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DATA CLASSIFICATION

Product Preview

This heading on a data sheet indicates that the device is in the formative
stages or in design (under development). The disclaimer at the bottom
of the first page reads: ““This document contains information on a product
under development. Motorola reserves the right to change or discontinue
this product without notice.”

Advance Information

This heading on a data sheet indicates that the device is in sampling, pre-
production, or first production stages. The disclaimer at the bottom of
the first page reads: ‘“This document contains information on a new
product. Specifications and information herein are subject to change with-
out notice.”

Fully Released

A fully released data sheet contains neither a classificaiton heading nor
a disclaimer at the bottom of the first page. This document contains
information on a product in full production. Guaranteed limits will not be
changed without written notice to your local Motorola Semiconductor
Sales Office.



MOTOROLA

CMOS LOGIC
DATA

Prepared by
Technical Information Center

This book presents technical data for the broad line of CMOS logic integrated circuits and
demonstrates Motorola’s continued commitment to Metal-Gate CMOS. Complete specifications are
provided in the form of data sheets. In addition, a Product Selector Guide and a Handling and
Design Guidelines chapter have been included to familiarize the user with these circuits.

Motorola reserves the right to make changes without further notice to any products herein to
improve reliability, function or design. Motorola does not assume any liability arising out of the
application or use of any product or circuit described herein; neither does it convey any license
under its patent rights nor the rights of others. Motorola and ® are registered trademarks of
Motorola, Inc. Motorola, Inc. is an Equal Employment Opportunity/Affirmative Action Employer.

Motorola Inc. general policy does not recommend the use of its components in life support
applications where a failure or malfunction of the component may directly threaten life or injury.
Per Motorola Terms and Conditions of Sale, the user of Motorola components in life support
applications assumes all risk of such use and indemnifies Motorola against all damages.
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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 —.

Device

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-Input NOR Gate Plus Inverter. . . . ........ ... .. ......... 6-2
Quad 2-InputNOR Gate . . .. ... .. .. ... ... ... .. .. ... 6-5
Quad 2-Input NOR Gate . . ... ... ... i 6-14
Dual 4-lnput NOR Gate. . . . ... ... .. . .. .. 6-5
Dual 4-Input NOR Gate. . . . ... ... .. . 6-14
18-Bit Static Shift Register. . . . . . ... .. ... .. oL 6-19
Dual Complementary Pair Plus Inverter . . . . .................... 6-23
4-Bit Full Adder . . . . ... 6-27
Quad 2-Input NAND Gate . . ... ... ... i 6-5
Quad 2-Input NAND Gate . ... ... ... 6-14
Dual 4-lnput NAND Gate. . . . . ... ... .. i 6-5
Dual 4-lnput NAND Gate . . . . ... ... i 6-14
Dual DFlip-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 . . ... ... ... it 6-63
8-Bit Static Shift Register. . . . .. ... ... ... .. 6-37
Octal Counter . . . . .. 6-67
Triple 3-Input NAND Gate . . .. ... ... .. ... i 6-5
Triple 3-Input NAND Gate . . . ............ . ... .. .. ... ...... 6-14
7-Stage Ripple Counter. . . . ... ... . . . e 6-72
Triple 3-InputNOR Gate . . . .. ... .. . i 6-5
Triple 3-InputNOR Gate . . . .. ... ... .. . 6-14
Dual J-K Flip-FIop . . . . . . o 6-77
BCD-to-Decimal/Binary-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 NORR-SLatch. .. ... ... ... ... .. .. .. .. . .. ... 6-116
Quad NAND R-S'Latch. . ... ... .. .. . 6-116
Phase-Locked LOOD . . . . . o oot 6-120
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Device Function Page

MC14049UB Hex Inverting Buffer . . . ... ... ... . ... .. 6-125
MC14050B Hex Noninverting Buffer . .. ... ... ... ... ... . . ... . ... 6-125
MC14051B 8-Channel Analog Multiplexer/Demultiplexer . . ... ................ 6-129
MC14052B Dual 4-Channel Analog Multiplexer/Demultiplexer. . .. . ............. 6-129
MC14053B Triple 2-Channel Analog Multiplexer/Demultiplexer . . . ... ........... 6-129
MC14060B 14-Bit Binary Counter and Oscillator . . . .. ..................... 6-136
MC14066B Quad Analog Switch/Multiplexer . . .. ........ ... ... .. ... ...... 6-140
MC14067B 16-Channel Analog Multiplexer/Demultiplexer . . .. ... ............. 6-146
MC14068B 8-lnput NAND Gate . .. .. ... ... ... 6-5
MC14069UB  Hex Inverter . . .. .. . 6-154
MC14070B Quad Exclusive ORGate. . . . ... .. . i 6-156
MC14071B Quad 2-lnput OR Gate . . ... .. ... 6-5
MC14072B Dual 4-lnput OR Gate. . . . . .. ... 6-5
MC14073B Triple 3-Input AND Gate . .. ........... ... .. 6-5
MC14075B Triple 3-lnput OR Gate . . . . ... ... .. . . 6-5
MC14076B Quad D-Type Register with Tri-State Outputs . .. .. ............... 6-158
MC14077B Quad Exclusive NOR Gate. . . .. ... ... ... .. i 6-156
MC14078B 8-InputNOR Gate . . .. ... .. . 6-5
MC14081B Quad 2-lnput AND Gate . . . ... .. 6-5
MC14082B Dual 4-Input AND Gate . . . . ... ... . .. 6-5
MC14093B Quad 2-Input NAND Schmitt Trigger . . .. ... ... ... ... ..... 6-162
MC14094B 8-Stage Shift/Store Register with Tri-State Outputs. . . .. ......... ... 6-166
MC14097B Dual 8-Channel Analog Muitiplexer/Demultiplexer. . . . . ............. 6-146
MC14099B 8-Bit Addressable Latch. . . . ... ... .. .. . 6-170
MC14106B Hex Schmitt Trigger . . . . . .. ... 6-176
MC14160B Synchronous Presettable BCD Counter . . . ..................... 6-180
MC14161B Synchronous Presettable 4-Bit Binary Counter. . . ... .............. 6-180
MC14162B Synchronous Presettable BCD Counter . . . ..................... 6-180
MC14163B Synchronous Presettable 4-Bit Binary Counter. . . ... .............. 6-180
MC14174B Hex DFlip-Flop . . . .. ... . 6-189
MC14175B Quad DFIp-FIOP . . . . o o 6-193
MC14194B 4-Bit Universal Shift Register . . .. . ... ... .. .. .. ... .. ... . ... 6-197
MC14415 Quad Precision Timer/Driver. . . . ... ... . ... .. 6-201
MC14422 Remote Control Transmitter (Product Cancelled) . . ... ... .......... —
MC14433 312 Digit A/D Converter. . . ... .. ... ... SF
MC14435 3%z Digit A/D Logic Subsystem (Product Cancelled) . . .. ............ —
MC14442 Microprocessor-Compatible A/D Converter . . . .. ................. SF
MC14443 6-Channel A/D Converter Subsystem. . .. ...................... SF
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Device

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 Page
Microprocessor-Compatible A/D Converter . . . ... ................ SF
6-Channel A/D Converter Subsystem. . . ... .................... SF
Remote Control Transmitter . . .. .. ....... ... ... ... .. . ..., SF
Remote Control Receiver. . . ... ... . ... . ... .. SF
Automotive Speed Control Processor. . .. ............ ... ....... SF

Smoke Detector Circuit (Product Cancelled) . ... ................. —
Smoke Detector Circuit (Product Cancelled) . . . .................. —
Smoke Detector Circuit (Product Cancelled) . ... ................. —
Smoke Detector Circuit (Product Cancelled) . . ... ................ —

Low Cost Smoke Detector . . . .. ... ... ... .. .. SF

Low Cost Smoke Detector . . . .. ... ... .. . SF

Interconnectable Smoke Detector . . . .. ... ... ... ... ... ... ... SF

Addressable Asynchronous Receiver/Transmitter. . . . . ............. SF

Hex Contact Bounce Eliminator. . . . . ............ ... .. ........ 6-206
Hexadecimal-to-7 Segment Latch/Decoder ROM/Driver. . . .. ......... SF

PCM Remote Control Transmitter . . . . ........................ SF

7-Segment LED Display Decoder/Driver with Serial Interface . . . .. ... .. SF

Industrial Control Unit . . . .. ... ... .. .. . 6-213
Triple Gate . . . ... .. 6-219
Strobed Hex Inverter/Buffer . . . ... ... ... ... .. ... 6-223
Hex 3-State Buffer . . . .. ... ... . . . 6-227
TTL or CMOS to CMOS Hex Level Shifter . .. ................... 6-231
Dual Expandable AOI Gate (Superseded by 14506UB). . . ... ........ —

Dual Expandable AOl Gate . . .. ..... ... ... ... 6-234
Dual 4-Bit Latch. . . . ... ... . 6-239
Presettable BCD Up/Down Counter. . .. ....................... 6-244
BCD-to-7-Segment Latch/Decoder/Driver . . ... .................. 6-252
8-Channel Data Selector . . . . .. ... ... ... . .. ... .. 6-258
BCD-to-7-Segment Latch/Decoder/Driver with Ripple Blanking . . .. ... .. 6-262
4-Bit Transparent Latch/4-to-16 Line Decoder (High). . . .. ...... ... .. 6-270
4-Bit Transparent Latch/4-to-16 Line Decoder (Low) . . ... ........... 6-270
Presettable Binary Up/Down Counter. . . .. ...... ... ... ... ...... 6-276
Dual 64-Bit Static Shift Register . . . .. ......... ... ... ... ... ... 6-284
Dual BCD Up Counter. . . ... ... .. e e e e 6-288
4-Bit AND/OR Selector . . . . ... ... 6-293
Dual Binary Up Counter . .. ... .. ... i 6-288
24-Stage Frequency Divider. . . .. . ... ... .. . 6-297
Presettable BCD Down Counter . . . .. ... ... ..t 6-303
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Device Function Page

MC14526B Presettable 4-Bit Binary Down Counter . . . ..................... 6-303
MC14527B BCD Rate Multiplier . . ... ... .. .. 6-311
MC14528B Dual Monostable Multivibrator (Not Recommended for New Designs) . ... 6-317
MC14529B Dual 4-Channel Analog Data Selector . . . . . .................... 6-323
MC14530B Dual 5-Input Majority Logic Gate. . . . .......... ... ... .. ... .... 6-329
MC14531B 12-Bit Parity Tree. . . . . ... . 6-334
MC14532B 8-Bit Priority Encoder . . . . .. .. ... .. 6-337
MC14534B 5CascadedBCD Counters . .. ......... ... ..., 6-343
MC14536B Programmable Timer . . . ... ... .. ... .. 6-350
MC14538B Dual Precision Monostable Multivibrator . . . ... .................. 6-361
MC14539B Dual 4-Channel Data Selector/Multiplexer. . . ... ................. 6-369
MC14541B Programmable Oscillator/Timer. . . . ... ... ... ... . ... 6-373
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
MC14548B Dual Monostable Multivibrator (Retriggerable/Resettable). . . .. ... .. ... —
MC14549B Successive Approximation Registers . . ... ... ... ... ... L. 6-394
MC14551B Quad 2-Channel Analog Multiplexer/Demultiplexer . . . ... ........... 6-401
MC14553B 3-Digit BCD Counter. . . . . ... . 6-408
MC14554B 2 x 2-Bit Parallel Binary Multiplier . . .. .. ........ .. .. .. ... ... .. 6-414
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 ‘
MC14557B 1-to-64 Bit Variable Length Shift Register . . . .. .................. 6-421
MC14558B BCD-to-7-Segment Decoder. . . . .. ... .. 6-425
MC14559B Successive Approximation Registers . . . ... ... ... oL 6-394
MC14560B NBCD Adder. . . . ... 6-430
MC14561B O's Complementer . . . ... ... e 6-441
MC14562B 128-Bit Static Shift Register . . . . .. ... ... ... .. . L 6-447
MC14566B Industrial Time Base Generator. . . . . ............ .. ... ... ... 6-451
MC14568B Phase Comparator and Programmable Counters . . . ... ............ 6-457
MC14569B Programmable Dual 4-Bit Binary/BCD Down Counter . . . ... ......... 6-467
MC14572UB  Hex Gate . . . . . .. . i 6-477
MC14573 Quad Programmable Op Amp. . . . . .. . .. e SF
MC14574 Quad Programmable Comparator . . .. ........ ... ... ... ....... SF
MC14575 Programmable Dual Op Amp/Dual Comparator . . . . ... ............ SF
MC14580B 4 x 4 Multiport Register. . . . ... ... .. .. . . 6-480
MC14581B 4-Bit Arithmetic Logic Unit . . . . ... .. ... . ... . . . 6-485
MC14582B Look-Ahead Carry Block . . . . ... ... ... .. .. 6-490
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Device

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 Page
Dual Schmitt Trigger. . . . . . ... 6-494
Hex Schmitt Trigger . . . . . ... .. 6-500
4-Bit Magnitude Comparator. . . . . . . e e e 6-503
8-Bit Bus-Compatible Counter Latch . . .. ...................... 6-507
8-Bit Bus-Compatible Addressable Latch . . . ... ................. 6-507
8-Bit Addressable Latch. . . . ...... ... .. ... ... . 6-170
Hex D/A Converter with Serial Interface . . . . .. .................. SF
Quad D/A Converter with Serial Interface . . . . ................... SF
48-Segment Multiplexed LCD Driver (Master) . ... ................ SF
44-Segment Multiplexed LCD Driver (Slave) . . . . ................. SF
Remote Control Encoder . . . ... .. ... ... . . .. SF
Remote Control Decoder. . . .. ... ... .. i "SF
Remote Control Decoder. . . .. ...... ... ... ... .. .. ... SF
Remote Control Decoder. . . .. ... ... . SF
Analog-to-Digital Converter with Serial Interface. . . . . . e e SF
Analog-to-Digital Converter with Serial Interface. . . . ... ............ SF
PLL Frequency Synthesizer (Not Recommended for New Designs). . . . .. SF
PLL Frequency Synthesizer . . . . .. ... ... ... .. . .. ... . .. SF
PLL Frequency Synthesizer (Not Recommended for New Designs) . . . . .. SF
PLL Frequency Synthesizer (Not Recommended for New Designs). . . . . . SF
PLL Frequency Synthesizer (Not Recommended for New Designs) . . . . . . SF
PLL Frequency Synthesizer (Not Recommended for New Designs). . . . . . SF
4-Bit Data Bus Input PLL Frequency Synthesizer (Not Recommended
for New Designs) . .. . ... i e SF
4-Bit Data Bus Input PLL Frequency Synthesizer. . . ... ............ SF
4-Bit Data Bus Input PLL Frequency Synthesizer. . ... ... .......... SF
Parallel Input PLL Frequency Synthesizer. . . .. .. ................ SF
Parallel Input PLL Frequency Synthesizer. . . .. .................. SF
Serial Input PLL Frequency Synthesizer. . . ... .................. SF
Serial Input PLL Frequency Synthesizer. . ... ................... SF
Serial Input PLL Frequency Synthesizer. . .. ... .. ... e SF
Serial Input PLL Frequency Synthesizer. . .. .................... SF
Serial Input PLL Frequency Synthesizer with Analog Phase Detector. . . . . SF
33-Segment LCD Driver with Serial Interface. . ... ................ SF
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CMOS Selection Guide by Function

Device Function
NAND Gates
MC14011B Quad 2-lnput NAND Gate. . . . ....... ... .. . ... .,
MC14011UB  Quad 2-Input NAND Gate. . . . .. ... ... i,
MC14093B Quad 2-Input NAND Schmitt Trigger. . . .. ....... ... .. .. .....
MC14023B Triple 3-Input NAND Gate. . . .. ... ... .. .. ...,
MC14023UB  Triple 3-Input NAND Gate. . . . . ....... ... ... i,
‘MC14012B Dual 4-input NAND Gate . . .. ... ... ... . i
MC14012UB Dual 4-input NAND Gate . . .. ............................
MC14068B 8-Input NAND Gate . . . . ... ...
NOR Gates
MC14001B Quad 2-input NOR Gate. . . . ........ ... ...t
MC14001UB Quad 2-Input NOR Gate. . . .. ... ... ... ... .. ...
MC14025B Triple 3-InputNOR Gate. . . . ... ... .. . .
MC14025UB  Triple 3-Input NOR Gate. . . .. . .. .. .. i
MC14000UB Dual 3-Input NOR Gate Plus Inverter . . . .. ........ ... ........
MC14002B Dual 4-lnput NOR Gate . .. ....... ... .. .. ..
MC14002UB Dual 4-Input NOR Gate . .. . ...t
MC14078B 8InputNOR Gate. .. .. ...... ... ... ..
AND Gates
MC14081B Quad 2-lnput AND Gate. . . . ... .. i
MC14073B Triple 3-lnput AND Gate. . . ........... ... i
MC14082B Dual 4-Input AND Gate . .. ....... ... ... ... .. .. . ...
OR Gates
MC14071B Quad 2-lnputOR Gate. . .. ... ... i
MC14075B Triple 3-lnput OR Gate. . . . ... ... . .. ..
MC14072B Dual 4-InputOR Gate . ... ... ... ... . i
Complex Gates
MC14070B Quad Exclusive ORGate . . . ... ... . .,
MC14077B Quad Exclusive NORGate . . . ....... ... ... ... ... ...
MC14501UB  Triple Gate. . . . . .. .. ..o
MC14506UB Dual Expandable AOl Gate. . . .. ........... ...,
MC14530B Dual 5-Input Majority Logic Gate . . . ........... ... ... .....
MC14519B 4-Bit AND/OR Selector. . . .. ... .
MC14572UB  Hex Gate. . . . . . ..o
Inverters/Buffers/Level Translator
MC14007UB  Dual Complementary Pair Plus Inverter. . . ... .................
MC14049UB Hex Inverting Buffer. . . . .. ... .. . . ..
MC14050B Hex Noninverting Buffer . . . .. ... ... .. ... ... ... .. .. ... ...
MC14069UB Hex Inverter. . . . ... .. ... i e
MC14502B Strobed Hex Inverter/Buffer. . ... ........ ... ... ... .. . .. ...
MC14503B Hex 3-State Buffer. . . ... ... ... . ... ... . .. .
MC14504B TTL or CMOS to CMOS Hex Level Shfiter. . .. .................
MC14584B Hex Schmitt Trigger. . . . . .. oot



Device Function Page

Decoders/Encoders
MC14028B BCD-to-Decimal/Binary-to-Octal Decoder. . . .. .................
MC14511B BCD-to-7-Segment Latch/Decoder/Driver. . . ... ................
MC14513B BCD-to-7-Segment Latch/Decoder/Driver with Ripple Blanking
MC14543B BCD-to-7-Segment Latch/Decoder/Driver for Liquid Crystals . . . . ... ..
MC14544B BCD-to-7-Segment Latch/Decoder/Driver with Ripple Blanking
MC14547B High-Current BCD-to-7-Segment Decoder/Driver. . . ... ...........
MC14558B BCD-to-7-Segment Decoder . . . .. ... . .. ..
MC14514B 4-Bit Transparent Latch/4-to-16 Line Decoder (High) . .. ... ........
MC14515B 4-Bit Transparent Latch/4-to-16 Line Decoder (Low) . .. ...........
MC14532B 8-Bit Priority Encoder. . . . ... .. ... ...
MC14555B Dual Binary to 1-of-4 Decoder (Active High Outputs) . . . .. ... ......
MC14556B Dual Binary to 1-of-4 Decoder (Active Low Outputs) . .. ...........

Multiplexers/Demultiplexers/Bilateral Switches

MC14016B Quad Analog Switch/Multiplexer. . . ... ......... ... .. .. ... ... 6-47

MC14066B Quad Analog Switch/Multiplexer. . . ... .. ... ... ... .. .. .. .. .. 6-140
MC14551B 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-Input NAND Schmitt Trigger. . . .. .................... 6-162
MC14583B Dual Schmitt Trigger . . ... ... . 6-494
MC14106B Hex Schmitt Trigger. . . ... ... ... . i 6-176
MC14584B Hex Schmitt Trigger. . . . . . ... .. 6-500
Flip-Flops/Latches

MC14042B Quad Transparent Latch. . . ... ... ... ... ... . . . . 6-112
MC14043B Quad NORR-SlLatch ......... ... ... .. . . . 6-116
MC14044B Quad NANDR-SLatch . ......... ... 6-116
MC14076B Quad D-Type Register with Tri-State Outputs ................... 6-158
MC14175B Quad D Flip-Flop. . . . .. .. 6-193
MC14013B Dual DFlip-Flop . . . . ... 6-33

MC14027B Dual J-K Flip-Flop . . . . .. . 6-77

MC14508B Dual 4-BitLatch . ... ... ... .. . 6-239
MC14174B Hex D Flip-Flop. . . . . .o 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



Device

Shift Registers

MC14015B Dual 4-Bit Static Shift Register. . . ... ........ ... ... ... .. .. ..
MC14517B Dual 64-Bit Static Shift Register. . . .. ............... ... .....
MC14562B 128-Bit Shift Register. . . . ... ... ... . ..
MC14557B 1-t0-64 Bit Variable Length Shift Register . . ... ................
MC14006B 18-Bit Static Shift Register . . . .. ... ... ... ... .
MC14014B 8-Bit Static Shift Register . . . . .. N
MC14021B 8-Bit Static Shift Register . . . .. ... ..... e
MC14034B 8-Bit Universal Bus Register . . . . .. ......... .. .. .. ... ......
MC14094B 8-Stage Shift/Store Register with Tri-State Outputs . . . . . ... .... ...
MC14035B 4-Bit Shift Register . . . ... ... . . . .
MC14194B 4-Bit Universal Shift Register. . . .. .......... ... .. .. .......
MC14549B Successive Approximation Registers. . . ... ... ... ... . L.
MC14559B Successive Approximation Registers. . . ... ... ... .. ...
Counters
MC14017B Decade Counter . . . . . .. ... .
MC14018B Presettable Divide-by-N Counter . . . ........................
MC14020B 14-Bit Binary Counter. . . . ... ... .. ..
MC14022B Octal Counter. . . ... ... .
MC14024B 7-Stage Ripple Counter . . . ... ... ... ...
MC14029B Presettable Binary/BCD Up/Down Counter. . . ... ...............
MC14040B 12-Bit Binary Counter. . . . ... ... . ...
MC140608B 14-Bit Binary Counter and Oscillator. . . . .. ...................
MC14160B Synchronous Presettable BCD Counter. . . ... .................
MC14161B Synchronous Presettable 4-Bit Binary Counter . . . . . .............
MC14162B Synchronous Presettable BCD Counter. . ... ..................
MC14163B Synchronous Presettable 4-Bit Binary Counter . . . .. .............
MC14510B Presettable BCD Up/Down Counter . . . ......................
MC14516B Presettable Binary Up/Down Counter . . . . ....................
MC14518B Dual BCD Up Counter . . ... ... . i
MC14520B DualBinary Up Counter. . ... ... ... .. i
MC14522B Presettable BCD Down Counter. . . . .. .............. .. ......
MC14526B Presettable 4-Bit Binary Down Counter . . . . ...................
MC14534B 5Cascaded BCD Counters. . . . .......... ... ...
MC14553B 3-Digit BCD Counter . . . .. .. ... ..
MC14566B Iindustrial Time Base Generator . . . .. .......................
MC14569B Programmable Dual 4-Bit Binary/BCD Counter. . . .. .............
Oscillators/Timers
MC14521B 24-Stage Frequency Divider . . . . .. .. ... .. .. .. ... o
MC14536B Programmable Timer. . . . ... . ... .. . . i e
MC14541B Programmable Oscillator/Timer . . ... ... .. ... .. ... ......
Multivibrators
MC14528B Dual Monostable Multivibrator (Not Recommended for New Designs) . . .
MC14538B Dual Precision Monostable Multivibrator . . . ... ................

Function



Device Function Page

Adders/Comparators

MC14008B 4-Bit Full Adder. . . . ... .

MC14032B Triple Serial Adder (Positive Logic). . . .. ........... ... ......

MC14038B Triple Serial Adder (Negative Logic) . . .. .....................

MC14560B NBCD Adder . .. ... .

MC14561B s Complementer. . . . ... ...

MC14582B Look-Ahead Carry Block. . . .. ... ... ... ... .

MC14585B 4-Bit Magnitude Comparator . . . . ...... ... ... ..
ALU/Rate Multipliers

MC14527B BCD Rate Multiplier. . . . .. .. ... ... e 6-311

MC14554B 2 x 2-Bit Parallel Binary Multiplier. . . ... ... ... ... ... .. ... 6-414

MC14581B 4-Bit Arithmetic Logic Unit. . . . ... ... .. ... .. ... .. . ... ... .. 6-485
Parity Checker

MC14531B 12-BitParity Tree . . . . .. ... . . 6-334
Memory

MC14580B 4 x4 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 . . . ... . ..ottt e 6-201

MC14490 Hex Contact Bounce Eliminator . . . . ........................ 6-206

MC14568B Phase Comparator and Programmable Counters. . .. .. ........... 6-457
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The “Better’ Program



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:

Level Level
it i

100% Screen “D” “DS”
Temp Cycle 10 Cycles — 25°C to +150°C X
25°C Functional and Parametric Test X X
High Temperature Test* X
Burn-in X X
25°C Post Burn-In Functional and Parametric Test X X

“Thigh = +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.

HOW TO ORDER

MC14001B CP D
Part Standard “BETTER"
Identification Package PROCESSING
Suffix LEVEL Il = SUFFIX D

LEVEL IlIl = SUFFIX DS
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B AND UB SERIES CMOS FAMILY DATA

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

@ 3-18 volt operational limits

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

e Direct Interface to High-Speed CMOS

® Maximum input current of = 1 pA at 15 volt power supply
over the temperature range

o 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
2.5V min @ 15 V supply

UB Series
0.5V min @ 5.0 V supply
1.0 V. min @ 10 V supply
1.0 Vmin @ 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 B and UB series devices are
specified under the following conditions:

Load Capacitance, Cy, of 50 pF

Input Voltage equal to Vgg — Vpp (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 B and 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 Solid-State Products Council.

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 (Vpp) and ground (Vgg) levels. For a 5.0 V supply, this
deviation is 0.5 V; for a 10 V supply, 1.0 V; and for 15V, 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 voitages and the defined output devi-
ations lead to the calculated noise margins. Noise margin is
defined as the difference between V| or Vi and Vgt (output
deviation). As an example, for a noninverting buffer at Vpp =
5.0 volts: Vi = 1.5 volts and Vgyt = 0.5 volts. Therefore,
Noise Margin equals Vi — 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 (V| = 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 mA over the temperature range with a 5.0 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 B and 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.

MAXIMUM RATINGS* (Voltages Referenced to Vgg) FIGURE 1
Symbol Parameter Value Unit 50V
Vpp DC Supply Voltage -0.5to0 +18.0 \%
Vin» Vout | Input or Output Voltage (DC or Transient) —0.5to Vpp +0.5 \
lin, | Input or Output Current (DC or Transient), per Pin +10 mA =
in' lout 2 Vi = 1.5V Vout = 0.5 VJ\ Vout
Pp Power Dissipation, per Packaget 500 mw l/
Tst, Storage Temperature —-65to +150 °C . _ Second Stage
=t . . _ FirstStagel  ViL = 1.5V | (Noninverting Buffer)
T Lead Temperature (8-Second Soldering) 260 (of (Noninverting Buffer)

*Maximum Ratings are those values beyond which damage to the device may occur. R
tTemperature Derating: Plastic “P” Package: — 12mW/°C from 65°C to 85°C =
Ceramic “L” Package: —12mW/°C from 100°C to 125°C



TABLE 1 — EIA/JEDEC FORMAT FOR CMOS INDUSTRY B AND UB SERIES SPECIFICATIONS

ELECTRICAL CHARACTERISTICS

LIMITS
PARAMETER ::'::E x/‘:"’ CONDITIONS Teow' +26°C ThigH® | UNITS
° Min Max | Min Max Min | Max
\pp | Quiescent Mit uAdc
Device Current 6 0.26 0.25 75
10 Vin=Vssor Vpp 0.5 05 15
16 1.0 1.0 30
GATES} -
Comm 5 Al valid input 1.0 1.0 75 MAdc
10 combinations 2.0 2.0 16
15 4.0 4.0 30
Mil [ 1.0 1.0 30 uAdc
10 | ViN=VssorVpp 20 20 60
15 4.0 4.0 120
BUFFERS,| Comm 5 All valid input 4 4.0 30 mAdc
FLIP-FLOPS| 10 | combinations 8 8.0 60
15 16 16.0 120
Mit 5 5 3 150 | L adc
10 VIN = Vss or Vpp 10 10 300
15 20 20 600
MSIf comm 6 All valid input 20 20 160 KAdc
10 combinations 40 40 300
15 80 80 600
VoL | Low-Level All 5 0.06 0.06 0.05 Vde
Output Voltage 10 VIN = Vgs or VDD 0.06 0.06 0.06
16 ol < 1sA 0.06 0.06 0.06
Von | High-Level All 5 495 4.95 496 Vdc
Output Volitage 10 VIN = Vssor Vpp 9.96 9.96 9.95
15 ol < 1A 14.95 14.95 14.95
ViL | input ANl § | Vo=05VordsV 16 16 16 Vdc
Low Voltage # 10 Vo = 1.0V or 9.0V 3.0 3.0 3.0
B Types 15 Vo = 1.6V or 13.6V 4.0 4.0 4.0
llpl < 1A
ViL | Input All 5 | VO=05Vorasv 1.0 1.0 10 Vdc
Low Voltage # 10 Vo = 1.0Vor 9.0V 2.0 20 2.0
UB Types 16 | Vo =~15Vori13sV 2.5 25 25
ilol < 1A
ViH | Input All 6 Vo = 0.5V or 4.5V 35 35 36 Vdc
High Volitage # 10 Vo = 1.0Vor 9.0V 70 7.0 7.0
8 Types 16 Vo = 1.5V or 13.5V 1.0 11.0 11.0
gl < 1A
ViH | Input Al § | Vo=05Vordsv 4.0 4.0 40 Vde
High Voltage # 10 | Vg=1.0Vor9.0v 8.0 8.0 8.0
UB Types 15 Vo = 1.6V or 13.6V 125 125 125
1 ol < 1uA
loL | Output Low Mil Vo =04V, mAdc
(Sink) Current 5 Vin =0or bV 0.64 0.51 0.36
Vo =05V,
10 Vin =0 or 10V 16 13 09
Vg =18V,
15 VIN=0or 16V 4.2 34 24
Vo = 0.4V, mAdc
Com | g ViN = 0 or 5V 052 0.44 0.38
Vo =05V,
10 VN =0or 10V 1.3 11 08
Vo= 1.5V,
15 Vin =0 or 16V 38 3.0 24




TABLE 1 - antinued

ELECTRICAL CHARACTERISTICS

LImMITs
PARAMETER nfxs ::I':D' CONDITIONS TLow® +26°C THIGH"® UNITS
¢ Min | Max | Min | Max | Min | Max
1oH | Output High Mit Vo =46V, mAde
(Source) Current 5 Vin =0or 5V -0.25 -0.2 -0.14
Vo =95V,
10 VN =0or 10V -0.62 -0.5 -0.35
Vo =135V,
15 VN =0 or 16V -18 -15 -1.1
Com Vo =46V, mAdc
5 VN = 0or 5V -0.2 -0.16 -0.12
Vo = 9.5V,
10 ViN = 0or 10V -0.5 -04 -03
Vo = 13.5V
15 Vin = 0 or 15V -1.4 -1.2 -1.0
N | Input Current Mil 15 Vin =0or 15V £0.1 +0.1 1.0 uAdc
Comm 15 Vin =0or 15V +0.3 +0.3 1.0 uAdc
loz 3-State Output Mit 15 ViN=0o0r 15V 0.4 +0.4 12 uAdc
Leakage Current Comm 15 ViN =0or 15V 1.6 1.6 12 uAdc
CiN | Input Capacitance All - Any Input 75 pF
per unit load

*TLow = -55°C for Military temperature range device, -40°C for Commercial temperature range device.
THIGH = +125°C for Military temperature fange device, +85°C for Commercial temperature range device.
#Applies for Worst Case input combinations.

TABLE 2 — MOTOROLA FORMAT FOR CMOS INDUSTRY B AND UB SERIES SPECIFICATIONS

ELECTRICAL CHARACTERISTICS

Tiow*® 25°C Thigh*
- Voo .
Characteristic Symbol Vde Unit
Min Max Min Max Min Max
Output Voltage ‘0" Level VoL 50 - 0.0 - 0.05 - 0.05 Vdc
Vin=Vppor0 10 - 0.05 - 0.08 - 0.05
15 - 0.05 - 0.05 - 0.05
“1" Level VOH 5.0 4.95 - 495 - 4.95 - Vdc
Vin=0o0rVpp 10 9.95 - 9.9% - 9.95 -
15 14.95 - 1495 - 14.95 -
Input Voltage B Types “0" Level ViL Vdc
(Vg = 4.5 0r 0.5 Vdc) 5.0 - 15 - 1.5 - 1.5
(Vo =9.00r 1.0 Vdc) 10 - 3.0 - 30 - 3.0
(Vg =13.50r 1.5 Vdc) 15 - 4.0 - 4.0 — 4.0
“1" Level Vin Vdc
(Vo = 0.5 or 4.5 Vdc) 5.0 35 - 35 - 35 -
(Vg 1.0 or 9.0 Vdc) 10 7.0 - 7.0 - 7.0 -
(Vg = 1.5 or 13.5 Vdc) 15 11.0 - 1.0 - 11.0 -
nput Voltage UB Types 0" Level ViL Vdc
(Vg =4.50r 0.5 Vdc) 5.0 - 1.0 - 1.0 - 1.0
(Vo =9.0 or 1.0 Vdc) 10 - 20 - 20 - 2.0
(Vo = 13.5 or 1.5 Vdc) 15 - 25 - 25 - 25
“1" Level ViH Vdc
(Vo =0.5 or 4.5 Vdc) 5.0 4.0 - 4.0 - 40 -
(Vo =1.00r9.0 Vdc) 10 8.0 - 8.0 - 8.0 -
(Vo = 1.5 or 13.5 Vdc) 15 125 - 125 - 125 -




TABLE 2 — Continued

ELECTRICAL CHARACTERISTICS

v Tiow® 25°C Thioh.
Characteristic Symbol vt::: Unit
Min | Max | Min | Max | Min | Max
Output Drive Current (AL) B Gates loH mAdc
(VOH = 2.5 Vdc) Source 5.0 -3.0 - -2.4 - -1.7 -
{VOH = 4.6 Vdc) 5.0 -0.64 - | -o0.51 - | -0.38 -
(VoH = 9.5 Vdc) 10 -16 - -1.3 - | -os9 -
(Vou = 13.5 Vdc) 15 -42| _ | -34| - | -24} -
(Vor = 0.4 Vdc) Sink oL 5.0 0.64 - 0.51 - 0.36 -
(VoL = 0.5 vdc) 10 16 - 1.3 - 09 -
(Vo = 1.5 Vdc) 15 4.2 - 34 - 24 -
Output Drive Current (CL/CP) B Gates Ton mAdc
(VOH = 2.6 Vdc) Source 5.0 ~25 - -2.1 - | -17 -
(VoH = 4.6 Vdc) 5.0 -0.52 - | -044] — }-036 -
(Von = 9.5 Vdc) 10 -1.3 - -11 - | -0s9 -
(VOH = 13.5 Vdc) 15 —-36 - | 80 - | -24 -
(VoL = 0.4 Vdc) Sink oL 5.0 0.52 - 0.44 - 0.36 -
(Vo = 0.5 Vdc) 10 1.3 - 1.1 - 09 -
(VoL = 1.5 Vdc) 15 36 - 3.0 - 24 -
Output Drive Current {AL) UB Gates 10H mAdc
(VoH = 2.5 Vdc) Source 5.0 -1.2 - -1.0 - ~0.7 -
(VQH = 4.6 Vdc) 50 |-025] - | -02] - | -014| -
(VoRH = 9.5 Vdc) 10 -0.62 - -05 - -0.35 -
(VoH = 13.5 Vdc) 15 -18 - -156 - -1 -
(VoL = 0.4 vdc) Sink oL 5.0 0.64 - 0517 - 0.36 -
(VoL = 0.5 Vdc) 10 16 - 13 - 09 [ -
(Vo = 1.5 Vdc) 15 4.2 - 34 - 24 -
Output Drive Current (CL/CP) UB Gates loH mAdc
(VoK = 2.5 Vdc) Source 50 -1.0 - -08 - -0.6 -
(VOH = 4.6 Vdc) 5.0 -02| - | -0a6f - | -0a2] -
{(VoH = 9.5 Vdc) 10 -05 - -04 - ~-0.3 -
(Vo = 13.5 Vdc) 15 -14 - -1.2 - -1.0 -
(VoL = 0.4 Vdc) Sink oL 5.0 052| - | oaa|] -] o036] -
(VoL = 0.5 Vdc) 10 13 - 1.1 - 09 -
(VoL = 1.5 Vdc) 15 36 - 3.0 - 24 -
Output Drive Current (AL) Other Devices loH mAdc
(VoH = 4.6 Vdc! Source 5.0 —0.64 - | -0.51 - | -0386 -
(VOH = 9.5 Vdc) 10 -16] — | -13] -] -o09 -
(Vo = 13.5 Vdc) 15 —4.2 - ~3.4 - —-2.4 -
{Vor = 0.4 Vdc) Sink oL 5.0 0.64 - 0.51 - 0.36 -
(Vor = 0.5 Vdc) 10 16 - 13 - 09 -
(VoL = 1.5 Vdc) 15 4.2 - 34 - 24 -
Output Drive Current {CL/CP) Other Devices T0H mAdc |
(VQH = 4.6 Vdc) Source 50 |-0582] - [-044] _ |-036 -
(VoH = 9.5 Vdc) 10 -1.3 - | -1 - | —9° -
(VOH = 13.5 Vdc) 15 -86| _ |-80| _ |-24 -
(VoL = 0.4 Vdc) Sink oL 5.0 0s52] - | 044 - [ o036 -
(VoL = 0.5 Vdc) 10 13 - 1.1 - 09 -
(VoL = 1.5 Vdc) 15 36 - 30| - 24 -
Input Current (AL Device) lin 15 - +0.1 - +0.1 - +1.0 uAdc
Input Current (CL/CP Device) lin 15 - +0.3 ~ +0.3 - £1.0 uAdc
Input Capacitance Cin - - - - 75 - - poF
{Vip =0)
Gate Quiescent Current (AL Device) oD 50 - 0.25 - 0.256 - 15 uAde
(Per Package) 10 - 05 -~ 05 - 15
15 - 1.0 - 1.0 - 30
(CL/CP Device) oD 50 = 10 p 10 = 75
10 - 20 - 20 - 15
15 - 4.0 - 4.0 - 30




TABLE 2 — Continued

ELECTRICAL CHARACTERISTICS

v Tiow" 259¢C Thigh®
Characteristic Symbol vz': Unit
Min Max Min Max Min Max
Flip-Flop and Butfer Quiescent Current lpp 5.0 - 1.0 - 1.0 - 30 uAdc
(Per Package) (AL Device) 10 - 20 - 20 - 60
15 - 4.0 - 4.0 - 120
(CL/CP Device) ipp 5.0 - 4.0 - 4.0 - 30 uAdc
10 - 8.0 - 8.0 - 60
15 - 16 - 16 - 120
MSI Quiescent Current (AL Device) Iop 5.0 - 5.0 - 5.0 - 150 HnAdc
{Per Package) 10 - 10 - 10 - 300
15 -~ 20 - 20 - 600
(CL/CP Device) Ipp 5.0 - 20 - 20 - 150 uAdc
10 - 40 - 40 - 300
15 - 80 - 80 - 600
LSI Quiescent Current o See Individual Data Sheets.

* Tiow = -56°C for AL Device, -40°C for CL/CP Device.

Thigh = +126°C for AL Device, +85°C for CL/CP Device.
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CMOS Handling and Design Guidelines




@ 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 A 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 Vpp, shorted to Vgg, 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 Vpp
or Vgs.

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 series resistor and

10.

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.

. 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.

. 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.

. Nylon or other static generating materials should not

come in contact with CMOS devices.

. 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
build-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.

. Cold chambers using CO, for cooling should be

equipped with baffles, and the CMOS devices must
be contained on or in conductive material.

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

. 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
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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

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 Vpp and Vgs 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:

modules. 1-800-328-1368
FIGURE 2 — NETWORKS FOR MINIMIZING ESD v
AND REDUCING CMOS LATCH UP SUSCEPTIBILITY bb
D1
CMOS CMOS
To Off-Board W Input To Off-Board A2 Input
F——AA—
Connection or Connection or
Output Output
D2

Advantage: Requires minimal board area

Disadvantage: R1 > R2 for the same level of
protection, therefore rise and fall
times, propagation delays, and output
drives are severely affected.

Advantage: R2 < R1 for the same — Vss
level of protection.
Impact on ac and dc
characteristics is minimized

Disadvantage: More board area, higher initial cost

Note: These networks are useful for protecting the following

A digital inputs and outputs

C 3-state outputs

B analog inputs and outputs D bidirectional (1/O) ports

PROPAGATION DELAY AND RISE TIME
vs. SERIES RESISTANCE

R =
where*

R = the maximum allowable series resistance in ohms

t = the i tolerable pro

ion delay or rise time In seconds

C = the board capacitance plus the driven device's

nput capacitance in farads

k = 0.7 for propagation delay calculations
k = 2.3 for rise time calculations

FIGURE 3 — TYPICAL MANUFACTURING WORK STATION

Resistor = -3
1 Megohm

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 (lomzed air blower directed at
work ) Primarily for use in areas where direct
grounding Is impractical.

5 Room humidifier Primanly for use in areas where
the relative humidity is less than 45% Caution.
building heating and cooling systems usually dry
the air causing the relative humidity inside of build-
ings to be less than outside humidity




POWER SUPPLIES

CMOS devices have low pcwer 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, Vg is the maximum power supply voltage and
Ig is the sustaining current of the latch-up mode. The
value of Vg 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).

. 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-low voltage translators.

. Outputs that are subject to voltage levels above Vpp
or below Vgg 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
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Vg = Data Sheet Maximum Supply Rating

FIGURE 5 — BATTERY BACKUP INTERFACE
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VoutOUTPUT VOLTAGE (V)

INPUTS

All inputs, while in the recommended operating range
(VSs < Vin < Vpp) can be modeled as shown in Figure 6.
For input voltages in this range, diodes D1 and D2 are
modeled as resistors, representing the reverse bias im-
pedance of the diodes. The maximum input current is
worst case, 1pA, when the inputs are at Vpp or Vgg, and
Vpp = 15.0 V. This model does not apply to inputs with
pull-up or pull-down resistors.

FIGURE 6 — INPUT MODEL FOR Vgg < Vjh < Vpp

Vob

R1

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.

j—

75 pF

||'——

FIGURE 7 — TYPICAL TRANSFER CHARACTERISTICS
FOR BUFFERED DEVICES

Vpp = 5.0 Vdc

Single Input NAND, AND
Multiple Input NOR, OR

50
40 P Single Input NOR, OR
30 Multiple Input NAND, AND

o e

0 N
0 1.0 20 30 4.0 50

Vin, INPUT VOLTAGE (V)

For these reasons, all unused inputs should be con-
nected either to Vpp or Vgg. For applications with inputs
going to edge connectors, a 100 kilohm resistor to Vgg
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

Rs
E:’m cMmos
9e Device
Connector
100 k

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 Vigg —
0.5V to Vpp + 0.5V and a maximum current of 10 mA.
With the above input ratings, most designs will require no
special terminationis or design considerations.

FIGURE 9 — INPUT MODEL FOR Vjp, > Vpp or Vi, < Vsg

~15k

AN

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 pus maximum
rise and fall time at Vpp = 50 V, 5 ps at
10V, or 4 ps 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. If input rise or fall times
are expected to exceed 15 ps at 5.0 V, 5 us at 10 V, or 4
ws at 15 V, Schmitt-trigger devices such as the
MC14093B, MC14583B, MC14584B, MC14106B, HC14, or
HC132 are recommended for squaring-up these siow
transitions.

7.5 pF

I

FIGURE 10 — MAXIMUM RISE AND FALL TIME VIOLATIONS
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OUTPUTS

All CMOS B-Series outputs are buffered to insure con-
sistent output voltage and current performance. All
buffered outputs have guaranteed output voltages of VoL
= 0.05 V and Vo4 = Vpp—0.05 V for Vi = Vpp or
Vgs and lgyt = 0 pA. 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 Vgg — 0.5 V=< Vgoyt < Vpp + 0.5 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
10 mA. 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 MOSFETSs), 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 controlied recti-
fier, or SCR. In the latch up condition, transistors Q1 and
Q2 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 Vpp + 0.5
V or less than Vgg —0.5 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:

—0.5V < Vjp or Vout < Vpp + 0.5V (referenced to
Vss)

Jlin or lout] < 10 MA (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 mA. (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.

5. 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
—t—— nput | ————
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Voo Vop P-Channel  Gutpyr  N-Channel S8
Output I Output ?
l I Field Oxide Field Oxide

_wField Oxide \P_y w

N — Substrate

SN
e/
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FIGURE 12 — LATCH UP CIRCUIT SCHEMATIC
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MC14000uUB

DUAL 3-INPUT “NOR" GATE PLUS INVERTER

The MC14000UB dual 3-input NOR gate

plus inverter is con-

structed with MOS P-channel and N-channel enhancement mode

devices in a single monolithic structure. These

complementary MOS

logic gates find primary use where low power dissipation and/or

high noise immunity is desired.

® Diode Protection on All Inputs

® Supply Voltage Range = 3.0 Vdc to 18 Vdc
® Logic Swing Independent of Fanout

® Pin-for-Pin Replacement for CD4000UB

CMOS SSI

(LOW-POWER COMPLEMENTARY MOS)

DUAL 3-INPUT “NOR" GATE
PLUS INVERTER

MAXIMUM RATINGS* (Voltages Referenced to Vgg)

l’
il
14 , 14

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 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)

*Maximum 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

30

CIRCUIT SCHEMATIC

14111213
vVoo? ¢ ¢

—oO &

8

40

ESUBSNINiIE)

Vss

~ O0—4
o O—

|
|
:1;

10

Symbol Parameter Value Unit
Vbbb DC Supply Voltage —-0.5to +18.0 v
Vin: V. Input or Output Voltage (DC or Transient —-0.5to0V, +0.5 \
in: Vout| Inp! P ge ( ) DD LOGIC DIAGRAM
lin: lout | Input or Output Current (DC or Transtent), per Pin +=10 mA
Pp Power Dissipation, per Packaget 500 mwW 3
Tstg Storage Temperature —65to +150 °C : 6
T Lead Temperature (8-Second Soldering) 260 °C

Vpp = Pin 14
Vgs=Pin 7

PIN ASSIGNMENT

\J
1 =nc Voo o 14
2c=iNe In3g o 13
3] iIn1a In2g 12
4T3 in2, migh—an
scin3, oOutgfI10
6 outa oOutcfI e
7 5 Vss In 1c=3

NC = NO CONNECTION




McC14000UB

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

V Tiow" 25°C T >
Characteristic Symbol Vgg low high Unit
Min Max Min Typ # Max Min Max
Output Voltage “0" Level 5.0 — 0.05 — 0 0.05 — 0.05
Vin = Vpp or 0 VoL 10 — 0.05 — 0 0.05 — 0.05 | Vvdc
15 — 0.05 — 0 0.05 — 0.05
“1" Level 5.0 4.95 — 495 5.0 — 4.95 —
Vin = 0or Vpp VOH 10 9.95 — 9.95 10 — 9.95 - Vdc
15 14.95 — 14.95 15 — 14.95 -
Input Voltage “0” Level
(Vo = 4.5 Vdc) 5.0 — 1.0 — 225 1.0 — 1.0
(VO = 9.0 Vdc) Vie 10 — 2.0 - 450 20 | — 20 | VI
(Vo = 13.5 Vdc) 15 — 25 —_ 6.75 25 - 25
“1" Level
(Vo = 0.5 Vdc) v 5.0 4.0 — 4.0 275 — 4.0 —
(VO = 1.0 Vdc) IH 10 8.0 — 8.0 5.50 — 80 _ | Ve
(Vo = 1.5 Vdc) 15 125 — 125 8.25 —_ 125 —_—
Output Drive Current (AL Device)
(VOH = 2.5 Vdc) Source 5.0 -12 - -1.0 -1.7 —_ -0.7 — |
(VOH = 4.6 Vdc) 10H 50 | -025 — -02 -0.36 — | -014| — | mAdc ‘
(VOH = 9.5 Vdc) 10 -0.62 — -05 -09 — | -035| —
(VOH = 13.5 Vdc) 15 -1.8 — -15 -35 — -1 — J
(VoL = 0.4 Vdc) Sink 5.0 0.64 — 0.51 0.88 —_ 036 — !
(VoL = 0.5 Vdc) loL 10 1.6 — 1.3 225 —_ 0.9 — mAdc
(VoL = 1.5 Vdc) 15 42 - 3.4 8.8 — 24 —_ ‘
Output Drive Current (CL/CP Device) l
(VOH = 2.5 Vdc) Source 5.0 -10 — -0.8 -1.7 — -0.6 — |
(VOH = 4.6 Vdc) IOH 5.0 -0.2 — -0.16 -0.36 — -0.12 — mAdc ;
(VOH = 9.5 Vdc) 10 -05 — -0.4 -0.9 — -03 — !
(VOH = 13.5 Vdc) 15 -14 — -1.2 -35 — -1.0 —
(VoL = 0.4 Vdc) Sink 5.0 0.52 — 0.44 0.88 — 0.36 .
(VoL = 0.5 Vdc) oL 10 13 - 1.1 225 — 0.9 — | mAde
(VoL = 1.5 Vdc) 15 36 — 3.0 8.8 — 24
Input Current (AL Device) lin 15 — +0.1 — +0.00001( =0.1 — +1.0 | uAdc
input Current (CL/CP Device) ) lin 15 — +0.3 — +0.00001| +0.3 — *1.0 | uAdc )
Input Capacitance Cin -— —_ — — 5.0 75 — —_ pF |
Vin = 0) :
Quiescent Current (AL Device) DD 5.0 — 0.25 — 0.0005 | 0.25 — 75 | pAde i
(Per Package) 10 — 0.5 — 0.0010 0.5 — 15
15 — 1.0 — 0.0015 1.0 — 30
Quiescent Current (CL/CP Device) ipD 5.0 — 1.0 — 0.0005 1.0 — 75 nAdc
(Per Package) 10 — 20 — 0.0010 20 — 15
15 — 4.0 — 0.0015 4.0 — 30
Total Supply Current**t IT 5.0 IT = (0.3 nAKHz) f + Ipp/N uAde
(Dynamic pius Quiescent, 10 IT = (0.6 nA/KkHz) f + IDp/N
Per Gate, C|. = 50 pF) 15 IT = (0.8 uA/KkHz) f + Ipp/N

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

#Data labelled “Typ” I1s 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.
1To calculate total supply current at loads other than 50 pF:

T(CL) = IT(50 pF) + (CL —50) Vik
where: IT is in uH (per package), CL in pF, V = (Vpp — Vgg) in volts,

t in kHz is input frequency, and k = 0.001 x the number of exercised
gates per package.

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 voitage higher than maximum rated voltages to this high-imped-
ance circuit. For proper operation, Vin and Vgt should be constrained to the range Vgg =< (Vjn or Vout) < VpD-
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg or Vpp). Unused outputs must be
left open.
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MC14000UB

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

Characteristic Symbol ‘(,32 Min Typ# | Max Unit

Output Rise Time tTLH ns

tTLH = (3.0 ns/pF) C_+ 30 ns 5.0 - 180 360

tTLH = (1.5 ns/pF) C_ + 15 ns 10 - 20 180

tTeH = (1.1 ns/pF) C + 10 ns 15 - 65 130
Output Fall Time tTHL ns

tTHL = (1.5 ns/pF) C_+ 25 ns 5.0 - 100 200

tTHL = (0.75 ns/pF) C_ + 125 ns 10 - 50 100

tTHL = (055 ns/pF) C|_ +9.5ns 15 - 40 80
Propagation Delay Time tPLH, ns

tpLH, tPHL = (1.7 ns/pF) C_+ 30 ns tPHL 5.0 - 115 230

tPLH, tPHL = (0.66 ns/pF) C_+ 22 ns 10 - 55 110

tPLH, tPHL = (0.50 ns/pF) C| + 15 ns 15 — 40 80

*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
i as an i ion of the IC's ial per

FIGURE 1 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
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Voo
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A 10% E Vss
Puise
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I CL p! 20% VoH
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tTHL TTLH
FIGURE 2 — TYPICAL VOLTAGE AND CURRENT FIGURE 3 — TYPICAL VOLTAGE TRANSFER
TRANSFER CHARACTERISTICS CHARACTERISTICS versus TEMPERATURE
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g \o & 5 \
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@ MOTOROLA
MC14001B

Quad 2-Input NOR Gate

MC14002B

B-SUFFIX SERIES CMOS GATES Dual 4-Input Nor Gate
The B Series logic gates are constructed with P and N channel en- Quad 2-Input NAND Gate
hancement mode devices in a single monolithic structure (Comple-

mentary MOS). Their primary use is where low power dissipation

and/or high noise immunity is desired. MC1 401 ZB

Dual 4-Input NAND Gate
® Supply Voltage Range = 3.0 Vdc to 18 Vdc

® All Outputs Buffered Mc1 40238

e Capable of Driving Two Low-power TTL Loads or One Low-power Triple 3-input NAND Gate
Schottky TTL Load Over the Rated Temperature Range.

® Double Diode Protection on All Inputs Mc1 40258

® Pin-for-Pin Replacements for Corresponding CD4000 Series B Triple 3-Input NOR Gate

Suffix Devi
uffix Devices Mc140688

8-Input NAND Gate

MC14071B
T Quad 2-Input OR Gate
' ) MC14072B

1 Dual 4-input OR Gate
L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE
ORDERING INFORMATION CASE 646 Mc' 4073 B

crse e Triple 3-Input AND Gate
A Series: —55°C to +125°C

MC14XXXBAL (Ceramic Package Only) Mc 1 407 58

C Series' —40°C to +85°C Triple 3-Input OR Gate

MC14XXXBCP (Plastic Package)
MC14XXXBCL (Ceramic Package) Mc1 40788

8-Input NOR Gate

MAXIMUM RATINGS* (Voitages Referenced to Vgg)

Symbol Parameter Value ‘ Unit Mc 1 40 8 1 B

3

1

Quad 2-Input AND Gate
VoD DC Supply Voltage -05to +180 \
Vin. Vout | Input or Output Voltage (DC or Transient) -05toVpp +05| V MC‘I 4082B
lin. lout | !nput or Output Current (DC or Transient), per Pin =10 mA Dual 4-Input AND Gate
Pp Power Dissipation, per Packaget 500 mwW
Tstg Storage Temperature —65to +150 °C
T 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/°C from 65°C to 85°C
Ceramic “"L" Package: —12mW/°C from 100°C to 125°C 7

This device contains protection circuitry to guard against damage due to

high static voltages or electric fields. However, precautions must be CMOS SSl

taken to avoid applications of any voltage higher than maximum rated

voltages to this high-impedance circuit. For proper operation, Vijn and (LOW-POWER COMPLEMENTARY MOS)
Vout should be constrained to the range Vgg < (Vjp or Vout) < Vpp.

Unused inputs must aiways be tied to an appropriate logic voltage level B-SERIES GATES

(e.g., either Vgg or Vpp). Unused outputs must be left open.
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MC140018
Quad 2-Input NOR Gate
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MC140258
Triple 3-Input NOR Gate
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MC14002B
Dual 4-input NOR Gate

-

MC140788
8-input NOR Gate
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CMOS B-SERIES GATES

LOGIC DIAGRAMS

NAND

MC140118
Quad 2-Input NAND Gate

MC140238
Triple 3-input NAND Gate

1

—
8

3
D
5
1
12%39— 10
13

MC140128B
Dual 4-input NAND Gate

2

3
4

-

7

5
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MC 140688
8-Input NAND Gate
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OR

MC140718
Quad 2-input OR Gate
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MC140758B
Triple 3-Input OR Gate
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MC140728
Dual 4-1nput OR Gate
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AND

MC140818
Quad 2-Input AND Gate

MC140738
Triple 3-Input AND Gate
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MC 140828
Dual 4-Input AND Gate
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Vpp = Pin 14
Vgg=Pin 7
for Alt Devices



CMOS B-SERIES GATES

PIN ASSIGNMENTS

MC14001B
Quad 2-Input NOR Gate

MC14002B MC140118B MC14012B

Dual 4-Input NOR Gate

Quad 2-Input NAND Gate

Dual 4-Input NAND Gate

~ ~ \ Y "
1] in 14 Vpp F14 1T Outy Voo =14 1 cdini1, Vpp = 14 1 c{outy Voo o 14
2 in 2, In2pfFD13 2cHlIn 1, Outg 13 2Cin 2, in2pfEo13 2cin 1, Outg 13
3 outy in1pf12 3cin2, Ind4g 12 3 cout, In 1212 3cin 2, In4g 312
403 Ooutg Outpf11 4T iIn3, In3g 311 4 CJoutg Outp M arin3, In3g 1
5Cin1g Outc 910 5T in4a, In2g 310 5Cin1g OU‘CE"’ SCinay In2g 10
6] In2g In2cF39 6CHNC In1gf39 6 in 24 In2cf3e 6—INC In1g F39
7] vgs n1cFo8 7 vgg NCFTs 7 =vgg 1 7] vgs Ne s
MC14023B MC140258B MC14068B MC14071B

Triple 3-Input NAND Gate Triple 3-Input NOR Gate 8-Input NAND Gate Quad 2-Input OR Gate

A\ —\J S

1 In1p Voo 14 1gini,a Voo ko 14 1duc Voo = 14 1cinp Vpp 14
2] n2, In3ckE313  20-In2, In3ck—m 13 2cin1 Out |— 13 2cin2, in2pfF213
3c]intg In2cF3312 3c—fin1ig In2ck= 12 3cgiIn2 In8 12 3] outy n1p =12
4aCin2g In1cED 11 4c—]in2g In1cE 11 4aCiIn3 n7fEn 4aCJourg Outg =2 11
5C]In3g Outc 10 g5c—]In3g Outc =3 10 [ = PR In6 3310 5CJin g omcbio
6 C—] Outg Outa 39  gr—outy Outa 9 6 C={NC Ins 9 6] n2g n2cf39
7 3 vgg In3a 08 7 ] Vss In3a 8 7 ] vgg NC D8 7Cq vgg nicfs

MC140728B MC14073B MC14075B MC14078B

Dual 4-Input OR Gate

\J S~ \J
1 =g outps Voppo14 tcginta Vpp o 14 1T In1, Vpp = 14 y#Nc Vpo = 14
2cn1, Outgpm13 2cHin2a  'n3c[D13  2cgin2,  In3ckEo13 2c]In1 OutE—5 13
3cqiIn24 IndgfFm12 3CHinlg  In2cD12 3cgin1g  In2c D2 3cgin2 In8 k=12
acin3, In3gf1n1 4CHin2g  INIc[DM acin2g InlcpM ac{in3 In7 3
5C{inas In2gfD10 S5CIn3g  Oulc{10  s5Cin3g  Outc 310 scdina In6 310
6 I NC In1gfD9 6COutg Outa 39 6 ] Outg Outg 9 6 = NC ins a9
7 ] vgg NCfFT8 7T vVss In3aF8 7 vgg in3a o8 =V NC ED 8
MC14081B MC14082B

Triple 3-Input AND Gate

Triple 3-Input OR Gate

8-input NOR Gate

U

Quad 2-Input AND Gate

Dual 4-Input AND Gate

\ ]
1Tcdin 1, Vop =14 I:OuxA Vpp 14
20 n 24 In2pfD13  2cin1, Outg 13
3 outy In1p 212 3cg1n2, Indg 312
4aCoutg outp = 11 4aCin3, In3g 11
5] in1g Outcf310  5CJina, In2g 3310
6 In2g n2cfa9 6 | NnC In1gpF39
7] vgg In1cf3s 7 =] vgs NC s
NC = No Connection
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CMOS B-SERIES GATES

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Vop Tiow" 25°C Thigh*
Characteristic Symbol Vdc Min Max Min Typ # Max Min Max Unit
Output Voltage "0 Level VoL 50 - 005 - (o] 005 - 005 Vdc
Vin = Vpp or 0 10 - 005 - 0 005 - 005
15 - 005 — 0 005 = 005
17 Level VOoH 50 495 - 495 5.0 - 495 - Vdc
Vin = 0 or Vpp 10 995 - 995 10 - 9.95 -
15 14 95 - 14 95 15 — 14.95 —
Input Voltage “0" Level Vip Vde
(Vo = 4.5 0r 0.5 Vdc) 50 - 15 - 225 15 - 15
(Vg = 9.0 or 1.0 Vdc) 10 - 30 - 4.50 30 - 30
(Vg = 13.5 or 1.5 Vdc) 15 - 40 — 675 40 = 40
T Level ViH
(Vg = 0.5 or 4.5 Vdc) 50 35 - 35 275 - 35 - Vdc
(Vg = 1.0 or 9.0 Vdc) 10 70 - 70 550 - 70 -
(Vg = 1.5 0r 13.5 Vdc) 15 10 - 110 825 - 110 -
Output Drive Current (AL Device) 10H mAdc
(Vo = 2.5 Vdc) Source 50 -30 - ~-24 -4.2 —_ -17 —
(Von = 4.6 Vdc) 50 -0.64 — —0.51 -088 - -0.36 -
(Von = 9.5 Vdc) 10 -16 — -13 -2.25 - -09 -
(VoH = 13.5 Vdc) 15 -42 — -34 -8.8 — -24 -
(VoL = 0.4 Vdc) Sink oL 50 0.64 - 051 088 - 036 - mAdc
(VoL = 0.5 Vdc) 10 16 - 13 225 - 09 -
(VoL = 1.5 Vdc) 15 4.2 - 34 88 - 24 -
Output Drive Current (CL/CP Device) loH mAdc
(Voy = 2.6 Vdc)  Source 50 -25 - -2 -42 - =17 -
(VoH = 4.6 Vdc) 50 -052 —_ -044 | -088 - -0.36 -
(Vou = 9.5 Vdc) 10 -13 —_ -11 -225 —_ -09 -
(Vo = 13.5 Vde) 15 -36 — -3.0 -88 - -24 -
(VoL = 0.4 Vdc) Sink oL 50 052 - 0.44 088 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 13 - 1 225 - 09 -
(Vg = 1.5 Vdc) 15 36 - 30 8.8 - 24 —
Input Current (AL Device) i 15 — 201 - +0 00001} £01 — 1.0 uAdc
Input Current (CL/CP Device) lin 15 —_ +0.3 _ +0 00001 | £03 - 1.0 uAdc
Input Capacitance Cin - — - — 50 75 — —_ pF
(Vin =0
Quiescent Current (AL Device) DD 5.0 — 025 — 0.0005 | 0.25 —_ 75 uAdc
(Per Packaqge) 10 - 0.50 - 0.0010 0.50 -— 15.0
15 - 1.00 — 0.0015 1.00 - 30.0
Quiescent Current (CL/CP Device) oD 5.0 - 1.0 . 0.0005 1.0 —_ 75 uAdc
(Per Packaqe! 10 - 2.0 — | 00010 | 20 - 15.0
15 — 4.0 — 0.0015 4.0 — 30.0
Total Supply Current” "t 54 5.0 17 = (0.3 uA/kH2) £+ \pp/N uAdc
(Dynamic plus Quiescent, 10 I7 = (0.6 uA/kHz) f + Ipp/N
Per Gate, C = 50 pF) 15 I = (0.9 pA/kHz) f + Ipp/N

*Tjow= —55°C for AL Device, —40°C for CL/CP Device
Thigh= +125°C for AL Device, +85°C for CL/CP Device

#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.

1To calculate total supply current at loads other than 50 pF
IT(CL) = I1(50 pF) + (C_ —50) Vtk
where |7 is in A (per package), C|_in pF, V = (Vpp—Vgg) in volts,

fin kHz is input frequency, and k = 0 001 x the number of exercised
gates per package




CMOS B-SERIES GATES

B-SERIES GATE SWITCHING TIMES

SWITCHING CHARACTERISTICS® (C_ =50 pF, T4 =25"C)

Voo
Characteristic Symbol Vdc Min Typ # Max Unit
Output Rise Time, All B-Series Gates tTLH ns
'TLH = (1 35 ns/pF) C_ + 33 ns 5.0 - 100 200
YTLH = (0.60 ns/pF) C|_+ 20 ns 10 — 50 100
TTLH = (0.40 ns/pF) C_ + 20 ns 15 — 40 80
Output Fall Time, All B-Series Gates TTHL ns
'THL = (1 35 ns/pF) C_ + 33 ns 50 — 100 200
THL = (0.60 ns/pF) Cy_ + 20 ns 10 — 50 100
TTHL = (040 ns/pF) C_ + 20 ns 15 - 40 80
Propagation Delay Time PLH. 'PHL ns
MC140018, MC14011B only
tPLH. tPHL = (0.90 ns/pF) Cy_+ 80 ns 5.0 - 125 250
tPLH. tPHL = (036 ns/pF) C_ + 32 ns 10 - 50 100
tPLH. tPHL = (0.26 ns/pF) C_ + 27 ns 15 - 40 80
All Other 2, 3, and 4 Input Gates
tpLH. tpHL = (0.90 ns/pF) C_ + 115 ns 5.0 — 160 300
tpLH. tPHL = (0.36 ns/pF) C_+ 47 ns 10 — 65 130
tPLH. tPHL = (0 26 ns/pF) C|_ + 37 ns 15 - 50 100
8-Input Gates (MC140688, MC 140788B)
tPLH. tPHL = (0.90 ns/pF) C_ + 155 ns 50 - 200 350
WPLH. tPHL = (0.36 ns/pF) C| + 62 ns 10 - 80 150
PLH. tPHL = (026 ns/pF) C_ + 47 ns 15 - 60 110

*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 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
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*All unused inputs of AND, NAND gates must be Non Inverting
connected to Vpp

All unused 1inputs of OR, NOR gates rust be
connected to Vgg.
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CMOS B-SERIES GATES

CIRCUIT SCHEMATICS
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1p, DRAIN CURRENT (mA)

Ip, DRAIN CURRENT (mA)

1p, DRAIN CURRENT (mA)

CMOS B-SERIES GATES

TYPICAL B-SERIES GATE CHARACTERISTICS

N-CHANNEL DRAIN CURRENT
(SINK)

FIGURE 2 — Vgg = 5.0 Vdc
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FIGURE 6 — Vgg = 156 Vdc
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FIGURE 3 - Vgg = -5.0 Vdc
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FIGURE 5 — Vgg = -10 Vdc
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FIGURE 7 — Vgg = -15 Vdc
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These typical curves are not guarantees, but are design aids.
Caution: The maximum rating for output current is 10 mA per pin.



Vout, OUTPUT VOLTAGE (Vdc)

Vout, OUTPUT VOLTAGE (Vdc)

CMOS B-SERIES GATES

TYPICAL B-SERIES GATE CHARACTERISTICS (cont'd)

VOLTAGE TRANSFER CHARACTERISTICS

FIGURE 8 — Vpp = 5.0 Vde

'FIGURE 8 — Vpp = 10 Vdc
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FIGURE 10 ~ Vpp = 15 Vdc
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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 Vi and V| for the output(s) to be at
a fixed voltage Vo are given in the Electrical
Characteristics table. Vy_and V| 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

20 40 8.0 8.0 10 12 14 16
2.5 V with a 15.0 V supply
Vin, INPUT VOLTAGE (Vdc)
FIGURE 11 — DC NOISE IMMUNITY
{(a) Inverting Function (b) Non-inverting Function
Vout
o Voo Vout Voo
Vo Vo //
Vo Vo
\\ Voo Voo
0 Vin ) Vin :
d

Vi VIH ViL
Vgs = 0 voits dc

ViH
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UB-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 TTL Loads or One Low-power
Schottky TTL Load Over the Rated Temperature Range.

Double Diode Protection on All Inputs

® Pin-for-Pin Replacements for Corresponding CD4000
Series UB Suffix Devices

MC14001UB

Quad 2-Input NOR Gate

MC14002UB

Dual 4-Input NOR Gate

MC14011UB

Quad 2-Input NAND Gate

MC14012UB

Dual 4-Input NAND Gate

MC14023UB

Triple 3-Input NAND Gate

MC14025UB

Triple 3-Input NOR Gate

LOGIC DIAGRAMS

CMOS SSI

(LOW-POWER COMPLEMENTARY MOS)

UB-SERIES GATES

MC14001UB
Quad 2-Input NOR Gate

w

N © OGN -
&

- -
w
-
Py

P

MC14002UB
Dual 4-Input NOR Gate

MC14011UB
Quad 2-Input NAND Gate

w

Iy

JSLL

W NO DO NN -

- -

MC14012UB
Dual 4-Input NAND Gate

MC14023UB
Triple 3-lnput NAND Gate

MC14025UB
Triple 3-Input NOR Gate

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 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)

1 1
2
3
1 8 8
4
5 3 3
9
10 5 5
13
" " "
12 12 10 12 10
13 13
Vpp = Pin 14

Vgg =Pin7
for All Devices

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 Vgt should be
constrained to the range Vgg =< (Vin or
Vout) < VpD-

Unused inputs must always be tied to an ap-
propriate logic voltage level (e.g., either Vgg
or Vpp). Unused outputs must be left open.

6-14




CMOS UB-SERIES GATES

PIN ASSIGNMENTS

MC14001UB MC14002UB MC14011UB
Quad 2-Input NOR Gate Dual 4-Input NOR Gate Quad 2-Input NAND Gate
U \J A\
1] In 14 Vpp 14 1 Outy Vpp o 14 1cJin1y Vpo =14
2cqin 2, In2pf—13 2cqinip Outg 13 2cqin2, In2pfF213
3 outy In1pf=12 3 In2, In 4g F312 3 Cjouty in1pfF=12
4T Outg Outp [ 11 4T iIn3, In 3g 311 4 Coutg Outg 2 11
5Cin1g outc 10 ST Indp In2g F310 stin 14 outc 310
sdunzg In2cf39 6 CINC In1g[(9 6 in2g lnzc:'9
7] vgg n1cfae 7 ] vgg N =T] 7 T vgs micf3s
MC14012UB MC14023UB MC14025UB
Dual 4-Input NAND Gate Triple 3-Input NAND Gate Triple 3-Input NOR Gate
—— U U
1 cj0uty Vop o 14 Ll == RLR N Vpp = 14 te=jin1a Voo = 14
2cin 1 Outg 513 2cg In2, n3ckx13 2c=In 2, n3cks 13
3cin 2, in4g D12 3cinig in2c 412 3c={in1g In2ct= 12
4C]in 3, In3g 1 at—]in2g Inickan ac—]In2g Intckan
SC]Indpy In2g 310 §C—]In3g Outc 10 s C—]In 3g Outc k310
6 CINC In1g 39 6 C Outg Outp ’:)9 6 C—] Outg Outpa 9
=" NC 8 7] vgg In3s 8 7 ] Vgs (LN ==K}

NC = No Connection

MAXIMUM RATINGS* (Voitages Referenced to Vgg)

Symbol Parameter Value Unit
Vpp DC Supply Voltage -05to +180 \
Vin. Vout | Input or Output Voltage (DC or Transient) —05toVpp +05 \
hin. Jout | Input or Output Turrent (DC or Transient), per Pin *10 mA

Pp Power Dissipation, per Packaget 500 mw
Tstg Storage Temperature —65to +150 °C
T 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/°C from 65°C to 85°C
Ceramic “L" Package — 12mW/°C from 100°C to 125°C




CMOS UB-SERIES GATES

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

V' Tiow* 25°C Thigh*
Characteristic Symbol Vgg low thh_‘ Unit
Min Max Min Typ # Max Min Max
Output Voltage “0” Level 5.0 — 0.05 — 0 0.05 — 0.05
Vin = Vpp or 0 VoL 10 — 0.05 — 0 0.05 — 005 | Vdc
15 — 0.05 — 0 0.05 — 0.05
“1” Level 5.0 4.95 — 4.95 5.0 — 4.95 —
Vin = 0 or Vpp VOH 10 9.95 — 9.95 10 — 9.95 — vdc
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level
(VO = 4.5 Vdc) v 5.0 — 1.0 — 225 1.0 — 1.0 Vd
(VO = 9.0 Vdc) L 10 — 20 — 450 20 | — 20 c
(Vo = 13.5 Vdc) 15 — 25 — 6.75 25 — 25
“1” Level
(Vo = 0.5 Vdc) v, 5.0 4.0 — 4.0 275 — 4.0 — Vd
(VO = 1.0 Vdc) H 10 8.0 — 8.0 550 - 8.0 - c
(VO = 1.5 Vdc) 15 125 — 125 8.25 — 125 —
Output Drive Current (AL Device)
(VOH = 2.5 Vdc) Source 5.0 -1.2 — -1.0 -17 — -07 —_
(VOH = 4.6 Vdc) I0H 50 | -025 | — -02 | -036 — | -014| — | mAdc
(VOH = 9.5 Vdc) 10 ~0.62 — —-05 -09 — | -035| —
(VOH = 13.5 Vdc) 15 -1.8 — -15 -35 — -11 —
(VoL = 0.4 Vdc) Sink 5.0 0.64 — 0.51 0.88 — 0.36 -
(VoL = 0.5 Vdc) oL 10 16 - 1.3 225 - 0.9 — | mAdc
(VoL = 1.5 Vdc) 15 42 — 3.4 8.8 —_ 2.4 —
Output Drive Current (CL/CP Device)
(VOH = 2.5 Vdc) Source 5.0 -1.0 — -08 -1.7 — -0.6 —
(VOH = 4.6 Vdc) IoH 5.0 -0.2 — -0.16 -0.36 — -0.12 — mAdc
(VOH = 9.5 Vdc) 10 -0.5 — -0.4 -09 — -03 —
(VOH = 13.5 Vdc) 15 -1.4 — -1.2 -35 — -10 | —
(VoL = 0.4 Vdc) Sink 5.0 052 — 0.44 0.88 — 0.36 —
(VoL = 0.5 Vdc) oL 10 13 — 11 225 — 0.9 — | mAdc
(VoL = 1.5 Vdc) 15 3.6 — 3.0 8.8 — 24 —
Input Current (AL Device) lin 15 — +0.1 — +0.00001| 0.1 — +1.0 | pAdc
Input Current (CL/CP Device) lin 15 — +0.3 — +0.00001| =0.3 — +1.0 | pAdc
Input Capacitance Cin — — — — 5.0 75 —_ -— pF
(Vin = 0)
Quiescent Current (AL Device) [»)) 5.0 — 0.25 - 0.0005 0.25 — 75 pAde
(Per Package) 10 — 0.5 —_ 0.0010 05 — 15
15 — 1.0 — 0.0015 1.0 — 30
Quiescent Current (CL/CP Device) ibD 5.0 — 1.0 — 0.0005 1.0 — 7.5 unAdc
(Per Package) 10 — 20 — 0.0010 20 — 15
15 — 4.0 — 0.0015 4.0 — 30
Total Supply Current**t IT 5.0 IT = (0.3 nA/kHz) f + Ipp/N pAdc
(Dynamic plus Quiescent, 10 IT = (0.6 uA/KHz) f + Ipp/N
Per Gate, C|_ = 50 pF) 15 IT = (0.8 pA/KkHz) f + Ipp/N

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

#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.
1To calculate total supply current at loads other than 50 pF:

IT(CL) = 11(50 pF) + (CL —50) Vik
where: I is in uH (per package), C_ in pF, V = (Vpp —Vgg) 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 UB-SERIES GATES

SWITCHING CHARACTERISTICS*® (C|_ = 50 pF, Tp = 25°C)

Vobp
Characteristic Symbol Vdc Min Typ # Max tinit
Qutput Rise Time tTTLH ns
tTLH = (3.0 ns/pF) C +30 ns 5.0 - 180 360
tTLH = (1.5ns/pF) C + 15 ns 10 - 90 180
tTLH = (1.1 ns/pF) Cp_+ 10 ns 15 - 65 130
Output Fall Time tTTHL ns
tTHL = (1.5 ns/pF) C| + 25 ns 5.0 - 100 200
tTHL = (0.75 ns/pF) C| +12.5 ns 10 - 50 100
tTHL = (0.55 ns/pF) C_+9.5ns 15 - 40 80
Propagation Delay Time tPLH.tPHL ns
tpLH. tPHL = (1.7 ns/pF) C_+ 30 ns 5.0 - 90 180
tpLH. tPHL = (0.66 ns/pF) C_+ 22 ns 10 - 50 100
tpLH. tPHL = (0.50 ns/pF) C_+ 15 ns 15 - 40 80

*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
i ded as an indication of the IC's ial performance.

FIGURE 1 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
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CMOS UB-SERIES GATES

MC14011UB CIRCUIT SCHEMATIC
(1/4 of Device Shown)

14 Vpp
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MC14012UB CIRCUIT SCHEMATIC
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MC14023UB CIRCUIT SCHEMATIC
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MC14025UB CIRCUIT SCHEMATIC

FIGURE 2 — TYPICAL VOLTAGE AND

FIGURE 3 — TYPICAL VOLTAGE
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18-BIT STATIC SHIFT REGISTER

The MC14006B shift register is comprised of four separate shift
register sections sharing a common clock: two sections have four
stages, and two sections have five stages with an output tap on both

the fourth and fifth stages. This makes it possible to obtain a shift CMOS MS'
register of 4, 5, 8, 9, 10, 12, 13, 14, 16, 17, or 18 bits by appropri- (LOW-POWER COMPLEMENTARY MOS)
ate selection of inputs and outputs. This part is particularly useful in

serial shift registers and time delay circuits. 18-BIT STATIC SHIFT REGISTER
® OQutput Transitions Occur on the Falling Edge of the Clock Pulse
® Fully Static Operation

® Can be Cascaded to Provide Longer Shift Register Lengths

O

L]

MC140068B

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

14
Schottky TTL Load Over the Rated Temperature Range ’
® Pin-for-Pin Replacement for CD40068
. L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646
MAXIMUM RATINGS* (Voltages Referenced 1o Vgg) ORDERING INFORMATION
A Series —55°Cto +125°C
Symbol Parameter Value Unit MC 14XXXBAL (Ceramic Package Only)
Vobp DC Supply Voltage -05to +180 \ C Series —40°Cto +85°C
MC14XXXBCP (Plastic Package)
Vin. Vout| Input or Output Voltage (DC or Transient) -05toVpp +05 \ MC14XXXBCL (Ceramic Package)
in. lout | !Input or Output Current (DC or Transient). per Pin =10 mA
Pp Power Dissipation, per Packaget 500 mwW
Tstg  |Storage Temperature -65to +150 °C On C |G
TRUTH TABLE o|/™_| o
TL Lead Temperature (8-Second Soldering) 260 °C (Single Stage) —~ X
1
“Maximum Ratings are those values beyond which damage to the device may occur K x a
tTemperature Derating Plastic "P  Package - 12mW:°C from 65°C to 85°C X = Don’t Care - n
Ceramic "L Package - 12mW/°C from 100°C to 125°C
BLOCK DIAGRAM
1 13 4 11 12 5 10 6 8 9
Op1 T' Qa T_fps OSI QiT T:’wm Q13 Opia onI ovj
Vpp = Pin 14 o © *—° o b ° °
VSS =Pn7 4 4 1 4 . 4 1
NC =Pn2 Stages Stages Stage Stages Stages Stage B
fc fc [—‘ - f : f - r -
Clock 3 o-oD ! ‘ ’ ¢ ' )
LOGIC DIAGRAM

(ONE REGISTER STAGE)

c

D+1

) #inverter used only on the first stage of
1 each four-stage element.
* Transmission Input to output is
Gate In Out (A) A bidirectional low impedance when control input 1 is “‘low’’
and control input 2 is “"high”".
(g) (B) An open circuit when control input 1 is “high’* and control

input 2 is “low’’.




MC14006B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Vop Tiow" 25°C ) Thigh*
Characteristic Symbol Vdc Min Max Min Typ # Max Min Max Unit
Output Voltage “0" Level Vou 5.0 - 0.05 - 0 0.05 - 0.05 Vdc
Vin = Vpp or 0 10 - 0.05 - 0 0.05 - 0.05
15 — 0.05 - 0 0.05 - 0.05
1" Level VoH 5.0 495 - 495 5.0 - 495 - Vdc
Vin = 0 or Vpp 10 9.95 - 9.95 10 - 9.95 -
15 14.95 - | 1498 15 - 14.95 -
Input Voltage “'0" Level ViL Vdc
(Vg =4.50r05 Vdc) 5.0 - 15 - 2.25 15 - 1.5
{(Vp =9.00r 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vp = 135 0or 1.5 Vdc) 15 - 4.0 - 6.75 4.0 - 4.0
“1” Level| V)n
(Vo = 0.5 or 4.5 Vdc) 5.0 35 - 35 2.75 - 35 - Vde
(Vo = 1.0 or 9.0 Vdc) 10 70 - 7.0 5.50 - 7.0 -
(Vo = 1.50r 13.5 Vdc) 15 10 - 11.0 8.25 - 11.0 -
Output Drive Current (AL Device) loH mAdc
(VOH = 2.5 Vdc) Source 5.0 -3.0 - —-2.4 —-4.2 - -1.7 -
(VOH = 4.6 Vdc) 60 |-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 —
(Vo = 0.4 Vdc) Sink oL 5.0 0.64 - 051 0.88 - 0.36 - mAdc
(Vo = 0.5 Vdc) 10 16 - 13 225 - 08 -
(VoL = 1.5 Vdc) 15 42 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) 1oH mAdc
(Vo = 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 —2.25 - -0.9 -
(VoH = 13.5 Vdc) 15 —-3.6 - —-3.0 —8.8 - —2.4 -
(Vo = 0.4 vdc) Sink loL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 13 - 1.1 2.25 - 09 -
(VoL = 1.5 Vdc) 15 3.6 - 3.0 8.8 - 24 -
Input Current (AL Device) lin 15 - +0.1 - +0 00001 | +0.1 - 1.0 nAdc
Input Current (CL/CP Device) lin 15 - +03 - 40.00001| +0.3 - £1.0 uAdc
Input Capacitance Cin - — - - 50 75 - - pf
(Vin =0)
Quiescent Current (AL Device) oD 5.0 - 5.0 - 0.005 5.0 - 150 nAdc
(Per Package) 10 - 10 - 0.010 10 - 300
15 - 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device) oo 5.0 - 20 - 0.005 20 - 150 uAdc
(Per Package) 10 - 40 - 0.010 40 - 300
15 - 80 - 0.015 80 - 600
Total Supply Current®*t T 5.0 Iy = (1.3 8A/kHz) f + Ipp muAdc
(Dynamic plus Quiescent, 10 IT = (2.6 uA/kHz) £ + Ipp
Per Package) 15 IT = (3.9 uA/kHz) f + DD
{C = 50 pF on all outputs, all
buffers switching)
*Tiow = —55°C for AL Device, —40°C for CL/CP Device. 1To calculate total supply current at loads other than 50 pF-

Thigh= +125°C for AL Device, +85°C for CL/CP Device.
IT(CL) = I1(50 pF) + (C_ ~50) Vfk
#Data labelled “Typ" is not to be used for design purposes but is
i as an indication of the IC's p performance. where: |1 is in pA (per package), C|_in pF, V = (Vpp —Vgg) in volts,
. fin kHz is input frequency, and k = 0.001

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

\J
1 —10p4 VoppE—o 14
2 cNC Q413
f == [ o] [oY: ] wum It ]
4 .3 Dpg Qs 311
§ Cq0pq9 Q13310
6 T Dpqg [RL:]=F]
783 vss Q178

NC = No Connection



MC14006B

SWITCHING CHARACTERISTICS* (C| =50 pF, T = 25°C)

Characteristic Symbol Voo Min Typ # Max Unit
Output Rise and Fall Time tTLH ns
tTLH tTHL = (1.5 ns/pF) C + 25 ns ¢ 5.0 - 100 200
tTLH. tTHL = (0.75 ns/pF) CL + 12.5 ns THL 10 - 50 100
tTLH: tTHL = (0.55 ns/pF) C + 9.5 ns 15 - 40 80
Propagation Delay Time PLH ns
tpLH. tPHL = (1.7 ns/pF) C_+ 220 ns tPHL 5.0 - 300 600
tpLH. tPHL = (0.66 ns/pF) C_+ 77 ns 10 - 110 220
tpLH. tPHL = (0.5 ns/pF) C_+ 55 ns 15 - 80 160
Clock Pulse Width WH 5.0 200 100 - ns
10 120 60 -
15 80 40 -
Clock Pulse Frequency fel 5.0 - 5.0 25 MHz
10 - 83 4.2
15 - 12 6.0
Clock Pulse Rise and Fall Time** TTLH 5.0 ~ ~ 15 Ms
TTHL 10 - - 5
15 - - 4
Setup Time tau 5.0 [4) -50 — ns
10 0 -15 -
15 1] -8.0 -
Hold Time th 5.0 180 75 — ns
10 90 25 -
L 15 75 20 ~

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

#Data labelled “Typ" 1s not to be used for design purposes but is

intended as an indication of the {C’s potential performance.

**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.

left open.

This device contains protection circuitry to guard against damage due to high static voitages 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, Vi, and Vgt should be constrained to the range Vgg < (Vjn or Vout) < Vpp-

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg or Vpp). Unused outputs must be

FIGURE 1 — TYPICAL OUTPUT SOURCE CURRENT

CHARACTERISTICS TEST CIRCUIT

Vpo = -VGs Vout

—o—* r IoH

External
Power
Supply

FIGURE 2 — TYPICAL OUTPUT SINK CURRENT
CHARACTERISTICS TEST CIRCUIT

Vpp = Vs Vout

14

Clock Q4 —-—o———]
Qs

Opy 0Q17}—o0—R oL
op,‘ms—o———]
External

Vss Power
Supply
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MC14006B

FIGURE 3 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

Vooe

14

'
Generator | 2o | -0—jiClock Q4

—O-
_T_ “o—opy 98
= Q9
c ::Cl_

©—1°P5 Q13

—-O‘DPwon—o-l

Dp14Q18

1/3 MC14000
7 or Equiv

FIGURE 4 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Voo

L.

Generator ——O0—{Clock Q4p—O0—

Voo

L—-Vss

Clock

Voo

Vss

o2 &

,Q17 ‘ tTLH -_xpL...—J tTHL . J:v
e RS T

Output state can change since data previously clocked in might be in either state.
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MC14007uB

DUAL COMPLEMENTARY PAIR PLUS INVERTER

The MC14007UB multi-purpose device consists of three N-channet
and three P-channel enhancement mode devices pack aged to provide
access to each device. These versatile parts are useful in inverter
circuits, pulse-shapers, linear amplifiers, high input impedance ampti-
tiers, threshold detectors, transmission gating, and functional gating.

@ Diode Protection on All Inputs
® Supply Voltage Range = 3.0 Vdc to 18 Vdc
[ ]

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.

Capable of Driving Two Low-power TTL Loads or One Low-power

CMOS

SSI

(LOW-POWER COMPLEMENTARY MOS)

DUAL COMPLEMENTARY PAIR
PLUS INVERTER

MAXIMUM RATINGS* (Voitages Referenced to Vgg)

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)

Symbol Parameter Value Unit
Vpp |DC Supply Voitage ~05to +180 \
Vin. Vout| Input or Output Voltage (DC or Transient) ~-05toVpp +0.5 \
in, lout [ Input or Output Current (DC or Transient), per Pin +10 mA
Pp Power Dissipation, per Packaget 500 mw
Tstg Storage Temperature -65to +150 ° °C
T 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/°C from 65°C to 85°C
Ceramic “L" Package' —12mW/°C from 100°C to 125°C
FIGURE 1 — TYPICAL APPLICATION: 2-INPUT ANALOG MULTIPLEXER
 ———— - ) ame—— LY

L

Input H—{>°_
Voo 5

n

. 13
Input
6 8 10
INPUT | OUTPUT CONDITION
1 A =C, 8 = Open
0 A=8,C=0pen 70 Vss

Substrates of P-channel devices internally connected
to Vpp: substrates of N-channel devices internally
connected to Vgs.

oo pe §-bs
Rt

PIN ASSIGNMENT

hd i

1 —{o-rg Vpp o 14
2cgsPg DPpAED13
3 T Gateg Outc 112
4C3s-Ng SPcp 11t
5C—]D-Ng Gatec ) 10
6 3 Gatep SNc 39
7 vgs D-NpFI8

D = Drain

S = Source

SCHEMATIC
14 13 1"

5 o
I

B p—

3

:} il

LT

R

4

Vpop = Pin 14
Vgg = Pin7

[N




MC14007UB

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

Voo Tiow" 25°C Thigh®
Characteristic Symbol Vdc Min Max Min Typ # Max Min Max Unit
Output Voltage 0" Level Vou 5.0 - 0.05 - o] 0.05 - 0.05 Vdc
V,n= Vpp or 0 10 - 0.05 - 0 0.05 - 005
15 —~ 0.05 — 0 0.05 — 0.05
1" Level VoH 5.0 4.95 - 495 5.0 - 495 - Vdc
V,n=0o0r Vpp 10 9.95 - 9.95 10 - 9.95 -
15 14 .95 — 14.95 15 - 14.95 -
Input Voltage 0" Level ViL Vdc
(Vg =4.5) 5.0 - 1.0 - 225 10 - 1.0
(Vp =9.0) 10 20 - 4.50 20 - 2.0
(Vg =13.5) 15 - 2.5 - 675 25 - 25
1" Level Vi
(Vo =05) 5.0 40 - 4.0 2.7% - 40 - Vdc
(Vo =1.0) 10 8.0 - 8.0 5.50 - 8.0 -
(Vo =1.5) 15 12.5 - 125 8.25 - 12.5 = .
QOutput Drive Current (AL Device) 1OH mAdc
(VOH = 2.5 Vdc) Source 5.0 -30 - -24 -5.0 - -1.7 -
(VoH = 4.6 Vdc) 5.0 -0.64 - -0.561 -1.0 - -0.36 -
(VoH =95 Vdc) 10 -1.6 - -1.3 -25 -~ -0.9 -
{(VoH = 13.5 Vdc) 15 -4.2 — -3.4 -10 - -2.4 ~
(VoL = 0.4 Vdc) Sink oL 5.0 0.64 - 051 10 - 0.36 - mAdc
(Vor = 0.5 Vdc) 10 16 - 13 25 - 09 -
(VoL = 1.5 Vdc) 15 4.2 - 34 10 - 24 -
Output Drive Current (CL/CP Device) IoH 4 mAdc
(VOH = 2.5 Vdc) Source 5.0 -25 - -21 -5.0 - -1.7 -
(VoH = 4.6 Vdc) 5.0 -0.52 - -044 | -1.0 - -0.36 -
(VoM = 9.5 Vde) 10 -1.3 - -1.1 -25 - -0.9 -
(Vo = 135 Vdc) 15 -36 - -30 | -10 - -24 -
(VoL = 0.4 Vdc) Sink oL 5.0 052 - 0.44 1.0 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 1.3 - 1.1 25 - 09 -
(VoL = 1.5 Vdc) 15 3.6 - 3.0 10 - 24 -
Input Current (AL Device) lin 15 - +01 - +000001] +01 — 1.0 uAdc
Input Current (CL/CP Device) lin 15 - 03 - +0.00001| +0.3 - 1.0 KAdc
Input Capacitance Cin - - 50 7.5 - - pF
(Vin = 0)
Quiescent Current (AL Device) DD 5.0 - 0.25 - 0.0005 0.25 - 75 uAdc
(Per Package) 10 - 0.50 - 0.0010 | 050 - 15
15 - 1.00 - 0.0015 1.00 - 30
Quiescent Current (CL/CP Device) (1Y) 50 - 10 - 0.0005 1.0 - 75 uAdc
(Per Package) 10 - 20 - 0.0010 2.0 - 15
15 - 40 - 0.0015 4.0 ~ 30
Total Supply Current®*t 54 5.0 T = (0.7 uA/kHz2) f + Ipp/6 KAdc
(Dynamic plus Quiescent, Per Gate) 10 IT = (1.4 uA/kHz) f + Ipp/6
{Cy_=50pF) 15 It = (2.2 uA/kH2) f + Ipp/6

' *Tiow= —55°C for AL Device, —40°C for CL/CP Device.
Thigh = +125°C for AL Device, +85°C for CL/CP Device

#Data labelled “Typ" is not to be used for design purposes but 1s
intended as an indication of the IC's potential performance

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

1To calculate total supply current at loads other than 50 pF:

IT(CL) = IT(50 pF) + (C —50) Vfk

where: |1 is in pA (per package), C_in pF, V = (Vpp—Vgg) in volts,
fin kHz 1s 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, Vin and Vgt should be constrained to the range Vgs < (Vi or Vout) < VpD.

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg or Vpp). Unused outputs must

be left open.




MC14007UB

SWITCHING CHARACTERISTICS* (C|_= 50 pF, Tp = 25°C)

Vbp
Characteristic Symbol Vdc Min Typ # Max Unit
Output Rise Time tTLH ns
TTLH = (1.2 ns/pF) C_+ 30 ns 50 - 90 180
tTLH = (0.5 ns/pF) C| +20 ns 10 - 45 90
tTLH = (0.4 ns/pF) C_+ 15 ns 15 - 35 70
Output Fall Time TTHL ns
TTHL = (1.2 ns/pF) C + 15 ns 50 - 75 150
THL = (0.5 ns/pF) C_+ 15 ns 10 - 40 80
tTHL = (0.4 ns/pF) C_+ 10 ns 15 - 30 60
Turn-Off Delay Time tPLH ns
tpLH = (1.5 ns/pF) C_+ 35 ns 50 - 60 125
tpLH = (0.2 ns/pF) C_ + 20 ns 10 - 30 75
tpi_H = (0.15 ns/pF) C_ + 17.5 ns 15 — 25 55
Turn-On Delay Time PHL ns
tpHL = (1.0 ns/pF) C_+ 10 ns 5.0 - 60 125
tpHL = (0.3 ns/pF) C|_+ 15 ns 10 - 30 75
tpHL = (0.2 ns/pF) C_ + 15 ns 15 - 25 55

* The formulas given are for the typical characteristics only.

Switching specifications are for device connected as an inverter.

#Data labelled “Typ” i1s 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

Voo © -Vas

OVps =VoH - Vpo

All unused inputs connected to ground

<

a0 (lc —
% Vs = -5 0 Vde { [p
= TA= 550C —
'E-su—-:r:u?sﬂc ic //
é‘ ¢ Ta = +1250C / Y. [
=1
E A b
2 [ 74X
£ »mv«u%z A ﬁ-?SVdc
E // 1! Vs

20 L~ 4

-10 80 50 30 20 i}

VDS, DRAIN VOLTAGE (Vdc)

1oL, DRAIN CURRENT (mAdc)

FIGURE 3 — TYPICAL OUTPUT SINK CHARACTERISTICS

All unused inputs connected to ground.

n 2 b| #rv“: !Ts Vde
1% [ c L
] 2 / 1_{1 Vdc
" /A | L—t—
] Ppi
I '// / a Ta=-55°C
w7 P
d )
40 5% 5.0 Vdc
: ]
0 [
0 20 40 60 8.0

VDS, ORAIN VOLTAGE (Vdc)

These typical curves are not guarantees, but are design aids
Caution* The maximum current rating 1s 10 mA per pin.




MC14007UB

FIGURE 4 +~ SWITCHING TIME AND POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS

Pulse
Generator

APPLICATIONS
The MC14007UB dual pair plus inverter, which has
access to all its elements offers a number of unique circuit
applications. Figures 1, 5, and 6 are a few examples of
the device flexibility.
FIGURE 5 — 3-STATE BUFFER

FIGURE 6 — AO! FUNCTIONS USING TREE LOGIC

Voo
14

-

Out = A+BeC

+Vpo . 13

2
Dissble 3 ,__T
|

-
T 10 ._—| 12 ?1
B O ® Output
o]

11
[ —
Input 10 :}—012 Output 9
h-— 5
9

-
P
N

~

3
¢ o—yis
8 '_}4_
———— e
Disable Go—-l ) 6 =
}7 AO

INPUT | DISABLE | OUTPUT
1 ] 4]
] ] 1
x 1 Open

X = Don’t Care
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Substrates of P-channel devices internally connected to Vpp:
Substrates of N-channel devices internally connected to Vgs.
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MC14008B

4-BIT FULL ADDER

The MC14008B 4-bit full adder is constructed with MOS P-

Look-Ahead Carry Output

Diode Protection on All Inputs

All Outputs Buffered

Supply Voltage Range = 3.0 Vdc to 18 Vdc

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 adders in a system.

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

CMOS MmSI

(LOW-POWER COMPLEMENTARY MOS)

4-BIT FULL ADDER

MAXIMUM RATINGS* (Voltages Referenced to Vgg)

Symbol Parameter Value Unit
Vbbb DC Supply Voitage -05to +180 \
Vin. Vout | Input or Output Voltage (DC or Transient) -05toVpp +05 \
hin. lout | Input or Output Current (DC or Transient), per Pin =10 mA
Pp Power Dissipation, per Packaget 500 mw
Tstg Storage Temperature —65to +150 °C
T Lead Temperature (8-Second Soldering) 260 °C

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)

*Maximum 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

—12mwW/°C from 100°C to 125°C

BLOCK DIAGRAM

High Speed
Parallel Carry

p————————————0 14 Cq ;¢

B4 15 O— 1

A4 10O

Adder

——O13 Ss4

A3 30—

Adder

——~O012 S3

B2 4 O-

A2 5 O-

Adder

——O11 S2

B1 60O

Al 7 O—

——O010 S1

Vpp = Pin 16
Vgg = Pin8

TRUTH TABLE

(One Stage)

Cin | B | A [Cout| S

0 o o o )

o | o 1 0 1

0 1 o] o 1

0 1 1 1 0

1 o o] o 1

1 o 1 1 [+

1 1 o 1 o

1 1 1 1 1

PIN ASSIGNMENT
S

1 A4 Vpop = 16
283 B4/ 15
3c]A3 Cout 14
ac82 s4afF313
5 ] A2 s3f12
6 81 s2fFo 11
7 g a1 s1f3310
8 T vgg cn o
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MC14008B

ELEQTchAL CHARACTEHISTICS (Voltages Referenced to Vgg) |

- v Voo Tiow" _25% ' Thigh*
Characteristic Symbol | - Vdc Min Max | Min | Typ# Max Min Max | Unit
Output Voltage "0 Level VoL | 50 — 005 - 0 0.05 - 0.05 Vdc
Vin = Vpp or 0 10 — 0.05 - 0 0.05 - 005
15 —_— 0.05 - 0 005 - . 005
17 Level Vo 50 495 - 4.95. 5.0 — 495 —_ Vdc
Vin = 0or Vpp 10 9.95 - 9.95 10 — 19.95 -
15 14.95 — 1495 15 Rt 14.95 —

Input Voltage 0" Level Vie ) : Vdc
(Vo=4.5 or 0.5 Vdc) 5.0 — 15 - 2.25 15 - 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 i 4.50 3.0 - 3.0
(Vo= 13.5 or 1.5 Vdc) 15 - 4.0 — 675 4.0 - 4.0

1" Level Vin -
(Vo=0.5 or 4.5 Vdc) 5.0 35 _ 35 2.75 - 35 —_ Vdc
(Vo=1.0or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo=150r 125 vdc) 15 110 ol 11.0 825 - 11.0 -

Output Drive Current (AL Dewvice) 1oH mAdc

{(VoH =2.5 Vdc) Source 50 -3.0 - —-2.4 —4.2 - -1.7 —
{(VoH =4.6 Vdc) E 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 =04 Vdc) Sink oL 5.0 064 - 0.51 088 — | 036 — mAdc
(VoL =0.5 Vdc! ] 10 16 - 13 225 - 09 -
(VoL= 15 Vdc) 15 42 - 34 88 - 24 -

'Output Drive Current (CL/CP Device) loH . mAdc
(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 -

(Vou = 13.5 Vdc) 15 —3.6 — -3.0 —8.8 — —2.4 -

(VoL =04 Vdc) Sink oL 50 052 — 044 0.88 — 0.36 — mAdc
(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 (AL Device) - hn 15 — +01 — [£000001| +01 - £1.0 uAdc

Input Current (CL/CP Device) Yin 15 - +03 — |£000001| £03 - £1.0 uAdc

input Capacitance Cin — —_ — 50 7.5 — — pF
(Vin = 0)

Quiescent Current (AL Device) [1Y5) 50 — 50 —_ 0.005 5.0 — 150 uAdc
(Per Package) 10 — 10 — 0.010 10 — 300

15 — 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device) DD 5.0 - 20 - 0.005 20 - 150 uAdc
{Per Package) 10 — 40 — 0.010 40 - 300
15 = 80 — | o015 80 — 600
Total Supply Current® "t IT 5.0 17 - {1.7 uA/kH2) t + Ipp uAdc
. (Dynamic plus Quiescent, 10 1T = (3.4 uA/kHZ) t + Ipp ~
Per Package) 15 I7 = (5.0 nA/kHz) f + Ipp
(CL = 50 pF on all outputs, all
buffers switching)
*Tiow = —55°C for AL Device, —40°C for CL/CP Device. tTo calculate total supply current at loads other than 50 pF

Thigh = +125°C for AL Device, +85°C for CL/CP Device
IT(CL) = I7(50 pF) + (CL ~50) Vfk
#Data labelled “Typ” is not to be used for design purposes but is
intended as an indication of the IC's potential performance. where' |1 is in pA (per package), C|_in pF, V = (Vpp —Vgg) in volts,
fin kHz is input frequency, and k = 0 005.
**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, Vi and Vgt should be constrained to the range Vgg < (Vin or Vout) < VppD.
Unused inputs must always be tied to an appropriate logic voltage level (e.g , either Vgg or Vpp). Unused outputs must
be left open.




MC14008B

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

Voo
Characteristic Symbol Vdec Typ # Max Unit
Output Rise and Fall Time tTLH. ns
tTLH, tTHL = (1.5 ns/pF) C + 25 ns tTHL 5.0 100 200
tTLH. tTHL = (0.75 ns/pF) G| + 12.5 ns 10 50 100
tTLH. tTHL = (0.55 ns/pF) C|_ + 9.5 ns 15 40 80
Propagation Delay Time tPLH. tPHL ns
Sum In to Sum Out
tPLH. tPHL = (1.7 ns/pF) C_ + 315 ns 5.0 400 800
tPLH. tPHL = (0.66 ns/pF) C_ + 127 ns 10 160 320
tpLH. tpHL = (0.5 ns/pF) C +90 ns 15 115 230
Sum In to Carry Out !
tpLH. tPHL = (1.7 ns/pF) C_ + 220 ns 5.0 305 610
tPLH. tPHL = (0.66 ns/pF) C_+ 112 ns 10 145 290
tpLH. tpHL = (0.5 ns/pF) C_ +85 ns 15 110 220
Carry In to Sum Out
tpLH. tPHL = (1.7 ns/pF} C_ + 290 ns 5.0 375 750
tPLH. tPHL = (0.66 ns/pF) C_ + 122 ns 10 155 310
PLH. tPPHL = (0.5 ns/pF) C +90 ns 15 115 230
Carry In to Carry Out
tPLH. tPHL = (1.7 ns/pF) C|_+85 ns 5.0 170 340
tpLH. tPHL = (0.66 ns/pF) C|_+ 42 ns 10 75 150
tpLH. tPHL = (0.5 ns/pF) C_+ 30 ns 15 55 10

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

#Data labelled “Typ™ 1s 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
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MC14008B

FIGURE 3 —~ DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM
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FIGURE 4 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
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FIGURE 5 — LOGIC DIAGRAM
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MC14008B
TYPICAL APPLICATION

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

Word A + B Inputs

A
4 N
Al —— — B4 Al — — — B4 Al — — — B4

N D I A N I |

. hi
I— Cin CTD Cout —Cin C;p Cout

Chi Chi
FCin 3p Cout —Cin 4 P Cout

Sll -_]_.l—- slt. S|1 I I I4 ] I ]: Jd .Sl1 l r Sl;

———s 1 — —
“

~
Sum Outputs

Calculation of 16-bit adder speed:

tp total = tp (Sum to Carry) + tp (Carry to Sum) + 2 tp (Carry to Carry)
The guaranteed 16-bit adder speed at 10 V, 25°C, C|_ = 50 pF is:

o total = 290 + 310 + 300 = 900 ns
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~ MC14011B, MC140128
- SeePage 65
@ MOTOROLA 'MC14011UB, MC14012UB.
~ SeePage6-14

MC14013B
DUAL TYPE D FLIP-FLOP
The MC14013B dual type D 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, (S), Direct Reset, (R), and Clock (C) inputs and comple-

mentary outputs (Q and Q). These devices may be used as shift regis- CMOS SS|

ter elements or as type T flip-flops for counter and toggle applica- (LOW-POWER COMPLEMENTARY MOS)
tions.

. . DUAL TYPE D FLIP-FLOP
® Static Operation

® Diode Protection on All Inputs

® Supply Voltage Range = 3.0 Vdc to 18 Vdc

® L ogic 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 nl

® Capable of Driving Two Low-power TTL Loads or One Low-power

a 14
Schottky TTL Load Over the Rated Temperature Range ! 1 1
® Pin-for-Pin Replacement for CD4013B L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646

ORDERING INFORMATION

N " 'ASeries —85°Cto +125°C .
MAXIMUM RATINGS* (Voltages Referenced to Vgg) M1 AXXXBAL (Qeramis Package Only)
Symbol Parameter Value Unit
C Series —40°Cto +85°C
Vbp__|PC Supply Voltage “05t0 +180 v MC14XXXBCP (Plastic Package)
Vin. Vout | Input or Output Voltage (DC or Transient) ~05toVpp +05 \Y MC14XXXBCL (Ceramic Package)
Iin. lout | Input or Output Current (DC or Transient), per Pin *10 mA
Pp Power Dissipation, per Packaget 500 mw
Tstg Storage Temperature —65to + 150 C BLOCK DIAGRAM
T Lead Temperature (8-Second Soldering) 260 °C 6
*Maximum 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 s )
Ceramic "L Package —12mW/°C from 100°C to 125°C 5 b Q
3 c a 2
TRUTH TABLE R
a— 1
INPUTS OUTPUTS
crock’ [oara] mreser| ser Q a 8 —
e o [ [ [) 1 s
- 1 o [} 1 o 9 D Q 13
a No
- X o [} [¢) Change
X X 1 o o 1
X X [ 1 1 0 n c a 12
R
X X 1 1 1 1 . ]
X = Don’t Care 10 i

t = Level Change Vpp = Pin 14

Vgs = Pin 7
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MC14013B

ELECTRICAL CHARACTERISTICS (voltages Referenced to Vgg)

Vpop Tiow™ 25°C Tm'
Characteristic Symbol Vdc Min Max Min Typ # Max Min Max Unit
Output Voltage 0" Level Vor 5.0 - 0.05 - 0 0.05 - 0.05 Vdc
Vin = Vpp or 0 10 C- 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 - 495 - Vdc
Vin = 0 or Vpp ' 10 9.95 —< 9.95 10 - ©:95 -
15 14.95 — 14.95 15 - 14.95 —
Input Voltage 0" Level ViL . Vdc
(Vg =45 0r 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 0r 1.5 Vdc) 15 - 40 - 6.75 4.0 - 4.0
1" Level ViH
(Vo =05 0r4.5Vdc) 5.0 35 - 35 2.75 - 35 - Vde
(Vg =1.0 0r 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo =15o0r13.5 Vdc) 15 1.0 - 11.0 8.26 - 11.0° -
Output Drive Current (AL Device) 1oH mAdc
(VoH = 2.5 Vdc) Source 5.0 -3.0 - -24 -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 — -3.1 -8.8 = -2.4 =
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc
(Vo = 0.5 Vdc) 10 ‘16 - 1.3 2.25 - 09 -
(VoL = 1.5 Vdc) 15 4.2 - 3.4 8.8 - 24 -
Output Drive Current (CL/CP Device) loH . mAdc
(VoH = 2.5 Vdc) Source 5.0 -25 - -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 -2.256 - -0.9 -
(VoH = 135 Vdc) 15 -3.6 - -3.0 -8.8 — -2.4 -
(VoL = 0.4 Vdc) Sink loL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 1.3 - 1.1 2.25 - 0.9 -
(VoL = 1.5 Vdc) 15 3.6 - 3.0 8.8 - 24
Input Current (AL Device) hn 15 - +0.1 - +0.00001 [ 0.1 — 1.0 uAdc
Input Current (CL/CP Device) hin 15 - +03 - +0.00001 [ +0.3 - 1.0 nAdc
Input Capacitance Cin — - — - 50 75 - - pF
(Vin =0)
Quiescent Current (AL Device) DD 50 — 1.0 - 0.002 1.0 = 30 nAdc
(Per Package) 10 - 2.0 - 0.004 2.0 - 60
15 - 4.0 - 0.006 4.0 - 120
Quiescent Current (CL/CP Device) oD 50 - 4.0 — 0.002 |- 4.0 - 30 uAdc
(Per Package) 10 — 8.0 - 0.004 8.0 — 60
15 - 16 - 0.006 16 — 120
Total Supply Current®*t IT 5.0 T = (0.75 uA/kHz) f + Ipp KAdc
(Dynamic plus Quiescent, 10 IT=(15 wA/kHz)t+ Ipp
Per Package) 15 IT=(2.3 wA/kHz) f + Ipp
(CL -~ 50 pF on all outputs, all
buffers switching)
*Tiow = —55°C for AL Device, —40°C for CL/CP Device 1To calculate total supply current at loads other than 50 pF*
Thigh = +125°C for AL Device, +85°C for CL/CP Device
IT(CL) = I7(50 pF) + (C_ —50) Vfk
#Data labelled “Typ" is not to be used for design purposes but is
intended as an indication of the IC's potential performance. where: I is in pA (per package), CLinpF,V = (Vpp—Vgg) in volts,
fin kHz is input frequency, and k = 0 002
**The formulas given are for the typical characteristics only at 25°C
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 e
applications of any voltage higher than maximum rated voltages to this high- 1cgaa Vop = 14
;r;:pedance circuit. l_:or proper operation, Vijn and Vgt should be constrained to 2 G, ag o 13
e range Vg < (Vin or Vout) < VpD- 3 = 12
Unused inputs must always be tied to an appropriate logic voltage level (e g, =ca Qg =
either Vgg or Vpp). Unused outputs must be left open. 4R, Cgf—= 1
5 D Rg 4 10
6 s, ogfs9
7 tvgs sgf—8
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MC14013B

SWITCHING CHARACTERISTICS* (C(_ = 50 pF, T = 26°C)

Characteristic Symbol Vpp Min Typ # Max Unit
Output Rise and Fall Time tTLH ns
tTLH. ttHL = (1.5 ns/pF) Ci_ + 25 ns tTHL 5.0 - 100 200
trLHs tTHL = (0.75 ns/pF) C_ + 12,5 ns 10 - 50 100
tTLH. tTHL = (0.55 ns/pF) C|_ + 9.5 ns 15 - 40 80
Propagatien Delay Time tPLH ns
Clock to Q, Q tPHL
tPLH, tPHL = (1 7 ns/pF) C__ + 90 ns 5.0 - 178 350
tpLH, tPHL = (0.66 ns/pF) C| + 42 ns 10 - 75 150
tpLH, tPHL = (05 ns/pF) C|_ + 25 ns 15 - 50 100
Setto Q, Q
tpLH. tpHL = (1 7 ns/pF) C_ + 90 ns 5.0 - 175 350
tPLH. tPHL = (0.66 ns/pF) C|_ + 42 ns 10 - 75 150
tPLH. tPHL = (0.5 ns/pF) C|_ + 25 ns 15 - 50 100
Reset to Q, Q
tPLH. tPHL = (1.7 ns/pF) C|_ + 265 ns 5.0 - 350 450
tPLH, tPHL = (0.66 ns/pF) C|_ + 67 ns 10 - 100 200
tpLH. tPHL = (05 ns/pF) C|_ + 50 ns 15 — 75 150
Setup Times** tsu 5.0 40 20 — ns
10 20 10 -
15 15 75 -
Hold Times** th 5.0 40 20 - ns
10 20 10 -
15 15 75 -
Clock Puise Width Wi, tWH 5.0 250 125 - ns
10 100 50 -
15 70 35 -
Clock Pulse Frequency fel 5.0 - 40 20 MHz
10 - 10 5.0
15 - 14 7.0
Clock Pulse Rise and Fall Time tTLH 5.0 - - 15 Hs
THL 10 - - 5.0
15 - - 4.0
Set and Reset Pulse Width twi,'WH 5.0 250 125 - ns
10 100 50 -
15 70 35 -
Removal Times trem ns
Set 5 80 0 —
10 45 5 —
15 35 5 —
Reset 5 50 -35 —
10 30 -10 —
15 25 -5 —
*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.
**Data must be valid for 250 ns with a 5 V supply, 100 rs with 10 V, and
70 ns with 15 V.
LOG!C DIAGRAM
(1/2 of Device Shown)
c <D—o a
N a
[
c
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FIGURE 1 — DYNAMIC SIGNAL WAVEFORMS FIGURE 2 — DYNAMIC SIGNAL WAVEFORMS
{Data, Clock, and Output) (Set, Reset, Clock, and Output)
20 ns =20 ns 20 ns >| |a—20ns
= | Voo
90%
D Set or 50%
10% Reset 10% Vsg
t, [ -
su (H) —={ 20 ns 20 08y g
90%
[+ Clock
/- Vss
t
WH PLH
TPHL VOH
PLH v QorQ 50%
a 50% oH Vo
50% °
10% VoL
TTLH TTHL
Inputs R and S low.
TYPICAL APPLICATIONS
n-STAGE SHIFT REGISTER
1 2 n!h
D ——®0D Q D Qp————— —a0 QpP——»aQ

r [ a r c
Clock O—

[e]]
|
|
l
o
o]}

— D
Clock c
~—
T Flip-Flop
MODIFIED RING COUNTER (Divide-by-(n + 1))
1 2 nth
o Q o} Q — ———%1D Q -0 Q

o
L O

fc a ["‘C a l'-’
Clock O~ ——




&)

MOTOROLA

8-BIT STATIC SHIFT REGISTER
The MC14014B and MC14021B 8-bit static shift registers are

constructed with MOS P-channel and N-channel enhancement mode
devices in a single monolithic structure.
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.

These shift registers find

Synchronous Parallel Input/Serial Output (MC14014B)
Asynchronous Paraliel input/Serial Output (MC14021B)

Synchronous Serial Input/Serial Output
Full Static Operation

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

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

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

MC140148B Pin-for-Pin Replacement for CD4014B
MC 140218 Pin-for-Pin Replacement for CD4021B

MC140148B
MC140218B

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

8-BIT STATIC SHIFT REGISTER

\ry
I
16
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)

TRUTH TABLE

SERIAL OPERATION:
Q6 Q7 Q8
MAXIMUM RATINGS* (Voltages Referenced to Vgg) t |CLOCK|Dg|P/S|| t=n+6|t=n+7|1=n+8
Symbol Parameter Value Unit nt /_{o}jo o ? ?
il s/~ {11]o0 1 ) 2
VpD DC Supply Voltage -05t0 +180 \% n2) _/— oo 4] 1 ]
nt3| _/ 1 0 1 [ 1
Vin. Vout | Input or Output Voltage (DC or Transient) ~0.5t0 Vpp +05 \% =—— | x| o a6 a7 a8
lin: lout |Input or Output Current (DC or Transient), per Pin =10 mA PARALLEL OPERATION:
Pp Power Dissipation, per Packaget 500 mwW CLOCK
D P/s | P, *Q
Tstg |Storage Temperature -65to +150 °C MC14014B MC14021B] > " "
TL Lead Temperature (8-Second Soldering) 260 °C — X X 1 0 (1]
*Maximum Ratings are those values beyond which damage to the device may occur — X X 1 1 1
tTemperature Derating' Plastic “P"” Package: — 12mW/°C from 65°C to 85°C *Q6, Q7, & Q8 are available externally
Ceramic "L Package —12mW/°C from 100°C to 125°C X = Don’t Care
LOGIC DIAGRAM
P1 P2 P3 P6 P7 P8
07 o6 s Q14 015 21

9
/S °—D°——D=

11
Dg'>-<[>°——{>°——4o al—o af—po af----—b0 oF—©° a—o
c c C [ ¢ a [ a
10
cnocko—{>= _—
Vpp = Pin 16 P4 =Pin4g
Vgs = Pin8 PS5 = Pin 13 2 12 3
Q6 a7 Qs




MC14014BeMC14021B

ELECTRICAL CHARACTERISTICS (Voitages Referenced to Vgg)

Voo Tiow® 25°C Thigh®
Characteristic Symbol Vde Min Max Min Typ # Max Min Max Unit
Output Voltage “0" Level VoL 5.0 - 0.05 - 0 0.05 - 0.05 Vide
Vin=Vppor0 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 - 495 - Vdc
Vin=0o0rVpp 10 9.95 - 9.95 10 - 9.95 -
15 14.95 — 14.95 15 — 14.95 -
Input Voltage 0" Level ViL Vde
(Vg = 4.5 0r 0.5 Vdc) 5.0 - 15 - 2.25 15 - 15
(Vo =9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
{Vo =135 0r 1.5 Vdc) 15 — - 4.0 - 6.75 4.0 - 4.0
’ 17 Level| Viy
(Vg = 0.5 or 4.5 Vdc) 5.0 35 - 35 2.75 - 3.5 - Vdc
(Vo = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo = 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -
Output Drive Current (AL Device) IoH mAdc
(VoH = 2.5 Vdc) Source 5.0 —-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 oL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 16 - 13 2.25 - 09 -
(VoL = 15 Vdc) 15 42 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) 10H mAdc
{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 -
(Vo = 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 oL 5.0 052 - 0.44 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 13 - 11 2.25 - 09 -
(VoL = 1.5 Vdc) 15 36 - 3.0 8.8 - 24
Input Current (AL Device) tin 15 - +0.1 - +0.00001| +01 — +1.0 uAdc
Input Current (CL/CP Device) lin 15 - +03 - +0.00001 | +0.3 - 1.0 uAdc
Input Capacitance . Cin - - - - 50 75 - - pF
(Vin=0) ‘
Quiescent Current {AL Device) pD 5.0 - 5.0 - 0.005 5.0 - 150 uAdc
{Per Package) 0 | - 10 - 0.010 10 - 300
15 - 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device) Ipp 5.0 - 20 - 0.005 20 - 150 nAdc
(Per Package) 10 - 40 - 0.010 40 - 300
15 - 80 - 0.016 80 — 600
Total Supply Current”*t T 5.0 1 =(0.75 uA/kHz) f + Ipp uAdc
(Dynamic plus Quiescent, 10 IT =(1.50 uA/kHz) f + Ipp
Per Package) 15 Iy =(2.25 pA/kH2) t + Ipp
(C =50 pF on all outputs, all
buffers switching)

*Tiow = —55°C for AL Device, —40°C for CL/CP Device.
Thigh= +125°C for AL Device, +85°C tor CL/CP Device.

#Data labelled “Typ" is not to be used for design purposes but is
i as an i ion of the IC’s performance.

1To calculate total supply current at loads other than 50 pF:

IH(CL) = I7(50 pF) + (CL ~50) Vik

fin kHz is input frequency, and k = 0.0015.

**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, Vi, and Vgt should be constrained
to the range Vgg < (Vjp or Vout) < VpD-

Unused inputs must always be tied to an appropriate logic voitage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
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where: IT is in pA (per package), C|_in pF, V = (Vpp—Vgg) in volts,

PIN ASSIGNMENT

1 P8
2 a6
3cj a8
4T P4
5 P3
6 P2
73 P
8] vgg

A4

Voo

P7

P6

Ps

Q7

Ds

c

P/S

—— 16
—— 15
14
13
12
31
310
9




MC14014BeMC14021B

SWITCHING CHARACTERISTICS (C| =50 pF, Tp=25°C)

Vop
Characteristic Symbol Vdc Min Typ # Max Unit
Output Rise and Fall Time tTLH, ns
tTLH, tTHL = (1.5 ns/pF) C + 25 ns tTHL 5.0 — 100 200
tTLH, tTHL = (0.75 ns/pF) C|_ + 12.5 ns 10 — 50 100
tTLH. tTHL = (0.55 ns/pF) C_ + 9.5 ns 15 —_ 40 80
Propagation Delay Time (Clock to Q, P/S to Q) tPLH, ns
tPHL. tPLH = (1.7 ns/pF) C + 315 ns tPHL 5.0 — 400 800
tPHL. tPLH = (0.66 ns/pF) C| + 137 ns 10 - 170 340
tPHL. tPLH = (0.5 ns/pF) C_ + 90 ns 15 — 115 230
Clock Pulse Width twH 5.0 400 150 - ns
10 175 75 —
15 135 40 —
Clock Frequency fel 5.0 — 3.0 1.5 MHz
10 - 6.0 3.0
15 — 8.0 4.0
Parallel/Serial Control Pulse Width tWH 5.0 400 150 — ns
10 175 75 —
15 135 40 —
Setup Time tsu 5.0 200 100 — ns
P/S to Clock 10 100 50 —
15 80 40 —
Hold Time th 5.0 20 -2.5 — ns
Clock to P/S 10 20 -10 -
15 25 0 —
Setup Time tsu 5.0 350 150 — ns
Data (Paralle! or Serial) to 10 80 50 —
Clock or P/S 15 60 30 —
Hold Time th 5.0 45 0 — ns
Clock to Dg 10 35 0 —
15 35 5 —
Hold Time th 5.0 50 25 — ns
Clock to Py 10 a5 20 —
, 15 45 20 —
Input Clock Rise Time te(cl) 5.0 - —_ 15 us
10 — — 5
15 - — 4

*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

asani of the IC’s

FIGURE 1 — OUTPUT SOURCE CURRENT TEST CIRCUIT

performance.

Voo Vout
P/S Q6
Pulse c Pulse
Generator re Generator
Q7p—o0——o
P7
P8
loH
Dg a8
External
Power
= Supply

Preset output under test to a logic “*1"" level.
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FIGURE 2 — OUTPUT SINK CURRENT TEST CIRCUIT
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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 MC14015B

CMOS MsSI

(LOW-POWER COMPLEMENTARY MOS)
DUAL 4-BIT STATIC SHIFT REGISTER

The MC14015B dual 4-bit static shift register is cor}strqcted )/vith DUAL 4-BIT STATIC
MOS P-channel and N-channel enhancement mode devices in a single EGISTER
monolithic structure. It-consists of two identical, independent SHIFT R
4-state serial-input/parallel-output registers. Each register has inde-
pendent Clock and Reset inputs with a single serial Data input. The
register states are type D master-slave flip-flops. Data is shifted from
one stage to the next during the positive-going clock transition, Each

register can be cleared when a high level is applied on the Reset line.
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.

®
® Diode Protection on All Inputs L SUFFIX P SUFFIX
@ Supply Voltage Range = 3.0 Vdc to 18 Vdc CERAMIC PACKAGE PLASTIC PACKAGE
. . . CASE 620 CASE 648

® Logic Edge-Clocked Flip-Flop Design —

Logic state is retained indefinitely with clock level either high or ORDERING INFORMATION

low; information is transferred to the output only on the positive _

. A Series: —55°C to +125°C
going edge of the clock pulse.

MC14XXXBAL (Ceramic Package Only)
® Capable of Driving Two Low-power TTL Loads or One Low-power

- aooC .
Schottky TTL Load Over the Rated Temperature Range. ¢ a‘g'fjxxx‘;%p (‘3,;ii ,Eackage)

MC14XXXBCL (Ceramic Package)

MAXIMUM RATINGS* (voltages Referenced to Vgg)

Symbol Parameter Value Unit BLOCK DIAGRAM
VbD DC Supply Voltage -05to +180 v Qo }—5
Vin. Vout| Input or Output Voltage (DC or Transient) ~05toVpp +05 \% 7 o a1 4
hne lout | Input or Output Current (DC or Transient), per Pin +10 mA
Pp Power Dissipation, per Packaget 500 mw Q2 3
9 —C
Tstg Storage Temperature —-65to +150 °C R Q3}— 10
T Lead Temperature (8-Second Soldering) 260 °C
o

*Maximum 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

Qof—13
Ceramic "L" Package' —12mW/°C from 100°C to 125°C 16 —— D
Qlp—12
TRUTH TABLE
Q22— 11
C D R Qo Qp 1—cC
/| o ) 0 Qn_1 A a3 2
e 1 0 1 Qn_1 e— 1
N X 0 No Change No Change
X X 1 0 0 VVDD = :in ;s
= Pin
X = Don't Care ss
Qn = QO, Q1, Q2, or Q3, as applicable.
Qp —1 = Output of prior stage.




MC14015B

ELECTRICAL CHARACTERISTICS (voitages Referenced to Vgg)

Voo Tiow" 25°C Thigh"
Characteristic Symbol Vdc Min Max Min Typ # Max Min Max Unit
Output Voltage Q" Level VoL 5.0 - 0.05 — [¢] 0.05 - 0.0% Vdc
Vin = Vpp or 0 10 - 0.05 - 0 0.05 - 0.05
15 - 0.05 — 0 0.05 — 0.05
17 Level VoH 5.0 495 —_ 495 5.0 - 495 - Vdc
Vin = 0 or Vpp 10 9.95 - 9.95 10 - 9.95 -
15 14 95 - 14.95 15 —_ 14.95 -

Input Voltage 0" Level ViL Vdc
(Vg =4.5 or 0.5 Vdc) 50 - 15 - 2.25 15 - 1.5
(Vg =9 0o0r 1.0 Vdc! 10 - 3.0 - 4.50 3.0 - 3.0
(Vo =13.5 or 1.5 Vdc) 15 — 4.0 — 6.76 40 - 4.0

17 Level Vil ,
(Vo =0.50r 4.5 Vdc) 5.0 35 - 35 2.75 — 35 - Vdc
(Vo =1.0 or 9.0 Vde) 10 70 - 7.0 5.5 - 7.0 -
(Vo =150r12.5 Vde) 15 11.0 — 11.0 8.25 - 11.0 =

Output Drive Current (AL Device) loH mAdc

(VOH = 2.5 Vdc) Source 50 -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 -
(VoR = 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 16 - 13 225 - 08 -
(Vo =1.5 Vdc) 15 42 - 34 88 - 24 -

[Output Drive Current (CL/CP Device) 1oH mAdc
(VoW = 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 —

(VoK =9.5 Vdc) 10 —-1.3 — —-1.1 1 -2.25 - -0.9 -
(Vo = 135 Vdc) 15 —3.6 — —-3.0 —8.8 - —-2.4 -
(Vo =04 vdc) Sink oL - 5.0 0.52 - 044 0.88 - 0.36 - mAdc
(VoL =0.5 Vdc) 10 13 — 1.1 2.25 - 09 -
(VoL =1.5 Vdc) 15 36 — 3.0 838 - 24 -

Input Current (AL Device) lin 15 — +0.1 - +0 00001 | +01 — +1.0 uAdc

Input Current (CL/CP Device) hin 15 Py +03 — +0 00001 | +03 - 1.0 uAdc

Input Capacitance Cin - —_ —_ — 5.0 7.5 —_ - pF
(Vin =0} )

Quiescent Current (AL Device) (1595 5.0 —_ 50 - 0.005 5.0 - 150 nAdc
(Per Package) 10 —_ 10 — 0.010 10 - 300

15 — 20 — 0.015 20 - 600

Quiescent Current (CL/CP Device) po 5.0 - 20 — 0.005 20 — 150 - | wAdc

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

Total Supply Current®*t T 5.0 T+ (1.2 uA/KHZ) £ + Ipp uAdc
(Dynamic plus Quiescent, 10 IT = (2.4 pA/kHZ) t + Ipp
Per Package) 15 I1 = (3.6 dA/KHz) f + Ipp
(Cy = 50 pF on all outputs, all
buffers switching)

'Tbow; —55“0 for AL Device, —40°C for CL/CP Device. +To calculate total supply current at loads other than 50 pF*

Thigh= +125°C for AL Device, +85°C for CL/CP Device.
I7(CL) = IT(50 pF) + (C| —50) Vfk
#Data labelled "Typ" is not to be used for design purposes but is
intended as an indication of the IC's potential performance. where: ITis in nA (per package), C( in pF, V = (Vpp—Vgg) in volts,
fin kHz is input frequency, and k = 0 002
**The formulas given are for the typical characteristics only at 25°C

PIN ASSIGNMENT

NS
1c]Cg Vopf—o 16
I ) ) o - 2 a3 Dgf= 15

This device contains protection circuitry to guard against damage due to
high static voltages or electric fields. However, precautions must be 3 Q2,4 Rgf—314
taken to avoid applications of any voitage highey than maximum rated 4T3 01 Qop =313
voltages to this high-impedance circuit. For proper operation, Vi, and A 8
Vout should be constrained to the range Vgs < (Vip or Vout) =< VpDD- 5C3Q0, Qig 12
Unused inputs must always be tied to an appropriate logic voltage level 6 Ry Qzgf/—an
(e.g., either Vgg or Vpp). Unused outputs must be left open. 7o, as 210

8 Xvgg cap3e




MC14015B

SWITCHING CHARACTERISTICS* (C( =50 pf, Ta = 25°C)

Characteristic Symbol Vop Min Typ # Max Unit
Output Rise and Fall Time tTLH, ns
tTLH: tTHL = (1.5 ns/pF) C + 25 ns tTHL 50 - 100 200
trLH, tTHL = (0.75 ns/pF) C_ + 125 ns 10 - 50 100
tTLH, tTHL = (0.55 ns/pF) C| + 9.5 ns 15 - 40 80
Propagation Delay Time tPLH, ns
Clock, Data to Q tPHL
tPLH, tPHL = (1.7 ns/pF) C + 225 ns 5.0 - 310 750
tpLH, tPHL = (0.66 ns/pF) C_ + 92 ns 10 - 125 250
tpLH, tPHL = (0.5 ns/pF) C_ + 65 ns 15 - 90 170
Reset to Q
tPLH, tPHL = (1.7 ns/pF) C| + 375 ns 6.0 - 460 750
tpLM, tPHL = 0.66 ns/pF) C + 147 ns 10 - 180 250
tPLH, tPHL = (0.5 ns/pF) C( + 95 ns 15 - 120 170
Clock Pulse Width twH 50 400 185 — ns
10 175 85 —
15 135 55 —
Clock Pulse Frequency [ 5.0 - 20 15 MHz
10 - 6.0 3.0
15 - 75 3.7
Clock Pulse Rise and Fall Times tTLH, tTHL 5.0 - - 15 us
10 - - 5
15 - - 4
Reset Pulse Width tWH 5.0 400 200 - ns
10 160 80 -
15 120 60 -
Setup Time tsy 50 350 100 - ns
10 100 50 -
15 75 40 -

*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 as an indication of the IC’s potential performance.

FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM
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FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
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FIGURE 3 — SETUP AND HOLD TIME TEST CIRCUIT AND WAVEFORMS
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CIRCUIT SCHEMATICS
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LOGIC DIAGRAMS
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MC14016B

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 signa! gating, chopper, modulator,
demodulator and CMOS logic implementation.

Diode Protection on All Inputs

Supply Voltage Range = 3.0 Vdc to 18 Vdc
Linearized Transter Characteristics

Low Noise — 12nV/V/ Cycle, =1 kHz typical
Pin-for-Pin Replacement for CD4016B, CD4066B

For Lower RoN, Use The HC4016 High-Speed CMOS Device or
The MC14066B

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

CMOS SSli

(LOW POWER COMPLEMENTARY MOS)

QUAD ANALOG SWITCH
QUAD MULTIPLEXER

MAXIMUM RATINGS* (Voltages Referenced to Vgg)

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 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)

Symbol Parameter Value Unit
Vpp DC Supply Voitage -~0.5t0 +18.0 v
Vin. Vout| Input or Output Voltage (DC or Transient) -0.5t0 Vpp +0.5 v
lin Input Current (DC or Transient), per Control Pin *=10 mA
lsw Switch Through Current +25 mA
Pp Power Dissipation, per Packaget 500 mwW
Tstg Storage Temperature —65to +150 °C
T Lead Temperature (B-Second Soldering) 260 °C

*Maximum 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

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, Vi, and Vgt should be constrained
to the range Vgg = (V|n or Vout) < VppD-

Unused inputs must always be tied to an appropriate logic voitage level (e g.,
either Vgg or Vpp) Unused outputs must be left open

LOGIC DIAGRAM
(1/4 OF DEVICE SHOWN)

Control

Logic Diagram Restrictions in
Vss <Vin <VpD
Vss <Vour <VpD

BLOCK DIAGRAM

13
Control 1 O—
2
1 F—0 Qut 1
n 1 O—o
5
Control 2 O—
3
4 0 Out 2
in2 o—
6
Control 3 O——
9
8 O Out3
In3 O—
12
Control 4 O— 10
1 —OOouta
ina 0—

Vpp = Pin 14

Vgg = Pin 7
CONTROL SWITCH
0 = Vsg OFF
1 = VpD ON




MC14016B

ELECTRICAL CHARACTERISTICS (voltages Referenced to Vgg)

Voo Tiow" 25°C Thigh”
Characteristics Figure | Symbol | Vdc Min Max Min Typ # Max Min Max Unit
Input Voltage 1 ViL 5.0 - - ~ 1.5 0.9 - - Vdc
Control Input 10 - — - 1.6 0.9 — —
15 - - = 1.5 09 - -
VIH 5.0 - - 3.0 2.0 - - - Vdc
10 - - 8.0 6.0 - - -
15 - - 13 11 - - -
Input Current (AL Device) Control - lin 15 - 0.1 ~ +0.00001 | +0.1 - +1.0 | uAdc
Input Current (CL/CP Device) Control - lin 15 - +0.3 — | +£0.00001 | +0.3 - +1.0 | wAdc
Input Capacitance - Cin pF
Control - - - - 5.0 - - -
Switch Input - - - - 5.0 - - -
Switch Output - - - - 5.0 - - -
Feed Through — - — — 0.2 — — -
Quiescent Current (AL Device)** 2,3 Ipp 5.0 - 0.25 - 0.0005 | 0.25 - 75 HAdc
{Per Package) 10 — 0.50 - 0.0010 | 0.50 - 15
15 - 1.00 - 0.0015 | 1.00 - 30
Quiescent Current (CL/CP Device)™* 23 oD 5.0 — 1.0 - 0.0005 1.0 - 75 uAdc
(Per Package) 10 - 20 - 0.0010 | 2.0 - 15
15 - 4.0 - 0.0015 40 - 30
“ON” Resistance (AL Device)** 45,6 RoN Ohms
(Ve =Vpp. R =10 k)
(Vin = +5.0 Vdc) 5.0 - 600 - 300 | 660 - 960
(Vin = —5.0 Vdc) Vgg = =5 Vdc - 600 - 300 660 - 960
(Vin = £0.25 Vdc) - 600 - 280 660 - 960
(Vip = +7.5 Vdc) 75 - 360 - 240 400 - 600
(Vijn = —7.5 Vdc) Vgg = —7.5 Vdc - 360 - 240 400 - 600
(Vjn = £0.25 Vdc) - 360 - 180 400 - 600
(Vin =+10 Vdc) 10 - 600 - 260 | 660 - 960
(Vin = +0.25 Vdc) Vgg = 0 Vdc - 600 - 310 | 660 - 960
(Vjn = +5.6 Vdc) - 600 - 310 660 - 960
(Vijn = +15 Vdc) 15 - 360 - 260 400 - 600
(Vi = +0.25 Vdc) Vgg = 0 Vdc - 360 - 260 400 - 600
(Vin = +9.3 Vdc) - 360 - 300 400 - 600
"‘ON" Resistance (CL/CP Device)** 456 RoN Ohms
(Ve =Vpp. RL =10kQ)
(Vi = +5.0 Vdc) 50 - 610 - 300 660 - 840
(Vin = —5.0 Vdc) Vgg = —5 Vdc - 610 | — 300 | 660 - 840
(Vi = £0.26 Vdc) - 610 - 280 660 - 840
(Vin =+7.5 Vdc) 7.5 - 370 - 240 400 - 520
(Vi = —7.5 Vdc) Vgg = —7.5 Vdc - 370 | - 240 | 400 - 520
(Vijn = £0.25 Vdc) - 370 - 180 400 - 520
{Vjn = +10 Vdc) 10 - 610 - 260 660 - 840
(Vijn = +0.25 Vdc) Vgg = 0 Vdc - 610 - 260 660 - 840
(Vijn = +6.6 Vdc) - 610 — 310 660 - 840
(Vjn = +15 Vdc) 15 - 370 - 260 400 - 520
{Vjn = +0.25 Vdc) Vgg = 0 Vdc - 370 - 260 400 - 520
(Vi =49.3 Vdc) - 370 - 300 400 - 520
AON'’ Resistance - ARpON Ohms
Between any 2 circuits in a common
package
(Ve =Vpp)
(Vin = £5.0 Vdc) Vgg = -5 Vdc 5.0 - - - 15 - - -
(Vi = £7.5 Vdc) Vgg =—7.5 Vdc 75 - - - 10 - - -
Input/Output Leakage Current (V¢ = Vgg) - -
(Vin = +7.5, Vout = —7.5 Vdc) 75 — |+0100] — | 00015 |:0.100] — | :1.0 | MAdc
(Vin ==7.5, Vout = +7.5 Vdc) 75 — ]%0.100 | — 100015 {£0.100] — +1.0

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

#Data labelled “Typ” 1s not to be used for design purposes but I1s intended as an indication of the IC’s potential performance.

NOTE-" All unused inputs must be returned to Vpp or Vgg as
appropriate for the circust application

**For voltage drops across the switch (AVgy,tch) >600 mV (>300 mV at high temperature), excessive Vpp current may be drawn; 1.e., the
current out of the switch may contain both Vpp and switch input components. The reliability of the device will be unaffected uniess the

Maximum Ratings are exceeded. (See first page of this data sheet.) Reference Figure 14




MC14016B

ELECTRICAL CHARACTERISTICS* (G = 50 pF, Tp = 25°C)

Vop

Characteristic Figure | Symbol Ve Min Typ # Max Unit
Propagation Delay Time (Vgg = 0 Vdc) 7 tPLH, 5.0 - 15 45 ns
Vin to Vout tPHL 10 - 7.0 15
(Ve =Vpp, RL = 10 kQ) 15 - 6.0 12
Control to Output 8 :PHZ- 5.0 - 34 90 ns
(Vin < 10 Vde, R = 1.0 kQ2) N 10 - 20 45
tpzL 15 - 15 35
Crosstalk, Control to Output (Vgg = 0 Vdc) 9 - 5.0 - 30 - mvV
(Ve = Vpp, Rin = 1.0 kR, Royy = 10 kL, 10 - 50 -
f=1kHz) 15 — 100 -
Crosstalk between any two switches (Vgg = 0 Vdc) - - 5.0 - -80 - dB
(R = 1.0k, f=1.0 MHz,
Vout1
crosstalk = 20 logyg——)
Vout2
Noise Voltage (Vgg = 0 Vdc) 10,11 - 5.0 - 24 - nVA/Cycle
(V¢ =Vpp, f = 100 Hz) 10 - 25 -
15 - 30 -
(Ve = Vpp, f = 100 kHz) 5.0 - 12 -
’ 10 - 12 -
15 - 15 -
Second Harmonic Distortion (Vgg= -5 Vdc) — - 5.0 - 0.16 - %

(Vin = 1.77 Vdc RMS Centered @ 0.0 Vdc,
Ry =10k, f=1.0 kHz)

Insertion Loss (V¢ = Vpp, Vjn = 1.77 Vdc, Vgs = -5 Vdc, 12 - 5.0 - dB
RMS centered = 0.0 Vdc, f = 1.0 MHz)

Vout
lioss = 20 '0910\7'—_ou )
n

(R =1.0k) - 23 -
(R =10kQ2) - 0.2 -
(R =100 kQ2) - 0.1 -
(R =1.0MQ) - 0.05 -
Bandwidth (-3 dB) 12,13 BW 5.0 - MHz
(Vg = VDD, Vin = 1.77 Vdc, Vgg = -5 Vdc,
RMS centered @ 0.0 Vdc)
(R =1.0kf) - 54 -
(RL=10kQ) - 40 -
(R =100 k) - 38 -
(R =1.0MQ) — 37 —
OFF Channel Feedthrough Attenuation (Vgg = —5 Vdc) - - 5.0 - kHz

\%
(Ve = Vss, 20 '0910\,,;.“ =-50dB)
in

(R =1.0kQ) - 1250 -
(R =10kQ) - 140 -
(R =100 k&) - 18 -
(R = 1.0 M) - 20 -

#Data labelled “Typ"” is not to be used for design purposes but I1s In-
tended as an indication of the IC’s potential performance

PIN ASSIGNMENT
\J
1cJin1 Vop 2 14
2 COut1 Controt 1 FD 13
3 T3 0ut 2 Control 4 F12
4C"in2 maef M
§ "3 Control 2 Out4 110
6 CJControl 3 Out3 9

7:‘/55 in3fFo8




RON, “ON" RESISTANCE (ohms)

MC14016B

FIGURE 1 - INPUT VOLTAGE
TEST CIRCUIT

V¢ Is

Vin Vout

ViL: Vg is raised from Vgg until Vo=V .
at Vg = V)i Ig= +10 pA with Vi, =Vgg, Vout=Vpp of Vin=Vpp. Vout=Vss

ViH. When Vg =V to Vpp, the switch is ON and the Rgp specifications are met.

FIGURE 2 - QUIESCENT POWER DISSIPATION FIGURE 3 — TYPICAL POWER DISSIPATION PER CIRCUIT
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FIGURE 6 — Rgny CHARACTERISTICS
TEST CIRCUIT

Vout

Ry
Ve

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

FIGURE 10 — NOISE VOLTAGE TEST CIRCUIT

Quan-Tech
Model
2283

or Equiv

Vc = Voo

NOISE VOLTAGE (nV/J/CYCLE)

35

30

25

20

FIGURE 7 — PROPAGATION DELAY TEST CIRCUIT
AND WAVEFORMS

20 ns [‘— j*=—20 ns
v 50% Voo
n 50% N
k10/o Vss
PLH PHL
Vout 50%

FIGURE 9 — CROSSTALK TEST CIRCUIT

FIGURE 11 — TYPICAL NOISE CHARACTERISTICS

N
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TYPICAL INSERTION LOSS (dB)

MC14016B

FIGURE 12 — TYPICAL INSERTION LOSS/BANDWIDTH

CHARACTERISTICS FIGURE 13 — FREQUENCY RESPONSE TEST CIRCUIT
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FIGURE 14 — AV ACROSS SWITCH
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APPLICATIONS INFORMATION

Figure A illustrates use of the Analog Switch. The
0-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
VpDp and Vss. The Vpp voltage is the logic high volt-
age; the Vgg voltage is logic low. For the example,
VpD = +5V = logic high at the control inputs; Vgg
= GND = 0V = logic low.

The maximum analog signal level is determined by
Vpp and Vgg. The analog voltage must not swing
higher than Vpp or lower than Vgg.

The example shows a 5 Vp_p signal which allows no
margin at either peak. If voltage transients above Vpp
and/or below Vgg are anticipated on the analog chan-
nels, external diodes (Dx) 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 Vpp and Vgg is 18.0V. Most parameters are
specified up to 15V which is the recommended maxi-
mum difference between Vpp and Vss.

FIGURE A — APPLICATION EXAMPLE

Vbp Vss
+50V
+5V 5 Vpp Switch
Analog Signal In v
Switch 5Vp-p o +25V
Out Analog Signal ’
External
CMOSs 0-to-5 V digital GND
Digital Control Signals MC14016B
Circuitry

L

FIGURE B — EXTERNAL GERMANIUM OR SCHOTTKY CLIPPING DIODES

VoD

Voo

Dy

Switch
In

Dx

Dy

Switch
Out

Dy

vVss

Vss
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MC14017B

DECADE COUNTER

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

The MC14017B is a five-stage Johnson decade counter with built-in
code converter. High speed operation and spike-free outputs are obtained
by use of a Johnson decade counter design. The ten 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.

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 CD4017B

MAXIMUM RATINGS* (Voitages Referenced to Vgg)

Symbol

o

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)
DECADE COUNTER

16
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

P alue
arameter Valu MC14XXXBCP (Plastic Package)
Vpp DC Supply Voltage -05to +180 \ MC14XXXBCL (Ceramic Package)
Vin. Vout | Input or Output Voltage (DC or Transient) -0.5toVpp +05 \4
lin. lout | Input or Output Current (DC or Transient), per Pin +10 mA
Pp Power Dissipation, per Packaget 500 mw FUNCTIONAL TRUTH TABLE
{Positive Logic)
T, Storage Temperature —-65to + 150 °C
&g g TLocK DECODE
T Lead Temperature (8-Second Soldering) 260 °C CLOCK ENABLE RESET | OUTPUT = n
*Maximum Ratings are those values beyond which damage to the device may occur. o x o n
tTemperature Derating. Plastic “P" Package: — 12mW/°C from 65°C to 85°C : N ° Q"o
Ceramic "L" Package' —12mW/°C from 100°C to 125°C e ; :] et
N X o n
X ol 0 n
LOGIC DIAGRAM 1 N o n+1

Q1 Q7

Clock
Clock
Enable

Reset

1 2 6 7

©

10

Qo Q2

Qs

Q4

Carry

X - Don't Care it n <5 Carry =71%, Otherwise = 70"

BLOCK DIAGRAM

Clock 14 O— Qo
Q1
Q2
Qa3
Qa
as
Qs
Q7
as
Q9

—o03
—o02
—o0 4
P—o07
—-o0 10
—0 1
p—0 5
—-0 6
F—o09
—0 11

r—O!Z

Clock
Ensble

13 0—q

Reset 15 O—— Cout

Vpp = Pin 16
Vgs = Pin8




MC14017B

ELECTRICAL CHARACTERISTICS (voltages Referenced to Vgg)

Voo Tiow" 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
Vin = Vpp or 0 10 - 0.05 - 0 0.05 - 0.05
15 - 005 — 0 0.05 — 0.05
1" Level VoH 5.0 495 - 4.95 50 - 495 — Vdc
Vin = 0 or Vpp 10 9.95 - "9.95 10 - 9.95 -
15 14.95 - 1495 15 - 14.95 —
Input Voltage “0" Level ViL . Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 - 225 15 - 15
(Vo = 9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vo = 13.5 or 1.5 Vdc) 15 - 40 - 6.75 4.0 - 4.0
“1 Level ViH
(Vo = 0.5 or 4.5 Vdc) 5.0 35 - 35 2.75 - 35 - 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 - 1.0 8.25 - 11.0° -
Output Drive Current (AL Device) “loH mAdc
(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 Vdo) 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 toL 5.0 064 - 0.51 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) IS 10 16 - 1.3 2.25 - 09 -
(VoL = 1.5 Vdc) 15 4.2 - 3.4 8.8 - 24 —
Output Drive Current (CL/CP Device) 10H mAdc
(VOH = 2.5 Vdc) Source 5.0 —2.5 - —2.1 —4.2 —_ —1.7 -
(VoH = 4.6 Vdc) 50 [-052| -— -0.44| —0.88 | — -0.36| -
(VoH = 9.5 Vdo) 10 -1.3 - { =11 —225 - -0.9 -
(Vo = 13.5 Vdc) 15 —3.6 - —3.0 —8.8 - —2.4 ~
(VoL = 0.4 Vdc) Sink loL 5.0 0.52 - 044 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 13 - 1.4 2.25 - 09’ -
(VoL = 1.5 Vdc) 15 36 - 3.0 88 - 24 -
Input Current (AL Device) tin 15 - 1 - +0 00001 | +01 - +1.0 uAdc
Input Current (CL/CP Device) lin 15 — +03 - +0 00001 | +03 - *1.0 uAdc
Input Capacitance Cin - - - 5.0 75 . - pF
(Vin = 0)
Quiescent Current (AL Device) oo 5.0 - 5.0 - 0.005 5.0 - 150 uAdc
(Per Package) 10 - 10 - 0.010 10 - 300
15 - 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device) DD 5.0 —_ 20 -— 0.005 20 - 150 uAdc
(Per Package) 10 - 40 - 0.010 40 - 300
15 — 80 - 0.015 80 - 600
Total Supply Current**t T 5.0 1 =(0.27 wA/kH2) t + Ipp uAdc
{Dynamic plus Quiescent, 10 IT=10.55 pA/kHz) t + Ipp
Per Package) 15 =
(CL = 50 pF on all outputs, al! IT = (083 uA/kH2) 1+ lpD
buffers switching)

*Tiow= —55°C for AL Device, —40°C for CL/CP Device

1To calculate total supply current at loads other than 50 pF

Trugh = +125°C for AL Device, +85°C for CL/CP Device

IT(CL) = 17(50 pF) + (C_ —50) Vk

#Data labetled “Typ" is not to be used for design purposes but is

intended as an indication of the IC’s potential performance.

fin kHz is input frequency, and k = 0 0011

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

where- I is in wA (per package), C|_in pF, V = (Vpp - Vgg) in volts,

PIN ASSIGNMENT

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, Vjy and Vgyt should be con-

strained to the range Vgg < (Vin or 10eqas Vopof—= 16

Vout) < VDD 2 a1 Reset 1 15

Unused inputs must always be tied to an 3 a0 Clock 2 14

appropriate logic voltage level (e.g., ei- _

ther Vgg or Vpp). Unused outputs must 432 CEFD 13

be left open.

P 5 CJ a6 Cout # 12

6 CJ a7 [e:]==RE
73 a3 Qaf310
8 T vgg Qg9




MC14017B

SWITCHING CHARACTERISTICS* (C|_=50pF,Th =25°C)

Characteristic Symbol \(,:': Min Typ # Max Unit
Output Rise and Fall Time tTLH, ns
tTLH. tTHL = (1.5 ns/pF) C + 25 ns THL 5.0 —_ 100 200
tTLH. tTHL = (0.75 ns/pF) C + 125 ns 10 - 50 100
tTLH. tTHL = (0.55 ns/pF) Ci_ + 9.5 ns 15 - 40 80
Propagation Delay Time PLH, ns
Reset to Decade Output tPHL
tpLH, tPHL = (1.7 ns/pF) C + 415 ns 5.0 - 500 1000
tpLH, tPHL = (0.66 ns/pF) Cy_+ 197 ns 10 - 230 460
tpLH, tPHL = (0.5 ns/pF) C_+ 150 ns 15 - 175 350
Propagation Delay Time tPLH, ns
Clock to Coyy PPHL
tPLH, tPHL = (1.7 ns/pF) C + 315 ns 50 - 400 800
tPLH, tPHL = (0.66 ns/pF) C + 142 ns 10 — 175 350
tpLH, tPHL = (0.5 ns/pF) C_+ 100 ns 15 — 126 250
Propagation Delay Time PLH, ns
Clock to Decode Output PHL
tPLH, tPHL = (1.7 ns/pF) C + 415 ns 5.0 - 500 1000
tpLH, tPHL = (0.66 ns/pF) C_+ 197 ns 10 - 230 460
tPLH, tPHL = (0.5 ns/pF) C_ + 160 ns 15 — 175 350
Turn-Off Delay Time tPLH ns
Reset to Coyt
tpLH = (1.7 ns/pF) C_+ 315 ns 5.0 — 400 800
tpLH = (0.66 ns/pF) C|_ + 142 ns 10 - 175 350
tpLH = (0.5 ns/pF) C_ + 100 ns 15 —_ 125 250
Clock Pulse Width tw(H) 5.0 250 125 — ns
10 100 50 -
15 75 35 —
Clock Frequency fe) 5.0 — 5.0 2.0 MHz
10 —_— 12 5.0
15 - 16 6.7
Reset Puise Width tw(H) 5.0 500 250 —_ ns
10 250 125 —_
15 190 95 —
Reset Removal Time trem 5.0 750 375 — ns
10 275 135 —
15 210 105 —_
Clock Input Rise and Fall Time LK. 5.0 -
: tTHL 10 No Limit
- 15
Clock Enable Setup Time teu 50 350 175 — ns
10 150 7% -
15 115 52 -
Clock Enable Removal Time trem 5.0 420 260 - ns
10 200 100 —_
15 140 70 hd

*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
i as an indication of the IC's p ial performance.
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Voo FIGURE 1 — TYPICAL OUTPUT SOURCE AND OUTPUT SINK CHARACTERISTICS

TEST CIRCUIT
p— @ Vout
Vss —————0—{E 205 00
OuUTPUT ouTPUT
Q2 SINK DRIVE | SOURCE DRIVE
Q3 Clock to
A DECODE (S1 10 A) desired
Vpp —oO S1 Q4 OUTPUTS outputs
~——O——{Reset Q5 (S1 1o 8)
8
Vgg —O S1 Q6 Clock 10 &
a7 Carry thru 9 Stto A
(S1 to B)
a8 Vgs = Voo —~ Voo
Qo pb—o0 External Vps = Vout Vout ~VDO
I ———o0——{Clock c —0 Power
out Supply
g
TVDD FIGURE 2 — TYPICAL POWER DISSIPATION TEST CIRCUIT
500 uF A~ @ "L 001 uF
:_E Ceramic
1 =
Qoo
Q1 f—oO-
——O——{Clock Enable Q2 p—O—
Q3 —O
” Q4 —o
< p—O—— Reset as —o-
Q6 o :
Pulse fe Q7 —o0—m——————
Generator ° Clock a8 b—o———————
Q9 '—O—~—-j
COU( ——-01
§Vss Teu TRCLARCL AR ZRCL AR CL R €L ARCL AR 3RCL ZRECL

APPLICATIONS INFORMATION

Figure 3 shows a technique for extending the number of decoded output states for the MC140178. Decoded
outputs are sequential within each stage and from stage to stage, with no dead time (except propagation delay).

FIGURE -3 — COUNTER EXPANSION

] ]

Reset Reset Reset
Clock Clock Clock

MC140178 MC140178 — MC140178

CE rcFE -l-—ccs
F'qoom-..oaos Q0O1e« o o Q8 Q9 Q1 « « « Q8Q9
—1 | Il l - T i
|l I, \ , ——

8 Decoded
9 Decoded 8 Decoded Outputs
Outputs Outputs
Clock -& - —_—— e —
First Stage Intermediate Stages Last Stage
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FIGURE 4 — AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS
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@ MOTOROLA

CMOS MsSI

(LOW-POWER COMPLEMENTARY MOS)

PRESETTABLE DIVIDE-BY-N COUNTER PRESETTABLE

The MC14018B contains five Johnson counter stages which are DIVIDE-BY-N COUNTER
asynchronously presettable and resettable. The counters are syn-
chronous, and increment on the positive going edge of the clock.

Presetting is accomplished by a logic 1 on the preset enable input.
Data on the Jam inputs will then be transferred to their respective

Q outputs (inverted). A logic 1 on the reset input will cause all /
Q outputs to go to a logic 1 state. .i.
Division by any number from 2 to 10 can be accomplished by B’
connecting appropriate Q outputs to the data input, as shown in . 16
the Function Selection table. Anti-lock gating is included in the 1 !
MC14018B to assure proper counting sequence, L SUFFIX P SUFFIX
® Fully Static Operation CERAMIC PACKAGE  PLASTIC PACKAGE
® Schmitt Trigger on Clock Input CASE 620 CASE 648
® Capable of Driving Two Low-power TTL Loads or One Low-power
Schottky TTL Load Over the Rated Temperature Range ORDERING INFORMATION

® Pin-for-Pin Replacement for CD4018B 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
MAXIMUM RATINGS* (voltages Referenced to Vgg) Clock | Reset | Enable | input Gn
Symbol Parameter Value Unit ~_ 0 o X an
Vpp |DC Supply Voltage -05to +180 \ e ) 0 X On
Vin. Vout | Input or Output Voltage (DC or Transient) -0.5t0 Vpp +05 \% X 4] 1 0 1
lin. lout | Input or Output Current (DC or Transient), per Pin +10 mA X 0 1 1 0
Pp Power Dissipation, per Packaget 500 mw X ! X X !
T Storage Temperature ~65to + 150 °C “Dp s tne Data input for that stage Stage 1 has
Lstg 9 P Data brought out to Pin 1.,
T Lead Temperature (8-Second Soldering) 260 °C
*Maximum Raﬁngs 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
PIN ASSIGNMENT
S
1 Oin Voo 16
2= Jam 1 RED15
) 3cgJam 2 (o] =R 1)
Tf\is devige contains protectioq cirfzui:ry to guard against d@mage due to arqa2 [e1:] mem R K]
high static voltages or electric fields. However, precautions must be —
taken to avoid applications of any voltage higher than maximum rated s Q1 Jam 5 F12
voltages to this high-impedance circuit. For proper operation, Vi, and 6 ] a3 dapn
Vout should be constrained to the range Vgg =< (Vijn or Vout) < VpD- P
Unused inputs must always be tied to an appropriate logic voltage level 7 Jam3 Ep=10
(e.g., either Vgg or Vpp). Unused outputs must be left open. s v Jam 49
D SSs

6-59



MC14018B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo Tiow" 25°C Thigh®
Characteristic Symbol Vde Min Max Min Typ # Max Min Max Unit
Output Voltage VoL 5.0 - 0.05 - o 0.05 - 0.05 Vdc
Vin=Vppor 0 10 - 0.05 - 0 0.05 - 0.05
15 - 005 — 0 0.05 - 0.05
1" Level VOoH 50 4.95 - 495 5.0 - 495 - Vde
Vin=00r Vpp 10 9.95 - 9.95 10 - 9.95 -
15 14.95 — 14.95 15 — 1495 | —

Input Voltage 0" Level ViL Vdc
(Vo =4.50r 05 Vdc) 50 - 15 - 225 15 - 15
(Vo =9.0 or 1.0 Vdc) 10 - 30 - 4.50 3.0 - 3.0
(Vo =13.50r 1.5 Vdc) 15 - 4.0 ~ 675 40 - 4.0

1" Level ViH
(Vo =0.5 or 4.5 Vdc) 5.0 35 - 35 275 - 35 - Vdc
(Vg =1.0 0r 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo =15o0r 12,5 Vdc) 15 110 — 11.0 825 — 11.0 -

Output Drive Current (AL Device) oH mAdc
(VOH =2.5 Vdc) Source 5.0 -3.0 - -24 -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 — -13 -2.25 — -0.9 -
(VOH =13.5 Vdc) 15 -4.2 — -3.4 -8.8 — -24 —
(VoL =04 Vdc) Sink oL 5.0 0.64 - 051 0.88 - 0.36 — mAdc
(VoL =05 Vdc) 10 16 — 13 2.25 — 09 -
(VoL =1.5 Vdc) 15 4.2 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) 10H mAdc
(VOH =2.5 Vdc) Source 5.0 -25 - -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 -13 - -1.1 -2.25 - -0.9 -
(VoH = 13.5 Vdc) 15 -3.6 — -3.0 -8.8 - -24 -
(VoL =0.4 Vdc) Sink loL 5.0 052 - 044 088 - 0.36 — mAdc
(VoL =0.5 Vdc) 10 13 - 11 225 — 09 -
(Vor =1.5Vdc) 15 36 - 3.0 8.8 — 24 —

Input Current (AL Device) lin 15 — +01 — +000001{ +01 — £10 uAdc

Input Current (CL/CP Device) hin 15 - t03 — +0.00001 | +03 — 10 uAdc

Input Capacitance Cin — — — 50 7.5 —_ — pF
(Viq =0)

Quiscent Current (AL Device) ‘oD 50 - 50 - 0.005 50 - 150 uAdc
(Per Package) 10 - 10 — 0.010 10 —_ 300

15 - 20 - 0.015 20 - 600

Quiescent Current (CL/CP Device) 'pD 50 —_ 20 —_ 0.005 20 — 150 uAdc

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

Total Supply Current**t T 50 I = (0.3 uA/kH2) f + Ipp nAdc
(Dynamic plus Quiescent, 10 1T = (0.7 uA/kH2) t + Ipp
Per Package) 15 T = (1.0 uA/kH2) t + IpD
(C 50 pF on all outputs, all
buffers switching)

*T)ow = —55°C for AL Device, —40°C for CL/CP Device 1To calculate total supply current at loads other than 50 pF-

Thigh = +125°C for AL Device, +85°C for CL/CP Device
IT(CL) = IT(50 pF) + (C|_ —50) Vtk
#Data labelled “Typ" is not to be used for design purposes but is
intended as an indication of the IC’s potential performance. where' IT1s in pA (per package), C|_in pF, V = (Vpp - Vgg) in volts,
fin kHz is input frequency, and k = 0 001
**The formulas given are for the typical characteristics only at 25°C




MC14018B

SWITCHING CHARACTERISTICS* (C|_ =50 pF, Tp = 25°C)

Voo Al Types
Characteristic Symbol Vdc Min Typ # Max Unit
Output Rise and Fall Time tTLH, ITTHL ns
tTLH, TTHL = (1.35 ns/pF) C_+ 32ns 5.0 - 100 200
tTLH, tTHL= (0.6 ns/pF) C_+ 20 ns 10 - 50 100
tTLH, tTHL= (0.4 ns/pF) C|_+ 20 ns 15 - 40 80
Propagation Delay Time tPLH. ns
Clock to Q PPHL
tpLH.tPHL = (0.90 ns/pF) C_+ 265 ns 5.0 - 310 620
tpLH.tpHL = (0.36 ns/pF) C_ + 102 ns 10 - 120 240
tpLHAPHL = (0.26 ns/pF) C_+ 72 ns 15 - 85 170
Reset to Q ns
tpLH = (0.90 ns/pF) C_ + 325 ns 5.0 — 370 740
tpLK = (0.36 ns/pF) C_ + 132 ns 10 — 150 300
tpLH = (0.26 ns/pF) C_+ 81ns 15 — 100 200
Preset Enable to Q ns
tpLH.tPHL = (0.90 ns/pF) C_+ 325 ns 5.0 - 370 740
tpLH.tpHL = (0.36 ns/pF) C_ + 132 ns 10 - 150 300
tpLH.tPHL = (0.26 ns/pF) C_ + 81 ns 15 - 100 200
Setup Time sy ns
Data (Pin 1) to Clock 5.0 200 0 -
10 100 o -
15 80 [ —
Jam Inputs to Preset Enable 5.0 200 4] —_ ns
10 100 0 -
15 80 o -
Data (Jam Inputs)-to-Preset th 5.0 540 270 - ns
Enable Hold Time 10 500 250 -
15 480 240 -
Clock Pulse Width twWH 5.0 400 200 - ns
10 200 100 —
15 160 80 —
Reset or Preset Enable twH 5.0 290 145 - ns
Pulse Width 10 130 65 -
15 110 55 -
Clock Rise and Fall Time tTLH, tTHL 5.0 ns
10 No Limit
15
Clock Pulse Frequency fel MHz
5.0 — 25 1.26
10 - 6.5 326
15 - 8.0 40

*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 as an indication of the IC’s potential performance.

FIGURE 1 — SWITCHING TIME WAVEFORMS
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TIMING DIAGRAM Jam 3 Don't Care r]
(@5 Connected to Data Input) Until Preset Enable
Goes High
Jam 4 L
Jam § L[
a1
.
at ]
& |
Qa
as
FUNCTION SELECTION
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MC14020B

14-81T BINARY COUNTER

The MC140208B 14-stage binary counter is constructed with MOS
P-channel and N-channel enhancement mode devices in a single mon-
olithic structure. This part is designed with an input wave shaping
circuit and 14 stages of ripple-carry binary counter. The device
advances the count on the negative-going edge of the clock pulse.
Applications include time delay circuits, counter controls, and fre-
quency-dividing circuits.

Fully Static Operation
Diode Protection on All Inputs
Supply Voltage Range = 3.0 Vdc to 18 Vdc

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 CD40208

Capable of Driving Two Low-power TTL Loads or One Low-power

MAXIMUM RATINGS* (Voltages Referenced to Vgg)

CMOS mSI

{(LOW-POWER COMPLEMENTARY MOS)

14-BIT BINARY COUNTER

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)

Q8 = Pin 13 Q11 = Pin 15

Symbol Parameter Value Unit
Voo DC Supply Voltage ~0.5t0 +18.0 \Z
Vin. Vout | Input or Output Voitage (DC or Transient) ~0.5t0 Vpp +0.5 v
L _ou TRUTH TABLE
lin, lout |!nput or Output Current (DC or Transient), per Pin *10 mA
Pp Power Dissipation, per Packaget 500 mw CLocK RESET | OUTPUT STATE
T St T t 65 to + 150 oC / 0 No Change
stg orage Temperature ~65to +15 -~ ) Advance 1o next
T Lead Temperature (8-Second Soldering) 260 °C state
. - . . X 1 All Outputs are low
*Maximum 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 X = Don’t Care
Ceramic “L" Package: ~ 12mW/°C from 100°C to 125°C
LOGIC DIAGRAM
Q1 Q4 Qs Q12, Q13 Q14
9 7 5 1 2 3
Clock 10
o -«Tc af4--dc a a4 --4dc o c a c a
c @ ¢ al—c @l—--—c @ ¢ al—c
R R R R R R
Reset I 1 I - I T J
11
Q6 = Pin 4 Q9 = Pin 12 Vpp = Pin 16
Q7 = Pin 6 Q10 = Pin 14 Vgg =Pin 8




MC14020B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo Tiow” 25°C Thigh®
Characteristic Symbol Vde Min Max Min Typ # Max Min Max Unit
Output Voltage 0" Level Voo 50 — 0.05 — 0 0.05 - 005 Vdc
Vin = Vpp or 0 1 10 - 0.05 - 0 0.05 - 0.05
15 — 0.05 - 0 005 — 005
1" Level VoH 5.0 495 - 4.95 8.0 - 4 95 - Vdc
Vin = 0 or Vpp 10 9.95 - 9.95 10 - 9.95 -
15 1495 - 14 95 15 — 14.95 —_
input Voltage "'0" Level ViL Vde
(Vo = 4.5 or 0.5 Vdc) 50 - 15 - 2.25 1.5 - 15
(Vo = 9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vo = 13.5 or 1.5 Vdc) 15 - 40 - 6.75 40 - 4.0
1" Level Vin .
(Vo = 0.5 or 4.5 Vdc) 50 35 - 35 2.75 — 35 — Vdc
(Vo = 1.0 or 9.0 Vdc) 10 7.0 - 70 550 — 7.0 -
(Vo = 1.5 or 13.5 Vdc) 15 1.0 — 10 8.25 — 1.0 -
Output Drive Current (AL Device) 1OH mAdc
(VOH = 2.5 Vdc) Source 50 —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 Vdo) 10 —-1.6 - —-1.3 | —2.25 — -0.9 -
(VoH = 13.5 Vdo) 15 —4.2 — —-34| —-88 — —2.4 —
(VoL = 0.4 Vdc) Sink oL 5.0 064 — 0.51 0.88 - 036 - mAdc
(VoL = 0.5 Vde) 10 16 - 13 2.25 - 09 —
(VoL = 1.5 Vdc) 15 4.2 - 34 8.8 - 24 -
Output Drive Current {CL/CP Device) IOH R mAdc
(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 oL 5.0 052 - 044 088 - 0.36 — mAdc
(VoL = 0.5 Vde) 10 1.3 - 1.1 2.25 - 09 -
(VoL = 1.5 Vdc) 15 36 - 3.0 88 - 24 -
Input Current (AL Device) hin 15 - +01 - +0 00001 | #01 — *10 uAdc
Input Current (CL/CP Dewvice) tin 15 - +03 - +0 00001 | =03 - +£10 uAdc
Input Capacitance Cin - - - - 50 75 - - pF
(Vin=0)
Quiescent Curient (AL Device) Ipp 50. — 50 — 0.005 50 - 150 uAdc
(Per Package) 10 — 10 - 0.010 10 - 300
15 = 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device) DD 50 - 20 - 0.005 20 - 150 uAdc
(Per Package) 10 - 40 - 0.010 40 - 300
15 - 80 - 0.015 80 — 600
Total Supply Current®*t It 50 1T =10.42 uA/kH2) t + Ipp uAdc
(Dynamic plus Quiescent, 10 1T = (0.85 uASkHzZ) | + pp
Per Package) 15 . 1 =(1.43 uA/kH2) t + Ipp
(Cy = 50 pF on all outputs, all
buffers switchingl
*Tiow = — 55°C for AL Device, —40°C for CL/CP Device 1To calculate total supply current at ioads other than 50 pF*

Thigh = +125°C for AL Device, +85°C for CL/CP Device.
IT(CL) = IT(50 pF) + (C —50) Vfk
#Data labelled “Typ" 1s not to be used for design purposes but is
intended as an indication of the IC's potential performance where I is in nA (per package), C in pF, V = (Vpp—Vgg) in volts,
fin kHz is input frequency, and k = 0 001
**The formulas given are for the typical characteristics only at 25°C

PIN ASSIGNMENT

This device contains protection circuitry to guard -against damage due to high static voltages \s

or electric fields. However, precautions must be taken to avoid applications of any voltage 1 Q12 Voo 16

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

Vin and Vgt should be constrained to the range Vgg < (Vi or Vout) < Vpp- 2 Q13 Q11315

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg or 3 c=jQ4 QiofF—/™ 14

VpDp)- Unused outputs must be left open. acae asF13
5 c—as Q9fm2
6 CJQ7 R 11
7 C3Q4 [of s i 1¢]
8 Cvgs Q139
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SWITCHING CHARACTERISTICS (C| =50 pF, Tp=25°C)

Voo
Characteristic Symbol Vde Min Typ # Max Unit
Output Rise and Fall Time tTLR, ns
TTLHs TTHL=(1.5 ns/pF) C_ +25 ns 1THL 5.0 — 100 200
TTLHs TTHL=(0.75 ns/pF) C_+12.5 ns 10 — 50 100
TTLH> TTHL =(0.55 ns/pF) C_+9.5 ns 15 — 40 80
Propagation Delay Time tPLH>»
Clock to Q1 tPHL ns
tPHL. tPLH = (1.7 ns/pF) C_ + 175 ns 5.0 - 260 520
tpHL. tpLH = (0.66 ns/pF) C| + 82 ns 10 — 115 230
tpHL, tPLH = (0.5 ns/pF) C_ + 55 ns 15 — 80 160
Clock to Q14 ns
tpHL. tpLH = (1.7 ns/pF) C + 1735 ns 5.0 — 1820 3900
tpHL. tpLH = (0.66 ns/pF) C| + 772 ns 10 — 805 1725
tpHL, tPLH = (0.5 ns/pF) C + 535 ns 15 —_ 560 1200
Propagation Delay Time tPHL ns
Reset to Qp,
tpHL = (1.7 ns/pF) C + 285 ns 5.0 — 370 740
tpHL = (0.66 ns/pF) Ci + 122 ns 10 —_ 155 310
tpHL = (0.5 ns/pF) C + 90 ne 15 — 115 230
Clock Pulse Width twH 5.0 500 140 — ns
10 165 55 —
15 125 38 —
Clock Pulse Frequency fel 5.0 — 2.0 1.0 MHz
10 — 6.0 3.0
15 —_ 8.0 4.0
Clock Rise and Fall Time TTLHs tTTHL 5.0 —
10 No Limit
15
Reset Pulse Width twL 5.0 3000 320 — ns
10 550 120 —
15 420 80 —
Reset Removal Time trem 5.0 130 65 - ns
10 50 25 -
15 30 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
i as an indication of the IC’s ial per
FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND
WAVEFORM WAVEFORMS

4
500 uF
BE Pulse

Generator c a
_'oj-
i !

Pulse
Generator

Clock

50% Duty Cycle
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FIGURE 3 —~ TIMING DIAGRAM
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MC14022B

OCTAL COUNTER CMOS MSI

The MC140228 is a four-stage Johnson octal counter with built-in

code converter. High-speed operation and spike-free outputs are ob- (LOW-POWER COMPLEMENTARY MOS)
tained by use of a Johnson octal counter design. The eight decoded
outputs are normally low, and go high only at' their appropriate octal OCTAL COUNTER

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 Aliows Slow Rise Times Bli
® Carry Out Output for Cascading

® Divide-by-N Counting 1 1
°
°

)

Supply Voltage Range = 3.0 Vdc to 18 Vdc L SUFFIX P SUFFIX
Capable of Driving Two Low-power TTL Loads or One Low-power
Schottky TTL Load Over the Rated Temperature Range CERAMIC PACKAGE  PLASTIC PACKAGE

. . CASE 620 CASE 648
® Pin-for-Pin Replacement for CD40228
ORDERING INFORMATION

A Series: —55°C to +126°C
MC14XXXBAL (Ceramic Package Only)

MAXIMUM RATINGS* (Voltages Referenced to Vgg)

Symbol Parameter Value Unit C Series: ~40°Cto +85°C
MC14XXXBCP (Plastic Package)
Vpp |DC Supply Voltage -0.5to +18.0 v MC14XXXBCL (Ceramic Package)
Vin. Vout| Input or Output Voltage (DC or Transient) -0.5to Vpp +0.5 \
hin lout | Input or Output Current (DC or Transient), per Pin +10 mA FUNCTIONAL TRUTH TABLE
Pp Power Dissipation, per Packaget 500 mw (Positive Logic)
Tst, Storage Temperature '—65 to +150 °C CLOCK
’_Q X CLOCK ENABLE RESET | OUTPUT =n
T Lead Temperature (8-Second Soldering) 260 °C n X ° o
*Maximum Ratings are those values beyond which damage to the device may occur. X 1 0 n
tTemperature Derating: Plastic “P" Package: —12mW/°C from 65°C to 85°C e o o net
Ceramic “L" Package. —12mW/°C from 100°C to 125°C h X o n
1 W o n+1
X - ) n
LOGIC DIAGRAM X X 1
X Don‘t Care ifn< 4 Carry = 1, Otherwise = 0
iR ) 1 5 7
Q4 a1 Qé Q3
Clock BLOCK DIAGRAM
14
_13e Carry Clock 14 o Qof—o 2
Ciock Vpp allYc o}k [Yc a c o 12 aiF—o 1
Enable 2 c _|{4dc _|l|dc _| c _| Qf—o 3
Q Q 0.Q 0_Qj
Vss R R A R — a3b—o 7
loC!
15 r Enepie 13 0 Q4}—o0 11
Reset D asfb—o 4
Q6pH—o0 §

Q7p—o° 10

o Resst 15 O— Cout l—o0 12

Vpp = Pin 16
Vgg = Pin8

Qo as Q2 Q7

2 ) 3 10 NC = Pin 6,9
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ELECTRICAL CHARACTERISTICS (voitages Referenced to Vgg)

MC14022B

Vpp Tiow" 25°C Tm’
Characteristic Symbol Vde Min Max Min Typ # Max Min Max Unit
Output Voltage 0" Level Vou 5.0 - 0.05 - 0 0.0 - 0.05 Vdc
Vin = Vpp or 0 10 - 0.05 - 0 0.05 - 0.05
15 — 0.05 — 0 0.05 — 0.05
1" Level VoH 5.0 495 - 495 5.0 - 495 - Vdc
Vin = 0 or Vpp 10 9.95 - 9.95 10 - 9.95 —_—
15 14.95 — 14 .95 15 — 14.95 —
Input Voltage 0" Level ViL Vdc
(Vp =4.50r 0.5 Vdc) 5.0 - 15 - 2.25 1.5 - 15
(Vo =9.0 or 1.0 Vdc) 10 -— 3.0 - 4.50 3.0 - 3.0
(Vo =13.50r 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
1" Level] Vin
(Vo =0.5 or 4.5 Vdc) 5.0 35 - 35 275 - 35 - Vde
(Vg =1.0 0r 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo =1.50r 13.5 Vdc) 15 11.0 - 1.0 8.25 - 11.0 —
'Output Drive Current (AL Device) IoH mAdc
(VoH =2.5 Vdc) Source 5.0 —-3.0 - —2.4 ) —-4.2 - -1.7 -
(VoH =4.6 Vdc) 5.0 —0.64 —_ —0.561} —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 —
(Vo =04 Vdc) Sink foL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc
(VoL =0.5 Vdc) 10 16 - 13 2.25 - 0.9 - :
(VoL =15 Vdc) 15 42 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) IoH mAdc
(VOH =2.5 Vdc) Source 5.0 —-25 - -2.1 —4.2 - -1.7 -
(VoH = 4.6 Vdc) 5.0 —0.52 - —0.44| —-0.88 - —0.36 -
(VoW =9.5 Vdc) 10 -1.3 - —1.1 | —2.25 - —-0.9 -
(VoH =135 Vdc) 15 —3.6 — —3.0 —8.8 - —2.4 -
(VoL =0.4 Vdc) Sink loL 5.0 052 - 0.44 0.88 - 0.36 - mAdc
(Vo =0.5 Vdc) 10 13 - 1.1 2.25 - 09 -
(VoL =1.5 Vdc) 15 3.6 - 3.0 8.8 - 24 -
input Current (AL Device) tin 15 —_ +0.1 — [£0.00001 | *0.1 — +1.0 uAdc
input Current (CL/CP Device) lin 15 — +03 - +0.00001| +0.3 - 1.0 uAdc
Input Capacitance Cin —_ - — — 5.0 15 - —_ pF
(Vin =0)
Quiescent Current (AL Device) ipp 5.0 —_ 5.0 —_ 0.005 5.0 - 150 uAdc
(Per Package) 10 - 10 —_ 0.010 10 — 300
15 — 20 - 0.015 20 - 600
Quiescent Current {CL/CP Device) [[s5} 5.0 —_ 20 - 0.005 20 - 150 pAdc
(Per Package) 10 — 40 - 0.010 40 -_ 300
15 - 80 — 0.0156 80 — 600
Total Supply Current**t T 5.0 iT=10.28 pA/kHz2) f + Ipp uAdc
(Dynamic plus Quiescent, 10 It = (0.56 uA/kH2) f + ipp
Per Package) 15 7 = (0.85 pA/kH2) f + DD
(C =50 pF on all outputs, all
buffers switching)

“Tiow= —55°C for AL Device, —40°C for CL/CP Device.
Thigh‘ +125°C for AL Device, +85°C for CL/CP Device.

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

fin kHz is input frequency, and k = 0.00125.

**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, Vi, and
Vout should be constrained to the range Vgg < (Vin or Vout) < VpD.
Unused inputs must always be tied to an appropriate logic voltage level
(e.g., either Vgg or Vpp). Unused outputs must be left open.

IT(CL) = I7(50 pF) + (C|_ —50) Vfk

PIN ASSIGNMENT

1To calculate total supply current at loads other than 50 pF-

where: IT is in pA (per package), C_in pF, V = (Vpp —Vgg) in volts,

—
R == Voo 16
2—j Qo0 R 15
3cg Q2 Crma
4] Qs E_E-":Dl:!
s a6 Cout |3 12
6 ] NC Qa1
7cq a3 Q7f=33 10
80 vgg NC Do

NC = No Connection



SWITCHING CHARACTERISTICS*

MC14022B

(CL_ = 50 pF, T = 25°C)

Characteristic Symbol ‘(/'if:’ Min | Typ# | Max | Unit
Output Rise and Fall Time tTLH, ns
tTLH, tTHL = (1.5 ns/pF) C + 25 ns tTHL 5.0 - 100 200
tTLH. tTHL = (0.75 ns/pF) C_ + 12.5 ns 10 - 50 100
tTLH. tTHL = (0.55 ns/pF) C_ + 9.5 ns 15 - 40 80
Propagation Delay Time tPLH, ns
Reset to Decode Output tPHL
tpLH, tPHL = (1.7 ns/pF) C_ + 415 ns 5.0 — 500 1000
tpLH, tPHL = (0.66 ns/pF) C_ + 197 ns 10 — 230 460
tpLH, tPHL = (0.5 ns/pF) C_ + 150 ns 15 - 175 350
Propagation Delay Time tPLH, ns
Clock to Coyt tPHL
tpLH, tPHL = (1.7 ns/pF) C + 315 ns 5.0 - 400 800
tpLH, tPHL = (0.66 ns/pF) C_ + 142 ns 10 — 175 350
tPLH, tPHL = (0.5 ns/pF) C + 100 ns 15 — 125 250
Propagation Delay Time tPLH, ns
Clock to Decode Output tPHL
tPLH, tPHL = (1.7 ns/pF) C + 415 ns 5.0 - 275 1000
tpLH, tPHL = (0.66 ns/pF) C_+ 197 ns 10 - 125 460
PPLH, tPHL = 0.5 ns/pF) C + 150 ns 15 - 95 350
Turn-Otf Delay Time tPLH ns
Reset to Cgy¢
tpLH = (1.7 ns/pF) C_ +315 ns 5.0 - 400 800
tpLH = (0.66 ns/pF) C|_+ 142 ns 10 - 175 350
tpH = (0.5 ns/pF) C_+ 100 ns 15 - 126 250
Clock Puise Width WH 6.0 250 125 - ns
10 100 50 -
15 75 35 -
Clock Frequency fel 5.0 - 5.0 20 MHz
10 - 12 5.0
15 - 16 6.7
Reset Puise Width WH 5.0 500 250 - ns
10 250 125 -
15 190 95 -
Reset Removal Time trem 5.0 750 375 - ns
10 275 135 -
15 210 105 -
Clock Input Rise and Fall Time TLH, tTHL 5.0 -
10 No Limit
15
Clock Enable Setup Time tsy 5.0 350 175 - ns
10 150 75 -
15 115 52 -
Clock Enable Removal Time trem 5.0 420 260 - ns
10 200 100 -
15 140 70 -

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

#Data labelled “Typ” is not to be used for design purposes but is

as an indication of the IC's performance.




MC14022B

Voo FIGURE 1 — TYPICAL OUTPUT SOURCE AND OUTPUT SINK
¥ CHARACTERISTICS TEST CIRCUIT

?Vout
Vss | Clock Qo
Ensbleq1|—o Output Output
Voo A Q2t—o 1 Sink Drive | Source Drive
Q3}—o Clock to desired
—O—— Reset Q4 |——o0 Output
st as .9 Outputs | (S1to0 A) (S1 to B)
Vss B8 Clock to Q5
Q6 —o Carry thru Q7 S1to A
Q7 b—o (S1 to B)
{
——eO——{ C. ockcom Vgs = Voo -Vpp
—rL External Vos = Vout Vout -VoO
v Power
QVss Supply
Voo FIGURE 2 - TYPICAL POWER DISSIPATION
Y TEST CIRCUIT
500 uF 71~ @ % 0.01 uF
L. Ceramic
1 =
Qo H—0—
Qi —0—
——O———{Clock Enable Q2O
Q3 —0—
Q4 —0—
——O—1 Reset os o
Q6 —o0-
Q7 —0————
Pulse fe
Generator . Clock Cout f—O————
lvss SR cLARe, ARCL ARCLIRCLACL ACL :,L:cl_ e,

APPLICATIONS INFORMATION
Figure 3 shows a technique for extending the number of decoded output states for the
M§I40228. Decoded outputs are sequential within each stage and from stage to stage, with no
dead time (except propagation delay).

FIGURE 3 —~ COUNTER EXPANSION

R R R
[+ c [
3 MC140228 cE MC140228 cE MC140228
Q0 Q1le ¢ «Q6Q7 Q0Q1e ¢ ¢« Q6 Q7 -_[— Ql e« « « Q6Q7
H— — m—
\__-v...__l 6 Decoded
7 Decoded 6 Decoded Outputs
Outpputs Outputs
Clock - & —_————
First Stage Intermediate Stages Last Stage
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FIGURE 4 — ACMEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS
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MC140238
See Page 65

7-STAGE RIPPLE COUNTER

The MC14024B is a 7-staqge 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 All Inputs
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 CD40248

MAXIMUM RATINGS* (Voltages Referenced to Vgg)

MC14023UB
See Page 6-14

MC14024B

CMOS SsSli

(LOW-POWER COMPLEMENTARY MOS)

7-STAGE
RIPPLE COUNTER

Symbol Parameter Value Unit
Vpp [DC Supply Voltage ~0.5t0 +18.0 v
Vin, Vout | Input or Output Voltage (DC or Transient) -0.5t0 Vpp +0.5 \2
lin: lout |Input or Output Current (DC or Transient), per Pin +=10 mA
Pp Power Dissipation, per Packaget - 500 mw
Tstg Storage Temperature —65to +150 °C
T 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/°C from 65°C to 85°C
Ceramic “L” Package: —12mW/°C from 100°C to 125°C

LOGIC DIAGRAM

Ctlock ¢ Qp—cCc Qaf---4C aQ c a

o
<]
B
[<]]
T
B
ol
-
T
EY
=]}

o2 | 2l

12 n a 3
at Q2 Qe Q7
Q3 =Ping9
Q4 =Pin6
Q5 =PinS

14 14
1

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE

CASE 632 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

A
1 clock Vppj}—14
2 ] Reset NC[ED13

3c—] a7 Q112
4] a6 [oV 3 mumm R}
sC—] as NC =10
6C—] Q4 a3 9
7=} vss NC 8

Vpp =Pin14
Vgs =Pin 7

NC = No Connection

6-72




MC14024B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Vbo Tiow" 25°C Tm'
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
Vin = Vpp or 0 10 - 0.05 — 0 0.05 - 0.05
15 - 0.05 —~ 0 0.05 — 0.05
1 Level VOoH 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc
Vin = 0 or Vpp 10 9.95 - 9.95 10 - 9.95 -
15 14.95 —_ 14 .95 15 — 14.95 —

Input Voltage 0" Level ViL Vdc
(Vg =4.50r 05 Vdc) 5.0 - 15 - 2.25 15 - 15
(Vo =90o0r 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vo =13.50r 1.5 Vdc) 15 - 4.0 - 675 40 - 4.0

17 Level Vi
(Vo =05 or 4.5 Vdc) 50 35 - 35 2.7% - 35 - Vdc
(Vo =1.00r9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo =150r125 Vdc) 15 1.0 - 11.0 8..5 - 10 -

lOutput Drive Current (AL Dewvice) foH mAdc

(VOH = 2.5 Vdc) Source 5.0 -3.0 - —2.4 —4.2 - —-1.7 -
(VoH =4.6 Vdc) 50 —0.64 - —-0.51} —0.88 - -0.36 -
(VoH =95 Vdc) 10 —1.6 - -1.3 | —2.25 - -0.9 -
{(Vou = 13.5 Vdc) 15 —4.2 — —3.4 —8.8 — —2.4 —
(VoL =04 Vvdc) Sink oL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc
(Vor =05 Vdc) 10 16 - 13 225 - 09 -
(VoL =15 Vdc) 15 42 - 34 8.8 - 24 -

Output Drive Current (CL/CP Device) IoH mAdc
(VoK = 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 -

(Von = 13.5 Vdc) 15 —3.6 - —-3.0 —8.8 - —2.4 —

(VoL =0.4 vdc) Sink oL 5.0 052 - 0.44 0.88 - 0.36 - mAdc
(Vo =0.5 Vdc) 10 13 — 1.1 225 - 09 -

(VoL =1.5 Vdc) 15 36 - 3.0 838 - 24

Input*Current (AL Device) Vin 15 — +0.1 — +0 00001 | +01 - 10 uAdc

Input Current (CL/CP Device) hin 15 - +03 _ +0.00001 | +0.3 - 10 rAdc

Input Capacitance Cin - — - —_ 50 7.5 - bt pF
(Vi =0)

Qurescent Current (AL Device) Ipp 50 — 50 - 0.005 5.0 - 150 HAdc
(Per Package) 10 —_ 10 - 0.010 10 - 300

15 - 20 e 0.015 20 - 600

Quiescent Current (CL/CP Device) [I5)s) 5.0 - 20 - 0.005 20 - 150 uAdc

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

Total Supply Current** 1 T 5.0 17 =(0.31 uA/kHz) f + Ipp nAdc

(Dynamic plus Quiescent, 10 It ={0.60 uA/kHz) { + Ipp
Per Package) 15 17 =(0.89 uA/kHz) f + |pD
{C_ =150 pF on all outputs, ail

buffers switching)

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

1To calculate total supply current at loads other than 50 pF*

IT(CL) = I7(50 pF) + (CL ~50) Vfk

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

where: I is in pA (per package), C|_in pF, V = (Vpp—Vgg) in volts,

fin kHz is input frequency, and k = 0.001

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

This device contains ﬁrotection 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, Vi, and Vgt should be constrained to the range Vgg =< (Vin or Vout) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg or Vpp). Unused outputs must

be left open.




MC14024B

SWITCHING CHARACTERISTICS* (C|_=50pF, T = 25°C)

Characteristic Symbol Voo Min Typ # Max Unit
Output Rise and Fall Time tTLH. ns
tTLH, tTHL = (1.5 ns/pF) C + 25 ns tTHL 5.0 - 100 200
tyLH, tTHL = (0.75 ns/pF) C) + 12.5ns 10 - 50 100
tTLH. tTHL = (0.55 ns/pF) C|_ + 9.5 ns 15 - 40 80
Propagation Delay Time tPLH, ns
Clock to Q1 tPHL
tpLH, tPHL = (1.7 ns/pF) C_ + 296 ns 5.0 - 380 600
tPLH, tPHL = (0.66 ns/pF) C_ + 117 ns 10 - 150 230
tPLH, tPHL = (0.5 ns/pF) C|_ + 85 ns 15 - 110 175
Clock to Q7
tpLH, tPHL = (1,7 ns/pF) C_+915ns 5.0 — 1000 2000
tPLH, tPHL = (0.66 ns/pF) C_ + 367 ns 10 - 400 750
tpLH, tPHL = (0.5 ns/pF) Ci + 275 ns 15 - 300 565
Reset to Qp,
tpLH, tPHL = (1.7 ns/pF) C| +416 ns 5.0 - 500 800
tpLH, tPHL = (0.66 ns/pF) C_ + 217 ns 10 — 250 400
tpLH, tPHL = (0.5 ns/pF) C_+ 155 ns 15 - 180 300
Clock Pulse Width twH 5.0 500 200 - ns
10 165 60 -
15 125 40 -
Reset Pulse Width ' WH 5.0 600 375 - ns
10 350 200 -
15 260 150 -
Reset Removal Time trem 5.0 625 250 - ns
10 190 75 -
i 15 145 50 -
Clock Input Rise and Fall Times tTLH, tTHL 5.0 - - 1.0 8
10 - - 8.0 ms
15 - L= 200 [
Input Pulse Frequency fa 5.0 —_ 25 1.0 MHz
10 - 8.0 3.0
15 - 12 4.0
*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
TRUTH TABLE
CLOCK RESET STATE
o o No Change
0 All Outputs Low
1 4] No Change
1 1 All Outputs Low
__/_- o No Change
- 1 All Outputs Low
TN 0 Advence One Count
TN 1 All Outputs Low




MC14024B

FIGURE 1 — TYPICAL OUTPUT SOURCE
CHARACTERISTICS TEST CIRCUIT

Voo Vou = Vout
Voo
A% on
R loH
External
CountQptoa Vss ;owo'r
logic 1"’ level. = ueply

FIGURE 2 — TYPICAL OUTPUT SINK
CHARACTERISTICS TEST CIRCUIT

Voo VoH = Vout
C Qp
_1 R ‘oL
External
Vss Power
Supply

FIGURE 3 — POWER DISSIPATION TEST CIRCUIT

Voo
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MC14025B
See Page 6-5

MC14025UB
See Page 6-14

DUAL J-K FLIP-FLOP

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 Independent of Fanout

Logic Edge-Clocked Flip-Flop Design —

e o 0o 0

going edge of the clock pulse

Schottky TTL Load Over the Rated Temperature Range
® Pin-for-Pin Replacement for CD40278

The MC14027B dual J-K flip-flop has independent J, K, Clock
(C), Set (S) and Reset (R) inputs for each flip-flop. These devices

Logic state is retained indefinitely with clock level either high or
low; information is transferred to the output only on the positive-

® Capable of Driving Two Low-power TTL Loads or One Low-power

MC140278B

CMOS ssi

(LOW-POWER COMPLEMENTARY MOS)

DUAL J-K FLIP-FLOP

MAXIMUM RATINGS* (Voltages Referenced to Vgg)

Symbol Parameter Value Unit
Vpp |DC Supply Voltage -05t0 +180 \
Vin. Vout | Input or Output Voitage (DC or Transient) ~-05toVpp +05 \
hn lout | Input or Output Current (DC or Transient), per Pin =10 mA

Pp Power Dissipation, per Packaget 500 mwW
Tstg Storage Temperature -651to0 +150 °C
T Lead Temperature (8-Second Soldering) 260 °C

tTemperature Derating. Plastic "P" Package - 12mW/°C from 65°C to 85°C

*Maximum Ratings are those values beyond which damage to the device may occur

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

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)

TRUTH TABLE

INPUTS OUTPUTS*
ct J K S R |Qn¥ |Qn+1]Qn+t
1 X 0 0 0 1 0
/| x o ] 0 1 1 ]
-1 o X 0 0 0 [} 1
| x 1 [ [} 1 0 1
1 1 o | o [ Q0| Qof Qo
| x x [ [ x | a, | @, | Nochange
X X x 1 0o | x 1 0
X X X o 1 X 0 1
x x X 1 1 x 1 1

I = Presont State
* = NextState

X = Don’t Care
t = Level Change

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, Vi, and
Vout should be constrained to the range Vgg < (Vin or Vout) < Vpp-
Unused inputs must always be tied to an appropriate logic voltage
level (e.g., either Vgg or Vpp). Unused outputs must be left open.

BLOCK DIAGRAM

S

S

6 ——— QpP—1

3—-—C

5 K Q 2
)

4_—..J

S
10— J Qp—15
11— K a 14
R

Vpp = Pin 16
Vgg =Pin8




MC14027B

ELECTRICAL CHARACTERISTICS (voitages Referenced to Vgg)

Voo Tiow" 25°C Tm'
Characteristic Symbot Vde Min Max Min Typ # Max Min Max Unit
Output Voltage - 0" Level VoL 5.0 - 0.05 - 0 0.05 - 0.05 Vdc
Vin = Vpp or 0 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 - 495 — Vdc
Vin = 0 or Vpp 10 9.95 - 9.95 10 - 9.95 -
15 | 1495 - 14.95 15 - 14.95 —
Input Voltage “0" Level ViL Vdc
(Vg =45o0r05 Vde) 5.0 - 15 - 225 15 - 15
(Vo =9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vo = 13.5 or 1.5 Vdc) 15 - 40 - 6.75 4.0 - 4.0
“1” Level| V)N
(Vo =0.5 or 4.5 Vdc) 5.0 35 - 35 2.75 - 35 - Vdc
(Vo = 1.0 or 9.0 Vdc) 10 70 - 70 5.50 - 7.0 -
(Vo =150r 13.5 Vdc) 15 1.0 - 1.0 8.256 - 11.0 -
Output Drive Current (AL Device) IoH mAdc
(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 -
(VoK = 9.5 Vdc) 10 —-1.6 - —-1.3| —2.25 - -0.9 -
(Vou = 13.5 Vdc) 15 —4.2 - —3.4| -88 — —2.4 —
(VoL =0.4 Vdc) Sink oL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc
* (VoL =0.5 Vdc) 10 16 - 13 225 - 0.9 -
(Vor = 1.5 Vdc) 15 42 - 34 88 - 24 —_
Output Drive Current {CL/CP Device) IoH mAdc
(VoH= 2.5 Vdc) Source 5.0 —-25 - —2.1 —4.2 — -1.7 -
(Vo= 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 -
(VoRr= 13.5 Vdc) 15 —3.6 - -3.0 —8.8 - —2.4 -
(VoL = 0.4 Vdc) Sink oL 5.0 0.52 ~ 044 | 088 - 0.36 — mAdc
(Vo = 0.5 Vdc) 10 1.3 - 1.1 12.25 - 09 —_
(VoL = 1.5 Vdc) 15 36 - 3.0 88 - 24 -
input Current (AL Device) lin 15 - +0.1 —_ +0.00001 | :0.1 - 11.0 rAdc
input Current (CL/CP Device) lin 15 - +03 - $0.00001{ 203 - 1.0 uAdc
Input Capacitance Cin —_— - - — 50 75 —_ —_ pF
(Vin=10)
Quiescent Current (AL Device) oo 5.0 - 1.0 —_ 0.002 1.0 —_ 30 wAdc
(Per Package) 10 — 2.0 - 0.004 20 — 60
15 — 4.0 — 0.006 | 4.0 - 120
Quiescent Current (CL/CP Device) ob 5.0 - 4.0 - 0.002 4.0 - 30 pnAdc
(Per Package) 10 - 8.0 - 0.004 8.0 - 60
15 — 16 - 0.n06 16 - 120
Total Supply Current** t T 5.0 It = (0.80 uA/kHz) f + ‘pp uAdc
{Dynamic plus Quiescent, 10 IT =(1.60 rA/kH2) t + 1pp
Per Package) 15 11 = (2.40 uA/kHz) f + Ipp
(Cy =50 pF on all outputs, all
buffers switching)
*Tiow= —556°C for AL Device, —40°C for CL/CP Device.
Thigh= +125°C for AL Device, +85°C for CL/CP Device. PIN ASSIGNMENT
N\
#Data labelled "Typ" is not to be used for design purposes but is
intended as an i:gication of the IC’s po(ennalgpezor?nancs. 1 d Qa Voo =16
243G, Qg 16
The formulas given are for the typical characteristics only at 25°C. 3cgca 53 14
1To calculate total supply current at loads other than 50 pF: AR,y Cg 413
IT(CL) = 17(50 pF) + (C|_ —50) Vtk 5Ky Rg 412
where: i1 is in pA (per package), C)_ in pF, V = (Vpp'—Vgg) in volits 5 JA Ks =1
fin kHz;inpu’:nequency. and k =Lo,ogz, poTrss 7C3s,a Jg =10
8 d Vss Sg :9




MC14027B

SWITCHING CHARACTERISTICS* (C|_=50pF, T = 25°C)

Characteristic Symbol Vpp Min Typ # | Max Unit
Output Rise and Fall Time tTLH. ns
trLH tTHL = (1.5 ns/pF) C + 25 ns tTHL 50 - 100 200
tTLH, tTHL = (0.76 ns/pF) C_ + 125 ns 10 - 50 100
tTLH, tTHL = (0.55 ns/pF) C_ + 12.5 ns 15 - 40 80
Propagation Delay Times™* tPLH, ns
Clock to Q, Q tPHL
tPLH. tPHL = (1.7 ns/pF) C_ + 90 ns 5.0 - 175 350
tpLH. tpHL = (0.66 ns/pF) Cp + 42 ns 10 - 7% 150
tpLH. tPHL = (0.5 ns/pF) C + 25 ns 15 - 50 100
Setto Q, Q
tpLH, tPHL = (1.7 ns/pF) C_ + 90 ns 5.0 - 175 350
tpLH. tPHL = (0.66 ns/pF) C| + 42 ns 10 - 75 150
tpLH. tpHL = (0.5 ns/pF) C_ + 25 ns 16 - 50 100
Reset to Q, Q
tpLH. tPHL = (1.7 ns/pF) C| + 265 ns 5.0 - 350 450
tPLH, tPHL = (0.66 ns/pF) C + 67 ns 10 - 100 200
tpLH, tpHL = (0.5 ns/pF) C| + 50 ns 16 - 75 150
Setup Times tsy 5.0 140 70 - ns
10 50 25 -
15 35 17 -
Hold Times th 50 140 70 - ns
10 50 25 -
15 35 17 -~
Clock Pulse Width WH, twL 5.0 330 166 - ns
10 110 55 -
15 75 38 -
Clock Puise Frequency [ 5.0 - 3.0 1.5 MHz
10 - 9.0 45
15 - 13 6.5
Clock Pulse Rise and Fall Time tTLH, tTTHL 5.0 - - 15 us
10 - - 6.0
15 - - 4.0
Removal Times trem
5 90 10 - ns
10 45 5 -
15 35 3 —_
Set
5 50 -30 —_
10 25 -15 —_
Reset 15 20 -10 —
Set and Reset Puise Width wWH 6.0 280 125 - ns
10 100 50 -
15 70 35 -

*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.



MC14027B

FIGURE 2 — DYNAMIC SIGNAL WAVEFORMS

FIGURE 1 — DYNAMIC SIGNAL WAVEFORMS
(Set, Reset, Clock, and Output)

(4, K, Clock, and Output)
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MC140288B

BCD-TO-DECIMAL DECODER
BINARY-TO-OCTAL DECODER

The MC14028B decoder is constructed so that an 8421 BCD code
on the four inputs provides a decimal (one-of-ten) decoded output,
while a 3-bit binary input provides a decoded octal (one-of-eight)
code output with D forced to a logic “'0”. Expanded decoding such
as binary-to-hexadecimal (one-of-16), etc., can be achieved by using
other MC14028B devices. The part is useful for code conversion, ad-
dress decoding, memory selection control, demultiplexing, or read-

out decoding.

® Diode Protection on All Inputs

® 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

® |ow Outputs on All lllegal Input Combinations

® Similar to CD40288.

CMOS MmsSI

{(LOW-POWER COMPLEMENTARY MOS)

BCD-TO-DECIMAL DECODER
BINARY-TO-OCTAL DECODER

MAXIMUM RATINGS* (Voltages Referenced to Vgg)

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

*Maximum Ratings are those values beyond which damage to the device may occur.
tTemperature Derating: Plastic

" Package: —12mW/°C from 65°C to 85°C
Ceramic "L" Package —12mW/°C from 100°C to 125°C

MC14XXXBCP (Plastic Package)
Symbol Parameter Value Unit MC14XXXBCL (Ceramic Package)
Vbp DC Supply Voltage ~05to +18.0 \
Vin, Vout| Input or Output Voltage (DC or Transient) -0.5to Vpp +0.5 \
hin lout | Input or Output Current (DC or Transient), per Pin +10 mA
Pp Power Dissipation, per Packaget 500 mw
Tstg Storage Temperature —-65to +150 °C
T Lead Temperature (8-Second Soldering) 260 °C

TRUTH TABLE

BLOCK DIAGRAM

10 0——A Qofp—o03
Qi1}—o 14

38t Q2p—o02

Binary { 130—8 Q3p—o0 15 Octal

8421 Inputs ©  Decoded | pecimal

Qap—o01

BCD <« Outputs % Decoded
Inputs as[—06 Outputs

12 0—C Qs—o07
Q7—o4
a8 l—o09
110—0D Q9 5

Vpp = Pin 16
Vgg =Pin8

INPUT QUTPUT
D C B AjQ9.Q8Q7Q60Q5Q4Q3Q2Q1Q0
0 00Of0OO0O0OCOOOO OO
00011000000 O0O0OT1O0
0 010j000O0OOOTOO0
0 01t 1/0 0 0000 1000
01 00)]0000O?110000
010 1/]00 00 100000
01 10/000 1 000O0O0O0
01 1 1j0 01 00000 OO
100001 00O0O0OO0OCO0OO
100 1]1000000O0OO0
1010|0000 O0O0O0O0COO0
1 011|000 0000000
1100/000000O0OO0OO0OO0O0
1101000 000O0O0O0O0
111 0/000000O0O0O0OO0
111 1Jj0 000 0O0O0O0O0O0




MC14028B

ELECTRICAL CHARACTERISTICS (voitages Referenced to Vgg)

Vbo Tiow" 25°C Thigh*
Characteristic Symbol Vdc Min Max Min Typ # Max Min Max Unit
Output Voltage “0" Level Voi 5.0 — 0.05 - 0 0.05 - 0.05 Vdc
Vin = Vpp or 0 10 - 0.05 - 0 0.05 - 0.05
15 — 0.05 — 0 0.05 — 0.05
1" Level VOH 5.0 495 - 495 5.0 - 4.95 - Vdc
Vin = 0 or Vpp 10 9.95 - 9.95 10 - 9.95 -
15 14.95 — 14.95 15 — 14.95 —
Input Voltage 0" Level ViL Vdc
(Vg = 4.5 or 0.5 Vdc) 5.0 - 15 - 2.25 15 - 15
(Vo =9.0 or 1.0 Vdc) 10 - 30 - 4.50 3.0 - 3.0
(Vg = 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 35 - 35 2.75 - 35 - vde
(Vo = 1.0 0r 9.0 Vdc) 10 70 - 70 5.50 - 7.0 -
(Vo =150r13.5 Vdc) 15 11.0 = 1.0 8.25 — 11.0 -
Output Drive Current (AL Device) IOH mAdc
(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 — —34 | —8.38 — —2.4 —
(VoL = 0.4 Vde) Sink oL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc
(VoL = 0.5 vdc) 10 16 - 1.3 2.25 - 09 -
(VoL = 1.5 Vdc) 15 42 - 34 8.8 - 24 -
(Output Drive Current (CL/CP Device) 10H mAdc
(VoH = 2.5.Vdc) Source 5.0 —-25 - —-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 loL 5.0 052 - 044 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 13 — 1.1 2.25 - 09 -
(Vor = 1.5 Vdc) 15 36 - 3.0 8.8 - 2.4 -
Input Current (AL Device) Vin 15 - +0.1 . — +0.00001| 0.1 — +1.0 uAdc
Input Current (CL/CP Device) lin 15 — +03 - +£0.00001 | 0.3 - +1.0 uAdc
Input Capacitance Cin —_ - - — 5.0 ‘75 — - pF
(Vin =0)
Quiescent Current (AL Device) oD 5.0 — 5.0 - 0.005 5.0 - 150 uAdc
{Per Package) 10 — 10 - 0.010 10 - 300
15 — 20 - 0.016 20 — 600
Quiescent Current (CL/CP Device) DD 5.0 - 20 —_ 0.005 20 —_ 150 uAdc
(Per Package) 10 —_ 40 - 0.010 40 —_— 300
15 — 80 - 0.015 80 —_ 600
Total Supply Current**t T 5.0 IT=(0.3 wpA/kH2) £+ Ipp uAdc
(Dynamic plus Quiescent, 10 IT= (06 wA/kH2) f+ Ipp
Per Package) 15 I7= (0.9 nA/kHz) f + Ipp
(CL_ = 50 pF on all outputs, alt
buffers switching)

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

#Data labelled "Typ" is not to be used for design purposes but is

intended as an indication of the IC's potential performance

+To calculate total supply current at loads other than 50 pF:

IT(CL) = I7(50 pF) + (C| —50) Vfk

where' I is in pA (per package), C_in pF, V = (Vpp—Vgs) in volts,
fin kHz is input frequency, and k = 0.001

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

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 this high-
impedance circuit. For proper operation, Vi, and Vgt should be constrained
to the range Vgg =< (Vin or Vout) < VpD-
Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
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MC14028B

SWITCHING CHARACTERISTICS* (C|_=50pF, Tp = 25°C)

Characteristic Symbol Vob Min Typ # Max Unit

Output Rise and Fall Time TLH, ns
tTLH, tTHL = (1.5 ns/pF) C| + 25 ns tTHL 5.0 - 100 200
tTLH: tTHL = (0.75 ns/pF) C| + 12.5 ns 10 - 50 100
tTLH, tTHL = (0.55 ns/pF) C + 9.5 ns 15 - 40 80

Propagation Delay Time tPLH, ns
tpLH, tPHL = (1.7 ns/pF) C_ + 215 ns tPHL 5.0 - 300 600
tpLH, tPHL = (0.66 ns/pF) C_+97 ns 10 - 130 260
tpLH, tPHL = (0.5 ns/pF) Ci_+ 65 ns 15 - 920 180

“The formulas given are for the typical characteristics oniy at 25°C.

#Data labelled “Typ" is not to be used for design purposes but is
i ded as an indi of the IC's p performance.

FIGURE 1 — DYNAMIC SIGNAL WAVEFORMS

20 ns

inputs B, C, and D Vob

switching in respect tnput A
to a BCD code. 10%
——— Vss
Iﬂ— 20 ns -F' |*—20 ns
v
90% oo
input C 50%
1 S
0% Vss
1 r t
Inputs A, B, and D low. PLH PHL
¢ \%
90% OoH
50%
Q4 10% v
oL
TLH re—trHL
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All outputs connected

' to respective C_loads.

f in respect to a system
clock.
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LOGIC DIAGRAM
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APPLICATION INFORMATION

Expanded decoding can be performed by using
the MC14028B and other CMOS Integrated Circuits.

I

[ >0

FIGURE 2 — CODE CONVERSION CIRCUIT

The circuit in Figure 2 converts any 4-bit code to a AND TRUTH TABLE
decimal or hexadecimal code. The accompanying
table shows the input binary combinations, the asso- Inputs
ciated “output numbers” that go “high” when se- 5 P 2
lected, and the “‘redefined output numbers” needed l
for the proper code. For example: 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 o ¢ 8 A D C B A
shows a 6-bit binary 1-of-64 decoder using nine MC140288 MC140288
MC14028B circuits and two MC14069UB inverters. Q8 - - - - - - Qo Q9 - - - —— - Qo
The MC14028B can be used in decimal digit dis- ] | l | | [ '
plays, such as, neon readouts or incandescent pro- % - - - - - . 8 Jem e o - 0
jection indicators as shown in Figure 4.
Output Numbers
CODE AND REDEFINED
OUTPUT NUMBERS
Hexadecimal Decimal
- ™mim
e ala 2l S
INPUTS OUTPUT NUMBERS IR §8l2 8
o[c[e[alisha[ia[izliifio]e[e]7[6[sa]3]2[ o] " @[ " | & |& | <|~
oloflo[ofo]jofo]o[o]o]o|o]o|o]o[o]o|ofo|1] o o ofo
ojojol1jojojo|ojojojo|o|ofofo|o|olof1]o}] 1 1 1]
olof1]|o|o|o|o|o|o|ofojojojofofjofofr1]|o]jo]| 2 3 o [2f2
oloj1]/1]o|ofojofojojojo]ojojo]o|1]o|ofjo]| 3 2 lofals
[o]1]o]ojo|o]ofofofofjo|ofojojo]1]ojofo]o| 4 7 (1]a]s
o{1{lo|l1]o]jojo]jo|o]jojojo]o|o|i|o|o|o]olo]| 5 6 |2 3
oj1|1|lojojojo|o|o|o|ofo|of1|ofojojo]ojo] € 4 (3|1 4
o|1|1|1]o]|o]lo]o]o|o]ofo|1|ojofojo]o]jojo]| 7 s |a ]2
1]/ojofojo|o]olo|o|o]of1]ojo|ofo]ojofofo] B8 | 15]5s
1/ojlofl1]|o]ofojojo]o]i|o]o|ojojojo|o]ofo] 9 | 14|66 5
1lof1}lojo]lojo|o|o|1]|ojo|o|ofofo|o|o|ofjol 10| 12 |7 |9 6
1]10/1|1]|ofojojo]l1]|o|lo]o|o]ojofojo]jojojo] 11| 13 |8 5
1|/1]ofjojojojo|1]o|ofo]o|lo|o]lo]ofofofo|o] 12| 8 |9 |5 |6
1|/1|of1]o]lo|1]|o|o|o|ofo|ofofofjojojojo]o| 13| 9o 6 |7]7
1/1{1]|olo|1]|o|ofofojojojolojo|ojo|o|ofo] 14] 1 8 |sls
1]1|1j1|1]|o|o|o|o|lofo|o]|o|ojojojojojofo| 15| 10 7 |9le




MC14028B

FIGURE 3 — SIX-BIT BINARY 1-OF-64 DECODER

inputs
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069U 64 Outputs (Selected Output is High)
FIGURE 4 — DECIMAL DIGIT DISPLAY APPLICATION
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@ MOTOROLA MC140298

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)
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

BINARY/DECADE
UP/DOWN COUNTER

capability. The counter can be used in either Binary or BCD opera-

tion. This complementary MOS counter finds primary use in up/down
and difference counting and frequency synthesizer applications

where low power dissipation and/or high noise immunity is desired. ,
b
16

It is also useful in A/D and D/A conversion and for magnitude and
sign generation.

1 1
® Diode Proection on All Inputs

® Supply Voltage Range = 3.0 Vdc to 18 Vdc L SUFFIX P SUFFIX
K CERAMIC PACKAGE PLASTIC PACKAGE
® Internally Synchronous for High Speed

CASE 620 CASE 648
® | ogic Edge-Clocked Design — Count Occurs on Positive
Going Edge of Clock ORDERING INFORMATION
® Asynchronous Preset Enable Operation A Series: —55°C to +125°C
e Capable of Driving Two Low-power TTL Loads or One Low-power MC14XXXBAL (Ceramic Package Only)
Schottky TTL Load Over the Rated Temperature Range G Series: —40°C to +85°C
® Pin for Pin Replacment for CD4029B MC14XXXBCP (Plastic Package)

MC14XXXBCL (Ceramic Package)

MAXIMUM RATINGS* (Voltages Referenced to Vgg)

Symbol Parameter Value Unit
Vbp DC Supply Voltage ~-0.5to +18.0 \%
Vin, Vout| Input or Output Voltage (DC or Transient) -0.5to Vpp +0.5 \
lin. lout | Input or Output Current (DC or Transient), per Pin =10 mA PIN ASSIGNMENT
Pp Power Dissipation, per Packaget 500 mwW
Tstg Storage Temperature -65to +150 °C - S
T Lead Temperature (8-Second Soldering) 260 °C Ty PE Vop 16
*Maximum Ratings are those values beyond which damage to the device may occur. 2eqos S
tTemperature Derating: Plastic “P" Package: —12mW/°C from 65°C to 85°C 3 i P3 Q214
Ceramic "L" Package: —12mW/°C from 100°C to 125°C 4 PO P2 13
5 ] Ci, P1 12
6 3 ao [oX J s R R |
TRUTH TABLE 74 Cou u/o 310
Proset 803 vgs 8/D 39
Carry In Up/Down Enable Action
1 X 0 No Count
0 1 0 Count Up
0 0 0 Count Down
X X 1 Preset
X = Don't Care




MC14029B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo Tiow" 25°C Thij-’-h.
Characteristic Symbol Vde Min Max Min Typ # Max Min Max Unit
Output Voltage “0" Level VoL 5.0 - 0.05 - o 0.05 - 0.05 Vdc
Vin =Vpp or 0 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 - 495 - Vdc
Vin =00r Vpp 10 9.95 - 9.95 10 — 9.95 -
15 14.95 — 14.95 15 — 14.95 —
Input Voltage 0" Level ViL Vdc
(Vg =4.50r 0.5 Vdc) 5.0 - 15 - 225 15 - 15
(Vg =9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vo =13.50r 1.5 Vdc) 15 — 4.0 - 6.75 4.0 — 4.0
“1” Level[ V)R
(Vo = 0.5 or 4.5 Vde) 5.0 35 - 35 2.75 - 35 - Vdc
(Vo = 1.0 or 9.0 Vdc) 10 7.0 - 70 5.50 - 70 -
Vo = 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 — 1.0 -
Output Drive Current (AL Device) 10H mAdc
(VQH = 2.5 Vdc) Source 5.0 -3.0 - ~24 -42 - -1.7 -
(VOH = 4.6 Vdc) 5.0 -0.64 — -0.51 -0.88 - —0.36 -
(VOH = 9.5 Vdc) 10 -16 - -1.3 -2.25 — -0.9 -
(VoH = 13.5 Vdc) 15 -4.2 - -34 ~-88 - —2.4 -
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 16 - 13 225 - 09 -
(VoL = 1.5 Vdc) 15 42 - 34 88 - 24 -
Output Drive Current (CL/CP Device) loH mAdc
{(VOH = 2.5 Vdc) Source 5.0 -25 - -2.1 ~-42 - -1.7 -
(VOH = 4.6 Vdc) 5.0 -052 - -044 | -0.88 - -0.36 —
(VOH = 9.5 Vdc) 10 -13 - -1.4 -2.25 - -09 -
(VOH = 13.5 Vdc) 15 -3.6 - -3.0 -8.8 - -24 -
(VoL = 0.4 Vdc) Sink foL 5.0 052 - 044 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 13 - 1.1 2.25 - 09 -
(VoL = 1.5 Vdc) 15 3.6 - 3.0 8.8 — 24 —
Input Current (AL Device) lin 15 — +0.1 - +0.00001 | +0.1 - +1.0 uAdc
input Current (CL/CP Device) tin 15 - +03 — ]%0.00001} 03 — 1.0 wAdc
Input Capacitance Cin _ - - - 5.0 75 ot - pF
(Vin=0)
Quiescent Current (AL Device) 1)) 5.0 — 5.0 — 0.005 5.0 - 150 uAdc
(Per Package) 10 - 10 - 0.010 10 — 300
15 - 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device) IpD 5.0 - 20 - 0.005 20 - 150 uAdc
(Per Package) 10 - 40 - 0.010 40 - 300
15 — 80 - 0.015 80 - 600
Total Supply Current**t Ir 5.0 It = (0.58 uA/kHz) f + Ipp uAdc
(Dynamic plus Quiescent, 10 It =(1.2pA/H2) f + Ipp
Per Package) 15 It = (1.7 uA/kHz) f + IpD
(C_ = 50 pF on all outputs, alt
buffers switching)

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

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

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

1To calculate total supply current at loads other than 50 pF-

I1(CL) = I1(50 pF) + (C_ —50) Vfk

where: IT is in pA (per package), C_in pF, V = (Vpp—Vgg) in volts,
fin kHz is input frequency, and k = 0.001.

VpD.-

must be left open.

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, Vi and Vgt should be constrained to the range Vgg < (Vjn or Vout) <

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg or Vpp). Unused outputs




MC14029B

SWITCHING CHARACTERISTICS* (C| = 50 pF, Tp = 25°C)

All Types
Characteristic Symbol Voo Min Typ # Max Unit
Output Rise and Fall Time TLH, ns
tTLH, tTHL = (1.5 ns/pF) C + 25 ns THL 5.0 — 100 200
tTLHs tTHL = (0.75 ns/pF) C + 12,6 ns 10 —_— 50 100
tTLH, tTHL = (0.55 ns/pF) C_ + 9.5 ns 15 — 40 80
Propagation Delay Time tPLH. ns
CktoQ tPHL
tpLH. tPHL = (1.7 ns/pF) C_ + 230 ns 5.0 - 200 400
tpLH. tPHL = (0.66 ns/pF) C_+ 97 ns 10 —_ 100 200
tpLH. tPHL = (0.5 ns/pF) C_ + 75 ns 15 — 90 180
Clk t0 Coyt tPLH. ns
tpLH. tPHL = (1.7 ns/pF) C_ + 230 ns tPHL 50 — 250 500
tpLH. tpHL = (0.66 ns/pF) C_ + 97 ns 10 - 130 260
tPLH. tPHL = (0.5 ns/pF) C_+ 75 ns 15 — 85 190
Cin t0 Cout LR, ns
tPLH. tPHL= (1.7 ns/pF) C_+ 96 ns tPHL 50 — 175 360
tPLH. tPHL = (0.66 ns/pF) Cy_ + 47 ns 10 — 50 120
tPLH. tPHL = (0.5 ns/pF) C + 35 ns 15 — 50 100
PE t0 Q tPLH. ns
tPLH. tPHL = (1.7 ns/pF) C|_ + 230 ns tPHL 50 — 235 470
tpLH, tpHL = (0.66 ns/pF) C_ + 97 ns 10 —_ 100 200
tpLH. tPHL= (05 ns/pF) C_ + 75 ns 15 —_ 80 160
PE to Cout tPLH. ns
tpLH. tPHL = (1.7 ns/pF) Cy_ + 465 ns tPHL 5.0 —_ 320 640
tpLH. tPHL = {0.66 ns/pF) C| +192 ns 10 — 145 290
tpLH. tPHL = (0.5 ns/pF) C|_ + 126 ns 15 - 105 210
Clock Puise Width twicl) 50 180 90 - ns
10 80 40 -
15 60 30 -
Clock Pulse Frequency fel 5.0 - 4.0 2.0 MHz
10 - 80 4.0
15 — 10 5.0
Preset Removal Time trem 5.0 160 80 - ns
The Preset Signal must be low prior to a positive-going 10 80 40 —
transition of the clock. 15 60 30 _
Clock Rise and Fall Time Yricl) 6.0 - - 15 us
tcl) 10 - - 5
15 — — 4
Carry In Setup Time sy 5.0 150 75 — ns
10 60 30 -
15 40 20 —
Up/Down Setup Time 5.0 340 170 -_ ns
10 140 70 -
15 100 50 -
Binary/Decade Setup Time 5.0 320 160 - ns
10 140 70 -
15 100 50 —
Preset Enable Pulse Width W 5.0 130 65 - ns
10 7C 35 -
15 50 25 -

*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 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM
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TIMING DIAGRAM
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LOGIC DIAGRAM
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MC140328B
MC140388B

computers.

® Buffered Outputs
® Single-Phase Clocking
.
.

TRIPLE SERIAL ADDERS
The MC14032B and MC14038B triple serial adders have the clock
and carry reset inputs common to all three adders. The carry is
added on the positive-going clock transition for the MC140328B, and
on the negative-going clock transition for the MC14038B. Typical
applications include serial arithmetic units, digital correlators, digital
servo control systems, datalink computers, and flight control

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 CD4032B and CD4038B.

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)
TRIPLE SERIAL ADDERS

Positive Logic — MC140328
Negative Logic — MC140388

MAXIMUM RATINGS* (Voltages Referenced to Vgg)

1]
16
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)

Symbol Parameter Value Unit
Vpp DC Supply Voltage -05to +180 \%
Vin. Vout | Input or Output Voltage (DC or Transient) -05toVpp +05 v BLOCK DIAGRAM
Lin. lout | Input or Output Current (DC or Transient), per Pin =10 mA A1 10 o0——]
Pp Power Dissipation, per Packaget 500 mw Inv.f(B‘: ’_‘, o Adder 1—09 S1
Tstg Storage Temperature -65to + 150 °C 1
TL Lead Temperature (8-Second Soldering) 260 °C S |
‘Maximum Ratings are those values beyond which damage to the device may occur A2 13
tTemperature Derating Plastic “P"" Package - 12mW/°C from 65°C to 85°C 82 12
Ceramic "L" Package - 12mW/°C from 100°C to 125°C invert 2 6 Adder 2 |-——04 S2
-_—
This device contains protection circuitry to guard against damage due to high } G VVDD : ::" ;6
static voltages or electric fields. However, precautions must be taken to avoid ss "
applications of any voltage higher than maximum rated voltages to this high- A3 15’
impedance circuit. For proper operation, Vi and Vgt should be constrained 8314
to the range Vsg =< (Vin or Vout) < Vpp. invert 3 2 Adder 31—01 S3
Unused inputs must always be tied to an appropriate logic voitage level (e.g., Clock 3
either Vgg or Vpp). Unused outputs must be left open. Carry Reset 6 0——&———J

MC140328

LOGIC DIAGRAMS

(ONE SECTION AND COMMON INPUTS SHOWN)
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MC14032BeMC14038B

ELECTRICAL CHARACTERISTICS (voltages Referenced to Vgg)

Vop Tiow* 25°C n"!i‘lh.
Characteristic Symbol Vde Min Max Min Typ # Max Min Max Unit
Output Voltage “0” Level VoL 5.0 - 0.05 - 0 0.05 - 0.05 Vdc
‘Vin =Vppor 0 10 - 0.05 - 0 0.05 - 0.05
15 — 0.05 — 0 0.06 - 0.05
1" Level VOoH 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc
Vin=0o0r Vpp 10 9.95 - 9.95 10 - 9.95 -
15 14.95 — 14.95 15 — 14.95 -
Input Voltage ‘0" Level ViL Vdc
(Vo =4.50r 05 Vdc) 5.0 - 15 - 225 1.5 - 15
(Vo =9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vo =13.5 or 1.5 Vdc) 15 — 40 - 6.75 4.0 — 4.0
“1" Level| Viy
(Vo =0.5 or 4.5 Vdc) 5.0 35 - 35 2.75 - 35 - Vdc
(Vg =1.0 0r 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo =150r 13.5 Vdc) 15 11.0 — 11.0 8.25 - 11.0 -
Output Drive Current (AL Device) 'oH mAdc
(Von = 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 -
(VoK =9.5 Vdc) 10 —1.6 - —-1.3 | —2.256 - —0.9 -
(Von = 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
(Vg =0.5 Vdc) 10 16 - 13 225 - 09 -
(VoL =1.5 Vdc) 15 42 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) loH mAdc
(VOH = 2.5 Vdc) Source 5.0 —2.5 - —-2.1 —4.2 - —-1.7 -
(VoK =4.6 Vdc) 5.0 —0.52 - —0.44| —0.88 - —0.36 -
(VoK =9.5 Vdc) 10 —-1.3 - —1.1 —2.25 - —0.9 -
(VoK = 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 - mAdc
(VoL =0.5 Vdc) 10 13 - 1.1 2.25 — 0.9 _
(Vo =1.5 Vdc) 15 3.6 - 3.0 8.8 - 24 -
Input Current (AL Device) lin 15 — +01 — +0.00001 [ £0.1 - 1.0 uAdc
Input Current (CL/CP Device) fin 15 - +03 — +0.00001| +0.3 — 1.0 #Adc
input Capacitance Cin - - - - 5.0 75 - - pF
(Vip=0)
Quiescent Current {AL Device) b0 5.0 - 5.0 - 0.005 5.0 - 150 uAdc
(Per Package) 10 —_ 10 - 0.010 10 — 300
15 - 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device) FsYs) 5.0 — 20 — 0.005 20 — 150 kAdc
(Per Package) 10 — 40 —_ 0.010 40 — 300
15 — 80 — 0.015 80 — 600
Total Supply Current**t I 5.0 1T =1(0.96 uA/kH2) f + Ipp uAdc
(Dynamic plus Quiescent, 10 1T =(1.93 pA/kH2) t + Ipp
Per Package) 15 I =(2.8 .uA/kHz) f + Ipp
(Cy =50 pF on all outputs, alf
buffers switching)
*Tiow = —55°C for AL Device, —40°C for CL/CP Device.
Thigh= +125°C for AL Device, +85°C for CL/CP Device
#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. PIN ASSIGNMENT
1To calculate total supply current at loads other than 50 pF* —
IT(CL) = 17(50 pF) + (C_ —50) Vfk lcgs3 Vpp D16
h Iyisin pA ki CpLinpF, V = (V| Vgg) i It 2eqinv 3 O
where: isin er package), n N = - in volts,
fin kHz'irs inpu't‘ire(gue:cy, angd l)< =L0.083. oo ss 3cgc B3F14
4T s2 A2FD13
SCHinv 2 B2f/™12
6 C] Carry Reset g1 [—111
7Cinv 1 A1[=3310
8 Vss s1 =39
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MC14032BeMC14038B

SWITCHING CHARACTERISTICS* (C| =50 pF, Tp = 25°C)

Characteristic Symbol ‘(,3? Min | Typ# | Max | Unit
Output Rise and Fall Time tTLH, ns
tTLH, tTHL = (1.5 ns/pF) C_ + 25 ns tTHL 5.0 - 100 200
tTLH, tTHL = (0.75 ns/pF) C_ + 125 ns 10 - 50 100
tTLH, tTHL = (0.55 ns/pF) C_ + 9.5 ns 15 - 40 80
Propagation Delay Time tPLH, ns
A, B or Invert to Sum PHL )
tpLH, tPHL = (1.7 ns/pF) C_+ 196 ns 5.0 - 280 1400
tpLH, tPHL = (0.66 ns/pF) C_ + 87 ns 10 - 120 300
tpLH, tPHL = (0.5 ns/pF) C_+65 ns 15 - 90 230
Clock to Sum ns
tPLH, tPHL = (1.7 ns/pF) C_ + 416 ns 5.0 - 500 2400
tPLH, tPHL = (0.66 ns/pF) C_+ 147 ns 10 - 180 600
tpLH, tPHL = (0.5 ns/pF) Ci_+ 110 ns 15 - 135 450
Input Setup Time tsu 5.0 10 -10 - ns
10 10 0 -
15 10 [} -
Clock Pulse Frequency fel 5.0 - 4.0 1.0 MHz
10 - 10 25
15 - 12 4.0
Clock Rise and Fall Times tTHL, TTLH 5.0 - - 15 us
10 - - 5
15 - - 4
*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
i as an indication of the IC's p | perf
TIMING DIAGRAMS
MC140328 MC140388
[—~Word 1 + Word 2 —=J=—Word 3 + Word 4 [=—Word 1 + Word 2 —=r=—Word 3 + Word 4 —
A L T - A gy
8 __| Il ] L B __1 I |
cn g ¢ rirprrn
Inv inv
CR ] cr _| E—
s_1 Iy I s | e B o W oy B oy
fe—— True Sum ———== Complemented Sum - True Sum Complemented Sum ==
Word 1: 0.0111100 = +60 Word 3: 1.1011011 = -37 Word 1:  1.1000011 = -61 Word 3: 0.0100100 = +36
Word 2:  0.0110010 = +50 Word 4:  1.1001110 = -50 Word 2:  1.1001101 = -51 Word 4:  0.0110001 = +49
0.1101110 =+110 1.0101001 = -87 1.0010000 =-112 0.1010101 = +85

Note: Unused input pins must be connected to either Vpp or Vgg.
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FIGURE 1 — TYPICAL OUTPUT SOURCE TEST CIRCUIT
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FIGURE 2 — TYPICAL OUTPUT SINK TEST CIRCUIT
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FIGURE 3 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS
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FIGURE 4 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
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MC14034B

Q-BIT UNIVERSAL BUS REGISTER

parallel bit input.

output conversions.

Bidirectional Parallel Data Input
Diode Protection on All Inputs
Supply Voltage Range = 3.0 Vdc to 18 Vdc

Schottky TTL Load Over the Rated Temperature Range.
Pin-for-Pin Replacement for CD40348B.

The MC14034B is a bidirectional 8-bit static parallel/serial,
input/output bus register. The device contains two sets of input/
output lines which allows the bidirectional transfer of data between
two buses; the conversion of serial data to parallel form, or the
conversion of parallel data to serial form. Additionally the serial
data input allows data to be entered shift/right, while shift/left can
be accompolished by hard-wiring each parallel output to the previous

Other useful applications for this device include pseudo-random
code generation, sample and hold register, frequency and phase-
comparator, address or buffer register, and serial/parallel input/

Capable of Driving Two Low-power TTL Loads or One Low-power

CMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

8-BIT UNIVERSAL BUS REGISTER

MAXIMUM RATINGS* (Voltages Referenced to Vgg)

1
L SUFFIX
CERAMIC PACKAGE
CASE 623

TN

24

1
P SUFFIX
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)

Symbol Parameter Value Unit
Vpp |[DC Supply Voltage ~0.5t0 +18.0 Vv
Vin. Vout | Input or Output Voltage (DC or Transient) ~0.5to Vpp +0.5 \
lin» lout | nput or Output Current (DC or Transient), per Pin +10 mA

Pp Power Dissipation, per Packaget 500 mw
Tstg Storage Temperature —65to +150 °C
T Lead Temperature (8-Second Soldering) 260 °C

tTemperature Derating: Plastic P Package: — 12mW/°C from 65°C to 85°C
Ceramic “L” Package: — 12mW/°C from 100°C to 125°C

“Maximum Ratings are those values beyond which damage to the device may occur.

range Vgg < (Vjp or Vout) < Vpp-

Vgs or Vpp). Unused outputs must be left open.

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, Vi, and Vgt should be constrained to the

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

PIN ASSIGNMENT

—\S
1 CcJ8es8 VppfF—o24
2 387 A8 ™23
3 86 A?E122
4 8BS A6[121
s B4 A5[320
6 CJ83 A4 319
7 382 A3FD18
8 81 A2F917
9 I:A Enable 3 ==RT3

10 g c/i1s

11 a/e A/SF314

12 =VSS P/S 13
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MC14034B

ELECTRICAL CHARACTERISTICS (Voitages Referenced to Vgg)

Voo Tiow® 25°C Thigh*
Characteristic Symbol Vde Min Max Min Typ # Max Min Max Unit
Output Voltage 0" Level VoL 5.0 - 0.05 - (V] 0.05 - 0.05 Vdc
Vin=Vppor 0 10 - 0.05 - o 0.05 - 0.05
15 - 0.05 — 0 0.05 - 0.05
“1" Level VoH 50 495 - 4.95 5.0 - 495 - Vdc
Vin=0o0r Vpp 10 9.95 - 9.95 10 - 9.95 -
15 1495 — 14.95 15 - 14.95 —
Input Voltage 0" Level ViL Vdc
(Vo =4.50r 0.5 Vdc) 5.0 - 15 - 2.25 15 - 15
(Vg =9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vg = 13.5 or 1.6 Vdc) 15 — 4.0 - 6.75 4.0 - 4.0
“1" Level| Vn
(Vo = 0.5 or 4.5 Vdc) 5.0 35 - 35 2.75 - 35 - Vde
(Vo = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo =150r13.5 Vdc) 15 1.0 - 11.0 8.256 - 11.0 -
Output Drive Current (AL Device) 1OH mAdc
(VOH = 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -
(VOH = 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 - -0.14 -
(VoR = 9.5 Vdc) 10 -0.62 - -0.5 09 - -0.35 -
(VoH = 13.5 Vdc) 15 -1.8 - -1.5 -3.5 - -1.1 -
(VoL = 0.4 Vdc) Sink oL 5.0 0.64 -~ 051 | 088 - 0.36 - mAdc
VoL = 0.5 Vdc) 10 16 - 13 2.25 - 09 -
(VoL = 1.5 Vdc) 15 42 - 34 88 - 24 -
Output Drive Current (CL/CP Device) 10H mAdc
(VoH = 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -
(VoK = 4.6 Vdc) 5.0 -0.2 - -0.16 -0.36 - -0.12 -
(VoH = 9.5 Vdc) 10 ~0.5 - -04 -09 - -03 -
(VoH = 13.5 Vdc) 15 -14 - -1.2 -35 - -1.0 -
(Vor =04 vdc) Sink oL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc
(VoL =0.5 Vdc) 10 13 - 11 2.25 - 09 -
(VoL = 1.5 Vdc) 15 36 - 3.0 8.8 - 24 -
Input Current (AL Device) lin 15 — +0.1 — |+0.00001 | '+0.1 - +1.0 uAdc
input Current (CL/CP Device) lin 15 - +03 - +0.00001 | 0.3 - 1.0 uAdc
Input Capacitance Cin - - - - 5.0 75 - - pF
{(Vin=0)
Quiescent Current (AL Device) Ipp 5.0 - 5.0 - 0.010 5.0 - 150 uAdc
(Per Package) 10 - 10 - 0.020 10 - 300
15 - 20 - 0.030 20 - 600
Quiescent Current (CL/CP Device) pD 5.0 - 50 - 0.010 50 - 375 pAdc
(Per Package) 10 - 100 - 0.020 100 - 750
15 — 200 — 0.030 200 — 1500
Total Supply Current**t T 5.0 Iy = (22 pA/kHz) f + Ipp uAdc
(Dynamic plus Quiescent, 10 it = (4.4 uA/kH2) t + Ipp
Per Package) 15 It = (6.6 uA/kHz) f + Ipp
(C = 50 pF on all outputs, all
buffers switching)
3-State Output Leakage Current e 15 - +0.1 - £0.0001 | 0.1 - +3.0 nAdc
(AL Device) § - - -
3-State Output Leakage Current L 15 - +1.0 - :0.0001 | 1.0 - 175 usAdc
(CL/CP Device) - - -

*Tiow= —55°C for AL Device, —40°C for CL/CP Device.

Thigh= +125°C for AL Device, +85°C for CL/CP Device.

1To 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.

IT(CL) = I7(50 pF) + (C|_ —50) Vik

where: I is in pA (per package), C_in pF, V = (Vpp—Vgg) in voits,

fin kHz is input frequency, and k = 0.004.

**The formulas given are for the typical characteristics only at 25°C.
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MC14034B

SWITCHING CHARACTERISTICS* (Cy_ =50 pF, Tp = 25°C)

Characteristic Symbol ‘(,':2 Min | Typ# | Max | Unit
Qutput Rise Time A or B tTLH ns
tTLH = (3.0 ns/oF) C_+ 30 ns 5.0 - 180 360
tTLH=(1.5ns/pF) C_+ 156 ns 10 - 90 180
tTLH = (1.1 ns/pF) C_+ 10 ns 15 - 65 130
Output Fall Time Aor B TTHL ns
tTHL = (1.6 ns/pF) C_+ 25 ns 5.0 - 100 200
tTHL = (0.75 ns/pF) C_+12.5 ns 10 - 50 100
tTHL = (0.55 ns/pF) C|_+9.5 ns 15 - 40 80
Propagation Delay Time
A (B) Synchronous Paralles Data Input, tPLH, ns
B (A) Parallel Data Output tPHL
tPLH, tPHL = (1.7 ns/pF) C_+440 ns 5.0 - 525 1050
tPHL, tPHL = (0.66 ns/pF) C|_+ 172 ns 10 - 205 410
tPLH, tPHL = (0.5 ns/pF) C|_+ 120 ns 15 - 145 290
Propagation Delay Time
A (B) Asynchronous Parallel Data Input tPLH, ns
B (A) Parallel Data Output tPHL
tPLH, tPHL = (1.7 ns/pF) C +420 ns 5.0 - 505 1010
tPLH, tPHL = (0.66 ns/pF) C_+ 147 ns 10 - 180 360
tpLH, tPHL = (0.5 ns/pF) C_+ 105 ns 15 - 130 260
Clock Pulse Width WH 5.0 340 170 - ns
10 140 70 -
15 110 55 -
Clock Pulse Frequency fel 5.0 - 25 1.2 MHz
10 - 6.0 3.0
15 - 8.0 4.0
Clock Pulse Rise tTLH, tTHL 5.0 - - 15 us
10 - - 5
15 - - 4
A, B Input Setup Time tsy 5.0 100 35 - ns
10 45 15 -
15 35 12 —
High Level SE, P/S, A/S Pulse Width WH 5.0 600 200 - ns
10 270 90 -
15 200 80 -

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

#Data labelled ““Typ” 1s not to be used for design purposes but is
i as an i of the IC’s ial performance.

TRUTH TABLE

“A” Enable | P/S | A/B | A/S | MODE OPERATIONt
o () () X Serial Synchronous Serial data input, A and B parallel data outputs disabled.
0 ] 1 X Serial Synchronous Serial data input, B-Parallel data output.
o 1 [+] o Parallel | B Synchronous Parallel data inputs, A-Paraliel data outputs disabled.
)] 1 0 1 Parallel | B Asynchronous Parallel data inputs, A-Parallel data outputs disabled.
[ 1 1 0 Parallel | A-Parallel data inputsdisabled, B-Parallel data outputs.
0 1 1 1 Parallel | A-Parallel data inputs disabled, B-Parallel data outputs.
1 0 [ X Serial Synchronous serial data input, A-Parallel data output.
1 o 1 X Serial Synchronous serial data input, B-Parallel data output.
1 1 [+) o Parallel | B-Synchronous Parallel data input, A-Paraliel data output.
1 1 4] 1 Parallel | B-Asynchronous Parallel data input, A-Parailel data output.
1 1 1 0 Parallel | A-Synchronous Parallel data input, B-Parallel data output.
1 1 1 1 Parallel | A-Asynchronous Parallel data input, B-Parallel data output.

X = Don’'t Care
1Outputs change at positive transition of clock in the serial mode and when the A/S input is low in the paraliel mode.
During transfer from parallel to serial operation, A/S should remain low in order to prevent Dg transfer into flip-fiops.
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Asyn/Syn A/S —

Clock —

Dats
Serial Data Al A2 A3 A4 A5 A6 A7 A8
Input ‘
Enable A —4 I I ; ; I ; I ‘
EXPANDED A/8— I
BLOCK DIAGRAM Parallel/Serist P/s— CoNtro! N
Logic 8-Bit Register

I
DLl

!

OPERATING .CHARACTERISTICS

The MC14034B is composed of eight register cells con-
nected in cascade with additional control logic. Each
register cell is composed of one ‘‘D’” master-slave flip-flop
with separate internal clocks, and two data transfer gates
allowing the data to be transferred bidirectionally from
bus A to bus B and from bus B to bus A, and to be
memorized. Besides the single phase clock and the serial
data inputs, the control logic provides four other features:

A Enable Input — When high, this input enables the
bus A data lines.

A/B Input (Data A or B) — This input controls the
direction of data flow: when high, the data flows from

bus A to bus B; when low, the data flows from bus B
to bus A. .

P/S Input (Parallel/Serial)l — This input controls the
data input mode (parallel or serial). When high, the data is
transferred to the register in a parallel asynchronous mode
or a parallel synchronous mode (positive clock transition).
When low, the data is entered into the register in a serial
synchronous mode (positive clock transition).

A/S Input (Asynchronous/Synchronous to the Clock)
— When this input is high, the data is transferred inde-
pendently from the clock rate; when low, the clock is
enabled and the data is transferred synchronously.

LOGIC DIAGRAM
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FIGURE 1 — PROPAGATION DELAY AND TRANSITION
TIMES WAVE FORMS

Input
A(B)

Clock

Outpu—t_‘\
B(A)

PROPAGATION AND TRANSITION TIME TEST CIRCUITS
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FIGURE 3 — B SYNCHRONOUS DATA INPUT, A PARALLEL
DATA OUTPUT AND SETUP TIME
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FIGURE 4 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS
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MC14034B

FIGURE 6 — SHIFT RIGHT/SHIFT LEFT WITH PARALLEL INPUTS

Shift Left Output

“T*—IDC -t

P/S -
Shift Lefv

Shift Right . Shift Right
Addddd tdddddd =
i ]
- AT 8] Al A8
Lol AE Lef AE
Register 1 P/S i P/S
Shift Right MC140348 D
Input /" Ds S Register 2
. PN AB MC140348
= A'S = Ass
Clock ) C g, -"as *iC g, 88
ift
SpupNpeRe - - ayuyupys J . "_Lof?:nput‘
A/S Parallel \ AS
Entry i
Clock
? AE
Al A8 A‘I‘ AB
L AE Las{ AE
P/S P/S
_—*{0s Register 3 _—*%s Register 4
- MC140348 - MC140348
i [
AS -
I ¢ 81 B8 I
[T trrRtttt |
Voo Voo

A “High” (“Low’) on the Shift Left/Shift Right input allows serial
data on the Shift Left Input (Shift Right Input) to enter the register
on the positive transition of the clock signal. A “‘high” on the A"
Enable Input disables the A" parallel data lines on Reg. 1 and 2 and,
enables the “A’’ data lines on registers 3 and 4 and allows parallel data
into registers 1 and 2. Other logic schemes may be used in place of
registers 3 and 4 for parallel loading.

When parallel inputs are not used Reg. 3 and 4 and associated logic
are not required.

*Shift left input must be disabled during parallel entry.
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MC14035B

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 Dpg thru Dp3. The True/Com-
plement (T/C) input determines whether the outputs display the Q
or Q outputs of the flip-flop stages. J-K logic forms the serial input
to the first stage. With the J and K inputs connected together they
operate as a serial D" input.

This device may be effectively used for shift-right/shift-left regis-
ters, parallel-to-serial/serial-to-parallel conversion, sequence genera-
tion, up/down Johnson or ring counters, pseudo-random code gener-
ation, frequency and phase comparators, sample and hold registers,
etc. . .
4-Stage Clocked Serial-Shift Operation
Synchronous Parallel Loading of all Four Stages
J-K Serial Inputs on First Stage
Asynchronous True/Complement Control of all OQutputs
Fuily Static Operation
Asynchronous Master Reset
Data Transfer Occurs on the Positive-Going Clock Transition
No Limit on Clock Rise and Fall Times
Ali 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

CMOS MsSI
(LOW-POWER COMPLEMENTARY MOS)

4-8I1T
PARALLEL-IN/PARALLEL-OUT

SHIFT REGISTER

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 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)

MAXIMUM RATINGS* (Voltages Referenced to Vgg)

Symbol Parameter . Value Unit
Vpbo DC Supply Voltage —0.51t0 +18.0 Vv
Vin, Vout | Input or Output Voltage (DC or Transient) -0.5to Vpp +0.5 v
fin, lout |'nput or Output Current (DC or Transient), per Pin +10 mA

Pp Power Dissipation, per Packaget 500 mwW
Ts‘ﬂ Storage Temperature —65to +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/°C from 65°C to 85°C
Ceramic “L" Package: — 12mW/°C from 100°C to 125°C

TRUTH TABLE
INPUTS th OUTPUT
4 J K R Qo
A I 9 ¢ 0 x = Don’t Care
o 1 -
__f/: 1] o0 3 8—85:_:} P/S = 0 = Serial Mode
T/C = 1 = True Outputs
| 1 1 (] 1
| x | x | o | aotn-1
x x x 1 o

PIN ASSIGNMENT

A
1cgao0 Vpp 16
2 v/C Qi s
3cg K Q2 14
a3 a3 13
SC3R Dp3 12
6] c Dp2 411
i == N1 Dpy 410
803 vss Opo 9
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ELECTRICAL CHARACTERISTICS (Voitages Referenced to Vgg)

MC14035B

Vob Tiow" 25°C Thigh®
Characteristic Symbol Vdc Min Max Min Typ # Max Min Max Unit
Output Voltage “0" Level VoL 5.0 - 0.05 - ] 0.056 - 0.05 Vdc
Vin = Vpp or 0 10 - 0.05 - 0 005 | - 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level VoH 50 495 - 4.95 5.0 - 495 - Vdc
Vin = 0or Vpp 10 9.95 - 9.95 10 - 9.95 -
15 14 .95 - 14.95 15 - 14.95 —
Input Voltage 0" Level ViL Vdc
(Vo =4.50r05 Vdc) 5.0 - 15 - 225 15 - 15
(Vg =9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vo =13.50r 1.5 Vdc) 15 - 40 - 6.75 4.0 - 4.0
“1" Level | Viy vdc
(Vo =0.5 or 4.5 Vdc) 5.0 35 - 35 2.7 - 35 -
(Vo =1.0 or 9.0 Vdc) 10 70 - 7.0 5.50 - 7.0 -
(Vo = 1.5 0r 13.5 Vdc) 15 1.0 - 11.0 8.25 - 11.0 -
Output Drive Current (AL Device) IoH mAdc
(VOH = 2.5 Vdc) Source 5.0 —3.0 - —2.4 —4.2 - -1.7 -
(VOH = 4.6 Vdc) 5.0 —0.64 - —0.561 | —0.88 - —0.36 -
{(VOH = 9.5 Vdc) 10 —-1.6 - —1.3 | —2.25 - —-0.9 -
{Von = 13.5 Vdc) 15 —4.2 — —3.4 —8.8 - —2.4 -
(VoL = 0.4 Vdc) Sink oL 5.0 0.64 - 051 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 16 - 13 225 - 09 -
(VoL = 1.5 Vdc) 15 42 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) 10H mAdc
(VOH = 2.5 Vdc) Source 5.0 —2.5 - —-2.1 —4.2 - -1.7 -
(VQH = 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 = 135 Vdc) 15 —3.6 - —-3.0 —8.8 — —2.4 -
(VoL = 0.4 Vdc) Sink oL 5.0 052 - 044 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 13 - 1.1 2.25 - 09 -
(Vor = 1.5 Vdc) 15 3.6 - 3.0 8.8 - 24 -
Input Current (AL Device) lin 15 —_— +0.1 — +0.00001 | +0.1 - 1.0 uAdc
input Current (CL/CP Device) lin 15 — +0.3 — |¢0.00001{ +0.3 - +1.0 uAdc
Input Capacitance Cin —_ — —_ —_ 5.0 7.5 - — pF
(Vin = 0)
Quiescent Current (AL Device) oD 5.0 —_ 5.0 —_ 0.005 5.0 —_ 150 KAdc
(Per Package) 10 — 10 — 0.010 10 —_ 300
15 — 20 — 0.015 20 — 600
Quiescent Current (CL/CP Device) ipp 5.0 —_— 20 —_ 0.005 20 — 150 uAdc
(Per Package) 10 - 40 - 0.010 40 - 300
15 — 80 - 0.015 80 — 600
Total Supply Current**t IT 5.0 It = (1.0 pA/kH2) f + Ipp uAdc
(Dynamic plus Quiescent, 10 I = (2.0 A/kHz2) f + Ipp
Per Package) 15 1T = (3.0 uA/kH2) f + IDD
{C =50 pF on all outputs, all -
buffers switching)

*Tiow= —55°C for AL Device, —40°C for CL/CP Device.

Thigh = +125°C for AL Device, +85°C for CL/CP Device.

#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.

1To calculate total supply current at loads other than 50 pF:

IT(CL) = 11(50 pF) + (C| —50) Vfk

where: |7 is in pA (per package), C_inpF, V = (Vpp—Vgg) in volts,

fin kHz is input frequency, and k = 0.001.

. must be left open.

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, Vi, and Vot should be constrained to the range Vgg < (Vjn or Vout) < Vpp-

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg or Vpp). Unused outputs




MC14035B

SWITCHING CHARACTERISTICS (C{ =50 pF, Tp=25°C, See Figure 1)

Vbp
Characteristic Symbol vde Min | Typ# | Max Unit
Output Rise and Fall Time tTLH, ns
TTLH» TTHL=(1.5 ns/pF) C|_+25 ns tTHL 5.0 — 100 200
TTLHs TTHL=(0.75 ns/pF) C|_+12.5 ns 10 - 50 100
TTLHs TTHL=(0.55 ns/pF) C_+12.5 ns 15 — 40 80
Propagation Delay Time, Clock or Reset to Q tPLH, ns
TPLHs TPHL=(1.75 ns/pF) C|_+223 ns tPHL 5.0 — 300 600
TpLH» TPHL =(0.70 ns/pF) C|_+89 ns 10 — 130 260
TPLH» TPHL =(0.53 ns/pF) C| +67 ns 15 — 95 190
Clock Pulse Width twH 5.0 335 135 — ns
10 165 45 —
15 125 40 —
Reset Pulse Width twH 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 tTLHs tTHL 5.0 —
10 No Limit
15
Clock Pulse Frequency fal 5.0 — 2.5 1.2 MHz
10 —_— 6.0 2.0
15 —_ 10 3.0
J-K to Clock Setup Time tsu 5.0 500 120 — ns
10 200 50 —
15 150 30 —
Clock to J-K Hold Time th 5.0 40 —40 - ns
10 30 -5 —
15 25 0
P/S to Clock Setup Time tsu 5.0 500 25 — ns
10 200 10 —
15 150 7.5 -
Clock to P/S Hoid Time th 5.0 30 -70 — ns
10 20 -20 —
15 20 -10 —
Dp to Clock Setup Time tsu 5.0 500 90 - ns
10 200 20 —
15 150 15 —
Clock to Dp Hold Time th 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
d as an i of the IC's performance.

FIGURE 1 — TIMING DIAGRAM
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MC14035B

LOGIC DIAGRAM
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APPLICATION DIAGRAM
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qui

lithic structure.

12-BIT BINARY COUNTER

The MC14040B 12-stage binary counter is constructed with MOS

ency-driving circuits.

P-channel and N-channel enhancement mode devices in a single mono-
This part is designed with an input wave shaping
circuit and 12 stages of ripple-carry binary counter.
advances the count on the negative-going edge of the clock pulse.
Applications include time delay circuits, counter controls, and fre-

The device

MC140388
See Page 6-92

MC140408

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

12-BIT BINARY COUNTER

® Fully Static Operation
® Diode Protection on All Inputs ./
@ Supply Voltage Range = 3.0 Vdc to 18 Vdc Uli 1 TTTT?
® Capable of Driving Two Low-power TTL Loads or One Low-power 16 r
Schottky TTL Load Over the Rated Temperature Range 1
® Common Reset Line L SUFFIX P SUFFIX
Pin-for-Pin Replacement for CD40408B 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
MAXIMUM RATINGS* (Voltages Referenced to Vgg) MC14XXXBCP (Plastic Package)
MC14XXXBCL (Ceramic Package)
Symbol Parameter Value Unit
Vpp |DC Supply Voltage -0.5to +18.0 \Z
Vin: Vout | Input or Output Voltage (DC or Transient) —-0.5.to Vpp +0.5 v TRUTH TABLE
lins lout | !Input or Output Current (DC or Transient), per Pin +10 mA
P P Dissipati Pack 0 W CLOCK RESET | OUTPUT STATE
D ower Dissipation, per Packaget 0 m e r No Changs
Tst Storage Temperature —65to +150 °C 0 Advance to next
T Lead Temperature (8-Second Soldering) 260 °C N state
L P 9 X 1 All Outputs are low
*Maximum 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 X = Don’t Care
Ceramic “L” Package: —12mW/°C from 100°C to 125°C
LOGIC DIAGRAM
Q1 Q2 Q3 Q1o Qi1 Q12
9 ]7 7 6 14 T 5 —T 1
Clock 10 —qc a ¢ al4dc ap4--<4dc a c a c a
c a c _a a --—~c a c _a c
R R R R R R
N |
Rmto—Do—D: : -
1 Ll
Q4=PinS5 Q7=Pind VDD =Pin 16
Q5=Pin3 QB8="Pin13 Vgg = Pin8

Q6=Pin2 Q9=Pin12
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MC14040B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo Tiow" 25°C Thigh®
Characteristic Symbol Vde Min Max Min Typ # Max Min Tm Max Unit
Output Voltage “0" Level VoL 5.0 - 0.05 - o 0.05 - 0.0 Vdc
Vin = Vpp or 0 10 - 0.0 - 0 0.05 - 0.05
15 - 0.05 — 0 0.05 — 0.05
1" Level Vo 5.0 4.95 - 4.95 5.0 - 495 - Vdc
Vin = 0 0orVpp 10 9.95 - 9.95 10 - 9.95 -
15 14 .95 - 14.85 15 — 14.95 —
Input Voltage 0" Level ViL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 - 15 - 2.25 15 - 15
(Vo = 9.0 or 1.0 Vdc) 10 - 30 - 4.50 3.0 - 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 40 — 6.75 4.0 - 40
17 Level |  Viy
(Vo = 0.5 or 4.5 Vdc) 5.0 35 - 35 2.5 - 35 - Vdc
(Vo = 1.0 0r 9.0 Vdc) 10 70 ~ 7.0 5.50 - 7.0 -
(Vo = 1.5 or 13.5 Vdc) 15 1.0 - 1.0 8.25 - 1.0 -
Output Drive Current (AL Device) 1oH mAdc
(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 —~ —34 | —8.8 - —2.4 -
(VoL = 0.4 Vdc) Sink oL 5.0 0.64 - 051 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 16 - 1.3 225 ~ 09 -
(VoL = 1.5 Vde) 15 4.2 - 34 88 - 24 -
(Output Drive Current (CL/CP Device) 1oH mAdc
{(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 -
(Vo = 135 Vde) 15 —3.6 ~ -3.0| -88 - _2.4 -
(VoL = 0.4 Vdc) Sink oL 5.0 052 - 044 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 13 - 1.1 2.25 - 09 -
(Vor = 1.5 Vdc) 15 36 - 3.0 88 - 24 -
Input Current (AL Device) lin 15 - 0.1 — +0.00001] +0.1 — +1.0 usAdc
Input Current (CL/CP Device) lin 15 - +03 -~ +0.00001 | +0.3 -~ 1.0 u»Adc
Input Capacitance Cin - - - - 5.0 7.5 - - pF
(Vin=0)
Quiescent Current (AL Device) 1pp 5.0 - 5.0 - 0.005 5.0 - 150 ‘uAdc
(Per Package) 10 - 10 - 0.010 10 - 300
15 - 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device) [Is)») 5.0 - 20 - 0.005 20 - 150 uAdc
(Per Package) 10 - 40 - 0.010 40 - 300
15 - 80 - 0.0156 80 = 600
Total Supply Current®*t T 50 11 =(0.42 pA/kHz) f + ipp uAdc
(Dynamic plus Quiescent, 10 IT =(0.85 nA/kHz) f + Ipp
Per Package) 15 T =(1.43 uA/kHz) f + Ipp
(C =50 pF on all outputs, all
buffers switching)

*Tiow = —55°C for AL Device, —40°C for CL/CP Device. 1To calculate total supply current at loads other than 50 pF*
Thigh= +125°C for AL Device, +85°C for CL/CP Device
IT(CL) = I7(50 pF) + (C_ —50) Vfk
#Data labelled “Typ" is not to be used for design purposes but is
intended as an indication of the IC's potential performance. where: I is in pA (per package), C_in pF, V = (Vpp—Vgg) in volts,
fin kHz is input frequency, and k = 0 001.
**The formulas given are for the typical characteristics only at 25°C

PIN ASSIGNMENT

S
This device contains protection circuitry to guard against damage due to high static voltages 1a12 v — 16
or electric fields. However, precautions must be taken to avoid applications of any voitage Doo
higher than maximum rated voltages to this high-impedance circuit. For proper operation, 2ca6 Q1118
Vin and Vgt should be constrained to the range Vgg < (Vi or Vout) < Vpp-

Ui d I ied logi | level ( ither V. 3o Qlop=4

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

VpD). Unased outputs must be left open. 4t4ar7 asf413
5 CJa4 asfFDd12
6 Ja3 RE11
7 a2 cfF=310

8 T vgg at 9




MC14040B

SWITCHING CHARACTERISTICS (C|_=50 pF, Tp=25°C)

Voo
Characteristic Symbol Vde Min Typ # Max Unit
Output Rise and Fall Time TLH, ns
TTLHs TTHL=(1.5 ns/pF) C_+25 ns tTHL 5.0 —_ 100 200
TTLH» TTHL=(0.75 ns/pF) C|_+12.5 ns 10 - 50 100
TTLHs TTHL=(0.55 ns/pF) C_+9.5 ns 15 -— 40 80
Propagation Delay Time tPLH»
Clock to Q1 tPHL ns
tPHL, tPLH = (1.7 ns/pF) C + 315 ns 5.0 - 260 520
tpHL, tpLH = (0.66 ns/pF) C + 137 ns 10 — 115 230
tPHL, tPLH = (0.5 ns/pF) Ci_ + 95 ns 15 - 80 160
Clock to Q12 ns
tpHL, tPLH = (1.7 ns/pF) C_ + 2415 ns 5.0 — 1625 3250
tpHL. tPLH = (0.66 ns/pF) C_ + 867 ns 10 - 720 1440
tPHL, tPLH = (0.5 ns/pF) C_ + 475 ns 15 —_ 500 1000
Propagation Delay Time tPHL ns
Reset to Qp,
tpHL = (1.7 ns/pF) C|_ + 485 ns 5.0 —_ 370 740
tpHL = (0.66 ns/pF) C|_ + 182 ns 10 — 155 310
tpHL = (0.5 ns/pF) C| + 145 ns 15 — 115 230
Clock Pulse Width twH 5.0 385 140 — ns
10 150 55 -
15 115 38 —
Clock Pulse Frequency fol 5.0 — 2.1 1.5 MHz
10 _ 7.0 3.5
15 —_ 10.0 4.5
Clock Rise and Fall Time tTLH» tTTHL 5.0 ns
10 No Limit
15
Reset Pulse Width twH 5.0 960 320 - ns
10 360 120 —
15 270 80 e
Reset Removal Time trem 5.0 130 65 - ns
10 50 25 -
15 30 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
i as an indi of the IC’s p ial per

FIGURE 1 — POWER DISSIPATION TEST
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FIGURE 2 — SWITCHING TIME TEST
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MC14040B

FIGURE 3 — TIMING DIAGRAM
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APPLICATIONS INFORMATION
TIME-BASE GENERATOR

A 60 Hz sinewave obtained through a 1.0 Megohm 3600 is accomplished. The MC14012B decodes the counter
resistor connected directly to a standard 120 Vac power outputs, produces a single output pulse, and resets the
line is applied to the clock input of the MC140408B. By binary counter. The resulting output frequency is 1.0
selecting outputs Q5, Q10, Q11, and Q12 division by pulse/minute.

%Voo
1.0M MC140408
o .-‘W"'Io'q ¢ as—o '| 1.0 Pulse/Minute
Output
>20 pF QOO0 | 1 12
120 Vac p—O
60 Hz 1: a11 p—o—d——]Mc140128, MC140128,
.-—1 R Q12 —O—,—

Vss

H—o—]
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MC140428B

QUAD TRANSPARENT LATCH

The MC14042B Quad Transparent Latch is constructed with
MOS P-channel and N-channel enhancement mode devices in a
single monolithic structure. Each latch has a separate data input,
but all four latches share a common clock. The clock polarity
(high or low) used to strobe data through the latches can be
reversed using the polarity input. Information present at the data
input is transferred to outputs Q and Q during the clock level
which is determined by the polarity input. When the polarity input
is in the logic “*0" state, data is 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 Diode Input Protection

Supply Voltage Range = 3.0 Vdc to 18 Vdc

Schottky TTL Load Over the Rated Temperature Range

Capable of Driving Two Low-power TTL Loads or One Low-power

CMOS SSI

(LOW-POWER COMPLEMENTARY MOS)

QUAD
TRANSPARENT LATCH

MAXIMUM RATINGS* (voltages Referenced to Vsg)

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

ORDERING INFORMATION

A Series: —55°Cto +125°C
MC14XXXBAL (Ceramic Package Only)

C Series' —40°Cto +85°C
MC14XXXBCP (Plastic Package)
MC14XXXBCL (Ceramic Package)

Symbol Parameter Vaiue Unit
Vpp DC Supply Voltage -05to +180 "
Vin Vout| Input or Output Voitage (DC or Transient) -05toVpp +05 \
Iin lout | Input or Output Current (DC or Transient), per Pin +10 mA
Pp Power Dissipation, per Packaget 500 mw
Tst Storage Temperature -65t0 +150 °C
To 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/°C from 65°C to 85°C

PIN ASSIGNMENT

Ceramic "L" Package —12mW/°C from 100°C to 125°C ~
1 C—a3 Voo 16
LOGIC DIAGRAM 2= oo [ et
3 ao 14
00 Qo | w— o3[/
5 °4 I > Latch 2 4 [>1] D2 L—..‘) 13
C|ock:D 1 o Go 5 Clock Q212
Polarity 4 3 - 6 —] Polarity a2/
7 —] o1 Qif—10
- ———O0 Q1 a
09 D Latch 10 8 ] Vss aif—/ °
| 2 ——-—-g a1
020 ‘> Latch 5 02 TRUTH TABLE
3 -
- a2 CLOCK | POLARITY Q
12 1] ] Data
Vpp = Pin 16 1 [ Latch
Vgg = Pin8 D
SS n 03 . 0 a3 1 1 Data
14 Latch 1 0 1 Latch
a
— as
15
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MC14042B

ELECTRICAL CHARACTERISTICS (Voitages Referenced to Vss)

Vpo Tiow” 25°C Th_iﬂ'
Characteristic Symbol Vdc Min Max Min Typ # Max Min Max Unit
Output Voltage 0" Level VoL 5.0 - 0.05 - 0 0.05 - 0.05 Vdc
V,n=Vpp or 0 10 - 0.05 - 0 0.05 - 0.05
15 — 0.05 - 0 0.05 - 0.05
‘1" Level VOoH 5.0 495 - 495 5.0 - 495 - Vdc
Vin=0o0rVpp 10 9.95 - 9.95 10 - 9.95 -
15 14.95 — 14.95 15 — 14.95 -
Input Voltage 0" Level ViL Vdc
(Vo = 4.50r 0.5 Vdc) 5.0 - 15 - 2.25 15 - 15
(Vg =9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vo = 13.5 0r 1.5 Vdc) 15 — 4.0 - 6.756 40" — 4.0
“1" Level | ViH
(Vg = 0.5 or 4.5 Vdc) 5.0 35 - 35 2.75 - 35 - Vde
(Vg = 1.0 0r 9.0 Vdc) 10 7.0 - 7.0 550 - 7.0 -
(Vo = 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -
Output Drive Current (AL Device) IoH mAdc
(VOH = 2.5 Vdc) Source 5.0 —-3.0 - —2.4 —4.2 - -1.7 -
(VoK = 4.6 Vdc) 50 |-0.64 - —0.51| —0.88 | - -036| -
(VOH = 9.5 Vdc) 10 ~1.6 - -1.3 | —228 | - -0.9 -
(VoH = 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 16 - 13 2.25 - 09 -
(VoL = 1.5 Vdc) 15 42 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) IoH mAdc
(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 oL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 13 - 1.1 2.25 - 09 -
(VoL = 1.5 Vdc) 15 36 - 3.0 88 - 24
Input Current (AL Device) lin 15 — +0.1 - +0.00001 | 0.1 — 1.0 uAdc
Input Current (CL/CP Device) tin 15 - +03 - +0.00001| 0.3 - 1.0 #Adc
Input Capacitance Cin - - - - 5.0 75 - - pF
(Vijn = 0)
Quiescent Current (AL Device) IpD 5.0 - 10 - 0.002 | 1.0 - 30 uAdc
(Per Package) 10 - 20 - 0.004 20 - 60
15 - 40 - 0.006 4.0 - 120
Quiescent Current (CL/CP Device) oD 5.0 - 40 - 0.002 40 - 30 uAdc
{Per Package) 10 - 8.0 - 0.004 8.0 - 60
15 — 16 - 0.006 16 — 120
Total Supply Current®*t It 5.0 It =(1.0uA/kHz) f + I1pp uAdc
{Dynamic plus Quiescent, 10 IT=(20 uA/KkHz) f + Ipp
Per Package) 15 IT = (3.0 uA/kHz) f + 1DD
(C_ = 50 pF on all outputs, all
buffers switching)
*Tiow = — 55°C for AL Device, —40°C for CL/CP Device. 1To calculate total supply current at loads other than 50 pF:

Thigh= +125°C for AL Device, +85°C for CL/CP Device.
IT(CL) = I7(50 pF) + (CL —50) Vfk
#Data labelled “Typ" is not to be used for design purposes but is
intended as an indication of the IC's potential performance. where |7 is in pA (per package), C|_in pF, V = (Vpp—Vgg) in volts,
fin kHz is input frequency, and k = 0.004.
*“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, Vijn and Vgt should be constrained to the range Vgg =< (Vin or Vout) < Vpp.

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




MC14042B

SWITCHING CHARACTERISTICS* (C_ =50 pF, Ta = 25°C)
Characteristic Symbol | Vpp Min Typ # Max Unit
Output Rise and Fall Time tTLH. ns
tTLH, tTHL = (1.5 ns/pF) C_ + 25 ns THL 5.0 - 100 200
tTLH, tTHL = (0.75 ns/pF) Ci + 12.5 ns 10 - 50 100
tTLH. tTHL = (0.55 ns/pF) C + 9.5 ns 15 - 40 80
Propagation Delay Time, D to Q, @ tPLH, ns
tPLH, tPHL = (1.7 ns/pF) C_+ 136 ns tPHL 5.0 - 220 440
tPLH, tPHL = (0.66 ns/pF) C|_+57 ns 10 - 920 180
tPLH, tPHL = (0.5 ns/pF) C_ +35 ns 15 - 60 120
Propagation Delay Time, Clock to Q, @ tPLH, ns
tPLH, tPHL = (1.7 ns/pF) C_+ 135 ns tPHL 5.0 - 220 440
tPLH, tPHL = (0.66 ns/pF) Cy_+57 ns 10 - 90 180
PLH, tPHL = (0.5 ns/pF) Ci_+35ns 25 - 60 120
Ciock Pulse Width WH ns
5.0 300 150 -
10 100 50 -
15 80 40 -
Clock Pulse Rise and Fall Time tTLH us
tTHL 5.0 - - 15
10 - - 5.0
15 - - 4.0
Hold Time th ns
5.0 100 50 -
10 50 25 -
15 40 20 -
Setup Time 15y ns
5.0 50 4] -
10 30 0 -
15 25 0 -

*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
i ded as an indication of the IC’s ial performance.

FIGURE 1 — AC AND POWER DISSIPATION TEST CIRCUIT AND TIMING DIAGRAM

Voo
160
b 20 ns —
Clock 80 2 Data Input
Polarity Q0[O 3
Pulse 4 Qif—o0 10
Generator | Do a1F—o09
1 7 Q Output
(>3] Qf—On
13 a2—0 12
D2 Q2
14 a3 ! @ Output
P utpu
D3 a3—oO0 15 P

L . v
For Power Dissipation test, each output is 8 ss

loaded with capacitance CL‘

(Data to Output)
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MC14042B

FIGURE 2 — AC TEST CIRCUIT AND TIMING DIAGRAM

(Clock to Output)
Voo
16 Q
Pulse 5
Generator Clock Qo pt—02
1 6 & o
L_3—{Potarity 30 3
Pulse 4 a1 p—0 10
Generator -O—1 D0 a1 pP—O0o9
2
L 5o Q2 —0 11
13 Q2p—012
—0— D2
18 Q3—o01
\—0—{ D3 as}—o 15
Note: C; connected to output under test.
8 O Vss

20° ns

Clock Input
PG.1

Data Input
P.G.2

Q Output

*Input clock rise time is 20 ns except for maximum rise time test.
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CMOS M

Si

QUAD R-S LATCHES

The MC14043B and MC14044B quad R-S latches are constructed
with MOS P-channel and N-channel enhancement mode devices in a
single monolithic structure. Each latch has an independent Q output
and set and reset inputs. The Q outputs are gated through three-
state buffers having a common enable input. The outputs are
enabled with a logical ““1” or high on the enable input; a logical
0" or low’ disconnects the latch from the Q outputs, result-

ing in an open circuit at the Q outputs.

@ 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

MC14043B

QUAD “NOR" R-S LATCH

MC14044B

QUAD “NAND” R-S LATCH
T
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)

S0

RO

s1

MC140438

Qo

(-] w &
N

Q1

¢ I
| 3
: I

—O Q2

O a3

Vpp =Pin 16
Vgg=Pin8

TRUTH TABLE

RIE Q

o
x

xlo High
Impedance

- - 0 O

1}{No Change
1 0

1 1
1

]
1
]
1 1

X = Don't Care

R2 10

—O a2
_n
$2
"3 1

O a3

TRUTH TABLE

{ S|Rlel a
.15 XIXJ0} High
s3 Impedance

MC140448

Qo

Qa1

Vpp = Pin 16
Vss = Pin 8

ojon 0
o1t 1
1]0]1 (]
1]1]1]No Change
X = Don’t Care




MC14043BeMC14044B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo Tiow" 25°C Tm_,,-
Characteristic Symbol Vde Min Max Min Typ # Max Min Max Unit
Qutput Voltage “0" Level Vou 50 - 0.05 - 0 0.05 - 0.05 Vdc
Vin=Vpporo 10 - 0.05 - 0 0.05 - 0.0
15 - 0.05 — 0 0.05 - 0.05
17 Level VOH 50 495 - 4.95 5.0 - 495 - Vdc
Vin=00r Vpp 10 9.95 — 995 10 - 9.95 -
15 14 95 — 14 .95 15 — 14.95 —

Input Voltage “'0" Level ViL Vdc
(Vo=4.5o0r 05 Vdc) 50 - 15 - 2.25 15 - 15
{Vo=90o0r 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vo=135 or 1.5 Vdc) 15 - 4.0 -~ 675 4.0 - 4.0

17 Level ViH
(Vg =0.5or 4.5 Vdc) 50 35 - 35 275 - 35 - Vdc
(Vo =1.00r9 0 Vde) 10 7.0 - 7.0 5.50 - 7.0 -
(VO=15o0r 125 Vdc) 15 11.0 - 1Mo 8.25 - 1.0 -

Output Drive Current (AL Device) 10H mAdc

(VOH =25 Vdc) Source 5.0 -3.0 - -24 -4.2 - -1.7 -
(VOH = 4.6 Vdc) 50 -0.64 - -0.51 -0.88 - -0.36 -
(VoH = 9.5 Vdc) 10 -16 - -1.3 -2.25 - -0.9 -
(VoH =13.5 Vdc) 15 -4.2 - -3.4 -8.8 - -2.4 -
(VoL =04 Vdc) Sink oL 50 0.64 - 051 0.88 - 0.36 - mAdc
(VoL =05 Vdc) 10 1.6 - 13 225 - 09 -
(VoL =15 Vdc) 15 4.2 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) IoH mAdc
(VOH =25 Vdc) Source 5.0 -25 - -2 -4.2 - -1.7 -
(VoH =4.6 Vdc} 5.0 -0.52 - -0.44 -0.88 - -0.36 -
(VOH =9.5 Vdc) 10 -13 - -1.1 -2.25 - - -0.9 -
(Vo =13.5 Vdc) 15 -3.6 - -3.0 -8.8 - -24 -
(VoL = 0.4 Vdc) Sink oL 5.0 052 = 044 0.88 - 0.36 — mAdc
(VoL = 0.5 Vdc) 10 13 - 1.1 225 - 09 -
(VoL = 1.5 Vdc) 15 3.6 - 3.0 88 - 24 -

Input Current (AL Device) fin 15 - 01 — +000001| +01 — +1.0 uAdc

Input Current (CL/CP Device) lin 15 - +03 - +0 00001 | 0.3 - £1.0 uAdc

(nput Capacitance Cin - - - - 50 75 - - pF
(Vin=0)

Quiescent Current (AL Device) oD 50 - 1.0 - 0.002 1.0 - 30 uAdc
(Per Package) 10 - 20 - 0.004 20 - 60

15 - 4.0 - 0.006 4.0 - 120
Quiescent Current (CL/CP Device) 10D 50 - 4.0 - 0.002 4.0 - 30 uAdc
{Per Package) 10 - 8.0 - 0.004 8.0 - 60
15 — 16 - 0.006 16 — 120
Total Supply Current**t 4 5.0 I7 = (0.58 uA/kHz) f + IDD- uAdc
(Dynamic plus Qui , Per Package) 10 17 = (1.15 uA/kH2) f + Ipp
(CL = 50 pF on all outputs, all outputs 15 IT = (1.73 uA/kH2) f + DD

switching)

Three-State Output Leakage Current L 15 - +0.1 - +0.0001 | :0.1 - +3.0 KAdc
(AL Device)

Three-State Output Leakage Current TL 15 - £1.0 - +0.0001 | 1.0 - 7.6 nsAdc
(CL/CP Device)

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

#Data labelled “Typ" is not to be used for design purposes but is
i as an i ion of the IC's ial per

IT(C) = 17(50 pF) + (C_ —50) Vfk

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

1To calculate total supply current at loads other than 50 pF:

where: It is in pA (per package), Cy_in pF, V = (Vpp—Vgg) in volts,

fin kHz is input frequency, and k = 0.004.




MC14043BeMC14044B

MAXIMUM RATINGS* (Voltages Referenced to Vgs)

This device contains protection circuitry to
guard against damage due to high static

ges or electric fields. However, precau-
tions must be taken to avoid applications of
any voltage higher than maximum rated

*Maximum 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

SWITCHING CHARACTERISTICS*

(CL = 50 pF, T = 25°C)

voltages to this high-impedance circuit. For
proper operation, Vi, and Vgut should be
constrained to the range Vgg =< (Vjp or
Vout) < VDD-

Unused inputs must always be tied to an ap-
propriate logic voltage level (e.g., either Vgg
or Vpp)- Unused outputs must be left open.

Symbol Parameter Value Unit
Vpp |[DC Supply Voltage —-0.5t0 +18.0 \"
* Vin, voulrlnput or Output Voltage (DC or Transient) -0.5to Vpp +0.5{ V )
lin: lout |Input or Output Current (DC or Transient), per Pin =10 mA
Pp Power Dissipation, per Packaget 500 mw
Tstg |Storage Temperature —65 10 +150 °C
TL ILead Temperature (8-Second Soldering) 260 °C

Characteristic |Symbot ‘(,32 Min | Typ# | Max | Unit
Output Rise Time tTLH ns
trLH = (1.36 ns/pF) C_ +32.5 ns 6.0 - 100 200
tTLH = (0.60 ns/pF) C_ + 20 ns 10 - 50 100
tTLH = (0.40 ns/pF) C_+ 20 ns 15 - 40 80
Output Fall Time tTHL ns
tTHL = (1.35 ns/pF) Ci_+32.5 ns 5.0 - 100 200
tTHL = (0.60 ns/pF) C_ + 20 ns 10 - 50 100
trHL = (0.40 ns/pF) C_ + 20 ns 15 - 40 80
Propagation Delay Time tpLH ns
tpLH = (0.90 ns/pF) C|_+ 130 ns 5.0 - 175 350
tpLH = (0.36 ns/pF) C_+57 ns 10 - 75 175
tpLH = (0.26 ns/pF) Ci_+47ns 15 - 60 120
tpHL = (0.90 ns/pF) C_+ 130 ns tPHL 5.0 - 175 350 ns
tpHL = (0.90 ns/pF) C|_+57 ns 10 - 75 175
tpHL = (0.26 ns/pF) C|_+47 ns 16 - 60 120
Set, Sef Pulse Width w | 50 | 200 80 - ns
10 100 40 -
15 70 30 -
— w 5.0 200 80 - ns
Reset, Reset Pulse Width 10 100 40 _
15 70 30 -
Three-State Enable/Disable Delay tpLZ, 5.0 - 150 300 ns
:PHZ' 10 - 80 160
PZL,
tpzH 15 - 55 110
*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
i ded as an of the IC’s ial per
AC WAVEFORMS
MC140438 MC14044B
20 ns 20 ns fe— 20 ns
90% 90% Voo
Set 50%
Set  10%%Y 10% Vss
(=20 ns 20 m4 20 ns
Voo 90% VDD
vt 50% 10%
Vss Vss
TTLH tTLH tTHL
90% VoH Q VoH
50% 10%
VoL mm— VoL
] L“PLH b tp L H: ‘F‘PHL




Set, Reset, Enable, and Switch Conditions for 3-State Tests.

MC14043BeMC14044B

THREE-STATE ENABLE/DISABLE DELAYS

Voo

|MC14043B] MC14044B o1
TesT |enaBLE| s1 |'s2 |a| s | RS | R
To ™
tpzH _/— Open [Closed| A |Vpp| Vss |Vss |VoD Output
Under
tpzr |/~ [ciosed|open | B |vss| Voo |Vop|Vss Jrde
tpHZ —\__ Open |[Closed| A |Vpp| Vss | Vss | VDD cL s2
tprz | ~ \— |Closed[Open | B |vss|Vop|Vop|Vss :I: 50 pF
= Vss
Vpo
Enable 50% \
L—-—-'Vss
peg—~ 1
PZH —_ Voo
/ 0%
oA 10% k—v
oL
tPHZ -
fu—tpz|
oy Pz = Von
Qg
10%
Vss
PIN ASSIGNMENT
MC140438B MC140448
NS A
1cg a3 Voo 16 1] a3 Vpp 16
2] ao R3 15 2] NC S3 oS
3] RO S3 14 ¢ 3cy so RIp 14
4] so NC 13 4 RO Qo 13
scE $2 12 [ Y= N RZ 312
6C]s1 R2 11 e A7 s2 11
7 R1 Q2 F,310 7cd§1 a2 =10
8 vgs Q1 /9 8 ] vgg at 9

NC = No Connection
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MC14046B

PHASE LOCKED LOOP

The MC14046B phase locked loop contains two phase compara-
tors, a voltage-controlled oscillator (VCO), source follower, and
zener diode. The comparators have two common signal inputs,
PCAjn and PCBjn. Input PCA|, 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 PC1o,¢, and maintains
900 phase shift at the center frequency between PCA;, and PCBj,
signals (both at 50% duty cycle). Phase comparator 2 (with leading
edge sensing logic) provides digital error signals, PC25,¢ and LD,
and maintains a 0° phase shift between PCAj, and PCBj, signals
(duty cycle is immaterial). The linear VCO produces an output signal
VCOgyt whose frequency is determined by the voltage of input
VCOjn and the capacitor and resistors connected to pins C1a, C1g,
R1, and R2. The source-follower output SFoyt with an external re-
sistor is used where the VCOjp, 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 18 V

® Pin-for-Pin Replacement for CD40468

® 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

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

PHASE-LOCKED
LooP

16
1
L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

ORDERING INFORMATION

A Series: —55°C to +126°C
MC14XXXBAL (Ceramic Package Only)

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

BLOCK DIAGRAM

T 3
Self Phase
|
| f Trase ' 13 PC20y¢
PCBiy 30 : Comparator 2 1 LD
| 4 VCOout
VCOjn QWI Voltage (L 511 R
Controlled
H12 R2
v Pin 16 l Oscillator 6 c1
DD = "in vco) A
Vss = Pin 8 | { \JI——o7 clg
! |
SF,
Inh 5&1' — Source Follower H 10 out
Vgg O —O015 Zener
L _ P J

PIN ASSIGNMENT




MC14046B

MAXIMUM RATINGS (Voltages referenced to Vgg)

Rating Symbol Value Unit
DC Supply Voltage Vpp -05to +18 Vdc
Input Voltage, All Inputs Vin -05t0 Vpp + 0.5 Vdc
DC Input Current, per Pin lin +10 mAdc
Operating Temperature Range — AL Device TA -55to +125 oc
CL/CP Device -40 to +85
Storage Temperature Range Tstg ~65 to +150 °c
ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vsg)
Voo Tiow* 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 v
Vin " Vppor0 10 - 0.0 - 0 0.05 - 0.05
15 - 0.05 — 0 0.05 — 0.05
“1" Level | Von 5.0 495 - 4.95 5.0 - 495 - \
Vin - 0or Vpp 10 9.95 - 9.95 10 - 9.95 -
15 14 .95 — 14.95 15 - 14.95 -
Input Voltage™ 0" Level ViL ’ v}
(Vg =450r05V) 5.0 - 15 - 2.25 15 - 15
(Vg =9.00r1.0V) 10 - 30 - 4.50 3.0 - 3.0
(Vo =13.50r15V) 15 - 4.0 - 6.7 4.0 — 4.0
1" Level| Vin v
(Vo=050r45V) 5.0 35 - 35 275 - 35 -
(Vo=100r9.0V) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo =150r135V) 15 11.0 ~ 11.0 8.25 - 11.0 -
Output Drive Current (AL Device) loH mA
(VoH =25V Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -
(VoH =46 V) 5.0 -0.25 - -0.2 -0.36 - -0.14 -
(VOH =9.5V) 10 -0.62 - -05 -09 - -0.35 -
(Von =135 V) 15 ~1.8 ~ -1.5 -3.5 — -1.1 —
(VoL =04 V) Sink oL 6.0, 0.64 - 0.51 0.88 - 0.36 - mA
(VoL =05V) 10 16 - 13 225 - 0.9 -
(VoL =15V) 15 4.2 - 34 88 - 24 -
Output Drive Current (CL/CP Device) 10H mA
(VoH =25V) Source 5.0 -1.0 - -0.8 -1.7 - -06 -
(Vo =46V 5.0 -0.2 - -0.16 | -0.36 - -0.12 -
(Vo =9.5V) 10 -0.5 - -04 -09 - -03 -
(VoH = 135 V) 15 -1.4 - -1.2 -35 - -1.0 -
(VoL =04 V) sink [ 1oL 5.0 0.52 - 044 0.88 - 0.36 - mA
(VoL =05 V) 10 13 - 11 2.25 - 09 -
(VoL =15V) 15 36 - 3.0 838 - 24
Input Current (AL Device) lin 15 - +0.1 - +0.00001 | +0.1 - 0 KA
Input Current (CL/CP Device) lin 15 - +03 - +0.00001 | 0.3 - +1.0 wA
Input Capacitance Cin - - - - 5.0 7. - - pF
Quiescent Current (AL Device) IpD 5.0 - 5.0 - 0.005 5.0 - 150 BA
(Per Package) Inh = PCA;, = Vpp, 10 - 10 - 0.010 10 - 300
Zener = VCO;p, =0 V, PCBjn = VD 15 - 20 - 0.015 20 - 600
or0V, lgys=0pA
Quiescent Current (CL/CP Device) pp 5.0 - 20 - 0.010 20 - 150 uA
(Per Package) Inh = PCAj, = Vpp, 10 - 40 - 0.020 40 - 300
Zener = VCO;jp =0 V, PCBj,, = Vpp 15 - 80 - 0.040 80 - 600
or 0V, lgyr = 0 uA
Total Supply Current t IT 50 IT = (146 uA/kH2) f + Ipp HA
(inh = 0", f5 = 10 kHz, Cy_ = 50 pF, 10 IT = (291 uA/kH2) f + 1pp
R1=1MQ,R2 = =, Rgg = =, and 15 IT = (437 uA/kH2) f + 1pp
50% Duty Cycle)
*Tlow = -55°C for AL Device, -40°C for CL/CP Device.
Thigh = +125°C for AL Device, +85°C for CL/CP Device.
=Noise immunity specified for worst-case input combination.
Noise Margin for both 1" and 0" level = 1.0 Vdc min @ Vpp =5.0 Vdc
2.0 Vdc min @ Vpp = 10 Vdc
2.5 Vdcmin @ Vpp = 15 Vdc

To Calculate Total Current in General:
IT~22xVpp (vcoin -1.65  Vop -1.35)3/4
R1 R2

1x10-1vpp? (100-% Duty Cydle of PCAjn) ‘ia
100 /

16 (vco;n -1.65

RsF
where: IT in uA, C_in pF, VCOjn, Vpp in Vdc, f in KHz, and

R1, R2, RgE in MR, C| on VCOoyt.

3/4
) +1x10-3(C_+9) Vpp f+
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ELECTRICAL CHARACTERISTICS* (C| =50 pF, T = 25°C)

MC14046B

Minimum Maximum
Vop AL CL/CP | Typical AL cL/cp
Characteristic Symbol Vdc Device | Device | All Types | Device | Device Units

Output Rise Time tTLH ns
tTLH =(3.0ns/pF) C_+30ns 5.0 - - 180 350 400
tTLH = (1.5 ns/pF) C_+ 15 ns 10 - - 90 150 200
TTLH = (1.1 ns/pF) C_+ 10 ns 15 - - 65 110 160

Output Fall Time TTHL ns
tTHL = (1.5 ns/pF) C|_+ 25 ns 5.0 - - 100 175 200
tTHL = (0.75 ns/pF) C_+ 125 ns 10 — - 50 75 100
tTHL = (0.55 ns/pF) C|_+ 9.5 ns 15 — — 37 55 80

PHASE COMPARATORS 1 and 2

Input Resistance — PCA Rin 5.0 1.0 1.0 20 - - MQ

10 0.2 0.2 0.4 - -
15 0.1 0.1 0.2 — —
- PCBjn Rin 15 150 15 1500 — - M

Minimum Input Sensitivity Vin 5.0 - - 200 300 400 mV p-p
AC Coupled — PCA;, 10 - — 400 600 800
C series = 1000 pF, f = 50 kHz 15 — — 700 1050 1400
DC Coupled — PCA;p, PCB,n - 5t0 15 See Noise Immunity

VOLTAGE CONTROLLED OSCILLATOR (VCO) '

Maximum Frequency fmax 5.0 0.50 0.35 0.70 - - MHz
(VCO,, = Vpp, C1 =50 pF, 10 1.0 0.7 1.4 - -
R1=5k§2, and R2 = =) 15 1.4 1.0 1.9 — —

Temperature - Frequency Stability - 5.0 - - 012 - - %/°C
(R2 = o) 10 - - 0.04 - -

. 15 — - 0.015 - -

Linearity (R2 = =) - %
(VCO,, =250V + 030V, R1>10k) 5.0 - - 1 - -

(VCO,, =500V + 250 V, R1 = 400 kQ2) 10 - - 1 - -
(VCO,, =750V + 5.00 V, R1 > 1000 k$2) 15 - - 1 - -

Output Duty Cycle — 5to 15 - - 50 - - %

Input Resistance -- VCO Rin 15 150 50 1500 - - Mo

SOURCE-FOLLOWER

Offset Voltage - 5.0 - - 1.65 2.2 25 \
(VCO,, minus SFq ¢, Rgp > 500 k2) 10 - - 1.65 2.2 25

15 - - 1.65 2.2 2.5

Linearity — %
(VCO,, =250V + 0.30 V, Rgg > 50 kQ2) 5.0 - - 0.1 - -

(VCO,p =5.00 V + 2.50 V, Rgf > 50 k§2) 10 - - 0.6 - -
(VCO,, =750 V + 5.00 V, Rgg > 50 k&2) 15 - - 08 - -

ZENER DIODE

Zener Voltage (I, = 50 uA) Vz — 6.7 6.3 7.0 7.3 7.7 \Y

Dynamic Resistance (1; = 1 mA) Rz - - - 100 - - ()

*The formula given 1s for the typical characteristics only.
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FIGURE 1 — PHASE COMPARATORS STATE DIAGRAMS

PHASE COMPARATOR 1
Input State :
|
@ v*@
X e
PCA;n PCBin 0 | @
PCloye 0 1
PHASE COMPARATOR 2
H T
Input State : |
|
R | @O0 T @@ (9
|
3-State
PC2ut o Output Disconnected !
LD 0
(Lock Detect) ° !
Refer to Waveforms in Figure 3.
FIGURE 2 — DESIGN INFORMATION
Characteristic Using Phase Comparator 1 Using Phase Comparator 2

No signal on input PCAp,.

VCO in PLL system adjusts to center frequency
(fo).

VCO in PLL system adjusts to minimum fre-
quency (fmin).

Phase angle between PCA, and PCB;p,.

90° at center frequency (fg), approaching 0°

Always 0° in lock (positive rising edges).

and 180° at ends of lock range (2f ).

Locks on harmonics of center frequency.

Yes

No

Signal input noise rejection.

High

Low

Lock frequency range (2f ).

The frequency range of the input signal on which the loop will stay locked if it was

initially in lock. 2fy_ = full VCO frequency range = fray ~ fmin-

Capture frequency range (2fc).

The frequency range of the input signal on which the loop will lock if it was initially

out of lock.

Depend's on low-pass filter characteristics
(see Figure 3). fo < f_

fc=fL

Center frequency (fg).

The frequency of VCOgq,¢, when VCO;n = 1/2 Vpp

VCO output frequency (f).

Note: These equations are intended
to be a design guide. Since calculated
component values may be in error
by as much as a faector of 4, labor-
story experimentation may be re-
quired for fixed designs. Part to part
L i with identical
passive components s
+20%.

less than

1

fmin =
R2(Cy+ 32 pF)

(V¢ input = Vss)

1

T — (Vg input = Vpp)
Rq(Cy T 32pF) co o

fmax + fmin

Where: 10K<Ry< 1M
1K< Ry< 1M
100pF <Cq < .01 uF
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FIGURE 3 — GENERAL PHASE-LOCKED LOOP CONNECTIONS AND WAVEFORMS

SF
S Source 10 out
hl Follower
VCO;, Rer
PCA,, 14 =
@ Frequency ' P Phase 20113 f:::;":s's 9 veo a  VCOu,
3 X —>- .
. Comparator PCloyut Filter 1" 12 6 B @ Frequency Nf' = f
CB"\ or cl ci
PC204t A 8
R12 R2
cit
[ External 1 = =
| N |
- i -
L Counter o
Typical Low-Pass Filters
Typically:
(a) R3 (b) R3 &N
Input O-—ANv-I—O Output Input Output Rg Cp = __N
ca fmax  2TAf
2my R4 100NAf
R3 C2 (R3 +3,000Q) Cy = ——— ~ R4 Cy
fmax2
I~
= Af=frmax — 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 wp,. In Figure B, the ratio of R3 to R4 sets
the damping, R4 = (0.1)(R3) for optimum results.

LOW-PASS FILTER

Definitions: N = Total division ratio in feedback loop Filter A Filter B
Ko = Vpp/T for Phase Comparator 1

K¢ = Vpp/4 7 for Phase Comparator 2 won = KeKvco o = KeKvco
274 fyco " Y'NR3Cz n JN———cz(RyR,,)

Kvco = Vgp=2 v

Nw, N
™t = =0.5 wy(R3Cg + )
for a typical design wp = —5 L (at phase detector input) §= 2kgKvco | £7° wn(R3C2 KeKvco
=0.707
¢ Fo) = —— | Fo) = R3CS+1
R3C2S+1 S(R3Co+R4C+1
Waveforms
Phase Comparator 1 Phase Comparator 2
Voo Voo
PCA;n l [ J I PCA,n | l i |
Vss ! . Vss
| |
Vo | — VoH
SCPR B B SO N
'
Vou ) ] ) VoL
——VOoH [} Inl VoH
PClout | | I | | | I | o U
v \%
oL H 5 VOL
— VoH 1 L OH
VCOjqn \/\/\/\/\ PC20ut _J_l_—u__-
— VoL —— VoL
) — VoH
VCOjn
— VouL

Note: for further information, see:
(1) F. Gardner, “"Phase-Lock Techniques”, John Wiley and Son, New York, 1966.
(2) G. S. Moschytz, ““Miniature RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965.
(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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MC14049UB
MC14050B

HEX BUFFERS

High Source and Sink Currents
High-to-Low Level Converter
Supply Voltage Range = 3.0 Vto 18 V

The MC14049UB hex inverter/buffer and MC140508B 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, Vpp. The input-signal high level (Vi) can
exceed the Vpp supply voltage for logic-level conversions. Two
TTL/DTL Loads can be driven when the devices are used as
CMOS-to-TTL/DTL converters (Vpp = 5.0 V, Vg < 0.4V,
loL > 3.2 mA). Note that pins 13 and 16 are not connected in-
ternally on these devices; consequently connections to these
terminals will not affect circuit operation.

Meets JEDEC UB Specifications—MC14049UB

Meets JEDEC B Specification—MC14050B
VN can exceed Vpp

CMOS SSi

(LOWPOWER COMPLEMENTARY MOS)

HEX BUFFERS

Inverting — MC14049UB
Noninverting — MC14050B

ﬁu'

16

B 7/

1

MAXIMUM RATINGS* (Voltages Referenced to Vgg)

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

ORDERING INFORMATION

A Series: —-55°C to +125°C

MC14XXXBAL or UBAL (Ceramic Package Only)

*Maximum Ratings are those values beyond which damage to the device may occur.

Sri S

CIRCUIT SCHEMATIC
(1/6 OF CIRCUIT SHOWN)

MC14049UB
Voo

i

= Vss

MC 140508

Vbp

L,

= Vss

Symbol Parameter Value Unit C Series: —40°C to + 85°C
Vpbp DC Supply Voltage —-0.5to0 +18.0 \" MC14XXXBCP or UBCP (Plastic Package)
Vin | Input Voitage (DC or Transient) —0.5t0 +18.0 v MC14XXXBCL or UBCL (Ceramic Package)
Vout Output Voltage (DC or Transient) —0.5to Vpp +0.5 \%
lin Input Current (DC or Transient), per Pin *10 mA
lout Output Current (DC or Transient), per Pin +45 mA
Tslg Storage Temperature —65to +150 °C N
T Lead Temperature (8-Second Soidering) 260 °C

LOGIC DIAGRAMS

MC14049UB MC140508
3-—«{ So—2 3—{ >—2
5f———Do——4 5—.(>——4
7—-{>0—6 7;-[>—e
9—<{>o—-10 9_>—1o
n——{>o—|z n_i > 12
M—-{>o——15 14—->—— 15

NC = Pin 13, 16
Vgg = Pin 8
Vpp = Pin 1

NC = Pin 13, 16
Vgg = Pin8
Vpp = Pin1
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MC14049UBeMC14050B

ELECTRICAL CHARACTERISTICS (voitages Referenced to Vgg)

Vpbp Tiow” 25°C Thigh"
Characteristic Symbol| Vdec Min Max Min Typ # | Max Min Max Unit
Output Voitage "0"” Level | VoL | 5.0 - 0.05 - ] 0.05 - 005 | Vdc
Vin=Vpp or 0 10 - |oos| - 0 005 | — | 005
. 15 — 0.05 - 0 0.05 - 0.05
Vin = 0 or Vpp “1"Level| Vou | 50 | 495 [ — [ 498 | 5.0 —- | ass| - Vdc
10 9.95 - 995 10 - 9.95 -
15 14.95 ~ 14.95 15 - 14.95 —
Input Voitage MC14049UB “0" Level | Vi Vdc
(Vo =4.5 vdc) 5.0 - 1.0 - 225 10 - 1.0
(Vo =9.0 Vdc) 10 - 20 - 450 20 - 20
(Vo = 13.5 Vdc) 15 - 25 - 6.75 25 - 25
“1” Level | Vi ’ Vde
(Vo =05 Vde) s0 | 40 | - 40 | 275 - 40 -
(Vg = 1.0 Vdc) 10 | 80| - | 80| ss0 | - | 80| -
(Vo = 1.5 Vdc) 15 12.5 ~ 125 | 825 - 125 -
Input Voltage MC140508 “0” Level | Vi Vdc
(Vg =0.5 Vdc) 5.0 - 15 - 225 15 - 15
(Vo = 1.0 Vdc) 10 - 30 - 4.50 30 - 3.0
(Vo = 1.5 Vdc) 15 - 4.0 — 6.75 40 — 4.0
“1” Level| Viy Vde
(Vo = 4.5 Vdc) : 50 35 - 35 275 - 3.5 -
(Vo =9.0 Vdc) 10 7.0 - 7.0 5.50 - 70 -
(Vo = 13.5 Vdc) 15 11 - 1" 8.25 - 11 -
Qutput Drive Current (AL Device) IoH mAdc
(VOH = 2.5 Vdc) Source 50 | -16 - |-128} -2.5 - -09 -
(Vo =95 Vdc) 10 -1.6 - -13 —2.6 - -09 -
(VOH = 13.5 Vdc) 15 | -47 - |-375| —10 - -2.7 -
(VoL = 0.4 Vdc) sink| loL | 50 | 3715 | - 32 6.0 - 22| - |mAde
(VoL =0.5 vdc) 10 10 - 8.0 16 - 5,6 -
(VoL =15 Vdc) 15 30 - 24 40 - 17.0 -
Output Drive Current (CL/CP Device) loH mAdc
(VoH = 2.5 Vdc) Source 50 -15 .— |—1.25] —-2.5 - -1.0 -
(VOH =9.5 Vdc) 10 |-158] - |-13] —26 | - | -10f -
(VoH = 13.5 Vdc) 15 -4.5 - |-3.75] —10 — -3.0 -
(VoL =0.4 vdc) sink[ loL | 50 | 36 - 32 6.0 - 26 — | mAde
(VoL =0.5 vdc) 10 9.6 - 8.0 16 - 66 -
(VoL = 1.6 Vdc) 15 28 - 24 40 - 19
Input Current' (AL Device) lin 15 - 0.1 — |+0.00001] 0.1 - +1.0 | pAdc
Input Current (CL/CP Device) tin 15 - +0.3 — ]+0.00001] :0.3 - 1.0 | wAdc
Input Capacitance Cin - - - - 10 * 20 - - pF
(Vin =0)
Quiescent Current (AL Device) ipp 5.0 - 1.0 - 0.002 1.0 - 30 uAdc
{Per Package) 10 - 20 - 0.004 20 - 60
15 - 4.0 — 0.006 4.0 - 120
Quiescent Current (CL/CP Device) Ipp 5.0 - 40 - 0.002 40 - 30 uAdc
(Per Package) | 10 - 8.0 - 0.004 8.0 - 60
15 - 16 - 0.006 16 - 120
Total Supply Current**+ IT 5.0 It = (1.8 pA/kHz)f + Ipp uAdc
. (Dynamic plus Quiescent, Per Package) 10 It = (3.5 kA/kH2)f + Ipp
{C_ 50 pF on all outputs, all buffers switching) 15 It = (6.3 kA/kHz)f + Ipp
*Tiow= — 55°C for AL Device, —40°C for CL/CP Device. 1To calculate total supply current at loads other than 50 pF:

Thigh= + 125°C for AL Device, +85°C for CL/CP Device.
IT(CL) = IT(50 pF) + (G —50) Vfk
#Data labelled “Typ” is not to be used for design purposes
but is i d as an indication of the IC’s ial per where: I is in nA (per package), C_in pF, V = (Vpp— Vgg) in volts,
f in kHz is input frequency, and k = 0.002.

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



MC14049UBeMC14050B

SWITCHING CHARACTERISTICS* (C|_=50pF, T = 25°C)

Vin INPUT VOLTAGE (Vdc)

Vin INPUT VOLTAGE (Vdc)

Vop
Characteristic Symbol Vde Min Typ # Max Unit
MC14049UB
Output Rise Time TLH ns
tTLH = (0.8 ns/pF) C|_+ 60 ns 50 - 100 160
TTLH = (0.3 ns/pF) C_+35 ns 10 - 50 100
tTLH = (0.27 ns/pF) C_+26.5 ns 15 - 40 60
Output Fall Time TTHL ns
tTHL = (0.3 ns/pF) C_ + 25 ns 5.0 - 40 60
tTHL = (0.12 ns/pF) C_ + 14 ns 10 - 20 40
tTHL = (0.1 ns/pF) C_+ 10 ns 15 - 15 30
Propagation Delay Time PPLH ns
tpLH = (0.38 ns/pF) C|_+ 61 ns 5.0 - 80 120
tpLH = (0.20 ns/pF) C_+ 30 ns 10 - 40 65
tpLH = (0.11 ns/pF) C + 245 ns 16 - 30 50
Propagation Delay Time tPHL ns
tpHL = (0.38 ns/pF) C + 11 ns 5.0 - 30 60
tpp = (0.12 ns/pF) C +9 ns 10 - 15 30
tpe = (0.11 ns/pF) C| +45 ns 15 - 10 20
MC1406508
Output Rise Time tTLH ns
tTLH = (0.7 ns/pF) C_+ 65 ns 5.0 - 100 160
tTLH = (0.25 ns/pF) C|_+ 375 ns 10 - 50 80
tTLH = (0.2 ns/pF) Cy_ + 30 ns 15 - 40 60
Output Fall Time TTHL ns
tTHL = (0.2 ns/pF) C_ + 30 ns 5.0 - 40 60
tTHL = (0.06 ns/pF) Cy_ +17 ns 10 - 20 40
tTHL = (0.04 ns/pF) C_+ 13 ns 15 - 16 30
Propagation Delay Time tPLH ns
tpLH = (0.33 ns/pF) C_ +63.5 ns 5.0 - 80 140
tpLH = (0.19 ns/pF) Cy_ + 305 ns 10 - 40 80
tpLH = (0.06 ns/pF) Ci_+ 27 ns 15 - 30 60
Propagation Delay Time PHL ns
tpHL = (0.2 ns/pFI C + 30 ns 50 - 40 80
tpHL = (0.1 ns/pF) C_ + 15 ns 10 - 20 40
tpHL = (0.05 ns/pF) C_+ 125 ns 15 - 15 30
*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
d as an indication of the IC’s p performance. i
FIGURE 1 — TYPICAL VOLTAGE TRANSFER CHARACTERISTICS versus TEMPERATURE
MC14049UB MC140508
18 18
[ 1] RN
- (Vpp = 15Vd = c
$ sjDo - toide XY DD
8 8 e
= \- = +1250C T | f
=t N s N
2 |Vvpp = 10Mdc N 2 Vpp = 10Vdc
i ] ' = -550C !
2 \ P 2
= L =3
3 K 3 N
5 [Vpp = 5Vd T~ 3 I v 5Vdc
oy ot +1250C S = = [DD
1
11 "[ ™ ssoc
| ] | |
5 10 15 18 5 10 15 18
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FIGURE 2 — TYPICAL OUTPUT SOURCE CHARACTERISTICS FIGURE 3 — TYPICAL OUTPUT SINK CHARACTERISTICS
VDD MC 140508

Vos = Vou ~ Voo

0 160
z VGs = 5.0 Vde —— = VGs = 15 Vde __|
= -10 < <
5 X/ € /,V
3 4 4 z
3 .20 A/ g r/
§ / ,/ 3 / VgGs = 10 Vde
S = x 80
g -30 }VGs=10 Vdc, :7_, / A~
g 2 y A Maximum Current Level
5 Y Tt s s S Bttt g
=) a2 4
T 40 > V
e . I _Max_i:_mg_n#ugm Level | e Vs = 5.0 Vde
Vs = 75 Vac ; '] T
N MY . ]
-10 -8.0 -6.0 -4.0 -2.0 L} 0 20 40 6.0 80 10
Vps ORAIN-TO-SOURCE VOLTAGE (Vdc) Vps DRAIN-TO SOURCE VOLTAGE (Vdc)
FIGURE 4 — AMBIENT TEMPERATURE FIGURE 5 — SWITCHING TIME TEST CIRCUIT
POWER DERATING AND WAVEFORMS
1000 I L
% 800 T R
E " | PLASTIC OR CERAMIC
800 P\ — Pulse
é \ PACKAGE Generator
£ 700 N
- N
27 600
o<
o& 500
§§ 400 \ 20 ns [=— 20 ns
=
g 300 \ Input S0% 1T Vpo
3 50% N
E N — 10% SV,
S 10 oL —e —— LK
i —V.
25 50 75 100 125 150 175 Output 2o OH
TA, AMBIENT TEMPERATURE (0C) MC14049U8 10% v
F=tTHL [ed pe-tyim O
. . . . . tPLH— t
This device contains circuitry to pro- o PHLY o
utput

tect the inputs against damage due to MC140508
high static voltages or electric fields
referenced to the Vgg pin, only. Extra

precautions must be taken to avoid ap- #1nvert on MC14049UB only

plications of any voltage higher than the

maximum rated voltages to this high-im- PIN Ass\lfNMENT

pedance circuit. For proper operation,

the ranges Vs < Vin < 18 V and Vss ; ZZDD o Ne : ::

< Vout < VDD are recommended. - utA ute e

Unused inputs must always be tied to na InF

an appropriate logic voltage level (e.g., 4 Houtg NCp=13

either Vss or VpD). Unused outputs 5 Hing Outg 912

must be left open. 6 Houte ng =11
7 gin c Outp =10
8 Vss Inp 9

NC = No Connection
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MC14051B
MC14052B
MC14053B

The MC14051B, MC14052B,
multiplexers are digitally-controlled analog switches.
MC14051B effectively implements an SP8T solid state switch, the
MC14052B a DP4T, and the MC14053B a Triple SPDT. 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.

ANALOG MULTIPLEXERS/DEMULTIPLEXERS

and MC14053B analog

The

CMOS MSI

(LOWPOWER COMPLEMENTARY MOS)

ANALOG MULTIPLEXERS/
DEMULTIPLEXERS

@ Diode Protection on All Inputs
@ Supply Voltage Range = 3.0 Vdc to 18 Vdc
@ Analog Voltage Range (VpD—VEE) = 3t0 18V
Note: VEg must be < Vgg
@ 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 i.
® For Lower RON, Use the HC4051, HC4052, or HC4053 ! ]
High-Speed CMOS Devices 16 6 ,
CASE 620 CASE 648
-
MAXIMUM RATINGS L SUFFIX P SUFFIX
Symbol Parameter Value Unit CERAMIC PACKAGE PLASTIC PACKAGE
Voo DC Supply Voltage (Referenced to Vg,
Vgs = VEE) -0.5to +18.0 v
Vin: Vout| Input or Output Voltage (DC or Transient)
(Referenced to Vgg for Control Inputs and Vgg
for Switch 1/0) —05t0Vpp +0.5| v ORDERING INFORMATION
lin Input Current (DC or Transient), A Series: —55°C to +125°C
per Control Pin +10 mA MC14XXXBAL (Ceramic Package Only)
lsw Switch Through Current +25 mA C Series: —40°C to +85°C
Pp Power Dissipation, per Packaget 500 mw MC14XXXBCP (Plastic Package)
MC14XXXBCL (Ceramic Package)
Tstg Storage Temperature —65 to +150 °C
T 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/°C from 65°C to 85°C
Ceramic "L"” Package: —12mW/°C from 100°C to 125°C
MC14051B MC140528 MC140538
8-Channel Analog Dual 4-Channel Analog Triple 2-Channel Analog
Multiplexer/Demultiplexer Multipl /D ttip! Multiplexer/Demultiplexer
6 O—{Inhibit 6 O—1Inhibit 6 O—{inhibit
c L J110—A Controls < 10 A Controls 110—A xf—o014
ontrols 10 8 ° 8 x 13 10 8
9 0—C 120—1Xx0 90—C
130—{x0 140—{x1 120—{x0 v}—015% Commons
Commons Out/in
140—Xx1 3 150—X2 Out/In 130—{X1
150—X2 x Common Switches J 110—]X3 Switches 20—Y0
Switches J 120—X3 Out/tn  In/Out ] 10— Y0 In/Out 1 10—v1
In/Out 10—{xa 50— Y1 M 50—{z0 z}—oa4
50—{X5 20—{v2 30— 21
20—{X6 40—Y3
40—IXx7
Vpp = Pin 16 Vpp = Pin 16 Vpp = Pin 16
Vgg = Pin 8 Vgs = Pin8 Vgg = Pin 8
Vgg = Pin 7 Vgg =Pin7 Vgg = Pin7

Note: Control Inputs referenced to Vsg, Analog Inputs and Outputs reference to Vgg. Vgg must be <Vgg.
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ELECTRICAL CHARACTERISTICS

MC14051BeMC14052BeMC14053B

Tiow” 25°C Thigh”
Characterlistic Symbol | Vpp Test Conditions Min [Max [Min [ Typ# [ Max | Min | Max | unit
SUPPLY REQUIREMENTS (Voltages Referenced to Vgg)
Power Supply Voltage Vbbb — Vpp-3 = Vgs = VEg 3 18 3 — 18 3 18 \%
Range .
Quiescent Current Per Ipp 5 Control Inputs. Vi\n=VggorVpp, [ — 5 — 0.005 5 — 150 rA
Package (AL Device) 10 |Switch /O: VEg = V)0 < Vpp, | — 10 _ 0010 10 — 300
15 and AVgyitch < 500 mVax — 20} — | oot5 | 20 | — | 600
Quiescent Current Per DD 5 Control Inputs: Vin=VggorVpp, | — 20 — 0.005 20 — 150 rA
Package (CL/CP Device) 10 | Switch I/O' VEg < Vjy0 < Vpp, | — 40 — 0.010 40 — 300
15 and AVgytch < 500 MV — | 80 | — | oo1s 80 — | 600
Total Supply Current ID(AV) 5 TA = 25°C only (0 07 pA/KH2)f + Ipp nA
(Dynamic Plus Quiescent, 10 (The channel component, Typical { (0.20 pA/kHz)f + Ipp
Per Package) 15 (Vin=Vout)Ron. s not (0.36 pA/kH2z)f + Ipp
included.)
CONTROL INPUTS — INHIBIT, A, B, C (Voltages Referenced to Vgg)
Low-Level Input Voltage ViL 5 Ron = per spec, — 15 — 2.25 15 — 15 v
10 |loff = per spec — 30 — 4.50 30 — 30
15 — 4.0 — 6.75 4.0 — 4.0
High-Level input Voltage ViH 5 Ron = per spec, 3.5 — 3.5 275 — 35 — \2
10 loff = per spec 7.0 — 7.0 550 — 70 —
15 110 —_ 11.0 8.25 —_ 110 —
Input Leakage Current lin 15 [Vin = 0orVpp — |*01] — |*000001 +0.1 — | =10 rA
(AL Device)
Input Leakage Current hin 15 |Vjnh = 0or Vpp — |*03| — [+000001 +0.3 — | =10 BA
(CL/CP Device)
Input Capacitance Cin — — — — 5.0 7.5 — — pF
SWITCHES IN/OUT AND COMMONS OUT/IN - X, Y, Z (Voltages Referenced to Vgg)
Recommended Peak-to- Viio — | Channel On or Off 0 |Vpp 0 — VbD 0 Vop | Vep
Peak Voltage Into or
Out of the Switch
Recommended Static or AVgwitch — | Channel On 0 600 0 —_ 600 ] 300 mV
Dynamic Voltage Across
the Switch« (Figure 5)
Output Offset Voltage Voo — | Vin = 0V, No load — — — 10 — — — Y
ON Resistance Ron 5 AVgwitch < 500 mV#x, - 800 — 250 1050 — 1300 )
(AL Device) 10 | Vin = V) or V) (Control), — | 400 | — 120 500 — 550
15 and Vin = 0to Vpp (Switch) | — [ 220 | — 80 280 | — | 320
ON Resistance Ron 5 AVgwitch < 500 mVs+, — | 880 | — 250 1050 [ — | 1200 Q
(CL/CP Device) 10 | Vjn = V)L or Vi (Control), — | 450 | — 120 500 — 520
15 and Vin = 0to Vpp (Switch) | — | 250 | — 80 280 | — | 300
A ON Resistance Between ARon 5 — 70 — 25 70 — 135 Q
Any Two Channels 10 — 50 — 10 50 — 95
in the Same Package 15 - 45 - 10 45 — 65
Off-Channel Leakage lott 15 | Vih = VjLorViy (Control) — |=t100| — +0.05 | £100 | — |=1000| nA
Current (AL Device) Channel to Channel or
(Figure 10) Any One Channel
Off-Channel Leakage loft 15 | Vin = V) or Viy (Control) — |£300| — +*005 | £300 | — |=1000| nA
Current (CL/CP Device) Channel to Channel or
(Figure 10) Any One Channel
Capacitance, Switch /O Cio — | Inhibit = Vpp — — — 10 —_ — — pF
Capacitance, Common O/ Con — | Inhibit = Vpp (MC14051B) — — — 60 — — — pF
(MC14052B) 32
(MC14053B) 17
Capacitance, Feedthrough Cio — | Pins Not Adjacent — — — 0.15 — —_ — pF
(Channel Off) — Pins Adjacent — —_ — 0.47 — — —

* Tiow =

—55°C for AL Device, —40° for CL/CP Device.

Thigh = +125°C for AL Device, +85°C for CL/CP Device.
# Data labeled "“Typ" 1s 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 (AVgyitch) >600 mV (>300 mV at high temperature), excessive Vpp current may be drawn; 1 e the current

out of the switch may contain both Vpp and switch input components. The reliability of the device will be unaffected unless the Maximum Rat-

ings are exceeded. (See first page of this data sheet )




MC14051BeMC14052BeMC14053B

ELECTRICAL CHARACTERISTICS* (CL = 50 pF, Ta = 25°C) (VEE < Vss unless otherwise indicated)

Characteristic Symbol Voo Vee AT | Max | unie
Propagation Delay Times (Figure 6) tPLH, tPHL ns
Switch Input to Switch Output (R = 10 k)
MC14051
tPLH, tPHL = (0.17 ns/pF) C + 26.5 ns 5.0 35 90
tPLM, tPHL - (0.08 ns/pF) C + 11 ns 10 15 40
tPLH, tPHL = (0.06 ns/pF) C_+9.0 ns 15 12 30
MC14052 ns
tPLM, tPHL = (0.17 ns/pF) C_+21.6 ns 5.0 30 7%
tpLM, tPHL = (0.08 ns/pF) C_ +8.0 ns 10 12 30
tPLH, tPHL = (0.06 ns/pF) C_+ 7.0 ns 15 10 25
MC14053 ns
tpLH, tPHL = (0.17 ns/pF) C_ + 16.5 ns 5.0 25 65
tpLH, tPHL = (0.08 ns/pF) C_ +4.0 ns 10 8.0 20
tpLH, tPHL = (0.06 ns/pF) C_+3.0 ns 15 6.0 15
Inhibit to Output (R = 10 k2, VEg = Vgg)
Output ““1" or 0" to High Impedance, or tPHZ, tPLZ, ns
High Impedance to **1’" or 0"’ Level tpzH, tPZL
MC140518 5.0 350 700
10 170 340
15 140 280
MC140528 5.0 300 600 ns
10 155 310
15 125 250
MC140538 5.0 275 560 ns
10 140 280
15 110 220
Control Input to Output (R = 10 k@, VEg = Vgg) tPLH, tPPHL ns
MC140518 5.0 360 720
10 160 320
15 120 240
MC140528 5.0 325 650 ns
10 130 260
15 90 180
MC140538 5.0 300 600 ns
10 120 240
15 80 160
Second Harmonic Distortion - 10 0.07 - %
(RL = 10KQ, f = 1kHz2) Vin = 5 Vpp
Bandwidth (Figure 7) BW 10 17 —_ MHz
(R = 1kQ, V,, = 1/2 (Vpp-Vgg) p-p. C = 50pF
20 Log Yout . _34p)
Vm
Off Ch | F gh A (Figure 7) - 10 -50 — dB8
RL = 1KQ. Vi = 1/2 (Vpp — VEE) P-P
fin = 4.5 MHz — MC14051B
fin = 30 MHz — MC140528
fin = 55 MHz — MC140538
Channel Separation (Figure 8) - 10 -50 - dB
(R = 1kQ, Vi, = 1/2 (Vpp-Veg) pep.
fin = 3.0 MHz
Crosstalk, Control Input to Common O/I (Figure 9) - 10 75 - mV
(Rq = 1k, Ry = 10 kQ
Control tT 4 = tTHL = 20 ns, Inhibit = Vgg)

*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
i ded as an indication of the IC's ial per

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, Vin and Vgt should be constrained to the range Vgg < (Vijp or Vout) < VpD-

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg, VEE, or Vpp). Unused
outputs must be left open.
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FIGURE 1 — SWITCH CIRCUIT SCHEMATIC

Voo I I Voo
In/Out -~~~ Z—BD L:_Dfn Voo =% "~~~ -4 Out/In
S * { RE £
Wl LT " rR.g a
!
4
l "g
(L:?)\vl-levlerted 3
Control In/Out Out/in
i Control

Vss
TRUTH TABLE
Control inputs
Select ON Switches

Inhibit |C* B A |MC14051Bf MC14052B | MC140538B
o 0 0O X0 Yo X0{zZ0o YO XoO
V] 0 0 1 X1 Y1 X11Z0 YO X1
o ¢ 10 X2 Y2 X2120 Y1 X0
0 0 1 1 X3 Y3 X3 120 Y1 X1
Q 100 X4 Z1 YO X0
[»] 1.0 1 X5 Z1 YO X1
o] 110 X6 Z1 Y1 X0
0 11 1 X7 Z1 Y1 X1
1 x x None None None

*Not applicable for MC 14052
x = Don’t Care

FIGURE 3 — MC14052B FUNCTIONAL DIAGRAM
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FIGURE 2 —MC140518 FUNCTIONAL DIAGRAM
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FIGURE 4 — MC140538 FUNCTIONAL DIAGRAM
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TEST CIRCUITS

FIGURE 6 — PROPAGATION DELAY TIMES,

FIGURE 5 — AV ACROSS SWITCH CONTROL AND INHIBIT TO OUTPUT
ON Switch
/ Pul A
Control s Y ’em’ B8
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Section o—c v
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Load
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Vop Vee Vee Voo

FIGURE 7 — BANDWIDTH AND OFF-CHANNEL FEEDTHROUGH

ATTENUATION FIGURE 8 — CHANNEL SEPARATION

(ADJACENT CHANNELS USED FOR SETUP)

A, B, and C inputs used to turn ON or OFF
the switch under test.
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FIGURE 9 — CROSSTALK, CONTROL INPUT TO
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RON. “ON" RESISTANCE (OHMS)

RQN, “ON" RESISTANCE (OHMS)
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MC14051BeMC14052BeMC14053B
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FIGURE 11 — CHANNEL RESISTANCE (Rgpn) TEST CIRCUIT
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TYPICAL RESISTANCE CHARACTERISTICS

FIGURE 12— Vpp = 7.6V, VEg =-7.5 V

FIGURE 13- Vpp=5.0V,Vgg=-50V
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FIGURE 14 — Vpp =25 V, VEg = -26 V FIGURE 15 — COMPARISON AT 25°C, Vpp = -VEg
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PIN ASSIGNMENT
MC140518 MC140528 MC140538
~ \/ Y
1cIx4 Vpop 16 1cgvo Vop 16 Tcgv1 Vpp =16
2 X6 X215 2c=v2 X215 2c3vo Y15
3cgx X114 3]y X114 321 xpoe
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