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NUMERICAL INDEX 

ORDERING INFORMATION - SUFFIXES* 

AL - 3 to 18 V, -55 to +1250 C, ceramic package 
CL - 3 to 18 V, -40 to +850 C, ceramic package 
CP - 3 to 18 V, -40 to +850 C, plastic package 
L - Limited voltage range, limited temperature range, ceramic package 
P - Limited voltage range, limited temperature range, plastic package 
EFL - 3 to 18 V, -55to +1250 C, ceramic package 
FL - 3 to 18 V, -40to +850 C, ceramic package 
FP - 3 to 18 V, -40 to +850 C, plastic package 
EVL- 3 to 6 V, -55 to +1250 C, ceramic package 
VL - 3 to 6 V, -40 to +850 C, ceramic package 
VP - 3 to 6 V, -40 to 85°C, plastic package 
Z - Limited voltage range, limited temperature range, lead less ceramic package 

Available in Second 
Part Number Function Suffix* Pins HI-REL Sourced 

MC14000UB Dual 3-lnput NOR Gate plus Inverter AL,CL,CP 14 .J .J 
MC14001 B Quad 2-lnput NOR Gate AL,CL,CP 14 .J .J 
MC14001UB Quad 2-lnput NOR Gate AL,CL,CP 14 .J .J 
MC14002B Dual 4-lnput NOR Gate AL,CL,CP 14 .J .J 
MC14002UB Dual 4-lnput NOR Gate AL,CL,CP 14 .J .J 
MC14006B 18-Bit Static Shift Register AL,CL,CP 14 .J .J 
MC14007UB Dual Complementary Pair plus Inverter AL,CL,CP 14 .J .J 
MC14008B 4-Bit Full Adder AL,CL,CP 16 .J .J 
MC14011B Quad 2-lnput NAND Gate AL,CL,CP 14 .J .J 
MC14011UB Quad 2-lnput NAND Gate AL,CL,CP 14 .J .J 
MC14012B Dual 4-lnput NAND Gate AL,CL,CP 14 .J .J 
MC14012UB Dual 4-lnput NAND Gate AL,CL,CP 14 .J .J 
MC14013B Dual D Flip-Flop AL,CL,CP 14 .J .J 
MC14014B 8-Bit Static Shift Register AL,CL,CP 16 .J .J 
MC14015B Dual 5-Bit Static Shift Register AL,CL,CP 16 .J .J 
MC14016B Quad Analog Switch/Quad Multiplexer AL,CL,CP 14 .J .J 
MC14017B Decade Counter/Divider AL,CL,CP 16 .J .J 
MC14018B Presettable Divide-by-N Counter AL,CL,CP 16 .J .J 
MC14020B 14-B it Binary Counter AL,CL,CP 16 .J .J 
MC14021B 8-Bit Static Shift Register AL,CL,CP 16 .J .J 
MC14022B Octal Counter/Divider AL,CL,CP 16 .J .J 
MC14023B Triple 3-lnput NAND Gate AL,CL,CP 14 .J .J 
MC14023UB Triple 3-lnput NAND Gate AL,CL,CP 14 .J .J 
MC14024B 7-Stage Ripple Counter AL,CL,CP 14 .J .J 
MC14025B Triple 3-lnput NOR Gate AL,CL,CP 14 .J .J 
MC14025UB Triple 3-lnput NOR Gate AL,CL,CP 14 .J .J 
MC14027B Dual J-K Flip-Flop AL,CL,CP 16 .J .J 
MC14028B BCD-to-Decimal Decoder AL,CL,CP 16 .J .J 
MC14029B 4-Bit Presettable Up/Down Counter AL,CL,CP 16 .J .J 
MC14032B Triple Serial Adder (Positive Logic) AL,CL,CP 16 .J .J 
MC14034B 8-Bit Universal Bus Register AL,CL,CP 24 .J .J 
MC14035B 4-Bit Shift Register AL,CL,CP 16 .J .J 
MC14038B Triple Serial Adder (Negative Logic) AL,CL,CP 16 .J .J 
MC14040B 12-B it Binary Counter AL,CL,CP 16 .J .J 
MC14042B Quad Latch AL,CL,CP 16 .J .J 
MC14043B Quad NOR R-S Latch AL,CL,CP 16 .J .J 
MC14044B Quad NAND R-S Latch AL,CL,CP 16 .J .J 
MC14046B Phase-Locked Loop AL,CL,CP 16 .J .J 
MC14049UB Hex Inverter/Buffer AL,CL,CP 16 .J .J 
MC14050B Hex Buffer AL,CL,CP 16 .J .J 

* Add suffix to part number on all orders_ 
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NUMERICAL INDEX (continued) 
Available in Second 

Part Number Function Suffix* Pins HI-REL Sourced Page 

MC14051B 8-Channel Analog Multiplexer AL,CL,CP 16 .J .J 7-133 

MC14052B Dual 4-Channel Analog Multiplexer AL,CL,CP 16 .J .J 7-133 

MC14053B Triple 2-Channel Analog Multiplexer AL,CL,GP 16 .J .J 7-133 

MC14066B Quad Analog Switch AL,CL,<;:P 14 .J .J 7-139 

MC14068B 8-lnput NAND Gate AL,CL,CP 14 .J .J 7-5 

MC14069UB Hex Inverter AL,CL,CP 14 .J .J 7-145 

MC14070B Quad Exclusive OR Gate AL,CL,CP 14 .J .J 7-147 

MC14071B Quad 2-lnput OR Gate AL,CL,CP 14 .J .J 7-5 

MC14072B Dual 4-lnput OR Gate AL,CL,CP 14 . .J .J 7-5 
MC14073B Triple 3-lnput AND Gate AL,CL,CP 14 .J .J 7-5 

MC14075B Triple 3-lnput OR Gate AL,CL,CP 14 v' .J 7-5 

MC14076B Quad D-Type Register AL,CL,CP 16 .J .J 7-153 
MC14077B Quad Exclusive NOR Gate AL,CL,CP 14 .J .J 7-147 

MC14078B 8-lnput NOR Gate AL,CL,CP 14 .J .J 7-5 
MC14081B Quad 2-lnput AND Gate AL,CL,~P 14 .J .J 7-5 

MC14082B Dual 4-lnput AND Gate AL,CL,CP 14 .J .J 7-5 

MC14093B Quad 2-lnput NAND Schmitt Trigger AL,CL,CP 14 .J . .J 7-161 
MC14094B 8-Bit Bus-Compatible Shift Store Latch AL,CL,CP 16 .J .J 7-165 
MC14099B 8-Bit Addressable Latch AL,CL,CP 16 .J .J 7-169 

MC14160B Decade Counter (Asynchronous Clear) AL,CL,CP 16 .J .J 7-175 

MC14161B Binary Counter (Asynchronous Clear) AL,CL,CP 16 .J .J 7-175 

MC14162B Decade Counter (Synchronous Clear) AL,Cq::P 16 .J .J 7-175 

MC14163B Binary Counter (Synchronous Clear) AL,CL,CP 16 .J .J 7-175 

MC14174B Hex D Flip-Flop AL,CL,CP 16 .J .J 7-183 

MC14175B Quad D Flip-Flop AL,CL,qP 16 .J .J 7-187 

MC14194B 4-Bit Universal Shift Register AL,CL,CP 16 .J v' 7-191 

MC14403 Tone Encoder L,P 16 7-195 
MC14405 Tone Encoder L,P 18 7-195 
MC14406 Pulse Code Modulator L,P, 28 7-199 
MC14407 Pulse Code Modulator L,P .'. 22 7-199 

MC14408 Binary-to-Phone Pulse Converter L,P 16 7-209 
MC14409 Binary-to-Phone Pulse Converter L,P 16 7-209 
MC14410 2-of-8 Tone Encoder L,P :' 16 7-217 
MC14411 Bit-Rate Frequency Generator L,P 24 7-221 
MC14412 Universal Low-Speed Modem FL,VL 16 7-224 

MC14415 Quad Precision Timer/Driver EFL,FL,FP, 16 7-229 
EVL,VL;VP 

MC14419 2-of-8 Keypad-to-Binary Encoder L,P '.' 16 7-234 
MC14422 Remote Control Transmitter P 16 7-238 
MC14433 3-1/2 Digit A/D Converter L,P . 24 7-244 
MC14435 3-1/2 Digit A/D Logic Subsystem EFL,FL,FP, 16 7-256 

EVL,VL;VP 

MC14440 LCD Watch/Clock Circuit L,Z 40,36 7-263 
MC14443 8-Channel A/D Converter L,P " 16 7-264 
MC14447 8-Channel A/D Converter L,P : 16 7-264 
MC14450 Oscillator 216 Divider/Buffer L,P , 6 7-268 
MC14451 Oscillator Divider/Buffer L,P 16 7-272 

MC14457 Transmitter P 16 7-276 
MC14458 Receiver P 24 7-276 
MC14460 Automotive Speed Control Processor P 16 7-287 
MC14461 Smoke Detector, Ion Type P 16 7-293 
MC14462 Smoke Detector, Ion Type, FET P 16 7-293 

*Sufflxes defined on page I. 
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NUMERICAL INDEX (continued) 
Available in Second 

Part Number Function Suffix* Pins HI-REL Sourced Page 

MC14464 Smoke Detector Circuit P 16 7-303 
MC14465 Smoke Detector Circuit P 16 7-303 
MC14466 Low Cost Smoke Detector P 16 6-3 
MC14469 Addressable Asynchr. Receiver/Transmitter P 40 7-307 
MC14478 5-Function,4-Digit LCD Watch P,Chip 40 7-315 

MCC14479 5-Function, 4-Digit LCD Watch Chip - 7-318 
MC14480 5-Function,4-Digit LCD Watch L,P,Chip 40 7-318 
MCC14481 6-Function, 4-Digit LCD Watch Chip - 7-322 
MCC14487 11-Function, 6-Digit LCD Watch Circuit Chip - 6-4 
MC14490 Hex Contact Bounce Eliminator EFL,FL,FP, 16 7-326 

EVL,VL,VP 

MC14495 BCD-to-7 Segment Decoder Driver/Latch L,P 16 7-333 
MC14500B Industrial Control Unit AL,CL,CP 16 .J 7-336 
MC14501UB Triple Gate AL,CL,CP 16 .J 7-342 
MC14502B Strobed Hex Inverter/Buffer AL,CL,CP 16 .J .J 7-346 
MC14503B Hex 3-State Buffer AL,CL,CP 16 .J .J 7-350 

MC14504B Hex TTL or CMOS to CMOS Level Shifter AL,CL,CP 16 .J 7-354 
MCM14505 64 X 1-Bit Static RAM AL,CL,CP 14 .J 7-357 
MC14506B Dual Expandable AOI Gate AL,CL,CP 16 .J 7-366 
MC14508B Dual 4-Bit Latch AL,CL,CP 24 .J 7-371 
MC14510B BCD Up/Down Counter AL,CL,CP 16 .J .J 7-376 

MC14511B BCD-to-7 Segment Latch/Decoder/Driver AL,CL,CP 16 .J .J 7-382 
MC14512B 8-Channel Data Selector AL,CL,CP 16 .J .J 7-388 
MC14513B BCD-to-7 Segment Latch/Decoder/ AL,CL,CP 18 .J .J 7-392 

Driver - Ripple Blanking 
MC14514B 4-Bit Latch/4-to-16 Line Decoder (High) AL,CL,CP 24 .J .J 7-400 
MC14515B 4-Bit Latch/4-to-16 Line Decoder (Low) AL,CL,CP 24 -j -j 7-400 

MC14516B Binary Up/Down Counter AL,CL,CP 16 .J .J 7-406 
MC14517B Dual 64-Bit Static Shift Register AL,CL,CP 16 .J .J 7-412 
MC14518B Dual BCD Up Counter AL,CL,CP 16 .J .J 7-416 
MC14519B 4-Bit AND/OR Selector AL,CL,CP 16 .J .J 7-421 
MC14520B Dual Binary Up Counter AL,CL,CP 16 .J .J 7-416 

MC14521B 24-Stage Frequency Divider AL,CL,CP 16 .J. 7-426 
MC14522B Programmable BCD Divide-by-N Counter AL,CL,CP 16 .J .J 7-432 
MCM14524 256 X 4-Bit Read Only Memory AL,CL,CP 16 .J 7-439 
MC14526B Programmable Binary Divide-by-N Counter AL,CL,CP 16 .J .J 7-432 
MC14527B BCD Rate Mutliplier AL,CL,CP 16 .J .J 7-446 

MC14528B Dual Monostable Multivibrator AL,CL,CP 16 .J -j 7-452 
MC14529B Dual 4-Channel Analog Data Selector AL,CL,CP 16 .J .J 7-457 
MC14530B Dual 5-lnput Majority Logic Gate AL,CL,CP 16 .J 7-463 
MC14531B 12-Bit Parity Tree AL,CL,CP 16 .J .J 7-468 
MC14532B 8-Bit Priority Encoder AL,CL,CP 16 .J .J 7-471 

MC14534B Real Time 5-Decade Counter AL,CL,CP 24 .J 7-477 
MC14536B Programmable Timer AL,CL,CP 16 .J 7-483 
MCM14537 256 X 1-Bit Static RAM AL,CL 16 .J 7-490 
MC14538B Dual Precision Monostable Multivibrator AL,CL,CP 16 .J 7-498 
MC14539B Dual 4-Channel Data Selector/Multiplexer AL,CL,CP 16 .J 7-506 

MC14541B Programmable Oscillator-Timer AL,CL,CP 14 .J 7-510 
MC14543B BCD-to-7 Segment Latch/Decoder/Driver AL,CL,CP 16 .J .J 7-516 
MC14544B BCD-to-7 Segment Latch/Decoder/ AL,CL,CP 18 .J 7-521 

Driver - Ripple Blanking 
MC14547B BCD-to-7 Segment Decoder/ AL,CL,CP 18 -j 7-527 

Driver/Latch - High Current 
.J MC14549B Successive Approximation Register AL,CL,CP 16 7-531 

'Suffixes defined on page i. 
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NUMERICAL INDEX (continued) 
Available in Second 

Part Number Function Suffix* Pins HI·REL Sourced Page 

MC14551B Quad 2-Channel Analog MUX AL,CL,CP 16 .J 7-538 
MCM14552 64 X 4-Bit Static RAM AL,CL,CP 24 .J 7-544 
MC14553B 3-Digit BCD Counter AL,CL,CP 16 .J 7-551 
MC14554B 2 X 2-Bit Parallel Binary Multiplier AL,CL,CP 16 .J 7-557 
MC14555B Dual Binary to l-of-4 Decoder AL,CL,CP 16 .J .J 7-561 

MC14556B Dual Binary to l-of-4 Decoder (Inverting) AL,CL,CP 16 .J .J 7-561 
MC14557B l-to-64-Bit Variable Length Shift Register AL,CL,CP 16 .J 7-564 
MC14558B BCD-to-7 Segment Decoder AL,CL,CP 16 .J 7-568 
MC14559B Successive Approximation Register AL,CL,CP 16 .J 7-531 
MC14560B NBCD Adder AL,CL,CP 16 .J 7-574 

MC14561B 9's Complementer AL,CL,CP 14 .J 7-578 
MC14562B 128-Bit Static Shift Register AL,CL,CP 14 .J 7-584 
MC14566B Industrial Time Base Generator AL,CL,CP 16 .J 7-588 
MC14568B Phase Comparator Programmable Counter AL,CL,CP 16 .J 7-594 
MC14569B Dual Programmable BCD Binary Counter AL,CL,CP 16 .J 7-604 

MC14572UB Hex Gate AL,CL,CP 16 .J 7-608 
MC14573 Quad Programmable Op Amp AL,CL,CP 16 .J 7-611 
MC14574 Quad Programmable Comparator AL,CL,CP 16 .J 7-611 
MC14575 Dual/Dual Programmable Op Amp Camp. AL,CL,CP 16 .J 7-611 
MC14580B 4 X 4 Mu Itiport Register AL,CL,CP 24 .J .J 7-615 

MC14581B 4-Bit Arithmetic Logic Unit AL,CL,CP 24 .J .J 7-620 
MC14582B Look-Ahead Carry Block AL,CL,CP 16 .J .J 7-625 
MC14583B Dual Schmitt Trigger AL,CL,CP 16 .J 7-629 
MC14584B Hex Schmitt Trigger AL,CL,CP 14 .J 7-633 
MC14585B 4-Bit'i\ltagnitude Comparator AL,CL,CP 16 .J .J 7-637 

MC14597B 8-Bit Bus Compatible Counter/Latch AL,CL,CP 16 .J 7-643 
MC14598B 8-Bit Bus Compatible Addressable Latch AL,CL,CP 18 .J 7-643 
MC14599B 8-Bit Addressable Latch AL,CL,CP 18 .J 7-169 
MC141000 One-Chip Microcomputer L,P 28 7-650 
MC141099 4-Bit MPU L,P 48 7-650 

MC141200 One-Chip Microcomputer L,P 40 7-650 
MC142100 4 X 4 Cross Point Switch w/Control Memory L,P 16' 7-660 
MC145100 4 X 4 Cross Point Switch w/Control Memory L,P 16 7-660 
MCM145101 256 X 4 RAM L,P 22 .J 7-663 
MC145104 PLL Frequency Synthesizer P 16 .J 7-667 

MC145106 PLL Frequency Synthesizer P 18 .J 7-667 
MC145107 PLL Frequency Synthesizer P 16 .J 7-667 
MC145109 PLL Frequency Synthesizer P 16 .J 7-667 
MC145112 PLL Frequency Synthesizer P 18 .J 7-667 
MCM146504 4096 X l-Bit Static RAM L,P 18 .J 7-673 

MCM146508 1024 X 1 RAM L,P 16 .J 7-674 
MCM146514 1024 X 4 Static RAM L,P 18 6-5 
MCM146518 1024 X 1 RAM L,P 18 .J 7-674 
MCM146805 Microprocessor/Microcomputer L 28,40 6-6 
MCM146818 Real-Time Clock/RAM L 22 16-7 
MCM146819 Real-Time Clock/RAM L 28 6-7 

*Suffixes defined on page I. 
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CMOS SELECTION GUIDE BY FUNCTION 

Device Function 

NAND Gates 

MC14011 B Quad 2-lnput NA,'ND Gate ...... . 
MC14011 UB Quad 2-lnput NA.ND Gate ...... . 
MC14093B Quad 2-lnput NAND Schmitt Trigger 
MC14023B Triple 3-lnput NAND Gate 
MC14023UB Triple 3-lnput NAND Gate 
MC14012B Dual 4-lnput NAND Gate 
MC14012UB Dual 4-lnput NAND Gate 
MC14068B 8-lnput NAND Gate ... 

NOR Gates 

MC14001B Quad 2-lnput NO:R Gate. 
MC14001UB Quad 2-lnput NOR Gate. 
MC14025B Triple 3-lnput NOR Gate 
MC14025UB Triple 3-lnput NOR Gate 
MC14000UB Dual 3-lnput NOR Gate plus Inverter 
MC14002B Dual 4-lnput NOR Gate 
MC14002UB Dual 4-lnput NOR Gate 
MC14078B 8-lnput NOR Gate ... 

AND Gates 

MC14081B 
MC14073B 
MC14082B 

OR Gates 

MC14071 B 
MC14075B 
MC14072B 

Complex Gates 

Quad 2-lnput ANb Gate. 
Triple 3-lnput AND Gate 
Dual 4-lnput AND Gate. 

Quad 2-lnput OR Gate. 
Triple 3-lnput OR Gate 
Dual 4-1 nput OR "Gate 

MC14070B Quad Exclusive O:R Gate. 
MC14077B Quad Exclusive NOR Gate .. 
MC14501 UB Triple Gate .... : ...... . 

(Dua.1 4-lnput NAND Gate and 2-lnput NOR/OR Gate or 
8-lnput AND/NAND Gate) 

MC14506B Dual ExpandableAND-OR-INVERT Gate ................ . 
MC14519B 4-Bit AND/OR Selector .......... _ .. _ .........•... 

(Quad 2-Channel Data Selector or Quad Exclusive NOR Gate) 
MC14530B Dual 5-lnput Majority Logic Gate ...................... . 
MC14572U B Hex Gate ....................................... . 

(Quad Inverter plus 2-lnput NOR Gate plus 2-lnput NAND Gate) 

I nverters/Buffers/ Level Translator 

MC14007UB Dual Complementary Pair plus Inverter 
MC14049UB Hex Inverter/Buffer .. 
MC14050B Hex Buffer ........... . 
MC14069UB Hex Inverter .. '.' ...... . 
MC14502B Strobed Hex Inverter/Buffer .. 
MC14503B Hex 3-State Buffer ...... . 
MC14504B TTL or CMOS to CMOS Hex Level Shifter 
MC14584B Hex Schmitt Trigger ............ . 

1-3 
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• 
CMOS SELECTION GUIDE BY FUNCTION (continued) 

Device Function 

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-l-of-4 Decoder/Demultiplexer .... 
Dual Binary-to-l-of-4 Decoder/Demultiplexer (Inverting) . 

Display Decoders 

MC14495 
MC14511B 
MC14513B 
MC14543B 
MC14544B 
MC14547B 
MC14558B 

BCD-to-Seven Segment Decoder/Driver/Latch 

BCD-to-Seven Segment Latch/Decoder/Driver .............. . 
BCD-to-Seven Segment Latch/Decoder/Driver - Ripple Blanking 
BCD-to-Seven Segment Latch/Decoder/Driver .......... . 
BCD-to-Seven Segment Latch/Decoder/Driver - Ripple Blanking 
BCD-to-Seven Segment Latch/Decoder/Driver - High Currrent. 
BCD-to-Seven Segment Decoder .................. . 

Mu Iti plexers/Demulti plexers/Bi lateral Switches 

MC14016B 
MC14066B 
MC14053B 
MC14052B 
MC14529B 
MC14539B 
MC14051B 
MC14512B 
MC14519B 
MC14551B 

Schmitt Triggers 

MC14093B 
MC14583B 
MC14584B 

Quad Analog Switch/Quad Multiplexer 
Quad Analog Switch/Quad Multiplexer ....... . 
Triple 2-Channel Analog Multiplexer/Demultiplexer. 
Dual 4-Channel Analog Multiplexer/Demultiplexer. 
Dual 4-Channel Analog Data Selector ..... . 
Dual 4-Channel Data Selector/Multiplexer .. . 
8-Channel Analog Multiplexer/Demultiplexer. 
8-Channel Data Selector ............ . 
4-Bit AND/OR Selector ............ . 
Quad 2-lnput Analog Multiplexer/Demultiplexer. 

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

Flip-Flops/Latches 

MC14013B 
MC14027B 
MC14042B 
MC14043B 
MC14044B 
MC14076B 
MC14175B 
MC14508B 
MC14174B 
MC14099B 
MC14597B 
MC14598B 
MC14599B 

Dual Type D Flip-Flop. 
Dual J-K Flip-Flop .. 
Quad Latch ...... . 
Quad NOR R-S Latch . 
Quad NAND R-S Latch 
Quad D-Type Register . 
Quad Type D Flip-Flop 
Dual 4-Bit Latch .... 
Hex Type D Flip-Flop. 
8-Bit Addressable Latch 
8-Bit. Bus -Compatible 3-State Latches - Internal Counter .... 
8-Bit. Bus-Compatible 3-State Latches - Binary Address 
8-Bit Addressable Latch with Bidirectional Port ......... . 

1-4 
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CMOS SELECTION GUIDE BY FUNCTION (continued) 

Device 

Shift Registers 

MC14035B 
MC14194B 
MC14015B 
MC14014B 
MC14021 B 
MC14034B 
MC14094B 
MC14006B 
MC14557B 
MC14517B 
MC14562B 

Counters 

MC14024B 
MC14017B 
MC14018B 
MC14160B 
MC14162B 
MC14029B 
MC14510B 
MC14522B 
MC14040B 
MC14020B 
MC14022B 
MC14161B 
MC14163B 
MC14516B 
MC14526B 
MC14518B 
MC14520B 
MC14569B 
MC14553B 
MC14534B 
MC14566B 

Function 

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. 
8-Stage Shift/Store Register .. 
18-Bit Static Shift Register .. 
l-to-64 Bit Variable Length Shift Register. 
Dual 64-Bit Static Shift Register 
128-Bit Static Shift Register ........ . 

Seven-Stage Ripple Counter ... . 
Decade Counter/Divider ..... . 
Presettable Divide-by-N Counter . 
Decade Counter (Asynchronous Clear). 

. Decade Counter (Synchronous Clear) 
4-Bit Presettable Up/Down Counter .. 
BCD Up/Down Counter ........ . 
Programmable Divide-by-N 4-Bit Counter (BCD) . 
12-Bit Binary Counter 
14-Bit Binary Counter ............ . 
Octal Counter/Divider ............ . 
4-Bit Binary Counter (Asynchronous Clear) . 
4-Bit Binary Counter (Synchronous Clear). . 
Binary Up/Down Counter .......... . 
Programmable Divide-by-N 4-Bit Counter (Binary) . 
Dual BCD Up Counter ........... . 
Dual Binary Up Counter .......... . 
Dual Programmable BCD/Binary Counter. 
Three-Digit BCD Counter .... . 
Real Time 5-Decade Counter .. . 
I ndustrial Time Base Generator. 

Oscillators/Timers 

MC14521B 
MC14536B 
MC14541B 
MC14450 
MC14451 

25-Stage Frequency Divider. 
Programmable Timer ..... 
Programmable Oscillator/Timer .. 
Oscillator/2 16 Divider/Buffer. . .. . ..... 
Oscillator/2 11 to 2 19 Divider/Buffered Duty Cycle Control 

Phase-Locked Loops 

MC14046B 
MC14568B 
MC145104 
MC145106 
MC145107 
MC145109 
MC145112 

Phase-Locked Loop. 
Phase Comparator and Programmable Counter . 
Phase-Locked Loop Frequency Synthesizer ... 
Phase-Locked Loop Frequency Synthesizer .. 
Phase-Locked Loop Frequency Synthesizer .. 
Phase-Locked Loop Frequency Synthesizer .. 
Phase-Locked Loop Frequency Synthesizer .. 
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7-107 
7-191 
7-42 
7-38 
7-38 
7-100 
7-165 
7-18 
7-564 
7-412 
7-584 

7-74 
7-54 
7-59 
7-175 
7-175 
7-89 
7-376 
7-432 
7-112 
7-63 
7-68 
7-175 
7-175 
7-406 
7-432 
7-416 
7-416 
7-604 
7-551 
7-477 
7-588 

7-426 
7-483 
7-510 
7-268 

7·272 

7-124 

7-594 
7-667 
7-667 
7-667 
7-667 
7-667 
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CMOS SELECTION GUIDE BY FUNCTION (continued) 

Device 

Multivibrators 

MC14528B 
MC14538B 

Function 

Dual Retriggerable/Resettable Monostable Multivibrator ... ; .. 
Dual Precision Retriggerable/Resettable Monostable Multivibrator . 

Adders/Comparators 

MC14008B 4-Bit full Adder. 
MC14032B 
MC14038B 
MC14560B 
MC14561 B 
MC14582B 
MC14585B 

Triple Serial Adder (Positive Logic) ... 
Triple Serial Adder (Negative Logic) .. 
NBCD Adder ....... . 
9's Complementer ....... . 
Look-Ahead Carry Block ... . 
4-Bit Magnitude Comparator 

ALU Rate Multipliers 

MC14527B 
MC14554B 
MC14581 B 

BCD Rate Multiplier 
2 X 2-Bit Parallel Binary Multiplier. 
4-Bit Arithmetic Logic Unit. ' .... 

Page 

7-452 
7-498 

7-26 
7-95 
7-95 
7-574 
7-578 
7-625 
7-637 

7-446 
7-557 
7-620 

Parity Checker 

MC14531B 12-Bit Parity Tree. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7-468 

Memories 

MC14580B 4 X 4 Multiport Register ........ . 
MCM14505 64-Bit Static Random Access Memory. 
MCM14537 256-Bit Static Random Access Memory 
MCM14552 256-Bit Static Random Access Memory 
MCM14524 1024-Bit Read Only Memory ..... . 
MCM145101 1024-Bit Static Random Access Memory 
MCM146504 4096 X 1-Bit Static Random Access Memory. 
MCM 146508 1024 X 1-Bit Static Random Access Memory. 
MCM146514 1024 X 4-Bit Static Random Access Memory. 
MCM146518 1024 X 1-Bit Static Random Access Memory, 
MCM146805 Microprocessors/Microcomputers. 
MCM146818 Real-Time Clock/RAM. 
MCM146819 Real-Time Clock/RAM .. 

Communications/Telephone Functions 

MC14408 Binary-to-Phone Pulse Converter Subsystem. 
MC14409 
MC14410 
MC14411 
MC14412 
MC14419 
MC14403 
MC14405 
MC14406 
MC14407 
MC142100 
MC145100 

Binary-to-Phone Pulse Converter Subsystem. 
2-of-8 Tone Encoder .... . 
Bit Rate Generator ........ . 
Universal Low-Speed Modem .. . 
2-of-8 Keypad-to-Binary Encoder. 
DTMF Integrated Tone Dialer .. . 
DTMF Integrated Tone Dialer .. . 
Full Duplex 8-Bit Companded PCM Codec 
Full Duplex 8-Bit Companded PCM Codec 
4 X 4 Cross Point Switch with Control Memory 
4 X 4 Cross Point Switch with Control Memory 

1-6 

7-620 
7-357 
7-490 
7-544 
7-439 
7-663 
7-673 

7-674 
6-5 
7-674 
6-6 
6-7 
6-7 

7-209 
7-209 
7-217 
7-221 
7-224 
7-234 
7-195 
7-195 
7-199 
7-199 
7-660 
7-660 



CMOS SELECTION GUIDE BY FUNCTION (continued) 

Device 

Watch Circuits 

MC14450 
MC14451 
MC14478 
MCC14479 
MC14480 
MCC14481 

Function 

Oscillator/216 Divider/Buffer .................. . 
Oscillator/2 11 to 219 Divider/Buffered Duty Cycle Control . 
5-Function, 4-Digit LCD Watch Circuit 
5-Function,4-Digit LCD Watch Circuit 
5-Function,4-Digit LCD Watch Circuit 
6-Function,4-Digit LCD Watch Circuit 

Microprocessor/Industrial Control 

MC14500B 
MC141000 
MC141099 
MC141200 

Industrial Control Unit. 
One Chip Microcomputer 
One Chip Microcomputer 
One Chip Microcomputer 

Remote Control/Addressable Encoder/Decoder 

MC14422 
MC14469 
MC14457 
MC14458 

Remote Control Transmitter ........... . 
iAddressable Asynchronous Receiver/Transmitter. 
Transm itter 
Receiver ....... . 

Operational Amplifier/Comparator 

MC14573 
MC14574 
MC14575 

Quad Programmable Operational Amplifier. 
Quad Programmable Comparator ...... . 
Dual/Dual Programmable Operational Amplifier-Comparator. 

Smoke Detector Circuits 

MC14461 

MC14462 
MC14464 
MC14465 

Smoke Detector Circuit ............ . 
Smoke Detector Circuit - with On-Chip FET. 
Smoke Detector Circuit 
Smoke Detector Circuit 

A/D Converter/Logic Functions 

MC14433 3-1/2 Digit A/D Converter ................ . 
MC14435 3-1/2 Digit A/D Logic Subsystem ............ . 
MC14443 Microprocessor Based Analog-to-Digital Converter .. . 
MC14447 
MC14549B 
MC14559B 

Microprocessor Based Analog-to-Digital Converter. 
Successive Approximation Register. 
Successive Approximation Register. 

Other Complex Functions 

MC14415 
MC14460 
MC14490 

Quad Precision Timer/Driver 
Automotive Speed Control Processor. 
Hex Contact Bounce Eliminator ... 
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7-268 
II 

7-272 
7-315 
7-318 
7-318 
7-322 

7-336 
7-650 
7-650 
7-650 

7-238 
7-307 
7-276 
7-276 

7-611 
7-611 
7-611 

7-293 
7-293 
7-303 
7-303 

7-244 
7-256 
7-264 
7-264 
7-531 

...... 7-531 

7-229 
7-287 
7-326 
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I 

Motorola's reliability and 
quality-enhancement program 
was developed to provide 
improved levels of quality 
and reliability for standard 
commercial products. 

The "BETTER" program is offered on CMOS, Linear, TTL, TTl/lS, DTl, HTl, ECl, and Bipolar 
MEMORIES in dual-in-lin~ ceramic and plastic packages. 

Motorola standard commercial integrated circuits are 
manufactured under stringent in-process controls and 
quality inspections combined with the industries' finest 
outgoing quality inspections. The "BETTER" program 
offers three levels of extra processing, each tailored to 
meet different user needs at nominal costs. 

The program is designed to: 
• Eliminate incoming electrical inspection 
• Eliminate need for independent test labs 

and associated extra time and costs 
• Reduce field failures 
• Reduce service calls 
• Reduce equipment downtime 
• Reduce board and system rework 
• Reduce infant mortality 
• Save time and money 
• Increase end-customer satisfaction 

BETTER PROCESSING -
STANDARD PRODUCT PLUS: 

LEVEL I (Suffix S) 
• 100% temperature cycling per MIL-STD-883A. 

Method 1010, ten cycles from -25°C to 
+150°C. 

• 100% high temperature functional test at 
. +100°C. 

LEVEL 1/ (Suffix 0) 
• 100% burn-in to MIL-STD-883A test'conditions 

equivalent to 160 hours at +125°C. 
• 100% post burn-in DC parametric test at 25°C. 

LEVEL III (Suffix OS) 
• Combination of Levels I and II above. 

TABLE 1 - "BETTER" AQL GUARANTEES 

TEST CONDITION 
LEVEL I 

AQLZ 

LEVEL II LEVEL III 

HIGH TEMPERATURE FUNCTIONAL TA ~ 100°C 0.15 0.15' 0.10 

DC PARAMETRIC TA ~ 25°C 0.28 0.28 0.28 

AC PARAMETRIC TA ~ 25°C 0.65 0.65 0.65 

EXTERNAL VISUAL AND MECHANICAL' 
MAJOR 0.11 0.11 0.11 

MINOR 2.50 2.50 2.50 

HERMETICITY GROSS 0,46 0,46 0.46 
(NOT APPLICABLE TO PLASTIC PACKAGES) 

"25°C 
1 MAJOR DEFECTS - AFFECTS FORM, FIT, OR FUNCTION MINOR DEFECTS - COSMETIC 
2GENERAL INSPECTION LEVEL II 

HOW TO ORDER 

MC14001B 

-r 
Part 

Identification 

CP 
T 

Standard 
Package 

Suffix 

S 
T 

BETTER 
PROCESSING 
LEVEL I = SUFFIX S 
LEVEL II = SUFFIX D 
LEVEL III = SUFFIX DS 
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PART MARKING 

The Standard Motorola part number with the corre­
sponding "BETTER" suffix can be ordered from your 
local authorized Motorola distributor or Motorola sales 
offices. "BETTER" priCing will be quoted as an adder to 
standard commercial product price. 



GENERALIZED PRODUCT FLOW 

Generalized product flow for all Motorola Bipolar Integrated Circuits purchased to the "BETTER" 
program. Individual product groups (CMOS, Linear, TTL, TTl/lS, DTl, HTl, ECl, and 
MEMORIES) may not include all steps shown as dictated by specific device characteristics. 

SHIPPING 

Scanning Electron Microscope Wafer Process Control Monitor: To control oxide step profiles, 
contact coverage. and metallization integrity. 

CV Plot Wafer Process Control Monitor: To control field inversion potential, base inversion -
surface channel formation, and to detect any spurious contamination problems. 

Performed at final wafer probe (or, optionally, at final electrical test) to screen out potential 
pinhole shorts, interlayer metal shorts, N+ crossunder shorts, diffusion faults. and similar 
defects that cannot be detected by visual die high-power inspection. 

Die High-Power Sample Gate Inspection: Performed by in-process O.A. to an 8.0% AOl to 
detect any damage caused by 100% wafer probe or mechanical scribe and break operation, or 
any scratches, metallization smears, or glass on bonding pads. 

Die Bond Sample Gate Inspection: Performed by in-process O.A. to a 1.0% AOl to detect any 
misaligned or tilted die and to assure adequate "wetting" for low thermal resistance and high die 
shear strength. 

Wire Bond Sample Gate Inspection: Performed by in-process OA to a 1.0% AOl to detect any 
improper wire bonds or wire dress. and any wire bonder damage. 

Wire Pull Monitor: Performed by in-process O.A. to maintain process control of bond strength 
values per Mll-STD-883A, Method 2011, Condition D. 

Motorola Proprietary Epoxy Molding Compound: Meets or exceeds U.l. 
flame-retarding level Ul94V-l. 

Post Encapsulation Bake: Eight hours at 150'C. Final cure for molding 
compound; also stresses wire and die bonds and helps eliminate marginal 
devices. 

HERMETIC 

100% Temperature Cycling: Mll-STD-883A, Method 1010, ten cycles -25'C to + 150'C. 
Exercising circuits ten times over a 175'C range stresses the die and wire bonds and generally 
eliminates any marginal bonds and also screens out some types of wafer defects (pinholes, 
interlayer metal shorts, marginal step coverage, N+ crossunder shorts) and marginal seals in 
hermetic packages. This screening is superior to thermal shock screening because it does not 
introduce latent failures in ceramic packages (microcracks in seals) or in plastic packages 
(entrapped liquid) that can result from liquid-to-liquid thermal shock. 

Hermeticity Monitor: Hermetic packages only, - combination fine/gross leak test per modification 
of Mll-STD-883A, Method 10148. (5 x 10-8 ATM CC/SEC to 1 x 10-4 ATM CC/SEC). 
Sampled to a 0.65% AOl. 

100% Electrical: Functional and DC parametrics at 25'C. 

100%Burn-ln: Mll-STD-883A, Method 1015, for 160 hours minimum at TAof 125'C minimum (or 
equivalent, per Arrhenius equation with 1.OeV activation energy). Test condition depends on 
device type, but generally condition A or C. 

100% High-Temperature Functional: Devices are functionally tested at l00'C, 15'C to 30'C 
above maximum rated operating temperatures, to assure reliable operation at elevated 
temperatures and to screen out marginally performing devices that could otherwise lower field 
reliability. Although epoxy molding compounds have essentially eliminated the thermal 
intermittentfailure mode, this screen provides protection from any "maverick" intermittent device 
being shipped to a customer. This screening is more effective than hot rail "continuity" testing 
because non-functional devices can often pass a continuity test. 

100% Electrical: Functional and DC parametrics at 25'C. 

Q.A. Electrical and Mechanical Final Acceptance Tests: Sampled to the tightened AOllevels of 
Table I. 

Hermeticity Monitor: Hermetic packages only. Fine leak per Mll-STD-883A, Method 10148 
(5 x 10-8 ATM CC/SEC) and gross leak per Mll-STD-883A, Method 1014C2. Sampled to a 
combined AOl of .46%. 
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Ordering Information 
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ORDERING INFORMATION FOR 
HIGH RELIABILITY 
CMOS INTEGRATED CIRCUITS 

Motorola presently has MIL-STD-
883B Class B products in inventory 
for the standard MCl4XXX and 
MCl45XX series CMOS. 
Other products not included 
in these categories may be 
purchased with MIL-STD-883B 
screening, subject to individual 
device review. Motorola also has 
the capability of supplying cus­
tom high reliability products. 
Standard products screened to 
MIL-STD-883B are available from 
Motorola in four standard process 
flows, synopsized here and de­
tailed in Table I. 

.-

MIL-STD-883. CLASS S -(Aero­
space, Military Man-Rated) 
Follows the requirements for 
MIL-STD-883B, Method 5004 
Class A. Note: products avail­
able by special order only due 
to special burn-in, serializa­
tion, and radiographic re­
quirements. 

MIL-STD-883. CLASS B-{Majori­
ty of military high reliability, 
mobil communications, fire 
controL biomedical) 
Follows MIL-STD-883B Method 
5004 Class B. Note: these high 
reliability products are avail­
able in (from) inventory. 

MIL-STD-883. CLASS C 
Follows MIL-STD-883B Method 
5004 Class C. Note: not avail­
'able in inventory due to short 
lead-time and low demand. 

Motorola Class D-{industrial 
high reliability, medium mili­
tary high reliability) 
Follows MIL-STD-883B Method 
5004 Class B except for sam­
ple testing of DC parameterics 
at high-low temperature and 
dynamic testing. Note: these 
high reliability parts available 
in limited inventory. 

3-2 

For custom high reliability 
products, Motorola recommends 
one of two approaches: 

1) Customer designing and 
supplying art work to Moto­
rola: Transfer of computer 
aided design (CAD) tapes 
from either a Calma system 
or one compatible with it. 
This is the most effective 
means of design transfer re­
quiring only six to twelve 
weeks for prototype turn­
around. Motorola can work 
from masks but this method 
must be reviewed on an in­
dividual basis. 

2) Motorola designing: Moto­
rola can do the total design 
using an acceptable logic 
diagram or schematic. This 
method is dependent on in­
house design resource 
availability and will require 
longer lead times than the 
'tape~transfer method. 

When ordering MIL-STD-883B 
products from Motorola use the 
numbering system shown in 
Table It 

When ordering Motorola MIL­
M-385lO QPL products, use the 
method outlined in Table Ill. 

" . . ----



CMOS HIGH RELIABILITY ORDERING INFORMATION 

TABLE I. 
This table defines the three MIL-STD-883B processing steps and the Motorola internal Class D process 
steps for Motorola high reliability products. 
Device Class Screening Procedures 

In recognition of the fact that Flexibility is provided in the reliability requirements will not 
the level of screening has a direct choice of test conditions and be met. For general high reliabil-
impact on the cost of the product. stress levels, to provide screens ity applications, the Class B or D 
as well as its quality and relia- tailored to a particular product or screening levels should be con-
bility, four standard levels of application. Selection of a level sidered. 
screening are provided to coin- better than that required for the 
cide with four device classes, or specific product and application 
levels of quality assurance. will result in unnecessary ex-

• pense. A level less than that re-
quired may result in a risk that 

CLASS S CLASSB CLASS 0 (I) CLASSC 
SCREEN METHOD ROMT METHOD RQMT METHOD ROMT METHOD ROMT 

Inlernal Visual (Precap) 2010 Condilion 100% 2010 Condition 100% 2010 Condition 100% 2010 Condition 100% 
A B B B 

Slabilization Bake 1008,24 hrs 100% 1008,24 hrs 100% 1008,24 hrs 100% 1008,24 hrs 100% 
min. test min. test min. test min. test 
Condition C Condition C Conditione Condition C 

Temperature Cycling 1010 Condition C 100% 1010 Condition C 100% 1010 Condition C 100% 1010 Condition C 100% 

Conllenl Acceleration 2001 Condition E l00"k 2001 Condition E 1000/. 2001 Condition E 100% 2001 Condition E 100% 
(min.) Y 1 plane (min.) Y I plane (min.) Y 1 plane (min.) Y 1 plane 

Seal (a) Fine 1014 100% 1014 1000/. 1014 l00"k 
(b) Gross 

PIND 2020 Condition 1000/. 
A or B 

Serialization 100% 

Interim Etectrical Per applicable 1000/. Per applicable . Per applicable 
Parameters deVice deVice device 

speCification specification specification 

Bum';" Test 1015 100% 1015 100% 1015 l00"k 
240hrs@ 160hrs@ 160hrs@ 
125D C min. or equiv. 125°C min. or eqUiV 125"C min. 

Interim Electrical Per applicable 100% 
Parameters device 

speCificatIOn 

Reverse Bias Bum-in 1015 Condition A 1000/. 
orC 72 hrs 
at 150"C min. 

Inlerlm Eleclrical Per applicable l00"k Per applicable 100% Per applicable 100% 
Parameters device deVice deVice 

specification specification specification 

Seal (a) Fine 1014 1000/. 
(b) Gross 

Final Electrical Tests Per applicable Per applicable Per applicable Per applicable 
(a) StatiC lests deVice device device device 

(1) 25"C (subgroup " specification 100% speCification 100% specification 100% specihcation 100% 
table " 5005) 

(2) Max. and min. rated 1000/. 1000/. 
operatmg temp. 
(subgroups 2 and 3. 
table " 5005) 

(b) Dynamic tests and/or 100% 1000/. 
switching tests @ 25°C 
(subgroup 4 and 9. 
table " 5005) 

(cl FunctIOnal test @ 25°C 1000/. 100% 100% 1000/. 
(subgroup 7. table 1. 
(50051 

Radiographic 2012 Two Views 100% 

Qualification or Quality 5005 Sample 5005 Sample 5005 Sample 5005 Sample 
Conformance inspection Class S per Class B per Class B per ClassC per 

38510 38510 38510 38510 

External Visual 2009 100% 2009 l00"k 2009 100% 2009 100% 

(l) Motorola internal process flow. 
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CMOS.HIGH RELIABILITY ORDERING INFORMATION 

TABLE II 
How to order MIL-STD-
883B Processed Product 

EXAMPLE: 

Basic Numbering Parameters: Example MCXXXXXYYYY 

MCXXXX X y y y y 

MOTOROLA DEVICE TYPE ---1 ~ 
OPTIONAL SUFFIX . 
CMOS-A or B Series. 
Varies for Memories or Microcomponents 
see individual data sheets. 

CLASS S, B, C, OR D (See Device Table I) 

CASE OUTLINE (See Case Outline for Dual---... 
In-Line Packages) 

LEAD FINISH (See Lead Finish Table) --------' 
S=MOTOROLA DATA SHEET ELECTRICALS 
M=Tested to MIL-M-38510 Slash Sheet Electricals Only 
JC = Tested to JEDEC Standard 101 

Case Outline for Dual In-Line Packages 
C-14-pin J -24-pin T -28.pin W-22-pin 
E-IS-pin Q-40-pin V-18-pin 

Lead Finish Table (per A or B below) 
A-A or B, with hot solder dip 
B-A or B, with acid tin plate 
C-A or B, WITH Gold Plate 
X-Any of the above lead finishes are acceptable and 

interchangeable. 
Legend: A-Alloy 42 lead material B-Kovar lead material 

CMOS 
MC 14001 ABC B (5. M. JC)* 

MOT~ROLA DEVICE TYPE-J~I 
ASenes------- . 
883 Class B ------
14 Pin Dual In-Line Package 
Kovar or Alloy 42 with acid tin plate --___ --' 
Motorola Data Sheet Electricals ________ ---J 

Tested to MIL-M-38510 electrical specifications -----..... 

Tested to JEDEC Standard 101 -----------------' 

"Devices are tested to one method only, Le. either S, M or Ie. 

Generic qualification data for groups B, C and D is available 
upon request at time of purchase. 
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CMOS HIGH RELIABILITY ORDERING INFORMATION 

TABLE III 
How to Order 
MIL-M-38510D 
JAN-Qualified 
Product 

EXAMPLE: 

Basic Numbering Parameters­
Example: JM 38510/XXXXXYYY 

M38510 IXXX XX Y Y Y 

Indicates a Qualified DeVice~JJ 
Military Designator --- . 

Detail Specification Number 

Device Type Within Detail Specification 

Class B or C (See Device Table I) --------..... 

Case Outline (See Case Outline for Dual In·Line Packages) 

Lead Finish (See Lead Finish Table) ------------' 

Case Outline for Dual 
In-Line Packages 
C-14-Pin T-2S-Pin V-IS-Pin 
E-IS·Pin Q-40-Pin 
J -24-Pin W-22-Pin 

Lead Finish Table (per A or B below) 
A-A or B. with hot solder dip 
B-A or B. with acid tin plate 
C-A or B. with Gold Plate 
X-Any of the above lead finishes are acceptable and 

interchangeable. 
Legend: A-Alloy 42 lead material 

B-Kovar lead material 

M38510 lOSS 02 B C B 

Indicates a Qualified Device I JJ' 
Military Designator -----...1. 
Detail Specification Number ----

Device Type within Detail Specification 

Class B -------------------' 
14-Pin Dual In-Line Package -------------' 
Kovar or Alloy 42. with acid tin plate __________ ...J 
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BAND UBSERIES CMOS FAMILY DATA 

The CMOS Devices in this volume which have a B or 
UB suffix meet the minimum values for the industry· 
standardized" family specification. These standardized 
values are shown in the Maximum Ratings and Electrical 
Characteristics Tables. In addition to a standard minimum 
specification for characteristics the B/UB devices feature: 

• 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 p.A at 15 volt power 
supply over the temperature range 

• Paramaters specified at 5.0, 10, and 15 volt supply 
• Noise margins of 1.0 V min@5.0Vsupply 

2.0 V min @ 10 V supply 
2.5 V min @ 15 V supply 

The industry·standardized maximum ratings and 
recommended operating range are shown at the bottom of 
this page. 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 format. The Motorola 
format is used throughout th is data book. Additional 
specification values are shown on the individual data 
sheets. 

Switching characteristics for the Band UB series 
devices are specified under the following conditions: 

Load Capacitance, CL, of 50 pF 
Input pulse voltage equal to +V DO 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 Band UB Series Family Specification 
There are a number of devices which have a B or UB 

suffix whose input and/or outputs vary somewhat from 
the family specification because of functional require· 
ments. Some categories of notable exceptions are: 

Devices with 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 Voltege 
The input voltage specification is interpreted as the 

worst·case input voltage to produce an output level of 
"1" or "0". The "1" or "0:' output level is defined as a 
deviation from the supply (VDD) and ground (VCC) 
levels. For a 5.0 V supply, this deviation 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 B Series are capable of sinking a mini· 

mum of 0.36 mA over the temperature range with a 5.0 \( 
supply. This value guarantees that these CMOS devices 
will drive one Schottky low·power TTL input. 

B Series VI UB CMOS 
The primary difference between B series and UB series 

devices is that UB series gates and inverters are construct· 
ed with a single inverting stage between input and output. 
The decreased gain caused by using a single stage results in 
less noise immunity and a transfer characteristic that 
is less ideal. 

The decreased gain is quite useful when CMOS Gates 
and inverters are used in a "Linear" mode to form oscil· 
lators, monostables or amplifiers. The decreased gain 
results in increased stability and a "cleaner" output 
waveform. In addition to linear operation, the UB gates 
and inverters offer an increase in speed since only a single 
stage is involved. 

The B series, UB CMOS, and devices with no suffix can 
be used interchangeably in digital circuits that interface 
to other CMOS devices. 

MAXIMUM RATINGS IVoltages 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 Dram per Pin I 10 mAdc 
Operating Temperature Range - AL DeVice TA -55 to +125 L CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 / °c 

RECOMMENDED OPERATING RANGE 
IDC Supply Voltage VDD +3.010+15 Vdc I 

·Speclflcatlonl coordinated by EIA/JEOEC Solid~St.t. Products Council. 
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TABLE 1 - EIA/JEDEC FORMAT FOR CMOS INDUSTRY BAND UB SERIES SPECIFICATIONS 

ELECTRICAL CHARACTERISTICS 

TEMP 
LIMITS 

PARAMETER VDD CONDITIONS TLDW' +2&oC THIGH' UNITS 
RANGE (Vdol 

Min Mox Min Mix Min Mix 
Quiael"t 

100 Device Current 6 0.26 0.25 7.5 
Mil 10 Vln • Vas or VOO 0.5 0.6 16 ,.Ado 

16 11.0 1.0 30 
GATES 

5 Ail valid input :1.0 1.0 7.6 
Comm 10 combinations 2.0 2.0 16 ,.Ade 

16 4:0 4.0 30 

6 1.0 1.0 30 
Mil 10 VIN - VSS or VOO 2.0 2.0 60 "Ade 

16 4.0 4.0 120 
BUFFERS, 5 All valid Input 4 4.0 ' aD 

FLIP·FLOPS Comm 10 combinations S S.O 60 "Ado 
15 16 16.0 120 

5 5 6 150 
Mil 10 VIN • Vss or VOO 10 10 300 ,.Ade 

15 20 20 600 
MSI 5 Ail velid Input 20 20 160 

Comm 10 combination. 40 40 300 "Ade 
15 80 SO SOO 

VOL Low·LoveI 5 0.06 0.06 0.05 
Output Voltage All 10 VIN - VSS or VOO 0.06 0.05 0.06 Vde 

15 1101< I,.A 0.06 0,.06 0.06 

VOH High-Lovel 6 4.96 4.96 4.96 
Output Voltage All 10 VIN - VSS or VOO 9.96 9.96 9.96 Vde 

16 1i01<I,.A 14.96 14.96 14.96 

VIL Input 6 Va • 0.6V or 4.6V 1.6 1.5 1.6 
Low Voltege# Ail 10 Va -1.0Vor9.0V 3.0 3.0 3.0 Vde 
BTypeo 16 Va· 1.5V or 13.6V 4.0 4.0 4.0 

1i01<I"A 
VIL Input 6 Va· 0.5V or 4.6V 10 1.0 1.0 

Low Voltege# Ail 10 Va· 1.0V or 9.0V 2.0 2.0 2.0 Vde 
UB Type. 16 Va· 1.6V or 13.6V 2.6 2.6 2.6 

1i01<I"A 
VIH Input 5 Va - 0.5Vor4.5V 3.6 3.6 3.6 

High Voltege# Ail 10 VO·l.0Vor9.0V 7.0 7.0 7.0 Vde 
B Type. 15 Va - 1.6V or 13.6V 11.0 11.0 11.0 

linl< I"A 
VIH Input 5 Va = 0.6V or 4.5V 4.0 4.0 4.0 

High Voltage # Ail 10 Va = 1.0V or 9.0V 8.0 S.O S.O Vde 
UBTyp .. 16 Va = 1.5Vor 13.6V 12.5 12.5 12.5 

IIQI< I,.A 

10L Output Low Va - O.4V, 
(Sinkl Current 5 VIN-Oor5V 0.64 0.51 0.36 

VO·0.6V, 
Mil 10 VIN - Oor 10V 1.6 1.3 0.9 mAde 

VO·l.5V, 
16 VIN· Oor 16V 4.2 3.4 2.4 

Va· 0.4V, 
5 VIN· 0 or 5V 0.62 0.44 0.36 

VO·0.5V, 
Com 10 VIN· 0 or 10V 1.3 , 1.1 0.9 mAde 

VO·l.6V, 
15 VIN - Oor 16V 3.6 3.0 2.4 
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TABLE 1 - Continued 

ELECTRICAL CHARACTERISTICS 
LIMITS 

TEMP Voo CONDITIONS TLOW' + 25°C PARAMETER 
RANGE (Vdel 

Min Max Min 

IOH Output High VO~4.6V. 

(Source) Current 5 VIN~00r5V -0.25 -0.2 
Vo ~ 9.5V. 

Mil 10 VIN~00rl0V -0.62 -0.5 
Vo ~ 13.5V. 

15 VIN~00rI5V -1.B -1.5 

Vo ~ 4.6V. 
5 VIN ~ 0 or 5V -0.2 -0.16 

Vo ~ 9.5V. 
Com 10 VIN~00rl0V -0.5 -0.4 

Vo = 13.5V 
15 VIN=00rI5V -1.4 -1.2 

liN Input Current Mil 15 VIN=00rI5V ±0.1 
Comm 15 VIN=00rI5V ±0.3 

loz 3-State Output Mil 15 VIN -Oor 15V ±0.4 
Leakage Current Comm 15 VIN=00rI5V ±1.6 

CIN Input Capacitance All - Any Input 
per unit load 

.. 
*TlOW = -55°C for Mlhtary temperature range device, -40oC for Commercial temperature range device . 
THIGH"" +1250C for Military temperature fange device. +8SoC for Commercial temperature range device. 

#Applies for Worst Case input combinations. 

Max 

±0.1 
±0.3 

±0.4 
±1.6 

7.5 

THIGH' UNITS 

Min Max 

-0.14 

-0.35 mAde 

-1.1 

-0.12 

-0.3 mAde 

-1.0 

±1.0 I'Adc 
±1.0 I'Adc 

±12 I'Adc 
+12 I'Adc 

pF 

TABLE 2 - MOTOROLA FORMAT FOR CMOS INDUSTRY BAND UB SERIES SPECIFICATIONS 

ELECTRICAL CHARACTERISTICS 
Tlow . 25°C Thigh' 

Characteristic Symbol 
VDD Unit 
Vdc 

Min Max Min Max Min Max 
Output Voltage "0" Level VOL 5.0 - 0.05 - 0.05 - 0.05 Vdc 

Vin=VDOorO 10 - 0.05 - 0.05 - 0.05 
15 - 0.05 - 0.05 - 0.05 

"I" Level VOH 5.0 4.95 - 4.95 - 4.95 - Vdc 

Vin = Oor VOO 10 9.95 - 9.95 - 9.95 -
15 14.95 - 14.95 - 14.95 -

Input Voltage # B Types "0" Level VIL Vdc 
(VO = 4.5 or 0.5 Vdcl 5.0 - 1.5 - 1.5 - 1.5 
(VO = 9.0 or 1.0 Vdcl 10 - 3.0 - 3.0 - 3.0 
(VO = 13.5 or 1.5 Vdcl 15 - 4.0 - 4.0 - 4.0 

"I" Level VIH Vdc 
(VO = 0.5 or 4.5 Vdcl 5.0 3.5 - 3.5 - 3.5 -
(VO 1.0 or 9.0 Vdcl 10 7.0 - 7.0 - 7.0 -
(VO = 1.5 or 13.5 Vdcl 15 11.0 - 11.0 - 11.0 -

Input Voltage # UB Types "0" Level VIL Vdc 
(VO = 4.5 or 0.5 Vdcl 5.0 - 1.0 - 1.0 - 1.0 
(VO = 9.0 or 1.0 Vdcl 10 - 2.0 - 2.0 - 2.0 
(VO = 13.5 or 1.5 Vdcl 15 - 2.5 - 2.5 - 2.5 

"I" Level VIH Vdc 
(VO = 0.5 or 4.5 Vdcl 5.0 4.0 - 4.0 - 4.0 -
(VO = 1.0 or 9.0 Vdcl 10 8.0 - 8.0 - B.O -
(VO = 1.5 or 13.5 Vdcl 15 12.5 - 12.5 - 12.5 -
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TABLE 2 - Continued 

ELECTRICAL CHARACTERISTICS 
Tlow " 25"C Thigh" 

Characteristic Svmbol 
VOO Unit 
Yd. 

Min Max Min Max Min Max 

Output Drive Currant (AL) S Gate. IOH mAde 

(VOH = 2.5 Vde) Source 5.0 -1.2 - -1.0 - -0.7 -
(VOH = 4.6 Vde) 5.0 -0.25 - -0.2 - -0.14 -
(VOH - 9.5 Vde) 10 -0.62 - -0.5 - -0.35 -
(VOH = 13.5 Vdc) 15 -1.8 - -1.5 - -1.1 -
(VOL = 0.4 Vde) Sink IOL 5.0 0.64 - 0.51 0.36 mAde 
(VOL = 0.5 Vde) 10 1.6 - 1.3 - 0.9 -
(VOL = 1.5 Vde) 15 4.2 - 3.4 - 2.4 -

Output Drive Current (CL/CP) S Gate. IOH mAde 
(VOH = 2.5 Vde) Source 5.0 -1.0 - -0.8 - -0.6 -

(VOH = 4.6 Vde) 5.0 -0.2 - -0.16 - -0.12 -
(VOH = 9.5 Vde) 10 -0.5 - -0.4 - -0.3 -
(VOH ='13.5 Vde) 15 -1.4 - -1.2 - -1.0 -
(VOL = 0.4 Vde) Sink IOL 5.0 0.52 - 0.44 - 0.36 - mAde 

I 
(VOL = 0.5 Vde) 10 1.3 - 1.1 - 0.9 -
(VOL = 1.5 Vde) 15 3.6 - 3.0 - 2.4 -

Output Drive Current (AL) US Gate. IOH mAde 
(VOH = 2.5 Vde) Source 5.0 -1.2 - -1.0 - -0.7 -
(VOH = 4.6 Vde) 5.0 -0.25 - -0.2 - -0.14 -
(VOH = 9.5 Vde) 10 -0.62 - -0.6 - -0.35 -
(VOH = 13.5 Vde) 15 -1.8 - -1.5 - -1.1 -
(VOL = 0.4 Vde) Sink IOL 5.0 0.64 - 0.61' - 0.36 - mAde 
(VOL = 0.5 Vde) 10 1.6 - 1.3 - 0.9 -
(VOL = 1.5 Vde) 15 4.2 - 3.4 - 2.4 -

Output Drive Current (CL/CP) US Gate. IOH mAde 
(VOH = 2.5 Vdel Source 5.0 -1.0 - -0.8 - -0.6 -
(VOH = 4.6 Vdel 5.0 -0.2 - -0.16 - -0.12 -
(VOH = 9.5 Vdel 10 -0.5 - -0.4 - -0.3 -
(VOH = 13.5 Vdel 15 -1.4 - -1.2 - -1.0 -
(VOL = 0.4 Vde) Sink IOL 5.0 0.52 - 0.44 - 0.36 - mAde 

,(VOL = 0.5 Vde) 10 1.3 - 1.1 - 0.9 -
(VOL = 1.5 Vde) 15 3.6 - 3.0 - 2.4 -

Output Drive Current (A L) Other Devices IOH mAde 
(VOH = 4.6 Vdel Source 5.0 -0.25 - -0.2 - -0.14 -
(VOH = 9.5 Vdel 10 -0.62 - -0.5 - -0.35 -
(VOH = 13.5 Vdc) 15 -1.8 - -1.5 - -1.1 -
(VOL = 0.4 Vdel Sink IOL 5.0 0.64 - 0.51 - 0.36 - mAde 
(VOL = 0.5 Vdel 10 1.6 - 1.3 - 0.9 -
(VOL = 1.5 Vdel 15 4.2 - 3.4 - 2.4 -

Output Drive Current \CL/CPI Other Device, IOH mAde 
(VOH = 4.6 Vdel Source 5.0 -0.2 - -0.12 - -0.12 -
(VOH = 9.5 Vde) 10 -0.5 - -0.4 - -0.3 -
(VOH = 13.5 Vdcl 15 -1.4 - -1.2 - -1.0 -

(VOL = 0.4 Vdel Sink IOL 5.0 0.52 - 0.44 - 0.36 - mAde 
(VOL = 0.6 Vde) 10 1.3 - 1.1 - 0.9 -
(VOL = 1.5 Vde) 15 3.6 - 3.0 - 2.4 -

Input Current (AL Devieel lin 15 - ±0.1 - to.1 - ±1.0 I'Ade 

Input Current (CL/CP Device) lin 15 - ±O.3 - ±O.3 - ±1.0 I'Ade 

Input Capacitance Cin - - - - 7.5 - - pF 

(Vin =0) 

Gate Quiescent Current (AL Device) 100 5.0 0.25 0.25 - 7.5 I'Ade 
(Per Package) 10 - 0.5 - 0.5 - 15 

15 - 1.0 - 1.0 - 30 

(CL/CP Devieel IDD 5.0 1.0 1.0 7.5 I'Ade 
10 - 2.0 - 2.0 - 15 
15 - 4.0 - 4.0 - 30 
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TAE$LE 2 - Continued 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol 

Flip-Flop and Buffer Quiascent Current 100 
(Per Package) (AL Device) 

(CLlCP Device) 100 

MSI Quiescent Current (AL Device) 100 
(Per Package) 

(CL/CP Device) 100 

LSI Quiescent Current 100 . -Tlow - -55°C for AL DevIce, -40°C for CL/CP DevIce . 
Thigh = +126oC for AL Device, +850 C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

VOO 
Vd. 

5.0 
10 
15 

5.0 
10 
16 

5.0 
10 
15 

5.0 
10 
15 

Noi.e Margin for both "I" and "0" level = 1.0 Vde min @ VOO = 5.0 Vdc 
2.0 Vdc min @ VOO = 10 Vd. 
2.5 Vdc min @ VOO = 15 Vd. 
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Tlow 

Min 

-
-
-
-
-
-
-
-
-
-
-
-

. 25u C Thigh-
Unit 

Max Min Max Min Max 

1.0 - 1.0 - 30 "Ade 
2.0 - 2.0 - SO 
4.0 - 4.0 - 120 

4.0 - 4.0 - 30 "Ade 
B.O - B.O - 60 
16 - 16 - 120 

5.0 - 5.0 - 150 "Ade 
10 - 10 - 300 
20 - 20 - 600 

20 - 20 - 150 "Adc 
40 - 40 - 300 
BO - 80 - 600 
See Individual Data Sheet •. 
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HANDLING PROCEDURES FOR CMOS DEVICES 

HANDLING PRECAUTIONS 
Motorola CMOS devices have diode input protection 

against adverse electrical environments such as electro­

static discharge. In regards to this, 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 VSS';; (Vin or Vout )';; 
VDD. Unused inputs must always be tied to an appro· 
priate logic voltage level (e.g., either VSS or VDD). 

Unfortunately, severe electrical tranSient voltages 
can be generated during handling. For example, static 
voltages generated by a person walking 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 dangerous when discharged 
into a CMOS input, considering the energy stored in 
the capacity ('" 300 pF) of the human body at these 
voltage levels. 

Present CMOS gate protection structures can generally 
protect against overvoltages. Th is is usually sufficient 

except in the severe cases. 

The input protection circuit, while adding some delay 
time, provides protection by clamping positive and negative 
potentials to VDD and VSS, respectively. Figure 1 shows 
the internal circuitry for the diode·resistor protection. 

The input protection circuit consists of a series isolation 

resistor RS, whose typical value is 1.5 Kf!, and diodes 
D 1 and D2, which clamp the input voltages between the 
power supply pins VDD and VSS. Diode D3 is a distributed 
structure resulting from the diffusion fabrication of RS. 

Input o--+ ..... WVvv .... -+-t-.. D4 

FIGURE 1 - SCHEMATIC DIAGRAM, 
DIDDE·RESISTDR INPUT PROTECTION 
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In addition to the internal protection network, the 
following steps are recommended to further reduce damage 
to CMOS integrated circuits due to improper handling. 

1. All CMOS devices should be stored or transported in 
materials that are antistatic. CMOS devices must not 
be inserted Into conventional plastic "snow", 
styrofoam or plastic trays, but should be left In 

their original container until ready for use. 

2. All CMOS devices should be placed on a grounded 
bench surface and operators should ground them· 
selves prior to handling deVices, since a worker can 

be statically charged with respect to the bench 
surface. Wrist straps In contact with skin are strongly 
recommended. See Figure 2. 

3. Nylon or other static generating materials should 
not come in contact with CMOS CirCUitS. 

4. If automatic handling IS being used, high levels of 
static electricity may be generated by the movement 
of devices or boards. Avoid this by grounding suspect 
areas andlor by the use of ionized air blowers. 

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

6. When lead-5tralghtening or hand·soldering is neces· 
sary, provide ground straps for the apparatus used 
and be sure that soldering ties are grounded. 

7. The following steps should be observed during wave 
solder operations. 
a. The solder pot and conductive conveyor system 

of the wave soldering machine must be grounded 
to an earth ground. 

b. The loading and unloading work benches should 
have conductive tops which are grounded to an 
earth ground. 

c. Operators must comply with precautions previ· 
ously explained. 

d. Completed assemblies should be placed in anti· 
static containers prior to being moved to subse· 
quent stations. 

8. The following steps should be observed during 
board cleaning operation. 
a. Vapor degreasers and baskets must be grounded 

to an earth ground. Operators must likewise 
be grounded. 

• 



• 

b. Brush or spray cleaning should not be used. 
c. Assemblies should be placed into the vapor de· 

greaser immediately upon removal from the 
antistatic container. 

d. Cleaned assemblies should be placed in antistatic 
container immediately after removal from the 
cleaning basket. 

e. High velocity air movement or application of 
solvents and coatings should be employed only 
when module circuits are grounded and a static 
eliminator .is directed at the module. 

9. The use of static detection meters for line surveliance 
is highly recommended. 

10. All low impedance equipment (pulse generators, 
etc.) should be connected to CMOS inputs only 
after the CMOS is powered up. Similarly, this type 
of equipment should be disconnected before power 
is turned off. 

11. EqUipment specifications should alert users to the 
presence of CMOS devices and require familiari· 
zation with this specification prior to performing 
any kind of maintenance or replacement of devices 
or modules. 

12. A circuit board containing CMOS devices is merely 
an extension of the device and the same handling 
precautions apply. Contacting edge connectors 
wired. directly to CMOS device inputs can cause 
damage. Plastic wrapping should be avoided. When 
external connections to a PC board address only an 
input of a CMOS integrated circuit, it is recom· 
mended that a resistance or 10 Kn or greater be 
used in series with the input. This resistor will limit 
accidental damage if the PC board is removed and 
brought into contact with static generating materials. 

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

14. Double check test equipment setup for proper po· 
larity of voltage before conducting parametric or 
functional testing. 

15. Do not exceed the max imum electrical voltage 
ratings specified by the data sheet. 

16. Ali unused device inputs should be connected to 
VDD or VSS. 

NOTES: 1. 1/16 inch conductive sheet stock covering bench top work area. , 

2. Ground Strap. 
3. Wrist Strap in contact with skin. 
4. Static neutralizer. (Ionized air blower directed at,work), Primarily for use in areas where 

direct grounding is impractical. 

FIGURE 2 - TYPICAL MANUFACTURING WORK STATION 
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Another type of precaution involves the CERDIP pack­
age. Since this device employs a glass seal, a high stress on 
the leads can cause hermeticity failure which will even­
tually result in aluminum corrosion on the die. To avoid 
this, the leads should never be flexed above the seating 
plane. All insertion tools or automated equipment should 
contact the lead at its narrowest dimension allowing it to 
bend without affecting the wide portion above the seating 
plane. 
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~ GLA 
SEA L 

i 

-INSERTION 
TOOL 

I--

CERDIP PACKAGE 

/ 15 MIL 
MINIMUM WIDTH 

55 MIL 
IMUMWIDTH MIN 

FIGURE 3 - CERDIP INSERTION PRECAUTIONS 
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Product Preview ---~-----------------....., 

MC14466 
LOW COST SMOKE DETECTOR 

• Ionization Type with On Chip FET 

• Piezoelectric Horn Driver 

• Guard Outputs on Both Sides of Detect Input 

• Low Battery Trip Point Internally Set Can Be Altered 
Via External Resistor 

• Detect Threshold Internally Set Can Be Altered 
Via External Resistor 

• Pulse Testing for Low Battery Uses LED for Battery 
Loading 

• Comparator Outputs for Detect and Low Battery 

Detect Camp Out 

N/C 

Low V Set 

Low V Camp Out 

LED 

VDD 6 

Timlr'l9 Resistor 

Horn Out 1 8 
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12 

11 

10 

9 

CMOS MSI 
ILOW POWER COMPLEMENTARY MOS) 

Guard 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

Detect Input 

Guard 

Ser'\sitlvlty Set 

asc Capacitor 

Horn Out 3 

Horn Out 2 

VSS 

• 



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

MCC14487 
6 DIGIT, 11 FUNCTION 
LCD WATCH CIRCUIT 

• 6 Function Timekeeping 

• 24 Hour Alarm 

• Chronograph with Split 

• Timer with Alarm 

• 3· Volt Operation 

...L 
,-o...L ., 

Piezoelectric Alarm 

.....L 

Backlight Out 

TSW • -L 
swsw 

spsw 

ASW 

~ SSW 

Vss MD 

1 
Outputs to LCD 
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Product Preview ---------------------"'""" 

MCM146514 CMOS LSI 
1 K X 4 STATIC RAM 

(LOW POWER COMPLEMENTARY MOS) 

• 1024 Words by 4-8it Organization 

• Industry Standard 18-Pin Configuration 

• Single Supply - 5 Volt Operation L SUFFIX 

• Fully Static - No Clocks or Refresh Required 
CERAMIC PACKAGE 

CASE 680 

P SUFFIX 
PLASTIC PACKAGE 

CASE 707 

4 
A3 

A4 
VDO = Pin 18 

I Vss = Pin 9 
AS Memory Array 

A6 
64 Row 

17 64 Columns 
A7 BLOCK DIAGRAM 

16 
AS 

14 
1/01 

13 
1/02 
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Product Preview -~.....;.------------------....., 

MC146805 Series 
MICROPROCESSORS/MICROCOMPUTERS 

CONFIGURATION FEATURES: 

• CMOS Microprocessors and Microcomputers 
Low Power Operation 
Very Low Power in Standby 
3.0 to 6.0 Volt Power Supply 

• On-Chip RAM 
64 Byte Option 
112 (12B-16 I/O) Byte Option 

• On-Chip ROM 
2K Byte Option 
1.1 K (1 K + 128 = 1152) Byte Option 
No ROM Option 

• External Interrupt 

• Timer/Counter 
8 Bits Programmable 
7-Bit Prescaler 
External or I nternal Clock 
Time-Out Interrupt 

• I/O Ports . . . 
2-1/2 Port (20 Line) Option - 28 Pins' 
4 Port (32 Line) Option - 40 Pin's 
Each Line May Be Input or Output 

• 4.0 MHz Oscillator - 1.0 MHz Cycle' 

• Other I/O Options Are Planned Within the Digital 
'ard Linear Capabilities of CMOS 

Port C Addr/Data Bus 

MC146805E2 

Addr Bus 

Port 0 

Bus Control 
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CMOS LSI 
(LOW-POWER C0o/lPLEMENTARY MOSI 

SOFTWARE FEATURES: 

• Software Compatible with NMOS MC6805 

• Programming Similar·to MC6800 

• RAM, ROM and I/O Use the Same Addressing Modes 
Powerful Access to All Data 
Look-Up Tables in ROM 
Special I/O Instructions Not Needed 

• Bit Manipulation of I/O and RAM 

• Index Register - Powerful Indexed Addr~ssing 

• Stack Pointer - For Multilevel Subroutining 

• Memory Modification Instructions - Increment, 
Decrement, Shift, Rotate, Complement;Negate, 
and Clear 

• Less Code Per Function 
Program Ouicker 
Change Easier 
More Reliable 

MC146805E2 

40 Pins 
Expansion Bus 

112 Bytes RAM 
No ROM 

16 I/O Lines 

MC146805F2 

28 Pins 
No ExpanSion Bus 

64 Bytes RAM 
1.1 K ROM 

20 I/O Lines 

Port B 

Port C MC146805F2 

Port A 



Product Preview ----------------------__. 

MC146818/MC146819 
REAL-TIME CLOCK/RAM 

FEATURES; 
• Counts Seconds, Minutes, Hours, Days, Date, 

Month and Year 
• Low Power CMOS Operation from 3.0 to·6.0 Volts 
• Direct Microprocessor Interface 
• MC146818 Is Multiplex Bus Compatible With 

MC146805, MC6801, 8085, 8048, and 8086 
• MC146819 Is General·Purpose, Non·Multiplexed, 

Memory Type Interface 
• 64 X 8 RAM - 12 Bytes for Clock, 52 Bytes for User 

Data Storage 
• Interrupt to Microprocessor: 

Time of Day Alarm or 
Periodic Rates From 122 /lS to 1 Hour 

• Square Wave Output Signal at the Interrupt Rate 
• Microprocessor Clock Output at 4 or 1 MHz 
• Binary or BCD Time, Calender and Alarm 
• 12 or 24 Hour Clock 

• Leap Year 
• Daylight Savings Time Option 

Output Enable 

Wnte Enable 

Address Latch 

Chip Select 

Multiplexed 

Address/Data 

4.194304 MHz Crystal 

Voo VSS 

Clock Out 

Clock Freq 

Clock Disable 

Square Wave 

Interrupt 

Reset 

CMOS LSI 
ILOW POWER COMPLEMENTARY MOS) 

APPLICATIONS'; 
• Battery Powered Clock and RAM for: 

• 
• 
• 
• 
• 
• 
• 

NMOS Microprocessors (MC6800, 8080, etc.) 
NMOS Microcomputers (MC3870, 2000, etc.) 
CMOS Microprocessors (MC146805, etc.) 

Real-Time Data Collection 
Point of Sale 
Gas Pump Control 
Automatic Teller 
Small Business Machine 
Word Processing 
Data Entry (Form Fill-In) 

• Time Clock 
• Taxi Meter 
• Heating and Cooling Control 
• Home Computer 

• Games 
• Appl iances 

4.194304 Mhz Crystal 

Output Enalbe 
Clock Out 

Write Enable 

Mode Clock Freq 

Chip Select 

Clock Disable 

Address 
Square Wave 

Interrupt 

Reset 

Data 

Voo VSS 
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® MOTOROLA 

DUAL 3-INPUT '~NOR" GATE PLUS INVERTER 

The MC14000UB dual 3-input NOR gate plus inverter is con­
structed 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 typical 

• Diode Protection on All Inputs 

• Supply Voltage Range = 3_0 Vdc'to 18 Vdc 

• Single Supply Operation - Positive or Negative 

• High Fanout > 50 

• I nput Impedance = 1012 ohms typical 

• Logic Swing I ndependent of Fanout 

• Pin-for-Pin Replacement for CD4000UB 

MAXIMUM RATINGS (Voltages relereneed to VSS) 

Rating Symbol 

DC SuppiV Voltage VDD 
Input Voltage, All Inputs V," 

DC Current Drain per Pm I 

Operating Temperature Range - AL DeVice TA 
CLlCP DeVice 

Storage Temperature Range T stg 

CIRCUIT SCHEMATIC 

1411 1213 
VOO 

3O-~--------~~~ 

40--+----..------, I 

50--+---+--.,..., I 

VSS 
7 6 

Value 

-0.5 to +18 

-0,5 to VDD +05 

10 

-55 to +125 
-40 to +85 

-65 to +150 

8 

10 

7-2 

Unit 

Vde 

Vde 

mAde 

°c 

°c 

MC14000UB 

CMOS 55. 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL 3-INPUT "NOR" GATE 
PLUS INVERTER 

L SUFFIX P SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 

CASE 632 CASE 646 

ORDERING INFORMATION 

MC14XXXUB TSUfflX Denot" E L Ceramic Package 
P Plastic Package 
A E )Ctended Operating 

~~mp8r8tur. Range 
e Limited Operating 

Temperature Range 

LOGIC DIAGRAM 

"~ 12 , 10 

13 

8 ----{>o---- 9 

Veo"" Pin 14 
VSS'" Pin 7 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; hovvevsr, 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 :EO; (Vin or 
V out)" VDO' 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSS or VDDI. 



MC14000UB 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vd. 

Output Voltage "a .. Level VOL 50 
V,n",VOOorO 10 

15 

"1" Level VOH 5.0 
Vm=OorVOD 10 

15 

Input Voltage ll "0" Level V,L 
(Va = 4.5 Vdc) 5.0 
(Va = 9.0 Vdc) 10 
(VO = 13.5 Vd.) 15 

"1" Level V,H 
(VO = 0.5 Vdc) 50 
(VO = 1.0 Vdc) 10 
(VO = 1.5 Vdc) 15 

Output Drive Current (AL Devlcel 'OH 
{VOH 0 2.5 VdcJ Source 50 
{VOH 04.6 VdcJ 50 
{VOH : 9.5 Vdc! 10 
{VOH : 13.5 Vdc! 15 

{VOL: 0.4 Vdc! Smk IOL 5.0 
{VOL: 0.5 Vdc! 10 
(VOL: 1.5Vdc) 15 

Output Drive Current (CLlCP DeVice) IOH 
(VOH = 2.5 Vdc) Source 5.0 
(VOH : 4.6 Vdc) 5.0 
{VOH : 9.5 Vdc! 10 
{VOH: 13.5 VdcJ 15 

(VOL: 0.4 Vd.) Smk 'OL 5.0 
{VOL: 0.5 VdcJ 10 
(VOL: 1.5 Vdc! 15 

Input Current CAL DeVice) I,n 15 

Input Current (CLlCP DeVice) I,n 15 

Input Capacitance Con -
{Von = O! 

QUiescent Current (AL DeVice) 100 50 
(Per Package) 10 

15 

QUiescent Current (CLlCP Devlcel '00 50 
(Per Package) 10 

15 

Total Supply Current-· t IT 50 
(Oynamlc plus QUiescent, 10 
Per Gat., CL = 50 pF) 15 

-T,ow'" -5S0C for AL Device, -40°C for CL/CP Device. 
Thigh"" +12So C for AL Device, +8SoC for CL/CP Device. 

#Noise Immunity specified for worst-cass input combination. 
Noise Margin for both "1"and "0" level = 

0.5 Vdc min (I) VOO = 5.0 Vdc 
1.0 Vdc min III Vee" 10 Vdc 
1.0 Vdc min@ Vee = 15 "'dc 

T,ow 
Min 

-
-
-

4.95 
9.95 

14.95 

-
_. 
-

4.0 
8.0 
12.5 

-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 

-

-

-

-
-

-
-
-

. 2SoC Th· .. • 
Max Min TVp Max Min Ma. Unit 

0.05 - 0 0.05 - 0.05 Vd. 
0.05 - 0 0.05 - 0.05 
0.05 - 0 0.05 - 0.05 

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

Vdc 
1.0 - 2.25 1.0 - 1.0 
2.0 - 4.50 2.0 - 2.0 
2.5 .- 6.75 2.5 - 2.5 

4.0 275 - 4.0 - Vdc 
- 8.0 5.50 - 8.0 -
- 12.5 8.25 - 12.5 -

mAde 
- -1.0 -1.7 - -0.7 -
- -0.2 -0.36 - -0.14 -
- -0.5 -0.9 - -0.35 -
- -1.5 -3.5 - -1.1 -
- 051 0.88 - 0.36 - mAde 
- 1.3 2.25 - 0.9 -
- 34 8.8 - 2.4 -

mAde 
- -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 - mAde 
- 1.1 2.25 - 0.9 -
- 3.0 8.8 - 24 -

± 01 to 00001 ±O 1 - ± 1.0 #J.Adc 

t03 - to 00001 ±O.3 - ± 1.0 IJAdc 

- - 50 7.5 - - pF 

0.25 - 0.0005 0.25 - 7.5 /.lAde 

0.50 - 0.0010 0.50 - 15.0 
1.00 - 0.0015 1.00 - 30.0 

1.0 - 0.0005 1.0 - 7.5 /JAde 
2.0 - 0.0010 2.0 - 15.0 
4.0 - 0.0015 4.0 - 30.0 

'T = {O.3 /lA/kHz! f + IODIN /JAde 

'T = (O.6 /lA/kHzl f + IODIN 
'T = {0.8 /lA/kHz! f + IODIN 

tTo calculate total supply current at loads other than 50 pF: 

'T{CL! = 'T{50pF! + N X 10-3 {CL - 60!VOOf 

where: 'T is in JlA (per package), CL in pF, Veo 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 0 C. 
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MC14000UB 

SWITCHING CHARACTERISTICS· (CL = 50 pF. TAg 250 CI 

Characteristic Symbol VDD Min TVp Max Unit 
Vd. 

Output Rise Time tTLH ns 
tTLH = (3.0 ns/pFI CL + 30 ns 5.0 - 180 360 
tTLH = (1.5 ns/pFI CL + 15 ns 10 - 90 180 
tTLH = (1.1 ns/pFI CL + 10 ns 15 - 65 130 

Output Fall Time tTHL ns 
tTHL = (1.5 ns/pFI CL + 25 ns 5.0 - 100 200 
tTHL' (0.75 ns/pFI CL + 12.5 ns 10 - 50 100 
tTHL = (0.55 ns/pFI CL + 9.5 ns 15 - 40 80 

Propagation Delay Time tpLH. ns 
tPLH. tpHL = 11.7 ns/pFI CL + 30 ns tpHL 5.0 - 115 230 
tPLH. tpHL = (0.66 ns/pFI CL + 22 ns 10 - 55 110 
tPLH tpHL = (0.50 ns/pFI CL + 15 ns 15 - 40 80 .. The formulas given are for the typical characteristics only. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Vee 

»-<>--..,..--0 Output 

FIGURE 2 - TYPICAL VOLTAGE AND CURRENT 
TRANSFER CHARACTERISTICS 
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FIGURE 3 - TYPICAL VOLTAGE TRANSFER 
CHARACTERISTICS versus TEMPERATURE 
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® MOTOROLA 

S-SUFFIX SERIES CMOS 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 Replacements for Corresponding CD4000 Series B 
Suffix Devices 

ORDERING INFORMATION 

MC14XXXB [SUI;;I" 

""" 

Ceramic Package 
Plastic Package 

A Extended Operating 
14 Temperature Range 

1 C Limited Operating 
Temperature Range 

Denotes 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

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 Pm I 10 mAde 

Operating Temperature Range - AL Device TA -55 to +125 °c 
CL/CP Dev,ce -40 to +85 

Storage Temperature Range Tst -65 to +150 °c 

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

Unused inputs must always be tied to an appropriate logic voltege level (e.g., 
either VSS or VOO. 

7-5 

MC140018 
Quad 2-lnput NOR Gate 

MC140028 
Dual 4-lnput NOR Gate 

MC140118 
Quad 2-lnput NAND Gate 

MC140128 
Dual 4-lnput NAND Gate 

MC140238 
Triple 3-lnput NAND Gate 

MC140258 
Triple 3-lnput NOR Gate 

MC140688 
8-lnput NAND Gate 

MC140718 
Quad 2-lnput OR Gate 

MC140728 
Dual 4-lnput OR Gate 

MC140738 
Triple 3-lnput AND Gate 

MC140758 
Triple 3-lnput OR Gate 

MC140788 
8-lnput NOR Gate 

MC140818 
Quad 2-lnput AND Gate 

M.C140828 
Dual 4-lnput AND Gate 

CM0555. 
(LOW-I'OWER COMPLEMENTARY MOS) 

S-5ERIES GATES 



I 

CMOS S-SERIES GATES 

2 

I 
N 
P 
U 
T 

3 

I 
N 
P 
U 
T 

4 

I 
N 
P 
U 
T 

8 

I 
N 
P 
U 
T 

NOR 

MC140018 
Cluad 2-lnput NOR Gate 

. 11 12=D-
13 

MCl40258 
Triple 3-lnput NOR Gate 

12 .. 10 11~ 
13 

MC140028 
Dual 4-lnput NOR Gate 

~~1 
1:~ 13 
11 

12 

MCl40788 
8-lnput NOR Gate 

1?13 
10 
11 

12 . 

LOGIC DIAGRAMS 

NAND 

MC140118 
Quad 2-lnput NAND Gate 

12--l"'\....... 
13~11 

MCl40238 
Triple 3-lnput NAND Gate 

11~ 
12~-10 
13 . 

MC140128 
Dual4-lnput NAND Gate 

~p-, 
1:~13 
11 

12 

MC140688 
8-lnput NAND Gate 

j~13 
10 
11 
12 
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OR 

MCl40718 
Quad 2-lnput OR Gate 

12~ 
13~11 

MCl4075B 
Triple 3-lnput OR Gate 

.33=0-
4 6 

5 

113=0-12 . . 10 

13 

MC14072B 
Dual 4-lnput OR Gate 

~~1 
1:5D-13 
11 

12 

AND 

MCl4081B 
Quad 2-lnput AND Gate 

12==C:>--11 
13 

MCl4073B 
Triple 3-lnput AND Gate 

113=0-
12 10 

13 

MC14082B 
Dual 4-lnput AND Gate 

~Pl 
I:P 13 
11 

12 

Voe'" Pin 14 
VSS = Pin 7 

for All Devices 



CMOS B-SERIES GATES 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Svmbol Vdc 

Output Voltaqe "0" Level VOL 5.0 

V," VDO or a 10 
15 

"1" Level VOH 5.0 
V," o or VOO 10 

15 
Input Voltage;1 "0" Level VIL 

(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 VIH 
(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) IOH 
(VOH 2.5 Vdcl Source 5.0 
(VOH 4.6 Vdc) 5.0 
(VOH 95 Vdc) 10 
(VOH 13.5 Vdc) 15 

(VOL 04 Vdc) Smk IOL 5.0 
(VOL .' 0.5 Vdc) 10 
(VOL c 1.5 Vdcl 15 

Output Drive Current (CLlCP DeVice) IOH 
(VOH ' 25 Vdc) 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 Vdc) 10 
(VOL' 1.5 VdC) 15 

Input Current (AL DeVice) 1m 15 

Input Current (CLlCP DeVice) 1m 15 

I "put Capacitance Cm -
(V.n =OI 

QUiescent Current (AL DeVice) 100 50 
(Pel Pdckaqef 10 

15 

QUiescent Current (CLlCP DeVice) IDO 5.0 
(Pel P.lckageJ 10 

15 

Total Supply Current·· t IT 50 
(DynamiC plus QUiescent, 10 
Per Gate. CL = 50 pF) 15 

-Tlow = -5SoC for AL DeVice, -40°C for CLlCP DeVice. 
Thigh = +12S0C for AL DeVice, +8SoC for CLlCP DeVice. 

#Noise Immunity specified for worst-case input combination. 

Tlow 
. 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

1495 -

1.5 
3.0 

- 4.0 

3.5 
7.0 -

110 -

-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 -

- ±O 1 

±O3 

- .. 

0.25 
0.50 
1.00 

- 1.0 
-- 2.0 
- 4.0 

Noise Margin for both "1" and "0" level'" 1.0 Vdc min @ VO~ .. 5.0 Vdc 

2.0 Vdc mln@ VOO = 10 Vdc 

25Vdcmin@VOD =15Vdc 
tTo calculate total supply current at loads other than 50 pF 

IT(eL) - IT(50 pF) + N • lo-3'(CL -50) VOO' 

2SOC Thi h* 

Min Typ Ma. Min Ma. 

- 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 -

225 1.5 - 1.5 
- 4.50 3.0 - 3.0 

675 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 - 036 -
1.3 2.25 - 0.9 -
3.4 88 - 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 - 24 -
- '000001 ±O 1 - ± 1.0 

- ±O 00001 '0.3 -- 1:. 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 

'T = (0.3 "A/kHz) f + IODIN 
IT = (0.6 "AlkHz) f + IODIN 
'T = (0.9 "A/kHz) f + IODIN 

where: 'T is in ~A (per package), CL in pF, VOO in Vdc, f in kHz is input frequency and N is number of gates per package . 
• -The formula. given are for the typical characteristics only at 25°C. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

mAde 

mAde 

mAde 

,uAdc 

#JAde 

pF 

j.tAdc 

,uAdc 

/-lAde 
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CMOS B-8ERIES GATES 

B·SERIES GATE SWITCHING TIMES 

SWITCHING CHARACTERISTICS· (CL = 50 pF. T A = 25°C) 

VDD 
Characteristic Symbol Vd. Min Typ Max 

Output Rise Time, All B-Series Gates trLH 
trLH = (1.35 ns/pF) CL + 33 ns 5.0 - 100 .200 
trLH = (0.60 ns/pF) CL + 20 ns 10 - 50 100 
trLH = (0.40 ns/pF) CL + 20 ns 15 - 40 80 

Output Fall Tim •• All B-seri.s Gates trHL 
trHL = (1.35 ns/pF) CL + 33 ns 5.0 - 100 200 
trHL = (0.60 ns/pF) CL + 20 ns 10 - 50 100 
trHL = (0.40 ns/pF) CL + 20 ns 15 - 40 80 

Propagation Delay Time tpLH. tPHL 
MCI4oo1B. MCI4011B only 

tpLH. tpHL = (0.90 ns/pF) CL + BO ns 5.0 - 125 250 
tPLH. tpHL = (0.36 ns/pF) CL + 32 ns 10 - 50 100 
tpLH. tpHL = (0.26 ns/pF) CL + 27 ns 15 - 40 80 

All Other 2. 3. and 4 I nput Gates 
tpLH. tPHL = (0.90 ns/pF) CL + 115 ns 5.0 - 160 300 
tPLH. tpHL = (0.36 ns/pFI CL + 47 ns 10 - 65 130 
tPLH. tpHL = (0.26 ns/pF) CL + 37 ns 15 - 50 100 

8-lnput Gat.s (MCI4068B. MCI4078B) 
tpLH. tPHL • (0.90 ns/pF) CL + 155 ns 5.0 - 200 350 
tPLH. tpHL = (0.36 ns/pF) CL + 62 ns 10 - 80 150 
tpLH. tPHL = (0.26 ns/pF) CL + 47 ns 15 - 60 110 

*The formulas given are for the tvpical characteristics onlv_ 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Jc=::::---,l:+---- VOO 

Vss 
• All unused inputs of AND. NAND gates must be 
connected to VOD. 
All unused inputs of OR, NOR gates must be 
connected to VSS. 

Output 
Non-I nve_'_'_in.;;g __ "11 

7-8 

Unit 

ns 

ns 

ns 



CMOS S-SE 

2.5.9.12 

4.12 

RIES GATES 

Vss 
-Inverter 0 mltted In MC14001B 

MCI4002B 
MCl4072B 
One of Two 
Gat_Shown 

CIRCUIT SCHEMA 
NOR. OR Gat_TIC 
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MCI4025B 
MCI4075B 
One of Three 
Gates Shown 

MC14078B 
Eight Input 
Gata • 
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CMOS B-8ERIES GATES 

2,4,12 1,3,11 

3 

6~r---

4 

'2 

MC14023B 
MC14073B 
On80f Three 
Gates Shown 

• Invertar Omitted I . n MCI40~3B 

MC14068B 
Eight Input 
Gote 

CI ~~~:J !~~GMA TICS • ates 

MC14011B 
MC14OB1B 
On80f Four 

d i-J;:-;J ~r 
:::'.:::: __ ,~~~~t-tlss3'4'IO"1 

2,10_+-_1.1 

3,9 __ --- I 
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n MC14011B 

MC14012B 
MC14OB2B 
One of Two 
Gates Shown 



CMOS S-8ERIES GATES 

TYPICAL B-SERIES GATE CHARACTERISTICS 
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CMOS B-SERIES GATES 
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0 ~ 5. 

g 
0 ... 4. 

~ 3. 0 
c:o 

} 2. 0 

1. 0 

16 

14 

l12 ... 
~ 10 

~ 8.0 

~ _ 6.0 
co 

J 4.0 

2. 0 

1.0 

2.0 

TYPICAL B-SERIES GATE CHARACTERISTICS (cant'd) 

VOLTAGE TRANSFER CHARACTERISTICS 

FIGURE 8 - VDD • 5.0 Vde 

Single Inpu. NAND, AND 
Mul.iplelnpu' NOR, OR 

/ 
Single Inpu. NOR, OR 

~ Multiple Inpu. NAND, AND 

/ 
'" 

2.0 3.0 4.0 5.0 
Vin, INPUT VOLTAGE (Vd,) 

FIGURE 10 - VDD • 15 Vde 

Si~ Inpu. ~AND, A~D ;?It '~ut NOR, Di'-

I ......... Si~'e InpU! NOR, D~ 
M,/,npu. NAND, AND -

/ 

4.0 6.0 B.O 10 12 14 18 

VI .. INPUT VOLTAGE (Yd,1 

~ 
'" ~ 10 

g 8.0 

~ 
~ 6.0 
co J 4.0 

2.0 

'FIGURE 9 - VDD • 10 Vde 

Single Inpu' NAND, AND 
Multiple Inpu. NO R, 0 R 

V 
V Singl. Inpu. NOR, OR' 

Multiple Inpu. NAND, AND 

V 

2.0 4.0 6.0 8.0 10 
Vin, INPUT VOLTAGE (Vd,1 

DC NOISE IMMUNITY (VNL AND VNH) 

The de noise immunity is defined as the input 
voltage renge from an Ideal "I" Dr "0" Input level 
(assuming tha previou. CMOS driving It8t8 is 
unloaded which don not produce output atete 
(combination) change(sl, The typical and limit 
values of the input ranges VNL and VNH for tha 
output to stay within 8 range .o.Vout from either 
V DD Dr V ss are given in the Elactrlcal Char· 
acteristlcs tobia, The definitions of VNL.. VNH,' 
and I>Vout are illustrated in Figure 11 for Invert· 
ing and non-inverting functions. 

FIGURE" - DC NOISE IMMUNITY 

,.) Inverting Function Ib) Non-Inv .. ting fUnction 

Vss - 0 volta de 
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® MOTOROLA 

US-SUFFIX SERIES CMOS GATES 

The UB Series logic gates are constructed with P and N channel 
enhancement mode devices in a single monolithic structure (Com­
plementary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. The UB set of CMOS gates 
are inverting non-buffered functions. 

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

• Noise Immunity = 45% of VDD typ 

• Supply Voltage Range = 3.0 Vdc to 1B Vdc 

• Linear and Oscillator Applications 

• 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 Replacements for Corresponding CD4000 
Series UB Suffix Devices 

• Formerly Listed without UB Suffix 

LOGIC DIAGRAMS 

MC14002UB MC14011UB 
MC14001UB 

Quad 2-lnput NOR Gate Dual 4-lnput NOR Gate Quad 2-lnput NAND Gate 

:=L>-3 ~~1 :=0-3 
:=L>-4 :=0-4 
:=L>-'0 1:3b-13 :=0-'0 

11 12=0-12=L>- 11 11 12 13 13 
MC14023UB MC14025UB 

MC14012UB Triple 3·lnput NAND Gate Triple 3-lnput NOR Gate 
Dual 4-lnput NAND Gate 

~p-, :3=0- 9 :3D-9 

:3=L>-6 :3D-6 

1:P-13 
"3=0- "3D-11 12 12 10 12 10 13 13 

VDO = Pin 14 
VSS = Pin 7 

for All Devices 

7-13 

MC14001UB 
Quad 2-lnput NOR Gate 

MCl4002UB 
Dual 4-lnput NOR Gate 

MCl4011UB 
Quad 2-lnput NAND Gate 

MCl4012UB 
Dual 4-lnput NAND Gate 

MC14023UB 
Triple 3-lnput NAND Gate 

MCl402SUB 
Triple 3-lnput NOR Gate 

CMOS 55. 
(LOW-POWER COMPLEMENTARY MOSI 

US-SERIES GATES 

,.rI/fff!fJ ... 
L SUFFIX 

CERAMIC PACKAGE 
CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

00""'" llSUffiX 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 maxi­
mum rated voltages to this high impedance 
circuit. For proper operation it is recommended 
that V in and V out be constrained to the range 
VSS" (V in or V out)" VOO. 

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

VSSor VOOI. 
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CMOS US-SERIES GATES 

MAXIMUM RATINGS (Voltage. referenced to VSS) 

Rating Symbol 

DC Supply Voltage Voo 

Input Voltage. All Inputs Vi" 
DC Current Drain per Pin I 

Operating Temperature Range - AL Device TA 
CL/CP Device 

Storage Temperature Range T stg 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vd. 

Output Voltage "0" Level VOL 5.0 
V,":: VooorO .10 

15 

"I" Level VOH 5.0 
Vin= OorVOO 10 

15 
lop,ut Voltage# "0" Level VIL 

(Va = 4.5 Vdc) 5.0 
(Va· 9.0 Vdc) 10 
(Va = 13.5 Vdc) 15 

"1" Level VIH 
(VA = 0.5 Vdc) 5.0 
(Va = 1.0 Vdc) 10 
(Va = 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 Vdc) Sink IOL 5.0 
(VOL = 0.5 Vdc) 10 
.(VOL = 1.5 Vdc) 15 

Output Drive Current (CL/CP Devlcel 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 IOL 5.0 
(VOL· 0.5 Vdc) 10 
(VOL = 1.5 Vdc) 15 

Input Current IAL Devlcel 'in 15 

Input Current (CL/CP DeVIce) 'in 15 
Input Capacitance Cm -

(Vin = 0) 
Quiescent Current fAL DeVice) 100 50 

(Per Package) 10 
15 

QUiescent Current (CLlCP DeVice) 100 5.0 
(Per Package) 10 

15 
T~tal Supply Current--t IT 5.0 

(DynamiC plus QUiescent, 10 
Per Gate. CL • 50 pF) 15 

-Tlow"" _55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +12So C for AL Device, + 85°C for CL/CP Device. 

#Noise Immunity specified for worst-case input combination. 
Noise Margin for both "1"and "0" level "" 

0.5 Vdc min@ VOD = S.O Vdc 
1.0 Vdc min @Ii Vee = 10 Vdc 
1.0 Vdc mln@VeO"" 15 Vdc 

Value Unit 

-0.5 to +18 Vdc 

-0.5 to Voo +0.5 Vdc 

10 mAdc 

-55 to +125 °c 
-40 to +85 

-65 to +150 °c 

T,ow . 250 C Thigh_' 
Min 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 - 4.95 5.0 - 4.95 - Vdc 
9.95 - 9.95 10 - 9.95 -

14.95 - 14.95 15 - 14.95 -
Vdc 

- 1.0 - 2.25 1.0 - 1.0 
- 2.0 - 4.50 2.0 - 2.0 

- 2.5 - 6.75 2.5 - 2.5 

4.0 - 4.0 2.75 - 4.0 - Vdc 

8.0 - 8.0 5.50 - 8.0 -
12.5 - 12.5 8.25 - 12.5 -

mAde 
-1.2 - -1.0 -1.7 - -0.7 -

-0.25 - -0.2 -0.36 - -0.14 -
-0.62 - -0.5 -0.9 - -0.35 -
-1.8 - -1.5 -3.5 - -1.1 -
0.64 - 0.51 0.88 - 0.36 - mAde 
1.6 - 1.3 2.25 - 0.9 -
4.2 - 3.4 8.8 - 2.4 -

mAde 
-1.0 - -0.8 -1.7 - -0.6 -
-0.2 - -0.16 -0.36 - -0.12 -
-0.5 - -0.4 -0.9 - -0.3 -
-1.4 - -1.2 -3.5 - -1.0 -
0.52 - 0.44 0.88 - 0.36 - mAde 
'1.3 - 1.1 2.25 - 0.9 -
3.6 - 3.0 8.8 - 2.4 -

- ±O 1 - ± 0.0000 1 ±0.1 - ± ':0 "Adc 
- ±03 - to.OOOOl ±0.3 - ± 1.0 ~Adc 

- - 50 7.5 pF 

0.25 0.0005 0.25 7.5 ,UAdc 
- 0.50 - 0.0010 0.50 - 15.0· 

1.00 - 0.0015 1.00 - 30.0 

- 1.0 - 0.0005 1.0 - 7.5 /.lAdc 
- 2.0 - 0.0010 2.0 - 15.0 
- 4.0 - 0.0015 4.0 - 30.0 

IT = (0.3 "A/kHz) f + IODIN /.lAdc 
IT: (0.6 "A/kHz) f + loo/N 
IT = (0.8 "A/kHz) f + IOO/N 

tTo calculate total supply current at loads other than 50 pF: 

7-14 

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

where: IT is in p,A (per package), CL in pF, Vee in Vdc, f in kHz 
is input frequency and N is n~mber of gates per package. 

- -The formulas giver) are for the typical characteristics only at 
25°C. 



CMOS UB-8ERIES GATES 

SWITCHING CHARACTERISTICS· (CL - 50 pF. TA = 25°C) 

VDD 
Characteristic Symbol Vdc Min Typ Max 

Output Rise Time lTLH 
lTLH - (3.0 nl/pF) CL + 30 no 5.0 - 180 360 
lTLH = (1.5 nl/pF) CL + 15 ns 10 - 90 180 
lTLH = (1.1 nl/pF) CL + 10 ns 15 - 65 130 

Output Fall Time lTHL 
lTHL = (1.5 nl/pF) CL + 25 no 5.0 - 100 200 
lTHL· (0.75 ns/pF) CL + 12.5 ns 10 - 50 100 
lTHL = (0.55 ns/pF) CL + 9.5 ns 15 - 40 60 

Propagation Delay Time tPLH.tpHL 
tPLH. tPHL = (1.7 ns/pF) CL + 30 ns 5.0 - 90 180 
tPLH. tpHL • (0.66 ns/pF) CL + 22 no 10 - 50 100 
tPLH. tPHL = (0.50 ns/pF) CL + 15 no 15 - 40 80 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

-All unused Inputs of AND, NAND gates must be 
connected to Voo-
All unused input. of OR. NOR gates must be 
connected to Vss. 

MC14001UB CIRCUIT SCHEMATIC 

V •• 
14 10 

io----T--.,t::=:!.....J+==r---r--...... 13 

U=r~--t----o" 

7-15 

J....",."...-....l+----VOD 

lTHL lTLH 

MCI4002UB CIRCUIT SCHEMATIC 
(1/2 of Device Sh_n) 

2 •• 1 3.10 

4,11 

1 I? 
1.12 

r l'~ 
U,'I,',,~~L 

1.13 

, \ 

Unit 

ns 

ns 

ns 
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CMOS UB-SERIES GATES 

MC14011U11 CIRCUIT SCHEMATIC 
(1/4 of Device Shown) 

,.voo 

~ ..... r~u .... 
2 ..... ,2D~ 

'Yss 

MC14025UB CIRCUIT'SCHEMATIC 
(113 of Device Shownl 

"3.,,~'·YOD 
2,.,12' :J 

•.•. ,. :J •.•. 10 

~. 
'Ysa 

MC14012UB CIRCUIT SCHEMATIC 
11/2 of Device Shown) 

14Vop 

M ~ r~ r~ 

~:~~::= _:+-: _ .. =_: ---,I ~~ 
1,13 

MC14023UB CIRCUIT SCHEMATIC 
(113 of Device Shownl 

' 4VOD 

nd I~ nJ 
~:~::~:====~J'~: " .. 
3,8.13 <>-4-------' ~ 

'Yss 

FIGURE 2 - TYPICAL VOLTAGE AND FIGURE 3 - TYPICAL VOLTAGE 
CURRENT'TRANSFER CHARACTERISTICS TRANSFER CHARACTERISTICS versUs 

TEMPERATURE 

1I.-.,---.,---.,,,,,,,-.,...-.-=r-
t--~"'5V* T,,_+250& 

14 =t!.."':.I-
i 11 1\", vso 
... \ov~ ,I ... !",,,!,, I ! 10 b IDdt ItnjIuts '- ~ 
:.. B.D 80 = 
i> '1' 1: 
~ U s.ov. 1.0 ~ ..... n b' I \ 15Yd~ ... 

15 .v \ 4.0 !§ 

> 2.0 ~bll. /, \ l10 Vt- 2.0 

• It 'K -'k I , 
o ~ « 1.0 U 10 12 1. 16 

V',",INPUT VOLTAGE IV.' o 20 40 6.0 '.0 

i : 
I 

1 1 
N J 

10 12 14 1& 
Vm.INPUT VOLTAGE (Yde) 

FIGURE 4 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS 

FIGURE 5 - TYPICAL OUTPUT SINK 
CHARACTERISTICS 

• I I . , I v "-S.oVdc 
, 

.2.0 

i 
. 

I TA"·~C '/1 Iii .... I--b T,,-+25GC 
./ 1/ VI II! c 1,,-.,2P& 

! -1.0 
.1--"" !./ j I 

~ L A. ' / '" -loV f~ ~ 
. j ~-"v .. 

~ .... -t- V jo4I I 

" 11/' .!£. IS."" I 
B • fL ln' i-<:. v~.,avdc 

i II IV' g JIL . .,..,.. 
~ .., 

II 1./ 
~ 

• T.--aec I-/ _ '.-+2§'C 
z ... C T.*.12S'C l-
i , .1 !§ .. 

'1'"'' I I 
-I V /V' I, I • J. .1 

-I .. ~ ... , -2.0 , , .. •• o. .. , . 
Yos. DRAIN VOLTAGE (Vile) Yos. DRAIN YOLTAGE (Vdc) 
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® MOTOROLA 

DUAL 4-INPUT "NOR" GATE 

The MC14002B and MC14002UB are constructed with P and N 
channel enhancement mode devices in a single monolithic structure 
(Complementary MaS). 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 HTlloads Over the Rated Temper· 
ature Range. (MC14002B only) 

• Double Diode Protection on All Inputs 

• Pin·for·Pin Replacements for CD4002B and CD4002UB 

MAXIMUM RATINGS IVoltages referenced to VSS) 
Rating Svmbol Value Unit 

DC Supply Voltage VDD -0510+18 Vdc 

Input Voltage, All Inputs V,n -05 to VDD +05 Vdc 
DC Current Drain per Pin I 10 mAde 

Operating Temperature Range - A L Device TA -5510+125 °c 
ClICP DevIce -40 to +85 

Storage Temperature Range Tstg -6510+150 °c 

See the MC14001 B data sheet for complete characteristics of the 
B·Series device. 
See the MC14001 UB data sheet for complete characteristics for the 
UB device. 

MC14002B CIRCUIT SCHEMA:TlCS 
(1/2 of Device Shown) 

MC14002B 
MC14002UB 

CMOS SS. 
ILOWPOWER COMPLEMENTARY MOS) 

DUAL 4-INPUT "NOR" GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

MC14XXXJ'p;;:" ~.:::: .• 
or US as P Plastic Package . 

Applicable A ~::;:r:~u~:~:~I;: 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAM 

~~1 
1~~ 13 
11 
12 . 

MC14002UB 

VOD '" Pin 14 

VSS = Pin 7 

3,90--'----' 2,9 O---1r--------, 

2,'00-+--...... 3, 10 0----1f--.... -----, 

5,11 

4,12_"L __ ---' 

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 voltag, higher than 
maximum rated voltages to this high impedance circuit. For proper 

4,'10----1f---r---1~--, 

5,'20----1f---r----1~-., 

1,13 

operation it is recommended that V in and V out be constrained to the 
range VSS =s;;;; (Vin or Voutl:S;;;;; VOO-
Unused inputs must always be tied to an appropriate logic voltage level 
(e.g., either VSS or VOO). 
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®MOTOROLA 

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 d~lay circuits. 
• Output Transitions Occur on .the Falling Edge of the Clock Pulse 
• Ouiescent 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 CD4006B 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Symbol Value 

DC Supply Voltage VDD -05to+18 

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

DC Current Drain per Pin I 10 

Operating Temperature Range - AL DeVice TA -55 to +125 
C LlCP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

BLOCK DIAGRAM 

Voo "" Pin 14 
VSS = Pin 7 

Clock 3 

Data 

(e) 

1 

LOGIC DIAGRAM 
(ONE REGISTER STAGE) 

C 

I nput to output Is 

.11-.. _M_C_14_00_6_B---J 

CMOS MS. 
(LOW;POWER COMPLEMENTARY MOS) 

18-BIT STATIC SHIFT REGISTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

PSUFFIX 
PLASTIC PAC KAGE 

CASE 646 

ORDERING INFORMATION 

MO.."" 1tSU"OX Oonoto. 

L CeramIc Package 
P PlastiC Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

TRUTH TABLE 
(Singl. St_) 

On 

0 

1 

X 

C °n+1 

--- 0 

~ 1 

.....r- an 

x "" Don't Care 

:>0-+-----0 0 + 1 

II nverter used only on the first stag. of 
each four-stage element. 

·TranlrTlission 
Gate In-$-out 

2 
(C) 

(A) A bidirectional low Impedance when control Input 1 Is "'ow" 
and control input 2 is "high". 

(B) An open circuit when control Input 1 Is "high" and control 
Input 2 Is "'ow". 

7-18 



MC140068 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vin=VOOorO 10 

15 

"'" Level VOH 5.0 
Vin-=OorVOO 10 

15 

Input Voltage# "0" Level Vil 
(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 

"'" level VIH 
(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 
IV OH = 2.5 Vdcl Source 5.0 
(VOH ·4.6 Vdcl 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOl 5.0 
(VOL' 0.5 Vdcl 10 
(VOL' 1.5 Vdcl 15 

Output Drive Current (CLlCP Device) IOH 
(VOH • 2.5 Vdcl Source 5.0 
(VOH = 4.6 Vdcl 5.0 
(VOH • 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOl 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Input Current (AL Device) 'in 15 

Input Current (CLlCP Device) lin 15 

Input Capacitance Gin -
(V in = 01 

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

15 

QUiescent Current (CLlCP Device) 100 5.0 
(Per Package I 10 

15 

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

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

"'T,ow::: -SSoC for Al DeVice, -40oC for CLlCP Device. 
Thigh::: +12SoC for Al DeVice, +8SoC for Cl/CP Device . 

.uNoise Immunity specified for worst-case input combinatIOn. 

Tlow· 
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 

- ±O.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "0" level'" 1.0 Vdc min @ VOD ::: 5.0 Vdc 

2.0 Vdc min @ VOO • 10 Vdc 
2.5 Vdc min@ VOO • 15 Vdc 

tTo calculate total supply currentat loads other than SO pF. 
Ir(Cl) = Ir(50 pF) + 1 x 10-3 (Cl -50) VOOf 

2SoC 

Min ryp Max 

- 0 0.05 
- a 0.05 
- a 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 ±O 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 = (1.3 }lA/kHz) f + 100 
IT = (2.6 I'A/kHz) f + 100 
IT = (3.9I'A/kHz) f + 100 

where: 'T IS in ~A (per package). Cl in pF, VOD in Vdc, and f in kHz is input frequency . 
.... The formulas given are for the typical characteristics only at 25°C. 

Thi 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 -

mAde 
-0.7 -

-0.14 -
-0.35 -
-1.1 -
0.36 - mAde 
0.9 -
2.4 -

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -

0.36 - mAde 
0.9 -
2.4 -

± 1.0 /.lAde 

- ± 1.0 ,uAdc 

- - pF 

- 150 .uAde 
- 300 
- 600 

- 150 IJAdc 

- 300 
- 600 

IJAdc 

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 Vout) 
';;VOO· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either VSS or VOO). 
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MC14006B 

SWITCHING CHARACTERISTICS· (CL = 50 pF. T A = 250CI 

Characteristic Symbol VDD Min Typ Max Unit 

Output Rise Time tTLH ns 
tTLH = (3.0 ns/pFI CL + 30 ns 5.0 - 180 360 
tTLH = (1.5 ns/pFI CL + 15 ns 10 - 90 160 
tTLH = (1.1 ns/pFI CL + 10 ns 15 - 65 130 

Output Fall Time tTHL ns 
tTHL = (1.5 ns/pFI CL + 25 ns 5.0 - 100, 200 
tTHL = (0.75 ns/pF) CL + 12.5 ns 10 - 50 100 
TTHL= (0.55 ns/pF) CL + 9.5 ns 15 - 40 80 
Propagation Delay Time tpLH ns 

tpLH. tpHL = (1.7 ns/pF) CL + 220 ns tpHL 5.0 - 300 600 
tpLH. tpHL = (0.66 ns/pF) CL + 77 ns 10 - 110 220 
tpLH. tpHL = (0.5 ns/pF) CL + 55 ns 15 - 80 160 

Clock Pulse Width twH 5.0 200 100 ns 
10 120 60 -
15 80 40 -

Clock Pulse Frequency fcl 5.0 - 5.0 2.5 MHz. 
10 - 8.3 4.2 
15 - 12 6.0 

Clock Pulse Aise and Fall Time# tTLH 5.0 - - 15 IlS 

tTHL 10 - - 15 
15 - - 15 

Setup Time tou 5.0 0 -50 ns 
10 0 -15 -
15 0 -8.0 -

Hold Time th 5.0 180 75 ns 
10 90 25 -
15 75 20 _. 

-The formula given ia for the typical characteristics only at 26°C. 
#When shift register sections are cascaded, the maximum rise and fall times of the clock input should be equal to or leu than the rise and 

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

FIGURE 1 - TYPICAL OUTPUT SOURCE CURRENT 
CHARACTERISTICS TEST CIRCUIT 

Voo - -vGS Vout 

14 
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FIGURE 2 - TYPICAL OUTPUT SINK CURRENT 
CHARACTERISTICS TEST CIRCUIT 

Voo = VGS Vout 

14 
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FIGURE 3 - POWER DISSIPATION TEST CIRCUIT AND.WAVEFORM 

-""",-++o--j'Clock Q4I--o----------t 
QBI-o-----------~ 

Clock 

FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

1~~~-4--------~.t-------r---VCH 

~ Output state can change since data previously clocked In might be in eith.r state. 
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® MOTOROLA 

DUAL COMPLEMENTARY PAIR PLUS INVERTER 

The MC14007UB 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 VDD 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 CD4007A or CD4007UB 

MAXIMUM RATINGS (Voltages referenced to vssl 
Rating Svmbol Value 

DC Supply Voltage VDD -0.5 to +18 

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

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +125 
C LlCP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

FIGURE 1 - TYPICAL APPLICATION: 2-INPUT ANALOG MULTIPLEXER 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

r-----.. A 

Input 

Input 

OUTPUT CONDITION 

A = C, B "" Open 
A == B, C == Open 

Substrates of P-channel devices internally connected 
to VOO; substrates of N-channel devices internally 
connected to V ss. 
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CM0555. 
(LOW·POWER COMPLEMENTARY MOSI 

DUAL COMPLEMENTARY PAIR 
PLUS INVERTER 

1.fIIIIIIIfIfJ ,~ ~U ~ .ryrnl~ ~ 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

OROERING INFORMATION 

MO'~"O'l1:;SUff'X Denotes 

L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Range 

C Limited Operating 
Temperature Range 

SCHEMATIC 

3 4 5 to 

Voe "" Pin 14 

VSS "" Pin 7 

9 



MC14007UB 

ELECTRICAL CHARACTERISTICS (Connected as Inverters) 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
V," VOO or 0 10 

15 

"I" Level VOH 5.0 
V ,n o or VOO 10 

15 

Input Voltage# 1"0" Level VIL 
(VO = 4.5) 5.0 
(VO =9.0) 10 
(Vo = 13.5) 15 

I'"\" Level VIH 
(VO = 0.5) 5.0 
(VO = 1.0) 10 
(VO = 1.5) 15 

Output Drive Current tAL Device) IOH 
(VOH = 2.5 Vde) Source 5.0 
(VOH = 4.6 Vde) 5.0 
(VOH = 9.5 Vde) 10 
(VOH = 13.5 Vde) 15 

(VOL = 0.4 Vde) Sink IOL 5.0 
(VOL = 0.5 Vde) 10 
(VOL = 1.5 Vde) 15 

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

(VOL = 0.4 Vde) Sink IOL 5.0 
(VOL = 0.5 Vde) 10 
(VOL = 1.5 Vdcl 15 

Input Current (Al DeVice) l,n 15 

Input Current (CLlep DeVice) Ion 15 

Input Capacitance C,n -
IVin = 0) 

QUiescent Current (AL DeVice) 100 5.0 
(Per Package) 10 

15 

QUiescent Current (CUep DeVice) 100 50 
(Per Package) 10 

15 

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

·Tlow = -5SoC for AL DeVice, -40°C for CL/CP DeVice 

Thigh == + 125°C for AL Oevlce, +8SoC for CL/CP Oevice 
tTo calculate total supply current at loads other than 50 pF 

iTICLI = iT150pF) +3 X 10- 3 ICL- 50)VOO' 

Tlow 
Min 

-
-
-

4.95 
9.95 

14.95 

-
-
-

4.0 
8.0 
12.5 

-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 

-

-
-
-

-
-
-

where: IT is in,."A (per package), CL In pF, Veo In Vdc, and f 
kHz is input frequency. 

. 25°C Thigh * 
Ma. Min Typ Max Min Ma. Unit 

0.05 - 0 0.05 - 0.05 Vde 
0.05 - 0 005 - 0.05 
0.05 - 0 0.05 - 0.05 

- 4.95 5.0 - 4.95 - Vde 

- 9.95 10 - 9.95 -
- 14.95 15 - 14.95 -

Vde 
1.0 - 2.25 1.0 - 1.0 
2.0 - 4.50 2.0 - 2.0 
2.5 - 6.75 2.5 - 2.5 

- 4.0 2.75 - 4.0 - Vdc 

- 8.0 5.50 - 8.0 -
- 12.5 8.25 - 12.5 -

mAde 
- -2.4 -5.0 - -1.7 -
- -0.51 -1.0 - -0.36 -
.- -1.3 -2.5 - -0.9 -
- -3.4 -10 - -2.4 -
- 0.51 1.0 - 0.36 - mAde 
- 1.3 2.5 - 0.9 -
- 3.4 10 - 2.4 -

mAde 

- -2.1 -5.0 -- -1.7 -
- -0.44 -1.0 - -0.36 --
- -1.1 -2.5 - -0.9 -,-
- -3.0 -10 - -2.4 -
- 0.44 1.0 - 0.36 - mAde 

- 1.1 2.5 0.9 -
- 3.0 10 - 2.4 -

±O 1 to 00001 ±O 1 ±, .0 "Ade 

±O3 - to.OOOOl ±O.3 ± 1.0 "Ade 

- - 50 7.5 - - pF 

0.25 0.0005 0.25 7.5 "Ade 
0.50 - 0.0010 0.50 - 15 
1.00 - 0.0015 1.00 - 30 

1.0 - 0.0005 1.0 - 7.5 }JAde 

2.0 - 0.0010 2.0 - 15 
4.0 - 0.0015 4.0 - 30 

IT - 10.7 "A/kHz) f + 100/6 "Ade 
IT = 11.4 "A/kHz) f + 100/6 
IT = (2.2 /lA/kHz) f + 100/6 

•• The formulas given are for the typical charactenstlcs only at 
2SoC. 

#Nolse immunity specified for worst-case input comblnation_ 
Noise Margin for both "1" and "0" level = 

0.5 Vdc min@ Voe = 5.0 Vdc 
1.0 Vdc min@ Vee = 10 Vdc 

1.0 Vdc min@ Vee = 15 Vdc 
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MC14007UB 

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

Characteristic Symbol 

Output Rise Time 
tTLH = (1.2 ns/pF) CL + 30 ns 
tTLH = (0.5 ns/pF)'CL+ 20 ns 
tTLH = (0.4 ns/pF) CL + 15 ns 

Output Fall Time 
tTHL= (1.2 ns/pF) CL + 15 ns 
tTHL= (0.5 ns/pF) CL + 15 ns 
tTHL = (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, 

Switching specifications are for device connected as an inverter. 

tTLH 

tTHL 

tPLH 

tpHL 

FIGURE 2 - TYPICAL OUTPUT SOURCE CHARACTERISTICS 

Voo = -vGS 

Vos = vOH - voo 

All unused inputs connected to ground. 

:g -4 

0 

~ .0 
(e --~ .. VGS; -S.O Vde { b /, WI 

~ a T A - -5SoC 
ffi -8 . 0 - b T A = +2SoC 

'" '" 13 
~ -1 

c TA"'+1250 C 

2 

~ 
~-1 6~ -t-

-2 0 
-10 -8.0 

~r // /A '/ 
./ A 'jIll 

Y ~b VI 
V -/ b~~ Y 

V -10 Vd~L.;t: rL J. 1~-ISVde 

// . 
1..----1 .Y / / 

-6.0 -4.0 -2.0 
VOS. ORAIN VOLTAGE (Vdel 

..() 
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Voo 
Vdc Min Typ Max Unit 

ns 
5.0 - 90 180 
10 - 45 90 
15 - 35 70 

ns 
5.0 - 75 150 
10 - 40 80 
15 - 30 60 

ns 

5.0 - 60 125 
10 - 30 75 
15 - 25 55 

ns 

5.0 - 60 125 
10 - 30 75 
15 - 25 55 

FIGURE 3 - TYPICAL OUTPUT SINK CHARACTERISTICS 

j 
.... 
i:i 
~ 
13 
z 8. 
~ 
c 
..l 
P 4. 

Voo = VGS 

All unused inputs connected to ground. 

0 

~ 7~I~VGS-1SVde btl/c J..-
6 

I fl. / V lLde 
If cp.-- -j 

2 
//h b Vc 

1111 V • TA = -5SOC 
0 

/I '(// 
b TA=+250C - f--
e TA=+12SoC 

o A ru. 
• b ts.olvde ~ ~ 

O. 

e 

2.0 4.0 6.0 8.0 
VDS. DRAIN VOLTAGE IVde) 

10 
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FIGURE 4 - SWITCHING TIME AND POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 

Voo 

~~~-----~-+-----Voo 

"'-----VSS 

>>--o-~-o You, 
Vout 

·~~~--------~-+--VOL 

APPLICATIONS 

The MC14007UB dual pair plus inverter, which has 
access to all its elements offers a number of unique circuit 
applications. Figures 1, 5, and 6 are a few examples of 
the device flexibility. 

FIGURE 5 - 3-8TATE BUFFER 

+Voo 

Disable 3~~r 
]:. 

Input "--t~,, Output 

]: 
i5iUiiii 6o-J17 

INPUT DISABLE OUTPUT , 0 0 
0 0 1 
X 1 Open 

x ,.. Don't Car. 

FIGURE 6 - AOI FUNCTIONS USING TREE LOGIC 

Voo L Out = A"'+'87c 
14 ,-____ -, 

..., 

h, 
~- ~ ." j:" . Output 

-
4 

A~6~==~ __ J 

Substrate. of P-c:hannel device. internallv connected to VOO: 
Substrates of N-channal devices internally connected to VSS. 
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® MOTOROLA 

4-BIT FUll ADDER 

The MC140088 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 
high-speed operation when used with other ldders in a system. 

• Look-Ahead Carry Output 

• High-Speed Operation - 160 ns typical from Sum in to Sumout 

• Quiescent Current - 5.0 nA/package tYP'cal @ 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-far-Pin Replacement for CD40088 

MAXIMUM RA TI NGS IVoltages referenced io VSS) 

Rating Symbol Value 

DC SupplV Voltage VOO -05to+18 

Input Voltage, All Inputs VIO -0.5 to VOO + 0.5 

DC Current Drain pel Pin I 10 

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

CLlCP DeVice -40 to +85 

Storage Temperature Range Tstg -65 to +150 

BLOCK DIAGRAM 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

1------0 14 Cout 

B415O--+--~-r-+~~I-t-+-~--~ 

A4 , o---r---+-t~-t-+-~~--

B3 2o---+---+-+-+-~~~-------1 

A3 3O---+---+-+-+-~~---------1 

B2 4o--+--~-+-+~~-----~ 
A2 5O--+---r-+-*--------~ 

B1 60---+---+-4-----------_---1 

A1 7o--+--~-----------------~ 

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

12 S3 

11 S2 

'0 S1 

Voo::::: Pin 16 
VSS = PinS 
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MC140088 

CMOS MS. 

I LOW-POWER COMPLEMENTARY MOS) 

4-BIT FUll ADDER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

." on," 11SUffiX Denotes 

l Ceramic Package 
P P:lastlc Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

Cin 
0 
0 
0 
0 , , , , 

TRUTH TABLE 
lOne Stage) 

B A Cout 
0 0 0 
0 , 0 
1 0 0 
1 , , 
0 0 0 
0 , , , 0 , 
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 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 .. VDD-
UnuSBd inputs must atways be tied to an 
appropriate logic voltage level (e.9_, eithor 
VSSorVOOI. 



MC14008B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 50 
V,n VOO or 0 10 

15 

", .. Level VOH 5.0 
V,n o or VOO 10 

15 

Input Vottage.t. "0" Level VIL 
(Va 4.5 or 0.5 Vdc) 50 
(Va 9 a or 1.0 Vdcl 10 
(Va - 13.5 or 1.5 Vdc) 15 

"'" Level VIH 
(Va .- 0.5 or 4.5 Vdc) 5.0 
(Va - 1.0 or 9.0 Vdc) 10 
(Va ~ 1 5 or 13.5 Vdcl 15 

Output Drive Current (AL DeVice) IOH 
(VOH - 2.5 Vdcl Source . 5.0 
(VOH - 4.6 Vdc) 50 
(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 (CUep DeVice) IOH 
(VOH = 2.5 Vdc) Source 5.0 
(YaH = 4.6 Vdc) 5.0 
(VOH = 9.5 Vdc) 10 
(VOH = 13.5 Vdcl 15 

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

Input Current (AL DeVice) lin 15 

Input Current (CUep Device) I,n 15 

Input Capacitance C,n -
(Vin = 0) 

QUiescent Current (AL Device) 100 50 
(Per Package) 10 

15 

QUiescent Current (CLlep DeVice) 100 50 
(Per Package) 10 

15 

Total Supply Current-" t IT 50 
(Dynamic plus Quiescent, 10 
Per Package) 15 

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

*T,ow = -550 C for AL Device, -40oC for CLlCP Oevice. 
Thigh = +1250 C for AL Device. +8SoC for CLlCP Device. 

p-Noise immunity specified for worst-case input combination. 

Tlow 
. 

Min Max 

005 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

1.5 
3.0 

- 4.0 

3.5 --
7.0 -

110 -

-1.2 -
-025 -
-0.62 -
-1.8 -

0.64 -
1.6 -
4.2 -

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

0.52 -
1.3 -
3.6 -

- ± 01 

- ±03 

-

- 50 
- 10 

20 

- 20 
- 40 
- 80 

NOise Margin for both "1" and "O"'evel = 1.0 Vdc min@ VOO = S.O 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 -SOl VOOI 

2SoC 

Min Typ Max 

- 0 0.05 
- 0 005 
- 0 0.05 

4.95 5.0 -
995 10 -

14.95 15 -

- 2.25 1.5 
- 4.50 3.0 
-- 6.75 40 

3.5 2.75 -
7.0 5.50 -

110 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -09 -
-1.5 -3.5 -

0.51 0.88 -
1.3 225 -
3.4 8.8 -

-0.8 -1.7 -
-0 16 -0.36 -
-0.4 -0.9 -
-1.2 -3.S -

0.44 0.88 -
1.1 2.25 -
3.0 8.8 -

- ±O 00001 ±O 1 

- ±O 00001 ±0.3 

- 50 7.5 

- O.OOS 50 
- 0.010 10 
- 0.Q15 20 

- 0.005 20 
- 0.010 40 
- 0.Q15 80 

IT ~ 11.7 ~AlkHz) f + I DO 
IT - (3.4 ~AlkHz) f + 100 
IT = (5.0 ~AlkHz) f + 100 

where: 'T is in #A (per package). CL in pF. VOO in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 2SoC. 
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Thi h* 

Min Max Unit 

- 005 Vdc 
- 0.05 
_. 005 

4.95 - Vdc 
9.95 --
14.95 -

Vdc 
- 15 

- 3.0 
- 4.0 

3.5 Vdc 
7.0 --

11.0 --
mAde 

-0.7 -
-014 -
-035 -
-1.1 -
0.36 - mAde 
0.9 -
2.4 -

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -

0.36 - mAde 
0.9 -
2.4 -
- ± 10 }J.Adc 

- ± 10 IJAdc 

- - pF 

- 150 }J.Adc 
- 300 
- 600 

- 150 J.1Adc 

- 300 
- 600 

J.lAdc 
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MC14008B 

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

Characteristic 

Output Rise Time, 
tTLH = (3.0 ns/pF) CL + 30 ns 
tTLH = (1.5 ns/pF) CL + 15 ns 
tTLH=(l.l ns/pF)CL +10ns 

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

Propagation Delay Time 
Sum In to Sum Out 

tPLH. tpHL = (1.7 ns/pF) CL + 315 ns 
tpLH. tPHL = (0.66 ns/pF) CL + 127 ns 
tPLH. tpHL = (0.5 ns/pF) CL + 90 ns 

Sum In to Carry Out 
tpLH. tpHL = (1.7 ns/pF) CL + 220 ns 
tpLH. tpHL = (0.66 ns/pF) CL + 112 ns 
tpLH. tpHL = (0.5 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 I n to Carry 0 ut 
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 

Symbol 

tTLH 

tTHL 

tpLH. tpHL 

Voo 
Vdc 

6.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 
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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 

16 

Unit 

ns 

ns 

ns 
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FIGURE 3 - DYNAMIC POWER DISSIPATION TE:;T CIRCUIT AND WAVEFORM 

~~----~-r---Voo 

VSS 

Voo 

16 

FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Vee 

16 

~~~--------'-b--------vee 

I~-------VSS 

~~~------~r~-----VOL 

r-----------~.---------VOH 

'-------VOL 
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FIGURE 5 - LOGIC DIAGRAM 

Cout 
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TYPICA L APPLICATION 

FIGURE 6 - USING THE MCI4008B IN A 16-BIT ADDER CONFIGURATION 

Word A + B I "puts 

(r------------------------~A~----------------------~ 
Al--- 84 Al --- 84 A1 - - - 84 Al - -- 84 

51 --- 54 51 ---54 51 - - - ~4 51 --- S4 

'~------------------------~yr----------------------~ 
Sum Outputs 

Calculation of 1S·bit adder speed: 
tp total = tp (Sum to Carry) + tp (Carry to Sum) + 2 tp (Carry to Carry) 

TypicaliV. 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 tvpical semiconductor applications; consequently. assumed for Inaccuracies. Furthermore, such information does not 
complete information suftlcient 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. 
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® MOTOROLA 

QUAD 2-INPUT "NAND" GATE 

The MC14011 Band MC14011 UB are constructed with P and N 
channel enhancement mode devices in a single monolithic structure 
(Complementary 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 1B 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 Band CD4011 UB 

MAXIMUM RATINGS IVoltages referenced to VSS) 

Rating Svmbol Value Unit 

DC Supply Voltage VOO -0510+18 Vdc 

Input Voltage, All Inputs V ,n -05toVOO,05 Vdc 

DC Current Drain per Pin I 10 mAde 

Operating Temperature Ranqe AL DeVice TA ~55 to + 125 °c 
CL/CP DeVice -40 to +85 

Storage Temperature Range T stg -65 to +150 °c 

See the MC14001 B data sheet for complete characteristics of the 
B-Series device. 
See the MC14001 UB data sheet for complete characteristics for the 
UB device. 

MC14011B CIRCUIT SCHEMATICS 
(114 of Device Shownl 

d :roo 

H:::t--03.4.10.11 

2.5.9.12 ~ U9 U9 
1.6.8.130-..... -----' ---L--~tss 

MC14011B 
MC14011UB 

CMOS 55. 
ILOW POWER COMPLEMENTARY MOS) 

QUAD 2-INPUT "NAND" GATE 

L SUFFIX 
CE RAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

·"""tp~':' '''.:~::"'. or UB, I P Plastic Package 
as applicable - A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAM 

Voo=Pm14 
VSS = Pm 7 

MC14011UB 

14 VOO 

L-f--+-O 3. 4 10.11 

1.6.8.13o--I---.... .J 

2.5.9.120-..... -----' 

7 VSS 

ThiS deVice containS cirCUitry to protect the inputs against damage due 
to high static voltages or electric fields. however. it 15 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 V in and V out be constramed to the 
range VSS ~ (Vin or V out) ~ VOO· 
Unused inputs must always be tied to an appropriate logiC voltage level 
(e.g., either VSS or VOO). 
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® MOTOROLA 

DUAL 4-INPUT "NAND" GATE 

The MC14012B and MC14012UB are constructed with P and N 
channel enhancement mode devices in a single monolithic structure 
(Complementary MaS). 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 (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-far-Pin Replacements for CD4012B and CD4012UB 

MAXIMUM RATINGS IVoltages referenced to VSSI 

RatIng Symbol Value Unit 

DC Supply Voltage VOO -05to+18 Vdc 

Input Voltage, All Inputs V in -05toVOO·05 Vdc 

DC Current Dram per Pin I 10 mAde 

Operating Temperature Range AL Device TA -55 to + 125 °c 
CLlCP Device --40 to +85 

Storage Temperature Range Tstg -65 to + 150 °c 

See the MC14001 B data sheet for complete characteristics of the 
B·Series device. 
See the MC14001 UB data sheet for complete characteristics for the 
UB device. 

2,10_+--"'" 

3,90-< ...... --' 

4.12 

5,11 

MC14012B CIRCUIT SCHEMATICS 
(1/2 of Device Shown) 

MC14012B 
MC14012UB 

CMOS SS. 
ILOW POWER COMPLEMENTARY MOSI 

DUAL 4-INPUT "NAND" GATE 

L SUFFIX P SUFFIX 
CE RAMie PACKAGE PLASTIC PACKAGE 

CASE 632 CASE 646 

ORDERING INFORMATION 

MC14XXXJT~':' ~.:::: ... 
or UB as P Plastic Package . 
applicable A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAM 

~P-l 
1:P-13 
11 

12 

MC14012UB 

VOD = Pin 14 

VSS;: Pm 7 

'-t-..... -+--4-+-+--·0 1. 13 

2.9 0-+--+--+---..... 

3, 10 o-+--t--..... -----' 

4,11 o-+----~------------' 

5,120--4-----------' 

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 clrcuit_ For proper 

operation It IS recommended that Vin and Vout be constrained to the 
range VSS ~ (Vin or Vout ) ~ VOO-
Unused rnputs must always be tied to an appropriate logiC voltage level 
(e_g_, either VSS or VOO)-
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® MOTOROLA 

DUAL TYPE D FLIP-FLOP 

The MC14013B dual type 0 flip-flop is constructed with MOS 
,P-channel and N-channel enhancement mode devices in a single 
monolithic structure. Each flip:flop has independent Data, (0), 
Direct Set, (S), Direct Reset, (R), and Clock (C) inputs and comple· 
mentary outputs (Q and 5). These devices may be used as shift regis­
ter ele"lents or as type T flip·flops for counter and toggle applica-

·'lions. 

• 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 F lip-F lop Design -
Log'ic 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-far-Pin Replacement for CD4013B 

MAXIMUM RATINGS (Voltages referenced to VSS) 
Rating Symbol Value 

DC Supply Voltage VDD -05 to +18 

Input Voltage, All Inputs V," -0.5 to VDD + 0.5 

Unit 

Vdc 
Vdc 

DC Current Dram per Pin I 10 mAde 

Operating Temperature Range - AL DeVice TA -55 to +125 °c 
C L/CP DeVice -40 to +85 

Storage Temperatl:lre Range T stg -65 to +150 °c 

TRUTH TABLE 

INPUTS OUTPUTS 

CLOCK t DATA RESET SET Q 0 

--r- 0 0 a 0 1 

--' 1 0 a 1 0 

'- x 0 0 Q Q No 
Change 

x X 1 0 0 1 

X X 0 1 1 0 

X X 1 1 1 1 

x = Don't Care 
t = Level Change 
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MC140138 

CMOS SS. 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL TYPE D FLIP-FLOP 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

."'"""'11:SUffIX Denotes 

L Ceramic Package 
P PlastiC Package 
A Extended Operatmg 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

6-----, 

S 
o Q 

3 C Q 
R 

4 

8 

S 
9 0 Q 13 

11 C Q 12 
R 

10 

VOO = Pin 14 
VSS:: Pin 7 



MC14013B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
V,n VOO or 0 10 

15 

"t" Level VOH 50 
V,n o or VOD 10 

15 

Input Voltage':'" "a" Level Vil 
IVo 4.5 or 0.5 Vdcl 50 

IVo 9.0 or 1.0 Vdcl 10 

IVo 13.5 or 1.5 Vdcl 15 

"'" Level VIH 
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 Devicel IOH 
IVOH " 2.5 Vdcl Source 5.0 
IVOH - 4.6 Vdc) 5.0 
IVOH ~ 9.5 Vdcl 10 
IVOH ~ 13.5 Vdcl 15 

IVOl ~ 0.4 Vdc) Sink IOL 5.0 
IVOL ~ 0.5 Vdc) 10 
IVOL ~ 1.5 Vdcl 15 

Output Drive Current (CLlCP Device) IOH 
(VOH ~ 2.5 Vdc) Source 5.0 
IVOH ~ 4.6 Vdcl 5.0 
IVOH = 9.5 Vdcl 10 
{VOH = 13.5 Vdcl 15 

{VOL = 04 Vdcl Sink IOL 5.0 
{VOL = 0.5 Vdcl 10 
IVOl" 1.5 Vdcl 15 

Input Current (AL Device) I,n 15 

Input Current (CLlep Device) lin 15 

Input Capacitance C,n -
{Vin = 01 

QUIescent Current (AL Device) 100 50 
(Per Package) 10 

15 

QUIescent Current (CLlep Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current*· t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 
tel ~ 50 pF on all outputs, all 
buffers sWltchmg) 

"Tlow· _55°C for AL DevIce, -400 C for CL/CP DevIce 
Thigh'" +'250 C for AL Device, +850 C for CLlCP Device. 
~Nolse Immunity specified for worst·case input combination. 

Tlow 
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 Margm for both "'" and "0" level - '.0 Vdc min@ VDD 0: 5.0 Vdc 
2.0 Vdc min@ VDD - 10 Vdc 
2.5 Vdc min@ VOD - 15 Vdc 

tT 0 calculate total supply current at loads other than 50 pF 
ITlell - IT{50 pF) + 2 x 10-3 (Cl -50) VOO' 

. 2SoC 

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 

4.0 - 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 -
- 34 8.8 -

- -0.8 -1.7 -
- -016 -0.36 -
- -0.4 -0.9 -
- -1.2 -3.5 -

- 0.44 0.88 -
- 1.1 2.25 -
- 3.0 8.8 -

±O.l - ±O 00001 ±O 1 

±O.3 - ±0.00001 ±O.3 

- - 5.0 7.5 

1.0 0.002 1.0 
2.0 - 0.004 2.0 
4.0 - 0.006 4.0 

4.0 - 0.002 4.0 
8.0 - 0.004 8.0 
16 - 0.006 16 

IT - 10.7opA/kHzl' + 100 
IT = 11.5 pA/kHz) , + 100 
IT = 12.3 pA/kHz) f + 100 

where. IT IS In J.l.A (per package), CL m pF, VDD in Vdc, and f In kHz is mput frequency . 
• ·The formulas given are for the typical characteristics only at 2SoC. 

Thi h* 

Min Max Unit 

- 0.05 Vdc 
- 0.05 
- 0.05 

4.95 - Vdc 
9.95 --
14.95 -

Vdc 
- 15 
- 3.0 
- 4.0 

3.5 - Vdc 
7.0 -

11.0 -

mAde 
-0.7 -
-0.14 -
-0.35 -
-1.1 -

0.36 - mAde 
0.9 -
2.4 -

mAde 

-0.6 -
-0.12 -
-0.3 -
-1.0 -

0.36 - mAde 

0.9 -
2.4 -

- ± 10 /JAde 

- ± 10 pAdc 

- - pF· 

30 /JAde 

- 60 
- 120 

- 30 IJAdc 
- 60 
- 120 

,uAde 

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 lit; (Vi" or Vout ) 

"VOO· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either V 55 or V DO). 
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MC14013B 

SWITCHING CHARACTERISTICS· (CL = 50 pF. T A = 25°C) 

Characteristic 

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

Output Fall Time 
tTHL = 11.5 ns/pF) CL + 25 ns 
tTHL= (0.75 ns/pF) CL + 12.5 ns 
tTHL= (0.55 ns/pF) CL + 12.5 ns 

Propagation Delay Time 
Clock to a 

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 

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 

Aeset to a 
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 

Setup Times 

Hold Times 

Clock Pul .. Width 

Clock Pulse Frequency 

Clock Pulse Rise and Fall Time 

Set and Reset Pulse Width 

·The formula given is for the typical characteristics only. 

Symbol VDD 

tTLH 
5.0 
10 
15 

tTHL 
5.0 
10 
15 

tpLH 
tpHL 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

tsu 5.0 
10 
15 

th 5.0 
10 
15 

tWL, twH 5.0 
10 
15 

fcl 5.0 
10 
15 

tTLH 5.0 

tTHL 10 
15 

twL,twH 5.0 
10 
15 

LOGIC DIAGRAM 
(1/2 of Device Shown) 

S~--~------------------------, 

D o--lC:+--'H 

c c 
c~ c 

R~----------~----------~ 
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Min Typ Max Unit 

ns 

- 180 360 
- 90 180 
- 65 130 

ns 

- 100 200 
- 50 100 
- 40 80 

ns 

- 175 350 
- 75 150 
- 50 100 

- 175 350 
- 75 150 
- 50 100 

- 350 450 
- 100 200 
- 75 150 

40 20 - ns 
20 10 -
15 7.5 -
40 20 - ns 
20 10 -
15 7.5 -

250 125 ns 
100 50 -
70 35 -
- 4.0 2.0 MHz 
- 10 5.0 
- 14 7.0 

- - 15 I'S 

- - 5.0 
- - 4.0 

250 125 ns 
100 50 -
70 35 -

Q 



MC14013B 

c 

a 

FIGURE 1 - DYNAMIC SIGNAL WAVEFORMS 
(Oat., Clock, and Outpud 

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

I-------voo I---------voo 

I~------ Vss I~~~--------vss 

R 

Vss 1"1L---VSS 

- ------V OH 

a 50% 

I~~~------~cl-----VOH 

tP~H tpHL 

VOL 

~ _____ VOL 

Inputs Rand Slow. 

TYPICAL APPLICATIONS 

n-STAGE SHI FT REGISTER 

nth 

O-------+l[Q0 ': go: --p-0: a 
C a cae a 

Clock 0 

Clock 

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

1 2 nth 

rfnrfTI ~a 
~~L- __ ~ 

---­T Flip-Flop 

MODIFIED RING COUNTER (Divide-by-I" + 1 II 

Clock 0---+-..... ----------+--.... ----------+ 
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® MOTOROLA 

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 (MCI4014B) 

• Asynchronous Parallel Input/Serial Output (MC14021 B) 

• Synchronous Serial Input/Serial Output 

• Full Static Operation from DC to 7.0 MHz 

• "Q" Outputs from Sixth, Seventh, and Eighth Stages 

'I. 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 CD4014B 
• MC14021B Pin-for-Pin Replacement for CD4021B 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating 

DC Supply Voltage 

Input Voltage, All Inputs 

DC Current Dram per Pm 

Operating Temperature Range - AL Device 
C LlCP DevIce 

Storage Temperature Range 

Symbol 

VOO 

Von 

TA 

T stg 

Value 

-05 to +18 

-0.5 to VOO + 05 

'10 

-55 to +125 
-40 to +85 

-65 to +150 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

LOGIC DIAGRAM 

PIS 

Os 

Clock 

Voo'" Pin 16 
VSS = Pin 8 

7-38 

MC140148 
MC140218 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOS) 

8-BIT STATIC SHIFT REGISTER 

JIff'~l,_ 
L SUFFIX P SUFFIX 

CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 620 CASE 64S 

ORDERING INFORMATION 

.","""' ~":":':':,::" ... 
P PlastiC Package 
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+8 

n ~ 0 0 0 7 

n+1 ....r- 1 0 1 0 
n+2 ....r- 0 0 0 1 
n+3 ~ 1 0 1 0 

'"'- X 0 06 07 

PARALLEL OPERATION: 
CLOCK 

MC14014B MC14021B 
Os PIS OM 

~I X X 1 0 

~I X X 1 1 

• 06, 07. & QS are available externally 

X = Don't Care 

3 
as 

7 

? 
0 
1 

as 

'OM 

0 

1 



MC14014B. MC14021B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vd. 

Output Voltage "0" Level VOL 5.0 
V ln = VOO or a 10 

15 

"'" Level VOH 5.0 
Vm:::: 0 or VOO 10 

15 

Input Voltage# "0" Level V,L 
(VO " 4.5 or 0.5 Vde! 5.0 
(Va" 9.0 or 1.0 Vde! 10 
(Va" 13.5 or 1.5 Vde! 15 

"1" Level V,H 
(VO" 0.5 or 4.5 Vde! 5.0 
(Va" 1.0 or 9.0 Vdc! 10 
(Va" 1.5 or 13.5 Vdc! 15 

Output Dnve Current (AL Device) !OH 
(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 Vdc! 15 

Output Drive Current (CLlCP Devicel 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 IOL 5.0 
(VOL = 0.5 Vdc) 10 
(VOL = 1.5 Vdel 15 

Input Current (AL Devicel lin 15 

Input Current (CLlCP Device) 'in 15 

'"put Capacitance Gin -
(Vin =O! 

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) 

*Tlaw = -SSaC for AL Device, -400 C for CLlC? Device. 
Thigh = +12SoC for AL Device, +8SoC for CL/C? Device. 

#Noise Immunity specified for worst-case input combination. 

Tlow 
. 

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 -
- ±O.l 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

NOise Margin for both "1" and "0" level'" 1.0 Vdc min @ VOD = 5.0 Vdc 
2.0 Vdc min@ VOO - 10 Vdc 
2.5 Vde min @ VOO = 15 Vdc 

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

25°C Thi h* 
Min Typ Max Min Max Unit 

- a 0.05 - 0.05 Vdc 
- a 0.05 - 0.05 
- a 0.05 - 0.05 

4.95 5.0 - 4.95 - Vdc 
9.95 10 - 9.95 -

14.95 15 - 14.95 -
Vde 

- 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 -

mAde 
-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 - mAde 
1.3 2.25 - 0.9 -
3.4 8.8 - 2.4 -

mAde 
-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 - mAde 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -
- ±O 00001 ±O.l - ± 1.0 "Ade 

- ±O.OOOOI ±O.3 - ±1.0 /-lAde 

- 5.0 7.5 - - pF 

- 0.005 5.0 - 150 /-lAde 
- 0.010 10 - 300 
- 0,015 20 - 600 

- 0.005 20 - 150 .uAdc 

- 0.010 40 - 300 
- 0,015 80 - 600 

IT " (0.75 "A/kHz) f + 100 IJAdc 

IT" (1.50 "A/kHz) f + 100 
IT" (2.25 "A/kHz) f + 100 

where: IT is in IJ.A (per package), 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. 

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 then 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 EO; 

(Vin or Vou,! .; VOO· 
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appropriate logic voltage level (e.g., either 
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MC14014B. MC14021B 

SWITCHING CHARACTERISTlCS* (CL = 5OpF. TA = 250 cI 

Characteristic Svmbol 
VDD 
Vdc 

Min TVp Max Uni' 

Output Rise Time 'TLH n. 
'TLH = (3.0 n./pF I CL + 30 n. 5.0 - 180 360 
'TLH = 11.5 n./pFI CL + 15 n. 10 - 90 180 
'TLH= (1.1 n./pFICL +10n. 15 - 65 130 

Outpu, Fall Time tTHL n. 
tTHL = 11.5 n./pFI CL + 25 n. 5.0 - 100 200 
tTHL = (0.75 n./pFI CL + 12.5 n. 10 - 50 100 
tTHL = (0.55 n./pFI CL + 9.5 n. 15 - 40 80 

Propagation Delay Time (Clock to Q. PIS to QI tPLH. n. 
tPHL. tPLH = (1.7 n./pFI CL + 315 ns tpHL 5.0 - 400 800 
tPHL. tpLH = (0.66 n./pFI CL + 137 ns 10 - 170 340 
tPHL. tPLH = (0.5 n./pFI CL + 90 n. 15 - 115 230 

Clock Pulse Width tWH 5.0 400 150 - n. 
10 175 75 -
15 135 40 -

Clock Frequency fel 5.0 1.5 3.0 - MHz 
10 3.0 6.0 -
15 4.0 8.0 -

Parallel/Serial Control Pulse Width 'WH 5.0 400 150 - n. 
10 175 75 -
15 135 40 -

Setup Time 'su 5.0 350 150 - ns 
10 80 50 -
15 60 30 -

Input Clock Rise Time tdell 5.0 - - 15 ,",S 

10 - - 15 
15 - - 15 . 

The formula given IS for the typical characteristics only. 

FIGURE 1 - OUTPUT SOURCE CURRENT TEST CIRCUIT FIGURE 2 - OUTPUT SINK CURRENT TEST CIRCUIT 

I 

Preset output under test to a logic "1" level. 
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FIGURE 3 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

a6 

CL 

a7 

rT 
Clock 

D.ta~ \ / "-
FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Switch Position 1 ". Paralle' In 
Switch Position 2 ... Serial In 

I 
I 
I 
I 
I 
I 
I 
I 
I tTLH' tTHL '-___ ~ VSS SW 2 I 

I _ i twL = tWH = 50% Duty Cycle 

L _______________ J 
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DUAL 4-BIT STATIC SHIFT REGISTER 
The MC14015B 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 regi,sters. Each register has inde­
pendent Clock and Reset inputs with a single serial Data input. The 
register states are type 0 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 I nput Capacitance - 5.0 pF typical 

• Logic Swing Independent of Fanout 

• Toggle Rate = 6.0 MHz @ 10 Vdc 

• Logic Edge-Clocked F lip-F lop 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 Vss) 

Rating Symbol Value 

DC Supply Voltage, VOO -0,5 to +18 

Input v.oltage, All Inputs V in -0,5 to VOO + 0,5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAde 

Operatmg Temperature Range - AL Device TA 
CL/CP DeVice 

Storage Temperatur~ Range T stg 

TRUTH TABLES 

CLOCKED OPERATION 
,(SYNCHRONOUS) 

0 On On+1 
0, 0 0 
0 1 0 
1 0 1 
1 1 1 
0n+1 = On. R = 0 

-55 to +125 
~40 to +85 

-65 t~ +150 

DIRECT OPERATION 
(ASYNCHRONOUS) 

~ 
~ 

c"" 0 = Don't Care 

7-42 

°c 

°c 

MC14015B 

CMOS MS. 

(LOW·POWER COMPLEMENTARY MOS) 

DUAL 4-BIT STATIC 
SHIFT REGISTER 

,-,-1 1 " 
L SUFFIX P SUFFIX 

CERAMIC PACKAGE 

CASE 620 

PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

.,""" 1lSUff,X Denote. 

L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Range 
C LImited Operating 

Temperature Range 

BLOCK DIAGRAM 

ao 5 
D 

a1 4 

a2 3 
C 

R a3 10 

ao 13 
15 D 

a1 12 

a2 11 

C 
R a3 2 

14 

VOO'" Pin 16 
VSS = Pin 8 



MC14015B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 

V,n VOO or 0 10 
15 

"1" Level VOH 5.0 
V,n o or VOO 10 

15 

Input Voltage':": "0" Level VIL 
IVo . 4.5 or 0.5 Vdc) 50 

IVo 90 or 1.0 Vdcl 10 
IVO" 13.5 or 1.5 Vdc) 15 

"1" Level VIH 
IVO" 0.5 or 4.5 Vdc) 5.0 
IVO ~ 1.0 or 9.0 Vdcl 10 
IVO" 1 5 or 13.5 Vdcl 15 

Output Drive Current (AL DeVice) IOH 
IVOH " 2.5 Vdcl Source 50 
IVOH "4.6 Vdc) 50 
IVOH "9.5 Vdcl 10 
IVOH" 13.5 Vdc) 15 

IVOL "0.4 Vdc) Sink IOL 5.0 
IVOL "0.5 Vdc) 10 
IVOL" 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) IOH 
1VOH "2.5 Vdc) Source 5.0 
1VOH "4.6 Vdc) 50 
1VOH "9.5 Vdc) 10 
1VOH" 13.5 Vdc) 15 

IVOL "0.4 Vdc) Sink IOL 5.0 
IVOL " 0.5 Vdc) 10 
IVOL" 1.5 Vdcl 15 

Input Current (AL DeVice) 1m 15 

Input Current (CLlep DeVice) I,n 15 

Input Capacitance Cm -
IV in "0) 

QUiescent Current (AL DeVice) 100 5.0 
(Per Package) 10 

15 

QUiescent Current (CLlep Devlcel 100 5.0 
(Per Package) 10 

15 

Total Supply Current* * t IT 5.0 
(Dynamic plus QUiescent, 10 
Per P ae kage) 15 

(CL '" 50 pF on all outputs, all 
buffers sWitching) 

"Tlow'-- -55°C for AL DeVice, -40°C for CLlCP DeVice 
Thigh'" +12SoC for AL DeVice, +8SoC for cLlep DeVice . 

... Nolse Immunity specified for worst·case input combination 

Tlow 
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 "0" level'" 1.0 Vdc min @ VDO =- 5.0 Vdc 
2.0 Vdc mln@ VOO _. 10 Vdc 

2.5 Vdc min@VDO - 15 Vdc 

tTo calculate total supply current at loads other than 50 pF 
ITICLI ~ ITI50 pFI + l'x 10-3 lel -501 VOOf 

. 
Max Min 

0.05 -
0.05 -
005 -

- 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 

- -0.8 
- -0.16 

- -0.4 

- -1.2 

- 0.44 
- 1.1 
- 3.0 

±O 1 -
±O.3 -

- -

50 -
10 -
20 -

20 -
40 -
80 -

IT" 
IT" 
IT" 

where IT IS In ~A (per package), CL in pF, VOO In Vdc, and f 10 kHz IS mput frequency . 
.... The formulas given are for the tYPical charactenstlcs only at 250 C. 

25°C Thi h* 
Typ Max, Min Max Unit 

0 0.05 - 0.05 Vdc 
0 0.05 - 005 
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 -

mAde 

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

0.88 - 0.36 - mAde 

2.25 - 0.9 -
8.8 - 2.4 -

mAde 
-1.7 - -0.6 -
-0.36 - -0.12 -
-0.9 - -0.3 -
-3.5 - -1.0 -

0.88 - 0.36 - mAde 

2.25 - 0.9 -
8.8 - 2.4 -

±0.00001 ±O 1 - ± 1.0 ,uAdc 

±O 00001 ± 0.3 - ±l.C pAdc 

50 7.5 - - pF 

0.005 50 - 150 ,uAdc 

0.010 10 - 300 
0.Q15 20 - 600 

0.005 20 - 150 /-lAde 
0.010 40 - 300 
0.015 80 - 600 

11.2 "A/kHz) f + 100 MAde 

12.4 "A/kHz) f + 100 
(3.6 "A/kHz) f + 100 

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 ~ (Vi" or Vout) 
';VOO· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either VSS or VOOI. 
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SWITCHING CHARACTERISTICS· (CL = 50 pt, TA = 26°C) 

Characteristic Symbol VOD Min Typ Max Unit 

Output Rise Time tTLH n. 
tTLH = (3.0 n.lpF) CL + 30 n. 5.0 - 180 360 
tTLH = (1.5 n.'pF) CL + 15 n. 10 - 90 190 
tTLH - (1.1 n.lpF) CL + 10 ns 15 - 65 130 

Output Fall Time tTHL n. 
trHL = (1.5 n.lpF) CL + 25 n. 5.0 - 100 200 
tTHL = (0.75 n.'pF) CL + 12.5 ns 10 - 50 100 
tTHL = (0.55 nslpF) CL + 9.5 ns 15 - 40 80 

Propagation Delay Time tpLH, n. 
Clock, Data to Q tpHL 

tPLH, tpHL = (1.7 nslpF) CL + 225 n. 5.0 - 310 750 
tpLH, tpHL = (0.66 n.lpF) CL + 92 ns 10 - 125 250 
tPLH, tPHL = (0.5 nslpF) CL + 65 ns 15 - 90 170 

Rosetto Q 
tPLH, tPHL = (1.7 nslpF) CL + 375 ns 5.0 - 460 750 
tPLH, tpHL = (0.66 nslpF) CL + 147 ns 10 - 180 250 
tPLH, tPHL = (0.5 nslpF) CL + 95 ns 15 - 120 170 

Clock Pulse Width twH 5.0 - 185 400 ns 
10 - 85 175 
15 - 55 135 

Clock Pulse Frequency tel 5.0 - 2.0 1.5 MHz 
10 - 6.0 3.0 
15 - 7.5 3.75 

Clock Pulse Rise and Fall Times tTLH, tTHL 5.0 - - 15 I'S 
10 - - 15 
15 - - 15 

Resat Pulse Width twH 5.0 400 200 - ns 
10 160 80 -
15 120 60 -

Setup Time tsu 5.0 350 100 - ns 
10 100 50 -
15 76 40 -

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

I 
Clock 

Data ---.I 
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FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

twL = twH = 50% Duty Cycle 
tTLH = tTHL <. 20 ns 

FIGURE 3 - SETUP AND HOLD TIME TEST CIRCUIT AND WAVEFORMS 

CIOCk~VDD Input 50% 
OV 

',u 
'h 
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-CIRCUIT SCHEMATICS 

SINGLE BIT 

VOO a 

Reset _ I I I " , 

Clock 

°t~' • I I III 11 1 • I 1 I I 1 1 I I· ~:,~ ::t 
Vss 

DATA INPUT BUFFER RESET INPUT BUFFER 

VOO VOO 

Oat, 0---4---+ 
In 

R;~et 0 •• 

CLOCK INPUT BUFFER 

VOO 

JLr~CIOck 104 Bits 
Clock '" i 

\iss 

3: 
n .... 
~ .... 
0'1 
I» 
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LOGIC DIAGRAMS 

SINGLE BIT 

Data 

R.~t)-----------____ ~ __ ~~ __________________________ -J 

COMPLETE DEVICE 

RESET INPUT BUFFER 

7-47 



I 

® MOTOROLA 

QUAD ANALOG SWITCH/QUAD MULTIPLEXER 

The MC14016B quad bilateral switch is constructed with MOS p. 
channel and N-channel enhancement mode devices in a single mono· 
lithic structure. Each MC14016B consists of four independent 
switches capable of controlling either digital or analog signals. The 
quad bilateral switch is used in signal gating, chopper, modulator, 
demodulator and CMOS logis 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/,J Cycle, f;;' 1 kHz typical 

• Pin·for·Pin Replacement for CD4016B, CD4066B 

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 

Through Current I 10 mAde 

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

Storage Temperature Range Tstg -65 to +150 

ThiS device contains circuitry to protect the control inputs agamst 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 V In 

and V out 15 not constrained to the range VSS" (Vin or V out) ~ VOO-

CIRCUIT SCHEMATIC 
(1/4 OF DEVICE SHOWN) 

Control 0-""'''''--+---' IH 
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CMOS 55. 
(LOW·POWER COMPLEMENTARY MOSI 

QUAD ANALOG SWITCH 
QUAD MULTIPLEXER 

, .• , .• 
L SUFFIX 

CERAMIC PACKAGE 
P SUFFIX 

PLASTIC PACKAGE 

CASE 632 CASE 646 

ORDERING INFORMATION 

M"'''''1l;SUffOX Denote, 

L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Range 

C Limited Operating 
Temperature Range 

BLOCK DIAGRAM 

Control11~2 
1 Out 1 

In 1 

Control 2 ~5 . 3 
4 Out2 

In 2 

contrOl3~9 
Out3 

8 
In 3 

Control 4 1~'0 
11 Out4 

In 4 

VO D = Pin 14 

VSS = Pin 7 



MC14016B 

ELECTRICAL CHARACTERISTICS 

Characteristics Figure Symbol 

Input Voltage# 1 VIL 
Control Input 

VIH 

Input Current tAL Device) Control - lin 

Input Current (CL/CP Device) Control - lin 

Input Capacitance - Cin 
Control 
Switch Input 
SWitch Output 
Feed Through 

Quiescent Current IAL Device) 2,3 100 
(Per Package) 

Quiescent Current (CL/CP Device) 2,3 100 
(Per Package) 

"ON" Resistance (AL Device) 4,5,6 RON 
(VC = VDD, RL = 10 kn) 

(V in = +5.0 Vdc) 
(V in - -5.0 Vdc) VSS - -5 Vdc 
(Yin = ±0.25 Vdc) 

(V in = +7.5 Vdc) 
(Vin = -7.5 Vdc) VSS = -7.5 Vdc 
(V in = ±0.25 Vdc) 

(Yin = +10 Vdc) 
(V in = +0.25 Vdc) Vss = 0 Vdc 
(Vin = +5.6 Vdc) 

(Vin = +15 Vdc) 
(Vin = +0.25 Vdc) VSS = 0 Vdc 
(Vln = +9.3 Vdc) 

"ON" Resistance (CL/CP Device) 4,5,6 RON 
(VC = VDD, RL = 10 kn) 

(Vin = +6.0 Vdc) 
(Vin = -5.0 Vdc) Vss = -5 Vdc 
(Vin = ±0.25 Vdc) 

(Vin - +7.5 Vdc) 
(V in = -7.5 Vdc) Vss = -7.5 Vdc 
(V in = ±0.25 Vdc) 

(Vin = +10 Vdc) 
(V in - +0.25 Vdc) VSS = 0 Vdc 
(Vin = +5.6 Vdc) 

(V in = +15 Vdc) 
(V in = +0.25 Vdc) VSS = 0 Vdc 
(V in = +9.3 Vdc) 

6"ON" Resistance - /IRON 
Between any 2 circuits in a common 
peckag. 
(VC=VDD) 
(V in = ±5.0 Vdc) VSS = -5 Vdc 
(Vin = ±7.5 Vdc) VSS =-7.5 Vdc 

Input/Output Leakage Current (VC = Vss) - -
(Vin = +7.5, Vout = -7.5 Vdc) 
(Vin = -7.5, Vout = +7.5 Vdc) 

*Tlow = -55oC for AL Device, _40oC for CL/CP Device. 
Thigh = +1250 C for AL Device, +850 C for CL/CP Device. 

Yoo 
Yd. 

5.0 
10 
15 

5.0 
10 
15 

15 

15 

-
-
-
-

5.0 
10 
15 

5.0 
10 
15 

5.0 

7.5 

10 

15 

5.0 

7.5 

10 

15 

5.0 
7.5 

7.5 
7.5 

#Input Voltage Specified as the voltage required at the Control Input 
for a 10 p,A current through the transmission gate with an input~to­

output str ... of VDD-VSS for VIL and VIH' 

Tlow· 25°C Thigh* 

Min Max Min Typ Max Min Max Unit 

- - - 1.5 0.9 - - Vd. 
- - - 1.5 0.9 - -
- - - 1.5 0.9 - -
- - 3.0 2.0 - - - Vdc 
- - 8.0 6.0 - - -
- - 13 11 - - -

- ±O.l - ±0.00001 ±0.1 - ±1.0 /tAdc 

- ±0.3 - ±O.OOOOI ±0.3 - ±1.0 /tAdc 

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

- 1.0 - 0.0005 1.0 - 7.5 /tAdc 
- 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 - - -

- ±0.100 - ±0.0015 ±0.100 - ±l.O /tAdc 

- ±O.loo - ±0.0015 ±0.100 - ±1.0 

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, T A = 250C) 
eha __ 

Figure Symbol 
VDD 
Vdc 

Min Typ Max Unit 

Pr_tion Oelay Time (VSS = 0 Vdc) 7 tPLH, 5.0 - 15 45 ns 
Yin to VOut tpHL 10 - 7.0 15 
(VC = VOD, RL = 10 kO) 15 - 6.0 12 

Control to Output 8 5.0 34 90 ns 
(Vin" 10 Vdc, RL = 1.0 kO) 10 - 20 45 

15 - 15 35 

Crosstalk, Control to Output (VSS = 0 Vdc) 9 - 5.0 - 30 - mV 
(VC = VOO, Rin = 1.0 kO, Rout = 10 kO, 10 - 50 -
f = 1kHz) 15 - 100 -

Crosstalk between any two switches (VSS = 0 Vdc) - - 5.0 - -80 - dB 
(RL = 1.0 kO, f = 1.0 MHz, 

Voutl 
crosstalk = 20 10910 ) 

Vout2 
Maximum Control Input Pulse Frequency (VSS = 0 Vdc) - - S.O - 5.0 - MHz 

(RL = 1.0 knl 10 - 10 -
15 - 12 -

Noise Voltage (VSS = 0 Vdc) 10,11 - S.O - 24 - nVl../evcle 
(VC = VOO, f = 100 Hz) 10 - 25 -

15 - 30 -
(VC = VOO, f = 100 kHz) S.O - 12 -

10 - 12 -
'15 - 15 -

Sine Wave (Oistortion) (VSS = -5 Vdc) - - S.O - 0.16 - % 
(V in = 1.77 Vdc RMS Centered @O.O Vdc, 
RL - 10 kO, f - 1.0 kHz) 

Insertion Loss (VC = VOO, Yin = 1.77 Vdc, Vss = -5 Vdc, 12 - 5.0 - dB 
RMS centered = 0.0 Vdc, f = 1.0 MHz) 

"oss = 20 10910 Vout) 
Vin 

(RL = 1.0 W) - 2.3 -
(RL = 10 kO) - 0.2 -
(RL = 100 kO) - 0.1 -
(RL=1.0MO) - 0.05 -

8andwidth (-3 d8) 12.13 BW 5.0 - MHz 
(VC = VOO, Yin = 1.77 Vdc, Vss = -5 Vdc, 
RMS centered @ 0.0 Vdc) 

I 
(RL = 1.0 kO) - 54 -
(RL = 10 kO) - 40 -
(RL = 100 kO) - 38 -
(RL = 1.0MO) - 37 -

Feedthrough (Vss = -5 Vdc) S.O - kH~ 

(VC = VSS 20 10910 Vout = -50 dB) 
, Vin 

(RL - 1.0 kO) - 1250 -
(RL = 10 kO) - 140 -
(RL = 100 kO) - 18 -
(RL = 1.0 MOl - 2.0 -. 

The formula IS for the typical characteristics only. 
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LOGIC DIAGRAM 
11/4 OF DEVICE SHOWN) 

Control 0--..... -1 

Logic Diagram Restrictions 

VSS ~Vin ~VDD 
VSS <v out ~VDD 

Vcontrol Vin to V out Resistance 

VSS > 1 0 9 Ohms typ 

Voo 3 x 102 Ohms tvp 

FIGURE 2 - QUIESCENT POWER DISSIPATION 
TEST CIRCUIT 

Vc 

FIGURE 1 - INPUT VOLTAGE 
TEST CIRCUIT 

VIL"" Vc when IS = 10 JlA 

VIH = VOO - Vc when IS = 10 ~A 

FIGURE 3 - TYPICAL POWER DISSIPATION PER CIRCUIT 
(1/4 OF DEVICE SHOWN) 
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TYPICAL RON versus INPUT VOLTAGE 

FIGURE 4 - Vss = -5.0 V AND -7.5 V FIGURE 5 - Vss - 0 v 
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FIGURE 6 - RON CHARACTERISTICS 
TEST CIRCUIT 

V out 

Vc 

FIGURE 8 - TURN·ON DELAY TIME TEST CIRCUIT 
AND WAVEFORMS 

FIGURE 10 - NOISE VOLTAGE TEST CIRCUIT 

Vc= VOO 

Quan·Tech 
Model 
2283 

or Equiv 

35 

30 

i 25 

~ 20 

"' '" ~ 15 
c 
> 
~ 10 

~ 
5.0 

o 
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FIGURE 7 - PROPAGATION DELAY TEST CIRCUIT 
AND WAVEFORMS 

FIGURE 9 - CROSSTALK TEST CIRCUIT 

Vc 10k 

I k 

FIGURE 11 - TYPICAL NOISE CHARACTERISTICS 
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FIGURE 12 - TYPICAL INSERTION LOSS/BANDWIDTH 
CHARACTERISTICS 
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FIGURE 13 - FREQUENCY RESPONSE TEST CIRCUIT 
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® MOTOROLA 

DECADE COUNTER/DIVIDER 
The MC14017B is a five-stage Johnson decade counter with built-

om 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@Voo = 10 Vdc 

• Oivide-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 CD40178 

MAXIMUM RATINGS IVoltages ,.Ie'eneed to VSSI 

Rating Svmbol Value Unit 

DC SupplV Volta e V DD -05to +18 Vdc' 

Input Voltage, All Inputs Von ":05 to VOO + 05 Vde 

DC Current Drain per Pm I ,0 mAde 

Operatmg Temperature Range - AL DevIce TA -55 to +125 °c 
CLlCP Device -40 to +85 

Storage Temperature Range Tstg -65 to ~150 °c 

LOGIC DIAGRAM 
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MC140178 

CMOS MS. 

ILOW-POWER COMPLEMENTARY MOSI 

DECADE COUNTER/DIVIDER 

.. -.-
L SUFFIX P SUFFIX 

CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

."" ... If"." 0 •••• 
l' Ceramic Package 
P PI.Stlc Package 
A Extended Operating 

Temperatur. Range 
C Limited Operating 

CLOCK 
0 
X 
X 

..r-
'-

X 

1 

Temperatur. Range 

FUNCTIONAL TRUTH TABLE 
(Positive Logic} 

CLOCK DECODE 
ENABLE RESET OUTPUT· n 

x 0 n 
1 0 n 
X 1 ao 
0 0 n+t 

X 0 n 
..r- 0 n 

'- 0 n+l 

.... x - Don t Car. If n <5 Carry'" 1 ,Otherwise = "0" 

BLOCK DIAGRAM 

VOO· Pin 16 
VSS· PinS 

3 

4 

10 

5 

6 

9 

11 

12 



MCl4017B 

ELECTRICAL CHARACTERISTICS 

Voo r,ow . 25°C Thi h* 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vi" - VODorO 10 

15 

"'" Level VOH 5.0 
Vi" ""0 a or VOO 10 

15 

Input Voltage# "0" Level V,L 
(VO = 4.5 or 0.5 Vdcl 5.0 
(VO = 9.0 or 1.0 Vdcl 10 
(VO = 13.5 or 1.5 Vdel 15 

"'" Level V,H 
(VO = 0.5 or 4.5 Vdel 5.0 
(VO = 1.0 or 9.0 Vdcl 10 
(VO = 1.5 or 13.5 Vdel 15 

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

(VOL = 0.4 Vdel Sink IOL 5.0 
(VOL = 0.5 Vdel 10 
(VOL = 1.5 Vdel 15 

Output Drive Current (CL/CP Device) IOH 
(VOH = 2.5 Vdel Source 5.0 
(VOH = 4.6 Vdcl 5.0 
(VOH = 9.5 Vdel 10 
(VOH = 13.5 Vdel 15 

(VOL = 0.4 Vdel Sink IOL 5.0 
(VOL = 0.5 Vdel 10 
(VOL = 1.5 Vdel 15 

Input Current (AL Devicel lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin = 01 

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

15 

Quiescent Current (CLlCP DeVIce) 100 5.0 
(Per Package) 10 

15 

Total Supply Current"t 'T 5.0 
(Dynamic plus Quiescent. 10 
Per Package) 15 

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

"Tlow == -55°C for AL DeVice, -40oC for CL/CP Device. 
Thigh = +12SoC for AL Device, +8SoC 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 

- ±O3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

NOIse Margan for both "1" and "0" level = 1.0 Vdc min@ VOO = 5.0 Vdc 
2.0 Vde min@VOO = 10 Vde 
2.5 Vde min@VOO = 15 Vde 

tT 0 calculate total supply current at loads other than 50 pF: 
IT(Cl) • 'r(50 pF) + 1.1 x 10-3 (CL -50) VOOf 

Min ryp Max 

- a 0.05 
- a 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 -
- ±O 00001 ±O.l 

- ±O.OOOOI ±O.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- 0.Q15 20 

- 0.005 20 
- 0.010 40 
- 0.Q15 80 

'T = (0.27 jlA/kHz) f + 'DO 
'T = (0.55 jlA/kHzl f + 'DO 

'r = (0.83 jlA/kHz) f + 'DO 

where: IT is in p.A (per package), CL in pF, VOO in Vdc, and f in kHz is input frequency . 
.... The formulas given are for the typical characteristics only at 2SoC. 

Min 

-
-
-

4.95 
9.95 
14.95 

-
-
-

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 

-
-
-

-
-
-
-
-
-

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 SO;; (Vin or 

VOU') " VOO' 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSS or VOOI. 
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Max 

0.05 
0.05 
0.05 

-
-
-

1.5 
3.0 
4.0 

-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

± 1.0 

± 1.0 

-

150 
300 
600 

150 
300 
600 

Unit 

Vde 

Vde 

Vde 

Vde 

mAde 

mAde 

mAde 

mAde 

IJAdc 

IJAdc 

pF 

IJAdc 

/.LAde 

IJAdc 



MC14017B 

SWITCHING CHARACTERISTICS* (CL = 50 pF TA = 250 Cl 

Characteristic Symbol VOO 
Vdc 

Min Typ Max Unit 

Output Rise Time tTLH ns 
tTLH = (3.0 ns/pFI CL + 30 ns 5.0 - 180 360 
tTLH = (1.5 ns/pFI CL + 15 ns 10 - 90 180 
tTLH = (1.1 ns/pFI CL + 10 ns 15 - 65 130 

Output Fall Time tTHL ns 
tTHL = (1.5 ns/pFI CL + 25 ns 5.0 - 100 200 
tTHL = (0.75 ns/pFI CL + 12.5 ns 10 - 50 100 
tTHL = (0.55 ns/pFI CL + 12.5 ns 15 - 40 80 

Propagation Delay Time tPLH, ns 
Reset to Decade Output tpHL 
tpLH, tPHL = (1.7 ns/pFI CL + 415 ns 5.0 - 500 1000 
tpLH, tPHL = (0.66 ns/pFI CL + 197 ns 10 - 230 460 
tPLH, tPHL = (0.5 ns/pFI CL + 150 ns 15 - 175 350 

Propagation Delay Time tPLH, ns 
Clock to Cout tPHL 
tPLH, tPHL = (1.7 ns/pFI CL + 315 ns 5.0 - 400 800 
tPLH, tPHL = (0.66 ns/pFI CL + 142 ns 10 - 175 350 
tpLH, tPHL = (0.5 ns/pFI CL + 100 ns 15 - 125 250 

Propagation Delay Time tpLH, n. 
Clock to Decode Output tPHL 
tPLH, tPHL = (1.7 ns/pFI CL + 415 ns 5.0 - 500 1000 
tpLH, tPHL = (0.66 ns/pFI CL + 197 ns 10 - 230 460 
tPLH, tPHL = (0.5 ns/pFI CL + 150 ns 15 - 175 350 

Turn-Off Delay Time tPLH ns 
Reset to Cout 
tPLH = (1.7 ns/pFI CL + 315 ns 5.0 - 400 800 
tPLH = (0.66 ns/pFI CL + 142 ns 10 - 175 350 
tPLH = (0.5 ns/pFI CL + 100 ns 15 - 125 250 

Clock Pulse Width tWH 5.0 250 125 ns 
10 100 50 -
15 75 35 -

Clock Frequency fel 5.0 - 5.0 2.0 MHz 
10 - 12 5.0 
15 - 16 6.7 

Reset Pulse Width tWH 5.0 500 250 ns 
10 250 125 -
15 190 95 -

Reset Removal Time trem 5.0 750 375 - ns 

I 
10 275 135 -
15 210 105 -

Clock Input Rise and fait Time tTLH, tTHL 5.0 -
10 No Limit 
15 

Clock Enable Setup Time tsu 5.0 350 175 - ns 
10 150 75 -
15 115 52 -

Clock Enable Removal Time trem 5.0 420 260 - ns 
10 200 100 -
15 140 70 -. 

The formula given IS for the typical characteristics only. 
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MC14017B 

I 

Voo FIGURE 1 - TYPICAL OUTPUT SOURCE AND OUTPUT SINK CHARACTERISTICS 

Vss ----O--l~~o8~~e 00 
01 

02 

03 

VOO~SI 04 
_---()--; Reset Q5 

VSS ~S1 06 
Q7 

as 
Q9 

---0-, Clock Cout 

Vss 

TEST CI RCUIT 

DECODE 
OUTPUTS 

Carry 

VGS· 
VOS 

OUTPUT OUTPUT 
SINK DRIVE SOURCE DRIVE 

Clock to 

(S1 to Al desired 
outputs 
(S1 to BI 

Clock to 5 
thru 9 51 to A 

(51 to B) 

Voo - Voo 
V out V out - Voo 

jVOO FIGURE 2 - TYPICAL POWER DISSIPATION TEST CIRCUIT 

5OOl'Ft ~ ± O.OII'F 

9 
":" Ceramic 

00 

01 

Clock E.nable 02 

03 

04 

Reset as 
06 

I tc 07 Pulse 
Generator I 

Clock as 

c::~, t, 
~VSS CL CL ~ r-CL r-CL r-CL CL CL;: CL CL CL 

.1. 

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). 

A 
C 

MC14017B 
CE 

00 01_ •• os 09 

~ 
9 Decoded 
Outputs 

FIGURE 3 - COUNTER EXPANSION 

C 

CE 

A 

MC14017B 

0001 ••• 08 09 

~ 
8 Decoded 
Outputs 

Clock .... ---------... ------------... ----

First Stage Intermediate Stages 
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C 
MC14017B 

Outputs 

Last Stage 
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FIGURE 4 - AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS 

-t-----Hf-+-------Voo 

I 
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® MOTOROLA 

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 
Q 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 assure proper counting 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 CD4018B 

MAXIMUM RATINGS (Voltages referenced to VSS) 

Rating Symbol Value Unit 

OC Supply Voltage VOO -05to+18 Vdc 

Input Voltage. All Inputs V,n -05 to VOO + 0.5 Vdc 

DC Current Dram per Pin I 10 mAde 

OperatIng Temperature Range - Al DevIce TA -55 to +125 
CLlCP 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 operation it is recommended that Vin and 
Vout be constrained to the range VSS' (Vin or Vout) ~ VOD' 
Unused inputs must always be tied to ar appropriate logic voltage level {e.g .. 
either VSS or VOOI. 
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°c 

°c 

MC14018B 

CMOS MS. 
(LOW.pOWER COMPLEMENTARY MOSI 

PRESETTABLE 
DIVIDE-BY-N COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

OROERING INFORMATION 

.,,"'" 1t;SUffIX Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

FUNCTIONAL TRUTH TABLE 

Preset Jam 
Clock Reset Enable Input an 
\...... 0 0 x an 
...r 0 0 X Ono 

X 0 1 0 1 

X 0 1 1 0 

X 1 X X 1 

"On is the Data input for that stage. Stage 1 has 
Data brought out to Pin 1. 

BLOCK DIAGRAM 

14 Clock 01 5 

Data 

15 R .. et 02 4 

10 PE 

2 Jam 1 03 6 

3 Jam 2 

Jam 3 04 11 

9 Jam 4 

12 Jam 5 aS 13 

VOO = Pin 16 

VSS = Pin 8 
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MC14018B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vd. 

Ou tpu t Vol tage "0" Level VOL 5.0 
V1n=VooorO 10 

15 

"I" Level VOH 5.0 
V,n=OorVOD 10 

15 

Input Voltage#" "0" Level VIL 
(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 VIH 
(VO - 0.5 or 4.5 Vdcl 5.0 
(VO = 1.0 or 9.0 Vdel 10 
(VO - 1 5 or 13.5 Vdel 15 

Output Drive Current (AL Devicel IOH 
(VOH = 2.5 Vdcl Source 5.0 
(VOH 0 4.6 Vdel 5.0 
(VOH = 9.5 Vdel 10 
(VOH = 13.5 Vdel 15 

(VOL 0 0.4 Vdel Sink IOL 5.0 
(VOL = 0.5 Vdel 10 
(VOL = 1.5 Vdel 15 

Output Drive Current ICLlCP Device) IOH 
(VOH = 2.5 Vdel Source 5.0 
(VOH = 4.6 Vdel 5.0 
(VOH 09.5 Vdel 10 
(VOH = 13.5 Vde) 15 

(VOL = 0.4 Vdel Sink IOL 5.0 
(VOL = 0.5 Vdel 10 
(VOL = 1.5 Vdel 15 

Input Current (AL Devicel 'in 15 

Input Current (CLlep Device) 'in 15 

Input Capacitance Cin -
(Vin 0 01 

Quiescent Current (AL DeVice) (DO 5.0 
(Per Package) 10 

15 

QUiescent Current (CLlep Devlcel 100 50 
(Per Package) 10 

15 

Total Supply Current··t IT 5.0 
(DynamiC plus Quiescent, 10 
Per Package) 15 

Ie L ':"" 50 pF on all outputs. all 
buffers switching) 

'Tlow = -5SoC lor AL Device. -40°C for CL/CP Device. 
Thigh = t1250C lor AL Device. t850C lor CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

Tlow . 
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 -

to 1 

- ±0.3 

-

- 5.0 
- 10 

20 

- 20 
- 40 
- 80 

NOise Margin for both "1" and "O"'evel = 1.0 Vdc min@Vee = 5.0 Vdc 
2.0 Vde min@ Voo 0 10 Vde 
2.5 Vde men @ Voo = 15 Vde 

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

2SoC 

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 to.l 

- ±O.OOOOI 10.3 

- 50 7.5 

0.005 5.0 
- 0.010 10 
- 0.015 20 

- 0.005 20 
- 0.010 40 
- 0.015 80 

IT· (0.3 "A/kHz) 1+ 100 
IT· (0.7 "A/kHz) 1+ 100 
IT = (1.0llA/kHz) 1+100 

where: IT is in p.A (per package), CL in pF, Voe in Vdc. and f in kHz is input frequency. 
"'The formulas given are for the typical characteristics only at 25°C. 
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Thi h-
Min Max Unit 

- 0.05 Vde 
- 0.05 
- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vde 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vde 
7.0 -

11.0 -
mAde 

-1.7 -
-0.36 -
-0.9 -
-2.4 -
0.36 - mAde 

0.9 -
2.4 -

mAde 
-1.7 -
-0.36 -
-0.9 -
-2.4 -
0.36 - mAde 
0.9 -
2.4 -

± 1.0 ",Adc 

- 11.0 IJAdc 

- - pF 

150 IJAdc 
- 300 

600 

- 150 ",Adc 

- 300 
- 600 

",Adc 



MC14018B 

SWITCHING CHARACTERISTICS· (CL = 50 pF, TA = 250 C) 

VDD 
All Types 

Characteristic Symbol Vd. Min Typ Max Unit 

Output Rise and Fall Time tTLH, tTHL ns 
tTLH, tTHL= (1.35 ns/pF) CL + 32ns 5.0 - 100 200 

tTLH, tTHL = (0.6 ns/pF) CL + 20 ns 10 - 50 100 

tTLH, tTHL = (0.4 ns/pF) CL + 20 ns 15 - 40 80 

Propagation Delay 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 

Setup Time tsu ns 
Data (Pin 1) to Clock 5.0 200 0 -

10 100 0 -
15 80 0 -

Jam Inputs to Preset Enable 5.0 200 0 - ns 
10 100 0 -
15 80 0 -

Data (Jam Inputs)-to-Preset th 5.0 540 270 - ns 
Enable Hold Time 10 500 250 -

15 480 240 -
Clock Pulse Width 'WH 5.0 400 200 - ns 

10 200 100 -
15 160 80 -

Reset or Preset Enable 'WH 5.0 290 145 - ns 
Pulse Width 10 130 65 -

15 110 55 -
Clock Rise and Fall Time tTLH, tTHL 5.0 ns 

10 No Limit 
15 

Clock Pulse Frequency fcl MHz 
5.0 - 2.5 1.25 
10 - 6.5 3.25 
15 - 8.0 4.0 

·The formulas given are for the tYPical characteristics only. 

FIGURE 1 - SWITCHING TIME WAVEFORMS 

~~~--~i--t----------VDD 
Any Input 

11"'-------- VSS 

Any Output 
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Preset Enable 

Jam 1 

Jam 2 

TIMING DIAGRAM Jam 3 

(05 Connected to Data Input) 

Jam 4 

Jam 5 

-
-

as 

FUNCTION SELECTION 

Connect 
Counter Data Input 

Mode (Pin 1) to: 

Divide by 10 05 
Divide by 8 04 
Divide by 6 03 
Divide by 4 02 
Divide by 2 01 
Divide by 9 as- 04 
Divide by 7 04e03 
Divide by 5 03e02 
Divide by 3 02.01 

Clock 14 

Data 1 

Reset 15 

Preset Enable 10 

Comments 

No external 
components needed. 

Gate package 
needed to provide 

Voo = Pin 16 

VSS"" Pin 8 

[~R ~~ Rn. 

Don't Care 
Until PrllHt Enable 
Go •• High 

f-
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® MOTOROLA 

14-BIT BINARY COUNTER 
The MC14020B 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, counter 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 CD4020B 

MAXIMUM RATINGS IVoltages referenced to VSS) 

Rating 

DC Supply Voltage 

Input Voltage, All Inputs 

DC Current Drain per Pin 

Operating Temperature Range - AL DeVice 
CLlCP DeVice 

Storage Temperature Range 

Svmbol 

VOO 

Vin 

I 

TA 

Tstg 

06 '" Pin 4 
Q7 = Pin 6 
08 '7 Pin 13 

Value 

-05to+18 

-0.5 to VOO + 0.5 
10 

-55 to +125 
-40 to +85 

-65 to +150 

LOGIC DIAGRAM 

09 :::: Pin 12 

010"" Pin 14 
Q11 "" Pin 15 
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Unit 

Vdc 
Vdc 

mAde 

°c 

°c 

MC14020B 

CMOS MSI 
(LOW·POWER COMPLEMENTARY MOSI 

14-BIT BINARY COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

.O'~'" 11SUff'X Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operatmg 

Temperature Range 
C Limited Operating 

Temperature Range 

TRUTH TABLE 

CLOCK RESET 

..r 0 

'-- 0 

X 1 

X"" Don't Care 

Voo E Pin 16 
VSS = Pin 8 

OUTPUT STATE 
No Change 

Advance to next 
state 

All Outputs arB low 
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MC14020B 

ELECTRICAL CHARACTERISTICS 

VDD Tlow . 
Characteristic Symbol Vdc Min Max 

Output Voltage "0" Level VOL 5.0 - 0.05 
V," VDD or 0 10 - 0.05 

15 - 0.05 

"'" Level VOH 5.0 4.95 -
V," o or VDD 10 9.95 -

15 14.95 -

Input Voltage.%:: "0" Level VIL 
IVo 0 4.5 or 0.5 Vdcl 5.0 - 1.5 
IVo 09.0 or 1.0 Vdcl 10 - 3.0 
IVo 0 13.5 or 1.5 Vdcl 15 - 4.0 

"1" Level VIH 
IVo 0 0.5 or 4.5 Vdcl 5.0 3.5 -
IVo 0 1.0 or 9.0 Vdcl 10 7.0 -
IVo 0 1.5 or 13.5 Vdcl 15 11.0 -

Output Drive Current IAl Device) IOH 
IVOH 0 2.5 Vdcl Source 5.0 -1.2 -
(VOH 04.6 Vdcl 5.0 --0.25 -
(VOH 0 9.5 Vdcl 10 -0.62 -
(VOH d 13.5 Vdcl 15 -1.8 -
(VOL 0 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) IOH 
IVOH • 2.5 Vdcl Source 5.0 -1.0 -
IVOH • 4.6 Vdcl 5.0 -0.2 -
(VOH • 9.5 Vdcl 10 -0.5 -
IVOH' 13.5 Vdcl 15 -1.4 -

IVOL • 0.4 Vdcl Sink IOL 5.0 0.52 -
IVOL • 0.5 Vdcl 10 1.3 -
(VOL' 1.5 Vdcl 15 3.6 -

Input Current (AL DeVice) lin 15 - ±O.l 

Input Current (CLlCP Device) lin 15 - ±O3 

Input Capacitance Con -
IV in 0 01 

Quiescent Current (AL DeVice) IDD 5.0 
(Per Package) 10 

15 

QUiescent Current (CLlCP Devlcel IDD 5.0 
(Per Package) 10 

15 

Total Supply Current**t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 
(el -::: 50 pF on all outputs, all 
buffers sWitching) 

*T low' -55°C lor AL Device .. -'10°C for C L/CP Device. 
Thigh' +1250 C for AL Device. +850 C for CL/CP Device. 

#Noise immunity specified for worst--case input combination. 

-
-

-
-
-

Noise Margin for both "I" and "0" level 0 1.0 Vdc min@ VDD • 5.0 Vdc 
2.0 Vdc min @ VDD 0 10 Vdc 
2.5 Vdc min@ VDD = 15 Vdc 

tTo calculate total supplV current at loads other than 50 pF: 
IT(CL) • IT(50 pFI + 1 • 10-3 (CL -SO) VDOf 

-

5.0 
10 
20 

20 
40 
80 

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 -

- ±O.OOOOI ±O.l 

- ±O.OOOOI ±O.3 

- 50 7.5 

0.005 5.0 
- 0.010 10 
- 0.Q15 20 

- 0.005 20 
- 0.010 40 
- 0.015 80 

IT 0 (0.42 "AlkHzl f + IDD 
IT 0 (0.85 "AlkHzl f + IDD 
IT 0 (1.43 "A/kHzl f + IDD 

where: IT is in IlA (per package), 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. 

Thi 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 -

mAde 
-0.7 -
-0.14 -
-0.35 -
-1.1 -

0.36 - mAde 
0.9 -
2.4 -

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAde 
0.9 -
2.4 -

- ± 1.0 J.lAdc 

- ±, .0 J.lAdc 

- - pF 

150 IJ.Adc 

- 300 
- 600 

- 150 "Adc 
- 300 
- 600 

"Adc 

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 Vout) 
';VDD· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either VSS or VOO). 
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MC14020B 

SWITCHING CHARACTERISTICE * (CL = 50 pF T A = 25°C) 

Characteristic Symbol 

Output Rise Time lTLH 
tTLH = (3.0 os/pF) CL + 30 os 
tTLH = (1.5 os/pF) CL + 15 os 
tTLH = (1.1 os/pF) CL + 10 os 

Output Fall Time tTHL 
tTHL = (1.5 os/pF) CL + 25 os 
tTHL = (0.75 os/pF) CL + 12.5 os 
tTHL = (0.55 os/pFI CL + 9.5 os 

Propagation Delay Time tpLH, 
Clock to 01 tPHL 

tpHL, tpLH = (1.7 os/pFI CL + 315 os 
tpHL, tPLH = (0.66 os/pF) CL + 137 os 
tPHL, tpLH = (0.5 os/pF) CL + 95 os 

Clock to 014 
tpHL, tPLH = 11.7 os/pFI CL + 2715 os 
tpHL, tpLH = (0.66 ns/pF) CL + 967 os 
tpHL, tPLH = (0.5 os/pF) CL + 575 ns 

Propagation Delav Time tpHL 
Reset to an 

tpHL = (1.7 os/pF) CL + 510 os 
tPHL = (0.66 ns/pF) CL + 197 os 
tpHL = (0.5 ns/pF) CL + 155 os 

Clock Pulse Width 'WH 

Clock Pulse Frequencv lei 

Clock Rise and Fall Time tTLH, tTHL 

Reset Pu Ise Width 

The formula gIVen IS for the typical characteristics only. 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND 
WAVEFORM 

500l'F 

~~~----~I-+-------VDD 
Clock 

Vss 

tWL 

7-65 

VDD 
Vdc 

Min Typ Max Unit 

os 
5.0 - 180 360 
10 - 90 180 
15 - 65 130 

os 
5.0 - 100 200 
10 - 50 100 
15 - 40 SO 

os 

5.0 - 400 750 
10 - 170 300 
15 - 120 230 

I'S 
5.0 - 2.S 2.S 
10 - 1.0 2.0 
15 -'- 0.6 1.5 

os 

5.0 - 595 3500 
10 - 230 900 
15 - ISO 680 

5.0 500 140 - os 
10 165 55 -
15 125 38 -
5.0 - 3.5 1.0 MHz 
10 - 9.0 3.0 
15 - 13 4.0 

5.0 -
10 No Limit 
15 

5.0 3000 320 - os 
10 550 120 -
15 420 SO -

FIGURE 2 -SWITCHING TIME TEST CIRCUIT AND 
WAVEFORMS 
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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 LJlJ'lJl..J LJ LJ LJ LJ LJ LJ LJ LJ LJ L.r L.r -U--U-
Reset ---,L _____ _ 

01 -rL L-L-L-L-L_ L_ L_ L_ L_ L_ L_ L_ L_ 

04 ~L-L_L_L_L_L_L_L_L_L_ 

05 _______ ---'1'1...- L_ L_ """L- """L- """L- L_ """L- """L- L_ 

06 ~ L_ """L- L-L- """L-L-L-L-
07 ____________ ~ L- I-L-I-L-L-L-
08 _____________ -'~ L-L-L_ L_ L_ L_ 

09 ~ L_ I-I- I- """L-
010 __________________ r--L- L_ L-L-I-

011 ~L-L-L-
012 ______________________ ~ L_ L-

013 ~L-

014 ___ ~-----------------------~ 
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® MOTOROLA 

8-BIT STATIC SHIFT REGISTER 

The MC14014B and MC14021B 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 (MC14014BJ 

• Asynchronous Parallel Input/Serial Output (MC14021 B) 

• Synchronous Serial Input/Serial Output 

• Full Static Operation from DC to 7.0 MHz 

• "Q" 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 CD4014B 
• MC14021B Pin-for-Pin Replacement for CD4021B 

MAXIMUM RATINGS IVoltages referenced to VSSl 
Rating Svmbol Value 

DC Supply Voltage VOO -05to+18 

Input Voltage, All Inputs V,n -0.5 to VOO + 0.5 

Unit 

Vdc 
Vdc 

DC Current Dram per Pm I 10 mAde 

Operatmg Temperature Range -- AL Device 

C LlCP Device 

Storage Temperature Range 

PIS 

Os 

Clock 

TA -55 to +125 °c 
-40 to +85 

Tstg -65 to +150 °c 

LOGIC DIAGRAM 

P6 

VOO""Pin16 P4::Pin4 
Vss=Pin8 P5=Pin13 

7-67 

MC14021B 
FOR COMPLETE DATA 

SEE MC14014B 

CMOS MS. 
ILOW-POWER COMPLEMENTARY MOSl 

8-BIT STATIC SHIFT REGISTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 64S 

ORDERING INFORMATION 

MC14XXXB Suffix Denotes r :cL Ceramic Package t: PlastIc Package 
Extended Operating 
Temperature Range 
Limited Operatmg 
Temperature Range 

TRUTH TABLE 
SERIAL OPERATION: 

06 Q7 08 
t CLOCK Os PIS t=n+6 t=n+7 t= n+8 

n .-r- 0 0 0 ? 
n+l .-r- 1 0 1 0 
n+2 -r- 0 0 0 1 
n+3 -r- 1 0 1 0 

""'- X 0 06 07 

PARALLEL OPERATION: 
CLOCK 

Os MC14014B MC140218 
PIS OM 

~I X X 1 0 

~I X X 1 1 
·06, 07. & 08 are available externally 

X :: Don't Care 

P7 PS 

07 
3 

08 

? 

? 
0 
1 

as 

·OM 

0 
1 

I 
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® MOTOROLA 

OCTAL COUNTER/DRIVER 

The MC14022B is a four-stage Johnson octal counter with built-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 lB 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 CD4022B 

MAXIMUM RATINGS (Voltages referenced to VSS) 

Rating SVmbol Value 

DC SupplV Voltage VOD -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 T stg -65 to +150 

LOGIC DIAGRAM 
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Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

MC14022B 

CMOS MS. 

(LOW·POWER COMPLEMENTARY MOS) 

OCTAL COUNTER/DIVIDER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PI..ASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

.O'~"'1tSUfflX Oenot •• 

L Ceramic Package 
P PI •• tic Package 
A Extended Operating 

T amperatur. Range 
e Limited Operating 

Tamperatura Range 

FUNCTIONAL TRUTH TABLE 
(Positive Logic) 

CLOCK 
CLOCK ENA8LE RESET OUTPUT; n 

0 X 0 " X 1 0 " ..r- 0 0 "" '-- X 0 " , ~ 0 "., 
X .....r 0 " X X 1 aD 

X Don t Care If n< 4 Carr V - 1, OtherWise = 0 

BLOCK DIAGRAM 

Clock 14 

~~.':. 13 

Rasat 15 

VOO = Pin 16 
VSS = Pin B 

11 
4 

5 
10 

12 



MC14022B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vde 

Output Voltage "0" Level VOL 5.0 
Vin -- VOO or 0 10 

15 

"1" Level VOH 5.0 
V ln "' OorVOD 10 

15 

Input Voltage#" "0" 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 VIH 
(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) 10H 
(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 10L 5.0 
(VOL = 0.5 Vdc) 10 
(VOL = 1.5 Vdc) 15 

Output Drive Current (CLlCP Device) 10H 
(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 10L 5.0 
(VOL = 0.5 Vdc) 10 
(VOL = 1.5 Vdc) 15 

Input Current (AL Device) 'in 15 

Input Current (CLlGP Device) lin 15 

Input Capacitance Cin 
(Vi~ = 0) 

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

15 

Quiescent Current (CLlCP 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) 

"T,ow = _55°C for AL Device. -40oC for CL/CP Device. 
Thigh = +1250 C lor AL Oevice, +850 C for CL/CP Device. 

#'Noise immunity specified for worst-case input combination. 

Tlow . 
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 

- to.3 

-

5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

No,se Margin for both "I" 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: 
'TICL) - ,,.e50 pF) + 1.25 x 10-3 eCL -60) 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 to.l 

- '0.00001 to.3 

5.0 7.5 

0.006 5.0 
- 0.010 10 
- 0.015 20 

- 0.005 20 

- 0.010 40 
- 0.015 80 

IT = eO.28 "A/kHz) 1+ 100 
IT = eO.66 "A/kHz) f + 100 
IT = eO.85 AA/kHz) 1+ 100 

where: IT is in IJA (per package), CL in pF. Voe in Vdc, and f in kHz is input frequency . 
.... The formulas given are for the tvpical characteristics onlv at 25°C. 

Thi 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 -
mAde 

-0.7 -
-0.14 -
-0.36 -
-1.1 -
0.36 - mAdc 
0.9 -
2.4 -

mAdc 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAde 
0.9 -
2.4 -

± 1.0 "Adc 

- ".0 "Adc 

pF 

150 "Adc 
- 300 
- 600 

- 150 "Adc 
- 300 
- 600 

"Adc 

This device contains Circuitry to protect the inputs against damage due to high static voltages or electric fields; however. it is ad­
vised thet normal precautions be taken to avoid applicetlon 01 any voltago higher than maximum rated voltag.sto this high im· 
pedance circuit. For proper operation it is recommended that Yin and V out be constrained to the range VSS';; (Vin or V out) 

""VOO· 
Unused inputs must alwavs be tied to an appropriate logic voltage level (e.g., either VSS or VOO). 
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MC14022B 

SWITCHING CHARACTERISTICS· (el ~ 50 pF T A ~ 250C) 

Characteristic Symbol VDD Min Typ Max Unit 
Vdc 

Output Rise Time trLH ns 
tTLH ~ (3.0 ns/pF) CL + 30 ns 5.0 - 180 360 
tTLH ~ (1.5 ns/pF) CL + 15 ns 10 - 90 180 
trLH ~ (1.1 ns/pF) CL + 10 ns 15 - 65 130 

OutPUt Fall Time trHL ns 
tTHL ~ (1.5 ns/pF) CL + 25 ns 5.0 - 100 200 
tTHL = (0.75 ns/pF) CL + 12.5 ns 10 - 50 100 
trHL = (0.55 ns/pF) CL + 12.5 ns 15 - 40 80 

Propagation Delay Time tPLH, ns 
Reset to Decode Output tpHL 
tPLH, tpHL = (1.7 ns/pF) CL +415 ns 5.0 - 500 1000 
tPLH, tpHL = (0.66 ns/pF) CL + 197 ns 10 - 230 460 
tPLH, tpHL = (0.5 ns/p ':! CL + 150 ns 15' - 175 350 

Propagation Delay Time tPLH, ns 
Clock to Cout tpHL 
tPLH, tPHL ~ (1.7 ns/pF) CL + 315 ns 5.0 - 400 800 
tPLH, tPHL = (0.66 ns/pF) CL + 142 ns 10 - 175 350 
tPLH, tPHL = (0.5 ns/pF) CL + 100 ns 15 - 125 250 

Propagation Delay Time tPLH, ns 
Clock to Decode Output tPHL 
tPLH, tPHL = (1.7 ns/pF) CL +415 ns 5.0 - 500 1000 
tpLH, tpHL = (0.66 ns/pF) CL + 197 ns 10 - 230 460 
tPLH, tPHL = 0.5 ns/pF) CL + 150 ns 15 - 175 350 

Turn·Off Delay Time tpLH ns 
Reset to Cout 
tpLH = 11.7 ns/pFI CL + 315 n. 5.0 - 400 800 
tpLH = (0.66 ns/pF) CL + 142 ns 10 - 175 350 
tpLH = (0.5 ns/pFI CL + 100 ns 15 - 125 250 

Clock Pulse Width twH 5.0 250 125 - ns 
10 100 50 -
15 75 35 -

Clock Frequency fel 5.0 - 5.0 2.0 MHz 
10 - 12 5.0 
15 - 16 6.7 

Reset Pulse Width twH 6.0 500 250 - ns 
10 250 125 -
15 190 95 -

Reset Removal Time trem 5.0 750 375 - ns 
10 275 135 -
15 210 105 -

Clock Input Rise and Fall Time trLH, trHL 5.0 -
10 No Limit I 
16 

Clock Enable Setup Time tsu ,5.0 350 176 - ns 
10 150 76 -
15 115 52 -

Clock Enable Removal Time trem 5.0 420 260 - ns 
10 200 100 -
16 140 70 -

~ The formula given is for the typical characteristics only. 
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MC14022B 

I 

Vss 

VOO ___ A 

SI 
VSS--- 8 

VOO 

Reset 

Clock 
Cout 

VSS 

FIGURE 1 - TYPICAL OUTPUT SOURCE AND OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 

V out 

Output 
Sink Drive 

Outputs (51 to A) 

Clock to 06 
Carry thru 07 

(51 to B) 

VGS - VOO 

Vos - V out 

IVOO FIGURE 2 - TYPICAL POWER DISSIPATION 
TEST CI RCUIT 

Output 
Source Drive 

Clock to desired 
Output 

(51 to S) 

51 to A 

-VOD 

V out -Voo 

500 llFf ~ ± O.OIIlF 
':' Ceramic 

9 
00 

01 

Clock Enable 02 

03 

04 

Reset Q5 

06 

Pulse I 'c 07 

Generator I 
Clock Cout 

Clock 

VSS CL' fCL CL CL FCL CL' CL 

APPLICATIONS INFORMATION 
Figure 3 shows a technique for extending the number of decoded output states for the 

MCl4022B. Decodedloutputs are sequential within each stage and from stage to stage, with no 
dead time (except propagation delay). 

FIGURE 3 - COUNTER EXPANSION 

R R 
C C C 

MC140228 MC14022B MC14022B 
CE CE CE 

QO 01- •• as Q7 0001· • • 06 01 ... 0607 

~ ~ BO.coded 
1 Decoded 6 Decoded OU"tputs 
Outputs OutPuts 

First Stage Intermediate Stages Last Stage 
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FIGURE 4 - AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS 
-A 
.j::a 
C 
I\) 
I\) 

VOD !:Xl 

--.I 

..!.J 
'" 

::::: ~ 1I1I1 ~el~~-\~~ '1ons~~~20: V ~'0%'~VSS 
Enable t,em -l I-- I I I I 20 ns ----tOt-- 20 ns 20 ns ---I f-- VSS 

Reset ~ I I 11'r----
\ £ ~ 

00 tpHL --1 r-I I I I I 1 r- tPLH tPLH~~,.----_ 
1\ ~ l 

tPLH ---J r---j r- tpHL I I I I 0 ---j f-- tTHL 

rI"\i I 90'" r-1L50% , 

01 ------,,:: ~ ~l r-""' I I I tTLH--ff-- ~t% I VOL 

02 ~ I I 0"-----
tpLH --1 1:--1 f-- tpHL I I I tTLH -----t ~--H--

03 ----fl\ I I\~~-====-VOL 
tPLH I f--J f-- tPHL I I tTLH -i f----H-- I 

----~'l' I T\--'-' --VOL 

tPL'H I f--j i----tPHL I I tTLH ---1 ~ --H::j r- tpHL 

05 I 'l) -!lX1 VOL 
I tTLH----I f--- l~tTHL I I I tTLH ------i ~ ~ f---- tTHL 

t P L H ------1 t------t- t P H L I 

06 I I I\- VOL 

I tPLH ---l f-- I Ib ~ tpHL 

07 f1\~' --~--- I VOL 

tpHL ---l I--- tTLH ~ f-- I I--- tTHL --1 I--- tpLH 

C out ------~\ tpHL F 'L1 __ VOL 

tTLH ----l ~ F tTHL 

04 

VOO 

V OD 

VOH 

V OH 

VOH 

VOH 

VOH 

VOH 

VOH 

V0H 

VOH 



® MOTOROLA 

TRIPLE 3-INPUT "NAND" GATE 

The MC14023B and MC14023UB 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 
andlor high noise immunity is desired. 

• Quiescent Current = 0.5 nA typlpkg @ 5 Vdc 

• Noise Immunity = 45% of VDD typ 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• All Outputs 8uffered (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 CD4023B and CD4023UB. 

MAXIMUM RATINGSIVoltages referenced to VSS) 
Rating Svmbol Value 

DC Supply Voltage VDD -05to+18 
Input Voltage, All Inputs Vtn -05 to VDD +05 
DC Current Drsln per Pm I 10 
Operating Temperature Range - A L Device TA -55to+125 

CL/CP Device -40 to +85 
Storage Temperature Range Tstg -65 to +150 

See the MC14001 B data sheet for complete characteristics of the 
B-Series device. 

Unit 

Vdc 

Vdc 
mAde 

°c 

°c 

See the MC14001U8 data sheet for complete characteristics for the 
UB device_ 

MC14023B 
MC14023UB 

CMOS S5. 
I LOW·POWER COMPLEMENTARY MOS) 

TR)PLE 3-INPUT "NAND" GATE 

L SUFFIX 
CE RAMie PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 632 CASE 646 

ORDERING INFORMATION 

MC14XXXJ'1~7' ~,:~::._ 
or UB. P Plastic Package 

as applicable A ~:~;:::!u~:~:~;: 
C Limited Operating 

Temperatur. Aange 

LOGIC DIAGRAM 

:3=L)-9 

"3=L)-12 10 

13 

Voo = Pin 14 

VSS = Pin 7 

MCl40238 MC14023UB 

CIRCUIT SCHEMATICS 
11/3 of Dovl .. Sh_n) 

2.4.12-+--..... 

1.3.11 _ ..... --' 

VSS 

Voo 

d 
8.6.,3-1 

9 
Vss 

This daviee contains circuitry to protect tha 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 anv voltage higher than 
maximum rated voltages to this high impedance circuit. For proper 

L-+-----<>-+--1>-<O 6.9. 10 

5. 1.11 o-t----r-------<~ 

4.2. '2 0-1---...... -----' 

3.8.130-+-_______ ---' 

Vss 7 

operation it is recommended that Vin and Vout be constrained to the 
range VSS < (Vin or Vout)'; Veo· 
Unused inputs must always be tied to an appropriate logic voltage 'evel 
(e.g., either Vss or Voe). 
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® MOTOROI.A 

SEVEN STAGE RIPPLE COUNTER 

The MC 14024B 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 VDDI. however the 
Clock input has increased noise immunity due to Hysterrsis, 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 I nput 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 CD4024B 

MAXIMUM RATINGS (Voltages referenced to VSSI 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs VIO -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 

LOGIC DIAGRAM 

C a --- C a C a 

Reset 

12 11 4 3 
01 ,02 06 Q7 

03: Pin 9 
04 = Pin 6 
as = Pin 5 
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Unit 

Vde 

Vde 

mAde 
DC 

DC 

MC14024B 

CMOS 55. 
(LOW-POWER COMPLEMENTARY MOSI 

SEVEN STAGE 

RIPPLE COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 632 CASE 646 

ORDERING INFORMATION 

MO." ... l1:;SUffiX Oeno, .. 

L Ceramic Pac~age 
P Plastic Package 
A Extended Operating 

Temperature Range 
e Limited Operating 

Temperature Range 

3 

4 

6 

PIN ASSIGNMENT 

Voo = Pin 14 
VSS = Pin 7 

NC = No Connection 

14 

13 

12 

11 

10 

9 

8 



MC14024B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vd. 

Output Voltage "0" Level VOL 5.0 
V,n VOO or 0 10 

15 

·'1" Level VOH 5.0 
V,n Oor VOO 10 

15 

Input Voltage':: "0" Level VIL 
(Va - 4.5 or 0.5 Vdc) 5.0 
(Va" 9.0 or 1.0 Vdcl 10 

(Va = 13.5 or 1.5 Vdc) 15 
"1" Level VIH 

(Va = 0.5 or 4.5 Vdc) 5.0 
(Va = 1.0 or 9.0 Vdc) 10 
(Va = 1 5 or 13.5 Vdc) 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 Vdcl 15 

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

Output Drive Current (CLlCP Device) IOH 
IVOH = 2.5 Vdc) Source 5.0 
(VOH = 4.6 Vdc) 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdc) 15 

(VOL = 0.4 Vdc) S.nk IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdc) 15 

Input'Current (AL Device) lin 15 

Input Current (CL/CP Device) 'in 15 

Input Capacitance Cin -
(Vin = 0) 

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

15 

QUiescent Current (CLlCP DeVice) 100 5.0 
(Per Package) 10 

15 

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

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

*Tlow"" -5SoC for AL Device, -40oC for CL/CP Device. 
Thigh = +1250C for AL DeVice, +8SoC for CL/CP Device. 

~Noise Immunity specified for worst-case input combination. 

Tlow 
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 "0" level = 1.0 Vdc min@Vee :: S.O Vdc 
20 Vdc min@ VOO = 10 Vdc 
2.5 Vdc min @ VOO = 15 Vdc 

tTo calculate total supply current at loads other than SO pF: 
IT(CL) = ITI50 pF) + 1 x 10-3 ICL -50) VOOI 

. 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 

4.0 - 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 -

- -O.B -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 -

10.1 - 10.00001 to.l 

'0.3 .- to.OOOOl 10.3 

- - 5.0 7.5 

5.0 - 0.005 5.0 
10 - 0.010 10 
20 - 0.015 20 

20 - 0.005 20 

40 - 0.010 40 

80 - 0.015 BO 

)T =(0.31 ~A/kHzl I + 100 
IT =(0.60 ~A/kHz) I + 100 
IT =(0.89 ~A/kHz) I + 100 

where: IT is in I"A (per packagel. CL in pF, VOO in Vdc. and f in kHz is input frequency. 
* *The formulas given are for the typical characteristics only at 2SoC. 

Thi 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 -

mAde 
-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 - mAde 

0.9 -
2.4 -

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAde 
0.9 -
2.4 -

- +1.0 ~Adc 

- ± 1.0 ",Adc 

- - pF 

- 150 ~Adc 

- 300 
- 600 

- 150 ~Adc 

- 300 
- 600 

~Adc 

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 01 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 Vout) 
<VOO· 
Unused inputs must always be tied to an appropriate logic voltage level (o.g .• either Vss or VOOI. 
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MC14024B 

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

Characteristic Symbol VDD Min Typ Max Unit 

Output Rise Time tn.H ns 
tTLH = (3.0 ns/pF) CL + 30 ns 5.0 - 180 360 
tTLH· 11.5 ns/pF) CL + 15 ns 10 - 90 180 
tTLH = 11.1 ns/pF) CL + 10 ns 15 - 65 130 

Output Fall Time tTHL ns 
tTHL = (1.5 n./pF) CL + 25 nl 5.0 - 100 200 
tTHL = (0.75 ns/pF) CL + 12.5 ns 10 - 50 100 
tTHL = (0.55 n./pF) CL + 9.5 ns 15 - 40 80 

Propagation Delay Time tPLH, ns 
Clock toOl tPHL 

tPLH, tPHL = 11.7 ns/pF) CL + 295 n. 5,0 - 380 600 
tPLH, tpHL = (0.66 ns/pF) CL + 117 ns 10 - 150 230 
tPLH, tPHL = (0.5 ns/pF) CL + 85 n. 15 - 110 175 

Clock to 07 
tPLH, tpHL = 11,7 ns/pF) CL +915 nl 5.0 - 1000 3000 
tPLH, tPHL = (0.66 ns/pF) CL + 367 n. 10 - 400 750 
tPLH, tpHL = (0.5 ns/pF) CL + 275 nl 15 - 300 565 

Reset to an 
tpLH, tPHL = (1.7 n./pF) CL + 415 ns 5.0 - 500 800 
tPLH, tPHL = (0.66 ns/pF) CL + 217 nl 10 - 250 400 
tPLH tPHL· (0.5 ns/pF) CL + 155 ns 15 - 180 300 

Clock Pull. Width twH 5.0 500 200 - nl 
10 165 80 -
15 125 40 -

R ... t Pulse Width twH 5.0 600 375 - n. 
10 350 200 -
15 260 150 -

Reset Removal Time tram 5.0 625 250 - ns 
10 190 75 -
15 145 50 -

Clock Input Rise and Fall Times tTLH, tTHL 5.0 
10 No Limit 
16 

Input Pulse Frequency fel 
5.0 2.5 1.0 MHz 
10 - 8.0 3.0 
15 - 12 4.0 

* The formula given is for the typical characteristics only. 

I TRUTH TABLE 

CLOCK RESET STATE 

0 0 No Change 

0 t All 0 utputs Low 

t 0 No Cheng. 

t t A II 0 utputs Low 

---- 0 No Cheng. 

~ t All Outputs Low 

--.......... 0 Advance One Count 

~ t All Outputs Low 
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MC14024B 

FIGURE 1 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS TEST CIRCUIT 

Count an to II 
logic "1" level. 

Voo VOL""' V Out 

FIGURE 2 - TYPICAL OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 

FIGURE 3 - POWER DISSIPATION TEST CIRCUIT 

Voo 
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FIGURE 4 - FUNCTIONAL WAVEFORMS 

J":'&I- AAAAAAA ·00 :: ',:, \ ,.: f~ 'I· · I: 'I _ "I: "1 __ M I : _"'I'- ~'I'~ :: 
'PLH1---1 ~ -+I r-'~HLI I _ I _ I _ I _ I _ I ~'Rl~VOH 

01 (12) jj,::% I\:%_]\--I\--~-l\--~-J\--- ~VOL 
'TLH -+I I.- -::-I r,: r-'PHL2 • 'THL I-- -.l'R2~ 

02 (11) 'PLH2 '-ll::%-~so:_I'L~~-_--:\1 L~+~]L--~::: 
'TLH ---..j I- L-:i I;:- -.l I..-'PHL3 'THL j.- --ItR3~ 

03 (9)---~:Ji -~~~-_I\IL~~I ~~ ~ j ,--::: 
tTLH ~ 1+ 'PL~ r,: _ r-'~L4 _ tT~L-Jl"f.;:-_ tR4t:.-VOH 

04 (6) ---7 ~-~-f\--1\--JCVOL 
'TLH ---II- :;:I ~ r-tPHLS tTHL!.- tRS~ 

-- ::;r-~~PH]L __ ~ -- J ~::: 
'TLH -II-- ~ ~ ~ t-- 'TH~ J ~ tR6~ 

06 (4) 'P_LT-~~~o;~_j'C::: 
H-+j ~ tPLHJ1 r.:tP~L~~tTHL tR7r-= VOH 

07 (3) ___ IL ~-~VOL 
tTLH --I tTHL -.I J.-

as (S)--------------..:...-

Input 'TLH and 'THL = 20 ns 

3: 
n 
..a 
~ o 
~ 
OJ 



® MOTOROLA 

TRIPLE 3-INPUT "NOR" GATE 

The MC14025B and MC14025UB 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 CD4025B and CD4025UB. 

MAXIMUM RATINGSIVoltages referenced to VSSI 
Rating Symbol Value 

DC Supply Voltage VDD -05 to +18 

Input Voltage, All Inputs Von -05 to VDD +05 

DC Current DralO per Pin I 10 

Operating Temperature Range - A L Device TA -55 to +125 
CLlCP Device -40 to +85 

Storage Temperature Range T5t9 -65 to +150 

See the MC14001 B data sheet for complete characteristics of the 
B-Series device. 

Unit 

Vdc 

Vdc 
mAde 

°c 

°c 

See the MC 14001 UB data sheet for complete characteristics for the 
non-B device. 

1,3,1100-1t--., 

2,4,12 

MC14025B CIRCUIT SCHEMATICS 
(113 of Device Shown) 

MC14025B 
MC14025UB 

CMOS SS. 
ILOW·POWER COMPLEMENTARY MOS) 

TRIPLE 3-INPUT "NOR" GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

MC14XXXJ'1~:' ,,,':~,:._ 
or UB, P Plastic Package 
as applicable A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAM 

:~9 

:~6 
11~ 
12 10 

13 

MC14025UB 

1,3,IIO-~-----------, 

2,4,12o-~----~-----, 

8,6,13o-~----+-----~ 

Voo = Pin 14 
VSS = Pin 7 

ri--,+-+-o 9, 6, 10 

7 VSS 

This device contains circuitry to protect the inputs against damage due 
to high static voltages or electric fields; however, it is adllised 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 V out ) <; Vee· ' 
Unused inputs must always be tied to an appropriate logic voltage 'evel 
(e.g., either VSS or VOO). 
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® MOTOROLA 

DUAL J·K FLlp·FLOP 

The MC14027B dual j·K flip-flop has independent J, K, Clock 
(C), Set IS) and Reset (R) inputs for eaetdtip-flop. These devices 
may be used in control, register, 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 Vdc to 18 Vdc 
• Single Supply Operation - Positive or Negative 
• Toggle Rate = 3.0 MHz typical @ 5 Vdc 
• Logic Swing Independent of Fanout 
• Logic Edge·Clocked F lip-F lop 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 TIL Loads, One Low·power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range 

• Pin·for·Pin Replacement for CD4027B 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating SVmbol Value 

OC Supply Voltage VOO -0.5 to +18 

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

DC Current Drain per Pin I 10 

Operating Temperature Range - A L Device TA -55 to +125 
C L/CP Oeviee -40 to +85 

Storage Temperature Range T stg -65 to +150 

TRUTH TABLE 

INPUTS OUTPUTS' 

ct J K S R On* °n+l °n+l 
~ 1 X 0 0 0 1 0 

....r X 0 0 0 1 1 0 

...r 0 X 0 0 0 0 1 

...r X 1 0 0 1 0 1 

Unit 

Vde 

Vde 

mAde 

°c 

°c 

'- X X 0 0 X an an No Change 

X X X 1 0 X 1 0 

X X X 0 1 X 0 1 

X X X 1 1 X 1 1 

X = Don't C.re 
t ... L.evel Change * .. j:Jresent State 
• = Next State 

This device contains circuitry to protect the inputs against damage dUI to high 
static voltages or electric fields; however, it is advised that normal precautions ba 
taken to avoid application of any voltage higher than maximum rated voltag •• to 
thl. high impedance circuit. For proper operation it is recommended thot Vin and 
Vout b. constrained to tho range VSS" (Vin or Vout)" VOO' 
Unused Inputs must always be tied to an appropriate logic voltage level ( •. g., 
elthor Vss or VOOI. 
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MC140278 

CMOS SSt 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL J·K FLlp·FLOP 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

OROERING INFORMATION 

.""m 11SUffiX Denote. 

L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

0 

C 

K Q 

4 

9 

5 
10 a 15 

13 C 

11 K a 14 
R 

12 

VOD'" Pin 16 
VSS"" Pin 8 



MC14027B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vin = VOO or 0 10 

15 

"'" Level VOH 5.0 
Vin=OorVOO 10 

15 

Input Voltage 1t "0" Level VIL 
(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 VIH 
(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 Vdcl Source 50 
(VOH = 4.6 Vdcl 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Output Drive Current (CLlCP Device) IOH 
(VOH = 2.5 Vdcl Source 5.0 
(VOH = 4.6 Vdcl 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CLlCP Device) lin 15 

Input Capacitance Gin -
(Vin = 01 

Quiescent Current fAL DeVice) 100 5.0 
(Per Pac kage) 10 

15 

QUiescent Current (CLlep 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) 

*Tlow = -5SoC for AL DeVice. -40oC for CLlCP Device. 
Thigh = +12SoC for AL Device. +8SoC for CL/CP Device . 

.uNoise immunity specified for worst-case input combination. 

Tlow . 
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 -

- 10.1 

- ±O.3 

- -

1.0 
- 2.0 
- 4.0 

- 4.0 
- 8.0 
- 16 

Noise Margm for both "1" and "0" level"" 1.0 Vdc min@VOD ::: 5.0 Vdc 
2.0 Vdc min @ VOO = 10 Vdc 
2.5 Vdc min @ VOO = 15 Vdc 

fTo calculate total supply current at loads other than 50 pF: 
IT(CLI = IT(50 pFI + 2 x 10-3 (CL -501 VOOf 

2SoC 

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 -
- 10.00001 ±O.l 

- ±0.00001 ±O.3 

- 50 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 "A/kHz I f + 100 
IT = (1.60 "A/kHzl f + I DO 
IT = (2.40 "A/kHzl f + 100 

where: IT is in IJA (per package). CL in pF, VDO in Vdc, and f in kHz is input frequency. 
HThe formulas given are for the typical characteristics only at 25°C. 
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Thi 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 -

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

mAde 
-0.6 -
-0.12 -
-0.3 -
-1.0 -
0.36 - mAde 
0.9 -
2.4 -

- 11.0 "Adc 
- ± 1.0 /-LAde 

- - pF 

30 ,uAde 

- 60 
- 120 

- 30 /-LAde 
- 60 
- 120 

,uAde • 



SWITCHING CHARACTERISTICS· (CL: 50 pF, TA: 25°C) 

Characteristic Symbol VDD Min Typ Max Unit 

Output Rise Time tTLH n. 
tTLH: (3.0 n./pF) CL + 30 ns 5.0 - 180 360 
tTLH: (1.5 ns/pF) CL + 15 ns 10 - 90 180 
tTLH: (1.1 ns/pF) CL + 10 ns 15 - 65 130 

Output Fall Time tTHL ns 
'1:THL - (1.5 ns/pF) CL + 25 n. 5.0 - 100 200 
tTHL: (0.75 n./pF) CL + 12.5 ns 10 - 50 100 
tTHL: (0.55 ns/pF) CL + 12.5 ns 15 - 40 80 

Propagation Delay Time tpLH, ns 
Clock to a tPHL 

tPLH, tPHL = (1.7 n./pF) CL + 90 ns 6.0 - 175 350 
tPLH, tPHL = (0.66 n./pF) CL + 42 ns 10 - 76 150 
tPLH, tPH L = (0.5 n./pF) CL + 25 n. 15 - 50 100 

SattoO 
tPLH, tPHL = (1.7 n./pF) CL +90n. 6.0 - 176 360 
tPLH, tPHL = (0.66 n./pF) CL + 42 ns 10 - 76 160 ns 

tPLH, tpHL = (0.5 n./pF) CL + 26 ns 15 - 50 100 
Reset to a 

tPLH, tPHL = (1.7 n./pF) CL + 265 ns 5.0 - 350 450 
tPLH, tPHL = (0.66 ns/pF) CL + 67 ns 10 - 100 200 ns 

tPLH, tpHL - (0.5 ns/pF) CL + 50 ns 15 - 75 160 
Setup Timas tsu 6.0 140 70 ns 

10 50 25 -
15 35 17 -

Minimum Hold Times th 6.0 140 70 - ns 
10 50 25 -
15 35 17 -

Clock Pulse Width twH, twL 6.0 330 165 - ns 
10 110 55 -
15 75 38 -

Clock Pulse Frequency fcl 5.0 - 3.0 1.5 MHz 
10 - 9.0 4.5 

FI 
16 - 13 6.6 

Clock Pulse Rise and Fall Time tTLH, tTHL 6.0 - - 16 I's 
10 - - 5.0 
15 - - 4.0 

Set and Reset Pulse Width twH 5.0 250 125 - ns 
10 100 50 -
15 70 35 -

* The formula given is for the typical characteristics only. 
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MC14027B 

K 

C 

Q 

FIGURE 1 - DYNAMIC SIGNAL WAVEFORMS 
IJ, K, Clock, and Output) 

1------------------- V DO 

,.------------------Vss 

Vss 

I~~~------~II--------VOH 

I "puts Rand Slow. 
For the measurement of twH, Ilfcl' and Po 
the Inputs J and K are kept high. 

R 

LOGIC DIAGRAM 
11/2 of Device Shown) 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 
lSet, Reset, and Output) 

I------------------vOO 

I~~~------------vss 

IT------VSS 

I--..!---

.-r=_tP_H __ L ____ VO H 

50%\ 
'--_______ VOL 

Inputs J and K low. 

so-------------------------~ __ ------------------------------__, 
Q 

K 

c 

R~r_----------------------------~~-----------J 
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® MOTOROLA 

BCD-TO-DECIMAL DECODER 
BINARY-TO-OCTAL DECODER 

The MC 14028B 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 "0"_ 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 I nput Combinations 

• Similar to CD4028B_ 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Symbol Value 

DC Supply Voltage VDD -0.5'to +18 

Input Voltage, All Inputs V In -0.5 to VDD + 0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAde 

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

Storage Temperature Range Tstg -65 to +150 °c 

BLOCK DIAGRAM 

r 
3 

14 

3-8it 2 

Binary 13 15 Octal 

8421 Inputs 
Oecoded Decimal 

BCD Outputs Decoded 
Inputs 6 Outputs 

12 

4 

9 

II 5 

VOO - Pin 16 
VSS= PinS 
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MC14028B 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOS) 

BCD-TO-DECIMAL DECODER 
BINARY-TO-OCTAL DECODER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

." ..... l1:;SUffiX 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 000807 06 05 04 Q3 0201 00 

0 0 0 0 0 0 0 0 0 0 0 0 0 I 
0 0 0 I 0 0 0 0 0 0 0 0 1 0 
0 0 I 0 0 0 0 0 0 0 0 I 0 0 
0 0 I I 0 0 0 0 0 0 I 0 0 0 
0 1 0 0 0 0 0 0 0 I 0 0 0 0 
0 1 0 1 0 0 0 0 I 0 0 0 0 0 
0 I I 0 0 0 0 I 0 0 0 0 0 0 
0 I I I 0 0 I 0 0 0 0 0 0 0 
I 0 0 0 0 1 0 0 0 0 0 0 0 0 
I 0 0 I I 0 D 0 0 0 0 0 D 0 
I 0 1 0 0 0 0 0 a 0 0 0 0 0 
I 0 I I 0 0 0 0 0 0 0 0 0 0 
I I 0 0 0 0 0 0 0 0 0 0 0 0 
1 1 0 I 0 0 0 0 0 0 0 0 0 0 
I I I 0 0 0 0 0 0 0 0 0 0 0 
I 1 1 I 0 0 0 0 0 0 0 0 0 0 



MC14028B 

ELECTRICAL CHARACTERISTICS 

VDD 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
VIn-VODorO 10 

15 

"1" Level VOH 5.0 
Vin - a or VOO 10 

15 

Input Voltage%.< "a" Level VIL 
(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 VIH 
(VO = 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) IOH 
(VOH = 2.5 Vdcl Source 5.0 
IVOH = 4.6 Vdcl 5.0 
(VOH = 9.5 Vdcl 10 
IVOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Output Drive Current (el/CP Device) IOH 
(VOH = 2.5 Vdcl Source 5.0 
(VOH = 4.6 Vdcl 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Input Current (AL Device) 'in 15 

Input Current (CL/CP Device) 'in 15 

Input Capacitance Cin -
(Vin = 01 

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

15 

QUiescent Current (CLlep Device) 100 5.0 
(Per Package) 10 

15 

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

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

*Tlow = -55°C for AL Device, -400 C for CL/CP Device. 
Thigh = +1250 C for Al Device, +850 C for Cl/CP Device. 

#Noise immunity specified for worst-case input combination, 

Tlow * 

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 -
- ±O.1 

- iO.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "I" and "0·' 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: 
ITICll = ITI50 pF) + 1 x 10-3 ICl -SO) VDDf 

25°C 

Min Typ Max 

- a 0.05 
- a 0.05 
- a 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 -

- iO.OOOOl ±O.1 

.- iO.OOOOl ±O.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 =10.3 "A/kHzl f + 100 
IT = 10.6 ~A/kHzl f + 100 
IT = 10.9 ~A/kHzl f + 100 

where: IT is in "A lper package). Cl in pF, VDD in Vdc, and f in kHz is input frequency. 
it *The formul. giveri are for the typical characteristics only at 2SoC. 
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Thi 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 -

mAde 
-0.7 -

-0.14 -
-0.35 -
-1.1 -

0.36 - mAde 

0.9 -
2.4 -

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -

0.36 - mAde 
0.9 -
2.4 

- ± 1.0 ~Adc 

- ±1.0 ~Adc 

- - pF 

- 150 ~Adc 

- 300 
- 600 

- 150 ~Adc 

- 300 
- 600 

~Adc • 
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MC14028B 

SWITCHING CHARACTERISTICS· (CL = 50 pF, T A = 250 C) 

Characteristic Symbol VDD 
Output Rise Time tTLH 

tTLH = (3.0 ns/pF) CL + 30 ns 5.0 
tTLH = 11.5 ns/pF) CL + 15 ns 10 
tTLH = (1.1 ns/pF) CL + 10 ns 15 

Output Fan Time tTHL 
tTHL = (1.5 ns/pF) CL + 25 ns 5.0 
tTH L = (0.75 ns/pFI CL + 12.5 ns 10 
tTHL = (0.55 n./pF) CL +9.5 ns 15 

Propagation Delay Time tPLH, 
tPLH, tpHL = 11.7 ns/pF) CL + 215 ns tPHL 5.0 
tPLH, tpHL = (0.66 n./pF) CL + 97 ns 10 
tPLH tPHL = (0.5 ns/pFI CL + 65 ns 15 

The formula given IS for the typical characterIStics only. 

Inputs B. C, and 0 
switching in respect 
to a BCD code. 

Inputs A. B. and 0 low. 

Q4 

FIGURE 1 - DYNAMIC SIGNAL WAVEFORMS 

...l-=::--~-±=-+----- VOO 

F-----VSS 

~=---_±_+----- V OH 

1"=---- VOL 

tTHL 

Min 

-
-
-

-
-
-

-
-
-

Typ Max 

180 360 
90 180 
65 130 

100 200 
50 100 
40 80 

300 600 
130 260 
90 180 

All outputs connected 
to respective C L loads. 
f in respect to a system 
clock • 

Unit 

n. 

ns 

ns 

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 end Vout be constrained to the rBngeVss'; (V in or Vout) 
';VOO· 
Unused inputs must always be tied to an appropriatalogic voltage level ( •• g., .ither Vss or VOO). 

7-86 



MC14028B 

LOGIC DIAGRAM 

A 

B 

c 

o 

APPLICATION INFORMATION 

Expanded decoding can be performed by using the 
'MC14028B and other MeMOS 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: foor 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 l-of-64 decoder using nine 
MC14028B circuits and two MC14069B inverters. 

FIGURE 2 - CODE CONVERSION CIRCUIT 
AND TRUTH TABLE 

The MC14028B can be used in decimal digit displays, 
such as, neon readouts or incandescent projection indi­
cators as shown in Figure 4. 

'~-------------------V~-----------------'/ 
Output Numb .. s 

CODE AND REDEFINED 
OUTPUT NUMBERS 

Hexadecimal Decimal 

INPUTS OUTPUT NUMBERS ~ ~ 
~D~~C~B~A~1~5~1~4~1~371~2~1~1~1~O~9~8~7~~6'-5~4~~3~2-rl~~o ~~ 
o 0 0 0 0 000 0 0 0 0 0 0 0 0 0 0 0 1 0 
000 1 0 0 0 0 0 0 0 000 000 0 1 0 1 
001 0 0 0 0 0 000 0 0 0 0 0 0 1 002 
001100000000000010003 

o 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 000 0 4 
o 1 0 1 000 0 0 0 0 0 0 0 1 0 0 0 0 0 5 
o 1 1 0 0 0 0 0 0 0 0 0 0 1 000 0 0 0 6 
o 1 1 1 000 0 000 0 1 0 0 0 0 0 007 

100 000 0 0 000 1 0 0 0 0 0 0 0 0 8 
100 1 0 0 0 0 0 0 1 0 0 0 0 0 0 000 9 
1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 10 
1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 11 

1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 12 
1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 13 
1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 
1 '1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 
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o 0 0 
1 1 1 
3 0 2 2 
2 0 3 3 

7 1 4 4 
6 2 3 
4 3 1 4 
5 4 2 

15 5 
14 6 5 
12 7 9 6 
13 8 5 

8 9 5 6 
9 6 7 7 
11 8 8 8 
10 7 9 9 
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MC14028B 

FIGURE 3 - SIX-BIT BINARY I-OF-64 DECODER 

Inputs 
,~ ____________ -JA~ ______________ ___ 

ABC 0 E Inhibit 

'~~~~I7.ffl~M~C~'~4~06~9~B~--~=-~~--~~~~----~~V~----~--~--------~=-__ ~=-~~ __ ~~-J/ 
64 Outputs (Selected Output is High) 

FIGURE 4 - DECIMAL DIGIT DISPLAY APPLICATION 

A 00 
A ppropri8te 

Voltage 

Appropriate 

0' ~---~~'::::.-01 
02 

B 03 

MC14028B 
04 
05 

C 06 
07 

0 
as 
09 ---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 

9 2 1 0 

---- ~ -- -- --

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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® MOTOROLA 

BINARY /DECADE UP/DOWN COUNTER 

The MC14029B Binary/Decade 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 toggle flip-flop 
capability. The counter can be used in either Binary or BCD opera­
tion. 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 VDD typical 

• Diode Proection 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 

• 8.0 MHz Counting Rate Typ at 10 Vdc 

• 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 Temperature Range 

• Pin for Pin Replacment for CD4029B 

MAXIMUM RATINGS (Voltages referenced to VSS) 
Rating Svmbol Value Unit 

DC Supply Voltage VDD -0.5 to +18 Vdc 
Input Voltage, All Inputs V," ...(l.5 to VDD + 0.5 Vdc 
DC Current Drain per Pm I 10 mAde 

Operating Temperature Range - AL DeVice TA -55 to +125 °c 
CLlCP DeVice -40 to +85 

Storage Temperature Range Tstg -65 to +150 °c 

TRUTH TABLE 

Preset 
Carry In Up/Down Enable Action 

1 X 0 No Count 

0 1 0 Count Up 

0 0 0 Count Down 

X X 1 Preset 

x = Don't Care 
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MC14029B 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOS) 

BINARY/DECADE 
UP/DOWN COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

"0''''"'115U1fIX Denotel 

L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

4 

6 

8 

PIN ASSIGNMENTS 

16 

15 

14 

13 

12 

11 

10 

9 
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MC14029B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vd. 

Output Voltage "0" Level VOL 5.0 
Vin"VOOorO 10 

15 

"I" Level VOH 5.0 
Vin"OorVOO 10 

15 

Input Volt,age# "0" Level V,L 
(VO' 4.5 or 0.5 Vde) 5.0 
(VO • 9.0 or 1.0 Vd.) 10 
(VO' 13.5 or 1.5 Vde) 15 

"1" level V,H 
(VO • 0.5 or 4.5 Vde) 5.0 
(VO' 1.0 or 9.0 Vdc) 10 
(VO' 1.5 or 13.5 Vdc) 15 

Ou~tput qrive Current fAL Device) IOH 
(VOH • 2.5 Vdc) Source 5.0 
(VOH • 4.B Vdc) 5.0 
(VOH • 9.5 Vdc) 10 
(VOH • 13.5 Vde) 15 

(VOL = 0.4 Vdc) Sink IOL 5.0 
(VOL' 0.5 Vde) 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 IOL 5.0 
(VOL' 0.5 Vdc) 10 
(VOL' 1.5 Vdc) 15 

Input Current (AL Device) 'in 15 

Input Current (C~/CP Device) 'in 15 

Input Capacitance ein -
(Vin' 0) 

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

15 

QUiescent Current (CLlCP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current**t 'T 5.0 
(Dynamic plus Quiescent. 10 
Per Package) 15 

(CL' 50 pF on all outputs. all 
buffers switching) 

*T low = -55°C for AL Oevice, -40oC for C L/ep Device. 
Thigh = +1250 C lor AL Device. +850 C lor CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

T,ow . 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.(;) 

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 

- ±O.3 

- -

5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "'" and "O"'evel = 1.0 Vdc min@ VOO = 5.0 Vdc 
2.0 Vde min @ VOO ·10 Vdc 
2.5 Vde min@ VOO "15 Vde 

tTo calculate total supply current at loads other than 50 pF: "' 
'T(CL) • 'T(50 pF) + 1 x 10-3 ICL -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 
- B.75 4.0 

3.5 2.75 -
7.0 5.50 -

l1.d 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 -
- ±O.OOOOI ±O.l 

- ±0.00001 '0.3 

- 5.0 7.5 

O.OOS 5.0 
- 0.010 10 
~ 0.Q15 20 

- 0.005 20 
- 0.010 40 
- 0.015 80 

IT = 10.58 "A/kHz) I + I DO 
'T = 11.2I'A/kHz) I + 100 
'T = 11.7 "A/kHz) I + 'DD 

where: IT is in JlA (per package), CL in pF, VOO in Vdc, a!ld f in kHz is input frequency. 
"'The formulas given are for the typical characteristics only at 25°C. 

Thi h* 
Min Max Unit 

- 0.05 Vd. 
- 0.05 
- 0.05 

4.95 - Vd. 
9.95 -
14.95 -

Vde 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vd. 
7.0 -

11.0 -
mAde 

-1.7 -
-0.36 -
-0.7 -
-2.4 -
0.36 - mAde 
0.9 -
2.4 -

mAde 
-1.7 -
-0.36 -
-0.9 -
-2.4 -
0.36 - mAde 
0.9 -
2.4 -
- ± 1.0 IJAdc 

- il.0 ~Adc 

- - pF 

150 "Ade 
- 300 
- BOO 

- 150 ~Ade 

- 300 
- BOO 

"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 n~rmal 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 " (V in or Vout) 
';;VOO· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either VSS or VOO). 
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MC14029B 

SWITCHING CHARACTERISTICS ICL = 50 pF. TA = 250 Cl 

All Tvpes 

Characteristic Symbol VOO Min TVp Max Unit 

Output Rise Time tTLH ns 
I, = 13.0 ns/pFI CL + 30 ns 5.0 - 100 200 
I, = 11.5 ns/pFI CL +15 ns 10 - 50 100 
',= 11.1 ns/pFI CL + 10 ns 15 - 40 80 

Output Fall Time tTHL ns 
If = 11.5 ns/pFI CL + 25 ns 5.0 - 100 200 
If = 10.75 ns/pFI CL + 12.5 ns 10 - 50 100 
If = 10.55 ns/pFI CL + 9.5 ns 15 - 40 80 

Propagation Delay Time 'PLH. ns 
Clklo Q 'PHL 

'pLH. 'PHL = 11.7 ns/pFI CL + 230ns 5.0 - 200 400 
'pLH. 'pHL = 10.66 ns/pFI CL + 97 ns 10 - 100 200 
tpLH. 'pHL = 10.5 ns/pFI CL + 75 ns 15 - 90 180 

elk to Cout 'pLH. ns 
'pLH. 'pHL = 11.7 ns/pFI CL + 230 ns 'pHL 5.0 - 250 500 
'pLH. 'pHL = 10.66 ns/pFI CL + 97 ns 10 - 130 260 
'pLH. tpHL = 10.5 ns/pFI CL + 75 ns· 15 - 85 190 

Cin to Cout 'pLH. ns 
'pLH. 'PHL = 11.7 ns/pFI CL + 95 ns 'pHL 5.0 - 175 350 
'PLH. IpHL = 10.66 ns/pFI CL + 47 ns 10 - 50 100 

'pLH. 'pHL = 10.5 ns/pFI CL + 35 ns 15 - 50 100 

PE 10 Q 'PLH. ns 
'pLH. 'pHL = 11.7 ns/pFI CL + 230 ns 'pHL 5.0 - 235 470 
'pLH. 'pHL = 10.66 ns/pFI CL + 97 ns 10 - 100 200 
'pLH. 'PHL = 10.5 ns/pFI Cl + 75 ns 15 - 80 160 

PE to Cout 'PlH. ns 
'plH. 'PHl = 11.7 ns/pFI Cl + 465 ns 'PHl 5.0 - 320 640 
'plH. 'pHl = 10.66 ns/pFI Cl + 192 ns 10 - 145 290 
'plH. 'PHl = 10.5 ns/pFI Cl + 125 ns 15 - 105 210 

Clock Pulse Width twlell 5.0 - 90 180 ns 
10 - 40 80 
15 - 30 60 

Clock Pulse Frequency fel 5.0 2.0 4.0 - MHz 
10 4.0 8.0 -
15 5.0 10 -

Preset Removal Time * * trem 5.0 - 80 160 ns 
10 - 40 80 
15 - 30 60 

Clock Rise and Fall Time 'rlell 5.0 - - 15 I'S 

!!lell 10 - - 15 
15 - - 15 

Carry In Setup Time tsu 5.0 140 70 - ns 
10 60 30 -
15 40 20 -

Up/Down Setup Time 5.0 340 170 - ns 
10 140 70 -
15 100 50 -

Binary/Decade Setup Time 5.0 320 160 - ns 

10 140 70 -
15 100 50 -

,Preset Enable Pulse Width tw 5.0 130 65 - ns 
10 70 35 -
15 50 25 -

*The formula given is for the typical characteristics only. 
**The Preset Signal must be low prior to a positive-going transition of the clock. 
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MC140298 

II 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT'AND WAVEFORM 
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@ MOTOROLA 

TRIPLE SERIAL ADDERS 
The MC14032B 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 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 dc 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-far-Pin Replacement for CD4032B and CD4038B. 

MAXIMUM RATINGS IVoltages referenced to VSS) 

Rating Symbol Value Unit 

OC Supply Voltage VDD -0.5 to +18 Vdc 

Input Voltage, All Inputs V In -0.5 to VOO + 0.5 Vdc 

DC Current Dram per Pm I 10 mAde 

Operatmg TemperaturB Range - AL DeVIce TA -55 to +125 
CLlCP DeVice -40 to +85 

Storage Temperature Range T stg -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 operation it is recommended that Vi" and 
Vout be constrained ta the range VSS" (Vin ar Vautl" VOD' 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., 
either VSS ar VOOI. 

LOGIC DIAGRAMS 

°c 

°c 

MC14032B 
MC14038B 
CMOS MS. 

(LOW·POWER COMPLEMENTARY MOS) 

TRIPLE SERIAL ADDERS 

Positive logic - MC140328 
Negative Logic - MC14038B 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

.,""" 1t;SUfflX Denotes 

L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Range 
C Limited Operatmg 

Temperature Range 

BLOCK DIAGRAM 
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MC14032B. MC14038B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vd. 

Output Voltage "0" Level VOL 5.0 
Vin=VODorO 10 

15 

"1" Level VOH 5.0 
Vin=OorVDD 10 

15 

Input Voltage~ "0" Level VIL 
(YO = 4.5 or 0.5 Vde) 5.0 
(YO = 9.0 or 1.0 Vde) 10 
(YO = 13.5 or 1.5 Vde) 15 

"'" level VIH 
(YO = 0.5 or 4.5 Vde) 5.0 
(YO = 1.0 or 9.0 Vde) 10 
(YO = 1.5 or 13.5 Vdc) 15 

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

(VOL = 0.4 Vde) Sink IOL 5.0 
(VOL = 0.5 Vde) 10 
{VOL = 1.5 Vdcl 15 

Output Drive Current (eLlep Device) IOH 
{YOH = 2.5 Vdcl Source 5.0 
(VOH = 4.6 Vde) 5.0 
{VOH = 9.5 Vdcl 10 
(YOH = 13.5 Vdc) 15 

(VOL = 0.4 Vdc) Sink IOL 5.0 
(VOL = 0.5 Vde) 10 
(VOL = 1.5 Vde) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) 'in 15 

I nput Capacitance Cin -
(Yin = 0) 

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

15 

QUiescent Current (eLlep 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) 

*Tlow '" -55°C for AL Device, -40oC for CLlCP Device~ 
Thigh = +1250 C lor AL Device, +850 C lor CL/CP Device . 

.uNoise immunity specified for worst-case input combination. 

Tlow . 
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 -

±O.1 

- ± 0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O"'evel :: 1.0 Vdc min@VOO :: 5.0 Vdc 
2.0 Vde 'min @ VDD = 10 Vdc 
2.5 Vde min @ VDD = 15 Vde 

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

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 O.BB -
1.1 2.25 -
3.0 B.B -

±0.00001 ±O.l 

- ±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 = (0.96 "AlkHz) I + 100 
IT = (1.93 "A/kHz) I + I DO 
IT = (2.8 ;"A/kHz) I + 100 

where: IT is in IlA (per package), CL in pF, VOO in Vdc, and f in kHz is input frequency . 
.... The formulas give~ are for the typical characteristics only at 250 C. 
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Thi h* 
Min Max Unit 

- 0.05 Vde 

- 0.05 
- 0.05 

4.95 - Vde 
9.95 -
14.95 -

Vde 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vd. 

7.0 -
11.0 -

mAde 
-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 "Adc 

- ±l.O "Adc 
- - pF 

150 "Ade 
- 300 
- 600 

- 150 "Ade 
- 300 
- 600 

"Adc 



MC14032B • MC14038B 

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

Characteristic Symbol VDD Min Typ Max Unit 
Vdc 

Output Rise Time tTLH ns 
tTLH = (3.0 ns/pF) CL + 30 ns 5.0 - 180 360 
tTLH = (1.5 ns/pF) CL + 15 ns 10 - 90 180 
tTLH = (1.1 ns/pF) CL + 10 ns 15 - 66 130 

Output Fall Time tTHL ns 
tTHL = (1.5 ns/pF) CL + 25 ns 5.0 - 100 200 
tTHL = (0.75 ns/pF) CL + 12.5 ns 10 - 50 100 
tTHL = (0.55 ns/pF) CL +9.5 ns 15 - 40 80 

Propagation Delay Time tPLH, ns 
A, B or Invert to Sum tpHL 

tpLH, tPHL = (1.7 ns/pF) CL + 195 ns 5.0 - 280 1400 
tPLH, tPHL = (0.66 ns/pF) CL + 87 ns 10 - 120 300 
tPLH, tpHL = (0.5 ns/pF) CL + 65 ns 15 - 90 230 

Clock to Sum ns 
tPLH, tpHL = (1.7 ns/pF) CL + 415 ns 6.0 - 500 2400 
tPLH, tpHL = (0.66 ns/pF) CL + 147 ns 10 - 180 600 
tPLH, tPHL = (0.5 ns/pF) CL + 110 ns 15 - 135 450 

Input Setup Time tsu 5.0 10 -10 - ns 
10 10 0 -
15 10 0 -

Clock Pulse Frequency tel 5.0 - 4.0 1.0 MHz 
10 - 10 2.5 
15 - 12 4.0 

Clock Rise and Fall Times tTHL, tTLH 6.0 - - 15 /oIS 

10 - - 16 
15 - - 15 . 

The formula given is for the typical characteristics only. 

TIMING DIAGRAMS 
r-----------------M-C-1-4-03-2-B----------------~ r-------------------M~C~l~40~U==B----------------' 

- Word 1 + Word 2---:---- Word 3 + Word 4--1 

A 

B 

C 

Inv--~+_+_+_+_4_4-~_f-t-+-t_;~~~r-1 
CR 

S 

I------- True Sum 

Word 1: 0.0111100 = +60 

Word 2: 0.0110010 = +50 
0.1101110=+110 

Complemented Sum 

Word 3: 1.1011011 - -37 
Word 4: 1.1001110--50 

1.0101001 = 087 

Note: Unused Input pins must be connected to either VOO or VSS-

7-97 

Word 1 + Word 2·· +~- Word 3 + Word 4--l 

A 

B 

C 

Inv ~::::==:1=±:±:t:t=R:t-l= 
CR l-

S 

True Sum ._-- -1- Complemented Sum 

Word 1: 1.10000" =-61 

Word 2: 1.1001101 - -51 
1.0010000 =-112 

Word 3: 0.0100100 = +36 
Word 4: 0.0110001 = +49 

0.1010101 - +1!5 



MC14032B. MC14038B 

FIGURE 1 - TYPICAL OUTPUT SOURCE TEST CIRCUIT FIGURE 2 - TYPICAL OUTPUT SINK TEST CIRCUIT 
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FIGURE 3 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 
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MC14032B • MC14038B 

FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
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® MOTOROLA 

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 typical @ 6 Vdc 
• /IIoise Immunity = 45 % of VOO typical 
• Diode Protection on All Inputs 
• SUpply Voltage Range = 3.0 Vdc to 18 Vdc 
• Static Operation 0 to 6.0 MHz @ VOO = 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 C04034B. 

MAXIMUM RATINGS (Voltage. 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 

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 

mAde 

°c 

°c 

This device contains circuitry. to protect the inputs against damage due to high static 
voltages or electric fields; however, it- is advised that norma,'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 Vi" and Vout be 
constrained to the range VSS" (V in or Voutl .. VOO' 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either 
Vss or VOOI. 
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MC14034B 

CMOS LSI 
(LOW·POWER COMPLEMENTARY MOSI 

8-BIT UNIVERSAL BUS REGISTER 

J~ 
1 

LSUFFIX 
CERAMIC PACKAGE 

CASE 623 

P SUFFIX 
PLASTIC PACKAGE 

CASE 709 

ORDERING INFORMATION 

.o"m'11suffIX Donote, 

L e.ramic Package 
P PI_tic Peckage 
A E Ktended Operating 

Temperature Ranga 
e Limited Operating 

Temperature Range 

9 

13 

10 

11 

14 

15 

BLOCK DIAGRAM 

A 1 A2 A3 A4 A5 A6 A 7 AS 
16 17 18 19 20 21 22 23 

A Enable 

PIS 

Os (Serial Input) 

AlB 

AIS 

C (Clock) 

8 6 4 
B1 B2 B3 B4 B5 B6 B7 B8 

Voo=Pm24 
VSS =< Pin 12 



MC14034B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vd. 

Output Voltage "0" Level VOL 5.0 
Vin=VODorO 10 

15 

"1" Level VOH 5.0 
V ln "" 0 or VOO 10 

15 

Input Voltageft" "0" level Vil 
(VO = 4.5 or 0.5 Vde! 5.0 
(VO = 9.0 or 1.0 Vde! 10 
(VO = 13.5 or 1.5 Vde! 15 

"1" Level VIH 
(VO = 0.5 or 4.5 Vdcl 5.0 
(VO = 1.0 or 9.0 Vde! 10 
(VO = 1.5 or 13.5 Vde! 15 

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

(VOL = 0.4 Vde) Sink IOl 5.0 
(VOL = 0.5 Vde! 10 
(VOL = 1.5 Vdc! 15 

Output Drive Current ICLlCP Devicel IOH 
(VOH = 2.5 Vdc! Source 5.0 
(VOH = 4.6 Vdc! 5.0 
(VOH = ~.5 Vdc! 10 
(VOH = 13.5 Vde! 15 

(VOL = 0.4 Vde! Sink IOl 5.0 
(VOL = 0.5 Vde! 10 
(VOL = 1.5 Vdc! 15 

Input Current (AL Devicel lin 15 

Input Current (CL/CP Device) lin 15 

I "put Capacitance Cin -
(Vin = a! 

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

15 

Quiescent Current (CLlCP 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) 

3-5tate Output Leakage Current ITl 15 
(Al Device! 

3-State Output Leakage Current ITl 15 
(Cl/CP Device! 

*Tlow = -55°C for AL Device, -40oC for CL/CP Device. 
Thigh = +1250 C for AL Device, +8SoC for CL/CP Device. 

~Noise immunity specified for worst·case input combination. 
NOise Margin for both" 1" and "0" level = 

1.0 Vde min@ VOO = 5.0 Vde 
2.0 Vde min@VOO = 10 Vde 
2.5 Vde min@VOO = 15 Vde 

Tlow " 25°C Thiah" 
Min Max Min Typ Max Min Max 

- 0.05 - a 0.05 - 0.05 
- 0.05 - a 0.05 - 0.05 
- 0.05 - 0 0.05 - 0.05 

4.95 - 4.95 5.0 - 4.95 -
9.95 - 9.95 10 - 9.95 -

14.95 - 14.95 15 - 14.95 -

- 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 - 3.5 2.75 - 3.5 -
7.0 - 7.0 5.50 - 7.0 -

11.0 - 11.0 8.25 - 11.0 -

-1.2 - -1.0 -1.7 - -0.7 -
-0.25 - -0.2 -0.36 - -0.14 -
-0.62 - -0.5 -0.9 - -0.35 -
-1.8 - -1.5 -3.5 - -1.1 -
0.64 - 0.51 0.88 - 0.36 -
1.6 - 1.3 2.25 - 0.9 -
4.2 - 3.4 8.8 - 2.4 -

-1.0 - -0.8 -1.7 - -0.6 -
-0.2 - -0.16 -0.36 - -0.12 -
-0.5 - -0.4 -0.9 - -0.3 -
-1.4 - -1.2 -3.5 - -1.0 -
0.52 - 0.44 0.88 - 0.36 -
1.3 - 1.1 2.25 - 0.9 -
3.6 - 3.0 8.8 - 2.4 -

to.l to.OOOOI ±O.1 t 1.0 

- ±0.3 - to.OOOOI to.3 - ±1.0 

- - - 5.0 7.5 - -

- 5.0 - 0.010 5.0 - 150 
- 10 - 0.020 10 - 300 
- 20 - 0.030 20 - 600 

- 50 - 0.010 50 - 375 
- 100 - 0.020 100 - 750 
- 200 - 0.030 200 - 1500 

IT = (2.2 /lA/kHz! f + 100 
IT = (4.4 /lA/kHz! f + I DO 
IT = (6.6 /lA/kHz! 1+ 100 

- to.l - to.OOOI to.l - t3.0 
- - -
- t1.0 - ±O.OOOI tl.0 - ±7.5 
- - -

fTo calculate total supply current at loads other than SO pF: 
IT(Cl! = IT(50 pF! +4 x 10-3 (Cl -50) VOOI 

where: IT is in ~A (per package). Cl in pF, VOO in Vde, 
and f in kHz is input frequency. 

Unit 

Vde 

Vde 

Vde 

Vde 

mAde 

mAde 

mAde 

mAde 

/lAde 

/lAdc 

pF 

J.lAdc 

/lAde 

/lAde 

/lAde 

/lAde 

* *The formulas given are for the typical characteristics only at 2SoC. 
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MC14034B 

SWITCHING CHARACTERISTICS· (CL = 50 pF T A = 25°C) 

Characteristic Symbol VOO Min Typ Max Unit 
Vde 

Output Rise Time A or B tTLH ns 

tTLH = (3.0 ns/pF) CL + 30 ns 5.0 - 180 360 

tTLH = (1.5 ns/pF) CL + 15 ns 10 - 90 180 

tTLH = (1.1 ns/pF) CL + 10 ns 15 - 65 130 

Output Fall Time A or B tTHL ns 

tTHL = 11.5 ns/pF) CL + 25 ns 5.0 - 100 200 

tTHL = (0.75 ns/pF) CL + 12.5 ns 10 - 50 100 

tTHL = (0.55 ns/pF) CL + 9.5 ns 15 - 40 80 

Propagation Delay Time 
A (B) Synchronous Paralles Data Input, tPLH, ns 

B (A) Parallal Oats Output tpHL 
tPLH. tPHL = 11.7 ns/pF) CL + 440 ns 6.0 - 525 1050 

tPHL, tpHL = (0.66 ns/pF) CL + 172 ns 10 - 205 410 

tPLH, tpHL = (0.5 ns/pF) CL + 120 ns 15 - 145 290 

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 1010 

tPLH, tpHL = (0.66 ns/pF) CL + 147 ns 10 - 180 360 

tPLH, tpHL = (0.5 ns/pF) CL + 105 ns 15 - 130 260 

Clock Pulse Width twH 5.0 340 170 
10 140 70 -
16 110 56 -

Clock Pulse Frequency tel 5.0 - 2.5 1.2 MHz 
10 - 6.0 3.0 
16 - 8.0 4.0 

Clock Pulse Rise tTLH, tTHL 5.0 - - 15 '" 10 - - 15 
15 - - 15 

A, B Input Setup Time tsu 6.0 100 35 ns 
10 45 15 -
15 35 12 -

High Level SE, PIS, A/S Pulse Width twH 5.0 600 200 - ns 
10 270 90 -
16 200 80 . 

The formula given IS for the tYPical characteristics. 

PI 
TRUTH TABLE 

"A" Enable PIS AlB AIS MODE OPERATIONt 

0 0 0 X Serial Synchronous Sarial data input, A and B parallel data outputs disabled. 

0 0 , X Serial Synchronous Serial data input, B-Parallel data outPut. 

0 0 0 Parallel B Synchronous Parallal data Inputs, A-Parallel data outPuts disabled. 

0 0 Parallel B Asynchronous Parallel data inputs, A-Parallel data outputs disabled. 

0 0 Parallel A-Parallel data inputs disabled, B-Paral'el data outputs. 
0 , Parallel A-Parallel data inputs disabled, B-Parallel data outputs. 

0 0 X Serial Synchronous serial data input, A-Parallel data output. 

0 , X Serial Synchronous serial data Input. B-Parallel data output. , 0 0 Parallel B-Synchronous Parallel data input. A-Parallel data output. 

0 Parallel B-Asynchronous Parallel data input. A-Parallel data output. 

0 Parallel A-Synchronous Parallel data input. B-Paralle' data output. 

Parallel A-Asynchronous Parallel data input, B-Parallel data output. 

x "" Oon'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 Os transfer into flip-flops. 
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MC14034B 

Data 

AI A2 A3 A4 A5 A6 A7 AS 
Serial Data 

Input 

Enable A 

EXPANDED A/8 

BLOCK DIAGRAM Parallel/Serial PIS 
Control 
Logic 

Asyn/Syn A/S 

Clock 

81 82 83 84 85 86 87 88 

Data 

OPERATING CHARACTERISTICS 

The MC14034B is composed of eight register cells con­
nected in cascade with additional control logic. Each 
register cell is composed of one "0" 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 enables the 
bus A dat6 lines. 

A/B Input (Data A or B) - 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. 

PIS Input (Parallel/Serial) - This input controls the 
data input mode (parallel or serial). When high. the data is 
~ransferred 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 hi\tl. the data is transferred inde­
pendently from the clock rate; when low. the clock is 
enabled and the data is transferred synchronously. 

LOGIC DIAGRAM 

AI A2 A3A4A5,A6A7 
16 171819202122 

AS 
23 

nn~-f-~-~-~-~-~-~-~-~-~-~-~--~-~-~-~-~-tJ_~J- ~~~rlQ~Hr--"-~ 
A Enable9 

AlB 11 

Sarial 10 :j;:=1t~~~~~~r:~rrnrf!t~ Data 
Parallel 13 
Serial 

Clock 15o--"--_</.--' 
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6 Stages 
(Same as 
Stage 1) 
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765432 
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MC14034B 

FIGURE 1 - PROPAGATION OELAY AND TRANSITION 
TIMES WAVE FORMS 

Input 
A(B) ---

Clock 

---Output, 

SeA) " 

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 

Vee 
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MC14034B 

FIGURE 4 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 

Voo 

+-+--o--!AE Clock 

~I-O-;PIS 
...... ---Vss 

r--f.+-+-~OS 
Programmable 

Pulse 
Generator 

AlB 

+---C>--iAfS Os Voo 

L __ .t-t-<>jC ~-------J~---Vss 

81 82 83 84 85 86 87 B8 

tWH = 

FIGURE 5 - 16-BIT PARALLEL INIPARALLEL OUT. PARALLEL INISERIAL OUT. 
SERIAL INIPARALLEL OUT, SERIAL IN/SERIAL OUT REGISTER 

Voo Voo 

A Enable A Enable 

S;~~:I >-_+_--1 
VOO 0--+---1 

~s >--~r+-------------------~~~-------------~ 
AIS)--~~--------------------~------------~ 

Clock>---~-----------------~~-------------~ 
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MC14034B 

FIGURE 6 - SHIFT RIGHTfSHIFT LEFT WITH PARALLEL INPUTS 

Shift Left Output 

A Enable >-...... ----\~, 
X>~----+_------------------~------------------~.AE 

Shift Left! 
Shift Right 

M-----+-------------------~~--------------------~P/S 
Shift Right 

Output 

Register 2 
MCI4034B 

Clock >-+-------+1r-<~C Bl B8 
'--"T-hr-h-h-tThrI-TfT" 

Shift 
Left Input· 

A/~~:;':llel >-+-------+-t---+_+_I___1f___t-+-++--~f___-_+___1---<f___+_++_+_I ........ AlS 

'---+_+_I___1f___t-+-++---4>--_+___1,f___+_++_+_I ...... ~ Clock 

L-------------~--~~~~~~~~~----~---+-+-+-+_+_+_+_+~AE 

AS A8 

Register 3 Register 4 
MC140348 MC14034B 

C C 

Vee Vee 

A "High" ("Low") on the Shift Left/Shift Right input allows serial 
data on the Shift Left Input (Shift Right Input) to enter the ragister 
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 ;l. 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 
Bre not requ ired. 

·Shift left input must be disabled during parallel entry. 

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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® MOTOROI.A 

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 0 
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-Ieft 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 IVoltages referenced to VSS) 

Rating Symbol 

DC Supply Voltage VDD 

Input Voltage, All Inputs Vm 

DC Current Dram per Pm I 

Operating Temperature Range - AL Device TA 
CL/CP Device 

Storage Temperature Range T stg 

TRUTH TABLE 

INPUTS tn OUTPUT 

C J 1(" R ao 
.-r tl 0 0 0 
.-r 0 1 0 00 In -1) 
~ 1 0 0 Co In·l) 

~ 1 1 0 1 

'- x x 0 aOI(n-1) 
x x x 1 0 

Value 

-05to+18 

-0.5 to VDD + 0.5 

10 

-55 to +125 
-40 to +85 

-65 to +150 

x "" Don't Care 
PIS"" 0 = Serial Mode 
TIC = 1 = True Outputs 
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Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

MC140358 

CMOS MS. 

(LOW-POWER COMPLEMENTARY MOS) 

4-BIT 
PARALLEL-IN/PARALLEL-OUT 

SHIFT REGISTER 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

.,,'"'" l1:;SUffiX Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 

C Limited Operating 
Temperature Range 

BLOCK DIAGRAM 

9 DpO 

10 Dpl 
00 

11 Dp2 

12 Dp3 Ql 15 

PIS 

4 Q2 14 

3 K 

03 13 
6 Clock 

TIC R 

5 

VDD - Pin 16 
VSS - Pin 8 
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MC14035B 

ELECTRICAL CHARACTERISTICS 

Vee 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vin=VODorO 10 

15 

"I" Level VOH 5.0 
Vin=OorVOD 10 

15 

Input Voltage# "0" level Vil 
(VO 0 4.5 or 0.5 Vdc) 5.0 
(VO 09.0 or 1.0 Vdc) 10 
(VO 0 13.5 or 1.5 Vdc) 15 

"1" Level VIH 
(VO 0 0.5 or 4.5 Vdc) 5.0 
(VO = 1.0 or 9.0 Vdc) 10 
(VO 0 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Devicel IOH 
(VOH 0 2.5 Vdc) Source 5.0 
(VOH 0 4.6 Vdc) 5.0 
(VOH 0 9.5 Vdc) 10 
(VOH 0 13.5 Vdc) 15 

(VOL 0 0.4 Vdc) Sink IOl 5.0 
(VOL 0 0.5 Vdc) 10 
(VOL 0 1.5 Vdc) 15 

Output Drive Current (CLlCP Device) IOH 
(VOH 02.5 Vdc) Source 5.0 
(VOH = 4.6 Vdc) 5.0 
(VOH 0 9.5 Vdc) 10 
(VOH = 13.5 Vdc) 15 

(VOL = 0.4 Vdc) Sink IOl 5.0 
(VOL 0 0.5 Vdc) 10 
(VOL = 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CLlCP Device) lin 15 

Input Capacitance Gin -
(Vin 0 0) 

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

15 

QUIescent Current (CLlCP DeVice) 100 5.0 
(Per Package) 10 

15 

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

(CL 0 50 pF on all outputs, all 
buffers switching) 

"Tlow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh 0 +1250 C for AL Device, +850 C for CLlCP Device. 
~Noise immunity specified for worst-case input combination. 

Tlow . 
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.£ -

- ±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 010 Vdc 
2.5 Vdc min @ VOO 0 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(Cl) 0 IT(50 pF) + 1 x 10-3 (Cl -50) VOOf 

2SoC 

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 ±O.l 

- fO.OOOO1 ±0.3 

- 5.0 7.5 

0.006 5.0 
- 0.010 10 
- 0.015 20 

0.005 20 

- 0.010 40 
- 0.015 80 

IT = (1.0 ~A/kHzl f + I DO 
IT = (2.0 ~A/kHzl f + I DO 
IT = (3.0 ~A/kHzl f + I DO 

where: IT is in IlA (per package), 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. 

Thi 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 -

mAde 
-0.7 -

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

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAde 
0.9 -
2.4 -
- ± 1.0 ~Adc 

- fl.0 ~Adc 

- - pF 

150 ~Adc 

- 300 
- 600 

- 150 ~Adc 

- 300 
- 600 

JJAdc 

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 renge VSS < (Vin or Voutl 
';;VOO· 
Unused inputs must always b. tied to an appropriat.loglc voltage level (e.g., either Vss or VOOI. 
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MC14035B 

SWITCHING CHARACTERISTICS· (CL = 50 pF, T A = 25°C) 

Characteristic I Symbol 

Output Rise Time lTLH 
lTLH = (3.0 n./pF) CL + 25 n. 
tTLH = (1.5 n./pF) CL + 12 n. 
tTLH = (1.1 n./pF) CL + 8.0 n. 

Output Fall Time tTHL 
lTHL = (1.5 ns/pF) CL + 47 ns 
lTHL = (0.75 n./pF) CL + 24 ns 
lTHL = (0.55 n./pF) CL + 17 ns 

Propagation Delay Time, Clock or Reset to Q tPLH, 
tpHL 

tPLH, tpHL = (1.75 n./pF) CL + 223 ns 
tPLH, tpHL = (0.70 ns/pF) CL + 89 ns 
tPLH, tpHL = (0.53 n./pF) CL + 67 ns 

Clock Pulse Width twH 

Reset Pul.e Width twH 

Clock Pulse Rise and Fall Time tTLH,lTHL 

Clock Pulse Frequency fel 

J-K Setup Time t.u 

PIS Control Setup Time tsu 

Parallel Input Setup Time tsu 

. 
The formula given IS for the typical characteristics only. 

FIGURE 1 - TIMING DIAGRAM 

TIC Input Low 
Reset I "put Low 

Clock 
Input 

J·K 
Input 

PIS 
Input 

OPO 
Input 

Ql 
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VDD Min Typ Max Unit 
Vdc 

n. 
5.0 - 180 360 
10 - 90 180 
15 - 65 130 

n. 
5.0 - 100 200 
10 - 50 100 
15 - 40 80 

n. 

5.0 - 300 600 
10 - 130 260 
15 - 95 190 

5.0 335 135 - ns 
10 165 45 -
15 125 40 -
5.0 400 80 - n. 
10 175 40 -
15 130 35 -
5.0 -
10 No Limit 
15 

5.0 - 2.5 1.2 MHz 
10 - 6.0 2.0 
15 - 10 3.0 

·5.0 500 120 - ns 
10 200 50 -
15 150 30 -
5.0 500 25 - ns 
10 200 10 -
15 150 7.5 -

5.0 500 90 - n. 
10 200 20 -
15 150 15 -

• 
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I 

LeftShift 
Sarial Input 

Right Shift 
Sarlallnput 

Rooet 

Clock 

LIIftIRlght 
Sh 1ft Selact 

: 

LOGIC DIAGRAM 

APPLICATION DIAGRAM 
Shift Left/Shift Right Regilter 

Vr 
I 

I I I 
16 15 14 13 12 11 10 

Voo 01 02 03 OP3 OP2 OPI 
9 

opO 

00 TIC j( J R C PIS VSS 
1 2 3 4 5 6 7 8 

LJ vt 11 

II 

1 
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® MOTOROLA 

TRIPLE SERIAL ADDERS 
The MC14032B 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 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 dc 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 CD4032B and CD403BB. 

MAXIMUM RATINGS {Voltages referenced to Vss) 

Rating Symbol Value Unit 

DC Supply Voltage VDD -05to+18 Vdc 

Input Voltage, All Inputs VIn -0.5 to VDD + 0.5 Vdc 

DC Current Drain per Pm I 10 mAde 

Operatmg Temperature Range - AL DeVice TA -55 to +125 
CL/CP DeVice -40 to +85 

Storage Temperature Range T stg -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 fated 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 VDDI. 

LOGIC DIAGRAMS 

°c 

°c 

MC140388 
FOR COMPLETE DATA 

SEE MC14032B 

CMOS MS. 
{LOW·POWER COMPLEMENTARY MOS) 

TRIPLE SERIAL ADDERS 

Positive Logic - MC14032B 
Negative Logic - MC14038B 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MO'''''' 11:;SUtfIX Denotes 

L CeramIc Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C LimIted Operating 

Temperature Range 

BLOCK DIAGRAM 

Al10 

8111 
Invert 1 7 

A213 
8212 

Invert 2 5 

A315 
8314 

Invert 3 2 
Clock 3 

Carry Reset 6 0_-...... --' 

9 Sl 

4 S2 

1 S3 

MCl4032B 
{ONE SECTION AND COMMON INPUTSSHOWNI 

MC14038B 

A 
8 

-------------l 

Invert ot----------+--+--' 

~~0------4 

Clock 

S 
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® MOTOROLA 

12-BIT BINARY COUNTER 

The MC14040B 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 1-2 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 = I 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 @ VDD = 15 V 

• Pin-for-Pin Replacement for CD4040B 

MAXIMUM RATINGS (Vol.ages refereneed.o VSS) 

Rating Symbol 

DC Supply Voltage VDD 

Inpu. Vol.age, All InpulS Vin 
DC Current Drain per Pin I 

Operating Temperature Range - A L Device TA 
CL/CP Device 

Storage Temperature Range Ts.g 

Cl4 = Pin 5 
Q5 ... Pin3 
Q6 ... Pin 2 

Value 

-0.5'0 +18 

--0.5'0 VDD + 0.5 

10 

-55'0 +125 
-40'0 +85 

-65'0 +150 

LOGIC DIAGRAM 

Q7 = Pin 4 
as "" Pin 13 
Q9 = Pin 12 

7-112 

Unit 

Vde 

Vde 

mAde 

°c 

°c 

MC14040B 

CMOS MS. 
(LOW·POWER COMPLEMENTARY MOS) 

12-BIT BINARY COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

.0''''''11SUIIIX Oenot •• 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
e Limited Operating 

Temperature Range 

TRUTH TABLE 

CLOCK RESET OUTPUT STATE 

..r 0 No Change 

-...... 0 Advance to nex t 
.. ate 

X 1 All Outputs are low 

x = Don't Care 

al0 all a12 

Voo - Pin 16 

VSS = Pin 8 



MC14040B 

ELECTRICAL CHARACTERISTICS 

Voo Tlow . 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
V in '" VooorO 10 

15 

"1" level VOH 5.0 
Vin"'OorVOD 10 

15 

Input Voltage# "0" Level Vil 
(VO = 4.5 or 0.5 Vdel 5.0 
(VO = 9.0 or 1.0 Vdel 10 
(VO = 13.5 or 1.5 Vde) 15 

"'" Level VIH 
(VO = 0.5 or 4.5 Vdel 5.0 
(VO = 1.0 or 9.0 Vde) 10 
(VO = 1.5 or 13.5 Vdel 15 

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

(Val = 0.4 Vdel Sink IOl 5.0 
(Val = 0.5 Vdel 10 
(Val = 1.5 Vdel 15 

Output Drive Current (CL/CP Device) IOH 
(VOH = 2.5 Vde) Source 5.0 
(VOH = 4.6 Vde) 5.0 
(VOH = 9.5 Vdel 10 
(VOH = 13.5 Vde) 15 

(Val = 0.4 Vde) Sink IOl 5.0 
(Val = 0.5 Vde) 10 
(Val = 1.5 Vdel 15 

Input Current (AL Devicel lin 15 

Input Current (CLlCP Device) lin 15 

I nput Capacitance Cin -
(Vin = 01 

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

15 

Quiescent Current (CLlCP DeVice) 100 5.0 
(Per Package) 10 

15 

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

(Cl 50 pF on all outputs, all 
buffers switching) 

*Tlow'" -55°C for AL Device, -40oC for CLlCP Device. 
Thigh"" +12SoC for AL Device. +8SoC for CLlCP 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 -

±O.1 

- ± 0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

NOise Margin for both "1" and "0" level"" 1.0 Vdc min @ VDO "" S.O Vdc 
2.0 Vdc min@ VoO = 10 Vde 
2.5 Vde min @ VOO = 15 Vde 

tTo calculate total supply current at loads other than 50 pF: 
IT(Cll = IT(50 pFI + 1 x 10-3 (Cl -50) VoOI 

where: 'T is in ~A (per package). CL in pF. VOD in Vdc. and f in kHz is 
input frequency. 

**The formulas given are for the typical characteristics only at 2SoC. 
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25°C Thi h* 
Min Typ Max Min Max Unit 

- 0 0.05 - 0.05 Vde 
- 0 0.05 - 0.05 
- 0 0.05 - 0.05 

4.95 5.0 - 4.95 - Vde 
9.95 10 - 9.95 -

14.95 15 - 14.95 -

Vde 
- 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 -

mAde 
-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 - mAde 
1.3 2.25 - 0.9 -
3.4 8.8 - 2.4 -

mAde 
-d.·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 - mAde 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -

±0.00001 ±O.l ± 1.0 ~Ade 

- ±0.00001 ±O.3 - ±1.0 /.lAde 

- 5.0 7.5 - - pF 

- 0.005 5.0 150 '~Ade 

- 0.010 10 - 300 
- 0,015 20 - 600 

- 0.005 20 - 150 J.LAdc 
- 0.010 40 - 300 
- 0.015 80 - 600 

IT = (0.42 ~A/kHzl f + 100 ~Ade 

IT = (0.85 ~AlkHzl I + I DO 
IT =(1.43 ~AlkHzl I + 100 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; hO\M!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 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 Vool. 

• 
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MC14040B 

SWITCHING CHARACTERISTICS· (CL = 50 pF T A = 26°C) 

Cha_Istic 

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

Output Fall Time 
tTHL = (1.5 ns/pF) CL +26 ns 
ITHL = (0.75 ns/pF) CL + 12.5 ns 
ITHL = (0.55 ns/pF) CL + 9.5 ns 

Propagation Oelay Time 
tPHL, tPLH = (1.7 ns/pF) CL + 316 ns 
tPHL, tPLH = (0.66 ns/pF) CL + 137 ns 
tPHL, tpLH = (0.5 ns/pF) CL + 95 ns 

Clock to Q12 
tpHL, tPLH = (1.7 ns/pF) CL + 2415 ns 
tPHL, tpLH = (0.66 ns/pF) CL + 867 ns 
tPHL, tpLH = (0.5 ns/pF) CL + 475 nd 

Propagation Oelay Time 
Reset to an 

tpHL = (1.7 ns/p~) CL +485 ns 
tpHL = (0.66 ns/pF) CL + 182 n. 
tPHL = (0.5 ~s/pF) CL + 145 n. 

Clock Pulse Width 

Clock Pulse Frequency 

Clock Rise and Fan Time 

Rosat Puis. Width 

The formula given IS for the typical characteristics only. 

FIGURE 1 - POWER DISSIPATION TEST 

CIRCUIT AND WAVEFORM' 

"'-----vss 

sYmbol 

ITLH 

IT'HL 

tpLH, 
tPHL 

tpHL 

twH 

fel 

tTLH,lTHL 

twH 
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VDD Min TVp Max 
Vdc 

5.0 - 180 360 
10 - 90 180 
15 - 66 130 

5.0 - 100 200 
10 - 50 100 
15 - 40 80 

6.0 - 400 800 
10 - 170 340 
15 - 120 240 

5.0 - 2.6 6.0 
10 - 0.9 1.8 
15 - 0.6 1.4 

6.0 - 570 1620 
10 - 215 600 
15 - 170 460 

5.0 386 140 -
10 150 56 -
15 115 38 -
5.0 - 3.5 1.5 
10 - 9.0 3.5 
15 - 13 4.6 

5.0 
10 No limit 
15 

6.0 960 320 -
10 360 120 -
15 270 80 -

FIGURE 2 - SWITCHING TIME TEST 

CIRCUIT AND WAVEFORMS 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

ns 

ns 



MC14040B 

FIGURE 3 - TIMING DIAGRAM 

1 2 4 8 16 32 64 128 256 512 1024 2048 4096 

CiOck 1..JLn...f1..J Lr Lr Lr Lr -U -U Lr Lr Lr Lr L-
Re.t -----,L ____________________________________________________________________ _ 

01~ L-L-L-L-L-L-L-L-L-L-L-
Q2 IL-L-L-L-L- L-L-L- L- L- L-
03 -1 L-L-L-L- L-L-L- L-L- L-
Q4 _-1L-L-L- L- L-L- L-L- L 
as __ -1L-L- L-L-L-L- L- L-
Cl6 _______________ -1 L-L-L-L-L-L- L 
07 ____________________ S-L-L-L-L-L- L-
as _______________________ -1 L-L-L- L- L-
as ___________________________ -' L-L-L- L 

010 ________________________________ -1 ~ L- L 
all _____________________________________ -' L- L 
012 ______________________________________ -' 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, all, and 012 division by 

Vee 

1.0M MC14040B 

~ 
C as 

010 
;;'20pF l 120 Vee 

60 Hz all 

~ 
R 012 

Vss 

Circuit diagrams utilizing Motorola products arB 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 MC 14012B decodes the counter 
outputs, produces a single output pulse, and resets the 
binary counter. The resulting output frequency is 1.0 
pulse/minute. 

1.0 Pulse/Minute 
Output 

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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® MOTOROLA 

QUAD LATCH 
The MC14042B 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 
Q and Q during the clock level which is determined by the polarity 
input. When the polarity input is in the logic "0" 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 

• Q 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 1 B 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 (Voltagesrefereneed to Vss) 

Rating Symbol 

DC Supply Voltage VDD 

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

Operatmg Temperature Range - AL Device TA 
CL/CP Device 

Storage Temperature Range T stg 

LOGIC DIAGRAM 

VOD = Pin 16 

VSS= Pln8 

Value Unit 

-0.5 to +18 Vde 

-0.5 to VDD + 0.5 Vde 

10 mAde 

-55 to +125 °c 
-40 to +85 

-65 to +150 °c 

03 
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MC14042B 

CMOS 55. 
(LOW-POWER COMPLEMENTARY MOS) 

QUAD LATCH 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

.o'~m 1 t;SUffiX Oenot •• 

L CeramiC Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

2 

3 

4 

6 

8 

PIN ASSIGNMENT 

TRUTH TABLE 

CLOCK POLARITY 

0 0 

I 0 

1 1 ... 1 

Q 

16 

15 

14 

13 

12 

11 

10 

9 

Dot. 

Latch 

Oat. 

Latch 



MC14042B 

ELECTRICAL CHARACTERISTICS 

Vee 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vm~VDDorO 10 

15 

"1" Level VOH 5.0 
Vin=QorVOD 10 

15 

Input Voltage# 0 Inputs "0" Level VIL 
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 VIH 
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 

Input Voltage C,P Inputs "0" Level VIL 
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 VIH 
IVo " 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) IOH 
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 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 
IVOH = 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 VdcJ 10 
IVOL" 1.5 Vdc) 15 

Input Current (AL Devicel 'in 15 

Input Current (CL/CP Devicel 'in 15 

Input Capacitance Cin -
IV in = OJ 

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

15 

Quiescent Current (CLlCP DeVice) 100 5.0 
IPer Package) 10 

15 

Total Supply CurrentUt IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

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

*Tlow" -55°C lor AL DeVIce, -400 C lor CL/CP Device. 
Thigh = +1250 C lor AL Device, +850 C lor CL/CP Device . 

.uNoise immunity specified for worst-case input combination. 

Tlow . 
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 lor both "1" and "0" 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: 
IT(CL) = IT(50 pFJ + 4 x 10-3 (CL -50) VDO' 

2SoC 

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 -

- 2.25 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 = 11.0 ~A/kHzJ I + 100 
IT = (2.0 ~A/kHz) I + I DO 
IT = (3.0 "A/kHz) I + I DO 

where: 'T is in IJ.A tper package), CL in pF, VOD in Vdc, and f in kHz is input frequency. 
* *The formulas given are for the typical characteristics onlv at 2SoC. 
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Thi 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 -

Vdc 
- 1.5 
- 3.0 
- 3.75 

3.5 - Vdc 
7.0 -

11.25 -
mAdc 

-0.7 -
-0.14 -
-0.35 -
-1.1 -

0.36 - mAde 
0.9 -
2.4 -

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAdc 
0.9 -
2.4 -
- ± 1.0 ~Adc 

- ±1.0 ~Adc 

- - pF 

- 30 ~Adc 

- 60 • - 120 

- 30 ~Adc 

- 60 
- 120 

IolAdc 
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MC14042B 

SWITCHING CHARACTERISTICS· (CL = 50 pF, T A = 250 C) 

Characteristic Symbol VDD Min 
Output Rise Time tTLH 

tTLH = (3.0 ns/pF) CL + 30 ns 6.0 -
tTLH = (1.5 ns/pF) CL + 15 ns 10 -
tTLH = (1.1 ns/pF) CL + 10 ns 15 -

Output Fall Time tTHL 
tTHL = (1.5 ns/pF) CL + 25 ns 5.0 -
tTHL (0.75 ns/pF) CL + 12.5 ns 10 -
tTHL (0.55 ns/pF) CL + 9.5 ns 15 -

Propagation Delay Time, 0 to Q, Q tPLH, 
tPLH, tpHL = (1.7 ns/pF) CL + 135 ns tpHL 5.0 -
tPLH, tPHL = (0.66 ns/pF) CL + 57 ns 10 -
tPLH, tPHL = (0.5 ns/pF) CL + 35 ns 15 -

Pr_tion Delay Time, Clock to Q, Q tPLH, 
tPLH, tPHL = (1.7 ns/pF) CL + 135 ns tpHL 5.0 -
tpLH, tpHL = (0.66 ns/pF) CL + 57 ns 10 -
tPLH, tpHL = (0.5 ns/pF) CL + 35 ns 25 -

Clock Pulse Width twH 
5.0 300 
10 100 
15 80 

Clock Rise Time tTLH 
5.0 
10 
15 

Hold Time 'It 
5.0 100 
10 50 
15 40 

Setup Time 'su 
5.0 50 
10 30 
15 25 

* The formula given is for the 'tYpical characteristics only. 

FIGURE 1 - AC AND POWER DISSIPATION TEST CIRCUIT AND TIMING DIAGRAM 
(D.t. to Output) 

00 2 
Data Input 

00 3 

01 10 
DO 01 9 

01 02 11 
Q Output 

02 12 
02 

03 a: Output 
03 03 15 

For Power Dissipation test, each output is 8 VSS 
loaded with capacitance CL. - -= 
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Typ Max Unit 

ns 
180 360 
90 180 
65 130 

ns 
100 200 
50 100 
40 80 

ns 
220 440 
90 180 
60 120 

ns 
220 440 
90 180 
60 120 

ns 
150 -
50 -
40 -

-
No 

Limit 

ns 
50 -
25 -
20 -

ns 
0 -
0 -
0 -



MC14042B 

Clock Input 
P.G.l 

FIGURE 2 - AC TEST CIRCUIT AND TIMING DIAGRAM 
(Clock to Output) 

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 

':' 

2 

3 

10 

9 

11 

12 

15 

Data I "put ___ -+ ___ -" 
P.G.2 

Q Output 

·Input clock rise time Is 20 ns except for maximum rise time test. 

! 
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 circ4it. For proper operation it is recommended that Vin and Vout be constrained to the range VSS 0( (Vin or Vout) 
';VOO. I 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either VSS or VOOI. 
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so 

CMOS MS. 
QUAD R-S LATCHES 

The MC14043B and MC14044B 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 outputs are 
enabled with a logical "1" or high on the enable input; a logical 
"0" or low disconnects the latch from the Q outputs, result· 
ing in an open circuit at the Q outputs. 

• Quiescent Current = ,4.0 nA/pkg typical @ 10 Vdc 

• Double Diode I nput 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 

00 

RO~--""L_"" 

6 6 
SI Rl 

01 

Rl SI 

12 
R2 

02 

Vee = Pin 16 
VSS = Pin 8 

52 

14 
S3 

03 

TRUTH TABLE 

S R E Q 

X X 0 HIgh 
Impedance 

o 0 1 No Change 
01 1 0 
1 0 1 1 
11 1 1 

x • Don't Care 
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MC14043'B 
QUAD "NOR" R-S LATCH 

MC14044B 
QUAD "NAND" R-S LATCH 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

.""m~': .. ~.::'::.~ 
P Plastic Package 

. A Extended Operatmg 
Temperature Range 

C Limited Operating 
Temperature Range 

00 

01 

02 

Vee = Pin 16 
VSS - Pin 8 

Cl3 

TRUTH TABLE 

S R E Q 

X XO High 
Impedance 

o 01 0 
o 1 1 1 
1 01 0 
1 1 1 No Change 

X = Don't Care 



MC14043B. MC14044B 

ELECTRICAL CHARACTERISTICS 

Voo Tlow 

Characteristic Symbol Vdc Min 

Output Voltage "0" Level VOL 50 -
Vm=VODorO 10 -

15 -
"1" Level VOH 5.0 4.95 

V tn =0 or VOO 10 9.95 
15 14.95 

Input VOltage# "0" Level Vil 
(VO= 4.5 or 0.5 Vdel 50 -
(Vo=9.00r 1.0Vdcl 10 -
(VO= 13.5 or 1.5 Vdc) 15 -

"'" Level VIH 
(VO - 0.5 or 4.5 Vde) 5.0 3.5 
(VO = 1.0 Or 9.0 Vde) 10 7.0 
(VO-150r 13.5Vde) 15 11.0 

Output Drive Current (AL DeVice) IOH 
(VOH - 2.5 Vdcl Source 5.0 -3.0 
(VOH = 4.6 Vde) 5.0 -0.64 
(VOH -9.5 Vde) 10 -1.6 
(VOH -13.5 Vde) 15 -4.2 

(VOL = 0.4 Vde) Sink IOl 5.0 0.64 
(VOL = 0.5 Vde) 10 1.6 
(VOL = 1.5 Vde) 15 4.2 

Output Drive Current fCLlCP DeVice) IOH 
(VOH = 2.5 Vdc) Source 5.0 -2.5 
(VOH -4.6 Vdc) 5.0 -0.52 
(VOH =9.5 Vde) 10 -1.3 
(VOH =13.5 Vdc) 15 -3.6 

(VOL - 0.4 Vde) Sink IOl 5.0 0.52 
(VOL =0.5 Vdc) 10 1.3 
(VOL = 1.5 Vdcl 15 3.6 

Input Current (AI. Devicel Ion 15 

Input Current (CLlCP Device) 'in 15 -
Input Capacitance Con - -

(Vin = 01 

QUiescent Current (AL Device) IDD 50 -
(Per Package) 10 -

15 -
QUiescent Current (CLlCP DeVice) IDD 5.0 -

(Per Package) 10 -
15 -

Total Supply Current * * t IT 5.0 
10ynamic plus QUiescent, Per Package) 10 

ICl = SO pF on all outputs, all outputs 15 
switching} 

Three-State Output Lea kage Current ITl 15 -
(Ill nevlee) 

Three-State Output Leakage Current ITL 15 -
(CL/CP Device) 

-Trow'" -5SoC for AL Device. -40oC for CLlCP Device. 
Thigh" +12SoC for AL Device, +8SoC for CL/CP DeVice. 

#Noise Immunity specified for worst-case input combination. 

. 
Max 

0.05 
0.05 
0.05 

-
-
-

15 
3.0 
4.0 

-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

±O 1 

±O3 

-

1.0 
2.0 
4.0 

4.0 
B.O 
16 

±0.1 

±1.0 

NOise Margin for both "1" and "0" level = 1.0 Vdc min @ VOO .. 5.0 Vdc 

2.0 Vde min@ VDD = 10 Vdc 
2.5 Vdc min @ VDD = 15 Vdc 

tTo calculate total supply current at loads other than SO pF: 
ITICl) = ITI50 pF) + 4 x 10-3 (Cl -SO) VDDI 

2SoC 

Min Typ Max 

- a 0.05 
- a 0.05 
- a 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 -
1.3 225 -
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 -

±O 00001 ±O 1 

- ±O 00001 ±O3 

- 50 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 /lA/kHz) f + IDD 
IT = (1.15/lA/kHz) f + IDD 
IT = 11.73 /lA/kHz) f + IDD 

- .0.0001 .0.1 

- ±0.0001 .1.0 

where: IT is in IlA (per package). 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. 
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Thi h* 
Min Max Unit 

- 0.05 Vde 
- 005 
- 0.05 

4.95 - Vde 
9.95 -
14.95 -

Vde 
- 15 
- 3.0 
- 4.0 

3.5 - Vdc 

7.0 -
11.0 -

mAde 
-1.7 -

-0.36 -
-0.9 -
-2.4 -
0.36 - mAde 

0.9 -
2.4 -

mAde 
-1.7 -
-0.36 -
-0.9 -
-2.4 -
0.36 - mAde 
0.9 -
2.4 -

± 1.0 /.lAde 

- ± 1.0 ..uAdc 

- - pF 

- 30 /JAde 

- 60 
- 120 

- 30 J..IAdc 

- 60 
- 120 

/lAdc 

- .3.0 !lAde 

- '7.5 !lAdc 



MC140438 • MC140448 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Symbol Value 

DC Supply Voltage "VDD -0.5 to +18 

Input Voltage, All Inputs Vin -{l.5 to VDD + 0.5 
DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -56 to +125 
CL/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

SWITCHING CHARACTERISTICS· (CL = 50 pF, T A = 250 C) 

Characteristic 

Output Rise Time 
tTLH = (1.36 ns/pF) CL + 32.5 ns 
1TLH = (0.60 ns/pF) CL + 20 ns 
tTLH = (0.40 ns/pF) CL + 20 ns 

Output Fan Time 
tTHL = (1.35 ns/pF) CL +32.5 ns 
tTHL = (0.60 ns/pF) CL + 20 ns 
tTHL = (0.40 ns/pF) CL + 20 ns 

Propagation Delay Time 
tpLH = (0.90 ns/pF) CL + 130 ns 
tpLH = (0.36 ns/pF) CL + 57 ns 
tPLH = (0.26 ns/pF) CL + 47 ns 

tPHL = (0.90 ns/pF) CL + 130 ns 
tPHL = (0.90 ns/pF) CL + 51 ns 
tPHL = (0.26 ns/pF) CL + 47 ns 

Set Pulse Width 

Reset Pulse Width 

Three.state Enable/Disable Delay 

* The formulas given are for the typical characteristics only. 

AC WAVEFORMS 

• MCI4043B 

Set 

RHO' 

Q 

7-122 

Unit 

Vdc 

Vde 

mAde 

°c 

°c 

Symbol 

1TLH 

1THL 

tpLH 

tPHL 

twH 

twH 

tPLZ, 
tpHZ 

This device contains circuit~ 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)' 

VDD Min Typ Max Unit 
Vdc 

ns 
5.0 - 100 200 
10 - 50 100 
15 - 40 80 

ns 
5.0' - 100 200 
10 - 50 100 
16 - 40 80 

ns 
5.0 .,.. 176 350 
10 - 75 175 
15 - 60 120 

5.0 - 176 350 ns 
10 - 75 175 
16 - 60 120 

5.0 200 80 - nl 
10 100 40 -
15 70 30 -
5.0 200 60 - ns 
10 100 40 -
15 70 30 -
6.0 - 150 300 ns 
10 - 80 160 
16 - 55 110 

MCl4044B 



MC14043B • MC14044B 

THREE-STATE ENABLE/DISABLE DELAYS 

Set Reset and Switch Conditions for 3-State Tests 
MC14043B 

TEST 5 R 51 52 
tPLZ VOO VSS Open Closed 

tpLZ Vss VOO Closed Open 

tpHZ VOO VSS Open Closed 

tpHZ VSS VOO Closed Open 

Enable 

°A 

°B 

MCI4044B 

Q 51 52 
A Closed Open 

B Open Closed 

A Closed Open 

B Open Closed 

Q 

B 

A 

B 

A 

7-123 

To 
Output 
Under 
Test 

lk 

Vee 

VSS 

Vee 

VOL 

VOH 

Vss 



I 

® MOTOROLA 

PHASE-LOCKED LOOP 

The MC 14046B 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 PCl out, and maintains 
900 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 PC20ut and PCP out, 
and maintains a 00 phase shift between PCAin and PCB in 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 CIA, C1B, 
Rl, and R2. The source-follower output SFout with an external reo 
sistor is used where the VCOin signal is needed but no loading can be 
tolerated. The inhibit input Inh, 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@VDD = 10 Vdc 

• VCO Frequency Drift with Temperature = 0.04%/oC Typical 
@VDD= lOVdc 

• VCO Linearity = 1% Typical, 
• Quiescent Current = 5.0 nA/package typical @ 5 Vdc 

• Low Dynamic Power Dissipation - 70 IlW Typical @ fO = 10 kHz. 
VDD = 5.0 Vdc, R 1 = 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 CD4046B 

BLOCK OIAGRAM 

PCAin 14 

PCBI" 3C~-------------4~-;==::::::::::~~ 
4 VCOout 
11 R1 

VOO'" Pin 16 
VSS= Pin 8 

Inh 

12 R2 

6 C1A 
7 C1B 

10 SFout 
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MC14046B 

CMOS MS. 
ILOW-POWER COMPLEMENTARY MOSI 

PHASE-LOCKED 
LOOP 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

OROERING INFORMATION 

MOO ..... 1 1:;SUffIX Oenote, 

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; hOMver. 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 ~ (Vi" or 
Voutl .. VOO' 
Unused inputs must always be tied to an 
appropriate logic voltage level {e.g., either 
Vss or VOOI. Pin. 6, 7, 10, 11, 12, and 
15 if unused must be left open. 



MC14046B 

MAXIMUM RATINGS (Voltages relerenced to VSSI 

Rating Symbol Value Unit 

DC Supply Voltage VDD -0 5to +18 Vdc 

Input Voltage. All Inputs V in -0.5 to VDD + 0.5 Vdc 

DC Current Dram per Pin I 10 mAde 

Operating Temperature Range - AL DeVice TA -55 to +125 °c 
C Llep DeVice -40 to +85 

Storage Temperature Range Tstg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS 

Voo Tlow . 25°C Thi h* 
Characteristic Symbol Vdc 

Outpu t Vollage "0" Level VOL 5.0 
Vin == VOQorO 10 

15 

"1" Level VOH 5.0 
Vin = OarVOD 10 

15 

Input Voltage~ "0" Level VIL 
(VO "4.5 or 0.5 VdcJ 5.0 
(VO "9.0 or 1.0 Vdcl 10 
(VO" 13.5 or 1.5 Vdcl 15 

"'" Level VIH 
(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 Vdcl Source 5.0 
(VOH "4.6 Vdcl 5.0 
(VOH "9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Output Dl"ive Current (CLlCP Device) IOH 
(VOH = 2.5 VdcJ Source 5.0 
(VOH = 4.6 Vdcl 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Input Current fAL Device) lin 15 

Input Current ICLlCP Device} lin 15 

Input Capacitance 
( Cin -

(Vin = 01 

Quiescent Current (Al Device) 100 5.0 
(Per Package I ! 10 

Unh - "1" and PCA = "1") 15 

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

Unh • "I" and PCA - "I") 15 

Tot,1 Supply Current t IT [J.O 

(Inh - "0", fa - 10 kHz, CL = 50 pF, 10 
Rl -I MO, R2 = -, RSF - -,and 15 
50% Duty Cycle) 

*Tlow = -55°C for AL DeVice, -40oC for CL/CP DeVice. 
Thigh::: +12SoC for AL Device, +850C for CLlCP 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 -

to.l 

- to.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O"level = 1.0 Vdc min@Vee = 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 

14.95 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 ±O.l 

- to.OOOOl '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 = 11.46 ~AlkHzl 1+100 
IT = (2.91 ~A/kHz) 1 + 100 
IT = (4.37 ~A/kHzl 1 + 100 

IT"'2.2.VOO (VCOin-l.65+ VOO-1.35\3/4 
Rl R2 I 

( VCO. -165)3/4 + 1.6 x on· + 1 • 10-3 (CL +91 VOO 1 + 
RSF 

Max 

0.05 
0.05 
0.05 

-
-
-

1.5 
3.0 
4.0 

-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

.1.0 

±1.0 

-

150 
300 
600 

150 
300 
600 

1 x 10-1 V002 Coo.", outyl~de 01 PCAin) + IQ where: IT in ~A, CL in pF, VCOin, VOO in Vdc, 1 in KHz, and 

R 1, R2, RSF in Mil, CL on VCOout. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

mAde 

mAde 

mAde 

",Adc 

",Adc 

pF 

~Adc 

",Adc 

"Adc 



MC14046B 

ELECTRICAL CHARACTERISTICS* (CL = 50 pF TA = 250CI 

Minimum Maximum 

VOO AL CL/CP Typical AL CL/CP 
Characteristic Symbol Vd. Device Device A"Types Device Device Units 

Output Rise Time tTLH ns 
tTLH = (3.0 nslpFI CL + 30 ns 5.0 .- - 180 350 400 
tTLH = (1.5 nslpFI CL + 15 ns 10 - - 90 150 200 
tTLH = (1.1 ns/pFI CL + 10 ns 15 - - 65 110 160 

Output Fall Time lTHL ns 
tTHL = (1.5 nslpFI CL + 25 ns 5.0 - - 100 175 200 
tTHL = (0.75 nslpFI CL + 12.5 ns 10 - - 50 75 100 
lTHL = (0.55 nslpFI CL + 9.5 ns 15 - - 37 55 80 

PHASE COMPARATORS 1 and 2 

Input Resistance - PCAin Rin 5.0 1.0 1.0 2.0 - - Mil 
10 0.2 0.2 0.4 - -
15 0.1 0.1 0.2 - -

- PCB in Rin 15 150 16 1500 - - Mil 
I Minimum Input Sensitivity Vi" 5.0 - - 200 300 400 mVp·p 

AC Coupled - PCAin 10 - - 400 600 800 
C series = 1000 pF, f = 60 kHz 15 - - 700 1050 1400 

DC Coupled - PCAin, PCBin - 5to 15 See Noise Immunity 

VOL TAGE CONTROLLED OSCILLATOR (VeOI 

Maximum Frequency f max 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 "" 00) 15 1.4 1.0 1.9 - -

Temperature - Frequency Stability - 5.0 - - 0.12 - - %Ioe 
(R2 = ~I 10 - - 0.04 -

15 - - 0.Q15 - -

Linearity (R2 - ~I - % 
(VeOin = 2.50 V ± 0.30 V, Rl .. 10 knl 5.0 - - 1 - -
(VCOin = 5.00 V ± 2.50 V, Rl .. 400 kill 10 - - 1 - -
(VeOin = 7.50 V ± 5.00 V, Rl .. 1000 kill 15 - - 1 - -

Output Duty Cycle 5 to 15 50 % 

Input Resistance - veoin Rin 15 150 15 1500 Mil 

SOURCE FOLLOWER 

• 
Offset Voltage - 5.0 - - 1.65 2.2 2.5 Vdc 

(VCOin minus SFout, RSF > 50 kill 10 - - 1.65 2.2 2.5 
15 - - 1.65 2.2 2.5 

Linearity - % 
(VCOin = 2.50 V ± 0.30 V, RSF > 50 knl 5.0 - - 0.1 - -
(VCOin = 5.00 V ± 2.50 V, RSF > 50 kill 10 - - 0.6· - -
(VeOin = 7.50 V ± 5.00 V, RSF > 50 kill 15 - - 0.8 - -

ZENER DIODE 

Zener Voltage (I z = 50 /lAI 

Dynamic Resistance Oz "" 1 rnA) 

*The formula given is for the typical characteristics only. 



MC14046B 

FIGURE 1 - PHASE COMPARATORS STATE DIAGRAMS 

Input State 

PC1 0ut 

Input State 

PC20ut 

PCPout 
(Lock Indicator) 

o 

o 

PHASE COMPARATOR 1 

I 

~ 11 10 

I 
I 

o 

PHASE COMPARATOR 2 

3-5t8t8 
Output Disconnected 

o 

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 veo in PLL system adjusts to minimum fre~ 

(fa)· quency (fmin)' 

Phase angle between PCAin and PCBin. 900 at center frequency (fa). approaching 00 Always 00 in lock (positive rising edges). 

and 1800 at ends of lock range (2fLl. 

Locks on harmonics of center frequency. Ves No 

Signal input noise rejection. High Low 

Lock frequency range (2fL). 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. 

Capture frequency ranga (2fC)' 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 fC = fL 
(see Figure 3). fC C; fL 

Center frequency (fa). The frequency of VCOout. when VCOin = 1/2 VOO 

veo output frequency If). 

fmin = I 
(V CO input = V SS) 

Note: These equations are Intendad R2(Cl+ 32 pF) 
to ba a d .. ign guide. Sinca calculated 
component values may be in error 
by as much as a factor of 4. labor-

fmax == 
I fmin (VCO input = VOO) 

atorv experimentation may bara- Rl(Cl+ 32 pF)+ 
qulrad for flxad designs. Part to part 
frequancy variation with identical 
passive components is IBIS than Where: 10K C; Rl C; 1M 
±20%. 10K C; R2 C; 1M 

l00pF C;Cl C; .01 "F 
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MC14046B 

FIGURE 3 - GENERAL PHASE-LOCKED LOOP CONNECTIONS AND WAVEFORMS 

9 SFout 

RSF 

PCAin 
@ Frequency f' VCOout 

@ frequency Nf' = f 

Typical Low-Pass Filters 

Typically: 
(01 R3 (bl R3 

Input ~ Output 

C2X 1 ~ 

Input~Output 
6N N 

R4 C2= Imax-~ 

-= 21 C ~ ;" R3"""t2 . 1~~ 
:J;C2 

100NAF 
(R3 + 3,0000) C2 = Imax2 - R4 C2 

ll. f = fmax - fmin 

Note: for further information, see: 
(1 IF. Gardner, "Phase-Lock Techniques", John Wiley and Son, New York, 1966. 
(21 G. S. Moschytz, "Miniature RC Filters Using Phase-Locked Loop", BSTJ, May,I965. 

(31 Garth Nash, "Phase-Lock Loop Design Fundamentals". AN-535. Motorola Inc, 

Waveforms 

Phase Comparator 1 

~VDD 
PCAin 

VSS 

Phase Comparator 2 

~VDD 

PCAin 
Vss 

I I 
, I 

~I VOH 
PCB In I I 

: I I: VOL 

pCPout H '! u" VOH 

, ! ! VOL 

PC20ut ---.r li VOH 

UC==VOL 

__ --------'-____ -_VOH veoln ---' " 
-VOL 
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® MOTOROL.A 

HEX BUFFERS 

The MC14049UB hex inverter/buffer and MC14050B noninverting 
hex buffer are constructed with MOS P-channel and N-channel 
enhancement 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, Vec­
The input-signal high level (VIHI can exceed the VCC supply voltage 
for logic-level conversions. Two TTL/DTL Loads can be driven when 
the devices are used as CMOS-to-TTL/DTL converters (VCC = 5.0 V, 
VOL';;; 0.4 V, IOL;;' 3.2 mAl. Note that pin 16 is not connected 
internally on these devices; consequently connections to this terminal 
will not affect circuit operation. 

• High Source and Sink Currents 

• H igh-to- Low Level Converter 

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

• Supply Voltage Range = 3.0 Vdc to 1 B Vdc 

• Meets JEDEC UB Specifications-MC14049UB 
Meets JEDEC B Specification-MC14050B 

MAXIMUM RATINGS (Voltages referenced to VSS, Pin 81 

Rating Symbol 

DC Supply Voltage VDD 
Input Voltage, All Inputs Vi" 
DC Current Drain per Input Pin I 

DC Current Drain per Output Pin I 

Operating Temperature Range - AL Device TA 

CLlCP Device 

Storage Temperature Range Tstg 

CIRCUIT SCHEMATIC 
(1I60F CIRCUITSHOWNI 

MC14049UB 

Value 

-0.5 to +18 

-0.5 to +18 
10 

45 
-55 to +125 

-40 to +85 

-65 to +150 

MC14050B 

7-129 

Unit 

Vdc 

Vdc 

mAde 

mAde 

°c 

C 

MC14049UB 
MC14050B 

CMOS 55. 
(LOW.pOWER COMPLEMENTARY MOS) 

HEX BUFFERS 

Inverting - MC14049UB 
Noninverting - MC14050B 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

Me,,,",,, 1T:;SUffiX Denotes 
MC14XXXB 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAMS 

MC14049UB MC14050B 

3---{>o-2 3-{>-2 

S---{>o-4 S-{>-4 

7---{>o-6 7-{>-S 

9---{>o-10 9-{>-10 

11 ---{>o- 12 11-{>-12 

14 ---{>o- 1S 14-{>-1S 

NC == Pin 13. 16 NC = Pin 13. 16 
VSS == Pin 8 VSS = Pin 8 
Vee == Pin 1 VeC=Pin1 
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MCl4049UB. MC14050B 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol 

Output Voltage "0" Level VOL 
Vin == VOD orO 

"1" Level VOH 

Input Voltage #MCl4049UB "0" Level VIL 
(VO = 4.5 Vdc) 
(VO = 9.0 Vdc) 
(VO = 13.5 Vdc) 

"1" Level VIH 
IV 0 = 0.5 Vde) 
(VO = 1.0 Vdc) 
(VA = 1.5 Vde) 

fnput Voltage #MC14050B "0" Level VIL 
(Va = 0.5 Vdc) 
(Va = 1.0 Vdc) 
(Va = 1.6 Vde) 

"1" Level VIH 
. (Va = 4.5 Vdc) 

(Va = 9.0 Vdc) 
(Va = 13.5 Vde) 

Output Drive Current tAL Device) IOH 
(VOH = 2.5 Vdc) Source 
(VOH = 9.5 Vdc) 
(VOH = 13.5 Vdc) 

(VOL = 0.4 Vdc) Sink IOL 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vde) " 

Output Drive Current (CL/CP Device) IOH 
(VOH = 2.5 Vdc) Source 
(VOH = 9.5 Vdc) 
(VO'H = 13.5 Vdc) 

(VOL = 0.4 Vdc) Sink IOL 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdc) 

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

(Vin =0) 

Quiescent Current (AL Device) 100 
(Per Package) 

Quiescent Current (CL/CP Devicel 100 
(Per Package) 

Total Supply Current**t IT 
(Dynamic plus QUiescent, Per Package) 
(CL 50 pF on all outputs, all bllffe ... switching) 

*Jlow "" 55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +1250 C for AL Device, +850 C for CL/CP Device. 

fTo Calculate total supply current at loads other than 50 pF: 

IT(CL) = IT i50 pF) + 6 X 10-3 (CL - 50) VOOf 

where: IT is in JJA (per package), 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. 

Voo 
Vd. 

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 
10 
15 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

Tlow . 25°C Thi h* 
Min 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 - 4.95 5.0 - 4.95 - Vdc 
9.95 - 9.95 10 ~ 9.95 -
14.95 - 14.95 15 - 14.95 -

Vdc 
- 1.0 - 2.25 1.0 - 1.0 
- 2.0 - 4.50 2.0 - 2.0 
- 2.5 - 6.75 2.5 - 2.5 

Vdc 
4.0 - 4.0 2.75 - 4.0 -
8.0 - 8.0 5.50 - 8.0 -
12.5 - 12.5 8.25 - 12.5 -

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 

Vde 
3.5 - 3.5 2.75 - 3.5 -
7.0 - 7.0 5.50 - 7.0 -
11 - 11 8.25 - 11 -

mAde 

-1.6 - -1.25 -2.5 - -0.9 -
-1.6 - -1.3 -2.5 - -0.9 -
-4.7 - -3.75 -10 - -2.7 -

3.75 - 3.2 6.0 - 2.2 - mAde 
10 - 8.0 16 - 5.6 -
30 - 24 40 - 17.0 -

mAde 
-1.5 - -1.25 -2.5 - -1.0 -
-1.5 - -1.25 -2.5 - -1.0 -
-4.5 - -3.75 -10 - -3.0 -
3.6 - 3.2 6.0 - 2.6 - mAde 
9.6 - 8.0 16 - 6.6 -
28 - 24 40 - 19 -
- ±0.1 - ±0.00001 .0.1 - ± 1.0 !-IAdc 

- ±0.3 ±O.ooool ±0.3 ± 1.0 !-lAde 

- - - 10 20 - - pF 

- 1.0 - 0.002 1.0 - 30 !-lAde 
- 2.0 - 0.004 2.0 - 60 
- 4.0 - 0.006 4.0 - 120 

- 4.0 - 0.002 4.0 - 30 !-lAde 
- 8.0 - 0.004 8.0 - 60 
- 16 - 0.006 16 - 120 

IT = (1 B !-lA/kHz)! + 100 "Ade 
IT = (3.5 !-IA/kHz)f + 100 
IT = (5.3 !-lA/kHz)! + I DO 

#Noise immunity specified for worst-case input combination 
B Suffix Noise Margin for both "1" and "0" level = 

1.0 Vde min @VOO = 5.0 Vdc 
2.0 Vdc min@ VOO = 10 Vdc 
2.5 Vdc min@ VOO = 15 Vdc 

UB Suffix Noise Margin for both "1" and ''0'' level = 

0.5 Vdc min @ VDO - 5.0 Vdc 
1.0 Vdc min@VOO= 10 Vdc 
1.0 Vdc min @ VOO = 15 Vdc 
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MC14049UB. MC14050B 

FIGURE 2 - TYPICAL OUTPUT SOURCE CHARACTERISTICS 
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FIGURE 4 - AMBIENT TEMPERATURE 
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This device contains circuitry to protect 
the inputs against damage due to high Itatic 
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FIGURE 3 - TYPICAL OUTPUT SINK CHARACTERISTICS 
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FIGURE 5 - SWITCHING TIME TEST CIRCUIT 
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MCl4049UB. MC14050B 

SWITCHING CHARACTERISTICS* (CL: 50 pF. T A: 250 CI 

Characteristic 

MC14049UB 

Output Rise Time tTLH 
tTLH ~ (0.8 ns/pFI CL + 60 ns 5.0 - 100 160 
'TLH = (0.3 ns/pFI CL + 35 ns 10 - 50 100 
tTLH = (0.27 ns/pFI CL + 26.5 ns 15 - 40 60 

Output Fall Time tTHL 
'THL = (0.3 ns/pFI CL + 25 ns 5.0 - 40 60 
tTHL = (0.12 ns/pFI CL + 14 ns 10 - 20 40 
tTHL: (0.1 ns/pFI CL + 10 ns 15 - 15 30 

Propagation Delay Time tpLH 
tpLH = (0.38 ns/pFI CL + 61 ns 5.0 - 80 120 
tpLH: (0.20 ns/pFI CL + 30 ns 10 - 40 65 
tpLH = (0.11 ns/pFI CL + 24.5 ns 15 - 30 50 

Propagation Delay Time tpHL 
tPHL = (0.38 ns/pFI CL + 11 ns 5.0 - 30 60 
tPHL = (0.12 ns/pFI CL + 9 ns 10 - 15 30 
tpHL'" (0.11 ns/pFI CL + 4.5 ns 15 - 10 20 

MC14060B 

Output Rise Time tTLH 
tTLH ~ (0.7 n./pFI CL + 65 ns . 5.0 - 100 160 
tTLH = (0.25 ns/pFI CL + 37.5 ns 10 - 50 80 
'TLH = (0.2 ns/pFI CL + 30 ns 15 - 40 60 

Output Fall Time tTHL 
tTHL = (0.2 ns/pFI CL + 30 ns 5.0 - 40 60 
tTHL = (0.06 ns/pFI CL·+17 ns 10 - 20 40 
tTHL = (0.04 n./pFI CL + 13 ns 16 - 15 30 

Propagation Delay Time tpLH 
tpLH = (0.33 ns/pFI CL + 63.5 ns 5.0 - 80 140 
tpLH = (0.19 ns/pFI CL + 30.5 ns 10 - 40 80 
tPLH = (0.06 ns/pFI CL + 27 ns 15 - 30 60 

Propagation Delay Time tPHL 
tpHL = (0.2 ns/pFI CL + 30 ns 5.0 - 40 80 
tPHL = (0.1 ns/pFI CL + 15 ns 10 - 20 40 
tPHL = (0.05 ns/pFI CL + 12.5 ns 15 - 15 30 . The formula given IS for the tYPical characteristics only. 

FIGURE 1 - TYPICAL VOLTAGE TRANSFER CHARACTERISTICS versus TEMPERATURE 
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® MOTOROLA 

ANALOG MUl TlPLEXERS/OEMUL TIPLEXEftS 

The MC14051 B, MC14052B, and MC14053B, an@log ml,lltiplexers 
are digitally controlled analog switches. The Mc1OI51 B effectively 
implements an SP8T electronic switch, the MC14052B a 2P4T, and 
the MC14053B a triple SPDT. All three devices feature dow ON 
impedance and very low b F F leakage current. Control of analog 
signals up to the complete supply voltage range can be ach ieved. 

• High On/Off Output Voltage Ratio - 65 dB typical 
• Quiescent Current = 5.0 nA/package typical @ 5 Vdc 
• Low Crosstalk Between Switches - 80 dB typical 
• Diode Protection on All Inputs 
• Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• Transmits Frequencies Up to 65 MHz 
• Linearized Transfer Characteristics, "'RON <60 n for 

Vin = VDD to VEE @ 15 Vdc 
• Low Noise - 12 nV /..;cvcre, f;;' 1 kHz typical 
• Pin·for·Pin Replacement for CD4051, CD4052, and CD4053 

MAXIMUM RATINGS 
Rating Symbol Value 

DC Supply Voltage VDDYEE -0.5 to +18 

Input Voltage, All Inputs VIn -0.5 to VOD + 0.5 

Unit 

Vdc 

Vdc 

MC14051a 
MC14052B 
MC14053B 

CMOS MS. 
(LOW.pOWER COMPLEMENTARY MOS) 

ANALOG MUL TlPLEXERS/ 
DEMUL TIPLIlXERS 

CASE 620 

L SUFFIX 
CERAMIC PACKAGE 

CASE 648 

PSUFFI~ 
PLASTIC P.ACKAGE 

Q~ERING INFORMATION 

L C$r,mlC Package 
P PlastiC Package 

Through Current I 25 mA<jj;; 

.O'~'" 11SU111X Cenote. 

A extended Ol=lerating 
Temperatl,lre Range 

C Limited OperatinQ 
Temperature Range 

Operating Temperature Range -- AL DeVice TA -55 to +125 °C' 
CLlCP DeVice -40 to +85 

Storage Temperature Range Tug -65 to +150 °c 

MC140528 MCl40538 MC140518 

8-Channel Analog 
Multiplexer /Demu Itiplexer 

Dual 4-Channel Analog 
Multiplexer/Demultiplexer 

Tr-iple 2-Cha01!81 Analog 
Multiplexer/Demultiplexer 

r 11 
Controls 

10 
9 

13 

14 

15 

Switches 12 
In/Out 1 

2 

4 

Inhibit 

contrOIS{~ A 

B 

C 12 

XO 14 

Xl 15 
X 3 11 X2 Common Switches 

X3 Out/In In/Out 

X4 5 

X5 2 

X6 4 

X7 

Voo = Pin 16 voo = Pin 16 
Vss = Pin 8 Vss = Pin 8 
Vee:::: Pin 7 Vee = Pin 7 

{

6 

) 

Controls 11 
13 10 

9 

12 
Commons OUt/I~wjtches {1 ~ 

InlOut 1 

3 5 

3 

Note: Control Inputs referenced to VSS. Analog Inputs and Outputs reference to VEE. Vee must be ~VSS. 
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MC14051B thru MC14053B 

FIGURE 1 - SWITCH CIRCUIT SCHEMATIC 

InlOut Qutlln 

V;J 

tont_rOI_1_-=~ ______ '_n/ou_t~ ____ out/~'n 
Control 

Vss 

TRUTH TABLE 

Control Inputs 

Select ON Switches 

Inhibit C' B A MC14051B MC14052B MC14053B 

0 0 0 0 XO 
0 0 0 1 XI 
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 XO 
Yl XI ZO yo XI 
Y2 X2 ZO Yl XO 
Y3 X3 ZO Yl Xl 

ZI YO XO 
ZI YO XI 
ZI Yl XO 
ZI Yl XI 

None None 

FIGURE 3 - MC14052B FUNCTIONAL DIAGRAM 
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XO 12o-------------------~~+_--~_7~ 

XI 14o-----------------~~~~+_~__+ 

X2 15O-----------------~~~~~~__+ 

X3 11 o-------____________ ~--~--L-~~ 

:: :0:------------------------_4 

Y3 4: 0-----------------------

13 X 

FIGURE 2 - MC14051B FUNCTIONAL DIAGRAM 
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A 11 
B 10 
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X2'5~------------------_4~~~~~~ 

X312~--------------------~~~_+~~--03 X 

X4 ,~----------------------_R~_+~~ 

X5 5~------------------------~~~~ 

X6 2 o--------------------------~;;!_;_-4 

X7 4 ~--------------------------40~ 

FIGURE 4 - MC14053B FUNCTIONAL DIAGRAM 
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7-134 



MC14051B thru MC14053B 

ELECTRICAL CHARACTERISTICS 
VDD-

Characteristic Symbol 
VEE 
Vdc 

Output Voltage "0" Level VOL 5.0 

Vin = VDD or VSS 10 

VSS = VEE 15 

"1" Level VOH 5.0 
Vin = a or VOO 10 

15 

Input Voltage#" "0" Level VIL 
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 VIH 
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 

Input Current (Control, Inhibit) lin -
Input Capacitance Cin 

IVin = 0) 
Control, Inhibit -
Switch Inputs -

Output Capacitance MC140518 Cout 10 
MC140528 10 
MC140538 10 

Feedthrough Capacitance MC140518 Cin·out 10 
MC140528 10 
MC140538 10 

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

IS 

Quiescent Current (CLlC? Device) 100 5.0 
(Per Package) 10 

IS 

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

ON Resistance (AL Device) RON 5.0 
10 
IS 

ON Resistance (CL/C? Device) RON 5.0 
10 
15 

~ ON Resistance Between Any .0. RON 5.0 
Two Channels 10 

15 

OF F Channel Leakage Current -
Any Channel 15 

IAL Device) All Channels OFF: 
MC140518 15 
MC140528 15 
MC140538 15 

OFF Channel Leakage Current -
Any Channel 15 

(CL/CP Device) 
All Channels OFF: MC104518 15 

MC104528 15 
MC10453B 15 

"Tlow = -550 C for AL Device, -'lOOC for CL/CP Device. 
Thigh = +1250C for AL Davice, +850C for CL/CP Daviee. 

Tlow . 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.25 -
- -

- -
- -
- -
- -
- -

- -
- -
- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

- 880 
- 400 
- 220 

- 880 
- 450 
- 250 
- -
- -
- -

- 100 

- 100 
- 100 
- 100 

- 1000 

- 1000 
- 1000 
- 1000 

#Noise immunity is defined as the control input voltage coincident with the 
specified change,llVout• at an output in the OFF state. 

**The fonnulas given are for the typical characteristics only at 25°C. 
tTotal Supply Current, IT. is the current drawn at device tenninsls VDO and 

VSS for total current through the device. The channel component, 
(Vin-VoutliRON, should not be included. 
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25°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 

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

- 10 - - pAdc 

pF 

- 5.0 - - -
- 10 - - -
- 60 - - - pF 
- 32 - - -
- 17 - - -
- 0.18 - - - pF 
- 0.12 - - -
- 0.10 - - -
- 0.005 5.0 - 150 ~Adc 

- 0.010 10 - 300 

- 0.015 20 - 600 

- 0.005 20 - ISO ~Adc 

- 0.010 40 - 300 

- 0.015 80 - 600 

IT = 10.07 ~A/kHz) f + 10 ~Adc 

IT = 10.20 ~A/kHz) f + 10 
IT = 10.36 ~A/kHz) f + 10 

- 250 1050 - 1200 n 
- 120 500 - 550 
- 80 280 - 320 

- 250 1050 - 1200 n 
- 120 500 - 520 
- 80 280 - 300 

- 25 - - - n 
- 10 - - -
- 5.0 - - -

nAdc 

- '0.01 100 - 1000 

- ±0.08 100 - 1000 

- '0.04 100 - 1000 

- ±0.02 100 - 1000 • nAdc 

- ±0.01 1000 - 3000 

- ±0.08 1000 - 3000 

- '0.04 1000 - 3000 

- ±0.02 1000 - 3000 
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MC14051B thru MC14053B 

SWITCHING CHARACTERISTICS· (CL = 50 pF, TA = 250 cI 

Chlll'llCtllristic Symbol VDo-VEE Typ 
Max Unit 

Vdc All Ty ..... 
Propagation Oelay Times tpLH, tpHL ns 

Switch Input to Switch Output (RL = 10 kni 
MC14061 

tPLH, tPHL - (0.17 ns/pFI CL + 26.5 ns 5.0 35 90 
tPLH, tPHL· (0.08 n./pFI CL + 11 nS 10 15 40 
tPLH, tpHL = (0.06 ns/pFI CL + 9.0 ns 15 12 30 

MC14062 
tPLH, tPH L • (0.17 ns/pFI CL + 21.5 ns 5.0 30 76 ns 
tpLH, tpHL - (0.08 ns/pFI CL + 8.0 ns 10 12 30 
tPLH, tpHL = (0.06 ns/pFI CL + 7.0 ns 16 10 25 

MCI4053 
tPLH, tPHL - (0.17 ns/pFI CL + 16.5 ns 5.0 25 65 n. 
tPLH, tpHL = (0.08 ns/pFI CL + 4.0 ns 10 8.0 20 
tPLH, tPHL - (0.06 ns/pFI CL + 3.0 ns 15 6.0 15 

Inhibit to Output (RL = 10 knl: 
tPHZ, tPLZ, Output "I" or "0" to High Impedenc., or ns 

High Impedance to "I" or "0" Level tpZH, tpZL 
MC14051B 5.0 350 700 

10 170 340 
15 140 280 

MCI4052B 5.0 300 600 n. 
10 156 310 
15 125 260 

MCI4053B 6.0 276 550 ns 
10 140 280 
15 110 220 

Control Input to Output (RL = 10 knl tpLH, tpHL ns 
MC14051B 5.0 360 720 

10 160 320 
15 120 240 

MC14052B 5.0 325 650 ns 
10 130 260 
15 90 180 

MC14063B 5.0 300 600 n. 
10 120 240 
15 80 160 

Sine Wave Distortion - 10 0.04 - " (RL-l kn,f-l kHzl 

Bandwidth BW MHz 
(RL· 1 kn, Vin = 1/2 (VOO· Vssl pop, 

20 Logl0~Out = -3 dBI MC14051B 10 20 -
In MC14062B 10 30 -

MCI4053B 10 56 -
Feedthrough Attenuation, Input to Output - MHz 

(RL -I kn, 20 Log 10~ = -50dBI MC14061B 10 4.6 -
In MC14062B 10 30 -

MCI4053B 10 55 -
Channel Separation - 10 3.0 - MHz 

(RL = 1 kn, Yin = 1/2 (VOO· VSSI pop, 

20 Log 10 Vout(BI = -50 dBI 
VJniAl 

Feec!through Control, Input to Output - 10 30 - mV 
(R, = 1 kn, RL· 10 kn Control/Inhibit 
tTLH = tTHL = 20 nil 

Maximum Control Frequency 10 10 MHz 
(RL = 1 kn, Vout = 1/2 Vinl 

Tho formulas given ere for the typical charectorist'CI only. 

This device contains circuitry to protect the inputs against damage due to high static voltages or elac:tric fields; however. it is ad· 
vised that normal precautions be token to avoid application of any voltage hlghar than meximum rated voltages to this high im· 
pedance circuit. For proper operation it i. recommended that Yin end Vout be constrained to the range VEE < (V in or Voutl 
<VOO· 
Unused inputs must alway. be tied to an appropriate logic voltagele .. 1 (e.g., either Vss or Vool. 
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MC14051B thru MC14053B 

FIGURE 5 - INPUT VOLTAGE 

V out 

Voo 

FIGURE 7 - BANDWIDTH AND FEEDTHROUGH 
ATTENUATION 

A, B. and C Inputs used to turn ON or OFF 
the sWitch under test . 

VOD VEE 
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FIGURE 9 - FEEDTHROUGH, CONTROL TO 
SIGNAL OUTPUT 

TEST CIRCUITS 

FIGURE 6 - PROPAGATION DELAY TIMES, 

CONTROL AND INHIBIT TO OUTPUT 

.-iC)f--.-.--o V out 

FIGURE 8 - CROSSTALK BETWEEN ANY TWO SWITCHES 

FIGURE 10 - MAXIMUM CONTROL FREQUENCY 
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Voo 
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MC14051B thru MC14053B 
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TYPICAL RESISTANCE CHARACTERISTICS 
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® MOTOROLA 

QUAD ANALOG SWITCH/QUAD MULTIPLEXER 
The MC14066B 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 MC14066B is designed to be pin·for-pin compatible with the 
MC14016B, 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, ARON <60 g for 

Vin = VDD to VSS (at 15VI 
• Low Noise - 12 nV /../ Cycle, f;;' 1 kHz typical 
• Pin·for-Pin Replacement for CD4016, CD4066, MCl4016 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Svmbol 

DC Supply Voltage VDD 

Input Voltage. All Inputs Vi" 
Through Current I 

Operating Temperature Range - AL Device TA 

Storage Temperature Range 

CLICP Device 

Tstg 

CIRCUIT SCHEMATIC 
11/4 OF DEVICE SHOWN) 

Value 

-0.5 to +18 

-0.5 to VDD + 0.5 

25 
-55 to +125 
-40 to +85 

-65 to +150 

Voo 

Unit 

Vde 

Vde 

mAde 

°c 

°c 

InlOut Out/In 

~V~~_ V;J 
Control :::111.5 ~ 

kg 1 
':" ':' 
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MC14066B 

CMOS 551 
(LOW.pOWER COMPLEMENTARY MOSI 

QUAD ANALOG SWITCH 
QUAD MULTIPLEXER 

.. - ... 
L SUFFIX PSUFFIX 

CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632 CASE 646 

ORDERING INFORMATION 

M"""1~SUffIX Oenote. 
L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Range 
e Limited Operating 

Temperature Range 

Control 1 2 '~ 1 Out 1 

In 1 BLOCK 

~
5 DIAGRAM 

Control 2 
3 

4 Out2 

In 2 

contrOl3~9 
8 Out 3 

In 3 

Control 4 10 VSS "" Pin 7 ~ 
Voo=Pin14 

11 Out4 
In4 

LOGIC DIAGRAM AND TRUTH TABLE 
(1/4 OF DEVICE SHOWNI 

In/Out~OUtlln 
Control ~ 

I Control I Switch I logic Diagram Restrictions 
I 0 I OFF I VSS ';;Vin ';;VOO 

1 ON VSS SVout SVOD 

Vcontrol Vln to Vout Resistance 

VSS > 109 Ohms typ 

Voo 3 x 102 Ohms typ 

• 
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MC14066B 

ELECTRICAL CHARACTERISTICS ... 
Chilf'ali'totiitic Symbol 

1100 
Vd. 

Input Voltage (Control) "0" Level VIL 
(VO = 4.5 or 0.5 Vdc) 5.0 
(VO= 9.0 or fb vdcl 10 
1110- 13.5 Or 1.5 Vdc) 15 

"'" Level VIH 
IVO = 0.5 Or 4.5 Vdc) 5.0 
IVO = 1.0 or 9.0 Vdc) 10 
IVO = !.5 9r 1,3.5 Vdc) 15 

Input Current (AI:.. Oevi~e) Control. I,n 15 

Input Current (CLlCP De",cel <V:'OI lin 15 

Input Capacitance Con 
IV in -01 

,4f,ontrol ,In..,l:It 
SWI tch I np!-, ts , 10 

Output CaPaCitance Cout 10 

~.eed'th ro~gh Capacifanc~ ,em-out 10 

roUle~ent Curtetlt tAL DevICe I 10 5.0 
(Per Package I 10 

15 

QUII:!scent Ourrerit (CLlCP DeVice) 10 5.0 
(Per Package) 10 

15 

ON ReSIstance (AL tJilV,cel RON 5.0 
10 
15 

ON Res"tance ICLlCP Oevicel RON 50 
10 
15 

to ON Reslstd~ce 'Set;".e;' Any TIII/o O! to RON 5.0 
Four Switches 10 

15 

~np(Jt/04fput leakage Current 15 
Switth O~~...IAL Dev,cel 

Input'lOufpilt Lillikage Ciment - 15 
Sw,tch OFF teLlcP Devic'el 

'. 
J 

"The fo";'ula. 'giwn ire fOr the wpi.al characteristics only. 
TIOW = -5~oC lot AL Oevk:e, -40"c Itlr'CL/CP Device. 
th;gl. ~'+12&cSC fOr AL OeliiCII,+850e lor CL/CP OeVice • 

Tlow . 
Min Max 

- 1.5 
- 3.0 
- 3.75 

3.5 -
7.0 -

11.25 -
±0.1 

±O.3 

- -
- -
- -

0.25 
- 0.50 
- 1.00 

1.0 
- 20 
- 4.0 

800 
- 400 
- 220 

- 880 
- 450 
- 250 

- .-

- -

±100 

- ±300 

7-140 

Min 

-
-
-

3.5 
7.0 

11.25 

-
-
-

-
-

-
-
~ 

-
-
-
-
-

-
-

-

2SoC Thi . 
Typ Max Min Max ullIt 

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

Vdc 
275 - 3.5 -
5.50 - 7.0 -
8.25 - 11.25 -

±O.OOOOI ±0.1 ±l.o ~Adc 

±O 00001 ±Ool ± 1.0 ~Adc 

pF 

50 7.5 - -
80 15 - -
8.0 - - - pF 

0.5 pF 

0.0005 0.25 7.5 ~Adc 

0.0010 0.50 .. 15 
0.0015 1.00 - 30 

0.0005 1.0 7.5 #JAde 
0.0010 2.0 - 15 
0.0015 4.0 30 

250 1050 1200 !! 
120 500 - 520 
80 280 - 300 

250 1050 '0- 1300 II 
120 500 - 550 
80 280 - 320 

25 II 

10 - - -
5,0 - - -

±0.01 ±100 ±1000 nAdc 

±O.O! ±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 
constreined to the range VSS '" (Vin or 
You,) .; VDD· 
Unused inputs must always be tied to an 
approp,iate lOgic voltage level (e.g., either 
VSSorVOD)· 



MC14066B 

SWITCHING CHARACTERISTICS* (CL = 50 pF, T A = 250 C unle .. otherwise noted.) 

Characteristic Symbol VDD Min Typ Max Unit 
Vdc 

Propagation Delav Times VSS =0 Vdc 

Input to Output (RL = 10 kll) tpLH,tPHL ns 
tPLH, tPHL = (0.17 ns/pF) CL + 15.5 ns 5.0 - 20 40 
tPLH, tpHL = (0.08 ns/pF) CL + 6.0 ns 10 - 10 20 
tpLH, tpHL - (0.06 ns/pF) CL + 4.0 ns 15 - 7.0 15 

Control to Output (R L = 1 kll) 
Output "1" to High Impedance tpHZ 5.0 - 40 SO ns 

10 - 35 70 
15 - 30 60 

Output "0" to High Impedanca tPLZ 5.0 - 40 80 ns 
10 - 35 70 
15 - 30 60 

High Impedance to Output "1" tpZH 5.0 - 60 120 ns 
10 - 20 40 
15 - 15 30 

High Impedance to Output "0" tpZL 6.0 - 80 120 ns 
10 - 20 40 
15 - 15 30 

Sine Wave Distortion Vss = -6 Vdc - 5.0 - 0.1 - % 
(Vin = 1.77 Vdc, RMS Centered @I 0.0 Vdc, 
RL = 10 kll, f = 1.0 kHz) 

Frequency Response (Switch ON) VSS = -5 Vdc - 5.0 - 65 - MHz 

(RL = 1 kll,20 Logl0 Vout = -3 dB) 
Yin 

Feedthrough Attenuation (Switch 0 F F) Vss =-5 Vdc - 5.0 - 1.0 - MHz 

(RL = 1 kll, 20 lD910 Vout = -50 dB) 
Vi" 

CrDlltelk Between Any Two Switches Vss - -5 Vdc - 5.0 - S.O - MHz 

(RL = 1 kll,20 LD9l0 Vout(B) = -50 dB, 
Vin(A) 

(Switch A ON, Switch B OFF) 

Crosstel k, Control I nput to Signal Output VSS =-5 Vdc - 5.0 - 300 - mV 

Maximum Control Input Frequency VSS - 0 Vdc - 5.0 - 6.0 - MHz 

(20 Logl0 Vout = -6 dB) 10 - S.O -
Vin 16 - S.5 -

'The formulas given are for the typical characteristics only. 
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MC140668 

FIGURE 7 - CHANNEL RESISTANCE (RON' TEST CIRCUIT 

Voo 

10k~---1~-----------+-----k:~r---

Voo 

Vss 

x·v 
Plotlllr 

TYPICAL RESISTANCE CHARACTERISTICS 

35 0 

i 30 0 

'" :; 250 ... z 
<[ 200 

~ - 150 
~ 

~ 10 
o 
'" 

0 

0 

o 

FIGURE B - VOO ~ 7.5 V, VSS· -7.6 V 

I 

I TA = 125°C 
·1 
25°C 

, :J60C-

-10 -8.0 -8.0 -4.0 -2.0 0.2 4.0 6.0 B.O 10 

;;; 
:IE 

700 

600 

e 50 0 
w ... 
~400 

! 
~ 300 
~ 
P 20 
Z 
o 

0 

.. 100 

0 

Vin.INPUT VOLTAGE (VOLTS) 

FIGURE 10 - VOO • 2.6 V, Vss • -2.6 V 

" A ""\ 
I 1-\ 

I'TA = 125°C 'J'.. , 
"- 26°C ..... -55~C 

-10 -8.0 -8.0 -4.0 -2.0 2.0 4.0 6.0 8.0 10 

Vin.INPUTVOLTAGE (VOLTS) 

;;; .. 
350 

300 

e 250 
w ... 
~ 20 

~ 15 

~ 

0 

0 

P 100 
Z 
o 
'" 0 

0 

FIGURE 9 - VOO· 5.0 V, VSS· -5.0 V 

~ - TA=1250C-

i-"""- - 250C--r--
i---. -~50C-r--

~ 
-10 -8.0 6.D 4.0 2.0 - .2.0 4.0 6.0 B.O 10 

350 

;;; 300 
;! 
~ 250 ... 
~ 200 
::l 
~ 150 

P 
Z 100 
:l 

0 

0 

Vin, INPUT VOLTAGE (VOLTS) 

FIGURE 11 - COMPARISON AT 211"c, VOO· -VSS 

t-TA' 25°C ~ 
1\ 
I , I I 

II \V~O-2.5Iv 
~ 

~ ~ 
~ 

5.0 V 
~ -~ 

7.5 V 

-10 -8.0 -8.0 -4.0 -2.0 2.0 4.0 6.0 B.O 10 

Vin, INPUT VOLTAGE (VOLTS) 
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MC14066B 

TEST CIRCUITS 

FIGURE 1 - INPUT VOLTAGE 

FIGURE 3 - BANDWIDTH AND 
FEEOTHROUGH ATTENUATION 

Vc"" VOO for Bandwidth Test 

VC"" VSS for Feedthrough Test 

Vin o----+---lC)I--~__1~--oVout 

Vee Vss 

FIGURE 5 - CROSSTALK, 
CONTROL TO OUTPUT 

7-143 

FIGURE 2 - PROPAGATI.ON DELAY TIME, 
CONTROL TO OUTPUT 

r----i----i'c.,;:j--,--?"---o v out 

-0-------/ 0 

voe vss vss voe 

Vee- Vss 
--2--

FIGURE 4 - CROSSTALK BETWEEN 
ANY TWO SWITCHES 

FIGURE 6 - MAXIMUM CONTROL FREQUENCY 

Vee -=rul.JL 
Vss 

• 
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® MOTOROLA 

8 -INPUT "NAND" GATE 

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 tvp/pkg @ 5 V dc 

• 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-far-Pin Replacement for CD4068B 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value IUnit 

OC Supply Voltage Voo -05tcl+18 Vdc 

Input Voltage, All Inputs V ,n -05 to VOO +05 Vdc 

DC Current Drain per PIO I 10 mAde 

Operating Temperature Range - AL DeVice TA -55to+125 °c 
CLlCP Oevlce -40 to +85 

Storage Temperature Range Tstg -65 to +150 °c 

See the MCI4001B data sheet for complete characteristics for this device. 

20-+--'" 
30--<>-_...J 

5 

4-"L-==--J 

11 _.-:===--
12 -~ 1.-....::;;;='-+-.... 

CIRCUIT SCHEMATIC 
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MC14068B 

CMOS 55. 
ILOW~POWER COMPLEMENTARY MOSI 

a-INPUT "NAND" GATE 

... , .• 
L SUFFIX 

CE RAMie PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

·""'''1I::" ~":::.-P Plastic Package 
A Extended OperatinG 

Temperature Range 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAM 

l?-13 
10 11 
12 

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 
Vou,l .. VOD· 
Unused inputs must always be tied to an 
appropriate logic voltage level· (e.g., either 
VSsorVOOI. 



@ MOTOROLA 

HEX INVERTER 

The MC14069UB 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 
dissipation andlor high noise immunity is desired. Each of the six 
inverters is a single stage to minimize propagation delays. 

• Quiescent Current = 0.5 nA typlpkg @ 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 CD4069UB 
• Meets JEDEC UB Specifications 

MAXIMUM RATINGS (Voltages referenced to VSS) 

Rating 

DC Supply Voltage 

Input Voltage, All Inputs 

DC Current Drain per Pin 

Operating Temperature Range - AL DeVice 

Storage Temperature Range 

LOGIC DIAGRAM 

1-{>o-2 

3-{>o-4 

s-{>o-s 
9-{>o-S 
11-{>o-10 

13-{>o-12 

C Llep DeVice 

VOD'" Pin 14 
Vss "" Pin 7 

Symbol Value 

VDD -05to+18 

V ln -0.5 to VDD + 0.5 

I 10 

TA -55 to +125 
-40 to +85 

Tstg -65to+150 

CIRCUIT SCHEMATIC 
(1/6 OF CIRCUIT SHOWN) 

• Double diode protection on all 
inputs not shown. 

Unit 

Vde 

Vde 

mAde 

°c 

°c 

MC14069UB 

CMOS 55. 
(LOW-POWER COMPLEMENTARY MOS) 

HEX INVERTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

."'""'"'1tSUffIX Denotes 
L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperatura 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 Vss ~ (Vin or 
Vout) ";VDD· 
Unused inputs must always be tied to an 
appropriate logic voltage )e.el (e.g., either 
VSSor VDD). 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

j,::,=:::---i:+---- V DD 

/1I-___ VSS 
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MC14069UB 

ELECTRICAL CHARACTERISTICS 

Voo Tlow· 25°C Thigh" 

Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
V,n VOO or 0 10 

15 

"1" Level VOH 5.0 
Von o or VOO 10 

15 

Input Voltage# "0" Level VIL 
(Va = 4.5 Vdc) 5.0 
(Va = 9.0 Vdc) 10 
(Va = 13.5 Vdc) 15 

"'" Level VIH 
(Va = 0.5 Vde) 5.0 

,IVa = 1.0 Vde) 10 
(Va = 1.5 Vde) 15 

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

(VOL = 0.4 Vdc) Sink IOL 5.0 
(VOL = 0.5 Vde) 10 
(VOL = 1.5 Vdc) 15 

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

(VOL = 0.4 Vdc) Sink IOL . 5.0 
(VOL = 0.5 Vdc) 10 
(VOL = 1.5 Vdc) 15 

Input Current (AL DeVice) 'in 15 

Input Current (CLlCP,Devlcel 'in 15 

Input Capacitance Con -
IV,n 0 0) 

QUiescent Current (AL DeVice) 100 5.0 
IPer Package) 10 

15 

QUIescent Current (CLlCP DeVice) 100 5.0 
(Per Package) 10 

15 

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

Output Rise and Fall Times·· tTLH, 
ICL = 60 pF) tTHL 

ITLH,ITHL = 11.35 ns/pF) CL + 33 ns 5.0 
'ITLH,ITHL = 10.60 ns/pF) CL + 20 ns 10 
tTLH, ITHL = 10.40 ns/pF) CL + 20 ns 15 

Propagation Delay Times** tPLH, 
ICL = 50 pF) tPHL 

tPLH,tPHL = (0.90 ns/pF) CL + 20 ns 5.0 
tPLH,tpHL = 10.36 ns/pF) CL + 22 ns 10 
tpLH,tpHL = (0.26 ns/pF) CL + 17 ns 15 

*Tlow - -55°C for AL DeVice, -40°C for CL/CP DeVice 

Thigh"" + '250 C for AL Device, +850 C for CLiCP Device 
tTo calculate total supply current at loads other than 50 pf: 

ITICL) = IT 1'50 pF) + 6'X 10- 3 1CL -- 50)VOOf 

Min 

-
-
-

4.95 
9.95 

14.95 

-
-
-

4.0 
8.0 
12.5 

-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 
-

-

-
--
_. 

-
-
-

-
-
-

-
-
-

where: IT is in IJA (per package), CL in pF, VoO in Vdc, and f 
kHz IS input frequency. 

MIx Min Typ MIx Min MIx 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 
1.0 - 2.25 1.0 - 1.0 
2.0 - 4.50 2.0 - 2.0 
2.5 - 6.75 2.5 - 2.5 

., 
- 4.0 2.75 - 4.0 - Vdc 

- 8.0 5.50 - 8.0 - .. 
- 12.5 8.25 - 12.5 -

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 - mAde 
- 1.3 2.25 - 0.9 -

- 3.4 8.8 - 2.4 -
mAde 

- -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 - mAde 
- 1.1 2.25 .. 0.9 -
- 3.0 8.8 - 2.4 -

±0.1 -- to.OOOOl to. t - t 1.0 ~Adc 

±O3 -- '0.00001 ±O.3 - '1.0 ~Adc 

- - 5.0 7.5 - - pF 

0.25 - 0.0005 ·0.25 - 7.5 ~Adc 

0.50 - 0.0010 0.50 - 15 
1.00 - 0.0015 1.00 - 30 

1.0 - 0.0005 1.0 - 7.5 ~Adc 

2.0 - 0.0010 2.0 - 15 
4.0 - 0.0015 4.0 - 30 

IT = (0.3 ~AlkHz) f + 100/6 ~Adc 

IT = (0.6 "A/kHz) f + '00/6 
'T = 10.9 "A/kHz) f + 100/6 

ns 

- - 100 200 - -

- - 50 100 - -
- - 40 80 - -

ns 

- - 65 125 - -

- - 40 75 - -
- - 30 55 - -

• *The formulas gIven are for the tYPIcal characteristIcs only at 

250 C. 
#Noise immunity specified for worst-case input combination. 

Noise Margin for both "'" and "0" level: 
0.6 Vdc min@ VOO = 5.0 Vdc 

'.0 Vdc min @ VoO = 10 Vdc 
1.0 Vdc min@ VOO = 15 Vdc 
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CMOS 55. 
QUAD EXCLUSIVE "OR" AND "NOR" GATES 

The MC14070B quad exclusive OR gate and the MCI4077B 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 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 

• MCI4047B - Replacement for CD4030B, CD4070B, and 
MC14507 Types 

• MCI4077B - Replacement for CD4077B Type 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Svmbol 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 
CLlCP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

50% Duty Cycle 

·'nvarted output on MC14077B only. 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

MC14070B 
QUAD EXCLUSIVE "OR" GATE 

MC14077B 
QUAD EXCLUSIVE "NOR" GATE 

CASE 632 

L SUFFIX 
CERAMIC PACKAGE 

CASE 646 

PSUFFIX 
PLASTIC PACKAGE 

ORDERING INFORMATION 

"""m 1T:;SUff;X Oenote. 

L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Range 
e Limited Operating 

Temperature Range 

MCl4070B MCl4077B 
Quad Exclusive OR Quad Excluslve NOR 

Gate Gate 

~=r=r-3 ~=!>-3 
:=r=r-4 :=!>-4 

:=r=r-1O :=!>-10 12=r=r- 12=!>-11 11 
13 13 

Voo - Pin 14 
Vss - Pin 7 

(Both Devices) 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

20 ns 
VOO 

Input 

Output 

• Inverted output on MC14077B only. 'THL 'TLH 

#Connect unu_d Input to Vee for MC14070B, to Vss for MC14077B. 
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MC14070B, MC14077B (continued) 

ELECTRICAL CHARACTERISTICS 

Voo Tlow . 250 C Thi h' 
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit 

Output Voltage "0" Level VOL 5.0 - 0.05 - 0 0.05 - 0.05 Vdc 
V ln - 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 - OarVOD 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -
Input Voltage.%t "0" Level VIL Vdc 

(VO 0 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 VIH 
(VO " 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 - Vdc 
(VO 0 1.0 or 9.0 Vde) 10 7.0 - 7.0 5.50 - 7.0 -
(VO" 1.5 or 13.5 Vde) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) 10H mAde 
(VOH " 2.5 Vdcl Source 5.0 -3.0 - -2.4 -4.2 - -1.7 - '~1 : 

(VOH "4.6 Vdc) 5.0 -0.64 - -0.51 -0.88 - -0.36 -
(VOH "9.5 Vdc) 10 -1.6 - -1.3 -2.25 - -0.9 -
(VOH = 13.5 Vde) 15 -4.2 - -3.4 -8.8 - -2.4 -
(VOL = 0.4 Vde) Sink 10L 5.0 0.64 - 0.51 0.88 - 0.36 - mAde 

(VOL = 0.5 Vde) 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 (CLlCP DeVice) 10H mAde 

(VOH = 2.5 Vdc). Source 5.0 -2.5 - -2.1 -4.2 - -1.7 -
(VOH = 4.6 Vde) 5.0 -0.52 - -0.44 -0.88 - -0.36 -
(VOH = 9.5 Vdc) 10 -1.3 - -1.1 -2.25 - -0.9 -
(VOH = 13.5 Vdc) 15 -3.6 -- -3.0 -8.8 - -2.4 -
(VOL = 0.4 Vde) Sink 10L 5.0 0.52 - 0.44 0.88 - 0.36 - mAde 
(VOL = 0.5 Vdc) 10 1.3 - 1.1 2.25 - 0.9 -
(VOL = 1.5 Vdc) 15 3.6 - 3.0 8.8 - 2.4 -

Input cerrent IAL Device) 'in 15 - ±O.l - ±O 00001 ±O.l - ± 1.0 ~Adc 

Input Current (CLlCP Device) 'in 15 - ±O.3 - ±O.OOOOI ±0.3 - ±1.0 .uAdc 

Input Capacitance Gin - - - - 50 7.5 - - pF 
IVin = 0) 

QUiescent Current (AL Device) 100 5.0 0.25 0.0005 0.26 7.6 "Ade 
(Per Package) 10 - 0.50 - 0.0010 0.60 - 15 

15 - 1.00 - 0.0015 1.00 - 30 

QUiescent Current (CLlCP DeVice) 100 5.0 - 1.0 - 0.0005 1.0 - 7.5 /J.Adc 
(Per Package) 10 - 2.0 - 0.0010 2.0 - 15 

15 - 4.0 - 0.0015 4.0 - 30 

Total Supply Current"'t IT 5.0 IT = (0.3 "A/kHz) f + 100 /JAde 
(DynamiC plus Quiescent, 10 IT = (0.6 "A/kHz) f + 100 
Per Package) 15 IT = (0.9 "A/kHz) f + 100 

fel = 50 pF on all outputs, all 
buffers switching) 

Output Rise and Fall Times** lTLH. 
(CL = 50 pF) ITHL 

lTLH. lTHL = (1.35 ns/pF) CL + 33 ns 5.0 -
lTLH.lTHL= (0.60ns/pF) CL + 20 ns 10 -
lTLH.lTHL= (0.40 ns/pF) CL + 20 ns 15 -

Propagation Delay Times** tPLH. 
(CL = 50pF) tpHL 

IpLH.IpHL -(0.90 ns/pF) CL +115 ns 5.0 -
IpLH.IpHL -(0.36 ns/pF) CL +47 ns 10 -
IpLH.IpHL-(O.26ns/pF) CL+37ns, 15" -

-Tlow'" -SSoC for AL DeVice. -400 C tor CLlCP DeVice 
Thigh'" +12SoC for AL Device. +8SoC for CL/CP Device. 

.=Noise Immunity specified for worst-case input combination. 

- -
- -
-

- -
- -
- -

NOise Margin for both "1" and "0" level e 1.0 Vdc min@ VDO ,.. 5.0 Vdc 
2.0 Vde min @ VOO : 10 Vdc 
2.5 Vdc min @ VOO : 15 Vdc 

tTo calculate total supply current at loads other than SO pF: 
IT(CLI " IT(50 pF) + 1 x 10-3 (CL -501 VOOf 

100 
50 
40 

175 
75 
50 

200 - -
100 - -
80 - -

350 - -
150 - -
100 - -

Th •• devlce conlams ~"~U'lr'r' 10 prOI8C1 
the mpull ..... MI d41'J'\1101i d ... to h'llh 
Itat.~ wlh(IIt or l18C1r'~ '''lIh. '-t. 
h '-Idwi .. thet IICII'INI.,.--utlon.b. 
takMllClavoldappllc:et:ionofanyvo~ 
hill ..... IhMl INIClmum ratecl. vol~ to 
1fIlihilhilllPldlncecircull.Forpropar 
oparMlonltll_mmandadcn.tV,n and 
VOU! be corm,.I'*' to the r .... Vss < 
IVIft°rVoutl<VDC' 

where: 'T is in IJ.A (per package). 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. 

UtI.,_ Inplitl mun alwev_ be IIKI ICI .n 
...... ialelog!cw .... ...,.I! .......... 
Vssor VCOI. 
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® MOTOROLA 

QUAD 2-INPUT "OR" GATE 

The MC14071 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 CD4071B 

MAXIMUM RATINGS fVoltages referenced to VSS) 

Rating Svmbol Value 

O~ Supply Voltage VDD -0.510+18 

Input Voltage, All Inputs Von -05 to VDD +05 

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -5510+125 
CLlCP DevIce -40 to +85 

Storage Temperature Range Tstg -65 to +150 

See the MC14001 B data sheet for complete charact~ristics of the 
B-Series device. 

MCI4071 CIRCUIT SCHEMATICS 
11/4 of Device Sh_nl 

1,6,8,13 

2,5,9,12 

NOTE: 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

MC14071 
MC14071B 

CMOS SS. 
fLOW·POWER COMPLEMENTARY MOS) 

QUAD 2-INPUT "OR" GATE 

...... 
L SUFFIX 

CE RAMIe PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 632 CASE 646 

ORDERING INFORMATION 

MC14XXXJ'1~-:' ~.::: •• 
Delete for P Plastic Package . 
Non-B Device A Extended Operating 

Temperature Range 
e Limited Operating 

Temperature Range 

VOO 

I~ 
':-I 

LOGIC DIAGRAM 

12~ 
13~" 

MCI4071B 

Voo'" Pin 14 

VSS z Pin 7 

dJj'" 
H~~3'4"0'l' MC14071 (Non BI is not recommended for new designs. 

J~ Use MC14071B. 

1 ~ ~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 

VSS 

operation it Is recommended that Vin and V out be constrained to the 
range VSS ~ (Vin or V out) <; VOO' 
Unused inputs must always be tied to an appropriate logic voltage 'avel 
le.g •• either VSS or VOO). 
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® MOTOROLA 

DUAL 4 INPUT "OR" GATE 

The B Series logic gates are constructed with P and N channel en­
hancement mode devices in a single monolithic structure (Comple­
lJlentary 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 RATINGSIVoltages referenced to VSS) 

Rating Symbol Valu. Unit 

DC SupplV Voltage VDD -0.5to+18 Vdc 

Input Voltage, All Inputs V," -05 to VDD +05 Vdc 

DC Current Dra,n per Pm I 10 mAde 

Operatmg Temperature Range AL Device TA -55to+125 °c 
CLlCP DevIce -40 to +85 

Storage Temperature Range Tstg -6510+150 °c 

See the MC14001B data sheet for complete characteristics for this device. 

3,9-,---, 

2,10_+--~ 

5,11 

4,12_ ..... __ .-J 

CIRCUIT SCHEMATICS 
(112 of Dovice Shown) 
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MC14·072B 

CMOS 55. 
I LOW·POWER COMPLEMENTARY MOS) 

DUAL 4-INPUT "OR" GATE 

.- ... 
L SUFFIX 

CERAMIC PACKAGE 
CASE 632 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

MC14XXXB TSUfflK ,oenot.. . E L Ceramic Peckage 
P PI •• tlc Package 
A Extended Operating 

Temperatur. Ringe 
C L.lmlted Oper8tlng 

Temperatur. RInge 

LOGIC DIAGRAM 

2~ 3 1 
4 

5 

1:~13 
11 

12 

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 lit; (Vin or 
Vout)" VDD· 
Unused inQuts must always be tied to an 
appropriate logic voltage lovel lo.g., oither 
Vssor Vee). 



® MOTOROLA 

TRIPLE 3-INPUT "AND" GATE 

The B Series logic gater. are constructed with P and N channel en­
hancement mode devices in a single monolithic structure (Com ple­
lJlentary 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 8uffered 

• Capable of Driving Two Low-p6wer 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 RATINGSIVoltages referenced.o VSSI 
Rating Symbol Value Unit 

DC Supply Voltage VOO -05'0+18 Vdc 

Input Voltage, AU Inputs V,n -05toVoO +05 Vdc 
DC Current Dram per Pm I 10 mAde 

Operating Temperature Range AL DeVice TA -55to+125 °c 
Cl/CP DeVice -40 to +85 

Storage Temperature Range T stO -65 to +150 °c 

See the MC14001B data sheet for complete characteristics for this device. 

2,4,120-+--...... 

1,3, I I o-~---' 

8,6,13 ------t 

CIRCUIT SCHEMATICS 
(1/3 of Device Sh_nl 

Vss 

Vee 

d 

9 
Vss 
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MC14073B 

CMOS 551 
I LOW·POWER COMPLEMENTARY MOSI 

TRIPLE 3-INPUT "AND" GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 
MC14XXXB Suffix Oenot •• lb, ~,-,< , •• -

P Plastic Package 
A Extended Operating 

Temperatur. Range 
C L.imited Operating 

Temperature Range 

LOGIC DIAGRAM 

Voo - Pin 14 
VSS = Pin 7 

"30-12 10 

13 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; hONtver, 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 
Vou,) " VOD· 
Unused inp.uts must always be tied to an 
appropriate logiC voltage level (e.g., either 
VSsorVOD). 

• 
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® MOTOROLA 

TRIPLE 3-INPUT "OR" GATE 

The B Series logic gates are constructed with P and N channel en­
hancement mode devices in a single monolithic structure (Comple­
I}'lentary 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 CD4075B 

MAXIMUM RATINGSIVoltages referenced to VSS) 

Rating Symbol Value Unit 

DC Supply Voltage VDD -05 to +18 Vdc 

Input Voltage, All Inputs Vi" -05toVOD +05 Vdc 

DC Current Drain per Pm I 10 mAde 

Operating Temperature Range .- A l,. Device TA -55to+q5 °c 
CL/CP Device -40 to +85 

Storage Temperature Range T 519 -65 to +150 °c 

See the MC14001B data sheet for complete characteristics for this device. 

1,3,11 ..... ,....--, 

2,4,12<>-11--.... 

CIRCUIT SCHEMATICS 
(1/3 of Device Shown) 
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MC14075B 

CM0555. 
I LOW-POWER COMPLEMENTARY MOSI 

TRIPLE 3-INPUT "OR" GATE 

L SUI'FIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

.M"'1~7· ~:::.-
P PI.'tic Package 
A Extended Operating 

Temperatur. Range 
e L.lmlted Oparlltlng 

Temperatur. Flange 

LOGIC DIAGRAM 

:3=C>-9 
:3=C>-6 
113=C>-12 10 

13 

Voo = Pin 14 
Vss = Pm 7 

This device contains circuitry to protect 
the inputs against damage due to high ltatic 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage high"er 
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 inRuts must always be tied to an 
appropriate logic voltage level' (e.g., either 
Vssor VDDI. 



® MOTOROLA 

4·BIT O·TYPE REGISTER 
with THREE·STATE OUTPUTS 

The MC14076B 4·Bit Register consists of four D·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 0 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 Independent Clock Allows Unrestricted Operation for the 
Two Modes: Parallel Load 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) 

Rating Symbol Value 

DC Supply Voltage VDO -0,5 to +18 

Input Voltage, All Inputs Vin -0,5 to VDO + 0,5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAde 

Operating Temperature Range - AL DeVice TA -55 to +125 °c 
CLlCP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 °c 

FUNCTION TABLE 

INPUTS 

Data Di.bl_ Data OUTPUT 
R_ Clock A B 0 Q 

1 X X X X 0 

0 0 X X X an 

0 J 1 X X an 

0 J X 1 X an 

0 ...r 0 0 0 0 

0 J 0 0 1 1 

When either output disable A or B (or both) I' (are) high the output's disabled to the htgh~ 
impedance state; however ,equantlal operation of the flip-flop, is not affected. 

X ... Don't Care. 
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MC14016B 

CMOS MS. 
ILOW.pOWER COMPLEMENTARY MOS} 

QUAD O·TYPE REGISTER 
with THREE STATE OUTPUTS 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION ." .. '" 1 t;SUffIX Oeno'e. 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C limited Operating 

Temperature Range 

BLOCK DIAGRAM 

15 - Aeset 

14- DO 

13- 01 

12- 02 

11- 03 

10 - B } Oota 
9- A Disable 

7- Clock 

2- B }OU'Put 
1- A Ol.oble 

00-3 

01-4 

02-5 

03-6 

VOO - PI" 16 
VSS - Pin 8 
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MC14076B 

ELECTRICAL CHARACTERISTICS 

VDD 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vin==-VODorO 10 

15 

"1" Level VOH 5.0 
Vin=OorVOD 10 

15 
Input Voltage# "0" 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 VIH 
(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 tAL Device} IOH 
(VOH " 2.5 Vdc) Source 5.0 
(VOH "4.S 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) 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 IOL 5.0 
(VOL: 0.5 Vdc) 10 
(VOL: 1.5 Vdc) 15 

Input Current tAL Devicel 'in 15 

Input Current (CLlCP Device) lin 15 

I "put Capacitance Cin -
(Vin" 0) 

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

15 

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

15 
Total Supply CurrentUt IT 5.0 

(Dvnamic plus Quiescent, 10 
Per Package) 15 
tel =:: 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) 

*Tlow = -SSoC for AL Device. -40oC for CLlCP Device. 
Thigh" +1250 C for AL Device, +850 C for CL/CP Device . 

.n:Noise immunity specified for worst-case input combination. 

Tlow . 
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 

- ±O.3 

- -

5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

- ±0.1 

- ±1.0 

Noise Margin for both "I" and "0" 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: 
IT(Cl) = IT(SO pF) + 2 x 10":3 (Cl --60) VDDf 

2SoC 

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 -
- ±O.OOOOI ±0.1 

- ±O.OOOOI ±0.3 

- 5.0 7.5 

0.006 5.0 
- 0.010' 10 
- 0.Q15 20 

- 0.005 20 
- 0.010 40 
- 0.015 80 

IT ~(0.75 ~A/kHz) f + 100 
IT - (1.50 "A/kHz) f + 100 
IT = (2.25 "A/kHz) f + 100 

- '0.00001 ±0.1 

- '0.00001 ±1.0 

where: IT is in JJA (per package), CL in pF, VOO in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 2SoC. 
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Thi h* 

Min MIx Unit 

- 0.05 Vde 

- 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 -

mAde 
-0.7 -
-0.14 -
-0.35 -' 

-1.1 -
0.36 - mAde 
0.9 -
2.4 -

mAde 
-0.6 -
-0.12 -
-0.3 -
-1.0 -
0.36 - mAde 
0.9 -
2.4 -

- ± 1.0 ~Adc 

- ±1.0 ~Adc 

- - pF 

150 ~Ade 

- 300 
- 600 

- 150 ~Adc 

- 300 
- SOD 

~Adc 

- ±3.0 ~Adc 

- ±7.5 ~Adc 



MC14076B 

SWITCHING CHARACTERISTICS· ICL = 50 pF. TA = 250 cI 

VDD 
Characteristic Symbol Vdc Min Typ Max Unit 

Output Rise Time, All e.series Gates tTLH ns 
tTLH = 13.0 ns/pFI CL + 30 ns 5.0 - 180 360 
tTLH = 11.5 ns/pF) CL + 15 ns 10 - 90 180 
'TLH = 11.1 ns/pFI CL + 10 ns 15 - 65 130 

Output Fall Time. All B.s.ries Gates 'THL ns 
'THL = 11.5 ns/pFI CL + 25 ns 5.0 - 100 200 
tTHL = 10.75 ns/pF) CL + 12.5 ns 10 - 50 100 
tTHL = 10.55 ns/pFI CL + 9.5 ns 15 - 40 80 

Propagation Delay Time tPLH. tPHL ns 
Clock to Q 

tPLH. tPHL = 11.7 ns/pFI CL + 215 ns 5.0 - 300 600 
tpLH. tpHL - 10.66 ns/pFI CL + 92 ns 10 - 125 250 
tPLH. tpHL = 10.5 ns/pFI CL + 65 ns 15 - 90 180 

Reset to Q 

tPLH. tpHL = 11.7 ns/pFI CL + 215 ns 5.0 - 300 600 
tPLH. tpHL = 10.66 ns/pFI CL + 92 ns 10 - 125 250 
tpLH. tpHL = 10.5 ns/pF) CL + 65 ns 15 - 90 180 

3.stat. Propagation Delay. Output "I" or "0" tPHZ. tPLZ 5.0 - 150 300 ns 
to High Impedance 10 - 60 120 

15 - 45 90 

3.st.te Propagation Delay. High Impedance tPZH. tpZL 5.0 - 200 400 ns 
to "1" or "0" Level 10 - 80 160 

15 - 60 120 

Clock Pulse Width twH 5.0 260 130 - ns 
10 110 55 -
15 80 40 -

Reset Pulse Width twH 5.0 370 185 - ns 
10 150 75 -
15 110 55 -

Data Setup Time tsu 5.0 30 15 - ns 
10 10 5 -
15 4 2 -

Data Hold Time th 5.0 130 65 - ns 
10 60 30 -
15 50 25 -

Data Diseble Setup Time tsu 5.0 220 110 - ns 
10 80 40 -
15 50 25 -

Clock Pulse Rise and Fall Time 'TLH. 'THL 5.0 - - 15 I'S 
10 - - 15 
15 - - 16 

Clock Pulse Frequency fel 5.0 - 3.6 1.8 MHz 
10 - 9.0 4.5 
15 - 12 6.0 

*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 V aut be constrained to the range VSS " (Vin or V out) 
';;VDD· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or VOOL 
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MC14076B 

o Input 
Information 

Clock 

o Output 

,. 

FIGURE 1 - TIMING DIAGRAM 

,---Voo Output 
Disable 

~,,+::-:,,--__ Vss A or B 

Any Q 

FIGURE 2 - THREE-sTATE PROPAGATION DELAY 
WAVESHAPE AND CIRCUIT 

}-----~~~~-----------Voo 

I~;';;"''----- VSS 

.... -+---:=0+---- VOH 

Output 
_f-~ 

J~2.5V@VOD=5V, 

1 10V,and 15V 

Reset = 0 
Data Disable A and B;;: 0 
Output Disable A and B"" 0 

{~ 2 V @ VOO E 5 V 
R:I 6V@VOO=10V 
~ 10V(§)VOO==15V 

""':-----'11:------ VOL 

C~~~::d ---toJ~~~~:ted Outputs 
ConneC1Bq 

Voo for tpLZ and tpZL 

VSS for tpHZ and tpZH 

FUNCTIONAL BLOCK DIAGRAM 

Output Disable A 1 
Output Disable B 2 

DO 14o-------t-1 

Data Disable A 9 
Data Disable B 10 

0113O----r--r~ 

Clock 7 

02 12O----r--~ 

0311o---~r_-__1 

Reset 15 
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CMOS 55. 
QUAD EXCLUSIVE "OR" AND "NOR" GATES 

The MC14070B quad exclusive OR gate and the MC14077B 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 VDD typ 
• Supply Voltage Range ~ 3.0 Vdc to 1 B 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 

• MC14047B - Replacement for CD4030B, CD4070B, and 
MC14507 Types 

• MC14077B - Replacement for CD4077B Type 

MAXIMUM RATINGS (Voltages referenced to VSS) 

Rat;ng Symbol Value 

DC Supply Voltage VDD -05ta+18 

Input Voltage, All Inputs Y,n -0.5 to VDD + 0.5 

DC Current Dram 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 MC14077B only. 

Unit 

Vdc 

Vdc 

mAde 
aC 

aC 

MC140778 
QUAD EXCLUSIVE "NOR" GATE 

FOR COMPLETE DATA 
SEE MC14070B 

CASE 632 CASE 646 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

ORDERING INFORMATION .,,"''' 1 tSUfflX Dena' •• 

L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

MC14070B MC14077B 
Quad Exclusive OR Quad Exclusive NOR 

Gate Gat. 

:j[)-3 ::[>-3 
:j[)-4 ::[>-4 
:j[)-10 ::[>-10 
12j[)- 12:[>-11 11 13 13 

Voe'" Pin 14 
VSS' Pin 7 

(Both Devices) 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Voo 
.b:=",--....,[.:+---- VOO 

11\..--- VsS 

-Inverted output on MC14077B only. 
'TLH 

#Connect unused Input to VOO for MC14070B, to VSS for MC14077B. 
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8 -INPUT "NOR" GATE 

The B Series logic gates are constructed with P and N channel en­
hancement mode devices in a single monolithic structure (Comple­
lJlentary 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 CD4078B 

MAXIMUM RATINGSIVoltage, referenced 10 VSS) 
Roti", Symbol Voluo Unit 

DC Supply Vollage VDD -0.510 +18 Vde 
Input Voltage. All Inputs Vin -0.510 VDD +05 Vde 
DC Current Dram per Pin I 10 mAde 
Operating Temperature Range .~ A L Device TA -5510 +125 °c 

CL/CP Device -4010 +85 

Storage Temperature Range T5Ig -6510+150 °c 

See the MC14001B data sheet for complete characteristics for this device. 

CIRCUIT SCHEMATIC 

3o-j---., 

4 

~:i ... -----I 
10 H-4>-----" 

11 

12......,---==~...J 
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MC14078B 

CM0555. 
ILOW·POWER COMPLEMENTARY MOSI 

a-INPUT "NOR" GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

MC14XXXB rSUffhC Oenot •• 

~ L Ceramic Plckttge 
P Pilltic Plcklge 
A EKtl,ndld Operltlng 

Temperetur. Rlnp 
C Limited Operating 

Temperatur. RInge 

LOGIC DIAGRAM 

l?-'3 10 
11 
12 

Voo - Pin 14 
VSS = Pin 7 

N.C. plnl 1. 6, end 8 

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 .... (Vi" or 
Vou,l .. VDO· 
Unused inRuts must alwavs be tied to en 
appropriate logic voltage level (e.g., either 
VssorVDDI. 
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QUAD 2·INPUT "AND" GATE 

The MC14081 and MC14081B are constructed with P and N channel 
enhancement mode devices in a single monolithic structure (Comple· 
mentary MaS). 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. (MC14081 B only) 

• Double Diode Protection on All Inputs 

• Pin-for-Pin Replacements for CD4081A and CD4081B 

MAXIMUM RATINGSIVollages referenced 10 VSSI 

Rating Symbol Value 

DC Supply Vollage VDD -0510+18 

Input Voltage, All Inputs Y,n -0510 VDD +05 

DC Current Dram per Pm I 10 

Operating Temperature Range - AL DevIce TA -5510+125 
CLlCP DevIce -4010 +85 

Storage Temperature Range Tstg -6510+150 

See the MC14001 B data sheet for complete characteristics of the 
B-Series device. 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

CIRCUIT SCHEMATICS 
11/4 of Device Shown) 

MC14081 
MC14081B 

CMOS SS. 
I LOW·POWER COMPLEMENTARY MOS} 

QUAD 2-INPUT "AND" GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUffiX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INfORMATION 

MC14XXXB rSUffiX Denotes IE L Ceramic Package 
Delete for P Plastic Package 
Non-a Device A Extended Operating 

Temperature Range 
e L.lmited Operating 

Temperature Range 

LOGIC DIAGRAM 

Voo:: Pin 14 

VSS"" Pin 7 

12=:[)-11 
13 

MCl4081B MCl4081 

NOTE: 
MC14081 (Non-B) is not recommended for new designs. 
Use MC14081B. 

....---.-----r -;:J-------':r • 
~ 1H:r""" 

2,5,9,120-+---..... 

I J 1 1,6,8,13 o-<~ __ ...J 

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 V out) < VOO. 
Unused inputs must always be tied to an appropriate logic voltage level 
(e.g., either Vss or VOO)' 
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DUAL 4-INPUT "AND" GATE 

The B Series logic gates are constructed with P and N channel en­
hancement mode devices in a single monolithic structure (Comple­
lJlentary 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 OutPllts 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 RATINGSIVoltages referenced to VSS) 

Rating Symbol Value Unit 

DC Supply Voltage VDD -05 to +18 Vdc 

Input Voltage. All Inputs Von -05toVDD+05 Vdc 

DC Current Drain per Pm I 10 mAde 

Operating Temperature Range A L DeVice TA -55 to +125 °c 
CLlCP DeVIce -40 to +85 

Storage Temperature Range T 5tg -65 to +150 °c 

See the MC14001B data sheet for complete characteristics for this device. 

2,100-1---'" 

3,9_~-~ 4,12 _...r-:--''''-, 

5,11 

CIRCUIT SCHEMATICS 
(112 of Device Shown) 
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MC140828 

CMOS 55. 
I LOW·POWER COMPLEMENTARY MOSI 

DUAL 4-INPUT "AND" GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

~''''"'1~7' ~,':::: .. P PI.stlc Package 

AC ~=:;:r:u~:~:~I;: 
Limited Operating 
Temperatura Range 

LOGIC DIAGRAM 

~Pl 
1:P13 
11 

12 

Voo"" Pin 14 
VSS :;: Pin 7 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; hovwver, 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 
Vaut)" VOO' 
Unused inRuts must always be tied to an 
appropriate logic voltage level (e.g., either 
VssarVDOI. 
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Advance Infor:rnation. 

QUAD 2-INPUT "NAND" 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 d issi­
pation and/or high noise immunity is desired_ The MC14093B may 
be used in place of the MC14011B quad 2-input NAND 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 vss I 
Rating Symbol Value Unit 

DC Supply Voltage VOO -0.5 to +18 Vdc 

Input Voltage, All Inputs V in -{l.5 to VOO + 0.5 Vdc 

DC Current Drain per Pm I 10 mAde 

Operating Temperature Range - A L DevIce TA 
CLlCP 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 proper operation it is recommended that Vin and 
Vout be constrained to tha range VSS .. (Vin or Voutl .. VOO-
Unused inputs must always be tied to an appropriate logic voltage level (e.g., 
either VSS or VOOI. 

This is advance information and specifications are subject to change without notice. 
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MC14093B 

CMOS SS. 
(LOW-POWER COMPLEMENTARY MOS) 

QUAD 2-INPUT "NAND" 
SCHMITT TRIGGER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

"""'" 1T:;SUffIX Denote, 

L CeramiC Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

LOGIC DIAGRAM 

'2=§-~ " '3 

Voo = Pin 14 

VSS "" Pin 7 
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MC14093B 

ELECTRICAL CHARACTERISTICS 

Voo Tlow 
Characteristic Symbol Vdc Min 

Output Voltage "a .. Level VOL 5.0 -
Vin-VODorO 10 -' 

15 -
"1" level VOH 5.0 4.95 

Yin -0 or VOO 10 9.95 
15 14.95 

Input Voltage# "0" Level Vil 
{YO 4.5 or 0.5 Vdcl 5.0 -
{YO 9.0 or 1.0 Vdcl 10 -
{YO 13.5 or 1.5 Vdcl 15 -

"'" Level VIH 
{YO - 0.5 or 4.5 Vdcl 5.0 3.5 
{YO 0 1.0 or 9.0 Vdcl 10 '7.0 
{VO' 1.5 or 13.5 Vdcl 15 11.0 

Output Drive Current (AL' Device) IOH 
{VOH ' 2.5 Vdel Source 5.0 -3.0 
{VOH··4.6Vdcl 5.0 -0.64 
{VOH = 9.5 Vdcl 10 -1.6 
{VOH = 13.5 Vdcl 15 -4.2 

{VOL = 0.4 Vdcl Sink IOl 5.0 0.64 
{VOL = 0.5 \rdcl 10 1.6 
{VOL = 1.5 Vdel 15 4.2 

Output Drive Current (CLlCP Device) IOH 
{VOH = 2.5 Vdcl Source 5.0 -2.5 
{VOH = 4.Q, Vdci 5.0 -0.52 
{VOH = 9.5 Vdcl 10 
{VOH = 13.5 Vdcl 15 

{VOL = 0.4 Vdcl Sink IOl 5.0 
{VOL = 0.5 Vdcl 10 
{VOL = 1.5 Vdcl 15 

Input Current (AL Device) 'in 15 

Input Current (CLlCP Device) lin 15 

Input Capacitance em -
{Vin = 01 

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

15 

QUiescent Current ICL/CP DeVice) 100 5.0 
(Per Package) 10 

15 

Total Supply Current"· t IT 5.0 
(DynamiC plus QUiescent, 10 
Per Package) 15 

(eL - 50 pF on all outputs, all 
buffers sWitching) 

Hysteresis Voltage v~* 
-

5.0 
(Pins 2, 5. 9.12. held high) 10 

15 

Threshold Voltage 
(Pins 2. 5. 9.12, held high) VT+ 5.0 
Poeitive-Going 10 

15 
Negatlve.(loing VT_ 5.0 

10 
15 

"Tlow = -550C for AL Devlca. -40"c for CLlCP Devica. 
Thigh - +125oC for AL Device, +850C for Cl/CP Device. 

#Noi. immunity specified for wont-casa input combination. 
Nol .. Mergin for both "I" and "a" level = 

1.0Vdcmin@VOo-5.0Vdc 
2.0 Vdc min" VOO - 10 Vdc 
2.5 Vdc min" VOO = 15 Vdc 

-1.3 
-3.6 

0.52 
1.3 
3.6 

-
-

. 

-
-
-

0.20 
0.29 
0.39 

1.90 
3.05 
4.12 

1.63 
2.70 
3.59 

. 250 C ThiGh· 
Max Min Typ Max Min Max Unit 

0.05 - a 0.05 - 0.05 Vde 
0.05 - a 0.05 - 0.05 
0.05 - 0 0.05 - 0.05 

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

Vde 
1.5 - - 1.5 - 1.5 
3.0 - - 3.0 - 3.0 
4.0 - - 4.0 - 4.0 

- 3.5 - - 3.5 - Vde 
- 7.0 - - 7.0 -
- 11.0 - - 11.0 -

mAde 
- -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 - mAde 
- 1.3 2.25 - 0.9 -
- 3.4 8.8 - '2.4 -

mAde 
- -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 - mAde 
.. 1.1 2.25 - 0.9 -
- 3.0 8.8 - 2.4 -

to 1 - .0.00001 ±0.1 - ± 1.0 IJAde 

± 0.3 - ±O.OOOOI ±0.3 .:. ±1.0 "Ade 
- - 5.0 7.5 - - pF 

0.25 0.0005 0.25 7.5 J.LAdc 

0.50 - 0.0010 0.50 - 15 
1.00 - 0.0015 1.00 - 30 

1.0 - 0.0005 1.0 - 7.5 "Adc 
2.0 - 0.0010 2.0 - 15 
4.0 - 0.0015 4.0 - 30 

IT = (1.2 "A/kHz) f + 100 /JAde 

IT - (2.4 "A/kHz) f + 100 
IT - (3.6 "A/kHz) f + 100. 

0.42 0.17 0.26 0.39 
.. 

0.13 0.39 Vdc 
0.65 0.25 0.38 0.60 0.20 0.60 
1.00 0.33 0.50 0.90 0.27 0.90 

4.15 1.60 2.70 4.05 1.70 4.05 Vdc 
6.15 2.95 4.43 6.65 2.85 6.65 
9.15 4.02 6.03 9.05 3.92- 9.05 

3.76 1.63 2.44 3.66 1.53 3.66 Vdc 
6.18 2.70 4.06 6.08 2.50 6.08 
8.40 3.69 5.53 8.30 3.70 8.30 

tTo calculate total supply current at loed. other than 50 pF: 

IT (Cl) - IT (50 pF) + 4 x 10-3 iCL -60) VOOf 

where: IT il in "A (per package), CL in pF. VOO in Vdc. 
and f in 'kHz il input frequency. 

·*The fonnulao given are for the typical characteristics only et 250C. 

·VH = VT+ - VT _ (But rneximum varIation of VH II specified 81 

I ... than VT+ rnex - VT - min). 
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MC14093B 

SWITCHING CHARACTERISTICS (CL = 50 pF. TA = 25°C I 

Voo 
Characteristic Svmbol Vdc Min TVp Max 

Output Rise Time lTLH 5.0 - 100 200 
10 - 50 100 
15 - 40 80 

Output Fall Time tTHL 5.0 - 100 200 
10 - 50 100 
15 - 40 80 

Propagation Delay Time tpLH. tPHL 5.0 - 125 250 
10 - 50 100 
15 - 40 80 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVE FORMS 

V out 

J::=".....--.l.:-+---- V 0 0 

I--O-___ L~j--t---o Output 
I ..... ---vss 

FIGURE 2 - TYPICAL SCHMITT TRIGGER APPLICATIONS 

Vin~ 

~ V
out 

(a) Schmitt Triggers will square up 
inputs with slow rise and fall timal. 

VControl"" 1 

- t----I-- VOO 

V out 

(b) A Schmitt trigger offe" maximum 
nol .. Immunity In gate applications. 

-

Unit 

ns 

ns 

n. 

-VSS ---.::-===----='--===--VSS 

7-163 



• 

MC14093B 

i -2 0 

! 

FIGURE 3 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS TEST CIRCUIT 

~
4 

10H 

'=" Vout 

All unused inputs 7 
connected to ground. VGS 

( c M VGS ~ -S.O VdJ b 
a Z VI 

a TA'" -55DC 

~ -4 
./ 'iLl! 

o -b TA ~ +2SoC 
~ ILL 

a 
z -6. 
;;: 
'" CI 

~ -8. 

-I 

0 

0 

0 
-10 

c TA = +1250C "./ 
~ V /' 
/ .d. 

-IOV'l'~ ~ c 
b/ 

I---r V --~ 
y / V' 

8.0 6.0 40 

Vos. DRAIN VOLTAGE IVdc) 

L 1. 
l{L ':L 
r ~-ISVdC 

-J 
la 

10 

0 

0 

0 

0 

0 

0 

FIGURE 4 - TYPICAL OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 

Y4 

VGS 'OL 
VOUI 

7 
All unused Inputs 
connected to ground. -=-

,'lIb ~ ~lSVdC 
't- /1, r-<=; VG~ ~ 10 V~c 
J Vb 

I. I!J c,;£--

/I 1/ /' a TA" -550C 

II. '/ b TA = .. 25 DC 

1/1/ c TA = ... 1250 C 
I 

1/1 , 
b ,S ~ Vdc r,& 

c er 
1.0 40 60 80 

Vos, DRAIN VOLTAGE (Vdc) 

FIGURE 5 - TYPICAL TRANSFER CHARACTERISTICS 

Voo 

l 
w 
to .. 
!:; 
CI 
> 
0-
=> 
1= 
=> 
CI 

~ 
~ 

0 

, I 

I I 
I 

I , , , 
VT VT+ -

--I VH I+­
Vin.INPUT VOLTAGE (Vdc) 
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8-STAGE SHIFT/STORE REGISTER 
WITH THREE-STATE OUTPUTS 

The MC14094B combines an a-stage shift register with a data 
latch for each stage and a three-state output from each latch_ 

Data is shifted on the positive clock transition and is shifted 
from the seventh stage to two serial outputs. The Os output data 
is for use in high-speed cascaded systems. The O'S output data is 
shifted on the following negative clock transition for use in 
low-speed cascaded systems. 

Data from each stage of the shift register is latched on the 
negative transition of the strobe input. Data propagates through 
the latch while strobe is high. 

Outputs of the eight data latches are controlled by three-state 
buffers which are placed in the high-impedance state by a logic Low 
on Output Enable. 

• Three-State Outputs 

• Capable of Driving Two Low-Power TTL Loads, One Low-Power 
Schottky TTL Load or Two HTTL Loads Over the Rated 
Temperature Range 

• Input 0 iode Protection 

• Data Latch 

• Dual Outputs for Data Out on Both Positive and Negative Clock 
Transitions 

• Useful for Serial-to-Parallel Data Conversion 

• Three-State Bus Compatible 

• Pin-far-Pin Compatible with CD4094B 

MAXIMUM RATINGS IVoltages referenced to VSS, Pin 8l. 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vi" -0.5 to VDD + 0.5 
DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +125 
C LlCP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

Unit 

Vdc 
Vdc 

mAde 

°c 

°c 

Output P.r."ol Outputs Sorial OutpUts 
Clock Enablo Strob. Data 01 ON aS· a'S 

.f 0 x X 35 35 07 No Chg. 

"\. 0 x X 35 35 No Chg. 07 

.r 1 0 X No Chg. No Chg. 07 No Chg. 

.r 1 1 0 0 °N-1 07 No Chg. 

.r 1 1 1 1 ON-1 07 No Chg. 

\... 1 1 1 No Chg. No Chg. No Chg. 07 

35 • Three-State 
X = Don't Care 
• At the positive clock edge, information in the 7th shift register stage is transferred to 
08 and OS. 
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MC140948 

CMOS MSI 
(LOW-I'OWER COMPLEMENTARV MOSI 

8-STAGE SHIFT/STORE REGISTER 

..-
LSUFFIX ,. 

CERAMIC PACKAGE 
CASE 620 ,. 

1 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

OROERING INFORMATION 

MO'''.., 1lSUffiX Oenot •• 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
e Limited Operating 

Temperatur. Range 

2 

3 

4 

5 

6 

8 

16 

15 

14 

13 

12 

11 

10 

9 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; hOVWIver. it is 
advised that normal precautions be taken 
to avoid application of any voltage hiiher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrainod to tho range VSS " (Vin or 
Vou,I"VDO· 
Unused inputs must always be tied to an 
appropriate logic voltage lavel (o.g., oither 
Vssor Vool. 
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MC14094B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Svmbol Vdc 

Ou IPU t Vol tage ··0·· Level VOL 5.0 
VI" - VOO or 0 10 

15 

"'" Level VOH 50 
VIn-OorVOD 10 

15 
Input Voltagez.: "0" Level VIL 

(VO - 4.5 or 0.5 Vdcl 5.0 
(VO - 9.0 or 1.0 Vdcl 10 
(VO 0 13.5 or 1.5 Vdcl 15 

."" Level VIH 
(VO = 0.5 or 4.5 Vdcl 5.0 
(VO 0 1.0 or 9.0 Vdcl 10 
(VO = 1 5 or 13.5 Vdcl 15 

Output Drive Cunent (AL Device) IOH 
NOH = 2.5 Vdcl Source 5.0 
(VOH = 4.6 Vdcl 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

. (VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) IOH 
(VQH = 2.5 Vdcl Source 5.0 
(VOH =.4.6 Vdcl 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Smk IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CLlCP DeVice) 1m 15 

Input CaPacttance Cm -
(Vin = 01 

OUlHCent Current (AL Devlcel 100 50 
(Per Packagel 10 

15 

QUiescent Current (CLlCP DeVice) 100 50 
(Per Package I 10 

15 

Total Supply Current'" t IT 5.0 
(DynamiC plus Quiescent, 10 
Per Packagel 15 

teL"" 50 pF on all outputs, all 
buffers switching) 

3..state Output Leakage Current ITL 18 

*T,ow = -55°C for AL DeVice, -40oC for CL/CP Device. 
Thigh = +12SOC lor AL Device, +8SoC for CL/CP Device. 

-Noise Immunity specified for worst-case input combination. 

Tlow . 
Min MIx 

- 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 -
13 .-

3.6 -

- ± 01 

±03 

-

- 50 
- 10 

20 

- 20 
- 40 
- 80 

- ±0.4 

NOise Margin lor both '·1·· and "0·· level = 1.0 Vdc min@ VOO 0 S.O 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(SO pFI + 1 x 10-3 (CL -501 VOOI 

25°C 

Min TVp MIx 

- 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 -
30 8.8 -

- ±O 00001 ±O 1 

- ±O 00001 ± 0.3 

- 50 7.5 

- 0.005 5.0 
- 0.010 10 
- 0.D15 20 

- 0.005 20 
- 0.010 40 
- 0.D15 80 

IT = (4.1 ~A/kHzl I + 100 
IT = (14 ~A/kHzl I + 100 
IT = (140 ~A/kHzl I + 100 

- .0.0001 ±0.4 

whe,.: IT is in,.A (per packagel, Cl in pF, VOO in Vdc, and I in kHz i. input Irequencv. 
··The formul. given are for the typical characteristics only at 25°C. 
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Th· h* 

Min MIx 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 -
mAde 

-1.7 -
-0.36 -
-0.9 -
-2.4 -

0.36 - mAde 
0.9 -
2.4 -

mAde 
-1.7 -

-0.36 -
-0.9 -
-2.4 -

0.36 .- mAde 

0.9 -
2.4 -

- ± 10 ~Adc 

- ± 1.0 ,/.lAde 

pF 

150 /JAde 

- 300 
- 600 

- 150 /JAde 
- 300 
- 600. 

~Adc 

- ±12 ~Adc 



MC14094B 

SWITCHING CHARACTERISTICS* ICL" 50 pF, TA = 250 CI 

Characteristic 

Output RIse and Fall Time 
tTLH, tTHL = 11.35 ns/pFI CL + 33 ns 
tTLH, tTHL = 10.6 ns/pFI CL + 20 ns 
tTLH, tTHL = 10.4 ns/pFI CL + 20 ns 

Propagation Delay Time 
Clock to Senal out OS 

tPLH, tpHL = 10.90 ns/pFI CL + 305 ns 
tPLH, tPHL = 10.36 ns/pFI CL + 107 ns 
tPLH, tpHL " 10.26 ns/pFI CL + 82 ns 

Clock to Serial out a's 
tpLH, tpHL " 10.90 ns/pFI CL + 350 ns 
tPLH, tpHL " 10.36 ns/pFI CL + 149 ns 
tpLH, tpHL = 10.26 ns/pFI CL + 62 ns 

Clock to Parallel out 

tPLH, tpHL" 10.90 ns/pFI CL + 375 ns 
tpLH, tpHL = 10.35 ns/pFI CL + 177 ns 
tPLH, tpHL" 10.26 ns/pFI CL + 122 ns 

Strobe to Parallel out 

tpLH, tpHL = 10.90 ns/pFI CL + 245 ns 
tpLH, tPHL" 10.36 ns/pFI CL + 127 ns 
tPLH, tpHL = 10.26 ns/pFI CL + 87 ns 

Output Enable to Output 
tPHZ, tpZL = 10.90 ns/pFI CL + 95 ns 
tpHZ, tpZL = 10.36 ns/pFI CL + 57 ns 
tpHZ, tpZL = 10.26 ns/pFI CL + 42 ns 

tPLZ, tpZH " 10.90 ns/pFI CL + 180 ns 
tPLZ, tpZH = 10.36 ns/pFI CL + 77 ns 
tpLZ, tpZH = 10.26 ns/pFI CL + 57 ns 

Setup Time 
Data in to Clock 

Clock Pulse Width, High 

Clock Rise Time 

Clock Pulse Frequency 

Strobe Pulse WIdth 

*The formula given is for the typical characteristIcs only. 

D.E. 

Data 

ST 

Clock 

Vee 
Symbol Vdc 

tTLH, 
tTHL 5.0 

10 
15 

tpLH, tpHL 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

tsu 
5.0 
10 
15 

tWH 5.0 
10 
15 

'rlcll 5 
10 
15 

'el 5.0 
10 
15 

tWL 5.0 
10 
15 

3-STATE TEST CIRCUIT 

For For 
tpHZ tpLZ 
and I and 

tpZH tpZL 
Vss Vee 

! 

1 k 

r 50PF 
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Min Typ Max Unit 

ns 
- 100 200 

- 50 100 

- 40 80 

ns 

- 350 600 
- 125 250 
- 95 190 

- 230 460 
- 110 220 
- 75 150 

- 420 840 
- 195 390 
- 135 270 

- 290 580 
- 145 290 
- 100 200 

- 140 280 

- 75 150 

- 55 110 

- 225 450 
- 95 190 
- 70 140 

ns 
125 60 -
55 30 -
35 20 -

200 100 - ns 
100 50 -
83 40 -

15 - - !.IS 

5.0 - -
5.0 - -
- 2.5 1.25 MHz 

- 5.0 2.5 
- 6.0 3.0 

200 100 - ns 

80 40 -
70 35 - • 

Output 
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MC14094B 

BLOCK DIAGRAM 

Register Stage 1 L.atch 1 

2 

Serial 
Data in 

15 

Output 
Enable 

Register Stage 2 Latch 2 

Register Stage 3 Latch 3 

4 Register Stage 4 Latch 4 

5 
Register Stage 5 Latch 5 

6 Aeglster Stage 6 Latch 6 

Register Stage 7 Latch 7 

Register Stage 8 

Clock 

3~CIOCk 
Clock 

Clock 

1~StrOb. 
Strobe 

StrObe 

tWH 

@CIOCk 50% 

-Input Protection Diodes 

DYNAMIC TIMING DIAGRAM 

'.u -t ~ 
o Da~---7I-'---,\~IC-----J 
o Strobe 

I I 
v..::,J Enable t.j5IOU'PU'J J 

10% 

3 State Buffer 1 

r--- - ----, 
Vee 

3-State Buffer 2 

3-state Buffer 3 

3-Stat8 Buffer 4 

3-State Buffer 5 

'3-State Buffer 6 

3-State Buffer 7 

Clock 

~ 'PLH-j 1:::--;, ___ --'-___ .:...;.;.::.----, 
o Q_S _____ --Jf5j% 

I;:'PLH 
@ Q's t50% 

--------------------------
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4 Q1 

5 Q2 

Q3 

7 Q4 

14 Q5 

13 Q6 

12 Q7 

11 Q8 

10 Q'S 

9 QS 



® MOTOROLA 

8-BIT ADDRESSABLE LATCHES 

The MC14099B and MC14599B are S·bit addressable latches. 
Data is entered in serial form when the appropriate latch is addressed 
(via address pins AO, A1, A21 and write disable is in the low state. 
Chip enable must be high for writing into MC14599B. For the 
MC14599B the data pin IS a bidirectional data port and for the 
MC14099B the input is a unidirectional write only port. The Writel 
Read line controls this port in the MC14599B. 

The data is presented in parallel at the output of the eight 
latches independently of the state of Write Disable, WritelRead 
or Chip Enable. 

A Master Reset capability is available on both parts. 

• Serial Data Input 

• Parallel Output 

• Low Input Capacitance - 5.0 pF typical 

• Master Reset 

• 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 
Temperature Range 

• MC140998 pin for pin compatible with CD4099B 

MAXIMUM RATINGS IVoltaqes referenced to VSS) 

Ratmg 

DC Supply Voltage 

Inpul Voltage, All Inputs 

DC Current Dram per Pin 

Operating Temperature Range - AL DeVice 
CLlCP DeVice 

Storage Temperature Range 

MC14099B 

Voo - 16 
Vss ~ 8 

PIN ASSIGNMENT 

o. 
1. a5 

" a. 

Symbol Value 

VOO -05 to +18 

Von -05toVOO+ 05 

I 10 

TA -55 to +1'25 

-40 to +85 

Tstg -65 to +150 

MC14599B 

PIN ASSIGNMENT I. 
" 

,6 13 

" 

7-169 

" " 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

a' 
03 

MC14099B 
MC14599B 

CMOS MS. 
(LOW·POWER COMPLEMENTARY MOS) 

8-BIT ADDRESSABLE LATCH 

MC14599B WITH BIDIRECTIONAL PORT 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

~ .. -l 
18 I, 18

1 

L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 680 CASE 707 

ORDERING INFORMATION 

MC14XXXB 1SUffiX Oenote, 

~ :L Ceramic Paekage 
PlastiC Package 

Extended Operating 

Temperature Range 
Limited Operating 
Temperature Range 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; hO'N8ver, 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 8n 
appropriate logic voltage level (e.g., either 
VSsorVDD). 

• 
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MC14099B. MC14599B 

ELECTRICAL CHARACTERISTICS 

Voo Tlow 
Characteristic Svmbol Vdc Min 

Output Voltage "0" Level VOL 5.0 -
Yin = VOD orO 10 -

15 -
"I" Level VOH 5.0 4.95 

Yin = 0 or VDD 10 9.95 
15 14.95 

Input Voltage# "0" 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 VIH 
(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 Vde) 15 11.0 

Output Drive Current (A L Device) IOH 
(VOH = 2.5 Vde) Source 5.0 -3.0 
(V6H = 4.6 Vde) 5.0 -0.64 
(V OH = 9.5 Vde) 10 -1.6 
(VOH = 13.5 Vde) 15 -4.2 

(VOL = 0.4 Vde) Sink IOL 5.0 0.64 
(VOL = 0.5 Vde) 10 1.6 
(VOL = 1.5 Vde) 15 4.2 

Output Drive Current (CL/CP Device) IOH 
(VOH = 2.5 Vde) Source 5.0 -2.5 
(VOH = 4.6 Vde) 5.0 -0.52 
(VOH = 9.5 Vde) 10 -1.3 
(VOH = 13.5 Vde) 15 -3.6 

(VOL = 0.4 Vde) Sink IOL 5.0 0.52 
(VOL = 0.5 Vdc) 10 1.3 
(VOL = 1.5 Vde) 15 3.6 

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

(V in =0) 

Input Capacitance Cin - -
MC14599B-Data (pin 3) 
(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 Pac kage) 15 
(CL = 50 pF on all outputs, 
all buffers switching) 

*Tlow = -55°C lor AL Daviee, -40°C lor CL!CP Device. 
Thigh - + 1250 C lor A L Device, +850 C lor CL/CP Device. 

#Noise immunity specified for worst-case input combination. 
Noise Margin for both "1" and "0" level "" 

1.0 Vde min @ VDD = 5.0 Vde 
2.0 Vde min@VDD = 10 Vde 
2.5 Vde min@VDD = 15 Vde 

* 25°C Thi h* 
Max Min TVp 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 

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

mAde 
- -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 - mAde 
- 1.3 2.25 - 0.9 -
- 3.4 8.8 - 2.4 -

mAde 
- -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 - mAde 
- 1.1 2.25 - 0.9 -
- 3.0 S.S - 2.4 -

±0.1 - ±O.OOOOI ±0.1 - ±1.0 )lAde 

.0.3 - ±O.OOOOI ±O.3 - .1.0 )lAde 

- - 5.0 7.5 - - pF 

- - 15.0 22.5 - - pF 

5.0 - 0.005 5.0 - 150 )lAde 
10 - 0.010 10 - 300 
20 - 0.015 20 - 500 

20 - 0.005 20 - 150 )lAde 
40 - 0.010 40 - 300 
80 - 0.Q15 80 - 800 

IT = (1.5)lA/kHz) 1+100 )lAdc 
IT = (3.0 )lA/kHz) 1+ 100 
IT = (4.5 )lA/kHz) I + I DO 

fTo calculate total supplV current at loeds other than 50 pF: 

IT (CL) = IT (50 pF) + 4 x 10-3 (CL -50) VDDI 

where: IT is in )lA (per package), CL in pF, VDD in Vde, and I in 
kHz is input frequency. 

* -The formulas given are for the typical characteristics only at 
250 C. 
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MC14099B. MC14699B 

SWITCHING CHARACTERISTICS{cL = 60 of. TA = 25°C) 

Voo 
Characterlltlc Symbol Yd. Min Typ Max Unit 

Output Ri.e and Fall Time tTLH. n. 
tTLH. tTHL = (1.35 n./pF) CL +32 ns tTHL 6.0 - 100 200 
tTLH. tTHL = (0.6 ns/pF) CL +20 ns 10 - 50 ·100 
tTLH. tTHL = (0.4 ns/pF) CL +20 n. 16 - 40 80 

Propagation Delay Time tPHL. n. 
Data to Output tpLH 6.0 - 200 400 

10 _. 75 150 
15 - 50 100 

Write Disable to Output 5.0 - 200 400 n. 
10 - 80 160 
15 - 60 120 

Reset to Output 5.0 - 176 350 n. 
10 - 80 160 
15 - 65 130 

Address. CE to Output 6.0 - 225 460 n. 
10 - 100 200 
15 - 75 160 

Propagation Oalay Time. MC146998 only tpHL. n. 
Chip Enable. Wrlte/Reiid to Data tPLH 5.0 - 200 400 

10 - 80 160 
15 - 65 130 

Address to Data 5.0 - 200 400 ns 
10 - 90 180 
15 - 75 150 

Minimum Pulse Widths tWH. n. 
Date twL 5.0 200 100 -

10 100 50 -
15 80 40 -

Address 5.0 400 200 - n. 
10 200 100 -
15 125 65 -

Reset 5.0 150 75 - n. 
10 75 40 -
15 50 25 -

Write Disable 5.0 320 160 - n. 
10 160 80 -
15 120 60 -

Set Up Time t,U ns 
Dat8 5.0 100 50 - • 10 50 25 -

15 35 20 -
Hold Time th nl 

Data 6.0 150 75 -
10 75 40 -
15 50 26 -
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MC140998. MC146998 

R ••• t 2 

Oata 3 

Write 4 
DI •• bl. 

AO B 

To 
Other 
Latch •• 

Z.ro 

MC14099B 
FUNCTION DIAGRAM 

Select 

Addr ... 
Dlcodar 

Other Latch •• 

A2 7 

IM.S.B.I 

TRUTH TABLE 

Writ. 
DI .. bll Rlllt 

0 0 
0 1 

1 0 
1 1 

• an I. previoul Itatl of latch. 
t Relet to zaro Itata. 

Add ... od 
Lltah 

Data 

Data 

an' 
Re.et 

TIMING DIAGRAM 

U""ddr ... d 
Lltah 

an' 
ReletT 

an' 
Relet 

AO Al A2 60"-+e-------twH -------1"!'1o .. --------------~ ~~----------

Write DI •• bl. 50" 

---------------+----------------~ 

D.t.-___ ~-lo% 

20 nl 

R ••• t 

OO;.... __ ~II 
tpLH 

07 

---------------+~ 

7·172 

9 QO 

10 Ql 

11 02 

12 03 

13 Q4 

14 06 

16 oe 

07 



MC14099B. MCl4599B 

Reset 2 

Data 3 

Chip 

Write 4 
Disable 

AO 5 

A1 6 

A2 7 

(M.S.B.1 

Chip 

To 
Other 
Latches 

Address 
Decoder 

MC141i99B 
FUNCTION DIAGRAM 

Zero 
Select 

TRUTH TABLE 

----------, 

Each Latch __ ...1 

Other Latch. 

Write Addreaed Ot ..... Data 
Enable Write/Roiiil Di .. ble ROI8t Latch Latches Pin 

0 X 
1 1 

1 1 

1 0 
X X 

x - Don't care. 
... = No change in state of latch. 
Z - High impedance. 
On = State of addrassac:t latch. 

X 

0 
1 

X 

X 

0 · · Z 

0 Data · Input 

0 · · Z 

0 · · On 
1 0 0 Z/O 
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11 QO 

12 Q1 

13 Q2 

14 Q3 

15 Q4 

01605 

17 Q6 

1 Q7 • 
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MC14099B. MC14599B 

Q 0 

Q 1 -
R. set 

C E 

A2 .Al.Ab 

o. to 

Wr Ita Olubr. 

\ 
tpHL -90% 

10% 

-.I I+- tTHL 

\ 
!4-twR-

W/R 

CE 

MCI4599B 
TIMING DIAGRAMS 

Data Write 

- r-- tTLH 

1/ 9 0% 
10% 

!---tPLH ___ 

tWH 

!---tWL_ 

90% 

10% 10%-1 

_\ 60% -\ 

20ns ... I"- -I _20n. 

Data Road 

o.t.~ fE 
A2.Al.AO -----------T'" 

NOTE: 1. Invalid Data Output 
2. R.set In LOW Stat. 
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50% 

r-- tPHL " 

- _tpLH 

--, ~tw~ 

- --~ tau 
60% 50% 



® MOTOROLA 

CMOS MS. 

SYNCHRONOUS PROGRAMMABLE 4-BIT 
COUNTERS 

The MC14160B - MC14163B 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 (MC14160B. 
MC14162B. The other two are synchronous programmable 4·bit 
binary counters with the asynchronous and synchronous clear 
respectively (MC14161B. MC14163B). 

• 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 Unit 

DC SupplV Voltage VDD -0.5 to +18 Vdc 

Input Voltage, All Inputs V,n -0.5 to VDD + 0.5 Vdc 

DC Current Drain per Prn I 10 mAde 

Operating Temperature Range - AL Device TA -55 to +125 °c 
C LlCP Dev,ce -40 to +85 

Storage Temperature Range Tstg -65 to +150 °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 Vout) '" VOO­
Unused inputs must always be tied to an appropriate logic voltage level (e.g., 
either VSS or VDDI. 
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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 
1 

P SUFFIX L SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 

CASE 648 CASE 620 

ORDERING INFORMATION 

M' .. ···'lt;~ .. Denote:;; 

Ceramic Package 
Plastic Package 
Extended Operating 

Temperature Range 
Limited Operating 

10 

9 

2 

3 

4 

6 

Temperature Range 

BLOCK DIAGRAM 

PE 01 

TE 

Clear 02 

['Oad 

Clock 03 

PI 

P2 04 

P3 

P4 
Carry 

Oul 

Voo "" Pin 16 

VSS = Pin 8 

14 

13 

12 

11 

15 

• 
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MC14160B thru MC14163B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
V,n VDD or 0 10 

15 

"1" Level VOH 5.0 
Von o or VDD 10 

15 

Input Voltage U "0" Level VIL 
(VO - 4.5 or 0.5 Vdcl 5.0 
(VO' 9.0 or 1.0 Vdcl 10 
(VO 0 13.5 or 1.5 Vdcl 15 

"'" Level VIH 
(VO 0 0.5 or 4.5 Vdcl 5.0 
(VO" 1.0 or 9.0 Vdcl 10 
(VO 015 or 13.5 Vdcl 15 

Output Drive Current (AL DeVice) IOH 
(VOH = 2.5 Vdcl Source 50 
(VOH = 4.6 Vdcl 50 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Output Drive Current (CLlCP DeVice) IOH 
(VOH = 2.5 Vdc) Source 5.0 
(VOH = 4.6 Vdcl 50 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOL 50 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Input Current (AL Device) l,n 15 

Input Current (CL/CP DeVice) lin 15 

Input Capacitance Con -
(Von ~ 01 

Quiescent Current (AL DeVice) 100 50 
(Per Package) 10 

15 

QUiescent Current (CLlCP DeVice) 100 5.0 
(Per Package) 10 

15 

Total Supply Current·· t (T 5.0 
(DynamiC plus Quiescent, 10 
Per Package) 15 

(CL '" 50 pF on all outputs, all 
buffers sWitching) 

*Tlow = -55°C for AL DeVice, -400 C for C LlCP Device. 
Thigh = +1250C for AL Device, +850C for CL/CP Device. 

#Noise Immunity specified for worst-case input combination. 

Tlow 
. 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
3.0 

- 4.0 

3.5 
70 -

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 -
13 -
3.6 -

- ± 01 

- ±03 

-

50 
- 10 

20 

- 20 
- 40 
- 80 

NOise Margin for both "1" and "0" level:::: 1.0 Vdc min @ VOO ;- 5.0 Vdc 
2.0 Vdc riiTn@ VDD = 10 Vdc 
2.5 Vdc min@ VDD = 15 Vdc 

fTo calculate total supply currant 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 

35 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 -
13 2.25 -
34 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 -

- ±O 00001 ±O 1 

- ±O 00001 ± 0.3 

- 50 7.5 

0.005 50 
- 0.010 10 
- 0.Q15 20 

- 0.005 20 
- 0.010 40 
- 0.Q15 80 

IT - (0.56 pAlkHzl f + 100 
IT = (1.1 pA/kHzl f + 100 
IT = (1.9 pA/kHzl f + 100 

where: IT is in ~A tper package), 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. 
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Thi 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 -

mAde 
-1.7 -

-0.36 -
-0.9 -
-2.4 -

0.36 - mAde 
0.9 -
2.4 -

mAde 
-1.7 -
-0.36 -
-0.9 -
-2.4 -

0.36 - mAde 
0.9 -
24 -

- ± 1.0 pAdc 

- ±l.O /JAde 

- - pF 

- 150 .uAdc 
- 300 
- 600 

- 150 J,tAdc 
- 300 
- 600 

I-tAdc 



MC14160B thru MC14163B 

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

Voo 
Characteristic Symbol Vdc Min Typ Max: Unit 

Output Rise Time tTLH ns 

tTLH ; (1.35 os/pF) CL + 33 os 5.0 - 100 200 

tTLH ; (0.6 os/pF) CL + 20 ns 10 - 50 100 

tTLH ; (0.4 ns/pF) CL + 20 ns 15 - 40 80 

Output Fall Time tTHL ns 

tTHL; (1.35 ns/pF) CL + 33 ns 5.0 - 100 200 

tTHL = (0.6 ns/pF) CL + 20 ns 10 - 50 100 

tTHL = (0.4 ns/pF) CL + 20 ns 15 - 40 80 

Propagation Delay Time tpLH, ns 

tpHL 
Clock to 0 

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/pFI CL + 167 ns 10 - 186 370 
tPLH,tPHL = (0.26ns/pF) CL +112ns 15 - 125 250 

TE to Carry Out 
tPLH, tpHL = (0.90 os/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 (MC14160B, MC14161B only) 
tPLH, tPHL = (0.90 ns/pFI CL + 110 ns 5.0 - 350 700 
tPLH, tpHL = (0.36 ns/pF) CL + 37 ns 10 - 150 300 

tPLH, tpHL = (0.26 ns/pF) CL + 22 os 15 - 100 200 

Minimum Setup Time 
Data to Clock Is" 5.0 320 160 - ns 

10 130 65 -
15 90 45 -

Load to Clock 5.0 600 300 -
10 260 130 -
15 180 90 -

Enable to Clock (PE or TE) 5.0 420 210 -
10 170 85 -
15 120 60 -

Clear to Clock (MC14162B, MC14163B only) 5.0 310 155 -
10 110 55 -
15 70 35 -

Clock Pulse Width, High twH 5.0 250 125 - os • 10 100 50 -
15 70 35 -

Clock Rise Time tTLH 5 - - 15 ,",S 

10 - - 15 
15 - - 15 

Clock Pulse Frequency fel 5.0 2.0 1.0 MHz 
10 - 5.0 2,5 
15 - 8.0 4.0 

*The formula given IS for the typical charactenstlcs only. 
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MC14160B thru MC14163B. 

SWITCHING WAVEFORMS 

Clear 

Load 

Data Input 

Enable (PE or TE) 

Clock 

Output 
(Q or Carry) 

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. The clear function for the 
MC14160B, MC14161B is asynchronous 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 MC14162B and MC14163B 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 clea~ allows the count length to be modified 
easily; decoding the maximum count desired can be 
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accomplished with one external NAND 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 synchronous 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 Q1 output. This posi­
tive overflow carry pulse can be used to enable successive 
cascaded stages. 



MC14160B thru MC14163B 

PI 

MC14160B, MC14162B LOGIC DIAGRAM 
IClear is synchronous for MC14162B) 

14 Q1 

13 02 

12 03 

4-+----1I-----+-.....;.....;-----1I------I'CIOCka 11 Q4 

7 
PEn..--~-"'" 

10 ~----~~--~--~ 
TE.,..-...... ~_~ 

~-------------------o 15 
Carry Out 
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MC14160B thru MC14163B 

MC14160B, MC14162B TIMING DIAGRAM 

Sequence illustrated in waveforms: 

1. Clear outputs to zero. 
2. Preset to SCD seven. 
3. Count to eight, nine, zero, one, two, and three. 
4. Inhibit 

Cle.r (MCI4160B) ----'Ur-:(7A-.Y-n-ch:-r~o-no-:-u-s':"J --------------------­

I 
Clear (MCI4162B) -..JJ 

(Synchronous) 

Data 
Inputs 

I 
Load -----;-'U 

P4----~------------~--------------
Clock (MC14160BJ ----...:...., 

Clock (MCI4162B) 

Enables {PE : 

TE ----;1---'-' 
I 
I 

Outputs 

01-----' 
I I I 

02-- __ i-1l ______ ...J 
, I I 

03- __ i---I'"l ___________ :---_______ _ 
, I I 
i : 1"1---' 04 _ _ I J I L.. ______ :.... _________ _ 

I I I 
c.rry ____ ..i.I_-"I __ .:..I_...JIlL ______ ....:... __________ _ 

Out I 17 Is 9 0 3 

I I II~·.-------~c~o-u-nt--------··-II~·.--------'n~h~;b~;~t-------.-. 
Clear Preset 
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MC14160B thru MC14163B 

PI 

Load 

Clear 

Clock 

P3 

P4 

PEn------r--'~~----~ 

MC14161B, MC14163B LOGIC DIAGRAM 
(Clear is Synchronous for MC14163B) 
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15 >-----------"""'<l Carry Out 



MC14160B thru MC14163B 

MC14161B. MC14163B 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 

Cleor (MCI4161B) ----., U (A.ynchronou,) 

I 
CI •• r (MCI4163B) ----, ~ I­

~\svnChrOnOUS) 

~O.d--------~I-, r----------------------------'U I 

Data 
Inputs 

I 

PI --------~'------------------------------------------------------

P2--------+---------------~----------------------

Clock (MCI4161B) --------..;...., 

Clock (MCI4163B) 

I 
I 

{ 
PE ____ ..,..: _'"""''''' 

Enables I 

TE -------!-: ----+-A 
I 

01 -- - -:-----:~~ 
I 

Outputs, 02 -- -- --:---;---+---~ 
I 

03 _____ '---1 
I I 

I ~'--~------------, 04-----'~ I I 
I I r----, 

C.rry ____ -+' __ ~I~~~~~-~I~ I_~~~~------------
Out I 1'2 113 14 15 0 2 I 

I I I . Count .. I . 
Clear Preset 

Inhibit 
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® MOTOROLA 

HEX TYPE 0 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 vss I 
Rating Symbol 

DC SupplV Voltage VDD 

Input Voltage, All Inputs Vin 

DC Current Drain per Pin I 

Operating Temperature Range - AL Oevke TA 
CLlCP Device 

Storage Temperature Range 

Clock 

....r 

...r 
'-

X 

x = Don't Care 

TRUTH TABLE 
(Poeti .. Logicl 

INPUTS 

Tstg 

Data Ir.iiii 
0 1 

1 1 

X 1 

X 0 

Value 

-0.5 to +18 

-0.5 to VDD + 0.5 

10 

-55 to +125 
-40 to +85 

-65 to +150 

OUTPUT 
Q 

0 

1 
Q 

0 

No 
Change 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

Thl. device contain. circuitry to protect the 
Inputl Bplnn damage due to high static 
voltagft or electric fJeldl; however. It I, ad­
vised that normal precautions be taken to 
JlVold application of any voltage higher than 
maximum rated voltage. to this high im­
pedance circuit. For proper operation It Is 

recommended that V In and V out be con· 
strained to the range Vss <; (Vln or V out) 
';VOO· 

UnuMd Inputa muat always ba tied to an 
appropriate logic yoltage level (e.g., either 
Vssor VOD)' 
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MC14174B 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOS) 

HEX TYPE 0 FLIP-FLOP 

L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

."'"".~':. ~.::: ... 
P Plastic Package 

. A Extended Operating 
Temperature Range 

C Limited Operating 
Temperature Range 

BLOCK DIAGRAM 

00 2 

01 5 

02 7 

03 10 
11: 

04 12 

14 as 15 

VOO = Pin 16 
VSS - Pin 8 

• 
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MC141748 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
V 1n = VOO or 0 10 

15 

"'" Level VOH 5.0 
V m = 0 or VOO 10 

15 

Input VOltage#' "0" Level VIL 
(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 

"'" Level VIH 
(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 Vdcl Source 5.0 
(VOH =4.6 Vdcl 5.0 
(VOH =9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Output Drive Current (CL/CP Devlcel IOH 
(VOH = 2.5 Vdcl Source 5.0 
(VOH =4.6 Vdcl 5.0 
(VOH =9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CLlCP Device) I,n 15 

Input Capacitance Con -
(Vin = 01 

QUiescent Current (AL Devlcel 100 50 
(Per Packagel 10 

15 

QUiescent Current (CLlGP DeVice) 100 5.0 
(Per Packagel 10 

15 
Total Supply Current· .. t IT 5.0 

(DynamiC plus Quiescent, 10 
Per Package I 15 

leL'" 50 pF on all outputs, all 
buffers switching) 

-T low = _55°C for AL Device. -40oC for C LlCP Device. 
Thighs +1250C lor AL Device. +850C lor CL/CP Device. 

#Noise Immunity specified for worst-case input combination. 

Tlow . 
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 

- ±O3 

- -

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.S Vdc min @ VOO = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
ITICLI = ITISO pFI +3 x 10-3 ICL -501 VOOI 

25°C 

Min Typ Max 

- a 0.05 
- a 0.05 
- a 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 -

- ±O 00001 ±O 1 

- ±0.00001 ± 0.3 

- 50 7.5 

0.005 50 
- 0.010 10 
- 0.Q15 20 

- 0.005 20 
- 0.010 40 
- 0.Q15 80 

IT 0 11.1 "A/kHzI I + 100 
IT = 12.3 "A/kHzI I + 100 
Ir= 13.7 "A/kHzI I + 100 

where: IT is in "A lper packagel. CL in pF. Vob in Vdc, and I in kHz is input freQuency. 
--The formul. given are for the typical characteristics only at 25°C. 
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Thi 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 -

mAde 
-1.7 -

-0.36 -
-0.9 -
-2.4 -
0.36 - mAde 

0.9 -
2.4 -

mAde 
-1.7 -
--0.36 -
-0.9 -
-2.4 -
0.36 - mAde 
0.9 -
2.4 -

- ±l.O "Adc 

- tl.O "Adc. 

- - pF 

150 IJAdc 

- 300 
- 600 

- 150 "Adc 
- 300 
- 600 

/JAde 



MC14174B 

SWITCHING CHARACTERISTICS· (CL - 50 pF. TA • 2SoCI 

Voo A1ITy .... 
ChI_lotio Symbol Vd. MIn Typ MI. Unit 

Output Rise and Fa" Time tTLH.ITHL n. 

tTLH. ITHL = (1.36 n./pF) CL + 32 n. 6.0 - 100 200 
ITLH. tTHL = (0.6 n./pF) CL + 20 n. 10 - 60 100 
'TLH. ITHL = (0.4 n./pF) CL + 20 n. 16 - 40 80 

Propogation Oeley Time - Clock to Q tpLH. nl 

tPLH. tPHL = (0.9 n./pF) CL + 166 n. tPHL 6.0 - 210 400 
tPLH. tPHL = (0.36 n./pF) CL + 64 n. 10 - 86 160 

tpLH. tPHL = (0.26 n,/pF) CL + 52 n. 15 - 66 120 

Propagation Delav Time . Resetto Q tpHL n. 

IpHL = 10.9 ns/pF) CL + 206 n. 5.0 - 260 500 
tPHL = (0.36 n,/pF) CL + 79 n. 10 - 100 200 
tpHL = (0.26 n./pF) CL + 62 n. 16 - 76 150 

Clock Pul .. Width twH 6.0 160 76 - n. 

10 90 46 -
16 70 36 -

F1ei8t Pul .. Width twL 5.0 200 100 - n. 
10 100 50 -
16 80 40 -

Clock Pulse Frequency fel 6.0 - 7.0 2.0 MHz 

10 - 12.0 5.0 

16 - 16.6 6.6 
Clock Pul .. Rise .nd Fa" Time tTLH. tTHL 6.0 - - 16 '" 10 - - 16 

16 - - 16 
Data Setup Time I,U 6.0 40 20 - n. 

10 20 10 -
15 15 0 -

Data Hold Time th 6.0 80 40 - n. 

10 40 20 -
16 30 16 -

i Reset Removal Time·· trem 6.0 260 125 - n. 

10 100 60 -
16 80 40 -

-The formula. glvan ar. for the typIcal characterl.tlc. onlv . 
• -The rltHt "gnal must be high prior to • posltlve.golng transition of the clock. 
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Clock 

I 
2 

00 

TIMING DIAGRAM 

'"'~ t~ 50% 

tWL 

FUNCTIONAL BLOCK DIAGRAM 

01 02 
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10 

03 

12 

04 

Voo 

Vss 

Voo 

Vss 

Voo 

Vss 

16 

06 



® MOTOROLA 

QUAD TYPE D FLIP-FLOP 

The MC14175B quad type 0 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 (0 and 0). These devices 
may be used as shift register elements 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 (Voltages referenced to vss I 
Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vi" -0.5 to VDD + 0.5 

Unit 

Vde 

Vde 

DC Current Drain per Pin I 10 mAde 

Operating Temperature Range - A L Device TA -55 to +125 °c 
CL/CP Device -40'0 +85 

Storage Temperature Range Tstg -65 to +150 °c 

TRUTH TABLE 
(P_iva Logic) 

INPUTS OUTPUTS 

Clock Data Ir.iiii Q Q 

...r- 0 

..r 1 

'- X 

X X 

x "" Don't Care 

This. device contains circuitry to protect 
the Inputs against damage due to high 
stetfc voltages or electric fields; however, 
It I, advlted that normal precaution. 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 I, recommended that V In and 
Vout be constrained to the range VSS < 
(Vln or V out) ..;;; VOO' 

Unu .. d Inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSSor Voo). 
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MC14175B 

CMOS 55. 
(LOW.pOWER COMPLEMENTARY MOS) 

QUAD TYPE D FLIP-FLOP 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC14XXXB Suffix Denotes 

~ L Ceramic Package 1::: P Plastic Package 

9 

4 

5 

12 

13 

• A Extended Operating 
Temperature Range 

C Limited Operating 
Temperature Range 

BLOCK DIAGRAM 

Clock 00 2 

Relet 00 3 

01 7 
00 at 6 

01 02 10 

02 11 
02 

03 16 

03 03 14 

VOO - Pin 16 
Vss = Pin 8 
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MC14175B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
V ln = VOO or 0 10 

15 

"'" Level VOH 5.0 
V ln =0 or VOO 10 

15 

Input Voltage#' "0" Level Vil 
(VO = 4.5 or 0.5 Vdcl 5.0 
IVo = 9.0 or 1.0 Vdcl 10 
IVo = 13.5 or 1.5 Vdcl 15 

"'" Level VIH 
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 Devlcel 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 IOl 5.0 
IVOl = 0.5 Vdcl 10 
IVOl = 1.5 Vdcl 15 

Output Drive Current (CLlep DeVice) 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 IOl 5.0 
IVOl = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Input Current (At Device) lin 15 

Input Current (CLlCP DeVice) lin 15 

Input Capacitance C,n -
IV," = 01 

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

15 

QUiescent Current (CLlep DeVice) 100 5.0 
(Per Package) 10 

15 

Total Supply CurrentUt IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

ICl = 50 pF on all outputs. all 
buffers switching) 

*Tlow - -5SoC for AL DeVice. -400C for CL/CP Device. 
Thigh ~ +1250 C lor Al Device, +850 C lor CL/CP Device. 

INoise Immunity specified for worst-case input combination. 

Tlow . 
Min MIx 

- 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 

- ±03 

-

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 @I VOO - 10 Vdc 
2.5 Vdc min @I VOO = 15 Vdc 

fTo calculate total supply current at loads other than 50 pF: 
IT(Cll = ITI50 pF) + 4 x 10-3 (Cl -50) VOOI 

25°C 

Min TVp MIx 

- a 0.05 
- a 0.05 
- a 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 -
70 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 

- 0.015 20 

- 0.005 20 

- 0.010 40 
- 0.015 80 

IT = (1.7 ~A/kHzl I + 100 i 
IT = (3.4 ~A/kHzl I + 100 I 

IT = (5.0 ~A/kHzl I + 100' 

where: IT is in IAA (per package). CL in pF. Vee in Vdc. and f in kHz is input freQuency. 
--The formulas given are for the typical characteristics only at 2SoC. 
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Thigh' 
Min MIx 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 -

mAde 
-1.7 -

-0.36 -
-0.9 -
-2.4 -
0.36 - mAde 
0.9 -
2.4 -

mAde 
-1.7 -

-0.36 -
-0.9 -
-2.4 -

0.36 - mAde 
0.9 -
2.4 -
- ± 1.0 ~Adc 

- ± 1.0 ~Adc 

pF 

150 IlAdc 

- 300 
- 600 

- 150 ~Adc 

- 300 
- 600 

~Adc 



MC14175B 

SWITCHING CHARACTERISTICS' (CL = 50 pF T A = 25°C) 

Voo 
All Types 

Characteristic Symbol Vde Min Typ Max Unit 

Output Rise and Fall Time tTLH. ITHL 
ns 

tTLH. ITHL = (1.35 ns/pFI CL + 32 ns 5.0 - 100 200 

tTLH. tTHL = (0.6 ns/pFICL + 20 ns 10 - 50 100 

tTLH. tTHL = (0.4 ns/pFI CL + 20 ns 15 - 40 80 

Propagation Delay Time - Clock to Q tpLH. ns 

tpLH. tpHL = (0.9 ns/pFI CL + 175 ns tpHL 5.0 - 220 400 

tPLH. tPHL = (0.36 ns/pFI CL + 72 ns 10 - 90 160 

tpLH. tpHL = (0.26 ns/pFI CL + 57 ns 15 - 70 120 

Propagation Delav Time - Reset to Q tPHL ns 

tPHL = (0.9 ns/pFI CL + 280 ns 5.0 - 325 500 

tpHL = (0.36 nsipFI CL + 112 ns 10 - 130 200 

tpHL = (0.26 ns/pFI CL + 87 ns 15 - 100 150 

Clock Pulse Width twH 5.0 250 110 - ns 

10 100 45 -
15 75 35 -

I'lei8t Pulse Width twL 5.0 200 100 - ns 

10 80 40 -
15 60 30 -

Clock Pulse frequency fel 5.0 - 4.5 2.0 MHz 

10 - 11 5.0 
15 - 14 6.5 

Clock Pulse Rise and Fall Time tTLH. tTHL 5.0 - - 15 IlS 

10 - - 15 
15 - - 15 

Data Setup Time tsu 5.0 120 60 - ns 

10 50 25 -
15 40 20 -

Data Hold Time th 5.0 80 40 - ns 

10 40 20 -
15 30 15 -

I!reSii Removal Time * * t rem 5.0 250 125 - ns 

10 100 50 -
15 80 40 -

*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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MC14175B 

TIMING DIAGRAM 

20~n. 20n, 
On 5~~% 

. 10% ----------------------------. ~. ~ 

tou t"u 

Voo 

Vss 

Clock 
Voo 

tTLH 

""':kt t':!!!!.. 50% 

tWL 
Vss 

Voo 

FUNCTIONAL BLOCK DIAGRAM 

• 
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® MOTOROLA 

4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 

The MC14194B 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 SI, 
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 

OPERATING IReSet = 11 

MODE SI SO DSR DSL DpO-3 

Hold 0 0 x x X 

1 0 X 0 X 
Shift Left 

1 0 X 1 X 

0 1 0 X X 
Shift Right 

0 1 1 X X 

1 1 X X 0 
Parallel 

1 1 X X 1 

x "" Don't Care 
tn+ 1 ;z State after the next positive-going transition of the clock. 

81 10 

so 9 

OSR 2 0-------, 

Clock 11 

Voo = Pin 16 
Vss - Pin 8 

ReS8t 1 0------<>1 

3 
OPO 

00 
15 

OUTPUTS 
(@tn + 11 

00 01 02 

00 01 02 

01 02 Q3 

01 02 03 

0 00 01 

1 00 Ql 

0 0 0 

1 1 1 

LOGIC DIAGRAM 
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Ql 
14 

Q3 

03 

0 

1 

02 

02 

0 

1 

MC14194B 

CMOS MSI 
(LOW-POWER COMPLEMENTARY MOSI 

4-BIT BIDIRECTIONAL 
UNIVERSAL SHIFT REGISTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

.o,,,m r "ff" O~O •• 

t: L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

Q2 
13 

Q3 
12 

OSL 
• 
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MC14194B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
V,n VOO or 0 10 

15 

"1" Level VOH 5.0 
Von Oar VOO 10 

15 

Input Voltagel.:" "0" Level Vil 
IVO - 4.5 or 0.5 Vde) 5.0 
IVO .' 9.0 or 1.0 Vdel 10 
IVO 0 13.5 or 1.5 Vdel 15 

"1" Level VIH 
IVO 0 0.5 or 4.5 Vdel 5.0 
IVO 0 1.0 or 9.0 Vdel 10 
IVO" 1 5 or 13.5 Vdel 15 

Output Dnve Current (AL DeVice) 'OH 
(VOH " 2.5 Vdel Source 5.0 
IVOH < 4.6 Vde) 5.0 
(VOH " 9.5 Vdel 10 
(VOH" 13.5 Vdel 15 

(VOL" 0.4 Vdel Sink 'Ol 5.0 
(VOL" 0.5 Vde) 10 
(VOL" 1.5 Vdel 15 

Output Dnve Current (CL/CP DeVice) 'OH 
(VOH " 2.5 Vdel Source 5.0 
IVOH "4.6 Vde) 5.0 
IVOH "9.5 Vdel 10 
IVOH" 13.5 Vde) 15 

(VOL" 0.4 Vdel Sink 'Ol 5.0 
(VOL" 0.5 Vde) 10 
(VOL" 1.5 Vdel 15 

Input Current (AL Devlcel lin 15 

Input Current (CLlCP Device) lin 15 

Input Capacitance Cin -
(V,n"OI 

QUiescent Current (AL DeVice) 100 5.0 
(Per Package) 10 

15 

QUiescent Current (CLlCP DeVice) 100 5.0 
(Per Package) 10 

15 

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

teL = 50 pF on all outputs, all 
buffers sWitching) 

-Trow':: -5SoC for AL DeVice, -40°C for CL/CP Device. 
Thigh = +12SoC for AL Device, +8SoC for CL/CP Device. 

.u:Noise Immunity specified for worst-case input combination. 

Tlow . 
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 -
-d -
-3:6 --

0.52 -
1.3 -
3.6 -
- to.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 Vde min @ VOO "10 Vde 
2.5 Vde min @ VOO "15 Vde 

tTo calculate total supply current at loads other than SO pF: 
'T(Cl) " IT(50 pF) + 2 x 10-3 (Cl -501 VOOf 

25°C Thi h* 

Min Typ Max Min Max Unit 

- 0 0.05 - 0.05 Vde 
- 0 0.05 - 0.05 
- 0 0.05 - 0.05 

4.95 5.0 - 4.95 - Vde 
9.95 10 - 9.95 -

14.95 15 - 14.95 -
Vde 

- 2.25 1.5 - 1.5 
- 4.50 3.0 - 3.0 
- 6.75 4.0 - 4.0 

3.5 2.75 - 3.5 - Vde 

7.0 5.50 - 7.0 -
11.0 8.25 - 11.0 -

mAde 
-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 - mAde 
1.3 2.25 - 0.9 -
3.4 8.8 - 2.4 -

mAde 
-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 - mAde 

1.1 2.25 - 0.9 -
3.0 8.8 - 24 -
- ±0.00001 .to 1 - ± 1.0 }JAde 

- ±0.00001 ± 0.3 - ± 1.0 J.tAdc 

- 5.0 12.0 - - pF 

0.005 5.0 150 .uAdc 
- 0.010 10 - 300 
- 0.015 20 - 600 

- 0.005 20 - 150 ~Ade 

- 0.010 40 - 300 
- 0.015 80 - 600 

IT - (0.95 !lA/kHz) f + I DO .uAdc 
IT = (1.9IlA/kHz) f + 100 
IT = (2.9IlA/kHz) f + 100 

where: IT IS in #lA (per package), CL in pF, VOO in Vdc, and f in kHz is Input frequency. 
4 4The formulas given are for the typical characteristics only at 2Soc. 

This device contains circuitry to protect 
the inputs against damage due to high 
Itatic voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher then maximum ratad voltage. to 
this high impadance circuit. For proper 
ope/etion it is reconvnended that V in and 
Vout be constrainad to the range VSS .; 
(V in or Vout) .; VOO. 
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MC14194B 

MAXIMUM RATINGS (Voltage. referenced to Vssl 

Rating Symbol Value Unit 

DC SupplV Voltage VDD -05to+18 Vdc 

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

DC Current Drain per Pin I 10 mAde 

Operating Temperature Range - AL Device TA -55 to +125 °c 
CLlCP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 °c 

SWITCHING CHARACTERISTICS· (CL = 50pF. TA = 250 CI 

Voo 
Characteristic Symbol Vdc Min Typ Max Unit 

Output Rise and Fall Time 'TLH. tTHL n. 
tTLH. 'THL = (1.35 ns/pFI CL + 32 n. 5.0 - 100 200 
tTLH. tTHL = (0.6 ns/pFI CL + 20 ns 10 - 50 100 
tTLH. 'THL = (0.4 ns/pFI CL + 20 ns 15 - 40 80 

Propagation Delav Time tPLH.tpHL ns 
Clock to Q 

tpLH.tpHL = (0.9 ns/pFI CL + 230 ns 5.0 - 275 550 
tPLH.tPHL = (0.36 ns/pFI CL + 92 ns 10 - 110 220 
tPLH.tpHL = (0.26 ns/pFI CL + 72 ns 15 - 85 170 

Reset to Q tpHL ns 
tpHL = (0.9 ns/pFI CL + 305 ns 5.0 - 350 700 
tpHL = (0.36 ns/pFI CL + 122 n. 10 - 140 280 
tpHL = (0.26 ns/pFI CL + 97 ns 15 - 110 220 

Clock Pulse Width twH 5.0 280 140 - ns 
10 110 55 -
15 85 40 -

Reset Pulse Width twH 5.0 180 90 - ns 
10 70 35 -
15 50 26 -

Clock Pulse Frequency fcl 5.0 - 3.6 1.8 MHz 
(Shift Right or Left Model .10 - 9.0 4.5 

15 - 12 6.0 

Clock Pulse Rise and Fall Time tTLH, 'THL 5.0 jlS 

10 No Limit 
15 

Setup Time Isu ns 
Data to Clock 5.0' 10 -8.0 -

10 20 0 -
15 40 9.0 -

Mode Control (SI to Clock 5.0 200 100 - n. 
10 75 36 -
15 55 27 -

Hold Time th ns • Data to Clock 5.0 180 90 -
10 50 25 -
15 35 10 -

Mode Control (S) to Clock 5.0 0 -40 - ns 
10 0 -27 -
15 0 -20 -

iUUi Removal Time·· trem 5.0 300 150 - ns 
10 110 55 -
15 80 40 -

"The formula. 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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® MOTOROLA 

AKO 

CE 

Product Prevle~ 

DUAL TONE MUL TIFREOUENCY DIALER 

The MC14403 and MC14405 produce audio tones according to 
the telephone standard 2 of 8 (DTMF) encoding. An on·chip mixer 
provides weighted amplitudes of high and low band signals that are 
generated as piecewise linear sine waves to minimize distortion. Low 
external parts count and use of an inexpensive 3.58 MHz crystal 
make these parts cost·effective in telephone instrument design, tone 
encoding for radio transmitters, or for use as a standard tone source 
for security systems and data transfer. 

• 3 to 12 Volt Operation 

• Uses Inexpensive 3.579545 MHz (TV Color Burst) Crystal 

• Distortion Typically 2% Without Filtering 

• Crystal Oscillator is Inhibited When No Key is Depressed 

• Minimum Turn On and Turn Off Transients 

• Amplitude Level is Selectable with External Capacitor 
and is Suppy Voltage Independent 

• Low Standby Current 

• Integrated Active Bridge Rectifier Eliminates External Di~ ~ 
Bridge in Telephone Applications \.J r 

• Uses Standard Telephone Keyboard for r"< 
Maximum Noise Immunity ... \\.1' 

• Dual Tone or Single Tone Capabilit~ V 
• MC14403 Similar to MK508 . ~¥olumn Inputs 

Have Pull·Up Curre 1t.J 
• MC14405 Same as M 0 with Internal Active Bridge 

BLOCK DIAGRAM 

Cl C2C3 C4 Osc 1 Osc2 

This is advance information and specifications are subject to change without notice. 
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MC14403 
MC1440S 

CMOS LSI 
(LOW· POWER COMPLEMENTARY MOSI 

DTMF 
INTEGRATED TONE DIALER 

L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 620 CASE 648 

PSUFFIX 
PLASTIC PACKAGE 

CASE 707 

ORDERING INFORMATION 

MC14XXX Suffix Oenot •• 

T - L Ceramic Package t:: P Pllltic Pickage 

PIN ASSIGNMENT 

VOO TO 

CE FC 

Cl, Rl 

C2' R2 MC14403 

C3' R3 

VSS R4 

Osc1 l AKO 

Osc2 IC4 

DC1. OC2 

VOO TO 

CE FC 

MC14405 
Cl Rl 

C2' R2 

C3! R3 

Vssl R4 

Osc1: IAKO 

OSC21 C4 

• 



MC14403, MC14405 

MAXIMUM RATINGS (Voltages Referenced to VSS) 

Rating Svmbol Value Unit 

Supply Voltage (VOO-VSS) VOO 12 Vdc 

Voltage on Any Pin Vin VSS -0.3 to Vdc 

VOO +0.3 
Maximum Power Dissipation Po 500 mW 
Tone Output Current lout 20 mA 

Storage Temperature Range Tsto -55 to +150 °c 
Operating Temperature Range TA -30 to +60 °e 

MC14405 Only 

Supply Voltage Pin 1 to Pin 18 VOC 12 V 

Supply Current into Pin 1 or Pin 18 IDe 100 mA 
Voltage on Pins 1 or 18 Vin VSS -0.7 to Vdc 

VOO+O.7 

RECOMMENDED OPERATING CONDITIONS 

Parameter 

Supply Voltage 

Key Sensing and AKl5 Operation 

ELECTRICAL CHARACTERISTICS IT A = 250 e Voltages Referenced to VSS) 

Characteristic Symbol VOO-VSS Min Typ Max Unit 

Input Voltage Row,Column VIL 5.0 - 2.25 1.5 Vdc 
10 - 4.50 3.0 

CE 5.0 - - 3.0 
10 - - 8.0 

Row, Column VIH 5.0 3.5 2.75 - Vdc 
10 7.0 5.5 -

CE 5.0 4.0 - -
10 9.0 - -

Output Drive Current AKO IOH I'A 
(VO = 4.5 Vdc) 5.0 -20 - -
(VO = 9.5 Vdc) 10 -80 - -
(VO = 2.0 Vdc) IOL 5.0 3.0 - - mA 
(VO = 2.0 Vdc) 10 12 - -

Tone Output Before Clipping RL=600n Vo · 0.9 - Vp 
RL=250n · 0.8 - -

• 
Total Harmonic Distortion RL=600n THO · - 2.0 - % 
Quiescent Current 100 5.0 100 I'A 

(No Key Depressed) 10 - 130 -
Total Supply Current RL = 1.0 kn IT · - 3.0 - mA 

Turn On Delay Time (Oscillator Start-Up Time) TO · - - 10 ms 

Output Voltage Active Rectifier OC1-0C2 Vdc 

(Output = VOO-VSS) 100= 1 mA 3.0 - 2.9 -
2mA 3.0 - 2.8 -
5mA 3.0 - 2.5 -
1 mA 3.5 - 3.4 -
2mA 3.5 - 3.3 -
6mA 3.5 - 3.0 -
1 mA 4.0 - 3.9 -
5mA 4.0 - 3.6 -

10mA 4.0 - 3.3 -
15mA 4.0 - 3.0 -

1 mA 4.5 - 4.4 -
10mA 4.5 - 3.9 -

"ndependent of Supply ,f 3.0 Vdc < VOO < 12 Vdc. 
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MC14403, MC14405 

FUNCTIONAL DESCRIPTION 

TONE GENERATION 
The output frequencies are derived from the 3.579545 

MHz crystal oscillator by integer divider ratios. The sine 
wave output is generated by feeding different constant 
currents into an integrator. At the output of this integra· 
tor, the current steps appear as variable ramps. The output 
amplitude is inversely proj::JOrtional to the integrator 
capacitance between tone output and feedback input 
and can be adjusted by the choice of capacitor value. 
A 0.012 j.tF capacitor delivers approximately 970 mVp 
of composite output voltage for Key D (R4/C4). 

The tone output dc component is VSS, if no tone is 
to be generated and it is approximately VSS + 1.1 V, if 
a tone is generated. The maximum output swing without 
clipping is from VSS to VSS + 2.2 V. An external resistor 
is added across the capacitor to reduce output drift. The 
time constant equal to the feedback capacitor times 
feedback resistor must be equal or larger than the longest 
single output period. 

RF >l/(CF . fRow 1) = 120 kQ for CF = 0.012j.tF 

KEYBOARD DEBOUNCE 
The leading edge of a valid keyboard input signal will 

enable the oscillator. The oscillator will start up within 
typically 5.0 ms. If the signal bounces within these 5.0 ms, 
there is no effect at the tone output. After 1/16 of the 
period of the highest frequency to be generated following 
the oscillator start·up time, the keyboard signal is latched 
and will not be affected anymore by key bounce. It will 
be unlatched only during those times at which the com· 
posite tone output is within approximately 6% of its 
absolute minimum and, after releasing the key, continues 
until it is again within 6% of that minimum. In addition 
to debouncing the keyboard, the dc switch·on/switch·off 
transients are minimized. 

ACTIVE BRIDGE RECTIFIER 
A dc voltage of either polarity applied between DCl 

and DC2 generates another dc voltage between VDD and 
VSS with VDD being always positive. Because the internal 
bridge rectifier replaces the conventional diodes by 
semiconductor switches without offset voltage, but with 
a finite on'resistance, the voltage drop across the rectify· 

ing element is close to zero at low currents. At high 

currents and low dc voltages. the voltage drop across the 
on·resistance of the rectifying element might exceed the 
forward voltage drop of a diode. In those cases, the 
internal bridge should be paralleled with an external diode 
bridge in order to increase efficiency and to prevent 
latch-up. If the active bridge will not be used, the supply 
voltage should be directly applied to VDD (positive) and 
VSS (negative). 

KEYBOARD LOGIC 
In the quiescent state, the row and column inputs are 

pulled up by constant current sources. The AKD pin is 
normally low and goes high if any key input is activated 
(even an invalid combination). Thus AKD or any key 
down can be used for receiver muting and transmitter 
switching in lieu of extra common switches on the key­
board. The keyboard logic operates as follows: 

a. DTMF-tone pairs will only be generated by pushing 
a single key. 

b. Single tones can be generated by activating one row 
(or column) and more than one column (Dr row) inputs. 
Pushing two or more keys in a given row will generate 
only the common row tone and pushing two or more keys 
in a given column will generate only the common column 
tone. 

c. Single tones can also be generated by activating only 
one row or only one column input, e.g., Cl activated. 

CE (Chip Enable) is also pulled to VDD with an 
internal current source. If CE is pulled low, the oscillator 
and the tone output are disabled and no tone will be 
generated. The AKD output is unaffected by CEo 

SUPPLY VOLTAGE/CURRENT CONSIDERATIONS 
Most of the chip is operated from an internally 

generated 3.0 V regulated voltage that tracks the supply 
voltage below 3.0 V. The chip current consumption in­
creases from 0 to 3.0 V and stays constant from 3.0 V 
to 12 V. The tone output ac and dc voltage is constant 
when the supply voltage is above 3.0 V. The chip-current 
consumption does not load the tone signal down by its 
own impedance. 

FREQUENCY TABLE 

Nominal Actual* Oeviation* Divider Ratio Relative Amplitude 
Input Hz Hz % N Al/A2 dB 

Rl 697 699.13 +0.3 5120 1.0 0 
R2 770 766.17 -0.5 4672 1.04 0.3 
R3 852 847.43 -0.5 4224 1.08 0.7 
R4 941 947.97 +0.74 3776 1.12 1.0 
Cl 1209 1215.88 +0.57 2944 1.30 2.3 
C2 1336 1331.68 -0.32 2688 1.35 2.6 
C3 1477 1471.85 -0.35 2432 1.41 3.0 
C4 1633 1645.01 +0.74 2176 1.46 3.3 

'fose = 3,579,545 Hz, factual = Ose/N. Rl Amplitude (Volts Peak) - (4.5 ±0.4) • 109/CF (CF '" Farads). 
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MCl4405 APPLICATIONS SCHEMATIC 

I 

~---------------------------

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or elec~ric 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 Vi" and Vaut be 
constrained to the range VSS <; (V in or 
Vout)'; VOO· 
Unused inputs must always be tied to an 
appropriate logic voltage I~vel (e.g., either 
VSS or VOO). 

GJ00GJ 
0000' 
0000 
D000 l ____________ J 

Motoro)a reserves the right to make changes to any products herein to improve reliability. function or design. Although the Information in this 
document has been carefully reviewed for broad application. Motorola does not assume any liability arising out of the application or use of any 
product or circuit described herein; neither does il convey any license under its patent rights nor the rights of others. 
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Advanced Inforxnation 

PULSE CODE MODULATION (PCM) CODEC 

The MC14406 and MC14407 per channel PCM codecs are designed 
for 8000-samples-per-second. 8-bit-per-sample voice coding and de­
coding. These devices are full duplex and provide both Mu and A 
companding laws. 

The transmit and receive data rates are independently selectable 
from 64 kHz to 3.088 MHz allowing direct interface to 24. 30. 32. 
and 48 channel digital frames. 

Both codecs are fabricated using CMOS technology for reliable 
low power performance. The MC14406 is the full feature device in 
a 28-pin package. The MC14407 provides a 24-pin package without 
signaling capabil ites. 

• Per Channel Full Duplex Capability 

• Low Power Operation - 80 mW Typ 

• Power Down Input (1.0 mW Max in Power Down Mode) 

• Pin Selection of A-law and Mu-Iaw Companding (MC14407) 

• Single Power Supply Operation - 10 to 16 volts 

• Zero Code Suppression 

• Transmit and Receive Signaling Available (MC14406) 

• Independent Transmit and Receive Clocks to 3.088 MHz 

• Externally Selectable Full Scale 

• On-Chip Auto Zero 

BLOCK DIAGRAM 

VAG 

R1 
ADI 

ADO R2 

SAR Register 

Companded 8-Blt 
Currant Mode CAe 

This i, advance information and spacificatlons are subject to chang. without notice. 
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MC14406 
MCl4407 

CMOS LSI 
(LOW POWER COMPLEMENTARY MOSI 

FULL DUPLEX a-BIT 
COMPANDED PCM CODEC 

24-PIN PACKAGE 

CASE 709 - PLASTIC CASE 716 - CERAMIC 

28·PIN PACKAGE .-.-
CASE 710 - PLASTIC CASE 719 - CERAMIC 

8 

8 

ORDERING INFORMATION 

MC14XXX 

Output 
Sample 

and Hold 

Suffix Danot •• 

T - L Ceramic Package t: P Plastic Package 

Transmit 
Data Control 

Receive 
Data Control 

ROC 

RCE 

RO~ 
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MAXIMUM RATINGS (Voltages Relerenced to VSS) 

Rating Symbol Value Unit 

DC Supply Voltage VOO -VSS -0.5 to +18 Vde 

Voltage, Any Pin to VEE V -0.5 to VOO + 0.5 Vde 

DC Current Drain per Pin I 10 mAde 
(Excluding VOO) 

Operating Temperature Range TA -40 to +85 DC 

Storage Temperature Range Tstg -65 to +150 DC 

RECOMMENDED OPERATING CONDITIONS 
Parameter Pin Min 

DC Supply Voltage VOO - VSS 10 

Convert Clock Freqency CCI. 128 

Transmit Data Clock Frequency TOC 128 

Receive Data Clock Frequency ROC 128 

Input Sample Capacitor Cll,C12 0.001 

Output Sample Capacitor C01,C02 0.001 

Unit Step Size = Full Scale/4096 ADO 0.36 

Full Scale Voltage (VQO = 15 V) ADO 1.5 

Load Bias Resistor VAG 2.0 

Bypass Capacitor VAG -
Auto Zero Capacitor CZ1,CZ2 -

SYSTEM PER FOR MANCE A-to-D through D-to-A (Rl = 25 kl1 R2 = 2 27 kl1 T A = 250 C) 

Characteristic 

Signal to Noise Ratio 

S+N+O 
N+1) 

C Message at I = 1020 Hz 

Deviation from Level Linearity 

Idle Channel Noise (AOI - VAG) 
Quiet Code 

Min 

+3.0 to -30 dBm 33 

-40 dBm 27 

-45dBm 22 

+3.0 to -35 dBm -0.5 
-35 to -45 dBm -0.10 

-
.., 

This device contains circuitry to protect 
the inputs 8gainst 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 tha range VSS " (Vi" or 
Vout)" VOO·, 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vssor VOO). 
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Typ 

36 

30 

25 

-
-

0 
-

Typ Max Unit 

12 16 Vdc 

128 512 kHz 

2048 3088 kHz 

2048 3088 kHz 

0.002 0.010 I'F 

0.002 0.010 IlF 

0.85 1.2 mV 

3.5 5.0 Vp 

- - kl1 

0.1 - IlF 

0.002 - IlF 

Max Unit 

- dB 

-

- dB 

+0.5 dB 
+1.0 dB 

12 dBmC 
-
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DIGITAL ELECTRICAL CHARACTERISTICS 

VOO -40°C +250 C +850 C 

Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit 

Operating Current (R2 = 25 k) I 12 8.0 rnA 

Power-Down Current (POI - VSS) IpD 12 30 80 /lA 

Input Current 

CCI, ROD, RCE, ROC, TDC, POI lin 12 ±O.OOOOI ±0.3 /lA 
DOC, SBD, MSI, SBI, SBE 'inS +30 

(I nternal Pull-Down Resistors) linD -0.00001 -0.3 
TOE, MulA-Law 'inS +0.00001 +0.3 

(Internal Pull-Up Resistors) linD -30 

Input Voltage "0" Level VIL 12 5.25 3.60 V 
15 6.75 4.0 

"1" Level VIH 12 8.4 6.75 V 
15 11 8.25 

Input Capacitance Cin 12 5.0 7.5 pF 

Output Drive Current SBO 
VOH = 11 IOH 12 -2.0 -4.0 rnA 
VOH = 13.5 15 -3.0 -8.8 

VOL = 1.0 IOL 12 2.0 4.0 rnA 
VOL = 1.5 15 3.0 8.8 

Output Drive Current TOO 
VOH = 11 IOH 12 -4.0 -8.0 rnA 
VOH=13.5 15 -6.0 -17.6 

VOL = 1.0 IOL 12 4.0 8.0 rnA 
VOL = 15 15 6.0 17.6 

ANALOG ELECTRICAL CHARACTERISTICS (VDD = 12 V) 

-40°C +250 C +850 C 

Characteristic Pin Min Max Min Typ Max Min Max Unit 

Analog Ground Voltage VAG - - 6.0 6.05 6.1 - - V 
Source Current / - - - 200 - - - /lA 
Sink Current - - - 5.0 - - - rnA 
Output Impedance - - - 50 - - - n 

Reference Input CUrrent Iref - - 50 100 200 /lA 
Input Offset Voltage - - - .10 +25 - - mV 
Offset Voltage Drift - - - 30 100 - - /lV/oC 

Input Impedance de ADI - - 1.0 10 - - - Mn 
AC (n) CI = 0.002 nF, 1 kHz - - - 80 - - - kn 
Lower Common Mode Ring - - - 2.0 2.5 - - V 
Upper Common Mode Ring - - 9.5 10 - - - V 

Sample Duty Cycle ADO - - - 3/16 - - - -
Neutral Duty Cycle - - - 13/16 - - - -
Neutral Offset (From VAG) - - -25 ±25 +25 - - mV • Neutral Offset Drift - - - 30 100 - - /lV/oC 

Source Current - - - 200 - - - rnA 

Sink Current - - - 5.0 - - - rnA 

Lower Common Mode Ring - - - 2.0 2.5 - - V 
Upper Common Mode Ring - - 9.5 10 - - - V 
Output Impedance - - - 100 - - - n 

Settling Time to 3.0 V Rand F - - - 0.3 - - - /lS 
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Signal 
Generator 
HP 651B 

Distortion 
Analyzer 
HP333A 

I I 
Noise 
Meter 

HP 355B 

iii 
:!'! 
z 
o 
~ 
o 
I-

'" o 
.J 
..: 
Z 
CJ 
iii 

1020 Hz 

1.d~F 

-b 

Filter 

~ 

40 

30 

20 

10 

-60 -50 

TEST CIRCUIT 

MC14406 NOISE PERFORMANCE DATA 

"1" 
+VOO 

2 2.5 V 
MC1403U 

3 

'* 10 k 11 

T VAG VOO 
AOI CCI 

20r l-- Cll ROO 

CI2 RCE 
20r l-- CZl ROC I-

CZ2 TOC I-2.4 k 

Rll 
v Rl +TDO I--

R2 +TOE 

SBE -DOC 

SBI SBO 

20~f-
ADO SBO 

COl MSI I---
CO2 +POI 
VSS 1 ref 

I VSS 
R2 

~ 25 k 

NOISE PERFORMANCE OF MC14406 

-40 

Typical Measured Performance 

-30 

Mu-Law 
12 Volt Supply 

100IJA Iref 

-20 -10 

INTPUT SJGNAL LEVEL (dBm) 
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Vo 0- VSS" 12 V (Floating) 

128 kHz 

Digital Data 

8.0 kHz 

o 
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PIN DESCRIPTION 

28 

2 27 

3 26 

4 25 

5 24 

6 23 

22 

8 21 

9 20 

10 19 

11 18 

12 17 

13 16 

14 15 

VAG - Analog Ground Output (VDD-VssII2. VAG is 
theoutputofthe internal (VDD-VSS)/2 voltage reference. 
A pull·up load resistor and bypass capacitor may be 
required if this output is to be used elsewhere in the 
system. l'his pin serves as the analog ground. 

ADI - Analog Data Input. The band·limiting input 
filter between the channel unit hybrid and the codec 
drive pin 2. Driver source impedance should be 600 n or 
less. This is the voice input to the codec and will be 
sampled at S.O kHz. 

CI1, CI2 - Input Sample Capacitor. The input sa~ple 
capacitor is connected to these pins. A 2000 pF silver 
mica capacitor is recommended. 

CZ1, CZ2 - Auto Zero Capacitor. The auto zero cir· 
cuit requires a 2000 pF capacitor between these pins. 

Rl, R2 - Gt·n Resistor. The V-to-I conversion resistor 
is connected b tween these pins. Gain is established by 
the ratio of this esistor and the resistor at pin Iref. 

MulA - Mu-Law/A-Law Select (Internal Pull-Up). 
Selection of Mu-Iaw or A-law coding is provided for logic 
control. An internal pull-up provides Mu-Iaw output. An 
external connection to VSS provides A-law operation. 

SBE - Signal Bit Enable (Internal PUll-Down). SBE 
controls the insertion of transmit signaling bits into the 
transmit data register. When taken high, the next transmit 
word will contain the SB I pin level in the LSB position 
rather than the last bit of the PCM word. If kept high, the 
SB I data will be inserted in succeeding conversions until 
one conversion after it is brought low. It can be used for 
on-hook signaling or A and B signaling in 03 banks. 

SBI - Signal Bit Input (Internal PUll-Down). SBI is the 
data input for transmitting signaling bits. The level of SBI 
will be. latched on the leading edge of SBE, or by the 
internal latch data pulse if SBE is held high. If SBE is 
pulsed, the leading edge of SBE will latch SBI, and load it 
into the next transmit word. 
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24 

2 23 

3 22 

4 21 

5 20 

6 19 

18 

8 17 

9 16 

10 15 

11 14 

12 13 

ADO - Analog Data Output. ADO outputs the 
received PAM sample for three convert clock cycles 
beginning with MSI. It then returns to the output neutral 
voltage which may be a few millivolts different from 
VAG1. 

COl, C02 - Output Sample Capacitor. The output 
sample capacitor is connected between these pins. A silver 
mica capacitor of 2000 pF is recommended. 

VSS - Most Negative Supply. This is the most negative 
supply pin, and the digital ground. All digital inputs and 
outputs will swing the full supply voltage. 

lref - Current Reference Input. A reference current of 
50 to 200 p.A sets the full scale DAC current. An SO /lA 
input current corresponds to 1.28 mA full scale DAC 
current at pin R2. 

POI - Pqwer-Down Input. PD I deactivates the codec 
when pulsed to VSS. In the power-down mode the analog 
circuitry bias is turned off and the digital clock inputs are 
disabled. Power-down dissipation is less than 1.0 mW. 

MSI - Master Sync Input (Internal Pull-Down). The 
MSI leading edge resets the entire chip to the initial cycle 
(0000). The chip continues operation on the next leading 
edge of data and convert clock. MSI also resets the output 
data multiplexer to the transmit word sign bit. 

SBO - Signal Bit Output. SBO outputs the LSB of 
the receive data register. The LSB may be sampled exter­
nally during the first three convert clocks after MSI or 
used as a trigger pulse in off-hook applications. 

SBD - Signal Bit Decode (Internal Pull-Up). Signal bit 
decode allows the control of the 1/2 LSB or LSB centering 
required in sample decode cycles. It is loaded by the RCE 
edge in each cycle. If a zero is entered, the next decode 
cycle adds 1/2 LSB to the S-bit received word to center 
the quantization error of the S.lJit received sample when 
the output sample capacitor is charged. If a 1 is loaded by 
RCE, the 1/2 LSB is not added, and the LSB is forced to 
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a 1 to form a centered error "]"bit output, and the LSB 
is ignored and assumed to be signaling information. (For 
codes 1111111X or 0111111X, the LSB is disabled for 
SBD high.) 

DOC - Decode Only Control (Internal PUll-Down). 
DOC is normally tied low. When high, it configures the 
device to skip the eight convert clocks used for A-to-D 
conversion. The operating cycle is then two clocks for 
PAM output at ADO and six clocks for charging the 
next output sample. The device may be used to do as 
many as four decode cycles in a 125 ~s/period with an 
external transmission gate selector. 

Received Data is loaded into the transmit data register 
at MSI when in DOC mode, so DOC can be used as 
a digital loop back control. 

TOE - Transmit Data Enable (Internal Pull-Up). The 
Transmit Data Enable is a three-state control for the 
transmit digital output. A number of codec outputs can 
be interleaved into a serial stream by connecting the out­
puts and controlling TOE with a 1-of-N decoder. It will 
provide switching characteristics capable of 3.088 MHz 
operation. 

TOO - Transmit Digital Data. The Transmit. Digital 
Data rate is controlled by the data clock input, and is 
frame aligned with the Master Sync Input. If data clock 
is at 1.544 MHz, and convert clock is at 128 kHz, the new 
sign bit will be output beginning with the leading edge of 
convert clock 8, and the 8-bit word repeated throughout 
the convert cycle at the data clock rate. The data word 
is inverted offset binary with zero code suppression. 
See Conversion and Data Timing. 

TDC - Transmit Data Clock. TDC sets the digital data 
rate of the codec. The transmit data stream will provide a 
continuous repetition of the current transmit data word at 
the TDC bit rate, beginning With MSB first and syn­
chronized with the last MSI. The new data word is loaded 
and serially output at mid-cycle or on the leading edge of 
convert clock 8. 

ROC - Receive Data Clock. R DC controls the receive 
data register. It clocks the receive-data register on the 
trailing edge under the control RCE. It is often connected 
toTDC. 

RCE - Receive Clock Enable. The rising edge of RCE 
triggers the receive data register to accept a new data 

- input. After the rising edge of RCE, the data on ROD is 
loaded into the Receive Data Register on the next eight 
trailing edges of ROC. The ninth clock transfers the new 
S-bit word to an internal intermediate register and frees 
the Receive Data Register for a new RCE. 

ROD - Receive Digital Data. ROD is the input to the 
receive data shift register. It is controlled by RCE. The 
register is clocked on the traiijng edge of ROC. The data 
format is sign bit first, inverted offset binary code. 

CCI - Convert Clock Input. CCI controls the conver­
sion sequence. A 12S kHz clock will produce 64K-bits/s 
full duplex operation and a 256K-bits/s clock will produce 
64K-bit operation f-or two channels. Sixteen clocks 
represent one chip cycle from MSI to MSI. 

VDD - Most Positive Supply. VDD is typically 12 V 
with an operation range of 10 V to 16 V. All logic outputs 
swing the full supply voltage. 
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CONVERSION AND DATA TIMING FOR 64K BIT CHANNEL IN 2.048 MEGABIT FRAME 

Convert Clock 
128 kHz for 64K bits 

Clock Cycle o I 1 I 2 I 3 I 4 I 5 I 6 I 7 8 I 9 I 
Conversion Mode Detect I 

Zero Chord Search I Step Search Auto Zero 

Output PAM Sample I New Data Available 

DAC Assignment Internal DAC Used for A to 0 DAC at Zero 
---------- -- ~- ----

MSI ~ """'~ Leading Edge Trigger 

Typical 
Time Slot 
Assignment 

Toe and ROC 

L 
I 

New Data 
Starts Here 

1251-'5 

New Word 

10 I 11 I 12 I 13 I 
I Charge Output Sample 

Charge Input Sample and Hold 

I DAC Used for 0 to A 

Bit Timing IslclsH413121+lcIBH+I+1 - - - Repeated IslclsH4131+lslcl+I+1 
~ Time Slot 17 ~ I 

14 I 15 
I Settle 

I Idle 

_I 
--I 

TOE ~ __ -JI L __ o _________ _ 

1 1 0 1 0 1 1 TOO 
Three-State - ---1------------------------

RCE May Not Be Retriggered in This Interval 

: 1 0 1 1 0 a 1 a 

ROD -- - - - - - - -----------------------------!LJ1JLJlJl RCE, ROD, and RD.C Are Independent of eel and TOe 

I 
I 

Internal ROC I I I I I I I I 1 I 

• 

3: 
(") ... 
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3: 
(") ... 
~ 
~ o ...... 



~ 
~ 

VRXl 

VTXl 

VRX2 

VTX2 

• 

5-Pol. Elliptic 
Low Pass Filter 

5-Pol. Elliptic 
Low Pass Filter 

S-Pole Elliptic 
Low Pass Filter 

5-Pol. Elliptic 
Low Pass Filter 

TYPICAL DIGITAL SWITCHING APPLICATION OF MC14407 

r MC1403 r 
::l 

\I r VAG VOO 

Ir AOI CCI 
Cll ROD 

q~ CI2 RCE 
CZl ROC 

YI--- CZ2 TOC 
Rl MC14407TOO r R2 TOE 'v _ 
MulA MSI 

ADO POI 

Y1==COl 
CO2 VSS 

Ir.f~ 

r MC1403 r I r 'V'A 1. VAG Voo 
\ Aol CCI 
I r Cll ROD 

Y I--- CIl! RCE 
CZl ROC 

Y!--CZ2 TOC 

r Rl MCl4407TOO 
R2 TOE 

- MulA MSI 
ADO POI 

y~COl Irefh 
CO2 VSS 1 

L-AAA 

IVOO= 10to 1 6V 

r 

C 

0 

Vss = Digital 

8 kHz Frame Clock 

128 kHz Convert Clock 

128 kHz to 3.5 MHz Data Clock 

One per Frame Channel Enable 
Power-Down Control 

ata Highway 1-

ata Hiuhway 2 

Gnd 

3: 
n .... 
t o 
~m 

3: 
n ..... 
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TYPICAL CMOS COMMON CLOCK GENERATOR 

22 Mfl 
MC14069 

VSS=12V 

MC14520B Voo::c 0 V 

10 

22 23 2 3 21 22 1 

18 Ch8 Ch16 11 18 Ch24 

9 17 Ch9 Ch17 9 17 Ch25 

Ch2 10 20 Ch10 Ch18 10 20 Ch26 

Ch3 8 MC14514B 19 
Ch12 Ch19 8 MC14514B 19 Ch27 

Ch4 14 Ch11 Ch20 14 Ch28 

Ch5 6 13 Ch13 Ch21 6 13 Ch29 

Ch6 5 16 Ch14 Ch22 5 16 Ch30 

Ch7 4 15 Ch15 Ch23 4 15 Ch31 

128 kHz 2.048 M 8.0 kHz CHANNEL ENABLE OUTPUTS 

8.0 kHz 

rl+---------- 125m. 

• 128 kHz 

2.048 MHz 

CHO ____________________ ~rl~~-----------------
CH1 

______________________ ~rl~ ________ _ 
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PROPOSED MOTOROLA 3-CHIP SUBSCRIBER CHANNEL UNIT 

Tip~ 

Rin.~ 

-48 V 

-12 V 

1I----oI~--<O 128 kHz 
Data 
Enable 

1--1-+--... 02.048 MHz 

Dats 

8.0 kHz 
r----+I ~.~O Off Hook 

s: 
(') ..... 
t 
() 

~C» 

s: 
(') ..... 
t 
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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 device, 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 Interdigit Delays (such as 

a Wait for Intermediate Dial Tones) 
• Selectable Dialing Rate (10 pps or 20 pps) 
• Selectable Interdigit Time (300 or 800 ms @ 10 pps; 

150 or 400 ms@20pps) 
• 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 - 100 (operating with oscillator) 
= 470 IJA typ@ VDD = 5.0 Vdc, fOsc = 16 kHz, 
CL = 50 pF 

Control Inputs 

BLOCK OIAGRAM 

Strobe 3 o---rS-T-r7.::--~::--, 

40-- D4 

Binary 
Inputs 

Call Request 13 

D1 CRO ID~RO 
HOL RED MBR 

1 
Hold 9 

Interdi9:e~~:~ ~~=========~_-..J 
Make Break Ratio 15 ________ -" 

11 OutPulsing 

012 Dial Rotating 
Output 

Voo == Pin 16 
VSS = Pin 8 
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MC14408 
MC14409 

CMOS LSI 
(LOW·POWER COMPLEMENTARY MOS) 

BINARY TO PHONE PULSE 
CONVERTER SUBSYSTEM 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN ASSIGNMENT 

4 

6 

8 

16 

15 

14 

13 

12 

11 

10 

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 precau~'ions 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 
Vou,l.; VOD' 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSS or VOOl. 
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MAXIMUM RATINGS (Voltages referenced to VSS Pin 8) 
Rating Symbol Value Unit 

DC Supply Voltage VOO -0.5 to -<£.0 Vde 

Input Voltage, All Inputs Vin -0.5 Vde 
to 

VOO +0.5 
DC Current Drain per Pin I 10 mAde 

Operating Temperature Range TA -40 to +85 °c 
Storage Temperature Range Tstg -65 to +150 C 

ELECTRICAL CHARACTERISTICS 

VOD -40°C 2SoC +85OC 

Characteristic Symbol Vd. Min 

Supply Volt"!l0 VOO - 3.0 

Output Voltage "0" Level Vout 5.0 -
"1" Level 5.0 4.95 

Noise Immunity 

(AVout " 0.5 Vde) VNL 5.0 1.5 
(AVout " 0.5 Vde) VNH 5.0 1.4 

Output Drive Current IOH 
(VOH = 2.5 Vde) Source 5.0 -1.0 
(VOH = 4.6 Vdc) 5.0 -0.20 
(VOL = 0.4 Vdc) Sink IOL 5.0 0.52 

Input Current 'in 6.0 -
Input Capacitance Cin - -

(Vin =0) 
Operating Supply Current 100 3 -

fel = 16 kHz (operating 5 -
with 6 -
Osd 

FIGURE 1 - TIMING DIAGRAM - DATA AND STROBE INPUTS 

r-----------------,--------voo 

01,02,03, ~ I VSS 
or 04 t------t th 

_________ ~r---l ______ VOO 

- ~-~-----------VSS I----ItWH 
ST 

Max Min Typ Max Min Max Unit 

6.0 3.0 5.0 6.0 3.0 6.0 Vde 

0.05 - 0 0.05 - 0.05 Vde 

- 4.95 5.0 - 4.95 - Vde 

- 1.5 2.25 - 1.4 - Vde 

- 1.5 2.25 - 1.5 - Vde 

mAde 

- -0.80 -1.7 - -0.60 -
- -0.16 -0.36 - -0.12 -

- 0.44 0.88 - 0.36 - mAde 

- - to.OOOOl ±0.30 - 1.0 IlAdc 

12 - 5.0 12 - 12 pF 

250 - 160 200 - 200 ~Ade 

700 - 470 550 - 550 
1250 - 740 1000 - 1000 

FIGURE 2 - TIMING DIAGRAM - CALL REQUEST 

Voo 

VOO 
(Power) ,- "I tpc 

VSS 

VOO 

I I CRD 

VSS 

If power is turned off after each call, eRQ must stay high after 
power is applied (for a duration of tpC) to ensure no spurious 
outpulsing. For this use the redial function is invalid. 
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SWITCHING CHARACTERISTICS ICL = 50 pF, TA = 25°C) 

Characteristic Symbol VOO Min Typ Max Unit 

Output Rise Time*" tTLH 5.0 - 180 400 ns 
tTlH = 13.0ns/pF) CL +30ns 

Output Fall Time** tTHl 5.0 100 200 ns 
tTHl = 11.5 ns/pF) Cl + 25 ns 

Power Up to Call Request Pause tpc 3 t06 48/1el' ms 

Call Request to First Strobe Pulse tcs 3 t06 48/1el' - - ms 

Strobe to Strobe Separation Time tS5 3 t06 48/1el' - - ms 

Strobe Pulse Width twH 3 t06 1.0 - - , .. 
Strobe to Data Hold Time th 3 to 5 - 150 400 ns 

Clock Frequency lei 3 to 6 12.5 16 100 kHz 

Percent Break to Make Ratio %MB 3 to 6 % 
IMBR = 01 - 61 -
IMBR = 11 - 67 -

OUlpulsing Rale II0Pl = ·lel/1.61 10PL 3106 pps 
lei = 16 kHz - 10 -
fcl :: 32 kHz - 20 -

I nterdigit Time liD 3106 ms 
liD = 15 x IDT + 3)/IOPL 

IDT = 0 
10PL = 10 pps - 300 -
10PL = 20 pps - 150 -

IDT= 1 
10Pl = 10 pps - 800 -
10Pl = 20 pps - 400 -

Strobe to Output Time 'SOI 3106 ms 
Initial Outpulsing Stream 

IDT = 0 
'OPL = 10 pps 300 - 400 
10Pl = 20 pps 150 - 200 

IDT = 1 
'OPL = 10 pps 800 - 900 
'OPl = 20 pps 400 - 450 

Continued Outpulsing Stream 'SOC 3106 ms 
IDT = 0 or 1 

IOPl = 10 pps 100 - 200 
'OPL = 20 pps 50 - 100 

Hold to Outpulse Time IHOL 3106 ms 
IDT = 0 or 1 

'OPl = 10 pps 100 - 200 
IOPL = 20 pps 50 - 100 • Dial Rotating Overlap Time tDRO 3 t06 ms 
'OPL = 10 pps - 100 -
IOPl = 20 pps - 50 -

*tel in kHz 

··The formula given is for the typical characteristics only. 
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DEVICE OPERATION 

OSCILLATOR (Ose, Pin 1) 
This pin is an input to the internal oscillator and feed­

back connection for the L-C IT-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 IT' 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 D 1, 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 
enters 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 all digits 
entered in excess of that amount until a new call is 
requested. 

DATA INPUTS (D4, D3, D2, Dl, 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 DODO, 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 = VSS), 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 = VSS) 

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 MBR 
(Pin 15) and IDT (Pin 14). 

DIAL ROTATING OUTPUT (DRO, 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, DRO goes high 
(VDD) at the beginning of the first digit pulse burst and 
goes low (VSS) between succeeding consecutive digit 
pulse bursts. In the MC14408, however, DRO 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 (CRa, Pin 13) 

The Call Request input when taken low (CRG = VSS) 
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. 

INTER DIGIT TIME (lDT, Pin 14) 

The Interdigit Timing input determines the length of 
time between consecutive digit pulse bursts. See the 
Interdigit Time (tID) 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 SUPPLY (VDD, Pin 16) 
This pin is the package positive power supply pin. 
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FIGURE 3 - PHONE DIALER SYSTEM TIMING DIAGRAM 

CRa I- - ~.. -, 
~::s ___ ~I~ _________ t_s_s ________ ~ ________________________________________ __ 

ST ___ JIst (3)' n 2nd (2) n 3,d (5) 

HaL ====== ~I============::::;:::I.=. ===========1 .. === 
ORO ___ =::;::;;::::;::;::::;:::;:::;;~-----;I---------- r"1 --...,r-------
OPL ~--- I , Lfl.flJ' I' UU I 

CRa 

I. _::"°-1P~tl-------10 "o,c 1-1''"0 
%MB~ 100-­

B+M 

----------------------------------------------------------------------------------
ST ----.-JI4th (1) 

HOL I I 

::~~ , , I:~------u-~-~-mmJT~r-<t'H~~c~1 :;:::::;:::::;:::=+= 

CRa .----__________________ ---1 

8 5th (6) 86th (1) 

ST========~ .. ======~ .. ===========================-----------
Ha~ I 
ORO 

=::;::;:, ::;,=;, ~,;::~,--utn..n.nru I 

~ ~~OC 
I-----------r----lr+~~~ 

U' , , '---L-, 

Notes: 
(·)1.t, 2nd, 3rd, etc., denotes Strobe pulse sequence - i.e., which digit 

in the phone number is being dialed. The number In parentheses da­
notes the numerical value of the digit being dialed. The examples 
define the various voltage - level and timing requirements, not a 
complete phone number. 

(")For the MC14408 the DRO 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 
the memory. (i.e., (200 % MB] ms after the most significant out­
pulsing edge). 

( •• ·)For the HOL signal to hold a next digit (e.g. the 4th, etc.,) the HOL 
failing edge must not appear after [tIO-%MB + 100] ms the last 
outPulsing edge of the previous digit. 
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FIGURE 4 - COMPONENT SELECTION FOR 
OSCILLATOR/CLOCK FREQUENCY 

7.118 
fel"" .J--CC- where fel lo kHz, Lin mH, 

To Pin 1 To Pin 2 

~ 
~C2 ~Cl 

EXAMPLE 

L %L C=Cl=C2 

5.0mH ±5.0 O.04I'F 

5.0mH ±5,Q O.OII'F 

INPUTS 

~ D4 03 02 01 ST RED HOC 
X X X X X 

X X X X 

X...J....2L-X JL 
nth Digit 

X X X X LI 

x X X X 

x X X X X 

x .. Oon't Cefe 

With the exception of 
0000 which Will give 10 pulses. 

t Refer to timing diagram Figure 3 

C"" C1 "" C2 in ",F 

"fel "" -0.5 (%C + %LJ ±3.0 where %fel, "C, %L are 

%C 

±5.0 

tS.O 

, the frequency capacitor, and 
inductor tolerances in per­
cent. The ±3.0% accounts 
for supply voltage and am­
bient temperature variations. 

OUTPULSING RATE 
lei %Iel IOPL = lel/1.6 

~16 kHz ±S.O Rll'10 pps 

~32 kHz ±8.0 ~20 pps 

FIGURE 5 - TRUTH TABLE 

lOT MBR 

OUTPUTS 

1 (Steady Statel 

Number of pulses tl.r1 of nth 

digit = binary combinatIon of 

04,03,02,01 • 

DIgIts of number In memory 

DROt 

o (Steady Statel 

Dunng outputslng 

Otherwise 

Dunng outpulslng 
Otherwise 

1 1 After conclusIon of 0 1 After c:oncluSlon of d.g.t 
dIgit being outpulsed being outpulsad 

300 rna I nt.rdlglt time t f 6 
800 ms Interdlglt time f cl"" 1 kHz 

61% (<101 6 1) Make-Break Ratio 
67% (""'2 1 J Make-Break Ratio 
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From 
Keypad 

FIGURE 6.- KEYPAD TO PULSE DIALER FLOW DIAGRAM 

Pick-up Head-set I 
I 

Dial-tone heard 

I 
Keyboard buttons pressed • 
(previous number cleared). 

_ Dial tone stops with 1st digit, 
but receiver connects to line 

after each digit sent. t 

I Error. 
Data entry error 

recognized by 
person dialing. 

I Too ma~~~~~its put 
in (>16), Ignores 

excess. 

I 
Re-dial button pressed 

(previous number held). 
Dial tone stops with 1st digit, 
but receiver connects to line 

after each digit sent. t 

I 
I j 
Error. I 

No number f----------' 
in memory, J 

Call made with success J 
or busy signal. 

• A number can be interrupted between 

digits by use of the Hold Input. 

tWith the MC14408 the line connects after 
total outpulsing has stopped. 

, 
Hang-up Head-set l--

FIGURE 7- PHONE DIALER SYSTEM 

MCl4419 
2-of-8 Keypad-ta-Binary Encoder 

MCl4408. MCl4409 
Binary-to..phone Pulse Converter 

~ I~:;' { 
2!1 

) Column { : 
\ Inputs 7 

9 

Voe = Pin 16 
VSS:: Pin 8 

14 3 
ST 

13 4 
04 

12 
03 

11 6 
02 

10 
01 

I 
I 

------- J 

MC1440S/409 I Control Inputs 

I 

Hold 9 

Call Request 13 

Re-Oial10 

Interdigit Time 14 

Make-Break Ratio 15 

L - • 

ST 

04 

03 

02 

01 

I • For Component Value Selection See Figure 4. 

OPL 

ORO 

VSS 

11 Outpulsing 

~ial Rotating 
12 

Output·· 

Voo - Pin 16 
VSS - Pin S 

•• Between each digit 
pulsetraln, MC14408 
ORO stays high, 
MC14409 ORO goe, low. 

Circuit diagrams utilizing Motorola products are Incuded .s a means 
of Illustrating typical semiconductor applications; contequently, 
complete information sufficient for construction purpose. I. not 
necessarily given. The information has been carefully checke'd 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 delCrlbed IIny 
license under the patent rights of Motorola Inc. or others. 
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To 
Phone 

Lines .... o--~;)-t-.1""~>' 

Receiver 

L2 

FIGURE 8 - STANDARD K·500 TELEPHONE 

GN I-=-- --- "I 

L __ _ 

Encapsulated 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L _ ~0!!Eir~tr~ -1 

FIGURE 9 - MODIFIED K-500 TELEPHONE 

lN4004 GN I-=-- --- "I 

To 
Phone 
Line. 

---t:~--H~--f:::=~t::h~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Ll 

Encapsulated 
0.04 ",F 5 mH O.04p.F L _ K-500 CircuitrL --.J 

VSS o--j '---.JVV"""~-' ~ VSS 

Re-dial 

(SPOT Momentarv) 
VSS 

0- VSS 
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® MOTOROLA 

2-0F-8 TONE ENCODER 

The MC14410 2-of·8 tone encoder is constructed with comple· 
mentary MaS 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 VSS). 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 the 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 
appl ied to Pin 101 

• On·Chlp Pull·Up ReSistors on Rowand 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·(jff Times 

1
3 

Row 4 

Inputs : 

1
,0 

Oscillator 

Connections 9 

{
'4 

Column 13 

Inputs 12 

11 

BLOCK DIAGRAM 
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2 Low 
Band Out 

7 Test 
Point A 

16 Htgh 
Band Out 

MC14410 

CMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

2-0F-8 TONE ENCODER 

L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 620 CASE 648 

PIN ASSIGNMENT 

3 

4 

6 

8 

16 

15 

14 

13 

12 

11 

10 

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 mode may occur if Vin 
and -"out are not constrained to the range 
Vss (Vin or Voutl " 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 peek sinewave voltage. 



MC14410 

MAXIMUM RATINGS (Voltages referenced to Vss, p," 8.) 

Rating Symbol Value Unit 

ec Supply Voltage Vee -0.5 to +6.0 Vdc 

Input Voltage, All Inputs V," VSS -0.5 Vdc 
to 

Vee + 0.5 

DC Current Drain per Pm I 10 mAde 

Operating Temperature Range TA -40 to +85 °c 

Storage ~emperature Range Tstg -65 to +150 C 

ELECTRICAL CHARACTERISTICS 

Vee -40oC 25°C +850 C 

Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit 

Supply Voftage Vee - 4.4 6.0 4.4 5.0 6.0 4.4 6.0 Vde 

Output Voltage "0" Level V out 5.0 - 0.05 - 0 0.05 - 0.05 Vde 
Pins 7 and 9 

"1" Level 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc 

Input Voltage - -
IVo = 4.5 or 0.5 Vdc) "0" level Vil 5.0 1.5 - 2.25 1.5 1.5· Vde 
IVo = 0.5 or 4.5 Vde) "I" level VIH 5.0 3.5 - 3.5 2.75 - 3.5· - Vde 

Output Drive Current leH mAde 

IVOH = 2.5 Vde) 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 Vde) Sink IOl mAde 
Pin 7 5.0 0.05 - 0.05 0.20 - 0.04 -
Ping 0.23 - 0.20 0.78 - 0.16 -

Input Pull~Up Resistor Source Current III 6.0 - 140 - 30 100 - 80 /LAde 
(Vin = 0 Vde) Pins 3·6,11·14 

I nput Capacitance Cin - - - - 5.0 - - - pF 
(Vin = 0 Vde) 

Quiescent Current 10 mAde 
4.4 - 0.48 - 0.2 0.4 - 0.33 
6.0 - 1.3 - 0.55 1.1 - 0.9 

Total Supply Current IT mAde 
(Dynamic plus Quiescent) 4.4 - 1.7 - 0.7 1.4 - 1.15 
(RL = 15kn,f= 1 MHz). 6.0 - 3.5 - 1.45 2.9 - 2.4 

Low Band Output VLpp mVpp 

II 
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 15 Only 4.4 600 900 700 850 1000 800 1100 

6.0 1100 1400 1200 1350 1500 1300 1600 

Low Band-High Band t>.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 V:!WV14H 4.4 - -20 - -30 -25 - -25 dB 
2nd thru 14th Harmonics to 
IRl =.15 kn) 6.0 

Maximum Clock Pulse Frequency fel 4.4 - - - 1.0 - 1.1 - MHz 

Turn-on Time ton 5.0 - - - 8.0 - - - ms 
(Power on to oscillation) 
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TABLE 1 - FUNCTIONAL TRUTH TABLE 

ACTIVE LOW INPUTS OUTPUTS 

Activated Activated Low Band High Band 
Row lines 

None 

X·· 

One 

Two or more 

One 

Two or more 

·See Table 2 
··X"" Don't care 

Column lines Pin 2 

X·· de level 

None de level 

One 'L· 
One de level 

Two or more , 
Two or more de level 

FIGURE 1 - TYPICAL SINE WAVE OUTPUT 
(Pins 2 or 15, No External Filtering) 

Time 

Pin 15 

de level 

de level 

'H· 
'H· 

de level 

de level 

TABLE 2 - OUTPUT FREQUENCY TABLE 

Input Line Frequency Generatad-· 
Activated (low) fL (Hz) fH (Hz) 

RI 697 

R2 770 -
R3 852 

R4 941 -
CI - 1209 

C2 - 1336 

C3 - 1477 

C4 - 1633 

··AII frequencies are accurate to ±O.2% (crystal tolerance 
not included). 

FIGURE 2 - TYPICAL FREQUENCY SPECTRUM 
(Pins 2 or 15. No External Filtering) 

FIGURE 3 - TYPICAL CRYSTAL CIRCUIT 

Rf:: 15 Mn ± 10% 

CRYSTAL SPECIFICATION 

Crvstal Mode 

Frequency 

RS 

Co 
Temperature Range 

Test Level 

Test Set 

Parallel 

1 MHz ± 0.1% 

540n typ 

7.0pF Wp 

_40°C to +8SoC 

lmW 

TS-330/TSM or Equivalent 
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MC14410 

FIGURE 4 - TYPICAL TELEPHONE INTERFACE APPLICATION 

I I 20k 

,0' 

30' 

Telephone 

Re<:t,f,erAswmblv 

MDA9204 
(optional) 

Telephone 

Connections 

ClrCUltrv 

I 
I 
I 
I 
I 
I 
I 
I 
I 

FIGURE 5 - LOW LEVEL OUTPUT 
TONE GENERATOR APPLICATION 

Noao ApptlClOtton " .. '" ChO..,..,.OCI Ke.,plld. "ER21623 (4 .o..,s" 3 o:olum"1l 
rlEAl/16ll (a.ow ... 4colum,w 

Circuit diagrams utilizing Motorola products are included 8' a means 
of illustrating typical semiconductor applications; consequently. 
complete Information sufficient for construction purposes is not 
nec .... rilV given. The information has been carefully checked and 

FIGURE 6 - BATTERY POWERED.OPERATION 
(Driving Audio Speako,) 

NOao Appltcatlon u"'" Cho ...... 'e. Kevpads jlER21623 (4 rOw." 3 colL,mno) 
jleA2161'14.ow.,,4coh.mns) 

I, believed to be entirely reliable. However. no responsibility is 
aoumed 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 other •. 
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® MOTOROLA 

BIT RATE GENERATOR 
The MC14411 bit rate generator is constructed with comple­

mentary MOS enhancement mode devices. It uti I izes 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 V dc (± 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 V DO Typical 

• Diode Protection on All Inputs 

• External Clock May be Applied to Pin 21 

MAXIMUM RATINGS IVoltage"efecenced to vss Pon 12} 

Rating Symbol 

DC Supply Voltage Range VDD 

Input Voltage, All Inputs Von 

DC Current Drain per Pm I 

Operating Temperature Range TA 

Storage Temperature Range T stg 

BLOCK DIAGRAM 

Rate SelectA 230-----------------, 

Rate Selects 220---------------, 

Crysta1in 21 

"Crystalout 20 

Value 

5.25 to -0.5 

VDD + 0.5 to 
VSS -0.5 

10 

-40 to +85 

-65 to +150 

Reset10o----4~--+_~~-+_-----~ 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

F 1 

17 F2 

F3 

16 F4 

3 F5 

15 F6 

4 F7 

Fa 
F9 

6 FlO 

8 F11 

14 F12 

13 F13 

9 F14 

L----------~Dla F15 

• See F Igur. 2 for typical crystal oscll':-Ia-:-to.,-r-c-:lr-c-u.,-it-s.-----------o 19 F 16 
.. ·When Reset;:: 0 ,outputs F1 thru F 14"" 0, outputs F15 and F16 = 1. 
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MC14411 

CMOS LSI 
(LOW·POWER COMPLEMENTARY MOS) 

BIT RATE GENERATOR 

~ 
LSUFFIX 

CERAMIC PACKAGE 
CASE 623 

24 

1 

PSUFFIX ~ 
PLASTIC PACKAGE 

CASE 709 24 

1 

3 

4 

6 

a 
9 

10 

11 

12 

PIN ASSIGNMENT 

Voe = 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 V In and Vout be 
constrained to the range VSS ...;. lV In or 
Vout}';; VDD· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSS or VDDI. 
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MC14411 

ELECTRICAL CHARACTERISTICS 

Voo -4O"C 

Charact .. istic Symbol Vdc Min Max Min 

Supply Voltage VOO 4.75 5.25 4.75 

Output Voltage "0" Level Vout 5.0 - 0.05 

"1" Level 5.0 4.95 - 4.95 

Input Voltage 
IVO = 4.5 or 0.5 Vdc) Vil 5.0 - 1.5 -

IVO = 0.5 or 4.5 Vdc) VIH 5.0 3.5 - 3.5 

uutput Dnve Current IOH 
IVOH = 2.5 Vde) Source 5.0 -0.23 - -0.20 

(VOL = 0.4 Vde) Sink IOl 5.0 0.23 0.20 

nput \.iurrent in ±0.1 

nput (;apacltance Cin -
IVin = 0) 

UUlescent UiSslpatlon ~Q ~.U <.~ 

t"ower uissipation *t ~O b.U WO-I .. 
(Dynamic plus Quiescent) 

ICl = 15 pF) 

l,1utput Rise Time* * tTlH 5.0 
tTlH =13.0 ns/pF) Cl + 25 ns 

uutput all Ime THl ~.U 

tTHl =11.5 ns/pF) Cl + 47 ns 

nput Clock requency Cl 5.0 1.85 

t For diSsIpation at different external load capacitance (ell refer to corresponding formula. 

PTICl) = Po + 2.6 x 10-3 ICl - 15 pF) V002f 

where: PT, Po in mW, Cl in pF, VOO in Vde, and f in MHz. 

-'The formula given is for the typical characteristiCs only. 

TABLE 1 - OUTPUT CLOCK RATES 

Rate Select Rate 

B A 

0 0 Xl 

0 1 X8 

1 0 X16 

1 I X64 

Output Output Rates 1Hz) 

Number X64 X16 X8 

Fl 614.4 k 153.6 k 76.8k 
F2 460.8 k 115.2 k 57.6 k 
F3 307.2 k 76.8 k 38.4 k 
F4 230.4 k 57.6k 28.S k 
F5 153.6 k 3S.4k 19.2 k 
F6 115.2 k 2S.S k 14.4 k 
F7 76.S k 19.2 k 9600 
FS 38.4 k 9600 4800 
F9 19.2 k 4800 2400 
FlO 12.8 k 3200 1600 
Fll 9600 2400 1200 
1'12 8613.2 2153.3 1076.6 
F13 7035.5 1758.8 879.4 
F14 4800 1200 600 
F15 921.6k 921.6k 921.6k 
F16" 1.843M 1.843M 1.843M 

*F16 IS buffered oscillator output. 
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. 25u C +85u C 

Typ Max Min Max Unit 

5.0 5.25 4.75 5.25 Vde 

0 0.05 0.05 Vde 

5.0 4.95 Vde 

Vde 
2.25 1.5 - 1.5 

2.75 - 3.5 Vde 

mAde 

-1.7 - -0.16 -

0.78 0.16 mAde 

±O.OOOOI ±O.l ±1.0 /'Ade 

~.U P 

U.Ul~ <.~ l~ mvv 

mVV/MI z/ + ~Q mVV 

IU <00 ns 

IU LUU ns 

1.85 1.85 MHz 

XI 

9600 
7200 
4800 
3600 
2400 
IS00 
1200 
600 
300 
200 
150 

134.5 
109.9 

75 
921.6k 
1.843M 
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FIGURE 1 -- DYNAMIC SIGNAL WAVEFORMS 

20 ns 20 ns 

-j ~ __ =Lt--__ VOO 

Input~VSS 

~
o% VOH 

10% 
Output VOL 

tTLH tTHL 

FIGURE 2 -- TYPICAL CRYSTAL OSCILLATOR CIRCUIT 

Rate Select 
Reset A B 

20 
Xta'out 

At =: 15 MU±lO% 

CRYSTAL SPECIFICATION 
Crystal Mode 
Frequency 

RS 

Co 
Temperature Range 
Test Level 
Test Set 

·SuDQested Crystal Suppliers: 

Tveo CTS Knights 

Motorola Crystal Products 

Bit Rate 
Clock Outputs 

Parallel 
1.8432 MHz ±.O.05% @ 13 pF 

540 n max 
7.0 pF max 
o to 70De 
lmW 
TS - 330/TSM or Equivalent 

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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® MOTOROLA 

UNIVERSAL LOW SPEED MODEM (0-600 bps) 

The MC14412contains a complete FSK (Frequency-Shift Keying) 
modulator and demodulator compatible with both foreign (C.C.I.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 MC14412FP, MC14412FL 

VDD = 4.75 to 6.0 Vdc MC14412VP, MC14412VL 
• 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 
II Built-In Low Speed Modems 
• Remote Terminals, Acoustical Couplers 
• Credit Verification 
• Poi nt of Sale 
• Remote Data Collection 
• Remote Process Control 
• Radio Data Transmission 

OSCout 3 

Transmit 
Enable 12 

Transmit 11 Data 

Mode 10 
Tvpe 140-----+---r-+-+----------' Echo 130-----+-~~+-+-__________ __J 

MC14412 

CMOS LSI 
(LOW.pOWER COMPLEMENTARY MOS) 

UNIVERSAL LOW SPEED 
(0-600 bps) 

MODEM 

LSUFFIX 
CERAMIC PACKAGE 

CASE 690 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

"0'"" 1tSUffiX Denote. 
L Ceramic Package 

p ,', Plastic Package 
F 4.75 to 15 Vdc 

V 4.15 to 6.0 Vdc 

Transmit Carrier 
9 (FSK Output) 

Disable TTLPulJUp 150-----r----~~::::::::::::::::::~lI--~----~======~------~ 
VOO~ 

Receive Data Rate 60-.... --+-----+-+--------------<--1 

Reut So-----+-----r-r------------------+ 

Self Test 2 
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MC14412 

MAXIMUM RATINGS \ Voltages referenced to VSS Pin 8) 

Rating Symbol Value 

OC Supply Voltages MC14412FP VOO -0.5 to 15 
MC14412VP -0.5 to 6.0 

Input Voltages, All Inputs Vin VOO +0.5to 
VSS -0.5 

DC Current Drain per Pin I 10 
(except Pin 8, 7) 

DC Current Drain (Pin 8, 7) 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 "0" Level VOL 5.0 - 0.05 

Vin = Voo or 0 10 - 0.05 
15 - 0.05 

"1" Level VOH 5.0 4.95 -
Vin = 0 or VOO 10 9.95 -

15 14.95 -
Input Voltage* "0" Level VIL 

(Va' 4.5 or 0.5 Vdc) 5.0 - 1.5 
(VO • 9.0 or 1.0 Vdc) 10 - 3.0 
(Va' 13.5 or 1.5 Vdc) 15 - 4.0 

"1" Level VIH 
(Va' 0.5 or 4.5 Vdc) 5.0 3.5 -
(Va' 1.0 or 9.0 Vdcl 10 7.0 -
(Va = 1.5 or 13.5 Vdc) 15 11.0 -

Pins 12,15 5 to 15 0.75 -
Output Drive Current IOH 

(VOH =2.5) (Pin 7) 5 -0.62 -
(VOH' 9.5) 10 -0.62 -
(VOH·13.5) 15 -1.8 -

(VOL' 0.4) IOL 4.75 2.3 -
(VOL = 0.5) 10 5.3 -
(VOL = 1.5) 15 15 -

Input Current (Pin 15 • VOO) lin - - -

Input Pull·Up Resistor Source Current Ip 5 285 -
(Pin 15' VSS, Vin' 2.4 Vdc) 
Pins 1,2,5,6,10,11,12,13,14 

Input Capacitance Cin - - -
Total Supply Current IT 5 - 4.5 

(Pin 15 • VOO) 10 - 13 
15 - 27 

Modulator/Demodulator Frequency ACC 5to 15 - -
Accuracy 
(Excluding Crystal) 

Transmit Carrier Output V2H 5to 10 - -
2nd Harmonic 10to15 - -

Transmit Carrier Output Vout 5 - -
Voltage (RL = 100 k!l.) 10 - -
(Pin 9) 15 - -

Receive Carrier Rise and 'TLH, 5 - 15 
Fall Times (Pin 1) tTHL 10 - 5.0 

15 - 4.0 

Unit 

Vdc 

Vdc 

mAde 

mAde 

°c 
°c 

Min 

-
-
-

4.95 
9.95 
14.95 

-
-
-

3.5 
7.0 
11.0 
0.8 

-0.5 
-0.5 
-1.5 

2.0 
4.5 
13 

-

250 

-
-
-
-

-

-20 
-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 

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 Vln and V out be 
constramed to the range VSS ~ (VI" or 
You,) .; VOO· 
Unused Inputs must always be tIed to an 
appropriate logiC voltage level (e.g .. either 

VSS or VOOI. 

+240 C +8SoC 

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 - 1.4.95 -

Vdc 
2.25 1.5 - 1.5 
4.50 3.0 - 3.0 
6.75 4.0 - 4.0 

Vdc 
2.75 - 3.5 -
5.50 - 7.0 -
8.25 - 11.0 -
2.0 - 0.85 -

mAde 
-1.5 - -0.35 -
-1.0 - -0.35 -
-3.6 - -1.1 -
4.0 - 1.6 - mAdc 
10 - 3.6 -
35 - 10 -

'0.00001 ±O.l - - ~Adc 

460 - 205 - ~Adc 

5.0 - - - pF 

1.1 4.0 - 3.5 mAde 
4.0 12 - 11 
8.0 25 - 23 

0.5 - - - % 

-26 - - - d8 

-32 - - -
0.30 - - - VRMS 
0.85 - - -
1.5 - - -
- 15 - 15 ns 

- 5.0 - 5.0 

- 4.0 - 4.0 

-DC Noise Immunity (VIL. VIH) is defined as the maximum voltage change from an ideal "0" 
or "1" input level. that the curcuit will withstand before accepting an erroneous input. 

·-Note: Only 5-Volt specifications apply to MC14412VP devices. 
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PIN ASSIGNMENT 

Ax Car VOO 16 

ST TTLD 15 

OSCout Type 14 

4 Oscin Echo 13 

Reset 
Tx 

Enable 12 

6 Rx Rate Tx 11 
Data 

Ax Data Mode 10 

8 VSS Tx Car 9 

FIGURE 1 - TYPICAL LOW-SPEED MODEM APPLICATION 

Transmit Data 
Parallel Format 

Since the modulator and demodulator sections of the MC14412 • 
are functionallv equivalent to those of the MC6860. additional 
application information can be obtained from the following 
Motorola publications: 

AN·731, 
AN·747, 

EB-49, 

Low-speed Modem Fundamentals 
Low-speed Modem System DeSign 
Using the MC6S6D 
Application Performance of the 
MC6S6D MODEM. 

1 
I 

Terminal 
Transmitter 

Tx Data I 

Terminal 
Receiver 

Receive Data 
Parallel Format 

... CRYSTAL SPECIFICATION 

Crvstal Mode - Parallel 
Frequency - 1 MHz ± 0.1% 
RS = 540n typ 

Co = 7 pF typ 
Temperature Aange -40°C to +8SoC 
Test Level - 1 mW 

Suggested Crystal Supplier. 
Tyco. CTS Knight and 
Motorola Crystal Products. 

RF'" 15 Mn ± 20% 

To 
Data Terminal 

Equipment 

-----, 
I 
I 

Modulator 

MC14412 

Demodu lator 

Tx 

Rx 

Car 

Bandpass 
Filter 

and Limiter 

Duplexer 

FSK 
Format 

Telephone 
Network 

I 
I 

__ .-1 Active Filter Manufacturers 
CERMETEK, Mountain View, Cal. 
FREQUENCY DEVICES, Haverhill, Mass. 
SPRAGUE ELECTRIC, Nashua, N.H. 

FIGURE 2 - MC14412 I NPUTJOUTPUT SIGNALS 

11 

12 

13 

10 

14 

15 

2 

7 

6 

5 

4 

1.0 MHz 
Crystal· 

rlDf-
RF 3 

OSCin USCout 
Tx Data 

Tx E Tx Car 

Echo 

-- - -----
Mode 

Type 

TTLO 

ST 

--------
Rx Data 

Rx Car 
Ax Data Rate 

Reset 
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DEVICE 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 = "0". 

CRYSTAL (OSCin. 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 
("0"). When the input is taken high ("1") the pull·up 
is disabled, thus reducing power dissipation when inter· 
facing with CMOS. 

FIGURE 3 - M6SDD MICROCOMPUTER FAMILY 

. 
" .€ 
'li 
E 
« 

Address Data 
Bus Bus 

FIGURE 4 - TRANSMIT CARRIER 
SINEWAVE 

Time 

BLOCK OIAGRAM 
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Telephone 
Network 

FIGURE 5 - TYPICAL TRANSMIT CARRIER 
FREQUENCY SPECTRUM 

1st 2nd 
Harmonic 
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DEVICE 'oPERATI'oN 
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 FUNCTI,ONS 
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.I.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; "0", the C.C.I.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; "0") 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 
Transmit Frequencies 

Mode Tx Data 
''originate "I" Mark 
'originate "I" Space 
Answer "0" Mark 
Answer "0" Space 

Type; "I" 
Echo; "0" 

Tx Car 
"I" 1270 Hz 
"0" 1070 Hz 
"I" 2225 Hz 
"0" 2025 Hz 

C.C.I.T.T. Standard Type; "0" 
Transmit Frequencies Echo; "0" 

Mode Tx Data Tx Car 

Channel "I" Mark "I" 980 Hz 
No.1 "I" Space "0" 1180 Hz 
Channel "0" Mark "I" 1650 Hz 
No.2 "0" Space "0" 1850 Hz 

Echo Suppressor 
Disable Tone 

Mode 

Chan. No.2 "0" 

Type; "0" 
Echo; "1" 

TRANSMIT ENABLE (Tx Enable, Pin 12) 
The Transmit Carrier output is enabled when the Tx 

Enable input; "I". No output tone can be transmitted 
when T x Enable ; "0". 

M'oDE (Pin 10) 

The Mode input selects the pair of transmitting and 
receive frequencies used during modulation and demodu· 
lation. When Mode; "I", the U.S. originate mode is 
selected (Type input; "1 ") or the C.C.I.T.T. Channel 
No.1 (Type input; "0"). When mode; "0", the U.S. 
answer mode is selected (Type input ; "1 ") or the 
C.C.I.T.T. Channel No.2 (Type input; "0"). 

ECHO (Pin 13) 

When the Echo input; "1" (Type; "0", Mode; "0", 
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; "0". 

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 CM'oS 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. The Receive Carrier 
m'-!st change frequency for more than half of the selected 
data rate 'period before the Receive Data output will 
change. 

Data Rate 

0·200 bps 
0·300 bps 
0·600 bps 

Rx Rate 
"I" 
"1" 
"0" 

Type 
"0" 
"1" 
"1" 

SELF TEST (ST, Pin 2) 
When a high level (ST; "1") is placed on this input, 

the demodulator is switched to the modulator frequency. 
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QUAD PRECISION TIMER/DRIVER 

The MC14415 quad timer/driver is constructed with comple­
mentary MOS enhancement mode devices_ 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 6.0 Vdc (MC14415EVLNLlVP) 

MAXIMUM RATINGS (Voltages referenced to VSS, Pin 8) 

Rating Svmbol Value Unit 

ec Supply Voltage 
- MC14415EFLlFLlFP 
- MCI4415EVLIVLIVP 

Input Voltage. All Inputs 

DC Current Drain per I "put Pin 

DC Current Drain per Output Pin 

Operating Temperature Range 
- MCI4415EFLlEVL 
- MCI4415FL/FPIVL/VP 

Storage Temperature Range 

Set A 3 

Set B 4 

Set C 

Set 0 6 

Strobe 2 9 

strOii81 7 

Input Oisable 10 

Output Set 2 

Clock 

BLOCK DIAGRAM 

Dlvide-By-
100 

Counters 

Clock 
Conditioning 

Circuit 

Vee 

Vin 

lin 

lout 

TA 

Tstg 

+18 to -0.5 
-16.0 to -0.5 

Vee +0.5 to 
Vss -0.5 

10 

20 

-55 to +125 
-40 to +85 

-65 to +150 

Output 
Buffers 

Vde 

Vde 

mAde 

mAde 

°c 

°c 

14 Output A 

13 Output B 

12 Output C 

" Output 0 

Voo. Pin 16 
VSS = Pin 8 

Output Inhibit 15 0------------------' 
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CMOS LSI 
ILOW·POWER COMPLEMENTARY MOSI 

QUAD PRECISION 
TIMER/DRIVER 

"~'''''6\1 ' 
CERAMIC PACKAGE 6ryl~~'fn ~ 

CASE 690 1 

4 

6 

8 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN ASSIGNMENT 

16 

15 

14 

13 

12 

11 

10 

9 

ORDERING INFORMATION 

MCI4415 ~~UffiX Denote. 
L Ceramic Package 
P Plastic Package 
F ·Extended Operating 

Voltage Ranoa 
V • Limited Operating 

Voltage Range 
Blank • ·Standard Operating 

Temperature Range 
e • • Extended Operating 

Temperature Range 

·s .. Feature. (above, left) 
• ·See Maximum Ratings 

• 
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MC14415 

ELECTRICAL CHARACTERISTICS 

Voo Tlow 0 

Characteristic Svmbol Vdc Min Max 

Output Voltage "0" Level Vout 5.0 - 0.01 
(No Loadl 10 - 0.01 

15 - -
"1" Level 5.0 - -

10 - -
15 - -

Noise Immunity VNL 
("VOUI '" 1.5 .Vdc) 5.0 1.5 -
("Vout '" 3.0 Vdcl 10 3.0 -
("Vout '" 4.5 Vdc) 15 - -

("Vout '" 1.5 Vdc) VNH 5.0 1.4 -
("Vout '" 3.0 Vdcl 10 2.9 -
("Vout '" 4.5 Vdc) 15 - -

Output Drive Voltage (NPN Driver) VOH 
(lOH= OmA) Source 5.0 - -
(lOH = 5.0mA) - -
(IOH= 10mA - -
(IOH= 15mA) - -
(lOH = OmA) 10 - -
(lOH= 5.0mA) - -
(lOH=)OmA) - -
(lOH = 15mA) - -
(lOH=OmA) 15 - -
(lOH = 5.0mA) - -
(lOH= 10mA) - -
(lOH= 15mA) - -

Output qrive Current 10L 
(VOL = 0.4 Vdc) Sink 5.0 0.23 -
(VOL = 0.5 Vdc) 10 0.60 -
(VOL = 1.5 Vdc) 15 - -

Input Leakage Current lin - - -
Input Capacitance Cin - - -

(Vin = 0) 

Quiescent Dissipation PQ 
5.0 - 0.25 

10 - 1.0 
15 - -

Power Dissipation·* Po 
(Dynamic plus Quiescent) 
(CL = 15 pF) 5.0 

10 
15 

OTlow= -550 C lor MCl4415EFL, EVL; -4o"C for MCl4415FL,FP,VL,VP 
Thigh= +1250 C for MCl4415EFI,.,EVL; +8s"C for MC14415FL,FP,VL,VP 

··The formula given is for the typical characteristics only. 

25°C Thi h* 

Min TVp Max Min Max 

- 0 0.01 - 0.05 
- 0 0.01 - 0.05 
- - - - -

3.0 4.14 - - -
8.0 9.09 - - -
- 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) I + PQ 
Po = (225 mW/MHz) I + PQ 
Po = (510 mW/MHzI I + PQ 

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 
fated 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 VOO). 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

pAdc 

pF 

mW 

mW 



MC14415 

SWITCHING CHARACTERISTICS ICL = 15 pF TA = 250 CI 

Characteristic 

Output Rise Time" 
tTLH = 12.0 ns/pFI CL + 10 ns 
tTLH = 11.25 ns/pFI CL + 6 ns 
tTLH = 11.10 ns/pFI CL + 3 ns 

Output Fall Time* 
tTHL = 11.5 ns/pFI CL + 47 ns 
tTHL = 10.75 ns/pFI CL + 24 ns 
tTHL = 10.55 ns/pFI CL + 17 ns 

Turn·Off Delay Time" 
tpLH = 12.7 ns/pFI CL + 560 ns 
tPHL = 11.2 ns/pFI CL + 282 ns 
tpLH = 10.91 ns/pFI CL + 286 ns 

Turn-On Delay Time" 
tPHL = 12.4 ns/pF I CL + 564 ns 
tpHL = 11.0 ns/pFI CL + 285 ns 
tpHL = 10.75 ns/pFI CL + 289 ns 

Turn-On Delay Time (Inhibit to Output) 

Turn-Oil DelBY Time Iliiliffih to Outputl 

Input Pulse Coincidence (Figure 3) 

Input Pulse Width IFigure 11 

Input Clock Frequency 

Clock Input Rise and Fall TimB. IFigure 11 

... The formula given is for the typical characteristics only. 

FIGURE 1 - SWITCHING CHARACTERISTICS - WAVEFORM 
RELATIONSHIPS 

~----------S:+---- VOD 
Input 

Vss 

Output 

CIOCk~O% VDn 

, , "",'00 f"" 
,t" -VOH 

output./" 
VOL 
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Symbol 

tTLH 

tTHL 

tpLH 

tpHL 

tpHL 

tpLH 

Pernin 

tWH 

Icl 

tTLH. tTHL 

1000 

900 

VDD Min Typ Max Unit 
Vd. 

n. 
5.0 - 40 85 
10 - 25 60 
15 - 20 -

ns 
5.0 - 70 150 
10 - 35 80 
15 - 25 -

n. 
5.0 - 600 1200 
10 - 300 600 
15 - 150 -

ns 
5.0 - 600 1200 
10 - 300 600 
15 - 150 -

ns 
5.0 - 300 550 
10 - 225 425 
15 - 110 -

ns 
5.0 - 300 550 
10 - 225 425 
15 - 110 -

n. 
5.0 500 450 -
10 450 350 -
15 - - -

ns 
5.0 500 450 -
10 450 350 -
15 - - -

MHz 
5_0 - 0.7 -
10 - 1.0 -
15 - 1.5 -

5.0 - -. 15 i" 
10 - - 5.0 
15 - - -

FIGURE 2 - AMBIENT TEMPERATURE 
POWER DERATING 

Pl~STIC OR JERAMIC -2 800 

'" ~ 700 "'" 
PAGKAGE 

h 600 

~~ 500 

~~ 400 .. 
i 300 
x ;! 200 

e 100 

o 
25 
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"" "" "'-
"" t--... 
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FIGURE 3 - TYPICAL OPERATION MODES AND FUNCTIONAL TIMING DIAGRAM 

MODE 1 - OUTPUT SET INITIATES TIME DELAY 

Input Oi_'. IL _________________ _ 

Strobe 2 --1Tl\ ____________ _ 

Strobe 1 
Minimum Coincidence'" 

SetA 600 ns. Voe ,.. 4.76 Vdc 

Output A 

MODE 3: OUTPUT INHIBIT DISABLES TIME DELAY 

Input DI .. ble -.-J 
Str_ 2 --,1.. ________________ _ 
Strobe,--,L------------------

SotA __ -'=:::Jf 

Output Inhibit 

Clock 

O~utA ____ ~~s;~-~ 

MODE 2: SET A INITIATES TIME DELAY 

Input Disable ..J 
Strobe 2 IL _________________ _ 

StrCibe'1~ 
Set A 

Output Inhibit 

tpLH 

Minimum Coincidence = 
500"s" Voe "" 4.75 Vdc 

MODE 4: POSITIVE·EDGE STROBE CST21lNITIATES TIME DELAY 

I nput Disable ----1 
Strobe 2 ____ ....::;=1 

Minimum Coincidence;: 

Set A ____ ./-+---"' 500 n. @I VOO • 4.75 Vdc 

OutputS.t 

CIOCk ______ -+"IIr=,----<~ 
Output A ' j b 
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SetA3~ 

Set B 4 

7' 
I\) 

~ SetC5~ 

SetD6~ 

~2"""""..>---' 

Strobe 2 9 

Strobe 1 7 o--f'»---J 

Input DliiibiO 10 o--cf:> __ -------1 

Clock 1 00------------' 

LOGIC DIAGRAM 

C2 Divide-By-l00 

~-----:oIl~' Synchronous 
'~--+---l---_---.l-. Enable Counter 

C2 Oivide-By-l00 

1 I 1 :1 ~:.bl:Y~~:~o,:;u. 

ttl :IC2 DiYide-By-l00 
Cl Synchronous 

I I I, -Ienabl. 
Counter 

+ ! ! '!C2 
~ I .jCl 

I I I, .1 Enable Counter 

Schmitt Clock ~ 
Conditioning 

Circuit 

15 

Output Inhibit 

VDD 

14 Output A 

13 Output B 

12 Output C 

11 OutPut 0 

3: 
n 
~ 

t 
~ 

UI 
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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 encoder. The 
device contains a 2-of-S to binary encoder, a strobe generator, and 
an illegal state detector. The encoder has four row inputs and four 
column inputs, and is designed 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 numeral.s 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 SO .clock pulses after 
activation. When the contact bounce has settled and SO 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 key 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 Illegal I nput Codes 
• On-Chip Pullup Resistors for Rowand Column Inputs 
• Clock Input Conditioning Circuit 
• Low Current Drain in Standby Mode 

5.011A Typical @ 5.0 Vdc 
• Subsystem Complement to the MC1440S/14409 Phone 

Pulse Converter 
• Codes for Numbers 0-9 Produce a Strobe Pulse 

BLOCK OIAGRAM 

I Rl 

1 

Row R2 2 ! 15 Clock 

Inputs R3 3 

R4 4 H St,obe I BCD I Cl 

5 Detector Generator 

Column C2 6 t 14St,obe 
Inputs C3 7 

C4 9 

f 
'-< 

'---< 2-01-8 13 04 

~ to 

"- Binary 
Encoder 

12 03 

and 
Illegal 11 02 

Code 
Detector 

10 01 Voe = Pin 16 
Vss=Pin8 
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Data 
Outputs 

MC14419 

CMOS MS. 
ILOW-POWER COMPLEMENTARY MOS) 

2-0F-8 KEYPAD-TO-BINARY 
ENCODER 

P SUFFIX L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PLASTIC PACKAGE 
CASE 648 

PIN ASSIGNMENT 

16 

15 

14 

4 13 

5 12 

6 11 

10 

8 9 

VOO '" Pin 16 
vSS'" Pin 8 

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-



MC14419 

MAXIMUM RA TlNGS IValtages referenced to VSS. Pin 8.1 

Rating Symbol Value Unit 

DC Supply Voltage VDD +6.0 to -0.5 Vdc 

Input Voltage, All Inputs V ,n VDD + 0.5 Vdc 
to 

VSS -0 5 

DC Current Drain per Pm I 10 mAde 

Operating Temperature Range TA -40 to +85 °c 
Storage Temperature Range Tstg -65 to +150 uc 

ELECTRICAL CHARACTERISTICS 

VDD -400 C 25°C +8SoC 

Characteristic Symbol Vdc Min Ma. Min Typ Ma. Min Ma. Unit 

Supply Voltage Operating Range VDD - 3.0 6.0 3.0 5.0 6.0 3.0 6.0 Vdc 

Output Voltage "0" Level Vout 5.0 - 0.05 - 0 0.05 - 0.05 Vdc 

"'" Level 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc 

Input Voltage "0" level Vil 5.0 1.5 - 1.5 2.25 - 1.4 - Vdc 
(VO = 4.5 or 0.5 Vdc) 

.. , .. Level VIH 5.0 3.5 - 3.5 2.25 - 3.6 - Vdc 
(VO = 0.5 or 4.5 Vdc) 

Output Drive Current IOH 5.0 -0.23 - -0.20 -1.7 - -0.16 - mAde 
(VOH = 2.5 Vdcl Source 

(VOL = 0.4 Vdc) Sink IOl 5.0 0.23 - 0.20 0.78 - 0.16 - mAde 

Input Leakage Current IIH 5.0 - ±0.1 - ±0.00001 ±0.1 - ±1.0 ~Adc 

(Vin = VDD) 

Pull up Resistor Source Current III 5.0 265 460 190 250 330 125 215 ~Adc 

(Rowand Column Inputs) 

(Vin = VSS) 

I npu t Capaci tance Cin 5.0 pF 

(Vin = VSS) 

Standby Supply Current IDDS 3.0 - 3.0 - 1.0 3.0 - 6.0 ~Adc 

Ifclock = 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 ~A/kHz + 3.0 I'A ~Adc 

Function of Clock Frequency" 
(No Keys Depressed) 

tiThe formula given is for the typical characteristics only. • SWITCHING CHARACTERISTICS (Cl = 50pF. TA = 25°C) 

Characteristic Symbol VDD Min Typ Ma. Unit 

Output Rise and Fall Times, 01 thru 04 (Figure 11 tTlH, tTHl 5.0 - 300 - ns 

Propagation Delay Time, Row or Column Input to tPlH. 5.0 - 1000 - ns 
Data Output (Figure 1) tpHl 

Clock Pulse Frequency Range PAF 3.0 to 6.0 - - 80 kHz 
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FIGURE 1 - SWITCHING TIME WAVEFORMS FIGURE 2 - TYPICAL STROBE PULSE DELAY TIMES 

PRF 'ST' 
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 

On 80 1.0 

Output ·tST = (1/PRF). 80, with PRF in kHz, tST in ms. 

VOL 

FIGURE 3 - STROBE GENERATOR TIMING DIAGRAM 

Rowar 
Column 

Input 

Strobe Generator 
OutPut 

Contact 
Make 

Bounce 

Noise 
Spike 

!.-'ST---II--PWST· • 

80 Clock ~ 
Pulses 

Contact 
Break 

Bounce 

• • PWST = Strobe Pulse Width = Low State Clock Pulse Width (PW L). 

TRUTH TABLE 

Inputs 

Row Column Outputs 

Key·· R4 R3 R2 Rl C4 C3 C2 Cl 04030201 Strobe 
1 1 1 1 0 1 1 1 0 0 0 0 1 ..n. 
2 1 1 1 0 1 1 0 1 0 0 1 0 ..n. 
3 1 1 1 0 1 0 1 1 0 0 1 1 ..n. 
A 1 1 1 0 0 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 J"l... 
6 1 1 0 1 1 0 1 1 0 1 1 0 J"l... 
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 ..n. 
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 .n.. 
# 0 1 1 1 1 0 1 1 1 0 1 1 0 

° 0 1 1 1 0 1 1 1 1 1 1 1 0 

All Other Combinations 0 0 0 0 0 

• ·See Figure 4 for keypad designation. 
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FIGURE 4 - TYPICAL KEYPAD INTERFACE APPLICATION 

Common 

Keypad with DPST 

N,C. Switches 

Use of 4 external transistors allows 
operation with SPST keyboard. 

4 x 4 Keypad 

FIGURE 5 - PHONE DIALER SYSTEM 

MC14419 

V DD 

Dl 10 

D2 11 

D3 12 

D4 13 

ST 14 

MC14419 
2.of·8 Kovpad·to-8inary Encoder 

fel "" 16 kHz 

MC14408. MC14409 
Bin8ry-to~hone Pulse Converter 

L = 5 mH 

,- 1 Keypad 

Row Ii Inputs 

U 
Column 
Inputs 

VOD = Pin 16 

VSS"" Pin 8 

14 

ST 
13 4 OPL 

D4 D4 

12 
D3 D3 

11 
D2 D2 DRO 

10 
D1 Dl 

I 

r 
I 

--- --.J 

I 
I MCI440B/409 

I Control I "puts 

I 
I 
I 

{

Hold 9 

Call Request 13 0-----' 

Re-Oial10 0-------' 

Interdigit Time 14 0---------' 
Make-Break Ratio 15 0-----------' 

11 Outpulsing 

12 Dial Rotating 
Output-

Voo "" Pin 16 
VSS "" Pin 8 

• Between each digit 
pulsetrain, MC14408 
OR 0 stays high, 
MC14409 ORO goes low. 

Circuit diagrams utilizing Motorola products a~e included 8S 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 doe. 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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Advan.ce In.:forIIl.ation. 

REMOTE CONTROL TRANSMITTER 

The MC14422 is a remote control transmitter circuit designed for 
use in television receivers, security controls, toys, industrial remote 
controls, and remote control locks. The circuit is intended for use 
with the MC6525 or MC6526 NMOS remote control receiver. 

Using digital frequency multiplexing, the MC14422 generates five 
frequencies which are transmitted sequentially to form a code cor· 
responding to a particular function in the receiver circuit. The wide 
channel spacing between these frequencies eliminates problems due 
to doppler effect. The frequency multiplex system inherently pro· 
vides a good degree of noise immunity. 

• 22 Channel Capacity 

• Transmission of Information Is Achieved by 
Time MUltiplexing Five Frequencies 

• No Possibility of Doppler Effect Interference 

• Low Power Consumption 

Decoder Inputs 

3 

4 

6 

Reference 
Oscillator 

Input 

Reference 
Oscillator 
Output 

10 

MC14422 

CMOS LSI 
(LOW.pOWER COMPLEMENTARY MOSI 

REMOTE CONTROL 
TRANSMITTER 

-1 PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

device contains circuitry to protect 
e inputs against damage due, to high static 

voltages or electric fields; hovwver. 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 :r;;;; (Vin or 
Vou,l .. Vee· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSSor veel. 

9} 
Scanner Outputs 

11 

12 

15 Transmitted Frequency Output 

Scanner 
Oscillator 

Input 

Scanner 
Oscillator 
Output 

Voo = Pin 16 
VSS ~ Pin B 

This Is advance information and specifications are subject to change without notice. 
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MAXIMUM RATINGS (Voltages referenced to vSS} 

Rating SVmbol Value Unit 
DC Supply Voltage VOO -0.5 to+l0 Vdc 

Input Voltage, All Inputs Vin VOO+0.6 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range TA Oto +56 °c 
Storage Temperature Range Tstg -66 to +150 °c 

ELECTRICAL CHARACTERISTICS (TA = 25°C} 

Char_rllti. Symbol Min Typ Max Unit 

Supply Voltage VOO 5.0 - 8.0 Vde 

Supply Current 100 
(VOO c 8.0 Vdc} Idle - 0.4 100 "Ade 

Operating - - 10 mAdc 

Output Drive Currant 10H 
(VOH = 4.0 Vdc, VOO = 5.0 Vdc Source 

Scanner Output -50 - - "Adc 
Transmittad Frequancy Ouptut -0.5 - - mAdc 
Scanner Oscillator Output -0.1 - - mAde 
Reference Oscillator Output -0.3 - - mAde 

(VOL = 1.0 Vde, VOO -.6.0 Vde} Sink 10l 
Scanner Output 50 - - "Adc 
Transmitted Frequency Output 0.2 - - mAde 
Scanner Oscillator Output 0.1 - - mAdc 
Reference Oscillator Output 0.3 - - mAde 

Input Current IIH "Adc 
(VIH = 8.0 Vde, VOO = 8.0 Vdc} Sink 

Scanner Osciiiator Input - - 1.0 
Reference Oscillator Input 4.0 - 400 

(VIH = 7.0 Vde, VOO = 8.0 Vdc} Source 
Decoder Input -1.0 - -

(Vll = 0 Vdc, VOO = 8.0 Vdc} Source III "Adc 
Scanner Oscillator Input - - 1.0 
Reference Oscillator Input -4.0 - -400 

IVll = 1.0 Vde, VOO = 5.0 Vde} Sink • Decoder Input - - -25 

Reference Oscillator Frequency fret - - 1.0 MHz 
1VOO· 5.0 Vdc} 
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CIRCUIT OPERATION 

As shown in Figure I, until a matrix switch is depressed, 
the decoder inputs (pins 3 through 7) are high, all scanner 
outputs (pins 9 through 12) are low, and both the scanner 
and reference oscillators, as well as the output gate con· 
trol circuit, are switched off. This is referred to as the 
"idle" mode. In this mode, with a significant part of the 
circuit switched off, current consumption is reduced to a 
minimum. The decoder section, however, remains in con· 
tinuous operation so that a switch matrix command can 
be recognized. When a switch is depressed, the decoder 
will set the five latches in accordance with the correct 
code (see Figure 2). At the same time, a latch is triggered 
which activates the idle line and turns on the reference 

TABLE 1 - TRANSMITTED FREQUENCY CODE 

Matrix Transmitted 
Channel Connections Frequencies 
Number 

Pin to Pin tl t2 t3 t4 

1 7 12 fe 
2 7 9 fe fa 
3 7 10 fe fb 
4 7 11 fe fa fb 
5 6 12 fe fc 
6 6 9 fe fa fc 
7 6 10 fe fb fc 
8 6 11 fe fa fb fc 
9 5 12 fe fd 

10 5 9 fe fa fd 
11 5 10 fe fb fd 
12 5 11 fe fa fb fd, 
13 4 12 fb 
14 4 11 fa fb 
15 3 9 fc 
16 3 10 fa fc 
17 4 9 fb fc 
18 4 10 fa fb fc 
19 3 12 fd 
20 3 11 fa fd 
21 3,4 12 fb fd 
22 3,4 11 fa fb fd 

oscillator, the scanner oscillator, the row enable, and the 
output gate control. 

When the switch is operated just prior to time period 
tl, the following happens: 

1. The scanner outputs become active and take ,up their 
respective code corresponding to tl when the next nega· 
tive going edge of the scanner oscillator occurs. 

2. The reference oscillator is switched on. 
3. The output gate control idle input is enabled. 
Note: No output can occur at the transmitted fre· 

quency output (pin 15) until the negative going edge of 
the pin 12 scanner output signal has occurred at the end 
of time t4. 

The timing example of Figure 1 uses the matrix con· 
nection of pin 4 connected to pin 11. Table 1 shows that 
the code for this connection is fa transmitted in time 
period t2 and fb transmitted in time period t3. After the 
negative going edge of the pin 12 scanner pulse has 
enabled the output gate control, an output cyc,le can be· 
gin. Therefore, in this case no output occurs in the time 
period tl. fa and fb are transmitted in time periods t2 and 
t3 respectively, and no output occurs during time t4. 

The code is repeated continuously at pin 15 until the 
matrix switch is released. At this point the circuit com· 
pletes the scan cycle and the trailing edge of the pin 12 
scanner signal returns the circuit to its "idle" position. 

The transmitted frequencies are generated by dividing 
a reference oscillator frequency by a variable divider cir· 
cuit which is controlled by the decoder outputs. 

TABLE 2 - QUTPUT FREQUENciES 

Frequencies OutpUt Division 
Frequency Ratio 

fa 34.688 kHz f2/26.5 

fb 36.048 kHz f2/25.5 

fc 37.519 kHz f2/24.5 

fd 39.116 kHz f2/23.5 

fe 42.755 kHz f2/21.5 

f2 = 919.222 kHz reference frequency 

7-240 



MC14422 

Pin 

1 Swltch_ t" 
, Actlvate~ 

3 

4 

6 

9 

10 

11 

12 

14 

2 

16 

TIMING DIAGRAM 
FIGURE 1 - ad to Pin 111 

(Pin 4 Connect 
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FIGURE 2 - TYPICAL APPLICATION 

--""""'-

r;- ~f-J. 
2 '" 

?' ?' 
£~gij~ij~ij~1 • VOO 

?' ?' ?' ?' :+.3 
?' ~ ?' ~ 4 

Idle ReferenceJ 
Oscillator 

?' ?' ~ ?' 5 Decoder 
and 

66·Bit 

?' ?' ?' ?' 6 
Latch 

1--

?' ?' ?' ?' 7 

9 Idle 

10 
Variable 

Row Divider 

11 Enable 

12 

• 
VOO = Pin 16 

~ 
VSS "" Pin 8 

Scanner 

Scanner 

C "l Oscillator 
r- ~ Output 

Idle Gate 
Control 

14 13 ISL-( >~ 
t ± * 
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13 

FIGURE 3 - REFERENCE OSCILLATOR EXTERNAL COMPONENTS 

--
L1 

C2 

C1 :t 

Aecommended values for f2 IE 1 MHz: 

Idle >---.--' 1 C1 = 820 pF 
C2 ~ 180 of 
C3=120pF 
L1 ~ 1601lH, Q ~ 60 

R3 

FIGURE 4 - SCANNER OSCILLATOR EXTERNAL COMPONENTS 

R2 R1 
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I 

J 
14 

The scanner ocsillator frequency 
can be calculated using the 
following formula: 

Va 
f14 = 211' RC 

Recommended values for F14 = 100 Hz: 

R1 = 47 kfi 
R2 = 100 kfi 
R3 = 180 kfi 

C1 = 0,069 "F 
C2 = 0,033 "F 
C3 = 0,015 "F 
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3'1.. DIGIT AID CONVERTER 
The MC14433 is a high performance, low power, 3% digit AID 

converter combining both linear CMOS and digital CMOS circuits on 
a single monolithic IC. The MC14433 is designed to minimize use of 
external components. With two external resistors and two external 
capacitors, the system forms a dual slope AID converter with 
automatic zero correction and automatic polarity. 

The MCI4433 is ratiometric and may be used over a full·scale 
range from 1.999 volts to 199.9 millivolts. Systems using the 
MCI4433 may operate over a wide range of power supply voltages 
for ease of use with batteries, or with standard 5 volt supplies. The 
output drive conforms with standard B..series CMOS specifications 
and can drive a low·power Schottky TTL load. 

The high impedance MOS inputs allow applications in current and 
resistance meters as well as voltmeters. In addition to DVM/DPM 
applications, the MCI4433 finds use in digital thermometers, digital 
scales, remote AID, AID control systems, and in MPU systems. 
• Accuracy: ±0.05% of Reading ± 1 Count 
• Two Voltage Ranges: 1.999 V and 199.9 mV 
• Up to 25 Conversionsls 
• Zin> 1000 M ohm 
• Auto·Polarity and Auto·Zero 
• Single Positive Voltage Reference 
• Standard B..series CMOS Outputs-Drives One Low Power 

Schottky Load 
• Uses On·Chip System Clock, or External Clock 
• Low Power Consumption: 8.0 mW typical @ ±5.0 V 
• Wide Supply Range: e.g., ±4.5 V to ±8.0 V 
• Overrange and Underrange Signals Available 
• Operates in Auto Ranging Circuits 
• Operates with LED and LCD Displays 
• Low External Component Count 

MC14433 

CMOS LSI 
(LOW.pOWER COMPLEMENTARY MOS) 

3'h DIGIT AID CONVERTER 

LSUFFIX 

.-

ERAMICPACKAGE 
CASE 623 

24· . 

1~ 

P SUFFIX 2~l/lUI" 
PLASTIC PACKAGE . 1 

CASE 709 

ORDERING INFORMATION 

MC14XXX Suffix Oenote, 

T - L Ceramic Packa. t: P Plastic Package 

BLOCK DIAGRAM ,-_________________ ..., 20·23 

aO-03 
BCD D ... 

9 

DU 

Multiplexer 

EOC Conversion 
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16·19 

OSI-DS4 
Digit Strobe 

CMOS 
Analog 

Subsystem 

Integrator 

2 

10 

11 

12 

PIN ASSIGNMENT 

OR Overranoa 

V ref Referenc. Voltage 

VAG Analog Ground 

3 V X Analog Input 

Veo - Pin 24 
VSS - Pin 13 
VEE ~ Pin 12 
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MAXIMUM RATINGS 
Rating Symbol Value 

DC Supply Voltage VDD toVEE -0.5 to +18 

Voltage, any pin, referenced to VEE V -0.5 to 
VDD +0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range TA -40 to +85 

Storage Temperature Range T stg -65 to +150 

RECOMMENDED OPERATING CONDITIONS IVss 0 or VEEI 

Parameter Symbol Value 

DC Supply Voltage - Voo to Analog Ground VDD +5.0 to +8.0 
VEE to Analog Ground VEE -2.8 to -8.0 

Clock Frequency IClk 32 to 400 

Zero Offset Correction Capacitor Co 0.1±20% 

Unit 

Vde 

Vde 

mAde 

°c 
°c 

Unit 

Vde 

kHz 

"F 

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 V in and V out be 
constrained to the range VeE ~ (Vin or 
Voutl .;; VDD· 

ELECTRICAL CHARACTERISTICS (CI = 0.1 "F mylar, AI = 470 kn@Vrel = 2.000 V, AI = 27 kn @Vrel=200.0mV, 
Co = 0.1 "F, AC = 300 kn; all voltages relereneed to Analog Ground, pin 1.1 

VOD VEE _40°C 25°C 85°C 
Characteristic Symbol Vdc Vdc Min Max Min Typ Max Min Max Unit 

Linearity-Output Reading (Note 1) - %rdg 
IV rei = 2.000 V) 5.0 -5.0 - - -0.05 ±0.05 +0.05 - -

-Count +Count 
(V rei = 200.0 mV) 5.0 -5.0 - - - ,0.05 - - -

Stability-Output Aeading (Note 21 - LSD 
(Vx = 1.990 V, Vref = 2.000 VI 5.0 -5.0 - - - - 2 - -
IVX = 199.0 mV, Vrel' 200.0 mVI 5.0 -5.0 - - - - 3 - -

Zero-Output Reading - 5.0 -5.0 - - - 0 0 - - LSD 
(VX = 0 V, Vrel = 2.000 VI 

Bias Current - Analog Input - 5.0 -5.0 - - - ±20 ,100 - - pAde 
Reference Input 5.0 -5.0 - - - ,20 ,100 - -
Analog Ground 5.0 -5.0 - - - ±2O ±500 - -

Common Mode Rejection - 5.0 -5.0 - - - 65 - - - d8 
(VX = 1.4 V, Vrel = 2.000 V, 
loc = 32 kHzl 

Output Voltage - Pins 14 to 23 Vde 
(VSS = OVI "0" Level VOL 5.0 -5.0 - 0.05 - 0 0.05 - 0.05 

"I" Level VOH 5.0 -5.0 4.95 - 4.95 5.0 - 4.95 -
(VSS = -5.0 VI "0" Level VOL 5.0 -5.0 - 4.95 - -5.0 -4:95 - -4.95 

"I" Level VOH 5.0 -5.0 4.95 - 4.95 5.0 - 4.95 -
Output Current Pin. 14 to 23 mAde 

(VSS = 0 VI 
(VOH = 4.6 VI Source IOH 5.0 -5.0 -0.25 - -0.2 -0.36 - -0.14 -
(VOL = 0.4 V) Sink IOL 5.0 -5.0 0.64 - 0.51 0.88 - 0.36 -

(VSS c -5.0 VI 
(VOH = 4.6 V) Source IOH 5.0 -5.0 -0.62 - -0.5 -0.9 - -0.35 -
(VOL - -4.5 VI Sink IOL 5.0 -5.0 1.6 - 1.3 2.25 - 0.9 -

Clock Frequency IClk 5.0 -5.0 - - - 66 - - - kHz 
(AC = 300 knl 

Input Current - DU IDU 5.0 -5.0 - ±0.3 - ±0.00001 ±0.3 - ± 1.0 "Ade 
Quiescent Current IQ 5.0 -5.0 - 3.7 - 0.9 2.0 - 1.6 mAde 

(VDD to VEE, ISS = 0) 8.0 -8.0 - 7.4 - 1.8 4.0 - 3.2 

DC Supply Aejection - 6.0 -5.0 - - - 0.5 - - - mV!V 
(VDD to VEE, ISS = 0, Vrel = 2.000V) 

Note 1: Accuracy - The accuracy of the meter at full scale is the accuracy of the setting of the reference voltage. Zero is recalculated during 
each conversion cycle. The meaningful specification is linearity. In other words, the deviation from correct reading for all inputs 
other than positive full scale and zero is defined as the linearity specification. 

Note 2: 3 LSD stability for 200 mV scale i. defined as the range that the LSD will occupy 95% of the time. 
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DEVICE OPERATION 

ANALOG GROUND (VAG, Pin 1) 
Analog ground at this pin is the input reference level 

for the unknown input voltage (Vx) and reference 
voltage (Vref). This pin is a high impedance input. 

REFERENCE VOLTAGE (Vref, Pin 2) 
UNKNOWN INPUT VOL TAGE (VX, Pin 3) 

This AID system performs a ratiometric AID conver· 
sian; that is, the unknown input voltage, VX, is mea· 
sured as a ratio of the reference voltage, Vref. The full 
scale voltage is equal to that voltage applied to V ref. 
Therefore, a full scale voltage of 1.999 V requires a 
reference voltage of 2.000 V while full scale voltage of 
199.9 mV requires a reference voltage of 200 mV. Both 
Vx and Vref are high impedance inputs. In addition to 
being a reference input, pin 2 functions as a reset for the 
AID converter. When pin 2 is switched to VEE for at 
least 5 clock cycles, the system is reset to the beginning 
of a conversion cycle. 

EXTERNAL COMPONENTS (RI, RIICI, CI; Pins 4, 5, 6) 
These pins are for external components for the 

integration used in the dual ramp AID conversion. A 
typical value for the capacitor is 0.1 tJ.F (mylar) while 
the resistor should be 470 kn for 2.0 V full scale opera· 
tion and 27 kn for 200 mV full scale operati!,n. These 
values are for a 66 kHz clock frequency which will pro· 
duce a conversion time of approximately 250 ms. The 
equations governing the calculation for the values for 
integrator components are as follows: 

where: 

RI = Vx(max) x 2-
CI t:.V 

t!.V = VDD - Vx(max) - 0.5 

T = 4000 x -fl 
Clk 

RI is in kn 
V 0 0 is the voltage at pin 24 referenced to VAG 
Vx is the voltage at pin 3 referenced to VAG 
fClk is the clock frequency at pin 10 in kHz 

Example: 
CI =0.1 tJ.F 
VDD = 5.0 volts 

fClk = 66 kHz 
For Vx(max) = 2.0 volts 

RI = 480 kn (use 470 kn ± 5%) 
For Vx(max) = 200 mV 

RI = 28 kn (use 27 kn ± 5%) 

Note that for worst case conditions, the minimum 
allowable value for R I is a function of CI min, VDD min, 
and fClk max. The worst·case condition does not allow 

V + Vx to exceed VDD. The 0.5 V factor in the above 
equation for t!.V is for safety margin. 

OFFSET CAPACITOR (COl, C02; Pins 7, 8) 
These pins are used for connecting the offset 

correction capacitor. The recommended value is 0.1 tJ.F. 

DISPLAY UPDATE INPUT (DU, Pin 9) 
If a positive edge is received on this input prior to the 

ramp·down cycle, new data will be strobed into the 
output latches during that conversion cycle. When this 
pin is wired directly to the EOC output (pin 14), every 
conversion will be displayed. When this pin is driven 
from an external source, the voltage should be 
refe renced to V SS. 

CLOCK (Clk I, Clk 0, Pins 10, 11) 
The MC14433 device contains its own oscillator 

system clock. A single resistor connected between pins 
10 and 11 sets the clock frequency. If increased stability 
is desired, these pins will support a crystal or LC circuit. 
The clock input, pin 10, may also be driven from an 
external clock source which need have only standard 
CMOS output drive. For external clock inputs this pin is 
referenced to VEE. A 300 kn resistor results in clock 
frequency of about 66 kHz. (See the typical 
characteristic curves.) For alternate circuits see Figure 7. 

NEGATIVE POWER SUPPLY (VEE, Pin 12) 

This is the connection for the most negative power 
supply voltage. The typical current is 0.8 mAo Note the 
current for the output drive circuit is not returned 
through this pin, but through pin 13. 

NEGATIVE POWER SUPPLY FOR OUTPUT 
CIRCUITRY (VSS, Pin 13) 

This is the low voltage level for the output pins of the 
MC14433 (BCD, Digit Selects, EOC, OR). When this pin 
is connected to analog ground, the output voltage is from 
analog ground to VDD. When connected to VEE, the 
output swing is from VEE to VDD. The allowable operat· 
ing range for VSS is between VDD - 3.0 volts and VEE. 

END OF CONVERSION (EOC, Pin 14) 

The EOC output produces a pulse at the end of each 
conversion cycle. This pulse width is equivalent to one 
half the period of the system clock (pin 11), 

OVER RANGE (OR, Pin 15) 

The OR pin is low when Vx exceeds Vref. Normally 
it is high. 

DIGIT SELECT (084, DS3, DS2, DS1; Pins 16,17,18, 
19) 

The digit select output is high when the respective 
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digit is selected. The most significant digit (V. digit) turns 
on immediately after an EOC pulse followed by the re­
maining digits, sequencing from MSO to LSD. An inter· 
digit blanking time of two clock periods is included to 
ensure that the BCD data has settled. The multiplex rate 
is equal to the clock frequency divided by 80. Thus, 
with a system clock rate of 66 kHz, the multiplex rate 
would be 0.8 kHz. Relative timing among digital select 
ouptut and EOC signals is' shown in the Digit Select 
Timing Diagram, Figure 8. 

BCD DATA OUTPUTS (00, 01, 02, 03, Pins 20, 21, 
22,23) 

Multiplexed BCD outputs contain 3 full digits of 
information during OS2, 3, 4, while during OSl, the V. 
digit, overrange, underrange and polarity are available. 
The adjacent truth table shows the formats of the infor· 
mation during OSl. 

POSITIVE POWER SUPPLY (V DO, Pin 24) 
The most positive supply voltage pin. 

TRUTH TABLE 

Coded Condition BCD to 7 Sogmont 
ofMSD a3 Q2 al aD Decoding 

+0 1 1 1 0 Blank 
-0 1 0 1 0 Blank 
+OUR 1 1 1 1 Blank 
-OUR 1 0 1 1 Blank 
+1 0 1 0 D 4-+1} Hook up 
-1 0 0 0 Q o ~ 1 onlv seg b 
+10R 0 1 1 1 7-+-1 andcto 
-lOR 0 0 1 1 3-+1 MSD 

Notes for Truth Table 
Cl3 - % digit, low for "1 ", high for "0" 
Q2 - Polarity: "1" = positive. "0" = negative 
00 - Out of range condition exists if ao = 1. When used in 

conjunction with Q3 the type of out of range condition 
is indicated, i.e., a3 = 0 .... OR or 03 = 1 .... UA. 

When only segment band c of the decoder are connected 
to the % digit of the display, 4,0,7 and 3 appear as 1. 

The overrange indication (Q3 = 0 and 00 = 1) occurs 
when the count is greater than 1999. e.g., 1.999 V for a 
reference of 2.000 V. The underrange indication, useful for 
8utoranging circuits. occurs when the count is less than 180, 
e.g., 0.180 V for a reference of 2.000 V. 

caution: If the most significant digit is connected to a display 
other than a "1" only; such as a full digit display. segments 
other than band c must be disconnected. The BCD to seven 
segment decoder must blank on BCD inputs 1010 to 1111. 

FIGURE 7 - ALTERNATE OSCILLATOR CIRCUIT'S 
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FIGURE 9 - INTEGRATOR WAVEFORMS AT PIN 6 
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FIGURE 10 - EQUIVALENT CIRCUIT DIAGRAMS OF THE 
ANALOG SECTION DURING SEGMENT 4 
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CIRCUIT OPERATION 

The MC14433 CMOS integrated circuit, together with 
a minimum number of external components, forms a 
modified dual ramp AID converter. The device contains 
the customary CMOS digital logic providing counters, 
latches, and multiplexing circuitry as well as the CMOS 
analog circuitry providing operational amplifiers and 
comparators required to implement a complete single 
chip AID. Autozero, high input impedances, and 
autopolarity are features of this system. Using CMOS 
technology, an AID with a wide range of power supply 
voltage and low power consumption is now available 
with the MC14433. 

During each conversion, the offset voltages of the 
internal amplifiers and comparators are compensated for 
by the system's autozero operation. Also each 
conversion 'ratiometrically' measures the unknown input 
voltage. In other words, the output reading is the ratio 
of the unknown voltage to the reference voltage with a 
ratio of 1 equal to the maximum count 1999. The entire 
conversion cycle requires slightly more than 16000 clock 
periods and may be divided into six different segments. 
The waveforms showing the conversion cycle with a 
positive input and a negative input are shown in Figure 
9. The six segments of these waveforms are described 
below. 

Segment 1 - The offset capacitor (Co), which 
compensates for the input offset voltages of the buffer 

and integrator amplifiers, is charged during this period. 
Also, the integrator capacitor is shorted. This segment 
requires 4000 clock periods. 

Segment 2 - The integrator output decreases to the 
comparator threshold voltage. At this time a number of 
counts equivalent to the input offset voltage of the com· 
parator is stored in the offset latches for later use in the 
autozero process. The time for this segment is variable, 
and less than 800 clock periods. 

Segment 3 - This segment of the conversion cycle is 
the same as Segment 1. 

Segment 4 - Segment 4 is an up·going ramp cycle 
with the unknown input voltage (Vx) as the input to the 
integrator. Figure 10 shows the equivalent configuration 
of the analog section of the MC14433. The actual 
configuration of the analog section is dependent upon 
the polarity of the input voltage during the previous 
conversion cycle. 

Segment 5 - This segment is a down-going ramp 
period with the reference voltage as the input to the 
integrator. Segment 5 of the conversion cycle has a time 
equal to the number of counts stored in the offset 
storage latches during Segment 2. As a result, the system 
zeros automatically. 

Segment 6 - Th is is an extension of Segment 5. The 
time period for this portion is 4000 clock periods. The 
results of the AID conversion cycle are determined in 
this portion of the conversion cycle. 
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FIGURE 11 - 3·112 DIGIT VOLTMETER-COMMON ANODE DISPLAYS, FLASHING OVERRANGE 
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APPLICATIONS IN FORMATION 

3% DIGIT VOLTMETER - COMMON ANODE 
DISPLAYS, FLASHING OVER RANGE 

An example of a 3% digit voltmeter using ·the 
MC14433 is shown in the circuit diagram of Figure 11. 
The reference voltage for the system uses an MC 1403 
2.5 V reference IC. The full scale potentiometer can 
calibrate for a full scale of 199.9 mV or 1.999 V. When 
switching from 2 V to 200 mY' operation, R I is also 
changed, as shown on the diagram. 

When using RC equal to 300 kn, the clock frequency 
for the system is about 66 kH z. The resulting oonversion 
time is approximately 250 ms. 

When the input is overrange, the display flashes on 
and off. The flashing rate is one·half the oonversion rate. 
This is done by dividing the. EOC pulse rate by 2 with % 
MC14013B flip·flop and blanking the display using the 
blanking input of the MC14543B. 

7-250 

The display uses an LED display with common anode 
digit lines driven with an MCI4543B deooder and an 
MC1413 LED driver. The MC1413 contains 7 darlington 
transistor drivers and resistors to drive the segments of 
the display. The digit drive is provided by four MPS·AI2 
darlington transistors operating in an emitter follower 
configuration. The MCI4543B, MC14013B and LED 
displays are referenced to VEE via pin 13 of the 
MCI4433. This places the full power supply voltage 
across the display. The current for the display may be 
adjusted by the value of the segment resistors shown as 
150 ohms in the above figure. 

The power supply for the system is shown as a dual 
±5 V supply. However, the MC14433 will operate over a 
wide range of voltages, and balance between the +5 and 
-5 V supplies is not required. See the recommended 
operating oonditions and Figure I, on pages 2 and 3. 
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FIGURE 12 - 3% DIGIT VOLTMETER WITH LOW COMPONENT COUNT 
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3% DIGIT VOLTMETER WITH LOW COMPONENT 
COUNT USING COMMON CATHODE DISPLAYS 

The 3% digit voltmeter of Figure 12 is an example of 
the use of the MC14433 in a system with a minimum of 
components. This circuit uses only 11 components in 
addition to the MC14433 to operate the MC14433 and 
drive the LED displays. 

In this circuit the MC145118 provides the segment 
drive for the 3% digits. The MC75492 or MC1413 
provides sink for digit current. (The MC75492 or 
MC1413 are devices with 6 or 7 darlingtons respectively 
with common emitters.) The worst case digit current is 7 
times the segment current at '4 duty cycle. The peak 
segment current is limited by the value of R. The current 
for the display flows from VDD (+5 V) to ground and 
does not flow through the VEE (negative) supply. The 
minus sign is controlled by one section of the MC75492 
or MC1413 and is turned off by shunting the current 
through RM to ground, bypassing the minus sign LED. 

, The minus sign is derived from the Q2 output. The 
decimal point brightness is oontrolled by resistor RDP. 
Since the brightness and the type and size of LED 
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display are the choice of the designer, the values of 
resistors R, RM, RDP, and RR that govern brightness are 
not given. 

During an overrange condition the 3% digit display is 
blanked at the BI pin on the MC14511 B. The decimal 
point and minus sign will remain on during a negative 
overrange oondition. In addition, an alternate overrange 
circuit with separate LED is shown. There are leftover 
sections in either the MC75492 or MC1413. 

3% DIGIT VOLTMETER WITH LCD DISPLAY 
A circuit for a 3% digit voltmeter with a liquid crystal 

display is shown in Figure 13. Three MC145438 LCD 
latch/decoder/display drivers are used to demultiplex, 
decode the three digits, and drive the LCD. The half 
digit and polarity are demultiplexed with the MC14013B 
dual 0 flip-flop. 

Since the LCD is best driven by an ac signal across the 
LCD, the low·frequency square wave drive for the LCD 
is derived from the MC14024B binary counter which 
divides the digit select output from the A/D. This low 
frequency square wave is connected to the backplane of 
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FIGURE 13 - 3* DIGIT VOLTMETER WITH LCD DISPLAY 

the LCD and to the individual segments through the 
combination of the output circuitry of the MC14543B 
and the exclusive 0 R gates at the outputs of the 
MC14013B. Alternatively the square wave can be 
derived from a 50/60 Hz input signal when available. 

The minus sign and the decimal point to the right of 
the half digit are connected to the inverted low 
frequency square wave signal. Unused decimal points are 
tied directly to the low frequency square wave. 

The system shown operates from two power supplies 
(plus and minus). Alternatively one supply can be used 
when VSS is connected to VEE. In this case a level must 
be set for analog ground, VAG, which must be at least 
2.8 V above VEE. This circuit may be implemented 
with a resistor network, resistor/forward·biased diode 
network or resistor·zener diode network. For example, a 
9 V supply can be used with 3 V between VAG and 
VEE, leaving 6 V for VDD to VAG. This system leaves a 
comfortable margin for battery degeneration (end of 
life). Two versions of this circuit for single supply 
operation is. shown in Figure 14. 

For panel meter operation from a single 5 V supply, a 
negative supply can be generated as shown in Figure 18. 
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FIGURE 14 - TWO CIRCUITS FOR GENERATION 
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3'1.. DIGIT AUTORANGING MUL TIMETER 
An autoranging multi meter including ac and dc 

voltage ranges from 200 mV to 200 V, ac and dc current 
from 2 mA to 2 A fullscale and resistance ranges from 2 
kG to 2 MG full scale is shown in Figure 15. In this 
multimeter only two input jacks are required for all 
ranges and functions, eliminating the need for changing 
leads on the instrument when changing ranges or 
functions. Although only four ranges are provided for 
each function, the technique used may be expanded to 
more ranges if desired. Range switching uses mechanical 
relays. However, the relays may be replaced with solid 
state analog switches. 

The MC14433 provides the overrange and underrange 
control signals for the automatic ranging circuits. For 
additional information, see Motorola Application Note 
AN·769, "Autoranging Digital Multimeter Using the 
MC14433 CMOS AID Converter." 

PARALLEL BCD DATA OUTPUT CIRCUIT 
The output of the MC14433 may be demultiplexed 

to produce parallel BCD data as shown in Figure 16. 
Two levels of latches are required for a complete 
demultiplexing of the data since the outputs of the 
MC14042B latches change sequentially with the DS1 to 
DS4 strobe pulses. To key output validity to one leading 
edge, i.e., that of the EOC signal of the MC14433, 
information is transferred to the second set of latches 
(MC14175B latches). A single set of latches can be used 
when reading of output is restricted to within 12,000 
clock pulses after EOC. This requires synchronous 
system operation with respect to the BCD data bus. 

I n this system the output ground level is VSS. In 
most cases, a two supply system with Vss connected to 
VAG is recommended. This allows connecting analog 
ground and digital ground together without destroying a 
power supply. This circuit works well with that of 
Figure 12. 

FIGURE 16 - DEMUL TIPLEXING FOR MC14433 BCD DATA 
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FIGURE 17 - CHANNEL DATA ACQUISITION HARDWARE 
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8 CHANNEL DATA ACQUISITION NETWORK 
Figure 17 shows an 8 channel data acquisition 

network using the MC14433 and an M6800 
microprocessor system. The interface between the 
microprocessor data bus and the AID system is done 
with an MC6820 PIA. One half of the PIA is used with 
the BCD and digit select outputs of the MC14433, while 
the second half of the PIA selects the channel to be 
measured via the MC14051 B analog multiplexer. Control 

EOC 

.-------~----------------5 

OS4 
OS3 
OS2 
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03 
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00 
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.---------- Restart 
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PA3 
PA2 

E 

VSS 

07 

06 
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04 
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01 

00 

</>2 

Gnd 

Data 
Bus 

To M6800 
System 

lines CB 1 and CB2 are used for data flow control and 
are connected to D U and EOC of the MC14433. 

A more detailed explanation of this system including 
the actual software required for the M6800 
microprocessor may be found in Motorola Application 
Note AN·770, "Data Acquisition Networks With NMOS 
and CMOS." 

FIGURE 18 - NEGATIVE SUPPLY GENERATED FROM POSITIVE SUPPLY 

510 K 

Voo = 5 V 

vss = 0 

1/6 MC14049B 

+ 

NEGATIVE SUPPLY GENERATED FROM POSITIVE 
SUPPLY 

When only +5 V is available, a negative supply voltage 
can be generated with the circuit of Figure 18 using one 
MC14049B. Two inverters from CMOS hex inverter are 
used as an oscillator ("" 3 kHz) with the remaining 
inverters used as buffers for higher current output. The 
square wave output from the oscillator is level·translated 
to a negative going signal. This signal is rectified and 
filtered. A VDD voltage of +5 V for the hex buffer will 
result in a -4.3 V no load output voltage while the out· 

put with a 2 mA load is '" 3.4 V . 

-Vout to Vee 
50 I'F ftN400 1 

lN4001 50l'F 

~ +1 
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Advance InforDl.ation 

3-1/2 DIGIT AID LOGIC SUBSYSTEM 

The MC14435 AID Logic is designed specifically for use in 
a dual·slope integration AID 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 

• Multi plexed BCD Output 

• Built·ln 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/FLlFP) 
= 3.0 Vdc to 6.0 Vdc (MC14435EVLIVLlVP) 

MAXIMUM RATINGS (Voltages referenced to VSS Pin 81 

Rating Symbol 

DC Supply Voltage Voo 
- MCI4435EFL/FL/FP 
- MCI4435EVLIVLIVP 

Input Voltage, All Inputs Vi" 

DC Current Drain per Pin I 

Operating Temperature Range MCI4435EFL/EVL TA 
MCI4436FL/FPIVLIVP 

StoraSJI Temperature Range Tstg 

BLOCK DIAGRAM 

Displav 
Update 

Com~r.tor 5~., j 

Voe = Pin 16 
VSS'" Pin 8 

Value Unit 

Vde 
+18 to -0.5 
+6.0 to -0.5 

Voo +0.5 Vde 
to VSS -0.5 

10 mAde 

-55 to +125 °c 
-40 to +85 

-65 to +150 °c 

13 a1 BCD 14 ao} 
12 Q2 Outputs 

11 Q3 

1---_09 cs;;;r.;;g. 
1----07 Ramp 

Control 

1---.0'0 1/2 Dillit 

Note: MCl60611405 A/O Converter SubtVltam 
recommended for IIn •• r front end. 

This I, advance information and spacificatlons are subject to change without notice. 
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MC14435 

CMOS LSI 

(LOW·POWER COMPLEMENTo\RY MOSI 

3-1/2 DIGIT AID LOGIC 
SUBSYSTEM 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

4 

5 

6 

8 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN ASSIGNMENT 

16 

15 

14 

13 

12 

11 

10 

9 

ORDERING INFORMATION 

MCI4435 ~~Uffl' Oenot •• 
L Ceramic Package 
P PI.ttic Package 
F • E xt.nded Operating 

Voltage Range 
V • Limited Operating 

Voltage Range 
Blank • ·Standard Operating 

Temper.tur. Range 
E • -Extended Oper.tlng 

Tamperatur. Range 

·s .. Features (above, left) 
• ·S •• Maximum Ratings 
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Display 6 
Update 
10UI 

Comparator 5 
(Camp) 

FUNCTIONAL DIAGRAM 

C 
73 
R 

ST 
C 

4 

4 

C 
LogIC 

"'4 

OS1 
15 

OS2 

OS3 

14 

12 

11 

00 

01 

02 

03 

9 Qverrange 
IORI 

7 Ramp Con trol 
IRCI 

R f----1 Latch 1----------------1[;> 
10 1/ 2 Digit 

111201 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; hovwver. 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 
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is recommended that Vin and Vout be 
constrained to the range VSS ...; (Vin or 
Vau,)" VDD' 
Unused inputs must alwavs be tied to an 
appropriate logic voltage level (e.g., either 
VSS or VOO)· 
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ELECTRICAL CHARACTERISTICS 

VDO** Tlow * 
Characteristic Symbol Vd. Min MIx 

Output Voltage "0" Level Vout 5.0 - 0.Q1 
10 - 0,01 
15 - 0.05 

"1" Level 5.0 4.99 -
10 9.99 -
15 14.95 -

Noise Immunity VNL 
II!. VOU! .. 1.5 Vdc) 5.0 1.5 -
( I!. VOU!" 3.0 Vdc) 10 3.0 -
( I!. VOU! .. 4.5 Vdc) 15 4.5 -
(I!. Vout " 1.5 Vdc) VNH 5.0 1.4 -
II!. Vout " 3.0 Vdc) ,10 2,9 -
( I!. VOU!" 4.5 Vdc) 15 4.4 -
Output Drive Current IOH 
Source - All outputs 
IVOH = 2.5 Vdc) 5.0 -0.23 -
(VOH = 9.5 Vdc) 10 -0.23 -
(VOH = 13.5 Vde) 15 -0.23 ------
Sink - OSI, OS2, OS3 IOL 
(VOL = 0.4 Vde) 5.0 1.60 -
(VOL = 0.5 Vde) 10 2.55 -
(VOL = 1.5 Vde) 15 8.35 -
Sink - 00, 01,02,03 IOL 
(VOL = 0.4 Vdc) 5.0 1.60 -
(VOL = 0.5 Vde) 10 2.25 -
(VOL = 1.5 Vde) 15 7.20 -
Sink - 1120, RC, OR IOL 
(VOL = 0.4 Vde) 5.0 0.23 -
(VOL = 0.5 Vde) 10 0.60 -
(VOL = 1.5 Vde) 15 2.15 -
I nput Current lin - - -
Input Capacitance Cin - - -

(Vin = 0) 

Quiescent Dissipation Po 
(Comp Input Low) 5.0 - 2.15 

10 - 8.50 
15 - 19.50 

Dynamic Power Di~sipation Po 
(Comp I nput High) 5.0 - 12.4 

10 - 62.0 
15 - 248 . - 0 0 Tlow - -55 C for MC14435 EFL, EVL, -40 C for MCl4435FL, FP, VL, VP. 

Thigh = +1250 C for MCl4435 EFL, EVL; +850 C for MCl4435 FL, FP, VL, VP. 
**Only 5 volt spepifications apply to MCl4435 EVL, VL, VP devices. 
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25°C Th' h* 
Min Typ Max Min Max Unit 

- 0 0.Q1 - 0.05 Vdc 
- 0 0.Q1 - 0.05 
- 0 0.05 - 0.10 

4.99 5.0 - 4.95 - Vdc 
9.99 10 - 9.95 -

14.95 15 - 14.90 -
Vde 

1.5 2.25 - 1.4 -
3.0 4.50 - 2.9 -
4.5 6.75 - 4.4 -
1.5 2.25 - 1.5 - Vde 
3.0 4.50 - 3.0 -
4.5 6.75 - 4.5 -

mAde 

-0.20 -1.35 - -0.14 -
-0.20 -0.64 - -0.14 -
-0.20 -2.35 - -0.14 -

mAde 
1.60 3.45 - 1.12 -
2.15 6.50 - 1.50 -
7.0 21.0 - 4.90 -

mAde 
1.60 2.55 - 1.12 -
1.90 5.80 - 1.35 -
6.0 18.5 - 4.20 -

mAde 
0.20 0.64 - 0.14 -' 
0.50 1.57 - 0.35 -
1.8 5.5 - 1.25 -
- 10 - - - pAde 

- 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 
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SWITCHING CHARACTERISTICS (Cl = 15 pF, TA = 250C) 

VDD Typi .. , 

Characteristic Symbol Vdc AIITy_ Unit 

Output Rise and Fall Time tTlH, tTHl 5.0 100 ns 
10 50 
15 40 

Propagation Delay Time tplH, 5.0 14 '" (Comp to all Outputs) tPHl 10 5.0 
15 3.0 

Propagation Delay Time tPlH, 5.0 2.4 jlS 

(Clock to RC) tpHL 10 1.0 
15 0.75 

Propagation Delay Time tPLH, 5.0 2.2 jlS 

(Clock to Digit Selects tpHL 10 0.85 
or Q outputs) 45 0.65 

Display Update Pulse Width twH 5.0 230 ns 
10 go 
15 65 

Comparator Pulse Width (Low State) twL 5.0 11.5 jlS 

10 4.5 
15 2.6 

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 ~ 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 the ramp control output (RC) of the MCl4435. 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 fails 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 
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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 of 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 connecting 
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 cantin· 
uously and strobe. 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 latch.es, all 

OUTPUT MULTIPLEX TIMING DIAGRAM 

Clock ~ 

comp~~r-----------------------------

051 1 
0-----' 

__ 1 ____ --, 

OS20 

D53 ~------"'L-Jr-----

OO~ ______ ~r----l~ ____ _ 

01~ ________ ~r----lL-___ __ 

02 ' O--_.J 

1---, 03 0 L-____ -J 

1/2 0 ~-------------------

FIGURE 1 - TYPICAL OSCILLATOR FREQUENCY v .... us 
EXTERNAL CAPACITOR VALUE 

0.1 

~ 
w 0.01 
:l 
~ 
w 

'" ~ 0.001 

~ 
8°·000 1 

0.0000 1 
100 

VD.D~ F'I 

k 1 k )k 

f, FREQUENCY 1Hz) 

other conversions will be blocked from entering. By 
synchronizing the DU input with 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 normally 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 next conversion cycle starts. 

FUNCTIONAL TRUTH TABLE 

INPUTS 

Comp DU FUNCTION 

o X BCD Counter is held reset to "0", 

JX 

'-- 0 

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 inhibited. 
New count is strobed from the first BCD 
Counter into latches. 
BCD counters are reset. 
Digit select counter is reset to OS1. 
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 of Comp the Clock oscillator, BCO counters, and 
Digit Select counter operate normally, but no further latch 
strobes occur. 
RC and OR are reset. 

x - Don't Care 

5 3 

30 

" o 
~1 

"' '" > 
t 
" ~-1 
~ 
~-2 

0 

0 

0 

0 

0 

0 

FIGURE 2 - TYPICAL OSCILLATOR FREQUENCY 
VARIATION v.rsusTEMPERATURE 
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.......... 
.......... 

.......... 
.......... ...... 

-75 -55 -35 -15 50 25 +45 +65 +85 +105 +125 

T, TEMPERATURE (OCI 
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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 (TI) lasts for a 
fixed 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. 
This 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 ~ Tl ~~. 
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. I n 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 Mel505 (Ana' 
log Subsystem) data sheet. 

FIGURE 3 - BASIC DUAL RAMP SYSTEM 

FIGURE 4 - DUAL SLOPE AID CONVERTER SYSTEM TIMING DIAGRAM 

'0 corresponds to ramp 
slope when I X "" o. 

Intewator 

Comparator 

(IX + 10) T1 = 'R (T2 + TO) Ramp 

Vin= VREFH 

Control 

" 
J 

,2 t3 t4 

L 
L 

,2 '4 
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L.C.D 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 l·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 /JA typical 
• Single CMOS Chip . 
• On·Chip Oscillator (Uses 32.768·kHz Crystal) 
• Diode Input Protection 
• Operates from Single 1.58 Vdc 8attery 
• Frequency Outputs for DC·DC Up·Converter 
• Directly Drives a Liquid Crystal Display (L.C.D) ~ 
• Hours, Minutes, Seconds, Date of Month Display capabiliC r 

NOTE: 

MC14440 

CMOS LSI 
(LOW.pOWER COMPLEMENTARY MOS) 

L.C.D WATCH/CLOCK CIRCUIT 

LSUFFIX 
CERAMIC PACKAGE 

ZSUFFIX 
LEAD LESS CERAMIC PACKAGE 

CASE 703 

NOT RECOMMENDED FOR NEW DESIGNS 
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Advance InforInation 

ANALOG TO DIGITAL CONVERTER 
LINEAR SUBSYSTEM 

The MC14443 and the MC14447 devices are 6 channel, single 
slope, 8-10 bit analog to digital converter linear subsystems for 
microprocessor based data and control, systems. Contained in both 
devices are a one of 8 decoder, an 8 channel analog multiplexer, 
a buffer amplifier, a precision voltage to current converter, a ramp 
start circuit, and a comparator. The output driver of the MC14443 
comparator is an open-drain N-channel capable of sinking up to 
5 mA of current. The output of the MC14447 comparator has a 
standard B-Series P·channel, N-channel pair. 

A processor system (such as the MC6800, MC141000 or 
MC3870) provides the addressing, timing, counting, and arithmetic 
operations required for implementing a full analog to digital 
converter system. A system made up of a processor and the linear 
subsystem has features such as automatic zeroing and variable scaling 
(weighting) of six separate analog channels. 

• Quiescent Current 0.8 mA Typical at VDD ; 5 V 

• Single Supply Operation +4.5 to + 18 Volts 

• MPU Compatible 

• Typical Resolution - 8 Bits 

• Typical Conversion Cycle as Fast as 300 /.Is 

• Ratio Metric Conversion Minimizes Error 

Ch1 

Ch2 

Ch3 

Ch4 

Ch5 

Ch6 

Ref 

15 

13 

BLOCK DIAGRAM 

Ramp Start 
3 

Voo = Pin 14 

vss = Pin 5 

This is advance information and ~p.ciflcations are subject to change without notice. 
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MC14443 
MC14447 

CMOS MS. 
ILOW-POWER COMPLEMENTARY MOS) 

MICROPROCESSOR BASED 
ANALOG TO DIGITAL CONVERTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC14XXX 

3 

4 

6 

8 

Suffix Denotes 

T - L Ceramic Package t: P Plastic Package 

PIN ASSIGNMENT 

16 

15 

14 

13 

12 

11 

10 

9 



MC14443 • MC14447 

MAXIMUM RA TlNGS (Voltages referenced to Vss) 

Rating Symbol Value 

DC Supply Voltage VOO -05to+18 

Input Voltage, All Inputs V," -05 to VOO + 0.5 

DC Current Drain per Pm I 10 

Operating Temperature Range TA 
-40 to +85 

Storage Temperature Range T5 t 9 -65 to +150 

ELECTRICAL CHARACTERISTICS 

VOO Tlow 
Characteristic Symbol Vdc Min 

Output Voltage-Comparator "0" Level VOL 5.0 
Vin @ Pin 4 =< a v 10 

15 

Vin @ Pin 4 = 1.0 V "1" Level VOH 5.0 4.95 
(RL = 10 k, MCl4447 only) 10 9.95 

15 14.95 

Input Voltage-Address, Ramp Start "0 Level" VIL 
(Va = 4.5 or 0.5 Vdc) 5.0 
(Va = 9.0 or 1.0 Vdc) 10 
(Va = 13.5 or 1.5 Vdc) 15 

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

Output Drive Current-Comparator IOH 
Yin @ Pin 4 = 1.0 V (MC14447 only) 

(VOH = 2.5 Vdc) 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 

Vin @ Pin 4 = 0 V IOL 
(VOL = 0.4 Vdc) 5.0 0.52 
(VOL = 0.5 Vdc) 10 1.3 
(VOL = 1.5 Vdc) 15 3.6 

Input Current-Address, Ramp Start 'in 15 

Input Current Analog Inputs lin 15 

Input Capacitance Address, Ramp Start Cin 15 
Yin = 0 V 

Quiescent Current IDO 5 
10 
15 

Crosstalk Between Any Two Input Channels VCr 
Reference Current Range IR 
Common Mode Input Voltage VCM 5 

10 
15 

Buffer Amplifier Output Offset VBO 5 
10 
15 

Comparator Threshold VTC 5 
10 
15 

Reference Voltage Range VR 5 
10 
15 

Conversion Linearity LC 
Yin = VOD - 3 V for C > 100 pF 
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Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

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 

-2.1 
-0.44 
-1.1 
-3.0 

0.44 
1.1 
3.0 

±O.3 

10 

0 
0 
0 

2.0 
2.0 
2.0 

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 V in and 
Vaut be constrained to the range VSS " 
(V in or Vout)" VOO. 

25°C Thi h 
Typ Max Min Max Unit 

0,01 0.05 0.05 Vdc 
0.01 0.05 0.05 
0,01 0.05 0.05 

4.99 4.95 Vdc 
9.99 9.95 
14.99 14.95 

Vdc 

2.25 1.5 1.5 
4.50 3.0 3.0 
6.75 4.0 4.0 

Vdc 
2.75 3.5 
5.50 7.0 
8.25 11.0 

mAde 

-4.2 -1.7 
-0.88 -0.36 
-2.25 -0.9 
-8.8 -2.4 

mAde 
0.88 0.36 
2.25 0.9 
8.8 2.4 

±O.3 -t 1.0 J.lAdc 

±O.1 ± 10 nAdc 

5.0 7.5 pF 

0.8 mAde 
1.5 
1.7 

0 4.0 mVdc 

50 I'Adc 

2.5 Vdx 
7.0 
12 

0.285 Vdc 
0.400 
0.420 

0.195 VBO Vdc 
0.275 VBO 
0.290 VRO 

2.5 Vdc 
7 
12 

0.15 0.3 % Full 
Scale 

• 
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MC14443. MC14447 

SWITCHING CHARACTERISTICS (CL' 50 pF, TA' 250 C) 

Characteristic SUmbol VOO Min Typ Max Unit 
Vd. 

Output Rise Time-Comparator (MC14447 only) tTLH 5.0 - 120 240 ns 
10 - 75 150 
16 - 65 130 

Output Fall Time-Comparator tTHL 5.0 - 250 500 ns 
10 - 350 700 
15 - 650 1300 

Propagation Delay Time-Comparator MCl4443 tPLH 5.0 - 650 1100 ns 
(AL = 10 k to VOO) 10 - 500 1000 

15 - 560 1100 

tpHL 5.0 - 350 700 ns 
10 - 300 600 
15 - 300 600 

MCl4447 IPLH 5.0 600 1200 ns 
10 - 475 950 
15 - 500 1000 

IpHL 5.0 - 450 980 ns 
10 - 540 1080 
15 - 750 1500 

Multiplexer Propagation Delay 1M 5.0 - 180 360 ns 
10 - 125 250 
15 - 110 220 

Ramp Start Delay Time ITS 5.0 - 40 80 ns 
10 - 25 50 
15 - 20 40 

Acquisition Time* tA 5.0 - 30 60 IlS 

C=1000pF 10 - 15 30 
A = 100 kw 15 - 14 28 
... 

* AcqUISition Time Includes multiplexer propagation delay, ramp start propagation delay and the time required to charge ramp capacitor to 
the selected input voltage. 

DEVICE OPERATION 

ADDRESS INPUTS SELECT (AD, A1, A2, Pins 1, 2, 16) The input voltage source to be presented to the measurement 
system according to the Truth Table shown in Figure 3. 

RAMP START (Ramp Start, Pin 3) When the Ramp Start is low, the ramp capacitor is charged to a voltage associated with 
the selected input channel. When the Ramp Start is brought high,the connection to the input channel is broken and the 
capacitor begins to ramp toward VSS. 

RAMP CAPACITOR (Ramp Cap, Pin 4) The ramp capacitor is used to generate a time period when discharged from a selected 
voltage via a precise reference current. 

NEGATIVE POWER SUPPLY (VSS, Pin 5) This pin is system ground. 

REFERENCE CURRENT (Ref Current, Pin 6) To discharge the ramp capacitor, the reference current is fixed via a resistor 
(RRef) to a positive supply from pin 6. Typical current is equal to (VDD - VRef)/RRef. 

COMPARATOR OUTPUT (Comp Out, Pin 7) This output is low when the capacitor has reached the discharged voltage and 
is high otherwise. 

REFERENCE VOLTAGE (Ref Voltage, Pin 8) This voltage can be set to a voltage between VSS + 2 V and VDD - 2 V. This 
is the known voltage to which the unknown is compared. 

INPUT CHANNELS (Pins 9, 10,11,12,13,15) Input channels 1 through 6 are used to monitor up to six separate unknown 
voltages. Selection is via the address inputs. 

POSITIVE POWER SUPPLY NOD, Pin 14) This pin is the package positive power supply pin. 
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MC14443. MC14447 

FIGURE I - VOL TAGE TO PULSE WIDTH CONVERSION 

Voltage 

Reference Voltage- (VR + Vaol 

Unknown Voltage· (Vx + Veo) 

Voltage at 0 V Input- (VOO) 

Camp Ref (VTC1 

'R 
Slope = C 

(VsOlcount"" to 
(Vx + VSO)count "" tx 

(VA + VSOlcount = tA 

(VR1count'" fA·- to 
(VX1count = tx - to 

(VX1count tx - to 
(VR1count "" tR - to 

tx - to 
IVxle = IVAle --­

tR - to 
• Voltages measured at Pin 4 

with ramp start low. 
o ~-"-':=::t===:::::~=====:;;: time a to tx tR 

Voo 

Address L 1 nas l 
from the 
Microprocessor 

A2 

0 

0 

0 

0 

1 

I 

1 

I 

FIGURE 2 - TRUTH TABLE 

Al AD Input Selected 

0 0 VSS Channe~ 0 (ground) 

0 I Ch1 Channel 1 

1 0 Ch2 Channel 2 

I I Ch3 Channel 3 

0 D Ch4 Channel 4 

0 1 Ch5 Channel 5 

I 0 ChS Channel 6 

1 1 VRe! Channel 7 (External Reference) 

FIGURE 3 - TYPICAL APPLICATIONS CIRCUIT 

1 16 I 
2 ·15 

Ramp start 
from the 
Microprocesso r 

Comparator 
OUTPUt to 

Microprocesso r 

.--- Ramp ~~pacitor 

Rref 1 
-:;;-

3 ",r-

"" 4 "" "" 5 00 
:;:; 

6 

7 

8 

L 14 

13 

12 

11 

10 

9 

Channel 1 

Channel 2 } ,.,._. 
Channel 3 Analog 

Channel 4 
.Voltage 
Inputs 

Channel 5 

Channel 6 

.L.. 

CONVERSION SEQUENCE 

Step No. A2 A1 A3 Ramp Start Comment 

1. 1 1 1 0 Channel 7 Selected (Reference Voltage) 

2. 1 1 1 I Record time until Pin 7 goes low 

3. 0 0 0 0 Channel 0 Selected (Ground) 

4. 0 0 0 1 Record time until Pin 7 goes low 

5. 0 0 1 0 Channel 1 Selected 

S. 0 0 1 1 Record time until Pin 7 goes low 

Calculate tCh7 - tChO: tChi Step 2-Step 4 

Calculate tChl - tChO : tChl' Step S-Step 4 

Calculate Vunknown: VCh71tCh1'ltCh7') 
7. I 0 I I 0 I Channel 2 Selected 

8. t 0 1 t I ~ Record time until Pin 7 goes low 

Calculate tCh2 - tChO = tChi 

Calculate Vunknown = VCh7 "Chiltch7') 
etc. 

7-267 

• 



I 

® MOTOROLA 

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 employs 
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 k~' 
it provides 0.5 Hz, 1.563% duty cycle alternating output p~es. 

• Extremely Low Operating Current Consumption: 4.op.T 
• Typical Power Supply = 1.58 V ~ . V 
• Inverting Amplifier with Integrated FeedbC citor 
• Gated and Buffered Outputs ~ 
• Diode Protection on Input 
• High Output Drive at Low Of(/f) 

~ 

voo 

OSCm <>1-'W __ ~--i-:;,o 
'Ik 

OSCout <>-----t----' 

VOD"'PI06 
VSS = Pin 3 

BLOCK DIAGRAM 
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MC14450 

CMOS 55. 
ILOW.pOWER COMPLEMENTARY MOSI 

OSCILLATOR/216 DIVIDER/ 
BUFFER 

LSUFFIX 

CASE 688 

PSUFFIX 
PLASTIC PACKAGE 

CASE 704 

MCCPREFIX 
CHIP 



MC14450 

MAXIMUM RATINGS (Voltage. referenced to VSS Pin 3 I 

Rating Symbol 

OC Supply Voltage VOO 
Input Voltage, All Inputs Vi" 

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 

o to +50 
-30 to +85 

Unit 

Vdc 

Vdc 

mAde 

°c 
°c 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; hOtlVever, 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 Vi" and Vout be 
constrained to the range V S5 '" (V in or 
Voutl .. VOO' 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSS or VOOI. 

ELECTRICAL CHARACTERISTICS (VOO = 1.58 Vde VSS = 0, T A = 250 C unless otherwise noted. I 

Characteristic Symbol Min Typ Max Unit 

Power Supply Operating Range VOO 1.3 1.5 3.0 Vde 

Output Voltage (No Loadl VO~ 1.4 1.5 - Vde 
Vo 0.0 0.1 Vde 

Output Drive Current 
(VOH = 1.3 Vdel IOH 700 - - /lAde 
(VOL = 0.2 Vdcl IOL 1000 /lAde 

Input Current lin 0.00001 /lAde 

Quiescent Device Current 10 - - 1.0 /lAde 
Dynamic Device Current 100 /lAde 

(f = 32.768 kHz, No Output Loadl Square Wave, Pin 2 - 2.6 7.0 
MT032A Crystal - 4.0 -

Minimum Voltage Required for Oscillator Start VOOS - 1.4 1.5 Vde 

Feedback Oscillator Capacitance Cout - 20 - pF 

FIGURE 1 - OUTPUT WAVEFORMS 

t---I -T------II 
Voutl Jl,-------, ~=rE~. ~"L......---....n - ~:~: 

--r---TTI122_:j--+-T_~ ~--o 
r--- ·1 

Vout2 ---r--''--___ -1F_... .... ~L _____ ... nL _____ "'''''''L ___ :::: 
MMO, MOTOR DRIVE PULSE WIDTH' 0.01563 T 

65536 
OUTPUT PERIOD, T = INPUT FREQUENCY 
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Von. = VOHI = VDl2 
Von2' VOH2 = VOLl 

Note: Refer to Figure 4 for connection diagram. 



MC14450 

FIGURE 2 - TYPICAL 32-kHz OSCILLATOR CIRCUIT FIGURE 3 - TYPICAL CURRENT DRAIN _IUS FREQUENCY 
(No Output Load) 

'---I
o
"""'-:---'--r

22 
M-- 100SCoo IPoo2) 

., !_ 6·35 pF T 
to OSCout jP1II1) 

MOTOROLA MTQ32A CRYSTAL 
IAICLl ~ 32.768 kHz 

RS .... 30k!! 
Co ~ 1.9 pF TVP,cal 

_ 10 

'" .3 
l-

i 
'" o 
'> c; 
6 
!2 

0 

VOO ~ 1.58 V 
0 

0 
20 5.0 10 20 50 100 200 500 1000 2000 

C, ~0.0056 pF TVp,cal t,", DIVIDER INPUT FREQUENCY 1kHz) 

APPLICATIONS INFORMATION 
Figure 4 illustrates a typical wristwatch system. The MC14450 drives a rotary motor which 

rotates 1800 with each input pulse. 

FIGURE 4 - TYPICAL WRISTWATCH SYSTEM 

VOO 
BATTERY ..L 6 

1.58 V ~f ___________ -, 
-= I I 

I I 

-= I I 
L.._~ _______ .!.U~RS..J 

OUTPUT WAVEFORM ACROSS MOTOR 

r---' 
I G-l-

Rmolor I ROTOR I 
I 

FIELD I 
I 
I 

L~O~ ..J 

Von'" Vollage at pm 4 
minus voltage at pm 5. 

R motor:: 5.2 k U minimum 

I -~"'T'''--j r'·'·' +-~L __ n~_ 
VoR2 
t 

WATCH 
MOVEMENT 

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 beheved to be entirely reliable. However, no responsibility is 
assumed for inaccuracies, Furthermore. such lnform~nion 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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DIM MIN MAX 
A 5.97 7.11 
B 4.32 5.72 
C 1.17 1.91 
o 0.25 0.51 
F aOB 0.15 
G 1.27 BSC 
H 0.13 0.89 
K 1.90 3.05 
N 0.89 1.52 

PACKAGE DIMENSIONS 

CASE 688-05 CASE 704-02 

3 

NOTES 
I LEADS. TRUE POSITIONED 

WITHIN 0.13 mm 10 0051 RADIUS 
TO DIM "Au & "8" AT MAXIMUM 
MATERIAL CONDITION. 

r K', _. A T K-I 

L I_~ __ ~, II 
I ( ~~C 

[H' - ,-I 
F' 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 5.69 6.35 0.224 0.250 
B 4.06 5.08 0.160 0.200 
C 1.17 1.90 0.046 0.075 
D 0.38 0.51 0.015 0.020 
F 0.20 0.30 0.008 0.012 
G 1.22 1.32 0.048 0.052 
H 0.13 0.89 0.005 0.035 
K 2.34 2.84 0.092 0.112 
N 0.89 1.14 0.035 0.045 

MCCl4450 BONDING PADS 

6 

4 

Chip geometry subject to change without 
notice as modifications are made. 

Due to die cleavage angles, the actual size of the chip 
CQuid be up to 7.0 mils <0.17 mm) larger than indicated 
in both dimensions. 

Die Size: 64 x 68 mils 
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® MOTOROI.A 

OSCILLATOR/211 to 219 DIVIDER/BUFFERED 
DUTY CYCLE CONTROL 

The MC14451 consists of three sections: an oscillator, an lB-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 lB-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, incubatortimers, 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 jJ.W typical @ 1.5 Vdc 

and f = 262 kHz. 

Voo 

3 
Oscin 

OSCout 

Driver 6 

Input 

Dutv 7 
Cycle 
Reset 

Vss 
4 

VOO 

1 k 

VSS 

VOO 

1 k 

VSS 

Cfiifi'Q1T Q 11 

Duty Cycle 
Control OutPut 

15 

012 
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MC14451 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOS) 

OSCILLATOR/211 to 219 DIVIDER/ 

BUFFERED DUTY CYCLE 

CONTROL 

L SUFFIX 

CEAAMIC2;fl 

CAS~V 

~V 

14 13 

013 014 

Voo = Pin 16 
VSS z Pin 8 

12 
015 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

MCCPREFIX 
CHIP 

11 

016 

10 
017 

9 
018 



MC14451 

MAXIMUM RATINGS (Voltages referenced to VSS. Pin 8) 

Rating Symbol 

OC Supply Voltages VOO 

Input Voltage, All Inputs Vin 

DC Current Drain per Pin I 

Operating Temperature Range TA 

Storage Temperature Range Tstg 

Value 

+3.0 to -0.5 

Voo +0.5 to 
VSS -0.5 

10 

-10 to +60 

-30to +85 

Unit 

Vdc 

Vdc 

mAde 

°c 
°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 V out 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 VOOI. 

ELECTRICAL CHARACTERISTICS IVoo = 1 58 Vdc VSS = 0 TA = 250 C unless otherwISe noted.) 

Characteristic Symbol Min Typ Max Unit 

Power Supply Operating Range VOO 1.3 1.5 3.0 Vdc 

Output Voltage VOH 138 1.5 - Vdc 

VOL - 0.0 0.2 Vdc 

Output Drive Current IOH ~Adc 

(VOH = 1.3 Vdc) Divider Outputs -8.0 -25 -
Duty Cycle Control Output -8.0 -25 -

(VOL = 0.2 Vdc) Divider Outputs IOL 15 50 - ~Adc 

Duty Cycle Control Output 400 1200 -

Input Current Ion - 0.00001 - "Adc 

Quiescent Device Current IQ - 1.0 15 "Adc 

Dynamic Device Current 100 - 20 200 ~Adc 

(1 = 262.144 kHz, no output toadl 

Minimum Voltage Required for Oscillator Start VOOS - 1.2 15 Vdc 

TYPICAL OSCILLATOR CIRCUITS 

FIGURE 1 - 262·kHz CIRCUIT FIGURE 2 - 32.768 kHz CIRCUIT 

r;----.... -----1r---..... ~ to Oscin 

C out 

1"7"---.... ----<,.....--........ to OSCin 
(Pin 3) 

RF = 22 M 

'-___ ..... ___ --4 ...... __ ...... to OSCout 

Crystal Specification 
IMTF26220) 

fA(CL) '" 262.144 kHz 

RS:S'1.5kn 
a~20k 

Co = 8.0 pF TYPical 
C1 = 0 025 pF TYPical 

(Pin 4) 

C out 

Crystal SpeCification 
(MT03220) 

fA(CL) '" 32768 kHz 

RS:S'30k!l 
Q~40 k 

CO'" 1.9 pF TYPical 
C1 '" 0.0056 pF TYPical 
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(Pm 3) 

to OSCout 

(Pin 4) 
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MC14451 

015 

0.16 

FIGURE 3 - TIMING DIAGRAM 

L......-_ ...... r 
L---1r----LJ 

s 
..r 

018--------------------------------------------------------------------~L__Jr 

Driver Input 

Duty Cycle Reset 

Duty Cycle Control Output 

14 13 12 11 

3 4 5 6 

Die Size: 67)( 69 mils 

o 

MCCl4451 BONDING PADS 

7-274 

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.'7 mm) larger than indj· 
cated in both dimensions. 
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FIGURE 4 - FUNCTIONAL MATRIX 

Crystal Frequencv == 262 144 kHz 

Pin 6 Pin 7 (Duty Cycle Reset) Connected To: 
(Driver 
Input! 

Connected Pin 1 Pin 2 Pin 15 Pin 14 Pin 13 Pin 12 Pin 11 Pin 10 Pin 9 
To: Characteristic 011 alOoal1 012 013 014 015 016 017 018 

Pin 9 Pulse Width 3.9ms 5.85ms 7.8ms 15.62ms 31.25ms 62.5mt 125ms 250ms SOOms 
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 62.5ms 125ms 250ms 
017 fout 2 Hz 2 Hz 2Hz 2Hz 2Hz 2 Hz 2 Hz 2Hz 

Pin 11 Pulse Width 3.9ms 5.85ms 7.8ms 15.62ms 31.2Sms 62.5ms 125ms 
a16 fout 4 Hz 4 Hz 4 Hz 4 Hz 4 Hz 4 Hz 4 Hz 

Pin 12 Pulse Width 3.9ms 5.85ms 7.8ms 15.62ms 31.25ms 62.5ms 
a15 fout 8 Hz 8 Hz 8Hz 8Hz 8Hz 8Hz 

Pin 13 Pulse Width 3.9ms 5.85ms 7.8ms 15.62ms 31.25rns 
014 f out 16 Hz 16 Hz 16 Hz 16 Hz 16 Hz 

Pm14 Pulse Width 3.9ms 5.85ms 7.8ms 15.62ms 
013 fout 32 Hz 32Hz 32 Hz 32 Hz 

Pin 15 Pulse Width 3.9ms S.85ms 1.8ms 
a12 fout 64Hz 64Hz 64 Hz 

Pin 1 Pulse Width 3.9ms 
a11 fout 128 Hz 

Crystal Frequency'" 32 768 kHz 

Pin 6 Pin 7 (Duty Cycle Resed Connected To: 
tDriver 
Inputl 

Connected Pin 1 Pin 2 Pin 15 Pin 14 Pin 13 Pin 12 Pin 11 Pin 10 Ping 

To: Characteristic all iiiOTtffi 012 013 014 015 016 017 018 

Pin 9 Pulse Width 313 ms 46.8ms 62.5m' 125ms 250ms 500ms 1000ms 2000ms 4000ms 
018 fout 0125 Hz 0.125 Hz a.125Hz 0.125 Hz 0.125 Hz 0.125 Hz 0.125 Hz 0.125 Hz 0.125 Hz 

Pin 10 Pulse Width 31.3ms 46.8ms 62.5ms 125ms 250ms 500ms lOOOms 2000m, 
017 f out 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 46.8ms 62.5ms 125ms 250ml 500ms 1000ms 
016 fout 0.5 Hz 0.5 Hz 0.5 Hz 0.5 Hz 0.5 Hz 0.5 Hz 05 Hz 

Pin 12 Pulse Width 31.3 ms 46.8ms 62.5ms 125ms 250ms 500ms 
015 fout 1 Hz 1 Hz 1 Hz 1 Hz 1 Hz 1 Hz 

Pin 13 Pulse Width 31.3ms 46.8ms 62.5ms 125ms 250ms 
014 fout 2 Hz 2Hz 2 Hz 2Hz 2 Hz 

Pin 14 Pulse Width 31.3ms 46.8ms 62.5ms 125ms • 013 fout 4 Hz 4 Hz 4 Hz 4 Hz 

Pin 15 Pulse Width 31.3ms 46.8ms 62.5ms 
012 fout 8 Hz 8 Hz 8 Hz 

Pin 1 Pulse Width 31.3 ns 
all fout 16 Hz 
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® MOTOROLA 

MC14457 TRANSMITTER 
MC14458 RECEIVER 

The MC14457 and MC14458 are a transmitter and receil(er pair 

of integrated circuits constructed in CMOS monolithic technology. 
These units are designed for ultrasonic or inftared remote control 
.of TV receivers, converters, communication receivers, and games. 

Channel selection up to 16 channels can be done single entry; or, 
up to 256 channels can be done double entry. 

FEATURES: 

• Low External Component Count 

• High Noise Immunity 

• Error Free Operation 

• One Analog Output From Receiver 

• On·Signal Provision 

• Low Power 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value Unit 

DC Supply Voltage MC14457 VDD -0.5 to +12 Vdc 
MC14458 -0.5 to +6.0 

Input Voltage, All Inputs Vin -0.5 to V DO + 0.5 Vde 
DC Current Drain per Pin I 10 mAde 
Operating Temperature Range TA -40 to +85 °c 
Storage Temperature Range Tstg -65 to +150 °c 

PIN ASSIGNMENTS 

MC14457 
TRANSMITTER 

16 

2 15 2 

3 14 3 

4 13 4 

12 

6 11 6 

10 

8 9 8 

9 

10 

11 

12 
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MC14457 
MC14458 

CMOS MSI/LSI 
(LOW-POWER COMPLEMENTARY MOSI 

TRANSMITTER 
RECEIVER 

Receiver Transmitter 

PSUFFIX P SUFFIX 
PLASTIC PACKAGE PLASTIC PACKAGE 

CASE 709 CASE 648 

This pevice 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 maxi~ 
mum rated voltages to this high impedance 
circuit. For proper operation it is recommended 
that Vin and Vout be constr:ained to the range 

VSS" (Vin or Vout)" VDD' 
Unused inputs must always be tied to an 

appropriate logic voltage level (e.g., either 
VSS orVDDI. 

MC14458 
RECEIVER 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 



MC14457. MCl4458 

TRANSMITTER MC14457 
ELECTRICAL CHARACTERISTICS 

Characteristic Symbol 

Output Voltage "0" Level 

Vin = VOO or 0 

"I" Level 
Vin=OorVOO 

Input Voltage # "0" Level 
(VO = 4.5 or 0.5 Vde) 
(VO = 9.0 or 1.0 Vde) 

"I" Level 
(VO = 0.5 or 4.5 Vde) 
(VO = 1.0 or 9.0 Vde) 

Output Drive Current - Pins 14, 15 
(Out I, 2) 

(VOH = 2.5 Vde) Source 
(VOH = 9.5 \ide) 

(VOL = 2.5 Vde) Sink 
(VOL =·0.5 Vde) 

Output Drive Current - Pin 13 (Mod) 
(VOH = 4.6 Vde) Source 
(VOH = 9.5 Vde) 

(VOL = 0.4 Vde) Sink 
(VOL = 0.5 Vde) 

Input Current Pull-ups 

Input Current - Pin 11 (Oscin) 

Input Capacitance 
(Vin = 0) 

Quiescent Current - Per Package 
(OSCin = Low) 

**TOt81 Supply Current at an External 
Load Capacitance (CL) of Figure 4. 

f = 500kHz 
(with any Analog command) 

RECEIVER - MC14458 
ELECTRICAL CHARACTERISTICS 

Characteristic 

Output Voltage "0" ~Level 

Vin= VOoorO 

"I" Level 

Vin = 0 or VOO 

Input Voltage" "0" Level 
(Vo = 4.5 or 0.5 Vde) 

"I" Level 
(VO = 0.5 or 4.5 Vde) 

Output Drive Current 
(VOH = 2.5 Vde) Source 
(VOL = 0.4 Vde) Sink 

Input Current (OSCin. D'nl 

Input Current (POR) 

Input Capacitance 
(Vin= 0) 

Qu iescent Cu rrent 
(Per Package) 

Data I "put Hysteresis 

··Total SupplY' Current at an 
External Load Capacitance 
(CL) ofFigure 6 
f= 500kHz 

'T Iowa -400C 
Thigh = +850 C 

VOL 

VOH 

VIL 

VIH 

10H 

10L 

10H 

10L 

'in 
lin 

Cin 

100 

IT 

Symbol 

VOL 

VOH 

VIL 

VIH 

IOH 

10L 

'in 

lin 

Cin 

100 

VHy. 

IT 

Voo 

Vdc 

5.0 
10 

5.0 
10 

5.0 
10 

5.0 
10 

5.0 
10 

5.0 
10 

5.0 
10 

5.0 
10 

10 

10 

-

5.0 
10 

5.0 
10 

Voo 

Vdc 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

-

5.0 

5.0 

5.0 

T,ow . 25"<: Thi h* 
Min Max Min Typ Max Min Max Unit 

- 0.05 - 0 0.05 - 0.05 Vde 
- 0.05 - 0 0.05 - 0.05 

4.95 - 4.95 5.0 - 4.95 - Vde 
9.95 - 9.95 10 - 9.95 -

Vde 
- 1.5 - 2.25 1.5 - 1.5 
- 3.0 - 4.50 3.0 - 3.0 

3.5 - 3.5 2.75 - 3.5 - Vde 
7.0 - 7.0 5.50 - 7.0 -

mAde 
-6.0 - -5.0 -9.0 - -3.5 -
-3.2 - -2.6 -4.5 - -1.8 -
6.0 - 5.0 9.0 - 3.5 - mAde 
3.2 - 2.6 4.5 - 1.8 -

mAde 
-0.26 - -0.22 -0.44 - -0.18 -
-0.6 - -0.55 -1.12 - -0.45 -

0.26 - 0.22 0.44 - 0.18 - mAde 
0.6 - 0.55 1.12 - 0.45 -

- - 50 500 1000 - - !lAde 

- ±0.3 - ±O.OOOOI ±0.3 - ±1.0 !lAde 

- - - 5.0 7.5 - - pF 

- 50 - 0.008 50 - 375 !lAde 
- 100 - 0.016 100 - 750 

!lAde 

- - - 5.0 - - -
- - - 10 - - -

T,ow . 25"<: Thigh' 

Min Max Min Typ Max Min Max Unit 

- 0.05 - 0 0.05 - 0.05 Vde 

4.95 - 4.95 5.0 - 4.95 - Vde 

Vde 

- 1.5 - 2.25 1.5 - 1.5 

3.5 - 3.5. 2.75 - 3.5 - Vde 

mAde 

-0.5 - -0.5 -1.7 - -0.4 -
0.45 - 0.4 0.78 - 0.34 - mAde 

- ±0.3 - ±O.OOOOI ±0.3 - ± 1.0 !lAde 

- - 10 50 400 - - !lAde 

- - - 5.0 7.5 - - pF 

- 5.0 - 250 1000 - - !lAde 

- - - 0.25 - - - !lAde 

- - - 400 - - - !lAde 

#Noise immunity specified for worst-case input combination 

··The formulas given are for the tvpical characteristics only at 2SoC 
Noi.e Margin for both "I" and "0" level = 1.0 Vde min@ VOO = 5.0 Vde 

2.0 Vde min@ VOO = 10 Vde 
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SWITCHING CHARACTERISTICS (MCI4457 - Transmittar Voo = 5 to 15 V. MCI4458 - Receiver VOO - 5 V) 

Cha"'cteriltic 

Output Rise and Fall Tima - Receiver 
CL _ l00pF 

Oscillator Start·Up Time 

Clock Pulse Frequency 

Row 
Inputt 

Column ( : 

I"putt ( 90 

100-

Transmittal 

Osc Osc 
In Out 

11 12 

Keyboard 
Decode 

and 
Oebounci 

Svmbol Min TVp 

tTLH. tTHL - 0.3 

ton B.O 
PRF 500 

MCI4457 - Tran ... itter 

MUM 

Voo· Pin 16, 

VSS - Pin 8 
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Modulation 
Control 

SIR 
F/F 

Max 
1.0 

600 

'Unit 

"s 

"s 
kHz 

Output 1 

Output 2 

Mod 
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FIGURE 1 - Example of Transmitted Word 

Output 
(Biphase) 

Start Start 

5-Bit Keyboard r--Encoded Latched Data---i 

+' +2 

Low Frequency [==:J 

High Frequency 1ZZZ21 
.. 1.----------,00 ms ---------1 

• Low Frequency 

FIGURE 2 - Data Signal 

Data 
Signal 

Hi Freq '" 

1,41.67 kHz 

--i---I---f-- 6. '44 

9.983 

Pre­
Start 

Low F 

Start 
Bit 
"0" 

Start 
Bit 

"'" 

Bit Time 

Function 

Bit 
"0" 

LSB LSB+l 
"0" "'" 

LSB+2 "0" . MSB 

"'" 
End 

Low F 

L----.- Start Pattern ____ -+-t •• ________ command 
~ Fixed Variable 

INPUT/OUTPUT FUNCTIONS - MCl4457; 
TRANSMITTER 

Row Inputs (R1, R2, R3, R4, R5; Pins 1,2,3,4,5) 

These pins are the row inputs and are active in the low 
state. 

Column Inputs (Cl, C2, C3, C4; Pins 6,7,9, 10) 

These pins are the column inputs and are active in the 
low state_ 

Output (Out 1, Out 2; Pins 14, 15) 

These pins provide push-pull output and can be used 
with ceramic transducers or LEOs. In the non-operatil1.g 
condition, both outputs are at ground potential. 

Oscillator (OSCin, OSCout; Pins 11, 12) 

These pins are the input/output terminals of the oscil­
lator. It can be used with ceramic resonator or crystal. 
The oscillator is automatically turned off after the data is 
transmitted for low current quiescent operation. 

Modulation (Mod; Pin 13) 

This pin is a data code output. 
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TABLE 1 - Data Code 

Key Row Column Transmitter Data &: Receiver Output Address IIA Notes 
Number 

Operation 
(Active Low) (Active Low) MSB/A3 LSB+2/A2 LSB+l/Al LSB/AO Function Pulse 

1 Digit 0 Rl Cl 0 

2 Digit 1 Rl C2 0 

3 DigIt 2 R2 C1 0 

4 Oigit3 R2 C2 0 

5 Oi9it4 R3 Cl 0 

6 Digit5 R3 C2 0 

7 Digit 6 R4 Cl 0 

8 Digit 7 R4 C2 0 

9 Digit 8 R5 Cl 1 

10 Digit 9 R5 C2 1 

11 Spare R1 C3 0 

12 Spare R1 C4 0 

13 Fine Tunmg R2 C3 0 

14 Fine Tuning R2 C4 0 

15 Spare R3 C3 0 

16 Spare ,R3 C4 0 

17 Vol I R4 C3 0 

18 Vol t R4 C4 0 

19 Mute R5 C3 1 

20 Off R5 C4 1 

21 Digit 10 R2+ R5 C1 1 

22 Digit 11 R2 + R5 C2 1 

23 Digit 12 R3 + R5 Cl 1 

24 Digit 13 R3+ R5 C2 1 

25 Digit 14 R2+R3+R5 C1 1 

26 Digit 15 R2+R3+R5 C2 1 

27 Spare R2+ R5 C3 1 

28 Spare R2+ R5 C4 1 

29 Spare R3 + R5 C3 1 

30 Spare R3+ R5 C4 1 

31 Spare R2+R3+R5 C3 1 

32 Spare R2+R3+R5 C4 1 

Notes 
1. Channel Select Keys (Function Bit = 0). Data is trans­

mitted once each time a key is activated. 
2. Toggling type On/Off or counter advance type keys. 

Data is transmitted once each time a key is activated. 
3. Analog Up/Down or On/Off keys, i.e., one key for 

Down or Off and another key for Up or On. Data 
transmission is repeated as long as the key is operated. 

In Table 1 all channel select data is noted by the func­
tion bit equal to zero. For functions other than channel, 
the function bit equals one. 

The four toggling or counter advance type keys that 
transmit data once each time a key is activated are Mute, 
Off, Channel Search Up, and Channel Search Down. 
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0 0 0 0 - 1 

0 0 1 0 - 1 

0 1 0 0 - 1 

0 1 1 0 - 1 

1 0 0 0 - 1 

1 0 1 0 - 1 

1 1 0 0 - 1 

1 1 1 0 - 1 

0 0 0 0 - 1 

0 0 1 0 - 1 

0 0 0 1 ..j 2 
0 0 1 1 ..j 2 
0 1 0 1 ..j 3 

0 1 1 1 ..j 3 

1 0 0 1 ..j 3 

1 0 1 1 ..j 3 

1 1 0 1 ..j 3 

1 1 1 1 ..j 3 

0 0 0 1 V 2 
0 0 1 1 ..j 2 

0 1 0 0 - 1 

0 1 1 0 - 1 

1 0 0 0 - 1 

1 0 1 0 - 1 

1 1 0 0 - 1 

1 1 1 0 - 1 

0 1 0 1 - 3 

0 1 1 1 - 3 

1 0 0 1 - 3 

1 0 1 1 - 3 

1 1 0 1 - 3 

1 1 1 1 - 3 

The twelve remaining analog keys (Vol, Tint, Color, 
etc.) transmit data as long as the key is activated. The 
keys' functions are arranged to provide the most typical 
application without grounding of multiple row or 
columns requ ired. 
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MC14458 - Receiver 

Data In 20------., 

POR 30---. 

General Description 

This transmitter integrated circuit is used for encoding 
keyboard position into frequency-modulated biphase 
data_ This integrated circuit can function with a keyboard 
from 20 to 32 keys and provide either channel select/ 
toggle information (single-word transmission) or analog 
information (continuous transmission of the data word 
for duration of key press)_ 

When used in conjunction with the receiver, selection 
capability is: any single or two-digit channel select up to 
256 channels with appropriate keyboard; a'maximum of 
12 analog control functions; 4 toggle type commands_ At 
an operating voltage of 9_0 volts, the high output drivers 
provide 4 Vpp into a 1 kn load via an output bridge 
configuration. The chip features low standby power as all 
portions are shut off after data transmission, with the 
counter-chain held in the reset position. 

7 LBV 

16 La 

15 l4 

14 L2 

13 L 1 

8 M8 

9 M4 

10 M2 

11 M1 

Load 

• 06 UHFNHF 

17 DR 

4 AFT 

~------------------------~R 

VDO = Pin 24 

Vss = Pin 22 
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Operation 

As one example of operation, a free-running ceramic 
resonator oscillator (at 500 kHz), triggered by the depres­
sion of any key, is divided by 12 or 13 to provide fre­
quencies of 41.67 kHz or 38.46 kHz_ The transmitted 
data 'zero' consists of 256 periods of the lower frequency 
followed by an equal number of the higher frequency. 
Mark to space ratio is kept at 1: 1 in each case. Data 'one' 
reverses the order of the two frequencies. 

Rowand column information from the keyboard is 
encoded into a 5-bit word and loaded onto data latches 
on the edge of transmit enable. This data, preceded by 
two bits, 0 and 1, is used in sequence to provide biphase 
control of the divider and, consequently, the bit pattern 
transmitted from the unit. Each 7-bit word begins and 
ends with a low frequency burst. Operation of a channel 
select key produces an output data stream for a duration 
of approximately 100 ms. 
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INPUT/OUTPUT FUNCTIONS - MCl4458; RECEIVER 

Data (Din; Pin 2) 

The amplified ultrasonic data signal-after amplifica­
tion and limiting forms a square wave with a peak-to-peak 
value of VDD-is applied to this input terminal. The input 
terminal is supplied with amplified and square-wave 
limited signal. A peak-to-peak value of V DD should be 
furnished_ 

Oscillator (Oscin; Pin 1) 

The oscillator input pin of the receiver pin is con­
nected to an oscillator providing, for example, a 500 kHz 
square-wave signal. A typical oscillator circuit is shown in 
Figure 5_ Accuracy of 1% relative to the oscillator fre­
quency in the transmitter is recommended for satisfactory 
performance in very high echo-producting environments_ 

Channel Outputs (Ll, 2, 4, 8, Ml, 2, 4, 8; Pins 13, 14, 15, 
16,11,10,9,8) 

The eight data output pins provide latched data corres­
ponding to the channel selected on the transmitter key­
board_ Ll through L8 are the least significant bits; M 1 
through M8 are the most significant bits_ The data on 
these pins is accompanied by a Data, Ready signal. 

Data Ready (Pin 17) 

A positive pulse with a duration of 768 IJ.S appears at 
pin 17 of the transmitter approximately 0_1 second after 
a complete command is entered on the remote control 
transmitter keyboard. The negative going edge of this 
pulse may be used for triggering purposes. 

NOTE: A complete command is one digit in the single 
entry mode or two digits in the double entry mode. 

AFT Enable (AFT; Pin 4) 

The voltage level at this pin is low for a time duration 
of 0.393 second following a change in selected channel to 
allow disabling the tuner AFT circuit. Also, miscellaneous 
commands 0000, 0001, 0010, and 0011 (Channel Search 
Up/Down, Fine Tuning Up/Down) will cause this disable 
feature. 

Power-On Reset (POR; Pin 3) 

This pin is low for power-on reset of the analog output 
to 0 pulse width and off/on output to O. An internal 
pull'up device of 10 to 400 IJ.A will charge an external 
capacitor. Reset occurs until the input voltage reaches 
70% VDD. All internal registers will also be reset_ 

Address (AO, 1,2,3; Pins 19, 20, 21, 22) 

The Address outputs of the receiver identify selected 
analog and on/off commands for use in system expansion. 

The data on these lines is valid when accompanied by a 
Valid Address pulse. 

Valid Address (V A; Pin 18) 

A negative going pulse with a duration of 768 IJ.S ap­
pears at pin 18 approximately 0.1 second after an analog 
on/off key on the remote control transmitter keyboard is 
operated. Either edge of this pulse may be used for con­
trol of add-on circuits. 

The Valid Address pulse is repeated every 102.4 ms for 
as long as a key is operated which provides repeated trans­
mission of data when held down. 

The Valid Address signal may be used in conjunction 
with the Address Outputs to drive memories to provide 
additional control functions such as color, tint, etc. 

The Valid Address pulse may be used to provide a 
stepping clock for up/down counters in a memory. The 
least significant address line (AO) is used to identify the 
up or down mod~ and the remaining address lines (AI, 
A2, A3) are decoded to enable each individual control 
circuit. 

By adding up/down counters to the Data Outputs, it is 
possible to use the Valid Address pulse and a decoded 
address for implementing a channel up/down stepping 
function from the remote control. Additional On/Off 
functions may be obtained by using the Valid Address 
pulse in combination with a decoded address for setting 
and resetting of latches. The Valid Address signal is dis­
abled in the standby mode (On output at logical 0). 

UHF/VHF (Pin 6) 

7-282 

This pin of the receiver provides a low level when the 
selected channel is a VHF channel (00 to 13, or 84 to 99). 

A high level on pin 6 identifies selection of a UHF 
channel (14 to 83). This signal is provided to permit 
switching of VHF and UHF tuners. 

On (Pin 5) 

This pin of the receiver provides a low level following 
operation of the Off command (1001) on the remote­
control transmitter. The signal on this pin changes to a 
high level when a channel is selected. 

Analog Out (Vol; Pin 23) 

An analog voltage in the range between 0 V and VDD 
is obtained by integrating the signal at the Analog Out pin 
through a low pass filter. The analog voltage resolution 
has been chosen to be 64 steps. Its value can be incre­
mented or decremented in steps of one by keys providing 
commands 0111 and 0110, respectively. (See Table 1.) 

The analog voltage can be varied up or down at a' 
speed of approximately 10 steps per second_ The D/A 
conversion is performed with an underflow and an over­
flow limiting circuit. The Analog Out pin is normally used 
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for the control of volume. The first time power is applied 
to the remote·control receiver, the volume output is 0 
volts. 

The Analog Out signal may be increased after a chan· 
nel has been selected by operating the key providing a 
command 0111. (Volume Up) 

The Analog Out signal may be muted by operating a 
key on the transmitter providing command 1000. Return 
to the original output prior to muting may be achieved by 
operating the mute key a second time or by operating the 
volume·up key. 

I n the standby mode the analog level is memorized and 
cannot be varied by the up/down controls on the trans· 
mitter. 

Low Band (LBV; Pin 7) 

This pin will go HIGH whenever channels 02,03,04, 
05, or 06 are selected. The output is LOW for channels 
00,01, and 07 through 99. 

Single Digit Operation 

The receiver can be placed in a single·digit mode of 
operation by connecting the M4 data output (pin 9) to 
VOO and the UHF output (pin 6) to VSS' In this mode, 
the L 1 through L8 channel outputs will change immedi· 
ately after the entry of a single digit on the transmitter 
keys. The M 1 through M8 outputs are not used in this 
mode. (See Figure 6.) 

TABLE 2 - Command Codes 

Function 
Bit MSB MSB-l LSB+ 1 LSB Command 

0 0 0 0 0 Channel Digit 0 
0 0 0 0 1 Channel Digit 1 
0 0 0 1 0 Channel Digit 2 
0 0 0 1 1 Channel Digit 3 

0 0 1 0 0 Channel Digit 4 
0 0 1 0 1 Channel Digit 5 
0 0 1 1 0 Channel Digit 6 
0 0 1 1 1 Channel Digit 7 

0 1 0 0 0 Channel Digit 8 

0 1 0 0 1 Channel Digit 9 
0 1 0 1 0 Channel Digit 10 
0 1 0 1 1 Channel Digit 11 

0 1 1 0 0 Channel Digit 12 
0 1 1 0 1 Channel Digit 13 
0 1 1 1 0 Channel Digit 14 
0 1 1 1 1 Channel Digit 15 

1 0 0 0 0 Channel Search Down 
1 0 0 0 1 Channel Search Up 
1 0 0 1 0 Fine Tuning Down 
1 0 0 1 1 Fine Tuning Up 

1 0 1 0 0 Miscellaneous Command Spare 
1 0 1 0 1 Miscellaneous Command Spare 
1 0 1 1 0 Volume Down 
1 0 1 1 1 Volume Up 

1 1 0 0 0 Mute On/Off 
1 1 0 0 1 Set Off 
1 1 0 1 0 Miscellaneous Command Spare 
1 1 0 1 1 Miscellaneous Command Spare 

1 1 1 0 0 Miscellaneous Command Spare 
1 1 1 0 1 Miscellaneous Command Spare 
1 1 1 1 0 Miscellaneous Command Spare 
1 1 1 1 1 Miscellaneous Command Spare 
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FIGURE 3 - Typical Ultrasonic System 
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F1GURE 4 - Typical Infrared System 
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FIGURE 5 - Typical Remote Control Receiver Circuit Diagram 
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Typical circuits for the' transmitter and receiver chips 
are shown in Figure 3 through 8. 

The transmitters, with the keyboard shown, transmit· 
the first twenty codes from Table 1. The circuits of 
Figure 3 transmit via ultrasonic; whereas, the circuit of 
Figure 4 transmits infrared light. In Figure 3, push-pull' 
output at pins 14 and 15 allows a balance drive to the 
ceramic microphone, which virtually doubles the trans­
mitted power, compared to a single-ended output. 

The diagram in Figure 5 shows an amplifier connected 
to a remote receiver. The bias resistor (photodiode) of 
the amplifier requires bias. The bias voltage is determined 
by the choice of photodiode and system considerations 
such as ambient light. Most of the required gain is realized 

Note: 
It is mandatory to use an infrared filter 
in front of the photodiode. Type Kodak 
87.C or similar. 

using three of the four hex inverters in the MC14069UB 
package. A fourth inverter from the same package opera,tes 
a 500 kHz oscillator circuit. 

Figure 6 shows a block diagram of a PLL system. The 
,receiver directly addresses a synthesizer. In this diagram, 
a complete command consists of two channel digits 
followed by an Enter code. The Enter code into the 
synthesizer is a 0101 in complementary logic. The trans­
mitted code from the transmitter is 1010, which is 
Function 10 from Table 1. 

A block diagram of a' tuning address system is shown 
in Figure 7. This block diagram incorporates a one-chip 
microcomputer that would be programmed to the sys­
tem's needs. The system can be expanded up to 256 
channels. 
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FIGURE 6 - Block Diagram of a PLL System 
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® MOTOROI.A 

DEC 

ACC 

RES 
BRK 

AUTOMOTIVE SPEED CONTROL PROCESSOR 

The MCl4460 device is designed to measure vehicle speed and 
provide pulse-width modulated outputs to trim a throttle position­
ing servo to maintain an internally stored reference speed. 

The stored reference speed can be altered by the DECEL and 
ACCEL driver commands. The DECEL command trims down the 
speed, while ACCEL trims up the speed. 

A BRAKE input is provided to turn off the outputs with a 
RESUME driver command to return the vehicle to the last stored 
speed. 

• On·Chip Master Oscillator for System Time Reference 

• Separate On·Chip Pulse Oscillator for Output Pulse Width 
Adjustment (Analogous to System Gain) 

• Diode Protection on All Inputs 

• Internal Redundant Brake and Minimum Speed Checks 

• Acceleration Rates Controlled During ACCEL and RESUME 
Modes of Operation 

• Low Frequency Speed Sensors Used 

• No Throttle Position Feedback Required 

• Power-On Reset 

• Buffered Outputs Compatible with Discrete Transistor 
Driver Interface 

• Low Power Dissipation 

BLOCK DIAGRAM 
_ N .., 

o 0 0 
::E ::E ::E 

9 
PDRQ-----' 

This is advance information and specifications are subject to c,hange without notice. 
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MC14460 

CMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

AUTOMOTIVE SPEED 
CONTROL PROCESSOR 

3 

4 

5 

6 

8 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN ASSIGNMENT 

16 

15 

14 

13 

12 

11 

10 

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 .. VOO· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSSorVool. 
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MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Symbol Value 

OC Supply Voltage VOO -O.Sto +6.0 

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

DC Current Drain per Pin I 10 

Operating Temperature Range - TA -40 to +85 

Storage Temperature Range Tstg -65 to +150 

ELECTRICAL CHARACTERISTICS (TA = -40oC to +850 C) 

Characteristic Symbol 

Supply Voltage VOO 
Pin 16 

Output Voltage VOL 
Pins 1,2,5,6, 14, 15 VOH 

Input Voltage VIL 
Pins3,7,9,10,11,12,13 VIH 

Pin 4 VIL 

VIH 

Input Hysteresis HYS 
Pin4 

(VIH -VIL) 

Output Drive Current 
Pins I, 2, 5, 6 

VOH= 4.6 Vde IOH 
VOL =0.4 Vde IOL 

Pins 14,15 
VOH = 2.5 Vde IOH 

Input Current 
Pins 3,4, 7,10,11,12,13 

VIL = 0.0 Vde IlL 
VOH = 6.0 Vde IIH 

Pin 9 
VIL = 0.0 Vde IlL 
VIH = 6.0 Vde IIH 

Supply Current 100 
Pin 16 

(Both Oscillators Active, VAC and 
VENT Outputs High) 

FIGURE 1 - SYSTEM TIMING 

Internal I t+:---tsmPI toyc "I_ tproc ~ 
Speed r-
~:r;:I:J I I 

tout +--..I 

Asvnchronous to 
Speed Sampl. 
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Voo 
Vdc 

-

5.0 

5.0 

-
-

-

-

-

5.0 

5.0 

5.0 

6.0 

6.0 

6.0 

6.0 

6.0 

Unit 

Vdc 

Vdc 

mAdc 

°c 
°c 

Min Typ Max Unit 

4.0 5.0 6.0 Vde 

- - 0.5 Vde 

4.5 - - Vde 

- - 0.3 VOO Vde 

0.7 VOO - - Vde 

VOO -1.5 - - Vde 
2 

- - VOO +15 
2 • Vde 

0.5 - - Vde 

-0.29 - - mAde 

+0.36 - - mAde 

-2.0 - - mAde 

- - -1.0 ~Adc 

- - +1.0 ~Ade 

15 - 200 ~Ade 

- - +1.0 "Ade 

- 1.0 10 mAde 

""FIGURE 2 - OSCILLATORS 

RS 

To Internal Clock 

R 

Frequency of 
Oscillation as 
Measured at 
Pin 1 (5) I.: 

f = __ 1-
2.43RC 

R In kfl 

C In "F 

RS - 2R 
f= kHz 
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SWITCHING CHARACTERISTICS(TA = 25°C VDD =4-'6 Vdc) 

Cheract.ristl .. Symbol Min Typ Max Unit 

ACCEL Input Hold Time tACC 16/IM 9.52- - ms 

DECE L Input Hold Time tDEC 16/IM 9.52- - ms 

RESUME Input Hold Time tRES 1 - - "S 
BRAKE Input Hold Time tBRK 1 - - ,.. 
Master Oscillator Frequency·· 

T A = -40°C to +850 C, RS = 100 kG 
R = 43 kG, C = 5600 pF 1M 1596 1680 1764 Hz 
Uselul Range 1344 1,680 20111 Hz 

Pulse Oscillator Frequencv·-
T A = -40°C to +850 C, RS = 100 kG 
R =43 kG,C=5600pF Ip 1598 1660 1764 Hz 
Uselul Range 400 1600 3200 Hz 

Speed Input Frequency IS - - 300 Hz 

Speed Semple Time (1008/IM) tsmpl - 600' - ms 

Speed Processing Time (16/IM) tproc - 8.9- - ms 

System Cycle Time (1024/IM) leyc 606.9- ms 

Output Delay Ti"le (S/IM) tout - 5.4- - ms 

Output Pulse Width 
Initializations ( .. 1/lp) PWI 280' - 760' ms 
Trim Outputs ( .. 1/lp) PWT 10' - 80" ms 

'IM = 1680 Hz, Ip = 1600 Hz, IS = 2.222 Hz/MPH 

SYSTEM PERFORMANCE (TA = 25°C, VDD = 5Vdc, 1M = 1680 Hz, IS = 2.222 Hz/MPH) 

Characteristic Symbol Typical Unit 

Speed Resolution (IM/2016 IS) SRES 0.375 MPH 

Minimum Operating Speed (IM/31.5 IS) Smin 24 MPH 

Maximum Stored Speed (IM/8.4 IS) Smax 90 MPH 

Controlled Acceleration Rate A 1.85 MPH/s 
(ACCEL or RESUME Mode,) 
(IM)2/fS (6.881) (105) 

Redundant 8rake Speed Drop Below Stored Relerence Speed SR8 -12 MPH 

(-IM/63 IS) 

Speed Deviation 
Assumes Suitable Mechanical Hookup and Puls~ 

Oscillator Frequency Adjusted to Suit Throttle 
Servo Requirements 

Level Road (no wind, ± 1% grades) ASN ±2 MPH 

Transient Road Conditions (±10 MPH winds, ±7% grades) AST ±3 MPH 

Stored Speed Accuracy • Steady·State (Acceleration = 0) RSSS 0.375 MPH 

Transient (Acceleration = ± A MPH/s) RST 0.6 A" MPH 

TRUTH TABLE 

OUTPUT 
VAC VENT SERVO DRIVE 

0 0 O'cr .... Sp .. d 

0 I Hold Speed , 0 I nv.lld Output 
1 , Incr .... Spe.d 
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FIGURE3-
COMMAND 
FLOW DIAGRAM 

Nota: Decal 
command at any 
time whenever 
the output'S are 
enabled will Clute 

Jump to Cout. 
(Except during 
Braka or Power· 
On R_t.) 

7-290 

·Constant acceleration 
maintained during 
ACCEL or RESUME 

Note: Srake 
Input at any 
time will causa 
lump to Disengage. 

Note: POR Input 
at any time will 
cause jump to 
Initialize. 
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DEVICE OPERATION 

PULSE OSCILLATOR (P01, P02, P03; Pins 1, 2, 3) 

These pins are the output pins of the output Pulse 
Oscillator, which is a three·terminal RC type. See Figure 
2 for design parameters. This oscillator sets the relative 
pulse width of the VAC and VENT outputs. 

SPEED (SPO, Pin 4) 

This is the Speed input to be controlled or stored. 
This input is level sensitive with hysteresis to allow use of 
slowly changing waveforms. Input frequency should never 
exceed 1/3 the Master Oscillator frequency (fM). 

MASTER OSCI LLATOR (M01, M02, M03; Pins 5, 6, 7) 

The Master Oscillator is a three-terminal RC type. See 
Figure 2 for design parameters. This oscillator sets the 
master system timing. 

POWER-ON RESET (POR, Pin 9) 

Reset input. As long as this 
system is cleared and the VAC 

This pin is the Power·On 
input is LOW, the internal 
and VENT outputs are dis 
vice will source 15-200 /loA 
allow capacitor charging f 

abled. An internal pullup de· 
dc of current from this pin to 

or automatic power·on reset. 

DECEL (DEC, Pin 10) 

This is the DECEL command input. When held HIGH 
both VAC and VENT outputs will be LOW. When the 
OECEL input returns LOW the last sample of the SPO 
input will be stored as the reference speed. The flow dia­
gram in Figure 3 gives the detailed constraints/operation 
of this input. 

ACCEL (ACC, Pin 11) 

This is the ACCEL command input. When held HIGH 
the VAC and VENT outputs will be modulated to main· 
tain a fixed rate of acceleration. When the ACCEL input 
returns LOW the last sample of the SPO input will be 
stored as the reference speed. The flow diagram in Figure 
3 gives the detailed constraints/operation of this input. 

continued 

THROTTLE SERVO 

A. Two Coil Vacuum Powered 

Truth Tabl.: 

VAC VENT Throttle 
Coli Coli Action 
Off Off Ral.aH 
Off On Hold 
On Off W.ak Pull 
On On Pull 

B. Coil Type 

Coli Impedance: BO-90 n 
Collinductanca: 125-1S0mH 

FIGURE 4 - TYPICAL AUT OMOTIVE CRUISE CONTROL APPLICATION C. Servo Responl. 

Ignition 
Switch 

:::::: Battery 
- (12V) 

Brak. 
Circuit 

Fu .. 

~rul_ 
Control 

Brake 
Light 
Switch 

(~ Broke 
Lights , 

, 
/ 

} To Other Vehicle System. 

ON 

I 
OECEL 

VOO 

f-o-Lo- OECEL 

ACCEL 

f-o--L-o- ACCEL 

RESUME 

Lo-Lo- RESUME 

BRAKE 

GNO 

1 
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Coli 
COM 

VAC 
COli 

VENT 
Coli 

+Sanlor 

-Sensor 

Minimum Pul •• Width: 6 ml 
Throttle Travel: 60--60° full travel 
Throttle RasponH: 45°" Pull 0 12" VAC 

30°'0 Pull 07" VAC 
300/s R.I .... 

Throttle 
Servo 

Servo 

I VACColl 
connected 

,..,..,..,... to the 

I VENT Coli 
Throttle 
by Ball 

I ~ Chain 

(rv Sp_ 
SenIOr 

SP~ SENSOR 

Elaetromagnetlc Type 

Pol .. : 
OutPut Freq: 

Output Volta ... : 
Maximum Freq: 
DC " .. Istance: 

a/revolution 
2.222 Hz/MPH 
(8000 pulooalmlle) 
> 3.0 Vp·p ., 24 MPH 
360 H. (182 MPH) 
<40n 

• 
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DEVICE OPERATION continued 

RESUME (RES. Pili 121 

This is the RESUME command input. When taken 
HIGH the system will lock into a mode where the VAC 
and VENT outputs are modulated to maintain a fixed rate 
acceleration. This acceleration ends when the SPD input 
sample matches the stored reference speed. The flow dia· 
gram in Figure 3 gives the detailed constraints/operation 
of this input. 

BRAKE (BRK. Pin 131 

This is the BRAKE command input. When this input is 
taken HIGH the system is disabled (both VAC and VENT 
outputs LOWI until a DECEL. ACCEL. or RESUME com· 

mand is received. The flow diagram in Figure 3 gives the 
detailed constraints/operation of this input. 

VENT (Pin 141 

This is the VENT output. See Truth Table for 
operation. 

VAC (Pin 151 

This is the VAC output. See Truth Table for operation. 

GROUND (VSS. Pin 81 

Pin 8 is the ground connection for the package. 

POSITIVE POWER SUPPLY (VDD• Pin 161 

Pin 16 is the power supply connection for the package. 

FIGURE 5 - PC BOARO MODULE FOR CRUISE CONTROL 

VENT Coli 
<100mA-

VAC Col I 
<100mA_ 

Coli COM 130 
2W 

VCC 

1 k 
lW 
4.7 V 

lM4.7Z10' ~ ; 
-Senior 

1 k 

1 k 

47 k 
.c::J 

I 0.01 
+8."lOr 

c:::J 
47 k 1\ 

I 0.01 
II 

47 k 1\ 

Brake 

I 0.01 

47 k 1\ 

Deca' 

r 0.01 
II 

47 k 1\ 

Ace.1 

I 0.01 

Resume 

1\ 
10kl lOki 10k: 

Gnd 

Circuit diagram. utilizing Motorola prOducts .r. Included •• a means 
of Illustrating typical .mlconductor applications; con_quently. 
comp'" Information IUfflei_"t for construction purpo ... il not 
,..,.....ity given. The Information hal been carefully checked and 
II believed to be entirely renabl •. However, no relponsJbllity i, 
... .u".d for Inaccuraci ... Furthermore, .uch Information do_ not 
convey to the purclNl ... of the .miconductor devices described any 
lIewt. under the patent rights of Motorola Inc. or others. 
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0 

N 0 ... N '" ~ ... 
MPSA~ '" 

~ ~ 27 V ~PSA13 . ~ + 50 lW 27 V~~ 
25 V lW 

16 15 

4 VDD VAC 14 
SPD VENT 

7 100 k 
13 M03 

BRK 6 5100. 5% 
~l. M02 
" 10 MCl4460 5 43 k. 1% 

DEC Mal 

3 100 k 
11 P03 

ACC 2 5~~0. 5% 
P02 

" 12 1 43 k. 1% 
RES POl 

Gnd POR 

84 94 

*0.1 All Reslltort 
'10%.114 W. u.O.S. 

Environment 

Amblant Temperature (T A)' . • . • -40oe to 850e 

Vee Operating Range . .•..... 11-15 Vdc 
Vee Transients . ...•.•..•.• 9-16 Vdc 

L.oad Dump • . • • . . • • • . 80 V Peak decaying to 
12Vln<~00m. 

Inductive .•.....•... ±300 V Peak decaying 

in < 1 ms 
Jump Start .......... +24 Vdc for 5 min. 
Reverse aattery • . • . • . . • -12 Vdc continuous 



® MOTOROLA 

SMOKE DETECTOR CIRCUIT 

The MC14461 and MC14462 are smoke detector circuits 
fabricated using Motorola's standard CMOS process. The MC14461 
has the detector input with the standard CMOS static protection. 
The MC14462 has an unprotected CMOS (MOSFET) input which 
is protected during shipment by a shorting bar. The shorting bar is 
broken after inserting into the final circuit. The shorting bar 
connects the detector input to a special ACTIVE guard pin. This 
ACTIV E guard reduces package leakage to the detector pin and also 
may be used to reduce circuit leakage to the detector. A wide range 
of operating versatility is designed into the integrated circuit to 
accommodate various smoke detector designs. Special timing has been 
incorporated to reduce or eliminate transient suppression capacitance. 

The MC14461 is recommended for use with an FET interfacing 
the ion chamber to the MC14461. The MC14462 is recommended 
for direct interconnection to a single or dual ionization chamber. 

• Meets UL217 Requirements - UL Recognized Component 

• On·Chip FET (MC14462) 

• On·Chip ACTIVE Guard (MC14462) 

• 9 or 12.6 Volt Battery Operation 

• Low Voltage Beep Alarm 

• Two Mode Battery Test Option -
DC Test, No Load 
Pulse Test, Under Load 

• Typical Quiescent Current at 9 Volts 
6 IlA for DC Battery Test Mode fill( 
81lA for Pulse Battery Test Mode r _ '\ 

• On·Chip Osc Using O.0018IlF Cap4'it\.\.J 

• On·Chip Horn Predriver <'\. V 

• On·Chip Zener ~ 

• On·Chip Pulse Test ~ev 

• Multiple Unit OP~tio ,Common Annunciator (MC14461) 

• Adjustable Pulse Width Ranges for Beeping and 
Battery Test Sampling 

MAXIMUM RATINGS (Voltages ",ferenced to VSSI 

Rating Symbol 

OC Supply Voltage VOO 

Value 

-0.5 to +15 

Input Voltage, All Inputs Vin -0.25 to VOO +0.26 

Unit 

Vdc 

Vde 

DC Current Drain per Input Pin I 10 mAde 

DC Current Drain per Output Pin I 30 mAde 

Operating Temperature Range TA o to +50 

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 operation it is 
recommended that Vin and Vout be constrained to the range V SS '" (V in 
or Vout) .; VOO' 

Unused inputs must always be tied to an appropriate logic voltage level 
(e.g., either VSS or VOO). 
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uC 

vC 

MC14461 
MC14462 

CMOSMSI 
(LOW·POWER COMPLEMENTARY MOS) 

SMOKE DETECTOR 
CIRCUIT 

MC14462 - WITH ON-CHIP FET 

PIN ASSIGNMENT 

MCI4461 

16 

2 15 

3 14 

4 13 

5 12 

6 11 

7 10 

B 9 

MC14462 

'1 16 

'2 15 

14 

4 13 

5 12 

6 11 

10 

B 9 

• Pin 1 shorted to Pin 2. The bar is remov.t 
after insertion Into the circuit. 

• 
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Regulator 2 
Ouwut e>~~--.--, 

Detector 1 
Input 0-..... ----1 

Sensitivity 3 
Adjust 0---1_--+-1 

Voo 

MC14461 BLOCK DIAGRAM 

Voltage 
Set· 

Pulse Mode 
Hold CaP 

Comparator 6 
OutPuto---~------------~ r--~--~------------~-a~------~ 

Battery 071-____ --

Test -

'For Low Battery and Regulator In Pulse Mode. 

Mode 
Select 

MC14462 BLOCK DIAGRAM 

Voo 
Voltage Pulse Mode 

Setf Hold Cap 

Regulator 3 
Output e>-.. -.--, 

Comparator J-... 1----11---------, 
Output 

Sensitivity, 4 
Adjusto-..... ---~ 

Detector 1 
Inputo--I-.... --i 

Active C2>-4""""< 
Guard 

Gurrento 5 :4 
Source 

Battery 7 
Test 01--•• --­

Mode 
Seleet 

*For Low Battery and Regulator In Pulse Mode. 
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9 
~-""'--""D Osc 1 
1-_ ..... _-.:.;'0::,0 Osc C 

1-_ ..... _-.;.."'"0 Osc 2 

Horn 
Output 

Battery 
Test Pulse 
Output 

___ --1.~5_0 Wired-QA/ 
Test 

I--..... ---'~D Osc 1 

1--..... _---''''-4:> Osc C 

I--..... _-~:> Osc 2 

Horn 
Ouwut 

Battery 
Test Pulse 
Output 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED DC OPERATING CONDITIONS (Voltage referenced to VSS) 

Parameter Symbol Value 

Supply Voltage Voo 6.0 to 14 

Time Between Low Battery Detect Beep T2 45 

Beep Pulse Width T1 11 

ELECTRICAL CHARACTERISTICS (TA = 250 C) 

Voo 
Characteristic Svmbol Vdc Min Typ 

Standby Current IT 9.0 
Static Mode IRefer to Figure 3a or 3b) - 6.0 

(R1 = 10 kn, R2 = 22 Mn, R4 = 10 Mn, C = 0.0018/tF, Pin 7 = VOO) 
Pulse Mode (Refer to Figure 1a or 1b) - 8.0 

(R1 = 270 kn, R2 = 22 Mn, R3 = Open, R4 = 10 Mn, 
C = 0.0018/tF, Pin 7 = VSS) 

Output Source Current-Horn or Pulse IOH 9.0 12 24 
(VOH = 0.7 Vdc) 

Input Current lin 9.0 
Oetect-MC14462P - -
Oetect-MC14461 P - 0.Q1 

Sensitivity Adjust - 0.Q1 

Pins 14 and 15 - 0.1 

Pin 7 - 0.0001 

Detector Common Mode Range VCMR 9.0 2.0 -
6.0 2.0 -

Detector Input Offset Voltage VOff 9.0 - ±8.0 
IV in = 4.5 V) 

Reference Voltage VR 
Minimum Regulated 9.0 6.9 7.2 

(I Reg = 7.0 /.LA (Note 1 L VReg connected to Voltage Setl 
Below Regulation 6.0 5.86 5.90 

(I Reg = 5.0 ItA, V Reg connected to Voltage Set) 

Low Battery Detect Level (Notes 1 and 21 V Low 
StatIc Mode 7.2 7.5 
Pulse Mode 6.9 7.2 

Comparator Output Drive Current 9.0 
IVOH = 8.0 V) IOH -25 -
IVOL = 1.0 V) IOL 50 -

Common Annunicator-ON-Output Voltage-MC14461 VOH 7.0 6.3 -
IRL = 100 k, Note 6) 

Common Annunciator-aN-Input Voltage-MC14461 VIH 9.0 6.3 -
(RL = 100 k, Note 6) 

Common Annunicator-Output Duty Cycle-MC14461 - 9.0 - 50 

ACTIVE Guard to Detector-MC14462-Note 4 
Input-Voltage Difference 

(Vi" = 2.0 - 6.5 V) 7.0 - -
(Vi" = 2.0 - 8.5 V) 9.0 - -

NOTES: 

1. Regulator voltage adjustable above minimum by resistor setting. See Figures 2a, 2b, 3a, and 3b. 

Unit 

Vdc 

s 

ms 

Max Unil 

/tAdc 
9.0 

11 

- mAde 

1.0 pAdc 
20 nAdc 

20 nAdc 

20 nAdc 

1.0 /tAdc 

8.5 Vdc 
5.5 

±50 mVdc 

Vdc 
7.5 

-

Vdc 
7.8 
7.5 

/tAdc 

-
-
- Vdc 

- Vdc 

% 

mVdc 

±100 
±100 

2. For low battery detect level, the zener diode circuitry requires the supply voltage to be 0.3 volt above the internal zener diode. This 
requirement translates into the low battery voltage. Set point in static mode must be 0.3 volt greater than the internal voltage. In the pulse 
mode, the pulse current must pull the battery down 0.3 volt if the minimum level is to be used. See circuit diagrams for further clarification. 

3. The timing is adjustable and governed by the equations of page 6. 

4. The ACTIVE guard can drive capacitance loads or high resistance to a ground. The ACTIVE guard can also be used to measure die 
chamber voltage without loading the chamber. 

5. Pulse current can be used to drive an LED. limit output to maximum ratings. 

6. The two specifications given, warrant the operation of one smoke detector with a low battery of 7 volts, having the ability to turn on a 
smoke detector with a battery voltage of 9 volts. An option to add common annunciator on the MC14462 on Pin 6_replacing the comparator 
output. Consult factory for this special order. 
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5M 

MC14461 

FIGURE 1a - SMOKE DETECTOR CIRCUIT USING PULSE MODE BATTERY TEST WITH 
LEVEL LOW BATTERY DETECTION AT INTERNAL ZENER VOLTAGE 

-= 

VAaf 

-= 2 

3 
R2 

4 

-= 22 M 
5 

6 

8 

16 

15 

14 
MC14461 

13 

12 

11 

10 

9 

VDD = 9 V 

I lN4001 
I Reverse 

, Battery 
I Protection 

390 -= -L Diode 
1--=R-:4---='---iMDS-D05 '::" 

1-.....;1..:0_M.....;-,',::" 
Near end of battery life if the load 
of R3 under pulse load does not 
pull VOO down by 0.3 V, the 

circuit using Rx + Ry in Figure 2a 
should be used. 

FIGURE 28 - SMOKE DETECTOR CIRCUIT USING PULSE MODE BATTERY TEST WITH 
ADJUSTABLE VOLTAGE FOR LOW LEVEL BATTERY DETECTION 

~NY----l.f1-1sW_-+-___ ----, - - - - -, 
Battery Test I 
Load Resistor I 1 N40Q1 

5 M >--1~--------f 3 14 F=-"'--"'-.... A Reverse 
Battery 
Protection 
Diode OPtional 

Feedback 

R2 MC14461 
.----'\""'--1 4 131------.-:7--; 

22 M -= 22 M 121-------1 
R4 

Hysteresis '---------; 6 111---'11"""-----, 

Resistor 101---''-----, 

8 9 
Rl C 
270 k 10.0018 jlF 

I 
I 

~ 

·VAef = Vz . (1 + Rx/Ryl < VOD. 
where V Ref is the low battery test 
voltage. 

FIGURE 38 - SMOKE DETECTOR CIRCUIT USING STATIC MODE AND 
INTERNAL ZENER VOLTAGE EOUAL TO REGULATED VOLTAGE 

VRat 

VDD = 9 V 

Rx Ry 

5 M )0-------=-:,..--1 

-= (VSS) 

Rl C 
10 k X_ 0.0018 jlF 

VOOLow = VZO{1 + Rx/Ry) 

VRaf = VZO 

Rx/Ry> 0.04 
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lN4001 
Reverse 
Battery 
Protection 
Diode 
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MC14462 

FIGURE lb - SMOKE OETECTOR CIRCUIT USING PULSE MODE BATTERY TEST WITH 
LEVEL LOW BATTERY DETECTION AT INTERNAL ZENER VOLTAGE 

V Fief 

Veo = 9 V 

16 
I 
I lN4001 2 15~~-------, 

5M~---' L-----I3 14 ~ Revers. 
MC14462 

'------14 13 ~-,\M".-..., 
R2 

,---">l1li,-----1 5' 12 I---=::":"......;=---l 
22 M 

6 11~~JV~-~ 

10 I----':'==--..., 
r------4-1L8~ ______ ~9~-~R~I--~ c 

270 k J 0.0018 "F 

Near end of battery life if the load 

of R3 under pulse load does not 

pull VOO down by 0.3 V, the 
circuit using R)( + Fly in Figure 28 
should be used, 

FIGURE 2b - SMOKE DETECTOR CIRCUIT USING PULSE MODE BATTERY TEST WITH 
ADJUSTABLE VOLTAGE FOR LOW LEVEL BATTERY DETECTION 

* VAef 

Battery Test I 
Load ReSIstor I 

1N4001 
Reverse 

Battery 
Protection 
Diode 

5M >-_----, 

Optional 

Feedback 
Hysteresis L--+----------l 

Resistor 

8 9 
Rl C 
270 k J 0.0018 "F 

• V Ref'" VZ' (1 + Rx/Ry ) < VOD. where VRef IS the low battery test voltage. 

FIGURE 3b- SMOKE DETECTOR CIRCUIT USING STATIC MODE AND 
INTERNAL ZENER VOLTAGE EQUAL TO REGULATED VOLTAGE 

r,-----~~--4_-l----~--..., ~ 16 - - ---..., 

15~-I----~ I 

5 M )000-----, 1.----13 14 I 
MCI4462 .. 

~ 

L-----I4 13 I 
R2 

22 M 

VOO 
~ 

5 121------1 I 
R4 I 

11 I----'W\.---. -= 
10 1-___ 1:.;0:.M::......, ~ 

6 

8 9 

VR.f = VZD 

R,/Ry > 0.04 
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I .. 
I 
I 

.;. 

lN4001 
Reverse 

Battery 
Protection 
Diode 
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TIMING 

DIAGRAM 

~~'-~---T-1-------------T3--------------------~'1 

Low Battery 

Beep Pulse Jl JL 
Battery Pulse 
Test 

I T.JtT2 

1'-1/2T3~ fL 
I T1--1-t=:"T2 

Interval Pulse l 
For Low Battery _.!-_____________________ ....J 

T4...., I- -I I--T4 

Horn ON/OFF SLJ~, 
T 1 -I I-- --I I-- T1 

TYPICAL TIMING EQUATIONS: 

T1 = 1.35C 2~;=~4 
T2 See Figure 10 

Internal Strobe I L 
for Smoke ~..........-; ~f 

T3 = 4.1 X 103 T1 See TYPical charactenstic curves, Figure 

9 and 11 
T4=128T1 

NOTE: Circuits with the low battery beep pulse of 2T1. or 4T1 are available on special order. Consult factory for minimum order required. 

OPERATIONAL DESCRIPTION 
MC14461 MC14462 

Pin 1 Pin 1 Detector Input. Accepts a negative direction signal for smoke. Input for the MC14461 has the standard CMOS 
diode-resistor protection. Input for the MC14462 does not have the protectIon network. 

- Pin 2 Active Guard. This pm provides an active guard that tracks the detector input. This output may be used to 
measure chamber voltage level. 

Pin 2 Pin 3 Regulator Output. Output of a series·type regulator. ThiS output regulates until battery falls below regulator 
setting. After that, the regulator equals the battery output to Within 100 mY. 

Pin 3 Pin 4 Sensitivity Adjust. Accepts a voltage, usually from a potent/ometer, at which the Detector Input switches. 
Switching occurs within ± 50 mV of the voltage and the Detector Input. 

Pin4 Pin 5 Current Source. Sets the quiescent current for the Internal amplifiers. Values between 10 and 22 megohms 
are recommended. 

Pin 5 - Wired OR/Test. For common annunciation, thIS pin together with ground (VSS) may be connected to a large 
number of units in common. Any unit 'going high at thiS pm will turn on all units. This pin may also be used 
as a test pin with an SPST switch between this pin and VDD' The output is the 50% ON/OFF duty cycle 
of the horn. 

PinG Pin 6 Comparator Output. May be used in testing circuit. May also be used with a resistor to Pin 1 to obtain 
hysteresis between smoke detection turn·on and turn-off. VOO level represents Smoke and ground level 
represents No-Smoke. 

Pin 7 Pin 7 Battery Test Mode Select. When connected to VSS, the circuit operates in pulse-testing mode for low battery 
detection_ When wired to VDD, the circuit operates," the static (de) mod~ to test for low battery. 

Pin 8 Pin 8 VSS' Negative Battery Terminal. 

Pin9 Pin 9 Osc 1. The reSistor connected to this pm and the capacitor controls the time to sample the battery for the 
low battery pulse test mode operation. See typical timing diagrams and equations. 

Pin 10 Pin 10 Osc C. Timing capacitor is connected to this pin. The value of this capacitor is related to the value of the 
resistor on Pins 4 and 11.-

Pin 11 Pin 11 Osc 2. A resistor connected to this pin will de,termine the period of oscillation. See typical curves and 
timing equations. 

Pin 12 Pin 12 Horn Output. This terminal sources current of 12 mA when the horn is turned on. When the horn is turned 
off, this terminal is shorted to ground. An NPN transistor may be directly driven from this pin. The horn 
operates on a 50% duty cycle, for example, 1.3 seconds ON, 1_3 seconds OFF. 

Pin 13 Pin 13 Battery Test Pulse Output. For pulse loads to 12 mA, a resistor to ground is recommended. For pulse loads 
greater than 12 rnA, an NPN transitor with a resistive load is recommended. The terminal is normally connected 
to ground potential internally_ 

Pin 14 Pin 14 Voltage Set for Regulator Output. This teminal is the input to set the level for the voltage of the regulator 
output. When this pin is connected directly to Pin 2, the regulated output and the low voltage level is set at 
the internal zener diode voltage. nominally 7.2 volts. When a resistive divider is used, the regulated voltage 
can be set above the zener diode voltage level. 

Pin 15 Pin 15 Pulse Mode Hold Cap. When using low battery pulse mode operation, this pin requires a non-critical value 
capacitor, typically 0.001 IJ.F_ The battery voltage is sampled during the load pulse time and the information 
is held and used after the load pulse time. This operation eliminates the effects of load transients. 

Pin 16 Pin 16 VOO' Positive Battery Terminal. 
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FIGURE 4 - CIRCUIT WITH PULSING LED ADDED 
(Pulse Mode Only) 
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Set R1 for desired pulse width. 

CIRCUIT DESCRIPTION 

-= 

The MC14461 and MC14462 are integrated circuits 
for use with smoke detectors. The circuits are primarily 
used with ionization-type smoke detectors operating at 
9 volts, but are also readily adaptable to the higher 
12.6-volt operation. For battery operation, the circuits 
may be operated in the pulse battery test mode or in the 
DC test mode. In the pulse test mode, the on-chip 
oscillator runs continuously, requiring an added 2 MA. 
In this mode, both the pulse width for sampling and the 
pulse load current are selectable by resistors. In the DC 
battery test mode, the on-chip oscillator only operates 
when the battery is low or smoke is detected. For both 
operating modes, the voltage threshold at low battery is 
externally selectable by two resistors. The oscillator 
operates through a multistage counter to obtain sampling 
rates of, for example, 40 seconds, while allowing beep­
alarm pulses of, for example, 10 milliseconds and 
battery test pulses of 0.5 milliseconds. The frequency 
of the oscillator is sufficiently high to avoid the use of 
costly high-value, less reliable capacitors. 

The input of the MC14462 is an FET with high 
impedance for direct use with ionization chambers. 
Pins 1 and 2 are shorted together as protection during 
handling and testing. 

The input of the MC14461 is protected against static 
discharge. An FET operated in source-follower mode 
may be connected to this input. The IC requires no 
more thar the standard precautions for the CMOS digital 
logic family. 

The output for the horn and dummy load for pulse 
testing will source a minimum of 12 mA and may 
be used to drive an inexpensive transistor directly. An 
active n-channel transistor is used to pull down the 
output when the output is low. This transistor provides 
a ground path for the base of the driver transistor to keep 
that transistor off. 

LED 
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When greater than 12 mA is desi red for pulse battery 
test, an external NPN transistor is required to drive the 
dummy load. Otherwise, a resistor load to ground 
is required. 

The oscillator has a wide range of adjustments and 
requires a capacitor and resistor for setting the frequency. 
The resistor allows independent setting of the battery 
sample pulse width. The rate of the beep alarm and 
the pulse battery test are the same. 

The MC14461 and MC14462 contain other internal 
features. There is internal latching that makes the circuit 
ins~nsitive to transients due to battery test, horn-blowing, 
and beep alarm, in other words, when the battery is 
loaded down. The horn is turned on and off with the 
smoke-detection circuit, automatically reactivating during 
the off time. An external low-value capacitor, together 
with internal circuitry, delays the low-voltage battery 
measurement until after pulse battery load period. This 
capacitor stores the low-voltage information. 

In the MC14461, a single pin controls a common 
annunciator circuit. If this pin and ground is wired 
common to a multiple set of units, a high-level signal 
turns on all units. Any unit may initiate all horns. 

On-Chip FET -MC14462 

The basic problems for on-chip FETcan be summarized 
in the following two areas: 

1. Protection of the input circuit during testing, 
packaging, and insertion. 

2. Package pin-to-pin leakage current and circuit 
leakage current once installed. 

An unprotected gate input, i.e., a gate input without 
diode protection network, has a very low probability of 
leakage unless that oxide is destroyed. To protect the gate 
through the functions of high-speed testing, packagi.ng, 
and handling during insertion until connected to the 
chamber, a pin-to-pin shorting bar is used. This bar is 
clipped out after insertion into the circuit . 

To reduce package pin-to-pin leakage and circuit 
leakages, an adjacent pin ACTIVE guard voltage is 
provided. This voltage follows the detector voltage 
guarding the input. The voltage is provided by an on·chip 
1: 1 amplifier. The circuit of Figure 5 shows such a circuit. 
The operational amplifier (Amp) in Figure 5 is connected 
as a 1:1 gain amplifier. In the ideal case, this means the 
voltage from Pi nIta 2 is 0 and therefore leakage is O. 
However, amplifiers are not ideal and the effectiveness of 
this amplifier is limited by its deviation from the ideal 
1:1 gain. 

Assume the leakage is presented by a resistance, Rx, 
with the operational amplifier having a gain, A, and an 
offset voltage, VO. The guard voltage Vg in terms of the 

• 
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CIRCUIT DESCRIPTION (continued) 

detector input voltage, VI, is given by the equation: 

Vg = --A- VI + ~ Va 
1 +A 1 +A 

Normally, the leakage current, i£, is given by the equation: 

whereas, the guard alters this equation as follows: 

. _ VI Va 
1£- RX A + RX,when A» 1. 

With respect to the first term, the leakage is reduced 
by the gain of the amplifier which is of the order of 
10,000. The second term is dominant. With a worst case 
of 50 m V offset, the leakage is reduced by 100 for an 
input voltage of 5 volts. This factor of 100 worst·case 
is significant. 

Since the guard is an amplifier output, this guard may 
be used in the circuit. It may be carried to the foil in the 
board. It may be connected to an enclosure pattern, 
enclosing both pin 1 and the pad for the wire leading to 
the ion chamber. Furthermore, it can be used as a guard 
connected to the chamber itself in a guard configuration 
within the chamber. See Figures 6 and 7. 

With respect to the shorting bar protecting the input 
during test, packaging, and insertion, a shorting bar 
bridges pins 1 and 2. Pin 2 has natural diode protection 
due to the source-drain diodes at the output of the 
amplifier. Thus the circuit can be functionally tested for 
the input parameters such as the comparator detector 
level for smoke, etc. The guard and the input are fully 
connected in the final circuit before breaking the 
shorting bar . 

This on-chip FET method allows for use of plastic 
packages leading to low-cost, system-effective smoke 
detector circuits. 
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FIGURE 5 - SMOKE DETECTOR 
WITH ACTIVE GUARD VOLTAGE 
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FIGURE 6 - PC BOARD LAYOUT WITH GUARD 
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FIGURE 7 - PC BOARD LAYOUT WITH GUARD 
AND IONIZATION PELLET 
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FIGURE 9 - TYPICAL TIME BETWEEN 
LOW BATTERY BEEP OR TEST PULSE 

versus TIMING CAPACITANCE 

VOO - 9 V 
RI-170kn 
R1=12Mn 
R4 = 10 Mn 

0,001 
C, TIMING CAPACITANCE I"F) 

0.010 
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APPLICATIONS INFORMATION 

1. The MC14461 and MC14462 devices are designed to be 
relatively transient·free. However, the horn current loop­
which includes the horn, emitter, and collector of the 
driver transistor, and the battery can place excessive 
transients that can affect the timing circuits and the input 
circuit which operate at high·impedance levels. Care must 
be taken in PC board layout with respect to ground and 
VOO. For example, 3 or 4 inches of battery lead 
represents sufficient inductance to generate a substantial 
Ldi/dt transient. Usually a bypass capacitance, VOO to 
ground of 0.001 IlF, will isolate this transient to bypass 
the IC. A test for transient interference is to place a 
bypass capacitance across VOO to ground near the IC 
and determine if the timing or smoke detection is altered. 

2. To protect the IC during static discharge tests, it is 
recommended that the IC be shielded. Since the regulator 
drives the. chamber, and if the chamber anode cannot 
be shielded, a lOOk resistor in series with the chamber·to· 
regulator pin is recommended. If static voltage reaches the 

detector pin on the MCl4462 through the chamber in the 
particular chamber design (when the chamber anode is 
exposed to high static voltage), external .capacitance 
added to this pin may solve the problem by absorbing the 
energy. The passing of static discharge tests in UL 217 
requirements is dependent upon the design of the overall 
smoke detector structure. Many alternate methods of 
design are available to the designer which are beyond the 
scope of this data sheet. 

3. The common annunciator may be connected via 
a two·wire system. The signal is a 50% ON/50% OFF duty 
cycle. To detect the particular detector sensing smoke 
via an LED at the detector, the signal may be taken from 
the comparator out and amplified to the LED. For 
systems that are powered from a common source rather 
than local battery, the timing of each detector can be set 
differently. This timing affects the period of the square 
wave pulse on the common annunciator line and that 
difference in the period can be used to detect which 
detector senses smoke at a master station . 

Circuit diagrams external to or containing Motorola products are included as a means of illustration only. Complete information 
sufficient for construction purposes may not be fully illustrated. Although the information herein has been carefully checked and is believed 
to be reliable, Motorola assumes no responsibility for inaccuracies. Information herein does not convey to the purchaser any license under 
the patent rights of Motorola or others. 

The inforrnat~on contained herein is for guidance only. with no warranty of any type, expressed or implied. Motorola reserves the right 
to make any changes to the information and the productts) to which the information applies and to discontinue manufacture of the 
product(s) at anv time. 
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Advance InforIllation 

SMOKE DETECTOR CIRCUITS 

The MC14464 and MC14465 use linear CMOS technology to 
implement a smoke detector that senses reflected light from minute 
smoke particles. An LED provides a pulsed light source while a wide 
area silicon diode acts as a detector. The received pulse is amplified 
and compared to an externally set threshold to determine whether 
smoke or no smoke is present. The MC14464 is designed to drive an 
external NPN transistor connected to a mechanical horn while the 
MC14465 has an open drain N-Channel and modulated output useful 
in controlling a piezoelectric horn driver circuit. Features include: 

• Meets U L 217 Specifications 

• Adjustable Low Battery Trip Point 

• Adjustable Smoke Threshold 

• 
• 
• 
• 
• 

6 

Regulator 
Output 

Non-Inv 
Input 

Inv Input 
4 

Amp Out 0-__ -------' 

Smoke 
Threshold 0---+-------' 
Adjust 15 

Current 0,...-.0------
Set 2 

BLOCK DIAGRAM 

*MC14464 has normal push-pull output. 
MC14465 has open drain N-channel. 

14 
1------0 Osc 1 

13 
Osc 1------<JOsr.C 

Circuit 1-___ - 1020SCN 

11 
1-----<JOscP 

Voo 

n~' 
! ~utPut 

VSS 

This is advance information and specifications are subject to change without notice. 
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MC14464 
MC14465 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOS) 

SMOKE DETECTOR 
CIRCUITS FOR 

PHOTOELECTRIC CHAMBERS 

IfI 
\. ""~ PSUFFIX .. Y PLASTIC PACKAGE 

CASE 648 

PIN ASSIGNMENT 

Voo NC 

Current Ad) 

Amp Out Oscl 

Inv In OseC 

Non-Inv OscN 

Reg OscP 

OR LEO 

VSS Horn 

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 
Vou,) <; VOO· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vssor VOO). 
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MAXIMUM RATINGS (Voltages Referenced to VSS) 

Rating 

Supply Voltage 

Voltage at Any Pin Except 11, 12, 14 
Voltage at Pin 11 
Voltage at Pin 12 
Voltage at Pin 14 

Horn Drive Current, Pin 9 

LED Drive Current, Pin 10 

Power Dissipation 

Operating Temperature Range 

Storage Temperature Range 

Reverse Battery Voltage 

RECOMMENDED OPERATING CONDITIONS 

Oscillator frequency . ... 

Oscillator/LED Puis. Width •... : . 

Supply Voltage ....... . 

RESULTING TIME 

No-Smoke Sample Rate ..... . 

Smoke Sample Rate .. . 

Low Battery Beep Pulse Width . 

Low Battery Period . ...... . 

. ..... 50 Hz 

. ..... 2ool's 

. . . 7 to 10 V 

. 10, 

...... 1.28s 

.. .... 20m' 

......... 40s 

Symbol Value 

Voo Oto +15 

Vin -0.3 to VOO + 0.3 
-0.6 to VOO + 15 
-15 to VOO + 0.3 
-4.0 to VOO + 4.0 

lout -30 

lout 15 

Po 500 

TA o to +50 

Tsto -40 to +125 

VRB -10Vfor4s 

TIMING RELATIONSHIPS 
Characteristic 

LED Pul,e W.idth .. 

Osc Frequency .. ... 

Low Battery Alarm Pulse Width. 

LED No·Smoke Sample Rate. 

LED Smoke Sample Rate .. 

Low Battery Alarm Penod . 

Smoke Alarm Horn-On * . .. 

Smoke Alarm Hor.n-Off* . 

*MC14464 only 

Unit 

Vdc 

Vdc 

mA 

'mW 

°c 
°c 
-

Formula 

1.1 RNC 

.f=1.1/C(Rp+RN) 

.1/1 

. . 512/1 

.64/1 

2048/1 

. 12011 

. .. . 8/f 

ELECTRICAL CHARACTERISTICS (T A = 250 C Rbia, = 10 Mn VOO - VSS = 9 0 V) 

Chillr3cteristic 

Standby Current 

Output Drive Current 
Horn (Vout = 0.7 V) 
LED (Vout - Vs = 0.5 V) 

Regulated Voltage 

Smoke Amplifier 
Open Loop Gain DC 
Open Loop Gain 1,0 kHz 
Offset Voltage 
Slew Rate 

Input Current 
Pins 4, 5,15 

Low Battery Level 

Circuit diagram. utilizing Motorol. products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complet. 'infort'nation lu'fflcient for construction purposes is not 
necessarily given, The information has been carefully checked and 

Symbol Min Typ Max Unit 

100 - - - I'A 

mA 

IOH - - -

IOL - - -
Vs 

Values have not ~ 
been determined 

AVOL at this time. For dB 

AVOL further informa- d8 

VOS tion, contact 
mV 

SR Motorola CMOS I V/I'S 

lin Marketing. I'A 

VLB - - -

is believed to be entirely reliable. However, no responsibility is 
assu(T1ed 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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CIRCUIT DESCRIPTION 

Voltage Regulator 
Pin 6 is regulated voltage with respect to VDD at 

a voltage of typically VDD - 4.0 V. It consists of an 
internal zener diode with a buffer amplifier capable 
of approximately 7.0 rnA. The temperature coefficient 
is approximately +0.6 mV (DC. 

Low Battery Voltage Warning 
The low battery comparator is strobed for one clock 

period out of every 2048 clock periods (Le., .20 ms out 
of 40 seconds). During this time the battery is loaded by 
the LED pulse and a comparison is made between 2/3 of 
the battery level and the voltage at pin 5. Th is signal is 
stored in a latch until the appropriate time at which the 
horn output is activated for one clock cycle. 

For checking and adjusting the low battery voltage trip 
point, the oscillator frequency cannot simply be speeded 
up. This would not only shorten the 40-second beep 
period as desired, but would also shorten the 20 ms strobe 
period. A proposed speed-up circuit in Figure 1 can be 
used. This circuit provides 2048 pulses in 20 ms and then 
allows 20 ms to maintain the proper strobe interval. 
Thus the low battery period becomes 40 ms, but strobe 
timing is unaffected. 

Smoke Alarm Circuit 
The signal source for smoke detection is a photodiode 

that converts received light into electric current. This 
diode should be connected into pin 4 and amplified via 
the internal operational amplifier. The threshold for 
smoke detection is controlled via the voltage to pin 15. 

Since the smoke is detected as a reflected short burst of 
light, the detector/amplifier combination has to be con­
sidered as an ac signal. The diode has approximately 
200 pF self-capacitance and the amplifier has a fixed 
slew rate, both of which limit the minimum LED pulse 
width for normal operation. The bias current of the 
smoke amplifier and the following comparator is increased 
one oscillator period before the LED-pulse starts. This 
increase in bias current causes a change of input offset 
voltage which in turn generates an output signal. The RC 
time constant of the feedback network around the op 
amp should be shorter than one oscillator period so that 
the amplifier output is not distrubed by the increase of 
bias current at the trailing edge of the LED pulse. 

Temperature Compensation 
Usually the photodiode detector exhibits a -2%/oC 

temperature coefficient which reduces sensitivity to 
smoke at elevated temperature. The usual correction for 
this is the addition of a negative temperature coefficient 
resistor controlling LED current. Then, as temperature 
increases, LED current will increase while sensitivity 
remains approximately constant. Temperature compensa­
tion can also be accomplished by increasing the LED pulse 
width as temperature increases. The internal oscillator 
circuit contributes to this with a 0.1%/oC positive tem­
perature coefficient that increases the output pulse width 
at elevated temperatures. However, a temperature variable 
resistor should be substituted for RN (pin 12) for full 
compensation using this method. 

APPLICATIONS 

=9V 100llF 

3 

O.'~Fl 4 

6 

8 

16 
VOO NC 

Rbiss VT 
15 

V out Oscl 

V in (-) Osee 

Vbias OscN 

Vs Ose? 

OR LED 

9 
VSS Horn 

MC14465 
Piezoelectric 
Horn Connection 

j---l------- - - - - - - - -
MCI4Q49UB 
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FIGURE 1 

LOW BATTERY TEST SPEED·UP CIRCUIT 
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ADDRESSABLE ASYNCHRONOUS 
RECEIVER/TRANSMITTER 

The MC14469 Addressable Asynchronous Receiver Transmitter is 
constructed with MOS P-channel and N-channel enhancement devices 
in a single monolithic structure (CMOS). The MC14469 receives 
one or two eleven·bit words in a serial data stream. The first incoming 
word contains the address and when the address matches, the 
MC14469 is enabled to transmit two data words. Each of the trans­
mitted words contains eight data bits, even parity bit, start and stop 
bit, in UART compatible format. 

The received word contains seven address bits and the address of 
the MC14469 is set on seven pins. Thus 27 or 12B units can be 
interconnected in simplex or full duplex data transmission. In 
addition to the address received, seven command bits may optionally 
be received for data or control use. 

The MC14469 finds application in transmitting data from remote 
A·to·D converters, remote MPUs or remote digital transducers to a 
master computer or MPU. 

• Supply Voltage Range - 4.5 Vdc to 18 Vdc 

• Low Quiescent Current - 7511Adc maximum@ 5 Vdc 

• Data Rates to 4800 Baud 

• Receive - Serial to Parallel 
Transmit - Parallel to Serial 

• Transmit and Receive Simultaneously in Full Duplex 

• Crystal or Resonator Operation for On·Chip Oscillator 

BLOCK DIAGRAMS 

Recliv, 

(AO·A&) (CO-Cal 
Command Oala 

Dati 

Clocks 

AlcelwOlite 
Strobl En,bll 
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Transmit 

(SOS71 

MC14469 

CMOS LSI 
ILOW.pOWER COMPLEMENTARY MOS) 

ADDRESSABLE ASYNCHRONOUS 
RECEIVER/TRANSMITTER 

LSUFFIX 
CERAMIC PACKAGE 

CASE 715 

ORDERING INFORMATION 

3 

4 

6 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

Cenot •• 

Ceramic Package 

Plastic Package 

PIN ASSIGNMENTS 

39 

38 

37' 

36 

35 

34 

33 

32 

31 

29 

28 

27 

26 

2S 

24 

23 

22 

21 



I 

MC14469 

MAXIMUM RATINGS (Voltages referenced to VSS. Pin 20. 

Symbol Value Unit 

DC Supply Voltage VOO -0.5 to +18 Vdc 
I nput Voltage. Alt Inputs Vin -0.5 to VOO + 0.5 Vdc 

DC Current Drain per Pin I 10 mAde 

Operating Temperature Range TA -40 to +85 °c 
Storage Temperature Range T stg -65 to+150 OC 

ELECTRICAL CHARACTERISTICS 
Voo -400C 

Characteristic Symbol Vd. 

lOutput Voltage "0" Level VOL 5.0 
Vin "" VOO orO 10 

15 

"1" Level VOH 5.0 
Vin=OorVOO 10 

15 

Input Voltage # "0" Level VIL 
(Vo = 4.5 or 0.6 Vdc) 5.0 
(VO = 9.0 or 1.0 Vde) 10 

(Vo = 13.5 or 1.5 Vdc) 15 

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

Output Drive Current (Except Pin 2) IOH 
(YOH = 2.5 Vdc) Source 5.0 
(VOH = 4.6 Vdc) 5.0 
(VOH = 9.5 Vdc) 10 
(VOH = 13.5 Vde) 15 

(VOL = 0.4 Vde) Sink IOL 5.0 
(VOL = 0.5 Vdc) 10 
(VOL = 1.5 Vdc) 15 

lOutput Drive Current (Pin 2 Only) IOH 
(V OH = 2.5 Vdc) Source 5.0 
(VOH = 4.6 Vdc) 6.0 
(VOH = 9.5 Vde) 10 
(YOH = 13.5 Vdc) 15 

(VOL = 0.4 Vde) Sink IOL 5.0 
(VOL = 0.5 Vdc) 10 
(VOL = 1.5 Vdc) 15 

Maximum Frequency f max 4.5 

I nput Current lin 15 

ult·Up Current (Pins 4-18) Iu.p 15 

Input Capacitance Cin -
(Vin=O) 

jauiescent Current 100 5.0 
(Per Package) 10 

15 

~UPPIY Voltage VOO -
Noise immunity specified for worst-case input combination. 
Noise Margin both "1" and "0" level- 1.0Vdc min (jjI VOO = 5.0 Vdc 

2.0 Vdc min (jjI VOO = 10 Vde 
2.5 Vdc min !iii VOO = 15 Vdc 

Min 

-
-
-

4.95 
9.95 

14.95 

-
-
-

3.5 
7.0 

11.0 

-1.0 
-0.2 
-0.5 
-1.4 

0.52 
1.3 
3.6 

-0.19 
-0.04 
-0.09 
-0.29 

0.1 
0.17 
0.50 

400 

-
12 

-

-
-
-

+4.5 

7-308 

Max 

0.05 
0.05 
0.05 

-
-

1.5 
3.0 
4.0 

-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

±0.3 

120 

75 
150 
300 

+18.0 

Min 

-
-
-

4.95 
9.95 

14.95 

-
-
-

3.5 
7.0 

11.0 

-0.8 
-0.16 
-0.4 
-1.2 

0.44 
1.1 
3.0 

-0.16 

Th is 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 maxi~ 
mum rated voltages to this high impedance 
circuit. For proper operation it is recommended 
that Vi" and Vout be constrained to the range 
VSS"; (Vin or Vout) ..; VOO. 

Unused, inputs must a!ways be tied to an 
appropriate logic voltage level (e.g., either 
Vssor VOO). 

250C +850C 
Typ Max Min Max Unit 

0 0.05 - 0.05 Vdc 
0 O.(l5 - 0.05 
0 0.05 - 0.05 

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

Vdc 
2.26 1.5 - 1.5 
4.50 3.0 - 3.0 
6.75 4.0 - 4.0 

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

mAde 
-1.7 - -0.6 -
-0.35 - -0.12 -
-0.9 - -0.3 -
-3.5 - -1.0 -
0.88 - 0.36 - mAde 
2.25 - 0.9 -
8.8 - 2.4 -

mAde 
-0.32 - -0.13 -

-0.036 -0.07 - -0.03 -
-0.08 -0.16 - -0.06 -
-0.27 -0.48 - -0.2 -
0.085 0.17 - 0.07 - mAde 
0.14 0.28 - 0.1 -
0.42 0.84 - 0.3 -
365 550 310 kHz 

- ±O.OOOOI ±0.3 - ±1.0 "Ade 

10 50 100 8.0 85 "Adc 

- 6.0 7.5 - pF 

- 0.010 75 - 565 "Adc 
- 0.020 150 - 1125 
- 0.030 300 - 2250 

+4.5 - +18.0 +4.5 +18.0 Vdc 



MC14469 

I 
I 
I 
I 
L 

FIGURE 1 - OSCILLATOR CIRCUIT 

MC14469 
Internal 

Pin 1 Pin 2 
15M 

Note: For externally 

generated clock, 

drive Pin 1, float Pin 2. 

Note: Ceramic Resonators 
307.2 kHz ± 1 kHz for 4800 Baud Rate 
C1 AI 50 pF 
C2 II/:j 200 pF 

(Ceramic Resonator Suppliers: 
Radio Materials Company. Chicago, Illinois 
Vernitron Piezoelectric Division, Bedford. Ohio) 

FIGURE 2 - RECTIFIED POWER FROM DATA LINES CIRCUIT 

L---<l.----... ------e--- Data Line 

Ground Line 

RI 

Vee 

1.0!'F MCl4469 

"'-",---fVss 

FIGURE 3 - A-D CONVERTER INTERFACE 

CO 

C1 

C2 

CS 

Send 

SO 

Sl 

S2 

S3 

S4 

S5 

S6 

S7 

MCl4469 

7-309 

Channel 
Select 

Select 
Channal, 
Start 
Conversion 

End 
Conversion Analog 

Inputs 

Digital 
OUtputs 

8~Chann.1 

AID Converter 
Assembly 

• 



10 k 

~ RI 

.... 
o 

V+ 

1 k 

MC6850 
ACIA 

or 
UART 

• 

V551 •• 

Master 
Station 

VDD 

FIGURE 4 - SINGLE LINE, SIMPLEX DATA TRANSMISSION 

10 k 

RI 

VDD 

ID7 

57 

'i'RO 

MCI4469 
o 

AO,IDO 
A1.ID1 
A2,ID2 
A3,ID3 
A4,ID4 
AS,ID5 
A6,ID6 

Address 
0000000 

C5 

Send 

10 k 

Addren 
0000001 

Remote MC14469 Stations 

10 k 

RI 

VDD 

ID7 

57 

10k 

'i'RO 

V55 I •• 

MCI44S9 

Al,101 
A2,I02 
A3,ID3 
A4,ID4 
A5,ID5 
AS, IDS 

C5 

Send 

Address 
1111111 

10 k 

RI 

VDD 

10 k 

TRO 

V55 I •• 
ID7 

57 

MC14469 
127 

cs 

Send 

Nota: For Simplex operation the 107 must be tleet high, 87 must be 
tied low and the 1-bit 10 must be the same as the 1·bit address 
(or set to some unused address) to prevent erroneous responses. 

so: 
n 
...& 

:t 
m 



MC14469 

RECEIVE DATA (RI; Pin 19) 

I_ Add,e.. -1"\ _,'IIi 
Command .. , 

-----', __ r- T T T T" T T,..,. ~ 
IE.I_ 1_ L. L .L L. .L .. '-LP J SP 

MC14469 
Pin Number 

'" Address 

~TT"T"T" "T"'!,\]sp 
.... ""' .... .1..1.-1. 

Command 
4 5 6 7 8 9 10 Identifier Identifier 

Pin Designation AO A1 A2 A3 A4 A6 A6 
39 38 37 36 35 34 33 

CO C1 C2 C3 C4 C5 C6 
MC6850 
ACIA Pin Number 22 21 20 19 18 17 16 22 21 20 19 18 17 16 

Pin Designation DO 01 02 03 04 05 06 00 01 02 03 04 05 06 

TRANSMIT DATA (TRO; Pin 21) 

1-1 .... 11----- Input Oeta -----lI_-Ilfo .. _-----St.tu. ------... --11 

r:::r T T "T T"T "T or T;"' Spr;?" T "T "T'" T or "T T p" SP 
____ .... ' 5T i. .L .J.. .L .J. .1. oJ. J. .L .L::J ~ , L .L .I. .L .1. .J. ..&. .L '" ... 'L-_____ _ 

MC14469 
Pin Numbers 11 12 13 14 15 16 17 18 29 28 27 26 25 24 23 22 

Pin Designation 100101102103104105106107 SO 51 52 53 S4 55 S6 S7 

MC6850 
ACIA Pin Number 22 21 20 19 18 17 16 15 22 21 20 19 18 17 16 15 

Pin Designation 00 01 02 03 0405 06 07 00 01 02 03 04 05 0607 

ST == Start Bit 
P "" Parity Bit 

SP 0:: Stop Bit 

AO ~ AS = Address Bits 100-+ 107:: MC14469 Identification Code 
CO -+ C6 = Command Bits SO -+ $7"" MC14469 Status Code 
00 -+ 07 "" ACIA Bus Bits 

CORRESPONDING DATA POSITION AND PINS FOR MC14469 AND MC6850 

TYPICAL RECEIVEISEND CYCLE 

M M 

Address S Command S 
~BS~BS 

VOO S 0 1 2 34 5 6 7 P S 0 1 2 3 4 56 7 P 

vs~~x~xl~~~~~~x~~Ix!~~---------R~ec-.-iv-e-'-'n-p-u-t~(~R~Il---------

Valid Address Pulse 

(VAP) 

Internal Valid 
Addr ... l.atch 
(VAL) 

Internal Send 

Enable Latch 

(SEL) 

Command St~obe 
OutPUt (CS) 

Send Input 
(Send) 

Transmit Out 
(TRO) 

I 
I 
I 

~~-------------------------------------

~r--------~ ______________ _ 

I 
~'------'L--J'---lL ________________________ __ 

I I 
I I 

I 
I ______________ ~n~ __ ~ __________________________ __ 

I 
I 
I 
I ----__________ ~ ____ ~nI'~--______________________ __ 
I 
I M M 
ISS 

V I B 5 B S 
OD~X"x'TxTxTxTx'Tp1rJS1x'XrxrxrxrxrxtX"ptp--

---------------....... T 0 t2'J,>3':1>:5'ItJ6~/- T&:OI:11::2.a:3;&;4'is'is~I:...a:....--

ID STATUS 

7-311 



• 

MC14469 

DEVICE OPERATION 

OSCILLATOR (Osc1, Osc2; Pins 1,2) - These pins are 
the oscillator input and output. (See Figure ,.) 

RESET (Reset; Pin 3) - When this pin is pulled low, the 
circuit is reset and ready for operation. 

ADDRESS (AO-A6; Pin 4, 5, 6, 7, 8, 9, 10) - These are 
the address setting pins which contain the address match 
for the received signal. 

INPUT DATA (100-107; Pins ", 12,13, 14, 15,16,17, 
18) - These pins contain the input data for the first eight 
bits of data to be transmitted. 

RECEIVE INPUT (RI; Pin 19) - This is the receive input 
pin. 

NEGATIVE POWER SUPPLY (VSS; Pin 20) - This pin is 
the negative power supply connection. Normally this pin 
is system ground. 

TRANSMIT REGISTER OUTPUT SIGNAL, (TRO; Pin 
21) - This pin transmits the outgoing signal. Note that it 
is inverted from the incoming signal. It must go through 
one stage of inversion if it is to drive another MC14469. 

SECOND or STATUS INPUT DATA (SO-S7; Pins 22, 23, 
24, 25, 26, 27, 28, 29) - These pins contain the input 
data for the second eight bits of data to be transmitted. 

SEND (Send; Pin 30) - This pin accepts the send com· 
mand after rece,ipt of an address. 

VALID ADDRESS PULSE (VAP; Pin 31) - This is the 
output for the valid address pulse upon receipt of a 
matched incoming address. 

COMMAND STROBE (CS; Pin 32) - This is the output 
for the command strobe signifying a valid set of command 
data on pins 33·39. 

COMMAND WORD (CO-C6; Pins 33, 34, 35, 36, 37, 38, 
39) - These pins are the readout of the command word 
which is the second word of the received signal. 

POSITIVE POWER SUPPLY (VDD; Pin 40) - This pin is 
the package positive power supply pin. 

OPERATING CHARACTERISTICS 

The receipt of a start bit on the Receive Input (R I) line 
causes the receive clock to start at a frequency equal to 
that of the oscillator divided by 64. All received data is 
strobed in at the center of a receive clock period. The 
start bit is followed by eight data bits. Seven of the bits 
are compared against states of the address of the particu· 
lar circuit (AO-A6), while the eighth bit signifies an ad­
dress word ",", or a command word "0". Next, a parity 
bit is received and checked by the internal logic for even 
parity. Finally a stop bit is received. At the completion of 
the cycle if the address compared, a Valid Address Pulse 
(VAP) occurs. Immediately following the address word, a 
command word is received. It also contains a start bit, 
eight data bits, even parity bit, and a stop bit. The eight 
data bits are composed of a seven-bit command, and a 

"0" which indicates a command word. At the end of the 
command word a Command Strobe Pulse (CS) occurs. 

A negative transition on the Send input initiates the 
transmit sequence. Again the transmitted data is made up 
of two eleven-bit words. The data portion of the first 
word is made up from Input Data inputs (100-107), 
and the data for the second word from Second Input Data 
(SO-S7) inputs. This data is latched before the start of 
transmit of the first of the two words. The transmitted 
signal is the inversion of the standard UART TRO, which 
allows the use of an inverting amplifier to drive the lines. 

The oscillator can be crystal controlled or caramic 
resonator controlled for raquired accuracy. Pin , may be 
driven from an external clock source. See Figure 1. 
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FIGURE 5 - DOUBLE LINE, FULL DUPLEX DATA TRANSMISSION 

VDD 

MPS-D05 MPS-D05 

rt: n:: 
> 10k ~ 10k "> 10 k 10 k 

RI TRO RI TRO 

- VOO - VOO 
Vss VSS 

-=L.. 
MC14469 -== MC14469 I Address 0 1 

000000 

I r-- AO Address - AI 

I .- AI 0000001 .- A2 

10- A2 ..- A3 

I 10- A3 .- A4 

~ A4 YAP tJ .- A5 YAP tJ I 10- AS .- A6 ..- A6 Send Send 
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A 

1 
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VOO 
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• 

FIGURE 6 - FLOW CHART OF MC14469 OPERATION 

SEL 
Control 

7-314 

VAL and SEL are Internal latches. 

*Data format for both 'transmit and receive consists of: 

1 Start Bit 
8 Data Bits 
1 Even Parity Bit 
1 Stop Bit 



® MOTOROLA 

Advance In:for~ation 

5-FUNCTION, 4-DIGIT, LCD WATCH CIRCUIT 

The MC14478/MCC14478 is a fully integrated 5-function, 
4-digit, liquid crystal display watch circuit, fabricated with Motorola 
low-threshold metal-gate CMOS technology. The circuit is designed 
to readily interface with standard LCD 3-1/2 digit display where 
automatic shutdown and lamp test are not required. To provide 
voltage to drive the LCD, a highly efficient voltage tripler (that can 
be used as a doubler) produces nominally 4.25 V (2.85 V for doub­
ler). The voltage multiplier circuit requires three external capacitors 
(two for voltage doubler). Two external switches and the oscillator 
circuitry complete the design. 

• Five Functions Hours: Minutes 
Month Date 

Seconds 

• Automatic 4·Year Calendar 

• Single 1.5 V Battery Operation 

• Two Button Operation: Display and Set 

• 32.768 kHz Oscillator Requires External Crystal and 
Trimmer Capacitor 

• Test Input Allows High Speed Testing ,< 
• High Efficiency Voltage TriPler/Doub:r\ C '\ 
• Requires Only Three/Two Exter l~rs 

• MCC14478 Die is Similar 0 4480 Without Lamp 
Test and Automli 

• MCC14478 Replacel( 
AMI 
TI 

POWER·UP 

S1424A 
TP0232/TP0233 

MC14478 
MCC14478 

CMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

5-FUNCTION,4-DIGIT 
LCD WATCH CIRCUIT 

PSUFFIX 
PLASTIC PACKAGE 

CASE 711 

Mec PREFIX 

CHIP 

ORDERING INFORMATION 

MC14XXX 

MCC14XXX 

Suffix Denotes 

[p Plastic Package 

--Chip 

(MODE 2) 

Upon power-up the chip will be in the freeze mode and Mode 1 
or Mode 2 can be entered with respective depressions of DISPLAY 
or SET. 

Push Set Once .......... Watch alternates between hours/minutes 
and month/date for 2 seconds each 

Push Display Once ............ Seconds displayed continuously 

Push Display Again ............. Reverts to alternating display 
OPERATION 

(MODE 1) 

Run .............. Hours and minutes, colon flashing seconds 

Push Display. . . . . . . . . . . . . . . . . . . . . . . . . .. Month and date 
After 2 seconds display will return to hours and minutes 

Push Display Twice (or once if month/date 
is being displayed) .......... Seconds displayed continuously 

Push Display .................. Return to hours and minutes 

ThiS IS advance information and specifications are subject to change without notice. 

7-315 

SET (Set Button) 

Push Set .... Places display into Mode 2 
Push Set . . . . . . . . . . . . . . Set month * 
Push Set . . . . . . . . . . . . . . . . Set day' 
Push Set ............... Set hour* 
Push Set .............. Set minutes 

(Resets and holds seconds)' 
Push Display ........ Releases seconds 

*Display advances display at one second rate. 
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MC14478. MCC14478 

MAXIMUM RATINGS (Voltages relerenced to VSS) 

Rating Symbol Value Unit 

Supply Voltage V -0.3 to +3.0 Vdc 

Supply Voltage VOO to VSS o to +6.0 Vdc 

Input Voltage (Pin. 3, 37, 20, 39) Vin VOO + 0.3 to VSS -0.3 Vdc 

A II Other Inputs Vin VOO + 0.3 to VEE - 0.3 Vdc 

Operating Temperature Range TA -5.0 to +70 °c 
Storage Temperature Range T.tg -25 to +85 °c 

ELECTRICAL CHARACTERISTICS (V DO - VSS = 1.5 Vdc, TA = 250 C) 

Characteristic 

Osci Ilator Start Va Itage 

Oscillator Sustaining Voltage 

Input Voltage Levels 

Displav. Set 
Logical "1" 
Logical "0" 

Test 
Logical "1" 
Logical "0" 

Input Current Levels 
Display, Set 
Test 

Output Current Levels 

Segment Drivers 
Logical, "1" 

Logical "0" 

BP = 32 Hz 
Logical "1" 

Logical "0" 

Supply Current, ISS 

Doubler Voltage, VOO - VEE 

Tripier Voltage, VOO - VEE 

Conditions Min 

1.45 

1.30 

VOO -0.25 
Internal Pulldown VSS -

-
Internal Pulldown VOO -

Yin = VOO 2.0 
Yin = VSS -

YOU! = VOO -0.15 V, 2.0 
VOO-VEE=3.0V 

yOU! = VEE +0.15 V, 2.0 
V DO - VEE = 3.0 V 

yOU! = VOO -0.15 V, 20 
VOO-VEE=3.oV 

yOU! = VOO+ 0.15 V, 20 
VOO - VEE = 3.0 V 

1- 32,768 Hz 

VOO -VSS = 1.6 V 

Doubler connected (No loading) 2.5 

Tripier connected (No loading) 4.35 

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 
VOU!).; VOO· 

7-316 

Typ Max Units 

- - Vdc 

- - Vdc 

Vdc 

- -
Open -

- VSS + 0.25 
Open -

~A 

5.0 30 
- 15 

~A 

- -

- -. 

- -

- -

5.U ~A 

2.55 - Vdc 

4.4 - Vdc 



MC14478. MCC14478 

Doubler Tripier -=-
O.05IJF 

r- 512 

Cap 2 

0.05~FL 
Cap3 

Cap 1 

VEE 

0.05~F I 

PIN ASSIGNMENT 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
17 

18 

19 

20 

LCD WATCH CIRCUIT 

5-36 pF 32.768 kHz 147 pF 

----L 51 Display 
OSCout 

----L 52 
Set 

MCC14478 

Vee 

V55 

Back Plane Segments 

-=-. 
• 1 II bl - 1 el'7.:l • -d 

K 2 Digit No. 

CHIP DIMENSIONS. PAD ASSIGNMENT 

40 

39 

38 

37 
G';~w w 

w 
> 
I 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

r.:= 
I ;:= 
I 

1c-

Colon-, 

2e-

0.130 
2d-

2c-

30-

3d-

7-317 

u 
M . en 

I- e 
u. 0 

> 
o 
o 
> 

D C 
M M 

-Test 1, 2, 3 for Motorola Engineering use, 
pads may not show probe marks. 

1 +1.5V 

-19 

-11 

_1a 

-1b 

-29 

-21 

-20 

-2b 

-39 

-31 

-Test 3* 

-Test 2· 

-Test 1· 
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® MOTOROLA 

5-FUNCTION, 4-DIGIT, LCD WATCH CIRCUIT 

The MCC14479/MCC14480 are fully integrated 5-function, 
4-digit, liquid crystal display watch circuits fabricated with Motorola 
low-threshold metal-gate CMOS technology. The circuit is designed 
to readily interface with standard LCD 3-1/2 digit displays. To 
provide vpltage to drive the LCD, a highly efficient voltage tripler 
(that can be used as a doubler) produces nominally 4.25 V (2.85 V 
for doubler). The voltage multiplier circuit requires three external 
capacitors (two for voltage doubler). Two external switches and the 
oscillator circuitry complete the design. 

• Five Functions Hours: Minutes 
Month Date 

Seconds 

• Direct Liquid Crystal (LCD) Drive 

• Single 1.5 V Battery Operation 

• Two Button Operation: Display and Set 

• 32.768 kHz Oscillator Requires External Crystal and 
Trimmer Capacitor 

• Test Input Allows High Speed Testing ,,< 
• High Efficiency .voltage Tripier/Doubler r _ "\ 
• Requires Only ThreelTwo External ~a\~ 
• Shutdown Mode, to Provide ReoA.~r 

During Storage r'\ V 
• MCC14479 Die is ~\.Ige of MCC14480 

• MC144;.80 RePlace~ , -
AMI S1424A 
TI TP0232ITP0233 
National MM58118/MM58120 

MM5811'7IMM58119 

POWER-UP 

MCC14479 
MC14480 

MCC14480 

CMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

5-FUNCTION,4-DIGIT 
LCD WATCH CIRCUIT 

P SUFFIX 
PLASTIC PACKAGE 

CASE 711 

MCC PREFIX 
CHIP 

ORDERING INFORMATION 

MC14XXX 

MCC14XXX 

Suffix Oenotes 

1:; L Ceram.c P ac.age 
P Plastic Package 

-- Chip 

(MODE 2) 
Upon power-up. circuit will be in shutdown' with OsCin pulled up 
to VOO and in low cu~rent state. One depression of DISPLAY 
will cause the oscillator to start with the device in the freeze mode. 
At this point, watch can enter Mode 1 or Mode 2 with respective 
depressions of DISPLAY or SET. 

Push Set Once .......... Watch alternates between hours/minutes 

OPERATION 

(MODE 11 

Run .............. Hours and minutes, colon flashing seconds 

Push 0 isplay. . . . . . . . . . . . . . . . . . . . . . . . . .. Month and date 
After 2 seconds display will return to hours and minutes 

Push Display Twice (or once if month/date 
is being displayed) .......... Seconds displayed continuously 

Push Display •................. Return to hours and minutes 

and month/date for 2 seconds each 

Push Display Once ............ Seconds displayed continuously 

Push Display Again ............. Reverts to alternating display 

Push Set 
Push Set 
Push Set 
Push Set 

SET (Set Button) 

· ... Places display into Mode 2 
· ............. Set month" 

........ Set day· 

· .............. Set hour* 
Push Set .............. Set minutes 

(Resets and holds seconds)' 
Push Display ........ Releases seconds 

·Display advances display at one second rate. 
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MCC14479. MC14480 • MCC14480 

MAXIMUM RATINGS (Voltages referenced to VSS) 

Rating SVmbol Value Unit 

Supply Voltage VootoVSS -0.3 to +3.0 Vdc 

Supply Voltage Vooto VEE o to +6.0 Vdc 

Input Voltage (Pins 3, 37, 20, 39) Vin VOO + 0.3 to VSS - 0.3 Vdc 

All Other Inputs Vin VOO + 0.3 to VEE - 0.3 Vdc 

Operating Temperature Range TA -5.0 to +70 °c 
Storage Temperature Range Tstg -25 to +85 °c 

ELECTRICAL CHARACTERISTICS (VOO - VSS = 1.5 Vdc, TA = 250 C) 

Characteristic Conditions Min 

Oscillator Start Voltage 1.45 

Oscillator Sustaining Voltage 1.30 

Input Voltage Levels 

Display. Set 
Logical "1" VOO -0.25 
Logical ''0'' Internal Pulldown VSS -

Test 
Logical "I" -
Logical "0" Internal Pullup V 00 -

Input Current Levels 

Display, Set Vin = VOO 2.0 
Test Vin = VSS -

Output Current Levels 

Segment Drivers 
Logical "1" Vout = VOO -0.15 V, 2.0 

VOO-VEE=3.0V 

Logical "0" Vout = VEE +0.15 Vi 2.0 
VOO - VEE = 3.0 V 

BP = 32 Hz 
Logical "1" Vout = VOO - 0.15 V, 20 

VOO - VEE = 3.0 V 

Logical "0" Vout = VOO +0.15 V, 20 
VOO - VEE = 3.0 V 

Supply Current, 100 f = 32,768 Hz -
VOO-VSS=I.6V 

Doubler Voltage, VOO - VEE Doubler connected (No loading) 2.5 

Tripier Voltage, VOO - VEE Tripier connected (No loading) 4.35 

5-36 pF 32 76B kHz 

0 
Doubler Tnpler 

O.05IJF 

r- S12 

0.05 #-iF 
Cap 2 

O.OS"FL Cap :3 

Cap 1 

VEE 

O.OS"F 1 Back Plane Segments ------------

LCD WATCH CIRCUIT I 1 • 1 'I - -I 1 • 1 1 -I - -
K 
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. 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or .'ectric fields; hOMVer. it i. 
advised that normal precautions be taken 
to avoid application of anv voltage higher 
than maximum fated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range VSS lIIIO; (Vin or 
Vout) .. VOO· 

Typ Max Units 

- - Vdc 

- - Vdc 

Vdc 

- -
Open -

- VSS + 0.25 
Open -

,..A 
5.0 30 
- 15 

itA 

- -

- -

- -

- -
- 5.0 itA 

2.55 - Vdc 

4.4 - Vdc 

Display 
-L,S1 

Set 

VOO 

VSS 

-::-

J" sv 

bl -;:, 
d 

3 Digit No. 

• 
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FAST TEST MODE 

The test mode of the MC14480 bypasses the initial 
+ 1024 counter chain from OSCin to the backplane output 
(32 Hz) and causes the outputs to operate at dc levels 
with a logic "1" (VOO) denoting a segment on condition 
and a logic "0" (Vee) denoting a segment off condition. 
To get into the test mode, OSCin must be clocked until a 
1 .... 0 transition is sensed on, the backplane output. At 
this time OSCin must be clocked an additional 256 times 
and left in the high state (VOO). The Test input should be 
at a "1" while this initialization routine is being per· 
formed, but should be taken to Vss after setup. The Test 
input may now be clocked into the + 32 counter chain 
and should toggle between VOO and VSS and be left at 
VSS when any output interrogation is being done (this 
is necessary to hold dynamic flip-flops in the + 1024 
counter chain). In the fast test mode, the MC14480 
switch closures are de bounced with 2 positive clock transi­
tions of test, and switch openings are debounced with one 
positive transition. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

PIN ASSIGNMENT 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 
29 
28 

27 

26 

25 

24 

23 

22 

21 

FIVE·FUNCTION DISPLAY FORMAT 

Colon Flashing Colon Flash 

Set Mode: 

Colon Fla'shing 

NOTES: 
Freeze 

1. During Set Mode all counts advance at 1 Hz rate with push of display. 
2. Setting Minutes rnets and hold, Seconds (Freeze Mode) until watch 

3. Upon power-up. Chip will be In shutdown with Oscln pulled up to 

7-320 

Colon Flash 

Date Hr:l\(1in 

V DO and in low currant tUite. Ona depression of Display will 
causa the device to $bIrt (Mod. 1). 

4. $agmant Test, when Set and Display.,.. slmultaneou.ly preaaed. 
all legmants coma on. 
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1.­
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1b-

2.-
21-

28 -

2b-

3.-
31 -

'Test 3 -

·Test 2 -

*Test 1 -
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M 
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CHIP DIMENSIONS. PAD ASSIGNMENT 
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en 

MCC14479 

0 
0 
> 

.... 0 
u. 0 

> 

en 0 en 0 > > 

MCC14480 

.... 
u. . 

en 

.0 • 
M M 

·Test 1, 2,3 for Motorola Engineenng use, 
pads may not show probe marks. 
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® MOTOROLA 

6-FUNCTION, 4-DIGIT LCD WATCH CIRCUIT 

The MCC14481 is a fully integrated 6-function, 4-digit liquid 
crystal watch circuit fabricated with Motorola I.ow threshold metal 
gate CMOS technology. The circuit interfaces with a 3-112- or 
4-digit LCD display with two additional segments, one above and 
one below the colon. To provide sufficient voltage to drive the 
LCD display, an efficient voltage tripler (or doubler) produces 
nominally 4.25 volts (2.85 for the doubler). Three external capa­
citors are required for the tripler (two for the doubler). Two 
additional switches and the oscillator circuitry complete the 
watch circuit. 

• Six Function: 
Hours and Minutes 
Day of the Week 
Month and Date 
Seconds 

• Automatic Four·Year Calendar 
• Direct liquid Crystal (LCD) Driver 
• Single 1.5 V Battery Operation 
• Two·Button Operation: Displa 
• 32.768 kHz Oscillator Req e nal Crystal and 

Trimmer CapacitorO..' 
• Test Input AllowsQ,"~d Testing 
• High·Efficiency Vo~ge Tripier/Doubler Requires 

Only Three/Two External Capacitors 
• Automatic Shutdown and Reset of Watch 
• Power·On Reset to MO, 1-1, 1.00 AM, Freeze Mode 
• DISPLAY 

SnTOn" 0 ... C! 

• Day of the Week 

MO TU WE TH F SA SU 

MCC14481 

CMOS LSI 
ILOW.pOWER COMPLEMENTARY MOSt 

6-FUNCTION,4-DIGIT 
LCD WATCH CIRCUIT 

MCC PREFIX CHIP 
48·Pin Package available on a limited 
sample basis for experimental use. 

OPERATION SET PROCEDURE 

Run: 
Push DISPLAY: 

Hour and minutes, colon flashing seconds 
Month/date 
After 1.0 second display shows day 

After 1.0 second display returns to hours! 

minutes 
Push DISPLAY tWice: Seconds 
Push DISPLA Yonce: Seconds return to hours/minutes 

Push SET three times: Set month*(See shutdown operation) 
Push ·SET: Set date'" 
Push SET: 
Push SET: 
Push SET: 
Push SET: 
Push DISPLAY: 

Set day of the week* 
Set hours* 
Set minutes* 
Hours/minutes. not running 
Hours/minutes, normal run mode 

*Push DISPLAY advances at one second rate. 

SHUTDOWN OPERATION: Follow SET PROCEDURE into set month mode. After approximately 150 seconds, watch shuts down. 
Push DISPLAY once to start watch. 

FAST SET OPERATION: For setting, for example, HAS at faster than 1 Hz rate, DISPLAY may be tapped and the hours will 
advance at the tapped rate. 

POWER UP: At power-up. the watch will reset and be in the Freeze Mode displaying 1 :00. 

7-322 
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MAXIMUM RATINGS (Voltages reterenced to VSS) 

Rating Symbol Value Unit 

Supply Voltage VOO to VSS -0.3 to +3.0 Vdc 

Supply Voltage VOO to VEE o to +6.0 Vdc 

Input Voltage Vi" VOO +0.3 to VSS -0.3 Vdc 

Operating Temperature Range TA -5 to +70 °c 
Storage Temperature Range Tstg -25 to +85 °c 

ELECTRICAL CHARACTERISTICS (TA = 250 C unle .. otherwise noted) 

Characteristic Conditions 

Oscillator Start Voltage 

Oscillator Sustaining Voltage 

Input Voltage Levels, Display. Set, Test 
Logical "1·· 
Logical "0" Internal Pull down VSS 

Input Current Levels, Display. Set, Test Vin - VOO 
Output Current Levels, Segment Drivers 

(BP = 32 Hz) 
Logical "1" Vout = VOO-0.2 V, VOO-VEE = 4.5 V 
Logical "0" 

Supply Current, IDO 

Voo vss vee 

OSC!n 

oscout 

l12PF 
Divider 

Network 

Vout = VEE+0.2 V, VOO-VEE = 4.5 V 

t = 32,768 Hz 
VOO-VSS = 1.6 V 

VOO-VEE = 4.8 V 

MCCI4481 BLOCK OIAGRAM 

Output 
Function 
Control 

Foreign 

7-323 

Min 

1.45 

1.3 

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 t. taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vi n and Vout be 
constrained to the range VEE/VSS'" (Vi" 
or Vout)'; VOO. 

Typ Max Units 

- - Vdc 

- - Vdc 

Vdc 

VOO-O.25 - -
- Open -

0.5 4.0 25 "A 

"A 

2.0 - -
2.0 - -
- - 7.0 "A 

ka 

kb 
K kc 

k. 

10 

Ig 

2a 

2 

Multiplexer 29 

3. 

3 

3g 



II 

MCC14481 

Doubler Tripier 

O.OS/.IF 

.r- 512 

Cap 2 
O.OS/.IF L Cap3 

Cap 1 

VEE 

o.OS/.IF·1 

Normal Operation: 

Hr:Mln 
Colon Flashing 

Month Date 

Sat Mode: 

Hr:Min within 
Colon Flashing 2.6 Sec 

Set 
Mo 

LCD WATCH CIRCUIT 

S-36 pF 32.768 kHz 

~~~~~Dr---~ 

CAPout 

MCC14481 

Back Plane Segments 

- - -1'1 -I 1 1 • bl - - I el-;:I 1 I 1 ..L I - - d V 

K 2 3 

K 2 3 

OPERATION and SET FLOW DIAGRAM 

Vccl-----. 

VSS 

6 Function 
CHipley 

Digit No. 

6 Function 
European DilPlav 

Date il followed by month. 
Connect Pad/Pin 3 to Voo. 

Digit No. 

I +1.5V 

~ 
~-~ 

See 

Set 
Cate 

Day See 

Set 
Cay 

Hr:Mln 2X Sec 1X Hr:Mln 

IX Set 
Hr 

IX Set 
Min 

Colon Flashing 

Hr:Min 

Freeze Mode 

NOTES: 1. Device only enters Freeze Mode when minutes are incremented. 
2. To Increment any function at 1 Hz rate, presl Display and hold. Multiple depressions will increment Display faster. 

Segments Activated for Day of the Week 

MO TU WE TH F SA SU 

lb 3a x 3b lb 3a x 3b 2. 2. 3a 2. 3b 

Ie 3b 2f 3c Ie 3f 2' 3c 2f 2c 3b 2c 3c 
x 3c 2e 3d y 3g 2e 3f 2g 2d 3c 2d 3d 
2f 3d 2a 3a 2b 3a 2. 3g 2e 2' 3a 29 3a 
2e 3a 3' 2c 3d 3. 2g 3' 2f 3' 
2a 3' 2d 39 
2b 2e 
2c 2' 

7-324 
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130 

121 

ka 116 

VEE 108 

Cap out 100 

OSCout 90 

OSCin 68 

CaPin 52 

Cap 3 44 

Cap 2 35 

51227 

Cap 118 

BP10 

0 

CHIP DIMENSIONS 
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® MOTOROLA 

HEX CONTACT BOUNCE EL IMINATOR 

The MC14490 is constructed 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 Typicaf 

• Six Debouncers perPackage 

• Internal Pullups on All Data Inputs 

• Internal Oscillator ,R-C), or External Clock Source 

• TTL Compa,ibleOata Inpl,lts/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 Delavs 
• Schmitt Trigger ~n Clock 'Input (Pin 7) 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc (MC14490EFL/FLlFP) 
= 3.0 Vdc to 6.0·Vdc (MCl4490EVLIVLNP) 

+Voo BLOCK OIAGRAM:· 

MC14490 

CMOS LSI 
ILOW-POWER COMPLEMENTARY MOSI 

HEX CONTACT 
BOUNCE ELIMINATOR 

~,-I~Y(fHUll 1 

I, L SUf;FIX P SUFFIX 
CERAMIC; PACKAGE PLASTIC PACKAGE 

CASE 620 CASE 648 

OROERING INFORMATION 

MC14490 

~~
Uff!X Denote. 

L eeram Ic Package 
P : Plante Package 
F Extended Operating 

Voltage R.nge (3V to IBV) 
V Limited Operdng 

Voltage "ange (3V to BV) 
B lank Standard Operating 

Temperature Range (-40 to +8SoC) 
E Extended Operating 

Temperatura Range (-56 to +12SoC) 

Ain 1 4-Blt Sutk: Shift RegI .... ' 

</>1 </>2 VOO"'" Pin 16 

Oscin Vss = Pin B 

OlCout 

Bin 

</>1. <1>2+ 

P-02 Bout Identical to Above Stage 

Cin 3~ Identical to Above Stage 

</>I~ <1>2+ 

P---o 13 Cout 

Din 12~ Identical to Above Stage 

</>1+ <1>2+ 

P-----o 4 °out 

Eln 50---4 
</>14 <1>2'+ 

P-----o 11 Eout Identical to Above Stage 

Fin IO~ 
</>1+ <1>2+ 

P-----o 6 F out Identica' to Above Stage 
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MAXIMUM RATINGS (Voltages referenced to VSS, Pin 8.1 

Rating Symbol Value 

OC Supply Voltage VOO 
- MC14490EFL/FLlFP +18 to -0.5 

- MC14490EVLIVLIVP +6.0 to -0.5 

Input Voltage, All Inputs Vin VOO+0.5 
to VSS -0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range MCI4490EFLlEVL TA -55 to +125 
MCI4490FLlFPIVLIVP -40 to +85 

Storage Temperature Range Tst9 -65 to +150 

ELECTRICAL CHARACTERISTICS 

VDD·· Tlow . 
Charact.istic Symbol Vdc Min Max 

Output Voltage "0" Level Vout 5.0 - 0.01 
10 - 0.Q1 
15 - 0.02 

"I" Level 5.0 4.99 -
10 9.99 -
15 14.95 -

Noise Immunity VNL 
(6Vout .;; 0.8, Vdcl 5.0 1.5 -
(6Vout .. 1.0 Vdel 10 3.0 -
(6Vout .. 1.6 Vdcl 15 4.5 -

(6Vout " 0.8 Vdel VNH 5.0 1.4 -
(6Vout .. 1.0 Vdcl 10 2.9 -
(6Vout " 1.5 Vdel 15 4.4 -

Output Drive Current *. * IOH 
Source 

Oscillator Output 
(VOH = 2.5 Vdel 5.0 -0.23 -
(VOH = 9.5 Vdel 10 -0.23 -
(VOH = 13.5 Vdel 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 IOL 
Oscillator Output 

(VOL = 0.4 Vdcl 5.0 0.23 -
(VOL = 0.5 Vdel 10 0.60 -
(VOL = 1.5 Vdcl 15 1.8 -

Debounce Outputs 
(VOL = 0,4 Vdel 5.0 2.4 -
(VOL ~ 0.5 Vdel 10 4.0 -
(VOL = 1.5 Vdc) 15 12 -

Input Lukage Currents IIH 
Debounce Inputs - - -

(VIH=VOOI 
Pullup Resistor Source Current IlL 

Debounce Inputs 5.0 210 375 
(VIL = VSSI 10 415 740 

15 610 1100 

Input C8pacitanee Cin - - -
(Vin=O) 

Quiescent Current 100 
5.0 - 150 
10 - 280 
15 - 840 

'Tlow= -55"C for MCI4490EFL, EVL; -4o"Cfor MCI449OFL, FP, VL, VP. 
Thigh - +125"Cfor MCI4490EFL, EVL; +85"C for MCI449OFL, FP, VL, VP. 

"Only 6-wlt specification. apply to MCI4490 EVL, VL, VP devices. 
···Care must be taken not to exceed maximum current ratings (See Maximum 

Ratings Table and Figure 2). 
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Unit 

Vde 

Vde 

mAde 

°c 

°c 

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 
10 

-

140 
280 
415 

-

-
-
-

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 V In and Vout be 
constrained to the range VSS ...; (Vin or 
Voutl.;; Voo· 

25°C Thigh' 
Typ Max Min Max Unit 

0 0.Q1 - 0.05 Vde 
0 0.01 - 0.05 
0 0.02 - 0.10 

5.0 - 4.95 - Vde 
10 - 9.95 -
15 - 14.75 -

Vde 
2.25 - 1.4 -
4.50 - 2.9 -
6.75 - 4.4 -
2.25 - 1.5 - Vde 
4.50 - 3.0 -
6.75 - 4.5 -

mAde 

-1.7 - -0.16 -
-0.9 - -0.16 -
-3.5 - -0.48 -

-2.6 - -0.4 -
-1.4 - -0.4 -
-5.4 - -1.2 -

mAde 

0.78 - 0.16 -
2.0 - 0.4 -
7.8 - 1 .. 2 -

4.0 - 1.8 -
10 - 2.7 -
40 - 8.1 -

pAde 
10 - - -

"Ade 
190 255 70 130 
380 500 145 265 
570 750 215 400 
5.0 - - - pF 

"Ade 
40 120 - 100 
75 225 - 180 
225 676 - 550 

• 



I 

MC14490 

SWITCHING CHARACTERISTICS (CL = 15 pFI 

VDD ... • T/ow . 25u C ThiJ!!l* 
Characteristic Symbol Vde ,Min Max Min Typ Max Min Max 

Output Rise Time tTLH 
All Output. 5.0 - - - 70 - - -

10 - - - 35 - - -
15 - - - 25 - - -

Output Fall Time rrHL 
Oscillator Output 5.0 - - - 70 - - -

10 - - - 35 - - -
15 - - - 25 - - -

Debounce Outputs 5.0 - - - 50 - - -
10 - - - 25 - - -
15 - - - 18 - - -

Propagation Delay Time tPHL 
Oscillator I "put to 5.0 - - - 625 - - -

Oebounce Outputs 10 - - - 250 - - -
15 - - - 200 - - -

tPLH 5.0 - - - 700 - - -
10 - - - 275 - - -
15 - - - 200 - - -

Maximum Clock Frequency fel 
(50% Duty Cycle) 5.0 - - - 0.4 - - -

10 - - - 1.0 - - -
15 - - - 1.3 - - -

Minimum Setup Time tsu 5.0 - - - 200 - - -
(See Figure 1) 10 - - - 40 - - -

15 - - - 30 - - -
Maximum External Clock Input tTLH, 

Rise and Fall Time rrHL 5.0 No limit 
Oscillator Input 10 

15 
Typical Oscillator Frequency fose - f = 0.375 VOO 

NO~ in Vdc, Cext in pFI 
Cext 

"Tlow = -5SOC for MCI4490 EFL, EVL; -400C for MC1449OFL, FP, VL, VP. 
Thigh = +12SOc for MC14490 EFL, EVL; +85OC for MCI4490FL, FP, VL, VP 

""Only Sovolt specifications apply to MCI4490 EVL, VL, VP devices. 

FIGURE 1 - TYPICAL SWITCHING TIME WAVEFORMS 

OICin 
,----~---------- voo 

'-----0 V 

Aout 
'~~~------Voo 

--------0 V 

Aout 

-4 \'--------Voo 
. 50% "' ____ 0 V 

9~:L ------------ Voo 
50% 10% ______ 0 V 

tTHL 

~ VOO 

.tsuC OV 

Aln ---------5-0%- Voo 

OV 
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FIGURE 2 - AMBIENT TEMPERATURE 
POWER DERATING 

PLASTIC OR CE~AMIC 

"'-
PACKAGE ~-

~ 

~ 
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" 
" " "'-50 75 100 125 150 175 

TA, AMBIENT TEMPERATURE JOC) 

Unit 
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ns 

ns 

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 trail ing edges of the signal, 
shown in the timing diagram of Figure 3. 

Each of the six Bounce EI im ina tors is composed of a 
4\.1,·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 Bounce 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 sh ift 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 l's and 
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\.1, to 4\.1, clock 
period delay between the clean input signal and output 
signal. In this example there is a delay of 3.B 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 O. At N+B nothing happens because the input and 
output are low and all bits of the shift register are O. 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 l'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 of 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 maki ng 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 Eliminator 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 

Clock 

'!'pu Il1U1fl t 

Outpu t 

Contact 
Opel"!. I Contact 

Bouncing 

3 4 5 6 

I 

Contact Cloted 

(1' 

" ,~ 

N+7 N+8 N+9 N+10 N+11 N+12 N+13 

IlJUUlJ 

Contact 
Bouncing 

Contact Open 

7-329 

• 



• 

MC14490 

FIGURE 4 - TYPICAL "FORM AU CONTACT DE BOUNCE CIRCUIT 
(OnlY. One Dabouncar Shown) 

+Voo 

~o--A_in ----4t---<l1 

1 -"~~;~A" 
':' Contact 

Aout 

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 V 0 0 and the input, 

Because of the built in pullup resistors, the inputs 
cannot be driven with a single standard CMOS gate when 
VOO 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 MC14050 (see Figure 5), 

The MC 14490 is TTL compatible on both the inputs 
and the outputs, When VOO is at 4,5 V, th,e buffered 
outputs can sink 1.6 mA at 0.4 V. The inputs can be 
driven with TTL as ,a result of the internal input pull, 
up resistors. 

FIGURE 5 - TYPICAL SINGLE OSCILLATOR 
DEBOUNCE SYSTEM 

OSCln 

Cext 
1/6 MC14050 

From 
MC14490 

To System 
Contacts Logic 

• 
MC14490 To5ystem • 

Logic ': 
From Contacts 

F rom Contacts 'MCI4490 
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 B 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 

OSCout 

LATCHED OUTPUT 

The contents of the Bounce Eliminator can be latched 
by ulling several extra gates as shown in Figure 7. If the 
latch lead is hill! 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 will be representative of 
the input signal four clock periods earlier. 

Clock 

FIGURE 7 - LATCHED OUTPUT CIRCUIT 

In Out 

MC14490 

1---+-OlCout 

Latch = 1 
Unlotch - 0 
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MULTIPLE TIMING SIGNALS 

As shown in Figure B, 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 AS as shown in Figures 9 and 
10. The signal AS 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 - MULTIPLE TIMING CIRCUIT CONNECTIONS 

~_ o--o--QL __ --..JP---Q-- Aout 
Ain 

iO---<:r--- Bout 

iO---<:r--- Cout 

iO---<:r--- Dout 

iO---<:r--- Eou' 

6 

iO---<r--- F out 

7 1 9 

OOC'ln ~ OlCout 

• 
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MC14490 

Clock 

Input -ulJl 

A 

B 

C 

0 

E 

F 

Ai 

AB 

FIGURE 9 - SINGLE PULSE OUTPUT CIRCUIT 

A == Active Low 
'8 == Active Low 

Ai 

FIGURE 10 - MULTIPLE OUTPUT SIGNAL TIMING DIAGRAM 

tt' 

(,,(1 

n l<. 

(~ 

r..'('l 

')1 
(to 

)) l<. 

U. 

l~ 

I 

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 doe. not 
convey to the purchaser of the semiconductor device. described any 
license under the patent rights of Motorola I nco or others. 
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BCD-TO-SEVEN SEGMENT HEXADECIMAL LATCH/ 
DECODER/DRIVER 

The MC14495 BCD-to-seven segment hexidecimallatch/decoder/ 
driver is constructed with complementary MOS (CMOS) enhance­
ment mode devices and NPN bipolar output drivers in a single mono­
lithic structure. The circuit provides the functions of a 4-bit storage 
latch. It can be used with LED seven segment displays without resis­
tor interface at 5 volt supply. The resistors of typically 290 ohms are 
internal to the part. 

Applications include MPU systems display driver, instrument dis­
play driver, computer/calculator display driver, cockpit display 
driver, and various clock, watch, and timer uses. 

• Low Logic Circuit Power Dissipation 

• High-Current Sourcing Outputs With Internal Limiting Resistance 

• Latch Storage of Code 

• Supply Voltage Range = 4.5 Vdc to 16 Vdc 

• Internal Input Level Shift: 
Input +5 CMOS to VDD of +5 to + 16 Vdc 
Input +5 V TTL with Pull-up, to VDD of +5 to + 16 Vdc 

BLOCK DIAGRAM 

11 
.. iiCA 

290 12 

290 13 
b 

II 290 14 Address 
Decoder 

4-lIlt and 290 15 
Latch Segment d 

ROM 
290 ArraV 

C 
290 2 

290 3 

4 
h+1 
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0 
0 
0 
0 

0 
0 
O. 
0 

1 
1 
1 
1 

1 
1 
1 
1 

MC14495 

CMOS MSI 
(LOW-POWER COMPLEMENTARY MOSI 

BCD-TO-SEVEN SEGMENT 
HEXADECIMAL 

LATCH/DECODER/DRIVER 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC14XXX lSUffiX Oenot •• 

L Ceramic Package 
P PI .. tlc Package 

18 

2 15 
a 

3 14 fE;b 
4 13 

-..: c 
5 12 

d 
8 11 

7 10 

8 9 

ALPHANUMERIC DISPLAY 

101 :12131~ISI6111819IRlbl[ldIEIFI 
0123456189101112131415 

TRUTH TABLE 

INPUTS OUTPUTS 

C B A • b c d e f 9 h+i I7l:R DISPLAY 

o 0 0 1 1 1 1 1 1 0 0 Open 0 
0 0 1 0 1 1 0 0 0 0 0 Open 1 
0 1 0 1 1 0 1 1 0 1 0 Open 2 
0 1 1 1 1 1 1 0 0 1 0 Open 3 
1 0 0 0 1 1 o 0 1 1 0 Open 4 
1 0 1 1 0 1 1 0 1 1 0 Open 5 
1 1 0 1 0 1 1 1 1 1 0 Open 6 
1 1 1 1 1 1 0 o 0 0 0 Open 7 

0 0 0 1 1 1 1 1 1 1 0 Open B 
0 0 1 1 1 1 1 0 1 1 0 Open 9 
0 1 0 1 1 1 0 1 1 1 1 Open A 
0 1 1 0 0 1 1 1 1 1 1 Open b 

1 o 0 1 o 0 1 1 1 0 1 Open C 
1 0 1 0 1 1 1 1 0 1 1 Open d 
1 1 0 1 0 0 1 1 1 1 1 Open E 
1 1 1 1 0 o 0 1 1 1 1 0 F 
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MC14495 

MAXIMUM RATINGS (Voltages referenced to Vss} 

Rating Symbol V.lue Unit 
DC Supply Voltage VOO -0.5 to +18 Vdc 
Input Voltage, All Inputs Vin -0.5 to VOO + 0.5 Vdc 
DC Current Oreln per Input Pin I 10 mAde 
Operating Temperature Range TA -40 to +85 Dc 
Storage Temperature Range Tstg -65 to +150 UC 

Maximum Co~:tinuous Output Power POHmsx mW 
(Source} per Output" 25 Dc 
Pins 1, 2, 3,12,13,14,15 50 
Pin 14 100 

ELECTRICAL CHARACTERISTICS o } (All voltages referenced to VSS = 0, T A -25 C 

Ch_rilti .. Symbol 

DC Supply Voltage VOO 
Input Voltage V 

VIH 

Input Current lin 
Output VCl'I, Pin 11 IOH 
Open Orein Output IOl 

IOH 

Outputs s, b, c, d, e, 'f, g 

IOl 

IOH 

Qutputh+ i 

IOl 

Condition 

VOO= 15V 
VOO= 5.0V 

VOH =VOO 
VOL = 0.5V, VOO = 5.0V 
VOL = 0.5V, VOO = 15V 

VOH = 2.0V, VOO = 5.0V 
VOH = 1.5V, VOO = 5.0V 
VOH = 12V, VOO = 15V 
VOH = 11.5V, VOO = 15V 

VOL = 1.0V, VOO = 5.OV 
VOL = I.OV, VOO = 15V 

VOH = 2.0V, VOO = 5.0V 
VOH = 1.5V, VOO = 5.0V 
VOH = 12V, VOO = 15V 
VOH = 11.5V, VOO = 15V 
VOL = IV, VOO = 5.0 V 
VOL = 1.0V, VOO = 15V 

OUTPUT CIRCUIT 
(Except Pin 11) 

Voo 

1: _ 
t~ 

7-334 

This device contains circuitry to protect 
the inputs against damage dua to high static 
voltages or eteetric fields; hOMver, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum, rated yoltages 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' 

Min TVp Max Unit 

4.5 16 Vdc 

- 0.8 Vdc 

4.0 - Vdc 
3.5 -
- .±10 /lAde 

- .±10 /lAde 

0.2 mA 
1.0 ~ 

-7.5 mA 
- -11.5 

-7.5 
- -11.5 

0.1 - mA 
0.5 -
-15 - mA 
- -23 

-15 -
- -23 

0.2 mA 
1.0 -



MCl4495 

INPUT/OUTPUT FUNCTIONS 
Segment Driver (a, b, c, d, e. f, g, h, i; Pins 1;2, 3, 4,12, 
13, 14, 151 

The segment drivers are emitter·follower NPN· 
transistors. To limit the output current, a resistor 
typically 290 ohms is integrated internally at each output. 
Therefore, external resistors are not necessary when 
driving an lED at the supply voltage of VOO = 5.0 volts. 

OUTPUT (VCR; Pin 111 
This output is activated (goes to lowl whenever the 

address corresponding to program 16 is selected. Other· 
wise the output is open. See the truth table. 

INPUT lATCH (A,B, C, D; Pins 5, 6, 8, 101 
The block diagram is shown on page 1. The inputs A, B, 

C, and 0 are fed to a 4·bit latch which is controlled by 
clock (Cll. Two modes of operation are available. 

CLOCK (Cl; Pin 71 
The data on the inputs A, B, C and 0 will pass through 

the latch and will be displayed immediately when the 
clock is low. In this mode of operation the circuit is per· 
forming the function of a conventional decoder/driver. 
The data may be loaded into the latch when Cl = low and 
will be latched with the rising edge of CL The data will 
remain stored as long as Cl is high. 

TYPICAL CIRCUIT., Voo = 5.0V 

VDD = 5.0V 

16 12 a 

A 5 b 
13 

14 

B 6 d 
15 

MC14495 

C 9 
2 

3 
D 10 h + i 

4 

CI. VCR 
(Open) 

~ 
A through F 
Indicator 

=LED 

7-335 

Common 
Cathode 
LED 
Display 
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® MOTOROLA 

INDUSTRIAL CONTROL UNIT 

The MC14500B Industrial Control Unit (lCU) is a single bit 
CMOS processor. The ICU is designed for use in systems requiring 
decisions based on successive single bit information. An external 
ROM stores the control program. With a program counter (and 
output latches and input multiplexers, if required) the ICU in a 
system forms a stored program controller that replaces combinatorial 
logic. Applications include relay logic processing, serial data mani· 
pulation and control. The ICU also may control an MPU or be 
controlled by an MPU. 

• 16 Instructions 

• DC to 1.0 MHz Operation at VDD = 5 V 

• On Chip Clock (Oscillator) 

• Executes One Instruction per Clock Cycle 

• 3 V to 18 V Operation 

• Noise Immunity Typically 45% of VDD 

• Quiescent Current 5.0 !lAde Typical at VDD = 5 V 

• Capable of Driving One Low·Power Schottky Load or Two Low· 
Power TTL Loads over Full Temperature Range 

Detailed operation and applications are given in the "MC14500B 
Industrial Control Unit" handbook. 

BLOCK DIAGRAM 

3 
O.t.o-~ __ ~-'----------____________ r-~ 

10 15 

6 RR 
12 11 INST A f-OJMP 

12 
5 REG 11 

4 
rfll-')RTN 

10 13 
A!-OFlau o 

RST~ A~FlaUF 
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MC14500B 

CMOS LSI 
(LOW-POWER COMPLEMENTARY MOSI 

INDUSTRIAL CONTROL UNIT 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MO...," l1:;SUffl. Oenot., 

L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Rang, 
C Limited Operating 

Temperature Range 

3 

4 

6 

8 

PIN ASSIGNMENT 

16 

15 

14 

13 

12 

11 

10 

9 



MC14500B 

MAXIMUM RATI NGS (Voltages referenced to VSS) 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Y,n -0.5 to VDD + 0.5 
DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +125 
CLlCP DevIce -40 to +85 

Storage Temperature Range Tstg -65 to +150 

ELECTRICAL CHARACTERISTICS 
Voo Tlow 

Characteristic Symbol Vd. Min 

Output Voltage "0" Level VOL 5.0 -
Yin = VOO orO 10 -

15 -
"1" Level VOH 5.0 4.95 

Yin = 0 or VOO 10 9.95 
15 14.95 

Input Voltage # "0 Level" VIL 
RST,0,X2 

(Va = 4.5 or 0.5 Vdc) 5.0 -
(Va = 9.0 or 1.0 Vdel 10 -
(VA = 13.5 or 1.5 Vdcl 15 -

"1" Level VIH 
(Va = 0.5 or 4.5 Vdcl 5.0 3.5 
(Va = 1.0 or 9.0 Vdcl 10 7.0 
(Va = 1.5 or 13.5 Vdcl 15 11.0 

Input Voltage # "0" Level VIL 
10,11,12,13 

(Va = 4.5 or 0.5 Vdel 5.0 -
(Va = 9.0 or 1.0 Vdel 10 -
(Va = 13.5 or 1.5 Vdcl 15 -

"1" Level VIH 
(Va = 0.5 or 4.5 Vdel 5.0 2.0 
(Va ='1.0 or 9.0 Vdcl 10 6.0 
(Va = 1.5 or 13.5 Vdel 15 10 

Output Drive Current Source IOH 
Data, Write (AL/CL/CP Devieel 

(VOH = 4.6 Vdcl 5.0 -1.0 
(VOH = 9.5 Vde) 10 -
(VOH = 13.5 Vdel 15 -
(VOL = 0.4 Vdel Sink IOL 5.0 1.6 
(VOL - 0.5 Vdcl 10 -
(VOL ·1.5 Vdel 15 -

Output Drive Current Source IOH 
Other Outputs (A L Oevieel 

(VOH = 2.5 Vdcl 5.0 -3.0 
(VOH = 4.6 Vdcl 5.0 -0.64 
(VOH = 9.5 Vdel 10 -1.6 
(VOH = 13.5 Vdel 15 -4.2 

(VOL = 0.4 Vdel Sink IOL 5.0 0.64 
(VOL = 0.5 Vde) 10 1.6 
(VOL = 1.5 Vdcl 15 4.2 

Output Drive Current Source IOH 
Other Outputs (CL/CP Devieel 

(VOH = 2.5 Vdel 5.0 -2.5 
(VOH = 4.8 Vdcl 5.0 -0.52 
(VOH • 9.5 Vdel 10 -1.3 
(VOH· 13.5 Vdcl 15 -3.6 

(VOL = 0.4 Vdcl Sink IOL 5.0 0.52 
(VOL = 0.5 Vdcl 10 1.3 
(VOL = 1.5 Vdcl 15 3.6 
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Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

. 
Max Min 

0.05 -
0.05 -
0.05 -
- 4.95 
- 9.95 
- 14.95 

1.5 -
3.0 -
4.0 -

- 3.5 
- 7.0 
- 1-1.0 

0.8 -
1.6 -
2.4 -

- 2.0 
- 6.0 
- 10 

- -1.0 
- -
- -
- 1.6 
- -
- -

- -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 

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 =10;; 

(Vin or Vout)" VDD. 

25°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 

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

Vdc 

1.1 0.8 - 0.8 
2.2 1.6 - 1.6 
3.4 2.4 - 2.4 

Vde 
1.9 - 2.0 -
3.1 - 6.0 -
4.3 - 10 -

mAdc 

-2.0 - -1.0 -
-6.0 - - -
-12 - - -
3.2 - 1.6 - mAde 
6.0 - - -
12 - - -

mAde 

-4.2 - -1.7 -
-0.88 - -0.36 -
-2.25 - -0.9 -
8.8 - -2.4 -

0.88 - 0.36 - mAde 
2.25 - 0.9 -
8.8 - 2.4 -

mAde 

-4.2 - -1.7 -
-0.88 - -0.36 -
-2.25 - -0.9 -
-8.S - -2.4 -
0.88 - 0.36 - mAde 
2.25 - 0.9 -
8.8 - 2.4 -

• 



MC14500B 

ELECTRICAL CHARACTERISTICS (continued) 

VDD Tlow· 
Characteristic Symbol Vdc Min 

Input Current, RST (Al/Cl/CP Device) lin 15 25 

Input Current (Al Device) 'in 15 

Input Current (CL/CP Device) lin 15 -
Input Copacitance (Data) Cin - -
Input Copacitance (All Other Inputs) Cin - -

(V in = 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 at an External IT -
loed Copecitance (Cl) on 
All Outputs 

• Tlaw = -55a C for Al Device, -40aC for Cl/CP Device. 
Thigh = +125aC for AL Device, +85aC for Cl/CP Device. 

** The formulas given are for the typical characteristics only at 25°C. 
# Noise immunity specified for worst-case input combination. 

Max 

-
±0.1 

±0.3 

-
-

5.0 
10 
20 

20 
40 
80 

25°C Thigh" 
Min Typ Max Min Max 

- 150 - - 250. 

- '0.00001 .0.1 - ±1.0 

- ±O.OOOOI ±0.3 - ± 1.0 

- 15 - - -

- 5.0 7.5 - -

- 0:005 5.0 - 150 
- 0.010 10 - 300 
- 0.015 20 _. 600 

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

IT = (1.5I'A/kHz) f + 100 
IT = (3.0 I'A/kHz) f + 100 
IT = (4.5I'A/kHz) f + I DO 

SWITCHING CHARACTERISTICS ITA = 25°C; tr = tf = 20 n. for X and I inputs; CL = 50 pF for JMP, Xl, R R, Flag 0, Flag F; 
CL =- 130 pF + ITTL load for Data and Write.) 

VDD AIITy .... 

Characteristic Sy'mbol Vd. Min Typ Max 
Propagation Delay Time Xl to AR tplH, 5.0 - 250 500 

tPHl 10 - 125 250 
15 - 100 200 

Xl to Flag F, Flag 0, RTN, JMP 5.0 - 200 400 
10 - 100 200 
15 - 85 170 

Xl to Write 5.0 - 225 450 
10 - 125 250 
15 - 100 200 

Xl to oeta 5.0 - 250 500 
10 - 120 240 
15 - lPO 200 

RSTtaRR 5.0 - 250 500 
10 - 125 250 
15 - 100 200 

RSTta Xl 5.0 450 Note 1 
10 - 200 
15 - 150 

RST to Flag F, Fleg 0, RTN, JMP 5.0 - 400 800 
10 - 200 400 
15 - 150 300 

RST to Write, o.ta 5.0 - 450 900 
10 - 225 450 
15 - 175 350 

Clock Pulse,Wldth, Xl 'Wlcil 5.0 400 200 -
\ 10 200 100 -
\ 15 180 90 -

Reset Pulse Width, RST tWIR) 5.0 500 250 -
10 250 125 -
15 200 100 -

Setup Time - Instruction tsuO) 5.0 400 200 -
10 250 125 -
15 180 90 -

Data tsulo) 5.0 200 100 -
10 100 50 -
15 80 40 -

Hold Time - Instruction thll) 6.0 100 0 
10 50 0 -
15 50 0 -

Data thlo) 5.0 200 100 
10 100 50 -
15 100 50 -

NOTE 1. Maximum Reset oeley may extend to one-half clock period. 
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Unit 

I'Adc 

I'Adc 

I'Adc 

pF 

pF 

I'Adc 

I'Adc 

I'Adc 

Unit 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



MC14500B 

FIGURE 1 - TYPICAL CLOCK FREQUENCY 
venus RESISTOR (RC) 

Pin No. 
1 
2 
3 
4 
5 
6 
7 

8 
9 
10 
11 
12 
13 
14 
15 

Function 
Chip Reset 
Write Pulse 
Data In/Out 
MSB Instruction Word 
Bit 2 Instruction Word 
Bit 1 Instruction Word 
LSB I nstruction Word 
Negative Supply (Ground) 
Flag on NOP F 
Flag on NOP 0 
Subroutine Return Flag 
Jump Instruction Flag 
Oscillator Input 
Oscillator Output 
Result Register 

10k~~llL~-L~-L~~~~~~~LU~~~-L~ 

10k!) lOOk!) 1 M!) 
16 Positive Supply 

RC. CLOCK FREQUENCY RESISTOR 

TABLE 1. MCI4500B INSTRUCTION SET 

Instruction Code Mnemonic Action 

0 0000 NOPO No change in registers. RR - RR, Flag 0 - J1. 
1 0001 LD Load result register. Data-RR 

2 0010 LDC Load complement. Oata-RR 
3 0011 AND Logical AND. RR·Data-RR 

4 0100 AN DC Logical AN 0 complement. RR·Data-RR 
5 0101 OR LogicalOR. AR + Data- RR 

6 0110 ORC Logical OR complement. RR + Data- RR 

7 0111 XNOR Exclusive NOR. If RR = Data, RR - 1 

8 1000 STO Store. RR -+ Data Pin, Write-JL 

9 1001 STOC Store complement. RR -+ Data Pin, Write-.Il. 

A 1010 lEN Input enable. Data -+ I EN Register 

B 1011 OEN Output enable. Data -+ OEN Register 

C 1100 JMP Jump. JMP Flag - J1. 
D 1101 RTN Return. RTN Flag - J1... and skip next instruction 

E 1110 SKZ Skip next instruction if RR = 0 

F 1111 NOPF No change in registers. RR - RR, Flag F ~ JL 

FIGURE 2 - OUTLINE OF A TYPICAL ORGANIZATION FOR A MCI4500B·BASED SYSTEM 

I Additional 
1 I 

I Output Devices 1 , 
I... _________ ....J 1 , , 

I/O Address MC14599B u; 8-Bit Addressable Latch out~uts > Memory with Bidirectional Data 

. 

." 
0 MC14612 
U 

B-Channel B J "- Inputs 
0 I-- Data Selector 
~ 

iii 
" .. r---------., , 

~~ ; I Addltionsl I 1 
I ., I Input Devices I 1 e." , 

I . ." : I I 
::to( 10,11,12,13 

. I 1 0 I I ) -
MCI4500B 

ICU 
Program Clock 
COunter D ... ---
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Symbols 
RST 
Write 
Data 

13 
12 
11 
10 

VSS 
Flag F 
Flag 0 
RTN 
JMP 
X2 
Xl 
RR 

VDD 

To Peripheral 
Devices 
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MC14500B 

TIMING WAVEFORMS 

Instructions NOPO, NOPF 
RR.IEN. OEN remain unaffected 

Xl 

/ RST 

I--- tW(R)-!tPHL!--_____ +-. 'RESET TOXI) 

\~-------------------------
lEN 
Register 

DEN 
Register 

RR \ 
- f--tpHL (RESET TO RR) 

4 Bit \ r--\. /\ 
Instructlon _______________ ~>--------

NOPO NOPF NOPO 

FLAG 0 

tPLH~ l tpHL J k-~ 
FLAG F ______ '_D_A_T_A_T_O_F_L_A_G_) _______ --'/ \ 

Xl 

4 Bit 
Instruction 

SKZ 

Inst,uctions SKZ, JMP, RTN 
RR. lEN. OEN remain unaffected 

--l tW(cl) f--

JMP RTN JMP 

RST ________________________________________________________________ ~~ 

RR~~ ________________________________________ ~4---
JMP Flag / \ n 

---------------~ tPHL' !=. 
RTN Flag ________________________ ...J/ \ (RESET TO Jump) 

SKP F/F 
Internal ____ .....J 

• Instructions Ignored. 
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X1 

4-8it 
Instruction 

Data 

RR 

o E N Register 
(Internal) 

Write 

X1 

4 Bit 
Instruction 

Data 

RR 

lEN Register 
(Internal) 

TIMING WAVEFORMS 

Instructions STO. STOC. OEN 

NOTE 1. Valid output data. 

Instructions LD. LDC. AND. ANDC 
OR. ORC. XNOR. lEN 

OEN STO 
STOC 

Valid when RST "" L 

Valid when RST"'" L 

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

is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuraci ••. 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 "NAND" GATE 

2-INPUT "NOR/OR" GATE 
8-INPUT "AND/NAND" GATE 

The MC14501 US 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 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 

• Logic Swing I ndependent 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 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Svmbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs V in -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 

CIRCUIT SCHEMATIC 

VDD 

llD-t----, 

120-+--.-, 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

16)1~r----r----r---~ 
r-1-'-+~-+-O 14 

(712~r----r--~~--~ 

191 30--1---....... -----' 

1514~~------------~ 

Numbers in parenthesis are for second 4-input gate. 
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CMOS 551 
(LOW.pOWER,COMPLEMENTARV MOS) 

TRIPLE .GATE 
DUAL 4-INPUT "NANO" GATE 

2-INPUT "NOR/OR" GATE 
8-INPUT "AND/NANO" GATE 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC \>ACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MC14XXXUB SuffIX Denotes r :cL Ceramic Package t: Plastic Package 
Extended Operating 
Temperature Range 

Limited Operating 
Temperature Range 

LOGIC DIAGRAM 
(POSITIVE LOGIC) 

~~ 13 3 , 
4 ,. ___ J 

14 AND 
12 "~' 
:~' ___ : 15 NAND 

10 
7 

9 Voe'" Pin 16 
VSS = Pin 8 

Use Dotted Connection Extamally to 
Obtain 8-lnput AND/NAND 

Note: Pin 14 must not be used as an i'nput. 
to the Inverter. 
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ELECTRICAL CHARACTERISTICS 

VDD Tlow* 250 C Thigh· 

Characteristic Symbol Yd. Min Max Min Typ Max Min Max Unit 

Output Voltage "a" Lewl VOL 5.0 - 0.05 - a 0.05 - 0.05 Vde 

Vin=VOOorO 10 - 0.05 - a 0.05 - 0.05 
15 - 0.05 - 0 0.05 - 0.05 

"1" Lewl VOH 5.0 4.95 - 4.95 5.0 - 4.95 - Vde 
Vin=OorV DD 10 9.95 - 9.95 10 - 9.95 -

i 15 14.95 - 14.95 15 - 14.95 -

Input Voltage# "a" Level VIL Vde 
(VO = 3.6 or 1.4 Vde) 5.0 - 1.5 - 2.25 1.5 - 1.4 
(Va = 7.2 or 2.B Vde) 10 - 3.0 - 4.50 3.0 - 2.9 
(Va = 11.5 or 3.5 Vdel 15 - 3.75 - 6.75 3.75 - 3.6 

(VO = 1.4 or 3.6 Vde) "I" Level VIH 5.0 3.6 - 3.5 2.75 - 3.5 - Vde. 
(Va = 2.8 or 7.2 Vde) 10 7.1 - 7.0 5.50 - 7.0 -
(Va = 3.5 or 11.5 Vde) 15 11.4 - 11.25 8.25 - 11.0 -

Output Drive Current IOH mAde 
(AL Device) 
(VOH = 2.5 Vde) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -
IVOH = 4.6 Vde) 5.0 -0.25 - -0.2 -0.36 - -0.14 -
IVOH = 9.5 Vde) NAND 10 -0.62 - -0.5 -0.9 - -0.35 - ! 

(VOH = 13.5 Vde) 15 -1.8 - -1.5 -3.5 - -1.1 -
(VOH = 2.6 Vde) NOR 5.0 -2.1 - -1.75 -3.0 - -1.22 - mAde 
(VOH = 4.6 Vde) 5.0 -0.42 - -0.35 -0.63 - -0.24 -
IVOH = 9.5 Vde) 10 -1.06 - -O.8B -1.58 - -0.62 -
(VOH = 13.5 Vde) 15 -3.1 - -2.63 -6.12 - -1.84 -
IVOH = 2.5 Vde) NOR· 5.0 -3.6 - -3.0 -5.1 - -2.1 - mAde 
(VOH = 4.6 Vde) 5.0 -0.72 - -0.6 -1.0B - -0.42 -
IVOH = 9.5 Vde) Inverter 10 -1.8 - -1.5 -2.7 - -1.05 -
(VOH = 13.6 Vde) 15 -5.4 - --4.5 -10.5 - -3.15 -
(VOL = 0.4 Vde) Sink IOL 5.0 0.64 - 0.51 O.8B - 0.36 - mAde 
(VOL = 0.5 Vde) NAND 10 1.6 - 1.3 2.25 - 0.9 -
(VOL = 1.5 Vde) 15 4.2 - 3.4 B.B - 2.4 -
(VOL = 0.4 Vde) NOR 5.0 0.92 - 0.77 1.32 - 0.54 - mAde 
(VOL = 0.5 Vde) 10 2.34 - 1.95 3.37 - 1.36 -
(VOL = 1.5 Vde) 15 6.12 - 5.1 13.2 - 3.57 -

(VOL = 0.4 Vde) NOR· 5.0 1.54 - 1.28 2.2 - 0.90 - mAde 
(VOL = 0.5 Vde) Inverter 10 3.90 - 3.25 5.63 - 2.27 -
(VOL = 1.5 Vde) 15 10.2 - 8.5 22 - 5.95 -

Output Drive Current IOH mAde 
(CL/CP Device) 
(VOH = 2.5 Vde) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -
(VOH = 4.6 Vde) 5.0 -0.2 - -0.16 -0.36 - -0.12 -
(VOH = 9.5 Vde) NAND 10 -0.5 - -0.4 -0.9 - -0.3 -
(VOH = 13.5 Vde) 15 -1.4 - -1.2 -3.5 - -1.0 -
(VOH = 2.5 Vde) NOR 5.0 -1.68 - -1.4 -3.0 - -1.05 - mAde 
(VOH = 4.6 Vde) 5.0 -0.34 - -0.28 -0.63 - -0.21 -
(VOH = 9.5 Vde) 10 -0.84 - -0.7 -l.5B - -0.52 -
(VOH = 13.5 Vde) 15 -2.52 - -2.1 -6.12 - -1.57 -
(VOH = 2.5 Vde) NOR· 5.0 -2.88 - -2.4 -5.1 - -1.8 - mAde 
(VOH = 4.6Vde) 5.0 -0.58 - -0.48 -1.08 - -0.36 -
(VOH = 9.5 Vde) Inverter 10 -1.44 - -1.2 -2.7 - -0.9 -
(VOH = 13.5 Vde) 15 --4.32 - -3.6 -10.5 - -2.7 -
(VOL = 0.4 Vde) Sink IOL 5.0 0.52 - 0.44 0.88 - 0.36 - mAde 
(VOL = 0.5 Vd.) NAND 10 1.3 - 1.1 2.25 - 0.9 -
(VOL = 1.5 Vd.) 15 3.6 - 3.0 8.8 - 2.4 -

(VOL = 0.4 Vd.) NOR 5.0 0.79 - 0.66 1.32 - 0.54 - mAd. 
(VOL = 0.5 Vd.) 10 1.98 - 1.65 3.37 - 1.36 -
(VOL = 1.5 Vd.) 15 6.4 - 4.5 13.2 - 3.57 -
(VOL - 0.4 Vd.) • NOR· 5.0 1.32 - 1.1 2.2 - 0.90 - mAd. 
(VOL = 0.5 Vd.) I Inwrter 10 3.3 - 2.75 5.63 - 2.27 -
(VOL = 1.5 Vd.) 15 9.0 - 7.5 22.0 - 5.96 -
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ELECTRICAL CHARACTERISTICS (Continued) 

Voo 
Characteristic Symbol Vd. Min 

Input Current (AL Device) lin 15 -
Input Current (CL/CP Device) 'in 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) 

*Tlow = -550 C lor AL Device, -400 C lor CL/CP Device. 
Thigh = +1250 C lor AL Device, +850 C lor CL/CP Device. 

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

IT(CL) = IT(50 pF) + 4 x 10-3 (CL -50) VDDI 

Tlow " 250 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 "A/kHz) I + 100 
IT = (2.4 "A/kHz) I + 100 
IT = (3.6 "A/kHz) I + I DO 

where: IT is in IJA (per package), 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. 

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

Characteristic Figure Symbol VOO 

Output Rise Time NAND,NOR 2,3 tTLH 
tTLH = (3.0 ns/pF) CL + 30 ns 5.0 
tTLH = (1.5 ns/pF) CL + 15 ns 10 
tTLH = (1.1 ns/pF) CL + 10 ns 15 

Output Fall Time NAND, NOR 2,3 tTHL 
tTHL = (1.5 ns/pF) CL + 25 ns 5.0 
tTHL = (0.75 ns/pF) CL + 12.5 ns 10 
tTHL = (0.55 ns/pF) CL + 9.5 ns 15 

Output Rise Time NOR·lnverter 3 tTLH 
tTLH = (1.35 ns/pF) CL + 32.5 ns 5.0 
tTLH = (0.60 ns/pF) CL + 20 ns 10 
tTLH = (0.40 ns/pF) CL + 17 ns 15 

Output Fall Time NOR-Inverter 3 tTHL 
tTHL = (0.67 n,/pF) CL + 26.5 ns 5.0 
tTHL = (0.45 ns/pF) CL + 17.5 n. 10 
tTHL = (0.37 ns/pF) CL + 11.5 n. 15 

Propagation Delay Time NAND 2 tPLH. 
tPLH, tPI·/l, = (1.7 n./pF) CL + 45 n. tPHL 50 
tPLH, tpHL = (0.66 n./pF) CL + 37 n. 10 
tPLH, tpHL = (0.5 ns/pF) CL + 25 n. 15 

tPLH, tpHL - 11.7 n./pF) CL +30 n. NOR 3 tPLH. 5.0 
tPLH. tpHL = (0.66 n./pF) CL + 32 n. tPHL 10 
tPLH, tPHL = (0.5 ns/pF) CL + 20 n. 15 

tPLH, tpHL = (1.7 ns/pF) CL +45 ns NOR-Inverter 3 tPLH. 5.0 
tPLH, tpHL = (0.66 ns/pF) CL + 37 ns tPHL 10 
tpLH tpHL - (0.5 ns/pF) CL + 25 ns 15 

* The formula given IS for the tyPJcal characterlltlcs only. 
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Thigh" 

Min Max Unit 

- ±1.0 "Adc 

- ±1.0 "Ade 

- - pF 

- 1.5 "Adc 
- 3.0 
- 6.0 

- 3.8 "Adc 
- 7.5 
- 15 

"Ade 

Typ 
Max Unit 

All Types 

ns 
180 360 
90 180 
65 130 

ns 
100 200 
50 100 
40 80 

ns 
100 200 
50 100 
40 80 

no 
60 120 
40 80 
30 60 

n. 
130 260 
70 140 
50 100 

115 230 ns 
65 130 
45 90 
130 260 nl 
70 140 
60 100 
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FIGURE 1 - POWER DISSIPATION TEST CIRCUIT 
AND WAVEFORM 

This device contains circUitry to protect 
the ,nputs against damage due to high static 
voltages or electnc fields; hOlM!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 Vout be 
constrained to the range VSS .:e;;; (V In 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 

- 20 ns 20 ns 

Voo L".g"'O"%,----=,.....--+-- vOO 
-50% 

vss 

t--<>-__ -L_J>--.---<>o~~ut 

Output (8) 

FIGURE 3 - "NOR" GATE and "NOR-INVERTER" 
SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Output (B) = "NOR" 
Output (C) ,.. "NOR-Inve"'r" 

Output (8) 

All unused inputs 
connected to ground. 
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STROBED HEX INVERTER/BUFFER 
The MC14502B 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 0 isable 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 (Voltage. referenced to VSS. Pin 8) 

Rating Symbol Value 

OC Supply Voltage VOO -0.5 to +18 

Input Voltage, All Inputs Vi" 0.5 to VOO + 0.5 

DC Current Drain per Input Pin I 10 

DC Current Drain per Output Pin , 30 

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

CL/CP Device --40 to -+a5 
Storage Temperature Range Tstg -65 to +150 

CIRCUIT DIAqRAM 

Disable 

Inhibit 

01 0--+--1._/ 

Other five buffer. are Identical 

TRUTH TABLE 

On Inhibit Disable On 
0 0 0 1 
1 0 0 0 

X 1 0 0 

X X 1 High 

Unit 

Vde 

Vde 

mAde 

mAde 

'c 

C 

Impedance X - Don't c.,. 
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CMOS MS. 
(LOW-POWER COMPLEMENTARY MOS) 

STROBED HEX 
INVERTER/BUFFER 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 048 

ORDERING INFORMATION 

L Ceramic Package 
P PI •• tlc Package 

MO' ..... ItSU!!iX Denote. 

A Extended Operating 
Tamperatura Range 

e Limited Operating 
Temperatur. Range 

LOGIC DIAGRAM 

Output ~"I=: 40-------, 

Inhibit 12 

01 3 ...... -r""L_, 

02 6~-,---..._ ... 

03 

04 10 ~'-L.._'" 

05 13 ~-r""L_' 

D6 15~--.._ ... 

Voo - Pin 16 
VSS"Pin 8 

5 01 

Q2 

2 Q3 

9 04 

11 Q5 
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ElECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vm=VODorO 10 

15 

"I" Level VOH 5.0 
Vin=QorVOD 10 

15 

Input Voltage# "0" Level VIL 
(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 

"'" Level VIH 
(VO • 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) 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 IOL 5.0 
(VOL' 0.5 Vdcl 10 
IVOL' 1.5 Vdcl 15 

Output Drive Current (CLlCP Device) IOH 
(VOH = 2.5 Vdcl Source 5.0 
IVOH = 4.6 Vdcl 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

IVOL = 0.4 Vdcl Sink IOL 5.0 
IVOL = 0.5 Vdcl 10 
IVOL = 1.5 Vdc) 16 

Input Current (AL Device) lin 15 

Input Current (CLlCP Device) lin 15 

Input Capacitance Cin -
IVin = 01 

Quiescent Current (AL Device) 100 5.0 
I Fler Pac kage I 10 

15 

Quiescent Current (CLlCP DeVice) 100 5.0 
IPer Packagel 10 

15 

Total Supply Current**t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Packagel 15 
(el = 50 pF on all outputs, all 
buffers switching) 

Three·State Leakage Current ITL 15 
IAL Devicel 

Three·State Leakage Current ITL 15 
ICL/CP Device) 

*Tlow - -5SoC for AL DeVice, -40oC for CL/CP DeVice. 
Thigh = +12SoC for AL Device, +8SoC for CL/CP De\<'ice. 

#Noise immunity specified for worst·case input combination. 

Tlow . 
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 -

iO.l 

- iO.3 

- -

- 1.0 
- 2.0 
- 4.0 

- 4.0 
- 8.0 
- 16 

- iO.l 

- i1.0 

NOise Margin for both "1" and "O"level = 1.0 Vdc min@ VOO = 5.0 Vdc 
2.0 Vdc min @ VDD • 10 Vdc 
2.5 Vdc min @ VDD = 15 Vdc 

tTo calculate total SUDDlv current at loads other than 50 pF: 
ITCCll ~ ITC50 pFI + 6 x 10-3 CCl -601 VDOf 

2SoC 

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 -

±O.OOOOI ±O.1 

- iO.OOOO1 ±O.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' 12.7 ~A!kHz) f + 100 
IT' 15.3 ~A/kHzl f + 100 
IT = 18.0 ~A/k Hz) f + I DO 

- '0.00001 iO.l 

- '0.00001 i1.0 

where: 'T is in IlA (per package), CL in pF. VOO in Vdc. and f in kHz is input frequency. 
*-The formulas given are for the typical characteristics only at 2SoC. 

Thi 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 -
mAde 

-0.7 -
-0.14 -
-0.35 -
-1.1 -
2.0 - mAde 
4.4 -
16 -

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
1.6 - mAde 
3.4 -
13 -

± 1.0 ~Adc 

- ±1.0 ~Adc 

pF 

30 ~Adc 

- 60 
- 120 

- 30 ~Adc 

- 60 
- 120 

~Adc 

- ±3.0 ~Adc 

- i7.5 "Adc 

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 ,.;;;; (Yin or Vout) 
<VDD· 
Unused Inputs must always be tied to an appropriatologlc voltage levello.g., 8ithor VSS or VDOI. 
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SWITCHING CHARACTERISTICS· (CL = 50 pF. T A - 250C) 

Characteristic 

Output Aise Time 
tTLH c (3.0 ns/pF) CL + 30 ns 
tTLH = (1.5 ns/pF) CL + 15 n. 
t-rLH = (1.1 n./pF) CL + 10 ns 

Output Fall Time 
t-rHL = (0.6 ns/pF) CL + 10 ns 
t-rHL = (0.3 ns/pF) CL + 5.0 ns 
t-rHL = (0.27 ns/pF) CL + 1.5 ns 

Propagation Delay Time Data to Q 

Propagation Delay Time, Inhibit to Q 

Propagation Delay Time D8ta to a, Inhibit to Q 

3~State Propagation Delay, Output "'" to High Impedance 

3-5tate Propagation Delay. High Impedance to "I" Level 

3-5tat. Propagation Delay. Output "a" to High Impedance 

3·5tate Propagation Delay. High Impedanc. to "a" Level 

*The formula given IS for the typical characteristics only. 

FIGURE 1 - TYPICAL OUTPUT SOURCE 
CURRENT TEST CIRCUIT (lOH) 

16 + voo 

03 

04 

OS 

06 

B 

VSS 

VGS = -VOO 

VOS = Vowvoo 
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Symbol VOO 
AIITy .... 

Min Typ Mix 

t-rLH 

t-rHL 

tpHL 

tpHL 

tPLH 

tpHZ 

tpZH 

tpLZ 

tpZL 

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 - 335 670 
10 - 145 290 
15 - 95 190 

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 - 90 160 

5.0 - 150 300 
10 - 70 140 
15 - 55 110 

5.0 - 160 320 
10 - 65 130 
15 - 50 100 

FIGURE 2 - TYPICAL OUTPUT SINK 
CURRENT TEST CIRCUIT (lOLl 

16 + vOO 

Unit 

ns 

ns 

no 

ns 

n. 

ns 

n. 

n. 

n. 
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FIGURE 3 - POWER DISSIPATION TEST CIRCUIT 
AND WAVEFORM 

01~~----------~C~L-' 
021---<>--------,C::-L-i 1: 
03 J ~ 

1\[::20"0 VOO 
50% 

VSS 

FIGURE 5 - AC TEST CIRCUIT AND WAVEFORMS 
(tyLH. tyHL. tpHL. and tPLHI 

16 Voo 

L-____ -!:8~ VSS 

For all tTLH, tTHL. tPHL. and tPLH measurements Vi" 
may be applied to any other On input or to Inhibit. 

Input 

tPHL 

Output 
(Tests 1 and 2) 

50% 
Duty 
Cycle 

FIGURE 4 - AMBIENT TEMPERATURE 
POWER DERATING 

1000 

1< 900 
£ 
z 800 
o 

~ 700 

~j 600 
o~ 

~i 500 

~~ 400 

'" g: 300 

~ 200 

'" ~ 100 
o 
25 

"'-

50 

PLASTIC OR CERAMIC 
P CKAGE -

" f'.-. "'-
"-

1'\ 

" 75 100 125 150 175 

TA. AMBIENT TEMPERATURE 10C) 

FIGURE 6 - :!-STATE AC TEST CIRCUIT AND WAVEFORMS 
(tpHZ. tpLZ. tpZH. tpzLI 

TE5T 

tpHZ 
tPLZ 
tpZL 
tPZH 

SWitch Positions for 3·State Test 

51 

Open 

Closed 
Closed 

Open 

52 53 54 

Closed Closed Open 

Open Open Closed 

Open Open Closed 

Closed Closed Open 

16 VOO 

Voo 

"0.5VIIiIVOO= 5V. 
10V,and15V 

lrPZH 
{

'" 2VIIiIVOO= 6V 
'" 6VII>VOO= 10V 
""0VGIOVOO= 15V 

10"_ VOL 
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® MOTOROLA 

HEX NON-INVERTING 3-8TATE 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 a high impedance state. 

• 3-State Outputs 

• TTL Compatible - Will Drive One TIL 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 VSS, Pin 8) 

Rating Symbol Value 

DC Supply Voltage VDD 0.5 to +18 

Input Voltage, A" Inputs Vi" 0.5 to VDO + 0.5 

Unit 

Vde 

Vde 

DC Current Drain per Input Pin I 10 mAde 

DC Current Drain per Output Pin I 25 mAde 

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

Storage Temperature Range T stg 65 to +150 C 

CIRCUIT DIAGRAM 

One of two/four buffers -r---- -- I 
I 

Voo 

d ' 
.~::L i h:rf" Input I I • 9vss I t I 

To Other Buffers 
I I 

L - - - - - - - J 
-Diode protection on all inputs (not .hown) 

This device contains circuitry to protect operation It I. recommended that V In and 
the Inputs against damage due ,to high Vout be constrained to the range V 55 '" 
static voltages or electric fields; however, (VI" or Vout) .;; VOO· 
It Is advi .. d that normal prec:autlon. be 

Unused inputs must alw,ays be tied on an taken to avoid application of any voltage 
higher than maximum rated voltages to appropriate logic voltage level (e.g., either 
this high impedance circuit. For proper Vss orVOO)' 
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MC145.03B 

CMOS 55. 
(LDW.pDWER COMPLEMENTARY MOS) 

HEX 3-STATE BUFFER 

,-
1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

Inn 

0 

1 

X 

Oenotes 

Ceram Ie Package 
Plastic Package 
Extended Operating 
Temperature Range 
l.imited Operating 
Temperature Range 

TRUTH TABLE 

Appnlpriate 
Disable 
Input Outn 

0 0 

0 1 

1 High 
Impedance 

X .., Don't Care 

LOGIC DIAGRAM 

Disable B 

In 5 OutS 

In 6 Out6 

In 1 Out 1 

In 2 Out2 

In3 Out3 

In 4 Out4 

Di •• bl_ A 

VOO = Pin 16 
VSS - Pin B 



MC14503B 

ELECTRICAL CHARACTERISTICS 

VOO 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vin == VOO or 0 10 

15 

"1" Level VOH 5.0 
Vin=OorVOO 10 

15 

Noise Immunity# "0" Level VIL 
(VO = 3.6 or 1.4 Vdc) 5.0 
(VO = 7.2 or 2.8 Vde) 10 
(VO = 11.5 or 3.5 Vdc) 

15 "1" Level 

(VO = 1.4 or 3.6 Vdc) VIH 5.0 

(VO = 2.8 or 7.2 Vdc) 10 

(VO = 3.5 or 11.5 Vdc) 15 

Output Drive Current (AL Device)*** 10H 
(VOH = 2.5 Vdc) Source 4.5 

(VOH = 2.5 Vdc) 5.0 

(VOH = 4.6 Vdc) 5.0 

tvOH = 9.5 Vdc) 10 

(VOH = 13.5 Vdc) 15 

Sink IOL 
(VOL = 0.4 Vdc) 4.5 

(VOL = 0.4 Vdc) 5.0 

(VOL = 0.5 Vdc) 10 

(VOL = 1.5 Vdc) 15 

Output Drive Current (CLlCP Device) ** * IOH 
(VOH = 2.5 Vdc) Source 4.75 

tv OH = 2.5 Vdc) 5.0 

(VOH = 4.6 Vdc) 5.0 

tvOH = 9.5 Vdc) 10 

(VOH = 13.5 Vdc) 15 

Sink 10l 
(VOL = 0.4 Vdc) 4.75 

(VOL = 0.4 Vdc) 5.0 

(VOl.. = 0.5 Vdc) 10 

(VOL = 1.5 Vdc) 15 
Input Current (AL Device) lin 15 
Input Current (Cl/CP Oevice) lin 15 

Input Capacitance (Vi" = 0) Cin -
Quiescent Current (AL Device) IQ 5.0 

(Per Package) 10 

15 
Quiescent Currem (CL/CP Device) 100 5.0 

(Per Package) 10 

15 

Total Supply Current**t 100 5.0 
(Oynamic plus Quiescent, Per Package) 10 

(Cl = 60 pF on all outputs) 15 
(All outputs switching. 60% Duty Cycle) 

3-5tate Output Leakage Current ITl 16 
(Al Device) 

3-5tate Output leakage Current ITl 15 
(CLlCP Oevice) 

° ° *Tlow = -55 C for Al Oevoce. -40 C for CL/CP Oevoce. 
Thigh = +125°C for Al Device. +85°C for Cl/CP Device. 

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

Tlow * 

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 -

-4.3 -
-5.8 -
-1.2 -

-3.1 -
-8.2 -

2.2 -
2.6 -
6.5 -
19.2 -

-4.0 -
-4.6 -

-1.0 -
-2.4 -

-6.6 -

2.1 -
2.3 -
6.0 -
15.2 -

- fO.l 

- fO.3 

- -
- 1.0 
- 2.0 

- 4.0 

- 4.0 

- 8.0 

- 16 

- ±0.1 

-
- fl.0 

-

IT(Cl) = IT(60 pF) + 6 X 10-3 (Cl - 60) VOO f 

2SuC 

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 -5.0 -

--4.80 -6.1 -

-1.02 -1.4 -
-2.60 -3.7 -

-6.80 -14.1 -

1.8 2.1 -
2.1 2.3 -
5.5 6.2 -

16.10 25.00 -

-
-3.60 -5.5 -

--4.20 -6.1 -

-0.88 -1.4 -

-2.20 -3.7 

-6.00 -14.1 -

1.95 2.2 -

2.10 2.3 -

5.45 6.2 -

13.80 25.00 -

- ±O.ooool ±O.1 

- ±0.00001 f3.0 

- 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 = 2.6 /lA/kHz) f+IOO 
(IT = 6.0 /lA/kHz) f+IOD 
(IT = 10 /lA/kHz) f+IOD 

- ±0.0001 ±O.l 
-

- ±O.oool ±1.0 

-

IT is in /lA (per package) Cl in pF. VO\! in Vdc.and f in 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 ratings (see maximum rstinQs table and Figure 1). 
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Thigh* 

Min Max Unit 
0.05 Vde 

- 0.05 

- 0.05 

4.95 - Vde 

9.95 -

14.95 -
Vde 

- 1.5 

- 3.0 

- 3.75 

3.5 - Vdc 

7.0 -
11.25 -

mAde 

-2.5 -

-3.0 -

-0.7 -

-1.8 -

-4.8 -

mAde 

1.2 -
1.3 -
3.8 -
11.2 -

mAde 

-2.4 -
-3.0 -

-0.7 -
-1.8 -
-4.8 -

mAde 

1.25 -
1.3 -
3.8 -

11.2 -
- ± 1.0 J.l.Adc 

- '1.0 /lAde 

- - pF 

- 30 /lAdc 

- 60 
- 120 • - 30 /lAde 

- 60 

- 120 

/lAde 

- ±3.0 /lAdc 

-
- f7.5 /lAdc 

-



MC14503B 

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

VDD AIITy .... 

Characteristic Symbol VCC Typ Max Unit 

Output Rise Time tTLH ns 

tTLH = (0.5 n./pF) CL + 20 n. 5.0 45 90 

ITLH = (0.3 ns/pF) CL + 8.0 ns 10 23 45 

tTLH = (0.2 n./pF) CL + 8.0 ns 15 18 35 

Output Fall Time tTHL n. 

ITHL ~ (0.5 n./pF) CL + 20 ns 5.0 45 90 

tTHL ~ (0.3, n./pF) CL + 8.0 ns 10 23 45 

tTHL = (0.2 n./pF) CL + 8.0 ns 15 18 35 

Turn·Off Delay Time, all Outputs tpLH ns 

tpLH = (0.3 n./pF) CL + 60 ns 5.0 75 150 

tpLH - (0,15 n./pF) CL + 27 n. 10 35 70 

tpLH - (0.1 ns/pF) CL + 20 ns 15 25 60 

Turn-On Delay Time, all Outputs tpHL n. 

tPHL = (0.3 ns/pF) CL + 60 n. 5.0 75 150 

tPHL = (0.15 ns/pF) CL +27 n. 10 35 70 

tpHL = (0.1 ns/pF) CL + 20 n. 15 25 50 

3-St8te Propagation Delay Time tPHZ 5.0 75 150 ns 
Output "1" to High Impedance 10 40 80 

15 35 70 

Output "0" to High Impedance tpLZ 5.0 80 160 ns 
10 40 80 
15 35 70 

High Impedance to "I" Level tpZH 5.0 66 130 ns 
10 25 50 
15 20 40 

High Impedance to "0" Level tpZL 5.0 100 200 n. 
10 35 70 
15 25 50 

*The formulas given are for the typical characteristics only . 

• FIGURE 1 - AMBIENT TEMPERATURE POWER DERATING 

1200 f"'... 
Of"".. 

......... 
......... 

........ ......... 
0 ....... !,..-CL DEVICE 

I'.>... P"-
CP DEVICE ......... AL DEVICE 

"< 

0 
25 50 75 85 100 125 150 175 

TA,AMBIENT TEMPERATURE (OC) 
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MC14503B 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
(tTLH. tTHL. tPHL. and tPLHI 

20 os 

~~~------~-r-----VDD 

Output 

Output 

tPLH~ 

FIGURE 3 - 3 STATE AC TEST CIRCUITS AND WAVEFORMS 
(tPLZ. tpHZ. tPZH. tpZL ) 

>-.... - .... -<lOutput 

j.------=~:_+----- VDD 

Output for tpZH, tpZL Circuit .1iIII VOL. + 0.06 V 

Output for tpHZ, tPLZ Clrcuit l 
r'::H y ·"VOH-O.15V 

..... __ ...:I~O~"'~_ VOL 
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® MOTOROLA 

HEX LEVEL SHIFTER FOR 
TTL to CMOS or CMOS to CMOS 

The MC14504B is a hex non-inverting level shifter using CMOS 
technology_ The level shifter will shift a TTL signal to CMOS logic 
levels for any CMOS supply voltage between 5 and 15 volts_ A con­
trol input also allows interface from CMOS td CMOS at one logic 
level to another logic level,. Either up or down level translating is 
accomplished by selection of power supply levels VDD and VCC. 
The VCC level sets the input signal levels while VDD selects the 
output voltage levels. 

Supply current is typically 1 nA @ VDD = 10 V for CMOS to 
CMOS operation. When translating from TTL to CMOS supply 
current is typically 2.5 mA taken from VCC. 

• UP Translates from a Low to a High Voltage or 
DOWN Translates from a High to a Low Voltage 

• Input Threshold Can Be Shifted for TTL Compatibility 

• No Sequencing Required on Power Supplies or Inputs for 
Power Up or Power Down 

• 3 to lB Vdc Operation for VDD and VCC 

• Diode Protected Inputs to VSS 

• Capable of Driving Two Low Power TTL Loads, 
One Low Power Schottky TTL Load or 
Two HTL Loads over the Rated Temperature Range 

Vec 

Input 

Mode 

1/6 of package shown. 

LOGIC DIAGRAM 

Level 
Shifter 

Voo 

........ "----<1 Output 

Mode Select: 1 = TTL Mode 
0- CMOS Mode 

This is advance information and specifications are subject to change without notice. 
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MC14504B 

CMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

TTL or CMOS to CMOS 
HEX LEVEL SHIFTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MO. ... " 11S"ffiX Oenole. 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
e Limited Operating 

Temperature Range 

PIN ASSIGNMENT 

16 

2 15 

3 14 

4 13 

5 12 

6 11 

7 10 

8 9 



MC14504B 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Symbol Value 

OC Supply Voltage VCC -0.5 to +18 

OC Supply Voltage VOO -0.5 to +18 

Input Voltage, All Inputs Vin -0.5 to VOO + 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 

ELECTRICAL CHARACTERISTICS 

Vee VDD Tlow . 
Characteristic Symbol Vdc Vdc Min Max 

Output Voltage "0" Level VOL - 5.0 - 0.05 
Vin = 0 V - 10 - 0.05 

- 15 - 0.05 

Yin = VCC "1" Level VOH - 5.0 4.95 -
- 10 9.95 -
- 15 14.95 -

Input Voltage "0" Level VIL 
(VOL = 1.0 Vdc) TTL-CMOS 5 10 - 0.8 
(VOL = 1.5 Vde) TTL-CMOS 5 15 - 0.8 
(VOL = 1.0 Vde) CMOS-CMOS 5 10 - 1.5 
(VOL = 1.5 Vde) CMOS-CMOS 5 15 - 1.5 
(VOL = 1.5 Vde) CMOS-CMOS 10 15 - 3.0 

I nput Voltage "1" Level VIH 
(VOH = 9.0 Vde) TTL-CMOS 5 10 2.0 -
(VOH =.13.5 Vde) TTL-CMOS 5 15 2.0 -
(VOH = 9.0 Vde) CMOS -CMOS 5 10 3.6 -
(VOH = 13.5 Vde) CMOS-CMOS 5 15 3.6 -
(VOH = 13.5 Vde) CMOS-CMOS 10 15 7.1 -

Output Drive Current (AL Device) IOH 
(VOH = 2.5 Vde) Source - 5.0 -3.0 -
(VOH = 4.6 Vde) - 5.0 -0.64 -
(VOH = 9.5 Vde) - 10 -1.6 -
(VOH = 13.5 Vde) - 15 -4.2 -
(VOL = 0.4 Vdc) Sink IOL - 5.0 0.64 -
(VOL = 0.5 Vde) - 10 1.6 -
(VOL = 1.5 Vde) - 15 4.2 -

Output Orive Current (CL/CP Oeviee) IOH 
(VOH = 2.5 Vdc) Source - 5.0 -2.5 -
(VOH = 4.6 Vdc) - 5.0 -0.52 -
(VOH = 9.5 Vde) - 10 -1.3 -
(VOH = 13.5 Vde) - 15 -3.6 -
(VOL = 0.4 Vdc) Sink IOL - 5.0 0.52 -
(VOL = 0.5 Vde) - 10 1.3 -
(VOL = 1.5 Vde) - 15 3.6 -

Input Current (AL) lin - 15 - ±0.1 

Input Current (CLlCP) 'in - 15 - ±0.3 

Input Capacitance (Vin = 0) Cin - -
Quiescent Current (A L Device~ looor - 5.0 - 0.05 

(Per Package) ICC - 10 - 0.10 
CMOS-CMOS Mode - 15 - 0.20 

Quiescent Current (CL/CP Device~ looor - 5.0 - 0.5 
(Per Package) ICC - 10 - 1.0 

CMOS-CMOS Mode - 15 - 2.0 

Quiescent Current (AL/CL/CP Device) 100 5.0 5.0 - 0.5 
(Per Package~ 5.0 10 - 1.0 

TTL-CMOS Mode 5.0 15 - 2.0 

Quiescent Current (AL/CL/CP Device) ICC 5.0 5.0 - 5.0 
(Per Package) 5.0 10 - 5.0 

TTL-CMOS Mode 5.0 15 - 5.0 

7-355 

Unit 

Vde 

Vde 

Vde 

mAde 

°c 

°c 

Min 

-
-
-

4.95 
9.95 

14.95 

-
-
-
-
-

2.0 
2.0 
3.5 
3.5 
7.0 

-24 
-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 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

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 applica­
tion 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" VCC and VSS" Vout " VOO· 
Unused inputs must always be tied to an 

appropriate logic level (e.g., either VSS or 

VCC)· 

25°C Thigh* 
Typ Max Min Max Unit 

0 0.05 - 0.05 Vde 
0 0.05 - 0.05 
0 0.05 - 0.05 

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

Vde 
1.3 0.8 - 0.8 
1.3 0.8 - 0.8 

2.25 1.5 - 1.4 
2.25 1.5 - 1.5 
4.5 3.0 - 2.9 

Vde 
1.5 - 2.0 -
1.5 - 2.0 -

2.75 - 3.5 -
2.75 - 3.5 -
5.5 - 7.0 -

mAde 

-4.2 - -1.7 -
-0.88 - -0.36 -
-2.25 - -0.9 -
-8.8 - -2.4 -
0.88 - 0.36 - mAde 

2.25 - 0.9 -
8.8 - 2.4 -

mAde 
-4.2 - -1.7 -
-0.88 - -0.36 -
-2.25 - -0.9 -
-8.8 - -2.4 -
0.88 - 0.36 - mAde 

2.25 - 0.9 -
8.8 - 2.4 -

±0.00001 ±0.1 - ± 1.0 /lAde 

±0.00001 ±0.3 - ± 1.0 /lAde 

5.0 7.5 - pF 

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

0.0005 0.5 - 3.8 /lAde 
0.0010 1.0 - 7.5 
0.0015 2.0 - 15.0 

0.0005 0.5 - 3.8 /lAde 
0.0010 1.0 - 7.5 
0.0015 2.0 - 15.0 

2.5 5.0 - 6.0 mAdc 
2.5 5.0 - 6.0 
2.5 5.0 - 6.0 

• 
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MC14504B 

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

Characteristic Symbol Shifting Mode 

Propagation Delay. High to Low tpHL TTL-CMOS 

VD~O > Vee 
CMOS CMOS 

VDD> VCC 

CMOS-CMOS 

VCC>VOO 

Propagation Delay, Low to High tpHL TTL-CMOS 
VDO > Vee 

CMOS-CMOS 

Voo> VCC 

CMOS-CMOS 

VCC >Voo 

Output A ise and Fall Time tTLH. tTHL ALL 

FIGURE 1 - INPUT SWITCHPOINT CMOS to CMOS MODE 
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FIGURE 3 - OPERATING BOUNDARY CMOS to CMOS MODE 
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VCC VDD Limits 

Vd. Vd. Min Typ Max Units 

5.0 10 - 120 - ns 
5.0 15 - 120 .-
5.0 10 100 
5.0 15 - 120 -
10 15 - 50 -
10 5.0 - 160 -
15 5.0 - 160 -
15 10 - 160 -
5.0 10 - 200 - ns 
5.0 15 - 160 -
5.0 10 100 
5.0 15 - 120 -
10 15 - 50 -
10 5.0 - 160 -
15 5.0 - 160 -
15 10 - 65 -
- 5.0 - 100 - ns 
- 10 - 50 -
- 15 - 40 -

FIGURE 2 - INPUT SWITCHPOINT TTL to CMOS MODE 
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FIGURE 4 - OPERATING BOUNDARY TTL to CMOS MODE 
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® MOTOROLA 

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, allowi ng 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 = 50 nA/package typical @ 5 Vdc 

• Noise Immunity = 45% of VDD 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 VDD = 10 Vdc 

• Write Cycle Time = 275 ns typical at VDD = 10 Vdc 

• Fully 8uffered 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 Vssl 

Rating Symbol Value 

DC Supply Voltage VDD -05to+18 

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

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAde 

Operating Temperature Range - AL Device TA -55 to +125 °c 
CLlCP Device -40 to +85 

Storage Temperature Range Tst9 -65 to +150 °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:S;;; (Vin or Vout).s;;; VOO. 
Unused inputs must always be tied to an appropriate logic voltage level (e.g .• 
either VSS or VDDI. 
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MCM14505 

CMOS LSI 

(LOW-POWER COMPLEMENTARY MOSt 

64-BIT (64 x 1) STATIC 
RANDOM ACCESS MEMORY 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 632 CASE 646 

ORDERING INFORMATION 

MO."'" 11SUfflX Oenot •• 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

Addr ... {:~ ~ 
Inputs A3 4 

A4,1 

AS 12 

Data In 13 

Strobe 5 

VOO '" Pin 14 
VSS '" Pin 7 

10 Data Out 
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MCM14505 

ELECTRICAL CHARACTERISTICS 

VDD 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vin· VOO or 0 10 

15 

"1" Level VOH 5.0 
Vin -. 0 or VOO 10 

15 

Noise Immunity # VNL 
(W oul .;; 0.8 Vdcl 5.0 
(W oul .;; 1.0 Vdcl 10 
(AVoul .;; 1.5 Vdcl 15 

(,Woul .;; 0.8 Vdcl VNH 5.0 
(,,v oul .;; 1.0 Vdcl 10 
(.W OUI ';; 1.5 Vdcl 15 

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

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Output Dnve Current (ClICP Device) IOH 
(VOH = 2.5 Vdcl Source 5.0 
(VOH = 4.6 Vdcl 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOL 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 = 01 

Quiescent Current (AL Device) 'DO 5.0 
(Per Package) 10 

15 

QUiescent Current (CLlCP Device) 100 5.0 
(Per Package) 10 

15 
Total Supply Current**t IT 5.0 

(Oynamic plus Quiescent, 10 
Per Package) 15 

(eL == 50 pF on all outputs, all 
buf,fers switching) 

Three-State Leakage Current ITL 15 
(AL Device) 

Three-State Leakage Current ITL 15 
(CL/CP Devicel 

-Tlow = -55°C for AL Device. -40oC for CL/CP Device. 
Thigh = +1250 C lor AL Device, +850 C lor CL/CP Devica. 

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

IT(CLI = 'T150 pFI + 1 • 10-3 ICL -50) VDDf 

Tlow 

Min 

-
-
-

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 

0.3 
0.9 
2.2 

-1.0 
-0.2 
-0.5 
-1:4 

0.2 
0.6 
3.9 
-

-

-
-
-

-
-
-

-

-

. 25°C 

Ma. Min Typ Ma. 

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 -
- -016 -0.36 -
- -0.4 -0.9 -
- -1.2 -3.5 -

- 0.15 0.35 -
- 0.5 1.2 -
- 0.75 4.5 -

±O.1 - ±O.OOOOI ±O 1 

± 1.0 - ±O.OOOOI ±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 ~A/kHzl 1+ 'DO 
IT = (2.56 ~A/kHzl 1+ 100 
IT = 13.85 ~A/kHzl I + 100 

±0.1 - '0.00001 ± 0.1 

±1.0 - '0.00001 ± 1.0 

where: 'T is in UA (per packagel, CL in pF, VDD in Vdc, and I in kHz is inpul Irequency. 
--The formulas given are for the typical characteristics only at 25°C. 
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Thi h* 
Min Ma. 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 -

mAde 
-0.7 -

-0.14 -
-0.35 -
-1.1 -
0.18 - mAde 
0.50 -
1.2 -

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -

0.1 - mAde 
0.4 -
0.6 -
- ± 1.0 ~Adc 

- ±14 J.l.Adc 

pF 

150 ~Adc 

- 300 
- 600 

- 375 ,/JAde 
- 750 
- 1500 

~Adc 

- ±3.0 ~Adc 

- '7.5 ~Adc 



MCM14505 

SWITCHING CHARACTERISTICS· (CL = 50 pF T A = 25°C) 

Characteristic Symbol VDD Min Typ Max Unit 
Output Rise Time t-rLH ns 

t-rLH = (2.43 ns/pF) CL + 58.5 ns 5.0 - 180 360 
t-rLH = (1.08 ns/pF) CL + 36 ns 10 - 90 180 
t-rLH = (0.72 ns/pF) CL + 39 ns 15 - 75 150 

Output Fall Tim. t-rHL ns 
tTHL = (2.16 n./pF) CL + 52 n. 5.0 - 160 320 
t-rHL = (0.96 ns/pF) CL + 32 ns 10 - 80 160 
t-rH L = (0.69 ns/pF) CL + 33 ns 15 - 65 130 

Propagation Delay Time tacc(R) n. 
Read Access Time 

tacc(R) = (1.4 n./pF) CL + 385 n. 5.0 - 455 750 
tacc(R) = (10.7 ns/pF) CL + 175 n. 10 - 210 400 
tacc(R) = (0.5 ns/pF) CL + 105 n. 15 - 130 300 

Strobe Down Time twL n. 
5.0 500 100 -
10 125 50 -
15 95 75 -

Addre .. S.tup Time tou n. 
5.0 300 -100 -
10 120 -40 -
15 90 -25 -

Data Sstup Tim. tsu(O) n. 
5.0 200 70 -
10 75 25 -
15 55 20 -

Read Sstup Time tou(R) n. 
5.0 270 90 -
10 60 20 -
15 45 15 -

Write S.tup Time tsu(W) n. 
5.0 400 80 -
10 100 25 -
15 75 11 -

Address R.I .... Time tr.HR) n. 
5.0 75 15 -
10 25 10 -
15 20 5.0 -

Data Hold Tim. th(O) ns 
5.0 50 0 -
10 15 0 -
15 10 0 -

Read Rei .... Tim. treHR) ns 
5.0 0 -90 -
10 0 -25 -
15 0 -10 -

Write Release Time treHW) ns 
5.0 0 5.0 -
10 0 10 -
15 0 30 -

Read Cycle Time tcvc(R) no 
5.0 - 500 750 
10 - 200 400 
15 - 150 300 

Write Cycle Time tcyc(W) no 
5.0 - 440 700 
10· - 275 560 
15 - 200 416 

Output Disable Delay ~i. n. 
(10% Output Change into 1.0 kll Load) 5.0 - 200 500 

10 - 80 200 
15 60 160 

The formula IS for the typical charecterlStlCS only. 
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FIGURE 1 - READ CYCLE TIMING DIAGRAM 

Addr." 

Strobe 

t.uIR) 

twHroin"" 'tcyc(R) max tWLmln 

Note: The read/write Input can be maintained at a logical "1" 
(high voltage) during 8 read cycle. 

r-____ ~----~------------VDH 
D_.DultpIJt-~------, 

Output 
Disabled 

FIGURE 2 - WRITE CYCLE TIMING DIAGRAM 

Address 
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.aI 
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FIGURE 3 - MAXIMUM STROBE PULSE WIDTH 
verlUl TEMPERATURE 
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TA. AMBIENT TEMPERATURE (OCI 

140 

tWHmln ... 'tcyc(W) max -tWL min 

Note: The read/writ. input can be maintained at • logic "0" 
(low voltage) during a write cycle. If the read/write 
input is maintained at 8 logic "0" while the strobe i, 
8 logic "1", then the output data ""';'111 be disabled (high 
impedance) during the write cycle. 
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FIGURE 4 - TYPICAL REAO ACCESS TIME 
versus LOAD CAPACITANCE 
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FIGURE 5 - TYPICAL OUTPUT SOURCE 
CAPABILITY .orsus TEMPERATURE 

FIGURE 6 - TYPICAL OUTPUT SINK 
CAPABILITY .ersus TEMPERATURE 

VDD-lDS 
Vlnput 

0--- --

--J 1-300n. 
10kHz 

Notes' 
1. Cycle R/W to ground and then to VOO 

VDD 

prior to measurement to msure turn- r--------+------, 
on of the device under test. 

2. For the P-channel characteristics, 
VOS"" VOH - VOD-AO 

A1 
A2 
A3 
A4 
AS 

00ut 1-<>-1---+----<; 
3. For the N-channel characteristics, 

VOS is measured directly. 

AO 
Al 
A2 
A3 
A4 
AS 
D,n 

Doutt-<>-t--~---<; 

...... -1--0--1 Don 

...... -1--0--1 CE 1 
'--!--o--I CE2 
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0 

;;: 
;-2. 0 

Vss 
'------i 

(al T A = -550C 
(bIT A = +150C e 
(eITA = +115OC 

VOO =50Vde~: 

External 
Power 

Supply 

--...... 1--"" 
~ 
B -4. 0 

_V I?'" 
w 
u 
~ 

=> 
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~ -6. o 10 

"'---~ .... 
=> 
~ -8. 0 

-10 

Vde 

I,....- at:. 

I--r-

--
.Y 
I--~ 

.......-!?' ~ 
V ~V~ I' ~ / 

...... ~ V 
b) IV 

V Va 

4. For the drain current, 10 = ~ Amp 
100 

boooJII 0 

~ rB 
"~rJ 

0 

~I 
/ 

0 

0 
I 

o 1/ 
1M 

IMP': 

1 
1 
II -" , 

b 

t--r-0--1 CE 1 
'--!-o-..., CE2 

RIW 

0----1-0---1 Strobe 

Ii a 

"...-

L 
IlL 

V/ 

Vss 
~---1 

a VOo=15Vde 

~ _L-
lL lJL 
L 

IL:': 

V 
11'/""'" 

~t5.0Vde 
ci 

-10 -8.0 -6.0 -4.0 -1.0 
o 
o 2.0 4.0 6.0 

Vos. ORAIN VOLTAGE (Vdcl Vos. ORAIN VOLTAGE (Vdcl 
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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-pull cell provides 
high speed as well as low power. 

During a read cycle, when the strobe line is high the write 
selection drivers Bre disabled and the data from the selected row is 
available on columns lb, 2b, 3b, and 4b. The A4 and AS 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(R), has occurred (see Figure 1), Note that 
the output is initially disabled and always goes to the logic "0" 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 RIW 
line can be a de voltage during a read or write cycle and need not 
be pulsed, as shown in the timing diagrams. For this case the RIW 
line should be a logic "1" (high) for reading and a logic "0" for 
writing. 

When the strobe line is high, the column read/write inhibit 
gates 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 "0" the rows are forced to VOO by the row decoder 
inhibit gates (pullup devices). Similarly the column read/write 
inhibit gates (pulldown devices) force the column lines to a logic 
"0" state. 

Two column lines are associated with each memory cell in order 
to write into the cetl. The write selection drivers are enabled when 
the RIW line is a logic "0" 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 
low by the write selection drivers. If a logic "0" is to be written 
into the cell, then column 1a is forced high and 1b is forced low. 
The 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 RIW 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 ANOing 
them with the strobe input. 

fan·in and fan~ut 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~ut, 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 ,."W per bit at a 1.04c: Hz rate for a 
5.0-volt power supply, while the static power dissipation is 2.0 oW 
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, 8 battery is used to sustain operation or maintain stored 
information. While normal power supply voltage is present, the 
battery is trickle~harged through a resistor which sets the charging 
rate. VB is the sustaining voltage, and V+ is the ordinary voltage 
from a power supply. VOO 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 MeMOS 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. Oriver circuits are not required since the 
input capacitance is low (4.0 to 6.0 pF). 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. 
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Figures 11, 12, and 13 show methods of interfacing the 
memory output to TTL logic at various memory voltages. If a 
VOO of 5.0 volts is used for slow·speed, low·power applications, 
one transistor and one resistor must be used (Figure 111. The 
MCM14505AL will drive one low·power TTL gate directly. 

If a VOD 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 12bJ. 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~n 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.Q Red without significantly de~ 
grading performance. The read access time is increased by only 
20 ns typically for 16 outputs tied together when Figure 12b 
is-used. 

F.ive low·power TT L gates can be driven from the memory 
output if a VDO 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 rnA 
flows through the output as listed in the maximum ratings. If a 
2.0 kilohm collector resistor is used (f8n~ut "'" 31, 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 only 1.3 volts to insure driving a fan-out of three TT L devices. 

If a 510~hm 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 10 L for 8 

fan-out of 20 TTL devices. Almost any NPN transistor with 8 

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 of the 
MCM14505 makes for a simpler interface circuit since a low source 
current memory requires a differential comparator to achieve high~ 
speed operation. 

• 
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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 giv~n. 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 
hcense under the patent rights of Motorola Inc. or others. 
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R 

FIGURE 9 - STANO BY 
BATTERY CIRCUIT 

V+ 
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FIGURE 10 - TTL TO CMOS INTERFACE 
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.x>---it-------. ~~OS 

1/6 MC7407 

FIGURE ll-CMOS·TO·TTL INTERFACE 
FOR VOO = 5.0 V 

Vee = 5.0 V Vcc 

2.0 k 

TO TTL 
(F.O. = 1) 

2N3904 
or Equiv 

Note: The MCM14505AL will drive one 
low power TT L gate directly. 

FIGURE 12 - CMOS·TO·TTL INTERFACE 
FOR VOO= 10V 

a. Using a low.power TTL Gate 

VOO = 10 V 
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MCM14505 
Cout 

TTL 
Input 
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To TTL 
(F.O. = 1) 

b. Using Discrete Devices 
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FIGURE 13- CMOS·TO·TTL INTERFACE 
FOR VOO = 15V 

e. Using Low-Power TTL Gates 
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Low-Power TTL (Maximum = 5) 
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7-365 

b. Using Discrete Davices 

Veo = 15 V 

°out 
MCM14505 

1.0 k 

·2.0 kilohms for F.O. ::: 3 
-510 ohms for F .0. "" 20 

Vcc 

"'--_ToTTL 
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® MOTOROLA 

DUAL 2-WIDE. 2-INPUT EXPANDABLE 
AND-OR-INVERT GATE 

The MCl4506B 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 (Voltage. referenced 10 VSS) 
Rating Symbol Value 

DC SupplV Voltage VDD -0.510 +18 

Inpul Voltage, Al1lnputs Vin -0.510 VDD + 0.5 

Unit 

Vdc 
Vdc 

DC Current Drain per Pin I 10 mAde 
Operating Temperature Range - AL Device TA -551o +125 

Storage Temperature Range 

AA 1 

BA 2 

CA 3 

DA 4 

EA 

Inh 6 

Dis 14 

EB 13 

Os 12 

Cs 11 

Ss 10 

As 9 

CLlCP Device 
Tstg 

LOGIC DIAGRAM 

-4010 +85 
-65 to +150 

Voo;::: Pin 16 
VSS"" Pin 8 

Z "" (AS + CD + E + I) 
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°c 

°c 

MC14506B 

CM0555. 
(LOW·POWER COMPLEMENTARY MOSI 

DUAL EXPANDABLE 
AND-OR-INVERT GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MO'~"'11sum. Denote. 
L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
e Limited Operating 

Temperature Range 

A 
0 
0 
0 
X 

X 
1 
X 
X 

X 
X 

This device contains circuitry to protect 
the inputs against demage 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) " VDD· 
Unused inputs must alwavs be tied to an 
appropriate logic voltage laval (e.g., either 
Vssor VDD). 

TRUTH TABLE 

B C D E INHIBIT DISABLE Z 

0 0 0 1 0 0 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 0 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 1 High 

Impedance 

X '"' Con't Car. 



MC14506B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vd. 

Output Voltage "0" Level VOL 5.0 
Yin ~ VDDorO 10 

15 

"1" level VOH 5.0 
Vin -, 0 or VOO 10 

15 

Input Voltage#" "0" 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 

"'" Level VIH 
(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 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 Vde) 10 
(VOH = 13.5 Vdc) 15 

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

Input Current (AL Device) 'in 15 

Input Current (CLlCP Device) lin 15 

Input Capacitance Cin -
(Vin = 0) 

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

15 

QUiescent Current (CLlep DeVice) 100 5.0 
(Per Pac kage) 10 

15 

Total Supply Current**t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 
(el ':': 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) 

*Trow = -55°C for AL Device, -40oC for CLlCP Device. 
Thigh == +1250 C for AL Device, +850 C for CLlCP Device . 

.uNoise Immunity specIfied for worst ... ase input combination. 

Tlow * 

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 -
-l.B -
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 

- ".0 

Noise Margin for both "1" and "0" level"" 1.0 Vdc min@ VeD =- 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: 
IT(Cl) = IT(50 pF) + 2 x 10-3 (Cl -SO) VOOf 

25°C 

Min Typ MIx 

- 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 B.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 = 10.6I'A/kHz) f + 100 
IT: (1.1I'A/kHz) f+ 100 
IT: ( 1.71lA/kHz) f + 100 

- ,0.00001 ±0.1 

- '0.00001 ± 1.0 

where: IT is in IJA (per package), CL in pF, Veo in Vdc, and f in kHz is input frequency. 
"The formulas given are for the typical characteristics only at 25°C. 
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Thi h* 
Min MIx Unit 

- 0.05 Vd. 
- 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 -
mAde 

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

mAde 
-0.6 -

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

- '1.0 I'Adc 

- '1.0 I'Adc 

- - pF 

- 30 I'Adc 
- 60 
- 120 

- 30 I'Adc 
- 60 
- 120 

IlAde 

• - .3.0 I'Adc 

- ±7.5 I'Adc 
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MC14506B 

SWITCHING CHARACTERISTICS· (CL = 60 pF TA - 250 CI 

Ch ... ct8ristic Symbol VDD Min Typ Mix Unit 

Output Rise Time tTLH nl 
tTLH = (3.0 ns/pFI CL + 30 ns 5.0 - 180 360 
tTLH = (1.6 ns/pFI CL + 15 ns 10 - 90 180 
tTLH = (1.1 nl/pFI CL + 10 ns 16 - 65 130 

Output Fall Time tTHL ns 
tTHL = <1.5 ns/pFI CL + 26 ns 5.0 - 100 200 
tTHL = (0.76 ns/pFI CL + 12.5 ns 10 - 60 100 
tTHL = (0.55 ns/pFI CL + 9.5 ns 15 - 40 60 

Date Propagation Deley Time tpLH ns 
tpLH = (1.7 ns/pFI CL + 210 ns 5.0 - 295 560 
tpLH - (0.66 ns/pFI CL + 77 ns 10 - 110 226 
tPLH = (0.5 ns/pFI CL + 60 nl 16 - 75 180 

tPHL = (1.7 ns/pFI CL + 185 ns tpHL 6.0 - 270 480 ns 
tpHL = (0.66 ns/pFI CL + 62 ns 10 - 96 175 
tPHL = (0.5 ns/pFI CL + 40 ns 15 - 65 140 

Expend Propagation Delay Time tPLH ns 
tpLH = <1.7 ns/pFI CL + 95 ns 6.0 - 180 430 
tPLH = (0.66 ns/pFJ CL + 42 ns 10 - 75 160 
tPLH = (0.5 ns/pFI CL + 25 ns 15 - 60 125 

tPHL = (1.7 ns/pFI CL + 115 ns tpHL 5.0 - 200 330 ns 
tPHL = (0.66 ns/pFI CL + 47 ns 10 - 60 110 
tPHL = (0.5 ns/pFI CL + 30 ns 15 - 66 90 

I nhibit Propagation Delay Time tpLH ns 
tpLH = (1.7 ns/pFI CL + 135 ns 6.0 - 220 500 
tPLH = (0.66 ns/pFI CL + 67 ns 10 - 100 225 
tpLH - (0.5 ns/pFI CL + 40 ns 16 - 66 160 

tpHL = <1.7 nl/pFI CL + 145 ns tpHL 5.0 - 230 400 ns 
tPHL = (0.66 ns/pFI CL + 62 ns 10 - 96 175 
tPHL = (0.6 ns/pFI CL + 35 ns 15 - 60 160 

3·State Pr_tion Delay Time 

"'" to High impedance tPHZ 5.0 - 60 160 ns 
10 - 45 110 
15 - 36 90 

"0" to High Impedance tpLZ 6.0 - 90 226 no 
10 - 55 140 
15 - 40 100 

High Impedance to "1" tpZH 6.0 - 110 300 ns 
10 - 60 125 
16 - 40 100 

High Impedance to "0" tpZL 6.0 - 170 426 no 
10 - 70 176 
16 - 60 126 

·The formula given is for the typical characteristics only. 

FIGURE 1 - TYPICAL VOLTAGE TRANSFER CHARACTERISTiCS 
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MC14506B 

FIGURE 2 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS TEST CIRCUIT 

Voo 
,------i 

16 

FIGURE 4 - 3-STATE LEAKAGE CURRENT 
TEST CIRCUIT 

Voo 

16 
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Voo 

FIGURE 3 - TYPICAL OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 

FIGURE 5 - TYPICAL POWER OISSIPATION TEST CIRCUIT 
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I 

FIGURE 6 - SWITCHING TIME TEST CI RCUIT AND WAVEFORMS 
(Data Inputs) 
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FIGURE 7 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
(For 3-State Output) 
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® MOTOROLA 

DUAL4-BIT LATCH 
The MC 145088 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 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 

MR ST Disable 03 02 01 DO Q3 02 01 00 

0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 1 0 0 0 1 
0 , 0 0 0 1 0 0 0 , 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 tC.r. 

CIRCUIT DIAGRAM 

Dis 

MR 

ST 

On 

(To other three latch.s) 
VSS 

7-371 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

'MC14508B 

,CMOS MS. 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL4-BIT LATCH 

~""'''' ~Y~::~~MIC PACKAGE 

CASE 623 

24~ PSUFFIX 
, PLASTIC PACKAGE 

. 1 CASE 709 

ORDERING INFORMATION 

MO' ..... llSUffiX Oanot •• 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
e Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

'MR DO 5 
2 ST 

3 DI, Ql 7 

4 DO 
6 Dl Q2 9 

8 D2 
10 D3 Q3 11 

13 MR 
17 DO 

14 ST 

15 Oil Ql 19 
16 00 
18 01 Q2 21 

20 D2 
22 D3 

Q3 23 

VDD-Pln24 
Vss - Pin 12 

• 
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MC14508B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vm "'- VOO or 0 10 

15 

"'" Level VOH 5.0 
Vin -= a or VOO 10 

15 

Input Voltage# "0" Level VIL 
IVo = 4.5 or 0.5 Vdel 5.0 
IVo = 9.0 0,1.0 Vdcl 10 
IVo = 13.5 or 1.5 Vdel ,15 

"'" Level VIH 
IVo = 0.5 or 4.5 Vdel 5.0 
IVo = 1.0 or 9.0 Vdel 10 
IVo = 1.5 or 13.5 Vdel 15 

Output Drive Current (AL Device) IOH 
IVOH = 2.5 Vdel Source 5.0 
IVOH = 4.6 Vdel 5.0 
IVOH = 9.5 Vdel 10 
IVOH = 13.5 Vdel 15 

IVOL = 0.4 Vdel Sink IOL 5.0 
IVOL = 0.5 Vdel 10 
(VOL = 1.5 Vde) 15 

Output Drive Current (CLlCP Device) IOH 
IVOH = 2.5 Vdel Source 5.0 
IVOH = 4.6 Vdel 5.0 
IVOH = 9.5 Vdel 10 
IVOH = 13.5 Vdel 15 

IVOL = 0.4 Vdel Sink IOL 5.0 
IVOL = 0.5 Vde) 10 
IVOL = 1.5 Vdel 15 

Input Current (AL Device) 'in 15 

Input Current (CLlCP Device) lin 15 

Input Capacitance Cin -
IVin = 0) 

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

15 

Quiescent Current (CLlCP DeVice) 100 5.0 
(Per Package) 10 

15 

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

leL = 50 pF on all outputs, all 
buffers switching) 

Three-State Leakage Current ITL 15 
(AL Device) 

Three-State Leakage Current ITL 15 
ICL/CP Oeviee) 

*Tlow = -SSoC for AL Device, -40oC for CL/CP Device. 
Thigh = +12S0C for AL Device, +8SoC for CL/CP Device. 

#Noise Immunity specified for worst-case input combination. 

Tlow . 
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 -

±O.l 

- ±O.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

- ±0.1 

- .1.0 

NOise Margin for both "1" and "a" level = 1.0 Vdc min @ VOO = S.O Vdc 

2.0 Vde min@ VOO = 10 Vde 
2.5 Vde min @ VOO = 15 Vde 

tTo calculate total supply current at loads other than SO pF: 
IT(CL) = IT(5? pF) +81x 10-3 (CL -501 VOO' 

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 ±O.l 

- ±0.00001 ±O.3 

- 50 7.5 

- 0.005 5.0 
- 0.010 10 
- 0.015 20 

- 0.005 20 
- 0.010 40 
- 0.015 80 

IT = 11.46 "A/kHz) ,+ 100 
IT = 12.91 "A/kHz) ,+ 100 
IT = 14.37 "A/kHz) ,+ 100 

- ,0.00001 .0.1 

,0.00001 .1.0 

where: IT is in IJA (per package), CL in pF, VOO in Vdc, and f in kHz is input frequency. 
"The formulas given are for the typical characteristics only at 2SoC. 
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Thi h* 
Min Max Unit 

- 0.05 Vde 
- 0.05 
- 0.05 

4.95 - Vde 
9.95 -
14.95 -

Vde 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vde 

7.0 -
11.0 -

mAde 
-0.7 -

-0.14 -
-0.35 -
-1.1 -

0.36 - mAde 
0.9 -
2.4 -

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -

0.36 - mAde 
0.9 -
2.4 -

± 1.0 /JAde 

- ±l.O /JAde 

- - pF 

150 /JAde 

- 300 
- 600 

- 150 ,uAdc 
- 300 
- 600 

"Ade 

- ±3.0 "Ade 

- '7.5 "Ade 



MC14508B 

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

All Typos 

Characteristic Symbol VOO Min Types Max Unit 

Output Rise Time tTLH 
tTLH = (3.0 ns/pF) CL + 30 ns 5.0 - 180 360 
tTLH = (1.5 ns/pF) CL + 15 ns 10 - 90 180 
tTLH = (1.1 ns/pF) CL + 10 ns 15 - 65 130 

Output Fall Time tTHL 
tTHL = (1.5 ns/pF) CL + 25 ns 5.0 - 100 200 
tTHL = (0.75 n./pF) CL + 12.5 n. 10 - 50 100 
tTHL = (0.55 n./pF) CL + 9.5 ns 15 - 40 80 

Propagation Delay Time tpLH. 
tpLH. tPHL = (1.7 ns/pF) CL + 135 n. tpHL 5.0 - 220 440 
tpLH. tPHL = (0.66 ns/pF) CL + 57 n. 10 - 90 180 
tpLH. tPHL = (0.5 ns/pF) CL + 35 ns 15 - 60 120 

Master Reset Pulse Width 'WH(R) 5.0 200 100 -
10 100 50 -
15 70 35 -

Strobe Pulse Width 'WH(S) 5.0 140 70 -
10 70 35 -
15 40 20 -

Setup Time tsu 5.0 50 25 -
10 20 10 -
15 10 5.0 -

Hold Time th 5.0 0 0 -
10 0 0 -
15 0 0 -

3.$tat8 Propagation Delay Time tpHZ 
Output "I" to High Impedance 

tpHZ = (0.49 ns/pF) CL + 60.5 ns 5.0 - 85 170 
tpHZ = (0.29 ns/pF) CL + 35.5 ns 10 - 50 100 
tpHZ = (0.19 ns/pF) CL + 25.5 n. 15 - 35 70 

Output "0" to High I mpodance tpLZ 
tpLZ = 0.32 ns/pF) CL + 49 ns 5.0 - 65 130 
tPLZ = (0.29 n./pF) CL + 25.5 ns 10 - 40 80 
tpLZ = (0.28 n./pF) CL + 16 ns 16 - 30 60 

High Impedance to "I" Level tpZH 
tpZH = (0.41 ns/pF) CL + 64.5 ns 5.0 - 85 170 
tpZH = (0.31 ns/pF) CL + 34.5 ns 10 - 50 100 
tPZH = (0.30 ns/pF) CL + 20 n. 16 - 35 70 

High Impedance to "0" Le",,1 tpZL 
tPZL = (0.49 n./pF) CL + 60.5 n. 6.0 - 85 170 
tPZL = (0.29 n./pF) CL + 35.5 ns 10 - 50 100 
tpZL = (0.19 n./pF) CL + 25.5 n. 16 - 35 70 . 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 Vi" and V out be constrained to the range VSS '" (Vin or VoutJ 
';VOO· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either VSS or VOO). 
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Strobe 
Input 

On Input 

FIGURE 1 - AC WAVEFORMS 
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FIGURE 2 - 3-STATE AC TEST CIRCUIT AND WAVEFORMS 
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3.sTATE MODE OF OPERATION 

The MCI4508B can be ...... in bu_ Iystems a. shown. 
The output terminals of N 4-bit latches can be directly wired to a 
bu. line. and to one of the 4-bit latch .. salected. The salected 
latch controls the logic state of the bu. line. and the remaining 
(N·1) 4-bit latch .. are disabled into a high impedanca "off" state. 
The number of latches. N, which may be connected to a bus line il 
determined from the output drl ... current. 100. the 3-stete or 
disabled output leakage current. ITL. and the load current. IL. 
required to drive the bus line (including fanout to other device 
inputs) and can be calculated by the following: 

N = 100 -IL + 1 
ITL 

N must be calculated for both high and low logic states of the 
bus line. 

Selected •• 
Driving Oevice 

Disabled 

Disabled 

TYPICAL 3-STATE APPLICATIONS 

EXAMPLE 1 

ReMt >-------------~--------------~~--~. 
Clock 

Serial 

Data >---l--L..:::;'::;:~ 

Strobe >-..... ----_+_+-4--l------~--f__+_++--~. 

Disable >---t--l~:;'~~J 

Disable >----------i 

EXAMPLE 2 
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ITL- IL , ttL 
~ 

BUS LINES 
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® MOTOROLA 

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 0 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 AID and D/A conversion and for magnitude and sign 
generation_ 

• Ouiescent Current = 5_0 nA/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 I nput Capacitance - 5_0 pF ty'pical 

• Internally Synchronous for High Speed 

• Logic Edge-Clocked Design - Count Occurs 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 Vss) 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

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

Unit 

Vdc 

Vdc 

DC Current Dram per Pm I 10 mAde 

Operating Temperature Range - AL DeVIce TA -55 to +125 °c 
C LlCP DeVice -40 to +85 

Storage Temperature Range Tstg -65 to +150 °c 

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 Pre .. 
X X X 1 R_t 

x = Don't Car. 
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CMOS MS. 
(LOW-POWER COMPLEMENTARY MOS) 

BCD UP/DOWN COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MO ... '" 1 tSUfflX Oenote. 

L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperatur. Range 
e Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

PE al 6 

Carry In 

9 R a2 11 

10 Up/Down 

15 Clock a3 14 

4 PI 

12 P2 a4 2 

13 P3 

3 P4 ~ Out 

Voe = Pin 16 
VSS = PinS 
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ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vin == VOO or a 10 

15 

"1" Level VOH 5.0 
Vin=OorVOD 10 

15 

Input Voltage# "0" 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 VIH 
(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 Vdc) Sink IOL 5.0 
(VOL = 0.5 Vdc) 10 
(VOL = 1.5 Vdc) 15 

Output Drive Current (CLlCP 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 IOL 5.0 
(VOL = 0.5 Vdc) 10 
(VOL = 1.5 Vdc) 15 

Input Current (Al Device) 'in 15 

Input Current (CLlCP Device) 'in 15 

't'put Capacitance Gin -
(Vin = 0) 

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

15 

QUiescent Current (CLlCP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply CurrentHt IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package I 15 

leL =::: 50 pF on all outputs, all 
buffers switching) 

"Tlow = -55°C for AL DeVice, -40oC for CLlCP Device. 
Thigh'" +12SoC for AL Device, +8SoC for CL/CP Device . 

.=Noise immunity specified for worst-case input combination. 

Tlow . 
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 -
- ±O.l 

- ±O.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@ 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) + 1 x 10-3 (CL -501 VOOI 

2SoC 

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 ±O.l 

- '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 !lA/kHzl f+ 100 
IT = (1.2 !lA/kHzl 1+ 100 
IT = (1.7 !lA/kHzl I + 100 

where: 'T is in JlA (per package), 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. 

Thi 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 -
mAde 

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 - mAde 

0.9 -
2.4 -

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -

0.36 - mAde 

0.9 -
2.4 -

- ± 1.0 IJAdc 

- ± 1.0 JJAdc 

- - pF 

150 !lAdc 
- 300 
- 600 

- 150 J.LAdc 
- 300 
- 600 

,uAdc 

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 Vss :EO; (Vin or Voutl 
';;VOO· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either VSS or VDD). 
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SWITCHING CHARACTERISTICS (CL = 50 pF. TA = 250 C) 

All Types 

Characteristic Symbol VDD Min Typ MIX Unit 

Output Rise Time tTLH ns 
tTLH = (3.0ns/pF) CL + 30 ns 5.0 - 180 360 
tTLH = (1.5 ns/pF) CL +15 ns 10 - 90 180 
tTL.H = (1.1 ns/pF) CL + 10 ns 15 - 65 130 

Output Fall Time tTHL ns 
tTHL.= (1.5 ns/pF) CL + 25 ns 5.0 - 100 200 
tTHL'= (0.75 ns/pF) CL + 12.5 ns 10 - 50 100 
tTHL. = (0.55 ns/pF) CL + 9.5 ns 15 - 40 80 

Propagation Delay Time tpLH. ns 
Clock to Q tPHL 

tpLH. tPHL = (1.7 ns/pF) CL + 230ns 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 + 76 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 + 47 ns 10 - 80 160 
tpLH. tPHL = (0.5 ns/pF) CL + 35 ns 15 - 60 120 

Preset or Reset to a 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 + 76 ns 15 - 100 200 

Preset or Reset ot 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 no 15 - 150 300 

Clock Pulse Width tWH 5.0 350 200 - ns 
10 170 100 -
15 140 75 -

Clock Pulse Frequency fel 5.0 - 3.0 1.5 MHz 
10 - 6.0 3.0 
15 - 8.0 4.0 

Preset or Reset Removal Time·" trem 5.0 S50 325 - ns 
10 230 115 -

II 
15 ISO 90 -

Clock Rise and Fall Time 'TLH. 5.0 - - 16 j.IS 

'THL 10 - - 16 

15 - - 15 

Carry In Setup Time tou 5.0 200 130 - ns 
10 120 60 -
15 100 50 -

Up/Down Setup Time tou 5.0 600 250 - ns 
10 200 100 -
15 175 75 -

Preset Enable Pulse Width tWH 5.0 200 100 - ns 
10 100 50 -
15 80 40 -

·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. 
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FIGURE 1 - POWER DISSIPATION TEST CIRCUIT'AND WAVEFORM 
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FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
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FIGURE 3 - PRESETTABLE CASCADED UP/DOWN COUNTER 
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FIGURE 4 - PROGRAMMABLE CASCADED FREQUENCY DIVIDER 
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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 
nac .... rily given. The information has be.n carefully checked and 

is believed to be entirelv reliable, However, no responsibility is 
assumed for inaccuracies. Furthermor., luch information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola I nco or others. 
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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 circu it provides the functions of a 4·bit storage latch, an 8421 
BCD·to·seven segment decoder, and an output drive capability. Lamp 
test (L Tl, blanking (si), 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. 

• Ouiescent Current = 5.0 nA/package typical @ 5 Vdc 
• Low Logic Circuit Power Dissipation 

• High·Current Sourcing Outputs (Up to 25 mAl 

• Latch Storage of Code 

• Blanking Input 

• Lamp Test Provision 

• Readout Blanking on all Illegal Input Combinations 

• Lamp Intensity Modulation Capability 

• 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 (V ltag 0 as re eran oed V ) to 'ss,· 
Rating Symbol Value 

DC Supplv Voltage VDD -0.5 to +18 
Input Voltage, All Inputs Yin -0.5 to V DO + 0.5 

Unit 

Vde 

Vdc 
DC Current Drain per Input Pin I 10 mAde 
Operating Temperature Range - AL Device TA -55 to +125 °c 

CL/CP Device -40 to +85 
Storage Temperature Range Toto -65 to +150 
Maximum Output Drive Carrent IOHmax 25 mA 

(Sourca) per Output 

Maximum Continuous Output Power 
(Source) per Output * POHmax 50 mW 

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 occurs if Vin and V 0I.1t is not 
constrained to the range VSS C;;;;(Vin or Vout) C;;;;VOD' 

Due to the sourcing capabilitv of this circuit, damage can occur to the device if VOO is 
applied, and the outputs ara shorted to Vss and are at a logical 1 (See Maximum 
Ratings). 

Unused inputs must always ba tied to an appropriate logic voltage leval (e.g., either 
VssorVDD)' 
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CMOS MSI 
(LOW·POWER COMPLEMENTARY MOS) 

BCD·TO·SEVEN SEGMENT 
LATCH/DECODER/DRIVER 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC14XXXB ~SUffiX Denote, 

L C_amic Package 
P PI .. tic Package 
A Extended OperatinQ 

Temperature Range 
C Limited QperatlnQ 

Tamperature Range 

13 · 12 :ft c " 6 0 10 
d 

LT 

81 15 Vee - Pin 16 

LE 14 VSS == Pin 8 

DISPLAV 

lol/1213lylsl&lllalql 
0123456789 

TRUTH TABLE 

P OUTPUT' 
LE 81 LT o C 8 A . b , d . f • DISPLAY 
x X 0 X X X X 1 1 1 1 1 1 1 a 
x 0 1 X X X X 0 0 0 0 0 0 0 BI.nk 
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 
0 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 · 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 • 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 • • 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 al_ 
0 1 1 1 0 1 1 0 0 0 0 0 0 0 BI.nk 
0 1 I 1 1 0 0 0 0 0 0 0 0 0 al_ 
0 1 1 1 1 0 1 0 0 0 0 0 0 0 

.,_ 
0 1 1 1 1 1 0 0 0 . 0 0 0 0 0 BI.nk 
0 1 1 1 1 1 1 0 0 0 0 0 0 0 aI-
l 1 1 X X X X 

x - Don't Care 
·Oepends upon the BCO code previously applied 
whan LE ·-0 
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ELECTRICAL CHARACTERISTICS 

VDD Tlow " 25°C Th' h" 

Characteristic Symbol Vde Min Max Min TVp MIX Min MIX Unit 

i Output Voltage "0" Level VOL 5.0 - 0.05 - 0 0.05 - 0.05 Vde 
Vin-VDDorO 10 - 0.05 - 0 0.05 - 0.05 

15 - 0.05 - 0 0.05 - 0.05 

"I" Level VOH 5.0 4.1 - 4.1 4.57 - 4.1 - Vde 
Vin~OorVDD 10 9.1 - 9.1 9.58 - 9.1 -

15 14.1 - 14.1 14.59 - 14.1 -
'Input Voltage# "0" Lavel VIL Vde 

(VO = 3.8 or 0.5 Vde! 5.0 - 1.5 - 2.25 1.5 - 1.5 
(VO = 8.8 or 1.0 Vde! 10 - 3.0 - 4.50 3.0 - 3.0 
(VO = 13.80r 1.5 Vde! 15 - 4.0 - 6.75 4.0 - 4.0 

(VO = 0.5 or 3.8 Vde! "I" Level VIH 5.0 3.5 - 3.5 2.75 - 3.5 - Vde 
(VO = 1.0 or 8.8 Vde! 10 7.0 - 7.0 5.50 - 7.0 -
(VO = 1.5 or 13.8 Vdcl 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Voltage (AL Device! VOH Vde 

(lOH = o mAde), Source I 5.0 4.10 - 4.10 4.57 - 4.1 -

(lOH = 5.0 mAde! - - - 4.24 - - -
(lOH = 10 mAde! 3.90 - 3.90 4.12 - 3.5 -
(lOH = 15 mAde! - - - 3.94 - - -
(lOH = 20 mAde! 3.40 - 3.40 3.75 - 3.0 -
(lOH = 25 mAde! - - - 3.54 - - -
(lOH = o mAde) 10 9.10 - 9.10 9.58 - 9.1 - Vde 

(lOH = 5.0 mAde) - - - 9.26 - - -
(lOH· 10 mAde! 9.00 - 9.00 9.17 - 8.6 -
(lOH = 15 mAde! - - - 9.04 - - -
(lOH = 20 mAde) 8.60 - 8.60 8.90 - 8.2 -
(IOH = 25 mAde) - - - 8.75 - - -
(lOH = o mAde! 15 14.1 - 14.1 14.59 - 14.1 - Vde 

(lOH - 5.0 mAde) - - - 14.27 - - -
(lOH = 10mAde! 14.0 - 14.0 14.18 - 13.6 -
(lOH = 15 mAde! - - - 14.07 - - -
(lOH = 20 IMoII:I 13.6 - 13.6 13.95 - 13.2 -
(lOH = 25 mAde) - - - 13.80 - - -

Output Drive Voltage (CL/CP Device! VOH Vde 

(lOH = 0 mAde) I Source 5.0 4.10 - 4.10 4.57 - 4.1 -
(lOH = 5.0 mAde! - - - 4.24 - - -
(lOH = 10mAde) 3.60 - 3.60 4.12 - 3.3 -
(lOH= 15 mAde! - - - 3.94 - - -
(lOH = 20 mAde! 2.80 - 2.80 3.75 - 2.5 -
(lOH = 25 mAde! - - - 3.54 - - -

(lOH = o mAde! 10 9.10 - 9.10 9.58 - 9.1 - Vde 
(lOH = 5.0 mAde) - - - 9.26 - - -
(lOH = 10 mAde) 8.75 - 8.75 9.17 - 8.45 -
(lOH= 15 mAde! - - - 9.04 - - -
(lOH = 20 mAde! 8.10 - 8.10 8.90 - 7.8 -
(lOH = 25 mAde! - - - 8.75 - - -
(lOH·OmAde! 15 14.1 - 14.1 14.59 - 14.1 - Vde 
(lOH = 5.0 mAde) - - - 14.27 - - -
(lOH = 10 mAde! 13.76 - 13.75 14.18 - 13.45 -
(lOH· 15 mAde) - - - 14.07 - - -
(lOH = 20 mAde! 13.1 - 13.1 13.95 - 12.8 -
(lOH = 25 mAde! - - - 13.80 - - -

Output Dri .. Current (AL Device) IOL mAde 
(VOL = 0.4 Vde! Sink 5.0 0.64 - 0.51 0.88 - 0.36 -
(VOL - 0.5 Vde! 10 1.6 - 1.3 2.25 - 0.9 -
(VOL - 1.5 Vde! 15 4.2 - 3.4 8.8 - 2.4 -

OutpUt Dri .. Current (CL/CP Device) IOL mAde 
(VOL -0.4 Vdc! Sink 5.0 0.52 - 0.44 0.88 - 0.36 -
(VOL -0.5Vde) 10 1.3 - 1.1 2.25 - 0.9 -
(VOL = 1.5 Vdc! 15 3.6 - 3.0 8.8 - 2.4 -

(Continued!. 
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ELECTRICAL CHARACTERISTICS (Continued) 

Voo 
Characteristic Symbol Vdc 

Input Current (AL Device) lin 15 

Input Current (CLlCP Device) 'in 15 

Input Capacitance Gin -
IV,n = 01 

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

15 

QUiescent Current (CLlCP Device) 100 5.0 
(Per Package) 10 

15 

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

(el '::: 50 pF on all outputs, all 
buffers switching) 

·Tlow:::;: -55°C for AL Device, -40oC for CLlCP Oevice. 
Thigh = +12SoC for AL Device, +8SoC for CLlCP Device. 

#Noise Immunity specified for worst-case input combination. 
NOise Margm 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 

Min 

-

-

-
-

-
-
-

SWITCHING CHARACTERISTICS· ICL = 50pF. TA = 250 CI 

CharaC1:aristic 

Output Rise Time 
tTLH = (1.5 ns/pFI CL + 50 ns 
tTLH = (0.75 ns/pF) CL + 37.5 ns 
tTLH = (0.55 ns/pF) CL + 37.5 ns 

Output Fall Time 
tTHL = (1.5 ns/pF) CL + 50 ns 
tTHL = (0.75 ns/pFI CL + 37.5 ns 

: 
tTHL = (0.55 ns/pF) CL + 37.5 ns 

I 
Data Propagation Delay Time 

tPLH = 10.40 ns/pFI CL + 620 ns , 
I tPLH = 10.25 ns/pFI CL + 237.5 ns 

tpLH = (0.20 ns/pFI CL + 165 ns 

tPHL=(1.3ns/pFICL +655ns 
tPHL = (0.60 ns/pFI CL + 260 ns 
tpHL = (0.35 ns/pFI CL + 182.5 ns 

Blank Propagation Delay Time 
tpLH = (0.30 ns/pFI CL + 305 ns 
tpLH= (0.25ns/pFI CL +117.5ns 
tpLH = 10.15 ns/pFI CL + 92.5 ns 

tpHL = (0.85 ns/pFI CL + 442.5 ns 
tpHL = (0.45 ns/pFI CL + 177.5 ns 
tPHL = 10.35 ns/pFI 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/pFI CL + 248 ns 
tpHL = (0.45 ns/pFI CL + 102.5 ns 
tpHL = (0.35 ns/pFI CL + 72.5 ns 

Setup Time 

Hold Time 

Latch Enable Pulse Width 

*The formula gwen IS for the typical characteristics onlv. 

Tlow * 25°C Th' h* 
Max Min Typ Max Min Max Unit 
.0.1 '0.00001 ±O.1 .1.0 "Adc 

±0.3 - ±0.00001 '0.3 - '1.0 "Adc 

- 5.0 7.5 pF 

5.0 0.005 5.0 150 "Adc 
10 - 0.010 10 - 300 
20 - 0.015 20 - 600 

20 - 0.005 20 - 150 "Adc 
40 - 0.010 40 - 300 
80 - 0.015 80 - 600 

IT = '(1.9 "A/kHzI f + 100 ~Adc 

IT = (3.8 "A/kHzI f + 100 
IT = (5.7 "A/kHzI f + 100 

tTo calculate total supply current at loads other than 50 pF: 
ITICLI = ITI50 pFI + 3.5 x 10-3 ICL -501 VoOI 

where. IT IS in JJA (per packagel. CL in pF. Vee in Vdc. 
and f in kHz is input frequency. 

HThe formulas given are for the typical 
characteristics only at 25°C. 

Voo 
Symbol Vdc Min Typ Max Unit 

tTLH ns 
5.0 - 40 80 

10 - 30 60 

15 - 25 50 

tTHL - ns 
5.0 125 250 

10 - 75 150 

15 
- 65 130 

tPLH ns 
5.0 - 640 1280 
10 - 250 500 
15 - 175 350 

tpHL 5.0 - 720 1440 ns 
10 - 290 580 
15 - 200 400 

tpLH - ns 
5.0 600 750 

-
10 200 300 

-
15 150 220 

tpHL 5.0 - 485 970 os 
10 - 200 400 
15 - 160 320 

tpLH ns 
5.0 - 313 625 
10 - 125 250 
15 - 90 180 

tpHL 5.0 313 625 ns 
10 - 125 250 
15 - 90 160 

tsu 5.0 180 90 ns 
10 76 38 -
15 40 20 -

th 5.0 0 -90 .:. ns 
10 0 -38 -
15 0 -20 -

tWL 5.0 520 260 - ns 
10 220 110 -
15 130 65 
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FIGURE 1 - DYNAMIC POWER DISSIPATION 
SIGNAL WAVEFORMS 

Input LE low, and Inputs 0, BT and [T high. 
f in respect to a system clock. 
All outputs connected to respective CL loads. 

A, e, and C 

Any Output ~
50%OutvCvcle VOH 

50% 

--VOL 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 

'a) Inputs 0 and LE low. and Inputs A. B. if and L Thigh. 

Input C 

Ibllnput 0 low, Inputs A, B,ii and L Thigh. 

20 os 
.r.=;----- VOO 

LE 

-----==I-------VSS 

Inpute 
F t •u 

___ ~~_r--------VOO 

50% '-_____ VSS 

___________ VOH 

Output 9 \ ... ______________ VOL 

leI Data DCBA strobad into latches. 

20n5 
J.-----VOO 

LE 

-----vss 
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MC14511B 

CONNECTIONS TO VARIOUS DISPLAY READOUTS 

LIGHT EMITTING DIODE (LEDI READOUT 

'::' Vss 

Common 
C.mode LED 

___ ""1.7V 

INCANDESCENT REAODUT 

Voo Voo 

** 

GAS DISCHARGE READOUT 

Voo 

• 

Approprf8te 
Vol_ 

""A fll.ment pre-warm ,..I.tor I. NCommended to reduce filament 
thermal Ihoct and Inc..... the effective cold , .. I,nnet! of the 
tll ..... "t. 

Voo 

Common 
Anode LED 

""1.7 V 

FLUORESCENT READOUT 

Voo 

Filament 
Supply 

LlOUID CRVSTAL (LCDI READOUT 
Excitation 

Voo 

":" vss 

($quereW."e. 
VSS to Vool 

Direct de drive of LCD's not rIIcommended for life of LCD ..... ouu. 
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LOGIC DIAGRAM 

• 
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® MOTOROLA 

8-CHANNEL DATA SELECTOR 

The MC145128 is an 8-channel data selector constructed with 
MOS P-channel and N-channel enhancement mode devices in a 
single monolithic structure. This data selector finds primary appli­
cation in signal multiplexing functions. It may also be used for 
data routing, digital signal switching, signal gating, and number 
sequence generation. 

• Quiescent Current = 5.0 nA/package 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 Vss) 

Ratmg Svmbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage. All Inputs V In -0.5 to VOD + 0.5 

DC Current Drain per Pm I 10 

Operating Temperature Range - AL DevIce TA -55 to +125 
CLlCP 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 Xl 

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 

<P <P <P 1 0 0 

<P <P <P <P 1 
High 

Impedance 

~ ... Don't Care 
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Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

MC14512B 

CMOSMSI 
(LDW·POWER COMPLEMENTARY MOS) 

8-CHANNEL DATA SELECTOR 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC14XXXB 

2 

3 

4 

5 

6 

8 

1r"~,;,;~~~~ 
AC ~::::~:r:~u~:~:~i;: 

Limited Operating 

Temperature Range 

PIN ASSIGNMENT 

16 

15 

14 

13 

12 

11 

10 

9 

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 applies· 
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. 



MC14512B 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol 

Output Voltage "0" Level VOL 
Yin = VOO orO 

"I" Level VOH 
Vin =0 or VOO 

Input Voltage# "0" Level VIL 
(VO = 4.5 or 0.5 Vde) 
(VO = 9.0 or 1.0 Vde) 
(VO = 13.5 or 1.5 Vdel 

"I" Level VIH 
(Vo = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vdel 
(VO = 1.5 or 13.5 Vdel 

Output Drive Current (A L Device) IOH 
(VOH = 2.5 Vdel Source 
(VOH = 4.6 Vdel 
(VOH = 9.5 Vdel 
(VOH = 13.5 Vdel 

(VOL = 0.4 Vde) Sink IOL 
(VOL = 0.5 Vdel 
(VOL = 1.6 Vde) 

Output Drive Current (CL/CP Oevieel IOH 
(VOH = 2.5 Vde) Source 
(VOH = 4.6 Vdel 
(VOH = 9.5 Vde) 
(VOH = 13.5 Vde) 

(VOL = 0.4 Vdel Sink IOL 
(VOL = 0.5 Vde) 
(VOL = 1.5 Vde) 

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

(Vin =01 
Quiescent Current tAL Device) 100 

(Per Package) 

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

Total Supply Current- *t IT 
(Ovnamic plu. Quiescent, Per Packagel 
(CL = 50 pF on all outputs, all buffers 

switching) 

Three-5tate Leakage Current ITL 
(AL Oevicel 

Three.oState Leakage Current ITL 
(CLlCP Devicel 

'Tlow = -55°C lor AL Device, _40°C lor CL/CP Device. 
Thigh - +1250 C for AL Device, +850 C lor CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

VDD Tlow 
Vde Min 

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

5.0 -
10 -
15 -

5.0 3.5 
10 7.0 
15 11.0 

5.0 -1.2 
5.0 -0.25 
10 -0.62 
15 -1.8 

5.0 0.64 
10 1.6 
15 4.2 

5.0 -1.0 
5.0 -0.2 
10 -0.5 
15 -1.4 

5.0 0.52 
10 1.3 
15 3.6 

15 

15 -
- -

5.0 -
10 -
15 -
5.0 -
10 -
15 -
5.0 
10 
15 

15 -

15 -

Noise Margin for both "I" and "O"levol = 1.0 Vde min@VOO = 5.0 Vde 
2.0 Vde min @ VOO = 10 Vde 
2.5 Vdc min@ VOO • 15 Vdc 

tTo calculate total supply current at load. other than 50 pF: 

IT(CLI - IT(50 pF) + 1 X 10-3 (CL - 50) VOOI 

. 2SoC 

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 
4.0 - 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 -3.6 -
- 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 -
- 0.44 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 

5.0 - 0.005 5.0 
10 - 0.010 10 
20 - 0.015 20 

20 - 0.005 20 
40 - 0.010 40 
80 - 0.015 80 

IT = (0.8I'A/kHz)! + 100 
IT = (1.6I'A/kHz)f+ 100 
IT = (2.4 I'A/kHz) I + 100 

.0.1 - '0.00001 .0.1 

'1.0 - '0.00001 '1.0 

where: IT is in I'A (per packegel,CL in pF, VOO in Vdc, and I in kHz is input frequency. 
··The formulas given are for the tvPical characteristics only at 26°C. 
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Thigh' 
Min Max Unit 

- 0.05 Vde 

- 0.05 
- 0.05 

4.95 - Vde 
9.95 -
14.96 -

Vde 
- 1.6 
- 3.0 
- 4.0 

Vde 
3.5 -
7.0 -

11.0 -
mAde 

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

mAde 
-0.6 -
-0.12 -
-0.3 -
-1.0 -
0.36 - mAde 
0.9 -
2.4 -

.1.0 I'Ade 

- '1.0 I'Ade 

- - pF 

150 I'Ade 
- 300 
- 600 

- 150 I'Ade 
- 300 
- 600 

I'Ade 

- '3.0 IlAde 

- .7.5 I'Ade 
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MC14512B 

SWITCHING CHARACTERISTleS· (CL • 60 pF, T A ~ 2SoC) 

AlITy_ 

Ch_iotic SVmbol VDD Typ 

Output Rite Tim. tTLH 
tTLH • (3.0 ns/pF) CL + 25 no 6.0 225 
tTLH - 11.6 ns/pF) CL + 12 ns 10 110 
tTLH = 11.1 ns/pF) CL + 8 ns 15 80 

Output Fall Time tTHL 
tTHL • (1.6 ns/pF) CL + 47 nS 5.0 130 
tTHL • (0.76 ns/pF) CL + 24 ns 10 65 
tTHL • (0.65 ns/pF) CL + 17 ns 16 60 

Turn.Qff Oolav Tim. tPLH 
tPLH = (0.9 ns/pF) CL + 211 ns 5.0 330 
tPLH· (0.3 ns/pF) CL + 70 ns 10 125 
tPLH = (0.23 ns/pF) CL + 64 ns 15 85 

Turn·On Oolav Tim. tPHL 
tPHL - (2.7 ns/pF) CL + 184 ns 5.0 330 
tpHL· (0.9 ns/pF CL + 61 ns 10 125 
tPHL· (0.66 ns/pF) CL + 47 ns 15 85 

3-State Output Delav Times tpHZ, tPLZ, 5.0 60 
"I" or "0" to High Z,and tPZH, tpZL 10 35 

High Z to "I" or "0" 15 30 
.. 

·The formula given IS for the typical characteristiCs only. 

FI~RE.l - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Vss 

FIGURE 2 - AC TEST CIRCUIT AND WAVEFORMS 

20 "I 

Input 

Output 
ITelt. 1 Ind 2) 

Input Connections for tr• tf, tp)..H. tPHL 

TEST INHI81T A XO 
1 P.G. Gnd Vee 
2 Gnd P.G. Vee 
3 Gnd Gnd P.G. 
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Max Unit 

ns 
360 
180 
130 

ns 
200 
100 
80 

ns 
650 
250 
170 

ns 
650 
260 
170 

150 ns 
100 
76 

Vee 



MC14512B 

'3 

FIGURE 3 - 3-STATE AC TEST CIRCUIT AND WAVEFORM 

Z 1--<;>---, 
Disable 
Input 

Output ---+~ 

tpHZ 
VOL{~ 2.5V@VOO ~ 5V. 

tpZH 10 V. and 15 V 

90% 1 Output 

-=- VSS 

{
'" 2VI!!>VOO- 5V 

VOH _ 6V({DVOO""10V 

'----.lJ-'-O-"-VOL ",OV@VOO"5V 

Switch Positions for 3·State Test 

TEST S1 S2 S3 

tpHZ Open Closed Closed 

tpLZ Closed Open Opan 

tpZL Closed Open Open 

tpZH Open Closed Closed 

LOGIC DIAGRAM 

_ l O~ ~ ,nT~,n~rout 
Tr.n"'I~'on T2-

Ga .. 
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S4 

Open 
Closed 

Closed 
Open 

Selected 
Device 

Data 
Bus 

I 
3-8TATE MODE OF OPERATION 

Output terminals of several MC145128 
8·Bit Data Selectors can be connected 
to a single data bus as shown. One 
MC14512B is selected by the 3-state 

control, and the remaining devices are 
disabled into a high impedance "off" 
state. The number of 8-bit data selectors, 
N, that may be connected to a bus line 
is determ ined from the output drive 
current, '00. 3-state or disable output 
leakage current. ITL. and the load 
current, I L. required to drive the bus 
line (including fanout to other device 
inputs). and can be calculated by: 

NQIOD-IL+1 
ITL 

N must be calculated for both high and 
low logic state of the bus line. 
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® MOTOROLA 

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER 

The MC14513B BCD-to-seven segment latch/decoder/driver is 
constructed with complementary MOS (CMOS) enhancement mode 
devices and NPN bipolar output drivers in a single monolithic struc­
ture_ 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. The Ripple 
Blanking Input (RBI) and Ripple Blanking Output (RBO) can be 
used to suppress either leading or trailing zeroes. It can be used with 
seven-segment light emitting diodes (LED), incandescent, fluores­
cent, 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 mAl 

• Latch Storage of Binary Input 

• Blanking Input 

• Lamp Test Provision 

• Readout Blanking on all Illegal Input Combinations 

• Lamp Intensity Modulation Capability 

• Time Share (Multiplexing) Capability 

• Adds Ripple Blanking In, Ripple Blanking Out to MC14511B 

• 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 

Temperature 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 V DO + 0.5 

DC Current Drain per Input Pin I 10 

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

Storage Temperature Range Tstg -65 to +150 

Maximum Continuous Output Drive Current IOHmax 25 
(Source) per Output 

Maximum Continuous Output Power POHmax 50 
(Source) per Output :j: 

:j:POHmax = IOH (V DO - VOHI 

Unit 

Vde 
Vde 

mAde 

°c 

mA 

mW 

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~ 
ance circuit. A destructive high current mode may occur if Vin and Vout is not con­
strained to the range VSS :s;;;; (V in 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 logical 1 (see Maximum 
Ratings). 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either VSS 
orVOO). 
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MC145138 

CMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

BCD-TO-SEVEN SEGMENT 
LATCH/DECODER/DRIVER 
WITH RIPPLE BLANKING 

L SUFFIX P SUFFIX 
CERAMIC PACKAGE 

CASE 680 
PLASTIC PACKAGE 

CASE 707 

ORDERING INFORMATION ." "'"'1 t;SUffLX Denotes 
L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C LLmlted Operating 

Temperature Range 

PIN ASSIGNMENT 

LNPUTS 

R" " " CT o , , A , , , 0 , , , , , , 0 , x x x x , 0 1 , 0 0 0 0 
0 0 1 , 0 0 0 0 , 0 , , 0 0 0 , , 0 , , 0 0 , 0 , 0 , , 0 0 , , , 0 , , 0 , 0 0 , 0 , , 0 , 0 , , 0 , , 0 , , 0 , 0 , 1 0 , , , , 0 , , , 0 0 0 , 0 , , , 0 0 , , 0 , , , 0 , 0 , 0 , , , 0 , , , 0 , , , , 0 0 , 0 , , , , 0 , , 0 , , , , , 0 , 0 , , , , , , , , , , , X X X 

1e 

17 ,. 
,. 
" 13 

" 
10 

"'0 
· · , 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

· 

, 
0 

0 , 
0 , , 
0 , , , , , 
0 
0 
0 
0 
0 , 

, , , 
0 0 
0 0 , , , , , 0 , , , , 
0 , 
0 , , , , , , , 
0 0 

0 0 
0 0 
0 0 
0 0 , , 

OUWUTS , , , , , , , 
0 0 0 0 
0 0 0 0 , , , 0 
o 0 0 0 , , 0 , 
1 0 0 , 
0 0 , , , 0 , 1 , , , , 
0 0 00 , , , , , 0 , , 
0 0 0 0 

0 0 0 0 
0 0 0 0 
0 0 00 
0 0 0 0 
0 , , , 

X Don'tCar6 

R80 RBI (Bl!a'A') ,nd,eatedbvotherrowsotta/)Ie 

Depends upon the BCD eode preulOusl~ apphed When LE 0 

DLSPLAY . 
.", .. 
8Lank 

0 , 
2 
3 
4 
5 
6 , . , 

Blank 

81ank 
81ank 
81ank 
Blank 
Blank 



MC14513B 

ELECTRICAL CHARACTER ISTICS 

Voo Tlow* 25°C Thigh'" 

Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit 

Output Voltage - Segment Outputs VOL Vde 
"0" Level 5.0 - 0.05 - 0 0.05 - 0.05 

Vin "" VOO or 0 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 5.0 - 4.1 - Vde 
Yin = 0 or VOD 10 9.1 - 9.1 10 - 9.1 -

15 14.1 - 14.1 15 - 14.1 -

Output Voltage - RBO Output VOL Vde 
"0" Level 5.0 - 0.05 - a 0.05 - 0.05 

Yin = VDD orO 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 - Vde 
Vi" = a or VOO 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -

Input Voltage# "0" Level VIL Vde 
(VO = 3.8 or 0.5 Vde! 5.0 - 1.5 - 2.25 1.5 - 1.5 
(VO = 8.8 or 1.0 Vde) 10 - 3.0 - 4.50 3.0 - 3.0 
(VO = 13.8 or 1.5 Vde! 15 - 4.0 - 6.75 4.0 - 4.0 

(VO = 0.5 or 3.8 Vde! "I" Level VIH 5.0 3.5 - 3.5 2.75 - 3.5 - Vde 
(VO = 1.0 or 8.8 Vde! 10 7.0 - 7.0 5.50 - 7.0 -
(VO = 1.5 or 13.8 Vde! 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Voltage Segments VOH Vde 
(AL Device) 
IIOH =OmAde) Source: 5.0 4.10 - 4.10 4.57 - 4.1 -
IIOH = 5.0 mAde! - - - 4.24 - - -
IIOH = 10 mAde) 3.90 - 3.90 4.12 - 3.5 -
IIOH = 15 mAde! - - - 3.94 - - -
IIOH = 20 mAde) 3.40 - 3.40 3.75 - 3.0 -
IIOH = 25 mAde! - - - 3.54 - - -

IIOH = o mAde! 10 9.10 - 9.10 9.58 - 9.1 - Vde 
II OH = 5.0 mAde) - - - 9.26 - - -
IIOH = 10 mAde! 9.00 - 9.00 9.17 - 8.6 -
IIOH = 15 mAde) - - - 9.04 - -- -
IIOH = 20 mAde! 8.60 - 8.60 8.90 - 8.2 -
IIOH = 25 mAde! - - - 8.75 - - -
IIOH = 0 mAde! 15 14.1 - 14.1 14.59 - 14.1 - Vde 
UOH = 5.0 mAde! - - - 14.27 - - -
UOH = 10 mAde! 14.0 - 14.0 14.18 - 13.6 -
(OH = 15 mAde) - - - 14.07 - - -
UOH = 20 mAde) 13.6 - 13.6 13.95 - 13.2 -
UOH = 25 mAde) - - - 13.80 - - -

Output Drive Voltage - Segments VOH Vde 
(CL/CP Device) 
IIOH = 0 mAde! Source: 5.0 4.10 - 4.10 4.57 - 4.1 --
UOH = 5.0 mAde) - - - 4.24 - - -
(IOH = 10 mAde! 3.60 - 3.60 4.12 - 3.3 -
IIOH = 15 mAde) - - - 3.94 - - -
UOH = 20 mAde! 2.80 - 2.80 3.75 - 2.5 -
IIOH = 25 mAde) - - - 3.54 - - -

UOH = o mAde! 10 9.10 - 9.10 9.58 - 9.1 - Vde 
IIOH = 5.0 mAde! - - - 9.26 - - -
IIOH = 10 mAde) 8.75 - 8.75 9.17 - 8.45 -
IIOH = 15 mAde! - - - 9.04 - - -
IIOH = 20 mAde) 8.10 - 8.10 8.90 - 7.8 -
IIOH = 25 mAde! - - - 8.75 - - -

UOH = 0 mAde! 15 14.1 - 14.1 14.59 - 14.1 - Vde 
U OH = 5.0 mAde) - - - 14.27 - - -
UDH = 10 mAde) 13.75 - 13.75 14.18 - 13.45 -
UOH = 15 mAde) - - - 14.07 - - -
IIOH = 20 mAde) 13.1 - 13.1 13.95 - 12.B -
U OH = 25 mAde) - - - 13.80 - - -
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MC14513B 

ELECTRICAL CHARACTERISTICS (Continued) 

VDD Tlow· 25°C Thigh' 

Symbol Vdc Min Max Min Typ Max Min Max Unit 

Output Drive Current RBO Output IOH mAd" 
(AL Device) 
(VOH = 2.5 Vdc) Source 5.0 -0.40 - -0.32 -0.64 - -0.22 -
(YaH = 9.5 Vdc) 10 -0.21 - -0.17 -0.34 - -0.12 -
(YaH = 13.5 Vde) 15 -O.Bl - -0.66 -1.3 - -0.46 -
(VOL = 0.4 Vde) Sink IOL 5.0 0.18 - 0.15 0.29 - 0.10 - mAde 
(VOL = 0.5 Vde) 10 0.47 - 0.38 0.75 - 0.26 -
(VOL = 1.5 Vde) 15 1.8 - 1.5 2.9 - 1.0 -

Output Drive Current RBO Output IOH mAde 
(CL/CP Device) 
(VOH = 2.5 Vde) Source 5.0 -0.25 - -0.21 -0.64 - -0.17 -
(YaH = 9.5 Vde) 10 -0.13 - -0.11 -0.34 - -0.092 -
(VOH = 13.5 Vdc) 15 -0.52 - -0.44 -1.3 - -0.36 -
(VOL = 0.4 Vde) Sink IOL 5.0 0.12 - 0.098 0.29 - 0.080 - mAde 
(VOL = 0.5 Vdc) 10 0.30 - 0.25 0.75 - 0.21 -
(VOL = 1.5 Vde) 15 1.2 - 0.98 2.9 - 0.80 -

Output Drive Current - Segments 10L mAde 
(AL Device) 
(VOL = 0.4 Vde) Sink 5.0 0.64 - 0.51 0.88 - 0.36 -
(VOL = 0.5 Vde) 10 1.6 - 1.3 2.25 - 0.9 -
(VOL = 1.5 Vde) 15 4.2 - 3.4 8.8 - 2.4 -

Output Drive Current - Segments IOL mAde 
(CL/CP Device) 
(VOL = 0.4 Vde) Srnk 5.0 0.52 - 0.44 0.88 - 0.36 -
(VOL = 0.5 Vde) 10 1.3 - 1.1 2.25 - 0.9 -
(VOL = 1.5 Vde) 15 3.6 - 3.0 8.8 - 2.4 -

Input Current tAL Device) lin 15 ±0.1 ±O.OOOOI ±0.1 ±1.0 /LAde 

Input Current (CLlCP Device) lin 15 - ±0.3 - ±O.OOOOI ±0.3 - ±1.0 /LAde 

I nput Capacitance Cin - - - - 5.0 7.5 pF 
(Vin = 0) 

Qu iescent Current (AL Device) 100 5.0 - 5.0 - 0.005 5.0 - 150 /LAde 
(Pet Package) 10 - 10 - 0.010 10 - 300 

15 - 20 - 0.015 20 - 600 

Quiescent Current (CL/CP Device) 100 5.0 - 20 - 0.005 20 - 150 /LAde 
(Pet Package) 10 - 40 - 0.010 40 - 300 

15 - 80 - 0.015 80 - 600 

Total Supply Current* *t IT 5.0 IT = (1.9/lA/kHz) I + IDa /lAde 
(Dynamic plus Quiescent, 10 IT = (3.8/lA/kHz) I + 100 
Per Package) 15 IT = (5.7/lA/kHz) I + 100 

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

*Tlow = _55°C for AL Device, -40°C for CL/CP Device. 

Thigh = +1250C lor AL Oeviee, +250 C lor CL/CP aeviee . 

# Noise immunity specified for worst--case input combination. 

t To calculate total supply current at loads other than 50 pF: 

Noise Margin for both "1" and "0" level = 
1.0 Vde min@VoO = 5.0 Vde 

IT(CU = IT(50 pF) + 3.5 x 10-3 tCL - 50) VOpl 
where: IT is in /lA (per package), CL in pF, Vao in Vde, 
and f in kHz is input frequency. 

** The formulas given are for the typical characteristics 
only at 250 C. 2.0 Vde min @ VOO = 10 Vde 

2.5 Vde min@VoO = 15 Vde 
FIGURE 1 - DYNAMIC POWER DISSIPATION 

SIGNAL WAVEFORMS 

Input LE and RBI low. and Inputs D. BT and CT' high. 
f in respect to a system clock. 
All outputs connected to respective CL loads. 

A. B, and C 

Any Output 
~

50%DutYCYCI. VOH 

50% 

--VOL 
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MC14513B 

SWITCHING CHARACTERISTICS' ICL' 50 pF TA' 25°C) 

All Types 

VOO 
Characteristic Symbol Vdc Min Typ Max Unit 

Output R .se Time - Segment Outputs tTLH ns 
5.0 - 40 80 
10 - 30 60 
15 - 25 50 

Output Rise Time - RBO Output tTLH ns 
5.0 _. 480 980 
10 - 240 480 
15 - 190 380 

Output Fall Time - Segment Outputs tTHL ns 
tTHL • 11.5 nsipF) CL + 50 ns 5.0 - 125 250 
tTHL' 10.75 ns/pF) CL + 37.5 ns 10 - 75 150 
tTHL • 10.55 ns/pF) CL + 37.5 ns 15 - 65 130 

Output Fall Time - RBO Outputs tTHL ns 
tTHL • 11.5 ns/pF) CL + 50 ns 5.0 - 270 540 
tTHL • 10.75 ns/pF) CL + 37.5 ns 10 - 135 270 
tTHL • 10.55 nsipF) CL + 37.5 ns 15 - 110 220 

Propagation Delay Time - A, B. C, 0 Inputs tpLH ns 
tPLH • 10.40 nsipF) CL + 620 ns 5.0 - 640 1280 
tPLH • 10.25 ns/pF) CL + 237.5 ns 10 - 250 500 
tPLH • 10.20 nsipF) CL + 165 ns 15 - 175 350 

tpHL' 11.3 ns/pF) CL + 655 ns tpHL 5.0 - 720 1440 ns 
tpHL· 10.60 ns/pF) CL + 260 ns 10 - 290 580 
tPHL· 10.35 ns/pF) CL + 182.5 ns 15 - 200 400 

Propagation Delay Time - RBI Input tpLH ns 
tpLH • 10.30 ns/pF) CL + 305 ns 5.0 - 600 750 
tPLH ·10.25 ns/pF) CL + 117.5 ns 10 - 200 300 
tPLH • 10.15 ns/pF) CL + 92.5 ns 15 - 150 220 

tpHL· 10.85 ns/pF) CL + 442.5 ns tPHL 5.0 - 485 970 ns 
tPHL' 10.45 ns/pF) CL + 177.5 ns 10 - 200 400 
tPHL • 10.35 nsipF) CL + 142.5 ns 15 - 160 320 

Propagation Delay Time - B I I "put tPLH ns 
tpLH • 10.3 nsipF) CL + 305 ns 5.0 - 600 750 

tPLH' 10.25 ns/pF) CL + 117.5 ns 10 - 200 300 
tPLH' 10.15 ns/pF) CL + 92.5 ns 15 - 150 220 

tpHL· 10.85 ns/pF) CL + 442.5 ns tpHL 5.0 - 485 970 ns 
tPHL' 10.45 ns/pF) CL + 177.5 ns 10 - 200 400 
tpHL· 10.35 ns/pF) CL + 142.5 ns 15 - 160 320 

Propagation Delay Time - L T Input tpLH ns 
tpLH • 10.45 ns/pF) CL + 290.5 ns 5.0 - 313 625 
tpLH· 10.25 nsipF) CL + 112.5 ns 10 - 125 250 
tpLH • 10.20 ns/pF) CL + 80 ns 15 - 90 180 

tpHL· 11.3 ns/pF) CL + 248 ns tpHL 5.0 - 313 625 ns 
tPHL· 10.45 ns/pF) CL + 102.5 ns 10 - 125 250 
tpHL· 10.35 ns/pF) CL + 72.5 ns 15 - 90 180 

Minimum Setup Time tsu 5.0 - 90 180 ns 
10 - 38 76 
15 - 20 40 

Minimum Hold Time th 5.0 - -90 0 ns 
10 - -38 0 
15 - -20 0 

Minimum Latch Enable Pulse Width 'WLILE) 5.0 - 260 520 ns 
10 - 110 220 
15 - 65 130 

*The formula given is for the typical characteristics only. 
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MC14513B 

• 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 

a. Data Propagation Del~y: Inputs RBI, 0 and LE low, and Inputs A, B. B1 and (Thigh. 

20 ns 

9~ 
50%1 

20 ns 
VOO 

Vss Inpute 10~ 

'PLH~PHL --VOH 

Output 9 

vOL 

tTLH tTHL. 

b. Inputs A, B, D and LE low, and Inputs RBI, BT and IT high. 

C. Setup and Hold iimes: Input RBI and 0 low, Inputs A, B, BT and IT high. 

20n~~~5_~0_%% ______ ::: 

ir="u ---=:j ith VOO 

lnpu,C J50% \\..-----vss 

LE 

~----------VOH 

Output 9 \, _________ _ 

- VOL 

d. Pulse Width: Data DCBA strobed into latches. 

LE 

1 1 ---I L-- 20 ns 
20 nS--I ~ I I,. _____ V 

90%V1 : 00 
50% I 

10% -----VSS 

tWL(LE) -I I--
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MC14513B 

CONNECTIONS TO VARIOUS DISPLAY READOUTS 

LIGHT EMITTING DIDDE (LEDI READOUT 

Voo 

Common 
Cathode LED 

~1.7 V 

INCANDESCENT READOUT 

Voo Voo 

GAS DISCHARGE READOUT 

Voo 
Appropriate 

Voltage 

Voo 

Common 
Anode LED 

"'1.7 V 

FLUORESCENT READOUT 

Voo 

Filament 
Supply 

LIQUID CRYSTAL (LCI READOUT 
Excitation 

Voo 

1/4 Of MC14507 

(Squar. Wave, 
VSS to Voo) 

**A filament pre·warm resistor is recommended to reduce filament 
thermal shock and incr.ase the effective cold r •• istance of the 
filament. 

Direct de drive of Le's not r&commended for life of LC readouts. 
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Input 
Code 

MC14513B 

o 0 0 0 

(0) 

LOGIC DIAGRAM 

TYPI~AL APPLICATIONS FOR RIPPLE BLANKING 

MC14513B 

o 0 0 0 

(0) 

LEADING EDGE ZERO SUPPRESSION 

I 
I 

MC14513B 

o 0 

(5) 

Displays 
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TYPICAL APPLICATIONS FOR RIPPLE BLANKING (Contl 
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TRAILING EDGE ZERO SUPPRESSION 
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® MOTOROLA 

4-8fT LATCH/4-TO-16 LINE DECODER 

The MC 145148 and MC 145158 are two output options of a 4 to 
16 line 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 "0" at 
the selected output. The latch!!S are R·S type flip-flops which hold 
the last input data presented prior to the strobe transition from" 1" 
to "0". These high and low options of a 4-bit latch/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 admitted 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 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 ' 

• Single Supply Operation - Positive or Negative 

• Input Impedance = 1012 ohms typical 

MAXIMUM RATINGS (Voltages referenced to VSS) 

Rating SVmbol Value 

DC Supply Voltage VDD -05to+18 

Input Voltage, All Inputs VIn -05 to VDD + 0,5 

Unit 

Vdc 

Vdc 

DC Current Dram per Pin I 10 mAde 

Operating Temperature Range ~ AL DeVice TA -55 to +125 °c 
C LlCP DeVice -40 to +85 

Storage Temperature Range Tstg -65 to +150 °c 

BLOCK DIAGRAM 50 iUicD 

51 ABeD INHIBIT 

Voo =: Pin 24 
52 ABeD 

Vss =: Pin 12 
53 ABeD 

0 
0 
0 

54 ABCD 0 

A 55 ABCD Data 1 

3 B 56 ABCD 
Data 2 4to 16 57 ABCD 

0 
0 
0 
0 

21· Latch C Decoder 58 ABeD Data 3 

22 D ABCD 
08t84 ABeD 

0 
0 
0 
0 

511 ABCD 0 

Strobe 512 ABCD 

513 ABCD 

0 
0 
0 

514 ABCD 1 
515 ABeD 

MC14514B 
MC14515B 

CMOS MS. 
(LOW·POWER COMPLEMENTARY MOS) 

4-BIT LATCH/4-TO-16 
LINE DECODER 

,.~ ~rv~)lll 

L SUFFIX 
CERAMIC PACKAGE 

CA5E 623 

P SUFFIX 
PLASTIC PACKAGE 

CASE 709 

ORDERING INFORMATION 

MC14XXXB Suffix Cenotes r :cL Ceram,c Package t: Plastic Package 

Extended Operating 

Temperature Range 
Limited Operating 

Temperature Range 

DECODE TRUTH TABLE (Strobe = 1) 

DATA INPUTS SELECTED OUTPUT 

MC14514:: LogiC "'" 
D C B A MC14515'" Logic "0" 

0 0 0 0 50 
0 0 0 1 51 
0 0 1 0 52 
0 0 1 1 53 

0 1 0 0 54 
0 1 0 1 55 
0 1 1 0 56 
0 1 1 1 57 

1 0 0 0 58 
1 0 0 1 59 
1 0 1 0 510 
1 0 1 1 511 

1 1 0 0 512 
1 1 0 1 513 
1 1 1 0 514 
1 1 1 1 515 

x X X X All Outputs Q,MC14514 
All OutPutS=1,MC14515 

23 X '" Don't Care 
Inhibit 
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MC14514B. MC14515B 

ELECTRICAL CHARACTERISTICS 

Voo Tlow . 25°C Thi h· 
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit 

Output Voltage "0" Level VOL 5.0 - 0.05 - a 0.05 - 0.05 Vdc 
Vin=VODorO 10 - 0.05 - 0 0.05 - 0.05 

15 - 0.05 - 0 0.05 - 0.05 

"I" Level VOH 5.0 4.95 - 4.95 5.0 - 4.95 - Vde 
Vin'OorVOO 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -
Input Voltage# "0" Level VIL Vde 

(VO ' 4.5 or 0.5 Vde) 5.0 - 1.5 - 2.25 1.5 - 1.5 

(VO ' 9.0 or 1.0 Vde) 10 - 3.0 - 4.50 3.0 - 3.0 

(VO' 13.5 or 1.5 Vde) 15 - 4.0 - 6.75 4.0 - 4.0 

"1" Level VIH 
(VO ' 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 - Vde 
(VO' 1.0 or 9.0 Vde) 10 7.0 - 7.0 5.50 - 7.0 -
(VO' 1.5 or 13.5 Vde) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) IOH mAde 
(VOH ' 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -
(VOH '4.6 Vde) 5.0 -0.25 - -0.2 -0.36 - -0.14 -
(VOH ' 9.5 Vde) 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 Vde) Smk IOL 5.0 0.64 - 0.51 0.88 - 0.36 - mAde 
(VOL' 0.5 Vde) 10 1.6 - 1.3 2.25 - 0.9 -
(VOL' 1.5 Vde) 15 4.2 - 3.4 8.8 - 2.4 -

Output Drive Current (CL/CP Device) IOH mAde 
(VOH = 2.5 Vde) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -
(VOH ' 4.6 Vde) 5.0 -0.2 - -0.16 -0.36 - -0.12 -
(VOH = 9.5 Vde) 10' -0.5 - -0.4 -0.9 - -0.3 -
(VOH' 13.5 Vde) 15 -1.4 - -1.2 -3.5 - -1.0 -
(VOL' 0.4 Vde) Sink IOL 5.0 0.52 - 0.44 0.88 - 0.36 - mAde 
(VOL' 0.5 Vdc) 10 1.3 - 1.1 2.25 - 0.9 -
(VOL' 1.5 Vde) IS 3.6 - 3.0 8.8 - 2.4 -

Input Current (AL DeVice) 'in 15 ±0.1 - ±O.OOOOI ±O.l t 1.0 ~Ade 

Input Current (CLlep DeVice) lin 15 - to.3 - to.OOOOl to.3 - ±1.0 ~Ade 

I nput Capacitance Gin - - - - 5.0 7.5 - - pF 
(Vin = a) 

OUiescent Current (AL Device) 100 5.0 - 5.0 - 0.005 5.0 - 150 ~Ade 

(Per Package) 10 - 10 - 0.010 10 - 300 
15 - 20 - 0.015 20 - 600 

QUiescent Current (CLle? DeVice) 100 5.0 - 20 - 0.005 20 - 150 IJAdc 
(Per Pac kage) 10 - 40 - 0.010 40 - 300 

15 - 80 - 0,015 80 - 600 
Total Supply Current**t IT 5.0 IT '(1.35 ~A/kHz) f + 100 ~Ade 

(DynamiC plus Quiescent, 10 IT '(2.70 ~A/kHz) f + 100 
Per Package) 15 IT =(4.05 ~A/kHz) f + 100 

leL = 50 pF on all outputs, all 
buffers sWitching) 

*Tlo\lll = -55°C for AL DeVice, -40oC for CL/CP Device. 
Thigh = +1250 C for AL Device. +850 C for CLlCP Device . 

.tl:Noise Immunity specified for WOrst-case input combination 

tTo calculate total supply current at loads other than 50 pF: 

NOise Margin for both "'" and "O"'evel = 

1.0 Vde min @ VOO ' 5.0 Vde 
2.0 Vde min @ VOO ' 10 Vde 
2.5 Vdc min@VOO ' 15 Vde 

IT(CL) = IT(50 pF) + 2 x 10-3 (CL -50) VOO' 

where: IT is in IJA (per package). 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. 

This device contains circuitry to protect the inputs against damage due to his;, 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 hiltt 
Impedance circuit. For proper operation it is recommended that Vjn and Vout be 
constrained to the range VSS:S;;; (V in or Voutl:S;;; VOD-

Unused inputs must always be tied to an appropriate logic voltage level (e_9., either 
VSS or VOOI. 
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MC14514B • MC14515B 

SWITCHING CHARACTERISTICS· (CL = 50 pF T A = 250 C) 

Ch.racteristic SymbDI VDD Min 

Output Rise Time tTLH 
tTLH = (3.0 ns/pF) CL + 30 ns 5.0 -
tTLH = (1.5 n./pF) CL + 15 n. 10 -
tTLH = (1.1 ns/pF) CL + 10 ns 15 -

Output Fall Time tTHL 
tTHL = (1.5 ns/pF) CL + 25 ns 5.0 -
tTHL = (0.75 ns/pF) CL + 12.5 ns 10 -
tTHL = (0.55 ns/pF) CL + 9.5 ns 15 -

Pro_tion Delay Time tPLH. 
tpLH. tPHL • (1.7 ns/pF) CL + 465 n. tpHL 5.0 -
tpLH. tPHL = (0.66 ns/pF) CL + 192 n. 10 -
tpLH. tPHL = (0.5 ns/pF) CL + 125 ns 15 -

Inhibit Propagation Delay Times tPLH. 
tPLH. tPHL '" (1.7 nsipF) CL + 315 ns tpHL 5.0 -
tPLH. tpHL = (0.66 n./pF) CL + 117 ns 10 -
tpLH. tpHL = (0.5 ns/pF) CL + 75 ns 15 -

Setup Time tsu 
5.0 250 
10 100 
15 75 

Strobe Pulse Width tWH 
5.0 350 
10 100 
15 75 

-The formula given is for the typical characteristics only. 

FIGURE 1 - DRAIN CHARACTERISTICS TEST CIRCUIT 

For MC146148 
1. For P-che""el: Inhibit"" VSS 

and 01-04 constitute 
binary code for "output 
under test," 

2. For N-channel: Inhibit". VOO 

Voo 
.------+ 

Vss 

Vos 

7-402 

All Types 

Typ Mox Unit 

ns 
180 360 
90 180 
66 130 

ns 
100 200 
50 100 
40 80 

ns 
550 1100 
225 450 
150 300 

. ns 
400 800 
150 300 
100 200 

ns 
125 -
50 -
38 -

ns 
175 -
50 -
38 -

For MC14615B 

1. For P·cha"n.l: Inhibit = VOO 

2. For N-channel: Inhibit = VSS 
and 01-04 constitute binary 
codel for "output under test." 



MC14514B • MC14515B 

FIGURE 2 - DYNAMIC POWER DISSIPATIDN TEST CIRCUIT AND WAVEFORM 

20 ns 

Vss 

FIGURE 3 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Output SO 

OutputS1 tTLH tTHL 

Inhibit 

iCLIICL 
Input 

01 
I ."..". 

Program.bl. I VSS 
Pul. I 

O.n.,.tor 
02 I • I Output 

03 
I Vss 
I 
I 

OutputS15 tTLH tTHL 

ICL 
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LOGIC DIAGRAM 
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ABeD 
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ABC!5 
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- 11 50 

-9 51 
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B 53 

- 7 54 
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5 56 

- 4 57 
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MC14514B. MC14515B 

COMPLEX DATA ROUTING 

Two MCI4612 eight-channel data selectors are used here with 
the MC14514B four-bit latch/decoder to effect a complex date 
routing system. A total of 16 inputs from data registers are selec­
ted and transferred via a 3-5t8te data bus to a data distributor for 
rearrangement and entry into 16 output registers. In this way 
sequential detaean 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 HC1i 
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, assuring 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 times faster 

than the shift frequency of the input registers, the most significant 
bit (MSBI 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 addre ... 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 next most significant bits into register B. etc. In this 
way horizontal, vertical, or other methods of data slicing can be 
implemented. 

DATA ROUTING SYSTEM 

Input 
Registers 

Data 
Transfer 

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 
~ 

01020304 
SO 

Strobe 

Sll 

"'---o-~I nhibit 

Output 
Registers 

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 I nco or others. 
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® MOTOROLA 

BINARY UP/DOWN COUNTER 

The MC14516B is constructed with MOS P-channel and N-channel 
enhancement mode devices in a single monolithic stwcture. 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 I nput Capacitance - 5.0 pF typical 

• I nternally Synchronous for High Speed 

• Logic Edge-Clocked Design - Count Occurs on Positive Going 
Edge of Clock 

• 5.0-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 Vss) 

Rating Symbol Value 

DC Supply Voltage VDD -05to+18 

Input Voltage. All Inputs Vin -0,5 to VDD + 0,5 

DC Current Dram per Pin I 10 

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

Storage Temperature Range Tstg -65 to +150 

TRUTH TABLE 

PRESET 
CA'R'AY'Trii 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 Cara 
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Unit 

Vde 

Vde 

mAde 

°c 

°c 

MC14516B 

CMOS MSI' 
(LOW-POWER COMPLEMENTARY MOS) 

BINARY UP/DOWN COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

.O''''''1~SUff'' Oeno.e. 
L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
e Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

,,,-- PE 

5 

QO'----"6 

9 Q1 11 

10 Up/Down 

15 Q2 14 

4 

12 P1 Q3 

13 P2 

3 P3 C!!!,X 
Out 

VOO::: Pin 16 

VSS'" Pin 8 

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 
VSsorVDDI. 



MC14516B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vd. 

Output Voltage "0" Level VOL 5.0 
Vin"VODorO 10 

15 

''1"' Level VOH 5.0 
Vin"OorVOD 10 

15 

Input Voltage# "0" Level V,L 
(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 V,H 
(VO = 0.5 or 4.5 Vdc) 5.0 
(VO = 1.0 or 9.0 Vdc) 10 
(Va = 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 Vdc) Sink IOL 5.0 
(V OL = 0.5 Vdc) 10 
(VOL = 1.5 Vdc) 15 

Output Drive Current (CLlCP Device) IOf! 
(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 Vdc) 15 

Input Current (Al Device) 'in 15 

Input Current (CL/CP Device) 'in 15 

Input Capacitance Cin -
(V in = 0) 

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

15 

Quiescent Current (CLlCP 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) 

ItTlow:::: -55°C for AL Device, -40oC for CL/CP Device. 
Thigh = +1250 C lor AL Device. +850 C lor CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

Tlow * 

Min MIx 

- 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 -

iO.l 

- ±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(CL) = IT(50 pF) + 1 x 10-3 (CL -50) VOOI 

2SoC 

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 S.S -

-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 -

iO.OOOOl ±O.l 

- ±O.OOOOI iO.3 

- 5.0 7.5 

0.005 5.0 
- 0.010 10 
- 0.015 20 

- 0.005 20 
- 0.010 40 
- 0.Q15 80 

IT = (0.58 "A/kHz) I + 100 
IT = ,(1.2\ .. A/kHz) I + 100 
IT =i(1.7:"A/kHz) 1+100 

where: IT is in Jl.A (per package), 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. 
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Thialt* 

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 - mAde 
0.9 -
2.4 -

mAdc 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAde 
0.9 -
2.4 -

il.0 "Adc 

- ±1.0 "Adc 

pF 

150 .. Adc 
- 300 
- 600 

- 150 "Adc 
- 300 
- 600 

.. Adc 



MC14516B 

SWITCHING CHARACTERISTICS· ICL = 60 pF. T A = 26"<:) 

All Typos 

Characteristic Symbol VDD Min Typ Me. Unit 

Output A lse Time tTLH ns 
tTLH = 13.0 ns/pF) CL + 30 ns 5.0 - 180 360 
tTLH -11.5 ns/pF) CL + 15 n. 10 - 90 180 
tTLH = 11.1 ns/pF) CL + 10 ns 15 - 65 130 

Output Fall Time tTHL ns 
tTHL = 11.5 ns/pF) CL + 25 ns 6.0 - 100 200 
tTHL - 10.75 ns/pF) CL + 12.5 ns 10 - 60 100 
tTHL = 10.66 ns/pF) CL + 9.6 n. 15 - 40 80 

Propagation Delay Time tpLH. ns 
Clock to a tPHL 

tPLH. tpHL = 11.7 ns/pF) CL + 230 ns 5.0 - 316 630 

tPLH. tpHL - 10.66 ns/pF) CL + 91 ns 10 - 130 260 
tpLH. tPHL = 10.5 ns/pF) CL + 15 ns 15 - 100 200 

Clock to Carry Out tPLH. ns 

tpLH. 'tPHL = 11.1 ns/pF) CL + 230 ns tPHL 5.0 - 315 630 

tPLH. tPHL = 10.66 ns/pF) CL + 91 ns 10 - 130 260 
tPLH. tPHL = 10.5 ns/pF) CL + 76 n. 15 - 100 200 

Carry In to Carry Out tPLH. ns 

tPLH. tpHL = 11.7 ns/pF) CL + 96 ns tPHL 6.0 - 180 360 

tpLH. tpHL = 10.66 ns/pF) CL + 74 ns 10 - 80 160 

tpLH. tPHL = 0.5 ns/pF) CL + 35 ns 15 - 60 120 

Proset or Aeset to a tpLH. ns 

tPLH. tPHL -11.7 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 + 15 n. 15 - 100 200 

Preset or Reset to Carry Out tPLH. ns 
tPLH. tPHL = 11.7 ns/pF) CL + 466 ns tPHL 5.0 - 550 1100 
tpLH. tpHL = 10.66 ns/pF) CL + 192 ns 10 - 226 450 
tpLH. tpHL = 10.5 ns/pF) CL + 125 n. 16 - 150 300. 

Clock Pulse Width tWH 5.0 360 200 ns 
10 170 100 -
15 140 75 -

Clock Pulse Frequencv fcl 5.0 - 3.0 1.5 MHz 
10 - 6.0 3.0 
15 - 8.0 4.0. 

Preset or Reset Removal Time *. trom 6.0 660 326 - ns 
10 230 116 -
16 180 90 -

Clock Aise and Fall Time 'TLH. 'THL 5.0 - - 15 "s 
10 - - 16 
15 - - 16 

I 
Carry In Setup Time tsu 6.0 260 130 - n. 

10 120 60 -
15 100 50 -

Up/Down Setup Time tsu 5.0 500 250 - nl 
10 200 100 -
15 160 75 -/ 

I Preset Enable Pulse Width tWH 5.0 200 100 - nl 
10 100 50 -
15 80 40 -

·The formula gill8n is for the typical charscteristics only. 
··The Preset or Reset signal must be low prior to 8 positive-going transition of the clock. 
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FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Clock 
lio-":'::'::""-vss 

TIMING DIAGRAM 

Clock IL IL IL rt-'L L h-L h-IL 'L rL h-h-h-IL 'L L L L il-L L 
r L -

Up/Down 

Re .. t 

PE h rh 
PO 

I 
Voo 

P1 Vss 

- ,.-- t-- t-- r- - - t-- I-- - r- ---- '-- I-- I-- r-- f-- I-- - - - f0-

P2 

P3 

00 • r- - t--t-- r- -, t--t-- r-- ,...--

- - I-- f--- f---01 

02 -
-

---.J u [L.. r-

Count 5 6 7 B 9 10 11 12 13 14 15 9 B 6 5 4 3 2 o 0 15 0 
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LOGIC DIAGRAM 

PO 00 P1 01 
4 6 12 11 

P2 02 
13 14 

P3 Q3 
3 2 

RON< 90-..... ---1 )o--------,>-t--+---.,-t--t---...,.+-+-----, 

P ..... t 
Enable 

Cloek 15 ~----''-' 

Carry Out 7 C>-----__ , 

Up/Oown 10 

TOGGLE FLIP·FLOP 
FLlP·FLOP FUNCTIONAL TRUTH TABLE 

p.r.II.lln~ 
PEP Q 

C 

T ° 

PRESET 
ENABLE 

1 

0 

0 

0 

x = Don tear. 

CLOCK 

X 

....r-

...r-
~ 

FIGURE 2 - SWITCHING TIME WAVEFORMS 

tWH 

T °n+1 
X Parallel In 

0 On 

1 an 

X On 

~or -------,r-1--r---~--~r-~---t-------- VOO 
Up/Down 

VSS 

Clock 50% 
VOO 

VSS 

VOO 
PNsat Enable 

--------------~ VSS 
tTLH 

VOH 

VOL 

tpHL tPLH 
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FIGURE 3 - PRESETTABLE CASCADED UP/DOWN COUNTER 

QO 

1 = Up 
o = OO"-w-n+ ..... ..., 

01 02 

Thumbwheel Switches 
(Open for "0") 

~'V°c.!liie.t 
OO~~~~------------~~----

Open"" Count 

QO 01 02 

Resistors'" 1 0 k n 

FIGURE 4 -.PROGRAMMABLE CASCADED FREOUENCY DIVIDER 

l' Up 
0= Down 

f out 00 01 02 

Clock (fin) Th(~::h;:: ~~}.jCheS 

Q3 

~=t~--~---------------------­
+VOO 

Open = Count 

00 01 02 

+Voo 
Resistors"" 10kS"l 

fin 
f out = n 

Q3 

03 

Circuit diagram. utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently. 
complete information sufficient for construction purpose. is not 
neceuarily givan. The information has been car.fully checked and 

is believed to be entirely reliable. However. no responsibility is 
assumed for inaccuracies. Furthermore, such information do •• not 
convey to the purchaser of the semiconductor devices described any 
licen .. under the patent rights of Motorola Inc. or others. 
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® MOTOROLA 

DUAL 64-BIT STATIC SHIFT REGISTER 

The MC 145178 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. During 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 VDD typical 

• Diode Protection on All Inputs 

• Fully Static Operation 

• Output Transitions Occur on the R ising Edge of the Clock Pulse 

• 6.7 MHz Operation @ VDD = 10 Vdc 
• Exceedingly Slow I nput 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 Pu lses 

• 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 Te~per­
ature Range 

MAXIMUM RATINGS (Voltagesrefereneed to Vssl 
Rating SVmbol 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 T,tg -65 to +150 

WRITE 
CLOCK ENABLE DATA 16-BITTAP 

0 0 X Content of l6·Bit 
Displayed 

0 1 X High Impedance 

FUNCTIONAL 1 0 X Content of 16-81t 
Dieplayed 

TRUTH TABLE 1 1 X High I mpedanca 

..r 0 
Data entered Content of 16-8it 
into 1st Bit Dloployed 
Oat:aenterad Oat:a at tap 

MC14517'B 

CMOS LSI 
(LOW-POWER COMPLEMENTARY MOSI 

DUAL 64-BIT STATIC 
SHIFT REGISTER 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 690 CASE 648 

ORDERING INFORMATION 

.O" .... 11SUffiX D.no_ 

L Ceramic; Package 
P PI .. tic Package 
A Extended Oper8tlng 

Temperature Range 
C Limited Operating 

Temperatura Range 

Unit 
Vde 
Vde. 

mAde 

°c 

°c 

32-BITTAP 

Cameot of 32-8it 
Displaved 

High Impedance 

Content of 32-8it 
DI.,laved 

High I mpedanca 

Content of 32-81t 
Dloployed 

Data at taP 

PIN ASSIGNMENT 

2 

3 

4 

5 

6 

8 

48-BITTAP 

Con,.nt of 48-8it 
DI.,laved 

High Impedance 
Content of 48-8it 

DI.,laved 
High Impedance 

Content of 48-Blt 
Oisplaved 

Oat:a at tap 

16 

15 

14 

13 

12 

11 

10 

9 

64-BITTAP 

Content of fS4..Bit 
Displaved 

High Impedo""" 
Content of 64-81t 

Dloplaved 
High Impedonce 

Content: of M-Blt 
Dloplaylld 

..r 1 Into 1st Bit entered Into 17-Bit entered Into 33-Blt entered Into 49-Blt 
Hlghlmpedonce 

"'- 0 X 
Content of 16- Bit Contant of 32-8it Content of 48-Blt Content of 114-Blt 

Dloplaved Dloplaved Dlopleyod Dioplaved 

'- 1 X High Impedance High Impedance High Imped .. co High Impod .... 
X ... Don't Care 
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MC14517B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vd. 

Output Voltage "0" Level VOL 5.0 
Vin",VOOorO 10 

15 

"I" Level VOH 5.0 
Vin'OorVDO 10 

15 

Input Voltage# "0" Level Vil 
(VO ' 4.5 or 0.5 Vdel 5.0 
(VO ' 9.0 or 111 Vde) 10 
(VO' 13.5 or 1.5 Vdc) 15 

"1" Level VIH 
(Vo ' 0.5 or 4.5 Vde) 5.0 
(VO ' 1.0 or 9.0 Vde) 10 
(VO' 1.5 or 13.5 Vde) 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 Vde) 15 

(VOL' 0.4 Vdc) Sink IOl 5.0 
(VOL' 0.5 Vdcl 10 
(VOL· 1.5 Vde) 15 

Output Drive Current (CL/CP Devicel IOH 
(VOH ~ 2.5 Vdc) Source 5.0 
(VOH ~ 4.6 Vdc) 5.0 
(VOH~9.5Vdc) 10 
(VOH ~ 13.5 Vdc) 15 

(VOL· 0.4 Vde) Sink IOl 5.0 
(VOL ~ 0.5 Vde) 10 
(VOL· 1.5 Vde) 15 

Input Current (AL Devicel lin 15 

Input Current (CL/CP Device) lin 15 

I "put Capacitance Cin -
(Vin ~ 0) 

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

15 

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

15 
Total Supply Current-tit IT 5.0 

(Oynamic 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 
(CLlCP Device) 

*Tlow:::: -5SoC for AL Device, -40oC for CL/CP Device. 
Thigh· +1250 C lor AL Device, +850 C lor CLlCP Device. 

4FNoise immunity specified for worst-case input combination. 

Tlow " 
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 lor both "I" and "O"level = 1.0 Vde min@ VDD ·5.0 Vde 
2.0 Vdc min@ VDD ·10 Vde 
2.5 Vde min@ VDD ~ 15 Vde 

tTo calculate total supply current at loads other than 50 pF: 
IT(Cl) ~ IT(50 pF) +4\x 10-3 (Cl -50) VOOf 

25"<: 

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 -

±O.OOOOI ±0.1 

- ±O.OOOOI ±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 ,,,A/kHz) 1+ 100 
IT '(8.8 "A/kHz) I ~ 100 
IT ~ (13.7' "A/kHz) I + 100 

- '0.00001 ±0.1 

- '0.00001 ±1.0 

where: 'T is in JJA (per package), CL in pF, VOO in Vdc, and f in kHz is input frequency. 
"The formulas given are for the typical characteristics only at 2SoC. 
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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 
- 4.0 

3.5 - Vde 
7.0 -

11.0 -
mAde 

-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 JJ.Adc 

- ± 1.0 ~Ade 

pF 

150 ~Ade 

- 300 
- 600 

- 375 "Ade 
- 750 

- 1500 

"Ade 

- ±3.0 "Ade 

- ±7.5 "Ade 
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MC14517B 

SWITCHING CHARACTERISTICS· (CL = 60 pF T A • 250 CI 

C ..... -..ic Symbol VDD Min Typ Moue Unit 
Output Rise Time trLH "' trLH = (3.0 ns/pFI CL + 30", 5.0 - 180 360 

trLH = (1.5 ns/pFI CL + 15", 10 - 80 180 
trLH = n.l nl/pFI CL + 10 ns 15 - 65 130 

Output Fan Time trHL ... 
trHL = (1.5 ns/pFI CL + 25 ns 5.0 - 100 200 
trHL = (0.75 ns/pFI CL + 12.5 no 10 - 60 100 
trHL = (0.55 ns/pFI CL + 9.5 ns 15 - 40 80 

Pr_tlon Delay Time tPLH, "' tPLH, tpHL = (1.7 ns/pFI CL + 390 ns tPHL 5.0 - 475 770 
tpLH, tpHL - (0.66 ns/pFI CL + 177 ns 10 - 210 300 
tPLH, tPHL = (0.5 ns/pFI CL + 115 ns 15 - 140 215 

Clock Pulse Width twH 5.0 330 170 - ns 
10 125 75 -
15 100 60 -

Clock Pulse Frequency lei 5.0 - 3.0 1.5 MHz 
10 - 6.7 4.0 
15 - 8.3 5.3 

Clock Pulse Rise and Fan Time trLH, trHL 5.0 -
10 ·"See Note 
15 

Data to Clock Setup Tima lou 5.0 0 -40 - ns 
10 10 -15 -
15 15 0 -

Data to Clock Hold Time tt. 5.0 160 76 - ns 
10 75 25 -
15 35 10 -

Write Enable to Clock Setup Tima tou 5.0 400 170 - n. 

I 10 200 65 -
15 110 60 -

Write Enable to Clock R.I .... Time trel 5.0 380 180 - ns 
10 180 55 -
15 100 40 -

·The formula given is for the typical characteristics only . 
• ·When shift register sections are c.caded, the maximum rise .-ad fall time of the clock input should be equal to or less than the rise and cfall 

time 01 the data outputs, driving dote inputs, plus the propagation delay of the output driving stege. 

REPETITIVE WAVEFORM 

c 

0-_..,,1 

Vss 

~Voo 

\'-__ "'1 Vss 
(t· 112 tol 

Voo 

oO--p---<""";o 
C C>--<H--o--I 

~CL 

.--_,.--__ ---, ~ CL 

60"F 
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FIGURE 2 - TYPICAL OUTPUT SOURCE CURRENT 
CHARACTERISTICS TEST CIRCUIT 

V out = VOH 

(Output being tested should be in the high-logic state). 

FIGURE 3 - TYPICAL OUTPUT SINK CURRENT 
CHARACTERISTICS TEST CIRCUIT 

(OutPut being tested should be in the low-logic state). 

FIGURE 4 - AC TEST WAVEFORMS 

Pin No's 

Clock 4 (12) 

Write 3 (13),---+----+----------.... 

Oataln7 (9) 50:-.1 
16·bit output 1(16) 
17-bit input 

32·bit output 6 (10) 
33·bit input 

48·blt output 2 (14) 
49·blt input 

D ... 

Wr/tll ~J'-...... ____ _ 
&_1. ---v""""" 

Vee 

Vss 

Vee 

Vss 

Vee 

Vss 

Vee 

Vss 

Vee 

Vss 

Write Enable = 0, 1S·bit output 
Write Enable c 1, 17-blt Input 

32·bit output 
33-bit input 

G-bit output 
G-bit Input 

64·bit output 
High I mpedanca 

This device contains circuitry to protect the inputs against damage due to high static 
voltages or electric fields; hOWeller, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maKimum rated voltages to this high 
impedance circuit. For proper operation it is recommended that Vi" and Vout be 
constrained to the range VSS C; (Vin or Voutl C; VOO' 

Unuse" inputs must llways be tied to an appropriate logic voltage level (e.g., either 
Vss or VOOI. . 
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® MOTOROLA 

DUAL UP COUNTERS 

The MC14518B dual BCD counter and the MC14520B dual bi­
nary counter are constructed with MaS 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 0 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 
MaS up counters find primary use in muJti-stage synchronous or 
ripple counting applications requiring low power dissipation and/or 
high noise immunity_ 

• 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 1B Vdc 

• Low I nput Capacitance = 5_0 pF typical 

• I nternally Synchronous for High I nternal and External Speeds 
• Logic Edge-Clocked Design - I ncremented 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 (Voltage. referenced to vss I 
Rating SVmbol 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 
CLlCP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

TRUTH TABLE 

CLOCK ENABLE RESET ACTION 

..r 1 0 Increment Counter 

0 '-- 0 I ncrement Counter 

'- X 0 No Change 

X -I 0 No Change 

-I 0 0 No Change 

1 "'"'- 0 No Change 

X X 1 OOthru Q3 - 0 

X'" Don't Care 
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Unit 

Vde 

Vde 

mAde 

°c 

°c 

MC14518B 
MC14520B 

CMOS MSI 
(LOW-POWER COMPLEMENTARY MOSI 

DUAL BCD UP COUNTER 
(MC14518B) 

DUAL BINARY UP COUNTER 
(MC14520B) 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

M""'"'1~SUffiX Denote. 

L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Range 
e Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

15O-------------------~ 
VOO::: 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 .; VDD· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either Vss 
or VDDI. 



MC14518B. MC14520B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vd. 

Output Voltage "0" Level VOL 5.0 
Vin"VDDorO 10 

15 

"I" Level VOH 5.0 
Vin"OorVDD 10 

15 

Input Voltage# "0" 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 VIH 
(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 Vdc) Sink IOL 5.0 
(VOL = 0.5 Vdc) 10 
(VOL = 1.5 Vdcl 15 

Output Drive Current (CLlCP 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 IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdc) 15 

Input Current tAL 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 (CLlCP 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) 

-Tlow = -5SoC for AL Device, -40oC for CLlCP Device. 
Thigh = +1250 C lor AL Device, +850 C lor CLlCP Device. 

#Noise immunity specified for worst-case input combination. 

Tlow ° 
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 

- ±O.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

Noise Margin for both "1" and "O"level = 1.0 Vdc min@Vee = 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(CLI = IT(50 pF) +21x 10-3 (CL -50) VDDI 

2SoC 

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 -
'0::1.5 -3.5 -
0.&.1, 0.88 -
1.3 \, 2.25 -
3.4 8.8 -

" -0.8 -1.-7 -
-0.16 -0.3& -
-0.4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -\ 
3.0 8.8 -

±O.OOOOI ±0.1 

- ±O.OOOOI ±0.3 

- 5.0 '7.5 

- 0.005 5.0 
- 0.010 10 
- 0.016 20 

- 0.005 20 
- 0.010 40 
- 0.015 80 

IT = (0.6 "A/kHz) 1+ 100 I 
IT = (1.2 "A/kHz) 1+ 100 I 
IT = (1.7 "A/kHz) 1+100 

where: IT is in ~A lper package), CL in pF, VOO in Vdc, and f in kHz is input frequency. 
·-The formulas given are for the typical characteristics only at 2SoC. 

7-417 

Th' h O 

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 -

mAde 
-0.6 -
-0.12 -
-0.3 -
-1.0 -
0.36 - mAdc 
0.9 -
2.4 -

± 1.0 "Adc 

- ±1.0 "Adc 

- pF 

150 "Adc 
- 300 
- 600 

- 150 "Adc 
- 300 
- 600 

"Adc 
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MC14518B • MC14520B 

- SWitCHING CHARACTERISTICS· (CL • 60 pF TA = 26°C) 

Chor_rlstl. 

Output Rise Time 
tTLH '= (3.0 ns/pF) CL + 30 ns 
tTLHI= (I.6 ns/pF) CL + 15 ns 
tTLH ,. (I.l ns/pF) CL + 10 ns 

Output Fan Time 
tTHL • (1.5 ns/pF) CL + 25 ns 
tTHL • (0.75 nl/pF) CL + 12.5 ns 
tTHL = (0.56 ns/pF) CL + 9.6 ns 

Propagation Oelay Time 
Clock to a/Enable to a 

tpLH. tPHL· (1.7 ns/pF) CL + 215 ns 
tPLH. tPHL = (0.56 ns/pF) CL + 97 nl 
tPLH. tPHL = (0.5 ns/pF) CL + 75 ns 

Raset to a 
tPLH. IPHL = (1.7 n./pF) CL + 265 ns 
tPLH. tPHL = {0.56 ns/pFI CL + 117 n. 
tPLH. tPHL • (0.56 ns/pF) CL + 95 ns 

Clock Pulse Width 

Clock Pulse Frequency 

Clock or Enable R ioe and Fan Time 

Enable Pulse Width 

. Reset Pulse Width 

Symbol VOD 
tTLH 

5.0 
10 
15 

tTHL 
5.0 
10 
15 

tPLH. 
tPHL 

5.0 
10 
16 

5.0 
10 
15 

twH 5.0 
twL 1.0 

15 

fel 5.0 
10 
15 

ITHL.ITLH 5.0 
10 
15 

twH{EI 5.0 
10 
15 

twH{RI 5.0' 
10 
16 

FIGURE 1 - POWER DISSIPATION TEST 
CIRCUIT AND WAVEFORM 
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All,.., .... 
Min Typ MIIx Unit 

no 
- 180 360 
- 90 180 
- 65 130 

no 
- 100 200 

- 50 100 
- 40 80 

nl 

- 280 560 
- 116 230 
- 80 180 

ns 
- 330 660 
- 130 230 
- 90 170 

200 100 - no 
100 60 -
70 36 -
- 2.5 1.6 MHz 
- 6.0 3.0 

- 8.0 4.0 

- - 15 '" - - 16 

- - 15 

440 220 - nl 
200 100 -
140 70 -
250 125 - no 
110 55 -
80 40 -



MC14518B • MC14520B 

MC1451BB 

MC14&20B 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Voo 

Clock 

Enable 

aD 

01 

02 

03 

00 

01 

02 

Q3 

FIGURE 3 - TIMING DIAGRAM 

1 2 3 4 5 6 7 8 

~ti 
1112 1314 1516 17 18 

- 1111 n-n-n-It n.n. 
W" 1W" 11 W-lfU-~ 

1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 
,- r- ,- - ,- l- I- I- ,- rL - l- I- l- f- l- f- f- f- '-

'-"'" ,- - l-I- ,- -
- - ~- f- f-

I- - -rL 
,.!.2 ,.!.4 ,! 6 r!. 8 ,.!. 10 ~ 12 ~ 14 ~O r!-~fL - '- '- '- f- '- '- f- '-

,.....- ,-f- ,.....- 1-1- --- .... - 1-- '-- - I-
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MC14518B. MC14520B 

R .... 

FIGURE 4 - DECADE COUNTER IMC14111881 LOGIC DIAGRAM 
1112 OF DEVICE SHOWNI 

QO Q1 Q2 

Enabl. 0---"",--", 

~--~~==+=~==~ Clock 

FIGURE & - BINARY COUNTER IMC1452081 LOGIC DIAGRAM 
1112 OF DEVICE SHOWNI 

QO Q1 Q2 
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® MOTOROLA 

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
clusive NOR Gate. 
• 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 
• Logic Swing I ndependent 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-In Replacement for CD4019 in Most Applications 

LOGIC DIAGRAM 
(Positive Logicl 

Control { A 
Inputs 

B 

9 

14 

Data 
Inputs 

xo 6 0----+-+-1._/ 

VO 7 0----+-+-1.._/ 

XI 40----+-+-1._/ 

VI 50----+-+-1._/ 

X2 2 0----+-+-1._/ 

V"2 3o---++-L../ 

X3 150----+--1. __ / 

V3 

VOO'" Pin 16 
VSS = Pin 8 
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10 ZO 

11 ZI 

12 Z2 

13 Z3 

MC145198 

CMOS MS. 

ILOW·POWER COMPLEMENTARY MOSI 

4-BIT AND/OR SELECTOR 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

.o'~m11sUffi' Oanot •• 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Tamperatur. Range 
e Limited Operating 

Temperature Range 

TRUTH TABLE 

CONTROL INPUTS OUTPUT 

A B Zn 

0 0 0 
0 I Vn 
1 0 Xn 
I I Xn @) Vn 

No~. 

Xn @ Yn means Xn (Exclusive-NOR) Yn 
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MC14519B 

MA)!:IMUM RATINGS (Voltages reloroneed to Vssl 

Rating 

DC Supply Voltage 

Input Voltage. All Inputs 

DC Current Drain per Pin 

Operating Temperature Range - AL Device 
CLlCP Devico 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS 

VOO 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vi" = VODorO 10 

15 

"1" Level VOH 5.0 
Vin = OorVDO 10 

15 

Input Voltage# "0" Level VIL 
(VO = 4.5 or 0.5 Vdcl 5.0 
(VO = 9.0 or 1.0 Vdcl 10 
(VO = 13.6' or 1.5 Vdcl 15 

"1." Level' VIH 
(VO = 0.5 0; 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 Oevicel IOH 
IVOH = 2.5 Vdcl Source 5.0 
(VOH - 4.6 Vdcl 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL - 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Output Orive Current (CLlCP Devicel IOH 
(VOH = 2.5 Vdcl Source 5.0 
(VOH = 4.6 Vdcl 5.0 
IVOH = 9.5 Vdcl 10 
(VOH - 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOL 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 = 01 

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

15 

Quiescent Current ~CLlCP Devicel 100 5.0 
IPer Packagel 10 

15 

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

(C L ' 50 pF on all outputs, all 
buffers switching) 

Three-State leakage Current ITL 15 
(AL Devicel 

Three-State Leakage Curr~nt ITL 15 
(CLICP Device) . Tlow - -550 C lor AL DeVice. -400 C lor CLICP DeVice . 

Thigh = +12SoC for AL Device, +8SoC for CL/CP Device. 
:Noise immunity specified for worst--case input combination. 

Noise Margin for both "1" and "0" level "" 
1.0 Vdc min @ VOD = 5.0 Vdc 
2.0 Vdc min@VDD - 10 Vdc 
2.5 Vdc min@ VOD - 15 Vdc 

Tlow 
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 

-

-
-
-
-
-

-

-

Svmbol Value Unit 

VDD -0.5 to +18 Vde 

Vi" -0.5 to VDD + 0.5 Vde 

I 10 mAde 

TA -55 to +125 °c 
-40 to +85 

Tstg -65 to +150 °C· 

. 250 C Thi h* 
MIx Min Typ Max Min Max Unit 

0.05 - 0 0.05 - 0.05 Vde 
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 - 1'1.0 -

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 -

m~dc 

- -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 - mAde 

- 1.1 2.25 - 0.9 -
- 3.0 8.8 - 2.4 -

±O.1 '0.00001 ±O.l t1,O /JAde 

± 0.3 - ±O.OOOOI '0.3 - ±LO ~Adc 

- 5.0 7.5 - pF 

5.0 0.005 5.0 150 ~Adc 

10 - 0.010 10 - 300 
20 - 0.015 20 - 600 

20 - 0.005 20 - 150 ~Adc 

40 - 0.010 40 - 300 
80 - 0.015 80 - 600 

IT- 11.2 ~AlkHzl I + I DO ~Adc 

IT - (2.4 ~AlkHzl I + 100 
IT - (3.6 ~AlkHzl I + 100 

.0.1 - '0.00001 .0.1 - .3.0 JlAdc 

.1.0 - -0.00001 .1.0 - ±7.5 ~Adc 

tTo calculate total supply current at loads other than 50 pF: 
ITICLI = IT(50 pFI +4 x 10-3 (CL -501 VDDI 

where: IT is in IJA (per package), CL in pF, VDD in Vdc, 
and f in kHz is input frequency. 

"The formulas given are for the typical characteristics only at 25°C. 
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MC14519B 

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

Characteristic Symbol VDD Min Type Mex Unit 

Output Rise Time ITLH n. 
tTLH = (3.0 ns/pF) CL + 30 ns 5.0 - 180 360 
tTLH = (1.5 ns/pF) CL + 15 ns 10 - 90 180 
tTLH = (1.1 ns/pF) CL + 10 ns 15 - 65 130 

Output Fall Time ITHL n. 
tTHL = (1.5 ns/pF) CL + 25 ns 5.0 - 100 200 
tTHL = (0.75 ns/pF) CL + 12.5 ns 10 - 50 100 
tTHL = (0.55 ns/pF) CL +9.5 ns 15 - 40 80 

Propagation Delay Time tpLH. ns 
tPLH. tpHL = 11.7 ns/pF) CL + 165 hs tpHL 5.0 - 250 500 
tpLH. tpHL = (0.66 ns/pF) CL + 82 10 - 115 225 
tPLH. tPHL = (0.5 ns/pF) CL + 65 n. 15 - 90 165 

* The formula gIVen IS for the tYPical characteristics only. 

FIGURE 1 - DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

20 ns 20 ns 

~O% - Voo 
Vin 

10% VSS 

50% Duty Cycle 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

20 ns 20 ns 

~~----~l-t------voo 
Input 

Outputs 
Vss 

Output 
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MC14519B 

Data A 

Clock A 

Reset A 

Control A 

Control B 

Invert 

TYPICAL CIRCUIT APPLICATIONS 

DATA REGISTER SELECTION COMPARISON 

,-------------------------------, 
I ~~~ : 

Dual 4·8;t Register 

4·8it Register A 4·8 it Register B 

X2 X3 YO Yl 
A MC14519B 

AND/OR Select/Excl NOR 
B 

ZO ZI Z2 Z3 

r- -, 
I I MC14070B 

I 10uad 

I I Exclusive OR 
L __ _...J 

00 01 02 03 
\ I 

V 

CONVERSION TABLE 

OPERATION 
CODe OUTPUT FUNCTION 

A B INV 00 Ql 02 03 

0 0 0 0 0 0 0 Inhibit, all zeros 

0 0 1 1 1 1 1 Inhibit, all ones 

1 0 0 XO Xl X2 X3 Control A 

1 0 1 XO Xl X2 X3 Control A and Invert 

0 1 0 YO Yl Y2 Y3 Control B 

0 1 1 VO VI V2 V3 Control B and Invert 

1 1 0 XO@YO Xl@Yl X2@Y2 X3@Y3 Exclusive NOR 

1 1 1 XO(j) YO Xl(j)Yl X2(j)Y2 X3(j)Y3 Exclusive OR 

Data 8 

Clock B 

Reset B 

Circuit diagrams utilizing Motorola products ara included as a means 
of illustrating typical semiconductor applications, consequently. 
complete information suffiCient for construction pu rposes is not 
necessarily given. The information hat. been carefully checked and 

1$ believed to be ent"ely 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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® MOTOROLA 

DUAL UP COUNTERS 

The MC145188 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 0 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. 

• au iescent 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 1B Vdc 
• Low I nput Capacitance = 5.0 pF typical 
• I nternally Synchronous for High I nternal and External Speeds 
• Logic Edge·Clocked Design - I ncremented 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 
Rlting SVmbol Value 

DC SupplV 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 
CLICP 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 

...r 0 0 No Change 

1 '- 0 No Change 

X X 1 00 thru Q3. 0 

x "" Don't Car. 

7-425 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

MC14520B 
FOR COMPLETE DATA 

SEE MC145188 

CMOS MS. 
(LOW·POWER COMPLEMENTARY MOS) 

DUAL BCD UP COUNTER 
(MC14518B) 

DUAL BINARY UP COUNTER 
(MC14520B) 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MO" .... l1:;SUffiX Oonoteo 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
e Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

10o----LJ 

R 

15O--------V- 0- 0.....J: Pin 16 

VSS;;: Pin 8 

3 

4 

5 

6 

11 

12 

13 

14 

This device contains circuitry to protect the 
input$ 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 rBted 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 lewl (e.g., either Vss 
or VDDI. 

• 
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®·MOTOROLA 

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 count advances on the negative going edge of 
the clock. The outputs of the last seven-stages are available for added 
flexibility. 

• Quiescent 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. 

MAXIMUM RATINGS (Voltages referenced'to VSS) 
Rating Symbol Value I Unit 

DC Supply Voltage VDD -05 to +1!: Vdc 
Input Voltage, All Inputs V," -0.5 to VDD + 0.5 Vdc 
DC Current Dram pM Pin I 10 mAde 

Operating Temperature Range - AL Device TA -55 to +125 °c 
CLlCP Device -40 to +85 

Storage Temperature Range T5t9 -65 to +150 °c 

BLOCK DIAGRAM 

9 

10 11 12 13 14 15 
Out 1 

MC14521B 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOSI 

24-STAGE FREQUENCY DIVIDER 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 6.20 CASE 648 

ORDERING INFORMATION 

."~"'1lSUffiX Denote. 
L Ceramic Package· 
P Plastic Package 
A Extended Operating 

'Temperatura Range 
C Limited Operating 

Temperature Range 

PIN ASSIGNMENT 

OUTPUT 

018 
019 
020 
021 
022 
023 
024 

16 

15 

14 

13 

12 

11 

10 

9 

COUNT CAPACITY 

2 18 = 262,144 

2: -524,288 
2 = 1,048,576 

2: = 2.097,152 
223 = 4,194,304 
2 -8,388,_ 
2'"' = 16,777,216 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however. it is"vised tlwt 
normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance cirQlit. For proper 
operation it is recommended lhat Vin and Vout be constrained to the range Vss o;;;(Vin or Vou11 0;;; VDD. . 

Unused inputs must always be tied to an appr~priate logic vol1age level (e.g., either Vss or Vool. 
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MC14521B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
V tn '" VODora 10 

15 

"1" Level VOH 5.0 
Vin'""OorVOD 10 

15 

Input Voltage# "0" Level Vil 
(VO = 4.5 or 0.5 Vde) 5.0 
(VO = 9.0 or 1.0 Vde) 10 
(VO = 13.5 or 1.5 Vde) 15 

"1" Level VIH 
(VO = 0.5 or 4.5 Vde) 5.0 
(VO = 1.0 or 9.0 Vde) 10 
(Vo = 1.5 or 13.5 Vde) 15 

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

(VOL = 0.4 Vde) Sink IOl 5.0 
(VOL = 0.5 Vde) 10 
(VOL = 1.5 Vdel 15 

Output Drive Current (CLlCP Device) IOH 
(VOH = 2.5 Vde) Source 5.0 
(VOH = 4.6 Vde) 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdel Sink IOL 5.0 
(VOL = 0.5 Vde) 10 
(VOL = 1.5 Vde) 15 

Input Current IAL Device) lin 15 

Input Current (CL/CP Devicel lin 15 

Input Capacitance Cin -
IVin = 01 

Quiescent Current IAL Devicel 100 5.0 
(Per Package) 10 

15 

QUiescent Current (CLlCP DeVice) 100 5.0 
(Per Package) 10 

15 

Total Supply CurrentUt IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

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

*Tlow == -5SoC for AL DeVice, _40°C for CL/CP Device. 
Thigh = +1250 C for AL Device, +850C for CL/CP Device. 

:Noise Immunity specified for worst-case input combination: 

Tlow . 
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 -

to.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

NOise Margin for both "1" and "0" level = 1.0 Vdc min@ VOD = 5.0 Vdc 
2.0·Vde min@ VOO = 10 Vde 
2.5 Vde min@ VOO = 15 Vde 

7-427 

2SoC Thigh' 
Min Typ Max Min Ma. Unit 

- 0 0.05 - 0.05 Vde 
- 0 0.05 - 0.05 
- 0 0.05 - 0.05 

4.95 5.0 - 4.95 - Vde 
9.95 10 - 9.95 -

14.95 15 - 14.95 -

Vde 
- 2.25 1.5 - 1.5 
- 4.50 3.0 - 3.0 
- 6.75 4.0 - 4.0 

3.5 2.75 - 3.5 - Vde 

7.0 5.50 - 7.0 -
11.0 8.25 - 11.0 -

mAde 
-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 - mAde 
1.3 2.25 - 0.9 -
3.4 8.8 - 2.4 -

mAde 
-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 - mAde 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -

±0.00001 ±0.1 ± 1.0 /JAde 

- ±O.OOOOI ±0.3 - ±1.0 pAdc 

- 50 7.5 - - pF 

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

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

IT = 10.42 pA/kHzl f t 100 ,uAdc 

IT =(0.85 pA/kHzl f + 100 • IT =11.4 pA/kHzl f t 100 
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MC145218 

SWITCHING CHARACTERISTICS· ICL = 60 pF' T A • 260 CI 

Chllr_ic Symbol 
VDD 
Vile 

Min Typ Max Unit 

Output Rise Time tTLH ns 
tTLH· (3.0 ns/pFI CL + 30 ns 6.0 - 180 360 
tTLH = (1.5 ns/pFI CL + 15 ns 10 - 90 180 
tTLH = (1.1 ns/pFI CL + 10 ns 16 - 65 130 

Output Fall Time tTLH n. 
tTHL = (1.5 ns/pFI CL + 26 ns 5.0 - 100 200 
tTHL = (0.75 ns/pFI CL + 12.6 ns 10 - 50 110 
tTHL· (0.55 ns/pFI CL + 12.5 ns 15 - 40 80 

Propagation Delay Time tPLH, jJ.s 
Clock to Q18 tPHL 

tPHL, tPLH = (1.7 ns/pFI CL + 4415 ns 5.0 - 4.5 9.0 
tPHL, tpLH = (0.66 n./pFI CL + 1667 n. 10 - 1.7 3.5 
tPHL, tPLH = (0.5 ns/pFI CL + 1275 ns 16 - 1.3 2.7 

Clock toQ24 jJ.S 

tPHL, tPLH = (1.7 ns/pFI CL + 5915 ns 6.0 - 6.0 12 
tPHL, tPLH = (0.66 ns/pFI CL + 2167 ns 10 - 2.2 4.5 
tPHL, tpHL = (0.5 ns/pFI CL + 1675 ns 15 - 1.7 3.5 

Propagation Delay Time tpHL ns 
Reset to an 

tPHL = (1.7 ns/pFI CL + 1215 ns 5.0 - 1300 2600 
tPH L - (0.66 ns/pF I C L + 467 ns 10 - 500 1000 
tpHL = (0.5 ns/pFI CL + 350 ns 15 - 375 760 

Clock Pulse Width twH(cl) 5.0 386 140 - ns 
10 160 55 -
15 120 40 -

Clock Pulse Frequency fcl 5.0 - 3.5 2.0 MHz 
10 - 9.0 5.0 
15 - 12 6.5 

~Ri .. and Fall Time tTLH, 5.0 - - 15 jJ.s 

tTHL 10 - - 15 
15 - - 15 

Reset Pulse Width twH(RI 5.0 1400 700 - ns 
10 600 300 -
15 450 225 -. 

The formula given IS for the tYPICal charact~rlstlcs only. 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

500jJ.F 

In 2 
QI8~o---------------------, 

QI9r-o-----------------, 
Q20~o-------------_, 

Q21r-o-----------, 
Q22 ~o-------...., 
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1 1--20 ns --j~20 ns 

~O% Vee 

Vin jl0% 50% t 0 V 

50% Duty Cycle 



MC14521B 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

FIGURE 3 - CRVSTAL OSCILLATOR CIRCUIT 

Vee 

·Optional for low power op .. ation. 

FIGURE 4 - TVPICAL DATA FOR CRVSTAL 
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 Value. 
Ro 47 750 

CT 82 82 

Cs 20 20 

Frequency Stability 
Frequency Change as 8 Function 

of Vee (T A = 25°C) 
VOO Change from 5.0 V to 10 V +6.0 +2.0 

VOO Change from 10 V to 15 V +2.0 +2.0 

Frequency Change 8S • Function 
of Temperature (Vog = 10 V) 
T A Change from -55 C to +250C 

MC14521 only -4.0 -2.0 
Complete Oscillator· .,00 +120 

T A Change from +2SoC to +1250C 
MC14521 only -2.0 -2.0 
COmplete Oscillator· -160 -560 

• Complete oscillator Includa. crystal, cepacrtors, and re.ltOr •. 
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UNIT 

kHz 
kn 

kn 
pF 
pF 

ppm 
ppm • ppm 
ppm 

ppm 
ppm 
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FIGURE 5 - RC OSCILLATOR STABILITY 

8. 0 - Test Circuit 
.AI" V~O • 15 V --f-- FigureJ 

0 

~ 
~ 4. 
z 
o 

~ 
G: 
c 

:::::::-. 
~ o ---- --- .......... - --------~ 10~ -0 ---j---;. 

;:; -4. ---- --- ----
~--- ----~ 

o 
0 ~ -8. T\ 

-12 

-1 

RTC= 56k"'l--RS =0, f -10.15 kHz@VOO=10V, TA= 25OC---
6 C=1000pF ---RS=120k",f=7.BkHz@VOO=10V,TA=250C 

-55 ·25 25 50 75 100 

TA, AMBIENT TEMPERATU RE (DC), DEVICE ONLY 

FIGURE 7 - RC OSCILLATOR CIRCUIT 

RS 

1 
f9!---

2.3 RTC C 

RS;' 2 RTC 

Vee 

125 

FIGURE 6 - RCOSCILLATOR FREQUENCY AS A 
FUNCTION OF RTC AND C 

100 

~ 50 
o!! 

Voo = 10 V Test Circuit 
Figure 7 

~ 
~ 10 
:: 5.0 

'" ~ 2.0 

:l 1.0 

,~ O. 

0 

r-fasafunction 
r- ofC f= ~RTC = 56 HI) 

(RS= 120k) 

5 

1 

0.2 

0·1.0k 

0.0001 

" fasafunction_ 
of RTC_ 

(C = 1000 PF,) ~ 
(RS ~ 2RTC) 

10k lOOk 
RTC, RESISTANCE (OHMS) 
0.001 0.01 

C, CAPACITANCE {PF) 

FIGURE 8 - FUNCTIONAL TEST CIRCUIT 

Vee 

1.0m 

0.1 

FUNCTIONAL TEST SEQUENCE 

INPUTS OUTPUTS COMMENTS 

Reset In 2 Out 2 VSS' VOO' Q18ttru024 COunter is in three 8-stage 

1 0 0 Vee 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 "0" to "'" transition 

exercise all 24 counter stages. This test function on In 2, Out 2 node. 

divides the cou nter into three 8·stage sections, 0 0 255 "0" 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 256th "0" 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 "0" state. Co unter co nvetted back to 

1 0 Vee 1 24-stages in series mode. 

1 I 1 
Out 2 converts back to an 
output. 

Counter ripple. from an 
0 0 all "1" state to an all 

"0" staue. 
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10 
018 

Voo' 
5 

11 
019 

LOGIC DIAGRAM 

12 
020 

13 
021 

14 
022 

7-431 

Reset 
2 

15 
023 

1 
024 

Voo = Pin 16 

VSS = Pin 8 

• 
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® MOTOROLA 

PROGRAMMABLE DIVIDE-BY-N 4-BIT COUNTERS 

The MCI4522B 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 "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 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. 

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

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• I nternally Synchronous for High I nternal and External Speeds. 

• Logic Edge-Clocked Design - I ncremented 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 Vss) 

Rating Symbol Value 

DC Supplv Voltage VOO -0.5 to +18 

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

Unit 

Vde 

Vde 

DC Current Drain per Pin I 10 mAde 

Operating Temperature Range - AL Device TA 
CL/CP Device , 

Storage Temperature Range 

Clock 
0 

.r 
X 
1 
X 
X 

MC14522B 
Output 

Coe ... Q3 02 01 

• 1 0 0 
8 1 0 0 

7 0 1 1 

• 0 1 1 • 0 1 0 • 0 1 0 

• 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 

00 Count 

1 ,. 
0 ,. 
1 
0 

,. 
12 

1 11 
0 10 

1 
0 

9 
8 

1 7 
0 • • • • 2 

1 
0 

-55 to +125 °c 
-40 to +85 

-65 to +150 °c 

Action 
No Count 
Count-' 
No Count 
Count-' 
Praset 
Resat 

MC14526B 
Output 

Q3 02 01 ao 
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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MC14522B 
MC14526B 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOS) 

PROGRAMMABLE DIVIDE-BY-N 
4-BIT COUNTERS 

BCD - MC14522B 
Binary - MCI4526B 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MO.."" 11:;sutt,x Oeno'e, 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
e Limited Operating 

Temperature Range 

13 

3 

5 

11 

14 

10 
4 

6 

BLOCK DIAGRAM 

Voo = Pin 16 
VSS" PinS 

This devi.ce 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 
V ou')" VOO-
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSS or VOO). 



MC14522B • MC14526B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vin "" VOO orO 10 

15 

"'" Level VOH 5.0 
Vin=OorVOO 10 

15 

Input Voltage# "0" 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 Vdcl 15 

"'" Level VIH 
(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 CAL 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 IOL 5.0 
(VOL = 0.5 Vdc) 10 
(VOL = 1.5 Vdcl 15 

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

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Input Current IAL Device) lin 15 

Input Current (Cl/CP Device) lin 15 

Input Capacitance Cin -
(Vin = 01 

Quiescent Current CAL Device) 100 5.0 
(Per Package I 10 

15 

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

15 

Total Supply Current**t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 
lel = 50 pF on all outputs. all 
buffers switching) 

*Tlow = -5SoC for AL Device, -40oC for CL/CP Device. 
Thigh = +12SoC for AL Device, +850 C for CLlCP Device. 

#Noise immunity specified for worst-case input combination. 

Tlow . 
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 

- ±O.3 

- -

5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

NOise Margin for both "1" and "0" 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(CLI = IT(50 pFI + 1 x 10-3 (CL -SOl VOO' 

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 -
- to.OOOOl ±O.l 

- '0.00001 ±O.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 = (1.7 ~A/kHz) ,+ 100 
IT = (3.4 ~A/kHzl ,+ 100 
IT = (5.1 ~A/kHz) ,+ 100 

where: IT is in IJA (per package), CL in pF, VDD in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 2SoC. 
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Thi 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 -
mAde 

-0.7 -
-0.14 -
-0.35 -
-1.1 -

0.36 - mAde 
0.9 -
2.4 -

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -

0.36 - mAde 
0.9 -
2.4 -

- ± 1.0 #Adc 

- ±l.O J.l.Adc 

- - pF 

150 J..tAdc 
- 300 
- 600 

- 150 J.LAdc 

- 300 
- 600 

JJAdc 



MC145228. MC145268 

SWITCHING CHARACTERISTICS· (CL = 50 pF, T A • 26°C) 

Characteristic Symbol VDD Min Typ Max Unit 

Output Rise Time tTLH n. 
tTLH = (3.0 ns/pF) CL + 30 n. 5.0 - 180 360 
tTLH = (1.5 ns/pF) CL + 15 n. 10 - 90 180 
tTLH = 11.1 .... /pF) CL + 9.5 n. 15 - 65 130 

Output Fall TIme : tTHL ns 
tTHL = 11.5 ns/pF) CL + 25 ns 6.0 - 100 200 
tTHL = (0.76 ns/pF) CL + 12.5 ns 10 - 50 100 
tTHL = (0.55 ns/pF) CL + 9.5 ns 15 - 40 80 

Propagation Dalay Time tPLH, ns 
Q Outputs tPHL t 

tPLH, tpHL = (1.7 ns/pF) CL + 465 ns 5.0 - 550 1100 
tPLH. tpHL = (0.66 ns/pF) CL + 197 ns 10 - 225 450 
tPLH. tpHL = (0.5 ns/pF) CL + 135 ns 15 - 180 320 !c~ 

"0" Output 
'. tpLH. tpHL = (1.7 ns/pF) CL + 155 ns 5.0 - 240 480 

tPLH. tpHL = (0.66 ns/pF) CL + 87 ns 10 - 130 260 
tPLH. tPHL = (0.5 ns/pF) CL + 65 ns 16 - 100 200 

Minimum Clock Pulse Width twH(ell 5.0 250 125 - n. 
10 100 50 -
15 80 40 -

Maximum Clock Pulse Frequency fel 5.0 - 2.0 1.6 MHz 
10 - 5.0 3.0 
15 - 6.6 4.0 

Maximum Clock or Inhibit Rise and Fall Time tTLH. 5.0 - - 15 /.IS 

tTHL 10 - - 16 
15 - - 16 

Hold Time th 5.0 150 75 ~ ns 
10 50 25 -
15 40 20 -

Minimum Preset Enable Pulse Width twH(PE) 5.0 250 125 - ns 
10 100 50 -,. 15 80 40 -

Minimum Master Reset Pulse Width twH(R) 5.0 350 175 - ns 
10 250 125 -
15 200 100 -

* The formula given IS for the typical characteristics only. 
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MC14522B. MC14526B 

FIGURE 1 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS TEST CIRCUIT 

VDD = -VOS 
r-----¢ 

01 

Q3 

Inhibit 

C "0" --<> 

VSS 

FIGURE 2 - TYPICAL OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 

Voo '"'- VGS 

00 

01 

Dpl 

Dp2 02 

Dp3 

MR Q3 

Inhibit 

C "0" 

Vss 

FIGURE 3 - POWER DISSIPATION 

A) TEST NOS. 1 - 6 

VDD 

VDD 

FIGURE 4 - AC TEST CIRCUITS 
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MC14522B. MC14526B 

FIGURE 5 - AC TEST CONNECTIONS AND WAVEFORMS 

TEST NO.1 TEST NO.2 

01 
01 

TEST NO.3 TEST NO.4 

PGl 

PGl 

PG2 

TESTNO.5&7· TEST NO.6 

PGl 
PGl 

an rt:0
% ____ --..:.';:.0%;.:.. 

tTLH ~ 

I CHARACTERISTIC TEST NO. CLOCK INHIBIT PE MR Dpn CF OUTPUT 

tTLH. tTHL I PGl vss Vss vSS Vss vss 01 
2 Vee PGl vss Vss Vss Vss 01 
3 Vss Vss PGI Vss PG2 Vss an 
4 Vss Vss Vee PGI Vee Vss an 
5 Vss Vss Vee Vss PGI Vss an 

'WH(RI 4 Vss Vss Vee PGl Vee Vss an 
'WH(PEI 3 Vss Vss PGI Vss PG2 Vss an 
'WH(ell I PGI Vss Vss Vss Vss Vss 01 

fel 1 PGI Vss Vss Vss Vss Vss 01 

q, 3 Vss Vss PGI Vss PG2 Vss an 
tTLH. tTHL 6 Vss Vss Vss Vee Vss PGI "0" 

tPLH,tpHL 7 PG Vss Fig 48 VSS Fig 48 Vee "0" 
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MC14522B • MC14526B 

FIGURE 6 - MC14522B LOGIC DIAGRAM (BCD Divide-by·N Count ... ) 

DpO ao 04 

PEo-------~_+----~ 

Inhibit 

"0" 

FIGURE 7 - MC145268 LOGIC DIAGRAM (BInary Divida·by·N Countarl 

a1 a2 03 

peo-------~~----~ 

Inhblt 

"0" 
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MC14522B. MC14526B 

Cycle Inhibit -+VOO 

10 k 

Clock 

J= 

Master 

Reset 

Clock 

',n 

fV!aster 

Reset 

00 

PE 

CF 

MR 

Inh 

01 

FIGURE 8 - 2-5TAGE PROGRAMMABLE DOWN COUNTER 
10na Cyele' 

01 02 Oa 00 01 ,02 03 

VDD 
PE 

L.S.D. CF M.S.D. 
MCI45228 "0" MR MC145228 "0" 
MC145268 MC145268 

From 
Stage Pin 

Thumbwheel SWitches 
LSD "0" 

(Open"" "0") N "0" 
N "03" 

FIGURE 9 - 2-5TAGE PROGRAMMABLE FREOUENCY DIVIDER 

02 03 04 

Thumbwheel SWitches 
(Open = "0") 

01 02 03 

MS.D. 
MC14522B 
MC14526B 

7-438 

04 

"0" 

From 
Stage Pin 

LSD "0" 
N uo" 
N "03" 

To Range of N 
Stage Pin 

All PE LSD .. N .. MSD 
N·l CF LSD+l .. N .. MSD 
N+l C LSD .. N .. MSD·l 

To 
Range of N 

Stage Pin 

All PE LSD .. N .. MSD 
N·l CF LSD+l .. N .. MSD 
N+l C LSD .. N .. MSD·l 



® MOTOROLA 

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, A7 >1 will 
appear at the four data outputs (BO, B 1, B2, B31 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 VDD typical 
• Quiescent Current - 10 nA/package typical @ 5 Vdc 
• Single Supply Operation - Either Positive or Negative 
• Memory Enable Allolfo(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 Rated Temper­
ature Range 

BLOCK DIAGRAM 

Memory 
Matrix 
(32 x8) 

1 of 32 
(32 x 8) 

A5 Address 
Decoder 

(32 x8) 
A6 

(32 x8) 
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MCM14524 

CMOS LSI 
ILOW.f>OWER COMPLEMENTARY MOS) 

1024-BIT 
(256 x 4) 

READ ON L Y MEMORY 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC14XXX 

lr;"~,;;.: 

Addr ••• 
Decod_ 
(lof8) 

Address 
Decoder 
(lof8) 

Address 
D8CQd .. 
(lof8) 

Addra .. 
Decoder 
(1 of 8) 

A Extended OperatinG 
Temperature Range 

e Limited Operating 
Temperature Range 

VOD'" Pin 16 
VSS= Pin 8 

Buffer 
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MCM14524 

MAXIMUM RATINGS (Voltage, relerenced to VSSI 

Rating Symbol Value 

DC SupplV Voltage VOO -05to+18 

Input Voltage, All Inputs Y,n -0 5 to VOO + 0.5 

DC Current Drain per Pm I 10 
Operating Temperature Range· Al DeVice TA -55 to +125 

CLlCP DeVice -40 to +85 

Storage Temperature Range 'Tstg -65 to +150 

ELECTRICAL CHARACTERISTICS 

VOD Tlow * 

Characteristic Symbol Vdc Min Me. 

Output Voltage "0" Level VOL 5.0 0.01 
10 0.01 
15 0.01 

"," Level VOH 5.0 4.99 
10 9.99 
15 14.99 

NOise Immunity #. VNL 
( Vout ~ 0.8 Vdc) 5.0 1.5 
( 'Vout '" 1.0 Vdc) 10 3.0 
( 'Yout"" 1.5 Vdc) 15 3.75 

I .Vou~ ...,; 0.8 Vdc) VNH 5.0 1.4 
( Vout ...,1.0Vdc) 10 2.9 
{'V out"" 1.5 Vdc) 15 3.65 

Output Drtve Current fAL Device) IOH 
(VOH " 2.5 Vdcl Source 5.0 -1.2 
(VOH "4.6 Vdcl 5.0 -0.25 
(VOH "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 Vdcl 10 1.6 
(VOL" 1.5 Vdcl 15 4.2 

Output Drive Current (CLlCP Device) IOH 
(VOH " 2.5 Vdcl Source 5.0 -1.0 
(VOH "4.6 Vdcl 5.0 -0.2 
(VOH "9.5 Vdcl 10 -0.5 
(VOH " 13.5 Vdcl 15 -1.4 

(VOL" 0.4 Vdcl Sink IOL 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 ±1.0 
Input Capacitance Cin 

lVin" 0) 
Quiescent Current tAL Device) 100 5.0 5.0 

(Per Package) 10 10 
15 20 

Quiescent Current (CL/CP Device) 100 5.0 50 
(Per Package) 10 100 

15 200 
Total Supply Current ... t IT 5.0 

(Dynamic plus Quiescent. 10 
Per Package) 15 

(Cl :::: 50 pF on all outputs. all 
buffers switching) 

-Tlow:::: _550C for AL Device. -40oC for CL/CP Device. 
Thigh z +1250C for Al Device. +850C for CL/CP Devics. 

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

IT(CLI " IT(50 pFI + 1 • 10-3 (CL -501 VOOI 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

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 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 applica­
tions afany voltage higher than maximum rated 
voltages 10 this high impedance circuit. 

Unused inputs must always be tied to In 
appropriate logic voltage level (e.g., either Vss 
orVOO)' 

25°C Thiah* 
Typ Me. Min Mo. Unit 

0 0.01 0.05 Vdc 
0 0.01 0.05 
0 0.Q1 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 mAde 
2.25 0.9 
8.8 2.4 

'0.00001 ,0.1 ±1.0 IlAdc 

'0.00001 '1.0 ±1.0 ",Adc 

5.0 pF 

0.Q10 5.0 150 IlAdc 
0.020 10 300 
0.030 20 600 
0.010 50 375 I"Adc 
0.020 100 750 
0.030 200 1500 

IT" (1.6 ,.A/kHzl I + 100 IlAdc 
IT - (3.2 ,.A/kHzl I + 100 
IT - (4.8 ,.A/kHzl I + 100 

where: IT is in ",A (per package). CL in pF. Voe in Vdc. and f in kHz is input frequency. 
- -The formulas given are for the typical characteristics only at 25°C. 
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MCM14524 

SWITCHING CHARACTERISTICS· (CL· 50 pF TA = 250 CI 
Ch_iotic Symbol VOO Min Typ Max 

Output Rise Time tTLH 
tTLH, tTHL S (3.0 ns/pFI CL + 30 ns 5.0 - 180 380 
tTLH, tTHL = 11.5 ns/pFI CL + 15 ns 10 - 90 180 
tTLH, tTHL - (1.1 ns/pFI CL+ 10 ns 15 - 65 130 

Output a" ima tTHL 
tTLH, tTHL = 11.5 ns/pFI CL + 25 ns 5.0 - 100 200 
tTLH, tTHL = (0.75 n./pFI CL + 12.5 ns 10 - 50 100 
tTLH, tTHL = (0.55 ns/pFI CL +9.5 ns 15 - 40 80 

Clock Read Access Delav Time taccc 
taccC = (1.7 ns/pFI CL + 1265 ns 5.0 - 1350 4000 
taccc - (0.66 ns/pFI CL + 517 ns 10 - 550 1600 
taccc = (0.5 ns/pFI CL + 325 ns 15 - 350 1200 

Enable Access Delay Time IaccEn 
IaccEn = (1.7 ns/pFI CL + 160 n. 5.0 - 245 615 
taccEn = (0.66 ns/pF I CL + 77 n. 10 - 110 265 
taccEn = (0.5 ns/pFI CL + 50 ns 15 - 75 190 

Clock Pulse Width· tWH 5.0 450 150 
10 165 56 -
15 125 35 -

twL 5.0 3600 1200 
10 1425 475 -
15 1070 300 -

Maximum Low Clock Pulse Width # twL 5.0 2.0 10 -
10 0.9 3.0 -
15 0.1 0.3 -

Address Setup·Time t.u(AI 5.0 0 0 -
10 0 0 -
15 0 0 -

Address Hold Time thlAI 5.0 0 0 -
10 0 0 -
16 0 0 -

Clock to Enable Setup Time tou(cll 5.0 4275 1425 -
10 1725 575 -
15 1295 400 -

Clock to Enable Hold Time th(cll 5.0 150 0 -
10 75 0 -
15 55 0 -

* .. . . The clock can remain high Indefinitely With the data remammg latched . 
#If clock stavslow too long, the dynamicallv stored data will leek off and will have to be recalled. 

FIGURE 1 - OUTPUT DRIVE CURRENT 

Clock at 100 kHz 
Pul. Width - 300 ns 

Not .. : 

TEST CIRCUIT 

V out 

1. Source currant, addr.., ROM to obtain 8 "1" 
on all four outputl (80 thru 83). 

2. Sink current, address ROM to obtain a "0" 
on all four outputs (60 thru e3). 

7-441 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
(Refer to timinl diagram I 

83 

Vss 

Note: 
Address ROM to obtain level change when 
clocking anyone addr ... line. 

Unit 

ns 

n. 

ns 

ns 

n. 

ns 

ms 

ns 

n. 

n. 

ns 
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.1 Using Clack to 
R .. d MlIIIOry 

Add, ... 
Input 

Enable 
Input 

Da .. 
Output 

bl Using the Enable 
to Read Mamory 

MEMORY READ CYCLE TIMING DIAGRAMS 

Addr ... Valid 
VIH 

..-Enable pul .. not required 

1"'---~iI In this diagram to read memory 

~~~~~~------~~--~~-----------VDL 

·08t8 outputs always go to the logic .",. state before the data is valid 
between accessing successive "O's" 

··Outputs forced to "0" by Enable. 

~~~:t" E~;§B( ... ____ A_d_d_ra_S_._V_._lId ____ ...I~ 

Clock • Input 
_---tWH 

Enable 
Input 

Da .. 
Outputs 

t In this mode of operation. the negative going edge of Enable fThe data outputs at. valid without the logic ."" pu'. occurring 
should occur on or before the clock negative edge. during the access cycle as shown In .) abOve. 

CUSTOM PROGRAMMING 

By the programming of a single photomask 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 A 7 with AO 
as the least significant digit. 
Logic "0" is defined as a "low" Address input (VI LI. 
Logic "'" is defined asa "high" Address input (VI HI. 

~ss WORD A7 AS 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 t 0 
Word 3 0 0 0 0 0 0 1 1 

Word 266 1 1 1 t 1 1 t 1 
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MCM14524 

TRUTH TABLE 

CLOCK ENABLE BO I Bl I B2 I B3 

VDD --- VSS 1 (Add·'.") ! (Ad:' ... > !(Ad:' ... )! (Add' ... ) 

VSS~ VDD 1 OUTPUT DATA 
LATCHES 

X 0 0 T 0 0 I 0 

X:z: 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 PUNCHED CARD 

SAMPLE WORD 
ADDRESS INPUTS OUTPUTS 

WORD 
NUMBER A7 A6 A5 A4 A3 A2 Al AD B3 B2 Bl 

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 
0 
1 

1 

0 

0 

CARD 

BINARY TO HEXA­
DECIMAL CON­

VERSION TABLE 
BINARY 
WORD CARD 

DESIRED CHARACTER 
0 0 o 0 0 
0 0 o 1 1 
0 0 1 0 2 
0 0 1 1 3 

o 1 o 0 4 
0 1 o 1 5 
0 1 1 0 6 
0 1 1 1 7 

1 0 o 0 8 
1 0 o 1 9 
1 o 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 -150ncard 
below 

Card 
WORD NUMBER No_, 

o 1 234567891011 1213141516111819202122 23 24 25 2627 28 2930 3132 33 34 35 36 31 38 394041424344 4546414849 ~ 51525354555657:.s 59 60 61626301 

00000000000100111111111111111111111111111111111111111111111111111111111111101000 
111'11 II'dll1111~'ilil'II"DllnnM"MPDD.~nn~n.l,.nU'IUU"U".'"U~~1~~~~~!JY"M51"II"H"'J""nl11111"15nJlnH. 

11111111111111111111111111111111111111111111111111111111111111111111111111111111 

22222222222222222222222222222222222222222222222222222222222222222222222222222222 

3 3 3 3 3 3 3 3 3 3 3 3113 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

44444444444444444444444444444444444444444444444444444444444444444444444444444444 

55555555555555555555555555555555555555555555555555555555555555555555555555555555 

&&"i""'&666666666666666666666666666666666666666666666666666666666666666666666 

11111111111111111111111111111111111111111111111111111111111111111 7 77 7 7 7 7 7 7 7 7 7 7 11 

II II 1111111 8 88 8 8 88 I 8 II 88 I BIll I 8 81 8 88 8 8 8 8 8 8 8 .. 88 8 8 18 8 8 8 8 88 8 88 8 8 8 8 8 8 888 88 88 88 8 8 88 8 

99999999999999999999999999999999999999999999999999999999999999999999999999999999 
ltJ4i'1""111l11"~1'1"'1'D"nnN~~nDH.nnUUH~1'UH"'lU'l"~UVUU~Sl~U~~~SIU~~II'I~U"~61riUn'lnn"~~Jl~~U 
GLOBE NO.1 STANOARD FORM 5081 
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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 
46 
46 
47 
48 
49 
50 

METHOD B: TRUTH TABLE 

For customers who do not have access to punch cards, Motorola 
will accept Truth Tables. Whon filling out the table, use the 0 to F 
hexidecimal character in column IIC··. 

CUSTOM PROGRAM for tho MCMI4624 Read Only Memory 

WORD C WORD C WORD C 
51 102 153 

52 103 154 

63 104 155 

54 105 156 

56 106 157 

66 107 158 

57 108 159 

58 109 160 

59 110 161 

60 111 162 

61 112 163 

62 113 164 

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 
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WORD C 
204 
206 
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 
235 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
260 
251 
252 
253 
254 
255 



® MOTOROLA 

PROGRAMMABLE DIVIDE-BY-N 4-BIT COUNTERS 

The MC14522B BCD counter and the MC14526B binary counter 
are constructed with MaS 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 Clock Inhibit input 
allows disabling of the pulse counting function. 

These complementary MaS 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 

• I nternally Synchronous for High I nternal and External Speeds. 

• Logic Edge-Clocked Design - I nqremented 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 vss I 

Rating SVmbol Value 

DC Supply Voltage VOO -0.5 to +18 

Input Voltage. All Inputs Vin -0.5 to Vo D + 0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAmc 

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

Storage Temperature Range Tstg -65 to +150 °c 

TRUT.H TABLES 

BOTH TYPES 
Preset Master 

Clock Inhibit Enable Ae.t Action 

0 0 0 0 No Count 

...r 0 0 0 Count-1 
X 1 0 0 No Count 
1 "'\.. 0 0 Count-' 
X X 1 0 Pre .. t 
X X X 1 Rosa' 

MCl4522B MC14526B 
Output Output 

Count Q3 02 01 00 Count Q3 02 01 00 

• 1 0 0 1 ,. 1 1 1 1 

• 1 0 • • 14 1 1 1 • 
7 • 1 1 1 

,. 1 1 • 1 

6 • 1 1 0 12 1 1 • • • • 1 • 1 11 1 • 1 1 
4 • 1 • 0 ,. 1 • 1 • • • • 1 1 • 1 • • 1 

2 • • 1 • • 1 • 0 • 
1 • 0 • 1 7 • 1 1 1 

• • • • 0 6 • 1 1 0 • • 1 0 1 
4 0 1 • • • 0 0 1 1 
2 • • 1 • 1 • 0 0 1 • 0 • • • 
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IC145268 
FOR COMPLETE DATA 

SEE MC145228 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOSI 

PROGRAMMABLE DIVIDE-BY-N 
4-BIT COUNTERS 

BCD - MC14522B 
Binary - MC14526B 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

." ..... 11SUffiX Denote. 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
e Limited Operating 

Temperature Range 

13 

3 

5 

11 

14 

2 

10 
4 

6 

BLOCK DIAGRAM 

VDO = Pin 16 
VSS - Pln8 

9 

15 

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 VSS :so;; (Vin or 
Voutl..; VDD· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vssor VDDI. 

• 
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® MOTOROLA 

BCD RATE MULTIPLIER 

The MC14527B BCD rate multiplier (DRM) 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 (Valtages referenced ta VSS I 
Rating Symbol Value 

DC Supply Valtage VDD -0.5 ta +18 

Input Voltage, All Inputs Von -0.5 ta VDD + 0.5 

Unit 

Vdc 
Vdc 

DC Current Drain per Pin I 10 mAde 

Operating Temperature Range - AL Device TA -55 ta +125 °c 
CLlCP Device -40 ta +85 

Storage Temperature Range Tstg -65 ta +150 aC 

TRUTH TABLE 

x = Don't Car. 
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MC14527B 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOSI 

BCD RATE MULTIPLIER 

,,-. 16 
LSUFFIX 

CERAMIC PACKAGE 1 
CASE 620 P SUFFIX 

PLASTIC PACKAGE 
CASE 648 

ORDERING INFORMATION 

.""'" 1T:;SUffOX Denote. 
L Ceramic Package 
P PlastiC Pack.ge 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

4 

12 

11 

Rate Input 9 

10 

\" 
15 

Multiplier : 

13 

Casc 
5 Eout 

Ein 
Clock 

ST 
A 
B 

C 
0 

Clear 

VOD = Pin 16 
VSS'" Pin 8 

Out 

= 
"9" 

6 

6 



MC14527B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Ou tpu t Vol tage "0" Level VOL 5.0 
Vin=VDDorO 10 

15 

"I" Level VOH 5.0 
Vi" "'OorVOD 10 

15 

Input Voltage# "0" Level VIL 
(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 VIH 
(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 Vdcl 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 (CLlep Device) IOH 
(VOH = 2.5 Vdc) 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 Vdc) 10 
(VOL = 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) IDD 5.0 
(Per Packagel 10 

15 

Quiescent Current (CLlep Device) IDD 5.0 
(Per Package) 10 

15 

Total Supply CurrentUt IT 5.0 
(Dvnamic plus Quiescent, 10 
Per Package) 15 

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

*Tlow :::.: -55°C for AL Device. -40oC for CL/CP Device. 
Thigh = +12SoC lor AL Device, +8SoC lor CLlCP Device . 

.:Noise immunity specified for worst-case input combination. 

Tlow . 
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 -
- to.l 

- to.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@VDD = 10 Vdc 
2.5 Vdc min@VDD = 15 Vdc 

fTo calculate total supply current at loads other than 50 pF: 
IT(CLI = IT(SO pF) + 1.2 x 10-3 (CL -50) VDDI 

2SoC 

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 B.8 -

- t 0.0000 1 to.l 

- to.OOOOl to.3 

5.0 7.5 -
0.005 5.0' 

- 0.010 10 
- 0.015 20 

- 0,005 20 
- 0.010 40 
- 0.D15 80 

IT = (0.85 "A/kHz) 1+ IDD 
IT =(1.75 "A/kHz) f + IDO 
IT =(2.6 "A/kHz) 1+ IDD 

where: IT is in #A (per package), CL in pF, VOO it') Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 2SoC. 
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Thi 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 - mAde 
0.9 -
2.4 -

- tl.0 "Adc 

- t1.0 IolAdc 

pF 

150 IolAde 

- 300 
- 600 

- 150 "Adc 
- 300 
- 600 

"Adc • 



MC14527B 

SWITCHING CHARACTERISTICS· (CL = 50 pF T A = 25°C) 

Characteristic Symbol VDD Min Typ Max Unit 

Output Rise Time tTLH ns 
tTLH = (3.0 ns/pF) CL + 30 ns 5.0 - 180 360 
tTLH = 11.5 ns/pF) CL + 15 ns 10 - 90 180 
tTLH = (1.1 ns/pF) CL + 10 ns 15 - 65 130 

Output Fall Time tTHL ns 
tTHL = 11.5 ns/pF) CL + 25 ns 5.0 - 100 200 
tTHL = (0.75 ns/pF) CL + 12.5 ns 10 - 50 100 
tTHL = (0.55 ns/pF) CL + 9.5 ns 15 - 40 80 

Propagation Delay Time tPHL, ns 
Clock to Out tPHL 

tPLH, tpHL = (1.7 ns/pF) CL + 115 ns 5.0 - 200 400 
tPLH, tPHL = (0.66 ns/pF) CL + 67 ns 10 - 100 200 
tPLH, tPHL = (0.5 ns/pF) CL + 45 ns 15 - 70 140 

Clock to Out tPLH, ns 
tPLH, tPHL = (1.7 ns/pF) CL + 40 ns tpHL 5.0 - 125 250 
tPLH, tPHL = (0.66 ns/pF) CL + 32 ns 10 - 65 130 
tPLH, tpHL = (0.5 ns/pF) CL + 20 ns 15 - 45 90 

Clock to Eout tpLH, ns 
tpLH, tpHL = (1.7 ns/pF) CL + 210 ns tpHL 5.0 - 295 590 
tpLH, tpHL = (0.66 ns/pF) CL + 97 ns 10 - 130 260 
tPLH. tpHL = (0.5 ns/pF) CL + 60 ns 15 - 85 170 

Clock to "9" tPLH. ns 
tPLH, tpHL = (1.7 ns/pF) CL + 315 ns tpHL 5.0 - 400 800 
tPLH. tpHL = (0.66 ns/pF) CL + 122 ns 10 - 155 310 
tPLH, tpHL = (0.5 ns/pF) CL + 85 ns 15 - 110 220 

Set or Clear to Out tPHL ns 
tPHL = (1.7 ns/pF) CL + 295 ns 5.0 - 360 760 
tpHL = (0.66 ns/pF) CL + 132 ns 10 - 165 330 
tPHL = (0.5 ns/pF) CL + 85 ns 15 - 110 220 

Cascade to Out tPLH ns 
tPHL = (1.7 ns/pF) CL + 40 ns 5.0 - 125 250 
tpHL = (0.66 ns/pF) CL + 32 ns 10 - 65 130 
tPHL = (0.5 ns/pF) CL + 20 ns 15 - 45 90 

Strobe to Out tPLH ns 
tpHL = (1.7 ns/pF) CL + 145 ns 6.0 - 230 260 
tPHL = (0.66 ns/pF) CL + 72 ns 10 - 105 210 
tpHL'= (0.5 ns/pF) CL + 45 ns 15 - 70 140 

Clock Pulse Width twH 5.0 500 250 - ns 
10 200 110 -
15 150 80 -

Clock Pulse Frequency fel 6.0 - 2.0 1.2 MHz 
10 - 4.5 2.5 
16 - 6.0 3.5 

Clock Pulse Rise and Fall Time tTLH, 5.0 - - 15 I'S • tTHL 10 - - 15 
15 - - 15 

Set or Clear Pulse Width twH 5.0 240 80 - ns 
10 100 35 -
15 75 30 -

Set Removal Time 'rom 6.0 0 -20 - ns 
10 0 -10 -
15 0 -7.5 -

Enable In Setup Time 'su 5.0 400 175 - ns 
10 150 60 -
15 120 45 -

*The formula given is for the typical characteristics only. 
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MC14527B 

FIGURE 1 - TEST CIRCUIT AND TIMING DIAGRAM 
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FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
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• 
Clear 13 

FIGURE 3 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Voo 

Enable In 
11 

Set to Nine 4 

LOGIC DIAGRAM 
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Q 
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7-450 

Clock 

50% Duty Cycle 

Strobe Cascade 
10 12 

6 Out 

Voo "" Pin 16 
VSS· PlnB 

>----------01 "9" 

;><>----------07 EnableOut 



MC14527B 

FIGURE 4 - TWO MC14627BIIN CASCADE -WITH PRESET NO. of 94 

Most Significant 
Digit 

1 A 

0 B Out 

0 C 

D (!) e 
Clock out 

Case 

Ein "9" 

ST 
Clee' S 

Clock 0-...... -----------' 

0 

0 

0 

Least Significant 
Digit 

A 

B 

C 

D ®e 
Clock out 

"9" 

Clock 

Out 

DRM® 

Nota: Mor. than two MC14527Bs 
may be cascaded using thl, 
configuration. 

o 1 2 3 4 5 '6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 

One of four output pur ... contributed by 0 RM @ to 
output for every 100 clock pul •• s in for preset No. of 94. 

Circuit diagrams utilizing Motorola products are included as a means is believed to ba 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 patent rights of Motorola Inc. or others. 
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® MOTOROLA 

DUAL MONOSTABLE MULTIVIBRATOR 

The MC14528B 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. 

• 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 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 

• See MC14538B Data Sheet for Applications Requiring 
Precise Control of Output Pulse Width 

MAXIMUM RATINGS (Voltage, referenced to vss I 
Rating SVmbol 

DC Supply Voltage Voo 

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

Operating Temperature Range - AL Device TA 

Storage Temperature Range 

CLlCP Device 

Tstg 

LOGIC DIAGRAM 
(112 of Device Shown) 

Note: Externally ground pins 1 and 16 to pin 8. 

Value 

-0.5 to +18 

-0.5 to Voo + 0.5 

10 

-55 to +125 
-40 to +85 

-65 to +150 

7-452 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

MC14528B 

CMOS MS. 

(LOW-POWER COMPLEMENTARY MOS) 

DUAL 
RETRIGGERABLE/RESETTABLE 
MONOSTABLE MUL TIVIBRATOR 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

.,,"'" 11SUffiX Oenot .. 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

4~--'r,,-...... 

5 ....... ......,=--' 

3o-----J 

13o-----...J 

RX 

!----<l6 

1----<l10 

1----<l9 

AX and eX are external components. 

Voo:=: Pin 16 
VSS "" Pin 8 



MC14528B 

ELECTRICAL CHARACTERISTICS 

Voo Tlow . 25°C Thi h" 
Characteristic Symbol Vd. Min Max Min Typ Max Min Max Unit 

Output Voltage "0" Level VOL 5.0 - 0.05 - 0 0.05 - 0.05 Vdc 
Vm""VODorO 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 

Vi" -:: OarVOD 10 9.95 - 9.95 10 - 9.95 -
15 14.95 - 14.95 15 - 14.95 -

Input Voltage#" "0" Level VIL Vdc 
(VO = 4.5 or 0.5 Vdcl 5.0 - 1.5 - 2.25 1.5 - 1.5 
(VO = 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 VIH 
(VO = 0.5 or 4.5 Vdcl 5.0 3.5 - 3.5 2.75 - 3.5 - Vdc 
(VO = 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 tAL Device) IOH mAde 
(VOH = 2.5 Vdcl 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 Vdcl 10 -0.62 - -0.5 -0.9 - -0.35 -
(VOH = 13.5 Vdcl 15 -1.8 - -1.5 -3.5 - -1.1 -
(VOL = 0.4 Vdcl Sink IOL 5.0 0.64 - 0.51 0.88 - 0.36 - mAde 
(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 (CLlep Device) IOH mAde 
(VOH = 2.5 Vdcl Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -
(YOH = 4.6 Vdcl 5.0 -0.2 - -0.16 -0.36 - -0.12 -
(YaH = 9.5 Vdcl 10 -0.5 - -0.4 -0.9 - -0.3 -
(VOH = 13.5 Vdcl 15 -1.4 - -1.2 -3.5 - -1.0 -
(VOL = 0.4 Vdcl Sink IOL 5.0 0.52 - 0.44 0.88 - 0.36 - mAde 
(VOL = 0.5 Vdcl 10 1.3 - 1.1 2.25 - 0.9 -
(VOL = 1.5 Vdcl 15 3.6 - 3.0 8.S - 2.4 -

Input Current tAL Device) lin 15 ±O.l ±0.00001 ±O.l ± 1.0 /JAde 

Input Current (CL/CP Device) lin 15 - ±0.3 - to.OOOOl ±O.3 - ± 1.0 ~Adc 

Input Capacitance Cin - - - - 5.0 7.5 - - pF 
(Vin = 01 

Quiescent Current (AL Device) 100 5.0 - 5.0 - 0.005 5.0 - 150 IJ.Adc 

(Per Package) 10 - 10 - 0.010 10 - 300 
15 - 20 - 0.015 20 - 600 

Quiescent Current (CLlCP Device) 100 5.0 - 20 - 0.005 20 - 150 /JAde 
(Per Package) 10 - 40 - 0.010 40 - 300 

15 - SO - 0.015 80 - 600 

* *Total Supply Current at an external IT - IT(CL. Cxl = [(CL + 0.36CxIVDDf + 2xl0-S RxCX(VDD-212f] x 10-3 
load Capacitance (CLI and at where: IT in JlA (per circuit), CL and eX in pF, RX in megohms, 
external timing capacitance (eX), 
use the formula -

*Tlow = -55°C for AL Device. -400C for CL/CP Device. 
Thigh = +1250C for AL Device. +S50C for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

NOise Margin for both "1" and "0" level = 1.0 Vdc min @ V DO = 5.0 Vdc 
2.0 Vdc min@ VDD = 10 Vdc 
2.5 Vdc min @ VDD = 15 Vdc 

**The formulas given are for the typical characteristics only at 25°C. 
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MC14528B 

SWITCHING CHARACTERISTICS·· (CL = 60 pF, T A = 250 C) 

Cha..-Istic Symbol 
Cx RX VDD 

Min Typ MIIx Unit 
pF kfl Vdc 

Output Rise Time tTLH - - ns 
tTLH = (3.0 ns/pF) CL + 30 ns 5.0 - 180 360 
tTLH = (1.5 ns/pF) CL + 15 ns 10 - 80 180 
tTLH = (1.1 ns/pF) CL + 10 ns 15 - 65 130 

Output Fall Tima tTHL ns 
tTHL = (t.5 ns/pF) CL + 25 ns 5.0 - 100 200 
tTHL = (0.75 ns/pF) CL + 12.5 nl 10 - 50 100 
tTHL = (0.55 ns/pF) CL + 9.5 ns 15 - 40 80 

Turn'()ff, Turn.()n Delay Time AorBtoQorQ tPLH, 15 5.0 ns 
tPLH, tPHL = (1.7 ns/pF) CL + 240 ns tpHL 5.0 - 325 650 
tpLH, tpHL = (0.66 ns/pF) CL + B7 ns 10 - 120 240 
tpLH, tpHL = 10.5 ns/pF) CL + 65 ns 15 - 80 180 

Turn·Off, Turn-On Delay Time AorBtoQorQ 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 - 280 -
tpLH, tpHL = (0.5 ns/pF) CL + 185 ns 15 - 210 -

Minimum Input Pulse Width AorB twH 15 5.0 5.0 70 160 ns 
10 - 30 .75 
15 - 30 55 

twL 1000 10 5.0 - 70 - ns 
10 - 30 -
15 - 30 -

Output Pulse Width - Q or II tw 15 5.0 5.0 - 550 - ns 
(For Cx < 0.01 pF use graph for appropriate V DO level.) 10 - 360 -

15 - 300 -
Output Pulse Width - Q or Q tw 10,000 10 5.0 - 30 ±15 ps 

(For Cx > 0.01 pF usa formula: 10 - 60 ±4O 
tw = 0.2 RX Cx Ln [VOO - VSSI)t 15 - 55 ±4O 

Pulse Width Match between Circuits in the same package tl -t2 10,000 10 5.0 - 6.0 25 'l6 
10 - 8.0 35 
15 - 8.0 35 

Raset Propagation Delay - CD to Q or Q tpLH, 15 5.0 5.0 - 325 600 ns 
tpHL 10 - 90 225 

15 - 60 170 

1000 10 5.0 - 1000 - ns 
10 - 300 -
15 - 250 -

Minimum Retrlgger Time trr 15 5.0 5.0 - 0 - ns 
10 - 0 -
15 - 0 -

1000 10 5.0 - 0 - ns 

I 
10 - 0 -
15 - 0 -

Min 
External Timing Resistance RX - - - 5.0 1000 1000 kfl 
External Timing Capacitance Cx - - - No Limits pF 

The formula given IS for the typical characteristics only. 
t RX is in Ohms, Cx is in farads, VOO and VSS in volts, PWout in seconds. 
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MC14528B 

FIGURE 1 - OUTPUT SOURCE CURRENT TEST CIRCUIT FIGURE 2 - OUTPUT SINK CURRENT TEST CIRCUIT 

500 pF 

FIGURE 3 - POWER OISSIPATION TEST CIRCUIT ANO WAVEFORMS 
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FIGURE 4 - AC TEST CIRCUIT 
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INPUT CONNECTIONS 

CHARACTERISTICS 

tpLH,tpHL, tTLH, tTHL 

tw 

tpLH,tpHL, tTLH, tTHL 

tw 

tpLH(R),tPHL(A)' tw 

., neludes capacitance of probes, 
wiring, and fixture parasitic. 

NOTE: AC t8St waveforms 
for PG1. PG2. and PG3 on 
next page, 
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MC14528B 

FIGURE 5 - AC TEST WAVEFORMS 
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® MOTOROLA 

DUAL 4-CHANNEL ANALOG DATA SELECTOR 

The MC14529B 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" Aesistance 

• "On" Resistance 120 Ohms typical @ 15 V 

• Low Noise - 12 nV /v Cycle, f ~ 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 SVmbol Value 

DC SupplV 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 mAde 

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

Storage Temperature Range 

STX STy B A 

t I 0 0 
I I 0 I 
I I I 0 
1 I I I 
I 0 0 0 
I 0 0 I 
I 0 I 0 
I 0 I I 
0 I 0 0 
0 I 0 I 
0 1 1 0 
0 1 1 1 

0 0 

'" '" 
tP = Don't Care 

CLlCP Device -40 to +85 

Tstg -65 to +150 

TRUTHTA8LE 

Z W 

xo vo 
XI VI 
X2 V2 
X3 V3 

XO 
XI 
X2 
X3 
VO 
VI 
V2 
V3 

High 
Impedance 

! 
Dual 4-Channe/ Mode 
2 Outputs 

Single 8-Channel Mode 
1 Output 

(Z and W tied together) 

°c 

°c 

This device contains circuitry to protect the oontrol 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 V~ ~Vin or Vout ~ VOO. 
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CMOS 55. 
I LOW·POWER COMPLEMENTARY MOS) 

DUAL~CHANNELANALOG 
DATA SELECTOR 

OR 
8-CHANNEL ANALOG 

DATA SELECTOR 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

." ..... llSUfflX Oenot •• 

L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Ringe 
e Limited Operating 

Temperatur. Range 

BLOCK DIAGRAM 

3·5t818 Output Enable 

Strobe X 1 0----------, 

6 

2 

3 

4 

5 

A 

B 

XO 

XI 

X2 

X3 

z 9 

14o------jVO 
w 

13 VI 

12 V2 

11 V3 

Strobe V 15 0-----------' 

Voo:= Pin 16 
VSS - Pin 8 

10 

• 
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ELECTRICAL CHARACTERISTICS 

ChII_1otic Figure 

Output VoItage.£,O" Level 1 
Vln - VDD orO 

"I" Level 

Vln-OorVDD 
Input Voltage # "0" Level 2 

(VO - 4.6 or 0.6 Vdc) 
(VO-9.0 or ~.O Vdc) 
(VO -13.6 or 1.6 Vdc) 

(VO - 0.6 or 4.5 Vdc) ·'1" Leval 
(VO· 1.0 or 9.0 Vdc) 
(VO =1.6 or 13.6 Vdc) 

Input Cumnt (AL Device) Control 

Input Current (CL/CP DevIce) Control 
Input Capacitance (Vin • 0) 

Control 
Switch Input 
Switch Output 
Feed Through 

Qui .... nt Current (AL -Dovice) 3 
(Per Package) 

Qul .... nt Current (CL/CP Device) 3 
(Per Package) 

"ON" R .. istance (AL Device) 4,6,6 
(VC· VOD, RL -10 kn) 

(Vin = +6.0 Vdc), 
(Vin - -5.0 Vdc) 
(V in = .0.26 Vdc) 
(Vin - +7.5 Vdc) 
(Vln· -7.6 Vdc) 
tVin - .0.26 Vdc) 
(Vin - +10 Vdc) 
t,Vin • +0.26 Vdc) 
(Vln = +6.6 Vdc) 
(Vin = +16 Vdc) 
(Vin = +0.25 Vdc) 
(Vln • +9.3 Vdc) 

"ON" R .. istan"l' (CL/CP Device) 4,6,6 
(VC· VDO, RL = 10 kn) 

(Vln - +6.0 Vdc) 
(Vln - -5.0 Vdc) 
(Vln - +0.26 Vdc) 
(Vln - +7.6 Vdc) 
(Vln - -7.6 Vdc) 
(Vln •• 0.25 Vdc) 
(Vin = +10 Vdc) 
(Vln = +0.25 Vdc) 
(Vin = +6.6 Vdc) 
(Vin = +15 Vdc) 
(Vin = +0.25 Vdc) 
(Vln - +9.3 Vdc) 

""ON" R .. lstance 
B_n any 2 circuits in 8 common package 

(Vln = .6.0 Vdc) 
(Vin = .7.6 Vdc) 

"Tlow· -66oC for AL Device, -4QOC for CLlCP DovlC8 
"Thigh· +125OC for AL Device, +86oC for CLlCP Device. 
#Nor .. immunity apecifiad for worst-COI8 input combination. 

Symbol 
Vss 
Vdc 

VOL 0.0 

VOH 0.0 

VIL 0.0 

VIH 0.0 

lin 0.0 

lin 0.0 

Cin 0.0 

IDO -

IDO -

RON 

-5.0 

-7.6 

0 

0 

RON 

-5.0 

-7.6 

0 

0 

"RON 

-6.0 
-7.5 

Noile Margin for both "I" and "0"1_1 = 1.0 Vdc min 0 VDO = 5.0 Vdc 
2.0 Vdc min 0 VOO· 10 Vdc 
2.6 Vdc min diI VOO • 16 Vdc 
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VDD 
TIow· 

Vdc 
Min MIIx 

6.0 - 0.06 
10 - 0.06 
16 - 0.06 

5.0 4.96 -
10 9.96 -
15 14.95 -

5.0 - 1.6 
10 - 3.0 
16 - 4.0 

5.0 3.5 -
10 7.0 -
15 11 -
15 - .0.1 

15 - '0.3 

- - -
- - -
- - -
- - -

5.0 - 1.0 
10 - 1.0 
,15 - 2.0 

5.0 - 5.0 
10 - 5.0 
16 - 10 

6.0 - 400 
- 400 
- 400 

7.6 - 240 
- 240 
- 240 

10 - 400 
- 400 
- 400 

16 - 260 
- 260 
- 260 

5.0 - 410 
- 410 
- 410 

7.6 - 260 
- 260 
- 260 

10 - 410 
- 410 
- 410 

15 - 260 
- 260 
- 260 

5.0 - -
7.6 - -

260C Thigh· 
Unit 

Min Typ MIIx Min MIIx 

- 0 0.06 - 0.05 Vdc 
- 0 0.05 - 0.06 
- 0 0.06 - 0.05 

4.96 6.0 - 4.96 - Vdc 
9.95 10 - 9.96 -
14.95 16 - 14.95 -

Vdo 
- 2.26 1.6 - 1.5 
- 4.60 3.0 - 3.0 
- 6.75 4.0 - 4.0 

3.6 2.75 - 3.5 - Vdc 
7.0 6.60 - 7.0 -
11 8.25 - 11 -
- .0.00001 .0.1 - .'.0 "Ado 

- .0.00001 '0.3 - ".0 "Ado 
pF 

- 5.0 7.5 - -
- 8.0 - - -
- 20 - - -
- 0.3 - - -
- 0.001 1.0 - 60 "Ado 
- 0.002 1.0 - 60 
- 0.003 2.0 - 120 

- 0.001 5.0 - 70 "Ado 
- 0.002 5.0 - 70 
- 0.003 10 - 140 

Ohms 

- ,200 480 - 640 
- 200 480 - 640 
- 190 480 - 640 
- 160 270 - 400 
- 160 270 - 400 
- 120 270 - 400 
- 180 480 - 640 
- 180 480 - 640 
- 220 480 - 640 

- 180 270 - 400 
- 180 270 - 400 

'- 216 270 - 400 
Ohm. 

- 200 480 - 660 
- 200 480 - 560 
- 190 480 - 660 
- 180 270 - 360 
- 160 270 - 360 
- 120 270 - 360 
- 180 480 - 560 
- 180 480 - 560 
- 220 480 - 560 
- 180 270 - 360 
- 180 270 - 350 
- 216 270 - 360 

Ohm. 

- 15 - - -
- 10 - - -



MCl4529B 

SWITCHING CHARACTERISTICS (TA = 25oC) 

Typic:al Maximum 

Charact.iltic Figure Symbol Vss Voo All Types AL Device CLICP 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 kU) 10 10 20 30 
15 8.0 15 25 

Propagation Delav Time, Control to 8 tpHL,tPLH 0.0 5.0 200 400 600 ns 
Output, Vin = VOO or Vss 10 80 160 240 

(Vin" 10 Vd., CL = 50 pF, 15 50 120 180 
RL=I.0kU) 

Crosstalk, Control to Output 9 - 0.0 5.0 5.0 - - mV 
(CL =50pF,RL = 1.0 kU) 10 5.0 - -
Rout = 10 kn) 15 5.0 - -

Maximum Control Input 10 - 0.0 5.0 5.0 - - MHz 
Pulse Frequency 10 10 - -
(CL = 50 pF, RL = 1.0 kU) 15 12 - -

Noise Voltage 11,12 0.0 5.0 24, - - nVI.JCyCre 
(f = 100 Hz) 10 25 - -

15 30 - -
(f = 100 kHz) 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 kU, f = 1.0 kHz) 

Input/Output Leakage Current - - nA 

(V in = +5.0 Vd., Vout = -5.0 Vd.) -5.0 5.0 ±.0.001 .,25 "26 
(Vin = -6.0 Vd., Vout = +5.0 Vd.) -5.0 5.0 ±.0.001 .,25 ',25 
(Vin = +7.5 Vd., Vout = ·7.6 Vd.) -7.5 7.5 <0.0015 .250 .250 
(Vln = ·7.5 Vd., Vout = +7.5 Vd.) -7.5 7.5 .0.0015 <250 .250 

Insertion Loss - - dB 
(Vin = 1.77 Vd. -5.0 5.0 
RMS centered @ 0.0 Vd., 
f= 1.0 MHz, 

Iloss = 20 Log'0 Vout 
Vin 

(RL -1.0 kU) 2.0 - -
(RL = 10 kn) 0.8 - -
(RL = 100 kn) 0.25 - -
(RL = 1.0MU) 0.D1 - -

Bandwidth (-3 dB) BW -5.0 5.0 MHz 
( Vin = 1.77 Vd. 
RMS centered @ 0.0 Vdc) 

(RL -1.0 kU) 35 - -
(RL = 10 kU) 28 - -
(RL = 100 kU) 27 - -
(RL = 1.0 Mn) 26 - -

Feedthrough and Crosstalk - - -5.0 5.0 kHz 

(20 L09l0 Vout = -50 dB) 
Vin 

(RI.. = 1.0 kn) B60 - -
(RL =10kU) 100 - -
(RL = l00kU) 12 - -
(RL = 1.0Mn) 1.5 - -
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FIGURE 1· OUTPUT VOLTAGE 
TEST CIRCUIT 

VOH Rut 

Vss Voo v 

VOL 

Vss· 0.0 V Vln '::" 

FIGURE 3 -.QUIESCENT POWER DISSIPATION 
TEST CIRCUIT 

STx - STy - VOO 

po· VDOx 10 

10k 

FIGURE 2 - NOISE IMMUNITY 
TEST CIRCUIT 

VNL. "'" VN when IS"" 10 IJA 
VNH = VOO-VN when IS· 10l'A 
Pins 2,3,4,12,13 and 14 are left open. 

FIGURE 4 - RON CHARACTERISTICS 
TEST CIRCUIT 

TYPICAL RON venus INPUT VOLTAGE 

FIGURE 6, 

250 

} 200 
S 

- "- VOO ~ 5 V -........ V Vss = -SV 

... .. z 150 ; 
r, / "' VOO = 7.S V 

" V VSS =-7.SV 

::l .. 
l- 100 " V 
l' 
z 
<> .. 50 

·10 ·S 10 
Yin. INPUT VOLTAGE (Vdc) 
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25 

i 20 
S ... .. 
~ 15 

ili 

0 

01;0--

0V-

~ 100 z 
l' 
z 
IE 50 

0 

........ ..;' 

....... 

" 

FIGURE 6 

-.... VOO~10V 
Vss =OV 

/ -... VOO =15 V 
VSS =OV 

./ 

10 15 20 
Yin. INPUT VOLTAGE (Vd.) 

25 
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FIGURE 7 - PROPAGATION DELAY TEST CIRCUIT 
AND WAVEFORMS 

FIGURE 9 - CROSSTALK TEST CIRCUIT 

Out 

Aor B 10k 

1 k 

FIGURE 11 - NOISE VOLTAGE TEST CIRCUIT 

Out 

x: ~VDD 
Quan-Tach 

Model 
VSs~ 2283 

or Equiv 
In 

i 
~ 
w 

'" ; 
g 
w 

"' ij 
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FIGURE 8 - TURN·ON DELAY TIME TEST CIRCUIT 
AND WAVEFORMS 

Out 

AorB 
~-------.~~--------VDD 

Vss 

"" 0.0 Vdc 
= VDD 

FIGURE 10 - FREQUENCY RESPONSE TEST CIRCUIT 

1\---+2.5 Vdc 

Vin 0.0 Vdc 
V--2 .5 Vdc X,V Input 

FIGURE 12 - TYPICAL NOISE CHARACTERISTICS 

35 

30 

25 

20 

~ IIIIIII 
"-~iI5'VdC 

~ IJVg: 
5.0~ "'r-., 

15 

10 

5.0 

o 
10 100 1.0 k 10 k lOOk 

f. FREnUENCY (Hz) 

• 
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FIGURE 13 - TYPICAL INSERTION LOSSIBANDWIDTH 
CHARACTERISTICS 

2. 0 

0 
i 
ii -2. 
9 

0 

~ -4. 0 

I ~. 0 
.... 
~ --8. 

~ 
0 

-1 0 

-I 2 
10k 

R~ .111~M~nd IJkh 
I~kf , 
1.0kSl ,>.s 

-3.0 dB (RL • 1.0 MfIJ 
-3:0 dB iR'L ~ 'iil kfIJ 

-3.0 dB (RL '1.0 kG 

100 k I.OM 10M 

'in, INPUT FREQUENCY (Hz) 

B 

3 

100 M 

XI o---~-+~r-+-+---+-----~~--~~~ 

LOGIC DIAGRAM 

Voo'" Pin 16 
VSS" Pin 8 

5 
X3O---_r-+-f~~r_--------~--~~~ 

14 
YO O----+-I--+--+-+-----------+------i<::>f-...., 

13 
Ylo---_r---f~~r_--------~--~~~ 

12 
Y2o----r--~----r_--------_r---f~_1 

11 
Y3O-----------------------_r---fC*-" 

7-462 
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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 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 

MAXI MUM RATINGS (Voltages referenced to V SS) 

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 

LOGIC TABLE 

INPUTS ABC 0 E 
For all combinations of inputs where three 
or more inputs are logical "0". 

For all combinations of inputs where three 
or more inputs are logical "1", 

Value 

-05 to +18 

-0 5 to VDO + 0.5 

10 

-55 to +125 
-40 to +85 

-65 to +150 

W z 
o 

o 
o o 

Unit 

Vdc 

Vdc 

mAde 

°c 

°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 10 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) < Vee. 
Unused inputs must be tied to an appropriate logic level (e.g., Vss or VOO). 
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CMOS 55. 
(LOW·POWER COMPLEMENTARY MOS) 

DUAL 5-INPUT MAJORITY 
LOGIC GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

."""'11;SUffiX Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

W 
60--------, 

1 

2 

3 

4 

5 

9 

10 
11 

12 

13 

Z = M5 (;) W • (A8C+ABD+ABE+ACD+ 
ACE+AOE+BCO+BCE+ 

.----, BDE+CDE)0W 

14o-------~ 
W 

*M5 is a logical "1" if any three or more 
inputs are logical "1". 

IS) == Exclusive NOR == Exclusive OR 

TRUTH TABLE 

M5 W Z 

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

Voo'" Pin 16 
VSS - Pin 8 

• 
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ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "a" Level VOL 5.0 
Yin = VODorO 10 

15 

"I" Level VOH 5.0 
Yin = Oor VDD 10 

15 
Input VOltage# "a" Level VIL 

(VO = 3.5 'Ir 1.5 Vdc) 5.0 
(VO = 7.0 or 3.0 Vdc) 10 
(VO = 10.6 or 4.5 Vdc) 15 

"I" Level VIH 
(VO = 1.5 or 3.6 Vdc) 5.0 
(VO = 3.0 or 7.0 Vdc) 10 
(VO = 4.5 or 10.5 Vd.) 15 

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

(VOL = 0.4 Vdc) Sink IOL 5.0 
(VOL = 0.5 Vdel 10 
(VOL -1.5 Vde) 15 

Output Drive Current (CL/CP Dovieal IOH 
(VOH • 2.5 Vde) Source 5.0 
(V OH • 4.6 Vdc) 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdel 15 

(VOL. 0.4 Vdel Sink IOL 6.0 
(VOL = 0.5 Vde) 10 
(VOL = 1.5 Vdc) 15 

Input Curront (AL Device) lin 15 

Input Curront (CL/CP Device) lin 15 

Input Capacitance Cin -
(V in = 0) 

lluiescent Current (AL Device) 100 5.0 
(Per Paekagel 10 

15 

Quiescent Current reLlep Device) 100 5.0 
(Per Package I 10 

15 
Total Supply Current**t IT 5.0 

(Dvnamic plus Quiescent. 10 
Per Package I 15 

(CL = 50 pF on all outpuu. all 
buffers switching) 

°Tlow = -550 C for AL Deviea. -400C for CL/CP Device. 
Thigh = +1250 C for AL Device. +850 C for CL/GP Deviea. 

Tlow 
Min 

-
-
-

4.95 
9.95 

14.95 

-
-
-

3.85 
7.6 
12.1 

-1.2 
-{I.25 
-{I.62 
-1.8 

0.64 
1.6 
4.2 

-1.0 
-0.2 
-0.5 
-1.4 

0.52 
1.3 
3.6 
-

-
-

-
-
-

-
-
-

. 25°C 

Max Min Typ Max 

0.05 - a 0.05 
0.05 - a 0.05 
0.05 - a 0.05 

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

1.2 - 2.25 1.25 

2.5 - 4.50 2.5 
3.0 - 6.75 3.0 

- 3.76 2.75 -
- 7.5 5.50 -
- 12 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 

0.25 - 0.0005 0.25 
0.50 - 0.0010 0.50 
1.00 - 0.0015 1.00 

1.0 - 0.0006 1.0 
2.0 - 0.0010 2.0 
4.0 - 0.0015 4.0 

IT = (0.75 /lA/kHz) f + 100 
IT = (1.50 /lA/kHz) f + 100 
IT· (2.25 /lA/kHzl f + 100 

IINol. immunity ..... Ified for worst .... Input combination. Standard family noi. margin 
specification il mat for any ana input tasted at a tlma. 

tTo calculate totolaupply current at load. other than 50 pF: 
ITICL) • ITI50 pF) + 2 X 10-3 ICL -60) VDDf 

whore: IT II In "A lpar packaga). CL In pF. VDD In Vd •• and fin kHz i. input frequency. 
"The formulas given are for the typical charecterirtiCl onlv at 25·C. 
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Thigh' 
Min Max Unit 

- 0.05 Vde 
- 0.05 
- 0.05 

4.95 - Vde 
9.95 -
14.95 -

Vde 
- 1.15 

- 2.4 
- 2.9 

3.75 - Vde 
7.5 -
12 -

mAde 
-0.7 -

-0.14 -
-0.36 -
-1.1 -
0.36 - mAde 
0.9 -
2.4 -

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAde 
0.9 -
2.4 -
- ±1.0 /lAde 

- ".0 /lAde 

- - pF 

- 7.5 /lAde 
- 15 
- 30 

- 7.5 /lAde 
- 15 

- 30 

/lAde 



MC14530B 

SWITCHING CHARACTERISTICS· (CL = to pF TA = 25a C) 

Characteristic Symbol VDD 
Output Rise Time tTLH 

tTLH = (3.0 ns/pF) CL + 30 ns 5.0 
tTLH = (1.5 ns/pF) CL + 15 ns 10 
tTLH = (1.1 ns/pF) CL + 10 ns 15 

Output Fall Time tTHL 
tTHL = (1.5 ns/pF) CL + 25 ns 5.0 
tTHL = (0.75 ns/pF) CL + 12.5 ns 10 
tTHL = (0.55 ns/pF) CL + 9.5 ns 15 

Propagation De'lav Time tPLH 
A, C, W = VOO; B, E = God; 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 
tpH L = (0.5 ns/pF) CL + 95 ns 15 

A. B. C. D. E = Pulse Generator; W - VDD 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, 0, E == Gnd; W '" Pulse Generator tPLH. 
tPHL. tpLH = (1.7 ns/pF) CL + 145 ns tpHL 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 15 for the typical characteristics only. 

FIGURE 1 - POWER DISSIPATION TEST 
CIRCUIT AND WAVEFORM 

Min 

-
-
-

-
-
-

-

-
-
-
-
-

-
-
-
-
-
-

-
-
-

16? 
VDD 

A 

B Z 
c 
D I Pulse I E 

Generator I 
W 

A 

B 

C 
Z 

D 

E 

W 

20 ns 20 ns 

~ 50% VOO 
Vin __ DutY __ VSS 

8 ivss 
.1 

Cycle 
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Typ Max Unit 

ns 
180 360 
90 180 
65 130 

ns 
100 200 
50 100 
40 80 

ns 

375 960 

160 400 
110 300 

430 1200 ns 
195 540 
120 410 

ns 
255 640 
120 300 
85 210 

280 750 ns 
125 330 
100 250 

ns 
230 575 
105 265 
75 190 

1" 

I" 
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SEQUENTIAL LOGIC APPLICATIONS 

COINCIOENT FLIP·FLOP 

W 
1 

lbur O-A 

I-a x y Q n+1 

x-c 0 0 0 A flip-flop that will change only when both inputs agree, 
0 1 a 

Y-D 1 0 a 
1 1 1 IE 

ASTABLE MULTIVIBRATOR 

w 
0 

~'r O-A 

I-a x y On+1 
A flip-flop with three output conditions, where the third state is 

x-c 0 0 1 in oscillation between "1" and "0". The period of oscillation 
Y-D 

0 1 2, 
is twice the delay of the gate and the feedback element. 

1 0 2, IE 
L'J 

1 1 0 

COINCIDENT FLlp·FLOP 
W 

• 
1 

~'r 
z °0 +1 

x Y The flip-flop changes state only when all "l's" or all "a's" are 
X-A 0 0 0 0 entered. This configuration may be extended by cascading M5 
Y-a ° 0 1 an gates to cover n-inputs where all inputs must be "1's" or "O's" 

0 1 0 an before the output will change. As an example, this configuration z-c 0 1 1 an ,~ 

is useful forcontrolling an n-stage up/down counter that is to cycle 

F~ 
1 0 ° an 
1 0 1 an from a minimum to maximum count and back again without 
1 1 0 an flipping over (from all "1's" to all "O's",) 
1 1 1 1 
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BASIC COMBINATIONAL FUNCTIONS 

5-lnput Majority Gates 

3-lnput Majority Gates 

W 

°lJ1n; 1 
1 Z 

~ NOR3 

3-1 nput OR Gate 3-lnput NOR Gate 

o Z °rW}1-~ 
o ~ NAND3 

3 Input AND Gate 3-lnput NAND Gate 

DOUBLING THE WEIGHT OF INPUT VARIABLE A 

W{}WL~ BY>, TYING IT TO ANY TWO INPUTS 

A 
A Z g IAB+AC+AD+BCD)@ W 

TOnw i D' CORRELAT~~HO~ ~~N:;;~E SAMPLES 

so A 
51 B Z 
S2 C Correlation of 60%, 80%, 100% 

53- 0 
S4 E 

TOflkW, To A 
SO B Z 
S1 C 
S2 D 
S3 E 

W 

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 
bits SO-S4 

Correlation of 75%,100%. 

10 B Z 
T0{}1~ 
SO C Correlation of 100% 

S1 D 
S2 E 

5·INPUT MAJORITY LOGIC GATE APPLICATIONS 

Each package labeled M5 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 (Xl. X7) 

(e.g, if any tWO-Input variables 
are true (logical "1"), 21 and 

22 are true (logical "1") 

Xl X3 X4 X5 X2 X6 X7 

7-467 

Z7 

Z6 

• 



I 

@ MOTOROLA 

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 
D 11), and even or odd parity selection input (W) and an output (Q). 
The parity selection input can be considered 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 MC 14531 B 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 HTlloads Over the Rated Temper­
ature Range 

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

• Variable Word length 

• Diode Protection on All Inputs 

MAXIMUM RATINGS (Voltages referenced to vSSI 
Rating Symbol Value 

DC Supply Voltage VOO -05to+18 

Input Voltage, All Inputs Vm -05 to VOO + 0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pm I 10 mAde 

Operating Temperature Range -- AL Device TA 
CLlCP Device 

Storage Temperature Range T5t9 

LOGIC DIAGRAM 

DO 7 

01 6 

02 5 

03 4 

04 3 

05 

06 

07 15 

08 14 

09 13 

010 12 

011 11 

Odd/Even W 10 

Q= 000 01 0 02 3 .... 0 011 0 W 

-55 to +125 
-40 to +85 

-65 to +150 

Voo'" Pin 16 
VSS'" Pin 8 

7-468 

°c 

°c 

9 Q 

MC14531B 

CMOS MS. 
(LOW·POWER COMPLEMENTARY MOS) 

12-BIT PARITY TREE 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MOO .,," l~";'~':~;';~:::":-
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

W 011 010 

TRUTH TABLE 

INPUTS 

DECIMAL 
(OCTAL) 

OUTPUT 

02 01 DO EQUIVALENT Q-
(0) 

(" 
(21 
131 

141 
151 
I.) 
(7) 

8184 (17770) 
8185 (17771) 
8186(17772) 
8187 (17773) 

8188 (17774) 
8189 (17775) 
8190 (17776) 
8191 (17777) 

·0'" Even Panty Note May redefine to $Ult applIcatIon by 
1'" Odd ParIty manIpulatIng Wand/or other.vallableO', 



MC14531B 

ELECTRICAL CHARACTERISTICS 

Vee 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
V,n VOO or 0 10 

15 

"1" Level VOH 5.0 
V,n o or VOD 10 

15 

Input Voltage#" "0" Level VIL 
(VO ~ 4.5 or 0.5 Vdcl 50 
(VO " 9 0 or 1.0 Vdcl 10 
(VO = 13.5 or 1.5 Vdcl 15 

"1" Level VIH 
(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 Dnve Current (AL Device) IOH 
(VOH - 2.5 Vdcl Source 50 
(VOH = 4.6 Vdcl 5.0 
(VOH = 9 5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Output Dove Current (CUe? Device) IOH 
(VOH = 2.5 Vdcl Source 5.0 
(VOH = 4.6 Vdcl 50 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Input Current (Al Device) 'in 15 

Input Current (CLlC? Device) 1m 15 

Input Capacitance Cm -
(Vin = 01 

QUiescent Current (AL DevIce) 100 5.0 
(Per Package) 10 

15 

QUiescent Current (CLle? Device) 100 5.0 
(Per Package) 10 

15 

Total Supply Current**t IT 50 
(DynamiC plus QUIescent, 10 
Per Package) 15 

(el'" 50 pF on all outputs, all 
buffers sWitching) 

"Tlow:" -55°C for AL Device, -40oC for CL/CP Device. 
Thigh'" +1250 C for AL Device, +850 C for CL/CP Oevlce . 

..c:Nolse Immunity specified for worst·case Input combination 

Tlow 
. 

Min Max 

- 005 
- 0.05 
- 005 

4.95 -
9.95 -

14.95 -

- 15 
- 3.0 
- 4.0 

35 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-18 -

0.64 -
1.6 -
4.2 -

-10 -

-0.2 -
-05 -
-1.4 -

0.52 -
1.3 -

3.6 -

- ± a 1 

- ±03 

-

50 
- 10 
- 20 

- 20 
- 40 
- 80 

NOise Margin for both "'" and "0" level :- 1.0 Vdc mln@VDO ". 5.0 Vdc 

2.0 Vdc min @ VOO c 10 Vdc 
2.5 Vdc min@VOO 015 Vdc 

tTo calculate total supply current at loads other than 50 pF. 
ITleLI = ITI50 pFI + 1 x 10-3 ICL -501 VOOI 

25°C 

Min Typ Max 

- 0 0.05 
- 0 005 
- 0 0.05 

4.g5 50 -

995 10 -

14.95 15 -

- 2.25 15 
- 4.50 3.0 
-~ 675 4.0 

35 275 -
7.0 5.50 -

11.0 825 -

-1.0 ~1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -

051 0.88 -
1.3 2.25 -

3.4 8.8 -

-0.8 -1.7 -
-016 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -

0.44 0.88 -
1.1 2.25 -
3.0 8.8 -

- ±0.00001 ±O 1 

- ±O 00001 ±03 

- 50 7.5 

0.005 50 
- 0.010 10 
- 0.015 20 

- 0.005 20 
- 0.010 40 
- 0,015 80 

IT - 10.25 "A/kHz) f + 100 
IT = (0.50 "A/kHzl t + 100 
IT = 10.75 "A/kHzl f + 100 

where: IT IS In IJA (per package), 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. 

7-469 

Thl h* 

Min Max Unit 

- 0.05 Vdc 
- 005 
- 005 

495 - Vdc 
995 ~-

14.95 -

Vdc 
- 15 
- 30 
- 40 

3.5 - Vdc 

7.0 -
11.0 -

mAde 
-0.7 -

-0.14 -
-0.35 -
-1.1 -

0.36 - mAde 
0.9 -
2.4 -

mAde 
-0.6 -

-0.12 -
-0.3 -

-1.0 -

0.36 - mAde 
0.9 -
24 -

- ± 1 0 /-lAde 

- ± 10 J..LAdc 

- - pF 

150 ,u.Adc 
- 300 
- 600 

- 150 J.1Adc 

- 300 
- 600 

}JAde • 
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MC14531B 

SWITCHING CHARACTERISTICS' ICL = 50 pF TA = 25°C) 

Characteristic Svmbol VDD 
Output Rise Time tTLH 

tTLH = 13.0 ns/pF) CL + 30 ns 5.0 
tTLH = 11.5 ns/pF) CL + 15 ns 10 
tTLH = 11.1 ns/pF) CL + 10 ns 15 

Output Fall Time tTHL 
tTHL - 11.5 ns/pF) CL + 25 ns 5.0 
tTHL = 10.75 ns/pF) CL + 12.5 ns 10 
tTHL = 10.55 ns/pF) CL + 9.5 ns 15 

Propagation Delay Time tpLH. 
Data to Q tpHL 

tPLH. tPHL = 11.7 ns/pF) CL + 355 ns 5.0 
tPLH. tPHL = 10.66 ns/pF) CL + 142 ns 10 
tPLH. tPHL = 10.5 ns/pF) CL + 95 ns 15 

Odd/Even to Q 

tPLH. tPHL = 11.7 ns/pF) CL + 165 ns 5.0 
tPLH. tpHL = 10.66 ns/pF) CL + 67 ns 10 
tPLH. tPHL = 10.5 ns/pF) CL + 45 ns 15 

* The formula given IS for the typical characteristics only. 

FIGURE 1 - DYNAMIC POWER DISSIPATION 
SIGNAL WAVEFORM 

Min TVp 

- 180 
- 90 
- 65 

- 100 
- 50 
- 40 

- 440 
- 175 
- 120 

- 250 
- 100 
- 70 

Voo 

Signal 
Input 

1'\-----..../-- VSS 

Data A ate (f) 

f in respect to system clock 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 

Output --....:.;:;.;;;.~ 

7-470 

Max Unit 

ns 
360 
180 
130 

ns 
200 
100 
80 

ns 

1320 
525 
360 

750 
300 
210 



® MOTOROLA 

8-BIT PRIORITY ENCODER 

The MC14532B 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 th<u D7) and an enable 
input (E in) are provided. Five outputs are available, three are address 
outputs (00 thru 02), one group select (GS) and one enable output 
(Eoutl. 

• Ouiescent Current ~ 5.0 nA/package typical @ 5 Vdc 

• Noise Immunity ~ 45% of VDD typical 

• Diode Protection on All Inputs 

• Low I nput Capacitance - 5.0 pF typical 

• Supply Voltage Range ~ 3.0 Vdc to 1B 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 -0510+18 

Input Voltage, All Inputs V Io -05 to VDD + 0.5 

DC Current Dram per Pm I 10 

Operating Temperature Range ~ A L DevIce TA -55 to +125 
C Llep DevIce -40 to +85 

Storage Temperature Range Tstg -65 to +150 

TRUTH TABLE 

INPUT OUTPUT 

Ein D7 D6 D5 D4 D3 D2 D1 DO GS 02 01 00 

0 X X X X X X X X 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 

1 1 X X X X X X X 1 1 1 1 
1 0 1 X X X X X X 1 1 1 0 
1 0 0 1 X X X X X 1 1 0 1 
1 0 0 0 1 X X X X 1 1 0 0 

1 0 0 0 0 1 X X X 1 0 1 1 
1 0 0 0 0 0 1 X X 1 0 1 0 
1 0 0 0 0 0 0 1 X 1 0 0 1 
1 0 0 0 0 0 0 0 1 1 0 0 0 

x = Don't Care 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

Eout 
0 
1 

0 
0 
0 
0 

0 
0 
0 
0 

This device contains circuitry to protect the inputs against damagB 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 VOOI. 
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MC14532B 

CMOS MS. 
(LOW·POWER COMPLEMENTARY MOSI 

8-BIT PRIORITY ENCODER 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

." .. '" 1tSUffiX Denotes 

L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

10 

11 

12 

13 

2 

3 

4 

BLOCK DIAGRAM 

E in Eout 

DO 
01 00 

02 

03 01 

04 

05 02 

06 

07 GS 

Voo = Pin 16 
VSS = Pin 8 

15 

9 

6 

14 
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MC14532B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vm '" VOO Or 0 10 

15 

"1" Level VOH 5.0 
V In == 0 or VOO 10 

15 

Input Voltage# "0" Level VIL 
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 V)H 
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 (AL Device) IOH 
IVOH = 2.5 Vdc) Source 5.0 
IVOH = 4.6 Vdc) 5.0 
IVOH = 9.5 Vdcl 10 
(VOH = 13.5 Vde) 15 

IVOL = 0.4 Vde) Sink IOL 5.0 
IVOL = 0.5 Vde) 10 
IVOL = 1.5 Vde) 15 

Output Drive Current (CLlCP Devlcel IOH 
IVOH = 2.5 Vde) Source 5.0 
IVOH = 4.6 Vdcl 5.0 
(VOH = 9.5 Vdc) 10 
IVOH = 13.5 Vdcl 15 

IVOL = 0.4 Vde) Sink IOL 5.0 
IVOL = 0.5 Vde) 10 
IVOL = 1.5 Vdc) 15 

Input Current (AL Device I 'in 15 

Input Current (CL/CP Devicel lin 15 

Input Capacitance C,n -
IV," = 0) 

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

15 

QUiescent Current (CLlCP DeVice) 100 5.0 
(Per Package) 10 

15 

Total Supply Current· *t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 
tel = 50 pF on all outputs, all 

buffers sWitching) 

-Trow == _55 0 C for AL DeVice, -400 C for CLlCP Device. 
Thigh'" +1250C for AL Device, +850C for CLlCP Device . 

.u-Noise Immunity specified for worst-case input combination. 

Tlow 
. 

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 -

- ±O.l 

- ± 0.3 

.. -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

NOIse Margm for both "1" and "0" level'" 1.0 Vdc min @ VOO '" 5.0 Vdc 
2.0 Vdc min@ VOO "10 Vde 
2.5 Vdc min @ VOO = 15 Vde 

tTo calculate total supply current at loads other than 50 pF: 
ITICL) = ITI50 pF) + 5 x 10-3 ICL -501 VOOI 

25°C 

Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -

f4.95 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 ±O.l 
- to.OOOOl ±O.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- 0.Q15 20 

- 0.005 20 
- 0.010 40 
- 0.015 80 

IT = 11.74 "A/kHz) 1+ 100 
IT = 13.65 "A/kHz) I + 100 
IT = 15.73 "A/kHz) I + 100 

where: IT is in JJA (per package), CL in pF, VOO in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 2SoC. 
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Thi 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 -

mAde 
-0.7 -

-0.14 -
-0.35 -
-1.1 -

0.36 - mAde 
0.9 -
2.4 -

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -

0.36 - mAde 
0.9 -
2.4 -

- ± 1 a "Ade 
- ±1.0 /-lAde 

- - pF 

- 150 uAdc 
- 300 
- 600 

- 150 "Ade 
- 300 
- 600 

.'lAde 



MC14532B 

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

. 

Characteristic 

Ouput Rise Time 
tTLH = (3.0 ns/pF) CL + 30 ns 
tTLH = (1.5 ns/pF) CL + 15 ns 
tTLH = 11.1 ns/pF) CL + 10 ns 

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

Progagation Delay Time - Ein to Eout 
tpLH. tpHL = (1.7 ns/pF) CL + 120 ns 
tpLH. tPHL = (0.66 ns/pF) CL + 77 ns 
tpLH. tpHL = (0.5 ns/pF) CL + 55 ns 

Propagation Delay Time ( Ein to GS 
tPLH. tpHL = (1.7 ns/pF) CL + 90 ns 
tPLH. tpHL = (0.66 ns/pF) CL 57 ns 
tPLH. tpHL - (0.5 ns/pF) CL + 40 ns 

Propagation Delay Time Ein to Q n 
tPLH. tPHL = (1.7 ns/pF) CL + 195 ns 
tPLH. tpHL = (0.66 ns/pF) CL + 107 ns 
tpLH tpHL = (0.5 ns/pF) CL + 75 ns 

Propagation Delay Time - On to Q n 
tpLH. tpHL = (1.7 ns/pF) CL + 265 ns 
tpLH. tpHL = (0.66 ns/pF) CL + 137 ns 
tPLH. tpHL = (0.5 ns/pF) CL + 85 ns 

Propagation Delay Time - On to GS 
tPLH. tpHL = (1.7 ns/pF) CL + 195 ns 
tPLH. tpHL = (0.66 ns/pF) CL + 107 ns 
tpLH tpHL = (0.5 ns/pF) CL + 75 ns 

The formula given IS for the typical characteristics only. 

FIGURE 1 - TYPICAL SINK AND SOURCE 
CURRENT CHARACTERISTICS 

Switch 
Matrix 

Output 
Under 
Test 

Eout 
00 
01 
02 
GS 

E,n 

DO 

01 

02 

03 

04 

05 

06 

07 

VGS = VOO 
VOS = Vout 
Sink Current 

00 thru 07 E,n 
X 0 
X 0 
X 0 
X 0 
X 0 

Eout 

00 

01 

02 

GS 

VGS = -VOO 
Vos = Vout -VOO 

Source Current 
00 thru 06 07 

0 0 
0 1 
0 1 
0 1 
0 1 

Symbol 

tTLH 

tTHL 

tPLH. 
tPHL 

tPLH. 
tpHL 

tPHL. 
tPLH 

tPLH. 
tpHL 

tpLH. 
tpHL 

V out 

Em 
1 
1 
1 
1 
1 
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VDD Min Typ Max Unit 

ns 
5.0 - 180 360 
10 - 90 180 
15 - 65 130 

ns 
5.0 - 100 200 
10 - 50 100 
15 - 40 80 

ns 
5.0 - 205 410 
10 - 110 220 
15 - 80 160 

ns 
5.0 - 175 350 
10 - 90 180 
15 - 65 130 

ns 
5.0 -, 280 560 
10 - 140 280 
15 - 100 200 

ns 
5.0 - 300 600 
10 - 170 340 
15 - 110 220 

ns 
5.0 - 280 560 
10 - 140 280 
15 - 100 200 

FIGURE 2 - TYPICAL POWER DISSIPATION TEST CIRCUIT 

VDD 

• 
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FIGURE 3 - AC TEST CIRCUIT AND WAVEFORMS 

Cj' 
Ein Eout 

00 
C~;::i' 

01 00 

Programmable 02 CL::: 
Pulse 03 01 

Generator 
04 CL 
05 02 

06 CL;; 
07 GS~ 
Vss~ CL 

~ Note: Input rise and fall times are 20 ns 

50% 
00 10 

50% 
01 11 

50% 
02 12 

50% 
03 13 

50% 
04 

50% 
05 2 

50% 
06 3 

50% 
07 4 

Ein 5 

Eout 15 

1z---+---~-----+-----r----~----r---~~~ ___ 90% 

GSI4------------------------~~ 

00 9------------------------J 

01 7--------------------------------J 

02 6------------------------------------------f 

50% 
10% 
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10 

DO 

11 
01 

12 

02 

13 

03 

1 

04 

2 
05 

3 

06 

4 
07 

5 

-l»--rC>--

LOGIC DIAGRAM 
(Positive Logic) 

LOGIC EQUATIONS 

Eout = Ein - 00.01 .02.03.04.05.06.07 
00 = Ein - (01 • ~2. ~4. 06 + ~3. ~4. 06 + 05 • 06 + 07) 

Q1 = Em • (02 • 04.05 + 03.04.05 + 06 + D7) 

Q2= Ejo.(04+ 05+ 06+ 07) 

GS "" Em. (DO + 01 + 02 + 03 + 04 + 05 + 06 + 07) 

" 9 
---r--/ 

-I 
ao 

" ~ 
" Fl---/ 

pO-

~ 
" ~ 7 

a1 

R->-
f=V 
P->-
~ 
~ 

6 

I" ---./ '----' 
a2 

I" ~ 

'-- ~ 
14 

GS 

1 )0--1-

-1" --- \. 15 

I" 
'-- l' 

7-475 
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FIGURE 4 - TWO MCl4532B's CASCADED FOR 4-BIT OUTPUT 

015014013 012 011 010 09 08 

07 D6 05 04 03 02 01 DO 

Vee Eout 

GS 

03 02 0, 

07 06 05 04 03 02 01 

3/4 MC,4071 B 

00, 

00 

E out = "1" 

with Din = "0" 

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 VDD = 10 V) is applied to the 
MC14520B. A compromise between Ibias for the 
MC1710 and AR between Nand P-channel outputs gives 
a value of R of 33 k ohms. I n order to filter out the 
switching frequencies, RC should be about 1.0 ms (if 
R = 33 k ohms, C ~ 0.03IlF). The analog 3.0 dB band­
width would then be dc to 1.0 kHz. 

Vee 

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 D 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. 

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 

C E R 

1/2 MC14520B 

01 02 03 04 

,J ,---J 

III 
DO 01 020304050607 

Ein MC14532B 

Q2 Q1 00 

II 

Stop 
Word 
I ncrementation 

C E R 

1/2 MC'14520B 

01 02 03 04 

Digita! Input/Output 

a-Bit Word 
to be Converted 

I I II I I " 
AX7X6X5X4X3X2X1XO 

B MC14512 

C Z 

MC1710 R 

/ 
~'1 

Analog 
Input 

Analog 
Output 

IC 

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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REAL TIME 5-DECADE COUNTER 

The MC14534B is a complementary MOS circuit composed of 
five decade 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 (M R) and the scanner 
reset (SRI. 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 

BLOCK DIAGRAM 

To Capacitors 

Clock B~----------..... r'--I 

Mode A 

Scanner10 
Clock o----------J Scanner 

MC145348 

CMOS LSI 
(LOW·POWER COMPLEMENTARY MOS) 

REAL TIME 

5-DECADE COUNTER 

,.~ CW"" ,~~VH u u ~ERAMIC PACKAGE 

1 CASE 623 

P SUFFIX 
PLASTIC PACKAGE 

CASE 709 

ORDERING INFORMATION 

L Ceramic Package 
P Plastic Package 

""""''' 1 l;S uff " Denote. 

A Extended Operating 
Temperature Range 

C ..LImited Operating 

Temperature Range 

V DO '" Pin 24 

VSS = Pin 12 

Carry Out 

00 

BCD 
Out 

21 3·5tat8 BCD 
Control 

"--I--' .... -t ..... -+ ... -I-' .... O Control 

NOte'-? "" 3-5t8te 
Output Buffer 

DS1 

\~--------~vr---------~ 
DI91t Select 

7-477 

• 



• 

MC14534B 

MAXIMUM RATINGS (Voltages referenced to Vssl 
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 CITCUIt. For proper operation It 
IS recommended that Vin and Vout be 
constraIned to ~.he range VSS ~ (V in or 
Voutl';;VOO· 

Rating 

OC Supply Voltage 

Input Voltage, All Inputs 

DC Current Drain per Pin 

Operating Temperature Range - AL DeVice 
CLlCP Device 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS 

Characteristic 

Output Voltage "0" Level 
V ln = VOOorO 

"1" Level 
Vin "" a or VOO 

Input Voltage# "0" Level 
IVO = 4.5 or 0.5 Vdcl 
IVo = 9.0 or 1.0 Vdcl 
(Vo = 13.5 or 1.5 Vdcl 

(Vo = 0.5 or 4.5 Vdcl "1" Level 
(VO = 1.0 or 9.0 Vdcl 
(VO = 1.5 or 13.5 Vdcl 

Output Drive Current (AL Device) 
(VOH = 2.5 Vdcl Source 
(VOH = 4.6 Vdcl 
(VOH = 9 5 Vdcl 
1VOH = 13.5 Vdcl 

(VOL = 0.4 Vdcl Sink 
(VOL = 0.5 Vdcl 
(VOL =, 1.5 Vdcl 

Output Drive Current (CLlCP DeVice) 
(VOH = 2.5 Vdcl Source 
(VOH = 4.6 Vdcl 
(VOH = 9.5 Vdcl 
(VOH = 13.5 Vdcl 

(VOL = 0.4 Vdcl Sink 
(VOL = 0.5 Vdcl 
(VOL = 1.5 Vdcl 

Output Drive Current - PinS 1 and 22 
(AL Device) 

(VOH = 2.5 Vdcl Source 
(VOH = 9.5 Vdcl 
(VOH = 13.5 Vdcl 

(VOL = 0.4 Vdcl Sink 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdc) 

Output Drive Current - Pins 1 and 22 
(CLlCP Oevice) 
(VOH = 2.5 Vdcl Source 
(VOH = 9.5 Vdcl 
(VOH = 13.5 Vdc) 

(VOL = 0_4 Vdc) 
(VOL = 0.5 Vdcl 
(VOL = 1.5 Vdcl 

Input Current (AL Device) 

Sink 

Input Current (CL/CP Device) 

Input Capacitance 
(Vin = 0) 

Symbol 

Symbol Value Unit 

VOO -05to+18 Vdc 

V,n -0.5 to VOO + 0.5 Vdc 

I 10 mAde 

TA -55 to +125 °c 
-40 to +85 

Tstg -65 to +150 °c Unused Inputs must always be tied to an 
appropnate logiC voltage level (e 9 . either 
Vssor VOOI. 

Voo ~~~T~IOW~'~ __ +-~~,-~2S~O_C __ r-~ __ +-~~T,h~~'~;'~ __ ~ 
Vdc Min Max Min Typ Max ~in Max, 

5.0 0.05 0 0.05 0.05 
10 0.05 0 0.05 0.05 
15 0.05 0 0.05 0.05 

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

5.0 
10 
15 

5.0 
10 
15 

5.0 
5.0 
10 
15 

5.0 
10 
15 

5.0 
5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

1.0 
2.0 
3.0 

4.0 
8.0 
12 

-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 

-0.31 
-0.31 
-0.9 

0.024 
0.06 
1.3 

-0.11 
-0.11 
-0.33 

0.012 
0.03 
0.14 

1.0 
2.0 
3.0 

4.0 
8.0 
12 

·-1.0 
-0.2 
-05 
-1.5 

0.51 
1.3 
3.4 

-0.8 
-0.16 
-0.4 
-1.2 

0.44 
1.1 
3.0 

-0.25 
-0.25 
-0.75 

0.02 
0.05 
0.25 

-0.10 
-0.10 
-0.30 

0.01 
0.025 
0.12 

1.5 
3.0 
4.5 

3.5 
7.0 
11 

-1.7 
-0.36 
-0.9 
-3.5 

0.88 
2.25 
8.8 

-1.7 
-0.36 
-0.9 
-3.5 

0.88 
2.25 
8.8 

-0.8 
-0.4 
-1.6 

0.03 
0.09 
1.63 

.-0.8 
-0.4 
-1.6 

0.02 
0.05 
1.35 

15 10.1 .0.00001 ,0.1 

15 .0.3 ,0.00001 ±0.3 

5.0 7.5 

4.95 
9.95 

14.95 

4.0 
8.0 
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 
09 
2.4 

-0.17 
-0.17 
-0.51 

0.014 
0.035 
0.175 

-0.08 
-0.08 
-0.24 

0.008 
0.02 
0.10 

1.0 
2.0 
3.0 

.1.0 

.1.0 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

mArie 

mAdc 

mAde 

mAde 

~Adc 

JlAdc 

pF 

*Tlow = -55°C for AL DeVice, -40oC for CLlCP DeVice. 
Thigh == +12SoC for AL Device, +850C for CLlCP Oevice. 

#Nolse Immunity specified for worst-case Input combination 
NOise Margin for both "'" and "0" level'" 1.0 Vdc min@VOn ". 5.0 Vdc 

2.0 Vdc min@ VOO = 10 Vdc 
2.5 Vdc min @ VOO = 15 Vdc 
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Voo Tlow . 250C Thi ... • 
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit 

Quiescent Current (A"L Device) 100 5.0 - 5.0 - 0.010 5.0 - 150 JJ.Adc 
(Per Package) 10 - 10 - 0.020 10 - 300 

15 - 20 - 0.030 20 - 600 
Quiescent Current (CL/CP Device) 100 5.0 - 50 - 0.010 50 - 375 /'Adc 

(Per Package) 10 - 100 - 0.020 100 - 750 
15 - 200 - 0.030 200 - 1500 

Total Supply Current**t IT 5.0 IT = (0.5 .. AlkHz) f + 100 IJAdc 
t Dvnamic plus Quiescent, 10 IT = (1.0 .. AlkHz) f + 100 Scan Oscillator 
Per Package) 15 IT = (1.5 .. AlkHz) f + 100 Frequency = 1 kHz 
tel == 50 pF on all outputs, all 
buffers switching) 

Three-State Leakage Current ITL 15 - ± 01 - '000001 ± 0.1 - ±3.0 IJAde 
(AL Device I 

Three-State Leakage Current ITL 15 - ±l.O - '0.00001 ± 1.0 - ± 7.5 JJAde 
ICLlC? DevIce) 

tTo calculate total supply current at loads other than 50 pF "'The formulas given are for the tYPical characteristics only at 2SoC. 
'Tiel' == 'TISO pF) + 1 x 10-3 (el -SOl VOOf where: IT IS in IJA (per packagel. CL in pF, VOD in Vdc, and f 10 kHz is Input frequency. 

SWITCHING CHARACTERISTICS* ( CL = 50pF, TA: 2 0 ) 5 C 

Characteristic Symbol VOO Min Typ Max Unit 

Output Rise Time tTLH ns 
tTLH: (3.0 nslpF) CL + 95 n. 5.0 - 180 360 
tTLH: (1.5 nslpF) CL + 78 ns 10 - 90 180 
tTLH : (1.1 ns/pF) CL + 68 ns 15 - 65 130 

Output Fall Time tTHL ns 
tTHL: (1.5 n.lpF) CL + 117 ns 5.0 - 100 200 
tTHL = (0.75 nslpF) CL + 89 ns 10 - 50 100 
tTHL = (0.55 ns/pF) CL + 67 ns 15 - 40 80 

Propagation Delay Time, tPLH, /,s 
Clock to Q tpHL 

tPLH, tpHL = 11.8 nslpF) CL + 4.0 I'S 5.0 - 4.0 8.0 
tpLH, tpHL = (0.8 nslpF) CL + 1.51's 10 - 1.5 3.0 

tpLH. tpHL: (0.6 nslpF) CL + 1.0 .. s 15 - 1.0 2.25 

Clock to Carry Out tPL.H I'S 
tpLH: (1.8 nslpF) CL + 3.3/,s 5.0 - 3.3 6.6 
tpLH: (0.8 nslpF) CL + 1.1 .. s 10 - L1 2.2 
tpLH: (0.6 nslpF) CL + 0.81's 15 - 0.8 1.7 

Master Reset to Q tPHL I's 
tpHL: 0.8 nslpF) CL + 1.81's 5.0 - 1.8 3.6 

tpHL.: (0.8 nslpF) CL + 0.6/'s 10 - 0.6 1.2 

tpHL.: (0.6 nslpF) CL. + 0.5/,s 15 - 0.5 0.9 

Master Reset to Error Out tpHL .. s 
tpHL: (1.8 nslpF) CL + 0.57/'s 5.0 - 0.6 1.5 

tpHL. : (0.8 nslpF) CL + 0.191'5 10 - 0.2 .5 

tPHL: (0.6 nslpF) CL + O.lll's 15 - 0.12 0.38 

Scanner Clock to a tPLH, /'s 
tPLH, tpHL: (1.8 n.lpF) CL + 1.8/'s tpHL. 5.0 - 1.8 3.6 

tpL.H, tPHL: (0.8 nslpF) CL + 0.61's 10 - 0.6 1.2 

tpLH, tpHL = (0.6 nslpF) CL. + 0.51's 15 - 0.5 0.9 

Scanner Clock to Digit Select PL.H. I'S 

tpHL, tPLH : 0.8 nslpF) CL. + 1.5, .. tPL.H, 5.0 - 1.5 3.0 

tpHL, tpL.H : (0.8 nslpF) CL + 0.5/'s 10 - 0.5 1.0 

tpHL tPL.H: (0.6 nslpF) CL. + 0.4/'s 15 - 0.4 0.75 

Clock Pulse Frequency Icl 5.0 - 1.0 0.5 MHz 
'10 - 3.0 1.0 
15 - 5.0 1.2 

Clock or Scanner Clock Pulse Width tWH 5.0 1000 500 - ns 
10 500 190 -
15 375 125 -

Master Reset Pulse Width 'WH(R) 5.0 2000 900 - ns 
10 600 300 -
15 450 250 -

*The formula given is for the typical characteristics only. 
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COUNTER TIMING DIAGRAM 

1 2 3 4 5 6 7 8 9 10 102 103 104 105 106 

Clock Ann n n n n n n n n __ n ___ n __ n __ Jl ___ n n r 
-fLof"1'-f ..... L.f'""'"'1~~t -Lt- -ft- ...,~ II ~j."" 
H H H H riir---Ilr--i!r---i'r--,:r---LH 

Un,ts ao...J f-J f-J j-J f-J HJ ~ ~ UJ ~ a.W I 
I I ,I I 'I I .Il---M--H-' , " " ,I II' UnitsQ1 I I' I I i I 
I ----r.---....l.T----r+ -- ......... --....L.!-L--

I I! I I' 'I I, 'I": 
!----++- ---4- -- -4 ---++ ---4. -~ ---..I 'I I ,I 

------Jr--tl--:i.--:-t--:-U-:11--: ilL 1-1 ' , ~ , II I 

--~, L---ti----ti- __ .J 1----fL--..IlL 
I I '" I' I 

TensaO -----------Ir--1+-:~~ --1+::""4 --It+-
------~ --11- --11. __ 11. --14-
---~tl-- rl --linJlu-14--tJ- 'I II I _________ ...... r- --1----1l--:U. _~ 

I -i! 'I -1: : 
-------------- --~ ---W---~---~ n H " Hi _______________ ~IL. ~~--~--~~ 

Thousands 00 r----u. -:llu:i.4-
Thousands 03 -------------------..1 --1l--1L --ilL 

-------------""""'n.. JluliL ___________________________________________ ~r' ---1:_.~,: I, 
Ten Thousands aD • ~ -: '-+--

II I'I 
Ten Thousands 03 ___________________________ ll--=H+-

" II I 
Ten Thousands Cn + 4 n.. n : 

------------------------- --~H_ 

Units Q2 

UnitsQ3 

Units Cn + 4 

Tens 03 

Tens Cn + 4 

Hundreds 00 

Hundreds 03 

Hundreds Cn + 4 

Thous.ndsC" + 4 

~ ____________________________________ ~tL' 
Master Reset 1_ . 

MODE CONTROL TRUTH TABLE 

Mode A Mode B First Decade Output carry to Second Stage Application 

o a 
o 

a 

Normal Count and Display At 9 to 0 transition of first decade 5·0ecade Counter 

Inhibited Input Clock Test Mode: Clock directly into stages 1, 2. and 4. 

Inhibited At 4 to 5 transition of first decade of-decade counter with: 10 and roundoff at front end. 

Counts 3,4,5,6,7"" 5 
Counts 8,9,0,1,2 = 0 

At 7 to 8 transition of first decade 
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1000 

500 
~ 30 0 
~ .s 
~ 
1;; 
>< .., 
::l .., 
.... 
~ 

~ 
j 
" 

10 0 

0 

0 

0 

5. 0 
3. Or-
~ 

1.0 
3.0 

SCANNER TIMING DIAGRAM 

Scanner ----------, 
Clock 

Scanner 
Reset 

OS1 

OS2 

OS3 

084 Thousands 
------~------~I 

OS5 Tan 
Thousands 

Note: If Mode B = 1, the first decade is inhibited and 51 will not go high, and 
the cycle will be shortened to four stages. 
OS5 is selected automatically whan Scanner Reset go •• high. 

ERROR DETECTION TIMING DIAGRAM 

Ra.t-,~ ____________________________________________ __ 

Clock A 

Clock 8 

-

Error 
Out 

I 
I 

Good Pul .. 
Error 

1 
: Error 

2 

I I I ~' ____ ~ __ 

Good Pulse I Error Error 
3 4 

Note: Error detector looks for inverted pul .. on Clock B. Whenever 8 positive 
edge at Clock A I, not accompanied by a negative pulse at Clock B (or 
vlce·versa) within 8 time period of the on .... hots an error Is counted. 
Three arron result In Error Out to go to. ",", If error detection i, not 
needed, tie Clock B high or low and leave Pins 1 and 22 unconnected. 

CLOCK SKEW RANGE 

Skew in this range § . results in counted 
~ error • 
Max 

Skew in this range-
mayor may not ' ~ 
result in counted ~ 
error. -

Notes: 

1. The Ikew is the time difference be· 
tween the low-to-high tranlltion of 
CA to the hlgh-to-Iow transition of 
CB or vice-vers •• Capacltorl C1 - C22 
tied from pins 1 and 22 to VSS' 

2. This graph is accurate for C1 = C22;;;r; 
100 pF. i Skew in this range Min 

3. When the error detection circu Itry is 
not used. pins 1 and 22 are left open. 

results in no error 
counted. 

5.0 7.0 9.0 11 13 15 17 
VOO (Vd,) 
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APPLICATIONS INFORMATION 

FIGURE 1 - CASCADE OPERATION 

V LEn 
k>-

MC14534B JL. MC14534B 
1/2 

MC14518B a4 Clock A Caut- Clock A 

Clock- C 

*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. I 

FIGURE 2 - FORCING A DECADE TO THE a OUTPUTS 

Clock --<1>-----...., Clock A aD 

} ",0'.' a, 
MC14534B 

SC 
a2 
03 

When the a 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 ar. included .s a me.ns 
of illustrating tvpic:al semiconductor applications; consequently. 
complete information tufflcient for construction pu rpoleS i, not 
nec: .... rily given. The information has been car.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 
liean .. under the patent rights of Motorola Inc. or others. 
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PROGRAMMABLE TIMER 

The MC14536B programmable timer is a flexible 24-stage ripple 
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 Count 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 @ VDD = 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 

MAXIMUM RATINGS (Voltages referenced to vss I 
Rating Symbol Value 

DC Supply Voltage Voo -05to+18 

Input Voltage, All Inputs Y,n -0.5 to Voo + 0.5 

DC Current Drain per Pm I 10 

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

C LlCP DeVice -40 to +85 

Storage Temperature Range Tstg -65 to +150 

BLOCK DIAGRAM 

Clock Inh. 
7 

Reset Set a-Bypass 

Out1 Out2 

VOD"" Pin 16 
VSS = Pin 8 

2 1 6 

B 
C 

7-483 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

Mono-In 15 

MC14536B 

CMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

PROGRAMMABLE TIMER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

." .. '" 11SUfflX Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C LimIted Operating 

Temperature Range 

13 Decode 
Out 
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ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vm = VOO or a 10 

15 

"1" Level VOH 5.0 
V ,n '"" 0 or Von 10 

15 

Input Voltage# "0" Level VIL 
(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 

"'" Level VIH 
(VO = 0.5 or 4.5 Vdcl 50 
(VO = 1.0 or 9.0 Vdcl 10 
(VO = 1 5 or 13.5 Vdcl 15 

Output Drive Current (AL DevLcel IOH 
(VOH = 2.5 Vdcl Source 5.0 
(VOH = 4.6 Vdcl 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL' 0.4 Vdcl Smk IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

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

(VOL' 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Input Current (AL DeVice) 'in 15 

Input Current (CLlCP DeVice) lin 15 

Input Capacitance C,n -
(V,n' 01 

QUiescent Current (AL DeVice) 100 50 
(Per Package) 10 

15 

QUiescent Current (CLlGP DeVice) 100 50 
(Per Package) 10 

15 

Total Supply Current·· t (T 50 
(DynamiC plus QUiescent, 10 
Per Package) 15 

(CL = 50 pF on all outputs, all 
buffers sWitch 109) 

*Tlow'" -SSoC for AL DeVice, -40oC for CLlCP DeVice. 
Thigh = +12SoC for AL Device, +850 C for CL/CP DeVice . 

.aNOtse Immunity specified for worst-case Input combination 

Tlow 
. 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

1495 -

- 1.5 
- 3.0 
- 40 

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 -
13 -
36 -
- ±O 1 

- ±O3 

-

- 50 
- 10 

20 

- 50 
- 100 
- 200 

NOise Margtn 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' 
'TICL) = IT 150 pF) + 3 x 10-3 ICL -50) VOOf 

2SoC 

Min Typ Max 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5.0 -
9.95 10 -
14~95 15 -

- 225 1.5 
- 4.50 3.0 
- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

110 8.25 -

-1.0 -1.7 -
-0.2 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -

0.51 0.88 -
13 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 ±O 1 

- ±O 00001 ±0.3 

- 50 7.5 

- 0.010 50 
- 0.020 10 
- 0.030 20 

- 0.010 50 
- 0.020 100 
- 0.030 200 

IT = 11.15 /lA/kHz)! + 100 
'T = 12.3 /lA/kHz) f + 100 

IT = 13.55/lA/kHz) f + 100 

where: IT is in IJA (per package), CL in pF. VOO in Vdc. and f 10 kHz is input frequency. 
"The formulas given are for the typical characteristics only at 2SoC. 
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Thi h* 

Min Max Umt 

- 0.05 Vdc 
- 005 
- 0.05 

4.95 - Vdc 
9.95 --
14.95 -

Vdc 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vdc 
7.0 -

11.0 -

mAde 

-0.7 -
-0.14 -
-0.35 -
-1.1 -

0.36 - mAde 
0.9 -
2.4 -

mAde 

-0.6 -

-0.12 -
-0.3 -
-1.0 -

0.36 - mAde 

0.9 -
24 -

- ± 1 a /JAde 

- ± 1 a /JAde 

- - pF 

- 150 }..lAde 

- 300 
- 600 

- 375 /JAde 
- 750 

- 1500 

,uAde 
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SWITCHING CHARACTERISTICS' (CL = 50 pF TA = 250 C) 

Characteristic Symbol VOO Min Typ Max Unit 

Output Rise Time ITLH ns 
tTLH = (3.0 ns/pF) CL + 30 ns 5.0 - 180 360 
tTLH = (1.5 ns/pF) CL + 15 ns 10 - 90 180 
tTLH = (1.1 ns/pF) CL + 10 ns 15 - 65 130 

Output Fall Time tTHL ns 
tTHL = (1.5 ns/pF) CL + 25 ns 5.0 - 100 200 
tTHL = (0.75 ns/pF) CL + 12.5 ns 10 - 50 100 
tTHL = 10.55 ns/pF) CL + 9.5 ns 15 - 40 80 

Propagation Delay Time tpLH, ns 
Clock to aI, 8·Bypass (P in 6) High tPHL 

tpLH, tPHL = 11.7 ns/pF) CL + 1715 ns 5.0 - 1800 3600 
tpLH, tpHL = (0.66ns/pF) CL +617 ns 10 - 650 1300 
tpLH, tpHL = (0.5 ns/pFJ CL + 425 ns 15 - 450 1000 

Clock to aI, 8·Bypass (Pin 6) Low tPLH, I'S 
tpLH, tpHL = 11.7 ns/pF) CL + 3715 ns tpHL 5.0 - 3.8 7.6 
tpLH, tpHL = 10.66 ns/pF) CL + 1467 ns 10 - 1.5 3.0 
tPLH, tpHL = 10.5 ns/pF) CL + 1075 ns 15 - 1.1 2.3 

Clock to 016 tPLH, I'S 

tpHL, tPLH = 11.7 ns/pF) CL + 6915 ns tpHL 5.0 - 7.0 14 
tpHL, tPLH = (0.66 ns/pF) CL + 2967 ns 10 - 3.0 6.0 
tpHL, tpLH = 10.5 ns/pF) CL + 2175 ns 15 - 2.2 4.5 

Reset to On tpHL ns 
tpHL = 11.7 ns/pF) CL + 1415 ns 5.0 - 1500 3000 
tpHL = (0.66 ns/pF) CL + 567 ns 10 - 600 1200 
tpHL = (0.5 ns/pF) CL + 425 ns 15 - 450 900 

Clock Pulse Width twH 5.0 600 300 - ns 
10 200 100 -
15 170 85 -

Clock Pulse Frequency Icl 5.0 - 1.2 0.4 MHz 
(50% Duty Cycle) 10 - 3.0 1.5 

15 - 5.0 2.0 

Clock Rise and Fall Time tTLH, 5.0 -
tTHL 10 No Limit 

15 

Reset Pulse Width tWH 5.0 1000 500 - ns 
10 400 200 -
15 300 150 -. 

The formula given IS for the tYPical characteristics only. 

TRUTH TABLE 

Decode 
Clock 0", Decode D C B A Out 8·BypaS$ 

IN, Set Reset Inh Inh 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 '-.f to 
naxtstate 

0 0 1 1 12 • 
0 1 0 0 13 5 
0 1 0 1 " • X 1 0 0 0 0 1 1 0 1 1 0 15 7 

X 0 1 0 0 0 1 0 0 1 1 1 1. 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 '-.f 
Advance 

1 0 0 0 to 
next state 

1 1 0 0 21 13 
1 1 0 1 22 I. 
1 1 1 0 23 15 

X" Don t Care 1 1 1 1 2' 1. 
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OPERATING CHARACTERISTICS 

Set input initializes output to a "1", This is accom­
plished by setting an output conditioning latch to a1 
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 "0". When the circuit is 
in the Set condition, the counter flip-flop stages will start 
counting on the second negative transition. The resu Iting 
behavior is the same as if each of the 24 flip-flop stages 
were set. 

Reset inputs resets all stages to a logical "0". Reset or 
Set also disables the on-chip RC oscillator to allow very 
low power standby operation. In1 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 I nhibit 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, B, C, and D 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 input is used as the 
timing pin for the on·chip monostable oscillator. If the 
Mono In input is grounded 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 
VDD and a capacitor connected between this pin and 
ground. Any desired pulse width can be achieved depend­
ing upon the value of the Rand 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 "I" 

APPLICATIONS 

FIGURE 1 - TIME INTERVAL CONFIGURATION USING 
EXTERNAL CLOCK; SET AND CLOCK 

INHIBIT FUNCTIONS 

Voo 

'-______ .. vss 
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FIGURE 2 - TIME INTERVAL CONFIGURATION USING 
EXTERNAL CLOCK; RESET ANO OUTPUT 

MONOSTABLE TO ACHIEVE A PULSE OUTPUT 

'---------. Vss 

t --j r­
n 

1 
f""-

-2.3RTCc 
RS" 2 RTe 
f in Hz, R in ohms, 
C in Farads. 
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CD 
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Clock 
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Reset 

Mono-in VDO"" Pin 16 

VSS = Pin 8 
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TYPICAL RC OSCILLATOR CHARACTERISTICS 
(For Circuit Diagram See Figure 3 in Application) 

FIGURE 4 - RC OSCILLATOR STABILITY 

8.0,----,--.,--.,---,---,-----,----, 10 0 

FIGURE 5 - RC OSCILLATOR FREQUENCY AS A 
FUNCTION OF RTC AND C 

VOO' 10 V t=!= I-- r-- V~O·15V 
l 4.0 -.", 

t?=-",,=--. ---J!::-t--- ___ . 
0 

z 
o 

~ 
~ 
~ 
::> 
o 

0'---- >-= I:.:--t---= ....... - ----
~ ----=-...,. 

10V" _ 

0 

0 

Or- fasafunction 
}- ofC 

0f=(RTC 56kn} 
-4.01-_-_-_-_-+_-_-_-+-_-_-_-_+_-_---~--+-t-----./--+;r-.------+----i 

~ -8.0 
5'IV~ 

-12~:::::t::::4=::::f:~~~~~----_b~==~ 

o (RS-120k) 

RTC' 56 kn. {--RS' O. f '10.15 kHz@VOO' 10 V. TA' 250C--
~16 C"'1000pF ---RS=120kn,f=7.8kHz@VOO"10V,TA=250 C 

-55 -25 0 25 50 75 100 125 

*Device Only_ TA. AMBIENT TEMPERATURE (DC)' 

5 

2 

1 0·1.0k 

00001 

MONOSTABLE CHARACTERISTICS 
(For Circuit Diagram See Figure 2 in Application) 

....... f as a function 
of RTC ._ 

(C, 1000 pF) = 
(RS ~ 2RTC) 

10k lOOk 
RTC. RESISTANCE (OHMS) 
0.001 0.01 

C. CAPACITANCE ("F) 

1.0m 

0.1 

FIGURE 6 - TYPICAL Cx versus PULSE WIDTH @VDD = 5.0 V 

100 

FIGURE 7 - TYPICAL Cx versus PULSE WIDTH @VDD= 10 V 

100 

~ 
Formula for calculating tw in 
microseconds is as follows: I--- 'II' 0.00247 RX' CXO.85 ./' r--r-- Where RX IS in kil, eX In pF. 

RX-l00kU .....-
'--50kU 

~'lOkn 
~5kU 

ti 1.0 

TA - 250C 
Voo 5V 

O. 1 
1.0 10 100 1000 

Cx. EXTERNAL CAPACITANCE (pF) 

FIGURE B - TYPICAL Cx versus PULSE WIDTH@VDD= 15 V 

100 

= Formula for calculatmg 1W in 
- microseconds IS as follows: 

== 'II • 0.00247 RX • CXO•85 V 

Where RX is in kn. eX in pF. V 

RX'100kn 
RX'50kn .....-ti 1.0 

RX'10kn 
RX - 5 kn TA - 25 C 

VOO'15V 

1 O. 
1.0 10 100 1000 

CX. EXTERNAL CAPACITANCE (pF) 
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= Formula for calculatmg tw in 
- microseconds is as follows: 

./ - 'II • 0.00247 RX • CXO.85 
- Where RX IS In kH, eX In pF. 

Rx 100 kn 
RX' 50 kn .....-

RX - 10kn 
RX - 5 kn TA - 250 C 

VOO -10V 

1 O. 1.0 10 100 
Cx. EXTERNAL CAPACITANCE (pF) 

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 55 ~ 
IV in or Vout } ..; VOO. 

Unused Inputs must always be tied to an 
appropriate logiC voltage level (e.g., either 
Vssor VOO). 

1000 
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FIGURE 9 - POWER DlSSIPA nON TEST 
CIRCUIT AND WAVEFORM FIGURE 10 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

5a% 
Duty Cycle 

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 "j". 
The counter is now returned to the normal 24-stages in 
series configuration. One more pulse is entered into In1 
which will cause the counterto ripple from an all "1" state 
to an all "0" state. 

FIGURE 11 - FUNCTIONAL TEST CI RCUIT 

Voo 

L-________ ~vss 

FUNCTIONAL TEST SEQUENCE 

1 a 

a 
1 
o 

a 

a 

a 

a 

a 
a 

INPUTS 

Reset 8-Bypass 

0 0 

a 0 

a 0 

OUTPUTS 

Decade Out 
01 thru 024 

a 
a 

a 

COMMENTS 

All 24 stages are in Reset mode. 

Counter IS In three 8-stage sections In parallel mode 

First "1" to "0" transition of clock 

255 "1" to "0" tranSitions are clocked In the counter 

The 255 "'" to "0" tranSition 

Counter converted back to 24 stages In series mode. 

Set and Reset must be connected together and Simultaneously go 

from "'" to "0" 

In1 Switches to a "1". 

Counter Ripples from an all "1" state to an all "0" state. 
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256-BIT STATIC RANDOM ACCESS MEMORY 

The MCMl4537l$ a static random access memory (RAM) organ­
ized in a 256 x l-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 (An), one data 
input (Din), one write enable input (WE), one strobe input (ST), two 
chip enable inputs (CE n), and one data output (Dout). 

Using both chip enable inputs as extensions of the address inputs, 
a 10-bit address scheme may be employed. Four MCMl4537 devices 
may be used to comprise a 1024-bit memory without additional 
address decoding. The CE and ST inputs are dissimilary 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 dc 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 !LA/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 Drivi~ 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 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 mAde 

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

Storage Temperature Range Tstg -65 to +150 °c 
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MCM14537 

CMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

256-BIT (256 x 1) STATIC 
RANDOM ACCESS MEMORY 

,,~ 
1 

CERAMIC PACKAGE 
CASE 690 

ORDERING INFORMATION 

~M"'" r "'". ~-, 
L L Ceramic Package 

A Extended Operating 
Temperature Range 

e Limited Operating 
Temperatur. Range 

2 

3 

4 

6 

8 

PIN ASSIGNMENT 

16 

15 

14 

13 

12 

11 

10 

9 

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 fated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range VSS '" (Vi" or 
Vout)';; VOO· 
Unused inputs must always be tied to an 
appropriate logiC voltage level (e.g., either 
VSSorVOO)· 
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ELECTRICAL CHARACTERISTICS 

Voo 
Characte,istic Symbol Vdc 

Ou tpu t Vol rage "0" Level VOL 5.0 

V,n"VOOorO 10 
15 

"'" Level VOH 5.0 
V ln '" 0 or VOO 10 

15 

Noise Immunity # VNL 
(Wout '; 0.8 Vde) 5.0 
("V out .; 1.0 Vde) 10 
(AV out .; 1.5 Vde) 15 

(,Wout '; 0.8 Vde) VNH 5.0 
( .v out'; 1.0 Vde) 10 
(,W out .; 1.5 Vdc) 15 

Output Drive Current (AL Device) IOH 
(V OH = 2.5 Vde) Source 5.0 
(VOH = 4.6 V'de) 5.0 
(VOH = 9.5 Vde) 10 
(VOH = 13.5 Vde) 15 

(VOL = 0.4 Vde) Sink IOL 5.0 
(VOL = 0.5 VdC) 10 
(VOL = 1.5 Vde) 15 

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

(VOL = 0.4 Vde) Sink IOL 5.0 
(VOL = 0.5 Vde) 10 
(VOL = 1.5 Vde) 15 

Input Cunent CAL Device) lin 15 

Input Current (CLlCP Device) 'in 15 

Input Capacitance Cm -
(Vin = 01 

QUiescent Current (AL DeVice) 100 5.0 
(Per Package) 10 

15 

QUiescent Current (CLlCP DeVice) 100 5.0 
(Per Package) 10 

15 

Total Supply Current" t 'T 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

teL::::: 50 pF on all outpulS, all 
buffers switching) 

Three·State Leakage Current ITL 15 
(AL Device) 

Three-State Leakage Current ITL 15 
(CL/CP Device) 

·Tlow"" -5SoC for AL DeVice, -40oC for CL/CP Device. 
Thigh = +12SoC for AL Device, +8SoC for CL/CP Device . 

.uNoise immunity specified for worst-case input combination. 

Tlow . 
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 -
- ±O1 

- tl.0 

- -

100 
- 200 
.. 400 

- 100 
- 200 

- 400 

- .01 

- .1.0 

Noise Margin lor both "I" and "O"level = 1.0 Vde min@Voo ·5.0 Vde 
2.0 Vde min@ Voo = 10 Vde 

\ 2.5 Vdc min @ Voo = 15 Vdc 
\ fTo calculate total supply current at loads other than 50 pF: 

IT(CL) = IT(50 pF) + 1 x 10-3 (Cl -SO) Vool 

2SoC 

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 -
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 -
- to.OOOOl ±O.l 

- to.OOOOI t1.0 

- 5.0 7.5 

0.5 100 
- 1.0 200 
- 1.5 400 

- 0.5 100 
- 1.0 200 
~ 1.5 400 

IT = 11.46 "A/kHz) I + 100 
IT = (2.91 "AlkHz) I + 100 
IT = (4.37 "A/kHz) I + 100 

- .0.00001 .0.1 

- -0.00001 • 1.0 

. where: IT IS in ",A (per package), CL in pF, VOO in Vdc, and f in kHz is input frequency. 
··The formulas given are for the typical characteristics only-at 2SoC. 
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Thit!L 
Min Max Unit 

- 0.05 Vde 
- 0.05 
- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vde 
1.4 -
2.9 -
4.4 -

1.5 - Vde 
3.0 -
4.5 -

mAde 
-0.7 -

-0.14 -
-0.35 -
-1.1 -

0.36 - mAde 
0.9 -
2.4 -

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAde 
0.9 -
2.4 -
- ± 1.0 J.lAdc 

- .14 "Ade 
- - pF 

1800 "Ade 
- 3600 
- 7200 

- 1800 "Ade 
- 3600 

- 7200 

"Ade 

- ±3.0 "Ade • - '7.5 "Ade 
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SWITCHING CHARACTERISTICS· (CL = 50 pF TA = 250 C) 

Characteristic 
Output Rise Time 

tTLH = (3.0 ns/pF) CL + 30 ns 
tTLH = (1.5 ns/pF) CL + 15 ns 
tTLH = (1.1 ns/pF) CL + 10 ns 

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

Read Acce .. Time from ST or CE2 
tace = (1.4 ns/pF) CL + 2480 ns 
tacc = (0.7 ns/pF) CL + 690 ns 
tacc = (0.6 ns/pF) CL + 393 ns 

Output Enable Delay from CEI or CE2 

Setup Time from An to ST or CE2 

Hold Time from An to ST or CE2 

Data Hold Time 

Data Setup Time 

Write Enable Hold Time 

Write Enable Setup Time 

Write Enable to Dout Disable** 

Strobe or CE2 Pulse Width When Reading 

Strobe, CEI or CE2 Pulse Width When Writing 

Write Recovery Time 
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 

eE1 or CE2 to Daut Disable Dalay·· 

Read Setup Time 

Read Hold Time 

Read Cycle Time 

Write Cycle Time 

The formula given is for the typical characteristics only. 
**10% output change into a 1.0 kn load. 

Figu ..... 

3 

3 

4,5 

5,6 

4,5,6,7 

4,5,6,7 

7 

7 

7 

7 

4 

4,5,6 

7 

4 

6 

4,5 

4,5 

4,5 

7 
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Symbol 

tTLH 

tTHL 

tacc(R) 

t.cc(CEn) 

tsu(A) 

th(AI 

th(O) 

tsu(D) 

th(WEI 

tsu(WE) 

tWE 

twL(RI 

twL(W) 

tR(W) 

tCEn 

tsu(R) 

th(R) 

<Cyc(R) 

tcyc(W) 

VDD Min Typ Max Unit 

ns 
5.0 - 180 360 
10 - 90 180 
15 - 65 130 

ns 
6.0 - 100 200 
10 - 50 100 
15 - 40 80 

ns 
5.0 400 2600 6000 
10 150 700 2000 
15 115 400 1500 

5.0 70 300 900 ns 
10 25 100 300 
15 20 70 225 

5.0 1800 600 - ns 
10 600 200 -
15 450 140 -
5.0 600 200 - ns 
10 240 80 -
15 180 55 -
5.0 1400 480 - ns 
10 500 160 -
15 375 110 -
5.0 3600 1200 - ns 
10 1800 600 -
15 1350 420 -
5.0 150 50 ns 
10 60 20 -
15 45 15 -
5.0 720 240 - ns 
10 240 80 -
15 180 55 -
5.0 720 240 - ns 
10 240 80 -
15 180 55 -

5.0 1350 450 - ns 
10 450 150 -
15 340 100 -
5.0 2400 1200 - ns 
10 1260 600 -
15 945 420 -

ns 
5.0 70 240 720 
10 25 80 240 
15 20 55 180 

5.0 70 300 900 ns 
10 25 100 300 
15 20 70 225 

5.0 0 -100 - ns 
10 0 -40 -
15 0 -30 -
5.0 540 180 - ns 
10 240 60 -
15 180 '45 -

5.0 - 2600 6000 ns 
10 - 700 2100 
15 - 500 1575 

5.0 1400 4800 ns 
10 - 700 2100 
15 - 500 1575 
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FIGURE 1 - TYPICAL OUTPUT SOURCE AND SINK CURRENT CHARACTERISTICS TEST CIRCUIT 

I( Pulse Generator 
(Single Pulse) 

v DO 01 

SWI 

v SS 02 

f1 

f2 

~Voo 

AD 

AI 

A2 

A3 

A4 Output Source Output Sink 
A5 Input Characteristics Characteristics 

A6 Dout 

$ A7 

ST 

WE 

eEl 

I 
External 

I eE2 Power 

Din 
Supply 

WE Pulse Once Pulse Once 

Din SWl in Position 1 SWl in Position 2 

Vas -VOD Voo 

Vos Vout-VOD Vout 

9 Vss 

....L. 

FIGURE 2 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 

5DD~F 

AD 

AI 

A2 

A3 

A4 

A5 

A6 
A7 

ST 

WE 

eEl 

CE2 

Din 

Pulse 
Generator 

1 

P.G.2 

P.G.3 

P.G.4 

P.G.5 

P.G. S 

0.01,uF I ceramtc 

-=- Pulse (~ 
Generator 

1 

Pulse 
Generator 

2 

\'-----

Dout 

f---_-o_ .... _Oou,pu, (Oou,) ------"""\\\. ______ -JI 

VSS 

FIGURE 3 - AC TEST CIRCUIT 

9 Voo 

AO 

AI 

A2 

A3 

A4 

A5 

AS °out 

t"' 
A7 

ST 

WE 
eEl 

CE2 

Din 

i VSS 
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FIGURE 4 - READ CYCLE WAVEFORMS UTILIZING STROBE·TO·ACCESS MEMORY 

Address 
Inputs 
(Ani :::::::::r::~--------------------'S-U-(A--I----------------_~rO-%~'-h--(-A~I~~~~~~~~~~~~::: 

Write Enable 
(WEI 

Data Output 
(Oout) 

~------------------,-------------Vee 

50% 
'--------- VSS 

~-------'WL( RI ------I 

~-------------Vee 

'------J'-----------------VSS 

-.l<:-9-0-%------- VOH 50% 10% 
""--------- Vo L 

NOTES. 1 High impedance output state occurs when WE is maintained as a logical 
"0" (low level). 

2 The output momentarify 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 eEl and CE2 are maintained at a logical "0" 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 
(Ani ~~------t-SU-(A-I--------------'h-(A-'~'-%----------

Vee 

VSS 

Chip Enable 2 

(CEil 

Write Enable 

(WEI 

Data Output 
(Oout) 

1------- 'WL(R11 

@ 50% Q'h(RI 

-----

NOTES: 1 High Impedance output state occurs when eE1 or CE2 is maintained 
in the logical "'" state (high level). 

2 The output momentarily displays data from the previous stC\lts. 

3 For read operation, WE may be maintained at a logical "1" (high level) 
during the complete cycle. 

4 All input I iss and fall times are 20 ns. 

5 tWL(R11 ~tacc (Rl max 
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Vee 
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Address 
Inputs 
IAnl 

CE2 

Address 
Inputs 
IAn) 

FIGURE 6 - READ CYCLE WAVEFORMS UTILIZING CEl AND CE2 TO ACCESS MEMORY 

~ 'WLIR21 

,",,,;::r 
® 

tdelaylCE2) I 

NOTES: 1 High impedance output state occurs when eEl or CE2 is maintained 
in the logical "'" state (high level). 

WE is maintained at the logical "'" state for this example. 

3 All input rise and fall times are 20 ns 

4 tdelay{CE2) minimum aS$uares that only data presently addressed 
will appear at the output. 

tdelay(CE2) min. = taceR max. - t aCc (CE1) min. 

5 tWL(A2) ~tdelav (ce:i) min + tace (CEn ) max 

FIGURE 7 - WRITE CYCLE WAVEFORMS 

Vee 

VSS 

Vee 

Vss 

--Vee 

- /'I'\~--------------- Vss ~~ _______________________________________ ~rO-%---------------- Vee 

'." IA) ~I ::=-=-=-=-=-=--'-W-L-IW-) ~~~~_'_c--<y .... Cli.~.)~===--'-h-(A-I-_---I----I .... I 
Strobe or '" 1- Vr--------~'\.L'-;------ Vee 

CEl or CE2 (j) "' "\. 
1ST, CE1, CEil '-______________ ....,/ ...... _______ VSS 

Write Enable 
(WE) 

Data Input 

(Din) 

NOTES: 

,I-- - - r:;:'"'''' 
Ii) " ',"(WE) - ,/sO% ~ Vee 

VSS 

--:- ~-% -Q)--VeH 

~-----------------------VeL 

The Strobe, CE 1 and eE2 may be utilized to control a write cycle, 
however. during changes of address either Strobe or m must 
be in the logical "'" state (high level). 

2 Data input logic level is don't care during the indicated intervals. 
3 Data input logic 'evel must remain fixed. 

4 Write Enable may be maintained as a logica' "0" during the write cvcle. 
5 All input rite and fall times ara 20 ns. 
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LOGIC/BLOCK DIAGRAM ,-------
Din 0---::-.----------_______ ---, 

I 
CET o----+---<:1,L...._---'""-, 

WE 0--+-+--+-1 ;»L==::::f" " ~'i 

ST o---t----<ll_ 

A70---:--------_4 

A60---,-----~ 

A5o---f------1 
A40---~-----_4 

A3 0---,-------_4 

A20--~-:----~ 

A10--~-----~ 

AOo---;-----~ 

I L ______ _ 

FUNCTION CE1 CE2 

Address changing 
X X 

valid 
X 

Address changing 
not valid 

X 0 

D out disabled in X 

high resistance state 
X 

X X 

0aut enabled in 0 0 active state 

0 0 

Aead addressed 
memory location 

0 into output latch. 

Disable reading X 
frOm memory X X 

Write into memory 0 0 

Write disabled 1 X 
X 1 
X X 
X X 

16)( 16 x 1 
Memory 

Array 

ST WE 

X 

X X 

0 X 

X X 

X X 

X 0 

X 

0 

0 

X X 

X 

0 0 

X X 
X X 
1 X 
X 1 

Din 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

A 

X 
X 
X 
X 

A "" High resistance state at oout. 

Dout 

RIA 

R 

RIA 

R 

R 

R 

A 

A 

R 

R 
RIA 

R 

R 
R 

RIA 
RIA 

A'" An active level of either VSS or Voo 

3~St8te Enable 

(High Resistance State) 

Set 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Output 
Latch 

Q )---'---0 Dout 
I 
I 
I 
I 
I 
I 
I 

Aeset 

_ __ J 

COMMENTS 

D....QJJ.l: witl be acti~e_if eEl and 
CE2 =< "0" and WE = ",", 

CE2 = ",", fully disables internal 
logic and output. 

Changing address in this mode 
may result In altered data. 

CE 1 :: "'" disables write cycle 
and D out ' 

The chip is fully disabled. 

WE =- "0" enables writing into 
memory if CE 1, CE2, and 

ST= "0". 

If ST = ",", the output stores 
and reads the previous data 
from or written into memory. 

The output reads the present 
contents that are addressed. 

The addressed location is read 
into output latch with output in 
the "R u state. 

Address changing can take 
place in this conditiOn. 

Din is written into memory 
and into the output latch 

WE = "1" is a read enable. 
WE. = "0" is a write enable. 

RIA'" An A or A condition depending on the don't care condition 
X = Don't care condition (must be in thu "1" or "0" state) 
1"" A high level at Voo 
0"" A low leval at VSS 
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10-Sit 
Address 

TYPICAL APPLICATION FOR SERIAL WORDS UTILIZING BUS TECHNIQUES 

I 
Add.... I 
Register 

I ~C':,"4537 I eEl 0 
j~CM~'l537 I 
1 eEl 0 

L-~--~ 
I @ 1 

I '0' n I Decoder 

Tword == tacc(ST)+ (n-1) t acc(Ce1l 
T word(typ) = 3.8 J,LS for a 32.-bit senal word at VOO = 10 V 11--1 

~ 

V 

T I I I T I I I T I I I II1I 
1~?;II~TeII~~II~7E1 

10-Bit 
Addres 

I I T 
Typical 1024 x 1 RAM Utilizing Four MCM14537's. 

.{==- ,Till III r T I II II1I I A'n ~ I I An I I' An : II' "'An 

CE2 CE2 0 CE2 ffi 

~ 
I I I I 1 1 

l 1 of 4 I I I Decoder 

Typical Low Power 1024 x 1 RAM Utilizing Four MCM14537's. 
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® MOTOROLA 

DUAL PRECISION RETRIGGERABLE/RESETTABLE 
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. 

• ±1.0% Typical Pulsewidth Variation from Part to Part 

• ±0.5% Typical Pulsewidth Variation over Temperature Range 

• New Formula: T = RC (T in seconds, R in ohms, C in farads) 

• Pulse Width Range = 10 I1S to 00 

• Symmetrical Output Sink and Source Capability 

• Latched Trigger Inputs 

• Separate Latched Reset Inputs 

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

• 3.0 Vdc to 18 Vdc Operational Limits 

• Triggerable from Positive or Negative·Going Edge 

• 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 Compatible with MC14528B and CD4528B (CD4098) 

• For Pulse Widths Less Than 10 Ils the MC145288 is Recommended 

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 mAde 

Operating Temperature Range - AL Device TA -55 to +125 OC 
CLlCP 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 vohage higher than maximum rated voltages 
to this hi\tl-impedance circuit. For proper operation it is recommended that Vi" 
and Vout be constrained to the range VSS ~ (Vi" or V out) ~ VOO. 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either 
VSS or VDD). 
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CMOS MS. 
(LOW.pOWER COMPLEMENTARY MOS) 

DUAL PRECISION 
RETRIGGERABLE/RESETTABLE 
MONOSTABLE MULTIVIBRATOR 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

DRDERING INFORMATION ."""'1 tSUffiX Denotes 
L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Range 
C limited operating 

Temperature Range 

BLOCK DIAGRAM 

4 

5 

3 
Cx RX 

VOO 

10 

t2 

11 

CO Q2 9 

130--------' 

RX and Cx are external components. 

VDD = Pin 16 
VSS = Pin 8, Pin 1, Pin 15 



MC14538B 

ELECTRICAL CHARACTERISTICS 

VDD Tlow· 250C Thi h* 
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit 

Output Voltage "0" Level VOL 5.0 - 0.05 - 0 0.05 - 0.05 Vdc 
Yin = VDDorO 10 - 0.05 - 0 0.05 - 0.05 

15 - 0.05 - 0 0.05 - 0.05 

"I" Level VOH 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc 
Yin = Oor VDD 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -
Input Voltage# "0" Level V,L Vdc 

(Va = 4.5 or 0.5 Vde) 5.0 - 1.5 - 2.25 1.5 - 1.5 
(Va = 9.0 or 1.0 Vde) 10 - 3.0 - 4.50 3.0 - 3.0 
(VO= 13.50rl.5Vde) 15 - 4.0 - 6.75 4.0 - 4.0 

"1" Level V,H Vde 
(Va = 0.5 or 4.5 Vde) 5.0 3.5 - 3.5 2.75 - 3.5 -
(Va = 1.0 or 9.0 Vde) 10 7.0 - 7.0 5.50 - 7.0 -
(Va = 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) IOH mAde 
(VOH = 2.5 Vde) Source 5.0 -3.0 - -2.4 -4.2 - -1.7 -
(VOH = 4.6 Vdc) 5.0 -0.64 - -0.51 -0.88 - -0.36 -
(VOH = 9.5 Vdc) 10 -1.6 - -1.3 -2.25 - -0.9 -
(YaH = 13.5 Vdc) 15 -4.2 - -3.4 -B.8 - -2.4 -
(VOL = 0.4 Vdc) Sink IOL 5.0 0.64 - 0.51 0.88 - 0.36 - mAde 
(VOL = 0.5 Vde) 10 1.6 - 1.3 2.25 - 0.9 -
(VOL = 1.5 Vde) 15 4.2 - 3.4 8.8 - 2.4 -

Output Drive Current (CL/CP Device) IOH mAde 
(YaH = 2.5 Vdc) Source 5.0 -2.5 - -2.1 -4.2 - -1.7 -
(VOH = 4.6 Vde) 5.0 -0.52 - -0.44 -0.88 - -0.36 -
(YaH = 9.5 Vde) 10 -1.3 - -1.1 -2.25 - -0.9 -
(YaH = 13.5 Vdc) 15 -3.6 - -3.0 -B.8 - -2.4 -
(VOL = 0.4 Vde) Sink IOL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc 
(VOL = 0.5 Vde) 10 1.3 - 1.1 2.25 - 0.9 -
(VOL = 1.5 Vde) 15 3.6 - 3.0 8.8 - 2.4 -

'nput Current, Pin 2 or 14 lin 15 - '0.02 - ±0.00001 •. 05 - to.5 /lAde 

Input Current, Other Inputs (AL Device) lin 15 - ±O.1 - '0.00001 ±O.1 - '1.0 /lAdc 

Input Current, Other Inputs (CL/CP Device) lin 15 - '0.3 - ±0.00001 .0.3 - tl.0 /lAdc 

Input capacitance, Pin 2 or 14 Cin - - - 25 - - pF 

Input Capacitance, Other Inputs Cin - - - - 5.0 7.5 - - pF 
(Vin=O) 

Quiescent Current (AL Device) 100 5.0 5.0 0.005. 5.0 150 /lAde 
(Per Peckage) 10 - 10 - 0.010 10 - 300 

15 - 20 - 0.015 20 - 600 

Oui""'ent Current (CL/CP Device) 100 5.0 - 20 - 0.005 20 - 150 /lAde 
(Per Package) 10 - 40 - 0.010 40 - 300 

15 - 80 - 0.D15 80 - 600 

Quiescent Current, Active State 100 5.0 - - - 35 - - - /lAde 
(01 = LogiC 1) 10 - - - 80 - - -
(02 = Logic 0) 15 - - - 125 - - -

**Total Supply Current at an external load IT 
capecltance (Cl) and at external' 5.0 'T = (3.5 x 10-2) RxCxf + 4CXf + 1 x 10-5 CLf 
timing network (RX, Cx) 10.0 'T = (8 x 10-2) RxCxf + gexf + 2 x 10-5 Clf 

15.0 'T = (1.25 x 10-1) RXCxf + 12Cxf + 3 x 10-5 CLf 
where: IT in JJ.A (one monostable switching onlv), 

*T,ow = _55°C for AL Device, -400 C for CLlCP Device. 
Thigh = +1250 C for AL Device,,+850C for CLlCP Device. 

#Noise immunity specified for worst-case input combination. 
Noi •• Margin both "I" and "0" 'eve' = 1.0 Vdc min @ VDD = 5.0 Vdc 

2.0 Vdc min@VDD= 10 Vdc 
2.5 Vde min @ VDD = 15 Vdc 

**The formulas given are for the typical characteristics only at 2SoC. 
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Cx in /IF, CL in pF, RX in k ohms, and 
f in Hz is the input frequency. 
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SWITCHING CHARACTERISTICS ICL = 50 pF. T A = 250 C) 

All Types 
VDD 

Characteristic Symbol Vdc Min Typ Max Unit 

Output Rise Time tTLH ns 
tTLH = 11.35 ns/pF) CL + 33 ns 5.0 - 100 200 
tTLH = 10.60 ns/pF) CL + 20 ns 10 - 50 100 
tTLH = 10.40 ns/pF) CL + 20 ns 15 - 40 80 

Output Fall Time tTHL ns 
tTHL = 11.35 ns/pF) CL + 33 ns 5.0 - 100 200 
tTHL = 10.60 ns/pF) CL + 20 ns 10 - 50 100 
tTHL = 10.40 ns/pF) CL + 20 ns 15 - 40 80 

Propagation Delay Time tPLH. ns 
AorBtoQorQ tpHL 

tpLH. tpHL = 10.90 ns/pF) CL + 255 ns 5.0 - 300 600 
tpLH. tpHL = 10.36 ns/pF) CL + 132 ns 10 - 150 300 
tpLH. tpHL = 10.26 ns/pF) CL + 97 ns 15 - 100 220 

CDtoQorQ ns 
tpLH. tpHL = 10.90 ns/pF) CL + 205 n. 5.0 - 250 500 
tpLH. tpHL = 10.36 ns/pF) CL + 107 n. 10 - 125 250 
tpLH. tPHL = 10.26 ns/pF) CL + 82 ns 15 - 95 190 

Minimum Input Pulse Width tWH. 5.0 - 35 70 ns 
A.BorCD tWL 10 - 30 60 

15 - 25 50 

Minimum Retrigger Time trr 5.0 0 - - ns 
10 0 - -
15 0 - -

Output Pulse Width - Q or a. T ~s 

Refer to Figure 9 for other values of RX and eX' 

Cx = 0.002~F. RX = 100 k!l 5.0 210 222 234 
,10 212 224 236 
15 214 226 238 

Cx = 0.1 ~F. RX = 100 k!l 5.0 9.3 9.86 10.4 m. 
10 9.5 10 10.5 
15 9.6 10.14 10.7 

Cx = 10/lF. RX = 100 k!l 5.0 0.915 0.965 1.015 • 
10 0.93 0.98 1.03 
15 0.94 0.99 1.04 

Pulse Width Match between circuits in 1001T, - T2) 5.0 - ±1 - % 

the same package. T, 10 - ±1 -
Cx = 0.1 ~F. RX = 100 k!l 15 - ±1 -

OPERATING CONDITIONS 

External Timing Resistance 

External Timing Capacitance 

*The maximum usable resistance AX is a function of the leakage of the capacitor CX,leakage of the MC14538B, and leakage due to 
board layout and surface resistance. 

VOD 9 FIGURE 1 - LOGIC DIAGRAM 
11/2 of Device Shownl 

R 01-----06 (101 
Output 

1;!-;:;-----1====t-----+-~~dd==;_-J Latch II S 51-----07 (91 

Reset Latch 
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A 

500 pF 

Voo FIGURE 2 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 

RX RX' 

Q f-o------, 

o f-o--__ ----.CL ::r:: 

Q' f--.<:>----,C L::r:: -= 
CL::r:: -= 

CL~ -= 

20 ns 20 ns 

Voo 

OV 

Duty Cycle == 50% 

Vss 
'----------e 

Voo 

RX RX 

T1 T2 T2' T1' 

A 

S 0 

Co 0 

A' 0' 

S' 0' 

Co 

VSS 

FIGURE 3 - SWITCHING TEST CIRCUIT 

INPUT CONNECTIONS 

CHARACTERISTICS CD A B 

·CL=50pF tpLH, tPHL. 'TLH. 'THL, 
VOO PG1 VOO 

T. tWH. twL 

tpLH. tPHL. 'TLH. tTHL, 
VOO VSS PG2 

T. tWH. twL 

tPLH{R). tpHL{R). PG3 PG1 PG2 

tWH.tWL 

CL~ 

CL~ -I "eludes capacitance of probes, 
wiring, and fixture parasitic. 

PG1~~ 

CL~ 

CL~ 
NOTE: Switching test waveforms 
for PG1. PG2. PG3 are shown 
In Figure 4. 

FIGURE 4 - SWITCHING TEST WAVEFORMS 

PG3~ Ls-

B-~~----_. 

co-----r-------------r---------------,~~ 

50% 
o 

50% 
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"' u 

i _ 1.0 
o 
~ 

~ 0.8 

ffi 
~ o. 

"' o. > 

6 

4 

~ 
~ O. 2 

0 

100 0 

10 0 

0 

1. 0 

1 

FIGURE 6 - TYPICAL NORMALIZED DISTRIBUTION 
OF UNITS FOR OUTPUT PULSE WIDTH 

TA' 250 C I I 
t-- RX • 100 kQ l1li POINT PULSE WIOTH_ 
t-- CX' O.I.F 

t--

~gg: ~OV\/;.9i~m~s -
VOO • 15 V, T· 10.2 ms -

I 
I \ 
I \ 
I 
I 

II 

1\ 
/ "' -4 -2 4 
T, OUTPUT PULSE WIOTH 1%) 

FIGURE 7 - TYPICAL TOTAL SUPPLY CURRENT 
vorsus OUTPUT DUTY CYCLE 

RX'100~gCL'50pF 
ONE MONOSTABLE SWITCHING ONLY 

~~~)! 15 J / 
IO'V' v< 5V 

./ 
V 

/ 

O. 
0.001 0.1 1.0 10 100 

OUTPUT OUTY CYCLE 1%) 

7-502 

FIGURE 6 - TYPICAL PULSE WIDTH VARIATION AS 
A FUNCTION OF SUPPL Y VOL TAGE VDD 

RX'100k!! 
CX' O.I.F 

-
I--r--

I--
1_ -

---

10 11 11 13 14 15 

Vo~. SUPPLY VOLTAGE IVolisl 

FIGURE 7 - TYPICAL PULSE WIDTH ERROR 
versus TEMPERATURE 

r-- RX 1'100 kll 
t-CX·O.l.F 

1 

0 

1 

2 

-60 

0 

0 

VOO' 15 V 

)00 'IJV-t--

-I-- VOO' 5 V 

..--
-40 -20 20 40 60 80 100 120 140 

TA, AMBIENT TEMPERATURE IOC) 

FIGURE 9- TYPICAL PULSE WIDTH ERROR 
versus TEMPERATURE 

RX '100 k!l 
CX' .002.F 

k-:: 
~ ~ ~ I-' 

o I--VOO '1:!-- b---:: r-
o<!!". I--"""" ....... V 

"""V f-'" 
0 ~ 

VOO'I~ l--' ....-I-""'" 0 r-VOO' 5.0 V ......... o __ !--

0 

-60 -40 -20 20 40 60 80 100 120 140 
TA, AMBIENT TEMPERATURE IOC) 
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THEORY OF OPERATION 

FIGURE 10 - Timing Operation 

o ® @ 
A __ ~rl~ ______________ ~~~ __ ~rl~ __ __ 
B 

® 
Co u 

Vref 1 

Q LJ Lfl'---__ _ 
j4-T--i 

G) Positive edge trigger 

@ Negative edge trlggar 

® Positive edge trigger 

@ Positive edge re-trigger (pulse lengthening) 

® Reset (pulse shortening) 

TRIGGER OPERATION 
The block diagram of the MC14538B is shown in 

Figure I, with circuit operation following. 
As shown in Figures 1 and 10, before an input trigger 

occurs, the monostable is in the quiescent state with the 
o output low, and the timing capacitor Cx completely 
charged to VOO. When the trigger input A goes from 
VSS to VOO (while inputs B and Co are held to VOO) a 
valid trigger is recognized, which turns on comparator 
CI and N·Channel transistor N 1 <D. At the same time the 
output latch is set. With transistor Nl on, the capacitor 
Cx rapidly discharges toward VSS until V ref 1 is reached. 
At this point the output of comparator CI changes state 
and transistor NI turns off. Comparator CI then turns off 
while at the same time comparator C2 turns on. With 
transistor Nl off, the capacitor Cx begins to charge 
through the timing resistor, Rx, toward VOO. When the 
voltage across Cx equals V ref 2, comparator C2 changes 
state, causing the output latch to reset (0 goes low) while 
at the same time disabling comparator C2 <2>. This ends 
the timing cycle with the monostable in the quiescent 
state, waiting for the next trigger. 

It should be noted that in the quiescent state ex is 
fully charged to VOO causing the current through resistor 
Rx to be zero. Both comparators are "off" with the total 
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device current due only to reverse junction leakages. An 
added feature of the MC145388 is that the output latch is 
set via the input trigger without regard to the capacitor 
voltage. Thus, propagation delay from trigger to 0 is 
independent of the value of Cx, Rx, or the duty cycle of 
the input waveform. 

RETRIGGER OPERATION 
The MC14538B is retriggered if a valid trigger occurs 

@followed by another valid trigger@before the 0 output 
has returned to the quiescent (zero) state. Any retrigger, 
after the timing node voltage at pin 2 or 14 has begun to 
rise from Vref I, but has not yet reached Vref 2, will 
cause an increase in output pulse width T. When a valid 
retrigger is initiated @, the voltage at T2 will again drop 
to Vref 1 before progressing along the RC charging curve 
toward VOO. The 0 output will remain high until time T, 
after the last valid retrigger. 

RESET OPERATION 
The MC14538B may be reset during the generation of 

the output pulse. In the reset mode of operation, an input 
pulse on Co sets the reset latch and causes the capacitor 
to be fast charged to VOO by turning on transistor PI (5). 
When the voltage on the capacitor reaches V ref 2, the 

• 
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reset latch will clear, and will then be ready to accept 
another pulse. If the CD input is held low, any trigger 
inputs that occur will be inhibited and the Q and Q out· 
puts of the output latch will not change. Since the Q 

output is reset when an input low level is detected on the 
CD input, the output pulse T can be made significantly 
shorter than the minimum pulse width specification. 

POWER-DOWN CONSIDERATIONS 
Large capacitance values can cause problems due to the 

large amount of energy stored. When a system containing 
the MC14538B (or MC14528B) is powered down, the 
capacitor voltage may discharge from VDD through the 
standard protection diodes at pin 2 or 14. Current through 
the protection diodes should be limited to 10 mA and 
therefore the discharge time of the VDD supply must not 
be faster than (VDD)-(C)/(10 mA). For example, if VDD 
= 10 V and Cx = 10 !-IF, the VDD supply should discharge 
no faster than (10 V) x (10 !-IF)/(10 mAl = 10 ms. This 
is normally not a problem since power supplies are heavily 

filtered and cannot discharge at this rate. 
When a more rapid decrease of V DD to zero volts 

occurs, the MC14538B can sustain damage. To avoid 
this possibility, a protection resistor, R p, can be placed 
between the capacitor Cx and pin 2 (or 14) of the device 
to limit the discharge current from the capacitor to the 
VDD supply. Internally, the protection diode is equivalent 
to a diode and resistor connected in series between 
pin T2 and VDD. The diode has a forward drop of 0.625 
V and the resistance is about 250 n. 

To limit the discharge current to 10 mA under con­
ditions of instantaneous change of pin 16 from VDD to 
VSS. Rp is calculated from the equation: 

R = (VDD -0.625V) -250 n 
p (0.010 Amp) 

The pulse width formula now changes from T = RxCx 
to T = (Rx + Rp) Cx. Figure 11 demonstrates the proper 
connection of the protection resistor. 

FIGURE 11 - Use of a Resistor to Limit 
Power Down Current Surge 

Vee 
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TYPICAL APPLICATIONS 

FIGURE 12 - Retriggerable Monostables Circuitry FIGURE 13 - Non-retriggerable Monostables Circuitry 

Voo VOO 

Cx AX Cx 
'"""'I 

VOO 

Failing Edge 
Trigger 

VOO 
VOO 

FIGURE 14 - Reduction of Power-Up Output Pulse Width FIGURE 15 - Connection of Unused Sections 

..... ~M .. -VOO 
NC • NC 

NC 

VOO 
VOO 
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® MOTOROLA 

DUAL 4-CHANNEL DATA SELECTOR/MUL TlPLEXER 

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 multiplexing 
functions. It permits multiplexing from N·lines to 1·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 VDD 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 -05to+18 

Input Voltage, All Inputs V," -05 to VDD + 0.5 

DC Current Dram per Pm I 10 

Operating Temperature Range -- A L DeVice TA -55 to +125 
CLlCP DeVice -40 to +85 

Stordge Temperature Range T 5tg -65 to +150 

TRUTH TABLE 

ADDRESS DATA INPUTS 
INPUTS X3 X2 Xl XO OUTPUTS 
B A Y3 Y2 Yl 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 
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 

7-506 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

MC14539B 

CMOS MS. 
(LOW·POWER COMPLEMENTARY MOS) 

DUAL 4·CHANNEL 
DATA SELECTOR/MUL TlPLEXER 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

"CO .. ,,' 1 ~SUff>X Denote, 

L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Range 

C Limited Operating 
Temperature Range 

BLOCK DIAGRAM 

14 A 

B Z 

ST 

6 XO 

Xl 

4 X2 

3 X3 

A 

B W 9 

15 ST' 

10 VO 

11 VI 

12 V2 

13 Y3 

VOO '" Pin 16 
VSS = Pin 8 
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ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
V ,n VOO or 0 10 

15 

"'" Level VOH 5.0 
V ,n o or VOO 10 

15 

Input Voltagef,! "0" Level VIL 
(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 

"'" Level VIH 
(VO 0 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 Dnve Current (AL DeVice) IOH 
(VOH ~ 2.5 Vdcl Source 5.0 
(VOH " 4.6 Vdcl 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Output Drive Current (CLlCP DeVice) IOH 
(VOH = 2.5 Vdcl Source 5.0 
(VOH = 4.6 Vdcl 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Smk IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL" 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP DeVice) I,n 15 

Input Capacitance Cin -
(V,n - 01 

QUiescent Current (AL DeVice) 100 50 
(Per Pdckage) 10 

15 

QUiescent Current (CLlCP DeVIce) '00 50 
(Per Package) 10 

15 

Total Supply Current··t IT 50 
(DynamiC plus QUiescent, 10 
Per Package) 15 
(el - 50 pF on all outputs, all 
buffers sWitching) 

0 0 Tl ow -55 C for Al DeVice, -40 C for Cl/CP DeVice. 
Thigh =- +1250 C for AL DeVice, +850 C for CLlCP DeVice . 

.;;:Nolse Immunrty specified for worst-case input combmatlon 

Tlow * 
Min Ma. 

- 0.05 
.. 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

110 -

-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 -
- ±Ol 

- ±O3 

-

- 50 
- 10 

20 

- 20 
- 40 
- 80 

NOise Margin for both "1" and "0" level = 1.0 Vdc min @ VDD =- 5.0 Vdc 

2.0 Vdc min@ VOO c 10 Vdc 
2.5 Vdc min@VOO "15 Vdc 

tTo calculate total supply current at loads other than 50 pF 
'T(CLI 0 'T(50 pFI + 2 x 10-3 ICL -501 VOO' 

25°C 

Min TVp Ma. 

- 0 0.05 
- 0 0.05 
.- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 15 

- 4.50 3.0 
- 6.75 4.0 

3.5 2.75 -
7.0 5.50 -

110 8.25 -

-1.0 -1.7 -
-02 -0.36 -
-0.5 -0.9 -
-1.5 -3.5 -

0.51 0.88 -
1.3 2.25 -
34 8.8 -

·0.8 -1.7 -
-0.16 -0.36 -
-0.4 -09 -
-1.2 -3.5 -

0.44 088 -
1.1 2.25 -
3.0 8.8 -

- ±O 00001 ±O 1 

- ±O 00001 ± 03 

- 50 7.5 

- 0.005 50 
- 0.010 10 
- 0.Q15 20 

- 0.005 20 
- 0.010 40 
- 0.Q15 80 

IT = (0.85 /lA/kHz I , + 'DO 
IT = (1.7 ~A/kHzl f + 100 
IT = (2.6 /lA/kHzl f + 100 

where IT IS In JJ.A (per package), CL In pF, VOD in Vdc, and f In kHz 15 Input frequency . 
.. "The formulas gIVen are for the typical characteristics only at 25°C. 

Thi h* 

Min Ma. 

- 0.05 
- 005 
- 0.05 

495 -
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 -
24 -

± 1.0 

- ± 1.0 

- -

- 150 
- 300 
_. 

600 
- 150 
- 300 
- 600 

~hjs de\l'lce 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
~Vance circuit. For proper operation it is recommended that Vin and V out be constrained to the range VSS "'" (Vin or Vout) 

DO· 
Unused Inputs must alwavs be tied to an appropriate logic voltage level (e.g., either VSS or VOOL 

7-507 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

mAde 

mAde 

mAde 

JJAdc 

/JAde 

pF 

IJAdc 

JJAdc 

,uAdc 
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SWITCHING CHARACTERISTICS' (CL = 50 pF. TA = 25°C) 

Characteristic Symbol VDD Min 

Output Rise Time tTLH 
tTLH = (3.0 ns/pF) CL + 30 ns 5.0 -
tTLH = (1.5 ns/pF) CL + 15 ns 10 -
tTLH = (1.1 ns/pF) CL + 10 ns 15 -

Output Fall Time tTHL 
tTHL = (1.5 ns/pF) CL + 25 ns 5.0 -
tTHL = (0.75 ns/pF) CL + 12.5 ns 10 -
tTHL = (0.55 ns/pF) CL + 9.5 ns 15 -

Propagation Delay Time tPLH. 
X, Y Input to Output tPHL 
'PLH. 'PHL = (1.7 ns/pF) CL + 125 ns 5.0 -
tPLH. tPHL = (0.66 ns/pF) CL + 57 ns 10 -
tPLH. tpHL = (0.55 ns/pF) CL + 45 ns 15 -

A Input to Output tpLH 
tPLH = (1.7 ns/pF) CL + 140 ns 5.0 -
tPl-H = (0.66 ns/pF) CL + 77 ns 10 -
tPLH = 10.5 ns/pF) CL + 60 ns 15 -
tpHL = (1.7 ns/pF) CL + 160 ns tPHL 5.0 -
tpHL = (0.66 ns/pF) CL + 82 ns 10 -
tPHL = (0.5 ns/pF) CL + 65 ns 15 -

Strobe Input to Output tPLH. 
tPLH. tpHL = (1.7 ns/pF) CL + 60 ns tPHL 5.0 -
tPLH. tpHL = (0.66 ns/pF) CL + 42 ns 10 -
tpLH tpHL = (0.5 ns/pF) CL + 35 ns 15 -. 

The formula given IS for the tYPical characteristics only. 

FIGURE 1 - AC TEST CIRCUIT AND WAVEFORMS 

Voo 

zf--<>--, 

w 

Vss 

20 ns 

Input 

~~:~~~ ----'t-=f' I 
Output -, __ +", 

(Tests 2 and 3) 

I nput Connections for tTLH, tTHL, tpH L. tpLH 

TEST STROBE A XO , Gnd Gnd P. G 
2 P. G. Gnd VOO 
3 Gnd P. G. VOO 
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Typ Max Unit 

ns 
180 360 
90 180 
65 130 

ns 
100 200 
50 100 
40 80 

ns 

210 420 
90 180 
70 140 

ns 
225 450 
110 220 
85 170 

245 490 ns 
115 230 
90 180 

ns 
145 290 
75 150 
60 120 
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FIGURE 2 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

20 ns 20 ns 

~=---L- +----VO O 

I~~--VSS 

LOGIC DIAGRAM 

7-509 
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PROGRAMMABLE TIMER 

The MC 14541 B programmable timer consists of a 16-stage bihary 
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 (fosc) 
with the nth stage frequency being foscl2n. 

• Available Outputs 28, 210, 213 or 216 

• I ncrements 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 and Fall Times 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

MAXIMUM RATINGS (Voltages referenced to VSS) 

Rating Symbol Value 

DC SupplV Voltage VDD -0.5 to +18 

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

DC Current Drain per 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 

7-510 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

MC145418 

CMOS MS. 
IlOW-POWER COMPLEMENTARY MOS) 

OSCILLATOR/TIMER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

"0 ...... 1 ~SUffiX Oenot •• 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

12 

13 

2 

3 

5 

6 

10 

9 

BLOCK DIAGRAM 

RS 

AR 

MR 

Mode 

a/a 
Select 

a 

Voo z< Pin 14 

VSS - Pin 7 

8 
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ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vd. 

Output Voltage "0" Level VOL 5.0 
Yin = VOO orO 10 

15 

"I" Level VOH 5.0 
Yin = 0 or VOO 10 

15 

Input Voltage# "0" 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 

"I" Level VIH 
(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 = 9.5 Vd.) 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) IOH 
(VOH = 2.5 Vdc) Source 5.0 
(VOH=9.5Vdc) 10 
(VOH = 13.5 Vdc) 15 

(VOL = 0.4 Vdc) Sink IOL 5.0 
(VOL = 0.5 Vdc) 10 
(VOL = 15 Vdc) 15 

Input Current (A L Device) 'in 15 

Input Current (CLlCP Device) lin 15 

Input Capacitance Cin -
(Vin =0) 

Quiescent Current (AL Device) 
5.0 

(Pin 5 is High) 100 10 
Auto Reset Disabled 15 

Quiescent Current (CL/CP Device) 
5.0 

(Pin 5 is High) 100 10 
Auto ROHt 0 isabled 15 

Auto Reset Quiescent Current 
5.0 

100R 10 
(Pin 5 is low) 15 

Supply Current··t 
(Dynamic plus Quiescent) 5.0 

10 10 
15 

"Tlow = -SSoC for AL Device, _40oC for CL/CP Device. 
Thigh = +12SoC for AL Device, +850 C for CL/CP Device. 

#Noise immunity specified for worst·case input combination. 

Tlow " 
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 -
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 

N·oi .. Margin for both "I" and "O"level = 1.0 Vdc min Iii> VOO = 5.0 Vdc 
2.0 Vdc min Iii> VOO = 10 Vdc 
2.S Vdc min@Voo = 15 Vdc 

25°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 

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

mAde 
6.42 12.83 - 4.49 -
3.38 6.75 - 2.37 -
13.2 26.33 - 9.24 -
1.56 3.12 - 1.09 - mAde 
4.0 8.0 - 2.8 -
15.6 31.2 - 10.9 -

mAde 
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 /tAdc 

- ±0.00001 ±0.3 - ±1.0 I'Adc 

- 5.0 7.5 - - pF 

I'Adc 
- 0.005 5.0 - 150 
- 0.010 10 - 300 
- 0.015 20 - 600 

I'Adc 
- 0.005 20 - 150 
- 0.010 40 - 300 
- 0.015 80 - 600 

I'Adc 
- 7 200 - 1200 
- 30 250 - 1500 

- 82 500 - 2000 

/tAdc 
10 = (0.4/tA/kHz) f + 100 
10 = (0.8 I'A/kHz) f + 100 
10 = (1.2I'A/kHz) f + 100 

tWhen using the on chip oscillator the total supply current (in I'Adc) becomes: IT = 10 + 2 Ctc VOO f x 10-3 where 10 is in I'A, Ctc is in 
pF, VOO in Volts DC, and f in kHz. (see fig. 31 

Dissipation during power..,n with automatic reset enabled is typically 50/tA@ VOO = 10Vdc. 
·-The formula given is for the typical characteristics only. 
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SWITCHING CHARACTERISITCS* ICL = 50 pF TA = 25°C) 

. 

Characteristic 

Output Rise Time 
tTLH = 13.0 ns/pF) CL + 30 ns 
tTLH = 11.5 ns/pF) CL + 15 ns 
tTLH = 11.1 ns/pF) CL + 10 ns 

Output Fall Time 
tTHL = 11.5 ns/pF) CL + 25 ns 
tTHL = 10.75 ns/pF) CL + 12.5 ns 
tTHL = 10.55 ns/pF) CL + 9.5 ns 

Turn-Off, Turn-On Clock to Q (28 Output) 

tpLH, tpHL = 11.7 ns/pF) CL + 3415 ns 
tpLH, tpHL = 10.66 ns/pF) CL + 1217 ns 
tpLH, tpHL = 10.5 ns/pF) CL + 875 ns 

Turn·On, Turn·Off Clock to a 1216 Output) 
tpHL, tpLH = 11.7 ns/pF) CL + 5915 ns 
tpHL, tpLH = 10.66 ns/pF) CL + 3467 n. 
tPHL, tpLH = 10.5 n./pFI CL + 2475 ns 

Clock Pulse Width 

Clock Pulse Frequency 

MR Pulse Width 

The formula given IS for the typical characteristics only. 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT 
AND WAVEFORM 

Voo 

Q 

L-----oVss 

(R te and etc outputs ara left opan) 

o,:,ty Cycle 

VDD 
Symbol 

tTLH 

tTHL 

tpLH 
tpHL 

tpHL 
tpLH 

'WHlc!) 

fcl 

'WHIR) 
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Typical 

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 

RS 

Min Typ Max Unit 

ns 
- 180 360 
- 90 180 
- 65 130 

ns 

- 100 200 
- 50 100 
- 40 80 

I"S 
- 3.5 10.5 

. - 1.25 3.8 
- 0.9 2.9 

I"S 
- 6.0 18 
- 3.5 10 
- 2.5 7.5 

900 300 - n. 
300 100 -
225 85 -
- 1.5 - MHz 

- 4.0 -
- 6.0 -

900 300 - n. 
300 100 -
225 85 -

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
AND WAVEFORMS 

Voo 

Q 
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Q 

1r------!%£:50% tpHL 

----==>r 
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A12 

B 13 

Voo = Pin 14 
VSS'" Pin 1 

EXPANDED aLOCK DIAGRAM 

c ~!~a:r 28 1-+---1::::::1-<:>----1 

Reset 

6 
Master Reset 

FREQUENCY SELECTION TAaLE 

Number of 
Counter Stages Count 

A B " 2" 
0 0 13 8192 

Pin 

5 

0 1 10 1024 6 
1 0 8 256 

9 
1 1 16 65536 

10 

7-513 

10 
Mode 

9 
a/a 

Select 

TRUTH TAaLE 

State 

0 1 

Auto Reset Oper- Auto Reset 
ating Oisabled 

Timer Operational Master Reset On 

Output Initially Output Initially High 
Low After Reset After Raset 

Single Cycle Mode Recycle Mode 

8 a 
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FIGURE 3 - OSCILLATOR CIRCUIT USING RC CONFIGURATION 

TYPICAL RC OSCILLATOR CHARACTERISTICS 

B. 

~ 4. 
z 
o 
~ 
:;;; 
o 
~ -4. 
ill 
" '" ~ -8. 

0 

0 

0 

0 

0 

-12 

-I 6 

FIGURE 4 - RC OSCILLATOR STABILITY 

I - --t-- dVOO·15V 

rz:::~ t-=-~ .:--- ~-:----- --------~ ij\V~ ----- --- ---- ---~t--- :>----
/' ----

51~\ 
RTC - 56kl!, J--RS -0, f· 10.15 kHz'@VOO= 10 V, TA' 250C-
C·IOOOpF 1--- RS' 120 k5l.I' 7.B kHz@VOO' 10 V, TA' 250C 

55 25 25 50 75 100 125 

TA, AMBIENT TEMPERATURE lOCI 

7-514 

FIGURE 5 - RC OSCILLATOR FREQUENCY AS A 
FUNCTION OF RTC AND C 

0 

0 

0 

0 

O~fasafunction 
I- olC 

01= IRTC' 56 kltl 
o IRS'120kl 

5 

O. 2 

I o 1.0 k 

0.0001 

VO~ - 10 V :t:i= 

...... fasafuncfloo_ 
olRn_ 

IC' 1000 pFI~ 
IRS ~2RTCI :: 

10k lOOk 
RTC, RESISTANCE IOHMSI 
0.001 0.01 

C, CAPACITANCE (pFI 

1.0m 
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R tc 

C tc 

R. 
3 

NC 4 

6 
J""l...lnput .,.. 

OPERATING CHARACTERISTICS 

With Auto Reset pin set to a "0" 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 "I ". 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=~tc if(1 kHz";f";IOO kHz) 

and RS'" 2 Rtc where RS" 10 kil 

The time select inputs (A and' B) provide a two-bit 
address to output anyone of four counter stages (28, 210, 
213 and 216). The 2n counts as shown in the Frequency 
Selection Table represents the a output of the Nth stage 
of the counter. When A is "1", 216 is selected for both 
states of B. However, when B is "0", normal counting is 
interrupted and the 9th counter stage receives its clock 
directly from the oscillator (Le., effectively outputing 28). 

The % select output control pin provides for a choice 
of output level. When the counter is in a reset condition 
and O/Q select pin is set to a "0" the a output is a "0", 
correspondingly when O/Q select pin is set to a "I" the 
a output is a "I". 

When the mode control pin is set to a "1", the selected 
count is continually transmitted to the output. But, with 
mode pin "0" and after a reset condition the RS flip-flop 
(see Expanded Block Diagram) resets, counting commenced 
and after 2"-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 

13 

12 

11 

9 

8 

Vee 
B 

A 

N.C. 

Output 

----FL-
--I t I-

DIGITAL TIMER APPLICATION 

When Master Reset (MR) receives a positive pulse, the 
internal counters and latch are reset. The a output goes 
high and remains high until the selected (via A and B) 
number of clock pulses are counted, the a 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 clock 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 a output will be high. 

7-515 . 
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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 B421 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 (BI), and latch disable (lD) 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. F or 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, cockpit 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 1B 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 VSS). 

MAXIMUM RATINGS (Voltage. referenced to VSS) 

Rating Symbol Value Unit 

DC Supply Voltage VDD -0.5 to +18 Vde 

Input Voltage, All Input. Vin -0.5 to VDD + 0.5 Vde 

DC Current Drain per Pin I 10 mAde 

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

Storage Temperature Rance T.tg -65 to +150 °c 
Maximum Continuous Output Drive Current IOHmax 10 mAde 

(Source or Sink) per Output IOlmax 
Maximum Continuous Output Power* POHmax 70 mW 

(Source or Sink) per Output POlmax 

*POHmax = IOH (VOH - VDD) and POlmax = IOl (VOL - VSS) 
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CMOS MSI 
(lOW-POWER COMPLEMENTARY MOS) 

BCD-TO·SEVEN SEGMENT 
LATCH/DECODER/DRIVER 

for 
LIQUID CRYSTALS 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

M<''"'''l~SUff'X Denote. 

L CeramiC Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operatmg 

Temperature Range 

TRUTH TABLE 
INPUTS OUTPUTS 

LD 81 Ph' 0 C B A. b c d . f • 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 O· 0 0 Blank 
1 0 0 1 0 1 1 0 0 0 0 0 0 0 Btank 
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 1 1 t Inverse of OutJX,lt Display 

Combinations as above 
Above 

X· Don't care 
t .. Above Combinations 
• '" For hquid crystal readouts, apply II square wave to Ph 

For common cathode lEO readouts, select Ph '" 0 
For common anode lEO readouts, select Ph = 1. 

•• • Depends upon the BCD code previously applied when to .. 1. 
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ELECTRICAL CHARACTERISTICS 

Vee 
Characteristic Svmbol Vdc 

Ou tpu t Vol tage "0" Level VOL 5.0 
V,n VOO or 0 10 

15 

"'" Level VOH 5.0 
Vin -- a or VOO 10 

15 

Input Voltage# "0" Level VIL 
IVo 0 4.5 or 0.5 Vdel 5.0 
IVo = 9.0 or 1.0 Vdcl 10 
IVO" 13.5 or 1.5 Vdel 15 

"t" Level VIH 
IVO" 0.5 or 4.5 Vdel 5.0 
IVO" 1.0 or 9.0 Vdel 10 
IVo = 1.5 or 13.5 Vdcl 15 

Output Drive Current (AL Device) IOH 
IVOH = 2.5 Vdel Source 5.0 
IVOH = 4.6 Vdel 5.0 
IVOH = 0.5 Vdcl 10 
IVOH = 9.5 Vdel 10 
IVOH = 13.5 Vdel 15 
IVOL = 0.4 Vdel Sink IOL 5.0 
IVOL = 0.5 Vdcl 10 
IVOL = 9.5 Vdcl 10 
IVOL = 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) IOH 
IVOH = 2.5 Vdcl Source 5.0 
(VOH = 4.6 Vdcl 5.0 
IVOH = 0.5 Vdel 10 
IVOH = 9.5 Vdcl 10 
IVOH = 13.5 Vdcl 15 

IVOl = 0.4 Vdel Smk IOl 5.0 
IVOl = 0.5 Vdc) 10 
IVOl = 9.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Input Current (AL Device I I,n 15 

Input Current (CLlCP Devlcel 1m 15 

Input Capacitance CIO .. 
(V In · OJ 

QUiescent Current (AL DeVice) 100 50 
(Per Package) 10 

15 

QUiescent Current (CLlCP DeVice) 100 50 
(Per Package) 10 

15 

Total Supply Current·"t IT 50 
(DynamIC plus QUiescent, 10 
Per Package) 15 

(CL - 50 pF on all outputs, all 
buffers sWitching) 

"Tlow = -55°C for AL DeVice, -400 C for CLlCP Device. 
Thigh'" +125 0 C for AL DeVice, +850 C for CLlCP Device . 

.l:::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 

.. ±O3 
.. 

.. 50 
- 10 

20 

.. 20 

.. 40 

.. 80 

NOise Margin for both "1" and "O"level = 1.0 Vdc min @ Voo ~ 5.0 Vdc 
2.0 Vde min@ VOO ~ 10 Vdc 
2.5 Vde min @ VOO " 15 Vde 

tTo calculate total supply current at loads other than 50 pF. 
ITIClJ = ITI50 pFJ + 3.5·x 10-3 ICl -501 Vee! 

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 -

- -87 .. 

-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 -

- -87 .. 
-0.4 -0.9 -
-1.2 -3.5 
0.44 0.88 .. 

1.1 2.25 -
.. 10.1 .. 
3.0 8.8 -

±O 00001 '.01 

±O 00001 t03 

- 50 7.5 

0005 50 
0.010 10 

- 0.015 20 

0.005 20 
.. 0.010 40 
.. 0.Q15 80 

IT 116 ,uA/kHzl f t 100 
IT 13.1 ~A/kHzl f + 100 
IT '. 14.7 }.lA/kHz! f t 100 

where. 'T is in JJA (per package), CL in pF, VOD in Vdc, and f in kHz is input frequency . 
.... The formulas given are for the typical characteristics only at 25°C. 
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Thi h-

Min Max Unit 

- 005 Vde 
- 0.05 
- 0.05 

4.95 - Vde 
9.95 -
14.95 -

Vde 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vde 
7.0 -

11.0 -
mAde 

-0.7 -
-0.14 

- -
-0.35 .. 

-1.1 -
0.36 mAde 
0.9 
- -

2.4 .. 

mAde 
-0.6 
-0.12 -

- -
-0.3 -
-1.0 -
0.36 - mAde 
0.9 -
- -

2.4 -

}' 0 /JAde 

± 10 .uAde 

pF 

150 ,uAde 

- 300 
600 

.. 150 pAde 

300 
.. 600 

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

* 

Characteristic 
Output Rise Time 

tTLH = (3.0 ns/pF) CL + 30 ns 
tTLH = (1.5 ns/pF) CL + 15 ns 
tTLH = (1.1 ns/pF) CL + 10 ns 

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

Turn-Off Delay Time 
tPLH = (1.7 ns/pF) CL + 520 ns 
tpLH = (0.66 ns/pF) CL + 217 ns 
tPLH = (0.5 ns/pF) CL + 160 ns 

Turn-On Delay Time 
tPHL = 11.7 ns/pF) CL + 420 ns 
tPHL = (0.66 ns/pF) CL + 172 ns 
tpHL = (0.5 ns/pF) CL + 130 ns 

Setup Time 

Hold Time 

Latch Disable Pulse Width (Strobing Data) 

The formula given IS for the tYPical characteristics only. 

AS 

8 3 

C 2 

D 4 

LD 1 

VDD'" Pin 16 
VSS - Pin 8 

Symbol VDD 
'TLH 

5.0 
10 
15 

tTHL 
5.0 
10 
15 

tPLH 
5.0 
10 
15 

tPHL 
5.0 
10 
15 

tsu 5.0 
10 
15 

th 5.0 
10 
15 

tWH 5.0 
10 
15 

LOGIC DIAGRAM 
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Min Typ Max Unit 

ns 
- 180 360 
- 90 180 
- 65 130 

ns 
- 100 200 
- 50 110 
- 40 80 

ns 
- 605 1210 
- 250 500 
- 185 370 

ns 
- 505 1650 
- 205 660 
- 155 495 

0 -40 ns 
0 -15 -
0 -10 -

80 40 - ns 
30 15 -
20 10 -
250 125 - ns 
100 50 -
80 40 -

9 a 

10 b 

11 c 

12 d 

13 e 

15 f 

149 
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FIGURE 1 - TYPICAL OUTPUT SOURCE 

CHARACTERISTICS 

V~o Jo.v;; ~ -i -6.0 

Po H max = 70 mWdc /.. 
-1 I I 

...... V ~/ " ~ 
co ~oo=~>, 
~ -12 / 

1\ w 

'"' co 
=> 
5l V 

/ 
\ 

-:i -18 
9 - !--- 1\ 

-24 

vor = 15idC 
Vss = 0 Vdc , 

-16 -12 -lI.O -4.0 0 

(VOH -VOO), SOURCE DEVICE VOLTAGE (Vdc) 

FIGURE 3 - DYNAMIC POWER DISIPATION 
SIGNAL WAVEFORMS 

Inputs 81 and Ph low, and Inputs 0 and LD high. 
f in respect to a system clock. 

All outputs connected to respective CL loads. 

20n.~ons 
A, B, and C 90% 50% VDD 

10%, 
lit ---VSS 

50% Duty Cycle 

~VOH 
Any Output 

---VOL 
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~ 

'" .5 
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Z 
w 
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"" z 
0; 

-' 
9 

24 

18 

12 

FIGURE 2 - TYPICAL OUTPUT SINK 

CHARACTERISTICS 

I 

\1/ 
VOO - 15 Vdc 

J 
/ " 

VOO - 10 Vdc (.-f--
~ , 

6. o / 
V 1', 

~ -I-
~5.0IVdC I-- Po Lmax = 70 iWdC 

I I 
VSS = 0 Vdc 

o o w U U ffi 

(VOL - VsSl, SINK DEVICE VOLTAGE IVdc) 

FIGURE 4 - DYNAMIC SIGNAL WAVEFORMS 

(al Inputs D, Ph, and 81 low, and Inputs A, a, and LD high. 

~~--------~~~----VOD 
C 

'i<:....---VSS tt= VOH 

________ ~10%~ VOL 

tTLH ::::J 

Ibl Inputs D, Ph, and BI low, and Inputs A and B high. 

LD 

C 

LD 

------~~------------VDD 

.,...,--------- VSS 
th 

r-~----~~I~~~------VDD 

'------------ VSS 

" VOH 

"--VOL 

(c) Data DCBA strobed into latches 

,~------VDD 

-----~-:-~ I..--J .... VSS 
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CONNECTIONS TO VARIOUS DISPLAY READOUTS 

LIQUID CRYSTAL (LC) READOUT 

MC14543B 

Output 

Ph 
Common 
Backplane 

Square Wave 

(VSS to VOOl 

LIGHT EMITTING DIODE (LED) READOUT 

-= VSS 

Common 

Cathode LED 
Common 

Anode LED 

Voo 

Note Bipolar transistors may be added for gain (for V DO ~1 OV or lout ~ 10 rnA). 

FLUORESCENT READOUT 

Filament 
Supply 

Vss or appropriate -= voltage below 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 V Ss ~ 
(Vin or V ou,)" VDO· 

3 

4 

6 

INCANDESCENT READOUT 

Appropriate 
Voltage 

GAS DISCHARGE READOUT 

9 

10 

11 

12 

13 

15 

14 

DISPLAY 

APpropriate 
Voltage 

f,Z/b 
eClc 

d 

Voo = Pin 16 
VSS;; Pin 8 

Unused inputs must alwavs be tied to an 
appropriate logic voltage level (e.g., either 
VSS or VOOI. \0\:\2\3\'-1\5\6\7\8\9\ 

o 3 456 8 9· 
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BCD-TO-5EVEN SEGMENT LATCH/DECODER/DRIVER 
for LIQUID CRYSTALS 

The MC14544B BCD-to-seven segment latch/decoder/driver is 
designed for use with I iqu id 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 B421 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 (BI), and latch disable (LD) 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. The Ripple Blanking Input (RBI) 
and the Ripple Blanking Output (RBO) can be used to suppress 
either leading or trailing zeroes. 

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, cockpit 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 1B Vdc 

• Capability for Suppression of Non-significant zero 

• 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 V 

MAXIMUM RATINGS (Voltages referenced to VSS) 

Rating Symbol Value Unit 

DC Supply Voltage VDD -0.5 to +18 Vde 

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

DC Current Drain per Pin I 10 mAde 

Operating Temperature Range - AL Device TA -55 to +125 aC 
CLlCP Dev,ee -40 to +85 

Storage Temperature Rance Tstg -65 to +150 aC 

Maximum Continuous Output Drive Current 'OHmax 10 mAde 
(Source or Sink) per Output 'Olmax 

Maximum Continuous Output Power * POHmax 70 mW 
(Source or Sink) per Output POlmax 

*POHmax = IOH (VOH - VDD) and POlmax = IOl (VOL - VSS) 
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CMOS MS. 
(lOW·POWER COMPLEMENTARY MOS) 

BCD-TO-SEVEN SEGMENT 
LATCH/DECODER/DR IVER 
WITH RIPPLE BLANKING 

l SUFFIX 
CERAMIC PACKAGE 

CASE 680 

PSUFFIX 
PLASTIC PACKAGE 

CASE 707 

OROERING INFORMATION 

"0""" 115Uft'. Denote. 

L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Range 

C Limited Operating 
Temperature Range 

PIN ASSIGNMENT ,. 
17 

f ,":'"/b 
I. 

IS ·Oe 
14 

d 
13 

12 

" 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 OS;;; 

(Vin or V aut ) .. VDD. 
Unused inputs must alwavs be tied to an 
appropriate logic voltage level (e.g .• either 
VSS or VDD). 
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ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vd. 

Output Voltage "0" Level VOL 5.0 
Vin"VDDorO 10 

15 

"1" Level VOH 5.0 
Vin"OorVOD 10 

15 

Input Voltage# "0" Level VIL 
. IVa" 4.5 or 0.5 Vdc) 5.0 
(Va" 9.0 or 1.0 Vde) 10 
(Va" 13.5 or 1.5 Vdc) 15 

"1" Level VIH 
IVa" 0.5 or 4.5 Vdc) 5.0 
(Va" 1.0 or 9.0 Vde) 10 
(Va" 1.5 or 13.5 Vde) 15 

Output Drive Current (AL Device) IOH 
(VOH ~ 2.6 Vdc) Source 5.0 
(VOH = 4.6 Vde) 5.0 
(VOH = 0.5 Vde) 10 
(VOH =9.6 Vdc) 10 
(VOH = 13.5 Vdc) 15 
(VOL = 0.4 Vde) Sink IOL 5.0 
(VOL = 0.5 Vdc) 10 
(VOL = 9.5 Vdc) 10 
(VOL = 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) IOH 
(YaH = 2.5 Vdc) Source 5.0 
(YaH = 4.6 Vdc) 5.0 
(VOH = 0.6 Vdc) 10 
(YaH = 9.6 Vdc) 10 
(VOH = 13.5 Vdc) 15 

(VOL = 0.4 Vdc) Sink IOL 5.0 
(VOL = 0.6 Vdc) 10 
(VOL = 9.6 Vdc) 10 
(VOL = 1.6 Vdc) 15 

Input Current (AL Device) 'in 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Con -
(Vin' 0) 

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

15 

QUiescent Current (CLlCP DevIce) 100 5.0 
IPer 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) 

'Tlow = -55°C for AL Device. -400 C for CL/CP Device. 
Thigh = +1250C for AL Device. +850C for CL/CP Device. 

4fNoise immunity specified for worst-case input combination. 

TI_ . 
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 -
±O 1 

- ±03 

-

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@ VOD = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = IT(50 pF) + 3.5 x 10-3 (CL -50) VOOf 

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 -

-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 -
to.OOOOl ±O 1 

.- ±O 00001 ±0.3 

50 7.5 

0.005 5.0 
- 0.010 10 
- 0.Q15 20 

- 0.005 20 
- 0.010 40 
- 0.Q15 80 

IT' 11.6 "A/kHz) f + 100 
IT' (3.1 "A/kHz) f + 100 
IT' 14.7 "AlkHz) f + 100 

where: 'T is in IJA (per package), CL in pF. VOO in Vdc. and f in kHz is input frequency. 
--The formulas given are for the typical characteristics only at 2SoC. 
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Thi h* 
Min Max Unit 

- 0.05 Vde 
- 0.05 
- 0.05 

4.95 - Vde 
9.95 -
14.95 -

Vde 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vde 
7.0 -

11.0 -
mAde 

-0.7 -
-0.14 -

- -
-0.35 -
-1.1 -
0.36 - mAde 
0.9 -
- -

2.4 -

mAde 
-0.6 -
-0.12 -

- -
-0.3 -
-1.0 -
0.36 - mAde 
0.9 -
- -

2.4 -

± 1.0 ~Adc 

- ± 1.0 /.lAde 

pF 

150 "Adc 
- 300 
- 600 

- 150 "Adc 
- 300· 
- 600 

J.lAdc 
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FIGURE 1 - TYPICAL OUTPUT SOURCE 

CHARACTERISTICS 

1-6.0 f--1f-':"';-=4--+-+--l7<'->'!-.....j 

.... 
ffi 
::: 
13 -121--11--t=~--t----'1.7'~1----1--l 
w .., 
cc 
::> 

5l 
%-181-~-~~q--1--+-~-1-~ 
E? 

-24 ':--L_.L--L.._.L--L.._.L...I.......L.---l 
-16 

(VOH -Vool. SOURCE DEVICE VOLTAGE (Vdc) 

FIGURE 3 - DYNAMIC POWER DISIPATION 
SIGNAL WAVEFORMS 

Inputs BI and Ph low, and Inputs D and LO high. 
f in respect to a system clock. 

All outputs connected to respective CL loads. 

20n.~on. 
A, B, and C 90% 50% VOO 

10% 
111 --- VSS 

50% Duty Cycle 

~VOH 
Any Output 

---VOL 
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FIGURE 2 - TYPICAL OUTPUT SINK 

CHARACTERISTICS 

I I , ........ 
VOO = 15 Vdc 

\/ 
I 

2 ! \ VOO = 10 Vdc ---f--
..... , 

o I / "-

~ ~5.0IVdC 
-l-

I--POLma. = 70 iWdC 
I I 

VSS=OVdc 

00 8.0 12 . 4.0 16 

(VOL - Vssl. SINK DEVICE VOLTAGE (Vdc) 

FIGURE 4 - DYNAMIC SIGNAL WAVEFORMS 

la) Inputs 0, Ph, and 81 low, and Inputs A, S, and LD high. 

~--~~~L-+=~--VOD 
C 

"'-----VSS 

t=VOH 

________ ~1~0%~ VOL 
tTLH ::J 

(b) Inputs 0, Ph, and BI low, and Inputs A and B high. 

LD 

C 

LD 

--~~-+----------VOO 

~------------------ VSS 

'------- Vss 

" VOH 

"'--VOL 

(c) Data OCBA strobed into latches 

,~-----VDD 

-----:-:-; L-.I' VSS 
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MCI4544B 
Input 0 0 0 0 
Code (01 

I 

• 
I 

MCI4544B 
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(51 

TYPICAL APPLICATIONS FOR RIPPLE BLANKING 

I 
I 

MCI4544B 
o 0 0 0 
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I 
I 
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MCI4544B 

0 o 0 0 
(01 

LEADING EDGE ZERjl SUPPRESSION 

I , 
MC14544B 
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Displays 

I 
I 

I 
I 

MCI4544B 

o 0 0 0 

(01 

TRAILING EDGE ZERO SUPPRESSION 

Displays 

I 
, 

I -' 
MCI4544B MCI4544B 
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(11 (31 
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SWITCHING CHARACTERISTICS· (CL ~ 50 pF TA ~ 25°C) 

. 

Characteristic 

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

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

Turn·Off Delay Time 
tpLH ~ (1.7 ns/pF) CL + 520 ns 
tpLH ~ (0.66 ns/pF) CL + 217 ns 
tpLH ~ (0.5 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 

Setup Time 

Hold Time 

Latch Disable Pulse Width (Strobing Data) 

The formula gIVen IS for the tYPical characteristics only. 

A 5 

B 3 

C 2 

04 

LD 1 

Voo ~ Pin 18 
vss = Pin 9 

Symbol VDD 

tTLH 
5.0 
10 
15 

tTHL 
5.0 
10 
15 

tpLH 
5.0 
10 
15 

tpHL 
5.0 
10 
15 

tsu 5.0 
10 
15 

th 5.0 
10 
15 

tWH 5.0 
10 
15 

lOGIC DIAGRAM 
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Min Typ Max Unit 

ns 
- 180 360 
- 90 180 
- 65 130 

ns 

- 100 200 
- 50 110 
- 40 80 

ns 
- 605 1210 

- 250 500 
- 185 370 

ns 
- 505 1650 

- 205 660 
- 155 495 

0 -40 ns 
0 -15 -
0 -10 -

80 40 - ns 
30 15 -
20 10 -

250 125 ns 
100 50 -
80 40 -
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CONNECTIONS TO VARIOUS DISPLAY READOUTS 

LIQUID CRYSTAL (LCI READOUT 

MCI4544B 
Output 

Ph Common 
Backplane 

Square Way. 
(Vss to VDO) 

LIGHT EMITTING DIODE (LEDI READOUT 

Common 

Cathode LEO 
Common 

Anode LED 

VOO 

INCANDESCENT'READOUT 

Appropriate 
Voltage 

GAS DISCHARGE READOUT 

Nota: Bipolar transistors may be added for gain (for VOD ~10V or 'out ~ 10 rnA). Appropriate 
Voltage 

INPUTS 

RBI LD BI Ph 
X X 1 0 
1 1 0 0 
0 1 0 0 
X 1 0 0 
X 1 0 0 
X 1 0 0 
X 1 0 0 
X 1 0 0 
X 1 0 0 
X 1 0 0 
X 1 0 0 
X 1 0 0 
X 1 0 0 
X 1 0 0 
X 1 0 0 
X 1 0 0 
X 1 0 0 
X 1 0 0 
X 0 0 0 

t , , t 

FLUORESCENT READOUT 

Filament 
Supply 

Vss or appropriate 
':' voltage below VSS' 

TRUTH TABLE 

OUTPUTS 

o C B A RBO . b , d . f g DISPLAY 

x x x x . 0 0 0 0 o 0 0 Blank 

0 0 0 0 1 0 0 o 0 0 0 0 Blank 
0 0 0 0 0 1 1 1 1 1 1 0 0 

0 o 0' 1 0 0 1 1 0 0 0 0 1 
0 0 1 0 0 1 1 0 1 1 0 1 2 
0 0 1 1 0 1 1 1 1 0 0 1 3 
0 1 o 0 0 0 1 1 o 0 1 1 4 

0 ,. 0 1 0 1 0 1 1 0 1 1 • 
0 1 1 0 0 1 0 1 1 1 1 1 • 0 1 1 1 0 1 1 1 0 o 0 0 7 
1 0 0 0 0 1 1 1 1 1 1 1 • 1 o 0 1 0 1 1 1 1 0 1 1 9 
1 0 1 0 0 0 0 0 o 0 o 0 Blank 

1 0 1 1 0 0 0 0 o 0 o 0 Blank 
1 1 o 0 0 0 o 0 o 0 0 0 Blank 
1 1 0 1 0 0 0 o 0 0 0 0 Blank 
1 1 1 0 0 0 0 0 o a 0 0 Blank 
1 1 1 1 0 0 0 0 o a 0 0 Blank 

X X X X • 
t t 1_01011"",1 D,opIly 

Comb,nll'_ ... ~ .-

x = Don't Care t = Above Combination. 

• = For liquid crystal readouts, apply a square wave to Ph. For 
common 'cathode LED readouts, select Ph :I; O. For common 
anode LED readouts, select Ph "" 1. Z 

•• = Depends upon the BCD Code previously applied when LD = 1. 

7-526 
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Advance InforDl.ation 

BDC-TO-SEVEN SEGMENT DECODER/DRIVER 

The MC14547 BCD-to-seven segmentdecoder/driver is constructed 
with complementary MaS (CMOS) enhancement mode devices and 
NPN bipolar output drivers in a single monolithic structure. The 
circuit provides the functions of an 8421 BCD·to·seven segment 

decoder with high output drive capability. Blanking (BI), can be 
used to turn off or pulse modulate the brightness of the display. The 
MC14547 can drive 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.) 
display driver, computer/calculator display driver, cockpit display 
driver, and various clock, watch, and ti,mer uses. 

• High·Current Sourcing Outputs (Up to 65 mAl 

• Low Logic Circuit Power Dissipation 

• Supply Voltage Range = +3.0 V to +18 V 

• Blanking Input 

• Readout Blanking on All Illegal Combinations 

• Lamp Intensity Modulation Capability 

• Time Share (Multiplexing) Facility 

• 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 (Voltage referenced to VSS, Pin 8) 

Rating Symbol Value 

DC Supply Voltage VDD +18 to -0.5 

Input Voltage, All Inputs Vin VDD to -0.5 

Operating Temperature Range MC14547BAL TA -55to+125 
MC14547BCL/CP -40 to +85 

Storage Temperature Range Tstg -65 to +150 

Maximum Continuous Output Drive Current 'OHmax 65 
(Source) per Output 

Maximum Continuous Power Dissipation POHmax 1200' 

*See power derating curve (Figure 1 L 

Unit 

Vdc 

Vdc 

°c 

°c 
mA 

mW 

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 .;;; (Vin or Vout) .;;; VDD' 

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 logical 1 (See Maximum 
Ratings). 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either 
VSS orVDD). 

This i~ advance mformation and specifications are subject to change without notice. 
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MC14547B 

CMOS MS. 
(LOW·POWER COMPLEMENTARY MOS) 

HIGH CURRENT 
BCDTO-SEVEN SEGMENT 

DECODER/DRIVER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC14XXXB ~SUffIX Denotes 

L CeramiC Package 
P PlastiC Package 

A Extended Operating 
Temperature Range 

C Limited Operating 
Temperature Range 

16 

15 

14 

'I~b 4 13 

12 -Oc 
11 d 

10 

9 

DISPLAY 

101/12131'-1151b1718191 
o 1 2 3 4 5 

TRUTH TABLE 

INPUTS OUTP"T' 

BI D C B A a b c d e f 9 DISPLAY 

0 X X X X 0 0 0 0 0 0 0 Blank 

I 0 0 0 0 1 I I 1 I 1 0 0 
I 0 0 0 I 0 1 1 0 0 0 0 1 
1 0 0 I 0 1 1 0 I 1 0 1 2 
I 0 a I 1 1 I 1 1 0 0 I 3 

I a 1 a a a I 1 a a 1 1 4 
1 0 1 0 1 I 0 1 I 0 I I 5 
I 0 I I 0 0 a 1 I I 1 I 6 
I 0 1 1 I 1 I 1 0 0 0 0 7 

I 1 0 a 0 1 I 1 1 1 1 1 8 
1 I a a 1 1 1 I a a 1 1 9 
I I a I a 0 0 0 0 a a a Blank 
1 1 0 I 1 a a 0 0 0 0 0 Blank 

1 1 1 0 0 0 0 0 0 a 0 0 Blank 
1 1 1 0 I 0 0 0 0 0 0 0 Blank 
1 I I 1 0 0 0 0 0 0 0 0 Blank 
1 1 I 1 1 0 0 0 0 0 0 0 Blank 

X :: Oon't care 

• 
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MC145479 

ELECTRICAL ~HARACTERISTICS 

VDD 
~haracteristic Symbol Vdc 

Output Drive Voltage VOH 5.0 
(lOH ~":65mA) 10 

15 

Output Drive Current (AL Device) 10L 
(VOL ~ 0.4 Vdc) 5.0 
(VOL= 0.5 Vdc) 10 
(VOL = 1.5 Vdc) 15 

Output Drive Current (CL/CP Oevice) 10L 
(VOL ~ 0.4 Vdc) 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 

hiput Capacitance Cin -
(Vin =0) 

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

15 

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

15 

*T,ow ~ -55°C for AL Device. _40° for CLlCP Device 
Thigh = +1250 C for AL Device. +850 C for CL/CP Device 

#Noise immunitY specified for worst-case input combination 

T,ow . 
Min Max 

- -
- -
- -

0.64 -
1.6 -
4.2 -

0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 50 
- 100 
- 200 

Noise Margin for both "'" and "0" level = 1.0 Vdc min @ V DO = 5.0 Vdc 
2.0 Vdc min@ VDD ~ 10 Vdc 
2.5 Vdc min@VDD= 15 Vdc 

swrrCHING CHARACTERISTICS* (CL = 50 pF. T A = 25°C) 

Characteristic Symbol 

Output Rise Time tTLH 
" 

Output Fall Time tTHL 
tTLH. tTHL ~ (1.5 ns/pF) CL + 50 ns 
tTLH. tTHL = (0.75 ns/pF) CL + 37.5 ns 
tTLH. tTfl L ~ (0.51i ns/pF) CL + 37.5 ns 

Data Propagation 'Delay Time tpLH 
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 I" tpHL 
tpHL = (0.60 ns/pF) CL + 260 ns 
tpHL = (0.35 ns/pF) CL + 182.5 ns 

Blank Propagation Delay Time tPLH 
tpLH = (0.30 ns/pF) CL + 305 ns 
tpLH = (0.25 ns/pF) CL + 117.5 ns 
tpLH = (0.15 ns/pF) CL + 92.5 ns 

tPHL = 10.1i5 ns/pF) CL + 442.5 ns tpHL 
tpHL = (0,45 ns/pF) CL + 177.5 ns 
tpHL = (0.35 ns/pF) CL + 142.5 ns 

7-528 

25°C Thigh* 

Min Typ Max Min Max Unit 

- 3.7 - Vdc 

- 8.7 - - -
- 13.7 - - -

mAde 

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

mAde 

0.44 0.88 - 0.36 -
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -
- ±0.00001 ±0.1 - ± 1.0 !lAdc 

- ±0.00001 ±0.3 - ± 1.0 !lAdc 

- 5.0 7.5 - - pF 

- 0.010 5.0 - 150 !lAdc 
- 0.020 10 - 300 
- 0.030 20 - 600 

- 0.010 - - 375 !lAdc 

- 0.020 - - 750 
- 0.030 - - 1500 

VDD All Types 

Vdc Min Typ Max Unit 

ns 
5.0 - 40 80 

10 - 30 60 

15 - 25 50 

ns -
5.0 125 250 

10 - 75 150 

15 
- 65 130 

ns 
5,0 

- 640 1280 

10 - 250 500 
15 

- 175 350 

5,0 - 720 1440 ns 
10 - 290 580 
15 - 200 400 

ns -
5.0 320 640 -
10 130 260 -
15 100 200 

5.0 - 485 970 ns 
10 - 200 400 
15 - 160 320 
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lOGIC DIAGRAM 
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B 1 

C 2 

06 

FIGURE 1 - AMBIENT TEMPERATURE POWER DERATING 
1200 
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11 c 

10 d 

9 • 

15 f 

14 9 
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MC14547B 

CONNECTIONS TO VARIOUS DISPLAY READOUTS 

LIGHT EMITTING DIODE (LED} READOUT 

Common 
Cathode LEO 

___ "'1.7 V 

INCANDESCENT READOUT 

Voo Voo 

GAS DISCHARGE READOUT 

Voo 

-= VSS 

Appropriate 
Voltage 

•• A filament pre·warm resistor Is recommended to reduce filament 
thermal sheok and increase the effective cold resistance of the 
filament. 

-= VSS 

Common 
Anode LED 

LIGHT-EMITTING DIODE (LED} READOUT 

~1.7V 

USING A ZENER DIODE TO REPLACE DROPPING RESISTORS 

-= VSS 

Common 
Cathode LED 

Vss 

·VZD should be set at VOO - 1.3 V - VLEO' Wattage of zener 
diode must be calculated for number of segments and worst-case 
cond itions. 

7-530 
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sUCCEssivE APPROXIMATION REGISTERS 

The MC 14549B and MC 14559B successive approx imation 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 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 MC14549B and MC14559B include analog­
to-digital conversion, with serial and parallel outputs_ 

• 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 VSS) 

Rating Symbol Value Unit 

DC SupplV Voltage VDD -0,5 to +18 Vdc 

Input Voltage, All Inputs Vi" -0,5 to VOD + 0,5 Vdc 

DC Current Drain per Pin I 10 mAde 

Operating Temperature Range - A L Device TA -55 to +125 °c 
C L/CP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 °c 

TRUTH TABLES 
MC14549B MCI4559B 

SC SClt-l) MR MRIt_l) Clock Action SC SC(t_l) 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 ...r- Start 0 0 0 ...r Continue 
Conversion Conversion 

1 1 0 0 ...r- Continue 0 X 1 I Retain 
Conversion Conversion 

Result 

0 X 0 X ...r- Continue 1 X 1 I Start 
Previous Conversion 
Operation 

x .. Don't Cere 

t·1 = State at Previous Clock...r-
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MC14549B 
MC14559B 
CMOS MS. 

!LOW·POWER COMPLEMENTARY MOSI 

SUCCESSIVE APPROXIMATION 
REGISTERS 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 CASE 620 

ORDERING INFORMATION .,,'"'' 1 ~SUffIX Denotes 

L Ceramic Package 
P PlastIC Package 

A Extended Operating 
Temperature Range 

e limited Operating 
Temperature Range 

9 

10 

6 

BLOCK DIAGRAM 

07 
Q6 

C 05 

04 
SC 

Q3 

02 
FF or 
MR# 01 

00 
0 

EOC 

Sout 

Voe == Pin 16 
VSS == Pin 8 

4 

3 

2 

15 

14 

13 

12 

11 

#For MC14549B Pin 10 is MR input 
For MC14559B Pin 10 is FF input 

This device contains 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 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 VOD). 

• 
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MC14549B. MC14559B 

ELECTRICAL CHARACTERISTICS 

Voo 
CharllCteristic Symbol Vd. 

Output Voltage "0" Level VOL 5.0 
Vin" VDDorO 10 

15 
.. ," Level VOH 5.0 

Vin=OorVDD 10 
15 

Input Voltage# "0" Level VIL 
(VO " 4.5 or 0.5 Vd.) 5.0 
(VO • 9.0 or 1.0 Vd.1 10 
(VO • 13 .. 5 or 1.5 Vd.1 15 

"1" Level V,H 
(VO " 0.5 or 4.5 Vd.) 5.0 
(VO" 1.0 or 9.0 Vd.1 11) 
(VO' 1.5 or 13.5 Vd.1 15 

Output Drive Current (AL Device) IOH 
(VOH = 2.5 Vd.1 Source 5.0 
(VOH = 4.6 Vd.) 5.0 
(VOH = 9.5 Vd.1 10 
(VOH = 13.5 Vd.) 15 

(VOL = 0.4 Vd.) Sink IOL 5.0 
(VOL = 0.5 Vd.1 a Outputs 10 
(VOL = 1.5 Vd.1 15 

(VOL = 0.4 Vd.) Sink 5.0 
(VOL = 0.5 Vd.) Pin 5, 11 only 5.0 
(VOL = 1.5 Vd.) 10 

Output Drive Current (CL/CP Devi.e) IOH 
(VOH = 2.5 Vd.) Source 5.0 
(VOH = 4.6 Vdc) 5.0 
(VOH = 9.5 Vdc) 10 
(YOH = 13.6 Vdc) 15 

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vd.1 a Outputs 10 
(VOL = 1.5 Vd.1 15 

(VOL = 0.4 Vdcl Sink 5.0 
(VOL = 0.5 Vdc) Pin 5, 11 only 10 
(VOL = 1.5 Vdcl 15 

Input Current (Al Device) 'in 15 

Input Current ICL/CP Device) lin 15 

Input Capacitance Cin -
(Vin" 01 

Quiescent Current (AL Device) 100 5.0 
IPer Pa.kagel 10 

15 

Quiescent Current (CLlCP Device) 100 5.0 
(Per Pac kage I 10 

15 

Total Supply Current-· t 'T 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

ICL = 50 pF on all outputs. all 
buffers switching) 

'T,ow = -55°C lor AL Device, -400 C for CL/CP Device. 
Thigh = +1250 C for AL Device, +850 C lor CL/CP Devi.e . 

.uNoise Immunitv specified for worst-case input combination. 

Tlow . 
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 -
1.28 -
3.2 -
8.4 -

0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
1.04 -
2.6 -
7.2 -
0.52 -
1.3 -
3.6 -
- ±O.l 

- ± 0.3 

-

5.0 
- 10 
.. 20 

- 20 
- 40 
- 80 

NOise Margen for both '~1" and "O"level = 1.0 Vdc min@Voo = 5.0 Vdc 
2.0 Vdc min@ VDD : 10 Vdc 
2.5 Vd. min @ VDD = 15 Vd. 

tTo calculate total supply current at loads other than 50 pF: 
'TICLI 'T(50 pFI + 2 x 10-3 ICL -501 VDD' 

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 0.68 -
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 -
- to.OOOOl to 1 

- to.OOOOl ±O.3 

- 5.0 7.5 

0.005 5.0 
- 0.010 10 
- 0.015 20 

- 0.005 20 
- 0.010 40 
- 0.D15 80 

'T" 10.8 ~A/kHzl I + 100 
'T' (1.6 ~A/kHzl I + 100 
IT" (2.4 ~A/kHzl I + 100 

where: IT is in ",A (per packagel. 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. 
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Thi h-
Min Max Unit 

- 0.05 Vd. 
- 0.05 
- 0.05 

4.95 - Vd. 
9.95 -
14.95 -

Vd. 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vd. 
7.0 -

11.0 -
mAd. 

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.72 - mAde 
1.8 -
4.8 -

0.36 -
0.9 -
2.4 -

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.72 - mAde 
1.8 -
4.8 -

0.36 -
0.9 -
2.4 -
- t1.0 .uAdc 

- ".0 ~Adc 

- - pF 

- 150 ~Adc 

- 300 
- 600 

- 150 .uAde 

- 300 
- 600 

~Ad. 



MC145498 • MC145598 

SWITCHING CHARACTERISTICS· ICL = 50 pF, T A = 250 C) 
Characteristic Symbol VDD Min Typ MIx Unit 

Output Rise Time trLH ns 
trLH = 13.0 n./pF) CL + 30 n. 5.0 - 180 360 
trLH = 11.5 ns/pF) CL + 15 ns 10 - 90 180 
tTLH ~ 11.1 ns/pF) CL + 10 ns 15 - 65 130 

Output FIll Time trHL ns 
tTHL = 11.5 ns/pF) CL + 25 ns 5.0 - 100 200 
tTHL = 10.75 ns/pF) CL + 12.5 ns 10 - 50 100 
trHL = 10.55 ns/pF) CL + 9.5 n. 15 - 40 80 

Propagation Delay Time tpLH, ns 
Clock to a tpHL 

tPLH, tpHL = 11.7 ns/pF) CL +415 ns 5.0 - 600 1000 
tpLH, tpHL = 10.66 ns/pF) CL + 177 n. 10 - 210 420 
tPLH, tPHL ~ 10.5 ns/pF) CL + 130 ns 15 - 155 310 

Clock to Sout 
tPLH, tPHL ~ 11.7 ns/pF) CL + 665 ns 5.0 - 750 1500 
tPLH, tPHL = 10.66 ns/pF) CL + 277 ns 10 - 310 620 
tPLH, tPHL = 10.5 ns/pF) CL + 195 ns 15 - 220 440 

Clock to EOC 
tPLH, tPHL = 11.7 n./pF) CL + 215 ns 6.0 - 300 600 
tPLH, tpHL = 10.66 nsl pF) CL + 97 n. 10 - 130 260 
tPLH, tpHL = 10.5 ns/pF) CL + 75 n. 15 - 100 200 

SC, 0, FF or MR Setup Time tsu 5.0 250 125 - n. 
10 100 50 -
15 80 40 -

Clock Pulse Width twHlcil 5.0 700 350 - ns 
10 270 135 -
15 200 100 -

Pulse Width - 0, SC, FF or MR twH 5.0 500 250 - n. 
10 200 100 -
15 160 80 -

Clock Rise and Fall Time trLH, 5.0 - - 15 j.lS 

trHL 10 - - 5.0 
15 - - 4.0 

Clock Pulse Frequencv fcl 5.0 - 1.5 0.8 MHz 
10 - 3.0 1.5 
15 - 4.0 2.0 • . 

The formula given IS for the typical characteristics only. 
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MC14549B. MC14559B 

Programmable 
Pul. 

Generator 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

VDD 

07 

C 
as 
as 
Q4 

SC 
Q3 

Q2 
FF(MAI 01 

00 
D EOC 

S~ut 

Vss 

-= C 

SC _____ [ 

D ------f---..;.I 

07------~~~1 

Sout ________________________________ ~~~f 

Nota: Pin 10 - VSS 

TIMING DIAGRAM 

07 

as==L...-..J 

Q4~~a-________ ~ 

Q3~=L...-________ __..J 

Q2~~L...-_______________ ~ 

01 ~~~ ____________ _..J 

QO==L...-_______________________ ..J 

EOC ~~~ ____________________________________ ~ 

SOUl ==a.:=-=.:..J 
~ - Don't care condition 

Inh -lndicattt.Seriat Outi.lnhibited low . 

• - 08 i. ninth·bit of serial information available from a·bit register. 

Note: Pin 10" VSS 
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MC14549B. MC14559B 

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 (EOG) output is used as the con· 
trolling function, since with EOC = 0 (and with SC = 1 
for MC14549B but either 1 or 0 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 circu it 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 initio 
ated on the positive·going transition of the SC input on 
succeeding clock cycles. 

o = Data In - Data on this input (usually from a com· 
parator in AID 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 reo 
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 01 to FF; the part will 
respond as shown in the timing diagram less two bit times. 
Not that a 1 and 00 will still operate and must be dis­
regarded. 

For B-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 MC145598 remains inactive one 
cycle after EOC goes high, while Sout of the MC145498 
remains inhibited until the second clock cycle of its 
operation. 

On = Data Outputs - After a conversion is initiated the 
a's on succeeding cycles go high and are then condition­
ally reset dependent upon the state of the 0 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 00. 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 

From AID 
Comparator 

--..--

External 
Clock 

C 

SC 
MR 

MC14549B 

MSB To cIA and Parallel Data 
To CIA and LSB 
Parallel Data 

-FF allows EOC to activate 
as if in 4--stage register . 

• ·Cascading using EOC guaranteed; 
no stable unfunctional state. 

Free run mode 

External strobe 
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1/4 MC14001 

Serial Out 
(Continual 
update every 
13 clock cycles) 

tCompletion of conversion 
automaticallv re·initiates 
cycle in free run mode. 
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MC14549B • MC14559B 

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 F F input. 
• Continuous conversion, if a continuous signal is 

appl ied 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 B-Bit ADC (Figure 3) 
This Aoe is running continuously because the EOC 

signal is fed back to the SC input, I immediately 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 AOC with more than 
eight bits. 

When it is necessary to cascade two SAWs, 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 AOC will 
remain in a stable non-functional condition. 

This 12-bit AOe 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 
MC14559B Sou. 

FIGURE 3 - CONTINUOUSLY CYCL ING 8-BIT ADC 

C 

Sou. 
SC MC14669B 

FF EOC 
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MCl4549B. MC14559B 

FIGURE 4 - CONTINUOUSLY CYCLING 12-BIT ADC 

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. 

EQC' 

Additional Motorola Parts for Successive 
Approximation ADC 

Monolithic digital·to·analog comerters - The MC14081 
1508 converter has eight· bit resolution and is available 
with 6, 7, and B-bit accuracy. 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 MC145598. 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. 

FIGUR E 5 - EXTERNALLY CONTROLLED 12-BIT ADC 
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II 

® MOTOROLA 

Advance InforInation 

QUAD 2·INPUT 
ANALOG MULTIPLEXER/DEMULTIPLEXER 

The MC14551 B is a digitally controlled analog switch. It is an 
effective 4 PDT switch with low ON impedance and very low OFF 
leakage cu·rrent. 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 typical 

• Diode Protection on All Inputs 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Transmits Frequencies Up To 65 MHz 

• linearized Transfer Characteristics, L'.RON <60 n for 
Vin @ VDD t~ VEE@ 15 Vdc 

• low Noise - 12 nV/y Cycle, f;;' 1 kHz typical 

MAXIMUM RATINGS (Voltages referenced to vss I 
Rating Symbol Value 

DC Supply Voltage VDD - VEE VDD ·05to+,a 

Input Voltage, All Inputs V,n -05 to VDD + 05 

Unit 

Vdc 

Vdc 

Through Current I 25 mAde 

Operating Temperature Range - AL DeVice TA ·55 to +,25 °c 
C LlCP DeVice -40 to +85 

Storage Temperature Range Tstg -65 to +,50 °c 

9 

W 14 

15 

4 

2 Commons 

SWitches 3 Outlln 

InlOut 6 5 

10 

11 13 

12 

MC14551B 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOS) 

QUAD 2·INPUT 
ANALOG MUL TlPLEXER/ 

DEMUL TIPLEXER 

CASE 620 CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

ORDERING INFORMATION .,,"'" 1 tSUft,. Denote. 

L Ceramic Package 
P PlastiC Package 
A Extended Operatmg 

Temperature Range 

C Limited Operating 
Temperature Range 

ON 

WO XO YO ZO 

W1 X1 Y1 Z1 

VDD = Pin 16 
VSS = Pin a 
VEE = Pin 7 

Note: Control Input referenced to VSS. Analog Inputs and Outputs reference to VEE. VEE must be ~ VSS. 

This is advance information and specifications are subject to change without notice. 
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MC14551B (continued) 

In/Out 

Control 

FIGURE 1 - SWITCH CIRCUIT SCHEMATIC 

Voo 

Out/In 

~10 

~ 
-= V,EE 

In/Out rout/In 
Control 

FIGURE 2 - MC14551B FUNCTIONAL DIAGRAM 

COntrol 9 

wo 15 
14 W 

W1 1 

XO : : X1 

YO 

1:: 
Y 

Y1 

ZO 11: 
Z1 12 

7-539 



• 

MC14551 B (continued) 

ELECTRICAL CHARACTERISTICS (V DO = Vssl 

Voo Tlow " 
Characteristic Symbol Vd. Min Max 

Output Voltage "0" Level VOL 5.0 - 0.05 
Yin = VDD or 0 10 - 0.05 

15 - 0.05 

"'" Level VOH 5.0 4.95 -
Yin = 0 or VDD 10 9.95 -

15 14.95 -
Input Voltage# "0" Level VIL 

(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 Vdcl 15 - 4.0 

"'" Lev~1 VIH 
(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. -

Input Current (Control) 'in - - -
Input Capacitance Cin 

(Vin = 0) 
Control, Inhibit - - -
Switch Inputs - - -

Output Capacitance Cout 10 - -

Feedthrough Capacitance Cin-out 10 - -

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

15 - 20 

Quiescent Current ICL/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 

ON Resistance (AL Device) RON 5.0 _. 880 
10 - 400 
15 - 220 

ON Resistance (CL/CP Device) RON 5.0 - 880 
10 - 450 
15 - 250 

.l. ON ReSistance Between Any 4RON 5.0 - -
Two Channels 10 - -

15 - -
OF F Channel Leakage Current -

Any Channel 25 - 100 
(AL Device) All Channels OF F: 15 - 100 

OFF Channel Leakage Current -
Any Channel 15 - 1000 

(CL/CP Device) 
All Channels OFF: 15 - 1000 

*Tlow = -55°C for AL Device, -40oC for CLICP Device. 
Thigh = +1250 C for AL Device, +850 C for CLlCP Device. 

#Noise immunity is defined as the control input voltage coincident with the 
specified change, C:l.Vout • at an output in the OFF state . 

• ·The formulas given are for the typical characteristics only at 25°C. 
tTotal Supply Current, 'T. is the current drawn at device terminals VOO and 

VSS for total current through the device. The channel component, 
(Vin-Vout)/RON, should not be included. 
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25°C Thigh" 

Min Typ Max Min MIx 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 

Vdc 
3.5 2.75 - 3.5 -
7.0 5.50 - 7.0 -

11.0 8.25 - 11.0 -

- 10 - - - pAdc 

pF 

- 5.0 - - -
- 10 - - -
- 17 - - - pF 

- 0.10 - - - pF 

- 0.005 5.0 - 150 "Adc 
- 0.010 10 - 300 
- 0.Q15 20 - 600 

- 0.005 20 - 150 "Adc 
- 0.010 40 - 300 

- 0.Q15 80 - 600 

IT = (0.07 "A/kHz) f + 10 "Adc 
IT 0 (0.20 "A/kHz) f + 10 
IT = (0.36 "A/kHz) f + 10 

- 250 1050 - 1200 !! 

- 120 500 - 550 
- 80 280 - 320 

- 250 1050 - 1200 !! 

- 120 500 - 520 
- 80 280 - 300 
- 25 - - - !! 

- 10 - - -
- 5.0 - - -

nAdc 

- to.Ol 100 - -
- ,0.02 100 - -

nAdc 
- ,0.01 1000 - -

- -0.02 1000 - -



MC14551B (continued) 

SWITCHING CHARACTERISTICS· eCL = 50 pF. T A = 25°C) 

Voo-Vss 
Characteristic Symbol Vdc Min Typ Max Unit 

Propagation Delay Times tPLH.tPHL n. 
Switch Input to Switch Output (RL = 10kn) 

tPLH.tpHL = (0.17 n./pF) CL + 26.5 n. 5.0 - 35 90 
tpLH.tpHL = (0.08 n./pF) CL + 11 n. 10 - 15 40 
tpLH.tpHL = (0.06 n./pF) CL + 9.0 ns 15 - 12 30 

Inhibit to Output (RL = 10 kn); 
Output "1" or "0" to High Impedance. or tPHZ.tPLZ ns 
High Impedance to "'" or "0" Level tpZH.tpZL 

5.0 - 360 900 
10 - 160 375 
15 - 120 300 

Control Input to Output (RL = 10 kn) tPLH.tPHL ns 
5.0 - 350 875 
10 - 140 350 
15 - 100 250 

Sine Wave Distortion - 10 - 0.04 - % 
(RL= 1 kn.f= 1 kHz) 

Bandwidth BW 10 - 55 - MHz 
(At. = 1 kn. Yin = 1/2 (VOO - VSS) P·P. 

20 Logl0 Vout = -3 dB) 
Vi" 

feedthrough Attenuation, Input to Output - 10 - 3.0 - MHz 

(RL = 1 kn.20 LoglO Vout 
Vin 

= -50 dB) 

Channel Separation - 10 - 3.0 - MHz 
(RL = 1 k!'l. Yin = 1/2 (VOO - VSS) P·P. 

20 L09l0 Vou!(B) 
Vin(A) 

= -50 dB) 

Feedthrough Control, Input to Output - 10 - 30 - mV 
(Rl = 1 kn. RL = 10 kn. Control/Inhibit 
1,=tf=2005 

Maximum Control frequency - 10 - 10 - MHz 
(RL = 1 kn. YOU! = 1/2 Yin) 

*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 imp 
pedance circuit. For proper operation it is recommended that Vin and V out be constrained to the range VSS OS;;; 'Vin or V out) 
<VOO· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or VOO). 
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MC14551B (continued) 

FIGURE 3-INPUTVOLTAGE 

V out 

Vee 

FIGURE 5 - BANDWIDTH AND FEEDTHROUGH 
ATTENUATION 

Control input used to turn ON or OFF 
the switch under test. 

:+-.... -.--0 V out 

FIGURE 7 - FEEDTHROUGH, CONTROL TO 
SIGNAL OUTPUT 

SL 

TEST CIRCUITS 

FIGURj; 4 - PROPAGATiON DELAY TIMES, 
CONTROL AND INHIBIT TO OUTPUT 

o 0 

Vee Vee Vee,Vee 

FIGURE 6 - CROSSTALK BETWEEN ANY TWO SWITCHES 

FIGURE 8 - MAXIMUM CONTROL FREQUENCY 

-L-
112 (Vee-Vee) ~ 

T 
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MC14551B (continued) 

FIGURE 9 - CHANNEL RESISTANCE (RONI TEST CIRCUIT 
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'Ok~~--t-------------1------1( 
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Keithley 160 
Digital 

1 kH 
Range x y 

f------.j Plotter 

TYPICAL RESISTANCE CHARACTERISTICS 

FIGURE 10 - VOO @ 7.5 V, VEE @ -7.5V 
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FIGURE 12 - VOO@ 2.5 V, VEE @ -2.5 V 
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FIGURE 11 - VOO @ 5.0V. VEE @ -5.0 V 
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FIGURE 13 - COMPARISON at ZSOC, V OO @ -VEE 
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® MOTOROLA 

256-BIT STATIC RANDOM ACCESS MEMORY 

The MCM14552 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 MCM14552 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) hIlly 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 memory Is ilesigned so that dc 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 ~pplications where 
battery operation or high noise immunity are required. 

• Quiescent Current = 50 /lA/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 

NOTE: Pin 20(LE)) must be connected to Vss 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Symbol Value 

DC SupplV 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 

Unit 

Vdc 

Vdc 

mAde 

°c 

°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 r~commended 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. 
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MCM14552 

CMOS LSI 
(LOW.pOWER COMPLEMENTARY MOSt 

256-BIT (64 X 4) ST ATiC 
RANDOM ACCESS MEMORY 

,~ 
1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 623 

PSUFFIX 
PLASTIC PACKAGE 

CASE 709 

OROERING INFORMATION 

.,."''' 11SU11;. Oenot •• 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
e Limited Operating 

Temperature Range 

PIN ASSIGNMENT 

24 

23 

22 

4 21 

20 

6 19 

18 

8 17 

9 16 

10 15 

11 14 

12 13 



MCM14552 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Ou tpu t Vol tage "0" Level VOL 5.0 
VI"' VooorO 10 

15 

"'" Level VOH 5.0 
Vm-=OorVOD 10 

15 

Input Voltage# "0" 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 

"'" Level VIH 
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) IOH 
{VOH " 2.5 Vdcl Source 5.0 
IVOH "4.6 Vdcl 5.0 
IVOH "9.5 Vdcl 10 
IVOH = 13.5I1dc) 15 

IVOL = 0.4 Vdcl Sink IOL 5.0 
IVOL "0.5 Vdcl 10 
IVOL" 1.5 Vdcl 15 

Olltput Drive Current (CLlCP Device) IOH 
IVOH "2.5 Vdcl Source 5.0 
IVOH "4.6 Vdc) 5.0 
IVOH = 9.5 Vdc) 10 
IVOH = 13.5 Vdcl 15 

IVOL = 0.4 Vdcl Sink IOL 5.0 
IVOL = 0.5 Vdel 10 
IVOL" 1.5 Vde) 15 

Input Current (AL Device) 'in 15 

Input Current IClICP Device) lin 15 

Input Capacitance Cin -
IVin" 01 

Quiescent Current (AL DeVice) 100 5.0 
IPer Packagel 10 

15 

QUiescent Current (CLlCP Devlcel 100 5.0 
{Per Package I 10 

15 

Total Supply CurrentUt IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 

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

Three-State Leakage Current ·ITL 15 
IAL Devlcel 

Three·State Leakage Current ITL 15 
ICL/CP Device) 

*Tlow = -5SoC for AL Device, -40oC for CL/CP Device. 
Thigh = +12SoC for Al Device, +8SoC for CL/CP Device. 

:tNoise immunity specified for worst-case input combination. 

Tlow . 
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 -
- ±O.l 

- ±1.0 
.- -

- 5.0 
- 10 
- 20 

- SO 
- 100 
- 200 

- ±0.1 

- ±1.0 

Noise Margin lor both ·'1" and "0" level = 1.0 Vdc min@ VOD = 5.0 Vdc 
2.0 Vde min @ VDO = 10 Vdc 
2.5 Vdc min@ VOO = 15 Vde 

tTo calculate total supply current at loads other than 50 pF: 
ITICL) = ITI50 pF) +4 x 10-3 ICL -50) VOOI 

2SoC 

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 -
- ±O.OOOOI ±O.l 

- ±O.OOOOI ±1.0 

- 5.0 7.S 

- 0.050 5.0 
- 0.100 10 
- 0150 20 

- 0.050 50 
- 0.100 100 
- 0.150 200 

IT = 11.98 !lA/kHz I I + 100 
IT = 13.96 ~A/kHzl 1+ 100 
IT = 15.86 /lA/kHzl f + 100 

- ,0.00001 ± 0.1 

- '0.00001 ± 1.0 

where: IT is in IJA (per package), CL in pF, VOO in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 2SoC. 
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Thi h-
Min Max Unit 

- 0.05 Vde 
- 0.05 
- 0.05 

4.95 - Vde 
9.95 -
14.95 -

Vde 
- 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 -

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAde 
0.9 -
2.4 -

- ± 1.0 IJ.Adc 

- ±14.0 ~Adc 

- - pF 

- 150 ~Ade 

- 300 
- 600 

- 375 !lAde 
- 750 
- 1500 

!lAde 

- .3.0 !lAde • - ±7.5 !lAdc 



MCM14552 

SWITCHING CHARACTERISTICS· (CL = 50 pF T A = 250 C) 

Characteristic Figure Symbol VOO Min Typ Max Unit 

Output Rise Time 1 'TLH ns 
tTLH = (3.0 ns/pF) CL + 30 ns 5.0 - 180 360 
'TLH = (1.5 ns/pF) CL + 25 ns 10 - 90 180 
tTLH = (1.1 ns/pF) CL + 10 n. 15 - 65 130 

Output Fall Time 
, 

1 tTHL ns 
'THL = (1.5 ns/pF) CL + 25 n. 5.0 - 100 200 
tTHL = (0.75 ns/pF) CL + 12.5 ns 10 - .50 100 
tTHL = (0.55 ns/pF) CL + 9.5 n. 15 - 40 80 

Read Cvcle Time 1,2 !cyc(R) 5.0 - 2000 6000 ns 
10 - 750 2200 
15 - 500 1660 

Write Cycle Time 3,4 tcyc(W) 6.0 - 1200 3600 ns 
10 - 750 2200 
15 - 500 1660 

Address to Strobe Setup Time 1,3 tsu (A-5Tl 5.0 1500 600 - ns 
10 450 150 -
15 360 120 -

Strobe to Address Hold Time 1,3 th(ST-A) 5.0 150 50 - ns 
10 100 0 -
15 75 0 -

Address to Chip Enable Serup Time 2,4 t.u(A·CE) 5.0 1800 600 - ns 
10 600 200 -
15 450 150 -

Chip Enable to Address Hold Time 2,4 th(CE·A) 5.0 450 150 ns 
10 300 100 -
15 225 75 -

Strobe or Chip Enable Pulse Width When Reading 1,2 twL(R) 5.0 1800 450 - ns 
10 450 150 -, 
15 350 100 -

Strobe or Chip Enable Pulse Width When Writing 3,4 twL(W) 5.0 3600 1200 ns 
10 1800 600 ~ 

15 1350 400 -
Read Setup Time 1 tsu(R) 5.0 0 -100 - ns 

10 0 -40 -

• 
15 0 -30 -

Read Hold Time 1 th(R) 5.0 540 180 - ns 
10 240 60 -
15 180 45 -

Data Setup Time 3,4 tsu(O) 5.0 1800 600 - ns 
10 600 200 -
15 450 150 -

Oata Hold Time 3,4 th(O) 5.0 600 200 - ns 
10 150 50 -
15 120 30 -

*The formula given is for the typical characteristics only. (continued) 
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SWITCHING CHARACTERISTICS· (CL = 50 pF, T A = 250 C) (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 

eE123 

CE222 

Ce321 

A5 180----------1 

A4 170----------1 

A3 160----------1 

A2 150---------~ 

3108 

Decoder 

3t08 

Al 140----------1 Dacoder 1-__ --1 

AO 130----------------4 

Figure Symbol 

3,4 tsu(WE) 

3,4 lh(WE) 

1,3 tacc(RoST) 

2 tacclR·CE) 

2,4 tRICE), 
tRIWE) 

2 tIT) 

1 tLE 

Din Din Din Din 
o 1 2 3 

4 6 8 10 

64 .4 

Memory 

Array 

7-547 

VDD Min 

5.0 720 
10 240 
15 180 

5.0 150 
10 60 
15 45 

5.0' -
10 -
15 -
5.0 -
10 -
15 -
5.0 
10 -
15 -
5.0 -
10 -
15 -
5.0 -
10 -
15 -

20 

DO ao 

Dl al 
LatcheS 

D2 Q2 

D3 a3 

VOO - P;n24 
Vss - Pin 12 

T 
19 

Typ 

240 
80 
55 

50 
20 
15 

2000 
700 
350 

2100 
750 
400 

400 
200 
150 

400 
160 
120 

500 
200 
150 

Max Unit 

ns 
-
-

ns 
-
-

6000 ns 
2100 
1600 

6300 ns 
2250 
1700 

1200 ns 
600 
450 

1200 ns 
480 
360 

1500 ns 
600 
450 

• I 

3 DoutO 

5 Cout 1 

9 Dout3 
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Address 

WrIte Enable 

Latch Enable 

Data Out 

Address 

• 
Data Out 

FIGURE 1 - READ CYCLE WAVEFORMS UTILIZING STROBE TO ACCESS MEMORY 

t---------------tcyc( R)----------------<"'i 

-------- Voo 

-------- Vss 

r------------.----------Voo 50% 
'-------- VSS 

,------------------Voo 

--------- VSS 
tsu(R) 

Notes: 1 - CE1, CE2, EE3 and T are low, M is high. 
2 -- WE may be held high during the complete read cycle. 

FIGURE 2 - READ CYCLE WAVEFORMS UTILIZING CHIP ENABLE TO ACCESS MEMORY 

!--------------tcyc( R) ------------Ij . 
------~------~)(50% Vee 

Vss 

,-------..-------- Voe 

'--------VSS 

r-----------..... -------- Voe 

Notes: 1 - Unused CE, Sf, M and 'f are low and"VV! is high. 
2 - High impedance output state occur. when any C'E is high 

and M Is low, or when T is high. 
3 - The output displays data from the previous state. 

4 - tWL(R) ;> tacc(R-~}m.x' 
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Address 

write Enabl_ 

Data'n 

Data Out 

FIGURE 3 - WRITE CYCLE WAVEFORMS UTILIZING STROBE 

!-------'cvc(W) -1 . 
----------~*.------- Voo 

'------- Vss 

,-----....... ------ Voo 

1'------ Vss 

1.,----+------Voo 

'~---4--Ji-----+-----VSS 

--------+----~ ,..---__ i,---+------Voo 

3 4 ,....-----s----c ::: 
VOL 

tacc(R.:§'T) 

Not.: 1 - CE1, CE2. CE3 and Tar. maintained at the logical "0" 'a"el. 
2 - M is maintained at the logical .. ," level. 
3 - The output displaYI the contents of the previous state. 
4 - The output display. the contllnts of the presently .ddr .... d IDeation .1 In 8 

read mOdify write cycle. 
S - The output displays the data that was written into addressed loeation. 

FIGURE 4 - WRITE CYCLE WAVEFORM UTILIZING CHIP ENABLE 

Addr... --*60"-~
1------'cVC(W)-----I-1 

Voo 

Vss 
th (A-clB---l 

.... (A-B) i,------,---------VOO 
chip enas .. 

write Enable 

'---------VSS 

,.,------Voo 
60"­-----VSS 

O~I"----~-----+---+,L~~ '-~~----+-------VOO 

------+----------+-~~~~--/~----------~~-------VSS 

Datil Out 
,----VOH 

'-----VOL 
Notel: 1 - High Impedance output Rete occur. when 'fE I, high or when WI 

I, low. for M and 'T'malntalned in the low lute. 
2 - UnuMCI S'., 'I'f. M and T ere maintained at the loglca' "0" level. 

7-549 
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TRUTH TABU 
Function CEt Ci. Ci. T LE M iii WE Din Do .. Cam ...... 

Add .... • • • • • • X RIA 0 0 1.11 will be active if all 
Changmg • 1 • X X X X X RIA f!=O,f"OandW!·' 
Valid X t X X X RIA orifU"1 andT .. o 

• .. X • RIA 
Addr_ Changing X X RIA Dout will be 8CthM i~ i' • 0 

NotVahd andWE-lorifM*1, 
and "f'" 0 

Doul Disabted 
lin high resistance ,tatel • • R Disabl .. writll ch'cuitry 

• • 
X • • • • X X !_ "' 1 alwavs diMbIe. DOV1 

0 X 0 R M .. 0 and write operation 
disables Caut 

0 0 1.11 Enabled X A Read operation, 0 0 1.11 active 
!lnactive.tatel • • • A Rud or write, 0 actwe' 

Read Addressed X RIA If WE "'0, Din-0Ol.lt 
Memory Loc;:atlon 
Into Output Latch 

Disable Readil)g X X' X X RIA 
From Memory X X • • • X RIA 

X ~ ". 
X X X RIA 
X 1 • RIA 

X X X 0 RIA' 

Write Into Memorv 0 X X 0 A RIA 
Wnte Disabled X • • • RIA '. RIA 

• X RIA 
X X ,X RIA 
X X • • X RIA 

Output Latch Enapled 0 0 X 0 • RIA 

Output Latch Ol58bfed X X RIA 
RIA 

I 
X RIA 

X X X RIA 
X X, X X RIA 

R = High rellstance state 8t 0 01.11 X = Don't care cot'ldltlon (must be In the "1" or "0" statel 
A .. An acttve level of e/lher VOO or VSS = A high level at VOO-

R/A = An R or A condition depending on the don't care condition " A low le ... 1 at VSS. 

FIGUR E 5 - 512 WORO X 16 BIT MEMORY BOARD Data Inputs 

DO 01 0203 D4 05 06 07 OS 09010011 012013014015 

AS 
A7 
AS 
A5 
A4 
A3 
A2 
AI 

AO 

IT 
• 

All Mend 
Inputsar 
grounded 

A8 
A7 
A6 

Boara StrObe 

r-< 
r--< 

--< 
'-- --< 

--< 

r r r r 
eE3 

~2 

eEl 
A5 
A4 
A3 
A2 
A1 
AO 
-ST 

T 

'MdMI4 
: 32 pi 

552. 
aces 

I 
~3 
l:1!!2 
l:1!!1 
A5 
A4 
A3 
A2 
AI 
AO 

ST 
T 

~ ~ ~ ~ 
DO 01 0203 

~ ~ ~ ~ ~ ~ ~ ~ 
OS 09010011 01201301401e 

Data Outputs 
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® MOTOROLA 

THREE-DIGIT BCD COUNTER 

The MC14553B 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 Vss) 

Rating Symbol Value 

DC Supply Voltage VOO -0.5 to +18 

Input Voltage, All Inputs V,n -05 to VOO + 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 
CLlCP DeVice -40 to +85 

Storage Temperature Range T stg -65 to +150 

TRUTH TABLE 

INPUTS 

MASTER 
RESET CLOCK OISABLE LE OUTPUTS 

0 ~ 0 0 No Change 

0 ~ 0 0 Advance 

0 X 1 X No Change 

0 1 ....r- 0 Advance 

0 1 ~ 0 No Change 

0 0 X X No Change 

0 X X ~ Latched 

0 X X 1 Latched 

1 X X 0 00=01=02= 
03= 0 

x = Don't Care 

7-551 

Unit 

Vdc 

Vdc 

mAde 

mAde 

°c 

°c 

MC14553B 

CMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

THREE-DIGIT BCD COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

00'''''' 11SUffiX Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

12 

10 

11 

13 

BLOCK DIAGRAM 

4 3 

Clock 01 

02 
LE 

03 

O.F. 
Dis 

001 

002 
MR 

003 

VDD = Pin 16 
VSS = Pin 8 

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 ~ 
IVin or Vout) .;;; VOO' 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSS orVODI. 
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ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Yd. 

Output Voltage "a" Level VOL 5.0 
Vin = VDO or a 10 

15 

"I" Level VOH 5.0 
Vin = Oor VDD 10 

15 

Input Voltage# "a" Level VIL 
(VO = 4.5 or 0.5 Vde) 5.0 
(VO = 9.0 or 1.0 Vde) 10 
(VO = 13.5 or 1.5 Vde) 15 

"I" Level VIH 
(VO = 0.5 or 4.5 Vde) 5.0 
(VO· 1.0 or 9.0 Vde) 10 
(VO = 1.5 or 13.5 Vde) 15 

Output Drive Current (AL Device) IOH 
(VOH ' 4.6 Vde) Source 5.0 
(YOH = 9.5 Vde) 10 
(VOH = 13.5 Vde) 15 

(VOL = 0.4 Vde) Sink·Pin 3 IOL 5.0 
(VOL = 0.5 Vde) 10 
(VOL = 1.5 Vde) 15 

(VOL = 0.4 Vde)Sink·OtherOutputs IOL 5.0 
(VOL = 0.5 Vde) 10 
(VOL = 1.5 Vde) 15 

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

(VOL = 0.4 Vde) Sink·Pin 3 IOL 5.0 
(VOL = 0.5 Vde) 10 
(VOL = 1.5 Vde) 15 

(VOL = 0.4 Vde) Sink-Other Outputs IOL ,5.0 
(VOL = 0.5 Vde) 10 
(VOL = 1.5 Vdc) 15 

Input Current (AL Device) 'in 15 

Input Current (CL/CP Device) lin 15 

I nput Capacitance Cin -
(Vin =0) 

Quiescent Curront (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 output., all 
buffer. switching) 

*Tlow = -5SoC for AL Device. -40oC for CL/CP Device. 
Thigh = t12SoC for AL Device, +8SoC for CL/CP Device . 

.:Noise Immunity specified for worst-case input combination. 

Tlow· 

Min Max 

- 0.05 

- 0.05 
- 0.05 

4.96 -
9.95 -
14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -
11.0 -

-0.25 -
-0.62 -
-1.8 -
0.23 -
0.60 -
1.80 -
2.4 -
3.8 -
10 -
-0.2 -
-0.5 -
-1.4 -
0.23 -
0.60 -
1.80 -
2.4 -
3.8 -
10 -
- '0.1 

- '0.3 

- -

- 5.0 

- 10 
- 20 

- 50 

- 100 

- 200 

NOise Margin for both "1" and "0" level = 1.0 Vdc min @ VOO = 5.0 Vdc 
2.0 Vde min @ VDD = 10 Vde 
2.5 Vde min @ VDD = 15 Vde 

tTo calculate total supply current at loads other than 50 pF: 
ITICL) = ITI50 pFI + 4 x 10-3 ICl -50) VDDf 

2sDc 
Min Typ . Max 

- a 0.05 
- a 0.05 
- a 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 -

-0.20 -0.36 -
-0.50 -0.9 -
-1.5 -3.5 -
0.2 0.88 -
0.5 2.25 -
1.5 8.8 -
2.6 4.0 -
5.0 8.0 -
15 20 -

-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -
0.2 0.88 -
0.5 2.25 -
1.5 8.8 -
2,0 4.0 -
3.0 8.0 -
8.4 20 -
- '0.00001 ±0.1 

- '0.00001 ±0.3 

- 6.0 7.5 

- 0.010 5.0 

- 0.020 10 

- 0.030 20 

- 0.010 50 

- 0.020 100 

- 0.030 200 

IT = (0.35 /lA/kHz) f + I DO 
IT = (0.86 /lA/kHz) f + I DO 
IT = (I.S0/lA/kHz) f + 100 

where: IT is in IJA Iper package), CL in pF, VOD in Vdc. and f in kHz is input frequency . 
• *The formulas given are for the typical characteristics only at 2SoC. 
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Thigh· 

Min Max Unit 

- 0.05 Vde 
- 0.05 

- 0.05 

4.95 - Vde 
9.95 -
14.95 -

Vde 
- 1.5 
- 3.0 
- 4.0 

Vde 
3.5 -
7.0 -
11.0 -

mAde 
-0.14 -
-0.35 -
-1.1 -
0.16 - mAde 
0.40 -
1.20 -
1.6 - mAde 
3.5 -
10 -

mAde 
-0.12 -
-0.3 -
-1.0 -
0.16 - mAde 
0.40 -
1.20 -
1.6 - mAde 
2.5 -
7.0 -
- ±1.0 /lAde 

- ±1.0 /lAde 

- - pF 

- 150 /lAde 
- 300 
- 600 

- 376 /lAde 
- 750 
- 1500 

/lAde 
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SWITCHING CHARACTERISTICS· (CL = 60 pF. T A = 250 C) 

Ch...-riltlc Figura Symbol VDD Min 
Output Rise Time 3. tTLH 

tTLH = (3.0 ns/pF) CL + 30 ns 5.0 -
tTLH = (1.5 ns/pF) CL + 15 ns 10 -
tTLH = (1.1 n./pF) CL + 10 ns 15 -

Output Fall Time 3. tTHL 
ttHL = (1.5 ns/pF) CL + 25 ns 5.0 -
tTHL = (0.75 ns/pF) CL + 12.5 ns 10 -
tTHL = (0.55 ns/pF) CL + 9.5 ns 15 -

Clock to 8CD Out 3. tpLH. 5.0 
tpHL 10 -

15 -
Clock to Overflow 3. tpHL 5.0 -

10 -
15 -

Reset to 8CD Out 3b tpHL 5.0 -
10 -
15 -

Clock to Latch En.ble SetuP Time 3b tsu 5.0 600 
10 400 
15 200 

'Clock Pul .. Width 3. twH(eil 5.0 550 
10 200 
15 150 

Raset Pulse Width 3b twH(R} 5.0 1200 
10 600 
15 450 

Input Clock Frequency 3. fel 5.0 -
10 -
15 -

Input Clock Ri .. Time 3b tTLH 5.0 
10 
15 

Sc.n Oscill.tor Frequency 2 fosc 5.0 -
10 -

ICI measured in "F} 15 -
* The formula given IS for the tYPical characteristics only. 

FIGURE 1 - AMBIENT TEMPERATURE POWER DERATING 

1200 

iii 1000 

~ 
~ ~ 800 
0". 
"'u 
; ~ 600 
~ffi 
:Eo. 
~ 400 
x 
~ 
e 200 

......... 

,...."" 

o 
25 

......... 
.......... 

........ ......... 

" ..... CL DEViCE 

'>... "" CP DEVICE ......... ,AL DEVICE 

""'" 
I 
I 
I 

50 75 85 100 125 150 
TA. AMBIENT TEMPERATURE (DC) 
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Typ MIIx Unit 

ns 

180 360 
90 180 
65 130 

ns 
100 200 
50 100 
40 80 

900 1800 ns 
500 1000 
300 600 

600 1200 ns 
400 800 
200 400 

900 1800 ns 
500 1000 
300 600 

300 - ns 
200 -
100 -
275 - ns 
100 -
75 -

600 - ns 
300 -
225 -
1.6 0.9 MHz 
5.0 2.5 
7.0 3.5 

.. -
No ns 

Limit 

0.4/Cl - Hz 
1.2/Cl -
1.6/Cl -

• 
175 
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FIGURE 2 - 3·DIGIT COUNTER TIMING DIAGRAM (Reference Figur. 4) 

Units Clock l1UUUlJ1J1JU1IU"1IUUUUUlJlJ1I1."1f11llMllIU11U1JlJ1flr 
11111111111111111 I1IIII11111111111 II ,:-,:~~~,..L: 

..n.n.JLJUTULJL"""LJLIiUl...f1"JTLI""U !-J ~ ~ ~ I f:-
, , I , II I " I, II , I I ,I, :: "" II 

~"~"-4-"~ 

1------1!: ~"~"JL."~ 

Units 00 

Units Q1 

Units Q2 

~~ , II ", "" " !-.l.! 
Uni,,03 ______ --J! I! "~ i'l-I I I L 

II II II II II 

Tens Clock ______ --'n "n n "~l fL 
~ r----------:i-_______ -Li' ;---1 11 I I 
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~------------Lill ~ I' 
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Clock ---------------------- I " , " i I 

Hund.ed. 00 '"-.J I L 
-------------------------------------------~ II 

Hundreds 03 -------------------------------·,up at 800 : ~ 
II 
II 

Disable 1 (Disables Clock When High) 

fL Overflow --------------___________________________ -' 

~::~ lL _________________________________________ ~ 

Scan 
Oscillator 

Units? 

Tens 

Digit Select 3 ------; 

FIGURE 3 - SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 

20 ns 

BCD Out 

tTLH 
Overflow" 

Internal 
Latch Data 

Input 

Latch Enable 

BCD Out 

50% 

~tPHL 
50~ 

ReMt--------------
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OPERATING CHARACTERISTICS 
The MC14553B three-digit counter, shown in Figure 4, The Master Reset input, when taken high, initializes the 

consists of three negative edge-triggered BCD counters three BCD counters and the multiplexer scanning circuit. 
which are cascaded in a synchronous fashion. A quad latch While Master Reset is high the digit scanner is set to digit 
at the output of each of the three BCD counters permits one; but all three digit select outputs are disabled to 
storage of any given count. The three sets of BCD outputs prolong display life, and the scan oscillator is inhibited. 
(active highl, after going through the latches, are time The Disable input, when high, prevents the input clock 
division multiplexed, providing one BCD number or digit from reaching the counters, while still retaining the last 
at a time. Digit select outputs (active lowl are provided count. A pulse shaping circuit at the clock input permits 
for display control. All outputs are TTL compatible_ the counters to continue operating on input pulses with 

An on-chip oscillator provides the low frequency scan- very slow rise times. Information present in the counters 
ning clock which drives the multiplexer output selector. when the latch input goes high, will be stored in the 
The frequency of the oscillator can be controlled ex- latches and will be retained while the latch is high, 
ternally by a capacitor between pins 3 and 4, or it can be independent of other inputs. Information can be recovered 
overridden and driven with an external clock at pin 4. from the latches after the counters have been reset if 
Multiple devices can be cascaded using the overflow Latch Enable remains high during the entire reset cycle. 
output, which provides one pulse for every 1000 counts. 

Clock 
12 

Pulse 
Shaper 

11 
Oisable 
(Active 
High) 

13 

MR 
(Active High) 

FIGURE 4 - EXPANDED BLOCK DIAGRAM 
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02 
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Circuit diagrams utilizing Motorola products are included as B means 
of iIIustradng typical semiconductor applications; consequently. 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

0 
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:;; 

III 
M .. 
'" :! 
u 
::; 

I' 

IS believed to be entirely rehable. 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 I nco or others. 
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® MOTOROLA 

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 simu Itaneously add two other binary numbers to the product_ 
The MC14554B has two multiplicand inputs (XO and Xl), two mul­
tiplier inputs (YO and Yl), five cascading or adding inputs (KO, Kl, 
MO, Ml, and M2), and five sum and carry outputs (SO, Sl, S2, Cl 
[S3) , and CO). The basic multiplier can be expanded into a straight­
forward m-bit by n-bit parallel 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. 

• Diode Protection on All Inputs 

• All Outputs Buffered 

• Ouiescent 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 RA TlNGS (Voltages referenced to VSS) 

Rating Symbol Value 

DC Supply Voltage VOO ·0510+18 

Input Voltage, All Inputs V in ·0.5 to VOO + 0.5 

Unit 

Vdc 

Vdc 

DC Current Dram per Pm I 10 mAde 

Operating Temperature Range - AL DeVice TA ·55 to +125 °c 
cLlep DeVice ·40 to +85 

Storage Temperature Range T5t9 ·65 to +150 °c 

MC14554B 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MDS) 

2·BIT BY 2·BIT PARALLEL 
BINARY MULTIPLIER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASe 648 

ORDERING INFORMATION 

.0 .... " 11SUfflX Denote. 

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 Vss " 
(V in or V out) " VOD. 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSSor VDO). 

BLOCK DIAGRAM EQUATIONS 

14 
13 
15 

11 

9 

S = (X x YI + K +M 
Where: 
x Means Arithmetic Times. 
+ Means Arithmetic Plus. 
5 = S3 S2 S1 SO, X = X1XO, Y = Y1YO, 

Voo = Pin 16 
VSS = Pin S 

6 

4 

K = Kl KO, M = Ml MO (Binary Numbers). 
Example: 

Given: X = 2(10), Y = 3(11) 
K = 1(01), M = 2(10) 

Then: S = (2 x 3) + 1 + 2 = 9 
S= 110x 11)+01 + 10= 1001 

Note: CO connected to M2 for this size multiplier. 
See general expansion diagram for other size multipliers. 
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ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vd. 

Output Voltage "0" Level VOL 5.0 
Vin VDD or 0 10 

15 

"I" Le,.,1 VOH 5.0 
Yin -- OorVDO 10 

15 

Input Voltage# "0" 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" Le,,;el VIH 
(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 Vdcl 10 
(VOH' 13.5 Vdc) 15 

(VOL' 0.4 Vdc) Sink IOL 5.0 
(VOL = 0.5 Vdc) 10 
(VOL"·5Vdc) 15 

Output Ori,., Current (CLlCP Device) IOH 
(VOH • 2.5 Vdc) Source - 5.0 
(VOH = 4.6 Vdc) 5.0 
(YOH • 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 

I "put Current (AL Device) lin 15 

Input Current (el/ep Device) 'in 15 

Input Capacitance Cin -
(Vin '-0) 

Quiescent Current (AL Device) 'DO 5.0 
(Per Package) 10 

15 

QUiescent Current (CL/CP DeVice) 'DO 5.0 
(Per Package) 10 

15 

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

(C L = 50 pF on all outputs, all 
buffers SWitching) 

*T\ow <'- -55°C for AL Device, -40oC for CL/CP Device. 
Thigh = +1250 C lor AL Device, +850 C lor CLlCP Device . 

..I:Noise Immunity specified for worst--case input combination. 

TI_ * 
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 "I" and "O"level = 1.0 Vdc min@VOO = 5.0 Vdc 
2.0 Vdc min @ VOD = 10 Vdc 
2.5 Vdc min@VDD -= 15 Vdc 

tTo calculate total supply current at loads othet than 50 pF: 
'TICL) = IT(50 pF) + 3.5 x 10-3 ICL -50) VODf 

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 -1.1 -
-0.16 -0.36 -
-0.4 -0.9 -
-1.2 -3.5 -

0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- ±O.OOOOI ±O.1 

- ±O.OOOOI to.3 

- 5.0 7.5 

- 0.005 5.0 
- 0.010 10 
- 0.Q15 20 

- 0.006 20 
- 0.010 40 
- 0.Q16 80 

iT = (1.0 "A/kHz) f + 100 
IT = 12.0 /lA/kHz) f + 100 
IT = 13.0 /lA/kHz) I + 100 

where: IT is in IJA (per package), 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. 
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Thi 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 -

mAde 

-0.6 -
-0.12 -
-0.3 -
-1.0 -
0.36 - mAde 
0.9 .-
2.4 -
- ± 1.0 "Adc 

- ±1.0 JJAde 

- - pF 

- 150 "Adc 
- 300 
- 600 

- 150 "Adc 
- 300 
- 600 

"Adc 



MC14554B 

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

Characteristic 

Output Rise Time 

tTLH: (3.0 ns/pF) CL + 30 ns 
tTLH: (1.5 ns/pF) CL + 15 ns 
tTLH: (1.1 ns/pF) CL + 10 ns 

Output Fall Time 
tTHL: (1.5 ns/pF) CL + 25 ns 
tTHL: (0.75 ns/pF) CL + 12.5 ns 
tTHL: (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 S2 
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 

Any Output 
(50% Duty Cycle) 

Mt 

All outputs connected to respective 
CL loads. f "" system clock frequency 

LOGIC DIAGRAM 

Y1 MO 

Symbol VDD Min Typ Max Unit 

tTLH ns 
5.0 - 180 360 
10 - 90 180 
15 - 65 130 

tTHL ns 
5.0 - 100 200 
10 - 50 100 
15 - 40 80 

tpLH. ns 

tPHL 
5.0 - 270 675 
10 - 115 290 
15 - 85 215 

5.0 - 680 1700 
10 - 280 750 
15 - 210 570 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 

20 ns 20 ns 

For KO to CO 
Inputs XQ, X1, YO, Y1, K1, and M2 low, and inputs 
MO and M1 high 

For MO to S2: 
Inputs Xl. Y1. and KO low, and inputs XO, YO, 
K1, M1,andM2high. 

MULTIPLIER CELL 

M o--I------'~ 
y 

X~__r"""'l_~ 

Ko--I----+-~---~ 
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Y (n-I) 

M(n-2) 

M(n-I) 

S(m + n-1) S(m + "-2) 

EXPANSION OIAGRAM 

m-Bit by n-Bit Parallel Binary Multiplier (Top View) 

Y and M .... 
Y3 

M2 

M3 

YI YI VOO 

Y(n-2) 

XO 

XI 

Y2 

XO 

MO MO 

MI MI 

CO 
r---~M2 

YO YO 

XO XO 

XI XI 

KO KO 

CI SO 

S2 KI 

VSS SI 

Y(n-2) 

X2 

X3 

, 

Y(n-2) l 
X(m-2) ---

S(m + n-3) 

Y3 Yl 

S{m+2) S (m+I) SImI 

s = (X x VI + K + M Where: x means Arithmetic Times. 
+ means Arithmetic Plus. 

S = S{m + n-I) S(m + n-2) - - - S2 51 SO 
X = X{m-I) X (m-2) - - - X2 XI XO, Y - Y(n-I) Y{n-2) - - - Y2 YI YO 
K = K{m-l) K(m-2) - - - K2 KI KO and M - M{n-l) M{n-2) - - - M2 Ml MO 
(Binary Numbersl. 

Number of output binary digiti"" m + n 

KI 

YO 

X2 

X3 

K2 

YO 

-X(m-2) 

X(m-I) 

K(m-2) 

K(m-l) 

S(m-I) S3 SI 
S(m-2) S2 SO 

Number of packages = mxn/4 (For m or " or both odd select next highest even number.) 

X and K 

Circuit diagrams external to Motorola products are included 8S a means of illustrating typical lemiconductor application.; consequently. 
complete Information sufficient for construction purposes il not necessarily given. The Information in this Application Note has been care­
fully checked and ,. believed to be entfrely reliable. However, no responsibility's 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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® MOTOROLA 

DUAL BINARY TO 1-0F-4 
DECODER/DEMULTIPLEXER 

The MC14555B and MC14556B are constructed with comple­
mentary MOS (CMOS) enhancement mode devices. Each Decoder/ 
Demultiplexer has two select inputs (A and BI. an active low Enable 
input (EI. and four mutually exclusive outputs (00, 01, 02, 03). 
The MC14555B has the selected output go to the "high" state, and 
the MC14556B 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 MC 14555B or MC 14556B 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 VDD Typical 
• Active High or Active Low Outputs 
• Low Ouiescent Current _. 5.0 nA/package typical @ 5 Vdc 

• Expandable 
• Supply Voltage Range = 3.0 Vdc to lB 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 (Voltagesreferenced to VSS) 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

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

DC Current Dram per Pm I '0 
Operating Temperature Range - AL Device TA -55 to +,25 

CLlCP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

BLOCK DIAGRAM 
MC14555B MC14556B 

2- A 00 -4 2- A 00 f--4 

3- 6 A' -5 
3- 6 0' f--5 

,--< E 
02 -6 

l--C E 
02 f--6 

03 -7 03 f--7 

,4- A 001--'2 '4- A 001--'2 

'3- 6 0'1--" 
'3-6 

011--" 
021---10 021--'0 

15--< E 031--9 '5--< E 
031--9 

VOO"" Pin 16 
VSS"" PinS 

7-561 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

MC145558 
MC145568 

CMOS 55. 

(LOW·POWER COMPLEMENTARY MOS) 

DUAL BINARY TO 1-0F-4 
DECODER/DEMULTIPLEXER 

Active High Outputs - MC14555B 
Active Low Outputs - MC145568 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

." "'"' 1l;SUffIX Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 

C Limited Operating 

Temperature Range 

TRUTH TABLE 

INPUTS OUTPUTS OUTPUTS 
ENABLE SELECT MC14555B MC14556B 

E B A 03 02 01 00 03 02 01 00 
0 0 0 0 0 0 , 1 , 1 
0 0 , 0 0 1 0 , , 0 
0 , 0 0 , 0 0 1 0 , 
0 1 , , 0 0 0 0 , , 
1 X X 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 V in and 
Vout be constrained to the range V 55 < 
(V in or Vout) <; VDD. 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSSorVDOI. 

0 , 
1 
1 
1 
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MC14555B. MC14556B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
V," -0 VODorO 10 

15 
··1·· Level VOH 5.0 

Vin -= OorVOD 10 
15 

Input Voltage#" "0" 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 

"'" Level VIH 
(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) 10H 
(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 10L 5.0 
(VOL = 0.5 Vdc! 10 
(VOL = 1.5 Vdc! 15 

Output Drive Current (eLlep Device) 10H 
(VOH = 2.5 Vdc! Source 5.0 
(VOH = 4.6 Vdc! 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdc! 15 

(VOL = 0.4 Vdc! Sink 10L 5.0 
(VOL = 0.5 Vdc! 10 
(VOL = 1.5 Vdc! 15 

Input Current (AL Device) 'in 15 

Input Current (CLlep Device) 'in 15 

Input Capacitance Gin -
(V," = O! 

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

15 

QUiescent Current (CLlep DeVice) 100 5.0 
(Per Package) 10 

15 

Total Supply Current··t IT 5.0 
(Dynamic plus QUiescent, 10 
Per Package) 15 
(el = 50 pF on all outputs, all 
buffers sWitching) 

*Tlow'" -5SoC for AL Oevice. -400C for CLlCP Device. 
Thigh: +12SoC for AL Device. +8SoC for CLlCP Oevice. 

#Noise Immunity specified for worst-case input combination. 

Tlow 
. 

Min Ma. 

- 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 -

- ±O.l 

- ±O.3 

-- -

5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

NOise Margin for both "1" and "O"'evel = 1.0 Vdc min@:VOO =- S.O Vdc 

2.0 Vdc min @ VOD "10 Vdc 
2.5 Vdc min@ VOO = 15 Vdc 

tTo calculate total supply current at loads other than SO pF. 
IT(eL! = IT(50 pF! + 2 x 10-3 (CL -50! VODf 

25°C 
Min Typ l1li •• 
- 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 -
- ±O 00001 ±O 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 = (0.85 "A/kHz! f + 100 
IT = (1.7 "A/kHz! f + 100 
IT = (2.6 "A/kHz! f + 100 

where: IT is in IJA (per package). 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. 
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Thi h* 
Min M •• 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 -
mAde 

-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.36 - mAde 

0.9 -
2.4 -

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAde 
0.9 -
2.4 -
- ± 1.0 ~Adc 

- ±l.O I-LAdc 

- - pF 

150 J.lAde 
- 300 
- 600 

- 150 J.l.Adc 
- 300 
- 600 

~Adc 



MC14555B. MC14556B 

SWITCHING CHARACTERISTlCS*(CL = 50 pF T A = 25°C) 

* 

Characteristic Symbol 

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

Output Fall Time tTHL 
tTHL = (1.5 n,/pF) CL + 25 ns 
tTHL = (0.75 ns/pF) CL + 12.5 ns 

tTHL = (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 
tPLH. tpHL = (0.66 ns/pF) CL + 62 ns 
tpLH. 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. tpHL = (0.66 ns/pF) CL + 52 ns 
tPLH 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 CVcle) 

/\----------VOH 

outPutQ1~ \ ...... ---------VOL 

All 8 outputs connect to respective CL loads. 
f in 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) 

B 

·Eliminated for MC145558 
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Min Typ Max Unit 

ns 
- 180 360 
- 90 180 
- 65 130 

n. 
- 100 200 
- 50 100 
- 40 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. 

20 ns 20 ns 

Input B ..e=::---,[:-t---- VOO 

11<---- Vss 

OutPutQ3 

MCI4555=B __ -'rT-

00 

01 

Q2 

Q3 



II 

® MOTOROLA 

l-TO-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, L8, L 16, and L32) plus 
one. Senal 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 
ar simply 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 
• Q and 0: Serial Buffered Outputs 
• Asynchronous Master Reset 
• All Inputs Buffered 
• No Limit On Clock Rise and Fall Times 
• 8 MHz Operation @ VDD = 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 Vssl 

Rating Symbol Value 

DC Supply Voltage VDD 0.5 to +18 

Input VOltage, All Inputs V In -05 to VDD + 0.5 

DC Current Dram per Pin I 10 

Operating Temperature Range - A L DeVice TA -55 to +125 

CLlCP DeVice -40 to +85 

Storage Temperature Range T stg -65 to +150 

LENGTH SELECT TRUTH TABLE 

L32 L16 L8 L4 L2 L1 Register Length 

0 0 0 0 0 0 '-Bit 

0 0 0 a a 2-81ts 

0 0 0 0 0 3-8it5 

0 0 0 0 1 4-8it5 

0 0 0 .0 0 5-8it5 

0 a a a 6-8it5 

a a a a 0 33-8it5 

a a 0 0 34-81t5 

0 0 61-61ts 

0 62-Bits 

a 63-Bits 

64-Slts 

. Note: Length equals the sum of the binary length 
control subscripts plus one. 

7-564 

Unit 

Vdc 

Vdc 

mAde 

°c 

DC 

MC14557B 

CMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

l-TO-64 BIT 
VARIABLE LENGTH 

SHIFT REGISTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

OROERING INFORMATION .,,"'" 1 ~SUffIX Denotes 

L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Range 

C Limited Operating 
Temperature Range 

3 
4 

6 

R 

0 

0 

0 

0 

1 

BLOCK OIAGRAM 

R 

B 
A 

AlB Select 
L1 
L2 
L4 
L8 

L16 
L32 

VDD '" Pin 16 

VSS =: Pin 8 

Q 

TRUTH TABLE 

Inputs Output 

AlB Clock CE a 
a .-r 0 B 

1 .-r 0 A 

a 1 ~ B 

1 1 '-- A 

X X X a 
Q is the output of the first selected 
shift register stage . 

X::: Don't Care. 

10 

11 



MC14557B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
V,n-VODorQ 10 

15 

"'" Level VOH 5.0 
VIO -. a or VOO 10 

15 

Input Voltage#" "0" 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 

"'" Level VIH 
IVo " 0.5 or 4.5 Vdcl 5.0 
IVo 0 1.0 or 9.0 Vdcl 10 
IVO" 1.5 or 13.5 Vdcl 15 

Output Drive Current (AL Devlcel 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 IOL 5.0 
IVOL = 0.5 Vdcl 10 
IVOL = 1.5 Vdcl 15 

Output Drive Current (CL/CP Device) IOH 
IVOH = 2.5 Vdcl Source 5.0 
IVOH = 4.6 Vdcl 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vdcl 10 
IVOL = 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CLlCP Device) lin 15 

Input Capacitance Cm -
IVin = 01 

QUiescent Current (AL Devlcel 100 50 
(Per Package) 10 

15 

QUiescent Current (CLlCP DeVice) 100 5.0 
(Per Package) 10 

15 

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

(el = 50 pF on all outputs, all 
buffers sWItchIng) 

*T,ow == -55°C for AL DeVice, -400 C for CLlCP Device. 
ThIgh'" +125 0 C for AL Device. +8SoC for CLlCP Device. 

~Nojse immuni ty specified for worst-case input combination 

Tlow 
. 

Min Ma. 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

1495 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -

11.0 -

-1.2 -
-0.25 -
-0.62 -
-l.B -

0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -

-1.4 -

0.52 -
1.3 -
3.6 -

- ± 01 

- ±O3 

-

- 5.0 
- 10 
- 20 

- 50 
- 100 
- 200 

NOIse Margm for both "'" 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: 
ITleLI" IT(50 pFI + 1 x 10-3 ICL -501 VOOI 

25°C Thi h* 

Min Typ Ma. Min Max Unit 

- 0 0.05 - 0.05 Vdc 
- 0 0.05 - 0.05 
- 0 0.05 - 005 

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 - 30 
- 675 4.0 - 4.0 

3.5 2.75 - 3.5 - Vdc 

7.0 5.50 - 7.0 -
11.0 8.25 - 11.0 -

mAde 
-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 - mAde 

1.3 2.25 - 0.9 -
34 8.8 - 2.4 -

mAde 
-0.8 -1.7 - -0.6 -

-016 -0.36 - -0.12 -
-04 -09 - -0.3 -
-1.2 -3.5 - -1.0 -
0.44 0.88 - 0.36 - mAde 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -

- ±O 00001 ±o 1 - ± 1.0 .uAdc 

- ±o 00001 ±O.3 - ± 1.0 /JAde 

- 50 7.5 - - pF 

- 0.010 5.0 - 150 /JAde 
- 0.020 10 - 300 
- 0.030 20 - 600 

- 0.010 50 - 375 ~Adc 

- 0.020 100 - 750 
- 0.030 200 - 1500 

IT" (1.75 ~A/kHzl I + 100 ,uAdc 
IT" (3.5 ~A/kHzl I + 100 
IT" (5.25I'A/kHzl I + 100 

where' 'T is in I1A (per package), CL in pF. VOO in Vdc, and f in kHz is input frequency. 
""The formulas given are for the typical characteristics only at 2SoC. 

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 EO; 

(Vin or Vout ) 0;;;: VOO· 
Unused inputs must alwavs be tied to an 
appropnate logic voltage level (e.g., either 
VSS or VOO>' MinImum No. of Typical S.!!.up Time 

Bits Selected B --+-CE ns 

1 180 

2 120 

3 90 
5 60 

9 30 

17 0 

33 -30 

Length Select 
Lines = 1 

None 

Ll 

L2 

L4 

LB 

L16 

L32 

SETUP TIME CHART 

The nature of the length select logic causes the setup time to 
vary With the number of bits selected. The following table 
summarizes the typical variation at VDD = 10 V. TA = 25°C. 

7-565 
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MC14557B 

SWITCHING CHARACTERISTICS· (CL = 50 pF, TA = 250 C) 

Characteristic Symbol VDD Min Typ Max Unit 

Output Rise Time tpLH ns 
tTLH = (3.0 ns/pF) CL + 30 ns 5.0 - 180 360 
tTLH = (1.5 ns/pF) CL + 15 ns 10 - 90 180 
tTLH = (1.1 ns/pF) CL + 10 ns 15 - 65 130 

Output Fall Time tpHL ns 
tTHL = (1.5 ns/pF) CL + 25 ns 5.0 - 100 200 
tTHL = (0.75 ns/pF) CL + 12.5 ns 10 - 50 100 
tTHL = (0.55 ns/pF) CL + 9.5 ns 15 - 40 80 

Propagation Delay Time tPLH, ns 
(C or CE to Q or Q) tpHL 

tPLH, tPHL = (1.7 ns/pF) CL +415 ns 5.0 - 500 1000 
tPLH, tPHL = (0.66 ns/pF) CL + 167 ns 10 - 200 400 
tPLH, tPHL = (0.5 ns/pF) CL + 125 ns 15 - 150 300 

(R toQorQ) - --"---- ._"----- - -- --- ns 
tpLH tpHL = (1.7 ns/pF) CL + 390 ns 5.0 - 475 550 
tPLH: tPHL = (0.66 ns/pF) CL + 157 ns 10 - 190 380 
tpLH, tpHL = (0.5 ns/pF) CL + 115 ns 15 - 140 280 

Clock Pulse Width tWH(C) 5.0 440 220 ns 
10 136 68 -
15 100 50 -

Reset Pulse Width 'WH(R) 5.0 600 300 - ns 
10 180 90 -
15 120 60 -

Clock Pulse Frequency fel 5.0 - 2.5 1.7 MHz 
10 - 8.0 5.0 
15 - 10.5 6.7 

Clock Pulse Rise and Fall Time 'TLH, 5.0 -
tTHL 10 No Limit 

15 

Data to Clock Setup Time (A or B to C or CE) tou 5.0 900 450 - ns 
L I, L2, L4, L8, L 16, L32 = 0 10 360 180 -

15 170 135 -
Data to Clock Hold Time (A or 8 to C or CE) th 5.0 -225 -450 - ns 

Ll, L2, L4, L8, U6, L32 = 0 10 - 90 -180 -
15 - 60 -135 -

Reset Fall Time tTLH 5.0 - - 15 IlS 
10 - - 5 
15 - - 4 

*The formula given is for the typical characteristics only. 

TIMING DIAGRAM 

Clock Vss 
,----------------------------VOD 

Alnput ______________ -J 
~--------r--------J'----------------------------Vss 

r---"'---------------VOO 

ReMt-------------------;--------------t-----------------J ~------------ vss 

Q ----------------+f I 

1-bit length: 
CE= 0 

AlB = 1 
L 1 = L2 = L4 = LB = L 16 = L32 = 0 

,...--------V OH 

'-----....... '------ VOL 
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CE 

Clock o-----J 

Reset 

A 

Select 

LOGIC OIAGRAM 

11 
6 

Voo'" Pin 16 
VSS Pin 8 

:s: 
(') 
~ 

~ 
en ..... 
tD 
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® MOTOROLA 

BCD-TO-SEVEN SEGMENT DECODER 

The MC14558B decodes 4-bit binary coded decimal data depen­
dent on the state of auxiliary inputs, Enable and RBI, 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 vss I 
Rating Symbol Value 

DC Supply Voltage VDD -05to+18 

Input Voltage, All Inputs V ,n -0.5 to VDD + 0.5 

Unit 

Vdc 

Vdc 

DC Current Dram per Pin I 10 mAde 

Operating Temperature Range - Al DeVice TA -55 to +125 
CL/CP DeVice -40 to +85 

Storage Temperature Range T stg -65 to +150 

AUXILIARY INPUT TRUTH TABLE 

BCD 
Enable RBI Input RBO 
Pin 3 Pin 5 Code Pin 4 

0 o. 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 

F unction Performed 

Lamp Test 

Blank Segments 

Display Zero 

Blank Segments 

1-9 Displayed 

7-568 

°c 

°c 

MC14558B 

CMOS MS. 
(LOW.pOWER COMPLEMENTARY MOS) 

BCD-TO-SEVEN 
SEGMENT DECODER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 62Q 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

"""'" 1lSUffLX Denotes; 

L Ceramic Package 
P PlastLc Package 
A Extended Operating 

Temperature Range 

C Limited Operating 
Temperature Range 

BLOCK DIAGRAM 

A --0 13 

B 12 fl~b 
C 11 ·Dc 
D 10 

d 
3 En 

15 VOD '" Pin 16 

RBI 14 VSS "" Pin 8 

DISPLAY 

loll 12131 '-11516 1718191 
1234689 



MC14558B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
V ,n VOO or a 10 

15 

"'" Level VOH 5.0 
V ,n o or VOO 10 

15 

Input Voltage#" "a" Level VIL 
(VO ~ 4.5 or 0.5 Vdcl 5.0 
(VO ' 9.0 or 1.0 Vdcl 10 
(VO = 13.50r 1.5 VdC) 15 

"," Level VIH 
(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 Vdcl Source 5.0 
(VOH = 4.6 Vdc) 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Smk IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Output Dnve Current (CUe? Device) IOH 
(VOH = 2.5 Vdcl Source 5.0 
(VOH = 4.6 Vdcl 50 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

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

Input Current (AL Device) lin 15 

Input Current (CLlep Device) Ion 15 

Input Capacitance C,n -
(V In = 01 

QUiescent Current (AL DevIce) 100 5.0 
(Per Package) 10 

15 

QUIescent Current (CLle? 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) 

*Tlow'" -5SoC for AL Device, -40°C for CLlCP Device. 
Thigh == +125 0 C for AL Device, +850 C for CLlCP Device. 

J;NOtse Immunity speCified for worst-case input combination 

Tlow 
. 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -

14.95 -

- 1.5 
- 3.0 
- 4.0 

35 -
7.0 -

11.0 -

-12 -
-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 -

- ± 01 

- ±O3 

-

50 
- 10 
- 20 

- 20 
- 40 
- 80 

NOise Margm for both "'" and "0" level == '.0 Vdc min @ VDD ::- 5.0 Vdc 
2.0 Vdc min@VDO = 10 Vdc 
2.5 Vdc min @ VOD = 15 Vdc 

tTo calculate total supply current at loads other than 50 pF. 
IT(CLI 0 IT(50 pFI + 4 x 10-3 (CL -501 VOOf 

25°C 

Min Typ Max 

- 0 0.05 
- 0 005 
- 0 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 
- 4.50 3.0 

- 6.75 40 

3.5 2.75 -
7.0 5.50 -

110 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 -

- :to 00001 ±O 1 

- ±0.00001 ±O3 

- 50 7.5 

0.005 50 
- 0.010 10 
- 0.Q15 20 

- 0.005 20 
- 0.010 40 
- 0.Q15 80 

IT = (1.2 !lA/kHzl f + 100 
'T = (2.4 !lA/kHzl f + 100 
'T = (3.6 !lA/kHzl f + 100 

where: IT IS In JJA (per package), CL in pF, VOO in Vdc, and f to kHz is Input frequency . 
• ·The formulas given are for the typical characteristics only at 25°C. 

Thi h* 
Min Max Unit 

- 0.05 Vdc 
- 0.05 
- 0.05 

4.95 - Vdc 
9.95 -
14.95 -

Vdc 
- 15 
- 3.0 

- 4.0 

3.5 - Vdc 

7.0 -
11.0 -

mAde 

-0.7 -
-0.14 -
-0.35 -
-1 1 -

0.36 - mAde 

0.9 -
2.4 -

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -

0.36 - mAde 

0.9 -
2.4 -

- ± 10 ,uAdc 

- ± 1.0 J..IAdc 

- - pF 

150 }JAde 

- 300 
- 600 

- 150 .uAdc 
- 300 
- 600 

}.lAde 

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 Vout) 
';;VOO· 
Unused inputs must always be tied to an appropriate logic voltage level (e_9., either VSS or VOO). 
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MC14558B 

SWITCHING CHARACTERISTICS· (CL = 50 pF, TA = 25°C; see Figure 1) 

. 

Characteristic 

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

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

Propagation Delay Time 
tPLH = (1.7 ns/pF) CL + 495 ns 
tPLH = (0.66 ns/pF) CL + 187 ns 
tPLH = (0.5 ns/pF) CL + 120 ns 

Propagation Delay Time 

tPHL = 11.7 ns/pF) CL + 695 ns 
tpHL = (0.66 ns/pF) CL + 242 ns 
tpHL = (0.5 ns/pF) CL + 160 ns 

The formula given IS for the typical characteristics only. 

INPUTS 

En RBI 0 C B A 
Pm 3 Pm 5 Pin 6 Pm 2 Pm 1 Pm 7 

, , 0 0 0 0 

1 X 0 0 0 1 

, X 0 0 , 0 

, X 0 0 1 1 

1 X 0 , 0 0 

1 X 0 1 0 1 

1 X 0 1 1 0 

1 X 0 1 , 1 

1 X 1 0 0 0 

1 X 1 0 0 1 

1 0 0 0 0 0 

0 0 X X X X 

0 1 X X X X 

• AU non-valid BCD input codes produce a blank display 

X "- Don't Care 

Symbol VDD 
'TLH 

5.0 
10 
15 

tTHL 
5.0 
10 
15 

tPLH 
5.0 
10 
15 

tpHL 
5.0 
10 
15 

TRUTH TABLE 

a b c 
Pm 13 Pin 12 Pm 11 

, , , 
0 0 0 

1 1 0 

1 1 1 

0 1 1 

1 0 1 

0 0 1 

1 , 1 

1 1 1 

1 1 1 

0 0 0 

, 1 1 

0 0 0 

Min 

-
-
-

-
-
-

-
-
-

-
-
-

OUTPUTS" 

d . 
Pin 10 Pin 9 

, , 
0 1 

1 1 

1 0 

0 0 

1 0 

1 1 

0 0 

1 1 

0 0 

0 0 

1 1 

0 0 

FIGURE I - SIGNAL WAVEFORMS 

20 ns 

Any Input 

Any Output 
----.:t 

7-570 

Typ Max Unit 

ns 
180 360 
90 180 
65 130 

ns 
100 200 
50 100 
40 80 

ns 
580 1160 
220 440 
145 230 

ns 
780 1560 
275 550 
185 370 

f 9 RBD 
Pm 15 Pin 14 Pin 4 DISPLAY 

1 0 1 " U 
1 0 1 

, , 
0 1 1 2 
0 1 1 ~ 
1 1 • '-{ 
1 1 1 5 
1 1 1 b 
0 0 1 I , 
1 1 1 B 
1 1 1 q 
0 0 0 Blank 

1 1 0 8 
0 0 1 Blank 
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Vss .--.c 

,-c 

nking 

I 

~ 

• 
Blanking 

Lamp Test 

N4 

RBI R'B5 --<: 

En 

1 

N4 

RBI R"B5 r--<: 

En 

1 

N4 

N3 

RBI RBO 

En 

1 

TYPICAL APPLICATIONS 

FIGURE 2 - LEADING AND TRAILING ZeRO 
SUPPRESSION WITH LAMP TEST 

N2 N1 • N-1 

--<: RBI RBO -< RBI ABO r<= RBI RB5 

En En En 

1 1 1 

FIGURE 3 - LEADING AND TRAILING ZERO SUPPRESSION 
WITH PWM INTENSITY BLANKING AND NO LAMP TEST 

RBI 

N3 N2 N1 N-1 

Voo 

ABO r--<: RBI RBO l "" RBO -C RBI RBO 

En En En En 

1 1 1 1 

FIGURE 4 - ZERO SUPPRESSION WITH LAMP TEST 
AND INTENSITY BLANKING 

N3 N2 N1 N-1 

N-2 

l RBI ABO 

En 

1 

N-2 

l RBI RBO 

En 

1 

N-2 

RBI 
RBI 

--<: RBI RBO --<: RBI ABO -<: RBI RBO r< RBI RBO l RBI R1iO 

En En En En En En 

1 1 1 1 1 
Tr-L»-l 
L4>-U 1 

l[) 
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SUCCESSIVE APPROXIMATION REGISTERS 

The MC 14549B and MC 14559B 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 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 MC14549B and MC14559B include analog­
to-digital conversion, with'serial and parallel outputs. 

• Totally Synchronous Operation 

• All Outputs Buffered 

• Single Supply Operation 

• Serial Output 

• R etriggerable 
• 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 Vss) 
Rating Symbol Value Unit 

DC Supply Voltage VDD -0.5 to +18 Vdc 
Input Voltage, All Inputs V," -0.5 to VDD + 0.5 Vdc 
DC Current Drain per Pin I 10 mAde 

Operating Temperature Range - AL DeVice TA -55 to +125 °c 
CLlCP DeVIce -40 to +85 

Storage Temperature Range T stg -65 to +150 °c 

TRUTH TABLES 
MC14549B MC14559B 

SC SC(t_l) MR MR(t_l) Clock Action SC SC(t_l) EOC Clock Action 

X X X X """"I- None X X X '- None 

X X 1 X ---I""" Reset 1 0 0 -r Start 
Conversion 

1 0 0 0 ---I""" Start X 1 0 .-r- Continue 
Conversion Conversion 

1 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 = State at Previous Clock ~ 
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MC14559B 
FOR COMPLETE DATA 

SEE MC14549B 

CMOS MS. 
(LOW·POWER COMPLEMENTARY MOSI 

SUCCESSIVE APPROXIMATION 
REGISTERS 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

.,,"'" 1~SUffIX Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

10 

6 

BLOCK DIAGRAM 

07 

06 
C 

05 

Q4 

SC 
OJ 

02 
FF or 
MR # 01 

00 
D 

EOC 

Sout 

Voo = Pin 16 
VSS = Pin 8 

4 

3 

15 

14 

13 

12 

11 

#For MC145498 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 
voltaQes 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 ooeration 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 VD.D)· 

• 
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NBCDADDER 

The MC14560B adds two 4-bit numbers in NBCD (natural binary 
coded decimal) format, resulting in sum and carry outputs in NBCD 
code_ 

This device can also subtract when one set of inputs is comple­
mented with a 9's Complementer (MC14561BI. 

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 (Valtages referenced ta V551 

Rating Symbol Value Unit 

DC Supply Voltage VDD -05ta+18 Vdc 

Input Voltage, All Inputs V,n -05 ta VDD + 0.5 Vdc 

DC Current Dram per Pm I 10 mAde 

Operdtlng Temperature Range - A L DeVice TA -55 ta +125 "c 
C LlCP DeVice -40 ta +85 

Storage Temperature Range Tstg -65 ta +150 aC 

TRUTH TABLE· 

INPUT OUTPUT 

A4 A3 A2 Al B4 B3 B2 Bl Con Cout 54 53 52 51 

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 

·Partlal 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 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 ar VDDI. 
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MC14560B 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOS) 

NBCDADDER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

"0'''''' l1:;SUff'. Denote, 

L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

15 

14 

3 

4 

6 

BLOCK DIAGRAM 

Voo -= Pin 16 
VSS =:; Pin 8 

11 

10 

9 



MC14560B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
V tn ~- VOO or 0 10 

15 

"1" Level VOH 5.0 
VIn""""'OorVOD 10 

15 

Input Voltage#' "0" Level V,L 
(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 

"'" Level V,H 
(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 Dnve Current (AL DeVice) IOH 
(VOH = 2.5 Vdcl Source 5.0 
(VOH = 4.6 Vdcl 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Output Drive Current (CUep Device) IOH 
(VOH = 2.5 Vdcl Source 5.0 
(VOH = 4.6 Vdcl 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Input Current (AL Device) 'in 15 

Input Current (CLlep DeVice) 'in 15 

Input Capacitance Gin -
(Vin = 01 

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

15 

QUiescent Current (CLlep DeVice) 100 5.0 
(Per Package) 10 

15 

Total Supply Current·" t IT 5.0 
(DynamiC plus Quiescent, 10 
Per Package) 15 

(eL '=: 50 pF on all outputs, all 
buffers sWitching) 

*T/ow '" -55°C for Al DeVice, -40oC fer CLlCP Device. 
Thigh::: +12SoC for Al Device, +8SoC for CL/CP Device . 

.:tNoise Immunity specified for worst-case Input combination 

T,ow . 
Min Ma. 

- 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 -
- ±O 1 

- ±0.3 

-

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

NOise Margm for both "1" and "O"/eve/ ~ 1.0 Vdc min@VDO ". 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: 

'TICL) = 'TlSO pF) + 5.10-3 ICL -50) VOOf 

2SoC 

Min Typ Ma. 

- 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 -

- ±O 00001 ±O.l 

.- ±O.OOOOI ± 0.3 

- 50 7.5 

- 0.005 50 
- 0.010 10 
- 0.015 20 

- 0.005 20 
- 0.010 40 
- 0.015 80 

'T = (1.68 !lA/kHz) f + 'DO 
'T = (3.35 !lA/kHz) f + 100 
'T = 15.03 !lA/kHz) f + 100 

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

Thi h· 

Min Ma. 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 -

mAde 
-0.7 -

-0.14 -
-0.35 -
-1.1 -

0.36 - mAde 

0.9 -
2.4 -

mAde 

-0.6 -
-0.12 -
-0.3 -
-1.0 -

0.36 - mAde 

0.9 -
2.4 -

- ± 1.0 /JAde 

- ±1.0 j.lAdc 

pF 

150 }.lAde 

- 300 
- 600 

- 150 JJAdc 

- 300 
- 600 

.uAdc 

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 beheved 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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MC14560B 

SWITCHING CHARACTERISTICS· (CL = 50 pF, T A = 250CI 

. 

Characteristic 

Output Rise Time 
tTLH = (3.0 ns/pFI CL + 30 ns 
tTLH = (1.5 ns/pFI CL + 15 ns 
tTLH = (1.1 ns/pFI CL + 10 ns 

Output Fall Time 
tTHL = (1.5 ns/pFI CL + 25 ns 
tTHL = (0.75 ns/pFI CL + 12.5 ns 
tTHL = .10.55 ns/pFI CL + 9.5 ns 

Propagation Delay Time 
AorBtoS 

tPLH, tpHL = (1.7 ns/pFI CL + 665 ns 
tPLH, tPHL = (0.66 ns/pFI CL + 297 ns 
tpLH, tpHL = (0.5 ns/pFI CL + 195 ns 

A or B to Cout 
tpLH, tpHL = (1.7 ns/pFI CL + 565 ns 
tPLH, tpHL = (0.66 ns/pFI Col + 197 ns 
tPLH, tpHL = (0.5 ns/pFI CL + 145 ns 

Cin to Cout 
tPLH, tpHL = (1.7 ns/pFI CL + 465 ns 
tpLH, tpHL = (0.66 ns/pFI CL + 187 ns 
tpLH, tpHL = (0.5 ns/pFI CL + 135 ns 

Turn-Off Delay Time 
Cin toS 

tpLH = (1.7 ns/pFI CL + 715 ns 
tPLH = 10.66 ns/pFI CL + 197 ns 
tPLH = (0.5 ns/pFI CL + 215 ns 

Turn-On Delay Time 
Cin toS 

tPHL = (1.7 ns/pFI CL + 565 ns 
tpHL = (0.66 ns/pFI CL + 197 ns 
tPHL = (0.5 ns/pFI CL + 145 ns 

The formula given IS for the typical characteristics only. 

FIGURE 1 - POWER DISSIPATION WAVEFORMS 

~~~----~~-----VDD 

All Inputs 

Vss 

~
VOH 

Any Output 

VOL 

Duty Cycle = 50% 
All outputs connected to respective CL loads 
f = System clock frequency 

Symbol 

tTLH 

tTHL 

tPLH, 
tpHL 

tPLH 

tPHL 
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VDD Min Typ Max Unit 

ns 
5.0 - 180 360 
10 - 90 180 
15 - 65 130 

ns 
5.0 - 100 200 
10 - 50 100 
15 - 40 80 

ns 

5.0 - 750 2100 
10 - 330 900 
15 - 220 675 

ns 
5.0 - 650 1800 
10 - 230 600 
15 - 170 450 

ns 
5.0 - 550 1500 
10 - 220 600 
15 - 160 450 

ns 

5.0 - 800 2250 
10 - 350 975 
15 - 240 750 

ns 

5.0 - 650 1800 
10 - 230 600 
15 - 170 450 

FIGURE 2 - SWITCHING TIME WAVEFORMS 

~~~----i--+----------VDD 
Any Input 

11"--------- VSS 

.r.:=-------,L+---- VOH 

Any Output 



MC14560B 

FUNCTIONAL EQUIVALENT LOGIC DIAGRAM 

Cin~7 ________________________________ ~~r-____ ~~ 

AI 1 .. 5-,-___ ---1---, 

14 
Bl ...... ---+-LJ 

A2l ~ -,-___ ---1---, 

2 
B2 ...... ---+-LJ 

A3 <>-3 -,-__ ---j---, 

4 
B3 ...... ---+-L..J 

L-____________ ~~~+_--------~ 

A4 5 <>--,------,-, 

Voo;; Pin 16 
VSS" Pin 8 

FIGURE 3 - PARALLEL ADDISUBTRACT CIRCUIT 

Add/Subtract --..... --------------------------, 

MC145618 

.,{ AI Fl 

A2 

A3 F2 

A4 

Comp F3 

Camp 

Zero - ..... -l------=-----l Z F4 

One MC14560B and MCl4561B permit a 
BCD digit to be added to or subtracted from 
a second digit, such as in this typical con­
figuration. A second MC 14561 B 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-73a. 

TRUTH TABLE 

Zero Add/Subtract Result 

0 0 B plu.A 

0 1 B minus A 

1 X 8 

x "" Don't Care 

81{ 

MC145S1B 

.,,{ AI Fl 

A2 

A3 F2 

A4 

F4 

.,,{ 
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MC145608 

Cin 51 

) "",. AI 

A2 S2 

A3 

A4 S3 

81 

82 S4 

83 

84 Cout 

• MC145608 

Cin SI 

Al 

A2 S2 

A3 Tens 

A4 S3 

81 

82 54 

83 

84 Cout 
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9'5 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 (A 1 = 20, A2 = 21, A3 = 22, 
A4 = 23). If the complement control (Camp) is low, the BCD number 
appears at the outputs unmodified. The complement disable (Camp) 
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 (2), when high, forces the outputs low 
regardless of the state of the other inputs. 

When the MC14561B is used to perform BCD subtraction in can· 
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 VDD -0.5 to +18 

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

DC Current Drain per Pm I 10 

Operating Temperature Range - AL Device TA -55 to +125 
C LlCP Dev,ce -40 to +85 

Stordge Temperature Range T stg -65 to +150 

TRUTH TABLE 

Z Comp Comp Fl ~2 F3 F4 Mode 

0 0 0 

Unit 

Vde 
Vde 

mAde 
°C. 

°c 

0 0 1 AI 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. 
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MC14561B 

CMOS 55. 
(LOW-POWER COMPLEMENTARY MOSI 

9'5 COMPI-EMENTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

OROERING INFORMATION .,,"''' 1 tSUft,. Denote, 
L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

1 

2 

3 

4 

5 

6 

9 

BLOCK OIAGRAM 

13 

12 

11 

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 
Vo~t be constrained to the range VSS <; 

(V in or Vout)" VOO· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSSorVOO)' 



MC14561B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
V,n VOO or 0 10 

15 

"'" Level VOH 5.0 
Vln ~ OorVOO 10 

15 

Input Voltage#' "0" Level Vil 
(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 

"'" Level VIH 
(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 Dnve Current (AL Device) IOH 
(VOH = 2.5 Vdcl Source 5.0 
(VOH = 4.6 Vdcl 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOl 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Output Drive Current (CLlCP Devicel IOH 
(VOH = 2.5 Vdcl Source 5.0 
(VOH = 4.6 Vdcl 5.0 
(VOH = 9.5 Vdcl 10 
IVOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Sink IOl 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Input Current (AL Device) 'in 15 

Input Current (CLlCP Device) 'in 15 

Input Capacitance Gin -
(Vin = 01 

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

15 

QUiescent Current (CLlCP Device) 100 50 
(Per Package) 10 

15 

Total Supply Current H t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 
(el '" 50 pF on all outputs, all 
buffers sWitching) 

*Tlaw = -55aC for AL Device, -40°C for CL/CP Device. 
Thigh = +125 0 C for AL Device, +85aC for CLlCP Oevice . 

.tl:Naise Immunity specified for worst-case input combination. 

Tlow . 
Min Ma. 

- 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 -
13 -
3.6 -
- ±O.l 

- ± 0.3 

-

50 
- 10 
- 20 

- 20 
- 40 
- 80 

NOise Margin for both "'" 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: 
ITICll = ITI50pFI +4 x 10-3 ICl -501 VOOI 

25°C 

Min Typ Ma. 

- 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 ±O 1 

- ±0.00001 ± 0.3 

- 5.0 7.5 

0.005 5.0 
- 0.010 10 
- 0.Q15 20 

- 0.005 20 
- 0.010 40 
- 0.Q15 80 

IT = 11.5 pA/kHzl I + 100 
IT = 13.0 pA/kHzl I + 100 
IT = 14.5 pA/kHzl I + 100 

where: 'T IS in JJA (per package). CL in pF, VOO in Vdc, and f in kHz is mput frequency. 
**The formulas given are for the typical characteristics only at 2SoC. 
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Thi h* 
Min Ma. 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 -
mAde 

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

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAde 
0.9 -
2.4 -

- ± 1.0 IJAdc 

- ±1.0 /.lAde 

- - pF 

150 .uAdc 

- 300 
- 600 

- 150 /JAde 
- 300 
- 600 

IJAdc • 



MC14561B 

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

Characteristic Symbol VOO Min Typ Max Unit 

Output Rise Time tTLH ns 
tTLH = (3.0 os/pF) CL + 30 ns 5.0 - 180 360 
tTLH = (1.5 os/pF) CL + 15 os 10 - 90 180 
tTLH = (1.1 os/pF) CL + 10 os 15 - 65 130 

Output Fall Time 'THL os 
tTHL - (1.5 os/pF) CL + 25 os 5.0 - 100 200 
tTHL = (0.75 os/pF) CL + 12.5 os 10 - 50 100 
tTHL = (0.55 os/pF) CL + 9.5 os 15 - 40 80 

Propagation Delay Time tpLH. os 
tpLH. tpHL = (1.7 os/pF) CL + 315 os tPHL 5.0 - 400 1000 
tPLH. tpHL = (0.66 os/pF) CL + 127 ns 10 - 160 400 

tPLH tPHL = (0.5 os/pF) CL + 95 os 15 - 120 300 . 
The formula given IS for the typical characteristics only. 

FIGURE 1 - SWITCHING TIME WAVEFORMS 

~~------~I--~-------------------VOO 
Any Input 

• 
11'=---------- VSS 

Any Output 

"F------ VOL 
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AI 

A2 

A3 
3 

A4 
4 

Comp 
5 

Comp 
6 

Z 
9 

~ , 
o. 
E-
~ 
c 

-" 
E~ 
'(j'~ 
OtT 
Ow A4 
0 0 

I 0 

2 0 

3 0 

4 0 

5 0 

6 0 

7 0 

B I 

9 I 

Illegal 10 I 

BCD " 1 
Input 12 I 

Codes 13 I 

14 I 

15 I 

LOGIC DIAGRAM 

TRUTH TABLE - COMPLEMENT MODE 
IZ = O. Camp = I. Camp = 0) 

~ , 
e-, 
0 

Inputs C Outputs 

~~ 
'u '5 

A3 A2 AI 
OtT 
Ow F4 F3 F2 

0 0 0 9 I 0 0 

0 0 I 8 I 0 0 

0 I 0 7 0 I I 

0 I I 6 0 I I 

I 0 0 5 0 I 0 

I 0 I 4 0 I 0 

I I 0 3 0 0 I 

I I I 2 0 0 I 

0 0 0 I 0 0 0 

0 0 I 0 0 0 0 

0 I 0 7 0 I I 

0 I I 6 0 I I 

I 0 0 5 0 I 0 

I 0 I 4 0 I 0 

I I 0 3 0 0 I 

I I I 2 0 0 I 
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F4 
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• 
Zero 

0 

0 

1 

TYPICAL APPLICATIONS 

One MC14560B and one MC14561 B permit a BCD digit 
to be added to or subtracted from a second digit, such as 
in the typical configurations in Figures 2 and 3. A second 
MC14561B permits either 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'sCOMPLEMENTI 

Add/Subtract-...... ---------------, 

MC14561S 

.,{ A1 F1 
MC14560S 

A2 

A3 F2 Cin S1 

A4 A1 

Camp F3 A2 S2 

Camp A3 

Zero - .... -+------, Z F4 A4 S3 

B1{ 

B1 

B2 S4 

B3 

Cout 

MC14561B 

A"{ 
A1 F1 

MC14560B 
A2 

A3 F2 Cin S1 

A4 A1 

Camp F3 A2 S2 

Camp A3 
Z F4 A4 S3 

TRUTH TABLE 

.. ,{ B1 

B2 S4 

B3 

B4 Cout 
Add/Subtract Result 

0 B plus A 

1 B minus A 

X B 

X:c Don't Care 

7-582 

) """. 

Tens 



MC14561B 

fiGURE 3 - SERIAL ADD/SUBTRACT CIRCUIT 

Type 0 
Flip-Flop 

Qr--

r-------------------------------------------4C 
Add/Subtract --t-------------------. 

A Register 

~ 100', 10'. ,', 

Clock~~ 

100'. 10', ,'s 

B Register 

~ 

~; II I -:~~':: C--) 
- Comp Fa n A2 52 t---F Camp A3 Result 

Z F4 A4 sal---

-= '--- I B' r-- 82 54 t---
r-------------~r___Ba 
t------------' r- 84 Cou, f--------' 

Circuit diagrams external to Motorola prodUcts are included 8S 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 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, 

7-583 
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® MOTOROLA 

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 edJe 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 VDD 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 

• Caseadable 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 RA TI NGS (Voltage. referenced to Vss) 

Rating SVmbol Value 

DC SupplV Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vi" -0.5 to VDD + 0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range - AL Device TA -55 to +125 
CLlCP Oevice -40 to +85 

Storage Temperature Range T stg -65 to +150 

LOGIC DIAGRAM 

Clock 50-i> ....... i> ....... -, 

D8talo12 

Unit 

Vde 

Vde 

mAde 

°c 

°c 

10Q16 

13032 

9048 

L-----r----r-----r---i~o-o·o~ 

L----~---~~--_1~-o20~ 

L-----r---O_6Q',2 
'-----1;:.0-3o12. 
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MC14562B 

CMOS LSI 
(LOW·POWER COMPLEMENTARY MOS) 

128-BIT STATIC SHIFT 
REGISTER. 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

'M,," 1 -r:;SUff;X D.n~t •• 

L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

12 Data 

5 Clock 

PI"14 and 11 
not used. 

a16 

a32 

a48 

a64 

aao 
a96 

0112 

0128 

VOO" Pin 14 
VSS = Pin 7 

10 

9 

8 

2 

6 

3 



MC14562B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vin VOO ora 10 

15 

"1" Level' VOH 5.0 
Vin o or VOO 10 

15 

Input Voltage#" "0" Level V,L 
(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 

"'" Level V,H 
(Va = 0.5 or 4.5 Vdcl 5.0 
(Va = 1.0 or 9.0 Vdcl 10 
(Va = 1.5 or 13.5 Vdcl 15 

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

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vdcl 10 
(Val = 1.5 Vdcl 15 

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

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 VdcJ 10 
(Val = 1.5 Vdcl 15 

Input Current (AL Device) 'in 15 

Input Current (CLlCP Device) 'in 15 

Input Capacitance Cin -
(Vin = 'OJ 

Quiescent Current (AL Device) 100 50 
(Per Package) 10 

15 

Quiescent Current (CLlCP 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) 

·T,ow = -550 C for AL Device, -400 C for CLlCP Device. 
Thigh = +1250 C for AL Device, +850 C for CL/CP Device. 
~Noise immunity specified for worst-case input combination. 

Tlow . 
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 

- ±03 

- -

- 5.0 
- 10 
- 20 

50 
- 100 
- 20'0 

Noise Margin for both "'" 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 

fTo calculate total supply current at loads other than 50 pF; 
IT(Cl) = IT(50 pFI + 4 x 10-3 (Cl -50) VOOI 

25°C 

Min Typ Max 

- 0 0.05 
- 0 0.05 
- a 0.05 

4.95 5.0 -
9.95 10 -

14.95 15 -

- 2.25 1.5 
- 4.50 3.0 
- 675 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 ±O 1 

.- ±O.OOOOI ±03 

- 5.0 7.5 

- 0010 50 
- 0.020 10 
- 0.030 20 

- 0.010 50 
- 0.020 10'0 
- 0.030 20'0 

'T = (1.94 "A/kHzJ f + lao 
'T = (3.81 "AlkHzJ t + 100 
IT = (5.52 "A/kHzJ f + 100 

where: 'T is in IJ.A (per package), CL in pF, Voe in Vdc, and f in kHz is input frequency. 
··The formulas given are for the typical characteristics only at 25°C. 

Thi 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 -
mAde 

-0.7 -
-0.14 -
-0.35 -
-1.1 -

0.36 - mAde 
0.9 -
2.4 -

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -

0.36 - mAde 
0.9 -
2.4 -

± 1.0 j.lAdc 

- ±1.0 J.lAdc 

- - pF 

- 150 }JAde 

- 300 
- 600 

- 375 ~Adc 

- 750 
- 1500 

/JAde 

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 racommended that Vi" and Vout be constrained to the range VSS <; (Vin or Vout) 
';VOO· 
Unused inputs must alwavs be tied to an appropriate logic voltage level (e.g., either Vss or Veo). 
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MC14562B 

SWITCHING CHARACTERISTICS* ICL = 50 pF TA - 250C) -
Characteristic Symbol VDD Min Typ 

Output Rise Time tTLH 
'TLH = 13.0 n./pF) CL + 30 n. 5.0 - 180 
'TLH = 11.5 ns/pF) CL + 15 n. 10 - 90 
'TLH = 11.1 ns/pF) CL + 10 n. 15 - 65 

Output Fall Time tTHL 
tTHL = 11.5 ns/pF) CL + 25 ns 5.0 - 100 
tTHL = 10.75 ns/pF) Cl + 12.5 n. 10 - 50 
'THl = 10.55 n./pF) Cl + 9.5 ns 15 - 40 

Propagation Delay Time tplH. 
Clock '0 Q 'PHl 

'PlH. 'Pill = 11.7 ns/pF) Cl + 515 ns 5.0 - 600 
'PlH. 'rl"ll = 10.66 ns/pF) CL + 217 ns 10 - 250 
'PLH. 'PH L = 10.5 ns/pF) CL + 145 ns 15 - 170 

Clock Pulse Width 'WH 5.0 600 300 
150% Duty Cycle) 10 220 110 

15 150 75 
Clock Pulse Frequency fcl 5.0 - 1.9 

10 - 5.6 
15 - 8.0 

Data to Clock Setup Time '.u11l 5.0 -20 -170 
10 -10 -64 
15 0 -60 

'sulO) 5.0 -20 -91 
10 -10 -58 
15 0 -48 

Data to Clock Hold Time 'hll) 5.0 350 263 
10 165 109 
15 155 100 

'hlO) 5.0 350 267 
10 200 140 
15 140 93 

The formula given IS for the tYPical characteristics only. 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 

Data 

VDD 

D16~--<r-------------------------------; 

Q32~--<r----------------------------, 

Q48r---<r----------------------, 
Q64r---<r------------------, 
QSor---<r--------------, 
Q96~--~---------

~CIOCk ~;;:~J[O'J[O,][O'][O'][O'][O'][O'][O' 
-= -=":' ':''':' -= -=-= 

fo 
Clock 

Max 

360 
180 
130 

200 
100 
80 

1200 
500 
340 

-
-
-

1.1 
3.0 
4.0 

-
-
-
-
-
-
-
-
-
-
-
-

Data 

(f - ~fo) _____ ""/ 

Vss 

,-VDD 

\\-----'1-- VSS 
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Unit 
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ns 

ns 

MHz 

ns 

ns 
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MC14562B 

TIMING DIAGRAM 

Pon 

No', I-- Pul,,'-I !-Pul .. '6--1 f--Pulse32-i I-Pul .. '28-1 

Clock 5"----F\._~_~_~ 

Data In 1~. ___________ _ 

0'6 ,o ____________ ~ ______________________ _ 

032 13 ---- --------~---------
0128 3 

Clock 

Data In 

0'6 

ClOck 

Data In 

0'6 

AC TEST WAVEFORMS 

-------------~r--------------voo 

'--4-J+-------------------~r_--------vss 

,-----1-,--------------------------------------t--------------- voo 
--------------~----------------vss 

'su (,) -4-----.1 

Note: T,he remaining Data-Bit Outputs (Q32, Q48, 064. QeO, 096, Q112 and Q128) will occur at 
Clock Pulse 32, 48.64,80,96,112.128 in the same relationship as 016. 
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® MOTOROLA 

INDUSTRIAL TIME BASE GENERATOR 

The MC14566B industrial time base generator is constructed with 
MaS P·channel and N·channel enhancement mode devices in a single 
monolithic structure. This device consists of a divide·by-l0 ripple 
counter and a divide·by·5 or divide·by·5 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 line. 

• 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 TIL Load or Two HTL Loads Over the Rated Temper· 
ature Range 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Svmbol 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 mAde 

Operating Temperature Range - AL Device TA -55 to +125 °c 
CLlCP DeVIce -40 to +85 

Storage Temperature Range Tstg -65 to +150 °c 

EXPANDED BLOCK DIAGRAM 

OOA 

CA Pulse 
C O'A --<> I SCD ';-'0 Shaper 

02A Out 

03A 
R 

Reset 

..;- 5/6 Control 
R 
OOS 

SCD 
O'a Out 

Cs Pulse C 
';-5/6 Shaper 02S 

S 
Om 

A 
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MC145668 

CMOS MS. 
(LOW·POWER COMPLEMENTARY MOS) 

INDUSTRIAL 
TIME BASE GENERATOR 

L SUFFIX 
CERAMIC PACKAGE 

CASe 620 

P SUFFIX 
PLASTIC PACKAGE 

CAse 648 

ORDERING INFORMATION "".,," 1 tSUfflX Denotes 

L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

OOA 3 

O'A 4 
'5 

02A 

2 03A 6 

" -;- 5/6 Control aOe '2 

O'S '3 

02a '4 

9 A Om '0 

V OD = Pin 16 

VSS = Pin 8 



MC14566B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vm-VODorO 10 

15 

"'" Level VOH 5.0 
Vm""""'OorVOD 10 

15 

Input Voltage#" "0" Level VIL 
(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 

"'" Level VIH 
(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 Orive Current (AL Devicel IOH 
(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 IOL 5.0 
(VOL: 0.5 Vdc) 10 
(VOL: 1.5 Vdc) 15 

Output Drive Current (CLlep Device) IOH 
(VOH : 2.5 Vdc) 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 Vdc) 10 
(VOL = 1.5 Vdc) 15 

Input Current (AL DeVice) lin 15 

Input Current (CLlep DeVice) lin 15 

Input Capacitance Gin -
(Vin = 0) 

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

15 

QUiescent Current (CUep 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) 

*Tlow :0 -55°C for AL DeVice. -40oC for CLlCP Device. 
Thigh = +1250 C for AL Device. +850 C for CLlCP Device . 

.uNoise Immunity specified for worst·case input combination. 

Tlow . 
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 -
- ±O.l 

- ± 0.3 

-

50 
- 10 
- 20 

- 20 
- 40 
- 80 

NOise Margin for both "1" and "0" level'" 1.0 Vdc min @ VOD :- 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: 
'T(CL) = 'T(50 pF) + 1 x 10-3 (CL -50) VOOf 

25°C Thi 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 -

mAde 
-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 - mAde 
1.3 2.25 - 0.9 -
3.4 8.8 - 2.4 -

mAde 
-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 - mAde 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -

- ±O 00001 ±O.l - ± 1.0 ,uAdc 

- ±O.OOOOI ±0.3 - ± 1.0 J.LAdc 

- 50 7.5 - - pF 

0.005 5.0 150 /.LAde 
- 0.010 10 - 300 
- 0.D15 20 - 600 

- 0.005 20 - 150 I-tAdc 

- 0.010 40 - 300 
- 0.015 80 - 600 

'T = (1.0 /lA/kHz) f + '00 I-tAdc 

IT = (2.0 /lA/kHz) f + '00 
'T = (3.0 /lA/kHz) f + '00 

where: IT is in IJ.A (per package), CL in pF. VOO in Vdc. and f in kHz is input frequency. 

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).c;;; VOO· 

"The formulas given are for the typical characteristics only at 25°C. 
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Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSS or VOO). 
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MC14566B 

SWITCHING CHARACTERISTICS· ICL = 50 pF, T A = 25°C) 

Characteristic Symbol VDD Min Typ Max Unit 

Output Rise Time tTLH n. 
tTLH = 13.0 n./pF) CL + 30 n. 5.0 - 180 380 
tTLH = 11.5 n./pF) CL + 15 ns 10 - 90 180 
tTLH =-11.1 n./pF) CL + 10 n. 15 - 65 130 

Output Fall Time tTHL ns 
tTHL = 11.5 n./pF) CL + 25 ns 5.0 - 100 200 
tTHL = 10.75 n./pF) CL + 12.5 n. 10 - 50 100 
tTHL = 10.55 n./pF) CL + 9.5 ns 15 - 40 80 

ProPagation Delay Time, Clock to 03A tPLH, ns 
tPLH, tPHL = 11.7 n./pF) CL + 1365 n. tpHL 5.0 - 1450 4500 
tPLH, tPHL = 10.66 n./pF) CL + 497 ns 10 - 530 1500 
tpLH, tPHL = 10.5 n./pF) CL + 295 n. 15 - 320 1000 

ProPagation Delay Time. Reset to a3A tpHL n. 
tpHL = 11.7 n./pF) CL + 845 ns 5.0 - 930 3000 
tPHL = 10.66 n./pF) CL + 282 ns 10 - 315 1000 
tPHL = 10.5 n./pF) CL + 185 n. 15 - 210 750 

Clock Pul •• Width twHlei) n. 
5.0 1200 400 -
10 400 125 -
15 270 90 -

Reset Pulse Width twHIR) ns 
5.0 1200 400 -
10 40<\ 125 -
15 270 90 -

Clock Pulse Frequency fel MHz 
5.0 - 1.0 0.3 
10 - 2.5 1.0 
15 - 4.2 1.5 

Clock Pulse Ri .. and Fall Time tTLH, -
tTHL 5.0 

10 No Limit 
15 

Monostable Multivibrator Pulse Width twHIOm) n. 
5.0 1200 2800 -
10 400 900 -
15 300 600 -

* The formula given is for the typical characteristics only. 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

II ~, 
20 ns- I --j f--20 ns 

'0 500llF t' ~ -"00 50% ". - ,,. r,--,~ 
Vin I V~;~~~le_ 

I Pul.. I 
CA aOA Generator I 
Ca 

alA 

a2A 
Reset a3A 

: 5/6 Control 008 

°l±O' rttrrr 
ala 

a a2a 

A am 

?vss 
J-
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FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Programmabl-e 
Pulse 

I Generator 

Note: Assume";' 1 0 Counter at 
"6" and -;- 5/6 Counter at 
"2" at begin ning of 

sequence. 

CA 

Ce 

Reset 
';-5/6 
Control 

e 

A 

?Voo 

I 

ODA 

01A 

02A 

03A 

ODe 

1" t" to, I"t" 1"1" I 
01e 

02e 

Om 

? VSS 

-L 
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TIMING DIAGRAM 

Divide·By·10 Counter 

o 2 3 4 6 8 9 o 
Clock 

ao ..... _--' 

a2~ 

a3~~a-________________________ ~ 

Divide-By 5/6 Count.r 
o 3 4 0 2 3 4 

Clock 

R.Mt~~ ______________________________________________ _ 

C~~~~I ______________________________ ~ 

aO=:L-_ ....... 

L-
'--___ --IlL 

g. Monostabla Multivibrator 

m. = Don't Care 
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APPLICATION - 12 HOUR CLOCK 

60 Hz ,,< __ ' "O"M_' t--l~---~;~~~ ~ --0 ~f ~ }~:~;:~~r----:---o-~--"i--ovDD 
I 02 03 I L __________________ ~ 

r--------------------, 
I -:-10 -';-5/6 

I 00 00 

I 
I 

c 01 

02 

c 
01 

I 03 02 

I 
I 

I 
I 

L ____ ~o~s ____ _ ______ --1 

----- - - ----, 
I -0.10 -;-.s/6 

I 00 00 
I C 01 
I 02 

c 01 

I 03 
L ____ ~n~e~ ___ _ 

-.:- 5/6 Control not shown = VSS 

Reset pins not shown"" VSS 

·Care must be taken 10 the Indicated circuit to filter IlOe 
transients which may cause "false" counting. 

I 
I 

+Voo 

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 rehable. 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 I nc or others. 
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® MOTOROLA 

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. 

The MC14568B has been designed for use in conjunction with a 
programmable divide-by-N counter for frequency synthesizers and 
phase-locked loop applications requiring low power dissipation and/ 
or high noise immunity. 

This device can be used with both counters cascaded and the 
output of the second counter connected to the phase comparator 
(CTL high), or used separate of the programmable divide-by-N coun­
ter, for example cascaded with MC14569B (CTL low), MC14522B or 
MC14526B. 

• Quiescent Current = 5.0 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 Tempera· 
ture Range. 

MAXIMUM RATINGS (Voltages referenced to Vssl 
Rating Symbol 

DC Supply Voltage VDD 
Input Voltage, All Inputs Vin 
DC Current Dram per Pin I 
Operating Temperature Range - AL Device TA 

CLlCP Devtee 
Storage Temperature Range Tstg 

BLOCK DIAGRAM 
r----------, 
I I 

A Phase 

I (R~B Comparator I I 

I I 
: ~~ ____________ -, I 
I~ I 

:E~ : 
c, 9~ 

Value 

-0.5 to +18 

-0.5 to VDD + 0.5 

10 

-55 to +125 
-40 to +85 

-65 to +150 

13 peout 

-12 PCPout 

r." G 
PCin 

u-;=J 
10t= 

I .1 Count.rO' ~ : 
CTL '5~~-i-~~~L-----~~-t--TI--{) 

jl ~:I 
"0" 3 o--.J~~_r-:44..BB;;'t--ll T 

I J Programmable """.--41"--1--{) 
PE 2~ I Counter 02 I 

L - - -t- '- ~ ~ - - - _J 
DP4¢ ¢ 9 QOP1 

VOO'" Pin 16 4 0:3 ;P2 7 

VSS ~- Pm 8 

0-H 
, Q1IC2 

I 
"0" 
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Unit 

Vde 
Vdc 

mAde 

°c 

°c 

MC14568B 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOSI 

PHASE COMPARATOR 
AND PROGRAMMABLE 

COUNTERS 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

.,,"''' 11SUffiX Denote. 
L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

F 
Pin 10 

o 
o 
1 
1 

TRUTH TABLE 

G Division Ratio 
Pin 11 of Counter D 1 

0 4 
1 16 
0 64 
1 100 

The divide-by·zero state on the programmable 
divlde·by-N 4-blt binary counter, 02, it Illegal. 

CTLHIGH CTL LOW 
peout 

~PCout 

"'~ P.C. 
PCPout 

P.C. 
PCPout 

l- c' 
0' 0' 

02 ~~C2 "0"0-1 02 ~2 



MC14568B 

ELECTRICAL CHARACTERISTICS 

Voo Tlow . 25°C Thi h* 

Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit 

Outpu t Voltage "0" Level VOL 5.0 - 0.05 - 0 0.05 - 0.05 Vde 
Vi" VOO or 0 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 - Vde 

Vi" -. a or VOO 10 9.95 - 9.95 10 - 9.95 -
15 14.95 - 14.95 15 - 14.95 -

Input Voltage#t "0" Level VIL Vde 
(Va 0 4.5 or 0.5 Vdel 5.0 - 1.5 - 2.25 1.5 - 1.5 
(Va = 9.0 or 1.0 Vdcl 10 - 3.0 - 4.50 3.0 - 3.0 
(Va = 13.5 or 1.5 Vdcl 15 - 4.0 - 6.75 4.0 - 4.0 

"1" Level VIH 
(Va = 0.5 or 4.5 Vdcl 5.0 3.5 - 3.5 2.75 - 3.5 - Vdc 
(Va 0 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) IOH mAde 
(YaH = 2.5 Vdcl Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -
(VOH = 4.6 Vdcl 5.0 -0.25 - -0.2 -0.36 - -0.14 -
(VOH = 9.5 Vdcl 10 -0.62 - -0.5 -0.9 - -0.35 -
(YOH = 13.5 VdC) 15 -1.8 - -1.5 -3.5 - -1.1 -
(VOL = 0.4 VdC) Sink IOL 5.0 0.64 - 0.51 0.88 - 0.36 - mAde 
(VOL = 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 (CLlCP Device) IOH mAde 
(YaH = 2.5 Vdcl Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -
(VOH = 4.6 Vdc) 5.0 -0.2 - -016 -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 -
(VOL = 0.4 Vdcl Sink IOL 5.0 0.52 - 0.44 0.88 - 0.36 - mAde 
(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 - ±O 1 - ±O.OOOOI ±O 1 - ± 1.0 j.J.Adc 

Input Current ICL/CP Device) lin 15 - ±03 - ±O 00001 ± 0.3 - ± 1.0 ~Adc 

Input Capacitance Cin - - - 5.0 7.5 - - pF 
(Vin = 0) 

Quiescent Current (AL Device) 100 5.0 5.0 0.005 5.0 150 J..IAdc 
(Per Package) 10 - 10 - 0.010 10 - 300 

15 - 20 - 0.015 20 - 600 

QUiescent Current (CLlCP DeVice) 100 5.0 - 20 - 0.005 20 - 150 J.lAdc 

(Per Package) 10 - 40 - 0.010 40 - 300 
15 - 80 - 0.015 80 - 600 

Total Supply Current .. t IT 5.0 IT = (0.2 "A/kHz) I + 100 ,uAdc 
(Dvnamic plus Quiescent, 10 IT = (0.4 "A/kHz) I + 100 
Per Package) 15 IT = (0.9 "A/kHz) I + 100 

leL "'" 50 pF on all outputs, all 
buffers switching) 

Throe-State Leakage Current, Pins1, 13 ITL 15 - ±0.1 - ±0.00001 ±O.1 - ±3.0 "Ade 
(AL Device) • Three-State Leakage Current, Pins 1, 13 ITL 15 - ±1.0 - ±O.OOOOI ±1.0 - ±7.5 "Ade 
(CL/CP Devices) 

·T,ow - -5SoC for AL Device. -40oC for CLlCP Device. This deVice contains cirCUitry to protect 
Thigh = +12SoC for AL Device. +8SoC for CL/CP Device. the inputs against damage due to high 

#Noise immunity specified for worst-case input combination. static voltages or electric fields; however. 

NOise Margin for both "1" and "0"level = 1.0 Vdc min@ VOO ·5.0 Vdc 
it is advised that normal precautions be 
taken to aVOid application of any voltage 

2.0 Vdc min @ VOO = 10 Vdc higher than maximum rated voltages to 
2.5 Vdc min @ VOO = 15 Vdc this high Impedance circuit. For proper 

tTo calculate total supply current at loads other than 50 pF: operation it is recommended that V In and 

IT(CL) = IT(50 pF) + 1 x 10-3 (CL -SO) VOOI Vout be constramed to the range Vss ~ 

where: IT is in IJ.A (per package). CL in pF, VOO in Vdc, and f in kHz is input frequency. 
(V in or Vout) " Voo· 

--The formulas given are for the typical characteristics onlV at 250C. Unused inputs must alwavs be tied to an 
appropriate logic voltage level (e.g., either 

1'Pin 15 ilconnected to VSS or VDD lor input voltage telt. Vssor Voo). 
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MC14568B 

Typical Maximum Frequency Divider 01 
Division ratios: 4,64 or 100 leL = 50 pF) 

8 

6~ 
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'" 4 
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1 

~ 
0 

~ 
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'" '" 6 
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T, TEMPERATURE (OCI 

'" Voo= 15V 

'--.. 

VOO=IOV 

............ i"-

Voo = 5 V 

I--

+80 
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~ 

1 

Typical Maximum Frequency Divider 01 
Division ratio: 16 leL = 50 pF) 
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Typical Maximum Frequency Divider 02 
Division ratio: 2 leL = 50 pF) 
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SWITCHING CHARACTERISTICS (CL ~ 50 pF, TA ~ 25°C) 

Characteristic Symbol VDD Min Typ Max Unit 
Vdc 

Output Rise Time tTLH 6.0 - 180 360 ns 
10 - 90 180 
15 - 65 130 

Output Fall Time tTHL 5.0 - 100 200 n. 
10 - 50 100 
15 - 40 80 

Minimum Pulse Width, C1, 01/C2. or PCin Input twH 5.0 125 250 n. 
10 - 60 120 
15 - 45 90 

f -,.~ "00' 'q ~. '''' ,,~. tTLH, 5.0 15 - - ,... 
Cl, Ql/C2, or PCin Input tTHL 10 15 - -

I 15 15 - -
-.-~--

PHASE COMPARATOR 
Input Resistance Rin 5.0 to 15 - 106 - M!1 
Input Sensitivity, DC Coupled - 5.0 to 15 See Input Voltage 
Turn-Off Delay Time. tPHL 5.0 550 1100 n. 

peout and PCP out Outputs 10 - 195 390 
15 - 120 240 

Turn-On Delay Time, tpHL 5.0 - 675 1350 n. 
peout and PCP out Outputs 10 - 300 600 

15 - 190 380 
DIVIDE BY 4 16 64 OR 100 COUNTER (01) 

Maximum Clock Pulse Frequency lei MHz 
Division Ratio = 4. 64 or 100 5.0 3.0 6.0 -

10 8.0 16 -
15 10 22 -

DiVision Ratio = 16 5.0 1.0 2.5 - MHz 
10 3.0 6.3 -
15 5.0 9.7 -

Propagation Delay Time, Q1/C2 Output tPLH, ns 
Division Ratio = 4, 64 or 100 tPHL 5.0 - 450 900 

10 - 190 380 
15 - 130 260 

Division Ratio = 16 5.0 - 720 1440 n. 
10 - 300 600 
15 - 200 400 

II PROGRAMMABLE DIVIDE BY N 4-BIT COUNTER (02) 
Maximum Clock Pulse Frequency lei 5.0 1.2 1.8 - MHz 

(Figure 3.) 10 3.0 8.5 -
15 4.0 12 -

Turn-On Delay Time, "0" Output tPLH 5.0 - 450 900 n. 
(Figure 3a) 10 - 190 380 

15 - 130 260 
Turn·Off Delay Time, "0" Output tPHL 5.0 - 225 450 ns 

(Figure 3.) 10 - 85 170 
15 - 60 150 

"-Minimum Preset Enable Pulse Width twH(PE) 5.0 - 75 260 ns 
10 - 40 100 
15 - 30 75 
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SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 

FIGURE 1 - PHASE COMPARATOR 

~ 
2 "0" REF 

out @ 

PC m 
PGl 

~~----------~~ 
PCP out 

PCout 

FIGURE 2 - COUNTER 01 

Cl 

20~ntW(Cll 
fin fma~ 

tpHL . 

Ql/C2 

FIGURE 3 - COUNTER 02 

a. b. 

"0" __________ ...J 

·N is the value programmed on the Op Inputs. 
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LOGIC DIAGRAM 

t------------------------------o13pcout 

~---------------------o12PCPout 

C 1 9 o---t-----~ Counter 01 

10~_+-------+_i_ii 

G 1 1 o--I------~ 

~--------.._---<> 1 al/C2 

I 
"0" 3 0-------:.. 

f--.---+--<> 2 P E 

Counter 02 

Dp3 
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OPERATING CHARACTERISTICS 

The MC14568B contains a phase comparator, a fixed 
divider (-:- 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 MaS 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 D2 (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. I n 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 ascii· 
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-VDD 

A (PCinl--4I _~ L--vss 
1~'/f~11 

B (Ref.) ; r-1 r;----,- ~:: ----M ~: L-
----i I I I VOH 

PCP out U U 
I I ,,-----VOL 

PCout ----..J1 u:;===== VOH 
VOL 

FIGURE 5 - PHASE COMPARATOR 

STATE DIAGRAM 

Input State 

A 

PCPout 
(Lock Indicator) 

If the input signals have different frequencies, the out· 
put signal will be low when signal A has a lower frequency 
than signal B, and high otherwise. 

Under the same conditions of frequency difference, the 
output will vary between VOH (or VOL) 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 VDD 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 VDD 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 division ratios permit operation with low frequency 
crystals. 

3 State 

Output Disconnected 

a a 
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MC14568B 

If used in cascade with the programmable divide-by-N 
counter, practically all usual reference frequencies, or 
channel spacings of 25, 20, J2.5, 10, 6.25 kHz, etc. are 
easily achievable. 

PROGRAMMABLE DIVIDE-BV-N 
4-BIT COUNTER (02) 

This counter is programmable by using inputs DPl ... 

DP4 (pins 7 ... 4). The Preset Enable input enables the 
parallel preset inputs DPl ... DP4. The "0" 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). 

TVPICAL APPLICATIONS 

C 

(40kHz) 

FIGURE 6 - CASCADING MC14568B AND MC14522B OR MC14526B WITH MC14569B 

CF 

MC14569B 
o C 

CF 

MC14522B 04 
or 

MC14526B 
"0" 

OP1--- _Op4 

CF 
C MC14522B 04 

or 
MCI4526B 

"0" 

OP1 ____ OP4 

01/C2 
MC14568B 

FIGURE 7 - FREQUENCY SYNTHESIZER WITH MC14568B and MC14569B USING A MIXER 

(Channel Spacing 10 kHz I 

PCi" PCout 

fout 

(144·146 MHz) Cl MC14568B G 
~-+--~CTI F 

"0" 01/C2 

Voo 

MC14011 

o CF 

MC14569B cl---tc( 
L-----~----------------~PEout 

~------' 

Frequencies .... own in parenthesis ara given .s an example. 
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I I L _ _ _ _______ ...J 2k 

2M 

Crystal 
Oscillator 

(143.5 MHz) 

Mixer 



MC14568B 

FIGURE 8 - FREQUENCY SYNTHESIZER USING MC14568B, MC14569B AND MC14522B 
,Without Mixerl 

(5MHz) 
peout 

Cl MC14568B GI-----Ovoo 

o--t---I t-----ovoo 
1VooJ 

Nl 

(0-5) 
(625 kHz steps) 

Divide ratio = 160N 1 + 16N2 + N3 

Example: 
fout = Nl (MHz) + N2 (xl00 kHz) + N3 (x25 kHz) 
Frequency range = 5 MHz 
Channel spacing = 25 kHz 
Reference frequency = 6.25 kHz 

Dp1 ____ 0 P4 

N2 

(0-9) 

(62.5 kHz steps) 

7-603 

N3 

(0,4.8,12) 
(6.25 kHz steps) 

fout 

Figures shown in parenthesis 
refer to example. 
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® MOTOROLA 

HIGH SPEED PROGRAMMABLE DIVIDE-BY-N 
DUAL 4-BIT BCD/BINARY COUNTER 

The MC14569B 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_ 

• 9_5 MHz Typical Counting Rate at 10 V 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 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 

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

Operating Temperature Range - AL Device TA 
CLiCP Device 

Storage Temperature Range 

CTL = "0" for Binary Count 

CTL = "'" for BCD Count 

C 
9 

Tstg 

High Speed 

Johnson Counter 

Value 

-0.5 to +18 

-0.5 to VDO + 0.5 
10 

-55 to +125 
-40 to +85 
-65 to +150 

BLOCK DIAGRAM 

CTLA CTLB 

2 10 

Clock 

PE 

Unit 

Vdc 
Vdc 

mAde 

°c 

°c 

MC14569B 

CMOS MSI 
(LOW.fIOWER COMPLEMENTARY MOS) 

HIGH SPEED PROGRAMMABLE 
DIVIDE-BY-N DUAL 4-BIT 
BCD/BINARY COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PL.ASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

."'''''l~SUffiX Denote. 
L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

OPBl OPB2 OPB3 OPB4 
11 12 13 14 

4-81t BCC/Blnary 
Synchronoul Counter 

Q 

15 

Voo - Pin 16 
VSS .. Pin 8 

CFo-----------~ 
7 

Pra .. t Enable 
(Including Early Zero Detection) 

1-------0 PE out 
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MC14569B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
V," =VOD or a 10 

15 

"'" Level VOH 5.0 
Vin=Q or VOO 10 

15 

Input Voltage#' "0" Level VIL 
(Va = 4.5 or 0.5 Vdc) 5.0 
(Va = 9.0 or 1.0 Vdc) 10 
(Va = 13.5 or 1.5 Vdc) 15 

"'" Level VIH 
(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 Vdc) Sink IOL 5.0 
(VOL =0.5 Vdc) 10 
(VOL = 1.5 Vdcl 15 

Output Drive Current (CLlep Device) IOH 
(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 Vdc) Sink 10L 5.0 
(VOL = 0.5 Vdcl 10 
(VOL =1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CLlep Device) lin 15 

Input Capacitance Cm -
(Vin = OJ 

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

15 

QUiescent Current (CLlCP Devlcel 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) 

*Tlow =-550C for AL Device. -40oC for CLlCP Device. 
Thigh'" +12SoC for AL Device, +8SoC for CL/CP Device. 

#Noise immunity specified for worst-case input combination. 

Tlow 

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 
-3.6 

0.52 
1.3 
3.6 

-
-

-
-
-
-
-
-

NOise Margin for both "1" and "0" level'" 1.0 Vdc min @ VOD = 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) + 1 x 10-3 (CL -50) VOO' 

. 
Max 

0.05 
0.05 
0.05 

-
-
-

1.5 
3.0 
4.0 

-
-
-

-
-
-
-
-
-
-

-
-
-
-

-
-
-

±0.1 

±O.3 

-
5.0 
10 
20 

50 
100 
200 

250 C Thi h* 
Min Typ Max Min Ma. 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 -

mAde 
-2.4 -4.2 - -1.7 -

-0.51 -0.88 - -0.36 -
-1.3 -2.25 - -0.9 -
-3.4 -0.88 - -2.4 -
0.51 0.88 - 0.36 - mAdc 
1.3 2.25 - 0.9 -
3.4 B.8 - 2.4 -

mAde 
-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 - mAde 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -

±0.00001 ±0.1 ± 1.0 IJAdc 

- '0.00001 ±0.3 - ±1.0 !lAdc 

- 5.0 7.5 - - pF 

- 0.005 5.0 - 150 JJAdc 

- 0.010 10 - 300 
- 0.015 20 - 600 

- 0.005 50 - 150 !lAdc 
- 0.010 100 - 300 
- 0.D15 200 - 600 

(0.58 !lA/kHzl f + I DO /JAde 

(1.20!lA/kHzlf+ 100 
(1.95!lA/kHzlf+ 100 

where: IT is in IJA (per package), CL in pF, VOO in Vdc. and f in kHz is input frequency. 
"The formulas given are for the typical characteristics only at 2SoC. 

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' 

7-605 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSS or VOOI. 
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MC14569B 

SWITCHING CHARACTERISTICS (CL = 50 pF, T A = 26oC) 

VDD 
AIITy .... 

Chanocteristlc Symbol Vd. Min Typ 

Output Rise Time tTLH 6.0 - 100 
10 - 50 
16 - 40 

Output FaU Time tTHL 5.0 - 100 
10 - 50 
15 - 40 

Turn.()n Delay Time tPLH 
PEout 6.0 - 420 

10 - 175 
15 - 125 

QOutput 5.0 - 675 
10 - 285 
15 - 200 

Turn.()ff Delay Time tpHL 
PEout 5.0 - 380 

10 - 150 
15 - 100 

QOutput 5.0 - 530 
10 - 225 
16 - 155 

Clock Pulse Width tWH 6.0 300 100 
10 150 45 
15 115 30 

Clock Pulse Frequency # fcl 5.0 - 3.5 
10 - 9.5 
16 - 13.0 

Clock Pulse Rise and FaU Time tTLH, tTHL 5.0 
10 NO LIMiT 
15 

#This inplies that zero detection and preset enable is done while the clock is running at the spacified frequency. 

c 

tPLH 

Q 

20n. 

C 

PE 

SWITCHING WAVEFORMS 

FIGURE 1 

tp;r­
..I==----------------J 1:-

tTLH tTHL 
FIGURE 2 
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Max Unit 

200 ns 
100 
80 

200 ns 
100 
80 

ns 
700 
300 
250 

1200 ns 
500 
400 

ns 
600 
300 
200 

1000 ns 
400 
300 

- ns 
-
-

2.1 MHz 
5.7 
7.S 

'" 



MC14569B 

OPERATING CHARACTERISTICS 

The MC 14569B 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 MC 14569B must be 
respectively connected to "0", C and PE of the following 
counter. 

lB 

16 ~ 
~ 

14 ........ 
N 
:z: 
! 12 

>-
0 
z 

"'-

" t-.... 
i'--.. 

When MC14569B is used alone, CF must be connected 
to VDD. One pulse will appear on output PEout every N 
clock periods (N being the value programmed on the Dp 
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. DPA 1, ... 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 5.7 MHz 
for a 10 V VDD supply for any division ratio greater than 
one. Due to the presence of the early zero detection, 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). 

CL =50pF 

Voo -15 V_ 

........... """-r--
10 w 

:l a 
w 

'I'--. ........ a: B.O 
IL 

~-

10V ---r--
6.0 

4.0 --- r--r-- 5.0 v 

2.0 

o 
-40 -20 o +20 +40 +60 +80 +100 

TA, AMBIENT TEMPERATURE (oC) 
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® MOTOROLA 

HEX GATE 

The MC14572UB hex functional 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. The chip contains four inverters, one NOR gate and 
one NAN D gate. 

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

•. Noise Immunity = 45% of VDD typical 

• Diode Protection on All Inputs 

• Single Suppfy Operation 
• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Input Impedance = 1012 ohms typical 

• NOR I nput Pin Adjacent to VSS Pin to Simplify Use As An 
Inverter 

• NAND I nput Pin Adjacent to VDD Pin to Simplify Use As An 
Inverter 

• NOR Output Pin Adjacent to Inverter Input Pin For OR 
Application 

• NAND Output Pin 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 Vss) 

Rating Symbol Value 

DC SupplV 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 LlCP DeVIce -40 to +85 

Storage Temperature Range TUg -£5 to +150 

CIRCUIT SCHEMATIC 

14 

15 

7-608 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

MC14572UB 

CMOS 55. 
(LOW·POWER COMPLEMENTARY MOS) 

HEX GATE 

4 INVERTERS PLUS 
2-1 NPUT NOR GATE PLUS 

2-INPUT NAND GATE 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

L Ceramic Package 
P PlastiC Package 

M"'''''"'1~SUffIX Denote, 

A Extended Operating 
Temperature Range 

e Limited Operating 
Temperature Range 

LOGIC DIAGRAM 

2-[>- I 

4-[>-3 

10-[>-9 

12-[>-11 

'4~'3 
15~ 

VOO = Pin 16 

VSS = Pin 8 

\ 



MC14572UB 

ELECTRICAL CHARACTERISTICS 

VDD 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vin -0 Von or 0 10 

IS 

"'" Level VOH 5.0 
VIn,=OorVOD 10 

IS 

Input Voltage# "0" Level VIL 
(VO = 3.60r 1.4 Vdcl 5.0 
(VO = 7.2 or 2.8 Vdcl 10 
(VO = I 1.5 or 3.5 Vdcl 15 

"'" Level VIH 
(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 Vdcl Source 5.0 
(VOH = 4.6 Vdcl 5.0 
(VOH = 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Smk IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl IS 

Output Drive Current (CLlCP Device) IOH 
(VOH = 2.5 Vdcl Source 5.0 
(V OH = 4.6 Vdcl 5.0 
(VOH = 9.5 Vdcl 10 
(V OH = 13.5 Vdcl IS 

(VOL = 0.4 Vdcl Sink IOL 5.0 
(VOL = 0.5 Vdcl 10 
(VOL = 1.5 Vdcl 15 

Input Current (AL Device) 'in 15 

Input Current (CLlCP Device) 'in 15 

Input Capacitance Con -
IV in = 01 

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

15 

QUiescent Current (CLlCP 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) 

*Tlow = -55°C lor AL Dovice. -400C lor CL/CP Dovice. 
Thigh = +1250C lor AL Device. +8SoC lor CL/CP Device. 

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

iTIC!.) = iTI50 pF) + 6.10-3 ICL -50) VDDI 

Tlow 

Min 

-
-
-

4.95 
9.95 

14.95 

-
-
-

3.6 
7.1 
11.4 

-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 

-

-
-

-
-
-

-
-
-

. 25°C 

Ma. Min Typ Ma. 

0.05 - a 0.05 
0.05 - a 0.05 
0.05 - a 0.05 

- 4.95 5.0 -
- 9.95 10 -
- 14.95 IS -

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 - to.OOOOl ±O.l 

± 0.3 - to.OOOOl to.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/lA/kHzl 1+100 
IT = 13.80 /lA/kHz) I + I DO 
IT = 15.68/lA/kHz) 1+ 100 

where: IT is in IlA (per package), CL in pF, VOO in Vdc, and f in kHz is input frequency. 
-*The formulas given are for the typical characteristics onlv at 25°C. 

Thi h* 
Min Ma. 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 -
mAde 

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

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAde 
0.9 -
2.4 -

- + 1.0 .uAdc 

- ±1.0 I-lAde 

- - pF 

- 1.5 ~Adc 

- 3.0 
- 6.0 

- 3.8 "Adc 
- 7.5 
- 16 

"Adc 

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 Vss '" (Vin or Voutl 
';VDD' 
Unused inputs must alwavs be tied to an appropriate logic voltage level (e.g., either VSS or VOOL 

7-609 



MC14572UB 

SWITCHING CHARACTERISTICS· (CL = 50 pF T A = 25°C) 

C'*'-ristic Symbol VDD Min Typ Max Unit 
OutPut Rise Time tTLH ns 

lTLH = (3.0 nl/pF) CL + 30 n. 5.0 - 180 380 
tTLH· (1.5 ns/pF) CL + 15 no 10 - 90 180 
tTLH· (1.1 ns/pF) CL + 10n. 15 - 65 130 

OutPUt Fall Time lTHL n. 
tTHL = (1.5 n./pFI CL + 25 ns 5.0 - 100 200 
tTHL = (0.75 ns/pFI CL + 12.5 n. 10 - 50 100 
lTHL = (0.55 nl/pFI CL + 9.5 ns 15 - 40 80 

Propagation Delay Time tPLH. ns 
tPLH. tPHL· (1.7 ns/pFI CL + 30 ns tpHL 5.0 - 115 200 
tPLH. tpHL = (0.66 ns/pFI CL + 22 ns 10 - 55 110 
tPLH tpHL = (0.5 ns/pF) CL + 15 ns 15 - 40 85 

The formula given IS for the tYPical characteristics only. 

FIGURE 1 - SWITCHING TIME TEST CI~CUITS AND WAVEFORMS 

Voo VOO 

16 16 

Output 

Output 

CL 
5 

":' 

":' 

Vee 

• l r- 20n. 

90% 90% 
16 Input 50% 50% 

10% 10% 

~ 
VSS 

Output 

13 VOH 

Output 

":' VOL 
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® MOTOROLA 

QUAD PROGRAMMABLE OPERATIONAL AMPLIFIER 
QUAD PROGRAMMABLE COMPARATOR 

DUAL/DUAL PROGRAMMABLE 
AMPLIFIER-COMPARATOR 

The MC14573, MC14574, and MC14575 are a family of quad 
operational low power amplifiers and comparators using the comple­
mentary P·channel and N-channel enhancement MOS devices in a 
single monolithic structure. The operating current is externally 
programmed with a resistor to provide a choice in the tradeoff of 
power dissipation and slew rates. The operational amplifiers are 
internally compensated. 

These low cost units are excellent building blocks in consumer, 
industrial, automotive and instrument applications. Active filters, 
voltage reference, function generators, oscillators, limit set alarms, 
TTL to CMOS or CMOS to CMOS up converters, A to D converters 
and zero crossing detectors are some applications. These units are 
useful in both battery operated and line operated systems. 

• Low Cost Quads 
• Power Supply-Single 3.0 to 15 Vdc 

Dual ± 1.5 to ±7.5 Vdc 

• Wide Input Voltage Range 

• Common Mode Range 0.0 to VCC - 2.0 Vdc for Single Supply 

• Externally Programmable with One or Two Resistors 

• Two Offset Ranges-l0 mV max and 50 mV max 

• Internally Compensated Operational Amplifiers 

• High Input Impedance 

• Comparators-JEDEC B-Series Compatible 

• CMOS and TTL Compatible 

PIN ASSIGNMENT 

MC 14573/MC14573-1 
Quad Op Amplifier 

MC14574/MC14574-1 
Quad Comparator 

MC14575/MC14575-1 
Dual Op Amplifier (Segments A & BI plus 
Dual Comparator (Segments C & OJ 

7-611 

MC14573 
MC14574 
MC14575 

CMOS MS. 

QUAD PROGRAMMABLE 
OPERATIONAL AMPLIFIER 

QUAD PROGRAMMABLE 
COMPARATOR 

DUAL/DUAL PROGRAMMABLE 
OPERATIONAL 

AMPLIFIER-COMPARATOR 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

"O'''''·1r;'·~,;·~~~:-
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

• Add a -1 to part number when ordering parts 

selected to a maximum of 10 mV offset voltage 



MC14573 thru MC14575 

MAXIMUM RATINGS (Voltages referenced to VEE) 

Rating Symbol Value Unit 

DC Supply Voltage VCC -0.5 to +18 Vdc 

Input Voltage, All Inputs Vin -0.5 to VCC + 0.5 Vdc 

DC Current Drain per Pin I 10 mAde 

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

Storage Temperature Range Tstg -65 to +150 °c 

RECOMMENDED OPERATING RANGE 

DC Supply Voltage Vcc to VEE +3.0 to +15 Vdc 

OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS (VEE = 0 V, TA = 25°C) 

VCC 
Characteristic Symbol Vd. 

Input Common Mode Voltage Range VICR 
IISet = 200 "A) 5.0 

10 
15 

Output Voltage Range VOR 
IiSet = 50 "A) 5.0 

(RL = 100 k connected to VEE) 10 
15 

Input Offset Voltage VIO 
IISet = 50"A) MC14573, MC14575 10 

MC14573·1, MC14575·1 10 

Average Temperature Coefficient of Input Offset Voltage - -
Input Bias Current liB 10 

Input Offset Current 110 10 

• 
Open Loop Voltage Gain IISet = 50 "M AVOL 10 

Power Supply Rejection Ratio PSRR 10 

Common Mode Rejection Ratio CMRR 10 

Channel Separation - 10 

Slew Rate SR 10 

IISet = 40 "A) 

Phase Margin <pm 10 

Supply Current, Per pair MC14573, MCl4575 ICC 
(RSet =1 Mn) 5 

10 
15 

Supply Current, Per pair MC14574, MC14575 ICC 5 
(RSet = 100 k) 10 

15 

7-612 

Min 

0 
0 
0 

1.05 

1.05 

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 V in and V out be 
constrained to the range VeE .=0;; (Vin or 

Vout)" VCC· 
Unused inputs must always be tied to 

an appropriate logic voltage level (e.g., either 

VCC or VEE' 

All Types 

Typ Max Unit 

Vdc 
- 3.0 
- 8.0 
- 13 

Vdc 

- 4.0 
- 9.0 

1.05 - 14 

mVdc 
- ± 10 ±50 

- ±5.0 ,10 

- 20 - "V/oC 

- - 1.0 nA 

- - 200 pA 

- 90 - dB 

- 70 dB 

- 80 - dB 

- -100 - dB 

- 2.5 - V/"s 

- 45 - Degrees 

"A 
- 50 -
- 100 -
- 150 -
- 0.5 - mA 

- 1.2 -
- 1.8 -



MC14573 thru MC14575 

COMPARATOR 
ELECTRICAL CHARACTERISTICS (Vee' 0 Vdc, TA' 250 CI 

Vee 
Characteristic Symbol Vdc 

Input Common Mode Voltage Range VICA 
liSe, ' 200 "AI 5.0 

10 
15 

Output Voltage "0" Level VOL 
5,0 
10 
15 

"1" level VOH 
5.0 
10 
15 

Output Dnve Current (AL DeVice) 10H 
(VOH ' 2.5 Vdcl Source 5.0 
(VOH ' 4,6 Vdcl 5.0 
(VOH ' 9.5 Vdcl 10 
(VOH' 13.5 Vdcl 15 

(VOL' 0.4 Vdcl Sink 10L 5.0 
(VOL' 0.5 Vdcl 10 
(VOL' 1.5 Vdcl 15 

Output DTive Current (CLlC? DeVice) 10H 
(VOH ' 2.5 Vdcl Source 5.0 
(VOH ' 4.6 Vdcl 5.0 
(VOH ' 9.5 Vdcl 10 
(VOH' 13.5 Vdcl 15 

(VOL' 0.4 Vdcl Sink 10L 5,0 
(VOL' 0.5 Vdcl 10 
(VOL' 1.5 Vdcl 15 

Input Offset Voltage VIO 
liSe,' 50 "Ai MC14574, MC14575 10 

MC14574-1, MC14575-1 10 

Average Temperature CoeffiCient of Input Offset Voltage - -

Input Bias Current lIB 10 

Input Offset Current 110 10 

Open Loop Voltage Gain liSe" 50 ",AI AVOL 10 

Power Supply Rejection RatiO PSAA 10 

Common Mode Rejection Ratio CMAA 10 

Channel Separation - 10 

Output Rise and Fall Time 'TLH, 'THL 10 
(CL ' 50 pFI 

Propagation Delay Time, 5 mV Overdrive 'd 10 
liSe, = 50 "A, CL = 50 pFI 

Supply Current - Per pair MC14574, MC14575 ICC 
(ASe' = 1 Mul 5 

10 
15 

Supply Curren' - Per pair MC14574, MC14575 ICC 
(ASe, = 100 kl 5 

10 
15 

SINGLE SUPPL Y 

7-613 

Min Typ Max 

0 - 3.0 
0 - 8.0 
0 - 13 

- 0 0.05 
- 0 0.05 

- 0 0,05 

4.95 5.0 -
9.99 10 -
14.95 15 -

-2,4 -4.2 -
-0.51 -0,88 -
-1.3 -2,25 -
-3.4 8,8 -

1.25 2.25 -
3,25 5.6 -
8.5 20 -

-2,1 -4.2 -
-0.44 -088 -
-1.1 -2.25 -
-3,0 -8.8 -

1.2 2.25 -
2.6 5,6 -
7.5 20 -

- - 50 
- - 10 

- 20 -
- - 1.0 

- - 200 

- 96 -

- 70 -
- 80 -
- -100 -

- 100 -

- 1000 -

- 50 -
- 100 -
- 150 -

- 0.45 -
- 1.0 -
- 1.5 -

SPLIT SUPPLI ES 

, h5V '07.5V &JCC 

.:..1.5Vto7.5V 

VEE 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mAde 

mAde 

mAde 

!mVdc 

"V/oC 

nA 

pA 

dB 

dB 

dB 

dB 

ns 

ns 

"A 

rnA 
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MC14573 thru MC14575 

CIRCUIT DIAGRAM OPERATIONAL AMPLIFIER 1/4th CIRCUIT 

Vee 

ISet Circuit )>-----<1>---.1 J. 
1 

L 

CIRCUIT DIAGRAM COMPARATOR 1/4th CIRCUIT 

Vee 

ISet Circuit )>----...... --, § ~ J I~ I~ 

j' 1 t 
J ] 

}--=O","", 
Non-Inverting ~ _ _ 

:~;:rttl(~~ c:>----, 
lnput(+) ~ 

I r--+ ---i. 

ctLtL:o 1] 
-] 

T 

The programming current ISet is fixed by an external resistor 
RSet connected between VEe and either one or both of the ISet 
pins (8 and 9). When two external programming resistors are 
used, the set currents for each op amp pair or comparator are 
given by: 

VCC - Vee -1 
'Set (pAl ., RSet(MI1I 

Pins 8 and 9 may be tied together for use with a single pro­
gramming resistor. The set currents for e8ch op amp pair or 
comparator pair are then given by: 

VEE 

CirCUit diagrams utiliZing Motorola products are Included as a means 
of Illustrating tYPical semiconductor applications. ronsequently, 
complete informatIon sufile,ent for construction purposes IS not 
necessartly 91"11en The ,"formation has been carefully checked and 

If a pair of op amps or comparators are not used. the ISet 
pin for that pair may be tied to Vee for minimum power 
consumption. 

It should be noted that increasing ISet for comparators will 
decrease propagation delay for that comparator. 

For operational amplifiers, the maximum obtainable output 
voltage (VOH) for a given load resistor connected to VEE is given 
by: 

VOH = (4 X 1O-3'SetIRL -0.05 v, RL in kl1 

if (4 X 10-3 'SetlRL < VOD,'Set in pA 

Typical op amp slew rates are given by: 

SR ~ 0.05 'Set (V/psl, 'Set in pA 

IS behe"lled to be entirely rehable Howe"ller, no responslblltty IS 
assumed for inaccuracies Furthermore, such information does not 
<"on"lley to the purchaser of the semIconductor deVices descrIbed any 
license under the patent nghts of Motorola 1 nc or others. 

7-614 



® MOTOROL.A 

4 x 4 MUL TIPORT REGISTER 
The MC145808 is a 4 by 4 multiport register useful in small 

scratch 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 anyone of four words. 

Address changing and data entry occur on the rising edge of the 
clock. When the write enable input is low, the contents of any word 
may be accessed but not altered. 

• Logic Swing I ndependent 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 RA TI NGS (Voltages referenced to Vss) 

Rating Symbol Value 

DC Supplv Voltage VOO - -0.5 to +18 

Input Voltage, All Inputs V in -0.5 to VOD + 0.5 

DC Current Drain per Pin I 10 

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

Storage Temperature' Range Tstg -65ta+150 

BLOCK DIAGRAM 

Clock 

WE 

DO 

O.t. { 01 
Input 02 

03 

7-615 

Unit 

Vdc 

Vdc 

mAde 

aC 

aC 

MC14580B 

CMOS LSI 
fLOW·POWER COMPLEMENTARY MOS) 

4 X 4 MUL TIPORT REGISTER 

,.~ 
L SUFFIX 

CERAMIC PACKAGE 
CASE 623 

,.~ 
PSUFFIX 

PLASTIC PACKAGE 
CASE 109 

ORDERING INFORMATION 

MOO .. '" r ,.ff.. O~.~ 
t: L Ceramic Package 

P Plastic Package 
A Extended Operating 

Temperature Range 
e Limited Operating 

Temperature Range 

PIN ASSIGNMENT 

24 

2 23 

3 22 

4 aOA 21 

5 alA 20 

6 01 19 

18 

8 17 

9 16 

10 Read 18 15 

11 Read Os 14 

12 VSS 13 

VOO"" Pin 24 
VSS = Pin 12 
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MC14580B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
V ln - VooorO 10 

15 

"1" Level VOH 5.0 
VIO -. 0 or VOO 10 

15 

Input Voltage'" "0" 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 VIH 
(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 Vdc) Sink IOl 5.0 
(VOL = 0.5 Vdc) 10 
(VOL = 1.5 Vdc) 15 

Output Dnve Current (CLlep Device) IOH 
(VOH = 2.5 Vdc) 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 Vdc) 10 
(VOL = 1.5 Vdc) 15 

Input Current IAL Device) lin 15 

Input Current ICL/CP Device) lin 15 

Input Capacitance Con -
(V in = O) 

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

15 

QUiescent Current (CLlCP Device) 100 50 
(Per ~ackage) 10 

15 

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

tel'::: 50 pF on all outputs, all 
buffers sWitching) 

Three-State Leakage Current ITl 15 
(AL Device) 

Three-State Leakage Current ITl 15 
(ClICP Oevice) 

-Tlow = -SSoC for AL Device, -40oC for CLlCP DeVice. 
Thigh = +12SoC for Al Oevice, +8SoC for CLlCP Device. 

&Noise Immunity specified for worst-case input combination. 

Tlow * 

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 -
- ±01 

- ± 0.3 

-

- 5.0 
- 10 
- 20 

- 50 
- 100 
- 200 

- ± 01 

- ±1.0 

NOise Margin for both "1" and "0" level = 1.0 Vdc min @ VOO ". S.O Vdc 
2.0 Vdc min @ VOO = 10 Vdc 
2.5 Vdc min @ VOO = 15 Vdc 

fTo calculate total supply current at loads other than SO pF. 
IT(Cl} = IT(50 pF} + 4 x 10-3 (Cl -50) VOOf 

25°C Th· 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 
- 450 3:0 - 3.0 
- 675 4.0 - 4.0 

3.5 2.75 - 3.5 - Vdc 

7.0 5.50 - 7.0 -
11.0 8.25 - 11.0 -

mAde 
-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 - mAde 
1.3 2.25 - 0.9 -
3.4 8.8 - 2.4 -

mAde 
-0.8 -1.7 - -0.6 -
-016 -0.36 - -0.12 -
-0.4 -0.9 - -0.3 -
-1.2 -3.5 - -1.0 -

0.44 0.88 - 0.36 - mAde 
1.1 2.25 - 0.9 -
3.0 8.8 - 24 -

- ±0.00001 ±O 1 - ± 1.0 ,uAde 

- ±0.00001 ±0.3 - ±, .0 J.lAdc 

- 5.0 7.5 - - pF 

- 0.010 5.0 - 150 /JAde 

- 0.020 10 - 300 
- 0.030 20 - 600 

- 0.010 50 - 375 ,uAde 
- 0.020 100 - 750 
- 0.030 200 - 1500 

IT = (1.18 pAikHz) f • 100 IJAde 
IT = (1.91.pAlkHzl f + 100 
IT = (2.67 pAlkHz) f + 100 

- ·000001 ± 0.1 - ±3.0 .'lAdc 

- '0.00001 ± 1.0 - ± 7.5 .'lAdc 

where: 'T is in IJA lper packagel, CL in pF, VOO in Vdc, and f in kHz is input frequency. 
--The formulas given are for the typical characteristics only at 2SoC. 

This device contalOs 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 V in and 
Vout be constrained to the range V 55 " 
(V in or Voutl" Vee· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vssor Vool. 
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MC14580B 

SWITCHING CHARACTERISTICS· (CL = 50 pF T A = 25°C) 

Characteristic Symbol VDD Min Typ Max Unit 

Output Rise Time tTLH ns 
tTLH = (3.0 nsfpF) CL + 30 ns 5.0 - 180 360 
tTLH = (1.5 nsfpF) CL + 15 ns 10 - 90 180 
tTLH = (1.1 nsfpF) CL + 10 ns 15 - 65 130 

Output Fall Time tTHL ns 

tTHL = 0.5 ns/pF) CL + 25 ns 5.0 - 100 200 
tTHL = (0.75 nsfpF) CL + 12.5 ns 10 - 50 100 
tTHL = (0.55 nsfpF) CL + 9.5 ns 15 - 40 80 

Propagation Delay Time, Clock to Output tpLH, ns 
tpHL, tpLH = (1.7 ns/pF) CL + 1415 ns tpHL 5.0 - 1500 4500 
tPHL, tPLH = (0.66 nsfpF) CL + 467 ns 10 - 500 1500 
tPHL, tpLH = (0.5 ns/pF) CL + 325 ns 15 - 350 1125 

Write Enable Setup Time 'su(WE) 5.0 800 2000 ns 
10 - 300 750 
15 - 180 550 

Write Enable Setup Time tsu(WE) 5.0 - -300 +150 ns 
10 - -100 +75 
15 - -60 +55 

Write Enable Hold Time th(WE) 5.0 - -800 -200 ns 
10 - -300 -75 
15 - -180 -45 

Address and Data Setup Time 'su(D), 5.0 - 150 450 ns 

'su(W) 10 - 70 210 

15 - 50 160 
Address and Data Hold Time 'hID), 5.0 - 160 480 ns 

'h(W) 10 - 65 195 
15 - 50 150 

3-8tate Enable/Disable Delay Time-· tPHZ, tPLZ, 5.0 -, 355 900 ns 

tPZH, tpZL 10 - 140 350 
15 - 85 250 

Positive Clock Pulse Width tWH 5.0 - 1000 3000 ns 
(minimum) 10 - 350 1050 

15 - 200 800 

Negative Clock Pulse Width tWL 5.0 - 400 1200 ns 
(minimum) 10 - 85 255 

15 - 60 200 

*The formula given is for the typical characteristics only. 
**Measured at the point of 10% change at output when the output load is 1.0 nand 50 pF. 

FIGUR E 1 - OUTPUT DRIVE CURRENT TEST CIRCUIT 

Sink Current Source Current 

Position of 51 2 1 

VGS"" Voo -Voe 

Vos- V out Vout-VOD 

7-617 
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MC14580B 

FIGURE 2 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 13-5tat. Inputs are High) 

P.G.l----...J 

P.G.2~ 
P.G.3~ 

Output-;' ~ r--
QnA,B '---1 L..J 

FIGURE 3 - AC WAVEFORMS AND DEFINITIONS 

,,--------------~------------------------------------- VOO Readn -'1' ________ +-5_0_% __________________ VSS 

-W--------------~r------------------------------------VOO 

Writen .JJ'~-------+------------------- VSS 
.... IW)-I---t--

Clock 

r---,~---------------VOO 

~-------- VSS 

"------VOO 
WE ~ _____ -J~~ ____ VSS 

3-State A or B ---+--------+-----------"""' VOO 

a~ ___ ,...-_"", 

_ "" Don't Care 
R is third state (High Impedance) 
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MC14580B 

Clock WE Write 1 Write a Read 1A 

.....r 1 51 52 51 

~ 1 51 52 51 

""""L- X X X X 

X X X X X 
0 X X X X 

1 X X X X 

~ 1 0 0 0 

.....r 0 0 0 0 

.... .. " 51 and 82 refer to Input states of either 1 or 0 . 
R implies high resistance ...... 109 ohms. 
X:: Don't care 

LOGIC DIAGRAM 

TRUTH TABLE 

Read OA Read 1B Read OB 

52 51 52 
52 51 52 
X X X 

X X X 
X X X 

X X X 

1 1 0 

1 1 0 

7-619 

3-5tateA 3-8tate B On QA Q B 
1 1 1 1 1 
1 1 0 0 0 
1 1 X No No 

Change Change 
0 0 X R R 
1 1 X No No 

Change Change 
1 1 X No No 

Change Change 
1 1 On to Contents Contents 

word 0 of word 1 of word 2 
displayed displayed 

1 1 Word 0 Contents Contents 
not of word 1 of word 2 

altered dlSpl~d di~~d 
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® MOTOROLA 

4-BIT ARITHMETIC LOGIC UNIT 

The MCI4581B 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 of 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 ective low data. 

Carry propagate (Pj 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 MCl4582B as a second order look ahead 
block. An inverted ripple carry input (Cn) and a ripple carry output 
(Cn+4) are included for ripple through operation. 

When the device is in the subtract mode (LHH Ll. 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: 

D.t. Cn Cn +4 Magnitude 
Level 

H H ASB 
Active L H A<B 
H;gh H L A>B 

L L A:2:B 
L L ASB 

Active H L A<B 
Low L H A>B 

H H A:2: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 (Voltage. referenced to Vssl 
Rating SVmbol 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 Tug -65 to +150 

7-620 

Unit 

Vde 
Vde 

mAde 
.0c 

°c 

MC14581B 

CMOS MS. 
(LOW·POWER COMPLEMENTARY MOSI 

4-BIT ARITHMETIC LOGIC UNIT 

~~ ,~'" ,~vn~~~RAMIC PACKAGE 
1 CASE 623 

PSUFFIX 
PLASTIC PACKAGE 

CASE 709 

ORDERING INFORMATION 

00 .... " 1lSUffiX Oenot •• 
L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
e Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

,.~,." r Select 
Inputs 5 

6 

"'"\': ' 1 10 Output 
A 21 11 Function 

19 13 

"'t 
14 Compar'son 

Output 

B 20 Ripple 
16 Carry 

18 Output 

Carry In 7 

Mode 8 171 ~~::d 
Control 

15J g-::::uts 

VOO = Pin 24 
VSS = Pin 12 



MC14581B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
V ln -: VODorO 10 

15 

"1" Level VOH 5.0 
Vin "" 0 or VOO 10 

15 

Input Voltage# "0" Level VIL 
(VO = 4.5 or 0.5 Vdcl 5.0 
(VO = 9.0 or 1.0 Vde) 10 
(VO = 13.5 or 1.5 Vde) 15 

"1" Level VIH 
(VO = 0.5 or 4.5 Vde) 5.0 
(VO = 1.0 or 9.0 Vde) 10 
(VO = 1.5 or 13.5 Vde) 15 

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

(VOL = 0.4 Vde) Sink IOL 5.0 
(VOL = 0.5 Vde) 10 
(VOL = 1.5 Vde) 15 

Output Drive Current (CLlCP Device) IOH 
(VOH = 2.5 Vde) Source 5.0 
(VOH = 4.6 Vde) 5.0 
(VOH = 9.5 Vde) 10 
(VOH = 13.5 Vde) 15 

(VOL = 0.4 Vde) Sink IOL 5.0 
(VOL = 0.5 Vde) 10 
(VOL = 1.5 Vde) 15 

Input Current (AL Device) 'in 15 

Input Current (CLlCP Device) lin 15 

Input Capacitance Cin -
(Vin = 0) 

Quiescent Current (AL Device) 'DO 5.0 
(Per Package) 10 

15 

Quiescent Current (CLlCP Device) 100 5.0 
(Per Package I 10 

15 

Total Supply Current**t 'T 5.0 
{Dynamic plus Quiescent, 10 
Per Package) 15 

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

·Tlow = -55°C lor AL Device, -400 C lor CL/CP Device. 
Thigh = +1250 C lor AL Device, +850 C lor CL/CP Device . 

.uNoise Immunity specified for WOrst-case input combination. 

Tlow . 
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 -
- to.l 

- to.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 Vde min @ VDD = 10 Vde 
2.5 Vde min @ VDD = 15 Vde 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = IT(50 pF) + 8 x 10-3 (CL -50) VDOI 

25°C 

Min Typ Ma. 

- 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 -
- ±O.OOOOI to.l 

- to.Ooool ±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 = (1.8 "A/kHz)f + 'DO 
'T = (3.7 "A/kHz) I + 'DO 
'T· (5.5 "A/kHz) 1+ 100 

where: 'T is in JJ.A (per package), C L in pF, V DO in Vdc. and f in kHz is input frequency. 
"The formulas given are for the typical characteristics only at 250 C. 

Thi h* 
Min Ma. Unit 

- 0.05 Vde 
- 0.05 
- 0.05 

4.95 - Vde 
9.95 -
14.95 -

Vde 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vde 
7.0 -

11.0 -
mAde 

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

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAde 
0.9 -
2.4 -

- ± 1.0 "Ade 

- !1.0 "Ade 

- - pF 

- 150 "Ade 
- 300 
- 600 

- 150 "Ade 
- 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 V out) 
<VDD· 
Unused inputs must alwavs be tied tei an appropriatologie voltage Ie .. ' (e.g., either Vss or VDD). 
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MC14581B 

SWITCHING CHARACTERISTICS· (CL = 50 pF TA = 250 C) 

Characteristic Symbol VDD Min Typ Max Unit 
Output Rise Time tTLH ns 

tTLH = (3.0 ns/pF) CL + 30 ns 5.0 - 180 360 
tTLH = (1.5 ns/pF) CL + 15 ns 10 - 90 180 
tTLH = (1.1 ns/pF) CL + 10 ns 15 - 65 130 

Output Fall Time tTHL ns 
tTHL = 11.5 ns/pF) CL + 25 ns 5.0 - 100 200 
tTHL = (0.75 ns/pF) CL + 12.5 ns 10 - 50 100 
tTHL = (0.55 ns/pF) CL + 9.5 ns 15 - 40 80 

Propagation Delay Time tpLH, ns 
Sum in to Sum Out tpHL 

tPLH, tpHL = (1.7 ns/pF) CL + 620 ns 5.0 - 705 1410 
tpLH, tPHL = (0.66 ns/pF) CL + 217 ns 10 - 250 500 
tpLH, tpHL = (0.5 ns/pF) CL + 155 ns 15 - 180 360 

Sum in to Sum Out (Logic Mode) tPLH, ns 
tPLH, tPHL = (1.7 ns/pF) CL + 520 ns tpHL 5.0 - 605 1210 
tPLH, tpHL = (0.66 ns/pF) CL + 182 ns 10 - 215 430 
tPLH, tPHL = (0.5 ns/pF) CL + 155 ns 15 - 180 360 

SumintoA=B tPLH, ns 
tpLH, tpHL = (1.7 ns/pF) CL + 870 ns tpHL 5.0 - 955 1910 
tPLH, tpHL = (0.66 ns/pF) CL + 297 ns 10 - 330 660 
tPLH, tPHL = (0.5 ns/pF) CL + 220 ns 15 - 245 490 

Sum In to P or G tpLH, ns 
tpLH, tpHL = (1.7 ns/pF) CL +400 ns tpHL 5.0 - 485 970 
tpLH, tPHL = (0.66 ns/pF) CL + 147 ns 10 - 180 360 
tpLH, tpHL = (0.5 ns/pF) CL + 105 ns 15 - 130 260 

Sum In to Cn+4 tpLH ns 
tPLH, tPHL = (1.7 ns/pF) CL + 530 ns 5.0 - 615 1230 
tpLH, tpHL = (0.66 ns/pF) CL + 187 ns 10 - 220 440 

. tPLH, tPHL = (0.5 ns/pF) CL + 135 ns 15 - 160 360 
Carry I n to Sum Out tPLH, ns 

tPLH, tPHL = (1.7 n,/pF) CL + 295 ns tPHL 5.0 - 380 760 
tPLH, tPHL = (0.66 ns/pF) CL + 112 ns 10 - 145 290 
tpLH, tpHL = (0.5 ns/pF) CL + 80 ns 15 - 105 210 

Carry in to Cn+4 tpLH, ns 
tpLH, tpHL = (1.7 ns/pF) CL + 220 ns tPHL 5.0 - 305 610 
tpLH, tpHL = (0.66 ns/pF) CL + 87 ns 10 - 120 240 
tPLH, tPHL = (0.5 ns/pF) CL + 60 ns 15 - 85 170 

*The formula given is for the typical characteristics only. 

AC TEST SETUP REFERENCE TABLE 

AC PATHS DC DATA INPUTS FIG.3 

FI TEST INPUTS OUTPUTS TOVSS TOVDD MODE WAVEFORM 

Sumin to Sumout AO Any F Remaining A's 
All B'. Add #1 

Delay Time Cn 

Sumin to P AO P Remaining A's 
All B's Add "t Delay Time Cn 

Sumin to G lio Cn+y 
AliA's 

Remaining S's Add #1 
Delay Time Cn 

Sumin to Cn+4 lio G ,AliA's Remaining ii's Add #2 
Delay Time Cn 

Cn to Sumout Cn AnyF AliA's AilS's Add #1 
Delav Time 

Cn to Cn+4 Cn Cn+4 All A's All ii's Add #1 
Delay Time 

Sumin to A = B AO A=B All S's 
Cn Sub #2 

Delay Time Remaining A:a 

Sumin to Sumout 
AIIB's Any F Exclusive 

Delay Time All A's M OR #2 
(Logic Mode) 
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FIGURE 1 - TYPICAL SOURCE CURRENT TEST CIRCUIT FIGURE 2 - TYPICAL SINK CURRENT TEST CIRCUIT 

Voo 

I 
1 
High for 
all outputs 
except C n+4 

VOO 

TPin 

V out = VOH 

SO 515253 
AO 
A1 

A2 F1 

A3 

BO 
IOH IOL 

B1 

B2 
B3 G 
Cn 

MC 

VSS Vss 

FIGURE 3 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

See AC Test 
Setup 

Reference 

Table 

G 
P 

Load A 
TP out 

I 

~OPF± 
Load A 

Load A 

Load A 

Load A 

Load A 

Load A 

Load A 

Load A 

r--.,,='/:-+-~---VOO 
TPin 

1"'!;.~:""'--oV 

#1 
~--~---v+----VOH 

TPout 

#2 
TP out 

FIGURE 4 - DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Load A 
TP out 

I 
FO Load A ~OPF± 
F1 Load A 

F2 Load A 

F3 Load A 

A=B Load A 

C n+4 Load A VOO 

G Load A TPin 

ji Load A 
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Function 

Select 
Inputs 

Word A I 
Wo,d B I 

Carry In 

Mode Control 

I 

BLOCK DIAGRAM BLOCK DIAGRAM 

(ACTIVE LOW) (ACTIVE HIGH) 

3 3 

4 4 

5 

6 

VOO :; Pin 24 

VSS "" Pin 12 

FO 9 
23 23 

21 F1 10 I Output 21 
F2 11 FunctIon 

19 19 
F3 13 

22 22 
14 Comparison Output 

20 20 
16 Ripple Carry Output 

18 18 
G 17 } Look·Ahead 

Carry Outputs 
8 p 15 8 

TRUTH TABLE 

INPUTSIOUTPUTS ACTIVE LOW INPUTSIOUTPUTS ACTIVE HIGH 

FUNCTION LOGIC ARITHMETIC' LOGIC ARITHMETIC' 
SELECT FUNCTION FUNCTION FUNCTION FUNCTION 

S3 S2 SI SO (MC= H) (MC = L. Cn = Ll (MC= HI (MC = L. Cn = HI 

L L L L A A minus 1 A A 
L L L H AS AS minus 1 A+8 A+S 

L L H L A+S AS minus 1 AS A+B 
L L H H Logic "'" minus 1 Logic "0" minus 1 

L H L L A+S A plus (A+B) AS A plusAB 

L H L H B AS plus (A+SI B (A+S) plus AS 
L H H L A 0 S A minus B minus 1 A0s A minus B minus 1 

L H H H A+8 A+B AS A8 minus 1 

H L L L AS Aplus(A+8) A+S A plusAB 

H L L H AGS A plus 8 A"""0B A plus B 

H L H L S AS plus (A+S) S (A+S'> plusAB 

H L H H A+S A+S AS AS minus 1 

H H L L Logic "0" A plusA Logic "'" A plusA 

H H L H AS AB plus A A+B (A+S) plusA 

H H H L AS AS plusA A+S (A+S) plus A 

H H H H A A A A minus 1 

• Expressed 81 two s complements. For arithmetic function with Cn In the 
opposite state. the resulting function is as shown plus 1. 
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FO 

F1 

F2 

F3 

A=S 

Cn+4 

G 

P 

9 

10 

11 

13 

14 

16 

17 

15 
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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 caseadable 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 -05to+18 

Input Voltage, All Inputs V," -0.5 to VDD + 0.5 

DC Current Dram per Pm 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 

LOGIC EQUATIONS 
Cn+x == GO + Il'b • Cn ) 
Cn+v = Gi + <P1 • GO) + (Pi • po. C n) 
Cn+z "" G2 + (P2. Gi) + (P2. fi- GO) + (P2. ptejiQ. C n) 

G • G3 + (P3 • (321 + (P3 • P:i • Gt 1 + (Pi • P2 • P3 • GO) 
p==j53eii2-p;-P1l 

PIN DESIGNATIONS 

DESIGNATION PIN NO', FJNCTION 

Go.Gi,G2,G3 3,1,14,5 
Active-Low 

Carry-Generate Inputs 

PO,Pl.P2,P3 4,2,15.6 
Active-Low 

Carry-Propagate Inputs 

Cn 13 Carry Input 

C n+x • C n+y 12,11.9 Carry Outputs 
Cn+z 

G 10 Active-LOw Group 
Carry-Generate Output 

P Active-LOW Group 
Carry-Propagate Output 

7-625 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

MC14582B 

CMOS MS. 

(LOW-POWER COMPLEMENTARY MOSI 

LOOK-AHEAD CARRY BLOCK 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

MO'.,,,, 1 ~SUffIX Denote. 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

14 

5 

4 

2 

15 

6 

BLOCK DIAGRAM 

Voo"" Pin 16 
VSS=Pin 8 

• 
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ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vin=VOoorO 10 

15 

"I" Level VOH 5.0 
Vin ==OorVOD 10 

15 

Input Voltage# "0" Level VIL 
(VO = 4.5 or 0.5 Vde) 5.0 
(VO = 9.0 or 1.0 Vde) 10 
(VO = 13.5 or 1.5 Vde) 15 

"1" Level VIH 
(VO = 0.5 or 4.5 Vde) 5.0 
(VO = 1.0 or 9.0 Vde) 10 
(Vo = 1.5 or 13.5 Vde) 15 

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

(VOL = 0.4 Vde) Sink IOl 5.0 
(VOL = 0.5 Vde) 10 
IVOL = 1.5 Vde) 15 

Output DriVe Current (CL/CP Device) IOH 
IVOH = 2.5 Vde) Source 5.0 
IVOH = 4.6 Vde) 5.0 
IVOH = 9.5 Vde) 10 
IVOH = 13.5 Vde) 15 

(VOL = 0.4 Vde) Sink IOl 5.0 
(VOL = 0.5 Vde) 10 
(VOL = 1.5 Vde) 15· 

Input Current (AL Device) lin 15 

Input Current (CLlCP Device) lin 15 

Input Capacitance Cin -
IV in = 0) 

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

15 

QUiescent Current (CLlCP Device) 100 5.0 
(Per Package) 10 

15 

Total Supply CurrentHt IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 
(el = 50 pF on all outputs. all 
buffers switching) 

*Tlow == -5SoC for AL Device, -40oC for CLlCP Device. 
Thigh = +1250C for AL Oevice, +850 C for CLlCP Device. 

#Noise Immunity specified for WOrst-case input combination. 

Tlow . 
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 MargIO for both "1" and "0" level = 1.0 Vdc min @ VOO = 5.0 Vdc 
2.0 Vde min@ VOO = 10 Vdc 
2.5 Vdc min @ VOO = 15 Vde 

tTo calculate total supply current at loads other than 50 pF: 
IT(Cl) = IT(50 pF) + 6 x 10-3 (Cl -50) VOO' 

26°C Thigh' 
Min Typ Max Min Max Unit 

- 0 0.05 - 0.05 Vde 
- 0 0.05 - 0.05 
- 0 0.05 - 0.05 

4.95 5.0 - 4.95 - Vde 
9.95 10 - 9.95 -

14.95 15 - 14.95 -

Vde 
- 2.25 1.5 - 1.5 
- 4.50 3.0 - 3.0 
- 6.75 4.0 - 4.0 

3.5 2.75 - 3.5 - Vde 

7.0 5.50 - 7.0 -
11.0 8.25 - 11.0 -

mAde 
-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 - mAde 
1.3 2.25 - 0.9 -
3.4 8.8 - 2.4 -

mAde 
-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 - mAde 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -
- to.OOOOl to.l - ± 1.0 IJ.Adc 

- ±O.OOOOI ±O.3 - '1.0 /lAde 

- 5,0 7.5 - - pF 

- 0.005 5.0 - 150 /lAde 
- 0.010 10 - 300 
- 0.015 20 - 600 

- 0.005 20 - 150 #lAde 

- 0,010 40 - 300 
- 0,016 80 - 600 

IT = (1.4 /lA/kHz)f + 100 /lAde 
IT = (2.8 ,/lA/kHz) f + 100 
IT = (4.3 /lA/kHz) f + 100 

where: IT is in IJA (per package), CL in pF, VOO in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 2SoC. 

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 Vaut'" VOO· 
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Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VssorVOOI. 
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SWITCHING CHARACTERISTICS* (CL = 50 pF, TA = 25°C) 

Characteristic Symbol VDD Min 

Output Rise Time tTLH 
tTLH = (3.0 ns/pF) CL + 30 ns 5.0 -
tTLH = (1.5 ns/pF) CL + 15 ns 10 -
tTLH = (1.1 ns/pF) CL + 10 ns 15 -

Output Fall Time tTHL 
tTHL = (1.5 ns/pF) CL + 25 ns 5.0 -
tTHL = (0.75 ns/pF) CL + 12,5 ns 10 -
tTHL = (0.55 ns/pF) CL + 9.5 ns 15 -

Propagation Delay Time tPLH, 
tPLH, tpHL = (1.7 ns/pF) CL + 260 ns tpHL Clock to Q -
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 ANO WAVEFORM 

20 n& 20 ns 

r--:=*+-Voo 

Typ Max Unit 

ns 
180 360 
90 180 
65 130 

ns 
100 200 
50 100 
40 80 

ns 
345 690 
140 280 
110 220 

Cn+~~~-------------, 

FIGURE 2 - SOURCE CURRENT TEST CIRCUIT FIGURE 3 - SINK CURRENT TEST CIRCUIT 

V out = VOH 

16 Voo 
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TEST TABLE 

FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS AC PATHS DC DATA 

See 
Test 

Table 

16-81t ALU, Two-Level Look-Ahead 

TYPICAL APPLICATIONS 

32 Sit ALU, Two-Level Look'Ahead Over 16·B,t Group, 

INPUT 

PO 

GO 

C n 

V,n 

Vout 

Combined two-I."e' look·ahUd and ripple-earlY ALU 

64·Blt ALU, Full·Carry Look-Ahead In Th,.. Levels. 
A and B Input. and F outputs .r. not shown (MC14681B). 
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OUTPUT To VSS ToVOD 
Remaining G's P's, en 

G P'., en Remaining 
G's 

C n+x. Cn+v P's G', 
C n+ l 

VOO 

VSS 

VOH 



® MOTOROLA 

DUAL SCHMITT TRIGGER 

The MC14583B 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_ 

• Ouiescent 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 Vss) 

Rating Symbol Value 

DC SupplV Voltage VDD -05to+18 

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

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAde 

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

Storage Temperature Range Tstg -65 to +150 °c 

LOGIC DIAGRAM 

Positive A 6 5 Negative A 

>------04 Aout 

11 Aout 

Output Oiubla 
13O---------~--------__1 

}--+---o 14 Exclusive OR 

>---f----010 Bout 

POlltlve 82 2 3 1 Common B 
N..,.tlve 

B 

12 Bout 

VOO- Pin 18 
VSS - Pin 8 
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CMOS 55. 
(LOW-POWER COMPLEMENTARY MDSI 

DUAL SCHMITT TRIGGER 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

"0''''''1 tSUffiX Denotes 
L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 
e Limited Operating 

Temperature Range 

9 

13 

15 

INPUTS 

BLOCK DIAGRAM 

6 

Vee" Pin 16 
VSS ""PinS 

Aout 

Aout 

o 
Bout 

Bin Bout 

Spas SNag SCom 

2 3 

TRUTH TABLE 

4 

11 

14 

10 

12 

OUTPUTS 

A B [iIs Aout. &M. ~ ~ JfL 
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 ... H IgII resi.tance at output 
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ELECTRICAL CHARACTERISTICS (Rl = R2 =~) 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vin=VODorO 10 

15 

"I" level VOH 5.0 
Vin=OorVDD 10 

15 

Input Voltage# A and B "0" level Vil 
(VD = 4.5 or 0.5 Vde) 5.0 
(VO = 9.0 or 1.0 Vde) 10 
(VO = 13.5 or 1.5 Vde) 15 

"1" Level VIH 
(Ii 0 = 0.5 or 4.5 Vde) 5.0 
(VO = 1.0 or 9.0 Vde) 10 
(VO = 1.5 or 13.5 Vde) 15 

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

(VOL = 0.4 Vdc) Sink IOl 5.0 
(V Dl = 0.5 Vdc) 10 
(VOL = .1.5 Vdc) 15 

Output Drive Current (CLlCP Device) IOH 
(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 Vdc) Sink IOl 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 tAL Device) 100 5.0 
(Per Package) 10 

15 

Quiescent Current (C Llep Device) 100 5.0 
(Per Package) 10 

15 
Total Supply Current· *t IT 5.0 

(Dvnamic 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) 

*Tlow::: -5SoC for AL Device. 40°C for CL/CP Device. 
Thigh = +12SoC for Al Device, +850C lor Cl/CP Device. 

#Noise immunity specified for worst-case input combination. 

Tlow * 

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 

- -

- 0.05 
- 0.10 
- 0.20 

- 1.0 
- 2.0 
- 4.0 

- to.l 

- ±1.0 

Noise Margin lor bOlh "1" and "0" level = 1;0 Vdc min@VDD = 5.0 Vdc 
2.0 Vdc min@ VDO = 10 Vdc 
2.5 Vdc min @ VDD = 15 Vdc 

tTo calculate \olal supply current al loeds other 'than 50 pF: 
IT(Cl) = IT(50 pF) + 5.x 10-3 lCl -50) VDDf 

250 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 -

±O.OOOOI ±0.1 

- ±O.OOOOI .0.3 

- 5.0 7.5 

- 0.0005 0.05 
- 0.0010 0.10 
- 0.0016 0.20 

- 0.0005 1.0 

- 0.0010 2.0 

- 0.0015 4.0 

IT = (1.33 "A/kHz) 1+ 100 
IT = (2.65 "A/kHz) I + I DO 
IT = (3.98 "A/kHz) 1+ 100 

- ±O.ooool .0.1 

- ±O.OOOOI ± 1.0 

where: IT is in IlA (per package), Cl in pF, Vee in Vdc. and f in kHz is input frequency . 
• "'Th .. formulas given are for the typical characteristics only at 2SoC. 
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Thi h* 
Min Max Unit 

- 0.05 Vde 
- 0.05 
- 0.05 

4.95 - Vde 
9.95 -
14.95 -

Vde 
- 1.5 
- 3.0 
- 4.0 

3.5 - Vde 
7.0 -

11.0 -
mAde 

-0.7 -
-0.14 -
-0.35 -
-1.1 -

0.36 - mAdc 
0.9 -
2.4 -

mAde 
-0.6 -
-0.12 -
-0.3 -
-1.0 -
0.36 - mAdc 
0.9 -
2.4 -

± 1.0 "Adc 

- ± 1.0 "Adc 

- - pF 

- 1.5 "Adc 
- 3.0 
- 6.0 

- 3.B "Adc 
- 9.6 
- 15 

"Adc 

- .3.0 "Adc 

- '7.5 #lAde 
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SWITCHING CHARACTERISTICS· (CL: 50 pF TA: 250 Cl 
Characteristic Symbol VOO Min Typ Max Unit 

Output Rise Time tTLH ns 
tTLH: (3.0 ns/pFI CL + 30 ns 5.0 - 180 360 
tTLH : (1.5 ns/pFI CL + 15 ns 10 - 90 180 
tTLH: (1.1 ns/pFI CL + 10 ns 15 - 65 130 

Output Fall Time tTHL ns 
tTHL = (1.5 ns/pFI CL + 25 n. 5.0 - 100 200 
'THL: (0.75 ns/pFI CL + 12.5 ns 10 - 50 100 
'THL: (0.55 ns/pFI CL + 9.5 ns 15 - 40 80 

Propagation Delay Time 'PLH. n. 
Ain. Bin to Aout• Bout 'PHL 

tpLH. tPHL = (1.7 ns/pFI CL + 565 n. 5.0 - 650 1300 
tpLH. tpHL = (0.66 ns/pFI CL + 197 n. 10 - 230 460 
tpLH. tpHL = (0.5 n./pFI CL + 125 ns 15 - 150 300 

Ain. Bin to Aout• Bout tpLH. ns 
tpLH. tpHL: (1.7 ns/pFI CL + 1015 ns tPHL 5.0 - 1100 2200 
tpLH. tpHL : (0.66 ns/pFI CL + 347 ns 10 - 380 760 
tpLH. tpHL : (0.5 ns/pFI CL + 235 ns 15 - 260 520 

Ain. Bin to Exclusive OR tpLH. ns 
tpLH. tPHL = (1.7 n./pFI CL + 665 ns tpHL 5.0 - 750 1500 
tpLH. tPHL = (0.66 n./pFI CL + 257 ns 10 - 280 560 
tpLH. tPHL = (0.5 n./pFI CL + 145 n. 15 - 170 340 

3-State Enable, Disable Delay Time (see figure 5) 'on. ns 
ton. toff = (1.7 n./pFI CL + 140 n. toff 5.0 - 225 450 
'on. toff: (0.66 n./pFI CL + 57 n. 10 - 90 180 
'on. 'off: (0.5 ns/pFI CL + 30 n. 15 - 55 110 

Positive Threshold Voltage Vp 5.0 3.30 Vdc 
(Rl. R2 = 5.0 WI 10 - 5.70 -

15 - 8.20 -
Negative Threshold Voltage VN 5.0 - 1.70 - Vdc 

(Rl. R2 = 5.0 kOI 10 - 4.30 -
15 - 6.80 -

Hysteresis Voltage VH 5.0 0.85 1.70 3.40 Vdc 
(Rl. R2: 5.0 kol 10 0.70 1.40 2.80 

15 0.70 1.40 2.80 
Threshold Voltage Variation. A to B "'VT 5.0 - 0.1 - Vdc 

(Rl. R2: 5.0 kol 10 - 0.15 -
15 - 0.20 -

*The formula gIVen IS for the typical charactertstlcs 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 <: (V in or Vout) 
",Vee· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or VOO). 
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FIGURE 1 - TYPICAL OUTPUT SOURCE AND SINK CHARACTERISTICS TEST CIRCUIT 

Voo V out 

OUTPUT SOURCE OUTPUT SINK 
CHARACTER ISTICS CHARACTERISTICS 

VOO ::~~E {~~~: ~~U~~ VOO :!~~E {~~~: ~~~ 
OUTPUT SWITCH POSITION SWITCH POSITION 

UNDER TEST SW, SW2 SW' SW2 

A Qut , Bout , , 2 2 

A out . Bout 2 2 , , 
EKctUSII,I. OR , 2 , , 

VSS Ain 

11 
SWI 

Dis 

Bin Bout 
SW2 

vss 

-= 

FIGURE 2 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 

fout,Ain JLJL 
f out• Bin 

FIGURE 3 - TYPICAL THRESHOLD POINTS 

A - Feedback scheme for Independent threshold adjustment: 

Rl 

Positive ::a 
Common 

R2 
Negative 

B - Feedback scheme for hysteresis adjustment: 

0 

C 70 
0 
> 
; 6 0 
z -
~ 
9 50 
0 -" !:1 40 

- F-

" ... .... 0 II VSS" 0 ~ 
II: POlitlve:=g ___ VOO"5.0V 

Rl 
Common 

Negative 

> ... 
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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 inverterfor 
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 CD40106B and MM74C14 

• Can Be Used to Replace MC14069B 

MAXIMUM RATINGS IVoltages referenced to VSSI 

Rating Symbol Value Unit 

DC Supply Voltage VDD -0.5 to +18 Vdc 

Input Voltage, All Inputs V,n -0.5 to VDD + 0.5 Vdc 

DC Current Drain per Pin I 10 mAde 

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

CLlCP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

EQUIVALENT CIRCUIT SCHEMATIC 
11/6 OF CIRCUIT SHOWN) 

This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages 10 
this high impedance circuit. For proper operation it is recommended that Vin and 
Vout be constrained to the range VSS" lVin 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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CMOS SS. 
ILOW-POWER COMPLEMENTARY MOSl 

HEX 
SCHMITT TRIGGER 

..... 
L SUFFIX 

CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

.'''''''l1:;SUff'X Denote. 

L CeramIc Package 
P PlastIc Package 
A Extended Operating 

Temperature Range 
C Li m ited Operating 

Temperature Range 

LOGIC DIAGRAM 

5~6 

9~8 

11~10 

13~12 

Voo "" Pin 14 

VSS = Pin 7 

• 
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ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vin=VOOorO 10 

15 

"1" Level VOH 5.0 
Vin=OorVOD 10 

15 

Input Voltage# "0" Level VIL 
(Va = 4.5 or 0.5 Vde) 5.0 
(Va = 9.0 or 1.0 Vde) 10 
(Va = 13.5 or 1.5 Vde) 15 

"1" Level VIH 
(Va = 0.5 or 4.5 Vdcl 5.0 
(Va = 1.0 or 9.0 Vde) 10 
(Va = 1.5 or 13.5 Vde) 15 

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

(VOL = 0.4 Vde) Sink IOL 5.0 
(VOL = 0.5 Vde) 10 
(VOL = 1.5 Vde) 15 

Output Drive Current (CLlCP Device) IOH 
IVOH = 2.5 Vde) Source 5.0 
(VOH = 4.6 Vde! 5.0 
IVOH = 9.5 VJe! 10 
(VOH = 13.5 Vde! 15 

(VOL = 0.4 Vde! Sink IOL 5.0 
(VOL = 0.5 Vde! 10 
(VOL = 1.5 Vde! 15 

Input Current tAL Device) 'in 15 

Input Current (CLlCP Device) 'in 15 

Input Capacitance Cin -
(Vin = O! 

Quiescent Current (AL Devlcel 100 5.0 
(Per Package! 10 

15 

QUiescent Current (CL/CP DeVice) 100 5.0 
(Per Package) 10 

15 

Total Supply Current'" lOt IT 5.0 
(Dvnamic plus Quiescent, 10 
Per Packagel 15 

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

Hysteresis Voltage VH'" 5.0 
10 
15 

Threshold Voltage 
P08itiva-Going VT+ 5.0 

10 
15 

Nagetive.(lolng VT- 5.0 
10 
15 

*Tlow - -6SoC for AL Davice, -40°C for CWCP Davice. 
Thigh = +1250C for AL Davlea, +850C for CL/CP Device. 

Tlow 
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 
-3.6 

0.52 
1.3 
3.6 

-

-

-

-
-

-
-
-

0.27 
0.36 
0.77 

1.9 
3.4 
5.2 

1.6 
3.0 
4.6 

:lFNoise immunity specified for worst-case input combination. 
Noise Margin for both "1" and "0" level = 

1.0 Vdc min@ Voe - 5.0 Vdc 
2.0 Vdc min @ Veo = 10 Vdc 
2.5 Vdc mln@ Veo = 15 Vdc 

. 25°C Thi h* 

MIx Min Typ MIx Min MIx Unit 

0.05 - 0 0.05 - 0.05 Vde 
0.05 - 0 0.05 - 0.05 
0.05 - 0 0.05 - 0.05 

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

Vde 
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 - Vde 
- 7.0 5.50 - 7.0 -
- 11.0 8.25 - 11.0 -

mAde 
- -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 - mAde 
- 1.3 2.25 - 0.9 -
- 3.4 8.8 - 2.4 -

mAde 

- -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 - mAde 

- 1.1 2.25 - 0.9 -
- 3.0 8.8 - 2.4 -

±O.l - '0.00001 .0.1 - '1.0 "Ade 
±O.3 - '0.00001 .0.3 - '1.0 JJ.Adc 

- - 5.0 7.5 - - pF 

0.25 0.0005 0.25 7.5 "Ade 
0.50 - 0.0010 0.50 - 15 
1.00 - 0.0015 1.00 - 30 
1.0 - 0.0005 1.0 - 7.5 "Ade 
2.0 - 0.0010 2.0 - 15 
4.0 - 0.0015 4.0 - 34 

IT = 11.8 "A/kHz! f + I DO "Ade 
IT = (3.6 "A/kHz! f + I DO 
IT = (5.4 "A/kHz! f + 100 

1.0 0.25 0.55 1.0 0.21 1.0 Vdc 
1.3 0.30 0.70 1.2 0.25 1.2 
1.7 0.60 1.1 1.5 0.50 1.4 

3.5 1.8 2.7 3.4 1.7 3.4 Vdc 
7.0 3.3 5.3 6.9 3.2 6.9 
10.6 5.2 8.0 10.5 5.2 10.5 

3.3 1.6 2.1 3.2 1.5 3.2 Vdc 
6.7 3.0 4.6 6.7 3.0 6.7 
9.7 4.6 6.9 9.8 4.7 9.9 

tTo calculate totalsul!II!Y current at loads other than 50 pF: 
IT (CL! = IT (50 pF! + 1 x 10-3 (CL -60! VOOf 

where: IT is in "A (par package!, 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. 

tVH = VT+ - VT_ (But maximum variation of VH is specified as 
Ie .. than VT+ mex - VT - min)' 
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MC14584B 

SWITCHING CHARACTERISTICS eCl = 50 pF. TA = 25°C} 

VDD 
Characteristic Symbol Vdc Min Typ Max 

Output Rise Time 'TlH 5.0 - 100 200 
10 - 50 100 
15 - 40 80 

Output Fall Time tTHl 5.0 - 100 200 
10 - 50 100 
15 - 40 80 

Propagation Delay Time tplH. tpHl 5.0 - 125 250 
10 - 50 100 
15 - 40 80 

FIGURE I - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Output 

FIGURE 2 - TYPICAL SCHMITT TRIGGER APPLICATIONS 

Vin~Vout 
(a) Schmitt Triggers will square up 

inputs with slow rise and fall times. 
(b) A Schmitt trigger offers maxImum 

noise immunity in gate applications. 

V out 

VH VOO 

l.._~ __ ~ 
T-/;--~:--
_~I:--_.!..I __ .... 1-. vss 

I 1 1 
- VOO 

- ~VSS 

V out 
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FIGURE 3 - TYPICAL TRANSFER CHARACTERISTICS 

Voo 

I 
I 

I I 
I 

I I 

o I I 

o VT- VT+ VOD 
--I VH I+-

Vin_ INPUT VOLTAGE (Vdc) 

• 
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4-BIT MAGNITUDE COMPARATOR 

The MC145858 4-Bit Magnitude Comparator is constructed with 
complementary MOS (CMOS) enhancement mode devices. The cir­
cuit has eight comparing inputs (A3, B3, A2, B2, A 1, B 1, AD, BO), 
three cascading inputs (A<B, A=B, and A>B), and three outputs 
(A<B, A=B, and A>B). This device compares two 4-bit words (A 
and B) 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, cbrrection 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 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 Value 

DC SupplV Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vln -0 5 to VDD + 0.5 

DC Current Dram per Pin I 10 

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

C LlCP Device -40 to +85 

Storage Temperature Range Tstg -65 to +150 

TRUTH TABLE 
INPUTS 

OUTPUTS 
COMPARING CASCADING 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

A3,B3 A2,B2 AI,BI AO,BO A<B A-B A>B A<B A=B A>B 

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 Al>Bl X X X 1 0 0 1 
A3=B3 A2=B2 A1""B1 AO>BO X X 1 0 0 1 

A3=B3 A2=B2 Al=Bl AO=BO 0 0 1 0 0 1 
A3=83 A2=B2 Al=Bl AO=BO 0 1 1 0 1 0 
A3=83 A2-B2 Al=Bl AO=BO 1 0 1 1 0, 0 
A3=B3 A2=82 Al=81 AO<BO X X X 1 0 0 
A3=B3 A2=82 Al<81 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 
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CMOS MS. 
(LOW POWER COMPLEMENTARY MOS) 

4-BIT MAGNITUDE COMPARATOR 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

.,,"'" 11:;SUffiX Denotes 

L Ceramic Package 
P PlastiC Package 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

BLOCK DIAGRAM 

4 (A>Slin 

6 (A=B)ln 

5 (A<S)in IA>B)out 13 

10 AO 

11 BO 

AI {A=B)out 3 

9 81 

2 A2 

82 (A<B)out 12 

15 A3 

14 83 

Vee"" Pin 16 
Vss ::: Pin 8 
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ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vin=VooorO 10 

15 

"I" Level VOH 5.0 
Vin=OorVOO 10 

15 

Input Voltage# "0" Level VIL 
(Va = 4.5 or 0.5 Vdcl 5.0 
(Va = 9.0 or 1.0 Vdcl 10 
(Va = 13.5 or 1.5 Vdcl 15 

"1" Level VIH 
(Va = 0.5 or 4.5 Vdcl 5.0 
(Va = 1.0 or 9.0 Vdcl 10 
(Va = 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 IOL 5.0 
(VOL = 0.5 Vdc) 10 
(VOL = 1.5 Vdc) 15 

Output Drive Current (CLlCP 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 

Input Current tAL Device) 'in 15 

Input Current (CLlCP Device) 'in 15 

Input Capacitance Cin -
.IVin = 0) 

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

15 

Quiescent Current (CLlCP 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) 

*Tlow = -55°C for AL Device. -40oC for CL/CP Device. 
Thigh = t1250C lor AL Device, +850C lor CLICP Oevice. 

#Noise immunity specified for worst~case input combination. 

Tlow . 
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 currertt at loads other than 50 pF: 
IT(CL) = IT(50 pF) + 1 x 10-3 (CL -50) VOOI 

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 -
-D.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 ±O.l 

- '0.00001 ±O.3 

- 5.0 7.5 

0.005 5.0 
- 0.010 10 

- 0.016 20 

- 0.006 20 

- 0.010 40 

- 0.015 80 

IT = (0.6 "AlkHz) 1+ 100 
IT = (1.2 "AlkHz) 1+ 100 
IT = (1.8 "AlkHz) I + 100 

where: IT is in /JA (per package), CL in pF, VOO in Vdc, and f in kHz is input frequency. 
uThe formulas given are for the typical characteristics only at 25°C. 
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Thi 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 -

mAde 
-0.7 -

-0.14 -
-0.35 -
-1.1 -
0.36 - mAde 
0.9 -
2.4 -

mAde 
-0.6 -

-0.12 -
-0.3 -
-1.0 -
0.36 - mAde. 
0.9 -
2.4 -
- .1.0 "Adc 

- '1.0 ~Adc 

- - pF 

150 "Adc 
- 300 
- 600 

- 150 .uAdc 
- 300 
- 600 

"Adc 
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SWITCHING CHARACTERISTICS· (CL = 50 pF TA = 250 C) 

Characteristic 
Output Rise Time 

tTLH= (3.0 ns/pF) CL + 30 ns 
tTLH = (1.5 ns/pF) CL + 15 ns 
tTLH = (1.1 ns/pF) CL + 10 ns 

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

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 + 105 ns 

The formula gIven IS for the tvplcal characteristics only. 

FIGURE 1 - DYNAMIC POWER DISSIPATION 
SIGNAL WAVEFORMS 

20 ns J()1C 20 ns 

--------------- Voo 

A3 ----------Vss 
1 

T r--\.-Voo 

83--------------- "-- Vss 

---------------- VOH 

{A> Blou, J\ ________ VOL 

{A=Blou' ____ ...Jr\ .... ____ ::: 

Symbol 

tTLH 

tTHL 

tPLH, 
tPHL 

Inputs (A>S) and (A:::::B) high, and inputs 82. A2, B1, Al. BO, 
AD and (A< B) low 
f in respect to a system clock. 

VDD Min Typ Max Unit 

ns 
5.0 - 180 360 
10 - 90 180 
15 - 65 130 

ns 
5.0 - 100 200 
10 - 50 100 
15 - 40 80 

ns 
5.0 - 430 860 
10 - 180 360 
15 - 130 260 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 

11-__ ------,/ --+----- VOO 

BO Vss 

~=-----"'L:+- VOH 

(A<B)out ---->r 

Inputs (A>B) and (A:::B) high, and inputs 83, A3. 82, A2. 81. 
A1, AD, and (A< B) low. 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fietd_; 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 Vout) 
';VOO· 

Unused inputs must always be tied to an appropriate logiC voltageleval (e.g., either VSS or VOO). 
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FIGURE 3 - CASCADING COMPARATORS 

WORD 
B= BI1 Bl0 B9 B8 B7 B6 B5 B4 B3 B2 Bl BO 
WORD 
A= A1l Al0 A9 AS A7 AS A5 A4 A3 A2 A1 AD 

iii iii iii 
V II 1\ 
:! :! :! 

Outputs 

A2 

4 
(A>S)in 

MC145858 

Output 

m iii iii 

V " :! :! 

MC14586B 

VDD 

WORD B = Bll, 810, ---, BO. 
WORD A= All, Al0, ---, AO. 

LOGIC DIAGRAM 
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Inputs 
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FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

I 
Pulse I 

Generator 1 

I I Puise 
Generator 2 I 

I I Pulse 
Generator 3 I 

Input tr = tf"" 20 ns 

Aout 

Bout 

Exclusive 
OR 

~VOO 

Ain Aout 

Aout 

Dis 0 
8 0ut 

Bin Bout 

CLfcc ?VSS r-Ct? r-CL :;: ;;F' 

-.L 

,.-----voo 

~----------I+----------VSS 

,.---... ·---------+-----------Voo 

'----1----- VSS 

Voo 

[,..,,=--VOH 

~--I-+_-~---_r~~~----VOL 

::-::-:::----1----------- Vo H 

"""=-I------VOL 

--\--VOH 

\ ----VOL 

---,--VOH , 
- -I-----VOL 

Ir---VOH 

~----J---------VOL 

Not,: Dashed lines indicate high output resistance. 
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MC14585B 

FIGURE 5 - 3-STATE SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Vee 

TEST SWITCH POSITION 
Ajn Aout ton H'L 1 

Aout ton LH 2 

Dis 0 tof1 HL 2 

Bout toff LH 1 

Bin Bout 

• Metal film, ± 1%,1/4 W or greater 

VSS CL::t 15 pF. which includes test circuit capacitance. 

II 
~---------'V~---------JA~----~V~------J 

Switch POlitlon 2 Switch Position 1 

VOL' and VOH" ,..rer to the levels pres.nt as a result Of the 1 k ohm load r •• istors. 
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® MOTOROLA 

8-BIT BUS-COMPATIBLE LATCHES 

The MC14597B and MC14598B are 8-bit latches, one addressed 
with an internal counter and the other addressed with an external 
binary address. The 8 latch-outputs are high drive, three-state and 
bus line compatible. The drive capability allows direct applications 
with MPU systems such as the Motorola 6800 family. 

With MC145978, a 3-bit address counter (clocked on the falling 
edge of Increment) selects the appropriate latch. The latches of 
the MC14598B are accessed via the. Address pins, AO, A 1, and A2. 
A Full Flag is provided on the MC14597B to indicate the position 
of the Address counter. 

All 8 outputs from the latches are available in parallel when 
Enable is in the low state. Data is entered into a selected latch 
from the Data pin when the Strobe is high. Master reset is available 
on both parts. 

• Serial Data Input 
• Three·State Bus Compatible Parallel Outputs 
• Three-State Control Pin (Enable) TTL Compatible Input 
• Open Drain Full Flag (Multiple Latch Wire·O Ring) 
• Master Reset 
• Level Shifting Inputs on All Except Enable 
• Noise Immunity - 45% of VDD Typical 
• Diode Protection - All Inputs 
• Supply Voltage Range - 3.0 Vdc to 18 Vdc 
• Capable of Driving TTL Over Rated Temperature Range 

With Fanout as Follows: 
1 TTL Load 

4 LSTTL Loads 
9 LPTTL Loads 

BLOCK DIAGRAMS 

r-__ M_C_'_4_9_7_B __ ~~ __ ~_ Enabl. 

R .... 

DO Data ,. 0, Strobe ,- 02 
Three 

'3 03 
State ,2 0_ A' 

Output 
Buffers " D. 

'0 06 

9 07 

MC14597B 
MC14598B 

CMOS MSI 
(LOW.pOWER COMPLEMENTARY MOSI 

8-BIT, BUS-COMPATIBLE 
THREE-STATE LATCHES 
Internal Counter - MC14597B 
Binary Address - MC14598B 

LSUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 CASE 620 

LSUFFIX PSUFFIX 
CERAMIC PACKAGE 

CASE 680 
PLASTIC PACKAGE 

CASE 707 

ORDERING INFORMATION 

MC'4XXXB 

~SU~fi:.r.:;::::.ge 
t: P PI.stlc Package 

A Extended Operating 
Temperature Range 

C L.imited Operating 
Tamperatur. Range 

MC'_B 

Enable 

DO 

'7 01 
16 02 

Three ,. 03 
State ,. 04 

Buffer. 13 D. 
12 06 

" 07 

PIN ASSIGNMENT 

Full 

OUTPUT 
TRUTH TABLE ,. 

16 ,. 17 
16 

EMbie Outpuu ,_ 
• 13 

• , . 
0 1_ 1 

High 
Impedance 

12 13 

6 " 0 On '2 
10 " • Dn = State of nth latch 10 
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MC14597B. MC14598B 

MAXIMUM RATINGS (Voltage referenced to Vss) 

Rating Symbol Value 

DC Supply Voltage Von -0.5 to +18 

Input Voltage, Enable; Vin -0.5 to VDD +0.5 

Input Voltage, All Other Inputs Vin -0.5 to VDD +12 

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 

ELECTRICAL CHARACTERISTICS 

VOO Tlow . 
Characteristic Symbol Vdc Min Max 

Output Voltage "0" Level VOL 5.0 - 0.05 

Vin ~ VDD orO 10 - 0.05 
15 - 0.05 

"1" Level VOH 5.0 4.95 -
Vin = 0 or VDD 10 9.95 -

15 14.95 -
Input Voltage# - Enable "0" Level VIL 

(VO = 4.5 or 0.5 Vdc) 5.0 - 0.8 
(VO = 9.0 or 1.0 Vdc) 10 - 1.6 
(VO = 13.5 or 1.5 Vdc) 15 - 2.4 

"1" Level VIH 
(VO = 0.5 or 4.5 Vdc) 5.0 2.0 -
(VO = 1.0 or 9.0 Vdc) 10 6.0 -
(Vn = 1.5 or 13.5 Vdc) 15 10 -

InputVoltage# - "0" Level VIL 
Other Inputs 

(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 VIH 
(VO = 0.5 or 4.6 Vdc) 5.0 3.6 -
(VO = 1.0 or 9.0 Vdc) 10 7.0 -
(VO = 1.5 or 13.5 Vdc) 15 11 -

Output Drive Current Source IOH 
(Full-Sink Only) 

(VOH = 4.6 Vdc) 5.0 -1.0 -
(VOH = 9.5 Vdc) 10 - -
(VOH = 13.5 Vdc) 15 - -
(VOL = 0.4 Vdc) Sink IOL 5.0 1.6 -
(VOL z 0.5 Vdc) 10 - -
(VOL = 1.5 Vdc) 15 - -

Input Current (AL Device) lin 15 - .0.1 

Input Current (CL/CP Device) lin 15 - ±0.3 

Three.state Leakage Current ITL 
(AL Device) 15 - ±0.1 

(CL/CP Device) 15 - .1.0 

I nput Capacitance Cin - - -
(Vin =0) 

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

15 - 20 
Quiescent Current (CL/CP Oevice) 100 5.0 - 20 

(Per Package) 10 - 40 
15 - 80 

tTotal Supply Current at an IT 5.0 
External Load Capacitance (CL) 10 
of 130 pF 15 

*Tlow = -55OC for AL Dev,ce, -400C for CL/CP Dev,ce. 
Thigh = +1250 C for AL Device, +850 C for CL/C~ Device. 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

°c 

°c 

Min 

-
-
-

4.95 
9.95 
14.95 

-
-
-

2.0 
6.0 
10 

-
-
-

3.5 
7.0 
11 

-1.0 

-
-
1.6 
-
-
-
-
-
-
-
-
-
-
-
-
-

25°C 

Typ 

0 
0 
0 

5.0 
10 
15 

1.1 
2.2 
3.4 

1.9 
3.1 
4.3 

2.25 
4.50 
6.75 

2.75 
5.50 
8.25 

-2.0 
-6.0 
-12 

3.2 
6.0 
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 pre­
cautions 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 Vout be constrained to the range 

VSS" (Vout) .. VDD. 

Thigh· 

Max Min Max . Unit 

0.05 - 0.05 Vdc 
0.05 - 0.05 
0.05 - 0.05 

- 4.95 - Vdc 

- 9.95 -
- 14.95 -

Vdc 
0.8 - 0.8 
1.6 - 1.6 
2.4 - 2.4 

Vdc 
- 2.0 -
- 6.0 -
- 10 -

Vdc 

1.5 - 1.5 
3.0 - 3.0 
4.0 - 4.0 

Vdc 
- 3.5 -
- 7.0 -
- 11 -

mAdc 

- -1.0 -
- - -
- - -
- 1.6 - mAdc 
- - -
- - -

±0.00001 .0.1 - ±1.0 ~Adc 

±0.00001 ±0.3 - '1.0 ~Adc 

~Adc 

.0.00001 '0.1 - .3.0 
±0.00001 .1.0 - ±7.5 

5.0 7.5 - - pF 

0.005 5.0 - 150 ~Adc 

0.010 10 - 300 
0.Q15 20 - 600 

0.005 20 - 160 ~Adc 

0.Q10 40 - 300 
0.Q15 80 - 600 

IT z (2.0 ~A/kHz)f + 100 
IT = (4.0 ~A/kHz)f + 100 
IT = (6.0 IlA/kHz)f + 100 

#Noise immunity specified for worst"'C8se input combination. Noise Margin both "1" and "0" level = 1.0 Vdc min@Voo = 5.0 Vdc 

tThe formulas given are for the typical characteristics only at 250C. 2.0 Vdc min Iii> VDD - 10 Vdc 
2.5 Vdc min Iii> VDD = 15 Vdc 
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MC14597B. MC14598B 

SWITCHING CHARACTERISTICS (TA ~ 25°C, CL = 130 pF + 1 TTL Load) 

Voo 
All Typos 

Characteristic Symbol Vdc Min Typ Max Unit 

Output Rise and Fall Time tTLH, ns 
tTLH, tTHL'= (0.5 ns/pF)CL +35 ns tTHL 5.0 - 100 200 
tTLH, tTHL = (0.2 ns/pF)CL +25 ns 10 - 50 100 
tTLH, tTHL = (0.16 ns/pF)CL +20 ns 15 - 40 80 

Propagation Delay Time ns 
Enable to Output tPLH, 5.0 - 160 320 

tpHL 10 - 125 250 
15 - 100 200 

Strobe to Output 5.0 - 200 400 ns 
10 - 100 200 
15 - 80 160 

Strobe to Full (MCl45978 only) 5.0 - 200 400 ns 
10 - 100 200 
15 - 80 160 

Reset to Output 5.0 - 175 350 ns 
10 - 90 180 
15 - 70 140 

Pulse Width 
Enable twH, 5.0 320 160 - ns 

twL 10 240 120 -
15 160 80 -

Strobe 5.0 200 100 - ns 
10 100 50 -
15 80 40 -

Increment (MC145978 only) 5.0 200 100 - ns 
10 100 50 ...: 
15 80 40 -

Reset 5.0 300 150 - ns 
10 160 80 -
15 100 50 -

Setup Time 
Data tsu 5.0 100 50 - ns 

10 50 25 -
15 35 20 -

Address (MC145988 only) 5.0 200 100 - ns 
10 100 50 -
15 70 36 -

Incremant (MC145978 only) 5.0 400 200 - ns 
10 200 100 -
15 170 85 -

Hold Time 
Data 1h 5.0 100 50 - ns 

10 50 25 -
15 35 20 -

Address (MC145988 only) 5.0 100 60 - ns 
10 60 25 -
15 35 20 -

7-645 



II 

MC14597B. MC14598B 

MC14597B FUNCTION DIAGRAM 

'E'Oabi'i 4 

To Other 

Strobe 6 

Oata 3 

1 DO 

Increment 7 

Latches 

R 

3 Stage Counter 
and Decoder 

15 
14 
13 

Additional 7 Latches 12 
11 
10 

9 

MC14597B TIMING DIAGRAMS 

06 (Internal) _________ ~/ 

07 (Internal) 

Increment 

Data 

Strobe 

Note: Enable In High state. 

·1.4 V with VOO = 5.0 V 

NOTES: 1. High-impedance output state (another device controls bus). 
2. Reset In High state. 
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MC14597B. MC14598B 

Data 3 

Strobe 6 

Enable 4 

AO 7 

A1 8 

AO,A1,A2 

Data 

Strobe 

MC1459BB FUNCTION DIAGRAM 

,--------------------, 

Each Latch 

vOOI 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

vSSI 
I I 

L --------------------~ 
To Other 
Latches Zero 

Select 

Address Additional 7 Latches 

Decoder 

MC14598B TIMING DIAGRAM 

tw 

*'.4 V with VOO = 5.0 V. 

NOTES 1. High-impedance output state (another device controls bus). 
2. Output Load as for MC14597B. 
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17 01 
16 02 
15 03 
14 04 
13 05 
12 06 
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MC14579B • MC14598B 

LATCH TRUTH TABLE 

Addressed 
Strobe Reset Latch 

0 1 . 
1 1 Data 

X 0 0 . -- No change In state of latch 
X == Don't care 

Other 
Latches Increment . 

-'L . 
0 --l 

X 

X 

X 

-x - Don teare 

TRUTH TABLE FOR MC14597B 

Address 
Eii8iiiO Reset Counter Full 

X 1 Count Up -

X 1 No Change -

1 0 Reset to Zero Set to One 

0 1 No Change Set to One 

If at To Zero on 
1 1 ADDRESS 7 Falling Edge 

of STROBE 

Test Load 
All Outputs 

130pF I 11.7 k 

Circuit diagrams external to or containing Motorola products 
are included as a means of illustration only. Complete information 
sufficient for construction purposes may not be fully illustrated. 
Although the information herein has been carefully checked and is 
believed to be reliable, Motorola assumes no responsibility for 
inaccuracies. Information herein does not convey to the purchaser 

+5.0V 

RL = 2.Sk 

any license under the patent rights of Motorola or others. 
The information contained herein is for guidance only, with no 

warranty of any type, expressed or implied. Motorola reserves the 
right to make any changes to the information and the product(s) 
to which the information applies and to discontinue manufacture 
of the product(s) at any time. 
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® MOTOROLA 

8-BIT ADDRESSABLE LATCHES 

The MC14099B and MC14599B are 8-bit addressable latches. 
Data is entered in serial form when the appropriate latch is addressed 
(via address pins AO, A 1, A2) and write disable is in the low state. 
Chip enable must be high for writing into MC14599B. For the 
MC14599B the data pin is a bidirectional data port and for the 
MC14099B the input is a unidirectional write only port. The Write! 
Read line controls this port in the MC14599B. 

The data is presented in parallel at the output of the eight 
latches independently of the state of Write Disable, Write/Read 
or Chip Enable. 

A Master Reset capability is available on both parts. 

• Serial Data Input 

• Parallel Output 

• Low Input Capacitance - 5.0 pF typical 

• Master Reset 

• 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 
Temperature Range 

• MC14099B pin for pin compatible with CD4099B 

MAXIMUM RATINGS (Voltages referenced to Vss) 
Rating 

DC SupplV Voltage 
Input Voltage, All Inputs 

DC Current Drain per Pm 

Operatmg Temperature Range - AL Device 
CLlCP DevIce 

Storage Temperature Range 

eh,p En'bl'~~~3S Wrlte'RHd 

Data 

A' 
A2 

VSS'" 9 

Symbol 

VDD 
Von 

I 

TA 

T stg 

PIN ASSIGNMENT 

13 

" ,. 
17 

Value 

-0.5 to +18 

-0.5 to VDD + 0.5 

10 

-55 to +125 
-40 to +85 

-65 to +150 

aD 

a2 
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Unit 

Vde 
Vde 

mAde 

°c 

°c 

MC14599B 
For Complete Data See 

MC14099B 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOS) 

8-BIT ADDRESSABLE LATCH 
WITH BIDIRECTIONAL PORT 

L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 680 CASE 707 

ORDERING INFORMATION 

''''''"'llSUI'1X Denotes 
L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Aange 
e 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 VSS '" (Vin Or 
VOUI)" VDD· 
Unused inputs must always be tied to an 
appropriate logiC voltage level (e.g., either 
Vssor VDD). 

• 
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® MOTOROLA 

Advance In~or:ID.atlon 

ONE CHIP MICROCOMPUTERS 

The MC141000 family is a series of 4·bit CMOS Microcomputers 
designed for dedicated applications. The CMOS technology of the 
MC141000 family provides the flexibility of ~icrocomputers, for 
battery·powered and battery·backed·up applications. The MC141000 
and MC141200 include ROM, RAM, and I/O for self·contained con· 
figurations in 28 and 40'pin packages. The 48'pin MC141099 has RAM 
and I/O with provision for external program memory. The MC141099 
serves lower·volume applications such as prototyping or pilot production 
of MC141000 and MC141200 systems. 

FEATURES MC141000 I MC141200 I MC141099 
Package Pin Count 28 Pins I 40 Pins I 48 Pins 
Instruction Read Only Memory 1024 X 8 (8,192 Bits) I None 

Data Random Access Memory 64 X 4 (256 Bits) 
"R" Individually Addressed Outputs 11 I 16 I 16 
"0" Parallel Latched Oata Outputs 8 Bits I 5 Bits 
"Au and "0" Output Drive Source 20 mA 
Maximum-Rated Voltage 6.5V 
Working Registers Static 2 -4 Bits Each 
Instruction Set See Table 2 
External Address Lines None I 10 
On-Chip Oscillator Ves 

Maximum 
5 V, 600 kHz 1'.BmW 

Power 5 V,I00 kHz 2.8mW 
Dissipation 3 V, 200 kHz 1.5mW 

3V,30kHz 0.36mW 

APPLICATIONS 

• Appliance Controllers • Heating/Air·Conditioning 
• Calculators Controllers 

• Toys • Remote Sensing System 
• Radio Controllers • Printing Controllers 
• Communications Contrpllers • Security Systems 
• Data Terminals • . Power Systems Control 
• Cash Registers • Automotive Control 

The above applications of the MC141000 family demonstrate its 
wide potential. Motorola accepts customer programs or will contract 
complete program development given the· specifications for the appli· 
cation. Customer hardware and software support is available for devel· 
oping programs and debugging systems. This consists of one board and 
a software package using the M6800 EXORciser. Contact your local 
sales office for details. 

ThiS I. advance Information and specifications ar. IUbject to change without notice. 
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MC141000 
MC141200 
MC141099 

CMOS LSI 
(LOW·POWER COMPLEMENTARY MOS) 

ONE CHIP MICROCOMPUTERS 

P SUFFIX 
PLASTIC PACKAGE 

CASE 711 

LSUFFIX 
CERAMIC PACKAGE 

CASE 715 

CERAMIC PACKAGE 
CASE 740 

ORDERING INFORMATION 

MC14XXXX Suffix Danotes 

T - Lp Ceramic Package 

C Plastic Package 



MC141000, MC141200, MC141099 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Symbol Value Unit 

DC Supply Voltage VDD -0.5 to +6.5 Vdc 

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

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 
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 V out ) 

';;VDD· 

DC Current Drain per Pin, All Inputs I 10 mAde 

DC Current Drain, VOD Pm I 250 mAde 

DC Current Dram, VSS Pm I 20 mAde 

Operating Temperature Range TA -40 to +85 °c 
Storage Temperature Range Tstg -65 to +150 °c 
Total Power Dissipation PD See Figure 1 mW 

RECOMMENDED OPERATING CONDITIONS (VSS ~ 0) 

Parameter Symbol Value Unit 

DC Supply Voltage-High Speed Clock VDD +4.75 to +6.0 Vdc 
Full Range Operation +3.0 to +6.0 

Clock Frequency - VDD - 5.0 Vdc ± 5% fClk DC to 600 kHz 
VDD ~ 3.0 Vdc Min. DC to 200 

ELECTRICAL CHARACTERISTICS (VDD ~ +5.0 V, VSS Gnd, TA ~ 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Input Current - K Inputs and IN IT 'in "Adc 
(Vin ~ 5.0 V) 75 100 135 
(Vin ~ 0.0 V) - -0.00001 -0.3 

Input Current I Inputs (MC141099 Only) 'in "Adc 
(Vin ~ 5.0 V) - 0.00001 0.3 
(Vin ~ 0.0 V) - -0.00001 -0.3 

Input Voltage - I Inputs (MC141099 Only) Vdc 

VIL - - 0.8 

VIH 2.0 - -
Input Voltage - Other Inputs Vdc 

VIL - - 1.5 

VIH 3.5 - -
Output Drive - Rand 0 Outputs mAde 

(VOH - 2.4 V) - See Figure 2 IOH -20 - -
(VOL ~ 0.4 V, T A ~ 850 C, VDD ~ 4.75 V) IOL 1.6 - -

Output Drive PA and PC Outputs (MC141099 Only) "Adc 
(VOH ~ 4.S V) (TA ~ 85°C, VDD ~ 4.75 V) IOH -100 - -
(VOL ~ 0.4 V) IDL 100 - -

Average Supply Current IDD - - See Figure 3 "Adc 

Static Supply Current IDD - SO 300 "Adc 
(VDD ~ 6.0V) 

Oscillator Frequency fClk No Limit - 600 kHz 
(VDD ~ 4.75 V) 

Internal Oscillator Frequency for Rext - 30 k!l fClk 400 500 600 kHz 

Input Capacitance - K Inputs and INIT Cin - - 7.5 pF 

Input Capacitance - Clock Input Cio - - 30 pF 
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MC141000, MC141200, MC141099 

FIGURE 1 - TOTAL POWER DISSIPATION 

Care must be taken to ensure that the maximum power dissipation of the 
package is not exceeded. 

where T 5t9 is maximum storage temperature (150°C) 

T A is ambient operating temperature 

30 

< g 
t--
Z 20 
"' '" '" '" '" "' '" '" '" 0 

10 '" :i: 
.P 

Po is total power dissipation: 

Po = (lOO)(VOO) + (lOH)(VOO - VOH) + (lOL)(VOL - Vss) 

UOH ahd IOL are the sum of all output pins) 

FIGURE 2 - MINIMUM OUTPUT SOURCE CURRENT 
vorsus OUTPUT VOLTAGE (R and 0 Outputs) 

'\ 
VOO .15•0 Volt ." TA = 25°C 

~ 
r-..... 

_ 3000 
.g 
« 
3 

I 
a 2000 

'" z 
;: 

~ 
0 

'" 1000 
'" '" x « 

I 
r 
I 

9JA Value 

Ceramic Plastic 

28-Pin Package '58 98 

40-Pin Package 50 95 

48-Pin Pack_ 50 -

FIGURE 3 - MAXIMUM OPERATING CURRENT 
versus OSCILLATOR FREQUENCY 

I 
For AC Oscillator I I 
No de Loads VOO =6Vdc /' 

A /' 

17 J:?' 

1:7 

./ ..... '" Voo = 5 Vdc 

./ 
/' 

,,-
V .......-

V V ~ '" '" ~ .-1--'" 

R8 
R9 

Neg Rl0 
Supply. VSS 

Kl 
K2 
K4 
K8 

INIT 
07 
06 
05 

.P 

VO. OUTPUT VOLTAGE (Vdc) 

PIN ASSIGNMENTS 

MC141000 

R7 
R6 
RS 

R8 
R9 

RIO 
Rll 

MC141200 

R7 
R6 
R5 
R4 R4 

R3 
R2 
RI 

Neg R12 A3 
Supply. VSS R15 

RD 
Pos Supply, V 00 
OSC2 
OSCI 
00 

Kl RI4 
K2 R13 
K4 NC 

.K8 R2 
INIT RI 

07 RO 

- VOO = 3 Vdc 

100 200 300 400 

f. FREOUENCY (kHz) 

R8 
R9 

RIO 
Rll 
R12 

~.g Supply, VSS 
KI 
K2 
K4 
K8 

INIT 

MC141099 

04 01 
03'-1...'-'-_:.:.. .... 02 

NC PosSupply. VOO 
ROM {(LSB) m NC OSC2 

NC OSCI 
06 00 
05 01 
04 02 
03 NC 
NC'-1...=_=.:.. .... NC 
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Address pes 
Out > PAO 

PAl 
PA2 

'nstru~~::) {P1! 
Input [5 

R7 
R6 
R5 
R4 
R3 
R15 
R14 
R13 
R2 
Rl 
RO 

500 600 

Pos Supply. V DO 
OSC2 
OSCI 
OSL 
08 
04 
02 
01 

10 I 
11 Instruction 
12 j 13 Input 

14 



MC141000, MC141200, MC141099 

FIGURE 4 - FUNCTIONAL BLOCK OIAGRAM - MC141000/MC141200/MC141099 

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

I 
I 
I 
I 

Mult,pleJ<er 

RegIster 

The block diagram above shows the resources available to the MC141QOO/1200/1099 programmer. They are: 

A 

ALU 

K Inputs 

The accumulator is used to store the result of an 
A LU operation for subsequent operations. 

The arithmetic logical unit performs calculation and 
decision-making tasks. 

The K lines are the data input port. Since there are 
only four input lines, they are usually multiplexed 

under control of the R lines. The inputs are diode 
protected and have a pull-down resistor of approxi­
mately 50 kfl; therefore, open inputs are read as 
a logic low. 

o Outputs The eight outputs of the PLA are connected to out­
put drivers which comprise the 0 outputs. These 
output drivers may be manufactured as open emitter. 
active sink, or push-pull at the user's option. 

PLA 

PLAIR 

RAM 

The output programmable logic array is user-defined 
to specify the state of each of the eight 0 outputs 
for each of the 32 possible PLAIR outputs. 

The programmable logic array input register is a 
5-bit latch which latches the four accumulator bits 
and the output of the status latch. 

Variable data is stored in the 64-word, 4-bit per 
word Random Access Memory. Data is accessed· 
by decoding a 2-bit file address IX register) and 4-bit 
word address IV register). 

ROM Array The user's instructions are mask programmed into 
the Read Only Memory (ROM), Instructions are 
addressed by a page address register (PA) and pro­
gram counter (PC), A single subroutine return 

register (SRR) and page buffer register (PS) permit 
a subroutine call to any location within the ROM. 

R Outputs The output of the Y register is decoded to select one 
of the R-output lines which can then be set or reset 
under program control. The R lines are used as 
control lines to scan keyboards and displays, per­
form handshakes, and interface external logic. The 
R outputs may be manufactured as open emitter, 
active sink, or push-pull at the user's option. 

S 

SL 

All branches and subroutine calls are dependent on 
the state of status logic. It may be set or reset on 
logical or arithmetic operations and is set by the 
remainder of the instructions. 

The status latch stores the state of the status logic 
in order to preserve it for subsequent 0 output 
operations. 

NOTE: Sand SL are NOT identical. 

Y Register The Y register is a multipurpose regiser used to 
address a word in a RAM file, to select an R output 
for manipulation by subsequent instructions, or as 
a general-purpose counting and storage register. 
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MICROCOMPUTER OPERATION 

The MCI41000/1200/1099 program controls data 
input, storage, processing, and output. The microcomputer 
internal organization is shown in Figure 4. The processing 
of data occurs in the arithmetic logic unit (ALU). K-input 
data enters the A LU and is stored in the 4-bit accumulator. 
The accumulator output accesses the output latches, RAM 
storage, or the ALU input. Data is stored in the 256-bit 
RAM, organized into 64 words, 4 bits per word. The 4-bit 
words are grouped into four 16-word files addressed by a 
2-bit X register. The 4-bit Y register addresses one of the 
16 words in a file. 

The 43 basic instructions handle I/O, constant data 
from the ROM, bit control, internal data transfer, arith­
metic processing, logic comparison, conditional and 
nonconditional branching and subroutines. 

The system designer has access for mask programming 
the following functions: 

1. ROM - 1024 Words of 8 Bits 
2. Programmable Logic Array for 0 Outputs 
3. Output Drivers 

The MC141000 microcomputer consists of seven 
subsystems: 

1. Read Only Memory (ROM) 

The MC141099 addresses an external ROM program 
via ten address output lines. These are 6 bits from PC 
(PCO-PC5) and 4 bits from PA (PAO-PA3). The 8-bit 
instruction bytes are received by the MC141099 from an 
external ROM on 8 TTL compatible instruction input 
lines (j0-I7). 

FIGURE 5 - ROM ORGANIZATION 

Page Address 

1 of 16 pages 

Program Counter 

pc 

o 

'-----~'r~-------' 1 of 64 bytes with in a page 

6213E) 

6313F) 

o 
2. Random Access Memory (RAM) Page 1 

3. Output Ports 
4. I nput Port 
5. Arithmetic Logical Unit (ALU) 
6. The I nstruction Decoder 
7. Clock 

The following paragraphs describe how each of these 
subsystems is controlled by the instruction set. Every 
instruction occupies a single memory byte and is executed 
in one instruction cycle (six clock cycles). 

ROM ARRAY 
The ROM in the MC141 000/1200 consists of 8192 bits 

of mask·programmed memory organized as 1024 8-bit 
instructions. It is divided into 16 pages of 64 instructions 
per page. See Figure 5. 

Instructions within ROM are addressed by the page 
address register (PA) which contains the page number, and 
the program counter (PC) which contains the location of 
the instruction relative to the beginning of the page. The 
PC is incremented prior to fetching the next instruction 
(unless diverted by a BRanch or CALL) so each instruc­
tion is accessed in the numerical order of its address. 
A carry from the PC is not added to the PA so the pro­
gram "wraps around" within the page rather than execut­
ing the first instruction of the following page. Upon 
power LIP, the PC is set to zero and the PA and PB are set 
to 15. 
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Page 2 
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Page 14 (E:) 

Page 15 (F) 
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6313F) 
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8 Bits/Byte 
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RANDOM ACCESS MEMORY - RAM 
RAM consists of 256 bits organized into 64 4-bit words. 

For purposes of addressing, the 4-bit words are organized 
into four files of 16 4-bit words per file, Figure 6. 

The X register is decoded to select 1 of the 4 RAM 
files; and the Y register is decided to address 1 of the 16 
words in the selected file. 

Individual bits within the RAM can be set, reset and 
tested under program control. 

FIGURE 6 - RAM ORGANIZATION 

X 

1 

Y Register 

y 

a -..---...--
1 of 4 files 1 of 16 words 

within a fIle 

File 1 

Fila 2 

File 3 

14(EJ 

151FJ 

a 

141EJ 

15(FJ 

a 

14(E) 

151FJ 

a 

2 

14(E) 

15(FJ 
4 Bits/Word 

OUTPUT PORTS 
Two output ports (R and 0) are included in the micro­

computer. The MC141000 has eleven R outputs and the 
MC141200 and MC141099 each have sixteen R outputs. 
The MC141 000 and MC141200 each have eight b outputs, 
while the MC141099 has five. The number of R outputs is 
the only difference between the MC141000 and the 
MC141200. 

R-output lines are used primarily as control or "hand­
shake" lines, and to multiplex external hardware. The R 
output which is to be operated on is selected by a binary 
decode of the contents of the Y register. Set R and reset 
R instructions change the state of one R output at a time. 

The eight a-output lines on the MC141000 and 
MC141200 are the decoded outputs of the contents of 
the 5-bit PLAIR. Since the PLAIR is loaded from the 
A and the SL, these registers must be "set up" prior to 
an output operation. The status latch can only be loaded 
by the YNEA (Y register not equal to accumulator) 
instruction while the contents of the accumulator may be 
modified by numerous other instructions. The MC141099 
brings out the 5-bit PLAIR to allow external decoding. 
An external PROM/EPROM could be used to simulate the 
PLA. Figure 7 shows how EPROMS may be used with 
MC141099 to emulate an MC141 00 or an MC141200. 

In a typical application, the first four R lines might be 
used as digit selects for outputting a four-digit decimal 
number using the PLA programmed as a seven-segment 
decode as shown in Figure 8. 

The MC141000/1200 outputs may be mask program­
med in any of three configurations. Figure 9 shows the 
open emitter circuit capable of sourcing 20 mA at Va ~ 
2.4 V and VDD ~ 5.0 V, which will drive an LED. Figure 
10 is the open drain circuit capable of sinking 1.6 mA 
over temperature, which will drive one TTL load or four 
LSTTL loads. The source and sink devices are combined 
in the active push-pull circuit of Figure 11. The MC141099 
also has outputs as in Figure 11. 

INPUTS 
The input lines consist of the four K-input lines and 

the initialize (IN IT) line. All inputs are static-protected 
CMOS inputs with pulldown of about 50 k!2. Thus, an 
open input is equivalent to logic O. The circuit is shown 
in Figure 12. 

When power is applied, the registers shown in Table 1 
are loaded as shown for power up. All other internal 
registers and RAM come up in an arbitrary state. 

After power is applied, the initialize (IN IT) input may 
be used to reinitialize the processor. Internally, INIT has 

TABLE 1 - POWER UP AND INITIALIZE CONDITIONS 
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FIGURE 7 - USING THE MC141099 TO EMULATE MC141000/MC141200 IN REAL·TIME 

NOTE: The QPLA EPROM outputs may require buffers depending on the requirements of the user's circuit. 

The E~ROM outputs are TTL compatible . 

FIGURE 8 - OUTPUT PLA EXAMPLE - 7-8EGMENT DISPLAY DECODE 

•• ••• •• 
0, • ••• •• 

06/~7/0~ • • • • • •• •• •• 
oeCJ03 • • •• •• •• •• •• • • •• 

04 • •• •• ••• 
PLAIR 

o , 2345678 9 1011111211314151611718191202122232425262728293031 

5 'Bits La'tc:h 1 of 32 Oecode 
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a 50 kn pull·down resistor which holds the INIT line 
low. It must be held high for a minimum of 6 full clock 
cycles and then returned to the low state. If a mechanical 
switch or other mechanical device is used to control INIT, 
it may be necessary to include a method of contact 
debounce to ensure a valid INIT pulse. 

A valid I N IT pulse causes the registers to be initialized 
as shown in the table. The contents of registers other 
than those shown remain unchanged during in itialize. 
Note that the PA and PB are loaded with the 1 's comple· 
ment of the K·input lines (K8 = MSBI. This feature 
allows the MC141000 to be initialized to the first instruc· 
tion on any page by controlling the K inputs. This is 
useful where the same circuit may be used for several 
applications. Since the K inputs have 50 kn pull·down 
resistors, open inputs are a 0 (unless driven from another 
device) and the l's complement (F16) is loaded into PA 
and PB. 

ARITHMETIC LOGICAL UNIT (AW) 
The ALU is the calculating and decision'making 

portion of the MC141000/1200/1099 hardware and 

FIGURE 9 - OPEN EMITTER OUTPUT CIRCUIT 

Voo 

~"_o 
Output 

FIGURE 11 - ACTIVE PUSH·PULL OUTPUT CIRCUIT 

Voo 

Vss 
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consists of a 4·bit adder/comparator and the status logic. 
The adder/comparator can add, subtract, compare two 

numbers, add +1, -1, 6, 8, and 10. 
The status logic is selectively set or reset by add, sub· 

tract, increment, decrement, compare and bit·test opera· 
tions. Other instructions always set the status logic to a 1. 

INSTRUCTION DECODE 
The instruction decode logic latches every instruction 

fetched from ROM and configures the internal logic to 
execute the current instruction. The instruction set is 
listed in Table 2. 

CLOCK 
The internal oscillator cirucit operates with quartz 

crystals, ceramic resonators, an external resistor and from 
an external clock source. These oscillator circuit connec· 
tions are shown in Figures 13, 14, and 15. Figure 16 
shows the typical oscillation frequency with an external 
resistor. The discrete component values used with the 
quartz crystal and ceramic resonator oscillators may 
vary depending upon crystal/resonator manufacturer. 

FIGURE 10 - OPEN DRAIN OUTPUT CIRCUIT 

R or 0 

~outPut 

Jg 
Vss 

FIGURE 12 - INPUT CIRCUIT WITH PULLDOWN 
AND STATIC PROTECTION 

Voo 
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FIGURE 13 - EXTERNAL COMPONENTS FOR QUARTZ 
CRYSTAL OR CERAMIC RESONATOR OSCILLATOR 

OSC1 OSC2 

~"" 
20PFT T 80PF 

Vss Vss 

Component values typical for 500 kHz crystal. 

FIGURE 15 - EXTERNAL CLOCK SOURCE INPUT 

OSC1 

CIOCk~ 
Input 

OSC2 

I 
NC 
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FIGURE 14 - OSCILLATOR CIRCUIT WITH 
ONE EXTERNAL RESISTOR 

OSC1 OSC2 
(Input) (Output) 

LJ 

FIGURE 16 - TYPICAL OSCILLATOR FREQUENCY 
versus EXTERNAL RESISTANCE 
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TABLE 2 - MC141000/1200/1099 INSTRUCTION SET 

Opcode Mnemonic Description 

0111 (C) ALEC If accumulator is less than or equal to I(C) field, status = 1. 
00101001 ALEM If accumulator is less than or equal to M(X,Y), status = 1. 
00100101 AMAAC Add memory to accumulator. Accumulator = result, status = carry. 
00000110 A6AAC Add 6 to accumulator. Accumulator = result, status = carry. 
00000001 A8AAC Add 8 to accumulator. Accumulator = result, status = carry. 
00000101 A10AAC Add 10 to accumulator. Accumulator = result, status = carry. 
10 (W) BR Branch to label if status = 1. 
11 (W) CALL Call subroutine if status = 1. 
00101111 CLA Clear contents of accumulator. 
00001011 CLO Clear PLA Input Register. 
00000000 COM X Complement X-Register. 
00101101 CPAIZ Complement accumulator, then add 1. If accumulator = 0, status = 1. 
00000111 DAN Decrement accumulator. If no borrow, status = 1. 
00101010 OMAN Load M(X, Y) into accumulator and decrement. If no borrow, status = 1. 
00101100 DYN Decrement V-register. If no borrow, status = 1. 
00001110 IA Increment accumulator. 
00101000 IMAC Load M(X, Y) into accumulator and increment. Status = carry. 
00101011 IYC Incr.ement V-Register. Status = carry. 
00001001 KNEZ If K-inputs not equal to zero, status = 1. 
0001 (C) LOP Load page buffer with I(C) field. 
001111 (B) LOX Load X-register with I(B) field. 
00100110 MNEZ If M(X, Y) not equal to zero, status = 1. 
001101 (B) RBIT Reset bit I(B) of M(X,Y). 
00001111 RETN Return from subroutine. 
00001100· RSTR Reset R-line specified by V-register. 
00100111 SAM AN Subtract accumulator from memory. Accumulator = result. 

If no borrow, status = 1. 
001100 (B) SBIT Set Bit I(B) of M(X,Y). 
00001101 SETR Set R-line specified by V-register. 
00000011 TAM Transfer accumulator contents to M(X,Y). 
00100000 TAMIY Transfer accumulator contents to M(X, V), increment V-register. 
00000100 TAMZA Transfer accumulator contents to M(X, V), zero accumulator. 
00100100 TAY Transfer accumulator contents to V-register. 
001110 (B) TBIT1 If bit I(B) of M(X, Y) is one, status = 1. 
0100 (C) TCY Transfer I(C) field to V-register. 
0110 (C) TCMIY Transfer I(C) field to M(X,Y), increment V-register. 
00001010 TOO Transfer status latch and accumulator to PLA input register. 
00001000 TKA Tranfer K-inputs to accumulator. 
00100001 TMA Transfer M(X,Y) to accumulator. 
00100010 TMY Transfer M(X,Y) to V-register. 
00100011 TYA Transfer V-register contents to accumulator. 
00101110 XMA Exchange contents of M(X, Y) and accumulator. 
00000010 YNEA If V-register is not equal to accumulator, status and status latch = 1. 
0101 (C) YNEC If V-register is not equal to I(C) field, status = 1. 
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Product Previe""" 

4 X 4 CROSSPOINT SWITCH WITH 
CONTROL MEMORY 

The MC142100 and MC145100 consist of 16 crosspoint switches 
(analog transmission gates) organized in 4 rows and 4 columns. Both 
devices have 16 latches, each of which control the state of a parti· 
cular switch. Any of the 16 switches can be selected by applying 
its address to the device and a pulse to the strobe input. The 
selected crosspoint will turn on if during strobe, Data I n was a one 
and will turn off if during strobe, Data In was a zero. In addition the 
MC145100 will reset all non·selected switches in the same row as the 
selected switch. Other switches are unaffected. In both devices, an 
internal power·on reset disables all switches as power is applied. 

• I nternal Latches Control State of Switches 

• Power·On Reset 

• Low On Resistance - Typically on 100 n @ 10 Vdc 

• Large Analog Range ± VDD!2 

• All Inputs Are Diode Protected 

• Matched Switch Characteristics 

• High CMOS Noise Immunity 

• MC142100 Pin·for·Pin Replacement for CD22100 

Strobe 

o 

Data 
In 

9 
X1 X2 X3 

Y1 

Y2 

Y3 

Y4 

12 13 
X4 

This is advance information and specifications are subject to change without notice. 
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15 

14 

10 

11 

MC142100 
MC145100 

CMOS MS. 
ILOW·POWER COMPLEMENTARY MOS) 

4 X 4 CROSSPOINT SWITCH 
WITH CONTROL MEMORY 

~stIIII!IIft 16 ~.'f1J ~ ) ti ~ ~ u 16ryrn'l ~ ~ ij 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC14XXXX 

X2 

Data In 

C 

0 

B 

A 

Strobe 

VSS 

g ;Uf~:s~:~;:~c:g:ge 
A Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 

PIN ASSIGNMENTS 

VDD 

Y1 

Y2 

X4 

X3 

Y4 

Y3 

X1 
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MAXIMUM RATINGS (Voltages referenced to VSS. Pin 8) 

Rating 

DC Supply Voltage 

Input Voltage, All Inputs 

DC Current Drain per Pin 

Operating Temperature Range -
AL Device 

CL/CP Device 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS 

Characteristic 

Input Voltage (Logic) "C" Level 
(VO "4.5 or 0.5 Vdc) 
(VO" 9.0 or 1.0 Vdc) 
(VO " 13.5 or 1.5 Vdc) 

"1" Level 
(VO" 0.5 or 4.5 Vdc) 
(VO" 1.0 or 9.0 Vdc) 
(VO = 1.5 or 13.5 Vdc) 

Input Current 

Input Capacitance (V in c: 0) 
Digital Inputs 
Switch Inputs 

Output Capacitance 

Feedthrough Capacitance 

Quiescent Current 
(Per Package) 

On-State Resistance 

On-State Resistance Difference Between 
Any Two Switches 

Input/Output Leakage Current Switch Off 

Symbol Value Unit 

VDD -0.5 to +18 Vdc 

Vin VDDto 0.5 Vdc 

I 10 mAdc 

TA °c 
-55 to +125 
-40 to +85 

Tstg -65 to +150 °c 

Voo Tlow * 
Symbol Vdc Min Max Min 

V,L 
5.0 - 1.5 -
10 - 3.0 -
15 - 3.75 -

V,H 
5.0 3.5 - 3.5 
10 7.0 - 7.0 
15 11.25 - 11.25 

lin 15 - ±0.3 -
Cin 

- - - -
10 - - -

Cout 1.0 - - -
Cin/out - - - -

10 5.0 - 1.0 -
10 - 2.0 -
15 - 4.0 -

Ron 5.0 - - -
10 - - -
15 - - -

ARon 5.0 - - -
10 - - -
15 - - -

lin/out 15 - '300 -

ANALOG TRANSMISSION GATE 
(CROSSPOINT) SCHEMATIC 

7-661 

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 
Vout)" VDD' 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 

VSSor VDDI. 

25°C Thigh* 
Typ Max Min Max 

2.25 1.5 - 1.5 
4.50 3.9 - 3.0 
6.75 3.75 - 3.75 

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

to.00001 .0.3 - t 1.0 

5.0 - - -
- - - -
- - - -
- - - -

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

- - - -
- - - -
- - - -
- - - -
- - - -
- - - -

.0.01 .300 - .1000 

In/Out~Out/ln 

Control 

Unit 

Vdc 

Vdc 

"A 
pF 

pF 

pF 

Adc 

11. 

11. 

nAdc 

• 



MC142100, MC145100 

SWITCHING CHARACTERISTICS 

VDD 
Characteristic Symbol Vdc Min Typ Max Unit 

Propagation Delay Times VSS = 0 Vdc tpLH, tpHL 5.0 - - - ns 
Input to Control (RL = 10 kn) 10 - - -

15 - - -
Strobe to Output ns 

Output "1" to High Impedance tPHZ 5.0 - - -
10 - - -
15 - - -

Output "0" to High Impedance tPLZ 5.0 - - - ns 
10 - - -
15 - - -

High Impedance to Output "1" tpZH 5.0 - - - ns 
10 - - -
15 - - -

High Impedance to Output "0" tpZL 5.0 - - - ns 
10 - - -
15 - - -

Setup Time tsu 5.0 - - - ns 
Address or Data In to Strobe 10 - - -

15 

Hold Time th 5.0 This· table lists all of the c,haracteris· ns 
Address or Data In to Strobe 10 tics to be specified for this device. 

15 Final specifications were not available 
Strobe Pulse Width tWH 5.0 at the time of printing. For the latest ns 

10 data, contact CMOS Marketing, 

15 Motorola Semiconductor Products 

Sine Wave Distortion VSS = -4.0 Vdc - 5.0 Inc., 3501 Ed Bluestein Blvd., Austin, % 
(RL= 10kn,l= 1.0 kHz) 10 Texa.78721. 

15 

Frequency Response (Switch ON) VSS = -5.0 Vdc - 5.0 - - - MHz 
Vout 10 - - -

(RL = 1.0 kn. 20 Lo9l0 Vin = -3.0 dB) 15 - - -
Feedthrough Attenuation (Switch OFF) VSS = -5.0 Vdc - 5.0 - - - MHz 

Vout 10 - - -
(RL = 1.0 kn. 20 L0910V;;;- = -50 dB) 15 - - -

Crosstalk Between Any Two Switches VSS - -5.0 Vdc 5.0 MHz 
(Switch A On, Switch BOIl) 10 - - -

(RL = 1.0 kn. 20 Logl0 ~out(B) = -50 dB 
15 - - -

m(A) 

TRUTH TABLE 

MC146100 MC146100 
Only Only 

Addre .. Switch Switches Addr ... Switch Switches 
A B C D Selected Cleared A B C D Selected Cleared 

0 0 0 0 X1Yl 0 1 2 3 0 0 0 1 X1Y3 8 9 10 11 
1 0 0 0 X2Yl 1 0 2 3 1 0 0 1 X2Y3 9 8 10 11 
0 1 0 0 X3Yl 2 0 1 3 0 1 0 1 X3Y3 10 8 9 11 
1 1 0 0 X4Yl 3 0 1 2 1 1 0 1 X4Y3 11 8 9 10 
0 0 1 0 X1Y2 4 5 6 7 0 0 1 1 X1Y4 12 13 14 15 

1 0 1 0 X2Y2 5 4 6 7 1 0 1 1 X2Y4 13 12 14 15 

0 1 1 0 X3Y2 6 4 5 7 0 1 1 1 X3Y4 14 12 13 15 
1 1 1 0 X4Y2 7 4 5 6 1 1 1 1 X4Y4 15 12 13 14 
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256 X 4 BIT STATIC RAM 

The MCM145101 family of CMOS RAMs offers ultra low power 
and fully static operation with a single 5 volt supply. The CMOS 
1024·bit devices are organized in 256 words by 4 bits. Separate data 
inputs and data outputs permit maximum flexibility in bus-oriented 
systems. Data retention at a power supply as low as 2.0 volts over 
temperature readily allows design into applications using battery 
backup for nonvolatility. The MCM145101 is fully static and does 
not require clocking in standby mode. 

The MCM145101 is fabricated using the Motorola advanced ion­
implanted, silicon-gate technology for high performance and 
high reliability. 

• Low Standby Power 
• Fast Access Time 
• Single + 5.0 Volt Supply 
• Fully TTL Compatible-All Inputs and Outputs 
• Three-State Output 
• Fully Static Operation 
• Data Retention to 2.0 Volts 
• Direct Replacement for: 

Intel 5101 Series 
AMI S5101 Series 
Hitachi MH435101 Series 

• Pin Replacement for Harris HM6501 Series 

Type Number 
Typical Standby 

Current 
Typical Standby 

Currant Max Access 

MCM145101 L, MCM145101 P 

MCM145101-1 L, MCM145101-1P 

MCMI45101-3L, MCM145101-3P 

MCMI45101-8L, MCM145101-8P 

AO 

Al 

A2 

A3 

A4 

CE2 

CEI 

R/W 

4 

19 

20 

Address 
Buffers 

(Enable) 

@2Vdc IIlAI 

0.14 

0.14 

0.70 

BLOCK DIAGRAM 

Row 
Decoders 

011 
9 Input 

11 
012 

13 
013 

15 

0,;.,:-------1 C~::OI 
014 

18 
00 

@5Vdc (IlAI 

0.2 

0.2 

1.0 

10 

Cell Arrav 
32 Rows 

(nsl 

650 

450 

650 

800 

Vee = Pin 22 
Gnd == Pin 8 

001 

002 

003 

004 
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MCM145101 

CMOS LSI 
(LOW-POWER COMPLEMENTARY MOSI 

1024-BIT STATIC 
RANDOM ACCESS MEMORY 

CERAMIC PACKAGE P SUFFIX 
CASE 736 PLASTIC PACKAGE 

CASE 708 

ORDERING INFORMATION ., ... ,," r~" ,~O," 
-1 ! -3 Selections for 
-8 speed and 

power (see 
(Not table) 
Used) 

PIN ASSIGNMENT 

22 

21 

20 

4 19 

18 

6 17 

16 

8 15 

9 14 

10 13 

11 12 

TRUTH TABLE 

CEI CE2 00 RiW Din Output Mode 

H X X X X High Z Not Selected 
X L X X X High Z Not Selected 
X X H H X High Z Output Disabled 
L H H L X High Z Write -L H L L X Din Write 
L H L H X DOut Read 

• 
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MAXIMUM RATINGS (Voltages referenced to Vss Pin 8) 

Rating Symbol Value 

DC Supply Voltage VCC -0.5 to +7.0 

Voltage on Any Pin Vin -0.3 to VCC +0.3 
Operating Temperature Range TA -40 to +85 

Storage Temperature Range Tstg -65 to +150 

Unit 

Vdc 

Vdc 

°c 
°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 appl iea­
tion of any voltage higher than maximum rated 
voltages to this high-impedance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

DC CHARACTERISTICS (TA = 0 to 700 C, VCC = 5 V ± 5%) 

MCM145101,·1 MCM145101·3 MCM145101·8 

Characteristic Symbol Min Typ Max Min Typ Max Min Typ Max Unit 

Input Current lin(2) - 5.0 - - 5.0 - - 5.0 - nAdc 

Input High Voltage VIH 2.2 - VCC 2.2 - VCC 2.2 - VCC Vde 

Input Low Voltage VIL -0.3 - 0.65 -0.3 - 0.65 -0.3 - 0.65 Vdc 

Output High Voltage VOH 2.4 - - 2.4 - - 2.4 - - Vdc 
flOH = -1.0 rnA) 

Output Low Voltage VOL - - 0.4 - - 0.4 - - 0.4 Vde 
flOL = 2.0 rnA) 

Output Leakage Current ILO(2) - - ±1.0 - - ±1.0 - - .2.0 "Adc 
(CEI = 2.2 V, VOL = 0 V to VCC) 

Operating Current ICCI - 9.0 22 - 9.0 22 - 11 25 mAde 
(V in = VCC, except ill .; 0.65 V, outputs open) 

Operating Current ICC2 - 13 27 - 13 27 - 15 30 mAde 
(Vin = 2.2 V, except CEI .; 0.65 V, outputs open) 

Standby Current ICCL(2),(4) - - 10 - - 200 - - 500 /lAde 
(CE2'; 0.2 V) 

CAPACITANCE 

Characteristic Symbol Typ Max Unit 

Input Capacitance (Vin = 0 V) Cin 4.0 8.0 pF 

Output Capacitance (Vout = 0 V) Cout 8.0 12.0 pF 

LOW VCC DATA RETENTION CHARACTERISTICS (Excluding MCMI45101-8) TA = OOC to 70°C 

Parameter Test Conditions Symbol Min Typ.(I) Max Units 

Vee for Data Retention VDR 2.0 - - Vdc 

MCM145101 or MCM145101·1 Data VOR ~ 2.0 V, ICCDRl - 0.14 10 "Adc 
Retention Current 

MCM145101-3 Data Retention Current 
CE2.; 0.2 V 

VOR = 2.0 V, ICCDR2 - 0.70 200 "Ade 

Chip Deselect to Data Retention Time tCOR 0 - - ns 

Operation Recovery Time tR tRC\~1 ns 

NOTES: 1. Typical values are T A = 25°C and nominal supply voltage. 
2. Current through all inputs and outputs included in ICCL measurement. 
3. tRC = Read Cycle Time. 
4. Low current state is for CE2 ., 0 only. 
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MCM145101 

LOW VCC DATA RETENTION WAVEFORM TYPICAL ICCDR versus TEMPERATURE 

SupplV 
Voltage 

(VCC) 

< 
3 
a: 
fl 
~ 

1.0 

0.1 

VC~ = 2.~ V / CE2 = 0.2 V 
I-- Yin = 2.0 V /V 

V 
Chip Enable ,.:-=--:=========::: __ 

(CE2) 0 V -

V 
/ 

READ CYCLE 

0.01 0 10 20 .30 40 50 60 70 

TEMPERATURE (DC) 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted) 

AC TEST CONDITIONS 

Condition Value 

I nput Pulse Levels +0.65 V to 2.2 V 

Input Rise and Fall Times 20 ns 

Output Load - 1 TTL Gate and CL = 100 pF 

Timing Measurement Reference Level 1.5 Volt 

MCM145101-1 MCMl45101,-3 MCM145101-B 

Parameter Symbol Min Max Min Max Min Max 

Read Cycle 'RC 450 - 650 - 800 -
Access Time 'A - 450 - 650 - 800 

Chip Enable (CE1) to Output tCOl - 400 - 600 - 800 

Chip Enable (CE2) to Output tC02 - 500 - 700 - 850 

Output Disable to Output too - 250 - 350 - 450 

Data Output to High Z State tDF 0 130 0 150 0 200 

Previous Read Data Valid with Respect to Address Change tOHl 0 - 0 - 0 0 

Previous Read Data Valid with Respect to Chip Enable tOH2 0 - 0 - 0 0 

WRITE CYCLE 

Write Cycle twc 450 - 650 - 800 -
Write Delay tAW 130 - 150 - 200 -
Chip Enable (CE1) to Write tCWl 350 - 550 - 650 -
Chip Enable (CE2) to Write tCW2 350 - 550 - 650 -
Data Setup tow 250 400 450 

Data Hold tDH 50 - 100 100 

Write Pulse twp 250 - 400 - 450 -
Write Recovery twR 50 - 50 100 

Output Disable Setup 'OS 130 - 150 - 200 -

7-665 
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MCM145101 

READ CYCLE TIMING 

1------tRC -------<~ 

Address 
--II~----------------~I'~ 

CE2 

DO--~----,r--~-
(Common 1/0)[11 

Data --t.:==~==~ir--~~::~=::"-
Data Out Valid Out ______________ ~" ______________ _ 

WRITE CYCLE TIMING 

i------twc----.j 

Address 

CE1 

CE2 

f41f----tCW2---.-j 
00 --1,...._----------+-------1-­

(Common 1/0)[21 

Dote --1--'""\1,..-------1-"\1,--1-­
In ---1---'1 '-------------+-'I '-__ ...... _ 

tAW 

RW 

NOTES: 1. 00 may be tied low for separate 110 operation. 
2. During the write cycle, 00 is "high" for common I/O and "don't care" for separate I/O operation, 
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® MOTOROLA 

Pll FREQUENCY SYNTHESIZERS 

The MC145104, MC145106, MC145107, MC145109, and 
MC145112 are phase locked loop (PLL) frequency synthesizer parts 
constructed with CMOS devices on a single monolithic structure. 
These synthesizers find applications in such areas as CB and FM 
transceivers. The device contains an oscillator/amplifier, a 210 or 
211 divider chain for that oscillator signal, a programmable divider 
chain for the input signal and a phase detector. The MC145104/ 
5106/5112 have circuitry for a 10.24 MHz oscillator or may operate 
with an external signal. The MC145107/5109 require the external 
reference signal. Several of the circuits provid'e a 5.12 MHz output 
signal, which can be used 'for frequency tripling. A 29 (MC145106/ 
5109/5112) or 28 (MC145104/5107) programmable divider divides 
the input signal frequency for channel selection. The inputs to the 
programmable divider are standard ground·to·supply binary signals. 
Pull·down resistors on these inputs normally set these inputs to 
ground enabling these programmable inputs to be controlled from 
a mechanical switch or electronic circuitry. 

The phase detector may control a VCO and yields a high level 
signal when input frequency is low, and a low level signal when input 
frequency is high. An out of lock signal is provided from the on·chip 
lock detector with a "0" level for the out of lock condition. 

The MC145106 is the full pinout version of this family of parts 
and has the capability of all parts in the family. The MC145104/ 
5107/5109/5112 are limited pinout versions. See block diagrams 
for details. 

• Single Power Supply 

• Wide Supply Range: 4.5 to 12 Vdc 

• 16 or 18 Pin Plastic Packages 

• 10.24 MHz Oscillator on Chip 

• 5.12 MHz Output 

• Programmable Division Binary Input Selects up to 29 

• On·Chip Pull Down Resistors on Programmable Divider Inputs 

• Selectable Reference Divider, 210 or 211 

MAXIMUM RATINGS (Voltages referenced to VSSI 

Rating Symbol Value Unit 

ec Supply Voltage Vee -0.5 to + 12 Vde 

Input Voltage, All Inputs Vj" -0.5 to Vee + 0.5 Vde 

DC Current Drain per Pin I 10 mAde 

Operating Temperature Range TA -40 to +85 DC 

Storage Temperature Range Tstg -65 to +150 °c 

7-667 

MC145104 
MC145106 
MC145107 
MC145109 
MC145112 

CMOS MSI 
(LOW.pOWER COMPLEMENTARY MOSI 

Pll 
FREQUENCY SYNTHESIZERS 

16-.ryrn'fH ij 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

P SUFFIX 
PLASTIC PACKAGE 

CASE 707 

Pin·for- Pin Replacements for: 
MC145104 for SM5104. MM55104. MM55114 
MC145106 for MM55106. MM55116 
MC145107 for SM5107 
MC145109 for SM5109 
MC145112for SM5106 

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 V in and V 9.ut be 
constrained to the range Vss ~ (V in or 
Vout .. Veo' 

• 



MC145104 thru MC145112 

RECOMMENDED OPERATION: DC Supply Voltage 4.5 to 12 Vd. 

ELECTRICAL CHARACTERISTICS (TA ~ 25° unle .. otherwise stated.) 

VDD All Types 

Characteristic Symbol Vdc Min Typ Max Unit 

Supply Current 10 5.0 - 6 10 mAde 
10 - 20 35 
12 - 28 50 

Input Voltage "0" Level VIL 5.0 - - 1.5 Vde 
10 - - 3.0 
12 - - 3.6 

"I" Level VIH 5.0 3.5 - - Vde 
10 7.0 - -
12 S.4 - -

Input Cu"ent (FS) "0" Level lin 5.0 -5.0 -20 -50 ~Ade 

(Pull·up Resistor) 10 -15 -60 -150 
12 -20 -60 -200 

(PO to PS) 5.0 - - -0.3 
10 - - -0.3 
12 - - -0.3 

(FS) "I" Level 5.0 - - 0.3 "Adc 
10 - - 0.3 
12 - - 0.3 

(PO to PS) 5.0 7.5 30 75 
(Pull-down Resistor) 10 22.5 90 225 

12 30 120 300 -
(OSCin. fin) "0" Level 5.0 -2.0 -6.0 -15 ~Ade 

10 -6.0 -25 -62 
12 -9.0 -'37 -92 

(OSCin. fin) "1" Level 5.0 2.0 6.0 15 
10 6.0 25 62 
12 9.0 37 92 

Output Drift Current 10H mAde 
(Va = 4.5 Vdc) Source 5.0 -0.7 -1.4 -
(Va = 9.5 Vde) 10 -1.1 -2.2 -
(Va = 11.5 Vde) 12 -1.5 -'3.0 -
(Va = 0.5 Vdc) Sink 10L 5.0 0.9 I.S - mAde 
(Va = 0.5 Vde) 10 1.4 2.8 -
(Va = 0.5 Vde) 12 2.0 4.0 -

Input Amplitude - VPil 
(fin @ 4.0 MHz) - 1.0 0.2 - Sine 
IOSCin @ 10.24 MHz) - 1.5 0.3 

• 
Input Resistance Rin Mfl 

(OSCin. fin) 5.0 - 1.0 -
10 - 0.5 -
12 - - -

Input Capacitance Cin pF 
(OSCin. fin) - - 6.0 

Three State Leakage Current ITL "Ade 
('/> O°tout) 5.0 - - 1.0 

10 - - 1.0 
12 - - 1.0 

Input Frequency fin 4.5 4.0 - - MHz 
(_400C to +850C) 12 4.0 - -

Oscillator Frequency OSCi" 4.5 10.24 - - MHz 
(_40°C to +SSOC) 12 10.24 - -
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MC145104 thru MC145112 

BLOCK DIAGRAMS 

PO Pl P2 P3 P4 P5 P6 P7 

MC145104 Voo'" Pin 1 
VSS'" Pin 16 

FS 

Oivide-by-N Counter 28 - 1 

15 14 13 12 11 10 9 8 

PO P1 P2 P3 P4 P5 P6 P7 

MC145107 

OSCout FS 

Voo; Pm 1 
VSS'" Pin 16 

Divide-by-N Counter 29 - 1 

17 16 15 14 13 12 11 10 9 

PO Pl P2 P3 P4 P5 P6 P7 pa 

MC145112 
N.C. '" Pin 8 
VOO=Pi"1 
VSS'" Pin 18 

PO P1 P2 P3 P4 P5 P6 P7 PB 

MC146106 

FS 

Oivide-by-N Counter 2 9 - , 

15 14 13 12 11 10 9 8 

PO Pl P2 P3 P4 P5 P6 P7 PS 

MC145109 
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VOO=Pin1 
VSS'" Pin 18 

VOO"" Pi" 1 
VSS'" Pin 16 
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MC145104 thru MC145112 

TYPICAL CHARACTERISTICS 

! 
~ 
!t: 
~ 

'" 
~ 

5 

0 

5 

FIGURE 1 - MAXIMUM DIVIDER INPUT 
FREQUENCY versus SUPPLY VOLTAGE 

+250C 

1/ 111 
+8S·C -40°C w 

> 10 ;:: / 
J 

/J in 
~ V ~ 

... ~ g 5.0 
> 

o 
o 10 20 30 40 

fin. MAXIMUM FREQUENCY (MHz) 

TRUTH TABLE 
Selection 

P8 P7 P6 P5 P4 P3 P2 P1 PO DivideSv N 

0 0 0 0 0 0 0 0 0 2 (Note 1) 

0 0 0 0 0 0 0 0 1 3 (Note 2) 

0 0 0 0 0 0 0 1 0 2 
0 0 0 0 0 0 0 1 1 3 
0 0 0 0 0 0 1 0 0 4 

0 1 1 1 1 1 1 1 1 255 

1 1 1 1 1 1 1 1 1 511 

1: Voltage level = VDD 
0: Voltage level" 0 or open circuit input 

Note 1: The binary setting of 00000000 and 00000001 on 
pa to PO results in a 2 and 3 division which Is not 
in the 2N_1 sequence. When pin is not connected 
(or is not listad os for the MC146104 and 
MC145107l, the logic signel on that pin cen be 
treated as a "0". 

50 

~ 
w 

25 

20 

FIGURE 2 - MAXIMUM OSCILLATOR INPUT 
FREQUENCY va ..... SUPPLY VOLTAGE 

~ 15 
~ 

+250C 

I o 
> 
~ 10 
!t: 

+85DC -40·C 

J ~ 
Q 
~ 5. 0 / V 
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o 
o 10 20 30 40 

OSCin. MAXIMUM FREQUENCY (MHz) 

PIN DESCRIPTIONS 

PO - P8 - Programmable divider inputs (binary) 
fin - Frequency input to programmabte divider (derived 

from VCO) 
Oscio - Oscillator/amplifier input terminal 
OSCaut - Oscillator/amplifier output terminal 
LD - Lock detector, low when out of lock 
q, Oetout - Signal for control of external vea, output high 

when fin/N is less than the reference frequency; output 
'ow when finlN is greater than the reference frequency. 
Reference frequency is the divided down oscillator· 
input frequency typically 5.0 or 10 kHz. 

FS - Reference Oscillator Frequency Division Select. When 
using 10.24 MHz Osc frequency. this control selects 
10 kHz,. "0" s.lects 5.0 kHz. 

+2out - Reference Osc frequency divided by 2 output; when 
using 10.24 MHz Osc frequency, this output is 5.12 
MHz for frequency tripling applications. 

VOD - Positive power supply 
Vss-Ground 

50 



MC145104 thru MC145112 

PLL SYNTHESIZER APPLICATIONS 

The MC145104, MC145106, MC145107, MC145109, 
MC145112 ICs are well suited for Applications in CB 
radios because of the channelized frequency requirements. 
A typical 40 channel CB transceiver synthesizer using a 
single crystal reference is shown in Figure 3 for receiver 
I F values of 10.695 MHz and 455 kHz. 

In addition to applications in CB radios, the MC145104-
12 ICs can be used as a synthesizer for several other systems. 
Various frequency spectrums can be achieved through the 
use of proper offset, prescaling and loop programming 
techniques. In general, 300-400 channels can be syn­
thesized using a single loop. with many additional 
channels available when multiple loop approaches are 
employed. Figures 4 and 5 are examples of some 
possi bil ities. 

In the aircraft syntheizer of Figure 5, the VHF loop 
(top) will provide a 50 kHz 360 channel system with 10.7 
MHz Rrr offset when only the 11.0500 MHz (transmit) 
and 12.1200 MHz (receive) frequencies are provided to 

mixer #1. When these signals are provided with crystal 
OSCillators, the result is a three crystal, 360 channel, 
50 kHz step synthesizer. When using the offset loop 
(bottom) in Figure 5 to provide the indicated injection 
frequencies for mixer #1 (two for transmit and two for 
receive) 360 additional channels are possible. This results 
in a 720 channel, 25 kHz step synthesizer which requires 
only two crystals and provides Rrr offset capability. The 
reeeive offset value is determined by the 11.31 MHz 
crystal frequency and is 10.7 MHz for the example. 

The VH F marine synthesizer in Figure 4 depicts a 
single loop approach for FM transceivers. The VCO 
operates on-frequency during transmit and is offset down­
ward during receive. The offset corresponds to the 
receiver I F (10.7 MHz) for channels having identical 
receive/transmit frequencies (simplex), and is (10.7 -
4.6 = 6.1) MHz for duplex channels. Carrier modulation 
is introduced in the loop during transmit. 

FIGURE 3 - SINGLE CRYSTAL CB SYNTHESIZER FEATURING ON-FREQUENCY VCO DURING TRANSMIT 

10.24 

1 MC145106 

Programmable Divider 

Phase 
Detector 

26.965 - 27.405 
MHz (transmit) 

26.510 - 26.950 
MHz (rec.'ve) 

Voo Gnd 

R/T 

Switch 
Wafers 

Buffer 

L-_____ -, 1.365 _ 1.805 MHz (transmid 
0.91 - 1.35 MHz (receive) 

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 mformatlon has been carefully checked and 

Mixer 

10.24 MHz 16.270 - 16.710 

to Receiver 
2nd Mixer 

MHz 
Receiver 1st 
Local Osc Signal 

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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MC145104 thru MC145112 

Ref 
01<: 

5.12 MHz 
(10.24 MHz) 

NOTES, 

a Receiver IF "" 10.7 MHz 
• Low Side Injection 
• Duplex Offset"" 4.6 MHz 
• Step Size - 25 kHz 
• Frequencies In MHz un'"' 

noted 

FIGURE 4 - VHF MARINE TRANSCEIVER SYNTHESIZER 

Programmable Inputs 
N = 97 to 153 

·152 

Transmit 
• Values in Parentheses .r. 

for a 5.0 k Hz Reference 
Frequency 

• Example Frequencies for 
Channa' 28 Shown by • 

#Can be eliminated bV adding 
184 to +N for Duple" Channals. 

Loop 
Filtar 

Transmit 
Modulation 

Circuit 

VCO 
& Buffa, 

Tranlmlt Range 
156.025 - 157.425 MHz 

·157.4 

Racelver L.O. Range 
145.576 - 152.575 MHz 

·151.3 

~UPI.X 

14.75# 
c::J (29.50) 

FIGURE 5 - VHF AIRCRAFT 720 CHANNEL TWO CRYSTAL FREQUENCY SYNTHESIZER 

VHF Loop 
Programming 
750 kHz - 2545 kHz 

Lock Detect 

5.12 r-;:=:::::;--;::::::j=~--II 
MHz 

810 kHz - 812.5 kHz 

N=324-325 

7-672 

TRANSMIT 
118.000 - 135.975 MHz 

125 kHz Steps) 

RECEIVE 
128.700 - 146.675 MHz 

TRANSMIT 
11.0500 MHz 
11.0525 MHz 

RECEIVE 
12.1200 MHz 
12.1225 MHz 

TIIANSMIT 
10.24 MHz 

RECEIVE 
11.31 MHz 

(Selact Frequency to Give 
Oosl,ad RIT Offset) 



® MOTOROLA 

Product Previe"" 

4096X1-BIT STATIC RANDOM ACCESS MEMORIES 

The MCMI46504 is a 4096Xl-bit static random access memory, 
fabricated with high density, high reliability CMOS silicon-gate 
technology_ The device has TTL compatible inputs and outputs_ It is 
designed to retain data at low supply voltages, to further reduce 
supply current requirements_ 

The MCMI46504 is useful in memory applications where 
low-power and . non-volatility is required. It is assembled in 18 pin 
dual in-line package with the industry standard pin-outs. 

• Single Low Voltage Power Supply 

• Static Operation 

• Industry Standard 18-Pin Configuration 

• Fully TTL Compatible 

• Common Data Input and Output Capability 

• Three-State Outputs 

• Low Power Dissipation - Standby 10 mW (TY~ 
• Ideal for Battery Backup Operation ~ \ V ~ 
• Access Time - 450 ns (Maximum) -t"'\ V 
• Pinout and Functional Re~1 eee.V 

Harris - HM6504 0 
Intersil - IM6504 " 

BLOCK DIAGRAM 

Ao------~~_r-----, 

A 1 -------Diu 
_vss 

A2 ------.... ~;:_.., 

AS ------........ ..-.., 

Row 
Select 

Memory Array ~ Vee 
64Aow 

A7 

A6 ------...... :-., 

Data Input 
0----------( 

w----------( 

5-----1 

Input 
Data 

Control 
and 

Clock 

• 64 Columns 

A3 A4 A5 All AID A9 

This is advance information and specifications are subject to change without notice. 
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MCM146504 

CMOS LSI 
(LOW-POWER COMPLEMENTARY MOSI 

4096X1-BIT STATIC 
RANDOM ACCESS MEMORIES 

AO-A11 

D 

Q 

Vee 
Vss 
w 

W 0 

X X 

L 

L H 

H X 

PIN NAMES 

18 

17 

16 

15 

14 

13 

12 

11 

10 

Address I npu t 

Data 'nput 

Data Output 

Chip Select 

Power Supply ('1 5 VI 

Ground 

Wnte Enable 

TRUTH TABLE 

0 Mode 
HI·Z Not Selected 

HIZ Write "0" 

H,·Z Write "'" 
Output data Read 
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® MOTOROLA 

Advance InforDl.ation 

1024 X 1 BIT STATIC RANDOM ADDRESS MEMORY 

The MCM146508 and MCM'146518 are fully static 1024 X 1 
RAMS fabricated using high performance silicon gate CMOS tech­
nology. They offer low-power operation from a single 5.0 V supply 
with data retention to 2.0 V. The MCM146508 has the two select 
lines and the enable line brought out as a single enable line .. 

• Low Standby and Operating Power 

• Single 5.0 V Supply 

• Data Retention to 2.0 V 

• Fast Access Time 

• Address Latches 

• Three-State Outputs 

• Fully TTL Compatible Inputs/Outputs 

• Fully Static Operation 

• Direct Replacement for 
Harris HM6508/HM6518 
Intersil IM6508/IM6518 

TABLE 1 

Type Number 

MCM146508/MCM146518 

MCM146508.1/MCM146518-1 

A5 
A6 
A7 
AS 
A9 

0 

w 

EO 

... For MCM146508 51, 52 are connected to the E input. 

This is advance information and specifications are subject to change without notice. 
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MCM146508 
MCM146518 

CMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

1024 X 1 BIT STATIC 
RANDOM ACCESS MEMORY 

JI/ffff!}_ 
L S~ ~ P SUFFIX 

3 

4 

6 

8 

'~ CASE 648 

-CASE 680 
P SUFFIX 
CASE 707 

MCM14XXXX It;SUffiX Denotes 

L Ceramic Package 
P Plastic Package 

See Table 1 

PIN ASSIGNMENT 

IS 

17 

16 

15 

14 

13 

12 

II 



MCM146508, MCM146518 

MAXIMUM RATINGS (Voltages Referenced to VSSI 

Rating Symbol Value Unit 

DC Supply Voltage VOO -0.5 to +7.0 Vdc 

Input Voltage. All Inputs Vi" -0.3 to VOO + 0.3 Vdc 

Operating Temperature Range TA °c 
MCM146508/MCM146518 -40 to +85 
MCM146508·1/MCM146518·1 -40 to +B5 
MCM14650B·2/MCM14651B·2 -55to+125 

Storage Temperature Range Tstg -65 to +150 °c 

DC CHARACTERISTICS (Voo = 5.0 V ± 10%. TA = 250CI 

Characteristic Symbol 

Input Current 'in 
Input High Voltage VIH 
Input Low Voltage VIL 
Output High Voltage VOH 

IIOH = -1.0 mAl 

Output Low Voltage VOL 
IIOL = 2.0 mAl 

Output leakage Current IOL 
(VOL = 0 V to VOOI 

Standby Current IOOSB 
(VIH = E=Si = 52 = VOOI 

Data Retention Current IOOOR 
(VOO = 2.2 V = VIH = 
E=Sf=~1 

Operati n9 Current IOOOp 
ItELEH = 1.0 /lsi 

CAPACITANCE 

Characteristic 

Input Capacitance (Vin = 0 VI 

Output Capacitance (V out = 0 VI 

AC OPERATING CONDITIONS 

Condition 

Input Pulse Levels 

Input Rise and Fall Times 

Output Load 

Timing Measurement Reference Level 

Supply Voltage 

Temperature Range 

MCM14650B/MCM14651B 
MCM146508·1/MCM14651B·l 
MCM146508·2/MCM14651B·2 

MCMl4650S·1 MCM146508 
MCMl4651S·1 MCM146518 

Min Typ Max Min Typ 

- 5.0 - - 5.0 

VOO - 2.0 - VOO VOO-2.0 -
-0.3 - 0.8 -0.3 -
2.4 - - 2.4 -

- - 0.4 - -

- - ±1.0 - -

- 0.1 10 - 1.0 

- 0.1 1.0 - 0.1 

- - - - -

Value 

+O.B V to VOO - 2.0 V 

20 ns 

1 TTL Gate and CL = 50 pF 

1.5V 

5.0V±10% 

_40°C to +B50C 
_40°C to + 85°C 

- 55°C to + 125°C 

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 .\IOid applica­
tion of iIIny voltage higher than maximum rated 
voltages to this high impedance circuit. 
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MCM146508·2 
MCM 14651 S·2 

Max Min Typ Max Unit 

- - 5.0 - nAdc 

VOO - - VOO Vdc 

O.B -0.3 - O.B Vdc 

- 2.4 - - Vdc 

0.4 - - 0.4 Vdc 

±1.0 ± 1.0 /lAde 

100 - 1.0 100 nAdc 

10 - 0.1 10 /lAde 

- - - - mAde 



• 

MCM146508, MCM146518 

AC CHARACTERISTICS 
MCMI4650B·l MCMI46508·2 MCM14650B 
MCMI4651B·l MCM14651B·2 MCM14651B 

Parameter Svmbol Min 

Read or Write Cycle Time tELEL 600 

Enable Pulse Width, Low tELEH 300 

Enable Pulse Width, High tEHEL 200 

Enable Access Time tELOV -
Address Setup tAVEL 7.0 

Address Hold tELAX 90 

Data Setup tDVWH 200 

Data Hold tWHDX 0 

Write Pulse Width tWLWH 200 

Write Enable to Output Disable tWLOZ 
Outpu, Disable (MC146508 Onlyl 'EHOZ -
Output Disable (MC146518 Only) tSHOZ -
Write Disable to Output Enable tWHOX -

Output Enable (MC146508 Only) tELOX -
Output Enable (MC146518 Only) tSLOX -
Select to Write Pulse Setup tWLSH 200 

Select to Write Pulse Hold tSLWH 200 

Enable to Write Pulse Setup tWLEH 200 

Enable to Wrtte Pulse Hold tELWH 200 

TIMING PARAMETER ABBREVIATIONS 

t X X X X 

... ",' "m, '.om w" ," m"",' " ,,', ",' --' I I I 
tranSition direction for first Signal 

Signal name to which Interval is defined 
transition directIOn for second signal 

The transition definitions used In this data sheet are: 
H = transition to high 
L = transition to low 
V = transition to valid 

X = tranSition to invalid or don't care 
Z = transition to off (high impedance) 

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 

Max Min Max Min Max Unit 

- 500 - 760 - ns 

- 300 460 ns 

- 200 - 300 - ns 

300 300 460 ns 

7.0 15 ns 

- 90 - 150 ns 

200 300 ns 

0 0 ns 

- 200 - 300 ns 

180 180 285 ns 

180 180 285 ns 

180 - 180 285 ns 

180 - 180 - 285 ns 

180 180 285 ns 

180 - 180 - 285 ns 

200 300 ns 

200 300 ns 

200 300 ns 

- 200 - 300 - ns 

TIMING LIMITS 

The table of timing values shows either a minimum or 
a maximum limit for each parameter. Input requirements 
are speCified from the external system POint of view. 

Thus, address setup time IS shown as a minimum Since the 
system must supply at least that much time (even though 

most devices do not requlr. it). On the other hand, 
responses from the memory are specified from the device 
POint of view. Thus, the access time is shown as a maxi­
mum since the device never provides data later than 
that time. 

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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MCM146508, MCM146518 

READ CYCLE TIMING 
tAVEL ~I J:ELAX~I tAVEL-:sk--)I( Valid )I( ~X A 

• tELEL 
tEHEL_ • tELEH . ~tEHEL--... 

2 
~ 

i- twHQX--l 

~tWLQZ _ 

o 
~tELQV~ - tEHQZ -...... tELQX4 

Previous H;ghZ ~ 
Valid Output ~ Oat. rl 

~ tSHQZ 4- ~ tSLQX 1:::-- -'SHQZ-

Q 

~.~} ____ l~ ____ ~l __ _ 
Time Reference ------+--+------+----+----i-------11--+1-

a 3 4 5 

TRUTH TABLE 

Time Inputs Output 

Reference ! "S W A D a Function 

-1 H H X X X Z Disabled 

a "- X H V X Z Address Latched 

1 L L H X X X Output Enabled 

2 L L H X X V Output Valid 

3 .f L H X X V Output Latched 

4 H H X X X Z Disabled (Same as -1) 

5 \... X H V X Z Next CYcle (Same as 0) 

WRITE CYCLE TIMING 'AVEL--:-I £EL~ t AVEL -:1. ---;<::'N; )I( Valid X 
a r--. tELEL 

A x, 
...__tEHEL--_ • tELEH _1--tEHEL ______ 

2 A ~ 
.. tELWH twLEH . . 

~....--- twLWH ---w 
I 

~ l4--t DVWH--. IIoI..-twHDX 

X Valid Data )I< o 

High Z 

!--tSLWH . 
Time Reference ------+---+------+----+----I-------tf-it-

a 3 

TRUTH TABLE 

Time Inputs Output 

Reference E S W A D a Function 

-1 IZ X X X X Z Disabled 

a X X V X Z Address Latched 

1 L L L X V Z Write Mode 

2 L J L X V Z Data Written 

3 .f X X X X Z Write Completed 

4 H X X X X Z Disabled (Same as -1) 

5 """\.. X X V X Z Next CYcle (Same as 0) 

NOTES: 

1. MCM146518 selected only if both 51 and 52 are low and deselected if 

either 51 or 52 is high. Sf and ~ are connected to E on the MCM14650B. 

2. The address within the memory will change only on falling E. 
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CHAPTER 8 - CMOS RELIABILITY AND QUALITY CONTROL 
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Paramount in the mind of every semiconductor user is 
the question of device performance versus time. After 
the applicability of a particular device has been established, 
its effectiveness depends on the length of trouble-free 
service it can offer. The reliability of a device is exactly 
that - an expression of how well it will serve the customer. 

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 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 therefore appear 
early. This period of early failures, termed infant mortality, 
can often be reduced significantly through proper manu· 
facturing controls 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 manu, 
facture. Using reasonable design techniques and selectivity 
in applications this period can easily be extended beyond 
the lifetime required by the user. 

FIGURE 1 - THE BATHTUB CURVE 

Infant 
Mortality 

Random 
Failure 

Mechanisms 
Wearout 

Phanomena 
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Random Failure 
Both the infant mortality and random failure rate reo 

gions can be described through the same types of calcu­
lations. During this time the probability of having no 
failures to a specific point in time can be expressed by the 
equation 

Po=e- Xt 
where X is the failure rate and t is time. Since X is changing 
rapidly during infant mortality, the expression does not 
become useful until the random period, where X IS relatively 
constant. In this equation X is failures per unit of time. It 
is usually expressed in percent failures per thousand 
hours. Other forms include FIT (Failures in Time = 
[(%/l()3 hrs) x 10-4 = 10-9 failures per hour) and MTTF 
(Mean Time To Failure) or MTBF (Mean Time Between 
Failures), both being equal to IIX 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 X is calculated using the 
)(2 distribution through the equation: 

CL 

n 

X ~)(2 (a, 2r + 2) 

2nt 

Where a = 100 - CL 
100 

Confidence Limit in percent 
Number of rejects 
Number of devices 
Duration of test 

The confidence limit is the degree of conservatism desired 
in the calculation. The Central Limit Theorem states that 
the values of any sample of units out of a large popu­
lation will produce a normal distribution. A 50% confi· 
dence 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 X which repre­
sents the point at which 90% of the area of the distribu­
tion is to the left of that value (Figure 2). The term 
(2r + 2) is called the degrees of freedom and is an ex­
pression of the number of rejects in a form suitable to )(2 

tables. 
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FIGURE 2 - CONFIOENCE LIMITS ANO THE DISTRIBUTION 
OF SAMPLE FAILURE RATES 

50%CL 

t }--'---'--~ ~ 
i\., Failure Rate 

The n,umber ,of rejects is a critical factor since the defi­
nition of rejects ofte~n' differs between manufacturers. 
While Motorola uses data sheet limits to determine failures, 
sometimes rejects are counted only if they are cata­
strophic. Due to the increasing chance of a test not being 
representative of the entire population as sample size and 
test time are decreased, the X2 calculation produces 
surprisingly high values of X 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 demonstrate the real long-term failure rate. 
Since this would require years of testing on thQusands 
of devices, methods of accelerated testing have been 
developed. 

Years of semico~ductor device testing has shown that 
temperature will accelerate failures and that this behavior 
fits the form of the Arrhenius equation: 

R (t, T) R. (t)e-O/ kT 
where R (t, T) Reaction rate as a function 

of time and temperature 
R. A constant with respect 

to temperature 
t Time 
0 Activation energy in 

electron volts 
k Boltzman's constant 
T Temperature in degrees 

Kelvin 

To provide time-temperature equivalents this equation is 
applied to failure rate calculations in the form 

to eO/kT 
where 

Time 
A "oostant 

The Arrhenius equation states that reaction rate increases 
with temperature. This produces a straight line when 
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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 mechanism. 

The activation energy exhibited by CMOS 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 often implies a 
high O. Studies by Bell Telephone Laboratories have indi­
cated'that an overall 0 for semiconductors is 1.0 eV. This 
value has been accepted by the Rome Air Development 
Command for time-temperature acceleration in life testing 
specified in Method 1005.1 of MIL-STD-,883A. Data 
taken by McDonnell Douglas and Motorola on CMOS 
devices has verified this number and it is therefore applied 
as our standard time-temperature regression for extrapola­
tion of high temperature failure rates to temperatures at 
which the devices will be used. 

FIGURE 3 - NORMALIZED TIME-TEMPERATURE 
REGRESSIONS FOR VARIOUS ACTIVATION 
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The Arrhenius relationship can be used to determine 
the failure rate at temperatures other than the test tem­
perature of the device_ (Figure 3 is a log-normal plot 
generated by the Arrhenius equation.) To accomplish this, 
the time in device hours (tl) and temperature (Tl) of the 
test are plotted as point Pl. A vertical line is drawn at the 
temperature of interest (T2) and a line with a 1.0 eV slope 
is drawn through point P1. Its intersection with the verti­
cal line defines point P2, and determines 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 1250 e at tl 
of 10,000 hours, a t2 of 8.8 million hours results in a T2 
of 500 e. If one failure occurs in the 10,000 device hours 
of testing at 1250e, the failure rate at that temperature 
will be 20%/1000 hours using a 60% confidence level. One 
failure in the equivalent 8.8 million device hours at 
500C will result in a 0.023%/1000 hour failure rate, as 
ill ustrated by Figure 4. 

FIGURE 4 - FAILURE RATE 
looofOK 
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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 5000 e and the time scale omitted, 
permitting the user to define the scale based on his own 
requirements. 

Three parameters determine the failure rate quoted by 
the manufacturer: the failure rate at the test temperature, 
the activation energy employed, and the difference 
between the test temperature and the temperature of the 
quoted X. A term often used in this ma'nipulation is the 
"acceleration factor" which is simply the equivalent 
device hours at the lower temperature divided by the 
actual test device hours. 

Wearout 
Every device will eventually fail, but with reasonable 

care in qesign and application the wearout phase can be 
extended well beyond the lifetime required. During wear· 
out, 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 mecha­
nisms: electromigration of circuit metallization and 
electrolytic corrosion in plastic devices. 

Electromigration is the current induced mass transport 
of metallization due to high temperature and current den­
sity. It is strongly affected by the type of metallization as 
well as the grain structure and surface sealing. It is there­
fore important that the designer predict the maximum 
junction temperature of the device, the current on all space 
limited lines and the process characteristics such as thick­
ness variation, grain size, and step coverage. With these 
parameters fixed, a median life goal can be selected and 
the metal width chosen accordingly. Reasonable consider­
ation in the design phase, coupled with careful die in­
spection, can therefore eliminate this phenomena as one 
of practical concern. 

A more pertinent mechanism is the e'lectrolytic corro­
sion of die metallization by moisture and applied voltage. 
Although it can occur in hermetic packages which are not 
properly sealed, hermeticity testing can easily prevent it. 
Adequate control of the plastic process will also provide 
a device which performs well under a wide range of nor­
mal environments. 

Sampling Procedures 
There are primarily three methods of measuring how 

well a lot of product meets the quality and reliability re­
quirements of the customer; 100% testing using a Percent 
Defective Allowable (PDA), sampling based on an Accep­
table Quality Level (AQL), and sampling based on a Lot 
Tolerance Percent Defective (L TPD). Since 100% testing 
is time consuming and expensive, sampling procedures 
are typically employed to assure acceptably low defect 

• 
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levels. 
A PDA is simply a reject percentage above which the 

lot will be rejected. Depending on how the PDA was 
derived, it mayor 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 assumptions of a particular sample 
size (n) and acceptance number (c) and the use of these 
distributions will generate an Operating Characteristic 
(OC) Curve as shown in Figure 5. The AOL is defined at 
the 95% probability of lot acceptance level while the 
LTPD is defined at the 10% level. The AOL point describes 
the Producer's Risk of rejecting a good lot (5%) while the 
L TPD point describes the Consumer's Risk of accepting a 
bad lot (10%) given that the incoming product contains 
the percent defective p. 

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 per· 
formance of the original population. B~th 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 determ ination, 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 reliability is 

that it must be "built in," not "tested in." Every manu· 
facturing 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 

FIGURE 5 - OPERATING CHARACTERISTIC CURVE 
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range and a consistent shape. Through proper design and 
proce~ control this can be accomplished, thereby reducing 
the task of screening programs wlJich 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 
effort is dedicated to a day by day interface with the 
device design and processing groups. Through this mutual 
effort new techniques are evaluated and proven before 
they are committed to production. Special test vehicles 
are generated 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 reliability principles but an 
absolute necessity to provide the rapid product develop· 
ment demanded by the dynamic integrated circuit market· 
place. 

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 ex· 
tensive qualification program wh.ich is performed indepen· 
dently on processes, packages and designs. 

New wafer processes are qualified using prototypes 
of production devices. Each new package is tested using 
methods based on MIL·STD·BB3. Assembly process 
changes are qualified by employing them in the construc· 
tion and testing of well·characterized products. After 
these primary level qualifications, wafer processes are 
generically qualified in new packaging systems to assure 
process· package compatibility. While assembly·oriented 
qualifications center around the thermal·mechanical 
sequences of MIL-STD·8B3, wafer process qualifications 
emphasize dynamic high temperature stress testing. (See 
Figures 6 and 7). 

After testing has proven the performance of the 
process, it is specified and documented to provide a base· 
line for process control. Beyond the detailed process 
control efforts of the process engineering groups, an 
In·Process Ouality Control (lPOC) group exists to assure 
that process control is meeting its objectives. IPOC 
accomplishes this through surveillance of both the wafer 
and assembly areas (see Figure B). There are two major 
inspection points in the wafer processing 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 three major inspection 
points in the Assembly Area are Die High Power, Die 
Bond·Wire Bond and Pre·Cap. 



FIGURE 6 - TYPICAL PACKAGE TESTS PER PACKAGE 
QUALIFICATION PROGRAM PLAN-REPORT 7639-2A 

To .. MIL-STO-883 To .. 
TostMothod Condition 

Operating Life 1005 N/A 

High Temperature Storage N/A 1500 C 

Temperature Cycle 1010 C 

Thermal Shock 1011 C 

Thermal Resistance N/A N/A 

Mechanical Shock 2002 B 

Constant Acceleration 2001 E 

Vibration, Variable Frequency 2007 A 

Wire Pull (Hermetic) 2011 0 

Temperature-Humidity-Bias N/A 850 C/85% 
(Plastic) RH/l0V 

Moisture Resistance 1004 Unbiased 

Salt Atmosphere 1009 A 

Solderability 2003 2600 C 

Lead Fatigue 2004 B2 

Marking Permanency 2015 N/A 

Physical Dimensions 2016 N/A 

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 assembly 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 continued processing_ 

"Monitor" inspections are performed in the assembly 
area on each individual machine and operator. The moni­
tors are designed to control the operation, and provide 
feedback of quality problems to the responsible production 
supervision. Periodic line audits are used to check for: 

1. Documented procedures on each operation 
2. Proper usage of specifications 
3. Up-to-date calibration of equipment 
4_ Proper settings on equipment 
5. Housekeeping 
6_ Safety precautions. 
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In addition to product-oriented surveillance, all incoming 
materials, including wafers, mask, chemicals, piece parts 
and molding compounds, are inspected prior to use. Each 
supplier is qualified through the joint efforts of Incoming 
Quality Control and Reliability Engineering, and continu­
ously rated to assure consistency_ 

Comprehensive training programs are provided for all 
domestic and off-shore personnel, new plant start-ups, 
changes in specifications, or process changes. The primary 
objective is to evaluate the material in process and assure 
that CMOS products meet the levels of rei iability and 
quality which are consistent with the requirements of 
our customers. 

SCREENING 
During the lifetime of the semiconductor industry, a 

wide variety of screening techniques have evolved to 
eliminate the lower tail of the process distribution dis­
cussed previously. These techniques may be categorized 
in two ways, as illustrated by the two axes of the matrix 
in Figure 9. The performing agency varies, depending on 
the type and purpose of the test. Most screens utilized by 
the industry today are based on MIL-STD-883 and are 
employed by Motorola in the various categories of Figure 9. 

Several 100% visual screens are performed during 
assembly using both stereozoom and metallurgical micro­
scopes_ Subsequent sampling is performed by In-Process 
Quality Control as described above. The assembly me­
chanical tests for hermetic product consist of: 

1. Gross leak sampling 
2_ Temperature cycling 
3. Krypton-85 fine testing_ 

At the end of the assembly process, production final 
test screens the product with a comprehensive series of 
DC, functional, and speed-oriented electrical tests. These 
tests are normally more stringent than data sheet require­
ments and are sampled by Outgoing Quality Control per 
the flow chart of Figure 10. 

• 



• 

FIGURE 7 - RELIABILITY EVALUATION TEST FLOW 
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FIGURE 8 - HERMETIC PACKAGE QUALITY CONTROL FLOW CHART 
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FIGURE 9 - TESTING CATEGORIES 
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FIGURE~MOS OUTGOING QUALITY CONTROL FINAL TEST FLOW 
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Outgoing QC performs electrical inspections as out­
lined below_ These consist of OC and functional tests and 
are performed to an L TPO of 5 with a 0 accept number. 
Visual inspections are also performed using the same 
L TPO and in both cases the lots are returned for 100% 
rescreen if failed_ The production final test philosophy is 
described and compared to the Outgoing Quality Control 
tests in Figure 11_ In addition to the techniques described 
here, a Quality Assurance organization exists to approve 
final test programs and conduct periodic monitors of all 
products for a wide variety of environmental life and 
electrical tests_ 

Various methods are touted for reducing the infant 
mortality of CMOS including, temperature cycle, thermal 
shock, high temperature testing, stabilization bake and 
burn-in_ Temperature cycle is a standard part of the 
ceramic assembly process where it is useful for detecting 
hermeticity problems, but as a screen, it is usually directed 
toward wire bond failures in plastic. The data included' 
in the System Implementation section adequately demon­
strates that several hundred cycles at extreme temper­
ature ranges are required to produce failures in Motorola 
plastic CMOS and that thermal shock is even less effective. 
There is obviously no benefit in thermal cycling for 
eliminating infant mortality in Motorola Plastic CMOS, 

and the high temperature continuity data support the 
same conclusion. Stabilization bake was introduced 
for un passivated discrete products and did have a signi­
ficant effect. With properly passivated integrated circuits 
and Motorola product in particular, the effect of a bake 
is insignificant since no bias is present to drive mobile 
ions or stress junction defects. Cost adders for bakes 
are particularly misleading since the sealing temperature 
of ceramic packges performs this function and a cure 
cycle is always part of the plastic process. 

Constant acceleration is occasionally required for her­
metic product testing. The intent of this centrifuge test 
is to exert a force on the wire bonds which would detect 
latent failures. Calculations have shown that even at 
30,000 Gis, a higher than normal military requirement, 
the force on a wire is in the order of 100 mg. This is insig­
nificant compared to a wire pull average of at least 7000 
mg. Since each wire bonder is sampled continuously to 
provide constant control, centrifuge becomes a needless 
screen. Occasionally die bonds can fail in a centrifuge 
test, but Motorola controls this factor by employing 
stringent wetting criteria in a 100% visual screen enforced 
by In-Process bC. 

Burn-in remains the only screening technique which is 
effective in eliminating infant mortality. To characterize 

FIGURE 11 - MOTOROLA CMOS FINAL TEST OF STANDARD PRODUCT 

TESTS PERFORMEO ON 100% OF PRODUCT 

1. Functional, VOO = 3 Volts 
VOO = 18 Volts 

2_ Leakage Current (1001. VOO = 5 Volts 
VOO = 15 Volts 

3_ Output Voltage (VOHIVOU, VOO = 15 Volts 

4_ Output Current (IOH/IOU, VOO = 5 Volts 
VOO = 10 Volts 

5. Input Voltage (V,LIV,H), VOO = 5 Volts 
(Noise Immunity) 

Voo = 15 Volts 

6_ Input Current (linl. VOO= 15 Volts 

7_ Output Saturation Current2 (lsatl. VOO = 5 Volts 
(Unbuffered Gates Only) 

NOTES 1. Oata Sheet Limits (No Guardband) 
2. Guarantees tTLH, tTHL, tPLH, tPHL, VOO = 5 Volts 
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TESTS PERFORMED ON O.C. SAMPLE GATES1 

1. Functional, VOO = 3 Volts 
VOO = 18 Volts 

2. Leakage Current (100), VOO = 5 Volts 
VOO = 10 Volts 
VOO = 15 Volts 

3. Output Voltage (VOHIVOU, VOO = 5 Volts 
VOO = 10 Volts 
VOO = 15 Volts 

4. Output Current (lOH/IOL), VOO = 5 Volts 
VOO = 10 Volts 
VOO = 15 Volts 

5. Input Voltage (V,LIV,H), VOO = 5 Volts 
(Noise Immunity) 

Voo = 10 Volts 
VOO = 15 Volts 

6. Input Current (Iinl. VOO = 15 Volts 
II 
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its effect, a large group of devices consisting of seven lots 
of three device types were burned in for 24-hour incre­
ments_ Of 873 devices tested, only nine failed over a 1000-
hour test at 1250 C and 15 volts_ These failures all occurred 
within the first 216 hours as indicated in the upper 
curve of Figure 12_ The lower scale indicates the burn-in 
time at 1250 C while the upper scale gives the equivalent 
system time at 500 C_ The lower curve plots the resultant 
failure rate after the period of burn-in on the lower scale_ 
A 48-hour burn-in has a dramatic effect and 168 hours 
eliminates nearly all the failures. For this reason 48, 96, and 
168.f1our burn-ins are offered as standard screens and the 
only technique considered effective for Motorola CMOS. 

SYSTEM IMPLEMENTATION 
Assessing System Requirements 

The reliability needs of each system and application 
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 numbers of components require greater com­
ponent reliability. Infant mortality should be estimated 
and used to calculate service costs. This data should be 
balanced against the cost of a 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 components. 
Long-term failure rates cannot be effectively improved by 
short burn-ins unless they include infant mortality failures. 
(Infant failures are included in Motorola data.) Infant 
mortality can be effectively screened by short-term 
accelerated stress testing such as a 48-hour high tempera­
ture 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 distin­
guish between infant mortality, long-term reliability and 
wear-out. It is imperative that failure patterns be suffi­
ciently investigated and recorded to accomplish this. 
Buying a Hi Rei device will not solve a problem caused 
by poor handling or an unforeseen overstress in the 
application. 

The system environment should be given careful con­
sideration when choosing between plastic and hermetic 
packages_ Sustained high temperature and humidity will 
accelerate the corrosion wearout mechanism in plastic_ 
Office environments, however, will rarely produce a de­
tectable difference in plastic and hermetic packages. Since 
the die and wire bonding systems are totally encapsulated 
in plastic, these packages can often outperform hermetics 

FIGURE 12 - CUMULATIVE PERCENT FAILURE AND 
RESULTANT FAILURE RATE VS_ BURN-IN 
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for mechanical shock and vibration resistance. The po· 
tential 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 customer. For va~ious rea· 
sons, a small percentage of product is defective as received. 
This may be due to handling, correlation, shipping damage 
or a host of minor difficulties. The percentage of these de· 
fects 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 parameters 
should be verified before any conclusions of vendor 
superiority are drawn. 

1. Confidence lim it 
2. Reject criteria (degradation, data sheet, functional, 

catastrophic, specific mechanisms) 
3. Temperature of test 
4. Activation energy 
5. Chi Square distortion of failure rate due to a low 

number of device hours and failures 
6. Biasing configuration 
7. Test monitoring (system failures can produce im­

pressive results due to less stringent stress being 
applied to the device). 

Only if all these factors are considered can a truly 
objective comparison be made. 

MOTOROLA DATA FOR PLASTIC PACKAGE DEVICES 
The f,?lIowing data presents all the significant perfor· 

mance characteristics of CP-suffixed plastic·packaged 
devices. Of particular interest in the verification of a 
O.04%/l000·hour failure rate; an impressive reduction 
from the O.12%/1000·hour value reported previously. 
Other parameters continue at levels similar to those 
previously published. 

PROCESS FLOW 

INVENTORY 

BAKE 

SAW 

POST MOLD 
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WAREHOUSE 
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PACKAGE DESCRIPTION 

Die ...... Glassivated 
Lead Frame ...... Alloy 42 

Die Bond ...... Eutectic 
Wire ...... Gold 

Wire Bond ...... Thermocompression 
Molding Compound ...... Epoxy Novalac 

Mold Method ...... Transfer 
Lead Finish ...... Tin Plate or Solder Dip 

Life Test Data 
Extensive life testing has generated a large and impressive 

data base which totally replaces that of earlier reports. All 
testing was performed at a temperature of 1250 C with a 
15 volt bias. Failures were verified and are included whether 
they are catastrophic or merely slight parametric drifts. 

Moisture-Relatad Performance 
One of the primary considerations in choosing a plastic 

package is its susceptibility to moisture ingression and 
corrosion. Since no plastic material forms an impervious 
barrier to moisture and its adhesion to the leadframe 
material is not perfect, moisture can enter the package by 
diffusing through the bulk material or wicking along the 
interface between the plastic and the metal leadframe. 
When moisture reaches the surface of the die, the applied 
potential forms an electrolytic cell which corrodes the 
aluminum, affecting DC parameters through its conduction 
and eventually causing catastrophic failure by opening the 
metal. The presence of contaminants greatly accelerates the 
reaction as does excessive phosphorous in the glassivation. 
Thus, careful controls are maintained 'on phosphorous 
concentration, cleaning techniques and molding processes. 

Three popular techniques exist for determining the per· 
formance of components in the presence of moisture; 

Pressure Temperature Humidity (Autoclave). Pressure 
Temperature Humidity Bias (PTHB) and Temperature 
Humidity Bias (THB). Each test is used to achieve different 
objectives based on their sensitivity, length and difficulty. 
Autoclave is the quickest and simplest but the least effec· 
tive since no bias is applied. It will detect only the most 
extreme contamination problems and provide little basis 
for distinguishing between groups of material since the 
lack of bias creates a condition which is atypical of actual 
use. PTHB is an excellent indicator of performance which 
distinguishes well and is quick, but which is difficult to 
perform. The presence of bias under these extreme con· 
ditions causes rapid corrosion of all metal surfaces includ· 
ing the device leads, sockets and PC board traces. The 
board often warps and this, in conjunction with corrosion, 
leads to open circuits during the test which produce either 
a relatively benign Autoclave condition or an electrical 
overstress. THB is the most reliable test method, but it 
requires much more time to develop failures. Board and 
socket problems are much less severe. Unlike PTHB, THB 
boards can be reused. In each of these tests, it is imperative 
that the chambers be kept clean and water purity be 

controlled. 
Listed below is data generated from each of the three 

methods which is representative of current CMOS 
production. 

AUTOCLAVE 
Conditions - 15 psig, 1210 C, 100% RH, 24 hrs. 

Percent Failure 
o 

PRESSURE TEMPERATURE HUMIDITY BIAS 
Conditions - 15 psig, 121oC, 100% RH, 10 V, 12 hrs. 

Percent Failure 
1.46 

FIGURE 13 - FAILURE RATE versus TEMPERATURE 
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Number of Wafer lots .............•....•.. 79 
Number of Devices ......•........••••.•. 6724 
Failures ..••.............••....•.•.•.. 68 
Equivalent Device Hours@850 C ....••.... 1.77 x 108 
VDD ...•..•..............•••....•• 15V 
Activation Limit ..................... . 1.0 eV 
Confidence limit .....•........•.••...•• 60% 



Temperature Humidity Bias 
Data of this type is often useful in comparing vendors 

if ali the conditions are identical. Unfortunately, very 
little work has been done to generate acceleration factors 
for these tests, and even smail differences in parameters 
may produce dramatic changes in the results. The best 
effort to date was a study ofvariousTHB conditions which 
resulted in an empirical model for THB life versus vapor 
pressure. The model takes the form and is plotted in Figure 
15. A vapor pressure chart is also provided in Figure 16 
to simplify the estimation of median life. 

It must be emphasized that this is 'an estimation since 

the plot extrapolates to values beyond the age of CMOS 
technology and beyond the test conditions normally used 
by Motorola. Wide negative variations from this plot can 
be expected if devices are exposed to contaminants or 
positive variation can be achieved through the proper 
use of conformal coatings or potting compounds. 

Thermal Cycling Performance 
The plastic package, unlike the ceramic package, has 

no cavity so the wires are in contact with the encapsulant. 
The difference in the thermal coefficient of expansion be· 
tween the wires, encapsulant and leadframe, therefore, 

FIGURE 14 - CUMUI.ATIVE PERCENT FAILURES versus 
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cause stress to develop as the devic~ is cycled over a range 
of temperature. Since most leadframes are Alloy 42, 
differences in the ability to withstand this stress are 
dependent on the wirebonding and molding processes. 
The degree to which these processes are engineered and 
controlled determines the thermal cycling performance 
of the device. One particular occurrence which has improved . 
this performance is the increasing shift to automatic 
wirebonding. This technique provides an extremely con· 
sistent bond which has been unattainable with manual 
systems and dramatically reduces lot to lot variations in 
the testing described below. Three tests characterize 
thermal cycling performance; High Temperature Con· 
tinuity, Thermal Shock and Temperature Cycle. High 
Temperature Continuity is employed as a routine pro· 
duction monitor as well as a readout test for Thermal 
Shock and Temperature Cycle. A complete electrical test 
is also done at each readout of the shock and cycling 
sequences so the data provided includes parametric and 
functional failures in addition to opens and intermittents. 
The following data displays the performance of current 
plastic integrated circuits under each of these conditions: 

HIGH TEMPERATURE CONTINUITY 
Conditions - 125OC, Forward Bias Current 

No prescreening or stressing 

Lots Units Rejects 
406 26,897 

THERMAL ~HOCK 
Conditions - MIL·STD·883A 

Method 1011.1, Condition C 
-650 C to +150oC 

Lots Units 
12 688 

o 

Cycles Cumulative % Failures 
150 
300 
450 
600 

TEMPERATURE CYCLE 
Conditions - MIL-STD-883A 

0.45 
0.45 
0.45 
0.75 

Method 1010.1, Condition C 
-650 C to +150oC 

Lots Units 
34 ' 1883 

Cycles Cumulative % Failures 
100 0 
150 0.29 
300 0.61 
500 1.10 
750 1.84 

1000 2.72 
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The unstressed High Temperature Continuity data is 
excellent, reflecting the engineering behind Motorola's 
plast,ic packaging system. The Thermal Shock data is also 
good and exhibits a more shallow slope than the Tem­
perature Cycle data. This is consistent with previous data 
and demonstrates an apparent effect of the longer dwell 
time used for cycling. Although more time-consuming, 
temperature cycle puts a greater stress on the device than 
thermal shock. The most significant attribute of the data 
is that hundreds of cycles are required to produce failures 
even at the extreme conditions employed here. The use of 
temperature cycle as a screen is therefore not cost-effective 
since no significant early failures are detected. 

CERAMIC PACKAGE DEVICES 
This section describes the package, processing and life 

test performance of all ceramic packaged CMOS devices. 
These families bear a CL or AL suffix designating the 
commercial (-400C to 850C) or military (- 550C to 1250C) 
temperature range. The AL device also receives a more 
stringent internal visual inspection, ten temperature cycles 
instead of five and tighter electrical testing. 

PACKAGE DESCRIPTION 

CERDIP - Frit Seal Ceramic Dual Inline Package 

Die ........ G lassivated 
Leadframe ........ Alloy 42 

Die Bond ........ Eutectic 
Wire ........ Aluminum 

Wire Bond ........ Ultrasonic 
Package Body ........ Alumina 

Lead Finish ........ Tin Plate 

Side Braze - Laminated Ceramic Package 

Die ........ Glassivated 
Die Bond ........ Eutectic 

Wire ........ Aluminum 
Wire Bond ........ Ultrasonic 

Seal ........ Solder with gold 
plated Kovar lid or 
Glass frit with 
alumina lid 

Package Body ........ Glass laminated alumina 
Metallization ........ Gold plated tungsten 

Leads ........ Gold or tin plated Kovar 



PROCESS FLOW 
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INSPECTION LOAD 
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LIFE TEST DATA 
Life testing of CL devices is performed at 1250 C and 

15 volts while the AL series is stressed at 2000 C and 15 
volts_ The resultant CL data is similar to the CP data, as 
can be expected since the plastic process has no significant 
effect on the die and the electrical test screens for both 
products are identical. Although the larger plastic data 
base results in a better failure rate, the choice between 
these families should be made on the basis of environ­
mental constraints on the package rather than a significant 
difference in life test performance_ The AL series does 
provide an increased temperature range and tighter elec­
trical limits and is more suitable where higher reliability is 
required_ This performance is limited mainly by the size of 
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OUTGOING OUTGOING 
QUALITY CONTROL QUALITY CONTROL 

SAMPLE SAMPLE 
ELECTRICAL TEST VISUAL/MECHANICAL 

GATE 

the data base and would appear significantly better than 
the CP and CL families if'a similar sample size were used_ 

Life Test Techniques 
Motorola uses a standard life test and burn-in temper­

ature of 1250 C with the exception of AL life testing which 
may be performed at 2000 C. Fifteen volts is applied to 
VOO in all cases and is significant due to the inability of 
many competitors to perform successfully at 1250 C in 
excess of 10 volts. Various independent studies have 
indicated that the voltage acceleration factor for comparing 
15 volt data to 10 volt data ranges from 2 to 10_ 

Biasing patterns can also determine the amount of stress 

• 
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FIGURE 17 - COMMERCIAL TEMPERATURE RANGE 
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FIGURE 18 - MILITARY TEMPERATURE RANGE 
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TEST DATA 

Commercial Military 
MC14XXXCL MC14XXXAL 

Temp. Range -40 to +850 C -55 to +1250 C 
Number of 10 70 
Wafer Lots 
Number of 1175 697 
Devices 
Equivalent 3.01 xl07@850 C 3.40xl06 @1250 C 
Device Hours 
Number of 15 Failures 
VDD 15V 
Activation 1.0eV Energy 
Confidence 60% 
Limit 

on the circuit. Since the electric field created by the cir­
cuit biasing determines the level of stress, a worst case 
condition is achieved by maximizing the number of 
internal components to which a potential difference is 
applied. In most.SSI and MSI devices, this can be achieved 
through the careful choice of a static pattern while more 
complex circuits require dynamic biasing to access internal 
nodes. Static bias provides a greater stress on an individual 
transistor while dynamic bias maximizes the number of 
devices biased at a lower duty cycle. 

System failures in the field may occur upon catastrophic 
device failure or merely with parametric degradation if the 
circuit is more sensitive. It is, therefore, important that 
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15V 

1.0eV 

60% 

electrical readouts test parametrics as well as functionality 
in the same manner as the production final test program. 

Proper evaluation of rejects and feedback to processing 
can occur only through intensive failure analysis. To 
support the processing areas, product groups and R & QA, 

a Product Analysis Laboratory exists. "State·of-the-art" 
analytical tools are at its disposal including wet chemical 
techniques, Auger, electron microprobe and scanning 
electron microscopy with stroboscopic voltage contrast. 
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 19. 



FIGURE 19 - FAILURE CAUSE 

CATEGORY Gate Oxide Rupture 
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Processing and Handling 
No matter how good the reliability data, screening 

procedures, or incoming inspection, devices are still 
subject to degradation or destruction by processing and 
handling. All CMOS vendors use input protection devices 
and most perform well, but there is no device which totally 
protects the circuit against all conditions. Although many 
claims concerning protection circuits are made, overall 
performance does not vary widely between vendors. The 
major difference appears to occur when only functional 
failures are counted rather than functional and parametric 
changes. 

Most users are familiar with good static prevention pro· 
cedures, but there are few, if any, who could not have 
prevented a small percentage of in·process and latent 
failures by a careful review of their assembly lines. Every 
point at which a CMOS 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 through a nominal one megohm 
resistor. Test equipment should be checked to assure 
grounded sockets during insertion and the absence of volt· 
age spikes. Printed circuit board handling should be con· 
sistent with device harnlling, using conductive bags or edge 
connectors. Conformal coating processes (which can extend 
the application range of plastic) or cleaning procedures 
should not be overlooked as possible sources of difficulty. 

Whenever possible, circuits should include series resis­
tance and shunt capacitance to reduce production and 
maintenence susceptibility. 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 considering the 
high cost of repair, a review is always worthwhile. 

A second type of precaution involves the CERDIP 
package. Since this device employs a glasS seal, a high 
stress on the leads can cause hermetic Tty failure which will 
eventually result in aluminum corrosion on the die. To 

5 
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avoid this, the lead.s should never be flexed above the 
seating plane. All insertion tools or automated equipment 
should contact the lead at its narrowest dimension, allowing 
it to bend without affecting the wide portion above the 
seating plane. 

Improper board cleaning procedures can often degrade 
plastic product performance. High purity fluorocarbon 
systems are preferred to water based systems which can 
more easily introduce contaminants if not properly con· 
trolled. Cooling the device during the clean, pressurized 
systems and wetting agents can also enhance the entrance 
of moisture and contaminants into the package along the 
lead'plastic interface. Even if contaminants are not 
present, a thorough bake should be performed to pre· 
vent premature introduction of an electrolyte. 

CONCLUSION 
This discussion has attempted to educate the user with 

the pertinent concepts of reliability, quality control, 
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 perpet· 
uated through the efforts of CMOS Reliability and Quality 
Assurance. Customer assistance is always available through 
sales offices, marketing or R & QA personnel directly. 

FIGURE 20 - CERDIP INSERTION PRECAUTIONS 
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THERMAL RESISTANCE 8JA 

The junction-to-ambient thermal resistance values of 
dual in-line packaging systems used in Motorola CMOS 
integrated circuits are graphically illustrated in Figure l_ 
Each envelope represents the typical range of values 
for plastic, frit-seal or ceramic sidebraze package types 
as a function of size_ The values were obtained while 
operating in a "still-air" environment and inserted into 
low-cost sockets mounted on printed circuit cards_ 

Thermal resistance is influenced by a number of fac­
tors including die size, cavity size and die bonding_ In 

order to present a comprehensive characterization of these 
variables, a range of values is provided rather than a single 
point_ 

Since most CMOS devices dissipate insignificant 
power, it is not likely that thermal resistance will be a 
critical design factor. In those situations where high dc 
currents or high-speed operation is required, the junction 
temperatures should be estimated through the use of this 
data and by knowing the a\:tual power being dissipated by 
the device_ 

FIGURE 1 - THERMAL RESISTANCE OF DIP PACKAGES 
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MECHANICAL DATA 

The packaging availiability for each device is indicated on the individual data sheets. Dimensions 
for the packages are given in this section. 

6-PIN PACKAGES 

L SUFFIX 
CERAMIC PACKAGE 

CASE 688 

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.B9 1.52 

INCHES 
MIN MAX 

0.235 0.280 
0.170 0.225 
0.046 1l.075 
0.010 I 0.020 
0.003 0.006 

0.050 BSC 
0.005 0.035 
0.075 0.120 
0.035 0.060 

CASE 688.05 

PSUFFIX 
PLASTIC PACKAGE 

CASE 704 

MILLIMETERS 
DIM MIN MAX 
A 5.69 6.35 
B 4.06 5.0B 
C 1.17 1.90 
D 0.38 0.51 
F 0.20 0.30 
G 1.22 1.32 
H 0.13 0.89 
K 2.34 2.84 
N 0.89 1.14 

INCHES 
MIN MAX 
0.224 0.250 
0.160 0.200 
0.046 0.075 
0.015 0.020 
0.008 0.012 
0.048 0.052 
0.005 0.035 
0.092 0.112 
0.035 0.045 

CASE 704-02 
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NOTES: 
1. LEAOS, TRUE POSITIONEO 

WITHIN 0.13 mm (0.005) RADIUS 
TO DIM "A" & "S" AT MAXIMUM 
MATERIAL CONOITION. 



MECHANICAL DATA (Continued) 

g. 8~ 
B P 

1 7~ 

-Ii-oJ F 

J~ H G 0 PLANE 

14-PIN PACKAGES 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 19.05 19.94 0.150 0.185 
a 6.10 1.49 0.240 0.295 
C - 5.08 - 0.200 
D 0.38 0.58 0.015 0.023 
F 1.40 1.11 0.055 0.010 
G 2.54 asc 0.100 BSC 
H 1.91 2.29 0.015 0.090 
J 0.20 0.38 0.008 0.015 
K 3.18 5.08 0.125 0.200 
L 1.62 asc 0.300 asc 
M - 150 - 150 

N 0.51 1.02 0.020 0.040 

CASE 632-06 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

MILLIMETERS 
DIM MIN MAX 
A 18.03 19.56 
B 6.10 6.60 
C 5.08 
D 0.38 0.53 
F 1.02 1.18 
G 2.54 BSC 
H 1.32 2.41 
J 0.20 0.38 
K 2.92 
L 1.62 asc 
M 00 150 

N 0.51 
R 8.26 

9-5 

NOTES: 
1. ALL RULES AND NOTES ASSOCIATED 

WITH MO-OOI AA OUTLINE SHALL APPLY. 
2. DIMENSION "L"TO CENTER OF LEADS 

WHEN FORMED PARALLEL. 
3. DIMENSION "A" AND "B" (632-06) DO 

NOT INCLUDE GLASS RUN·OUT. 
4. LEADS WITHIN 0.25 mm (0.010) DIA 

OF TRUE POSITION AT SEATING PLANE 
AND MAXIMUM MATERIAL CONDITION. 

NOTES: 
INCHES 1. LEADS WITHIN 0.13 mm 

(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

MIN MAX 
0.110 0.110 
0.240 0.260 

0.200 
0.015 0.021 
0.040 0.010 

0.100 BSe 
0.052 0.095 
O.OOB 0.015 
0.lT5 

0.300 BSC 
00 150 

0.020 
0.325 

2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL. 

3. DIMENSION "B" DOES NOT 
INCLUDE MOLO FLASH. 

4. OIMENSION "R" TO BE 
MEASURED ATTHE TOP OF 
THE LEADS (NOT AT THE 
TIPS). 

CASE 646-04 

• 
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MECHANICAL DATA (Continued) 

----------16-PIN PACKAGES ----------

1. lEADS WITHIN 0.13 mm (0.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONOmON. 

2. PACKAGE INDEX: NOTCH IN lEAD 
NOTCH IN CERAMIC OR INK DOT. 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

MilliMETERS 
1M MIN MAX 
A 19.05 19.94 
B 6.10 7.49 
C 5.08 
D 0.38 0.53 0.015 
F 1.40 1.78 
G 2.54 BSC 
H 0.51 1.14 

3. DIM "l"TO CENTER OFlEAOS 
WHEN FORMED PARAllEL 

4. DIM "A" AND "8" (620.06) 
DO NOT INCLUDE GLASS 
RUN·OUT. 

LSUFFIX 
CERAMIC PACKAGE 

CASE 690 

, 
~ 
I' 

" 
+lr--L---j 

J II ,I 
II 

I ~V 
--l M 

J 0.20 
K 3.18 
l 7.62 
M 
N .51 

CASE 621Hl6 

r---r-M""I""'LL---IM'"'E=-T"'E"-RS"--IN-C-H-ES--' ,1. lEADS WITHIN 0.13 mm (0.005) RADIUS 
DIM MIN MAX MIN MAX OF TRUE POSITION, AT SEATING PLANE 
A 20.07 20.57 0.790 0.810 AND MAXIMUM MATERIAL CONDITION. 
8 7.11 7.62 0.280 0.300 
C 2.67 3.94 0.105 0.155 
D 0.38 0.53 0.D15 0.021 
F 0.76 1.40 0.030 0.055 
G 2.54 BSC 0 BSC 
H 0.76 1.78 0.070 
J 0.20 0.30 0.012 
K 3.18 5.0B 0.200 
L 7.62 BSC BSC 
M 10. 10. 
N 0.38 1.40 0.015 0.055 

CASE 690·12 

9-6 



MECHANICAL DATA (Continued) 

--------16-PIN PACKAGES (Continued) --------

DIM 
A 
8 
C 
0 
F 
G 
H 
J 
K 
L 
M 
N 
R 

~~~---

MILLIMETERS 
MIN MAX 

22.10 
6.10 6.60 

5.08 
0.38 0.53 

1.78 
2.54 SSC 

0.38 2.41 
0.2IT 0.38 
~2:9r -

7.62 SSC 
0° 15° 

0.51 -
8.26 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

INCHES 
MIN MAX 

0.870 
0.240 0.260 

0.200 
0.015 0.021 

0.070 
0.100 SSC 

0.015 0.095 
0.008 0.015 
.115 
0.300 SSC 
0° 150 

0.020 
0.326 

NOTES: 
1. LEADSWITHINO.13mm 

(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL. 

3. DIMENSION "S" DOES NOT 
INCLUDE MOLD FLASH. 

4. "F" DIMENSION IS FOR FULL 
LEADS. "HALF" LEADS ARE 
DPTIDNAL AT LEAD POSITIONS 
1,8,9, and 16). 

CASE 648-04 

5. DIMENSION "R" TD SE 
MEASURED AT THE TOP OF THE 
LEADS (NOT AT THE TIPS). 

9-7 



II 

MECHANICAL DATA (Continued) 

----------18-PIN PACKAGES ----------

~A 

LSUFFIX 
CERAMIC PACKAGE 

CASE 680 

NOTES: 

NOTES: 
1. POSITIONAL TOLERANCE OF LEADS (D), 

SHALL BE WITHIN 0.25mm(0.010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE 
MOLD FLASH. 

1. LEAOS WITHIN 0.13 mm (0.005) RAO OF 
TRUE POSITION AT SEATING PLANE AT 
MAXIMUM MATERIAL CONOITION. 

2. OIMENSION "L" TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

PSUFFIX 
PLASTIC PACKAGE 

CASE 707 

9-8 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 22.48 23.24 0.885 0.915 
B 7.16 7.57 0.282 0.298 
C 3.18 4.27 0.125 0.168 
D 0.38 0.58 0.015 0.023 
F 0.76 1.40 0.030 0.055 
G 2.54 BSC 0.100 BSC 
H 1.02 1.52 0.040 0.060 
J 0.20 0.30 0.008 0.012 
K 2.68 4.44 0.105 0.175 
L 7.37 7.87 0.290 0.310 
M - 1()D 1()D 
N 0.38 1.40 0.015 0.055 

CASE 680·06 

MILLIMETERS 
DIM MIN MAX 
A 22.22 23.24 
B 6.10 6.60 
C 3.94 4.57 
D 0.36 0.56 
F 1.27 1.78 
G 2.54 BSC 
H 1.02 1.52 
J 0.20 0.30 
K 2.92 3.43 

7.62 B 
M ()D 150 
N 0.51 1.02 

CASE 707·02 



MECHANICAL DATA (Continued) 

--------- 22-PIN PACKAGES 

22 12 

III \ 11 

\ I. NOTE 3 

A 

LSUFFIX 
CERAMIC PACKAGE 

CASE 677 

1 
B 

t 

NOTES: 
I. LEAOS WITHIN 

0.13 mm (0.005) 
RADIUS OF TRUE 
POSITION AT 
MAXIMUM 
MATERIAL 
CONDITION. 

2. DIMENSIO!f"L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL. 

3. EXPOSED CONTACT 
TO LEAD I, 
OPTIONAL. 

LSUFFIX 
CERAMIC PACKAGE 

CASE 736 

I A I~ fr=L=J 

~F\ J~'n.: J. ,J-
PLANE 

NOTES: 
1. LEADS TRUE POSITIONED 

WITHIN 0.25 mm (0.010) DIA AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION (DIM "0"). 

2. DIM "L" TO CENTER OF LEADS 
WHEN FDRMED PARALLEl. 

9-9 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 27.15 27.71 1.069 1.091 
B 9.65 10.06 0.380 0.396 
C 2.79 3.56 0.110 0.140 
0 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 0.51 1.52 0.020 0.060 
J 0.20 0.30 0.008 0.012 
K 3.18 4.45 0.125 0.175 
L 9.91 10.41 0.390 0.410 
M - 100 100 
N 0.64 1.27 0.025 0.050 

CASE &77-05 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 26.80 27.81 1.055 1.095 
8 9.14 9.91 0.360 0.390 
C 3.81 5.46 0.150 0.215 
D 0.38 0.53 0.015 0.021 
f 1.27 1.65 0.050 10.065 
G 2.54 BSC o.l00BSC 
H 0.51 1.27 0.020 0.050 

. 0 .0 o. 
K 2.54 4.32 0.100 0.170 
L 9.91 10.41 0.390 0.410 • M - 1&0 - 15 
N 0.25 0.89 0.010 0.035 

CASE 736-01 



• 

MECHANICAL DATA (Continued) 

22-PIN PACKAGES (Continued) --------

A 

PSUFFIX 
PLASTIC PACKAGE 

CASE 708 

-H-o 
MILLIMETERS 

NOTES: 
1. POSITIONAL TOLERANCE OF LEADS (D), 

SHALL BE WITHIN 0.25mm(0.010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. OIMENSION B OOES NOT INCLUDE 
MOLO FLASH. 

INCHES 
DIM MIN MAX MIN MAX 
A 27.56 28.32 1.085 1.115 
8 8.64 9.14 0.340 0.360 
C 3.94 4.39 0.155 0.173 
D 0.36 0.56 0.014 0.022 
F 1.21 1.18 0.050 0.010 
G 2.548SC 0.100 BSC 
H 1.02 1.52 0.040 0.060 
J 0.20 0.38 0.008 0.015 
K 2.92 3.43 ·0.115 0.135 
L 10.168SC 0.400 BSC 
M ()D 150 00 150 

N 0.51 1.02 0.020 0.040 

CASE 708-03 
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MECHANICAL DATA (Continued) 

----------24-PIN PACKAG'ES ----------

LSUFFIX 
CERAMIC PACKAGE 

CASE 623 

[::::::::::IJ 
I A I 

F rl~ (SEATING PLANE 

~r~,---l 
JG I- _Jl __ D N J ~ M J-I\-

NOTES: 
1. DIM "L"TO CENTER OF 

LEADS WHEN FORMED 
PARALLEL. 

2. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITIDN. 
(WHEN FORMED PARALLEL) 

L SUFFIX 
CERAMIC PACKAGE 

CASE 684 

~~ --I f-=-H SEATING PLANE Jb.- l-==i
n 

NOTES: 
1. LEADS WITHIN 0.13 mm 

(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE WITH MAXIMUM 
MATERIAL CONDITION. 

2. LEAD NO.1 CUT FOR 
IDENTIFICATION, OR 
BUMPON TOP. 

3. DIM "L" TO INSIDE 
OF LEADS. (MEASURED 
0.51 mm (0.020) BELOW 
PKG BASE) 

9-11 

DIM 

A 
8 
C 
D 
F 
G 
H 
J 
K 
L 
M 
N 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 31.24 32.26 1.230 
B 12.70 13.72 0.500 
C 4.06 5.59 0.160 
D 0.41 0.51 O. 
F 1.27 1.52 
G 2.54 BSC 
J 0.20 0.30 
K 2. 9 4.06 
L 15.24 BSC 
M 00 150 
N 0.51 1.27 

CASE 623-03 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

29.34 30.86 1.155 1.215 
12.70 14.22 0.500 0.560 
3.05 3.94 0.120 0.155 
0.38 0.51 0.015 0.020 
0.89 1.40 0.035 0.055 

2.548SC 0.100 BSC 
0.89 1.40 0.035 0.055 
0.20 0.30 0.008 0.012 
2.92 3.68 0.115 0.145 

14.86 15.87 0.585 0.625 
- 150 - 150 
0.51 1.14 0.020 0.045 

CASE 684·04 



• 

MECHANICAL DATA (Continued) 

-------- 24-PIN PACKAGES (Continued) --------

NOTES: 

LSUFFIX 
CERAMIC PACKAGE 

CASE 716 

NOTE: 
1. LEAOS TRUE POSITIONEO WITHIN 

0.25mm (0.010) OIA (AT SEATING 
PLANE) AT MAXIMUM MATERIAL 
CONDITION. 

2. DIM "L" TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

PSUFFIX 
PLASTIC PACKAGE 

CASE 709 

1. POSITIONAL TOLERANCE OF LEADS (0), 
SHALL BE WITHIN 0.25 mm (0.010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE ANO 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMEO PARALLEL. 

3. OIMENSION B DOES NOT INCLUDE 
MOLD FLASH. 

9-12 

MI L LlMETE RS INCHES 
DIM MIN MAX MIN MAX 
A 27.64 30.78 1.088 1.212 
B 14.94 15.34 0.588 0.604 
C 3.05 4.19 0120 n.1R5 

~ t! 
0.53 0.015 0.021 

+ 1.40 0.030 0.n55 

r+.- esc n 1 I R~r. 

H 1.78 0.030 0.070 
J 0.20 0.30 0.008 0.n12 
K 2.54 4.19 0.100 0.165 
L 14.99 15.49 0.590 0.610 
M 100 100 

N 1.02 1.52 0.040 0.060 

716·04 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 31.37 32.13 1.235 1.265 
8 13.72 14.22 0.540 0.560 
C 3.94 5.08 0.155 0.200 
D 0.36 0.56 0.014 0.022 
F 1.02 1.52 0.040 0.060 
G 2.54 8se 0.100 asc 
H 1.18 2.03 0.070 0.080 
J 0.20 0.38 0.008 0.015 
K 2.92 3.43 0.115 0.135 
L 15.24 ase 0.600 asc 
M 00 150 00 150 

N 0.51 1.02 0.020 0.040 

CASE 709'()2 



MECHANICAL DATA (Continued) 

---------- 28-PIN PACKAGES ----------

L SUFFIX 
CERAMIC PACKAGE 

CASE 719 

- - --- A----

NOTES: 
1. LEA OS. TRUE POSITIONED WITHIN 

0.25 mm (0.010) DIAMETER (AT 
SEATING PLANE) AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO CENTER OF 
LEADS WHEN FORMED PARALLEl. 

P SUFFIX 
PLASTIC PACKAGE 

CASE 710 

NOTES: 

1. POSITIONAL TOLERANCE OF LEADS (D), 
SHALL BE WITHIN 0.25mm(0.010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE 
MOLD FLASH. 

9-13 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 35.20 35.92 1.386 1.414 
B 14.94 15.34 0.588 0.604 
C 3.05 4.19 0.120 0.165 
0 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 0.30 0.008 0.012 
K 2.54 4.19 0.100 0.165 
L 14.99 15.49 0.590 0.610 
M - 100 - 100 
N 1.02 1.52 0.040 0.060 

CASE 719·03 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 36.45 37.21 1.435 1.465 
B 13.72 14.22 0.540 0.560 
C 3.94 5.08 0.155 0.200 
D 0.36 0.56 0.014 0.022 
F 1.02 1.52 0.040 0.060 
G 2.54 8se 0.100 B~ 
H 1.65 2.16 0.065 0.085 
J 0.20 0.38 0.008 0.015 
K 2.92 3.43 0.115 0.135 
L 15.24 Bse 0.600 Bse 
M 00 150 00 150 
N 0.51 1.02 0.020 0.040 

CASE 710·02 



II 

MECHANICAL DATA (Continued) 

DIM 

A 
B 
C 
D 
F 
G 
H 
J 
R 

3S-PAD PACKAGE ----------

Z SUFFIX 
LEADLESS CERAMIC PACKAGE 

CASE 703 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

10.29 10.67 0.405 0.420 
9.27 9.65 0.365 0.380 
1.02 1.65 0.040 0.065 
0.10 0.61 0.004 0.024 
0.38 0.63 0.015 0.025 

1.02 BSC 0.040 sse 
0.76 1.14 0.030 0.045 
0.25 0.51 0.010 0.020 
8.76 9.02 0.345 0.355 

CASE 703·01 

9-14 

NOTE: 
1. SLOTS, TRUE 

POSITIONED 
WITHIN 0.25 mm 
(0.010) TOTAL 
TO DIM. A and B 
AT MAXIMUM 
MATERIAL 
CONDITION. 



MECHANICAL DATA (Continued) 

---------- 40-PIN PACKAGE ----------

L SUFFIX 
CERAMIC PACKAGE 

CASE 715 

Ea=:n 
I F A I rLJ 
Jrfft i I--I-!J: 1-: I-II-I-[l.-~n 

I I I I I i I I I I I ! I I N 
H i:JL SEATING PLANE ~ L K --Ik M J o G _ J --, 

NOTES: 
1. lEA OS, TRUE POSITIONED WITHIN 0.25 mm 

(0.010) DIA (AT SEATING PLANE), AT MAX 
MAT'l CONDITION. 

2. DIMENSION T'TO CENTER OF lEADS 
WHEN FO RMED PARAllEL. 

PSUFFIX 
PLASTIC PJ,!.CKAGE 

CASE 711 

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

NOTES: 
1. POSITIONAL TOLERANCE OF LEADS (D), 

SHALL BE WITHIN 0.2!i'mm(0,010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSION B DOES NOT·INCLUDE 
MOLD FlASH. 

9-15 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 50.29 51.31 1.980 2.020 
B 14.94 15.34 0.588 0.604 
C 3.05 4.06 0.120 0.160 
D 0.38 0.53 0.015 0.021 
F 0.76 1.40 0.030 0.055 
G 2.54 Bse 0.100BSC 
H 0.76 1.78 0.030 0.1I70 
J 0,20 0.33 0.008 0.013 
K 2.54 4.19 0.100 0.165 
L 14.99 15.49 0.590 0.610 
M - 100 100 
N 1.02 1.52 0.040 0.060 

CASE 715-03 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 51.69 52.45 2.035 2.065 
B 13.72 14.22 0.540 0.560 
e 3.94 5.08 0.155 0.200 
D 0.36 0.56 0.014 0.022 
F 1.02 1.52 0.040 0.060 
G 2.54 Bse 0.100 BSC 
H 1.65 2.16 0.065 0.085 
J 0.20 0.38 0.008 0.a15 
K 2.92 3.43 O. 15 0.135 
L 15.248se 0.600 Bse 
M 00 150 00 15" 
N 0.51 _ 1.02 0.020 0.040 

CASE 711-()3 • 
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MECHANICAL DATA (Continued) 

---------- 48-PIN PACKAGE ----------

LSUFFIX 
CERAMIC PACKAGE 

CASE 740 

!l======1:0 : { ]J 
1---00 ----II 

NOTES: 
1. OIMENSIONOOIS DATUM. 
2. POSTIONAL TOLERANCE FOR LEADS: 

Itlll O.2510.0101@IT I A@I 
3. rn IS SEATING PLANE. 
4. DIMENSION "L" TO CENTER OF LEAOS 

WHEN FO RMEO PARALLEl. 
5. DIMENSIONING ANO TOLERANCING PER 

ANSI Y14.5, 1973. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 60.35 61.57 2.376 2.424 
a 14.94 1534 0.589 0.604 
C 3.05 4 -0.120 0.160 
D 0.381 0 0.015 0.021 
F 0,762 1 0.030 0.055 
G 2.54 as 0.100 asc 
J 0.203 0.330 0.008 0.013 
K 2.54 4.19 0.100 0.165 
L 15.24 asc 0.600 SSC 
M 00 10· o· 10· 
N 1.016 1.524 0.040 0.060 

CASE 740·01 
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II Product selection Oulde 

EI The "letter" program ordering Information 

II CMOS High Reliability Ordering Information 
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T he Austin, Texa~, facility shown below is 
one of Motorola's growing MOS production 
centers. The construction now in progress 
will double wafer capacity .• CMOS 
"systems-on-silicon" are widely used in 
microcomputer, instrumentation, communi­

cations, industrial control, timepiece, and 
smoke detector applications . • Motorola's 
CMOS line provides broad function coverage 
of highly-reliable, volume-production devices. 

MOTOROLA Semiconductor Products Inc. 


