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MASTER INDEX 

This index includes Motorola's entire MC14000 series CMOS products, although this book contains 
data sheets for Logic Devices only. Data sheets for devices in the CMOS/NMOS Special Functions 
Data book (DL130) are designated in the page number column as SF. 

Products which have been cancelled are designated in the page number column as -. 
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MC14000UB 
MC14001B 
MC14001UB 
MC14002B 
MC14002UB 
MC14006B 
MC14007UB 
MC14008B 
MC14011B 
MC14011UB 
MC14012B 
MC14012UB 
MC14013B 
MC14014B 
MC14015B 
MC14016B 
MC14017B 
MC14018B 
MC14020B 
MC14021B 
MC14022B 
MC14023B 
MC14023UB 
MC14024B 
MC14025B 
MC14025UB 
MC14027B 
MC14028B 
MC14029B 
MC14032B 
MC14034B 
MC14035B 
MC14038B 
MC14040B 
MC14042B 
MC14043B 
MC14044B 
MC14046B 

Function Page 

Dual 3-lnput NOR Gate Plus Inverter. . . . . . . . . . . . . . . . . . . . . . . . . . 6-2 
Quad 2-lnput NOR Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5 
Quad 2-lnput NOR Gate .................................. 6-14 
Dual 4-lnput NOR Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5 
Dual 4-lnput NOR Gate ................................... 6-14 
18-Bit Static Shift Register. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-19 
Dual Complementary Pair Plus Inverter. . . . . . . . . . . . . . . . . . . . . . . . 6-23 
4-Bit Full Adder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-27 
Quad 2-lnput NAND Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5 
Quad 2-lnput NAND Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-14 
Dual 4-lnput NAND Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5 
Dual 4-lnput NAND Gate .................................. 6-14 
Dual D Flip-Flop. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-33 
8-Bit Static Shift Register. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-37 
Dual 4-Bit Static Shift Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-41 
Quad Analog Switch/Multiplexer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-47 
Decade Counter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-54 
Presettable Divide-by-N Counter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-59 
14-Bit Binary Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-63 
8-Bit Static Shift Register. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-37 
Octal Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-67 
Triple 3-lnput NAND Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5 
Triple 3-lnput NAND Gate ................................. 6-14 
7-Stage Ripple Counter ................................... 6-72 
Triple 3-lnput NOR Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5 
Triple 3-lnput NOR Gate .................................. 6-14 
Dual J-K Flip-Flop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-77 
BCD-to-DecimaIiBinary-to-Octal Decoder. . . . . . . . . . . . . . . . . . . . . . . 6-81 
Presettable Binary/BCD Up/Down Counter . . . . . . . . . . . . . . . . . . . . . . 6-86 
Triple Serial Adder (Positive Logic) . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-92 
8-Bit Universal Bus Register. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-97 
4-Bit Shift Register. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-104 
Triple Serial Adder (Negative Logic) ........................... 6-92 
12-Bit Binary Counter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-108 
Quad Transparent Latch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-112 
Quad NOR R-S Latch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-116 
Quad NAND R-S Latch ................................... 6-116 
Phase-Locked Loop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-120 
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MC14049UB 
MC14050B 
MC14051B 
MC14052B 
MC14053B 
MC14060B 
MC14066B 
MC14067B 
MC14068B 
MC14069UB 
MC14070B 
MC14071B 
MC14072B 
MC14073B 
MC14075B 
MC14076B 
MC14077B 
MC14078B 
MC14081B 
MC14082B 
MC14093B 
MC14094B 
MC14097B 
MC14099B 
MC14106B 
MC14160B 
MC14161B 
MC14162B 
MC14163B 
MC14174B 
MC14175B 
MC14194B 
MC14415 
MC14422 
MC14433 
MC14435 
MC14442 
MC14443 

Function Page 

Hex Inverting Buffer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-125 
Hex Noninverting Buffer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-125 
8-Channel Analog Multiplexer/Demultiplexer . . . . . . . . . . . . . . . . . . . . . 6-129 
Dual 4-Channel Analog Multiplexer/Demultiplexer. . . . . . . . . . . . . . . . . . 6-129 
Triple 2-Channel Analog Multiplexer/Demultiplexer ................. 6-129 
14-Bit Binary Counter and Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . 6-136 
Quad Analog Switch/Multiplexer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-140 
16-Channel Analog Multiplexer/Demultiplexer . . . . . . . . . . . . . . . . . . . . 6-146 
8-lnput NAND Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5 
Hex Inverter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-154 
Quad Exclusive OR Gate .................................. 6-156 
Quad 2-lnput OR Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5 
Dual 4-lnput OR Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5 
Triple 3-lnput AND Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5 
Triple 3-lnput OR Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5 
Quad D-Type Register with Tri-State Outputs .................... 6-158 
Quad Exclusive NOR Gate ................................. 6-156 
8-lnput NOR Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5 
Quad 2-lnput AND Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5 
Dual 4-lnput AND Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5 
Quad 2-lnput NAND Schmitt Trigger .......................... 6-162 
8-Stage Shift/Store Register with Tri-State Outputs. . . . . . . . . . . . . . . . . 6-166 
Dual 8-Channel Analog Multiplexer/Demultiplexer. ................. 6-146 
8-Bit Addressable Latch ................................... 6-170 
Hex Schmitt Trigger ..................................... 6-176 
Synchronous Presettable BCD Counter . . . . . . . . . . . . . . . . . . . . . . . . 6-180 
Synchronous Presettable 4-Bit Binary Counter. . . . . . . . . . . . . . . . . . . . 6-180 
Synchronous Presettable BCD Counter . . . . . . . . . . . . . . . . . . . . . . . . 6-180 
Synchronous Presettable 4-Bit Binary Counter. . . . . . . . . . . . . . . . . . . . 6-180 
Hex 0 Flip-Flop ........................................ 6-189 
Quad 0 Flip-Flop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-193 
4-Bit Universal Shift Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-197 
Quad Precision Timer/Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-201 
Remote Control Transmitter (Product Cancelled) . . . . . . . . . . . . . . . . . . 
3% Digit NO Converter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. SF 
3% Digit NO Logic Subsystem (Product Cancelled) . . . . . . . . . . . . . . . . 
Microprocessor-Compatible NO Converter . . . . . . . . . . . . . . . . . . . . .. SF 
6-Channel NO Converter Subsystem. . . . . . . . . . . . . . . . . . . . . . . . .. SF 
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MC14444 
MC14447 
MC14457 
MC14458 
MC14460 
MC14461 
MC14462 
MC14464 
MC14465 
MC14466 
MC14467-1 
MC14468 
MC14469 
MC14490 
MC14495-1 
MC14497 
MC14499 
MC14500B 
MC14501UB 
MC14502B 
MC14503B 
MC14504B 
MC14506B 
MC14506UB 
MC14508B 
MC14510B 
MC14511B 
MC14512B 
MC14513B 
MC14514B 
MC14515B 
MC14516B 
MC14517B 
MC14518B 
MC14519B 
MC14520B 
MC14521B 
MC14522B 

Function 

Microprocessor-Compatible AID Converter . . . . . . . . . . . . . . . . . . ... . 
6-Channel AID Converter Subsystem. . . . . . . . . . . . . . . . . . . . . . ... . 
Remote Control Transmitter. . . . . . . . . . . . . .................. . 
Remote Control Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Automotive Speed Control Processor. . . . . . . . . . . . . . . . . . . . . . . . . . 
Smoke Detector Circuit (Product Cancelled) . . . . . . . . . . . . . . . . . . . . . 
Smoke Detector Circuit (Product Cancelled) . . . . . . . . . . . . . . . . . ... . 
Smoke Detector Circuit (Product Cancelled) . . . . . . . . . . . . . . . . . ... . 
Smoke Detector Circuit (Product Cancelled) . . . . . . . . . . . . . . . . . ... . 
Low Cost Smoke Detector. . . . . . . . . . . . . . . . . . .............. . 
Low Cost Smoke Detector. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Interconnectable Smoke Detector . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Addressable Asynchronous ReceiverlTransmitter. . . . . . . . . . . . . . ... . 
Hex Contact Bounce Eliminator ............................. . 
Hexadecimal-to-7 Segment Latch/Decoder ROM/Driver. . . . . . . . . . ... . 
PCM Remote Control Transmitter . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
7-Segment LED Display Decoder/Driver with Serial Interface ......... . 
Industrial Control Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Triple Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Strobed Hex Inverter/Buffer ............................... . 
Hex 3-State Buffer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
TTL or CMOS to CMOS Hex Level Shifter . . . . . . . . . . . . . . . . . .... . 
Dual Expandable AOI Gate (Superseded by 14506UB) . . . . . . . . . . ... . 
Dual Expandable AOI Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Dual 4-Bit Latch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Presettable BCD Up/Down Counter. . . . . . . . . . . . . . . . . . . . . . . . . .. 
BCD-to-7 -Segment Latch/Decoder/Driver . . . . . . . . . . . . . . . . . . . ... . 
8-Channel Data Selector. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
BCD-to-7-Segment Latch/Decoder/Driver with Ripple Blanking ........ . 
4-Bit Transparent Latch/4-to-16 Line Decoder (High) ............... . 
4-Bit Transparent Latch/4-to-16 Line Decoder (Low) ............... . 
Presettable Binary Up/Down Counter. . . . . . . . . . . . . . . . . . . . . . ... . 
Dual 64-Bit Static Shift Register . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Dual BCD Up Counter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
4-Bit AND/OR Selector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Dual Binary Up Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
24-Stage Frequency Divider. . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Presettable BCD Down Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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MC14526B 
MC14527B 
MC14528B 
MC14529B 
MC14530B 
MC14531B 
MC14532B 
MC14534B 
MC14536B 
MC14538B 
MC14539B 
MC14541B 
MC14543B 
MC14544B 
MC14547B 
MC14548B 
MC14549B 
MC14551B 
MC14553B 
MC14554B 
MC14555B 
MC14556B 
MC14557B 
MC14558B 
MC14559B 
MC14560B 
MC14561B 
MC14562B 
MC14566B 
MC14568B 
MC14569B 
MC14572UB 
MC14573 
MC14574 
MC14575 
MC14580B 
MC14581B 
MC14582B 

Function 

Presettable 4-Bit Binary Down Counter . . . . . . . . . . . . . . . . . . . . . . .. 
BCD Rate Multiplier . . . . . . . . . . . . . . . . . . . . . ............... . 
Dual Monostable Multivibrator (Not Recommended for New Designs) ... . 
Dual 4-Channel Analog Data Selector . . . . . . . . . . . . . . . . . . ...... . 
Dual 5-lnput Majority Logic Gate. . . . . . . . . . . . . . . . . . . . ........ . 
12-Bit Parity Tree. . . . . . . . . . . . . . . . . . . . . . . ............... . 
8-Bit Priority Encoder . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ . 
5 Cascaded BCD Counters . . . . . . . . . . . . . . . . . . . . . . . . . ...... . 
Programmable Timer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . 
Dual Precision Monostable Multivibrator. . . . . . . . . . . . . . ......... . 
Dual 4-Channel Data Selector/Multiplexer ...................... . 
Programmable OscillatorlTimer. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
BCD-to-7-Segment Latch/Decoder/Driver for Liquid Crystals ......... . 
BCD-to-7-Segment Latch/Decoder/Driver with Ripple Blanking ........ . 
High-Current BCD-to-7-Segment Decoder/Driver ................. . 
Dual Monostable Multivibrator (Retriggerable/Resettable) ............ . 
Successive Approximation Registers . . . . . . . . . . . . . . . . ......... . 
Quad 2-Channel Analog Multiplexer/Demultiplexer ................ . 
3-Digit BCD Counter. . . . . . . . . . . . . . . . . . . . ................ . 
2 x 2-Bit Parallel Binary Multiplier . . . . . . . . . . . ................ . 
Dual Binary to 1-01-4 Decoder (Active High Outputs) .............. . 
Dual Binary to 1-01-4 Decoder (Active Low Outputs) ............... . 
1-to-64 Bit Variable Length Shift Register. . . . . . . . . . . . . . . . . . . . . .. 
BCD-to-7-Segment Decoder ............................... . 
Successive Approximation Registers . . . . . . . . . . . . . . . . ......... . 
NBCD Adder ......................................... . 
9's Complementer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
128-Bit Static Shift Register. . . . . . . . . . . . . . . . . . . . . . . . . . ..... . 
Industrial Time Base Generator ............................. . 
Phase Comparator and Programmable Counters . . . .............. . 
Programmable Dual 4-Bit Binary/BCD Down Counter .............. . 
Hex Gate ........................................... . 
Quad Programmable Op Amp. . . . . . . . . . . . . . . . . . . . . . . . . ..... . 
Quad Programmable Comparator .. . . . . . . . . . . . . . . . . ......... . 
Programmable Dual Op Amp/Dual Comparator . . . . . . . . . ......... . 
4 x 4 Multiport Register. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4-Bit Arithmetic Logic Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . 
Look-Ahead Carry Block . . . . . . . . . . . . . . . . . . . . . . . . ......... . 
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MC14583B 
MC14584B 
MC14585B 
MC14597B 
MC14598B 
MC14599B 
MC144110 
MC144111 
MC145000 
MC145001 
MC145026 
MC145027 
MC145028 
MC145029 
MC145040 
MC145041 
MC145104 
MC145106 
MC145107 
MC145109 
MC145112 
MC145143 
MC145144 

MC145145-1 
MC145146-1 
MC145151-1 
MC145152-1 
MC145155-1 
MC145156-1 
MC145157-1 
MC145158-1 
MC145159-1 
MC145453 

Function 

Dual Schmitt Trigger .................................... . 
Hex Schmitt Trigger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 
4-Bit Magnitude Comparator ................................ . 
8-Bit Bus-Compatible Counter Latch . . . . . . . . . . . . . . . . . . . . . . . .. . 
8-Bit Bus-Compatible Addressable Latch . . . . . . . . . . . . . . . . . . . . .. . 
8-Bit Addressable Latch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 
Hex D/A Converter with Serial Interface ....................... . 
Quad D/A Converter with Serial Interface ...................... . 
48-Segment Multiplexed LCD Driver (Master) . . . . . . . . . . . . . . . . . .. . 
44-Segment Multiplexed LCD Driver (Slave) .................... . 
Remote Control Encoder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Remote Control Decoder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 
Remote Control Decoder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Remote Control Decoder. . . . . . . . . . . . . . . . . . . . ............. . 
Analog-to-Digital Converter with Serial Interface .................. . 
Analog-to-Digital Converter with Serial Interface .................. . 
PLL Frequency Synthesizer (Not Recommended for New Designs) ..... . 
PLL Frequency Synthesizer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
PLL Frequency Synthesizer (Not Recommended for New Designs) ..... . 
PLL Frequency Synthesizer (Not Recommended for New Designs) ..... . 
PLL Frequency Synthesizer (Not Recommended for New Designs) ..... . 
PLL Frequency Synthesizer (Not Recommended for New Designs) ..... . 
4-Bit Data Bus Input PLL Frequency Synthesizer (Not Recommended 

for New Designs) .................................... . 
4-Bit Data Bus Input PLL Frequency Synthesizer. . . . . . . . . . ....... . 
4-Bit Data Bus Input PLL Frequency Synthesizer ................. . 
Parallel Input PLL Frequency Synthesizer. . . . . . . . . . . . . . . . . . . . . .. 
Parallel Input PLL Frequency Synthesizer. . . . . . . . . . . . . . . . . . . . . .. 
Serial Input PLL Frequency Synthesizer ....................... . 
Serial Input PLL Frequency Synthesizer. . . . . . . . . . . . . . . . . . . . . . .. 
Serial Input PLL Frequency Synthesizer. . . . . . . . . . . . . . . . . . . . . . .. 
Serial Input PLL Frequency Synthesizer. . . . . . . . . . . . . . . . . . . . . . .. 
Serial Input PLL Frequency Synthesizer with Analog Phase Detector .... . 
33-Segment LCD Driver with Serial Interface .................... . 
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II 

Device 

NAND Gates 
MC14011B 
MC14011UB 
MC14093B 
MC14023B 
MC14023UB 
MC14012B 
MC14012UB 
MC14068B 

NOR Gates 
MC14001B 
MC14001UB 
MC1402SB 
MC1402SUB 
MC14000UB 
MC14002B 
MC14002UB 
MC14078B 

AND Gates 
MC14081B 
MC14073B 
MC14082B 

OR Gates 
MC14071B 
MC1407SB 
MC14072B 

Complex Gates 
MC14070B 
MC14077B 
MC14S01UB 
MC14S06UB 
MC14S30B 
MC14S19B 
MC14S72UB 

CMOS Selection Guide by Function 

Function Page 

Quad 2-lnput NAND Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-S 
Quad 2-lnput NAND Gate ................................ 6-14 
Quad 2-lnput NAND Schmitt Trigger ......................... 6-162 
Triple 3-lnput NAND Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-S 
Triple 3-lnput NAND Gate ................................ 6-14 
Dual 4-lnput NAND Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-S 
Dual 4-lnput NAND Gate ................................ 6-14 
8-lnput NAND Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-S 

Quad 2-lnput NOR Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-S 
Quad 2-lnput NOR Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-14 
Triple 3-lnput NOR Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-S 
Triple 3-lnput NOR Gate ................................. 6-14 
Dual 3-lnput NOR Gate Plus Inverter . . . . . . . . . . . . . . . . . . . . . . . . 6-2 
Dual 4-lnput NOR Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-S 
Dual 4-lnput NOR Gate ................................. 6-14 
8-lnput NOR Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-S 

Quad 2-lnput AND Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-S 
Triple 3-lnput AND Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-S 
Dual 4-lnput AND Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-S 

Quad 2-lnput OR Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-S 
Triple 3-lnput OR Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-S 
Dual 4-lnput OR Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-S 

Quad Exclusive OR Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1S6 
Quad Exclusive NOR Gate ............................... 6-1S6 
Triple Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-219 
Dual Expandable AOI Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-234 
Dual 5-lnput Majority Logic Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-329 
4-Bit AND/OR Selector. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-293 
Hex Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-477 

Inverters/Buffers/Level Translator 
MC14007UB Dual Complementary Pair Plus Inverter. ...................... 6-23 
MC14049UB Hex Inverting Buffer .................................... 6-125 
MC14050B Hex Noninverting Buffer ................................. 6-125 
MC14069UB Hex Inverter ......................................... 6-154 
MC14502B Strobed Hex Inverter/Buffer. .............................. 6-223 
MC14503B Hex 3-State Buffer. .................................... 6-227 
MC14504B TTL or CMOS to CMOS Hex Level Shfiter ..................... 6-231 
MC14584B Hex Schmitt Trigger .................................... 6-500 
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Device Function Page 

Decoders/Encoders 
MC14028B BCD-to-Decimal/Binary-to-Octal Decoder. . . . . . . . . . . . . . . . . . . . . . 6-81 
MC14511 B BCD-to-7 -Segment Latch/Decoder/Driver. . . . . . . . . . . . . . . . . . . . . . 6-252 
MC14513B BCD-to-7-Segment Latch/Decoder/Driver with Ripple Blanking ........ 6-262 
MC14543B BCD-to-7-Segment Latch/Decoder/Driver for Liquid Crystals ......... 6-378 
MC14544B BCD-to-7-Segment Latch/Decoder/Driver with Ripple Blanking ........ 6-383 
MC14547B High-Current BCD-to-7-Segment Decoder/Driver ................. 6-389 
MC14558B BCD-to-7-Segment Decoder .............................. 6-425 II 
MC14514B 4-Bit Transparent Latch/4-to-16 Line Decoder (High) .............. 6-270 
MC14515B 4-Bit Transparent Latch/4-to-16 Line Decoder (Low) . . . . . . . . . . . . . . 6-270 
MC14532B 8-Bit Priority Encoder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-337 
MC14555B Dual Binary to 1-of-4 Decoder (Active High Outputs) . . . . . . . . . . . . . . 6-418 
MC14556B Dual Binary to 1-of-4 Decoder (Active Low Outputs) .............. 6-418 

Multiplexers/Demultiplexers/Bilateral Switches 
MC14016B Quad Analog Switch/Multiplexer ............................ 6-47 
MC14066B Quad Analog Switch/Multiplexer ............................ 6-140 
MC14551 B Quad 2-Channel Analog Multiplexer/Demultiplexer ................ 6-401 
MC14053B Triple 2-Channel Analog Multiplexer/Demultiplexer ............... 6-129 
MC14052B Dual 4-Channel Analog Multiplexer/Demultiplexer ................ 6-129 
MC14097B Dual 8-Channel Analog Multiplexer/Demultiplexer ................. 6-146 
MC14529B Dual 4-Channel Analog Data Selector. . . . . . . . . . . . . . . . . . . . . . . . 6-323 
MC14539B Dual 4-Channel Data Selector/Multiplexer . . . . . . . . . . . . . . . . . . . . . 6-369 
MC14067B 16-Channel Analog Multiplexer/Demultiplexer ................... 6-146 
MC14051B 8-Channel Analog Multiplexer/Demultiplexer .................... 6-129 
MC14512B 8-Channel Data Selector. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-258 
MC14519B 4-Bit AND/OR Selector. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-293 

Schmitt Triggers 
MC14093B Quad 2-lnput NAND Schmitt Trigger ......................... 6-162 
MC14583B Dual Schmitt Trigger ................................... 6-494 
MC14106B Hex Schmitt Trigger .................................... 6-176 
MC14584B Hex Schmitt Trigger .................................... 6-500 

Flip-Flops/Latches 
MC14042B Quad Transparent Latch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-112 
MC14043B Quad NOR R-S Latch .................................. 6-116 
MC14044B Quad NAND R-S Latch .......... ; ...................... 6-116 
MC14076B Quad D-Type Register with Tri-State Outputs ................... 6-158 
MC14175B Quad D Flip-Flop ...................................... 6-193 
MC14013B Dual D Flip-Flop ...................................... 6-33 
MC14027B Dual J-K Flip-Flop ..................................... 6-77 
MC14508B Dual 4-Bit Latch ...................................... 6-239 
MC14174B Hex 0 Flip-Flop ....................................... 6-189 
MC14099B 8-Bit Addressable Latch ................................. 6-170 
MC14597B 8-Bit Bus-Compatible Counter Latch. . . . . . . . . . . . . . . . . . . . . . . . . 6-507 
MC14598B 8-Bit Bus-Compatible Addressable Latch. . . . . . . . . . . . . . . . . . . . . . 6-507 
MC14599B 8-Bit Addressable Latch ................................. 6-170 

2-3 



Device 

Shift Registers 
MC14015B 
MC14517B 
MC14562B 
MC14557B 
MC14006B 
MC14014B 
MC14021B 
MC14034B 
MC14094B 
MC14035B 
MC14194B 
MC14549B 
MC14559B 

Counters 
MC14017B 
MC14018B 
MC14020B 
MC14022B 
MC14024B 
MC14029B 
MC14040B 
MC14060B 
MC14160B 
MC14161B 
MC14162B 
MC14163B 
MC14510B 
MC14516B 
MC14518B 
MC14520B 
MC14522B 
MC14526B 
MC14534B 
MC14553B 
MC14566B 
MC14569B 

Function Page 

Dual 4-Bit Static Shift Register. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-41 
Dual 64-Bit Static Shift Register. . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-284 
128-Bit Shift Register. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-447 
1-to-64 Bit Variable Length Shift Register . . . . . . . . . . . . . . . . . . . . . 6-421 
18-Bit Static Shift Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-19 
8-Bit Static Shift Register . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . 6-37 
8-Bit Static Shift Register . . . . . . . . . . . . ., . . . . . . . . . . . . . . . . . . 6-37 
8-Bit Universal Bus Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-97 
8-Stage Shift/Store Register with Tri-State Outputs ............... 6-166 
4-Bit Shift Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-104 
4-Bit Universal Shift Register. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-197 
Successive Approximation Registers ......................... 6-394 
Successive Approximation Registers ......................... 6-394 

Decade Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-54 
Presettable Divide-by-N Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-59 
14~Bit Binary Counter ................................... 6-63 
Octal Counter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-67 
7-Stage Ripple Counter ................................. 6-72 
Presettable Binary/BCD Up/Down Counter. . . . . . . . . . . . . . . . . . . . . 6-86 
12-Bit Binary Counter ................................... 6-108 
14-Bit Binary Counter and Oscillator ......................... 6-136 
Synchronous Presettable BCD Counter ....................... 6-180 
Synchronous Presettable 4-Bit Binary Counter. . . . . . . . . . . . . . . . . . 6-180 
Synchronous Presettable BCD Counter. . . . . . . . . . . . . . . . . . . . . . . 6-180 
Synchronous Presettable 4-Bit Binary Counter . . . . . . . . . . . . . . . . . . 6-180 
Presettable BCD Up/Down Counter . . . . . . . . . . . . . . . . . . . . . . . . . 6-244 
Presettable Binary Up/Down Counter . . . . . . . . . . . . . . . . . . . . . . . . 6-276 
Dual BCD Up Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-288 
Dual Binary Up Counter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-288 
Presettable BCD Down Counter. . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-303 
Presettable 4-Bit Binary Down Counter. . . . . . . . . . . . . . . . . . . . . . . 6-303 
5 Cascaded BCD Counters. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-343 
3-Digit BCD Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-408 
Industrial Time Base Generator ............................ 6-451 
Programmable Dual 4-Bit Binary/BCD Counter. . . . . . . . . . . . . . . . . . 6-467 

OscillatorslTimers 
MC14521 B 24-Stage Frequency Divider . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-297 
MC14536B Programmable Timer ................................... 6-350 
MC14541B Programmable OsciliatorlTimer ............................ 6-373 

Multivibrators 
MC14528B Dual Monostable Multivibrator (Not Recommended for New Designs) ... 6-317 
MC14538B Dual Precision Monostable Multivibrator ...................... 6-361 

2-4 



Device Function Page 

Adders/Comparators 
MC14008B 4-Bit Full Adder ...................................... . 6-27 
MC14032B Triple Serial Adder (Positive Logic) ......................... . 6-92 
MC14038B Triple Serial Adder (Negative Logic) ........................ . 6-92 
MC14560B NBCD Adder ....................................... . 
MC14561B 9's Complementer .................................... . 
MC14582B Look-Ahead Carry Block ................................ . 
MC14585B 4-Bit Magnitude Comparator ............................. . 

6-430 

II 6-441 
6-490 
6-503 

ALUlRate Multipliers 
MC14527B BCD Rate Multiplier ................................... . 6-311 
MC14554B 2 x 2-Bit Parallel Binary Multiplier .......................... . 6-414 
MC14581B 4-Bit Arithmetic Logic Unit ............................... . 6-485 

Parity Checker 
MC14531B 12-Bit Parity Tree .................................... . 6-334 

Memory 
MC14580B 4 x 4 Multiport Register ................................ . 6-480 

Microprocessor/Industrial Control 
MC14500B Industrial Control Unit. . . . . . . . . . . . . . . . . ................. . 6-213 

Other Complex Functions 
MC14046B Phase-Locked Loop ................................... . 6-120 
MC14415 Quad Precision Timer/Driver ............................. . 6-201 
MC14490 Hex Contact Bounce Eliminator ........................... . 6-206 
MC14568B Phase Comparator and Programmable Counters ................ . 6-457 
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II 

The "BETTER" Program 

The "BETTER" program is offered on Metal-Gate CMOS 
in dual-in-line ceramic and plastic packages. 

Motorola standard commercial integrated circuits are man­
ufactured under stringent in-process controls and quality 

inspections combined with the industry's finest outgoing qual­
ity inspections. The "BETTER" program offers two levels of 
extra processing each tailored to meet different user needs 
at nominal costs. 

BETTER PROCESSING - STANDARD PRODUCT PLUS: 

100% Screen 

Temp Cycle 10 Cycles - 25°C to + 150°C 

25'C Functional and Parametric Test 

High Temperature. Test' 

Burn-In 

25'C Post Burn-In Functional and Parametric Test 

'T high ~ + 125°C for AL Device, + 85°C for CL/CP Device. 

PART MARKING 

The Standard Motorola part number with the corre­
sponding "BETTER" suffix can be ordered from your lo­
cal authorized Motorola distributor or Motorola sales 
offices. "BETTER" pricing will be quoted as an adder to 
standard commercial product price. 
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BAND UB SERIES CMOS FAMILY DATA 

II 

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 or one low­
power Schottky TTL load over the rated temperature range 

• Direct Interface to High-Speed CMOS 

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

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

• Noise margins: B Series 
1.0 V min @ 5.0 V supply 
2.0 V min @ 10 V supply 
2.5 V min @ 15 V supply 

UB Series 
0.5 V min @ 5.0 V supply 
1.0 V min @ 10 V supply 
1.0 V min @ 15 V supply 

The industry-standardized maximum ratings 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 for­
mat ·is used throughout this 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 Voltage equal to VSS - VDD (Rail-to-Rail swing) 
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 inputs and/or outputs vary somewhat from the family 
specification because of functional requirements. Some cate­
gories 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. 

#Specifications coordinated by EIA/JEDEC Sohd·State Products CouncIl. 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Value 

VOO OC Supply Voltage -0.5 to + 18.0 

Vin. Vout Input or Output Voltage (DC or Transient) - 0.5 to Voo + 0.5 

'in. lout Input or Output Current (DC or Transient). per Pin ±10 

Po Power Dissipation, per Packaget 500 

Tstg Storage Temperature -65 to + 150 

TL Lead Temperature (B-Second Soldering) 260 

*Maxlmum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW/oC from 65°C to 85°C 

Ceramic "L" Package: -12mW/oC from 100°C to 125°C 
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Devices with specialized inputs, such as oscillator inputs, 
have unique input specifications. 

Input Voltage 
The input voltage specification is interpreted as the worst­

case input voltage to produce an output level of "1" or "0". 
This "1" or "0" output level is defined as a deviation from the 
supply (VDD) and ground (VSS) 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 voltages and the defined output devi­

ations lead to the calculated noise margins. Noise margin is 
defined as the difference between VIL or VIH and Vout (output 
deviation). As an example, for a non inverting buffer at VDD ~ 
5.0 volts: VIL ~ 1.5 volts and Vout ~ 0.5 volts. Therefore, 
Noise Margin equals VIL - Vout ~ 1.0 volt. This figure is use­
ful while cascading stages (See Figure 1). With the input to the 
first stage at a worst-case voltage level (VIL ~ 1.5 V), the out­
put is guaranteed to be no greater than 0.5 volts with a 5.0 volt 
supply. Since the maximum allowable logic 0 for the second 
stage is 1.5 volts, this 0.5 volt output provides a 1.0 volt margin 
for noise to the next stage. 

Output Drive Current 
Devices in the B Series are capable of sinking a minimum of 

0.36 rnA over the temperature range with a S.O V supply. This 
value guarantees that these CMOS devices will drive one low­
power Schottky TTL input. 

B Series vs UB CMOS 
The primary difference between B series and UB series de­

vices is that UB series gates and inverters are constructed with 
a single inverting stage between input and output. The de­
creased 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 oscillators, 
monostables, or amplifiers. The decreased gain results in in­
creased stability and a "cleaner" output waveform. In addition 
to linear operation, the UB gates and inverters offer an in­
crease in speed, since only a single stage is involved. 

The Band UB series, and devices with no suffix can be used 
interchangeably in digital circuits that interface to other CMOS 
devices, such as High-Speed CMOS Logic. 

Unit 

V 

V 

mA 

mW 

°C 

°C 

FIGURE 1 

5.0 V 

YOu! 

Second Stage 
(Noninverting Buffer) 



TABLE 1 - EIA/JEDEC FORMAT FOR CMOS INDUSTRY BAND UB SERIES SPECIFICATIONS 

ELECTRICAL CHARACTERISTICS 

TEMP VDD 
LIMITS 

PARAMETER CONDITIONS TLOW· +2II"c THIGH· UNITS 
RANGE IVdc' Min Mix Min MIx Min Mix 

100 Quiescent Mil /lAde 
Device Cur ... nt 6 0.26 0.26 1.6 

10 Yin • VSS or VOO 0.6 0.5 16 
16 1.0 1.0 30 

GATES 

Comm 5 All valid input 1.0 1.0 1.6 "Ade 
10 combin.tionl 2.0 2.0 16 
16 4.0 4.0 30 

Mil 6 1.0 1.0 30 "Ade 
10 VIN - Vss or VOO 2.0 2.0 eo 
15 4.0 4.0 120 

BUFFERS. Comm I> All .IUd input 4 4.0 ;00 "Ade 
FLIP·FLOPS 10 combinl1ionl B B.O 80 

15 16 16.0 120 

Mil & I> & 1&0 "Aile 
10 VIN - VSS or VOO 10 10 300 
15 20 20 600 

MSI Comm & All .Ilid input 20 20 1&0 "Aile 
10 combination. 40 40 300 
16 80 80 600 

VOL Low-Levei All & 0.0& 0.06 0.0& Vde 
Output VoItllgll 10 VIN - VSS or VOO 0.0& 0.0& 0.0& 

16 ilOI< I"A 0.06 0.0& 0.0& 

VOH High·LevaI All 6 4.95 4.8& 4.11& Vile 
Output VoItIIgII 10 VIN - VSS or VOO 8.96 8.1& 8.9& 

16 1101 < I"A 14.9& 14.95 14.1& 

VIL Input All 5 VO· O.&V or 4.SV 1.5 1.& 1.6 Vd. 
LowVoItIIgII# 10 VO-l.0Vor9.0V 3.0 3.0 3.0 
B Types 1& Vo - 1.&V or 13.6V 4.0 4.0 4.0 

IIOI<I/1A 

VIL Input All 5 Vo - O.&V or 4.SV 1.0 1.0 1.0 Vde 
LowVoItIIgII# 10 Vo - 1.0Vo,I.OV 2.0 2.0 2.0 
UB TyPl' 1& Vo - I.SV or 13.&V 2.5 2.5 2.& 

1101< I/1A 

VIH Input All & VO· O.&V 0' 4.SV 3.5 3.& 3.& Vile 
High Volt .... # 10 Vo • 1.0V or 9.0V 1.0 1.0 1.0 
BTYPII 16 Vo - 1.6V or 13.6V 11.0 11.0 11.0 

IIni<I,.A 

VIH Input All 5 Vo - 0.6V or 4.6V 4.0 4.0 4.0 Vde 
High Voltage # 10 Vo - 1.0V or B.OV B.O B.O B.O 
UB TyPl' 16 Vo - 1.6V or 13.6V 12.6 12.6 12.& 

1101< I/1A 

10L Output Low Mil Vo -0.4V. mAde 
(Sink' Cur ... nt 6 VIN - 0 0' 6V 0.64 0.&1 0.38 

Vo - O.&V. 
10 VIN-OorIOV 1.6 1.3 0.9 

VO-I.6V. 
16 VIN-Oo,'6V 4.2 3.4 2.4 

Com VO-0.4V. mAde 
& VIN-Oor&V 0.52 0.44 0.36 

Vo - O.5V. 
10 VIN - Oor 10V 1.3 1.1 0.9 

VO-l.aV. 
16 VIN - Oor I&V 3.8 3.0 2.4 
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TABLE 1 - Continued 

ELECTRICAL CHARACTERISTICS 

TEMP Voo 
LIMITS 

PARAMETER CONDITIONS TLOW" + 25"c 
RANGE (Vdcl 

Min MIIx Min 

IOH OutPUt High Mil Va - 4.6V, 
(Sourcel Current 5 V'N-Oor5V -0.25 -0.2 

Va - 9.5V, 
10 Y,N - Oor 10V -0.62 -0.5 

Va' 13.5V, 
15 V,N· 0 or 15V -1.8 -1.5 

Com VO·4.6V, 
5 VIN-Oor5V -0.2 -0.16 

Va -9.5V .. 
10 VIN' Oor 10V -0.5 -0.4 

Va = 13.5V 
15 Y,N = Oor 15V -1.4 -1.2 

liN 'nput Current Mil 15 VIN =Oor 15V to. 1 
Comm 15 VIN = Oor 15V .to.l 

10l 3·State Output Mil 15 VIN' 0 or 15V ±0.4 
Leakage Current Comm 15 VIN=00rI5V !1.6 

CIN Input Capacitance All - Any Input 
per unit load 

.. ·TLOW = -55°C for Militarv temperature rang. device, -40°C for Commercial temperature range device . 
THIGH = +12SoC for Military temperature tange device, +8SoC for Commercial temperature range device. 

#Applies for Worst Case input combinations. 

MIl. 

to.l 
to.3 

to.4 
, 1.6 

7.5 

THIGH" UNITS 

Min Mox 
mAde 

-0.14 

-0.35 

-1.1 
mAd. 

-0.12 

-0.3 

-1.0 

".0 "Ad. 
±1.0 "Ade 
±t2 "Ade 
t12 "Ad. 

pF 

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

ELECTRICAL CHARACTERISTICS 

T,ow " 25°C Thigh" 
Ch.acteriltic Symbol VDD 

Unit 
Vde 

Min MIIx Min MIIx Min MIIx 
Output Voltage "0" Level VOL 5.0 - 0.05 - 0.05 - 0.05 Vde 

Yin = VOO or 0 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 - Vd. 
Vin' Oor VOO 10 9.95 - 9.95 .. 9.95 -

15 14.95 - 14.95 14.95 -
Input Voltage B Types "0" Le.el V,L Vd. 

(Va = 4.5 or 0.5 Vd.1 5.0 -- 1.5 - 1.5 - 1.5 
(VO' 9.0 or 1.0 Vd.l 10 - 3.0 - 3.0 - 3.0 
(VO = 13.5 or 1.5 Vd.1 15 - 4.0 - 4.0 - 4.0 

"I" Level VIH Vde 
(Va = 0.5 or 4.5 Vdel 5.0 3.5 - 3.5 - 3.5 .. 
(Va 1.0 or 9.0 Vd.) 10 7.0 - 7.0 - 7.0 -
(Va· 1.5 or 13.5 Vd.) 15 11.0 - 11.0 - 11.0 .. 

Input Voltage UB Types "0" Level VIL Vde 
(Va' 4.5 or 0.5 Vd.) 5.0 - 1.0 - 1.0 - 1.0 
(Va - 9.0 or 1.0 Vde) 10 - 2.0 - 2.0 - 2.0 
(Va - 13.5 or 1.5 Vd.l 15 - 2.5 - 2.5 - 2.5 

"I" Le.el VIH Vde 
(Va· 0.5 or 4.5 Vd.) 5.0 4.0 - 4.0 - 4.0 -
(Va· 1.0 or 9.0 Vde) 10 S.O - S.O - S.O -
(Va = 1.5 or 13.5 Vde) 15 12.5 - 12.5 - 12.5 -
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TABLE 2 - Continued 

ELECTRICAL CHARACTERISTICS 
TIow· aOc Thigh· 

Char_iotic Symbol VDD Unit 
Vdc 

Min Moll Min Mox Min Moll 
Output Dri .. Current (AL) B Gates IOH mAde 

(VOH· 2.6 Vdc) Soutee 6.0 -3.0 - -2.4 - -1.7 -
(VOH ~ 4.6 Vdc) 5.0 -0.64 - -0.51 - -0.36 -
(VOH· 9.5 Vdc) 10 -1.6 - -1.3 - -0.9 -
(VOH· 13.6 Vde) 16 -4.2 - -3.4 - -2.4 -
(VOL = 0.4 Vdc) Sink IOL 5.0 0.64 .- 0.61 0.36 -
(VOL' 0.5 Vdc) 10 1.6 - 1.3 - 0.9 -
(VOL = 1.5 Vdc) 15 4.2 - 3.4 - 2.4 -

Output Drive Current (CL/CP) B Ga .. s IOH mAde 
(VOH • 2.5 Vdc) Source 5.0 -2.5 - -2.1 - -1.7 -

(VOH = 4.6 Vdc) 5.0 -0.52 - -0.44 - -0.36 -
(VOH = 9.5 Vdc) 10 -1.3 - -1.1 - -0.9 -
(VOH· 13.5 Vdc) 15 -3.6 - -3.0 - -2.4 -
(VOL· 0.4 Vde) Sink IOL 5.0 0.62 - 0.44 - 0.36 -
(VOL = 0.5 Vde) 10 1.3 - 1.1 - 0.9 -
(VOL = 1.5 Vdc) 16 3.6 - 3.0 - 2.4 -

OUtpUl Drive Currant (A LI UB Ga ... IOH mAde 
(VOH = 2.5 Vdel Source 5.0 -1.2 - -1.0 - -0.7 -
(VOH = 4.6 Vdel 5.0 -0.25 - -0.2 - -0.14 -
(VOH = 9.5 Vdcl 10 -0.62 - -0.5 - -0.35 -
(VOH = 13.5 Vde) 15 -1.8 - -1.5 - -1.1 -
(VOL = 0.4 Vdcl Sink IOL 5.0 0.64 - 0.51 - 0.36 -
(VOL = 0.5 Vdc) 10 1.6 - 1.3 - 0.9 -
(VOL = 1.5 Vdel 15 4.2 - 3.4 - 2.4 -

Output Drive Current (CL/CP) UB Gates IOH mAde 
(VOH· 2.5 Vdc) Source 5.0 -1.0 - -0.8 - -0.6 - II 
(VOH = 4.6 Vdc) 5.0 -0.2 - -0.16 - -0.12 -
(VOH = 9.5 Vdc) 10 -0.5 - -0.4 - -0.3 -
(VOH = 13.5 Vdc) 15 -1.4 - -1.2 - -1.0 -
(VOL = 0.4 Vdc) Sink IOL 5.0 0.52 - 0.44 - 0.36 -
,(VOL' 0.5 Vdc) 10 1.3 - 1.1 - 0.9 -
(VOL = 1.5 Vdc) 15 3.6 - 3.0 - 2.4 -

Output Drive Current (ALI Other Devices IOH mAde 

(VOH = 4.6 Vdc! Source 5.0 -0.64 - -0.51 - -0.36 -
(VOH = 9.5 Vdc) 10 -1.6 - -1.3 - -0.9 -
(VOH· 13.5 Vde) 15 -4.2 - -3.4 - -2.4 -
(VOL = 0.4 Vdc) Sink IOL 5.0 0.64 - 0.51 - 0.36 -
(VOL = 0.5 Vdc) 10 1.6 - 1.3 - 0.9 -
(VOL = 1.5 Vdc) 15 4.2 - 3.4 - 2.4 -

Output Drive Current (CL/CP) Other Devices IOH mAifc: 
(VOH = 4.6 Vdc) Source 5.0 -0.52 - -0.44 - -0.36 -
(VOH = 9.5 Vde) 10 -1.3 - -1.1 - -0.9 -
(VOH = 13,5 Vde) 16 -3.6 - -3.0 - -2.4 -
(VOL = 0.4 Vdc) Sink IOL 5.0 0.52 - 0.44 - 0.36 -
(VOL = 0.5 Vdc) 10 1.3 - 1.1 - 0.9 -
(VOL = 1.5 Vdc) 16 3.6 - 3.0 - 2.4 -

Input Current (AL Device} lin 15 - to.l - to.1 - >1.0 jlAde 

Input Current (CL/CP Device) lin 15 - to.3 - to.3 - tl.O jlAde 

Input Capacitance Cin - - - - 7.5 - - pF 

(Vin =0) 
Gate Quiescent Current (AL Device) 100 6.0 0.25 0.26 7.5 jlAdc 

(Per Package) 10 - 0.5 - 0.5 - 16 
16 - 1.0 - 1.0 - 30 

(CL/CP Device) 100 5.0 - 1.0 - 1.0 - 7.6 
10 - 2.0 - 2.0 - 15 
15 - 4.0 - 4.0 - 30 
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TABLE 2 - Continued 

ELECTRICAL CHARACTERISTICS 

Characteristic Svmbol 

" 

Flip-Flop and Buffer QUiescent Current 

(Por Package I (AL Oevicel 

tCL/CP Oevicel 

MSI Quiescent Current tAL Devicel 
(Per Package I 

(CLICP Oevlcel 

lSI Quiescent Current 

Tlow' -55°C for AL OOVICO, -40°C for CL/CP DevICO. 
Thigh· +1250 C lor AL Device, +S50C for CL/CP Oevice. 

100 

100 

100 

100 

100 

VOO 
Tlow 

Vdc 
Min 

5.0 -
10 -
15 -
5.0 -
10 -
15 -
5.0 -
10 -
15 -
5.0 -
10 -
15 -

4-6 

" 25u C Thigh" 
Unit 

M .. Min MIl. Min MIl. 

1.0 - 1.0 - 30 "AIle 
2.0 - 2.0 - 60 
4.0 - 4.0 - 120 

4.0 - 4.0 - 30 "Adc 
S.O - S.O - 60 
16 - 16 - 120 

5.0 - 5.0 - ISO "AIle 
10 - 10 - 300 
20 - 20 - 600 
20 - 20 - 150 "Adc 
40 - 40 - 300 
SO - 80 - 600 
See Individual Data Sheets. 
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® MOTOROLA 

HANDLING AND DESIGN GUIDELINES 

HANDLING PRECAUTIONS 

All MOS devices have insulated gates that are subject 
to voltage breakdown. The gate oxide for Motorola CMOS 
devices is about 800 ~ thick and breaks down at a gate­
source potential of about 100 volts. To guard against such 
a breakdown from static discharge or other voltage 
transients, the protection network shown in Figure 1 is 
used on each input to the CMOS device. 

Static damaged devices behave in various ways, de­
pending on the severity of the damage. The most severely 
damaged inputs are the easiest to detect because the in­
put has been completely destroyed and is either shorted 
to VDD, shorted to VSS, or open-circuited. The effect is 
that the device no longer responds to signals present at 
the damaged input. Less severe cases are more difficult to 
detect because they show up as intermittent failures or as 
degraded performance. Another effect of static damage is 
that the inputs generally have increased leakage currents. 

Although the input protection network does provide a 
great deal of protection, CMOS devices are not immune to 
large static voltage discharges that can be generated dur­
ing handling. For example, static voltages generated by a 
person walking across a waxed floor have been measured 
in the 4-15 kV range (depending on humidity, surface con­
ditions, etc.). Therefore, the following precautions should 
be observed: 

1. Do not exceed the Maximum Ratings specified by the 
data sheet. 

2. All unused device inputs should be connected to VDD 
or VSS. 

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

4. Circuit boards containing CMOS devices are merely 
extensions of the devices, and the same handling pre­
cautions apply. Contacting edge connectors wired di­
rectly to device inputs can cause damage. Plastic 
wrapping should be avoided. When external connec­
tions to a PC board are connected to an input of a 
CMOS device, a resistor should be used in series with 
the input. This resistor helps limit accidental damage 
if the PC board is removed and brought into contact 
with static generating materials. The limiting factor for 
the series resistor is the added delay. This is caused 
by the time constant formed by the s.eries resistor and 

input capacitance. Note that the maximum input rise 
and fall times should not be exceeded. In Figure 2, 
two possible networks are shown using a series resis­
tor to reduce ESD (Electrostatic Discharge) damage. 
For convenience, an equation for added propagation 
delay and rise time effects due to series resistance 
size is given. 

5. 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. 

6. 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 sur­
face. Wrist straps in contact with skin are strongly rec­
ommended. See Figure 3 for an example of a typical 
work station. 

7. Nylon or other static generating materials should not 
come in contact with CMOS devices. 

8. If automatic handlers are being used, high levels of 
static electricity may be generated by the movement 
of the device, the belts, or the boards. Reduce static 
buil~-up by using ionized air blowers or room humidifi­
ers. All parts of machines which come into contact 
with the top, bottom, or sides of IC packages must be 
grounded to metal or other conductive material. 

9. Cold chambers usiQg CO2 for cooling should be 
equipped with baffles, and the CMOS devices must 
be contained on or in conductive material. 

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

11. 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 pre­
viously explained. 

d. Completed assemblies should be placed in 
antistatic containers prior to being moved to sub­
sequent stations. 

FIGURE 1 - INPUT PROTECTION NETWORK 

CMOS 
Input o---~J\y"'.r-~---~_ To Circuit 

vss -= 
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12. The following steps should be observed during 
board-cleaning operations: 
a. Vapor degreasers and baskets must be 

grounded to an earth ground. 
b. Brush or spray cleaning should not be used. 
c. Assemblies should be placed into the vapor 

degreaser immediately upon removal from the 
antistatic container. 

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

e. High velocity air movement or application of 
solvents and coatings should be employed only 
when assembled printed circuit boards are 
grounded and a static eliminator is directed at 
the board. 

13. The use of static detection meters for production 
line surveillance is highly recommended. 

14. Equipment specifications should alert users to the 
presence of CMOS devices and require familiariza­
tion with this specification prior to performing any 
kind of maintenance or replacement of devices or 
modules. 

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

16. Double check test equipment setup for proper polarity 
of VDD and VSS before conducting parametric or 
functional testing. 

17. Do not recycle shipping rails or trays. Repeated use 
causes deterioration of their antistatic coating. 

RECOMMENDED FOR READING: 

"Total Control of the Static in Your Business" 

Available by writing to: 
3M Company 
Static Control Systems 
P.O. Box 2963 
Austin, Texas 78769-2963 

Or by Calling: 
1-800-328-1368 

FIGURE 2 - NETWORKS FOR MINIMIZING ESD 
AND REDUCING CMOS LATCH UP SUSCEPTIBILITY 

To Off-Board 

Connection 

R1 
CMOS 

Input 

or 

Output 

To Off-Board 

Connection 

Advantage: Requires minimal board area Advantage: R2 < R1 for the same -= VSS 

level of protection. 

Disadvantage: R1 > A2 for the same level of 

protection, therefore rise and fall 

times, propagation delays, and output 

drives are severely affected. 

Impact on Be and de 

characteristics is minimized 

Disadvantage' More board area, higher Initial cost 

Note: These networks Bfe useful for protecting the following 

A digital inputs and outputs C 3-state outputs 

B analog inputs and outputs 0 bidirectional (1/0) ports 

PROPAGATION DELAY AND RISE TIME 
VB. SERIES RESISTANCE 

t 
R- ~~ 

where' C·k 

A = the maximum allowable series resistance in ohms 

t = the maximum tolerable propagation delay or nse time In seconds 

C = the board capacitance plus the driven deVice's 

Input capacitance In farads 

= 0.7 for propagation delay calculations 

k = 2.3 for rise time calculations 

FIGURE 3 - TYPICAL MANUFACTURING WORK STATION 
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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 alf blower directed at 

work) Primarily for use In areas where direct 

grounding IS Impractical. 

Room humld,fier Primartly for use In areas where 

the relative humidity is less than 45% Caution. 

bUlldmg heating and cooling systems usually dry 

the alf causing the relative humidity inSide of bUild­

ings to be less than outside humidity 

I 
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POWER SUPPLIES 

CMOS devices have low power requirements and the 
ability to operate over a wide range of supply voltages. 
These two characteristics allow CMOS designs to be im­
plemented using inexpensive, conventional power sup­
plies, instead of switching power supplies and power 
supplies with cooling fans. In addition, batteries may be 
used as either a primary power source or for emergency 
backup. 

The absolute maximum power supply voltage for 14000 
Series Metal-gate CMOS is 18.0 Vdc. Figure 4 offers 
some insight as to how this specification was derived. In 
the figure, Vs is the maximum power supply voltage and 
IS is the sustaining current of the latch-Up mode. The 
value of V S was chosen so that the secondary breakdown 
effect may be avoided. 

In an ideal system design, a power supply should be 
designed to deliver only enough current to insure proper 
operation of all devices. The obvious benefit of this type 
design is cost savings; an added benefit is protection 

against the possibility of latch-up related failures. This 
system protection can be provided by the power supply 
filter and/or voltage regulator. 

CMOS devices can be used with battery or battery 
backup systems. A few precautions should be taken when 
designing battery-operated systems: 

1. The recommended power supply voltage should be 
observed. For battery backup systems such as the 
one in Figure 5, the battery. voltage must, be at least 
3.7 Volts (3 Volts from the minimum power supply 
voltage and 0.7 Volts to account for the voltage drop 
across the series diode). 

2. Inputs that might go above the battery backup voltage 
should either use a series resistor to limit the input 
current to less than 10 mA or use the MC14049UB or 
MC14050B high-to-Iow voltage translators. 

3. Outputs that are subject to voltage levels above VOO 
or below VSS should.be protected with a series resis­
tor to limit the current to less than 10 mA or with 
clamping diodes. 

FIGURE 4 - SECONDARY BREAKDOWN CHARACTERISTICS 

r----
I 
I 
I 
I 
I 
I 
I 
I 
I 

Line Power Only 

System 

CMOS 

System 

100 

Up Mode 

IS - -----

vs voo 

Vs = Data Sheet Maximum Supply Rating 

FIGURE 5 - BATTERY BACKUP INTERFACE 

Power Supply 

r--­

'I Battery Backup 

System r--------+---1~---i 

I 
I 

MCt4049UB 

':" MC t 4050B 

1 
CMOS 

System 

I 
I 
I 
I 
I 
I 
I 

I - I I - I 
L ________ --1 L _____________ -.l 
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INPUTS 

All inputs, while in the recommended operating range 
(VSS < Yin < VOO) can be modeled as shown in Figure 6. 
For input voltages in this range, diodes 01 and D2 are 
modeled as resistors, representing the reverse bias im­
pedance of the diodes. The maximum input current is 
worst case, 1 iJ.A, when the inputs are at VOO or VSS, and 
VDO ~ 15.0 V. This model does not apply to inputs with 
pull-up or pull-down resistors. 

FIGURE 6 - INPUT MODEL FOR VSS '" Vl n '" VDD 

voo 

R1 

R2 

When left open-circuited, the inputs may self-bias at or 
near the typical switchpoint, where both the P-channel 
and N-channel transistors are conducting, causing exces­
sive current drain. Due to the high gain of the inverters 
(see Figure 7), the device may also go into oscillation from 
any noise in the system. Since CMOS devices dissipate 
the most power during switching, this oscillation can 
cause very large current drain and undesired switching. 

50 

40 

30 

20 

10 

o 

FIGURE 7 - TYPICAL TRANSFER CHARACTERISTICS 
FOR BUFFERED DEVICES 

VDD = 5.0 Vdc 

Smgle Input NAND, AND 
Multiple Input NOR, OR 

V 
1...- Single Input NOR, OR 

Multiple Input NAND, AND 

/' 
I'" 

o 1.0 20 30 4.0 50 

vln • INPUT VOLTAGE (V) 

For these reasons, all unused inputs should be con­
nected either to Voo or VSS. For applications with inputs 
going to edge connectors, a 100 kilohm resistor to VSS 
should be used, as well as a series resistor for static pro­
tection and current limiting (Figure 8). The 100 kilohm re­
sistor will help eliminate any static charges that might 
develop on the printed circuit board. See Figure 2 for 
other possible protection arrangements. 

FIGURE 8 ~ EXTERNAL PROTECTION 

From 

Edge 

Connector 

Rs 

100 k 
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For input voltages outside of the recommended operat­
ing range, the CMOS input is modeled as in Figure 9. The 
resistor-diode protection network allows the user greater 
freedom when designing a worst case system. The device 
inputs are guaranteed to withstand voltages from VSS -
0.5 V to VOO + 0.5 V and a maximum current of 10 mAo 
With the above input ratings, most designs will require no 
special terminations or design considerations. 

FIGURE 9 - INPUT MODEL FOR Vin > VDD or Vln < VSS 

01 

",15k 

02 

I 
7.5 pF 

Other specifications that should be noted are the maxi­
mum input rise and fall times. Figure 10 shows the oscilla­
tions that may result from exceeding the 15 iJ.S maximum 
rise and fall time at VOO ~ 5.0 V, 5 floS at 
10 V, or 4 floS at 15 V. As the voltage passes through the 
switching threshold region with a slow rise time, any noise 
that is on the input is amplified, and passed through to the 
output, causing oscillations. The oscillation may have a 
low enough frequency to cause succeeding stages to 
switch, giving unexpected results. " input rise or fall times 
are expected to exceed 15 floS at 5.0 V, 5 floS at 10 V, or 4 
iJ.S at 15 V, Schmitt-trigger devices such as the 
MC14093B, MC14583B, MC14584B, MC14106B, HC14, or 
HC132 are recommended for squaring-up these slow 
transitions. 

FIGURE 10 - MAXIMUM RISE AND FALL TIME VIOLATIONS 

voo 
/ l"-

vss V "-

I , 
Vout • 
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OUTPUTS 

All CMOS 8-Series outputs are buffered to insure con­
sistent output voltage and current performance. All 
buffered outputs have guaranteed output voltages of VOL 
= O.OS V and VOH = VOO-O.OS V for Yin = VOO or 
VSS and lout = 0 fLA. The output drives for all buffered 
CMOS devices are such that 1 LSTTL load can be driven 
across the full temperature range. 

CMOS outputs are limited to externally forced output 
voltages of VSS - O.S V,;;; Vout ,;;; VOO + O.S V. When 
voltages are forced outside of this range, a silicon con­
trolled rectifier (SCR) formed by parasitiC; transistors can 
be triggered, causing the device to latch up. For more in­
formation on this, see the explanation of CMOS Latch Up 
in this section. 

The maximum rated output current for most outputs is 
lOrnA. The output short-circuit currents of these devices 
typically exceed these limits. Care must be taken not to 
exceed the maximum ratings found on every data sheet. 

For applications that require driving high capacitive 
loads where fast propagation delays are needed (e.g., 
driving power MOSFETs), two or more outputs on the 
same chip may be externally paralleled. 

CMOS LATCH UP 

Latch up will not be a problem for most designs, but the 
designer should be aware of it, what causes it, and how to 
prevent it. 

Figure 11 shows the cross-section of a typical CMOS 
inverter and Figure 12 shows the parasitic bipolar devices. 
The circuit formed by the parasitic transistors and resis­
tors is the basic configuration of a silicon controlled recti­
fier, or SCR. In the latch up condition, transistors 01 and 
02 are turned ON, each providing the base current neces­
sary for the other to remain in saturation, thereby latching 

the devices in the ON state. Unlike a conventional SCR, 
where the device is turned ON by applying a voltage to the 
base of the NPN transistor, the parasitic SCR is turned ON 
by applying a voltage to the emitter of either transistor. 
The two emitters that trigger the SCR are the same point, 
the CMOS output. Therefore, to latch up the CMOS de­
vice, the output voltage must be greater than VOO + O.S 
V or less than VSS - O.S V and have sufficient current to 
trigger the SCR. The latch-up mechanism is similar for the 
inputs. 

Once a CMOS device is latched up, if the supply current 
is not limited, the device will be destroyed. Ways to pre­
vent such occurrences are listed below: 

1. Insure that inputs and outputs are limited to the maxi­
mum rated values, as follows: 
-O.S V ,;;; Yin or Vout ,;;; VOO + O.S V (referenced to 
VSS) 
Ilin or loutl ,;;; lOrnA (unless otherwise indicated on 
the data sheet) 

2. If voltage transients of sufficient energy to latch up 
the device are expected on the inputs or outputs, ex­
ternal protection diodes can be used to clamp the 
voltage. Another method of protection is to use a se­
ries resistor to limit the expected worst case current to 
the maximum rating of 10 rnA. (See Figure 2). 

3. Sequence power supplies so that the inputs or out­
puts of CMOS devices are not active before the sup­
ply pins are powered up (e.g., recessed edge 
connectors and/or series resistors may be used in 
plug-in board applications). 

4. Voltage regulating or filtering should be used in board 
design and layout to insure that power-supply lines 
are free of excessive noise. 

S. Limit the available power supply current to the de­
vices that are subject to latch-up conditions. This can 
be accomplished with the power supply filtering net­
work or with a current-limiting regulator. 

FIGURE 11 - CMOS WAFER CROSS SECTION 

P-Channel N-Channel 

Input 

Field Oxide 

FIGURE 12 - LATCH UP CIRCUIT SCHEMATIC 

Ql 
N·CHANNEL OUTPUT N·WELL RESISTANCE 

N-
r_--------t---'II\.fIv-----o VDD 

VSS':'" 

~~------"'VDD 
P-

VSS-=- P·SUBSTRATE RESISTANCE P·CHANNEL OUTPUT 
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II 

® MOTOROLA 

DUAl3-INPUT "NOR" GATE PLUS INVERTER 

The MCI4000UB 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. 

• Diode Protection on All Inputs 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Logic SWing I ndependent of Fanout 

• Pin·for-Pin Replacement for CD4000UB 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Value 

VOO DC Supply Voltage -0.5 to + 18.0 

V,". Vout Input or Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 

lin' lout Input or Output Current (DC or Transient) I per Pin ±10 

Po Power DISSipation, per Packaget 500 

Tstg Storage Temperature -65 to +150 

TL Lead Temperature (a-Second Soldering) 260 

*Maxlmum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: PlastiC "P" Package· -12mW/DC from 65°C to 85°C 

Ceramic "L" Package -, 2mW/oC from 1 DOoe to 125°C 

CIRCUIT SCHEMATIC 

14 11 12 13 
VOO 

3o-~--------~~-t 

4o-t--"T----, 

Vss 
1 6 

8 

10 
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Unit 

V 

V 

mA 

mW 

°C 

°C 

MC14000UB 

CMOS 55. 
(LOW·POWER COMPLEMENTARY MOSI 

DUAl3-INPUT "NOR" GATE 
PLUS INVERTER 

._ .• 1 1 
L SUFFIX 

CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

A Series· - 55"C to + 125"C 
MC14XXXUBAL (Ceramic Package Only) 

C Series· - 40"C to + 85"C 
MC14XXXUBCP (Plastic Package) 
MC14XXXUBCL (Ceramic Package) 

lOGIC DIAGRAM 

113f>-
12 10 

13 

2 

3 

" 5 

8 

7 

Voo = Pin 14 
VSS"" Pin 7 

PIN ASSIGNMENT 

NC = NO CONNECTION 

1" 

13 

12 

11 

10 

II 
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MC14000UB 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

VDD 
Characteristic Symbol Vdc 

Output Voltage "0" level 5.0 
Yin ~ VDD or 0 Val 10 

15 

"1" level 5.0 
V,n ~ 0 or VDD VOH 10 

15 

Input Voltage "0" level 
(Va ~ 4.5 Vdc) 

Vll 
5.0 

(Va ~ 9.0 Vdc) 10 
(Va ~ 13.5 Vdc) 15 

"1" level 
(Va ~ 0.5 Vdc) 

VIH 
5.0 

(Va ~ 1.0 Vdc) 10 
(Va ~ 1.5 Vdc) 15 

Output Drive Current (Al Dev,ce) 
(VOH ~ 2.5 Vdc) Source 5.0 
(VOH ~ 4.6 Vdc) IOH 5.0 
(VOH ~ 9.5 Vdc) 10 
(VOH ~ 13.5 Vdc) 15 

(Val ~ 0.4 Vdc) Sink 5.0 
(Val ~ 0.5 Vdc) IOl 10 
(Val ~ 1.5 Vdc) 15 

Output Drive Current (CVCP Device) 
(VOH ~ 2.5 Vdc) Source 5.0 
(VOH ~ 4.6 Vdc) IOH 5.0 
(VOH ~ 9.5 Vdc) 10 
(VOH ~ 13.5 Vdc) 15 

(Val ~ 0.4 Vdc) Sink 5.0 
(Val ~ 0.5 Vdc) IOl 10 
(Val ~ 1.5 Vdc) 15 

Input Current (Al Device) lin 15 

Input Current (ClICP Device) lin 15 

Input Capacitance Gin -
(Vin ~ 0) 

Quiescent Current (Al Device) IDD 5.0 
(Per Package) 10 

15 

Quiescent Current (CVCP Device) IDD 5.0 
(Per Package) 10 

15 

Total 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 cuep Device. 
Thigh = + 125"C for AL Device, +B5"C for CUCP Device 

#Data labelled "Typ" IS not to be used for design purposes but is 
intended as an indication of the Ie's potential periormance. 

uThe fonnulas given are for the tyPIcal characteristics only at 25"C. 

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

'r(CLl ~ Ir(50 pF) + (CL - 50) Vfk 

where: IT is in J.1H (per package). CL in pF. V = (VOO - VSS) in volts, 
f in kHz is input frequency, and k == 0.001 x the number of exercIsed 
gates per package. 

Tlow· 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.0 
- 2.0 
- 2.5 

4.0 -
8.0 -
12.5 -

-1.2 -
-0.25 -
-0.62 -
-1.8 -

0.64 -
1.6 -
4.2 -

-10 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
3.6 -

- ±O.1 

- ±O.3 

- -

- 0.25 
- 0.5 
- 1.0 

- 1.0 
- 2.0 
- 4.0 

25'C Thl h' 
Unit 

Min Typ# Max Min Max 

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

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

- 2.25 1.0 - 1.0 
Vdc - 4.50 2.0 - 2.0 

- 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 -

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

-0.8 -1.7 - -0.6 -
-0.16 -0.36 - -0.12 - mAde 
-0.4 -0.9 - -0.3 -
-1.2 -3.5 - -1.0 -
0.44 0.88 - 0.36 -
1.1 2.25 - 0.9 - mAde 
3.0 8.8 - 2.4 -
- ±0.00001 ±O.1 - ±1.0 ".Adc 

- ±0.00001 ±O.3 - ±1.0 ".Adc 

- 5.0 7.5 - - pF 

- 0.0005 0.25 - 7.5 ".Adc 
- 0.0010 0.5 - 15 
- 0.0015 1.0 - 30 

- 0.0005 1.0 - 7.5 ".Adc 
- 0.0010 2.0 - 15 
- 0.0015 4.0 - 30 

IT ~ (0.3 p.A/kHz) f + IDDIN ".Adc 
IT ~ (0.6 p.A/kHz) f + IDDIN 
IT ~ (0.8 p.A/kHz) f + IDDIN 

This device contains protection circuitry to guard against damage due to high static voltages or electric fields. However, 
precautions must be taken to avoid applications of any voltage higher than maximum rated voltages to this high-imped­
ance circuit. For proper operation, Vin and Vout should be constrained to the range VSS '" (Vin or Vout) '" VDO' 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or VOO). Unused outputs must be 
left open. 
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II 

MC14000UB 

SWITCHING CHARACTERISTICS' ICL = 50 pF, TA = 250 CI 

Characteristic 

Output Rise Time 
tTLH = 13.0 ns/pF I CL + 30 n. 
tTLH = 11.5 n./pFI CL + 15 ns 
tTLH = 11.1 ns/pFI CL + 10 ns 

Output Fall Time 
tTHL = 11.5 ns/pFI CL + 25 ns 
tTHL = 10.75 n./pFI CL • 12.5 n. 
tTHL = 10.55 ns/pFI CL + 9.5 ns 

Propagation Delay Time 

tPLH, tPHL = 11.7 ns/pF I CL + 30 ns 
tpLH, tpHL = 10.66 ns/pFI CL + 22 ns 
tpLH tPHL = 10.50 ns/pFI CL + 15 ns 

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

#Data labelled "Typ" is not to be used for design purposes but Is 
intended as an indication of the IC's potential performance. 

Symbol VDD 
Vdc 

t-rLH 
5.0 
10 
15 

tTHL 
5.0 
10 
15 

tPLH, 
tpHL 5.0 

10 
15 

Min Typ# Max Unit 

ns 
- 180 360 
- 90 180 

- 65 130 

ns 
- 100 200 
- 50 100 
- 40 80 

ns 
- 115 230 
- 55 110 
- 40 80 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Voo 

»-(>--+--<> Output 

FIGURE 2 - TYPICAL VOLTAGE AND CURRENT 
TRANSFER CHARACTERISTICS 

-0 
:;f 
S .... 

80 ~ 
~ 
z 

60 ~ 
0 

40 :? 

20 

0 
16 

Von. INPUT VOLTAGE IVrlc) 

Input 

Output 
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20 ns 

~~----------~--4-------- VOO 

'-____ VSS 

tTHL tTLH 

FIGURE 3 - TYPICAL VOLTAGE TRANSFER 
CHARACTERISTICS verSUI TEMPERATURE 

6 

14 

, 
0 '" 

~ 
> 8 0 

0 

0 

0 

0 

~ - l!JVdc Unused mputs 

~ 
connected to -
VSS 

I 

10 Vdc . JA ~ )250C 

~ 
b TA: -S50 C . b 

. ~ 
~VdC 

• b 
~ 

" ~ 20 40 60 80 10 12 .. 16 

Vln, INPUT VOL TAGE (Vdc) 



® MOTOROI.A 

B-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 MaS). Their primary use is where low power dissipation 
and/or high noise Immunity is desired. 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• All Outputs Buffered 

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range. 

• Double Diode Protection on All Inputs 

• Pm· for-Pin Replacements for Corresponding CD4000 Series B 

Suffix Devices 

. -1 •• 1 
L SUFFIX P SUFFIX 

CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632 ORDERING INFORMATION CASE 646 

A Series' -55°C to +125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series' - 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

MAXIMUM RATINGS' (Voltages Referenced to VSS) 

Symbol Parameter Value 

VDD DC Supply Voltage -0.5to +180 

Vm. Vout Input or Output Voltage (DC or Transient) -05toVDD +05 

'10' lout Input or Output Current (DC or Transient), per Pin ±10 

PD Power DISSipation, per Packaget 500 

Tstg Storage Temperature -65 to + 150 

TL Lead Temperature (a-Second Soldering) 260 

"MaXimum Ratmgs are those values beyond which damage to the device may occur 
tTemperature Deratmg: Plastic "P" Package - 12mW/oC from 65°C to 85°C 

Ceramic "L" Package: -12mW/oC from 10QoC to 125°C 

This device contains protection circuitry to guard against damage due to 
high static voltages or electric fields. However, precautions must be 
taken to avoid applications of any voltage higher than maximum rated 
voltages to this high-impedance circuit. For proper operation, Vin and 
Vout should be constrained to the range VSS '" (Vin or Vout) '" Vee. 
Unused inputs must always be tied to an appropriate logic voltage level 
(e.g., either VSS or Vee). Unused outputs must be left open. 

6-5 

Unit 

V 

V 

mA 

mW 

'C 

'C 

MC14001B 
Quad 2·lnput NOR Gate 

MC14002B 
Dual 4·lnput Nor Gate 

MC14011 B 
Quad 2·lnput NAND Gate 

MC14012B 
Dual 4·lnput NAND Gate 

MC14023B 
Triple 3·lnput NAND Gate 

MC14025B 
Triple 3·lnput NOR Gate 

MC14068B 
a·lnput NAND Gate 

MC14071B 
Quad 2·lnput OR Gate 

MC14072B 
Dual 4·lnput OR Gate 

MC14073B 
Triple 3·lnput AND Gate 

MC14075B 
Triple 3·lnput OR Gate 

MC14078B 
a·lnput NOR Gate II 
MC14081B 

Quad 2·lnput AND Gate 

MC14082B 
Dual 4·lnput AND Gate 

CMOS SS. 
(LOW-POWER COMPLEMENTARY MOS) 

B-SERIES GATES 



II 

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 

MCl40018 
Qu" 2·lnput NOR Gate 

MCl40258 
Tripi. 3-lnput NOR Gate 

"3=D-12 10 

13 

MC140028 
Dual 4-Input NOR Gata 

~~1 
':~'3 "~--
12 NC ~ 6,8 

MCl40788 
8-lnput NOR Gat. 

~?-'3 10 
11 
12 , 

CMOS B·SERIES GATES 

lOGIC DIAGRAMS 

NAND 

MC140118 
Quad 2-lnput NAND Gate 

12:=:[J- 11 
13 

MCI40238 
Triple 3-lnput NAND Gate 

"~ 12 10 

13 

MCl40128 
Dual 4-lnput NAND Gat. 

~p-, 
1:~13 
11 

12 

MCl40688 
8-lnput NAND Gat. 

~P-'3 10 

11 
12 
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OR 

MC140718 
Ouad 2-lnput OR Gat. 

12=D- 11 
13 

MC140758 
Triple 3-lnput OR Gate 

"~ 12 10 

13 

MC140728 
Dual4-lnput OR Gat. 

~~1 
1:5D-13 
11 

12 

AND 

MC14OB18 
Quad 2-lnput AND Gate 

12=D-11 
13 

MC140738 
Triple 3·lnput AND Gate 

:3=0- 9 

:3=0-6 

"3=0-' 12 10 

13 

MC14OB28 
Dual4-lnput AND Gate 

~Pl 
l:p 13 
11 

12 

VOD"" Pin 14 
VSS =: Pm 7 

for All Devic;es 



CMOS B·SERI ES GATES 

PIN ASSIGNMENTS 

MC14001B MC14002B MC14011B MC14012B 
Quad 2-Input NOR Gate Oual 4-Input NOR Gala Quad 2-Input NAND Gata Dual 4-Input NAND Gate 

14 14 14 14 

2 13 2 13 2 13 2 13 

3 12 3 12 3 12 3 12 

4 11 4 11 4 11 4 11 

Ii 10 5 10 5 10 Ii 10 

6 9 6 9 6 9 6 9 

8 8 B 7 8 

MC14023B MC14025B MC14068B MC14071B 
Triple 3-Input NAND Gate Triple 3-Input NOR Gate 8-lnput NAND Gate Quad 2-lnput OR Gata 

14 14 ,. 14 
13 2 13 2 13 13 

3 12 3 12 3 12 3 12 
4 11 • 11 • 11 4 11 

5 10 5 10 5 10 5 10 
6 9 6 9 6 9 6 9 

B 8 B B 

MC14072B MC14073B MC14075B MC14078B 
Dual 4-lnput OR Gate Triple 3-lnput AND Gala Triple 3-lnput OR Gate 8-lnput NOR Gate 

II 14 14 14 ,. 
2 13 2 13 2 13 2 13 

3 12 3 12 3 12 3 12 

4 11 4 11 4 11 • 11 

5 10 5 10 5 10 5 10 

6 9 6 9 6 9 6 9 

B B B B 

MC14081B MC14082B 
Quad 2-lnput AND Gate Dual 4-lnput AND Gala 

14 14 

2 13 2 13 

3 12 3 12 

4 11 4 11 

5 10 5 10 

6 9 6 9 

B B 
NC = No Connection 
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CMOS a·SERIES GATES 

ELECTRICAL CHARACTERISTICS (Voltages Aeferenced to Vss) 

Characteristic Symbol 

Output Voltage "0" Level VOL 

Vln = VOO or 0 

"1" Level VOH 

Vin = 0 or VOO 

Input Voltage "0" Level VIL 
(VA ~ 4.5 or 0.5 Vdc) 
IVa ~ 9.0 or 1.0 Vdc) 
(Va ~ 13.5 or 1.5 Vdc) 

1" Level VIH 
(Va ~ 0.5 or 4.5 Vdc) 
(Va ~ 1.0 or 9.0 Vdc) 
(Va ~ 1.5 or 13.5 Vdc) 

Output Drive Current (AL Device) IOH 
(VOH ~ 2.5 Vdc) Source 
(VOH ~ 4.6 Vdc) 
(VOH ~ 9.5 Vdc) 
(VOH ~ 13.5 Vdc) 

(VOL ~ 0.4 Vdc) Sink IOL 
(VOL ~ 0.5 Vdc) 
(VOL ~ 1.5 Vdcl 

Output Drive Current (CUCP Device) IOH 
(VOH ~ 2.5 Vdc) Source 
(VOH ~ 4.6 Vdc) 
(VOH ~ 9.5 Vdc) 
(VOH ~ 13.5 Vdc) 

(VOL ~ 0.4 Vdcl Stnk IOL 
(VOL ~ 0.5 Vdc) 
(VOL ~ 1.5 Vdc) 

Input Current tAL Device I l,n 
Inpul Current (CLle? Devlcel l,n 
Input C.JPaCllance C,n 

IV,n = 01 

QUiescent CUlfent tAL DeVice) 100 
(pp, P,ldaqe) 

QUlescen! CUllenl (cue? DeVice) 100 
(Pel P.lckaqel 

Total SupplV Current" t IT 
(DynamiC plus OUlescenl. 
Per Gate. CL = 50 pF) 

*Tlow= -55°C for AL Device, -40°C for CLlCP Device 
Thigh = + 125°C for AL Device, + 8SoC for CUCP Device 

Voo 
Vdc 

50 
10 
15 

50 
10 
15 

50 
10 
15 

50 
10 
15 

50 
50 
10 
15 

50 
10 
15 

50 
50 
10 
15 

50 
10 
15 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 

15 

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an indication of the IC's potential performance 

*"The formulas given are for the typical characteristics only at 25°C. 

Tlow " 2SoC ThIgh" 
Min 

-
-
-

495 
995 

1495 

-
-
-
35 
70 

110 

-30 
-0.64 
-1.6 
-42 

0.64 
16 
4.2 

-2.5 
-052 
-1.3 
-3.6 

052 
1 3 
36 

-
-
-
-
-
-
-
-
-

Ma. Min Typ# Ma. Min Ma. Unit 

005 - 0 005 - 005 Vdc 
005 - 0 005 - 005 
005 - 0 005 - 005 

- 495 5.0 - 495 - Vdc 
- 995 10 - 9.95 -
- 1495 15 - 14.95 -

Vdc 
15 - 225 15 - 15 
30 - 4.50 30 - J 0 
40 - 675 40 - 40 

- 35 275 - 35 - Vdc 

- 70 550 - 70 -
- 110 825 - 110 -

mAde 

- -2.4 -4.2 - -1 7 -
- -0.51 -088 - -·0.36 -
- -1.3 -2.25 - -09 -
- -34 -8.8 - ·24 -
- 051 088 - 036 - mAde 

- 13 225 - 09 -
- 34 88 - 2.4 -

mAde 

- -2.1 -4.2 - -1.1 -
- -044 -0.88 - -0.36 -
- -11 -225 - -0.9 -
- -3.0 -88 - -2.4 -
- 0.44 088 - 0.36 - mAde 

- 11 225 - 09 -
- 30 8.8 - 24 -

.i.O.l - ,000001 ,,-01 1..1.0 j.lAdc 

~0.3 - '000001 .±O3 - ! 1.0 ",Adc 

- - 50 7.5 - - pF 

025 - 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 ./.lAde 
2.0 - 0.0010 2.0 - 15.0 
4.0 - 0.0015 4.0 - 30.0 

IT = (0.3 "A/kHz) f + IODIN /.lAde 

IT· (0.6 "A/kHz) f + IODIN 
IT = (0.9 "A/kHz) f + IODIN 

tTo calculate total supply current at loads other than 50 pF 

where IT is in ~A (per package), CL in pF, V = (VDD -VSS) in volts, 
f In kHz is input frequency, and k = 0 001 x the number of exercised 
gates per package 
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CMOS B·SERIES GATES 

B-SERIES GATE SWITCHING TIMES 

SWITCHING CHARACTERISTICS' ICL = 50 pF. TA = 25"C) 

Characteristic Symbol 

Output Rise Time, All B·Senes Gates tTLH 
tTLH = 1135 ns/pF) CL + 33 ns 
tTLH = 10.60 ns/pFI CL + 20 ns 
tTLH = 10.40 ns/pFI CL + 20 ns 

Output Fall Time, All 8-Senes Gates tTHL 
'THL = (135 ns/pFI CL + 33 ns 
tTHL = (0.60 ns/pFI CL + 20 ns 
'THL = (040 n,/pF I CL + 20 ns 

Propagation Delav Time tpLH. tpHL 

MCl4001B. MCl4011B only 
tpLH. tPHL = 10.90 ns/pF) CL + 80 ns 
tPLH. tPHL = 1036 ns/pF) CL + 32 ns 
tpLH. tpHL = 10.26 ns/pF) CL + 27 ns 

All Other 2. 3, and 4 Input Gates 
tpLH.tPHL =10.90ns/pF)CL + 115ns 
tPLH. tPHL = 10.36 ns/pF) CL + 41 ns 
tpLH. tPHL = 1026 ns/pF) CL + 37 ns 

8·lnput Gates (MCl4068B. MCl4078B) 
tPLH. tPHL = 10.90 ns/pF) CL + 155 ns 
tpLH. tPHL· (0.36 ns/pFI CL + 62 ns 
tpLH. tpHL = 10.26 ns/pF) CL + 47 ns 

"The formulas given are for the typical characteristics only at 25°C. 

#Data labelled "Typ" is not to be used for design purposes but Is 
intended as an Indication of the Ie's potential performance. 

VDD 
Vdc Min 

5.0 -
10 -
15 -

50 -
10 -
15 -

5.0 -
10 -
15 -

5.0 -
10 -
15 -

50 -
10 -
15 -

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Vss 
-All unused Inputs of AND, "'AND gates must be 
connected to VOO 
All unused Inputs of OR, NOR gates must be 
connected to VSS' 

Output 
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Typ# Ma. Unit 

ns 
100 200 
50 100 
40 80 

ns 

100 200 
50 100 
40 80 

ns 

125 250 
50 100 
40 80 

160 300 
65 130 
50 100 

200 350 
80 150 
60 110 

Vee 

OV 

VOL II 



2,5,9,12 

II 4,12 

Vss 
·Invertet' 0 

CMOS a·SERIES 

mltted In MC14001B 

MCl4002B 
MC14072B 
One of Two 
Gates Shown 

CIRCUIT NOR SCHEMATIC 
, OR Gat •• 

3 
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GATES 

MCl4025B 
MCl4075B 
On80f Three 
Gates Shown 

-I nverter 0 . mltted in MC140258 

MC14078B 
Eight Input 
Gate 



CMOS B·SERIES GATES 

2.4.12-1--~ 

1.3.11 o-~_..J 

Voo 

MCI4023B 
MCI4073B 
One of Three 
G.t.Sh_n 

• Invert., Omitted in MC14023B 

Voo 

20-1--'" 

3o-~-..J 

5 

4-"1....-=='--' 

9 

10 -"1--==--, 

12_~-==--, 

MCI4068B 
Eight Input G.,. 

CIRCUIT SCHEMATICS 
NAND, AND Gates 

MCI40ltB 
MCl4OB1B 
One of Four 

G .... _n '~VOO 

d :---;3-:-::J d 
1...--+---<>-'-1" ~H:r3'4'10"1 

2.5.9.,2o--i----+J~ L_jJ J 9 
1.6.s.13O-~--.J -;1vss 

'"'nvertar Omitted in MC140118 

2.10-~-~ 

3.9 ....... ~-..J 

4.12 

5.11 
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MC14012B 
MCI40B2B 
One of Two 
G._Shown 

• Inverter Omitted for MC140128 

II 



;;: 
§ 

~ 
" B 
z 
~ 
0 

~ 

;;: 
§ 
.... 

i 
z 
~ 
0 

~ 

;;: 
oS .... 

i 
::> ... 
z ;;: 
:; 
~ 

50 

4.0 

3.0 

2.0 

1.0 
~ 

CMOS B·SERIES GATES 

TYPICAL B-5ERIES GATE CHARACTERISTICS 

N-CHANNEL DRAIN CURRENT 
(SINK) 

FIGURE 2 - Vas - 5_0 VcIc 

~ 
h V 

TA: -55"C 
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+850C +25"C 
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-8. 
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P-CHANNEL DRAIN CURRENT 
(SOURCE) 

FIGURE 3 - VGS - --5.0 Vd. 
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/' V--
V t--~ +25°C 
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VDS. DRAIN TO·SOURCE VOLTAGE (V,,} 

FIGURE 4 - VGS - 10 VcIc 
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; / V- +125~C 

'1// ?-" 
VB 

~v , 
00 1.0 2.0. 3.0 40 5.0 6.0 7.0 8.0 9.0 10 

VOS. ORAIN·TO·SOURCE VOLTAGE (Vdcl 

FIGURE 6 - Vas· 1& VcIc 
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V -4O"C 
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~W 
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VOS. ORAIN·TO-SOURCE VOLTAGE (Vd.) 
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...... 

VOS. ORAIN·TO-SOURCE VOLTAGE (Vd,} 

FIGURE 5 - Vas· -10 Vd. 

TA = -SS'C = - O"C-
.....-::: ;::::.--1- +2S"~ 

...... ~ -- +8 ,'C-

~ V --= +12S C 

~ po 
~ 

00 -1.0 -2.0 -3.0 -4.0 -5.0 -6.0 -7.0 --8.0 -9.0 -10 

-100 

-90 

-80 

! -70 

5 -10 
'" '" a-50 

~-40 
'" Co. -30 
E 

-20 

-10 

VOS. ORAIN·TO SOURCE VOLTAGE (Vd., 

FIGURE 7 - Vas· -1& Vd. 

TA'-~'C 

A I?' ~ 
+250 -40"C 

I~ 

At:'" ..... +I,,'C 

~ ~ 

" 00 -2.0 -4.0 -6.0 --8.0 -10 -12 -14 -18 -18 -20 
Vas. ORAIN-TO-SOURCE VOLTAGE (VIIt) 

These typical curves are not guarantees, but are design aids. 

Caution: The maximum rating for output current is lOrnA per pin. 
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CMOS B·SERIES GATES 

TYPICAL 8-SERIES GATE CHARACTERISTICS (cont'dl 

VOLTAGE TRANSFER CHARACTERISTICS 

FIGURE 8 - VDD • 5_0 Vdc 

Single Input NAND. AND 
Multiple Input NOR, OR 

/ 
i-"'" 

S"'III. Input NOR, DR 
Multiple Input NAND, AND 

/ 
I" 

2.0 J.O 4.0 S.O 
V,n, INPUT VOLTAGE (Vdd 

FIGURE 10 - VDD • 15 Yd. 

I '.I. 
S;ngle Input NAND, AND 

~",npul' NOR, Of -

/' Si~1t Inpul NOR, O~ 
MU/lnput NAND, ANO -

/' 

4.0 6.0 8.0 10 12 14 16 

Vin, INPUT VOLTAGE (VtkJ 

~ 
? 
w .. 10 '" !::; 
0 

B.O > 

~ 
... 6.0 
::> 
o J 4.0 

2.0 

'FIGURE 8 - VDD • 10 Vdc 

Singl,'np" NAND, AND 
Multiple Input NOR, OR 

V 
V Single Input NOR, OR 

Multiple Input NAND, AND 

/ 
I' 

2.0 4.0 6.0 B.O 10 

Vin, INPUT VOLTAGE (Vtkl 

DC NOISE MARGIN 

The DC noise margin is defined as the input 

voltage range from an Ideal" 1" or "0" input level 

which does not produce output state change(s). 

The typical and guaranteed limit values of the in· 

put values VIL and VIH for the output(s) to be at 

a fixed voltage Vo are given in the Electrical 

CharacteristiCS table. Vil and VIH are presented 
graphically in Figure 11. 

Guaranteed minimum noise margins for both 

the "1" and "0" levels = 

1.0 V with a 5.0 V supply 

2.0 V with a 10.0 V supply 

2.5 V with a 15.0 V supply 

FIGURE 11 - DC NOISE IMMUNITY 

ee) Inverting Function (b) Non-Inv.-tine FunClion 

V out VDD 

Vo_..., __ + 

Vo_+_+ 

VDD 
o o 

Vas - 0 volts dc 
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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. 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• linear and Oscillator Applications 

• Capable of Driving Two low-power TIL loads or One low-power 
Schottky TIL load Over the Rated Temperature Range. 

• Double Diode Protection on All Inputs 

• Pin·for·Pin Replacements for Corresponding CD4000 
Series UB Suffix Devices 

lOGIC DIAGRAMS 

MC14001UB MC14002UB MC14011UB 

Quad 2·lnput NOR Gat. Dual 4·lnput NOR Got. Quad 2·lnput NAND Gat. 

:=D-3 ~~1 :=D-3 
:=D-4 :=D-4 
:=D-'O 1:3D-13 :=D-'O 

11 12=D-12=D- 11 
11 12 13 13 

MC14023UB MCl4025UB 
MCl4012UB Triple 3·lnput NAND Gat. Triple 3·lnput NOR Got. 

Duol4·lnput NAND Got. 

~~1 :3=Cr- 9 :3D-9 

:3=Cr-6 :3D-6 1:P-13 
11 "3=Cr- "3D-12 12 10 12 10 13 13 

VDO = Pin 14 
Vss = Pin 7 

for AU Devices 
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MC14001UB 
Quad 2-lnput NOR Gate 

MC14002UB 
Dual 4-lnput NOR Gate 

MC14011UB 
Quad 2·lnput NAND Gate 

MC14012UB 
Dual4-lnput NAND Gate 

MC14023UB 
Triple 3-lnput NAND Gate 

MC14025UB 
Triple 3-lnput NOR Gate 

CMOS 551 
ILOW.pOWER COMPLEMENTARY MOSI 

US-SERIES GATES 

._-
1 1 

L SUFFIX 
CERAIVIIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

A Series' -55°C to + 125°C 
MC14XXXUBAL (Ceramic Package Only) 

C Series' - 40°C to + 85°C 
MC14XXXUBCP (Plastic Package) 
MC14XXXUBCL (Ceramic Package) 

This device contains protection circuitry to 
guard against damage due to high static 
voltages or electric fields. However, precau­
tions must be taken to avoid applications of 
any voltage higher than maximum rated 
voltages to this high-Impedance circuit. For 
proper operation, Vin and Vout should be 
constrained to the range VSS "" (Vin or 
Vout) "" VOO' 
Unused inputs must always be tied to an ap­
propriate logic voltage level (e.g., either VSS 
or VOO)' Unused outputs must be left open. 



CMOS UB·SERIES GATES 

PIN ASSIGNMENTS 

MC14011UB MC14001UB 
Quad 2-lnput NOR Gata 

MC14002UB 
Dual 4-lnput NOR Gata Quad 2-lnput NAND Gata 

14 14 14 

2 13 2 13 2 13 

3 12 3 12 3 12 

4 11 4 11 4 11 

II 10 5 10 5' 10 

II 9 II 9 6 9 

1 II 1 8 1 8 

MC14012UB MC14023UB MC14025UB 
Dual 4-lnput NAND Gata Tripla 3-lnput NAND Gate Triple 3-lnput NOR Gata 

2 

3 

4 

5 

II 

1 

14 14 

13 2 13 2 
12 3 12 3 
11 4 11 4 
10 5 10 5 
9 6 9 6 
8 8 1 

NC No Connection 

MAXIMUM RATINGS' (Voltages Referenced to Vss) 

Symbol Parameter Value 

VDD DC Supply Voltage -05to +180 

Vm, Vout Input or Output Voltage (DC or TranSIent) -0.5 to VDD +05 

lin' lout Input or Output 'Current (DC or TranSient), per Pm ±10 

PD Power DISSipation, per Packaget 500 

Tst" 
Storage Temperature -65 to + 150 

TL Lead Temperature (a-Second Soldenng) 260 

"Maximum Ratings are those values beyond which damage to the deVIce may occur. 
tTemperature Derating. Plastic "P" Package - 12mWrC from 65°C to 85°C 

Ceramic "L" Package -12mW/oC from 10QoC to 125°C 
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13 

12 

11 

10 
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8 

Unit 

V 

V 

rnA 

rnW 

°C 

°C 

II 



CMOS UB-SERIES GATES 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

VDD 
Characteristic Symbol Vdc 

Output Voltage "0" Level 5.0 
Yin ~ VOO or 0 VOL 10 

15 

"t" Level 5.0 
Yin ~ 0 or VOO VOH 10 

15 

Input Voltage "0" Level 
(Va ~ 4.5 Vdc) 

VIL 
5.0' 

(Va ~ 9.0 Vdc) 10 
0/0 ~ 13.5 Vdc) 15 

"1" Level 
0/0 ~ 0.5 Vdc) 

VIH 
5,0 

(Va ~ 1.0 Vdc) 10 
(VO ~ 1.5 Vdc) 15 

Output Drive Current (AL Oevice) 
(VOH ~ 2.5 Vdc) Source 5.0 
(VOH ~ 4.6 Vdc) 10H 5.0 
(VOH ~ 9.5 Vdc) 10 
(VOH ~ 13,5 Vdc) 15 

(VOL ~ 0.4 Vdc) Sink 5.0 
(VOL ~ 0.5 Vdc) 10L 10 
(VOL ~ 1.5 Vdc) 15 

Output Drive Current (CUCP Device) 
(VOH ~ 2.5 Vdc) Source 5.0 
(VOH ~ 4.6 Vdc) 10H 5.0 
(VOH ~ 9.5 Vdc) 10 
(VOH ~ 13.5 Vdc) 15 

(VOL ~ 0.4 Vdc) Sink 5.0 
(VOL ~ 0.5 Vdc) 10L 10 
(VOL ~ 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CUCP Device) lin 15 

Input Capacitance Gin -
(Vin ~ 0) 

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

15 

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

15 

Total Supply Current .. t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Gate, CL ~ 50 pF) 15 

*Trow = - 55"C for AL Device, - 40"C for CLlCP Device. 
Thigh = + 125"C for AL Device, +85"C for CUCP Device. 

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an indication of the IC's potential peliormance. 

**The formulas given are for the typical characteristics only at 2S"C. 

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

where: IT is In J.LH (per package), CL In pF. V ::= (VOO - VSS) in volts, 
f in kHz Is input frequency, and k = 0.001 x the number of exercised 
gales per package. 

Tlow 
, 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.0 
- 2.0 
- 2.5 

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 -

- ±O.1 

- ±O.3 

- -

- 0.25 
- 0.5 
- 1.0 

- 1.0 
- 2.0 
- 4.0 
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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 1.0 
- 4.50 2.0 
- 6.75 2.5 

4,0 2.75 -
8,0 5.50 -
12,5 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.1 

- ±O.OOOO1 ±O.3 

- 5.0 7.5 

- 0.0005 0.25 
- 0.0010 0.5 
- 0.0015 1.0 

- 0.0005 1.0 
- 0.0010 2.0 
- 0.0015 4.0 

IT ~ (0.3 p.A/kHz) f + IODIN 
IT ~ (0.6 p.NkHz) f + looiN 
IT ~ (0.8 p.NkHz) f + IODIN 

Thi h' 
Unit 

Min Max 

- 0.05 
- 0.05 Vdc 
- 0.05 

4.95 -
9.95 - Vdc 
14.95 -

- 1.0 Vdc - 2.0 
- 2.5 

4.0 - Vdc 
8.0 -
12.5 -

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

-0.6 -
-0.12 - mAde 
-0.3 -
-1.0 -
0.36 -
0.9 - mAde 
2.4 -
- ±1.0 pAdc 

- ±1.0 pAdc 

- - pF 

- 7.5 p.Adc 
- 15 
- 30 

- 7.5 pAdc 
- 15 
- 30 

pAdc 



CMOS UB·SERIES GATES 

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

Characteristic Symbol 

Output Rise Time fTLH 
fTLH - (3.0 nl/pF) CL + 30 no 
fTLH - (1.5 nl/pF) CL + 15 no 
fTLH - (1.1 no/pF) CL + 10 nl 

Output Fall Time fTHL 
fTHL - (1.5 nl/pF) CL + 25 n. 
fTHL - 10.75 nl/pF) CL + 12.5 nl 
fTHL - (0.55 nl/pF) CL + 9.5 nl 

Propagation Delay Time tPLH,tpHL 
tPLH, tPHL = (1.7 nl/pF) CL + 30 ns 
tpLH, tPHL = (0.66 nl/pF) CL + 22 ns 
tPLH, tPHL - (0.50 ns/pF) CL + 15 ns 

·The formulas given are for the typical characteristics only at 25°C. 

#Data labelled "Typ" is not to be used for design purposes but Is 
intended as an indication of the IC's potential performance. 

VDD 
Vdc Min Typ# Max 

5.0 - 180 360 
10 - 90 180 
15 - 65 130 

5.0 - 100 200 
10 - 50 100 
15 - 40 80 

5.0 - 90 180 
10 - 50 100 
15 - 40 80 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

14 VOO 

Input Output 

1 VSS 

-All unused inputs of AND, NAND ".tel rhUlt be 
connected to VOD' 
All unused inputs of 0 R. NO R get •• must be 
connected to VSS. 

MCf4001UB CIRCUIT SCHEMATIC 

YDD 
1410 

c~ 

J 

o---......,r---,l:::~-l+t::::!Ir---r--~1J 

L!:::!r-r---f----ou 
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J",="...--.L:+----voo 

fTH~ fTLH 

MCI4002UB CIRCUIT SCHEMATIC 
(1/2 of Devi .. Shown) 

2 •• 1 3,10 

.,11 
Ij 

5,12 

iJ 
II, 

1. '3 

U, UJ UJ~d7 

!~ 
ns 

ns 

ns 

II 
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CMOS UB·SERIES GATES 

MC14011U8 CIRCUIT SCHEMATIC 
11/4 of o.lce .. _nl 

14VOO 

~ '"'' r~."", 
2'5'9'12D~ 

7Vss 

MC14025U8 CIRCUIT SCHEMATIC 
11/3 of DIVIce "own) 

14Voo 

:: ::o-/--r-""I:~ 
U9 U,US 9,6,10 

7Vss 

MC14012U8 CIRCUIT SCHEMATIC MC14023U8 CIRCUIT SCMEMATIC 
11/2 of o.lce "own) 11/3 of Device "_n) 

14Voo 14 VOO 

~~~~r~ 
1,13 nd n~ n~ 

II~ I~ 
6,9,10 

2,9 
5,1,11 

3,10 '~ IJ 
'b 

4,2,12 

I~ 4,11 

5,12 Ii 3,8,13 

7VSS 7VSS 

FIGURE 2 - TYPICAL VOLTAGE AND FIGURE 3 - TYPICAL VOLTAGE 
!cuRRENT TRANSFER CHARACTERISTICS TRANSFER CHARACTERISTICS_. 

16 "'-"--=-::-,..,;;.:-0;=--....,-:::= I--~OO 15 Vde TA - +25"C 
14 I ~ Unused Input 

~ I \ ['-.. connected to ~ 
w 12 .. L VSS' §. 
~ 10 ,de a Onolnput only !z 
~ 10 "1:\ b ~nputs il! 
1- 8.0 r ba I 8.D a 
~ 6.0 50 Vde 6.0 ~ 
~ h b a I '15~de a: 
~ 4.0 ~I I 1 4.0 ~ 
J 20 bla I I \ 10Vdc_ 20 .9 

'0 I U \ k:r-.:,j, I '0' 
o 2.0 4.0 6.0 8.0 10 12 14 16 

VIn' INPUT VOLTAGE (VOO) 

TEMPERATURE 

o 2.0 4.0 6.0 8.0 10 12 14 16 
Yin, INPUT VOLTAGE (Vde) 

FIGURE 4 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS 

FIGURE 5 - TYPICAL OUTPUT SINK 
CHARACTERISTICS 

0 I I I I 0 

~ {-2.0 ~-± VG~ - ,5.0 Vde 
b 
a 

§. a TA = 55"C 

ffi-4.0 
'/J b TA = +25"C 

o TA = +125"C ./ 1/ " ~ I 10 V [./ L '/ 
z-6.0 

t-r-Jov~t~ ......r: V/ W 
~ 0 / ~-15Vde 
",-8.0 --+-- ~ 

10 I .Y / a I' _1 
10 8.0 6.0 4.0 2.0 0 

VOS, DRAIN VOLTAGE (Vde) 

10 

{ 8.0 
§. 
.... z 6.0 w 
a: a: 
=> <> 4.0 

~ 
0 2.0 

'" 00 
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rrW8 r5. VGS = 10Vde-I-+--1 
1/ t7b 
II 0/ 

a , 
::..t 5.0 Vde;--1..lI--.l+--1 

2.0 4.0 6.0 8.0 10 

VOS, DRAIN VOLTAGE (Vdo) 



® MOTOROLA 

18-BIT STATIC SHIFT REGISTER 

The MC 14006B 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, B, 9,10,12,13,14,16,17, or 18 bits by appropri· 
ate selection of inputs and outputs. This part is particularly useful in 
serial shift registers and time delay circuits. 

• Output Transitions Occur on the Falling Edge of the Clock Pulse 

• Fully Static Operation 

• 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 or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 

• Pin·for·Pin Replacement for CD40068 

MAXIMUM RATINGS' (Vollages Referenced 10 VSS) 

Symbol Paramet.r Value Unit 

VOO DC Supply Volfage - 05 to + 18 0 V 

Vm · Vout Input or Output Voltage (DC or Transient) -05toVOD +05 V 

1m· 'out Input or Output Current (DC or Transient). per Pin ~'O rnA 

Po Power DISSipation, per Packaget 500 rnW 

T slO Storage Temperature - 65 to + 150 °C 

TL Lead Temperature (8-Second Soldering) 260 °C 

·Maxlmum Ratings are those values beyond which damage to the deVice may occur 
tTemperature Derating PlastiC "p Package - 12mW/oC from 65°C to B5°C 

Cer.amlc "L Package - 12mW/oC from 1 DDoe to 125°C 

BLOCK DIAGRAM 

VOO = Pin 1'4 
VSS ~ Pin 7 
NC = Pin 2 

Clock 3 

Oat. 

(e) , 

LOGIC DIAGRAM 
(ONE REGISTER STAGE) 

C 

Input to output is 

, 

MC14006B 

CMOS MS. 
I LOW·POWER COMPLEMENTARY MaS) 

18-BIT STATIC SHIFT REGISTER 

'. -,. , , 
L SUFFIX P SUFFIX 

CERAMIC PACKAGE PLASTIC PAC KAGE 
CAse 632 CAse 646 

ORDERING INFORMATION 
A Senes - 55"C to + 125°C 

Me 14XXXBAL (Ceramic Package Only) 

C Senes - 40C C to + 8SOC 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

On C 0,,+1 
TRUTHTABLf 0 "-'- 0 

ISingl. St ... , , "- , 
X = Don't Car. X --r- an 

"Inverter used on IV on the fint .... of 
.ch four-stege element. 

-TranllT'll"ion 
Gate In-$-out 

2 
IC) 

(A) A bidirectional tow impedance when control input 1 i, "lOW" 
and control input 2 i, ""ig"". 

(8) An open circuit when control input 1 I, "high" and control 
input 2 i, "low". 
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MC140068 

ELECTRICAL CHARACTERISTICS (Voltage. Referenced to Vss) 

Voo 
Characteristic Symbol 

Output Voltage "0" Level VOL 

Vln = VOO or 0 

"1" Level VOH 

Vin = 0 or VOO 

Input Voltage "0" Level VIL 
(VO 0 4.5 or 0.5 Vdc) 
(VO = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vdc) 

"I" Level VIH 
(VO = 0.5 or 4.6 Vdc) 
(VO = 1.0 or 9.0 Vdc) 

(Vo = 1.5 or 13.5 Vdc) 

Output Drive Current (AL Device) IOH 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vdc) 
(VOH - 13.5 Vdc) 

(VOL = 0.4 Vdc) Sink IOL 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdc) 

OutPut Drive Current (CL/CP Device) IOH 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
(YOH = 9.5 Vdc) 
(VOH = 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) 'in 
Input Capacitance Cin 

(Vin = 0) 
Quiescent Current (AL Oevice) (DO 

(Per Package) 

QUiescent Current ICl/CP DeVIce) 100 
(Per Package) 

Total Supply Current--t IT 
(Dynamic plus Quiescent, 
Per Package) 

leL "'" SO pF on all outputs, all 

buffers swi'chlOg~ 

*Tlow'" -55OC for AL Device, -40°C for CL/CP Device. 
Thigh - + 125°C tor AL Device, + 85°C for CLlCP Device. 

Vdc 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

"Data labelied "Typ" is not to be used for design purposes but is 
intended as an Indication of the IC's potential performance, 

TI_ 

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 

-
-
-

-
-

-
-
-

-*The formulas given are tor the typical characteristics only at 25°C. 

. 2SoC Thi"'" 
Max Min Typ# Max Min Max Unit 

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

- 4.95 5.0 - 4.95 - Vdc 

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

Vdc 
1:5 - 2.25 1.5 - 1.5 
3.0 - 4.50 3.0 - 3.0 
4:0 - 6.75 4.0 - 4.0 

- 3.5 2.75 - 3.5 - Vdc 

- 7.0 5.50 - 7.0 -
- 11.0 8.25 - 11.0 -

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.l - to 00001 ±O.l - .1.0 ",Adc 

to.3 - 10.00001 to.3 - ".0 ",Adc 

- - 5.0 7.5 - - pF 

5.0 0.006 5.0 150 ",Adc 

10 - 0.010 10 - 300 
20 - 0.015 20 - 600 

20 - 0.006 20 - 150 IJAdc 

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

IT = (1.3 itA/kHz) f + 100 I-IAdc 

IT' /2.6 itA/kHz) f + 100 
IT· /3.9 itA/kHz) f + 100 

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

where: IT Is in ~A (per package), CL In pF, V = (VDO-VSS) in volts, 
f In kHz is input frequency, and k = 0.001 

2 

3 

• 
5 

6 

7 

PIN ASSIGNMENT 

NC = No Connection 
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MC14006B 

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

Characteristic Symbol 

Output Rise and Fall Time 
tTLH. tTLH. tTHL = (1.5 ns/pF) CL + 25 ns 
tTHL 

tTLH' tTHL = (0.75 ns/pF) CL + 12.5 ns 

tTLH. tTHL = (0.55 ns/pF) CL + 9.5 ns 

Propagation Delay Time tPLH 
tPLH. tPHL : (1.7 n./pF) CL + 220 ns tPHL 
tPLH. tPHL: (0.66 n./pFI CL + 77 n. 
tPLH. tPHL = CO.5 ns/pF) CL + 55 n. 

Clock Pulse Width tWH 

Clock Pulse Frequency lei 

Clock Pulse Rise and Fall Time .... tTLH 
tTHL 

Setup Time Isu 

Hold Time th 

*The formulas given are for the typical characteristics only at 25°C. 

#Oata labelled "Typ" IS nol to be used for design purposes but is 
Intended as an mdication of the IC's potential performance. 

VDD 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

Min 

-
-
-

-
-
-

200 
120 
80 

-
-
-, 

-
-
-
0 
0 
0 

180 
90 
75 

Typ# Max Unit 

ns 
100 200 

50 100 
40 80 

n. 
300 600 
110 220 
80 160 

100 - ns 
60 -
40 -
5.0 2.5 MHz 
8.3 4.2 
12 6.0 

- 15 ... 
- 5 
- 4 

-SO ns 
-15 -
-8.0 -
75 ns 
25 -
20 -

"'When shift register sections are cascaded, the maximum rise and fall times of the clock input should be equal to or less than the rise 

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

load. 

This device contains protection circuitry to guard against damage due to high static voltages or electric fields. However, 
precautions must be taken to avoid applications of any voltage higher than maximum rated voltages to this high-imped­
ance circuit. For proper operation. Yin and Vout should 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). Unused outputs must be 
left open. 

FIGURE 1 - TYPICAL OUTPUT SOURCE CURRENT 
CHARACTERISTICS TEST CIRCUIT 

14 
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FIGURE 2 - TYPICAL OUTPUT SINK CURRENT 
CHARACTERISTICS TEST CIRCUIT 

Vee - vGS 

14 



II 
Clock 

D ... 

4-11 .... 
Output 
04,08, 

013, 

MC140068 

FIGURE 3 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

VDD 

14 

Q9~O------------, 

r--,---vDD 

'r----~----------+---------_+----------~---VDD 

I~nm,--+---------~,+-~----~---VDH 

'TLH 

. tpLIi ~ tPHL :f{; 
"_ _ "'0%"------------- VOH 
Out..... 5o" 
09,018 -, 10% VOL 

'TLH -i 'THL 

~ Output lUte can change since data previouSly clocked In might be in either stete. 

6-22 



® MOTOROLA 

DUAL COMPLEMENTARY PAIR PLUS INVERTER 

The Me 14007UB 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 amph· 
flers, threshold detectors, transmission gating, and functional gating. 

• Diode Protection on All Inputs 
• Supply Voltage Range = 3_0 Vdc to 18 Vdc 
• Capable of Driving Two Low-power TTL Loads or One Low-power 

Schottky TTL Load Over the Rated Temperature Range 

• Pin-for-Pin Replacement for CD4007A or CD4007UB 
• This device has 2 outputs without ESD Protection_ Anti-static 

precautions must be taken, 

MAXIMUM RATINGS· (Voltages Referenced to Vss) 

Symbol Parameter Value 

VDD OC Supply Voltage -0.5 to +180 

VIn • Vout InpiJt or Output Voltage (DC or Transient) -05 to VDD +0.5 

'10' 'out Input or Output Current (DC or Transient). per Pm ±10 

Po Power DIssipation. per Packaget 500 

Totg Storage Temperature -65 to +150 

TL Lead Temperature (B-Second Soldenng) 260 

*Maxlmum Ratings are those value~ beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW/oC from 65°C to 85°C 

Ceramic "L" Package' -12mWrC from 100"C to 125"C 

FIGURE 1 - TYPICAL APPLICATION: 2-INPUT ANALOG MULTIPLEXER 

Input 

A 

'-t---K:>I-~ c 

Input 

OUTPUT CONOITION 

A-C.8 '¥ Open 
A'" B. C '"" Open 

Substrates of P-channel devices internally connected 
to VOO; substrates of N-channel devices internally 
connected to VSS' 
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Unit 

V 

V 

rnA 

mW 

°C 

°C 

MC14007UB 

CMOS 55. 
(LOW·POWER COMPLEMENTARY MOSI 

DUAL COMPLEMENTARY PAIR 
PLUS INVERTER 

--1 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

PSUFFIX 
PLASTIC PACKAGE 

c .. se 646 

ORDERING INFORMATION 

A Series' - 55°C to + 125°C 
MC14XXXUBAL (Ceramic Package Only) 

C Series' - 40°C to + 85°C 
MC14XXXUBCP (Plastic Package) 
MC14XXXUBCL (Ceramic Package) 

2 

3 

• 
5 

6 

7 

PIN ASSIGNMENT 

Dc Or.in 

S ... Source 

SCHEMATIC 

8 3 4 5 10 

VOO .. Pm 14 

VSS =- Pm 1 

1. 

13 

12 

11 

10 

9 

8 

9 
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MC14007UB 

ELECTRICAL CHARACTERISTICS (Connected as Inverters) (Voltages Referenced to Vss) 

Characteristic Symbol 

Ou tpu t Vol tage "0" Level VOL 
VlO= VOO or a 

"'" Level VOH 
v.n = 0 or VOO 

Input Voltage "0" Level VIL 
(VO: 4.5) 
(VO =9.0) 
(VO = 13.5) 

"," Level VIH 
(VO = 0.5) 
(VO= 1.0) 
(VO = 1.5) 

Output Drive Current IAL Device) IOH 
(VOH = 2.5 Vde) Source 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vdcl 
(YOH = 13.5 Vde) 

(VOL = 0.4 VdeJ Sink IOL 
(VOL - 0.5 VdeJ 
(VOL = 1.5 VdeJ 

Output Drive Current tCL/CP Device) IOH 
(VOH = 2.5 VdeJ Source 
(VOH - 4.& Vde) 
(VOH • 9.5 VdcJ 
(VOH • 13.5 Vdc) 

(VOL' 0.4 VdcJ Sink IOL 
(VOL = 0.5 VdcJ 
(VOL = 1.5 Vdc) 

Input Current (AL DeVice) lin 

Inp""t Current (CL/CP Devlcel lin 

Input Capacitance Con 
(Vin = 01 

QUiescent Current IAl DeVice) 100 
(Per Package) 

QUiescent Current (CLlCP DeVice) 100 
(Per Package) 

T 0181 Supply Current·· t IT 
(Dynamic plus Quiescent, Per Gate) 
(CL'SOpF) 

"Tlow = - 5S"C for AL DeVice, - 40"C for CLlCP DeVIce. 
Thigh = + 125°C for AL Device, + 85"C for CLlCP Device 

Voo 
Vde 

5.0 
10 
IS 

5.0 
10 
IS 

5.0 
10 
15 

5.0 
10 
15 

5.0 
5.0 
10 
15 

5.0 
10 
15 

5.0 
5.0 
10 
IS 

5.0 
10 
15 

15 

15 

-

5.0 
10 
15 

50 
10 
15 

5.0 
10 
15 

#Data labelled "Typ" is not to be used for design purposes but IS 
intended as an indication of the IC's potential performance 

"·The formulas given are for the typical characteristics only at 25"C. 

flow· 25°C Thigh-

Min 

-
-
-

4.95 
9.95 

14.95 

-

-

4.0 
8.0 
12.5 

-30 
-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.& 

-
-

-
-
-
-
-
-

Max Min Typ# M •• Min Max Unit 

0.05 - 0 0.05 - 0.05 Vdc 
0.05 - 0 0.05 - 005 
0.05 - 0 0.05 - 0.05 

- 495 5.0 - 495 - Vdc 

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

Vdc 
1.0 - 225 1.0 - 1.0 
2.0 - 4.50 2.0 - 2.0 
2.5 - 675 2.5 - 2.5 

- 4.0 2.75 - 4.0 - Vdc 
- 8.0 5.50 - 8.0 -
- 12.5 8.25 - 12.5 -

mAde 

- -24 -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 I -5.0 - -\.7 -
- -0.44 -1.0' - -0.36 -
- -\.I -2.5 - -0.9 7 

- -3.0 -10 - -2.4 -

- 0.44 1.0 - 0.36 - mAde 

- 1.1 2.5 - 0.9 -
- 3.0 10 - 2.4 -

101 - to 00001 :!::O 1 1"1,0 ,.Adc 

103 - to.OOOOl to.3 - ± 1.0 ,.Adc 

- - 50 7.5 - - pF 

0.25 - 0.0005 0.25 - 7.5 ",Adc 

0.50 - 0.0010 O.SO - 15 
1.00 - 0.0015 1.00 - 30 

1.0 - 0.0005 1.0 - 7.5 J,lAdc 

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

IT = (0.7 "A/kHzJ f + 100/& "Ade 
IT = (1.4 "A/kHzJ f + 100/& 
IT = (2.2 "A/kHzJ f + 100/6 

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

'r(CLl = Ir(50 pF) + (CL -50) Vfk 

where: IT is in p.A (per package), CL in pF, V = (VOD - VSS) in volts, 
f in kHz IS input frequency, and k = 0.003 

This device contains protection circuitry to guard against damage due to high static voltages or electric fields. However, 
precautions must be taken to avoid applications of any voltage higher than maximum rated voltages to this high-imped­
ance circuit. For proper operation, Yin and Vout should 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). Unused outputs must 
be left open. 
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MC14007UB 

SWITCHING CHARACTERISTICS' ICL ". 50 pF, TA ~ 25°C) 

Characteristic Symbol 

Output Rise Time 'TLH 
'TLH· 11.2 nsipF) CL + 30 ns 

'TLH • 10.5 ns/pF) CL + 20 ns 
'TLH' 10.4 ns/pF) CL + 15 ns 

Output Fall Time 'THL 
'THL. 11.2 ns/pF) CL + 15 ns 

'THL' 10.5 nsipF) CL + 15 ns 

tTHL' 10.4 ns/pF) CL + 10 ns 

Turn-Off Delay Time tPLH 
tPLH • 11.5 ns/pF) CL + 35 ns 
'PLH • 10.2 ns/pF) CL + 20 ns 
'PLH '10.15 ns/pF) CL + 11.5 ns 

Turn-On Delay Time tPHL 
tPHL' 11.0 ns/pF) CL + 10 ns 
tPHL' 10.3 ns/pF) CL + 15 ns 
tPHL' 10.2 ns/pF) CL + 15 ns 

* The formulas given are for the typical characteristics only. 

Switching specifications are for device connected as an inverter. 

#Data labelled "Typ" IS not to be used for design purposes but is 
Intended as an Indication of the IC's potential performance. 

FIGURE 2 - TYPICAL OUTPUT SOURCE CHARACTERISTICS 

Vas" VOH - Voo 

All unused Inputs connected to ground 

a 

" Ie -~ a 
VGS ~ ·5 a Vde { b v: 'II/ 

a TA'" 55°C t, /' /A '/ 0- b TA ,,15°C 
c TA = t1250C /' ..I 'II 

Y ,b '(II 

Voo 
Vdc Min Typ # Max Unit 

ns 

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

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

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

ns 

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

FIGURE 3 - TYPICAL OUTPUT SINK CHARACTERISTICS 

Voo= VGS 

All unused mputs connected to ground, 

20 ,"-'-LL. / 

- ~~tTySVdC 
6 

IIli' I V I! Yde 

2 If '~ J -lit Vc 
I, r// V a TA ~ -1i5"C 

i i I 
2 "'- z 8.0 b TA' +2!i"C -

~ 

·20 
·10 

- -
·80 

V "/ bAc"/. y 
....- ·10 Vd~ "==:!: rL' /. Ip·lsvdc 

....-1.£ . 
/T .Y / / 

·60 ·40 ·2 a 

~ 'I.'V/ 
Q 

-' III 
1.1 

52 4.0 

" a 
a 2.0 

c TA 30 +1250 C 

: b tsolvde 

4.0 6.0 8.0 
VDS, DRAIN VOLTAGE (Vde) VDS, DRAIN VOLTAGE IVde) 

These tYPical curves are not guarantees, but are deSign aids 

Caution' The maximum current rating IS 10 mA per pin. 
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MC14007UB 

FIGURE 4 T" SWITCHING TIME AND POWER DISSIPATION TeST CIRCUIT AND WAVEFORMS 

Vee 

'----VSS 

VOH 
Vout 

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

APPLICA nONS 

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 flexibil itv. 

FIGURE 5 - 3-STATE BUFFER 

+Voo 

Disable UI~:r 

J:. 
Input "-ij-u Outptlt 

]: 
DiAbii 6~17 

INPUT DISABLE OUTPUT 

1 0 0 
0 0 1 
X 1 Open 

x .. Don't Car. 
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FIGURE 6 - AOI FUNCTIONS USING TREE LOGIC 

Output 

A~6 -====-__ J 

Subltrat •• of P~hannlll dev&c..sint .. nally connected to VOO; 
Sublt'at~ of N-channel davie •• lnt.natty connected to Vss. 



® MOTOROLA 

4-BIT FULL ADDER 

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

• Look-Ahead Carry Output 

• 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 or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 

• Pin-for-Pin Replacement for CD4008B 

MAXIMUM RATINGS' (Voltages Referenced to Vss) 

Symbol Parameter Value 

VDD DC Supply Voltage -05 to +180 

Vm, Vout Input or Output Voltage (DC or Transient) -05toVDD +05 

Irn' lout Input or Output Current (DC or Transient), per Pm ±10 

PD Power DISSipation, per Packaget 500 

Tsto Storage Temperature -65 to + 150 

TL Lead Temperature (B-Second Soldenng) 260 

*Maxlmum Ratmgs are those values beyond which damage to the device may occur 
tTemperature Derating: Plastic "P" Package -12mW/oC from 65°C to 85°C 

Ceramic "L" Package - 12mW/"'C from 1 DOoe to 125"'C 

BLOCK DIAGRAM 

/----__ 0 14 Caut 

8415O--+--1--r-+-1-1r-t-+-~-~ 

A4 1 o-~t---t-+-+-1-1--r~----~ 

83 2o---t---t-+-+-1-1-~------~ 

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

82 4o---t---t-+-+-~----------~ 
A2 5o---t---t-+-~------------~ 

81 6o---t---t-~--------------~ 

Al 7o--+--~---------~ 

12 S3 

11 S2 

10 51 

Unit 

V 

V 

mA 

mW 

°C 

°C 

VOO '" Pin 16 

Cin 90--.. --------------' Vss = PinS 
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MC1400BB 

CMOS MS. 

(LOW·POWER COMPLEMENTARY MOSI 

4-BIT FULL ADDER 

._.-
1 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series· - 55°C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series - 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

Con 
0 
0 
0 
0 
1 
1 
1 
1 

2 

3 

4 
5 

6 

8 

TRUTH TABLE 
(OneS_' 

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

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

PIN ASSIGNMENT 

S 
0 
1 
1 
0 
1 
0 
0 
1 

16 
15 

14 
13 

12 

11 

10 
9 
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MC140088 

aeCTRICAL CHAFiACtERlStlCS !Voltag<os Referenced to Vss) 

Ch.racteristic Symbol, 

Outpu! Voltage "0" Le\:fel VOL 

Vi" ~ Voo or 0 

,"" Level VOH 

Vin = 0 or Voo 

tnput Voltage "0" Level VIL 
(VO = 4.5 or 0.5 Vdcl 
(VO =9.0 or 1.0 Vdcl 
(VOD 13.5 Or 1.5 Vdc) 

"1" Level VIH 
(VO= 0.5 or 4.5 Vdc) 
(VO= 1.0 or 9.0 Vdc) 
(VO-l 5 or 13.5 Vdcl 

Output Drive Current (AL DeVice) 10H 
(VOH = 2.5 Vdcl Source 

(VOH = 4.6 Vdcl 
(VOH - 9 5'Vdc) 
(VOH = 13.5 Vdc) 

(VOL = 0.4 Vdcl Sink 10L 
(VOL = 0.5 Vdcl 
(VOL = 1.5 Vdcl 

Output Drive Current (Cl/CP Devlcel 10H 
(VOH-2.5 Vdcl Source 
(VOH =4.6 Vdcl 
(VOH-9.5Vdcl 
(VOH- 13.5 Vdcl 

(VOL = 0.4 Vdcl Sink 10L 
IVOL - 0.5 Vdcl 
IVOL = 1.5 Vdcl 

lnput Current (Al DeVice) 110 
Input Current (CL/CP De~ice) 'in 
Input Capacitance e tn 

(V,n 0 Ol 

QUiescent Current tAL DeVice) 100 
(Per Package) 

QUiescent Current (CL/CP DeVice) IDO 
(Per Package) 

Total Supply Current··t IT 
(DynamiC plus QUiescenr, 
Per Package) 

(CL -0 50 pf on all outputs, all 
buffers sWitching) 

*Tlow = - 55°C for AL Device, - 40°C for CLlCP Device. 
Thigh = + 125°C for AL DeVIce, + 85°C for CLlCP Device 

Vo!) 
Vdc 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

50 
5.0 
10 
15 

5.0 
10 
15 

5.0 
5.0 
10 
15 

50 
10 
15 

15 

15 

-

50 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an indIcation of the IC's potential performance. 

*-The formulas given are for the typical characteristics only at 25°C 

rlow . 2SbC Tit .... ' 
Min 

-
-
-
4.95 
9.95 

14.95 

-
-
-

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 

-
-

-
-
-
-
-
-

Max !t.1Iin :rVP# Max· Min . Max Unit 

005 - 0 0.05 - 0.05 Vdc 
0.05 - a 0.05 - ·oos 
0.05 - a 005 - ,005 
.... 4.95. 5.0 - 495 - Vdc 

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

Vdc 
15 - 2.25 1.5 - 1.5 
3.0 - 4.50 3.0 - 3.0 
4.0 - 675 4.0 - 4.0. 

- 3.5 2.75 - 3.5 - Vdc 
- 7.0 5.50 - 7.0 -
- 11.0 825 - 11.0 -

mAde 

- -2.4 -4,2 ~ -1,7 -
- -0,51 -0.8B - -0.36 -
- -1 .. 3 -2,25 - -O,g -
- -3.4 -B.B - -2.4 -
- 0.51 088 - 0.36 - mAde 

- 13 225 - 0.9 -
- 3.4 8.8 - 2.4 -

mAde 

- -2.1 -4.2 - -1.7 -
- -0.44 -0.B8 - -0.36 -
- -1.1 -2,25 - -0.9 -
- ~3.0 -B.B - -2.4 -
- 0.44 0.88 - 0.36 - mAde 

- 1.1 2.25 - 0.9 -
- 3,0 8.8 - 2.4 -

.:to ~ !.OOOOOI -"01 .!.1.0 J,lAdc 

~O3 - iO 00001 iO.3 "1.0 /JAde 

- - 50 7,5 - - pF 

50 - 0.005 5.0 - 150 ./.JAde 
10 - 0,010 10 - 300 
20 - O.ot5 20 - 600 

20 - 0.005 20 - 150 /JAde 

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

IT - 11.7 #AlkHzll • 100 Io!Ade 

IT c 13.4 #AlkHz) f. 100 
IT = (5.0 #AlkHzl I • 100 

tTo calculate total supply current at loads other than 50 pF 

where' IT is in .... A (per package), CL in pF, V = (VOD-VSS) In volts, 
f in kHz is input frequency, and k = 0 005. 

This device contains protection circuitry to guard against damage due to high static voltages or electric fields, However, 
precautions must be laken to avoid applications of any voltage higher than maximum rated voltages to this high-imped­
ance circuit. For proper operalion, Vin and Vout should be constrained to the range VSS "" (Vin or Vout) "" VDD' 
Unused inpuls must always be tied to an appropriate logic voltage level (e.g, either VSS or VDD). Unused outputs must 
be left open. 
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MC14008B 

SWITCHING CHARACTERISTICS· (CL = 50 pF, TA = 250Cl 

Characteristic Symbol 

Output Rise and Fall Time 'TLH· 
tTLH' tTHL = (1.5 ns/pF) CL + 25 ns tTHL 
'TLH. 'THL ~ (0.75 ns/pF) CL + 12.5 ns 
'TLH. 'THL ~ (0.55 ns/pF) CL + 9.5 ns 

Propagation Delay Time 'PLH. tPHL 
Sum In to Sum Out 

tPLH. tj>HL = (1.7 ns/pFI CL + 315 ns 
tPLH. tPHL = (0.66 ns/pFI CL + 127 ns 
tpLH. 'PHL = (0.5 ns/pF) CL + 90 ns 

Sum In to Carry Out 
tpLH. tpHL = (1.7 n./pF) CL + 220 ns 
tPLH. tpHL = (0.66 ns/pFI CL + 112 ns 
tPLH. tpHL = (0.5 ns/pFI CL + 85 n. 

Carry In to Sum Out 
tpLH. tPHL = (1.7 ns/pFI CL + 290 ns 
tPLH. tpHL = (0.66 ns/pFI CL + 122 n. 
tpLH. tPHL = (0.5 ns/pFI CL + 90 n. 

Carry In to Carry Out 
tPLH. tPHL = (1.7 ns/pFI CL + 85 ns 
tPLH. tpHL = (0.66 ns/pFI CL + 42 ns 
tpLH. tpHL = (0.5 ns/pFI CL + 30 ns 

"The formulas given are for the typical characteri$Uc$ only at 25°C 

#Data labelled "Typ" IS not to be used for design purposes but is 
intended as an Indication of the IC's potential performance 

FIGURE 1 - TYPICAL SOURCE CURRENT 
CHARACTERISTICS TEST CIRCUIT 

Vee = -VGS V out 
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Voo 
Vd. 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

Min Typ# Max Unit 

- 100 200 
- 50 100 
- 40 80 

- 400 800 
- 160 320 
- 115 230 , 
- 305 610 
- 145 290 
- 110 no 

- 375 750 
- 155 310 
- 115 230 

- 170 340 
- 75 150 

- 55 110 

FIGURE 2 - TYPICAL SINK CURRENT 
CHARACTERISTICS TEST CIRCUIT 

16 

n. 

ns 

II 



MC140088 

FIGURE 3 - DYNAMIC POWER DISSIPATION TEHT CIRCUIT AND WAVEFORM 

Voo 

'6 

20 ns 

v-:=--,:-t--Voo 

Vss 

FIG\.IRE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Voo 

.6 

II 
~~~---~l-4----voo 

I"'-----VSS 

,------,-----VOH 

'-___ VOL 
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MC140088 

FIGURE 5 - lOGIC OIAGRAM 

Cout 
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MC14008B 

TYPICAL APPLICATION 

FIGURE 6 - USING THE MCl4008B IN A 16-8IT ADDER CONFIGURATION 

Word A + B Inputs 

r~--------------------------~A~------------------------~ 
Al--- 84 A1---B4 A1---B4 Al-'--84 

51 - -- 54 51 - -- 84 51 - - - 54 51 --- S4 

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

Calculation of 16·bit adder spe-.:l: 
tp total = tp (Sum to Carry) + tp (Carry to Sum) + 2 tp (Carry to Carry) 

The gua,anleed 16-bll adde' speed all0 V. 25°C. CL ~ 50 pF is: 
Ip lolal ~ 290 + 310 + 300 ~ 900 ns 
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([!jMOTOROLA 

DUAL TYPE D FLIP-FLOP 

The MCI4013B 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, (D), 
Direct Set, (5). Direct Reset, (R), and Clock (C) inputs and comple­
mentary outputs (0 and a). These devices may be used as shift regis· 
ter elements or as type T flip· flops for counter and toggle applica­
tions. 

• Static Operation 

• Diode Protection on All Inputs 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

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

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 

• Pin·for-Pin Replacement for CD40138 

MAXIMUM RATINGS· (Voltages Referenced to Vss) 

Symbol P.J'~m.t.r Value 

VOO OC Supply Voltage -05 to +18.0 

Vm. Vout Input or Output Voltage (DC or Tran~lent) -05toVOO +05 

1m. lout Input or Output Current (DC or TranSient), per Pm ::t10 

Po Power DISSipation, per Packaget 500 

Tsta Storage Temperature -65 to + 150 

TL Lead Temperature (B-Second Soldenng) 260 

·Maxlmum Ratmgs are those values beyond which damage to the deVice may occur 
tTemperature Deratmg PlastiC "P" Package -12mW/oC from 65°C to 85°C 

Ceramic "L" Package -12mW/oC from 10Qoe t~ 125°C 

TRUTH TABLE 

INPUTS OUTPUTS 

CLOCK t DATA RESET SET Q 0 
J"" 0 0 II 0 1 

..r 1 0 0 1 0 

~ X 0 a Q Q No 
Change 

X X 1 a 0 1 

X X 0 1 1 0 

X X 1 1 1 1 

x ::: Don't Care 
t '" Leve' C"ange 
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Unit 

V 

V 

mA 

mW 

°c 

°C 

. MC14011B, MC14012B 
SeePage 6·5 

. MC14011U1, MC14012UB 
·SeeP89,e6·14 

MC14013B 

CMOS SS. 
(LOW·POWER COMPLEMENTARV MOSI 

DUAL TYPE D FLIP-FLOP 

. --1 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

'A Series' -55°C to +125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series - 400 G to + 85°G 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

BLOCK DIAGRAM 

6----, 
S 

o Q 

3 C Q 
R 

4 

8 

S 
9 0 Q 

11 C Q 
R 

10 

VOD '" Pin 14 
VSS" Pin 7' 

13 

12 

-_._---_ ... -----------

I 



MC140138 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Voo Tlow " 2SoC Thiah" 

Characteristic Symbol Vdc Min Max Min Typ# MIx Min MIx Unit 

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

Vin = VOO or 0 10 - 0.05 - 0 0.05 - 0.05 
15 - 0.05 - 0 0.05 - 0.05 

"'" Level VOH 5.0 4.95 - 4.95 5.0 - 4.95 - Vde 

Vin = 0 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' 4.5 or 0.5 Vde) 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 0,1.5 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 = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(VO' 1 5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0· -

Output Drive Current (AL Device) IOH mAde 

(VOH " 2.5 Vdc) Source 5.0 -3.0 - -2.4 -4.2 - -1.7 -
(VOH = 4.6 Vdc) 5.0 -O.M - -0.51 -0.88 - -0.36 -
(VOH "9.5 Vdc) 10 -1.6 - -1.3 -2.25 - -0.9 -
(VOH = 13.5 Vdc) 15 -4.2 - -3.1 -8.8 - -2.4 -

(VOL" 0.4 Vdc) Smk 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 

(VOH " 2.5 Vdc) Source 5.0 -2.5 - -2.1 -4.2 - -1.7 -
(VOH " 4.6 Vdcl 50 -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 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 Vdc) 15 3.6 - 3.0 8.8 - 2.4 -

Input Current (AL DeVice) 1m 15 ±0.1 to.OOOOl ±O.l ± 1.0 JJAdc 

Input Current (CLlCP DeVice) 1m 15 - ±O3 - ±0.00001 .0.3 - ± 1.0 "Adc 
Input Capacitance C,n - - - 50 7.5 - - pF 

(Von = 0) 

QUiescent Current (AL DeVice) 100 50 - 1.0 - 0.002 1.0 ~ 30 #JAde 
(Per Package) 10 - 2.0 - 0.004 2.0 - 60 

15 - 4.0 - 0.006 4.0 - 120 

QUiescent Current (CLlCP DeVice) .100 50 - 4.0 - 0.002 4,0 - 30 JJAdc 
(Per Package) 10 - 8.0 - 0.004 8.0 - 60 

15 - 16 - 0.006 16 - 120 

Total Supply Current··t IT 5.0 IT " (0.75 "A/kHz) f + 100 ""Adc 
(Dvnamlc plus QUiescent, 10 IT = (1.5 "A/kHz) f + 100 
Per P ae kage I 15 IT = (2.3 "A/kHz) f + 100 

(CL - 50 pF on all outputs, all 

buffers sWltchmg) 

*Tlow= -55°C for AL DeVice, -40°C for CLlCP Device 
Thigh = + 125"C for AL Device, + 85°C for CUCP Device 

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

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an Indication of the IC's potential performance. where: IT is In ""A (per package), CL In pF. V = (VDD-VSS) in volts, 

f In kHz is input frequency, and k = 0 002 
"*The formulas given are for the typical characteristics only at 25°C 

This device contains protection circuitry to guard against damage due to high 
static voltages or electric fields. However, precautions must be taken to avoid 
applications of any voltage higher than maximum rated voltages to this high­
imped?nce circuit. For proper operation, Vin and Vout should 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). Unused outputs must be left open. 
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MC14013B 

SWITCHING CHARACTERISTICS' ICL = 50 pF. T A = 25°C) 

Ch.actartstic Symbol 
Output Rise and Fall Time 

tTLH· 
tTLH. tTHL ~ (1.5 ns/pF) CL + 25 ns tTHL 
tTLH. tTHL ~ (0.75 nslpF) CL + 12.5 ns 

tTLH. tTHL ~ (0.55 ns/pF) CL + 9.5 ns 

Propagation Delav Time 'pLH 

Clock to Q, a IpHL 

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 a.o 
tPLH. tpHL ~ (1 7 ns/pF) CL + 90 ns 
tPLH. tpHL ~ (0.66 ns/pF) CL + 42 ns 
tPLH. tpHL ~ (0.5 ns/pF) CL + 25 ns 

Reset to Q,a 
tPLH. tpHL ~ (1.7 ns/pF) CL + 265 ns 
tPLH. tpHL ~ (0.66 ns/pF) CL + 67 ns 
tpLH. tpHL ~ (05 ns/pF) Cl + 50 ns 

Setup Times*" Isu 

Hold Times" 
'h 

Clock Pulse Widlh IWL.twH 

Clock Pulse Frequency lei 

Clock Pulse Rise and Fall Time 'TLH 

'THL 

Set and Reset Pulse Width twL.twH 

Removal TImes tram 

Set 

Reset 

*The formulas given are tor the typical characteristics only at 25°C. 

#Oata labelled "Typ" Is not to be used tor design purposes but is 
Intended as an indication of the IC's potential performance. 

--Data must be valid for 250 ns with a 5 V supply, 100 rs with 10 V. and 
70 ns with 15 V. 

VDD 

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 

5 
10 
15 

5 
10 
15 

LOGIC DIAGRAM 
(1/2 01 DevICe Shown) 

S~--~----------------__________ ~ 

c C 
c~ c 

Ro-----------~~-----------J 
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Min Typ# Mix Unit 

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 IlS 

- - 5.0 

- - 4.0 

250 125 ns 

100 50 -
70 35 -

ns 

80 0 -
45 5 -
35 5 -

50 -35 -
30 -10 -
25 -5 -

Q 
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MC14013B 

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

FIGURE 2 - OYNAMIC SIGNAL WAVEFORMS 
(Set, Reset, Cloc~. and Output) 

Inpun Rand 5 low. 

I--------voo 

I~------vss 

Vss 

~----VOL 

Set or 

Heset 

Clock 

Q or Q 

TYPICAL APPLICATIONS 

"-STAGE SHIFT REGISTER 

______ VOD 

Vss 

,-___________ VOH 

'-_________ VOL 

2 nth 

o-----t~o: go: --p--0: a 
Cae a C a 

Clock 0 

Clock 

BINARY RIPPLE UP-COUNTER IOiv,de-by-2") 

2 nth 

r-rhrrTl ~a 
~~L __ ~ 

-..­
T Flip-Flop 

MODIFIED RING COUNTER (Oivtde-by-(" + 1 II 

2 

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

8-BIT STATIC SHIFT REGISTER 

The MC14014B and MC14021B B-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. 

• Synchronous Parallel Input/Serial Output (MCI4014B) 

• Asynchronous Parallel Input/Serial Output (MC14021 B) 

• Synchronous Serial Input/Serial Output 

• Full Static Operation 

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

• Double Diode I nput Protection 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-power TTL Loads or One Low-power 

Schottky TTL Load Over the Rated Temperature Range 

• MC14014B Pin-for·Pin Replacement for CD4014B 
• MC14021B Pin·for·Pin Replacement for CD4021B 

MAXIMUM RATINGS· (Voltages Referenced 10 VSS) 

Symbol Parameter Value 

VOO DC Supply Voltage -0.510 +180 

Vin• Vout Input or Output Voltage (DC or TranSient) -0.510VOO +05 

'in' lout Input or Output Current (OC or Transient), per Pm ±10 

Po Power DisSipation, per Packaget 500 

TSIQ Storage Temperature -65 to + 150 

TL Lead Temperature (a-Second Soldering) 260 

*Maxrmum Ratings are those values beyond which damage to the deVice may occur 
tTemperature Derating' Plastic "P" Package: - 12mW/~C trom 65°C to 85°C 

Ceramic "L" Package -12mW/oC from 100°C to 125 c C 

LOGIC DIAGRAM 

Unit 

v 

V 

mA 

mW 

"C 

"C 

P1 P2 P3 P6 

"DO"" Pin 16 P." Pin 4 
VSS "" Pm 8 PS .. Pin 13 
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MC14014B 
MC14021B 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOSI 

8-BIT STATIC SHIFT REGISTER 

--16 f(t(lf U U u u 16~~H ~ 
1 1 

L SUffiX 
CERAMIC PACKAGE 

CASE 620 

P SUffiX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INfORMATION 

A Series: -55"Cto + 125°C 
MC14XXXBAl (Ceramic Package Only) 

C Series: - 40"C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCl (Ceramic Package) 

TRUTH TABLE 
SERIAL OPERATION: 

06 07 
t CLOCK Os PIS t=n+6 t= n+7 

0 .-r 0 0 0 7 

0+ 1 ~ 1 0 1 0 
0+2 ~ 0 0 0 1 
n+3 ~ 1 0 1 0 

~ x 0 06 07 

PARALLEL OPERATION: 
CLOCK 

MC14014B MC14021B 
Os PIS Pn 

~l X X 1 0 

~I- X X 1 1 

• 06, 07. & 08 ate available externally 

X '" Don't Car. 

P7 P8 

3 
08 

08 
t=n+8 

7 

7 

0 
1 

08 

·Qn 

0 

1 
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MC14014B-MC14021B 

ELECTRICAL CHARACTERISTICS (Voltage. Relerenced to VSS) 

Voo Tlow . 2SoC Thigh' 
Characteristic Symbol Yd. Min Ma. Min Typ# Ma. Min Ma. Unit 

OutPUt Voltage "0" Level VOL 5.0 - 0.05 - 0 0.05 - 0.05 \ide 
Vin=VOOorQ. 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=' Oor VOO 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 I.S Vdcl 15 - 4.0 - 6.75 4.0 - 4.0 

"1" Level V,H 
(VO = 0.5 or 4.5 Vdcl 5.0 3.5 - 3.5 2.75 - 3.S - Vdc 
(VO • 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(VO' 1.5 or 13.5 Vd.1 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) IOH mAde 
(VOH = 2.5 Vdcl 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 Vd.) 10 -1.6 - -1.3 -2.25 - -0.9 -
(VOH = 13.5 Vdcl 15 -4.2 - -3.4 -8.8 - -2.4 -
(VOL = 0.4 Vdc) Sink IOl 5.0 0.64 - 0.51 0.88 - 0.36 - 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 (CL/CP Device) IOH mAde 
(VOH = 2.5 Vdcl Source 5.0 -2.5 - -2.1 -4.2 - -1.7 -
IVOH = 4.6 Vdc) ,5.0 -0.52 - -0.44 -0.88 - -0.36 -
(VOH = 9.5 Vdc) 10 -1.3 - -1.1 -2.25 - -0.9 --
(VOH = 13:5 Vdc) 15 -3.6 - -3.0 -8.8 - -2.4 -
(VOL = 0.4 Vdc) Sink IOl 5.0 0.52 - 0.44 0.88 - 0.36 - mAde 
(VOL' 0.5 Vdc) 10 1.3 - 1.1 2.25 - 0.9 -
(VOL' 1.5 Vdc) 15 3.6 - 3.0 B.8 - 2.4 -

Input Current tAL Device) lin 15 ±O.l to.OOOOl to 1 ± 1.0 IJAdc 

Input Current (CL/CP Device) lin 15 - to.3 - to.OOOOl ±O.3 - ± 1.0 IJAdc 

'"put Capacitance Cin - - 50 7.5 pF 
(V in -0) 

Quiescent Current tAL Device) 100 5.0 5.0 0.005 5.0 150 IJAdc 
(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 - (0.75 #AlkHzl I + 100 IJAdc 

(Dynamic plus Quiescent, 10 IT = (1.50 #AlkHzl I + 100 
Per Package I 15 IT = (2.25 #AlkHzl I + 100 
(el • 50 pf on all outputs, all 
buffers switching) 

*Tlow= -55°C for AL Device, -40°C for CLlCP Device. 
Thigh"" + 125°C for AL Device, + 85°C for CLlCP Device. 

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

#Data labelled "Typ" is not to be used for design purposes but Is 
Intended as an indication of the IC's potential performance. where: IT Is in ""A (per package), CL in pF, V =- (VOO-VSS) in volts, 

t In kHz Is Input frequency. and k = 0.0015. 
*"The formulas given are for the typical characteristics only at 25DC. 

ThIs devIce contains protection circuitry to guard against damage due to high 
static voltages or electric fields. However, precautions must be taken to avoid 

. applications of any voltage higher than maximum rated voltages to this hlgh­
impedance circuit. For proper operation, Vln and Vout should 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). Unused outputs must be left open. 
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MC14014B-MC14021 B 

SWITCHING CHARACTERISTICS (Cl ~ 50 pF T A ~ 25'C) 

Characteristic Symbol 

Output Rise and Fall Time tTlH, 
tTLH. tTHL = (1.5 ns/pF) CL + 25 ns tTHL 
'TLH. tTHL ~ (0.75 ns/pF) CL + t2.5 ns 

tTLH. tTHL ~ (0.55 ns/pF) CL + 9.5 ns 

Propagation Oelay Time (Clock to Q, PIS to Q) tpLH, 

tpHL' IpLH ~ (t.7 ns/pF) Cl + 315 ns tpHL 
tpHl' IpLH ~ (0.66 nS/pF) CL + t 37 ns 

tpHL. IpLH ~ (0.5 ns/pF) CL + 90 ns 

Clock Pulse Width tWH 

Clock Frequency lei 

Parallel/Serial Control Pulse Width IWH 

Setup Time tsu 
PIS to Clock 

Hold Time Ih 
Clock 10 PIS 

Setup Time Isu 
Data (Parallel or Serial) to 

Clock or PIS 

Hold Time Ih 

Clock to Os 

Hold Time th 
Clock to Pn 

Input Clock Rise Time Ir(el) 

-The formulas given arB for the typical characteristics only at 2S0C. 

#Oat8 labelled "Typ" is not to be used for design purposes but is 
intended as an indication of the IC's potential performance. 

FIGURE 1 - OUTPUT SOURCE CURRENT TEST CIRCUIT 

Preset output under test to a logiC "1" level. 
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VDD 
Vd. Min Typ# Ma. Unit 

ns 

5.0 - tOO 200 

to - 50 100 

t5 - 40 BO 

ns 

5.0 - 400 BOO 

10 - 170 340 

15 - 115 230 

5.0 400 150 - ns 

10 175 75 -
15 135 40 -

5.0 - 3.0 1.5 MHz 

10 - 6.0 3.0 

15 - B.O 4.0 

5.0 400 150 - ns 

10 175 75 -
15 135 40 -

5.0 200 100 - ns 

10 '1l0 50 -
15 BO 40 -
5.0 20 -2.5 - ns 

10 20 -10 -
15 25 0 -

5.0 350 150 - ns 

10 BO 50 -
15 60 30 -

5.0 45 0 - ns 

10 35 0 -
15 35 5 -
5.0 50 25 - ns 

10 45 20 -
15 45 20 -

5.0 - - 15 "s 
10 - - 5 

15 - - 4 

FIGURE 2 - OUTPUT SINK CURRENT TEST CIRCUIT 

II 
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FIGURE 3 - POWER.DISSIPATION TEST CIRCUIT AND WAVEFORM 
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FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
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® MOTOROLA 

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 registers. 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. 
These 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. 

• 0 iode Protection on All Inputs 

• Supply Voltage Range = 3.0 Vdc to 1B Vdc 

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

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range. 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbof Para met., Value 

VOO DC Supply Voltage -05to +180 

Vin • Vout Input or Output Voltage (DC or TranSIent) -05toVOO +05 

'm. 'out Input or Output Current (DC or TranSIent). per Pin ±10 

Po Power DISSipatIon. per Packaget 500 

Tstg Storage Temperature -65 to + 150 

TL Lead Temperature (a-Second Soldering) 260 

'"MaXimum RatIngs are those values beyond which damage to the deVice may occur 
tTemperature Derating' PlastiC "P" Package: -12mWrC from 65"C to 85"C 

CeramiC "l" Package' -12mWrC from 100"C to 125"C 

TRUTH TABLE 

C 0 R 00 

~ 0 ° 0 

~ 1 ° 1 

~ X 0 No Change 

X X 1 0 

x = Don't Care 
On = 00, 01. 02, or 03, as applicable. 
an _ 1 = Output of prior stage. 

On 

°n-l 

On-l 

No Change 

0 
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Unit 

V 

V 

mA 

mW 

°C 

°C 

MC14015B 

CMOS MSI 

I LOW-POWER COMPLEMENTARY MOSI 

DUAL 4-BIT ST A TIC 
SHIFT REGISTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXX8AL (Ceramic Package Only) 

C Series' -40°C to +85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

BLOCK DIAGRAM 

ao 5 

0 
01 4 

a2 3 
9 C 

'0 

6 

00 13 

'5 0 
al '2 

a2 11 

C 
R 03 

'4 

Voe III Pin 16 
VSS. PinS 

II 
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MC14015B 

ELECTRICAL CHARACTERISTICS (Voltage. Referenced to Vss) 

Voo Tlow 
. 25°C Th' h' 

Characteristic Symbol Vd. Min Ma. Min Typ# Max Min Ma. Unit 

Output Voltage "0" Level VOL 5.0 - 0.05 - a 0.05 - 0.05 Vde 
Vin = VOO or 0 10 - 0.05 - a 0.05 - 0.05 

15 - 0.05 - a 0.05 - 0.05 

"1" Level VOH 5.0 4.95 - 4.95 5.0 - 4.95 - Vde 

Vin = 0 or VOO 10 9.95 - 9.95 10 - 9.95 -
15 14.95 - 14.95 15 - 14.95 -

Input Voltage "0" Level VIL Vde 
IVo =4.5 or 0.5 Vde) 50 - 1.5 - 2.25 1.5 - 1.5 
(VO ~9 a or 1.0 Vdcl 10 - 3.0 - 4.50 3.0 - 3.0 
IVo = 13.5 or 1.5 Vde) 15 - 4.0 - 6.75 4.0 - 4.0 

"'" Level VIH 
(VO = 0.5 or 4.5 Vdel 5.0 3.5 - 3.5 2.15 - 3.5 - Vde 
(VO = 1.0 or 9.0 Vdcl 10 7.0 - 7.0 5.5J - 7.0 -
(VO = 1 5 or 13.5 Vdcl 15 11.0 - 11.0 8.25 - 11.0 -

Output Dnve Current (AL 'Device) IOH mAde 

IVOH = 2.5 Vdel Source 50 -3.0 - -2.4 -4.2 - -1.7 -
(VOH ~4.6 Vdcl 5.0 -0.64 - -0.51 -0.88 - -0.36 -
IVOH = 9.5 Vdcl 10 -1.6 - -1.3 -2.25 - -0.9 -
IVOH = 13.5 Vdcl 15 -4.2 - -3.4 -8.8 - -2.4 -
IVOL =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 -
IVOL = 1.5 Vdcl 15 4.2 - 34 8.8 - 2.4 -

Output Drive Current (Cl/ep Device) IOH mAde 

IVOH = 2.5 Vdcl Source 5.0 -2.5 - -2.1 --=4.2 - -1.7 -
IVOH = 4.6 Vdcl 5.0 -0.52 - -0.44 -0.88 - -0.36 -
IVOH = 9.5 Vdcl 10 -1.3 - -1.1 -2.25 - -0.9 -
IVOH= 13.5 Vdcl 15 -3.6 - -3.0 -8.S - -2.4 -
IVOL =0.4 Vdel 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 -
IVOL = 1.5 Vdcl 15 3.6 -- 3.0 8.8 - 2.4 -

Input Current (AL DeVice) lin 15 :!:0.1 - to 00001 :1:01 ~ 1.0 IolAdc 

Input Current (CLlCP DeVice) Ion 15 - tOJ - ±O 00001 .0.3 - fl.0 "Ade 
Input Capacitance Con - - 5.0 7.5 - pF 

(V,n = 01 

QUiescent Current (Al DeVice) 100 5.0 - 50 0.005 5.0 - 150 ""Adc 
(Per Package) 10 - 10 - 0.010 10 - 300 

15 - 20 - 0.Q15 20 - 600 
QUiescent Current (eLlep DeVice) 100 5.0 - 20 - 0.005 20 - 150 IJAdc 

(Per Packagel 10 - 40 - 0.Q10 40 - 300 
15 - 80 - 0.Q15 80 - 600 

Total SupplV Current" t IT 5.0 IT ~ (1.2 "A/kHz)' + 100 }JAde 
(Dynamic plus Quiescent, 10 IT" (2.4 "A/kHzl I + 100 
Per Packagel 15 IT" 13.6 tA/kHzl 't 100 

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

'"T,ow= -55°C for AL Device. -40°C for CUe? Device. 
Thigh = + 125°C for AL Device, + 85°C for CLlCP Device. 

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

"Data labelled "Typ" Is not to be used for design purposes but is 
intended as an indIcation of the IC's potential performance. where: IT is in ~ (per package), CL in pF. V = (VOO-VSS) In volts, 

f in kHz is input frequency, and k = 0002 
·"The formulas given are for the typical characteristics only at 25°C 

This device contains protection circuitry to guard against damage due to 
high static voltages or electric fields. However, precautions must be 
taken to avoid applications of any voltage highe,,; than maximum rated 
voltages to this high-Impedance circuil. For proper operation, Vln and 
Voul should 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)- Unused outputs musl be left open. 
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PIN ASSIGNMENT 
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13 

12 

11 
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MC14015B 

SWITCHING CHARACTERISTICS· (CL = 50 pI, TA = 25°C) 

Characteristic Symbol VDD Min Typ# MIIx Unit 
Output Rise and Fall Time tTLH· ns 

tTLH. tTHL = (1.5 nsJpF) CL + 25 ns tTHL 5.0 - 100 200 
tTLH. tTHL ~ (0.75 nS/pF) CL + 12.5 ns 10 - 50 100 

tTLH' tTHL ~ (0.55 ns/pF) CL + 9.5 ns 15 - 40 80 

Propagation Delay Time tPLH, ns 
Clock, Data to Q tPHL 

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

Reset to Q 

tpLH, tPHL = 11.7 ns/pF) CL + 375 ns 5.0 - 460 750 
tPLH, tPHL = 10.66 n./pF) CL + 147 n. 10 - 180 250 
tPLH, tPHL = (0.5 n./pF) CL + 95 ns 15 - 120 170 

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

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

Clock Pulse Rise and Fall Tim •• tTLH, tTHL 5.0 - - 15 '" 10 - - 5 
15 - - 4 

Reset 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 75 40 -

"The formulas given Bre for typical characteristics only at 25°C. 

NOata labelled "Typ" is not to be used for design purposes but is intended as an Indication of the IC's potential performance. 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Clock 

0 ••• --.I \'-----J/ 
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MC14015B 

FIGURE 2 - SWlTCI::IING TIME TEST CIRCUIT AND WAVEFORMS 

twL .. tWH :a 50" Duty Cycle 
tTLH· tTHL";;;; 20 ns 

FIGURE 3 - SETUP AND HOLD TIME TEST CIRCUIT AND WAVEFORMS 

CIOCk~VDD Input 50% 
OV 

"U 
th 

"----OV 
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CIRCUIT SCHEMATICS 
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MC14015B 

LOGIC DIAGRAMS 

SINGLE BIT 

...-----1 ":>0---_-00 

r----- ~:x? :1'. 
D,ta 

Rew>----------~-------------.J 

COMPLETE DEVICE 

RESET INPUT BUFFER 
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® 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 logic implementation. 

• Diode Protection on All Inputs 

• Supply Voltage Range ~ 3.0 Vdc to 18 Vdc 

• Linearized Transfer Characteristics 

• Low Noise - 12nV/VCycle: f;,,1 kHz typical 

• Pin-for-Pin Replacement for CD4016B, CD4066B 

• For Lower RON, Use The HC4016 High-Speed CMOS Device or 
The MCI4066B 

• This Device Has Inputs and Outputs Which Do Not Have ESD 
Protection. Antistatic Precautions Must Be Taken. 

MAXIMUM RATINGS' (Voltages Referenced to Vss) 

Symbol Parameter Value 

VDD DC Supply Voltage -O.Sto +18.0 

VIn• Vout Input or Output Voltage (DC or Transient) - 0.5 to VDD + 0.5 

'in Input Current (DC or Translsnt). per Control Pin ",10 

Isw Switch Through Current :±:25 

PD Power DiSSipation, per Packaget 500 

TstQ Storage Temperature -65 to +150 

TL Lead Temperature (B-Second Soldering) 260 

*Maxlmum Ratings are those values beyond which damage to the deVice may occur. 
tTemperature Derating: Plastic "P" Package' -12mW/"C from 65"C to 85"C 

Ceramic "L" Package. -12mW/"C from 100°C to 125°C 

Unit 

V 

V 

rnA 

rnA 

rnW 

'C 

'C 

This deVIce contams protection cirCUItry to guard against damage due to hIgh 
statIc voltages or electnc fIelds. However, precauttOns must be taken to avoId 
applications of any voltage hIgher than maximum rated voltages to thIS hlgh­
Impedance Circuit For proper operatIon, Vtn and Vout should be constrained 
to the range VSS ~ (V1n or Vout) ~ VOD· 
Unused Inputs must always be tIed to an appropriate logiC voltage level (e g., 
either VSS or VDD) Unused outputs must be left open 

LOGIC DIAGRAM 
(1/4 OF DEVICE SHOWN) 

;."'~~ 
LogiC Diagram Restrictions In 

VSS SVln ~VDO 
VSS <Vout ~VOO 
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MC14016B 

CMOS SS. 
ILOW POWER COMPLEMENTARY MOS} 

QUAD ANALOG SWITCH 
QUAD MULTIPLEXER 

- ,.: 
,; j. 

14 I 1 i !: . 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 632 CASE 646 

ORDERING INFORMATION 

A Series: - 55QC to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series. - 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Pack'!ge) 

BLOCK DIAGRAM 

contmlT~ 
1 Out 1 

In 1 

cont'OI2~ 
4 Out2 

In 2 

contml3~ 
8 Out 3 

In 3 

~ 
Control 4 

10 
11 Out 4 

In 4 

VOO =- Pm 14 

VSS """ Pm 7 

CONTROL SWITCH 

o ~ VSS OFF 

I ~ VDD ON 
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MC14016B 

ELECTRICAL CHARACTERISTICS (Vollage. Referenced to VSS) 

CharlCtoristics Figure Symbol 

Input Voltage 1 VIL 
Control Input 

VIH 

Input Current (AL Device) Control - lin 

Input Current (CL/CP Device) Control - lin 

Input Capacitance - Cin 
Control 
Switch Input 
Switch Output 
Feed Through 

QUiescent Current (AL DeVice)"" 2,3 100 
(Per Package) 

QUiescent Current (CLlCP Device)"* 2,3 100 
(Per Package) 

"ON" Resistance (AL Device) ..... 4,5.6 RON 
(VC = VOO, RL = 10 k!l) 

(V in = +5.0 Vdc) 
(Vin = -5.0 Vdc) VSS = -5 Vdc 
(Vin = '0.26 Vdc) 

(V in = +7.5 Vdc) 
(Vin = -7.5 Vdc) Vss = -7.5 Vdc 
(Vin = .0.25 Vdc) 

(Vin = +10 Vdc) 
(Vin = +0.25 Vdc) Vss = 0 Vdc 
(V in = +5.6 Vdc) 

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

"ON" Resistance (CLlCP Device)*'" 4,5,6 RON 
(VC = VOO, RL = 10 k!l) 

(Vin = +5.0 Vdc) 
(V in = -5.0 Vdc) Vss = -5 Vdc 
(Vln = '0.25 Vdc) 

(Vin = +7.5 Vde) 
(Vin = -7.5 Vdc) Vss = -7.5 Vdc 
(V in = '0.25 Vdc) 

(Vin = +10 Vdc) 
(Vin = +0.25 Vdc) Vss = 0 Vdc 
(Vin • +5.6 Vdc) 

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

A "ON" Resistance - ARON 
Between any 2 circuits in a common 
package 
(VC·VOO) 
(V in = '5.0 Vdc) Vss = -5 Vdc 
(V in = '7.5 Vdc) Vss =-7.5Vdc 

Input/Output Laakage Current (VC = Vss) - -
(Vin = +7.5, Vout = -7.5 Vdc) 
(Vin = -7.5, Vout • +7.5 Vde) 

"Tlow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125oC for AL Device, +850 C for CL/CP Device. 

VDD 
Vdc 

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 

Tlow " 25°C Thigh" 

Min Max Min Typ# Max Min Max 

- - - 1.5 0.9 - -
- - - 1.5 0.9 - -
- - - 1.5 0.9 - -
- - 3.0 2.0 - - -
- - 8.0 6.0 - - -
- - 13 11 - - -
- ±0.1 - ±O.ooool ±O.l - ±1.0 

- ±0.3 - ±O.OOOOI ±0.3 - ±1.0 

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

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

- 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 

- 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 

- - - 15 - - -
'- - - 10 - - -

- ±0.100 - .0,0015 ±0.100 - ± 1.0 
- ±0.100 - ±0.0015 ±0.100 - ±1.0 

NOTE' All unused mputs must be returned to VOO or VSS as 

appropriate for the cirCUit application 

#Data labelled "Typ" IS not to be used for deSign purposes but IS Intended as an Indication of the IC's potential performance. 

Unit 

Vdc 

Vde 

/lAde 

#lAde 

pF 

/lAde 

/lAde 

Ohms 

Ohms 

Ohms 

/lAde 

"·For voltage drops across the switch (&Vswltch) >600 mV (>300 mV at high temperature), excessive VOO current may be drawn; I.e., the 
current out of the switch may contain both VOO and switch Input components. The reliability of the deVice Will be unaffected unless the 
Maximum Ratings are exceeded. (See first page of thiS data sheet.) Reference Figure 14 
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MC14016B 

ELECTRICAL CHARACTERISTICS· (eL ~ 50 pF. T A ~ 25'C) 

CIuI,_istic 

Propagation Delay Time (VSS ~ 0 Vd.) 
Vin to Vout 
(VC' VOO, AL = 10 kG) 

Control to Output 
(Vin C;; 10 Vdc, AL ~ 1.0 kG) 

Crosstalk, Control to Output (Vss = 0 Vdc) 
(VC = VOO, Ain ~ 1.0 kG, Aout = 10 kG, 
t= 1kHz) 

Crosstalk between any two swit.hes (Vss - 0 Vd.) 
(A L • 1.0 kG, t ~ 1.0 MHz, 

Vout1 
crosstalk ~ 20 109,0--) 

Vout2 

Noise Voltage (VSS ~ 0 Vdc) 
(VC ~ VOD, t ~ 100 Hz) 

(VC ~ VOO, t = 100 kHz) 

Second HarmOniC Distortion (VSS = - 5 Vdc) 

(Vin = 1.77 Vdc AMS Cantered@O.OVdc, 
AL ~ 10 kG, t = 1.0 kHz) 

Insertion Loss (VC = VOO, Yin ~ 1.77 Vdc, VSS = -5 Vd., 
AMS cantered' 0.0 Vdc, t = 1.0 MHz) 

Vout 
Iloss ~ 20 10910--) 

Vin 

(AL = 1.0 knl 
(AL =10kG) 
(AL = 100 kG) 
(AL = 1.0 MG) 

Bandwidth (-3 dB) 

(VC = VOO, Yin - 1.77 Vdc, VSS = -5 Vdc, 
AMS centered@ 0.0 Vd.) 
(AL = 1.0 W) 

(AL = 10 kG) 
(AL -100 knl 
IAL = 1.0 MG) 

OFF Channel Feedthrough Attenuation (VSS - - 5 Vdc) 

IVC = Vss 20 log10 Vout = -50 dB) 
• Vin 

IAL - 1.0 kG) 
(AL -10 kG) 
IAL = 100 kG) 
IAL =1.0MG) 

NOata labelled "Typ" IS not to be used for deSign purposes but IS In­
tended as an indication of the Ie's potential performance 

Figure 

7 

8 

9 

-

10,11 

-

12 

12,13 

Symbol 

tPLH, 
tpHL 

PHZ· 
tpLZ. 
tpZH. 
tpZL 

-

-

-

-

-

BW 

-

PIN ASSIGNMENT 

2 

3 

• 
II 

6 

7 

6-49 

VDD 
Yd. 

Min Typ# Max Unit 

5.0 - 15 45 ns 
10 - 7.0 15 
15 - 6.0 12 

5.0 - 34 I 90 ns 
10 - 20 45 
15 - 15 35 

5.0 - 30 - mV 
10 - 50 -
15 - 100 -
5.0 - -80 - dB 

5.0 - 24 - nV/"';Cycle 
10 - 25 -
15 - 30 -
5.0 - 12 -
10 - 12 -

'15 - 15 -
5.0 - 0.16 - % 

5.0 - dB 

- 2.3 -
- 0.2 -
- 0.1 -
- 0.05 -

5.0 - MHz 

- 54 -
- 40 -
- 38 -
- 37 -

5.0 kHz 

- 1250 -
- 140 -
- 18 -
- 2.0 -

,. 
13 

12 

II 

10 

9 

8 
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MC14016B 

FIGURE 1 - INPUT VOL TAGE 
TEST CIRCUIT 

VIL: Vc is raised from VSS until Vc = VIL. 

at Vc = VIL: IS= ±10 ~Awlth Vin=VSS. Vout=VOD or V1n=VOD, Vout=VSS 

VIH' When Vc = VIH to VOO. the switch is ON and the RON specifications are met. 

FIGURE 2 - QUIESCENT POWER DISSIPATION 
TEST CIRCUIT 

FIGURE 3 - TYPICAL POWER DISSIPATION PER CIRCUIT 
11/4 OF DEVICE SHOWNI 
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TYPICAL RON versus INPUT VOLTAGE 

FIGURE 4 - Vss - -5.0 V AND -7.5 V 
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FIGURE 5 - Vss -0 V 
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MC14016B 

FIGURE 6 - RON CHARACTERISTICS 
TEST CIRCUIT 

V out 

FIGURE 8 - TURN-ON DELAY TIME TEST CIRCUIT 
AND WAVEFORMS 

~tll 
Vc L1} AL I CL 

20 ns V 1n Vx-= 
1-----------~lin.~---VOO 
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FIGURE 7 - PROPAGATION DELAY TEST CIRCUIT 
AND WAVEFORMS 

FIGURE 9 - CROSSTALK TEST CIRCUIT 
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FIGURE 11 - TYPICAL NOISE CHARACTERISTICS 

~ r r m~ 
I": ........ ~rl'SVdC 

~ ,JvU' 
S.U~ "I'-. 

~ 

lU lUU 1.0k 10 k 

/. FREQUENCY IHzl 

100 k 



II 

2.0 

~ 
~ -2.0 
3 
~ -4.0 

5 
~ -6.0 
~ 

'" ~ -8.0 
> 
0-

-10 

-12 

MC140168 
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APPLICATIONS INFORMATION 

Figure A illustrates use of the Analog Switch. The 
O-to-5 V Digital Control signal is used to directly con­
trol a 5 Vp_p analog signal. 

The digital control logic levels are determined by 
VDD and VSS. The VOD voltage is the logic high volt­
age; the VSS voltage is logic low. For the example, 
VOO = +5V = logic high at the control inputs; VSS 
= GNO = OV = logic low. 

The maximum analog signal level is determined by 
VOO and VSS' The analog voltage must not swing 
higher than VOO or lower than VSS' 

The example shows a 5 Vp_p signal which allows no 
margin at either peak. If voltage transients above VOO 
and/or below VSS are anticipated on the analog chan­
nels, external diodes (Ox) are recommended as 
shown in Figure B. These diodes should be small sig­
nal types able to absorb the maximum anticipated cur­
rent surges during clipping. 

The absolute maximum potential difference be­
tween VOO and VSS is 1B.OV. Most parameters are 
specified up to 15V which is the recommended maxi­
mum difference between VDD and VSS. 

FIGURE A - APPLICATION EXAMPLE 
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FIGURE 8 - EXTERNAL GERMANIUM OR SCHOTTKY CLIPPING DIODES 
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(f5jMOTOROLA 

DECADE COUNTER 

The MCI4017B is a five-stage Johnson decade counter with built-in 
code converter. High speed operation and spike-free outputs are obtained 
by use of a Johnson decade counter design. The ten decoded 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 

• Divide-by-N Counting 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 

• Pin-far-Pin Replacement for CD4017B 

MAXIMUM RATINGS· (Voltages Referenced to Vss) 
.~ .-

Symbol Perameter Value 

VDD DC Supply Voltage -0.5to+180 

Vin. Vout Input or Output Voltage (DC or TranSient) -0.5 to VDD +05 

lin' lout Input or Output Current (DC or TranSient), per Pm ±10 

PD Power DISSipation, per Packaget 500 

Tsta Storage Temperature -65 to + 150 

TL Lead Temperature (a-Second Soldenng) 260 

*Maximum Ratings are those values beyond which damage to the deVIce may occur. 
tTemperature Derating. Plastic "P" Package: -12mW/oC from 65°C to 85°C 

Ceramic "L" Package" -12mWrC from 10QoC to 125°C 

LOGIC DIAGRAM 

a5 al a7 a3 a9 
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Unit 

V 

V 

rnA 

rnW 

"C 

"C 

MC14017B 

CMOS MS. 

ILOW·POWER COMPLEM~NTARV MOS) 

DECADE COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

PSUfFlX 
PLASTIC PA.CKAGE 

CASe 620 CASE 648 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series' - 40D C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

FUNCTIONAL TRUTH TABLE 
(Positive Loglcl 

CLOCK DECODE 
CLOCK ENABLE RESET OUTPUT" n 

0 X 0 n 
X , 0 n 
X X , 00 

..r- 0 a n.' 

'-- X 0 n 
X ..r- 0 n 

1 '- 0 n>1 

-x - Don t C.r. If n <5 Carry -"'1"', Othehv'M. "0' 

BLOCK DIAGRAM 

VOD. Pi" 1. 
V'S - PI" 8 

10 

5 

6 

9 

11 
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MC140178 

ELECTRICAL CHARACTERISTICS (Voltage. Referenced to Vss) 

Voo Tlow· 25°C ThiJilt' 
Characteristic Symbol Vdc Min Max Min Typ# Max Min Max Unit 

Output Voltage "0" Level Val 5.0 - 0.05 - 0 0.05 - 0.05 Vdc 

Vin = VOO or 0 10 - 0.05 - 0 0.05 - 0.05 
15 - 005 - 0 0.05 - 0.05 

"1" Level VOH 5.0 4.95 - 4.95 50 - 495 - Vdc 

Vin = 0 or VOO 10 9.95 - '9.95 10 - 9.95 -
15 14.95 - 14.95 15 - 14.95 -

Input Voltage "0" Level Vll Vdc 
(Va ~ 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 

(Va ~ 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 - Vrtc 
(Va ~ 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(VO ~ 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0' -

Output Drive Current (AL DeVIce) IOH mAde 
(VOH ~ 2.5 Vdc) 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 -
(VOH ~ 13.5 Vdc) 15 -4.2 - -3.4 -8.8 - -2.4 -
(VOL - 0.4 Vdc) Sink ., IOL 5.0 0.64 - 0.51 0.88 - 0.36 - mAde 

(Val ~ 0.5 Vdc) ;. 10 1.6 - 1.3 2.25 - 0.9 -
(Val - 1.5 Vdc) 15 4.2 - 3.4 8.8 - 2.4 -

Output Drive Current (CLlCP Device) IOH mAde 
(VOH - 2.5 Vdc) Soun:;;e 5.0 -2.5 - -2.1 -4.2 - -1.7 -
(VOH ~ 4.6 Vdc) 5.0 -0.5-2 - -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 Vdc) 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 Vdc) 15 3.6 - 3.0 8.8 - 2.4 -

Input Current CAL Device) lin 15 - ±0.1 - ±O 00001 ±O 1 - ± 1.0 ,uAdc 

Input Current (CLlCP Device) lin 15 - ±O3 - ±O 00001 ±O.3 - ± 1.0 ",Ade 

Input Capacitance Cin - - - - 5.0 7.5 - - '. pF 

(Vin = 0) 

Quiescent Current (AL DeVice) 100 5.0 - 5.0 - 0.005 5.0 - 150 .uAde 
(Per Package) 10 - 10 - 0.010 10 - 300 

15 - 20 - 0.015 20 - 600 
QUiescent Current (CLlCP Devlcel 100 5.0 - 20 - 0.005 20 - 150 ",Adc 

(Per Package) 10 - 40 - 0.010 40 - 300 
15 - 80 - 0.015 80 - 600 

Total Supply Current·· t IT 5.0 IT = (0.27 ,.A/kHz) , + 100 #<lAde 
(DynamIC plus Quiescent, 10 IT = (0.55 ,.A/kHz) , + IOD 
Per Package) 15 IT = (0.83 ,.A/kHz) I + 100 

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

·Tlow == - 55°C for AL DeVice, - 40°C for CLlCP Device 
Thigh = + 125°C for AL Device, +85"C for CLlCP Device 

tTo calculate total supply current at loads other than 50 pF 

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an indication of the IC's potential performance. where' IT is in IJoA (per package), CL in pF, V = (VOO -VSS) in volt~ 

f in kHz is input frequency, and k "" 0 0011 
*"The formulas given are tor the typical characteristics only at 25°G 

This device contains protection circuitry 
to guard against damage due to high 
static voltages or electric fields. How­
ever, precautions must be taken to 
avoid applications of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. for proper op-

eration, Vin and Vout should be con­
strained to the range VSS '" (Vin or 
Vout) '" VDD.'., 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., ei­
ther VSS or VDD). Unused outputs must 
be left open. 

6-55 

2 

3 

4 

5 

6 

B 

PIN ASSIGNMENT 

16 

15 

14 

13 

12 

11 

10 

9 



II 

MC14017B 

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

Characteristic 

! Output Rise and Fall Time 

t-rLH, tTHL ~ (t.5 nslpF) CL + 25 ns 

t-rLH, tTHL ~ (0.75 nslpF) CL + t2.5 ns 

t-rLH, tTHL = (0.55 nslpF) CL + 9.5 ns 
Propagation Delav Time 

Reset to Decade Output 
tpLH, tpHL = (1.7 ns/pF) CL + 415 ns 
tpLH, tPHL = (0.66 ns/pF) CL + 197 ns 
tpLH, tpHL = (0.5 ns/pF) CL + 150 ns 

Propagation Delay Time 
Clock to Cout 
tPLH, tPHL = (1.7 ns/pF) CL + 315 ns 
tpLH, tpH L = (0.66 ns/pF) CL + 142 ns 
tpLH, tpHL = (0.5 ns/pF) CL + 100 ns 

Propagation Delay Time 
Clock to Decode Output 
tpLH, tpHL = (1.7 ns/pF) CL + 415 ns 
tPLH, tpHL = (0.66 ns/pF) CL + 197 ns 
tpLH, tpHL = (0.5 ns/pF) CL + 150 ns 

Turn·Off Delay Time 
Reset to Cout 
tpLH = (1.7 ns/pF) CL + 315 ns 
tPLH = (0.66 ns/pF) CL + 142 ns 
tpLH = (0.5 ns/pF) CL + 100 ns 

Clock Pulse Width 

Clock Frequency 

Reset Pulse Width 

Reset Removal Time 

Clock Input Rise and Fall Time 

Clock Enable Setup Time 

Clock Enable Removal Time 

*The formulas given are tor the typical characteristics only at 25°C. 

NDsia labelled "Typ" Is not to be used for design purposes but is 
Intended as an indication of the IC's potential performance. 

Symbol 

tTlH, 
tTHL 

tPLH, 
tpHL 

tPLH, 
tPHL 

tPLH, 
tPHL 

tPLH 

tw(H) 

fel 

tW(H) 

t rem 

tTLH, 
tTHL 

tsu 

trem 
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VOO 
Yd. 

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 
,5 

5.0 
,0 
15 

5.0 
10 
15 

5.0 
10 
15 

Min Typ# Max Unit 

ns 

- 100 200 

- 50 100 

- 40 80 

ns 

- 500 1000 

- 230 460 

- 175 350 

ns 

- 400 BOO 
- 175 350 

- 125 250 

ns 

- 500 1000 

- 230 460 

- 175 350 

ns 

- 400 800 

- 175 350 

- 125 250 

250 125 ns 
100 50 -
75 35 -
- 5.0 2.0 MHz 

- 12 5.0 

- 16 6.7 

500 250 - ns 
250 ,25 -
190 95 -
750 375 - ns 
275 ,35 -
210 105 -

-
No Limit 

350 175 - ns 
,50 75 -
115 52 -
420 260 ns 

200 100 -
,40 70 -
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Vee FIGURE 1 - TYPICAL OUTPUT SOURCE ANO OUTPUT SINK CHARACTERISTICS 
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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 delav). 
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FIGURE·3 - COUNTER EXPANSION 
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FIGURE 4 - AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS 

II 
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PRESETTABLE DIVIDE-BV-N COUNTER 
The MC14018B contains five Johnson counter stages which are 

asynchronously presettable and resettable. The counters are syn· 
chronous, and increment on the positive going edge of the clock. 

Presetting is accomplished by a logic 1 on the preset enable input. 
Data on the Jam inputs will then be transferred to their respective 
Cl outputs (inverted), A logic 1 on the reset input will cause all 
o 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 
• Schmitt Trigger on Clock Input 
• Capable of Driving Two Low-power TTL Loads or One Low-power 

Schottky TTL Load Over the Rated Temperature Range 

• Pin-for-Pin Replacement for CD4018B 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Value 

VDD DC Supply Voltage -05to +180 

Vm• Vout Input or Output Voltage (DC or Transient) -0.5 to VDD +05 

1m. lout Input or Output Current (DC or TranSient), per Pm ±10 

PD Power DiSSipation. per Packaget 500 

Tstc Storage Temperature -65 to + 150 

TL Lead Temperature (a-Second Soldering) 260 

*Maxlmum Ratings are those values beyond which damage to the deVice may occur 
tTemperature Derattng. PlastiC "P" Package -12mW/oC from 65°C to 85°C 

Ceramic "L" Package: - 12mW/oC from 1 DCoC to 125°C 

This device contains protection circuitry to guard against damage due to 
high static voltages or electric fields. However, precautions must be 
taken to avoid applications of any voltage higher than maximum rated 
voltages to this high-impedance circuit. For proper operation, Vin and 
Vout should 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). Unused outputs must be left open. 
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MC140188 

CMOS MS. 
(LOW.pOWER COMPLEMENTARY MOSI 

PRESETTABLE 
DIVIDE-BV-N COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLA.STIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series - 55°C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: -40°C to +85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (CeramIc Package) 

FUNCTIONAL TRUTH TABLE 

Preset Jam 
Clock R .... Enable Input 

'- 0 0 x 
-.r 0 0 X 

X 0 I 0 

X a I I 

X I X X 

an 

an 
On 

I 

0 

1 

• On IS tne Data mput for that stage Stage 1 has 
Data brought out to Pin 1, 

PIN ASSIGNMENT 
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2 15 

3 14 

4 13 
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MC14018B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Characteristic Symbol 

Ou tpu I Vol tage "0" leve' Val 
V.n=VODorO 

"1" level VOH 
V ln .: 0 or VOD 

Input Voltage "0" Level V'l 
(Va' 4.5 or 0.5 Vdcl 
(VO = .9.0 or 1.0 Vdcl 
(VO' 13.5 or 1.5 Vdcl 

"1" Level V'H 
(VO = 0.5 or 4.5 Vdcl 
(VO = 1.0 or 9.0 Vdcl 
(Va - 1 5 or 13.5 VdcJ 

Output DrIVe Current CAL DeVice) 'OH 
(VOH = 2.5 Vdcl Source 
(VOH=4.6Vdcl 
(VOH-95Vdcl 
(VOH -13.5 Vdcl 

(Val =0.4 Vdcl Sink 'Ol 
(Val -05 Vdcl 
(VOL =1.5 VdcJ 

Output Drive Current (CLlCP DeVice) 'OH 
(VOH =2.5 Vdcl Source 
(VOH =4.6 Vdcl 
(VOH=9.5Vdcl 
(VOH = 13.5 Vdcl 

(VOL =0.4 Vdcl Sink 'Ol 
(Val =0.5 Vdcl 
(Val =1.5 Vdcl 

Input Cunent CAL DeVice) lin 

Input Current (CLlCP DeVice) 'on 
Input Capacitance Cin 

(V,n =01 

QUiescent Current CAL Device I 'DO 
(Per Package) 

QUiescent Current (CUCP DeVICe) 'DO 
(Per Packagel 

Total SupplV Current··t IT 
(DynamiC plus QUiescent, 

Per Package) 

tCl 50 pF on all outputs. all 
bufhns sWitching) 

·Tlow = -55°C for AL Device, -40°C for CLlCP DeVice 
Thigh = + 125°C for AL Device, + 85°C for cLlep Device 

Voo 
Vdc 

5.0 
10 
15 

5.0 
10 
15 

50 
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 

15 

15 

-
50 
10 
15 

50 
10 
15 

50 
10 
15 

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an indication of the IC's potential performance, 

**The formulas given are for the typical characteristics only at 25°C 

T,ow . 25°C Thi h* 
Min Ma. Min TyP# Ma. Min Ma. Unit 

- 0.05 - 0 0.05 - 0.05 Vdc 

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

4.95 - 4.95 5.0 - 495 - Vdc 
9.95 - 9.95 10 - 9.95 -

14.95 - 14.95 15 - 14.95 -
Vdc 

- 15 - 2.25 1.5 - 1.5 

- 3.0 - 4.50 3.0 - 3.0 

- 4.0 - 675 4.0 - 4.0 

35 - 35 2.75 - 3.5 - Vdc 
7.0 - 7.0 5.50 - 7.0 -

110 - 11.0 825 - 11.0 -
mAde 

-3.0 - -2.4 -4.2 - -1.7 -
-0.64 - -0.51 -0.88 - -0.36 -
-1.6 - -1.3 -2.25 - -0.9 -
-4.2 - -3.4 -8.8 - -2.4 -
0.64 - 051 0.88 - 0.36 - mAde 

1.6 - 13 2.25 - 0.9 -
4.2 - 3.4 8.8 - 2.4 -

mAde 
-2.5 - -2.1 ·4.2 - -1.7 -

-0.52 - -0.44 -0.88 - -0.36 -
-1.3 - -1.1 -2.25 - -0.9 -
-3.6 - -3.0 -8.8 - -2.4 -
0.52 - 0.44 088 - 0.36 - mAde 

1.3 - 1.1 2.25 - 09 -
3.6 - 3.0 B.8 - 24 -
- to 1 - to 00001 to 1 t 10 ",Adc 

- t03 - to.OOOOl :!:.03 - :!: 10 J.l.Adc 

- - 50 7.5 - pF 

- 50 0.005 50 150 IJAdc 

- 10 - 0.010 10 - 300 
- 20 - 0.Q15 20 - 600 

- 20 - 0.005 20 - 150 ""Adc 

- 40 - 0.010 40 - 300 
- 80 - 0.015 80 - 600 

'T = 10.3 "A/kHzl f + 'DO IJAdc 

IT = 10.7 "A/kHzl f + 'DO 
IT = 11.0 "A/kHzl f + 100 

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

'T(CLI = 'T(50 pF) + (Cl -50) Vfk 

where' IT IS in ~A (per package), CL In pF, V == (VOO-VSS) in volts, 
f in kHz is input frequency, and k = 0 001 
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SWITCHING CHARACTERISTICS' ICL = 50 pF. TA = 25°C) 

VDD 
All Types 

Characteristic Symbol Vdc Min Typ# Max Unit 

Output Rise and Fall Time tTLH. tTHL n. 
tTLH. 'THL= 11.35ns/pF) CL + 32n. 5.0 - 100 200 

tTLH. tTHL = 10.6 ns/pF) CL + 20 ns 10 - 50 100 

'TLH. 'THL = 10.4 ns/pF) CL + 20 ns 15 - 40 BO 

Propagation Delay Time 'pLH· nl 
Clock 10 a 'PHL 

IPLH.lpHL = (0.90 n./pF) CL + 265 n. 5.0 - 310 620 
IPLH.lpHL = (0.36 n./pF) CL + 102 ns 10 - 120 240 
IpLH.lpHL = (0.26 ns/pF) CL + 72 n. 15 - 85 170 

Reset to Q nl 
'pLH = (0.90 ns/pF) CL + 325 ns 5.0 - 370 740 
'pLH = (0.36 ns/pF) CL + 132 n. 10 - 150 300 
'pLH = (0.26 ns/pF) CL + Bl ns 15 - 100 200 

Preset Enable to a ns 
'pLH.lpHL = (0.90 ns/pF) CL + 325 ns 5.0 - 370 740 
'pLH.lpHL = (0.36 ns/pF) CL + 132 nl 10 - 150 300 
IPLH.IPHL = (0.26 nl/pF) CL + Bl n. 15 - 100 200 

SetuP Time tlU n. 
0.,. (Pin 1) 10 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 Inputsl-to-Preset th 5.0 540 270 - ns 
Enable Hold Time 10 500 250 -

15 480 240 -
Clock Pulse Widlh twH 5.0 400 200 - no 

10 200 100 -
15 160 110 -

Reset or Preset Enable twH 5.0 290 145 - ns 
PulseWidlh 10 130 65 -

15 110 55 -
Clock Rise and Fall Time ITLH. tTHL 5.0 ns 

10 N.oLimit 
15 

Clock Pulse Frequency fel MHz 
5.0 - 2.5 1.25 
10 - 6.5 3.25 
16 - B.O 4.0 

*The formulas given are for typical characteristics only at 25°C. 

#Data labelled "Typ" is not to be used for design purposes but is intended 8S an indication of the IC's potential performance. 

FIGURE 1 - SWITCHING TIME WAVEFORMS 

~~------~.-+----------VDD 
Any Input 

~----Vss 

.r.:=----,l.f--- VOH 

Any Output 
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MC14018B 

Clock [~~R[R[~R11RR[R1R~lRR1~ 
Rase. 

Preset Enable in 
Jam 1 [1 
Jam 2 Ir~ 

Don't Care ~ Until Preset Enable 
Goes Hi h r 

Jam 3 TIMING DIAGRAM 
cOs Connectlld to Dat. Inpud 

Jam 4 

JamS r 
r- I 

'""" 
U 

1..-

FUNCTION SELECTION 

Connect 
Counter Data Input 

Mode CPon 1) to; 

DIvide by 10 lls 
Divide by 8 04 
Divide by 6 113 
Divide by 4 02 
Divide by 2 llt 
Divide by 9 05_ Q4 
Divide by 7 0'4e03 
Divide by 5 03- 02 
Divide by 3 02e'O, 

Clock 14 

Data t 

Reset 15 

Preset Enable 10 

Comments 

No a)eternal 

components needed. 

Gate package 
needed to provide 

AND function. 

Voo'" Pin 16 

VSS'" Pin 8 
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®MOTOROLA 

14-BIT BINARY COUNTER 

The MC14020B 14-stage binary counter is constructed with MOS 
P-channel and N-cnannel enhancement mode devices in a single mon­
olithic structure. This part is designed with an input wave shaping 
circllit 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 

• Diode Protection on All Inputs 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 

• Buffered Outputs Available from stages 1 and 4 thru 14 

• Common Reset Line 

• Pin-for·Pin Replacement for CD4020B 

MAXIMUM RATINGS· (Voltages Referenced to Vss) 

Symbol Parameter Value 

Voo OC Supply Voltage - 0.5 to + 18.0 

Vin. Vout Input or Output Voltage (OC or Transient) - 0.5 to VOO + 0.5 

lin, lout Input or Output Current (OC or Transient). per Pin ±IO 

Po Power Dissipation, per Packaget 500 

Tstg Storage Temperature -65 to -.-150 

TL Lead Temperature (8-Second Soldering) 260 

*Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package; -12mWrC from 65°C to 85°C 

Ceramic "L" Package: -12mW/oC from 100°C to 125cC 

06 "" Pin 4 
Q7 = Pin 6 

08 "!' Pin 13 

LOGIC OIAGRAM 

09 '" Pin 12 
010"" Pin 14 
Q11 '" Pin 15 
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Unit 

V 

V 

mA 

mW 

°C 

°C 

MC14020B 

CMOS MS. 
(LOW·POWER COMPLEMENTARY MOSI 

14-BIT BINARY COUNTER 

~,--,r~fI(l(Y u u 6~n U 
1 1 

L SUFFIX 
ceRAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

OROERING INFORMATION 

A Senes' - 55°C to + 125"C 
MC14XXXBAl (Ceramic Package Only) 

C Series' -40"C to + 8S"C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

TRUTH TABLE 

CLOCK RESET 

J"" 0 

'- 0 

X t 

x = Don't Care 

Voo = Pin 16 
VSS "" Pin 8 

OUTPUT ST ATE 

No Change 

Advance to next 
state 

All Outputs are low 
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MC1.4020B 

ELECTRICAL CHARACTERISTICS (Voltages Relerenced to VSS) 

Voo Tlow 
. 2SoC Thl h-

Characteristic Symbol Vd. Min Ma. Min Typ# M •• Min Max 

Outpu t Vol tage "0" Level VOL 50 - 0.05 - 0 0.05 - 005 

Vin = VOO or 0 10 - 0.05 - 0 0.05 - 0.05 
15 - 0.05 - 0 005 - 005 

"1" Level VOH 5.0 4.95 - 4.95 5.0 - 495 -
Vi" = a or VOO 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 1495 15 - 14.95 -
Input Voltage "0" Level VIL 

(VO - 4.5 or 0.5 Vd.) 50 - 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 - 1.3.5 or 1.5 Vdc) 15 - 4.0 - 6.75 40 - 4.0 

"'" Level VIH 
(VO - 0.5 or 4.5 Vdc) 50 3.5 - 3.5 2.75 - 3.5 -
(VO =; 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(VO - 1.5 or 13.5 Vdc) 15 11.0 - 110 8.25 - 11.0 -

Output Drive Current (Al Device) IOH 
(VOH - 2.5 Vdc) Source 50 -3.0 - -2.4 -4.2 - -1.7 -
(VOH - 4.6 Vdc) 5.0 -0.64 '7 -0.51 -0.88 - -0.36 -
(VOH - 9.5 Vdc) 10 -1.6 - -1.3 -2.25 - -0.9 -
(VOH - 13.5 Vdc) 15 -4.2 - -3.4 -8.8 - -2.4 -
(VOL - 0.4 Vdc) Sink IOl 5.0 0.64 - 0.51 0.S8 - 036 -
(VOL - 0.5 Vdc) 10 16 - 13 2.25 - 09 -
(VOL - 1.5 Vdc) 15 4.2 - 3.4 S.S - 2.4 -

Output Drive Current (CLlCP De'vlcel IOH 

(VOH - 2.5 Vdc) Source 5.0 -2.5 - -2.1 -4.2 - -1.7 -
(VOH - 4.6 Vdc) 50 -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 Vdc) Sink IOL 5.0 0.52 - 044 088 - 0.36 -
(VOL - 0.5 Vdc) 10 1.3 - 1.1 2.25 - 09 -
(VOL - 1.5 Vdc) 15 3.6 - 3.0 8.S - 24 -

Input Current (AL Device) 110 15 :!:Ol !O 00001 rO 1 ±10 

Input Current (CL/CP Devlcel 'in 15 - !03 - to 00001 ±03 - ±10 

!nput Capacitance CIO - 50 7.5 
(VIO=OI 

QUiescent Current tAL DeVIce) 100 5.0. 50 0.005 50 150 
(Per Package) 10 - 10 - 0.010 10 - 300 

15 - 20 - 0.015 20 - 600 
QUiescent Current (CLlCP DeVice) IDD 50 - 20 - 0.005 20 - 150 

(Per Package) 10 - 40 - 0.010 40 - 300 
15 - 80 - 0.Q15 80 - 600 

Total Supply Current--t IT 50 IT = (0.42 ~A/"Hz) f + IDD 
(DynamiC plus QUiescent, 10 IT' (0.85 ~A/kHz) I + IDD 
Per Package) 15 IT = (1.43 ~A/kHz) I + 100 

(Cl '" 50 pF on all outputs. all 
buffers switchlllgl 

*Tlow= -55°C for AL DeI/ice, -40"C for CLlCP Del/ice 
Thigh = + 125°C for AL DeI/ice, + 85°C for CLlCP Del/ice. 

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

IT(Cl) ~ IT(50 pF) + (Cl -50) Vlk 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

mAde 

mAde 

mAde 

pAdc 

J.1Ade 

pF 

/-lAde 

jJAdc 

/JAde 

#Data labelled "Typ" IS not to be used for deSign purposes but is 
intended as an indication of the IC's potential performance where IT is In ..,A (per package), CL in pF, V = (VDD - VSS) In volts, 

f In kHz is Input frequency, and k = 0 001 
**The formulas given are for the typical characteristiCs only at 25°C 

This device contains protection circuitry to guard, ·against damage due to high static voltages 
or electric fields. However, precautions must be taken to avoid applications of any voltage 
higher than maximum rated voltages to this high-impedance circuit. For proper operation, 
Yin and Voul should be constrained to the range VSS '" (Vin or VOU1) '" VOO. 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., eilher VSS or 
VOO). Unused oulputs musl be left open. 
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16 

15 

14 

13 

12 

11 

10 
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MC14020B 

Characteristic Symbol 

Output Rise and Fall Time 'TLH. 

TTLH. TTHL ~ (1.5 ns/pF) CL + 25 ns tTHL 
TTLH. TTHL ~(0.75 nslpF) CL +12.5 ns 

TTLH. TTHL ~ (0.55 ns/pF) CL + 9.5 ns 

Propagation Oelay Time tPLH. 
Clock to Q1 'pHL 

tpHL. tpLH ~ (1.7 ns/pF) CL + 175 ns 

tpHL. tpLH ~ (0.66 ns/pF) CL + 82 ns 

'pHL. 'pLH ~ (0.5 ns/pF) CL + 55 ns 

Clock 10 014 

'pHL. 'pLH ~ (1.7 ns/pF) CL + 1735 ns 

'pHL. 'pLH ~ (0.66 ns/pF) CL + 772 ns 

'pHL. 'pLH ~ (0.5 ns/pF) CL + 535 ns 

Propagation Delay Time IPHL 
Reset to an 

'pHL ~ (1.7 ns/pF) CL + 285 ns 

'pHL ~ (0.66 ns/pF) CL + 122 ns 

'pHL ~ (0.5 ns/pF) CL + 90 ns 

Clock Pulse Width 'WH 

Clock Pulse Frequency lei 

Clock Rise and Fall Time 'TLH.ITHL 

Reset Pulse Width 'WL 

Reset Removal Time trem 

-The formulas given afe for the typical characteristics only at 25°C. 

#Data labelled "Typ" Is not to be used tor design purposes but is 
intended as an indication of the IC's potential performance. 

FIGU.RE 1 - POWER DISSIPATION TEST CIRCUIT AND 
WAVEFORM 

20 ns 

.k-=::----,l.+--- VOO 
Clock 

"----VSS 

VDD 
Vde 

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 
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Min Typ # Max Unit 

ns 

- 100 200 

- 50 100 

- 40 80 

ns 

- 280 520 

- 115 230 

- 80 160 

ns 

- 1820 3900 

- 805 1725 

- 560 1200 

ns 

- 370 740 

- 155 310 

- 115 230 

500 140 - ns 

165 55 -
125 38 -
- 2.0 1.0 MHz 

- 6.0 3.0 

- 8.0 4.0 

-
No Limil 

3000 320 - ns 

550 120 -
420 80 -
130 65 - ns 

50 25 -
30 15 -

FIGURE 2 -SWITCHING TIME TEST CIRCUIT AND 
WAVEFORMS 

II 
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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 I...I'1SlJII" -U- -U- -U- -U- -U- -U- -U- -U- -U- -U- -U- 'l.J I..J 
R.et -----,L.. _____ _ 

01 ~ L-I-I-L-L- I-I-I-I-I-I- I- I-
04 ~ L-I-I-I-I-I-I-~I- I-
as _______ ---'~ I-I-I-I-I-I-I- I-I-

06 ~ I-I-L-I- I-I- L-, I-
07 ____________ ~ I- I-I- I-I-L-I-
OB ____________ __l~ L-I-I-I-I-I-
09 _______________ ---"~ I-I-I- I- I-

010 _________________ -J~ I-I-I- I-

all ~ L- L- L-
012 _______ ~ _____________ __l~ L- L-

013 ~I-
014 _________________________ ~~ 
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MOTOROLA 

OCTAL COUNTER 

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 
• Divide-by-N Counting 
• Supply Voltage Range = 3_0 Vdc to 18 Vdc 
• Capable of Driving Two Low-power TIL Loads or One Low-power 

Schottky TTL Load Over the Rated Temperature Range 
• Pin-for-Pin Replacement for CD4022B 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Paramet.r Value 

VOO DC Supply Voltage -0.5 to + 18.0 

Vin. Vout Input or Output Voltage (DC or Transient) - 0.5 to VDO + 0.5 

1m. 'out Input or Output Current (DC or Transient), per Pin ±10 

PD Power DISSipation, per Packaget 500 

Tsta Storage Temperature '-65 to + 150 

TL Lead Temperature (8-Second Soldering) 260 

*Maxlmum Ratings are those value~ beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW/,,'C from 65'"C to 85"C 

Ceramic "L" Package. -12mWfOC from 100"C to 125°C 

LOGIC DIAGRAM 

2 4 3 10 
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Unit 

V 

V 

rnA 

mW 

'c 
'c 

MC14022B 

CMOS MS. 

(LOW·POWER COMPLEMENTARY MOSI 

OCTAL COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE &20 

PSUFFIX 
PLASTIC PACKAGE 

CASE 848 

ORDERING INFORMATION 

A Series: - 55°C to + 12S'"C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40"C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCl (Ceramic Package) 

FUNCTIONAL TRUTH TABLE 
(PosItive Logic) 

~ 
CLOCK ENABLE RESET OUTPUT = n 

0 )( 0 n 
)( 1 0 n 

..r- 0 0 n.1 

'-- )( 0 n 
1 --'\.. 0 n" 
X -r 0 n 
X X 1 ao 

X Don t Car. If n< 4 Carry'" 1. OtherWise - 0 

BLOCK DIAGRAM 

Clock 14 

~.13 

ReM. 16 

VOD" Pin 16 
VSS" PinS 

NC = Pin 6,9 

2 

1 

3" 

11 

4 

5 
10 

12 



II 

MC14022B 

ELECTRICAL CHARACTERISTICS (Voltages R.ferenced to VSS) 

Voo Tlow . 25"<: Thigh' 
Characteristic Symbol Vdc Min MIx Min Typ# MIx Min MIx Unit 

Output Voltage "0" Level VOL 5.0 - 0.05 - 0 0.05 - 0.05 Vde 

Vin = VOO or 0 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 

Vln = 0 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 = 4.5 or 0.5 Vdc) 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 Vdc) 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 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(VO = 1.5 or, 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current tAL Device) 10H mAde 
(VOH 32.5 Vdc) Source 5.0 -3.0 - -2.4 -4.2 - -1.7 -
(VOH =4.6 Vde) 5.0 -0.64 - -0.51 -0.88 - -0.36 -
(VOH =9.5 Vdc) 10 -1.6 - -1.3 -2.25 - -0.9 -
(VOH -13.5Vde) 15 -4.2 - -3.4 -8.8 - -2.4 -
(VOL -0.4 Vdel Sink IOL 5.0 0.64 - 0.51 0.88 - 0.36 - mAde 
IVOL -0.5I(del 10 1.6 - 1.3 2.25 - 0.9 -
IVOL=I.5Vdel 15 4.2 - 3.4 8.8 - 2.4 -

Output Drive Current (el/ep Device) 10H mAde 
IVOH =2.5 Vde) Source 5.0 -2.5 - -2.1 -4.2 - -1.7 -
IVOH = 4.6 Vdcl 5.0 -0.52 - -0.44 -0.88 - -0.36 -
IVOH = 9.5 Vdc) 10 -1.3 - -1.1 -2.25 - -0.9 -
IVOH = 13.5 Vdcl 15 -3.6 - -3.0 -8.8 - -2.4 -
(VOL =0.4 Vdcl Sink IOL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc 
(VOL =0.5 Vdcl 10 1.3 - 1.1 2.25 - 0.9 -
IVOL -1.5 Vdcl 15 3.6 - 3.0 8.B - 2.4 -

Input Current tAL Device~ lin 15 - ±O.l - 00.00001 :to.1 - 01.0 ",Adc 

Inpul Current (el/ep Device) 'in 15 - 00.3 - OO.qoool to.3 - ±1.0 ~Adc 

Input Capacitance Cin - - - - 5.0 7.5 - - pF 
(Vin -01 

Quiescent Current (AL Device I 100 5.0 - 5.0 - 0.005 5.0 - 150 ~Ade 

(Per Package I 10 - 10 - 0.010 10 - 300 
15 - 20 - 0.015 20 - 600 

Quiescent Current-(eLleP Devtcel 100 5.0 - 20 - 0.006 20 - 150 ~Adc 

(Per Packagel 10 - 40 - 0.010 40 - 300 
15 - 80 - 0.Q15 80 - 600 

Total Supply Current· *t IT 5.0 IT = 10.28 "A/kHz) f + 100 ~Adc 

(Oynamic plus Quiescent, 10 IT = 10.66 "A/kHz) f + 100 
Per Packagel 15 IT = 10.85 "A/kHz) f + 100 
tel - 50 pF on all outputs, all 
buffers switching) 

"Tlow'" -55"C tor AL Device, -400C for CL/CP Device. 
Thigh"" + 125°C for AL Device, + 85°C for CLlCP Device. 

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

#Data labelled "Typ" Is not to be used for design purposes but is 
intended as an indication of the IC's potential performance. where: IT is in,...A (per package), CL in pF, V = (VOD-VSS) in volts, 

f in kHz is input frequency, and k = 0.00125. 
UThe formulas given are for the typical characteristics only at 25°C. 

This device contaIns protection circuitry to guard against damage due to 
high slatic voltages or electric lields. However, precautions must be 
taken to avoid applications of any voltage higher than maximum rated 
voltages to this high-Impedance circuit. For proper operation, Yin and 
Vout should 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). Unused outputs must be left open. 
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NC = No Connection 

16 

15 

14 

13 

12 
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MC14022B 

SWITCHING CHARACTERISTICS· (Cl' 50 pF T A = 25°C) 

Characteristic 

Output Rise and Fall Time 

tTLH, tTHL - (1.5 ns/pF) CL + 25 ns 
tTLH, tTHL - (0.75 ns/pF) CL + 12.5 ns 
tTLH, tTHL - (0.55 ns/pF) CL + 9.5 ns 

Propagation Delav Time 
Reset to Decode Output 
tPLH, tPHL = (1.7 ns/pF) CL + 415 ns 
tplH, tPHl = (0.66 n./pF) CL + 197 n. 
tPLH, tPHl = (0.5 ns/pF) Cl + 150 n. 

Propagation Delay Time 
Clock to Caut 
tpLH, tpHL = (1.7 ns/pF) Cl + 315 ns 
tPLH, tPHL = (0.66 ns/pF) CL + 142 ns 
tPLH, tPHL = (0.5 ns/pF) CL + 100 ns 

Propagation Delay Time 
Clock to Oecode Output 
tPLH, tPHL = (1.7 ns/pF) CL + 415 n. 
tpLH, tpHl = (0.66 ns/pF) CL + 197 ns 
tpLH, tPHl = 0.5 ns/pF) CL + 150 n. 

Turn·Off Delay Time 
Reset to Cout 
tPLH = (1.7 ns/pF) CL + 315 n. 
tpLH = (0.66 n./pF) CL + 142 ns 
tPLH = (0.5 ns/pFI CL + 100 ns 

Clock Pulse Width 

Clock Frequency 

Reset Pulse Width 

Reset Removal Time 

Clock Input Rise and Fall Time 

Clock Enable Setup Time 

Clock Enable Removal Time 

*The formulas given are for the typical characteristics only at 25"C. 

NOata labelled "Typ" is not to be used for design purposes but Is 
intended as an indication of the IC's potential performance. 
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Symbol 

tTlH, 
tTHL 

tPLH, 
tpHL 

tpLH, 
tpHL 

tpLH, 
tpHL 

tpLH 

twH 

fcl 

twH 

'rem 

'TLH. trHL 

lou 

trem 

VOO 
Vdc 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
1~ 

5.0 
10 
15 

5.0 
10 
'15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

Min Typ# Max Unit 

n. 

- 100 200 
- 50 100 
- 40 80 

ns 

- 500 1000 
- 230 460 

- 175 350 

ns 

- 400 800 

- 175 350 

- 125 250 

ns 

- 275 1000 
- 125 460 

- 95 350 

n' 

- 400 800 

- 175 350 

- 125 250 

250 125 - n. 
100 50 -
75 35 -
- 5.0 2.0 MHz 

- 12 5.0 

- 16 6.7 

500 250 - n. 
250 125 -
190 95 -
750 375 - n. 
275 135 -
210 105 -

-
No Limit 

350 175 ns 
150 75 -
115 52 -
420 260 ns 
200 100 -
140 70 -
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II 

Vss 

VOO---A 

SI 
VSS--- B 

Clock 
Caut 

VSS 

MC14022B 

FIGURE 1 - TVPICAL OUTPUT SOURCE AND OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 

V out 

Output 
Sink Drive 

Outputs (SI to Al 

Clock to 05 
Carry thruQ7 

(SI to BI 

VGS- VOO 
VOSs V out 

yvoo FIGURE 2 - TYPICAL POWER DISSIPATION 
TEST CIRCUIT 

Output 
Source Drive 

Clock to desired 
Output 

(51 to BI 

S1 to A 

-VOO 
V out -VOD 

500jiF~ ~ ± O.OI/'F 
":" Ceramic 

~ 
00 

01 

Clock Enable 02 

Q3 

Q4 

Reset as 
06 

Pulse I fc 07 

Generator I 
Clock Cout 

Clock 

VSS 'fCL ; i'CL; i'CL; i'CL' FCL' i'CL; i'CL 

-
APPLICATIONS INFORMATION 

Figure 3 shows a technique for extending the number of decoded output states for the 
MCl4022B. Decoded outputs are sequential within each stage and from stage to stage, with no 
dei.d ti me (except propagation delay I. 

FIGURE 3 - COUNTER EXPANSION 

R R 
C C 

CE 
MC1.0228 

CE 
MC1~22B 

Ce 
MC1.022B 

00 01 ••• 06Q7 OOQ1 ••• 06 

~ 
eOecoded Outputs 
Outputs 

Fir'tSu .. In.rmedia. Stagl:s La.tSt. 
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FIGURE 4 - AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS 

Clock ---/ '\..I' V '\..I' '\..I' \....I \.J< V \...fi V V \...;fl. i'k.I \..J V "-*'0%' ~ YSS 

Clock I I I I I tr -i f--1_~_tsu _20 nS_--1 i-l_r-_20 n_. __ _ 

':::' '.m:;::j r- I I I I 'ToOT ~ - "., --1 f- "~ 
\ I ~ 

00 'PHL ~ r-I I I I I 1 ~tpLH tPLH_H_.----_ 

,\ t::\ I YOL 

tpLH -I 1--1 r- tpHL I I I I 0 --j f-- 'THL 

fi\ I 90~50% I 
01 -----tPLH --j ~--i r- tPHL I I I 'TLH--"11--- --1 ~% I YOL 

02 /I): I I r\ YOL 

tPLH --l t-l I-- tpHL I I I 'TLH ---i I--- --H-
03 --------'fT\ I r-x---:-, --Y-OL 

tPLH l f--j t- tpHL I I 'TLH -n----H- I ____ -:-'fj\ 1 -f\-7-1 --YOL 

tPL'Hi t--i f-tPHLI I tTLH--lI----lq f---tPHL 

----1:.....,- fJ) ~I VOL 
I 'TLH ---II--- I r:- 'THL I. I I 'TLH --i I-- --l 

tPLH ---J t---t- tPHL 

04 

05 

06 I I 1\ VOL I tpLH --j f- .llb ~ tpHL 

______ -..,.-____ ---=:Irj\=---C..---------c'--:----YOL 

tpHL ----l f--- 'TLH --i 1--+1 f-- 'THL --l f-- tPLH 

Cout 
---------., tPHL1f= "L.L __ 

tTLH ---l r---i f:= tTHL 

07 

-.~._c~ 

YOO 

YOO 

VOO 

VOH 

VOH 

3: 
0 YOH ..... 
~ 
Q 
N VOH N m 

V OH 

VOH 

VO H 

V0H 

YOH 
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® MOTOROLA 

7-STAGE RIPPLE COUNTER 

The MCl4024B is a 7-stage ripple counter with short propagation delays 
and high maximum clock rates. The Reset input has standard noise immu­
nity, however the Clock input has increased noise immunity due to Hys­
teresis. The output of each counter stage is buffered. 

• Diode Protection on Alii nputs 
• Output Transitions Occur on the Falling Edge of the Clock Pulse 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 

• Pin-for-Pin Replacement for CD4024B 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Value 

VDD DC Supply Voltage -0.5 to + 18.0 

Vin. Vout Input or Output Voltage (DC or Transient) -0.5 to VDD +0.5 

lin, lout Input or Output Current (DC or Transient). per Pin ;,10 

PD Power Dissipation, per Packaget ·500 

Tata Storage Temperature -65to ~150 

TL Lead Temperature (a-Second Soldering) 260 

·Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW/'C from 6S'C to 8S'C 

Ceramic "L" Package: -12mW/'C from 100'C to 12S'C 

LOGIC DIAGRAM 

Clock c 0 c 0 C 0 

Reset 

12 11 4 3 
01 02 06 01 

03::. Pin 9 
04= Pin6 
05 = PinS 
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Unit 

V 

V 

mA 

mW 

'C 

'C 

I 
I 

MC14023B 
.. see Page e,;s 

MC14023UB 
See Page 6-1.4 

MC140248 

CMOS SSt 
(LOW·POWER COMPLEMENTARY MOSI 

7-STAGE 

RIPPLE COUNTER 

- • 1 1 

L SUFFIX PSUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 632 CASE 646 

ORDERING INFORMATION 

A Series' - 55°C to + 12S"C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40°C to + 85°C 
MC14XXXBCP (Plastic Paokage) 
MC14XXXBCL (Ceramic Package) 

2 

3 

4 

5 

6 

PIN ASSIGNMENT 

Voo .. Pin 14 
VSS .. Pin 7 

Ne .. No Connection 

14 

13 

12 

11 

10 

II 

8 

1 

I 



MC14024B 

ELECTRICAL CHARACTERISTICS (Voltago. Reforenced to Vss) 

Characteristic Symbol 

Output Voltage "0" Level VOL 
Vin = VOD or 0 

"'" Level VOH 
Vin = 0 or VOO 

Input Voltage "0" Level VIL 
(VO = 4.5 or 05 Vdc) 
IVa =9 0 or 1.0 Vdc) 
(Va = 13.5 or 1.5 Vdcl 

"1" Level VIH 
(Va =0 5 or 4.5 Vdc) 
(Va = 1.0 or 9.0 Vdcl 
(Va = 1 5 or 13 5 Vdcl 

Output Drtve Current (AL DeVice) 10H 
(VOH = 2.5 Vdcl Source 
(VOH -4.6 Vdc) 
IVOH = 9 5 Vdcl 
(VOH = 13.5 Vdcl 

(VOL =0.4 Vdcl Sink 10L 
(Vat =0 5 Vdcl 
(VOL = 1.5 Vdc) 

Output Drive Current (ClICP Device) IOH 
(VOH = 2.5 Vdcl Source 

(VOH = 4.6 Vdcl 
(VOH = 9.5 Vdcl 
(VOH = 13.5 Vdcl 

(VOL = 0.4 Vdcl Sink 10L 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdcl 

Input'Current (Al DeVice) lin 
Input Current (ClICP Devicel Ion 
Input Capacitance Con 

(Von=OI 

QUiescent Current (AL Devlcel 100 
(Per Package) 

QUiescent Current (CL/CP DeVice) 100 
(Per Package) 

T oral Supply Current· • t IT 
(DynamiC plus QUiescent, 

Per Package) 

(CL :::: 50 pF on all outputs, all 

buffers sWitching) 

*Tlow = - 5S"C 10r AL DeVice, - 40"C for CLlC? DeVice. 
Thigh = + 125"C 10r AL Device, + 85"C for CLle? Device 

Voo 
Vdc 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

50 
10 
15 

5.0 
50 
10 
15 

5.0 
10 
15 

5.0 
5.0 
10 
15 

5.0 
10 
15 

15 

15 

-

50 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an indication 01 the IC's potential performance 

"·The formulas given are for the typical characteristics only at 2S"C 

T,ow . 25°C Thi h-
Min Ma. Min Typ# Max Min Ma. Unit 

- 0.05 - 0 0.05 - 0.05 Vdc 

- (J.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 

- 1.5 - 2.25 1.5 - 15 

- 3.0 - 4.50 3.0 - 3.0 

- 4.0 - 675 40 - 4.0 

35 - 3.5 2.75 - 3.5 - Vdc 
7.0 - 7.0 5.50 - 7.0 -

11.0 - 11.0 S.~5 - 110 -
mAde 

-3.0 - -2.4 -4.2 - -1.7 -
-0.64 - -0.51 -0.S8 - -0.36 -
-1.6 - -1.3 -2.25 - -0.9 -
-4.2 - -3.4 -8.8 - -2.4 -
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 

-2.5 - -2.1 -4.2 - -1.7 -
-0.52 - -0.44 -0.88 - -0.36 -
-1.3 - -1.1 -2.25 - -0.9 -
-3.6 - -3.0 -8.8 - -2.4 -
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 -
- to.l - <000001 <01 - ± 10 J.lAdc 

- ±O3 - <0.00001 to.3 - ±.10 #JAde 

- - - 50 7.5 - - pF 

50 0.005 5.0 150 ",Adc 

- 10 - 0.010 10 - 300 
- 20 - O.ot5 20 - 600 

- 20 - 0.005 20 - 150 ",Adc 

- 40 - 0.010 40 - 300 
80 - O.ot5 SO 600 

IT =(0.31 "A/kHz) f + 100 ""Adc 
IT =(0.60 "A/kHz) f • 100 
IT =(0.89 "A/kHz) f + 100 

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

IT(Cl) - IT(50 pF) + (Cl -50) Vfk 

where: IT is In).loA (per package), CL in pF, V = (VDD-VSS) in volts, 
f in kHz is input frequency, and k = 0.001 

This device contains protection circuitry to guard against damage due to high static voltages or electric fields. However, 
p~recautions must be taken to avoid applications of any voltage higher than maximum rated voltages to this high-imped­
ance circuit. For proper operation, Vin and Vout should 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). Unused outputs musl 
be left open. 

6-73 

II 



II 

MC14024B 

SWITCHING CHARACTERISTICS· (CL· 50 pF TA = 250CI 

C~1c 

Output Rise and Fall Time 
tTLH. tTHL = (1.5 n.'pF) CL + 25 n. 
tTLH. tTHL = (0.75 n.lpF) CL + 12.5 n. 
iTLH' tTHL = (0.55 nslpF) CL + 9.5 ns 

P,_tion Delay Time 
Clock toOl 

tPLH, tPHL • (1.7 nl/pFI CL + 295 ns 
tPLH,tPHL· (0.66 ns/pFI CL + 117 ns 
tPLH, tpHL • (0.5 ns/pFI CL + 85 ns 

Clock to 07 
tPLH, tPHL - (1,7 ns/pFI CL + 915 ns 
tpLH, tPHL • (0.66 ns/pF) CL + 367 ns 
tpLH, tPHL • (0.5 ns/pFI CL + 275 ns 

Reset to an 
tpLH, tPHL· (1.7 ns/pFI CL + 415 nl 
tPLH, tPHL' (0.66 ns/pFI CL + 217 ns 
tpLH tpHL· (0.5 ns/pFI CL + 155 n. 

Clock Puis. Width 

Reset Puis. Width 

Reset Removal Time 

Clock Input Rise end Fan Times 

Input Pulse Frequency 

·The formulas given are for the typical characteristics only at 25°C. 

#Data labelled "Typ" Is not to be used for design purposes but is 
intended as an Indication of the IC's potential performance 

Symbol VDD 

tTLH. 
tTHL 5.0 

10 
15 

tPLH, 
tpHL 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

twH 5.0 
10 
15 

twH 5.0 
10 
15 

trem 5.0 
10 
15 

ITLH, tTHL 5.0 
10 
15 

fel 5.0 
10 
15 

TRUTH TABLE 

CLOCK RESET STATE 

0 0 No Change 

0 1 All Outputs Low 

t 0 NoChenge 

1 1 AU Outputt: Low 

~ 0 No Change 

~ 1 All Outpull Low 

---- 0 Advence 0 .. Count 

---- 1 AIiOutpUUL_ 

6-74 

Min TypN - Unit 

nl 

- 100 200 
- 50 100 
- 40 80 

nl 

- 380 600 
- 150 230 

- 110 175 

- 1000 2000 

- 400 750 
- 300 565 

- 500 800 
- 250 400 

- 180 300 
500 200 - ns 
165 60 -
125 40 -
800 375 - nl 
350 200 -
260 150 -
625 250 - ns 
190 75 -
145 50 -
- - 1.0 s 

- - 8.0 m. 

- - 200 I'S 

- 2.5 1.0 MHz 

- 6.0 3.0 
- 12 4.0 



FIGURE 1 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS TEST CIRCUIT 

Voo VOL'" V out 

MC14024B 

FIGURE 2 - TYPICAL OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 

FIGURE 3 - POWER DISSIPATION TEST CIRCUIT 

Voo 

500"F 

C Ql~>--------------------, 
Q2~o-________________ -,CL 

CL l' 
Q31--<l>------C-L.., l' -
Q4 CL T-
Q5 CL T--r-
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• 
FIGURE 4 - FUNCTIONAL WAVEFORMS 

J tW:.GH~ Vee 50% r\. ~ ~ r'l.. /l. r"t r\ 
1 2.1 4 '-...J 8 "- J 16 fL J 32 I\.. .J 64 .I~ ..J 128 I\... .J 255 \ 

::',~, \ '- r ,_. I. I _ I: , .- 1 :_1 ~ -I'~:: 
tPLH1~ ~ --t r-tPHLl I I I I I I ~tRl~ 

01 (12) jf,::% '\:%~"'-~~~lL~l\-~l\-~~-- ~::: 
tTLH --t!"- -;:1 ~ --I r-tPHL2 . I tTHL JI !.- --1 tR2~ 

02 (11) tPLH2 rl::%-~50:_]\-~lL-_---:\1 'L~+~~-_ ~::: 
tTLH~~ L-;:II;:,. I.-tPHL3 tTHL I+- -.ltR31.-

03 (9) ___ ~P:Ji -~~~--I\I'--~lL~1\ ~ j t-::: 
tTLH---f f+ tPL-:1 r,: _ r-t~L4 _ tT~L--Uf;:-_ tR4t:-VOH 

04 (6) -- -,7 Jl\L-JL-lL-JL--YCVOL 
tTLH -.j /+ ~ \4-tPHL5 tTHL!.- tR5'--__ :L:;r-~I 50% ~HJ\---I\ -_ J t-::: 

tTLH -II-- I.- ~ I-- tTH~ J ~ tR6 ~ 
tPL:X--~-~o::-r'CVOH 

- ----~-i k"rl r.::,,~,~~", J"i== ::: 
----IL ~-~VOL 

tTLH --I tTHL -..I J.-

05 (5)---------------

06 (4)---------------

07 (3)---------------

Input 'TLH and tTHL 2 20 nl 

3: 
o ..... 
8 
~ 
CD 



® MOTOROLA 

DUAL J·K FLlP·FLOP 

The MC14027B dual J-K flip-flop has independent J, K, Clock 
(CI. Set (S) and Reset (R) inputs for each flip-flop_ These devices 
may be used in control, register, or toggle functions. 

• Diode Protection on All Inputs 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• logic SWIng I ndependent of Fanout 

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

• Capable of Driving Two low-power TTL loads or One low-power 
Schottky TTL load Over the Rated Temperature Range 

• Pin-for-Pin Replacement for CD4027B 

MAXIMUM RATINGS· (Voltages Referenced to Vss) 

Symbol Parameter Value 

VDD DC Supply Voltage -05to +180 

Vm. Vout Input or Output Voltage (DC or TranSient) -05toVDD +05 

1m. lout Input or Output Current (DC or TranSient), per Pin ""0 

PD Power DISSipation, per Packaget 500 

Tsta Storage Temperature -65 to + 150 

TL Lead Temperature (8-Second Soldering) 260 

-Maximum Ratings are those values beyond which damage to the deVice may occur 
tTemperature Derating. Plastic "P" Package - 12mW/oC from 6S"C to 8S"C 

Ceramic "L" Package. -12mW/"C from 1 OO°C to 12S"C 

TRUTH TABLE 

INPUTS OUTPUTS' 

ct J K S A On* On+l On+l 

..c. 1 X 0 0 0 1 0 

~ X 0 0 0 1 1 0 

-f" 0 X 0 0 0 0 1 

...r X 1 0 0 1 0 1 

...r 1 1 0 0 00 00 Co 

'- 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 Cere * -p, ...... t Stete 
t .. level Change • = NextSte. 

This device contains protection. circuitry to guard against damage due 
to hillh static voltages or electric fields. However, precautions must be 
taken to avoid applications of any voltage higher than maximum rated 
voltages to this high-impedance circulI. For proper operation, Vin and 
Vout should 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). Unused outputs must be left open. 
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Unit 

V 

V 

mA 

mW 

'C 

'C 

I 
I 
I 

MC14025B 
See Page S-i 

MC14025UB 
See Page 6-14 

MC140278 

CMOS 55. 
ILOW-POWER COMPLEMENTARY MOS) 

DUAL J·K FLIP-FLOP 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

A Series: - 55"C to + 12S"C 
MC14XXXBAL (Ceramic Package Only) 

C Series: -40"C to +85"C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

BLOCK DIAGRAM 

5 
6 a 

3 C 

5 " 
4 

9 

10 a 

13 C 

Voo'" Pin 16 
VSS = Pin 8 

15 

14 

I 
I 

I 
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MC140278 

ELECTRICAL CHARACTERISTICS (Voltage. Referenoed to VSS) 

Cha .. cteriltic Symbol 

Output Voltage_ "0" L.vel VOL 
Vin = VOO or 0 

"I" L .... I VOH 
Yin - 0 Dr VOO 

Input Voltage "0" L .... I VIL 
(VO = 4.5 Dr 0.5 Vde) 
(VO = 9.0 or 1.0 Vdcl 
(VO = 13.5 or 1.5 Vde) 

"I" Level VIH 
(VO = 0.5 or 4.5 Vde) 
(VO" 1.0 or 9.0 Vde) 
(VO -I 5 Dr 13.5 Vde) 

Output Drive Current tAL Device) 10H 
(VOH"' 2.5 Vde) Source 
(VOH = 4.6 Vdc) 
(VOH= 9.5 Vdc) 
(VOH""3.5 Vde) 

(VOL =0.4 Vdc) Sink IOL 
(VOL "0.5 Vde) 
(VOL -1.5 Vdc) 

Output ori ... Curr.nt (CLlCP Device) IOH 
(VOH= 2.5 Vdc) Source 
IV OH - 4.6 Vdc) 
(VOH" 9.5 Vdc) 
(VOH z 13.5 Vdc) 

(VOL" 0.4 Vde) Sink 10L 
(VOL" 0.5 Vde) 
(VOL-l.5Vde) 

Input Current fAL Device) lin 
Input Current (CLlCP Oevie.) lin 
Input Capacitance Cin 

(Vin- O) 
Quiescent Current tA L DeVIce' 100 

(Per Package) 

QUiescent Current (CL/CP DeVice) 100 
(Per Package) 

Total Supply Current'··t IT 
(Dynamic plus Quiescent, 
Per Package) 

(CL" 50 pF on all outputs, aU 
buffers switching) 

*T,ow- -55"C for AL Device, -40'"C for CUCP Device. 
Thigh- + 125"C for AL Device, +85"C for cuep Device. 

Voo 
Yd. 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an indication of the IC's potential performance. 

·-The formulas given are for the typical characteristics only at 2S"C. 

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

TI_ 
Min 

-
-
-

4.95 
9.95 

14.95 

-
-
-

3.5 
7.0 

11.0 

-3.0 
-0.64 
-1.6 
-4.2 

0.64 
I.B 
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. V = (VOO'- VSS) in volts. 
f in kHz is Input frequency, and k = 0.002. 

" 
Max 

0.05 
0.05 
0.05 

-
-
-
1.5 
3.0 
4.0 

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

.0.1 

.0.3 

1.0 
2.0 
4.0 

4.0 
8.0 
16 
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ZSOC 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 

-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 O.BB - 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 iI.8 - 2.4 -

'0.00001 <0.1 01.0 /lAde 

- '0.00001 .0.3 - ".0 !lAde 

5.0 7.5 pF 

- 0.002 1.0 30 /lAde 

- 0.004 2.0 - 60 

- 0.006 4.0 - 120 

- 0.002 4.0 - 30 /lAde 

- 0.004 8.0 - 60 

- 0./)()6 16 - 120 

IT " (0.80 /lA/kHz) , + 100 /lAde 
IT "11.60 !lA/kHz) f + 100 
IT' (2.40 !lA/kHz) , + 100 

PIN ASSIGNMENT 

16 

2 Iii 

3 14 

4 13 

5 12 

8 11 

7 10 

8 9 



MC14027B 

SWITCHING CHARACTERISTICS· (CL m 50 pF, TA - 250CI 

CMr~c 

Output Rise and Fall Time 

ITLH. ITHL = (1.5 ns/pF) CL + 25 ns 
ITLH. tTHL - (0.75 nS/pF) CL + 12.5 ns 
ITLH. ITHL = (0.55 ns/pF) CL + 12.5 ns 

Propagation Delay Times·· 

Clock 10 Q. Q 
IpLH. IpHL = (1.7 ns/pF) CL + 90 ns 
IpLH. IpHL = (0.88 nsJpF) CL + 42 ns 
IpLH. IpHL = (0.5 ns/pF) CL + 25 ns 

Sello Q. Q 
IpLH. IpHL = (1.7 ns/pF) CL + 90 ns 
IpLH. IpHL = (0.66 ns/pF) CL + 42 ns 
IpLH. IpHL = (0.5 ns/pF) CL + 25 ns 

Reset 10 Q. Q 
IpLH. IpHL = (1.7 ns/pF) CL + 265 ns 
IpLH. IpHL = (0.88 nsJpF) CL + 67 ns 
IpLH. IpHL = (0.5 ns/pF) CL + 50 ns 

SetupTlmeo 

Hold Tlmeo 

Clock Pulse Width 

Clock Pulse Frequency 

Clock Pulse Rise Ind Fin Time 

Removal Times 

Sel 

Reset 

Set Ind Reset Pulse Width 

-The formulas given are for the typical characteristics only at 2S0C. 

#Data labelled "Typ" is not to be used for design purposes but Is 
intended as an indication of the IC's potential performance. 
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Symbol 

ITLH. 
ITHL 

tPLH, 
tpHL 

tsu 

th 

'WH, 'WL 

lei 

trLH, trHL 

tram 

'WH 

VDD 

5.0 
10 
15 

5.0 
10 
15 

6.0 
10 
16 

6.0 
10 
16 
6.0 
10 
16 

6.0 
10 
16 
6.0 
10 
16 

6.0 
10 
16 

6.0 
10 
16 

5 
10 
15 

5 
10 
15 

6.0 
10 
15 

Min Typ# Max Unit 
n. 

- 100 200 
- 50 100 
- 40 80 

n. 

- 175 350 
- 75 150 
- 50 100 

- 175 350 
- 76 150 
- 50 100 

- 350 450 
- 100 200 
- 76 150 

140 70 - n. 
50 26 -
36 17 -
140 70 - no 
50 26 -
35 17 -

330 166 - nl 
110 &6 -
76 38 -
- 3.0 1.5 MHz 

- 9.0 4.& 
- 13 8.6 

- - 16 /AI 

- - 6.0 
- - 4.0 

90 10 - ns 
45 5 -
35 3 -

50 -30 -
25 -15 -
20 -10 -

250 126 - no 
100 50 - II 
70 36 -
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MC14027B 

FIGURE 1 - DVNAMIC SIGNAL WAVEFORMS 
IJ, K, Clock, and Output I 

·I-----------voo 

,.-------------------Vss 

VSS 

I~~=_------~I---------VOH 

1'------ VOL 

Inputs PI and Slow. 
For the measurement of 'WH. Iffel. end Po 
the Inputs J end K .... kept high. 

Set or 
Reset 

Clock 

QcrO 

LOGIC DIAGRAM 
1112 of Oevice Shownl 

FIGURE 2 - DVNAMIC SIGNAL WAVEFORMS 
(Set, R ••• t, Clock. and Output) 

1-~~L_i----------------VDD 

,-__________________ VOH 

'-_________________ VOL 

so---------------------~------------------------~ 
Q 

E 

K 

c 

R~~---------------------------~-------------~ 
a 

c 
c~c 
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@MOTOROLA 

BCD·TO·DECIMAL DECODER 
BINARY·TO-OCTAL DECODER 

The MC 14028B decojer 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 
• Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low·power TTL Loads or One Low·power 

Schottky TTL Load Over the Rated Temperature Range 

• Positive Logic Design 

• Low Outputs on All Illegal I nput Combinations 

• Similar to CD4028B. 

MAXIMUM RATINGS· (Voltages Referenced to Vss) 

Symbol Parameter Value 

Voo OC Supply Voltage -05to+18.0 

Vin. Vout Input or Output Voltage (DC or TranSient) - 0.5 to Voo + 0.5 

I,n. lout Input or Output Current (DC or Transient). per Pm ±10 

Po Power Dissipation, per Packaget 500 

Tsta Storage Temperature -65 to + 150 

TL Lead Temperature (a-Second Soldenng) 260 

'"MaXimum Ratings are those value~ beyond which damage to the deVice may occur. 
tTemperature Deratmg: PlastiC "P" Package: -12mWrC from 65"C to 85"C 

Ceramic "L" Package -12mW/oC from 10Q"C to 125"C 

8421 
8CD 
Input. 

1
10 

3-Bit 
Binary 13 
Inputs 

12 

11 

BLOCK DIAGRAM 

VOD- Pin 16 
VSS - Pin 8 

3 

14 

2 

1f Octal 
Decoded Decimal 

1 Outputs Decoded 
6 Outputs 

4 

9 

5 
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Unit 

V 

V 

rnA 

mW 

°C 

°C 

MC14028B 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOS) 

BCD·TO-DECIMAL DECODER 
BINARY·TO·OCTAL DECODER 

~-,r~UUU 16~n~U 
1 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

0 

0 
0 
0 
0 
0 
a 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

TRUTH TABLE 

INPUT OUTPUT 

C B A Q9.Q8Q7Q6Q5Q4Q3Q2Ql QO 

0 0 0 0 0 0 0 a 0 a 0 0 1 
a a 1 a a 0 0 a a 0 0 1 0 
a 1 a a a 0 a a a 0 1 a 0 
0 1 1 0 0 0 a 0 0 1 0 0 0 
1 0 0 0 0 0 0 a 1 a 0 0 0 
1 a 1 a a 0 0 1 a a a a 0 
1 1 0 a 0 0 1 0 a 0 a a 0 
1 1 1 a 0 1 a 0 0 0 a a 0 
a a 0 0 1 0 0 a 0 0 a a 0 
a 0 1 1 0 0 0 0 0 a a 0 0 
a 1 a a 0 0 a 0 0 a a 0 0 
0 1 1 a 0 a 0 a 0 a a 0 0 
1 a 0 0 a 0 0 0 0 0 0 0 0 
1 a 1 0 a 0 a a 0 a 0 0 0 
1 1 0 0 0 0 a 0 0 0 0 0 0 
1 1 1 0 0 a 0 0 0 0 0 0 0 
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MC14028B 

ELECTRICAL CHARACTERISTICS (Voltage. Referenced to Vss) 

Voo TI_ " 25DC Thi h" 
Ch.rllCteristic Symbol Vd. Min Max Min Typ# Max Min Max Unit 

Output Voltage "0" L .... I VOL 5.0 - 0.05 - 0 0.05 - 0.05 Vd. 
Vin = VOO orO 10 - 0.05 - 0 0.05 - 0.05 

15 - 0.05 - 0 0.05 - 0.05 

"I" Le ... 1 VOH 5.0 4.95 - 4.95 5.0 - 4.95 - Vd. 

Vin = 0 or VOO 10 9.95 - 9.95 10 - 9.95 -
15 14.95 - 14.95 15 - 14.95 -

Input Voltage "0" Lev.1 VIL Vd. 
IVo = 4.5 or 0.5 Vdcl 5.0 - 1.5 - 2.25 1.5 - 1.5 
IVo = 9.0 or 1.0 Vd.1 10 - 3.0 - 4.50 3.0 - 3.0 
IVo = 13.5 or 1.5 Vdcl 15 - 4.0 - 6.75 4.0 - 4.0 

"I" Level VIH 
IVo ~ 0.5 or 4.5 Vd.1 5.0 3.5 - 3.5 2.75 - 3.5 - Vd. 
IVo~ 1.00r 9.0 Vdcl 10 7.0 - 7.0 5.50 - 7.0 -
IVo = 1.5 or 13.5 Vd.1 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL.Devicel IOH mAd. 
IVOH = 2.5 Vdcl Source 5.a. -3.0 - -2.4 -4.2 - -1.7 -
IVOH = 4.6 Vdcl 5.0 -0.64 - -0.51 -O.BB - -0.36 -
(VOH • 9.5 Vdcl 10 -1.6 - -1.3 -2.25 - -0.9 -
IVOH = 13.5 Vd.1 15 -4.2 - -3.4 -B.8 - -2.4 -
(VOL = 0.4 Vd.1 Sink IOL 5.0 0.64 - 0.51 0.8B - 0.36 - mAd. 
1VOL • 0.5 Vd.1 10 i.6 - 1.3 2.25 - 0.9 -
(VOL = 1.5 Vdcl 15 4.2 - 3.4 8.8 - 2.4 -

Output Ori ... Current ICL/CP Devi •• 1 IOH mAd. 
IVOH = 2.5Vdcl Source 5.0 -2.5 - -2.1 -4.2 - -1.7 -
IV OH = 4.6 Vd.1 5.0 -0.52 - -0.44 -0.88 - -0.36 -
IVOH ·9.5 Vdcl 10 -1.3 - -1.1 -2.25 - -0.9 -
(VOH' 13.5 Vd.1 15 -3.6 - -3.0 -8.8 - -2.4 -
IVOL • 0.4 Vdcl Sink IOL 5.0 0.52 - 0.44 0.88 - 0.36 - mAd. 
IVOL = 0.5 Vd.1 10 1.3 - 1.1 2.25 - 0.9 -
IVOL = (5 Vdcl 15 3.6 - 3.0 8.8 - 2.4 -

Input Current (AL Oevicel lin 15 to.l to.OOOOl to.l - ± 1.0 "Ad. 
Input Current (eL/CP Device) 'in 15 - .0.3 - '0.00001 '0.3 • 1.0 "Ad • 
I nput Capacitance Cin - - - - 5.0 '7.5 - - pF 

(Vin =01 

Quiescent Current tAL Device) 100 5.0 - 5.0 - 0.005 5.0 - 150 "Ad. 
IPer Pa.kagel 10 - 10 - 0.010 10 - 300 

15 - 20 - 0.016 20 - 600 
Quiescent Current (CLlCP Device) 100 5.0 - 20 - 0.005 20 - 150 "Ad. 

(Per Package) 10 - 40 - 0.010 40 - 300 
15 - 80 - 0.015 80 - 600 

Total Supply Current·· t IT 5.0 IT =10.3 pA/kHzl , + 100 "Ad. 
(Oyn.-nic plus Quiescent, 10 IT = 10.6 ,.A/kHzl , + 100 
PerPackagel 15 IT = 10.9 ,.A/kHzl , + 100 

ICL = 50 pF on all outputs, all 
buffers switching) 

*Tlow = - 55°C for AL Device, - 40"C for CUCP Device. 
Thigh = + 12S"C for AL Device, + 85"C for CLlCP Device 

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

#Data labelled "Typ" is not to be used for design purposes but Is 
intended as an indication of the IC's potential performance where' IT is in /JoA (per package), CL in pF, V = (VDO-VSS) in volts, 

f in kHz is input frequency, and k = 0.001 
**The formulas given are for the typical characteristics only at 25°C. 

This device contains protection circuitry to guard against damage due to high 
static voltages or electric fields. However, precautions must be taken to avoid 
applications of any voltage higher than maximum rated voltages to this high­
Impedance circuit. For proper operation, Yin and Vout should 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). Unused outputs must be left open. 
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PIN ASSIGNMENT 

16 

15 

1. 
13 

12 

11 

10 
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MC14028B 

SWITCHING CHARACTERISTICS· ICL = 50 pF T A = 25°C) 

C_ioti. Symbol VDD 
Output Rise and Fall Time ITLH' 

ITLH' ITHL = (1.5 nS/pF) CL + 25 ns ITHL 5,0 

t'rLH, ITHL = (0.75 ns/pF) CL + 12.5 ns 10 

ITLH' ITHL = (0.55 ns/pF) CL + 9.5 ns 15 

Propagation Delay Time IPLH. 
tPLH. tPHL = 11,7 ns/pF) CL + 215 ns tpHL 5.0 
tPLH. tpHL = 10.66 ns/pF) CL + 97 ns 10 

tpLH tpHL - 10.5 ns/pF) CL + 65 ns 15 

"The formulas given are for the typical characteristics only at 25°C. 

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an indication of the IC's potential performance. 

FIGURE 1 - DYNAMIC SIGNAL WAVEFORMS 

Inputs B. C. and 0 
• witchlng in respect 
to. aCD code. 

Inputs A. B. and 0 low. 

Q4 

...k=---..s,=c-I----- VOO 

1"'----- vss 

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

1<:---- VOL 
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Min 

-
-
-
-
-
-

Typ# Max 

100 200 
50 100 
40 80 

300 600 
130 260 
90 180 

AU ouIP uts connected 
. to respective C L. load •. 

f in reapllct to • system 
clock . 

Unit 

ns 

ns 
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MC14028B 

LOGIC DIAGRAM 

A 

8 

C 

o 

APPLICATION INFORMATION 

Expanded decoding can be performed by using 
the MC14028B and other CMOS Integrated Circuits. 
The circuit in Figure 2 converts any 4-bit code to a 
decimal or hexadecimal code. The accompanying 
table shows the input binary combinations, the asso­
ciated "output numbers" that go "high" when se­
lected, and the "redefined output numbers" needed 
for the proper code. For exampl.e: For the combina­
tion DCBA = 0111 the output number 7 is redefined 
for the 4-bit binary, 4-bit gray, excess-3, or excess-3 
gray codes as 7, 5, 4, or 2, respectively. Figure 3 
shows a 6-bit binary 1-of-64 decoder using nine 
MC14028B circuits and two MC14069UB inverters. 

00 

01 

02 

03 

05 

06 

08 

09 

FIGURE 2 - CODE CONVERSION CIRCUIT 
AND TRUTH TABLE 

A 

MC14028B 

15 - - - - - ·8 

Inputs 
~ 
o C 8 A 

7- -0 

The MC14028B can be used in decimal digit dis­
plays, such as, neon readouts or incandescent pro­
jection indicators as shown in Figure 4. ~-----------~------------------,/ 

OutP.tJt Numbers 

CODE AND REDEFINED 
OUTPUT NUMBERS 

Hexadecimal Decimal 
'? ., 

INPUTS 
.~ ~ .!:: > II .. ! ; N OUTPUT NUMBERS 'PI!! :g .. ! C) ~ '" ""iii u .. 

0 C B A 1514 1312 11 10 9 8 7 6 5 4 3 2 1 0 M 
W W 

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 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 
0 0 1 0 0 o 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 3 0 2 2 
0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 3 2 0 3 3 

·0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 4 7 1 4 4 
0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 5 6 2 3 
0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 6 4 3 1 4 
0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 7 5 4 2 

1 0 0 0 0 0 0 0- 0 0 0 1 0 0 0 0 0 0 0 0 8 15 5 
1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 9 14 6 5 
1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 10 12 7 9 6 
1 0 1 1 o 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 11 13 8 5 

1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 12 8 9 5 6 
1 1 0 1 0 0 I 0 0 0 0 0 0 o 0 0 0 0 0 0 13 9 6 7 7 
1 1 I 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 11 8 8 8 
1 1 1 I 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 10 7 9 9 
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MC14028B 

FIGURE 3 - SIX-BIT BINARY HIF-64 DECODER 

Inputs 
~ ____________ JA~ ______________ -, 

ABC o E Inhibit 

~'-I-m-M-C-'~40--69-U-B------~--~--~~--~----~~vr~--~~--~--------~----~ __ ~~ __ ~~J/ 
64 Outputs (Selected Output is High) 

A 00 
01 
02 

B 03 

MC14028B 
04 
as 

C 06 
07 

0 QB 
Q9 

FIGURE 4 - DECIMAL DIGIT DISPLAY APPLICATION 

Appropriate 
Voltage 
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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 MOScounter finds primary use in up/down 
and difference counting and frequency synthesizer applications 
where low power dissipation andlor high noise immunity is desired_ 
It is also useful in A/D and D/A conversion and for magnitude and 
sign generation_ 

• Diode Proection on All Inputs 

• Supply Voltage Range = 3_0 Vdc to 18 Vdc 

• Internally Synchronous for High Speed 

• Logic Edge-Clocked Design - Count Occurs on Positive 
Going Edge of Clock 

• Asynchronous Preset Enable Operation 

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 

• Pin for Pin Replacment for CD4029B 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Paramet.r Value 

VOD DC Supply Voltage -0.5 to +18.0 

Vm• Vout Input or Output Voltage (DC or TranSient) - 0.5 to VOO + 0.5 

lin. lout Input or Output Current (DC or TranSient), per Pin ±10 

PD Power Dissipation, per Packaget 500 

TS19_ Storage Temperature -65 to + 150 

TL Lead Temperature (8-Second Soldering) 260 

*Maximum Ratings are those value!? beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW''"C from 65°e to 85°C 

Ceramic "L" Package: -12mW/oC from 100Cle to 125°C 

TRUTH TABLE 

P..-
Carry In Up/Down Enabl. Action 

1 X 0 No Count 

0 1 0 Count Up 

0 0 0 Count Down 

X X 1 Preset 

x = Don't Csr. 
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Unit 

V 

V 

mA 

mW 

°C 

°C 

MC14029B 

CMOS MSI 
ILOW-POWER COMPLEMENTARY MOS. 

BINARY/DECADE 
UP/DOWN COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: - 55DC to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: -40"C to +85°C 
MC14)p(XBCP (Plastic Package) 
MC14XXXBCl (Ceramic Package) 

2 

3 

4 

5 

6 

8 

PIN ASSIGNMENT 

16 

15 

14 

13 

12 

11 



MC14029B 

ELECTRICAL CHARACTERISTICS (Voltage. Reterenced to VSS) 

VDD 
Ch.racteristic Symbol Yd. 

Output Voltage "0" Level VOL 5.0 
V.n .... VooorO 10 

15 

"I" Level VOH 5.0 
Yin =Oor VDD 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 

"I" 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 
(YOH = 2.5 Vdc) Source 5.0 
(YOH = 4.6 Vdc) 5.0 
(VOH = 9.5 Vdc) 10 
(YOH = 13.5 Vdc) 15 

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

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

1VOL = 0.4 Vdcl Sink IOl 5.0 
(VOL· 0.5 Vdcl 10 
1VOL = 1.5 Vdc) 15 

Input Current IAl Device) 'in 15 

Input Currenl (CL./CP Device) 'in 15 

Input Capacitance Cin -
(V in = 0) 

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

15 

Quiescent Current ICL/CP Devlcel 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, -40"C for CLlCP Device. 
Thigh = + 125"C for AL Device. + 85°C for CLlCP Device. 

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an indication of the IC's potential performance. 

TI_ 

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 

-
-

-
-
-
--
-

·"The formulas given are for the typical characteristics only at 25°C. 

" 25"c Thigh" 
Ma. Min Typ# Ma. Min Ma. Unit 

0.05 - 0 0.05 - 0.05 Yd. 
\l.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 - Yd. 

- 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 -8B - -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.l - to.OOOOl to.l tl.0 "Ade 
to.3 - to.OOOOl to.3 - tl.0 "Ade 

- - 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 "Ade 
40 - 0.010 40 - 300 
80 - 0.015 80 - 600 

IT • (0.58 "MHz) f + I DO "Adc 
IT • 11.2 /IAIkHz) f+ 100 
IT - 11.7 "A/kHzlf + 100 

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

Ir(CLl - Ir(50 pF) + (Cl -50) Vfk 

where: IT is in ... A (per package), CL In pF, V = {VOD -VSS> in volts, 
f in kHz is input frequency, and k = 0.001. 

This device contains prolection circuitry to guard ag,!inst damage due to high static voltages or electric lields .. 
However. precautions must be taken to avoid applications 01 any voltage higher than maximum raled voltages to this 
high-impedance circuit. For proper operation, Vin and Vout should 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)· Unused outputs 
musl be left open. 
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MC140298 

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

Characteristic 

Output Rise and Fall Time 

tTLH, tTHL = (1.5 ns/pF) CL + 25 ns 

tTLH, trHL = (0.75 ns/pF) CL + 12.5 ns 

trLH, trHL = (0.55 ns/pF) CL + 9.5 ns 

Propagation Delay Time 
Clk to a 

tpLH, tPHL = (1.7 ns/pF) CL + 230 ns 
tpLH, tPHL = (0.66 ns/pF) CL + 97 ns 
tpLH, tPHl = (0.5 ns/pF) CL + 75 ns 

Clk to Cout 
tPLH, tPHl = 11.7 ns/pF) Cl + 230 ns 
tpLH, tpHl = (0.66 ns/pFI CL + 97 ns 
tpLH, tPH L = (0.5 ns/pF I CL + 75 ns 

Cin to Cout 
tpLH, tPHL = (1.7 ns/pFI CL + 96 ns 
tpLH, tPHL = (0.66 ns/pFI CL + 47 ns 
tpLH, "PHL = (0.5 ns/p~) CL + 35 ns 

PE to a 
tPLH, tPHL = 11.7 ns/pFI CL + 230 ns 
tPLH, tPHL = (0.66 ns/pF I CL + 97 ns 
tPLH, tPHL = 105 ns/pFI CL + 75 ns 

PE to Cout 
tpLH, tPHL = (1.7 ns/pFI CL + !l65 ns 
tpLH, tPHL = (0.66 ns/pFI CL + 192 ns 
tPLH, tPHL = (0.5 ns/pFI CL + 125 ns 

Clock Pulse Width 

Clock Pulse Frequencv 

Preset Removal Time 
The Preset Signal must be low prior to a positive-going 
transition of the clock. 

Clock Rise and Fall Time 

Carry In Setup Time 

Up/Down Setup Time 

Binary/Decade Setup Time 

Preset Enable Pulse Width 

"The formulas given are for the typical characteristics only at 25°C. 

#Oata labelled "Typ" is not to be used for design purposes but is 
Intended as an Indication 01 the IC's potential performance. 
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Symbol VOO 

trlH, 

trHL 5.0 
10 
15 

tpLH, 

tPHL 
5.0 
10 
15 

tpLH, 
tPHL 5.0 

10 
15 

tpLH, 
tpHL 5.0 

10 
15 

tpLH, 
tpHL 5.0 

10 
15 

tPLH, 
tPHL 5.0 

10 
15 

tW(e!) 5.0 
10 
15 

fel 5.0 
10 
15 

trem 5.0 
10 
15 

trlel} S.O 
tllell 10 

15 

Isu 5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

tw 5.0 
10 
15 

AIITy .... 

Min Typ# Max Unit 

ns 

- 100 200 

- 50 100 

- 40 80 

ns 

- 200 400 

- 100 200 

- 90 180 

ns 

- 250 500 

- 130 260 
- 85 190 

ns 

- 175 360 

- 50 120 

- 50 100 

ns 

- 235 470 

- 100 200 

- 80 160 

ns 

- 320 640 

- 145 290 
- 105 210 

lBO 90 ns 
BO 40 -
60 30 -
- 4.0 2.0 MHz 

- 8.0 4.0 

- 10 5.0 

160 60 - ns 
80 40 -
60 30 -
- - 15 ,JS 
- - 5 
- - 4 

150 75 - ns 

60 30 -
40 20 -

340 170 - ns 
140 70 -
100 50 -
320 160 - ns 

140 70 -
100 50 -
130 65 - ns 
70 35 -
50 25 -



MC140298 

FIGURE 1 - POWER DISSIPATION TEST CIRCUlT'AND WAVEFORM 

~---=~~+------VDD 
Clk 

11=='::'-'-VSS 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

r-~--r-o-~PE QOr-~~--------' 

Programmable 
Pulse 

Ganerator 

1--<>-+-o-.qC;n 
r-~--t-o-~ BID 

r-~--t-o-~U10 

Q1r-~~------, 

Q2r-~~----, 

Carrylnor ------~I-+-_;------_+-_t--_;-------­
Up/down 

or Binary/Decade 

Clock 

Preset Enabl. 

50% 

----------1 
Coutonly -----==i,--------

00 or Carry Out 90% 
10%1l----------+~ 

tTHL tpHL 
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Clock 

CarrY in 
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®MOTOROLA 

TRIPLE SERIAL ADDERS 
The MC14032B and MC1403BB 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 negativelloing clock transition for the MC1403BB. Typical 
applications include serial arithmetic units, digital correlators, digital 
servo control systems, datalink computers, and flight control 
computers. 

• Buffered Outputs 

• Single·Phase Clocking 

• Supply Voltage Range = 3.0 Vdc to 1 B Vdc 

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range. 

• Pin·for·Pin Replacement for CD4032B and CD403BB. 

MAXIMUM RATINGS' (Voltages Referenced to Vss) 

Symbol Parameter Value Unit 

Voo DC Supply Voltage - 05 to + 18 0 v 

V.n. Vout Input or Output Voltage (DC or TranSient) -05toVoO +05 v 

'm. 'out Input or Output Current (DC or TranSient). per Pm ±10 mA 

Po Power DISSipation, per Packaget 500 

Storage Temperature -65 to +150 

Lead Temperature (S·Second Soldermg) 260 

'Maximum Ratings are those values beyond which damage to the deVice may occur 
tTemperature Derating PlastiC "P" Package -12mWrC from 65°C to 85°C 

CeramiC "L" Package -12mWrC from 10QoC to 125°C 

mW 

This device contains protection circuitry to guard against damage due to high 
static Yoltages or electric fields. However, precautions must be taken to avoid 
applications of any voltage higher than maximum rated voltages to this hlgh­
Impedance circuit. For proper operation, Vin and Vout should be constrained 
to the range VSS "" (Vln or Vout) "" VOO. 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., 
either VSS or VOO). Unused outputs must be left open. 

LOGIC DIAGRAMS 

MC14032B 
MC14038B 

CMOS MS. 
CLOW·POWER COMPLEMENTARY MOSI 

TRIPLE SERIAL ADDERS 

Politi .. Logic - MC14032B 
Nop'i •• Logic - MC1403BB 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

BLOCK DIAGRAM 

A110 
8111 

In" ... t 1 7 

A213 
8212 

Invert 2 5 

A315' 
e314 

'n-,32 
Clock 3 

Corry R_ 6 

153 

MC14032B 
(ONE SECTION ANO COMMON INPUTS SHOWN) 

MC1403BB 

A 
8 

-------------l 

'nwwt~-----------------+_--+_~ 

~~o----------1 

Clock 

S 
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MC14032B-MC14038B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Characteristic Symbol 

Output Voltage "0" Level VOL 
,Vln =VODorO 

"I" Level VOH 
Vin ""'0 or VOO 

Input Voltage "0" Level VIL 
(VO = 4.5 or 0.5 Vd.! 
(Vo -9.0 or 1.0 Vd.! 
(VO = 13.5 or 1.5 Vd.) 

"1" Level VIH 
(VO =0.5 or 4.5 Vdcl 
(VO = 1.0 Or 9.0 Vd.! 
(Vo = 1 5 or 13.5 Vd.! 

Output Drive Current (AL Device) 10H 
(VOH '" 2.5 Vdc! Source 
(VOH -4.6 Vd.! 
(VOH = 9.5 Vd.! 
(VOH = 13.5 Vd.! 

(VOL -0.4 Vd.! Sink 10L 
(VOL =0.5 Vdc! 
(VOL = 1.5 Vd.) 

Output Drive Current (ClICP Device) 10H 
(VOH = 2.5 Vd.) Source 
(VOH =4.6 Vdcl 
(VOH -9.5 Vd.) 
(VOH = 13.5 Vdc) 

(VOL =0.4 Vd.) Sink 10L 
(VOL -0.5 Vdc) 
(VOL -1.5 Vdc! 

Input Current (Al Device) lin 

Input Current (CL/CP Device) 'in 
Input Capacitance Cin 

(Vin =0) 

QUiescent Current (AL Device) 100 
(Per Package) 

QUiescent Current (CLlCP DevtCeJ 100 
(Per Pa.kage! 

Total Supply Current .. t IT 
(Dynamic plus Quiescent, 
Per Package! 
lel :II 50 pF on all outputs, all 
buffers switching) 

"'Tlow= -55°C for AL Device, -40°C for CLlC? Device. 
Thigh = + 125°C for AL Device, + 85°C for CUC? Device 

Voo 
Vd. 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-
5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an indication of the IC's potential performance . 

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 

-
-
-
-
-
-
-
--

... ·The formulas given are for the typical characteristics only at 25"C. 

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

IT(CLl - IT(50 pF) + (CL -50) Vfk 

where: IT is in .... A (per package), CL in pF, V = (VDD-VSS) in volts, 
f in kHz is input frequency, and k = 0.003. 

6-93 

. 25°C 

Max Min Typ# Mox 

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 - 6.15 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 1 - to.ooool ±O.l 

.0.3 - '0.00001 iO.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 

'T: (0.96 "AlkHz! f + 'DO 
IT = (1.93 "A/kHz) f + 100 
'T : (2.8 ."AlkHz! f + 100 

2 

3 

4 

5 

6 

7 

8 

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. 

-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 -
- t1.0 /lAd. 

- '1.0 ",Adc 

- - pF 

- 150 "Ad. 
- 300 
- 600 

- 150 "Ad. 
- 300 

- 600 
IJAdc 

PIN ASSIGNMENT 

16 

15 

14 

13 

12 

11 

10 

9 
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MC14032B-MC14038B 

SWITCHING CHARACTERISTICS· (CL· 60 pF TA· 250CI 

Ch._ 

OUtput Rio. and Fall Time 

tTLH. tTHL = (1.5 nslpF) CL + 25 ns 
ITLH. ITHL = (0.75 ns/pFI CL + 12.5 ns 
t-rLH. tTHL = (0.55 ns/pFI CL + 9.5 ns 

Propagation Dalav Time 
A, 8 or Invert to Sum 

tPLH, tPHL = (1.7 nl/pFI CL + 195 ns 
tPLH, tpHL • (0.66 ns/pFI CL + 87 ns 
tPLH, tpHL = (0.6 ns/pFI CL + 66 ns 

Clock to Sum 
tPLH, tpHL = (1.7 ns/pFI CL + 415 ns 
tPLH, tpHL = 10.66 ns/pF) CL + 147 ns 
tPLH, IPHL = 10.5 ns/pFI CL + 110 ns 

Input Setup Tim. 

Clock Pulse Frequency 

Clock Rise and Fall Times 

-The formulas given are for the typical characteristics only at 25<1C. 

#Data labelled "Typ" is not to be used for design purposes but 16 
Intended 8S an Indication 0' the IC's potential performance. 

Symbol 

tTLH. 

t-rHL 

tPLH, 
tpHL 

'su 

fel 

tTHL, tTLH 

TIMING DIAGRAMS 

VDD 
Vdc 

5.0 
10 
16 

5.0 
10 
15 

5.0 
10 
15 

6.0 
10 
15 

5.0 
10 
15 

6.0 
10 
16 

Min Typ# Mox Unit 

nl 
- 100 200 
- 50 100 
- 40 80 

nl 

- 280 1400 
- 120 300 
- 90 230 

111 

- 600 2400 
- 180 600 
- 135 460 

10 -10 ns 
10 0 -
10 0 -
- 4.0 1.0 MHz 

- 10 2.5 
- 12 4.0 

- - 15 ,.. 
- - 5 
- - 4 

r----------------MC--,-~---B-----------------, r------------------MC--'4D--~-----------------, 

A 

8 

C 

In·--~~+-+-+-~4-4--I-t-t-t-t~~~rI 
CR 

S 

Won:! 1: 0.0111 100 = +80 
Won:! 2: 0.0110010 = +50 

cI.1iiii1iO • ..,.-;0 

Won:! 3: 1.1011011 --37 
Won:! 4: 1.1001110.-50 

1.0101001 - :a7 

Not.: Unu ... input pins must be connected to eith .. VOO or VSS' 
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A 

8 

C 

In. -tjjjjj=tl~1:1:±:±:±:±t-1:= CR 

s 

Won:! 1: 1.1000011 --61 
Won:! 2: 1.1001101 --51 

1.0010000 .::ru 
Won:! 3: 0.0100100 - +36 
Won:! 4: 0.0110001 - +49 

0.1010101 • +1!5 



MC14032B-MC14038B 

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

VOS' VOH - VOO Vas = VOL 

FIGURE 3 - POWER OISSIPATION TEST CIRCUIT AND WAVEFORMS 

VOO 

500pF 

20 n. 20 nl 

S1J--<>---..., 

S21--<>--..., 
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MC14032B-MC14038B 

FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Voo 

Progr.mmebf. 
Pul. 

Generator 

MC14032B 

Voo 
A 

Vss 

VOO 
B 5o" 

Vss 

Cloct 

Vss 

Sum 

VOL 

II MC14038B 

-----Voo 
A 50% 

I'------VSS 

r----,+---------Voo 
B 

I'------vss 

Voo 
Clock 

----j ttPLH-VSS 

, VOH 

~------'---------VOL 
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®MOTOROLA 

8-BIT UNIVERSAL BUS REGISTER 
The MC14034B is a bidirectional B·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, semple and hold register, frequency and phase· 
comparator, address or buffer register, and serial/parallel input/ 
output conversions. 

• Bidirectional Parallel Data Input 
• Diode Protection on All Inputs 
• Supply Voltage Range = 3.0 Vdc to 1B Vdc 
• Capable of Driving Two Low-power TTL Loads or One Low·power 

Schottky TTL Load Over the Rated Temperature Range. 
• Pin·for-Pin Replacement for CD4034B. 

MAXIMUM RATINGS' (Voltages Referenced to Vss) 

Symbol Parameter Value 

VDD DC Supply Voltage -0.5 to +18.0 

Vin. Vout Input or Output Voltage (DC or Transient) -0.5 to VDD +0.5 

'in. lout Input or Output Current (OC or Transient), per Pin ±10 

Po Power Dissipation, per Packaget 500 

Tsta Storage Temperature -85to +150 

TL Lead Temperature (8-Second Soldering) 260 

"Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: - 12mWrC from 65°C to 85°C 

Ceramic "L" Package: -12mWrC from 100°C to 125°C 

Unit 

V 

V 

mA 

mW 

°c 

°C 

This device contains protection circuitry to guard against damage due to high 
static voltages or electric fields. However, precautions must be taken to avoid 
applications of any voltage higher than maximum rated voltages to this high·im­
pedance circuit. For proper operation, Vin and Vout should be constrained to the 
range VSS .. (Vln or Vout) .. VOO' 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either 
VSS or VOO). Unused outputs must be left open. 
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MC14034B 

CMOS LSI 
(LOW·POWER COMPLEMENTARY MOSI 

8-BIT UNIVERSAL BUS REGISTER 

LSUFFIX 
CERAMIC PACKAGE 

CASE 1123 

PSUFFIX 
PLASTIC PACKAGE 

CASE 709 

ORDERING INFORMATION 

A Series· - 55"C to + 125"C 
MC14XXXBAL (Ceramic Package Only) 

C Series· - 40"C to + 85"C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

PIN ASSIGNMENT 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 
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MC14034B 

ELECTRICAL CHARACTERISTICS (Voltage. Referenced to Vss) 

Ch.'Kteristic Symbol 

Output Vol tage "0" Level VOL 
Vin-VOOorO 

"I" Level VOH 
Vi" -Oar VOO 

Input Voltage "0" Level VIL 
(VO = 4.5 or 0.5 Vdc) 
(VO = 9.0 or 1.0 Vdc) 
(VO = 13.5 or 1.5 Vde) 

"I" Level VIH 
(VO = 0.5 or 4.5 Vdc) 
(VO = 1.0 or 9.0 Vdc) 
(Vo = 1 5 or 13.5 Vde) 

Output Drtve Current (AL Device) 10H 
(VOH = 2.5 Vde) Source 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vdc) 
(VOH = 13.5 Vdc) 

(VOL = 0.4 Vde) Sink 10L 
(VOL = 0.5 Vde) 
(VOL = 1.5 Vde) 

Output Ori ... Current (CL/CP Device) 10H 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
(VOH = lI.5 Vde) 
(VOH = 13.5 Vdc) 

(VOL = 0.4 Vde) Sink 10L 
(VOL =D.5Vdc) 
(VOL = 1.5 Vdc) 

Input Current (AL Device) lin 
Input Current (CLlCP Device) lin 
Input Capacitance Cin 

(Vin- 0) 

Quiescent Current CAL Device) 100 
(Per Pa~kage) 

QUiescent Current (CLlCP DeVice) 100 
(Per Package) 

Total Supply Current··t IT 
(Dynamic plus Quiescent, 
Per Package) 

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

3-51818 OutPUt Leekago Curnent ITL 
(AL Device) 

3-51810 Output Leekago Curnont ITL 
(CL/CP Device) 

*Tlow= -55"C for Al Device, -400C for CLlCP Device. 
Thigh = +125"C for AL Device. +85"C for CL/CP Device. 

VDD 
Yd. 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-
5.0 
10 
15 

5.0 
1() 

15 

5.0 
10 
15 

15 

15 

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an indication of the IC's potential performance. 

··The formulas given are for the typical characteristics only at 25°C. 

TI_ . 211"<: Thigh· 
Min 

-
-
-

4.95 
9.95 

14.95 

-
-
-

3.5 
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 

-
-
--
-
-
-
-

-
-
-
-

Max 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 - 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 
- -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 B.B - 2.4 -

to.l - to.ooool ·.0.1 ".0 I'Ade 

to.3 - to.OOOOl to.3 - ".0 I'Ade 

- - 5.0 7.5 - - pF 

5.0 - 0.010 5.0 - 150 I'Ade 
10 - 0.020 10 - 300 
20 - 0.030 20 - 600 
50 - 0.010 50 - 375 I'Ade 
100 - 0.020 100 - 750 
200 - 0.030 200 - 1500 

IT = (2.2 I'A/kHzl f + IDD I'Ade 
IT = t4.4 "A/kHz) f + IOD 
IT = (6.6 "A/kHz) f + 100 

to.l - ~O.OO(11 to.l - t3'o I'Ado 
- -

tl,O - ~O.OOOI tl'o - t7.5 "Ado - -
tTo calculate total supply current at loads other than 50 pF: 

where: IT is In ... A (per package). CL in pF, V = (VOO - VSS) in volts. 
f in kHz is Input frequency, and k = 0.004. 
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MC14034B 

SWITCHING CHARACTERISTICS· ICL - 50 pF T A - 250 CI - -
C"--istic 

Output Rise Time A or B 
'TLH ~ (3.0 ns/pFI CL + 30 ns 
'TLH ~ 11.5 ns/pFI CL + 15 ns 
'TLH ~ (1.1 ns/pFI CL + 10 ns 

Output Fall Time A or B 
'THL ~ 11.5 n,/pFI CL + 25 ns 
tTHL ~ 10.75 ns/pFI CL + 12.5 ns 
tTHL = 10.55 ni/pFI CL + 9.5 ns 

Propagation Delay Time 
A IBI Synchronous Paralles Data Input, 
B IAI Parallel Dat. Output 
tPLH, tpHL = 11.7 ni/pFI CL + 440 ns 
tPHL, tpHL = 10.66 n,/pFI CL + 172 ns 
tpLH, tpHL = 10.5 ns/pFI CL + 120 ns 

!pr.;pagation Delay Time 
A IBI Asynchronous Parallel Data Input 
B IA I Parallel Data Output 
tpLH, tpHL ~ 11.7 ns/pFI CL + 420 ns 
tPLH, tpHL = 10.66 ns/pFI CL + 147 ns 
tPLH, tPHL = 10.5 ns/pFI CL + 105 ns 

Clock Pulse Width 

Clock Pulse Frequency 

Clock Pulse Rise 

A. B Input Setup Time 

High Lavel SE, PIS, A/S Pulse Width 

"The formulas given are for the typical characteristics only at 25°C. 

#Data labelled "Typ" IS not to be used for design purposes but is 
intended as an Indication of the IC's potential performance. 

Symbol 

tTLH 

tTHL 

tPLH, 
tpHL 

tPLH, 
tpHL 

twH 

fcl 

'TLH, tTHL 

lou 

twH 

TRUTH TABLE 

VDD 
Vdc 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
.10 
15 

"A" Enable PIS AlB A/S MODE OPERATIONt 

Min Typ# 

- 180 
- 90 
- 65 

- 100 
- 50 
- 40 

- 525 
- 205 
- 145 

- 505 
- 180 
- 130 

340 170 
140 70 
110 55 

- 2.5 
- 6.0 
- 8.0 

- -
- -

100 35 
45 15 
35 12 

600 200 
270 90 
200 80 

0 0 0 X S.,ial Synchronous Sarial data input, A and B parallel data outPuts disabled, 
0 0 1 X Serial Synchronous Seri.1 data input. B·P.rallel data output. 

0 1 0 0 Parallel 8 Synchronous Parallel data inputs, A·Paralle' data outputs disabled. 

0 0 1 Parallel B Asynchronous Paralle' data inputs, A·Paraliel data outputs disabled. 

0 0 Parallel A-Parallel data inputs disabled, e~Par.llel data outputs. 

0 1 Parallel A·Parallet data inputs disabled, e·Perallel data outputs. 

0 0 X Serial Synchronous serial data input, A-Parallel data outPut. 

0 1 X Serial Synchronous .. rial date input. 8-Parallal data outPut. 

0 0 Parallel B-Synchronous Parallel data Input, A-Parallel data output. 

0 1 Parellel a·Asynchronous Parallel data input, A·Paralle' data output. 

0 Parallel A-Svnchronous Paranel data input, B·P.r.llel data output. 
Parallal A-A.ynchronous Parallal data input. 8-Perallal date outPut. 

x - Don't Care 
tOutputs change at positive transition of clock in the serial mode and when the A/S input i. low in the paralle' mode. 

During transfer from parallel to .. rial operation, A/S should remain low in order to prevent Os transfer into flip-flops. 
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Max Unit 

ns 
360 
180 
130 

ns 
200 
100 
80 

ns 

1050 
410 
290 

ns 

1010 
360 
280 

ns 
-
-
1.2 MHz 
3.0 
4.0 

15 ,..s 
5 
4 

ns 
-
-

ns 
-
-
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MC14034B 

Oat. 

AI A2 A3 A4 A6 A6 A7 A8 
Serial Data 

Input 

Enable A 

EXPANDED 
AlB 

BLOCK DIAGRAM Par.llel/Serial PIS Control 
Logic 

Asyn/Syn AIS 

Clock 

Bl B2 B3 84 B5 86 87 88 

Deta 

OPE RATING" 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 date 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 higl1, this input e.nables the 
bus A data lines. 

AlB 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 date flows from bus B 
to bus A. 

PIS Input (P .. alleI/Seriall - This input controls the 
data input mode (parallel or serial). When high, the data is 
trensferred 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). 

AIS Input (Asynchronou./Synchronou. to the Clock) 
- When this input is higl1, the data is transferred inde­
pendently from the clock rate; when low, the clock is 
enabled and the data is transferred synchronously. 

LOGIC DIAGRAM 

A Enobl.9 o-ll:>a--ffiff"-J 

AI 
16 

A2 A3A4A5A6A7 
17 18 1112021 22 

nTI~~~~~~~~~~-tJ_tJ-
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6St_ 
(Same., 
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MC14034B 

FIGURE 1 - PROPAGATION DELAY AND TRANSITION 
TIMES WAVEFORMS 

Input 
ACBI ____ _ 

Clock 

-" OutPut \ 
B(A) \ 

PROPAGATION AND TRANSITION TIME TEST CIRCUITS 

FIGURE 2 - A SYNCHRONOUS DATA INPUT, B PARALLEL 
DATA OUTPUT AND SETUP TIME 
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FIGURE 3 - B SYNCHRONOUS DATA INPUT, A PARALLEL 
DATA OUTPUT AND SETUP TIME 
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MC14034B 

FIGURE 4 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 

vOO 

+-+--<>-iAE Cloek 

+-+--G-IP/S 
.,..---vss 

r--W--I-o-lDs 
Programmable 

Pul. 
Generetor 

AlB 

+---G-IAiS Os vOO 

L __ rt-<>-1 c .,...----J.~-VSS 

B1 B2 B3 B4 B5 B6 B7 lIB 

FIGURE 5 -1&81T PARALLEL INIPARALLEL OUT. PARALLEL INISE,RIAL OUT. 
SERIAL INIPARALLEL OUT. SERIAL INISERIAL OUT REGISTER 

vOO vOO 

A Enable A Enable 

~-::I >--+---i 
vooo--+--.... 

PIS )--~~------------------------------~~------------------------~ 
AlS>---~~------------------~~---------------~ 
CIOCk>---~-----------------~~------------~ 
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MC14034B 

FIGURE 6 - SHIFT RIGHT/SHIFT LEFT WITH PARALLEL INPUTS 

Shift Left Output 

~>-~------~--')~~----~---------------------9----------------------~AE 

Shift Left! 
Shift Right 

rl-----t_-----------------f+-------------------~P/S· 

Shift Right 
OutPut 

Register 2 
MC,40346 

Clock >-+--------------Hr-t-tC B1 B8 
~~~T+rhMn+rrr 

Shift 
Left Input-

AlSE~:;:tI.1 >-~------------.... t-----+-t_i'--t_t_~++----..,t_--_t__il_t_+_++_t__t-t .. AlS 

~------------~----r-t_t_t_t_t_t_t_----~--_t_t_t_t_t_t_t_t~AE 

VOO 

A1 
AE 

Os 

AlB 

AlS 

Register 3 
MC14034B 

Register 4 
MC14034B 

A "High" ("Low") on the Shift Left/Shift Right input allows serial 
data on tha Shift Left Input (Shift Right Input) to anter thl regiNr 
on the positive transition of the clock signel. A "high" on the uA" 
Enable Input disables the "A" perollel data lines on Rill- 1 and 2 and, 
enables the "A" data lines on registe .. 3 and 4 and allows perallel datI 
into registers 1 and 2. Other logic schemes may be used in place of 
registers 3 and 4 for parallal loading. 

When parallel inputs ... not used Reg. 3 Ind 4 and associated logic 
are not requ ired. 

·Shift left input must be disabled during PMallal entry. 
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®MOTOROLA 

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 OPO thru OP3_ The True/Com­
plement (T /C) input determines whether the outputs display the a 
or a 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 
oparate as a serial "0" input. 

This device may be effectively used for shift-right/shift-Ieft regis­
ters, parallel-to-seriallserial-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 Oparation 
• 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 
• Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-power TTL Loads or One Low-power 

Schottky TTL Load Over the Rated Temperature Range 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Value 

Voo oc Supply Voltage -0.5 to .... '8.0 

Vin. Vout Input or Output Voltage (DC or Transient) - 0.5 to Voo + 0.5 

'in, lout Input or Output Current (DC or Transient), per Pin ±10 

Po Power Dissipation, per Packaget 500 

Tsto Storage Temperature -65 to + 150 

TL Lead Temperature (a-Second Soldering) 260 

-Maximum Ratings are those values beyond which damage to the device may occur 
tTemperature Derating: Plastic "P" Package: -12mW/oC from 65°C to 85°C 

Ceramic "L" Package: -12mW/<'C from 100°C to 125°C 

TRUTH TABLE 

INPUTS t"OUTPUT 

C J K R 00 

-f" II 0 0 0 
-f" 0 1 0 QO(n- tt x - Don't Cere 

....r- 1 0 0 Oo(n- tt PIS = 0 - Serlel Mode 
TIC = 1 - True Outputs 

....r- 1 t 0 1 

'- • • 0 QOI(n-1) · . . 1 0 
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Unit 

V 

V 

mA 

mW 

°c 

°C 

MC14035B 

CMOS MS. 

(LOW-POWER COMPLEMENTARY MOS) 

4-BIT 
PARALLEL-IN/PARALLEL-OUT 

SHIFT REGISTER 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

QROERING INFORMATION 

A Series: - 55°C to + 125"C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

PIN ASSIGNMENT 

1 

2 

3 

• 
5 

8 

7 

8 

18 

11 

1. 

13 

12 

11 

10 

• 



MC14035B 

ELECTRICAL CHARACTERISTICS (Voltage. Referenced to Vss) 

Characteristic Symbol 

Output Voltage "0" Level VOL 
Vin = VOO or 0 

"I" Level VOH 
Vin = 0 or VOO 

Input Voltage "0" Level VIL 
(VO=4.5 or 0.5 Vde) 
(Va =9.0 or 1.0 Vde) 
(Va = 13.5 or 1.5 Vde) 

"1" Level VIH 
(Va =0.5 or 4.5 Vdc) 
(Va ~ 1.0 or 9.0 Vde) 
(Va -1.5 or 13.5 Vde) 

Output Drive Current (AL Device) 10H 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vde) 
(VOH = 9.5 Vde) 
(VOH = 13.5 Vdc) 

(VOL = 0.4 Vdc) Sink 10L 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdc) 

Output Drive Current (CLlCP Devicel IOH 
(VOH = 2.5 Vdc) Source 
(VOH ·4.6 Vdc) 
(VOH "9.5 Vdc) 
(VOH· 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 Oevice) lin 

Input Capacitance Cin 
(Vin = 0) 

Quiescent Current (At Device) 100 
(Per Package) 

Quiescent Current (CLlCP Devlcel 100 
(Per Package) 

Total Supply Current"t IT 
(Dynamic plus Quiescent, 
Per Package) 

leL = 50 pF on all outputs, all" 
buffers switching) 

*Tlow= -55°C for AL Device. -40"C for CL/CP Oevlce. 
Thigh = + 12S"C for AL Oevlce, +8S"C for CUCP Device. 

Voo 
Vdc 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Data labelled "Typ" Is not to be used for design purposes but Is 
intended as an indication of the IC's potential performance. 

·"The formulas given are for the typical characteristics only at 2S"C. 

TI_ . 25°C Th· .... • 
Min 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 - 4'.95 5.0 - 4.95 - Vde 
9.95 - 9.95 10 - 9.95 -

14.95 - 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 

Vde 
3.5 - 3.5 2.75 - 3.5 -
7.0 - 7.0 5.50 - 7.0 -

11.0 - 11.0 8.25 - 11.0 -
mAde 

-3.0 - -2.4 -4.2 - -1.7 -
-0.64 - -0.51 

I 
-0.88 - -0.36 -

-1.6 - -1.3 -2.25 - -0.9 -
-4.2 - -3.4 -8.8 - -2.4 -
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 

-2.5 - -2.1 -4.2 - -1.7 -
-0.52 - -0.44 -0.88 - -0.36 -
-1.3 - -1.1 -2.25 - -0.9 -
-3.6 - -3.0 -8.8 - -2.4 -
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 -
- .0.1 - ±O.OOOOI to.l - ".0 J.'Adc 

- to.3 - '0.00001 to.3 - ±1.0 "Adc 

- - - 5.0 7.5 - - pF 

5.0 0.006 5.0 150 ",Adc 

- 10 - 0.010 10 - 300 
- 20 - 0.015 20 - 600 

- 20 - 0.006 20 - 150 "Adc 
- 40 - 0.010 40 - 300 

- 80 - 0.015 80 - 600 

IT· 11.0 "A/kHz) f + 100 "Ade 
IT • (2.0 "A/kHz) f + 100 
IT • (3.0 ,.A/kHz) f + 100 

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

where: IT Is in fLA (per package). CL in pF, V = (VOO-VSS> in volts, 
f In kHz is input frequency, and k = 0.001. 

This device contains protection circuitry 10 guard against damage due to high static voltages or electric fields. How­
ever, precautions must be taken to avoid applications of any voltage higher than maximum rated voltages to this hlgh­
impedance circuit. For proper operation, V(n and Vout should be constrained to the range VSS os; (Vin or Vout) '" VOO' 

Unused inputs must always be tied to an appropriate logic voltage level (e.g .• either VSS or VOO)' Unused outputs 
, must be left open. 
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MC14035B 

SWITCHING CHARACTERISTICS (CL~50 pF TA~25°C See Figure 1) 

Characteristic 
VOO 

Typ# Symbol Vdc Min Max Unit 

Output Rise and Fall Time tTLH, ns 
TTLH. TTHL~(1.5 nslpF) CL +25 ns tTHL 5.0 - 100 200 
TTLH. TTHL ~ (0.75 nslpF) CL + 12.5 ns 10 - 50 100 
TTLH. TTHL ~(0.55 nslpF) CL + 12.5 ns 15 - 40 80 

Propagation Delay Time, Clock or Reset to Q tpLH, ns 
TpLH. TpHL ~(1.75 nslpF) CL +223 ns IpHL 5.0 - 300 600 
TpLH. TpHL ~ (0.70 nslpF) CL +89 ns 10 - 130 260 
TpLH. TpHL ~ (0.53 nslpF) CL + 67 ns 15 - 95 190 

Clock Pulse Width IWH 5.0 335 135 - ns 
10 165 45 -
15 125 40 -

Reset Pulse Width IWH 5.0 400 80 - ns 
10 175 40 -
15 130 35 -

Reset Removal Time trem 5.0 80 40 - ns 
10 30 15 -
15 25 10 -

Clock Pulse Rise and Fall Time ITLH.ITHL 5.0 -
10 No Limit 
15 

Clock Pulse Frequency lei 5.0 - 2.5 1.2 MHz 
10 - 6.0 2.0 
15 - 10 3.0 

J-K to Clock Setup Time Isu 5.0 500 120 - ns 
10 200 50 -
15 150 30 -

Clock to J-K Hold Time Ih 5.0 40 -40 - ns 
10 30 -5 -
15 25 0 -

PIS to Clock Setup Time Isu 5.0 500 25 - ns 
10 200 10 -
15 150 7.5 -

Clock 10 PIS Hold Time Ih 5.0 30 -70 - ns 
10 20 -20 -
15 20 -10 -

Dp to Clock Setup Time Isu 5.0 500 90 - ns 
10 200 20 -
15 150 15 -

Clock to Op Hold Time Ih 5.0 90 -25 - ns 
10 40 0 -
15 40 5 -

*The formulas given are for the typical characteristics only at 25°C. #Data labelled "Typ" Is not to be used for design purpdses but Is 
Intended as an indication of the IC's potantial performance. 

TIC Input Low 

FIGURE 1 - TIMING DIAGRAM 

J·K 
Input ______ --' 

PIS 
Input 

Opo 
Input 

00· 
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Left Shift 
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Right Shift 
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MC14035B 

LOGIC DIAGRAM 

APPLICATION DIAGRAM 
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@MOTOROLA 

12-BIT BINARY COUNTER 

The MCI4040B 12-stage binary counter is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single mono­
lithic structure. This part is designed with an input wave shaping 
circuit and 12 stages of ripple·carry binary counter. The device 
advances the count on the negative-going edge of the clock pulse. 
Applications include time delay circuits, counter controls, and fre­
quency-driving circuits. 

• Fully Static Operation 

• Diode Protection on All Inputs 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 

• Common Reset Line 

• Pin-for-Pin Replacement for CD4040B 

MAXIMUM RATINGS' (Yoltages Referenced to YSS) 

Symbol Perameter Value 

YDD DC Supply Voltage -0.5 to + 18.0 

Vin, Vout Input or Output Voltage (DC or Transient) -0.5.to VDD +0.5 

lin. lout Input or Output Current (DC or TranSient), per Pin ±10 

Po Power Dissipation, per Packaget 500 

Tstg Storage Temperature -65 to + 150 

TL Lead Temperature (8-Second Soldering) 260 

-MaXimum Ratings are those valUes beyond which damage to the device may occur. 
tTemperature Derating: Plastic '~p" Package: -12mWrC from 65"C to 85"C 

Ceramic "L" Package: -12mW/"C from 100"C to 125°C 

LOGIC DIAGRAM 

Unit 

Y 

V 

mA 

mW 

·C 

·C 

MC140388 
See Page 6-92 

MC14040B 

CMOS MS. 
(lOW-POWER COMPLEMENTARY MOS) 

12-BIT BINARY COUNTER 

~,-t6 ymruuuu 6~nU 
1 1 

L SUFFIX 
CERAMtC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: - 55°C to + 125DC 
MC14XXXBAL (CeramiC Package Only) 

C Series: - 40°C to + 85°C 
MC14XXXBCP (PlastiC Package) 
MC14XXXBCL (Ceramic Package) 

TRUTH TABLE 

CLOCK RESET OUTPUT STATE 

....r 0 No Change 

'- 0 Advance to "ex t 
state 

X 1 All OutPuts are low 

x = Don't Car. 

Ql0 Qll Qt2 

Q4-PlnS 
0&-= Pln3 
QI-Pln2 

Q7 - Pln4 
aa-Pin13 
Q9-Pln12 

V DD - Pin 16 

Vss'" Pin8 
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MC14040B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

VDD Tlow " 2SDC Thigh" 
Characteristic Symbol Vd. Min Max Min Typ# Max Min Max 

Output Voltage "0" level VOL 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 
"I" Level VOH 5.0 4.95 - 4.95 5.0 - 4.95 -

Vin = 0 or VOO 10 9.95 - 9.95 10 - 9.95 -
15 14.95 - 14.95 15 - 14.95 -

Input Voltage "0" Level VIL 
(VO = 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5 - 1.5 
(VO = 9.0 or 1.0 Vd.) 10 - 3.0 - 4.50 3.0 - 3.0 
(VO = 13.5 or 1.5 Vd.) 15 - 4.0 - 6.75 4.0 - 4.0 

"I" Level VIH 
(VO = 0.5 or 4.5 Vd.) 5.0 3.5 - 3.5 2.75 - 3.5 -
(VO = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(VO = 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) IOH 
(VOH " 2.5 Vde) Source 5.0 -3.0 - -2.4 -4.2 - -1.7 -
(VOH 04.6 Vdel 5.0 -0.64 - -0.51 -0.88 - -0.36 -
(VOH "9.5 Vdcl 10 -1.6 - -1.3 -2.25 - -0.9 -
(VOH" 13.5 Vdcl 15 -4.2 - -3.4 -8.8 - -2.4 -
(VOL" 0.4 Vd.1 Sink 10L 5.0 0.64 - 0.51 0.88 - 0.36 -
(VOL = 0.5 Vd.1 10 1.6 - 1.3 2.25 - 0.9 -
(VOL = 1.5 Vd.1 15 4.2 - 3.4 8.8 - 2.4 -

Output Drive Current (CL/CP Device) 10H 
(VOH " 2.5 Vdcl Source 5.0 -2.5 - -2.1 -4.2 - -1.7 -
(VOH = 4.6 Vdc) 5.0 -0.52 - -0.44 -0.88 - -0.36 -
(VOH = 9.5 Vdcl 10 -1.3 - -1.1 -2.25 - -0.9 -
(VOH = 13.5 Vdel 15 -3.6 - -3.0 -8.8 - -2.4 -
(VOL = 0.4 Vdcl Sink 10L 5.0 0.52 - 0.44 0.88 - 0.36 -
(VOL = 0.5 Vdel 10 1.3 - 1.1 2.25 - 0.9 -
(VOL" 1.5 Vdel 15 3.6 - 3.0 B.8 - 2.4 -

Input Current (AL Device) lin 15 to.l .0.00001 to.l :!:1.0 

Input Current (CLfCP Devicel lin 15 - ±O.3 - to.OOOOl iO.3 - il.0 

Input Capacitance ein - - - 5.0 7.5 - -
(Vin mOl 

Quiescent Current (Al Device) 100 5.0 - 5.0 - 0.005 5.0 - 150 
IPer Packagel 10 - 10 - 0.010 10 - 300 

15 - 20 - 0.015 20 - 600 
QUiescent Current (C Llep DeVICe) 100 5.0 - 20 - 0.005 20 - 150 

IPer Packagel 10 - 40 - 0.010 40 - 300 
15 - 80 - O.ot5 80 - 600 

Total Supply Current* * t IT 5.0 IT" (0.42 "A/kHzl f + 100 
(DynamiC plus Quiescent, 10 IT "10.85 "A/kHz) f + I DO 
Per Package I 15 IT" 11.43 "A/kHzl f + 100 

feL = SO pF on all outputs. all 
buffers switching) 

-Tlow= -55"C for AL Device, -40"C for CL/CP Device. 
Thigh = + 125"C for AL Device, + 85"C for CUCP Device 

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

Unit 

Vdc 

Vdc 

Vdc 

Vd. 

mAde 

mAde 

mAd. 

mAde 

"Adc 

"Adc 
pF 

·"Ad. 

"Adc 

"Ade 

#Oata labelled "Typ" is not to be used for design purposes but is 
intended as an indication of the IC's potential performance. where: 'T is in ~A (per package), CL in pF, V = (VDO- VSS) in volts, 

f in kHz is input frequency, and k = 0 001 . 
**The formulas given are for the typical characteristics only at 25"C 

This device contains protection circuitry to guard against damage due to high static voltages 
or electric fields. However, precautions must be laken to avoid applications of any voltage 
higher than maximum rated voltages to this high-impedance circuit. For proper operation, 
Yin and Vout should be constrained to the range VSS '" (Vln or Voutl .. VOO' 
Unused Inputs must always be tied to an appropriate logic voltage level (e.g., either VSS or 
VOO). Unosed outputs must be left open. 
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MC14040B 

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

Characterlatlc Symbol 

Output Rise and Fall Time tTLH. 

TTLH. TTHL ~(1.5 ns/pF) CL +25 ns tTHL 
TTLH. TTHL~(0.75 ns/pF) CL+12.5 ns 

TTLH. TTHL ~(0.55 nsipF) CL +9.5 ns 

Propagation Delay Time tpLH. 
Clock 1001 IpHL 

tpHL,tpLH ~ (1.7 nsipF) CL + 315ns 

tpHL, tpLH ~ (0.66 ns/pF) CL + 137 ns 

tpHL. tpLH ~ (0.5 ns/pF) CL + 95 ns 

Clock to 012 

tpHL. tpLH ~ (1.7 nB/pF) CL + 2415 ns 

tpHL. tpLH ~ (0.66 ns/pF) CL + 867 ns 

tpHL. tpLH ~ (0.5 nsipF) CL + 475 ns 

Propagation Delay Time tpHL 
Reset to an 

tpHL ~ (1.7 ns/pF) CL + 485 ns 

tpHL ~ (0.66 nsipF) CL + 182 ns 

tpHL ~ (0.5 nsipF) CL + 145 ns 

Clock Pulse Width tWH 

Clock Pulse Frequency Icl 

Clock Rise and Fall Time 'TLH.ITHL 

Reset Pulse Width 

Reset Removal Time 

"The formulas given are for the typical characteristics onty at 26°C. 
#Data labelled "Typ" Is not to be used for design purposes but is 

Intended 8S an Indication of the IC's potential performance. 

FIGURE 1 - POWER DISSIPATION TEST 

CIRCUIT AND WAVEFORM 

20 ns 

~:n.'-----~~------VDD 

l<....---Vss 

tWH 

tram 

VDD 
Vdc 

5.0 

10 

15 

5.0 

10 

15 

5.0 

10 

15 

5.0 

10 

15 

5.0 

10 

15 

5.0 

10 

15 

5.0 

10 

15 

5.0 

10 

15 

5.0 

10 

15 

6-110 

Min Typ # Max Unit 

ns 

- 100 200 

- 50 '100 

- 40 80 

ns 

- 260 520 

- 115 230 

- 80 160 

ns 

- 1625 3250 

- 720 1440 

- 500 1000 

ns 

- 370 740 

- 155 310 

- 115 230 

385 140 - ns 

150 55 -
115 38 -
- 2.1 1.5 MHz 

- 7.0 3.5 

- 10.0 4.5 

ns 

No Limit 

960 320 - ns 

360 120 -
270 80 -
130 65 - ns 

50 25 -
30 15 -

FIGURE 2 - SWITCHING TIME TEST 

CIRCUIT AND WAVEFORMS 



MC14040B 

FIGURE 3 - TIMING DIAGRAM 

1 2 4 B 16 32 64 12B 256 512 1024 2046 4096 

ClOck 1JLf1..f1....f" I..J" I..J" I..J" I..J" I..J" --u- --u- L.J --u- --u- L 
R .. ----,~ ______________________________________________________ _ 

01 ~ L_ L_ L_ """L. """L. L_ """L. L_ L- L_ L 
02 I L_ """L. L_ """L. L_ L_ """L. """L. L_ L_ L 
Q3 .s-"""L. L_ L-L- L_ L- L_ L_ L_ L 
Q4 _ .s-L_ """L. """L. L_ """L. """L. L_ L- L-
05 ___ .s-"""L. """L. L_ """L. L_ L_ L_ L 
Q6 ___________ .s- L_ """L.. """L. L_ L_ """L. L-
07 __________ .s-"""L.. L- """L.. """L.. """L.. L 
oa __________ .s-"""L. L_ L_ L_ L 
09 _____________ .s-"""L. L_ L_ L 

010 ____________ __ .s-L_ 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 MCI4040B. By 
selecting outputs as, ala, all. and a12 division by 

voo 

1.0M MCI4040B 
.... .,.,., ...... .-o~ C 051--<>--.., 

3600 is accomplished. The MC 140128 decodes the counter 
outputs. produces a single output pulse. and resets the 
binary counter. The resulting output frequency is 1.0 
pulse/minute. 

;;'20 pF ::t Ql0 '-~--"_--' 

1.0 Pulse/M.nute 
Output 

120 V.e 
60 Hz all 

R 0121--<>--..... 

Vss 

6-111 

II 



II 

(f!jMOTOROLA 

QUAD TRANSPARENT LATCH 

The MC 14042B Quad Transparent Latch is constructed with 
MaS P-channel and N-channel enhancement mode devices in a 
single monolithic structurp. Each latch has a separate data input, 
but al\ four latches share a common clock. The clock polarity 
(high or low) used to strobe data through the latches can be 
reversed using the polarity input. Information present at the data 
input is transferred to outputs Q and IT during the clock level 
which is determined by the polarity input. When the polarity input 
is in the logic "0" state, data is transferred 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 

• Clock Polarity Control 

• Q and Q Outputs 

• Double D jode I nput Protection 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 

MAXIMUM RATINGS' (Voltages Referenced 10 Vss) 

Symbol Perameter Value 

VOO DC Supply Voltage -0510+180 

V1n Vout Input or Output Voltage (DC or Transient) -0510VOO +05 

1m lout Input or Output Current (DC or Transient). per Pm ±10 

Po Power DISSipation, per Packaget 500 

Tsla Storage Temperature -65 to + 150 

TL Lead Temperature (a-Second Soldering) 260 

"Ms)umum Ratings are those values beyond which damage to the devIce may occur 
tTemperature Deratmg PlastiC "P" Package -12mW/"C from 65"C to 85"C 

CeramiC "L" Package - 12rnW/oC from 10Q"C to 125"C 

Clock 

Voo" Pin 16 
VSS = Pin 8 

LOGIC DIAGRAM 

Q3 
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Unit 

V 

V 

rnA 

rnW 

°C 

°C 

MC14042B 

CM0555. 
(LOW-I'OWER COMPLEMENTARY MOSI 

QUAD 
TRANSPARENT LATCH 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAL (Ceramic P~ckage Only) 

C Series· - 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

PIN ASSIGNMENT 

16 

2 15 

3 14 

4 13 

5 12 

6 11 

10 

8 9 

TRUTH TABLE 

CLOCK POLARITY a 
0 0 D.ta 

1 0 Leteh 

1 1 Oat. 

a 1 Latch 



MC140428 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Characteristic Symbol 

Output Voltage "0" Level VOL 
Von-VooorO 

"1" Level VOH 
Vin= 0 or VOO 

Input Voltage "0" Level VIL 
IVO = 4.5 or 0.5 Vd.1 
IVO = 9.0 or 1.0 Vd.1 
(VO = 13.5 or 1.5 Vd.1 

"I" Level VIH 
(VO = 0.5 or 4.5 Vd.1 
(VO = 1.0 or 9.0 Vd.1 
(VO = 1.5 or 13.5 Vd.1 

Output Drive Current tAL Device) IOH 
(VOH = 2.5 Vd.1 Source 
(VOH = 4.6 Vd.1 
(VOH = 9.5 Vdel 
(VOH = 13.5 Vdcl 

(VOL = 0.4 Vdcl Sink IOL 
(VOL = 0.5 Vd.1 
(VOL = 1.5 Vd.1 

Output Drive Current (CL/CP Device) IOH 
(VOH = 2.5 Vd.1 Source 
(VOH = 4.6 Vd.1 
(VOH = 9.5 Vd.1 
(VOH = 13.5 Vd.1 

(VOL = 0.4 Vd.1 Sink IOL 
IVOL = 0.5 Vd.1 
IVOL = 1.5 Vdcl 

Input Current (Al Device) lin 

Inpu~ Current (CL/CP Device) lin 
Input Capacitance Cin 

(Vin = 01 

Quiescent Current (AL Device) 100 
(Per Packagel 

QUiescent Current (CL/CP DeVice) 100 
(Per Pa.kagel 

Total Supply Current"t IT 
{Dynamic plus Quiescent, 
Per Package! 

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

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

Voo 
Vd. 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Oata labelled "Typ" is not to be used for design purposes but is 
intended as an Indication of the IC's potential performance. 

TI_ 
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 

-
-
-

-
-
-
-
-
-

.... The formulas given are for the typical characteristic8 c:?nly at 25°C. 

. 2SoC Th~· 
MIx Min Typ# MIx Min Max 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 - 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 - Vd. 
- 7.0 5.50 - 7.0 -
- 11.0 8.25 - 11.0 -

mAd. 
- -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 - mAd. 

- 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.l - to.OOOO1 to.l ± 1.0 .. Ad. 

.0.3 - to.OOOOl 10.3 - ± 1.0 .. Ad. 

- 5.0 7.5 pF 

1.0 0.002 1.0 30 .. Ad. 
2.0 - 0.004 2.0 - 60 
4.0 - 0.006 4.0 - 120 

4.0 - 0.002 4.0 - 30 .. Ad. 
8.0 - 0.004 8.0 - 60 
16 - 0.006 16 - 120 

IT =: 11.0 I'A/kHz! f + 100 .. Ad. 
IT = (2.0 I'A/kHz! f + 100 
IT = (3.0 I'A/kHz! f + 100 

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

where' IT is in .... A (per package), CL in pF, V = (VOO -VSS) in volts, 
f in kHz is input frequency, and k = 0.004 . 

This device contains protection circuitry to guard against damage due to high static voltages or electric fields. However, 
precautions must be taken 10 avoid applications of any voltage higher than maximum rated voltages to this high-impedance 
circuit. For proper operation. Yin and Vout should be conslrained to the range VSS '" (Vin or Vout) '" VOO. 

Unused inputs musl always be tied to an appropriate logic voltage level (e.g .• either VSS or VOO). Unused outputs musl be 
left open. 
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MC140428 

SWITCHING CHARACTERISTICS· {CL· 50 pF, T A • 250 CI 

Charoc:terlstic 

Output Rise and Fall Time 

ITLH' ITHL = {1,5 nsipFI CL + 25 ns 
ITLH' tTHL = (0.75 nslpF) CL + 12.5 ns 
ITLH' tTHL = {0.55 nsipFI CL + 9.5 ns 

Propagation Delay Time, 0 10 Q, Q 
tPLH, tPHL • f1.7 ns/pFI CL + 135 ns 
tPLH, tpHL • {0.66 ns/pFI CL + 57 ns 
tPLH, tPHL = {0.5 ns/pFI CL + 35 ns 

Propagetion Deiay Time, Clock 10 Q. Q 
tpLH, tPHL = n.7 ns/pFI CL + 135 nl 
tPLH, tpHL = {0.66 ns/pFI CL + 67 ns 
tPLH, tPHL • {0.5 ns/pFI CL + 35 nl 

Clock Pulse Width 

Clock Pulse Rise and Fall Time 

Hold Time 

Setup Time 

*The formulas given are for the typical characteristics only at 25°C. 

#Oata labelled "Typ" Is not to be used for design purposes but is 
Intended as an indication of the Ie's potential performance. 

Symbol 

trLH, 
ITHL 

tPLH, 
tPHL 

tPLH, 
tPHL 

twH 

ITLH' 
tTHL 

th 

I,u 

VDD Min 

5,0 -
10 -
15 -

5.0 -
10 -
15 -

6.0 -
10 -
25 -

5.0 300 
10 100 
15 80 

5.0 -
10 -
15 -

5.0 100 
10 60 
15 40 

5.0 60 
10 30 
15 25 

FIGURE 1-AC AND POWER DISSIPATION TEST CIRCUIT AND TIMING DIAGRAM 
{Data to Ou,,"ud 

VD D 

00 2 Oat. 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 vss 

loaded with _itance CL. 

6-114 

Typ# MIl. Unit 

ns 
100 200 

50 100 
40 80 

ns 
220 440 
90 180 
60 120 

ns 
220 440 
90 180 
60 120 

ns 
159 -
60 -
40 -

,.s - 15 
- 5.0 
- 4.0 

ns 
60 -
25 -
20 -

ns 
0 -
0 -
0 -



Clock Input 
P.G.l 

Q Output 

MC14042B 

FIGURE 2 - AC TEST CI RCUIT AND TIMING DIAGRAM 
«Clock to au..,tI 

Clock QO 

Polarity 00 

Ql 
DO 01 

01 Q2 

02 
02 

Q3 

03 03 

Note: CL connected 10 output under telt. 
8 VSS 

.,.. 

• Input clock rl .. time I, 20 ns except for maximum ,1. time test. 
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®MOTOROLA 

RO 

S1 

R2 

CMOS MS. 
QUAD R-S LATCHES 

The MCl40438 and MC140448 quad R-S latches are constructed 
with MOS P-channel and N-channel enhancement mode devices in a 
single monolithic structure. Each latch has an independent a output 
and set and reset inputs. The a outputs are gated through three­
state buffers having a common enable input. The outputs are 
enabled with a logical "'" or high on the enable input; a logical 
"0" or low' disconnects the latch .from the a outputs, result· 
ing in an open circuit at the a outputs. 

• Double Diode Input Protection 

• Three-State Outputs with Common Enable 

• Outputs Capable of Driving Two Low-power TTL Loads or One Low­
Power Schottky TTL Load Over the Rated Temperature Range 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

00 

6 6 
AI 

01 

51 

02 

voo - Pin 16 
VSS· Pin 8 

03 

TRUTH TABLE 

5 R E Q 

X X 0 Hl9h 
Impedance 

00 1 No Change 
o 1 1 0 
1 0 1 1 

11 1 1 

x • Don', Cere 
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MC14043B 
QUAD "NOR" R·S LATCH 

MC14044B 
QUAD "NAND" R-S LATCH 

-,. 1 1 

L SUFFIX 
CERAMIC PACKAGE 

CA.SE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40<>C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14)O(XBCL (Ceramic Package) 

·01 

02 

VOO-Pln 16 
VSS· Pin 8 

Q3 

TRUTH TABLE 

iRE Q 

X X 0 High 
Impedance 

0 01 0 
0 11 1 
1 01 0 
1 11 No Chenge 

x = Don', Cere 



MC140438. MC140448 

ELECTRICAL CHARACTERISTICS (Voltage. Referenced to Vss) 

VDD Tlow 
. 25QC Thi h· 

Charac.terlstic Symbol Vdt Min Ma. Min Typ# Ma. Min Ma. 

Output Voltage "0" Level VOL 50 - 0.05 - 0 0.05 - 0.05 
V,n=VooorO 10 - 0.05 - 0 0.05 - 0.05 

15 - 0.05 - 0 0.05 - 0.05 

"1" Level VOH 50 495 - 4.95 5.0 - 4.95 -
VIft=OorVOO 10 9.95 - 99~ 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -
Input Voltage "0" level VIL 

IVO= 4.5 or 0 5 Vdcl 50 - 15 - 2.25 1.5 - 1.5 
IVo =9 0 or 1.0 Vdcl 10 - 3.0 - 4.50 3.0 - 3.0 
1VO=13.50r 1.5Vdcl 15 - 4.0 - 675 4.0 - 4.0 

"'" Level VIH 
(VO - 0.5 Of 4.5 Vdcl 50 3.5 - 3.5 2.75 - 3.5 -
(VO = 1.0 or 9 0 Vdcl 10 7.0 - 7.0 5.50 - 7.0 -
(VO-l 5 or 135 Vdcl 15 11.0 - 110 8.25 - 11.0 -

Output Drive Current IAl DeVice) IOH 
(VOH = 25 Vdcl Source 5.0 -3.0 - -2.4 -4.2 - -1.1 -
(VOH =4.6 Vdcl 50 -0.64 - -0.51 -0.88 - -0.36 -
(VOH -9.5 Vdcl 10 -1.6 - -1.3 -2.25 - -0.9 -
(VOH~13.5Vdcl 15 -4.2 - -3.4 -8.8 - -2.4 -
(VOL =0.4 Vdcl Sink IOL 50 0.64 - 051 0.88 - 0.36 -
(VOL = 0 5 Vdcl 10 1.6 - 13 2.25 - 0.9 -
(VOL = 15 Vdcl 15 4.2 - 3.4 8.8 - 2.4 -

Output Drive Current iClICP DeVice) IOH 
(VOH = 2 5 Vdcl Source 5.0 -2.5 - -2.1 -4.2 - -1.7 -
(VOH - 4.6 Vdcl 5.0 -0.52 - -0.44 -0.88 - -0.36 -
(VOH =9.5 Vdcl 10 -1.3 - -1.1 -2.25 .- -0.9 -
(VOH =13.5 Vdcl 15 -3.6 - -3.0 -B.8 - -2.4 -
(VOL - 0.4 Vdcl Sink IOL 5.0 0.52 - 044 0.88 - 0.36 -
(VOL -0.5 Vdcl 10 1.3 - 1.1 2.25 - 0.9 -
(VOL-l.5Vdcl 15 3.6 - 3.0 8.8 - 2.4 -

Input Current CAL DeVice) 'in 15 - to 1 ±O 00001 to 1 ± 1.0 

Input Current (CLlCP Device) lin 15 - i03 - to 00001 iO.3 - il.0 

Input Capacitance Cin - - - - 50 7.5 
(V,n=OI 

QUiescent Current (AL DeVice) 100 50 - 1.0 0.002 1.0 30 
(Per Packa9f!) 10 - 2.0 - 0.004 2.0 - 60 

15 - 4.0 - 0.006 4.0 - 120 

QUiescent Current (CLlCP DeVice) 'DO 50 - 4.0 - 0.002 4.0 - 30 
(Per Package) 10 - 8.0 - 0.004 8.0 - 60 

15 - 16 - 0.006 16 - 120 
Total Supply Current··t IT 5.0 IT' (0.58 ~A/kHll f + 100' 
(Dynamic plus Quiescent. Per Package) 10 IT' (1.15~A/kHl) f + 100 
(CL • 50 pF on all outPUts, all outputs 15 IT' 11.73 ~A/kHz) f + 100 
switching) 

Three-State Output Leakage Current ITL 15 - .0.1 - .0.0001 .0.1 - .3.0 
(AL Oevoeel 

Three-State OutPut Loakage Current ITL 15 - .1.0 - .0.0001 .1.0 - '7.5 
(CL/CP Device) 

*Tlow = - 55DC for AL Device, - 40DC 'or CUCP Device. 
Thigh = + 125°C tor AL Device, + 85°C 'Ot CUCP Device. 

"-The formulas given are 'or the typical characteristics only at 25°C. 

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

#Data labelled "Typ" is not to be used tor design purposes but is 
intencfed as an Indication of the IC's potential performance. 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

mAde 

mAde 

mAde 

",Adc 

,..Adc 

pF 

.uAdc 

J,.IAdc 

~Adc 

~Adc 

~Adc 

where: IT Is In .... A (per package), CL In pF, V = (VDD-VSS) In volts. 
, in kHz is input frequency. and k = 0.004. 
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MC14043B-MC14044B 

MAXIMUM RATINGS· (Voltages Referenced to Vss) 

Symbol Parameter Value Unit 

VOO DC Supply Voltage -0.5 to + 18.0 V 

t Vin, Voul Input or Output Vottage (DC or Transient) - 0.5 to VOO + 0.5 V 

'in. 'out Input or Output Current (DC or Transient), per Pin ±10 rnA 

Po Power Dissipation, per Packaget 500 mW 

Tstg ~torage Temperature -65 to +150 "C 

TL Lead Temperature (a-Second Soldering) 260 "C 

*Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW/oC from 65°C to 85°C 

Ceramic "L" Package: -12mW/oC from 100°C to 125°C 

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

a...-riotlc 

Output Rise Time 
tTLH· (1.35 nl/pF) CL + 32.5 no 
tTLH • (0.60 nllpF) CL + 20 nl 
trLH ~ (0.40 no/pF) CL + 20 ns 

Output Fill Time 
trHL· (1.35 nllpF) CL + 32.5 no 
trHL· (O.SO ns/pF) CL + 20 nl 
trHL· (0.40 nllpF) CL + 20 nl 

Pr_tlon DolIII' Time 
tPLH· (0.90 n./pF) CL + 130 nl 
tPLH • (0.36 nllpF) CL + 57 ns 
tpLH· (0.26 ns/pF) CL + 47 nl 
tPH L • (0.90 ns/pF) CL + 130 no 
tPHL = (0.90 no/pF) CL + 57 ns 
tpHL· (0.26 nl/pF) CL + 47 ns 

Sot. SII Pul .. Width 

R_. Raaat Pul .. Width 

Thrie-S1II8 Enable/Disable Delay 

"The formulas given are for the typical characteristics only at 2S"C. 

#Data labelled "Typ" is not to ~e used for design purposes but is 
intended as an Indication of the IC's potential performance. 

MC1<10438 

Sot 

Q 

AC WAVEFORMS 

set 
Vss 

R; 

Q 
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Symbol 

trLH 

trHL 

tPLH 

IpHL 

'VI 

'VI 

tPL2. 
tpHZ. 
tpZL. 
tpZH 

This device contains protection circuitry to 
guard against damage due to high static 
voltages or electric lie Ids. However. precau­
tions must be taken to avoid applications 01 
any voltage higher than maximum rated 
voltages to this high-impedance circuit. For 
proper operation. Vln and Vout should be 
constrained to the range VSS ... (Vln or 
Voutl"" VOO· 
Unused inputs must always be tied to an ap­
propriate logic voltage level (e.g .• either VSS 
or VOO). Unused outputs must be lell open. 

VDD Min Typ# MIx Unit 
Vdc 

no 
5.0 - 100 200 
10 - 50 100 
15 - 40 SO 

nl 
5.U - 100 200 
10 - 50 100 
15 - 40 SO 

no 
5.0 - 175 350 
10 - 75 175 
15 - SO 120 

5.0 - 175 350 nl 
10 - 75 175 
15 - 60 120 

5.0 200 SO - n. 
10 100 40 -
15 70 30 -
5.0 200 SO - no 
10 100 40 -
15 70 30 -
5.0 - 160 300 no 

10 - SO ISO 

15 - 55 110 

MC14CM48 

VOD 

Vss 

Vss 

VOH 

VOL 



MC14043B-MC14044B 

THREE-STATE ENABLE/DISABLE DELAYS 

Set Reset Enable and Switch Conditions for 3-State Tests 

TEST ENABLE SI 

IpZH J Open 

IpZL -.r Closed 

IpHZ \..... Open 

IpLZ '- Closed 

iMCI4043B ,MCI4044B 

' 82 ,Ql 8 R' 8 R 

Closed A VDO VSS VSS VOO 

Open B VSS VOO VOO VSS 

Closed A VOO VSS VSS VOO 

Open B VSS VOO VOO VSS 

Enable 

°A 

°B 

PIN ASSIGNMENT 

MC14043B 

16 

15 

I" 
13 

12 

II 

10 

9 

NC = No Connection 
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To 
Output 
Under 
Te.t 

2 

3 

" 5 

6 

7 

B 

VOO 

Vss 

VOO 

VOL 

VOH 

VSS 

MC14044B 

1k 

16 

15 

I" 
13 

12 

11 

10 

II 

II 
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® MOTOROLA 

PHASE LOCKED LOOP 

The MCI4046B 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 PCB in- 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, PC20u t and LD, 
and maintains a 00 phase shift between PCAin and PCBin signals 
(duty cycle is immaterial). The linear VCO produces an output signal 
VCOout whose frequency is determined by the voltage of input 
VCOin and the capacitor and resistors connected to pins CIA, C1B, 
R I, and R 2_ The source-follower output SF out with an external re­
sistor is used where the VCOin signal is needed but no loading can be 
tolerated. The inhibit input 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. 

• Buffered Outputs Compatible with MHTL and Low-Power TTL 

• Diode Protection on All Inputs 
• Supply Voltage Range = 3_0 to lB V 

• Pin-for-Pin Replacement for CD4046B 

• Phase Comparator 1 is an Exclusive Or Gate and is Duty Cycle 
Limited 

• Phase Comparator 2 switches on Rising Edges and is not Duty 
Cycle Limited 

Voo'" Pin 16 
VSS'" Pin 8 

BLOCK DIAGRAM 

PCAin 14 

PCSin 3o-!------.. -;::=====~t~ 
VCOin go--!-------.... --I 

Inh 

6-120 

2 PC10ut 

13 PC20ut 

I LD 

4 VCOout 
11 R1 
12 R2 

6 C1A 
7 CIS 

10 SFout 

MC14046B 

CMOS MS. 
ILOW-POWER COMPLEMENTARY MOSI 

PHASE-LOCKED 
LOOP 

-,~ ffi ,~IUU u u ~11 ~ ~ 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: - 56°C 10 + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: -40°C to +85°C 
MC14XXXBCP (Plaslic Package) 
MC14XXXBCL (Ceramic Package) 

PIN ASSIGNMENT 

LD 'ii'-"'i6 VDD 

PCl oul 15 Zener 

PCBin 3 14 PCAin 

VCOOU! 4 13 ~ PC20ul 

Inh 5 12 ~ R2 

C1A 6 11 ~ Rl 

C1B 7 10~ SFouI 

VSS 18 9~ VCOin 



MC14046B 

MAXIMUM RATINGS IVoltages relerenced to Vssl 

Rating SVmbol Value 

DC Supply Voltage Voo -05to+18 

Input Voltage, All Inputs Von -{) 5 to Voo + 0.5 

DC Input Current. per Pin 'in ±10 

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

Storage Temperature Range T 5tg -65 to +150 

ELECTRICAL CHARACTERISTICS IVoltages Referenced to VSSI 

Voo 
CharKte,istic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
VI" - VooorO 10 

15 

"'" Level VOH 5.0 
V,n-OorVOD 10 

15 

Input Voltagett "0" Level VIL 
IVo ' 4.5 or 0.5 VI 5.0 
IVo ' 9.0 or 1.0 VI 10 
IVo' 13.5 or 1.5 VI 15 

"," Level VIH 
IVo ' 0.5 or 4.5 VI 5.0 
IVo' 1.0 or 9.0 VI 10 
IVo"50r13.5VI 15 

Output Drive Current IAL Device) IOH 
IVOH' 2.5 VI Source 5.0 
IVOH' 4.6 VI 5.0 
IVOH = 9.5 VI 10 
IVOH = 13.5 VI 15 

IVoL = 0.4 VI Sink loL 5.0. 
IVOL = 0.5 VI 10 
IVOL = 1.5 VI 15 

Output Drive Current (CLlCP Devlcel IOH 
IVOH = 2.5 VI Source 5.0 
IVOH = 4.6 VI 5.0 
IVOH = 9.5 VI 10 
IVOH = 13.5 VI 15 

IVOL = 0.4 VI Sjnk IOL 5.0 
'IVOL = 0.5 VI 10 
IVOL = 1.5 VI 15 

Input Current (AL Devicel 'in 15 

Input Current ICLlCP Device) 'in 15 

Input Capacitance C,n -
QUIescent Current (AL Devlcel 100 5.0 

IPer Package) Inh = PCAin = Voo, 10 
Zener = VCOin = 0 V, PCBin = Voe 15 
or 0 V, lou "" 0 IJ.A 

QUiescent Current fCLlCP DeVice) 100 5.0 
IPer Package) Inh = PCAin = Voo, 10 
Zener = VCOin = 0 V, PCBin = VoO 15 
or 0 V, lout = 0 #A 

Total Supply Current t IT 5.0 
Unh • "0", fa = 10 kHz, CL - 50 pF, 10 
R1 = , MO, R2 .. -, RSF • OIl, end 15 
SO% Duty Cycla) . 0 0 T,ow - -55 C for AL DeVice, -40 C for CLlCP DeVice. 

Thigh '= +12SoC for AL Device, +8SoC for CL/CP Device . 
.t:Nolse Immunity specified for worst-case input combination. 

TI_ . 
Min M •• 

- 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 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 

tTo Calculate Total Current in General: 

Unit 

Vdc 

Vdc 

mAde 

°c 

°c 

2SOC 

Min Typ M •• 

- a 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 ~.50 -

11.0 8.25 -

-1.0 -1.7 -
-0.2 -{).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 -
-{).4 -0.9 -
-1.2 -3.5 -
0.44 0.88 -
1.1 2.25 -
3.0 8.8 -
- '0.00001 to,' 
- '0.00001 ±O.3 

- 5.0 7.5 

0.005 5.0 
- 0.010 10 
- 0.D15 20 

- 0.010 20 
- 0.020 40 
- 0.040 80 

IT = 11.46 ",A/kHz) 1 + 100 
IT = 12.91 "A/kHz) I + 100 
IT = 14.37 ",AlkHzl I + 100 

Thill!!.' 
Min M •• 

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

-0.6 -
-{).12 -
-0.3 -
-1.0 -
0.36 -
0.9 -
2.4 -
- • 1.0 

- ".0 

- -
ISO 

- 300 
- 600 

- 150 
- 300 
- 600 

IT'" 2.2 x Voo (VCOin -1.65 + Voo -1.35\314 
Rl R2 I ( VCO' -1.65)3/4 

+ 1.6 x /0 + 1 • 10-3 ICL + 91 VoO 1 + 
RSF 

1 x 10-1 Vo02 ('00.% Duty Cyde 01 PCAin\ + 
100 J la 

whore: IT In !lA, CL in pF, VeOin, VoO in Vdc,l In KHz, and 

Rl, R2, RSF inMll,CL on VCOout. 
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Unit 

V 

V 

V 

V 

mA 

mA 

mA 

mA 

",A 

",A 

pF 

",A 

"A 

",A 



MC140468 

ELECTRICAL CHARACTERISTlCS* (CL = 50 pF TA = 25°C) 

Minimum Maximum 

VDD AL CL/CP Typical AL CLlCP 
Characteristic Symbol Vd. Device Device All Types Device Device Units 

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

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

PHASE COMPARATORS 1 and 2 

Input ReSistance - peA ln Aon 5.0 1.0 1.0 2.0 - - Mn 
10 0.2 0.2 0.4 - -
15 0.1 0.1 0.2 - -

-- PCBin A,n 15 150 15 1500 - - Mn 

I Minimum Input Sensitivity V,n 5.0 - - 200 300 400 mV p.p 
AC Coupled - PCAin 10 .. - 400 600 800 
C series· 1000 pF, f· 50 kHz 15 - - 700 1050 1400 

DC Coupled - peAin, PCB m - 5to15 See NOise Immunity 

VOLTAGE CONTAOLLED OSCI LLATOR (VCO) 

MaXimum Frequency f max 5.0 0.50 0.35 0.70 MHz 
(VCO,n· VDD, Cl ·50 pF, 10 1.0 0.7 1.4 
A 1 ·5 kn, and A2 • ~ I 15 1.4 1.0 1.9 

Temperature - Frequency Stability 5.0 012 %/oC 

tA2· ~I 10 0.04 
15 0.Q15 

Linearity IR2 - 00) % 
(VCO,n· 2.50 V, 030 V, Al :> 10 knl 5.0 
IVCO on • 5 00 V, 2.50 V, AI;;' 400 knl 10 
IVCO on • 7.50 V, 5.00 V, AI;;' 1000 knl 15 

Output Duty Cycle 5 to 15 50 % 

Input ReSistance -- veo ln Aon 15 150 50 1500 Mn 

SOUACE·FOLLOWER 

Offset Voltage - 5.0 - - 1.65 2.2 2.5 V 

(VCO,n minus SFout, ASF > 500 k!!l 10 - - 1.65 2.2 2.5 
15 - - 1.65 2.2 2.5 

II 
Linearity % 

tvco on • 2.50 V, 0.30 V, ASF > 50 knl 5.0 - - 0.1 - -
(VCO,n • 5.00 V, 2.50 V, ASF > 50 kn) 10 - - 0.6 - -
(VCO on • 7.50 V, 5.00 V, ASF > 50 k!ll 15 - - 0.8 - -

ZENEA DIODE 

Zener Voltage (I z • 50 ~AI 

DynamiC ReSistance liz = 1 mAl 

*The formula gIVen IS for the typical characteristics only_ 
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MC14046B 

FIGURE 1 - PHASE COMPARATORS STATE OIAGRAMS 

Input State 

~ PCAjn ~PCBin 

PC1 0ut 

Input State 

PC20ut 

LD 
(Lock Detect) 

o 

o 

PHASE COMPARATOR 1 

I 

~ ,,~,o 
I 
I 

o 

PHASE COMPARATOR 2 

3-State 
Output Disc;.onnected 

o 

Refer to Wavelorms in Figure 3. 

fiGURE 2 DESIGN INfORMATION -
C",act_iltic Using Pho .. COm .... rator 1 Uti .......... Co"'~r.tor 2 

No signa' on input PCAin. veo in PLl system adjusts to center frequency veo in PLL system adjusts to minimum fre-
(10)· qUIncy ('min). 

Pho .. angle between PCAin and PCBin .. 90" at center lrequency (fO). approaching 00 Always rP in lock {positive rising edges). 
and 1800 at ends 01 lock range (2fLl. 

Locks on harmonics of center frequency. Ves No 

Signa' input noi .. rejection. High Low 

Lock lrequency range (2fL). The frequency rlnge of the input signal on which the'oop wiliitay locked if it wa. 
initially in lock. 2fl· full veo frequency range· 'max - 'min. 

capture frequency range (2fC). The frequency range of the input signal on which the loop will lock jf it WlS initially 
out of lock. 

Depends on low-pau filter characteristics IC· 'L 
(see Figure 31. IC '" 'L 

Center lrequency (101. Tha lrequency 01 VCOout. when VCO in • 112 VOO 

VCO output frequency If). 

fmln • 1 
(VCO input = VSSI 

Note: Th ... equations ~re intended R2(C,+ 32 pFI 
to be • desi,n guido. Since .,.Ieul_ 
componant Valu.. may be in error 
by _ much _ a factor of 4. labor-

lmax ~ 1 fmin (VCO Input· VOOI 
etorv experimentation mev bere- RI(CI +32pF) + 
qulr..t for fixed doIl,ns. Part to .... rt 
frequency ""rlotion with Identical 
~ components II 1- then Where: 10K", Rl '" 1M 
'20S. 10K'; R2'" 1M 

l00pF ",C, '" .01 "F 
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FIGURE 3 - GENERAL PHASE·LOCKEO LOOP CONNECTIONS ANO WAYEFORMS 

9 SF out 

peA ln 
@ Frequencv f' VCOout 

r Exter;-al l 
7N 

L_C~~~~ 

@ Frequency Nf' "" f 

Typical Low-Pass Filters 

Typically: 
(b) R3 

lnput~Output 

1~~ 
*C2 

fl1"" fmax - fmin 

Note: Sometimes R3 is split into two series resistors each R3 -;- 2. A capacitor Cc is then placed from the midpoint to ground. The value for 
Cc should be such that the corner frequency of this network does not significantly affect wn. In Figure B. the ratio of R3 to A4 sets 
the damping, A4 '" (O.l HA3) for optimum results. 

Definitions: N = Total division ratio in feedback loop 

K</> = YOO/Tr for Phase Comparator 1 
K¢ = Voo/4 7T for Phase Comparator 2 

K _ 2 Tr6 fyCO 
YCO - YOO-2 Y 

2Trfr 
ior a typical design wn ~......,-o- (at phase detector input) 

r '" 0.707 

Ph858 Comparator 1 

~VDD 
PCAin 

VSS 

Note: for further information, see: 

Waveforms 

LOW·PASS FILTER 

Filter A Filter B 

W =iK</>KYCO 
n NA3C2 

~ K</>KyCO 
wn = NC2{A3+R41 

NWn N 
r = 2K</>KyCO r = 0.5 wn lA3C2 + ~KyCO) 

Fls) = __ 1_ Fls) = A3C~+1 
A3C2S+1 SIA3C2+A4C2)+1 

Phase Comparator 2 

~VDD 

peA In 
VSS 

I , 
I I 

~I VOH 
PCBin I I : , I: VOL 

---ii U,' VOH 

W U VOL 

H U~ ~ VOH 
PC2ou, ----1 . 0==== 

VOL 

-VOH 
VCOin ---,~------...... ,,----

-VOL 

(1J F. Gardner, "Phase·Lock Techniques", John Wiley and Son, NeW York, 1966. 
(2) G. S. Moschytz, "M,nialure RC Filters USing Phase-Locked Loop", BSTJ, May, 1965. 
(3) Garth NaSh, "Phase-Lock Loop Design Fundamentals", AN·535, Motorola Inc. 
(4) A. B Przedpelski, "Phase·Locked Loop Design Articles", AR254, reprinted by Motorola Inc. 
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HEX BUFFERS 

The MC14049UB hex inverter/buffer and MC14050B non­
inverting 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, VOO' The input-signal high level (VIH) can 
exceed the VOO supply voltage for logic-level conversions. fwo 
TTL/OTL Loads can be driven when the devices are used as 
CMOS-to-TTL/OTL converters (VOO = 5.0 V, VOL < 0.4 V, 
IOL ~ 3.2 mAl. Note that pins 13 and 16 are not connected in-
ternally on these devices; consequently connections to these 
terminals will not affect circuit operation. 

• High Source and Sink Currents 

• High-to-Low Level Converter 

• Supply Voltage Range = 3.0 V to 18 V 

• Meets JEOEC UB Specifications- MC 14049UB 
Meets JEOEC B Specification-MC14050B 

• VIN can exceed VOO 

MAXIMUM RATINGS· (Voltages Referenced to vss) 

Symbol Parameter Value 

VDO OC Supply Voltage -0.5 to + tB.O 

Vln Input Voltage (DC or Transient) -0.5 to + lB.O 

Vout Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 

lin Input Current (DC or Transient), per Pin ±10 

lout Output Current (DC or Transient), per Pin +45 

Tstg Storage Temperature -65 to + 150 

TL Lead Temperature (8-Second Soldering) 260 

*Maxlmum Ratings are those values beyond which damage to the device may occur. 

MC14049UB 

CIRCUIT SCHEMATIC 
(116 OF CIRCUIT SHOWN) 

SL 

MCl4050B 

6-125 

Unit 

V 

V 

V 

rnA 

rnA 

·C 

·C 

MC14049UB 
MC14050B 

CMOS 55. 
ILOW.pOWER COMPLEMENTARY MOS) 

HEX BUFFERS 

Inverting - MC14049UB 
Noninverting - MC140SOB 

Jfffm ,-1 1 

L SUFFIX PSUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 620 CASE 64B 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAL or UBAL (Ceramic Package Only) 

C Series· -40°C to +85°C 
MC14XXXBCP or UBCP (Plastic Package) 
MC14XXXBCL or UBCL (Ceramic Package) 

LOGIC DIAGRAMS 

MCl4049UB MC14050B 

3--{»--2 3-{>-2 

5--{»--4 5-{>-4 

7--{»--6 7-{>-6 

9--{»--10 9-{>-10 

11--{»--12 1'-{>-'2 

14 --{»-- 15 14-{>-15 

NC = Pin 13. 16 NC = Pin 13, 16 
VSS = Pin 8 VSS = Pin 8 
VDD = Pin 1 VDD = Pin 1 
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MC14049U B-MC14050B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Ch_,iotic Symbol 

Output Voltage "0" Level VOL 
Vln = VOD orO 

Vin = 0 or VOO "I" Lavel VOH 

Input Voltage MCI4049UB "0" Level VIL 
evO ·4.5 Vde) 
evO ·9.0 Vde) 
evO - 13.5 Vde) 

"I" L.vel VIH 
eVO • 0.5 Vde) 
IVO c 1.0 Vdc) 
IVO - 1.5 Vde) 

Input Voltage MCI4050B "0" Lovel VIL 
IVO - 0.5 Vde) 
IVO ·'.0 Vde) 
evO -1.5 Vde) 

"I" La ... 1 VIH 
evO - 4.5 Vde) 
IVO - 9.0 Vde) 
evO - 13.5 Vde) 

Output Ori ... Curr.nt (AL Device) IOH 
(VOH = 2.5 Vde) Source 
(VOH - 9.5 Vde) 
(VOH = 13.5 Vde) 

(VOL = 0.4 Vde) Sink IOL 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vde) 

Output Drive Curr.nt (CLlCP D.vice) IOH 
(VOH = 2.5 Vde) Source 
(VOH - 9.5 Vde) 
(VOH = 13.5 Vde) 

IVOL - 0.4 Vde) Sink IOL 
(VOL· 0.5 Vdc) 
(VOL = 1.5 Vdc) 

Input Current'(AL DOYiee) lin 
Input Curront (CLlCP Oevic.1 lin 
Input Capacitance Cin 

(Vin =01 
Qui ... ent Current (AL D.vicel 100 

(Per Packagel 

Qui .... nt Currant (CLlCP Devict) 100 
(Per Package) 

Total Supply Current··t IT 
. (Dynamic plus Qui .... nt. P.r P.ekoga) 

(CL 50 pF on an outputl, aU buffors switching) 

"T1ow- -55·C!or AL Device. -40·C lor CUCP Device. 
Thigh = + 125·C for AL Device. + 8S·C for CUCP Device. 

#Data labelled "Typ" is not to be used for design purposes 

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 

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 

but Is intended 8S an indication of the IC's potential performance. 

··The formulas given are for the typical characteristics only at 25°C. 

TI_ . 25°C Thigh· 
Min M ... Min Typ# Mox Min M ... Unit 

0.05 0 0.05 0.06 Vde 

- 0.05 - 0 0.05 - 0.05 
- 0.06 - 0 0.05 - 0.05 

4.95 - 4.96 5.0 - 4.95 - Vde 
9.95 - 9.95 10 - 9.95 -
14.95 - 14.96 15 - 14.96 -

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 

Vde 
4.0 - 4.0 2.75 - 4.0 -
8.0 - 8.0 5.50 - 8.0 -
12.5 ~ 12.5 8.25 - 12.5 -

Vde 

- 1.5 - 2.25 1.5 - 1.6 
- 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 -2.6 - -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 - -1.3 -2.6 - -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 -
- 10.1 - .0.00001 .0.1 - ".0 "Ade 

to.3 10.00001 10.3 - ".0 "Adc 
10 • 20 - pF 

- 1.0 - 0.002 1.0 - 30 "Ade 
- 2.0 - 0.004 2.0 - 60 
- 4.0 - 0.006 4.0 - 120 

- 4.0 - 0.002 4.0 - 30 "Ade 
- 8.0 - 0.D04 8.0 - 60 

- 16 - 0.006 16 - 120 

IT = (1.8 "A/kHzl! + 100 "Ade 
IT = (3.5 "A/kHzlf + 100 
IT = (5.3 "A/kHzl! + 100 

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

where: IT Is in "A (per package). CL In pF. V = IVoo - VSS) In volts. 
I In kHz is Input Irequency. and k = 0.002. 
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MC14049UB-MC14050B 

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

C"", .. hriltic 

MC1_9UB 

Output Ai. Tim. 
tTLH • (0.8 ns/pFI CL + 50 n. 
tTLH • (0.3 ns/pFI CL + 35 no 
tTLH z (0.27 ""pFI CL + 26.5 n. 

OutPUt Fall Time 
tTHL· (0.3 ns/pFI CL + 25 no 
tTHL· (0.12 ns/pFI CL + 14 no 
tTHL· (0.1 ns/pFI CL + 10 no 

P,o~ion Dolay Time 
tpLH • (0.38 ns/pFI CL + 61 no 
tpLH • (0.20 ns/pFI CL + 30 no 
tPLH = (0.11 n./pFI CL + 24.5 n. 

P,o~ion Dolay Time 
tPHL - (0.38 nslpFI CL + 11 no 
tpHL· (0.12 ns/pFI CL + 9 no 
tPHL = (0.11 ns/pFI CL + 4.5 n. 

MCl4050B 

OutPUt Ri .. Time 
tTLH· (0.7 ns/pFI CL +65 no 
tTLH = (0.25 ns/pFI CL + 37.5 ns 
tTLH • 10.2 ns/pFI CL + 30 no 

Output Fall Tim. 
tTH L = (0.2 ns/pFI CL + 30 n. 
tTHL = (0.08 ns/pFI CL +17 n. 
tTHL - (0.04 ns/pFI CL + 13 no 

PrOP8ll8tion Delay Time 
tpLH - (0.33 ns/pFI CL + 63.5 no 
tpLH • (0.19 ns/pFI CL + 30.5 n. 
tpLH • (0.08 ns/pFI CL + 27 n. 

Pro~lon Dalay Time 
tpHL - (0.2 ns/pFI CL + 30 no 
tPHL· (0.1 nslpFI CL + 15 no 
tPHL = (0.05 ns/pF) CL + 12.5 no 

'"The formulas given are for the typical characteristics only at 25°C. 

#Data labelled "Typ" is not to be used for design purposes but is 
Intended as an indication of the IC's potential performance. 

Voo 
Symbol Vole 

tTLH 
5.0 
10 
15 

tTHL 
5.0 
10 
15 

tPLH 
&.0 
10 
1& 

tpHL 
5.0 
10 
15 

tTLH 
&.0 
10 
15 

tTHL 
&.0 
10 
1& 

tPLH 
5.0 
10 
15 

tpHL 
5.0 
10 
15 

Min Typ# 

- 100 
- 50 
- 40 

- 40 
- 20 
- 1& 

- 80 
- 40 
- 30 

- 30 
- 1& 
- 10 

- 100 
- 50 
- 40 

- 40 

- 20 
- 15 

- 80 
- 40 
- 30 

- 40 

- 20 

- 1& 

FIGURE 1 - TYPICAL VOLTAGE TRANSFER CHARACTERISTICS venue TEMPERATURE 
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MC14049U B-MC14050B 

FIGURE 2 - TYPICAL OUTPUT SOURCE CHARACTERISTICS 
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FIGURE 4 - AMBIENT TEMPERATURE 
POWER DERATING 

i 900 
PlASTIC OR CERAMIC 

z 800 
o 

"' 
PACKAGE 

~ 700 
!!, i'.. 

"-H6DO 
i~ 500 
f~ 400 

~ 

"' "' 
~ 300 

~ 200 
lE "-

"' 
~ 100 

o 
25 75 100 125 ISO 175 

TA. AM81ENT TEMPERATURE (oC) 

This device contains circuitry to pro­
tect the inputs against damage due to 
high static voltages or electric fields 
referenced to the VSS pin, only. Extra 
precautions must be taken to avoid ap­
plications of any voltage higher than the 
maximum rated voltages to this high-im­
pedance circuit. For proper operation, 
the ranges VSS '" Yin '" 18 V and VSS 
'" Vout '" VDD are recommended. 

Unused inputs must always be tied to 
an appropriate logic voltage level (e.g., 
either VSS or VDD). Unused outputs 
must be left open. 

FIGURE 3 - TYPICAL OUTPUT SINK CHARACTERISTICS 

MCI4049UB voo 
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FIGURE 5 - SWITCHING TIME TEST CIRCUIT 
AND WAVEFORMS 
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# In"ert on MC14049UB onlv 

PIN ASSIGNMENT 

16 
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([!jMOTOROLA 

ANALOG MUL TIPLEXERS/DEMUL TIPLEXERS 
The MC14051B, MC14052B, and MC14053B analog 

multiplexers are digitally-controlled analog switches. The 
MC14051B effectively implements an SP8T solid state switch,the 
MC14052B a DP4T, and the MC14053B a Triple SPOT. All three 
devices feature low ON impedance and very low OFF leakage cur­
rent. Control of analog signals up to the complete supply voltage 
range can be achieved. 

• Diode Protection on All Inputs 
• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Analog Voltage Range (VDD - VEE) = 3 to 18 V 
Note: VEE must be '" VSS 

• Linearized Transfer Characteristics 

• Low-Noise -12 nV/"/Cycle, f '" 1 kHz typical 

• Pin-for-Pin Replacement for CD4051, CD4052, and CD4053 

• For 4PDT Switch, See MC14551B 

• For Lower RON, Use the HC4051, HC4052, or HC4053 
High-Speed CMOS Devices 

MAXIMUM RATINGS· 

Symbol Parameter Value 

YOO DC Supply Voltage (Referenced to VEE. 
YSS" VEE) -0.5 to +18.0 

Vin, Your Input or Output Voltage (DC or Transient) 
(Referenced to VSS for Control Inputs and VEE 
for Switch I/O) - 0.5 to VOO + 0.5 

lin Input Current (DC or Transient). 
per Control Pin ±10 

'sw Switch Through Current ±25 

Po Power Dissipation, per Packaget 500 

Tsto Storage Temperature -65 to + 150 

TL Lead Temperature (a-Second Soldenng) 260 

*Maxlmum Ratmgs are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mWrC from 65°C to 85°C 

Ceramic "L" Package: -12mWrC from 100'"C to 12S'"C 

MCl4051B 

a-<:hannel Analog 
Multiplexer IDemultiplexer 

Mel_a 
Dual 4-Channel Analog 

Multiplexer/Demultiple"er 

Unit 

V 

V 

rnA 

rnA 

rnW 

'C 

'C 

MC14051B 
MC14052B 
MC14053B 

CMOS MS. 
(LOW.pOWER COMPLEMENTARY MOS) 

ANALOG MULTIPLEXERS! 
DEMULTIPLEXERS 

CASE 620 

L SUFFIX 
CERAMIC PACKAGE 

CASE 648 

PSUFFIX 
PLASTIC PACKAGE 

ORDERING INFORMATION 

A Series: - 55'"C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40'"C to + 85°C 
MC14XXXBCP (P'''"o Package) 
MC14XXXBCL (Ceramic Package) 

MC14053B 

Triple 2-<:hannel Analog 
Multiplexer/Demultiplexer 

Switches 
In/Oul 

Inhibit 

A 

B 

C 

xo 
X1 

X2 

X3 

X4 

X 3 
COfn,non 

Outlln 

contmIS{~ 
12 

14 

15 

Switches 11 

InlOut 1 

5 

) 
contrOIS{'~ 

13 10 

9 

{

'2 
C~7:;;,~~S 13 

Switches 2 
InlOut 1 

3 5 

Commons 
Outlln 

X5 

X6 

X7 

Voo '" Pin 16 
vss - Pin 8 
VEE'" Pin 7 

2 

4 

Voo"" Pin 16 
VSS - Pin 8 
Vee'" Pin 7 

3 

Note: Control Inputs referenced to VSS. Analog Inputs and Outputs reference to VEE. Vee must be < VSS. 
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MC14051 B. MC14052B. MC1.4053B 

25"C 

Min Typ# Mex 

Power Supply Voltage VDD - VDO-3 '" VSS "'·VEE 3 18 3 - 18 3 18 V 

Range 

Quiescent Current Per IDD 5 Control Inputs. Vm = VSS or VOD. - 5 - 0.005 5 - 150 "A 
Package (AL Device) 10 Switch 1/0: VEE 0& VI/a"'; Voo. - 10 - 0010 10 - 300 

15 and ,6,Vsw1tch os;; 500 mV .. - 20 - 0015 20 - 600 

Quiescent Current Per IDD 5 Control Inputs: Vin = VSS or VOD. - 20 - 0.005 20 - 150 "A 
Package (CUCP Device) 10 Switch 110' VEE os;; VIIO .s; VOO, - 40 - 0.010 40 - 300 

15 and !:J.V sWitch"'" 500 mV •• - 80 - 0.015 80 - 600 

Total Supply Current ID(AV) 5 T A = 25°C only { (0 07 "A/kHz)f + IDD "A 
(Dynamic Plus QUiescent, 10 (The channel component, Typical (0.20 "A/kHz)f + IDD 

Per Package) 15 (V In - V outllRon I IS not (0.36 "A/kHz)f + IDD 
included.) 

CONTROL INPUTS - INHIBIT, A, B, C (Voltages Referenced to VSS) 

Low-Level Input Voltage VIL Ron = per spec, 15 2.25 15 15 V 

10 loft = per spec 30 4.50 30 30 

15 4.0 6.75 4.0 4.0 

High-Level Input Voltage VIH Ron = per spec, 3.5 3.5 275 35 V 

10 lof1 = per spec 7.0 7.0 550 70 

15 110 11.0 8.25 110 

Input Leakage Current lin 15 Vln = 0 or VOO ±O.1 ±O 00001 ±O.1 ±10 "A 
(AL Device) 

Input Leakage Current lin 15 Vin == 0 or VOO ±0.3 ±O 00001 ::to.3 ::tl0 "A 
(CUCP Device) 

Input Capacitance Cin 5.0 7.5 pF 

SWITCHES IN/OUT AND COMMONS OUT/IN - X, Y, Z (Voltage. Referenced to VEE) 

Recommended Peak~to· Vila - Channel On or Off 0 VDD 0 - VDD 0 VDD Vpp 

Peak Voltage Into or 

Out of the SWitch 

Recommended Static or AVswltch - Channel On 0 600 0 - 600 0 300 mV 

DynamiC Voltage Across 

the SWitch •• (Figure 5) 

Output Offset Voltage VOO - Vin == 0 V, No load - - - 10 - - - "V 

ON ReSistance Ron 5 b.Vswnch EO 500 mV .. , - 800 - 250 1050 - 1300 n 
(AL DeVice) 10 Vin "'" \ilL or VIH (Control), - 400 - 120 500 - 550 

15 and Yin = 0 to VDO (Switch) - 220 - 80 280 - 320 

ON ReSistance Ron 5 b,Vswltch '" 500 mV .. , - 880 - 250 1050 - 1200 n 
(CL/CP Device) 10 Yin = VIL or VIH (Control), - 450 - 120 500 - 520 

15 and Yin = 0 to VOO (Switch) - 250 - 80 280 - 300 

b. ON Resistance Between ARon 5 - 70 - 25 70 - 135 n 
Any Two Channels 10 - 50 - 10 50 - 95 
in the Same Package 15 - 45 - 10 45 - 65 

Off~Channel Leakage loff 15 VIO = VIL or VIH (Control) - ::tl00 - ::to.OS ±100 - ±1000 nA 
Current (AL Device) Channel to Channel or 

(Figure 10) Any One Channel 

Off~Channel Leakage loff 15 Yin = VIL or VIH (Control) - ±300 - ±O 05 ::t300 - ±1000 nA 
Current (CUCP DeVice) Channel to Channel or 

(Figure 10) Any One Channel 

Capacitance, Switch 110 CliO - Inhibit = VOO - - - 10 - - - pF 

Capacitance, Common a/I Call - Inh,bi1 - VDD (MC14051B) - - - 60 - - - pF 

(MC14052B) 32 

(MC14053B) 17 

CapaCitance, Feedthrough CliO - Pins Not Adjacent - - - 0.15 - - - pF 
(Channel Off) - Pins Adjacent - - - 0.47 - - -

• T,ow = -55"'C for AL Oevlce, -40'" for CUCP Device. 

Thigh = + 12S"C for AL Device, +8S"C for CLlCP DeVice. 

* Data labeled "Typ" IS not to be used for deSign purposes, but IS mtended as an indication of the Ie's potential performance . 

•• For voltage drops across the SWitch (b.Vswitch) >600 mV (>300 mV at high temperature), excessive VOO current may be drawn; I e the current 

out of the SWitch may contain both VOO and SWitch mput components. The reliability of the deVice Will be unaffected unless the MaXimum Rat­

Ings are exceeded. (See first page of this data sheet) 
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MC14051 BeMC14052BeMC14053B 

ELECTRICAL CHARACTERISTICS' (CL 50 pF, TA 25°C) (VEE'" VSS unless otherwise Indlceted) 

Ch.,_riltic Symbol VDD,VEE Typ# Mox Unit 
Vdc AIITy .... 

Propagation Delay Times (Figure 6) tP~H. tpH~ nl 
Switch Input to Switch Output (R~ K 10 kSl) 

MC14051 
'P~H. tpH~ - (0.17 n,/pF) C~ + 26.5 n. 5.0 35 90 
tp~H. tPH~' (0.08 nl/pF) C~ + 11 ns 10 15 40 
tP~H. tpH~ - (0.06 n,/pF) C~ + 9.0 ns 15 12 30 

MC14052 n. 
tp~H. tpH~' (0.17 ns/pF) C~ + 21.5 ns 5.0 30 75 
tP~H. tpH~· (0.08 nl/pF) C~ + B.O nl 10 12 30 
tp~H. tpH~' (0.06 nl/pF) C~ + 7.0 n. 15 10 25 

MC14053 n. 
tP~H. tPH~· (0.17 nl/pF) C~ + 16.5 nl 5.0 25 65 
tP~H. tpH~ • (0.08 nl/pF) C~ + 4.0 n. 10 B.O 20 
tp~H. tpH~' (0.06 nl/pF) C~ + 3.0 ns 15 6.0 15 

Inhibit to Output (RL - 10 kn. VEE - VSS) 
Output "1" or "0" to High Impedance. or tpHZ. tp~Z. n. 

High Impedance to "1" or "0" Level tpZH. tpz~ 
MC14051B 6.0 350 700 

10 170 340 
16 140 280 

MC14052B 5.0 300 BOO n. 
10 155 310 
15 125 250 

MCl4063B 5.0 275 550 n. 
10 140 280 
15 110 220 

Control Input to Output (Rl = 10 kn. VEE - VSS) tp~H. tpH~ n, 
MC140518 5.0 380 720 

10 160 320 
15 120 240 

MC14052B 6.0 325 660 n. 
10 130 260 
15 90 180 

MC14053B 5.0 300 BOO ns 
10 120 240 
16 80 160 

Second Harmonic Distortion - 10 0.07 - " (RL - 10Kn., - 1kHz) Yin - 5 Vpp 

Bandwidth (Figure 7) 8W 10 17 - MHz 

(RL - 1 kn. Vin = ,12 (VDD,VEE) p.p. CL = 50pF 

20 Log Vout = -3 dB) 
Y,n 

Off Channel Feedthrough Attenuation (Figure 7) 
RL_ = 1 Kn. Yin = 112 (Voo, - VEl') p.p 
'in = 4.5 MHz - MC14051B 
'in - 30 MHz - MC14052B 
'in - 55 MHz - MC14053B 

Channel Separation (Figure 8) 

(RL = , kn. Yin = 112 IVOO,VEE) P·P. 

fin = 3.0 MHz 

Crosstalk. Control Input to Common 011 (Figure 9) 

(R, = 1 kn. RL - 10 kn 
Control'TLH = 'THL = 20 ns. Inhibit = VSS) 

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

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an indication of the IC's potential performance. 

- 10 -50 -

- 10 -50 -

- 10 75 -

This devipe contains protection circuitry to guard against damage due to high static voltages or electric fields. How· 
ever. precautions must be taken to avoid applications of any voltage higher than maximum rated voltages to this high· 
impedance circuit. For proper operation. Vln and Vout should 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. VEE. or VOO). Unused 
outputs must be left open. 
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MC14051 Be MC14052Be MC14053B 

FIGURE 1 - SWITCH CIRCUIT SCHEMATIC 

In/Out 

V;J 
Level t 
Converted 

Control 1-
- Vss 

TRUTH TABLE 

Control Inputs 

Select 
Inhibit C' B A MC14051B 

0 0 0 0 XO 
0 0 0 , X, 
0 0 , 0 X2 
0 0 1 , X3 
0 , 0 0 X4 
0 , 0 1 X5 
0 , , 0 X6 
0 , 1 , X7 , x x x None 

Not applicable for Me 14052 
x '" Don't Care 

ON Switches 
MC14052B 

YO XO 
Yl XI 
Y2 X2 
Y3 X3 

None 

MCI4053B 

zo YO XO 
zo YO XI 
ZO Y' XO 
zo Yl X, 
Z, yo XO 
ZI YO X, 
ZI Y' XO 
Z, Y, X, 

Non. 

FIGURE 3 - MCI4052B FUNCTIONAL DIAGRAM 

Inh 6 

A '0 

B 9 

Binary to 

XO '2o-----------------~K)r_7_~~~_, 

XI '4O-------------------~~~~~_r~ 

X2 '5O-------------------~--~~~~~ 

X3 Ilo------------------.--~--~i:~ 

I 13 X 

I I 

:: : .. :-------------------------
V3 4 .. :-------------------------

It.a I I I 

~ij}-.. 
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Cutlln 

InlOut routiin 
Control 

FIGURE 2 -'MCI4051B FUNCTIONAL DIAGRAM 

Inh 6 
A 11 

B 10 
C 

XO'3o-----------------~hr._.-,,_._._, 

X, 14o-----------------~~~T_~_7_T~ 

X2'5O-------------------~~T-~_7_T~ 

X312o---------------------~~~~_+_1~o3 X 

X4 lo-----------------------~~~-+~ 

X5 

X6 2o--------------------------g~~ 

X7 4 o---------------------------iQ~ 

FIGURE 4 - MC14053B FUNCTIONAL DIAGRAM 

Inh 6 
AI1 
B 10 
C 9 

XO 12 

X113 

yo 
~ : VI 

ZO :: ZI 

14 X 



MC14051 B-MC14052B-MC14053B 

TEST CIRCUITS 

FIGURE 5 - AV ACROSS SWITCH 

FIGURE 7 - BANDWIDTH AND OFF·CHANNEL FEEDTHROUGH 
ATTENUATION 

A, B, and C inputs used to turn ON or OFF 
the switch under test. 

FIGURE 6 - PROPAGATION OELAY TIMES, 

CONTROL AND INHIBIT TO OUTPUT 

r-K)I--.-...... -<> V out 

FIGURE 8 - CHANNEL SEPARATION 
(ADJACENT CHANNELS USED FOR SETUP) 

...-+('')1--.-.... -0 v out 

VDD;VEE_~ 

FIGURE 9 - CROSSTALK, CONTROL INPUT TO 
COMMON 011 

.-K":::I--.... - .... -o V out 

R1 
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FIGURE 10 - OFF CHANNEL LEAKAGE 

,I0FF Channel Under Test 

OVDD 
" ...... ..,...-, A 

Control f--+.....J Other I 

Section 1---4--, -- I 
of IC ~ Channel(s) ),-0 VEE 

1-----0', 

Common 

; OVOD 

I , 
~ VEE 

OVDD 
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MC14051 BeMC14052BeMC14053B 

VDD 

FIGURE 11 - CHANNEL RESISTANCE (RON' TEST CIRCUIT 

Kelthloy 160 
Dlglt.1 

Multlmeter 

10k~---'------------+-----+C:~--~ 

VEE - Vss 

1 kO 
Rene-

~--------------------------~ 

TYPICAL RESISTANCE CHARACTERISTICS 

x·y 
PlotUlr 

FIGURE 12 - VDD· 7.S V, VEE· -7.& V FIGURE 13- VDD· S.OV, VEE· -&.0 V 

TA '\2S0C 

25°C 

:~50C-
1 

350 

300 

i 
~ 2S 0 
w 
u 

~ 200 

~ 150 

l. 
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:i 
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o 

........... - TA-125oC-

~ 250C-r---..-... -~SOC-r--
I 
I 

-10 -8.0 -11.0 -4.0 -2.0 0.2 4.0 6.0 8.0 10 -10 -8.0 -11.0 -4.0 -2.0 2.0 4.0 6.0 8.0 10 
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u 
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In 
in 
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~ 300 , 
z 
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~ 
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0 

Vin.INPUT VOLTAGE (VOLTS, 

FIGURE 14 - VDD • 2.5 V, VEE • -2.& V 

" A " , "'I. 
r--.TA -moc 
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'- 25°C ..... -SSDC 

I 
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in 300 
~ 
;;; 2S0 
u z 
~ 200 
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~ 150 

P 
:i 100 
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SO 

o 

Vi .. INPUT VOLTAGE (VOLTS, 

FIGURE 111- COMPARISON AT 211"c, VOD· -VEE 

r- TA - 2SoC I 
n. 
1 1 
J \. vrio - u1v 

\ , 

i,..o--. -..!:.OV 

7.S V 

1 
I 

-10 -8.0 -11.0 -4.0 -2.0 2.0 4.0 6.0 B.O 10 -10 -8.0 -11.0 -4.0 -2.0 2.0 4.0 6.0 1.0 10 

Vin.INPUT VOLTAGE (VOLTS, Vin.INPUT VOLTAGE (VOLTS, 

PIN ASSIGNMENT 

MC14051B MC14052B MC14053B 

16 16 16 

2 15 2 15 2 15 

3 14 3 14 3 14 

4 13 4 13 4 13 

5 12 5 12 6 12 

6 11 6 11 6 11 

7 10 7 10 7 10 

8 (I 8 (I 8 I 
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MC14051B-MC14052B-MC14053B 

APPLICATIONS INFORMATION 

Figure A illustrates use of the on-chip level con­
verter detailed in Figures 2, 3, and 4. The 0-to-5 V 
Oigital Control signal is used to directly control a 9 
VIl-P analog signal. 

The digital control logic levels are determined by 
VOO and VSS. The VOO voltage is the logic high 
voltage; the VSS voltage is logic low. For the exam­
ple, VOO = + 5 V = logic high at the control inputs; 
VSS = GNO = 0 V = logic low. 

The maximum analog signal level is determined 
by VOO and VEE. The VOO voltage determines the 
maximum recommended peak above VSS. The VEE 
voltage determines the maximum swing below VSS. 
For the example, VOO - VSS = 5 V maximum 
swing above VSS; VSS - VEE = 5 V maximum 
swing below VSS. The example shows a ± 4.5 V 

signal which allows a 'h volt margin at each peak. If 
voltage transients above VOO and/or below VEE are 
anticipated on the analog channels, external diodes 
(Ox) are recommended as shown in Figure B. These 
diodes should be small signal types able to absorb 
the maximum anticipated current surges during 
clipping. 

The absolute maximum potential difference be­
tween VOO and VEE is 18.0 V. Most parameters are 
specified up to 15 V which is the recommended 
maximum difference between VOO and VEE. 

Balanced supplies are not required. However, 
VSS must be greater than or equal to VEE. For ex­
ample,Voo = +10V,VSS = +5V,andVEE 
- 3 V is acceptable. See the Table below. 

FIGURE A - APPLICATION EXAMPLE 

+5 V 

External 
CMOS 
Digital 

Circuitry 

+5 V 

9 V pop Swllch 
O---A-na-Iog--"s-'I-gn-a-I--I 1/0 

f-__ ....;O_-I .... O-_5_v_d_19:.il_a_1 ___ -linhibil, 
Control Signals A.B,C 

MC14051B 
MC14052B 
MC14053B 

-5 V 

common~_~~9_V .... p~_p_~_~ -~----~-----r-
011 Analog Signal 

FIGURE B - EXTERNAL GERMANIUM OR SCHOTTKY CLIPPING DIODES 

VOO VOO 

~~Ox ..., Ox 
~~ 

Analog Common ,... 
1/0 011 

) k-OX -rOX 
~ ~. 

POSSIBLE SUPPLY CONNECTIONS 

Control Inputs 

VOD VSS VEE Logic High/Logic Low Maximum Analog Signal Rang. 
In Volta In Volta In Volta In Volta In Volta 

+8 0 -8 +8/0 +810 -8 = 16 vp_p 

+5 0 -12 +5/0 +5 to -12 = 17 vp_p 

+5 0 0 +5/0 +5100 = 5Vp_p 

+5 0 -5 +5/0 +510 -5 = 10 vp_p 

+10 +5 -5 +10/+5 +1010 -5 = 15 vp_p 
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®MOTOROLA 

14-BIT BINARY COUNTER AND OSCILLATOR 

The MC14060B is a 14-stage binary ripple counter with an on-chip os­
cillator buffer. The oscillator configuration allows design of either RC or 
crystal oscillator circuits. Also included on the chip is a reset function 
which places all outputs into the zero state and disables the oscillator. A 
negative transition on Clock will advance the counter to the next state. 
Schmitt trigger action on the input line permits very slow input rise and fall 
times. Applications include time delay circuits, counter controls, and fre­
quency dividing circuits. 

• Fully static operation 

• Diode Protection on All Inputs 

• Supply Voltage Range = 3.0 V to 18 V 

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 

• Buffered Outputs Available from Stages 4 Through 10 and 
12 Through 14 

• Common Reset Line 

• Pin-for-Pin Replacement for CD4060B 

Clock RESET 

--T L 

~ L 

X H 

X = Don'\ Care 

Out 2 
90----------------, 

Out 1 
100----------, 

Clock 
110----0 

Reset 
120----1 

TRUTH TABLE 

Output State 

No Change 

Advance to next state 

All Outputs are low 

LOGIC DIAGRAM 
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MC14060B 

CMOS MSI 

ILOW POWER COMPLEMENTARY MOS) 

14-BIT BINARY COUNTER 
AND OSCILLATOR 

-,~ ffl ,~VUU U u ~II~ ~ 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGe 

CASE 648 

ORDERING INFORMATION 

A Series: - 55"C to + 125"C 
MC14XXXBAL (CeramlO Package Only) 

C Series: - 40"C to + 85"C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

PIN ASSIGNMENT 

012 

013 
~~VDD 

014 3 

06 4 

05 [5 

07 [6 

04 [ 7 

VSS [B 

15 ~ 010 

14 P 08 

13~ 09 

12 ~ Reset 

11 Clock 

1O~ Out 1 

9 ~ Out 2 



MC14060B 

MAXIMUM RATINGS· (Voltages Referenced to Vss) 

Symbol Paramet.r Value Unit 

VOO DC Supply Voltage -0.5 to + 18.0 V 

V'n. Vout Input or Output Voltage (DC or Transient) -0.5 to VOO +0.5 V 

'in. 'out Input or Output Currant (DC or Transient), per Pin ±10 mA 

Po Power Dissipation, per Packaget 500 mW 

Toto Storage Temperature -65 to + 150 "C 

TL Lead Temperature (a-Second Soldering) 260 "C 

*Maxlmum Ratings afe those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mWfOC from 65°C to 85°C 

Ceramic "L" Package: - 12mWrC from 100°C to 125°C 

This device contains protection Cir­
cuitry to guard against damage due 
to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir­
cuit. For proper operation, Vin and 
Vout should 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). Unused 
outputs must be left open. 

ELECTRICAL CHARACTERISTICS (Voltages Relerenced to VSS) 

Characteristic Symbol 

Output Voltage "0" Level 
Yin = VOO or a VOL 

"I" Level 
Yin = a OrVOD VOH 

Input Voltage "0" Level 
(Va = 4.5 or 0.5 V) 

V,L (Va = 9.0 or 1.0 V) 
(Va = 13.5 or 1.5 V) 

(Va = 0.5 or 4.5 V) "I" Level V,H (Va;" 1.0 or 9.0 V) 
(Va = 1.5 or 13.5 V) 

Input Voltage "0" Level 
(Va = 4.5 Vdc) (For Input 11 V,L (Va = 9.0 Vdc) and Output 10) 
(Va = 13.5 Vdc) 
(Va = 0.5 Vdc) "I" Level VIH (Va = 1.0 Vdc) 
(Va = 1.5 Vdc) 

Output Drive Current (AL Device) 
(VOH = 2.5 V) (Except Source 
(VOH = 4.6 V) Pins 9 and 10) IOH 
(VOH = 9.5 V) 
(VOH = 13.5 V) 

(VOL = 0.4 V) Sink 
(VOL = 0.5 V) IOL 
(VOL = 1.5V) 

Output Drive Current (CUCP Device) 
(VOH = 2.5 V) (Except Source 
(VOH = 4.6 V) Pins 9 and 10) IOH 
(VOH = 9.5 V) 
(VOH = 13.5 V) 

(VOL = 0.4 V) Sink 
(VOL = 0.5 V) IOL 
(VOL = 1.5V) 

Input Current (AL Device) lin 

Input Current (CUCP Device) lin 
Input Capacitance Cin 

(Vin = 0) 

Quiescent Current (AL Device) 100 
(Per Package) 

Quiescent Current (CUCP Device) 100 
(Per Package) 

Total Supply Current·' IT 
(Dynamic plus Quiescent, 

Per Package) 
(CL = 50 pF on all outputs, 

all buffers switching) 

·TJow= -55DC for AL Device, -400.C for CUCP Device. 
Thlgh= + 125"C10r AL Device, + BS"C for CUCP Device. 

VOO 
V 

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 
5.0 
10 
15 

5.0 
10 
15 

5.0 
5.0 
10 
15 

5.0 
10 
15 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

"·The formulas given are 10r the typical characteristics only at 25DC. 

Tlow' 25"C Thi h' 
Unit 

Min Max Min Typ# Max Min Max 

- 0.05 - a 0.05 - 0.05 
- 0.05 - a 0.05 - 0.05 V 
- 0.05 - 0 0.05 - 0.05 

4.95 - 4.95 5.0 - 4.95 -
9.95 - 9.95 10 - 9.95 - V 
14.95 - 14.95 15 - 14.95 -
- 1.5 - 2.25 1.5 - 1.5 V - 3.0 - 4.50 3.0 - 3.0 
- 4.0 - 6.75 4.0 - 4.0 

3.5 - 3.5 2.75 - 3.5 - V 
7.0 - 7.0 5.50 - 7.0 -
11.0 - 11.0 8.25 - 11.0 -
- 1.0 - 2.25 1.0 - 1.0 Vdc - 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 -

-3.0 - -2.4 -4.2 - -1.7 -
-0.64 - -0.51 -0.88 - -0.36 - mA 
-1.6 - -1.3 -2.25 - -0.9 -
-4.2 - -3.4 -8.8 - -2.4 -
0.64 - 0.51 0.88 - 0.36 -
1.6 - 1.3 2.25 - 0.9 - rnA 
4.2 - 3.4 8.8 - 2.4 -

-2.5 - -2.1 -4.2 - -1.7 -
-0.52 - -0.44 -0.88 - -0.36 - rnA 
-1.3 - -1.1 -2.25 - -0.9 -
-3.6 - -3.0 -8.8 - -2.4 -
0.52 - 0.44 0.88 - 0.36 -
1.3 - 1.1 2.25 - 0.9 - rnA 
3.6 - 3.0 8.8 - 2.4 -
- ±0.1 - ±O.OOOI ±0.1 - ±1.0 p.A 

- ±0.3 - ±O.OOOI ±0.3 - ±1.0 p-A 

- - - 5.0 7.5 - - pF 

- 5.0 - 0.005 5.0 - 150 p-A 
- 10 - 0.010 10 - 300 
- 20 - O.ot5 20 - 600 

- 20 - 0.005 20 - 150 p-A 
- 40 - 0.010 40 - 300 
- SO - O.ot5 SO - 600 

IT = (0.25 p-NkHz) I + 100 p-A 
IT = (0.54 p.AlkHz) I + 100 
IT = (0.85 p.AlkHz) I + 100 

#Data labelled "Typ" Is not to be used for design purposes but Is 
intended as an indication of the IC's potential performance. 
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MC14060B 

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

Chllr8Cl8riatic 

Output Rise Time (Counter Outputs) 

Output Fall Time (Counter Outputs) 

Propagation Delay Time 
Clock to Q4 

Clock to 014 

Clock Pulse Width 

Clock Pulse Frequency 

Clock Rise and Fall Time 

Resel Pulse Width 

Propagation Delay Time 
Reset to an 

#Data labelled "Typ" is not to be used for design purpo ... but I. 
Intended as an Indication of the IC's potential performanca. 

FIGURE 1 - POWER DISSIPATION T.EST CIRCUIT 
AND WAVEFORM 

5OO"F 

Q4~~---------, 

20ns 

~~~----~4------VDD 

Clock 
I .... ---VSS 

Symbol 

ITLH 

ITHl 

tPlH 
tPHL 

IwH 

'. 
tTLH 
tTHl 

tw 

IPHL 
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VDD Min Ty~# Max 
Vdc 

5.0 - 40 200 
10 - 25 100 
15 - 20 SO 

5.0 - 50 200 
10 - 30 100 
15 - 20 80 

5.0 - 415 740 
10 - 175 300 
15 - 125 200 

5.0 - 1.5 2.7 
10 - 0.7 1.3 
15 - 0.4 1.0 

5.0 100 65 -
10 40 30 -
15 30 20 -
5.0 - 5 3.5 
10 - 14 8 
15 - 17 12 

5.0 
10 Nol.m.1 
15 

5.0 120 40 -
10 60 15 -
15 40 10 -
5.0 - 170 360 
10 - 80 180 
15 - 80 100 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
AND WAVEFORMS 

VDD 

Q4 

NC 

Unit 

ns 

ns 

ns 

,.s 

ns 

MHz 

ns 

ns 

ns 

.,.. rrf 
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FIGURE 3 - OSCILLATOR CIRCUIT USING RC CONFIGURATION 

10 Oul I 9 Oul2 
If 1kHz s f s 100 kHz 
and 2R,e < Rs < lORle 
(f In Hz, A In ohms, C In farads) 

RS Ctc 
The formual may vary for other frequencies. Recommended 
maximum value for the resistors i8 1 MO. 

TYPICAL RC OSCILLATOR CHARACTERISTICS 

FIGURE 4 - RC OSCILLATOR STABILITY 

8.0 r---,---,---,r--.,--,.--,...---, 
"----r--- ..... ~OO-I5 Vi 

4.0 I- /7 . 

i! ~~-- ____ ?::+-:-: 
~ 0 ---- ,-= L~~~S 
~ -4.0 t::==±---t---t---t--+--f-1----i -
ii ----i---;. >----
g -8.0 f---+--f---+--:,-,!-,c-7~+--f----I 

~ 5.~~\ 
- 12 ~=t=±:==i====i=~--=::::h~ 

ATC-56 kIl -- AS-O.I-IO.IS kHz, VOO-IO. TA-25'C r-­
_ 16 C-lOOO pf --- AS-nO kIl. l-l.B kHz' VOO-IO V. TA-2S'C 

-55 -25 25 50 75 100 125 
TA. AMBIENT TEMPERATURE I"CI 

FIGURE 5 - RC OSCILLATOR FREQUENCY AS A 
FUNCTION OF RTC AND C 

lOa 

50 
VOO-IO v 

I ... t_ 
01 Ryc 

IC-IOOO pFi 
~ 20 

IRS - 2RTCI =, ... lunction· 
- olC = IRTC-56 kill 
= IRS-120 kI 

-' 0.2 

0.1 
1.0 k 10 k 100 k 

RTC. RESISTANCE IOHMSI 
0.0001 0.001 0.01 

C. CAPACITANCE ",FI 

1.0 M 

0.1 

FIGURE 7 - TYPICAL DATA FOR CRYSTAL OSCILLATOR CIRCUIT 

Characteristic 
600 kHz 32kHz 

Unit Circuit Circuit 

FIGURE 6 - TYPICAL CRYSTAL OSCILLATOR CIRCUIT Crystal Charactenstlcs 
Resonant FreQuencv 500 32 kHz 
EqUivalent Reslslance. RS 1.0 6.2 kD 

External Resistor/Capacitor Values 
RO 47 750 kD 
CT 82 82 pF 

Cs 20 20 pF 
Out 2 Frequency SIabllity 

IBM 
Frequency Changes as a Function 
ot VOO ITA = 25·CI 

VOO Change from 5.0 V to 10 V +6.0 +2.0 ppm 
VOO Change Irom 10 V 10 15 V +2.0 +2.0 ppm 

Frequency Change as a Function 
of Temperature IVOO= 10 VI 

T A Change from - 55·C to '+- 25·C 
Complete OSCillator' + 100 + 120 ppm 

T A Change from + 25·C to + 125·C 
Complete OSCillator' -160 -560 ppm 

·Complete OSCIllator Includes crystal. capaCitors, and resIstors. 
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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 contr,ol input. 

• Diode Protection on All Inputs 
• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Linearized Transfer Characteristics 

• Low Noise - 12 nV AI Cycle, f ~ 1 kHz typical 
• Pin-lor-Pin Replacement lor CD4016, CD4066, MC14016B 

• For Lower RON, Use The HC4066 High-Speed CMOS Device 

MAXIMUM RATINGS' (Voltages Referenced 10 Vss) 

Symbol Parameter Value 

VDD DC Supply Voltage -0.5 to + 18.0 

Vin. Vout Input or Output Voltage (DC or Transient) - 0.5 to VDD + 0.5 

'in Input Curre,..t (DC or Transient). per Control Pin ±10 

law SWitch Through Current ±25 

Po Power Dissipation. per Packaget 500 

Tstg Storage Temperature -65 to + 150 

TL Lead Temperature (8-Second Soldering) 260 

*Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mWrC from 65°C to 85°C 

Ceramic "L" Package: -12mW/oC from 100"C to 125°C 

CIRCUIT SCHEMATIC 
(1/4 OF DEVICE SHOWN I 

Unit 

V 

V 

rnA 

rnA 

rnW 

°C 

°C 

Out/In 

6·140 

MC14066B 

CMOS 551 
(LOW-POWER COMPLEMENTARY MOSI 

QUAD ANALOG SWITCH 
QUAD MULTIPLEXER 

-,. 1 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

A Series: - 55DO to + 125°C 
MC14XXXBAL (CeramiC Package Only) 

C Series: - 40°0 to + 85°0 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

Control 1 2 '~ , Out 1 

In 1 BLOCK 

Control 2 3 ~
5 DIAGRAM 

4 Out2 
In 2 

con"013~9 
8 Out 3 

In3 

Control 4 10 VSS >: Pin 7 ~ 
VOD=PonI4 

11 Out4 

In4 

LOGIC DIAGRAM AND TRUTH TABLE 
(1/4 OF DEVICE SHOWNI 

In/Out~OUtiln 
control~ 

i I Control I Switch I Logic Diagram Restrictions 
. I O-VSS I OFF I VSS ~Vln SVDD 

t -VDD ON VSS SVout SVOO 



MC14066B 

ELECTRICAL CHARACTERISTICS 

Charactertstlc T.at Condition. 

Power Supply Voltage VDD -
Range 

QUiescent Current Per 100 5 Control Inputs: Vin = VSS or VOO. 
Package (AL Device) 10 Switch I/O: VSS '" VI/O '" Voo. 

15 and aVswitch ... 500 mV •• 

QUiescent Current Per 100 5 Control Inputs: Vin= VSSor VOO, 
Package (CUep DevIce) 10 Switch I/O: VSS '" VI/O '" Voo. 

15 and AV switch'" 500 mV •• 

Total Supply Current IO(AV) 5 TA = 25°C only 

(Dynamic Plus QUiescent, 10 (The channel component, 

Per Package) 15 (Vm-Vout)/Ron, IS not 
Included) 

CONTROL INPUTS (Voltages Referenced to VSS) 

Low-Level Input Voltage VIL Ron = per spec, 
10 loff = per spec 

15 

High-Level Input Voltage VIH Ron = per spec, 
10 'off = per spec 

15 

Input Leakage Current lin 15 Vm = 0 or VeD 
(AL Device) 

Input Leakage Current Ion 15 Vm = 0 or VOO 
(CL/CP Device) 

Input Capacitance Con 

SWITCHES IN AND OUT (Voltages Referenced to VSS) 

Recommended Peak-to~ VIIO - Channel On or Off 
Peak Voltage Into or 
Out of the SWitch 

Recommended Static or L\Vswltch - Channel On 

Dynamic Voltage Across 

the Switch •• (Figure 1) 

Output Offset Voltage VOO - Vln == 0 V, No load 

ON ReSIstance Ron 5 L\Vswltch =ItO 500 mV •• , 
(AL DeVice) 10 V ln = V,L or V,H (Control), 

15 and Vln = 0 to VDD (SwItch) 

ON ReSistance Ron 5 4.Vswltch 'l!iO 500 mV •• , 
(CLlCP Device) 10 Vin == V,L or V,H (Control), 

15 and Vin = 0 to VOD (Switch) 

.6. ON ReSistance Between .6.Ron 5 
Any Two Channels 10 
In the Same Package 15 

Off~Channef Leakage loff 15 Vin = V,L or V,H (Control) 
Current (AL Device) Channel to Channel or 

(Figure 6) Any One Channel 

Off-Channel Leakage loff 15 VIn = V,L or V,H (Control) 
Current (CLlCP Oevice) Channel to Channel or 
(Figure 6) Any One Channel 

Capacitance, SWitch 1/0 CliO - Switch Off 

Capacitance. Feedthrough CliO -
(Switch Off) 

* T,ow = -55°C for AL DeVice, -40° for CLlCP DeVice 

Thigh == + 125°C for AL DeVice, + 85°C fOT CLlCP DeVice 

3 18 3 - 18 3 

- 0.25 - 0.005 0.25 -
- 0.50 - 0010 0.50 -
- 1.00 - 0015 1.00 -

- 1.0 - 0.005 1.0 -
- 2.0 - 0010 2.0 -
- 4.0 - 0.015 4.0 -

{ (0 07 "AlkHz)! + 100 
Typical (0.20 "A/kHz)! + 100 

(036 "A/kHz)! + 100 

15 225 1.5 

3.0 4.50 3.0 
40 6.75 4.0 

35 3.5 275 3.5 

70 7.0 5.50 70 

11.0 11.0 8.25 11.0 

,,01 ±O.OaOO1 ±O.1 

±O3 ±o 00001 ",03 

50 7.5 

0 VDD 0 - VDD 0 

0 600 0 - 600 0 

- - - 10 - -
- 800 - 250 1050 -
- 400 - 120 500 -
- 220 - 80 280 -

- 880 - 250 1050 -
- 450 - 120 500 -
- 250 - 80 280 -
- 70 - 25 70 -
- 50 - 10 50 -
- 45 - 10 45 -

- ±100 - ±O.OS ±100 -

- ±300 - ±O.O5 ±300 -

- - - 10 15 -
- - - 047 - -

If: Data labeled "Typ" IS not to be used for deSign purposes, but is Intended as an mdlcatlon of the IC's potential performance . 

18 V 

7.5 "A 
15 

30 

7.5 "A 
15 

30 

"A 

1.5 V 

3.0 
40 

V 

±10 "A 

±1Q fLA 

pF 

VDD Vp_p 

300 mV 

- "V 

1300 0 
550 

320 

1200 0 

520 

300 

135 0 

95 

65 

±100D nA 

±1000 nA 

- pF 

- pF 

•• For voltage drops across the switch (.6.Vswltch) >600 mV (>300 mV at high temperature), excessive VDD current may be drawn; I e the current 

out of the switch may contain both VOO and SWitch input components. The reliability of the deVIce WIll be unaffected unless the MaXimum Rat­

ings are exceeded. (See f](st page of thIS data sheet.) 
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MC14066B 

ELECTRICAL CHARACTERISTICS· (CL -50 pF TA-25'C unless otherwise noted) 

Characterletlc 

Propagation Delay Times VSS-O Vdc 
Input to Output (RL -1 0 kG) 

tpLH, tpHL-(O.17 ns'pF) CL +16.5 ns 

tPLH, tpHL - (0.08 ns/pF) CL + 6.0 ns 

tpLH, tpHL-(0.06 ns/pF) CL +4.0 ns 

Control to Output (RL -1 kG) (Figure 2) 

Output "1" to High Impedance 

Output "0" to High Impedance 

High Impedance to Output "1" 

High Impedance to Output "0" 

Second HarmoniC Distortion VSS- -5 Vdc 

(Vln -1.77 Vdc, RMS Centered @ 0.0 Vdc, 

RL-l0kG, '-1.0 kHz) 

Bandwidth (Switch ON) (Figure 3) VSS- -5 Vdc 

Vout 
(RL - 1 kG, 20 Log __ - -3dB. CL -50 pF. Vin-5Vp_p) 

Vln 

Feedthrough Attenuation (Switch OFF) VSS- -5 Vdc 

(Vin - 5 Vp_p• RL - 1 kG. 'In - 1.0 MHz) (Figure 3) 

Channel Separation (Figure 4) VSS- -5 Vdc 

(Vin - 5 Vp_p• RL -1 kG. 'in - 8.0 MHz) 
(Switch A ON. Switch B OFF) 

Crosstalk. Control Input to Signal Output (Figure 5) 

VSS- -5 Vdc 

(R, - 1 kG. RL - 10 kG. Con'rol tTLH - tTHL - 20 ns) 

*The formulas given are for the typical characteristics only at 25°C. 
#Data labelled "Typ" Is not to be used for design purposes but is 

Intended as an indication of the IC's potential performance. 

This device centalns protection circuitry to 
guard against damage due to high static 
voltages or electric fields. However. precau­
tions must be taken to avoid applications of 
any voltage higher than maximum rated 
voltages to this high-Impedance circuit. For 
proper operation, Vln and Vout should be 
constrained to the range VSS .. (Vin or 
Vout)" VOO· 
Unused inputs must always be tied to an ap­
propriate logic voltage level (e.g .• either VSS 
or VOO). Unused outputs must be left open. 

Symbol 

tpLH, tpHL 

tpHZ 

tpLZ 

tpZH 

tpZL 

-

-

-

-

-
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VDD 
Vdc 

5.0 

10 

15 

5.0 

10 

15 

5.0 

10 

15 

5.0 

10 

15 

5.0 

10 

15 

5.0 

5.0 

5.0 

5.0 

5.0 

2 

3 

4 

5 

6 

7 

Min 

-
-
-

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

-

-

-

-

Typ# 

20 

10 

7.0 

40 

35 

30 

40 

35 

30 

60 

20 

15 

60 

20 
15 

0.1 

65 

-50 

-50 

300 

PIN ASSIGNMENT 

Max 

40 

20 

15 

80 

70 

60 

BO 

70 

60 

120 

40 

30 

120 

40 

30 

-

-

-

-

-

14 

13 

12 

11 

10 

9 

8 

Unit 

ns 

ns 

ns 

ns 

ns 

% 

MHz 

dB 

dB 

mVp_p 



FIGURE 1 - AV ACROSS SWITCH 

Control 

Section 

of Ie 

FIGURE 3 - BANDWIDTH AND 
FEEDTHROUGH ATTENUATION 

Vc = VOO for Bandwidth Tnt 

Vc - VSS for Feedthrough T.lt 

MC14066B 

TEST CIRCUITS 

Load 

Vin o----+---I<~~f--.... - .... --OVout 

Voe VSS 

FIGURE 5 - CROSSTALK. 
CONTRoL TO oUTPUT 

Vc ~ -5.0 V 10 +5.0 V Swing 

Control 

Section 
of IC 
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FIGURE 2 - TURN-ON DELAY TIME TEST CIRCUIT 
AND WAVEFORMS 

}------~~fi%--VOO 

FIGURE 4 - CHANNEL SEPARATION 

FIGURE 6 - OFF CHANNEL LEAKAGE 

Off Channel Under Test 

/.. 0 VOO 
I 

: 0 VSS 

I 
I 

I 
'oVSS 

I--------c"" oVOO 

Vin = VOO 

VX ~ VSS 

Vin = VSS 
Vx ~ Veo 

II 



II 

35 0 

; 30 0 

% 

~ 25 0 
<.> 

~ 200 

13 
0: 15 0 
Z 

~ 100 
o 
0: 

0 

o 

Vee 

MC140668 

FIGURE 7 - CHANNEL RESISTANCE IRONI TEST CIRCUIT 

Keithley 160 
Diglta' 

Multimeter 

10k~---1------------~-----K=~~--~ 

Vss 

Vee 
lkrl 

Range x·y 
t----.j Plotter 

TYPICAL RESISTANCE CHARACTERISTICS 

FIGURE 8 - VDD -7.5 V. VSS· -7.6 V FIGURE 9 - VDD· 5.0 V. VSS· -6.0 V 

TA"'12SoC 
I 
25°C 

:~50C-
j 

350 

300 

i 
~ 25 0 

'" <.> 
z 200 
~ 
~ 1SO 

l. 
p 100 
Z 
o 
0: 50 

o 

........... - TA=1250C-- --- 250C-1'-. - -~50C- I'-

-10 -8.0 -6.0 -4.0 -2.0 0.2 4.p 6.0 8.0 10 -10 -8.0 -6.0 -4.0 2.0 2.0 4.0 6.0 8.0 10 

100 

600 

i 
§500 
'" <.> 

~ 400 

13 
0: 300 

l. 
P200 
Z 
o 
0: 100 

a 

V,n.INPUT VOLTAGE (VOLTS) 

FIGURE 10 - VDD· 2.5 V. VSS· -2.5 V 

II ...... 
A " , I h. 

"TA = 125°C 'J'. '\. 
I\, 25°C 

-55~C 

-10 -8.0 -8.0 -4.0 -2.0 2.0 4.0 6.0 8.0 10 

V,n.INPUT VOLTAGE (VOLTS) 
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350 

en 300 

'" '" 
~ 25 0 
z 

~ 200 
~ 
~ 150 

P 
Z 100 
o 
0: 

50 

0 

V,n.INPUT VOLTAGE (VOLTSI 

FIGURE 11 - COMPARISON AT ZSOC. VDD· -VSS 

t-TA' 25°C 
f\ 

" I 1\ VriD=2.~V 
.-l 

~ ~ 

5.0 V 
~ .....- ~ 

1.5V 

-10 -8.0 -8.0 -4.0 -2.0 2.0 4.0 6.0 8.0 10 

Vin.INPUT VOLTAGE (VOLTS) 



MC14066B 

APPLICATIONS INFORMATION 

Figure A illustrates use of the Analog Switch. The 
O-to-5 volt digital control signal is used to directly con­
trol a 5 volt peak-to-peak analog signal. 

The digital control logic levels are determined by 
VOO and VSS. The VOO voltage is the logic high volt­
age; the VSS voltage is logic low. For the example. 
VOO = +5 V = logic high at the control inputs; VSS 
= GNO = 0 V = logic low. 

The maximum analog signal level is determined by VOO and 
VSS. The analog voltage must not swing higher than VOO or 
lower than VSS. 

The example shows a 5 volt peak-to-peak signal 
which allows no margin at either peak. If voltage 
transients above VOO and/or below VSS are antici­
pated on the analog channels. external diodes (Ox) 
are recommended as shown in Figure B. These di­
odes should be small signal types able to absorb the 
maximum anticipated current surges during clipping. 

The absolute maximum potential difference be­
tween VOO and VSS is 18.0 volts. Most parameters 
are specified up to 15 volts which is the recommended 
maximum difference between VOO and VSS. 

FIGURE A - APPLICATION EXAMPLE 

+5 V 

External 
CMOS 
Digital 

Circuitry 

+5 V 

voo vss 

5 v p_p SWITCH 

o---A-na-log'-:'s":';g-n-al--4 IN 

SWITCH 1--_-:-...,5...,V...;p-:·_p_:--_O 
OUT Analog Signal 

--''----+----r- + 2.5 V 

0-to-5 V digital MC140668 
Control Signals 

FIGURE B - EXTERNAL GERMANIUM OR SCHOTTKY CLIPPING DIODES 

VDD VDD 

Ox Ox 

SWitch Switch 
In Out 

Ox Ox 

VSS VSS 

6-145 

II 



II 

® MOTOROLA 

ANALOG MULTIPLEXERS/DEMULTIPLEXERS 

The MC14067 and MC14097 multiplexers/demultiplexers are digitally 
controlled analog switches leaturing low ON resistance and very low leak­
age current. These devices can be used In either digital or analog 
applications. 

The MC14067 is a 16-channel multiplexer/demultiplexer with an inhibit 
and lour binary control inputs A, B, C, and D. These control inputs select 
1-01-16 channels by turning ON the appropriate analog switch (see 
MC14067 truth table.) 

The MC14097 is a differential 8-channel multiplexer/demultiplexer with 
an inhibit and three binary control Inputs A, B, and C. These control inputs 
select 1 01 8 pairs of channels by turning ON the appropriate analog 
switches (see MC14097 truth table). 

• Low OFF Leakage Current 
• Matched Channel Resistance 

• Low Q\liescent P~r Consumption 

• Low Crosstalk Between Channels 

• Wide Operating Voltage Range: 3 to 18 V 

• Low Noise 
• Pin for Pin Replacement for CD4067B and CD4097B 

MCI40678 
lS-Channel Analog 

Multiplexer/ Demultiplexer 

15 Inhibit 

MC14067B 
MC14097B 

CMOS 
(LOW-POWER COMPLEMENTARY MOS} 

ANALOG MUL TIPLEXERS/ 
DEMULTIPLEXERS . 

L SUFFIX 
CERAMIC PACKAGE 

CASE 623 PLASTIC PACKAGE 
CASE 709 

ORDERING INFORMATION 

A Series: -56"C to +125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40°C to + 85"C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

MCl4097B 
Dual 8-Channel Analog 

Multiplexer/Demultiplexer 

10 A 

B 
Controls 10 f 

Inhibit 

A 

B Controls 

Switches 
In/Out 

11 
14 

13 

9 

8 
7 

6 

5 

4 

3 

2 

23 

22 
21 

20 
19 

18 

17 

16 

C 

D ---XO 

Xl 

X2 

X3 

X4 
Common 

X5 X OuVln 
X6 

X7 

X8 

X9 
Xl0 

XII 

X12 
X13 

X14 VDD= Pin 24 
X15 VSS= Pin 12 
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14 C 

9 XO 

8 Xl 

X2 

6 

5 

X3 

X4 
X 

4 X5 

3 X6 

Switches 2 X7 Commons 
In/Out 23 YO Outlln 

22 Yl 

21 Y2 

20 Y3 
Y 17 

19 Y4 

18 Y5 

16 Y6 

15 Y7 



MC14067B·MC14097B 

MAXIMUM RATINGS· (Voltages Referenced to Vss) 

Symbol Perame.er Value 

VOO DC Supply Voltage -0.5 to + 18.0 

Vln. Vout Input or Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 

lin Input Current (OC or Transient). per Control Pin ±10 

law Switch Through Current ±25 

Po Power Dissipation. per Packaget 500 

Tata Storage Temperature -85 to + t50 

TL Lead Temperature (a-Second Soldering) 260 

"Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mWrC from 65°C to 85°C 

Ceramic "L" Package: -12mWrC from 100°C to 125°C 

MCl4067 TRUTH TABLE 

Control Inputs Selected 
A B C 0 Inh Channel 

X X X X I None 
0 0 0 0 0 XO 
I 0 0 0 0 XI 
0 1 0 0 0 X2 

1 I 0 0 0 X3 
0 0 I 0 0 X4 
I 0 1 0 0 X5 
0 I 1 0 0 X6 

I 1 1 0 0 X7 
0 0 0 1 0 X8 

Unit 

V 

V 

rnA 

rnA 

rnW 

°C 

°C 

A 

X 
0 
1 

0 

1 

0 
1 
0 
I 

ThiS device contains protection circuitry to 
guard against damage due to high static 
voltages or electric lields. However, precau­
tions must be taken to avoid applications 01 
any voltage higher than maximum rated 
voltages to this high-impedance circuit. For 
proper operation, Vin and Vout should be 
constrained to the range VSS .. (Vin or 
Vout) '" VOO· 
Unused inputs must always be tied to an ap­
propriate logic voltage level (e.g., either VSS 
or VOD). Unused outputs must be lell open. 

MCI4097 TRUTH TABLE 

Control Inputs Selected 
B C Inh Channels 

X X 1 None 
0 0 0 XO YO 
0 0 0 Xl Yl 
1 0 0 X2 Y2 

1 0 0 X3 Y3 
0 1 0 X4 Y4 
0 1 0 X5 Y5 
1 1 0 X6 Y6 
1 1 0 X7 Y7 

1 0 0 1 0 X9 x = Don't Care 

Control 
Inputs 

X 
InlOut 

0 

1 
0 
1 
0 
1 

{

Inhlb 

XO 
Xl 
X2 
X3 
X4 
X5 
X6 
X7 
X8 
X9 

XlO 
Xll 
X12 
X13 
X\4 
X15 

1 0 1 0 

1 0 1 0 
0 1 1 0 
0 I 1 0 
1 1 I 0 
I 1 1 0 

MCl4067 FUNCTIONAL OIAGRAM 

It-
A-
B- 1·0F-16 Decoder 
C-
D-

111 
-til. 

~ 

Xl0 

XII 
X12 
X13 
X14 
X15 

MCl4097 FUNCTIONAL DIAGRAM 

{
nhl 

Control A 
Inputs C 

bit 
i-

I ·OF-8 Decoder B-
;-

XO 
Xl 
X2 

X X3 X 
InlOut X4 Outlln 

X5 
X6 

f-
X X7 

Outlln YO 
Yl 
Y2 

Y Y3 Y 
InlOut Y4 Outlln 

Y5 
Y6 
Y7 
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II 

MC14067B·MC14097B 

25"C 

Min Typ# Mo. 

Power Supply Voltage VDD - 3 18 3 - 18 3 18 V 

Range 

QUIescent Current Per 100 5 Control Inputs: Vin = VSS or VOO' - 5 - 0005 5 - 150 "A 
Package (AL DevIce) 10 Switch I/O: VSS .. VIIO '" VDO - 10 - 0.010 10 - 300 

15 and AVswltch EO. 500 mV** - 20 - 0015 20 - 600 

QUiescent Current Per 100 5 Control Inputs: V,n = VSS or VOD. - 20 - 0.005 20 - 150 "A 
Package (CLle? Device) 10 Switch 1/0 VEE <EO VI/a EO VOD. - 40 - 0.010 40 - 300 

15 and AVSWLtch .;; 500 mV .. - 80 - 0.015 80 - 600 

Total Supply Current ID(AV) 5 TA ~ 25"C only { (0 07 "A/kHz)! + 100 "A 
(DynamiC Plus QUIescent, 10 (The channel component, TYPical (0 20 "A/kHz)! + 100 

Per Package) 15 (Vm-Vout)/Ron, IS not (0 36 "AlkHz)! + 100 

Included) 

CONTROL INPUTS - INHIBIT, A, B, C, D (Voltages Referenced to VSS) 

Low~Level Input Voltage V,L 5 Ron = per spec, 15 225 1.5 15 V 

10 loff = per spec 3.0 450 30 30 

15 4.0 6.75 40 4.0 

Hlgh·Level Input Voltage V,H Ron = per spec, 35 3.5 2.75 3.5 V 

10 loff = per spec 70 7.0 5.50 70 

15 110 110 8.25 11.0 

Input Leakage Current lin 15 Vin = 0 or VDO ±O1 ±O.DOD01 ±O.1 ±10 "A 
(AL Device) 

Input Leakage Current 'in 15 Vin = 0 or VDO ±O.3 ±O.OOOOl ±0.3 ±10 "A 
(CLlCP Device) 

Input Capacitance Cin 50 75 pF 

SWITCHES IN/OUT AND COMMONS OUT/IN· X, Y; (Voltages Referenced to Vss) 

Recommended Peak~to~ VIIO - Channel On or Off a VDD a - VDD 0 VDD Vpp 
Peak Voltage Into or 

Out of the SWitch 

Recommended Static or ~Vswltch - Channel On a 600 0 - 600 a 300 mV 

Dynamic Voltage Across 

the Switch •• (Figure 1) 

Output Offset Voltage VOO - Vm = 0 V, No load - - - 10 - - - "V 

ON Resistance Ron 5 AVswltCh E 500 mV*., - 800 - 250 1050 - 1300 n 
(AL Device) 10 Vln = VIL or VIH (Control), - 400 - 120 500 - 550 

15 and Vln = 0 to VDD (Switch) - 220 - 80 280 ~ 320 

ON ReSistance Ron 5 AVswltch 1$ 500 mV .. , - 880 - 250 1050 - 1200 n 
(CUCP DevIce) 10 Vln = VIL or VIH (Control), - 450 - 120 500 - 520 

15 and Vin = 0 to VOO (Switch) - 250 - 80 280 - 300 

~ ON Resistance Between ARon 5 - 70 - 25 70 - 135 n 
Any Two Channels 10 - 50 - 10 50 - 95 
10 the Same Package 15 - 45 - 10 45 - 65 

Off~Channel Leakage loff 15 Vin = VIL or VIH (Control) - ±100 - ±O.OS ±100 - ±1000 nA 

Current (AL Device) Channel to Channel or 

(Figure 2) Any One Channel 

Off~Channel Leakage loff 15 Vin = VIL or VIH (Control) - ±300 - ±0.05 ±300 - :!:1000 nA 

Current (CLlCP Oevice) Channel to Channel or 

(Figure 2) Any One Channel 

CapaCitance, SWItch 110 CliO - InhIbit = VOD - - - 10 - - - pF 

Capacitance, Common 011 COli - Inhibit ~ VOO (MCI4067B) - - - 100 - - - pF 

(MCI4097B) 60 

Capacitance, Feedthrough CliO - PinS ·Not Adjacent - - - 015 - - - pF 
(Channel Off) - PinS Adjacent - - - 0.47 - - -

* Tlow = -55°C for AL DeVice, -40° for CUCP DeVice. 

Thigh = + 125°C for AL DeVice, + 85°C for CUCP DeVice. 

* Data labeled "Typ" is not to be used for deSign purposes, but is Intended as an indication of the IC's potential performance. 

**For voltage drops across the sWitch (AVswitch) >600 mV (>300 mV at high temperature), excessive VDO current may be drawn; I e. the current 
out of the SWitch may contain both VDD and sWitch Input components The reliability of the deVice will be unaffected unless the MaXimum Rat~ 
Ings are exceeded (See second page of this data sheet.) 
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MC14067BoMC14097B 

ELECTRICAL CHARACTERISTICS (CL=50 pF TA=25"C) 

Voo-VSS 
Characteristic Symbol Vdc Typ # Max Unit 

Propagation Delay Times tpLH. tpHL ns 
Channel Input-Io-Channel Output (RL = 200kO) 

MC14067B 
(Figure 3) 5.0 35 90 

10 15 40 
15 12 30 

MC14097B ns 
5.0 25 65 
10 10 25 
15 7 18 

Control Input-ta-Channel Output IpZH.IPZL ns 
Channel Turn~On Time (RL = 10 kO) 

MC14067B/097B (Figure 4) 5.0 240 600 
10 115 290 
15 75 190 

Channel Turn-Olf Time (RL = 300 kO) tpHZ, tpLZ ns 
MC 14067B/097B 

(Figure 4) 5.0 250 625 
10 120 300 
15 75 190 

Any Pair of Address Inputs to Output tPLH.lpHL ns 
MC14067B 

5.0 280 700 
10 115 290 
15 85 215 

MC14097B ns 
(Figure 10) 5.0 250 625 

10 100 250 
15 75 190 

Second Harmonic Distortion - 10 0.3 - % 
(RL = 10 kO. 1= 1 kHz. Vin=5 Vp_p) 

ON Channel Bandwidth BW MHz 
[RL = 1 kG. Vin = 1/2 (VDD - VSS) p_p(sine-wave)j 

20 Log1O Vout = -3 dB MC14067B (Figure 5) 10 15 -
Vln MC14097B 10 25 -

Off Channel Feedthrough Attenuation - 10 -40 - dB 
[RL = 1 kO. Vin= 1/2 (VDD-VSS~_p(Sine-wave)l 

fin = 20 Hz - MC 14067B (Figure 5) 
fin= 12 MHz- MC14097B 

Channel Separation - 10 -40 - dB 
[RL = 1 kO. Vin= 112 (VDD-VSS~_p(Slne-wave)l 

fin=20 Hz (Figure 6) 

Crosstalk, Control Inputs-la-Common 011 - 10 30 - mV 
(Rl = lkO. RL = 10 kO. 

Control Ir = tf = 20 ns. Inhlbll = VSS) (Figure 7) II 
#Data labelled "Typ" IS not to be used for design purposes but IS Intended as an indication of the fC's potential performance. 
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MC14067B-MC14097B 

FIGURE 1 - AV ACROSS SWITCH FIGURE 2 - OFF CHANNEL LEAKAGE 

Control 
Section 
of IC Control 

Section 
Load of IC 

oVSS 

oVOO 

-

o VSS 

o VOO 

MC14067B MC14097B 
PIN ASSIGNMENT PIN ASSIGNMENT 

X VOO X VOO 

X7 X8 X7 YO 

X8 X9 X6 Y1 

X5 X10 X5 Y2 

X4 X11 Y3 

X3 X12 Y4 

X2 X13 Y5 

X1 X14 X1 Y 

II 
XO X15 XO Y6 

A Inhibit A Y7 

B C B C 

VSS 0 Inhibit 
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MC14067B·MC14097B 

FIGURE 3 - PROPAGATION DELAY TEST CIRCUIT 
AND WAVEFORMS Vln to Vout 

vOD 

A 
B 
e 
D :::t-....... _-Vout 

Inh 

-= V," 

~----~~~-~---VOD 

Vout 

FIGURE 5 - BANDWIDTH At.lD OFF-CHANNEL 
FEEDTHROUGH ATTENUATION 

A, B, and e Inputs used to turn ON or OFF 
the sWitch under test. 

rlOH .......... ~vout 

CL =50 pF 

FIGURE 4 - TURN-ON AND DELAY TURN-OFF 
TEST CIRCUIT AND WAVEFORMS 

Ve 

Vout 

Vout 

~ __ -Vout 

Vin=VOO 
VX=VSS 

Vin=VSS 
VX=VOO 

FIGURE 6 - CHANNEL SEPARATION 
(Adjacent Channels Used for Setup) 

;t-......... -Vout 

FIGURE 7 - CROSSTALK, CONTROL TO 
COMMON 011 

veSL 
A 
B 
e 
o 
Inh 

Rl 
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II 

MC14067B·MC14097B 

FIGURE 9 - CHANNEL RESISTANCE (RON) TEST CIRCUIT 

VDD 

10k~~-------+----~ 

Vss 

x-v 
Plotter 

FIGURE 10 - PROPAGATION DELAY, 
ANY PAIR OF ADDRESS INPUTS to OUTPUT 

Vout 

A 
B 
C 
D 

Inh 

TYPICAL RESISTANCE CHARACTERISTICS 
FIGURE 11 - VDD = 7.5 V, VSS = -7.5 V FIGURE 12 - VDD = 5.0 V, VSS = -5.0 V 

350 

;;; 300 ,. 
~ 250 
w 
'-' 
Z 

~ 20 

t3 
~ 15 
z 

P 10 

~ 

0 

0 

0 

0 

o 
-10 

700 

60 0 

~ 
~ 500 
w 
'-' 
~ 40 
In 
in 
~ 30 

Z 
P 20 
Z 
:E 10 

0 

0 

0 

0 

o 

TA -\25 0C 

25°C 

~~50C-

-80 -6.0 -40 -2.0 02 40 6.0 8.0 10 

V". INPUT VOLTAGE (VOLTS) 

FIGURE 13 - VDD = 2.5 V, VSS = -2.5 V 

"-
A 

/ "" 1'- \. "TA 0 1250C 

\. 5°C ...... 
-55°C 

I 

-10 -8.0 -6.0 -40 -2.0 2.0 40 6 0 8 0 10 

V", INPUT VOLTAGE (VOLTS) 

350 

w 
'-' 

30 

:i 20 
In 
~ 15 

Z 
P 10 
Z 

0 

0 

0 

0 

0 

g 50 

o 

-----....... 

-10 -11.0 -60 -40 -2.0 

- Tt 0 125oC-

--- 2rC- -
--550C-

I 
2.040608.010 

V", INPUT VOLTAGE (VOLTS) 

FIGURE 14 - COMPARISON AT 25"C, VDD = -VSS 
350 

en 300 
~ 
~ 25 
z 
~ 20 

~ 
15 

Z 
P 
z. 10 
~ 

0 

0 

0 

0 

0 

0 

-TA 0 25°C 

, 

-. 

I 
f\ 

1\ I 
I vcio o2.51V 

\ 
\ 

\ - 5.0 V 

7.5 V 

I 
-10 -8.0 -6.0 -4.0 -20 2.0 4.0 6.0 80 10 

V",INPUT VOLTAGE (VOLTS) 
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MC14067B-MC14097B 

APPLICATIONS INFORMATION 

Figure A illustrates use of the Analog Multiplexer/ 
Demultiplexer. The O-to-5 volt Digital Control signal is 
used to directly control a 5 Vp_p analog signal. 

The digital control logic levels are determined by 
VOO and VSS. The VOO voltage is the logic high volt­
age; the VSS voltage is logic low. For the example, 
VOO = +5 V = logic high at the control inputs; VSS 
= GNO = 0 V = logic low. 

The maximum analog signal level is determined by 
VOO and VSS. The analog voltage must swing neither 
higher than VOO nor lower than VSS. The example 

shows a 5 Vp_p signal which allows no margin at ei­
ther peak. If voltage transients above VOO and/or be­
low VSS are anticipated on the analog channels, 
external diodes (Ox) are recommended as shown in 
Figure B. These diodes should be small signal types 
able to absorb the maximum antiCipated current 
surges during clipping. 

The absolute maximum potential difference be­
tween VOO and VSS is 18.0 volts. Most parameters 
are specified up to 15 V which is the recommended 
maximum difference between VOO and VSS. 

FIGURE A - APPLICATION EXAMPLE 

+5V 

External 
CMOS 
Digital 

Circuitry 

+5 V 

voo vss 

0_--:-_5 _v,-P:,-'P __ ~ SWITCH 

Analog Signal 1/0 

0-10-5 V digital 

Control Signals 

COMMONr-_--:-~5~V-p~.-p-__:_-{) 
011 Analog Signal 

MC14067B 

MC14097B 

FIGURE B - EXTERNAL GERMANIUM OR SCHOTTKY CLIPPING DIODES 

Voo Voo 

-l.---+---r- + 2.5 V 

SWITCH 
u---~~----t I/O COMMON r----+--~~ 

011 

VSS VSS 

6-153 



II 

® 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 and/or high noise immunity is desired. Each of the six 
inverters is a single stage to minimize propagation delays. 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-Power TTL Loads or One Low-Power 
Schottky TTL Load 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) 

Symbol Parameter Value 

Vee ec Supply Voltage -0.5 to + lB.O 

Vln. Vout Input or Output Voltage (DC or Transient) - 0.5 to Vee + 0.5 

'in. lout Input or Output Current (DC or Transient), per Pin ±10 

Po Power Dissipation, per Packaget 500 

Storage Temperature -65 to + 150 

Lead Temperature (a-Second Soldering) 260 

-Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW'oC from 65°C to 85"'C 

Ceramic "L" Package: -12mW/oC from 100°C to 125°C 

LOGIC DIAGRAM 

1---{>o-2 
3---{>o-4 
s---{>o-s 

9---{>o-a 
t 1---{>o- 10 

13 ---{>o- 12 

VOD"" Pin 14 
VSS ." Pin 7 

CIRCUIT SCHEMATIC 
(116 OF CIRCUIT SHOWN) 

• Double diode protection on .U 
inputs not shown. 

Unit 

v 
v 

mA 

mW 

MC14Q6$B 
See PageH 

MC14069UB 

CMOS 551 
ILOW-POWER COMPLEMENTARY MOS' 

HEX INVERTER 

--I 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

A Series: - 55°C to + 125DC 
MC14XXXUBAL (Ceramic Package Only) 

C Series: - 40DC to + 86°C 
MC14XXXUBCP (Plastic Package) 
MC14XXXUBCL (Ceramic Package) 

2 

3 

4 

5 

6 

PIN ASSIGNMENT 

14 

13 

12 

11 

10 

9 

8 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

1=~~---s.-t-------VDD 

t-rHL t-rLH 
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MC14069UB 

ELECTRICAL CHARACTERISTICS (Vottage. Referenced to VSS) 

Voo Tlow· 25°C Thigh" 
CharKteristic Symbol 

Output Voltage "0" Level VOL 
Vm=VOD 

• .,.. Level VOH 
Vin=O 

Input Voltage "0" Level VIL 
(VO - 4.5 Vd.) 
(VO ~ 9.0 Vdc) 
(VO ·'3.5 Ydc) 

"1" Level VIH 
(VO = 0.5 Vd.) 
(VO· 1.0 Vd.) 
(VO = 1.5 Vd.) 

Output Drive Current (AL Device) IOH 
(VOH • 2.5 Vd.1 Source 
(VOH = 4.6 Vd.1 
(VOH' 9.5 Vd.1 
(VOH = 13.5 Vd.) 

(VOL' 0.4 Vdcl Sink IOL 
(VOL = 0.5 Vdcl 
(VOL = 1.5 Vdcl 

Output Drive Current (CLlCP Device) IOH 
(VOH = 2.5 Vdcl Source 
(VOH = 4.6 Vd.1 
(YOH = 9.5 Vdcl 
(VOH' 13.5 Vd.1 

(VOL' 0.4 Vd.) Sink IOL 
(VOL = 0.5 Vde) 
(VOL' 1.5 Vd.1 

Input Current IAL Devlcel lin 
Input Current (CLlCP Devlcel 'in 
'nput Capacitance Cin 

IV tn 01 

QUiescent Current IAl Oevrcel 100 
(Per Package I 

QUIescent Current ICLlCP Devlcel 100 
(Per Packagel 

Total Supply Currant··t IT 
(Dynamic plus auie .. ent. Per Getel 
(CL =50pF) 

Output Rise and FaU Times·· tTLH. 
(CL' 50pFI tTHL 

trLH. trHL = 11.35 n./pFI CL + 33 n. 
: trLH. trHL = (0.60 n./pFI CL + 20 n. 
trLH. trHL· (0.40 n./pFI CL + 20 n •. 

Propagation Delay Times·· tpLH. 
(CL = 50pFI tPHL 

tPLH.tPHL = (0.90 n./pFI CL + 20 n. 
tPLH.tpHL = (0.36 ns/pF I CL + 22 n. 
tpLH.tpHL = (0.28 n./pF I CL + 17 n. 

-T,ow = - 55°C for AL Device, - 40°C for CLlCP Device. 
Thigh = +125°C for AL Device, + 85°C for CUCP Device. 

Vd. 

5.0 
10 
15 

5.0 
10 
IS 

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 
15 

15 

-
5.0 
10 
15 

5.0 
10 
IS 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Oata labelled "Typ" Is not to be used for design purposes but is 
Intended as an indication of the IC's potential performance. 

·-The formulas given Bre for the typical characteristics only at 25°C. 

Min 

-
-
-

4.95 
9.95 

14.95 

-
-
-
4.0 
B.O 
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 

-
-
-

-
-
-
--
-

-
--

-
--

This device contains protection circuitry to guard against damage 
due to high static voltages or electric fields. However, 
pre.autions must be taken to avoid applications of any voltage 
higher than maximum rated voltages to this high·impedance 
circuit. For proper operation. Yin and Vout should be constrained 

MIx Min Typ# MIx Min Mu Unit 

0.05 - a 0.05 - 0.05 Vdc 
0.05 - a 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 - Vd. 

- B.O 5.50 - 8.0 -
- 12.5 8.25 - 12.5 -

mAd. 

- -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 - mAd. 

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

mAd. 

- -2.1 -4.2 - -1.7 -
- -0.44 -0.68 - -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.B - 2.4 -

to I - to.OOOOl to. 1 .'.0 ~Adc 

t03 - to.OOOOl t{1.3 - t1.0 /lAde 

- - 5.0 7.5 - - pF 

0.25 0.0005 0.25 7.5 /lAd. 
0.50 - 0.0010 0.50 - 15 
1.00 - 0.0015 1.00 - 30 
1.0 - 0.0005 1.0 - 7.5 /lAde 
2.0 - 0.0010 2.0 - 15 
4.0 - 0.0015 4.0 - 30 

IT • to.3 /lA/kHz) , + 100/8 "Ade 
IT' (0.8 "AlkHz) , + 100/8 
IT • (0.9 "A/kHz) , + 10018 

ft. 

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

n. 

- - 65 125 - -
- - 40 75 - -
- - 30 55 - -

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

where: 'T is in .... A (per package), CL In pF, V = (VOO-VSS) in volts, 
f In kHz is input frequency, and k = 0.002. 

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). Unused outputs must be 
left open. 

6-155 



II 

®MOTOROLA 

CM0555. 
QUAO EXCLUSIVE "OR" ANO"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. 
• Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• All Outputs Buffered 
• Capable of Driving Two Low-Power TTL Loads or One Low-Power 

Schottky TTL Load Over the Rated Temperature Range 
• Double Diode Protection on All Inputs 
• MC14070B - Replacement for CD4030B and CD4070B Types 

• MC14077B - Replacement for CD4077B Type 

MAXIMUM RATINGS· (Voltages Relerenced to Vss) 

Symbol Parameter Value 

VDD DC Supply Voltage -0.5 to + 18.0 

Vin. Vout Input or Output Voltage (DC or Transient) -0.5 to VDD +0.5 

'in. lout Input or Output Current (DC or Transient). per Pin ±10 

PD Power Dissipation, per Packaget 500 

Tsta Storage Temperature -65 to + 150 

TL Lead Temperature (8-Second Soldering) 260 

*Maximum Ratings afe those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic lOp" Package: -12mW/oC from 65°C to 85°C 

Ceramic "l" Package: -12mWrC from 1000 e to 125"'C 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Voo 

~oo 
Vln .~ 

-= ~~L 

50% Duty Cycl. 

·'nverted output on MC14Q71B only. 

UnIt 

V 

V 

mA 

mW 

'C 

'C 

Vss 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

VOO 

MC14070B 
QUAD EXCLUSIVE "OR" GATE 

MC14077B 
QUAD EXCLUSIVE "NOR" GATE 

,--1 1 

CASE 632 

L SUFFIX 
CERAMIC PACKAGE 

CASE 646 

PSUFFIX 
PLASTIC PACKAGE 

OROERING INFORMATION 

A Series: -55°C to + 125"C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 4O"C to + 85"C 

MC14XJ()(BCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

MC14070B 
au ... Exclusive OR 

G.", 

MC14077B 
Quod ExclUli .. NOR 

G •• 

12D-11 
13 

12:jJ-
13 

Voo - Pin 14 
Vss - Pin 7 

(Both Davices) 

PIN ASSIGNMENT 

11 

14 
J.:..,.",,---i:+---- Voo 

2 13 

I .... ----vss 3 12 

4 t1 

5 10 

6 9 

7 8 

-Inverted outPUt on MC1.a77B only. tyHL tyLH 

#Connect unuIBd Input to Voo for MC14070B. to VSS for MC140778. 
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MC14070B-MC14077B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Voo Tlow . 25°C Thi h· 
ehllr.cleristic Symbol Yd. Min Ma. Min Typ# Ma. Min Ma. 

Output Voltage "0" level VOL 50 - 0.05 - 0 0.05 - 0.05 
Vin = Von or 0 10 - 0.05 - 0 0.05 - 0.05 

15 - 0.05 - 0 0.05 - 0.05 

"'" Level VOH 5.0 4.95 - 4.95 5.0 - 4.95 -
Vin = 0 or VOO 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -
Input VOltage "0" Level VIL 

(VO =4.5 or 0.5 Vdc) 5.0 - 15 - 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 - 35 2.75 - 3.5 -
(VO = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
lVo = 1 5 or 13 5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) IOH 
(VOH =2.5 Vdc) 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 =95 Vd.) 10 -1.6 - -1.3 -2.25 - -0.9 -
(VOH = 13.5 Vdcl 15 -4.2 - -3.4 -8.8 - -2.4 -
(VOL =0.4 Vdcl Sink IOl 5.0 0.64 - 0.51 0.88 - 0.36 -
(VOL =0.5 Vdc) 10 1.6 - 1.3 2.25 - 0.9 -
(VOL =1.5 Vdc) 15 4.2 - 34 88 - 2.4 -

Output Drive Current ICLlCP Device) IOH 
(VOH = 2.5 Vdc) Source 5.0 -2.5 - -2.1 -4.2 - -1.7 -
(VOH =4.6 Vdc) 5.0 -0.52 - -0.44 -0.88 - -0.36 -
(VOH =9.5 Vdc) 10 -1.3 - -1.1 -2.25 - -0.9 -
(VOH = 13.5 Vdcl 15 -3.6 - -3.0 -8.8 - -2.4 -
(VOL = 0 4 Vdc) Sink IOl 5.0 0.52 - 044 0.88 - 0.36 -
(VOL =0.5 Vdc) 10 1.3 - 1.1 2.25 - 0.9 -
(VOL = 1.5 Vdc) 15 3.6 - 3.0 8.8 - 24 -

'nput Current (AL DeVice) 'in 15 .01 .000001 ±O 1 ±10 

Input Current (CLlCP Devicel I,n 15 - ±O3 - to 00001 ± 0.3 - ±'O 

Input Capacitance C,n - - - - 50 7.5 - -
(Von = 0) 

Quiescent Current (Al DeVice) 100 50 0.26 0.0006 0.25 7.5 
(Per Package) 10 - 0.50 - 0.0010 0.60 - 15 

15 - 1.00 - 0.0015 1.00 - 30 

QUiescent Current (CLlCP DeVice) IOD 50 - 1.0 - 0.0005 1.0 - 7.5 
(Per Package) 10 - 2.0 - 0.0010 2.0 - 15 

15 - 4.0 - 0.0015 4.0 - 30 
Total SupplV Current"-t IT 50 IT = (0.3I'A/kHz) 1 + 100 

(DynamiC plus QUiescent, 10 IT = (0.6I'A/kHz) 1 + IOD 
Per Package) 15 IT. (0.91lA/kHz) 1 + 100 

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

Output Rise and Fall Times·· t'flH. 
(Cl = 50pF) t'fHL 

t'fLH. t'fHL = (1.35 n./pFI CL + 33 n. 5.0 - - - 100 200 - -
t'flH. t'fHl= (0.60n./pFI Cl + 20 n. 10 - - - 50 100 - -
t'flH. t'fHl = (0.40 n./pF) Cl + 20 n. 15 - - - 40 80 - -
Propagation Delay Times·· tPLH· 

tCl' 50pFI tPHL 
'plH. 'pHl = (0.90 ns/pF) Cl + 130 ns 5.0 - - - 175 350 - -
'plH. 'pHl = (0.36 ns/pFI Cl + 57 ns 10 - - - 75 150 - -
'plH. 'pHl = (0.26 nsJpFI Cl + 37 ns 15 - - - 55 110 - -

"T low = - 55°C for AL Device, - 40°C for CLlCP Device. 
Thigh = +125°C for AL Device, + 85°C for CUCP Device. 

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

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

mAde 

mAde 

mAde 

",Adc 

",Adc 

pF 

",Adc 

",Adc 

",Adc 

ns 

n. 

#Data labelled "Typ" is not to be used for design purposes but is 
Intended as an indication of the IC's potential performance. 

"'"The formulas given are for the typical characteristics only at 25°C. 

where: IT is in IJ-A (per package), Cl in pF. V = (VOO- VSS) In volts, 
f In kHz is input frequency. and k = 0.002. 

This device contains protection circuitry to guard against damage due to high static voltages or electric fields. 
However, precautions must be taken to avoid applications 01 any voltage higher than maximum rated voltages to 
this high-impedance circuit. For proper operation, Yin and Vout should 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)' Unused outputs 
must be left open. 
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4·BIT O·TYPE REGISTER 
with THREE-STATE OUTPUTS 

The MC1407EfB 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 usa 
in bus organized systems. OR gated data-disable inputs cause the a 
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. 
a Three-5tate Outputs with Gated Control Lines 

a Fully Independent Clock Allows Unrestricted Operation for the 
Two Modes: Parallel Load and Do Nothing 

a Asynchronous Master Reset 

a Four Bus Buffer Registers 

a Supply Voltage Range = 3.0 Vdc to 18 Vdc 

, 

a Capable of Driving'Two Low·Power TTL Loads or One Low·Power 
Schottky TTL Load Over the Rated Temperature Range 
Schottky TTL Load Over the Rated Temper 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Value 

VOO DC Supply Voltage -0.5 to + 18.0 

Vin. Vout Input or Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 

lin. lout Input or Output Current (DC or TranSient), per Pin ±10 

Po Power Dissipation, per Packaget 500 

Tstg Storage Temperature -65 to +150 

TL Lead Temperature (8-Second Soldering) 260 

Maximum Ratings are those vaiulis beyond which damage to the deVice may occur. 
tTemperature Derating: Plastic '.p" Package: -12mW'·C from 85·C to 85·C 

Ceramic "L" Package: -12mW'·C from 100·C to 125·C 

FUNCTION TABLE 
INPUTS 

Dtota DIIIbI. Dtot8 OUTPUT 
R_ " Clack A B 0 Q 

1 X X X X 0 

0 0 X X X an 

0 ...r 1 X X an 

0 ...r X 1 X an 

0 ..r 0 0 0 0 

0 ...r 0 0 1 1 

Un" 
V 

V 

mA 

mW 

·C 

·C 

When either outPut dubl. A or 8 lor both) I, (are) high the outPut I, dlAbled to the high­
Impedance steM; however seQuential operMlon of the flip.flopl" not effected. 

X - Don't car •• 
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MC1407.18 thru MC140138, . 
MC14075B .... 

.. See Pa9&6-6. 

MC14076B 

CMOS MSI 
(LOW.pOWER COMPLEMENTARY MOS} 

QUAD O·TVPE REGISTER 
with THREE STATE OUTPUTS 

,- ,-1 

L SUFFIX PSUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 820 CASE 848 

ORDERING INFORMATION 

A Serle8:-55"Cto +125"C 
MC14XXXBAL or UBAL (Ceramic Package Only) 

C Series: -4O"C to +851C 
MC14XXXBCP or USCP (Plastic Package) 
MC14XXXBCL or UBCL (Ceramic Package) 

BLOCK DIAGRAM 

15 R_ OO 3 
14 DO 
13 01 
12 D2 01 
11 03 

10 8 } D." 
9 AD_Ie 02 5 
7 Clock 
2 8 }0U1PU1 

AD_Ie Q3 15 

VOO-Pln 1. 
VSS. Pin 8 



MC14076B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Voo TI_ . 2SoC Thill!" 
CharKtaristic Symbol Yd. 

Output Voltage "0" Level VOL 5.0 
Vi" = VOO or 0 10 

15 
"1" Level VOH 5.0 

Vi" = 0 or VOO 10 
15 

Input Voltage "0" Level VIL 
(VO = 4.5 or 0.5 Vd.) 5.0 
(Vo=9.00r 1.0Vdc) 10 
(VO -13.5 or 1.5 Vd.1 15 

"I" Level VIH 
(VO = 0.5 or 4.5 Vd.) 5.0 
(Va ~ 1.0 or 9.0 Vd.) 10 
(Va = 1.5 or 13.5 Vd.) 15 

Output Drive Current (Al Devicel 10H 
(YOH = 2.5 Vdc) Source 5.0 
(VOH = 4.6 Vdc) 5.0 
(VOH = 9.5 Vd.) 10 
(VOH = 13.5 Vd.) 15 

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

Output Drive Current (CL/CP Device) IOH 
(VOH = 2.5 Vd.1 Source 5.0 
(VOH = 4.6 Vd.) 5.0 
(VOH = 9.5 Vdel 10 
(VOH = 13.5 Vd.) 15 

(VOL = 0.4 Vd.1 Sink IOL 5.0 
(VOL = 0.5 Vd.1 10 
(VOL = 1.5 Vdcl 15 

Inpul Current (Al Device) 'in 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(V in = 01 

Quiescent Current fAL Device) 100 5.0 
(Per Packag.) 10 

15 

QUiescent Current (CLlCP Device) 100 5.0 
(Per Pa.kage) 10 

15 
Total Supply Current"t IT 5.0 

(Dynamic plus Quiescent, 10 
Per Package) 15 

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

Three-State Leakage Current ITL 15 
(AL Devicel 

Three-Slate Leakage Current ITL 15 
(CLlCP Device) 

*Tlow = - 55°C for AL Device, - 40°C for ClICP Device. 
Thigh = +125°C for AL Device, + 85°C for ClICP Device. 

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an Indication of the IC's potential performance. 

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 

-
-
-
-
-
-
-
-
-

-

-

""The formulas given are for the typical characteristics only at 25°C. 
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Max Min Typ# Max Min Mox Unit 

0.05 - 0 0.05 - 0.05 Yd. 
O.O!; - 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 -

Vd. 
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 - Vd. 
- 7.0 5.50 - 7.0 -
- 11.0 8.25 - 11.0 -

mAd. 

- -2.4 -4.2 - -1.7 -
- -0.51 -O.BB - -0.36 -
- -1.3 -2.25 - -0.9 -
- -3.4 -B.B - -2.4 -
- 0.51 0.88 - 0.36 - mAd. 

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

mAd. 
- -2.1 -4.2 - -1.7 -- -0.44 -O.BB - -0.36 -
- ~1.1 -2.25 - -0.9 -
- -3.0 -B.B - -2.4 -
- 0.44 0.88 0.36 mAde 

- 1.1 2.25 - 0.9 -
- 3.0 8.8 - 2.4 -

to.l .0.00001 .0.1 '1.0 .. Ad. 
• 0.3 '0.00001 to.3 '1.0 .. Ad • 

- 5.0 7.5 pF 

5.0 - 0.006 5.0 150 .. Ad. 
10 - 0.010 10 - 300 
20 - 0.015 20 - 600 

20 - 0.006 20 - 150 .. Ad. 
40 - 0.010 40 - 300 
80 - 0.015 80 - 600 

IT ~ (0.75 ""'kHz) f + 100 .. Ad. 
IT • 11.50 "A/kHz! f + I DO 
IT = (2.25 "AIkHz) f + 100 

.0.1 - ,0.00001 .0.1 .3.0 .. Ade 

tl.O - ,0.00001 .1.0 - t7.5 .. Ad. 

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

where: IT Is in fLA (per package), CL in pF, V = (VDO-VSS) In volts, 
f in kHz is input frequency, and k = 0.002. 
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MC14076B 

SWITCHING CHARACTERISTICS· (CL' 50 pF TA' 250 CI 

Characteristic Symbol 

Output Rise and Fall Time ITLH.ITHL 
ITLH. ITHL ~ (1.5 ns/pFI CL + 25 ns 
ITLH. ITHL ~ (0.75 ns/pFI CL + 12.5 ns 
ITLH. tTHL ~ 10.55 ns/pFI CL + 9.5 ns 

Propagation Delay Time IpLH,IPHL 
Clock 10 Q 

tpLH. tpHL • 11.1 ns/pFI CL + 215 ns 
IPLH. IpHL • (0.66 ns/pFI CL + 92 ns 
IpLH. tpHL • (0.5 ns/pFI CL + 65 ns 

Reset to Q 

tPLH, tPHL • (1.1 ns/pFI CL + 215 ns 
tPLH. tPHL • (0.66 ns/pFI CL + 92 ns 
tpLH. tpHL • (0.5 ns/pFI CL + 65 ns 

3·Stato Propagation Oelav. Output "I" or "0" tPHZ. tPLZ 
to High Impedance 

3-5toto Prgpagation Oolav. High Impedance IPZH. tPZL 
to "I" or "0" Level 

Clock Pulse Width twH 

Reset Pulse Width twH 

Data Setup Time tsu 

Data Hold Time th 

Data Disable Setup Time tsu 

Clock Pulse Rise and Fall Time tTLH, tTHL 

Clock Pulse F roquencv fel 

*The formulas given are for the typical characteristics only at 25°C. 

#Oata labelled "Typ" Is not to be used for design purposes but is 
intended as an indication of the tC's potential performance. 

VDD 
Vdc 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

Min Typ# Max Unit 

ns 
- 100 200 

- 50 100 

- 40 80 

ns 

- 300 600 
- 125 250 
- 90 180 

- 300 600 
- 125 250 
- 90 180 

- 150 300 ns 
- 60 120 
- 45 90 

- 200 400 ns 
- 80 160 

- 60 120 

260 130 - ns 
110 55 -
80 40 -
310 185 - ns 
150 15 -
110 55 -
30 15 - ns 
10 5 -
4 2 -

130 65 - ns 
60 30 -
50 25 -

220 110 - ns 
80 40 -
50 25 -

- .:.. 15 ,.S 
- - 5 
- - 4 

- 3.6 IS' MHz 

- 9.0 4.5 

- 12 6.0 

This device contains protection circuitry .to guard against damage due to high static voltages or electric fields. 
However. precautions must be taken to avoid applications of any voltage higher than maximum rated voltages to this 
high-impedance circuit. For proper operation. Vin and Vout should 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). Unused outputs 
must be left open. 
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MC14076B 

D Input 
Information 

Clock 

a output 

FIGURE 1 - TIMING DIAGRAM 

R_.t"" 0 
Oa'a Di • .t»1e A and 8 = 0 
Output Disable A and B .. 0 

,...---VOO 

EQUIVALENT 
FUNCTIONAL BLOCK DIAGRAM 

Output Dlubl. A 1 
Output Dluble B 2 

DO 14 C>------+-" 

Data Dlubl. A 9 
Data Oiubl. B 10 

01 13o------+---+-f~ 

Clock 7 

02 12 C>----If--+-r, 

0311o------r-----r~ 

Output 
Disable 
Aora 

AnyQ 

FIGURE 2 - THREE-STATE PROPAGATION DELAY 
WAVESHAPE AND CIRCUIT 

T-----~~i-r_-----------VOO 

I~~----vss 

.... -+-;=+------- VOH 
Output _+-_1 {* 2.6 V" VOO'" 5 V. 

U)V.and 15V 

AnyQ 
Output 

{
_ 2 V • VOO'" 5 V 
... 6VOVOD"",10V 
l1l;I 10VOVODIII15V 

~---~~----VOL 

-:-+---- Ou'tpUts 
Connec.d 

Any 0 

Othe. I~OU~:U: 1 kO I 
Inputs MC14076B 
Output 
Diuble CL 
Aor B -= 

VDO '0' tPLZ end tPZL 

Vss '0. tPHZ ond tpZH 

300 

PIN ASSIGNMENT 

16 

2 15 

401 3 14 

4 13 

6 12 

6 11 

7 10 

8 9 

502 

603 
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(f!jMOTOROLA 

QUAD 2-INPUT "NAND" SCHMITT TRIGGER 

The MC 140938 Schmitt trigger is constructed with MOS P-chennel 
and N-channel enhancement mode devices in a single monolithic 
structure_ These devices find primary use where low power dissi­
pation andlor high noise immunity is desired. The MC140938 may 
be used in place of the MC 140118 quad 2-input NAND gate for 
enhenced noise immunity or to "square up" slowly changing 
waveforms. 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-Power TTL Loads or ·One Low-Power 
Schottky TTL Load Over the Rated Temperature 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) 

Symbol Paramet.r Value 

VOD DC Supply Voltage -0.5 to + 18.0 

Vln. Vout Input or Output Voltage (DC or Transient) -0.5 to VDD +0.5 

lin. lout Input or Output Current (DC or TranSient). per Pin ±10 

Po Power DISSipation. per Packaget 500 

Tstg Storage Temperature -65 to +150 

TL Laad Temperature (8-Second Soldering) 280 

*Maxlmum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mWrC from 8S"C to 8S"C 

Ceramic "L" Package: -12mWrC from 1000C to 12S"C 

EQUIVALENT CIRCUIT SCHEMATIC 
1114 OF CIRCUIT SHOWNI 

Unit 

V 

V 

mA 

mW 

"C 

"C 

This device contelns protection circuitry to guard against damage due to high 
static voltages or electric flelds. However, precautions must be taken to avoid 
applications of any voltage higher than maximum rated voltages to this high­
impedance circuit. For proper operation, Vin and Vout should 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). Unused outputs must be left open. 
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MC14093B 

CM0555. 
(LOW.pOWER COMPLEMENTARY MOSI 

QUAD 2-INPUT "NAND" 
SCHMITT TRIGGER 

--I 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

A Series: - 55'"C to + 12S'"C 
MC14XXXBAL (Ceramic Package Only) 

C Series: -40"C to +85"C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

LOGIC DIAGRAM 

12=B-~ 11 
13 

VDD. Pin 14 
VSS. Pin 7 



MC14093B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level 5.0 
Yin ~ VOO orO VOL 10 

15 

"I" Level 5.0 
Yin ~ OorVOO VOH 10 

15 

OUtput Drive Current (AL Device) 
(VOH ~ 2.5 Vdc) Source 5.0 
(VOH ~ 4.6 Vdc) IOH 5.0 
(VOH ~ 9.5 Vdc) 10 
(VOH ~ 13.5 Vdc) 15 

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

OUtput Drive Current (CLJCP Device) 
(VOH ~ 2.5 Vdc) Source 5.0 
(VOH = 4.6 Vdc) IOH 5.0 
(VOH ~ 9.5 Vdc) 10 
(VOH ~ 13.5 Vdc) 15 

(VOL ~ 0.4 Vdc) Sink 5.0 
(VOL ~ 0.5 Vdc) ioL 10 
(VOL ~ 1.5 Vdc) 15 

Input Current (Al Device) lin 15 

Input Current (CLJCP Device) lin 15 

Input capacitance Cln -
(Vln = 0) 

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

15 

OUiescent CUrrent (CLJCP Device) IDO 5.0 
(Per Package) 10 

15 

Total Supply Current"t IT 5.0 
(Dynamic plus QUiescent, 10 
Per Package) 15 
(Cl = 50 pF, on all outputs, all 
buffers switching) 

HysteresiS Voltage VH 5.0 
(Pins I, 5, 8 and 12 held high 10 
or Pins 2, 6, 9 and 13 held high) 15 

Threshold Voltage 
(Pins 2, 5, 9, 12 held high or VT+ 5.0 
Pins 1, 6, 8, 13 held high) 10 
PosHive-Going 15 

Negative-Going VT_ 5.0 
10 
15 

'Tlow = -55°C for AL Device, -4O"C for CUCP Device. 
Thigh = +1250(; for AL Device, +850(; for CUCP Dsvice. 

#Data labelled "Typ" Is not to bs used for design purposes but is 
intended as sn Indication of ths lC's potential pertormance. 

"'*The fonnulas given are for the typical characteristics only at 25"C. 

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

Iy(CLl = 1y(50 pF) + (CL - 50) Vii< 

where: IT is In "A (per package), CL In pF, V = (VDD - VSS) in volts, 
f In kHz Is Input frequency, and k = 0.004. 

Tlow' 

Min Max 

- 0.05 

- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

-3.0 -
-0.64 -
-1.6 -
-4.2 -
0.64 -
1.6 -
4.2 -

-2.5 -
-0.52 -
-1.3 -
-3.6 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 0.25 
- 0.5 

- 1.0 

- 1.0 

- 2.0 
- 4.0 

0.20 0.62 
0.29 0.65 
0.39 1.20 

1.90 4.15 
3.05 6.75 
4.12 9.15 

1.63 3.76 
2.70 6.18 
3.59 8.40 
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25'C Thl h' 
Unit 

Min Typ# Max Min Max 

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

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

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

-2.1 -4.2 - -1.7 -
-0.44 -0.88 - -0.36 - mAde 
-1.1 -2.25 - -0.9 -
-3.0 -8.8 - -2.4 -
0.44 0.88 - 0.36 -
1.1 2.25 - 0.9 - mAde 
3.0 8.8 - 2.4 -
- ±O.OOOOI ±O.1 - ±1.0 ""dc 

- ±0.OO001 ±0.3 - ±1.0 ~c 

- 5.0 7.5 - - pF 

- 0.0005 0.25 - 7.5 ~c 
- 0.0010 0.5 - 15 

- 0.0015 1.0 - 30 

- 0.0005 1.0 - 7.5 ~c 
- 0.0010 2.0 - 15 
- 0.0015 4.0 - 30 

IT ~ (1.2 ""'kHz)l + IDD ~ 
IT ~ (2.4 ""'kHz) I + IDD 
IT = (3.6 ~Hz) I + IDD 

0.17 0.26 0.6 0.13 0.6 Vdc 
0.25 0.38 0.8 0.20 0.8 
0.33 0.50 1.1 0.27 1.1 II 
1.80 2.70 4.05 1.70 4.05 Vdc 
2.95 4.43 6.65 2.85 6.65 
4.02 6.03 9.05 3.92 9.05 

1.63 2.44 3.66 1.53 3.66 Vdc 
2.70 4.05 6.08 2.60 6.08 
3.69 5.53 8.30 3.70 8.30 
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MC140938 

SWITCHING CHARACTERISTICS tCl = 50 pF. T A = 25°C) 

VDD 
Chol'llCteristic Svmbol Vd. Min Typ# Mo. 

OutPUt Rise Time tTlH 5.0 - 100 200 
10 - 50 100 
15 - 40' 80 

Output Fa .. Time t-rHl 5.0 - 100 200 
10 - 50 100 
15 - 40 80 

Propagation Delav Time tplH.tPHl 5.0 - 125 250 
10 - 50 100 
16 - 40 80 

#Data labeled "Typ" is not to be used for design purposes but Is intended as an indication of the IC's potential performance. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVE FORMS 

20 ns 

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

):>---.--00 Output 
I"II----Vss 

f--'[>o---L..J 

Output 

FIGVRE 2 - TYPICAL SCHMITT TRIGGER APPLICATIONS 

Vln~ p vou• 

c.) Schmitt Tr ....... will ~u.,.. up 

InpuU with 'IO~ rl_ and fan tim ... 

"-- Vas 

VControl=- 1 

(b) A Schmitt trl .. , offer. maximum 
nolle Immunity in gate eppUcetlonL 

VDD 

VH~ .L_ _ _ __ 

Vln T- :- -I - :-- I --vas 

Vgg 

V ou• 

--~====~------======~-VSS 
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Unit 

nl 

ns 

ns 
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FIGURE 3 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS TEST CIRCUIT 
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FIGURE 5 - TYPICAL TRANSFER CHARACTERISTICS 
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FIGURE 4 - TYPICAL OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 
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® MOTOROLA 

8-STAGE SHIFT/STORE REGISTER 
WITH THREE-STATE OUTPUTS 

The MC14094B combines an B-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 output~. 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 or One Low-Power 

Schottky TTL Load Over the Rated Temperature Range 

• Input Diode Protection 

• Data Latch 
• Dual Outputs for Data Out on Both Positive and Negative Clock 

Transitions 

• Useful for Serial-to-Parallel Data Conversion 
• Pin-for-Pin Compatible with CD4094B 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Value 

Voo OC Supply Voltage -0.5 to + 18.0 

Unit 

V 

Vin. Vout Input or Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 V 

'in. 'out Input or Output Current (DC or Transient), per Pin ±10 rnA 

Po Power Dissipation, per Packaget 500 rnW 

Tstg Storage Temperature -65 to +150 °C 

TL Lead Temperature (8-Second Soldering) 260 °C 

*Maxlmum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW/oC from 65°C to 85°e 

Ceramic "L" Package: -12mW/oC from 100°C to 125°C 

Output Parallel Outputs Sorilll Outputs 

Clock Enabl. Strobe Deta 0' ON OS· O'S 

J 0 X X Z Z 07 No Chg. 

"\. 0 X X Z Z No Chg. 07 

J 1 0 X No Chg. No Chg. 07 No Chg. 

.r 1 1 0 0 °N-l 07 No Chg. 

.r 1 1 1 1 ON-l 07 No Chg. 

'- 1 1 1 No Chg. No Chg. No Chg. 07 

Z = High Impedance 
X • Don't Care 
• At the positive clock edge. information in the 7th shift register stage is transferred to 
OS.ndOs· 
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MC140948 

CMOS MSI 
(LOW.pOWER COMPLEMENTARY MOS) 

8-STAGE SHIFT/STORE REGISTER 

,-
~SUFFIX •.. 

CERAMIC PACKAGE 
CASE 620 16 

1 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Senes: - 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

PIN ASSIGNMENT 

2 

3 

4 

5 

6 

8 

16 

16 

14 

13 

12 

11 

10 

9 

This device contains protection circuitry to 
guard against damage due to high static 
voltages or electric fields. However, precau~ 
tions must be taken to avoid applications of 
any voltage higher than maximum rated 
voltages to this high-impedance circuit. For 
proper operation, Vin and Vout should be 
constrained to the range VSS '" (Vin or 
Vout) '" VOO· 
Unused inputs must always be tied to an ap­
propriate logic voltage level (e.g., either VSS 
or VOO). Unused outputs must be left open . 



MC14094B 

ELECTRICAL CHARACTERISTICS (Voltage. Referenced to Vss) 

Cha'Ht.lS1ic Symbol 

Outpul Voltage "0" Level VOL 
Vin=VOO or 0 

"I" Level VOH 
Vin=O or VOO 

Input Voltage "0" Level VIL 
(VO = 4.5 or 0.5 Vdcl 
(Vo=9.00r 1.0Vdcl 
(VO ~ 13.5 or 1.5 Vdcl 

"I" Level VIH 
(VO = 0.5 Or 4.5 Vdcl 
(VO = 1.0 Or 9.0 Vd.1 
IVO ~ 1 5 or 13.5 Vd.1 

OutPUt Drive Current CAL Devlce~ 10H 
(VOH - 2.5 Vdc) Source 
IVOH = 4.6 Vdcl 
(VOH ·9.5 Vdcl 
(VOH = 13.5 Vd.1 

(VOL =0.4 Vdcl Sink 10L 
(VOL =0.5 Vdc) 
IVOL = 1.5 Vdcl 

Output Drive Current (CL/CP Device' IOH 
(VOH D 2.5 Vdc) Source 
IVOH ~ 4.6 Vdc) 
(VOH = 9.5 Vd.1 
(VOH = 13.5 Vdcl 

IVOL = 0.4 Vdcl Sink IOL 
(VOL = 0.5 Vdcl 
(VOL = 1.5 Vdc) 

Inpul Currenl (AL Devicel I,n 

Inpul Currenl (CLlCP Oev,.el 'in 
Input Capacitance C,n 

(V,n=OI 

QUl8ICent Current (AL Devlcel (DO 
IPer Packagel 

0ulescen1 Current (CLlCP Deveee) (DO 
IP., Package) 

Total Supply Current·· t (T 
IDynamIC plus Quiescenl, 
Per Packagel· 

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

3-State Output Leakage ITL 
Current (Al Device) 

3-State Output Leakage ITL 
Current (CL/CP Device) 

*Tlow= -55"C'or AL Device, -40"C for CUCP Oevic;e. 
Thigh'" + 125"C for AL Device. + 85"C for CltCP Oevice. 

Voo 
Vd. 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-
50 
10 
15 

5.0 
10 
IS 

5.0 
10 
15 

15 

15 

#Data labelled "Typ" Is not to be used for design purposes but is 
intended 88 an indication of the IC's potential performance. 

"*The formulas given are for the typical characteristics only at 25"C. 

Tlo.· 25"<: Th· ... • 
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 
13 
3.6 

-
-

-
-
-
-
-

-

-

Mo. Min Typ# Mo. Min Mo. 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 -

Vd. 
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 - Vd. 

- 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 

- 13 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 

- 11 2.25 - 0.9 -
- 3.0 8.8 - 2.4 -

to 1 to.ooool !:O 1 fl.O ",Adc 

t03 - to 00001 to.3 - :11.0 ",Adc 

- - 50 7.5 - - pF 

50 0.005 5.0 150 ",Adc 

10 - 0.010 10 - 300 
20 - 0.Q15 20 - 600 

20 - 0.005 20 - ISO ",Adc 

40 - 0.010 40 - 300 
80 - 0.015 80 - 600 

(T= (4.1 "A/kHzl f + too ",Adc 

IT = (14 "A/kHzl f + too 
IT - 1140 "A/kHzl f • too 

±O.l - ±O.OOOI ±O.1 - ±3.0 ",A 

±1.0 - - ±1.0 - ±7.5 "A 

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

where: IT is in .... A (per package), CL In pF, V = (VOO-VSS) in volts, 
f in kHz is input frequency, and k = 0.001 .• 
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MC140948 

SWITCHING CHARACTERISTICS· (CL = 50 pF. TA • 250 CI 

Characteristic 

Output Aise and Fall Time 
tTLH. tTHL = (1.35 ns/pFI CL + 33 ns 
tTLH. tTHL = (0.6 ns/pFI CL + 20 ns 
tTLH. tTHL = (0.4 ns/pFI CL + 20 ns 

Propagation Delay Time 
Clock to Serial out as 

tPLH. tPHL = (0.90 ns/pFI CL + 305 ns 
tPLH. tPHL = (0.36 ns/pFI CL + 107 ns 
tpLH. tpHL = (0.26 ns/pFI CL + 82 ns 

Clock to Serial out O'S 

tpLH. tPHL = (0.90 ns/pFI CL + 350 ns 
tpLH. tpHL = (0.36 ns/pFI CL + 149 ns 
tPLH. tpHL = (0.26 ns/pFI CL + 62 ns 

Clock to Parallel out 

tpLH. tpHL'= (0.90 ns/pFI CL + 375 ns 
tpLH. tPHL = (0.35 ns/pFI CL + 177 ns 
tPLH. tpHL = (0.26 ns/pFI CL + 122 ns 

Strobe to Parallel out 

tPLH. tPHL = (0.90 ns/pFI CL + 245 ns 
tPLH. tPHL = (0.36 ns/pFI CL + 127 ns 
tPLH. tpHL = (0.26 ns/pFI CL + 87 ns 

Output Enable to Output 
tpHZ. tpZL = (0.90 ns/pFI CL + 95 ns 
tpHZ. tpZL - (0.36 ns/pFI CL + 57 ns 
tpHZ. tpZL = (0.26 ns/pF I CL + 42 ns 

tPLZ. tpZH = (0.90 ns/pFI CL + 180 ns 
tPLZ. tpZH = (0.36 ns/pFI CL + 77 ns 
tpLZ. tpZH = (0.26 ns/pFI CL + 57 ns 

Setup Time 
Data in to Clock 

Hold Time 
Clock to Data 

Clock Pulse Width. High 

Clock Rise and Fall Time 

Clock Pulse Frequencv 

Strobe Pulse Width 

*The formulas given are for the typical characteristics only at 25°C. 

#Data labelled "Typ" Is not to be used 'or design purposes but Is 
intended as an Indication of the IC's potential performance. 

Symbol 

tTLH. 
tTHL 

tPLH. 
tPHL 

tpHZ. 
tpZL 

tpLZ. 
tpZH 

tsu 

th 

twH 

trlell 
t,(el) 

fel 

twL 

O.E. 

Data 

ST 

Clock 

6-168 

Voo 
Yd. Min Typ# 

5.0 - 100 
10 - 50 
15 - 40 

5.0 - 350 
10 - 125 
15 - 95 

5.0 - 230 
10 - 110 
15 - 75 

5.0 - 420 
10 - 195 
15 - 135 

5.0 - 290 
10 - 145 
15 - 100 

5.0 - 140 
10 - 75 
15 - 55 

5.0 - 225 
10 - 95 
15 - 70 

5.0 125 60 
10 55 30 
15 35 20 

5.0 0 -40 
10 20 -to 
15 20 0 

5.0 200 100 
10 100 50 
15 83 40 

5 - -
10 - -
15 - -
5.0 - 2.5 
10 - 5.0 
15 - 6.0 

5.0 200 100 
10 80 40 
15 70 35 

3·STATE TEST CIRCUIT 

For For 
tPHZ tpLZ 
and I and 

tpZH tpZL 
Vss VOO 

b 

1 k 

1--+----0 Output 

:;!; 50 pF 

Max Unit 

ns 
200 
100 
80 

ns 

600 
250 
190 

460 
220 
150 

840 
390 
270 

580 
290 
200 

280 
150 
110 

450 
190 
140 

ns 
-
-
-

- ns 
-
-
- ns 
-
-

15 ,..s 
5.0 
4.0 

1.25 MHz 
2.5 
3.0 

- ns 

--



MC14094B 

BLOCK DIAGRAM 

Register Stage 1 Latch 1 
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Serial 
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Output 
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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. AI. 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 

• Master Reset 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads or One Low-Power 
Schottky TTL Load over the Rated Temperature Range 

• MC140998 pin for pin compatible with CD4099B 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Value Unit 

VOO DC Supply Voltage -05to +180 V 

VIO. Vout Input or Output Voltage (DC or Tran'sient) - 0 5 10 VOO + 0 5 V 

lin' lout Input or Output Current (DC or TranSient), per Pin ±10 mA 

Po Power DISSipation, per Packaget 500 mW 

Tstc Storage Temperature -65 to + 150 °C 

TL Lead Temperature (S·Second Soldenng) 260 °C 

*Maximum Ratings are those values beyond which damage to the deVice may occur 
tTemperature Derating. PlastiC "P" Package' -12mW/oC from 65°C to 85°C 

Ceramic "L" Package: - 12mW/oC from 1 DODe to 125°C 

'0 

MCI4099B 

Voo - '6 
Vss • 

00 
10 

" 0' 
11 Q'l 

" IS o. 
1 • 07 

PIN ASSIGNMENT 

MCI4599B 
Ch.p E ..... -----i,irlO 

w"··'·· .. =~=E 

Vss' • 

PIN ASSIGNMENT .. 
" I. I. 
" I, 
" 
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00 
01 

13 02 
I. 0' oo 

O. 
16 06 

ae 

I MC14097B 
. ,.uSeeuhge6-146'· 

MC140998 
MC145998 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOSI 

8·BIT ADDRESSABLE LATCH 

MCI4599B WITH BIDIRECTIONAL PORT 

--I . 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

l SUFFIX 
CERAMIC PACKAGE 

CASE 726 

PSUFFIX 
PLASTIC PAC KAGE 

CASE 648 

P SUFFIX 
PLASTIC PACKAGE 

CASE 707 

ORDERING INFORMATION 

A Sarles: - 55°C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Seriea: - 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

This device contains protection circuitry to 
guard against damage due to high statiC 
voltages or electric fields. However, precau­
tions must be taken to avoid applications of 
any voltage higher than maximum rated 
voltages to this high-impedance circuit. For 
proper operation. V,n and VOu! should be 
constrained to the range VSS .. (Vln or 
Vout)" VOO· 
Unused Inputs must always be tied to an ap­
propriate logic voltage level (e.g., either VSS 
or VOO). Unused outputs must be left open. 

I 



MC14099B-MC14599B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Charoc:toristic Symbol 

Output Voltage "0" Level VOL 
Vin~VDDorO 

"1"Level VOH 
Yin - Oar VDD 

Input Voltage "0" Level V,L 
(Va - 4.5 or 0.5 Vde) 
(Va - 9.0 or 1.0 Vdc) 
(Va = 1'3.5 or 1.5 Vde) 

"I" Leval V,H 
(Va - 0.5 or 4.5 Vde) 
(Va - 1.0 or 9.0 Vde) 
(Va ~ 1.50r 13.5 Vde) 

Output Drive Current (AL Device) IOH 
(VOH • 2.5 Vdc) Source 
(VOH - 4.6 Vdc) 
(YaH = 9.5 Vdc) 
(YaH = 13.5 Vdc) 

(VOL = 0.4 Vdc) Sink IOL 
(VOL = 0.5 Vde) 
(VOL = 1.5 Vde) 

Output Drive Current (CL/CP Device) IOH 
(VOH - 2.5 Vde) SQurce 
(YOH = 4.6 Vdc) 
(VOH • 9.5 Vdc) 
(VOH m 13.5 Vde) 

(VOL - 0.4 Vdc) Sink IOL 
(VOL - 0.5 Vdc) 
(VOL = 1.5 Vde) 

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

(Vin -0) 

Input Capacitance Cin 
MCI4599B-Data(pin 3) 
(Vin- O) 

Quiescent Current (A L Device) 100 
(Per Package) 

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

Total Supply Current··t 'T 
Dynamic plus Quiescent, 
Per Package) 
(CL - 50 pF on all outputs, 
.11 buffen switching) 

°Tlow= -65°C for AL Device. -40"C for CLJCP Oevice. 
Thlgh= + 1250C forAL Cavies, + 85°C for CUCP Device. 

VDD 
Vdc 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

6.0 
10 
15 

#Data labellad "Typ" is not to be used for design purposes but is 
intended 8S an indication of the IC's potential performance. 

**The formulas given are for the typical characteristics only at 25°C. 

Tlow· 25"c Th· ... • 
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 

-
-
-
-

-
-
-
-
-
-

Max 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 - 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 -
- 7.0 5.50 - 7.0 -
- ,.,.0 B.25 - 11.0 -

mAde 

- -2.4 -4.2 - -1.7 -
- -0.51 -0.98 - -0.36 -
- -1.3 -2.25 - -0.9 -
- -3.4 -B.B - -2.4 -
- 0.51 0.98 - 0.36 -
- 1.3 2.25 - 0.9 -
- 3.4 B.B - 2.4 -

mAde 

- -2.1 -4.2 - -1.7 -
- -0.44 -0.98 - -0.36 -
- -1.1 -2.25 - -0.9 -
- -3.0 -B.B - -2.4 -
- 0.44 0.98 - 0.36 -
- 1.1 2.25 - 0.9 -
- 3.0 B.B - 2.4 -

±O.1 - to.OOOOl .0.1 - ".0 pAde 

.0.3 - .0.00001 .0.3 - .1.0 "Ade 

- 5.0 7.5 pF 

- - 15.0 22.5 - - pF 

6.0 - 0.006 6.0 - 150 I'Ade 
10 - .0.010 10 - 300 
20 - 0.016 20 - BOO 

20 - 0.006 20 - 150 pAde 
40 - 0.010 40 - 300 
80 - 0.016 80 - BOO 

'T -(1.5pA/kHz) f + 100 ,.Ade 
IT - (3.0 "A/kHz) f + 100 
'T = (4.5 pA/kHz) f + 100 

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

where: IT Is In p.A (per package), CL In pF, V,.. (Vee-Vss) in volts, 
f in kHz Is Input frequency, and k = 0.004. 
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MC14099B-MC14599B 

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

Characterlstl. 

Output Rile and Fall Time 
tTLH. tTHL Z (1.35 ns/pF) CL +32 n. 
tTLH. tTHL - (0.6 n./pF) CL +20 n. 
tTLH. tTHL = (0.4 n./pF) CL +20 n. 

Propagation Delay Time 
Data to Output Q 

Write Disable to Output Q 

Reset to Output Q 

CE to Output Q IMC 14599B only) 

Propagation Delay Time. MC14699B only 
Chip Enable. Write/ROd to Data 

Addre .. to Data 

Pulse Widths 
Reset 

Write Disable 

Set UpTime 
Data to Write Oisable 

Hold Time 
Write Disable to Data 

Set" Up Time 
Address to Write Disable 

Removal Time 
Write Disable to Address 

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

#Data labelled "Typ" Is not to be used for design purposes but is 
intended as an indication of the IC's potential performance. 

Symbol 

tTLH. 
fTHL 

tPHL. 
tPLH 

tpHL. 
tpLH 

tw(H) 
tWIL) 

lou 

th 

tsu 

trem 
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VDD 
Yd. 

6.0 
10 
16 

6.0 
10 
16 

6.0 
10 
15 

6.0 
10 
15 

5.0 
10 
16 

5.0 
10 
16 

6.0 
10 
16 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

6.0 
10 
16 

5.0 
10 
15 

5.0 
to 
15 

Min TypN Max Unit 

nl 
- 100 200 
- 60 100 
- 40 80 

nl 
- 200 400 

- 76 160 
- 50 100 

- 200 400 n. 
- 80 160 

- 60 120 

- 175 350 n. 
- 80 160 

- 65 130 

- 226 460 "' - 100 200 
- 75 160 

ns 

- 200 400 

- BO 160 
- 65 130 

- 200 400 n. 
- 90 lBO 
- 76 150 

n. 
150 75 -
75 40 -
50 25 -

320 160 - "' 160 BO -
120 60 -

n. 
100 50 -
50 26 -
36 20 -

nl 
150 75 -
76 40 -
50 25 -
100 45 ns 
BO 30 -
40 10 -
0 -BO - n. 
0 -40 -
0 -40 -



AIHt 2 

Writ •• 
Ol •• ble 

AD 5 

A2 1 

IM.S.B.I 

TAUTHTABLE 

Wrlll 
DI .. bll A_I 

0 0 
0 1 
1 0 
1 1 

• an I. prlYlou •• 1111 of latch. 
t R.at to 18ro .tete. 

Reset 

Output Q 

Addr_1d 
Lllch 

Data 
Dala 

an' 

R .. lt 

MC14099B-MC14599B 

U ... dd~ 
Latch •• 

an' 
R ... I' 

an' 

Rlllt 

tw(H) 

MCI4011B 
FUNCTION DIAGAAM 

g 00 

1------0 lD 01 

1-----011 02 

1-------012 03 

1-----013 04 

1-----0() 14 08 

1-----0() 18 08 

1 01 

CAUTION: To avoid unintentional data changes in the latches. 

SWITCHING WAVEFORMS 

Voo 

Vss 
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Write Disable must be active (high) during transitions 
on ihe address inputs AO. AI. and A2. 

Address 50% 

Voo 

Vss 

~----Voo 
Write 

Disable 

Vss 

~t:= th\~ 
Oata J%_. _____ ... lL VOO 

Vss 



II 

Oau3 

Write 4 
DiAb'. 

AD 5 

AI 6 

A2 7 

(M.s.B.) 

MC14099B-MC14599B 

MC141i11B 
FUNCTION OIAGRAM 

r---------------, 
~--_1--~----------------~ I 

To 
Other 
Latch .. 

Add,.. 
Decoder 

Chip 
E_ Write/1IoiiiI 

0 X 

1 1 

1 1 

1 0 
X X 

X • Don t-.. 
• • No ..... in ltata of 18tch. 
Z ·Highim ......... . 
On· S_ of ecIdr.-cI _h. 

Write ..... 
X 

0 
1 

X 
X 

Z.ro 
Select 

TRUTH TABLE 

R_ 

0 

0 
0 
0 
1 

Add ...... ..-
· o.ao 

· · 
0 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

" 00 

ElICh Latch I _____ ...J 

Other 
LitcMs 

· · · · 
0 

1-----000 12 01 

1-----013 02 

1------014 03 

1------011 04 

1-----0'1 05 

1------01701 

1------0 I 07 

o.ao 
'in 
Z 

Input 

Z 

On 
Z/O 

CAUTION: To avoid unintentional data changes In the latches, Write Disable must be active (high) during transl­
tioris on the address inputs AO, A 1, and A2. 
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Q 0 

Q 7 -
R • ... 

C E 

A2 ,Al,AO 

o ... 
W rita DJIllbI. 

\ 

MC14099B-MC14599B 

MC14599B 
SWITCHING WAVEFORMS 

DIna Write 

50% 

tpHL r-- _:~"'LH .. tpHL_ 

..., 90'100 1/ 90% 
10% 10% ---t I--tTHL 

~tPLH -eo 

k 
j4-lw(H) .... 

r 5O% 

-

-- Isu I--'W(L)_ trem '--- -90'100 
50'100 t t,O'1OO 10%..; 

20n ... t--- -1 /--20 n. 

-Vee 
W/R 

'--__________ VSS 

----------- VOO 
CE 

_VSS 

'pHL ____ """'I r------ Vee 

D ........ = ........ ~~~;t\\'\\\'O: E ___ Vss 

___________ :j ~~H~F _ VDe 

A2,Al,AO \ Vss 

NOTE: 1. Invalid DaU OutPut 
2. Reset In LOW Sate 
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_tpLH 

:~ 
50% 

- Voo 

VSS 

Vee 

- Vss 

- Vee 

Vss-

t=-
Vee 

Vss 

Vee 

-Vss 



I 

® MOTOROLA 

HEX SCHMITT TRIGGER 

The MC14106B hex Schmitt Trigger Is constructed with MOS P-channel 
and N-channel enhancement mode devices in a single monolithic struc­
ture. These devices find primary use where low power dissipation and/or 
high noise immunity is desired. The MC14106B may be used in place of 
the MC14069UB hex inverter for enhanced noise immunity or to "square 
up" slowly changing waveforms. 

• Increased Hysteresis Voltage Over the MC14584B 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 

• Pin-for-Pin Replacement for Co40106B and MM74C14 

• Can Be Used to Replace the MC14584B or MC14069UB 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Per.meter Value -
VDD DC Supply Voltage -0.5 to + lB.O 

Vln, Vout Input or Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 

'In,lout Input or Output Current (DC or Transient). per Pin ±10 

Po Power Dissipation, per Packaget 500 

Tsta Storage Temperature -65 to + 150 

TL Lead Temperature (B-Second Soldering) 260 

*Maxlmum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mWI"C from 65°C to B5°C 

Ceramic OIL" Package: -12mW/oC from 100"C to 125°C 

EQUIVALENT CIRCUIT SCHEMATIC 
(1/6 OF CIRCUIT SHOWN) 

This device contains protection circuitry to guard against damage due to 
high static voltages or electric fields. However, precautions must be 
taken to avoid applications of any voltage higher then meximum rated 
voltages to this high-Impedance circuit. For proper operation, Vln and 
VOU! should 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). Unused outputs must be left open. 
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Unit 

V 

V 

mA 

mW 

°C 

°C 

MC14106B 

CMOS SSI 
(LOW-POWER COMPLEMENTARY MOS) 

HEX 
SCHMITT TRIGGER 

--I 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

A Series: - 55"C to + 125"C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 4O"C to + 85"C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

LOGIC DIAGRAM 

1~ 2 

3~ 4 

5~ 6 

9~ 8 

11~10 

13~12 

Voo=Pin 14 
VSS =Pin 7 



MC14106B 

ELECTRICAL CHARACTERISTICS (Voltage. Referenced to VSSI 

Characterlatlc Symbol 

Output Voltage "0" Level VOL 
Vin~VOO 

"1" Level VOH 
Vin=O 

Hysteresis Voltage VHt 

Threshold Voltage 

Positive-Going VT+ 

Negative-Going VT-

Output Drive Current (AL Device) IOH 
(VOH~2.5 Vde) Source 

(VOH~4.6 Vde) 

(VOH~9.5 Vde) 

(VOH~13.5 Vde) 

(VOL ~0.4 Vde) Sink IOl 
(VOL ~ 0.5 Vdc) 

(VOL ~1.5 Vdc) 

Output Drive Current (CL/CP Device) IOH 
(VOH~2.5 Vdc) Source 

(VOH~4.6 Vde) 

(VOH~9.5 Vde) 

(VOH~13.5 Vde) 

(VOL ~0.4 Vde) Sink IOl 
(VOL ~0.5 Vdc) 

(VOL ~ 1.5 Vde) 

Input Current (AL Device) 'in 

Input Current (CL/CP Device) 'in 

Input Capacitance Cin 
(Vin~O) 

Quiescent Current (AL Device) 100 
(Per Package) 

Quiescent Current (eL/CP Device) 100 
(Per Package) 

Total Supply Current**t IT 
(Dynamic Plus Quiescent, 

Per Package) 
(Cl ~ 50 pF on all outputs, 

all buffers switching) 

·Tlow= -55°C for AL Device, -40"C for CUCP Device. 
Thigh = + 125"C for AL Device, + 85"C for CUCP Device. 

VDD 

Vdc 

5.0 

10 

15 

5.0 

10 

15 

5.0 

10 

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 

15 

15 

-

5.0 

10 

15 

5.0 

10 

15 

5.0 
10 

15 

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an indication of the IC's potential performance. 

·-The formulas given are for the typical characteristics only at 25"C. 

Tlow 
. 2S·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 -

0.3 2.0 0.3 1.1 2.0 0.3 2.0 Vdc 

1.2 3.4 1.2 1.7 3.4 1.2 3.4 

1.6 5.0 1.6 2.1 5.0 1.6 5.0 

2.2 3.6 2.2 2.9 3.6 2.2 3.6 Vdc 

4.6 7.1 4.6 5.9 7.1 4.6 7.1 

6.8 10.8 6.8 B.B 10.8 6.8 10.8 

0.9 2.8 0.9 1.9 2.8 0.9 2.8 Vde 

2.5 5.2 2.5 3.9 5.2 2.5 5.2 

4.0 7.4 4.0 5.8 7.4 4.0 7.4 

mAde 

-3.0 - -2.4 -4.2 - 1.7 -
-0.64 - -0.51 -0.88 - 0.36 -
-1.6 - -1.3 -2.25 - 0.9 -
-4.2 - -3.4 -8.8 - 2.4 -
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 

-2.5 - -2.1 -4.2 - -1.7 -
-0.52 - -0.44 -0.88 - -0.36 -
-1.3 - -1.1 -2.25 - -0.9 -
-3.6 - -3.0 -6.6 - -2.4 -
0.52 - 0.44 0.86 - 0.36 - mAde 

1.3 - 1.1 2.25 - 0.9 -
3.6 - 3.0 8.8 - 2.4 -
- ±O.1 - ±O.OOOOI ±O.1 - ±O.1 .,.Ade 

- ±O.3 - ±O.OOOOI ±O.3 - ±O.1 .,.Ade 

- - - 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~(1.8 ".AlkHz) f+IDO ".Ade 
IT~ (3.6 ".AJkHz) 1+ 100 

IT~ (5.4 ".AlkHz) 1+ 100 

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

where: IT is in j,LA (per package), CL In pF, V = (VOO-VSS) in volts, 
f in kHz is Input frequency, and k = 0.001. 

tVH = VT + - VT _ (But maximum variation of VH is specified as 

less than VT + max - VT - min)· 
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MC14106B 

SWITCHING CHARACTERISTICS (Cl - 50 pF T A - 25°C) - -

VOO 
Chefacterlatlc Symbol Vdc Min Typ# Max Unit 

Output Rise Time tnH 5.0 - 100 200 ns 

10 - 50 100 

15 - 40 80 

Output Fall Time tTHl 5.0 - 100 200 ns 

10 - 50 100 

15 - 40 80 

Propagation Delay Time tPlH. tpHl 5.0 - t25 250 ns 

10 - 50 100 

15 - 40 80 

#Data labelled "Typ" is not to be used for design purposes but is intended as an Indication of the IC's potential performance. 

V out 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT ANO WAVEFORMS 

Voo 
14 

FIGURE 2 - TYPICAL TRANSFER CHARACTERISTICS 

Voo 

g 
> 

o 
o 

VH Voo 

l.._~ __ ~ 
T7;--~:--

I, 1 I v 
I 1 I 55 

---- VOO 

-VSS 

(8) SchmiH Triggers will square up 
inputs with slow rise and fall times. 

I 

I I 
I 

I I 
I I 

VT- VT+ Voo 
--I VH l-­

V". INPUT VOLTAGE (Vdcl 

APPLICATIONS 

Vln~Vout 

Voo 
VH -L_ __ __ 

''"T~-
1 I I VSS 

V out 

FIGURE 3 
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---~~~~--------~~~=----vss 

(b) A Schmitt trigger oflers maximum 
noise immunity In gate applications. 



MC14106B 

FIGURE 4 - MONOSTABLE MULTIVIBRATOR 

Voo 

R 

---1tw~ 
Rs ...fL 

Vout 

Useful as Pushbutton/Keyboard Oebounce Circuit. 

FIGURE 5 - ASTABLE MULTIVIBRATOR 

FIGURE 7 - DIFFERENTIATOR 

C 

198 
T 

T +ed9~ 
Voo 

tw-RC In 

Useful as an edge detector circuit. 
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Voo 

FIGURE 8 - INTEGRATOR 

VIN~VOUT 
C 

I Voo = VIN VT+ n Inn I 
Vss..J W U LL 

Useful in discriminating against 

short pulse durations. 

FIGURE 8 - POSITIVE EDGE TIME DELAY CIRCUIT 
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®MOTOROLA 

CMOS MS. 

SYNCHRONOUS PRESETTABLE 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 BCD 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 (MC14161 B, 
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) 

Symbol Parameter V.lu. 

VDD DC Supply Vollags -0.5 to + 18.0 

Vin. Vout Input or Output Voltage (DC or Transient) - 0.5 to VDD + 0.5 

'in. lout Input or Output Current (DC or Transient). per Pin ±10 

PD Power DisSipation, per Packaget 500 

Tata Storage Temperature -65 to +150 

TL Lead Temperature (8-Second Soldering) 260 

*Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plasllc "P" Package: -12mWrC from 65·C to 85·C 

Ceramic "L'· Package: -12mW,·C from 100·C to 125·C 

This device contains protection circuitry to guard against damage due 
to high static voltages or electric fields. However, precautions must be 
taken to avoid applications of any voltage higher than maximum rated 
voltages to this high-impedance circuil. For proper operation, Vin and 
Vout should 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). Unused outputs must be lefl open. 
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Unit 

V 

V 

mA 

mW 

·C 

·C 

MC141608 
BCD COUNTER 

with Asynchronous Clear 

MC141618 
4-BIT BINARY COUNTER 

with Asynchronous Clear 

MC141628 
BCD COUNTER 

with Synchronous Clear 

MC141638 
4-BIT BINARY COUNTER 

with Synchronous Clear 

-,-16 fl(1(11 U u u u f1f1m1 H U 
1 1 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFtX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: -55°C to +125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

to 

9 

2 

3 

4 

5 

6 

BLOCK DIAGRAM 

PE al 

TE 

Cihr a2 

co.a 
Clock a3 

PI 

P2 a4 

P3 

P4 
Carry 

Dul 

VDD - Pin 16 

VSS - Pin 8 

14 

13 

12 

11 

15 



MC14160B thru MC14163B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Voo Tlow . 25°C Thi",' 
Characteristic Symbol Vd. Min M •• Min Typ# Mox Min Max 

Output Voltage "0" Level VOL 50 - 005 - 0 0.05 - 005 
Vin=VOD or 0 10 - 0.05 - 0 005 - 0.05 

15 - 0.05 - 0 0.05 - 0.05 

"',. Level VOH 50 4.95 - 4.95 5.0 - 4.95 -
Vin-O or VOO 10 9.95 - 9.95 10 - 9.95 -

15 1495 - 14.95 15 - 14.95 -
Input Voltage "0" Level VIL 

(VO-4.5 or 0.5 Vdc) 50 - 15 - 2.25 1.5 - 1.5 
(VO - 9.0 01" 1.0 Vdc) 10 - 30 - 4.50 3.0 - 30 
(VO-13.5 or 1.5 Vdc) 15 - 40 - 6.75 4.0 - 40 

"'" Le .... el VIH 
(VO-0.5 or 4.5 Vdc) 50 35 - 35 2.75 - 3.5 -
(VO-l.0 or 9.0 Vdc) 10 70 - 70 5.50 - 7.0 -
(VO-1.5 or 13.5 Vdc) 15 110 - 11.0 8.25 - 11.0 -

Output Drive Cunent (AL DeVice) IOH 
(VOH -2.5 Vdc) Source 50 -3.0 - -2.4 -4.2 - -1.7 -
(VOH - 4.6 Vdcl 50 -0.64 - -0.51 -0.88 - -0.36 -
(VOH -9.5 Vdc) 10 -1.6 - -1.3 -2.25 - -0.9 -
(VOH = 13.5 Vdc) 15 -4.2 - -3.4 -8.8 - -2.4 -
(VOL =0.4 Vdcl S,"k IOL 50 0.64 - 0.51 0.88 - 0.36 -
(VOL = 0.5 Vdcl 10 16 - 13 2.25 - 0.9 -
(VOL = 1.5 Vdc) 15 4.2 - 34 8.8 - 2.4 -

Output Drtve Current (CLlCP Devlcel IOH 
(VOH = 2.5 Vdc) Source 5.0 -2.5 - -2.1 -4.2 - -1.7 -
(VOH = 4.6 Vdc) 5.0 -0.52 - -0.44 -0.88 - -0.36 -
(VOH=9.5Vdc) 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 Vdc) Sink IOL 5.0 0.52 - 0.44 0.88 - 0.36 -
(VOL' 0.5 Vdc) 10 13 - 1.1 2.25 - 0.9 -
(VOL = 1.5 Vdc) 15 3.6 - 3.0 8.8 - 24 -

Input Current tAL Device) lin 15 :to 1 .000001 ±O 1 .10 

Input Current (CL/CP Devlt:e) lin 15 - ±O3 - .000001 '0.3 - ± 1.0 

Input Capacitance Con - - - - 50 7.5 - -
(Von =0) 

Qu,escent Current (Al DeVice) 100 5.0 - 50 - 0.005 50 - 150 
(Per Package) 10 - 10 - 0.010 10 - 300 

15 - 20 - 0.015 20 - 600 
QUtescent Current (ClICP DeVice) 100 5.0 - 20 - 0.005 20 - 150 

(Per Package) 10 - 40 - 0.010 40 - 300 
15 - 80 - 0.D15 80 - 600 

Total Supply Current--t IT 50 IT=(O.56 "A/kHz) f + 100 
(DynamIC plus Quiescent. 10 IT= (1.1 "A/kHz) f + 100 
Per Package) 15 IT=(1.9 "A/kHz) f + 100 
tel = 50 pF on all outputs, all 
buffers SWitching) 

"Tlow= -55DC for AL Device, -40°C for CUCP Device. 
ThlQh= +125°C for AL Device. + 85°C forCUCP Device. 

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

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

mAde 

mAde 

mAde 

J,.tAdc 

Jl.Adc 

pF 

IAAdc 

Jl.Adc 

JJAdc 

#Data labelled "TypO. Is not to be used for design purposes but is 
Intended as an indication of the IC's potential performance. where: IT Is In IJ.A (per package), CL In pF, V = (VOO- VSS) in volts. 

f in kHz Is Input frequency, and k = 0.001. 
"The formulas given are for the typical characteristics only at 25OC. 

PIN ASSIGNMENT 

18 

2 15 

3 14 

4 13 

5 12 

6 11 

7 10 

8 8 
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MC14160B thru MC14163B 

SWITCHING CHARACTERISTICS (CL =50 pF TA=25'C) 

Characteristic Symbol 
VDD 
Vdc Min Typ# Max Unit 

Output Rise Time ITLH ns 
5.0 - 100 200 
10 - 50 100 
15 - 40 80 

Output Fall Time ITHL. ns 
5.0 - 100 200 
10 - 50 100 
15 - 40 80 

Propagation Delay Time IpLH· ns 

tpHL 
Clock 10 a 

IpLH. IpHL = (0.90 nslpF) CL + 305 ns 5.0 - 350 700 
IpLH. IpHL =(0.38 nslpF) CL +132 ns 10 - 150 300 
IpLH. tpHL =(0.26 nslpF) CL +67 ns 15 - 100 200 

Clock to Carry Out 

IpLH. IpHL=(0.90 nslpF) CL +395 ns 5.0 - 440 880 
IpLH. IpHL = (0.36 nslpF) CL + 167 ns 10 - 185 370 
tpLH. IpHL = (0.26 nslpF) CL + 112 ns 15 - 125 250 

TE 10 Carry Oul 

tpLH. IpHL = (0.90 nslpF) CL + 225 ns 5.0 - 300 600 

IpLH. IpHL'" (0.36 nslpF) CL + t 12 ns 10 - 130 260 
IpLH. IpHL = (0.26 nslpF) CL + 77 ns 15 - 90 180 

~IO a (MCI4106B. MCI4161B only) 

IpLH. IpHL = (0.90 nslpF) CL + 110 ns 5.0 - 350 700 
IpLH. IpHL = (0.38 nslpF) CL + 37 ns 10 - 150 300 

IpLH. tpHL = (0.28 nslpF) CL + 22 ns 15 - 100 200 

Setup Times 

Data to Clock Isu 5.0 320 160 - ns 
10 130 65 -

i 15 90 45 -
Load 10 Clock 5.0 600 300 -

10 260 130 -
15 180 90 -

Enable 10 Clock (PE or TE) 5.0 420 210 -

II 
10 170 85 -
15 120 60 -

Clear 10 Clock (MCI4162B. MCI4163B only) 5.0 310 155 -
10 liD 55 -
IS 70 35 -

Hold Times 

Clock 10 Dala Ih 5.0 -10 -80 - ns 
10 -6 -26 -
15 0 -15 -

Clock 10 Load 5.0 -40 -195 -
10 -10 -80 -
IS -5 -50 -

Clock 10 PE 5.0 -40 -175 -
10 -10 -70 -
IS 0 -40 -

Clock 10 TE 5.0 -150 -280 -
10 -30 -130 -
15 -20 -80 -

Clock 10 Clear (MCI4162B. MCI4163B only) 5.0 80 40 -
10 30 15 -
15 -10 -70 -

Clear Removal Time (MCI4160B. MCI4161B only) trem 5.0 90 30 - ns 
10 85 20 -
15 55 20 -
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MC14160B thru MC14163B 

SWITCHING CHARACTERISTICS (CL~50 pF TA~25·C) (Continued) 

Characteristic 

Clear Pulse Wldlh, Low (MCI41aOB, MC141alB'only) 

Clock Pulse Width, High 

Clock Rise and Fall Time 

Clock Pulse Frequency 

*The formulas given are for the typical characteristics only at 25°C. 

#Dat8 labelled "Typ" is not to be used for design purposes but is 
intended as an indication at the IC's potential performance. 
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Symbol 

IWL 

IWH 

Ir , 

If 

fel 

VDD 
Vdc 

5,0 

10 

15 

5,0 

10 

15 

5 

10 

15 

5,0 

10 

15 

Min Typ# Max Unit 

200 100 - ns 

90 45 -
60 30 -

250 125 - ns 

100 50 -
70 35 -
- - 15 ... 
- - 5 

- - 4 

- 2,0 LO MHz 

- 5,0 2,5 

- 8,0 4,0 

II 



II 

MC14160B thru MC14163B 

SWITCHING WAVEFORMS 

Clear 

Load 

Data Input 

Enable (PE or TEl 

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. setting up a low level at the load input dis­
ables 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 in­
puts. The clear function for the MC14162B and 
MC14163B is synchronous and a low level at the clear 
inputs sets ali four of the flip-flop outputs low after the 
next clock pulse. regardless of the levels of the enable 
inputs. This synchronous clear allows the count length 
to be modified easily; decoding the maximum count de-

sired can be acomplished with one external NAND gate. 
The gate outpul is connected to the clear input to syn­
chronously 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, TEl 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 Ql output. This posi· 
tive overflow carry pulse can be used to enable successive 
cascaded stages. 
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PI 

MC14160B thru MC14163B 

MCI416OB. MC14162B LOGIC DIAGRAM 
(Clear is synchronous for MC14162BI 

1401 

13 02 

12 03 

~ __________________ --o15 
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II 

MC14160B thru MC14163B 

MC1418OB. MC141828 TIMING DIAGRAM 

Sequence illustrated In waveforms: 

1. CI .. r outputs to zero. 
2. Preset 10 BCD seven. 
3. Count to eight. nina, zero. one, two, and three. 
4. Inhibit 

CI_ (MC14160B) -----.U 
I 

a .. r (MC1.182B)~ 

(Asynchronous) 

(Synchronous) 

Lood ----+ .... U 

Dot. 
Inputs 

P4---~~-----------------------
Clock (MC1.180B) ----....:...., 

Clock (MC14162B) 

EnGl •• {:: !! rl-+------------;------....,~ ___ _ 

{:==-.:-iJ--i ___ ~ 
Outpu," :' I 03 ___ I--.r-l _______ -+ ______ _ 

: I ;.'---... 
_'_ 1 I I ... ______ ~---------

04 I' I 
1 1 1 Corrv 1 I 1 rI ... ______ .:,-_________ _ 

Out '17 '8 9 0 2 3 

I I II~·.-------~c~o-u-nt--------··~I~·.-------~In~h~i~bl~t-------... 
CI .. r Pretet 
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PI 

Load 

Cle.r 

Clock 

'4 

MC14160B thru MC14163B 

Me14l.l., MC14l83B LOGIC DIAGRAM 
(Clear il Synchronous for MC14163BI 
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II 

MC14160B thru MC14163B 

MC14161B. MC141838 TIMING DIAGRAM 

Sequence illustrated in waveforms: 

1. Clear outputs to zero. 
2. Preset to binary twelve. 
3. Count to thirteen, fourteen, fiftHn, zero, one, and two, 
4. Inhibit 

CI.w(MC14161B)-------, ~~~~~~--------------------­U (Asynchronous) 

I 
Cloer (MC14163B) ---, : I( ) 

~ Synchronous 

LO~----~I-, r----------------------------
I LJ 
I 
I 

P1 ----~'----------------------------
D .... 
Inputt P2----~------------------------------------

P3--1 

P4.-J 
Clock (MC14161 B) ------..;.-, 

Clock (MC14163B) 

I 
I 

{ 
PE --------i:---:-' 

Enable. 1 

Outputs 

TE -------i:----ii'" 
I 

01 -- -- -:----i~__! 
I 

Q2 -- - --:---i,-.--i-...... 
I 

03- ___ '---1 

'--__ ~I: 
I 
I 

I I 

I ~'-~-------, 04- __ 1---1 
I ) 

I 
Carry I 

Ou, 112 113 

I I .. 
Claar Pr ... t 

n 
14 15 0 

Count 
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®MOTOROLA 

HEX TYPE 0 FLIP-FLOP 

The MC14174B hex type 0 flip·flop is constructed with MOS p. 
channel and N·channel enhancement mode devices in a single mono· 
lithic structure. Data on the 0 inputs which meets the setup time 
requirements is transferred tO'lhe 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 I nputs and Outputs Buffered 

• Diode Protection on All Inputs 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads or One Low-Power 
Schottky TTL Load over the Rated Temperature Range 

• Functional Equivalent to TTL 74174 

MAXIMUM RATINGS' (Voltages Referenced to Vss) 

Symbol Parameter Value 

voo OC Supply Voltage -05to +180 

Vm. Vout Input or Output Voltage (DC or TranSient) -05toVOO +05 

1m. lout Input or Output Current (DC or TranSient), per Pm ±10 

Po Power DISSipation, per Packaget 500 

Tstg Storage Temperature -65 to + 150 

TL Lead Temperature (B-Second Soldering) 260 

·Maxlmum Ratings are those values beyond which damage to the deVice may occur 
tTemperature Derating PlastiC "P" Package -12mW/cC from 65°C to 85°C 

CeramiC "L" Package -12mW/oC from 10QoC to 125°C 

CI_ 

...r-

....J"'-
'"'-

X 

X - Don't Care 

TRUTH TABLE 
(POIIi .. Logicl 

INPUTS 

Data Jr.iii 
0 1 

1 1 

X 1 

X 0 

OUTPUT 
Q 

0 
1 

Q 

0 

No 
Change 

Unll 

V 

V 

mA 

mW 

°C 

°C 

This device contains protection circuitry to guard against damage due to high stalic 
voltages or electric fields. However, precautions must be taken to avoid applica­
tions of any voltage higher then maximum rated voltages to this high-impedance 
circuit. For proper operation, Yin and Vout should be constrained 10 the range VSS 
'" (Vln or Vout) '" VDO. 
Unused Inputs must always be tied to an appropriate logic voltage level (e.g., either 
VSS or VDO). Unused outputs must be left open. 
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MC14114B 

CMOS MS. 
(LOW·POWER COMPLEMENTARY MOSt 

HEX TYPE 0 FLIP-FLOP 

L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

A Series: - 55°C to + 125"C 
MC14XXXBAL (Ceramic Package Only) 

C Series: -40"C to +85'"C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

BLOCK DIAGRAM 

9 Clock 00 

NOMi 
01 

3 DO .. D1 02 

6 D2 03 
11 D3 

13 D4 
04 

1 .. D& 06 

VDD - Pin 16 
VSS - Pin 8 

2 

& 

10 

12 

16 
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MC14174B 

ELECTRICAL CHARACTERISTICS (Vollag •• Roloronced to Vss) 

CIY,acteristic Symbol 

OUIPUI Voliage "0" Level VOL 
Vin=VooorO 

"I" Level VOH 
Vin=OorVOD 

Inpul Voltage "0" Level VIL 
(VO= 4.5 or 0.5 Vdc) 
(VO = 9.0 or 1.0 Vdc) 
(VO -13.5 or 1.5 Vd.1 

"1" Level VIH 
(VO - 0.5 or 4.5 Vdcl 
(VO =1.0 or 9.0 Vdcl 
(VO =1.5 or 13.5 Vd.1 

OutPut Drive Current tAL Device) IOH 
(YOH - 2.S Vdcl Source 
(VOH =4.6 Vdcl 
(VOH ~9.5 Vd.1 
(VOH a 13.5 Vdcl 

(VOL - 0.4 Vdcl Sink IOL 
(VOL = 0.5 Vdcl 
(VOl-l.5 Vdcl 

Output Drive Currenl (Cl/CP Devicel IOH 
(VOH - 2.5 Vdcl Source 
(VOH -4.6 Vdcl 
(VOH - 9.5 Vdcl 
(VOH -13.5 Vdcl 

(VOl-0.4 Vdcl Sink IOL 
(VOl-0.5 Vdcl 
(VOl-l.5 Vdcl 

Inpul Current (Al Oevicel lin 
Inpul Currenl (CLICP Devicel lin 

InPUI Capacitance Con 
(Vin=OI 

Ouiescent Current (AL Devicel 100 
(Per Packagel 

Ouiescent Current (CLICP Oevoeel 100 
(Per Packagel 

Total Supply Curren.··' IT 
(Dynomic plus Quiescent, 
Per Pockll!llll 

(Cl - 50 pF on an outputl, all 
bull.,. switchingl 

*Tlow= -55°C torAL Device, -40·C forCUCP Device. 
Thigh'" + 1250C for AL Device. +85°C for CLlCP Device. 

Voo 
Vd. 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Data laballad "Typ" Is not to be used for design purposes but is 
intended a8 an indication of the IC'. potential performance. 

TI_ . 25"c Th· ... • 
Min Ma. Min Typ# Ma. Min Mo. 

0.05 0 0.05 0.05 
- 0.05 - 0 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 -
-3.0 - -2.4 -4.2 - -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 -
0.64 - 0.51 0.8S - 0.36 -
1.6 - 1.3 2.25 - 0.9 -
4.2 - 3.4 S.S - 2.4 -

-2.5 - -2.1 -4.2 - -1.7 -
-0.52 - -0.44 -0.88 - -0.36 -
-1.3 - -1.1 -2.25 - -0.9 -
-3.6 - -3.0 -8.8 - -2.4 -
0.52 - 0.44 0.S8 - 0.36 -
1.3 - 1.1 2.25 - 0.9 -
3.6 - 3.0 8.S - 2.4 -

to.1 1000001 to 1 t1.0 

- 10.3 - 10.00001 to.3 - 11.0 

50 7.5 

5.0 0.005 5.0 150 

- 10 - 0.010 10 - 300 
- 20 - 0.015 20 - 600 

- 20 - 0.005 20 - 150 
- 40 - 0.010 40 - 300 
- SO - 0.Q15 80 - 600 

IT < (1.1 "AlkHzll + 100 
IT = (2.3 "A/kHzll • 100 
IT = (3.7 "A/kHzll • 100 

·*The formulas glvan are tor the typical characteristics only at 25OC. 

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

where: IT Is In ,...A (per package), CL in pF. V = (VOO-VSS) In volts, 
f In kHz Is Input frequency. and k = 0.003. 
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Unit 

Vdc 

Vd. 

Vd. 

Vd. 

mAd. 

mAde 

mAde 

mAd. 

"Ad. 

"Ad. 
pF 

,..Adc 

",Adc 

"Ado 



MC14174B 

SWITCHING CHARACTERISTICS' (CL ~ 50 pF TA ~ 25'C) 

Characteristic Symbol 

Output Rise and Fall Time trLH, trHL 
trLH. trHL ~ (1.35 nslpF) CL + 32 ns 
trLH, trHL ~ (0.6 nslpF) CL + 20 ns 
trLH, trHL ~ (0.4 nslpF) CL + 20 ns 

Propagation Delay Time - Clock to Q tPLH. tPHL 
tPLH. tPHL ~ (0.9 nslpF) CL + 165 ns 
tpLH. tPHL ~ (0.36 nslpF) CL + 64 ns 
tpLH. tPHL ~ (0.26 nslpF) CL + 52 ns 

Propagation Delay Time - Reset to Q tpHL 
tPHL ~ (0.9 nslpF) CL + 205 ns 
tPHL ~ (0.36 nslpF) CL + 79 ns 
tPHL ~ (0.26 nslpF) CL + 62 ns 

Clock Pulse Width twH 

Reset Pulse Width twL 

Clock Pulse Frequency lel 

Clock Pulse Rise and Fall Time trLH, trHL 

Data Setup Time Isu 

Data Hold Time 'h 

Reset Removal Time trem 

"The formulas given are for the typical characleristics only at 25'C. 

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an indication of the IC's potential performance. 

PIN ASSIGNMENT 

11 

2 15 

3 ,. 
• 13 

5 12 

6 11 

10 

8 9 
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Voo 
Vdc 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

All Types 

Min Typ# Max Unit 

ns 
- 100 200 
- 50 100 
- 40 80 

ns 
- 210 400 
- 85 160 
- 65 120 

ns 
- 250 500 
- 100 200 
- 75 150 

150 75 - ns 
90 45 -
70 35 -

200 100 - ns 
100 50 -
80 40 -
- 7.0 2.0 MHz 
- 12.0 5.0 
- 15.5 6.5 

- - 1.5 ,,"S 

- - 5.0 
- - 4.0 

40 20 - ns 
20 10 -
15 0 8 

80 40 - ns 
40 20 -
30 15 -
250 125 - ns 
100 50 -
·80 40 -



Clock 

an 
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2 

00 

MC14174B 

TIMING DIAGRAM 

""'~ t~ 50% 

'WL 

FUNCTIONAL BLOCK DIAGRAM 

01 02 
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10 

03 

12 

04 

Voo 

Vss 

Voo 

Vss 

VOH 

Voo 

Vss 

15 
05 



(f!jMOTOROLA 

QUAD TYPE D FLlP·FLOP 

The MCI4175B 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 (ii) asyn· 
chronously resets all f1ip·flops. Each flip·flop has independent Data 
(D) inputs and complementary outputs (0 and &. 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 I nputs and Outputs Buffered 

• Diode Protection on All Inputs 

• Supply Voltage Range = 3.0 Vdc to 1B Vdc 

• Output Compatible with Two Low·Power TTL Loads or One Low·Power 
Schottky TTL Load 

• Functional Equivalent to TTL 14115 

MAXIMUM RATINGS· (Voltages Referenced to Vss) 

Symbol Parameter Value Unit 

VOO DC Supply Voltage -0.5 to + 18.0 V 

Vin. Vout Input or Output Voltage (DC or TranSient) - 0.5 to VOO + 0.5 V 

'in. lout Input or Output Current (OC or TranSient). per Pin ,,10 rnA 

Po Power DISSipation, per Packaget 500 rnW 

Tstg Storage Temperature -65 to + 150 'C 

TL Lead Temperature (a-Second Soldering) 260 'C 

'*Malumum Ratings are those values beyond which damage to the deVice may occur 
tTemperature Derating. PlastiC "P" Package ~ 12mW/oC from 65<>C to 85 c C 

Ceramic "l" Package. - 12mW;oC from 10QoC to 125°C 

TRUTH TABLE 

INPUTS OUTPUTS 

Clock Data Ir.ii 0 0 

~ 0 

...r 1 

'- X 

X X 

X • Oon't Care 

This device contains protection cir­
cuitry to guard against damage due to 
high static voltages or electric fields. 
However, precautions must be taken 
10 avoid applications of any vollage 

, higher than maximum rated voltages 
. 10 this hlgh·impedance circuit. For 

1 

1 

1 

0 

0 

1 
Q 

0 

1 

0 
Q 

1 

No 
Change 

proper operation, Yin and Vout should 
be constrained to the range VSS '" 
(Vin or Vout) '" VOO' 
Unused inputs m-ust always be tfed to 
an appropriate logic voltage level 
(e.g., either VSS or VOO). Unused out· 
puts must be lell open. 
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MC14115B 

CMOS SSt 
(LOW-POWER COMPLEMENTARY MOSt 

QUAD TYPE D FLlP·FLOP 

-16 1 -1 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: -55°C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40°C to + 85°C 
MC14XXXBCP (PlastiC Package) 
MC14XXXBCL (Ceramic Package) 

BLOCK DIAGRAM 

9 ClOck 00 

Fi'Mi' Qcj 

at 
4 DO OT 

6 01 02 

12 02 
02 
03 

13 03 03 

VDO - Pin 16 
Vss = PIn 8 

2 

3 

7 

6 

10 

11 

16 

14 
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MC141758 

ELECTRICAL CHARACTERISTICS (Voltage. Referenced to Vss) 

Voo Tlow· 
CIY,ecterillic Svmbol 

Output Volt. "0" Level VOL 
Vin=VDDorO 

"1" Level VOH 
V,n-Oo<VDD 

Input Volt. "0" Level VIL 
(Va ~ 4.5 or 0.5 Vdc) 
IVo-9.00r 1.0Vdel· 
(VO -13.5 or 1.5 Vdcl 

"'1" Level VIH 
{YO - 0.5 or 4.5 Vdcl 
(Va - 1.0 or 9.0 Vdc) 
{Va -1 5 or 13.5 Vdel 

OutPut Drive Current (AL Device) IOH 
{VOH = 2.5 Vdcl Source 
{VOH = 4.6 Vdcl 
{VOH - 9.5 Vdcl 
{VOH -13.5 Vdcl 

'VOL = 0.4 Vdcl Sink IOL 
(VOL -0.5 Vdc) 
(VOL -1.5 Vde) 

Output Drive Current (CL/CP D •• ieo) IOH 
(VOH • 2.5 Vdc) Source 
(VOH • 4.6 Vdc) 
(VOH • 9.5 Vdc) 
(VOH = 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. OI 

Ouiescent Cur;'"t tAL Device) 100 
(Per Package) 

Quiescent Current lel/ep Deva} 100 
(Per Pack.) 

Total SlIPPIy Current··t IT 
IDynamic plus Quiescent. 
Per Pack.) 

(CL ~ 50 pF on all outputs. all 
bufferlswitching) 

·Tlow= -55°C for AL Device. -40°C for CUCP Device. 
Thigh = + 125°C for Al Device, + 85°C for CLlCP Device. 

Vd. 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.D-
10 
15 

5.0 
5.0 
10 
15 

5.0 
10 
15 

5.0 
5.0 
10 
15 

5.0 
10 
15 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Data labelled "Typ" Is not to be used for design purposes but Is 
intended as an indication of the IC'. potential performance. 

**The formulas given are for the typical characteristics only at 25DC. 

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

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 

-
-
-

-
-
-
-
-
-

where: 'T Is In p.A (per package), CL In pF, V "'" (VOO- VSS) in volts, 
f in kHz is Input frequency. and k = 0.004. 

MI. 

0.05 
0.05 
0.05 

-
-
-

1.5 
3.0 
4.0 

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

10.1 
:to.] 

-
5.0 
10 
20 

20 
40 
80 

6·194 

25°C Thigh" 
Min Typ# MI. Min MI. 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 -
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 

-2.4 -4.2 - -1.7 -
-0.51 -0.88 - -0.36 -
-1.3 -2.25 - -0.9 -
-3.4 -B.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 -B.8 - -2.4 -
0.44 0.88 - 0.36 - mAde 
1-1 2.25 - 0.9 -
3.0 8.8 - 2.4 -

.0.00001 :to.t - 11.0 ,.Ade 

10.00001 10.3 - .1.0 ,.Adc 

- 5.0 7.5 - - pF 

- 0.005 5.0 - 150 ,.Adc 

- 0.010 10 - 300 
- 0,015 20 - 600 

- 0.005 20 - 150 ,.Ade 
- 0.010 40 - 300 
- 0,015 80 - 600 

IT - (t.7 ,.A/kHz) I + 100 ,.Adc 
IT - (3.4 ,.A/kHz) I + 100 
IT = (5.0 ,.A/kHz) I + 100 

PIN ASSIGNMENT 

16 

2 15 

3 14 

4 13 

5 12 

6 11 

7 10 

9 



MC14175B 

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

Characteristic Symbol 

Output Rise and Fall Time 'TLH, tTHL 
'TLH, tTHL = (1.35 ns/pFI CL + 32 ns 
tTLH, 'THL = (0.6 ns/pFICL + 20 n. 
tTLH, 'THL = (0.4 ns/pFI CL + 20 ns 

Propagation Delay Time - Clock to Q, a tpLH, 
tpLH, tpHL = (0.9 n./pFI CL + 175 n. tpHL 
tPLH. tpHL = (0.36 ns/pFI CL + 72 nl 
tPLH. tPHL = (0.26 ns/pFI CL + 57 n. 

Propagation Delay Time - Reset to Q, a tpHL. 
tPHL = (0.9 ns/pF I CL + 280 ns tpLH 
tPHL = (0.36ns/pFI Ct. + 112 n. 
tPHL = (0.26 ns/pFI CL + 87 n. 

Clock Pulse Width 'WH 

ROsei Pulse Width 'WL 

Clock Pul .. Frequency fcl 

Clock Pulse Rise and Fa" Time 'TLH, 'THL 

Da .. Setup Time tsu 

Det. Hold Time 'h 

I!iiiii" Removol Time trem 

*The formulas given are for the typical characteristics only at 25°C. 
#Oata labelled "Typ" is not to be used for design purposes but Is 

intended as an Indication of the IC's potential performance. 
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VDD 
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 

6.0 
10 
15 

5.0 
10 
16 

AHTy .... 

Min Typ# MIlK Unit 

n. 

- 100 200 
- 50 100 
- 40 80 

nl 

- 220 400 
- 90 160 

- 70 120 

n. 

- 325 500 
- 130 200 
- 100 150 

250 110 - n. 
100 46 -
75 35 -

200 100 - no 
80 40 -
60 30 -
- 4.5 2.0 MHz 

- 11 5.0 
- 14 6.5 

- - 15 ,.. 
- - 5 
- - 4 

120 60 - n. 
50 25 -
40 20 -
80 40 - n. 
40 20 -
30 15 -

250 125 - no 
100 50 -
80 40 -



MC14175B 

TIMING DIAGRAM 

~on~9 20 no 

On 50% 
10% ---------------

th th 
.... tau 

Voo 

Vss 

Voo 
Clock 

Vss 

""'~ ~ 50% 

'WL 

Voo 

Vss 

FUNCTIONAL BLOCK DIAGRAM 

II 
,4 
OJ 
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® MOTOROL.A 

4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 

The MC14194B is a 4·bit static shift register capable of operating 
in the paraliel load, serial shift left, serial shift right, or hold mode, 
The asynchronous Reset input, when at a low level, overrides all 
other inputs, resets ali stages, and forces all outputs low. When 
Reset is at a logic 1 level, the two mode control inputs, SO and S1, 
control the operating mode as shown in the truth table. Both serial 
and paraliel 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. 

• Synchronous Right/Left Serial Operation 

• Synchronous Paraliel Load 

• Asynchronous Hold (Do Nothing) Mode 

• Functional Pin for Pin Equivalent of LS194 

MAXIMUM RATINGS' (Voltages Referenced to VSS) 

Symbol Parameter Value 

VDD DC Supply Voltage -0.5 to + 18.0 

Vin. Vout Input or Output Voltage (DC or Transient) -0.5 to VDD +0.5 

lin. lout Input or Output Current (DC or Transient). per Pin ±10 

Po Power Dissipation, per Packaget 500 

T.~~ Storage Temperature -65 to + 150 

h Lead Temperature (8-Second Soldering) 260 

*Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: - 12mWrC from 65°C to 85°C 

Ceramic "L" Package: -12mW/oC from 100°C to 125°C 

51 10 

so 9 

DSR 2 0------., 

Clock 11 

VOD - Pin 16 
Vss - Pin 8 

AoHt 1 0---__ -<11 

3 
OpO 

00 
15 

LOGIC DIAGRAM 
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01 
14 

Unit 

V 

V 

mA 

mW 

°C 

°C 

MC141948 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOSt 

4-BIT BIDIRECTIONAL 
VNIVERSAL SHIFT REGISTER 

- -1 1 

L SUFFIX PSUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

A Series· - 55"C to + 125"C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40"C to + 85"C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

02 
13 

03 
12 

OSL 
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MC14194B 

ELECTRICAL CHARACTERISTICS (Voltage. Referenced to Vss) 

Voo Tlow 
, 2soe Thigh' 

Chllrecteristic Svmbol Vd. Min M •• Min Typ# MI. Min M •• Unit 

Output Voltage "a" Level VOL 5.0 - 0.05 - a 0.05 - 0.05 Vdc 

Vln = Vee or a 10 - 0.05 - a 0.05 - 0.05 
15 - 0.05 - a 0.05 - 0.05 

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

Vln = a or Vee 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 Vdc) 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 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 '" 1.0 Or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(VO ~ 1 5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL DeVIce. IOH mAde 
(VOH =2.5 Vdc) Source 5.0 -3.0 - -2.4 -4.2 - -1.7 -
(VOH -4.6 Vdcl 5.0 -0.64 - -0.51 -0.88 - -0.36 -
(VOH "9.5 Vdcl 10 -1.6 - -1.3 -2.25 - -0.9 -
(VOH ~ 13.5 Vdc) 15 -4.2 - -3.4 -8.8 - -2.4 -
(VOL =0.4 Vdc) Sink IOL 5.0 0.64 - 0.51 0.88 -' 0.36 - mAdc 
(VOL =0.5 Vdc) 10 1.6 - 1.3 2.25 - 0.9 -
(VOL =1.5Vdc) 15 4.2 - 3.4 8.8 - 2.4 -

Output Drive Current Cel/ep Device) IOH mAdc 
(VOH ~2.5Vdc) Source 5.0 -2.5 - -2.1 -4.2 - -1.7 -
(VOH =4.6 Vdc) 5.0 -0.52 - -0.44 -0.88 - -0.36 -
(VOH" 9.5 Vdc) 10 -1.3 - -1.1 -2.25 - -0.9 -
(VOH" 13$ Vdc) 15 -3.6 - -3.0 -8.8 - -2.4 -
(VOL -0.4 Vd.) 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 -1.5Vdc) 15 3.6 - 3.0 B.8 - 2.4 -

Input Current fAL Devicel lin 15 - to.1 - ±O 00001 to 1 - ± 1.0 j.lAdc 

Input Current (CL/CP Device) 'in 15 - ± 0.3 - ±O.OOOOI .0.3 - ±1.0 .uAdc 

Input Capacitance C,n - - - - 50 12.0 - - pF 
(V,n- O) 

QUIescent Current (Al Device) 100 5.0 - 5.0 - 0.005 5.0 - 150 ",Adc 
(Per Package) 10 - 10 - 0.010 10 - 300 

15 - 20 - 0.Q15 20 - 600 

QUiescent Current (CLlep DeVice) 100 5.0 - 20 - 0.005 20 - 150 .Adc 
(Per Package) 10 - 40 - 0.010 40 - 300 

15 - 80 - 0.Q15 80 - 600 
T oral Supply Current·· t IT 5.0 IT ~ (O.95/IA/kHz) f + 100 .Adc 

(Dynarmc plus Quiescent, 10 IT - 11.9 ,.AlkHz) f + 100 
Por Package) 15 IT - (2.9 /lA/kHzl f + I DO 

ICL = 50 pF on all outputs. all 
buffers switching) 

-Tlow= -65°C for AL Device, -400C for CLlCP Device. 
Thigh= +12500 for AL Device. +85°C forCLJCP Device. 

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

#Data labelled "l"yp" is not to be used for design purpose. but Is 
Intended 8S an Indication of the IC's potential performance. where: IT is in p.A (per package), CL in pF. V = (VDO-VSS) in volts. 

f In kHz is Input frequency. and k = 0.002. 
·-The formulas given are for the typical characteristics only at 25DC. 

Ttlis device contains protection circuitry to guard against damage due to high static 
voltages or electric fields. However, preceutions must be taken to avoid 
applications of any voltage higher than maximum rated voltages to this high­
Impedance circuit. For proper operation, Yin and Vout should 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). Unused outputs must be left open. 
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PIN ASSIGNMENT 

16 

15 

14 

13 

12 

11 

10 
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MC14194B 

TRUTH TABLE 

INPUTS 

OPEAATING I1'Iiiii • 11 

MODE 51 SO DSA DSl DpO-3 

Hold 0 0 X X X 

1 0 X .0 X 
Shift Left 

X 1 X 1 0 

0 1 0 X X 
Shift Right 

0 1 1 X X 

1 1 X X 0 
P,rallal 

l' 1 X X 1 

x - Don't Cer. 
tn+1 - State after the haxt positive-going tr'lnlltlon of the clock. 

SWITCHING CHARACTERISTICS· (Cl ~ 50pF TA' 250 CI 

Ch .. _iIIic Symbol 

Output Aise and Fall Time 
'TLH. tTHL = 0.35 ns/pFI CL + 32 no 

'TLH. 'THL 

tTLH. tTHL = (0.6 ns/pFI CL + 20 ns 
tTLH. 'THL = (0.4 ns/pFI CL + 20 ns 

Propagation Delay Time tpLH.tpHL 
Clock to Q 

tPLH.tpHL = (0.9 ns/pFI CL + 230 n. 
tPLH.tPHL = (0.36 ns/pFI CL + 92 ns 
tPLH.tPHL - (0.26 ns/pFI CL + 72 no 

Aeset to Q tpHL 
tPH L = 10.9 ns/pF I CL + 305 n. 
tPHL = 10.36 ns/pFI CL + 122 n. 
tpHL = 10.26 ns/pFI CL + 97 ns 

Clock Pulse Width twH 

Riii8i Pulse Width twH 

Clock Pulse F requeney fel 
(Shift Aight or Left Model 

Clock Pulse Aise and Fall Time 'TLH. 'THL 

Setup Time 'su 
Date to Clock 

Mode Control 151 to Clock 

Hold Time tt. 
Data to Clock 

Mode Control (51 to Clock 

Reiii A.-noval Time trem 

"The formulas given are for the typical characteristics only at 25°C. 

#Data labelled "Typ" is not to be used for design purposes but is 
intended 88 an Indication of the IC's potential performance. 
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VDD 
Yd. 

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 

5.0 
10 
15 

5.0 
10 
15 

OUTPUTS 
(@tn + 11 

QO Ql Q2 OJ 

00 01 02 03 

01 02 03 0 

01 02 03 1 

0 00 01 02 

1 00 01 02 

0 0 0 0 

1 1 1 1 

Min Typ# Max Unit 

... 
- 100 200 
- 50 100 
- 40 80 

nl 

- 275 550 

- 110 220 

- 85 170 

ns 
- 350 700 

- 140 280 

- 110 220 

280 140 - n. 
110 55 -
85 40 -
180 90 - n. 
70 35 -
50 26 -
- 3.6 1.8 MHz 

- 9.0 4.5 
12 6.0 

- - 15 ,.. 
- - 5 
- - 4 

n. 
10 -8.0 -
20 0 -
40 9.0 -
200 100 - nl 
75 36 -
55 27 -

nl 
180 90 -
50 26 -
35 10 -
0 -40 - ... 
0 -27 -
0 -20 -

300 150 - nl 
110 55 -
80 40 -
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MC14194B 

FIGURE 1 - SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 

P.,.11eI LOIId 
yvoo 

16 
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1 I 8 VSS 
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VOO 

16 

3 
00 

15 

4 
OpO 

OPI 

Op2 14 
6 01 

11 
OP3 

Clock 
2 13 OSR 
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OSL 
9 

SO 
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ii 
03 

12 

8 Vas 

CL~ 

CL~ 

CLt 

I 
CLt 

s.. I LOIId • yvoo 
16 

3 
00 

15 

4 
OpO 

CLi 5 
OPI 

OP2 14 
6 01 

CLi 
11 

OP3 

Pulse I 
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I 
OSR 

02 7 

CLi 
OSL 

9 
SO 
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51 03 

R 
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1 I a7vss 

..L 

NOTE: Interchange DSR with DSL and SO with 
S1 for testing shift laft. 

VOO 

VSS 

VOO 
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""'1d= t~ 50% 

twL 

VOO 
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FIGURE 2 - DYNAMIC POWER DISSIPATION 
TEST CIRCUIT AND WAVEFORMS 

On \ /r-----.\----VOH 

~ ______ -J ~-------VOL 
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® MOTOROLA 

QUAD PRECISION TIMER/DRIVER 

The MCI4415 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 om. 

The MC 14415 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/FLlFP) 
3.0 Vdc to 6.0 Vdc (MCI4415EVLNLNP) 

MAXIMUM RATINGS' (Voltages Referenced to Vss) 

Symbol I Parameter Value 

VOO DC Supply Voltage· MCI4415EFLlFLlFP -0.5 to +18.0 

MCI4415EVLlVLlVP -0.5 to +6.0 

Vin. Vout Input or Output Voltage (DC or Transient) -0.5 to VOO +0.5 

lin Input Current (DC or Transient), per Pin ±10 

lout Output Current (DC or Transient), per Pin ±20 

Po Power Dissipation, per Packaget 500 

Tsta Storage Temperature -65 to + ISO 

TL Lead Temperature (a-Second Soldering) 260 

*Maximum Ratings Bfe those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW/",C from 65"'C to 85°C 

Ceramic "l" Package: -12mWrC from 100"e to 125°C 

BLOCK DIAGRAM 

Unit 

V 

V 

mA 

mA 

mW 

°C 

°C 

SetA 3 

SetB 4 

SetC 6 

SotO 6 

1. Output A 

Strobe 2 9 

StrOtii1 7 

Input Dtubl.10 

Output Set 2 

Clock 

Divid.By· 
100 

Counters 

Clock 
Cond Itlonlng 

Circuit 

Output 13 Output B 

Buff.,. 12 Output C 

11 Output D 

VOD. Pin 16 
Vss • Pin 8 

Output Inhlblt 16 0-----------------' 
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MC14415 

CMOS LSI 
I LOW·POWER COMPLEMENTARY MOSI 

QUAD PRECISION 
TIMER/DRIVER 

-,~ ffi ~UUU u ~II~~ 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

Operating Range: - 55°C to + 125°C 
MC14415EFL (3 to 18 V, Ceramic Package) 
MCI4415EVL (3 to 6 V, Ceramic Package) 

Operating Range: - 40°C to + 85°C 
MCI4415FL (3 to 18 V, Ceramic Package) 
MCI4415FP (3 to 18 V, Plastic Package) 
MCI4415VL (3 to 6 V, Ceramic Package) 
MCI4415VP (3 to 6 V, Plastic Package) 

PIN ASSIGNMENT 

16 

15 

3 14 

4 13 

12 

6 II 

10 

8 9 
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MC14415 

ELECTRICAL CHARACTERISTICS (V It o ages R f e erenc edt V ) 0 SS' 

VDD Tiow ° 
Characteristic Symbol Yd. Min Mox 

Output Voltage "0" Level VOL 5.0 - 0.01 
(No Loadl 10 - 0.01 

15 - -
"I" Level VOH 5.0 - -

10 - -
15 - -

Noise Immunity VNL 
('Wout " 1.5 Vdcl 5.0 1.5 -
('Wout " 3.0 Vdcl 10 3.0 -
("Vout " 4.5 Vdel 15 - -
("Vout " 1.5 Vdel VNH 5.0 1.4 -
("Vout " 3.0 Vde) 10 2.9 -
("Vout" 4.5 Vdc) 15 -. -

Output Drive Voltage (NPN Oriverl VOH 
(lOH=OmAI Source 5.0 - -
(lOH= 5.0mA) - -
(lOH= 10mA - -
(lOH" 15mAI - -
(lOH = OmAI 10 - -
(lOH= 5.0mA) - -
(lOH= 10mA) - -
(lOH = 15 mAl - -
(lOH= OmA) 15 - -
(lOH = 5.0 mAl - -
(lOH= 10mA) - -
(lOH= 15mA) - -

Output Drive Current IOL 
(VOL = 0.4 Vde) Sink 5.0 0.23 -
(VOL· 0.5 Vdc) 10 0.60 -
(VOL = 1.5 Vdcl 15 - -

Input Leakage Current lin 15 - ±O.3 

Input Copecitonce Cin - - -
(Vin = 01 

Quiescent Oissipotion PQ 
5.0 - 0.25 
10 - 1.0 
15 - -

Power Dissipation·· Po 
(Oynemic plus Quiescent> 

(CL = 15pFI 5.0 
10 
15 

°TIow" -55"c for MCI4415EFL, EVL; -4fi>c lor MCI4415FL.FP.VL.VP 
Thigh" +125"C for MCI4415EFL.EVL; +85"c for MCI4416FL,FP.VL.VP 

··The formulas given are for the typical characteristics only. 

25"1: Th' hO 

Min Typ'" Mox Min Mox 

- 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 - - -
- q.70 - - -
- 13.61 - - -

0.20 0.78 - 0.16 -
0.50 2.0 - 0.40 -
- 7.8 - - -
- ±O.OOOOI ±O.3 +1.0 

- 5.0 - - -

- 0.00005 0.25 - 3.5 

- 0.00022 1.0 - 14 
- 0.00050 - - -

Po = (56 mtVlMHzl I + PQ 
Po = (225mW/MHzl I +PQ 
Po = (510 mW/MHzI I + PQ 

#Data labelled "Typ" is not to be used for design purposes but Is intended 8S an Indication ot the Ie's potential performance. 

This device contains protection circuitry to guard against damage due to high static voltages or electric 
fields. However, precautions must be taken to avoid applications 01 any voltage higher than maximum 
rated voltages to this high-impedance circuit. For proper operation, Yin and Vout should 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). 
Unused outputs must be left open. 
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Unit 

Vdc 

Vde 

Vde 

Vde 

Vde 

Vde 

Vde 

mAde 

,.Adc 

pF 

mtV 

mtV 
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SWITCHING CHARACTERISTICS' (CL • 15 pF T A = 250 CI 

CharllCt.rtitic 

OUJput Rise Time 
tTLH = (2.0 n./pF) CL + 10 ". 
tTLH' 11.25 ns/pFI CL + 6 ns 
fTLH' (1.10 nl/pF) CL + 3 n. 

Output F all Time 
tTHL' 11.5 ns/pF I CL + 47 n. 
tTHL' (0.75 ns/pFI CL + 24 n. 
tTHL' (0.55 n./pFI CL + 17 ns 

Turn·Olf Oelav Time 
tPLH = (2.7 ns/pFI CL + 560n. 
tPHL = 11.2n./pFI CL + 282n. 
tPLH = (0.91 n./pFI CL + 286 n. 

Turn-On Oelav Time 
tpHL = (2.4 nl/pFI CL + 564 ns 
tpHL = 11.0 ns/pFI CL + 285 nl 
tPHL = (0.75 n./pFI CL + 289 n. 

Turn-On Oelav Time (Inhibit to Outpull 

Turn·Olf Delay Time (I nnibll to Outpull 

Input Pulse Coincidence tFigure 3) 

Input Pul .. Width (Figure 11 

Input Clock Frequencv 

Clock Input RI .. and Fall Times (Figure 1) 

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

#Data labelled "Typ" Is not to be used for design purposes but Is 
Intended as an Indication of the IC's potential performance. 

Symbol 

tTLH 

tTHL 

tpLH 

tPHL 

'PHL 

tpLH 

PCmin 

twH 

Icl 

fTLH. tTHL 

VOO Min 
Vdo 

5.0 -
10 -
15 -

5.0 -
10 -
15 -

5.0 -
10 -
15 -

5.0 -
10 -
15 -

5.0 -
10 -
15 -

5.0 -
10 -
15 -

5.0 600 
10 450 
15 -

5.0 500 
10 450 
15 -

5.0 -
10 -
15 -
6.0 -
10 -
15 -

FIGURE 1 - SWITCHING CHARACTERISTICS - WAVEFORM 
RELATIONSHIPS 

Clock 

Output .J 
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Typ ... ... Unh 

nl 
40 85 
25 60 
20 -

nl 
70 150 
35 ao 
25 -

nl 
600 1200 
300 600 
150 -

". 

800 1200 
300 800 
150 -

nl 
300 550 
225 425 
110 -

nl 
300 B50 
225 425 
110 -

nl 
450 -
350 -
- -

nl 
450 -
350 -
- -

MHz 
0.7 -
1.0 .-
1.6 -
- 15 III 
- 5.0 
- 4.0 
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FIGURE 2 - TYPICAL OPERATION MODES AND FUNCTIONAL TIMING DIAGRAM 

MODE 1 - OUTl'UT SET INITIATES TIME DELAY 

Input 01_1. IL _________________ _ 

Strobe 2 --./Tl\-::~~~============= StrQi;;1 r 
Minimum Colncidenoe ... 

SetA 500 nsO VOO'" 4.75 Vdc 

Output A 

tpLH tpHL 

MODE 3: OUTPUT INHIBIT DISABLES TIME DELAY 

Input Ol .. bl. ---1 
Str_ 2 --,1. _______________ _ 
StrObe,--,I.----------------

SetA __ -==r 

Output Inhibit 

Clock 

Output A -----t""l 

tpLH 

MODE 2: SET A INITIATES TIME DELAY 

Input Oi .. b" -1 

Strobe 2 -,~~--_;=============: 
~~ Minimum Coincidence .., 

Set A 500 nUll VOO ;;:: 4.76 Vdc 

Output Inhibit 

tpLH 

MODE 4: POSITIVE·EDGE STROBE IST211NITIATES TIME DELAY 

I "put Disable-----.J 

Strobe 2 ____ -:;='1 

r----4~+-~M~in~""~u-m~CO~ln-c~~-e-nce-----

Set A ____ /-1---, 500 nsO VOO'" 4.75 Vdc 

OutPutS.t 

CIOCk _____ -+1=.,----<~ 
Output A .,. ~ j b 
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S"A3~ 

SetS 4 

~ S"C5~ 

SetD6~ 

~2C>---C1->--' 

Strobe 2 9 

s.;o.;;;- 7 o-f':::»--J 

InputDllOble 10......./':> ..... ------' 

Clock , ... -------------> 

--~. 

LOGIC DIAGRAM 

C2 Divide.By.l00 

r------~IC1 Synchronous 
'1-__ +-+ __ .-__ -1_" Enable Counter 

C2 Divlde-BY-100 

Cl Synchronous 

Enable 
Coun.r 

C2 Olvide-By-l00 h 
Cl Synchronous 

Counter 
Enllbl. 

C2 
Divida-By-100 

Cl Synchronous 
Counter 

Enable 

Schmitt Clock t-1 ~ 

Conditioning 

Circuit 

OUtput Inhibit 

Voe 

14 Output A 

Vee 

J 
~'3 OutputS 

L-J 3: 
Vss 0 .... 

oIiIo 
VeD oIiIo .... 

en 

12 OutPut C 

11 OU1Put 0 
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® MOTOROLA 

HEX CONTACT BOUNCE ELIMINATOR 

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 capac­
itor to adjust for the desired operating frequency (bounce delay). The 
clock may also be driven from an external clock source or the oscil-
lator of another MC14490 (see Figure 5). -

NOTE: Immediately after power-up, the outputs of the MC14490 
are in indeterminate states. 

• Diode Protection on All Inputs 

• Six Debouncers Per Package 

• Internal Pullups on All Data Inputs 

• Can Be Used as a Digital Integrator, System Synchronizer, or Delay 
Line 

• Internal Oscillator (R-C), or External Clock Source 

• TTL Compatible Data Inputs/Outputs 

• Single Line Input, Debounces Both "Make" and "Break" Contacts 

• Does Not Require "Form C" (Single Pole Double Throw) Input 
Signal 

• Cascadable for Longer TIme Delays 

• Schmitt Trigger on Clock Input (Pin 7) 

• Supply Voltage Range = 3.0 V to 18 V 

• Chip Complexity: 546 FETs or 136.5 Equivalent Gates 

BLOCK DIAGRAM 

+Voo 

Data 

4·8it Static Shift Register 

OSCin 

CICout 

4>1~ 

Bin Identical to Ab~ve Stage 

<1>1 ~ 
Identical to Above Stage 

MC14490 

CMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

HEX CONTACT 
BOUNCE ELIMINATOR 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

<1>2 ~ 

<1>2+ 

ORDERING INFORMATION 

CERAMIC PACKAGE: MC14490L 
( - 55"C to + 125"C) 

PLASTIC PACKAGE: MC14490P 
( - 40"C to 85"C) 

4>1 4>2 Voo <= Pm 16 
Vss'" PI" 8 

I-- 2 Bout 

r-- 13 Cout 

<1>1 t ot>2~ 

em 3~ 
~--------------------------~~--~ 

r-- 4 Identical to Above Stage Dout 

4>1 + 4>2 t 
r--Identical to Above Stage 11 Eout 

<PI. ot>2. 

r-Identical to Above Stage 6 Fout 

Din12~ L-____________________________ ~--~ 

Eln 5----1 L-__________________ ~~ ____ ~~--~ 

Fin 10 -----1~ ______________________________ ~ ________________ ~ 
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MC14490 

MAXIMUM RATINGS· (Voltages Referenced to Vss) 

Symbol Parameter Value 

VOO DC Supply Voltage - 0.5 to + 18.0 

Vin, Vout Input or Output Vortage (DC or Transient) - 0.5 to VOO + 0.5 

lin Input Current (DC or Transient), per Pin ±10 

Po Power Dissipation, per Packaget 500 

Tsta Storage Temperature -65 to + 150 

TL Lead Temperature (8-Second Soldering) 260 

*Maxlmum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mWJOC from 65"C to 85°C 

Ceramic OIL" Package: -12mWrC from 100"C to 125"C 

ELECTRICAL CHARACTERISTICS IVoltages Referenced to VSSI 

Characteristic 

Output Voltage 

VIn=VODarO 

V,n=O or VOO 

Input Voltage 
1VO=4 5 or 0 5 VI 
IVo=900r 1 OVI 
1VO= 13 5 or 1 5 VI 

IVO = 05 or 4 5 VI 
1Vo=10ar90VI 
IVo=150r 135VI 

Output Dnve Current 
Source 

OSCillator Output 
IVOH=2 5 VI 
1VOH=4 6 VI 
IVOH=95VI 
IVOH = 13 5 VI 

Debounce Outputs 
IVOH=2 5 VI 
IVOH =4 6 VI 
IVOH=9 5 VI 
IVOH=135VI 

Sink 
OSCillator Output 

IVOL =0 4 VI 
IVOL =05 VI 
IVOL = 15 VI 

Debounce Outputs 
IVOL =04 VI 
IVOL=05VI 
IVOL = 15 VI 

Input Current 
Oebaunce Inputs IVin = VOOI 

Input Current OSCillator - Pin 7 (Vm = VSS or VOD) 

Pullup ReSistor Source Current 
Debounce Inputs 

IV,n = VSSI 

Input Capacitance 

QUIescent Current 
IV,n=VSS ar VOO. laut=O!'AI 

*Tlow= -55°C forL Device. -40°C for P Device. 
Thigh"" + 125°C forL Device, + 85°C for P Device. 

"0" Level 

"'" Level 

"0" Level 

"1" Level 

#Data labelled "Typ" Is not to be used 'or design purposes but Is 
intended as an Indication of the IC's potential performance. 

Symbol 

VOL 

VOH 

VIL 

VIH 

IOH 

IOL 

IIH 

110 

IlL 

C,n 

ISS 

6-207 

Voo 
Vdc 

50 
10 
15 

50 
10 
15 

50 
10 
15 

50 
10 
15 

50 
50 
10 
15 

50 
50 
10 
15 

50 
10 
15 

50 
10 
15 

15 

15 

50 
10 
15 

-
50 
10 
15 

Unit 

V 

V 

rnA 

rnW 

'C 

'C 

Tlow 
, 

Min Max 

- 005 

- 005 

- 005 

495 -
995 -
1495 -

- 15 

- 30 

- 40 

35 -
70 -
110 -

-06 -
-012 -
- 023 -
-14 -
-09 -
-0 IS -
-06C -
-18 -

036 -
09 -
42 -
26 -
40 -
12 -
- 2 

- ±620 

210 375 
415 740 
610 1100 

- -
- 150 

- 280 
- 840 

PIN ASSIGNMENT 

Atn 16 VOO 

Bout 15 Aout 

Ctn 14 Bin 

DOUl 13 Cout 

E,n 12 Din 

Fout 11 Eout 

Osc1n 10 Fin 

VSS 8 9 OSCout 

25°C Thigh' 
Untt 

Min TYPI# Max Min Max 

- 0 005 - 005 V 

- 0 005 - 005 
- 0 005 - 005 

495 50 - 495 - V 
995 10 - 995 -
1495 15 - 1495 -

V 

- 225 15 - 15 
- 450 30 - 30 

- 675 40 - 40 

V 
35 275 - 35 -
70 550 - 70 -
110 825 - 110 -

rnA 

-05 - 15 - -04 -
-01 -03 - -008 -
-020 -08 - -016 -
-12 -30 - -10 -
-075 -22 - -06 -
-016 -04< - -012 -
-050 -12 - -04 -
-1 5 -45 - - 12 -

rnA 
II 

030 09 - 024 -
075 23 - 06 -
35 10 - 28 -
22 40 - 18 -
33 9 - 27 -
10 35 - ,81 -
- 02 2 - 11 ~A 

- ±255 ±4OO - ±250 ~A 

140 190 255 70 130 ~A 
280 380 500 145 265 
415 570 750 215 400 

- 50 75 - - pF 

- 40 100 - 90 ~A 

- 90 225 - 180 

- 225 650 - 550 
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SWITCHING CHARACTERISTICS ICL = 50 pF, T A = 25'CI 

Characteristic 

Output Rise Time 
All Outputs 

Output Fall Time 
Oscillator Output 

Debounce Outputs 

Propagation Delay Time 
OscIllator Input to Debouhce Outputs 

Clock Frequency 150% Duty Cyclel 
I External Clock I 

Setup Time ISee Figure 11 

MaXimum External Clock Input 
Rise and Fall Time 
Oscillator Input 

Oscillator Frequency Note: These equations are intended to be a design guide. 

OSCout Laboratory experimentation may be required. Formulas 

Cext,,'00 pF* 
are typically ± 15% of actual frequencies. 

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

#Data labelled "Typ" Is not to be used for design purposes but Is 
intended as an indication of the IC's potential performance. 

* POWER-DOWN CONSIDERATIONS 

Symbol VDD 
Vdc 

50 

tTLH 10 
15 

tTHL 50 
10 
15 

tTHL 50 
10 
15 

tPHL 
50 
10 
15 

tpLH 50 
10 
15 

fcl 50 
10 
15 

tsu 50 
10 
15 

tr,tf 50 
10 
15 

fosc, typ 
5.0 

10 

15 

Min rryp# Max Unit 

- 180 360 ns 

- 90 180 
- 65 130 

ns 
- 100 200 
- 50 100 

- 40 80 
- 60 120 
- 30 60 
- 20 '40 

ns 
- 285 570 
- 120 240 
- 95 190 

- 370 740 
- 160 320 
- 120 240 

- 28 14 MHz 
- 6 30 
- 9 45 

100 50 - ns 

80 40 -
60 30 -

ns 
No LimIt 

1.5 Hz 

Cext lin pFI 

4.5 

Cext lin pFI 

6.5 

Cext lin pFI 

Large values of Cext may cause problems when powe~lng down the MC14490 because of the amount of energy stored In the capacitor When 
a system containing thiS deVice IS powered down. the capacitor may dIscharge through the Input protection dIodes at Pm 7 or the parasItic 
diodes at Pin 9 Current through these Internal diodes must be limited to 10 rnA. therefore the turn-off time of the power supply must not be 
faster than t= IVDD- VSSI • Cext/ll0 mAl For example, If VDD- VSS = 15 V and Cext= 1 pF, the power supply must turn off no faster than 
t= (15 VI -(1 p.F)/lO mA= 15 ms ThiS IS usually not a problem because power supphes are heavily filtered and cannot discharge at thiS rate 

When a more rapid decrease of the power supply to zero volts occurs. the MCl4490 may sustain damage To aVOid thiS pOSSibility. use exter­
nal clamping diodes. 01 and 02. connected as shown In Figure 2 

Aout 

Aout 

FIGURE 1 - SWITCHING WAVEFORMS 

-VDD 

'-----0 V 

--I~tPHL y<>% 

10% _____ _ 

tf 
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FIGURE 2 - DISCHARGE PROTECTION 
DURING POWER DOWN 

Dl Cext D2 

VDD -4III1-_----l ~ .... --<~- VDD 

MCl4490 
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THEORY OF OPERATION 

The MC14490 Hex Contact Bounce Eliminator is basi­
cally a digital integrator. The circuit can integrate both up 
and down. This enables the circuit to eliminate bounce on 
both the leading and trailing edges of the signal, shown in 
the timing diagram of Figure 3. 

Each of the six Bounce Eliminators is composed of a 
4 'h-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 rep­
resented 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 incorporated rather 
than a pulldown resistor in order to implement switched 
ground input signals, such as those coming from relay con­
tacts 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 closed, (see Figure 4) the low 
level is inverted, and the shift register is loaded with a high 
on each positive edge of the clock signal. To understand 
the operation, we assume all bits of the shift register· are 
loaded with lows and the output is at a high level. 

At clock edge 1 (Figure 3) the input has gone low and 
a high has been loaded into the first bit or storage location 
of the shift register. Just after the positive edge of clock 1, 
the input signal has bounced back to a high. This causes 
the shift register to be reset to lows 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 high has been shifted into all four shift register 
bits and, as shown, the output goes low during the positive 
edge of clock pulse 6. 

Ifshould be noted that there is a 3'12 to 4'12 clock period 
delay between the clean input signal and output signal. In 
this example there is a delay of 3.8 clock periods from the 
beginning of the clean input signal. 

After some time period of N clock periods, the contact 
is opened and at N + 1 a low is loaded into the first bit. Just 
after N + 1, when the input bounces low, all bits are set to 
a high. At N + 2 nothing happens because the input and 
output are low and all bits of the shift register are high. At 
time N + 3 and thereafter the input signal is a high, clean 
signal. At the positive edge of N + 6 the output goes high 
as a result of four lows 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 making as compared to breaking, the overall 
delay, counting bounce period, will be greater on the lead­
ing edge of the input signal than on the trailing edge. Thus, 
the output signal will be shorter than the input signal - if 
the leading edge bounce is included 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. Refer­
ring 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 extemal 
to the Hex Bounce Eliminator packages. 

FIGURE 3 - TIMING DIAGRAM 

OSCin or OSCout 

Input 

Output 

Contact 
Open 

2 3 4 

IUUUl 

Contact 
BounCing 

6 N+l N+3 N+5 N+ 7 

f" i1JlJU 

l .., 

Contact Closed Contact Open 

IValid True Signal) Contact 
BounCing 
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MC14490 

FIGURE 4 - TYPICAL "FORM A" CONTACT DEBOUNCE CIRCUIT 
(Only 0 .. Dobou_ Shownl 

+Voo 

Pullup R.sistor 
(Internall Data 

~OA--:-jn----~~--Q 4·Bit Static Shift Register 

-= Contact 

Otc:illator 
ond 

Two-Ph_. 

4>1 4>2 

OPERATING CHARACTERISTICS 

The single most important characteristic of the MCl4490 is 
that it works with a single Signal lead as an input, making It 
directly compatible with mechanical contacts (Form A and 
BI. 

The circUit has a built In pullup resistor on each Input. The 
worst case value of the pull up resistor (determined from the 
Electrical Characteristics tablel is used to calculate the con­
tact wetllng current . .If more contact current is required, an 
external resistor may be connected between VOO and the in­
put. 

Because of the built-in pull up resistors, the inputs can­
not 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 MCl4049 or MCl4050 
buffers. 

The clock Input circuit (pin 71 has Scnmltt tngger shaping 
such that proper clocking Will occur even with very slow 
clock edges, eliminating any need for clock preshaplng. In 
addition, other MCl4490 OSCillator inputs can be driven from 
a Single OSCillator output buffered by an MCl4050 (see 
Figure 51. Up to SIX MCl4490s may be driven by a single buf­
fer. 

The MCl4490 is TTL compatible on both the inputs and 
the outputs. When VOO is at 4.5 V, the buffered outputs can 
sink 1.6 mA at 0.4 V. The inputs can be driven with TTL as a 
result of the internal input pullup resistors. 

FtGURE 5 - TYPICAL SINGLE OSCILLATOR 
OEBOUNCE SYSTEM 

From Contacts MCl4490 To System 
Logic 

From 
Contacts 

From ContaCts 

6-210 

OSCin 7 

MCl4490 

MCl4490 

To System 
Logic 

No Connection 

OSCout 

To System 
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MC14490 

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 ATTACKISLOW RELEASE 
CIRCUIT 

OSCout 

LATCHED OUTPUT 

The contents of the Bounce Eliminator can be latched 
by using several extra gates as shown In Figure 7. If the 
latch lead is high the clock will be stopped when the 
output goes low. This will hold the output low even 
though the input has returned to the high state. Any time 
the clock is stopped the' outputs will be representative of 
the input signal four clock periods earlier. 

Clock 

FIGURE 7 - LATCHED OUTPUT CIRCUIT 

Out 

1---+-OSCout 

Latch'" 1 
Unlatch'" 0 

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 tirrnng signals such as a delay line, for 
programming other timing operations. 

One application of the above is shown in Figure 9, 
where it is required to have a single pulse output for a 
single operation (make) of the push button or relay contact. 
This only requires the series connection of two Bounce 
Eliminator circuits, one inverter, and one NOR gate in 
order to generate the signal AB as shown in F igu res 9 and 
10. The signal AB is four clock periods in length. If the in­
verter is sWItched to the A output, the pulse A~ 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--Co---<:1L. ___ -JIO--o---Aou• 
Ain 

Io-~)-- Bout 

10--0--- 00ut 

10---<)-- Eout 

6 

10--0--- F out 

7 1 9 

Dsc;" ~D'COU' 
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FIGURE 9 - SINGLE PULSE OUTPUT CIRCUIT 

A == Active Low 
B == Active Low 

FIGURE 10 - MULTIPLE OUTPUT SIGNAL TIMING DIAGRAM 

OSCin or 

OSCout 

Input ~~ __________ ~ __________________ ~ 

A 

22 
S 

22 

c 2~ 

o 22 

22 

22 

AS -------------------' n 

22 AS --------------------j 

I 

[

This device contains protection circuitry to guard against damage due to high static voltages or electric fields. However, 
precautions must be taken to avoid applications of any voltage higher than maximum rated voltages to this high-impedance 
circuR. For proper operation, Vln and Vout should 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). Unused outputs must be left 
open. 
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® MOTOROI.A 

INDUSTRIAL CONTROL UNIT 

The MC14500B Industrial Control Unit (ICU) 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 to 18 V Operation 

• Low Quiescent Current Characteristic of CMOS Devices 

• Capable of Driving One Low-Power Schottky Load or Two 
Low-Power TTL Loads over Full Temperature Range 

Data 

10 

11 

12 

13 

RST 

4 

INST 
REG 

X1 - Oscillator Output 
X2 - Oscillator Input 

BLOCK DIAGRAM 

REG_ (RR} 

Write 

VOD 

VSS 

15 
RR 

n 12 
rJ '-I r- JMP 

11 
~ r- RTN 
n 10 

rJ y"- Flag 0 

A~ FlagF 
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MC14500B 

CMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

INDUSTRIAL CONTROL UNIT 

-,. 1 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERINCIINFORMATION 

A Series: - 55"C to + 125"C 
MC14XXXBAl (Ceramic Package Only) 

C Series: -4O"Cto +85"C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCl (Ceramic Package) 

3 

4 

6 

8 

PIN ASSIGNMENT 

16 

15 

14 

13 

12 

11 

10 

9 
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MAXIMUM RATINGS· (Voltages Referenced to Vss) 

Symbof Per.met.r Value 

VDD DC Supply Voltage -0.5 to + IS.0 

Vin. Vout Input or Output Voltage (DC or Transient) - 0.5 to VDD + 0.5 

lin. lout Input or Output Current (DC or Transient). per Pin ±10 

Po Power Dissipation, par Packaget 500 

T~t~ Storage Temperature -65 to + 150 

TL Lead Temperature (S,Second Soldering) 260 

-Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW/oC from 65°C to 85°C 

Ceramic "L" Package: -12mW/DC from 100°C to 125°C 

ELECTRICAL CHARACTERISTICS IVoltages Referenced to VSSI 

VOO Tlow 

Characteristic Symbol V Min 

Output Voltage "0" level VOL 5.0 -
Vin = VOO orO 10 -

15 -
Vin = 0 orVDD "I" Level VOH 5.0 4.95 

10 9.95 
15 14.95 

Input Voltage "0" Level VIL 
RST,O,X2 

(Va = 4.5 or 0.5 VI 5.0 -
(Va = 9.0 or 1.0 VI 10 -
(Va = 13.5 or 1.5 VI 15 -

"I" Level VIH 
(Va = 0.5 or 4.5 VI 5.0 3.5 
(Va = 1.0 or 9.0 VI 10 7.0 
(Va = 1.6 or 13.5 VI 15 11.0 

Input Voltage # "0" level Vil 
10,11,12,13 

(Va = 4.5 or 0.5 VI 5.0 -
(Va = 9.0 or 1.0 VI 10 -
(Va - 13.5 or 1.5 VI 15 -

"I" Level VIH 
(Va = 0.5 or 4.5 VI 5.0 2.0 
(Vo=I.00r9.0VI 10 6.0 
(Va = 1.5 or 13.5 VI 15 10 

Output Drive Current Source IOH 
Data, Write IAl/CLlCP Devicel 

(VOH =4.6 VI 5.0 -1.2 
(VOH = 9.5 VI 10 -3.6 
(VOH = 13.5 VI 15 -7.2 

(Val = 0.4 VI Sink IOl 5.0 1.9 
(Val = 0.5 VI 10 3.6 
(VOL=I.5VI 15 7.2 

Output Drive Current Source IOH 
Other Outputs (AL Devicel 

(VOH = 2.5 VI 5.0 -3.0 
(VOH = 4.6 VI . 5.0 -0.64 
(VOH = 9.5 VI 10 -1.6 
(VOH = 13.5 VI 15 -4.2 

(Val = 0.4 VI Sink IOl 5.0 0.64 
(Val =0.5 VI 10 1.6 
(Val = 1.5 VI 15 4.2 

Output Drive Current Source IOH 
Other Outputs (CL/CP Oevicel 

(VOH = 2.5 VI 5.0 -2.5 
(VOH =4.6 VI 5.0 -0.52 
(VOH = 9.5 VI 10 -1.3 
(VOH = 13.5 VI 15 -3.6 

(Val = 0.4 VI Sink IOl 5.0 0.52 
(Val = 0.5 VI 10 1.3 
(Val = 1.5 VI 15 3.6 

Unit 

V 

V 

rnA 

rnW 

°C 

°C 

. 
Max 

0.05 
0.05 
0.05 

-
-
-

1.5 
3.0 
4.0 

-
-
-

0.8 
1.6 
2.4 

-
-
-

-
-
-
-
-
-

-
-
-
-

-
-
-

-
-
-
-
-
-
-

#Data labelled "Typ" is not to be used for design purpQses but is intended as an indication of 
the IC's potential performance. I 

"'Iow = - 55°C for AL Device, - 40°C for CUCP Device. 
Thlgh= + 125°C for AL Device, + 85°C lor CL/CP Device. 
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This device contains protection circuitry to 
guard against damage due ,to high static 
voltages or electric ""Ids. However, precau­
tions must be taken to avoid applications 01 
any voltage higher than maximum rated 
voltages to this high-impedance circuit. For 
proper operation, Vin and Vout should be 
constrained to the range VSS '" (Vin or 
Vout) '" VDO· 
Unused inputs must always be tied to an ap­
propriate logic voltage level (e.g., either VSS 
or VOO). Unused outputs must be left open. 

250 C Thigh-

Min Typ# Max Min Max Unit 

- 0 0.05 - 0.05 V 

- 0 0.05 - 0.05 

- 0 0.05 - 0.05 

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

V 

- 2.25 1.5 - 1.5 
- 4.50 3.0 - 3.0 
- 6.75 4.0 - 4.0 

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

V 

- 1.1 0.8 - 0.8 
- 2.2 1.6 - 1.6 
- 3.4 2.4 - 2.4 

2.0 1.9 - 2.0 -
6.0 3.1 - 6.0 -
10 4.3 - 10 -

mA 

-1.0 -2.0 - -0.7 -
-3.0 -6.0 - -2.1 -
-6.0 -12 - -4.2 -

1.6 3.2 - 1.1 -
3.0 6.0 - 2.1 -
6.0 12 - 4.2 -

mA 

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

mA 

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



MC14500B 

ELECTRICAL CHARACTERISTICS (continued) 

VDD Tlow . 25°C 

Characteristic Symbol V Min Max Min Typ# Max 

Input Current, RST (ALICL/CP Device) lin 15 25 - - 150 -
Input Current (AL Device) Ion 15 - ±O.l - ±O,OOOOI ±O.1 

Input Current (CL/CP Device) Ion 15 ±O,3 - ±0.00001 ±0.3 

Input CapacItance (Data) Con - - - - 15 -
Input Capacitance (All Other Inputs) Con - - - - 5.0 7.5 

QUiescent Current (AL Device) IDD 5.0 - 5.0 - 0.005 5.0 
(Per Package) lout'" a JJ.A. 10 - 10 - 0.010 10 
Vm"'O or VOO 15 - 20 - 0.Q15 20 

QUiescent Current (CL/CP DeVice) IDD 5.0 - 20 - 0.005 20 
(Per Package) lout = 0 "A, 10 - 40 - 0.Q10 40 
Vm=O or VOO 15 - 80 - O.Q1S 80 

·-Total Supply Current at an External IT - IT = (1.5 "A/kHz) f + IDO 
Load Capacitance (ell on IT = (3.0 "A/kHz) f + 100 
All Outputs IT = (4.5 "A/kHz) f + IDO 

* Tlow :::: -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +1250 C for AL DeVice, +850 C for CL/CP Device . 

• * The formulas given are for the typical characteristics only at 2SoC. 
#Data labelled "Typ" is not to be used for design purposes but is intended as an indication of 

the IC's potential performance. 

Thigh* 

Min Max 

- 250 

- ± 1.0 

± 1.0 

- -
- -
- 150 
- 300 
- 600 

- 150 
- 300 
- 600 

SWITCHING CHARACTERISTICS (T A = 25°C, tr = tf = 20 n. for X and I ;nputs; CL = 50 pF for JMP, X1, FlFI, Fla. 0, Fla. F; 
CL = 130 pF + 1 TTL load for Data and Write.) 

VDD 
Characteristic Symbol Vd. Min 

Propagation Delay Time, X1 to RR tPLH, 5.0 -
tpHL 10 -

15 -
Xl to Flag F, Flag 0, RTN, JMP 5,0 -

10 -
15 -

X1 toWnte 5,0 -
10 -
15 -

Xl to Data 5.0 -
10 -
15 -

RSTto RR 5.0 -
10 -
15 -

RST to XI 5.0 -
10 -
15 -

RST to Flag F, Flag 0, RTN, JMP 5.0 -
10 -
15 -

RST to Write, Data 5.0 -
10 -
15 -

Clock Pulse Width, Xl tW(cl) 5.0 400 
10 200 
15 180 

Raset Pulse Width, RST tW(RI 5.0 500 
10 250 
15 200 

Setup Time - Instruction tsu(ll 5,0 400 
10 250 
15 180 

Data tsu(D) 5.0 200 
10 100 
15 80 

Hold Time - Instruction thO) 5,0 100 
10 50 
15 50 

Data th(D) 5.0 200 
10 100 
15 100 

NOTE 1. MaXimum Reset Delay may extend to one·half clock period. 
#Oata labelled "Typ" is not to be used for design purposes but is intended as an indication of 

the IC's potential performance. 
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All Types 

Typ# Max 

250 500 
125 250 
100 200 

200 400 
100 200 
85 170 

225 450 
125 250 
100 200 

250 500 
120 240 
100 200 

250 500 
125 250 
100 200 
450 Note 1 
200 
150 

400 800 
200 400 
150 300 

450 900 
225 450 
175 350 

200 -
100 -
90 -
250 -
125 -
100 -
200 -
125 -
90 -
100 -
50 -
40 -
0 -
0 -
0 -

100 
50 -
50 -

Unit 

"A 

"A 

"A 
pF 

pF 

"A 

"A 

"A 

Unit 
ns 

II 
ns 

ns 

ns 

ns 
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MC14500B 

FIGURE 1 - TYPICAL CLOCK FREQUENCY 
versus RESISTOR (RC) 

Pin No. 
1 

Function 
Chip Reset 

2 Write Pulse 
3 Data InlOut 
4 MSB I nstruction Word 
5 Bit 2 Instruction Word 

I".. 6 Bit 1 Instruction Word 
7 LSB I nstruction Word 
8 Negative Supply (Ground) 
9 Flag on NOP F 
10 Flag on NOP 0 
11 Subroutine Return Flag 
12 Jump Instruction Flag 
13 Oscillator Input 
14 Oscillator Output 
15 Result Register 

100 kll 10 kll lMfl 
16 Positive Supply 

RC, CLOCK FREQUENCY RESISTOR 

TABLE 1. MC14500B INSTRUCTION SET 

I nstruction Code Mnemonic Action 

0 0000 NOPO No change In registers. RR - RR, Flag 0 - I1. 
1 0001 LD Load result register. Data - RR --2 0010 LDC Load complement. Data- RR 

3 0011 AND Logical AND. RR·Data-RR 

4 0100 ANDC Logical AND complement. RR·Data-RR 

5 0101 OR LogicalOR. RR + Data - RR 

6 0110 ORC Logical OR complement. RR+Data-RR 

7 0111 XNOR Exclusive NOR. II RR = Data, RR - 1 

8 1000 STO Store. RR -+ Data Pin, Write-SL 

9 1001 STOC Store complement. RA -+ Data Pin, Wrlte-.I1.. 

A 1010 lEN Input enable. Data -+ I EN Register 

B lOll OEN Output enable. Data -+ OEN Register 

C 1100 JMP Jump. JMP Flag-.1l.. 

0 1101 RTN Return. RTN Flag - J1... and skip next instruction 

E 1110 SKZ Skip next instruction if AR :: 0 

F 1111 NOPF No change in registers. RR-RR.FlagF-JL 

FIGURE 2 - OUTLINE OF A TYPICAL ORGANIZATION FOR A MC14500B-BASED SYSTEM 

I Additional 
I I 

I Output Devices I I 
L _________ -' I 

I 
I 

MC14599B 
1/0 Address 

C2 Out~uts _> 8-Bit Addressable Latch 
Memory with Bidirectional Data 

-'C 
a MC145t2 
U 

S-Channel V 8 J .. Inputs 
0 r-- Data Sal ector 

iii 

" I r---------.., I 

~= ; I Additional I I 
I 00 III I Input Devices I I E~ I I _'C ~ I I 

:!« I I '0, '1, '2, '3 C I I ) , 

MCt4500B 

Program Clock 
ICU 

Counter Data ---
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Symbols 
RST 
Write 
Data 

13 
12 
11 
10 

VSS 
Flag F 
FlagO 
RTN 
JMP 
X2 
Xl 
RR 

VDD 

To Peripheral 
Devices 



Xl 

RST 

lEN 
Register 

OEN 
Register 

RR 

MC14500B 

TIMING WAVEFORMS 

Instructions NOPO. NOPF 

-tWIRl 

RR, lEN, OEN remam unaffected 

tPHL~ 
(RESET TO XI) 

\ 
---------__ ~--f~----t~P-H-L-(-R-E-S-E-T-T-O--R-R-)----------------------------------

4 Sit \ r--\ r--\ 
rnstruction ____________ .,.......,......~~-------

FLAG 0 

FLAG F 

Xt 

4 Bit 
Instruction 

SKZ 

NOPO NOPF NOPQ 

tPLH --=t l J~ ~ tpHL 
(DATA TO FLAG) \ 

Instructions SKZ, JMP. RTN 
RR. lEN, OEN remain unaffected 

----1 'W(cl) I--

JMP RTN JMP 

'M' :~:~\~L-.~=_ -~=_ -~=_ -~=_ -~=---, -;-====\ ======tPH-:J-I-~-I-
RTN Fla9 ________________________ ---1/ \ (RESET TO Jump) 

SKP F/F I 
Internal ____ -1 

* Instructions Ignored. 
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II 

Xl 

4·8it 
Instruction 

Data 

RR 

QEN Register 
(Internal) 

Write 

4 Bit 
Instruction 

Data 

RR 

lEN Register 
(internal) 

MC14500B 

TIMING WAVEFORMS 

Instructions STO. STOC. OEN 

tPLH. tPHL {Xl to Datal 

NOTE 1. Valid output data. 

Instructions LD. LOC. AND. ANOC 
DR. ORC. XNOR. lEN 
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STOC 

Valid when RST:;: L 

Valid when RST = L 



@MOTOROLA 

TRIPLE GATE 
DUAL 4-INPUT "NAND" GATE 

2-INPUT "NOR/OR" GATE 
8-INPUT "AND/NAND" GATE 

The MC14501 US is constructed with MaS P-channel and N-channel 
enhancement mode devices in a single monolithic structure_ These com­
plementary MaS logic gates find primary use where low power dissipation 
and/or high noise immunity is desired_ Additional characteristics can be 
found on the Family Data Sheet 

• Diode Protection on All Inputs 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Logic Swing Independent of Fanout 

• Capable of Driving Two Low-Power TIL Loads or One Low-Power 
Schottky TTL Load Over the Rated Temperature Range 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

.""bol Parameter V.'u. 

VOO DC Supply Voltage -0.5 to + t8.0 

Vln, Vout Input or Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 

lin, lout Input or Output Current (DC or Transient), per Pin ±10 

Po Power Oi.slpatlon, per Packaget 500 

Tata Storage Temperature -85 to + tSO 

TL Lead Temparature (8-Second Soldering) 260 

*Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mWI'C from 8S'C to 8S'C 

Ceramic "Lit Package: -12mW/oC from 100°C to 125°C 

CIRCUIT SCHEMATIC 

Voo 

l1O-,?","---, 

12<>--+-------. ...... 

(61'o-~---t----4-----~ rl--::::t-'?"'"-+-o 14 

(712~~--~--~~--~ 

(913O-~---+----------~ 

(514~~------------~ 

Numbers in parentheSis are for second 4-InPu1; gate. 
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Un" 

V 

V 

mA 

mW 

'C 

'C 

MC14501UB 

CMOS 551 
(LOW-POWER COMPLEMENTARY MOSI 

TRIPLE GATE 
DUAL 4-INPUT "NANO" GATE 

2-INPUT "NOR/OR" GATE 
8-INPUT "ANO/NANO" GATE 

,..,.~ 1!·~~VU u ~II~ u 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASnC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

A Series:-55"Cto +125"C 
MC14XXXUBAL (Ceramic Package Only) 

C Series; - 40"C to + 85"C 
MC14XXXUBCP (Plastic Package) 
MC14XXXUBCL (Ceramic Package) 

LOGIC DIAGRAM 
(POSITIVE LOGICI 

~Q-3 , 
13 

1~~~---~ 14AND 
12 

~~::NANO 
9 Vee'" Pin 16 

Vss = Pin 8 

Use Dotted Connection Externally to 
Obtain a·lnput ANe/NAND 

Note: Pin 14 must not be used as an input 
to the invert.r. 

II 
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MC14501UB 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

VDD 
Tlow· 25°C Thigh" 

Charact.istic Symbol Vd. Min Max Min Typ# Max Min Max 

Output Voltage "0" Le",,1 VOL 5.0 - 0.05 - 0 0.05 - 0.05 

Vin'VOOorO 10 - 0.05 - 0 0.05 - 0.05 
15 - 0.05 - 0 0.05 - 0.05 

"I" La",,1 VOH 5.Q 4.95 - 4.95 5.0 - 4.95 -
Yin 'Oar VOO 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -
Input Voltage "0" Level VIL 

IVO' 3.6 or 1.4 Vdc) 5.0 - 1.5 - 2.25 1.5 - 1.4 
IVa ~ 7.2 or 2.8 Vde) 10 - 3.0 - 4.50 3.0 - 2.9 
IVa' 11.5 or 3.5 Vde) 15 - 3.75 - 6.75 3.75 - 3.6 

(Va' 1.4 or 3.6 Vdc) "'" Level VIH 5.0 3.6 - 3.5 2.75 - 3.5 -
(VO= 2.8 or 7.2 Vd.) 10 7.1 - 7.0 5.50 - 7.0 -
(Va = 3.5 or 11.5 Vd.) 15 11.4 - 11.25 8.25 - 11.0 -

Output Drive Current IOH 
(AL Device) 
IVOH = 2.5 Vde) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -
(Val:! = 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 -
IVOH = 13.5 Vde) 15 -1.8 - -1.5 -3.5 - -1.1 -
(VOH = 2.5 Vde) NOR 5.0 -2.1 - -1.75 -3.0 - -1.22 -
(VOH = 4.6 Vde) 5.0 -0.42 - -0.35 -0.63 - -0.24 -
(VOH = 9.5 Vde) 10 -1.06 - -0.88 -1.58 - -0.62 -
(VOH = 13.5 Vde) 15 -3.1 - -2.63 -6.12 - -1.84 -
(VOH = 2.5 Vde) NOR- 5.0 -3.6 - -3.0 -5.1 - -2.1 -
(VOH = 4.6 Vde) 5.0 -0.72 - -0.6 -1.08 - -0.42 -
(VOH = 9.5 Vde) Inverter 10 -1.8 - -1.5 -2.7 - -1.05 -
(VOH = 13.5 Vde) 15 -5.4 - -4.5 -10.5 - -3.15 -
(VOL = 0.4 Vde) Sink IOL 5.0 0.84 - 0.51 0.88 - 0.36 -
(VOL = 0.5 Vde) NAND" 10 1.6 - 1.3 2.25 - 0.9 -
(VOL = 1.5 Vde) 15 4.2 - 3.4 8.8 - 2.4 -
(VOL = 0.4 Vde) NOR 5.0 0.92 - 0.77 1.32 - 0.64 -
(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 Yde) NOR- 5.0 1.54 - 1.28 2.2 - 0.90 -
(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 
(CL/CP Device) 
(VOH=2.5Vdc) 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 -
(YOH = 2.5 Vde) NOR 5.0 -1.68 - -1.4 -3.0 - -1.05 -
(YaH - 4.6 Vdc) 5.0 -0.34 - -0.28 -0.63 _. -0.21 -
IVOH -9.5 Vde) 10 -0.84 - -0.7 -1.58 - -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 -
(VOH -4.6-Vde) 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 -
(VOL - 0.6 Vdc) NAND* 10 1.3 - 1.1 2.26 - 0.9 -
(VOL· 1.5 Vd.) 15 3.6 - 3.0 8.8 - 2.4 -
(VOL· 0.4 Vde) NOR 5.0 0.79 - 0.66 1.32 - 0.54 -
(VOL· 0.5 Vde) 10 1.99 - 1.66 3.37 - 1.36 -
(VOL· 1.5 Vde) 16 5.4 - 4.5 13.2 - 3.67 -
(VOL - 0.4 Vdc) • NOR- 5.0 1.32 - 1.1 2.2 - 0.90 -
(VOL - 0.5 Vdc) I Inwerter 10 3.3 - 2.75 6.63 - 2.27 -
(VOL· 1.5 Vdc) 15 9.0 - 7.5 22.0 - 5.95 -

#Data labeled "Typ" is not to be used for design purposes, but is intended as an indication of the IC's potential performance. 

*The output drive current of Pin 15 is tested with Pin 14 open~clrcuited. 
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Unit 

Vdc 

Vde 

Vdc 

Vde 

mAde 

i 

mAde 

mAde 

mAde 

mAde 

mAde 

mAde 

mAde 

mAde 

mAde 

mAde 

mAde 



ELECTRICAL CHARACTERISTICS (Continued) 

VDD 
Characteristic: Symbol Vdc 

Input Current tAL Device) lin 15 

Input Current (CL/CP Device} 'in 15 

Input Capacitance ein -
(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 switchlngl 

*T,ow= -55°C for AL Device, -40°C for ClICP Device. 
Thigh = + 125°C for AL Deyice, + 85°C for CLJCP Device. 

MC14501UB 

T_" 2II"c Thigh" 

Min Max Min Typ# Max Min - Unh 

- to.l - .0.00001 .0.1 - .1.0 ,.Ade 

- to.3 - to.ooool to.3 - ±1.0 ,.Ade 

- - - 5.0 1.5 - - pF 

- 0.25 - 0.0005 0.25 - 1.5 ,.Ade 
- 0.50 - 0.0010 0.50 - 15.0 

- 1.00 - 0.0015 1.00 - 30.0 

- 1.0 - O.ooos 1.0 - 1.5 ,.Ade 
- 2.0 - 0.0010 2.0 - 15.0 
- 4.0 - 0.0015 4.0 - 30.0 

IT = (1 .2 ,.A/kHZ) f + I DO 

,,_ 
IT - (2.4 ,.A/kHz) f + 100 
IT = (3.5 ,.A/kHz) f + 100 

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

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an Indication of the IC's potential performance. where: IT Is In p.A (per package), CL in pF, V = (VOO-VSS) in volts, 

f in kHz Is input frequency, and k = 0.004. 

"'The formulas given are for the typical characteristics only at 25°C. 

SWITCHING CHARACTERISTICS·" (CL = 50 pF, T A = 250 C) 

Ch.rHteristic 

Output Rise Time NANO,NOR 
tTLH = (3.0 ns/pF) CL + 30 os 
tTLH = (1.5 ns/pF) CL + 15 ns 
tTLH = (1.1 ns/pF) CL + 10 ns 

Output Fall Time NANO,NOR 
tTHL = (1.5 ns/pF) CL + 25 os 
tTHL = 10.15 ns/pF) CL + 12.5 ns 
tTHL = (0.55 ns/pF) CL + 9.5 ns 

Output Rise Time NOR-Inverter 
tTLH = 11.35 ns/pF) CL + 32.5 no 
tTLH = 10.60 ns/pF) CL + 20 ns 
tTLH = 10.40 ns/pF) CL + 11 ns 

Output Fall Time NOR-Inverter 
tTHL = 10.51 ns/pF) CL + 26.5 ns 
tTHL = 10.45 ns/pF) CL + 11.5 os 
tTHL = 10.31 os/pF) CL + 11.5 os 

Propagation Delay Time NAND 
tPLH, tPHI, - (1.1 ns/pF) CL +45 no 
tPLH, tPHL = (0.66 nl/pF) CL + 31 nl 
tPLH, tPHL - 10.5 n./pF) CL + 25 os 

tPLH, tPHL = 11.1 ns/pF) CL +30 nl NOR 
tPLH, tpHL = 10.66 ns/pF) CL + 32 ns 
tpLH, tPHL = 10.5 ns/pF) CL + 20 nl 

tPLH, tPHL - 11.1 ns/pF) CL + 45 os NOR-Inverter 
tPLH, tPHL = 10.65 nl/pF) CL + 31 ns 
tpLH tPHL - 10.5 nl/pF) CL + 25 nl 

·The formulas given are for the typical characteristics only at 25°C. 

Figure Symbol VDD Typ# Max 

2,3 tTLH 
6.0 180 360 
10 90 160 
15 65 130 

2,3 tTHL 
5.0 100 200 
10 50 100 
15 40 80 

3 tTLH 
5.0 100 200 
10 50 100 
15 40 60 

3 tTHL 
5.0 60 120 
10 40 80 
15 30 60 

2 tpLH, 
tPHL 50 130 280 

10 70 140 
15 50 100 

3 tPLH, 5.0 116 230 
tpHL 10 116 130 

15 45 eo 
3 tpLH, 6.0 130 260 

tPHL 10 70 140 
16 50 100 

#Data labelled "Typ" Is not to be used for design purposes but Is 
intended as an indication of the IC's potential performance. 

Unh 

ns 

no 

nl 

no 

no 

no 

no 

ThiS device contains protection circuitry to guard against damage due to high static voltages or electric fields. However, 
precautions must be taken to avoid applications of any voltage higher than maximum rated voltages to this high-imped­
ance circuit. For proper operation, Vln and Vout should be constrained to the range VSS '" (Vln or Vout) '" VOO· 
Unused inputs must always be lied to an appropriate logic voltage level (e.g., either VSS or VOO)' Unused outputs must 
be left open. 
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FIGURE 1 - POWER DISSIPATION TEST CIRCUIT 
AND WAVEFDRM 

vin 

-= 

Voo 

2 

3 

4 

5 

6 

8 

FIGURE 2 - 4-I,NPUT "NAND" GATE SWITCHING 
TIME TEST CIRCUIT AND WAVEFORMS 

I-.o-__ -L_)>--"""--o o~~ut 

tTHL 

PIN ASSIGNMENT 

FIGURE 3 - "NOR" GATE and "NOR-INVERTER" 
SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

16 

15 

14 

13 

12 

11 

10 

9 

tTLH 

~=--"",,----VOD 

Output (8) - "NOR" 
Output (e) ..... NOR-Inver ... •• 

Output (S) 

All unuHd inputs 
con".cNd to ground. 
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STROBED HEX INVERTER/BUFFER 

The MC14502B is a strobed hex buffer/inverter with 3-state outputs, an 
inhibit control, and guaranteed TTL drive over the temperature range. The 
3-state output simplifies design by allowing a common bus. 

• Separate Output Disable Control 

• 3-S18te Output 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving 4LSTTL Loads Over the Rated Temperature Range 

MAXIMUM RATINGS· (Voltages Referenced 10 VSS) 

Symbol Parameter Value Un" 

VDD DC Supply Vollage -0.510 + 18.0 

Vin. Vout Input or Output Voltage (DC or Transient) - 0.5 10 VDD + 0.5 

lin Input Current (DC or Transient), per Pin +10 

lout Output Current (DC or Transient), per Pin +30 

Po Power Dissipation, per Packaget 500 

Tato Storage Temperature -6510 +150 

TL lead Temperature (B-Second Soldering) 260 

·Maxlmum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW/oC from 65°C to 85°C . 

Ceramic "Lot Package: -12mWrC from 100ClC to 125°C 

CIRCUIT DIAGRAM 

D'.b.e 

Inhibit 

Other flv. buff •• are identical 

TRUTH TABLE 

0 Inhibit Disabl. Qn 

0 0 0 t 
0 0 0 

X 0 0 

X X High 

V 

V 

mA 

mA 

mW 

°C 

°C 

Imped_ X • Don't Cer. 
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MC14502B 

CMOS MS. 
CLOW·POWER COMPLEMENTARY MOSI 

STROBED HEX 
INVERTER/BUFFER 

LSUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 848 

ORDERING INFORMATION 

A Sari •• : -55°C to + 1250C 
MC14XXXBAl (Ceramic Package Only) 

C Series: - 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCl (Ceramic Package) 

LOGIC DIAGRAM 

Output ;i:= 40-------. 

Inhibit 12,,-~~-...... '------r 

D1 3 ~-r-...... _-' 

D2 6_-,--..._" 

D3 

D4 10~..,... ...... _-, 

5 01 

7 Q2 

2 03 

9 CM 

....... 1 -" CIS 
D5 13 ................... _-' 

D6 16 ....... -"""'1:_/ 

VDD. Pin ,. 

VSS - Pin 8 

14 OS 
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ELECTRICAL CHARACTERISTICS (Vollage. Referenced 10 VSS) 

Characteristic Symbol 

AU Ipu I Voltage "0" Level VOL 

Vln=VOO or 0 

"I" Level VOH 
Vln=O or VOO 

Input Voltage "0" Level VIL 
(Va =4.5 or 0.5 Vdc) 
(Va =9.0 or 1.0 Vde) 
(VO = 13.5 or 1.5 Vde) 

"1" Level VIH 
(Va = 0.5 or 4.5 Vde) 
(Va = 1.0 or 9.0 Vde) 
(VA * 1.5 or 13.5 Vdel 

Output Drive Current (Al Devicet 10H 
(VOH - 2.5 Vdc) Source 
(VOH =4.6 Vde) 
(VOH =9.5 Vdel 
(VOH = 13.5 Vde) 

(VOL =0.4 Vde) Sink 10L 
(VOL -0.5 Vde) 
(VOL =1.5 Vde) 

Output Dnve Current (CL/CP Device) 10H 
(VOH - 2.5 Vde) Source 
(YOH =4.6 Vdel 
(VOH=9.5Vdc) 
(YOH = 13.5 Vdcl 

(VOL = 0.4 Vde) Sink IOL 
(VOL aO.5Vdc) 
(VOL = 1.5 Vdc) 

Input Current (Al Device) lin 
Input Current (Cl/CP Device) lin 
Input Capacitance Cin 

(Vin -01 

Quiescent Current (AL DevlCe) 100 
(Rer Package) 

Quiescent Current (CL/CP DeVice) 100 
(Per Package) 

Total Supply Current·*t IT 
(Dynamic plus Quiescent, 
Per Package) 
lel • 50 pF on all outputs, all 
buffers switching~ 

Three-State Leakage Current ITL 
{AL Devicel 

Three~State leakage Current ITL 
(CLlCP Device) 

-Tlow= -55°C for AL Device. -40°C for CL/CP Device. 
Thlgh= + 125°C for AL Device. + 85°C forCLlCP Device. 

Voo 
Vdc 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
5.0 
10 
15 

'5.0 
10 
15 

5.0 
50 
10 
15 

5.0 
10 
15 

15 

15 

-
5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

15 

15 

#Data labelled "Typ" is not to be used for design purposes but Is 
Intended as an indication of the IC's potential performance. 

··The formulas given are for the typical characteristics only at 25°C. 

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

TI_ 
Min 

-
-
-

4.95 
9.95 

14.95 

---
3.5 
7.0 

11.0 

-3.0 
-0.64 
-1.6 
-4.2 

3.5 
7.8 
29 

-2.5 
-0.52 
-1.3 
-3.6 

2.3 
5.0 
19 

-
-
-
-
-
-
-
-
-

-
-

where: IT Is In ~A (per package), CL In pF. V = (VDO-VSS) In volts, 
, in kHz is input frequency, and k = 0.006. 

" 
Ma. 

0.05 
0.05 
0.05 

--
-

1.5 
3.0 
4.0 

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

to.l 
to.3 

-
1.0 
2.0 
4.0 

4.0 
8.0 
16 

to.l 

tl.0 

250 e ThiGh" 
Min Typ# Ma. 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 
9.9& 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 B.2& - 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 -
2.8 6.6 - 2.0 - mAde 
6.3 17 - 4.4 -
24 66 - 16 -

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 -

1.9 6.6 - 1.6 - mAde 

4.2 17 - 3.4 -
16 66 - 13 -
- to.ooool ±0.1 - :t 1.0 J.lAdc 

- ± 0.0000 1 ±0.3 - t 1.0 IolAdc 

- 5.0 7.5 - - pF 

- 0.002 1.0 - 30 J.lAdc 

- 0.004 2.0 - 60 
- 0.006 4.0 - 120 

- 0.002 4.0 - 30 ",Adc 

- 0.004 8.0 - 60 
- 0.006 16 - 120 

IT = (2.7 "A/kHzI I + 100 "Ade 
IT = (5.3 "A/kHz) I t I DO 
IT = (8.0 "A/kHzI I + 100 

- .0.00001 to.l - ±3.0 "Ade 

- '0.00001 t 1.0 - '7.5 "Adc 

PIN ASSIGNMENT 

16 

2 15 

3 14 

4 13 

5 12 

6 11 

10 

8 9 

This device contains protection circuitry to guard against damage due 10 high static voltages or electric lie Ids. However, 
precautions must be taken to avoid applications of any voltage higher than maximum rated voltages to this high-imped­
ance circuit. For proper operation. Vin and Voul should be conslrained 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). Unused outputs must be 
lelt open. 
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MC14502B 

SWITCHING CHARACTERISTICS· (CL ~ 50 pF, TA ~ 25'C) 

Characteristic 

Output Rise Time 

Output Fall Time 

Propagation Delay Time Dala to Q 

Propagation Delay Time, Inhibit 10 Q 

Propagation Delay Time Data to Q, Inhibit to Q 

3-State Propagation Delay, Output "I" to High Impedance 

3-51ate Propagation Delay, High Impedance to "I" Level 

3-51ate Propagation Delay, Output "0" to High Impedance 

3-51ate Propagation Delay, High Impedance to "0" Level 

"The formulas given are for the typical characteristics only at 25"C. 

FIGURE 1 - TYPICAL OUTPUT SOURCE 
CURRENT TESt CIRCUIT UOHI 

16 +VOO 

Dis 

Inh al 
01 Q2 

02 Q3 

D3 QC 

D4 Q5 

D6 Q6 

D6 Vos' -Voo 

8 Vos - V OH-V 00 

Vss 

Symbol 

trLH 

trHL 

tPHL 

tPHL 

tPLH 

tPHZ 

tpZH 

tpLZ 

tPZL 
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VOO 
All Types 

Unit 
Min Typ# Max 

5.0 - 100 200 ns 
10 - 50 100 
15 - 40 80 

5.0 - 40 BO ns 
10 - 20 40 
15 - 15 30 

5.0 - 135 270 ns 
10 - 55 110 
15 - 40 BO 

5.0 - 335 670 ns 
10 - 145 290 
15 - 95 190 

5.0 - 295 590 ns 
10 - 130 260 
15 - 95 190 

5.0 - 65 130 ns 
10 - 30 60 
15 - 25 50 

5.0 - 260 520 ns 
10 - 105 210 
15 - 80 180 

5.0 - 150 300 ns 
10 - 70 140 
15 - 55 110 

5.0 - 160 320 ns 
10 - 65 130 
15 - 50 100 

NData labelled "Typ" is not to be used for deSign purposes but IS 
intended as an indication of the IC's potential performance. 

FIGURE 2 - TYPICAL OUTPUT liNK 
CURRENT TEST CIRCUIT IIOLI 

18 + Voo 

Oil 

Inh al 
01 Q2 

D2 Q3 

03 QoI 

D4 Q8 

D6 Q6 

011 
VOS-VOL 

8 Vss Vos-Voo 

-= 
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FIGURE 3 - POWER DIISIPATION TEST CIRCUIT 
AND WAVEFORM 

voo 

Oil 
Inh 01 
01 02 

CL 
CL 

1: D2 Q3 
03 QA 

CL 1: ':' 
CL I ':' 1M QIi 

011 011 Ci:l I ':' 
011 CLll,:, 

':' 

Y.t=20 n. :-tk[20 n. 
Yin ~1I::m.:::---"'""'lI-+-vOO 

1m. 
. 1m. Vss 

DutY 
Cycl. 

FIGURE 4 - AC TEST CIRCUIT AND WAVEFORMS 
(tTL'" tTHL. tpLH. end tpHU 

FIGURE 5 - a·STATE AC TEST CIRCUIT AND WAVEFORMS 
(tpHZ. tpLZ. tpzH. tpZL) 

111 VOO 

01_1. 

Inhibit 01 

01 02 

02 03 

03 QA 

1M QIi 

011 011 

011 

L-__ .:!:8~V5S 

For all f'TLH. t-rHL. tPHL •• nd tpLH m .. urements Vin 
mev be applied to .n~ other Dn Input or to Inhibit. 

20n. 

Input 

OutPUt 
(Too .. I and 2. 

VOH 

TE5T 

1pHZ 
1pLZ 
1pZL 
1pZH 

a Outputs 

6-226 

Switch Positions for 3·5tate Test 

51 52 53 54 

Open Closed Closed Opan 

ClaNd Open Open CloHd 

Closed Open Open Closed 

Open CloNd Clo~ Open 

16 VOO 

0_1. 

Inhibit 01 
CL 

01 02 

02 03 1 
03 04 

1M 05 

011 06 

06 

B 
VSS 

-= 
VOO 

V55 

- 0.5 V @ YOO ~ 5 Y. 

f{IPZH 10Y.and15Y 

- 2Y@YOO ~ 5Y 
- 6Y@YOO = lOY 

10% - 10 Y @ YOO = 15 Y 

----... -=--- VOL 
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HEX NON-INVERTING 3-5TATE 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. 

• 3·5tate Outputs 
• TTL Compatible - Will Drive One TTL Load Over Full Tempera-

ture Range 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Two Disable Controls for Added Versatility 

• Pin for Pin Replacement for MM80C97 and 340097 

MAXIMUM RATINGS· (Voltages Referenced to Vss) 

Symbol Parameter Value 

VOO DC Supply Voltage -0.5 to +18.0 

Vin. Vout Input or Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 

lin Input Current (DC or Transient), per Pin ±10 

'out Output Current (DC or Transient), per Pin ±25 

Po Power DiSSipation, per Packaget 500 

Tsta Storage Temperature -65 to + 150 

TL Lead Temperature (8-Second Soldering) 280 

*Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mWrC from 65'"C to 85"C 

Ceramic "L" Package: -12mW{"C from 100'C to 125'C 

CIRCUIT DIAGRAM 

One of two/four buffers -r---- -, 
I 

VOO 

d' 
.~:X i ~:r+ 
Input I I 

t 9vss ' • , 
To Other 8uffer. 

I I 
L - - _____ J 

-Diode protection on.1I inputs (not thown) 

Unft 

V 

V 

mA 

mA 

mW 

'C 

'C 

This device contains protection circuitry Vln and Vout should be constrained to 
to guard against damage due to high the range VSS '" (Vin or Vout) '" VOO. 
static voltages or electric fields. How-
ever, precautions must be taken to avoid Unused Inputs must always be tied to an 
applications of any voltage higher than appropriate logic voltage level (e.g., el-
maximum rated voltages to this hlgh-Im- ther VSS or VOO). Unused outputs must 
pedance circuit,. For proper operation, be left open. 
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CM0555. 
ILOW.pOWER COMPLEMENTARY MOS) 

HEX 3-STATE BUFFER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

TRUTH TABLE 

A_priate 
D_ .. 

Inn Input 

0 0 

1 0 

X 1 

Outn 
0 

1 

Hfgh 
Imp.c;tenee 

X - Don't Car. 

LOGIC DIAGRAM 

Disable B 

In 5 Out5 

In 6 OutS 

In 1 Out 1 

In2 Out2 

In3 Out 3 

In. Out. 

OlubieA 

VOO- Pin UI 
Vss - Pin 8 
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ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

VDD TI_ " 25uC Thigh" 

Char_istie Symbol Vde Min Max Min Typ# Max Min Max 
Output Voltage "0" Level VOL 5.0 - 0.05 - 0 0.05 0.05 

Vin=O 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 -
Vin=VOO 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -
Input Voltage "0" Level VIL 

(VO = 3.6 or 1.4 Vde) 5.0 - 1.5 - 2.25 1.5 - 1.5 
(VO· 7.2 or 2.8 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0 
(VO· 11.5 or 3.5 Vdc) 

15 - 4.0 - 6.75 4.0 - 4.0 
"I" Level 

(VO· 1.4 or 3.6 Vd.) VIH 5.0 3.5 - 3.5 2.75 - 3.5 

(VO" 2.8 or 7.2 Vdc) 10 7.0 - 7.0 5.5 - 7.0 -
(VO· 3.5 or 11.5 Vd.) 15 11 - 11 8.25 - 11 -

Output Drive Current CAL Device)··· IOH 
(VOH ~ 2.5 Vdc) Source 4.5 -4.3 - -3.6 -5.0 - -2.5 -
(VOH • 2.5 Vde) 5.0 -5.8 - -4.80 -6.1 - -3.0 -
(VOH • 4.6 Vd.) 5.0 -1.2 - -1.02 -1.4 - -0.7 -
(VOH • 9.5 Vdc) 10 -3.1 - -2.60 -3.7 - -l.B -
(VOH = 13.5 Vd.) 15 -B.2 - -6.80 ·'14.1 - -4.B -

Sink IOL 
(VOL' 0.4 Vd.) 4.5 2.2 - 1.8 2.1 - 1.2 -
(VOL' 0.4 Vd.) 5.0 2.6 - 2.1 2.3 - 1.3 -
(VOL = 0.5 Vd.) 10 6.5 - 5.5 6.2 - 3.B -
(VOL ·'.5 Vdc) 15 19.2 - 16.10 25.00 - 11.2 -

Output Drive Current (el/ep Device) ••• IOH 
(VOH = 2.5 Vdc) Source 4.75 -4.0 - -3.60 -5.5 - -2.4 -
(VOH • 2.5 Vdc) 5.0 -4.6 - -4.20 -6.1 - -3.0 -
(VOH • 4.6 Vdc) 5.0 -1.0 - -0.88 -1.4 - -0.7 -
(VOH .~.5 VcIc) 10 -2.4 - -2.20 -3.7 - -l.B -
(VOH = 13.5 Vd.) 15 -6.6 - -6.00 -14.1 - -4.B -

Sink IOL· 
(VOL = 0.4 Vdc) 4.75 2.1 - 1.95 2.2 - 1.25 -
~VOL • 0.4 Vdc) 5.0 2.3 - 2.10 2.3 - 1.3 -
(VOL' 0.5 Vdc) 10 6.0 - 5.45 6.2 - 3.B -
(VOL '1.5 VcIc) 15 15.2 - 13.80 25.00 - 11.2 -

I"""t Curr.nt (AL Device) lin 15 - to.l - .0.00001 to.1 - t 1.0 
Input Curr.nt (CL/CP Device) lin 15 - to.3 - .0.00001 to.3 - ".0 
Input Capocitance (Vin' 0) C;n - - - - 5.0 7.5 - -
Quiescent Current (AL Device) IQ 5.0 - 1.0 - 0.002 1.0 - 30 

(Per Package) 10 - 2.0 - 0.004 2.0 - \10 
15 - 4.0 - 0.006 4.0 - 120 

Quie_nt Current (CL/CP Device) 100 5.0 - 4.0 - 0.002 4.0 - 30 
(Per Package) 10 - 8.0 - 0.004 8.0 - 60 

15 - 16 - 0.006 16 - 120 
Total Supply Current"t IT 5.0 

(Dynamic plus Qui8lC8nt. Per Package) 10 IT = (2.5 "A/kHz) f + 100 

(CL • 50 pF on all outputs) 15 IT = (6.0 "A/kHz) f + 100 

(All outputs switching. 50% Duty Cyele) 
IT = (10 "A/kHz) f + 100 

3-State Output .... !cag. Current ITL 15 - to. 1 - to.oool to. 1 - '3.0 
(AL Device) - - -

3-5tate OutpUt IAekage Curr_ ITL 15 - ".0 - .0.0001 ".0 - t7.5 
(CL/CP Device) - - -

TIow"'" -55°C for Al DeVice, -40DC for CL/CP DeVice. 
Thlgh= + 125"C 'or AL Device, + 85°C for CLlCP Device. 

tTo calcu/ate total supply current at loads other than 50 pF: 

Unit 
Vde 

Vdc 

Vdc 

Vdc 

mAd. 

mAde 

mAde 

mAde 

I'Ade 

I'Adc 

pF 

"AcIc 

I'Adc 

I'Adc 

I'Ade 

I'Adc 

#Data labelled "Typ" is not to be used tor design purposes but Is 
intended as an Indication of the IC's potential performance. where: IT Is In j.LA (per package), CL in pF, V = (VOO-VSS) in volts, 

f in kHz Is Input frequency, and k = 0.006. 
"-The formulas given are for the typical characteristics only at 25°C. 

• ... Care must be taken not to exceed maximum cutrent ratings (see maximum ratings table) 

6-228 



MC14503B 

SWnCHING CHARACTERISTICS· (CL = 5OpF,TA = 25°C) 

Cho<.at_ic Symbol 

Output Ri .. Time tTLH 
tTLH • (O.5"ns/pFI CL + 20 ns 

tTLH = (0.3 ns/pF) CL + 8.0 ns 

tTLH =.10.2 ns/pF) CL + 8.0 ns 

OutpUt Fall Time tTHL 
tTHL • (0.5 ns/pF) CL + 20 ns 

tTHL = (0.3 ns/pF) CL + 8.0 ns 

tTHL • (0.2 ns/pF) CL + 8.0 ns 

Turn-Off Delay Tim., all OutPuts tpLH 

tpLH = (0.3 nl/pF) CL + 60 ns 

tpLH' (0.15 ns/pF) CL + 27 ns 

tpLH' (0.1 ns/pF) CL + 20 ns 

Turn-On Delay Time, all OutPuts tPHL 

tpHL = (0.3 ns/pF) CL + 60 ns 

tPHL = (0.15 ns/pF) CL + 27 ns 

tPHL· (0.1 ns/pFI CL + 20 ns 

3-State Propagation Delay Time tPHZ 
OutpUt "I" to High Im~nce 

Output "0" to High Impedance tpLZ 

High Impedance to "I" Lev.1 tpZH 

High Impedance to "0" Level tpZL 

*The formulas given are for the typical characteristics only at 25°C. 

#Data labelled "Typ" is not to be used for design purposes but Is 
Intended as an indication of the IC's potential performance. 

Voo 
vcc 

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 

PIN ASSIGNMENT 

2 

3 

4 

5 

6 

8 
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AIIT~ 

Typ# Max Unit 

ns 

45 90 
23 45 

18 35 

ns 

45 90 
23 45 

18 35 

nl 

75 150 
35 70 

25 50 

n. 

75 150 

35 70 

25 50 

75 150 ns 
40 80 
35 70 

80 160 ns 
40 80 
35 70 

65 130 n. 
25. 50 
20 40 
100 200 n. 
36 70 
25 50 

16 

15 

14 

13 

12 

11 

10 

9 



MC14503B 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
(ITLH. ITHL. IpHL. and IpLH) 

20 ns 

~~------~t-~----VDD 

Vss 

I---()---i :>---1 .... --0 Output 
u"=,,...---~IL+--VOH 

Output 

Vss ICL 

FIGURE 2 - 3 STATE AC TEST CIRCUITS AND WAVEFORMS 
(lpLZ. IpHZ. IpZH. IPZL) 

>-..... - ..... -oOU1Put 

~ ______ ~~~ _______ VDD 

Output for tpZH. tpZL Circuit -VOL+0.05V 

tpHZ 

Output for tPHZ. tpLZ Circuit. J:~ r .::: VOH -0.15 V 

~ ... ___ ~1:.::0:.:;"~Y VOL 
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(f!jMOTOROLA 

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 to 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. 

• 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 Vce 

• Diode Protected Inputs to VSS 

• Capable of Driving Two Low-Power TIL Loads or 
One Low-Power Schottky TIL Load Over the Rated 
Temperature Range. 

LOGIC DIAGIIAM 

Vee Voo 

Input O-~,,"",MoV .... -I 

Mode o------l 

Input Logic Output Logic 
Mode Select Leve'. Leveaa 

, (VCe> TTL CMOS 

o (VSS>' CMOS CMOS 

1/6 of peck ... thown. 
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Output 

MC14504B 

CMOS SSt 
CLOW·POWER COMPLEMENTARY MOS) 

TTL or CMOS to CMOS 
HEX lEVEL SHIFTER 

._.-
1 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 848 

ORDERING INFORMATION 

A Series: - 55"C to + 125"C 
MC14XXXBAL (Ceramic Package Only) 

C Saries: -40"C to +85"C 
'MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

PIN ASSIGNMENT 

16 

15 

I. 
13 

12 

11 

10 

9 

This device contains circuitry to protect the inputs 
against damage due to high static voltages or elec· 
tric fields referenced to the VSS pin. only. Extra 
precautions must be taken to avoid applications of 
any voltage higher than the maximum rated voltages 
to this high-impedance circuit. For proper operation, 
the ranges VSS .,.. Vln .,.. 18 V and VSS Ii!;,'; Vout <lit 

VOO are recommended. 
Unused Inputs must always be tied to an appropri­

ate logic voltage level (e.g" either VSS or VOO)' Un­
used outputs must be left open. 

II 
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MC14504B 

MAXIMUM RATINGS· (Voltages Referenced 10 VSS) 

Symbol Parameter value Unit 

VCC DC Supply Vollage -0.510 + IB.O V 

VDD DC Supply Vollage -0.510 + IB.O V 

Vin, Input Voltage (DC or Transient) -0.510 + IB.O V 

Vout Output Voltage (OC or Transient) - 0.5 10 VDD + 0.5 V 

'in. 'out Input or Output Current (DC or Transient), 
per Pin ±10 mA 

Po Power Dissipation, per Package** 500 mW 

TSl9 Storage Temperature -6510 + 150 ·C 

TL Lead Temperature (8-Second Soldering) 260 ·C 

-Maximum ratings are those values beyond which damage to the device may occur. 
"Power dissipation temperature derating: Plastic "P" package: -12 mW/oC from 65°C to 85°C. 

Ceramic "L" package: -12 mW/Co from 100°C 
10125"C. 

ELECTRICAL CHARACTERISTICS (Vollages R.f.renced to Vss) 

Vee VOO Tlow . 25°C 

Characteristic Symbol Vdc Vd. Min Max Min Typ# Max 
Output Voltage "0" Level VOL - 5.0 - 0.05 - 0 0.05 

Yin ~ 0 V - 10 - 0.05 - 0 0.05 
- 15 - 0.05 - 0 0.05 

Vin ~ VCC "I" Level VOH - 5.0 4.95 - 4.95 5.0 -. 
- 10 9.95 - 9.95 10 -
- 15 14.95 - 14.95 15 -

Input Voltage "0" Level VIL 
(VOL ~ 1.0 Vde) TTL-CMOS 5 10 - O.S - 1.3 O.S 
(VOL = 1.5 Vde) TTL-CMOS 5 15 - 0.8 - 1.3 0.8 
(VOL ~ 1.0 Vde) CMOS-CMOS 5 10 - 1.5 - 2.25 1.5 
(VOL = 1.5 Vde) CMOS-CMOS 5 15 - 1.5 - 2.25 1.6 
<VOL ~ 1.5 Vde) CMOS-CMOS 10 15 - 3.0 - 4.5 3.0 

Input Voltage "1" Level VIH 
(VOH = 9.0 Vde) TTL-CMOS 5 10 2.0 - 2.0 1.5 -
(VOH ~ 13.5 Vde) TTL-CMOS 5 15 2.0 - 2.0 1.5 -
(VOH ~ 9.0 Vde) CMOS -CMOS 5 10 3.6 - 3.5 2.75 -
(VOH ~·13.5 Vde) CMOS-CMOS 5 15 3.6 - 3.5 2.75 -
(YOH = 13.5 Vde) CMOS-CMOS 10 15 7.1 - 7.0 5.5 -

Output Drive Current (AL Device) IOH 
(YOH = 2.5 Vde) Source - 5.0 -3.0 - -2.4 -4.2 -
(VOH = 4.6 Vde) - 5.0 -0.64 - -0.51 -0.88 -
(Y OH = 9.5 Vde) - 10 -1.6 - -1.3 -2.25 -
(VOH = 13.5 Vde) - 15 -4.2 - -3.4 -S.8 -
(VOL = 0.4 Vde) Sink IOL - 5.0 0.64 - 0.51 0.88 -
(IT OL ~ 0.5 Vde) - 10 1.6 - 1.3 2.25 -
(VOL = 1.5 Vde) - 15 4.2 - 3.4 S.8 -

Output Drive'Current (CLfCP Device) IOH 
<VOH = 2.5 Vde) Source - 5.0 -2.5 - -2.1 -4.2 -
(VOH = 4.6 Vde) - 5.0 -0.52 - -0.44 -0.88 -
(VOH = 9.5 Vde) - 10 -1.3 - -1.1 -2.25 -
<VOH ~ 13.5 Vde) - 15 -3.6 - -3.0 -S.S -
(VOL = 0.4 Vde) Sink IQL - 5.0 0.52 - 0.44 0.88 -
(VOL = 0.5 Vde) - 10 1.3 - 1.1 2.25 -
(VOL ~ 1.5 Vde) - 15 3.6 - 3.0 S.8 -

Input Current <AL) lin - 15 - <0.1 - <0.00001 to.l 

Input Current (CLfCP) lin - 15 - <0.3 - <0.00001 to.3 

Input Capacitance (V in = 0) Cin - - - 6.0 7.5 

Quiescent Current (A L Device) 100 or - 5.0 - 0.05 - O.ooOS 0.05 
(Per Package) ICC - 10 - 0.10 - 0.0010 0.10 

CMOS-CMOS Mode - 15 - 0.20 - 0.0015 0.20 

Quiescent Current (CLfCP Devicel 100 or - 5.0 - 0.5 - 0.0005 0.5 
(Per Packagel ICC - 10 - 1.0 - 0.0010 1.0 

CMOS-CMOS Mode - 15 - 2.0 - 0.0015 2.0 

Quiescent Current (ALfCLlCP Devicel 100 5.0 5.0 - 0.5 - 0.0005 0.5 
(Per Packagel 5.0 10 - 1.0 - 0.0010 1.0 

TTL-CMOS Mode 5.0 15 - 2.0 - 0.0015 2.0 

Qui .... n' Current (ALlCLlCP Device) ICC 5.0 5.0 - 5.0 - 2.5 5.0 
(Pel Package) 5.0 10 - 5.0 - 2.5 5.0 

TTL-CMOS Mode 5.0 15 - 5.0 - 2.5 5.0 

Thigh-* 
Min Max 

- 0.05 
- O.OS . 

- 0.05 

4.95 -
9.95 -
14.95 -

- O.S 
- O.S 
- 1.4 
- 1.5 
- 2.9 

2.0 -
2.0 -
3.5 -
3.5 -
7.0 -

-1.7 -
-0.36 -
-0.9 -
-2.4 -
0.36 -
0.9 -
2.4 -

-1.7 -
-0.36 -
-0.9 -
-2.4 -
0.36 -
0.9 -
2.4 -
- t 1.0 

- , 1.0 

- 1.5 

- 3.0 

- 6.0 

- 3.8 
- 7.5 
- 15.0 

- 3.8 

- 7.5 

- 15.0 

- 6.0 

- 6.0 

- 6.0 

Unit 

Vde 

Vde 

Vde 

Vde 

mAde 

mAde 

mAde 

mAde 

"Ade 

"Ade 
pF 

"Ade 

"Ade 

"Ade 

mAde 

*TLOW = -55°C for AL DeVIce. -40°C for CLlCP DeVIce 
THIGH = +125°CforALDeviee. +85°C forCLlCP Device 

#Data labelled "Typ" Is not to be used for design purposes but Is 
intended as an Indication of the IC's potential performance. 
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MC14504B 

SWITCHING CHARACTERISTICS ICL 5 50 pF. TA - 25°C) 

Ch .. acteristic Symbol 

Propagation Delay. High to Low tpHL 

Propagation Delay. Low to High tpLH 

Output Rise and F all Time ITLH.ITHL 

*Data labelled "Typ" is not to be used for design purposes but Is 
intended as an indication of the IC's potential performance. 

Shiftin,Mode 

TTL-CMOS 
VDO> VCC 

CMOS-CMOS 
VOO > VCC 

CMOS-CMOS 
VCC> VOO 

TTL-CMOS 
Voo> VCC 

CMOS-CMOS 

VOO> VCC 

CMOS-CMOS 
VCC> VOO 

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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Vec VDD Limits 

Vdc Vd. Min Typ# MI,. Units 

5.0 10 140 280 no 
5.0 15 - 140 280 
5.0 10 120 240 
5.0 15 - 120 240 
10 15 - 70 140 
10 5.0 - 185 370 
15 5.0 - 185 370 
15 10 - 175 350' 

5.0 10 - 170 340 n. 
5.0 15 - 160 320 
5.0 10 170 340 
5.0 15 - 170 340 
10 15 - 100 200 
10 5.0 275 550 
15 5.0 - 275 550 
15 10 - 145 290 

- 5.0 - 100 200 nl 
- 10 - 50 100 
- 15 - 40 80 

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 

DUAL 2-WIDE. 2-INPUT EXPANDABLE 
AND-OR-INVERT GATE 

The MC14506UB is an expandable 'AND-OR-INVERT gate 
with inhibit 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. 

• 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 or One Low-Power 
Schottky TTL Load Over the Rated Temperature Range 

MAXIMUM RATINGS· (Voltages Referenced 10 Vss) 

Symbof Parameter Valu. 

vDD DC Supply Voltage -0.510 + 1S.0 

Vin. Vout Input or Output Voltage (DC or Transient) -0.510 VDD +0.5' 

'in. lout Input or Output Current (DC or Transient). per Pin ±10 

Po Power DIsSipation, per Packaget 500 

TSla Storage Temperature -6510+150 

TL Lead Temperalure (S-Second Soldering) 260 

*Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mWrC from 65°C to 85°C 

Ceramic "L" Package: -12mW/oC from 100°C to 125°C 

LOGIC DIAGRAM 

AA 

BA 2 

CA 3 15 ZA 
DA 4 

EA 5 

Inh 6 
VOO= Pin 16 
VSS"'" Pin 8 

Dis 14 

EB 13 7 ZB 
DB 12 

CB. 11 

BB 10 

AB 9 
Z = lAB + CD + E + II 
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Unft 

V 

V 

mA 

mW 

'C 

'C 

MC14506UB 

CMOS 551 
(LOW·POWER COMPLEMENTARY MOSI 

DUAL EXPANDABLE 
AND-OR· INVERT GATE 

LSUFFIX 
CERAMIC PACKAGE 

CASE 820 

PSUFFIX 
PLASTIC PACKAGE 

CASE 848 

ORDERING INFORMATION 

A Sarles: - 55"C to + 125°C 
MC14XXXUBAL (Ceramic Package Only) 

C Series: - 40"C to + 8SoC 
MC14XXXUBCP (Plastic Package) 
MC14XXXUBCL (Ceramic Package) 

This device contains protection circuitry to 
guard against damage due to high static 
voltages or electric fields. However, precau­
tions must be taken to avoid applications of 
any VOltage higher than maximum rated 
voltages to this high-Impedance circuit. For 
proper operation, Vln and Vout should be 
constrained to the range VSS .. (Vln or 
Voutl .. VOO· 
Unused Inputs must always be tied to an ap­
propriate logic voltage level (e.g., either VSS 
or VDO). Unused outputs must be left open. 

TRUTH TABLE 

A B C 0 E INHIBIT DISABLE Z 

0 iI 0 0 1 0 0 1 
0 X 0 X 1 0 0 1 
0 X X 0 1 0 0 1 
X 0 0 X 1 0 0 1 
X 0 X 0 1 0 0 1 
1 1 X X -x x 0 0 
x X 1 1 X X 0 0 
x x x x 0 x 0 0 

x x x x X 1 0 0 
X X X X X X 1 HiGh 

Impedance 

X - Don't Cara 



MC14506UB 

ELECTRICAL CHARACTERISTICS (VoHages Referenced to VSS) 

Characteristic Symbol 

Output VoH.ge "0" Level VOL 
Yin = VDD or 0 

"1" Level VOH 
Yin = OorVDD 

Input Voltage "0" Level VIL 
(Va = 4.5 or 0.5 Vde) 
(110 = 9.0 or 1.0 Vde) 
(Va = 13.5 or 1.5 Vde) 

"1" Level VIH 
(110 = 0.5 or 4.5 Vde) 
(Va = 1.0 or 9.0 Vde) 
(Va = 1.5 or 13.5 Vde) 

Output Drive Current (AL Device) 10H 
(VOH = 2.5 Vde) Source 
(IIOH = 4.6 Vde) 
(VOH = 9.5 Vdc) 
(VOH = 13.5 Vde) 

(VOL = 0.4 Vde) Sink 10L 
(IIOL = 0.5 Vde) 
(VOL = 1.5 Vde) 

Ou1put Drive Current (CUCP Device) 10H 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vdc) 
(VOH = 13.5 Vde) 

(VOL = 0.4 Vde) Sink 10L 
(VOL = 0.5 Vde) 
(VOL = 1.5 Vde) 

Input Current (AL Device) lin 

Input Current (CUCP Device) lin 

Input Capacitance Cin 
(IIin = 0) 

Quiescent Current (AL Device) 100 
(Per Package) 

Quiescent Current (CUCP Device) 100 
(Per Package) 

Total Supply Current"t IT 
(Dynamic plus QUiescent, 
Per Package) 
(CL = 50 pF on all ou1puts, 
all buffers switching) 

Three-State Lealkege Current ITL 
(AL Device) 

Three-State Leakage Current ITL 
(CUCP Device) 

"Tlow "" - 55"C for AL Device, - 40"C 'or CL/CP Device. 
Thigh""' + 125"C for AL Device. + 86"C for CUCP Device. 

Voo 
Vdc 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

15 

15 

#Data labelled "Typ" '8 not to be used for design purpose. but is 
Intended as an Indication of the IC's potential performance. 

""The formulas given are for the typical characteristics only at 25"C. 

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

where: IT is in ... A (per package), CL in pF, V "" (VOO-VSS) In voHs, 
f In kHz is input frequency. and k ... 0.002. 

Tlow" 

Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.0 
- 2.0 
- 2.5 

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 -
- ±0.1 

- ±0.3 

- -
- 1.0 
- 2.0 
- 4.0 

- 4.0 
- 8.0 
- 16 

- ±0.1 

- ::t1.0 
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25·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 1.0 - 1.0 
- 4.50 2.0 - 2.0 
- 6.75 2.5 - 2.5 

Vde 
4.0 2.75 - 4.0 -
8.0 5.50 - 8.0 -
12.5 8.25 - 12.5 -

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 - mAdc 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -
- ±0.OOO01 ±0.1 - ±1.0 pAdc 

- ±0.OOO01 ±0.3 - ±1.0 pAde 

- 5.0 7.5 - - pF 

- 0.002 1.0 - 30 p.Adc 
- 0.004 2.0 - 60 
- 0.006 4.0 - 120 

- 0.002 4.0 - 30 pAdc 
- 0.004 8.0 - 60 
- 0.006 16 - 120 

IT = (0.6 !£I\IkHz) f + 100 p.Adc 
IT = (1.1 !£I\IkHz) f + 100 
IT = (1.7 !£I\IkHz) f + 100 

- ±0.OOO01 ±0.1 - ±3.0 pAdc 

- ±0.OOO01 ±1.0 - ±7.5 /LAde 

PIN ASSIGNMENT 

16 

2 15 

3 14 

4 13 

5 12 

6 11 

10 

B 9 



MC14506UB 

SWITCHING CHARACTERlSnc:s- (Cl = 50 pI; TA = 25'C) 

Characteristic Symbol 

Output Rise and Fall Time trlH. trHl 
trLH. trHl = (1.5 nslpF) Ci. + 25 ns 
trLH. trHl = (0.75 nslpF) CL + 12.5 ns 
trLH. trHL = (0.55 nslpF) CL + 9.5 ns 

Data Propagation Delay Time tpLH 
tPLH = (1.7 nslpF) CL + 210 ns 
tPlH = (0.66 nslpF) CL + 77 ns 
tPLH = (0.5 nslpF) CL + 50 ns 

tPHL = (1.7 nslpF) CL + 185 ns tPHL 
tPHL = (0.66 nslpF) CL + 62 ns 
tpHL = (0.5 nslpF) CL + 40 ns 

Expsnd Propagatton Delay llme tpLH 
tplH = (1.7 nslpF) CL + 95 ns 
tpLH = (0.66 nslpF) CL + 42 ns 
'PLH = (0.5 nslpF) CL + 25 ns 

tPHL = (1.7 nslpF) CL + 115 ns tpHL 
tPHL = (0.66 nslpF) CL + 47 ns 
tPHL = (0.5 nslpF) CL + 30 ns 

InhibH Propagation Delay Time tplH 
tPLH = (1.7 nslpF) CL + 135 ns 
tPLH = (0.66 nslpF) CL + 67 ns 
tpLH = (0.5 nslpF) CL + 40 ns 

tpHL = (1.7 nslpF) CL + 145 ns tPHL 
tpHL = (0.66 nslpF) CL + 62 ns 
tpHL = (0.5 nslpF) CL + 35 ns 

3-State Propagation Delay llme 
"I" to High Impedance tpHZ 

"0" to High Impedance tPLZ 

High Impedance to "I" tpZH 

High Impedance to "0" tpZl 

·The formulas given afe for the typical characteristics only at 25°C. 

#Data labelled "Typ" Is not to be used for design purposes but Is 
Intended as an indication of the IC's pota"!tlal performance. 

VDD 

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 

5.0 
10 
15 

Min Typ# 

- 100 
- 50 
- 40 

- 295 
- 110 

- 75 

- 270 
- 95 
- 65 

- 180 

- 75 

- 50 

- 200 
- 80 
- 55 

- 220 
- 100 

- 65 

- 230 
- 95 
- 60 

- 60 

- 45 
- 35 

- 90 
- 55 
- 40 

- 110 

- 50 

- 40 

- 170 
- 70 
- 50 

FIGURE 1 - TVPlCAL VOLTAGE TRANSFER CHARACTERISTICS 

Max 

200 
100 
80 

580 
225 
160 

480 
175 
140 

430 
160 
125 

330 
110 
90 

500 
225 
160 

400 
175 
150 

150 
110 
90 

225 
140 
100 

300 
125 
100 

425 
175 
125 

Cal EXPAND INPUTS Cbl DATA INPUTS 
16 16 

• TA = .12SoC 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

14 • -V O"SVd. I-- 14 VOO i 15Vdc - I-b TA'.25oC -

~-.. 
co 

12 

~ 10 

~ to 

1--', 
b ..... 

r-- • I 
o 1-5.IiVdc 

I .. ~ 

~ 
:0 6. 
<0 

J t o b ... 
.~ 

2. 0 

~b 

• 
10Vd. 

Unused inputi-
connected to 

iSS I I-
• TA'·I25OC 
b TA ,.2SOC -
'1 TA'isSOCI 

00 2.0 to 6.0 8.0 10 12 14 16 
Vi .. INPUT VOLTAGE (Vdc,l 
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~ 
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~ 
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<0 .. to ; 

2.0 

;"- ~ A and 8 ..... CIId to Vi. 
'~Vd' E"",II i ... t._10 

VDD. 0111 .. input .. " .... • 
• 1Id1lOVj b .. I I c 

2.0 4.0 6.0 8.0 10 12 I. 16 
VI .. tNPUT VOLTAGE IVdcI 



FIGURE 2 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS TEST CIRCUIT 

.--____ -.Voo 
16 

FIGURE 4 - 3-STATE LEAKAGE CURRENT 
TEST CIRCUIT 

Voo 

16 

t--<>--llnh ZA 
+--<>--!AA 
t--<>--lBA 
+--<>--!CA 
t--<>--lOA 

EA 
H-<>--lAB 
HI-<>---IBB 
HH>---/CB 
HH>---/°B 

EB 
'-t-<>--I0i. ZB 

'--___ B-+VSS 

Voo 

'TL 

MC14506UB 

FIGURE 3 - TYPICAL OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 

VOO 

16 

FIGURE 5 - TYPICAL POWER DISSIPATION TEST CIRCUIT 
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O.OI1"F 
Ceramic VOO 

r-----4r------+-,6---1~ 

.-------..,1---<>---1 In" ZAI---<>-_-, 
.---+ ..... -0----/ AA 
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MC14506UB 

FIGURE 8 - SWITCHING TIME TEST CI RCUIT AND WAVEFORMS 
Ia..lnputs) 

...-----+ Voo 

16 

20 ns 20 ns 

tTHL tTLH 

FIGURE 7 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
IFor 3-S.o Output) 

"Voo 

16 

ZA 

ZB 

<-___ --t VSS 

V out VOO 

"'1 
1 k 

S2 A 

J,B 

20nl 

pi,lIbl. 
Input 

tpLZ 

Output 

~-_t-~~---VOH 

= 2.S V @ VOO = 5 V. 
10 V and 1SV 

{ 
= 2 V @ VOO = 5 V 
= 6 V@ VOO = 10 V 

10% =10V@VOO=1SV 
~----~-----VOL 

-To test other ,ide of circuit con.,.t to this oulPut and 
change lWi'tCh (S1) to other expand input (El, 

SWITCH POSITIONS 

TEST S1 S2 

tpLZ A A 
tPHZ B B 

tpZL A A 
tpZH B B 
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DUAL 4-BIT LATCH 
The MCI4508B 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 (M R) 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. 

• 3-State Output 
• Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low·power TTL Loads or One Low-power 

, Schottky TTL Load over the Rated Temperature Range. 

MAXIMUM RATINGS' (Voltages Referenced to VSS) 

Symbol Parameter Value 

Voo OC Supply Voltage -0.5 to + 18.0 

Vin. Vout Input or Output Voltage (DC or TranSient) - 0.5 to Voo + 0.5 

lin. lout Input or Output Current (DC or Transient), per Pin ±10 

Po Power Dissipation, per Packaget 500 

T.to Storage Temperat,ure -65 to + 150 

h Lead Temperature (8-Second Soldering) 260 

*Maxlmum Ratings are those values beyond which damage to the deVIce may occur. 
tTemperature Derating: Plastic "P" Package: -12mW/oC from 65°C to 85°C 

Ceramic "L" Package: -12mW/"C from 100°C to 125°C 

TRUTH TABLE 

MR ST Oisable 03 02 01 00 03 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 1 0 0 0 1 O. 0 0 1 0 
0 1 0 0 1 0 0 0 1 0 0 
0 1 0 1 0 0 0 1 0 0 0 

0 0 0 X X X X Latched 
1 X 0 X X X X 0 0 0 0 
X X 1 X X X X High Impedance 

X ~ Oon tCare 

CIRCUIT DIAGRAM 

Ols 

MR 

ST 

(To other three letch.,) 
Vss 
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Unit 

V 

V 

mA 

mW 

'c 
'C 

MC1450B8 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOSI 

DUAL 4-BIT LATCH 

ORDERING INFORMATION 

A Sarles: - 55°C to + 126°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

BLOCK DIAGRAM 

1 MR ao 5 
2 ST 
3 Ols 01 7 

4 00 
6 01 Q2 II 

8 D2 
10 D3 

Q3 11 

13 ao 17 
14 ST 
15 DI. 01 19 
16 00 
18 Dl Q2 21 

20 D2 
22 D3 

Q3 23 

"DO· Pin 24 
VSS - Pin 12 
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MC14508B 

ELECTRICAL CHARACTERISTICS (Vollages Referenced to Vss) 

Characteristic Symbol 

Output Voltage "0" level VOL 
Vln ~ VDD or 0 

"1" level VOH 
Yin ~ OorVDD 

Input Voltage "0" Level Vil 
(VO ~ 4.5 or 0.5 Vdc) 
(Vo ~ 9.0 or 1.0 Vdc) 
(Vo ~ 13.5 or 1.5 Vdc) 

"1" level VIH 
(VO ~ 0.5 or 4.5 Vdc) 
(VO ~ 1.0 or 9.0 Vdc) 
(Vo ~ 1.5 or 13.5 Vdc) 

Output Drive Current (Al Device) IOH 
(VOH ~ 2.5 Vdc) Source 
(VOH ~ 4.6 Vdc) 
(VOH ~ 9.5 Vdc) 
(VOH ~ 13.5 Vdc) 

(VOL ~ 0.4 Vdc) Sink IOl 
(VOL ~ 0.5 Vdc) 
(VOL ~ 1.5 Vdc) 

Output Drive Current (CLlCP Device) IOH 
(VOH ~ 2.5 Vdc) Source 
(VOH ~ 4.6 Vdc) 
(VOH ~ 9.5 Vdc) 
(VOH ~ 13.5 Vdc) 

(VOL ~ 0.4 Vdc) Sink IOl 
(VOL ~ 0.5 Vdc) 
(VOL ~ 1.5 Vdc) 

Input Current (Al Device) lin 

Input Current (CLlCP Device) lin 

Input Capacitance Cin 
(Vin ~ 0) 

Quiescent Current (Al Device) 100 
(Per Package) 

Quiescent Current (CLlCP Device) 100 
(Per Package) 

Total Supply Current .. t IT 
(Dynamic plus QUiescent, 
Per Package) 
(Cl ~ 50 pF on all outputs, 
all buffers switching) 

Three-State leakage Current ITl 
(Al Device) 

Three-State leakage Current ITl 
(CLlCP Device) 

*Tlow= -55"C for AL Device, -40"C tor CLlCP Device. 
Thigh = + 125"C for AL Device, + 85"C for CL/CP Device. 

VDD 
Vdc 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

15 

15 

#Data labelled "Typ" is not to be used for design purposes but is 
Intended as an indication of the IC's potential performance. 

·-The formulas given are for the typical characteristics only at 25°C. 

Tlow'" 25"<: Thi h' 

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 

-
-
-

-
-
-
-
-
-

-

-

Max Min Typ# Max Min Max Unit 

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

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

Vdc 
1.5 - 2.25 1.5 - 1.5 
3.0 - 4.50 3.0 - 3.0 
4.0 - 6.75 4.0 - 4.0 

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 8.8 - 2.4 -

+0.1 - +0.00001 ±0.1 - +1.0 p.Adc 

+0.3 - +0.00001 +0.3 - +1.0 p.Adc 

- - 5.0 7.5 - - pF 

5.0 - 0.005 5.0 - 150 p.Adc 
10 - 0.010 10 - 300 
20 - O.ot5 20 - 600 

20 - 0.005 20 - 150 p.Adc 
40 - 0.010 40 - 300 
80 - 0.015 80 - 600 

IT ~ (1.46 p.AJkHz) f + 100 p.Adc 
IT ~ (2.91 p.AlkHz) 1 + 100 
IT ~ (4.37 p.NkHz) 1 + 100 

±O.1 - ±O.OOOOI ±O.1 - ±3.0 p.Adc 

±1.0 - ±O.OOOOI ±1.0 - ±7.S p.Adc 

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

where: IT is in,..A (per package), CL in pF. V = (VOO-VSS) 'n volts, 
, In kHz Is input frequency, and k = O,OOS. 

This device centains protection circuitry to guard against damage due to high static voltages or electric fields. However, 
precautions must be taken to avoid applications 01 any voltage higher than maximum rated volleges to this high-Impedance 
circuit. For proper operation, Vln and Vout should 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). Unused outputs must be left 
open. . 

6-240 



MC14508B 

SWITCHING CHARACTERISTICS' (CL ~ 50 pF T A ~ 25°C) 

Characteristic Symbol 

Output Rise and Fall Time trLH. trHL 
trLH. trHL ~ (1.5 nslpF) CL + 25 ns 
trLH. trHL ~ (0.75 nslpF) CL + 12.5 ns 
trLH. trHL ~ (0.55 nslpF) CL + 9.5 ns 

Propagation Delay Time. On or MR to Q tPLH. tPHL 
tPLH. tPHL ~ (1.7 nslpF) CL + 135 ns 
tPLH. tPHL ~ (0.66 nslpF) CL + 57 ns 
tPLH. tPHL ~ (0.5 nslpF) CL + 35 ns 

Master Reset Pulse Width tWH(R) 

Master Reset Removal Time trem 

Strobe Pulse Width tWH(S) 

Setup Time Isu 
Data to Strobe 

Hold Time '" Strobe to Data 

3-State Propagation Delay Time 
Output "1" to High Impedance tPHZ 

Output "0" to High Impedance tPLZ 

High Impedance to "1" Level IpZH 

High Impedance to "0" Level tpZL 

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

#Data labelled "Typ" is not to be used for design purposes but Is 
intended as an indication of the IC's potential performance. 

VDD 

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 

5.0 
10 
15 

PIN ASSIGNMENT 

2 

3 

4 

5 

6 

8 

9 

10 

11 

12 

6-241 

24 

23 

22 

2t 

20 

19 

18 

17 

16 

15 

14 

13 

Min 

-
-
-

-
-
-

200 
100 
70 

30 
25 
20 

140 
70 
40 

50 
20 
10 

50 
35 
35 

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

All Types 

Typ# 

100 
50 
40 

220 
90 
60 

100 
50 
35 

-15 
0 
0 

70 
35 
20 

25 
10 
5.0 

20 
10 
10 

55 
35 
30 

75 
40 
35 

80 
35 
30 

105 
50 
35 

Max Unit 

ns 
200 
100 
80 

ns 
440 
180 
120 

- ns 
-
-
- ns 
-
-
- ns 
-
-
- ns 
-
-
- ns 
-
-

ns 
170 
100 
70 

170 
100 
70 

170 
100 
70 

210 
100 
70 
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StrObe 
Input 

On Input 

'TLH 'THL 

MC14508B 

FIGURE 1 - AC WAVEFORMS 

~H(R) VOO 

Master Reset 
Input 50% 

VSS 

QnOutput \. r- VOH 

"--.1 ____ VOL 

FIGURE 2 - 3-5TATE AC TEST CIRCUIT ANO WAVEFORMS 

L...I-___ -I Oisable 01 

t----I oo 
Q2 

tvoo 
STI 

TEST STI 

IPHZ OPEN 

'PLZ o;LOSE .... ----101 
... ----102 

... -+------103 031---.--" IPZL 
IPZH 

CLOSE 
OPEN 

L-----_tVss 
ST2 

r----~~~-------VOO 

Q3 Output 

"2.BVOVOO~BV. 

.. 6 V 0 ~OO = 10 V 
{.,OVOVOO= leV 

F "'.-'" .. 2VOVOO- BV 

10. VOL 
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ST2 STl 

CLOSE CLOSE 
O·toN o EN 
OPEN OPEN 
CLOSE CLOSE 

ST4 

OPEN 
CLOSE 
CLOSE 
OPEN 



MC14508B 

!-STATE MODE OF OPERATION 

The MC1460BB can be UI8d in bu.-l IYIhImI •• shown. 
Th. outPut termln.I. of N "'bit let ..... can be directly wired to • 
buo line. end. to one of the "'bit letch ... I_ed. The._ 
letch controls the logic stetl of the buo line. and the _Inlng 
CN·t) "'bit letch ...... dieobled into. high Impodlnce "011" _ •. 
The nu_ of let ...... N. which moy be connoc:ted to I buoline I. 
determined from the output dri .. current. 100. the 3_ or 
dleobled output ... k .... current. ITL. Ind the loed current. I L. 
required to drl.. the bUlline !including f""out to other devica 
inputol Ind can be calculeted by the following: 

N=IOO-IL+ 1 
ITL 

N must be calcullted for both high end low logic stetes of the 
bulline. 

$ttl.cud •• 
Driving Device 

DI_bled 

Ol_bled 

TYPICAL 3-STATE APPLICATIONS 

EXAMPLE 1 

R •• , >-------------~----------------._----~ 
Clock 

Serlel 
Dote >-I-L~:'::;::.,J 

SffO~>_~----+__r_+~------~--r_+_;__r--~. 

Dil!lble >---i-t-'::::;::;::""J 
DI .. b .. >----------1 

EXAMPLE 2 
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1/2 
~Cl4li081 

1/2 
~Cl4li08e 

1/2 
MCl4li08E 

00 

I ..... 

100 

I-ITL' 

'TL-

~ 

'TL- 'L I tiL -----....­
BUS LINES 
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®MOTOROLA 

I 

BCD UP/DOWN COUNTER 
The MC14510B synchronous up/down BCD counter is con­

structed with MOS P-channel and N-channel enhancement mode 
devices in a monolithic structure. The counter consists of type D 
flip-flop stages with a gating structure to provide type T flip-flop 
capability. 

This counter can be preset by applying the desired value in 
BCD to the Preset inputs (PI, P2, P3, P4) and then bringing the 
Preset Enable (PE) high. The direction of counting is controlled by 
applying a high (for up counting) or a low (for down counting) to 
the UP/DOWN input. The state of the counter changes on the 
positive transition of the clock input. ___ _ 

Cccading can be accomplished by connecting the Carry Out to 
the arry In of the next stage while clocking each counter in par­
allel. The ouputs (01, 02, 03, 04) can be reset to a low state by 
applying a high to the Reset (R) pin. 

This CMOS counter finds primary use in up/down and difference 
counting. Other applications include: (1) Frequency synthesizer 
applications where low power dissipation and/or high noise immu­
nity is desired, (2) Analog-to-digital and digital-to-analog conver­
sions, and (3) Magnitude and sign generation. 

• Diode Protection on All Inputs 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Internally Synchronous for High Speed 

• Logic Edge-Clocked Design - Count Occurs on Positive Going 
geo oc Ed fCI k 

• Asynchronous Preset Enable Operation 

• Capable of Driving Two Low-power TTL Loads or One Low-
power Schottky TTL Load Over the Rated Temperature Range. 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 
Symbol Perameter Valua 

Veo DC Supply Voltage -0.5 to + 18.0 

Vin. Vout Input or Output Voltage (DC or Transient) - 0.5 to Voo + 0.5 

lin. lout Input or Output Current (DC or Transient), per Pin ±10 

Po Power Dissipation, per Packaget 500 

Tstg Storage Temperature -65 to +150 

TL Lead Temperature (8-Second Soldering) 280 

*Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "p" Package: -12mW/oC from 85°C to 85°C 

Ceramic "L" Package: -12mWI"C from l00'C to 125'C 

TRUTH TABLE 

--- Pre •• t 
Carry In Up/Down Enabl. R ••• t Clock Action 

X 0 0 X No Count 

0 0 0 ---.r- Count Up 

0 0 0 0 -....r- Count Down 

X X 0 X Preset 

X X X X Reset 

x = Don't Caro 
Note: When counting up, the ~ signal Is normally high, and is low only when 

Q1 and Q4 are high and Carry In Is low. When counting down, ~ Is low 

only when Q1 through Q4 and Carry In are low. 
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Unit 

V 

V 

rnA 

mW 

'C 

'C 

MC14510B 

CMOSMSI 
CLow-POWER COMPLEMENTARY MOSI 

BCD UP/DOWN COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE MIl 

ORDERING INFORMATION 

A Series: -55"Cto +125°0 
MCt4XXXBAL (Ceramic Package Only) 

C Series: - 40°0 to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

BLOCK DIAGRAM 

10-- PE al ~6 
50-- C.,yln 
90-- R Q2 f---oll 

100-- Up/Down 

ISO-- Clock a3 f---o14 
40-- PI 

120-- P2 Q4 f---o2 
130-- P3 

C.!!.!:i 30-- P4 Out 
f--07 

VDD = Pin 16 
VSS - PinS 

This device contains protection circuitry to 
guard against damage due to high static 
voltages or electric fields. However, precau­
tions must be taken to avoid applications of 
any voltage higher than maximum rated 

. voltages to this high-impedance circuit. For 
proper operation, Vin and Vout should be 
constrained to the range VSS '" (V'n or 
VOUf) '" VOO· 
Unused inputs must always be tied to an ap­
propriate logic voltage level (e.g., either VSS 
or VOO). Unused outputs must be left open. 



MC14510B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Characteristic Symbol 

Oulput Voltage "0" Level VOL 
Yin ~ VDD or 0 

"1" Level VOH 
Yin ~ 0 or VDD 

Input Voltage "0" Level VIL 
(Va ~ 4.5 or 0.5 Vdc) 
(Va ~ 9.0 or 1.0 Vdc) 
(Va ~ 13.5 or 1.5 Vdc) 

"1" Level VIH 
(Va ~ 0.5 or 4.5 Vdc) 
(Va ~ 1.0 or 9.0 Vdc) 
(Va ~ 1.5 or 13.5 Vdc) 

Output Drive Current (AL Device) IOH 
(VOH ~ 2.5 Vdc) Source 
(VOH ~ 4.6 Vdc) 
(VOH ~ 9.5 Vdc) 
(VOH ~ 13.5 Vdc) 

(VOL ~ 0.4 Vdc) Sink IOL 
(VOL ~ 0.5 Vdc) 
(VOL ~ 1.5 Vdc) 

Oulput Drive Current (CLlCP Device) IOH 
(VOH ~ 2.5 Vdc) Source 
(VOH ~ 4.6 Vdc) 
(VOH ~ 9.5 Vdc) 
(VOH ~ 13.5 Vdc) 

(VOL ~ 0.4 Vdc) Sink IOL 
(VOL ~ 0.5 Vdc) 
(VOL ~ 1.5 Vdc) 

Input Current (AL Device) lin 

Input Current (CLlCP Device) lin 

Input Capacitance Gin 
(Vin ~ 0) 

Quiescent Current (AL Device) IDD 
(Per Package) 

Quiescent Current (CLlCP Device) IDD 
(Per Package) 

Total Supply Current··t IT 
(Dynamic plus Quiescent, 
Per Package) 
(CL ~ 50 pF on all outputs, 
all buffers SWitching) 

*Tlow= -55"C tor AL Device, -40"C for CL/CP Device. 
Thigh = + 125"C for Al Device, + 85"C for CUCP Device. 

VDD 
Vdc 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

:NOata labelled "Typ" is not to be used for design purposes but Is 
intended as an indication of the IC's potential performance. 

""'The formulas given ara for the typical characteristics only at 25"C. 

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

where: IT Is in p.A (per package), CL in pF. V = (VOO- VSS) In volts, 
f in kHz is Input frequency, and k = 0.001. 

Tlow· 

Min Msx 

- 0.05 
- 0.05 
- 0.05 

4.95 -
9.95 -
14.95 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -
11.0 -

-3.0 -
-0.64 -
-1.6 -
-4.2 -
0.64 -
1.6 -
4.2 -

-2.5 -
-0.52 -
-1.3 -
-3.6 -
0.52 -
1.3 -
3.6 -
- ±0.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 
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25"C Thl h· 

Min Typ# Msx 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 

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

mAdc 
-2.1 -4.2 - -1.7 -
-0.44 -0.88 - -0.36 -
-1.1 -2.25 - -0.9 -
-3.0 -8.8 - -2.4 -
0.44 0.88 - 0.36 - mAdc 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -
- ±O.OOOOI ±0.1 - ±1.0 !'Ado 
- ±O.OOOOI ±0.3 - ~1.0 pAdc 

- 5.0 7.5 - - pF 

- 0.005 5.0 - 150 pAdc 
- 0.010 10 - 300 
- 0.Q15 20 - 600 

- 0.005 20 - 150 ,..Adc 
- 0.010 40 - 300 
- 0.015 80 - 600 

IT ~ (0.58 pAlkHz) f + 100 pAdc 
IT ~ (1.2 pAlkHz) f + 100 
IT ~ (1.7 pAlkHz) f + IDD 

PIN ASSIGNMENT 

16 

2 15 

3 14 

4 13 

5 12 

6 11 

10 

8 9 



MC14510B 

SWITCHING CHARACTERISTICS· (CL=50 pF. TA=25·C. See Figure 2) 

All Type_ 

Characterlatlc Symbol VDD Min Typ# Max Unit 

Output Rise and Fall Time trLH. ns 
trLH' trHL = (1.5 nslpF) CL + 25 ns ITHL 5.0 - 100 200 
trLH. trHL=(0.75 nslpF) CL +12.5 ns 10 - 50· 100 
trLH. ITHL =(0.55 nslpF) CL +9.5 ns 15 - 40 SO 

Propagation Delay Time IpLH. ns 
Clock 10 Q IpHL 

IpLH. IpHL = (1.7 nslpF) CL + 230 n8 5.0 - 315 530 
IpLH. IpHL = (0.58 ns/pF) CL + 97 n8 10 - 130 260 
IpLH. IpHL = (0.5 nslpF) CL + 75 ns 15 - 100 200 

Clock 10 Carry Oul tpLH, ns 
lPLH. IpHL = (1.7 nslpF) CL + 230 n8 lPHL 5.0 - 315 530 
IpLH. IpHL = (0.66 ns/pF) CL + 97 ns 10 - 130 260 
IpLH. lPHL = (0.5 ns/pF) CL + 75 ns 15 - 100 200 

Carry In' to Carry Out IpLH. ns 
IpLH. IpHL = (1.7 nslpF) CL + 230 n8 IpHL 5.0 - ISO 360 
IpLH. IpHL = (0.66 n8/pF) CL + 47 ns 10 - 60 160 
IpLH. IpHL = (0.5 ns/pF) CL + 35 ns 15 - 60 120 

Preset or Reset to Q tpLH, ns 
IpLH. IpHL = (1.7 ns/pF) CL + 230 ns IpHL 5.0 - 315 630 
IpLH. IpHL = (0.66 ns/pF) CL + 97 ns 10 - 130 260 
IpLH. IpHL = (0.5 ns/pF) CL + 75 n8 15 - 100 200 

Preset or Reset to ca;:;ycsUt IpLH. ns 
IpLH. IpHL = (1.7 nslpF) CL + 465 ns IpHL 5.0 - 550 1100 
IpLH. IpHL = (0.66 ns/pF) CL + 192 ns 10 - 225 450 
IpLH. IpHL = (0.5 nslpF) CL + 125 ns 15 - 150 300 

Rssel Pulse Width Iw(H) 5.0 360 180 - ns 
10 210 105 -
15 160 SO -

Clock Pulse Wldlh Iw(H) 5.0 350 200 - ns 
10 170 100 -
15 140 75 -

Clock Pulse Frequency Icl 5.0 - 3.0 1.5 MHz 
10 - 6.0 3.0 
15 - S.O 4.0 

Preset or Reset Removal Time tram 5.0 650 325 - ns 
The Preset or Reset Signal must be low prior to a 10 230 115 -
positive-going transition of the clock. 15 ISO 90 -

Clock Rise and Fall Time ITLH. 5.0 - - 15 ,,8 

II 
trHL 10 - - 5 

15 - - 4 

Setup Time tsu 5.0 260 130 - n8 
Carry In 10 Clock 10 120 60 -

15 100 50 -
Hold Time th 5.0 0 -50 - ns 

Clock 10 Carry In 10 10 -15 -
15 10 -5 -

Setup Time Isu 5.0 500 250 - ns 
Up/Down 10 Clock 10 200 100 -

15 175 75 -
Hold Time Ih 5.0 -70 -140 - ns 

Clock to Up/Down 10 -30 -SO -
15 -20 -50 -

Setup Time Isu 5.0 -50 -100 - n8 
Pn 10 PE 10 -30 -65 -

15 -25 -55 -
Hold Time th 5.0 4S0 240 - ns 

PE to Pn 10 410 205 -
15 410 205 -

Preset Enable Pulse Wldlh twH 5.0 200 100 - ns 
10 100 50 -
15 Sp 40 -

-The formulas given are for the typical characteriatica only at 25"C. 

#Data labelled "Typ" i8 not to be used for design purposes but I. 
Intended as an Indication of the IC's potential performance. 
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FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Clock 
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FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
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LOGIC DIAGRAM 

P2 Q2 

12 11 
1'3 03 
13 14 
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STATE DIAGRAM FOR DOWN COUNTING 
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INPUTS 

PIN DESCRIPTIONS 

CONTROLS 

Pl, P2, P3, P4, Preset Inputs (Pins 4, 12, 13, 3)­
Data on these inputs is loaded into the counter when PE 
is taken high. 

Carry In, (Pin 5) - Active-low input used when cas­
cading stages. Usually connected to Carry Out of the 
previous stage. While high, clock is inhibited. 

Clock, (Pin 15) - BCD data is incremented or 
decremented, depending on the direction of count, on 
the positive transition 01 this signal. 

OUTPUTS 

01,02,03,04, BCD outputs (Pins 6, 11, 14, 2)­
BCD data is present on these outputs with 01 corre­
sponding to the least significant bit. 

Carry Out, (Pin 7) - Used when cascading stages, 
this pin is usually connected to Carry In of the next 
stage. This synchronous output is active low and may 
also be used to indicate terminal count. 

PE, Preset Enable (Pin 1) - Asynchronously loads 
data on the Preset Inputs. This pin is active high and will 
inhibit the clock when high. 

R, Reset, (Pin 9) - Asynchronously resets the 0 
outputs to a low state. This pin is active high and will 
inhibit the clock when high. 

Up/Down, (Pin 10) - Controls the direction of 
count: high for up count, low for down count. 

SUPPLY PINS 

VSS, Negative Supply Voltage, (Pin 8) - This 
pin is usually connected to ground. 

VDD, Positive Supply Voltage, (Pin 16) - This 
pin is connected to a positive supply voltage ranging 
from 3.0 Vdc to 1 B.O Vdc. 

FIGURE 3 - PRESETTABLE CASCADED a-BIT UP/DOWN COUNTER 

Pr .. t 
En.b" 

1 ·'Up 

0- Down 

01 Q2 Q3 04 

Cout 
L.S.D. 

MC14510B 
U/D 

Thumbwh .. 1 Switch .. 
(Open to< "0") 

ClockF-=~-iI--------------' 
+Voo~R~·~·Lt~~ _________ -t ______ ~ 

Open - Count 

05 06 07 as 

C7,; ~ 
Terminal 
Count 

Clock M.S.D. Indicator 
MC14510B 

U/D 

R 
P1 P2 P3 P4 

R ... istors - 10 kO 

Note: The Least Significant Digit (L.S.D.) counts from a preset value once Preset Enable (PE) goes low. The Most Signifi­
cant Digit (M.S. D.) does not change while Gin is high. When the count of the L.S.D. reaches 0 (count down mode) or 
reaches 9 (count up mode), Cout goes low for one complete clock cycle, thus allowing the next counter to 
decrement/increment one count. The L.S.D. now counts through another cycle (10 clock pulses) and the above cycle is 
repeated. 
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TIMING DIAGRAM FOR THE PRESETTABLE 
CASCADED a-BIT UP/DOWN COUNTER 
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FIGURE 4 - PROGRAMMABLE CASCADED FREQUENCY DIVIDER 

QO 01 02 03 
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Nota: The programmable frequency divider can be set by applying the desired divide ratio, in BCD, to ths prssst inputs. 
For example, the maximum divide ratio of 99 may be obtained by applying a 10011001 to the preset inputs PO to P7. For 
this divide operation, both counters should be configured in the count down mode. The divide ratio of zero is an undefined 
state and should be avoided. 
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BCD·TO·SEVEN SEGMENT LATCH/DECODER/DRIVER 

The MC14511B BCD-to-seven segment latchldecoderldriver is con· 
structed with complementary MaS (CMOS) enhancement mode de­
vlcesand NPN bipolar output drivers In a single monolithic structure. 
The circuit provides the functions of a 4-bit storage latch, an 8421 
BCD-to-seven segment decoder, and an output drive 9apability. Lamp 
test ([f), blanking (Bi), and latch enable (LE) inputs are used to test 
the display, to turn·off or pulse modulate the brightness of the 
display, and to store a BCD code, respectively. It can be used with 
seven-segment light emitting diodes (LED), incandescent, fluorescent, 
gas discharge, or liquid crystal readouts either directly or indirectly. 

Applications include instrument (e.g., counter, DVM, etc.) dis­
play driver, computerlcalculator display driver, cockpit display driver, 
and various clock, watch, and timer uses. 

• 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 I ntensity Modulation Capabdlty 

• Time Share (Multiplexing) Facility 

• Supply Voltage Range = 3.0 V to 18 V 

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

• Chip Complexity: 216 FETs or 54 Equivalent Gates 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Symbol Value Unit 

DC Supply Voltage VOO -0.5 to +18 V 

Input V04tage, All Inputs Vin -0.5 to V DO + 0_5 V 
DC Current Drain per Input Pin I 10 rnA 

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

Storage Temperature Range Tstg -65to+150 °c 
MaXimum Output Drive Current 'OHma. 25 rnA 

I Source I per Output 

MaXimum Continuous Output Power POHmax 50 rnW 
ISource) per Output * 

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 occur if V In and Vout are not con; 

strained to the range VSS ~ (Vin or Vout) ".:;; VOD. 

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 or VOOl. 
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MC14511B 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOS) 

BCD·TO·SEVEN SEGMENT 
LATCH/DECODER/DR IVER 

P SUFFIX L SUFFIX 
CERAMIC PACKAGE 

CASE 620 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Senes: - 55°C to + 125°C 
MC14XXXBAL (Ceramic Package Onlyl 

C Senes' -40°C to +85°C 
MC14XXX8CP (Plastic Package I 
MC14XXXBCL (Ceramic Packagel 

PIN ASSIGNMENT 

B I 'ii\-/"iii V DO 

Cl2 15 

[T 3 14 

Bi 4 13 a "'nb 

LE 5 12 b -C/' 
0 11 c d 

A 10 d 

VSS 8 9 e 

DISPLAY 

!01/!2!=1I'-I!5!6!7!8!9! 
123456789 

TRUTH TABLE 

INPUTS OUTPUT 

81 LT 0 C 8 A . b , d , f 9 DISPLAY 

x 0 x x x x , , , , , , , B 
0 , . . . x 0 0 0 0 0 0 0 Blank , , 0 0 0 0 , , , , , , 0 0 , , 0 0 0 , 0 , , 0 0 0 0 , , , 0 0 , 0 , , 0 , , 0 , , , , 0 0 , , , , , , 0 0 , 3 , , 0 , 0 0 0 , , 0 0 , , 4 , , 0 , 0 , , 0 , , 0 , , 5 , , 0 , , 0 0 0 , , , , , 6 , , 0 , , , , , , 0 0 0 0 , , , , 0 0 0 , , , , , , , B , , , 0 0 , , , , 0 0 , , 9 , , , 0 , 0 0 0 0 0 0 0 0 Blank , , , 0 , , 0 0 0 0 0 0 0 Blank , , , , 0 0 0 0 0 0 0 0 0 Blank 

U 
, , , 0 , 0 0 0 0 0 0 0 Blank , , , , 0 0 0 0 0 0 0 0 Blank , , , , , 0 0 0 0 0 0 0 Blank , , X X X X 

x "" Don't Care 
·Oepends upon the BCD code previously applied 
when LE 0 



MC14511B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Voo Tlow· 25°C Thigh" 

CharacteristIc Symbol Vdc Min Max Min Typ Max Min Max Unit 

Output Voltage "0" Level VOL 5.0 - 005 - 0 0.05 - 0.05 V 

V tn "" VOO or a 10 - 0.05 - 0 0.05 - 0.05 

15 - 0.05 - 0 0.05 - 0.05 

"'" Level VOH 50 4.1 - 4.1 4.57 - 4.1 - V 

Vtn=OorVOD 10 9.1 - 9.1 9.58 - 9.1 -
15 14.1 - 14.1 14.59 - 14.1 -

Input Voltage#' "0" Level VIL V 

IVo • 3.8 or 0.5 VI 5.0 - 1.5 - 2.25 1.5 - 1.5 

IVo: 8.8 or 1.0 VI 10 - 3.0 - 4.50 3.0 - 3.0 

IVo' 13.80r 1.5 VI 15 - 4.0 - 6.75 4.0 - 4.0 

IVo = 0.5 or 3.8 VI "1" Level VIH 50 3.5 - 3.5 2.75 - 3.5 - V 

IVo : 1.0 or 8.8 VI 10 7.0 - 7.0 5.50 - 7.0 -

IVo = 1.5 or 13.8 VI 15 11.0 - 11.0 8.25 - 11.0 -
Output Drive Voltage (AL DeVIce) VOH V 

IIOH' OmAI Source 50 4.10 - 4.10 4.57 - 4.1 -

IIOH' 5.0 mAl - - - 424 - - -

IIOH' 10 mAl 3.90 - 3.90 412 - 3.5 -

UOH' 15 mAl - - - 3.94 - - -
UOH' 20 mAl 3.40 - 3.40 3.70 - 3.0 -

IIOH'25mAI - - - 354 - - -

" IIOH' 0 mAl 10 9.10 - 9.10 9.58 - 9.1 - V 

IIOH'50mAI - - - 9.26 - - -
IIOH"0mAI 9.00 - 900 917 - 8.6 -

IIOH' 15 mAl - - - 904 - - -
IIOH'20mAI 8.60 - 860 8.90 - 8.2 -
UOH' 25mAI - - - 8.70 - .- -

IIOH' OmAI 15 14.1 - 141 14.59 - 14.1 - V 

IIOH = 5.0 mAl - - - 1427 - - -

UOH'10mAI 14.0 - 140 1418 - 13.6 -

UOH = 15 mAl - - - 14.07 - - -

IIOH = 20 mAl 13.6 - 13.6 13.95 - 13.2 -

IIOH= 25 mAl - - - 13.70 - - -

Output Dnve Voltage (CLlCP Devlcel VOH V 

IIOH=OmAI Source 50 4.10 - 4.10 457 - 4.1 -

IIOH = 5.0 mAl - - - 424 - - -

(lOH", 10mAI 3.60 - 3.60 412 - 3.3 -
IIOH = 15 mAl - - - 394 - - -
UOH = 20mAI 2.80 - 280 375 - 2.5 -
IIOH = 25 mAl - - - 354 - - -

IIOH = 0 mAl 10 9.10 - 910 958 - 9.1 - V 

IIOH= 50mAI - - - 9.26 - --
IIOH=10mAI 8.75 - 875 917 - 8.45 -

IIOH = 15 mAl - - - 904 - --
IIOH = 20 mAl 8.10 - 810 890 - 7.8 -

UOH = 25 mAl - - - 875 - - -

UOH = OmAI 15 14.1 - 141 1459 - 14.1 - V 

UOH = 50mAI - - - 1427 - - -

UOH = 10mAI 13.75 - 13.75 14.18 - 13.45 -

IIOH = 15 mAl - - - 14.07 - - -

IIOH = 20 mAl 13.1 - 13.1 1395 - 12.8 -

IIOH = 25 mAl - - - 13.80 - - -

Output Dnve Current ~AL Devlcel IOL rnA 

1VOL"04VI Sink 50 064 - 051 088 - 036 -

1VOL'05VI 10 16 - 1 3 225 - 09 -
1VOL=15VI 15 42 - 34 88 - 2.4 -

Output Drive Current (CL/CP DeVIce) IOL rnA 

IVOL:04VI Smk 5.0 052 - 044 088 - 036 -
IVOL=05VI 10 13 - 11 225 - 09 -
1VOL = 15 VI 15 36 - 30 88 - 24 -

(Continued) 
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MC14511B 

ELECTRICAL CHARACTERISTICS (Continued) 

Voo 
Characteristic Symbol Vdc 

Input Current (AL Device) 

Input Current (CLlCP Device) 

Input Capacitance 

QUiescent Current (AL Device) 
(Per Peckoge) Vin=O or VOO. 
lout =O/I.A. 

QUiescent Current (CLlCP Device) 
(Per Peckoge) Vin=O or VOO. 
lout""O,,A 

Total Supply Cunent" t 
(DynamiC plus QUiescent, 
Per Package) 
lel - 50 pF on all outputs, all 
buffers sWitching) 

lin 15 

100 

100 

15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

'Tlow= -55°C lor AL Device, -40oC lor CL/CP 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 @ VDD ~ 5.0 Vdc 
2.0 Vdc min@ VOO "'0 Vdc 
2.5 Vdc min @ VDD "15 Vdc 

Min Max 
- ±0.1 

1= 

to.3 

5.0 
10 
20 

20 
40 
80 

'Min Typ M,. 

i 
1-

±0.00001 ±0.1 

'0.00001 .0.3 

5.0 

o.oos 
0.0'0 
0.0'5 
0.005 
0.0'0 
0.0'5 

7.5 

5.0 
10 
20 

20 

I 40 
80 

11.9 "A/kHz) I + )00 
(3.8 "A/kHz) I + 100 
(5.7 "A/kHz) I + I DD 

Thigh" 
Min M,. Unit 

".0 "A 
".0 "A 

pF 

150 "A 
- 300 
- 600 

- 150 "A 
- 300 
- 600 

"A 

tTo calculate total supply current at loads other than 50 pF: 
IT(CL) • ITI50 pF) + 3.5 x 10-3 ICL -50) VDD' 

where: 'T is in SJ.A (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 25°C. 

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

VDD 
Cher_riltic Symbol Vdc Min TVp Ma. Unit 

Output Rise Time tTLH ns 
tTLH ~ (0.40 n./pf) CL + 20 n. 5.0 - 40 80 

tTLH = (0.26 n./pF) CL + '7.5 n. '0 - 30 60 
tTLH = (0.20 ns/pF) CL + '5 ns '5 - 25 50 

Output Fall Time tTHL - ns 
tTHL = ('.5 ns/pF) CL + 50 n. 5.0 '25 250 
tTHL = (0.75 ns/pF) CL + 37.5 ns '0 

- 75 '50 
tTHL = (0.55 n./pf) CL + 37.5 ns '5 

- 65 '30 

Data Propagation Delay Time tPLH ns 
tPLH - (0.40 n./pF) CL + 620 ns 5.0 - 640 '280 
tpLH = (0.25 ns/pF) CL + 237.5 ns '0 

- 250 500 
tPLH = (0.20 ns/pF) CL + '65 ns '5 - '75 350 

tPHL = (1.3 ns/pF) CL + 655 n. tpHL 5.0 - 720' '440 
tpHL = (0.60 ns/pF) CL + 260 ns '0 - 290 580 
tpHL - (0.35 ns/pF) CL + '82.5 n. 15 - 200 400 

81ank Propagation Delay Time tpLH - ns 
tpLH· (0.30 n./pF) CL + 686 ns 5.0 600 750 

tpLH = (0.25ns/pF) CL + '87.5n. '0 
- 200 300 

tpLH· (0.15 ns/pF) CL + '42.6 ns '5 
-

'50 220 

tpHL· (0.85 n./pF) CL + 442.5 ns tpHL 5.0 - 485 970 
tpHL = (0.45 n./pF) CL + '77.5 ns '0 - 200 400 
tpHL = (0.35 n./pF) CL + '42.5 ns '5 - '80 320 

Lamp Test Propagation Delay Time tpLH ns 
tpLH - (0.45 nsipF) CL + 290.5 ns 5.0 - 3'3 625 
tpLH = (0.25 ns/pF) CL + , '2.5 ns '0 - '25 250 
tpLH· (0.20 nsipF) CL + 80 n. '5 - 90 '80 
tpHL-('.3ns/pF)CL +248ns tpHL 5.0 3'3 625 
tpHL = (0.45 ns/pF) CL + '02.5 ns '0 - '25 250 
tpH L = (0.35 nsipF) CL + 72.5 nl '5 - 90 '80 

Setup Time t.u 5.0 '00 ns 
'0 40 - -
'6 :Jl - -

Hold Time th 5.0 60 - - ns 
'0 40 - -
'5 :Jl - -

Latch Enable Pulse Width tWL 5.0 520 260 - ns 
'0 220 110 -
'5 '30 65 -. The formulas gIVen are for the typical characteristics only . 
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FIGURE 1 - DYNAMIC POWER DISSIPATION 
SIGNAL WAVEFORMS 

Input LE low, and Inputs 0, BT and LT high 

f In respect to a system clock. 
All outputs connected to respecTive CL loads 

A. S, and C 

Any Output 
~

50% Duty Cycle VOH 

50% 

--VOL 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 

lal Inputs 0 and LE low, and Inputs A. e, iii and L Thigh. 

Input C 

Ib) Input 0 low, Inputs A, B, Bi and IT high. 

~~--________ VDD 

LE 
-----....;..'-TI--:------ VSS 

Input C 
F t,u ________ ,~----------vDD 

50% 
'---__ Vss 

_____________________ VOH 

Output 9 \\. ___________________ VOL 

Ie) Data DCBA strobed IOta latches. 

20n5 
.Jt----------V 0 0 

LE 
-----Vss 
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CONNECTIONS TO VARIOUS DISPLAY READOUTS 

LIGHT EMITTING DIODE (LED) READOUT 

Vss 

Common 
Cathode LED 

___ ~1.7V 

INCANDESCENT READOUT 

Voo 

** 

-=- VSS 

GAS DISCHARGE READOUT 

Voo 

-=- VSS 

APpropriate 
Voltage 

**A filament pre-warm resistor is recommended to reduce filament 
thermal shock and increase the effective cold resistance of the 
filament. 

Voo 

Common 
Anode LED 

FLUORESCENT READOUT 

Voo 

::::::: 1.7 V 

Filament 
Supply 

-= VSS -= VSS or appropriate 
vol tage below V 55. 

(CAUTION: Maximum working voltage = 18.0 V) 

LIQUID CRYSTAL (LCD) READOUT 
Excitation 
(Square Wave, 
VSS to VOO) 

-=- VSS 

Direct de drive of LCD's not recommended for life of LCD readouts. 
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LOGIC DIAGRAM 

13 a 

A7 

12b 

11 c 

B 1 
10 d 

9. 

151 

C2 

14g 

D6 

LE 5 VOO = Pin 16 
VSS= Pin 8 
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® MOTOROLA 

8-CHANNEL DATA SELECTOR 

The MC14512B 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. 

• Diode Protection on All Inputs 

• Single Supply Operation 

• 3·State Output (Logic "1", Logic "0", High Impedance) 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable 01 Driving Two Low·power TTL Loads or One Low·power 
Schottky TTL Load Over the Rated Temperature Range 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

.ymbol. P .... meter Value 

VDD DC Supply Voltage -0.5 to + 18.0 

Vln, Vout Input or Output Voltage (DC or Transient) -0.5 to VDD +0.5 

lin, lout Input or Output Current (DC or Transient), per Pin :t10 

Po Powar DIHlpatlon, per Packaget 500 

T'ltg Storage Temperature -65 to +150 

TL Lead Temperature (a-Second Soldering) 260 

°Maxlmum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW'·C from 65·C to 85·C 

Ceramic "L" Package: -12mW'·C from 100·C to 125·C 

TRUTH TABLE 

C B A INHIBIT DISABLE Z 

0 0 0 0 0 Xo 
0 0 I 0 0 XI 
0 I 0 0 0 X2 
0 I I 0 0 X3 

I 0 0 0 0 X4 
I 0 I 0 0 X5 
I 1 0 0 0 X6 
I I I 0 0 X7 

X X X I 0 0 

X X X X 1 High 
Impedance 

x = Don't Care 

6-258 

Unit 

V 

V 

mA 

mW 

·C 

·C 

MC14512B 

CMOSMSI 
(LOW·POWER COMPLEMENTARY MOSI 

a·CHANNEL DATA SELECTOR 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 64e 

ORDERING INFORMATION 

A Series: -55°C to +125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

PIN ASSIGNMENT 

16 

2 15 

3 14 

4 13 

6 12 

6 II 

7 10 

8 9 

This device contains protection circuitry to 
guard against damage due to high static 
voltages or electric fields. However, precau· 
tlons must be taken to avoid applications of 
any voltage higher than maximum rated 
voltages to this hlgh·lmpedance circuit. For 
proper operation, Vln and Vout should be 
constrained to the range Vss .. (Vin or 
Vout)" VOO· 
Unused Inputs must always be tied to an ap· 
proprlate logic voltage level (e.g., either VSS 
or VOO). Unused outputs must be left open. 



MC14512B 

ELECTRICAL CHARACTERISTICS (Vottages Relereneed to VSS) 

Characteristic Symbol 

Output Voltage "0" level VOL 
Yin ~ VDD or 0 

"1" Level VOH 
Yin ~ OorVDD 

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 Vdc) 

"1" Level VIH 
(VO ~ 0.5 or 4.5 Vdc) 
(VO ~ 1.0 or 9.0 Vde) 
(VO ~ 1.5 or 13.5 Vdc) 

Output Drive Current (AL Device) IOH 
(VOH ~ 2.5 Vdc) Source 
(VOH ~ 4.6 Vdc) 
(VOH ~ 9.5 Vde) 
(VOH ~ 13.5 Vde) 

(VOL ~ 0.4 Vdc) Sink IOl 
(VOL ~ 0.5 Vdc) 
(VOL ~ 1.5 Vdc) 

Output Drive Current (CUCP Device) IOH 
(VOH ~ 2.5 Vdc) Source 
(VOH ~ 4.6 Vdc) 
(VOH ~ 9.5 Vdc) 
(VOH ~ 13.5 Vdc) 

(VOL ~ 0.4 Vdc) Sink IOL 
(VOL ~ 0.5 Vdc) 
(VOL ~ 1.5 Vdc) 

Input Current (AL Device) lin 

Input Current (CUCP Device) lin 

Input Capacitance Cin 
(Vin ~ 0) 

Quiescent Current (AL Device) 100 
(Per Package) 

Quiescent Current (CUCP Device) 100 
(Per Package) 

Total Supply Current"t IT 
(Dynamic plus QUiescent, 
Per Package) 
(CL ~ 50 pF on all outputs, 
all buffers switching) 

Three-State Leakage Current ITL 
(AL Device) 

Three-State Leakage Current ITL 
(CUCP Device) 

-Tlow= -55°C for AL Device, -40°C for CUCP Device. 
Thigh- + 126°C for Al Device, + 85°C for CUCP Device. 

VDD 
Vdc 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

15 

15 

#Data labelled "Typ" is not to be used for design purposes but Is 
intended as an indication of the IC's potential performance. 

"The formulas given are for the typical characteristics only at 25°C. 

Tlow 25'C Thi h' 

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 

-
-
-

-
-
-
-
-
-

-

-

Max 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 

Vde 
- 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 -0.68 - -0.36 -
- -1.3 -2.25 - -0.9 -
- -3.4 -8.B - -2.4 -
- 0.51 0.68 - 0.36 - mAde 
- 1.3 2.25 - 0.9 -
- 3.4 B.B - 2.4 -

mAde 
- -2.1 -4.2 - -1.7 -
- -0.44 -0.68 - -0.36 -
- -1.1 -2.25 - -0.9 -
- -3.0 -B.B - -2.4 -
- 0.44 O.BB - 0.36 - mAde 
- 1.1 2.25 - 0.9 -
- 3.0 B.B - 2.4 -

±0.1 - ±O.OOOOI :to.l - ::tl.0 poAdc 

±O.3 - ±O.OOool ±0.3 - ±1.0 poAdc 

- - 5.0 7.5 - - pF 

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

20 - 0.005 20 - 150 poAdc 
40 - 0.010 40 - 300 
BO - 0.015 eo - 600 

IT ~ (O.B p.AlkHz) f + 100 poAdc 
IT ~ (1.6 poAikHz) f + 100 
IT ~ (2.4 poAlkHz) f + 100 

±O.l - ±O.OOOOI ::to.l - ±3.0 p.Adc 

±1.0 - ±0.00001 ±1.0 - ±7.5 poAde 

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

where: 'T is In ".A (per package), Clln pF. V = (VOD - VSS) in volts. 
f in kHz is input frequency, and k = 0.001. 
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MC14512B 

SWITCHING CHARACTERISTICS (CL-50 pF TA-25"C See Figure 1) 

Characterlatlc Symbol 

Output Rise and Fall Time tTLH, 
tTLH, tTHL - (1.5 nslpF) Cl + 25 ns 
tTLH, 'THL - (0.75 nslpF) CL + 12.5 ns 

tTHL 

tTLH, tTHL - (0.55 ns/pF) CL + 9.5 ns 

Propagation Delay Time (Figure 2) tpLH 
Inhibit, Control, or Data to Z 

Propagation Delay Time (Figure 2) tpHL 
Inhibit, Control, or Data to Z 

3-State Output Delay Times (Figure 3) tpHZ, tpLZ, 
"1" or "0" to High Z, and tpZH' tpZL 

High Z to "1" or "0" 

"The formulas given are for the typical characteristics only at 25"C. 

#Oata labelled "Typ" is not to be used for design purposes but Is 
intended as an indication of the IC's potential performance. 

VDD 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

All Type. 

Typ # Max Unit 

ns 
100 200 
50 100 
40 80 

ns 
330 650 
125 250 
85 170 

ns 
330 650 
125 250 
85 170 

60 150 ns 
35 100 
30 75 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Vin~O% 
50% 

-Dutv­
Cycle 

FIGURE 2 - AI; TEST CIRCUIT AND WAVEFORMS 
Voo 

Data 

Z 

Inhibit. 
A, S, or C 

L.. ___ ",Vss 
Parameter Teat Conditions 

Inhibit to Z A, S, C - VSS, XO-VOO 
Z 

A,S,CtoZ 
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Voo 

Test Conditions: 
Inhibit = VSS 
A, S, C- VSS 

I"t<.----VSS 

-VOL 
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X2-[)o+-i<::+, 

• 

II 
X5 -[)c+-i<::+J 

7 
XS-[)c+-i<:>I-, 

9 

Voo 

MC14512B 

FIGURE 3 - 3-STATE AC TEST CIRCUIT AND WAVEFORM 

TEST 

tpHZ 

tPLZ 

tpZL 

tpZH 

Input 

Output ---+"1""" VOL{~2.5V@VOD::' 5V, 
tpZH 10V.and l5V 

90" 1 Output 

- vss 

{
'" 2VOVOO" 5V 

VOH .. 6VOVOO" 10V 

'----JJ-'-O-"-VOL .. 10 V II VOO' 15 V 

Switch POlition. for 3-Stlte Tnt 

51 52 53 
Open Closed Cloud 

Cloud Open Open 

eloNd Open Open 
Open Closed ClOUd 

LOGIC DIAGRAM 

15 

Vss 
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54 

Open 

CIO'ed 
CIONd 

Open 

Selected 
Device 

Oat. 
BUI 

3-sTATE MODE OF OPERATION 

Output terminals of leveral MC14512B 
a·Bit Data Selectors can be connected 
to 8 single data bus • shown. One 
MC14512B is .Iectad by the 3-stete 

control, and the remaining devices are 
disabled into a high -impedance "off" 
state. The number of B-bit data .Iectors. 
N. that may be connected to a bus line 
is determined :from the output drive 
current, 100. 3-state or disable output 
l .. kaBO currant, ITL' and the load 
current, IL. required to drive the bus 
line (including fanout to other device 
inputs). and can be calculated by: 

N.~+1 
ITL 

N must be calculated for both high and 
low logic state of the buslina. 

II 
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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 has output drive capability. 
Lamp test (['f), blanking fBi), and latch enable (LE) inputs are used 
to test the display, to turn-off or pulse modulata 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, 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 timer uses. 

• 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 V to 18 V 
• Capable of Driving Two Low-Power TTL Loads, One Low-power 

Schottky TIL Load to Two HTL Loads Over the Rated 
Temperature Range. 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Symbol Value 

OC Supply Voltage VOO -0.5 to +18 

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

DC Current Drain per I "put Pin I 10 

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

Storage T emperatu ra R 80ge Tstg -65 to +150 

Maximum Continuous Output Drive Current IOHmax 25 
(Source) per Output 

Maximum Continuous Output Power POHmax 50 
(Sourco) por Output * 

:j: POHmax = IOH (VOO - VOH) 

Unit 

V 

V 

mA 

°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 imped~ 
ance circuit. A destructive high current mode may occur if Vin and Vout is not con~ 
strained to the range VSS .;;; (Vin or V out) ';;;VOO. 

Due to the sourcing capability of this circuit~ damage can occur to the device if VOD 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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MC14513B 

CMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 

BCD-TO-SEVEN SEGMENT 
LATCH/DECODER/DRIVER 
WITH RIPPLE BLANKING 

,--1 L SUFFIX 1 P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

." , , , 
0 , , , , 
X , 
X 
X 
X 
X , , 
X 
X , , 

CASE 726 CASE 707 

ORDERING INFORMATION 

A Series: -55°C to + 125°C 
MC14XXXBAL (Ceram,c Package Onlyl 

C Series: - 4Q°C to + 85°C 
MC14XXXBCP (PlasllC Package I 
MC14XXXBCL (Ceramic Package I 

PIN ASSIGNMENT 

18 

17 fl~b ,. 
" ·Oc 
" d 
13 

12 

11 

10 

IOI/12131Y1SI6111&191 
0' 23 ••• l' • 

TRUTH TA8U 

INPUTS OUTPUTS 

" " " o c • A "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 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 , 0 " , , 0 , , 
0 , , , 0 , 0 0 o 0 0 o 0 0 0 
0 , , , 0 , , 0 00 0 0 0 0 0 
0 , , , , 0 0 0 00 0 0 0 0 0 
0 , , , , 0 , 0 00 0 0 0 0 0 
0 , , , , , 0 0 0 0 0 0 0 0 0 
0 , , , , , , 0 0 0 0 0 0 0 0 , , , , , , , , 

X~Don't Care 
T I1BO=I1Bl(Dc'!iAl.,nd,catedh'lOlhmrowsollabie 
• {)ep!Indsupon lhe BCD code prevoouslveppll8d when LE~O 

DISPLAY · Blank 

Blank 
0 , 
2 
3 · , 
6 , · , 

Blenk 

Blank 
Blank 
Blank 
Blank 
Blank 



MC145138 

ELECTRICAL CHARACTERISTICS IVoltages Referenced to VSSI 

Tlow . 250C Thigh * Vee 
Characteristic Symbol Vdc Min Max Min TV~ Max Min Max Unit 

Output Voltage - Segment Outputs VOL V 
"0" Level 5.0 005 0 0.05 0.05 

V In = VOD or a 10 0.05 0 0.05 005 
15 005 0 005 005 

"1" Level VOH 5.0 4.1 41 5.0 4.1 V 
VIn '-- OorVOD 10 91 9.1 10 9.1 

15 141 14.1 15 14.1 

Output Voltage _. RBO Output VOL V 
"0" Level 5.0 0.05 0 0.05 0.05 

V ,n VDD or 0 10 0.05 0 0.05 0.05 
15 0.05 0 0.05 0.05 

"1" Level VOH 5.0 495 4.95 5.0 4.95 V 
VIn"'OorVOD 10 9.95 9.95 10 9.95 

15 14.95 14.95 15 14.95 

Input Voltage - "0" Level VIL V 
IVO" 3.8 or 0.5 VI 50 1.5 2.25 1.5 1.5 
IVO : 8.8 or 1 0 VI 10 3.0 4.50 3.0 3.0 
IVO ~ 13.8 or 1.5 VI 15 40 6.75 4.0 4.0 

IVO = 0.5 or 3.8 VI "1" Level VIH 5.0 3.5 35 2.75 3.5 V 
IVo = 1 00r88V) 10 7.0 7.0 550 7.0 
IVO: 1.5 or 13.8 VI 15 11.0 11.0 8.25 11.0 

Output Drive Voltage - Segments VOH V 
(AL Device) 

IIOH = 0 mAl Source. 5.0 4.10 4.10 4.57 4.1 
IIOH = 5.0 mAl 4.24 
IIOH = 10mAI 3.90 3.90 4.12 3.5 
IIOH = 15 mAl 3.94 
IIOH = 20mAI 3.40 3.40 3.75 3.0 
IIOH = 25 mAl 3.54 

IIOH = 0 mAl 10 9.10 9.10 9.58 9.1 V 
IIOH = 5.0 mAl 9.26 
IIOH = 10 mAl 9.00 9.00 9.17 86 
IIOH = 15 mAl 9.04 
IIOH = 20 mAl 8.60 8.60 8.90 8.2 
IIOH ~ 25 mAl 8.75 

IIOH'" 0 mAl 15 14.1 14.1 14.59 141 V 
IIOH = 5.0 mAl 14.27 
IIOH -·10mAI 14.0 14.0 1418 13.6 

II IIOW15 mAl 14.07 
IIOH" 20mAI 13.6 13.6 13.95 13.2 
IIOH :. 25 mAl 13.80 

Output Drtve Voltage Segments VOH V 
ICL/CP Devicel 
IIOH" OmAI Source 5.0 4.10 4.10 4.57 4.1 
IIOH: 5.0 mAl 4.24 
IIOH" 10 mAl 3.60 3.60 412 33 
IIOH = 15 mAl 3.94 
IIOH" 20 mAl 2.80 2.80 3.75 2.5 
IIOH = 25 mAl 3.54 

IIOH: OmAI 10 9.10 9.10 9.58 9.1 V 
IIOH • 5.0 mAl 926 
IIOH ·10mAI 8.75 875 9.17 8.45 
(lOH" 15 mAl 9.04 
IIOH "20 mAl 8.10 8.10 8.90 7.8 
IIOH "25 mAl 8.75 

IIOH = 0 mAl 15 14.1 14.1 14.59 141 V 
IIOH = 5.0 mAl 14.27 
IIOH" 10mAI 13.75 13.75 14.18 1345 
IIOH 15mAI 14.07 
IIOH" 20mAI 13.1 13.1 13.95 12.8 
IIOH 25mAI 13.80 
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MC14513B 

ELECTRICAL CHARACTERISTICS (Continued) 

VDD Tlow· 2SoC Thigh-

Symbol Vdc Min Max Min Typ Max Min Max Unit 

Output Drive Current RBO Output IOH rnA 
(AL Device) 
(VOH ~ 2.5V) Source 5.0 -0.40 - -0.32 -0.64 - -0.22 -
(VOH ~ 9.5 V) 10 -0.21 - -0.17 -0.34 - -0.12 -
(VOH ~ 13.5 V) 15 -0.81 - -0.66 -1.3 - -0.46 -
(VOL ~ 0.4 V) SInk IOL 5.0 0.18 - 0.15 0.29 - 0.10 - rnA 
(VOL ~ 0.5 V) 10 0.47 - 0.38 0.75 - 0.26 -
(VOL ~ 1.5 V) 15 1.8 - 1.5 2.9 - 1.0 -

Output Drive Current - R BO Output IOH rnA 
(C L/CP Oevice) 
(VOH ~ 2.5 V) Source 5.0 -0.25 - -0.21 -0.64 - -0.17 -
(VOH ~ 9.5 V) 10 -0.13 - -0.11 -0.34 - -0.092 -
(VOH ~ 13.5 V) 15 -0.52 - -0.44 -1.3 - -0.36 -
(VOL ~ 0.4 V) SInk IOL 5.0 0.12 - 0.098 0.29 - 0.080 - rnA 
(VOL ~ 0.5V) 10 0.30 - 0.25 0.75 - 0.21 -
(VOL = 1.5 V) 15 1.2 - 0.98 2.9 - 0.80 -

Output Drive Current - Segments IOL rnA 
(AL Device) 
(VOL = 0.4 V) Sink 5.0 0.64 - 0.51 0.88 - 0.36 -
(VOL =0.5 V) 10 1.6 - 1.3 2.25 - 0.9 -
(VOL = 1.5 V) 15 4.2 - 3.4 8.8 - 2.4 -

Output Drive Current - Segments IOL rnA 
(CL/CP Device) 
(VOL = 0.4 V) Sink 5.0 0.52 - 0.44 0.88 - 0.36 --
(VOL = 0.5 V) 10 1.3 - 1.1 2.25 - 0.9 -
(VOL = 1.5V) 15 3.6 - 3.0 8.8 - 2.4 -

Input Current (AL Devicel l,n 15 ±0.1 - ±0.OOO01 ±0.1 ±1.0 /lA 

Input Current (CLlCP Device) 110 15 - ±0.3 - ±0.00001 ±0.3 - ±1.0 /lA 

Input Capacitance Cm - - - - 5.0 7.5 - - pF 

Quiescent Current (AL Device) 100 5.0 - 5.0 - 0.005 5.0 - 150 /lA 
(Per Package) Vin = 0 or VOO. 10 - 10 - 0.010 10 - 300 
lout = 0 J,lA 15 - 20 - 0.D15 20 - 600 

Ouiescent Current (CL/CP Device) 100 5.0 - 20 - 0.005 20 - 150 /lA 
IPer Package) Vin = 0 or VOO. 10 - 40 - 0.010 40 - 300 
lout = 0 /lA 15 - 80 - 0.Q15 80 - 600 

Total Suppl" Current· *t IT 5.0 IT = 11.9/lA/kHz) 1+ 100 /lA 
(Dvnamlc plus QUiescent, 10 IT = (3.8/lA/kHz) I + 100 
Per Package) 15 IT = 15.7 /lA/kHz) I + 100 

(CL = 50 pF on all outputs. all 
buffers SWitching) 

*Tlow'" -55°C for AL Device, -400C for CLlCP DeVice. 

Thigh"" +12SoC for AL DeVice, +2SoC for CL/CP Device. 

t To calculate total supply current at loads other than 50 pF: 

# No~se ImmUnltv speCified for worst-case Input combination. 

ITlel) = ITI50 pF) + 3.5 x 10-3 (CL - 50) VOOI 
where: IT IS In,uA (per package), CL in pF, VOO In V, 
and f In kHz is Input frequency. 

NOise Margin for both" 1" and "0" level "" 
1.0 V mtn@VoO = 5.0 V .. The formulas given are for the typical characteristics 

only at 25°C. 2.0 V rnln @ VOO = 10 V 
2.5Vrnln@VOO= 15V 

FIGURE 1 - DYNAMIC POWER OISSIPATION 
SIGNAL WAVEFORMS 

Input LE and RBI low, and Inputs D, BT and IT high. 

f In respect to a system clock. 

All outputs connected to respective CL loads. 

20 ns 

A, a, and C 

Any Output 
~

50% Dutv Cvcle VOH 

50% 

--VOL 
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MC145138 

SWITCHING CHARACTERISTICS' (CL ~ 50 pF TA 250 CI 

All Types 

VOO 
Characteristic Symbol Vdc Mon TVp Ma. Unit 

Output RIse Time Segment Outputs 'TLH ns 
50 - 40 80 
10 - 30 60 
15 - 25 50 

Output Rise Time RBO Output 'TLH ns 
50 - 480 960 
10 - 240 480 
15 - 190 380 

Output Fall Time-Segment Outputs· 'THL ns 

'TH L = (1.5 ns/pF) CL + 50 ns 50 - 125 250 

'THL = (0.75 ns/pF) CL + 37.5 ns 10 - 75 150 

'THL = (0.55 ns/pF) CL + 37.5 ns 15 - 65 130 

Output Fall Time - RBO Outputs 'THL ns 

'THL = (3.25 ns/pF) CL + 107.5 ns 50 - 270 540 
'THL = (1.35 ns/pF) CL + 67.5 ns 10 - 135 270 
'THL = (0.95 ns/pF) CL + 62.5 ns 15 - 110 220 

Propagation Delay Time-A, B, C, D Inputs· tpLH ns 

tPLH (040 ns/pFI CL + 620 ns 50 - 640 1280 

tpLH (025 ns/pF) CL + 237 5 ns 10 - 250 500 

tPLH (0.20 ns/pFI CL + 165 ns 15 - 175 350 

tpHL (1 3 ns/pFI CL ,655 ns tPHL 5.0 - 720 1440 ns 
tpHL ~ 1060ns/pFICL + 260ns 10 - 290 580 
tpHL" 1035 ns/pFI CL ' 1825 ns 15 - 200 400 

Propagation Delay Time-RBI and Bllnputs* tpLH ns 

'PLH = (1.05 ns/pF) CL + 547.5 ns 50 - 600 750 

tpLH = (0.45 ns/pF) CL + 177.5 ns 10 - 200 300 
'pLH = (0.30 ns/pF) CL + 135 ns 15 - 150 220 

tPHL - (085 ns/pFI CL + 442 5 ns tPHL 50 - 485 970 ns 
tpHL - (0.45 ns/pFI CL + 177 5 ns 10 - 200 400 
tPHL ~ 10.35 ns/pFI CL + 1425 ns 15 - 160 320 

Propagation Delay Time-LT Input* tpLH ns 
tPLH - 10 45 ns/pF I CL + 2905 ns 5.0 - 313 625 

tPLH - 10.25 ns/pFI CL + 1125 ns 10 - 125 250 

tPLH - (020 ns/pFI CL + 80 ns 15 - 90 180 

tpHL 113 ns/pFI CL + 248 ns tPHL 5.0 - 313 625 ns 
tPHL - (045 ns/pFI CL + 102.5 ns 10 - 125 250 

tPHL 10 35 ns/pFI CL + 72 5 ns 15 - 90 180 

Setup Time Isu 50 100 - - ns 
10 40 - -

15 30 - - II 
Hold Time 'h 50 60 - - ns 

10 40 - -
15 30 - -

Latch Enable Pulse W,dth twLlLE) 50 520 260 - ns 
10 220 110 -
15 130 65 -

*The formulas given are for the typical characteristics only. 
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MC14513B 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 

a. Data Propagation Delay: Inputs RBI, 0 and LE IOVII, and Inputs A, 8, Bi and [Thigh. 

20 ns 

Input C 10'*::] 
VSS 

'PL:Jt3HPHL - -VOH 
Output 9 I 

VOL 
tTLH tTHL 

b Inputs A, B. 0 and LE low, and Inputs RBI, BT and [T high. 

20 ns 

Input C 
90:+ 
50%-

20 ns 

VOO 

c. Setup and Hold Times; Input RBI and 0 low, Inputs A, e, BT and CT' high. 

20 n:J§.;.-5_~_~_% _____ ::sO 

F ,su--==ii'h VOO 

'npu,e 50% \. _____ _ 

- VSS 

LE 

~-----------VOH 

Output 9 \ ____________ _ 

- VOL 

d. Pulse Width: Data DCBA strobed into latches. 

LE 

, , --l 1..-20 ns 
20 ns-t r- ",.-____ VOO 

90%UI : 
50% I 10% -----VSS 

. 'WLlLE1--l I--
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MC14513B 

CONNECTIONS TO VARIOUS DISPLAY READOUTS 

LIGHT EMITTING DIODE (LEDI READOUT 

Common 
Cathode LED 

::::::: 1.7 V 

INCANDESCENT READOUT 

Voo 

GAS DISCHARGE READOUT 

Voo 
Appropriate 

Voltage 

**A filament pre-warm resistor is recommended to reduce filament 
thermal shock and incr.ase the effective cold r.sistance of the 
filament. 

Common 
Anode LED 

:::::::'7 V 

FLUORESCENT READOUT 

FIlament 
Supply 

LIQUID CRYSTAL (LCI READOUT 
Excitation 

Voo 
(Square Wave, 
vSS to Voo) 

114 Of MC14070B 

Direct de drive of Le's not recommended for lif. of LC readoutl. 
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B 1 

C2 

D6 

LE 5 

II 

Input 

Code 

MC14513B 

o 0 0 0 

(01 

MC14513B 

LOGIC DIAGRAM 

TYPICAL APPLICATIONS FOR RIPPLE BLANKING 

MC14513B 

o 0 0 0 

101 

LEADING EDGE ZERO SUPPRESSION 

I I 
I I 

I 
I 

MC14513B MC145138 

o 
151 

o 1 
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o 0 0 0 

101 

I 
I 

MC145138 

o 0 0 1 

111 

I 
I 

MC14513B 

o 0 1 

131 

15 a 

14 b 

13 c 

12 d 

11 e 

17 , 

16. 



I 
I 

MC14513B 

a 1 0 1 

(51 

MC14513B 

TYPICAL APPLICATIONS FOR RIPPLE BLANKING (Cont) 

I 
I 

MC14513B 

o 0 0 0 
(01 

TRAILING EDGE ZERO SUPPRESSION 

MC14513B 

o 0 0 1 
(11 

Displays 

Il -I I 

MC145138 

<.l 0 1 

131 
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o 000 
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® MOTOROLA 

4-BIT TRANSPARENT LATCH/4-TO-16 LINE DECODER 

The MC14514B and MC14515B are two output options of a 4 to 
16 line decoder with latched inputs. The MC14514B (output active 
high option) presents a logical "1" at the selected output, whereas 
the MC14515B (output active low option) presents a logical "0" at 
the selected output. The latch1!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 andlor high noise immunity is 
desired. . 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low'power TTL Loads or One Low-power 

Schottky TTL Load Over the Rated Temperature Range 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Valu. 

VDO OC Supply Voltage -0.5 to + lB.O 

Vi"' Vout Input or Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 

lin. lout Input or Output Current (DC or Transient). per Pin ±10 

Po Power Dissipation. per Packaget 500 

TstQ Storage Temperature -65 to +150 

TL Lead Temperature (B-Second Soldering) 260 

*Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: - 12mWrC from 65°C to 85°C 

Ceramic OIL" Package: -12mWrC from 100°C to 125°C 

Unit 

V 

V 

mA 

mW 

"C 

"C 

~Aiic6 BLOCK DIAGRAM so 
~Ajjc6 INHIBIT 

SI 
VDD& Pin 24 

S2 ~Asc6 0 
VSS - Pin 12 0 

S3 ~ABci5 0 
54 ~Aiici5 0 

Datal 0---3- ~ S5 ~AjjCi5 0 

~AsCi5 0 

Da .. 20-2-
ransparen 

r!-- S6 0 
4to 16 S7 r;;.oABC i5 0 

Data 3 o-!.!:. Latch 
~ Decoder sa ~AiiCD 0 

~AjjCD 0 

Data 4 o-B- ~ 
S9 

0 
S10 ~ABCD 0 
S11 ~ABCD 0 

1 S12 ~AiicD 0 
Strobil 

~AjjCD 0 
S13 0 
S14 ~ABCD 1 
S15 ~ABCD 

MC14514B 
MC14515B 

CMOS MS. 
(LOW·POWER COMPLEMENTARY MOS) 

4-BIT TRANSPARENT LATCH/4-TO-16 
LINE DECODER 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40°C to + 85"C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

DECODE TRUTH TABLE (Strobe = II' 

OATAINPUTS SELECTED OUTPUT 
MC14514'= Logic "1" 

D C B A Me14515 == Logic "0" 

0 0 0 0 SO 
0 0 0 1 SI 
0 0 1 0 S2 
0 0 1 1 S3 
0 1 0 0 S4 
0 1 0 1 S5 
0 1 1 0 S6 
0 1 1 1 S7 
1 0 0 0 S8 
1 0 0 1 S9 
1 0 1 0 S10 
1 0 1 1 SI1 
1 1 0 0 S12 
1 1 0 1 S13 
1 1 1 0 S14 
1 1 1 1 S15 
X X X· X All Outputs -0, MC14514 

All Outputs =1.MC14515 

Inhibit 
23 X '" Don't Care 

'Strobe = 0, Data is latched 
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MC14514B-MC14515B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Voo TIow" 250C Th·." 
Chlr_mi. Symbol Vd. Min MI. Min Typ# MIx Min MI" 

Output Voltage .. a" Level IIOL 5.0 - 0.05 - a 0.05 - 0.05 
lIin = 1100 ora 10 - 0.05 - a 0.05 - 0.05 

15 - 0.05 - a 0.05 - 0.05 
"1" Level IIOH 5.0 4.95 - 4.95 5.0 - 4.95 -

lIin = OorliOO 10 9.95 - 9.95 10 - 9.95 -
15 14.95 - 14.95 15 - 14.95 -

Input Voltage "0" Level IIIL 
(110 = 4.5 or 0.5 lldel 5.0 - 1.5 - 2.25 1.5 - 1.5 
(110 = 9.0 or 1.0 lldel 10 - 3.0 - 4.50 3.0 - 3.0 
(110 = 13.5 or 1.5 IIdel 15 - 4.0 - 6.75 4.0 - 4.0 

"I" Level IIIH 
(110 = 0.5 Of 4.5 IIdel 5.0 3.5 - 3.5 2.75 - 3.5 -
(110 = 1.0 or 9.0 lldel 10 7.0 - 7.0 5.50 - 7.0 -
(110 = 1.5 or 13.5 IIdel 15 11.0 - 11.0 8.25 . - 11.0 -

Output Drive Current (AL Device) 10H 
(IIOH = 2.6 lldel Source 6.0 -1.2 - -1.0 -1.7 - -0.7 -
(IIOH = 4.6 lldel 5.0 -0.25 - -0.2 -0.36 - -0.14 -
IV OH = 9.5 IIdel 10 -0.62 - -0.5 -0.9 - -0.36 -
(IIOH = 13.5 IIdel 15 -1.8 - -1.5 -3.5 - -1.1 -
(IIOL = 0.4 IIdel Sink 10L 5.0 0.64 - 0.51 0.88 - 0.36 -
(IIOL = 0.5 lldel 10 1.6 - 1.3 2.25 - 0.9 -
(IIOL = 1.5 Ydel 15 4.2 - 3.4 8.8 - 2.4 -

Output Drive Current (CL/CP Devicel IOH 
IVOH = 2.5 IIdel Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -
IV OH = 4.6 IIdel 5.0 -0.2 - -0.16 -0.36 - -0.12 -
(IIOH = 9.5 lldel 10 -0.5 - -0.4 -0.9 - -0.3 -
(IIOH = 13.5 lldel 15 -1.4 - -1.2 -3.5 - -1.0 -
(IIOL = 0.4 IIdel Sink IOL 5.0 0.52 - 0.44 0.88 - 0.36 -
(IIOL • 0.5 lldel 10 1.3 - 1.1 2.25 - 0.9 -
(IIOL = 1.511del 15 3.6 - 3.0 8.8 - 2.4 -

Input Current (Al Oevicel lin 15 - .0.1 - .0.00001 .0.1 - .1.0 
Input Current (CLlCP Oevieel lin 15 - to.3 - '0.00001 .0.3 - '1.0 
Input Capacitance Cin - - - - 5.0 7.6 - -

(II in = 01 
Quiescent Current (AL Device) 100 5.0 - 5.0 - 0.005 5.0 - 150 

(Per Paekagel 10 - 10 - 0.010 10 - 300 
15 - 20 - 0.016 20 - 600 

Quiescent Current (CLlCP DeVice) 100 5.0 - 20 - 0.005 20 - 150 
(Per Packagel 10 - 40 - O.OtO 40 - 300 

15 - 80 - Q.015 80 - 600 
Total Supply Current··t IT 5.0 IT =(1.35 /lA/kHz! f + 100 

(Dynamit plus Quiescent, 10 IT =(2.70 /lA/kHzl f + 100 
Per Packagel 15 IT =(4.05 "A/kHzll + 100 
tel"" 50 pF on all outputs, all 
buffers switching) 

*Tlow= -5S"C for AL Device. -40"C for CWCP Device. 
Thigh= + 125"C for AL Device, + 85"C for CUCP Device. 

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

Unit 

IIde 

IIde 

IIde 

IIde 

mAde 

mAde 

mAde 

mAde 

/lAde 

/lAde 

pF 

/lAde 

.. Ade 

~Ade 

#Data labelled "Typ" is not to be used for deSign purposes but Is 
intended as an indication of the IC's potential performance. where: IT Is in ""A (per package), CL In pF, V = (VOO - VSS) In volts, 

f in kHz Is input frequency, and k = 0.002 . 
... ·The formulas given are for the typical characteristics only at 25°C. 

ThiS device contains protection circuitry to guard against damage due to high 
static voltages or electric fields. However, precautions must be taken to avoid 
applications of any voltage higher than maximum rated voltages to this high­
impedance circuit. For proper operation, IIln and lIout should be constrained to 
the range IISS '" (Vin or lIoud '" VOO· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., 
either IISS or liDO)' Unused outputs must be left open. 
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MC14514B-MC14515B 

SWITCHING CHARACTERISTICS· ICL a 50 pF. T A ·2&oC) 

AliT.,.... 

Ch_1otic Symbol Voo Min TVP'" M_ Unit 

Output Ri .. Time tTLH n. 
tTLH • 13.0 ntipF) CL + 30 nl &.0 - 180 380 
tTLH • 11.& ntipF) CL .j. 1& n. 10 - 90 180 
tTLH - 11.1 nt/pF) CL + 10 n. 1& - 6& 130 

Output Fall Time tTHL nl 
lTHL • 11..& ntipF) CL + 2& n. &.0 - 100 200 
tTHL· 10.7& ntlpF) CL +·12'&"s 10 - 50 100 
tTHL • 10.&& ntipF) CL + 9.& ns 1& - 40 80 

. Propagation Delay nm8; Data, Strobe to S tPLH. M 

tpLH. tpHL - 11.7 "tipF) CL + 46& ... tPHL &.0 - &50 1100 
tpLH. tpHL • 10.66 "tipF) CL + 192 "" 10 - 22& 4&0 
tPLH. tPHL - 10.& "tipF) CL + 12& nl 15 - 150 300 

Inhibit Pro~ion Oaley Timas tPLH. M 

tpLH. tPHL',. 11.7 ntipF) CL + 31& M tPHL &.0 - 400 800 
tpLH. tPHL = 10.6& nt/pF) CL + 117 "" 10 - 150 300 
tpLH. tpHL = 10.& "tipF) CL + 75 M 15 - 100 200 

Setup Time t lU "" Data to Sirobe &.0 250 125 -
10 100 50 ~ 

1& 7& 38 -
Hold Tim. th 5.0 -20 -100 - "a 

Strobe 10 Data 10 0 -40 -
15 10 -30 -

Strobl Pul .. Width tWH "" &.0 350 17& -
10 100 50 -
1& 7& 38 -

-The formulas given are for the typical characteristics only at 25"C. #Data labelled "Typ" is not to be used for design purposes but Is 
intended as an Indication 0' the IC's potential performance. 

FIGURE 1 - DRAIN CHARACTERISTICS TEST CIRCUIT 

For MC14514B 
1. For P-channel: Inhibit - Vss 

end 01-04 constitute 
bln.ry coda for "output 
under test." 

2. For N-channel: Inhibit· VOO 

,-----+ 

Inhibit 

Voo 

Vos 

Vss 
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1. For P-channel: Inhibit .. VOO 
2. For N-channel: Inhibit.., VSS 

and 01-04 constitute binary 
code for "output under t •• t." 



MC14514B-MC14515B 

FIGURE 2 - DVNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

FIGURE 3 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

PIN ASSIGNMENT 

24 

2 23 

3 22 

4 21 

5 20 

6 19 

7 18 

8 17 

9 16 

10 15 

11 14 

12 13 
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LOGIC DIAGRAM 

ABfa 
- 11 50 

AB~fi -9 51 

ABeD 
-1052 

ABeD 
Det.' 2 - 8 S3 

ABcli 3: 7 54 

ABcll 
(') 
...a. 

-& 55 .,. 
Data2 3 

ABCli 
c.n 
...a. 

5 56 .,. 
ABCfi 

m 
4 57 • 3: 

AileD 
-1858 (') 

. ...a. 

0> 
N 
~ 

Data 3 21 

AlieD 
.,. 

17 S9 c.n 
...a. 

ABeD c.n 
- 20 S10 m 

A8eD 
19511 

AIICD 
14512 

AllcD 
13 S13 

A8CD 
16514 

~15S15 
V V 

~ 
In MC14515B Only 



MC14514BeMC14515B 

COMPLEX DATA ROUTING 

Two MCI4612 eight-chennel data ... Iecto .. are ulOId hero with 
the MC14514B four-bit latch/dacoder to effect a complex data 
routing system. A total of 16 inputs from data registers are selec­
ted and transferred via a 3-st8te data bus to • data distributor for 
rearrangement and entry into 16 output registers. In this way 
sequential data can be ... 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 ... Iectors. Ona register is assignect to HCf1 
input. The signals on AO, A 1, and A2 choose one of eight inputs 
for transfer out to tho 3-state data bus. A fourth signal. labelled 
Dis, disables ona 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 f.ter 

than the shift frequency of the input registers, the most significant 
bit (MSBI from .ach register could be selocted for transfer to the 
data bus. Therefore, all of the mOlt significant bits from all of the 
registers can be transferred to the datil bus before the next most 
significant bit is presented for transfer by the input registers. 

Information from the 3 .... 18 bus is redistributed by the 
MC14514B four-bit latch/decoder. Using tho four-bit olddr_. 01 
thru 04. the information on the inhibit line can be transferred to 
tho eddrosllld output line to tb. desired output regist .... A thru P. 
This distribution of data bits to the output regist ... cen be ~ 
in many complex patternl. For example. all of the molt lignificant 
bits from the input registers can be routed into output register A, 
all of the next molt significant bits into register 8. etc. In this 
way horizontal, vertical, or other methods of data slicing can be 
implemented. 

DATA ROUTING SYSTEM 

Oat. { 
Select 

Input 
Registers 

Data 
Transfer 

Dis 
DO 0 

01 

02 N 

03 ;n 
04 ~ 

U 
05 ~ 

06 
07 
AD Al A2 

AD Al A2 
DO Q 

01 

02 N 

;n 03 .. 
D4 U 
05 ~ 

06 

07 
01. 

3-State 
Oata Bus 
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Data 
Distribution 
~ 

Dt 02 D3D4 
50 

Strobe 51 

52 

53 

54 

55 
ID 

56 ~ 
on 57 .. 
U 58 
~ 59 

510 

511 

512 

513 
Inhibit 614 

515 

OutPut 
Registers 





MC14516B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Characteristic Symbol 

Output Voltage "0" Level VOL 
Yin ~ VOO or 0 

"1" Level VOH 
Yin ~ OorVOD 

Input Voltage "0" Level VIL 
(VO ~ 4.5 or 0.5 Vdc) 
(VO ~ 9.0 or 1.0 Vdc) 
(VO ~ 13.5 or 1.5 Vdc) 

"1" Level VIH 
(VO ~ 0.5 or 4.5 Vdc) 
(VO ~ 1.0 or 9.0 Vdc) 
(VO ~ 1.5 or 13.5 Vdc) 

Output Drive Current (AL Device) IOH 
(VOH ~ 2.5 Vdc) Source 
(VOH ~ 4.6 Vdc) 
(VOH ~ 9.5 Vdc) 
(VOH ~ 13.5 Vdc) 

(VOL ~ 0.4 Vdc) Sink IOL 
(VOL ~ 0.5 Vdc) 
(VOL ~ 1.5 Vdc) 

Output Drive Current (Cl/CP Device) IOH 
(VOH ~ 2.5 Vdc) Source 
(VOH ~ 4.6 Vdc) 
(VOH ~ 9.5 Vdc) 
(VOH ~ 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 Device) 100 
(Per Package) 

Total Supply Current"t IT 
(Dynamic plus Quiescent, 
Per Package) 
(CL ~ 50 pF on ali outputs, 
all buffers switching) 

*T,ow = -55°C for AL DeVice, -40°C for CLlCP DeVice. 
Thigh = + 125°C for AL Device, + 85°C for CLlCP Device. 

VDD 
Vdc 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Data labelled "Typ" is not to be used for deSign purposes but IS 
Intended as an indication of the IC's potential performance. 

""The formulas given are for the tYPical characteristics only at 25°C. 

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

where 'T IS In fJ.A (per package), CL in pF, V = (VOO- VSS) in volts, 
f In kHz is Input frequency, and k = 0.001. 

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 

-
-
-

-
-
-
-
-
-
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Max 

0.05 
0.05 
0.05 

-
-
-

1.5 
3.0 
4.0 

-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

±O.1 

±O.3 

-

5.0 
10 
20 

20 
40 
80 

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 -

mAdc 
-2.4 -4.2 - -1.7 -

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

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

0.44 0.88 - 0.36 - mAdc 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -
- ±0.OOO01 ±0.1 - ±1.0 "Adc 

- ±0.OOOO1 ±0.3 - ±1.0 "Adc 

- 5.0 7.5 - - pF 

- O.OOS 5.0 - 150 /'Adc 
- 0.010 10 - 300 
- 0.Q15 20 - 600 

- O.OOS 20 - 150 "Adc 
- 0.010 40 - 300 
- 0.Q15 80 - 600 

IT ~ (0.58 "AlkHz) f + 100 "Adc 
IT ~ (1.2 "AlkHz) f + 100 
IT ~ (1.7 "AlkHz) f + 100 

PIN ASSIGNMENT 

16 

2 15 

3 14 

4 13 

5 12 

6 11 

7 10 

8 9 
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MC14516B 

Characterlatlc Symbol 

Output Rise and Fall Time tTLH. 
tTLH. tTHL ~ (1.5 nslpF) CL + 25 ns tTHL 
tTLH. tTHL~(0.75 nslpF) CL +12.5 ns 
tTLH. tTHL ~ (0.55 nslpF) CL + 9.5 ns 

Propagation Delay Time tpLH. 
Clock to Q tpHL 

tpLH. tpHL ~ (1.7 nslpF) CL + 230 ns 
tpLH. tpHL ~ (0.66 nslpF) CL + 97 ns 
tpLH. tpHL ~ (0.5 nslpF) CL + 75 ns 

Clockto~ tpLH. 
tpLH. tpHL ~ (1.7 nslpF) CL + 230 ns tpHL 
tpLH. tpHL ~ (0.66 nslpF) CL + 97 ns 
tpLH. tpHL ~ (0.5 ns/pF) CL + 75 ns 

carr;Trl to ~ tPLH. 
tPLH' tpHL ~ (1.7 ns/pF) CL + 230 ns tpHL 
tPLH. tpHL ~ (0.66 ns/pF) CL + 97 ns 
tpLH' tpHL ~ (0.5 ns/pF) CL + 75 ns 

Preset or Reset to Q tpLH. 
tpLH. tpHL ~ (1.7 nslpF) CL + 230 ns tpHL 
tpLH. tpH~ ~ (0.66 ns/pF) CL + 97 ns 
tpLH. tp\7IL ~ (0.5 nslpF) CL + 75 ns 

Preset or Reset to ~ tpLH. 
tpLH. tpHL ~ (1.7 ns/pF) CL + 465 ns tpHL 
tPLH' tpHL ~ (0.66 ns/pF) CL + 192 ns 
tpLH. tpHL ~ (0.5 ns/pF) CL + 125 ns 

Reset Pulse Width Iw 

Clock Pulse Width tWH 

Clock Pulse Frequency Icl 

Preset or Reset Removal Time trem 
The Preset or Reset signal must be low prior to a 
positive-going transition of the clock. 

Clock Aise and Fall Time tTLH. 
ITHL 

Setup Time tsu 
Carry In to Clock 

Hold Time ___ Ih 
Clock to Carry In 

Setup Time Isu 
Up/Down to Clock 

Hold Time Ih 
Clock 10 Up/Down 

Setup Time Isu 
Pn to PE 

Hold Time Ih 
PE 10 Pn 

Preset Enable Pulse Width tWH 

·The formulas given are for the typical characteristics only at 25"C. 

#Data labelled "Typ" Is not to be used for deSign purposes but is 
intended as an indication of the IC's potential performance. 

VDD 

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 

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 
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All Types 

Min Typ# Max Unit 

ns 
- 100 200 
- 50 100 
- 40 80 

ns 

- 315 630 
- 130 260 
- 100 200 

ns 
- 315 630 
- 130 260 
- 100 200 

ns 
- 180 360 
- 80 160 
- 60 120 

ns 
- 315 630 
- 130 360 
- 100 200 

ns 
- 550 1100 
- 225 450 
- 150 300 

380 190 - ns 
200 100 -
160 80 -
350 200 - ns 
170 100 -
140 75 -
- 3.0 1.5 MHz 
- 6.0 3.0 

- 8.0 4.0 

650 325 - ns 
230 115 -
180 90 -
- - 15 I'S 
- - 5 
- - 4 

260 130 - ns 
120 60 -
100 50 -

0 -60 - ns 
20 -20 -
20 0 -
500 250 - ns 
200 100 -
150 75 -
-70 -160 - ns 
-10 -60 -

0 -40 -
-40 -120 - ns 
-30 -70 -
-25 -50 -
480 240 - ns 
420 210 -
420 210 -
200 100 - ns 
100 50 -
80 40 -
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FIGURE 1- POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

LOGIC DIAGRAM 
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MC14516B 

FIGURE 2 - SWITCHING TIME WAVEFORMS 

Cerrv In or ---'\I voo 
Up/Down 

vss 

Clock 
vOO 

vSS 

vOO 
P...-t Enable 

--------------~ VSS 
1TLH 

Qoor~ 
VOH 

VOL 

tpLH 

Reset ~ ________ --J 

-I-I~w 
7m~ VOO 

VSS 

INPUTS 

PIN DESCRIPTIONS 

CONTROLS 

PO, P1, P2, P3, Preset Inputs (Pins 4, 12, 13, 3) -
Data on these inputs is loaded into the counter when PE is 
ta'(;n higr. 

arry n, (Pin 5~ - T~iS active-low input is used when 
cascading stages. arry n is usually connected to Carry 
Out of the previous stage. While high, Clock is inhibited. 

Clock, (Pin 15) - Binary data is incremented or 
decremented, depending on the direction of count, on the 
positive transition of this input. 

OUTPUTS 

00,01,02,03, Binary outputs (Pins 6, 11, 14, 2)­
Binary data is present on these outputs with QO corre­
sponding to the least significant bit. 

Carry Out, (Pin 7) - Used when cascading stages, 
Carry Out is usually connected to Carry In of the next 
stage. This synchronous output is active low and may also 
be used to indicate terminal count. 

PE, Preset Enable, (Pin 1) - Asynchronously loads 
data on the Preset Inputs. This pin is active high and in­
hibits the clock when high. 

R, Reset, (Pin 9) - Asynchronously resets the Q out­
puts to a low state. This pin is active high and inhibits the 
clock when high. 

Up/Down, (Pin 10) - Controls the direction of count, 
high for up count, low for down count. 

SUPPLY PINS 

VSS, Negative Supply Voltage, (Pin 8) - This pin 
is usually connected to ground. 

VDD, Positive Supply Voltage, (Pin 16) - This pin 
is connected to a positive supply voltage ranging from 3.0 
volts to 18.0 volts. 
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FIGURE 3 - PRESETTABLE CASCADED 8-BIT UP/DOWN COUNTER 

aD al a2 Q3 

I - Up 

0- Down 

Thumbw ..... Switch •• 
10penf .... "D") 

CI0"!.l'i~~--l------------~ 
+VDD~R~·~·L·~~--------'----~ 

Open "" Count 

Q4 05 06 

Cin 

Clock M.S.O. 

U/O 
MCI451SB 

R 
PO PI P2 

Resistors = 10k n 

07 

~ Terminal Count 

Indicator 

P3 

Note: The Least Significant Digit (L.S.D.) counts from a preset value once Preset Enable (PE) goes low. 
The Most Significant Digit (M.S. D.) is disabled while CTri Is high. When the count of the L.S.D. reaches 0 
(count down mode) or reaches 15 (count up mode), COui goes low for one complete clock cycle, thus 
allowing the next counter to decrement/increment one count. (See Timing Diagram) The L.S.D. now 
counts through another cycle (15 clock pulses) and the above cycle is repeated. 
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MC14516B 

FIGURE 4 - PROGRAMMABLE CASCADED FREQUENCY DIVIDER 

00 01 02 Q3 

-tvoo 

C lock If in) Th(~::h::: ~;;I.)Ch.1 

~_~t~-+----------------------J 
+VOD 

Open == Count 

04 05 .06 

PE 

Cm 
Clock M.S.O 

MCI451SB 
UfO 

R 
PO PI P2 

+Voo 

ResIStors "" 10 kO 

'in 
fout z n 

07 

~ 

P3 

fout 

Buffer 

Note: The programmable frequency divider can be set by applying the desired divide ratio, in binary, to the preset inputs. 
For example, the maximum divide ratio of 255 may be obtained by applying a 1111 1111 to the preset inputs PO to P7. For 
this divide operation, both counters should be configured in the count down mode. The divide ratio of zero is an undefined 
state and should be avoided. 
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®MOTOROLA 

DUAL 64-BIT STATIC SHIFT REGISTER 

The MC14517B dual 64-bit static: shift register consists of two 
identical, independent, 64-bit registers. Each register has separate 
clock and write enable inputs. as well as outputs at bits 16,32,48, 
and 64. Data at the data input is entered by clocking. regardless 
of the state of the write enable input. An output is disabled (open 
circuited) when the write enable input is high. 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 _ial shift register applications. 

• Diode Protection on All Inputs 
• Fully Static Operation 
• Output Transitions Occur on the R ising Edge of the Clock Pulse 
• Exceedingly Slow I nput Transition Rates May Be Applied to the 

Clock Input 
• 3-5tate Output at 64th-Bit Allows Use in Bus Logic Applications 
• Shift Registers of any Length may be Fully Loeded with 16 

Clock Pulses 
• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 

MAXIMUM RATINGS (Voltagol referenced to VSS I 

Symbol. Parameter Vel ... Unll 

MC145178 

CMOS LSI 
(LOW-POWER COMPLEMENTARY MOSI 

DUAL 64-BIT STATIC 
SHIFT REGISTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGJ! 

CASE II4B 

ORDERING INFORMATION 

A Series: -55°C to + 125"C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40"C to + 85"C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

PIN ASSIGNMENT 

16 
VDD DC Supply Vollage - 0.510 + 18.0 v 2 15 

Vln. VOUl Inpul or Oulpul Vollage (DC or Translenl) -0.510 VDD +0.5 V 

lin. lout Input or Output Current (DC or Transient). per Pin ± 10 mA 

Po Power Dissipation. per Packaget 500 mW 

Storage Temperature -65 to + 150 

Lead Temperalure (a-Second Soldering) 260 

*Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW/oC from 65°C to 85°C 

Ceramic "L" Package: -12mWI'"C from 100·C to 125°C 

WRITE 
CLOCK ENABLE DATA 16-BITTAP 

0 0 X Coneent of 16-Blt 
Dloplayod 

0 1 X High Impedence 

FUNCTIONAL 1 0 x Content of 16·81t 
Dloplayod 

TRUTH TABLE 1 1 X High I_odonee 

.r 0 
Date entered Content of 16- Bit 
into 1It Bit DIIPI..,od 

J" 1 Oateentllred Date at up 
into 1st Bit entered Into 17-Blt 

'- 0 X 
Content of 16-lIlt 

Dlopl..,od 

"'- 1 X High Impedance 
X - Don't C .... 
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·C 

·C 

32-BITTAP 

Content of 32-811 
Dloplayed 

HI .. Imped.nce 

Content of 32-81t 
Dloplayod 

High Impedance 

Content of 32-81t 
DllPlayod 

Doto ot toP 
_rod Into 33·BIt 
Content of 32-Blt 

DllPlayod 
High Impod.nce 

3 14 

4 13 

5 12 

6 11 

7 10 

8 9 

48-BITTAP 64-BITTAP 

Content of 48-Blt Content of M-81t 
Dloplayod Dlopleyod 

High Impod ..... High I mpoejonc. 
Content of 48-8It Con_t of M·Blt 

DllPlayod DllPI..,od 
High Impoejlince High Impodon .. 

Content of 48-8It Content of 84-8It 
DlIPh,yod DlIPloYIId 
Dataat_ High Impodonce 

entered into G·Bit 
Con_"t of 48-8It Con_t of M-Blt 

DIIPI..,od DIIPI..,od 
High ImpOdonco High Impoej_ 



MC14517B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Characterisllc Symbol 

Output Voltage "0" Level VOL 
Yin ~ VDD or 0 

"1" Level VOH 
Yin ~ 0 or VDD 

Input Voltage "0" Level VtL 
(YO ~ 4.5 or 0.5 Vdc) 
(Va = 9.0 or 1.0 Vdc) 
(Va = 13.5 or 1.5 Vdc) 

"1" Level V,H 
(Va ~ 0.5 or 4.5 Vdc) 
(Va = 1.0 or 9.0 Vdc) 
(Va = 1.5 or 13.5 Vdc) 

Output Drive Current (AL Device) IOH 
(YaH = 2.5 Vdc) Source 
(VOH ~ 4.6 Vdc) 
(VOH ~ 9.5 Vdc) 
(VOH ~ 13.5 Vdc) 

(VOL ~ 0.4 Vdc) Sink 'OL 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdc) 

Output Drive Current (CUCP Device) 'OH 
(YaH ~ 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
(VOH ~ 9.5 Vdc) 
(VOH = 13.5 Vdc) 

(VOL ~ 0.4 Vdc) Sink 'OL 
(VOL = 0.5 Vdc) 
(VOL ~ 1.5 Vdc) 

Input Current (AL Device) lin 

Input Current (CUCP Device) lin 

Input Capacitance Cin 
(Vin ~ 0) 

Quiescent Current (AL Device) 100 
(Per Packsge) 

Quiescent Current (CUCP Device) 100 
(Per Package) 

Total Supply Current .. t 'T 
(Dynamic plus Quiescent, 
Per Package) 
(CL = 50 pF on all outputs, 
all buffers switching) 

Three-State Leakage Current ITL 
(AL Device) 

Three-State Leakage Current ITL 
(CUCP Device) 

*T1ow = - 55°C for AL DeVice, - 40°C for CUCP Device. 
Thlgh= + 125°C for AL DeVice, +8SoC for CLlCP Device. 

VOO 
VcIc 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

15 

15 

HOats labelled "Typ" IS not to be used for deSign purposes but is 
Intended as an Indication at the IC's potential performance. 

"·The formulas given are for the tYPical characteristics only at 25"'C 

tTo calculate total supply current at loads other than 50 pF 

where. IT IS in ~A (per package), CL in pF, V =: (VOO- VSS) In volts, 
f In kHz IS input frequency, and k = 0.004 

T,ow . 
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 -
- ±O.1 

- ±O.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

- ±O.1 

- ±1.0 
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2S"C Thi h· 

Min Typ# Max Min Max UnR 

- 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 -

mAdc 
-2.4 -4.2 - -1.7 -
-0.5t -0.88 - -0.36 -
-1.3 -2.25 - -0.9 -
-3.4 -8.8 - -2.4 -
0.51 0.88 - 0.36 - mAdc 
1.3 2.25 - 0.9 -
3.4 8.8 - 2.4 -

mAdc 
-2.1 -4.2 - -1.7 -
-0.44 -0.88 - -0.36 -
-1.1 -2.25 - -0.9 -
-3.0 -8.8 - -2.4 -
0.44 0.88 - 0.36 - mAde 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -
- ±O.OOOOI ±O.1 - ±1.0 /LAdc 

- ±O.OOOOI ±O.3 - ±1.0 /LAdc 

- 5.0 7.5 - - pF 

- 0.005 5.0 - 150 p.Adc 
- 0.010 10 - 300 
- 0.Q15 20 - 600 

- 0.005 20 - 150 p.Adc 
- 0.010 40 - 300 
- 0.Q15 80 - 600 

IT = (4.2 p.AlkHz) f + 100 p.Adc 
IT = (8.8 p.A1kHz) f + 100 

IT = (13.7 p.AlkHz) f + 100 

-

-

±O.OOOOI 0,0.1 - ±3.0 p.Adc 

±O.OOOOI ±1.0 - ±7.S p.Adc 

This device contains protection circuitry to 
guard against damage due to high static 
voltages or electric fields. However, precau­
tions must be taken to avoid applications of 
any voltage higher than maximum rated 
voltages to this high-impedance circuit. For 
proper operation, Vin and Vout should be 
constrained to the range VSS '" (Vin or 
Vout) '" VDD· 
Unused inputs must always be tied to an ap­
propriate logic voltage level (e.g., either VSS 
or VDD)' Unused outputs must be left open. 



MC14517B 

SWITCHING CHARACTERISTICS· (CL = 50 pI': T A = 25°C) 

Characteristic SymbQI VOO Min Typ# Max Unit 

Outpul Rise and Fall Time trLH, trHL ns 
trLH, trHL = (1.5 nslpF) CL + 25 ns 5.0 - 100 200 
trLH, trHL = (0.75 nslpF) CL + 12:5 ns 10 - 50 100 
trLH, trHL = (0.55 nslpF) CL + 9.5 ns 15 - 40 80 

Propagalion Delay Time tPLH,IPHL ns 
IPLH,IPHL = (1.7 nslpF) CL + 390 ns 5.0 - 475 770 
IPLH,IPHL = (0.66 nslpF) CL + 177 ns 10 - 210 300 
tPLH, IPHL = (0.5 nslpF) CL + 115 ns 15 - 140 215 

Clock Pulse Width twH 5.0 330 170 - ns 
10 125 75 -
15 100 60 -

Clock Pulse Frequency fcl 5.0 - 3.0 1.5 MHz 
10 - 6.7 4.0 
15 - 8.3 5.3 

Clock Pulse Rise and Fall Time trLH, trHL 5.0 -
10 "·See Note 
15 

Data to Clock Setup Time Isu 5.0 a -40 - ns 
10 10 -15 -
15 15 0 -

Data to Clock Hold Time th 5.0 150 75 - ns 
10 75 25 -
15 35 10 -

Write Enable 10 Clock Selup Time Isu 5.0 400 170 - ns 
10 200 65 -
15 110 50 -

Write Enable to Clock Release Time Irel 5.0 380 160 - ns 
10 180 55 -
15 100 40 -

• The formulas given are for the typical characteristics only at 25"C. 
:# Data labelled "Typ" is not to be used for design purposes but is intended as an indication of the IC's potential performance . 
... When shift register sections are cascaded, the maximum rise and fall time of the clock input should be equal to or less than the rise and 

fall time of the data outputs. driving 'data inputs. plus the propagation delay of the output driving stage. 

\ 

FIGURE 1 - POWER DtSSIPATlON TEST CIRCUIT AND WAVEFORM 
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6-286 



MC14517B 

FIGURE 2 - TYPICAL OUTPUT SOURCE CURRENT 
CHARACTERISTICS TEST CIRCUIT 

(Output being telted ahould be In the high-logic stete). 

FIGURE 3 - TYPICAL OUTPUT SINK CURRENT 
CHARACTERISTICS TEST CIRCUIT 

(OutPut being tested should be in the low-logic Itate). 

FIGURE 4 - AC TEST WAVEFORMS 

Pin No', 

Clock 4(12) 

WriU 3 ('3)---+----~---------'" 

9:"f33\--;;VDD '0n- ~ ~-1- ::: 
~-1-------+------------ --- VSS 

O.t.ln 7 (9) 

160bit output 1(16)> 
17·bit input 

32·blt output 6,'01 
33·bit input 

418·blt output 2 (141 
~·bitinout 

wm.~ 
E~~~-------------­

Write En.'. - O. lS-blt output 
Wrlu En.". - 1. 17.olt Input 

32-bit outPut 
33·blt Input 
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.-blt outPut 
49-bit Input 

5~~J 
Voo 

VSS 

VOO 

VSS 

VOO 

VSS 

VOO 

VSS 

VOO 

Vss 

84·blt outPut 
High Im~.nce 

II 
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® MOTOROLA 

DUAL UP COUNTERS 

The MC14518B dual BCD counter and the MC14520B dual bi­
nary counter are constructed with MOS P-channel and N-channel 
enhancement mode devices in a single monolithic structure. Each 
consists of two identical, independent, internally synchronous 4· 
stage counters. The counter stages are type D flip-flops, with inter­
changeable Clock and Enable lines for incrementing on either the 
positive-going or negative-going transition as required when cascad­
ing multiple stages. Each counter can be cleared by applying a high 
level on the Reset line. In addition, the MC1451BB will count out of 
all undefined states within two clock periods. These complementary 
MOS up counters find primary use in muJti-stage synchronous or 
ripple counting applications requiring low power dissipation and/or 
high noise immunity. 

• Diode Protection on All Inputs 

• Supply Voltage Range = 3.0 Vdc to 1B Vdc 

• I nternally Synchronous for High I nternal and External Speeds 

• Logic Edge·Clocked Design - Incremented on Positive Transition 
of Clock or Negative Transition on Enable 

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Value 

VOO DC Supply Voltage ':'0.5 to + t8.0 

Vin. Vout Input or Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 

lin. lout Input or Output Current (DC or TranSient). per Pin ±to 

Po Power Dissipation, per Packaget 500 

Tsta Storage Temperature -65 to + t50 

TL Lead Ternparature (8-Second Soldering) 260 

"Maximum Ratings are those values beyond which damage to the device may occur: 
tTemperature Derating: Plastic "P" Package: -12mwrC from 65°C to 85°C 

, Ceramic "l" Package: -12mW/oC from 100°C to 125°C 

TRUTH TABLE 

CLOCK ENABLE RESET ACTION 

..r 1 0 Increment Counter 

0 ~ 0 I ncr,rnent COUllter 

'- X 0 No Change 

X ...r 0 No Change 

...r 0 0 No Change 

1 '- 0 NoChenge 

X X 1 QOth"' 03- 0 

x - Don't Care 
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Unit 

V 

V 

rnA 

mW 

·C 

·C 

MC14518B 
MC14520B 

CMOS MS. 
CLaW-POWER COMPLEMENTARY MOSI 

DUAL BCD UP COUNTER 
(MC14518B) 

DUAL BINARY UP COUNTER 
(MC14520B) 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAL (CeramiC Package Only) 

C Senes: - 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

BLOCK DIAGRAM 

R 

15O-------------~--~ 
VOO: Pi" 16 
VSS"" Pin 8 

3 

4 

5 

6 

11 

12 
13 

14 

This device contains protection circuitry to 
guard against damage due to high static 
voltages. or electric fields. However, precau~ 
tions must be taken to avoid applications of 
any voltage higher than maximum rated 
voltages to this high-impedance circuit. For 
proper operation, Vin and Vout should be 
constrained to the range VSS .. (Vin or 
Vout) '" VOO· 
Unused inputs must always be tied to an ap­
propriate logic voltage level (e.g., either VSS 
or VOO). Unused outputs must be left open. 



MC14518B·MC14520B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Characteristic Symbol 

Output Voltage "0" Level VOL 
Yin ~ VOO or 0 

"1" Level VOH 
Yin ~ a or VOO 

Input Voltage "0" Level VIL 
(Va ~ 4.5 or 0.5 Vdc) 
(Va ~ 9.0 or 1.0 Vdc) 
(Va ~ 13.5 or 1.5 Vdc) 

"I" Level VIH 
(Va ~ 0.5 or 4.5 Vdc) 
(Va ~ 1.0 or 9.0 Vdc) 
(Va ~ 1.5 or 13.5 Vdc) 

Output Drive Current (AL Device) IOH 
(VOH ~ 2.5 Vdc) Source 
(VOH ~ 4.6 Vdc) 
(VOH ~ 9.5 Vdc) 
(VOH ~ 13.5 Vdc) 

(VOL ~ 0.4 Vdc) Sink IOL 
(VOL ~ 0.5 Vdc) 
(VOL ~ 1.5 Vdc) 

Output Drive Current (CUCP Device) IOH 
(VOH ~ 2.5 Vdc) Source 
(VOH ~ 4.6 Vdc) 
(VOH ~ 9.5 Vdc) 
(VOH ~ 13.5 Vdc) 

(VOL ~ 0.4 Vdc) Sink IOL 
(VOL ~ 0.5 Vdc) 
(VOL ~ 1.5 Vdc) 

Input Current (AL DeVice) lin 

Input Current (CUCP Device) lin 

Input Capacitance Cin 
(Vin ~ 0) 

Quiescent Current (AL Device) 100 
(Per Package) 

Quiescent Current (CUCP Device) 100 
(Per Package) 

Total Supply Current"t IT 
(Dynamic plus QUiescent, 
Per Package) 
(CL ~ 50 pF on all outputs, 
all buffers switching) 

"Tlow = - 55°C for AL Device, - 40°C for cuep DeVice. 
Thigh = + 125°C for AL DeVice, + 85°C for cLlep Device. 

VDD 
Vdc 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Data labelled "Typ" IS not to be used for design purposes but IS 

intended as an indication of the IC's potential performance 

""The formulas given are for the typical characteristICS only at 25°C. 

Tlow " 2S"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 
- 1.5 - 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 - 3.5 2.75 - 3.5 -
7.0 - 7.0 5.50 - 7.0 -
11.0 - 11.0 8.25 - 11.0 -

mAde 
-3.0 - -2.4 -4.2 - -1.7 -
-0.84 - -0.51 -0.88 - -0.36 -
-1.6 - -1.3 -2.25 - -0.9 -
-4.2 - -3.4 -8.8 - -2.4 -
0.84 - 0.51 0.88 - 0.36 - mAdc 
1.6 - 1.3 2.25 - 0.9 -
4.2 - 3.4 8.8 - 2.4 -

mAdc 
-2.5 - -2.1 -4.2 - -1.7 -
-0.52 - -0.44 -O.BB - -0.36 -
-1.3 - -1.1 -2.25 - -0.9 -
-3.6 - -3.0 -B.B - -2.4 -

0.52 - 0.44 0.8B - 0.36 - mAdc 
1.3 - 1.1 2.25 - 0.9 -
3.6 - 3.0 B.B - 2.4 -
- ±O.1 - ±O.OOOOI ±O.1 - ±1.0 !LAdc 

- ±0.3 - ±O.OOOOI ±O.3 - ±1.0 !LAdc 

- - - 5.0 7.5 - - pF 

- 5.0 - 0.005 5.0 - 150 ,.Adc 
- 10 - 0.010 10 - 300 
- 20 - O.ot5 20 - 600 

- 20 - 0.005 20 - 150 ,.Adc 
- 40 - 0.010 40 - 300 
- BO - 0.015 BO - 600 

IT ~ (0.6 !LA/kHz) f + 100 !LAde 
IT ~ (1.2 !LA/kHz) f + 100 
IT ~ (1.71'A/kHz) f + 100 

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

where' IT is in ""A (per package), CL in pF, V = (VOO- VSS) In volts, 
f In kHz is input frequency, and k = 0.002 

PIN ASSIGNMENT 

2 

3 

4 

5 

6 

8 
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MC14518B-MC14520B 

SWITCHING CHARACTERISTICS· ICL • &0 pF T A • 26"<:) 

C __ 1It1c 

Outpul RI •• and Fall Time 
ITlH. iTHl = 11.5 na'pF) Cl + 25 n. 
iTLH.ITHL = 10.75 na'pF) CL + 12.5 n. 
iTLH',ITHL = (0.55 ne'pF) CL + 9.5 na 

Prop.1on Del.., TI .... 
Clock to OIEnabie to 0 

tpLH. tpHL • 11.7 nl/pF) CL + 215 nl 
tPLH. tPHL • 10.65 nl/pF) CL + 97 no 
tpLH. tpHL • 10.5 nl/pF! CL + 75 no 

R8I8t to 0 
tpHL· 11.7 nl/pF) CL + 265 nl 
tpHL· 10.65 nl/pF) CL + 117 nl 
IPHL· 10.88 nl/pF) CL + 95 nl 

Clock PUIM Width 

Clock PUIM Frequency 

Clock or Enabl. RIM and Fall Ti .... 

Enable PuIM Width 

R_ PulM Width 

R ••• t Removal Time 

*The formulas given are for the typical characteristics only at 25°C. 

#Data labelled "Typ" is not to be used for design purposes but Is 
intended 8S an Indication of the IC's potential performance. 

IV"""" 
'TlH. 
'THl 

tpLH. 
tPHL 

IpHl 

'w(H) 
'w(l) 

let 

tTHL, tTLH 

!WHIEI 

!WHIR) 

tram 

VDD 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 
5.0 
1,0 
15 
5.0 
10 
15 
5.0 
10 
15 
5.0 
10 
15 

5.0 
10 
111 
5.0 
10 
15 

FIGURE 1 - PDWER DISSIPATION TEST 
CIRCUIT AND WAVEFORM 

6-290 

Aft,..".. 
Min Typ# Max Unit 

no 
- 100 200 
- 50 100 
- 40 80 

no 

- 280 &80 
- 115 230 
- 80 180 

no 
- 330 850 
- 130 230 
- 90 170 

200 100 - no 
100 &0 -
70 35 -
- 2.6 1.5 MHz 
- 8.0 3.0 
- 8.0 4.0 

- - 15 ". 
- - 5 

- - 4 

440 220 - nl 
200 100 -
140 70 -
280 125 - no 
120 115 -
90 40 -
-5 -45 - na 
15 -15 -
20 -5 -



MC14518B-MC14520B 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Voo 

C QO Clock 

Ql Input 

CL 

CL 
CL 

Q 
'::" 

FIGURE 3 - TIMING DIAGRAM 

Clock ti. rt tl ~~ ~ ~ ~ ~ti 
II 12 1314 1618 1718 

-
Enable 

W- W- W- W- w-u ~~ ~ 
R .... 

I 2 3 4 5 8 7 8 9 0 I 2 3 • 6 6 7 8 9 0 

QO 

l- f- r- l- f- f- l- I- f- rt-- - r- l- I- r- l- I- f- f-

MC14618B 
Ql 

Q2 

Q3 

f- - r--l- f- f- f- -
- - 1-- l-I-

f- - r-h- II 
QO 

,!..2 ,!4 ,!8 r!. 8 r! 10 ~ 12 r!! I. ~O r!-~rL - l- I- - I- '- l- f- '-

Ql 
MC141120B 

f- - r--I- r- r-- I-r- i"""l.-- - '- - I-- t-t- '-I-

Q2 

Q3 
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MC14518B-MC14520B 

FIGURE 4 - DECADE COUNTER CMC1461881 LOGIC DIAGRAM 
11/2 OF DEVICE SHOWNI 

QO 01 02 

FIGURE 5 - BINARV COUNTER CMC1462OB1 LOGIC DIAGRAM 
11/2 OF DEVICE SHOWNI 

QO 01 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 en­
hancement mode devices in a monolithic structure. These complementary 
MOS logic gates find primary use where low power dissipation and/or high 
noise immunity is desired. 

This device provides three functions in one package; a 4-Bit AND/OR 
Selector, a Quad 2-Channel Data Selector, or a Quad Exclusive NOR 
Gate. 

• Diode Protection on All Inputs 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 

• Plug-In Replacement for CD4019 in Most Applications 

6-293 

MC145198 

CMOS MS. 

ILOW·POWER COMPLEMENTARY MOSI 

4-BIT AND/OR SELECTOR 

~.­
.r~WUI0fU u u 16~~H ~ ~ 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PL.ASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: -55DCto + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

TRUTH TABLE 

CONTROL INPUTS OUTPUT 

A B Zn 
0 0 0 
0 1 Yn 
1 0 Xn 
1 1 Xn~ Y n 

No",. 
Xn @) Vn mMnlXn (Exclullve-NOA) Yn 



II 

MC14519B 

MAXIMUM RATINGS' (Voltages Referenced to Vss) 

Symbol Parameter Valu. 

VOO OC Supply Voltage -0.5 to + 18.0 

Vin. Vout Input or Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 

lin. 'out Input or Output Current (DC or Transient). per Pin ±10 

Po Power Dissipation, per Packaget 500 

Tsta Storage Temperature -65 to +150 

TL Lead Temperature (8-Second Soldering) 260 

-Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mWfOC from 65°C to 85°C 

Ceramic "L" Package: -12mW/oC from 100°C to 125°C 

ELECTRICAL CHARACTERISTICS (Vo~ages Relerenced to VSS) 

Voo 
Tlow 

Characteristic Symbol Vdc Min Max 

Output Vottage "0" Level VOL 5.0 - 0.05 
Yin ~ VDD or a 10 - 0.05 

15 - 0.05 

"I" Level VOH 5.0 4.95 -
Yin ~ a orVDD 10 9.95 -

15 14.95 -
Input Voltage "a" Level VIL 

(Va ~ 4.5 or 0.5 Vde) 5.0 - 1.5 
(Va ~ 9.0 or 1.0 Vdc) 10 - 3.0 
(VA ~ 13.5 or 1.5 Vde) 15 - 4.0 

"I" Level VIH 
(Va ~ 0.5 or 4.5 Vde) 5.0 3.5 -
(VA ~ 1.0 or 9.0 Vde) 10 7.0 -
(Va ~ 1.5 or 13.5 Vde) 15 11.0 -

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 Vdc) 10 -1.6 -
(VOH ~ 13.5 Vde) 15 -4.2 -
(VOL ~ 0.4 Vde) Sink IOL 5.0 0.64 -
(VOL = 0.5 Vdc) 10 1.6 -
(VOL ~ 1.5 Vdc) 15 4.2 -

Output Drive Current (CLlCP 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 Vdc) Sink IOL 5.0 0.52 -
(VOL ~ 0.5 Vde) 10 1.3 -
(VOL = 1.5 Vde) 15 3.6 -

Input Current (AL Device) lin 15 - ±O.t 

Input Current (CLlCP Device) lin 15 - ±O.3 

Input Capacitance Cin - - -
(Vin ~ 0) 

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

15 - 20 

Quiescent CUrrent (CLlCP Device) 100 5.0 - 20 
(Per Package) 10 - 40 

15 - 80 

Total Supply Current"t IT 5.0 
(Dynamic plus QUiescent, 10 
Per Package) 15 
(CL = 50 pF on all outputs, 
all buffers switching) 

PIN ASSIGNMENT 

Unit 

V 

V 2 

mA 3 

mW 
4 

'C 
5 

'C 
6 

8 

25"<: Thl h' 

Min Typ# Max Min Max 

- a 0.05 - 0.05 
- a 0.05 - 0.05 
- a 0.05 - 0.05 

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

- 2.25 1.5 - 1.5 
- 4.50 3.0 - 3.0 
- 6.75 4.0 - 4.0 

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

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

-2.1 -4.2 - -1.7 -
-0.44 -0.88 - -0.36 -
-1.1 -2.25 - -0.9 -
-3.0 -B.B - -2.4 -
0.44 O.BB - 0.36 -
1.1 2.25 - 0.9 -
3.0 B.8 - 2.4 -
- ±O.OOOOI ±O.1 - ±1.0 

- ±O.OOOOI ±0.3 - ±1.0 

- 5.0 7.5 - -

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

- O.OOS 20 - 150 
- 0.010 40 - 300 
- 0.015 80 - 600 

IT ~ (1.2 p.AlkHz) I + 100 
IT ~ (2.4 p.AlkHz) I + 100 
IT ~ (3.6 p.AlkHz) I + 100 

*Tlow= -55"C for AL Device, -40"C for CUCP Device. 
Thigh"" + 125"C for AL Device, + 85"C for CLlCP Oevice. 

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

16 

15 

14 

13 

12 

11 

10 

9 

Unit 

Vdc 

Vdc 

Vde 

Vdc 

mAde 

mAde 

mAde 

mAde 

p.Ade 

p.Adc 

pF 

p.Adc 

p.Adc 

p.Ade 

#Data labelled "Typ" Is not to be used for design purposes but Is 
intended as an indication of the IC's potential performance. where: IT is In ~A (per package), CL In pF, V = (VOD - VSS) in volts, 

f in kHz is Input frequency, and k == 0.004. 
··'The formulas given are for the typical characteristics only at 25"C. 
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MC14519B 

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

Characteristic Symbol VDD Min Typ# Mox Unit 

Output Rise and Fall Time tTLH. ns 
ITlH. tTHl = (1.5 nsJpFI Cl + 25 ns tTHl 5.0 - 100 200 
ITlH. tTHl = (0.75 ns/pFI Cl + 12.5 ns 10 - 50 100 
tTLH. tTHl = (0.55 ns/pFI Cl + 9.5 ns 15 - 40 80 

Propagation Delay Time tPLH. n. 
tPLH. tpHL = (1.7 ns/pFI CL + 165 h' tpHL 5.0 - 250 500 
tpLH. tpHL = (0.66 ns/pFI CL + 82 10 - 115 226 
tPLH. tPHL = (0.5 ns/pFI CL + 65 ns 15 - 90 165 

-The formulas given are for the tYPical characteristics only at 25°C #Data labelled "Typ" is not to be used for deSign purposes but is 
Intended as an indication of the IC's potential performance. 

FIGURE 1 - DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

20 ns 20 ns 

•. ~:: 
50% Duty Cycle 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

~CL 

ZI 

;rL Outputs 

Z2 

lCL 

'THL 'TLH 
tPl~_ _ _ tpHl 

VOH 
Output 50% 

VOL 
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Data A 

Clock A 

Reset A 

Control A 

Control B 

Invert 

MC14519B 

TYPICAL CIRCUIT APPLICATIONS 

DATA REGISTER SELECTION COMPARISON 

.-------------------------------, 
I ~~~ : 

Oua' 4-Bit Aegister 

4-81t Register A 4-8it Register B 

X2 X3 VO VI 
A MC145198 

AND/OR Sel.cttExcl NOR 
B 

ZO ZI Z2 Z3 

r- -, 
I I MC14070B 

I 10uod 

I I Exclusive OR 
_..J 

00 01 02 03 
\ I 

V 

CONVERSION TABLE 

OPERATION 
CODE OUTPUT FUNCTION 

A B INV 00 01 02 03 

0 0 0 0 0 0 0 Inhibit, all zeros 

0 0 1 1 1 1 1 Inhibit,.U ones 

1 0 0 XO XI X2 X3 Control A 

1 0 1 XO XI X2 X3 Control A and Invert 

0 1 0 VO VI V2 V3 Control B 

0 1 1 YO - v2, v3 Control B and Invert VI 
1 1 0 XO@VO Xl<!>Vl X2<!>V2 X3@V3 Exclusive NOR 

1 1 1 XO (j) VO Xl(j)Vl X2(j)V2 X3(j)V3 E xelusive OR 

Oeta B 

Clock B 

ResetS 

This device contains protection circu"ry to guard against damage due to high static voltages or electric fields. However. 
precautions must be taken to avoid applications of any voltage higher than maximum rated voltages to this high-imped­
ance circuit. For proper operstion. Yin and Vout should be constrained to the range VSS .. (Vln or Vout) .. VOO' 
Unused inputs must always be tied to an appropriate logic voltage level (e.g .• either VSS or VOO). Unused outputs must 
be left open. 
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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. 

• 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 or One Low-power 
Schottky TTL Load over the Rated Temperature Range. 

MAXIMUM RATINGS' (Voltages Referenced to Vss) 

Symbof Parameter Value 

VOO DC Supply Voltage -0.5 to + 1B.O 

Vin • Vout Input or Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 

'In' 'out Input or Output Current (DC or TranSient), per Pin ±10 

Po Power Dissipation, per Packaget 500 

Tsto Storage Temperature - 65 to + 150 

TL Lead Temperature (S·Second Soldering) 260 

"MaXimum Ratings are those values beyond which damage to the deVice may occur. 
tTemperature Derating PlastiC "P" Package: - 12mW/"C from 65°C to 8See 

Ceramic "l" Package: -12mWI"C from 10QoC to 125"C 

6 
1"2 

BLOCK DIAGRAM 

Unit 

V 

V 

rnA 

rnW 

"C 

"C 

5 3 
Out 1 VOD' Vss' Out 2 

10 " 12 13 14 15 

MC14520B 
See Page 6·288 

MC145218 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOSI 

24-STAGE FREQUENCY DIVIDER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

PIN ASSIGNMENT 

OUTPUT 

Q18 
Q19 
Q20 
Q21 

Q22 

023 

024 

16 

15 

14 

13 

12 

11 

10 

9 

COUNT CAPACITY 

2'& = 262144 
2'9 =52."_ ... ' 
2 .. = 1,048,576 

222 - 2,097,152 
223 - 4,194,_ 
2 -8,388,_ 

2'" = 16,777,216 

This device contains protection circuitry to guard against damage due to high static voltages or electric fields. However, precautions 
must be taken to avoid applications of any voltage higher than maximum rated voltages to this high-Impedance circuit. For proper 
operation, Vin and Vout should 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). Unused outputs must be left open. 
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MC14521B 

ELECTRICAL CHARACTERISTICS (Vollag88 Referenced to VSS) 

Voo 

Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Yin = VDD or 0 10 

15 

"1" Level VOH 5.0 
Yin = 0 or VDD 10 

15 

Input Voltage "0" level V1L 
(VO = 4.5 or 0.5 Vdc) 5.0 
(VO = 9.0 or 1.0 Vdc) 10 
{YO = 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 Vdc) 10 
(VO = 1.5 or 13.5 Vdc) 15 

Output Dnve Current (Al Device) IOH 
(VOH = 2.5Vdc) Source 5.0 
IVOH = 4.6 Vdcl Pins4& 7 5.0 
IVOH = 9.5 Vdc) 10 
(VOH = 13.5 Vdcl 15 

(VOH = 2.5 Vdc) Source 5.0 
(VOH = 4.6 Vdc) Pins 1, 10, 5.0 
(VOH = 9.5 Vdc) 11,12,13,.14 10 
(VOH = 13.5 Vdc) and 15 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) Pins 4 & 7 5.0 
IVOH = 9.5 Vdc) 10 
(VOH = 13.5 Vdc) 15 

(VOH = 2.5Vdcl Source 5.0 
(VOH = 4.6 Vdc) Pins 1. 10, 5.0 
(VOH = 9.5Vdc) 11,12,13,14 10 
(VOH = 13.5 Vdc) and 15 15 

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

Input Current 
(AL Device) lin 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 (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 an outputs, 
all buffers switching) 

*Trow= -55"C for AL Device, -40"C for CLlCP Device. 
Thigh = + 125"C for AL Device, + 85"C for CUCP Device. 

Tlow 

Min 

-
-
-

4.95 
9.95 
14.95 

-
-
-

3.5 
7.0 

11.0 

-1.2 
-0.25 
-0.62 
-1.8 

-3.0 
-0.64 
-1.6 
-4.2 

0.64 
1.6 
4.2 

-1.0 
-0.2 
-0.5 
-1.4 

-2.5 
-0.52 
-1.3 
-3.6 

0.52 
1.3 
3.6 

-

-
-

-
-
-

-
-
-

*Data labelled "Typ" is not to be used for design purposes but Is 
intended as an indication of the IC's potential performance. 

··The formulas given are for the typical characteristics only at 25°C. 

. 25°C Thigh • 

Max Min Typ" Max Min Max Unit 

0.05 - 0 0.05 - 0.05 Vdc 
0.05 - 0 0.05 - 0.05 
0.5 - 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 
- -1.0 -1.7 - -0.7 -
- -0.2 -0.36 - -0.14 -
- -0.5 -0.9 - -·0.35 -
- -1.5 -3.5 - -1.1 -
- -2.4 -4.2 - -1.7 - mAdc 
- -0.51 -0.88 - -0.36 -
- -1.3 -2.25 - -0.9 -
- -3.4 -8.8 - -2.4 -
- 0.51 0.88 - 0.36 - mAdc 
- 1.3 2.25 - 0.9 -
- 3.4 8.8 - 2.4 -

mAdc 
- -0.8 -1.7 - -0.6 -
- -0.16 -0.36 - -0.12 -
- -0.4 -0.9 - -0.3 -
- -1.2 -3.5 - -1.0 -
- -2.1 -4.2 - -1.7 - mAdc 
- -0.44 -0.88' - -0.36 -
- -1.1 -2.25 - -0.9 -
- -3.0 -8.8 - -2.4 -
- 0.44 0.88 - 0.36 - mAdc 
- 1.1 2.25 - 0.9 -
- 3.0 8.8 - 2.4 -

± 
±0.1 - 0.00001 ±0.1 - ± 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 = (0.42 ~A/kHz) f + 100 ~Adc 

IT = (0.85 ~A/kHz) f + 100 
IT = (1.4 ~A/kHz) f + 100 

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

where: IT Is in p.A (per package). CL In pF. V = (VOO-VSS) in volts, ' 
f In kHz is input frequency, and k = 0.003. 
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MC14521B 

SWITCHING CHARACTERISTICS' (CL ~ 50 pF T A ~ 25°C) 

Characteristic Symbol 

Output Rise and Fall Time (Counter Outputs) trLH, tTHL 
trLH, trHL ~ (1.5 nsJpF) CL + 25 ns 
trLH, trHL ~ (0.75 nsJpF) CL + 12.5 ns 
trLH, trHL ~ (0.55 nsJpF) CL + 12.5 ns 

Propagation Delay Time tPHL, tPlH 
Clock to018 

tpHl, tPlH ~ (1.7 nsJpF) CL + 4415 ns 
tPHL, tPLH ~ (0.66 nsJpF) CL + 1667 ns 
tPHL, tPLH ~ (0.5 nsJpF) CL + 1275 ns 

Clock to 024 
tPHL, tPLH ~ (1.7 nsJpF) Cl + 5915 ns 
tPHL, tPLH ~ (0.66 nsJpF) Cl + 2167 ns 
tPHL, tpLH ~ (0.5 nsJpF) CL + 1675 ns 

Propagation Delay Time tPHL 
Reset to On 

tpHL ~ (1.7 nsJpF) CL + 1215 ns 
tPHL ~ (0.66 nsJpF) CL + 467 ns 
tPHL ~ (0.5 nsJpF) CL + 350 ns 

Clock Pulse Width tWH(cl) 

Clock Pulse Frequency lei 

Clock Rise and Fall Time trLH, trHL 

Reset Pulse Width tWH(R) 

Reset Removal Time trem 

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

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an indication of the IC's potential performance. 

Voo 
Vdc 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

Min Typ# Max Unit 

ns 
- 100 200 
- 50 100 
- 40 80 

,,"S 

- 4.5 9.0 
- 1.7 3.5 
- 1.3 2.7 

- 6.0 12 
- 2.2 4.5 
- 1.7 3.5 

ns 

- 1300 2600 
- 500 1000 
- 375 750 

385 140 - ns 
150 55 -
120 40 -
- 3.5 2.0 MHz 

- 9.0 5.0 
- 12 6.5 

- - 15 p.a 
- - 5.0 
- - 4.0 

1400 700 - ns 
600 300 -
450 225 -
30 -200 - ns 
0 -160 -

-40 -110 -

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

500"F 

In2 
018~0-------------------~ 

019r-0----------------, 

020~~--------------, 

0211--0-----------, 
0221--0-------..., 
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1 1--20 n. --1~ 20 n. 

~O% VOO 

Yin -'*1'°% 50% t 0 V 

--l 50% Duty Cycle 
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FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Voo' 

018 
In 2 019 

020 

021 

022 

'::" 

FIGURE 3 - CRYSTAL OSCILLATOR CIRCUIT 

Voo 

*Optional for low power operation. 
10 kQ .. R .. 70 kQ 

In 2 

90% 
an 50" I It'' J tPLH t-- tTLH 

FIGURE 4 - TYPICAL DATA FOR CRYSTAL 
OSCILLATOR CiRCUIT 

500 kHz 50 kHz 
CHARACTERISTIC CIRCUIT CIRCUIT 

Cry.al Characteristics 
Anona"t Frequency 500 50 
Equivalent Re,istanca, RS 1.0 6.2 

Externa' Resistor/Capacitor V.lues 
Ro 47 750 
CT 82 82 
Cs 20 20 

Frequency Stability 
Frequency Change a •• Function 

of VOO (T A - 25°C) 
VOO Clwngefrom 5.0 V to 10 V +6.0 +2.0 
VOO Change from 10 V to 15 V +2.0 +2.0 

Frequency Chang_ a •• Function 
of Temperll1ur. (Vog = 10 V) 
T A Change from -55 eta +2SoC 

MC,.s21 only -4.0 -2.0 
Complete Oscillator· +100 +120 

T A Change fro m + 25°C to + 12SoC 
MC14521 only -2.0 -2.0 
Complete OlCilletor· -160 -560 

• Complete olcillator Includ •• crystal, capeci1:ors, and resistor,. 
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UNIT 

kHz 

kU 

kU 
.. F 
.. F 

.... m 

.. pm 

.... m 

.... m 

.... m 
ppm 
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8.0 

~ 4. 0 
z 
c 

~ 
;:; 
c 

0 

~ -4.0 
ffi 
::> 

'" ~ -8.0 

-I 2 

-I 6 

FIGURE Ii - RC OSCILLATOR STABILITY - .. 1 Tilt Circuit 

r--- .A VOO-15V Figur.7 

~ ~ !----- r-=s. --- -.;.- ------ ----r-: 10~- ----- --- ---- ---~t--/ 7--- ----
5·i V

\ 

RTC-56kll. {_-RS-0.I-IO.15kHZIiIVOO-IOV. TA'2~ 
C- 1000 pF --- RS -120 kll. I -1.8 kHz'" Voo - 10 V. Til' 250 C 

-55 -25 25 50 15 100 125 

TA. AMBIENT TEMPERATURE (OCI. DEVICE ONLY 

FIGURE 7 - RC OSCILLATOR CIRCUIT 

Voo 

FIGURE 6 - RC OSCILLATOR FREQUENCY AS A 
FUNCTION OF RTC AND C 

0 10 

50 
VOO "lOV Test Circuit 

Figure 7 

~ 
~ 
ffi 

0 

0 

0_ flSafunction 15. 
" - olC 

0-(RTC=56kU) c 2. 

~ o -(RS-120k) _ 1. 

iii 
c O. 5 -' 

2 

I 

O. 

O·I.Ok 

0.0001 

...... f as a function _ 
olRTC ._ 

(C - 1000 pF) ~ 
(RS-2RTC) :: 

10k lOOk 
RTC. RESISTANCE (OHMS) 
0.001 0.01 

C. CAPACITANCE ",F) 

FIGURE 8 - FUNCTIONAL TEST CIRCUIT 

Voo 

l.om 

0.1 

FUNCTIONAL TEST SEOUENCE 

INPUTS OUTPUTS COMMENTS 

Reset In 2 Oul2 VSS' VOO' Q181huOO4 Counter i. in thr. a-stage 

I 0 0 VOO Gnd 0 
sections in parallel mod. 
Counter is reset. In 2 and 

A test function (see Figure 81 has been in- Out 2 ar. connected together 

cluded for the reduction of test time required to 
0 , 1 

First "0" to ", •• transition 

exercise all 24 counter stages. This test function on In2. Out 2 nod •• 

divides the counter into three 8-stage sections. 0 0 255 "0" to ."~. tr.nlitions 

and 255 counts are loaded in each of the 8-stage I 1 are clocked into this fn 2. 

- - Out2 nod •. 
sections in parallel. All flip-flops are now at a - -
logic ",". The counter is now returned to the - -
normal 24-stages in series configuration. One I , 1 The 255th "0" to "'" 

more pulse is entered into Input 2 (In 21 which transition. 

0 0 1 
will cau!1e the counter to ripple from an all 0 0 Gnd 1 
"1" state to an all "0" state. 

1 

Count. convwted beck to 
1 0 voo , 

24-st11g_ in ..,. ... moc:M. 

1 0 I 1 
Out 2 convert. ba. to an 
output. 

COunter ripples from an 
0 I 0 aU"1·· ... to .n.1I 

"0"_. 
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LOGIC DIAGRAM 

12 13 
Q20 Q21 

14 
Q22 

6-302 

15 
Q23 

1 
Q24 

Voo z Pin 16 
VSS= Pln8 
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PRESETTABLE 4-BIT DOWN COUNTERS 

The MC14522B BCD counter and the MC14526B binary counter 
are constructed with MOS P-channel and N-channel enhancement 
mode devices in a monolithic structure. 

These devices are presettable, cascadable, synchronous down 
counters with a decoded "0" state output for divide-by-N applica­
tions. In single stage applications the "0" output is applied to the 

rese na e mpu _ e asca e ee ac Inpu a ows casca e PtE bl' t Th C d F db k' t II d 
divide-by-N operation with no additional gates required_ The Inhibit 
input allows disabling of the pulse counting function_ Inhibit may 
also be used as a negative edge clock_ 

These complementary MOS counters can be used in frequency 
synthesizers, phase-locked loops, and other frequency division ap-
plications requiring low power dissipation and/or high noise 
immunity. 

• Supply Voltage Range = 3_0 Vdc to 18 Vdc 

• logic Edge-Clocked Design - Incremented on Positive Transi-
tion of Clock or Negative Transition of Inhibit 

• Asynchronous Preset Enable 

• Capable of Driving Two low-power TIL loads or One low-power 
Schottky TIL load Over the Rated Temperature Range 

MAXIMUM RATINGS· IVoltages Referenced to VSS) 

Symbol Parameter Value 

VOO OC Supply Voltage -0.5 to + IS.0 

Vln, Vout Input or Output Voltage (OC or Transient) - 0.5 to VOO + 0.5 

Iln,lout Input or Output Current (DC or Transient). per Pin ±10 

Po Power Dissipation, per Packaget 500 

Tlltll Storage Temperature -65 to +150 

TL Lead Temperature (S-Second Soldering) 260 

*Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: - 12mW/oC from 65°C to 85°C 

Ceramic "L" Package: -12mW/"C from 100"C to 125"C 

FUNCTION TABLE 

Input. Output R.sultlng 
Pre.et Ca.cade Function 

Clock A ... t Inhibit Enable Feedback "0" 

X H X L L L Asynchronous reset· 

X H X H L H Asynchronous reset 

X H X X H H Asynchronous reset 

X L X H X L Asynchronous preset 

J L H L X L Decrement inhibited 

~ L L L X L Decrement inhibited 

Unit 

V 

V 

mA 

mW 

"C 

"C 

"- L L L L L No change·· (inactive edge) 

H L ~ L L L No change·· (inactive edge) 

-.r L L L L L Decrement·· 

H L ~ L L L Decrement·· 

x = Don't Care 

Notes; 

• Output "0" is low when reset goes high only if PE and CF are low . 
•• Output "0" is high when reset is low, only if CF is high and count is 0000. 
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MC14522B 
MC14526B 

CMOS MSI 
I LOW-POWER COMPLEMENTARY MOSI 

PRESETTABLE 
4-BIT DOWN COUNTERS 

BCD - MC14622B 
Binary - MC14626B 

- -1 1 

L SUFFIX PSUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

A Series: - 55°C to + 125"C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40"C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

PIN ASSIGNMENT 

~ 

Ie:: Q3 VOO I:::l 16 
2e:: P3 Q2 ~t5 
3e:: PE P2 pt4 
4e:: Inhibit CF pt3 
5e:: PO "0" Pt2 
6e:: Clock P1 ptt 
7e:: QO Reset PtO 
Se:: VSS Q1 P9 

This device contains protection circuitry to 
guard against damage due to high slatic 
voltages or electric fields. However, precau-
tions must be taken to avoid applications of 
any voltage higher than maximum rated 
voltages to Ihis high-impedance circuit. For 
proper operation, Yin and Vout should be 
constrained to the range VSS "" (Vln or 
Voutl "" VOO-
Unused Inputs must always be tied 10 an ap­
propriale logic voltage level (e_g., either VSS 
or VOO). Unused outputs must be lel1 open . 
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MC14522B-MC14526B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

CharaCteristic Symbol 

Output Voltage "0" Level VOL 
Yin = VOO orO 

"1" Level VOH 
Yin = OorVOD 

Input Vol1age "0" Level VIL 
(VO = 4.5 or 0.5 Vdc) 
(VO = 9.0 or 1.0 Vdc) 
(VO = 13.5 or 1.5 Vdc) 

"1" Level VIH 
(Vo = 0.5 or 4.5 Vdc) 
(VO = 1.0 or 9.0 Vdc) 
(VO = 1.5 or 13.5 Vdc) 

Output Drive Current (AL Device) 10H 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vdc) 
(VOH = 13.5 Vdc) 

(VOL = 0.4 Vdc) Sink 10L 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdc) 

Output Drive Current (CUCP Device) 10H 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vdc) 
(VOH = 13.5 Vdc) 

(VOL = 0.4 Vdc) Sink 10L 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdc) 

Input Current (AL Device) lin 

Input Current (CUCP Device) lin 

Input Capacitance Gin 
(Vln = 0) 

Quiescent Current (AL Device) 100 
(Per Package) 

Quiescent Current (CUCP Device) 100 
(Per Package) 

Total Supply Current .. t IT 
(Dynamic plus Quiescent, 
Per Package) 
(CL = 50 pF on all outputs, 
all buffers switching) 

*Tlow'" -55"C for AL Device, -40°C for cuep Device. 
Thigh = + 125°C for AL Device, + 85°C for CLlCP Device. 

Voo 
Vdc 

5,0 
10 
15 

5.0 
10 
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 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Oat8 labelled "Typ" is not to be used for design purposes but is 
Intended 8S an Indication of the Ie's potential performance. 

"·The formulas given are for the typical characteristics only at 25°C. 

Tlow* 25"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 
- 1.5 - 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 - 3.5 2.75 - 3.5 -
7.0 - 7.0 5.50 - 7.0 -
11.0 - 11.0 8.25 - 11.0 -

mAdc 
-3.0 - -2.4 -4.2 - -1.7 -

-0.64 - -0.51 -0.88 - -0.36 -
-1.6 - -1.3 -2.25 - -0.9 -
-4.2 - -3.4 -8.8 - -2.4 -
0.64 - 0.51 0.88 - 0.36 - mAdc 
1.6 - 1.3 2.25 - 0.9 -
4.2 - 3.4 8.8 - 2.4 -

mAdc 
-2.5 - -2.1 -4.2 - -1.7 -

-0.52 - -0.44 -0.88 - -0.36 -
-1.3 - -1.1 -2.25 - -0.9 -
-3.6 - -3.0 -8.8 - -2.4 -
0.52 - 0.44 0.88 - 0.36 - mAdc 
1.3 - 1.1 2.25 - 0.9 -
3.6 - 3.0 8.8 - 2.4 -
- ±O.1 - ±0.00001 ±0.1 - ±1.0 /LAdc 

- ±0.3 - ±0.00001 ±O.3 - ±1.0 pAdc 

- - - 5.0 7.5 - - pF 

- 5.0 - 0.005 5.0 - 150 pAdc 
- 10 - 0.010 10 - 300 
- 20 - 0.Q15 20 - 600 

- 20 - 0.005 20 - 150 pAdc 
- 40 - 0.010 40 - 300 
- 80 - 0.Q15 80 - 600 

IT = (1.7 pAlkHz) f + 100 pAdc 
IT = (3.4 pAlkHz) f + 100 
IT = (5.1 p.A.lkHz) f + 100 

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

6-304 

where: IT Is in .... A (per package). CL in pF. V = (VOO - VSS) in volts, 
f in kHz is Input frequency. and k = 0,001. 



MC14522B-MC14526B 

SWITCHING CHARACTERISTICS' (CL -50 pF TA-25"C) - -
Characteristic Symbol 

Output Rise and Fall Time tTLH, 
tTLH' tTHL - (1.5 ns/pF) CL + 25 ns tTHL 
iTLH' tTHL - (0.75 ns/pF) CL + 12.5 ns (Figures 4, 5) 
tTLH, tTHL - (0.55 ns/pF) CL +9.5 ns 

Propagation Delay Time (Inhibit Used as Negative- tPLH, 
Edge Clock) 

tpHL 
Clock or Inhibit to Q (Figures 4, 5, 6) 

tpLH' tpHL - (1.7 ns/pF) CL + 465 ns 
tpLH' tpHL - (0.66 ns/pF) CL + 197 ns 
tpLH, tpHL - (0.5 ns/pF) CL + 135 ns 

Clock or Inhibit to "0" 
tpLH, tpHL - (1.7 ns/pF) CL + 155 ns 
tpLH' tpHL - (0.66 ns/pF) CL + B7 ns 
tpLH, IpHL - (0.5 ns/pF) CL + 65 ns 

Propagation Delay Time tpLH, 
Pn to Q tpHL 

(Figures 4, 7) 

Propagation Delay Time tpHL 
Reset to a 

(Figure B) 

Propagation Delay Time tPHL, 
Preset Enable to "0" tpLH 

(Figures 4, 9) 

Clock or Inhibit Pulse Width tw 

(Figures 5, 6) 

Clock Pulse Frequency (with PE - low) fmax 

(Figures 4, 5, 6) 

Clock or Inhibit Rise and Fall Time tr , 
tf 

(Figures 5. 6) 

Setup Time tsu 
Pn to Preset Enable 

(Figure 10) 

Hold Time th 
Preset Enable to Pn 

(Figure 10) 

Preset Enable Pulse Width tw 

(Figure 10) 

Reset Pulse Width tw 

(Figure B) 

Reset Removal Time trem 

(Figure B) 

"The formulas given are for the typical characteristiCS only at 25°C. 

#-Data labelled "Typ" is not to be used for design purposes but is 
Intended as an indication of the IC's potential performance. 
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VDD 

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 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

Min Typ # Max Unit 

ns 
- 100 200 
- 50 100 
- 40 80 

ns 

- 550 1100 
- 225 450 
- 160 320 

- 240 480 
- 130 260 
- 100 200 

- 260 520 ns 
- 120 240 
- 100 200 

- 250 500 ns 
- 110 220 
- BO 160 

- 220 440 ns 
- 100 200 
- 80 160 

250 125 - ns 
100 50 -
80 40 -
- 2.0 1.5 MHz 
- 5.0 3.0 
- 6.6 4.0 

- - 15 !,-S 

- - 5 
- - 4 

90 40 - ns 
50 15 -
40 10 -
30 -15 - ns 
30 -5 -
30 0 -

250 125 - ns 
100 50 -
BO 40 -

350 175 - ns 
250 125 - II 
200 100 -
10 -110 - ns 
20 -30 -
30 -20 -
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FIGURE 1 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS TEST CIRCUIT 

.--____ -¢VDD - -VGS 

Q3 I--<>-----.J 
+---C>---!Inhiliit 

t---C>----1Clock "0" 

L-------oVSS 

FIGURE 3 - POWER DISSIPATION 

VDD 
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FIGURE 2 - TYPICAL OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 

+--<>---lP2 
+--<>---lP3 

VDD - VGS 

QO 

Ql 

+---o--iReset Q3 f---<>------l 
t---C>----11 nh ibit 

t---C_--1Clock "0" 

L-------oVSS 

FIGURE 4 - TEST CIRCUIT 

Device 

Under 

Test 

Q or "0" 

Test Point 

·Includes all probe and jig capacitance. 
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SWITCHING WAVEFORMS 

FIGURE 5 FIGURE 8 

Voo -- VOO 

Vss 
'----- VSS 

Any Q 

or "0" 

FIGURE 7 FIGURE 8 

-- VOO --VOO 
Any P 

Reset 

VSS VSS 

AnyQ 
Any Q 50% 

II trem 

-1 voo 
Clock 

VSS 

FIGURE 9 FIGURE 10 

If Valid 

-- VOO VOO 

Any P 

VSS VSS 

--Preset 
VOO 

"0" Enable 50% 

VSS 
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MC145228eMC145268 

PIN DESCRIPTIONS 

Preset Enable (Pin 3) - If Reset is low, a high level 
on the Preset Enable input asynchronously loads the 
counter with the programmed values on PO, P1, P2, and 
P3. 

Inhibit (Pin 4) - A high level on the Inhibit input pre­
vents the Clock from decrementing the counter. With 
Clock (pin 6) held high, Inhibit may be used as a negative 
edge clock input. 

Clock (Pin 6) - The counter decrements by one for 
each rising edge of Clock. See the Function Table for level 
requirements on the other inputs. 

Reset (Pin 10) - A high level on Reset asynchro­
nously forces 00, 01, 02, and 03 low and, if Cascade 
Feedback is high, causes the "0" output to go high. 

"0" (Pin 12) - The "0" (Zero) output issues a pulse 
one clock period wide when the counter reaches terminal 
ccunt (00 = 01 = 02 = 03 = low) if Cascade Feedback 
is high and Preset Enable is low. When presetting the 

counter to a value other than all zeroes, the "0" output is 
valid after the rising edge of Preset Enable (when Cas­
cade Feedback is high). See the Function Table. 

Cascade Feedback (Pin 13) - If the Cascade 
Feedback input is high, a high level is generated at the 
"0" output when the count is ali zeroes. If Cascade 
Feedback is low, the "0" output depends on the Preset 
Enable input level. See the Function Table. 

PO, P1, P2, P3 (Pins 5, 11, 14, 2) - These are the 
preset data inputs. PO is the LSB. 

QO, Q1, Q2, Q3 (Pins 7, 9, 15, 1) - These are the 
synchronous counter outputs. 00 is the LSB. 

VSS (Pin 8) - The most negative power supply poten­
tial. This pin is usually ground. 

VDD (Pin 16) - The most positive power supply po­
tential. VDD may range from 3 to 18 V with respect to 
VSS· 

STATE DIAGRAMS 

MC14522B MC14526B 
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MC14522B LOGIC DIAGRAM (BCD Down Counter) 
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APPLICATIONS INFORMATION 

Dlvlde-By-N, Single Stag. 

Figure 11 shows a single stage divide-by-N applica­
tion. The MC14522B (BCD version) can accept a 
number greater than 9 and count down iii binary fash­
ion. Hence, the BCD and binary single stage divide­
by-N counters (as shown in Figure 11) function the 
same. 

To initialize counting a number, N is set on the par­
allel inputs (PO, P1, P2, and P3) and reset is taken 
high asynchronously. A zero is forced into the master 
and slave of each bit and, at the same time, the "0" 
output goes high. Because Preset Enable is tied to the 
"0" output, preset is enabled. Reset must be released 
while the Clock is high so the slaves of each bit may 
receive N before the Clock goes low. When the Clock 
goes low and Reset is low, the "0" output goes low (if 
PO through P3 are unequal to zero). . 

The counter downcounts with each rising edge of 
the Clock. When the counter reaches the zero state, 
an output pulse occurs on "0" which presets N. The 
propagation delays from the Clock's rising and falling 
edges to the "0" output's rising and falling edges are 
about equal, making the "0" output pulse approxi­
mately equal to that of the Clock pulse. 

The Inhibit pin may be used to stop pulse counting. 
When this pin is taken high, decrementing is inhibited. 

Cascaded, Pre •• Hable Dlvlde-By-N 

Figure 12 shows a three stage cascade application. 
Taking Reset high loads N. Only the first stage's 
Reset pin (least significant counter) must be taken 
high to cause the preset for all stages, but all pins 
could be tied together, as shown. 

When the first stage's Reset pin goes high, the "0" 
output is latched in a high state. Reset must be re­
leased while Clock is high and time allowed for Preset 
Enable to load N into all stages before Clock goes 
low. 

When Preset Enable is high and Clock is low, time 
must be allowed for the zero digits to propagate a 
Cascade Feedback to the first non-zero stage. Worst 
case is from the most significant bit (M.S.B.) to the 
L.S.B., when the L.S.B. is equal to one (i.e. N = 1). 

After N is loaded, each stage counts down to zero 
with each rising edge of Clock. When any stage 
reaches zero and the leading stages (more significant 
bits) are zero, the "0" output goes high and feeds 
back to the preceding stage. When all stages are 
zero, the Preset Enable automatically loads N while 
the Clock is high and the cycle is renewed. 

FIGURE 11 - +N COUNTER 
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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. 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• 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· (Vollages Referenced 10 VSS) 

Symbol. Parameter Value 

VDD DC Supply Voltage -0.510 + lB.O 

Vin. Vout Inpul or Oulput Voltage (DC or Translenl) - 0.5 to VDD + 0.5 

lin. lout Input or Output Current (DC or Transient). per Pin ±10 

Po Power Dissipation. per Packaget 500 

Tsta Storage Temperature -65 to +150 

TL Lead Temperature (8-Second Soldering) 260 

*Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperalure Derating: Plaslic "P" Package: - 12mWrC from 65·C 10 85·C 

Ceramic "L" Package: -12mW/oC from 100°C to 125°C 

TRUTH TABLE 

OUTPUT 

. ~OGIC Ll!VI!L 

Unit 

V 

V 

mA 

mW 

·C 

·C 

INPUTS NUMBER OF PULSES 

No. of 
0" C B A Clock Pulses Ein STROBE CASCADE CLEAR SET OUT OUT Eoul "9" 

0 0 0 0 10 0 0 0 0 0 0 I , , 
0 0 0 , '0 0 0 0 0 0 , , , I 
0 0 1 0 '0 0 0 0 0 0 2 2 , , 
0 0 ~, 

, 
'0 0 0 0 0 0 3 3 , , 

0 , 01 '0 0 0 0 0 0 4 4 , , 
0 , 0 , 

'0 0 0 0 0 0 • • , , 
0 , , 0 '0 0 0 0 0 0 6 6 , , 
0 , , , 

'0 0 0 0 0 0 7 7 , , , 0 0 0 10 0 0 0 0 0 8 8 , , , 0 0 , '0 0 0 0 0 0 9 • , , , 0 • 0 '0 0 0 0 0 0 8 8 , , 
1 0 , , 

'0 0 0 0 0 0 9 9 , , , , 0 0 10 0 0 0 0 0 8 8 , , , , 0 , '0 0 0 0 0 0 9 9 , , , , I 0 '0 0 0 0 0 0 8 8 , , , , , , 
'0 0 0 0 0 0 • 9 , , 

x x X X '0 
, 0 0 0 0 

x X " X '0 0 , 0 0 0 0 I , , 
x x x lit '0 0 0 , 0 0 1 0 , , , x x x '0 0 0 0 , 0 '0 '0 1 0 
0 x x X 10 0 0 0 , 0 0 1 1 0 
X X X X '0 0 0 0 0 , 0 , 0 I 

x = Oont Care 
*0 = Most Significant Bit 
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CMOS MS. 
(LOW·POWER COMPLEMENTARV MOS) 

BCD RATE MULTIPLIER 

,~-'6"lm~n ~ ~ 
L SUFFIX 1 

CERAMIC PACKAGE 
CASE 620 P SUFFIX 

PLASTIC PACKAGE 
CASE 648 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40~C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

BLOCK DIAGRAM 
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MC14527B 

ELECTRICAL CHARACTERISTICS (Voltages Relerenced to VSS) 

VDD Tlow' 25'C Thl h' 

Characteristic Symbol Vdc Min Max Min Typ# Max Min Max 

Output Voltage "0" Level VOL 5.0 - 0.05 - 0 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 -
Yin ~ 0 or VDD 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -
Input Voltage "0" Level VIL 

(VO ~ 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5 - 1.5 
(VO ~ 9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0 
(VO ~ 13.5 or 1.5 Vdc) 15 - 4.0 - 6.75 4.0 - 4.0 

"1" Level VIH 
(VO ~ 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 -
(VO ~ 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(VO ~ 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) IOH 
(VOH ~ 2.5 Vdc) 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 -
(VOH ~ 13.5 Vdc) 15 -4.2 - -3.4 -8.8 - -2.4 -
(VOL ~ 0.4 Vdc) Sink IOL 5.0 0.64 - 0.51 0.88 - 0.36 -
(VOL ~ 0.5 Vdc) 10 1.6 - 1.3 2.25 - 0.9 -
(VOL ~ 1.5 Vde) 15 4.2 - 3.4 B.8 - 2.4 -

Output Drive Current (CL/CP Device) IOH 
(VOH ~ 2.5 Vdc) Source 5.0 -2.5 - -2.1 -4.2 - -1.7 -
(VOH ~ 4.6 Vdc) 5.0 -0.52 - -0.44 -0.88 - -0.36 -
(VOH ~ 9.5 Vdc) 10 -1.3 - -1.1 -2.25 - -0.9 -
(VOH ~ 13.5 Vdc) 15 -3.6 - -3.0 -8.8 - -2.4 -
(VOL ~ 0.4 Vdc) Sink IOL 5.0 0.52 - 0.44 0.88 - 0.36 -
(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 Current (AL Device) lin 15 - :to.1 - "'0.00001 ±O.1 - "'1.0 

Input Current (CL/CP Device) lin 15 - "'0.3 - "'0.00001 "'0.3 - "'1.0 

Input Capacitance Cin - - - - 5.0 7.5 - -
(Vin ~ 0) 

Quiescent Current (AL Device) 100 5.0 - 5.0 - 0.005 5.0 - 150 
(Per 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 
(Per Package) 10 - 40 - 0.010 40 - 300 

15 - 80 - 0.015 80 - 600 

Total Supply Current"t IT 5.0 IT ~ (0.85 ,.AJkHz) 1 + 100 
(Dynamic plus Quiescent, 10 IT ~ (1.75 ,.AJkHz) 1 + 100 
Per Package) 15 IT ~ (2.6 /LA/kHz) 1 + 100 
(CL ~ 50 pF on all outputs, 
all buffers switching) 

"T,OW = - 55°C for Al Device, - 40°C for CLlCP Device. 
Thigh = + 125°C for AL Device, + 85°C for CL/CP Device. 

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

Unit 

Vdc 

Vdc 

Vde 

Vdc 

mAdc 

mAde 

mAdc 

mAdc 

".Adc 

pAdc 

pF 

/LAde 

".Adc 

pAdc 

#Data labelled "Typ" is not to be used for design purposes but IS 
intended as an indication of the IC's potential performance. where: IT is in ~A (per package), CL In pF. V = (VOO- VSS) in volts, 

f in kHz is input frequency, and k = 0.0012. 
UThe formulas given are for the typical characteristics only at 25°C. 

This device contains protection circuitry to guard against damage due to high 
static voltages or electric fields. However, precautions must be taken to avoid 
applications 01 any voltage higher than maximum rated voltages to this hlgh­
impedance circuit. For proper operation, Yin and Vout should 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). Unused outputs must be left open. 
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MC14527B 

SWITCHING CHARACTERISTICS· ICL' 50 pF TA· 25°C} 

Ch_lotic 

Output Rise and Fall Time 
'TLH. 'THL = (1.5 ns/pF} CL + 25 ns 
'TLH. 'THL = (0.75 ns/pF} CL + 12.5 n. 
'TLH •• THL = (0.55 ns/pF} CL + 9.5 n. 

Propagation Delay Time 
Clock.o Ou. 

tPLH, tPHL • 11.7 ns/pF} CL + 115 ns 
'PLH, tpHL ~ 10.66 ns/pF} CL + 67 ns 
tpLH, tpHL • (0.5 ns/pF} CL + 45 ns 

Clock to Out 
tPLH, tPHL • (1.7 ns/pF} CL + 40 ns 
tpLH, tpHL' (0.66 ns/pF} CL + 32 ris 
tPLH, tpHL • (0.5 ns/pF} CL + 20 ns 

Clock to Eout 
tpLH, tpHL • (1.7 ns/pF} CL + 210 ns 
tpLH, tpHL • (0.66 ns/pF} CL + 97 ns 
tpLH, tPHL • 10.5 ns/pF} CL + 60 ns 

Clock to '11" 

tpLH, tpHL' 11.7 ns/pF} CL + 315 ns 
tPLH, tpHL • (0.66 ns/pF} CL + 122 ns 
'PLH, 'PHL = (0.5 ns/pF} CL + 85 ns 

Set or Clear to Out 
• tpHL· 11.7 ns/pF} CL + 295 ns 
'PHL' (0.66 ns/pF} CL + 132 ns 
'PHL· (0.5 n./pF} CL + 85 ns 

C_toOut 
'PHL = 11_7 ns/pF} CL +4On. 
'PHL' (0.66 ns/pF} CL + 32 ns 
'PHL = (0.5 ns/pF} CL + 20 ns 

Strobe to Out 
tpHL' (1.7 ns/pF} CL + 145 ns 
tPHL' (0.66 n./pF} CL + 72 ns 
tpHL • (0.5 ns/pF} CL + 45 ns 

Clock PulIS Width 

Clock PulIS Frequencv 

Clock Pulse Rise and Fell Time 

Set or Clear PulIS Width 

Set Removal Time 

Enable In Setup Time 

*The formulas given are for the typical characteristics only at 25°C. 
#Data labelled "Typ" is not to be used for design purposes but is 

intended as an Indication of the IC's potential performance. 

Symbol 

tTLH. 
tTHL 

'PHL, 
'PHL 

tPLH, 
tpHL 

tpLH, 
tPHL 

tpLH, 
tpHL 

'PHL 

tPLH 

tpLH 

'WH 

fcl 

'TLH, 
'THL 

'WH 

'rem 

lou 
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Voo 

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 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

Min Typ# Molt Unit 

ns 
- 100 200 

50 100 -
40 80 -

ns 

- 200 400 
- 100 200 
- 70 140 

--- ns 
- 125 250 
- 65 130 
- 45 90 

ns 
- 295 590 
- 130 260 
- 85 170 

ns 
- 400 800 
- 155 310 

- 110 220 

n • 
- 389 760 
- 165 330 
- 110 220 

ns 

- 125 250 

- 65 130 

- 45 90 
ns 

- 230 260 
- 105 210 
- 70 140 

500 250 ns 
200 110 -
150 80 -
- 2.0 1.2 MHz 
- 4.5 2.5 

- 6.0 3.5 

- - 15 ,.. 
- - 5 
- - 4 

240 sO - ns II 
100 35 -
75 30 -
0 -20 - ns 
0 -10 -
0 -7.5 -

400 175 - ns 
150 80 -
120 45 -
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MC14527B 

FIGURE 1 - TEST CIRCUIT AND TIMING DIAGRAM 

Voo 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
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MC145278 

FIGURE 3 - POWER DISSIPAnON TEST CIRCUIT AND WAVEFORM 
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MC14527B 

FIGURE 4 - TWO MC14&2780 IN CASCADE WITH PRESET NO. of 84 
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DUAL MONOSTABLE MUL TIVIBRATOR 

The MC1452BB is a dual, retriggerable, resettable monostable 
multivibrator. It may be triggered from either edge of an input pulse, and 
produces an output pulse over a wide range of widths, the duration of 
which is determined by the external timing components, Cx and RX' 

• Separate Reset Available 

• 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 or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 

• Pin-far-Pin Replacement with the MC1453BB and MC1454BB. 

MAXIMUM RATINGS' (Voltages Referenced to VSS) 

Symbol Perameter V.lu. 

VOO DC Supply Voltage -0.5 to + 18.0 

Vin. Vou1 Input or Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 

lin, lout Input or Output Current (DC or TranSient). per Pin ±10 

Po Power Dissipation, per Packaget 500 

Tstg Storage Temperature -65 to + 150 

h Lead Temperature (S·Second Soldering) 260 

'"Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: - 12mWrC from 65°C to 85°C 

Ceramic "L" Package: -12mW'·C from 100·C to 12S·C 

THE MC145288 IS 
NOT RECOMMENDED FOR NEW DESIGNS 

ONE-SHOT SELECTION GUIDE 

100 ns I ~s 10 P.s 100 .... s I ms 10 ms 100 ma I s 10 s 

Unit 

V 

V 

mA 

mW 

·C 

·C 

MCI4528B <l [, ! f f I I I j'~" 
MCI4538B 

MCI4538B 

MCI4541B 

MCI4548B lE 
HC4538- <l 

)( 5 min. 

-LIMITED OPERATING VOLTAGE (2·6V) 

Total Output Pulse Width Range <I Co 

Recommended Pulse Width Range '>E ~ 
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MC14528B 

CMOS MS. 

(LOW·POWER COMPLEMENTARY MOS) 

DUAL 
RETRIGGERABLE/RESETTABLE 
MONOSTABLE MUL TIVIBRATOR 

-,~ 16 I fl{l(1f U u u u 6r:iN1~ n ~ II 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: - 55"C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: -40"C to +85"C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

A1 

B1 

BLOCK DIAGRAM 

R~t11~3~--------~ 

VOO~Pin 16 
VSS=Pin 1, Pin 8, Pin 15 
AX and eX are external components 

II 
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MC14528B 

ELECTRICAL CHARACTERISTICS (Voltages Relerenced to VSS) 

VDD Tlow' 25'C Thigh' 

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 ~ 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 
Yin ~ 0 or VOO 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -
Input Voltage "0" Level VIL Vdc 

(Va ~ 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 Vdc 
(VO ~ 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 -
(VO ~ 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(VO ~ 1.5 or 13.5 Vdc) 15 11.0 - It.O 8.25 - 11.0 -

Oulput Drive Current (AL Device) IOH mAdc 
(VOH ~ 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -
(VOH ~ 4.6 Vdc) 5.0 -0.64 - -0.51 -0.88 - -0.36 -
(VOH ~ 9.5 Vdc) 10 -1.6 - -1.3 -2.25 - -0.9 -
(VOH ~ 13.5 Vdc) 15 -4.2 - -3.4 -8.8 - -2.4 -
(VOL ~ 0.4 Vdc) Sink IOL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc 
(VOL ~ 0.5 Vdc) 10 1.6 - 1.3 2.25 - 0.9 -
(VOL ~ 1.5 Vdc) 15 4.2 - 3.4 B.8 - 2.4 -

Oulput Drive Current (ClICP Device) IOH' mAdc 
(VOH ~ 2.5 Vdc) Source 5.0 -1.0 - -0.8 -0.7 - -0.6 -
(VOH ~ 4.6 Vdc) 5.0 -0.52 - -0.44 -0.88 - -0.36 -
(VOH ~ 9.5 Vdc) 10 -1.3 - -1.1 -2.25 - -0.9 -
(VOH ~ 13.5 Vdc) 15 -3.6 - -3.0 -8.8 - -2.4 -
(VOL ~ 0.4 Vdc) Sink IOL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc 
(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 Current (AL Device) lin 15 - ±O.1 - ±O.OOOOI ±0.1 - ±1.0 pAdc 

Input Current (ClICP Device) lin 15 - ±0.3 - ±O.OOOOI ±O.3 - ±1.0 p.Adc 

Input Capacitance Cln - - - - 5.0 7.5 - - pF 
(Vin ~ 0) 

Quiescent Current (AL Device) 100 5.0 - 5.0 - 0.005 5.0 - 150 p.Adc 
(Per Package) 10 - 10 - 0.010 10 - 300 

15 - 20 - 0.015 20 - 600 

Quiescent Current (ClICP Device) 100 5.0 - 20 - 0.005 20 - 150 p.Adc 
(Per Package) 10 - 40 - 0.010 40 - 300 

15 - 80 - 0.015 80 - 800 

"Total SUpply Current at an external IT - IT(CL, CX) ~ [(CL + 0.36Cx)VOOf + 2xl0-8 RXCX(VOO-2)2ij x 10-3 
load Capecltance (CLl and at where: IT in p.A (per clrcuH), CL and Cx in pF, RX in megohms, 
extemal timing capecitance (Cx), 
use the formula -

°Tlow = -SSoC for AL Device, .... OoC for CL/CP Device. 
Thigh = +12SoC for AL Device. +85OC for CL/CP Device. 

... The formulas given are 'or the typical characteristics only at 25°C. 

#Data labelled "Typ" Is not to be used for design purposes but is 
Intended as an indication of the IC's potential performance. 

This device contains protection circuitry to guard against damage due to high 
static voltages or electric fields. However, precautions must be taken to avoid 
applications of any voltage higher than maximum rated voltages to this high­
impedance circuit. For proper operation, Yin and Vout should 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). Unused outputs must be left open. 
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VOO in Vdc, f in kHz is input frequency. 

PIN ASSIGNMENT 

Vss VOO 

ex1/ Rx 1 VSS 

ReSei1 Cx2jRX2 

Al Reset 2 

B1 A2 

Q1 B2 

ill 02 

VSS Q2 



MC14528B 

SWITCHING CHARACTERISTlCS~ (CL = 50 pI': TA = 25°C) 

Characteristic Symbol Cx 
pF 

Output Rise and Fall Time trLH, -
trLH, tTHL = (1.5 nslpF) CL + 25 ns trHL 
trLH, trHL = (0.75 nslpF) CL + 12.5 ns 
trLH, trHL = (0.55 nslpF) CL + 9.5 ns 

Turn-Off, Turn-On Delay Time - A or B to Q or Q tPLH, 15 
tPLH, tPHL = (1.7 nslpF) CL + 240 ns tPHL 
tPLH, tPHL = (0.66 nslpF) CL + 87 ns 
tPLH, tPHL = (0.5 nslpF) CL + 65 ns 

Tum-Off, Turn-On Delay Time - A or B to Q or Q tPLH, 1000 
tPLH, tpHL = (1.7 nslpF) CL + 620 ns tPHL 
tPLH, tPHL = (0.66 nslpF) CL + 257 ns 
tPLH, tPHL = (0.5 nslpF) CL + 185 ns 

Input Pulse Width - A or B twH 15 

twL 1000 

Output Pulse Width - Q or Q tw 15 
(For Cx < 0.01 ,..F use graph for appropriate VOO leve!.) 

Output Pulse Width - Q or Q tw 10,000 
(For eX > 0.01 ,..F use formula: 

tw = 0.2 RX Cx Ln [VOO - VSS])t 

Pulse Width Match between Circuits in the same package tl - t2 10,000 

Reset Propagation Delay - Reset to Q or Q tpLH, 15 
tPHL 

1000 

Retrigger Time trr 15 

1000 

External Timing Resistance RX -
External Timing Capacitance Cx -

RX is in Ohms, Cx is in farads, VOO and VSS in volts, PWaut in seconds. 
• If CX:> 15 I1F, Use Discharge Protection Diode OX, per Fig. 9. 

"·The formulas given are tor the typical characteristics only at 2S"C. 

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an indication of the IC's potential performance. 

Reset 

H 
H 

H 
H 

H 
H 

L 
"\..of 
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RX VDD Min Typ# Max Unit 
kG Vdc 

- ns 
5.0 - 100 200 
10 - 50 100 
15 - 40 80 

5.0 ns 
5.0 - 325 650 
10 - 120 240 
15 - 90 160 

10 ns 
5.0 - 705 -
10 - 290 -
15 - 210 -

5.0 5.0 150 70 - ns 
10 75 30 -
15 55 30 -

10 5.0 - 70 - ns 
10 - 30 -
15 - 30 -

5.0 5.0 - 550 - ns 
10 - 350 -
15 - 300 -

10 5.0 15 30 45 ,..s 
10 10 50 90 
15 15 55 95 

10 5.0 - 6.0 25 % 
10 - 8.0 35 
15 - 8.0 35 

5.0 5.0 - 325 600 ns 
10 - 90 225 
15 - 60 170 

10 5.0 - 1000 - ns 
10 - 300 -
15 - 250 -

5.0 5.0 0 - - ns 
10 0 - -
15 0 - -

10 5.0 0 - - ns 
10 0 - -
15 0 - -

- - 5.0 - 1000 k.!l 

- - NO Limits* ,..F II 
FUNCTION TABLE 

Inputs Outputs 

A B Q Q 

J H .Il V 
L "\.. .Il V 

of "'- L Not Triggered 
H of'"\. Not Triggered 

L, H,"\.. H Not Triggered 
L L, H,J Not Triggered 

X X L H 
X X Not Triggered 
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FIGURE 1 - OUTPUT SOURCE CURRENT TEST CIRCUIT FIGURE 2 - OUTPUT SINK CURRENT TEST CIRCUIT 

FIGURE 3 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 

Voo 

500pF 

RX Ax' 

o---+-<l....-j A 

s 

r-+--o--l A' 

Q /-0------, 

o t-o-__ ..,CL I 
Q' ........ t>---,CL I ':' 

cLI ':' 

'----,--...... 
CLJ ':' 

'-______ ~ Vss 

20 ns 

Voo 

Duty Cycle =: 50% 

FIGURE 4 - AC TEST CIRCUIT 

Voo 

RX RX' 
·eX'" 15 pF 
·CL" 15 pF 
RX = 5.0kO 

A 

S Q 

RiSei 0 CL* 

A' Q' CLJ 

S· O· CLJ 

ReSet' CL* 

VSS 
":' 
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INPUT CONNECTIONS 

CHARACTERISTICS 

tpLH.tpHL' tTL.H, tTHL 

tw 

tpLH.tpHL' tTLH. tTHL 
tw 

tpLI'IIRI.tpHLIRI. tw 

-. ncludes capacitance of probes, 
wiring, and fixture parasitic. 

NOTE. AC t .. t waveforms 
for PG1, PG2. and PG3 on 
next page. 

Reset A B 

VOO PGI voo 

VOO VSS PG2 

PG3 PGI PG2 

PGI=~ 

PG2=~ 

PG3=~ 
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FIGURE 5 - AC TEST WAVEFORMS 

Voo 
50,. 

A Vss 
'WH 

B __ ~~ ________ ~ Voo 

Vss 

Res.rt----~------------~~--------------~~~ Voo 

Vss 
'WL 

a 

'------ VOL 

FIGURE 6 - PULSE WIDTH versus Cx 

Cx. EXTERNAL CAPACITANCE (pFJ 
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FIGURE 7 - RETRIGGERABLE 
MONOSTABLES CIRCUITRY 

VOO 

FIGURE 9 - USE OF A DIODE TO LIMIT 
POWER DOWN CURRENT SURGE 

VDD 

MC14528B 

TYPICAL APPLICATIONS 

FIGURE 8 - NON-RETRIGGERABLE 
MONOSTABLES CIRCUITRY 

Voo 

Voo 

FIGURE 10 - CONNECTION OF UNUSED SECTIONS 

NC 

NC 

NC 
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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'-01-4 or a binary to 1-01-8 decoder. 

• Data Paths Are Bidirectional 

• 3-State Outputs 

• Linear "On" Resistance 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load over the Rated Temperature Range. 

MAXIMUM RATINGS' (Voltages Referenced to vss) 

SymbDI Parameter Value Unit 

VOO OC Supply Voltage -0.5 to + 18.0 V 

V,", Voul Input or Output Voltage (OC or TranSient) - 0.5 to VOO + 0.5 V 

1m, lout Input or Output Current (DC or Transient). per Pin "10 

Po Power DiSSipation. per Packaget 500 

Tsto Storage Temperature -65 to + 150 

TL lead Temperature (a-Second Soldering) 260 

"MaXimum Ratings are those values beyond which damage to the deVice may occur 
tTemperature Derating' PlastiC "P" Package. -12mWfOC from 65°C to 85°C 

Ceramic "L" Package. -12mW/oC from 100°C to 125°C 

STX STy B A 

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

.1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 

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

0 0 X X 

X"" Don't C •• 

TRUTH TABLE 

Z W 

XO VO 
XI VI 
X2 V7 
X3 V3 

XO 
X. 
X2 
X3 
VO 
VI 
V2 
V3 I 

High 
Impedance 

Dual 4-ChanneJ Mode 
2 OutPuts 

Single 8-Channel Mode 
1 Output 

(Z ond W tlocI _her) 

mA 

mW 

°C 

°C 

This device contains protection circuitry to guard against damage due to high 
static voltages or electric fields. However, precautions must be taken to avoid 
applications 01 any voltage higher than maximum rated voltages to this high­
Impedance circuit. For proper operation, Vin and Vout should 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). Unused outputs must be left open. 
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CMOSMSI 
(LOW·POWER COMPLEMENTARY MOS) 

DUAl4-CHANNEl ANALOG 
DATA SELECTOR 

OR 
a-CHANNEL ANALOG 

DATA SELECTOR 

--I - -

16 16 
1 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 1148 

ORDERING INFORMATION 

A Series: - 55"0 to + 125"0 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40"0 to + 85"0 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

BLOCK DIAGRAM 

3·State Output Enabl. 

S"'obe X 1 0-----------, 
6 A 

B 

2 XO 

3O-++--iXI 
4 X2 

5 X3 

14 VO 

13 o-----iV 1 

12 Y2 

11 Y3 

Z 

w 

Strobe V 15 o---------..j 
VOD- Pin,6 
VSS· Pin 8 

9 

10 
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ELECTRICAL CHARACTERISTICS (Voltage. Referenced to Vss) 

a.._,,,,1011a F ...... 

Output Volt8g1 "0"'--1 1 
Vln ~ 0 

"1"'--1 

Vln ~ VOO 
Input VoIt8gI "O"LowI 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 4.6 Vdc) "1" Level 
(VO • 1.0 orB.OVdc) 
(VO • 1.6 or 13.6 Vdc) 

Input CurNftt (AL Device) Control 

Input Cur .. nt (CLlC.P Device) Control 

Input Cepacitllnee (Vln - 0) 
Control 
Switch Input 
Switch Output 
F_Through 

• QulalCllnt Currant (AL 1levice) 3 
(Per Package) 

Quincent Cur .. ,t (CL/CP Device) 3 
(Per Package) 

"ON" R_iltence (AL Device) 4.5.6 
(VC· VDD. RL· 10 kn) 

(Vln • +6.0 Vdc) 
(Vin - -6.0 Vdc) 
(Vin •• 0.26 Vdc) 
(Vin - +7.6 Vdc) 
(Vin • -7.& Vdc) 
IVln •• 0.2& Vdc) 
IVin - +10 Vdc) 
(Yin· +0.26 Vdc) 
(Vin - +6.6 Vdc) 
(Vin· +1& Vdc) 
(Vin - +0.26 Vdc) 
(Vin • +9.3 Vdc) 

"ON" R_lltllnce(CL/CP Device) 4,6,6 
(VC - VDD. RL - 10 kO) 

(Vin • +6.0 Vdcl 
(Vin - -6.0 V",,) 
(Vin • +0.215 Vdc) 
(Vin • +7.6 Vdc) 
(Vln • -7.6 Vdc) 
(Vln • _0.26 Vdc) 
(Vln • +10 Vdc) 
(Vln • +0.26 Vdc) 
(Vln • +6.8 Vdc) 
(Vln - +16 Vdc) 
(Vln • +0.215 Vdc) 
(Vin • +9.3 Vdc) 

""ON" R_lltllnee, -
8etweon any 2 clrcultoln 8 common package 

(Vln •• 6.0 Vdc) 
(Vln •• 7.6 Vdc) 

·Tlow • -&5OC for AL Device, -4CJOC for CLlCP Dev,ce 
·Thigh • +1211OC for AL Dovice. +8&OC for CLlCP Dovice. 

Symbol 

VOL 

VOH 

VIL 

VIH 

lin 

lin 

Cin 

100 

IDO 

RON 

RON 

"RON 

Vss VDD 
Vdc Vdc 

0.0 5.0 
10 
16 

0.0 6.0 
10 
16 

0.0 
6.0 
10 
16 

0.0 6.0 
10 
16 

0.0 15 

0.0 15 

0.0 
-
-
-
-

- 6.0 
10 
15 

- 6.0 
10 
15 

-6.0 5.0 

-7.6 7.6 

0 10 

a 15 

-5.0 6.0 

-7.6 7.6 

0 10 

0 15 

-5.0 6.0 
-7.6 7.6 

T_· 

Min Mo. 
- 0.06 
- 0.06 
- 0.05 

4.95 -
9.96 -
14.96 -

- 1.6 
- 3.0 
- 4.0 

3.6 -
7.0 -
11 -
- _0.1 

- -0.3 

- -
- -
- -
- -
- 1.0 
- 1.0 
- 2.0 

- 5.0 
- 6.0 
- 10 

- 400 
- 400 
- 400 
- 240 
- 240 
- 240 
- 400 
- 400 
- 400 
- 250 
- 250 
- 250 

- 410 
- 410 
- 410 
- 250 
- 250 
- 250 
- 410 
- 410 
- 410 
- 250 

- 250 
- 250 

- -
- -

#Data labelled "Typ" Is not to be used for design purposes but is intended as an indication of 
the IC's potential performance. 
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2Ii"C Thigh· 
Unit 

Min Typ# Mo. Min Mo. 
- 0 0.06 - 0.05 Vdc 
- 0 0.05 - 0.06 
- 0 0.05 - 0.06 

4.95 5.0 - 4.95 -
9.96 10 - 9.96 -
14.95 16 - 14.96 -

Vdc 
- 2.25 1.6 - 1.5 
- 4.60 3.0 - 3.0 
- 6.75 4.0 - 4.0 

3.6 2.76 - 3.6 -
7.0 5.60 - 7.0 -
11 8.25 - 11 -
- _0.00001 _0.1 - _1.0 "Adc 

- -0.00001 -0.3 - _1.0 "Adc 
pF 

- 6.0 7.6 - -
- 8.0 - - -
- 20 - - -
- 0.3 - - -
- 0.001 1.0 - 60 "Ado 
- 0.002 1.0 - 60 
- 0.003 2.0 - 120 

- 0.001 6.0 - 70 "Adc 
- 0.002 6.0 - 70 
- 0.003 10 - 140 

n 

- 200 480 - 640 
- 200 480 - 540 
- 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 
- 215 270 - 400 

n 

- 200 480 - 560 
- 200 480 - 660 
- 190 480 - 660 
- 160 270 - 350 
- 180 270 - 360 
- 120 270 - 350 
- 180 480 - 660 
- 180 480 - 660 
- 220 480 - 660 
- 180 270 - 350 
- 180 270 - 350 
- 215 270 - 350 

n 

- 16 - - -
- 10 - - -



MC14529B 

SWITCHING CHARACTERISTICS ITA. 250 CI 

Characterlatlc Figure Symbol VSS VDD Min Typ # Max Unit 

Vin to Vout Propagation Delay Time 7 tPlH, tpHl 0.0 5.0 - 20 40 ns 
(el ~50 pF, Rl ~ 1.0 kOI 10 - 10 20 

15 - 8.0 15 

Propagation Delay Time, Control to 8 tplZ, tpZl' 0.0 5.0 - 140 400 ns 
Output, Yin ~ VOO or VSS tpHZ, tpZH 10 - 70 160 

(el ~50 pF, Rl -1.0 kO) 15 - 50 120 

Crosstalk, Control to Output 9 - 0.0 5.0 - 5.0 - mV 
(el ~50 pF, Rl -1.0 kO 10 - 5.0 -
Rout~ 10 kO) 15 - 5.0 -

Control Input Pulse Frequency 10 fin 0.0 5.0 - 5.0 2.5 MHz 
(el - 50 pF, Rl - 1.0 kO) 10 - 10 6.2 

15 - 12 8.3 

Noise Voltage 11,12 - 0.0 5.0 - 24 - nV 
(1=100 Hz) 10 - 25 - ~cycJe 15 - 30 -

5.0 - 12 -
10 - 12 -
15 - 15 -

Sine Wave Distortion - - -5.0 5.0 - 0.36 - % 

(Vin - 1. 77 Vdc RMS 
Centered @ 0.0 Vdc, 
Rl -10 kO, 1-1.0 kHz) 

Off-Channel Leakage Current - 'off nA 
(Vin- +5.0 Vdc, Vout- -5.0 Vdc) -5.0 5.0 - ±0.001 ±125 

(Vin- -5.0 Vdc, Vout- +5.0 Vdc) -5.0 5.0 - ±O.OO1 ±125 
(Vin- +7.5 Vdc, Vout- -7.5 Vdc) -7.5 7.5 - ±O.OO15 ±250 
(Vin- -7.5 Vdc, Vout- +7.5 Vdc) -7.5 7.5 - ±O.OO15 ±2S0 

Insertion Loss 13 - -5.0 5.0 dB 
(Vin-1.77 Vdc 
AMS centered @ 0.0 Vdc, 
1=1.0 MHz) 

11000-20 log10 
Vout 
v;;-

(Rl-l.0 kO) - 2.0 -
(Rl=10 kO) - 0.8 -

(Rl =100 kO) - 0.25 -
(Rl-l.0 MO) - 0.01 -

Bandwidth (- 3 dB) - BW -5.0 5.0 MHz 
(Vin = 1.77Vdc 
RMS centered @ 0.0 Vdc) 

(Rl=I.0 kO) - 35 -
(Rl = 10 kO) - 28 -

(Rl -100 kO) - 27 -
(Rl -1.0 MO) - 26 -

Feedthrough and Crosstalk - - -5.0 5.0 MHz 

20 logtO Vout = -50 dB 
Vin 

(Rl -1.0 kO) - 850 -
(Rl =10 kO) - 100 -

(Rl = 100 kO) - 12 -
(Rl=I.0 MO) - 1.5 -

#Data labelled "Typ" 18 not to be used for design purposes but IS Intended as an indrcatlon of the IC's potential performance. 
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II 250 

i 200 
e .. 
~ 150 

i 
a: 
i. 100 
P 
z 
o 
a: 50 

FIGURE' . OUTPUT VOLTAGE 
TEST CIRCUIT 

Rut 

Vss VDD V 

vss-O.ov Vln .". 

FIGURE 3 -.QUIESCENT POWER DISSIPATION 
TEST CIRCUIT 

STx - STy - VDD 

'D· VDDx ID 

MC14529B 

10k 

FIGURE 2 - NOISE IMMUNITY 
TEST CIRCUIT 

1 k 

Pins 2, 3, 4, 12, 13 and 14 are left open. 
VIL: Vc is raised from VSS until Vc = VIL-

at Vc = Vll: IS := ±10 JJA with Vin = VSS. Vout = VOO or 
Vin - VOO, Vout - VSS· 

VIH: When Vc = VIH to VOO. the switch is ON and the RON 
specifications are met. 

FIGURE 4 - RON CHARACTERISTICS 
TEST CIRCUIT 

TYPICAL RON "nul INPUT VOLTAGE 

FIGURES FIGURE. 

2SO 

t-- -- VOO~10V - f-..... VOol-sv -......... ./ Vss - -SV ....... ,..", Vss ·OV 

,r "- / , VOO-7.SV r "- / " VOO-1SV 

" V Vss =-7.SV / Vss -ov 

......... ./ ""'- ./ 

-10 -s 10 10 15 20 25 
Yin, INPUT VOLTAGE IVd,1 Yin, INPUT VOLTAGE IVdcl 
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FIGURE 7 - PROPAGATION OELAY TEST CIRCUIT 
AND WAVEFORMS 

FIGURE 9 - CROSSTALK TEST CIRCUIT 

AorB 10k 150 PF 

1 k 

FIGURE 11 - NOISE VOLTAGE TEST CIRCUIT 

Out 
Quan·Tech 

VDD 
Model 

Vss 2283 
or Equfv 

In 

t 
~ 
~ 

'" "" ~ 
0 
> 
~ 
0 

<; 
z 
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FIGURE 8 - TURN-ON DELAY TIME TEST CIRCUIT 
AND WAVEFORMS 

~t 
STX,f3Ty ~ 

20 ns In 

J------~~vOO 
50% 

10% 
VSS 

~'='--"';"'h.I- tpHZ V tn 

Vx 

Voo 
VSS 

FIGURE 10 - FREQUENCY RESPONSE TEST CIRCUIT 

C\---+205 Vdc 

Vln V O.OVdc 

--2,5Vdc X,V Input 

FIGURE 12 - TYPICAL NOISE CHARACTERISTICS 

35 

30 

25 

20 

15 

~ II IIII 
" xfi l5Vdt: 

~ IJ~ 
5.0~ .... 

10 

5.0 

o 
10 100 1.0k 10k 

I, FREQUENCY (Hz! 

lOOk 



II 

FIGURE 13 - TYPICAL INSERTION LOSSIBANDWIDTH 
CHARACTERISTICS 

2.0 

R~ .I,IJllIL lJkk 

'~~ ~ 
1.0Ul 

~~ I 0 
-3.0 ~B (.R~ 7 .':~.M{l) fI'. 

0 
-3.0 dB {RL -10 kill 

-3.0 dB {RL' 1.0 kG 

-1 0 
i 

-1 2 
10 k lOOk 1.0M 10M 

'in, INPUT FREQUENCY (Hz) 

2 
XO 

3 
X, 

• X2 

5 
X3 

'4 
VO 

'3 
VI 

12 
V2 

VOO'"" Pin 16 
VSS'" PinS 

11 
V3 

MC14529B 

PIN ASSIGNMENT 

16 

2 15 

3 14 

4 13 

12 

6 11 

10 

8 9 

100M 

LOGIC DIAGRAM 

9 
Z 

'0 
W 
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®MOTOROLA 

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. 

• Diode Protection on All Inputs 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low·power TTL Loads or One Low·power 
Schottky TTL Load Over the Rated Temperature Range 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol. Peramet.r Value 

VOO DC Supply Voltage -0.5 to + 1B.O 

Vin. Vout Input or Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 

lin. lout Input or Output Current (DC or Transient), per Pin ±10 

Po Power Dissipation. per Packaget 500 

Tsta Storage Temperature -65 to +150 

TL Lead Temperature (B·Sacond Soldering) 260 

-Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: - 12mW/oC from 85°C to 85°C 

Ceramic "L" Package: -12mW/oC from 100°C to 125°C 

LOGIC TABLE 

INPUTS ABC 0 E 
For all combinations of inputs where three 
or more inputs are logica' "0". 

For all combinations of inputs where three 
or more inputs .re logical "1". 

W z 
o 

o 
o o 

This device contains protection circuitry to guard against damage due 
to high static voltages or electric fields. However, precautions must be 
taken to avoid applications of any voltage higher than maximum rated 
voltages to this high· impedance circuit. For proper operation, Vin and 
Vout should 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). Unused outputs must be left open. 
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Unit 

V 

V 

mA 

mW 

'C 

'C 

MC14530B 

CM0555. 
ILOW·POWER COMPLEMENTARY MOSI 

DUAL 5-INPUT MAJORITY 
LOGIC GATE 

.,~ 
ffi l~~UU U u ~rl~ ~ 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
nASTIC PACKAGE 

CASE 64B 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAl (Ceramic Package Only) 

C Series: -40°C to +85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCl (Ceramic Package) 

BLOCK DIAGRAM 

W 
60-------, 

2 

3 

4 

S 

9 

10 

" 
12 

13 

Z - MS e W - IABC+ABD+ABE+ACD+ 
ACE+ADE+BCD+acE+ r----, BDE+CDE)0W 

14o-----------~ 
W 

·MS fa a logical "1" If any th .... or more 
inputs are logic" "'''. 

E,) =:; Exclusive NOR == Excluaive OR 

TRUTH TABLE 

MS W Z 

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

VOD-Pln 18 
VSS - Pin B 
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MC14530B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to VSS) 

Cheracterlstlc Symbol 

Output Voltage "0" Level VOL 
Vin = VOO or 0 

"I" Level VOH 
Yin = 0 orVoo 

Input Voltage "0" Level VIL 
(Vo = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 

"1" Level VIH 
(VO = 0.5 or 4:5 Vdc) 
(Vo = 1.0 or 9.0 Vdc) 
(VO = 1.5 or 13.5 Vdc) 

Qulput Drive Current (AL Device) IOH 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vdc) 
(VOH = 13.5 Vdc) 

(VOL = 0.4 Vde) Sink IOL 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vde) 

Output Drive Current (CUCP Device) IOH 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vde) 
(VOH = 9.5 Vde) 
(VOH = 13.5 Vdc) 

(VOL = 0.4 Vde) Sink IOL 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdc) 

Input Current (AL Device) lin 

Input Current (CUCP Device) lin 

Input Capacitance Cin 
(Vin = 0) 

Quiescent Current (AL Device) 100 
(Per Package) 

Quiescent Current (CUCP Device) 100 
(Per Package) 

Total Supply Currant"t iT 
(Dynamic plus Quiescent, 
Per Package) 
(CL = 50 pF on all outputs, 
all buffers switching) 

*Tlow"" -55°C for AL Device, -40°C for CLJCP Device. 
Thigh = + 125°C for Al Device, + 85°C for CUCP Device. 

Voo 
Ydc 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Datalabelled "Typ" Is not to be used for design purposes but is 
Intended as an Indication of the IC's potential performance. 

"·The formulas given are for the typical characteristics only at 25°C. 

Tlow' 25"C Thl h' 

Min 

-
-
-

4.95 
9.95 
14.95 

-
-
-

3.85 
7.6 
12.1 

-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 

-
-
-

-
-
-
-
-
-

Max 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 -

Vde 
1.2 - 2.25 1.25 - 1.15 
2.5 - 4.50 2.5 - 2.4 
3.0 - 6.75 3.0 - 2.9 

Vde 
- 3.75 2.75 - 3.75 -
- 7.5 5.50 - 7.5 -
- 12 8.25 - 12 -

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.1 - ±O.OOOOI ±0.1 - ±1.0 ~e 

±O.3 - ±O.OOOOI ±0.3 - ±1.0 ".Adc 

- - 5.0 7.5 - - pF 

0.25 - 0.0005 0.25 - 7.5 p.A.dc 
0.50 - 0.0010 0.50 - 15 
1.00 - 0.0015 1.00 - 30 

1.0 - 0.0005 1.0 - 7.5 p.A.dc 
2.0 - 0.0010 2.0 - 15 
4.0 - 0.0015 4.0 - 30 

iT = (0.75 p.A./kHz) f + 100 p.A.dc 
iT = (1.50 p.A./kHz) f + 100 
iT = (2.25 p.A./kHz) f + 100 

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

where: IT Is In .... A (per package), CL in pF, V = (VOO- VSS) In volts, 
f in kHz is input frequency, and k = 0.002. 

PIN ASSIGNMENT 

16 

2 15 

3 14 

4 13 

5 12 

6 11 

10 

8 9 
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MC14530B 

SWITCHING CHARACTERISTICS· (CL = 50 pF, T A = 25°CI 
Chal'KIeristic 

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

Propagation Delay Time 
A, C, W = VOD; 8, E = Gnd; D = Pulse Genorotor 

tPLH = (1.7 n./pFI CL + 290 ns 

tpLH = (0.66 ns/pFI CL + 127 n~ 
tPLH = (0.5 ns/pFI CL + B5 ns 

tPHL ~ (1.7 ns/pFI CL + 345 ns 
tPHL = (0.66 ns/pFI CL + 162 ns 
tpH L = (0.5 ns/pF I CL + 95 ns 

A, B. C. D. E - Pulse Generator; W = VDD 
tpLH = (1.7 ns/pFI CL + 170 n. 
tpLH = (0.66 ns/pFI CL + 87 ns 
tPLH = (0.5 ns/pFI CL + 60 no 

tPHL = (1.7 n./pFI CL + 195 ns 
IpHL = (0.66 ns/pFI CL + 92 ns 
tpHL = (0.5 ns/pF I CL + 75 n! 

A, B, C, D, E - Gnd; W = Pulse Generator 
IPHL. IpLH = (1.7 n./pFI CL + 145 n! 
IpHL. IpLH = (0.66 ns/pFI CL + 72 n! 
IpHL IPLH = (0.5 ns/pFI CL + 50 n! 

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

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an indication of the IC's potential performance. 

Svmbol 

tTLH, 
tTHL 

tPLH 

tpHL 

tPLH 

IpHL 

IpLH. 
IpHL 

VDD 

5.0 
10 
15 

5.0 

10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

FIGURE 1 - POWER DISSIPATION TEST 
CIRCUIT AND WAVEFORM 

Min 

-
-
-

-
-
-
-
-
-

-
-
-
-
-
-

-
-
-

16? 
vOO 

A 

B Z 
C 

I Pulse I 
0 

Generator I E 

W 

A 

B 

C Z 
0 

E 

w 

20 ns 20 ns 

~ 50% VOO 
Vln .. _ Duty Vss 

Btvss 

J.. 

Cycl. 

6-331 

Typtll Mox Unh 

n. 
100 200 
50 100 
40 80 

ns 

375 960 

160 400 
110 300 
430 1200 ns 
195 540 
120 410 

n. 
255 640 
120 300 
85 210 

280 750 ns 
125 330 
100 250 

ns 
230 575 
105 2B5 
75 190 

toe II 
roc 
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MC14530B 

SEQUENTIAL LOGIC APPLICATIONS 

COINCIDENT FLIP·FLOP 

x V °0 +1 
0 0 0 A flip-flop that will change only when both inputs agree 
0 , a , 0 a , , , 

ASTABLE MULTIVIBRATOR 

x Y °n+1 A flip-flop with three output conditions, where the third state is 
0 0 , 

in oscillation between "1" and "0". The period of oscillation 
0 , 27 is twice the delay of the gate and the feedback element. , 0 27 , , 0 

COINCIDENT FLIP·FLOP 

V z °n+' The flip-flop changes state only when all "l's" or all "a's" are 
0 0 0 entered. This conflguratiol1 may be extended by cascading MS 
0 , an gates to cover n-inputs where all inputs must be "l's" or "O's" , 0 an before the output will ~hange. As an example, this configuration , , an 
0 0 an is useful for controlling an n-stage up/down counter that is to cycle 

0 , an from a minimum to maximum count and back 8gain without , 0 an flipping over {from all "l's" to all "O's",1 , , , 

6-332 



MC14530B 

BASIC COMBINATIONAL FUNCTIONS 

'rJhW A 
B Z 

~ M5 

5-lnpul Majority Gates 

~WW Z 

A M 
B 3 

C 

3-lnput Majority Gates 

W 

1 Z Ow 
1 g . NOR3 

3-lnput OR Gate 3-lnput NOR Gate 

a Z '~W 
a ~ AND3 

a z 0W-W 

a ~ NAND3 

3-lnput AND Gate 3-lnput NAND Gate 

w 
DOUBLING THE WEIGHT OF INPUT VARIABLE A 

BY TYING IT TO ANY TWO INPUTS 

WW: Z (AB+P.C+AD+BCO)@W 

C 
D 

W CORRELATION OF MULTIPLE SAMPLES TOw WITH A TEST BIT 
so A 

51 B Z CorrelatIon of 60%, 80%, 100% 
52 C 
53 D 
54 E 

W TOw TO A 
SO B Z 
51 C 
52 D 
53 E 

W 

~w TO B Z 
SO C 
S1 0 . 
52 E 

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-54 

Correlation of 75%, 100% 

Correlation of 100% 

5·INPUT MAJORITY LOGIC GATE APPLICATIONS 

Each package labeled MS IS a Single majority logiC gate 

uSIng f,ve Inputs, A thru E, and one output Z. 

1 MajorIty LogiC Gate Array 
YieldIng the symetr,c funCtion 

of 1 thru 7 variables true, out 
of 7 Input vaflables (Xl. X7) 

{e g, If any tWO-Input vilrlables 
are true (logical" 1"1, Z' and 
Z2 are true (logical" 1") 

Xl X3 X4 X5 X2 

6-333 
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®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 
0111. and even or odd parity selection input .(WI and an output (01. 
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 MC14531B devices by using the W 
input. Applications include checking or including a redundant (par­
ityl 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. 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• All Outputs Buffered 

• Capable of Driving Two Low-Power TTL Loads or One Low-Power 
Sc:hOtlky TTL Load Over the Rated Temperature Range 

• Variable Word Length 

• 0 iode Protection on A II Inputs 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Value 

vOO DC Supply Voltage -0.5 to +18.0 

Vin. Vout Input or Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 

'in. 'out Input or Output Current (DC or Transient), per Pin ±10 

Po Powsr Dissipation, per Packaget 500 

Tsto Storage Temperature -65 to + 150 

TL Lead Temperature (8~Second Soldering) 260 

"Maximum Ratings Bre those values beyond which damage to the deVice may occur. 
tTemperature Derating: Plastic "P" Package: -12mW/DC from 65°C to 85°C 

Ceramic "L" Package: - 12mW/oC from 100C>C 10 125°C 

DO 1"---->...-.......... 

Dl 6~--,rz..._" 

D2 5~ ......... ..r--
03 4~-.n..._" 

04 3 

05 2 

06 1 

D1 15 

08 14 

09 13 

Dl0 12 

Dll 11 

Odd/Even W 10 

LOGIC DIAGRAM 

Q-00001@020·_··0DI10w 

Voo'" Pin 16 
VSS= PinS 

6-334 

Unit 

V 

V 

mA 

mW 

°C 

°C 

9 Q 

MC145318 

CMOS MS. 
(LQW.f>OWER COMPLEMENTARY MOS) 

12-BIT PARITY TREE 

--I - -

16 1 16 1 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAl (Ceramic Package Only) 

C Series: _40°C to +85DC 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

• W 011 010 

TRUTH TABLE 

INPUTS 

02 01 

DECIMAL 
IOeTALI 

00 eaUIVALENT 

'0' 
'" '2' 131 

14' '5' '6' 
'" 

81841177701 
8'85{17771j 
81861177721 
8187,,7773) 

o 8188 (177741 
1 81891171151 
o 81901,77761 
, 8191 (17711) 

OUTPUT 

c-

·0· E.,.n P."ty Nole Me. ,-..,n.10 Iu.t eppl.c:etlOn by 
, .. Odd ParIty mtlnlpulet'ng W .,..dlor olh .... v.I..., .. 0', 



MC145318 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Characteristic Symbol 

Output Voltage "0" Level VOL 
Vin = VOO or 0 

"'" Level VOH 

Vin == 0 or VOO 

Input Voltage "0" Level VIL 
(VO = 4.5 or 0.5 Vdc) 
(VO = 9.0 or 1.0 Vdc) 
(VO = 13.5 or 1.5 Vdc) 

"1" Level VIH 
(VO = 0.5 or 4.5 Vdc) 
(VO = 1.0 or 9.0 Vdc) 
(VO = 1.5 or 13.5 Vdc) 

Output Dnve Current (AL DeVice) 10H 
(VOH" 2.5 Vdcl Source 
(VOH = 4.6 Vdcl 
(VOH '" 9.5 Vdcl 
(VOH'" 13.5 Vdc) 

(VOL =0.4 Vdcl Smk IOL 
IVOL =0.5 Vdcl 
IVOL =1.5 Vdcl 

Output Drive Current (CLlep DeVice) 10H 
(VOH = 2.5 Vdcl Source 
(VOH= 4.6 Vdcl 
(VOH ~ 9.5 Vdc) 
IVOH'" 13.5 Vdcl 

IVOL" 0.4 Vdcl Sink IOL 
IVOL" 0.5 Vdcl 
IVOL = 1.5 Vdc) 

Input Current CAL Device) 'in 

Input Current (CL/CP DeVice) 'in 
Input Capacitance em 

(Vin- m 
QUiescent Current CAL DeVice) 100 

(Per Package) 

QUiescent Current (ClIep DeVice) 100 
(Per Package) 

Total Supply Curre~t"" t IT 
(Dynamic plus Quiescent, 
Per Package) 
tel = 50 pF on all outputs, all 
buffers sWitching) 

"Tlow= -55°C for AL Device, -40°C for ClfCP Device. 
Thigh = + 125°C for AL Device, + 85°C for CUCP Device. 

Voo 
Vdc 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-
5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Data labelled "Typ" is not to be used for design purposes but is 
Intended as an Indication of the IC's potential performance. 

Tlow . 25°C Thi h· 

Min Max Min Typ# Max Min Max 

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

- - --3.0 -2.4 -4.2 -1.7 
-0.64 - -0.51 -0.88 - -0.36 -
-1.6 - -1.3 -2.25 - -0.9 -
-4.2 - -3.4 -8.B - -2.4 -
0.64 - 0.51 0.88 - 0.36 -
1.6 - 1.3 2.25 - 0.9 -
4.2 - 3.4 8.8 - 2.4 -

-2.5 - -2.1 -4.2 - -1.7 -
-0.52 - -0.44 -0.8B - -0.36 -
-1.3 - -1.1 I -2.25 ,... -0.9 -
-3.6 - -3.0 -B.8 - -2.4 

~ 

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.OOOOl to.l - :!: 1.0 

- t 0.3 - to.OOOOl to.3 - t 1.0 

- - - 5.0 7.5 - -
- 5.0 - 0.005 5.0 - 150 

- 10 - 0.010 10 - 300 
- 20 - 0.Q15 20 - 600 

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

IT = 10.25 "A/kHzl f • 100 
IT =10.50 ~A/kHzl f' 100 
IT = 10.75 ~A/kHzl f t 100 

"*The formulas given are for the typical characteristics only at 25°C. 

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

where: IT Is In ~A (per package), CL In pF, V = (VDD - VSS) in volts, 
t in kHz Is input frequency, and k = 0.001. 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

mAde 

mAde 

mAde 

",Adc 

~Adc 

pF 

",Adc 

~Adc 

",Adc 

PIN ASSIGNMENT 

This device contains protection circuitry to guard against damage due to high 
statiC voltages or electric fields. However, precautions must be taken to avoid 
applications of any voltage higher than maximum rated voltages to lhls high· 
impedance circuil. For proper operation, Yin and Vout should be constrained 
to the range VSS '" (Vln or Vout) '" VOO. 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., 
either VSS or VOO). Unused outputs must be left open. . 
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15 

14 

13 

12 

11 

10 

9 
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MC14531B 

SWITCHING CHARACTERISTICS· ICL = 50 pF T A = 2SoCI ... ....:: 
'-' Characteristic 

I 

Output Rlae and Fall Time 
trLH. tTHL = (1.5 na/pFI CL + 25 na 

trLH. tTHL - (0.75 nalpF) CL + 12.5 na 
trLH. ITHL = (0.55 nalpF) CL + 9.5 na 

Propagation Delay Time 
Data to Q 

tPLH. tpHL = 11.7 ns/pFI CL + 355 ns 
tPLH. tPHL • 10.66ns/pF) CL + 142 n. 
tPLH. tPHL = 10.5 ns/pFI CL + 95 n. 

Odd/Even to a 
IpLH. tpHL = 11.7 ns/pFI CL + 165 ns 
IPLH. 'PHL = 10.66 ns/pFI CL + 67 ns 
'pLH 'PHL = 10.5 ns/pFI CL + 45 ns 

The formulae given are for the typical characteristiCs only at 25OC. 

#Data labellad "Typ" Is not to be uaad for design purposes but is 
Intended as an Indication of the Ie', potential performance. 

FIGURE 1 - DYNAMIC POWER DISSIPATION 
SIGNAL WAVEFORM 

Signal 
Input 

Data A ate (t. 

f In respect to sy.tem clock 

Symbol 

trLH. 

trHL 

tPLH, 
tPHL 

6-336 

VDD 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

Min Typ# MIIx Unit 

ns 

- 100 200 
- 50 100 

- 40 80 

ns 

- 440 1320 
- 175 525 

- 120 360 

- 250 760 
- 100 300 

- 70 210 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 

Output -_"":'::';;'.;f 



® MOTOROLA 

8-BIT PRIORITY ENCODER 

The MC 145328 is constructed with complementary MOS 
(CMOS) enhancement mode devices. The primary function of a pri· 
ority encoder is to provide a binary address for the active input with 
the highest priority. Eight data inputs (DO thl:u 07) and an enable 
input (Ein) are provided. Five outputs are available, three are address 
outputs (00 thru 02), one group select (GS) and one enable output 
(Eoutl. 

• Diode Protection on All Inputs 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two low-power TTL loads or One low-Power 
Schottky TTL load over the Rated Temperature Range 

MAXIMUM RATINGS' (Voltages Referenced to Vss) 

Symbol Parameter Value 

VOO DC Supply Voltage -05to+180 

Vm. Vout Input or Output Voltage (DC or TranSient) -05toVOO +05 

1m. lout Input or Output Current (DC or TranSient). per Pm ±10 

Po Power DISSlpatron, per Packaget 500 

Tsto Storage Temperature -65 to + 150 

TL Lead Temp.erature (a-Second Soldenng) 260 

~Maxlmum Rattngs are those values beyond which damage to the deVice may occur 
tTemperature Derating Plastic "P" Package -12rnWrC from 65"C to 8S"C 

CeramiC "L" Package -12mW/"C from 10Q"C to 125"C 

TRUTH TABLE 

INPUT 'OUTPUT 

Ein 07. 06 05 04 03 02 01 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 a 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 t 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 

V 

V 

mA 

mW 

°C 

°C 

Eout 

0 
t 

0 
0 
0 
0 

0 
0 
0 
0 

This device contains protection circuitry to guard against damage due to 
high static voltages or electric fields. However, precautions must be taken 
to avoid applications of any voltage higher than maximum rated voltages to 
this high-impedance circuil. For proper operation, Vin and Vout should be 
constrained to the range VSS '" (Vln or Vou1) '" VOO. 
Unused Inputs must always be tied to an appropriate logic voltage level (e.g., 
e~her VSS or VOO). Unused outputs must be left open. 
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MC14532B 

CMOS MS. 
(LOW·POWER COMPLEMENTARY MOSI 

8-BIT PRIORITY ENCODER 

~ .... 
J~fiM0i~ U U tS,mn ~ U 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

A Series: - 55°C to + 125"C 
MC14XXXBAL (Ceramic Package Only) 

C Series: -40"C to +85"C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

PIN ASSIGNMENT 

2 

3 

4 

5 

6 

7 

8 

16 

15 

14 

13 

12 

11 

10 

9 
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MC14532B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Voo 
Characteristic Svmbol Vd. 

Outpul VOl1age "0" Level VOL 5.0 
Vln= VOO or 0 10 

15 

Vin= 0 or VOO "1" Level VOH 5.0 
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 

"I" 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 Vdel Source 5.0 
(VOH = 4.6 Vdcl 5.0 
(VOH - 9.5 Vdcl 10 
(VOH = 13.5 Vdcl 15 

(VOL = 0.4 Vd.1 Sink 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 
IV OH = 4.6 Vdcl 5.0 
IV OH = 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 (el/ep Device) 'in 15 

Input Capacitance ein 
(Vin' 01 

Quiescen. Current (Al Device) 100 5.0 
(Per Package I 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 Peckagel 15 

(CL ' 50 pF on all outputs. all 
buffers SWitching) 

-Tlow "" - 55°C for AL Device, - 4O"C for CLlCP Device. 
Thigh"" + 12SOC for AL Device, + 85°C for CLJCP Device. 

#Data labelled "Typ" i. not to be used 'or d.sign purpose. but 18 
Intended as an Indication of the IC's potential per'ormance. 

TI_ . 25°C Thi"'" 
Min Mox Min Typll Ma. Min Mo. 

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

-3.0 - -2.4 -4.2 - -1.7 -
f-0.64 - -0.51 -0.88 - -0.36 -
-1.6 - -1.3 -2.25 - -0.9 -
-4.2 - -3.4 -B.8 - -2.4 -
0.64 - 0.51 0.88 - 0.36 -
1.6 - 1.3 2.25 - 0.9 -
4.2 - 3.4 B.B - 2.4 -

-2.5 - -2.1 -2.4 - -1.7 -
-0.52 - -0.44 -0.88 - -0.36 -
-1.3 - -1.1 -2.25 - -0.9 -
-3.6 - -3.0 -8.B - -.2.4 -
0.52 - 0.44 0.B8 - 0.36 -
1.3 - 1.1 2.25 - 0.9 -
3.6 - 3.0 8.8 - 2.4 -

.0.1 ±O.ooool to.1 ± 1.0 

- to.3 - 10.00001 '0.3 - 11.0 

- - 50 7.5 - -

5.0 - 0.005 50 - 150 
- 10 - 0.010 10 - 300 
- 20 - 0.015 20 - 600 

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

IT ~ 11.74 ~AlkHzl f + 100 
IT ' (3.65 ~AlkHzl f + 100 
IT ~ (5.73 ~AlkHzl f + 100 

.. .. The formulas given are 'or the typical characteristics only at 26°C. 

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

where: IT Is in ..,A (per package), CL in pF, V ",. (VOO- VSS) In volts. 
f In kHz Is Input frequency, and k = 0.005. 
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MC14532B 

SWITCHING CHARACTERISTICS· ICL = 50 pF T A = 25°C) 

Characteristic 

Output Rise and Fall Time 
'TLH. 'THL = 11.5 nS/pF) CL + 25 ns 
'TLH. 'THL ~ (0.75 ns/pF) CL + 12.5 ns 
trLH. 'THL ~ (0.55 ns/pF) CL + 9.5 ns 

Progagation Delay Time - Ein to Eout 
tPLH. tpHL = 11.7 ns/pF) CL + 120 ns 
tPLH. tpHL = (0.66 ns/pF) CL + 17 ns 
tPLH. tPHL = 10.5 ns/pF) CL + 55 ns 

Propagation Delay Time ( Ein to GS 
tPLH. tPHL = 11.7 ns/pFI CL +90 ns 
tPLH. tpHL = 10.66 ns/pF) CL 57 ns 
tPLH. tPHL' 10.5 ns/pF) CL + 40 ns 

Propagation Delay Time Ein to an 
tPLH. tpHL = 11.7 ns/pF) CL + 195 ns 
tpLH. tPHL • 10.66 ns/pF) CL + 107 ns 
tpLH tpHL = 10.5 ns/pF) CL + 75 ns 

Propagation Delay Time - On to Q n 
tPLH. tPHL = 11.7 ns/pFI CL + 265 ns 
tPLH, tpHL = 10.66 ns/pF) CL + 137 ns 
tPLH. tpHL = 10.5 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 + 101 ns 
tPLH tPHL = (0.5 ns/pF) CL + 75 ns 

*The formulae given are for the typical characteristics only at 2SoC. 

#Data labelled "Typ" 18 not to be used for design purposes but Is 
intended as an Indication of the IC's potantial performance. 

FIGURE 1 - TYPICAL SINK AND SOURCE 
CURRENT CHARACTERISTICS 

Symbol 

'TLH. 
trHL 

IPLH. 
tPHL 

tPLH. 
tpHL 

tPHL. 
tPLH 

tPLH. 
tpHL 

tPLH. 
tPHL 

V out 

SWitch 
MatriX 

Output 
Under 
Test 

~ 
00 
01 
02 
GS 

Eon 

DO 

01 

02 

03 

04 

05 

06 

07 

VGS· Voo 
VOS = Vout 
Sin k Current 

DO thru 01 
~ .-. ·-X·-·-

X 0 
X 0 
X 0 
X 0 

Eout 

00 

at 
02 

GS 

VGS = -VOO 
VOS = Vout -VOO 

Source Current 
OOthru 06 01 E,n 

0 0 1 
0 1 1 
0 1 1 
0 1 1 
It 1 1 
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VDD Min Typ# Max Unit 

ns 
5.0 - 100 200 
10 - 50 100 
15 - 40 90 

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 

Voo 
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DO 10 

01 11 

02 12 

03 13 

04 

05 2 

06 3 

07 4 

E in 5 

Eout 15 

MC14532B 

FIGURE 3 - AC TEST CIRCUIT AND WAVEFORMS 

Voo 
y 

Ein Eout 

DO CL 
01 00 

Programmable 02 CL' 
Pulse 03 01 

Generator 
04 

05 02 
CL~i' 

06 CL 
07 GS~ Vss1 CL 

..L Note: I "put rise and fall times are 20 ns 

50% 

50~ 

'------+-.11 
50% 

50% 

50% 

50% 

50% 

50% 

Ir--+-----~--~-----+----_r----+_--~~U_ ___ 90% 

GS 14 

00 9------------------------J 

Q1 7--------------------------------' 

Q2 6--------------------------------------~ 
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DO 

11 
D1 

12 

D2 

13 

D3 

1 
D4 

2 
D5 

3 

D6 

4 
D1 

5 

-f>c>-rC>-

MC14532B 

LOGIC DIAGRAM 
(Positive Logic~ 

LOGIC EQUATIONS 

Eout"" Em. 00.0'1 .02. '03.04. 05.06.07 
ao:= E,n • (01 • 02 • 0'4 • 06 + 03.04. 06 l- 05. 06 + 07) 
Q1 : Ein • (02.04.05 + 03.04. 05 + 06 + 01) 

02 '" E In • (04 + 05 + 06 + 07) 
GS = Em _ (00 + 01 + 02 + 03 + 04 + 05 + 06 + Q7) 

, 
9 

,-J-/ DO 

f"1-/ 
, 

FL--' 

pD-
p::>-

, 
~ 1 

01 

P-->-
f=L) 

~ 
H=> 
P-) 

6 

I' --/ '--" 
Q2 

-, 
~ 

<-- n=r=u 14 
GS 

J )0- -< 
'-

-
15 

" J" 
1 
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FIGURE 4 - TWO MCl45328'. CASCADED FOR 4-8IT OUTPUT 

015014013012011010 09 DB 

Voo Eout 

GS 

03 02 01 

07 

07 06 05 04 D3 02 01 DO 

Eout 

-a0 

3/4 MC14071 B 

00 

Eout'" "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 VOO = 10 VI is applied to the 

"MCI452OB. A compromiSB between Ibias for the 
MCI710 and ..1R between Nand P-channel outputs gives 
a value of R of 33 k ohms. In order to filter out the 
switching frequencies, RC should be about 1.0 ms (if 
R = 33 k ohms. C'" 0.03I1FI. The analog 3.0 dB band· 
width would then be dc to 1.0 kHz. 

Voo 

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 t~ the 
MC14512 as in the 0 to A conversion. The word is 
incremented at rates sufficient to allow steady state to 
be reached between incrementations (i.e. 3.0 msl. The 
output of the MCI710 will change ~en the digital 
input represents the first digitized level above the analog 
input. This word is the digital representation of the 
analog word. 

T 
I I 

C E R C E R 

1/2 MC1452DB 112 MC"14520B 

01 02 03 04 01 02 Q3 Q4 

.-l~ t-
II L 

DOD1D2D3D4D5D6D7 

0-- Ein MC14532B 

020100 

II 

Stop 
Word 
I ncrementation 
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Digita' Input/Output 

8-BitWord 
to be Converted 

11111111 
AX7 X6 X5 X4 X3 X2 X1 XD 

B 

C 

/710 

~ 
Analog 
Input 

MC14512 

Z 

R 

Analog 

I C 

Outpu 
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5 CASCADED BCD COUNTERS 

The MC14534B is composed of five BCD ripple counters that have their 
respective outputs multiplexed using an internal scanner. Outputs of each 
counter are selected by the scanner and appear on four (BCD) pins. Se­
lection is indicated by a logic high on the appropriate digit select pin. Both 
BCD and digit select outputs have three-state controls providing an 
"open-circuit" when these controls are high and allowing multiplexing. 
Cascading may be accomplished by using the carry-out pin. The counters 
and scanner can be independently reset by applying a high to the counter 
master reset (MR) and the scanner reset (SR). The MC14534B was spe­
cifically designed for application in real time or event counters where con­
tinual updating and multiplexed 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 V.dc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 

BLOCK DIAGRAM 

To Capacitors 

Clock B O----;:::::==:;------r.:::::::J 

Reset 

Mode A 

MC14534B 

CMOS LSI 
(LOW·POWER COMPLEMENTARY MOSI 

5 CASCADED BCD COUNTERS 

,.~ CO,"'" ~rV.i u ~ERAMIC PACKAGE 

1 CASE 623 

4!J PSUFFIX 
24 1 PLASTIC PACKAGE 

CASE 709 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40°C to + 85DC 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

Voo'" Pin 24 

VSS = Pin 12 

Carry Out 

eCD 
Out 

Scanner
10 ~~~t~~~=~==t==~~---_J Clock 0---------..-1 Scanner ~ 

00 

Not.'~ 
'" 3-Steta 

Output Buffer 

15 3-State Digit 
'----'f-I~-+~-+ ... -1~ .... O Control 

y 
Digit Select 
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21 3-5t.te. BCD 
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MC14534B 

MAXIMUM RA TI NGS (Voltages referenced to V SS) 

Symbol Per.met.r Value Un" 

VOO DC Supply Voltage -0.5 to + 18.0 V 

Vin, Vout Input or Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 V 

'in. 'out Input or Output Current (DC or Transient), per Pin ±10 mA 

Po Power Dissipation, per Packaget 500 mW 

Tota Storage Temperature -65 to + 150 ·C 

TL Lead Temperature (a-Second Soldering) 260 ·C 

'"Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mWI"C from 65°C to 85°C 

II" - . . . Ceramic L Package. 12mWI C Irom 100 C to 125 C 

ELECTRICAL CHARACTERISTICS (Voltage. Referenced to Vss) 

Characteristic Symbol 

Output Voltage "0" Level VOL 
Vin=VOO or 0 

"1" Level VOH 
Vin=O or VOO 

Input Voltage "0" Level VIL 
IVO' 4.5 or 0.5 Vdcl 
IVo " 9.0 or 1.0 Vdc) 
IVo" 13.5 or 1.5 Vdcl 

(VO = 0.5.or 4.5 Vdc) "1" level VIH 
(VO = 1.0 or 9.0 Vdc) 

(VO = 1.5 or 13.5 Vdcl 

Output Drive Current (AL Device) IOH 
(VOH . 25 Vdcl Source 
(VOH ·4.6 Vdc) 
IVOH' 95 Vdcl 

IVOH 13.5 Vdcl 

(VOL = 0.4 Vdcl Sink IOL 
(VOL: 0.5 Vdcl 
(VOL ,. 1.5 Vdcl 

Output Drive Current ICLlCP Device) IOH 
IVOH . 2.5 Vdc) Source 
IVOH " 4.6 Vdc) 
IVOH ' 9.5 Vdcl 
(VOH = 13.5 Vdcl 

(VOL = 0.4 Vdcl SInk IOL 
(VOL' 0.5 Vdcl 
(VOL = 1.5 Vdc) 

Output Drive Current -~ Pms 1 and 22 
IAL Devicel 
(VOH = 2.5 Vdc) Source IOH 
(VOH • 9.5 Vdc) 
(VOH " 13.5 Vdcl 

(VOL" 0.4 Vdcl Stnk 'OL 
(VOL" 0.5 Vdc) 
(VOL = 1.5 Vdcl 

Output Drive Current - Pins 1 and 22 
(CLlCP Device) 
(YOH • 2.5 Vdc) Source IOH 
(YOH '9.5 Vdc) 
(VOH = 13.5 Vdcl 

(VOL' 0.4 Vdcl Sink IOL 
(VOL' 0.5 Vdc) 
(VOL' 1.5 Vdc) 

I"""t Current (Al Devicel lin 
Input Current (CL/CP Devicel lin 

Input Capacitance Cin 
(Vin" 01 

*Tlow= -55°C for AL Device, -40°C forCL/CP DeviCe. 
Thigh = + 125°C for AL Device, + 85°C tor CLlCP Device. 

Voo 
Vd. 

5.0 
10 
15 

5.0 
10 
15 

50 
10 
t5 

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 
to 
15 

5.0 
10 
15 

5.0 
to 
15 

15 

'15 

-

#Data labelled "Typ" is not to be used tor design purposes but is 
intended a8 an Indication of the IC's potential performance. 

TI_ . 
Min Max 

- 0.05 
- 0.05 

- 0.05 

4.95 -
9.95 -

14.95 -

- 1.0 
- 2.0 
- 3.0 

4.0 -
B.O -
12 -

-3.0 -
-0.64 -
-1.6 -
-4.2 ~ 

0.64 ~ 

1.6 -
4.2 -

-2.5 -
-0.62 -
-1.3 -
-3.6 -
0.52 -
1.3 -
3.6 -

-0.31 -
,"".31 -
-o.g -
0.024 -
0.06 -
1.3 -

-o.lt -
-0.11 -
-0.33 -
0.012 -
0.03 -
0.14 -
- to.l 

- .0.3 

- -
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Min 

-
-
-

4.95 
9.95 

14.95 

-
-
-

4.0 
B.O 
12 

-2.4 
-0.51 
-1.3 
-3.4 

0.51 
1.3 
3.4 

-2.1 
-0.44 
-1.1 

-3.0 
0.44 
l.t 
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 

-

-
-

This device contains protection circuitry to 
guard against damage due to high static 
voltages or electric fields. However, precau-
tlons must be taken to avoid applications of 
any voltage higher than maximum rated 
voltages to this high-Impedance circuit. For 
proper operation, Vln and Vout should be 
constrained to the range VSS .. (Vin or 
Vout) '" VDD· 
Unused Inputs must always be tied to an ap-
propriate logic vOltage level (e.g., either VSS 
or VDD). Unused outputs must be left open. 

2S"c Th ... • 
Typ# Max Mift M.x 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 
1.5 1.0 - 1.0 
3.0 2.0 - 2.0 
4.5 3.0 - 3.0 

3.5 - 4.0 - Vdc 
7.0 - 8.0 -
11 - 12 -

mAde 
.... .2 - -1.7 -

"().B8 - -0.36 -
-:Z.2S - -0.9 -
-8.8 - -2.4 -
0.88 - 0.36 - mAde 

2.25 - 0.9 -
B.B - 2.4 -

mAdc 
..... 2 - -1.7 -

"().B8 - -0.36 -
-2.25 - -0.9 -
-8.8 - -2.4 -
0.88 - 0.36 - mAde 
2.25 - 09 -
8.8 - 2.4 -

mArie 

-0.8 - -0.17 -
-0.4 - -017 -
-1.6 - ~0.51 -
0.03 - 0.014 - mAde 
0.09 - 0.035 -
1.63 - 0.175 -

mAde 

-0.8 - -0.08 -
-0.4 - -008 -
-1.6 - -0.24 -
0.02 - ODOB - mAdc 
0.05 - 0.02 -
1.35 - 0.10 -

.0.00001 !0.1 - .1.0 "Adc 

.0.00001 .0.3 - tt .0 "Adc 
5.0 7.5 - - pF 



MC14534B 

ELECTRICAL CHARACTERISTICS (Voltage. Referenced to VSS) (continued) 

Ch.racte,istic Svmbol 

Quiescent Current (AL Device) 
IPer Package) 

100 

Quiescent Current (CLlCP Device) 100 
IPer Package) 

Total Supply Current··t IT 
t Dynamic plus QUiescent, 
Per Package) 

ICL = 50 pF on all outputs. all 
buffers switching) 

Three-State Leakage Current ITL 
lAl DeVice) 

Three-State Leakage Current ITL 
(CLlCP DeVice) 

Tlow - 55 C for AL DeVice, - 40 C for CLlCP DeVice. 
Thigh = + 125°C tor AL Device, + 85°C for CLlCP DeVice. 

Voo 
Vdc 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

15 

15 

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an Indication of the IC's potentIal performance. 

... ·The formulas given are for the typical characteristics only at 25°C. 

Min 

-
-
-
-
-
-

-
-

Tlow " 2s"c Thigh" 
M •• Min Typ# Ma. Min Ma. Unit 

5.0 - 0.010 5.0 - 150 .u.Adc 
10 - 0.020 10 - 300 
20 - 0.030 20 - 600 

50 - 0.010 50 - 375 .uAdc 
100 - 0.020 100 - 750 
200 - 0.030 200 - 1500 

IT = 10.5 ~A/kHz) f + 'DO .u.Adc 
IT = 11.0 ~A/kHz) f + 100 Scan Oscillator 

IT = 11.5 "A/kHz) f + '00 FreQuency '= 1 kHz 

to 1 - -000001 ± 01 - ±30 }.lAde 

±10 - -0.00001 :!: 1.0 - ± 7.5 IJAdc 

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

where: IT IS in tJ.A (per package), CL In pF, V = (VOO-VSS) in volts, 
f in kHz is mput frequency, and k = 0.001 . 
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SWITCHING CHARACTERISTICS· (CL -50 pF TA-25°C See Figure 1) - -

Characterlatlc 

Output Rise· and Fan TIme 

Propagation Delay Time, 
Clock to a 

tpLH. tpHL ~(1.8 nslpF) CL +4.0 "s 
tPLH. tpHL ~ (0.8 ns/pF) CL + 1.5 "s 
tpLH. tpHL ~ (0.6 ns/pF) CL + 1.0 "s 

Clock to Carry Out 
tpLH = (1.8 ns/pF) CL + 3.3 "s 
tpLH = (0.8 ns/pF) CL + 1. I "s 
tpLH = (0.6 ns/pF) CL + 0.8 "s 

Master Reset to Q 

tpHL=(1.8 ns/pF) CL +1.8 "s 
tpHL ~ (0.8 ns/pF) CL + 0.6 "s 
tpHL ~ (0.6 ns/pF) CL + 0.5 "s 

Master Reset to Error Out 
tpHL ~ (1.8 ns/pF) CL + 0.57 "s 
tpHL ~ (0.8 ns/pF) CL + O. I 9 "s 
tpHL ~ (0.6 ns/pF) CL + O. I I "s 

Scanner Clock to Q 

tpLH. tpHL ~ (1.8 ns/pF) CL + 1.8 "s 
tpLH. tpHL ~ (0.8 ns/pF) CL + 0.6 "s 
tPLH. IpHL ~ (0.6 ns/pF) CL + 0.5 "s 

Scanner Clock to Digit Select 
tpHL. tpLH ~ (1.8 ns/pF) CL + 1.5 "s 
IpHL. tpLH ~ (0.8 nS/pF) CL + 0.5 "s 
tpHL. tpLH = (0.6 ns/pF) CL + 0.4 "s 

Propagation Delay Time 
3~State Control to a 

Clock Pulse Frequency 

Clock or Scanner Clock Pulse Width 

Scanner Reset Pulse Width 

Scanner Reset Removal Time 

Master Reset Pulse Width 

Master Reset Removal Time 

*The formulas given are for the typical characteristics only at 25°C. 

#Data labelled "Typ" is not to be used for design purposes but Is 
intended as an Indication of the IC's potential performance. 

VDD 
Symbol Vdc 

tTLH' 
tTHL 5.0 

10 
15 

tpLH. 
tpHL 

5.0 
10 
15 

tpLH 
5.0 
10 
15 

tpHL 
5.0 
10 
15 

tpHL 
5.0 
10 
15 

tpLH. 
tpHL 5.0 

10 
15 

tpLH, 
tpLH 5.0 

10 
15 

IpHZ 5.0 
10 
15 

tpZH 5.0 
10 
15 

IpLZ 5.0 
10 
15 

IpZL 5.0 
10 
15 

Icl 5.0 
10 
15 

tWH 5.0 
10 
15 

tw 5.0 
10 
15 

trem 5.0 
10 
15 

tWH(R) 5.0 
10 
15 

'rem 5.0 
10 
15 
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Min Typ# Max Unll 

ns 
- 100 200 
- 50 100 
- 40 80 

"s 

- 4.0 8.0 
- 1.5 3.0 
- 1.0 2.25 

". - 3.3 6.6 
- 1.1 2.2 
- 0.8 1.7 

"s - 1.8 3.6 
- 0.6 1.2 

- 0.5 0.9 

". - 0.6 1.5 

- 0.2 .5 
- 0.12 0.38 

"s 
- 1.8 3.6 

- 0.6 1.2 

- 0.5 0.9 

"s 
- 1.5 3.0 
- 0.5 1.0 
- 0.4 0.75 

- 75 150 ns 
- 45 90 
- 40 80 

- 120 240 ns 
- 55 110 
- 40 80 

- 120 240 ns 
- 55 110 

- 45 90 

- 160 320 ns 

- 70 140 

- 45 90 

- 1.0 0.5 MHz 

- 3.0 1.0 

- 5.0 1.2 

1000 500 - ns 
500 190 -
375 125 -
320 160 - ns 
130 65 -
80 40 -

900 270 - ns 
150 80 -
100 50 -

2000 900 - ns 
600 300 -
450 250 -
1060 550 - ns 
350 205 -
250 140 -
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COUNTER TIMING DIAGRAM 

1 2 3 4 5 6 7 8 9 10 102 103 104 105 106 

Clock A ~---n-----11---..f1- --.ll----lW 
. H H H H H ir--,'r--i!r--yr'l --,:r---I: H 

Un ... OO.J J-I "-' t-J ~ HJ J.U ".. I H-- l!.J I 
I I I I 'I' --M--n---++' , I I , " II' Un;,. 01 I I I I I I I i I - --r,-- -""",--"'"'1+ __ -w-__ ~ 

I ~I 1'1, " II": 
II " , " 'I " -_.... - - -1-1- -- -i+ ---n - - --rr - -~ 

I I' -I! : ---Hl.-=-w--:-v..-:-U-:1l-: L!L tL ' , H ' II' --- -4---ti---.J ~--JL--JlL 
I I ',', III 

Tons 00 _________ .... r --~:~ 1---1+::1. --1H--
--:ll --11- --11. __ 11. __ ,i : 

------------ I ti I , , H+-
----ti ---f I- --.Jt.--Jl---fU-I I II I 

____ ---It- ---U----1l--:1L -jiL. 
I :1.L 'I -I:: -------------- ---u- ---, ' --:R.---~ tL' Ii 01 tq --------4- -f !----fl----H-I-
~ -u.1 , II 

Thousands 00 I - I -.:-tL- _,] I : ________________ .....J : ,-ttr 
Thousands Cl3 -; : -I : .,: : 

-------------- -- 1+--- ~---~ 

----------Itl Jl--liL 

Units Q2 

Units 03 

Tens 03 

TensCn + 4 

Hundreds ao 

Hundreds 03 

Hundreds Cn + 4 

Thou_RdlC n + 4 

_______________________________ ~r' --~; __ ~,: I, 
Ten Thou .. nd. 00 .. I-L- -: ~ 

II I'I 

-------------1l--4W-
" II I 

Carry Out l n.. rn 
1.-. -----------' --..Ii I-

Ten Thou .. nds 03 

"---___________________________ ~tL' 
M ••• rReset L .. 

MODE CONTROL TRUTH TABLE 

Mode B First Stage Output Carry to Second Stage Application 

0 Normal Count and Display At 9 to 0 transition of first stage 6-dlgit Counter 

1 Inhibited Inpul Clock Test Mode: Clock directly into stages 1. 2, and 4. 

1 Inhibited At 4 to 5 transition of first stage 4-digit counter with + 10 and roundoff at front end. 

0 Counts 3, 4, 5, 6, 7 = 5 ' At 7 to 8 transition of first stage 4-digit counter with 1/2 pence capability. 
Counts 8,9,0,1, 2 ~ 0 
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SCANNER TIMING DIAGRAM 

SQnne'------------------, 
Clock 

051 

052 
Tens 

053 __________ + __________ + ______ ""'" Hundreds 

DS4 Thou_nd, 
------~------~I ~-----------------+---

055 Ton 
Thousands 

Note; If Mode B or;; 1, the first decedel,lnhlbiud and S1 will not 90 high. and 
the cycle will be shortened to four moes, 
0$5 i, .. Iected automatically when Scanner R ... t gOft high. 

ERROR DETECTION TIMING DIAGRAM 

R •• '-,~ ____________________________________________ __ 

Clock A 

Clock B 

Error 
Out 

I 
I 

GoodPul .. 
error 

1 
: Error 

2 

I I 

I r'~------~~-Good Pul .. I Error E"or 
3 4 

Note: Error deMctor look. for Inverted pul .. on Clock 8. Whenever. positive 
edge at Clock A i, not accompanied by • na .. tive pul_ at Clock B (or 
vlce·wna) within .- time period of the on •• hots an error i, counted. 
Thr ... rors result in Error Out to go to. ",", If .rror de18ction i, not 
n_ded. tie Clock B high or low and I .. ve Pin, 1 and 22 unconnect«l. 

CLOCK SKEW RANGE 

Skew in this range ~ results in counted 
~ orror. 
Max 

Skew in this ,.nge-
1liiy or mIY not ,- ~ 
,..,11 in counted :: 
error. -

Not.: 

1. Th. Ikew il the time dlff .... nce be­
tween the low-to-high trensition of 
CA to the hlgh-to-Iow transition of 
CB or vice-VIIr ... Capacitors e1 - e22 
tied from pins 1 and 22 to VSS' 

2. This .raph II 8ccuratll for C1 - C22;;' 
100pF. i _inlhi,_ 

Min 

3. When the error detection cireultry il 
not u .. d. pinl 1 end 22 ere left open. 

,.ltsinno .. 1lII' 

.... -. 
5.0 7.0 9.0 11 13 15 17 

VDD (VdcI 
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APPLICATIONS INFORMATION 

FIGURE 1 - CASCADE OPERATION 

MC14&34B ..I1.. MCI4534B 

Clock A Cout- Clock A 

·Carry Oul Is high for a single clock period when all five BCD slages go 
10 zero. (Carry Oul also goes high when MR Is app"ed.) 

FIGURE 2 - FORCING A BCD STAGE TO THE Q OUTPUTS 

Clock -~>------IClock A 00 

01 

02 

03 

} 
aCOfor 

MC14834B 
SC 

Selected 
Siage 

When the a outputs of a given stage are required, this configuration will 
lock up the selected stage within four clock cycles. The select line 
feedback may be hardwired or sWitched. 

PIN ASSIGNMENT 

24 

2 23 

3 22 

4 21 

5 20 

6 19 

7 18 

8 17 

9 16 

10 15 

11 14 

12 13 
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® MOTOROL.A 

PROGRAMMABLE TIMER 

The MC14536B programmable timer is a 24-stage binary ripple 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 been included. By selecting the ap­
propriate counter stage in conjunction 'with the appropriate input clock fre­
quency, 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 

• 8-Bypass Input Allows Bypassing of First Eight Stages 

• Set and Reset Inputs 

• Clock Inhibit and Oscillator Inhibit Inputs 

• On-Chip RC Oscillator Provisions 

• On-Chip Monostable Output Provisions 

• Clock Conditioning Circuit Permits Operation With Very Long 
Rise and Fall Times 

• Test Mode Allows Fast Test Sequence 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Valu. 

VDD DC Supply Voltage -0.5 to + lB.O 

Vin. You, Input or Output Voltage (DC or TranSient) - 0.5 to VDD + 0.5 

lin. lout Input or Output Current (DC or TranSient), per Pin ±10 

Po Power Dissipation. per Packaget 500 

T8I9 Storage Temperature -65 to +150 

TL Lead Temperature (8-Second Soldering) 280 

·Maximum Ratings afe those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: - 12mW/oC from 65°C to 85°C 

Ceramic "L" Package: -12mW"C from 100'C to 125'C 

BLOCK DIAGRAM 

Clock Inh. 
7 

Out 1 Out2 

VOD == Pin 16 
VSS= Pin 8 

Reset Set 8-Bypass 
2 1 6 

C 

Un" 

V 

v 

mA 

mW 

'C 

'C 

Mono-In 15 

6-350 

MC14536B 

CMOS LSI 
(LOW·POWER COMPLEMENTARY MOS) 

PROGRAMMABLE TIMER 

d~ ffi ~~UU U u ~ll~ ~ 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: -40°C to +85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

13 Decode 
Out 



MC14536B 

ELECTRICAL CHARACTERISTICS (Voltage. Reterenced to VSS) 

Voo Tlow 
. 26°C Thigh • 

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 = 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 - Vdc 
Yin = 0 or VOD 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -
Input Voltage "0" Leve' V'L Vdc 

(VO = 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5 - 1.5 
(VO = 9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0 
(VO = 13.5 or 1.5 Vdc) 15 - 4.0 - 6.75 4.0 - 4.0 

"I" Leve' V'H Vdc 
(VO = 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 -
(VO = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(VO = 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current IAL Device) 'OH mAde 
(VOH = 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -
(VOH = 4.6 Vdc) Pins4& 5 5.0 -0.25 - -0.2 -0.36 - -0.14 -
(VOH = 9.5 Vdc) 10 -0.62 - -0.5 -0.9 - -0.35 -
(VOH = 13.5 Vdc) 15 -1.8 - -1.5 -3.5 - -1.1 -
(VOH = 2.5 Vdc) Source 5.0 -3.0 - -2.4 -4.2 - -1.7 - mAdc 
(VOH = 4.6 Vdc) Pin 13 5.0 -0.64 - -0.51 -0.88 - -0.36 -
(VOH = 9.5 Vdc) 1.0 -1.6 - -1.3 -2.25 - -0.9 -
(YOH = 13.5 Vdc) 15 -4.2 - -3.4 -8.8 - -2.4 -
(VOL = 0.4 Vdc) Sink 'OL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc 
(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 'OH mAdc 
(CLJCP Device) 
(VOH = 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -
(VOH = 4.6 Vdc) Pins 4 & 5 5.0 -0.2 - -0.16 -0.36 - . -0.12 -
(VOH = 9.5 Vdc) 10 -0.5 - -0.4 -0.9 - -0.3 -
(VOH = 13.5 Vds) 15 -1.4 - -1.2 -3.5 - -1.0 -

(VOH = 2.5 Vdc) Source 5.0 -2.5 - -2.1 -4.2 - -1.7 - mAdc 
(VOH = 4.6 Vdc) Pin 13 5.0 -0.52 - -0.44 -0.88 - . -0.36 -
(VOH = 9.5 Vdc) 10 -1.3 - -1.1 -2.25 - -0.9 -
IVOH = 13.5 Vdc) 15 -3.6 - -3.0 -8.8 - -2.4 -
(VOL = 0.4 Vdc) Sink 'OL 5.0 0.52 - 0.44 0.88 - 0.36 - mAde 
IVOL = 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 Current 'in 15 - ±0.1 - ± ±0.1 - ± 1.0 ~Adc 
IAL Device) 0.00001 

Input Current lin 15 - ±0.3 - ± ±0.3 - ± 1.0 ~Adc 
(CLJCP Device) 0.00001 

Input Capacitance Cin - - - - 5.0 7.5 - - pF 
(Vin = 0) 

Quiescent Current (AL Devicel 'DO 5.0 - 5.0 - 0.010 5.0 - 150 ~Adc 
IPer Package) 10 - 10 - 0.020 10 - 300 

15 - 20 - 0.030 20 - 600 

Quiescent Current ICUCP Device) 'DO 5.0 - 50 - 0.010 50 - 375 ~Adc 
IPer Package) 10 - 100 - 0.020 100 - 750 

15 - 200 - 0.030 200 - 1500 

Total Supply Current· *t 'T 5.0 'T = 11.15 ~AJkHz) f + 'DO ~Adc 
(Dynamic plus Quiescent. 10 'T = 12.3 ~A/kHz) f + 'DO 
Per Package) 15 'T = 13.55 ~A/kHz) f + 'DO 
ICL = 50 pF on all outputs. 
all buffers switching) 

*Tlow= -5S"Cfor AL Device. -40"C tor CUCP Device. 
Thigh= + 125°C for AL Device, + 85°C for CLlCP Device. 

tTo calculate t01al supply current at loads other than 50 pF: 

#Data labelled "Typ" is not to be used for design purposes but is 
Intended as an indication of the IC's potential performance. 

·"'The formulas given are for the typical characteristics only at 25°C. 
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SwiTCHING CHARACTERISTICS· (CL = 50 pF T A = 250C) 

Characteristic 
Output Rise and Fall Time (Pin 13) 

tTLH. tTHL ~ (1.5 ns/pF) CL + 25 ns 

tTLH. tTHL ~ (0.75 ns/pF) CL + 12.5 ns 
tTLH. tTHL'~ (0.55 ns/pF) CL + 9.5 ns 

Propagation Delay Time 
Clock to a I, a·Bypass (Pin 61 High 

tPLH, tpHL = (1.7 n,/pF) CL + 1715 ns 
tpLH, tPHL = (0.66 ns/pF) CL + 617 ns 
tPLH, tpHL • (0.5 ns/pF) CL + 425 ns 

Clock to aI, 8·8ypass (Pin 6) Low 
tPLH, tpHL • (1.7 ns/pF) CL + 3715 ns 
tPLH, tpHL = (0.66 ns/pF) CL + 1467 ns 
tPLH, tPHL = (0.5 ns/pF) CL + 1075 ns 

Clock to016 
tPHL, tpLH = 11.7 ns/pF) CL + 6915 n. 
tPHL, tpLH = (0.66 ns/pF) CL + 2967 ns 
tpHL, tpLH = (0.5 ns/pF) CL + 2175 ns 

Reset to an 
tPHL = (1.7 ns/pF) CL + 1415 ns 
tpHL = (0.66 ns/pF) CL + 567 ns 
tPHL' (0.5 ns/pF) CL + 425 ns 

Clock Pulse Width 

Clock Pulse Frequency 
(5O~ Duty Cycle) 

Clock Rise and Fall Time 

Res.t Pulse Width 

"'The formulas given are for the typical characteristics only at 25°C. 
#Data labelled "Typ" Is not to be used for design purposes but is 

Intended as an Indication of the Ie's potential performance. 

This device contains protection circuitry to 
guard against damage due to high static. 
voltages or electric fields. However, precau­
tions must be taken to avoid applications of 
any voltage higher than maximum rated 
voltages to this high-impedance circuit. For 
proper operation, Vin and Vout should be 
constrained to the range VSS .. (Vin or 
Vout)" VOO' 
Unused inputs must always be tied to an ap­
propriate logic voltage level (e.g., either VSS 
or VOO). Unused outputs must be left open. 

Symbol 

tTLH. 
tTHL 

tpLH, 
tpHL 

. tpLH, 
tpHL 

tPLH, 
tPHL 

tpHL 

tWH 

lei 

tTLH, 
tTHL 

twH 
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VDD 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

Min Typ# Max Unit 

ns 
- 100 200 

- 50 100 
- 40 ao 

ns 

- 1800 3600 
- 650 1300 
- 450 1000 

jlS 

- 3.8 7.6 
- 1.5 3.0 

- 1.1 2.3 

jll 

- 7.0 14 
- 3.0 6.0 
- 2.2 4.5 

ns 
- 1500 3000 
- 600 1200 
- 450 900 

600 300 - ns 
200 100 -
170 85 -
- 1.2 0.4 MHz 

- 3.0 1.5 
- 5.0 2.0 

-
No Limit 

1000 500 - ns 
400 200 -
300 150 -

PIN ASSIGNMENT 

16 

2 15 

3 14 

4 13 

5 12 

6 11 

10 

8 9 
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PIN DESCRIPTIONS 

INPUTS 

SET (Pin 1) - A high on Set asynchronously forces 
Decode Out to a high level. This is accomplished by set­
ting an output conditioning latch to a high level while at 
the same time resetting the 24 flip-flop stages. After Set 
goes low (inactive), the occurrence of the first negative 
clock transition on IN, causes Decode Out to go low. 
The counter's flip-flop stages begin counting on the sec­
ond negative clock transition of IN,. When Set is high, 
the on-chip RC oscillator is disabled. This allows for 
very low-power standby operation. 

RESET (Pin 2) - A high on Reset asynchronously 
forces Decode Out to a low level; all 24 flip-flop stages 
are also reset to a low level. like the Set input, Reset 
disables the on-chip RC oscillator for standby operation. 

IN, (Pin 3) - The device's internal counters advance 
on the negative-going edge of this input. IN, may be 
used as an external clock input or used in conjunction 
with OUT, and OUT. to form an RC oscillator. When an 
external clock is used, both OUT, and OUT. may be left 
unconnected or used to drive 1 LSTTL or several CMOS 
loads. 

a-BYPASS (Pin 6) - A high on this input causes the 
first 8 flip-flop stages to be bypassed. This device es­
sentially becomes a 16-stage counter with all 16 stages 
selectable. Selection is accomplished by the A, B, C, 
and 0 inputs. (See the truth tables.) 

CLOCK INHIBIT (Pin 7) - A high on this input dis­
connects the first counter stage from the clocking 
source. This holds the present count and inhibits further 
counting. However, the clocking source may continue to 
run. Therefore, when Clock Inhibit is brought low, no os­
cillator start-up time is required. When Clock Inhibit is 
low, the counter will start counting on the occurrence of 
the first negative edge of the clocking source at IN,. 

OSC INHIBIT (Pin 14) - A high level on this pin 
stops the RC oscillator which allows for very low-power 

standby operation. May also be used, in conjunction 
with an external clock, with essentially the same results 
as the Clock Inhibit input. 

MONO-IN (Pin 15) - Used as the timing pin for the 
on-chip monostable multivibrator. If the Mono-In input Is 
connected to VSS, the monstable circuit is disabled, and 
Decode Out is directly connected to the selected Q out­
put. The monostable circuit is enabled if a resistor is 
connected between Mono-In and VOO. This resistor and 
the device's internal capacitance will determine the 
minimum output pulse widths. With the addition of an ex­
ternal capacitor to VSS, the pulse width range may be 
extended. For reliable operation the resistor value 
should be limited to the range of 5 k!l to 100 k!l and the 
capacitor value should be limited to a maximum of 1000 
pf. (See figures 3, 4, 5, and 10). 

A, B, C, D (Pins 9,10,11,12) - These inputs se­
lect the flip-flop stage to be connected to Decode Out. 
(See the truth tables.) 

OUTPUTS 

OUT .. OUT2 (Pin 4, 5) - Outputs used in conjunc­
tion with IN, to form an RC oscillator. These outputs are 
buffered and may be used for 20 frequency division of 
an external clock. 

DECODE OUT (Pin 13) - Output function depends 
on configuration. When the monostable circuit is dis­
abled, this output is a 50% duty cycle square wave dur­
ing free run. 

TEST MODE 

The test mode configuration divides the 24 flip-flop 
stages into three 8-stage sections to facilitate a fast test 
sequence. The test mode is enabled when B-Bypass, 
Set and Reset are at a high level. (See Figure 8.) 
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TRUTH TABLES 

Input Stage Selected Input Stage Selected 

For Decode Out For Decode Out 
8-Bypass 0 C B A 8-Bypass 0 C B A 

0 0 0 0 0 9 1 0 0 0 0 1 

0 0 0 0 1 10 1 0 0 0 1 2 

0 0 0 1 0 11 1 0 0 1 0 3 

0 0 0 1 1 12 1 0 0 1 1 4 

0 0 1 0 0 13 1 0 1 0 0 5 

0 0 1 0 1 14 1 0 1 0 1 6 

0 0 1 1 0 15 1 0 1 1 0 7 

0 0 1 1 1 16 1 0 1 1 1 8 

0 1 0 0 0 17 1 1 0 0 0 9 

0 1 0 0 1 18 1 1 0 0 1 10 

0 1 0 1 0 19 1 1 0 1 0 11 

0 1 0 1 1 20 1 1 0 1 1 12 

0 1 1 0 0 21 1 1 1 0 0 13 

0 1 1 0 1 22 1 1 1 0 1 14 

0 1 1 1 0 23 1 1 1 1 0 15 

0 1 1 1 1 24 1 1 1 1 1 16 

FUNCTION TABLE 

Clock OSC Decode 
In1 Set A ••• t Inh Inh Out 1 Out 2 Out 

f J \.... No 
0 0 0 0 

Change 

\.... \.... f 
Advance 

0 0 0 0 10 

next state II 
X 1 0 0 0 0 1 1 

X 0 1 0 0 0 1 0 

No 
X 0 0 1 0 - - Change 

X 0 0 0 1 0 1 
No 

Change 

0 0 0 0 X 0 1 
No 

Change 

Advance 

1 0 0 0 J """\... J to 
next state 

x = Don't Care 
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TYPICAL RC OSCILLATOR CHARACTERISTICS 
(For Circuit Diagram See Figure 11 In Appllcetlon) 

FIOURE 1 - RC OSCILLATOR STABILITY 

a.Dlr-~--.--.--"'--..I'--'--'----' 

r-- f-,. A VDD' 15 V 
l 4.DI---I--F ...... ""'~.,...;I'-+---+---+----I 

~ D~·='t:.~ ----fI'---. ~~-
... ~ 
co 10 V~ ---- r::::: 
t -4.DII---+--+--+---c-----j---+----i 
15 ---- --- ---- I a ----r--;. .... ---
~ -8.01----+--+--+-T \ 
-12b=:;+==F:::l=:=~~"""""bd 

RTC= 56kll./--RS =0.1 = 10.15 kHz@' Voo = 10 V. TA= 25OC--
-16 C=l000pF 1---RS·120kU.I=7.8kHz@'VOO=10V.TA=250C 

-55 -25 0 25 50 75 100 125 
-Device Only. TA. AMBIENT TEMPERATURE (OCI' 

FIGURE 2 - RC OSCILLATOR FREQUENCY AS A 
FUNCTION OF RTC AND C 

10 0 

:z: 
<! 
> 
<.> z 

0 

0 

0 

~ :. 01-- f asa function 
f- 01 C '" e 2. 

:3 
~ 1. 

~ O. 

O. 

O. 

O~ (RTC = 56 kill 
o (RS-120kl 

5 

2 

\Ok 

0.0001 

Voo' 10 V t=I= 

........ filsafunction_ 
01 RTC 

(C = 1000 pFI ~ 
(RS ~ 2RTCI 

10 k 1 k 
RTC. RESISTANCE (OHMSI 
0.001 0.01 

C. CAPACITANCE "'fl 

MONOSTABLE CHARACTERISTICS 
(For Circuit Diagram Se. Figure 10 In Application) 

1.0M 

0.1 

FIOURE 3 - TYPICAL Cx versus PULSE WIDTH @ VDD = 5.0 V 

100 

FIGURE 4 - TYPICAL Cx versus PULSE WIDTH @ VDD = 10 V 

100 

= Formula for calcullting lW in 

== mn:,ol8tonds is IS follOWS: 

== tw = 0.00247 RX' CXO.85 ./ 
Where RX is 111 !tn, ex in pF. 

l./ 

~ Formula tor calculatmg tw in 
f-- microseconds is as follows: 
f-- IW = 0.00247 RX' CXO.85 
f-- Where RX IS in Itu. eX In pF. 

RX= 100kU - Rx 100 k!l 
_50m , , 
~IOkU = SkU 

if 1.0 
RX 50 k!l 

./ 

RX 10 k!l 
TA = 25°C RX 5.0 k!l 

VOO = 5V 

O. I 
1.0 10 100 1000 I O. 1.0 10 100 

CX. EXTERNAL CAPACITANCE (pFI Cx. EXTERNAL CAPACITANCE (pFI 

FIGURE 5 - TYPICAL Cx versus PULSE WIDTH @ VDD = 15 V 

100 

f== Formula tor calcullting tw in 

f-- microllCOnds is as follows. 
l./ 

f:= tw • 0.0024/ RX' CXO.85 

0 
Where RX IS 1ft kn, eX In pF. 

Rx = l00kll 
Rx = 50kll 

./ 
0 

Rx ·IOkil 
RX' 5kll TA = 25 C 

VOO"15V 

.1 
1.0 10 100 1000 

Cx. EXTERNAL CAPACITANCE (pFI 
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FIGURE 8 - POWER DISSIPATION TEST 
CIRCUIT AND WAVEFORM FIGURE 7 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

20 ns 

,~~% 50% 

50% 
Duty Cycle 

FUNCTIONAL TEST SEQUENCE 

Test function (Figure 8) has been included for the re­
duction of test time required to exercise all 24 counter 
stages. This test function divides the counter into three 
8-stage sections and 255 counts are loaded In each of 
the 8-stage sections in parallel. All flip-flops are now at 
a "1". The counter is now returned to the normal 24-
stages in series configuration. One more pulse is en­
tered into In, which will cause the counter to ripple from 
an all "I" state to an all "0" state. 

FIGURE 8 - FUNCTIONAL TEST CIRCUIT 

FUNCTIONAL TEST SEQUENCE 

INPUTS OUTPUTS COMMENTS 

Decade Out 
Inl Se. Reset 8·Bypass 01 .hru 024 All 24 stages are in Reset mode. 

0 0 

0 Counter 1$ In three 8 stage sections In parallel mode 

0 0 First "1" to "0" transition of clock , 
0 

255 "1" to "0" tranSitions are clocked In the coun,er 

0 The 255 "1" to "0" tranSition. 

Counter converted back to 24 stages In series mode. 
0 0 0 0 Set and Reset must be connected together and Slmultaneou'Jly 90 

fro~ "1" to "0" 

0 0 0 In1 Switches to a"'''. 

0 0 0 0 0 Counter Ripples from an all "1" state to an all "0" state 
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FIGURE 9 - nME INTERVAL CONFIGURATION USING AN EXTERNAL CLOCK, SET, AND CLOCK INHIBIT FUNCTIONS 
(DIVIDE-BY-2 CONFIGURED) 
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11 
C 

12 
0 

2 
Reset 

14 
OSCINH 

15 
Mono~ln 
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7 
Clock INH 

..--- 3 
INI Pulse 

Gen. 
Clock 

'---
'---

+V 

t 
16 

VOO 

V,s 
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-

Oull 

OUI2 

Decode Out 

I 
I 

4 

5 

13 

S~ ~~ ______________ ~ ____ -+ ______ ~: ___ 
I 

Clock INH J 
OSCOdSOUI¥ 

Power Up 

I 
I 

I 

L 

Note: When power is first applied to the device, Decode Out can be either at a high or low state. On the rising edge of a 
Set pulse the output goes high if initially at a low state. The output remains high if initially at a high state. Because Clock 
Inh is held high, the clock source on the input pin has no effect on the output. Once Clock Inh is taken low, the output 
goes low on the lirst negative clock transition. The output returns high depending on the B-Bypass, A, B, C, and 0 inputs, 
and the clock input period. A 2n frequency division (where n = the number of stages selected from the truth table) is 
obtainable at Decode Out. A 20 -divided output of IN t can be obtained at OUTt and OUT2• 
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FIGURE 10 - TIME INTERVAL CONFIGURATION USING AN EXTERNAL CLOCK, RESET, AND OUTPUT MONOSTABLE TO ACHIEVE A 
PULSE OUTPUT. (DIVIDE-BY·4 CONGIFURED). 

+V 

116 

I 
6 VOO 4 

RX~ 
6·Bypass OUT 1 

9 
A 

~ 10 
B 

11 
C .----

12 
0 

Pulse 2 5 
Gen. 

Reset OUT 2 
1 

Set 
'-- 7 

Clock INH 
15 Mono-In 

.---- 14 
OSCINH 

3 
IN1 Decode Out 13 

Clock 
Vss 

l.......-
CXT t 

.l 

Rese'~~ ______ ~~ __________________________ -7 ________ ___ 

I I "'w _ .00247" Rx • CXO.S5 

Decode OU'~: ____________ .....IhL-________________________ ...JhL-_______ ;xi~n~~C 
t Cx in pF 

"'w-II-
Power Up 

Note: When Power is first applied to the device with the Reset input going high, Decode Out initializes low. Bringing the 
Reset input low enables the chip's internal counters. After Reset goes low, the 2n/2 negative transition of the clock input 
causes Decode Out to go high. Since the Mono-In input is being used, the output becomes monostable. The pulse width 
of the output is dependent on the external timing components. The second and all subsequent pulses occur at 2n x (the 
clock period) intervals where n = the number of stages selected from the truth table. 
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FIGURE 11 - TIME INTERVAL CONFIGURATION USING ON-CHIP RC OSCILLATOR AND RESET INPUT TO INITIATE TIME INTERVAL 
. (DIVIDE-BY~2 CONFIGURED) 
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OUT 1 

OUT 2 

Decode Oul i.fI 
Power Up 

6 a-Bypass 
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10 

B 
11 

C 
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2 
Reset 

14 
OSCINH 

15 
MONO-IN 
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Clock INH 
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INI 
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OUT2 
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1 
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~ 

~)--< 
C 

? 
~RTC 

~ 

13 

2.3 R,C C 

RS ~ Ate 

F = Hz 
R = Ohms 

C = FARADS 

Note: This circuit is designed to use the on-chip oscillation function. The oscillator frequency is determined by the 
external A and C components. When power is first applied to the device, Decode Out initializes to a high state. Because 
this output is tied directly to the Osc-Inh input, the oscillator is disabled. This puts the device in a low-current standby 
condition. The rising edge of the Aeset pulse will cause the output to go low. This In turn causes Osc-Inh to go low. 
However, while Aeset is high, the oscillator is stili disabled (i.e.: standy condition). After Aeset goes low, the output 
remains low for 2n/2 of the oscillator's period. After the part times out, the output again goes high. 
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DUAL PRECISION RETR IGGERABLE/RESETT ABLE 
MONOSTABLE MULTIVIBRATOR 

The MC14538B is a dual, retriggerable, resettable monostable 
multivibrator. It may be triggered from either edge of an input pulse, and 
produces an accurate output pulse over a wide range of widths, the dura­
tion and accuracy of which are determined by the external timing compo­
nents, Cx and RX. 

• Unlimited Rise and Fall Time Allowed on the A Trigger Input 

• Pulse Width Range = 10 ,.s to lOs 

• Latched Trigger Inputs 

• Separate Latched Reset Inputs 

• 3.0 Vdc to 18 Vdc Operational Limits 

• Triggerable from Positive (A Input) or Negative-Going Edge (B-Input) 

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 

• Pin-far-pin Compatible with MC14528B and CD4528B (CD4098) 

• Use the MC54/74HC4538 for Pulse Widths Less Than 10 ,.s with Sup­
plies Up to 6 V. 

MAXIMUM RATINGS· (Voltages Referenced 10 VSS) 

Symbol Parameter Value 

VOO DC Supply Vollage -0.510 + 18.0 

Vin. Vout Input or Output Voltage (DC or Transient) - 0.5 10 VOO + 0.5 

'in. lout Input or Output Current (DC or Transient). per Pin ±10 

Po Power Dissipation, per Packaget 500 

TSla Storage Temperature -8510 +150 

TL Lead Temperature (8-Second Soldering) 280 

*Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mWI"C from 65°C to 85°C 

Ceramic "L" Package: -12mW/oC from 100°C to 125°C 

ONE-SHOT SELECTION GUIDE 

'!JoB 10..,8 100 j.LS 1 rna tOms 100m. 18 10. 

Unit 

V 

V 

mA 

mW 

·C 

·C 

100 ns 

MC14528B 

MCl4536B 
MC14538B 

MC14541B 

MC14548B 

HC453S· <l 

<l 

til' f I I" II~<':-
·LIMITED OPERATING VOLTAGE (2-6V) 

Total Output Pulse Width Range <It--------i>E> 

Recommended Pulse Width Range )*(------~)( 
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CMOS MSI 
ILOW·POWER COMPLEMENTARY MOS) 

DUAL PRECISION 
RETRIGGE RABLE/RESETT ABLE 
MONOSTABLE MUL TIVIBRATOR 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: -55"Cto +125"C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40"C to + 85"C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

BLOCK DIAGRAM 

4~ 

5 B 

3 

11 B 

Reset 

13 

RX and Cx are external components., 

VOO - Pin 16 
VSS· Pin 8, Pin I. Pin 15 

VOO 

6 

VOO 

10 

9 
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ELECTRICAL CHARACTERISTICS (Voltage. Referenced to Vss) 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Yin = VOO orO 10 

15 

"I" Level VOH 5.0 
Yin = Oor VOO 10 

15 

Input Voltage "0" Level VIL 
(VO = 4.5 or 0.5 Vdel 5.0 
(VO = 9.0 or 1.0 Vdcl 10 
(VO = 13.5 or 1.5 Vdcl 15 

"I" Level VIH 
(VO = 0.5 or 4.5 Vdc) 5.0 
(VO = 1.0 or 9.0 Vdel 10 
(VO = 1.5 or 13.5 Vdcl 15 

Output Drive Current (AL Device) 10H 
(VOH = 2.5 Vdc) Source 5.0 
(YOH = 4.6 Vdcl 5.0 
(VOH = 9.5 Vdc) 10 
(VOH· 13.6 Vdc) 16 

(VOL·0.4 Vde) Sink 10L 5.0 
(VOL = O.S Vdc) 10 
(VOL ·1.5 Vdcl 15 

Output Drive Current (CL/CP 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, Pin 2 or 14 I;n 16 

Input Current. Other Inputs (AL Device) 'in 15 

Input Current. Other Inputs (CL/CP Dovice) 'in 15 

Input Cepacitance. Pin 2 or 14 Cin -
Input Capacitance. Other Inputs Cin -

(V in = 0) 
Ouiescent Current (AL Device) 100 5.0 

(PorPack.1 10 
a=Low. a=High 15 

Oulescent Current (CL/CP Device) 100 5.0 
(Por Package) 10 
a=Low. a=High 15 

Quiescent Current, Active State (Both) 100 5 
(Per Package) 10 
a=Hlgh. Q=low 15 

··T otal Supply Current at an external load IT 
capacitance (Cl) and at external 5.0 

timing network (RX. Cx) 10.0 
15.0 

°Tlow = _55oC for AL Device. -400C for Cl/CP Device. 
Thigh ··+1250 C for Al Device. +B50C for CWCP Device. 

"The formulas given are for the typical characteristics only at 25°C. 

#Data labelled "Typ" Is not to be used for design purposes but is 
intended as an Indication of the IC's potential performance. 

T,ow· 250 C Thinh° 
Min Max Min Typ# Max Min Max Unit 

- 0.05 - 0 0.06 - 0.05 Vdc 
- 0.05 - 0 0.06 - 0.05 
- 0.05 - 0 0.05 - 0.06 

4.95 - 4.95 5.0 - 4.95 - Vde 
9.95 - 9.95 10 - 9.95 -

14.95 - 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 

Vde 
3.5 - 3.5 2.75 - 3.5 -
7.0 - 7.0 5.50 - 7.0 -

11.0 - 11.0 8.25 - 11.0 -
mAde 

~.O - -2.4 -4.2 - -1.7 -
~.64 - ~.51 ~.88 - ~.36 -
-1.6 - -1.3 -2.25 - ~.9 -
-4.2 - -3.4 -8.8 - -2.4 -
'0.64 - 0.51 0.88 - 0.36 - mAde 

1.6 - 1.3 2.26 - 0.9 -
4.2 - 3.4 8.8 - 2.4 -

mAde 
-2.5 - -2.1 -4.2 - -1.7 -
~.52 - ~.44 ~.88 - ~.36 -
-1.3 ...: -1.1 -2.25 - ~.9 -
-3.6 - -3.0 -8.8 - -2.4 -
0.52 - 0.44 0.88 - 0.36 - mAde 
1.3 - 1.1 2.26 - 0.9 -
3.6 - 3.0 8.8 - 2.4 -
- ±0.05 - '0.00001 '.05 - to.5 /LAde 

- ±O.l - .0.00001 .0.1 - .1.0 /LAde 

- '0.3 - .0.00001 .0.3 - .1.0 /LAdc 

- - - 25 - - - pF 

- - - 6.0 7.5 - - pF 

- 5.0 - 0.006 5.0 - 150 /LAdc - 10 - 0.010 " 10 - 300 

- 20 - 0.015 20 - 600 
~ 20 - 0.006 20 - 150 /LAdc 

- 40 - 0.010 40 - 300 
- 80 - 0.Q15 80 - ' 600 

- 2.0 - .04 .20 - 2.0 mAdc 
- 2.0 - .08 .45 - 2.0 
- 2.0 - .13 .70 - 2.0 

IT = (3.5 x 10-2) RXCXf + 4CXf + 1 x 10-5 CLf 
IT = (B x 10-2) RxCxf + 9Cxf + 2 x 10-5 Clf 
IT = (1.25 x 10-1) RxCxf + 12CXf + 3 x 10-5 Clf 

where: IT in /LA (one monostabio switching only). 
eX in ~F. CL in pF, RX in k ohms. ,and 
f in Hz is the input frequency. 

This device contains proteellon circuitry to 
guard against damage due to high static 
voltages or eleelric fields. However. precau­
tions must be taken to avoid applications of 
any voltage higher than maximum rated 
voltages to this high-impedance circuit. For 
proper operation. Vln and Vout should bill 
constrained to the range VSS '" (Vln or 
Vout) '" VOD· 
Unused inputs must always be tied to an ap­
propriate logic voltage level (e.g •• either VSS 
or VDD)' Unused outputs must be left open. 
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SWITCHING CHARACTERISTICS· ICl = 50 pF. TA = 25°CI 

AIITy_ 
VOO 

Characteristic Symbol Yd. Min Typ# Mox 

Output Aile Time tTLH 
tTlH ~ 11.35 ns/pFI CL + 33 ns 5.0 - 100 200 
tTlH = 10.60 ns/pFI CL + 20 ns 10 - 50 100 
tTLH • 10.40 ns/pFI CL + 20 ns 15 - 40 60 

Output Fall Time tTHL 
tTHL = 11.35 ns/pFI CL + 33 ns 5.0 - 100 200 
tTHL = 10.60 n,/pFI CL + 20 ns 10 - 50 100 
tTHL' 10.40 ns/pFI CL + 20 ns 15 - 40 80 

Propagation Delay Time tPLH. 
Aor8toOorO tpHL 

tPLH. tPHL = 10.90 ns/pFI CL + 255 ns 5.0 - 300 600 
tPLH. tpHL = 10.36 ns/pFI CL + 132 ns 10 - 150 300 
tPLH. tPHL = 10.26 ns/pFI CL + 87 ns 15 - 100 220 

Reset to Q or Q 
tPLH. tPHL = 10.90 ns/pFI CL + 205 ns 5.0 - 250 500 
tPLH. tpHL = 10.36 ns/pFI CL + 107 ns 10 - 125 250 
tPLH. tPHL = 10.26 ns/pFI CL + 82 ns 15 - 95 190 

Input Ri8~ and Fall Times Ir.lf 5 - - 15 
Reset 10 - - 5 

15 - - 4 

B Input 5 - 300 1.0 
10 - 1.2 0.1 
15 - 0.4 0.05 

A Inpul 5 
10 No Limll 
15 

Input Pulse Width tWH. 5.0 170 85 
A, B. or Reset IWL 10 90 45 -

15 80 40 -
Aetrigger Time I" 5.0 0 - -

10 0 - -
15 0 - -

OutPut Pulse Width - Q or a T 
Refer to Figures 8 and 9 

CX' 0.002 "F. RX = 100 kll 5.0 198 210 230 
10 200 212 232 
15 202 214 234 

CX=O.I"F.RX = l00kll 5.0 9.3 9.86 10.5 
10 9.4 10 10.6 
15 9.5 10.14 10.7 

Cx = 10"F. RX = 100 kll 5.0 0.91 0.965 1.03 
10 0.92 0.98 1.04 
15 0.93 0.99 1.06 

Pulse Width Match between circuits in l00IT,- T21 5.0 - ±1.0 ±S.O 
the same package. T, 10 - ±1.0 ±S.O 
Cx = 0.1 ,.F. RX = 100 kll 15 - ±1.0 ±S.O 

*The formulas given are for the typical characteristics only at 25DC. #Data labelled "Typ" is not to be used for design purposes but is 
Intended as an Indication of the IC's potential performance. 

OPERATING CONDITIONS 

External Timing Resiltance 

Externa' Timing C8pacitance 

Unit 

ns 

ns 

ns 

ns 

,..s 

ms 

-

ns 

ns 

"s 

ms 

s 

" 

• The maximum usable resistance RX is a function of the leakage of the capacitor eX' leakage of the MC 14538~. and leakage due 
to board layout and surface resistance. Susceptability to externally induced noise signals may occur for RX::' 1 MO. 

t If Cx> 15 j1F. use discharge protection diode per Fig. 11. 
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FIGURE 1 - LOGIC DIAGRAM 
(1/2 of Dftice Shownl 

~;2:~-----1====t-----+--J~dd==;--~ Latch II s a 

61.01 

7 191 

Res~ o-----------------q A ... t Latch Note: Pins 1, 8 and 15 must 
be externally grounded 

500pF 

FIGURE 2 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 

Voo 

Q 1-<>------, 
a ........ t>-__ .... cL 1: 

Q' I--<o----,'CL 1: -=­
CL1: -=- J. 90% 

V '0% In 

L-_-.-_---I CL:;;!; -=- Dutv Cvcle = 50% 

Voo 

RX RX 

eX/RX 
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8 Q 

Res~ a 
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B' Q' 

Reset' 

VSS 
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FIGURE 3 - SWITCHING TEST CIRCUIT 

·CL - 50 pF 

CL* 

CL~ 

CL~ 

CL~ 
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INPUT CONNECTIONS 

CHARACTERISTICS Reset A B 

tpLH, tpHL. 'TLH. 'THL. VOO PG' voo 
T.tWH. 'WL 

tPLH. tpHL. 'TLH. tTHL. Voo VSS PG2' 
T.'WH.'WL 

tpLHIRI. tPHLIRI. PG3 PG' PG2 

'WH·'WL 

-'ncludes capacitance of probe., 
wiring, and fixture parasitic. 

NOTE: Switching test waveforrna 
for PG,. PG2. PG3 .,.lhown 
In Figure 4. 

PG'.--IL 

PG2=~ 

PG3'~ 
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FIGURE 4 - SWITCHING TEST WAVEFORMS 
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FIGURE 5 - TYPICAL NORMALIZEO DISTRIBUTION 
OF UNITS FOR OUTPUT PULSE WIDTH 

-TA = 25°C J L J J 
_RX = 100kO 0% POINT PULSE WlOTH -
_CX=0.1"F VOO = 5.0V,T = 9.8ms_ 

t--

VOO = 10V, T = lams 
VOO = 15 V, T = 10.2 ms-

I \ 
1 i 
I \ 

" I ~ 
L -"'-

·4 -2 

T. OUTPUT PULSE WIDTH 1"1 

FIGURE 7 - TYPICAL TOTAL SUPPLY CURRENT 
versus OUTPUT DUTY CYCLE 

Rx = lOa kO, CL = 50 pF 
ONE MONOSTABLE SWITCHING ONLY 

Itbbl~ 15~ L 

10V 
v< 5.0 V 

/ 

/ 

.1 a 
0.001 0.1 1.0 10 100 

OUTPUT DUTY CYCLE 1%1 

'THL 

'THL 

I 

50% 

'TLH 

Voo 
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FIGURE 6 - TYPICAL PULSE WIDTH VARIATION AS 
A FUNCTION OF SUPPLY VOLTAGE VDD 

RX = lOa kO 
ex = 0.1 "F 

I--r----
...... 

't--

10 11 12 13 14 15 

Voo. SUPPl Y VOLTAGE (Volts/ 

FUNCTION TABLE 

Inputs Outputs 

Reset A B Q Q 

H f H .n. "1J" 
H L ""- .n. "1J" 
H f ~ L Not Triggered 
H H f ...... Not Triggered 

H L,H,~ H Not Triggered 
H L L, H,..r Not Triggered 

L X X L H 
""-f X X Not Triggered 
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FIGURE 8 - TYPICAL ERROR OF PULSE WIDTH 
EQUA nON versus TEMPERATURE 
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FIGURE 9 - TYPICAL ERROR OF PULSE WIDTH 
EQUATION versus TEMPERATURE 
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THEORY OF OPERATION 

FIGURE 10 - Timing ()por8tian 
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TRIGGER OPERATION 
The block diagram of the MC145388 is shown in 

Figure 1, with circuit operation following. 
As shown in Figure 1 and 10, before an input trigger 

occurs, the monostable is in the quiescent state with the 
Q output low, and the timing capacitor Cx completely 
charged to VOO. When the trigaer it'Put A goes from 
VSS to VOO (while inputs Band ese are held to VOO) 
a valid trigger is recognized, which turns on comparator 
C1 and N-channel transistor N1 (j). At the same time 
the output latch is set. With transistor N1 on, the capaci­
tor Cx rapidly discharges toward VSS until Vref1 Is 
reached. At this point the output of comparator C1 
changes state and transistor N1 turns off. Comparator 
C1 then turns off while at the same time comparator C2 
turns on. With transistor N1 off, the capacitor Cx begins 

to charge through the timing resistor, RX, toward Voo. 
When the voltage across Cx equals Vref 2, comparator 
C2 changes state, causing the output latch to reset (Q 
goes low) while at the same time disabling comparator 
C2 ®. This ends at the timing cycle with the 
monostable In the quiescent state, waiting for the next 
trigger. 

In the quiescent state, Cx is fully charged to VOO 
causing the current through resistor RX to be zero. Both 
comparators are "off" with total device current due only 
to reverse Junction leakages. An added feature of the 
MC14538B Is that the output latch is set via the input 
trigger without regard to the capacitor voltage. Thus, 
propagation delay from trigger to Q is independent of 
the value of CX, RX, or the duty cycle of ttie Input 
waveform. 

6-366 



MC14538B 

RETRIGGER OPERATION 
The MC1453BB is retriggered il a valid trigger occurs 

® followed by another valid trigger @) before the Q 
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 Vrel 1. 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 CX/RX 
will again drop to Vref 1 before progressing along the 
RC charging curve toward VOO. The Q output will re­
main 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 in­
put pulse on Reset sets the reset latch and causes the 
capacitor to be fast charged to VOO by turning on tran­
sistor PI @. When the voltage on the capacitor 
reaches Vrel 2. the reset latch will clear. and will then be 
ready to accept another pulse. If the Reset input is held 
low. any tr!gger inputs that occur will be inhibited and 
the Q and 0 outputs of the output latch will not change. 
Since the Q output is reset when an input low level is 

FIGURE 11 - USE OF A DIODE TO LIMIT 
POWER DOWN CURRENT SURGE 

detected on the Reset 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 con­
taining the MC14538B is powered down. the capacitor 
voltage may discharge from VOO through the standard 
protection diodes at pin 2 or 14. Current through the pro­
tection diodes should be limited to lOrnA and therefore 
the discharge time of the Voo supply must not be faster 
than (VOO). (C)/(10 rnA). For example. if VOO= 10 V 
and CX= 10 ..,F. the VOO supply should discharge no 
faster than (10 V) x (10 ..,F)/(10 rnA) = 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 VOO to zero volts oc­
curs. the MC1453BB can sustain damage. To avoid this 
possibility use an external clamping diode. OX. con­
nected as shown in Fig. 11. 

PIN ASSIGNMENT 

16 

2 15 

3 14 

4 13 

5 12 

6 11 

10 

8 9 

6-367 

II 



I 

MC14538B 

TYPICAL APPLICATIONS 

FIGURE 12 - RETRIGGERABlE 
MONOSTABlES CIRCUITRY 

Rlsmg-Edge A 
Trigger 

B 

B=VOO 

Failing-Edge 
Trigger 

ex 

1-----0 

1>-----:-0 

Reset=Voo 

ex 

1-----0 

p.---o 

Resel= VOO 

FIGURE 13 - NON-RETRIGGERABlE 
MONOSTABlES CIRCUITRY 

RIsing-Edge A 
Trigger 8 

A 

Failing-Edge B 
Trigger 

ex 

\----0 

0----.0 

Reset =VOO 

ex 

\-----,0 

Reset = VOO 

FIGURE 14 - CONNECTION OF UNUSED SECTIONS 

NC 

NC 

NC 

- VOO 
VOO 
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®MOTOROLA 

DUAL 4-CHANNEL DATA SELECTOR/MULTIPLEXER 

The MC14539B data selector/multiplexer is constructed with 
MaS 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. 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-Power TTL Loads or One Low-Power 
Schottky TTL Load Over the Rated Temperature Range 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Value 

VDD DC Supply Voltage -0.5 to + 18.0 

Vin, Vout Input or Output Voltage (DC or TranSient) - 0.5 to VDD + 0.5 

'in. lout Input or Output Current (OC or TranSient). per Pin ±IO 

Po Power Dissipation, per Packaget 500 

TS!lL Storage Temperature -65 to + 150 

TL Lead Temperature (S·Second Soldering) 260 

*Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW/oC from 65°C to 85°C 

Ceramic "L" Package: -12mWrC from 100°C to 125°C 

TRUTH TABLE 

ADDRESS DATA INPUTS 
INPUTS X3 X2 XI XO OUTPUTS 
B A Y3 Y2 YI YO ST,ST' Z,W 

X X X X X X I 0 
0 0 X X X 0 0 0 
0 0 X X X 1 0 I 
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 I 
1 1 0 X X X 0 0 
I 1 1 X X X 0 1 

X" Don t eare 
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Unit 

V 

V 

mA 

mW 

°C 

°C 

MC14539B 

CMOS MS. 
(LOW·POWER COMPLEMENTARY MOS) 

DUAL 4-CHANNEL 
DATA SELECTOR/MULTIPLEXER 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASe 648 

ORDERING INFORMATION 

A Series: - 55°C to + 12S"C 
MC14XXXBAL (Ceramic Package Only) 

C Series: -40"C to +8S'"C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

BLOCK DIAGRAM 

140--~-i 

60--+-+'" 

5 0--+--+-" 
40--+-+'" 

3o-+-H 

150-----i 

100----i 

110----i 

120----1 

130----1 

A 

B· Z 
ST 

XO 

XI 

X2 

X3 

A 

B w 
ST' 

va 
V1 

V2 

Y3 

VOD"" Pin 16 

VSS = Pin 8 

9 
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MC14539B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

VDD 
TI_* 25*C Thi h* 

Characteristic Symbol Vdc Min Max Min Typ# Max Min Max 
Output Voltage "0" Level VOL 5.0 - 0.05 - 0 0.05 - 0.05 

Vln = 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 -
Vln = OorVOO 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -
Input Voltage "0" level Vil 

(Vo = 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5 - 1.5 
(Vo = 9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0 
(Vo = 13.5 or 1.5 Vdc) 15 - 4.0 - 6.75 4.0 - 4.0 

"1" level VIH 
(VO = 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 -
(Vo = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(VO = 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (Al Device) IOH 
(VOH = 2.5 Vdc) 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 -
(VOH = 13.5 Vdc) 15 ",4.2 - -3.4 -8.8 - -2.4 -
(VOL = 0.4 Vdc) Sink IOl 5.0 0.64 - 0.51 0.88 - 0.36 -
(VOL = 0.5 Vdc) 10 1.6 - 1.3 2.25 - 0.9 -
(VOL = 1.5 Vdc) 15 4.2 - 3.4 8.8 - 2.4 -

Output Drive Current (CL/CP Device) IOH 
(VOH = 2.5 Vdc) Source 5.0 -2.5 - -2.1 -4.2 - -1.7 -
(VOH = 4.6 Vdc) 5.0 -0.52 - -0.44 -0.88 - -0.36 -
(VOH =, 9.5 Vdc) 10 -1.3 - -1.1 -2.25 - -0.9 -
(VOH = 13.5 Vdc) 15 -3.6 - -3.0 -8.8 - -2.4 -
(VOL = 0.4 Vdc) SInk IOl 5.0 0.52 - 0.44 0.88 - 0.36 -
(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 Current (AL Device) lin 15 - ±O.1 - ±O.OOOOI ±O.1 - ±1.0 

Input CUrrent (CL/CP Device) lin 15 - ±0.3 - ±O.OOOOI ±0.3 - ±1.0 

Input Capacitence Cin - - - - 5.0 7.5 - -
(Vln = 0) 

Quiescent Cument (AL Device) 100 5.0 - 5.0 - 0.005 5.0 - 150 
(Per 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 
(Per Package) 10 - 40 - 0.010 40 - 300 

15 - 80 - 0.015 80 - 600 

Total Supply Current··t IT 5.0 IT = (0.85 !<A/kHz) f + 100 
(Dynamic plus Quiescent, 10 IT = (1.7j.<AlkHz) 1 + 100 
Per Package) 15 IT = (2.6 j.<AIkHz) f + 100 
(Cl = 50 pF on all outputs, 
all buffers switching) 

*Tlow= -55<1C for AL Device, -40"C tor CLlCP Davice. 
Thlgh- +125°C'or AL Device. + 85°C for CUCP Device. 

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

UnH 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAde 

mAdc 

/'Adc 

IlAdc 

pF 

IlAdc 

j.<Adc 

/'Adc 

#Data labelled "Typ" Is not to be used for design purposes but is 
intended as an Indication 0' the IC's potential performance. where: IT Is in .,a.A (per package). CL In pF, V = (VOO- VSS) in volts. 

f In kHz is Input frequency, and k = 0.002. 
""The formulas given are for the typical characteristics only at 25°C. 

This device contains protection circuitry to guard against damage due to high static voltages or electric fields. H_­
,ever, precautions must be taken to avoid applications 01 any voltage higher than maximum rated voltages to this hlgh­
impedance circuit. For proper operation, Vln and Vout should 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). Unused outputs must 
be leflopen. 
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MC145398 

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

CIw_iotic 

Output Rise and Fall Time 
ITLH' ITHL = (1.5 nslpF) CL + 25 ns 
ITLH' tTHL = (0.75 nslpF) CL + 12.5 ns 
ITLH' ITJiL = (0.55 nslpF) CL + 9.5 ns 
Propagation Delay Time 

X, Y 'nput to Output 
tPLH, IPHL ~ (1.7 ns/pFI CL + 125 ns 
tPLH, tPHL = (0.66 ns/pFI CL + 57 ns 
tPLH, tpHL = (0.55 n./pFI CL + 45 ns 

A 'nput to Output 
tPLH = 11.7 ns/pF I CL + 140 ns 
tPLH = (0.66 ns/pFI CL + 77 ns 
tPLH = (0.5 n./pF I CL + 60 ns 

tPHL = (1.7 n./pFI CL + 160 ns 
tPHL = (0.66 ns/pFI CL + 82 ns 
tpHL = (0.5 ns/pF I CL + 65 ns 

Strobe 'nput to Output 
IPLH, tPHL = (t.7 ns/pFI CL +60n. 
tPLH, tpH L = (0.66 ns/pF I CL + 42 ns 
tPLH tPHL = (0.5 ns/pFI CL + 35 ns 

"The formulas given are for the typical characteristics only at 25°C. 

#Data labelled "Typ" is not to be used for design purposes but is 
intended as an indication of the Ie's potential performance. 

Symbol 

ITLH. 
tTHL 

tPLH, 
tpHL 

tPLH 

tpHL 

tpLH, 
tpHL 

VDD Min 

5.0 -
10 -
15 -

5.0 -
10 -
15 -

5.0 -
10 -
15 -
5.0 -
10 -
15 -
5.0 -
10 -
15 -

FIGURE 1 - AC TEST CIRCUIT AND WAVEFORMS 

Voo 

zl---o-..., 
Input 

~~:~~~------~-tl 

w 
Output _~_+,I 

(Test. 2 and 3) 

VSS 

I nput Connections for tTLH. tTHL' tpHL. tpLH 

TEST STROBE A XO 
1 Gnd Gnd P.G 
2 P.G. Gnd VOO 
3 Gnd P. G. VOD 
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Typ# Mox Unit 

ns 
roo 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 

II 
tTLH 



MC14539B 

FIGURE 2 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

20ns 20 ns 

.;.:=--~ +---VOO 

I"'~--vss 

LOGIC DIAGRAM 

II PIN ASSIGNMENT 

16 

2 15 

3 14 

4 13 

5 12 

6 11 

10 

8 9 
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®MOTOROLA 

PROGRAMMABLE TIMER 

The MC14541B programmable timer consists of a 16·stage blhary 
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 
VOD 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 (foscl 
with the nth stage frequency being fosc/2n. 

• Available Outputs 28,210,213 or 2 16 

• Increments on PosItIve Edge Clock TransItions 

• Bullt·in Low Power RC OscIllator 
I ± 2% accuracy over temperature range and ± 20% sup· 
ply and ± 3% over processing at < 10 kHzl 

• Oscillator May Be Bypassed If External Clock Is Available lAp· 
ply external clock to Pin 31 

• External Master Reset Totally Independent of Automatic 
Reset Operation 

• Operates as 2n Frequency D,v,der or Single TransItion T,mer 

• 0/0 Select Provides Output Logic Level FlexibIlity 

• Reset lauto or masterl D,sables Oscillator During Resetting to 
Provide No Active Power Dissipation 

• Clock ConditIoning CIrcuit Permits Operation wIth Very Slow 
CLock Rise and Fall Times 

• Automatic Reset Initializes All Counters On Power Up 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc with Auto 
Reset Disabled (Pin 5 = VDD) 

= 8.5 Vdc to 18 Vdc with Auto 
Reset Enabled (Pin 5 = VSS) 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Value 

vDD DC Supply Voltage -0.5 to + 18.0 

Vin. Vout Input or Output Voltage (DC or Transient) - 0.5 to VDD + 0.5 

lin Input Current (DC or Transient), per Pin ±10 

lout Output Current (DC or Transient). per Pin ±45 

PD Power DIssipation, per Packaget 500 

Tsto Storage Temperature -65 to +150 

TL Lead Temperature (8-Second Soldering) 260 

-Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW/oC from 65°C to 85°C 

Ceramic "L" Package: - 12mWrC from 100°C to 125°C 
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Unit 

V 

V 

mA 

mA 

mW 

°C 

°C 

MC14541B 

CMOS MS. 
(LOW·POWER COMPLEMENTARY MaS) 

OSCILLATOR/TIMER 

.,,. 
1 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

A Series: -55"Cto +125"C 
MC14XXXBAL (Ceramic Package Only) 

C Series: -40"C to +85"C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

2 

3 
4 

5 

6 

PIN ASSIGNMENT 

NC No Connection 

14 

13 

12 

11 

10 

9 

8 
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MC14541B 

ELECTRICAL CHARACTERISTICS (Voltage. Referenced to Vss) 

VDD 
Tlow· 

Charact .. lstic Symbol 

Output Voltaga "0" LIMtI VOL 
Vln = VDD orO 

"I" Level VOH 
Vln=OorVDD 

Input Voltage "0" L4Ml1 VIL 
(VO = 4.6 or 0.5 Vde) 
(VO =9.0 or 1.0Vde) 
(VO = 13.5 or 1.5 Vdc) 

"I" Level VIH 
(VO· 0.5 or 4.6 Vdc) 
(VO • 1.00r9.0 Vde) 
(VO = 1.6 or 13.5 Vde) 

Output Orlve Currant (AL Device) IOH 
(YOH D 2.5 Vdc) Source 
(VOH = 9.5 Vde) 
(VOH • 13.5 Vde) 

(VOL = 0.4 Vde) Sink IOL 
(VOL· 0.6 Vde) 
(VOL -1.5 Vde) 

Output Drive Current (CL/CP Device) IOH 
(VOH = 2.5 Vde) Source 
(VOH - 9.5 Vdc) 
(VOH • 13.5 Vde) 

(VOL· 0.4 Vde) Sink IOL 
(VOL - 0.5 Vde) 
(VOL = 1.5 Vde) 

InpUt Current (AL Device) lin 

InpUt Current (CL/CP Device) lin 

Input C._itenca Cin 
(Vin=O) 

Ouiaocent Current (AL Device) 

(Pin 5 Is High) IDO 
Auto R_ Oi.bled 

Oulaocent Current (CL/CP Device) 

(Pin 5 i. High) 100 
Auto R_ Oi.bled 

Auto R_ Oulaocent Currant 

100R 
(Pin 6 i. low) 

Supply Current··t 
(Dynamic plus Qulaocentl 

10 

'"Tlow= -55°C 'or AL Oevlce, -40~ for CL/CP Device. 
Thlgh= + 125°C for AL Device. + 85°C for CLfCP Device. 

Vdc 

5.0 
10 
16 

5.0 
10 
15 

5.0 
10 
15 

6.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
16 

5.0 
10 
16 

15 

15 

-

5.0 
10 
16 

5.0 
10 
16 

10 
15 

5.0 
10 
15 

#Data labelled "Typ" is not to be used for design purposes but is 
Intended 8S an Indication of the IC's potential performance. 

Min 

-
-
-

4.95 
9.96 
14.95 

-
-
-

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 

-
-
-

-
-
-
-
-
-

-
-

·-The formulas given are for the typical characteristics only at 25°C. 

tWhen using the on chip oacmstor the total supply current (In 

,..Ade) becomes: IT=IO+2 Ctc VOO fxl0- 3 where 10 Is In 
,..A, Ctc is in pF, VOO in Volts ~C, and f in kHz. (see fig. 3) 
Dissipation during power-on with automatic reset enabled is 

typically 50",A @ VOD = 10Vdc. 

Max 

0.05 
0.06 
0.05 

-
-
-

1.6 
3.0 
4.0 

-
-
-

-
-
-
-
-
-

-
-
-
-
-
-

to.l 

'0.3 

-

5.0 
10 
20 

20 
40 
80 

260 
500 
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25°C Thigh' 

Min Typ# Max Min Max Unit 

- 0 0.05 - 0.05 Vde 
- 0 0.06 - 0.05 
- 0 0.05 - 0.05 

4.95 6.0 - 4.95 - Vde 
9.96 10 - 9.96 -
14.96 15 - 14.95 -

Vde 
- 2.25 1.5 - 1.5 
- 4.50 3.0 - 3.0 

- 6.75 4.0 - 4.0 

Vde 
3.5 2.75 - 3.5 -
7.0 6.50 - 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 -

1.66 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 - 0.86 -
2.66 8.0 - 2.18 -
10.4 31.2 - 8.50 -
- 'to.OOOOl to.l - .'.0 "Ade 

- '0.00001 .0.3 - .'.0 "Ade 

- 5.0 7.5 - - pF 

"Ade 
- 0.005 6.0 - 150 

- 0.010 10 - 300 
- 0.Q15 20 - 600 

"Ade 
- 0.005 20 - 150 

- 0.010 40 - 300 

- 0.016 80 - 600 

"Ade 

- 30 250 - 1500 

- 82 600 - 2000 

/lAde 
10 = (0.4 "A/kHz) f + 100 
10 = (0.8 "A/kHz) f + 100 
10 = (1.2 "A/kHz) f + 100 

This device contains protection circuitry to 
guard against damage due to high static 
voltages or electric. fields. However, precau­
tions must be taken to avoid applications of 
any voltage higher tha.n maximum rated 
voltages to this high-impedance. circuit. For 
proper operation, Yin and Vout should be 
constrained to the range VSS '" (Vin or 
Vout) '" VOO: 
Unused inputs must always be tied to an ap­
propriate logic voltage level (e.g., either VSS 
or VOO). Unused outputs must be left open. 



MC14541B 

SWITCHING CHARACTERISITCS· (CL ~ 50 pF. TA = 25°C) 

C,*-iltic Symbol VDD Min Typ# - Unh 

Output Rlae and Fell Time ITLH. 
ns 

ITLH. tTHL = (1.5 nS/pF) CL + 26 ne 
ITHL 

5.0 - 100 200 
ITLH. tTHL = (0.75 ns/pF) CL + 12.5 ne 10 - 50 100 
ITLH. tTHL = (0.55 na/pF) CL + 9.5 na 15 - 40 80 

Propagation Delav. Clock to Q (28 Output) tPLH ,.. 
tPLH. tpHL S (1.7 ns/pF) CL + 3415 ns tpHL 5.0 - 3.5 10.5 
tPLH. tPHL 8 (0.66 ns/pF) CL + 1217 ns 10 - 1.25 3.8 
tPLH. tPHL = (0.5 ns/pF) CL + 875 n. 15 - 0.9 2.9 

Propagation Delav. Clock to Q (2 1ts Outpull tpHL ,.s 
tPHL. tPLH = (1.7 ns/pF) CL + 5915 ns tpLH 5.0 - 6.0 18 
tPHL. tPLH = (0.66 ns/pF) CL + 3467 nl 10 - 3.5 10 
tPHL. tPLH • (0.5 ns/pF) CL + 2475 ns 15 - 2.5 7.5 

Clock Pulse Width 'WH(cl) 5.0 900 300 ns 
10 300 100 -
15 225 85 -

Clock Pula. Frequency (50% Duty Cycle) Icl 5.0 - 1.5 0.75 MHz 
10 - 4.0 2.0 
15 - 6.0 3.0 

MR Pulse Width 'WH(R) 5.0 900 300 - ns 
10 300 100 -
15 225 85 -

Master R •• et Removal Time tram 5.0 420 210 - ns 
10 200 100 -
15 200 100 -

-The formulas given are for the typical characteristics only at 25°C. #Data labelled "Typ" is not to be used for design purpOses but Is 
Intended as an Indication of the IC's potential performance. 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT 
ANO WAVEFORM 

Vee 

Q 

...... _-..... VSS 

(R te end etc outputs .... left apen) 

Dutv Cvcle 
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FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
AND WAVEFORMS 

Veo 

Q 

II 
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Voo - Pin 14 
VSS - Pin 7 

FREQUENCY SELECnON TABLE 

Number of 
Counter Stages Count 

A i n :zn 
0 0 13 8192 

0 1 10 1024 
1 0 B 256 

1 1 18 85636 

MC14541B 

EXPANDED BLOCK DIAGRAM 

Select 

TRUTH TABLE 

State 
Pin 0 1 

Auto Reset, 6 Auto R.set Ope,- Auto R •• t 
ating Oioabled 

Master Reset, 6 Timer Op .... tion.1 Malter R •• t On 

0/0, 9 Output InltiaUy Output Initially High 
Low After R._ After Ra.t 

Mode, 10 Single Cve .. Modo Recycle Mod. 

'FIGURE 3 - OSCILLATOR CIRCUIT USING RC CONFIGURATION 

I 
I 
I I Internal 

L_~~ __ 
----i 
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MC14541B 

TYPICAL RC OSCILLATOR CHARACTERISTICS 

FIGURE 4 - RC OSCILLATOR STABILITY 

8.0,---,---,---,---r--"T""---'--'" 

-- r--..... AJOO~ 15t 
~ 4.0 1---+---f=-.Ioz~4--+--I---1 

~ :::::-"""--- z:::~"--__ 
~ 0 ---- ~--=:::. r--;::.: 

~ -F-=;4 ----~ 
~-4.0 10V""'_ 

~ ---- --- ---- .~. a ---~.C-~~--- ----
IE -8.01---f--+--+- 5.0

1 
v \ 

-12 ~~C=*==!=='=~J-.d==--4 
RTC ~ 58 kfl /-- RS ~ 0, f ~ 10.15 kHz @ Voo ~ 10 V, TA ""725OC 

-16 C ~ 1000 pF 1--- RS ~ 120 kn, f ~ 7.8 kHz@ Voo ~ 10 V, TA ~ 250C 

-55 -25 0 25 50 75 100 125 

TA, AMBIENT TEMPERATURE lOCI 

~ 

100 

50 

20 

~ _ 10 
~ 

~ 5.0 

a: 
o 2.0 

~ - 1.0 

Ohi 
0.5 

0.2 

O. I 

FIGURE 5 - RC OSCILLATOR FREOUENCY AS A 
FUNCTION OF RTC AND CTC 

Voo 10V':;: i:;+m 

...... f as a function 
ofRTC 

IC 1000 pFI 
IRS - 2RTCI = f as ~~~ction = IRTC ~ 58 kn) 

IRS ~ 120 kn) 

1.0 k 10 k lOOk 1.0m 

RTC, RESISTANCE 10HMS) 
0.0001 0.001 0.01 0.1 

C, CAPACITANCE IflFI 

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 "1". Both types of reset will result in synchronously 
resetting all counter stages independent of counter state. 
Auto Reset pin when set to a "1" provides a low power 
operation. ' 

The RC oscillator as shown in Figure 3 will oscillate 
with a frequency determined by the external RC net· 
work i.e., 

1 
f=~tc .if(1 kHz<f<100 kHz) 

and RS"" 2 Rtc where RS" 10 kG 

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 2" 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 (i.e" effectively outputing 28). 

The Q/l! select output control pin provides for a choice 
of output level. When the counter is in a reset condition' 
and Q/il select pin is set to a "0" tha a output is a "0", 
correspondingly when Q/il select pin is set to a "1" the 
a outPut is a "1". 

When the mode control pin is set to a "1", the 
selected count is continually transmitted to the output. 
But, with mode pin "0" and after a reset condition the 
RS flip-flop (see Expanded Block Diagram) resets, 
counting commences, and after 2n-1 counts the RS 
flip-flop sets which causes the output to change state. 
Hence, after another 2n-1 counts the output will not 
change. Thus, a Master Reset pulse must be applied or 
a change in the mode pin level is required to reset the 
single cycle operation. 

DIGITAL TIMER APPLICATION 

14 

2 13 

3 12 

NC 4 11 
AR 5 10 

9 

8 
.i"'L.lnput 

-ll-

'::' MR 
6 

-= 
tMR 

vOO 
B 

A 

N.C. 
MODE 
OIii,,::, 

vOO 

Output 

~ 
-l I-

t+tMR 
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When Master Reset (M R) receives a po$itive pulse, the 
intsrnal counters and latch ara reset. The a output goes 
high and remains high until the selactad (via A and B) 
number of clock pul_ ara counted, the a output then 
goes low and ramains low until another input pulse is 
rsceived. 

This "one shot" is fully rstriggerable 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 edditional 
accuracy is ~ed, . 

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. 

II 



® MOTOROLA 

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER 
for LIQUID CRYSTALS 

The MC14543B BCD-to-seven segment latch/decoder/driver is 
designed for use with liquid crystal readouts, and is constructed with 
complementary MOS (CMOS) enhancement mode devices_ The cir­
cuit provides the functions of a 4-bit storage latch and an 8421 8CD­
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. 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. 

• 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 V to 18 V 
• 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). 

• Chip Complexity: 207 FETs or 52 Equivalent Gates 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Symbol Value Unit 

DC Supply Voltage VOO -0.5 to +18 V 

Input Voltage, All Inputs Vin -0.5 to VOO + 0.5 V 

DC Input Current per Pin lin <10 mA 

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

Storage Temperature Rance Tstg -65 to +150 °c 
Maximum Continuous Output Drive Current IOHma. 10 mA 

(Source or Sink) per Output IOLmax 

Maximum Continuous Output Povver* POHma. 70 mW 
(Source or Sink) per Output POlme• 

-*POHma. - IOH (VOH - VOO) and POlma• = IOl (VOL - VSS) 
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MC14543B 

CMOS MS. 
(lOW-POWER COMPLEMENTARY MOS) 

BCD-TO-SEVEN SEGMENT 
LATCH/DECODER/DRIVER 

for 
LIQUID CRYSTALS 

l SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

LO 

• 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 

1 -

ORDERING INFORMATION 

A Series: - 55'C to + 125'C 
MC14XXXBAL (Ceramic Package Onlyl 

C Series: - 40°C to + 85°C 
MC14XXXBCP (Plastic Package I 
MC14XXXBCL (Ceramic Package I 

TRUTH TABLE 
INPUTS OUTPUTS 

81 .... 0 C 8 A. b , d . f • 
1 0 • • x x 0 0 0 0 0 0 0 
0 0 0 0 0 0 1 1 1 1 1 1 0 
0 0 0 0 0 1 0 1 1 0 0 0 0 
0 0 0 0 1 0 1 1 0 1 1 0 1 
0 0 0 0 1 1 1 1 1 1 0 0 1 
0 0 0 1 0 0 0 1 1 0 0 1 1 
0 0 0 1 0 1 1 0 1 1 0 1 1 
0 0 0 1 1 0 1 0 1 1 1 1 1 
0 0 0 1 1 1 1 1 1 0 0 0 0 
0 0 1 0 0 0 1 1 1 1 1 1 1 
0 0 1 0 0 1 1 1 1 1 0 1 1 
0 0 1 0 1 0 0 0 0 0 0 0 0 
0 0 1 0 1 1 0 0 0 0 0 0 0 
0 0 1 1 0 0 0 0 0 0 0 0 0 
0 0 1 1 0 1 0 0 0 0 0 0 0 
0 0 1 1 1 0 0 0 0 0 0 0 0 
0 0 1 1 1 1 0 0 0 0 0 0 0 
0 0 X X X X . -
1 1 t Inverse of Output 

Combmatlons 
Above 

X '" Don't care 
t '" Above Combmatlons 

DISplay 

Blank 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Blank 

Blank 

Blank 

Blank 

Blank 

Blank -. 
DIsPlay 
as above 

• = For liqUId crystal readouts, apply a 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 LD ~ 1 



MC14543B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Voo 
Characteristic Symbol Vdc 

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

15 

"'" Level VOH 50 
V ,n o or VOO 10 

15 

Input Voltage#" "0" Level Vil 
IVo 4.5 or 0.5 VI 5.0 

IVo 90or1.0VI 10 
IVO - 13.5 or 1.5 VI 15 

.• ,,, Level VIH 
IVO" 0.5 or 4.5 V) 5.0 
(VO" 1.00r90V) 10 
(VO 015 or 13.5 V) 15 

Output Drive Current (AL Device) IOH 
(VOH =2.5 V) Source 5.0 
(VOH = 4.6 V) 5.0 
(VOH = 0 5 VI 10 
(VOH =9.5 VI 10 
(VOH = 13.5 VI 15 
(Val = 0.4 VI Smk IOl 5.0 
(VOL - 0.5 VI 10 
(VOL = 9.5 VI 10 
(VOL = 1.5VI 15 

Output Drive Current (CL/CP Device) IOH 
(VOH = 2.5 VI Source 5.0 

(VOH =4.6 VI 5.0 
(VOH = 0.5 V) 10 
(VOH =9.5 VI 10 
(VOH = 13.5 VI 15 

(VOL = 0.4 VI Smk 10l 5.0 
(VOL = 0.5 V) 10 
(VOL = 9.5 V) 10 
(VOL = 1.5 V) 15 

Input Current (AL Device) lin 15 

Input Current (CLlCP Devlcel lin 15 

Input Capacitance C,n -

QUiescent Current (AL Devlcel 100 ·50 
(Per Package) Vin=O or VOO, 10 
lout =O~A 15 

QUiescent Current (CLlCP Device) 100 50 
(Per Package) Vin=O or VOO, 10 
lout = 0 ~A 15 

Total Supply Current"' t IT 50 
(DynamiC plus QUiescent, 10 
Per Packaqe) 15 
(el =50 pF on all outputs, all 
buffers sWltchlngl 

"Tlow -55°C for AL Device, -40°C for CLlCP Device. 
Thigh· t12SoC for AL Device, +85aC for CLle? Oevlce. 

;;Nalse Immunity specified for worst-case Input combination 

Tlow 
Min 

-
-
-

495 
995 

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 V min @ VOO = 5.0 V 

2.0 V min @VOO = 10 V 
2.5 V min@ VOO = 15 V 

tTo calculate total supply current at loads other than 50 pF. 
IT(ell ITI50 pFI + 3.5 x 10-3 (el -501 VODf 

. 
Max 

0.05 
0.05 
0.05 

-
-
-

1.5 
3.0 
4.0 

-
-
-

-
-
-
-
-

-
-
-

-
-
-
-
-

-
-
-
-

±O 1 

i03 

--

50 
10 
20 

20 
40 
80 

2SoC 

Min Typ Max 

- 0 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 -

-2.4 -4.2 -
-0.51 -0.88 -

- -10.1 -
-1.3 -2.25 -
-3.4 -B.B -
0.51 0.88 -
1.3 2.25 -
- 10.1 --

3.4 8.8 -

-2.1 -4.2 -
-0.44 -0.88 -

- -10.1 -
-1.1 -2.25 -
-3.0 -8.B -
0.44 0.88 -
1.1 2.25 -
- 10.1 -

3.0 B.8 -
±O 00001 ±0.1 

- ±O 00001 ± 0.3 

- 50 7.5 

0.005 50 

- 0.Q10 10 
- 0.015 20 

- 0.005 20 
- 0.010 40 

- 0.015 80 

IT=(1.6 "A/kHzl f + 100 
IT=(3.1 ~A/kHzl f + 100 
IT=(4.7 ~A/kHzl f + 100 

where 'T IS 10 ~A (per package), CL In pF. VOO in V. 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 V 

- 0.05 

- 0.05 

4.95 - V 
9.95 -
14.95 -

V 
- 1.5 
- 3.0 

- 4.0 

3.5 - V 

7.0 -
11.0 -

mA 
-1.7 -
-0.36 -

- -
-0.9 -
-2.4 -
0.36 - mA 
0.9 -
- -

2.4 -
mA 

-1.7 --
-0.36 -

- -
-0.9 -
-2.4 -
0.36 - mA 
0.9 -
- -

2.4 -

- ± 1.0 ~A 

- ± 1.0 ~A 

- - pF 

150 ~A 

- 300 
- 600 

- 150 ~A 

- 300 II 
- 600 

~A 
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MC14543B 

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 = 10.5 ns/pF) CL + 160 ns 

Turn-On Delay Time 
tpHL = 11.7 ns/pF) CL +420ns 
tpHL = 10.66 ns/pF) CL + 172 ns 
tpHL = 10.5 ns/pF) CL + 130 ns 

Setup Time 

Hold Time 

Latch Disable Pulse Width (Strobing Datal 

*The formulas given are for the typIcal characteristics only. 

A 5 

B 3 

C 2 

04 

LO 1 

VOD :0 Pin 16 
VSS'=:: Pin 8 

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 
- 100 200 
- 50 100 
- 40 80 

ns 
- 100 200 
- 50 100 
- 40 80 

ns 

- 605 1210 

- 250 500 
- 185 370 

ns 
- 505 1650 
- 205 660 
- 155 495 

350 ns 
450 -
500 - -

40 - ns 
30 - -
20 - -

250 125 - ns 
100 50 -
80 40 -

9 a 

10 b 

11 c 

12 d 

13 e 

15 f 

14 9 



FIGURE 1 - TYPICAL OUTPUT SOURCE 

CHARACTERISTICS 

u 
i-60~-4--~~~---+ 

I-
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w 
u 

'" :0 
o 
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VSS" 0 Vde 
-24

"
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(VOH -Vool, SOURCE DEVICE VOLTAGE (Vdel 

FIGURE 3 - DYNAMIC POWER DlSIPATION 
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. 

A. B. and C 90% 50% VDD 
20nS~20ns 

10%, 1. --- VSS 
2f 

50% Duty Cycle 

~VOH 
Any Output 

---VOL 

MC14543B 
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FIGURE 2 - TYPICAL OUTPUT SINK 

CHARACTERISTICS 

I . 
/ 

VO~ " 15 Vde 

\ 
f-l-

I 
/ \ VOO" 10 Vde 

II "... , 
jV "-

~ 
-r-

I- VOO" 5 0 Vele r- POLmax '" 70 mWdc 

rtl I I I Vss"OVde 

o 40 8.0 12 

(VOL - Vssi. SINK OEVICE VOLTAGE (Velel 

16 

FIGURE 4 - DYNAMIC SIGNAL WAVEFORMS 

(a) Inputs 0, Ph. and 81 low, and Inputs A, B, and LD high 

20 ns 
V::-::::-----*-+--- VDD 

C 

""----VSS 

(b) Inputs D, Ph, and 81 low, and Inputs A and B high. 

LD 

c 

LD 

----, __ ~-r------------VDD 

-,.;;..--------- VSS 

'------- VSS 

" VOH 

'--VOL 

(c) Data DCBA strobed into latches 

,y-x-----VDD 

-----~-~-'; l-----J ,------vss 
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MC145438 

CONNECTIONS TO VARIOUS DISPLAY READOUTS 

LIQUID CRYSTAL (LCI READOUT 

MC14543B 

Output 

Ph 
Common 
Backplane 

Square Wave 

(VSS to VOOl 

LIGHT EMITTING DIODE (LEDI READOUT 

-= Vss 

Common 

Cathode LED 
Common 

Anode LED 

VDD 

INCANDESCENT READOUT 

Appropnate 
Voltage 

GAS DISCHARGE READOUT 

Appropnate 
Voltage 

Note. Bipolar transistors may be added for gam (for VOO ~10V or 'out ~ 10 mAl 

PIN ASSIGNMENT 

LD 

C 

B 

D 

A 

Ph 

BI 

VSS 

VDD 

d 

b 

6-382 

CONNECTIONS TO SEGMENTS 

Voo = Pm 16 
VSS :: Pm 8 

DISPLAY 

\0\:\2\3\'-1\5\6\7\8\9\ 
o 3 4 5 9 



® MOTOROLA 

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER 
FOR LIQUID CRYSTALS 

The MC14544B BCD-to-seven segment latch/decoder/driver is 
designed for use with liquid crystal readouts, and is constructed with 
complementary MOS (CMOS) enhancement mode devices. The cir­
cuit provides the functions of a 4-bit storage latch and an 8421 BCD· 
to·seven segment decoder and driver. The device has the capability 
to invert the logic levels of the output combination. The phase (Ph), 
blanking (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. 

• 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 V to 18 V 

• 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 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Svmbol Value Unit 

DC Supply Voltage VOO -0.5 to +18 Vdc 

Input Voltage, All Inputs Vin -O.5toVOO+0.5 Vdc 

DC Input Current per Pin lin ±10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 °c 
CL!CP Oevice -40 to +85 

Storage Temperature Range Tstg -65 to +150 °c 
Maximum Continuous Output Drive Current 'OHmax 10 mAdc 

(Source or Sink) per Output IOlmax 
Maximum Continuous Output Power * POHmax 70 mW 

(Source or Sink) per Output POlmax 
*POHmax - IOH (VOH - VOO) and POlmax - IOl (VOL - VSS) 
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MC145448 

CMOS MS. 
(lOW-POWER COMPLEMENTARY MOS) 

BCD-TO-SEVEN SEGMENT 
LATCH/DECODER/DRIVER 
WITH RIPPLE BLANKING 

-,-I l SUFFIX 1 P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 726 CASE 707 

ORDERING INFORMATION 

A Senes: -55°C to + 12.50 (; 

MC14XXXBAL (Ceramic Package Onlyl 

C Series: -40°C to +85°C 
MC14XXXBCP (PlastiC Packagel 
MC14XXXBCL (Ceramic Packagel 

PIN ASSIGNMENT 

18 ,. 
IS 

" 13 

12 

11 

10 

'G)b 
·Oe 

d 

IOI/12131·~SI517IBI91 
II , 2 3 ••• l' • 

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 alwavs be tied to an 
appropriate logic voltage level (e.g., either 
VSS or VOOL 



II 

MC14544B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vssl 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 
Vm:' VODorO 10 

15 

"1" Level VOH 5.0 
Vm :. 0 or VOO 10 

15 

Input Voltage#" "0" Level Vil 
(VO 4.5 or 0.5 VI 50 
IVo 9.0 or 1.0 VI 10 
(Vo 13.5 or 1.5 VI 15 

", .. Level VIH 
(VO 0.5 or 4.5 VI 5.0 
(VO' 1.0 or 9 a VI 10 
(VO .' 15ar13.5VI 15 

Output Drive Current (AL Device) IOH 
(VOH = 2.5 VI Source 5.0 
IVOH = 4.6 VI 5.0 
(VOH = a 5 VI 10 
(VOH = 9.5 VI 10 
(VOH = 13.5 VI 15 
(VOL = 0.4 VI Sink IOl 5.0 
(VOL" 0.5 VI 10 
(VOL = 9.5 VI 10 
(VOL = 1.5VI 15 

Output Drive Current (CLlCP Device) IOH 
(VOH = 2.5 VI Source 5.0 
(VOH = 4.6VI 5.0 
(VOH = 0.5 VI 10 
(VOH =9.5 VI 10 
(VOH = 13.5 VI 15 

(VOL = 0.4 VI Sink IOl 5.0 
(VOL = 0.5 VI 10 
(VOL = 9.5 VI 10 
(VOL = 1.5 VI 15 

Input Current (AL Device) Ion 15 

Inpul Current (CLlCP Device) I,n 15 

Input Capacitance C,n -

QUiescent Current (AL Device) 100 50 
(Per Packa~e) Vin=O or VOD, 10 
lout:= 0 p.A 15 

QUIescent Currenl (CLlep Device) 100 50 
(Per Package I Vin=O or VOO. 10 
'out = O/J.A 15 

Total Supply Current"' t IT 50 
(DynamiC plus QUiescent, 10 
Per Package) 15 

(eL = 50 pF on all outputs, all 

buffers sWltchmg) 

"T,ow -550C far AL DeVice, _40°C for CLlCP Device 
Thigh =- +1250C for AL DeVice, +850C for CLlCP DeVice. 

,,"NOise Immunity specified for worst-case Input combmatlon 

Tlow 
Min 

-
-
-

4.95 
9.95 

14.95 

-
-
-

3.5 
7 a 

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 V min @VOD= 5.0 V 

2.0 V min @ VOO = 10 V 
2.5 V min @VOO= 15 V 

tTo calculate total supply current at loads other than 50 pF 
ITICl) ~ IT(50 pFI + 3.5 x 10-3 (el -SOl VOOf 

. 
Ma. 

0.05 
0.05 
0.05 

-
-
-

1.5 
3.0 
4.0 

-
-
-

-
.. 

-
-
-
_. 
-
-

-
-
-
-
-
-
-
-
-

±o 1 

±03 

50 
10 
20 

20 
40 
80 

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 -

- -10.1 -
-1.3 -2.25 -
-3.4 -8.8 -
0.51 0.88 -
1.3 2.25 -
- 10.1 

3.4 8.8 -

-2.1 -4.2 -
-0.44 --0.88 -

- -10.1 .. 
-1.1 -2.25 -
-3.0 -8.8 -
0.44 0.88 -
1.1 2.25 -
- 10.1 -

3.0 8.8 -
±O 00001 '0 1 

±O 00001 ±o 3 

50 7.5 

- 0.005 50 
.. 0.010 10 

0.Q15 20 

.. 0005 20 

.. 0.010 40 

.. 0.015 80 

IT (1.6 ~AlkHzl f + 100 
IT 13.1 ~AlkHzl f + 100 
IT (4.7 "AlkHzl f + 100 

where 'T IS in IJA (per package), CL In pf, VDD in Vdc, and f In kHz IS mput frequency . 
.. "The formulas given are for the tYPical characteristics only at 25°C. 
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Thi h* 

Min Ma. Unit 

- 0.05 V 
- 0.05 
- 0.05 

4.95 - V 
9.95 -
14.95 .-

V 
.. 1.5 
- 3.0 
- 4.0 

3.5 - V 

7.0 -
11.0 -

mA 
-1.7 -
-0.36 .. 

- -
-0.9 -
-2.4 -
0.36 .. mA 
0.9 
- -

2.4 -
onA 

-1.7 
-0.36 -

- -
-0.9 -
-2.4 -
0.36 - mA 
0.9 -
- -

2.4 -
- ± 10 "A 

± 10 "A 
pF 

- 150 "A 
- 300 

600 

- 150 "A 
.. 300 
- 600 

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

Characteristic 

Output Rise Time 
'TLH = (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 
'THL = (1.5 ns/pFI CL + 25 ns 
'THL = (0.75 ns/pFI CL + 12.5 ns 
tTHL = (0.55 ns/pFI CL + 12.5 ns 

Turn-Off Delav Time 
tpLH = (1.7 ns/pFI CL + 520 ns 
tpLH = (0.66 ns/pFI CL + 217 ns 
tpLH = (0.5 ns/pFI CL + 160 ns 

Turn-On Delay Time 
tpHL = (1.7 ns/pFI CL + 420 ns 
tpHL = (0.66 ns/pFI CL + 172 ns 
tpHL = (0.5 ns/pFI CL + 130 ns 

Setup Time 

Hold Time 

Latch Disable Pulse Width (Strobing Datal 

*The formulas given are for the typical characteristics only. 

A 5 

B 3 

C 2 

04 

LD 1 

Voo = Pin 18 
VSS= Pin9 

Symbol VOO 

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 

6-385 

Min Typ Max Unit 

ns 
- 100 200 
- 50 100 
- 40 80 

ns 
- 100 200 
- 50 100 
- 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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MCt4544B 

CONNECTIONS TO VARIOUS DISPLAY READOUTS 

LIQUID CRYSTAL (LC) READOUT 

MC14544B 
Output 

Ph 
Common 
Backplane 

Square Wave 
(VSS to VOO) 

LIGHT EMITTING DIODE (LED) READOUT 

Common 

Cathode LEO 
Common 

Anode LED 

Voo 

INCANDESCENT READOUT 

Appropriate 
Voltage 

GAS DISCHARGE READOUT 

APpropriate 
Voltage 

Note. Bipolar transistors may be added for gain (for VOO ~10V or lout ~ 10 rnA). 

INPUTS 

"" LD BI Ph" 0 

X X 1 0 x 
1 1 0 0 0 
0 1 0 0 0 

X 1 0 0 0 
X 1 0 0 0 
X 1 0 0 0 
X 1 0 0 0 
X 1 0 0 0 

X 1 0 0 0 
X 1 0 0 0 
X 1 0 0 1 
X 1 0 0 1 

X 1 0 0 1 

X 1 0 0 1 

X 1 0 0 1 
X 1 0 0 1 
X 1 0 0 1 

X 1 0 0 1 

X 0 0 0 X 

t t t 1 

TRUTH TABLE 

OUTPUTS 

C B A RBD , b , d , 1 9 

x x x 0 0 0 0 0 0 0 

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

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

1 0 0 0 0 1 1 0 0 1 1 

1 0 1 0 1 0 1 1 0 1 1 

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

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

0 1 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 
1 0 1 0 0 0 0 0 0 a 0 
1 1 0 0 0 0 0 0 0 0 0 
1 1 1 0 0 0 0 0 0 0 0 

X X X "" 

t t Inve, .. (II OU'P<ll 
Coml~"."on, Above 

DISPLAY 

Blank 

Blank. 

0 

1 

Z 
3 
4 

5 

6 
7 

B 
9 

Blank 

Blank 
Blank 
Blank 
,Blank 
Blank 

"" 
O"PI.V 
d.,t,o.e 

x 

6-386 

Don't Care 

Above Combinations 

For liquid crystal readouts. apply a square wave to Ph. For 
common cathode LED readouts, select Ph == O. For common 
anode LED readouts, select Ph "" 1. 
Depends upon ,the BCD Code previously applied when LD = 1. 

RBO=RBI • (ABEOI 
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., 

FIGURE 1 - TYPICAL OUTPUT SOURCE 

CHARACTERISTICS 

1-6.0 r-----j-'-"t-.:+-+--t--l>"''-IIf----l 
.... 
iii 
" " ~ -12 r-----j----t---1---t--1gI'-t-----j'----l 
w 
'-' 

" :::> 

51 
%-1B~-+-~~~~~-+-~-+__+ 
E 

Vss = 0 Vdc 
-24.'::--'-_~--l.-:':---l.-.,-':-'-'~ 

-16 -12 -8.0 -4.0 

(VOH -Vool. SOURCE OEVICE VOLTAGE (Vdc) 

FIGURE 3 - DYNAMIC POWER DISIPATtON 
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 C L loads. 

20n.~on. VDD 
A. B. and C, O% 90% 50% 

~ ---Vss 

50% Duty Cycle 

~VOH 
Any Output 

---VOL 

6-387 

24 

o 

FIGURE 2 - TYPICAL OUTPUT SINK 

CHARACTERISTICS 

\ 

\1/ 
VOO - 15 Vdc 

/ 
/ " 

VOO = 10 Vdc 

...... , 
/ V 1', 

r-.. 

~ 
--VOO = 5 0 Vdc r- Po Lmax = 70 jWdC 

rtl I I 
VSS = 0 Vdc 

o 4.0 B.O 12 

(VOL- VSS), SINK DEVICE VOLTAGE (Vdc) 

16 

FIGURE 4 - DYNAMIC SIGNAL WAVEFORMS 

(a) Inputs 0, Ph. and 61 low, and Inputs A, B. and LD high. 

~~----~-+----VDD 
C 

~---VsS 

~VOH 
___ ~10%~ Vo 

tTLH ::J L 

(b) Inputs D. Ph. and BI low. and Inputs A and B high. 

LD 

C 

LO 

------~~---------------VDD 

~-------~---VSS 

th 
~~--~~I~~~------VDD 

'------- VSS 

\.. VOH 

"'--- VOL 

Ie) Data DCBA strobed into latches 

i ..,v--x------VDD 

----~:-~ L-J "' VSS 

II 
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Input 

Code 

I 

MC14544B 

o 0 0 0 

(01 

I 

MCI4544B 
0 1 o 1 

(51 

MC14544B 

TYPICAL APPLICATIONS FOR RIPPLE BLANKING 

I 
I 

MCI4544B 

a 0 0 0 

(01 

I 
I 

MCI4544B 
0 o 0 0 

101 

LEADING EDGE ZERO SUPPRESSION 

I 
I 

MC14544B 

o 0 1 

(51 

Displays 

I 
I 

I 
I 

MC14544B 

o 0 0 0 

(01 

TRAILING EDGE ZERO SUPPRESSION 

Displays 

I I 
I 

---

I 

MCI4544B MCI4544B 
o 0 0 1 0 0 1 

(11 (31 

6-388 

I 
I 

MCI4544B 

o 0 0 1 

111 

MCI4544B 
0 0 o 0 

(01 

I 
I 

MC14544B 

o 0 1 

(31 

MCI4544B 
0 0 0 0 

101 Input Code 



® MOTOROLA 

HIGH CURRENT 
BCD-TO-SEVEN SEGMENT DECODER/DRIVER 

The MC14547 BCD-to-seven segment decoder/driver IS constructed 
with complementary MaS ICMOS) enhancement mode devices and 
NPN bipolar output drivers In a single monolithic structure. The CtrCUlt 
provides the functions of an B421 BCD-to-seven segment decoder with 
high output drive capability Blanking IBII, can be used to turn off or 
pulse modulate the brightness of the display. The MC14547 can drive 
seven-segment light-emitting diodes ILED!, Incandescent, fluorescent 
or gas discharge readouts either dtrectly or Indtrectly. 

Applications Include Instrument le.g , counter, DVM, etc.) display 
driver, computer/calculator display driver, cockpit display driver, and 
various clock, watCh, and timer uses. 

• High Current Sourcing Outputs IUp to 65 mAl 

• Low Logic CtrCUIt Power DIssipation 

• Supply Voltage Range = + 3.0 V to + 18 V 

• Blanking Input 
• Readout Blanking on All Illegal Combinations 

• Lamp Intensity Modulation Capability 

• Multiplexing Capability 
• Capable of Driving Two Low-Power TTL Loads, 

One Low-Power Schottky TTL Load or 
Two HTL Loads over the Rated Temperature Range 

• Use MC14511 B for Applications RequIring Data Latches 

MAXIMUM RATINGS * IVoltage referenced to VSS, Pin 81 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +18 

Input Voltage, All Inputs Vin -0.5toVDD +05 

Operating Temperature Range MC14547BAL TA -55 to +125 
MC14547BCLlCP -40 to +85 

Storage Temperature Range T stg -65 to +150 

Maximum Continuous Output Drive Current IOHmax 65 
(Source) per Output 

Maximum Continuous Power Dissipation POHmax 1200' 

* Maximum Ratings are those values beyond which damage to the device -may occur 

*See power derating curve (F Igure 1). 

Unit 

V 

V 

°c 

°c 
rnA 

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 occur if Vin and Vout is not 
constrained to the range VSS ~ (Vin or Voutl ~ VOO· 

Due to the sourcing capabilitv 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 
Ratingsl. 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either 
VSS or VDO)· 
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MC14547B 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOS) 

HIGH CURRENT 
BCD-TO-SEVEN SEGMENT 

DECODER/DRIVER 

l SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

4 

ORDERING INFORMATION 

A Senes: -55°C to + 125°C 
MC14XXXBAL (Ceramic Package Onlyl 

C Senes· -40°C to +85°C 
MC14XXXBCP (PlastiC Package I 
MC14XXXBCL ICeramlc Packagel 

16 

15 

14 

'rEt 13 

12 .c c 

11 d 

10 

9 

DISPLAY 

\0\ 1\2\3\ '-I\S\b \7\8\91 

TRUTH TABLE 

INPUTS OUTPUT 

61 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 

1 0 0 0 0 , 1 1 1 1 1 0 0 
1 0 0 0 1 0 1 1 0 0 0 0 1 , 0 0 , 0 1 1 0 1 , 0 1 2 , 0 0 , 1 1 , , 1 0 0 1 3 , 0 1 0 0 0 , 1 0 0 , 1 4 
1 0 1 0 , 1 0 1 1 0 1 1 5 , 0 1 , 0 0 0 , , , , 1 6 
1 0 1 1 1 1 1 1 0 0 0 0 7 , 1 0 0 0 ·1 1 , , 1 1 , 8 , , 0 0 1 , , , 0 0 1 , 9 , 1 0 , 0 0 0 0 0 0 0 0 Blank , 1 0 , , 0 0 0 0 0 0 0 Blank , 1 , 0 0 0 0 0 0 0 0 0 Blank 

1 , 1 0 , 0 0 0 0 0 0 0 Blank , , 1 , 0 0 0 0 0 0 0 0 Blank 
1 , 1 , 1 0 0 0 0 0 0 0 Blank 

X ::: Don't care 

II 
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MC14547B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to VSSI 

Characteristic Symbol 

Output Voltage "0" Level VOL 
V,n = VOO or a 

"1" Level VOH 
V,n = a or VDD 

Input Voltage' "a" Level VIL 
(VO = 3.8 or 0.5 VI 
(VO = 8.8 or 1 OVI 
IVO = 13.8 or 1.5 VI 
(VO = 0.5 or 3.8 VI "1" Level VIH 
(VO = 1.0 or 8.8 VI 
(VO = 1.5 or 13.8 VI 

Output Dnve Voltage (AL Devlcel VOH 
(lOH = 5.0 mAl Source 
(lOH = 10mAI 
(IOH = 20 mAl 
(IOH = 40 mAl 
(lOH = 65 mAl 
(lOH = 5.0 mAl 
(lOH = 10 mAl 
(lOH = 20 mAl 
(lOH = 40 mAl 
(lOH = 65 mAl 

(lOH = 5.0 mAl 
(lOH = 10 mAl 
(lOH = 20 mAl 
(lOH = 40 mAl 
(IOH = 65 mAl 

Output Drive Voltage (CLlCP Devlcel VOH 
(lOH = 5.0 mAl Source 
(lOH = 10 mAl 
(lOH = 20 mAl 
(lOH = 40 mAl 
(lOH = 65 mAl 
(lOH = 5.0 mAl 
(lOH = 10mAI 
(lOH = 20 mAl 
(lOH = 40 mAl 
(lOH = 65 mAl 
(lOH = 5.0 mAl 
(lOH = 10 mAl 
(lOH = 20 mAl 
(lOH = 40 mAl 
(lOH = 65 mAl 

Output Dnve Current (AL Devlcel IOL 
(VOL = 0.4 VI Sink 
(VOL = 0.5 VI 
(VOL = 1.5 VI 

Output Dnve Current ICL/CP Devicel IOL 
(VOL = 0.4 VI Sink 
(VOL = 0.5 VI 
(VOL = 1.5 VI 

"Tlow = -55'C for AL Device, -40'C for CLlCP Device 
Thigh = + 125'C for AL Device, +65'C for CLlCP Device 

INoise Immunity specified for worst-case input combination. 
Noise Margm for both "1" and "a" level = 

1.0 V min @ VDD = 5.0 V 
2.0 V min @ VDD = 10 V 
2.5 V min @ VDD= 15 V 

Voo 
Vdc 
5.0 
10 
15 

5.0 
10 
15 

50 
10 
15 
5.0 
10 
15 

5.0 

10 

15 

5.0 

10 

15 

5.0 
10 
15 

5.0 
10 
15 

6-390 

Tiow . 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.1 -
9.1 -
14.1 -

- 1.5 
- 3.0 
- 4.0 

3.5 -
7.0 -
11.0 -

4.0 -
- -

3.8 -
- -

3.1 -
9.1 -
- -

8.8 -
- -

8.4 -
14.0 -
- -

13.8 -
- -

13.5 -

3.9 -
- -

3.6 -
- -

3.0 -
8.9 -
- -

8.6 -
- -

8.0 -
13.9 -
- -

13.6 -
- -

13.0 -

0.32 -
0.80 -
2.10 -

0.26 -
0.65 -
1.8 -

25'C Thigh" Un~ 
Min Typ Max Min Max 

- a 0.05 - 0.05 V 
- a 0.05 - 0.05 
- a 0.05 - 0.05 

44 4.6 - 4.3 - V 
9.4 9.6 - 9.3 -
14.4 14.6 - 144 -

V 
- 2.25 1.5 - 1.5 
- 4.50 3.0 - 3.0 
- 6.75 4.0 - 4.0 

3.5 2.75 - 3.5 - V 
7.0 5.50 - 7.0 -
11.0 8.25 - 11.0 -

V 
4.2 4.3 - 4.3 -
4.1 4.3 - - -
3.9 4.2 - 4.0 -
3.7 4.0 - - -
3.2 3.7 - 3.0 -
9.2 9.3 - 9.3 -
9.1 9.3 - - -
9.0 9.2 - 9.2 -
8.9 9.0 - - -
8.5 8.8 - 8.1 -
14.2 14.3 - 14.4 -
14.1 14.3 - - -
14.0 14.2 - 142 -
13.8 14.0 - - -
13.5 13.7 - 13.3 -

V 
4.1 4.3 - 4.2 -
4.0 4.3 - - -
3.8 4.2 - 3.9 -
3.5 4.0 - - -
3.0 3.7 - 2.9 -

9.1 9.3 - 9.2 -
9.0 9.3 - - -
8.8 9.2 - 9.0 -
8.5 9.0 - - -
8.1 8.8 - 8.0 -

14.1 14.3 - 14.2 -
14.0 14.3 - - -
13.8 14.2 - 14.0 -
13.5 14.0 - - -
13.0 13.7 - 13.0 -

mA 
0.26 0.44 - 0.18 -
0.65 1.13 - 0.45 -
1.7 4.4 - 1.2 -

mA 
0.22 0.44 - 0.18 -
0.55 1.13 - 0.45 -
1.5 4.4 - 1.2 -



MC14547B 

ELECTRICAL CHARACTERISTICS IContinuedl 

Voo Tlow . 25'C Thi Characteristic Symbol 

Input Current (Al Oevlcel lin 
Input Current ICLlCP Devlcel lin 

Input Capacitance C,n 
QUiescent Current IAl Devlcel IPer Packagel IDD 

VIn=O or VDO, 10ut=0 p.A 

QUiescent Current ICLlCP Devlcel IPer Packagel IDD 
VIn=O or VOD, 10ut=0 p.A 

Total Supply Current"" t IT 
! Dynamic plus QUJescent, 
Per Packagel 
ICl = 50 pF on all outputs, all 
buffers sWitching) 

" Tlow = -55'C for Al Device, -40'C for CLlCP Device 
Thigh = + 125'C for Al DeVice, +85'C for Cl/CP DeVice 

t To calculate total supply current at loads other than 50 pF: 
IT (Cli = IT (50 pFI + 3.5 x 10- 3 (Cl - 501 VDOf 

where: IT IS in p.A (per packagel, Cl in pF, VDD In V, 
and f in kHz is Input frequency . 

• " The formulas given are for the tYPical 
characteristics only at 25°C. 

SWITCHING CHARACTERISTICS (Cl = 50 pF T A = 25'CI 

Characteristic 

Output Rise Time 

Output Fall Time 

Data Propagation Delay Time 

Blank Propagation Delay Time 

Vdc Min 

15 -
15 

- -

50 
10 --
15 -

50 -
10 -
15 -

5.0 
10 
15 

6-391· 

Max Min Typ Max Min 

±01 - ± O,roX)1 ±01 -

±03 ±OOOOOl ±03 
- - 50 75 -

50 0005 50 
10 - 0010 10 -
20 - 0015 20 -

20 - 0005 20 -
40 - 0010 40 -
80 - 0015 80 -

IT = 119 p.A/kHzl I + IDO 
IT = 13 8 ~A/kHzl I + IDD 
IT = 157 p.A/kHzl I + IDO 

Symbol VOO Min Typ 
Vdc 

tTlH 5.0 - 40 
10 - 40 
15 - 40 

tTHl 5.0 - 125 
10 - 75 
15 - 70 

tplH 5.0 - 750 
10 - 300 
15 - 200 

tPHl 5.0 - 750 
10 - 300 
15 - 200 

tplH 50 - 750 
10 - 300 
15 - 200 

tpHl 5.0 - 500 
10 - 250 
15 170 

h* Unit 
Max 

± 10 ~A 

±10 ~A 

- pF 
150 ~A 
300 
600 
150 p.A 
300 
600 

p.A 

Max Unit 

80 ns 
80 
80 
250 ns 
150 
140 

1500 ns 
600 
400 
1500 II 
600 
400 
1500 ns 
600 
400 
1000 
500 
340 
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MC14547B 

LOGIC DIAGRAM 

Bf4 

A 7 - ...... ---t+-+-...... ------------, 

B , - .... ----+'I-+h 

C 2 - .... ----+'t-+ 

06------; 

FIGURE 1 - AMBIENT TEMPERATURE POWER DERATING 
1200 ." 

,.,.",." 

0 

20 0 

o 
25 

........ 

" ....... ........ 
...... ....... Cl DEVICE 

~ -".. 
CP DEVICE ........ / Al DEVICE 

"<.. 

50 75 85 100 125 150 175 

TA. AMBIENTTEMPERATURE lOCI 
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'3 a 

12 b 

11 c 

10 d 

9 e 

15 f 

14 g 



MC14547B 

CONNECTIONS TO VARIOUS DISPLAY READOUTS 

LIGHT EMITTING DIODE (LED) READOUT 

Vss 

Common 
Cathode LED 

INCANDESCENT READOUT 

Voo 

-= VSS 

GAS DISCHARGE READOUT 

Voo 

-= VSS 

Appropnate 
Voltage 

• VZO should be set at VOO - 1 3 V - VLEO. Wattage of zener 
diode must be calculated for number of segments and worst-case 
conditions 

•• A filament pre-warm resistor IS recommended to reduce filament 
thermal shock and Increase the effective cold resistance of the 
filament 

":- Vss 

Common 
Anode LED 

~17V 

LIGHT-EMITTING DIODE (LED) READOUT 
USING A ZENER DIODE TO REPLACE DROPPING RESISTORS 

Vss 

Common 

Cathode LED 

Vss 

FLUORESCENT READOUT 

VOO 

Filament 
Supply 

v S5 or appropriate 
voltage below VSS. 

(Caution: Absolute maximum 
working voltage"" , 8.0 V) 

6-393 
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® MOTOROLA 

SUCCESSIVE APPROXIMATION REGISTERS 

The MC14549B and MC14559B successive approximation registers 
are S-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 IMR) on 
the MC14549B IS reqUired In the cascaded mode when more than 8 bits 
are desired. The Feed Forward IFF) of the MC14559B IS used for register 
shortening where End-of-Converslon IEOC) 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 Of 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 Temperature 
Range 

• Chip CompleXity: 488 FETs or 122 EqUivalent Gates 

MAXIMUM RATINGS IVoltages referenced to VSSI 

Rating Symbol Value Unit 

DC Supply Voltage VDD -0.5 to + 18 Vdc 

Input Voltage, All Inputs Vin -05toVDD +05 Vdc 

DC Input Current, per Pin lin ±1O mAdc 

Operating Temperature Aange- AL DeVice TA -55 to + 125 'C 
CLlCP DeVice -4010 +85 

Storage Temperature Range T stg -65 to + 150 'C 

TRUTH TABLES 
MC14549B MC14559B 

SC SC(t-ll MR MR(t_ll Clock ActIon SC SC(t_ll EOC Clock Action 

X X X X """""I- None X X X '- None 

X X 1 X ~ Reset 0 0 ~ Start 
ConverSIon 

1 0 0 0 ~ Start X 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 ...r- Retam 
Conversion Conversion 

Result 

0 X 0 X -.r- ContInue X ...r- Start 
PrevIous Conversion 
Operation 

x "" Don't Care 

t·' = State at PrevIous Clock ~ 
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MC14549B 
MC14559B 
CMOS MS. 

(LOW-POWER COMPLEMENTARY MOSI 

SUCCESSIVE APPROXIMATION 
REGISTERS 

,-,-1 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 4QoC to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

PIN ASSIGNMENT 

Q4 ['i"'"'..I'i6 VDD 

05 15 03 

06 14 02 

07 13 01 

Sout 12 ~OO 

D 6 II EOC 

C 10 ~. 

VSS 9~SC 

• For MC14549B Pin 10 IS MR Input 
For MC14559B Pin 10 IS FF Input 

ThiS deVice contains cIrcUitry to protect 
the Inputs against damage due to high static 
VOltages or electriC fields, however. It IS 
adVised that normal precautions be taken 
to aVOid application of any voltage higher 
than maximum rated voltages to thiS high 
Impedance CirCUit. For proper operation It 
IS recommended that Vm and Vout be 
constrained to the range VSS ~ (Vln or 
Vout) ~VOD' 
Unused Inputs must always be tied to an 
appropriate logiC voltage level (e g., either 
Vssor VOOI. 



MC14549B, MC14559B 

ELECTRICAL CHARACTERISTICS {Voltages referenced to VSSI 

Voo TIOW* 
Characteristic Symbol 

Output Voltage "0" Level VOL 
VIn=VDD or 0 

"I" Level VOH 
V,n=O or VDD 

Inpul Vollagel "0" Level VIL 
{Vo=450r05VI 
IVo=900r I OVI 
IVO= 13.5 or 1 5 VI 

"I" Level VIH 
IVO=O 5 or 4 5 VI 
IVO= 10 or 9.0 VI 
IVO= 15 or 135 VI 

Output Drive Current (AL DeVice) IOH 
JIVOH=2.5'v1 Source 

IVOH=4.6 VI 
IVOH=9 5 VI 
1VOH= 13 5 VI 

1VOL =04 VI Sink IOL 
1VOL =0 5VI a Outputs 
1VOL=15VI 

1VOL =0.4 VI Sink 
1VOL =0 5VI Pin 5, 1 I only 
{VOL=15VI 

Output Dnve Current ICLlCP Devlcel IOH 
1VOH=25VI Source 
IVOH=4.6 VI 
IVOH=9.5 VI 
IVOH= 13 5 VI 

IVOL =0.4 VI Sink IOL 
IVOL =0.5VI a Outputs 
IVOL = 1.5 VI 

IVOL =0.4 VI Sink 
IVOL =0 5VI Pin 5, I I only 
IVOL = 1.5 VI 

Input Current IAL Devlcel lin 
Input Current (CLlCP DeVice) lin 
Input Capacitance Cin 
QUiescent Current (AL DeVice) IDD 

IPer Packagel 
IClock=O V, 
Other Inputs= VDD or 0 V, 10ut=0 "AI 

aUlescent Current ICLlCP Devlcel IDD 
IPer Packagel 
IClock=O V, 
Other Inputs=VDD or 0 V, 10ut=0 "AI 

Total Supply Current"" t IT 
(Dynamic plus QUiescent, 
Per Packagel 
{CL = 50 pF on all outputs, all 
buffers sw,tch,ngl 

" Tlow= -55°C lor AL DeVice, -40°C for CLlCP DeVice 
Thlgh= + 125°C for AL DeVice, +85°C for CLlCP DeVice 

, Noise Immunity specified for worst-case Input combination 

Vdc 

50 
10 
15 

50 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
5.0 
10 
15 

5.0 
10 
15 

50 
10 
15 

5.0 
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 

NOise Margin for both" 1" and "0" level = I 0 V min @ VDD = 5.0 V 
2.0 V min @ VDD= 10 V 
2.5 V min@ VDD= 15 V 

t To calculate tolal supply current at loads olher than 50 pF 
ITICLI=IT{50 pFI+2x 1Q- 3ICL -501 VDDf 

Min 

-
-
-

4.95 
9.95 
14.95 

-
-
-

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 

104 
2.6 
7.2 

0.52 
1.3 
3.6 

-
-

-
-

-
-

where IT IS In "A {per packagel, CL in pF, VDD In V, and f In kHz is input free 
*. The formulas given are for the tYPical characteristics only at 25°C 
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Ma. 

005 
005 
005 

-
-
-

1.5 
30 
40 

-
-
-

-
-
-
-' 
-
-
-
-
-
-

-
-
-
-
-
-
-

-
-
-

±0.1 

±0.3 

-
5.0 
10 
20 

20 
40 
80 

25"C 
Min yp Ma. 

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 50 -
995 10 -
1495 15 -

- 2.25 15 
- 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 -

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 -
0.88 1.76 -
2.2 4.5 -
6.0 176 -
0.44 0.88 -
1.1 2.25 -
3.0 88 -

±U.OOOOI ±U. 

- ±O.OOOOI ±0.3 
- 5.0 7.5 

0.005 5.0 
- 0.010 10 
- 0.Q15 20 

0.005 20 
- 0.010 40 
- 0.015 80 

IT-10.8 "A/kHzl f+ IDD 
IT=I1·6"A/kHzl f+IDD 
IT= 12.4 "AI kHz) f+ IDD 

Thigh* 
MIn Ma. Unit 

- 005 V 
- 005 

- 0.05 

495 - V 
9.95 -
14.95 -

V 
- 1.5 
- 3.0 
- 4.0 

V 
3.5 -
7.0 -
11.0 -

mA 
-0.7 -
-0.14 -
-0.35 -
-1.1 -
0.72 - mA 
1.8 -
4.8 -
0.36 -
09 -
2.4 -

mA 
-0.6 -
-0.12 -
-0.3 -
-1.0 -
0.72 - mA 
1.8 -
4.8 -
0.36 -
0.9 -
2.4 -

± .0 "A 
- ±1.0 "A 
- - pF 

- 150 "A 
- 300 
- 600 II 

150 "A 
- 300 
- 600 

"A 



MC14549B, MC14559B 

SWITCHING CHARACTERISTICS· ICL - 50 pF, T A - aOcl 
~ Sym .... VDD - Typ - Unit 

Output RI .. Time lTLH nl 
lTLH - 13.0 ni/pFI CL + 30 no 5.0 - 180 360 
lTLH - lUi ni/pFI CL + 15 no 10 - 90 180 
tTLH -n.l nt/pFI CL + 10 no 15 - &Ii 130 

Output Foil Tim. tTHL nl 
tTHL -n.5.nl/pFI CL + 25 no 5.0 - 100 200 
lTHL - 10.75 ,ntlpFI CL + 12.5 nl 10 - 50 100 
tTHL - 10.55 M/pFI CL + 9.5 nl 15 - 40 80 

p,_tion Deloy Time tpLH, nl 
Clock toa tPHL 

tPLH, tPHL - n.7 no/pFI CL +415 nl 5.0 - 500 1000 
tPLH, tpHL -10.&8 nl/pFI CL + 177 no 10 - 210 420 
tPLH, tPHL a 10.5 nl/pFI CL + 130 nl 15 - 165 310 

Clock tn Sout 
tPLH, tPHL "n.7 ni/pFI CL +&85 n~ 5.0 - 750 1500 
tPLH, tPHL - 10.&8 ntipFI CL + 277 nl 10 - 310 820 
tPLH, tPHL • 10.5 ni/pFI CL + 195 no 15 - 220 440 

Clock to EOC 
tPLH, tPHL - 11.7 nl/pFI CL + 215 nl 5.0 - 300 800 
tPLH, tPHL - 10.&8 ml pFI CL + 97 nl 10 - 130 280 
tPLH, tPHL - 10.5 ntlpF I CL + 75 m 15 - 100 200 

SC, 0, FF 0' MR Setup Tim. tau 5.0 250 125 - nl 
10 100 50 -
15 80 40 -

Clock Pul .. Width 'WHIcH 5.0 700 350 - nl 
10 210 135 -
15 200 100 -

Pul .. Width - 0, SC, FF or MR 'WH 5.0 500 250 - no 
10 200 100 -
15 180 80 -

Clock Ri .. end Foil Time lTLH, 5.0 - - 15 ,.. 
lTHL 10 - - 1.0 

15 - - 0.5 
Clock Pul .. Frequency lei 5.0 - 1.5 0.8 MHz 

10 - 3.0 1.5 
15 - 4.0 2.0 

• The formulae given are for the tYPical characteristics only. 

II 
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MC14549B, MC14559B 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

VDD 

07 

Q8 
C 

Q& 

CM 
SC Q3 

O. 
FFIMA) 0, 

00 
0 EDC 

Sout 

Vss 

C 

SC ____ --F 

D _____ -+_~~ 

07------~~~ 

Sout ______________________________ 4-~~ 

Note: Pin 10" VSS 

TIMING DIAGRAM 

II 
eM =="-________ ...J 

Q3~~~----------------~ 
02 ~~a_ ___________ ~ 

0, ~~~ ______________________ ~ 

OO~~~ ________________________ ~ 

EOC~~~ ________________ ~ 

~ - Don't cer. condition 
I nh - I ndicetel S.,lel Out I, inhlbit.d tow . 

• - 08 i. ninth-bit of .riel fnfor"..tion avail.ble from I-bit ' .... ,. 

NOH: 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 andlor recirculating operation can be achieved 
if the End of Convert (EOC) output is used as the con· 
trolling function, since with EOC = 0 (and with SC = 1 
for MC14549B but either 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 circuit on the positive edge of the clock 
pulse. 

Operation of the various terminals is as follows: 
C = Clock - A positive·going transition of the Clock is 

required for data on any input to be strobed into the 
circuit. 

SC - Sort Convert - A conversion sequence is initio 
ated on the positive·going transition of the SC input on 
succeeding clock cycles. 

D = Dao 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 reo 
moved while SC = 0, the circuit will remain reset until 
SC = 1. T.his 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 01 and 00 will still operate and must be dis· 
regarded. 

For B·bit operation, FF is tied to VSS. 
For applications with more than B but less than 16 

bits, use the basic connections shown in Figure 1. The F F 
input of the MC 14559B 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 resu Its in smooth transition of serial information from 
the MC14559B to the MC14549B. The Serial Out (Sout) 
inhibit structure of the MC14559B remains inactive one 
cycle after EOC goes high, while Sout of the MC14549B 
remains inhibited until the second clock cycle of its 
operation. 

On = Dao Outputs - After a conversion is in itiated 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. Thi$ provides efficient operation when 
cascaded. 

FIGURE 1 - 12-BIT CONVERSION SCHEME 

ffomA/D 
Com~r.tor 

Extern .. 

--...-- N.C. 
MSa To D/A .nd P ........ Deta 

-F F aliowl EOC to activet • 
•• if In ...... , .. i .. , . 

• ·Cnc.dine us"'. EOC ..... ranteed; 
no 1tIIb1. unfunctlOMI 1tII •. 

Clock 

C 
SC 
MR 

MC14648B 

To CIA and LSB 
P •• 'Ie'D ... 

F,..run mod. 

E _le, .. 1 .robe 
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MC145498, MC145598 

TYPICAL APPLICATIONS 

Externally Controlled 6-Bit ADC (Figure 21 
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 8-Bit ADC (Figure 31 
This ADC is running continuously because the EOC 

signal is fed back to the SC input, Immediately initiating 
a new cycle on the next clock pulse. 

Continuously Cycling 12·Bit ADC (Figure 4) 
Because each successive approxiamtion register (SARI 

has a capability of handling only an eight·bit word, two 
must be cascaded to make an ADC with more than 
eight bits. 

When it is necessary to cascade two SAR's, the second 
SAR must have a stable resettable state to remain in while 
awaiting a subsequent start signal. However, the first stage 
must not have a stable resettable state while recycling, 
because during switch·on or due to outside influences, the 
first stage has entered a reset state, the entire ADC will 
remain in a stable non·functional condition. 

This 12·bit ADC is continuously recycling. The serial 
as well as the parallel outputs are updated every thirteenth 
clock pulse. The EOC pulse indicates the completion of 

FIGURE 2 - EXTERNALLY CONTROLLED 6·BIT ADC 

c 
sc 

MC145598 Sout 

FIGURE 3 - CONTINUOUSLY CYCLING 8·BIT ADC 

c 
Sout 

sc MC145598 

To OAe 
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MC14549B, MC14559B 

FIGURE 4 - CONTINUOUSLY CYCLING 12·BIT ADC 

the 12·bit conversion cycle, the end of the serial output 
word, and the val idity of the parallel data output. 

Externally Controlled 12-8it 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. 

EOC' 

Additional Motorola Parts for Successive 
Approximation ADC 

Monolithic digital-to-analog converters - The MC 1408/ 
1508 converter has eight·bit resolution and is available 
with 6, 7, and 8-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 approx imation 
ADC is found in Motorola Application Note AN-716. 

FIGURE 5 - EXTERNALLY CONTROLLED 12-BIT ADC 
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@MOTOROLA 

QUAD 2-CHANNEL 
ANALOG MULTIPLEXER/DEMULTIPLEXER 

The MC14551B is a digitally-controlled analog switch. This device im­
plements a 4PDT solid state switch with low ON impedance and very 
low OFF Leakage current. Control 01 analog signals up to the complete 
supply voltage range can be achieved. 

• Oiode Protection on All Inputs 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Analog Voltage Range (VOO-VEE) = 3 to 18 V 
Note: VEE must be :5 VSS 

• Linearized Transfer Characteristics 

• Low Noise - 12 nVI ~ 1 " 1 kHz typical 

• For Lower RON, Use The HC4051, HC4052, or HC4053 High-Speed 
CMOS Devices 

MAXIMUM RATINGS· 

Symbol Parameter Value Unit 

VOO DC Supply Voltage (Referenced to VEE. -0.5 to +18.0 V 
VSS '" VEE) 

Vln,Vout Input or Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 V 
(Referenced to VSS for Control Input & VeE 
for Switch 1/0) 

'in Input Current (DC or Transient). per Control Pin ±10 mA 

law Switch Through Current ±25 mA 

Po Power Dissipation. per Packaget 500 mW 

Tstg Storage Temperature -65 to + 150 ·C 

TL Lead Temperature (S·Second Soldering) 260 ·C 

·Maximum Ratings are those values beyond which damage to the device may occur, 
tTemperature Derating: Plastic "P" Package: -12mW/oC from 65°C to 85°C 

Ceramic "L" Package: -12mW/oC from 100°C to 125°C 

9 Control 

W 14 
15 

ON 
4 

WO XO VO ZO 
2 XO Commons 

WI Xl VI ZI 
SWitches 3 Xl Outlln 

InlOut 6 VO 5 VOD = Pin 16 
10 VI VSS = Pin 8 
11 ZO 13 VEE = Pin 7 

12 ZI 

MC14551B 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOS) 

ANALOG MULTIPLEXER! 
DEMULTIPLEXER 

CASE 620 CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXSAL (Ceramic Package Only) 

C Series: - 40°C to + 85°C 
MC14XXXSCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

PIN ASSIGNMENT 

VDO 

2 

3 W 

4 Z 

5 Z1 

6 ZO 

7 Yl 

8 Control 

16 

15 

14 

13 

12 

11 

10 

9 

Note: Control Input referenced to VSS. Analog Inputs and Outputs reference to VEE- VEE must be <;VSS' 
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MC14551B 

Power Supply Voltage Voo - VOO-3 .. VSS '" VEE 3 18 3 - 18 3 18 V 
Range 

Quiescent Current Per 100 5 Control Inputs: Vln=VSS arVDO, - 5 - 0.005 5 - 150 ".A 
Package (AL Device) 10 Switch I/O: VEE'" VI/O " VOO. - 10 - 0.010 10 - 300 

15 and AVswltch =IIi:t 500 mV •• - 20 - 0.015 20 - 600 

Quiescent Current Per 100 5 Control Inputs: Vln~VSS orVOO. - 20 - 0.005 20 - 150 ".A 
Package (CUCP Device) 10 Switch I/O: VEE'" VI/O '" VOO. - 40 - 0.010 40 - 300 

15 and AVawltch EO 500 mV •• - 80 - 0.015 80 - 600 

Total Supply Current IO(AV) 5 T A ~ 25·C only { (0.07 ".A/kHz)f + 100 ".A 
(Dynamic Plus Quiescent, 10 (The channel component, Typical (0.20 ".A/kHz)f + 100 
Per Package) 15 (Vin - Vout)/Ronl is not (0.36 ,..AIkHz)f + 100 

Included.) 

CONTROL INPUT (Voltages Referenced to VSS) 

Low-Level Input Voltage VIL 5 Aon = per spec, - 1.5 - 2.25 1.5 - 1.5 V 
10 loff = per spec - 3.0 - 4.50 3.0 - 3.0 
15 - 4.0 - 6.75 4.0 - 4.0 

High-Level Input Voltage VIH 5 Ron = per spec, 3.5 - 3.5 2.75 - 3.5 - V 

10 loff - per spec 7.0 - 7.0 5.50 - 7.0 -
15 11.0 - 11.0 8.25 - 11.0 -

Input Leakage Current lin 15 Vin ~ 0 or VOO - ±O.1 - ±0.00001 ±0.1 - ±1.0 ".A 
(AL Device) 

Input Leakage Current lin 15 Vln ~ 0 or VOO - ±O.3 - ±0.00001 ±O.3 - ±1.0 ".A 
(CUCP Device) 

Input Capacitance Cln - - - - 5.0 7.5 - - pF 

SWITCHES IN/OUT AND COMMONS OUTIIN - W X Y Z (Voltages Referenced to VEE) . . . 
Recommended Peak-to- VI/O - Channel On or Off 0 VOO 

Peak Voltage Into or 

0 - VOO 0 VOO Vp_p 

Out of the Switch 

Recommended Static or tJ.,Vswitch - Channel On 0 600 0 - 600 0 300 mV 

Dynamic Voltage Across 

the Switch" (Figure 3) 

Output Offset Voltage VOO - Vln = 0 V, No load - - - 10 - - - ".V 

ON Resistance Ron 5 AVswitch os; 500 mV •• , - 800 - 250 1050 - 1300 Il 

(AL Device) 10 Vin = VIL or VIH (Control). - 400 - 120 500 - 550 

15 and Vln ~ 0 to VOO (Sw"ch) - 220 - 80 280 - 320 

ON Resistance Ron 5 .6.Vswitch ... 500 mV •• , - 880 - 250 1050 - 1200 Il 
(CUCP Device) 10 Vin = VIL or VIH (Control). - 450 - 120 500 - 520 

15 and Vin ~ 0 to VOO (Switch) - 250 - 80 280 - 300 

4. ON Resistance Between ARon 5 - 70 - 25 70 - 135 Il 
Any Two Channels 10 - 50 - 10 50 - 95 

in the Same Package 15 - 45 - to 45 - 65 

OIf-Channel Leakage loll 15 Vln = VIL or VIH (Control) - ±100 - ±O.05 ±100 - :±:1000 nA 

Current (AL l?evlC8) Channel to Channel or 

(Figure 8) Any One Channel 

Off-Channel Leakage loff 15 Vin ~ VIL or VIH (Control) - ±300 - ±0.05 ±300 - ±1000 nA 
Current (CUCP Device) Channel to Channel or 

(Figure 8) Any One Channel 

CapaCitance, Switch I/O CliO - Switch Off - - - 10 - - - pF 

CapaCitance, Common 011 CO/I - - - - 17 - - - pF 

Capacitance, Feedthrough CI/O - Pins Not Adjacent - - - 0.15 - - - pF 

(Channel Off) - Pins Adjacent - - - 0.47 - - -
* Tlow = - 55°C for AL Device. - 40° for ClICP Device. 

Thigh = + 125°C for AL Device, + 85°C for ClICP Device. 

#: Data labeled "Typ" is not to be used for design purposes, but is Intended as an indication of the IC's potential performance. 

**For voltage drops across the switch (AVswitch) >600 mV (>300 mV at high temperature), excessive VDO current may be drawn; i.e. the current 

out of the switch may contain both VOD and switch Input components. The reliability of the device will be unaffected unless the Maximum Ratings 

are exceeded. (See first page of this data sheet.) 
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MC14551B 

ELECTRICAL CHARACTERISTICS (CL ~ 50 pF TA ~ 25°C VEE" VSS) 

Characterlatlc 

Propagation Delay Times 
Swilch Input to Switch Output (RL ~ 10 kil) 

tpLH. tpHL ~ (0.17 ns/pF) CL + 26.5 ns 
tpLH. tpHL ~ (0.08 ns/pF) CL + I 1 ns 
tpLH. tpHL ~ (0.06 ns/pF) CL + 9.0 ns 

Control Input to Output (RL ~ 10 kil) 
VEE~VSS (Figure 4) 

Second Harmonic Distortion 
RL~10 kil. f~1 kHz. Vin~5 Vp_p 

Bandwidth (Figure 5) 
RL ~ 1 kil, Yin ~ 1/2 (VOO - VEE) p_p' 

20 Log Vout ~ -3 dB, CL ~50 pF 
Vin 

Off Channel Feedthrough Attenuation, Figure 5 
RL ~ 1 kil, Yin ~ 1/2 (VOO - VEE) p_p' 
lin=55 MHz 

Channel Separation (Figure 6) 
RL ~ 1 kil, Yin ~ 1/2 (VOO - VEE) p_p' 
fin=3 MHz 

Crosstalk, Control Input to Common 01" Figure 7 
Rl ~ 1 kil, RL ~ 10 kil, 
Control tr = If = 20 ns 

.. .. #Data labelled Typ is not to be used for deSign purposes but IS 
intended as an indication of the IC's potential performance. 

VDD-VEE 
Symbol Vdc 

tpLH. tpHL 

5.0 
10 
15 

tpLH' tpHL 
5.0 
10 
15 

- 10 

BW 10 

- 10 

- 10 

- 10 

Min Typ # Max Unit 

ns 

- 35 90 
- 15 40 
- 12 30 

ns 
- 350 875 
- 140 350 
- 100 250 

- 0.07 - % 

- 17 - MHz 

- -50 - dB 

- -50 - dB 

- 75 - mV 

This device contains protection circuitry to guard against damage due to high static voltages or electric fields. However, 
precautions must be taken to avoid applications of any voltage higher than maximum rated voltages to this high-imped­
ance circuit. For proper operation, Yin and Vout should be constrained to the range VSS '" (Vin or Vout) '" VOO for 
control Inputs and VEE" (Vin or Vout) '" VOO for Switch 1/0. 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either VSS. VEE. or VOO). Unused outputs 
must be left open. 
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MC14551B 

FIGURE 1 - SWITCH CIRCUIT SCHEMATIC 

Voo 
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FIGURE 2 - MC14551B FUNCTIONAL DIAGRAM 
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FIGURE 3 - I>.Y ACROSS SWITCH 

Control 

Section 

Load 

MC14551B 

TEST CIRCUITS 

FIGURE 5 - BANDWIDTH AND OFF-CHANNEL FEEDTHROUGH 
ATTENUATION 

Control Input used to turn ON or OFF 
the switch under test. 

r-K::::+-.... - .... -o V out 

FIGURE 4 - PROPAGATION DELAY TIMES. 
CONTROL TO OUTPUT 

o 
VOOvEE Vee Voo 

FIGURE 6 - CHANNEL SEPARATION 
(Adjacent Channels U.ed lor Setup) 

... K::::r .... - ... -<> V out 

YOO-YEE 
--2-- VDD;VEE_~ 

FIGURE 7 - CROSSTALK. CONTROL INPUT 
TO COMMON 011 

SL r-K:::f-.... - .... --<> V out 

AI 
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FIGURE 8 - OFF CHANNEL LEAKAGE 
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FIGURE 9 - CHANNEL RESISTANCE (RONI TEST CIRCUIT 
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APPLICATIONS INFORMATION 

Figure A illustrates use of the on-chip level con­
verter detailed in Figure 2. The O-to-5 volt Digital Con­
trol signal is used to directly control a 9 Vp_p analog 
signal. 

The digital control logic levels are determined by 
VDD and VSS· The VDD voltage is the logic high volt­
age; the VSS voltage is logic low. For the example, 
VDD = +5 V = logic high at the control inputs; VSS 
= GND = 0 V = logic low. 

The maximum analog signal level is determined by 
VDD and VEE. The VDD voltage determines the maxi­
mum recommended peak above VSS. The VEE volt­
age determines the maximum swing below VSS. For 
the example, VDD - VSS = 5 volt maximum swing 
above VSS; VSS - VEE = 5 volt maximum swing 

below VSS. The example shows a ± 4.5 volt signal 
which allows a 1/2 volt margin at each peak. If voltage 
transients above VDD and/or below VEE are antici­
pated on the analog channels, external diodes (Dx) 
are recommended as shown in Figure B. These di­
odes should be small signal types able to absorb the 
maximum anticipated current surges during clipping. 

The absolute maximum potential difference be­
tween VDD and VEE is 18.0 volts. Most parameters 
are specified up to 15 volts which is the recommended 
maximum difference between VDD and VEE. 

Balanced supplies are not required. However, VSS 
must be greater than or equal to VEE. For example, 
VDD = +10 volts, VSS = +5 volts, and VEE = -3 
volts is acceptable. See the table below. 

FIGURE A - APPLICATION EXAMPLE 

+5V 

External 
CMOS 
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Circuitry 

VDD 
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+10 
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SWITCH 

110 
COMMON~ ___ 9_V_p __ P ___ <J 
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MC14551B 

011 Analog Signal 

FIGURE B - EXTERNAL SCHOTTKY OR GERMANIUM CLIPPING DIODES 

VDD VDD 

Ox Ox 

Switch Common 
110 0/1 

Ox Ox 

vEE VEE 

POSSIBLE SUPPLY CONNECTIONS 

VSS vEE Control Inputa Maximum Analog Signal Range 
In Volta In Volta Logic High/Logic Low In Volta 

In Volta 

0 -8 +8/0 +8 to -8 - 16 v p_p 

0 -12 +5/0 +5 to -12 - 17 Vp_p 

0 0 +5/0 +5toO-5Vp_p 

0 -5 +5/0 +5 to 5 - 10 Vp_p 

+5 -5 +10/+5 +10 to 5 - 15 Vp_p 
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® MOTOROLA 

3-DIGIT BCD COUNTER 

The MC14553B 3-digit BCD counter consists of 3 negative edge 
triggered BCD counters that are cascaded synchronously. A quad 
latch atthe 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 Compatible 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) 

Symbol Parameter Value 

VDD DC Supply Voltage -0.5 to + t8.0 

Vin. Vout Input or Output Voltage (DC or Transient) - 0.5 to VDD + 0.5 

lin Input Current (DC or Transient). per Pin ±10 

'out Output Current (DC or Transient). per Pin +20 

Po Power Dissipation, per Packaget 500 

Tsta Storage Temperature -85 to + t50 

TL Lead Temperature (S·Second Soldering) 280 

-Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW/oC from 65°C to 85°C 

Ceramic ""L·· Package: -12mW/oC from 100°C to 125°C 

TRUTH TABLE 
INPUTS 

MASTER 
RESET CLOCK OISABLE LE OUTPUTS 

0 ~ 0 0 No Chenge 

0 ---- 0 0 Advance 

0 X 1 X No Chenge 

0 1 -r- 0 Advanc. 

0 1 ~ 0 No Change 

0 0 X X No Chenge 

a x x ....r- Letchod 

0 X X 1 Lotchod 

1 X X 0 QO~ Ql - 02-
Q3- 0 

x .. Don't Cer. 
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Unit 

V 

V 

mA 

mA 

mW 

°C 

°C 

MC14553B 

CMOS LSI 
fLOW·POWER COMPLEMENTARV MOSI 

3-DIGIT BCD COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: - 55"C to + 125"C 
MC14XXXBAL (Ceramic Package Only) 

C Series: -4O"C to +85"C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

BLOCK DIAGRAM 
4 3 

CIA CIB 00 
12 Clock 01 

02 
10 LE 03 

O.F. 

" Dis 
OSI 
002· 

t3 MR 
083 

Voe = Pin 16 
VSS" Pin 8 

9 

6 

14 

2 

15 

This device contains protection circuitry to 
guard agalnsl damage due to high static 
voltages or electric fields. However, precau­
tions must be taken to avoid appllcallons of 
any voltage higher than maximum raled 
voltages to this high-Impedance circuit. For 
proper operation, Vln and Vout should be 
constrained to the range VSS .. (Vin or 
Voutl .. VOO· 
Unused Inputs must always be tied to an ap­
propriate logic voltage level (e.g., either VSS 
or VOO). Unused outputs must be left open. 



MC14553B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Characteristic Symbol 

Output Voltage "0" Level VOL 
Vin=VOD or 0 

"1" level VOH 
Vin=O or VOO 

Input Voltage "0" Level V,L 
(VO-4.5 or 0.5 Vdc) 

(VO-9.0 or 1.0 Vdc) 

(VO-13.5 or 1.5 Vdc) 

"1" Level V,H 
(VO - 0.5 or 4.5 Vdc) 

(VO-1.0 or 9.0 Vdc) 

(VO-1.5 or 13.5 Vdc) 

Output Drive Current (AL Device) IOH 
(VOH-4.6 Vdc) Source • Pin 3 

(VOH-9.5 Vdc) 

(VOH-13.5 Vdc) 

(VOH-4.6 Vdc) Source - Other 

(VOH-9.5 Vdc) Outputs 

(VOH-13.5 Vdc) 

(VOL -0.4 Vdc) Sink - Pin 3 IOL 
(VOL - 0.5 Vdc) 

(VOL-1.5 Vdc) 

(VOL -0.4 Vdc) Sink - Other Outputs 

(VOL - 0.5 Vdc) 

(VOL -1.5 Vdc) 

Output Drive Current (CL/CP Device) IOH 
(VOH-4.6 Vdc) Source - Pin 3 

(VOH-9.5 Vdc) 

(VOH-13.5 Vdc) 

(VOH-4.6 Vdc) Source-Other Outputs 

(VOH-9.5 Vdc) 

(VOH-13.5 Vdc) 

(VOL -0.4 Vdc) Sink - Pin 3 IOL 
(VOL -0.5 Vdc) 

(VOL - 1.5 Vdc) 

(VOL -0.4 Vdc) Sink - Other Outputs 

(VOL -0.5 Vdc) 

(VOL -1.5 Vdc) 

Input Current (AL Device) 'in 

Input Current (CL/CP Device) 'in 

Input Capacitance Cin 

(Vin- O) 

Quiescent Current (AL Device) 100 
(Per Package) 

MR-VOO 

Quiescent Current (CLlCP Device) 100 
(Per Package) 

MR-VOO 

Total Supply Current**t 'T 
(Dynamic Plus QUiescent, 

Per Package) 

(eL = 50 pF on all outputs, 

all buffers switching) 

*Tlow= -55"C for AL Devics, -40°C for ClICP Device. 
Thigh = + 125°C for Al Device. + 85°C for ClICP Device. 

VDD 

Vdc 

5.0 

10 

15 

5.0 

10 

15 

5.0 

10 

15 

5.0 

10 

15 

5.0 

10 

15 

5.0 

10 

15 

5.0 

10 

15 

5.0 

10 

15 

5.0 

10 

15 

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 

I 

"Data labelled "Typ" is not to be used for design purposes but Is 
intended as an indication of the IC's potential performance. 

""The formulas given are for the typical characteris,tlcs only at 25°C. 

T,OW . 2S·C Thigh 
. 

Min 

-
-
-

4.95 

9.95 

14.95 

-
-
-

3.5 

7.0 

11.0 

-0.25 

-0.62 

-1.8 

-0.64 

-1.6 

-4.2 

0.5 

1.1 

1.80 

3.0 

6.0 

18 

-0.2 

-0.5 

-1.4 

-0.52 

-1.3 

-3.6 

0.23 

0.60 

1.80 

2.4 

3.8 

10 

-
-
-

-
-
-
-
-
-

Max Min Typ# Max Min Max Unit 

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

0.05 - 0 0.05 - 0.05 

- 4.95 5.0 - 4.95 -
- 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 -
- 7.0 5.50 - 7.0 -
- 11.0 8.25 - 11.0 -

mAde 

- -0.20 -0.36 - 0.14 -
- -0.50 -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 -
- 0.4 0.88 - 0.28 -
- 0.9 2.25 - 0.65 -
- 1.5 8.8 - 1.20 -
- 2.5 4.0 - 1.6 -
- 5.0 8.0 - 3.5 -
- 15 20 - 10 -

mAde 

- -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 -
- 0.2 0.88 - 0.16 -
- 0.5 2.25 - 0.40 -
- 1.5 8.8 - 1.20 -
- 2.0 4.0 - 1.6 -
- 3.0 8.0 - 2.5 -
- 8.4 20 - 7.0 -

±0.1 - ±0.00001 ±O.1 - ± 1.0 !,-Adc 

±O.3 - ±0.00001 ±O.3 - ±1.0 II-Adc 

- - 5.0 7.5 - - pF 

5.0 - 0.010 5.0 - 150 !,-Adc 

10 - 0.020 10 - 300 

20 - 0.030 20 - 600 

50 - 0.010 50 - 375 II-Adc 

100 - 0.020 100 - 750 

200 - 0.030 200 - 1500 

'T-(0.35 !,-AlkHz) f+IOO !,-Adc 
'T - (0.85 !'-AlkHz) f + 100 

'T-(1.50 !,-AlkHz) f+IOO 

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

where: IT Is In .-,A (per package), CL In pF. V = (VOO - VSS) in volts, 
f in kHz Is input frequency, and k = 0.004. 
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MC14553B 

SWITCHING CHARACTERISTICS (CL ~ 50 p" TA ~ 25°C) 

Characteristic FIgure Symbol VDD Min Typ# Max Unit 

Output Rise and Fall Time 2a trLH, ns 
trLH, trHL ~ (1.5 nslpF) CL + 25 ns trHL 5.0 - 100 200 
trLH, trHL ~ (0.75 nslpF) CL + 12.5 ns 10 - 50 100 
trLH, trHL ~ (0.55 nslpF) CL + 9.5 ns 15 - 40 80 

Clock to BCD Out 2a tPLH, 5.0 - 900 1800 ns 

tPHL 10 - 500 1000 
15 - 200 400 

Clock to Overflow 2a tPHL 5.0 - 600 1200 ns 
to - 400 800 
15 - 200 400 

Reset to BCD Out 2b tpHL 5.0 - 900 1 SOD ns 
10 - 500 1000 
t5 - 300 600 

Clock to Latch Enable Setup Time 2b Isu 5.0 600 300 - ns 
Master Reset to Latch Enable Setup TIme 10 400 200 -

15 200 100 -
Removal Time 2b !rem 5.0 -SO -200 - ns 

Latch Enable'to Clock 10 -10 -70 -
15 0 -SO -

Clock Pulse Width 2a tWH(el) 5.0 550 275 - ns 
10 200 100 -
15 ISO 75 -

Reset Pulse Width 2b tWH(R) 5.0 1200 600 - ns 
10 600 300 -
15 450 225 -

Reset Removal Time - !rem 5.0 -80 -ISO - ns 
10 0 -SO -
15 20 -30 -

Input Clock Frequency 2a lei 5.0 - 1.5 0.9 MHz 
10 - 5.0 2.5 
15 - 7.0 3.5 

Input Clock Rise TIme 2b trLH 5.0 No ns 
10 Limit 
15 

Disable, MR, Lateh Enable - trLH, 5.0 - - 15 pos 
Rise and Fall Times trHL 10 - - 5.0 

15 - - 4.0 

Scan Oscillator Frequency t lose 5.0 - 1.5/Ct - Hz 
(Cl measured in poF) 10 - 4.21Cl -

15 - 7.0/Cl -
"The fonnulas given are for the typical characteristics only at 25OC. #Data labelled ''Typ'' is not to be used for design purposes but is 

intended as an indication of the IC's potential perfonnance. 
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FIGURE 1 - 3-DIGIT COUNTER TIMING DIAGRAM (Reterence Figure 3) 
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FIGURE 2 - SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 
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MC14553B 

OPERATING CHARACTERISTICS 

The MCI4553B three·digit counter, shown in Figure 3, 
consists of three negative edge·triggered BCD counters 
which are cascaded in a synchronous fashion. A quad latch 
at the output of each of the three BCD counters permits 
storage of any given count. The three sets of BCD outputs 
lactive high I, after going through the latches, are time 
division multiplexed, providing one BCD number or digit 
at a time. Digit select outputs lactive lowl are provided 
for display control. All outputs are TTL compatible. 

An on·chip oscillator provides the low frequency scan· 
ning clock which drives the multiplexer output selector. 
The frequency of the oscillator can be controlled ex· 
ternally by a capacitor between pins 3 and 4, or it can be 
overridden and driven with an external clock at pin 4. 
Multiple devices can be cascaded using the overflow 
output, which provides one pulse for every 1000 counts. 

The Master Reset input, when taken high, initializes the 
three BCD counters and the multiplexer scanning circuit. 
While Master Reset is high the digit scanner is set to digit 
one; but all three digit select outputs are disabled to, 
prolong display life, and the scan oscillator is inhibited. 
The Disable input, when high, prevents the input clock 
from reaching the cpunters, while still retaining the last 
count. A pulse shaping circuit at the clock input permits 
the counters to continue operating on input pulses with 
very slow rise times. Information present in the counters 
when the latch input goes high, will be stored in the 
latches and will be retained while the latch input is high, in· 
dependent of other inputs. Information can be recovered from 

the latches after the counters have been reset if Latch Enable 

remains high during the entire reset cycle. 

FIGURE 3 - EXPANDED BLOCK DIAGRAM 

Clock 
12 

Pulse 
Shaper 

11 
Disable 
(Active 
High) 

13 

MR 
(Active High) 

00 

e 01 

02 
R 

';'10 03 
Units 

00 
e 

01 

02 
R ';'10 

03 
Tens 

e 00 

01 

R 02 
';'10 03 

Hundreds 

Quad 
Latch 

Quad 
Latch 

Quad 
Latch 

Overflow 

6-412 

MultipleKer 

DSI 
(LSO) Digit Select (MSO) 

(Active l.ow) 

9 
00 

7 
01 

BCD 
Outputs 
(Active 
High) 

6 
02 

5 
03 



FIGURE 4 - SIX-DIGIT DISPLAY 
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®MOTOROLA MC14554B 

2-BIT BY 2-BIT PARALLEL BINARY MULTIPLIER 

The MC14554B 2 x 2-bit paraliel binary multiplier is constructed 
with complementary MOS (CMOS) enhancement mode devices. The 
multiplier can perform the multiplication of two binary numbers 
and simultaneously add two other binary numbers to the product. 
The MC14554B has two multiplicand inputs (XO and X 1), two mul· 
tiplier inputs (YO and Y 1). five cascading or adding inputs (KO, K 1, 
MO, M1, and M2), and five sum and carry outputs (SO, 51, 52, C1 
[53], and CO). The basic multiplier can be expanded into a straight· 
forward m·bit by n·bit paraliel 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 (convolution and correlation), and pro­
cess and machine controls. 

• Diode Protection on Ali Inputs 

• Ali Outputs Buffered 

• 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 1B Vdc 

• Capable of Driving Two Low-Power TTL Loads or One Low-Power 
Schottky TTL Load Over the Rated Temperature Range 

CMOS MS. 
(LOIN·POINER COMPLEMENTARV MOS) 

2-BIT BY 2-BIT PARALLEL 
BINARY MULTIPLIER 

d,--16 fI(1(lf U u u u 6~nru n ~ ~ 
1 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: -55GCto +125GC 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40GC to + 85GC 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

MAXIMUM RATINGS· (Voltages Referenced to VSS) This device contains protection circuitry to 
guard against damage due to high stalic 
voltages or electric fields. However, precau­
tions must be taken to avoid applications of 
any voltage higher than maximum rated 
voltages to this high-impedance circuit. For 
proper operation, Vin and Vout should be 
constrained to the range VSS '" (Vin or 
Vout) '" Vee· 

Symbol Parameter Value Unit 

VOO DC Supply Voltage -0.5 to + 18.0 V 

Vln. Vout Input or Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 V 

'in. 'out Input or Output Current (DC or Transient), per Pin ±10 mA 

Po Power Dissipation. per Packaget 500 mW 

Tsta Storage Temperature -65 to + 150 °C 

TL Lead Temperature (8~Second Soldering) 260 °C 

*Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW/oC from 65°C to 85°C 

Ceramic "L" Package: -12mWrC from 100°C to 125°C 

Unused inputs must always be tied to an ap­
propriate logic voltage level (e.g., either Vss 
or Veo). Unused outputs must be left open. 

PIN ASSIGNMENT 

16 

2 15 

3 14 

4 13 

5 12 

6 11 

7 10 

8 9 

EQUATIONS 

S=(XxY)+K+M 
Where: 
x Means Arithmetic Times. 
+ Means Arithmetic Plus. 
5 = 53 52 51 SO, X = X1XO, Y = VIVO, 
K = Kl KO, M = Ml MO (Binary Numbers)_ 

Example: 
Given: X = 2(1), Y = 3(11) 

K = 1(01), M = 2(10) 

Then: S = (2 x 3) + 1 + 2 = 9 
S = (lOX 11) + 01 + 10 = 1001 

Note: CO connected 10 M2 for this size multiplier. 
See general expansion diagram for other size muttipliers. 
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MC14554B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Characteristic Symbol 

Output Voltage "0" Level VOL 
Yin = VOD or 0 

"1" Level VOH 
Yin = OorVOO 

Input Voltage "0" Level VIL 
(Va = 4.5 or 0.5 Vdc) 
(Va = 9.0 or 1.0 Vdc) 
(Va = 13.5 or 1.5 Vde) 

"1" Level VIH 
(Va = 0.5 or 4.5 Vdc) 
(Va = 1.0 or 9.0 Vdc) 
(Va = 1.5 or 13.5 Vdc) 

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

(VOL = 0.4 Vdc) Sink IOL 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdc) 

Output Drive Current (CUCP Device) IOH 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vdc) 
(VOH = 13.5 Vdc) 

(VOL = 0.4 Vdc) Sink IOL 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdc) 

Input Current (AL Device) lin 

Input Current (CUCP Device) lin 

Input Capacitance Cin 
(Vin = 0) 

Quiescent Current (AL Device) IOD 
(Per Package) 

Ouiescent Current (CUCP Device) 100 
(Per Package) 

Total Supply Current"t If 
(Dynamic plus Quiescent, 
Per Package) 
(CL = 50 pF on all outputs, 
all buffers switching) 

*Tlow= -55°C for AL Device, -40°C for CUCP Device. 
Thigh = + 125°C for AL Device, + 85°C for CLlCP Device. 

VDD 
Vdc 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
to 
15 

5.0 
5.0 
10 
15 

5.0 
10 
15 

5.0 
5.0 
10 
15 

5.0 
10 
15 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Data labelled "Typ" Is not to be used for design purposes but Is 
Intended as an indication 01 the IC's potential performance. 

Tlow" 25"<: Thl h" 

Min Max Min Typ# Max Min Max 

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

-3.0 - -2.4 -4.2 - -1.7 -
-0.64 - -0.51 -0.88 - -0.36 -
-1.6 - -1.3 -2.25 - -0.9 -
-4.2 - -3.4 -8.8 - -2.4 -
0.64 - 0.51 0.88 - 0.36 -
1.6 - 1.3 2.25 - 0.9 -
4.2 - 3.4 8.8 - 2.4 -

-2.5 - -2.1 -4.2 - -1.7 -
-0.52 - -0.44 -0.88 - -0.36 -
-1.3 - -1.1 -2.25 - -0.9 -
-3.6 - -3.0 -8.8 - -2.4 -
0.52 - 0.44 0.88 - 0.36 -
1.3 - 1.1 2.25 - 0.9 -
3.6 - 3.0 8.8 - 2.4 -
- ±O.1 - ±0.OOOO1 ±0.1 - ±1.0 

- :±:O.3 - ±0.OOOO1 ±0.3 - ±1.0 

- - - 5.0 7.5 - -
- 5.0 - 0.005 5.0 - 150 

- 10 - 0.010 10 - 300 
- 20 - 0.Q15 20 - 600 

- 20 - 0.005 20 - 150 
- 40 - 0.010 40 - 300 
- 80 - 0.Q15 80 - 800 

IT = (1.0 p.AlkHz) f + IDO 
IT = (2.0 p.AlkHz) f + IDO 
If = (3.0 p.AlkHz) f + IDO 

·"The formulas given are for the typical characteristics only at 25°C. 

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

where: IT is in..,A (per package), CL in pF. V = (VOO-VSS) In Yolts. 
f in kHz is input frequency, and k = 0.0035. 
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UnH 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAde 

p.Adc 

p.Adc 

pF 

p.Adc 

p.Adc 

p.Ade 
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MC14554B 

SWITCHING CHARACTERISTICS· ICL· 50 pF T A = 25°C) 

Characteristic Symbol 

Output Rise and Fall Time ITLH. 
trLH. ITHL = (1.5 ns/pF) CL + 25 ns trHL 
ITLH. ITHL = (0.75 ns/pF) CL + 12.5 ns 
ITLH. ITHL = (0.55 ns/pF) CL + 9.5 ns 

Propagation Delay Time tpLH. 
KO 10 CO tpHL 

IPLH.IPHL = 11.7 ns/pF) CL + 185 ns 
IPLH, IpHL = 10.66 ns/pFI CL + 82 ns 
IPLH, IpHL = 10.5 ns/pF) CL + 60 AS 

MO 10 S2 
IPLH, tpHL = 11.7 ns/pF) CL + 595 ns 
tPLH, tPHL = 10.66 ns/pF) CL + 247 ns 
tPLH, IPHL = 10.5 ns/pF) CL + 185 ns 

-The formulas given are for the typieal characteristics only at 2S'"C. 

#Data labelled "Typ" is not to be used for design purposes but Is 
intended as an indication of the IC's potential performance. 

FIGURE 1 - DYNAMIC POWER DISSIPATION 

WAVEFORMS 

20 ns 20 ns 

Any Output 
(50% Duty Cyclel 

Vss 

VDD Min Typ# Max 

5.0 - 100 200 
10 - 50 100 
15 - 40 BO 

5.0 - 270 675 
10 - 115 290 
16 - 85 215 

5.0 - 660 1700 
10 - 280 750 
15 - 210 570 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 

20 ns 20 ns 

'THL 
For KO to CO: 

Unit 

ns 

no 

All outputs connected to re.pectlva 
CL loads. f .. system clock frequency Inputs XO, Xl. YO. Yl. K',.nd M2 low, and inputl 

MO and M' high. 

LOGIC DIAGRAM 

MI V1 MO 

II 
SO 

For MO to 82: 
Inputs Xl. Yl. and KG low. and inputt XO, VO, 
KI, MI, end M2 high. 

MULTIPLIER CELL 

MG-+-----l,.... 
y 

)( ..... -.. ...... ~~.~ 
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v (n.l) 

M(n-2) 

M(n·l) 

Yfn·l) 

SCm .. n-l) SCm + n-2) 

MC14554B 

EXPANSION DIAGRAM 

m-Bit by n-Bit Parallel Binary Multiplier (Top View) 

V and M .. 
V3 VI VI VOO 

V(n-2) M2 V2 MO 

XO M3 XO Ml 

Xl 

V3 VI 

Y(n-2) V2 

X2 X2 

X3 

, 

"",,l X(m-2) ---

8(m" n-3) S(m+2) S (m+l) SImI 

s = (X x V) + K + M Where: x me.ns Arithmetic Times. 
+ ma.ns Arithmetic Plus. 

S = 5(m + n-l) 5(m + n-2) - - - 52 5150 

MO 

Ml 

CO 

M2 

Cl 

S2 

VSS 

X - X(m-l) X (m-2) - - - X2 Xl XO, V = V(n-II Y(n-2) - - - Y2 VI YO 
K • K(m-I) K(m-2) - - - K2 K 1 KO and M - M(n-I) M(n-2) - - - M2 Ml MO 
(Binary Numbers). 

Number of output binary digits" m + n 

VO 

XO 

Xl 

KO 

SO 

Kl 

SI 

VO 

XO 

Xl 

KO 

Kl 

VO 

X2 

X3 

K2 

--~ K3 

---l 

VO 

-X!m-2) 

X(m·l) 

K(m-2) 

K(m·1) 

5(m-l) 53 
S(m-2) 52 

Number of packages = mxn/4 (For m or n or both odd select next high .. t eyen number.) 
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®MOTOROLA 

DUAL BINARY TO 1-OF-4 
DECODER/DEMUL TIPLEXER 

The MC14555B and MC14556B are constructed with comple­
mentary MOS (CMOS) enhancement mode devices. Each Decoder! 
Demultiplexer has two select inputs (A and B), an active low Enable 
input (E), and four mutually exclusive outputs (00, 01, 02, 03). 
The MC14555B has the selected output go to the "high" state, and 
the MC 14556B has the selected output go to the "low" state. Ex· 
panded decoding such as binary·to-hexadecimal (l-of-16), etc., can 
be achieved by using other MC14555B or MC14556B devices. 

Applications include code conversion, address decoding, memory 
selection control, and demultiplexing (using the Enable input as a 
data input) in digital data transmission systems. 

• Diode Protection on All Inputs 

• Active High or Active Low Outputs 

• Expandable 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• All Outputs Buffered 
• Capable of Driving Two Low-Power TTL Loads or One Low-Power 

Schottky TTL Load Over the Rated Temperature Range 

MAXIMUM RATINGS· (Vollages Referenced 10 VSS) 

Symbol Perameter Value Unit 

VDD DC Supply Vollage -0.510 + 18.0 

Vln. Vout Input or Output Voltage (DC or Transient) - 0.5 10 VDD + 0.5 

lin, 'out Input or Output Current (DC or Transient), per Pin ±10 

"0 Power Dissipation, per Packaget 500 

Tsla Storage Temperature -6510 +150 

TL Lead Temperature (a-Second Soldering) 260 

·Maxlmum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: - 12mW/oC from 65°C to 85°C 

CeramiC "L" Package: -12mWrC from 100·C 10 125·C 

MC14555B 

A 00 

01 
3 B 

Q2 
E 

03 

14 00 

01 
13 

Q2 
15 

Q3 

BLOCK DIAGRAM 

4 2 
5 

3 
6 

12 14 
11 

13 
10 

9 
15 

Voo = Pin 16 
Vss = PinS 

MC14556B 

A -aD 4 

al 5 
a 

52 6 
E 

a3 

ao 12 

al 11 

52 10 
E 

53 9 
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V 

V 

mA 

mW 

·C 

·C 

MC14555B 
MC14556B 

CMOS 551 

lLOW-POWER COMPLEMENTARY MOS) 

DUAL BINARY TO 1-0F-4 
DECODER/DEMUL TIPLEXER 

Active High Outputs - MC14555B 
Active Low Outputs - MC14556B 

Ff!f!fII~ ffi ,~~UU U u ~II~ ~ 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLAST!C PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: -55°C to +125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: -40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

TRUTH TABLE 

INPUTS OUTPUTS OUTPUTS 
ENABLE SELECT MCI4555B MC14556B 

E B A 03 02 01 00 P3 02 01 00 

0 0 0 0 0 0 1 1 1 1 0 
0 0 1 0 0 1 0 1 1 0 1 
0 1 0 0 1 0 0 1 0 1 1 
0 1 1 1 0 '0 0 0 1 1 1 

1 X X 0 0 0 0 1 1 1 1 

X :: DonOt Care 

This device contains protection circuitry to 
guaid against damage due to high static 
voltages or electric fields. However, precau­
tions must be taken to avoid applications of 
any voltage higher than maximum raled 
voltages to this high-impedance circuil. For 
proper operation, Vin and Vout should be 
constrained to the range VSS '" (Vin or 
Vout) '" VOD· 
Unused Inputs must always be tied to an ap­
propriate logic voltage level (e.g., either VSS 
or Voo). Unused outputs must be left open. 



MC145558eMC145568 

ELECTRICAL CHARACTERISTICS IVoltage. Referenced to VSS) 

Voo Tlow . 2SoC Thi h-

Characteristic Symbol Vdc Min Ma. Min Typ# Max Min Ma. 

Output Voltage "0" Level VOL 5.0 - 0.05 - a 0.05 - 0.05 
Vin = VOO or 0 10 - 0.05 - 0 0.05 - 0.05 

15 - 0.05 - a 0.05 - 0.05 
"1" Level VOH 5.0 4.95 - 4.95 5.0 - 4.95 -

Vin = 0 or VOO 10 9.95 - 9.95 10 - 9.95 -
15 14.95 - 14.95 15 - 14.95 -

Input Voltage "0" Level VIL 
(VO = 4.5 or 0.5 Vdc) 5.0 - 15 - 225 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) "I" Level 
15 - 4.0 - 6.75 4.0 - 4.0 

VIH 
IVO = 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 -
(VO = 1.0 or 9.0 Vdc) 10 7.0. - 7.0 5.50 - 7.0 -
(VO= 1.5 or 13.5Vdd 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current IAL Device I IOH 
(VOH = 2.5 Vdc) 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 -
IVOH = 95 Vdc) 10 -1.6 - -1.3 -2.25 - -0.9 -
(VOH = 13.5 Vdc~ 15 -4.2 - -3.4 -8.8 - -2.4 -
(VOL = 0.4 VdC) Sink IOL 5.0 0.64 - 0.51 0.88 - 0.36 -
(VOL =0.5 Vdc) 10 1.6 - 1.3 2.25 - 0.9 -
(VOL = 1.5 Vdcl 15 4.2 - 3.4 8.8 - 2.4 -

Output Dove Current (CLlep Device) IOH 
(VOH = 2.5 Vdcl Source 5.0 -2.5 - -2.1 -4.2 - -1.7 -
IVOH= 4.6 Vdcl 5.0 -0.52 - -0.44 -0.88 - -0.36 -
(VOH = 9.5 Vdcl 10 -1.3 - -1.1 -2.25 - -0.9 -
IVOH = 13.5 Vdd 15 -3.6 - -3.0 -8.8 - -2.4 -
(VOL = 0.4 Vdcl Sink (OL 5.0 0.52 - 0.44 0.88 - 0.36 -
(VOL = 0.5 Vdc) 10 13 - 1.1 2.25 - 0.9 -
(VOL = 1.5 Vdcl 15 3.6 - 3.0 8.8 - 2.4 -

Input Current tAL DeVice) 'in 15 - to.l - to 00001 ±O 1 ± 1.0 

Input Current (CLlep DeVice) 110 15 - t03 - to 00001 to.3 ±10 

Input Capacitance em - - - - 50 7.5 -
(V IO =0) 

QUiescent Current tAL DeVice) 100 50 5.0 0.005 50 150 
(Per Package) 10 - 10 - 0.010 10 - 300 

15 - 20 - 0.015 20 - 600 

QUiescent Current (CLlep Devlcel 100 5.0 - 20 - 0.005 20 - 150 
(Per Package) 10 - 40 - 0.010 40 - 300 

15 - 80 - 0.015 80 - 600 
Total Supply Current··t IT 5.0 IT = (0.85 ItA/kHzl f + 100 

(Dvnamlc plus QUiescent, 10 IT = 11.7 ~AlkHz) f + 100 
Per Package I 15 IT = 12.6 ltA/kHzl f + 100 

(C L = ,50 pF on all outputs, all 
buffers sVIIltchlng) 

*T,ow = - 55GC tor AL Device, - 40GC for CLlCP Device. 
Thigh = +125GC for AL Device, +85GC for CUCP Device. 

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

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

mAde 

mAde 

mAde 

",Adc 

",Adc 

pF 

""Adc 

lJAdc 

",Adc 

#Oata labelled "Typ" is not to be used for design purpOses but is 
intended as an indication of the IC's potential performance. where: 'T Is in JIoA (per package), CL in pF. V = (VDD- VSS) in volts. 

f in kHz is Input frequency, and k = 0.002. 
-*The formulas given are for the typical characteristics only at 25°C. 

PIN ASSIGNMENTS MC14556B 

16 16 
2 15 2 15 
3 14 3 14 
4 13 4 13 
5 12 5 12 
6 11 6 11 

10 10 

B 9 B 9 
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MC14555BeMC14556B 

SWITCHING CHARACTERISTICS*ICL = 50 pF TA = 25°C) 

Characteristtc 

Output Rise and Fall Time 
tTLH. tTHL = (1.5 ns/pF) CL + 25 ns 
tTLH. tTHL = (0.75 ns/pF) CL + 12.5 ns 
tTLH. tTHL = (0.55 ns/pF) CL + 9.5 ns 

Propagation Delay Time - A. B to Output 
tPLH. tPHL • (1.7 ns/pF) CL + 135 ns 
tPLH. tpHL = (0.66 ns/pFI CL + 62 ns 
tPLH. tpHL = (0.5 ns/pF) CL + 45 ns 

Propagation Delay Time -- E to Output 
tPLH. tpHL= (1.7ns/pFICL + 115ns 
tPLH. tpHL = (0.66 ns/pF) CL + 52 ns 
tPLH tpHL = (0.5 ns/pFI CL + 40 ns 

"The formulas given are for the typical characteristics only at 25°C. 

#Data labelled "Typ" Is not to be used for design purposes but Is 
intended as an indication of the IC's potential performance. 

Svmbol 

tTLH. 

tTHL 

tPLH. 
tpHL 

tpLH. 
tPHL 

FIGURE 1 - DYNAMIC POWER OISSIPATION SIGNAL WAVEFORMS 

A Inputs 
(50% Duty Cycle) 

Input E low 

Vss 

r---------~ VOO 

Lvss 
/\---------- VOH 

Output Q,.---I \'----------- 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 

LOGIC DIAGRAM 

11/2 of Dual! 

·Eliminated for MC145558 
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Min Typ# Max Unit 

ns 

- 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. 

tpLH 

OutputQ3 

MC14555;.;..:;.B __ ~,-

03 



® MOTOROLA 

1-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 subscrtpts of the 
enabled Length Control inputs (L 1. L2. L4. LB. L 16. and L321 plus 
one. Sertal data may be selected from the A or B data inputs with 
the AlB select Input. This feature is useful for recirculation purposes. 
A Clock Enable (CEI Input is provided to allow gating of the clock 
or negatIve edge clockIng capabIlity. 

The deVIce can be effectIvely used for vartable digital delay lines 
or simply to Implement odd length shIft registers. 

• 1·64 BIt Programmable Length 
• Q and Q Serial Buffered Outputs 
• Asynchronous Master Reset 
• All Inputs Buffered 
• No LImIt On Clock R,se and Fall Times 
• Supply Voltage Range ~ 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-power TTL Loads or one Low­

power Schottky TTL Load Over the Rated Temperature 
Range 

MAXIMUM RATINGS' (Voltages Referenced to Vss) 

Symbol Parameter Value 

VOO DC Supply Voltage -0.5 to +1S.0 

Vin. Vout Input or Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 

'In. lout Input or Output Current (DC or Transient). per Pin ±10 

Po Power Dissipation, per Packaget 500 

Tsta Storage Temperature -65 to + 150 

TL lead Temperature (8~Second Soldering) 260 

·Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW/oC from 65°C to 85°C 

Ceramic "L" Package: - 1 2mWrC from 100°C to 125°C 

LENGTH SELECT TRUTH TABLE 

L32 L16 LB L4 L2 L1 Register Length 

0 0 0 0 0 0 l·Blt 

0 0 0 0 0 2·Blts 

0 0 0 0 1 0 3-81ts 

0 0 0 0 1 1 4-Blts 

0 0 0 .0 0 5·Bits 

0 0 0 0 6 Bits 

0 0 0 0 0 33 Bits 

0 0 0 0 34·Bit$ 

0 0 61'Blts 

0 1 62·Blts 

0 63·Blts 

64·Blts 

Not.· Length equals the sum of the binary length 
control subscripts plus one. 
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Unit 

V 

V 

mA 

mW 

°C 

°C 

MC145578 

CMOS LSI 
(LOW·POWER COMPLEMENTARY MOS) 

1-TO-64 BIT 
VARIABLE LENGTH 

SHIFT REGISTER 

--1 

L SUFFIX 
CERAMIC PACKAGE 

CASe 620 

PSUFFIX 
PLASTIC PACKAGE 

CAse 648 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

BLOCK DIAGRAM 

3 
4 
5 
6 Q 10 

9 

L2 
L4 Q 

14 L8 

13 L1S 
L32 

VOO = Pin 16 

VSS = Pin 8 

TRUTH TABLE 

Inputs Output 

R.t AlB Clock CE Q 

0 0 ....r 0 B 

0 1 ....r 0 A 

0 0 1 "'-- B 

0 1 1 "'-- A 

1 X X X 0 

Q IS the outPut of the first selected 
shift fegister stage. 

X = Don't Care. 

11 

II 
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MC14557B 

ELECTRICAL CHARACTERISTICS (Vo~ages Referenced to VSS) 

VDD 
Tlow· 25'C Thl h' 

Characteristic Symbol Vdc Min Max Min Typ# Max Min Max 

Output Voltage "0" level VOL 5.0 - 0.05 - 0 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 -
Yin = OorVDD 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -
Input Voltage "0" level Vil 

(VO = 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5 - 1.5 
(VO = 9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0 
(Vo = 13.5 or 1.5 Vdc) 15 - 4.0 - 6.75 4.0 - 4.0 

"1" Level VIH 
(VO = 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 -
(VO = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(VO = 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) IOH 
(VOH = 2.5 Vdc) 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 -
(VOH = 13.5 Vdc) 15 -4.2 - -3.4 -8.8 - -2.4 -
(VOL = 0.4 Vdc) Sink IOl 5.0 0.64 - 0.51 0.88 - 0.36 -
(VOL = 0.5 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 
(VOH = 2.5 Vdc) Source 5.0 -2.5 - -2.1 -4.2 - -1.7 -
(VOH = 4.6 Vdc) 5.0 -0.52 - -0.44 -0.88 - -0.36 -
(VOH = 9.5 Vdc) 10 -1.3 - -1.1 -2.25 - -0.9 -
(VOH = 13.5 Vdc) 15 -3.6 - -3.0 -8.8 - -2.4 -
(VOL = 0.4 Vdc) Sink IOl 5.0 0.52 - 0.44 0.88 - 0.36 -
(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 Current (AL Device) lin 15 - ±0.1 - ±O.OOOOI ±0.1 - ±1.0 

Input Current (CLlCP Device) lin 15 - ±0.3 - ±O.OOOOI ::!:O.3 - ±1.0 

Input Capacitance Cin - - - - 5.0 7.5 - -
(Vln = 0) 

Quiescent Current (Al Device) 'DD 5.0 - 5.0 - 0.010 5.0 - 150 
(Per Package) 10 - 10 - 0.020 10 - 300 

15 - 20 - 0.030 20 - 600 

Quiescent Current (CLlCP Device) IDD 5.0 - 50 - 0.010 50 - 375 
(Per Package) 10 - 100 - 0.020 100 - 750 

15 - 200 - 0.030 200 - 1500 

Total Supply Current"t IT 5.0 IT = (1.75 /LAIkHz) f + 'DD 
(Dynamic pius Quiescent, 10 IT = (3.5 /LAIkHz) f + 'DD 
Per Package) 15 IT = (5.25/LA1kHz) f + IDD 
(Cl = 50 pF on ail outputs, 
ail buffers switching) 

*T1ow= _55°0 for AL Devipe, -40°C for CLlCP Device. 
Thigh = + 125°C for AL Device, + 85°C for CLlCP Device. 

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

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

".Adc 

p.Adc 

pF 

".Adc 

".Adc 

".Adc 

#08t8 labelled "Typ" is not to be used for design purposes but Is 
Intended 8S an Indication of the IC's potential performance. where: IT Is in .... A (per package), CL in pF. V = (VOO- VSS) in volts, 

f in kHz is input frequency, and k = 0.001. 
--The formulas given are for the typical characteristics only at 25°C. 

This device contains protection circuitry to guard against damage due to high static voltages or electric fields. However, 
precautions must be taken to avoid applications of any voltage higher than maximum rated voltages to this high-imped­
ance circuit. For proper operation, Yin and Vout should 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). Unused outputs must 
be left open. 

6-422 



MC14557B 

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

Characterlatlc Symbol 

Rise and Fall Time, Q or Q Output tTLH, 
ITLH. ITHL ~ (1.5 ns/pF) CL + 25 ns ITHL 
ITLH. ITHL ~ (0.75 ns/pF) CL + 12.5 ns 
ITLH. ITHL ~ (0.55 nslpF) CL + 9.5 ns 

Propagation Delay, Clock or CE to a or a IpLH. 
IpLH. IpHL ~ (1.7 ns/pF) CL + 215 ns IpHL 
IpLH. IpHL ~ (0.66 ns/pF) CL + 97 ns 
IpLH. IpHL ~ (0.5 ns/pF) CL + 65 ns 

Propagation Delay, Reset to a or Q IpLH. 

IpLH. IpHL ~ (1.7 ns/pF) CL + 215 ns IpHL 

IpLH. IpHL ~ (0.66 ns/pF) CL + 97 ns 
IPLH. IpHL ~ (0.5 ns/pF) CL + 70 ns 

Pulse Width, Clock IWH(cl) 

Pulse Width, Reset IWH(rsl) 

Clock Frequency (50% Duly Cycle) fcl 

Setup Time, A or B to Clock or CE Isu 
Worst case condition: L 1 = L2 = L4 = La = 
L16 ~ 1.32 ~ VSS (Register Length ~ 1) 

Best case condition: L32 = VOD. l1 through L16 
= Don't Care (Any register length from 33 to 64) 

Hold Time, Clock or CE to A or B Ih 
Best case condition: L 1 = L2 = L4 = LB = L 16 = 
1.32 = VSS (Register Length = 1) 

Worst case condition: L32 = VOD. L1 through L16 
= Don't Care (Any register length from 33 to 64) 

Rise and Fall Time, Clock I" 
If 

Aise and Fall Time, Reset or CE I r• 
If 

Removal Time, Reset to Clock or CE trem 

"The formulas given are for the typical characteristics only at 25°C. 
#Data labelled "Typ" is not to be used for design purposes but is 

Intended as an indication of the IC's potential performance. 

VDD 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
fO 
15 

5 
10 
15 

TIMING DIAGRAM 

Clock 

Alnput ______________ --' 

Min Typ# Max Unit 

ns 
- 100 200 
- 50 100 
- 40 80 

ns 

- 300 600 
- 130 260 
- 90 180 

ns 

- 300 600 

- 130 260 
- 95 190 

200 95 - ns 
100 45 -
75 35 -

300 150 - ns 
140 70 -
100 50 -
- 3.0 1.7 MHz 
- 7.5 5.0 
- 13.0 6.7 

ns 

700 350 -
290 130 -
145 85 -
400 45 -
165 5 -
60 0 -

ns 

200 -150 -
100 -60 -
10 -50 -

400 50 -
185 25 -
85 22 -

-
No Limit 

- - 15 jJ.s 

- - 5 

- - 4 

160 80 - ns 
80 40 -
70 35 -

Vss 

,--------------+-------------Voo 

R.~t-------------------i--------------t_----------------J '--------------Vss 

1 ·bit length· Q --------------------+"f 
CE= 0 

A/B= 1 
L 1 "" L2 <: L4 == La"" L 16'" L32", 0 

,---------VOH 
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LOGIC DIAGRAM 

-~I 
A 32 B;t 16 B;t 8 B;t 4 Bot I ~ 7 eRe RCA CR" 

o 

~ I~I I~ ~II ~ 
OJ 

A/8~~r~I'J~~1 1~~ 1~ 1~~JIII 
Select 

PIN ASSIGNMENT 

VOD 18 

2 L4 15 

3 Reset La 14 

4 L16 13 

5 L32 12 

6 Q " L~ Ll V" -l,,-/ voo = Pin 16 

7 Q 
vss .. Pin 8 

a v.,., AlB 5.1 



® MOTOROLA 

BCD-TO-SEVEN SEGMENT DECODER 

The MC14558B decodes 4-bit b,nary coded decimal data depen· 
dent on the state of auxiliary inputs, Enable and RBI, and provides an 
acttve-high seven-segment output for a dIsplay driver. 

An auxtliary input truth table IS shown, tn addItIon to the BCD 
to seven·segment truth table, to ,nd,cate the functions avatlable wIth 
the two aux il'ary Inpu t5. 

Leading Zero blanktng IS easily obtained wIth an external flip-flop 
In time d,v,s,on multIplexed systems displaytng most slgntflcant 
decade first.. 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• Segment Blanking for All Illegal Input Combinations 
• Lamp Test Function 
• Capability for Suppression of Non,S,gnificant Zeros 
• Lamp IntenSIty Function 
• Capable of Drtving Two Low-power TTL Loads, Dne Low-power 

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

MAXIMUM RATINGS (Voltagesreferenced ,oVss) 

Rating SVmbol Value 

DC Supply Voltage VDD -OSto +18 

Input Voltage, All Inputs Von -05 '0 VDD t 05 

Un,' 

Vdc 
Vdc 

DC Input Current, per Pin lin ±10 mAde 

Operating Temperature Range -- AL DeVice TA -55'0+125 
CLlCP DeVice -40'0 +85 

Storage Temperature Range Tstg -65'0+150 

AUXILIARY INPUT TRUTH TABLE 

BCD 
Enable RBI Input RBO 
Pin 3 Pin S Code P,n 4 

a o. x a 
a 1 x 1 

1 1 a 1 

1 a a a 
1 X 1·9 1 

X"" Don', Cere 
RBI = Ripple Blanking Input 

RiO z Ripple BI-,klng OutPUt 

F unction Performed 

Lamp Telt 

Blank Segments 

Display Zero 

Blank Segments 

'·9 Displayed 

6-425 
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CMOS MS. 
(LOW.pOWER COMPLEMENTARY MOS' 

BCD-TO-SEVEN 
SEGMENT DECODER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

2 

3 

4 

5 

6 

7 

8 

ORDERING INFORMATION 

A Senes: -55°C to + 125°C 
MC14XXXBAL (CeramIc Package Onlyl 

C Serres -40°C to +85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (CeramIc Package I 

PIN ASSIGNMENT 

16 

15 

tl~b 14 

-Oc 13 

12 d 

11 

10 

II 

DISPLAY 

101/1213[ylslbllIBlq] 
a 2 3 456 8 9 

II 
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MC145588 

ELECTRICAL CHARACTERISTICS (Voltages Referenced 10 VSS) 

Voo 
Ch.,.ctfl,stIC Symbol Vdc 

Output Voltage "0" Level Val 50 
V ln ::: VOO or 0 10 

15 

"":' Level VOH 50 
V ln = 0 or VOO 10 

15 

Input Voltage# "0" Level Vil 
IVa = 4.5 0< 0 5 Vdcl 50 
(Va = 9 0 o. 1.0 Vdc) 10 
(VO.13 500 15Vdc) 15 

"'" Level VIH 
IVa = 0.5 o. 4 5 Vdcl 50 
IVo·1.00r90Vdc) 10 
IVo = 1 5 or 13 5 Vdcl 15 

OUH)ut Drive Current (AL DeVice) 10H 
(VOH = ~ 5 Vdc) Source 50 
(VOH = 4.6 Vdcl 50 
(VOH = 95 Vdcl 10 
(VOH = 135 Vdcl 15 

(Val = 04 Vdc) Sink (Ol 50 
(Val = 0.5 Vdc) 10 
(Val = 15 Vdcl 15 

Output Dove Current (CUCP DeVice) 10H 
(VOH = 25 Vdcl Source 5.0 
(VOH = 4.6 Vdcl 50 
(VOH' 9.5 Vdcl 10 

IVOH = 13.5 Vdcl 15 

IVOl - 0.4 Vdcl Smk 10l 5.0 
IVOl • 0.5 Vdcl 10 
IVOl. = 1 5 Vdcl 15 

Input Current (AL DeVice) l,n 15 

Input Current (CL/CP DeVice) ',n 15' 

Input Capacitance e ln -

QUiescent Curren' (AL Device I 100 50 
(Per PackaeJei Vin=OorVOO 10 

lout=O ~A 15 

QUIescent Current ICLiCP DeVice) IDD 50 
(Per Packdllel Vin=O or VDO 10 

lout=O ~A 15 

Tor at Supply Current·· t IT 50 
(DynamIC plus QUIescent, 10 
Per Packaqel 15 
tCl· 50 pF on all outpulS, all 
buffers sWitching) 

-T1ow = _55°C for AL DeVice. _40oC for CLlCP DeVice. 
Th,gh = t12SoC for AL DeVice, +8SoC for CLlCP DeVice 

..:oNolse Immunity spec,fled fOf WOfst-case Input combination 

Tlow· 
Min M .. 

- 005 
- 0.05 
- 005 

4.95 -
9.95 -

1495 -

- 15 
- 3.0 
- 40 

35 -
7.0 -

110 .-

-3.0 -
-0.64 -
-1.6 -
-4.2 -

064 -
16 -
4.2 -

-2.5 -
-0.52 -
-1.3 -
-3.6 -
0.52 -
13 -
3.6 -

to 1 

- ±03 

50 
- 10 
- 20 

- 20 
- 40 
- 80 

NOise Margin fOI both "1" .md "0" level .. 1.0 Vdc mln@ VOO ,., 50 Vdc 
2 0 Vdc mIn @ V DD = 10 Vdc 
2.5 Vdc mIn @ VDO = 15 Vdc 

fTo calculate total supplV current at loads other Ihan 50 pF 
ITleLl = ITI50 pFI + 4. 10-31el -501 VOO' 

2S0C 

Min Typ Ma. 

- 0 0.05 
- 0 005 
- 0 005 

495 50 -
9.95 10 -

1495 15 -

- ~ ~5 15 
- 450 3.0 
- 675 40 

35 ~ 75 -
70 550 -

110 8 ~5 -

-2.4 -4.2 -
-0.51 -0.88 -
-1.3 -2.25 -
-3.4 -8.8 -

051 0.88 -
13 225 -
34 88 -

-2.1 -4.2 -
-0.44 -0.88 -
-1.1 -2.25 -
-3.0 -8.8 -
044 088 -
11 225 -
30 8.8 -
- to 00001 ±O 1 

- ±O 00001 ±O3 

50 7.5 

0.005 50 

- 0.010 10 
- 0.015 20 

- 0.005 20 
- 0.010 40 
- 0.015 80 

IT = 11.2 I'A/kHzl ,+ I DO 
IT = 12.4I'A/kHzl ,+ 100 
IT = 13.6 I'A/kHzl ,+ IDO 

where 11 IS 10 IJA (per package), CL ,n pF, VOO In Vdc, and f In kHz.s Input frequency. 
"·Tlle formulas given are for the tYPical characteristiCS only at 2SoC. 

Thl"" 
Min Ma. Unit 

- 005 Vdc 
- 005 
- 005 

495 - Vdc 
995 -
14.95 -

Vdc 
- 15 
- 30 
- 40 

3.5 - Vdc 

7.0 -
11.0 -

mAde 
-1.7 -

-0.36 -
-0.9 -
-2.4 -

036 - mAde 

0.9 -
24 -

mAde 

-1.7 -
-0.36 -
-0.9 -
-2.4 -

0.36 - mAde 

0.9 -
24 -

- ±10 ,",Adc 

- ±IO JJAdc 

- - pF 

- 150 ,",Adc 

- ~OO 

- 600 

- 150 ,",Adc 
- 300 
- 600 

IJAdc 

This device 'contains circuitry to protect the inputs ag8inst damage due to high static voltaglH or electric fields; however. it is ad· 
vised that normal precautions be taken to avoid appliClition 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 '" IVin or Vout) 
.. VOO 
Unused inputs must always be tied to an appropriate logic voltage level le.g., either Vss or VOO). 
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MC14558B 

SWITCHING CHARACTERISTICS· ICL = 50 pF. T A • 25°C; see Figure 1 I 

Chancteril'lic Symbol VOO 
Output Rile Time tTLH 

tTLH = 13.0 n,/pFI CL + 30 n. 5.0 
tTLH' 11.5 n,/pFI CL + 15 n, 10 
tTLH' 11.1 n,/pFI CL + 10 ns 15 

Output F all Time tTHL 
tTHL = 11.5 n,/pFI CL + 25 n, 5.0 
'THL = 10.75 ns/pFI CL + 12.5 ns 10 
tTHL' 10.55 ns/pFI CL + 9.5 n, 15 

Propegation Delay Time tpLH 
tpLH = 11.7 ns/pFI CL + 495 n, 5.0 
tPLH = 10.66 ns/pFI CL + 187 ns 10 
tpLH = 10.5 ns/pFI CL + 120 n, 15 

Propagation Delav Time tpHL 
tpHL -11.7 ns/pFI CL + 695 ns 5.0 
tpH L = 10.66 ns/pF I CL + 242 n. 10 
tpHL' 10.5 ns/pFI CL + 160 n. 15 

* The formulae given are for the typical characteristics only. 

INPUTS 

Enable RBI D C B A 

Pin 3 Pm 5 Pin 6 Pm 2 Pm 1 Pm 7 

1 1 ° 0 ° ° 

1 X ° 0 0 1 

1 X 0 0 1 0 

1 X 0 0 1 1 

1 X 0 1 0 0 

1 X 0 1 0 1 

1 X 0 1 1 0 

1 X 0 1 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 

• All non-".hd BCD Input cOde. prOduce a blank display 

X =- Oon"t C.r. 

TRUTH TABLE 

• b c 
Pin 13 Pm 12 Pin 11 

1 1 1 

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 1 

0 0 0 

1 1 1 

0 0 0 

Min 

-
-
-

-
-
-

-
-
-

-
-
-

OUTPUTS-

d • 
Pin 10 Pin 9 

1 1 

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 1 - SIGNAL WAVEFORMS 

20 n, 

Any Input 

Any Output 
----~ 
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Typ Mo. Unit 

n, 
100 200 
50 100 
40 80 

n, 
100 200 
50 100 
40 80 

n, 
580 1160 
220 440 
145 230 

n. 
780 1560 
275 550 
185 370 

f g RBO 
Pin lS Pin 14 Pin 4 DISPLAY 

1 0 1 n 
U 

1 0 1 
, , 

0 1 1 2 
0 1 1 3 
1 1 1 '-I 
1 1 1 5 
1 1 1 b 
0 0 1 1 
1 1 1 8_ 
1 1 1 q 
0 0 0 Blank 

1 1 0 8 
II 

0 0 1 81anll: 
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N4 

N3 
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MC14558B 

TYPICAL APPLICATIONS 

FIGURE 2 - LEADING AND TRAILING ZeRD 
SUPPRESSION WITH LAMP TEST 

N2 Nl N-l 

r-- RBI Aiffi r RBI RBO RBI RiO 

En En En 

1 1 1 

FIGURE 3 - LEADING AND TRAILING ZERO SUPPRESSION 
WITH PWM INTENSITY BLANKING AND NO LAMP TEST 

RBi 

N3 N2 Nl N-l 

Voo 

Fiiffi t--- RBi RiiO lRBI ReO RBI RiiO 

En En En En 

1 1 1 1 

FIGURE 4 - ZERO SUPPRESSION WITH LAMP TEST 
AND INTENSITY BLANKING 

N3 N2 Nl N 1 

N-2 

lRHo RiiO 

En 

1 

N-2 

lRBI RiiO 

En 

1 

N-2 

RSi RiO - RBi RiO ~ RBI RiiO RBI RiO RBI RBO lw Rii'O 

En En En En En En 

1 1 1 1 1 
T~>-1 
L-{)o-L> 1 

-t> 
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® MOTOROLA 

NBCDADDER 

The MC14560B adds two 4·bit numbers in NBCD (natural binary 
coded decimal) format, resu Iting in sum and carry outputs in N BCD 
code. 

This device can also subtract when one set of inputs is comple· 
mented with a 9's Complementer (MC14561B). 

All inputs and outputs are active high. The carry input for the 
least significant digit is connected to VSS for no carry in. 

• Diode Protection on All Inputs 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Value Unit 

VDD DC Supply Voltage -05to+180 V 

Vm. Vout Input or Output Voltage (DC or Transient) -05toVOD +05 V 

1m. lout Input or Output Current (DC or Transient). per Pm ±10 mA 

PD Power DISSipation, per Packaget 500 mW 

T sta Storage Temperature - 65 to + 150 

TL Lead Temperature (B-Second Soldering) 260 

*Maxlmum Ratings are those values beyond which damage to the device may occur 
tTemperature Derating: PlastiC "P" Package -12mW/"C from 65"C to 85"C 

Ceramic "L" Package' -12mWrC from 10Q"C to 12S"C 

TRUTH TABLE' 

INPUT OUTPUT 

A4 A3 A2 A1 84 83 82 B1 Con Caul S4 53 52 

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 tfuth table to show logiC operation tor representative Input values 

This device contains protection circuitry to guard against damage due to 
high static voltages or electric fields. However. precautions must be taken 
to avoid applications of any voltage higher than maximum rated voltages to 
this high-impadance circuit. For proper operation. Vin and Vout should 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). Unused outputs must be left open. 
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51 

0 
1 

1 

0 

1 

0 

1 

0 
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MC14559B 
See P8ge60.394· 

MC14560B 

CMOS MSI 
(LOW·POWER COMPLEMENTARY MOS) 

NBCD ADDER 

-,~ • ~UU u u ~Il~ ~ 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

A Series: - 55°0 to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40°0 to + 85°C 
MC14XXXBCP (PlastiC Package) 
MC14XXXBCL (Ceramic Package) 

BLOCK DIAGRAM 

13 

15 

14 

2 

4 

6 

VOD = Pin 16 

VSS"'" Pin 8 

12 

11 

10 

9 

I 



MC14560B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Characteristic Symbol 

Output Voltage "0" Level VOL 
Yin - VOO orO 

"1" Level VOH 
Yin - OorVOO 

Input Voltage "0" Level VIL 
(Va - 4.5 or 0.5 Vdc) 
(Va ~ 9.0 or 1.0 Vdc) 
(Va ~ 13.5 or 1.5 Vdc) 

"1" Level VIH 
(Va ~ 0.5 or 4.5 Vdc) 
(Va ~ 1.0 or 9.0 Vdc) 
(Va ~ 1.5 or 13.5 Vdc) 

Output Drive Current (AL Device) IOH 
(VOH ~ 2.5 Vdc) Source 
(VOH ~ 4.6 Vdc) 
(VOH ~ 9.5 Vdc) 
(VOH - 13.5 Vdc) 

(VOL ~ 0.4 Vdc) Sink IOL 
(VOL ~ 0.5 Vdc) 
(VOL ~ 1.5 Vdc) 

Output Drive Current (CUCP Device) IOH 
(VOH - 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vdc) 
(VOH = 13.5 Vdc) 

(VOL ~ 0.4 Vdc) Sink IOL 
(VOL ~ 0.5 Vdc) 
(VOL ~ 1.5 Vdc) 

Input Current (AL Device) lin 

Input Current (CUCP Device) fin 

Input Capacitance Cin 
(Vin ~ 0) 

Quiescent Current (AL Device) 100 
(Per Package) 

Quiescent Current (CUCP Device) 100 
(Per Package) 

Total Supply Current .. t IT 
(Dynamic plus Quiescent, 
Per Package) 
(CL ~ 50 pF on all outputs, 
all buffer. switching) 

-TIow= -55DC for AL Device, -40°C for CLlCP Device. 
Thigh= + 125"C for AL Device, + 85"C for CLlCP Device. 

VDD 
Vdc 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Oata labelled "Typ" Is not to be used for deSign purposes but is 
Intended as an indication of the IC's potential performance. 

·-The formulas given are for the typical characteristics only at 25DC. 

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

where: IT Is in..,A (per package). Cl in pF, V = (VOO-VSS) in volts, 
f In kHz Is input frequency, and k = 0.005. 

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 

- ±0.3 

- -

- 5.0 

- 10 
- 20 

- 20 
- 40 
- 80 
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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 

-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.OOOOI ±O.1 - ±1.0 pAdc 

- ±O.OOOOI ±0.3 - ±1.0 pAde 

- 5.0 7.5 - - pF 

- 0.005 5.0 - 150 pAdc 

- 0.010 10 - 300 

- 0.Q15 20 - 600 

- 0.005 20 - 150 pAdc 
- 0.010 40 - 300 
- 0.Q15 80 - 600 

IT ~ (1.68 p.AlkHz) f + 100 /LAde II 
IT ~ (3.35 p.AlkHz) f + 100 
IT ~ (5.03 p.AlkHz) f + 100 

PIN ASSIGNMENT 

16 

2 15 

3 14 

4 13 

5 12 

6 11 

7 10 

8 9 
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MC14560B 

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

Characteristic Symbol 

Output Rise and Fall Time trLH. trHL 
trLH. trHL = (1.5 nsJpF) CL + 25 ns 
trLH. trHL = (0.75 nsJpF) CL + 12.5 ns 
trLH. trHL = (0.55 nsJpF) CL + 9.5 ns 

Propagation Delay Time tpLH. tpHL 
AorBtoS 

tPLH. tPHL = (1.7 nsJpF) CL + 665 ns 
tPLH. tPHL = (0.66 nsJpF) CL + 297 ns 
tPLH. tPHL = (0.5 nsJpF) CL + 195 ns 

Aor B to Cout 
tPLH. tPHL = (1.7 nsJpF) CL + 565 ns 
tpLH. tPHL = (0.66 nsJpF) CL + 197 ns 
tPLH. tPHL = (0.5 nsJpF) CL + 145 ns 

Cin to Cout 
tPLH. tpHL = (1.7 nsJpF) CL + 465 ns 
IPLH. tpHL = (0.66 nsJpF) CL + 187 ns 
IPLH. tpHL = (0.5 nsJpF) CL + 135 ns 

Turn-Off Delay Time tPLH 
Cin toS 

IPLH = (1.7 nsJpF) CL + 715 ns 
IpLH = (0.66 nsJpF) CL + 197 ns 
IPLH = (0.5 nsJpF) CL + 215 ns 

Turn-On Delay Time tPHL 
'Cin loS 

tPHL = (1.7 nsJpF) CL + 565 ns 
tpHL = (0.66 nsJpF) CL + 197 ns 
tPHL = (0.5 nslpF) CL + 145 ns 

*The formulas given are for the typical characteristics only at 25°C. 

#Data labelled "Typ" Is not 10 be used for design purposes but Is 
Intended as an indication of the IC's potential performance. 

FIGURE 1 - POWER DISSIPATION WAVEFORMS 

~=:__--~_-+---VDD 

All Inputs 

Vss 

~
VOH 

AnV Output 

VOL 

Duty Cycle = 50% 
All outputs connected to respective CL load, 
f = System clock frequency 

6-432 

VDD Min Typ# Max Unll 

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:=,.----.Li----- VOH 

Any Output 
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FUNCTIONAL EQUIVALENT LOGIC DIAGRAM 

Cin7~, ____________________________ " ____ ~~~ ____ -;--, 

All~5-t-___ '-, 
13 

)---------------------------~SI 

14 
Bl ...... ---+-L.-/ 

A2 ~1..,.." __ -(, 

2 
B2 <>-4--+1-' 

A33~ __ -j, 

4 
B3 <>-4--+1.-' 

5 
A4o....,.---j, 

Voo'" Pin 16 
VSS" PinS 

FIGURE 3 - PARALLEL ADD/SUBTRACT CIRCUIT 

Add/Subtract-....,-------------------------, 

MC14561B 

.,{ AI Fl 

A2 

A3 F2 

A4 

Comp F3 

Comp 

Zero --...,..--t-------=---, 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 MC14561B permits 
either digit to be added to or subtracted 
from the other, or either word to appear un­
modified at the output. 

TRUTH TABLE 

Z.ro Add/Subtract Result 

0 0 B plulA 

0 1 8 minus A 

1 X B 

x ". Don't Care 

81{ 

MC145618 

.,,{ AI Fl 

A2 

A3 F2 

A4 

F3 

F4 

".{ 
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MC145608 

Cin SI 

) ""'" AI 

A2 S2 

A3 

A4 S3 

81 

82 S4 

83 

84 Cout 
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Cln SI 

AI 

A2 S2 

A3 Ten, 

A4 S3 

81 

82 S4 

83 

84 Cout 
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APPLICATIONS INFORMATION 

INTRODUCTION 
Frequently in small digital systems, simple decimal 

arithmetic is performed. Decimal data enters and 
leaves the system arithmetic unit in a binary coded 
decimal (BCD) format. The adder/subtracter in the 
airthmetic unit may be required to accept sign as well 
as magnitude, and generate sign, magnitude, and 
overflow. In the past, it has been cumbersome to build 
sign and magnitude adder/subtracters. Now, using 
Motorola's MSI CMOS functions, the MC14560 NBCD 
Adders and MC14561 9's Complementers, NBCD 
adder/subtracters may be built economically, with sur­
prisingly low package count and moderate speed. 

Some background information on BCD arithmetic is 
presented here, followed by simple circuits for 
unsigned adder/subtracters. The final circuit dis­
cussed is an adder/subtracter for signed numbers with 
complete overflow and sign correction logic. 

DECIMAL NUMBER REPRESENTATION 
Because logic elements are binary or two-state de­

vices, decimal digits are generally represented as a 
group of bits in a weighted format. There are many 
possible binary codes which can be used to represent 
a decimal number. One of the most popular codes 
using 4 binary digits to represent 0 thu 9 is Natural 
Binary Coded Decimal (NBCD or 8-4-2-1 code). 

NBCD is a weighted code. If a value of "0" or "1" is 
assigned to each of the bit pOSitions, where the 
rightmost pOSition is 20 and the leftmost is 23 , and the 
values are summed for a given code, the result is 
equal to the decimal digit represented by the code. 
Thus, 0110 equals 0'23 + 1'22 + 1'2' + 0'20 = 4 + 
2 = 6. The 1010,1011,1100,1101,1110, and 1111 
binary codes are not used. Because of these Illegal 
states, the addition and subtraction of NBCD numbers 
is more complex than similar calculations on straight 
binary numbers. 

ADDITION OF UNSIGNED NBCD NUMBERS 
When 2 NBCD digits, A and B, and a possible carry, 

C, are added, a total of 20 digit sums (A + B + C) are 
possible as shown in Table 1. 

The binary representations for the digit sums 10 
thru 19 are offset by 6, the number of unused binary 
states, and are not correct. An algorithm for obtaining 
the correct sum is shown in Figure 1. A conventional 
method of implementing the BCD addition algorithm is 
shown in Figure 2(a). The NBCD digits, A and B, are 
summed by a 4 bit binary full adder. The resultant 
(sum and carry) is input to a binary/BCD code con­
verter which generates the correct BCD code and 
carry. 

An NBCD adder block which performs the above 
function is available in a single CMOS package 
(MC14560). Figure 2(b) shows n decades cascaded 
for addition of n digit unsigned NBCD numbers. Add 
time is typically 0.1 + 0.2n j.LS for n decades. When 
the carry out of the most significant decade is a logical 
"1", an overflow is indicated. 

COMPLEMENT ARITHMETIC 
Complement arithmetic is used in NBCD subtrac­

tion. That is, the "complement" of the subtrahend is 
added to the minuend. The complementing process 
amounts to biasing the subtrahend such that all possi­
ble sums are positive. Consider the subtraction of the 
NBCD numbers, A and B: 

R=A-B 

where R is the result. Now bias both sides of the 
equation by 10N - 1 where N is the number of digits 
in A and B. 

R + 10N - 1 = A - B + 10N - 1 

Rearranging, 

R + 10N - 1 = A + (10N - 1 - B) 

The term (10N - 1 - B), -B biased by 10N - 1, is 
known as the 9's complement of B. When A>B, 
R + 10N - 1 > 10N - 1; thus R is a positive number. 
To obtain R, 1 is added to R + 10N - 1, and the carry 
term, 10N, is dropped. The addition of 1 is called End 
Around Carry (EAC). 

When A < B, R + 10N - 1 < 10N - 1, no EAC 
results and R is a negative number biased by 
10N - 1; thus R + 10N - 1 is the 9's complement of 
R. 

SUBTRACTION OF UNSIGNED NBCD NUMBERS 
Nine's complement arithmetic requires an element 

to perform the complementing function. An NBCD 9's 
complementer may be implemented using a 4 bit bi­
nary adder and 4 inverters, or with combinatorial 
logic. The Motorola MC14561 9's complementer is 
available in a single package. It has true and inverted 
complement disable, which allow straight-through or 
complement modes of operation. A "zero" line forces 
the output to "0". Figure 3 shows an NBCD subtracter 
block using the. MC14560 and MC14561. Also shown 
are n cascaded blocks for subtraction of n digit 
unsigned numbers. Subtract time is 0.6 + 0.4n j.LS for 
n stages. Underflow (borrow) is indicated by a logical 
"0" on the carry output of the most significant digit. A 
"0" carry also indicates that the difference is a nega­
tive number in 9's complement form. If the result is 
input to a 9's complementer, as shown, and its mode 
controlled by the carry out of the most significant digit, 
the output of the complementer will be the correct 
negative magnitude. Note that the carry out of the 
most significant digit (MSD) is the input to carry in of 
the least significant digit (LSD). This End Around 
Carry is required because subtraction is done in 9's 
complement arithmetic. 

By controlling the complement and overflOW logic 
with an add/subtract line, both addition and subtrac­
tion are performed using the basic subtracter blocks 
(Figure 4). 
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TABLE 1 - Sum - A + B + C 

Decimel Corrected 
Billllry Sums Number Binery Sums 

0000 0 0000 

0001 1 0001 
0010 2 0010 

0011 3 0011 

0100 4 0100 

0101 5 0101 

0110 6 0110 

0111 7 0111 

1000 8 1000 

1001 9 1001 

""} 10 0000 + Carry 

1011 11 0001 + Clrry 

1100 Non valid 12 0010 + Carry 

1101 BCD 13 0011 + Clrry 

1110 representation 14 0100 + Carry 

1111 15 0101 + Carry 

0000 + Carry 16 0110 + Clrry 
0001 + Carry 17 0111 + Carry 

0010 + Carry 18 1000 + Carry 
0011 + Carry 19 1001 + Carry 

Thousands 

6,941__ 0110 
+ 

5,870__ 0101 

"" .. ".,.~.,,- 1 A; ","I 
Digit Binary Sums---. 1011 

1100 

Q Code Converte,.--" 

Corrected 5 urn 
12,811 -

1 00 1 0 

ADDITION AND SUBTRACTION OF SIGNED NBCD 
NUMBERS 

USing MC14560 NBCD Adders and MC14561 9's 
Complementers, a sign and magnitude adder/sub­
tracter can be configured (Figure 5), Inputs A and B 
are signed posltiYe (AS, BS = "0") or negative (AS, 
BS = ","), B is added to or subtracted from A under 
control of an Add/Sub line (subtraction = "1"), The 
result, R, of the operation is positive signed, positive 
signed with overflow, negative signed, or negative 
signed with overflow, Add/subtract time is typically 0,6 
+ 0.4n "'s for n decades. 

An exclusive-OR of Add/Sub line and BS produces 
B', which controls the B complementers. If BS, the 
sign of B, is a logical "1" ( B Is negative) and the 
Add/Sub line is a "0" (add B to A), then the output of 
the exclusive-OR (BS') is a logical "," and B is com­
plemented. If BS = "," and Add/Sub = "1", B is not 
complemented since subtracting a negative number is 
the same as adding a positive number. When Add/Sub 
is a "1" and BS = "0", BS' is a "1" and B is comple­
mented. The A complementer is controlled by the A 
sign bit, AS. When AS ",", A is complemented. 

Hundreds Tens Units 

1001 0100 0001 

1000 0111 0000 

0 Adder Adder 
0 

cin Cin 

0001 1011 0001 

0010 1011 0001 

1 0 0 0 o 001 o 00 1 

FIGURE 4 - Unlillned NBCD Addition Algorithm 

Cout 

~ 
RHult, R 

(II MCl4560 Block Diagram 

Al 81 

Cin Caut 
MC14560 

Rl 

A2 B2 

Cin Caut 
MC14560 

R2 

Typical Add Time - 0.1 + 0.2n jJ.I 

wher. n - Number of Decades 

(bl n·Decade Adder 

FIGURE 5 - Addition 01 Unsigned NBCD Numbers 
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The truth table and Karnaugh maps for sign, over­
flow, and End Around Carry are shown in Figures 6 
and 7. Note the use of BS' from the exclusive-OR of 
Add/Sub and BS. BS' eliminates Add/Sub as a vari­
able in the truth table. As an example of truth table 
generation, consider an n decade adder/subtracter 
where AS = "0", BS = "1", and Add/Sub = "0". B is 
in 9's complement form, 10N - 1 - B. Thus A + (10N 

- 1 - B) = 10N - 1 + (A - B). There is no carry 
when A .. B, and the sign is negative (sign = "1"). 
When AS and BS are opposite states and Add/Sub is 
a "0" (add mode), no overflow can occur (overflow 
= "0"). The other output states are determined in a 
similar manner (see Figure 6). 

From the Karnaugh maps It is apparent that End 
Around Carry is composed of the two symmetrical 
functions S2 and S3 of three variables with AS BS' 
Cout as the center of symmetry. This is the definition 
of the majority logic function M3(ABC). Similarly the 
Sign is composed of the symmetrical functions S2(3) 
and S3(3) but with the center of symmetry translated 

From Cout 

A1 A2 A3 A4 

cin 

voo C 

of Most Significant )---fc 
Decade 

z 

A1 B1 

R1 

MC14560 

MC14561 

Relult, R 

R2 

to ASBS' Couto This is equivalent to the majority 
function M3(ASBS' Cout). Further evaluation of the 
maps and truth table reveal that Overflow can be 
generated by the exclusive-OR function of End 
Around Carry and Carry Out. This analysis results in 
a minimum device count cOl16lsting of one exclusive­
OR package and one dual Majority Logic package to 
implemen .. Bs', EAC, Sign and Overflow. The logic 
connections of these devices are shown in Figure 5. 

The output sign, RS, complements the result of 
the add/subtract operation when RS = "1". This is 
required because the adder performs 9's comple­
ment arithmetic. Complementing, when RS indicates 
the result is negative, restores sign and magnitude 
convention. 

Several variations of the adder/subtracter are pos­
sible. For example, 9's complement is available at 
the output of the NBCD adders, and output 
complementers are eliminated if sign and magnitude 
output is not required. 

Cout 

(a) 
a •• le 

Subtracter 
Block 

C n + 1 

(b) 
"-Decade 
Subtracter 

TVpi-=-1 Subtract Time .. 0.6 + 0.4n "". where n • Number of Decades 

"0" Indicates 
Underflow 

(Nagative Rnult) 

FIGURE 6 - Subtraction of Unsigned NBeD Numbers 
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SUMMARY REFERENCES 
The concepts of binary code representations for 

decimal numbers, addition, and complement sub­
traction were discussed in detail. Using the basic 
Adder and Complementer MSI blocks, adder/sub­
!racters for both signed and unsigned numbers were 
illustrated with examples. 

1. Chu, Y.: Digital Computer Design Funda­
mentals, New York, McGraw-Hili, 1962. 

2. McMOS Handbook, Motorola Inc., 1st Edition. 
3. Beuscher, H.: Electronic Switching Theory and 

Circuits, New York, Van Nostrand Reinhold, 
1971. 

Al 81 

LSD 

Cin Basic Cout 
Subtract 

C Block 

Rl 

A2 

R2 

4. Garrett, L.: CMOS May Help Majority Logic Win 
Designer's Vote, Electronics, July 19, 1973. 

5. Richards, R.: Digital Design, New York, Wiley­
Interscience, 1971. 

B2 

MSD 

Cout 

1/6 MC14572 
AddlSubtract 

( •• 1'"1'"0'") 0--.... ---1 
Overflow" .. ,., 

1/6 MC14572 

Underflow" "1" 
)Q--------4~--4. (Negative Result) 

Typical Add/Subtract Time = 0.6 + O.4n "'" 
where n = Number of Decades 

FIGURE 7 - Adder/Subtracter lor Unsigned NBCO Number. 
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FIGURE 8 - SIGN AND MAGNITUDE ADDER/SUBTRACTER WITH OVERFLOW 
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~ 

-= 

Cin MC14560 

C MC14561 

Z 
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~ 

Rl 
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B 
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D 

E 

MC14530 

A 

B 
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C MS 

D 
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~ L 

Cout 

VOO 

A2 
~ 

MC14560 

MC14561 
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z 

B2 

~ 

Cout 

1/4 MC14070 

An 

-= 

MC14560 

MC14561 

Rn 

) 0 Overflow 

Xl S. • OS' '9 n '9n of RS 

Typical Add/Subtract Time = 0.6 + 0.4n III 
where n = Number of Decades 

Cout 

3: 
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AS 
","=Neg 

0 

0 

0 

q> 
~ 0 
CO 

I 

I 

·Output of Adders 

Arithmetic Expre •• 'on 
lor R" (Re.ult) 

INPUTS I (N = Number 01 Dlglta, 
tON = Modulus 

BS' Cout I A, B. A .re Poeltlve 

"'" = Neg "'" = Carry 
Magnltudee) 

0 0 IR=A+8 

0 1 

1 

I 

0 IR=A-B 
=A+(10N -l-B) 
= A - B + 10N - 1 

I I 

0 I 0 IR=B-A 
= B + (1 ON - 1 - A) 
= B - A + 10N - 1 

OUTPUTS 

End Around Carry (EAC) Sign of R 
"1" = EAC "1" - Negative 

No EAC ("0") because R is Since A and B are positive 
correct result. signed, A is positive signed 

("0"). 

No EAC ("0") because 9's 
complement expression for 

A is correct resu It. 

EAC = "'" because ex­
pression for A is In error 

by 1. 

No EAC ("0") because g's 

complement expressIOn for 

A IS correct result. 

A :r;;;;. 8 when C out : "0"; 

thus sign of R must be 
negative ("''')' 

A> 8 when Cout = "1"; 
thus sign of A must be 

positive f "0"). 

B ~ A when C out "" "0", 

thus sign of R must be 

negative ,",">' 

+ EAC = "'" because ex­
pression for A IS in error 

by 1 

EAC "" "'., because 9'5 
complement expression 

for R IS In error oy 1. 

B > A when C aut = "1", 

thus Sign of R must be 

positive f "0"). 

SlOce A and B arB negative 

signed. R IS negative Signed 

1"1"1 
0 IR=-A-B 

= (ION - 1 - A) + 
(ION - 1 - B) 

= - (A + B) + 2. x ION - 2 

FIGURE 9 - Truth Table Generation lor EAC, Sign, and Overllow Logic 

... I .... 

Overflow 

"1" = Overflow 

When Cout = "0' , there IS no carry 
(A < 1 ON) and thus no overflow 
("0"). 

When Cout "" ",", there IS a carry 
(R. ~ 10N) and thus overflOW 
("1") 

There IS never an overflow when 

numbers of opposite Sign are added 

When Cout = "0", there is no carry 

(R < 10N) and (A + B) > ION - 1 
indicating overflow ("1"). 

When C t = "1", there is a carry 
(R ;. 10111) and (A + B) '" IoN - 1 
indicating no over1low ("0"). 

3!: 
o .... 
~ 
U1 en 
C) 

m 
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TRUTH TABLE 

INPUTS OUTPUTS 

AS BS' Cout EAC SGN 

a a a a a 
a , a a , 
, 0 0 0 , 
, , 0 , , 
0 0 , 0 0 

0 , , , 0 , 0 , , 0 , , , , , 
BS' = (Add/Sub)0BS 
AS = Sign of A ("," = Negative) 
BS = Sign of B ("," = Negative) 

Cout = Adder Carry Out 

OVF 

a 
0 

0 , 
, 
0 

0 

0 

MC14560B 

KARNAUGH MAPS 

End Around Carry 

AS 
Sign (SGN) 

AS 
Overflow (OVF) 

AS 

Cout 

0 , 
0 

O· 

, 
, 
, 
0 

BS' 

Cout 

, , 
0 , 
O· 0 

0 , 
B'm' as' 

S 0 0 

Cout , 0 

o 0 

• = Center of Symmetry 

EAC = 52 (ASBS' Cout) + S3 (ASBS' Cout) 

= M3 (ASBS' Cout! 

SGN = 52 (ASBS' s,ut) + S3 (ASBS'Cout) 
• M3 (ASBS' Cout) 

EAC 0 OVF 

~' : e o , 

o 0 mo 
, , 
, , 
o 0 

m' ° 0 
1 0 

o 0 

FIGURE 10 - Mapping 01 EAC, Sign and Overflow Logic 

6-440 



® MOTOROLA 

g's COMPLEMENTER 

The MC14561B 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). Ifthe complement control (Comp) is low, the BCD number 
appears at the outputs unmodified. The complement disable (Comp) 
allows the complement control to be gated, or an inverted control 
signal to be used. If the complement input is high and the disable 
input low, the 9's complement of the number is displayed at the 
outputs. The zero control (Z), when high, forces the outputs low 
regardless of the state of the other inputs. 

When the MC14561B is used to perform BCD subtraction in con· 
junction with the MC14560B NBCD adder, the complement control 
becomes an add/subtract control. 

• All Inputs Buffered 
• Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low-Power TTL Loads or One Low-Power 

Schottky TTL Load Over the Rated Temperature Range 

MAXtMUM RATINGS· (Voltageo Relerenced to Vss) 

Symbol Parameter Value 

VOO DC Supply Voltage -0.510 + t8.0 

Vio. Vout Input or Output Voltage (DC or Transient) -0.5 to VOO +0.5 

'in, 'out Input or Output Current (DC or Transient), per Pin ±10 

Po Power Dissipation, per Packaget 500 

Tota Storage Temperature -65 to + 150 

TL Lead Temperature (a-Second Soldering) 260 

-Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: - 12mW/oC from 65°C to 85°C 

Ceramic "L" Package: -12mW/oC from 10QoC to 125°C 

TRUTH TABLE 

z Comp Comp Fl F2 F3 F4 Mode 

0 0 0 

0 0 1 AI A2 A3 A4 Straight-through 

0 1 1 

0 1 0 AI A2 A2A3 + A2A3 A2A3A4 Complement 

1 X X 0 0 0 0 Zero 

x so Don t Care. 
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Unit 

V 

V 

mA 

mW 

'C 

'C 

MC14561B 

CMOS 551 
(LOW·POWER COMPLEMENTARY MOS) 

g's COMPLEMENTER 

--I 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

ORDERING INFORMATION 

A Series: -55°C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

PIN ASSIGNMENT 

2 

3 

4 

5 

6 

NC = No Connection 

14 

13 

12 

11 

10 

9 

8 

This device contains proteelion circuitry to 
guard against damage due to high static 
voltages or electric fields. However, precau­
tions must be taken to avoid applications of 
any voltage higher than maximum rated 
voltages 10 this high-impedance circuit. For 
proper operallon, Vin and Vout should be 
constrained to the range VSS os; (Vin or 
Vout) os; VOO' 
Unused Inputs must always be tied to an ap­
propriate logic voltage level (e.g., either VSS 
or VOO). Unused outputs must be left open. 
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ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Characteristic Symbol 

Output Voltage "0" Level VOL 
Vin ~ VOO orO 

"1" Level VOH 
Vin ~ OorVoo 

Input Voltage "0" Level VIL 
(VO ~ 4.5 or 0.5 Vdc) 
(VO ~ 9.0 or 1.0 Vdc) 
(Vo ~ 13.5 or 1.5 Vdc) 

"1" Level VIH 
(VO ~ 0.5 or 4.5 Vdc) 
(VO ~ 1.0 or 9.0 Vdc) 
(Vo ~ 1.5 or 13.5 Vdc) 

Output Drive Current (AL Device) IOH 
(VOH ~ 2.5 Vdc) Source 
(VOH ~ 4.6 Vdc) 
(VOH ~ 9.5 Vdc) 
(VOH ~ 13.5 Vdc) 

(VOL ~ 0.4 Vdc) Sink IOL 
(VOL ~ 0.5 Vdc) 
(VOL ~ 1.5 Vdc) 

Output Drive Current (CLlCP Device) IOH 
(VOH ~ 2.5 Vdc) Source 
(VOH ~ 4.6 Vdc) 
(VOH ~ 9.5 Vdc) 
(VOH ~ 13.5 Vdc) 

(VOL ~ 0.4 Vdc) Sink IOL 
(VOL ~ 0.5 Vdc) 
(VOL ~ 1.5 Vdc) 

Input Current (AL Device) lin 

Input Current (CLlCP ~evice) lin 

Input Capacitance Cin 
(Vln ~ 0) 

Quiescent Current (AL Device) 100 
(Per Package) 

Quiescent Current (CLlCP Device) 100 
(Per Package) 

Total Supply Current"t IT 
(Dynamic plus Quiescent, 
Per Package) 
(CL ~ 50 pF on all outputs, 
all buffers switching) 

"Tlow= -55°C for AL Device, -40°C forCUCP Device. 
Thl9h= + 125°C for Al Device, + 85DC for CUCP Device. 

VDD 
Vdc 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Data labelled "Typ" Is not to be used tor design purposes but Is 
Intended as an indication of the IC's potential performance. 

Tlow' 2S"C Thgh' 

Min Max Min Typ# Max Min Max 

- 0.05 - 0 0.05 - 0.05 
- 0.05 - 0 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 -
-3.0 - -2.4 -4.2 - -1.7 -
-0.64 - -0.51 -0.68 - -0.36 -
-1.6 - -1.3 -2.25 - -0.9 -
-4.2 - -3.4 -8.8 - -2.4 -
0.64 - 0.51 0.88 - 0.36 -
1.6 - 1.3 2.25 - 0.9 -
4.2 - 3.4 8.8 - 2.4 -

-2.5 - -2.1 -4.2 - -1.7 -
-0.52 - -0.44 -0.88 - -0.36 -
-1.3 - -1.1 -2.25 - -0.9 -
-3.6 - -3.0 -8.8 - -2.4 -
0.52 - 0.44 0.88 - 0.36 -
1.3 - 1.1 2.25 - 0.9 -
3.6 - 3.0 8.8 - 2.4 -
- ±0.1 - ±O.ooool ±O.1 - ±1.0 

- ±0.3 - ±O.OOOOl ±0.3 - ±1.0 

- - - 5.0 7.5 - -

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

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

IT ~ (1.5 p.AlkHz)I + 100 
IT ~ (3.0 p.AlkHz) f + 100 
IT ~ (4.5 !LA/kHz) f + 100 

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

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

where: IT Is In !-LA (per package), CL In pF, V = (VOO- VSS) in volts, 
f In kHz 18 Input frequency, and k = 0.004. 
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MC145618 

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

Ch..ct8filtic 

Output Rise and Fall Time 
'TLH. 'THL = (1.5 ns/pF) CL + 25 ns 
'TLH. trHL = (0.75 nslpF) CL + 12.5 ns 
'TLH. trHL = (0.55 ns/pF) CL + 9.5 ns 

ProPagation Delay Time 
tpLH.'PHL & 11.1 ns/pF) CL + 315 n. 
tPLH. tPHL = (0.66 n./pF) CL + 121 ns 
tpLH tpHL = (0.5 n./~) CL + 96 n. 

·The formulas given are for the typical characterlstlce only at 25°C. 

#Data labelled "Typ" Is not to be used for design purposes but is 
intended as an indication of the IC's potential performance. 

Svmbol 

trLH. 
tTHL 

tpLH. 
tPI:IL 

VDD 

5.0 
10 
15 

5.0 
10 
15 

Min Typlf 

- 100 

- 50 

- 40 

- 400 
- 160 
- 120 

FIGURE 1 - SWITCHING TIME WAVEFORMS 

20nl 

~~------------~L--t--------------------VDD 
Any Input 

11F~------------------Vss 

Any Output 

"F---------- VOL 

tTLH 
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Mox Unit 

n. 
200 
100 
80 

n. 
1000 
400 
300 
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LOGIC DIAGRAM 

co;p o-------------~r_~~----------------~ 
,Comp 

6 

Z 
9 

IlIeg.1 

BCD 
Input 

Codes 

s 
! 

iii 
E ~ 

~! A4 

0 0 
1 0 
2 0 
3 0 
4 0 
5 0 
6 0 
7 0 
8 1 

9 1 

10 1 

11 1 

12 1 

13 1 

14 1 

16 1 

TRUTH TABLE - COMPLEMENT MODE 
(Z = 0, Camp = 1, Camp = 01 

; 
& . 
0 

Inputs < Outputs 
-J! 
El: 

A3 A2 A1 
'n 
Ow F4 F3 F2 

0 0 0 9 1 0 0 

0 0 1 8 1 0 0 

0 1 0 7 0 1 1 

0 1 1 6 0 1 1 

1 0 0 5 0 1 0 

1 0 1 4 0 1 0 

1 1 0 3 0 0 1 

1 1 1 2 0 0 1 

0 0 0 1 0 0 0 

0 0 1 0 0 0 0 

0 1 0 7 0 1 1 

0 1 1 6 0 1 1 

1 0 0 5 0 1 0 

1 0 1 4 0 1 0 

1 1 0 3 0 0 1 

1 1 1 2 0 0 1 
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VOO"" Pm 14 

VSS= Pin 7 

F1 

1 

0 
1 

0 
1 

0 
1 

0 
1 

0 

1 

0 
1 

0 
1 

0 

Fl 
13 

F2 
12 

F3 
11 

F4 

10 



Zero 

0 

0 

1 

MC14561B 

TYPICAL APPLICATIONS 

One MC14560B andoneMC14561B 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 1I0',COMPLEMENTI 

Add/Subtract---1~-------------' 

MC145618 

.. { AI FI 
MCI4560B 

A2 

A3 F2 Cin 51 

A4 AI 

Comp F3 A2 52 

Zero - .... -t-----=---., ~ 
Comp A3 

Z F4 A4 S3 

BI{ 

BI 

B2 54 

B3 

Cout 

MCI4561B 

.,,{ AI FI 
MCI4560B 

A2 

A3 F2 Cin S1 

.1.4 AI 

A2 S2 

A3 

F4 A4 S3 

BI 

B2 S4 

B3 

TRUTH TABLE 

.,,{ 
B4 Cout 

Add/Subtract Result 

0 8 pluS A 

I B minus A 

X B 

x = Don't Car. 
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MC14561B 

FIGURE 3 - SERIAL ADDISUBTRACT CIRCUIT 

Type 0 
Flip-Flop 

'-- D Q-

r----------------------~C 
Add/Subtract --t------:-::--:---------, 

A Aegltte, 

_ 100', 10'. 1', 

Clock-_ 

100', 10', 1', 

MC145&lB 

~ :tIl ~;-::-l 
-comPF3h A2 S2-F Comp A3 Result 

Z F4 A4 S3-

.-------1 Bl 

f--;::.-------J r--- B2 S4 -

r- B3 
1------------' r-- B4 Cout 1-------' 
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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 edae 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 

• Fully Static Operation 

• Cascadable to Provide Longer Shift Register Lengths 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 

MAXIMUM RATINGS· (Vollages Referenced 10 VSS) 

Symbol P.,.met., V.lu. 

VDD DC Supply Vollage -0.510 + 18.0 

Vin. Vout Inpul or Oulpul VoHage (DC or Translenl) -0.510 VDD +0.5 

'in,lout Input or Output Current (DC or Transient). per Pin ±10 

Po Power Dissipation, per Packaget 500 

Tsla Storage Temperature -8510 + 150 

TL Lead Temperature (8-Second Soldering) 260 

·Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperalure Derating: Plastic "P" Package: -12mWI"C from 6S·C 108S·C 

Ceramic "L" Package: -12mW'·C from 100·C 10 12S·C 

LOGIC DIAGRAM 

Clock 50-D-<l; __ ., 

Unit 

V 

V 

mA 

mW 

·C 

·C 

10Q18 

13032 

1 Q84 

8Qao 

2Qa8 

80112 

3Q128 
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MC14562B 

CMOS LSI 
(lOW·POWER COMPLEMENTARV MOS) 

128-BIT STATIC SHIFT 
REGISTER. 

- • 1 1 

L SUFFIX PSUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 632 CASE 646 

ORDERING INFORMATION 

A Series: -55"C to + 125"0 
MC14XXXBAL (Ceramic Package Only) 

C Series: -40"0 to +85"0 
MC14XXXBCP (Plastic Package) 
MC14XXXBCl (Ceramic Package) 

BLOCK DIAGRAM 

016 10 

032 13 
12 Do .. 

048 9 

064 

080 8 

096 2 
Clock 

0112 6 

0128 3 

Pin, 4 and 11 VDD - Pin 14 
not u.ad. VSS. Pin 7 

a 
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MC14562B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Characteristic Symbol 

Output Voltage "0" Level VOL 
Vin = VOO orO 

"1" Level VOH 
Vin = 0 or VOO 

Input Voltage "0" Level VIL 
(Vo = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vdc) 

"1" Level VIH 
(Vo = 0.5 or 4.5 Vdc) 
(Vo = 1.0 or 9.0 Vdc) 
(Vo = 1.5 or 13.5 Vdc) 

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

(VOL = 0.4 Vdc) Sink IOL 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdc) 

Outpul Drive Current (CL/CP Device) IOH 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vdc) 
(VOH = 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) 

Ouiescent Current (CL/CP Device) 100 
(Per Package) 

Total Supply Current .. t IT 
(Dynamic plus Quiescent, 
Per Package) 
(CL = 50 pF on all outputs, 
ali buffers switching) 

*Tlow= -55"C for AL Device. -40"C for CLlCP Device. 
Thigh"" + 125"C for AL Device, + 85"C for CL!CP Device. 

VDD 
Vdc 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Data labelled "Typ" Is not to be used for design purposes but is 
intended as an indication of the Ie's potential performance. 

·*The formulas given are for the typical characteristics only .t 25"C. 

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

where: IT Is In p.A (per package), CL in pF, V = (VOO- VSS) in volts, 
f in kHz Is Input frequency. and k "" 0.004. 

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 -
- ±O.l 

- ±0.3 

- -

- 5.0 

- 10 
- 20 

- 50 
- 100 
- 200 

25"C Thl 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 

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

mAdc 
-2.4 -4.2 - -1.7 -

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

mAdc 
-2.1 -4.2 - -1.7 -
-0.44 -0.88 - -0.36 -
-1.1 -2.25 - -0.9 -
-3.0 -8.8 - -2.4 -
0.44 0.88 - 0.36 - mAdc 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -
- ±O.OOOOI ±O.l - ±1.0 pAdc 

- ±O.OOOOI ±0.3 - ±1.0 pAdc 

- 5.0 7.5 - - pF 

- 0.010 5.0 - 150 pAdc 
- 0.020 10 - 300 
- 0.030 20 - 600 

- 0.010 50 - 375 pAdc 
- 0.020 100 - 750 
- 0.030 200 - 1500 

IT = (1.94 pAlkHz) f + 100 pAdc 
IT = (3.81 pAlkHz) f + 100 
IT = (5.52 pA/kHz) f + 100 

PIN ASSIGNMENT 

1 14 

2 13 

3 12 

4 11 

5 10 

6 9 

8 

NC = No Connection 

This device contains proteC1ion circuitry to guard against damage due to high static voltages or eleC1rlc fields. However, 
precautions must be taken to avoid applications of any voltage higher than maximum rated voltages to this high-imped­
ance circuit. For proper operation, Vin and Vout should be constrained to the range VSS .. (Vln or Vout) '" VOO' 

Unused inputs must always be tied to an appropriate logiC voltage level (e.g., either VSS or VOO). Unused outputs must be 
left open. 
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MC14562B 

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

Characteristic Symbol VDD Min Typ# Max 
Output Rise and Fall Time iTLH. 
ITLH. 'THL = (1.5 ns/pF) CL + 25 ns tTHL 5.0 - 100 200 
'TLH. 'THL = (0.75 ns/pF) CL + 12.5 ns 10 - 50 100 
'TLH. 'THL = (0.55 ns/pF) CL + 9.5 ns 15 - 40 80 
Propagation Delav Time tPLH, 

Clock 10 a IpHL 
IPLH. IPHL = 11.7 ns/pF) CL + 515 ns 5.0 - 600 1200 
IPLH, 'PHL = (0.66 n,/pF) CL + 217 n, 10 - 250 500 

~_IPLH, IPHL = 10.5 ns/pF) CL + 145 ns 15 - 170 340 
Clock Pulse Width 'WH 5.0 600 300 -

150% Duty Cycle) 10 220 110 -
15 150 75 -

Clock Pulse Frequencv fcl 5.0 - 1.9 1.1 
10 - 5.6 3.0 
15 - B.O 4.0 

Data to Clock Setup TIme I,ull) 5.0 -20 -170 -
10 -10 -64 -
15 0 -60 -

l,ulO) 5.0 -20 -91 -
10 -10 -58 -
15 0 -48 -

Data to Clock Hold Time Ihll) 5.0 350 263 -
10 165 109 -
15 155 100 -

'h(O) 5.0 350 267 -
10 200 140 -
15 140 93 -

Clock Input Rise and Fall Times trltf 5.0 - - 15 
10 - - 5 
15 - - 4 

*The formulas given are for the typical characteristics only at 25°C. #Data labellad "Typ" is not to be used for design purposes but Is 
Intended as an indication of the IC's potential performance. 

Oata 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 
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Q80~--o-------------~ 
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fo 
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MC14562B 

TIMING DIAGRAM 

Pin 

No's f- Pu'. 1--1 \.-Pu'se 16-1 f-pu'" 32-1 !-Pu'so 12801 

C'OCk5~_~_~_~ 

Oow'n 12~ ______________________ ___ 

01610 r--\ 
------------./ '------------

032 13 ---- --------~---------
0128 3 

Clock 

Data In 

016 

Clock 

Dati In 

016 

-------~ 

AC TEST WAVEFORMS 

50" 

'su(O) 

th(O) 

Note: The remaining Data-Bit OutpUll (Q32. 048, 064.080. Q96. 0112 and Q128) will occur at 
Clock Pul .. 32, 48. 64, 80. 96.112.128 in the ume relationship I' 016. 
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(f!jMOTOROLA 

INDUSTRIAL TIME BASE GENERATOR 

The MC14566B industrial time base generator is constructed 
with MOS P-channel and N-channel enhancement mode devices 
in a single monolithic structure. This device consists of a divide­
by-10 ripple counter and a divide-by-5 or divide-by-6 ripple 
counter to permit stable time generation from a 50 or 60 Hz line. 
By cascading this device as divide-by-60 counters. seconds and 
minutes can be counted and are available in BCD format at the 
circuit outputs. An internal monostable multivibrator is included 
whose output can be used as a reset or clock pulse providing ad­
ditional frequency flexibility Also a pin has been included to 
allow divide-by-5 counting for generating 1.0 Hz from European 
50 Hz line. Pin 11 = VDD will cause +5. 

• 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 

• Diode Protection on All Inputs 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Peramet., V.lu. UnH 

VDD DC Supply Voltage -0.5 to + la.O V 

Vin. Vout Input or Output Voltage (DC or Transient) -0.5 to VDD +0.5 V 

lin. lout Input or Output Current (DC or Transient), per Pin ±10 rnA 

PD Power Dissipation, per Packaget SOD mW 

Tsta Storage Temperature -65 to + ISO ·C 

TL Lead Temperature (a-Second Soldering) 260 ·C 

·Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW/oC from 65°C to 85°C 

Ceramic "L" Package: - 12mWI"C from 100·C to 12S·C 

BLOCK DIAGRAM 

-
aDA 

3 

CA Pulse C alA ~ t BCD 
+10 Shape,. 

02A 
S 

lout 
6 

Reset 

11 R 12 +5f+6Control OOB I BCD alB 
13 

Ca 15 Pulse lout C 14 ... 51-< .. 6 Shaper 02B 

a 7 

am 

A 
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MC14566B 

CMOS MS. 
ILOW·POWER COMPLEMENTARY MOSI 

INDUSTRIAL 
TIME BASE GENERATOR 

,--16 
1 1 

L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

A Series; -55°C to +125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: -40°C to +85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

II 
PIN ASSIGNMENT 

16 

2 15 

3 14' 

4 13 

5 12 

6 II 

7 10 

B 9 
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MC145668 

ELECTRICAL CHARACTERISTICS (Vo~ages Referenced to VSS) 

Characteristic Symbol 

Output Vo~ge "0" Level VOL 
Yin = VDD or a 

"1" Level VOH 
Yin = a orVDD 

Input Voltage "0" Level VIL 
(Vo = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vdc) 
(VO = 13.5 or.l.5 Vdc) 

"1" Level VIH 
(Vo = 0.5 or 4.5 Vdc) 
(VO = 1.0 or 9.0 Vdc) 
(Vo = 1.5 or 13.5 Vdc) 

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

(VOL = 0.4 Vdc) Sink IOL 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdc) 

Output Drive Current (CUCP Device) IOH 
(VOH = 2.5 Vde) Source 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vdc) 
(VOH = 13.5 Vdc) 

(VOL = 0.4 Vdc) Sink IOL 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdc) 

Input Current (AL Device) lin 

Input CUrrent (CUCP Device) lin 

Input Capacitance Cin 
(Vin = 0) 

Quiescent CUrrent (AL Device) IDD 
(Per Package) 

Quiescent Current (CUCP Device) IDD 
(Per Package) 

Total Supply Current""t IT 
(Dynamic plus QUiescent, 
Per Package) 
(CL = 50 pF on all outputs, 
all buffers switching) 

*Tlow'" -55°C for AL Device, -40°C for cuep Device. 
Thigh = + 125°C for AL Device, + 85°C for cLlep Device. 

VOO 
Vdc 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Oata labelled "Typ" Is not to be used for design purposes but is 
intended as an Indication of the IC's potential performance. 

"·The formulas given are for the typical characteristics only at 25DC. 

Tlow . 25'C Thl~' 

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 

-
-
-

-
-
-
-
-
-

Max Min Typ# Max Min Max Unit 

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

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 -

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

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.1 - ±O.OOOOI ±O.1 - ±1.0 pAdc 

±0.3 - ±O.OOOOI ±0.3 - ±1.0 /lAdc 

- - 5.0 7.5 - - pF 

5.0 - 0.005 5.0 - 150 /lAdc 
10 - 0.010 10 - 300 
20 - 0.015 20 - 600 

20 - O.OOS 20 - 150 /lAdc 
40 - 0.010 40 - 300 
80 - 0.Q15 80 - 600 

IT = (1.0 I'AlkHz) f + IDD I'Adc 
IT = (2.0 I'AlkHz) I + IDD 
IT = (3.0 JLA/kHz) I + IDD 

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

where: IT Is in.,..A (per package), CL in pF, V = (VOO-VSS) in volts, 
f In kHz is Input frequency, and k = 0.001. 

This device contains protection circuitry to guard against damage due to high static voltages or electric lields. However, 
precautions must be taken to avoid applications 01 any voltage higher than maximum rated voltages to this high-imped­
ance circuit. For proper operation, Yin and Vout should 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). Unused outputs must be 
left open. 
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SWITCHING CHARACTERISTICS· (CL = 50 pF. T A = 25°C) 

Characteristic Symbol VDD Min Typ# Max 

Output Rise and Fall Time tTLH. 
tTlH. tTHl = (1.5 ns/pF) Cl + 25 ns tTHl 5.0 - 100 200 
tTlH. 'THl = (0.75 ns/pF) Cl + 12.5 ns 10 - 50 100 
'TlH. tTHl = (0.55 ns/pF) Cl + 9.5 ns 15 - '40 80 

Propagation Delay Time. Clock to Q3A tpLH. 
tPLH. tpHL' (1.7 ns/pF) CL + 1365 ns tpHL 5.0 - 1450 4500 
tPLH. tpHL ' (0.66 ns/pF) CL + 497 ns 10 - 530 1500 
tPLH. tPHL ' (0.5 ns/pF) CL + 295 ns 15 - 320 1000 

Propagation Delay Time, Reset to Q3A tpHL 
'PHL = 11.7 ns/pF) CL + 845 ns 5.0 - 930 3000 
tpH L = (0.66 ns/pF) CL + 282 ns 10 - 315 1000 
tpHL = 10.5 ns/pF) CL + 185 ns 15 - 210 750 

Clock Pulse Width tWHlcl) 
5.0 1200 400 -
10 400 125 -
15 270 90 -

Reset Pulse Width 'WHIR) 
5.0 1200 400 -
10 400 125 -
15 270 90 -

Clock Pulse Frequency fel 
5.0 - 1.0 0.3 
10 - 2.5 1.0 
15 - 4.2 1.5 

Clock Pulse Rise and FaU Time 'TLH. 
tTHL 5.0 

10 No Limit 
15 

Monostable Multivibrator Pulse Width tWHIQm) 
5.0 1200 2800 -
10 400 900 -
15 300 600 -

*The formulas given are for the typical characteristics only at 25°C. #Oata labelled "Typ" Is not to be used for design purposes but is 
intended as an Indication of the IC's potential performance. 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

cO· 
20 ns- I --j _20 ns 

'0 500.uF l:'~ .) -"00 50% "··-1'" ---"§ 
V,n J 

_Variable 
Width I Pulse I CA OOA Generator I 

CB 
OIA 
02A 

Reset 03A 
+5/+6 ODs 

1'tJrrr 
Control OIB 
B 02B 
A Om 

"It" ~vss 
-J-
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FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

?Voo 

I 

I 
CA aDA 

Programmable 
O'A Pulse CB 

Generator 02A 
Reset 03A 
+5/+6 aDa 
Control 

1" 1,,1"1"1"1"1"1 
O'a 

B 02e 
A am 

? Vss 

1... 

Note: Assume + 10 Counter at "6" and +5/+6 Counter at "2" at beginning of sequence. 

Clock and B 

Reset ----+-------------~~~~fl II Q3A 0' ____ +-______________ -1' 
02B 
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TIMING DIAGRAM 

Dlvlde-ay-l0 COUnter 

Clock 

AeMt~L-________________________________________ __ 

aD ....... ----' 

Clock 

R._t--fl~ ________________________________________ ___ 
Control 
+5/+6--------------------------~ 

al~ 

a2mJ 

m == Doo't Car. 

A 

B _____ ---' 
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APPLICATION - 12 HOUR CLOCK 

,-----------------, 
OVoo 

<, OM' : +5/~~ Co '~O } Tenth ~ : 
60 H7 O-"""---~--1I---iC Q1 c~; Seconds ~ I 

> 1500 pF' I I 02 03 I L __________________ ~ 

r----------;----o.voo 

I 
I 00 
I 01 

I 02 

I 03 
L ____ ~n~e~ ___ _ 

,------------------, 
I .;- 10 +5/+6 I 
I 00 00 I 
I c~; 01 

I Ra3 L __ 

.,-5/.,-6 Control not shown = VSS 
Reset pins not shown = VSS 

'Care must be taken In the Indicated Circuit to filter line 
transients which mav cause "false" counting 
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PHASE COMPARATOR AND 
PROGRAMMABLE COUNTERS 

The MC14568B consists of a phase comparator, a dlvlde-by-4, 16,64 
or 100 counter and a programmable dlvlde-by-N 4-bit binary counter lall 
positive-edge trlggeredl constructed with MaS P-channel and 
N-channel enhancement mode devices (complementary MOSI In a 
monolithic structure 

The MC14568B has been designed for use In conjunction with a pro­
grammable dlvlde-by-N counter for frequency synthesizers and phase­
locked loop applications requiring low power dissipation and/ or high 
norse Immumty 

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 Independently of the programmable dlvlde-by-N counter, for 
example cascaded with a MC14569B, MC14522B or MC14526B (CTL 
low) 

• Supply Voltage Range = 3.0 to 18 V 

• Capable of DriVing Two Low-Power TTL Loads, One Low-Power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera­
ture Range. 

• Chip Complexity. 649 FETs or 137 EqUivalent Gates 

MAXIMUM RATINGS (Voltages referenced to vss I 
Rating Symbol Value 

DC Supply Voltage VDD -05 to +18 

Input Voltage, All Inputs V,n -05 to VDD + 0.5 

DC Input Current, per Pin lin ± 10 

Operating Temperature Range - A L DeVice TA -55 to +125 
C LlCP DeVice -40 to +85 

Storage Temperature Range Tstg -65 to +150 

BLOCK DIAGRAM 

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

13 PC aut 

UOIt 

V 

V 
mA 

°c 

°c 

CTL HIGH 

" G 
(;1 

CTL 15 
10 t= 

"0" 

1 Ql/C2 
PE 

"0" 

VOD Pin 16 5 6 

VSS Pin 8 
Dp2 DPI 
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CMOS MS. 
(LOW·POWER COMPLEMENTARY MOS) 

PHASE COMPARATOR 
AND PROGRAMMABLE 

COUNTERS 

~-,r~~UU 16~n~~ 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: -40°C to +85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceram,c Package I 

F 
Pin 10 

o 
o 

TRUTH TABLE 

G 
Pin 11 

o 
1 

o 

Division Ratio 
of Counter 01 

4 

16 
64 

100 

The divide-by-zero state on the programmable 
divide~bV-N 4·bit binary counter, 02, is illegal. 

cn LOW 

PC out 

PC'~ p.C 

LD 

C1 
D1 

"0"0--1 D2 ~2 
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ELECTRICAL CHARACTERISTICS (Voltages Referenced to VSSI 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level Val 5.0 

V,n VDD or 0 10 
15 

"'" Level VOH 50 
Vm o or VDD 10 

15 

Input Voltage#t "0" Level Vil 
(Va 4.5 or 0.5 Vdcl 5.0 

IVa 90 or 1.0 Vdel 10 

IVa 1350r 15Vdc) 15 
"1" Level VIH 

(Va 0.5 or 4.5 Vdcl 50 
(Va 1.0 or 9 0 Vdcl 10 
(Va .' 1 5 or 13.5 Vdel 15 

Output Drive Current (AL Devlcel IOH 
(VOH 2.5 Vdcl Source 50 
(VOH 46 Vdcl 50 
IVOH ~ 95 Vdcl 10 
(VOH c 13.5 Vdcl 15 

(Val" 0.4 Vdcl Sink IOl 5.0 
(Val = 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 50 
(VOH = 9.5 Vdel 10 
IV OH = 13.5 Vdcl 15 

(VOL = 0.4 Vdcl Smk IOl 5.0 
(VOL = 0.5 Vdcl 10 
(VOL c 1.5 Vdcl 15 

Input Current (AL Device) lin 15 

Input Current (CLlCP Devlcel lin 15 

Input Capacitance Cm -

Quiescent Current (Al Devlcel IDD 50 

(Per Package) Y,n = 0 or VDD. 10 

10ut=0 p.A 15 

Quiescent Current (Cl/CP Devlcel IDD 50 
(Per Packagel Vin = 0 or VDD. 10 
10ut=0 p.A 15 

Total SupplV Current-· t IT 5.0 
(DynamiC plus OUiescent, 10 
Per Package) 15 

(Cl 50 pF on all outputs, all 
buffers sWitching) 

Three-State Leakage Current, Pins 1, 13 ITI. 15 
(AL Device) 

Three-State Leakage Current, Pins 1, 13 ITL 15 
ICl/CP Device" 

*Tlow -5SoC for AL DeVice. -40oC for cLlep DeVice 
Thigh' +12SoC for AL DeVice, t8S0C for CLlCP DeVice 

.L:Nolse Immunity speclf,ed for worst·case Input combination 

Tlow . 
Min Ma. 

- 0.05 
-. 0.05 
- 0.05 

4.95 -
9.95 -

14.95 

15 
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 -
3.6 -

± 01 

- ±O3 

-
- 5.0 
- 10 

20 

- 20 
- 40 
- 80 

- ±O.l 

- ± 1.0 

NOise Margin for both "1" and "0" level' 1.0 Vdc mln@ VOO : 5.0 Vdc 

2.0 Vde min@ VDD 10 Vde 
2.5 Vdc min@ VDD 15 Vde 

tTo calculate total supply current at loads other than 50 pF 
IT(Cl) IT(50 pF) + 1 • 10-3 (Cl -50) VDDf 

25°C Thi h* 

Min Typ Ma. Min Ma. Unit 

- 0 0.05 - 0.05 Vdc 

- 0 0.05 - 0.05 
- 0 0.05 - 005 

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 

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 -
-04 -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 to 1 ± 1 a ~Ade 

- ±O 00001 ±03 - ± 1 0 /JAde 

- 50 7.5 - pF 

- 0.005 50 150 /JAde 

- 0.010 10 - 300 
- 0.Q15 20 - 600 

- 0.005 20 - 150 /JAde 

- 0.010 40 - 300 
- 0.Q15 80 - 600 

IT = 10.2 ~A/kHz) f + IDD ,uAde 

IT = (0.4 ~A/kHz) f + IDD 
IT = 10.9 ~A/kHz) f + 100 

- ±O.OOOOI to.l - ±3.0 "Ade 

- ±O.OOOOI ± 1.0 - ±7.5 ~Ade 

PIN ASSIGNMENT 

Ql/C2 1. 16 VDD 

PE 15 CTl 

where IT IS In JJA {per packagel. CL In pF, VOO in Vdc. and f In kHz IS Input frequency. 
'0' 3 14 PC,n 

PCout HThe formulas given are for the tVPlcal characteristics only at 2SoC. OP3 4 13 

'Pin 15 is connected to VSS or VOO for input voltage test. OP2 5 t2 LD 

OP1 6 11 G 

OpO 10 

VSS 8 9 Cl 
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SWITCHING CHARACTERISTICS tCl ~ 50 pF. T A ~ 25"CI 

Characteristic Svmbol VOO Min Tvp Max Unit 
V 

Output Rise Time tTLH 50 - 180 360 ns 
10 - 90 180 
15 - 65 130 

Output Fall Time tTHL 50 - 100 200 ns 
10 - 50 100 
15 - 40 80 

Minimum Pulse Width. Cl. 01/C2. or PCIn Input tWH 50 - 125 250 ns 
10 - 60 120 
15 - 45 90 

MaXimum Clock RIse and FaU Time. tTLH· 50 15 - - ~s 

Cl. 01/C2. or PCIn Input tTHL 10 15 - -
15 15 - -

PHASE COMPARATOR 
Input ReSistance R,n 50 to 15 - I 106 I - Mil 

Input Sensitivity, de Coupled - 50 to 15 See Input Voltage 

Turn-Off Delay Time. tpHL 50 - 550 1100 ns 
PCout and LO Outputs 10 - 195 390 

15 - 120 240 

Turn-On Delay Time, tPLH 50 - 675 1350 ns 
PCout and LD Outputs 10 - 300 600 

15 -- 190 380 

DIVIDE-BY-4 16 64 OR 100 COUNTER (01) 
MaXimum Clock Pulse Frequency tel MHz 

DIvIsion Ratto = 4. 64 or 100 50 30 60 -
10 80 16 -
15 10 22 -

DIvIsion RatiO = 16 50 10 2.5 -
10 30 63 -
15 50 97 -

Propagation Delay Time. 01/C2 Output tPLH. ns 
DIvIsion Ratlo=4, 64 or 100 tpHL 5.0 - 450 900 

10 - 190 380 
15 - 130 260 

DIVIsion Ratlo= 16 50 - 720 1440 
10 - 300 600 
15 - 200 400 

PROGRAMMABLE DIVIDE-BY-N 4-BIT COUNTER (02) 

II MaXimum Clock Pulse Frequency tel 50 12 18 - MHz 
IF,gure 3al 10 30 85 -

15 40 12 -

Turn-On Delay Time. "0" Output tpLH 50 - 450 900 ns 
IF,gure 3al 10 - 190 380 

15 - 130 260 

Turn-Off Delay Time. "0" Output tpHL 50 - 225 450 ns 
IF,gure Sal 10 - 85 170 

15 - 80 150 

Minimum Preset Enable Pulse Width tWHIPEI 50 - 75 250 ns 
10 - 40 100 
15 - 30 75 
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SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 

FIGURE 1 - PHASE COMPARATOR 

A tags B. PCout IS lOW. A leads 8, PCout IS '''ugh 

~ 
2 "O"out REF 

@ 

LD 

PC out 

FIGURE 2 - COUNTER D1 

Q1/C2 
10% 50% 

--":'::'~ltTLH 

FIGURE 3 - COUNTER 02 

tTHL 

b. 

CL '-------... 

"0" __________ ...J 

-N is the v_luI programmed on the Op Inputs. 
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LOGIC DIAGRAM 

SIAef) 
;>~----------------~O Lo 

C 1 9 0--"4-----' Counter 01 

10~--r--------+--r_~ 

G 11 o--I------------~ 

+-----------'! __ -o 1 a 1/C2 

"0" 30------<>< 

1--..-+--<> 2 PE 

Counter 02 
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Typical Maximum Frequency Divider 01 
Division ratios: 4,64 or 100 leL = 50 pF) 

28 

26~ 
'\ 
~ 

4 

'"" 2 

0 

1"-

"'" ~ 6 

4 

2 

0 

I 

61--. 

4 

2 

o 
-40 

--
-20 

~ 
""- ~VOO'15V 

........ ~ 

~ 
............... 

'" Voo '10 V 

............... " 

----- Voo' 5 v ----:.. 

+20 +40 +IiO 

T. TEMPERATURE 'OC) 

+100 

2 

Typical Maximum Frequency Divider 01 
Division ratio: 16 ICL =50 pF) 

o~ 
.............. r--t'--

I 

r--- --M'15V 

r---
6 --r-- -i'10V t---

- I 
Voo' 5 V_ 

-40 -20 +20 +40 +10 +80 +100 

T. TEMPERATURE (DC) 

Typical Maximum Frequency Divider 02 
Division ratio: 2 ICL = 50 pF) 

5~ 
I--

I---t-. 

1 

o 
-40 
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OPERATING CHARACTERISTICS 

The MC 145688 contains a phase comparator, a fixed 
divider (e- 4, e- 16, e- 64, e- 100) and a programmable 
divide·by·N 4·blt counter. 

PHASE COMPARATOR 

The phase comparator is a positive edge controlled 
logic circuit. It essentiallv consists of four flip·flops and 
an output pair of MOS transistors. Only one of its inputs 
(PCin, pm 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 8) 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 8 
(Ref.l. the comparator output will be high for the time 
equal to the phase difference. 

If signal A lags signal 8, the output will be low for the 
same time. In between, the output will be in a three·state 
condition and the voltage on the capacitor of an RC filter 
normally connected at this point will have some inter· 
mediate value (see Figure 4). When used in a phase locked 
loop, this value will adjust the Voltage Controlled Oscil· 
lator frequency by reducing the phase difference between 
the reference signal and the divided VCO frequency to 
zero. 

FIGURE 4 - PHASE COMPARATOR WAVEFORMS 

n n-Voo 
A (PC,nl--4I _~ L-vss 

I r--- l/f ~II 

B IRaf.l----irL---rtt= ::: 
---ii II VOH 

LO U U vOL 
II II 

PC out --P ut;'":=== VOH 
'- VOL 

FIGURE 5 - PHASE COMPARATOR 

STATE DIAGRAM 

Input State 

A B 

PCout 

LD 
(Lock Detect) 

If the input signals have different frequencies, the out· 
put signal will be high when signal 8 has a lower frequency 
than signal A, and low 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 (F igure 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 (011 

This counter is able to work at an input frequency of 
5 MHz for a VDD value of 10 volts ovet 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 VOD 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 can· 
nected to VSS. 

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. 

o 3-State 
Output Disconnected 

o o 

6-463 



II 

MC14568B 

If used in cascade with the programmable divide-by·N 
counter, practically all usual reference frequencies, or 
channel spacings of 25, 20, 12.5, 10, 6.25 kHz, etc. are 
easily achievable. 

PROGRAMMABLE DIVIDE·BY·N 

4·BIT COUNTER (021 

This counter is programmable by using inputs DPo ... 

DP3 (pins 7 ... 4). The Preset Enable input enables the 
parallel preset inputs DpO ... DP3. 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). 

TYPICAL APPLICATIONS 

fin C 

(40 kHz) 

FIGURE 6 - CASCADING MCI4568B AND MC14522B OR MCI4526B WITH MC14569B 

CF CF CF 
0 C MC145228 04 C MC14522B 04 01/C2 

MC145698 or 0' MC14568B 
MC14526B MC145268 

"0" "0" 

0PO- _ - _OP3 0PO ___ .OP3 0PO ___ Op3 

LSD MSD 

FIGURE 7 - FREQUENCY SYNTHESIZER WITH MCI4568B and MC14569B USING A MIXER 

CC""nnel Spec;"" 10 kHd 

fout 

fout 

(144-146 MHz) 
PCin PCout 

Cl MC145688 G 
O--t--~'CTI F 

"0" 01/C2 

PE 

OPO---OP3 MC14011 

o CF 

MCI4669B C Mix., 

'-----..... -----------------tZaro:=:~DetecI~:!.. __ ...J L _ _ _ _______ J 20 

2M 

F..-quenc_ shown In perenth .. is.re gwen as en ••• mple. 
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FIGURE 8 - FREQUENCY SYNTHESIZER USING MC145688, MC145698 AND MC1452ZB 
tWithout Mixer) 

PCout 
(5MHz) 

C' MC,45688 Gt----ovOO 

0--+----1 t----()vOO 
(VOOI 

MC'4~22B 

"0" 

Nl N2 

10-5) 
1625 kHz steps) 

(0-9) 

162.5 kHz steps) 

Divide ratio ~ 160N 1 + 16N2 + N3 

Example: 
fout ~ Nl IMHz) + N2 (xl00 kHz) + N3 (x25 kHz) 
Frequency range ~ 5 MHz 
Channel spacing ~ 25 kHz 
Reference frequency ~ 6.25 kHz 

Recommended reading: 
(1) AN535: "Phase-Lock Techniques" 
(2) AR254: "Phase· Locked Loop Design Articles" 
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FIGURE 9 - TYPICAL 23~HANNEL CB FREQUENCY SYNTHESIZER FOR DOUBLE CONVERSION TF:ANSCEIVERS 

Receiver 
SKOnd Mlx.r 

To "155 kHz • __ ----J 

IF 

NOTE, 
1. 10 kHz Channel S~clng 
2. Expandab'. to 165 Channel' 

(ExPanded frequency range 
Ihown in per.nth .... ) 

VDD 

TRX 

o 
ReV 

10.695 MHz 

15.36 MHz 

Receiver 
Fint Mlx.r 

Ladle Detector 

.91-1.20 (2.55) MHz 

N '" 91-120 (255) MHz 

10.695 MHz 

26.966-27.255 
(28.606) MHz 

16.270-16.560 (17.910) MHz 

To Transmitter 
f-------. ... 26.965-27.255 

(28.605) MHz 

:s:: 
o ..... 
".. 
U1 
0) 
ClO 
m 

.. 



@MOTOROLA 

PROGRAMMABLE DIVIDE-BY-N DUAL 4-BIT 
BINARY tBCD DOWN COUNTER 

The MC14569B is a programmable divide-by-N dual 4-bit binary 
or BCD down counter constructed with MOS P-channel and N-chan­
nel enhancement mode devices (complementary MOS) in a mono­
lithic structure. 

This device has been designed for use with the MC14568B phase 
comparator/counter in frequency synthesizers, phase-locked loops, 
and other frequency division applications requiring low power dissi­
pation and/or high noise immunity. 

• Speed-up Circu itry for Zero Detection 
• Each 4-Bit Counter Can Divide Independently in BCD 

or Binary Mode 

MC145698 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOS) 

PROGRAMMABLE 
DIVIDE-BY-N DUAL 4-BIT 

BINARY / BCD DOWN COUNTER 

• Can be Cascaded With MC14568B, MC14522B or MC14526B for 
Frequency Synthesizer Applications 

• All Outputs are Buffered 

• Schmitt Triggered Clock Conditioning 

MAXIMUM RATINGS· (Voltages Referenced 10 VSS) 

Symbol ,., ....... , VIII ... 

VOD DC Supply Voltage -O.S to + 1S.0 

Vln, Vout Input or Output VoHage (DC or Transient) -O.Sto VDO +O.S 

lin, lout Input or Output Current (DC or Tranllent), per 'In ±10 

PD Power DISSipation, per Packaget 500 

Tsta Storage Temperature -6Sto +1S0 

TL Lead Temperature (S-Second Soldering) 260 

"Maximum Ratings are tho .. value. beyond which damage to the device may occur. 
tTamperatura DeraUng: Plastic "P" Package: -12mW/·C fram 8S·C to 8S·C 

Ceramic "L" Package: -12mWI"C from 100·C to 12S·C 

CTL = Low for Binary Count 
CTL ~ High for BCD Count 

Clock 

Cascade 
Feedback 

9 

7 

PO P1 P2 P3 

3 4 5 6 

, 
BINARY/BCD 

Counter #1 

~ ~ 

. 

BLOCK DIAGRAM 

CTL, CTL2 

2 10 

.- 4 
Clock 

Load . -

Zero Detect Encoder 
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Unit 

V 

V 

mA 

mW 

"C 

·C 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 848 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: -40°C to +85°C 
MC14XXXBCP (PlastiC Package) 
MC14XXXBCL (Ceramic Package) 

P4 P5 P6 P7 

11 12 13 14 
vOO 
Vss 

= Pin 16 

= Pin 8 

BINARY/BCD 
Counter #2 

-< > 

~ 

!,.. 

Q 

Zero 

Detect 
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MC14569B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Characteristic Symbol 

Output Voltage "0" Level VOL 
Yin = VDD orO 

"1" Level VOH 
Yin = OorVDD 

Input Voltage "0" Level VIL 
(Vo = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vdc) 

"1" Level VIH 
(Vo = 0.5 or 4.5 Vdc) 
(Vo = 1.0 or 9.0 Vdc) 
(Vo = 1.5 or 13.5 Vdc) 

Output Drive CUrrent (AL Device) IOH 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vdc) 
(VOH = 13.5 Vdc) 

(VOL = 0.4 Vdc) Sink IOL 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdc) 

Output Drive Current (CUCP Device) IOH 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vdc) 
(VOH = 13.5 Vdc) 

(VOL = 0.4 Vdc) Sink IOL 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdc) 

Input Current (AL Device) lin 

Input Current (CUCP Device) lin 

Input Capacitance Cin 
(Vin = 0) 

Quiescent Current (AL Device) 100 
(Per Package) 

Quiescent Current (CUCP Device) 100 
(Per Package) 

Total Supply Current"t IT 
(Dynamic plus Quiescent, 
Per Package) 
(CL = 50 pF on all outputs, 
all buffers switching) 

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

VDD 
Vdc 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Data labelled "Typ" is not to be used for design purposes but Is 
intended as an indication of the le's potential performance. 

""The formulas given are for the typical characteristics only at 25°C. 

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

where: IT is in ~A (per package), CL In pF, V = (VOO-VSS) in volts, 
f in kHz Is Input frequency. and k = 0.001. 

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 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 50 
- 100 
- 200 

6-468 

25"C Thl 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 

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

mAdc 
-2.4 -4.2 - -1.7 -

-0.51 -0.88 - -0.36 -
-1.3 -2.25 - -0.9 -
-3.4 -8.8 - -2.4 -
0.51 0.88 - 0.36 - 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 O.BB - 0.36 - mAde 
1.1 2.25 - 0.9 -
3.0 B.8 - 2.4 -
- ±0.00001 ±0.1 - ±1.0 pAdc 

- ±O.OOOOI :to.3 - ±1.0 p.Adc 

- 5.0 7.5 - - pF 

- 0.005 5.0 - 150 p.Adc 
- 0.010 10 - 300 
- 0.015 20 - 600 

- 0.005 50 - 150 ,..Adc 
- 0.010 100 - 300 
- 0.D15 200 - 600 

IT = (0.58 ~Hz) f + 100 pAdc 
IT = (1.20 ~Hz) f + 100 
IT = (1.95 ~Hz) f + 100 

This device contains protection circuitry to 
guard against damage due to high static 
voltages or electric fields. However, precau­
tions must be taken to avoid applications of 
any voltage higher than maximum rated 
voltages to this high-impedance circuit. For 
proper operation, Vin and Vout should be 
constrained to the range VSS '" (Vin or 
Vout)" VDD· 
Unused inputs must always be tied to an ap­
propriate logiC voltage level (e.g., either VSS 
or VDD)' Unused outputs must be left open. 



MC14569B 

SWITCHING CHARACTERISTICS' (Cl = 50 p~ TA = 25°C) 

Characteristic Symbol 

Output Rise Time trlH 

Output Fall TIme trHl 

Turn-On Delay Time tPlH 
Zero Detect Output 

QOulput 

TUrn·Off Delay TIme tPHl 
Zero Detect Output 

Q Output 

Clock Pulse Width twH 

Clock Pulse Frequency Icl 

Clock Pulse Rise and Fall Time trLH. trHl 

#Data labelled "Typ" is not to be used for design purposes but Is 
intended as an Indication of the Ie's potential performance. 

VDD 
Vdc 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

SWITCHING WAVEFORMS 

FIGURE 1 

Clock 

All Types 

Min Typ# 

- 100 
- 50 
- 40 

- 100 

- 50 
- 40 

- 420 
- 175 
- 125 

- 675 
- 265 

- 200 

- 380 
- 150 
- 100 

- 530 
- 225 
- 155 

300 100 
150 45 
115 30 

- 3.5 
- 9.5 

- 13.0 

NO LIMIT 

a --------------------.~ 

FIGURE 2 

Clock 

Zero Detect '"'It----
tTHL 

6-469 

Max Unit 

200 ns 
100 
80 

200 ns 
100 
80 

ns 
700 
300 
250 

1200 ns 
500 
400 

ns 
800 
300 
200 

1000 ns 
400 
300 

- ns 
-
-
2.1 MHz 
5.7 
7.8 

p.s 
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MC14569B 

INPUTS 

PIN DESCRIPTIONS 

CONTROLS 

PO, P1, P2, P3 (Pins 3, 4, 5, 6) - Preset Inputs. 
Programmable inputs for the least significant counter. 
May be binary or BCD depending on the control input. 

P4, P5, P6, P7 (Pins 11, 12, 13, 14) - Preset In­
puts. Programmable inputs for the most significant 
counter. May be binary or BCD depending on the control 
input. 

Clock (Pin 9) - Preset data is decremented by one 
on each positive tranSition of this signal. 

OUTPUTS 

Zero Detect (Pin 1) - This output is normally low 
and goes high for one clock cycle when the counter has 
decremented to zero. 

Q (Pin 15) - Output of the last stage of the most 
significant counter. This output will be inactive unless 
the preset input P7 has been set high. 

Cascade Feedback (Pin 7) - This pin is normally 
set high. When low, loading of the preset inputs (PO 
through P7) is inhibited, i.e., PO through P7 are "don't 
cares." Refer to Table 1 for output characteristics. 

CTL, (Pin 2) - This pin controls the counting mode 
of the least significant counter. When set high, counting 
mode is BCD. When set low, counting mode is binary. 

CTLz (Pin 10) - This pin controls the counting mode 
of the most significant counter. When set high, counting 
mode is BCD. When set low, counting mode is binary. 

SUPPLY PINS 

VSS (Pin 18) - Negative Supply Voltage. This pin is 
usually connected to ground. 

VDD (Pin 16) - Positive Supply Voltage. This pin Is 
connected to a positive supply voltage ranging from 3.0 
volts to 18.0 volts. 

OPERATING CHARACTERISTICS 

The MC14569B Is a programmable dlvlde-by-N dual 
4-bit down counter. This counter may be programmed 
(i.e., preset) in BCD or binary code through inputs PO to 
P7. For each counter, the counting sequence may be 
chosen Independently by applying a high (for BCD 
count) or a low (for binary count) to the control Inputs 
CTL, and CT4. 

The divide ratio N (N being the value programmed on 
the preset inputs PO to P7) Is automatically loaded Into 
the counter as soon as the count 1 is detected. There­
fore, a division ratio of one Is not possible. After N clock 

'8 

'6 "-
CL-50pF 

'" .... '4 
~ 
II: 
~ '2 

I 10 '" 
......... 

""" VOO-15 v_ "" ...... ........."-r--
~ w 

~ 
8.0 

f """ I"--. 10V --r--.. 6.0 

4.0 
r-. 

r---- S.OV 

2.0 

o 
-40 -20 o +20 +40 HID +80 +100 

TA, AMBIENT TEMPERATURE (oCI 

cycles, one pulse appears on the Zero Detect output. 
(See Timing Diagram.) The Q output Is the output of the 
last stage of the most significant counter (See Tables 1 
through 5, Mode Controls.) 

When cascading the MC14569B to the MC14568B, 
MC14522B or the MC14526B, the Cascade Feedback 
input, Q, and Zero Detect outputs must be respectively 
connected to "0", Clock, and Load of the following 
counter. If the MC14569B is used alone, Cascade 
Feedback must be connected to VDD. 
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Zero Detect 

CTLI 

PO 

PI 

P2 

P3 

Cascade Feedback 

VSS 

PIN ASSIGNMENT 

Voo 
Q 

P7 

P6 

P5 

P4 

CTL2 

Clock 



MC14569B 

TABLE 1 - MODE CONTROLS (Cascade Feedback = Low) 

counter Control Divide 
Velu •• Ratio 

CTL, CTL2 Zero Detect 0 

0 0 256 256 
0 1 160 160 
1 0 160 160 
1 1 100 100 

Note: Data Preset Inputs (PO-P7) are "Don't Cares" while Cascade Feedback is Low. 

TABLE 2 - MODE CONTROLS (CTL, = Low, CTL2 = LOW, Cascade Feedback = High) 

Pre.et Divide 
Inputa Ratio 

Zero 
P7 P6 P5 P4 P3 P2 P1 PO' Detect 0 Comment. 

0 0 0 0 0 0 0 0 256 256 Max Count 
0 0 0 0 0 0 0 1 X X Illegal State 
0 0 0 0 0 0 1 0 2 X Min Count 
0 0 0 0 0 ~ 1 1 3 X 

X 

X 

X 

0 0 0 0 1 1 1 1 15 X 
0 0 0 1 0 ~ 0 0 16 X 

X 

X 

X 
0 0 1 0 0 0 0 0 32 X 

X 

X 

X 
0 1 0 0 0 0 0 ~ 64 X 

X 

X 

X 

0 1 1 1 1 1 1 1 127 X 
1 0 0 0 0 0 0 0 128 128 o Output Active 

1 0 0 ~ 1 0 ~ 0 136 136 

1 1 1 1 1 1 1 1 1 255 255 

II 
27 :z6 25 ~ 2" 22 2' 20 

128 64 32 16 8 4 2 1 Bit Value 

Counter #2 Counter #1 Counting 
Binary Binary Sequence 

X = No Output (Always Low) 
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MC14569B 

TABLE 3 - MODE CONTROLS (CTLl = High, CTL2 = Low, Casoade Feedbaok = High) 

Pre.et Divide 
Inputs Ratio 

Zero 
P7 P6 P5 P4 P3 P2 PI PO Detect Q Comments 

0 0 0 0 0 0 0 0 160 160 Max Count 
0 0 0 0 0 0 0 1 X X Illegal State 
0 0 0 0 0 0 1 0 2 X Min Count 
0 0 0 0 0 0 1 1 3 X 

X 

X 

X 

0 0 0 0 1 0 0 X 
0 0 0 0 0 0 10 X 

X 

X 

X 

0 0 0 1 1 0 0 1 19 X 

? 0 0 0 0 0 0 20 X 
X 

X 

X 

0 0 0 0 0 0 30 X 
X 

X 

X 

0 0 ? ~ 0 0 0 40 X 
X 

X 

X 

0 0 ~ 0 0 0 50 X 
X 

X 

X 

0 0 0 0 0 0 60 X 
X 

X 

X 

II 0 0 0 0 0 70 X 
X 

X 

X 
0 0 ? 0 0 0 0 60 60 a Output Active 

? 0 ? ? ~ ~ 90 90 

0 0 ~ 0 150 150 

0 0 159 159 

80 40 20 10 8 4 2 Bit Value 

Counter #2 Counter #1 Counting 
Binary BCD Sequence 

X = No Output (Always Low) 
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TABLE 4 - MODE CONTROLS (CTL, = Low, CTL2 = High, Cascade Feedback = High) 

Pre •• ' Divide 
Valu •• Ratio 

Zero 
P7 P6 P5 P4 P3 P2 P1 PO Detect Q Comments 

0 0 0 0 0 0 0 160 160 Max Count 
0 0 0 0 0 0 1 X X Illegal State 
0 0 0 0 0 0 2 X Min Count 
0 0 0 0 0 3 X 

X 

X 

X 

0 0 0 1 1 1 15 X 
0 0 0 ~ 0 0 16 X 

X 

X 

X 
0 0 1 1 1 1 1 31 X 
0 1 0 0 0 0 0 32 X 

X 

X 

X 

0 0 0 0 48 X 

0 0 0 0 0 0 64 X 

0 0 0 0 0 0 80 X 

0 0 0 0 0 112 X 

0 0 0 0 0 0 0 128 128 Q Output Active 

0 0 0 0 0 0 144 144 

1 0 0 159 159 II 27 26 25 2' 23 22 2' 20 
128 64 32 16 8 4 2 1 Bit Value 

Counter #2 Counter #1 Counting 
BCD Binary Sequence 

X == No Output (Always Low) 
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Zero 

Detect 
Output 

MC14569B 

TABLE 5 - MODE CONTROLS (CTL, = High, CTL2 = High, Cascade Feedback = High) 

Pr ... t Divide 
Valu •• Ratio 

Zero 
P7 P6 P5 P4 P3 P2 P1 PO Detect Q Comments 

0 0 0 0 0 0 0 0 100 100 Max Count 
0 0 0 0 0 0 0 1 X X Illegal State 
0 0 0 0 0 0 1 0 2 X Min Count 
0 0 ~ ~ 0 ~ 1 1 ~ X 

X 

X 

X 

0 0 0 0 1 0 0 1 9 X 

~ ~ 0 0 0 0 0 10 X 
X 

X 

X 

0 0 0 0 0 0 30 X 
X 

X 

X 
0 0 0 0 0 0 40 X 

X 

X 

X 
0 0 0 0 0 0 50 X 

X 

X 

X 
0 0 0 0 0 70 X 

X 

X 

X 

~ 0 0 0 0 0 0 80 80 Q Output Active 

1 
0 0 0 0 0 0 90 90 

0 0 0 0 99 99 

80 40 20 10 8 4 2 Bit Value 

Counter #2 Counter *1 Counting 
BCD BCD Sequence 

X = No Output (Always Low) 

TIMING DIAGRAM MC14569B 

Clock 

~:~ ________ ~r-l~ ________ ~r-l~ ________ ~r-l~ ________ _ 

~;~:~ ____________________________________________________________ ~r----lL ______________ _ 
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LOGIC DIAGRAM 
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MC14569B 

TYPICAL APPLICATIONS 

FIGURE 6 - CASCADING MC14588B AND MC14522B DR MC14526B WITH MC14589B 

0pO---- --Op3 

LSD MSO 

FIGURE 7 - FREQUENCY SYNTHESIZER WITH MC14588B and MC14569B USING A MIXER 
(Channel Spacing 10kHz) 

(40 kHz) PCln PCoul 
o-+--ICI MC14568B G 

VoSS--t ...... --f~J~ 
PE 

CF 

Zero MC14569B ct----tcll 
Detect 

Frequencies shown in parenthesis are given a8 an example 

VOO 

MC14011 

2M 

fout 

fout 

(144-146 MHz) 

2k 

Crystal 

Oscillator 

Mixer 

(143.5 MHz) 
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(f!jMOTOROLA 

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 NAND gate. 

• Diode Protection on All Inputs 

• Single Supply Operation 
• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• NOR Input Pin Adjacent to VSS Pin to Simplify Use As An 
Inverter 

• NAND Input Pin Adjacent to VDD Pin to Simplify Use As An 
Inverter 

• NOR Output Pin Adjacent to Inverter Input Pin ForOR 
Application 

• NAND Output Pin Adjacent to Inverter Input Pin For AND 
Application 

• Capable of Driving Two Low-power TTL Loads or One Low-Power 
Schottky TTL Load over the Rated Temperature Range 

MAXIMUM RATINGS· (Voltages Referenced to Vss) 

Symbol Parameter Value 

VOO DC Supply Voltage - 05 to + 18 0 

V,n · Vout Input or Output Voltage (DC or Transient) -05toVOD +05 

'in' 'out Input or Output Current (DC or Transient), per Pin ±10 

Po Power DISSipation, per Packaget 500 

Tsta Storage Temperature -65 to + 150 

TL Lead Temperature (B-Second Soldering) 260 

*Maxrmum Ratings are those values beyond which damage to the device may occur 
tTemperature Deratrng Plastrc "P" Package -12mW/oC from 65°C to 85°C 

CeramiC "L" Package -12mW;oC from 10QoC to 125°C 

CIRCUIT SCHEMATIC 

VD;J VO~ 

1Jf 6 
5 14 

VSS 

15 

6-477 

Unll 

V 

V 

mA 

mW 

°C 

°C 

MC14572UB 

CMOS 55. 
(LOW·POWER COMPLEMENTARY MOSI 

HEX GATE 

4 INVERTERS PLUS 
2·INPUT NOR GATE PLUS 

2-INPUT NAND GATE 

-,~ 16 IN){1f U u u U 6~ n ~ ~ 

L SUFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

OROERING INFORMATION 

A Series: - 55"C to + 125°C 
MC14XXXUBAL (Ceramic Package Only) 

C Series: -40"C to +85"C 
MC14XXXUBCP (Plastic Package) 
MC14XXXUBCL (Ceramic Package) 

LOGIC DIAGRAM 

2--[)o-- 1 

4--[)o-- 3 

10--[)o-- 9 

12 --[)o--11 

'·~'3 
15~ 

VOD" Pin 16 

VSS" Pin 8 
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MC14572UB 

ELECTRICAL CHARACTERISTICS (Voltage. Roferenced to VSS) 

Characteristic Symbol 

Output Voltage "0" Level VOL 
Vin = VOO or 0 

"1" Level VOH 
Vln = OorVOD 

Input Voltage "0" Level VIL 
(VO = 4.5 or 0.5 Vdc) 
(VO = 9.0 or 1.0 Vdc) 
(VO = 13.5 or 1.5 Vdc) 

", .. Level VIH 
(VO = 0.5 or 4.5 Vdc) 
(VO = 1.0 or 9.0 Vdc) 
(VO = 1.5 or 13.5 Vdc) 

Output Drive Current tAL DeVice) IOH 
(VOH = 2.5 Vde) Source 
(VOH =4.6 Vdcl 
(VOH = 9.5 Vd.) 
(VOH ~ 13.5 Vd.) 

(VOL =0.4 Vde) Sink IOL 
(VOL =0.5 Vde) 
(VOL = 1.5 Vde) 

Output Drive Current (CL/CP Device) IOH 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vd.) 
(VOH = 13.5 Vdc) 

(VOL s 0.4 Vdc) Sink IOL 
(VOL = 0.5 Vdc) 
(VOL -1.5 Vdc) 

Input Current (AL Device) 'in 
Input Current (CL/CP Device) 'in 
Input Capacitance Cin 

(Vin- 0) 

Quiescent Current tAL Device) 100 
(Per Package) 

QUIescent Current (CLlCP DeVice) 100 
(Per Package) 

Total Supply CurrentUt IT 
(Dvnamic plus Quiescent, 
Per Package) 
tel· 50 pF on all outputs, all 
buffers switching) 

*Tlow = - SS"C for AL Device, - 40°C for CLlCP Device. 
Thigh = + 12S"C for AL Device, +8S"C for CLlCP Device. 

Voo 
Vd. 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Data labelled "Typ" Is not to be used for deSign purposes but is 
intended as an Indication of the IC's potential performance. 

-*The formulas given are tor the typical characteristics only at 25"C. 

fTo calculate lotal supply current alloads other than 50 pF: 

rlow 
Min 

-
-
-

4.95 
9.95 

14.95 

-
-
-

4.0 
8.0 
12.5 

-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 

-
-
-
-
-
-
-
-

where: IT is in .... A (per package). CL In pF. V = (VOO-VSS) In volta, 
f In kHz Is Input frequency, and k = 0.006. 

. 
Max 

0.05 
0.05 
0.05 

-
-
-

1.0 
2.0 
2.5 

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

.0.1 
± 0.3 

0.25 
0.50 
1.00 

1.0 
2.0 
4.0 

250 C Thi h* 
Min Typ# Max Min Max 

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

4.95 5.0 - 4.96 -
9.95 10 - 9.95 -

14.95 15 - 14.95 -
- 2.25 1.0 - 1.0 

- 4.50 2.0 - 2.0 

- 6.75 2.5 - 2.5 

4.0 2.75 - 4.0 -
8.0 5.50 - 8.0 -
12.5 B.25 - 12.5 -
-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 0.8B - 0.36 -
1.3 2.25 - 0.9 -
3.4 B.B - 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 B.B - 2.4 -

.0.00001 to.l ".0 

- to.OOOOl to.3 - t 1.0 

5.0 7.5 

O.OOOS 0.25 7.5 

- 0.0010 0.50 - 15.0 
- 0.0015 1.00 - 30.0 

- 0.0005 1.0 - 7.5 

- 0.0010 2.0 - 15.0 

- 0.0015 4.0 - 30.0 

IT = (lB9,.A/kHz) 1 + 100 
IT = (3.BO ,.A/kHz) 1 + 100 
IT = (5.68 ,.A/kHz) 1 + 100 

PIN ASSIGNMENT 

16 

2 15 

3 14 

4 13 

5 12 

6 11 

7 10 

8 II 

This device contains protection circuitry to guard against damage due to high static voltages or electrlc Ileids. How­
ever, precautions musl be taken to avoid applications 01 any voltage higher than maximum rated voltages 10 this high­
Impedance circuit. For proper operation, Vln and Vout should be constrained to the range VSS .. (Vln or Vout) '" VOO. 
Unused Inputs must always be tied to an appropriate logic voltage level (e.g .. eilher VSS or VOO). Unused outputs must 
be left open. 
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Unit 

Vde 

Vd. 

Vde 

Vde 

mAde 

mAde 

mAde 

mAde 

~Ade 

~Adc 

pF 

~Adc 

pAde 

,.Adc 



MC14572UB 

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

Characteristic Symbol VDD Min Typ# 

Output Rise Time 
'TLH· (3.0 nslpF) CL + 30 ns 
'TLH = (1.5 nslpF) CL + 15 n. 
'TLH = (1.1 nslpF) CL + 10 n. 

Output Fall Time 
'THL = (1.5 n.'pF) CL + 25 n. 
'THL = (0.75 n.'pF) CL + 12.5 ns 
'THL = (0.55 n.'pF) CL + 9.5 n. 

Propagation Delay Time 
tpLH. tpHL = (1.7 ns/pF) CL + 5 ns 
tpLH. tpHL = (0.66 nslpF) CL + 17 ns 
tpLH. tpHL = (0.5 nslpF) CL + 15 ns 

-The formulas given are for the typical characteristics only at 25DC. 

#Data labelled "Typ" is not to be used for design purposes but is 
Intended as an Indication of the IC's potential performance. 

'TLH 
5.0 -
10 -
15 -

'THL 
5.0 -
10 -
15 -

'PLH. 
'PHL 5.0 -

10 -
15 -

FIGURE 1 - SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 

Vee 

16 

Output 

CL 

':' 

Vee 

l r-- 20ns 

90% 
16 Input 50% 

10% 

~ Output ,'PHL 
13 

90% 
Output J -10% 

= ttL 

6-479 

180 
90 
65 

100 
50 
40 

90 
50 
40 

Vee 

':' 

90%-

50% 

10% 

Max Unit 

ns 
360 
180 
130 

n. 
200 
100 
80 

n. 
180 
100 

80 

Output 
5 

II 
VSS 

'PLHC 
VOH 

VeL 
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4 x 4 MULTIPORT REGISTER 
The MC14580B is a 4 by 4 multipart 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. 

• No Restrictions on Clock Input Rise or Fall Times 

• 3·State Outputs 

• Single Phase Clocking 

• Supply Voltage Range ~ 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TIL Loads or one Low­
power Schottky TTL Load Over the Rated Temperature 
Range 

• Pin Compatible with CD401 08 

MAXIMUM RATINGS· (Voltages Referenced to Vss) 

Symbof Parameter Value 

Voo OC Supply Voltage -0.5 to +18.0 

Vio, Vout Input or Output Voltage (DC or Transient) - 0.5 to Voo + 0.5 

lin. lout Input or Output Current (["I:: \Jr Transient), per Pin +10 

Po Power Dissipation, per Packaget 500 

Tsta Storage Temperature -65to +150 

TL Lead Temperature (S-Second Soldering) 260 

*Maxlmum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW/oC from 65°C to 85"C 

Ceramic ilL" Package: -12mWrC from 100"C to 125"C 

Clock -'.16~ ___ -l 

WE 15 

{ ~>o Data 01 
Input 18 02 

17 03 

BLOCK DIAGRAM 

wo WI 

4.4 
Memorv 

Voo'" Pin 24 
VSS - Pin 12 

3·Stllte A 
3 

4 

5 } Wo.d A 
: Output 

oOs 22 

01S 23} Wo.d S 
02a 2 Output 

03S 1 

21 

3-St.ta B 
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Unit 

V 

V 

mA 

mW 

"C 

"C 

MC14580B 

CMOS LSI 
(LOW·POWER COMPLEMENTARY MOS) 

4 X 4 MUL TIPORT REGISTER 

LSUFFIX 
CERAMIC PACKAGE 

CASE 623 

P SUFFIX 
PLASTIC PACKAGE 

CASE 709 

ORDERING INFORMATION 

A Series: - 55°C to + 125"C 
MC14XXXBAL (Ceramic Package Only) 

C Saries: - 40"C to + 85"C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

PIN ASSIGNMENT 

2 

3 

4 

6 

8 

9 

10 

11 

12 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 



MC14580B 

ELECTRICAL CHARACTERISTICS (Voltage. Relerenced to VSS) 

Voo 
Characteristic Symbol 

Output Voltage "0" Level VOL 
Vin = VOO orO 

"1" Level VOH 
Vin == OorVOD 

Input Voltage "0" level VIL 
(VO "" 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vdc) 

"1" Level VIH 
(Vo = 0.5 or 4.5 Vdc) 
(VO == 1.0 or 9.0 Vdc) 
(Vo = 1.5 or 13.5 Vdc) 

Output Drive Current CAL Device) IOH 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
IVOH= 9.5 Vdc) 
IVOH= 13.5 Vdc) 

(VOL = 0.4 Vdcl Smk IOL 
IVOL = 0.5 Vdcl 
IVOL = 1.5 Vdc) 

Output Dove Current (CL/CP Device) IOH 
(VOH = 2.5 VdcJ Source 
IVOH = 4.6 VdcJ 
IVOH-9.5Vdc) 
IVOH= 13.5 VdcJ 

IVOL =0.4 VdcJ Smk IOL 
IVOL = 0.5 VdcJ 
(VOL = 1.5 Vdcl 

Input Current (AL Device) 'in 
Input Current (CL/CP Device) I,n 
Input Capacitance Con 

(Vin=O) 

QUiescent Current tAL Device) 100 
(Per Package) 

QUiescent Current (Cl/CP Device) 100 
IPer Pack_I 

Total Supply Current-· t IT 
tDynamle plus QUiescent. 
Per Pack_) 
tel = 50 pF on all outputs. all 
buffers sWItching. 

Three-State Leakage Current ITL 
CAL Device) 

Three-Stale leakage Current ITL 
ICL/CP DeviceJ 

"Tlow = - 56°C for Al Device, - 40°C for CL/CP Device. 
Thigh = + 125"C for AL Device. + 85°C tor CUCP Device. 

Vdc 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-
5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

15 

15 

"'Data labelled "Typ" is not to be used for design purposes but is 
intended as an Indication of the IC's potential performance. 

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 

-
-

-
-
-
-
-

-
-

··The formulas given are for tf}e typical characteristics only at 25°C. 

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

where: 'T is in .... A (per package). CL in pF. V = (VOO-VSS) in volts. 
f in kHz is input frequency, and k = 0.004. 

. 
Ma. 

0.05 
0.05 
0.05 

-
-
-
1.5 
3.0 
4.0 

-
-
-
-
-
-
-
-
-
-

-
---
-
-
-

,01 

t03 

-

50 
10 
20 

50 
100 
200 

to 1 

±1.0 
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25°C Thi h* 
Min Typ# MI. Min MI' 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 -
Vdc 

- 2.25 1.5 - 1.5 

- 4.50 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 

-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 - 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 -

to 00001 ±O 1 ± 1.0 IJAdc 

- ,0 00001 ±0.3 - ± 1.0 ",Adc 

50 7.5 pF 

0.010 5.0 150 #JAde 

- 0.020 10 - 300 
- 0.030 20 - 600 

- 0.010 50 - 376 J.l.Adc 

- 0.020 100 - 750 

- 0.030 200 - 1500 

IT ~ 11.18 ~A/kHz) , ' 100 IJAdc 
IT 0 11.91.~A/kHzJ I + 100 
IT = 12.67 ~A/kHzJ I + 100 

-

-

'000001 t 0.1 - ,3.0 ,uAde 

'0.00001 ± 1.0 - !7.5 }lAde 

This device contains protection cir­
cuitry to guard against damage due 
to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir­
cuit. For proper operation. Vin and 
Vout should 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). Unused 
outputs must be left open. 

II 
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MC14580B 

SWITCHING CHARACTERISTICS· (CL=50 pF TA-25'C) -
Charactarlatlc Symbol VDD Min Typ# Max Unit 

Output Rise and Fall Time tTLH. tTHL ns 
tTLH. 'THL = (1.5 ns/pF) CL + 25 ns 5.0 - 100 200 
tTLH. tTHL = (0.75 ns/pF) CL + 12.5 ns (Figures 3 and 6) 10 - 50 100 
tTLH. tTHL = (0.55 ns/pF) CL + 9.5 no 15 - 40 80 

Propagation Oelay Time tpLH. tpHL 5.0 - 650 1300 ns 
Clock to Output (Figures 3 and 6) 10 - 250 500 

15 - 170 340 

Write Enable Setup Time tsu 5.0 800 400 - ns 
(enabling 8 Write or Read) (Figure 5) 10 300 150 -

15 200 100 -
Write Enable Removal Time trem 5.0 0 -100 - ns 

(Dieabling 8 Write or Read) (Figure 5) 10 0 -50 -
15 0 -35 -

Setup Tlme*· tsu 5.0 50 20 - ns 
Address, Data to Clock (Figure 3) 10 30 0 -

15 25 0 -
Hold Time·· th 5.0 480 160 - ns 

Clock to Address. Data (Figure 3) 10 195 65 -
15 150 50 -

3~State Enable/Disable Delay Time tPHZ. tpLZ 5.0 - 130 260 ns 
tpZH. tpZL 10 - 60 120 

(Figures 4 and 7) 15 - 45 90 

Clock Pulse Width tw 5.0 820 410 - ns 
(Figure 3) 10 330 165 -

15 220 110 -

**When loading repetitive highs, the output may glitch low momentarily after the rising edge of Clock. However, data integrity remains 
unaffected and data Is valid after the propagation delays listed In the Switching Characteristics Table. 

FIGURE 1 - OUTPUT DRIVE CURRENT TEST CIRCUIT 

Vout 

Sink Current Source Current 

Position of S 1 2 , 
VGS' Voo -V DO 

VOS· V out Vout - Veo 
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FIGURE 2 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 13-State Inputs are Highl 

FIGURE 3 

FIGURE 5 
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FIGURE 8 - TEST CIRCUIT 
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{
Connect to VCC when testing tpLZ and tpZL 

Connect to GNe when testing tpHZ and tpZH 
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MC14580B 

LOGIC DIAGRAM 

16 
Clocko---~~--~~-rf---------~----------------~----------~-----------t-------, 

Clock WE 

-..r- 1 

...r 1 

L- X 

X X 
0 X 

1 X 

...r 1 

...r 0 

Z = High Impedance 
X '" Don't care 

Write 1 Write 0 

0 1 
0 1 
X X 

X X 
X X 

X X 

0 0 

0 0 

TRUTH TABLE 

Read 'A flead 0A Read 18 Read 08 

0 1 0 1 
0 1 0 1 
X X X X 

X X X X 
X X X X 

X X X X 

0 1 1 0 

0 1 1 0 
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3-StateA 3-State8 On QA 
1 1 1 1 
1 1 0 0 
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Change 

0 0 X Z 
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® MOTOROLA 

4-BIT ARITHMETIC LOGIC UNIT 

The MC14581B is a CMOS 4-bit ALU capable of providing 16 func­
tions of two Boolean variables and 16 binary arithmetic operations on 
two 14-bit words. The level of the mode control input determines 
whether the output function is logic or arithmetic. The desired logic 
function is selected by applying the appropriate binary word to the se­
lect inputs (SO thru S3) with the mode control input high, while the de­
sired arithmetic operation is selected by applying a low voltage to the 
mode control input, the required level to carry in, and the appropriate 
word to the select inputs. The word inputs and function outputs can be 
operated with either active high or active low data. 

Carry propagate WI and carry generate (G) outputs are provided to 
allow a fu II look -ahead carry scheme for fast simu Itaneous carry genera­
tion for the four bits in the package. Fast arithmetic operations on long 
words are obtainable by using the MC14582B as a second order look ahead 
block. An inverted ripple carry input (Cn) and a ripple carry output 
(Cn+4) are included for ripple through operation. 

When the device is in the subtract mode (LHHL), comparison of 
two 4·bit words present at the A and B inputs is provided using the A = B 
output. It assumes a high·level state when indicating equality. Also, when 
the ALU is in the subtract mode the Cn+4 output can be used to indicate 
relative magnitude as shown in this table: 

Data 
Cn Cn + 4 Magnitude 

Level 
H H A~B 

Active L H A<B 
High H L A>B 

L L A2:B 

L L A~B 

Active H L A<B 
Low L H A>B 

H H A 2: B 

• Functional and Pinout Equivalent to 741 Bl. 
• 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 or One Low-power 

Schottky TTL Load over the Rated Temperature Range 

MAXIMUM RATINGS· (Voltages Referenced to Vss) 

Symbol Parameter Value Unit 

Voo OC Supply Voltage -0.5 to + t8.0 

Vin. Vout Input or Output Voltage (DC or TranSient) -0.5 to VOO +0.5 

'in. lout Input or Output Current (DC or TranSient). per Pin ±10 

Po Power Dissipation, per Packaget 500 

Tsto Storage Temperature -65 to + 150 

TL Lead Temperature (S-Second Soldering) 260 

-Maximum Ratings are those values beyond which damage to thu device may occur. 
tTemperature Derating: Plastic "P" Package: - 12mWrC from 65°C to 85°C 

Ceramic "L" Package: -12mW/oC from 100°C to 125°C 
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V 

V 

mA 

mW 

°C 

°C 

MC14581B 

CMOS MS. 
(LOW·POWER COMPLEMENTARY MOS) 

4-BIT ARITHMETIC LOGIC UNIT 

LSUFFIX 
CERAMIC PACKAGE 

CASE 623 

PSUFFIX 
PLASTIC PACKAGE 

CASE 709 

ORDERIN'G INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCl (Ceramic Package) 

PIN ASSIGNMENT 

2 

3 

4 

5 

6 

7 , 
9 

10 

11 

12 

24 

23 

22 

21 

20 

19 

" 17 

16 

15 

14 

13 
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MC14581B 

ELECTRICAL CHARACTERISTICS (Voltage. Relerenced to VSS) 

Voo 
Characteristic Symbol Vd. 

Output Voltage "a" Level VOL 5.0 
Vin= Voo ora 10 

15 

"I" Level VOH 5.0 
Yin':' a 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 
IVO - 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 5.0 
(VOH-4.6Vdc) 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 (CLfCP 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 
IVOL - 0.5 Vdc) 10 
(VOL - 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input Current (CL/CP Device) lin 15 

Input Capacitance Cin -
(Vin = 0) 

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

15 

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

15 
Total SupplV Current-·t IT 5.0 

(Dynamic plus Quiescent, 10 
Per Package) 15 

(eL = 50 pF on all outputs. all 
buffers switching) 

--rIo. = - 55°C 'or AL Device, - 40"C for CLlCP Device. 
Thigh = + 1250C for AL Devica. +85°C for CLlCP Device. 

#Data labelled "Typ" is not to be used for design purposes but Is 
Intended as an Indication of the IC's potential performance. 

Tlow " 25°C ThiGh" 
Min 

-
-
-

4.95 
9.95 

14.95 

-
-
-

3.5 
7.0 

11.0 

-1.2 
-0.64 
-1.6 
-4.2 

0.64 
1.6 
4.2 

-1.0 
-0.52 
-1.3 
-3.6 

0.52 
1.3 
3.6 
-

-
-

-
-
-
-
-
-

MIx Min Typ# MIx Min Max 

0.05 - a 0.05 - 0.05 
0.05 - a 0.05 - 0.05 
0.05 - a 0.05 - 0.05 

- 4.95 5.0 - 4.95 -
- 9.95 10 - 9.95 -
- 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 2.75 - 3.5 -
- 7.0 5.50 - 7.0 -
- 11.0 8.25 - 11.0 -

- -1.0 cl .7 - -0.7 -
- -0.51 -0.88 - -0.36 -
- -1.3 -2.25 - -0.9 -
- -3.4 -8.8 - -2.4 -
- 0.51 0.88 - 0.36 -
- 1.3 2.25 - 0.9 -
- 3.4 8.8 - 2.4 -

- -0.8 -1.7 - -0.6 -
- -0.44 -0.88 - -0.36 -
- -1.1 -2.25 - -0.9 -
- -3.0 -8.8 - -2.4 -
- 0.44 0.88 - 0.36 -
- 1.1 2.25 -. 0.9 -
- 3.0 8.8 - 2.4 -

to.l - to.ooool to.l t 1.0 

'0.3 - to.OOOOl '0.3 ± 1.0 

- - 5.0 7.5 - -

5.0 - 0.006 5.0 150 
10 - 0.010 10 - 300 
20 - 0.Q15 20 - 600 

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

IT· (1.8 ~AlkHzl I • 100 
IT ~ (3.7 ~A/kHz) I' 100 
IT· (5.6 ~AlkHz) I' 100 

·-The formulas given are for the typical characteristics only at 25°C. 

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

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAde 

mAde 

~Adc 

~Adc 

pF 

~Adc 

#Adc 

~Adc 

where: IT is in ~A (per package), CL in pF, V = (VDD-VSS) in volts. 
f In kHz Is Input frequency, and k = O.OOB. 

This device contains protection circuitry to guard against damage due to high static voltages or electric fields. How· 
ever, precautions must be taken to avoid applications of any VOltage higher than maximum rated vOltages to this high· 
Impedance circuit. For proper operation, Vln and Vout should 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). Unused outputs must 
be left open. 
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MC14581B 

SWITCHING CHARACTERISTICS· ICL = 50 pF T A = 25°C) 

Characteristic 
Output Rise and Fall Time 

tTLH, tTHL ~ 11.5 ns/pF) CL + 25 ns 

'TLH' 'THL ~ 10.75 ns/pF) CL + 12.5 ns 
tTLH, 'THL ~ 10.55 ns/pF) CL + 9.5 ns 

Propagation Delay Time 
Sum in to Sum Out 

tPLH, tpHL = 11.7 n./pF) CL + 620 n. 
tPLH, tpHL = 10.66 ns/pF) CL + 217 ns 
tPLH, tpHL = 10.5 ns/pF) CL + 155 ns 

Sum in to Sum Out (Logic ModeJ 

tPLH, tpHL = 11.7 ns/pF) CL + 520 ns 
tPLH. tPHL = 10.66 ns/pF) CL + 182 ns 
tpLH, tpHL = 10.5 ns/pF) CL + 155 ns 

SumintoA=B 
tPLH. tpHL = 11.7 ns/pF) CL + 870 ns 
tPLH, tpHL = 10.66 ns/pF) CL + 297 ns 
tPLH. tPHL = 10.5 ns/pF) CL + 220 ns 

Sum In to P or G 
tPLH. tPHL = 11.7 ns/pF) CL + 400 ns 
tPLH. tpHL = 10.66 ns/pF) CL + 147 ns 
tPLH. tpHL = 10.5 ns/pF) CL + 105 ns 

Sum In to Cn+4 
tPLH. tPHL = 11.7 ns/pF) CL + 530 n. 
tPLH. tpHL = 10.66 ns/pF) CL + 187 ns 
tpLH, tpHL = (0.5 n./pFI CL + 135 n. 

Carry In to Sum Out 
tPLH, tpHL = 11.7 ns/pF! CL + 295 ns 
tPLH. tpHL = (0.66 ns/pF) CL + 112 ns 
tPLH. tpHL = (0.5 n./pF) CL + 80 ns 

Carry in to Cn+4 
tPLH. tPHL = (1.7 ns/pF) CL + 220 n. 
tpLH. tpHL = (0.66 ns/pFI CL + 87 ns 
tPLH. tpHL = (0.5 ns/pF) CL + 60 ns 

"The formulas given are for the typical characteristics only at 25°C. 

#Data labelled "Typ" is not to be used for design purposes but Is 
intended as an indication of the IC's potential performance. 

Symbol VOO I Min 

'TLH, 

JY 
'THL -

10 -
15 -

tpLH, 
tpHL 

5.0 -
10 -
15 -

tpLH, 
tpHL 5.0 -

10 -
15 -

tpLH. 
tPHL 5.0 -

10 -
15 -

tpLH, 
tpHL 5.0 -

10 -
15 -

tpLH 
5.0 -
10 -
15 -

tpLH, 
tPHL 5.0 -

10 -
15 -

tPLH. 
tpHL 5.0 -

10 -
15 -

AC TEST SETUP REFERENCE TABLE 

AC PATHS DC DATA INPUTS 

TEST INPUTS OUTPUTS TOVSS TOVDD 

Sumin to Sumout AO AnyF 
Remaining A's 

All ih Delay Time Cn 

Sumin to P 
AO P Remaining A's 

Aliii'. Delay Time Cn 

Sumin to G 
SO G All A's 

Remaining ii's Delay Time Cn 

Sumin 10 Cn+4 So Cn+ y 
All A's 

Remaining S's 
Delay Time Cn 

Cn to Sumout 
Cn AnyF All A's AilS's Delay Time 

Cn to Cn +4 Cn Cn+4 All A's AilS's Delay Time 

Sumln to A ~ B Ao A~B 
All S's 

Cn Delay Time Remaining A's 

Sumin to Sumout 

So Any F Delay Time All A's M 
(Logic Mode) 
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Typ# Ma. Unit 

n. 
100 200 

50 100 
40 80 

ns 

705 1410 
250 500 
180 360 

n. I 
605 1210 
215 430 
180 360 

ns 
955 1910 
330 660 
245 490 

ns 
485 970 
180 360 
130 260 

ns 
615 1230 
220 440 
160 360 

ns 
380 760 
145 290 
105 210 

ns 
305 610 
120 240 
85 170 

FIG. 3 
MODE WAVEFORM 

Add #1 

Add #1 

Add #1 

Add #2 

Add #1 

Add #1 

Sub #2 

Exclusive 
OR 

#2 
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MC14581B 

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

VOO 

1 
High for 
all outputs 
except Cn +4 

VOO 

TPin 

Al 

A2 

A3 

BO 

Bl 

B2 
B3 

Cn 

MC 

VSS 

Sa. AC Test 
Setup 

Reference 
Tabl. 

VOO 

! 
IOH r IOL 

G Low for 
all outputs 
except Cn+4 

VSS 

FIGURE 3 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Load A 
TPout 

I TP IO 

~OPF± 
~--~~~~--------VOO 

~~--OV 

Load A #1 

Load A 
TPout 

Load A 

Load A 

#2 
Load A TPout 

Load A 

G Load A 

P Load A 

FIGURE 4 - DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Load A 
TPout 

FO Load A 

Fl Load A 

F2 Load A 

I 

~OPF± 
F3 Load A 

A-B Load A 

DutY' Cycle ... 50% B3 Cn+4 Load A 

G Load A TPin 
Cn p Load A 
MC 
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F unot,on I 
Select 
Inputs 

Word A- I 
Wo,d B I 

Carry In 

Mode Control 

MC14581B 

BLOCK DIAGRAM BLOCK DIAGRAM 
(ACTIVE LOWI (ACTIVE HIGHI 

3 

4 

6 6 

VOO "" Pin 24 
VSS = Pin 12 2 

FO 9 
23 23 

" 10 I Output 21 21 

F2 \I FunctIon 
19 19 

F3 13 

22 22 
14 Comparison Output 

20 20 
16 Ripple Carry Output 

18 18 
13 17 } Look Ahead 

Carry 0 utputs p 15 8 

TRUTH TABLE 

INPUTS/OUTPUTS ACTIVE LOW INPUTS/OUTPUTS ACTIVE HIGH 

FUNCTION LOGIC ARITHMETIC' LOGIC ARITHMETIC' 
SELECT FUNCTION FUNCTION FUNCTION FUNCTION 

5352 5150 (MC = HI (MC = L. Cn = LI (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+B A+B 

L L H L A+8 AS minus' AB A+8 
L L H H Logic ."" minus 1 Logic "0" minus 1 

L H L L A+8 A plus (A+B) AB A plu.AB 

L H L H ij AS plus (A+BI B (A+B) plus Ai 

L H H L A0B A minus B minus 1 A 0 B A minus B minus' 

L H H H A+B A+B A8 Ai minus 1 

H L L L AB A plus(A+S) A+S A plu.AS 

H L L H A0 8 A plus B "A(t)B A plu. B 

H '- H L 8 AS plus (A+BI 8 (A+i) plu.AS 

H L H H A+8 A+8 A8 AB minus 1 
H H L L Logic "0" A plus A Logie ", .. A plus A 

H H L H AS AS plus A A+B (A+SI plutA 

H H H L A8 AS plulA A+8 (A+BI plu.A 

H H H H A A A A minus 1 

• ElCpr ... d as two', complements. For arithmetIC function With Cn In the 
opposite state, the resulting function is as shown plus 1. 
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FO 

FI 

F2 

F3 

G 

9 

10 

\I 

13 

14 

16 

17 

15 
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([!jMOTOROLA 

LOOK-AHEAD CARRY BLOCK 

The MC145B2Bis a CMOS look-ahead carry generator capable of 
anticipating a carry across four binary adders or groups of adders. 
The device is cascadable to perform full look-ahead across n-bit ad· 
ders. Carry, generate-carry, and propagate-carry functions are pro­

vided as enumerated in the pin designation table shown below. 

• Expandable to any Number of Bits 
• All Buffered Outputs 
• Low Power Dissipation 
• Diode Protection on All Inputs 
• Supply Voltage Range = 3.0 Vdc to 1B Vdc 
• Capable of Driving Two Low-power TTL Loads or One Low-Power 

Schottky TTL Load over the Rated Temperature Range 

MAXIMUM RATINGS· (Voltages Referenced to Vss) 

Symbol Paramete, Value 

VOO OC Supply Voltage -0.5 to + 18.0 

Vln. Vout Input or Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 

lin. lout Input or Output Current (DC or Transient). per Pin ±10 

Po Power Dissipation, per Packaget 500 

Tsta Storage Temperature -65 to + 150 

TL Lead Temperature (8~Second Soldering) 260 

*Maxlmum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW/oC from 65°C to 85°C 

Ceramic "L" Package: -12mWfOC from 100De to 125°C 

LOGIC EQUATIONS 
Cn+x = GO + (Pb. Cn) 
Cn+y • Gi + (jfi - GIl) + (jfi-PO - Cn) 
Cn+z = G2 + (12 - GI) + (1'2 - jfi- GO) + (12 - jfi-PO - Cn) 

G = G3 + (;>3 _ G2) + (;>3 - P2 - Gil + (Pi - 12 - ;>3 - GO) 
p=j53_j52_jfi_1't! 

PIN DESIGNATIONS 

DESIGNATION PIN NO's F..JNCTION 

GO.Gi,G2,<Th 3,1,14,5 
Active-Low 

Carry·Genarate Inputs 

PO.Pl,P2,P3 4,2.15,6 Active·Low 
Carry-Propagate Inputs 

Cn 13 Carry Input 

C nT ,,> C n+v 12,11,9 Carry Outputs 
C n+z 

G 10 Active·Low Group 
Carrv-Ganerate Output 

P 7 
Actlv.Low Group 

Carry-Propagate Output 

Unit 

V 

V 

mA 

mW 

'C 

'C 

MC14582B 

CMOS MS. 

(LOW-POWER COMPLEMENTARY MOSI 

LOOK-AHEAD CARRY BLOCK 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

A Series: - 55"C to + 125"C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40"C to + 8S"C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

PIN ASSIGNMENT 

14 

13 

12 

11 

10 

9 



MC14582B 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Characteristic Symbol 

Output Voltage "0" Level VOL 
Vin ~ VDD orO 

"1" Level VOH 
Vin ~ OorVDD 

Input Voltage "0" Level VIL 
(VO ~ 4.5 or 0.5 Vdc) 
(VO ~ 9.0 or 1.0 Vdc) 
(VO ~ 13.5 or 1.5 Vdc) 

"1" Level VIH 
(VO ~ 0.5 or 4.5 Vdc) 
(VO ~ 1.0 or 9.0 Vdc) 
(VO ~ 1.5 or 13.5 Vdc) 

Output Drive Current (AL Device) IOH 
(VOH ~ 2.5 Vdc) Source 
(VOH ~ 4.6 Vdc) 
(VOH ~ 9.5 Vdc) 
(VOH ~ 13.5 Vdc) 

(VOL ~ 0.4 Vdc) Sink IOL 
(VOL ~ 0.5 Vdc) 
(VOL ~ 1.5 Vdc) 

Output Drive Current (CLlCP Device) IOH 
(VOH ~ 2.5 Vdc) Source 
(VOH ~ 4.6 Vdc) 
(VOH ~ 9.5 Vdc) 
(VOH ~ 13.5 Vdc) 

(VOL ~ 0.4 Vdc) Sink IOL 
(VOL ~ 0.5 Vdc) 
(VOL ~ 1.5 Vdc) 

Input Current (AL Device) lin 

Input Current (CLlCP Device) lin 

Input Capacitance Cin 
(Vln ~ 0) 

Quiescent Current (AL Device) IDD 
(Per Package) 

Quiescent Current (CLlCP Device) 100 
(Per Package) 

Total Supply Current"t IT 
(Dynamic piUS Quiescent, 
Per Package) 
(CL ~ 50 pF on all outputs, 
all buffers switching) 

*Tlow= -55°C for AL Device, -40°C tor CL/CP Device. 
Thlgh= + 1250C for AL Device, + 85°C for CLlCP Device. 

VDD 
Vdc 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Data labelled "Typ" is not to be used for design purposes but Is 
Intended as an indication of the IC's potential performance. 

TIOW'" 25"<: Thl h' 

Min Max Min Typ# Max Min Max 

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

-3.0 - -2.4 -4.2 - -1.7 -
-0.64 - -0.51 -0.88 - -0.36 -
-1.6 - -1.3 -2.25 - -0.9 -
-4.2 - -3.4 -8.8 - -2.4 -
0.64 - 0.51 0.88 - 0.36 -
1.6 - 1.3 2.25 - 0.9 -
4.2 - 3.4 8.8 - 2.4 -

-2.5 - -2.1 -4.2 - -1.7 -
-0.52 - -0.44 -0.88 - -0.36 -
-1.3 - -1.1 -2.25 - -0.9 -
-3.6 - -3.0 -8.8 - -2.4 -
0.52 - 0.44 0.88 - 0.36 -
1.3 - 1.1 2.25 - 0.9 -
3.6 - 3.0 8.8 - 2.4 -
- ±0.1 - ±0.00001 ±O.1 - ±1.0 

- ±0.3 - ±0.00001 ±0.3 - ±1.0 

- - - 5.0 7.5 - -

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

- 20 - 0.005 20 - 150 
- 40 - 0.010 40 - 300 
- 80 - 0.D15 80 - 600 

IT ~ (1.4 ,.,AIkHz) f + IDD 
IT ~ (2.8 /LAlkHz) f + IDD 
IT ~ (4.3 pA/kHz) f + IOD 

"*The formulas given are for the typical characteristics only at 25°C. 

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

where: IT Is in ..,A (per package). CL in pF, V = (VOO- VSS) In volts, 
f in kHz is input 'requency, and k = 0.005. 

This device cenlalns prolectlon clrcuilry 10 guard againsl damage due 10 high sialic vollages or eleclrlc fields. How­
ever, precaulions musl be laken 10 avoid applications of any vollage higher Ihan maximum raled vollages 10 this high­
impedance circuit. For proper operalion, Vin and Voul should be conslralned 10 Ihe range VSS '" (Vin or Voul) '" VOO· 

Unused inpuls musl always be lied 10 an appropriale logic vollage level (e.g., eilher VSS or VOO). Unused oulpuls 
musl be lell open. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

pAdc 

/LAdc 

pF 

/LAdc 

!<Adc 

pAdc II 
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MC14582B 

SWITCHING CHARACTERISTICS· (CL = 50 pF TA = 2SoC) 

Characteristic Symbol 

Output Rise and Fall Time tTLH. 
tTlH. tTHL = (1.5 ns/pF) CL + 25 ns tTHL 
tTLH. tTHL = (0.75 ns/pF) CL + 12.5 ns 
tTLH' tTHL = (0.55 nsJpF) CL + 9.5 ns 

Propagation Delay Time tpLH, 
tPLH, tPHL = (1.7 n./pF) CL + 260 n. tpHL 
tPLH, tPHL = (0.66 n./pF) CL + 107 ns 
tPLH tPHL = (0.5 ns/pF) CL + 85 n. --"--. 

*The formulas given are for the typical characteristics only at 25°C. 

"Oata labelled "Typ" is not to be used for design purposes but is 
intended as an indication of the IC's potential performance. 

VDD 

5.0 
10 
15 

5.0 
10 
15 

Min 

-
-
-

-
-
-

FIGURE 1 - DYNAMIC POWER DISSIPATION 
TEST CIRCUIT AND WAVEFORM 

20 ns 

.r--=~:-+-- V DO 

Typ# Max Unit 

n. 
100 200 
50 100 
40 80 

n. 
345 690 
140 280 
110 220 

Cn+x~D-------~ 

FIGURE 2 - SOURCE CURRENT TEST CIRCUIT FIGURE 3 - SINK CURRENT TEST CIRCUIT 

Vout '" VOH 

16 VOD 
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FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFDRMS 

TEST TABLE 

AC PATHS DC DATA 

INPUT OUTPUT ToVSS ToVOD 

PO p- Rema,n.ng ef, 
ji's,C 

GO G p's. en Rem.'"lng 
1:1'. 

Cn 
cn+l(' c n +v 

Cn-tl' 
P', G', 

s •• Voo 

Telt 
V,n 

Table VSS 

VOM 
V out 

TYPICAL APPLICATIONS 

16 8.t ALU. Two-La" •• Look·At'lalid 

32·8.1 Al...U, Two Leva' LOOk·AhlNd 0_ 16·8il Group. 

Comb,ned two·lev" loQk·.t'IHd and ripple-carry ALU 

A ~ 8 Inf)utsand F outPut, .r. nOt shown IMC1458181. 
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®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. 

• 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 or One Low-power 
Schottky TTL Load Over the Rated Temperature Renge 

• Resistor Adjustable Trigger Levels 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol. Parameter Vel ... 

VOO DC Supply Vollage -0.5 to + 18.0 

Vin. Vout Input or Output VoHage (DC or Transient) - 0.5 to VOO + 0.5 

"n. 'out Input or Output Current (DC or Transient). per Pin ±10 

Po Power Olsslpallon. per Packaget 500 

Tsta Storage Temperature -65 to +150 

Tl lead Temperature (a-Second Soldering). 280 

-MaXimum Ratings are those values beyond which damage to the device may occur. 
tTemperature Oerallng: Plastic "P" Package: - 12mWrC from 6S·C to 8S·C 

Ceramic "l" Package: -12mW'·C from 100·C to 12S·C 

LOGIC DIAGRAM 

Positive A 6 6 Negative A 

.:>c>--1f--<l >------04 Aout 

11 Aout 

Output D1_1. 
13O----------r------------+ 

Unit 

V 

V 

mA 

mW 

·C 

·C 

}---+---o 14 b.'usl". OR 

aln 15 .:>c>-1f--<l >---+---010 Bout 

Posit I". 82 2 3 1 Common B 
N_1ve 

B 

12 i out 

VOO - Pln,8 
Vss - Pin 8 
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MC14583B 

CMOS 551 
flOW·POWER COMPLEMENTARY MOS) 

DUAL SCHMITT TRIGGER 

L l!UFFIX 
CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

9 

13 

15 

CASE 620 CASE 648 

ORDERING INFORMATION 

A Series: -55'"C to + 125'"C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40"0 to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

BLOCK DIAGRAM 

6 5 

VOO - Pin 16 
VSS =Pln8 

A'n Aout 4 

Aout II 

0,. e 14 

Bout 10 
Bin 12 

3 

TRUTH TABLE 
INPUTS OUTPUTS 

A B IToi Aout il:out Bout. l1"ut e 
0 0 0 0 Z 0 Z 0 
0 0 1 0 1 0 1 0 
0 I 0 0 Z 1 Z I 
0 , 1 0 1 I 0 1 
I 0 0 I Z 0 Z I 
I 0 , 1 0 0 1 I 
I I 0 1 Z I Z 0 
I , I I 0 I 0 0 

Z = High Impedance at output 



MC14583B 

ELECTRICAL CHARACTERISTICS (Vo~ages Relerenced to VSS) 

VDD 
Tlow· 

Characteristic Symbol 

Output Voltage "0" level VOL 
Yin = VDD orO 

"1" level VOH 
Yin = OorVDD 

Input Voltage AandB "0" level Vil 
(VO = 4.5 or 0.5 Vdc) 
(VO = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vdc) 

"1" level VIH 
(Vo = 0.5 or 4.5 Vdc) 
(VO = 1.0 or 9.0 Vdc) 
(VO = 1.5 or 13.5 Vdc) 

Output Drive Current (Al Device) IOH 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vdc) 
(VOH = 13.5 Vdc) 

(VOL = 0.4 Vdc) Sink IOl 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdc) 

Output Drive Current (CUCP Device) IOH 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vdc) 
(VOH = 13.5 Vdc) 

(VOL = 0.4 Vdc) Sink IOl 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdc) 

Input Current (AL Device) lin 

Input Current (CUCP Device) lin 

Input Capacitance Cin 
(Vin = 0) 

Quiescent Current (Al Device) 100 
(Per Package) 

Quiescent Current (CUCP Device) 100 
(Per Package) 

Total Supply Current"t IT 
(Dynamic plus Quiescent, 
Per Package) 
(Cl = 50 pF on all outputs, 
all buffers switching) 

Three-State Leakage Current ITl 
(Al Device) 

Three-State Leakage Current ITl 
(CUCP Device) 

*Tlow= -55"0 for AL Device, -40°C for CLlCP Device. 
Thigh = +125"0 for AL Devlcs, +85°0 for CLlCP Device. 

Vdc 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

15 

15 

#Data labelled "Typ" Is not to be used for design purposes but is 
Intended as an Indication of the IC's potential performance. 

··The formulas given are for the typical characteristics only at 25"C. 

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

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 

-
-
-

-
-
-
-
-
-

-

-

where: IT is in,...A (per package), CL in pF, V = (VOO-VSS) In Yolts, 
f in kHz is Input frequency, and k = 0.005. 

Max 

0.05 
0.05 
0.05 

-
-
-

1.5 
3.0 
4.0 

-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

±O.1 

±0.3 

-

0.25 
0.50 
1.00 

1.0 
2.0 
4.0 

±:O.1 

±1.0 

25"<: Thl h' 

Min Typ# Max Min Max Unit 

- 0 0.05 - 0.05 Vdc 
- 0 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 -

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 -

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

mAdc 
-0.8 -1.7 - -0.6 -
-0.16 -0.36 - -0.12 -
-0.4 -0.9 - -0.3 -
-1.2 -3.5 - -1.0 -
0.44 0.88 - 0.36 - mAdc 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -
- ±0.00001 ::!:O.1 - ±1.0 pAdc 

- ±0.00001 ±0.3 - ±1.0 pAdc 

- 5.0 7.5 - - pF 

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

- 0.0005 1.0 - 7.5 pAdc 
- 0.0010 2.0 - 15.0 
- 0.0015 4.0 - 30.0 

IT = (1.33 pAlkHz) I + 100 pAdc 
IT = (2.65 I'AlkHz) I + 100 
IT = (3.98 pAlkHz) I + 100 

- ±O.OOOOI ±O.1 - ±3.0 Adc 

- ±0.00001 ±1.0 - ±7.5 pAdc 

PIN ASSIGNMENT 

16 

2 15 

3 14 

4 13 

5 12 

6 11 

10 

8 9 

~vice contains protection circuitry to guard against damage due to high static voltages or electric lields. However, 
precautions must be taken to avoid applications of any voltage higher than maximum rated voltages to this high-impedance 
circuit. For proper operation, Vln and Vout should 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 VDD). Unused outputs must be left 
open. 
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MC145838 

SWITCHING CHARACTERISTICS· (CL = 50 pF TA = 250 C) 

Characteristic Symbol VOO Min Typ# Max Unit 

Output Rise Time ITLH ns 
ITLH = (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· (0.55 n./pF) CL + 9.5 ns 15 - 40 80 

Propagation Delay Time tPLH. ns 

Ain. Bin to Aout• Bout tpHL 
tpLH. tPHL· (1.7 ns/pFI CL + 565 ns 5.0 - 650 1300 
tPLH. tPHL • (0.66 ns/pFI CL + 197 ns 10 - 230 460 
tPLH. tpHL = (0.5 ns/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 n. 15 - 260 520 

Ain_ Bin to Exclusive OR tPLH. ns 
tPLH. tpHL = (1.7 ns/pFI CL + 665 ns tPHL 5.0 - 750 1500 
tpLH. tpH L = (0.66 ns/pF I CL + 257 n. 10 - 280 560 
tpLH. tPHL = (0.5 ns/pFI CL + 145 ns 15 - 170 340 

3..$tote Enable. Disable Delay Time (see figure 51 ton. n. 
ton. toll = (1.7 n./pFI CL + 140 ns toll 5.0 - 225 450 
ton. toll = (0.66 ns/pFI CL + 57 ns 10 - 90 180 
ton. toll = (0.5 ns/pFI CL + 30 ns 15 - 55 110 

Positive Threshold Voltoge VT+ 6.0 3.30 Vd. 
(Rl. R2 = 5.0 knl 10 - 5.70 -

15 - 8.20 -
Negative Threshold Voltage VT_ 5.0 - 1.70 - Vdc 

(Rl. R2 = 5.0 kO) 10 - 4.30 -
15 - 6.80 -

Hysteresis \/oltage VH 5.0 0.85 1.70 3.40 Vdc 
(Rl. R2 = 5.0 kn) 10 0.70 1.40 2.80 

15 0.70 1.40 2.80 

Threshold Voltage Variation. A to B 6VT 5.0 - 0.1 - Vd. 
(Rl. R2 - 5.0 kn) 10 - 0.15 -

15 - 0.20 -
"The formulas given are for the typical characteristics only at 25°C. #Data labelled "Typ" Is not to be used for design purposes but is 

intended as an indication of the IC's potential performance. 
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FIGURE 1 - TYPICAL OUTPUT SOURCE AND SINK CHARACTERISTICS TEST CIRCUIT 

Voo V out 

OUTPUT SOURCE OUTPUT SINK 

Ct-lAAACTEAISTICS CHARACTERISTICS 

Voo ::~~E {~g:: ~:~~ Voo :;~~E j ~~:: ~~~ 
Vss Ain 

11 
SWI 

Ols 

OUTPUT SWITCH POSITION SWITCH POSITION 

UNDER TEST SWI SW2 SWI SW2 

A out . Bout I I 2 2 

Aout• Bout 2 2 I 1 

Exclu1lvtt OR 1 2 1 1 

e'n Bout 
SW2 

Vss 
.". 

FIGURE 2 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 

fou,.AinJLJL 
f out• Bin 

FIGURE 3- TYPICAL THRESHOLD POINTS 

A - Feedback tehama for independent threshold adjustment: 

RI 

PO"'iV.~ 
Common 

R2 
N-uative 

B - F.edbac:k schema for hysteresis adju.tment: 

80 

0 

... - , 

- -
II 

VSS'O I II 

POIi'
iV83 ___ VOO<S.OV 

0 VOO<IOV 
R, 

Common 
-;7Iii;jllrO,OI<1SI~. 

10 
10 20 40 "100 1.0k 10k lOOk tOM 

N-aatlve RI. RZ. RESISTANCE (OHMS) 
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FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

I Pulse I 
Generator 1 

I I Pulse 
Generator 2 I 

I I Pulse 
Generator 3 I 

Input tr '" tf = 20 "S 

Aout 

Exelusive 
OR 

~Voo 

Ain Aout 

Aout 

DIS 0 
Bout 

Bin Bout 

CL+C~ ?VSS 
f'CL f'CL f' ' 

.l.. 

,...----voo 

~----------I+-----------VSS 

---------4----------- Voo 

~--~~------VSS 

Voo 

iI":=--VOH 

-----4----------- V O H 

~~-~-----VOL 

- -,----VOH , 
-------VOL 

---,--VOH , 
- -'-----VOL 

r,;:;..--- VOH 

'----'---------- Vo L 

Nota: Cashed lines indicate high output resistance 
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FIGURE 5 - 3-STATE SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Voo 

TEST SWITCH POSITION 
Ain Aout ton HL 1 

Aout ton LH 2 

Dis (1) toft HL 2 

Bout toff LH 1 

Bin Bout 

-= -Metal film. ± 1%.1/4 W or greater 

VSS CL = 15 pF. which includes.test circuit capacitance 

~ \ 
VOO 

Ain 

VSS 

VOO 
Bin ~ \ 

VSS 

VOO 
3.Si8t8 
Olsable 

Aout II 
~--------~V~--------~A~-------'vr------~ 

Switch POlltlon 2 Switch Position 1 

VOL" and VOH' ref.r to the level, present.t. r .. ult of the 1 k ohm load re.I,tors. 
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® MOTOROLA 

HEX SCHMITT TRIGGER 

The MC14584B Hex Schmitl 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 MC14069UB hex inverter 
for enhanced noise immunity to "square up" slowly changing 
waveforms. 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable 01 Driving Two Low-power TTL Loads or One Low-power 
Schotlky TTL Load over the Rated Temperature Range 

• Double Diode Protection on All Inputs 

• Can Be Used to Replace MC14069UB 

• For Greater Hysterisis, Use MC 141 06B which is Pin-far-Pin 
Replacement for CD401 06B and MM74C14 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Value Unit 

VDD DC Supply Voltage -0.510+180 V 

Vin • Vout Input or Output Voltage (DC or TranSient) - 0 5 to VDD + 0 5 V 

lin' lout Input or Output Current (DC or TranSient), per Pm "10 mA 

PD Power DISSipation. per Packaget 500 mW 

Tsta Storage Temperature -65 to + 150 

TL Lead Temperature (S·Second Soldering) 260 

*Maxlmum Ratings are those values beyond which damage to the deVice may occur 
tTemperature Derating. PlastiC "P" Package' -12mW/oC from 65°C to 85°C 

CeramiC "L" Package: -12mWrC from 10Qoe to 125°C 

EQUIVALENT CIRCUIT SCHEMATIC 
11/6 OF CIRCUIT SHOWNI 

This devIce contains protection circuitry to guard against damage due to 
high static voltages or electric fields. However, precautions must be taken 
to avoid applications of any voltage higher than maximum rated voltages to 
this high-impedance circuit. For proper operation, Vln and Vout should 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). Unused outputs must be left open. 

6-500 

°C 

°C 

MC145848 

CM0555. 
(LOW.fOOwER COMPLEMENTARY MOSI 

HEX 
SCHMITT TRIGGER 

.-1 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

PSUFFtX 
PLASTiC PACKAGE 

CASE 646 

ORDERING INFORMATION 

A Series: - 55°C to + 125"C 
MC14XXXBAL (Ceramic Package Only) 

C Series: -40"C to +85"C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

LOGIC DIAGRAM 

11~10 

13~12 

voo - Pin 14 

VSS = Pin 7 
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ELECTRICAL CHARACTERISTICS (Voltage. Referenced to Vss) 

Voo TI_ * 25°C Thi£* 
Characteristic Symbol 

Output Voltage "0" Level VOL 
Vin = VOO 

"1" Level VOH 
Vi" = 0 

Output Drive Current (AL Device) 10H 
(VOH ' 2.5 Vdel Source 
(VOH ' 4.6 Vdel 
(VOH ' 9.5 Vdel 
(VOH' 13.5 Vdc) 

(VOL' 0.4 Vdc) Smk 10L 
(VOL = 0.5 Vdcl 
(VOL = 1.5 Wei 

Output Drive Current (CLlCP Device) 10H 
(VOH = 2.5 Vdel Source 
(VOH ' 4.6 Vdcl 
(VOH = 9.5 Vdc) 
(VOH' 13.5 Vdcl 

(VOL' 0.4 Vdcl Sink 10L 
(VOL = 0.5 Vdel 
(VOL' 1.5 Vdel 

Input Current (AL Device) 'in 
Input Current (CLlep Device) 'in 
Input Capacitance C,n 

(V in ' 01 
Quiescent Current (AL Device) 100 

(Per Package) 

QUiescent Current (CLlep Device) 100 
(Per Packagel 

Total Supply Current··t IT 
(Dynamic plus Quiescent, 
Per Package) 

(el '" 50 pF on all outputs, all 
buffers SWitching) 

Hystar .. 11 Voltage VH' 

Thrnhold Voltage 
POOitive-Golng VT+ 

Nagotive-Golng VT_ 

*TIOW= -55"C for AL Device. -40°C for CUCP Device. 
Thlgh= + 125°C for AL Device, + 85°C for CUCP Device. 

Vdc 

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 

15 

15 

-
5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Data labelled "Typ" Is not to be used for design purposes but is 
intended a8 an Indication of the IC's potential performance. 

Min 

-
-
-

4.95 
9.95 

14.95 

-3.0 
-0.64 
-1.6 
-4.2 

0.64 
1.6 
4.2 

-2.6 
-0.52 
-1.3 
-3.6 

0.52 
1.3 
3.6 

-
-
-

-
-
-
-
-

0.21 
0.36 
0.71 

1.9 
3.4 
5.2 

1.8 
3.0 
4.5 

··The formulas given are for the typical characteristics only at 25°C. 
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Ma. Min ·Typ# Mo. 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 -

mAde 

- -2.4 -4.2 - -1.1 -
- -0.61 -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 B.8 - 2.4 -

±O 1 - '0.00001 .0.1 • 1.0 ~Adc 

± 0.3 - to.OOOOI to.3 - ± 1.0 ~Ade 

- - 5.0 1.5 - - pF 

0.25 0.0005 0.25 7.5 ~Adc 

0.50 - 0.0010 0.50 - 16 
1.00 - 0.0015 1.00 - 30 
1.0 - 0.0006 1.0 - 7.5 ~Adc 

2.0 - 0.0010 2.0 - 15 
4.0 - 0.0015 4.0 - 34 

IT = (1.8 "A/kHz) 1 + 100 ~Adc 

IT ~ (3.6 jLA/kHz) 1 + 100 
IT = (5.4 jLA/kHz) 1 + 100 

1.0 0.25 0.6 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 8.9 3.2 8.9 

10.8 5.2 8.0 10.5 5.2 10.5 

3.3 1.8 2.1 3.2 1.5 3.2 Vdc 
8.7 3.0 4.6 8.7 3.0 8.7 
9.7 4.8 &.9 9.8 4.1 9.9 

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

where: IT Is In loLA (per package), CL in pF, V = (VDD- VSS) in volts, 
f In kHz is input frequency, and k = 0.001. 

tVH - VT+ - VT _ (But maximum variation 01 VH i. specified •• 
I ... thon VT+ mIX - VT _ min)' 
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MC14584B 

SWITCHING CHARACTERISTICS (CL = 50 pF, T A a 2SoCI 

Characteristic 

Output Rise Timo 

Output Fan Timo 

Pro_ion Delay Timo 

#Data labelled "Typ" is not to be used for deSign purposes but is 
intended as an indication of the IC's potential performance. 

Symbol 

'TLH 

'THL 

tPLH,tPHL 

VDD 
Vd. Min 

5.0 -
10 -
15 -
5.0 -
10 -
15 -
5.0 -
10 -
15 -

Typ# Mo. Unit 

100 200 ns 
50 100 
40 80 

100 200 ns 
50 100 
40 80 

125 250 n. 
50 100 
40 80 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

V out 

J",.."."".,..--,L-r---- VOO 

I~---vss 

Output 

FIGURE 2 - TYPICAL SCHMITT TRIGGER APPLICATIONS 

Vin~Vout 
(a) Schmitt Trigger. will square up 

inputl with slow rl .. and fall tim ••. 

#-----1-- VOO 

--==..;..;..,;;;..---== Vss 

(bl A Schmitt nigger offers maximum 
noise immunity in gate applications. 

.l.._ - - - -VT+ 
VH~VOO 

m ~ V' T- - - - - - -V 

I.! I V 

I I I I SS 

V out 

FIGURE 3 - TYPICAL TRANSFER CHARACTERISTICS 

Voo 

o 
o 

I 
I 

I I 
I I 

VT VT+ -
--I VH t-­

Yin' INPUT VOLTAGE (Vd,1 

PIN ASSIGNMENT 

14 

2 13 

3 12 

4 11 

5 10 

6 9 

8 

Voo 
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(f!jMOTOROLA 

4-BIT MAGNITUDE COMPARATOR 

The MC14585B 4-Bit Magnitude Comparator is constructed 
with complementary MOS (CMOS) enhancement mode devices. 
The circuit has eight comparing inputs (A3, B3, A2, B2, A 1, B1, 
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 app­
ropriate output. For words greater than 4-bits, units can be cas­
caded by connecting outputs (A>B), (A<B), and (A=B) to the 
corresponding inputs of the next significant comparator. Inputs 
(A<B), (A= B), and (A> B) on the least significant (first) compa­
rator are connected to a low, a high, and a low, respectively. 

Applications include logiC in CPU's, correction and/or detection 
of instrumentation conditions, comparator in testers, converters, 
and controls. 

• Diode Protection on All Inputs 
• Expandable 
• Applicable to Binary or 8421 -BCD Code 
• Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• Capable 01 Driving Two Low-power TTL Loads or One Low-power 

Schottky TTL Load over the Rated Temperature Range 

• Can be Cascaded - See Fig. 3 

MAXIMUM RATINGS' (Voltages Referenced to Vss) 

Symbol Parameter Value 

VOO DC Supply Voltage -0.5 to + 18.0 

Vin, Vout Input or Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 

lin. lout Input or Output Current (DC or Transient). per Pin ±10 

Po Power Dissipation, per Packaget 500 

Tsto Storage Temperature -6510+150 

TL Lead Temperature (a-Second Soldering) 260 

-Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic lOp" Package: - 12mW/oC from 65°C to 85°C 

Ceramic "L" Package: -12mWI"C from 100°C to 125°C 

TRUTH TABLE 

INPUTS 
COMPAfflNG CASCADING 

OUTPUTS 

A3. B3 A2,B2 AI, Bl AO,BO A<B A=B A>B A<B A=B 
A3>B3 x x x x x x 0 0 
A3=B3 A2>B2 x x x x x 0 0 
A3=B3 A2=B2 Al>B1 x x x x 0 0 
A3=B3 A2=B2 A1 =B1 AO>BO x x x 0 0 
A3=B3 A2=B2 A1 =B1 AO=BO 0 0 x 0 0 
A3=B3 A2=B2 A1 =B1 AO=BO 0 1 x 0 1 
A3=B3 A2=B2 A1=B1 AO=BO 1 0 x 1 0 
A3=B3 A2=B2 Al=Bl AO=BO 1 1 x 1 1 
A3-B3 A2-B2 A1-B1 AO<BO x x x 1 0 
A3=B3 A2=B2 A1<B1 x x x x 1 0 
A3=B3 A2<B2 x x x x x 1 0 
A3<B3 x x x x x x 1 0 

x = Don t Care 
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Unit 

V 

V 

mA 

mW 

°C 

°C 

A>B 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 

MC14585B 

CMOS MS. 
(LOW POWER COMPLEMENTARY MOSI 

4-BIT MAGNITUDE COMPARATOR 

-,~ '6 ,ft(1(1fli U UU ~n ~ ~ 
L SUFFIX 

CERAMIC PACKAGE 
PSUFFIX 

PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

A Series: - 55°C to + 125°C 
MC14XXXBAl (Ceramic Package Only) 

C Series: - 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCL (Ceramic Package) 

BLOCK DIAGRAM 

4 (A>BI IO 

6 (A=B)in 

5 (A<Bl ln (A>Bl out 

10 AO 

11 BO 

A' tA=Slout 

9 Bl 

A2 

B2 (A<BJ out 

15 A3 

14 B3 

Veo '" Pin 16 
VSS = Pin 8 

'3 

3 

12 

II 
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ELECTRICAL CHARACTERISTICS (Voltages Relerenced to VSS) 

Characteristic Symbol 

Output VoHage "0" Level VOL 
Yin = VDD or 0 

"1" Level VOH 
Yin = 0 or VDD 

Input Voltage "0" Level VIL 
(VO = 4.5 or 0.5 Vdc) 
(VO = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vdc) 

"1" Level VIH 
(VO = 0.5 or 4.5 Vdc) 
(VO = 1.0 or 9.0 Vdc) 
(VO = 1.5 or 13.5 Vdc) 

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

(VOL = 0.4 Vdc) Sink IOL 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdc) 

Output Drive Current (CUCP Device) IOH 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vdc) 
(VOH = 13.5 Vdc) 

(VOL = 0.4 Vdc) Sink IOL 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdc) 

Input Current (AL Device) lin 

Input Current (CUCP Device) lin 

Input Capacitance Cin 
(Vin = 0) 

Quiescent Current (AL Device) 100 
(Per Package) 

Quiescent Current (CUCP Device) '100 
(Per Package) 

Total Supply Current""t IT 
(Dynamic plus QUiescent, 
Per Package) 
(CL = 50 pF on all outputs, 
all buffers switching) 

"T,ow= -55"C for AL Device. -40"C for CUCP Device. 
Thlgh= + 125°C for AL Device, + 85°C for CL/CP DeYice. 

VDD 
Vdc 

5.0 
10 
15 

5.0 
10 
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 

15 

15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

#Data labelled "Typ" Is not to be used for design purposes but Is 
intended as an indication of the IC's potential performance. 

.... The formulas given are for the typical characteristics only at 25"C. 

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

where: 'T is in .... A (per package), CL in pF. V = (VOO- VSS) in volts, 
f In kHz Is Input frequency, and k = 0.001. 

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 -
- ±O.1 

- ±0.3 

- -

- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 
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25"C Th' h" 

Min Typ# Max Min Max UnH 

- 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 -

mAdc 
-2.4 -4.2 - -1.7 -

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

mAdc 
-2.1 -4.2 - -1.7 -
-0.44 -0.88 - -0.36 -
-1.1 -2.25 - -0.9 -
-3.0 -8.8 - -2.4 -
0.44 0.88 - 0.36 - mAdc 
1.1 2.25 - 0.9 -
3.0 8.8 - 2.4 -
- ±0.00001 ±0.1 - ±1.0 ~dc 

- ±0.00001 ±0.3 - ±1.0 ~dc 

- 5.0 7.5 - - pF 

- 0.005 5.0 - 150 ~dc 
- 0.010 10 - 300 
- 0.015 20 - 600 

- 0.005 20 - 150 /LAdc 
- 0.010 40 - 300 
- 0.Q15 80 - 600 

IT = (0.6 p.A/kHz) I + 100 /LAde 
IT = (1.2 pAlkHz) I + 100 
IT = (1.8 pAlkHz) I + 100 

PIN ASSIGNMENT 

16 

2 15 

3 14 

4 13 

12 

6 11 

10 

8 9 
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SWITCHING CHARACTERISTICS· (CL = 50 pF TA = 250C) 

Characteristic Symbol VDD Min Typ# Max Unit 
Output Rise and Fall Time 

ITLH. ITHL = (1.5 ns/pF) CL + 25 ns 
ITLH. ITHL = (0.75 ns/pF) CL + 12.5 ns 
'TLH. ITHL = (0.55 ns/pF) CL + 9.5 ns 

Turn-On, 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 formulas given are for the typical characteristics only at 25°C. 
#Data labelled "Typ" Is not to be used for design purposes but is 

Intended as an indication of the IC's potential performance. 

FIGURE 1 - DYNAMIC POWER DISSIPATION 
SIGNAL WAVEFORMS 

2°:~l a-r-"-"' -VOO 

'TLH. 
'THL 5.0 

10 
15 

tPLH. 
IPHL 5.0 

10 
15 

ns 
- 100 200 
- 50 100 
- 40 80 

ns 
- 430 860 
- 180 360 
- 130 260 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 

20 os 

Jt;.}'------- VSS 
1..---------.1--+--- VOO 

~2f - VOO 
B3 

VSS 

BO 

VSS 

J\ VOH .r=------...:+- VOH 

IA>Bl
out ~-------

- VOL 

IA=S)out r-\.-- VOH 

---./ "'--- VOL 

Inputs IA>S) and (A=B) high. and inputs 82. A2, 81. Al, BO, 
AD and (A< B) low 
f in r •• pect to a system clock. 

(A<B)out 

Inputs (A>81 and (A""B) high. and Input. 83, A3, 82. A2. B1. 
A1, AD, and (A< B) low. 

This device contains protection circuitry to guard against damage due to high static voltages or electric fields. How­
ever. precautions must be taken to avoid applications of any voltage higher than maximum rated voltages to this hlgh­
impedance circuit. For proper operation. Vin and Vout should be constrained to the range VSS '" (Vin or Vout) '" VDO. 
Unused inputs must always be tied to an appropriate logic voltage level (e.g .• either VSS or VOO). Unused outputs must 
be left open. 
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MOTOROL.A 

a·BIT BUS-COMPATIBLE LATCHES 

The MC14597B and MC14598B are B·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 MC14597B, 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 I, and A2. 
A Full Fiag 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 
• 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 

BLOCK DIAGRAMS 

~ __ MC __ '_~ __ 7_B __ ~~ __ ~4 ~ 

iiiiii 
DO Data 

I. 01 Strobe 
I. D. 

Th,.. I. D' 
AO 

Stata I. 04 A' 
Output 

" OS Buff.,. 
'0 oa 
• D7 

,'I '<M014599 ,',J" 

;;':«1: ;'i;i,~;N{~.:;~110;';i,;:~tj"i.i';;:;: 

MC14597B 
MC14598B 

CMOSMSI 
ILOW-POWER COMPLEMENTARY MOSI 

a·BIT, BUS·COMPATIBLE 
THREE·STATE LATCHES 
Internal Counter - MC14597B 
Binary Address - MC14598B 

LSUFFIX PSUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 620 CASE 648 

--1 1 
L SUFFIX P SUFFIX 

PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 726 CASE 707 

ORDERING INFORMATION 

A Series: - 55DC to + 125°C 
MC14XXXBAL (Ceramic Package Only) 

C Series: - 40°C to + 85°C 
MCI.XXXBCP (PI •• tlc Package) 
MC1.XXXBCL (Cer.mlc Package) 

MC1.!i8IIB 

Enibii 

DO 
n 01 
16 D. 

Th_ ,. D. 
Statt' I. DO 

Buff.,. 
,. DS 
12 oa 

" D7 

PIN ASSIO_ENT 

Fuii 
OUTPUT 

TRUTH TABLE '8 

's 
• 'S • ,. 
4 ,. 
• I. 
6 " '0 

I 
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MC14597B-MC14598B 
MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Value 

Voo oc Supply Voltage -0.5 to +IB.O 

Vin Input VoHage, Enable (OC or Transient) - 0.5 to Voo + 0.5 

Vln Input Voltage, All other Inputs (DC or Transient) -0.5 to Voo + 12 

Vout Output Voltage (OC or Transient) - 0.5 to Voo + 0.5 

lin. lout Input or Output Current (DC or Transient), per Pin +10 

Po Power Dissipation, per Packaget 500 

Tsta Storage Temperature -65 to +150 

TL Lead Temperature (S·Second Soldering) 260 

"Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: -12mW/oC from 65°C to '85°C 

Ceramic "L" Package: -12mW/oC from 100°C to 125°C 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

VDD 
TI_" 

Ch.racteristic Svmbol Vd. Min MIX Min 

Output Voltsgs "0" Lavel VOL 5.0 - 0,05 -
Vin = VOO orO 10 - 0.05 -

15 - 0.05 -
"I" Lavel VOH 5.0 4.95 - 4.95 

Vin = 0 or VOO 10 9.95 - 9.95 
15 14.95 - 14.95 

Input Voltsg ... - Enable "0:' level VIL 
IVO - 4.5 or 0.5 Vde) 5 .• 0 - 0.8 -
IVO - 9.0 or 1.0 Vde) 10 - 1.6 -
(VO -13.5 or 1.5 Vde) 15 - 2.4 -

"I" Laval VIH 
(VO = 0.5 or 4.5 Vde) 5.0 2.0 - 2.0 
IVO -1.0 or 9.0 Vdc) 10 6.0 - 6.0 
11la- 1.5 or 13.5 Vde) 15 10 - 10 

Input Voltage "0" Level VIL 
Other Inputs 

IVO - 4.5 or 0.5 Vde) 5.0 - 1.5 -
IVO - 9.0 or 1.0 Vdc) 10 - 3.0 -
IVO· 13.5 or 1.5 Vdc) 15 - 4.0 -

"I" Lav.1 VIH 
IVO - 0.5 or 4.5 Vdo) 5.0 3.5 - 3.5 
(VO - 1.0 or 9.0 Vdo) 10 7.0 - 7.0 
IVO - 1.6 or 13.5 Vdc) 15 11 - 11 

Output Drive Current 
(i'Uii-Slnk Only) 

Source IOH 

(VOH - 4.6 Vdo) 5.0 -1.0 - -1.0 
(VOH - 9.5 Vdo) 10 - - -
IVOH - 13.5 Vdo) 15 - - -
(VOL - 0.4 Vdc) Sink IOL 5.0 1.6 - 1.6 
IVOL - 0.5 Vdo) 10 - - -
IVOL -1.5 Vdo) 15 - - -

Input Current IAL Device) lin 15 - 10.1 -
Input Current (CL/CP Oavic.) lin 15 - .0.3 -
Thr.e-Stlt. Leakage Curr.nt ITL 

(AL Device) 15 - to. 1 -
(CUCP Daviee) 15 - 11.0 -

Input Capacitanc. Cin - - - -
(V in -0) 

Qui .... nt Current (AL Device) 100 5.0 - 5.0 -
(Por Package) 10 - 10 -

15 - 20 -
Qui .. cant Currant ICUCP Device) 100 5.0 - 20 -

(Per Package) 10 - 40 -
15 - 80 -

Unit This device contains protection circuitry to 
guard against damage due to high static 
voltages or electric fields. However, precau­
tions must be taken to avoid applications of 
any voltage higher than maximum rated 
voltages to this high-impedance circuit. For 
proper operation, Vin and Vout should be 
constrained to the range VSS .. (Vin or 
Vout) "" VOO· 

V 

V 

V 

V 

mA 

mW Unused Inputs must always be tied to an ap­
propriate logic voltage level (e.g., either VSS 
or VOO). Unused outputs must be left open. "C 

"C 

25°C Thigh" 

Typ# MIX Min Mex .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 -

Vde 
1.1 0.8 - 0.8 
2.2 1.6 - 1.6 
3.4 2.4 - 2.4 

Vde 
1.9 - ~.O -
3.1 - 6.0 -
4.3 - 10 -

vd[ 

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 -

mAde 

-2.0 - -1.0 -
-6.0 - - -
-12 - - -
3.2 - 1.6 - mAdo 
6.0 - - -
12 - - -

.0.00001 .0.1 - .1.0 ,.Adc 

.0.00001 .0.3 - 11.0 ,.Ado 

,.Ade 

'0.00001 to.l - .3.0 
.0.00001 .1.0 - .7.5 

5.0 7.5 - - pF 

0.005 5.0 - 150 ,.Ado 
0.010 10 - 300 
O.ot6 20 - 600 

0.005 20 - 150 ,.Ado 
0.010 40 - ~ 0.015 80 -

•• Total Supply Current at an IT 5.0 IT - 12.0 /IA/kHz)f + IDO " ",Adc 
External Load Capacitance 10 
01 t30 pF 15 

"Tlow - -55OC for AL DevICe, -40OC for CUCP Oev,ce. 
'Thigh - +125OC for AL Davice, +86oC for CUC!, Daviee • 

•• The formulas given are for the typical characteristics only at 25°C. 
*Data labelled "Typ" Is not to be used for design purposes but Is 

intended 88 an Indication of the IC's potential performance. 

IT • (4.0 /lA/kHz)! + 100 
IT - (6.0 ,.A/kHz)f + IOD 
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MC14597B-MC14598B 

SWITCHING CHARACTERISTICS* ITA ~ 25°C. CL ~ 130 pF + 1 TTL Load) 

CMracteristie Symbol 
Output Rise and Fall Time tTLH. 

tTLH. tTHL • (0.5 ns/pF)CL +35 ns tTHL 
tTLH. tTHL • (0.2 ns/pF)CL +25 ns 
tTLH. tTHL - (0.16 ns/pF)CL +20 ns 

Propagation Delay Time tPLH. 
Enable to Output tpHL 

Strobe to Output 

Strobe to Full (MCI46978 only) 

R"eUi to Output 

Pulse Width twH. 
Eneble 

twL 

Strobe 

Increment (MC145978 only) 

Reset 

Setup Time 
Data 

tsu 

Addr ... (MCI45988 only). 

Increment (MCI45978 only) 

Hold Time 
Data 

th 

Addr ... (MC145988 only) 

R8s8t Removal Time tram 

*The formulas given are for the typical characteristics only at 25°C. 
#Data labelled "Typ" is not to be used for design purposes but Is 

intended as an indication of the IC's potential performance. 

VDD 
Vd. Min 

5.0 -
10 -
15 -
5.0 -
10 -
15 -
5.0 -
10 -
15 -
5.0 -
10 -
15 -
5.0 -
10 -
15 -

5.0 320 
10 240 
15 160 

5.0 200 
10 100 
15 80 
5.0 200 
10 100 
15 80 
5.0 300 
10 160 
15 100 

5.0 100 
10 50 
15 35 

5.0 200 
10 100 
15 70 
5.0 400 
10 200 
15 170 

5.0 100 
10 50 
15 35 

5.0 100 
10 50 
15 35 

5.0 20 
10 20 
15 20 

6-509 

All Types 

Typ# Max Unit 

ns 
100 200 
50 100 
40 80 

ns 
160 320 
125 250 
100 200 

200 400 
100 200 
80 160 

200 400 
100 200 
80 160 

175 350 
90 180 
70 140 

n. 
160 -
120 -
80 -
100 -
50 -
40 -
100 -
50 ..; 

40 -
150 -
80 -
50 -

n. 
50 -
25 -
20 -
100 -
50 -
35 ~ 

200 -
100 -
85 -

ns 
50 -
25 -
20 -
50 -
25 -
20 -

-25 - n. 
-15 -
-10 -
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Strobe 6 

Data 3 

Increment 7 

MC14597B-MC14598B 

latches 

R 

3 Stage Counter 
and Decoder 

elk 

MCI4597B FUNCTION DIAGRAM 

To Other 

One Latch VSS I ______________ .-1 

Zero 
Select,-------------, 

Additional 7 Latches 

MCI4597B TIMING DIAGRAMS 

06 (tnternal) _________ ~/ 

1 DO 

15 01 
14 02 
13 03 
12 04 
11 05 
10 06 

9 07 

07 (Internal) \ ..... _------
Increment 

Oeta 

Strobe 

Note: Eii8iii'e in High state. 

·1.4 V with VOO = 5.0 V 

NOTES: 1. High-Impedance output state (another device controls bus). 
2. 'FiiHt in High stete. 
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Reset 2 

Data 3 

Strobe 6 

Enable 4 

AO 7 

Al 8 

AO. At. A2 

Data 

Strobe 

To Other 
Latches 

Address 
Decoder 

MC14597B-MC14598B 

MC14598B FUNCTION DIAGRAM 

,--------------------, 
vOOI 

Ji 
IJ-b 
i! 
vss I 

lEach Latch I L ____________________ --' 

Zero 
Select 

Additional 7 Latches 

MC14598B TIMING DIAGRAM 

'TLH 

--~-----------------+--------------~ 

20 ns 

~-------------------------,w--------------------------~ 

·'.4 V with VOD = 5.0 V. 

NOTES 1. High-impedance output state (another device control. bus). 
2. Output Load ., for MC14S91B. 
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MC14597B-MC14598B 

LATCH TRUTH TABLE 

Addr_ 
Strobe R_ 

0 1 

1 1 

X 0 . -- No change In state of latch 
X ::: Don't care 

Latch . 
Data 

0 

Other 
Latches Increment . 
~ . 

0 -.r-
X 

X 

X 

x == Don't care 

TRUTH TABLE FOR MCl4597B 

Address 
Enable 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 

ofSTROBE 

Test Load 
All Outputs 

130pF I 

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 

"5.0 V 

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 mformation and the product(s~ 
to which the mformation applies and to discontinue manufacture 
of the product(s} at any time. 
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II 

® MOTOROLA 

RELIABILITY 
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 troublefree ser­
vice it can offer. The reliability of a device is exactly that 
- an expression of how well it will serve the customer. 
The following discussion will attempt to present an 
overview of Motorola's reliability efforts. 

BASIC CONCEPTS 
It is essential to begin with an explanation of the various 

parameters of Reliability. These are probably summarized 
best in the Bathtub Curve (Figure 1). The reliability perfor­
mance of a device is characterized by three phases: infant 
mortality, useful life, and wearout. When a device is pro­
duced, there is often a small distribution of failure mecha­
nisms which will exhibit themselves under relatively 
moderate stress levels and therefore appear early. This 
period of early failures, termed infant mortality Is reduced 
significantly through proper manufacturing controls and 
screening techniques. The most effective period is that in 
which only occasional random failure mechanisms appear. 
The useful life typically spans a long period of time with a 
very low failure rate. The final period is that in which the 
devices literally wear out due to continuous phenomena 
which existed at the time of manufacture. Using strictly 
controlled design techniques and selectivity in applica­
tions, this period is shifted well beyond the lifetime re­
quired by the user. 

~; 
\ 

10 

FIGURE 1 

I I 
Ilnf~nt ~o~tahlty 
I Such as Early 

Burn-In Failures) 

I .... 

100 

I I 

Useful Life 

I I 
1000 10 ,000 100,000 

Time (Hours) 

" " , 
......·Wearout 

Failures 

1,000,000 

Both the infant mortality and random failure rate regions 
can be described through the same types of calculations. 
During this time the probability of having no failures to a 
specific point in time can be expressed by the equation: 

Po = e- M 

where;" is the failure rate and t is time. Since;" is chang­
ing rapidly during infant mortality, the expression does not 
become useful until the random period, where ;.. is rela­
tively constant. In this equation ;.. is failures per unit of 
time. It is usually expressed in percent failures per thou­
sand hours. Other forms include FIT (Failures in Time = 
(%/103 hrs) x 10- 4 = 10 - 9 failures per hour) and 
MTTF (Mean Time To Failure) or MTBF (Mean Time Be­
tween Failures), both being equal to 1/;.. and having units 
of hours. 
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Since reliability evaluations usually involve only sam­
ples of an entire population of devices, the concepts of the 
Central Limit Theorem apply and ;.. is calculated using x2 

distribution through the equation: 

x2 (x, 2r + 2) 

where x = 

2nt 

100 - CL 

100 

CL = Confidence Limit in percent 
r = Number of rejects 
n = Number of devices 
t = Duration of test 

The confidence limit is the degree of conservatism de­
sired 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% confidence 
limit is termed the best estimate and is the mean of this 
distribution. A 90% confidence limit is a very conservative 
value and results in a higher;.. which represents the point 
at which 90% of the area of the distribution is to the left of 
that value (Figure 2). The term (2r + 2) is called the de­
grees of freedom and is an expression of the number of 
rejects in a form suitable to x2 tables. 

FIGURE 2 

50% CL 

;.., Failure Rate 

The number of rejects is a critical factor since the defini­
tion of rejects often 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 ;.. 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 thousands 
of devices, methods of accelerated testing have been 
developed. 

Years of semiconductor device testing has shown that 
temperature will accelerate failures and that this behavior 
fits the form of the Arrhenius equation: 

R (t) = RO(t)e - 8/kT 



where A(t) = Aeaction rate as a function of time and 
temperature 

AO = A constant 
t = Time 
e = 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: 

t = toe elkT 

where t = time 

to = A constant 

The Arrhenius equation essentially states that reaction 
rate increases exponentially with temperature. This pro­
duces a straight line when plotted in 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 semicon­
ductors varies from about 0.3 eV. Although the relation­
ships do not prohibit devices from having poor failure 
rates and high activation energies, good performance usu­
ally does not imply a high @. Studies by Bell Telephone 
Laboratories have indicated that an overall 0 for 
semiconductors is 1.0 eV. This value has been accepted 
by the Aome Air Development Command for time-tem­
perature acceleration in powered burn-in. Data taken by 
Motorola on Integrated Circuits have verified this number 
and it is therefore applied as our standard time-tempera­
ture regression for extrapolation of high temperature fail­
ure rates to temperatures at which the devices will be 
used (Figure 3). For Discrete products, 0.7 eV is generally 
applied. 

To accomplish this, the time in device hours (tl) and 
temperature (Tt) of the test are plotted as point PI. A ver­
tical line is drawn at the temperature of interest (T2) and a 
line with a 1.0 eV slope is drawn through point PI. 

Its intersection with the vertical 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 TI of 12S·C at t1 of 10,000 hours, a t2 of 7.B 
million hours results at a T2 of SO·C. If one reject results in 
the 10,000 device hours of testing at 12S·C, the failure 
rate at that temperature will be 20%11 ,000 hours using a 
60% confidence level. One reject at the equivalent7.B mil­
lion device hours at SO·C will result in a 0.026%/1,000 
hour failure rate, as illustrated in Figure 4. 

Three parameters determine the failure rate quoted by 
the manufacturer: the failure rate at the test temperature, 
the activation energy employed, and the difference be­
tween the test temperature and the temperature of the 
quoted l\. A term often used in this manipulation is the 
"acceleration factor" which is simply the equivalent device 
hours at the lower temperature divided by the actual test 
device hours. 

Every device will eventually fail, but with the present 
techniques in Semiconductor design and applications, the 
wearout phase is extended far beyond the lifetime re­
quired. During wearout, as in infant mortality, the failure 
rate is changing rapidly and therefore loses its value. The 
parameter used to describe performance in this area is 
"Median Life" and is the point at which SO% of the devices 
have failed. There are currently only few significant 

wearout mechanisms: electromigration of circuit metalli­
zation, electrolytic corrosion in plastic devices and metal 
fatigue for Power devices. 
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FIGURE 3 
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For increased flexibility in working with a 
broad range of device hours, the time-tem­
perature regression lines have been normal­
ized to SOO·C and the time scale omitted, 
permitting the user to define the scale based 
on his own requirements. 
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"RAP" RELIABILITY AUDIT PROGRAM FOR LOGIC INTEGRATED CIRCUITS 

INTRODUCTION 
In January, 1977, Motorola Bipolar Digital Reliability Engi­
neering implemented "RAP" (Rapid Reliability Assessment 
Program) to provide rapid assessment of the reliability of 
newly introduced TTL Low-Power Schottky (LS) devices. This 
RAP concept permits rapid feedback of information on any 
reliability problems to the Product Engineering group so that 
corrective action can be quickly implemented. The RAP pro­
gram is performed by the Reliability Engineering Department 
on samples submitted by Product, Process, or Package Engi­
neering for obtaining a rapid look at the reliability of new 
products, processes, or packages. This program has been 
extended to standard 74F (FAST), TTL, TTL Memories, 
MDTL, MHTL, MECL III, MECL 10K and 10KH, MECL Mem­
ories, Macrocell Arrays, Phase Lock Loop (PLL) and CMOS 
Logic product families. 

RELIABILITY AUDIT PROGRAM (RAP) 
(per Motorola specification 12MRM15301A) 

PTHB-15 psig/121°C/l00% RH at rated VCC for 16 hours 
- performed on a weekly basis. (To be performed on plastic 
encapsulated devices only.) Final readout at 48 hrs. 

Temp Cycling - MIL-STD-833, Method 1010, 1000 cycles, 
Condition C, -65°CI+150°C. Interim readout at 100 cycles 
(plastic and hermetic packages). Sample pulled on weekly 
basis - final readout at 1000 cycles. 
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Op. Life Test - MIL-STD-883, Method 1005, Condition A 
(Reverse Bias) or C (Power plus Reverse Bias), T A = 145°C; 
readouts at 40 hrs and 250 hrs (plastic and hermetic pack­
ages). Sample pulled on weekly basis. 

Report - Monthly Reliability Engineering computer printout 
summarizing test results. 

NOTES: 
1. All standard 25°C dc and functional parameters will be 

measured Go/No/Go at each readout. 
2. Any indicated failure is first verified and then submitted to 

the Product Analysis Lab for detailed analysis. 
3. Device types sampled will be by generic type within each 

digitall/C product family and will include all major package 
assembly options (U/S bond, TC bond, ball bond, T.A.B., 
etc.) and all assembly locations (Korea, Malaysia, etc.). 

4. 16 hrs PTHB is equivalent to approximately 800 hrs of 
85°C/85% RH THB for VCC '" 15 V. 

5. Only moisture related failures (like corrosion) are criteria 
for failure on PTHB test. 

6. 40 hr/145°C Op Life is equivalent to 160 hr/125°C using 
1.0 eV in Arrhenius equation. 

7. 250 hrsl145°C Op Life is equivalent to 1000 hrs/125°C 
using 1.0 eV in Arrhenius equation. 

8. Special device specifications (48A's) for logic products will 
reference 12MRM15301A as source of generic data for 
any customer required monthly audit reports. 
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II 

EQUIVALENT GATE COUNT 

The following is a list of equivalent gate counts for some of Motorola's CMOS devices. In general 
for CMOS, the number of equivalent gates is equal to the total number of transistors on chip divided 
by four. This list includes only those devices with equivalent gate counts known at the time of this 
p~inting. 

DEVICE 

MC14000U8 
MC140018 
MC14001U8 
MC140028 
MC14002U8 
MC140068 
MC14007U8 
MC140088 
MC140118 
MC14011U8 
MC140128 
MC14012U8 
MC140138 
MC140148 
MC140168 
MC140178 
MC140188 
MC140208 
MC140218 
MC140238 
MC14023U8 
MC140248 
MC140258 
MC14025U8 
MC140288 
MC140298 
MC140348 
MC140358 
MC140408 
MC140428 
MC140468 
MC14049U8 
MC140508 
MC140518 
MC140528 
MC140538 
MC140668 
MC140678 
MC140688 
MC14069U8 
MC140718 
MC140728 
MC140738 
MC140758 
MC140788 
MC140818 
MC140828 
MC140938 
MC140948 
MC140978 

EQuiVALENT 
GATE COUNT 

3.5 
8 
4 
7 
4 

61.5 
1.5 
40 
8 
4 
7 
4 
16 
74 
8 

62.5 
38.25 

84 
74 
9 

4.5 
59 
9 

4.5 
26 

65.5 
145 
38.5 
73 

17.5 
35 
3 
6 

48.5 
38.5 
38 
13 
65 
8 
3 
10 
8 

10.5 
10.5 
7.5 
10 
8 
16 
79 
65 
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DEVICE 

MC140998 
MC141618 
MC141638 
MC141748 
MC140148 
MC140188 
MC140218 
MC140678 
MC140978 
MC145008 
MC14~348 
MC141758 
MC14490 
MC145008 
MC145038 
MC145048 
MC145088 
MC145108 
MC145118 
MC145128 
MC145148 
MC145158 
MC145168 
MC145178 
MC145188 
MC145208 
MC145228 
MC145268 
MC145278 
MC145288 
MC145328 
MC145348 
MC145368 
MC145388 
MC145398 
MC145418 
MC145438 
MC145498 
MC145518 
MC145538 
MC145558 
MC145568 
MC145578 
MC145598 
MC145688 
MC145698 
MC14572U8 
MC14573 
MC14574 
MC14575 

EQUIVALENT 
GATE COUNT 

70 
72.5 
72.5 
43.5 
74 

38.25 
74 
65 
65 

206 
192 
39.5 
136.5 
192 
17 

37.5 
42 
74 
54 
17 
59 
67 
61 
119 
43.5 
43.5 
86 
86 
46 
24 

38.5 
206 
103 
38 
20 
93 
52 
122 
35 

147.5 
21 
25 

232.5 
122 

137.25 
156 
4 
7 
9 
11 
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II 

PACKAGE DIMENSIONS 

The standard package availability for each device is indicated on the front page of the individual data 
sheets. Oimensions for the packages are given in this chapter. Surface mount packages may be 
special ordered by specifying the following suffixes: "0" (narrow SOIC), "OW" (wide SOIC), or "FN" 
(PLCC). For example, to order a quad NOR gate, use MC14001BO. 

--------14·PIN PACKAGE--------

CERAMIC PACKAGE 
CASE 632-08 

c i L 

'r-----, 

:',1) '----'Ill 
" II 

II 
II 

!J 

JLJI4~ 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M. 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4. DIM F MAY NARROW TO 0.7610.030) WHERE THE 

LEAD ENTERS THE CERAMIC BODY. 

MILUMmRS INCHES 
DIM MIN MAX MIN MAX 
A 19.05 19.94 0.750 0.785 
B 6.23 7.11 0.245 0.280 
C 3.94 5.08 0.155 0.200 
D 0.39 0.50 0.015 0.020 
F 1.40 1.65 0.055 0.065 
G 2.54 BSC 0.100 BSC 
J 0.21 I 0.38 0.008 0.015 
K 3.18 4.31 0.125 0.170 
L 7.62 BSC 0.300 BSC 

1+10.2510.010) ® I T I B ® I M 0' I 15' 0' 15' 
N 0.51 I 1.01 0.020 I 0.040 

PLASTIC PACKAGE 
CASE 646-06 

9-2 

NOTES: 
1. LEADS WITHIN 0.13 mm 10.OOS) RADIUS OF TRUE 

POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION "B" DOES NOT INCLUDE MOLD 
FLASH. 

4. ROUNDED CORNERS OPTIONAL. 

MIWMETERS INCHES 
DIM MIN MAX MIN MAX 
A 18.16 19.56 0.715 0.770 
B 6.10 6.60 0.240 0.260 
C 3.69 4.69 0.145 0.185 
D 0.38 0.53 0.015 0.021 
F 1.02 1.78 0.040 0.070 
G 2.54 BSC 0.100 BSC 
H 1.32 I 2.41 0.OS2 0.095 
J 0.20 I 0.38 0.008 0.015 
K 2.92 3.43 0.115 0.135 
L 7.62 BSC 0.300 BSC 
M 0' 10' 0' 10' 
N 0.39 1.01 0,015 0.039 



PACKAGE DIMENSIONS (Continued) 

m 

14-PIN PACKAGE 

SOIC PACKAGE 
CASE 751 A-02 

D SUFFIX 

--/Gf- c 

ti§r::,:"ElqciJ-+.i= 
ItI0.25(0.010)®ITIB @IA @I 

9-3 

NOTES: 
1. DIMENSIONS A AND B ARE DATUMS AND T IS A 

DATUM SURFACE. 
2. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
3. CONTROLLING DIMENSION: MILLIMETER. 
4. DIMENSION A AND B DO NOT INCLUDE MOLD 

PROTRUSION. 
5. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 

PER SIDE. 

MIWMETERS INCHES 
DIM MIN MAX MIN MAX 
A 8.55 8.75 0.337 0.344 
B 3.80 4.00 0.150 0.157 
C 1.35 1.75 0.054 0.068 
0 0.35 0.49 0.014 0.019 
F 0.40 1.25 0.016 0.049 
G 1.27 BSC 0.050 BSC 
J 0.19 0.25 0.008 0.009 
K 0.10 0.25 0.004 0.009 
M 0° 7° 0° 7° 
P 5.80 6.20 0.229 0.244 
R 0.25 0.50 0.010 0.019 

----------

II 
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PACKAGE DIMENSIONS (Continued) 

--------16·PIN PACKAGE --------

W 
SEATING 

PlANE 

PlANE 

CERAMIC PACKAGE 
CASE 620-09 

c 

~~I'----'ft 
II 

" 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M. 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4. DIM F MAY NARROW TO 0.76 (0.030) WHERE THE 

LEAD ENTERS THE CERAMIC SODY. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 19.05 19.55 0.750 0.770 
B 6.10 7.36 0.240 0.290 
C - 4.19 - 0.165 

__ -r_.K j ~ 
N JLJI6~ M 

D 0.39 0.53 0.D15 0.021 
E 1.27 ssc O.05OSSC 
F 1.40 1.77 0.055 I 0.070 
G 2.54 SSC 0.100 SSC 
J 0.23 0.27 0.009 I 0.011 
K - 5.08 - 0.200 

1-+-10.25(0.010) ® ITI s@1 
L 7.62 sse 0.300 BSC 
M 0° 15° 00 I 15° 

PLASTIC PACKAGE 
CASE 648-06 

9-4 

N 0.39 0.88 0.015 I 0.035 

NOTES: 
1. LEADS WITHIN 0.13 mm (0.005) RADIUS OF TRUE 

POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION "S" DOES NOT INCLUDE MOLD 
FLASH. 

4. "F" DIMENSION IS FOR FULL LEADS. 
5. ROUNDED CORNERS OPTIONAL. 

MlWMETERS INCHES 
DIM MIN MAX MIN MAX 
A 18.80 21.34 0.740 0.840 
B 6.10 6.60 0.240 0.260 
C 3.69 4.69 0.145 0.185 
D 0.38 0.53 0.D15 0.021 
F 1.02 1.78 0.040 0.070 
G 2.54 SSC 0.100 sse 
H 0.38 I 2.41 0.015 I 0.095 
J 0.20 0.38 0.008' 0.D15 
K 2.92 L 3.43 0.115 I 0.135 
L 7.62 sse 0.300 Bse 
M 0° 100 0° I 100 
N 0.39 I 1.01 0.Q15 I 0.040 



PACKAGE DIMENSIONS (Continued) 

16-PIN PACKAGE 

SOIC PACKAGE 
CASE 7518-03 

o SUFFIX 

-\G\--- c 

ITLb=trt~ f_ 
D-I1--16PL K PlANE 

1 ... 1 0.25 (0.010) ® 1 T I B ® 1 A ® 1 

SOIC PACKAGE 
CASE 751 G-01 

OW SUFFIX 

-"lIT 
~..L..L...L..L."""''''''''''-'-''''''9U;'B" j I ... 1 0.25 (0.010) ® I B ® 1 

8 BPL 
'T'i-"1'T""n-I'T"'1n-TT""T'''''''='' 

-1 Gf-
-*-m I'rAAE3E3E1Elt:::HJ..L c 

~~ - - -~ ~ +TSEATlNG --II--D 16 PL L K I PlANE 

l-tl 0.25(0.010) ®ITIB ®IA ®l 
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NOTES: 
1. DIMENSIDNS A AND B ARE DATUMS AND T IS A 

DATUM SURFACE. 
2. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M. 1982. 
3. CONTROLLING DIMENSION: MILLIMETER. 
4. DIMENSION A AND B DO NOT INCLUDE MOLD 

PROTRUSION. 
5. MAXIMUM MOLD PROTRUSION 0.1510.006) 

PER SIDE. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 9.80 . 10.00 0.386 0.393 
B 3.80 4.00 0.150 0.157 
C 1.35 1.75 0.054 0.068 
D 0.35 0.49 0.014 0.Q19 
F 0.40 1.25 0.Q16 0.049 
G 1.27 BSC 0.050 SSC 
J 0.19 0.25 0.008 0.009 
K 0.10 0.25 0.004 0.009 
M 0' 7' 0' 7' 
P 5.80 6.20 0.229 0.244 
R 0.25 0.50 0.010 0.019 

NOTES: 
1. DIMENSIONS A AND B ARE DATUMS AND T IS A 

DATUM SURFACE. 
2. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M. 1982. 
3. CONTROLLING DIMENSION: MILLIMETER. 
4. DIMENSION A AND B DO NOT INCLUDE MOLD 

PROTRUSION. 
5. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 

PEA SIDE. 

MILUMETERS INCHES 
DIM MIN MAX MIN MAX 
A 10.15 10.45 0.400 0.411 
B 7.40 7.60 0.292 0.299 
C 2.35 2.65 0.093 0.104 
'D 0.35 0.49 0.014 0.019 
F 0.50 0.90 0.020 0.035 
G 1.27 BSC 0.050 BSC 
J 0.25 0.32 0.010 0.012 
K 0.10 0.25 0.004 0.009 
M ()" r 0' r 
p 10.05 10.55 0.395 0.415 

0.25 0.75 0.010 0.029 

II 



II 

PACKAGE DIMENSIONS (Continued) 

--------18·PIN PACKAGE --------

PLASTIC PACKAGE 
CASE 707·02 

CERAMIC PACKAGE 
CASE 726-04 

OPIIONAL LEAD 
CONFIG.I,,,,,O.,II 

9·6 

NOTES: 
1. POSIllONAL TOLERANCE OF LEADS (D). SHALL BE 

WITHIN 0.25mm(o.oI0) 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. 

MILUMETERS INCHES 
DIM MIN MAX MIN MAX 
A 22.22 23.24 0.875 0.915 
B 6.10 6.60 0.240 0.260 
C 3.56 4.57 0.140 0.180 
D 0.36 0.56 0.014 0.022 
F 1.27 1.78 0.050 0.070 
G 2.54BSC 0.100 BSC 
H 1.02 I 1.52 0.040 I 0.060 
J 0.20 I 0.30 0.008 I 0.012 
K 2.92 I 3.43 0.115 I 0.135 
L 7.62 BSC 0.300 BSC 
M 0" 15· 0" 15· 
N 0.51 I 1.02 0.020 I 0.040 

NOTES: 
1. LEADS. TRUE POSIllONED WITHIN 0.25 mm 

(0.010) DIA. AT SEATING PLANE. AT MAXIMUM 
MATERIAL CONDIllON. 

2. DIM "L" TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 

3. DIM "A" & "B" INCLUDES MENISCUS. 
4. "F" DIMENSION IS FOR FULL LEADS. "HALF" 

LEADS ARE OPTIONAL AT LEAD POSITIONS 1.9. 
10.AND 18. 

MIWMETERS INCHES 
DIM MIN MAX MIN MAX 
A 22.35 23.11 0.880 0.910 
B 6.10 7.49 0.240 0.295 
C - 5.08 - 0.200 
D 0.38 0.53 0.015 0.021 
F 1.40 1.78 0.055 0.070 
G 2.54 BSC 0.100 Bse 
H 0.51 I 1.14 0.020 0.045 
J 0.20 I 0.30 0.008 0.012 
K 3.18 4.32 0.125 0.170 
L 7.62 BSC 0.300 Bse 
M 0" 15· O· 15· 
N 0.51 1.02 0.020 0.040 



PACKAGE DIMENSIONS (Continued) 

--------24·PIN PACKAGE--------

24 13 

B 

1° 12 

CERAMIC PACKAGE 
CASE 623-05 

1 
B 

I 

PLASTIC PACKAGE 
CASE 709-02 

9-7 

NOTES: 

DIM 
A 
B 
C 
D 
F 
G 
J 
K 
L 
M 
N 

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 
CONDITION. (WHEN FORMED 
PARALLEL). 

MILUMETERS INCHES 
MIN MAX MIN MAX 
31.24 32.77 1.230 1.290 
12.70 15.49 0.500 0.610 
4.06 5.59 0.160 0.220 
0.41 0.51 0.016 0.020 
1.27 1.52 0.050 0.060 

2.54 BSC 0.100 BSC 
0.20 I 0.30 0.008 j 0.012 
3.18 I 4.06 0.125 I 0.160 

15.24 SSC 0.600 SSC 
0° I 15° 0° I 15° 
0.51 1.27 0.020 I 0.050 

1. POSITIONAL TOLERANCE OF LEADS (0). SHALL BE 
WITHIN 0.25 mm (0.0101 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. 

MILUMETERS INCHES 
DIM MIN MAX MIN MAX 
A 31.37 32.13 1.235 1.265 
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 BSC 0.100 BSC 
H 1.65 2.03 0.065 0.080 
J 0.20 0.38 0.008 I 0.015 
K 2.92 3.43 0.115 ~ 0.135 
L 15.24 BSC 0.600 BSC 
M 0° I 15° 0° I 15° 
N 0.51 I 1.02 0.020 I 0.040 

II 
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