.0 -

11.0 8.25 - 11.0 -
mAdc 

-1.0 -1.7 - -0.7 -
-0.2 -0.36 - -0.14 -
-0.5 -0.9 - -0.35 -
-1.5 -3.5 - -1.1 -
0.51 0.88 - 0.36 - mAdc 
1.3 2.25 - 0.9 -
3.4 8.8 - 2.4 -

mAdc 
-0.8 -1.7 - -0.6 -

-0.16 -0.36 - -0.12 -
-0.4 -0.9 - -0.3 -
-1.2 -3.5 - -1.0 -
0.44 0.88 - 0.36 - mAdc 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -
- ±0.00001 ±0.1 - ±1.0 µAde 

- ±0.00001 ±0.3 - ±1.0 µAde 

- 5.0 7.5 - - pF 

- 0.005 5.0 - 150 µAde 
- 0.010 10 - 300 
- 0,015 20 - 600 

- 0.005 20 - 150 µAde 
- 0.010 40 - 300 
- 0,015 80 - 600 

~T = (1.4 µA/kHz) f + I DD µAde 
IT= (2.8.µA/kHz) f + loo 
IT= (4.3 µA/kHz) f + loo 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
•*The formulas given are for the typical characteristics only at 25°C. 

This devic:e contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it Is advised that normel precautions be 
taken to avoid application of any voltage 
l'\igher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vin and 
Vout be constrained to the range Vss .;; 
(Vin or Voutl .;; Voo· . 

- Unused inputs must always be tied to en 
eppropriate logic voltage level (e.g., either 
VssorVool. 
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MC14582B 

SWITCHING CHARACTERISTICS* ICL •50pF, TA •25°CI 

Characteristic Symbol Yoo 
Output Rise Time tr 

tr • (3.0 ns/pF) CL + 30 ns 5.0 
tr• (1.5 ns/pF) CL+ 15 ns 10 
tr• (1.1 ns/pF) CL+ 10 ns 15 

Output Fall Time. tf 
tf • (1.5 ns/pF) CL+ 25 ns 5.0 
tf • (0.75 ns/pF) CL+ 12.5 ns 10 
tf • (0.55 ns/pF) CL.+ 9.5 ns 15 

Propagation Delay Time tPLH• 
tPLH• tPHL .. (1.7 ns/pF) CL+ 260 ns tPHL 5.0 
tPLH• tPHL'" (0.66 ns/pF) CL+ 107 ns 10 
tPLH· tPHL • (0.5 ns/pF) CL+ 85 ns 15 

*The formula given is for the typical characteristics only. 

FIGURE 1 - DYNAMIC POWER DISSIPATION 
TEST CIRCUIT AND WAVEFORM 

Pulse 
Generator 

All Types 

Typical Maximum Unit 

ns 
180 360 
90 180 
65 130 

ns 
100 200 
50 100 
40 80 

ns 
345 690 ' 

140 280 
110 220 

Voo 

C1n 

GO 
Cn+x 

~1 
CL* G2 Cn+y 

G3 
Cn+z CL* 

PO 
CL* 

P1 p 

P2 
G 

·cl* 

P3 
cLi 

FIGURE 2 - SOURCE CURRENT TEST CIRCUIT FIGURE 3 .... SINK CURRENT TEST CIRCUIT 

16 Voo 

GO Cn+x 

G1 
Cn+y 

G2 

G3 Cn+z 

PO 

P1 

P2 G 
P3 

Vout,;. VoH 

External 
Power 
Supply 

16 v 00 

GO .Cn+x 

G1 
G2 

G3 

PO 

P1 

P2 G 
P3 

Vout =Vol 

External 
Power 

Supply 
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TEST TABLE 

FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS AC PATHS DC DATA 

INPUT OUTPUT To v55 ToVDD 

PO 

GO 

Cn+x 

Cn+y 
G2 

G3 Cn+z Vin 

PO 

Pl 

P2 
Vout 

P3 

TYPICAL APPLICATIONS 

16·Bit ALU, Ripple Carry 

16·Bit ALU, Two-Level Look-Ahead 

32-Bit ALU, Two-Level Look-Ahead Over 16-Bit Groups 

Combined two-level look -ahead and ripple-carry ALU 

MC14582B 

64-Bit. ALU, Full-Carry Look-Ahead in Three Levels. 
A and B inputs and F outputs are not shown (MC14581BL 

Remaining 

P's, Cn 

P's, Cn 

P's 

G's 

Remaining 
G's 

G's 

Voo 

Vss 

VoH 

VoL 
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/tllOTOROLA 
Semiconduc-tors 
BOX 20912 • PHOENIX, ARIZONA 85036 

DUAL SCHMITT TRIGGER 

The MC145838 is a dual Schmitt trigger constructed with com
plementary P-channel and N-channel MOS devices on a monolithic 
silicon substrate. Each Schmitt trigger is functionally independent 
except for a common 3-state input and an internally-connected Ex
clusive OR output for use in line receiver applications. Trigger levels 
are adjustable through the positive, negative, and common terminals 
with the use of external resistors. Applications include the speed-up 
of a slow waveform edge in interface receivers, level detectors, etc. 

• Quiescent Current= 0.5 nA/package typical@ 5 Vdc 

• Schmitt Trigger Input Noise Immunity= 60% of VDD Typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Single Supply Operation 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

• Resistor Adjustable Trigger Levels 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -o.5 to VDD + 0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 OC 

CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 OC 

LOGIC DIAGRAM 

Positive A 6 5 Negative A 

7 Common A 

>-------o 4 Aout 

11 Aout 

Output Disable 

>---+----<> 14 Exclusive OR 

Positive B2 2 3 1 Common B 
Negative 

B 

12 Bout 

Voo .. Pin 16 
Vss .. Pin a 

6-4R3 

MC14583B 

McM05 551 
(LOW-POWER COMPLEMENTARY MOSJ 

DUAL SCHMITT TRIGGER 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC14XXXB 1 tSufftx Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

9 

13 

15 

INPUTS 

BLOCK DIAGRAM 

6 5 

Voo =Pin 16 
Vss =Pin a 

Aout 

A out 

0 
Bout 

Bin Bout 

Bpos BNeg Bcom 

2 3 

TRUTH TABLE 

4 

11 

14 

10 

12 

OUTPUTS 

A B DIS A out Aout Bout Bout (±) 
0 0 0 0 R 0 R 0 
0 0 1 0 1 0 1 0 
0 1 0 0 R 1 R 1 
0 1 1 0 1 1 0 1 

1 0 0 1 R 0 R 1 
1 0 1 1 0 0 1 1 
1 1 0 1 R 1 R 0 
1 1 1 1 0 1 0 0 

R = High resistance at output 

II 
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MC14583B 

ELECTRICAL CHARACTERISTICS (R1 = R2 = 001 

Voo T1ow * 

Characteristic Symbol Vdc Min Max 

Output Voltage "O" Level Vol 5.0 - 0.05 
Vin=VooorO 10 - 0.05 

15 - 0.05 

"1" Level VoH 5.0 4.95 -
Vin=OorVoo 10 9.95 -

15 14.95 -
Input Voltage# A and B "O" Level V1L 

(Vo= 4.5 or 0.5 Vdc) 5.0 - 1.5 
IVo = 9.0 or 1.0 Vdc) 10 - 3.0 
(Vo= 13.5 or 1.5 Vdc) 15 - 4.0 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 3.5 -
(Vo= 1.0 or 9.0 Vdc) 10 7.0 -
(Vo= 1.5 or 13.5 Vdc) 15 11.0 -

Output Drive Current (AL Device) loH 
(VoH = 2.5 Vdc) Source 5.0 -1.2 -
(VoH = 4.6 Vdc) 5.0 -0.25 -
(VQH = 9.5 Vdc) 10 -0.62 -
(VoH = 13.5 Vdc) 15 -1.8 -
IVoL = 0.4 Vdc) Sink loL 5.0 0.64 -
IVoL = 0.5 Vdc) 10 1.6 -
(Vol= 1.5 Vdc) 15 4.2 -

Output Drive Current (CL/CP Device) loH 
(VoH = 2.5 Vdc) Source 5.0 -1.0 -
(VoH = 4.6 Vdc) 5.0 -0.2 -
(VoH = 9.5 Vdc) 10 -0.5 -
(VoH = 13.5 Vdc) 15 -1.4 -
(Vol= 0.4 Vdc) Sink loL 5.0 0.52 -
IVoL = 0.5 Vdc) 10 1.3 -
(Vol= 1.5 Vdc) 15 3.6 -

Input Current (AL Device) lin 15 - ±'0.1 

Input Current (CL/CP Device) lin 15. - ±0.3 

Input Capacitance Cin - - -
(Vin= 0) 

Quiescent Current (AL Device) loo 5.0 - 0.05 
(Per Package) 10 - .0.10 

15 - 0.20 
Quiescent Current (CL/CP Device) 'oo 5.0 - 1.0' 

(Per Package) 10 - 2.0 
15 - 4.0 

Total Supply Current**t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL= 50 pF on all outputs, all 
buffers switching) 

Three-State Leakage Current ITL 15 - ±0.1 
(AL Device) 

Three-State Leakage.Current ITL 15 - ±1.0 
(CL/CP Device) 

*T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°c for AL Device, +85°C for CL/CP Device. 

!"Noise.immunity si;iecified for worst-case input combination. 
Noise Margin for both."1" and "O" level= 1.0 Vdc min@Voo = 5.0 Vdc 

2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ v 00 = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
ITICL) = IT(50 pF) + 5 x 10-3 (CL -50) Voof 

25°C 

Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 

- 4.50 3.0 
- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-0.8 -1.7 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.0005 0.05 
- 0.0010 0.10 
- 0.0015 0.20 

- 0.0005 1.0 

- 0.0010 2.0 

- 0.0015 4.0 

'T = 11.33 µA/kHzl f + 100 
IT= (2.65 µA/kHz) f + loo 
'T = (3.98 µA/kHz) f + loo 

- ±0.00001 ±0.1 

- ±0.00001 ± 1.0 

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
·~The formulas given are for the typical characteristics only at 25°C. 

Thigh* 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -
-0.7 -

-0.14 -
-0.35 -
-1.1 -
0.36 -
0.9 -
2.4 -

-0.6 -
-0.1_2 -
-0.3 -
-1.0 -
0.36 -
0.9 -
2.4 -
- ±1.0 

- ±1.0 

- -

- 1.5 
- 3.0 
- 6.0 

- 3.8 
- 9.5 

- 15 

- ±3.0 

- ±7.5 

@ MOTOROLA Semiconductor Products Inc. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF 

µAde 

µAde 

µAde 

µAde 

µAde 



MC145838 

SWITCHING CHARACTERISTICS* (CL= 50 pf, TA= 25°c) 

Characteristic 

Output Rise Time 
tr = (3.0 ns/pF) CL + 30 ns 
tr= (1.5 ns/pi:') CL+ 15 ns 
tr= (1.1 ns/pF) CL+ 10 ns 

Output Fall Time 
tf = (1.5 ns/pF) CL+ 25 ns 
tf = (0.75 ns/pF) CL+ 12.5 ns 
tf = (0.55 ns/pF) CL+ 9.5 ns 

Propagation Delay Time 

Ain.Bir. to Aout•Bout 
tPLH· tPHL = (1.7 ns/pF) CL+ 565 ns 
tPLH· tPHL = (0.66 ns/pF) CL+ 197 ns 
tPLH· tPHL = (0.5 ns/pF) CL+ 125 ns 

Ain·Bin to Aout.Bout , 
tPLH• tPHL = (1.7 ns/pF) CL+ 1015 ns 
tPLH· tPHL = (0.66 ns/pF) CL+ 347 ns 
tPLH• tPHL = (0.5 ns/pF) CL+ 235 ns 

Ain.Bin to Exclusive OR 
tPLH• tPHL = (1.7 ns/pF) CL+ 665 ns 
tPLH· tPHL = (0.66 ns/pF) CL+ 257 ns 
tPLH· tPHL = (0.5 ns/pF) CL+ 145 ns 

3-State Enable, Disable Delay.Time 
t 0 n. toff = (1.7 ns/pF) CL+ t40 ns 
t 0 n. toff = (0.66 ns/pF) CL+ 57 ns 
ton• t 0 n = (0.5 ns/pF) CL+ 30 ns 

Positive Threshold Voltage 
(Rt, R2 = 5.0 kil) 

Negative Threshold Voltage 
(R1, R2 = 5.0 kn.I 

Hysteresis Voltage 
(R1, R2 = 5.0 kn.I 

Threshold Voltage Variation, A to B 
(Rt, R2 = 5.0 kn.I 

Symbol 

tr 

tf 

Vp 

*The formula given is for the typical characteristics only. 

VDo 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
to 
t5 

5.0 
10 
15 

5.0 
10 
t5 

5.0 
to 
15 

5.0 
10 
15 

5.0 
10 
15 

Min 

AL 
Device 

1.27 
1.05 
1.05 

CL/CP 
Device 

0.85 
0.70 
0.70 

Typ 
All Types 

180 
90 
65 

100 
50 
37 

650 
230 
150 

1100 
380 
260 

750 
280 
170 

225 
90 
55 

3.30 
5.70 
8.20 

1.70 
4.30 
6.80 

1.70 
1.40 
1.40 

0.1 
0.15 
0.20 

Max 

AL 
Device 

350 
150 
110 

175 
75 
55 

990 
345 
260 

1650 
570 
400 

t125 
420 
300 

340 
t35 
85 

2.55 
2.10 
2.10 

CL/CP 
Device 

400 
200 
160 

200 
100 
80 

1600 
550 
365 

2700 
800 
610 

1850 
675 
470 

525 
200 
t40 

3.40 
2.80 
2.80 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Vdc 

Vdc 

Vdc 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad· 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im· 
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range Vss .;;; (Vin or Voutl 
.;;;vDD· 
Unused inputs must always be tied to an appropriate logic voltage level-(e.g., either Vss or VDDI. 
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MC14583B 

FIGURE 1 -TYPICAL OUTPUT SOURCE AND SINK CHARACTERISTICS TEST CIRCUIT 

Voo 
OUTPUT SOURCE OUTPUT SINK 

CHARACTERISTICS CHARACTERISTICS 

:;~~E j ~g~: ~~~~ Voo ::~~E j ~g~: ~~~ 
OUTPUT SWITCH POSITION SWITCH POSITION 

UNDER TEST SW1 sw2 SW1 SW2 

Aout• Bout 1 1 2 2 

Aout• Bout 2 2 1 1 

Exclusive OR 1 2 1 1 

FIGURE 2 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator 1 

Pulse 
Generator 2 

Ain 

Dis 

Bin 

A out 

A out 

0 
Bout 

Bout 

Vss 

-= 

0.01 µF 
lCeramic 

CL CL CL CL 

fout•Ain JLJL 
fout•Bin~ 

FIGURE 3 - TYPICAL THRESHOLD POINTS 

A - Feedback scheme for independent threshold adjustment: 

R1 

Positive~ 

Common 

R2 
Negative 

B - Feedback scheme for hysteresis adjustment: 

80 

t- I-

~ -

- -
t- I-

I~ 

- t- ~,.,1::-- '1 .. 
t::I 

t-1 
- }"" 11 

t-1 1-H 
-1-1- ~I ... 

+- H--
Vss = o 

___ Voo=s.ov 
voe= 1ov 

10 iliLlii11~~;JTii 
10 20 40 6 8 100 1.0k 10k lOOk 1.0M 

Rl, R2, RESISTANCE (OHMS) 

@ MOTOROLA Semiconductor Products Inc. _______ ....... 
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MC14583B 

FIGURE 4-SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator 1 

Pulse 
Generator 2 

Pulse 
Generator 3 

Bout 

Exclusive 

OR 

Input tr= tf = 20 ns 

Ain 

Dis 

Bin 

vDD 

A out 

Aout 

© 
Bout 

Bout 

Vss 

-= 

-----voD 

------+------voD 

Vss 

VoD 

--\--VoH 

\ 
----VoL 

- - -:-1--voH 

I 
1---VoL 

Note: Dashed lines indicate high output resistance. 
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MC14583B 

FIGURE 5- 3-STATE SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Voo Voo 

t" Pulse 
Generator 1 Ain Aout 

Aout 
Pulse Dis © 1TI 2 sw Generator 2 

Bout 

Bin Bout r f .. 
TEST SWLTCH POSITION 

ton HL 1 

ton LH 2 

toff HL 2 

toff LH 1 

*Metal film,± 1%, 1/4 W or greater 

Vss CL~ 15 pF, which includes test cir~uit capacitance. 

II 
... --------- ---------- Voo 

Ain _/ \ _____ Vss 

~---------..---------~Voo 

Bin _/ \ 

·""---------Vss 

Switch Position 2 Switch Position 1 

VoL' and Vot.:i' refer to the levels present as a result of the 1 k·ohm load resistors. 

@MOTOROLA Semiconductor Products Inc • 
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NIOTOROLA 
Semiconduc-tors 
BOX 20912 •PHOENIX, ARIZONA 85036 

Advance Info~mation 

HEX SCHMITT TRIGGER 

The MC14584B hex Schmitt Trigger is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single 
monolithic structure. These devices find primary use where low 
power dissipation and/or high noise immunity is desired. The 
MC14584B may be used in place of the MC14069B hex inverter for 
enhanced noise immunity or to "square up" slowly changing 
waveforms. 

• Quiescent Current.= 0.5 nA typ/pkg@ 5 Vdc 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-Power TTL Loads, One Low-Power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

• Double Diode Protection on All Inputs 

• Pin-for-Pin Replacement for CD.401068 and MM74C14 

• Can Be Used to Replace MC14069B 

MAXIMUM RATINGS (Voltages referenced to Vssl 

'Rating Symbol Value Unit 

DC Supply Voltage vDD -0.5 to +18 Vdc 

Input Voltage, All Inputs Vin -0.s to VDD + 0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

EQUIVALENT CIRCUIT SCHEMATIC 
(1/6 OF CIRCUIT SHOWN) 

This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is 8dvised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to 
this high impedance circuit. For proper .operation it is recommended that Vin and 
Vout be constrained to the range Vss ~(Vin or Voutl .s;; Voo· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., 
either Vss or Vool. 

This Is advance Information and specification are sublect to change without notice. 

5-:489 
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'MCl4584B 

McM05 551 
(LOW-POWER COMPLEMENTARY MOS) 

HEX 
SCHMITT TRIGGER 

.. ~.~ ~ u ~ .r~~'fH'fl ~ 
L SUFFIX· 

CERAMIC PACKAGE 

CASE 632 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

MC14XXXB 11:;Sufflx Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Ran~ 

LOGIC DIAGRAM 

5--+----6 

9~a 

11--+----10 

13~12 

v00 •Pin 14 

Vss •Pin 7 

II 
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MC14584B 

ELECTRICAL CHARACTERISTICS 

Voo T1ow 
Characteristic Symbol Vdc Min 

Output Voltage "O" Level Vol 5.0 -
Vin= Voo orO 10. -

15 -
"1" Level VoH 5.0 4.9,5 

Vin=OorVoo 10 9.95 
15 14.95 

Input Voltage# "O" Level VJL 
<Vo= 4.5 or 0.5 Vdc) 5.0 -
<Vo= 9.0 or 1.0 Vdcl 10 -
(Vo= 13.5 or 1.5 Vdc) 15 -

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 3.5 
(Vo= 1.0 or 9.0 Vdc) 10 7.0 
(Vo= 1.5 or 13.5 Vdc) 15 11.0 

Output Drive Current (AL Device) loH 
(VoH = 2.5 Vdc) Source 5.0 '-3.0 
(VoH = 4.6 Vdc) 5.0 
(VOH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

(Vol= 0.4 Vdcl Sink IQL 5.0 
(VoL = 0.5 Vdc) 10 
!VoL = 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) IQH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

<VoL = 0.4 Vdc) Sink loL 5.0 
<VoL = 0.5 Vdc) 10 
(VoL = 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin= 0) 

Quiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current**'t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

(CL = 50 pF on all outputs, all 
buffers switching) 

Hysteresis Voltage VH 5.0 
10 
15 

*T1ow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°c for AL Device, +85°c for CL/CP Device. 

;;Noise immunity specified for worst-case input combination. 

-0.64 
-1.6 
-4.2 

0.64 
1.6 
4.2 

-
-2.5 
-0.52 
-1.3 
-3.6 

0.52 
1.3 
3.6 

-
-

-

-
-
-

-
-
-

-
-
-

* 

Max 

0.05' 
0.05 
0.05 

-
-
-

1.5 
3.0 
4.0 

-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

±0.1 

±0.3 

-

0.25 
0.50 
1.00 

1.0 
2.0 
4.0 

-
-
-

Noise Margin for both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 
2.5 Vdc min@ Voo = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = lr(50 pF) + 1 x 10-3 (CL -50) Voof 

2s0 c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95- 10 -

14.95 15 -

- 2.25 1.5 

- 4.50 3.0 
- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-2.4 -4.2 -
-0.51 -0.88 -
-1.3 -2.25 -
-3.4 -8.8 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -

-2.1 -4.2 -
-0.44 -0.88 -
-1.1 -2.25 -
-3.0 -8.8 -
0.44 0_88 -
1.1 2.25 -
3.0 8.8 -

- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- 0.0005 0.25 
- 0.0010 0.50 
- 0.0015 1.00 

- 0.0005 1.0 

- 0.0010 2.0 
- 0.0015 4.0 

IT= (1.8 µA/kHz) f + loo 
IT = (3.6 µA/kHz) f + I DD 
IT= (5.4 µA/kHz),f +loo 

- 0.4 -
- 0.45 -
- 0.9 -

where: IT is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
**The formulas given are for the typical characteristics.only at 25°C. 

Thjgh* 

Min Max 

- 0.05 
- 0.05 

- 0.05 

4.95 -
9.95 -
14.95- -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.7 -
-0.36 -
-0.9 -
-2.4 -
0.36 -
0.9 -
2.4 -

-1.7 -
-0.36 -
-0.9 -
-2.4 -
0.36 -
0.9 -
2.4 -
- ± 1.0 

- ±1.0 

- -

- 7.5 
- 15 
- 30 

- 7.5 

- 15 
- 34 

- -
- -
- -
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Unit 

'vldc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF 

µAde 

µAde 

µAde 

Vdc 
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SWITCHING CHARACTERISTICS (CL= 50 pF, TA= 25°C) 

Voo 
Characteristic Symbol Vdc Min Typ Max 

Output Rise Time tr 5.0 100 
10 50 
15 40 

Output Fall Time tf 5.0 100 
10 50 
15 40 

Propagation Delay Time tPLH• tPHL 5.0 160 
10 65 
15 50 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Vout 

Pulse 
Generator Input 

Voo 
14 

Output 

FIGURE 2 - TYPICAL SCHMITT TRIGGER APPLICATIONS 

Vin~Vout 
(a) Schmitt Triggers will square up 

inputs with slow rise and fall times. 

j__ ~-.-~ __ 
T-r;--~~--

__ , _____ 1 ___ ..._I __ V55 

I I I 
,_ ___ .... ___ Voo 

------------- V55 

Vout 

(b) A Schmitt trigger offers maximum 
noise immunity in gate applications. 

Unit 

ns 

ns 

ns 

@ MOTOROLA Semiconductor Products Inc. -------'----' 

5-491 

II 



El 

MOTOROLA 
Semlconduc'fors 
BOX 20912 •PHOENIX, ARIZONA 85036, 

4-BIT MAGNITUDE COMPARATOR 

The MC14585B 4-Bit Magnitude Comparator is constructed with 
complementary MOS (CMOS) enhancement mode devices. The cir
cuit has eight comparing inputs (A3, 83, A2, 82, A 1; -81, AO, BO), 
three cascading inputs (A<B, A=B, and A>B), ~nd three outputs 
(A<B, A=B, and A>B). This.device compares two 4-bit words (A 
and 8) and determines whether they are "less than", "equal to", or 
"greater than" by a high level on the appropriate output. For words 
greater than 4-bits, units can be cascaded by connecting outputs 
(A<B), and (A=B) to the corresponding inputs of the next signifi· 
cant comparator (input A>B is connected to a high). Inputs (A<B), 
(A=B), and (A>B) on the least significant (first) comparator are con
nected to a low, a high, and a high, respectively. 

Applications include logic in CPU's, correction and/or detection 
of instrumentation conditions, comparator in testers, converters, and 
controls. 
• Diode Protection on All Inputs 
• Noise Immunity= 45% of VDD typical 
• High Fanout> 50 
• Quiescent Current= 5.0 nA/package typical@ 5 Vdc 
• Expandable 
• Applicable to Binary or 8421-BCD Code 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-power TIL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

DC Supply Voltage Voo -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to Voo + 0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - A.L Device TA -55 to +125 oc 

CL/CP Device -40 to +85 

· Storage Temperature Range Tstg -65 to +150 OC 

TRUTH TABLE 
INPUTS 

OUTPUTS 
COMPARING CASCADING 

A3,83 A2,82 A1, 81 A0,80 A<8 A•8 A>8 A<8 A•8 A>8 

A3>B3 x x x x· x 1 0 0 1 
A3•B3 A2>B2 x x x x 1 0 0 1 
A3•B3 A2•B2 At>Bt x x x 1 0 0 1 
A3•B3 A2•B2 A1•B1 AO>BO x x 1 o· 0 1 

A3•B3 A2•B2 A1•B1 AO-BO 0 0 1 0 0 1 
A3•B3 A2•B2 A1•B1 AO-BO 0 1 x 0 1 0 
A3•B3 A2•B2 A1•B1. AO-BO 1 0 x 1 0 0 

A3•B3 A2•B2 A1•B1 AO<BO x x x 1 0 0 
A3-B3 A2•B2 A1<B1 x x x x 1 0 0 
A3•B3 A2<B2 x x x x x 1 0 0 
A3<B3 x x x x x x 1 0 0 
X • Don't Care 

5-492 

MC14585B 

McMOS MSI 
(LOW POWER COMPLEMENTARY MOS) 

4-BIT MAGNITUDE COMPARATOR 

L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC'4XXXB ltSuffix Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

4 (A>8l;n 

6 (A=Blin 

5 IA<Bl;n IA>8lout 13 

10 AO 

11 BO 

At IA=8lout 3 

9 81 

2 A2 

82 IA<8lout 12 

15 A3 

14 83 

v00 =Pin 16 
Vss =Pin 8 
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ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "O" Level Vol 5.0 
Vin= v00 or o 10 

15 

"1" Level VoH 5.0 
Vin= O or Voo 10 

15 

Input Voltage# "0°Level V1L 
(Vo= 4.5 or 0.5 Vdcl 5.0 
(Vg = 9.0 or 1.0 Vdcl 10 
(Vo= 13.5 or 1.5 Vdc) 15 

"1" Level V1H 
(Vo= 0.5 or 4.5 Vdc) 5.0 
(Vo= 1.0 or 9.0 Vdc) 10 
(Vo= 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) loH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

IVoL = 0.4 Vdcl Sink IOL 5.0 
IVoL = 0.5 Vdc) 10 
IVoL = 1_.5 Vdc) 15 

Output Drive Current (CL/CP Device) IOH 
(VoH = 2.5 Vdc) Source 5.0 
(VoH = 4.6 Vdc) 5.0 
(VoH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 

IVoL = c:i.4 Vdc) Sink loL 5.0 
IVoL = 0.5 Vdc) 10 
IVoL = 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance. Cin -
(Vin= Ol 

µuiescent Current (AL Device) loo 5.0 
(Per Package) 10 

15 

Quiescent Current (CL/CP Device) 100 5.0 
(Per Package) JO 

15 

Total Supp!y Current**t ly 5.0 
{Dynamic plus Quiescent, I 10 
Per Package) 15 

(CL= 50 pF on all outputs, all 
buffers switching) 

*Trow= -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, +ss0 c for CL/CP Device. 

.x:Noise immunity specified for worst-case input combination. 

T1ow . 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

-- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O" level = 1.0 Vdc min@ Voo = 5.0 Vdc 
2.0 Vdc min@ Voo = 10 Vdc 

. 2.5 Vdc min@ Voo = 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 

lr(CL) = lr(50 pF) + 1 x 10-3 (CL -50) Voof 

2s0c 
Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 

- 4.50 3.0 

- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -
0.51 0.88 -
1.3 2.25 -
3.4 8.8 -
-0.8 -1.7 -

-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±0.00001 ±0.1 

- ±0.00001 ±0.3 

- 5.0 7.5 

- ·0.005 5.0 

- 0.010 10 
- O.Q15 20 

- 0.005 20 

- 0.010 40 
- 0.015 80 

IT= (0.6 µA/kHz) f + I DD 
ly = 11 .. 2 µA/kHzl t + loo 
ly = (1.8 µA/kHz) t + loo 

where: tr is in µA (per package), CL in pF, Voo in Vdc, and fin kHz is input frequency. 
•*The formulas given are for the typical characteristics only at 25°C. · 

Thlil.h* 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 

- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 -
0.9 -
2.4 -

-0.6 -
-0.12 -
-0.3 -
-1.0 -
0.36 -
0.9 -
2.4 -

- ± 1.0 

- ±1.0 

- -

- 150 
- 300 
- 600 

- 150 
- 300 
- 600 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

µAde 

µAde 

pF II 
µAde 

µAde 

µAde 
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MC14586B 

SWITCHING CHARACTERISTICS* (CL .. 60 pF, TA• 26°c1 

Characteristic Symbol 

Outp~t Rise Time 
tr • (3.0 ns/pF) CL+ 30 ns 
tr c (1.6 ns/pF) CL+ 16 ns 
t; = (1.1 ns/pFI CL+ 10 ns 

· Output Fall Time 
tf .. (1.6 ns/pF) CL+ 26 ns 
tf • (0.76 ns/pF) CL+ 12.6 ns 
tf"' (0.66 ns/pF) CL+ 9.6 na 

Turn.Off Delay Time 
tPLH• tPHL = (1.7 ns/pF) CL+ 345 ns 
tPLH. tPHL = (0.66 ns/pF) CL+ 147 ns 
tPLH. tPHL = (0.5 ns/pF) CL+ 106 ns 

*The formula given is for the typical characteristics only. 

FIGURE 1 - DYNAMIC POWER DISSIPATION 
SIGNAL WAVEFORMS 

20 ns 

20 ns 

A3 
1 

T ~-v00 

B3~ \__ Vss 

VoH 

(A>B>out VoL 

~-VoH 

(A=8lout ___./ '\.____ VoL 

~-VoH 

(A<8>out ~ \__ VoL 

. tr 

tf 

tPLH• 
tPHL 

Inputs (A>8l and (A=8) high, and Inputs 82, A2, 81, A1, BO, 
AO and (A< B) low 
f In respect to a system clock. 

Max 

Typ AL CL/CP 
Yoo All Types Device Device Unit 

ns 
6.0 180 360 400 
10 90 160 200 
16 66 110 160 

na 
6.0 100 176 200 
10 60 76 100 
16 37 66 80 

ns 
5.0 430 750 1125 
10 180 300 450 
15 130 220 330 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 

Inputs (A>Bl and (A=B) high, and Inputs 83, A3, 82, A2, 81, 
A1, AO, and (A< 8) low. 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im
pedance circuit. For proper operation it is recommended that Vin \jnd Vout be constrained to the range Vss"' (Vin or Voutl 
<Voo- .,, ... , ·'. 
Unused inputs must always be tied to an appropriate logic voltage level (e.g .. either Vss or Vool. 
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FIGURE 3 - CASCADING COMPARATORS 

WORD, 
B = B11 B10 B9 BS B7 B6 B5 B4 B3 B2 B1 BO 
WORD 
A= A11 A10 A9 AS A7 A6 A5 A4 A3 A2 A1 AO 

a; iii iii 
V II A 
~ ~ ~ 

Outputs 

6 
(A=Blin 

MC145858 

Output 
m m a; 
v A 
~ ~ 

MC14585B 

WORD B = B11, B10, ---.BO. 
WORD A= A,11, A10, ---.AO. 

LOGIC DIAGRAM 

m a; 
v II 

MC14685B ~ ~ 
Inputs 

IA<Blout 
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McMOS Reliability 

Paramount in the mind of every semicon
ductor user is the question of device performance 
versus time. After the applicability of a particular 
device has been established, its effectiveness de
pends on the length of troublefree service it can 
offer. The reliability of a device is exactly that -
an expression of how well it will serve the 
customer. The following discussion will attempt 
to present an overview of Motorola's MOS Re
liability efforts. 

BASIC CONCEPTS 

It is essential to begin with an explanation of 
the- various parameters of reliability. These are 
probably summarized best in the. Bathtub Curve 
(Figure 1). The reliability performance of a device 
is characterized by three phases: infant mortality, 
random failure and wearout. When a device is 
produced there is often a small distribution of 
failure mechanisms which will exhibit themselves 
under relatively moderate stress levels and there
fore appear early. This period of early failures, 
termed .infant mortality, can often be reduced 

. significantly through proper manufacturing con
trols and screening techniques. The most effective 
period is that in which only occasional random 
failure mechanisms appear. This typically spans 
a long period of time with a very low failure 
rate. The final period is that in which the devices 
literally wear out due to continuous phenomena 
which existed at the time of manufacture. Using 
reasonable design techniques and selectivity in 
applications, 'this period can easily be shifted 
beyond the lifetime required by the user. 

FIGURE 1 - THE BATHTUB CURVE 

Infant 
Mortality 

Random Failure 

Random Failure Wearout 
Mechanisms Phenomena 

Time 

Both the infant mortality and random failure 
rate regions can be described through the same 
types of calculations. During this time the prob
ability of having no failures to a specific point in 
time can be expressed by the equation 

6·2 

> u 
c: 
Cl! 
::i 
CT 
Cl! 

it 

Po= e-At 

where A is the failure rate and t is time. Sint:e 
A is changing rapidly during infant mortality, the 
expression does not become useful until the ran
dom period, where A is relatively constant. In this 
equation A is failures per unit of time. It is usually 
expressed in percent failures per thousand hours. 
Other forms include FIT (Failures In Time = 
[ %/1 o3 hrs] x 1 o-4 = 1 o-9 failures per hour) 
and MTTF (Mean Time To Failure) or MTBF 
(Mean Time Between Failures), both being equal 
to 1 /A and having units of hours. 

Since reliability evaluations usually involve 
only samples of an entire population of devices, 
the concepts of the Central Limit Theorem apply 
and A is calculated using the x2 distribution 
through the equation: 

where a 

x2 (ex, 2r '+ 2) A ..;;;; __ 2_n_t __ 

100-CL 
100 

CL= Confidence Limit in percent 
=Number of rejects 

n =Number of devices 
= Duration of test 

The confidence limit is the degree of con
servatism desired in the calculation. The Central 
Limit Theorem states that the values of any 
sample of units out of a large population will 
produce a normal distribution. A 50% confidence 
limit is termed the best estimate and is the mean 
of this distribution. A 90% confidence limit is a 
very conservative value and results in a higher 
A which represents the point at which 90% of 
the area of the distribution is to the left of that 
value (Figure 2). The term (2r + 2) is called the 
degrees ·of freedom and is an expression of the 
number of rejects in a form suitable to x2 tables. 

-FIGURE 2 - CONFIDENCE LIMITS AND THE 
DISTRIBUTION OF SAMPL·E FAILURE RATES 

50% CL 

~ 

A, Failure Rate 

• 



The number of rejects is a critical factor since the 
definition of rejects often differs between manu
facturers. While Motorola uses data sheet limits 
to determine failures, sometimes rejects are count
ed only if they are catastrophic. Due to the 
increasing chance of a test not being represen
tative of the entire population as sample size and 
test time are decreased, the x2 calculation pro
duces surprisingly high values of "'A. for short test 
durations even though the true long term failure 
rate may be quite low. For this reason relatively 
large amounts of data must be gathered to demon
strate the real long term failure rate. Since this 
would require years of testing on thousands of 
devices, methods of accelerated testing have 
been developed. 

Years of semiconductor device testing has 
shown that temperature will accelerate failures 
and that this behavior fits the form of the 
Arrhenius equation: 

R (t) =Ro (t)e-0/kT 

where R (t) =Reaction rate as a function of time 
and temperature 

Ro ·= A constant 
t 
(J 

k 
T 

=Time 
= Activation energy in electon volts 
= Boltzman's constant 
= Temperature in degrees Kelvin 

To provide time.:.temperature ~quivalents this 
equation is applied to failure rate calculations 
in the form 

where 
to e8/kT 

·t =time 
to == A constant 

The Arrhenius equation essentially states that 
reaction rate increases exponentially with temper
ature. This produces a straight line when plotted 
on log-linear paper with a slope expressed by 0. 
0 may be physically interpreted as the energy 
threshold of a particular reaction or failure mech
anism. The activation energy exhibited by MOS 
integrated circuits varies from about 0. 7 eV for 
serious contamination problems to about 1.3 eV. 
Although the relationships do not prohibit devices 
from having poor failure rates and high activation 
energies, good· performance usually does imply 
a high 0. Studies by Bell Telephone Laboratories 
have indicated that an overall 8 for semiconductors 
is 1.0 eV. This value has been accepted by the 
Rome· Air Development Command for time
temperature acceleration in powered burn-in as 
specified in Method 1015.1 of MI L-STD-883A. 
Data taken by Motorola on MOS devices has 
verified this number and it is therefore applied 
as our standard time-temperature regression for 

extrapolation of high temperature failure rates to 
temperatures at 1 which the devices will be used 
(Figure 3). 

To accomplish this, the time in device hours 
(t1) and temperature (T1) of the test are plotted 
as point P1. A vertical line is c;frawn at the tem
perature of interest (T2) and a line with a 1.0 eV 
slope is drawn through point P 1. I ts intersection 
with the vertical line defines point P2, and deter
mines the number of equivalent device hours (t2). 
This number may then be used with the x2 formula 
to determine the failure rate at the temperature 
of interest. Assuming T1 of 125°C at t1 of 
10,000 hours, a t2 of 7.8 million hours results 
at a T2 of so0 c. If one reject results in the 
10,000 device hours of testing at 125°C, the 
failure rate at that temperature will be 20%/1000 
hours using a 60% confidence level. One reject 
atthe equivalent 7 .8 million device hours at so0 c 
will result in a 0.026%/1000 hour failure rate, 
as illustrated in Figure 4. 

Three parameters determine the failure rate 
quoted by the manufacturer: the failure rate at 
the test temperature, the activation energy em
ployed, and the difference between the test 
temperature and the temperature of the quoted 
"'A.. A term often used in this manipulation is the 
"acceleration factor" which is simply the equiva
lent device hours at the lower temperature divided 
by the actual test device hours. 

Wea rout 

Every device will eventually fail, but with 
reasonable care in design and application the wear
out phase can be extended far beyond the lifetime 
required. During wearout, as in infant mortality, 
the failure rate is changing rapidly and therefore 
loses ·its value. The parameter used to describe 
performance in this area is "Median Life" and is 
the point at which 50% of the devices.have failed. 
There are currently only two significant wearout 
mechanisms: electromigration of circuit metalli
zation and electrolytic corrosion in plastic devices. 

Electromigration is the current induced mass 
transport of metallization due to high temperature 
and current density. It is strongly affected by the 
type of metallization as well as the grain structure 
and surface sealing. It is therefore important that 
the designer predict the maximum junction tem
perature of the device, the current on all space 
limited lines and the process characteristics such 
as thickness variation, grain size, and step coverage. 
With these parameters fixed, a median· life goal 
can be selected and the metal width chosen ac
cordingly. Reasonable consideration in the design 
phase coupled with ·careful die inspection can 
therefore eliminate this phenomena as one of 
practical concern. 



FIGURE 3 - NORMALIZED TIME-TEMPERATURE REGRESSIONS FOR. 
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For increased flexibility in working with a broad range of device hours, the time-temperature 
regression lines have been normalized to 500°c and the time scale omitted, permitting the user 
to define the scale based on his own requirements. 
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FIGURE 4 - FAILURE RATE 
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A more pertinent mechanism is the electro~ 
lytic corrosion of die metallization by moisture 
and applied voltage. Although it_ can occur in 
hermetic packages which are not properly sealed, 
hermeticity testing can easily limit it to plastic 
packaging. In plastic devices there is never enough 
adhesion between the plastic and the other com
ponents to overcome the stresses developed due 
to differing coefficients of thermal expansion. As 
a result moisture can enter the device along the 
interface of the lead frame and the plastic, pass 
between the surface of the wire and the plastic 
and reach the surface of the die. If contaminants 
are present in the water or in the package an 
electrolyte is created which will corrode the metal
liza~ion in the presence of an electric field. The 
median life is determined by many factors such as: 

1. Matching of thermal expansion coefficients 
of the leadframe, wire, die and plastic 

2. Purity of the encapsulant 
3. Adhesion of the encapsulant 
4. Length and width of the leadframe interface 
5. Integrity of the final die passivation layer. 

Plastic package corrosion is evaluated by ex
posing the device to extremes of temperature and 
humidity while under bias. Through consistent 
bias configurations and control •of the environ
ment; temperature-humidity-bias (TH B) testing 
can be an invaluable indicator of performance. 
Typical test parameters are 8S°C and 85% relative 
humidity. Pressure cooker test and operating tests 
under tropical conditions are also employed but 
are more difficult to repeat consistently. The 
problem with all the tests, however, is the diffi
culty in relating the results to the environment 
in which the customer will use the device. To 
accomplish this a model has been developed which 
substitutes vapor pressure for temperature in the 
Arrhenius equation. When available data points 

FIGURE 5 - VAPOR PRESSURE MODEL 
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are used to adjust the constants, the plot in Fig
ure 5 is the result. Based on several variations of 
THB conditions and extrapolated. performance 
from burn-in tests, this model provides a good 
estimate of performance across the range of 
temperature and humidity environments possible 
in the customers application. 

Sampling Procedures 

There are primarily three methods of measur
ing how well a lot of product meets the quality 
and reliability requirements of the customer: 
100% testing using a Percent Defective Allowable 
(PDA), sampling based on an Acceptance Quality 
Limit (AOL), and sampling based on a Lot Toler
ance Percent Defective (L TPD). Since 100% test
ing is time consuming and expensive, sampling 
procedures are typically employed to assure ac
ceptably low defect levels. 

A PDA is simply a reject percentage above 
which the lot will be rejected. Depending on how 
the PDA was derived, it may or may not be 
statistically sound. The availability of theoretically 
accurate sampling plans in the various military 
specifications has led to wide use of AOL and 
L TPD plans; Depending on lot size and sample 
size, three different probability distributions may 
be used to derive the sampling plan: the Binomial, 
the Hypergeometric and the Poisson. The assump~ 
tions of a particular sample size (n) and accept
ance number (c) and the use of these distributions 
will generate an Operating Characteristic (OC) 
Curve as in Figure 6. The AOL is defined at the 
95% probability of lot acceptance level while the 
L TPD is defined at the 10% level. The AOL point 
describes the Producer's Risk of rejecting good 
lot (5%) while the L TPD point describes the 
Consumer's Risk of accepting bad lot (10%) given 
that the incoming product contains the percent 
defective p. 

FIGURE 6 - OPERATING CHARACTERISTIC CURVE 
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It is important to remember that although the 
concepts of Producer's and Consumer's Risk are 
utilized to describe AOLs and L TPDs, both are 
merely indicators of the performance of the 
original population. Both plans are widely used 
by manufacturers and users alike. By definition, 
L TPDs employ fixed sample sizes while AOL 
plans adjust the sample size according to the lot 
size. As in the case of failure rate determination, 
the criteria established to determine rejects and 
their interpretation are key factors in determining 
the performance of lots during inspection. 

THE SOURCE OF RELIABILITY 

One of the most popular sayings about relia
bility is that it must be "built in", not "tested 
in". Every manufacturing process exhibits a 
distribution of quality and reliability. The intent 
of the saying is that this distribution must be 
controlled to assure a high mean value, a narrow 
range and a consistent shape. Through proper 
design and process control this can be accom
plished, thereby reducing the task of screening 
programs which attempt to eliminate the lower 
tail of the distribution. 

Design 

A close interface must be maintained between 
reliability and design. For this reason a large part 
of the reliability staff is dedicated to a day by 
day interface with the device design and modeling 
groups. Through this mutual effort new tech
niques are evaluated and proven before they are 
committed to production. Special test vehicles are 
geherated and experiments performed to verify 
that the performance of new approaches meets or 
exceeds the standards of the product line. This 
effort is not only a beneficial application of relia
bility but an absolute necessity to provide the 
rapid product development demanded by the 
dynamic integrated circuit marketplace. 

Processing 

In addition to the design interface, reliability 
engineers work closely with process engineers in 
both the wafer and assembly areas. As each new 
process is developed, it is also tested to assure 
that it presents no hazards to the reliability of 
the ultimate product. This testing is an extensive 
qualification program which is performed inde
pendently on processes, packages and designs. 

New wafer processes are qualified using process 
control patterns and prototypes of production 
devices. Each new package is tested using methods 
based on Ml L-STD-883A. Assembly process 
changes are qualified by employing them in the 
construction and testing of well characterized 
products. After these primary level qualifications, 
wafer processes are generically qualified in new 
packaging systems to assure process-package com
patibility. While assembly oriented qualifications 
center around the th.ermal-mechanical sequences 
of Ml L-STD-883A, wafer process qualifications 
emphasize dynamic high temperature stress test
ing. (see Figures 7 and 8.) 

After testing has proven the performan~e of 
the process, it is specified and documented to 
provide a baseline for process control. Beyon'q the 
detailed process control efforts of the prqcess 
engineering groups, an In-Process Quality J:\S,sur
ance (IPOA) group exists to assure that process 
control is meeting its objectives. IPOA accom
plishes this through surveillance of both the wafer 
and assembly areas (see Figure 9). There are two 
major inspection points in the wafer proces~ing 
areas: CV Plotting and Final Visual. Samples from 
each wafer lot are stringently .. tested for voltage 
shift and inspected for gold backing and visual 
defects. The major inspection points in the 
Assembly Area are Die Visuals, Die Bond, Wire 
Bond and Pre-Cap. 

FIGURE 7 - PACKAGE EVALUATION 

Ml L-STD-883 Test 
Test Test Method Condition 

Operating Life mos N/A 
High Temperature Storage 1008 c 
Temperature Cycle 1010 c 
Thermal Shock 1011 c 
Thermal Resistance N/A N/A 

Mechanical Shock 2002 8 

Constant Acceleration 2001 D 

Vibration, Variable Frequency 2007 A 
Wire Pull (Hermetic) 2011 D 

Temperature-Humidity-Bias (Plastic) N/A 85°C/85% RH/10V 

Moisture Resistance 1004 1 

Salt Atmosphere 1009 A 

Solderabi I ity 2003 260°C 

Lead Fatigue 2004 B2 
Marking Permanency 2008 8 

Physical Dimensions 2008 A 
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All of these inspection points are known as 
"Gate Inspections" .and are performed on lots of 
material. Wafers are grouped, into lots which 
generally consist of thirty to fifty wafers while 
individual devices are grouped into assemply 
orders consisting of 500 to 2000 devices. Each 
lot or assembly order is submitted to In-Process 
Quality Assurance Gate Inspection. If accepted, 
they are passed to the next operation, while 
failed material is returned to Production for 100% 
screening. Only the wafers or devices that meet 
all established standards are accepted for con-
tinued processing. , 

"Monitor" inspections are performed in the 
assembly area on each individual machine and 
operator. The monitors are designed to control 
the operation, and provide feedback of quality 

problems to the responsible production super
vision. Periodfo line audits are used to check for: 

1. Documented procedures on each operation 
2. Proper usage of specifi'cations 
3. Up-to-date calibration of equipment 
4. Proper settings on .equipment 
5. Housekeeping 
6. Safety precautions. 

Comprehensive training programs are provided 
for all domestic and off-shore personnel, new 
plant start-ups, changes in specifications, or pro
cess changes. The primary objective is to evaluate 
the material in process and assure that MOS prod
ucts meet the levels of reliability and quality 
which are consistent with the requirements of 
our customers. 

' FIGURE 8- INITIAL EVALUATION OF NEW PRODUCT 
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FIGURE 9 - IN-PROCESS QUALITY ASSURANCE FLOW CHART 
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During the past thirty years that semicon
ductor products have existed, a wide variety of 
screening techniques have evolved to eliminate 
the lower tail of the process distribution discussed 
previously. These techniques may be categorized 
in two ways, as illustrated by the two axes of the 
matrix in Figure 10. The performing agency 
varies depending on the type and purpose of the 
test. Most screens utilized by the industry today 
are based on Ml L-STD-883A and are employed 
by Motorola in the various categories of Figure 10. 

Several 100% visual screens are performed 
during assembly using both stereozoom and metal
urgical microscopes. Subsequent sampling is per
formed by In-Process Quality Assurance as de
scribed above. Assembly mechanical tests for 
hermetic product consist of: 

1. Gross leak sampling 
2. Temperature cycling 
3. Krypton-85 fine leak testing. 
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Other tests available as adders include stabilization 
bake and centrifuge. Stabilization bake originated 
with Mesa transistors which had exposed junctions. 
The high temperature bake had a significant effect 
on stabilizing the junction leakage and low cur
rent beta. Since integrated circuits have no ex
posed junctions, Motorola has found no benefit in 
stabilization bake. The intent of centrifuge is to 
exert a force on the wire bonds which would 
detect latent failures. Calculations have shown 
that even at 30,000 Gs, a higher than normal 
military requirement, the force. on a wire is in the· 
order of 100 mg. This is insignificant compared 
to a wire pull average of at least 7000 mg. Since 
each wire bonder is sampled continuously to pro
vide constant control, centrifuge ·becomes a 
needless screen. Occasionally die bonds can fail in 
a centrifuge test, but Motorola controls this factor 
by employing stringent fillet and wetting criteria 
in a 100% visual screen enforced by In-Process OA. 

FIGURE 10-TESTING CATEGORIES 
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Many vendors offer extensive screening pro
grams as an adder. Although some features defi-

. nitely improve reliability I many are far from cost 
effective. As in the case of stabilization bake 
and centrifuge for hermetics, many unnecessary 
screens are applied to plastic product. Stabiliza
tion bake is often touted as a screening procedure 
for plastics, but this is usually the standard cure 
cycle through which every plastic device is pro
cessed. Temperature cycling and thermal shock 
are tests commonly employed to test for latent 
wire bond failures. This was a significant problem 
when the industry was using aluminum wire on 
various silicone compounds, and .continues to be 
for those vendors who have not properly balanced 
the thermal expansion coefficients of the package 
components. Motorola, like many of the large 
suppliers, has spent years of research and testing 
in optimizing its epoxy Novolac plastic package 
to the extent that temperature intermittence has 
been virtually eliminated. In addition, recent 

FIGURE 11 - MOS OUTGOING 
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work by Fitch* has shown that repeated tem
perature excursions over the military temperature 
range definitely degrade the THB life of plas
tic product. 

At the end of the assembly process,_production 
final test screens the product with a comprehen
sive series of de, functional, and speed oriented 
electrical tests. These tests are normally more 
stringent than data sheet requirements and are 
sampled by Outgoing Quality Assurance. Outgoing 
QA establishes controls on the equipment, pro
cedures and test programs. Through the use of 
such monitoring and standard correlation units, 
this In-Line Quality System (Figure 11) certifies 
that each unit has been screened to program limits 
such that all specifications are met or exceeded. 
Complementing the In-Line systems is a statistical 
sampling program based on Ml L-STD-883A, Meth
od 5005.2. This Group A inspection to Class B 
levels is detailed in Figure 12. 
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*Fitch, William and Carpenter, Marvin: The Effect 
of Thermal Shock and High Temperature Storage 
on the Temperature Humidity Bias Life of Plastic 

Encapsulated TTL Gates, R LC #1239 Motorola 
Integrated Circuit Reliability Report. 
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FIGURE 12 - GROUP A ELECTRICAL TESTS1 

Class B 
Subgroups 2 LTPO AOL 

Subgroup 1 
Static tests at 25° C * 5/1 0.46 

Subgroup 2 
Static tests at maximum rated operating temperature 7/2 1.1 

Subgroup 3 
Static tests at minimum rated operating temperature 7/2 1.1 

Subgroup 4 
Dynamic tests at 25° C 5/2 0.78 

Subgroup 5 
Dynamic tests at maximum rated operating temperature 7/2 1.1 

Subgroup 6 
Dynamic tests at minimum rated operating temperature 7/2 1.1 

Subgroup 7 
Functional tests at 25° C * 5/1 0.46 

Subgroup 8 
Functional tests at maximum and minimum rated operating 10/2 1.6 
temperatures 

Subgroup 9 
Switching tests at 25° C 7/2 1.1 

Subgroup 10 
Swi~ching tests at maximum rated operating temperature 10/2 1.6 

Subgroup 11 
Switching tests at minimum rated operating temperature 10/2 1.6 

The specific parameters to be included for tests in each subgroup shall be as specified in the applicable procurement 
document. Where no parameters have been identified in a particular subgroup or test within a subgroup, no 
Group A testing is required for that subgroup or test to satisfy Group A requirements. · 

2 A single sample may be used_ for all subgroup testing. 

*Combined subgroups 1 and 7. 

In addition to these two programs, all MOS 
product lines are monitored continuously via an 
MOS Ongoing Reliability Evaluation (MORE) 
Program for mechanical, environmental and oper
ating life performance. This program evaluates the 
most recently manufactured product on a sched
uled basis with methods derived from Ml L-STD-
883A (see Figure 13). MORE provides current 
generic data for process control feedback and, 
just as important, a "no charge" assurance of com
pliance to ~ilitary quality standards for all 
MOS products. 

When necessary, production burn-in is per
formed on particular device types. Burn-in pro
cedures are always available at competitive ad
ders. Qualification testing by Reliability Engin
eering has been described, and Motorola's relia
bility data is presented in the following section. 

. SYSTEM IMPLEMENTATION 

Assessing System Requirements 

The reliability needs of each system and appli
cation differ significantly, so the various aspects 
of component performance must be analyzed 
separately. The two parameters which should be 
addressed initially are infant mortality and long 
term random failure rate. Systems with large 

a 11 

numbers of components require greater com
ponent reliability. Infant mortality should be esti
mated and used to calculate service costs. This 
data should be balanced against the cost of a 
functional burn-in and possibly a board or system 
burn-in. Long term reliability goals should be 
established for the system and used to calculate 
the necessary long term failure rate for the com
ponents. Long term failure rates cannot be effec
tively improved by short burn-ins unless they 
,include infant mortality failures. (Infant mortality 
is included in Motorola's data.) Infant mortality 
can· be effectively screened by short term acceler
ated stress testing such as a 24 to 48 hour high 
temperature functional burn-in. The concepts 
defined earlier can be used to relate the burn-in to 
equivalent system hours. Often, customers who 
are experiencing problems fail to distinquish 
between infant mortality, long term reliability 

· and wearout. It is imperative that failure patterns 
be sufficiently ilJvestigated and recorded to accom

plish this. Buying a Hi Rel device will not solve a 
problem caused by poor handling or an unforseen 
overstress in the application. 

The system environment should be given care- · 
ful consideration when choosing between plastic 
and hermetic packages. Sustained high temper
ature and humidity will accelerate the corrosion 

a 



wearout mechanism in plastic according to the 
fY'Odel in Figure 5. Office environments, however, 
will rarely produce . a detectable difference in 
plastic and hermetic packages. Since the die and 
wire bonding systems are totally encapsulated in 
plastic, these packages can often outperform her
m~tics for both thermal conductivity, and mech
anical shock and vibration resistance. The potential 
for moisture condensation should be evaluated in 
light of the lead material and finish, whether the 
package is hermetic or plastic. Unusually moist or 
contaminated atmospheres can rapidly corrode 
ferrous metals under bias, regardless of the finish 
material. 

Cost effectiveness is also influenced by the 
number of defective units received by the cus
tomer. For various reasons, a small percentage of 
product is defective as received. This may be due 
to handling, correlation, shipping damage or a· 
host of minQr difficulties. The percentage of these 
defects should be less than one percent and any · 
significant levels should. be discussed with the 
vendor immediately. 

Comparing Competitors' Data 

Every manufacturer has a slightly. different 
method of generating his reliability data. It is 
therefore difficult for a user inexperienced in 
reliability calculations to make a valid comparison. 
Toward this end the concepts introduced earlier 
will be of great value. The following list should be 
verified before any conclusions of vendor superi
ority are drawn. 

1. Confidence limit 
2. Reject criteria (degradation, data sheet, 

functional, catastrophic, specific mech
anisms) 

3. Temperature of test 
4. Activation energy 
5. Distortion of failure rate due to a low 

number of device hours 
6. Biasing configuration 
7. Test monitoring (system failures can pro

duce impressive results due to less stringent 
stress being applied to the device). 

Only jf all these factors are considered can a truly 
objective comparison be made. 

FIGURE 13A - PRODUCTION LINE PROCESS EVALUATION 
(Independent of package unless otherwise noted) 

Test Condition or Procedure 

Subgroup A1 
. Electrical de and Functional All parameters per detail device specification at 25°C ± 5°C. (Go/No go) 

Subgroup A2 
Electrical de and Functional Critical parameters per detail device specification at minimum and maximum rated 

operating temperature. (Go/No go) 
Subgroup A3 

Electrical Switching Critical switching parameters per detail device specification at 25°C ± 5°C. (Go/No go) 

Subgroup A4 
Electrical Continuity Plastic package only; all pins at 125°C. (Go/No go) 

Subgroup C1 
Storage Life 1000 hours at maximum rated storage temperature. 

End Points: Electrical Functional and de at 25°C ± f:f'C; read and record at 168 hours, 500 hours, 1000 hours, 
and each 1000 hours until termination,. · 

Subgroup C2 
Operating Life or 1000 hours minimum at maximum rated operating temperature. Conditions specified per 
Steady State Bias device type in 12MRB06389A. ' 

End Points: Electrical Functional and de at 25° C ± 5° C; read and record at 168 hours, 500 hours, 1000 hours, 
and each 1000 hours until termination. 

Sub"group C3 
Accel_erated Steady State Life 48.hours minimum at 200°C static. Burn-in circuit per 12MRB06389A (CMOS ceramic 

only). 

End Points: Electrical Functional and de parameters at 25°C ± f:f'C. Read and record~ 
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FIGURE 138 - HERMETIC PACKAGE EVALUATION 

Test Method Ml L-STD-883A Condition or Procedure 

Subgroup B1 
Solderability 2003.1 Temperature= 260°C maximum. Omit Aging. 

Subgroup B2 
Lead Fatigue 2004.1 Condition B2 

Subgroup B3 
Seal 1014.1 

a. Fine Condition B 
b. Gross Condition C2. Omit vacuum of Step 2. 

Subgroup B4 
Physical Dimensions 2016 Per case outline drawing 

Subgroup BS 
Marking Permanency 201S Resistance to solvent 

Subgroup B6 
Bond Strength 2011.1 Test Condition D 

Subgroup C1 
Thermal Shock 1011.1 Condition B ( 1 S cycles) 
Temperature Cycle 1010.1 Condition C (30 cycles) 

End Points: 
Seal 1014.1 

a. Fine Condition B 
b. Gross Condition C2. Omit vacuum of Step 2. 

Continuity - All pins at 2S°C ± S°C 
Visual - Any crack at 1 OX magnification 

Subgroup C2 \ 

Mechanical Shock 2002.1 Condition B (Y1 axis only) 
Vibration, Variable Frequency 2007 Condition A (Y axis only) 
Constant Acceleration 2001.1 Condition E (Y1 axis only) 

End Points: 
Seal 1014.1 

a. Fine Condition B 
b. Gross Condition C2. Omit vacuum of Step 2. 

Continuity - All pins at 2S°C ± S°C 
Visual - Any crack at 10X magnification 

Subgroup C3 
Salt Atmosphere 1009.1 Condition A 

FIGURE 13C - PLASTIC PACKAGE EVALUATION 

Test Method Ml.L-STD-8S3A Condition or Procedure 
' 

Subgroup B1 
Solderability 2003.1 Temperature= 260°C ± 10°C. Qmit Aging. 

Subgroup B2 
Lead ratigue 2004.1 Condition B2 

Subgroup 84 
Physical Dimensions 2016 Per case outline drawing 

Subgroup BS 
Marking Permanency 201S Resistance to solvent 

Subgroup C1 
Thermal Shock 1011.1 Condition A (15 cycles) 
Temperature Cycle 1010.1 Condition' A (15 cycles) 

End Points: 
Continuity - All pins at 125°C ± 5°C 
Visual - Any crack at 1 OX magnification 

Subgroup C2 
Condition B (Y1 'axis only) Mechanical Shock 2002.1 

Vibration, Variable Frequency 2007 Condition A (Y axis only) 
Constant Acceleration 2001.1 Condition E (Y1 axis only) 

End Points: ' Continuity - All pins at 125°C ± S°C 
Visual - Any crack at 10X magnification 

Subgroup C3 
Salt Atmosphere 1009.1 Condition A 

Subgroup C4 
Temperature/Humidity /Bias - 85°C/85% RH/10 V 

End Points: 
DC and Functional - 2S° C Go/No go. Read and record rejects at 168 hours, SOO hours, 1000 

hours, 12SO hours, 1500 hours. 
Continuity - All pins at 125°C 
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Motorola Data 

Motorola MOS failure rates are generated by 
dynamic high temperature stress testing at the 
maximum ratings of the device, or higher. A 60% 
confidence level is employed in the standard 
x2 calculation and the Arrhenius model, with a 
1.0 eV activation energy, is used to extrapolate the 

data to typical operating temperatures. 1.0 eV was 
chosen based on the work done at Bell Tele
phone Laboratories, its acceptance by the Rome 
Air Development Command for MI L-STD-8838, 
and its consistency with our MOS data. Failure 
rates for CMOS are shown in Figures 14a, 
b, and c. 

Gates 
MC14001 
MC14002 
MC14007 
MC14011 
MC14012 
MC14023 
MC14025 
MC14501 
MC14506 

Arithmetic 
Functions 
MC14008 
MC14585 

To assure data representative of the CMOS family, 
samples are randomly taken from standard production 
lots which have completed all standard processing and 
electrical testing. No special processing or electrical test
ing is conducted. The results pr~sented are based on long
term· 1ife testing of the following device types within 
each logic category: 

Memories Decoders Flip·Flops Latches Buffers/ Special Shift 
MCM14505 MC14511 iViCi40f3 MC14508 ~ ~ Registers 

Device 
Series 

AL 

CL 

CP 

MC14514 MC14027 MC14049 MC14532 MC14006 
MC14050 MC14583 MC14021 

All incremental electrical tests are performed to pro
duction final test lirnits (data sheet limits). Results in
clude both catastrophic failures (non-functional) and 
degradation failures (functional devices which do not 
meet data sheet specifications). 

Based on long-term life test data, the current failure 
rates indicated are: 

Operating 85°C 125°C See 
Voltage Failure Rate Failure Rate Figure 

18 volts O.Q150%/1000 hrs. 0.432%/1000 hrs. 14 

10 volts 0.00092%/1000 hrs. 0.028%/1000 hrs. 14a 

15 volts 0.06%/1000 hrs. 14b 
10 volts O.Q132%/1000 hrs. 14b 

15 wits 0.120%/1000 hrs. 14c 

10 volts 0.009%/1000 hrs. 14c 

*Exceeds data sheet operating temperature limitations 

The relationship of failure rate to operating tempera
ture and operating voltage is presented in Graphs 1 (AL 
series), 2 (CL series), and 3 (CP series). 

Counters/ Multiplexers/ 
Timers Data Selectors 
MC14022 MC14016 
MC14040 MC14512 
MC14510 MC14519 
MC14518 MC14539 
MC14520 

Parametric stability is indicated in the graphs of total device current and threshold drift. 
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FAILURE RATE VS RECIPROCAL TEMPERATURE 

FIGURE 14a - AL SERIES 
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FIGURE 14b - CL SERIES 
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Device Hours 
Rejects 

125°C Failure Rate* 

v00 =10 Vdc 

3,225,190 
0 

0.028%/1000 hrs. 

v00 =18 Vdc 

1,200,000 
4 

0.432%/1000 hrs. 

v00 = 10 Vdc v00 = 15 Vdc 

Device Hours 6,941,040 8,608,000 
Rejects o 4 

85°C Failure Rate* 0.0132%/1000hrs. 0.06.%/1000 hrs. 

Device Hours 
Rejects 

85°C Failure Rate* 

v00 =10 Vdc 

34,763,042 
2 

v00 =15 Vdc 

31,260,454 
36 

0.009%/1000 hrs. 0.120%/1000 hrs. 

*Failure rate at 60% confidence level 
Rejects based on data sheet limits. ' 
Extrapolations based on an activation 
energy ot 1.0 ev. 



Wafer process variations'are'continuously mon
itored by classification probe and capacitance 
voltage testing in the wafer area, and by MORE 
sampling in Outgoing Quality Assurance. In aQdi
tion to this, a system of periodic reliability tests 

terns to establish the process distribution and 
track significant variations. Current ·tests with 
10 V static bias at 150°c for 10,000 h9urs 
produced the plots of threshold stability shown 
in Figure 15a. Chip current changes after 10,000 
hours of life test are shown in_ Figure 15b. · is being implemented with Process Control pat· 
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FIGURE 15b- CHIP CURRENT CHANGE after 10,000 HOUR LIFE TEST 
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FIGURE 16- PERFORMAl,\ICE HISTORY 
(TEMPERATURE HUMIDITY BIAS, WEIBULL PROBABILITY) 
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An ongoing improvement program has pro
duced impressive results in plastic package temper
ature-humidity-bias perfor~ance. Based on CMOS -

·testing, the Weibull plots of Figure 16 demonstrate 
this trend. There is a full two fold increase in 
median life since the data used to generate the 
vapor pressure model in Figure 5~ Although it is 
not known if a parallel shift of this curve to the 
latest 85/85 results (ML= 4200 hours) is justified, 
the extrapolated performance to normal environ
ments is impressive. 

Periodically samples of competitors' product 
bought from distributors are tested with Motorola 
methods. To date no other vendor has performed 
as well as Motorola (see Figure 17). This data was 
gathered on · CMOS product, and is an excellent 
indicator of the Motorola plastic packaging system. 

Proper evaluation of rejects and feedback to 
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processing can occur only through intensive failure 
analysis. To support the processi'ng areas, product 
groups and R & QA, a Product Analysis Labor
atory exists. "State-of-the-art" analytical tools are 
at its disposal including mass spectrometry, Auger, . 
electron · microprobe, scanning electron micro
scopy (with voltage contrast strobe capability) and 
others too numerous to mention. This capability 
is complemented by computer tracking systems 
to evaluate failure patterns and distributions~ A 
simplified example* is illustrated in the bar chart 
of Figure ,18. 

Detailed information on specific device types 
is available through individual reliability reports. 
This series also includes program plans, CMOS 
and N-Channel generic reports and a plastic 
packaging report. 

*Based on test rejects and field failures. 
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B - Other Testing 

Thermal 
1000 Hour Shock and 

Burn-In Temperature 
Vendor % Failure Cycling 

1 5.7 0 
2 44.0 13.3 
3 40.0 0 
4 12.0 1.8 

Motorola 2.3 0 

Processing and Handling 

No matter how good the reliability data, 
screening procedures, or incoming inspection, 
devices are still subject to degradation or des
truction by processing and handling. All MOS 
vendors use input protection devices and most 
perform well, but there is no device which totally 
protects the circuit against all conditions. Most 
users are familiar with good static prevention 
procedures, but there are few, if any, who could 
not have prevented a small percentage of in
process failures by a careful review of their 
assembly lines. A discussion of handling pro
cedures is found in Chapter 3 . E:very point at 
which a MOS device is handled apart from its 
conductive foam or rail should be evaluated. 
Conductive work -_-surfaces- and wrist straps 
(making contact with skin) should be tied to 
ground thr~ugh a nominal one megohm resistor. 

Test equipment should be checked to assure 
grounded sockets during insertion and the 
absence of voltage spikes. Printed circuit board 
handling should be consistent with device handling 
using conductive bags or edge -connector-s. -Con
formal coating processes (which can extend the 
application range of plastic) or cleaning pro
cedures should not be overlooked as possible 
sources of difficulty. Service personnel should 
be educated in handling procedures since even 
when service is completed successfully, valuable 
failure information can be masked by static 
damage. With reasonable effort very little static 
damage can be expected, but a review is 
always worthwhile. 



FIGURE 18 - FAILURE CAUSE 
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Gate Rupture 

Electrical Overstress 

No Defect Uncovered 

Wire and Die Bonds 

Current Leakage 

Wafer Pr9cessing Defect 

Test Correlations 

Improper board cleaning procedures can often 
degrade plastic product performance. High purity 
flourocarbon systems are preferred to water based 
systems which can more easily introduce contam
inants, particularly in the presence of wetting 
agents. Cooling the device d~ring the clean or 
pressurized systems can also enhance the entrance 
of moisture and contaminants into the package 
along the lead-plastic interface. Even if contam
inants are not present, a thorough bake should 
be performed to prevent premature introduction. 
of an electrolyte. 
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CONCLUSION 

This discussion has attempted to educate the 
user with the pertinent concepts of reliability, 
quality assurance, vendor selection and product 
use. Motorola's reputation for reliability and 
customer support has been established by the 
philosophy of its leadership ·and is being per
petuated through 'the efforts of MOS Reliability 
and Quality Assurance. Customer assistance is 
always available through sales offices, marketing 
or R & QA personnel directly. 
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MECHANICAL DATA 

The packaging availability for each device is indicated on the lndMdual data she~s. Dimensions 
for the packages are given in this section. Pin assignment drawings are included in Chapter 8 for con-
venient rAf,.rence. · 

NOTES: 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

1. LEADS WITHIN 0.13 mm (0.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 

2. PKG. INDEX: NOTCH IN LEAD 
NOTCH IN CERAMIC OR INK DOT. 

3. DIM ··A" AND "B" DO NOT 
INCLUDE GLASS RUN-OUT. 

4. DIM "L" TO INSIDE OF LEADS (MEASURED 
0.51 mm (0.020) BELOW BODY) 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

7-2 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 19.05 19.94 0.750 0.785 
B 6.10 7.49 0.240 0.295 
c - 5.08 - 0.200 
D 0.38 0.53 0.015 0.021 
F 1.40 1.78 0.055 0.070 
G 2.54 BSC 0.100 BSC 
H 0.51 1.14 0.020 0.045. 
J 0.20 0.30 0.008 0.012 
K 2.54 - 0.100 -
L 7.49 8.89 0.295 0.350 
M - 15° - 15° 
N 0.51 1.02 0.020 0.040 

CASE 620-04 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 19.05 19.94 0.750 0.785. 
B 6.10 7.49 0.240 0.295 
c - 5.08 - 0.200 
D 0.38 0.58 O.OJ5 0.023 
F 1.40 1.77 0.055 0.070 
G' 2.54 BSC 0.100 BSC 
H 1.91 2.29 0.075 0.090 
J 0.20 0.38 0.008 0.015 
K 2.54 4.06 0.100 0.160 
L 7.49 8.89 0.295 0.350 
M - 15° - 150 
N 0.51 1.02 0.020 0.040 

NOTES: 
1. DIM "A" ANO "8" 00 NOT 

INCLUDE.GLASS RUN-OUT. 
2. DIM "L" TO INSIDE OF LEADS 

(MEASURED 0.51 mm (0.020) BELOW 
BODY) 

CASE 632-04 



MECHANICAL DATA (Continued) 

I: : : .: : : :_µ, 
F 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

NOTES: 
1. LEADS WITHIN 0.13 mm 

(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

NOTES: 
1. LEADS WITHIN 0.13 mm 

(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 

DIM 

A 
B 
c 
D 
F 
G 
H 
J 
K 
L 
M 
N 
p 
Q 

DIM 

A 
B 
c 
D 
F 
G 
H 
J 
K 
L 
M 
N 
p 
Q 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

18.16 18.80 0.715 0.740 
6.10 6.60 0.240 0.260 
4.06 4.57 0.160 0.180 
0.38 0.51 0.015 0.020 
1.02 1.52 0.040 0.060 

2.54 BSC 0.100 BSC 
1.32 1.83 0.052 0.072 
0.20 0.30 0.008 0.012 
2.92 3.43 0.115 0.135 
7.37 7.87 0.290 0.310 
- 100 - 100 

0.51 1.02 0.020 0.040 
0.13 0.38 0.005 0.015 
0.51 0.76 0.020 0.030 

CASE 646-03 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

20.70 21.34 0.815 0.840. 
6.10 6.60 ·0.240 0.260 
4.06 4.57 0.160 0.180 
0.38 0.51 0.015 0.020 II 
1.02 1.52 0.040 0.060 

2.54 BSC 0.100 BSC 
1.32 1.83 0.052 0.072 
0.20 0.30 0.008 0.012 
2.92 3.43 0.115 0.135 
7.37 7.87 0.2!l!l_ r-9.:-WL 
- 100 100 

0.51 i:o2 0.020 0.040 
.. 0.13 0.38 0.005 0.015 

0.51 o.76 0.020 0.030 
CASE 648-03 



MECHANICAL DAT A <continued) 

LSUFFIX 
CERAMIC PACKAGE 

CASE 688 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 5.97 7.11 0.235 0.280 
B 4.32 5.72 0.170 0.225 
c 1.17 1.91 0.046 0.075 
D 0.25 0.51 0.010 ~ F 0.08 0.15 o.oof 0.006 j_r·r G 1.27 BSC 0.050 BSC 

L 
NOTES: 
1. LEADS, TRUE POSITIONED 

WITHIN 0.13 mm (0.005) RADIUS 
TO DIM "A" & "B" AT MAXIMUM 
MATERIAL CONDITION. 

LSUFFIX 
CERAMIC PACKAGE 

CASE 690 

H 
K 
N 

~ I- --~ I. :1 NO~EiEA0Sw1THIN0.13mm{0.005J RADIUS ~ - = = = = - ,g_. OF TRUE POSITION AT SEATING PLANE L A --1.1-1 ATMAXIMUMMATERIALCONOITION. 

0.13 0.89 0.005 0.035 
1.90 3.05 o.oi[ 0.120 
0.89 1.52 0.035 0.060 

CASE 688-05 

~-:-Fl, MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 20.07 20.57 0.790 0.810 

~s +J f\ 
I I I M \,/ 

~ G ~ SEATIN-G PLANE '---- L -::::I 

c 2.67 3.94 0.105 0.155 
D 0.38 0.53 0.015 0.021 
F 1.22 1.52 0.048 0;060 
G 2.54 BSC 0.100 BSC 
H 1.14 1.40 0.045 0.055 
J 0.20 0.31 0.008 . 0.012 
K 3.05 4.83 0.120 0.190 
L 7.62 BSC 0.300 BSC 
M - 100 - 100 
N 0.64 1.14 0.025 0.045 

CASE 690-08 
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MECHANICAL DATA<continuect) 

ZSUFFIX 
LEADLESS CERAMIC PACKAGE 

CASE 703 

NOTE: 
1. SLOTS, TRUE 

POSITIONED 
WITHIN 0.25 mm 
(0.010) TOTAL 
TO DIM. A and 8 
AT MAXIMUM 
MATERIAL 
CONDITION. 

DIM 

A 
8 
c 
D 
F 
G 
H 
J 
R 

MILLIMETERS 
MIN MAX 

10.29 10.67 
9.27 9.65 
1.02 . 1.65 
0.10 0.61 
0.38 0.63 

1.02 8SC 
0.76 1.14 
0.25 0.51 
8.76 j 9.02 

INCHES 
MIN MAX 

0.405 0.420 
0.365 0.380 
0.040 0.065 
0.004 0.024 
0.015 0.025 

0.040 8SC 
0.030 0.045 
0.010 0.020 
0.345 0.355 

CASE 703-01 

PSUFFIX 
PLASTIC PACKAGE 

CASE 704 

~l 
4 l 

7-5 

DIM 
A 
8 
c 
D 
F 
G 
H 
K 
N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
5.69 6.35 0.224 0.250 
4.06 5.08 0.160 0.200 
1.17 1.90 0.046 0.075 
0.38 0.51 0.015 0.020 
0.20 0.30 0.008 0.012 
1.22 U2 0.048 0.052 
0.13 0.89 0.005: 0.035 
2.34 2.84 0.092 0.112 
0.89 1.14 0.035 0.045 

CASE 704-02 

II 



El 

MECHANICAL DATA (Continued) 

PSUFFIX 
PLASTIC PACKAGE 

CASE 709 

PLANE 

NOTES: 
1. LEADS, TRUE POSITIONED 

WITHIN 0.25 mm (0.010) DIA 
AT SEATING PLANE AT 
MAXIMUM MATERIAL CON' 
DITION. (DIM. "D") 

2. DIM "L" TO CENTER OF 
LEADS WHEN FORMED 
PARALLEL. 

DIM 
A 
B 
c 
D 
F 
G 
H 
J 
K 
L 
M 
N 

LSUFFIX 
CERAMIC PACKAGE 

CASE 715 

E~oc~U ]1 
,--- ~--- .. ~-1 

NOTE: 
1. LEADS, TRUE POSITIONED WITHIN 

0.25 mm (0.010) DIA (AT SEATING 
PLANE), AT MAX. MAT'L 
CONDITION. 

7-6 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

31.37 32.13 1.235 1.265 
13.72 14.22 0.540 0.560 
4.57 5.08 0.180 0.200 
0.36 0.51 0.014 0.020 
1.02 1.52 0.040 0.060 
2.41 2.67 0.095 0.105 
1.78 2.03 0.070 0.080 
0.20 0.30 0.008 0.012 

. 3.05 3.56 0.120 0.140 
14.73 15.24 0.580 0.600 
oo 100 oo 100 
0.51 1.02 0.020 0.040 

CASE 709-01 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 50.29 51.31 1.980 2.020 
B 14.86 15.62 0.585 0.615 
c 2.54 4.19 0.100 0.165 
D 0.38 0.53 0.015 0.021 
F 0.76 1.40 0.030 0.055 
G 2.54 BSC 0.100 BSC 
H 0.76 1.78 0.030 0.070 
J 0.20 . 0.33 0.008 0.013 
K 2.54 4.19 0.100 0.165 
L 14.60 15.37 0.575 0.605 
M - 100 - 100 
N 0.51 1.52 0.020 0.060 

CASE 715-02 



MECHANICAL DATA (Continued) 

LSUFFIX 
CERAMIC PACKAGE 

CASE 716 

D. "---r 
1

0 _J_ 
~\~,....,,,,.,.,__ ____ ~A~-----i....,.....;,;;,12 \ 

NOTE: 
1. LEADS TRUE POSITIONED WITHIN 

0.25mm (0.010) DIA (AT SEATING 
PLANE) AT MAXIMUM MATERIAL 
CONDITION. 

'7-7 

DIM 
A 
B 
c 
D 
F 
G 
H 
J 
K 
L 
M 
N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
29.97 30.99 1.180 1.220 
14.88 15.62 0.585 0.615 
3.05 4.19 0.120 0.165 
0.38 0.53 0.015 0.021 
0.76 1.40 0.030 0.055 

2.54BSC 0.100 BSC 
0.76 1.78 0.030 0.070 
0.20 0.30 0.008 0.012 
2.54 4.19 0.100 0.165 

14.88 15.37 0.585 0.605 
- 100 - 100 

0.51 1.52 0.020 0.060 

_CASE 716-02 

II 
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II 

PIN ASSIGNMENTS 

MC14000 
Dual 3-lnput NOR Gate Plus 

Inverter 

NC Voo 14 

2 NC In 3s 13 

3 In 1A In 2s 12 

4 In 2A In 1s · 11 

5 In 3A Outs 10 

6 Out A Outc 9 

7 Vss In 1c 8 

MC14006B 
18-Bit Static Shift Register 

Op1 14 

2 NC 13 

3 c ag 12 

4 Dp5 as 11 

5 Dp10 a13 10 

6 Dp14 a18 9 

7 Vss a17 8 

MC14011, MC14011B 
Quad 2-lnput NANO Gate 

In 1A Voo 14 

2 In 2A In 2 0 13 

3 Out A In 10 12 

4 Outs Out0 11 

5 In 19 Outc 10 

6 In 29 In 2c 9 

7 Vss In 1c 8 

NC= No Connection 

2 

3 

4 

5 

6 

7 

MC14001, MC14001B 
Quad 2~1nput NOR Gate 

In 1A Voe 
In 2A In 2 0 

Out A In 10 
Outs Out0 
In 1s Outc 

In 2s In 2c 

Vss In 1c 

MC14007B 

14 

13 

12 

11 

10 

9 

8 

Dual Complementary Pair Plus 
Inverter 

D~Ps Voe 14 

2 S·Ps D-PA 13 

3 Gates Outc 12 

4 S-Na $-Pc 11 

5 D-Ns Gatec 10 

6 Gate A S-Nc 9 

7 Vss 0-NA 8 

D =Drain 

S =Source 

MC14012, MC14012B 
Dual 4-lnput NANO Gate 

Out A Voo 14 

In 1A Outs 13 

3 In 2A In 4s 12 

4 In 3A In 3s 11 

5 In 4A In 2s 10 

6 NC In 1s 9 

7 Vss NC 8 

8-2 

2 

3 

4 

5 

6 

7 

2 

3 

4 

5 

6 

7 

8 

2 

3 

4 

5 

6 

7 

MC14002, MC14002B 
Dual 4-lnput NOR Gate 

Out A Voo 
In 1A Outs 

In 2A In 4s 

In 3A In 3s 

In 4A In 2s 

NC In 1s 

Vss NC 

MC14008B 
· 4-Bit Full Adder 

A4 Voe 
S3 S4 

A3 Cout 

82 S4 

A2 53 

S1 S2 

A1 S1 

Vss Crn 

MC14013B 
Dual Type 0 Flip-Flop 

0.A Voo 
QA as 

CA 5.s 

RA Cs 

DA Rs 

SA Os 

Vss Sg 

14 

13 

12 

11 

10 

9 

8 

16 

15 

14 

13 

12 

11 

10 

9 

14 

13 

12 

11 

10 

9 

8 



Pl N A~SIGNMENTS (continued) 

2 

3 

_4 

5 

6 

7 

8 

MC140148 
8-Bit Static Shift Register 

PS 

06 

as 
P4 

P3 

P2 

P1 

Vss 

Voo 
P7 

PS 

P5 

07 

05 

c 
P/S 

MC'i4017B 
Decade Counter/Divider 

05 

01 

00 

02 

06 

07 

03 

Vss 

Voo 
R 

c 
CE 

Cout 

09 

04 

08 

MC14021B 
8-Bit Static Shift Register 

PS 

06 

QB 

P4 

P3 

P2 

P1 

Vss 

Voo 
P7 

P6 

P5 

07 

Dg 

c 
PIS 

NC= No Connection 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

MC14015B 
Dual 4-Bit Static Shift Register 

Ce 

03e 

Q2A 

Q1A 

QOA 

RA 

DA 

Vss 

Voo 
De 
Re 

aoe 
01e 

02e 

Q3A 

CA 

16 

15 

14 

13 

12 

11 

10 

9 

MC14018B 
Presettable Divide-by-N Counter 

Djn 

Jam 1 

Jam 2 

02 
01 
03 
Jam 3 

Vss 

Voo 
R 

c 
05 

Jam 5 

04 
PE 

Jam 4 

MC140228 
Octal Counter/Divider 

01 

QO 

02 

05 

06 

NC 

03 

Vss 

R-3 

Voo 
R 

c 
CE 

Cout 

Q4 

07' 

NC 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

MC14016B 
Quad Analog Switch/Quad 

Multiplexer 

In 1 v00 

Out 1 Control 1 

Out 2 Contro1_4 

In 2 In 4 

Control 2 Out 4 

Control 3 Out 3 

Vss In 3 

MC14020B 
14-Bit Binary Counter 

012 

013 

014 

06 

05 

07 

04 

Vss 

Voo 
011 

QB 

09 

R 

c 
01 

14 

13 

12 

11 

10 

9 

8 

16 

15 

14 

13 

12 

11 

10 

9 

MC14023, MC140238 
Triple 3-lnput NANO Gate 

In 1A 

In 2A 

In 1 B 

In 2 8 
In 3 8 

Out8 

Vss 

Voo 
In 3c 

In 2c 
In 1c 
Outc 

Out A 

ln_3A 

14 

13 

12 

11 

10 

9 

8 



. PIN ASSIGNMENTS (continu~d) 

MC140248 
Seven-Stage Ripple Counter 

c 
R 

Q7 

Q6 

Q5 

Q4 

Vs5 

Voo 
NC 

Q1 

Q2 

NC 

Q3 

'NC 

MC140288 
BCD-To-Decimal Decoder/ 
Binary-To-Octal Decoder 

Q4 

Q2 

QO 

Q7 

09 

Q5 

d6 

Q1 

B 

c 
D 

A 

14 

13 

12 

11 

10 

9 

s 

MC14025, MC 140258 
Triple 3-lnput NOR Gate 

2 

3 

4 

5 

6 

7 

In 1A 

In 2A 

In 1 B 

In 29 

In 39 

Out8 

V5s 

Voo 
In 3c 
In 2c 
In 1c 

Outc 

Out A 

ln3A 

MC14032B 
Triple Serial Adder 

(Positive Logic) 

53 

Inv 3 

c 
52 

l~v 2 

Voo 
A3 

83 

A2 

B2 

Carry Reset B1 

Inv 1 

V5s QB 

16 

15 

14 

13 

12 

11 

10 

9 .S V55 

A1 

51 

MC14035B 
4-Bit Parallel-In/Parallel Out 

Shift Register 

2 

3 

4 

5 

6 

8 

QO 

TIC 

i< 

R 

c 
PIS 

V55 

NC = No Connection 

Voo 
Q1 

Q2 

Q3 

Dp3 

DP2 

Dp1 

Dpo 

16 

15 

14 

13 

12 

11 

10 

9 

MC14038B 
Triple Serial Adder 

(Negative Logic) 

53 Voo 
Inv 3 A3 

C B3 

52 A2 

Inv 2 82 

Carry Reset 01' 

Inv 1 A1 

v55 s1 

8-4 

14 

13 

12 

11 

10 

·9 

8 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15, 

14 

13 

12 

11 

10 

9 

MC14027B 
Dual J-K Flip-Flop 

Voo 

QB 

09 
Cs 

Rs 

Ks 

Js 

S9 

MC14034B 

16 

15 

14 

13 

12 

11 

10 

9 

8-Bit Universal Bus Register 

2 

3 

4 

5 

6 

7 

s 
9 

10 

11 

12 

BS 

87 

B6 

85 

B4 

83 

82 

81 

A Enable 

05 

A/B 

V55 

Voo 
AB 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

c 
A/5 

P/5 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

MC14040B 
12-Bit Binary Counter 

012 

Q6 

Q5 

Q7 

Q4 

Q3 

Q2 

V55 

v 00 16 

Q 11 15 

Q10 ' 14 

as 13 

Q9 12 

R 11 

c 10 

Q1 9 



PIN ASSIGNMENTS (continued) 

2 

3 

4 

5 

6 

7 

8 

2 

3 

4 

5 

6 

7 

8 

MC14042B 
Quad Latch 

03 Voo 
00 03 

00 03 

DO 02 

c 02 

Polarity 02 

01 01 

Vss 01 

MC14046B 
Phase-Locked Loop 

PCP out Voo 

PC1out Zener 

PCB in PCAin 

V CO out PC2out 

, lnh R2 

C1A R1 

C1s SF out 

Vss VCOin 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

MC14051B 
8-Channel Analog 

Multiplexer/Demultiplexer 

1 X4 Voo 16 

2 X6 · X2 15 

3 x X1 14 

4 X7 XO 13 

5 XS X3 12 

6 lnh A 11 

7 Vee B 10 

8 Vss c 9 

NC= No Connection 

2 

3 

4 

5 

6 

7 
8 

1 

2 

3 

4 

5 

6 

7 

8 

2 

3 

4 

5 

6 

7 

8 

MC14043B 
Quad NOR R-S Latch 

03 Voo 

oo R3 

RO S3 

so NC 

e S2 

S1 R2 

R1 02 

Vss 01 

MC14049B 
Hex Inverter/Buffer 

Vee NC 

Out A OutF 

In A lnF 

Out8 NC 

1n 8 Oute 

Outc In e 

Inc Out0 

Vss 1n 0 

MC14052B 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

Dual 4-Channel Analog 
Multiplexer/Demultiplexer 

YO Voo 16 

Y2 X2 15 

y X1 14 

Y3 x 13 

Y1 XO 12 

lnh X3 11 

Vee A 10 

Vss B 9 

2 

3 

4 

5 

6 

7 

8 

2 

3 

4 

5 

6 

7 

8 

MC14044B 
Quad NANO R-S Latch · 

03 Voo 

NC S3 

so R3 

RO oo 

e R2 

R1 S2 

S1 02 

Vss 01 

MC14050B 
Hex Buffer 

Vee NC 

Out A OutF 

In A lnF 

Outs NC 

Ins 

Outc lne 

Inc Out0 

Vss 1n 0 

MC14053B 

16 

15 

14 

13 

12 

11 

10 

9 

14 

13 

12 

11 

10 

9 

Triple 2-Channel Analo9 
Multiplexer/Demultiplexer 

Y1 Voo 16 

2 YO y 15 

3 Z1 x 14 

4 z X1 13 

5 zo XO 12 

6 lnh A 11 

7 Vee B 10 

8 Vss c 9 
II 



"-

II 

PIN ASSIGNMENTS (continued) 

1 

2 

3 

4 

5 

6 

7 

2 

3 

4 

5 

6 

7 

2 

3 

4 

5 

6 

7 

MC14066B 
Quad Analog Switch 

Quad Multiplexer 

vDD 

Control 1 

Out 2 Control 4 

In 2 In 4 

Control 2 Out4 

Control 3 Out 3 

Vss In 3 

MC14070B 
Quad Exclusive OR Gate 

In 1A VDo 

In 2A ln.20 

Out A In 1 o 

Outs Out0 
In 1s Cute 

In 2s In 2c 

Vss In 1c 

MC14073B 
Triple 3-lnput AND Gate 

In 1A VoD 

In 2A In 3c 

In 1 S In 2c 

In 2s In 1c 

In 3s Outc 

Outs Out A 

Vss ln3A 

NC= No Connection 

14 

13 2 

12 3 

11 4 

10 5 

9 6 

8 7 

14 

13 2 

12 3 

11 4 

10 5 

9 6 

8 7 

14 

13 2 

12 3 

11 4 

10 5 

9 6 

8 7 

MC14068B 
8-lnput NANO Gate 

NC vDD 

In 1 Out 

In 2 ln8 

In 3 In 7 

In 4 ln6 

NC In 5 

Vss NC 

MC14071, MC14071B 
Quad 2-lnput OR Gate 

In 1A VDo 

.In 2A In 2D 

Out A In 10 

Outs Out0 

In 1s Cute 

In 2s In 2c 

Vss In 1c 

MC1407SB 
Triple 3-lnput OR Gate 

In 1A VoD 

In 2A In 3c 

In 19 In 2c 

In 2s In 1c 

In 3s Outc 

Outs Out A 

Vss ln3A 

14 1 

13 2 

12 3 

11 4 

10 5 

9 6 

8 7 

14 

13 2 

12 3 

11 4 

10 5 

9 6 

8 7 

14 2 

13 3 

12 4 

11 5 

10 6 

9 7 

8 8 

MC14069B 
Hex Inverter 

In 1 VDo 

Out 1 In 6 

In 2 Out6 

Out2 In 5 

In 3 Out5 

Out3 In 4 

Vss Out4 

MC14072B 
Dual 4-lnput OR Gate 

Q_utA Voo 

In 1A Outs 

In 2A In 4s 

In 3A In 3s 

In 4A In 2s 

NC In 1s 

Vss NC 

MC14076B 
Quad 0-Type Register 

A} Output vDD 
B Disable R 

oo DO 

01 D1 

02 D2 

03 D3 

c 
Data{ S 

Vss Disable A 

14 

13 

12 

11 

10 

9 

8 

14 

13 

12 

11 

10 

9 

8 

16 

15 

14 

13 

12 

11 

10 

9 



PIN ASSIGNMENTS (continued) 

1 

2 

3 

4 

5 

6 

7 

1 

2 

3 

4 

5 

6 

7 

2 

3 

4 

5 

6 

7 

8 

MC14077B 
Quad Exclusive NOR Gate 

In 1A Voo 14 

In 2A In 20 13 

Out A In 10 12 

Outs Out0 11 

In 1s Outc 10 

In 2s In 2c 9 

Vss In 1c 8 

MC14082B 
Dual 4-lnput AND Gate 

Out A Voo 14 

In 1A Outs 13 

In 2A In 4s 12 

In 3A In 3s 11 

In 4A In 2s 10 

NC In 1s 9 

Vss NC 8 

MC14161B 
4-Bit Binary Counter 

with Asynchronous Clear 

Voo 16 

Clock Carry Out 15 

P1 01 14 

P2 02 13 

P3 03 12 

P4 04 11 

PE TE 10 

Vss 9 

NC= No Connection 

2 

3 

4 

5 

6 

7 

2 

3 

4 

5 

6 

7 

2 

3 

4 

5 

6 

7 

8 

MC14078B 
8-lnput NOR Gate 

NC Voo 
In 1 Out 

In 2 In 8 

In 3 In 7 

In 4 In 6 

NC In 5 

Vss NC 

MC14093B 
Quad 2-lnput NAND 

Schmitt Trigger 

In 1~ Voo 
In 2A In 2 0 

Out A In 10 

Outs Out0 

In 1s Outc 

In 2s In 2c 

Vss In 1c 

MC14162B 
Decade Counter 

With Synchronous Clear 

'Ciear Voo 
Clock Carry Out 

P1 01 

P2 02 

P3 03 

P4 04 

PE TE 

Vss Load 

R-7 

14 

13 

12 

11 

10 

9 

8 

14 

13 

12 

11 

10 

9 

8 

16 

15 

14 

13 

12 

11 

10 

9 

2 

3 

4 

5 

6 

7 

2 

.3 

4 

5 

6 

7 

8 

2 

3 

4 

5 

6 

7 

8 

MC14081, MC14081 B 
Quad 2-lnput AND Gate 

In 1A Voo 14 

In 2A In 20 13 

Out A In 1. 0 12 

Outs Out0 11 

In 1s Outc 10 

In 2s In 2c 9 

Vss In 1c 8 

MC14160B 
Decade Counter 

with Asynchronous Clear 

Voo 
Clock Carry Out 

P1 01 

P2 02 

P3 

P4 

PE TE 

Vss 

MC14163B 
4-Bit Binary Counter 

With Synchronous Clear 

'Ciear Voo 
Clock Carry Out 

P1 01 

P2 02 

P3 03 

P4 04 

PE TE 

Vss 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

II 



PIN ASSIGNMENTS (continued) 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

MC14174B 
Hex Type D Flip-Flop 

OQ 

DO 

01 

01 

02 

02 

Vss 

Voo 
05 

-05 

04 

04 

03 

03 

c 

MC14408 
Binary to Phone Pulse 
Converter Subsystem 

04 

03 

02 

01 

Vss 

Voo 
MBR 

IDT 

CRO 

ORO 

OPC 

MC14411 
Bit Rate Generator 

0 
F1 

F3 

F5. 

F7 

FB 

F10 

F9 

F 11 

F14 

ReSet 
NC 

Vss 

Voo 
RSA 

RS9 

Xtalin 

Xtalout 

F16 

F15 

F2 

F4 

F6 

F12 

F13 

NC= No Connection 

16 

1'5 

14 
13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

MC14175B 
Quad Type D Flip-Flop 

R 
oo 
00 
DO 

01 

01 
01 

Vss 

Voo 
03 

03 
03 

02 

02 
02 

c 

MC14409 
Binary to Phone Pulse 
Converter Subsystem 

Osc 

Clk 

04 

03 

02 

01 

Vsi;; 

Voo 
MBA 

IDT 

CRQ 

ORO 

OP[ 

RED 

HQ[ 

MC14412 
Universal 

Low Speed Modem 

Rx Car 

ST 

Oscout 

Oscin 

R 

Rx Rate 

RxO 

R-R 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

2 

3 

.4 

5 

6 

7 

8 

MC14194B 
4-Bit Bidirectional 

Universal Shift Register 

R 
DSR 

Dpo 

Op1 

Op2 

Op3 

OSL 

Vss 

Voo 
oo 
01 

02 

03 

c 
S1 

so 

MC14410 
2-of-8 Tone Encoder 

NC 

L_Bout 

A1 

R2 

R3 

A4 

TPA 

Vss 

Voo 
HBout 

1c1 

C2 

C3 

C4 

MC14415 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

Quad Precision Timer/Driver 

Clock 

Set 
Set A 

Set B 

Set C 

Set D 

ST1 

Vss 

Voo 
iiiii 

Out A 

Out B 

Out C 

Out D 

Dis" 
ST2 

16 

15 

14 

13 

12 

11 

10 

9 



PIN ASSIGNMENTS (continued) 

2 

3 

4 

5 

6 

7 

8 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

2 

3 

MC14419 
2-of-8 Keypad-to-Binary 

Encoder 

R1 

R2 

R3 

R4 

C1 

C2 

C3 

Vss 

Voo 
Clock 

ST 

04 

03 

02 

01 

C4 

MC14433 

16 

15 

14 

13 

12 

11 

10 

9 

3-% Digit A/D Converter 

0 
v-
Vref+ 

Vin+ 

R1nt 

RC1nt 

C1nt 

Coffset 

Coffset 

DU 

Clk 

Clk 

Vss 

Voo 

03 

02 

01 

00 

DSO 

DS1 

DS2 

DS3 

OVA 

EOC 

out v55 

To be introduced 

MC14450 
Oscillator/216 Divider/ 

Buffer 

Oscout Voo 

Oscin V:out 2 

Vss Vout 1 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

1,3 

6 

5 

4 

NC = No Connection 

MC14422 
Remote Control 

Transmitter 

AO in 

AO out 

01 

02 

03 

04 

05 

Vss 

Voo 

'fout 

SO out 

SO in 

S4 

S3 

S2 

S1 

To be introduced 

MC14435 
3-% Digit A/D Logic 

, Subsystem 

DS3 

DS1 

C1 

C2 

Comp 

DU 

AC 

Vss 

Voo 
052 

oo 
01 

02 

03 

1/20 

OR 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

MC14451 
Oscillator/211 to 219 Divider/ 
Buffered Duty Cycle Control 

011 

Oscin 

Oscout 

DC out 

D 

A 

Vss 

on 

16 

15 

14 

13 

12 

11 

to 
9 

MC14431 
12-Bit Binary AID Converter 

Digital Subsystem 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

0 
R 

Comp 

AC 

Dis 

Pol 

av 
ao 
Vss 

Voo 

011 

010 

09 

as 
07 

06 

05 

04 

03 

02 

01 

To be introduced 

MC14440 
LCD Watch/Clock 

Circuit 

AuM 0 

BuM 

CuM 

DuM 

EuM 

FuM 

GuM 

ATM 

BTM 

c™ 
DTM 

ETM 

FTM. 

GTM 

Hr 

Vss 
Oscout 

0SCjn 

OT 

LST 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

II 



PIN ASSIGNMENTS (continued) 

MC14452 
Digitally Trimmed 
Frequency Divider 

CL1 

CL2 

CL3 

CL4 

CL5 

CL6 

CL7 

Voo 
Vss 
NC 

fout 

Osc 

Osc 

ftest 

To be introduced 

MC14502B 

14 

13 

12 

1'1 

10 

9 

8 

Strobed Hex Inverter/Buffer 

2 

3 

4 

5 

6 

7 

8 

03 

03 

D1 

Disable 

01 

D2 

02 

Vss 

MC14506B 

16 

15 

14 

13 

12 

11 -

10 

9 

Dual Expandable AND-OR-INVERT 
Gate 

2 

3 

4 

5 

6 

7 

8 

VoD 
ZA 

Disable 

NC= No Connection 

16 

15 

14 

13 

12 

11 

10 

9 

MC14490 
Hex Contact Bounce 

Eliminator 

Ain Voo 
Bout A out 

Cin Bj~ 

Dout Cout 

Ein Din 

Fout Eout 

Oscin Fin 

Vss Oscout 

MC14503B 
Hex 3-State Buffer 

Dis A 

In 1 

Out 1 

In 2 

Out2 

In 3 

Out3 

Vss 

Voo 
Dis B 

In 6 

Out6 

In 5 

Out 5 

MC14507 
Quad Exclusive OR ~ate 

In 1A 

In 2A 

Out A 

Out8 

In 1 S 

In 29. 

Vss 

8-10 

vDD 
In 2 0 

In 1D 

OutD 

Outc 

In 2c 

In 1c 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

14 

13 

12 

11 

10 

9 

8 

2 

3 

4 

5 

6 

7 

8 

2· 

3 

4 

5 

6 

7 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

MC14501 
Triple Gate 

In 1A 

In 2A 

In 3A 

In 4A 

In 1 c 
In 2c 

In 3c 

Vss 

VoD 
Outs 

outs 
Out A 

In 29 

In 19 

Cute 

In 4c 

MCM14505 
64-Bit Static Random 

Access Memory 

AO 

A1 

A2 

A3 

ST 

CE1 

Vss 

Voo 

Oin 

A5 

A4 

Dout 

R/W 

CE2 

MC14508B 
Dual 4-Bit Latch 

OisA 

DOA 

OOA 

01A 

01A 

D2A 

02A 

D3A 

03A 

Vss 

vDD 

039 

039 

029 

D29 

019 

019 

009 

009 

ST9 

MR9 

16 

15 

14 

13 

12 

11 

10 

9 

14 

13 

12 

11 

10 

9 

8 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 



t"IN A~~IUNIVll:N I~ (continued) 

MC14510B 
BCD Up/Dc;»wn Counter 

PE 

04 

P4 

P1 

Voo 
c 

03 

P3 

Carry In P2 

01 02 

Carry Out U/D 

Vss R 

MC14514B 

16 

15 

14 

13 

12 

11 

10 

9 

2 

3 

4 

5 

6 

7 

8 

MC14511B 
BCD-To-Seven Segment 
Latch/Decoder /Driver 

B 

c 
LT 

Bf 

LE 

D 

A 

Vss 

Voo 
f 

g 

a 

b 

c 

d 

e 

MC14515B 

16 

15 

14 

13 

12 

11 

10 

9 

4-Bit Latch/4-To-16 Line Decoder 4-Bit Latch/4-To-16 Line Decoder 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

ST 

0.1 

02 

S7 

S6 

S5 

S4 

S3 

S1 

S2 

so 
Vss 

Voo 
lnh 

04 

03 

S10 

S11 

S8 

S9 

S14 

515 

S12 

S13 

MC14517B 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

Dual 64-Bit Static Shift Register 

016A 

048A 

WEA 

CA 

064A 

032A 

DA 

Vss 

NC= No Connection 

16 

15 

14 

13 

12 

11 

10 

9 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

ST 

01 

02 

S7 

S6 

SS 

S4 

S3 

S1 

S2 

so 
Vss 

Voo 
lnh 

04 

03 

S10 

S11 

SS 

S9 

S14 

S15 

S12 

S13 

MC14518B 
Dual BCD Up Counter 

CA 

EA 

01A 

02A 

03A 

04A 

RA 

Vss 

0 11 

Voo 
Rs 

04s 

039 

02s 

01s 

Es 

C9 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

16 

15 

14 

13 

12 

11 

10 

9 

MC14512 
8-Channel Data Selector 

XO 

X1 

X2 

X3 

X4 

X5 

X6 

Vss 

Voo 
Dis 

z 

MC14516B 
Binary Up/Down Counter 

.2 

3 

4 

5 

6 

7 

8 

PE Voo 
04 c 

P4 03 

P1 P3 

Carry In P2 

01 02 

Carry Out U/D 

Vss R 

MC14519B 
4-Bit AND/OR Selector 

Y3 

X2 

¥2 

X1 

Y1 

XO 

YO 

Vss 

Voo 
X3 

B 

Z3 

Z2 

Z1 

zo 
A 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

'10 

9 

16 

15 

14 

13 

12 

11 

10 

9 
El 



II 

PIN ASSIGNMENTS (continued) 

MC145208 
Dual Binary Up Counter 

CA 

EA 

Q1A 

Q2A 

Q3A 

Q4A 

RA 

Vss 

Voo 
Rs 

04s 

03s 

02 8 

01 8 

Es 
Cs 

16 

15 

14 

13 

12 

11 

10 

9 

MCM14524 
1024-Bit Read Only Memory 

c 
En 

so 
81 

82 
83 
A2 

Vss 

MC14528B 

16 

15 

14 

13 

12 

11 

10 

9 

Dual Retriggerable/Resettable 
Monostable Multivibrator 

TlA 

T2A 

_CDA 

AA 

BA 

QA 

QA 

Vss 

NC =No Connection 

Voo 
T1s 

T2s 

CDs 

·As 

Bs 

QB 

69 

16 

15 

14 

13 

12 

11 

10 

9 

MC14521B 
24-Stage Frequency Divider 

024 

R 

Vss' 
Out 2 

Voo' 
In 2 

Out 1 

Vss 

Voo 
023 

022 

021 

020 

019 

018 

In 1 

16 

15 

14 

13 

12 

11 

10 

9 

MC14526B 
Programmable Divide-By-N-4-Bit 

Binary Counter 

2 

3 

'4 

5 

6 

7 

8 

2 

3 

4 

5 

6 

7 

8 

04 

Dp4 

PE 

lnh 

Dp1 

c 
01 

Vss 

Voo 
Q~ 

Dp3 

CF 

"O" 

DP2 

MR 

02 

MC14529B 
Dual 4-Channel Analog 

Data Selector 

STx 

XO 

X1 

X2 

X3 

A 

B 

Vss 

R-1? 

Voo 
STy 

YO 

Y1 

Y2 

,y3 

w 
z 

16 

15 

14 

13· 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

· MC14522B 
Programmable Divide-By-N-4-Bit 

BCD Counter 

2 

3 

4 

5 

6 

7 

8 

04 
Dp4 

PE 

lnh 

Dp1 

c 
01 

Vss 

Voo 
03 

Dp3 

CF 

"O" 

DP2 

MR 

02 

MC14527B 
BCD Rate Multiplier 

"9" 

c 
D 

s 
Out 

Out 

Eout 

Vss 

Voo 
B 

A 

Clear 

Case 

Ein 

ST 
Clock 

MC14530B 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

Dual 5-lnput Majority Logic Gate 

16 

15 

14 

13 

12 

11 

10 

9 



PIN ASSIGNMENTS (continued) 

2 

3 

4 

5 

6 

7 

8 

2 

3 

4 

5 

6 

7 
8 

2 

3 

4 

5 

6 

7 

8 

MC14531B 
12-Bit Parity Tree 

06 Voo 
05 07 

04 08 

03 09 

02 

01 011 

DO 

Vss Q 

MC14536B 
Programmable Timer 

Set Voo 
Reset Mono In 

In 1 Osc lnh 

Out 1 Decode 

Out 2 D 

8-Bypass c 
Clock tnh B 

V55 

MC14539B 
Dual 4-Channel Data 
Selector /Multiplexer 

NC = No Connection 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

MC14532B 
8-Bit Priority Encoder 

04 Voo 16 

2 05 Eout 15 

3 06 GS 14 

4 07 03 13 

5 Ejn 02 12 

6 Q2 01 11 

7 Q1 DO 10 

8 Vss QO 9 

MC14537 
256-Bit Static Random 

Access Memory 

A1 Voo 16 

2 A2 AO 15 

3 Din A7 14 

4 WE CE1 13 

5 A3 CE2 12 

6 A4 ST 11 

7 A5 Dout 10 

8 Vss A6 9 

MC14541B 
Programmable Oscillator/Timer 

1 Rte Voo 
2 c B 13 

3 A. 12 

4 NC NC 11 

5 AR' Mode 10 

6 MR Q/QSel 9 

7 Vss Q 8 

0 1'] 

MC14534B 
Real Time 5-Decade Counter 

1 Cext 24 

2 MR 23 

3 22 

4 21 

5 Mode A 20 

6 ModeB 01 19 

7 051 Q2 18 

8 OS2 Q3 17 

9 DS4 16 

10 SC 3-St Dig 15 

11 DS5 DS3 14 

12 ,Vss Cout 13 

MC14538B 
Dual Precision 

Retriggerable/Resettabla 
Monostable Multivibrator 

T1A Voo 16 

2 T2A T19 15 

3 COA T2s 14 

4 AA CDs 13 

5 BA As 12 

6 QA 'Be 11 

7 QA as 10, 

8 Vss 09 9 

MC14543B 
BCD-To-Seven Segment Latch/ 

Decoder/Driver 

LO Voo 16 

2 c 15 

3 B g 14 

4 D e 13 

5 A d 12 

6 Ph c 11 

7 Bl b 10 

8 Vss a 9 
II 



II 

l:llN A:S:Sl\.:iNMt:N I::> ,(contmuea) 

2 

3 

4 

5 

6 

7 

8 

MC14549B 
Successive Approximation 

Register 

03 

02 

01 

00 

Sout 

D 

c 
Vss 

07 

EOC 

MR 

SC 

MC14554B 
2 x 2-Bit Parallel Binary 

Multiplier 

Y1 

MO 

M1 

co 
M2 

C1 [S3) 

S2 

Vss 

Voo 
YO 

XO 

X1 

KO 

so 

K1 

S1 

MC14557B 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

Ho 64-Bit Variable Length 
Shift Register 

L2 

L1 

R 

c 
CE 

B 

A 

Vss 

Voo 
L4 

LS 

L16 

L32 

a 
o 

A/B Sel 

16 

15 

14 

13 

12 

11 

10 

9 

NC= No Connection 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

MCM14652 
256-Bit Static 

Random Access Memory 

Dout 1 

Din 1 

Dout 2 

Din 2 

Dout 3 

Din 3 

WE 

V55 

Voo 
CE1 

CE2 

CE3 

LE 

T' 
AS 

A4 

A3 

A2 

A1 

AO 

MC14555B 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

Dual Binary to 1-of-4 Decoder/ 
Demultiplexer 

- 2 

3 

4 

6 

7 

8 

EA 
AA 

BA 

ooA 
01A 

02A 

03A 

Vss 

Voo 
Es 
As 

Be 

009 

019 

029 

039 

MC14558B 
BCD-to-Seven Segment 

Decoder 

B 

c 
EN 

RBO 

RBI 

D 

A 

Vss 

R-14 

Voo 
. f 

g 

a 

b 

c 

d 

e 

16 

15 

14 

13 

12 

11 

10 

9 

MC14553B 
3-Digit BCD Counter 

OS2 

OS1 

C1s 

C1A 

03 

02 

01 

Vss 

Voo 
0$3 

O.F. 

MR 

c 
Dis 

LE 

oo 

MC14556B 

16 

15 

14 

13 

12 

11 

10 

9 

Dual Binary to 1-of-4 Decoder/ 
Demultiplexer 

2 

3 

4 

5 

6 

7 

8 

EA 
AA 

BA 

QOA 

Q1A 

Q2A 

03A 

Vss 

Voo 
Es 
A9 

. 89 

009 

6.1 B 

029 

039 

MC14559B 
Suc~essive Approximation 

Register 

03 

02 

01 

oo 
Sout 

D 

c 
Vss 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 



PIN A:>SluNMl:Nl S (continued) 

MC14560B 
NBCDAdder 

A2 

82 

A3 

83 

A4 

84 

Voo 
A1 

81 

S1 

S2 

S3 

S4 

MC14566B 
Industrial Time Base 

Generator 

Voo 
ca 

029 

019 

009 

75/6 

Om 

A 

MC14572 
Hex Gate 

Out A 

In A 

Out8 

Ins 

Cute 

In 1c 
ln2c 

Vss 

NC = No Connection 

Voo 
In 2f 

In 1f 

0Utf 

lne 

Oute 

tn0 

Out0 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

.11 

10 

9 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

MC14561B 
9's Complementer 

A3 

A4 

Comp 

Comp 

Vss 

Voo 
F1 

F2 

F3 

F4 

z 
NC 

MC14568B 
Phase Comparator and 

Programmable Counters 

011c2 v 00 

PE CTL .. 

"O" PCtn 

Dp4 

Dp3 PCP out 

DP2 G 

Dp1 F 

v55 c1 

MC14580B 
4 x 4 Multiport Register 

0 
039 

029 

3-StA 

QOA 

01A 

02A 

03A 

WO 

W1 

R19 

R05 

Vss 

R-15 

Voo 
015 

9-00 

3-St9 

DO 

01 

02 

03 

c 
WE 

R1A 

ROA 

14 

13 

12 

11 

10 

9 

8 

16 

15 

14 

13 

12 

11 

10 

9 

24. 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

MC14562B 
128-Bit Static Shift Register 

064 

096 

0128 

NC 

Clock 

0112 

V55 

Voo 
032 

Data 

NC 

016 

048 

aao 

MC14569B 

14 

13 

12 

11 

10 

9 

8 

High Speed Programmable 
Divide-by-N Dual 4-Bit 
BCD/Binary Counter 

PE out 

CTLA 

DPA1 

DPA2 

DPA3 

DPA4 
CF 

Vss 

a 
Dps4 

Dpe3 

Dpe2 

Dp91 

CT Ls 
c 

MC14581B 

16 

15 

14 

13 

12 

11 

10 

9 

4-Bit Arithmetic Logic Unit 

2 

3 

4 

5 

6 

'7 

8 

9 

10 

11 

12 

_o 
BO 

AO 
53 

$2 

51 

so 
Cn 

MC 

FO 
F1 
!=2 

Vss 

Voo 
'A1 
61 

A2 

02 
A3 

B3 
G 

Cn+4 

p 

A=; B 

F3 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

II 



II 

2 

3 

4 

5 

6 

7 

8 

MC14682B 
Look-Ahead Carry Block 

<31 Voo 
P-1 "P2 

GO <32 

PO C1n 

G3 Cn+x 

P3 Cn+v 

p 'G 

Vss Cn·+z 

MC14585B 

16 

15 

14 

13 

12 

11 

10 

9 

4-Bit Magnitude Comparator 

82 Voe 16 

2 A2 A3 15 

3 (A" 8,lout 83 14 

4 (A >8l1n (A>8lout 13 

5 (A <8l1n tA<8lout 12 

6 (A •8l1n 80 11 

7 A1 AO 10 

8 Vss 81 9, 

NC= No Connection 

1 

2 

3 

4 

5 

6 

7 

8 

,MC14583B 
Dual Schmitt Trigger 

Bcom Voo 
BNeg Bin 

Bpos (±) 

Aout 

Apos Bout 

A Neg Aout 

Acom Bout 

Vss. Ajn 

8-16 

16 

15 2 

14 3 
13 4 

12 5 
11 6 
10 7 

9 

MC14684B 
Hex Schmitt Trigger 

In 1 Voo 
Out 1 In 6 

In 2 Out 6 

Out 2 In 5 

In 3 Out 5 

Out3 

Vss 

14 

'13 

12 

11 

10 

9 

8 





£1 Device Function Index 

fl .· B·Series Family Data 

El Reliability and Handling Procedures 

II CMOS Previews 

El CMOS Data Sheets 

ml CMOS Reliability 

II Mechanical Data 

II Pin Assignment 


