X
g
ot e
2 PR .
IN w A5 >
‘ v o

s
v N
,; .
»* .
't"'i."'? ’
- q .

.

v

RS | ST,

Semlconductor
- Data Library

e

-
>
W
'

T e, e i

- ———



| Device Function Index “

B-Series Family Data n

Reliability and Handling Procedures [JEJ

CMOS Previews n

CMOS Data Sheets E
CMOS Reliability |
Mechanical Data

Pin Assignment n



Volume 5/Series B

prepared by
Technical Information Center

Semiconductor
- Data Library

CMOS INTEGRATED CIRCUITS

This book presents technical data for the broad line of McMOS integrated
circuits. Complete specifications are'provided in the form of data sheets.

The comprehensive specifications for the B Series reflect the industry
specification developed under the auspices of EIA/JEDEC. This coordination
permits multlple sources of the B Series of devices. '

The information i in this book has been carefully checked and is belleved to
be reliable; however, no responsibility is assumed for inaccuracies. Further-
more, this information does not convey to the purchaser of microelectronic
devices any license under the patent right of any manufacturer.

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

Series B
Second Printing
©OMOTOROLA INC., 1976
Printed in U.S.A. . "All Rights Reserved”



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



CONTENTS

NUMERICAL INDEX . .. ... i i e i it e e e ii
DEVICE FUNCTION INDEX . . ... ... . it i it e e e 11
McMOS Selection Guide by Function . . .. ................ 1-3
Summary of Motorola CMOS Line . . ... .. ..o.ueuinnnnnn. 1-7
B-SERIESFAMILYDATA .. ... ... .. ... e .21
RELIABILITY AND HANDLING PROCEDURES .. ............. 3-1
CMOSPREVIEWS . .............. e e 41
CMOS DATASHEETS . ...t ittt it it et i e eeaenn 5-1
CMOS RELIABILITY ...t et e e e e e 6-1
BasicConcepts . . ... . i e e e e e e 6-2
The Source of Reliability . .. .................. e 6-7
SCreening . . ... i e e 6-9
System Implementation . .. ... .. ... i i e 6-11
Conclusion ... ... ... . . e e e 6-19
References ... .. et e et it s e e e e e e, 6-20
MECHANICAL DATA .. et et i 7-1

PINASSIGNMENTS . ... ... i e 8-1



NUMERICAL INDEX

Part . -Second ,
Number Function Suffix* Pins | Sourced | Page
MC14000 | Dual 3-Input NOR Gate plus Inverter AL.CL.CP 14 ' 5-2-
MC14001 Quad 2-input NOR Gate ALCLCP 14 I 55
" MC14001B | Quad 2-Input NOR Gate AL.,CL.CP 14 ¥ 59
MC14002 | Dual 4-Input NOR Gate "AL,CL.CP 14 I 5-14
MC14002B | Dual 4-Input NOR Gate AL,CL.CP 14 » 5-14
MC14006B | 18-Bit Static Shift Register ‘ ALCL.CP 14 Il 5-15
MC14007B | Dual Complementary Pair plus Inverter ALCL.CP 14 v 5-19
MC14008B | 4-Bit Full Adder ALCL.CP 16 » 5-23
MC14011 Quad 2-Input NAND Gate AL,CL,CP 14 I . 529
MC14011B | Quad 2-Input NAND Gate ALCL,.CP 14 » 5-29
MC14012 | Dual 4-Input NAND Gate ALCLLCP 14 [ 5-30
MC14012B | Dual 4-Input NAND Gate ALCL.CP 14 I~ 5-30
MC14013B | Dual D Flip-Flop . ALCL,.CP 14 » | 5-31
MC14014B | 8-Bit Static Shift Register ALCLCP 16 I . 5-35
MC14015B | Dual 4-Bit Static Shift Register ALCL.CP 16 I%d 5-39
MC14016B | Quad Analog Switch/Quad Multiplexer ALCL,.CP 14 » 545
MC14017B | Decade Counter/Divider ‘ALCL,CP 16 174 5-51
MC14018B | Presettable Divide-by-N Counter AL CLCP 16 [ 5-56
MC140208B | 14-Bit Binary Counter ALCLCP | 16 74 5-60
MC140218 | 8-Bit Static Shift Register ALCL.CP 16 74 5-35
MC14022B | Octal Counter/Divider ALCLCP 16 » 5-65
MC14023 Triple 3-Input NAND Gate ALCL,CP 14 7 5-70
MC14023B | Triple 3-Input NAND Gate ALCL.CP 14, 7 5-70
MC14024B | Seven Stage Ripple Counter AL CLCP 14 7 5-71
MC14025 Triple 3-Input NOR Gate ALCL,CP 14 7 5-76
MC140258B | Triple 3-Input NOR Gate ALCL.CP 14 1 5-76
MC140278B | Dual J-K Flip-Flop ALCL.CP 16 I’ 5-77
- MC140288 | BCD-to-Decimal Decoder ALCL.CP 16 7 5-81
*MC14032B | Triple Serial Adder (Positive Logic) ALCLCP 16 e 5-86
MC14034B | 8-Bit Universal Bus Register AL,CL,CP 24 174 5:91
MC14035B | 4-Bit Shift Register ALCLCP 16 17 ' 5-98
MC14038B | Triple Serial Adder (Negative Logic) AL,CL,CP 16 7 5-86
MC14040B | 12-Bit.Binary Counter ALCL,CP 16 174 5-103
- MC14042B | Quad Latch - ALCL.CP 16 % 5-107
MC140438B | Quad NOR R-S Latch ALCL.CP 16 L 5-111
MC14044B | Quad NAND R-S Latch AL CL,CP - 16 I 5-111
MC140468B | Phase-Locked Loop ALCL,CP 16 7 5-115
MC14049B | Hex inverter/Buffer ALCL.CP 16 % 5-120
MC140508B | Hex Buffer ALCL.CP 16 [ 5-120
MC14051B | 8-Channel Analog Multiplexer ALCLCP 16 [ 5-124

*Add suffix to part number on alt orders.

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

Limited voltage range, limited temperature
range, plastic package

3 to 18 V, —55 to +125°C, ceramic package
3 to 18 V, —40 to +85°C, ceramic package
3 to 18 V, —40 to +85°C, plastic package

3 to 6V, —55 to +125°C, ceramic package
3 to 6 V, —40 to +85°C, ceramic package

3 to 6V, —40 to +85°C, plastic package
Limited voltage range, limited temperature
range, leadless ceramic package

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

.. Authorized Motorola Distributor.




NUMERICAL INDEX (continued)

Part Second
Number Function Suffix* Pins |Sourced | Page
MC140528 | Dual 4-Channel Analog Multiplexer ALCLCP 16 7 5-124
MC140538 | Triple 2-Channel Analog Multiplexer AL.,CL.CP 16 17 5-124
MC140668 | Quad Analog Switch AL,CL,CP 14 17 -5-130
MC14068B | 8-input NAND Gate - AL,CLCP 14 v 5-135
MC14069B | Hex Inverter AL,CL,CP 14 7 5-136
"MC14070B | Quad Exclusive OR Gate AL,CL,CP 14 I 5-138
MC14071 Quad 2-Input OR Gate ALCL.CP 14 "4 5-140
MC14071B | Quad 2-Input OR Gate ALCLCP 14 [ 5-140
MC14072B | Dual 4-input OR Gate AL,CLCP 14 %4 5-141
MC14073B | Triple 3-Input AND Gate AL,CL.CP 14 74 5-142
MC140758B | Triple 3-Input OR Gate AL,CL,CP 14 v 5-143
MC14076B | Quad D-Type Register AL,CLCP 16 I 5-144
MC14077B | Quad Exclusive NOR Gate AL,CL,CP 14 N 5-138
MC14078B | 8-input NOR Gate AL,CL,CP 14 " 5-149
MC14081 Quad 2-lnput AND Gate AL,CL.CP 14 17 5-150
MC14081B | Quad 2-Input AND Gate AL,CLCP 14 7 5-150
MC14082B | Dual 4-Input AND Gate AL CL.CP 14 74 5-151
MC14093B | Quad 2-Input NAND Schmitt Trigger AL,CLCP 14 [ 5-162
MC14160B | Decade Counter {(Asynchronous Clear) AL CL,CP 16 74 5-155
MC14161B | Binary Counter (Asynchronous Clear) AL, CLCP 16 74 5-155
MC14162B | Decade Counter (Synchronous Clear) ALCLCP | 16 I 5-1565
MC14163B | Binary Counter (Synchronous Clear) AL,CL.CP 16 - I 5-155
MC14174B | Hex D Flip-Flop ALCL.CP 16 1 5-163
‘MC14175B | Quad D Flip-Fiop AL,CLCP 16 I 5-167
MC14194B | 4-Bit Universal Shift Register "~ ALCL.CP 16 » 5-171
MC14408 | Binary-to-Phone Pulse Converter ' L.P 16 5-175
MC14409 ‘| Binary-to-Phone Pulse Converter L,P 16 5-175
MC14410 | 2-0f-8 Tone Encoder L,P 16 5-183
MC14411 Bit-Rate Frequency Generator LP 24 5-187
MC14412 Universal Low-Speed Modem FLVL 16 5-191
MC14415 | Quad Precision Timer/Driver EFL,FL,FP, 16 5-196
: ) EVL,VL,VP
MC14419 2-0t-8 Keypad-to-Binary Encoder LP 16 5-201
MC14422 Remote Control Transmitter P 16 4-2
MC14431 12-Bit A/D Converter LP 24 4-3
MC14433 | 3% Digit A/D Converter L.P 24 44
MC14435 | 3% Digit A/D Logic Subsystem EFL,FL,FP, 16 5-205
) EVL,VL,VP
MC14440 | LCD Watch/Clock Circuit ) L,z 40,36 5-212
MC14450 | Oscillator 216 Divider/Buffer LP 6 5-216
MC14451 Oscillator/Divider/Buffer LP 16 5-220
MC14452 | Digitally Trimmed Freguency Divider P 14 4.5
MC14490 | Hex Contact Bounce Eliminator EFL,FL,FP, 16 5-224
. ’ EVL,VL,VP |
MC14501 Triple Gate ALCLCP 16 5-231
MC145028B | Strobed Hex Inverter/Buffer ALCLCP 16 4 5-235
MC14503B | Hex 3-State Buffer. AL CLCP 16 Id 5-239
MCM14505] 64 x 1-Bit Static RAM AL,CLCP 14 5-243
MC14506B | Dual Expandable AOl Gate ALCLCP 16 5-252
MC14507 | Quad Exclusive OR Gate AL,CL.CP 14 4 5-257
MC145088B | Dual 4-Bit Latch ) “ALCL.CP 24 . » 5-258
MC145108 | BCD Up/Down Counter ALCL.CP 16 1% 5-263
MC14511B | BCD-to-7 Segment Latch/Decoder/Driver AL,CL,.CP 16 o 5-269

*Suffixes defined on page ii.




NUMERICAL INDEX (continued)

Part Second
Number Function Suffix* Pins | Sourced | Page
MC14512 8-Channel Data Selector ALCL,CP 16 7 5-275
MC145148 | 4-Bit Latch/4-to-16 Line Decoder (High) ALCLLCP 24 1 5-280
MC14515B | 4-Bit Latch/4-to-16 Line Decoder (Low) AL CL,CP 24 [ 5-280
MC14516B | Binary Up/Down Counter ALCLCP 16 " 5-286
MC14517B | Dual 64-Bit Static Shift Register ALCL.CP 16 » 5-292
MC14518B | Dual BCD Up Counter ALCL.CP 16 1/ 5-296
MC14519B | 4-Bit AND/OR Selector ALCL.CP 16 7 5-301
MC14520B | Dual Binary Up Counter ALCLCP | 16 74 5-296
MC145218B | 24-Stage Frequency Divider ALCL,CP 16 5-306
MC14522B | Programmable BCD Divide-by-N Counter ALCL.CP 16 7 5-312
MCM14524 | 256 x 4-Bit Read Only Memory AL,CLCP 16 5-319
MC145268B | Programmable Binary Divide-by-N Counter ALCL.CP 16 1% 5-312
MC145278 | BCD Rate Multiplier ALCLCP 16 7 5-326
MC145288 | Dual Monostable Multivibrator ALCL,CP 16 4 5-332
MC145298B | Dual 4-Channel Analog Data Selector ALCL,CP 16 [ §-337
MC14530B | Dual 5-Input Majority Logic Gate AL,CLCP 16 5-343
MC14531B | 12-Bit Parity Tree ) AL CLCP 16 [ 5-348
MC14532B | 8-Bit Priority Encoder ALCL.CP 16 % 5-351
MC14534B | Real Time 5-Decade Counter AL,CL,CP 24 5-357
MC145368B | Programmable Timer AL,CL,CP 16 5-363
MCM14537| 256 x 1-Bit Static RAM ALCL 16 5-370
MC14538B | Dual Precision Monostable Multivibrator AL CLCP 16 5-378
MC14539B | Dual 4-Channel Data Selector/Multiplexer ALCLCP 16 5-381
MC14541B | Programmable 'Oscillator-Timer AL, CL,CP 14 5-385
MC14543B | BCD-to-7 Segment Latch/Decoder/Driver ALCLCP 16 I 5-391
MC14549B | Successive Approximation Register AL.CLCP 16 5-396
MCM14552| 64 x 4-Bit Static RAM ALCLCP 24 5403
MC14553B | 3-Digit BCD Counter AL,CLCP 16 5410
MC14554B | 2 x 2-Bit Parallel Binary Multiplier AL,CLCP 16 5416
MC145558 | Dual Binary to 1-of-4 Decoder ALCL.CP 16 I 5420
MC14556B | Dual Binary to 1-of-4 Decoder (Inverting) AL.CLCP 16 g 5-420
MC14557B | 1-to-64-Bit Variable Length Shift Register AL,CL.CP 16 5423
MC14558B | BCD-to-7 Segment Decoder AL,CLCP 16 5427
MC14559B | Successive Approximation Register ALCL.CP 16 5-396
MC145608 | NBCD Adder AL CL.CP .16 5433
MC14561B | 9's Complementer AL.CLCP 14 5437
MC145628B | 128-Bit Static Shift Register AL,CL,CP 14 5-443
MC145668 | Industrial Time Base Generator AL,CL,CP 16 5-447
MC145688B | Phase Comparator/Programmable Counter ALCL.CP 16 5453 -
- MC14569B | Dual Programmable BCD/Binary Counter ALCLCP 16 5461
MC145672 | Hex Gate . ALCLCP 16 5-466
MC145808B | 4 x 4 Multiport Register ALCL,.CP 24 I’ d 5-469
' MC14581B | 4-Bit Arithmetic Logic Unit AL.,CL,CP 24 4 5474
MC14582B'| Look-Ahead Carry Block AL CL,CP 16 I 5-479
MC14583B | Dual Schmitt Trigger ALCLCP 16 5-483
MC145848 | Hex Schmitt Trigger AL,CL,CP 14 5-489
MC14585B | 4-Bit Magnitude Comparator ALCL,.CP 16 7 5492
MCM14505| 64-Bit Static Random Access Memory AL,CLCP 14 5-243
MCM14524| 1024-Bit Read Only Memory E ALCL,CP 16 5-319
MCM14537]| 256-Bit Static Random Access Memory ALCL 16 5-370
MCM14552| 256-Bit Static Random Access Memory ALCLCP 24 5403
- NMOS Devices Designed to work with the MC14422 CMOS device:
MC6525 Remote Control Receiver P 28 46
MC6526 Remote Control Receiver P 28 4-7

*Suffixes defined on page ii.
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Device

NAND Gates

MC14011 °
MC140118B
MC140938
MC14023 }
MC140238
MC14012
MC140128
MC140688

NOR Gates

MC14001
MC14001B
MC14025
MC140258
MC14000
MC14002
MC14002B |
- MC140788B

AND Gates

MC14081 }
MC14081B
MC140738
MC14082B

OR Gates

MC14071

MC140718
MC140758
MC14072B

Complex Gates

MC140708B
MC140778
MC14501

MC14506B
MC14507
MC145198

MC145308
MC14572

McMOS SELECTION GUIDE BY FUNCTION

Function

Quad 2-Input NAND Gate. . . . . . . . ... it it it it e e
Quad 2-Input NAND Schmitt Trigger . . . ... ... ...t
Triple3-lnput NAND Gate . . .. .. .. .. .. ittt tnnnnesnn -

Dual 4-Input NAND Gate . . . . .. PN
8-lnput NAND Gate . . ... ........c00vouven e e e e e e e e

Quad 2-Input NOR Gate. . . ... ......... T
Quad 2-dnput NOR Gate. . . . .. ... ... ... ...,

Triple3-Input NOR Gate . . . .. .. .. ...ttt ininneneanns
Dual 3-Input NOR Gate plus Inverter . . . ... .. J
Dual 4-InputNOR Gate . . . .. ......... P .' ................
B-INnPUt NOR Gate . . . . i ittt e e i e e et e e e

Quad 2-Input AND Gate. . . . . ... ... ... ..., e

Triple 3-Input AND Gate . . . .. . . . i i ittt ittt it e e eeee
Duai4-lnput AND Gate . . . . . . .. . .. i i ittt e et e it e

Quad 2-InPput OR Gate. . . . . . v . ittt e st et ee e et it aas o e

Triple 3-Input OR Gate ...................................
Dual4-Input OR Gate . . . .. . . . . i ittt ittt me it i isnaonenaas

Quad Exclusive ORGate. . . ... ........ e e e e e e e
Quad Exclusive NOR Gate. . . . . . . v v vt it e e e e e e e e i ieee e nas
TripleGate. . . . . . i e i e e e e e e e e e i e
(Dual 4-input NAND Gate and 2-input NOR/OR Gate
or 8-Input AND/NAND Gate) )
Dual Expandable AND-OR-INVERT Gate. . . . . ... ... ..t nunn..
Quad Exclusive OR Gate. . . . . . . . . . i ittt it it e tie et e e e ena s
4-Bit AND/OR Selector . . . . . . vt it it ettt e e it e eae e e .
(Quad 2-Channel Data Selector or Quad Exclusive NOR Gate)

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




McMOS SELECTION GUIDE BY FUNCTION (continued)

u Inverters/Buffers -

MC14007B Dual Complementary PairplusInverter . . . . . .. .. .. .. ... .¢.cuueoen.. 5-19
© MC140498B Hex Inverter/Buffer. . . . . . . . .. . .. . . i it it e 5-120
MC14050B Hex Buffer. . . . . . . o i it e e e e e e e e e e e e e 5-120
MC14069B Hex Inverter. . . . . . . o o i et e e e e e e e 5-136
MC14502B Strobed Hex Inverter/Buffer. . . .. . .. . ... .. . . ... . 5-235
MC14503B Hex 3-State Buffer . . . . .. . . .. . . . i it i e e e 5-239
MC14584B Hex Schmitt Trigger . . . . . . . .. . ... . .. ee... e e e e e e e 5-439

Decoders/Encoders
MC14028B BCD-to-Decimal/Binary-to-Octal Decoder . . . . .. . . .. . it it iienn.. 5-81
MC14514B . 4-Bit Latch/4-to-16 Line Decoder (High) . ... ...... e e e e e e 5-280
MC145158B 4-Bit Latch/4-t0-16 Line Decoder (LOW). + « « « vttt i it e e e i e et e et 5-280
MC14532B 8-Bit Priority Encoder . . . . . . i i i i it e e e e e e e e e e e e e 5-351
MC145558 Dual Binary-to-1-of-4 Decoder/Demultiplexer. . . . . . . . . . i v it v e v e 5-420
MC145568B Dual Binary-to-1-of-4 Decoder/Demultiplexer {Inverting) . . . . ... .. ....... 5-420

Display Decoders

MC145118B BCD-to-Seven Segment Latch/Decoder/Driver . . . .. .. ... ... ......... 5-269

MC14543B BCD-to-Seven Segment Latch/Decoder/Driver . . . . ... v v v v v .. . . 539
MC14558B BCD-to-Seven Segment Decoder . . . . . . . c v i v i it i e e e e e e 5-427

Multiplexers/Demultiplexers/Bilateral Switches

MC140168B Quad Analog Switch/Quad Multiplexer . . . .. .. .. .. . .. it enannn 5-45

MC140668B Quad Analog Switch/Quad Multiplexer . . . . .. .. .. 't ie v, 5-130
MC14053B Triple 2-Channel Analog Multiplexer/Demultiplexer . . . . .. .. ... ... ..... 5-124
MC14052B Dual 4-Channel Analog Multiplexer/Demultiplexer. . . . ... ... ... ... ... 5-124
MC145298B Dual 4-Channel Analog Data Selector . . . . .. .. .. ...t eunnn.a 5-337
MC14539B Dual 4-Channel Data Selector/Multiplexer . . . . . . . v v v it v it e e e s vw 5-381
MC14051B 8-Channel Analog Multiplexer/Demultiplexer. . . . . . . . . . .. e 5-124
MC14512 8-Channel DataSelector . . . . . .. . . . . . i ittt ittt ane e einn 5-275

MC14519B  4-Bit AND/OR Selector . . . . . . . .t it ittt i et e e e 5-301

S_chrhitt Triggers

MC14093B Quad 2-input NAND Schmitt Trigger . . . . e e e e e e N 5-152
MC145838 Dual Schmitt Trigger . . . . ........... e e e e e e e e e e e e 5-483
MC 145848 Hex Schmitt Trigger . . . . . . . i i i i i e et e e e et et e an e e 5-489

Flip-Flops/Latches

MC14013B Dual Type D Flip-Flop. . . . . . .. . . i et e e e e e 5-31

MC140278 Dual -K Flip-Flop . . . . .. . o o i e i e e e e 5-77

MC140428 Quad Latch . ........: e e e e e e e e e e e 5-107
MC140438 Quad NORR-SlLatch .. ............... e e e e e e e 5-111
MC140448B Quad NANDR-SLatch . ..............c..... e e 5-111
MC140768B Quad D-Type Register . . . . .. e e et e e i s e e e 5-144
MC141758B Quad Type D FIip-Flop . . . . . . e e e e it e e e it e e 5-167
MC145088 Dual 4-BitLatch . ........... e e e e e e e e e e . . 5258

MC14174B  Hex TypeD Flip-Flop . . . .". . .. ... e e e e e e e 5-163



McMOS SELECTION GUIDE BY FUNCTION (continued)

Shift Registers
MC140358B 4-Bit Parallel-In/Parallel-Out Shift Register . . . .. .. ... ... ... 5-98
MC14194B  4-Bit Bidirectional Universal Shift Register . . . ... ... ... ............ 5-171
MC140158B Dual 4-Bit Static Shift Register . . . . . . . v v v it it ettt et e e e e e e 5-39
MC140148B 8-Bit Static Shift Register . . . . . . . . . . . . . . . it e e 5-35
MC14021B  8-BitStaticShift Register . . . . . . . .. . . . i i it it it it it et ae s 5-64
‘MC14034B  8-Bit Universal Bus Register . . . . . . . . o v v ittt et ettt ee e ene 591
MC140068B 18-Bit Static Shift Register . . . . . . . . . . . . .t ittt ittt e e e 5-16
MC14557B 1-to-64 Bit Variable Length Shift Register. . . . . ... ... ... ... ... ... .. 5-423
MC145178B Dual 64-Bit Static Shift Register . . . .. ... .. e e e e e P 5-292
MC14562B 128-Bit Static Shift Register. . . . . . . . . . . . . . . i e e . 5443

Counters
MC140248B Seven-Stage Ripple Counter . . . . . . . . . . . . it e e e 5-71
MC14017B Decade Counter/Divider . . . . . . . . . . . . . i ittt e 5-51
MC140188B Presettable Divide-by-N Counter . . . . . . . . . . . . . . @ it it ten e 556
MC141608 Decade Counter (AsynchronousClear). . . . . . .. . ... ..., 5-155
‘MC141628 Decade Counter (SynchronousClear) . . . . .. .. .. ... ... 5-165
MC14510B BCD UP/DOoWn COUNTEE . . o v v v vt e o e e e e e e e e e e e e e et e e e e 5-263
MC14522B Programmable Divide-by-N 4-BitCounter (BCD) . . . . .. ... .. ... .. ..... 5-312
MC140408B 12-BitBinary COUNTEr . . . . . . . i it e v e i e e e e e e v et e e e 5-103
MC14020B 14-BitBinary COUNTEr . . . . . . i v i e e e e e it e e e e e e e e e et e e 5-60
MC140228B Octal Counter/Divider . . . . . .. . . i i it i e e e e e 5-65
MC141618B 4-Bit Binary Counter (AsynchronousClear) . . . . . .. .. .. ... .. ..., 5-155
MC141638B 4-Bit Binary Counter (SynchronousClear). . . . .. . . .. v o ittt e v .. 5-155
MC145168 Binary Up/Down CoUNter . . . . . . . o v it it i it i i e e e e e e e 5-286
MC145268B Programmable Divide-by-N 4-Bit Counter (Binary) . . . . . . ... ... ... ..... 5-312
MC145188 Dual BCD UP COoUNTEr . . . v v vt e e e e e e et et e e et e e e e e e 5-296
MC14520B Dual Binary Up Counter . . . . . . . . . i i it it i ittt ettt et ian o 5-296

- MC145698B Dual Programmable. BCD/Binary Counter . . . . . . . . .. ..ttt i vunnn. 5-461

MC14553B Three-Digit BCD Counter . . . . . . i i v i i it e e et et e e e e e 5-410
MC14534B Real Time 5-Decade Counter . . . . . .. . . . .. . i 5-357
MC14566B  Industrial Time Base Generator . . . . . . . . o v vt i v v it e st aencaan e 5-447

Oscillators/Timers
MC145218B 25-Stage Frequency Divider . . . . . . . . . . . i it i e e e ... 5306
MC145368 Programmable Timer . . . . . W e e e i v e e e e e e e e e M i e 5-363
MC14541B Programmable Oscillator/Timer. . . . . . . . . 0 i i i i i it i et e s n 5-385
MC 14450 Oscillator/216 Divider/Buffer . . . . . . v v v vt it e et e e 5-216
MC14451 Oscillator/211 to 219 Divider/Buffered Duty Cycle Control . . . ... .. ...... 5220

MC14452 Digitally Trimmed Frequency Divider . . . . . . . . . . .ttt 45

Phase-Locked Loops

MC14046B ~ Phase-Locked LOOP. . .« o o v v v v vt ettt R, . 5115

MC14568B Phase Comparator and Prbgrammable CouNnter . . ... v v i i e et s st e 5-453
Multivibrators

MC145288 Dual Retriggerable/Resettable Monostable Multivibrator . . . .. ... ... ..... 5-332

MC14538B Dual Precision Retriggerable/Resettable Monostable Multivibrator. . . . . e 5-378

1-R



McMOS SELECTION GUIDE BY FUNCTION (continued)

n Adders/Comparators » o

MC140088 4-BitFullAdder. .. ..................... e e e e 5-23
MC14032B - Triple Serial Adder {Positive Logic). . . . . ... ... .. e e e e e e e 5-86
MC140388 Triple Serial Adder {Negative Logic) . . . . ... ... ... .t ennnnn 5-86
MC14560B NBCDAdder .. .............. e e e e e e e e e e e e 5-433
MC14561B  O'sComplementer. . ... . . c'c v v vt et bt m e et et n s e as et ne e 5-437
MC14582B Look-Ahead Carry Block. . . . . . . . .. . it i nenwnn e e e e e e e 5-479

MC145858B 4-Bit MagnitudeComparator . . ... ... .......... I 5-492

ALU Rate Multipliers

MC14527B  BCD Rate Multiplier . . . . .. ... .. e PSP 5-326

MC14554B 2 x 2-Bit Parallel Binary Multiplier'. . ... . . .. .. .. ittt 5416

MC14581B  4-Bit ArithmeticLogicUnit. . . ... ... .. ... .. ... .. ... ..... 5-474
Parity Checker

MC14531B 12-Bit Parity Tree. . B et e e e s e et e s e 5-348
Memories

MC14580B 4 x4 Multiport Register . . .o . . . . . . v i it ittt e it ot e eeennnn 5-469

MCM14505 64-Bit StaticRandom AccessMemory . . . . .. .. . ...t v et i inn.. 5-243

MCM145637  256-Bit Static Random AccessMemory . . . . ... ..... e e e 5-370

MCM14652  256-Bit Static Random AccessMemory . . . .. .. ....... et e 5-403

MCM14524 1024-BitRead OnlyMemory . . ... .......... e e e 5-319

~ Communications/Telephone Functions

MC 14408 Binary to Phone Pulse Converter Subsystem... . . . ... ... .......... . ..5175
MC14409 Binary to Phone Pulse Converter Subsystem. . . .. ... ... e 5-175
MC14410 2-0of 8 ToneEncoder . . .. ......... e e e e e e e e e e e e ....5183
MC14411 BitRate Generator . . . . . . v vttt e e e e e e '5-187
MC14412 _Universal Low-SpeedModem . . . . . .. ... ... ...ttt 5-191

MC14419 2-of-8 Keypad-to-Binary Encoder.'. . .. .......... e e e e 5-201

A/D Converter/Logic Functions

MC14431 12-Bit A/D Converter Digital Subsystem. . . . ... ...%" .. .. ... e e e e 4-3
MC14433 3-% DigitA/DConverter. . .. .......... e e I 44
MC14435 3-% Digit A/D LogicSubsystem. . . . . ...\ ..v i e e e e e 5-205
MC14549B  Successive Approximation Register. . . . . . .. ... ... ... e e 5-396
MC14559B = Successive Approximation Register. . . . . .. . .. . v i ittt e 5-396

Other Complex Functions

MC14415. Quad Precision Timer/Driver . . . . o oo v e e et e e e ...5-196

MC14422 Remote Control Transmitter . . . .. . . v vv v v vnnnnen. e e e 4-2
MC14440 LCD Watch/Clock Circuit . . . ... .. e e ee e bs e bs e e e ee e e 5-212
MC14490 . Hex ContactBounce Eliminator . . . ... ... .....%v'. .. e e e . 5224



‘SUMMARY OF MOTOROLA CMOS LINE

Gates
Single-Leve! Multi-Level .
Buffers& | Multifunction/ | Decoders/ Sck Flip-Flops/ Multi-
NOR/NAND OR/AND Inverters . AO1 Encoders . Triggers Latches vibrators
MC14000 MC14071 MC140078 MC140708 MC140288 MC140938 MC14013B MC145288
MC14001 MC14071B MC140498 MC140778 MC145148 MC145838 MC140278 MC145388
MC14001B mc140728 MC140508 MC145068B MC145158 MC145848 MC140428
MC14002 MC14073B MC14069B MC14507 MC145328 MC140438
MC140028 MC140758 MC145028 MC145198B MC14555B MC140448
MC14011 MC14081 MC145038 MC145308 MC145568 MC14076B
MC140118 MC14081B MC141748
MC14012 MC140828 MC141758
MC140128 ' MC14508B
MC14023
MC14023B
MC14025 -
MC140258
MC140688
MC140788
MC14501
MC14572
Counters Phase- Memories
Shift Oscillators Locked Multiport .
Registers Ripple Synchronous & Timers Loop Register RAMs ) ROMs
MC140068 MC140208 MC140178 MC14450 MC140468 MC145808 MCM14505 MCM14524
MC140148 MC140248 MC14018B MC14451 MC14568B8 MCM14537
MC140158 MC140408 MC140228 MC14452 MCM 14552 -
MC140218 MC145348 MC141608 MC145218
MC14034B MC145668 MC141618 MC14536B
MC14035B MC14162B MC145418
MC141948 MC141638
MC145178 ! MC145108
MC145578 MC145168
MC14562B MC14518B
MC145208
© MC145228
MC145268
MC145538
MC145698
Multiplexers/ Arithmetic Circuits
Demultiplexers, Display ~ Parity Other
Bilateral Drivers/ Adders/ . ALU/Rate ” Generator/ Communication/ A/D Complex
Switct Encoders Comparators Multipliers * Checker Telephone Converters Functions
mMC140168 MC14511B MC14008B MC14527B MC14531B MC14408 MC14431 MC14415
MC14051B - MC145438 MC140328 MC145548 MC14408 MC14433 MC14422
MC140528B MC145588 MC14038B MC145818 MC14410 MC14435 MC14440
MC140538 MC145608 MC14411 MC145498 MC14490
MC140668 MC145618 MC14412 MC14559B
MC14512 MC145828 MC14419
MC145198 MC145858
MC145298B
MC14539B
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B-SERIES FAMILY DATA

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

The B-Series devices are compatible with the |

other devices in the CMOS product line. Features
include:
e All buffered outputs
e 3-18 voit operatiqnal limits
® Capable of driving two low-power TTL loads,
one low-power Schottky TTL load, or two
HTL loads over the rated temperature range
e Maximum input current of +1 uA at 15 voit
power supply over the temperature range
® Parameters specified at 5.0, 10, and 15 volt
supply
¢ Noise margins of 1.0 V min @ 5.0 V supply
2.0 V min @ 10 V supply
2,5 V min @ 15 V supply
For the industry-standardized B series, the maxi-
mum ratings and recommended operating range are
shown at the bottom of this page. The industry-
standardized limits for the static characteristics are
shown in two formats: Table 1.is in the industry
format and Table 2 is in the equivalent Motorola for-
mat. ‘The Motorola format is used throughout this
data book. Additional specification values are show
on the individual data sheets. )
Switching characteristics for the B-series devices
are specified under the following conditions: /
Load Capacitance, Cy_, of 50 pF
Input pulse voltage equal to +Vpp supply voltage
Input pulse rise and fall times of 20 ns
Propagation Delay times measured from 50%
point of input voltage to 50% point of output
voltage ’
Three different supply voltages: 5, 10, and 15 V

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

suffix whose input and/or outputs vary somewhat

from the B-Series family specification because of

- functional requirements. Some categories of notable

exceptions are:

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

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

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

Input Voltage v

The input voltage specification is interpreted as
the worst-case input voltage to produce an output
level of ““1” or 0. The 1" or "’0’' output level is
defined as a deviation from the supply (Vpp) and
ground (Vgg) levels. For a 5.0 V supply, this devia-
tion is 0.5 V; for a 10 V supply, 1.0 V; and for 15 V,
15 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 15 Vand 35 V. ’
Noise Margin

The values for input voltage and the given
defined output deviation lead to minimum noise
marginsof 1.0V,2.0V,and 25V fora5.0V, 10V,
and 15 V supply, respectively.
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 Schottky low-power TTL
inputs which require 0.36 mA maximum over the
temperature range.
Compatibility )
"~ Other devices in the CMOS line not labeled with
the B suffix also have 3.0 to 18 volt operating limits.
These devices are fully compatible with B-Series de-
vices over the full voltage range. Notable in this
group is a series of eight gates available in non-
buffered (numbered without the B suffix) and
buffered designs (B suffix on the part number).

MAXIMUM RATINGS (Voltages referenced to Vgg)

Rating Sy mbol Value Unit
DC Supply Voltage VDD -0.5to0 +18 "~ Vdc
Input Voltage, All inputs . Vin -0.5to Vpp + 0.5 Vdc
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range' — AL ’Device TA -55 to +125 oc
) CL/CP~ Device -40 to +85
Storage Temperature Range Tstg -65 to +150 °c
RECOMMENDED OPERATING RANGE ,
ﬁCSupplv Voltage [ Vpb l +3.0to +15 l Vdc |

*Specifications coordinated by EIA/JEDEC Solid-State Products Council.




TABLE 1 — INDUSTRY FORMAT FOR CMOS INDUSTRY B-SERIES SPECIFICATIONS
ELECTRICAL CHARACTERISTICS

LIMITS

TEMP | Vpp TLow* . +25% THIGH"
PARAMETER RANGE | (Vdc) CONDITIONS Min Max Min Typ Max Min Max | UNITS
Quiescent
ipp | Device Current 5 . 0.25 0.25 7.5
Mit 10 Vin = Vssor Vpp . 05 05 15 uAdc
15 1.0 1.0 30
GATES
) 5 Al valid input 1.0 1.0 75
Comm 10 combinations 20 2.0 15 rAdc
15 4.0 4.0 30
5 1.0 1.0 30
Mil 10 Vin = Vssor Vpp 20 20 60 rAde
15 4.0 4.0 120
BUFFERS,
FLIP-FLOPS 5 All valid input 4 4.0 30
: Comm 10 combinations 8 8.0 60 uAde
15 16 16.0 120 ’
5 5 5 150
Mil 10 | ViNy=VssorVpp 10 10 300 | wAdc
15 20 20 600
Ms!
5 All valid input 20 20 150
Comm 10 combinations 40 40 300 uAdc
15 80 80 600
Vol | Low-Level 5 0.05 0.05 0.06
Output Voltage Ail 10 VIN = Vssor Vpp 0.05 0.05 0.05 Vdc
16 Hol<1uA 0.06 0.05 '0.05
VoH| High-Level 5 495 495 495
Qutput Voltage Al 10 VN = VsgorVpp 995 995 995 Vdec
15 Hol< 1A 1495 14.95 14.95
Vi | 1put 5§ | Vo=05Vorasv 15 15 15
Low Voltage All 10 Vo =1.0Vor9.0v 3.0 3.0 3.0 Vde
. 15 Vg = 1.5V or 13.5vV 4.0 4.0 4.0
Hol< 1A
Vi | tnput 5 Vo = 0.5V or 4.5V 35 35 35
High Voltage All 10 Vg =1.0Vor9.0ov 7.0 70 7.0 Vdc
15 Vo=15Vor136Vv | 110 1.0 110
HOI<THA .
1oL | Output Low Vo =04V,
(Sink) Current 5 VN =0or 5V 0.64 051 0.36
Vo =05V,
Mit 10 ViN =0or 10V 16 1.3 09 mAdc
Vo =15V, :
15 ViN=0or 15V 4.2 34 24
Vo =04V,
5 ViN=0o0or5V 052 0.44 0.36
Vo =05V,
Com 10 Vin =0or 10V 13 11 09 mAdc
Vo =15V,
15 VN =0or 16V 36 3.0 24
foH | Output High Vo =4.6V,
(Source) Current 5 VN =0or 5V —0.25 -0.2 —0.14
Vo =956V,
Mil 10 Vin =0or 10V ~0.62 -05 —0.35 - mAdc
Vo =135V, )
15 Vin=0or 15V -18 -18 —1.1
Vo =46V,
5 ViN =0or 5V -0.2 -0.16 —-0.12
Vo =95V, : :
Com 10 Vin=0or 10V —05 ~-04 -0.3 mAdc
| vp=135v, : ‘
15 VN =0or 15V —14 1.2 -10
Iin | Input Current Mil 15 ViN =0or 15V R £0.1 1.0 | wpAdc
Comm 15 Vin = 0or 15V 3 +0.3 1.0 | rAdc
CiN | Input Capacitance All - Any Input 75 pF
per unit load

*TLow = ~55CC for Military temperature range device, —40°C for Commercial temperature range device.

THIGH = +125°C for Military temperature range device, +85°C for Commercial temperature range device.

24




TABLE 2 — MOTOROLA FORMAT FOR CMOS INDUSTRY B-SERIES SPECIFICATIONS
ELECTRICAL CHARACTERISTICS

0, .

Vpp Tiow™ 25°¢C Thlgh*
Characteristic Symbol Vde Min Max Min Max Min Max Unit
Output Vol&age 0" Level VoL 5.0 - 0.05 - 0.05 - 0.05 Vde
Vin=Vppor0 10 - 0.05 - 0.05 - 0.05
15 - 0.05 - 0.05 — 0.05
“1" Level VOH 5.0 495 - 495 — 495 — Vdc
Vin =0 o0r Vpp ) 10 9.95 - 9.95 - 9.95 -
15 1495 — 14.95 - 14.95 —
Input Voltage # . “'0" Level ViL Vdc
- (Vo =450r05 Vdc) 5.0 - 1.5 - 1.5 - 1.5
(Vo =900r 1.0 Vdc) ’ 10 —- 3.0 - 30 - 30
(Vo =135 0r 1.5 Vdc) 15 — 4.0 - 4.0 — 4.0
. “1" Level ViH Vdc
{Vp =05 0r 45 Vdc) 5.0 35 - 35 - 35 -
(Vo =1.00r 9.0 Vdc) : 10 7.0 - 7.0 - 70 -
(Vo =150r 135 Vdc) 15 110 - 110 - 110 -

Qutput Drive Current (AL Device) loH ' mAdc
(VoH =4.6 Vdc) Source 5.0 ~0.25 - -0.2 — —~0.14 - |
{(VoH =9.5 Vdc) : 10 —0.62 - —05 - —0.35 -

(Vo =135 Vdc) 15 —1.8 - —15 — —-1.1 —
(Vor =04 Vdc) Sink loL 5.0 0.64 - 051 - 0.36 - mAde
(Vo =05 Vdc) 10 16 - 1.3 - 09 —
(Vo =1.5 Vdc) 15 4.2 - 34 - 24 -
Output Drive Current (CL/CP Device) IoH mAdc
(Von = 4.6 Vdc) Source 5.0 -0.2 - —0.16 — —0.12 -
(Von =9.5 Vdc) 10 -05 - —04 — -0.3 -
(Vou = 13.5 Vdc) 15 —14 — —1.2 — —-1.0 —
(VoL =0.4 Vdc) Sink oL 5.0 0.52 - 044 — 0.36 — | mAdc
(Vo = 0.5 Vdc) 10 1.3 - 11 - 09 -
(VoL = 1.5 Vdc) 15 36 - 3.0 - 24 -

Input Current (AL Device) lin 15" - +0.1 - +0.1 — +1.0 | pAde

Input Current {CL/CP Device) lin 15 - +0.3 - 0.3 - 1.0 | nAdc

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

Gate Quiescent Current (AL Device) ipp 5.0 - 0.25 - 0.25 - 75 pAdc
(Per Package) : 10 - 0.5 - 05 - 15

15 - 1.0 - 1.0 - 30

{CL/CP Device) oD 5.0 - 1.0 - 1.0 - 75 | wAdc
10 - 2.0 - 20 - 15
15 - 4.0 - 4.0 - 30

Flip-Flop and Buffer Quiescent Current 'qD 5.0 - 1.0 - 10 - 30 pAdc

(Per Package} (AL Device) 10 - 20 - 20 - 60

. . 15 - 4.0 - 40 — 120
(CL/CP Device) oD 5.0 - 40 - 4.0 - 30 | wAdc

10 - 8.0 - 80 - 60

15 - 16 - 16 - 120

MS1 Quiescent Current (AL Device) 1ob 50 - 5.0 - 5.0 ~ 150 | wAdc

(Per Package)} 10 - 10 - 10 - 300
15 - 20 - 20 - 600
(CL/CP Device) DD 50 - 20 - 20 - 150 | wAdc
10 - 40 - 40 - 300
15 - 80 - 80 - 600
LSI Quiescent Current oD See Individual Data Sheets.

*Tiow = —55°C for AL Device, —40°C for CL/CP Device.
Thigh = +125°C for AL Device, +85°C for CL/CP Device.
#Noise immunity specified for worst-case input combination.
Noise Margin for both 1" and 0" level = 1.0 Vdc min @ Vpp = 5.0 Vdc
2.0 Vde min @ Vpp = 10 Vdc
25 Vdc min @ Vpp =15 Vdc
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McMOS RELIABILITY AND DEVICE
"~ HANDLING PROCEDURES

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

RELIABILITY

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

For a more .detailed discussion of McMOS relia-

bility, see Chapter 6.

HANDLING PRECAUTIONS

All McMOS devices have diode input protection
against adverse electrical environments such as static

- discharge. The following statement .is included on
" each data sheet:

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

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

FIGURE 1 — FAILURE RATE OF
COMMERCIAL McMOS INTEGRATED CIRCUITS
(Ceramic and Plastic Packaged Devices)
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Unfortunately, there can be severe electrical
environments during the process of handling. For
example, static voltages generated by a person walk-
ing across a common waxed floor have been measured
in the 4 to 15 kV range (depending on humidity,
surface conditions, etc.). These static voltages are
potentially disastrous when discharged into a CMOS
input considering the energy stored in the capacity
(=300 pF) of the human body at these voltage levels.

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

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

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

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

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

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

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

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

8. Cold chambers using CO9 for cooling should
be equipped with baffles, and devices must be
contained on or in conductive material,

9. All unused device inputs should be connected
to Vpp or Vgs.

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

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

. diode-resistor protection.

The input protection circuit consists of a series
isolation resistor Rg, whose typical value is 1.5 k&2,
and diodes D1 and D2, which clamp the input
voltages between the power supply pins Vpp and
Vgs. Diode D3 is a distributed structure resulting
from the diffusion fabrication of Rg.

FIGURE 2 — SCHEMATIC DIAGRAM,
DIODE-RESISTOR INPUT PROTECTION

Al present Motorola integrated circuits have the above diode
protection with the exception of the MC14049 and MC14050.
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—— Product Preview

MC14422P

REMOTE CONTROL TRANSMITTER

® 22 Channel Capacity

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

No Possibility of Doppler Effect Interference
Extremely Low External Component Count
Low Power Consumption

Designed for Use with the MC6525 and MC6526
Remote Control Receivers

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

McMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

PLASTIC PACKAGE
CASE 648

L
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—
e

QX i E‘Em' Voo
oot e
O—-0 O 3 L 3 >
Idie} geferenc
¢< é’ ¢'7 ?’ 4 ‘»‘ Oscilla:o:
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yt 9’ﬁ ¢ ¢' 5 ) Decoder
o—° and
56-Bit
Q’ﬁ ?’ ¢ y 6 Latch
o [-O——1-0-
¢ 1 o197 7
H—q———o o
2 Idie 1
10
! Variable
Ro Divide
11 Ena‘:le - waer
L.
12
o ° >
Vpp = Pin 16 -
Vgg =Pin8
Scanner
Scanner
Oscillator
Output
tdle C(?:ttreol
‘13 . 14
AMA AAA 15
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Vbp
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——Product Preview

- MC14431 McMOS LS|

12-BIT BINARY A/D CONVERTER
DIGITAL SUBSYSTEM ‘ (LOW-POWER COMPLEMENTARY MOS)

® On-Chip Clock

o Non-Multiplexed Binary Output
® System Overrange Output

® On-Chip Auto Polarity Sensor

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 716 CASE 709
Lo Oscillator
-~ Inputs
e o 0
4 &’ﬁ> 3| 2
Auto 9
Polarity
6 Sensor Polarity
Clock ) 51§-Count >
Comparator elay
N . 7
— 12-Bit Binary Counter —
Ramp Ramp
. Controi Control
[} and
Overflow 10
Overflow
1 , Y Y Y Y YY YV YN
Reset O———#>| )
Reset/Strobe 12-Bit Latch
8 Generator
Strobe g
Disabie
Vpp = Pin 24 lzslzzlmlzolwlmb 7l16i1 5l1 4l1 3l11
Vgg =Pin 12 ¢
Q11 Qo

Binary Outputs
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——Product Preview

MC14433

3% DIGIT A/D CONVERTER

McMOS LS|

(LOW-POWER COMPLEMENTARY MOS)

® Single Chip A/D Converter
® Auto Polarity
® Auto Zero .
® 2> 1000 MQ
® Single Positive Véltage Reference
® Low External Parts Count
L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 716 CASE 709
D——oos
23
{>——ooz
22
{>—oo1
21
D——OQO
20
\ Jl>—° DS4
16 '
—b—-o DS3
17
{ >——0 DS2
18
. Ds1
{ D 19
Multiplexer
External ’
Clock -
Resistor IR P TTTT
—Q Latches ..._T
10 11
Clock 1s 10s 100s 1000s overflow |
‘ { 1 ! }
15
Overrange
Polarity
Detect
1 1 \
=0 +
Control Analog _1° _Vret=2v
Logic - Subsystem 3 ' Vin
6 7 8|
Vpp = Pin 24 4 5 i
Vgs = Pin 12 ]
Output Vgg = Pin 13 9 14 .
Display End of tntegrator
Update Conversion Resistor and 8"’::nm
- Capacitor ap! .




—— Product Preview

MC14452P McMOS LSI

DIGITALLY TRIMMED FREQUENCY DIVIDER (LOW-POWER COMPLEMENTARY MOS)

® Count Range = 223 — 23n, where n = 0 to 127
® Output Drive Current = 16 mA @ Vpp = 6 Vdc

® For 0.5 Hz Output:
4.194304 to 4.195320 Hz Input
Recommended crystal frequency =
4.194812 Hz + 0.00012%
Can be trimmed with MC14452 to -
+£0.0000019% PLASTIC PACKAGE
' CASE 646

8T frest = fosc = 4

—
9 t—0 1 MSB
O —
. 02
. 1 4 03 Counfer
Osc + 23— control |—a{+2'3 {2 Comparator =04 . Length
s -
. 5 | election
! H—OG
‘m ja-O 7 LSB
: ¥ t
Vpp = Pin 14
Vgg = Pin 7
Reset VoD
State —
i f
Output ‘ ey 11
Logic p &= 4 '—fO
out
M (50%
s D
4 Duty
- ‘Cycle)
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— Product Preview

MC6525P

REMOTE CONTROL RECEIVER

Input

® Binary-Coded Output to Address 12 Programs
® High Input Sensitivity - 2560 mV rms

@ Good Noise Immunity — Input Multiplex Signal
Read Repetitively Up to Eight Times

® Internal Up/Down Counter for Program Sequencing

® Designed for Use with the MC14422 Remote
Control Transmitter

MOS

(N-CHANNEL, METAL GATE)

PLASTIC PACKAGE

CASE 710

o ]2

Schmitt
Trigger l ‘
- Band Pass
\gi,;/lii:relre H Mixer |»> Filter
(7.3 kHz)
YY)
—4
Scanner
> -8
| —
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Memory 1
(5 Bit Latch)

. Voltage
Comparator

)

L
Q:ilg

Vpp = Pin 28
Vgs =Pin5
Vgg =Pin1
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~ Product Preview

MC6526P MOS -

REMOTE CONTROL RECEIVER (N-CHANNEL, METAL GATE)
® Binary-Coded Output to Address 32, 16, or 8
Programs
® High Input Sensitivity—250 mV rms

® Good Noise Immunity—input Multiplex Signal
Read Repetitively up to Eight Times

® |nternal Up/Down Counter for Program -
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® Designed for Use with the MC14422 Remote PLASTIC PACKAGE
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MOTOROLA
Semiconductors

BOX 20912+, PHOENIX, ARIZONA 85036

MC14000

DUAL 3-INPUT “NOR"” GATE PLUS INVERTER

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

Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc
Noise Immunity = 46% of Vpp typical

Diode Protection on All Inputs

Supply Voltage Range = 3.0 Vdc to 18 Vdc
Single Supply Operation — Positive or Negative
High Fanout > 50

Input Impedance = 1012 ohms typical

Logic Swing Independent of Fanout
Pin-for-Pin Replacement for CD4000 -

McMOS SSI

(LOW-POWER COMPLEMENTARY MOS)

DUAL 3-INPUT “NOR"” GATE
PLUS INVERTER

~ MAXIMUM RATINGS (Voltages referenced to Vgs)

L
1

14

1

P SUFFIX
PLASTIC PACKAGE
CASE 646

ORDERING INFORMATION

L SUFFIX
CERAMIC PACKAGE
CASE 632

MC14XXX Suffix Denotes

L L Ceramic Package.
P

Plastic Package
A Extended Operating
Temparature Range
C Limited Operating
Temperature Range

Rating Symbol Value Unit
DC Supply Voltage Vbbb -0.5t0 +18 Vdc
Input Voltage, All Inputs Vin -0.510 Vpp +0.5 Vdc
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range — AL Device Ta -55t0 +125 oS¢

CL/CP Device —40 to +85
Storage Temperature Range Tsig -65 to +150 °c
CIRCUIT SCHEMATIC

14111213
Vpp9 © 9 ©

—O0 00

30

o 3

i
14

—09

JJJ.—T_IS{ .—J_I.—T_;ju.—
:1:11 11 i

LOGIC DIAGRAM

Vpp = Pin 14
Vgg = Pin 7

"This device contains circuitry to protect
the inputs against damage due to high static
voltages or electric fields; however, it is
advised that normal precautions be taken
to avoid application of any voitage higher
than maximum rated voltages to this high
impedance circuit. For proper operation it
is recommended that Vi, and Vg,; be
constrained to the range Vgg < (Vi or
Vout) < Vpp- -

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vsgsor Vppl.
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MC 14000
ELECTRICAL CHARACTERISTICS -
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 0.05 - 0.05 Vde
Vin=Vppor0 : 10 - 0.0 - 0 0.05 - 0.0
15 — 0.05 - 0 0.05 — 0.05
1" Level VOH 5.0 4.95 - 4.95 5.0 - 495 - Vde
Vin=00rVpp 10 995 | - 9.95 10 - 9.95 -
15 14.95 - 14.95 15 - 14.95 -
Input Voltage# 0" Level|  ViL E Vdc
(Vg = 3.6 or 1.4 Vdc) 5.0 - 15 - 2,25 1.5 - 14
(Vo =7.2 or 2.8 Vdc) 10 - 3.0 - 4.50 3.0 - |. 29
(Vo =115 or 3.5 Vdc) 15 - 3.75 - 6.75 3.75 - 36
“1" Levelf V)y
(Vo=1.40r3.6 Vdc) 5.0 36 - 35 2.75 - 35 - Vdc
(Vg=280r72 Vde) 10 71 — 7.0 5.50 - 7.0 -
(Vg=3.50r 115 Vde) 15 1.4 - 1125 | 825 - 11.25 -
Output Drive Current (AL Device) toH : : mAdc
(VOH = 2.5 Vdc) Source 5.0 -0.62 - —05 -1.7 - -0.35 -
(VOH = 9.5 Vdc) 10 —0.62 - ~05 -09 | - -0.35 -
(VoH = 13.5 Vdc) 15 -18 — -15 -3.5 - —1.1 -
(VoL = 0.4 Vdc) Sink . loL 5.0 05 - 0.4 0.78 - 028 | - mAdc
(Vo =05 Vdc) - 1 10 1.1 - 09 2.0 - 0.65 -
(VoL = 1.5 Vdc) 15 42 - 3.4 78 - 24 -
Output Drive Current (CL/CP Device) 10H . mAdc
(VoH = 2.5 Vdc) Source 5.0 —-0.23 - -0.2 -1.7 - -0.16 -
(VOH = 9.5 Vdc) 10 -0.23 - -0.2 -09 - ~0.16 -
(Vou = 13.5 Vdc) 15 -0.69 - -0.6 -35 - -0.48 _
(VoL =0.4.vdc) Sink oL 5.0 023 - 0.2 0.78 - 0.16 - mAdc
(Vor = 0.5 Vdc) 10 0.60 - 05 20 - 0.40 -
(Voyp = 1.5 Vde) _ 15 18 - 15 7.8 - 1.2
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 #Adc
Input Capacitance Cin - - — - 5.0 75 - - - pF
Vip=0)
Quiescent Current {AL Device) DD 5.0 - 0.05 - 0.0005 0.05 - 1.5 uAdc
{Per Package) 10 - 0.10 - 0.0010 0.10 - 3.0
15 - 0.20 - 0.0015 | 0.20 = 6.0
Quiescent Current (CL/CP Device) DD 5.0 - 05 - 0.0005 0.5 - 38 uAdc
{Per Package) 10 - 1.0 - 0.0010 1.0 — 7.5
15 — 2.0 — 0.0015 2.0 — 15.0
Total Supply Current**t T 5.0 IT = (0.28 gA/kHz) f+ Ipp/3 - uAdc
(Dynamic plus Quiescent, 10 . I = (0.55 uA/kHz)} f+ Ipp/3 :
Per Gate) 15 IT = (0.83 uA/kHz) £+ Ipp/3
(CL =50 pF on all outputs, all
buffers switching)
*Tiow = -55°C for AL Device, -40°C for CL/CP Device.
Thigh= +125°C for AL Device, +85°C for CL/CP Device.
#Noise immunity specified for worst-case input combination.
tTo calculate total supply current at loads other than 50 pF:
ITICL) = 17(50 pF)+ 3 x 10-3 (C|_ -50) Vppf
where: I is in uA (per package), CpinpF, Vpp in Vdc, and f in kHz is input frequency.
**The formulas given are for the typical characteristics only at 25°C.

@ MOTOROLA Semiconductor Products Inc.



MC 14000

SWITCHING CHARACTERISTICS® (C| = 50pF, T = 26°C)

Vop | Tw Max
Characteristic Symbol | vdc | All Types | AL Device CL/CP Device Unit
Output Rise Time X tr - . ns
%= (3.0ns/pF) C_ +30 ns 5.0 180 350 400
te={1.5ns/pF) C +15ns 10 90 150 200
t;={1.1ns/pF) C +10ns 15 65 110 160
Output Fall Time - tf ns
t={1.5ns/pF) C|_+25ns 5.0 100 178 200
t;=(0.75 ns/pF) C .+ 126 ns 10 50 7% ° 100
t¢= (0.55 ns/pF) Cy +9.5 ns 15 37 65 80
Propagation Delay Time tPLH. ns
tpLH, tpHL = (1.7 ns/pF) C_ + 30 ns PHL 5.0 115 165 200
tPLH. tPHL = (0.66 ns/pF) C_ +22 ns 10 55 95 110
tpLH. tpHL = (0.50 ns/pF) C_+ 15 ns 15 40 75 85

*The formulas given are for the typical characteristics only. »

FIGURE 1 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Pulse
Generator

Output

= 20 ns

o] I-— 20 ns ——1
\
Input 90% ee
P 50%
pe— 10% Ke—————— Vss
PPHL tPLH
o 90% Vor
50%
Output
P 10%

e B

FIGURE 2 — TYPICAL VOLTAGE AND CURRENT
TRANSFER CHARACTERISTICS

1 Vpp = 18 Vde

14 AW Tp=26°C—
T AV -
2 1 ) a Oneinput only — b
w and inverter E
2 1 10 Vde a b Twoinputs =
ot \ \ ¢ Threeinputs é
e b
> N 80 S
LT
5 60s50vd 60 3
3 ‘b l / \‘.,lg;wvac‘ =
g a0f— 40 o
> . \\ 1p = 10 Vde

20 RN Y 2.0

4 N
0 e 0

0 20 40 60 80 10 12 14 18
Vin, INPUT VOLTAGE {Vdc)
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FIGURE 3 — TYPICAL VOLTAGE TRANSFER
CHARACTERISTICS versus TEMPERATURE

18 Y —
vpp = 15 Vdc Unused inputs
14 dto -
_ 1 Vgs.
3 ou— : !
& 10 Vde a Ta=+1250C |
= b Ta=-550C
o \ b |-
2 a0 :
et
3 B
& .
2 80 —5gvar \
2 ao—t
> aflb
2.0
0 ;
20 40 60 80 10 12 14 16

Vin, INPUT VOLTAGE {Vdc)
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MOTOROLA -
Semiconductors MC14001

BOX 20912 . PHOENIX, ARIZONA 85036

QUAD 2INPUT “NOR" GATE McMOS SSI

The MC14001 quad 2-Input NOR gate is constructed with MOS
P-channel and N-channel enhancement mode devices in a single
monolithic structure. These complementary MOS logic gates find
primary use where low power dissipation and/or high noise immunity QUAD 2-INPUT “NOR"” GATE
is desired. ’ .

- {(LOW-POWER COMPLEMENTARY MOS)

Quiescent Current.= 0.5 nA ty'p/pkg @5 Vdce

.
® Noise Immunity = 45% of Vpp typical
® Diode Protection on All Inputs
® Supply Voltage Range = 3.0 Vdc to 18 Vdc
) i . i 14
@ Single Supply Operation — Positive or Negative 1
‘® High Fanout > 50 ~ . L SUFFIX P SUFFIX
e Input Impedance = 1072 ohms typical CERAMIC PACKAGE PLASTIC PACKAGE
- " CASE 632 CASE 646
® [ogic Swing tndependent of Fanout ORDERING INFORMATION '
® Pin-for-Pin Replacement for CD4001A MC14XXX Suffix  Denotes

L Ceramic Package
Plastic Package

Temperature Range

P
A Extended Operating -
(o

t.imited Operating

MAXIMUM RATINGS (Voltages referenced to Vgg)

Temperature Range

Rating Symbol Value Unit
DC Supply Voltage VpD -0.5t0 +18 Vdc
tnput Voltage, All Inputs Vin -0.5to Vpp +05 Vdc
DC Current Drainper Pin t 10 mAdc LOGIC DIAGRAM
Operating Temperature Range — AL Device TA —65 to +125 oc
CL/CP Device —40 to +85
Storage Temperature Range Tstg —65 to +150 °c 1 .
3
)
CIRCUIT SCHEMATIC g 6
8
VoD :Do—m
3o olao1l 9 )
12
) Do
10— = - -8 "
20 I:j | I E; -03
._J ::]1 { l_‘ . Vg = Pin 14
Vgg=Pin 7
-—':-} _J;q FL f::l_ ' :
This device contains circuitry to protect
. N _ _ the inputs against damage due to high static
o~ | » R [ o voltages or electric fields; however, it is
:J E advised that normal precautions be taken
50 1 [ 012 to avoid application of any voltage higher
v—-l [—-1 than ‘maximum rated voitages to this high
) impedance circuit. For proper operation it
wJ - | L is recommended that Vi, and Vou be
._Ja _J:% FL sz . constrained to the range. Vgg < (Vi or
g Vout) < Vpp-
b l7 6” Unused inputs must always be tied to an
vss , appropriate logic voitage level {e.g., either
Vgsgor Vpp).
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MC 14001

ELECTRICAL CHARACTERISTICS

VoD Tiow" 25°c ‘ Th_’i_g_h'
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Voltage “0" Level VoL 5.0 - 0.05 - 0 0.05 - 0.05 Vdc
Vin=Vppor0 10 - 0.05 - 0 0.05 - 0.05
15 - 0.05 - 0 0.05 - 0.05
) 1" Level VOoH 50 4.95 - 4.95 5.0 - 495 f - Vde
Vin=00rVpp : 10 9.95 - 9.95 10 - 9.95 -
15 14.95 - 14.95 15 — 14.95 -
Input Voltage # 0" Level ViL . . ’ Vdc
(Vo =3.6 or 1.4 Vdc) 5.0 - 15 - 2.25 15 - 1.4
(Vo =7.2 0r 2.8 Vde) 10 - 3.0 - 4.50 3.0 - 29
(Vo =115 or 3.6 Vdc) 15 — 3.7 — 6.75 3.75 - 3.6
“1" Levell ViH . .
(Vg = 1.4 or 3.6 Vdc) |50 3.6 - 35 2.75 - 35 - Vde
(Vg =2.80r7.2Vdc) 10 7.1 _ 70 5.50 - 70 —
(Vo =3.5 or 11.5 Vdc) 15 114 - 11.25 8.256 - 11.25 -
Output Drive Current (AL Device) lOH ) . mAdc
(VOH = 2.5 Vdc) Source ) 50 -0.62 - ~0.5 -1.7 - -0.35 -
(Vou = 9.5 Vdc) 10 —-0.62 - -0.5 -09 - -0.35 -
(VOH = 135 Vdc) 15 -1.8 - -1.5 -35 _ -1 -
(VoL = 0.4 Vdc) Sink oL 5.0 05 - 04 0.78 - 0.28 - mAdc
(VoL = 0.5 Vdc) 10 1.1 - 0.9 2.0 - 0.65 -
(VoL = 1.5 Vdc) 15 4.2 - 3.4 7.8 - 24 -
Output Drive Current {CL/CP Device) lOH mAdc
(VoH = 2.5 Vdc) Source 5.0 —0.23 - -02 | =17 - -1.16 -
(VoH = 9.5 Vdc) 10 | -0.23 - -0.2 -0.9 - -0.16 -
(Vo = 13.5 Vdc) 15 —0.69 - -06 | —35 - —-0.48 -
(VoL = 0.4 Vdc) Sink loL 5.0 0.23 - 0.2 0.78 - 0.16 - mAdc
(VoL = 0.5 Vdc) 10 0.60 - 0.5 2.0 - 0.40 -
(VoL = 1.5 Vdc) 15 1.8 - 1.5 7.8 - 1.2 -
Input Current (AL Device) lin 15 - +0.1 | - +0.00001 | 0.1 — £1.0 uAdc
Input Current (CL/CP Device} tin 15 - +0.3 -~ +0.00001 | +0.3 - 1.0 uAdc
Input Capacitance Cin - - - - 5.0 7.5 - pF
(Vin = 0)
Quiescent Current (AL Device) [15)s) 5.0 — 0.05 - 0.0005 | 0.05 - 15 nAdc
(Per Package) 10 - 0.10 - 0.0010 | 0.10 - 3.0
15 - 020 | - 0.0015 [ 0.20 ~ 6.0
Quiescent Current (CL/CP Device) oD 5.0 - 05 - 0.0005 05 — 38 puAdc
‘(Per Package) 10 - 1.0 - »0.0010 1.0 - 75
15 — 2.0 - | 0.0015 2.0 - 15.0
Totail Supply Current** ¥ It 5.0 IT = (0.28 pA/kHz) f+ Ipp/N uAdc
(Dynamic plus Quiescent, . . 10 ) I7 =(0.55 uA/kHz) f + Ipp/N
Per Gate, C|_ = 50 pF) 15 IT = (0.83 uA/kHz) 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.
#Noise immunity specified for worst-case input combination.
tTocalculate total supply current at loads other than 50 pF:
IT4CL) = 17(80 pF) + N x 1073 (C|_-50) Vppf
where: 11 is in uA (per package), Cy_inpF, Vpp in Vdc, fin kHz is input frequency and where N is number of gates per package.
**The formulas given.are for the typical characteristics only at 25°C. ‘

@ MOTOROLA Semiconductor Products Inc.
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MC14001

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

Vpp Typ Max
Characteristic Symbol | yvde | All Types | AL Device CL/CP Device Unit
Output Rise Time tr ns
tr = {3.0 ns/pF) C|_+ 30 ns 5.0 180 350 400
tr = (1.5 ns/pF) C|_+ 15 ns . 10 90 150 200
tr=(1.1ns/pF) C_+10ns 15 65 110 160
Qutput Fall Time tf ns
t¢={15ns/pF} C|_ + 26 ns 5.0 100 175 200
tf = (0.75 ns/pF) C_ + 126 ns 10 50 75 100
tf = (0.55 ns/pF) C| +9.5ns 15 37 55 80
Propagation Delay Time tPLH ns
All Inverting Non-B Series Gates tp LH,
“tpLH. tPHL = (1.7 ns/pF) C|_+ 30 ns 5.0 115 165 200
tPLH. tPHL = (0.66 ns/pF) C|_+ 22 ns 10 55 95 110
tpLH. tpHL = (0.50 ns/pF) C '+ 15 ns 15 40 75 85
Non-inverting Non-B Series Gates
{MC14071 and MC14081 only)
tpLH. tPHL = (1.7 ns/pF) C_ + 80 ns 5.0 165 275 400
tPLH, tPHL = (0.66 ns/pF) C|_ + 42 ns 10 75 135 185
tPLH. tPHL = (0.5 ns/pF) C_ + 25 ns 15 50 95 130

*The formulas given are for the typical characteristics only.

FIGURE 1 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

20 ns
Input
Vv
14 oo
: tPH L~y
Pulse Output Output
Generator Inverting
PLH -~
70 Vvss . Output
*All unused inputs of AND, NAND gates must be Non-inverting
connected to Vpp.
All unused inputs of OR, NOR gates must be
connected to Vgg.

@ MOTOROLA Semiconductor Products Inc.
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MC 14001

TRANSFER CHARACTERISTICS

FIGURE 2 — TYPICAL VOLTAGE AND CURRENT

Vps, DRAIN VOLTAGE {Vdc)

16 T v T T
Vpp = 15 Vdc Ta =+250C
Unused input
.on" \ connected to |
- Vss.
£ 12 > + PN
2 ) [ 3
8 . 10 Vde a One ipput only | E
§ 10 w\ \ b Both inputs E
>80 8.0 &
=4 =)
: UL L :
. L R
5 B0sgve 7T 60 2
I brell {71 { \1svde 1
2 40 I l/ \ 4.0 &
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Vin, INPUT VOLTAGE (Vdc)
FIGURE 4 —TYPICAL OUTPUT SOURCE
CHARACTERISTICS
0
e
Vs =-5.0 Va 2 £
20 G873 Vde
= a
b 17 /]
E a TA-=-550C // 4 /
£ 40p—b TA=+25°C e
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FIGURE 3 — TYPICAL VOLTAGE TRANSFER
CHARACTERISTICS versus TEMPERATURE

Vout, QUTPUT VOLTAGE (Vdc)

6 V| L 15 Vlli ! [
—{/00 = C Unused input
4 ™ dto —|
b Vss.
8 |
12 ‘
- 10 Vdc a Ta=+1250C
10—ty b Ta=-550C
o A
a\lb
0
6 5.0 vde
0
4.0 A
20
0 \\
20 40 60 80 10 12 14 16

Vin, INPUT VOLTAGE {Vdc)

FIGURE 5 — TYPICAL OUTPUT SINK

Vps, DRAIN VOLTAGE (Vdc)

~

CHARACTERISTICS
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T I | ]
a i | |
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[
[ / 5
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al)
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MOTOROLA ‘
Semiconductors || MC14001B

BOX 20912 . PHOENIX, ARIZONA 85036

B-SUFFIX SERIES McMOS GATES McMOS SSI
) ' {(LOW-POWER COMPLEMENTARY MQS)

The B Series logic gates are constructed with P and N channel en- ) s ,
hancement mode devices in a single monolithic structure (Comple- - QUAD 2-INPUT “NOR"” GATE
mentary MOS). Their primary use is where low power dissipation
and/or high noise immunity is desired.

Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc

°
® Noise Immunity = 46% of Vpp typ
® Supply Voltage Range = 3.0 Vdc to 18 Vdc
® _ All Outputs Buffered ' 14 ,
® Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- L SUFFIX P SUFFIX
ture Range CERAMIC PACKAGE PLASTIC PACKAGE
ge- CASE 632 CASE 646
® Double Diode Protection on All Inputs ORDERING INFORMATION
o Pin-for-Pin Relpacements for CD4001B ) MC14XXXB ____Suffix  Denotes

L Ceramic Package

P Plastic Package

A Extended Operating
Temperature Range

[T

C Limited Operating
Temperature Range

MAXIMUM RATINGS (Voitages referenced to Vgg)

Rating Symbol Value Unit
DC Supply Voltage . Vpp -0.5t0 +18 Vdc
Input Voltage, All Inputs Vin -0.561t0 Vpp +0.5 Vdc LOGIC DIAGRAM
DC Current Drain per Pin I 10 mAdc
-1 Operating Temperature Range — AL Device Ta -55t0 +125 oc
CL/CP Device -40 to +85 1:D°_3
Storage Temperature Range Tstg -65 to +150 °c 2
§ 5
)
CIRCUIT SCHEMATIC 8
(1/4 of Device Shown) :Do—w
9
12— X
w:Do——n
\
; oo 149Vpp )
1,6,8,1 BMh
2,5,9,120- :I Vpp=Pin 14
Vgg=Pin 7
!— }o 3,4,10,11 =
_l _I This device contains circuitry to protect
X . the inputs against damage due to high static

voltages, or electric fields; however, it is
advised that normal precautions be taken
79Vgg to avoid application of any voitage higher

N than maximum rated voltages to this high
in'\p?dance circuit. For proper operation it
is recommended that Vi, and Vg, be
constrained to the range Vgg < (Vi or
Vout) < VDD- )
Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vgs or Vpp).




MC140018

ELECTRICAL CHARACTERISTICS

. Vpp Tiow* 25°C Thigh*
Characteristic Symbol Vde - Min Max Min Typ Max Min Max Unit
Output Voltage "0" Leve! Voo 5.0 - 0.05 - 0 0.05 - 0.05 Vdc
Vin=Vpp or 0 10 - 005 | - 0 0.05 - 0.05
B O 1 - 0.05 - 0 0.05 —_ 0.05
1" Level VoH 5.0 495 - 4.95 5.0 - 495 - Vde
Vin=00rVpp 10 9.95 - 9.95 10 - 9.95 -
: 15 14.95 - 14.95 15 - 14.95 —
|'nput Voltage# 0" Level ViL N Vdc
(Vo =45 or 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
Vg =13.5 0or 1.5 Vdc) : 16 - 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 - Vdc
(Vo =1.0 0r 9.0 Vdc) 10 70 - 7.0 6.50 - 7.0 -
(Vo =1.50r 13.5 Vdc) 15 1.0 - 11.0 8.25 - 11.0 -
Qutput Drive Current (AL Device) loH X mAdc
(VOR =2.5 Vdc) Source 5.0 -3.0 - -2.4 —-4.2 - -1.7 -
(VoK =4.6 Vdc) : 50 |-—064 - -051 | —088 - -0.36 -
IVoH =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 2.2% - 09 -
(VoL = 1.5 Vdc!) 15 4.2 - 3.4 8.8 - 24 -
Output Drive Current (CL/CP Device) loH ) mAdc
{(VoH = 2.5 Vde) Source 5.0 -25 - -2.1 -42 — -1.7 -
IVoH = 4.6 Vdc) 5.0 -0.52 - —-0.44 | —088 - ~036 | - —
(VOH = 9.5 Vdc) ) 10 -1.3 - -1.1 —2.25 - -0.9 -
(VoH = 13.5 Vdc) 15 -3.6 - -3.0 —8.8 - -24 -
(VoL =04 Vdc) Sink oL 5.0 052 - 0.44 0.88 - 0.36 — mAdc
(VoL =0.5 Vdc) 10 13 - 1.1 226 | - 09 -
(VoL =1.5 Vdc) 15 36 - 3.0 8.8 - 24 -
tnput 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 uAde
Input Capacitance Cin - - - — 50 75 - - pF
(Vin=0)
Quiescent Current (AL Device) 1pp 5.0 - 0.25 - 0.0005 | 0.25 - 75 ‘uAdc
(Per Package) 10 - 0.50 - 0.0010 | 050 - 15.0
15 - 1.00 - 0.0015 | 1.00 - 30.0
Quiescent Current (CL/CP Device) pp 5.0 - 1.0 - - 0.0005 1.0 - 7.5 uAdc
{Per Package) 10 — 2.0 — 0.0010 20 — 15.0
) 15 — 4.0 - 0.0015 4.0 - 30.0
Total Supply Current**t IT 5.0 ' IT = (0.3 pA/kHz) f + IpD/N uAdc
{Dynamic plus Quiescent, 10 IT = (0.6 pA/kHz) f + Ipp/N
Per Gate, Cy_ = 50 pF) 15 IT = (0.9 pA/kHz) f + Ipp/N

Tiow™= -65°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
25Vde min@ Vpp =15 Vdc
tTo calculate total supply current at loads other than 50 pF:
I7(CL) = I7(580 pF) + N x 103 (C|_ -60) Vppf
where: I is in A (per package), C|_ in pF, Vpp in Vdc, f in kHz is input frequency and N is number of gates per package.
**The formulas given are for the typical characteristics only at 25°cC. :

@ MOTOROLA Semiconductor Products Inc.
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MC14001B

B-SERIES GATE SWITCHING TIMES

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

Vob All Types
Characteristic Symbol Vdc Min Typ Max Unit
Qutput Rise Time, All B-Series Gates t, ns
ty = (1.35 ns/pF) C_+ 33 ns 5.0 - 100 200
ty = (0.60 ns/pF) C|_+ 20 ns 10 - 50 ' 100
tr = (0.40 ns/pF) C_+ 20 ns 15 - 40 80
Output Fall Time, All B-Series Gates t ns
“tg= (1.35 ns/pF) Cp_+ 33 ns 5.0 - " 100 200
t¢ = (0.60 ns/pF) C_ + 20 ns 10 - 50 100
t¢ = (0.40 ns/pF) C_+ 20 ns 15 - 40 80
Propagation Delay Time tPLH. tPHL ns
MC140018, MC140118B only :
tpLH. tPHL = (0.90 ns/pF) C_ + 80ns 5.0 - 125 250
tpLH, tpHL = (0.36 ns/pF) C_ + 32 ns 10 - 50 100
tpLH, tPHL = (0.26 ns/pF) C_+ 27 ns 15 - 40 80
Al Other 2, 3, and 4 Input Gates
tpLH. tPHL = (090 ns/pF) C_+ 115 ns 5.0 - 160 320
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, MC14078B)
tpLH. tPHL = (0.90 ns/pF) Cy_ + 155 ns 5.0 - T 200 400
tpLH. PHL = (0.36 ns/pF) Cy_+ 62 ns 10 - 80 160
tpH, tpHL = (0.26 ns/pF) C.+ 47 ns . 16 - 60 120

*The formulas given are for the typical characteristics only.

FIGURE 1 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

! 20 ns
Input
Vv
140°0.
TP | —i o tpLH
’ A\
in| - 1% OH
Puse put Output Output o | U
Generator inverting 10;}
Cu Vou
. tf - —{r,un-
I tPLH— tPHL
= VoH
. 70 Vsgs . Output
* All unused inputs of AND, NAND gates must be Non-Inverting VoL
connected to Vpp. N
All unused inputs of OR, NOR gates must be y
connected to Vgg.

@ MOTOROLA Semiconductor Products Inc.
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MC14001B

Ip, DRAIN CURRENT (mA) Ip, DRAIN CURRENT (mA)

1p, DRAIN CURRENT (mA)

50

40

30

20

TYPICAL B-SERIES GATE CHARACTERISTICS

N-CHANNEL DRAIN CURRENT

FIGURE 2 — Vgg = 6.0 Vdc

mA)

URRENT

o

IN

<
Q

R

1p. DRAIN CURRENT (mA}

Ip, DRAIN CURRENT (mA)

TA = —55°C
/ 1 ZAC_|
7 850 |
—— H25°C
A
10 20 30 2.0 50
Vps, DRAIN-TO-SOURCE VOLTAGE (Vdc)
FIGURE 4 - Vgg = 10 Vdc
T
TA = -55°C
—a0°C
e
" 125G
/ 5 e
/ // +125°C
f 4
/7
/4
10 20 30 40 50 60 70 B0 83 10
Vps, DRAIN-TO-SOURCE VOLTAGE {Vdc)
FIGURE 6 — Vgg = 15 Vdc
Ta = -65°C
P ‘
7 40°C
4 V5T
o jm 485°C
: = o
e e
/4
Y
0 20, 40 60 83 10 12 14 16 18 20

Vps, DRAIN-TO-SOURCE VOLTAGE (Vdc)
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P-CHANNEL DRAIN CURRENT

FIGURE 3 - Vgg = —5.0 Vdc

-10
-0
-80 Ta=-55°C
-10 =] |
' L1 -40°C
—6.0 // ]
50 7 — 325°C
40 V4 L +85°C
-30 a ,/%——*"‘ +125°C
/ ==
20—
-10
0 .
10 20 .. -30 40 5.0
Vps, DRAIN-TO-SOURCE VOLTAGE (Vdc)
FIGURE 6 — Vgg = —10 Vde
-50
45
-40
-35
-30 Ta=-55°C —
L1 e
~25 - ~a0°C—]
L —1T— +25°C
- ey +8'§°C
-15 o -
L—1 —t———t "¢
~10 =
-5.0
00" 770 20 30 40 50 60 -10 80 -80 -10
Vps, DRAIN-TO-SOURCE VOLTAGE (Vdc)
FIGURE 7 — Vgg = —15 Vdc -
-100 -
90
-80
-10
-60
Ta'=-55°C
~50
; e Sy g T
-40 == +25°C L
F [+85°C 1 —
30 / ‘/_,.—- o
20 y [ ——
I 727 =1 .
00 20 —40 60 80 -0 12 -1 16 18 20
Vps. DRAIN-TO-SOURCE VOLTAGE (Vdc)
L —
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MC14001B

LI'YPICAL B-SERIES GATE CHARACTERISTICS (cont'd)
VOLTAGE TRANSFER CHARACTERISTICS

FIGURE 8 — Vpp =5.0 Vdc FIGURE 9 — Vpp =10 Vde
. .
3 3 .
by} Single Input NAND, AND 2 Single Input NAND, AND
3 50 Multiple Input NOR, OR o " "Multipie Input NOR, OR
Z 50 - e
] 3 P
> o
5 40 Single Input NOR, OR E 8.0 L/ Single Input NOR, OR
E .0 b1 | Multiie Input NAND, AND 2 Maltiple fnput NAND, AND
El 5 6.0
= (=]
3 20 3 40 A
> P £
1.0 20
0 0 : —
0 10 20 30 4.0 50 » . 2.0 40 6.0 8.0 10
Vin, INPUT VOLTAGE {Vdc) i Vin, INPUT VOLTAGE (Vdc)
FIGURE 10 — Vpp = 15 Vdc
16 g
14
g Single Input NAND,.AND DC NOISE IMMUNITY (Vi AND V)
> 12 Muitiple fnput NOR, OR ™}
§ 10— ) ) ' The dc noise immunity is defined as the input '
5 . 1 voltage range from an ideal ““1'* or ‘0" input level -
S g0 Single input NOR, 0 _ (assuming the previous McMOS driving stage is
5 . Multiple Input NAND, AND unloaded) which does not produce output state
& ' (combination) change(s). The typical and limit
= 6.0 .
2 values of the input ranges Vi and Vg for the
£ 40 output to stay within a range 4V g, from either
S Vpp or Vgg are given in the Electrical Char- -
20 acteristics table. The definitions of Vi, VNH.
- ) and AV gy are illustrated in Figure 11 for invert-
0 . ing and non-inverting functions.
0 20 4.0 6.0 8.0 10 12 14 16
Vin, INPUT VOLTAGE (Vdc)

FIGURE 11 — DC NOISE IMMUNITY

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

v N .
°"j -{Voo . Veur} (Voo \
AVout AVout //

Av av,
_SVour \\ Voo out / Voo

f o Vin fo Vin
—=| VNL | e VN f— —={ VNL

J
|

VNH fe—

Vgs = 0 volts de

- E
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MOTOROLA MC14002
Semiconductors MC14002B

BOX 20912, PHOENI!X, ARIZONA 85036

DUAL 4-INPUT “NOR"” GATE McMOS SSi
The MC14002 and MC14002B are constructed with P and N channel (LOW-POWER COMPLEMENTARY MOS)
enhancement mode devices in a single monolithic structure (Comple-
mentary MOS). Their primary use is where low power dissipation DUAL 4-INPUT “NOR" GATE

and/or high noise immunity is desired.

® Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc
® Noise immunity = 456% of Vpp typ
® Supply Voltage Range = 3.0 Vdc to 18 Vdc- .
® All Outputs Buffered (MC140028 only) . o
® Capable of Driving Two Low-power TTL Loads, One Low-power . LSUFFIX P SUFFIX
Schottky TTL Load or Two HTL Loads Over the Rated Temper- CERAMIC PACKAGE PLASTIC PACKAGE
ature Range. (MC14002B only) CASE 632 CASE 646
® Double Diode Protection on All Inputs ORDERING INFORMATION
® Pin-for-Pin Replacements for CD4002A and CD4002B MC14XXXB 1 Suffix  Denotes
L Ceramic Package
Delete for P Plastic Package
Non-B Device A Extended Operating
MAXIMUM RATINGS (Voitages referenced to Vgg) o bevice Temperature Range
" - C Limited Operating
Rating Symboi Value Unit Temperature Range
DC Supply Voltage Vpo -0.5t0 +18 Vdc
Input Voltage, Alt Inputs Vina -0.5to Vpp +0.5 Vdc
DC Current Drain per Pin | 10 | mAdc LOGIC DIAGRAM
Operating Temperature Range — AL Device Ta -55t0 +125 °c 2
CL/CP Device -40 to +85 3
R Tsig . °c
Storage Temperature Range st -65 to +1 t‘)O a
5
9

Vsg =Pin 7

-
o

13
1

12

1 .
#' Vpp = Pin 14

MC14002 CIRCUIT SCHEMATICS Mc140028
4 {1/2 of Device Shown)
14 Vpp - Vob
2,9 O—
l a.904—
o J , i]
3,10 1 2110 |:I
4,110 3 | 140V,
1 I T ! DD
5,12 0— |:| U= U =i
T1ors U 30113
itz L=, Uity i Vss
) 5,110 lj
' 4,120—{ 2
7 Vss . 7 °Vgg
This device contains circuitry to protect the inputs against damage due operation it is recommended that Vi, and Vg ;¢ be constrained to the
to high static voltages or electric fields; however, it is advised that nor- range Vgg < (Vi or Vout) < Vpp. .
mal precautions be taken to avoid application of any voltage higher than Unused inputs must always be tied to an appropriate logic voltage level
maximum rated voltages to this high impedance circuit. For proper {e.g., either Vgg or Vpp)- .
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MOTOROLA  MC14006B
Semiconductors

- BOX 20912 « PHOENIX, ARIZONA 85036

McMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

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

18.BIT STATIC SHIFT REGISTER 18-BIT STATIC SHIFT REGISTER
register of 4, 5, 8, 9, 10, 12, 13, 14, 16, 17, or 18 bits by appropri-
ate selection of inputs and outputs. This part is particularly useful in

serial shift registers and time delay circuits. ! ' :

Output Transitions Occur on the Falling Edge of the Clock Pulse L SUFFIX P SUFFIX
Quiescent Current - 5nA/package typical @ 5 Vdc . CERA: ;g;:;KAGE PLAS'C.::EP;%KAGE
Fully Static Operation ;

8-MHz Shift Rate typical ORDERING INFORMATION

Can be Cascaded to Provide Longer Shift Register Lengths
Supply Volitage Range = 3.0 Vdc to 18 Vdc

Capable of Driving Two Low-power TTL Loads, One Low-power -E L Ceramic Package

Schottky TTL Load or Two HTL Loads Over the Rated Temper- P Plastic Package
A Extended Operating
ature Range T
. emperature Range
® Pin-for-Pin Replacement for CD4006 N C Limited Operating
. Temperature Range

MC14XXXB Suffix Denotes

MAXIMUM RATINGS (Voltages referenced to Vgg)

Rating Symbol Vaiue Unit
DC Supply Voitage Vpop -0.51t0 +18 Vdc Dp C |Qn+1
Input Voitage, All Inputs Vin - | -0.5to Vpp + 05| Vdc TRUTH TABLE of=—_1| o
- " (Single Stage)
DC Current Drain per Pin i 10 mAdc LI S W B |
Operating Temperature Range — AL Device Ta -55 to +125 °c . X | e Qn
CL/CP Device -40 to +85 » X < Don't Gare
Storage Temperature Range Tslg -65 to +150 oc
BLOCK DIAGRAM
1 13 4 11 12 s 10 6 8 . 9
Dpq T‘ Q:T T—Dps QaI QS_T T—me o13j Dp14 Q17 msj
[} D o D o] D . D
Vpp = Pin 14 a 4 1 4 4 1
Vgg = Pin7 Stages Stages Stage Stages Stages Stage

BN e i L i

LOGIC DIAGRAM
(ONE REGISTER STAGE) ~

D+1

#lnverter used only on the first stage of
each four-stage element.

*Transmission . out Input to output is -
Gate " (A) A bidirectional low impedance when control input 1 is “low”’

and contro! input 2 is “high”.
(B) An open circuit when control input 1 is “high’’ and control
input 2 is “low’’.




MC14006B

ELECTRICAL CHARACTERISTICS

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 Vde
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 4.95 - 4,95 5.0 - 495 - Vde
Vin=0o0rVpp . 10 9.95 - 9.95 10 - 9.95 -
S0 15 14.95 - 14.95 15 — 14.95 -
tnput Voltage# 0" Level ViL R Vdc

(Vo = 4.5 or 0.5 Vdc) 5.0 - 15 - 2,25 15 - 15

(Vo =9.0 or 1.0 Vdc) ) X 10 - 3.0 - 4.50 3.0 - 3.0

(Vo = 135 or 1.6 Vdcl} 15 = 4.0 - 6.75 4.0 = 4.0

“1" Level] Vn ’

(Vg = 0.5 or 4.5 Vdc) . 5.0 35 - 35 2.78 - 35 - Vdc

(Vo = 1.0 or 9.0 Vdc) . 10 7.0 - 7.0 5.50 - 7.0 -

(Vg = 1.5.0r 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) IoH mAdc

{VOH = 2.5 Vdc) Source ' 50 | -12 - -1.0 -1.7 - -0.7 -

(VOH = 4.6 Vdc) 5.0 -0.25 - ~0.2 -0.36 - -0.14 -

(Von = 9.6 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 - | os1 | os8 - 0.36 - mAdc

(VoL = 0.5 Vde) 10 16 - 13 2.25 - 09 -

(VoL = 1.6 Vdc) 15 4.2 - 3.4 8.8 - 24 -

Output Drive Current (CL/CP Device) IoH mAdc

(VOH = 2.5 Vdc) Source. 6.0 -1.0 - -0.8 -1.7 - -086 -

(VOH = 4.6 Vdc) 5.0 ~0.2 - -0.16 -0.36 - -0.12 -

(VoH =9.5 Vdc) 10 -0.5 - -0.4 -9.9 - -] -03 -

(VoH = 13.5Vde) - 15 | -14 - -1.2 —~3.5 - -1.0 -

(VoL = 0.4 vdc) Sink toL 5.0 052 - 0.44 0.88 - 0.36 - mAdc

(VoL = 0.5 Vdc) 10 13 - -1 14 2.25 - 09 -

(VoL = 1.5 Vdc) 15 3.6 - 3.0 8.8 - 2.4 - .
Input Current (AL Device) lin 15 — +0.1 - +0.00001 | £0.1 - +1.0 uAdc
Input Current (CL/CP Device) lin 15 - 03 - £0.00001 | £0.3 - 1.0 uAdc
Input Capacitance Cin - S - - - 5.0 76 | - . pF

(Vin =0) . -

Quiescent Current (AL Device) IpD 5.0 - 5.0 - 0.005 5.0 - 150 | wAdc

{Per Package) 10 - 10 - 0.010 10 - 300

15 - 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device) iDD 5.0 - 20 - 0.005 20 - 150 uAdc
(Per Package) 10 - 40 - 0.010 40 - 300
15 — 80 - 0.015 30 — 600
Total Supply Current**t T 50 - IT = (1.3 uA/kHz2) f + ipp uAdc
(Dynamic plus Quiescent, 10 ) 1T =(2.6 A/kHz) f+ Ipp
Per Package) 15 - . IT = (3.8 uA/kHz) f + DD
(CL = 50 pF on all outputs, all
buffers switching) :

*Tiow = -55°C for AL Device, -40°C for CL/CP Device.
Thigh = +126°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 Vde¢ min @ Vpp = 5.0 Vdc
2.0 Vdc min @ Vpp =10 Vdc
25 Vdemin @ Vpp = 15 Vde
tTo calculate total supply current at loads other than 50 pF:
17(CL} = IT(50 pF) + 1 x 10-3 (C_-50) Vppf
where: I is in uA (per package), C_in pF, Vpp in Vdc, and f in kHz is input frequency.
**The formulas given are for the typical characteristics only at 25°C.

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

_ pedance circuit. For proper operation it is recommended that Vi, and Vg be constrained to the range Vgs < {Vijy or Vouy)
< Vpp. ’

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

@ MOTOROLA Semiconductor Products Inc. — |
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MC140068

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

Min Max
AL cL/cp Typ AL CcL/cP
Characteristic Symbol | Vpp Device | Device | All Types | Device | Device .| Unit
Output Rise Time tr ' . ns
ty = (3.0 ns/pF) C +30ns 5.0 - - 180 350 400
tr= (1.5 ns/pF) C_+ 15 ns . 10 - - 20 150 200
t, = (1.1 ns/pF) C + 10 ns . 15 — — 65 110 160
Output Fall Time 5 ’ ns
t¢= (1.5 ns/pF) C|_+25ns 5.0 - - 100 1756 200 -
tf = (0.75 ns/pF) C_ + 12.5 ns - 10 - - 50 75 -100
¢ = (0.55 ns/pF) C|_ +9.5 ns . 15 - | - 37 55 80
Propagation Delay Time tPLH. ns
tPLH. tPHL = (1.7 ns/pF) Cp + 220 ns tPHL 5.0 - — 305 460 600
tpLH. tPHL = (0.66 ns/pF) C_ + 77 ns 10 - - 110 165 275
tpLH, tpHL = (0.5 ns/pF) C + 55 ns 15 - - 80 120 | 200
Minimum Clock Pulse Width PW¢o 5.0 - - 100 200 250 ns
10 - - 60 70 126
18 - - 40 55 95
Maximum Clock Pulse Frequency PRF 5.0 25 2.0 5.0 . - - MH2z
10 7.0 4.0 8.3 - -
. 15 10 - 6.0 12 — =
Maximum Clock Pulse Rise and Fall Time# tr, 5.0 15 15 - - - Hs
10 18 15 - - =
15 15 15 - - -
Setup Time tsetup 5.0 - - -50 —15 0 ns
. 10 - - —16 —5.0 0
15 - — -8.0 —-3.0 0
Hotd Time : : thold 5.0 - - 75 180 220 ns
10 - So- 25 - 920 110 ,
16 — — 20 75 90

*The formula given is for the typical characteristics only at 26°C. . -
#When shift register sections are cascaded, the maximum rise and fall times of the clock input should be equal to or less than the rise and
fall times of the data outputs driving data inputs, plus the propagation delay of the output driving stage for the output capacitance load.

FIGURE 1 — TYPICAL OUTPUT SOURCE CURRENT FIGURE 2 — TYPICAL OUTPUT SINK CURRENT
CHARACTERISTICS TEST CIRCUIT CHARACTERISTICS TEST CIRCUIT
Vop = -Vas Vout Vpp = Vas Vout
14
—O—{Clock Q4 —Oﬁ
DOpy Q8
Q9—o—o
—0—Dps o
Q13|—0—0
: p—0—1D| o )
loH F10a17 T low
. —0~—1Dp14 Q18!
External N v External
Power ss Power
Supply i . Supply

@ MOTOROLA Semiconductor Products Inc.
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MC14006B

FIGURE 3 —~ POWER DiSSIPATION TEST CIRCUIT AND WAVEFORM

Vooe

{u

Clock Q4|—O

opy 98
Q9 c
L

OP8 q13f—o0— I TS
Or10Q17 2 =

s /1

O—1
O
L—o—
—O—
—~0—Dp1 4 Q18}—0-

7QVss CL:JE >_%cl j-IcL %CL " 7 "i?‘é’.ﬁ‘v’“
uF )

S o=

FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Voo

L

Generator ——o0—Clock Q4

S
1
Q8 fO
Op1 0o
Ops .
Q13| oL
D
Pulse P10a17 CL
Generator Dp14218 ICL

n 20 ns tPLH—~ tPHL I* VZSH
&= U ) . —

tPLH — ‘P'HL’ J"

e e

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

— @ MOTOROL.A Semiconductor Products Inc. —
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MOTOROLA
Semiconductors MC14007B

BOX 20912, #HOENIX, ARIZONA 85036 -

DUAL COMPLEMENTARY PAIR PLUS INVERTER McMOS SSI

The MC140078B multi-purpose device consists of three N-channel! ({LOW-POWER COMPLEMENTARY MOS)
and three P-channel enhancement mode devices packaged to provide : ‘
access to each device. These versatile parts are useful in inverter
circuits, pulse-shapers, linear amplifiers, high input impedance ampli- DUAL COMPLEMENTARY PAIR
fiers, threshold detectors, transmission gating, and functional gating. . PLUS INVERTER

Quiescent Current = 0.5 nA/package typical @ 5 Vdc

Noise Immunity = 45% of Vpp typical

Diode Protection.on All Inputs

Supply Voltage Range = 3.0 Vdc to 18 Vdc

Single Supply Operation = Positive or Negative

Symmetrical Output Impedance — 200 ohms typical @ 10 Vdc

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

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

14

. ' L SUFFIX P SUFFIX
® Pin-for-Pin Replacement for CD4007 CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646

ORDERING INFORMATION"
MAXIMUM RATINGS (Voltages referenced to Vgg)

Rating Symbol Value Unit MC14XXXB Suffix Denotes
DC Supply Voltage Vpbb -0.5to +18 Vde L Ceramic Package
Input Voltage, All Inputs Vin ~0.5to Vpp + 0.5 Vdc P Plastic Package
DC Current Drain per Pin | 10 mAdc A Extended Operating

Temperature Range

" : 0

Operating Temperature Range — AL Dev!ce Ta -55 10 +125 C € Limited Operating
CL/CP Device -40 to +85 Temperature Range

Storage Temperature Range Tstg -65 to +150 o¢

FIGURE 1 — TYPICAL APPLICATION: 2INPUT ANALOG MULTIPLEXER

SCHEMATIC
———————® A Ema——
& B
B 1413 1 11
o o
L 2 7
[of

12
O
1
—0—
3
-
5
Lo

input .———Do— Vo ) |’p-
4
1 c A
1
Input
; . 6 10
INPUT | OUTPUT CONDITION

D
a4
13
8
1 A =C,B = Open
1] A =8B,C=0Open 79 Vgs

?m

T
co LI} Tl
oI T

@ O—

~ O
o O
w 0—4
-

Q

Vpp = Pin 14
g L Vgg = Pin7

Substrates of P-channel devices internally connected

to Vpp; substrates of N-channel devices internatly

connected to Vgg.
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MC14007B -

ELECTRICAL CHARACTERISTICS

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

15

I7 = (2.16 pA/kHz2) f + IDD

Vob Tiow"® 25°C Thigh*
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Qutput Volitage “0" Level VoL 5.0 - 0.05 - o 0.05 - 0.05 Vde
Vin=Vppor0 10 - 0.05 - 1] 0.0 - 0.05
15 — 0.05 = 0 0.05 - 0,05
1" Level | Vo 5.0 4,95 - 495 | 5.0 - 495 = Vdc
Vin=0o0r Vpp 10 9.95 - 9.95 10 - 2995 -
) 15 14.95 - 14.95 15 - 14.95 -
tnput Voltage# 0" Level ViL Vde
(Vo = 3.6 or 1.4 Vdc) 5.0 - 15 - 2,25 1.5 -1 14
(Vo =7.2 or 2.8 Vdc) 10 -~ 3.0 - 4.50 3.0 - 29
(Vo =115 0r 3.5 Vdc) 15 - 3.75 - 6.75 3.7 — 3.6
“1" Level VIH Vdc
(Vo = 1.4 or 3.6 Vdc) 5.0 36 - 35 2.75 . 35 -
(Vo =28 0or 7.2 Vdc) 10 74 - 7.0 5.50 - 7.0 -
(Vo =35 or 1.5 Vdc) " 15 114 - 1125 | 8.26 - 11.26 . -
Output Drive Current (AL Device) 10H mAdc
{(VOH =25 Vdc) ~Source 5.0. -1.75 - —-14 -5.0 - -1.0 -
(VoH = 9.5 Vdc) 10 -1.35 - -1.1 -25 - —0.75 -
(Vo= 13.5 Vdc) 15 5.0 - —40 | -10 - —28 -
(VoL =0.4 Vdc) Sink - loL 5.0 0.75 - 06 1.0 - 04 - mAdc
(VoL = 0.5 vdc) 10 16 - 1.3 25 - 095 -
" (VoL =1.6 Vdc) 15 60 - 5.0 10 - 35 -
Output Drive Current (CL/CP Device) loH . mAdc
(VoH = 2.5 Vdc) Source 5.0 -1.3 - -1 -5.0 - -0.9 -
(VoH = 9.5 Vdc) 10 -0.65 - —-0.55 —-25 - —0.45 .
(Von = 13.5 Vdc) 15 -24 - -2.0 -10 - — -1.6 -
(VoL = 0.4 vdc) Sink loL 5.0 052 - 044 1.0 - 0.36 - mAdc
(VoL =05 Vdc) 10" 13 - 1.1 25 - 09 -
(VoL = 1.5 Vdc) 15 40 - 33 10 - 2.7 =
Input Current (AL Device) lin 15 - 0.1 - +0.00001| 0.1 - +1.0 rAdc
Input Current {CL/CP Device) tin 15 - +0.3 o - +0.00001] 0.3 - t nAde
Input Capacitance Cin — - * — 5.0 7.5 - - pF
(Vin =0) )
Quiescent Current (AL Device) Ipp 5.0 - 0.05 - 0.0005 0.05 - 15 unAdce
(Per Package) 10 —_ ‘0.10 - 0.0010 0.10 - 3.0
. 15 - 0.20 - 00015 | 0.20 - 6.0
Quiescent Current (CL/CP Device) Ipp 6.0" - 05 - 0.0005 05 - 38 rAdc
(Per Package) 10 - 1.0 - 0.0010 1.0 - 75
15 - 20 — 0.0015 2,0 - 15
Total Supply Current**+ Ir 5.0 17 =(0.72 gA/kH2) f + Ipp nAdc
{Dynamic plus Quiescent, 10 I7 = (1.44 uA/kH2) f + DD
Per Pachage)

*Tlow = ~55°C for AL Device, -40°C for CL/CP Device.

Thigh = +1256°C for AL Device, +85°C for CL/CP Device.
#Noise immunity specified for worst-case input combination.
1To calculate total supply current at loads other than 50 pF:
ITICL) = IT(50 pF) +3 x 10-3 (C|_-50) Vppf
where: I is in A (per package), C|_ in pF, Vpp in Vdc, and f in kHz is input frequency.
**The formulas given are for the typical characteristics only at 26°C.

@ MOTOROLA Semiconductor Products Inc. -
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MC14007B

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

Typ ! Max
Characteristic . Symbol | Vpp | All Types | AL Device CL/CP Device Unit
Output Rise Time ’ ’ t ns
tr = 1.2 ns/pF) C_+ 30 ns 5.0 90 150 180
ty = (0.5 ns/pF) C|. + 20 ns 10 45 75 90
ty = (0.4 ns/pF) C_+ 15 ns . 15 35 60 70
Output Fall Time . tf ns
tf=(1.2ns/pF) C+ 15 ns 5.0 75 125 150
_ tf=(05ns/pF) C_+15ns ’ 10 40 60 80
tf = (0.4 ns/pF) Cy_+ 10 ns 15 30 50 . 60
Turn-Off Delay Time tPLH ns
tpLH = (1.5 ns/pF) C +35ns . 5.0 60 110 .130
tpLH= (0.2 ns/pF) C_+20ns 10 30 60 75
tpLH = {0.15 ns/pF) C + 175 ns 15 25 45 55
Turn-On Delay Time tPHL ns
tpHL = (1.0 ns/pF) C_ + 10 ns 5.0 60 110 130
tpHL = (0.3 ns/pF) C|_ + 15 ns : 10 30 60 75
tpHL = (0.2 ns/pF) C_ + 16'ns 15 25 45 55 R
*The formula given is for the typical characteristics only.

FIGURE 2 — TYPICAL OUTPUT SOURCE CHARACTERISTICS FIGURE 3 — TYPICAL OUTPUT SINK CHARACTERISTICS

©Vps =VoH - Vpp

All unused inputs connected to ground.

All unused inputs connected to ground.

) . B ]
] ‘ » a hI é I\/(:,s = Ils Vde
& 40 (le 6/4 18 / ¢ /‘/
P o i /A M N R 9.0 0
= ol AT ] v/ " 7Zd)
= ¢ TA=+1250C, A A0 ] 1 V/ &)<t
- AAK /4 ye
§ / :// ra \( é // ¢ TA =+1250C
£ /-IO Vdc% A »- 5§ Vdc 3 // a
=R — ] 7 S 240 u%s.o vde
L~ / - |
-20 - // / / 0 I
-10 80 60 20 238 0 0 20 9 6.0 8.0 10

Vps, DRAIN VOLTAGE (Vdc) Vps; DRAIN VOLTAGE (vdc) . . '

L @ MOTOROLA Semiconductor Products Inc.
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MC14007B

FIGURE 4 — SWITCHING TIME AND POWER DISSIPATION fEST CIRCUIT AND WAVEFORMS

500 iF <

Pulse
Generator -

I—-zons —-I I——zons

v
v 90% bb
in 50%
10% Vss
PHL PPLH
90% Vou
Vout 50%

10%

I—

The MC14007B dual pair plus inverter, which has access
to all its elements offers a number of unique circuit appli-
cations. Figures 1, 5, and 6 are a few examples of the
device flexibility.

FIGURE 5 — 3-STATE BUFFER

+Vobp

2
Disable 3 |—T
T

Input 10 12 Output

Disable 60—’

.HJTLQ_S_HLI_U

INPUT | DISABLE | OUTPUT

1 [¢] [}
[¢] o] 1
X 1 Open

X = Don’t Care

APPLICATIONS

FIGURE 6 — AOI FUNCTIONS USING TREE LOGIC

Voo —
14 Out = A+BeC
-y
13
1" 2
— —Ii—>
10 12 }1
B -O- @ Output
uRNIE S
9 7
5
3
c ol .
"
6 =
AO~

Substrates of P-channel devices internally connected to VDD?
Substrates of N-channel devices internally connected to Vgg.

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

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

— @ MOTOROLA Semiconductor Prodc,icts Inc.
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MOTOROLA
Semiconductors MCI4008_B

BOX 20912 . PHOENIX, ARIZONA 85036

4-BIT FULL ADDER McMOS MSI
The MC14008B 4-bit full ‘adder is constructed with MOS P-
channel and N-channel enhancement mode devices in a single mono- (LOW-POWER COMPLEMENTARY MOS)
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.
® Look-Ahead Carry Qutput

4-BIT FULL ADDER

® High-Speed Operation — 160 ns typical from Sumjy to Sumgyt
® Quiescent Current — 5.0 nA/package typical @ 5 Vdc
® Diode Protection on All inputs
® Al Outputs Buffered .
® Supply Voltage Range = 3.0 Vdc to 18 Vdc
® Capable of Driving Two Low-power TTL Loads, One Low-power e
Schottky TTL Load or Two HTL Loads Over the Rated Temper- !
ature Range ) L SUFFIX P SUEFIX
® Pin-for-Pin Replacement for CD4008 CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648
MAXIMUM RATINGS (Voltages referenced to Vgg) ORDERING INFORMATION
Rating Symbol Value Unit
DC Supply Voltage Vbp -05to +18 vdc MC14XXXB Suffix -~ Denotes v
Input Voltage, All Inputs Vin |-05toVpp+ 05| Vde L Ceramic Package
DC Current Drain per Pin | 10 mAdc P Plastic Package )
Operating Temperature Range — AL Device TaA -55 to +125 oc A 5:::::::“?:1:::::
CL/CP Device -40 to +85 C Limited Operating
Storage Temperature Range Tstg -65 to +150 °c Temperature Rarige

BLOCK DIAGRAM
TRUTH TABLE

(One Stage)
High-Speed ) C; B A | C S
oo 0 n out
=1 Parallel Carry 14 Co‘ut :) 0 0 ) )
) o 0 1 0 1
0] 1 0 0 1
: 1] 1 1 1 0
B4 15 O - Adder 13 s4 : g ? 113 g’
A4 10 4 1 1 0 1 0
1 1 1 1 1
e
B3 20 Adder | 4o o
A3 30O 3
* c3 This device contains circuitry to protect
the inputs against damage due to high
B2 40 Adder static volitages or electric fields; however,
° 2 [OM s2 it is advised that normal precautions be
A2 5 i taken to avoid application of any voltage
’ c2 higher than' maximum rated voltages to
this high impedance circuit. For proper
Bl 60 Add operation it is recommended that Vj, and
Lo 010 st Vout be constrained to the range Vgg <
Al 70 {Vinor Vout) < Vpp-
* Vpp = Pin 16 Unused inputs must always be tied to an
Cin 90 Vgg =Pin8 appropriate logic voltage level (e.g., either
: Vgs or Vpp).
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MC14008B

ELECTRICAL CHARACTERISTICS

Voo * 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 - 0.0 Vde
Vin=Vppor 0 ‘ 10 - 0.05 - 0 0.05 - 0.05
15 — 0.05 — 0 0.05 — 0.05
. 1" Level VOH 5.0 4.95 - 4.95 5.0 - 495 - Vde
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 = 4.5 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 - |.8675 4.0 = 4.0

1" Level ViH

(Vo = 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} loH mAdc
(VOH =2.5 Vdec) Source 5.0 -1.2 - -1.0 -1.7 ~- -0.7 -

(VOH = 4.6 Vdc} 5.0 -0.25 - -0.2 -0.36 - -0.14 -

(VOH = 9.5 Vdc} 10 -0.62 - -0.5 -09 - -0.35 -

(VOH = 13.5 Vdc} 15 ~1.8 - -1.5 -3.5 - -1.1 -

(VoL = 0.4 Vde) Sink oL 5.0 0.64 - 051 | .0.88 - 0.36 - mAdc

(VoL = 0.5 Vdc) 10 1.6 - 1.3 2.25 - .08 -

(VoL = 1.5 Vdc) 15 4.2 - 34 8.8 - |- 24 -

Output Drive Current {CL/CP Device) IoH . mAdc
(VOH = 2.5 Vdc) Source 1 s0 -1.0 - 08 | -17 - -0.6 - :
(VoH = 4.6 Vdc) 5.0 -0.2 - -0.16 -0.36 - -0.12 -

(VoH = 9.5 Vdc) 10 -0.5 e -0.4 -09 - -0.3 -

(VoH = 13.5 Vdc) 15 -14 -~ -1.2 -3.5 - -1.0 ~

- (VoL = 0.4 Vdc) Sink oL 5.0 0.52 -, [ 04a | oss - 0.36 - mAdc

(VoL = 0.5 Vdc) 10 ] 13 - 1. 2.25 - 09 -

(Vor = 1.5 Vde) 15 36 3.0 88 - 24 .
Input Current (AL Device) tin 15 - 1 - +0.00001 | 0.1 - +1.0 mAdc
Input Current (CL/CP Device) tin 15 - + - +£0.00001 | +03 - 1.0 rAdc
Input Capacitance Cin - - - - 5.0 75 - - pF

“ {Vip=0)

Quiescent Current (AL Device) oD 5.0 - 5.0 - 0.005 5.0 - 150 #Adc

(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

Totat Supply Current**t I 5.0 15 = {1.7 uA/kHz) § + Ipp pAdc
(Dynamic plus Quiescent, 10 IT = (3.4 A/KH2) f + IpD
Per Package) ' 15 7 = (5.0 #A/kH2) £ + IpD
(C_ =60 pF on ali outputs, all :
buffers switching)

* *Tow = -55°C for AL Device, -40°C for CL/CP Device.
Thigh = +126°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 Vde
2.5 Vdemin @ Vpp = 15 Vde

1To calculate total supply current at loads other than-50 pF:
17(C) = 17(50 pF) +5 x 10-3 (Cy_-50) Vppf

where: I is in A (per package), C_ in pF, Vpp in Vdc, and f in kHz is input frequency.

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

@ MOTOROLA Semiconductor Products Inc.
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MC14008B
SWITCHING CHARACTERISTICS* (C; =50 pF, Tp = 25°C)
All Types
. Voo
Characteristic Symbol Vdc Min Typ Max Unit
Output Rise Time, ) tr . ns
tr = (3.0 ns/pF) C|_+30ns : 5.0 - 180 360
t;= (1.5 ns/pF) CL + 15 ns » 10 - 90 180
te = {1.1 ns/pF) C|_+ 10 ns 15 - 65 130
Output Fall Time, . tf ns
ti = (1.5 ns/pF) C|_+ 26 ns - 6.0 - 100 200
t¢=(0.76 ns/pF) C|_+ 125 ns 10 - 50 100
¢ = (0.55 ns/pF) Cy +9.5 ns 16 - 40 80
Propagation Delay Time tPLH. tPHL | . ns
Sum In to Sum Out .
tPLH. tPHL = (1.7 ns/pF) C|_ +3156 ns 5.0 - 400 800
tPLH. tPHL = (0.66 ns/pF) Cy_+ 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) Cy_+ 85 ns 15 - | 110 220
Carry In to Sum Out
tpLH, tPHL = (1.7 ns/pF) Ci_ +290 ns 5.0 - 375 750
tpLH, tpHL = (0.66 ns/pF) Cy_+ 122 ns 10 - 155 310
tpLH, tPHL = (0.5 ns/pF) C_+90 ns Ny 15 - 115 S 2%
Carry In to Carry Out  ’ ) . )
tPLH. tPHL = (1.7 ns/pF) C +85 ns 5.0 - 170 340
tpLH. tPHL = (0.66 ns/pF) Ci_ +42 ns 10 - 75 180
tPLH. tPHL = (0.5 ns/pF) C +30 ns 15 - 55 110
*The formula is for the typical characteristics only.
!
‘FIGURE 1 — TYPICAL SOURCE CURRENT F|GU§E 2 — TYPICAL SINK CURRENT
CHARACTERISTICS TEST CIRCUIT CHARACTERIST!(S TEST CIRCUIT
Vpp = -Vas Vout Vop = Ves Vout
3 p
16 16
-O——84 ' S4p—O0— —O0——B4 S4t+——0—
o— A4 - ) bo——aa
}o—1B3 s3 b-o—B3 83 —o—!
p-o— A3 l \ ) : —o0—1A3 ‘ \
j-0——B2 S2|—0—0 ) © $-0—1B2 S2}—0—0 t
—o—-1A2 i b0t A2
po—o_B1 s1—-<>——jn loH p—0—tB1 s1-——o——j oL
o—At ' —o— A1 .
—0—Cin Cout|—o0—— : 0—Cir, Coyt —o0———
. Externat External
Power . Power
80 Vsg Supply 80Vss Supply
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MC140088

FIGURE 3 — DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

Vopbp
%16
—O—— B4 s4
—O—— Ad
p—t—O— B3 83
—O—— A3
——0—-1B2
p—-O—ro A2
—O0——o/ B1
—O0—/ A1
Pulse o
Generator B Cin Cout
80Vgs
500 uF 7= bo

o/l

FIGURE 4 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Vob
%16
—o—B4 S4f—0—u
—o—— A4
—1—0—— B3 83 —0——
b-0— A3
$4—o—B2  S2
—O0— A2 A
ld—o—B1  s1 ) 1
=
$—0—dA1
Pulse c CL
B Generator o ci!‘ out cL
CL
8
‘ Vss cL
t‘zo ns 4—1 |20 ns
v
90% [>]]
Cin 50‘;2 ‘SS
—10% Vss
. — tPHL — tPLH
: v
20% g "OH
S1-54 50%
10% VoL
Rl (o
VoH
Cout 50%
EN———. VoL
1 tPLH ™ =tPHL

o’
-

i
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MC14008B

FIGURE 5 - LOGIC DIAGRAM

B4

Cout

A4

83

A3

B2

A2

B1

53 0 03 0
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Cin ©
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MC14008B

TYPICAL APPLICATION

J

FIGURE 6 — USING THE MC14008B IN A 16-BIT ADDER CONFIGURATION

Word A + B Inputs
A
Ia v )
Al—— — B4 Al e — 514 AI1——~—al4 Al — — — B4
c Chip c Chip c Chip o c Chip c
N 3 Cout—Cin 2 Cout—Cin 3 Cout|—Cin a out
$1 — — — sS4 §1 — — — s4 $1 — — — sS4 s1 —— s4
— v
Y
Sum Outputs .
Calculation of 16-bit adder speed:
tp total = tp (Sum to Carry) + tp {Carry to Sum) + 2 tp (Carry to Carry)
Typically, the overall 16-bit adder speed at 10 V is:.
tp total = 115 + 126 + 90 = 330 ns typ
\
Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely i H ', N0 ibility is
of illustrating typical i ions; consequently, for inaccuracies. Furthermore, such information does not

complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any
necessarily given. The information has been carefulty checked and license under the patent rights of Motorola Inc. or othars.

— @ MOTOROLA Semiconductor Products Inc. —
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MOTOROLA . MC14011
Semiconductors MC14011B

BOX 20812, PHOENIX, ARIZONA 85036

QUAD 2-INPUT “NAND" GATE
: McMOS SSIi
The MC14011 and MC14011B are constructed with P and N channel (LOW-POWER COMPLEMENTARY MOS)
enhancement mode devices in a single monolithic structure {Comple- )
mentary MOS). Their primary use is where low power dissipation QUAD 2-INPUT “NAND” GATE

and/or high noise immunity is desired. ' ;

® Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc )

® -Noise immunity = 45% of Vpp typ’ ‘

® Supply Voltage Range = 3.0 Vdc to 18 Vdc A

® All Outputs Buffered (MC140118B only) el A

® Capable of Driving Two Low-power TTL Loads, One Low-power L SUFFIX P SUFFIX
Schottky TTL Load or Two HTL Loads Over the Rated Temper- CERAMIC PACKAGE PLASTIC PACKAGE
ature Range. (MC140118 only) CASE 632 CASE 646

® Double Diode Protection on All Inputs ' ORDERING INFORMATION

MC14XXXB Suffix Denotes

® Pin-for-Pin Replacements for CD4011A and CD40118 : :
i i E L Ceramic Package
Delete for .!r P Plastic Package

Non-B Device™ A Extended Operating

MAXIMUM RATINGS (Voitages referenced to Vsg) Temperature Range

" ey C Limited Operating
Rating Symbol Value _ Unit Temporature Range
DC Supply Volitage Vpp -0.5t0 +18 Vdc
Input Voitage, All Inputs Vin -0.5t0 Vpp +05 Vdc .
DC Current Drain per Pin i 10 mAdc LOGIC DIAGRAM
'Operating Temperature Range - AL Device Ta -55t0+126 oc 1 : .
: . CL/CP Device : 40 to +85 :Do—a
Storage Temperature Range . . Tsg | -651t0+150 °c : '
T weren
6 . Vgg=Pin 7
8
10
9:D°_ -
12
11 N "
D
MC14011 CIRCUIT SCHEMATICS MC140118

{1/4 of Device Shown)
14 Vpp

149Vpp

i —] a
’—I'_Lf.a—os,a,lo,11 _ . —]5 V]J . :J = .
117 “}osat0m

1,6,8,13 O I :_—]
l 259,12 ]
2,5,9,12 O—e :’
’ 7 Vss 168,13 J 34 — ‘
| . 70vgg
This device contains circuitry to protect the inputs against damage due operation it is recommended _that Vin and Vg4 ;¢ be constrained to the
to high static voltages or electric fields; however, it is advised that nor- range Vgg < (Vi orVaou S Vpp- '
mal precautions be taken to avoid application of any voltage higher than Unused inputs must always be tied to an appropriate logic voltage level
maximum rated voltages to this high impedance circuit. For proper {e.g., either Vgg or Vpp):
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oT MC14012
Semiconductors MC14012B
BOX 20912+ PHOENIX, ARIZONA 85036 ’
y ” .
DUAL 4-INPUT “NAND"” GATE ‘ McMOS SSI
The MC14012 and MC14012B are constructed with P and N channel (LOW-POWER COMPLEMENTARY MOS)
enhancement mode devices in a single monolithic structure (Comple-
mentary MOS). Their primary use is where low power dissipation DUAL 4-INPUT “NAND" GATE
and/or high noise immunity is desired.
® Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc
® Noise Immunity = 45% of Vpp typ
® Supply Voltage Range = 3.0 Vdc to 18 Vdc
® All Outputs Buffered (MC14012B only) 14 .
® Capable of Driving Two Low-power TTL Loads, One Low-power L SUFFIX P SUFFIX
Schottky TTL Load or Two HTL Loads Over the Rated Temper- CERAMIC PACKAGE  PLASTIC PACKAGE
ature Range. (MC140128 only) CASE 632 CASE 646
® Double Diode Protection on All Inputs ORDERING INFORMATION
Pin-for-Pin Replacements for CD4012A and CD4012B MEIAXXXG - Suffix - Denotes
: L Ceramic Package
g Delete for P Plastic Package
. R i A Extended Operating
MAXIMUM RATINGS (Voltages referenced to Vgg) Non-8 ngnce T:v:;erature Range
" " C Limited Operating
Rating - Symbol Value Unit 'r.emlperature Range
DC Supply Voltage Vpobp -0.5t0 +18 Vdc
Input Voltage, All inputs Vin -05t0 Vpp +0.5 Vdc
DC Current Drain per Pin i 10 mAdc LOGIC DIAGRAM
Operating Temperature Range — AL Device TA -55t0 +125 oc 2
. CL/CP Device |’ -40 to +85 3
Storage Temperature Range Tstg -65 to +150 °c = —1
s Vpp = Pin 14
9 Vgs = Pin 7
10
13,
11
12
MC14012 140 vpp- CIRCUIT SCHEMATICS . MC14012B
{1/2 of Device Shown) Vop
[ [ [ | = =) |
—0 1,13
: 140Vpp

!

[e]
LIFLI3L T T—F']
BUSTRE|

Vss
3,10 O
5,110 above A i
4,11 O | o113
5,12 O I
i 70V,
70 Vss ss
This device contains circuitry to protect the inputs against damage due operation it is recommended that Vi, and Vg, be constrained to the
to high static voltages or electric fields; however, it is advised that nor- range Vgg < {Vin or Vout) S Vpp-
mal precautions be taken to avoid application of any voltage higher than Unused inputs must always be tied to an appropriate logic voltage level
maximum rated voltages to this high impedance circuit. For proper (e.g., either Vgg or Vpp).
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MOTOROLA
Semiconductors MC14013B

BOX 20912, PHOENIX, ARIZONA 85036

DUAL TYPE D FLIP-FLOP

The MC14013B dual type D flip-flop is constructed with MOS MCMOS SS'
P-channel and N-channel enhancement mode devices in a single (LOW-POWER COMPLEMENTARY MOS)
monolithic structure. Each flip-flop has independent Data, (D), )
Direct Set, (S}, Direct Reset, {R), and Clock (C) inputsand comple- DUAL TYPE D FLIP-FLOP

mentary outputs (Q and Q). These devices may be used as shift regis-
ter elements or as type T flip-flops for counter and toggle applica- ~

tions. .

® Static Operation

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

® Noise Immunity = 46% of Vpp typical =

® Diode Protection on All Inputs 14

® Supply Voltage Range = 3.0 Vdc to 18 Vde )

® Single Supply Operation

® Toggle Rate = 4 MHz typical @ 5 Vdc = ‘ CERAI;\/I?(l:J:i::xKAGE PLASPT?(?:Z.CXKAGE

@ | ogic Edge-Clocked Flip-Flop Design — CASE 632 CASE 646
Logic state is retained indefinitely with clock level either high or
low; information is transferred to the output only on the positive- ORDERING INFORMATION
going edge of the clock pulse

~ @ Capable of Driving Two Low-power TTL Loads, One Low-power | MC14xXXX8 Suffix Denotes

Schottky TTL Load or Two HTL Loads Over the Rated Temper- ’ L . Ceramic Package
ature Range - P Plastic Package

® Pin-for-Pin Replacement for CD4013 A Extended Operating

Temperature Range -
C . Limited Operating

Temperature Range

MAXIMUM RATINGS (Voltages referenced to Vss) -

Rating Symbol Value Unit
DC Supply Voltage Vpp -0.5t0 +18 Vdc
Input Voltage, All Inputs Vin -05t0 Vgp + 0.5 Vdc
DC Current Drain per Pin ! .10 mAdc B8LOCK DIAGRAM
Operating Temperature Range — AL Device Ta -55 to +125 °c 6
CL/CP Device -40 to +85 - I
Storage Temperature Range Tstg -65 to +150 °c ) s o S ° 1
3 c Q 2
R
TRUTH TABLE . 4 ______l
INPUTS OUTPUTS . 8 - ]
cLock” |DATA | RESET| SET a | a : S
— ry P P Py 3 9 D Q 13
- 1 [+] 4] 1 o
N\ X 0 o' Q a '(\:‘:ange _
X X 1 0 0 1 " (o3 ] Q 12
X X o 1 1 o] l
X X 1 1 1 1 10
X = Don‘t Care ' Vpp = Pin 14
t = Level Changg Vgg = Pin 7
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MC14013B

ELECTRICAL CHARACTERISTICS

Vpp Tiow™ 25°C Thm‘
Characteristic Symbol Vde Min Max Min Typ Max Min Max + Unit
Output Voltage “0" Level VoL 5.0 - 0.05 - ] 0.05 - 0.05 Vde
Vin=Vppor0 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 - Vde
Vin=0or VDD . 10 9.95 - 9.95 10 - 9.95 -
) 15 14.95 - 14.95 15 — 14.95 .
Input Voltage# Q" Level ViL Vdc~
(Vo =45 or 0.5 Vdc) 5.0 - 15 - 2.256 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
“1" Level| Viy
(Vp =05 or 4.5 Vdc) 5.0 35 - 35 2.75 - 35 - Vdc
{Vp = 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 8.26 - 11.0 -
Output Drive Current (AL Device) loH mAdc
{(VoH =25Vde) © Source 5.0 -12° - -1.0 -1.7 - -0.7 -
(Vo = 4.6 Vdc) 5.0 -0.26 - ~0.2 -0.36 - -0.14 -
(VoH = 9.5 Vdc) 10 -0.62 - -0.5 -09 - -0.35 -
(VgH = 13.6 Vdc) , 15 -1.8 — -1.5 -3.5 - -1.1 -
(VoL =04 Vdc) Sink loL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc
(VoL = 0.5 Vde) 0 | 16 - 13 2.26 - 09 -
{Vop = 1.5 Vdc) . 15 ‘4.2 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) 1oH . v . mAdc
{(VoH = 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -
(Vpon = 4.6 Vdc) 5.0 -0.2 - -0.16 | -0.36 - -0.12 -
{(VoH =9.5 Vdc) 10 -0.5 - ~-0.4 -09 - -03 - -
(VoH = 13.5 Vdc) . 15 -14 . ~-1.2 ~35 -~ -1.0 - 1
(VoL =904 vdc) Sink oL 5.0 052 - 0.44 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 1.3 - 1.1 2.25 - 09 - ’
(Vo = 1.5 Vde) 15 | 36 - 3.0 8.8 - - 24 -
Input Current (AL Device) lin 15 - 1 - +0.00001 | 0.1 - +1.0 uAdc
Input Current {CL./CP Device) tin 15 - +03 - +0.00001{ 0.3 - £1.0 uAdc
Input Capacitance Cin - - - 5.0 7.5 - - .pF
(Vin = 0) )
Quiescent Current (AL Device) \pp 5.0 - 1.0 - 0.002 1.0 - 30 uAdc
{Per Package) 10 - 20 - 0.004 2.0 - 60
15 - 4.0 - 0.006 4.0 - 120
Quiescent Current (CL/CP Device) IpD 5.0 - 40 | - 0.002 4.0 - 30 uAdc
(Per Package} 10 - 8.0 . 0.004 8.0 — 60
15 — 16 | - 0.006 16 L - 120
Totat Supply Current**1 T 5.0 1= (0.75 A/kH2) f + Ipp ) uAdc
{Dynamic plus Quiescent, 10 IT= (16 wA/kH2) f+ Ipp
Per Package) 15 IT=(23 pA/kHz) £+ IDD
{CL =50 pF on all outputs, all
buffers switching) g

*Tiow = ~B5°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

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

IT{CL) = 17{80 pF) + 2 x 10-3 (C_~50) Vppf
where: I is in 4A (per package), Cy_in pF, Vpp
**The formulas given are for the typical characteristics only at 25°C.

in Vdc, and f in kHz is input frequency.

< Vpp-

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

This device contains circuitry to protect the inputs against damage due to high static vcliages or electric fields; however, it is ad-
vised that normal precautions be taken to avoid application of any voitage higher than maximum rated voltages to this high im-
pedance circuit. For proper operation it is recommended that Vi, and Vo be constrained to the range Vg < (Vi or Vgye)

MOTOROLA Semiconductor Products Inc.
. S -
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MC14013B .

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

Min | Max
AL cL/ce Typ AL cL/cp
Characteristic Symbal | Vpp Device | Device | All Types | Device | Device Unit
Output Rise Time : tr - ns
ty = (3.0 ns/pF) C|_+ 30 ns 5.0 - - 180 360 360
tr = (1.5 ns/pF) C + 15 ns 10 - - 920 180 180
t = (1.1 ns/pF) C_+ 10 ns 15 - - 65 130 130
Output Fall Time i tf ns
tf= (1.5 ns/pF) C +25ns 5.0 - - 100 200 200
t¢ = {0.75 ns/pF) Cy_ + 125 ns 10 - - 50 100 100
t¢ = (0.55 ns/pF) C_ +12.5 ns 15 - - 40 80 80
Propagation Delay Time tPLH. ns
Clock to Q : tPHL '
tpLH, tPHL = (1.7 ns/pF) C +90 ns . 5.0 - - 176 350 350
tpLH. tPHL = (0.66 ns/pF) Cy_ + 42 ns 10 - - 75 150, 150
tpLH. tPHL = (0.5 ns/pF) C + 25 ns 15 - - 50 100 100
Setto Q o .
tpLH. tPHL = (1.7 ns/pF) C_ + 90 ns 5.0 - - 175 350 350
tpLH. tPHL = (0.66 ns/pF) C|_ + 42 nis 10 -~ - 75 150 150
tpLH. tPHL = (0.5 ns/pF) C + 25 ns 1 18 - - 50 100 100
Reset to Q ! X
tpLH, tPHL = (1.7 ns/pF) C_ + 265 ns 5.0 - - 350 450 450
tpLH. tPHL = (0.66 ns/pF) C_+ 67 ns ' 10 - - 100 200 200
tPLH. tPHL = (0.5 ns/pF) C_ + 50 ns 15 - ~ 75 150 150
Minimum Setup Times tsetupH | 50 - - © 20 40 40 ns
tsetup L | 10 - ~ 10 20 20
15 = - 7.5 15 15
Minimum Clock Pulse Width PWcH. 5.0 - - 126 250 250 ns
PWcL 10 - - 50 100 100
16 - = 35 70 70
Maximum Clock Pulse Frequency ' PRF 5.0 2.0 20 4.0 - = MHz
10 5.0 5.0 10 - -
15 7.0 7.0 14 — —.
Maximum Clock Pulse Rise and Fall Time t,—,'r‘tf 5.0 15 " 18 T - - us
10 5.0 5.0 - - -
15~ 4.0 4.0 - - =
Minimum Set and Reset Pulse Width pwg | 50 - - 125 | 250 250 ns
PWR 10 = - 50 100 100
15 — — 35 70 70

*The formula given is for the typical characteristics only.

LOGIC DIAGRAM
(1/2 of Device Shown)

I — MOTOROLA Semiconductor Products Inc.
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MC14013B

FIGURE 1 - DYNAMIC SIGNAL WAVEFORMS FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS
{Data, Clock, and Output)

{Set, Reset, and Output}
20ns |—— —-] |~—20 ns

90%
50%
10%
tsetupH —

tsetup L

Inputs R and S low.

TYPICAL APPLICATIONS

n-STAGE SHIFT REGISTER

Q ————‘(D af—m=a

2

th
—{ D Q ———l oD’
Clock {c & -—] c
Nm— ——
T Flip-Flop

MODIFIED RING COUNTER (Divide-by-(n + 1))

1 2

ath

—— e i

Q
; f;c' a I— c a l——— c
Clock O- _ ——

o
)

0Q

L O
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MOTOROLA | MC14014B
Semiconductors Mc1402 1B

BOX 20912, PHOENIX, ARIZONA 85036

McMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

8-BIT STATIC SHIFT REGISTER

The MC14014B and MC14021B 8-bit static shift registers are
constructed with MOS P-channel and N-channel enhancement mode
devices in a single monolithic structure. These shift registers find
primary use in parallel-to-serial data conversion, synchronous and
asynchronous parallel input, serial output data queueing; and other
general purpose register applications requiring low power and/or
high noise immunity.
® Quiescent Current = 5.0 nA/package typical @ 5 Vdc

8-BiT STATIC SHIFT REGISTER

® Synchronous Parallel Input/Serial Qutput (MC14014B) L SUFFIX P SUFFIX

® Asynchronous Parallel Input/Serial Output (MC140218B) CERACTSC::;KAGE PLAcs::é Z::KAGE

® Synchronous Serial Input/Serial Output

e Full Static Operation from DCto 7.0 MHz ORDERING INFORMATION

® Q" Qutputs from Sixth, Seventh, and Eighth Stages’ MC14XXX8 Suffix Denotes

® Double Diode Input Protection I: L Ceramic Package

® Supply Voltage Range = 3.0 Vdc to 18 Vdc : :‘::;:d::':g:i"rmng

® Capable of Driving Two Low-power TTL Loads, One Low-power Temperature Range
Schottky TTL Load to Two HTL Loads Over the Rated Temper- € Limited Operating

ature Range. Temperature Range

® MC140148B Pin-for-Pin Replacement for CD4014
® MC140218 Pin-for-Pin Replacement for CD4021

TRUTH TABLE

SERIAL OPERATION:

Q6 Q7 [et:]
t [CLOCK|Dg|P/S|| t=n+6[t=n+T7|t=n+8
n| /—[0]o0 ) ? ?
nt1f /110 1 o ?
MAXIMUM RATINGS (Voltages referenced to Vgg) ::; f ? g ? ; ?
Rating Symbol Value Unit . | X]0 Q6 Q7 Qs
DC Supply Vol \Z -0.5t0 +18 | Vdc
PRy YO 1808 DD PARALLEL OPERATION:
Input Voltage, All Inputs Vin -0.5t0 Vpp *+ 0.5 Vde CLOCK 5 TRE) 5
DC Current Drain per Pin 1 10 mAdc XS — (;" =0
Operating Temperature Range — AL Dev?ce TaA . -56 to +125 °c :,/—— x 1 1 R
CL/CP Device 40 to +85 *Q6, Q7, & Q8 are available externally
Storage Temperature Range Tstg -65 to +150 oc X = Don’t Care
LOGIC DIAGRAM'
P1 P2 P3 PE P7 P8
Q7 06 05 014 015 1

9

P/sO—D°—-{>¢ L
11

DSO—DO-—{>&—ID ar—bpo

o 4
—
-

o]
[¢]
(¢}
[¢]
[¢]]
o]
el
2]
=]

10
Clock o—{>_~ i ! ! ! _—

Vpp=Pin16 P4=Pin4
Vgg = Pin8 PS = Pin 13 2 12
Q6 Q7

8%
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MC14014B e MC140218

ELECTRICAL CHARACTERISTICS

VoD Tiow" 25°% Thigh*
Characteristic Symbol Vdc Min Max Min Typ Max Min Tl Max Unit
Output.Voltage 0" Level VoL 5.0 - 0.0 - 1] 0.05 - 0.05 Vvdc
Vin=Vppeor0 10 - 0.05° ind 1] 0.05 - 0.05
15 — 0.05 = 4 0.05 — 0.05
1" Level VoH 5.0 495 - 4.95 5.0 - 4.95 - Vde
Vin=00rVpp 10 9.95 - 9.95 10 - 9.95 -
15 14 .95 Co— 1495 15 — 14.95 —

Input Voltage# “0" Level | VL ) Vdc
(Vo = 4.5 0r 0.5 Vdc) 5.0 - 15 - 2:25 15 - 1.5 '
(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

1" Level VIH
(Vo = 0.5 or 4.5 Vdc) 5.0 35 - 35 2.7 - 35 - Vde
(Vo = 1.0 or 9.0 Vdc) 10 70 - 7.0 5.60 - 7.0 -
(Vo = 1.5 0r 13,6 Vdc) 15 1.0 - 11.0 8.25 = 11.0 -

Qutput Drive Current (AL Device) IoH mAdc

(VOH = 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -
{VOH = 4.6 Vdc) 5.0 ~0.25 - -0.2 -0.36 - -0.14 -
(VoH = 9.5 Vdc) 10 -0.62 - -0.5 -08 - -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 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 16 - 13 2.25 - 0.9 -
(Vor = 1.5 Vdc) 15 | 42 - 34 8.8 - 24 -

Output Drive Current (CL/CP Device} loH ) mAdc
(VoK = 2.5 Vdc)! Source 6.0 -1.0 -~ -0.8 -1.7 - -0.6 =
(VOH = 4.6 Vdc) 5.0 -0.2 — -0.16 -0.36 - -0.12 -

{(VoH = 9.5 Vde) 10 -0.5 - -04 -09 . - -0.3 C-
{VoH = 13.5 Vdc) 15 -1.4 — ~-1.2 ~3.5 - -1.0 =
(VoL = 0.4 Vdc) Sink oL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc
X (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) bin 15 - +0.1 — +0.00001 § +0.1 — 1 p#Adc
‘{input Current (CL/CP Device) lin 15 - +03 - +0.00001 | +0.3 - t #Adc

Input Capacitance Cin - - - - 5.0 75 s - - pF
(Vin = 0)

Quiescent Current (AL Device) IpD 5.0 - 5.0 - 0.005 5.0 - 150 sAdc
{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 uAde

(Per Package) 10 - 40 - 0.010 40 - 300
) 15 - 80 - 0.018 80 = 600

Total Supply Current**t T 5.0 : 17 =10.75 pA/kHz) f + Ipp rAdc
{Dynamic plus Quiescent, 10 17 =(1.50 nA/kHz) t + ipp
Per Package) 15 1 =(2.25 uA/kHz) f + 1pp
(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.
#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 Vdemin @ Vpp =15 Vdc
tTo calculate total supply current at loads other than 50 pF:

1T(C) = 17(50 pF) +1.5 x 10-3 {C|_-50) Vppf

where: i1 is in uA (per package), C_in pF, Vpp in.Vdc, and f in kHz is input frequency.

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

@ MOTOROLA Semiconductor Products Inc.
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This device contains circuitry to protect
the inputs against damage due to high
static voitages or electric fields; however,
it is advised that normal precautions be
taken to avoid application of any voltage
higher than maximum rated voltages to
this high impedance. circuit. For proper
operation it is recommended that V;n and
Vout be constrained to the range Vgg <
(Vi or Vout) < Vpp.

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




-MC14014B e MC14021B
SWITCHING CHARACTERISTICS* (C)_ =50 pf, T = 25°C)
Min . Max
Vpp AL CL/CP Typ AL cL/cp
Characteristic ) Symbol | Vdc Device | Device | All Types | Device | Device Unit
Output Rise Time tr ns
ty = (3.0 ns/pF) C|_+ 30 ns ' 5.0 - - 180 350 400
t, = (1.5 ns/pF) C|_+ 16 ns 10 - - 90 150 200
te = (1.1 ns/pF) C_+10ns ) 15 - - 65 110 160
Output Fall Time t . ns
te= (1.5 ns/pF) C|_+ 26 ns | 1 50 - - 100 175 200
t§ = (0.75 ns/pF) C_+ 12,5 ns 10 - - 50 75 100
t¢ = (0.56 ns/pF) Cy_ + 9.5 ns 15 - = 37 55 80
Propagation Delay Time {Clock to Q, P/S to Q) tpLH. ns
tpLH, tpLH = (1.7 ns/pF) C_ + 316 ns tPHL 5.0 - - 400 750 1000
tPHL. tPLH = (0.66 ns/pF) Cy_+ 137 ns 10 - - 170 250 400
tpHL. tPLH = (0.5 ns/pF) C_+90 ns 15 - - 115 170 265
‘Minimum Clock Pulse Width . PWc 5.0 - - 160 400 500 ns
: 10 - - 75 175 200
15 - - 40 135 150 B
Maximum Clock Frequency fo 5.0 15 1.0 3.0 - - MHz
10 3.0 25 6.0 - -
15 4.0 3.0 8.0 - -
Minimum Parallei/Serial Controt Puise Width PW(P/S) 5.0 - - 150 400 500 ns R
10 - - 75 175 200
15 = - 40 135 150
Minimum Setup Time tetup {. 5.0 - - 150 350 500 ns
10 - - 50 80 100 -
15 L - - 30 60 80
Maximum Input Clock Rise Time ; tC 5.0 15 15 - - - us
. 10 15 15 - - -
15 15 15 - - -
*The formula given is for the typical characteristics only.
FIGURE 1 — OUTPUT SOURCE CURRENT TEST CIRCUIT FIGU‘RE 2 — OUTPUT SINK CURRENT TEST CI RCU‘IT
Voo Vout ’ . : TVDD Vout
P/S \ Q6 E P/S Q6
Pulse c Pulse c
Generator s Generator
E P& a7 v PE  Qifo—o o
P7 P7 . .
P8 - P8 ——o_j
! . 1
pg 0B / oH Ds  asl— oL
External External
. Power r Power
= Supply = Supply
Preset output under test to a logic **1” ‘level. ’

@ MOTOROLA Semiconductor Products Inc.
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MC 140148 e MC14021B

FIGURE 3 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

Clock

°Vop
500 uF 7
Pulse
Generator -O—qp
1
| [:
{ ]
|
| —O—p
| o]
t o
Pulse
Generator -0—
2

0.01 uF

FIGURE 4 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

swi
| Vpop !
Pulse II 41 II Vobp
Generator T
1 |
T | 2
| | [ P/S
| | : —o—{c Q6
‘ : . | ~o—P1
Pulse __01,3_. 21 -o— P2 -
Generator ::‘Lo—‘j —0—1P3
2 9 1 b-o—{pa  a7}—0—b
- b-o— P5
./( O~ P6
| O—1P7
| -0— pg as
! -0—|0s
Switch Position 1 = Parallel In : :
Switch Position 2 = Serial In
| -—_{Vss sw2
! =
Uy i

Parallel or
Serial Data
tnput

Clock or P/S
input

Q
Qutput

*—20ns

r
PWg | = PWgy = 50% Duty Cycle

Voo

K Vg5

i
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MOTOROLA
Semiconductors

BOX 20912 4 PHOENIX, ARIZONA 85036

MC14015B

DUAL 4-BIT STATIC SHIFT REGISTER

The MC14015B dual 4-bit static shift register is constructed with
MOS P-channel and N-channel enhancement mode devices in a single -
monolithic structure. It consists of two identical, independent
4-state serial-input/parallel-output registers, Each register has inde-
pendent Clock and Reset inputs with a single serial Data input. The
register states are type D master-slave flip-flops. Data is shifted from
one stage to the next during the positive-going clock transition. Each
register can be cleared when a high level is applied on the Reset line.
There complementary MOS shift registers find primary use in buffer
storage and serial-to-parallel conversion where low power dissipation
and/or noise immunity is desired.

Quiescent Current = 5.0 nA/package typical @ 5 Vdc

Noise Immunity = 45% of Vpp typical

Diode Protection on All inputs

Supply Voitage Range = 3.0 Vdc to 18 Vdc

Single Supply Operation — Positive or Negative

High Fanout — > 50

{nput Impedance = 1012 ohms typical

Low Input Capacitance — 5.0pF typical

Logic Swing Independent of Fanout

Toggle Rate = 6.0 MHz @ 10 Vdc

Logic Edge-Clocked Flip-Flop Design — .

Logic state is retained indefinitely with clock level either high or
low; information is transferred to the output only on the positive
going edge of the clock pulse,

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

McMOS MSI

{LOW-POWER COMPLEMENTARY MOS)

DUAL 4-BIT STATIC
SHIFT REGISTER

it

L SUFFIX ~ PSUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB Suffix. Denotes

E L Ceramic Package
- P -Plastic Package
A  Extended Operating
Temperature Range
- C Limited Operating
, . Temperature Range

ature Range.
MAXIMUM RATINGS {Voltages referenced to Vgg)
Rating Symbol . Value Unit
DC Supply Voltage Vpp -0.51t0 +18 Vdc
Input Voitage, All Inputs Vin |-0.5to Vpp + 0.5 Vde
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range — AL Device Ta -56 to +125 oc
CL/CP Device -40 to +85
Storage Temperature Range Tstg -65 to +150 oc
TRUTH TABLES
CLOCKED OPERATION DIRECT OPERATION
. (SYNCHRONOUS) (ASYNCHRONOUS)
D | Qy | On+t R | Q
[3] [s] 3] o Q
[o] 1 o 1 1]
]e ! C = D= Don’t Care
1 1 1

On+1=Dpn, R=0

BLOCK DIAGRAM

Qo }——5

Qifp—24

R
l

8

—— 10

Qo p——13

15 —{D .

’ Qip—12

- Q2 p—11
1—C

R Q3}—2

Vpp = Pin 16
Vgg = Pin 8.
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MC14015B

ELECTRICAL CHARACTERISTICS

Vob Tiow® 25°C 1'%“!’
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 Vde
Vin=Vpporo0 10 - 0.05 - 0 0.05 -~ 0.05
15 - 0.05 — 0 0.05 - 0.05
“1"" Level Vo 5.0 495 | - 4.95 5.0 © - 495 - Vdc
Vin=00rVpp 10 9.95 ~ 9.95 10 - .19.95 -
15 14.95 - 14.95 15 - 14.95 -
Input Voltage™ “0" Level | VL i 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 =13.5 or 1.5 Vdc) 15 - 4.0 = 6.76 4.0 - 4.0
“1” Level| Vin
(Vg = 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 = 1.5 or 13.5 Vdc) 15 11.0 -~ 11.0 8.25 - 11.0 =
Output Drive Current (AL Device) 10H mAdc
{VOH = 2.5 Vdc) Soyrce 5.0 -1.2 - -1.0 -1.7 - 0.7 -
{VOH = 4.6 Vdc) 5.0 -0.25 - -02 | -0.36 - -0.14 -
{VoH = 9.5 Vdc) 10 -0.62 - -0.5 -09 - -0.356 -
(VoH = 13.5 Vdc) : 15 —1.8 - -1.5 -3.5 — -1.1 -
(VoL = 0.4 Vdc) Sink "loL 5.0 064 - 051 0.88 - 0.36 - mAdc
(VoL = 0.5.vdc) 10 16 - 1.3 225 - 0.9 -
(VoL = 1.5 Vdc) B 15 4.2 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) | IoH mAdc
(VoH = 2.6 Vdc) Source 5.0 -1.0 - -0.8 -1.7. - -0.6 -
(VOH = 4.6 Vdc) . 5.0 ~0.2 - -0.16 '} -0.36 - -0.12 -
(VoH = 9.5 Vdc) 10 0.5 - -04 -0.9 - -0.3 -
(Vow = 13.5 Vde) : 15 -1.4 - -1.2 | 35 — -1.0 -
(VoL =04 Vdc) Sink loL 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| 0.1 - 1.0 uAdc
Input Current (CL/CP Device) lin 15 - 03 - +0.00001 | 03 - 1.0 #Adc
Input Capacitance Cin - - - - 5.0 75 - - pF
{(Vin =0) .
Quiescent Current (AL Device} IpD 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} ipD 5.0 - 20 - 0.005 20 - 150 uAde
(Per Package) . 10 - - 40 - 0.010 40 - 300
18 o 80 = 0.015 80 - 600
Total Supply Current**t T 50 | IT= (1.2 pA/kHz) £+ Ipp uAde
(Dynamic plus Quiescent, 10 IT= (2.4 #A/kHz) f + Ipp
Per Package) 15 Iyv= (3.6 #A/kH2) £+ 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 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 = 6.0 Vdc
’ 2.0Vvdcmin@ Vpp = 10 Vdc
. 2.5 Vdc min @ Vpp = 156 Vdc
1To calculate total supply current at loads other than 50 pF:
IT{C} = 17(50 pF) + 2'x 10-3.(C|_-50) Vppf
where: I is in uA (per package), C_in pF, Vpp in Vdc, and f in kHz is input frequency.
**The formulas given are for the typical characteristics only at 25°C.

<Vpp.

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

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad-
vised that normal precautions be taken to avoid application of any voitage higher than meximum rated voltages to this high im-
pedance circuit. For proper operation it is recommended that Vi and Vot be constrained to the range Vgg < (Vin or Vout)

@. MOTOROLA Semiconductor Products lné.
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MC14015B

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

) . ) Min . Max
, AL CcL/CP Typ AL cL/cp
Characteristic Symbol | Vpp Device | Device | All Types | Device | Device Unit
Output Rise Time tr ns
tr = (3.0 ns/pF) C_+ 30 ns : 50 | - - 180 350 400
tr = (1.6 ns/pF) C_+ 16 ns 10 - - 20 150 200
te = (1.1 ns/pF) CL + 10 ns ) 15 - - 65 110 160
Output Fall Time . tf ’ ns
tg = (1.5 ns/pF) C_+265 ns o 5.0 - — 100 175 200
ts = (0.75 ns/pF) C_ + 125 ns ) 10 - - 50 75 100
tf = (0.55 ns/pF) C|_+9.5 ns 16 - - 37 55 . 80
Propagation Delay Time tPLH. ns
Clock, Data to Q tPHL
tpLH. tPHL = (1.7 ns/pF) C_+ 225 ns . 5.0 - - 310 750 1000
tPLH: tPHL = (0.66 ns/pF) C_+92 ns 10 - - 125 250 400
tpLH, tPHL = (0.5 ns/pF) C_ + 65 ns 15 - - 90 170 265
Reset to Q
tpLH. tPHL = (1.7 ns/pF) C_ + 376 ns 6.0 - - 460 760 1000
tPLH. tPHL = {0.66 ns/pF) C_ + 147 ns | 10 - - 180 250 400
tpLH. tpHL = (0.5 ns/pF) C_ +95 ns 16 - - 120 170 265
Minimum Clock Pulse Width PW¢ 5.0 - - 185 400 500 ns
10 - - 8 .| 175 200 :
15 - - 55 138 150
Maximum Clock Puise Frequency . PRF 5.0 15 10 .20 - - MHz
: 10 30 25 6.0 -] =
15 3.75 3.0 7.5 - -
Maximum Clock Pulse Rise and Fall Times tetf 5.0 15 16 - - - us
: : 10 18 16 - - -
16 15 15 = - —
Minimum Reset Puise Width PWR 5.0 - - 200 300 500 ns
. : ’ 10 - - 80 120 200
18 - - 60 90 150
Setup Time tsetup 5.0 - - 100 350 500 ns
10 - - 50 80 100
15 - - 40 60 75
FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM
Voo
0.01 uF
 PULSE 500uF O, T ceramc
. ] GENERATOR O VoD
R ) )
SYNC : l—o- p & .
PULSE Q2 e
L - ceneratoR f———o- ¢ ® 85 o ':l—c,_ FuT o
‘ R, T
Vss
i
f
Clock 50%
o ———/_——-—\—/——\—

MOTOROLA Semiconductor Products Inc.
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MC14015B

FIGURE 2 -~ SWITCHING TIME TEST CIRCUITbAND WAVEFORMS

"— tr #
Voo
DATA
INPUT
oV
?VDD
PULSE w
| GENERATOR [—O——D a0 -0————————-1
| 2 ar CL Voo
‘ 1L CLOCK
SYNC: . wlo ~CL INPUT
PULSE . ov
L. T~ CL W
GENEl‘!ATOR [0 C" a3 '01 c
. L
i_ Vss
11}
CPW = CPWy = 50% Duty Cycle
tr=1f <20ns
FIGURE 3 — SETUP AND HOLD TIME TEST CIRCUIT AND WAVEFORMS
{ Voo CLOCK % Voo
INPUT ov

PULSE
[ GENERATOR f~——0—10 00 pOme—em—ee——y
2 ~CL

1! alfo—————— ] tsetup

thold

sne ,
o PULSE g,

L ] GENERATOR c,
1 [~ ——=—-Vpp
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MC14015B

LOGIC DIAGRAMS

SINGLE BIT
c . H D@ 00
o ToDof
Next Bit
c c I>Ll
¢
N
Reset ) - ‘
[
[
c .

COMPLETE DEVICE
5 T 3 10
[ R o - 02 . on3
DATA INPUT BUFFER

D
JO——D&—-—-DC D o D o_l D 0 b a|
c ,

CLOCK INPUT BUFFER

" RESET INPUT BUFFER 13 12 " 2

DATA INPUT BUFFER

. cLock eutBurreR. [ ° g ° : I a0 I a0 | £ql
10- D& .

— L g >

R ' Vop =Pin 16
1 ) i Vgs=Pin 8

RESET INPUT BUFFER

— @ MOTOROLA Semiconductor Products Inc. —
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MOTOROLA
Semiconductors MC14016B

BOX 20912 . PHOENIX, ARIZONA 85036

McMOS SSi

(LOW-POWER COMPLEMENTARY MOS)

QUAD ANALOG SWITCH/QUAD MULTIPLEXER

The MC14016 quad bitateral switch is constructed with MOS P-
channel and N-channel enhancement mode devices in a single mono-
lithic structure. Each MC14016 consists of four independent switches QUAD ANALOG SWITCH
capable of controlling either digital or analog signals. The quad bi- QUAD MULTIPLEXER

. lateral switch is used in signal gating, chopper, modulator, demodu- :
lator and CMOS logic implementation.

® High On/Off Output Voltage Ratio — 65 dB Typical

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

® Low Crosstalk Between Switches — 80 dB typicat @ 1.0 MHz 1

@ Diode Protection on All Inputs .

® Supply Vgltage Range = 3.0 Vdc to 18 Vdc L SUFFIX P SUFFIX

® Transmits Frequencies Up to 54 MHz @ 5 Vdc . CERAMIC PACKAGE PLASTIC PACKAGE
® Linearized Transfer Characteristics ) CASE 632 CASE 646

® Low Noise ~ 12nV/A/Cycle, f=> 1 kHz typicél ORDERING INFORMATION

® Pin-for-Pin Replacement for CD4016, CD4066 MC14XXXE Suffix Denotes

L L Ceramic Package
P Plastic Package

A Extended Operating

Temperature Range

MAXIMUM RATINGS (Voltages referenced to Vgg) N - _ C Limited Operating
Rating Symbol Value Unit : Temperature Range
DC Supply Voitage VpD -0.5t0 +18 Vde
Input Voltage, All inputs - Vin -0.5t0 Vpp + 0.5 Vdc
DC Current Drain per Pin 1 10 mAdc
Operating Temperature Range — AL Device . Ta -55 to +125 °c
" CL/CP Device -40 to +85 BLOCK DIAGRAM
Storage Temperaturé Range Tstg -65 to +150 ) °c 13
- Control 1 O—~—1 2
This device contains circuitry to protect the control inputs against damage due to 1 Out 1
high static voltagesor electric fields; however, it isadvised that normal precautions n1o
be taken to avoid application of any voltage higher than maximum rated voltages 5
to this high-impedance circuit. A destructive high-current mode may occur if Vi Control 2 O 3
and V¢ is not constrained to the range Vgg < (Vjn or Vout) < Vpp. " l—0 Out 2
: In2 o—]
6
CIRCUIT SCHEMATIC Control 3 O——1 o
(1/4 OF DEVICE SHOWN) - 0 Out 3
8
R in3 H
' ’ 12 .
Voo Out Controt 4 O—j 10
w—‘ - : ; il Oout4
e 4 o— .
] . " -

1 : .
# r':ﬁ—_ﬂ_" Vpp = Pin 14

Vgg =Pin 7
Control O——'\M———b—l:} '——1 3 S8
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ELECTRICAL CHARACTERISTICS

Vob Tiow 25% Thigh
Characteristics Figure | Symbol | Vde¢ Min Max Min Typ Max Min Max Unit
Input Voltage# 1 ViL 5.0 - - - 15 0.9 - - Vde
Control Input 10 - - - 1.5 09 - -
15 — — — 1.5 0.9 — -
ViH 5.0 - - 20 3.0 - - - Vde
10 - - 6.0 8.0 - - -
15 . - 1" 13 - - -
Input Current (AL Device) Control —_ lin 15 - + — | £0.00001 | +0.1 - 1.0 | #Adc
Input Current (CL/CP Device) Control - tin 15 - 0.3 — | +0.00001 | £0.3 - +1.0 | uAde
Input Capacitance - Cin pF
Control - - - - 5.0 - - -
Switch Input - - - - 5.0 - - -
Switch Output - - - - 5.0 - - -
Feed Through — - - - 0.2 - — -
Quiescent Current (AL Device) 23 Ipp 5.0 - 0.25 - 0.0005 | 0.25 - 75 [ mAdc
(Per Package} 10 - 0.50 - 0.0010 | 0.50 - 15 ’
p 16 - 1.00 - 0.0015 | 1.00 - 30
Quiescent Current (CL/CP Device) 2,3 Ipp 5.0 - 1.0 - 0.0005 1.0 - 75 | #Adc
{Per Package) 10 - 20 - 0.0010 | 2.0 - 156
15 - 4.0 - 0.0015 4.0 - 30
"“ON’* Resistance (AL Device) 456 1 Ron Ohms
(Ve =Vpp. RL =10k®) -
(Vin = +6.0 Vdc) 5.0 - | s00 | - 300 |[e60 | — 960
{Vin = —5.0 Vdc} Vgg =—5Vdc - 600 - 300 660 - 960
{Vin = £0.25 Vdc) - 600 - 280 660 - 960
{Vin = +7.5 Vdc} 7.5 - 360 — 240 400 - 600
{Vin=—7.5 Vdc) Vgg = ~7.5 Vdc - 360 - 240 400 - 600
(Vi = £0.26 Vdc) - 360 - 180 400 - 600
{Vin =+10 Vdc) 10 - 600 | — 260 | 660 - | 960
{Vin = +0.25 Vdc) Vgg = 0 Vdc — | 600 | - 310 [es0 | — | 960
(Vijn = +5.6 Vdc) - 600 - 310 660 - 960
{Vjn = +15 Vdc) 15 - 360 | — 260 | 400 - 600
{(Vjn = +0.25 Vdc} Vgg = 0 Vdc - 360 - 260 400 - 600
(Vi = +9.3 Vdc) — 360 - 300 | 400 - 600
““ON’’ Resistance (CL/CP Device) 456 | Ron Ohms
(Vc Vpp. RL =10k&)
(Vi = +5.0 Vdc) 5.0 - 610 = 300 660 - 840
{Vin = —5.0 Vdc) Vgg =—5 Vdc - | 610 | - 300 {660 | — | 840
(Vijn = £0.25 Vdc) - 610 - 280 660 - 840
(Vi = +7.5 Vdc) 75 - 370 - 240 400 - 520
(Vijn = —7.5 Vdc) Vgg = —~7.5 Vdc - 370 - 240 | 400 - 520
{Vin = +0.25 Vdc} - 370 - 180 400 - 520
{Vin =+10 Vdc) 10 - 610 - 260 660 — 840
{Vin = +0.25 Vdc) Vgg = 0 Vdc - | 810 | = 260 | 660 | — | 840
(Vin = +6.6 Vdc) - | e10 | - 310 | 660 - | 840
(Vin =+15 Vdc) 15 - 370 - 260 ‘400 - 620
(Vin =+0.25 Vdc) Vgg = 0 Vde - 370 | — 260 |400 | - 520
(Vijn =+9.3 Vdc) - 370 - 300 400 - 520
A"ON"’ Resistance . - ARQON Ohms
Between any 2 circuits in a common
package
(V¢ =Vpp)
(Vin = £6.0 Vdc) Vgg = —5Vdc 5.0 - - - 15 - - -
(Vjn =£7.5 Vdc) Vgs =-7.5Vdc 7.5 — — - 10 - - -
Input/Output Leakage Current (V¢ = Vgg) - - nAdc
(Vin =+5.0, Voyuy = —5.0 Vdc) 5.0 - | #1258 | — | o001 2125 | — -
(Vin = —6.0, Vot = +6.0 Vdc) 5.0 — | #1258 | — | 0001 {#125 | — —
(Vin =+7.5, Vout = —7.5 Vdc) 75 — 2280 | — | t0.0015 [+250 [ — -
{Vin = =7.5, Voyut = +7.5 Vdc) 7.5 — | 250 | — | 0.0015 {+250 | — —
* = —55° — 409 -
Tiow = ~B5°C for AL Device, ~40°C for CL/CP Device. NOTE: All unused control inputs must be returned to Vpp or Vgg as

Thigh = +125°C for AL Device, +85°C for CL/CP Device.
#Input Voltage Specified as the voltage required at the Control Input
fora 10 »A current through the transmission gate with an input-to-

output stress of Vpp—Vgs for V) and V.

appropriate for the circuit application.
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MC14016B

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

Max
Vpp Typ AL cL/cP
Characteristic Figure | Symbol Vde All Types | Device | Device Unit
Propagation Delay Time (Vgg =0 Vdc) 7 tPLH. 5.0. 15 30 45 ns
Vin to Vout tPHL 10 7.0 10 15
(Vg =Vpp. R =1.0k8) 15 6.0 7.5 12
Control to Output 8 5.0 34 60 90 ns
{Vin < 10 Vdc, R = 1.0 kQ) 10 20 30 45
. . 15 15 23 35
Crosstalk, Control to Output (Vgg = 0 Vdc) 9 - 5.0 30 - - mv
{Vc = VpD. Rin = 1.0k&, Ryt = 10 kQ2) 10 50 - -
15 100 — —
Crosstalk between any two switches (Vgg = 0 Vdc) - — 5.0 —80 — - dB
(RL=1.0k®,f=10MHz,
Vout1
crosstalk = 20 logq0 Vout2
Maximum Contro! Input Pulse Frequency (Vgg = 0 Vdc) - - 5.0 5.0 - - MHz
(RL=1.0k2) 10 10 - -
15 12 — —
Noise Voitage (Vgg =0 Vdc) 10,11 - 5.0 24 - - nV/\/Cycle
(Vg = Vpp. f = 100 Hz) 10 25 - -
15 30 - -
(Vc=Vpp. f = 100 kHz) B 50 12 - -
10 12 - -
15 15 — —
Sine Wave (Distortion) (Vgg = -6 Vdc) - - 5.0 0.16 - - %
{Vin = 1.77 Vdc RMS Centered @ 0.0 Vdc,
Ry =10k, f= 1.0 kH2) . .
Insertion Loss (V¢ = Vpp. Vin = 1.77 Vdc, Vgg = -6 Vde, | 12 — 5.0 dB
RMS centered = 0.0 Vdc, f = 1.0 MHz).
loss = 20 logqg ‘Cf”' )
in
(RL=1.0kQ) 2.3 - -
(R =10 kD) 0.2 - -
(R = 100k82) 0.1 - -
(R =1.0MQ) 0.05 - —
Bandwidth (—3 dB) 12,13 BW 5.0 MHz
(V¢ = VDD, Vin = 1.77 Vdc, Vgg = —5 Vdec,
RMS centered @ 0.0 Vdc)
(RL=1.0kQ) 54 - -
(R = 10kQ) 40 — -
(R = 100 k£2) 38 - -
(R = 1.0MQ) 37 — -
Feedthrough (Vgg = —5 Vdc) - - 5.0 kHz
Vout
(Vg = Vss, 20.log10 Vo - —50dB)
in
(RL=1.0kn) 1250 - -
(R =10kQ) 140 - -
(R = 100 k$2) 18 - -
(RL=1.0MQ) 20 - -

*The formula is for the typical characteristics only.

@ MOTOROLA Semiconductor Products Inc.
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MC14016B

LOGIC DIAGRAM
{1/4 OF DEVICE SHOWN)

Control

Logic Diagram Restrictions In
Vss SVin SVpp
Vss <Vout SVpp

Veontrot | Vin 1o Vot Resistance

Vss =102 Ohms typ

Vop 3% 102 Ohms typ

FIGURE 2 — QUIESCENT POWER DISSIPATION
TEST CIRCUIT ' :

Voo

Voo ¢ Vout{

To all

Pulse 4 circuits Controt
Generator Input
fe =

ves i vin{__

PDEVDD" ip

10k

FIGURE 4 — Vgg = —5.0 V AND 7.5 V

700

"Vin, INPUT VOLTAGE {Vdc)

] |
RL=10kQ
600 - Ta=250C
< 500
8
=
E 400 Vg=Vpp =5.0Vde
2 Vss =-6.0 Vde
300
5 =
200
2 Vg =Vpp=7.5Vde
« Vss =-1.5 Vde
100
0 )
-0 -8.0 -4.0 0 ‘40 8.0

‘FIGURE 1 — INPUT VOLTAGE
TEST CIRCUIT

Vss Voo

V|L = Vg when Ig = 10 4A
ViH = Vpp — V¢ when Ig = 10 pA

FIGURE 3 — TYPICAL POWER DISSIPATION PER CIRCUIT

{1/4 OF DEVICE SHOWN)

TYPICAL R versus INPUT VOLTAGE
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MC140168B

FIGURE 6 — Rony CHARACTERISTICS FIGURE 7 — PROPAGATION DELAY TEST CIRCUIT
TEST CIRCUIT - - AND WAVEFORMS

Vin tPLH tPHL
Vout - 50%
FIGURE 8 — TURN-ON DELAY TIME TEST CIRCUIT . .
AND WAVEFORMS ‘ FIGURE 9 — CROSSTALK TEST CIRCUIT

j

Vout Vin = 0.0 Vdc
Vx =Vbp
FIGURE 10 — NOISE VOLTAGE TEST CIRCUIT . FIGURE 11 — TYPICAL NOISE CHARACTERISTICS
35—
\ hhni”
30 R
= NNLTHE N Voo =15 Ve
pur} SN \Ll
S 2
SN N I N
= 10 Vd
z 2
Quan-Tech - \L ' \\L
Ve=vV Model 2 5.0 Vde N
¢~ Yob 2283 g \
or Equiv e
' BRI ]
=]
Z
5.0 ”J

0 -
10 100 1.0k 10k 100 k
f, FREQUENCY (Hz)
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MC14016B8

FIGURE 12 — TYPICAL INSERTION LOSS/BANDWIDTH .
CHARACTERISTICS . FIGURE 13 — FREQUENCY RESPONSE TEST CIRCUIT

20
T

0 RL =1MQ and 100 kQ
g 0 kQ
2 -20
2 1.0kQ
8 40
£
0©
w
2 60
- .
b
g -8.0

By n Av_
—— —2.5 Vdc
-12 - ’
10k 100k 10M 1M 100M
fin, INPUT FREQUENCY (Hz)
.
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 MOTOROLA
Semiconductors MC14017B

BOX 20912 . PHOENIX, ARIZONA 85036

DECADE COUNTER/DIVIDER McMOS Ms'
The MC14017B is a five-stage Johnson decade counter with built-
in code converter. High-speed operation and spike-free outputs are: {LOW-POWER COMPLEMENTARY MOS)

coded outputs are normally low, and go high only at their appropriate
decimal time period. The output changes occur on the positive-
going edge of the clock pulse. This part can be used in frequency
division applications as well as decade counter or decimal decode
display applications.

obtained by use of a Johnson decade counter design. The ten de- DECADE COUNTER/DIVIDER

® Fully Static Operation

® DC Clock Input Circuit Allows Slow Rise Times
® Carry Out Output for Cascading
® 12 MHz (typical) Operation @ Vpp = 10 Vdc )
@ Divide-by-N Counting - L SUFFIX P SUFFIX
® Quiescent Current = 5.0 nA/package. Typical @ 5 Vdc | CERAMIC PACKAGE  PLASTIC PACKAGE
® Supply Voltage Range = 3.0 Vdc to 18 Vdc 3 CASE 620 CASE 648
® Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Temper- ORDERING INFORMATION
ature Range MC1axX 'B .
® Pin-for-Pin Replacement for CD4017 - ¢ X Sutfix Denotes
’ L Ceramic Package
P Plastic Package
A Extended Operating
N . Temperature Range
MAXIMUM RATINGS (Voltages referenced. to Vgg) C Limited Operating
Rating Symbol Value Unit Temperature Range
DC Supply Voltage VpD -0.5t0 +18 Vdc
Input Voltage, All Inputs Vin |05t Vpp+ 05| Vdc FUNCTIONAL TRUTH TABLE
DC Current Drain per Pin 1 10 mAdc : (Positive Logic)
Operating Temperature Range — AL Device Ta -65 to +125 °c CLoCK X DECODE
. CL/CP Device _40 1o +85 CLOCK ENABLE RESET | OUTPUT =n
[ X o
Storage Temperature Range : Ts‘g =65 to +150 oc X 1 o :
X X 1 Qo
P 0 0 n+1
e VG X [4] n
LOGIC DIAGRAM % o "
-1 N [} n+1
. 1 as 2 a1 6 a7 7 a3 1109 X = Don’t Care 1f n <5 Carry = "1'", Otherwise = 0"
BLOCK DIAGRAM
C:‘;‘"‘ Clock 14 0— Q0 }—o0 3
13 Qt}b—o2
Clock Vpp ({4c ale|lic athilic al4(iC q ez 4
Enable C _ C _| C _| [+ a Q3 07
g g
Ves Prf1t1Px P11 1Pn a4l—o 10
15o—[>o—&—_| Clock = 43 0—g Qs |—0 1
! Enable
Raset D ’ Q605
y Q7—o0 6
- Q8 —o0 9
Q9 -0 11
Reset 15 O—1 Cout —O0 12
Vpp = Pin 16 '
Q [o1 Q2 as .
39° 5 4 9 Vss = Pin8

.51



ELECTRICAL CHARACTERISTICS

. Vpp Trow" 25°C Tm-
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Voltage “0" Level VoL 5.0 - - 0.05 - o 0.05 - 0.05 Vde
Vin=Vppor0 10 - 0.05 - V] 0.05 - 0.05
15 ~ 0.05 - 0 0.05 — 0.05
N 1" Level VoH 5.0 4.95 - 4.95 - 5.0 - 4.95 - Vde
Vin=00rVpp 10 9.95 - 995 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 1.5 - 1.5
(Vo =9.0 or 1.0 Vdc) 10 -~ 3.0 - 4.50 3.0 - 3.0
(Vo =13.50r 1.5 Vdc) 15 - 40 | - | 15 4.0 - 4.0
1" Level| Viy
(Vo =0.50r4.5 Vdc) 5.0 35 - 3.5 2.75 - 35 - Vde
{Vg = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vg =1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -
Output Drive Current (AL Device) I0H mAdc
(VOH = 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - ~0.7 -
(Von = 4.6 Vdc) 5.0 -0.26 - -0.2 -0.36 - -0.14 ~
(VOH = 9.5 Vdc) 10 -0.62 ~ -0.5 -09 - -0.35 -
{Vor = 13.5 Vdc) 15 ~1.8 —- -1.5 -3.5 - - =11 —
(Vo = 0.4 Vde) Sink loL. | 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc
{VoL = 0.5 Vde) 10 16 - 13 2.26 - 0.9 -
(Vo = 1.5 Vdc) 15 4.2 - 34 88 - 2.4 - ’
Output Drive Current (CL/CP Device) ioH X mAdc
(VOH = 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -06 -
(Vo = 4.6 Vdc) 5.0 ~0.2 - -0.16 | -0.36 - -0.12 -
(VoH = 9.5 Vdc) 10 ~0.5 - -0.4 -0.9 - -0.3 -
(Vo = 13.5 Vdc) 15 -1.4 - -1.2 | 35 - -1.0 -
(Vop = 0.4 Vdc) Sink loL 5.0 0.52 - 044 | 088 - 0.36 - mAdc
{VoL = 0.5 Vdc) 10 1.3 - 11 2.26 - 09 -
(VoL = 1.5 Vde) 15 36 - 3.0 8.8 - 2.4 -
Input Current (AL Device) lin 15 - +0.1 - +0.00001] +0.1 - +1.0 wAdc
input Current (CL/CP Device) tin 15 - +03 — |#0.00001] 0.3 — 1.0 uAdc
Input Capacitance Cin - C - - - 5.0 75 - - pF
(Vijn =0)
Quiescent Current (AL Device) Ipp 5.0 - 5.0 - 0.005 5.0 - - 1580 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 uAde
(Per Package) 10 - 40 - 0.010 40 - 300
15 — 80 - 0.0156 80 -~ 600
Total Supply Current**t IT 5.0 - T = (0.27 uA/kHz) f + DD uAdc
{Dynamic plus Quiescent, 10 = (0.56 #A/kHz) £+ Ipp
Per Packagel i T = (0.83 wA/KHz) £+ IDD
{Cy_ = 50 pF on all outputs, all
buffers switching)

*Tiow = -55°C for AL Device, -40°C for CL/CP Device.
Thigh = +125°C for AL Device, +85°C for CL/CP- Device.
=Noise immunity specified for worst-case input combination.
Noise Margin for both 1" and "0’ level = 1.0 Vdc min@ Vpp =5.0 Vdc

2.0Vdcmin@ Vpp =10 Vdc
25Vdemin@ Vpp = 15 Vde

1To calcuiate total supply current at loads other than 50 pF:
IT(C1) = I7(80 pF) + 1.3 x 1073 (C|_ —50} Vppf :
where: t7 is in xA (per package), CL inpF, Vpp in Vdc, and f in kHz is input frequency.
**The formulzs given are for the typical characteristics only at 25°C.

This device contains circuitry to protect
the inputs against damage due to high static
voltages or electric fields; however, it is
advised' that normal precautions be taken
to avoid application of any vottage higher
thar. maximum  rated voltages to this high
impedance circuit. For proper operation it

‘is recommended that Vi, and Vot be

constrained to the range Vgg < (Vi or
Vout! € VpD-
Unused inputs must always be tied to an
appropriate logic vonage level (e.g., either
Vgs or Vppl.

MOTOROLA Semiconductor Products Inc.
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MC14017B '
SWITCHING CHARACTERISTICS* (C|_ =50 pF, Tp = 25°C)
Min Max
. vop | AL [ctrer] Tw AL - | cLicP
Characteristic Symbo! | Vdc Device | Device | All Types | Device |.Device Unit
Output Rise Time tr ) ns
tr = (3.0 ns/pF) C_+30 ns 5.0 - - 180 350 400
tr= (1.5 ns/pF) C_+ 15 ns 10 - - 90 150 200
tp = (1.1 ns/pF) C_+ 10 ns . 15 - - 65 110 160
Output Fall Time tf ) ns
tf= (1.5 ns/pF) C_+ 25 ns 5.0 - - " 100 175 200
t¢ = (0.75 ns/pF) C + 125 ns 10 - - 50 75 100
tf = (0.55 ns/pF) C|_+9.5 ns ' 15 - - 37 55 80
Propagation Delay Time . PLH. ns
Reset to Decode Output PHL
tpLH.tPHL = (1.7.ns/pF) C_+ 415 ns ’ 5.0 - - 500 750 1000
tPLHAPHL = (0.66 ns/pF) Cy_+ 197 ns 10 - - 230 350 460
tPLH.tPHL = (0.5 ns/pF) C_ + 115'ns 15 - - 140 250 350
Propagation Delay Time tPLH, ns
Clock to Coyt PHL :
tPLH.tPHL = (1.7 ns/pF) C_ + 315 ns 5.0 - - 400 600 800
tPLHtPHL = (0.66 ns/pF) C_+ 117 ns 10 - - 150 250 350
tp HAPHL = (0.5 ns/pF) C|_+ 75 ns 15 - - 100 190 250
Propagation Delay Time PLH, ns
Clock to Decode Output PHL 5 7
PLH.PHL = (1.7 ns/pF) Cy +4156ns ’ 5.0 - - - 500 750 1000
tpLH.tPHL = {0.66 ns/pF) C|_+ 197 ns 10 - - 230 350 460
tpLH.tPHL = (0.5 ns/pF) Cf +116ns - 15 — - 140 250 350
Turn-Off Delay Time i PLH ' ns
Reset to Coy¢ . . . .
tpLH = (1.7 ns/pF) C_+315ns 5.0 - - 400 600 800
tpLH = {0.66 ns/pF) Ci_+ 117 ns 10 -~ - 150 - 250 350
tpyH = (0.5 ns/pF) C_+ 75 ns . 15 - - 100 190 250
Minimum Clock Pulse Width PW¢c 5.0 - - 100 200 250 ns
10 - - 42 70 100
, 15 - - 30 55 75
Maximum Clock Frequency PRF 5.0 25 20 5.0 - —_ MHz
10 7.0 5.0 12 - -
15 9.3 6.7 16 - -
Minimum Reset Pulse Width PWR 6.0 - - 200 330 500 ns
10 - 1 - 100 165 250
15 - - 75 126 190
Reset Removal Time . ‘ ' trem .| 5.0 - - 300 500 750 “ns
: - 10 - - 100 200 275
15 - - 80 150 210
Maximum Ciock input Rise and Fall Time tr,tf 5.0 - -
10 No Limit ’
R 15
Clock Enable Setup Time . tsetup 5.0 - - 175 300 700 ns
10 - - 7% 150 300
: 15 - - 52 115 226 .
Clock Enable Release Time ) i trel 50 | - - 260 405 700 ns
- 10 - - 100 200 300
15 - - 70 150 225
*The formula given is for the typical characteristics only.
@ MOTOROLA Semiconductor Products Inc.
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FIGURE 1 - TYPICAL OUTPUT SOURCE AND OUTPUT SINK CHARACTERISTICS
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QUTPUT OUTPUT
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FIGURE 2 — TYPICAL POWER DISSIPATION TEST CIRCUIT
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CL

APPLICATIONS INFORMATION

Figure 3 shows a technique for extending the number of decoded output states for the MC14017B. Decoded
outputs are sequential within each stage and from stage to stage, with no dead time {except propagation delay).

FIGURE 3 —~ COUNTER EXPANSION

R R R
o3 [oF C -
MC140178 MC140178B MC14017B
CE CE
00 Q1e ¢« «Q8 Q9 Q001+ ¢ « Q8 Q9 Q1 « » » Q8Q9
H— —— i—
—— 8 Decoded
9 Decoded 8 Decoded Outputs
Outputs Qutputs
Clock Py & —_——
First Stage Intermediate Stages Last Stage
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MC14017B

FIGURE 4 — AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS
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MOTOROLA

Semiconductors

BOX 20912, PHOENIX, ARIZONA 85036

MC14018B

PRESETTABLE DIVIDE-BY-N COUNTER

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

Presetting is accomplished by a logic 1 on the preset enable input.
Data on the Jam inputs wiil 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.

Division by any number from 2 to 10 can‘be accomplished by
connecting appropriate Q outputs to the data input, as shown in
the Function Selection table. Anti-lock gating is |nc|uded in the
MC140188B to assure proper counting sequence.

® Fully Static Operation .

® Medium Speed — 6.5 MHz typical @ 10 V

@ Schmitt Trigger on Clock Input

® Capable of Driving Two Low-Power TTL Loads One
Low-Power Schottky TTL Load or Two'HTL Loads

McMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

PRESETTABLE
DIVIDE:-BY-N COUNTER

'Over the Rated Temperature Range
¢ Pin-for-Pin Replacement for CD4018

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

ORDERING INFORMATION

MC14XXXB Suffix Denotes

E L Ceramic Package
P Plastic Package
A Extended Operating
Temperature Range
C Limited Operating
Témperature Range

FUNCTIONAL TRUTH TABLE

Preset Jam

Clock | Reset | Enable | Input Qn

MAXIMUM RATINGS (Voltages referenced to Vgg) 0 o X 8".

Rating Symbol Value Unit - ° 0 X Dn
DC Supply Valtage Voo -0.5t0 +18 Vdc X ° ! 0 !
Input Voltage, All Inputs Vin |-05t0 Vpp+ 05| Vdc X 0 ! ! °
DC Current Drain per Pin ] 10 mAdc x ! X X !
Operating Temperature Range — AL Device TA -55 to +125 °c . *Dp is the Data input for that stage. Stage 1 has

CL/CP Device -40 to +85 Data brought out to Pin 1.

Storage Temperature Range Tsig -65 to +150 oc

This device contains circuitry to protect the inputs against damage due to high
static voltages or electric fields; however, it is advised that normal precautions be
taken to avoid application of any voltage higher than maximum rated voltages to
this high impedance circuit. For proper operation it is recommended that V, and
Vgut be constrained to the range Vgg < {Vjn or Vout) < Vpp. -
-Unused inputs must always be tied to an appropriate logic voltage level (e.qg.,
either Vgg or Vpp).

BLOCK DIAGRAM

14 O~ Ciock Qi—o05
1 O— Data

15 O—— Reset 82 b—o04
10 0— PE

2 00— Jam 1 a3 -———-—06‘
3 O— Jarﬁ2

7 Oy Jam 3 Q4 b—o0 11
9 O——f Jam 4

12 00— Jam 5 Qs —o0 13

Vpp = Pin 16

Vgs =Pin 8
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MC14018B
ELECTRICAL CHARACTERISTICS )
Vop Tiow" 25°C T'.“J."'
Characteristic N Symbol Vde Min Max Min Typ Max Min Max Unit
Output Voltage "0 Level - VoL ' 5.0 - 0.05 - [} 005 | - 0.05 Vde
Vin=Vppor0 10 - 0.05 - 0 0.05 - 0.05
15 - *0.05 — 0 0.05 — 0.0
“1' Level VoH 5.0 495 - 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 | V)L . Vdc
(Vo =4.50r0.5 Vdc) 5.0 - 15 - 2.25 15 - 15
(Vo =9.0 0r 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0 '
(Vo =13.5 or 1.5 Vdc) 15 — 4.0 - 6.75 4.0 = 4.0
C "1 Level] VW
(Vo =0.5 or4.5 Vdc) 5.0 35 - 35 275 - 3.5 - Vdc
(Vo = 1.0 0r 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 -
(VoK = 4.6 Vdc) 5.0 -0.64 - -0.51 -0.88 - -0.36 —
(VoK = 9.5 Vdec) 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 - 036 - mAdc
(VoL = 0.5 Vdc) 10 16 - 13 225 - - 09 -
(VoL = 1.6 Vdc) 15 4.2 - 34 88 | - 24 -
Output Drive Current (CL/CP Device) IOH, mAde
(VOH = 2.5 Vdc) Source ) 5.0 -2.5 - -21 -4.2 - -1.7 -
(VoH = 4.6 Vdc) 5.0 -0.52 — -044 | -0.88 - -0.36 _
(VoH = 9.5 Vdc) 10 -13 - -1.1 b -2.25 - -0.9 -
(VoK = 13,5 Vdc) ' 15 -3.6 - -3.0 -8.8 - -2.4 -
(VoL = 0.4 Vdc) Sink oL 50 | 052 - 044 0.88 - 036 - mAdc
(VoL = 0.5 Vdc) 10 13 - 1.1 225 - 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 pAdc
Input Current {CL/CP Device) lin 15 T - +03 - +0.00001 f +0.3 - 1.0 “Adc
Input Capacitance - Cin — - - - 5.0 7.5 - - pF
(Vin =0) ) .
Quiescent Current (AL Device) DD 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 nAdc
{Per Package) 10 - 40 - 0.010 40 — 300
15 - 80 - 0.015 80 | -~ 600
Total Supply Current**t It 5.0 IT=1(0.3 sA/kH2) t+ |pp uAdc
{Dynamic plus Quiescent, 10 IT=10.7 kA/kH2) f + Ipp
Per Package) ) 15 IT=(1.0 pA/KH2) f+ IpD
(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.
#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 Vdec min @ Vpp = 10 Vdc
2.5 Vdec min @ Vpp = 15 Vdc
tTo calculate total supply current at loads other than 50 pF:
IT(CL) = IT(50 pF) + 1 x 10-3 (Cy_ -50) Vppf
where: T is in uA (per package), C_in pF, Vpp in Vdc, and f in kHz is mput frequency.
**The formulas given are for the typical characteristics only at 25 C.




MC14018B

SWITCHING CHARACTERISTICS* (C; =50 pF, T = 25°C)
Vb All Types
Characteristic Symbol Vdc Min Typ Max Unit
Qutput Rise and Fall Time tr, tf ns
tt5 = (1,35 ns/pF) C|_+ 32ns 5.0 - 100 200
te.t = (0.6 ns/pF) C_ + 20.ns 10 - 50 100
trtg =104 ns/pF) C + 20 ns 15 - 40 80
Propagation Delay Time tPLH, ns
Ciock to Q tPHL
tpLHAPHL = (0.90 ns/pF) Cy_ + 265 ns 5.0 - 310 620
tpLH.tPHL = (0.36 ns/pF) C + 102 ns 10 - "120 240
tPLHtPHL = (0.26 ns/pF) C_ + 72 ns 15 - 85 170
Reset to Q - ns
tpLH = (0.90 ns/pF) Cy + 325 ns 5.0 - 370 740
tpH = (0:36 ns/pF) C_+ 132 ns 10 - 160 300
tpLH = (0.26 ns/pF) C|_+ 81ns 15 - 100 200
Preset Enable to Q ns
tPLH tPHL = (0.90 ns/pF) C|_ + 326 ns 5.0 - 370 740
tPLH.tPHL = (0.36 ns/pF) C_ + 132 ns 10 - 150 300
tpLHtPHL = (0.26 ns/pF) C + 81 ns 15 - 100 200
Minimum Setup Time tsetup ns
Data {Pin 1) to Clock 5.0 - 0 200
10 - [} 100
15 - [ 80
Jam Inputs to Preset Enable 5.0 - 0 200 ns
10 - 0 100
15 - 0 80
Data (Jam Inputs)-to-Preset thold 5.0 - 270 540 ns
Enable Hold Time 10 - 250 500
. : 15 - 240 480
Minimum Clock Pulse Width PWc 50 - 200 400 ns
10 - 100 200
15 - 80 160
Minimum Reset or Preset Enable PWR, 5.0 - 145 290 ns
Pulse Width ' PWpE 10 - 65 130
15 - 55 110
Maximum Clock Rise and Fall Time tetf 5.0 . ns
10 No Limit
15
Maximum Clock Pulse Frequency PRF MHz
5.0 1.26 25 -
10 3.25 6.5 -
15 4.0 8.0 -

*The formulas given are for the typical characteristics only.

FIGURE 1 — SWITCHING TIME WAVEFORMS

Any Input

Any Output

o

re—20 ns

20%
50%
10%

PHL

Vpp

—
Vss

Vo

VoL

5-68

R — @ MOTOROLA Semiconductor Products Inc.




Preset Enable . r]

1
Jam 1 r
L.
1
Jam 2
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_ TIMING DIAGRAM Jam 3 Dantcas I" ] :
(QS Connected to Data input} \GJ::« ::;.‘ Enable '
Jam 4 j
o
1
Jam 5 J
o
1
a1

1
aa I
o
1
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9
FUNCTION SELECTION
Connect
Counter Data Input
Mode (Pin 1) to: Comments . LogGic
- - DIAGRAM

Divide by 10 [ol3)

Divide by & Ga No external 4

Divide by 6 a3 components needed.

Divide by 4 02

Divide by 2 T1 Jam 1 Jam 2 Jam 3 Jam 4 Jam 5

Divide by 9 Qs e Q4 Gate package 2 3 7 9 12

Divide by 7 Q4 ¢ Q3 | needed to provide

Divide by & Q3 e 02 AND function.

Divide by 3 G201 Counter Skips all

1's state
Ciock
Clock 14 © .
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MOTOROLA

Semiconductors

BOX 20912 , PHOENIX, ARIZONA 85036

MC140208

14-BIT BINARY COUNTER

The MC140208 14-stage binary counter is constructed with MOS
P-channel and N-channel enhancement mode devices in a single mon-
olithic structure. This part is designed with an input wave shaping
circuit and 14 stages of ripple-carry binary counter. The device
advances the count on the negative-going edge of the clock pulse.
Applications include time delay circuits, counter, controls, and fre-

. quency-dividing circuits.

Fully Static Operation

Quiescent Current =5.0 nA /package typical @ 5 Vde
Noise Immunity = 45% of Vpp typical

Diode Protection on All Inputs .

Supply Voltage Range = 3.0 Vdc.to 18 Vdc

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

McMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

14-BIT BINARY COUNTER

16
1

L SUFFIX

CASE 620

CERAMIC PACKAGE

16

P SUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

. . MC14XXXB Suffix Denotes
® Low input Capacitance = 5.0pF typical .
® Buffered Outputs Available from stages 1 and 4 thru 14 L Ceramic Package
P Plastic Package
® Common Reset Line A Extended Operating
. . — Temperature Range |
® 13 MHz Typical Counting Rate @ Vpp = 15V ¢ Limited Operating
® Pin-for-Pin Replacement for CD4020 - Temperature Range
MAXIMUM RATINGS (Voltages referenced to Vgg) .
Rating Symbol Value Unit TRUTH TABLE
DC Supply Voltage Vbbb ~0.5.t0 +18 Vde CLOCK RESET | OUTPUT STATE
Input Voltage, All Inputs Vin |-0.5toVpp +0.5{ , Vdc v 0 No Change
DC Current Drain per Pin ‘ | 10 mAdc -~ o Ad"a":t:t? next
Operating Temperature Range — AL Device TA -66 to +125 °c X 3 All Outputs are low
) CL/CP Device -40 to +85 : -
Storage Temperature Range ) Tstg -65 to +150 °c X = Don’t Care-
LOGIC DIAGRAM
Q1 Q4 Qs Q12 Qi3 Q14
’ 9 - I? Is 1 Tz ‘Ta
Clock 10 —dc o I ——dc ol4dc -—dCc a c a c a
c a c _ap—c l—-——dc a}—{c al—c
R P - R R R R R
- LT ] [ 1
11
Q6 = Pin 4 Q9 = Pin 12 Vpp = Pin 16
Q7 = Pin 6 Q10 = Pin 14 Vgg =Pin 8
Q8 = Pin 13 Q11 = Pin 15
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MC14020B
ELECTRICAL CHARACTERISTICS
] Vop 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 Vde
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 - 4.95 - Vde
Vin=0o0rVpp 10 9.95 - + 9.95 10 - 9.95 -
. 15 14.95 - 14.95 15 - 14.95 —
Input Voltage® "0 Level | VL ‘ i Vdc
(Vo =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 =13.5 0or 1.5 Vdc) 15 — 4.0 - 6.75 4.0 - 4.0
- "1 Level| ViR
(Vo = 0.5 or 4.5 Vdc) ) 5.0 '35 - 35 275 - 35 - vde
(Vo =1.0 or 9.0 Vdc} . 10 7.0 - 7.0 5.50 - 7.0 -
(Vo = 1.5 0r 13.5 Vdc) 15 11.0 - 11.0 8.26 - 11.0 -
Qutput Drive Current {AL Device) I1oH i mAdc
(VOH = 2.5 Vdc) Source 50 | -1.2 - -10 | -1.7 - -0.7 -
(VoK = 4.6 Vdc) ‘ 50 |-0.25 - -02 | -0.36 - -0.14 -
{(VOH = 9.5 Vdc) ’ 10 -0.62 - -0.5 -0.9 - -0.35 -
(VoH = 13.5 Vdc) 15 -1.8 — -1.5 -3.5 - -1.1 -
(VoL =04 Vde) Sink - oL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc
{Vor = 0.5 'Vdc) 10 .| 16 - 1.3 2.25 - 09 -
(Vop = 15 vdc) 15 4.2 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) oM . mAdc
(VQH = 2.5 Vdc) Source 5.0 ~1.0 - -0.8 -1.7 - -06 -
(VQH = 4.6 Vdc) . 5.0 -0.2 . -0.16 -0.36 - -0.12 - A
(VoH = 9.5 Vdc) 10 -05 - -04 -0.9 - -0.3 -
(VoH = 13.5 Vdc) 15 -1.4 - -1.2 ~3.5 — -1.0 -
(VoL = 0.4 Vdc) Sink oL 5.0 0.52 - 044 | 088 - 0.36- - mAdc
(VoL = 0.6 Vdc} . 10 13 - 141 2.25 - 09 -
(VoL = 1.5 Vdc) 1 15 36 - 30 | 88 - 24 -
Input Current (AL Device) - in 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 7.5 - - pF
(Vin =0) . .
Quiescent Current (AL Device) 'pb 5.0 - 5.0 - 0.005 5.0 - 150 uAdc
(Per Package) . - 10 C—- 1Q - 0.010 10 - 300
15 - 20 = 0.015 20 - 1 600
Quiescent Current (CL/CP Device) Ipp 5.0 - 20 - 0.005 20 - 150 rAdc,_
{Per Package) . 10 - 40 - 0.010 40 - 300
15 -~ 80 . 0.015 80 - .| eo00
Total Supply Current®*1 IT 5.0 ) l-r ={0.42 pA/kHz) f + Ipp rAdc
{Dynamic plus Quiescent, 10 LI ={0.85 nA/kHz) t + Ipp
Per Package) 15 ’ 'T,T (1.43 vA/kH2) t + IDD
{Cy =50 pF on all outputs, all
buffers switching}
*T)ow = -55°C for AL Device, -40°C for CL/CP Device. b ‘
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 Vde
2.5 Vdc min @ Vpp = 15 Vdc
1To calculate total supply current at loads other than-50 pF:
Ir(CL) = IT(50 pF) + 1 x 10-3 {Cy -50) Vppf
“where: IT is in uA {per package), Cy_in pF, Vpp in Vdc, and f in kHz is mput frequency.
**The formulas given are for the typical characteristics only at 25°C. -
‘ This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad-
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im-
pedance circuit. For proper operation it is recommended that Vi, and V¢ be constrained to the range Vss < (Vijy or Vout)
<Vpp.
Unused inputs must always be tied to an appropriate logic voltage leve! {e.g., either Vssor Vppl.

@ MOTOROLA Semiconductor Products Inc.

5-61



MC14020B

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

. Min Max
Vpp AL cL/cp Typ AL CcL/CcP |
Characteristic _ | Symbol Vde Device | Device | Al Types| Device | Device Unit
Output Rise Time tr o ns
te= (3.0 ns/pF} C_ +30 ns 5.0 - - 180 350 400
tr= (1.5 ns/pF) Ci_ +15 ns 10 - L= 90 150 200
ty= (1.1 ns/pF) C|_ +10 ns 15 — - 65 110 160
Output Fall Time tf ns
t§ = {1.5 ns/pF} C_+25 ns 5.0 - - 100 175 200
tf={0.75 ns/pF) Cy_+12.5 ns 10 - - 50 75 100
= (0.55 ns/pF) C_+9.6 ns 15 - - 37 55 80
Propagation Delay Time PLH. ns
Clock to Q1. tPPHL
tPHL. tPLH = (1.7 ns/pF) C|_ + 315 ns 5.0 - - 400 600 750
tPHL. tPLH = (0.66 ns/pF) C_ + 137 ns 10 - - 170 255 300
tPHL. tPLH = (0.5 ns/pF) C_+ 95 ns 15 - - 120 180 230
Clock to Q14 us
tPHL, tPLH = (1.7 ns/pF) C_ + 2715 ns 5.0 - - 2.8 56 8.4
tpHL, tPLH = (0.66 ns/pF) C|_+ 967 ns 10 - — 1.0 2.0 3.0
tPHL., tPLH = (0.5 ns/pF) C|_+ 575 ns 15 - - 0.6 1.5 25
Propagation-Delay Time PHL ns
Reset to Qp,
tpHL = (1.7 ns/pF) C_ + 510 ns 5.0 — - 595 3000 3500
tpH = (0.66 ns/pF) C|_+ 197 ns 10 - - 230 775 900
tpHL = (0.5 ns/pF) C|_+ 155 ns 15 - - 180 580 680
Minimum Clock Pulse Width N PW¢ 5.0 - - 140 335 500 ns
10 - - 55 125 165
15 — - 38 95 125
Maximum Clock Pulse Frequency PRF 5.0 1.5 10 | 35 | - - MHz
10 4.0 3.0 9.0 - -
15 5.0 4.0 13 — -
Maximum Clock Rise and Fall Time e, tf 5.0 No No - - — -
10 Limit | Limit - - -
15 = — —
Minimum Reset Pulse Width ' PWR 5.0 - - 320 2500 3000 ns
10 - - 120 475 |- 550
15 - - 80 356 420

*The formula given is for the typical characteristics only.

FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND

WAVEFORM

500 uF 7

Puise 0
Generator
20 ns =20 ns
90
Clock 50;{:
10% K Vgs

50% Duty Cycle

FIGURE 2 — SWITCHING TIME. TEST CIRCUIT AND

WAVEFORMS

Pulse
Generator

Clock
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mMc140208

FIGURE 3 — TIMING DIAGRAM
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MOTOROLA
Semiconductors

BOX 20912 4 PHOENIX, ARIZONA 85036

8-BIT STATIC SHIFT REGISTER

The MC14014B and MC14021B 8-bit static shift registers are
constructed with MOS P-channel and N-channel enhancement mode
devices in a single monolithic structure. These shift registers find
primary use in parallel-to-serial data conversion, synchronous and
asynchronous parallel input, serial output data queueing; and other
general purpose register applications requiring low power and/or
high noise immunity.
©® Quiescent Current =5.0 nA/package typical @ 5 Vdc
Synchronous Parallel Input/Serial Output {(MC140148)
Asynchronous Parallel Input/Serial Qutput (MC14021B)
Synchronous Serial Input/Serial Output
Fuli Static Operation from DC to 7.0 MHz
“Q’" Outputs from Sixth, Seventh, and Eighth Stages
Double Diode Input Protection
Supply Voltage Range = 3.0 Vdc to 18 Vdc
Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load to Two HTL Loads Over the Rated Temper-
ature Range.

MC14014B:Pin~for-Pin Replacement for CD4014
® MC14021B Pin-for-Pin Replacement for CD4021

‘MC140218

FOR COMPLETE DATA
SEE MC140148

McMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

8-BIT STATIC SHIFT REGISTER

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

ORDERING INFORMATION
MC14XXX8B

Suffix Denotes
L L Ceramic Package
P Plastic Package
A Extended Operating
Temperature Range
C Limited Operating
Temperature Range

TRUTH TABLE

SERIAL OPERATION:

Qé Q7 Q8
t |CLOCK|Dg|P/S|{ t=n+6]|t=n+7|t=n+8
! n /|0 o] 4] ? ?
1| s~ |[1]0 1 [\ ?
S/ [+] 1 (o]
MAXIMUM RATINGS (Voltages referenced to Vgg) L 2:5 - ? g 1 0 1
” Rating Symbol Value Unit ~_ | X] o Q6 Q7 Qs
D ly Volt v -0.51t0 +18 Vdc
C Supply Volsege oD 1 PARALLEL OPERATION:
Input Voltage, All Inputs Vin |-0.5t vpp +.0.5 Vde ook T o TR 3
DC Current Drain per Pin K - 10 mAdc xs e c:“ 0’“
Operating Temperature Range — AL Device TaA -55 to +125 oc —‘_/_ X 1 1 1
CL/CP Device . -40 10 +85 . *Q6, Q7, & Q8 are available externally
Storage Temperature Range : Tstg -65 to +150 °c X = Don‘t Care
LOGIC DIAGRAM
P1 P2 Pz P& f7 . pg
Q7 06 5 Q14 015 ‘01

w1 T

1 .
DSO-—{>°—D°———D ab—p ae}—o of---—bp of—0 9 o
c c c [+ c & c a
10,
CIocko—D= -—
Vpp=Pin16 P4=Pin4
Vgs=Pin8  P5=Pin13 2 12 3
a6 a7 as
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MOTOROLA
Semiconductors

BOX 20912 . PHOENIX, ARIZONA 85036

MC14022B

OCTAL COUNTER/DRIVER

The MC14022B is a four-stage Johnson octal counter with built-in
code converter, High-speed operation and spike-free outputs are ob-
tained by use of a Johnson octal counter design. The eight decoded
outputs are normaily low, and go high only at their appropriate octal
time period. The output changes occur on the positive-going edge of
the clock pulse. This part can be used in frequency division appli-
cations as well as octal counter or octal decode display applications.
Fully Static Operation
DC Ciock Input Circuit Allows Slow Rise Times
Carry Out Output for Cascading
12 MHz (typical) Operation @ Vpp = 10 Vdc
Divide-by-N Counting .

Quiescent Current = 5.0 nA/package Typical @ 5 Vdc

Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

® Pin-for-Pin Reptacement for CD4022

McMOS MSI

(LOW-POWER COMPLEMENTARY MOS)
OCTAL COUNTER/DIVIDER

MAXIMUM RATINGS (Voltages referenced to Vgg)

Value Unit

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

ORDERING INFORMATION

MC14XXX8B Suffix Denotes

: E L Ceramic Package
P Plastic Package
A Extended Operating
Temperature Range
C Limited Operating

Rating Symbol
DC Supply Voltage Vpo ~0.51t0 +18 Vdc
Temperature Range
Input Voltage, Al Inputs Vin |-05toVpp+ 05| Vde
DC Current Drain per Pin ) | 10 mAdc FUNCTIONAL TI;lUTH TABLE
Operating Temperature' Range — AL Device Ta -55 to +1256 oc (Positive Logic)
CL/CP Device : -40 1o +85 o8
Storage Temperature Range Tstg -65.to +150 oc CLOCK
CLOCK ENABLE RESET | OUTPUT =n
o X [+] n
X 1 [»] n
e [¢] [¢] n+1
. ~— X 0 n
LOGIC DIAGRAM 1 . o, n+1
. X - [¢] n
. 1 1 5 7 X X 1 Qo
Q4 Qi1 Qé Q3 X = Don’t Care If n< 4 Carry = 1, Otherwise = 0
Clock . .
14 _
13 BLOCK DIAGRAM
Clock vpp |llic ag|lc e}filic q
Enable c c _|l{de _ Clock 14 o] Qof—o 2
v P23} o] Qifl—o 1
15 s Ir Q2f—o 3
g ) 5
Reset - D_ Ciock 23 7
. Enable 13 @ ° n
. Qs+—0 4
ast—o s
R 15 a7l—o 10
b eset ° Cout |—o0 12
Vpp = Pin 16

Vgg =Pin8
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MC14022B

ELECTRICAL CHARACTERISTICS

Vpp Tiow" 25°C Thigh*
Characteristic Symbol Vde Min Max Min | Typ Max Min Max Unit
Output Voltage 0" Level VoL 5.0 - 0.05 - 4] 0.05 - 0.05 Vdc
Vin=Vppor0 © 10 - 0.05 - 0 0.058 - 0.05
15 - 0.05 -~ 0 0.05 — 0.05
1" Level VoH 5.0 495 - 495 5.0 - 4.95 - Vdc
Vin=00rVpp 10 9.95 - 995 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 - 2:25 18 - 15
(Vo =9.0 or 1.0 Vdc) 10 - 3.0 - 450 3.0 - 3.0
(Vo =1350r 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 or 9.0 Vdc) 10 70 - 7.0 6.50 - 7.0 -
Vo = 1.5 0r 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -
Output Drive Current (AL Device) 10H mAdc
(VoH = 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - ~0.7 -
{(VOH = 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 - -0.14 -
{(VoH = 9.5 Vdc) 10 -0 62 - ~0.5 ~0.9 - -0.35 -
{VoH = 13.5 Vdc) 15 -1.8 - -1.5 -3.5 - -1.1 -
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc
(Vor = 0.5 Vdc) 10 16 - 13 225 - 0.9 -
VoL = 1.5 Vdc) 15 42 - 3.4 8.8 - 24 -
Qutput Drive Current (CL/CP Device) 1oH mAdc
(VoH = 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -
(Von = 4.6 Vdc) 5.0 -0.2 - -0.16 { -0.36 - -0.12 -
(Vo =9.5 Vdc) 10 -05 - 04 | -09 - -0.3 -
(Von = 13.5 Vdc) 15 -14 - ~1.2 —-3.5 - -1.0 -
(Vor = 0.4 Vdc) Sink foL 5.0 052 - 044 0.88 - 036 { - mAde
(Vo = 0.5 Vdc) 10 1.3 - 1.1 2,256 - 09 -
{(Vor = 1.5 Vdc) ’ 15 3.6 - 3.0 88 | - 24 -
Input Current (AL Device) lin 15 - +0.1 ~  }*0.00001 | +0.1 — £1.0 usAdc
input Current (CL/CP Device) tin 15 - +03 - +0.00001| +0.3 - 1.0 pAde
Input Capacitance Cin - - - — 5.0 75 - - - pF
(Vin=0) : .
Quiescent Current (AL Device) DD 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 rAdc
{Per Package) 10 - 40 = 0.010 40 - 300
15 = 80 = 0.015 80 — 600
Total Supply Current**t . IT 5.0 . 17 =(0.28 uA/kH2) f + Ipp uAdc
{Dynamic plus Quiescent, 10 . IT = (0.56 uA/kHz2) f+ Ipp
Per Package) 1B 1T = {0.85 uA/kHz2) f +:1DD
(Cy =50 pF on all outputs, all ’ ’ .
buffers switching)

*Tiow = -55°C for AL Device, -40°C for CL/CP Device.
Thigh = +125°C for AL Device, +85°€C for CL/CP Device.
=Noise immunity specified for worst-case input combination.
Noise Margin for both "1 and "“0'" level = 1.0 Vdc min @ Vpp =5.0 Vde
2.0 Vdc min @ Vpp =10 Vdc
2.5 Vdc min @ Vpp = 15 Vde
1To calculate total supply current at loads other than 50 pF:
iT(CL) = IT(50 pF) + 1.25 x 10~3 (C|_ —50) Vppf
where: | is in uA (per package), Cy_in pF, Vpp in Vdc, and fin kHz is input frequency.
**The formulas given are for the typical characteristics only at 256°C.

This device contains circuitry to protect the inputs -against damage due to high static voltages or electric fields; however, it is ad-
vised that normal precautions be taken to avoid application of any voitage higher than maxumum rated voitages to this high im-
pedance circuit. For proper operation it is recommended that Vi, and Vout be constrained to'the range' Vgs < (Vin or Vout!
< Vpp.

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

MOTOROLA Semiconductor Products lné.
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MC14022B

SWITCHING CHARACTERISTICS* (C|_ =50 pF, T4 = 25°C)

Min Max
Voo AL cL/cP Typ AL cL/cp
Characteristic Symbol § Vdc Device | Device | All Types | Device | Device Unit
Output Rise Time 1 ns
ty = (3.0 ns/pF) C_ + 30 ns 5.0 - - 180 350 400
ty = (1.5 ns/pF) C_ + 15 ns 10 - - 90 150 200
ty = (1.1 ns/pF) C|_+ 10 ns 15 - — 65 110 160
Qutput Fall Time tf ns
tf = (1.6 ns/pF) C_+ 25 ns 5.0 - - 100 176 ' 200
tf = (0.75 ns/pF) C_ + 125 ns 10 - - 50 75 100
tf = (0.55 ns/pF) C|_+ 9.5 ns 15 - - 37 55 80
Propagation Delay Time PLH. ns
Reset to Decode Output PHL
PLHPHL = (1.7 ns/pF) C_ + 415 ns 5.0 - - 500 750 1000
tPLH.tPHL = (0.66 ns/pF) Ci_+ 197 ns 10 - - 230 350 460
tpLH.tPHL = (0.5 ns/pF) C_ + 115 ns 15 - - 140 250 350
Propagation Delay Time tPLH. ns
Clock to Cqyt PHL
tPLHAPHL = (1.7 ns/pF) Cy_+ 315 ns | s0 - - 400 600 800
tpLH.tPHL = (0.66 ns/pF) C| + 117 ns 10 - - 150 250 350
tpH.tPHL = (0.5 ns/pF) C|_+ 75 ns 15 - - 100 190 260
Propagation Delay Time PLH. - NS
Clack to Decode Output PHL
PLHPHL = (1.7 ns/pF) CpL +416ns 5.0 - - 500 750 1000
tPLH.PHL = (0.66 ns/pF) Cy_ + 197 ns 10 - - 230 350 460
tpL H.tpHL = (0.5 ns/pF) Ci_+ 115 ns 15 - — 140 250 350
Turn-Off Delay Time PLH ns
Reset to Coyt
tpLH = (1.7 ns/pF} C_ +315 ns 5.0 - - 400 600 800
tpLH = (0.66 ns/pF) C_ + 117 ns 10 - - 150 250 350
tpLH = (0.5 ns/pF) C_ + 75 ns 15 - - 100 190 250 |
Minimum Clock Puise Width PW¢ 5.0 - - 100 200 250 s
10 - - 42 70 100
15 - - 30 55 75 |
Maximum Clock Frequency PRF 5.0 25 2.0 5.0 = - MHz
10 7.0 5.0 12 - -
. 15 9.3 67 | 16 - -
Minimum Reset Pulse Width PWg 5.0 - - 200 330 500 ns
10 - - 100 165 250
15 - - 75 125 190
Reset Removal Time trem 5.0 - - 300 500 750 ns
10 - - 100 200 275
15 - - 80 150 210
Maximum Clock Input Rise and Fall Time tr.tf 5.0 -
10 No Limit
3 15 .
Clock Enable Setup Time tsetup 5.0 - - 175 300 700 ns
10 - - 75 150 300
15 - - 52 115 225
Clock Enable Release Time rel 5.0 - p 260 405 700 ns
10 - - 100 200 300
15 - - 70 150 225

*The formula given is for the typical characteristics only.

@ MOTOROLA Semiconductor Products Inc.
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Vop FIGURE 1 —~ TYPICAL OUTPUT SOURCE AND OUTPUT SINK
$ CHARACTERISTICS TEST CIRCUIT
Q Vout
Vss Clock Q0 O~ . ) : .
Enableqil—o0 N\ : Output Output
Vob A Q22— — | Sink Drive | Source Drive
a3p—o Clock to desired
——0—— Resat Q4.}—0 Output
s1 as G[D .| outputs | s1104) (S1 10 B)
Vss 8 - | Clock o Q5
as ° Carry thru Q7 S1t0 A
Q7}—o (S1 to B)
— C'“kc —° vVgs = Vob -Vpop
_J'_L- bl External Vps = Vout Vout VDD
) Power
s Supply
Voo FIGURE 2 — TYPICAL POWER DISSIPATION
T TEST CIRCUIT
500 uF 7N @ ‘L gﬁ:g;

\ Qo |—o0—
Q1 —o

——O——{ Clock Enable Q2 [—O-
: Q3 —o-

. . Q4 f—0—

p—O———1 Reset Qs —oO

" a6 —o—

f Q7 f—Oo0——
Gamerator [T —O{Clo%k  couefo—

FRCL ARCLFRCLARCL ZRCL FRCL 7RCL

A}
7
[¢]
=
Y
[+)
~

Vss

il

) APPLICATIONS INFORMATION
Figure 3 shows a technique for extending the number of decoded output states for the
MC14022B. Decoded outputs are sequential within each stage and from stage to stage, with no
dead time (except propagation delay)

FIGURE 3 — COUNTER EXPANSION

R ) R : R
[+ X [+ [
MC140228 MC140228 MC140228B
CE : CE
Q0. Qle ¢ Q8 Q7 Q0Q1e o ¢« Q6 Q7 Q1 ¢ » ¢« Q607
HA L
6 Decoded
7 Decoded , 6 Decoded Outputs
Qutputs Qutputs .
Clock N < ——— —
First Stage intermediate Stages Last Stage
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MOTOROLA © Mc14023
Semiconductors || MC14023B

BOX 20912, PHOENIX, ARIZONA 85036

TRIPLE 3-INPUT “NAND” GATE McMOS SSI

The MC14023 and MC14023B are constructed with P and N channel . (LOW-POWER COMPLEMENTARY MOS)
enhancement mode devices in a single monolithic structure (Comple-
mentary MOS). Their primary use is where low power dissipation - TRIPLE 3-INPUT “NAND" GATE

and/or high noise immunity is desired.

® Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc . )
® Noise Immunity = 45% of Vpp typ .
® Supply Voitage Range = 3.0 Vdc to 18 Vdc . )
® All Outputs Buffered (MC14023B only) i %
® Capable of Driving Two Low-power TTL Loads, One Low-power
: L SUFFIX P SUFFIX
Schottky TTL Load or Two HTL Loads Over the Rated Temper- CERAMIC PACKAGE  PLASTIC PACKAGE
ature Range. (MC14023B only) CASE 632 CASE 646
® Double Diode Protection on All Inputs ORDERING INFORMATION
Pin-for-Pin Replacements for CD4023A and CD4023B ME1AXXXZ p - Suffix - Denotes
L Ceramic Package -
Delete for P Plastic Package
Non-B Device A Extended Operating

MAXIMUM RATINGS (Voltages referenced to Vgg) Temperature Range

" . C Limited Operating

R Rating Symbol Value Unit Temperature Range
DC Supply Voltage Vbp -051t0 +18 Vdc | ’
Input Voltage, All Inputs Vin -0.5t0 Vpp +0.5 Vdc
DC Current Drain per Pin i 10 mAdc LOGIC DIAGRAM

Operating Temperature Range -- AL Device Ta -551t0+125 °c

. 1
CL/CP Device 40 10 +85 2%}— 9 -
Storage Temperature Range Tstg -65 to +150 °c 8

Vpp = Pin 14

Vgs = Pin 7
\Y v
MC14023 o @ 14 CIRCUIT SCHEMATICS _ DD MC140238
(1/3 of Device Shown) Jd .
F_] Fl :} 0 6,9,10 2,4,12 IJ
| 13,11 o—-o—-——l 140V
51,110 DD
Vss 1
.
| " Vobp :'
4,2,12 0~ :] : .ﬁ v
}-49,6,10
J 85,13 o——Ej— LIIL!
3,8,13 a ,
vgs ©7 Vss ' 79Vss
This device contains circuitry to protect the inputs against damage due operation it is recommended that V;, and Vg be constrained to the
to high static voltages or electric fields; however, it is advised that nor- range Vgg < (Vin or Vout) S Vpp- .
mal precautions be taken to avoid application of any voltage higher than Unused inputs must always be tied to an appropriate logic voltage level
maximum rated voltages to this high impedance circuit. For proper (e.g., either Vgg or Vpp).

'5-70




MOTOROLA
Semiconductors MC14024B

. BOX 20912+ PHOENIX, ARIZONA 85036
McMOS SSI
SEVEN STAGE RIPPLE COUNTER (LOW-POWER COMPLEMENTARY MOS)
The MC14024B is a seven stage ripple counter with short propa-
gation delays and high maximum clock rates. The Reset input has SEVEN STAGE
standard noise immunity (typically 45% of Vpp), however the
Clock input has a typical noise immunity of 70% of Vpp with no "RIPPLE COUNTER

maximum Clock input rise or fall time. The output of each counter
stage is buffered.

Quiescent Current =5.0 nA/package typical @ 5 Vdc

Noise Immunity = 45% of Vpp typical

Diode Protection on All Inputs

Output Transitions Occur on the Falling Edge of the Clock Pulse
8-MHz Operation @ Vpp = 10 Vdc typical

Exceedingly Slow Input Transition Rates may be Applied to the .
Clock Input L SUFFIX P SUFFIX
Supply Voltage Range = 3.0 Vdc to 18 Vdc : CERAMIC PACKAGE PLASTIC PACKAGE

Capable of Driving Two Low-power TTL Loads, One Low-power CASE 632 CASE 646
Schottky TTL Load or Two HTL Loads Over the Rated Temper-
ature Range

® Pin-for-Pin Replacement for CD4024 MC14XXXB Suffix Denotes

E L Ceramic Package
P Plastic Package

ORDERING INFORMATION

A Extended dperating

MAXIMUM RATINGS (Voltages referenced to Vgg) : Temperature Range
Rating Symbol Value Unit C Limited Operating
Temperature Range

DC Supply Voltage Vop -0.5to +18 Vdc

{nput Voltage, All Inputs Vin -0.5t0 Vpp + 0.5 Vdc

DC Current Drain per Pin | 10 mAdc

Operating Temperature Range — AL Device Ta -55 to +125 oc

. CL/CP Device -40 to +85
Storage Temperature Range Tstg -65 to +160 °c
PIN ASSIGNMENT

LOGIC DIAGRAM

NS

' k1 - - 1] Clock  vpp[—114
ci ¢ af—c al--Hc  o}—

¢ ¢ ‘ 1° ° 2] Reset  nNC[=T13

. 3] Q7 Q112

4 a6 ez

R & R @ P R a sc—jas ~  Nc[—10

2 _I 6] Q4 Q3 9o

Reset ad -
K 70—} Vss NC[TT) 8

Vpp =Pin 14
Vgg =Pin 7

12 1 4 3 N .
a1 Q2 a6 a7 NC = No Connection
Q3 =Ping
" Q4=Pin6
Q5 =Pin5
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MC14024B

ELECTRICAL CHARACTERISTICS

Vob 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 Vde
Vin - Vppor 0 10 - 0.05 - 0 0.05 - 0.05
. 15 — 0.05 — 0 0.05 — 0.05
1" Level VOH 50 4.95 - 495 - 5.0 - 4.95 - 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 - 2.25 15 - 15
(Vg =9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vg = 13.5 or 1.5 Vde) 15 — 4.0 — 6.75 4.0 — 4.0
“1" Level| VIH
(Vg =05 0r 4.5 Vdc) 5.0 35 - 35 2.75 - 35 | - Vde
(Vg = 1.0 or 9.0 Vdc) 10 .70 - 7.0 5.50 - 7.0 -
(Vo =150r135 Vde) * 15 11.0 - 11.0 8.25 - 11.0 -
Output Drive Current (AL Device) 10H mAdc
(VoH = 2.5 Vdc) Source 6.0 -1.2 - -1.0 -1.7 - -0.7 -
(VoH = 4.6 Vdc) 6.0 ~0.25 - -0.2 -0.36 - -0.14 -
(VoH =9.5 Vdc) 10 -0.62 - -0.5 -0.9 - -0.35 -
{(VoH = 13.6 Vdc) - 15 - ~1.8 - -1.5 -35 - -1.1 -
{VoL = 0.4 Vdc) Sink oL 5.0 0.64 - 0.51 0.88 — 0.36 - mAde
(VoL = 0.5 Vdc) 10 16 - 13 2.26 - 0.9 - )
(VoL =15 Vdc) ; 15 42 - 3.4 8.8 - 24 -
Output Drive Current {CL/CP Device) lon | - 7 mAdc
(VOH = 2.5 Vdc) Source 5.0 ~1.0 - -0.8 -1.7 - -0.6 -
(VoH = 4.6 Vdc) 50 | -0.2 - -0.16 | -0.36 - -0.42 | -~
(Vou = 9.5 Vde) 10 -05 - -04 | -09 - -03 -
{VoH = 135 Vdc) 15 -1.4 - -1.2 -3.5 - -1.0 ° -
(VoL = 0.4 Vdc} Sink loL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 13 - 1.1 2.25 - 09 -
(Vor = 1.5 Vdc) 15 3.6 . 3.0 88 - 24
Input Current {AL Device} lin . 15 - N —  -[20.00001{ £0.1 - 1.0 MAdC
Input Current (CL./CP Device) lin 15 - +03 — +0.00001 [ 0.3 - 1.0 uAdc
input Capacitance Cin — - - 5.0 7.5 - - pF
{Vin = 0) ‘ .
Quiescent Current (AL Device) DD 5.0 - 5.0 - 0.005 5.0 - 150 HAdc
{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 - -0.0156. 80 - 600
Total Supply Current** 1 IT 5.0 17 =(0.31. uA/kHz) f + IpD uAdc
{Dynamic plus Quiescent, 10 IT =(0.60 uA/kHz).f+ Ipp '
Per Package) . 15 I =(0.89 uA/kHz) f+ DD
(C = 50 pF on all outputs, all
buffers switching)

*Tiow = -B5°C for AL -Device, 40°C for CL/CP Device.

Thigh = +126°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 Vdec min @ Vpp =5.0 Vdc
2.0 Vde min @ Vpp = 10 Vde
2.5 Vdemin @ Vpp = 15 Vdc

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

IT(CL) = 17(50 pF) + 1 x 10-3 (C -50) Vppf )

where: |7 is in uA (per package), C_in pF, Vpp in Vdc, and f in kHz is input frequency.
**The formulas given are for the typical ‘characteristics only at 25°C.

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad-
- vised that normal precautions be taken to avoid application of any voitage higher than maximum rated volitages to this high im-
"pedance circuit. For proper operation it is recommended that Vin. and Vot be constrained to the range Vgs < (Vi or Vgl

< Vpp.

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

@ MOTOROLA Semiconductor Products Inc.
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MC14024B
SWITCHING CHARACTERISTICS* (C{ =50pF, Ta = 25°C)
] ~Min Max
AL cL/cp Typ AL cL/cp
Charactaeristic Symbol | Vpp | Device | Device | All Types | Device | Davice Unit R
Output Rise Time t ‘ ns
t; = (3.0 ns/pF) Cp_+ 30 ns . 5.0 - - 180 350 400
tr = (1.5ns/pF) C_+ 15 ns 10 - - 90 150 200
te= (1.1 ns/pF) C + 10ns 15 T - - 65 '} 110 160
Output Fall Time ’ t ns
t¢ = (1.5 ns/pF) Cy + 25 ns 5.0 - - 100 175 200
t¢ = (0.76 ns/pF)} C_+ 125 ns 10 - - 50 75 100
-t¢ = (0.56 ns/pF) C_+9.5 ns ) 16 - - 37 55 80
Propagation Delay Time tPLH. o ns
Clock to Q1 tPHL )
tPLH. tPHL = (1.7 ns/pF) Cy_ + 295 ns 5.0 - | - 380 490 600
tPLH. tpHL = (0.66 ns/pF) C_+ 117 ns 10 - - 150 195 230
tPLH. tPHL = (0.5 ns/pF) C|_+ 85 ns 15 - - 110 150 178
Clock to Q7
tPLH, tPHL = (1.7 ns/pF) C + 915 ns 5.0 - - 1000 2000 | 3000
tpLH. tpHL = (0.66 ns/pF) Cy_+ 367 ns 10 - - 400 545 760
tpLH. tpHL = (0.5 ns/pF) CL + 275 ns . 15 - - 300 410 566
Reset to Qp, '
tpLH. tpHL = (1.7 ns/pF) Cy_+ 415 ns 5.0 = - 500 700 800 )
tpLH. tpHL = (0.66 ns/pF) C_+ 217 ns ’ 10 - - 250 350 - 400 N
tPLH. tPHL = (0.5 ns/pF) Cy_+ 155 ns 15 - - 180 260 30 | .. ) 5
Minimum Clock Pulse Width PW¢ 5.0 - - 200 330 500 ns :
10 - - 60 125 | 166
15 - - 40 95 126
| Minimum Reset Pulse Width N PWR 5.0 - - 376 500 600 ns
: 10 - - 200 300 350
15 - - 150 . 226 260
Reset Removal Time 1 trem 5.0 - - 250 375 626 . ns
’ 10 - - 75 110 190 :
16 - - 50. 85 145
Maximum Clock Input Rise and Fall Times tr, tf 5.0 No No - —_ - -
. 10 Limit Limit - .- -
o/ 18 - - -
Maximum input Pulse Frequency fmax 5.0 15 10 25 - - MHz
10 4.0 3.0 8.0 - -
, 15 5.3 4.0 12 - -
*The formula given is for the typical characteristics only.
TRUTH TABLE
CLOCK RESET ) STATE
) [ No Change
0 - 1 All Qutputs Low
1 1] No Change
1 1 All Outputs Low
' . 1] No Change
— 1 Al Outputs Low b
TN 0 Advance One Count
TN 1 Al Outputs Low

. @ MOTOROLA Semiconductor Products Inc.
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MC14024B

FIGURE 1 — TYPICAL OUTPUT SOURCE
CHARACTERISTICS TEST CIRCUIT

FIGURE 2 ~ TYPICAL OUTPUT SINK
CHARACTERISTICS TEST CIRCUIT

Vob Vot = Vout
Voo
c Qn
R 1oH
External
CountQptoa Vss ;ow‘:r
logic “'1° level. =+ upply

Vpo VOH = Vout
C Qp
R ‘oL
External
Vss Power
Supply

FIGURE 3 — POWER DISSIPATION TEST CIRCUIT
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MOTOROLA ~ MC14025
Semiconductors || MC14025B

BOX 20912 . PHOENIX, ARIZONA 85036

TRIPLE 3-INPUT “NOR" GATE 1 McMoOS sSI
The MC14025 and MC14025B are constructed with P and N channel (LOW-POWER COMPLEMENTARY MOS)
enhancement mode devices in a single monolithic structure (Comple-
mentary MOS). Their primary use is where low power dissipation “TRIPLE 3-INPUT “NOR"” GATE

and/or high noise immunity is desired.

® Quiescent Current =.0.5 nA typ/pkg @ 5 Vdc

® Noise Immunity = 45% of Vpp typ ’ .

L] _Supply Voltage Range = 3.0 Vdc to 18 Vdc - ( .

® All Outputs Buffered (MC140258 only)- et ¥y

® Capable of Driving Two Low-power TTL Loads, One Low-power L SUFFIX ’ P SUFFIX
Schottky TTL Load or Two HTL Loads Over the Rated Temper- CERAMIC PACKAGE PLASTIC PACKAGE
ature Range. (MC14025B only) CASE 632 CASE 646

"® Double Diode Protection on All Inputs ORDERING INFORMATION

MC14XX X8 Suffix Denotes

® Pin-for-Pin Replacements for CD4025A and CD40258 .
. E L -Ceramic Package
P Plastic Package

Delete for.
. - Non-B Device A Extended Operating
MAXIMUM RATINGS (Voltages referenced to Vgg) = . . Temperature Range
N " . —— C Limited Operating
K Rating . Symbol Value Unit Temperature Range
DC Supply Voltage VpD -0.51t0 +18 Vdc
Input Voltage, All Inputs Vin -0.5t0 Vpp +0.5 vdc
DC Current Drain per Pin [ 10 mAdc LOGIC DIAGRAM
Operating Temperature Range - AL Device Ta -55t0+125 oc 1
‘ CL/CP Device | 40t0+85 2 EDO— 9
Storage Temperature Range Tstg -65 10 +150 oc 8 k
3
a Vpp = Pin 14
Vgg = Pin7
5
1

CIRCUIT SCHEMATICS
MC14025 . (1/3 of Device Shown) ' Vop MC140258
14 Vpp o
1,3,11 — )
1,3, 10— . - .
| 24,12 1
2.4,120- - I:j K }
8,5,130 : ,:} ) s U:?_B
09,6, 10 : Vss
U U= Ui |

7 Vss Vss 7°Vss
This device contains circuitry to protect the inputs against damage due operation it _is recommended that V;, and Vgt be constrained to the
to high static voltages or electric fields; however, it is advised that nor- range Vgg = (Vi or Vo 1) S Vpp. - - .
mal precautions be taken to avoid application of any voitage higher than Unused inputs must always be tied to an appropriate logic voltage level

maximum rated voltages to this high impedance circuit. For proper (e.g., either Vgg or Vpp).

[ 1 3



MOTOROLA
Semiconductors M014027 B

BOX 20912+ PHOENIX, ARIZONA 85036

DUAL J-K FLIP-FLOP

The MC14027B dual J-K flip-flop has independent J, K, Clock MCMOS SS|
(C), Set (S) and\ Reset (R) inputs for each flip-flop. These devices . {LOW-POWER COMPLEMENTARY MOS)
may be used in control, register, or togale functions.
Quiescent Current = 2,0 nA/package typical @ 5 Vdc
Noise Immunity = 45% of Vpp typical
Diode Protection on All Inputs
Supply Voltage Range = 3.0 Vdc to 18 Vdc
Single Supply Operation — Positive or Negative
Toggle Rate = 3.0 MHz typical @ 5 Vdc
Logic Swing independent of Fanout ‘ ‘
Logic Edge-Clocked 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 ' . L SUFFIX P SUFFIX
® (Capable of Driving Two Low-power TTL Loads, One Low-power CERAMIC PACKAGE PLASTIC PACKAGE

Schottky TTL Load or Two HTL Loads Over the Rated Temper- CASE 620 CASE 848
ature Range

DUAL J-K FLIP-FLOP

) ) : ORDERING INFORMATION oo
® Pin-for-Pin Replacement for CD4027 : .
MC14XXXB Suffix Denotes
MAXIMUM RATINGS (Voitages referenced to Vgg) , ! .
- " " L Ceramic Package

Rating Symbol | . Value Unit » P, Plastic Package
DC Supply Voltage . . VpD ~0.51t0 +18 Vdc A Extended Operating
Input Voltage, All Inputs : Vin - | -05toVpp+ 05f Vdc Temperature Range

" o . C Limited Operating
DC Current Drain per Pin ! 10 mAdc Temperature Range
Operating Temperature Range — AL Device Ta -55 to +125 °c )
- CL/CP Device ~-40 to +85

Storage Temperature Range Tsig -65 to +150 - °c

BLOCK DIAGRAM

TRUTH TABLE

INPUTS OUTPUTS* . .
ct | 4 K S R |ap¥ | Qn+1]Qust
. S
1 X 0 4] 0 1 0 6 3 aQ 1
/| % 0 0 0 1 1 0
| o X 0 0 0 0 1 3—¢
/| x 1 [ o 1 0 1 5 K Sb—-2
.} x X 0 o X | @n | @n | No Change R
X X X 1 [ X 1 0 4 _l
< X X X 0 1. X [t} 1
X X X 1 1 X 1 1
T
.X = Dan‘t Care . S
t = Level Change , . : - 10— J Qf—-15
¥ = Present State .
* = NextState ’ 13 —C
‘ 11 —qK Gp—14
R
This device contains circuitry to protect the inputs against damage due to high . ‘
static voltages or electric fields; however, it is advised that normal precautions be : ' 12
taken to avoid application of any voltage higher than maximum rated voltages to v —Pin 16
this high impedance circuit. For proper operation it is recommended that Vi, and VDD - Pin8
Vout be constrained to the range Vgg < (Vin or Vo) < Vpp. ss

Unused inpqts must always be tied to.an appropriate logic voltage level (e.g.,
either Vg5 or Vppl.
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MC14027B

ELECTRICAL CHARACTERISTICS

Vpp 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 Vdc
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 — 4.95 - Vde
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 =4.50r05 Vdc) 5.0 - 15 - 225 15 - 15
(Vo =9.0 or 1.0 Vde) 10 - 3.0 - 4.50 3.0 - 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.756 4.0 - 4.0
“17 Level| Vin
(Vg = 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 = 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 = 11.0 -
Output Drive Current (AL Device) I0H mAdc
(VoH = 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - ~0.7 -
(VoH = 4.6 Vdc) 5.0 -025 | - -0.2 -0.36 - -0.14 -
(VoH = 9.5 Vdc) 10 -0.62 - -0.5 ~09 - -0.35 -
(VoH = 13.5 Vdc) 15 —-1.8 — -1.5 -3.5 — -1.1 —
(VoL = 0.4 Vde) Sink oL | 5.0 0.64 - 051 | o088 - 0.36 - mAdc
(VoL = 0.5 Vde) 10 i6 - 13 2.25 - 09 -
(VoL = 1.5 Vdc) 15 42 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) 10H - mAdc
(VoR = 2.6 Vdc) Source 5.0 =-1.0 - -0.8 -1.7 - -0.6 -
(VoH = 4.6 Vdc) 5.0 -0.2 - -0.16 | ~0.36 - -0.12 -
(VOH = 9.5 Vdc) . 10 -0.5 - -0.4 -0.9 - -0.3 -
(VoH = 13.5 Vde) 15 -14 - -1.2 ~35 - -1.0 -
(Vor = 0.4 Vde) Sink oL 5.0 052 | - 044 | o088 - 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) lin 15 - +0.1 — +0.00001 | £0.1 - +10. 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) DD 5.0 - 1.0 - 0.002 1.0 - 30 uAdc
(Per Package) 10 - 2.0 - 0.004 2.0 - 60
15 - 4.0 - | o.008 40 - 120
Quiescent Current (CL/CP Device} DD 5.0 - 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** IT 5.0 T =(0.80 pA/kHz) f + Ipp ) pAdc
{Dynamic plus Quiescent, : 10 IT =(1.60 nA/kHZ)  + Ipp
Per Package) 15 Iy =(2.40 A/kHz} f + Ipp
{C| =50 pF on all outputs, all
buffers switching)

*Tiow = -55°C for AL Device, -40°C for CL/CP Device.
Thigh = +126°C for AL Device, +86°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 Vdemin @ Vpp =10 Vdc
2.5 Vdemin @ Vpp =15 Vdc
tTo calculate total supply current at loads other than 50 pF:
iT(CL) = IT(50 pF) + 2 x 10-3 (C_ -50) Vppf
where; IT‘is in uA (per package), C_in pF, Vpp in Vdc, and f in kHz is input frequency.
**The formulas given are for the typical characteristics only at 25°C.

@ MOTOROLA Semiconductor Products Inc.
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'MC14027B

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

Min Max
AL cL/cLP Typ AL cL/cp
Characteristic Symbol Vbp Device | Device All Types | Device | Device Unit
Output Rise Time tr ns
tr = (3.0 ns/pF) C_+ 30 ns 5.0 - - 180 360 360
t = (1.5 ns/pF) C_+ 15 ns 10 - - 90 180 180
ty = (1.1 ns/pF) Cp_+ 10 ns 15 - . 65 130 130
Qutput Fali Time tf . ns
ti = (1.6 ns/pF) C_ +25 ns 5.0 - - 100 200 200
tf = (0.75 ns/pF) C|_+ 125 ns 10 - — 50 100 100
t¢ = (0.65 ns/pF) C_ + 12.5ns 15 - - 40 80 80
Propagation Delay Time tPLH. ns
Clock to Q tPHL
tPLH. tPHL = (1.7 ns/pF) C_ + 90 ns 5.0 - - 175 350 350
tpLH. tPHL = (0.66 ns/pF} C|_+42 ns 10 - - 75 150 150
tpLH. tpHL = (0.5 ns/pF) Cy_+ 25 ns 15 - - 50 100 100
Setto Q :
tPLH. tPHL = (1.7 ns/pF) C_ +90 ns 5.0 — — 175 350 350
tpLH, tPHL = (0.66 ns/pF) C|_+ 42 ns 10 - - 75 150 150
tpLH. tPHL = (0.5 ns/pF) C|_+ 25 ns 15 — — 50 . 100 100
Reset to Q _
tPLH. tPHL = (1.7 ns/pF) Cy_+ 265 ns 5.0 - — 350 450 450
tpLH. tPHL = (0.66 ns/pF) Cy_+ 67 ns 10 — - 100 . 200 200
tpLH, tPHL = (0.5 ns/pF) Cy_ + 60 ns 15 — - 75 150 150
Minimum Setup Times tsetupH | 5.0 - - 70 140 140 ns
tsetup L 10 - - 25 50 50 :
15 - - 17 35 35
Minimum Clock Pulse Width PWcH, 5.0 - — 165 330 330 ns
PWCL 10 — - 55 110 110
15 - - 38 75 75
Maximum Clock Pulse Frequency PRF 5.0 15 15 3.0 - - MHz
10 45 4.5 9.0 - -
15 6.5 6.5 13 - -
Maximum Clock Pulse Rise and Falt Time e, tf 5.0 15 15 - - - us
10 5.0 5.0 - - -
15 4.0 4.0 - - -
Minimum Set and Reset Pulse Width PWg, 6.0 - - 125 250 250 ns
PWR 10 - - 50 100 100
15 - - 35 70 70

*The formula given is for the typical characteristics only.

@ MOTOROLA Semiconductor Products Inc.
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 MC140278

FIGURE 1 — DYNAMIC SIGNAL WAVEFORMS . FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS
(J, K, Clock, and Cutput) (Set, Reset, and Output} :

20 ns I—-———-I ~—20ns

\2
50% oo
J 50%
10%
20 ns
K
f=— tsetupH

WPLH—= . [=—
Q

Inputs J and K low.

PWeny 1
1 .
= PRF=f ™
PLH ——nf |<—— PHL
- —VoH
a 90%
50% .
10% Vor
Ty f— -
inputs R and S low.
For the measurement of PW¢, PRF, and P
the Inputs J and K are kept high.
LOGIC DIAGRAM
(1/2 of Device Shown)
50 -

o

) >

RO

'
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MOTOROLA :
Semiconductors | MC14028B

BOX 20912, PHOENIX, ARIZONA 85036

BCD-TO-DECIMAL DECODER McMOS MSI
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) BCD-TO-DECIMAL DECODER
code output with D forced to a logic “0”. Expanded decoding such BINARY-TO-OCTAL DECODER
as binary-to-hexadecimal (one-of-16), etc., can be achieved by using
other MC14028B devices, The part is useful for code conversion, ad-
dress decoding, memory selection control, demultiplexing, or read-
out decoding.

. .
® Diode Protection on All Inputs

Noise Immunity = 46% of Vpp typical | /

Supply Voltage Range = 3.0 Vdc to 18 Vdc 16

Capable of Driving Two Low-power TTL Loads, One Low-power = ' )

Schottky TTL Load or Two HTL Loads Over the Rated Temper-

{LOW-POWER COMPLEMENTARY MOS)

ature Range ) L SUFFIX P SUFFIX
: L. . . CERAMIC PACKAGE  PLASTIC PACKAGE
® Positive Logic Destgq CASE 620 CASE 648
@ Quiescent Current 5.0 nA /package typical @ 5 Vdc o
® Low Outputs on All lilegal Input Combinations : ORDERING INFORMATION
°

Pin-for-Pin Replacement for CD4028 ' MC14XXXE ifix Denotes

Temperature Range

, s
' ) . -E‘_ L Ceramic Package
. P Piastic Package
MAXIMUM RATINGS (Voltages referenced to Vsg) — A Extended Operating
c

Rating Symbol Value Unit ; @
Limited Operating
DC Supply Voltage Vpb -0.5to +18 Vdc Temperature Range
Input Voltage, Al Inputs Vin {05t Vpp+ 05| - Vde
OC Current Drain per Pin - 1 10 mAdc
Operating Temperature Range — AL Device Ta- -55 to +125 oc
CL/CP Device -40 to +85
Storage Temperature Range Tstg -65 to +150 °c
' TRUTH TABLE
BLOCK DIAGRAM INPUT OUTPUT
D C B8 A|Q9Q8Q7Q06Q0504Q30Q2Q1Q0
006o0o0|j]oooooo000TO0:1
" 000 1/]000000O0CO0T10
100—A Qof—o03 0010/ 0000007100
atp—o 14 0 01 1/0 000001000
0100000 0OCT1O0GO0GO0O
38it ] Q2—>02 octal c101|lo0001 00000
Binary 130.—15 a3}—o 15 . 0110/0001000000O0
8421 | |nputs Decoded | pecimat 011 1l0o 010000000
P Q401 | outputs
8co PUtS > Decoded 1000010000000
Inputs . Qs—06 Outputs 100 1}/]10000000O0O0O
. 12 0—|c aef—o7 1 010/000000O0GO0GOCO
: 1. 01 1{0 0000000000
Q704 7 100]/0000000G0CGO0O
Qg f—o09 1101/0000000O0O0O0O0
1.110/000000000O0
\ 10—  asj—os 111 1/0 000000000
Vpp = Pin 16
Vgg=Pin8
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Mc140288

ELECTRICAL CHARACTERISTICS

Vop Tiow* 259 Thigh*
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Voltage . “0"" Level VoL 5.0 - 0.05 - o 0.05 - 0.05 Vdc
Vin Vpporo0 10 - 0.05 - 0 0.05 - 0.05
. 15 - 0.05 -~ 0 0.05 — 0.05
1" Level VoH 5.0 495 - 4.95 5.0 - 4.95 - Vde
Vin OorVpp 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 - 2.25 15 - 15
(Vg =9.00r 1.0 Vdce) 10 - 3.0 - 4.50 3.0 - 3.0
(Vg = 3.5 or 1.5 Vdc) 15 — 4.0 - 6.75 4.0 - 4.0
“1" Level | ViH
(Vo =05 0r4.5 Vde) 5.0 35 - 35 2.75 - 35 - Vde
(Vg = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vg = 1.50r 12.5 Vdc) 15 11.0 - 1.0 8.25 - 11.0 -
Output Drive Current {AL Device) toH mAdc
(VOH = 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -
(Von = 4.6 Vdc) 5.0 -0.26 - -0.2 -0.36 - -0.14 -
(VOH = 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 C = 051 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 1.6 - 13 2.25 - 09 -
(VoL = 1.5 Vdc} 15 4.2 - 34 8.8 - - 2.4 -
Output Drive Current {(CL/CP Device) IoH mAdc
(Von = 2.5 Vdc) Source 5.0 -1.0 - - -08 -1.7 - -0.6 -
(Vop = 4.6 Vdc) 5.0 -0.2 - -0.16 -0.36 - -0.12 -
(VoH =95 Vdc) 10 -05 - -04 | —09 - -0.3 -
(VoH = 13.5 Vdc) 15 -14 - -1.2 ~3.5 - -1.0 -
(VoL = 0.4 Vdc} Sink oL 5.0 052 - 044 0.88 - 0.36 - mAde
(VoL = 0.5 Vdc) 10 13 - 1.1 225 - 0.9 -
(VoL = 1.5 Vdc) 15 36 - - 3.0 8.8 - 2.4
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 — - - - 50 7.5 - - pF -
" (Vip=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} 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 It 5.0 IT =03 wA/kHz) f+ Ipp uAdc
{Dynamic plus Quiescent, 10 IT = (0.6 HA/KH2Z) f+ Ipp
Per Package) 15 IT = (0.9 uA/kHzZ) f+ Ipp
{C(_ = 50 pF on all outputs, all
buffers switching)

*Tiow = -55°C for AL Device, -40°C. for CL/CP Device.
Thigh = +1 25°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 Vde min @ Vpp = 10 Vdc
2.5 Vdcmin@ Vpp = 15 Vdc

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

IT(C) = IT(50 pF} + 1 x 10-3 (C_ -50). Vppf
where: IT is in uA {per package), C_in pF, Vpp in Vdc, and f in kHz is input frequency.
**The formulas given are for the typical characteristics only at 25°C.

@ MOTOROLA Semiconductor Products Inc.
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MC140288

SWITCHING CHARACTERISTICS* (C| =60 pF, T = 26°C)

Max
Tye AL cL/cp
Characteristic Symbal Vpp All Types Device Davice Unit
Qutput Rise Time - tr ns
tr = (3.0 ns/pF) C_+30 ns 5.0 180 350 400 '
t = (1.5 ns/pF) C_ + 16 ns 10 90 150 200
t = (1.1 ns/pF) C + 10 ns . 15 65 110 160
QOutput Fall Time % . ns
tt={1.5ns/pF) C +26 ns 50 100 175 200
tf = (0.75 ns/pF) C_ + 125 ns - 10 S0 75 100
ty = {0.56 ns/pF) C + 9.5 ns 15 37 55 80
Propagation Delay Time tPLH. ns
tpLH. tPHL = (1.7 ns/pF) € + 215 ns tPHL - 80 | 300 480 700
tpLH. tPHL = (0.66 ns/pF) CL +97 ng 10 130 200 300 .
tpLH. tPHL = (0.5 ns/pF) C_ + 65 ns 15 80 140 200 ;
*“The formula given is for the typical characteristics only.
FIGURE 1 - DYNAMIC SIGNAL WAVEFORMS
20 ns
\nputs B, C, and O Voo All outputs connected
switching in respect Input & 0 respective C)_loads.
to a BCD code, 10% 1 in respect to a system
Vss clock.
|-—-20 ns 420 ns
b Voo
90%
input C ‘ © 50%
10%.
inputs A, B, and D low. PLH ‘ tPHL
90% . Vou
Q4 10% oo*
VoL
t %
This device i ircuitry to pi the inputs against damage due to high static voltages or electric fields; hoiwever, it is ad-
vised that normal precautions be taken to avoid application of any voitage higher than maximum rated voltages 1o this high im-
pedance circuit. For proper operation it is jed that Vi and Vgyy be constrained 1o the range Vss < (Vi or Vo)

<VpD- .
Unused inputs must always be tied to an appropriate logic voitage level {e.g., either Vs or Vpp).

IO, @ MOTOROLA Semiconductor Products Inc.
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MC140288

.LOGIC DIAGRAM
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APPLICATION INFORMATION
Expanded decoding can be performed by using the

FIGURE 2 — CODE CONVERSION CIRCUIT

5-84

LT . AND TRUTH TABLE
MC14028B and other McMQOS Integrated Circuits. The cir-
cuits in Figure 2 converts any 4-bit code to a decimal or
hexadecimal code. The accompanying table shows the Inputs
input binary combinations, the associated “output num- D ¢ E A
bers” that go “high” when selected, and the “redefined L
. output numbers” needed for the proper code. For ex-
ample: For the combination DCBA = 0111 the output
number 7 is redefined for the 4-bit binary, 4-bit gray, ex-
cess-3, or excess-3 gray codes as 7, 5, 4, or 2, respectively. D ¢ 8 A To [+ 8 A
Figure 3 shows a 6-bit binary 1-of-64 decoder using nine MC140288  ° MC140288
MC14028B circuits and two MC‘I.40698' mvert.e!'s. ) Q9 oo - Qo Q9 — e e Qo
The MC14028B can be used in decimal digit displays, I l ] I ]
such as, neon readouts or incandescent projection indi- . l I l
cators as shown in Figure 4. - 8 L o
- Output Numbers
CODE AND REDEFINED
OUTPUT NUMBERS
Hexadecimal| Decimal
™ jm
2Z|lex|laiazlSls
INPUTS OUTPUT NUMBERS sElaz|s|glz(q
<5 go 2|29 <]~
DiC|B|A|15/14|13]|12]11|10]9| 8| 7]|6]6|4]3|2]|1]0 w o
ojolojofofojo|o|o|ofo[o]o|ofo|ojojo]of1] o [} [ |olo
o|ojo|1]ofo|o]ofo|o|o|o|ofo|ojojo|o}1]|0] 1 1 11
B o|o|1|/o|o|o]|o]o|o|jo|ojo]|ofo|ojo]o|1]of0] 2 3 o |2]2
ojoj1|1]o|ojojo|ojojojo|o|ojojo|1]|o]o|Oo| 3 2]o|3|s
of1]o[oJo[ojo|o[o|ofo[o]|o]ofo|1]o|o|o|o] 4 7.1 |a]a
oj1{o|t|o|/o|ojo|o]|o|o|o|o]|o|i1|ofo|o|o|o] & 6 |2 3
oj1l1{ojojojojojolojojojo|1]ojojojo]o]o} 6 413 1|1 4
o|1]1]1]o|o|o|o|ofo|ofo|1|o|o|o|o|ofo|0] 7 5§ la |2
1/ojojojolojofofofofo[1|ofofofofofafofo] & 15 |5
1/0lo|1]ojolojolojoj1|ojojojojojojo]ojo|l -9 | 14]6 5
1/0]/1|/o|o]jo|ojofo}j1]ojojo]|ojojojoflo|ofo| 10| 12 |7 |9 6
1/o0/1|1{ojojo|o|1]|o|ojo|o]|o|o|o|ofo]o}jo| 11| 13 |8 5
111{ololojojo]1]o]ojojolo]o]ojolojo]jo]o] 12| 8 |9 |5 |6
17|1]o|l1]o|o]|1]|ofjojo|o|o|ojo]|o|o]o|jo|o|o] 13] 9 6 |7]7
~ t/1}]1|/ojo]1]|o|o[o]o]o]o|ojojo|ojo|lo]o]of 14| 11 8 |8|8
1|1{1|1|1]o]ofo|o]o]|oloe|ojolo|olo|lo|o]o| 18} 10 7 |ole
———— MOTOROLA Semiconductor Products Inc.




' MC14028B

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

Inputs
A B C D E F inhibit
9 ? 7 ? ' § (No Selection)
A 8 c D
MC140288
Q0 _ _ el _e - a9

T T+ o T +———t — l
11T S I - - 11 11 I S N N A N N 1 1
Ascp|[ae cD|[a B COD

A BCD|IABCOD|IlABCD||]ABCD|]|]ABCD
MC140288B mMC140288 mc140288 MC140288 mC140288

MC140288B || Mc140288 || mc140288
Qo----- Q9

-- a9l |@o----- a9 lao-.--- Q9

23

*1/6 MC140698 .
R . 64 Outputs (Selected Output is High)

FIGURE 4 — DECIMAL DIGIT DISPLAY APPLICATION

Appropriste Appropriate
o—iA Qo—o° : Voltage Voltage
| Qi1 —o Neon Incandescent
. Q2 ° Display - B Display
w—{ B Qa3 E
' mc140288
o—C
9 3 1 o
—Jp 2

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

.
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MOTOROLA
Semiconductors

BOX 20912, PHOENIX, ARIZONA 85036

TRIPLE SERIAL ADDERS

The MC14032B and MC14038B triple serial adders have the clock
and carry reset inputs common to all three adders. The carry is
added on the positive-going clock transition for the MC14032B, and
on the negative-going clock transition for the MC14038B. Typical
applications include serial arithmetic units, digital correlators, digital
servo control systems, datalink computers, and flight control
computers.
Static Operation from dc to 5.0 MHz
Buffered Outputs
Single-Phase Clocking
Quiescent Current = 5.0 nA/package typical @ 5 Vdc
Supply Voltage Range = 3.0 Vdc to 18 Vdc
Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Tempera-
ture Range.

® Pin-for-Pin Replacement for CD4032 and CD4038

MAXIMUM RATINGS (Voltages referenced to Vgg)

Value Unit

Rating Symbol
DC Supply Voltage VppD -0.51t0 +18 [ Vdc
Input Voltage, All Inputs Vin |-05tovpp+05[ Vde
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range ~ AL Device Ta -55 to +125 oc
X CL/CP Device -40 to +85
Storage Temperature Range Tstg -65 to +150 oc

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

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

MC14032B
MC14038B

McMOS MSI

{LOW-POWER COMPLEMENTARY MOS)
TRIPLE SERIAL ADDERS

Positive Logic — MC14032B
Negative Logic — MC14038B

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

ORDERING INFORMATION

MC14XXX8 Suffix Denotes

E L Ceramic Package
P Piastic Package
A  Extended Operating
Temperature Range
C Limited Operating
Temperature Range

BLOCK DIAGRAM

A110 0——r
B1 11 0—m—od
lnvert 1 70—
—

— ]

Adder 1—09 S1

A2 13 ¢
. B212¢0
invert 2 5o—

Adder 2 |—04 S2

|
Vpp = Pin 16
1 Vgg =Pin8
A3 15 0
B3 140 i g
—o
Invert 3 2 o Adder 3 183
Clock 3¢

Carry Reset 6 ot

MC140328 LOGIC DIAGRAMS

pofy———— N, T T e

) >

Carry Carry
Reset b a Dﬂ Reset
C [ — To
. Next
Clock o—(>o—{>: Stage

I
|
I
!
|

MC140388B

(ONE SECTION AND COMMON INPUTS SHOWN)

: R
InvartO*!:'? ____T_____

Se

Next
Stage

———-——»} To

5-86




MC14032B e MC 140388
ELECTRICAL CHARACTERISTICS
Vpp Tiow"* 25°C Thigh'
Characteristic Symbol | Vdec Min Max Min Typ Max Min Max Unit
Output Voltage 0" Level VoL 5.0 - 0.05 - 0 0.05 - 0.05 Vde
Vin=Vpporo0 10 - 0.05 - ¢} 0.05 - 0.05
15 - 0.05 — o 0.05 — 0.05
“1" Level VoH 5.0 4.95 - 4.95 6.0 - 495 - Vde
Vin=0o0rVpp 10 9.95 - 9.95 10 - 9.95 -
15 14.95 — 1495 { 15 — 14.95 —

input Voltage# “0" Level| VL Vde
{Vo=4.50r05 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 or 1.5 Vdc} 15 — 4.0 — 6.756 4.0 - 4.0

“1” Level| Vin
(Vo =0.5 or 4.5 Vdc) 5.0 35 - 35 275 - 35 - Vde
(Vo = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 6.50 - 7.0 -
(Vo =15 o0r 13.5 Vdc) : . 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) IoH. mAdc

(VoH = 2.5 Vdc) Source' | 5.0 -1.2 - -1.0 -1.7 - -0.7 -

(VoH = 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 - -0.14 -

(VoH = 9.5 Vdc) 10 -062 - -0.5 -0.9 - -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 - 0.51 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 16 - 13 225 - 0.9 - .
(VoL = 1.5 Vdc) 15 42 | - 34 8.8 - 24 .-

Output Drive Current (CL/CP Device) ioH . S mAdc
(VOH = 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -06 = )
(VoH = 4.6 Vdc) 5.0 -0.2 - -0.16 | -0.36 - -0.12 -

(VoH = 9.5 Vde) . 10 -05 - -04 -09 - -03 -
(VoH = 135 Vde) 15 -14 - -1.2 -3.5 - -1.0 —
(VoL =04 Vdc) Sink loL 5.0 052 - 044 0.88 - 0.36 - mAdc
(VoL =0.5 Vdc) 10 1.3 - 1.4 2.25 - 08 - :
(VoL = 1.5 Vdc) 15 36 - 3.0 88 - 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 nAdc

Input Capacitance Cin - - - - 5.0 7.5 - - pF
Vin =0 . i

Quiescent Current (AL Device) IpD 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 T 5.0 1 =(0.96 pA/kH2) f + Ipp pAdc

(Dynamic plus Quiescent, 10 17 =(1.93 pA/kHz) f+ Ipp
Per Package) 15 I3 =(2.8 pA/kHzZ) f + Ipp
(C_ = 50 pF on all outputs, ali
buffers switching)
*Tiow = -55°C for AL Device, -40°C for CL/CP Device.
Th;gh = +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 Vde min @ Vpp = 10 Vde
) 2.5 Vdemin @ Vpp = 16 Vdc
1To calculate total supply current at loads other than 50 pF:
17(Cy) = 17(50 pF) +3 x 10-3 (C{_-50) Vppf
where: IT is in uA (per package), CinpF, Vppin Vdc, and f in kHz is input frequency
**The formulas given are for the typicai characteristics only at 25°C,

S — @ MOTOROLA Semiconductor ProductsInc. — |
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MC14032B e MC14038B

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

Min . Max
Vpp © AL CL/CP | 'Typ AL cL/cp
Characteristic Symbol | Vdc Device | Device | All Types| Device | Device Unit
Output Rise Time Sty ns
t, = (3.0ns/pF) C_+ 30 ns . 5.0 - - 180 350 400
tr=(1.5ns/pF) C_+ 15 ns. 10 -, - 20 150 200
tr={(1.1ns/pF) C_+ 10ns 15 = = 65 110 160
Output Fall Time tf ) ns
tf=(1.5ns/pF) C +25ns ° : 5.0 - - 100 176 200
. t5=(0.75 ns/pF) C_ +125ns : 10 - - 50 75 100
t5 = (0.55 ns/pF) C_+9.5 ns 15 — - 37 55 80
Propagation Delay Time- tPLH, ns
A,B or Invert to Sum tPHL .
tPLH. tPHL = (1.7 ns/pF) C|_+ 196 ns 5.0 - - 280 1100 1400
tPLH. tPHL = {0.66 ns/pF) C|_+ 87 ns 10 - - 120 250 300
tPLH. tPHL = (0.5 ns/pF) C|_ + 65 ns 15 - - 90 190 230
Clock to Sum ns
tp_H, tPHL = (1.7 ns/pF) C_ + 416 ns : 5.0 - - 500 2200 2400
tPLH. tPHL = (0.66 ns/pF) C|_+ 147 ns 10 - - 180 - 500 600
tpLH. tPHL = (0.6 ns/pF) C + 110 ns 15 - - 135 380 450
Input Setup Time tsetup 5.0 - - -10, . 10 10 ns
10 - - [} 10 10
15 - — - . 0 10 10
Maximum Clock Pulse Frequency PRF 5.0 15 1.0 4.0 - — MHz
10 3.0 25 10 - -
.15 6.0 4.0 12 — -
Maximum Clock Rise and Fall Times tetf. 5.0 15 15 - - - s
10 15 . 15 - - -
15 15 15 — — —
*The formula given is for the typical characteristics only.
k TIMING DIAGRAMS :
MC140328B MC14038B
f~—word 1 + Word 2—-}—Word 3 + Word 4 — F---Word 1 + Word 2— —h Word 3 + Word 4 —
A L gy I R A § L T T
B ™ ! I B L I | L
c ‘LFUL_‘L;'L‘L’LL‘LF\_’\_)‘L“LH_D_V‘L‘\J-L c Uy oy o
inv T L inv
CR ™ ] } L CR__ : —
s r T T s | \ R Ty Ny O
L—— True Sum —Complemented Sum — L - — True Sum ——~*4«complementod 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 Vo or Vgg.

- - @ MOTOROLA Semiconductor Products Inc.
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MC14032B ® MC14038B

FIGURE 1 — TYPICAL OUTPUT SOURCE TEST CIRCUIT FIGURE 2 — TYPICAL OUTPUT SINK TEST CIRCUIT
Vps = VoH — Vob Vps = VoL
Vpp = - Vas VoH : : ‘ Vop = Vs VoL
T p
Vobp Voo
4_‘ A1 10— . —o— A1 S 10—
~0—{B81 ’ —o—181’
-0—jInv 1 inv1
' ++o—|a2 —-o—{ A2 v
2 . —O—1B2
4 H-0——8 L, . .
O——Inv2 S2——0—0 -0—inv2 S2r—-—0—0
Lt+o0—A3 . ? —o—A3
t—0—— B3 $—O0— B3
inv3 ()'OH . O—inv3 CP'OL
-O——j Clock ! -O— Clock
O0——CR  S3p—o0— -0——CR S3
External N External
R Vgs . Power Vss Power
Supply Supply

FIGURE 3 — POWER DISSIPATION TEST CIRCUIT. AND WAVEFORMS

500 pF <

20 ns 20 ns

Clock 50%

lnv 1

Variable
Width

rrogr B2
Pulse Inv2 s2f—0——
Generator
A3
83
p-——O0—Inv 3
——0—1 Clock

AYR
7

Ay
7
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MC14032B e MC14038B

FIGURE 4 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

'Vob

A1l $ 11—
1 81
tnv1
-O—— A2
Programmaple o B2
Pulse
Generator Inv2 $2f—o0——
E A3
L—o—{B3 CL
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Ay
7

AY1
7

MC140328

R _/ ;—-——-———qo% | \—/——-—————\ / fr—reeismmssseeme \ 5 )
' / \

MC14038B
Voo
A ﬁ‘so% 7
: - Vss
Voo
B ) \ 4 50%
' Vss

Voo
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MOTOROLA
Semiconductors

BOX 20912 . PHOENIX, ARIZONA 85036

MC14034B

8-BIT UNIVERSAL BUS REGISTER

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

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

Bidirectional Parallel Data Input

Quiescent Current = 10 nA/package typical @ 5 Vdc

Noise Immunity = 45 % of Vpp typical

Diode Protection on All Inputs

Supply Voltage Range = 3.0 Vdc to 18 Vdc

Static Operation 0 to 5.0 MHz @ Vpp = 10 Vdc

Single Supply Operation = Positive or Negative

Capabie of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated
Temperature Range.

® Pin-for-Pin Replacement for CD4034

McMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

8-BIT UNIVERSAL BUS REGISTER

MAXIMUM RATINGS (Voltages referenced to Vgg)

L SUFFIX
CERAMIC PACKAGE
CASE 716

P SUFFIX
PLASTIC PACKAGE
CASE 709

ORDERING INFORMATION

MC14XXXB Suffix Denotes

L L Ceramic Package
P Plastic Package
A Extended Operating
Temperature Range
C Limited Operating
Temperature Range

Rating Symbol Value Unit
DC Supply Voltage - Vpp - -0.51t0 +18 Vdc
Input Voitage, All Inputs Vip -0.5t0 Vpp + 0.5 Vdc
DC Current Drain per Pin ! 10 mAdc
Operating Temperaturg Range — AL Device TA -55 to +125 °c
CL/CP Device -40 to +85
Storage Temperature Range Tstg -65 1o +150 oc

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

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

BLOCK DIAGRAM

A1 A2 A3 A4 A5 A6 A7 A8
16 17 18 19 20 21 22 23

AAMRRAN

9 0—— A Enable
130— P/S

100— Dg (Serial Input)
11 0——A/B

14 0— A/S

150—| C (Clock}

tlt l: l:’ l:ﬂé: 1:

8 7 6 5 4 3
B1 82 83 B4 B5 B6 B7 B8

Vpp=Pin24
Vgg = Pin 12
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MC14034B

.-

ELECTRICAL CHARACTERISTICS

' Vpp Tiow" 25°c Thigh” )
Characteristic Symbol Vde Min Max Min Typ Max Min ﬁax Unit -
Output Voltage 0" Level VoL 5.0 - 0.05 - 0 0.05 - 0.05 Vdc
Vin=Vppor0 10 - 0.05 - 0 0.05 - 0.05
i 15 - 0.05 - 0 005 |- - 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 . Vdc
(Vo =4.50r 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 =13.50r 1.6 Vdc) 15 — 4.0 — 6.75 4.0 = 4.0
“1" Level| ViH -
{Vo =05 0r4.5 Vde) 5.0 35 - 35 2.7 - 35 - Vde
Vo = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
Vo = 1.50r 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -
Output Drive Current (AL Device} IoH mAdc
{(VOH = 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 -7 | -07 -
(VoH = 4.6 Vdc} 5.0 -0.26 -, ~0.2 -0.36 - -0.14 —
{(VOH = 9.5 Vdc) 10 -0.62 - -0.5 -0.8 - -0.35 -
(VoH = 13.5 Vdc) 15 -18 - | 15 -35 — -1.1 -
(VoL =04 Vdc) ' Sink oL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 | 16 - 13 2.25 - '] o8 - .
(VoL = 1.5 Vdc) 15 42 - 34 8.8 - 2.4 -
(Output Drive Current {CL/CP Device) loH » mAdc
(VoH = 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -06 -
(VoH = 4.6 Vdc) 5.0 -0.2 - -0.16 | -0.36 - -0.12 -
(Vo = 9.5 Vdc) 10 -0.5 - 04 | -09 - -0.3 -
(VoH = 13.6 vdc) 15 -1.4 - -1.2 -35 - -1.0 -
(VoL = 0.4 Vdc) Sink oL 5.0 052 - 0.44 0.88 — 0.36 - mAdc
(VoL = 0.5 Vdc) 10 1.3 - 1.4 2.25 - 0.9 -
VoL = 1.5 Vdc) 15 36 3.0 8.8 - 24
Input Current (AL Device) tin 15 - 1 - +0.00001 | 0.1 — .0 uAde
Input Current (CL/CP Device) lin 15 - +0.3 - [t0.00001] 03 - 10 | uAdc
Input Capacitance Cin - - - 5.0 7.5 L - pF
(Vin =0) -
Quiescent Current (AL Device) IpD 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) 10D 5.0 - 50 . - | 0.010 50 - 375 uAdc
(Per Package) 10 - 100 — 0.020 100 = 750
15 — 200 - 0.030 200 — 1500
Total Supply Current**+ IT 5.0 It = (22 uA/kHz) f + Ipp uAdc
{Dynamic plus Quiescent, 10 I = (4.4 pA/kHz) f + Ipp
Per Package) 15 It = (6.6 rA/kHz) f+ Ipp
"{C|_ =50 pF on ali outputs, all
buffers switching} X

*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
2.0Vde min® Vpp = 10 Vdc
2.5 Vdc min @ Vpp = 15 Vdc

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

I7(CL) = I7(50 pF) +4 x 10-3 (C|_-50) Vppf
where: | is in uA {per package), C_ in pF, Vpp in Vdc, and f in.kHz is input frequency.
**The formulas given are for the typical characteristics only at 25°C",

@ ‘MOTOROLA Semiconductor Products Inc.
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MC14034B
SWITCHING CHARACTERISTICS* (C|_=50pF, Ta = 25°C)
K Min Max
Vpp AL cL/cp Typ AL cL/CP
Characteristic Symbol Vde Device | Device | All Types | Device | Device Unit
Output Rise Time Aor B tr . ns
ty = (3.0 ns/pF) C_ +30ns 5.0 - - 180 350 , 400
te= (1.5 ns/pF) C_ +15ns 10 - - 90 150 200
te= (1.1 ns/pF) C|. +10ns 15 - - 65 110 160
Output Fall Time Aor B i 3 ns
tf= (1.6 ns/pF) C|_ +26 ns 5.0 - - 100 175 200
tf= (0.75ns/pF)} C_ +12.6ns 10 - - 50 75 110
t5 = (0.65ns/pF) Ci_ +9.5 ns 15 - - 37 55 80
Propagation Delay Time - . '
A (B) Synchronous Parallel Data Input, ) tPLH. ns
B (A) Paratlel Data Output tPHL
tPLH, tPHL = (1.7 ns/pF) C|_ +'440 ns 5.0 - - 525 940 1300
P H, tPHL = (0.66 ns/pF) C +172ns - 10 - - 205 350 515
tpLH. tPHL = (0.5 ns/pF} C|_ + 120 ns 15 - - 145 270 360
Propagation Delay Time . 5
A(B) Asynchronous Parallel Data Input . tPLH. . ns
B (A) Parallel Data Output . ’ tPHL :
tpLH. tPHL = (1.7 ns/pF) C_+420 ns 50 - - 505 900 1350
tpLH. tpHL = {0.66 ns/pF)} C + 147 ns ' 10 - - 180 300 450
tpy W, tpHL = (0.5 ns/pF) Cy +106 ns 15, .- - 130 225 | 340
Minimum Clock Pulse Width ’ . PW¢ 5.0 - - 170 340 500
. . 10 - - 70 140 200
15 = - 55 100 150
Maximum Clock Pulse Frequency . PRF 5.0 1.6 1.0 2.5 - — MHz
10 3.0 25 6.0 - -
. 15 4.0 3.0 8.0 - -
Maximum Clock Pulse Rise e tf .5.0 15 15 - - - ‘us
and Fall Times ' 10 15 15 - - -
. 15 15 15 - - —
A, B Input Setup Time tsetup 5.0 - - 35 70 100 ns
10 - - 15 30 45
15 - - 12 25 . 35
Minimum High Level AE, P/S, A/S Pulse Width Py 5.0 - - 200 400 600 - ,ns
‘ ) - 10 - - 90 180 270
15 - — 80 140 200
*The formula given is for the typical characteristics only.
TRUTH TABLE
“A" Enable | P/S | A/B | A/S | MODE OPERATIONT
0 o o] X Serial Synchronous Serial data input, A and B paralle! data outputs disabled.
4] [+] 1 X Serial Synchronous Serial data input, B-Parallel data output.
] 1 4] o Parailel | B Synchronous Parallel data inputs, A-Parallel data outputs disabled.
0 1 [+ 1 Parallel | B Asynchronous Paraliel data inputs, A-Parallel data outputs disabled.
o 1 1 o Parallel- | A-Parallel data inputsdisabled, B-Parallel data outputs, synchronous data recirculation.
o 1 1 1 Parallet | A-Parallel datainputs disabled, B-Paralle! data outputs, asynchronous data recirculation.
1 [+] 0 X Serial Synchronous serial data input, A-Parallel data output.
1 0 1 X Serial Sync¢hronous serial data input, B-Parallel data output.
1 1 0 [s) Parallel | B-Synchronous Parallel data input, A-Parallel data output.
1 1 0 1 Parailel | B-Asynchronous Parallel data input, A-Parallel data output.
1 1 1 o Parailel | 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 charige 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-flops.

: @ MOTOROLA Semiconductor Products Inc.
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MC14034B

Data
Al A2 A3 Al AS

A6

Serial Data

Input \ - B
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EXPANDED A8 I

BLOCK DIAGRAM Parallel/Serial P/s — CONtro! i I
L.ogic L . 8-8it Register

Asyn/Syn A/S — ]
e Pororot
B1 B2 B3 B4 85 B6 B7 B8

: Data

OPERATING CHARACTERISTICS

The MC14034B is composed of eight register cells con-
nected in cascade with additional control logic. Each
register cell is composed of one ‘D" master-slave flip-flop
with separate internal cfocks, 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) — 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 parailel 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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MC14034B

FIGURE 1 — PROPAGATION DELAY AND TRANSITION
TIMES WAVEFORMS
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FIGURE 2 — A SYNCHRONOUS DATA tNPUT, BPARALLEL
DATA OUTPUT AND SETUP TIME
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FIGURE 3 — B SYNCHRONOUS DATA INPUT, B PARALLEL
DATA OUTPUT AND SETUP TIME
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MC14034B

FIGURE 4 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS
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FIGURE 6 — 16-BIT PARALLEL IN/PARALLEL OUT, PARALLEL IN/SERIAL OUT,
SERIAL IN/PARALLEL OUT, SERIAL IN/SERJAL OUT REGISTER
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MC14034B

FIGURE 6 — SHIFT RIGHT/SHIFT LEFT WITH PARALLEL INPUTS
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A ""High” {“Low"} on the Shift Left/Shift Right input aliows 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 parailel data

into registers 1 and 2. Other logic schemes may be used in place of

registers 3 and 4 for paratilel loading.

When parallel inputs are not used Reg. 3 and 4 and assocnated 1ogic
are not required.

*Shift left input must be disabled during parallel éntry.

Circuit diagrams utilizing Motorola products are lncludad as a means
of illustrating typical semi ductor .appl conseq tly,
complets information sufficient for construction purposes is not
negessarily given. The information has been carefully checked and

is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not
convey to the purchaser of the semiconductor devices described any
license under the patent rights of Motorola inc. or others.
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BOX 20912 4 PHOENIX, ARIZONA 85036

MC140358

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 Qutputs
Fully Static Operation
Asynchronous Master Reset
Data Transfer Occurs on the Positive-Going Clock Transition
No Limit on Clock Rise and Fall Times
All Inputs are Buffered .

6.0 MHz Operation @ Vpp = 10 Vdc

Supply Voltage Range = 3.0 Vdc to 18 Vdc )

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

o 0 6 6 06 06 06 0 0 0 0 0

McMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

4-BIT .
PARALLEL-IN/PARALLEL-OUT

SHIFT REGISTER

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

ORDERING INFORMATION

MC14XXX8 Suffix Denotes

-E L Ceramic Package
P Plastic Package
A Extended Operating
Temperature Range
C Limited Operating
Temperature Range

MAXIMUM RATINGS (Voltages referenced to Vgg)

Rating Symbol Value Unit
DC Supply Voltage Vpbp -0.5t0 +18 Vdc
Input Voltage, All Inputs Vin -0.5to Vpp + 0.5 Vdc
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range — AL Device Ta -55 to +125 oc
CL/CP Device -40 to +85
Storage Temperature Range ' Tstg -65 to +150 oc
' TRUTH TABLE
INPUTS th OUTPUT
[ J R |[R Qo
/] o 0 0 [} i A
o 1 0 . x = Don’t Care
i 1 1olo g—g::_ :; P/S = 0 = Seriat Mode
T/C = 1=True Outputs
< 1 o 1
| x x [¢] Qo (n-1)
x Tx X 1 o

BLOCK DIAGRAM

10 O——{Dp1
Qo—o01
110—ppa

12 O—D¢p3 Q1p—o015
7 0—P/is
40— Q2014

3 0—gK

Q3f——013
6 O——{Clock

2 0—T/C R

50———‘—J

Vpp = Pin 16
Vgg = Pin8
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MC140358B
ELECTRICAL CHARACTERISTICS
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 - 4] 0.05 - 0.05 Vdc
Vin=Vpporo0 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=00rVpp 10 9.95 - 9.95 0 ' ~ | 995 -
15 14.95 - 14.95 15 — 1 14.95 —
Input Voltage# “0" Level| VL Vdc
{Vp =45 0r 0.5 Vdc) 5.0 - 1.5 - 2.25 15 - 1.5
(Vo = 9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
{Vg = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 = 4.0
: “1” Level| Viy
(Vo =0.5 or 4.5 Vdc) 5.0 35 - 3.5 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 - 11.0 8.26 - 11.0 —
Output Drive Current (AL Device) loH : . mAdc
(Vo = 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -
(VoH = 4.6 Vdc} 5.0 -0.256 - -0.2 -0.36 - -0.14 -
(VoH = 9.5 Vdc) 10 -0.62 - -0.5 -09 - -0.35 -
(Von = 13.5 Vdc) 15 ~1.8 — -1.5 -3.5 — -1.1 -
(VoL = 0.4 Vdc) Sink oL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc} ) 10 16 - 1.3 2.25 - 0.9 -
(VoL = 1.5 Vde) - 15 42 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) 1oH mAdc
(VoH = 2.5 Vdc) Source , 5.0 -1.0 - -0.8 -1.7 - -06 -
(VoH = 4.6 Vdc) 5.0 ~0.2 - -0.16 | -0.36 - -0.12 -
(VoH = 9.5 Vdc) 10 -0.5 - -0.4 -0.9 - | -03 -
(VoH = 13.6 Vdc} 15 -1.4 - -1.2 -35 — -1.0 -
(VoL =0.4 Vdc) Sink loL 5.0 052 - 044 0.88 - 0.36 - mAdc
(VoL =0.5 Vdc) 10 1.3 - 11 2.25 - 09" -
(Vor =1.5 Vdc) 15 | 36 — 3.0 838 - 24 -
tnput Current (AL Device) fin 15 - +0.1 — +0.00001| +0.1 - +1.0 uAdc
tnput Current (CL/CP Device) lin 15 - 03 - +0.00001 | 0.3 - 1.0 pAdc
Input Capacitance Cin - - - - 5.0 7.5 - - pF
(Vin =0}
Quiescent Current {AL Device) IpD 5.0 - 5.0 - 0.005 5.0 - 150 rAdc
(Per Package) 10 — 10 - 0.010 10 - 300
) 1. 15 — 20 — 0.016 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 5.0 IT= (1.0 uA/kH2Z) f+ Ipp pAdc
{Dynamic plus Quiescent, 10 It = (2.0 uA/kHzZ) f + Ipp
Per Package) 15 I = (3.0 uA/kH2) f + DD
{Cy =50 pF on all outputs, all
buffers switching} )
*Tiow = ~55°C for AL Device, ~40°C for'CL/CP Device.
Thigh = +125°C for AL Device, +85°C for CL/CP Device.
=Noise immunity specified for worst-case input combination.
Noise Margin for both “1"* and ‘0" level = 1.0 Vdc min @ Vpp =5.0 Vdc
2.0 Vde min@ Vpp =10 Vdc
2.5 Vdcmin @ Vpp = 15 Vde
1To calculate total supply current at loads other than 50 pF:
I7(Cy) = 17{50 pF} + 1 x 10-3 (C|_-50) Vppf
where: |7 is in uA (per package), C_in pF, Vpp in Vdc, and f in kHz is input frequency.
**The formulas given are for the typical characteristics only at 25°C.
This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad-
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im-
pedance circuit. For proper operation it is recommended that Vi, and Vgt be constrained to the range Vss < (Vin or Voyt)
<Vpp. .
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg or Vpp).-
MOTOROLA Semiconductor Products Inc.
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MC140358

SWITCHING CHARACTERISTICS* (CL_ = 60 pF, Ta = 26°C)

Min Max
. Vpp AL | cL/cp Typ AL cLee |
Characteristic Symbol | Vdec Device | Device| All Types | Device | Device | Unit
Output Rise Time tr ‘ ns
ty=(3.0ns/pF) Cy + 26 ns 5.0 - - 180 | 3860 400
tr={1.6ns/pF) C_ + 12ns ’ 10 - - 90 150 200
ty= (1.1 ns/pF) C_+8.0ns 15 - - 66 110 160
‘I Output Fall Time tf . ns
tf= (1.6ns/pF) C +47 ns 5.0 - - 100 175 200
t¢= (0.75 ns/pF) C_ + 24 ns - 10 - - 60 7% 100
t¢ = (0.55 ns/pF) C_+ 17 ns . 15 - - 37 56 80
Propagation Delay Time, Clock or Reset to Q tPLH. ns
PHL
tpLH, tPHL = (1.76 ns/pF) C_ + 223 ns . 6.0 - - 300 500 750
tpLH. tpHL = (0.70 ns/pF) Cy_ +89ns 10 - - 130 200 326
tPLH, tPHL. = (0.53 ns/pF) C|_ + 67 ns 15, - - 95 150 240
Minimum Clock Pulse Width ] PWc 5.0 - - 135 336 500 ns
10 - -1 4 165 | 250
: . 15 - - 40 125 190
| Minimum Reset Puise Width ] PWR 5.0 - - 80 400 500 ns
10 - - 40 175 200
15 - - 36 130 150
Maximum Clock Pulse Rise and Fall Time tetf |- 5.0 - - - No No T
10 - - - Limit Limit
15 -~ - —
Maximum Clock Pulse Frequency . PRF 5.0 1.5 - 1.0 2.5 - - MHz
190 3.0 2.0 6.0 - - :
. 15 6.0 3.0 10 - -
J-K Setup Time tsetup 5.0 - - 120 500 750 ns
10 - - 50 200 -| 250
. 15 — - 30 150 190
P/S Control Setup Time tsetup 5.0 - - 25 500 750 ns
10 - - 10 200 250
15 - - 7.5 150 190
Paralle! input Setup Time tsetup 5.0 - - 20 500 750 ns
: . ' 10 - - 20 200 250
15 .= — 15 150 190

*The formula given is for the typical characteristics only.
FIGURE 1 - TIMING DIAGRAM
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MC14035B

LOGIC DIAGRAM
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APPLICATION DIAGRAM
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TRIPLE SERIAL ADDERS

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

Static Operation from dc to 5.0 MHz
Buffered Qutputs

Single-Phase Clocking
Quiescent Current = 5.0 nA/package typical @ 5 Vdc
Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

Pin-for-Pin Replacement for CD4032 and CD4038

MAXIMUM RATINGS (Voltages referenced to Vgg)

Rating Symbol Value Unit
DC Supply Voltage VoD -0.5t0 +18 Vde
Input Voltage, All inputs Vin -0.5t0 Vpp + 0.5 Vdc
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range — AL Device Ta -55 to +125 oc
CL/CP Device -40 10 +85
Stbrage Temperature Range Tstg -65 to 150 ~%¢

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

MC14038B

FOR COMPLETE DATA
SEE MC140328B

McMOS MSI

(LOW-POWER COMPLEMENTARY MOS)
TRIPLE SERIAL ADDERS

Positive Logic — MC14032B
Negative Logic — MC140388

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

ORDERING INFORMATION

MC14XXX8B
L
3
A

c

Suffix Denotes

Ceramic Package
Plastic Package
Extended Operating
Temperature Range
Limited Operating
Temperature Range

BLOCK DIAGRAM
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Invert 1 70—
e
A2 13 0-
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Adder 2 —o04 S2

invert 2 50
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A3 15 O
B3 14 &
—o
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LOGIC DIAGRAMS
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5-102




MOTOROLA
Semiconductors MC140408B

BOX 20912+ PHOENIX, ARIZONA 85036

12-BIT BINARY COUNTER McMOS MSI
The MC14040B 12-stage binary counter is constructed with MOS (LOW-POWER COMPLEMENTARY MOS)
P-channel and N-channel enhancement mode devices in a single mono- .
lithic structure. This part is designed with an input wave shaping 12:BIT BINARY COUNTER

circuit and 12 stages of ripple-carry binary counter. The device
advances the count on the negative-going edge of the clock pulse.
Applications include time delay circuits, counter controls, and fre-
quency-driving circuits.

Futly Static Operation

Quiescent Current = 5,0 nA/package typical @ 5 Vdc
Noise Immunity = 46% of Vpp typical

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
Low Input Capacitance = 5.0 pF typical

1 1

Capable of Driving Two Low-Power TTL Loads, One Low-power ORDERING INFORMATION

Schottky TTL Load or Two HTL Loads Over the Rated MC14%XXE Sutfix Denotes

Temperature Range.
® Common Reset Line L Ceramic Package
s . . ) ‘ P Plastic Package
e 13 MHz Typical Counting Rate @ Vpp =16 V A Extended Operating
- . Temperature Range
® Pin-for-Pin Replacement for CD4040 C ' Limited Operating

Temperature Range

MAXIMUM RATINGS (Voltages referenced to Vgg)

. Rating Symbol Value Unit TRUTH TABLE
DC Supply Voitage Vpp ~0.5t0 +18 Vde CLOCK | RESET | OUTPUT STATE
Input Voitage, All inputs Vin 05t Vpp+ 0.5 Vde o 0 No Change
DC Current Drai r Pin 1 10 Ad 1] Advance to next
uufr nt Drain pe A "‘o < N state
Operating Temperature Range — AL Device TaA -55 to +125 C X I All Outputs are low
CL/CP Device ~ -40to +85
Storage Temperature Range Tsig -65 to +150 oc X = Don’t Care
LOGIC DIAGRAM
Qa1 Q2 Q3 Q10 (o} 5] Qiz
TQ 7 6 14 16 _T1
Clock 10 ‘ —dc  ol4dc @ c a ~=-dC Q@ c a c aQ
¢ gf—dc @ ¢ Qp—--—C¢ Qj}—c ap—c
R R R LR R R
| ~ L 1] L1
Reset o—Dv—D: ‘ -
1 N |
Q4=Pin5 Q7=Pin4d - VDD=Pin 16
Q5=Pin3 Q8=Pin13 Vgg = Pin 8

Q6=Pin2 Q9 =Pin12

z 1N



MC14040B

ELECTRICAL CHARACTERISTICS

) VbD 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 ' 0.05 - 0.05 Vde
Vin=Vppor0 10 - 0.05 - 0 0.05 - 0.056
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 ' Vdc
{Vp = 4.5 or 0.5 Vdc) 5.0 - 15 - 2.25 15 - 15
(Vg =9.0 or 1.0 Vdc) ' 10 - 30 - - 4.50 3.0 - 3.0
(Vo = 13.5 or 1.5 Vdc) 15 - 4.0 - 675 | 40 -~ 4.0
“1" Level | Viy :
(Vo = 0.5 or 4.5 Vdc) 5.0 35 - 35 2.75 - 35 - Vde
(Vg = 1.0 or 9.0 Vdc) : 10 7.0 - 7.0 6.50 - 7.0 -
(VO = 1.5 or 13.5 Vdc) 15 11.0 - 11.0 825 | - 11.0 -
Output Drive Current (AL Device) {oH mAdc
(VOH = 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - ~0.7 -
(VoH = 4.6.vdc) 5.0 -0.25 - -0.2 -0.36 - -0.14 -
(VOH = 9.5 Vdc) 10 |-062 - -0.5 -09 - -0.35 -
(VoH = 13.5 Vde) 15 ~1.8 - -15 -35 - -1.1 -
(VoL = 0.4 Vde) Sink oL 5.0 0.64 - 051 [ o088 - 0.36 - mAdc
(VoL =0.5 Vdc) 10 1.6 - 1.3 2.26 - 08. -
(VoL = 1.5 Vdc) . 15 4.2 - 34 8.8 - 24 -
" |Output Drive Current (CL/CP Device) toH mAdc
(VoH = 2.5 Vdc} Source 5.0 -1.0 - -0.8 -1.7- - -06 -
(VoH = 4.6 Vdc} : 5.0 -0.2 - -0.16 ~0.36 - ~0.12 -
(VoK = 9.5 Vdc) 10 -0.5 - -04 | -09 - -03 -
(VoH = 135 Vde) 15 -1.4 — -1.2 -3.5 - -1.0 -
VoL = 0.4 Vdc) Sink oL 5.0 0.52 - 0.44 0.88 - 0.36 - mAde
(VoL = 0.5 Vdc) 10 13 - 11 2.25 - 09 -
(VoL = 1.5 Vdc) . 15 3.6 - 3.0 8.8 - 24 -
input Current (AL Déevice) lin - 15 - +0.1 - +0.00001 | $0.1 - 1.0 uAdc
Input Current (CL/CP Device) fin 15 - +0.3 —~  10.00001] £0.3 - 1.0 | mAdc
Input Capacitance Cin - - - 5.0 75 - - pF
(Vin =0)
Quiescent Current (AL Device) DD 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) pD 5.0 - 20 - 0.005 20 - 160 kAdc
(Per Package) : 10 - 40 - 0.010 |’ 40 - 300
15 - 80 - 0.015 80 - 600
Total Supply Current®*t T 5.0 1 =(0.42 pA/kHz) £ + Ipp 1 rAdc
{Dynamic plus Quiescent, 10 1 =(0.85 rA/kH2) f + Ipp
Per Package) 15 IT=(1.43 wA/kHz2) f + IDD
{CL =50 pF on all outputs, all .
buffers switching)

*Tiow = -55°C for AL Device, -40°C for CL/CP Device.
Thigh = +125°C for AL Device, +85°C for CL/CP Device.
=Noise immunity specified for worst-case input combination,
Noise Margin for both 1" and 0" level = 1.0 Vdc min @ Vpp =5.0 Vdc
2.0 Vde min @ Vpp =10 Vde
2.5 vde min @ Vpp =16 Vdc
tTo calculate total supply current at loads other than 60 pF: ’
IT{CL) = IT{50 pF) + 1 x 10-3 (C(_-50) Vppf
where: I is in A (per package), Cy_ in pF, Vpp in Vdc, and fin kHz is
input frequency. . :
**The formulas given are for the typical characteristics only at 25°¢C.

@ MOTOROLA Semiconductor Products Inc.

5-104 -

This device contains circuitry to protect
the inputs against damage due to high static
voitages or electric fields; however, it is
advised that normal precautions be taken
to avoid application of any voltage higher
“than maximum rated voltages to this high
impedance circuit. For. proper operation it
is recommended that Vi, and Vg4 be
constrained to the range Vgg < (Vip or
Vout) € VpD- )

Unused inputs must always be tied.to an
appropriate logic voitage leve! (e.g., either
Vgs or Vpp!. '




MC14040B
SWITCHING CHARACTERISTICS* (C;_ = 50 pF, Tp = 26°C)
: Min Max
Vpp AL CcL/cP Typ AL cL/cP
) Characteristic Symbol Vde Device | Device | All Types| Device | Device Unit
Output Rise Time ' te ns
tr=(3.0ns/pF) C_+30ns~ : 5.0 - - 180 350 400
t,={1.5ns/pF) C_ +15ns ~ 10 - - 90 150 200
te={1.1ns/pF) C_+10ns .15 — - 65 110 160
Output Fall Time tf : . ns
tf= (1.5 ns/pF) Cg_ + 25 ns 6.0 - - 100 175 200
t¢= (0.76 ns/pF) Cy_ +12.5ns 10 - - 50 75 100
t¢ = (0.55 ns/pF) C_ +9.5 ns 15 - - 37 55 80
Propagation Delay Time PLH, ns
Clock to Q1 PHL )
tPHL. tPLH = (1.7 ns/pF) Ci +315ns . 5.0 - - 400 700 1050
tPHL, tPLH = (0.66 ns/pF) C|_+137 ns 10 - - 170 280 420
tpHL, tPLH = (0.5 ns/pF) C_ +95 ns 15 - - 120 210 320
Clock to Q12 : us
tPHL. tPLH = (1.7 ns/pF) Cp +2415ns 5.0 - - 2.5 6.0 7.5
tPHL. tPLH = (0.66 ns/pF) C{_ +867 ns ) 10 C—- -~ 0.9 1.8 2.7
tPHL, 1PLH = (0.5 ns/pF) C +475 ns ) B[ - - 0.5 1.4 2.1
Propagation Delay Time tPHL ns
Reset to Qp, . ) ) e
tpyL = (1.7 ns/pF) Cy +485ns 5.0 - - 570 1080 1620
tpH = (0.66 ns/pF) C|_ +182 ns 10 - - 215 400 | 600
tpHL = (0.5 ns/pF) C| +145ns 15 - - 170 300 | 450 .
Minimum Clock Pulse Width PW¢ 60" | - - 140 250 385 . ns
10 - - 55 100 150
15 - - 38 75 115
Maximum Clock Pulse Frequency PRF 5.0 2.0 1.5 3.5 - - MHz
‘ 10 6.0 3.5 9.0 - -
15 6.5 4.5 13 - —
Maximum Clock Rise and Fall Time tr.tf 5.0 No No - - - -
10 Limit Limit - - - s
15 - - — -
Minimum Reset Puise Width PWR 5.0 - - 320 640 960 +ng
! 10 - - 120 | 240 360
15 - - 80 180 270
*The formula given is for the typical characteristics only.
FIGURE 1 — POWER DISSIPATION TEST FIGURE 2 — SWITCHING TIME TEST
CIRCUIT AND WAVEFORM . " CIRCUIT AND WAVEFORMS
Vop
Genaretor c a1 _O—T
Pulse
Generator
Clock
Ciock
10% ~ | R————Vgs
§0% Duty Cycle
@ MOTOROLA Semiconductor Products Inc.
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MC14040B

FIGURE 3 — TIMING DIAGRAM

Resst |
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S I N

Q12

S e I

TIME-BASE GENERATOR

APPLICATIONS INFORMATION

A 60 Hz sinewave obtained through a 1.0 Megohm
resistor connected directly to a standard 120 Vac power
line is applied to the clock input of the MC14040B. By
selecting outputs Q5, Q10, Q11, and Q12 division by

T

Vss

3600 is accomptished. The MC14040B decodes the counter
outputs, produces a single output pulse, and resets the
binary counter. The resulting output frequency is 1.0
pulse/minute.

Vbp
1.0M MC140408 |
e ¢ > ‘ l 1.0 Pulse/Minute
QOutput
>20 pF aof—o—_ 1 ., 2
1‘253 '\*/:c Q@11 feeeO——d—"]MC140128 MC140128, —0
R Q12 —0—,_

H—o—

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

is believed to be entirely reliabie. H , no r ibility is
assumed for inaccuracies. Furthermore, such information does not
convey to the purchaser of the semiconductor devices described any
ficense under the patent rights of Motorola inc. or others.

- @ MOTOROLA Semiconductor Products Inc.
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MOTOROLA
Semiconductors MC14042B

BOX 20912 , PHOENIX, ARIZONA 85036

QUAD LATCH

The MC140428 quad latch is constructed with MOS P-channel McMOS SSI
and N-channel enhancement mode devices in a single monolithic
structure, Each latch has a separate data input, but all four latches
share a common clock. The clock polarity (high or low) used to
strobe date through the latches can be reversed using the polarity ' QUAD LATCH
input. Information present at the data input is transferred to ourputs .

Q and Q during the clock level which is determined by the polarity
input. When the polarity input is in the logic “0"’ state, data is trans-
ferred during the low clock level, and when the polarity input is in
the logic “1” state the transfer occurs during the high clock level.

Buffered Data inputs

Common Clock

Positive or Negative Edge Clocked
Q and Q Outputs

Double Diode Input Protection

(LOW-POWER COMPLEMENTARY MOS)

No Limit on Clock Rise or Fall Times .
Quiescent Current = 2.0 nA/package typical @ 5 Vdc L SUFFIX P SUFFIX

CERAMIC PACKAGE  PLASTIC PACKAGE
Supply Voltage Range = 3.0 Vdc to 18 Vdc CASE 620 CASE 648

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

MC14XXX8 Suffix Denotes
MAXIMUM RATINGS (Voltages referenced to Vgg) I L Ceramic Package.
- ~ P Plastic Package
Rating Symbol i Value Unit A. Extended Operating
DC Supply Voltage Vpp -0.5to +18 Vdc Temperature Range
input Vol Il Input Vin | -05toVpp+ 05| Vdc | 1€ Limited Operating
nput Voltage. A npuAs . 5t Vbp ad Temperature Range _
DC Current Drain per Pin { 10 mAdc
Operating Temperature Range — AL Device TA -55 to +125 oc
CL/CP Device i -40 to +85
Storage Temperature Range Tsg -65 to +150 oc PIN ASSIGNMENT
: NS
LOGIC DIAGRAM
. 13 Vpo 16
2 CJa0 a3 15
. Dpog [> Lateh | Qo ‘ 3 o p3f—114
Clockg:)D 1 _ 4100 | e R K3
. b0 G0 I32
Polarity 0 . 3 . 5 [ Clock Q212
6 ] Polarity Q22— 1
o1o—(> ——o0 a1 7Cc— o1 Qif—10
7 Latch 10 .
2 = 8 ] Vss Gi— 9
- —g o
b2 13 I: Latch 1M 0z . R
3 _ TRUTH TABLE
) o 502 ' cLock [poLaRTY | a
Vpp =Pin16 - ' \ 0 0 Data
Vgg =Pin8 0 Latch
, vssTrm DSO—> i ——o a3 . =
14 tatch 1 1 1 Data
4 ~ . 1
L] _._105 &3 - Latch
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ELECTRICAL CHARACTERISTICS

. Vpp Tiow® 259C Tm’
Characteristic Symbol Vde Min Max Min Typ - Max Min Max Unit
Output Voltagé’ “0" Level |. VoL 5.0 - 0.05 C - 0 0.05 - 0.05 Vdc
Vin=Vppor0 10 - 0.05 - 0 0.05 - 0.05
15 = 0.05 — 0 0.05 - 0.05
. 1" Level VoH 50 4.95 = 4.95 5.0 - 4.95 - Vde
Vin=0orVpp . ' 10 9.95 - 9.95 10- - 9.95 -
. 15 14.95 — 14.95 15 — 14.95 —
Input Voltage# D Inputs “'0" Level Vi . Vde

(Vg =45 0r 05 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 = 13.5 or 1.5 Vdc) ’ 15 - 4.0 = 6.75 4.0 - 4.0

“1" Level Vi )

(Vo =050r45Vdc) 5.0 35 - 35 2.75 - 35 - Vdc

(Vo = 1.0 0r 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 -

Input Voltage C,P Inputs 0" Level ViL “Vdc

(Vg =4.50r 0.5 Vdc) 5.0 - 15 - 2.25 15 - 15

(Vo =9.00r 1.0 Vdc) 10 To= 3.0 - 4.50 3.0 - 3.0

(Vo =13.5 or 1.5 Vdc) 15 — 3.75 — 6.75 3.75 ad 3.75

"1 Level| V| ' )

(Vg =05 or 4.5 Vdc) ) 5.0 35 - 35 2.75 - 3.5 - vde

(Vo = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 70 | -

(Vo = 1.5 or 13.5 Vdc) 15 .| 11.26 - 11.25 8.25 - 11.25 -

Output Drive Current (AL Device) 10H ) mAdc

{VOH = 2.5 Vdc) Source 5.0 -1.2 - 10 | 17 - 07 | -

(VoH = 4.6 Vdc) 5.0 -0.26 — -0.2 .| -0.36 . -0.14 -

{VOH = 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 loL 5.0 0.64 - 051 0.88 - 0.36 - mAdc

(VoL = 0.5 Vdc} 10 16 - 1.3 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 -1.0 - - -0.8 -1.7 - -0.6 -

{(Von = 4.6 Vdc} . 5.0 -02 - -0.16 -0.36 - -0.12 -

(VoH = 9.5 Vdc) 10 ~0.5 - -04 -0.9 - -0.3 -

(VoH = 13.5 Vdc) 15 -1.4 - -1.2 -3.5 - -1.0 -

(VoL =04 Vdc) Sink oL 50 | 052 = 044 | o088 = 0.36 - mAdc

(VoL = 0.5 Vdc) 10 1.3 - 1.1 2.25 - 0.9 -

(VoL = 1.5 Vdc) o 3.6 -~ | 30 8.8 - 2.4/ - .
input Current (AL Device) LTS 15 - +0.1 - +0.00001 | #0.1 - +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) pp 5.0 - 1.0 - 0.002 1.0 - 30 uAdc

(Per Package) 10 - 2.0 - 0.004 20 - 60

15 - 4.0 = 0.006 4.0 - 120
Quiescent Current (CL/CP Device) pp 5.0 - - 40 — 0.002 40 - 30 uAde
(Per Package) 10 - 8.0 - 0.004 8.0 - 60
15 — 16 — 0.006 16 — 120
Total Supply Current** 1 I 5.0 It = (1.0 uA/kH2) £+ Ipp . _uAdc
(Dynamic plus Quiescent, 10 . It =(20 pA/kHz) f + Ipp .
Per Package) 15 : IT = (30 uA/kHz) f + IDD
{C = 50 pF on all cutputs, all :
buffers switching)

*Tiow = -55°C for AL Device, -40°C for CL/CP Device.
Thigh = +126°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
25 Vdemin @ Vpp = 15 Vdc
tTo calculate total supply current at loads other than 50 pF:
IT(CL) = 17(50 pF) + 4 x 10-3 (C_ -50) Vppf
where: I is in uA (per package), C_in pF, Vpp in Vdc, and f in kHz is input frequency.
**The formulas given.are for the typical characteristics only at 25°C.

_ @ MOTOROLA Semiconductor Products Inc.
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MC14042B

SWITCHING CHARACTERISTICS* (C =50pF, Tp = 259C)

All Types
Characteristic Symbol | Vpp Typical Maximum Unit '
Output Rise Time ty ns
tr = (30 ns/pF) C|_+30ns 50 180 360
tr = (15 ns/pF) CL_ + 15 ns B : 10 90 180
tr = (1.1 ns/pF) C_+ 10 ns : 15 65 130
Output Fall Time . tf ns
tf = (15 ns/pF) C_+ 25 ns ‘| .50 100 200
tf = (0.76 ns/pF) C_+ 125 ns 10 50 100
tf = (0.55 ns/pF) C|_+95ns ) 15 40 80
Propagation Delay Time, D to Q, Q tPLH, ns
tpLH. tPHL = (1.7 ns/pF) Cp_ + 136 ns tPHL 50 220 440
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, Q tPLH. ns
tPLH, tPHL = {1.7.ns/pF) C_ + 135 ns tPHL 50 220 440
tPLH. tPHL = (0.66 ns/pF) Cy_+57 ns 10 90 180
tpLH, tPHL = (0.5 ns/pF) C|_+ 35 ns 25 . 60 120
Minimum Clock Pulse Width . ] PWe : ns
5.0 150 300
10 50 100
) 15 40 80
Maximum Clock Rise Time tr - -
5.0
No .,
10 Limit
15
Hold Time . thold ns
5.0 50 100
10 25 50
15 20 40
Setup Time tsetup ns
50 0 50 |
10 0 30
15 (] 25

*The formula given is for the typical characteristics only.

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

(Data to Output)
Voo ) 1 ]
16 0Q
L 20 ns
Clock EO 0 2 Data Input
. Polarity Qo—o03 tPLH
Pulse: .4 a1[—o 10
Generator Do 81—Og¢ .
1 7 Q Output
D1 a2—0 11 t
13 2012
D2
14 a3[—01 @ output
o3 as[—o0 15 dtput =
RN, .8
For Power Dissipation test, each output is ss
toaded with capacitance C. =

@‘ MOTOROLA Semiconductor Products Inc.
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MC14042B

FIGURE 2 — AC TEST CIRCUIT AND TIMING DIAGRAM

(Clock to Output)
Vbbb
16 Q
Puise 5
Generator O——1 Clock Qo —02
1 6 . = o
\—O—— Potarity Qo 3
Pulse 4 Qi }—o0 10
Generator -O——1 DO 81}—0s9
2 7.
—O0—1 D1 Q2 p—o M1
13 o2 G2—012
14 Q3—o01
D3 gal—o 1s
Note: C; connected to output under test.
8 QVss

20°* ns

Clock Input
P.G. 1

Data Input . tsetup
P.G.2

Q Output

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

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad-
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voitages to this high im-
pedance circuit. For proper operation it is recommended that Vi and Vot 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).

e @ MOTOROLA Semiconductor Products Inc. —
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MC14043B

QUAD “NOR” R-S LATCH

MOTOROLA
Semiconductors

BOX 20912+ PHOENIX, ARIZONA 85036 Mc14o44B

QUAD “NAND” R-S LATCH

McMOS MSI
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 bufffars haviqg a commoq enable input. Tr.\e outputs are CER A';ws‘gii'é( AGE pL A:ng‘fi'cxl( AGE
enabled with a logical 1" or high on the enable input; a logical CASE 620

. CASE 648
“0” or low disconnects the latch from the Q outputs, result-
ing in an open circuit at the Q outputs. i
® Quiescent Current = ;4.0 nA/pkg typical @ 10 Vdc ORDERING INFORMATION
® Double Diode Input Protection MC14XXXB ___Suffix - Denotes
@ Three-State Outputs with Common Enable o
® Outputs Capable of Driving Two Low-Power TTL Loads, One : L: oAyt
Low-Power Schottky TTL Load, or Two HTL Loads Over the ) -A Extended Operating
Rated Temperature Range Temperature Range
. . C Limited Operating
® Supply Voltage Range = 3.0 Vdc to 18 Vdc Temperature Range

MC140438 MC140448

»

so RO O———] 13

Qo Qo

RO S0 O—]

i
5

o

s1 R10——

Q1 Q1

o
. —]-

R1 $10——
12
s2 R2 10
-0 a2 O Q2
Vpp = Pin 16 Vpp = Pin 16
Vgs=Ping 1 Vgs=Pin8
R2 s20———

- -
Ea %N 1“ %
-
(<]

14 14
R3 b
-0 a3 —O a3
TRUTH TABLE TRUTH TABLE
s|r|e] a 1 s|rlgl @
X{x|o High 15 X|xlo] High
impedance s3 Impedance
0{0}1|No Change ojolr (4]
. oj1f1| o s o|1fr] 1
O_DO_DO__ ilofd] 1 o |>° | So—| 1lop1t o
Enable’ iy 1 Enable 1]1{1|No Change
’ X = Don't Care ) P . X = Don't Care
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MC14043B e MC140448

* ELECTRICAL CHARACTERISTICS

. Vpo 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=Vppor0 10 - 0.05 - 0 0.05 - 0.05
15 - 0.05 - 0 0.05 - " 0.05
"1 Level Von 50 4.95 - 495 5.0 - 495 - Vdc
Vin=00r Vpp 10 9.95 - 9.95 10 - 9.95 -
15 14 .95 — 14.95 15 - 14.95 .
Input Voitage# 0" Level ViL . . Vde
(Vo=4.50r 0.5 Vdc) 5.0 - 15 - 2.25 15 - 15
(Vo =9.0 or 1.0 Vdc} 10 - 3.0 - 450 3.0 - 3.0
(Vo=13.5 or 1.5 Vdc) . 15 - 40 - 6.75 | 4.0 - 4.0
"1 Level| Vin .
(Vo=0.5 0r 4.5 Vdc) 5.0 35 - 35 2.75 - 35 - Vde
{(Vo=1.00f9.0 Vdc) 10 7.0 . 7.0 5.560 - 7.0 -
(Vo =15 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -
Output Drive Current (AL Device) 10H mAdc
1 (von=25 vde} Source 5.0 -3.0 - -2.4 -4.2 - -1.7 -
(VoH = 4.6 Vdc) 5.0 -0.64 - -0.51 -0.88 - -0.36 -
(VoH =9.5 Vdc) 10 -1.6 - -1.3 -2.25 - -09 -
(VOH =13.5 Vdc) 15 -4.2 - -34 -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 - 0.9 -
(VoL = 1.5 Vdc) 15 4.2 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) "Ion mAdc
{VOH = 2.5 Vdc) Source 5.0 -25 - =21 -4.2 - -1.7 -
(VoK =4.6 Vdc) . 5.0 -0.62 - -0.44 -0.88 - -0.36 -
(VoM =9.5 Vdc) 10 -1.3 - -1.1 -2.25 - -09 -
(VoH =13.5 Vde) 15 -3.6 - -3.0 -8.8 - 2.4 -
(VoL =0.4 Vdc) Sink oL 5.0 052 - 044 | o088 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 1.3 - 1.1 2.25 - 09 -
(VoL = 1.5 Vdc) 15 36 3.0 8.8 - 24 -
‘[input Current (AL Device) lin 15 - A - +0.00001 | +0.1 - £1.0 uAdc
Input Current (CL/CP Device) tin 15 - +03 — +0.00001| 03 - 1.0 uAdc
Jinput Capacitance Cin - - - - - 5.0 75 - - pF
(Vin=0) ’
Quiescent Current (AL Device) 1pp 5.0 - 1.0 - - 0.002 1.0 - 30 uAdc
{Per Package) 10 - 20 - 0.004 2.0 - 60
15 - 4.0 - 0.006 4.0 - 120
Quiescent Current (CL/CP Device) 10D 5.0 - 4.0 - 0.002 4.0 - 30 pAdc
(Per Package) : 10 - 8.0 - 0.004 8.0 — 60
15 = 16 - 0.006 16 — 120
Total Supply Current**t iT 50 IT= (058 wA/kHz) f + Ipp uAdc
(Dynamic plus Quiescent, Per Package) 10 C Il =(1.16 yA/kHz) f + Ipp
{CL = 60 pF on all outputs, all outputs 18 I7=1{1.73 uA/kHz) f + DD
switching)
Three-State Output Leakage Current ITL 15 - 0.1 - +0.0001 | 0.1 - +3.0 kAdc
(AL Device) '
Three-State Output Leakage Current ITL 15 — +1.0 - +0.0001 1.0 - 75 nAdc
(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.

#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 Vdec min @ Vpp = 10 Vdc
2.5 Vdcmin @ Vpp =15 Vdc
tTo calculate total supply current at loads other than 50 pF:
1T{Cy) = 17150 pF) + 4 x 10-3 (C_ -60) Vppt
where: I isin uA (per package), CLinpF, Vpp in Vdc, and f in kHz is input frequency.

**The formulas given are for the typical characteristics only at 25°C.
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MC14043B ® MC14044B -

MAXIMUM RATINGS (Voltages referenced to Vgg)

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

circuit. For proper operation it
is recommended that V5 and Vg, be
constrained to the range Vgg < (Vi or

Unused - inputs must always be tied to an

Rating Symbol Value Unit
DC Supply Voltage Vpo -0.5t0 +18 Vdc
Input Voltage, All Inputs Vin -0.5t0 Vpp + 0.5 Vdc
DC Current Drain per Pin | 10 mAdc imped:
Operating Temperature Range — AL Device Ta -55 to +125 oc
CL/CP Device -40 to +85 Vout! < Vpp-
Storage Temperature Range Tstg -65 to +150 °c

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

appropriate logic voltage level {e.g., either
Vgsor Vpp}

Vbbb .
Characteristic Symbol - Vdc Typ Max Unit
Output Rise Time t ) ns
tr=(1.35ns/pF) C_+325ns 5.0 100 200
ty = (0.60ns/pF) C_+20 ns 10 50 100
ty = (0.40 ns/pF) C|_+20 ns 15 40 80
Output Fall Time - t ns
t¢=(1.356 ns/pF) C|_+ 325 ns 5.0 100 200
tf = (0.60 ns/pF) Cy_ + 20 ns 10 50 100
¢ = (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_ + 567 ns 10 75. 175
tpLH = (0,26 ns/pF) C + 47 ns 15 60 120
tpHL = (0.90 ns/pF) C|_+ 130 ns tPHL 5.0 175 350 ns
tpHL = (0.36 ns/pF) Cy_ + 57 ns 10 75 175
tpHL = {0.26 ns/pF) C_ + 47 ns 15 60 120
Minimum Set Pulse Width PWg 5.0 80 . 200 ns
10 40 , 100
15 30 70
Minimum Reset Pulse Width PWR 6.0 80 200 ns
10 40 100
15 30 70
Three-State Enable/Disable Delay tEn. 1Dis 5.0 150 300 ns
10 80 160
. ] 15 55 110
*The formulas given are for the typical characteristics only.
AC WAVEFORMS )
MC140438 MC14044B
20 ns 20 ns 20 ns: 20 ns
50% (oD __-qu; #o0% Voo
F 50% . Set 50%-
i Vss 10% - Vss
(=20 ns .
Voo
Reset
Vss
t, I-_t'
So% . voH
50%
i VoL —
- LtPLH tPLH TPHL-
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MC14043B e MC140448

THREE-STATE ENABLE/DISABLE DELAYS

Voo
Set, Reset, and Switch Conditions for 3-State Tests. 1 .
MC140438 MC14044B . S}‘
vest| s [ R [ s1 | s2 Ja| s1 | sz |a| o
ten | VDD| Vss | Open | Closed| A |Closed| Open | B Output 1k
tEn | Vss | VDD | Ciosed | Open | B| Open | Closed | A Ynder
tDis | VDD| Vss | Open | Closed | A|Closed| Open | B
tDis | Vss | VoD | Closed | Open | B| Open | Closed | A :I: SE:F s2
= Vss
Vbb
Enable K:»o% \
p ;-—Vss
e tEn
Vob
90% -
A 10% .
Dis il fum— VoL
i ten .
tDis VoH
s 90% =
10%
Vss

— @ MOTOROLA Semiconductor Products Inc.—
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MOTOROLA :
Semiconductors M01404GB

BOX 20912 4 PHOENIX, ARIZONA 85036

PHASE-LOCKED LOOP McMOS MSI

The MC14046B phase-locked loop contains two phase compara- (LOWPOWER COMPLEMENTARY MOS)
tors, a voltage-controlled oscillator (VCO), source follower, and
zener diode. The comparators have two common signal inputs.
PCAjn and PCBjp. Input PCAj, can be used directly coupled to large PHASE-LOCKED
voltage signals, or indirectly coupled (with a series capacitor) to Loorp
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 PC1gyt, and maintains
90° phase shift at the center frequency between PCAj, and PCBijp
signals (both at 50% duty cycle). Phase comparator 2 (with leading
edge sensing.logic)- provides digital error signals PC2qyt and PCPoyt,
and maintains a 0° phase shift between PCAj, and PCBjp 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 C14, C1g,
R1, and R2. The source-follower output SFqyt with an external re-
sistor is used where the VCOj, 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

. . v . L SUFFIX P SUFFIX
diode can be used to assist in power supply regulation.
L X 4 . CERAMIC PACKAGE  PLASTIC PACKAGE
Applications include FM and FSK modulation and demodulation, .
CASE 620 CASE 648

frequency synthesis and multiplication, frequency discrimination,
tone decoding, data” synchronization and conditioning, voitage-to-
frequency conversion and motor speed control.

® VCO Frequency = 1.4 MHz Typical @ Vpp = 10 Vdc
® VCO Frequency Drift with Temperature = 0.04%/°C Typical

ORDERING INFORMATION

@ Vpp = 10 Vdc
@ VCO Linearity = 1% Typical MC14XXX8B Suffix Denotes
° i = 5.0 nA kage i
Quiescent thrrent 5 On /p.ac age typical @A5 Vdc L Ceramic Package
® Low Dynamic Power Dissipation — 70 uW Typical @ fg = 10 kHz, P Ptastic Package
VDD =5.0 Vdc, R1=1.0 M2, R2 =00, Rgf = A Extended Operating
. . Temperature Range
® Buffered Outputs Compatible with MHTL and Low-Power TTL C Limited Operating
® Diode Protection on All Inputs Temperature Range
® Supply Voltage Range = 3.0 to 18 Vdc
® Pin-for-Pin Replacement for CD4046
BLOCK DIAGRAM .
[ e e e o o e e This device contains circuitry to protect
| [sef Bias Phase 02 PCI the inputs against damage due to high static
PCAin 140 Circuit comparator 17 out voltages or electric fields; however, it is
{ . 13 PC2, advised that normal precautions be taken
Phase out to avoid application of any voltage higher
PCBjp 3ol | Comparator 2 1 PCPout than maximum rated voltages to this high
! : 4 VCOout impedance circuit. For proper operation it
ou i
VCOj, 90 Voltage 15 is recommended that V;, and Vg, be
" | Contralied —l-o:; :; constrained to the range Vgg <-.(Vj or
v Pin 16 ; Oscillator L o6 ciy Vout) € VpD-
p=PFi . .
VDss= Pin 8 | (veo) 7 Clg Unused inputs must always be tied to an
| : s appropriate logic voltage level (e.g., either
Jnh 50— * ! Source Follower |—1—O 10 SFoyt Vs$ or Vpp). Pins 6, 7, 10, 11, 12, and
¥ | 15 if unused must be left open.
J

015 Zener
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MAXIMUM RATINGS (Voltages referenced to Vgs) }
Rating Symbol | Value Unit |

DC Supply Voltage VpD -05t0+18 | Vdc
Input Voltage, All Inputs Vin |05toVpp+ 05| Vdc
DC Current Drain per Pin ] 10 mAdc
Operating Temperature Range — AL Device T TA -56 to +125 oc
CL/CP Device -40 to +85
Storage Temperature Range Tstg -65 to +150 °c
ELECTRICAL CHARACTERISTICS .
: Voo Tiow* ‘ 25°C T,_,;.!_,'.
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=Vppor0 10 - 0.05 - 0 0.05 - 0.05
15 - 0.056 - 0 0.056 - 0.05
1" Level VoH 5.0 495 - 495 5.0 - -4.95 - Vde
Vin=00rVpp 1. 10 9.95 - 9.95 10 - 9.95 -
. 15 14.95 -~ 14.95 - 15 - 14.95 -
Input Voltage# . 0" Level| Vy - . Vdc
(Vo =4.50r 0.5 Vdc) 5.0 - 15 - 2.25 15 - 15
(Vp = 9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vo = 13.5 or 1.5 Vdc) 16 — 40 - 6.75 4.0 - 4.0
: 1" Level | Vi i
(Vg = 0.5 or 4.5 Vdc) 5.0 35 - 3.5 2,75 - 3.5 - Vde
{Vp = 1.0 or 9.0 Vdc) 10 70 - 7.0 5.50 - 7.0 -
(Vo = 1.6 or 13.6 Vdc) . : 15 1.0 - 11.0 8.26 = 11.0 -
Output Drive Current (AL Device) IoH mAdc
(VOH = 2.6 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - ~0.7 -
(VOH = 4.6 Vdc) ) 5.0 ~0.25 - -0.2 -0.36 - -0.14 -
(VoH = 9.5 Vdc) 10 -0.62 - -0.5 -09 - -0.35 L=
(VOH = 13.5 Vdc) 15 -1.8 - -1.6 -3.5 -~ -1.1 —
(VoL = 0.4 Vde) Sink oL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc
(VoL = 05 Vdc) 10 16 - 1.3 226 - 0.9 -
(Vor = 1.5 Vdc) 15 42 - 34 88 - 24 -
Output Drive Current (CL/CP Device) 1o0H i ’ mAdc
(VOoH = 2.5 Vdc) Source 5.0 -1.0 - -08 | -1.7 - -0.6 -
{VoH = 4.6 Vdc) 5.0 -0.2 - -0.16 ~0.36 - -0.12 -
" (VQH = 9.5 Vdc) 10 -0.5 - -0.4 -09 - -0.3 -
(Vou = 135.vde) - 15 -1.4 - -12 | -35 - | -10 -
(Vor = 0.4 Vdc) Sink oL 5.0 052 - 044 | 088 - 0.36 - mAde
" (VoL = 0.5 vdc) 0. | 13 | - 11 | 228 - 0.9 -
(VoL = 1.5 Vdc) 15 36 - 30 | 88 - 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 #Adc
Input Capacitance Cin - A - 6.0 75 - .- 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
(Inh =""1" and PCA = *‘1") 15 - 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device) 1pD 5.0 - 20 - 0.005 20 - 150 pAdc
{Per Package) 10 - 40 — 0.010 40 - 300
{Inh = 1" and PCA = '1") 15 — 80 — 0.015 80 — 600
Total Supply Current t It 5.0 I = (1.46 pA/kH2) £+ Ipp . uAdc
(Inh = 0", f5 = 10 kHz, Cf_ = 50 pF, 10 . It ={2.91 uA/kHz) { + 1pp
R1=1MR, R2 = =, Rgf = =, and 15 17 =437 uA/kHz) f + Ipp
50% Duty Cycls) 3 :

*Tiow = -55°C for AL Device, -40°C for CL/CP Device.
Thigh = +125°C for AL Device, +85°C for CL/CP Device.
#Noise immunity specified for worst-case input combination.
Noise Margin for both “1” and *0” level = 1.0 Vdec'min @ Vpp =5.0 Vdc
. : 2.0Vdcmin @ Vpp = 10 Vde
2.5 Vdc min @ Vpp = 15 Vde

*To Calculate Total Current in General: .
IT~22x VoD (vcoi,. -1.65, Vpp -1 .35)3/4 + 16x (yco;,, -1.65
. R1 R2 : RsF
1x10-1 Vpp? (mo % Duty Cydle of PCA;
. 100

)3/“” x10-3(C_+9) Vpp f+

n)
+ .
RS R1, R2, RgF in MR, C|_ on VCOgut.

@ MOTOROLA Semiconductor Products Inec.
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MC14046B
ELECTRICAL CHARACTERISTICS* (C|_ =50 pF, Tp = 26°C)
- : Minimum Maximum
Vpo AL CL/CP | Typical AL cL/cp
- Characteristic Symbol Vdc Device | Device | Alt Types | Device | Device Units

Output Rise Time . t ns
te = (3.0 ns/pF) Ci_+ 30 ns 5.0 - - 180 350 400
1= (1.5 ns/pF) C + 15 ns 10 - - 90 150 200
ty = (1.1 ns/pF) C + 10 ns © 15 - - 65 110 160

Output Fall Time t¢ ns
t¢ = {1.5 ns/pF) Cy_+ 25 ns 5.0 - - 100 175 200
t = (0.75 ns/pF) C|_+ 125 ns : ) i 10 - - 60 75 100
t¢ = {0.65 ns/pF} C_+ 8.5 ns : 15 L= - 37 55 80

PHASE COMPARATORS 1 and 2

input Resistance — PCAj, N Rin 5.0 1.0 1.0 20 - - M

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 50 | - - 200 300 400 mV p-p
AC Coupled — PCAj, 10 - - 400 600 800
C series = 1000 pF, f = 50 kHz 15 - = 700 1050 1400
DC Coupled — PCA;j, PCBjp = 51015 | See Noise Immunity

VOLTAGE CONTROLLED OSCILLATOR (VCO) '

Maximum Frequency ) fmax 5.0 0.50 0.35 0.70 - -~ - MHz
(VCO;y = Vpp., C1 =860 pF, ’ 10 - 1.0 0.7 14 - -,
R1=5kQ, and R2= o) , 15 1.4 1.0 19 - -

Temperature — Frequency Stability - 5.0 - - 0.12 - - %/°C ]
{R2 = =} ) 10 - - 0.04 - -

) 15 - = 0.015 = -

Linearity (R2 = =) - %
(VCO;jp =250V £ 0.30 V, R1 > 10kQ) 5.0 - - 1 - -

(VCOjp =5.00 V £ 250 V, R1 > 400 kQ2) , 10 - - 1 - -
(VCO;jp, =7.50 vV £ 500 V, R1 > 1000 kQ) 15 - - 1 - -

Output Duty Cycle - - 610 15 - - 50 - - %

Input Resistance — VCOj, Rin 15 150 15 1500 - - M

SOURCE-FOLLOWER. )

Offset Voltage - 5.0 - - 1.65 2.2 25 Vvdc
{VCO;, minus SFgyt, RgE > 50 k) . 10 - - 1.65 22 25

) 15 - - 1.65 22 25

Linearity . - %
(VCOj, = 250 V + 0.30 V, Rgg > 50 k) 5.0 - - 0.1 - -

(VCOj, =5.00 V + 250 V, Rgr > 50 k2} 10 - - 0.6 - -
(VCOj, =7.50 V + 5.00 V, RgfF > 50 k2} 15 - = 0.8 - -

ZENER DIODE . ) :

Zener Voltage {l = 50 uA) vz | - 67 | 63 7.0 7.3 7.7 Vde

Dynamic Resistance (1; = 1 mA) Rz - - -~ 100 - C- 1]

*The formula given is for the typical characteristics onty.

@ MOTOROLA Semiconductor Products Inc.
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MC14046B

FIGURE 1 — PHASE COMPARATORS STATE DIAGRAMS

PHASE COMPARATOR 1
Input State :
|
i
X X
X I
PCAj, PCBin |
PClout 0 1
PHASE COMPARATOR 2
N I
Input State : P
. |
X O ONBOBNONEO O
M" >
i
1
3-State
PC2out o Qutput Disconnected !
PCPout
{Lock Indicator) o 1 ) °
Refer to Waveforms in Figure 3.
FIGURE 2 — bESIGN INFORMATION
Characteristic Using Phase Comparator 1 . Using Phase Comparator 2

No signat on input PCA;p.

VCO in PLL system adjusts to center frequency | VCO in PLL system adjusts to minimum fre-

(fg)." : . quency (fryin).

Phase angle between PCA;, and PCBjp.

90° at center frequency (fg), approaching 0° Always 0° in lock {positive rising edges).

and 180° at ends of lock range (2L ).

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. 2f_= full VCO frequency range = fmax - 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.

Depends on low-pass filter characteristics
(see Figure 3). fo <f|_

fe=1L

‘Center frequency (fg).

The frequency of VCOgqy, when VCO;, = 1/2 Vpp

VCO output frequency (f).

Note: This information is intended
only to be a design guide. Some
laboratory experimentation may be
required for fixed designs.

> K [vcoin -1.65  Vpp -1.35] i frmax
R1 R2
fr MHz (at 25°C) 3
(C1+32) (Vpp + 1.6) e
o  foo
where: >
Vpp in Vde; 5.0 Vde < Vpp < 16 Vde s

VCOjy, in Vdc; 1.65 Vdc < VCOj, < (Vpp -1.35 Vdc)
R1and R2in MQ; R1 > 0.005 MQ \R2 < 10 M2
C1inpF; C1>50pF

3
E
i

K = 0.95 @ Vpp = 5.0 Vdc
=0.95 @ Vpp = 10 Vde

=1.08@ Vpp = 15 Vdc

|
|
+ ot +——t
165 1/2vpp {(Vpp Voo
)

VCOoi,

@ MOTOROLA Semiconductor Products Inc.
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MC14046B

FIGURE 3 — GENERAL PHASE-LOCKED LOOP CONNECTIONS AND WAVEFORMS

SF
9 Source 10 out
"1 Follower
VCOjp, Ree
PCA;, 14 =
| ——] External -
@ Frequency f Co;h::re o 2o0r 13 Low-Pass 2 vco d o VCOout NE =
PCB; > para PClout Filter 1112 6 7 @ Frequency Nf* =1
. in ) or
PCaae Cia |Clg
. " R12 R2
Ccl
[ “Externai 1 = =
—] N
1 |l
L Counter N
Typical Low-Pass Filters
(a) R3 (b} R3
Input O—W\«—I—O Output Input Output
c2 1 R4
:=E 2fc

j::CZ

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

Waveforms

Phase Comparator 1

i PCAjn I ]
VoH

PCBin I l l L_
Vou
——VoH
PCigut I I l | l I | l
] VoL

- —VoH
VCO;, N
— Vou

Voo

L v

Phase Comparator 2

Voo
PCAjn | l
\ Vss
S
! VoH
PCBjn ! I . L 1 I !
! VoL

t ]
r VoH
PCP,
out | ) VOL
H L VoH
PC26ur b
U— vouL
— VoH
VCOijn
— VoL
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‘MO'TOROLAA S
Semiconductors
BOX 20912 . PHOENIX, ARIZONA 85036

MC14049B
MC14050B

HEX BUFFERS

The MC14049B hex inverter/buffer and MC14050B noninverting
hex buffer are constructed with MOS P-channel and N-channel en-
hancement mode devices in a single monolithic structure. These
complementary MOS devices find primary use where low power
dissipation and/or high noise immunity is desired. These devices
provide logic-level conversion using only one supply voltage, VcC.
The input-signal high level (V|H4) can exceed the V( .supply

“voltage for logic-level conversions. Two TTL/DTL Loads can be
driven when the devices are used as CMOS-to-TTL/DTL converters
(Vce =5.0V, VoL < 0.4V, IgL > 3.2 mA). Note that pin 16 is
not connected internally on these devices; consequently connections
to this terminal will not affect circuit operation.
® High Source and Sink Currents- )
® High-to-Low Level Converter
,® Quiescent Current = 2.0 nA/package typical @ 5 Vdc

® Supply Voltage Range = 3.0 Vdc to 18 Vdc

. McMOS SS1

{LOW-POWER COMPLEMENTARY MOS}

HEX BUFFERS

Inverting —

MC14049B

Noninverting — MC140508B

MAXIMUM RATINGS  (Voltages referenced to Vgg, Pin 8)

16
1

L SUFFIX
CERAMIC PACKAGE

CASE 620

16

P SUFFIX
"PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXX8B Suffix Denotes

-EL
v
A

[o]

Ceramic Package
Plastic Package
Extended Operating
Temperature Range
Limited Operating
Temperature Range

Rating Symboi Value Unit
DC Supply Voltage Vop ) —0.5 to +18 Vde
Input Voitage, All Inputs Vin —-0.5 to Vpp +05 Vde
DC Current Drain per Input Pin t 10 mAdc
DC Current Drain per Output Pin ) I 45 .1 mAdc
Operating Temperature Range — AL Device Ta —55 to +126 °c
: CL/CP Device —40 to +85
Storage Temperature Range Tstg —65 to +150 °C
CIRCUIT SCHEMATIC
(1/6 OF CIRCUIT SHOWN)
MC14049B MC140508
Vee
Vee
I =L
JL © )
e 4
x U : q :}
| T Vss

LOGIC DIAGRAMS

MC140498

o

w

. MC140508

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




ELECTRICAL CHARACTERISTICS
0 ) 0
Voo Tiow 25°C Tw
Characteristic Symbol Vde Min Max Min Typ Max Min Max Unit
Output Voltage 0" Level VoL 5.0 - 0.058 - [¢] 0.05 - 0.05 Vdc
Vin=Vppor0 ) 10 - 0.05 - 0 0.05 - 0.05
15 - 0.05 — 0 0.0 - 0.05
1" Level VoH 50 .| 495 - 4.95 5.0 - 495 - Vde
10 9.95 - 9.95 10 - 995 -
15 14.95 - 1495 15 - -14.95 -
.| Input Voltage “0" Level ViL : ] . ) Vdc
(Vo = 3.6 or 1.4 Vdc) 50 - 15 - 225 15 - 14
(Vo =7.2 0or 2.8 Vdc) . 10 - 3.0 - 450 3.0 - 29
. (Vo =1150r3.5 Vdc} 15 . - 3.76 - 6.75 3.76 - 3.6
. “1"" Level ViH Vde
(Vo =1.4 or 3.6 Vdc) ! 50 - 3.6 - 35 275 - 3.5 -
(Vo =28 0r 7.2 Vdc) 10 74 - .70 5.50 - 7.0 -
{Vo =3.50r 11.5 Vdc) . 15 1147 - 11.25 8.25 - 11.26 -
Output Drive Current (AL Device) IoH : mAdc
{VoH = 2.5 Vidc) 5.0 -1.6 - -1.25 —-25 - -029 -
(VoH = 9.5 Vdc) o 1 10 -16 - -1.25 —-25 - -09 -
(VoH = 13.5 Vdc) _ 15 -4.7 — ~-3.75 -10 ft -2.1 -
{VoL = 0.4 Vdc) loL 5.0 3.76 - '3.2 6.0 - 2.1 - mAdc
(VoL = 0.5 Vdc) . . 10 10 - 8.0 16 - 5.6 -
(VoL = 1.5 Vdc) 15 30 - 24 40 - 168 -
Qutput Drive Current {CL/CP Device) IoH . . ‘ mAdc
(Vou = 2.5 Vde) 5.0 -15 - -125 | -25 - ~10 - -
(VoH = 9.5 Vdc) 10 -15 - -125 | -25 - —1.0 -
(Vou = 13.5 Vdc) 15 -45 - -375 | —10 - -30 -
(VoL = 0.4 vdc) loL 5.0 36 - 3.2 6.0 - 25 - mAdc
(VoL = 0.5 Vdc) : 10 | 96 - 8.0 16 - 6.6 - |
(Vop = 1.5 vde) i 15| 28 - 24 40 - 19 -
Input Current (AL Device) lin 15 - 1 =04 —~  |t0.00001] :0.1 = | #10 | sAde
Input Current (CL/CP Device) lin 15 - +0.3 —  [¥0.00001] 0.3 - 1.0 KrAdc
Input Capacitance Cin | - | - - - 10 20 - - |- #F
{Vin =0) : 4
Quiescent Current {AL Device) 1bD 5.0 - 1.0 - 0.002 10 - 30 | wAdc
(Per Package) 10 - 2.0 - 0.004 20 - 60 |-
. . 15 - 4.0 - 0.006 4.0 - 120 ’
Quiescent Current (CL/CP Device) Ipp 5.0 - 4.0 - 0.002 4.0 - 30 rAdc
(Per Package) 10 - 8.0 - 0.004 8.0 - 60
15 - 6 | - 0.006 16 - 120
Total Supply Current**t 54 5.0 17 ={1.77 pA/kH2) f + Ipp kAdc
(Dynamic plus Quiescent, 10 : I = (3.54 gA/kHz) £+ IpD
Per Package) 15 i1 = (5.31 pA/kHz2) £+ DD
(Cy_ 50 pF on all outputs, all
buffers switching)
FIGURE 1 — AMBIENT TEMPERATURE
: POWER DERATING
*T)ow = 55°C for AL Device, —~40°C for CL/CP Device. .
Thigh = +126°C for AL Device, +85°C for CL/CP Device. 1o00[ [ [
1To Calculate total supply current gt loads other than 50 pF: §E‘ 900 T T -
I7(CL) = IT(50 pF) + 6 x 10~3 (C_ —50) Vppf S 0N PLASTIC OR CERAMIC _|
where: I isin #A (per pachage), Cy_in pF, Vpp in Vde, 3 \ ' PACKAGE,
. s =
and f in kHz is input frequency. g 0 N :
**The formulas given are for the typical characteristics only at 25°C. 2 g 600 \\ -
. =1 .
g3 w
2% :
= N
ES 300 - \
z 200 :
g : N
: N |
0 .
25 50 7% - 1ﬂq 125 150 175
TA, AMBIENT TEMPERATURE (°C)
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MC140498 e MC14050B8

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

) Vpp All Types .
Characteristic Symbo! | Vdc | Min | Typ ‘ Max | Unit
MC14049B
Output Rise Time t ns
ty = (0.8 ns/pF) C|_ +60 ns 6.0 - 100 200 ’
ty = (0.3 ns/pF) C_ +35.ns 10 - 50 100
ty ='(0.27 ns/pF) C_+ 26.5 ns 15 - 40 80
Output Fall Time tf ns
t§ = (0.3 ns/pF) C|_+ 25 ns 5.0 - 40 80
tg = (0.12 ns/pF) C_+ 14 ns 10 - 20 40
tf = (0.1 ns/pF) C_+ 10 ns 15 - 15 30
Propagation Delay Time tPLH ns
tpLH = (0.38 ns/pF) Ci_ +61 ns 5.0 - 80 160
tpLH = (0.20 ns/pF) C_+ 30 ns 10 - 40 80
tpLH = (0.11 ns/pF) Cy +24.5 ns 15 - 30 60
Propagation Delay Time tPHL ns
tpHL = (0.38 ns/pF) C_+ 11 ns 5.0 - 30 60
tpHL = (0.12 ns/pF} Cy_ + 9 ns 10 - 15 30
tpH = (0.11 ns/pF) C| +45 ns 15 - 10 20
. MC14050B
Output Rise Time te ns
ty = (0.7 ns/pF) C_ + 65 ns 5.0 - 100 200
ty = (0.25 ns/pF) Cp_ + 375 ns 10 — 50 100
ty = (0.2 ns/pF) C_ +30 ns 15 - 40 80
Output Fall Time t ns
ts = (0.2 ns/pF) C + 30 ns 5.0 - 40 80
t¢ = (0.06 ns/pF} C_ +17 ns 10 - 20 40
t5 = (0.04 ns/pF) C_+ 13 ns 15 - 15 30
Propagation Delay Time tPLH ns
tpLH = (0.33 ns/pF) C_ +63.5 ns 5.0 - 80 160
tpH = (0.19 ns/pF) C|_+ 305 ns 10 - 40 80
tpH = (0.06 ns/pF) C|_ + 27 ns 15 - - 30 60
Propagation Delay Time tPHL ns
tpHL = (0.2 ns/pF) Cy +30 ns 50 - 40 80
tpHL = (0.1 ns/pF) C +15ns 10 - 20 40
tpHL = (0.06 ns/pF) C| + 125 ns 15 - 15 30
*The formula given is for the typical characteristics only.
FIGURE 2 — TYPICAL VOLTAGE TRANSFER CHARACTERISTICS versus TEMPERATURE
MC140498 ' MC140508
10 10 ve I
Vee =10 Vie| S (] Ve =10 Vde
= 80 < 80 -
3 £ Ta = 1259C | | -550¢
& Ta=1250CH 1550C &
2 0 A E 60
—-d
§ 5.0 Vdc 3
-
5w 2 40 5.0vde
5 -550C * 5 " .
Q- < " -
5 0 3
=20 L > 20
125°C "-5§°C
- NC WL
0 20 40 8.0 10 0 2.0 80 10

Vin INPUT VOLTAGE (Vde)

40 6.0
Vin INPUT VOLTAGE (Vdc)
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MC14049B e MC14050B

FIGURE 3 — TYPICAL OUTPUT SOURCE CHARACTERISTICS FIGURE 4 — TYPICAL OUTPUT SINK CHARACTEhISTICS

MC 140498 Ve MC140508

Vps = Von ~ Vo

0
g
§ Vs = 5.0 Vi ™ [ 74 = Vgs =15 Vde __|
= b1 < .
=4 10 - £ //
o » /, / = 120 v
s / / 2 /
© 20 - g 7
8 L ,/ é » Vgs = 10 Vde
2 - =
@ _30 | Vgs = 10Vde z /
-

§' r = 4 Caution: Max Package dissipation ~
5 5 40 / must be observed.
o o /
= 40 o )
s 2 / Vgs=5.0Vdc

Vs =15Vde [ I

-50 1 — 4
-10 -8.0 -6.0 -4.0 -2.0 0 0 2.0 40 - 60 8.0 10
Vpg DRAIN-TO-SOURCE VOLTAGE (Vdc) Vps DRAIN-TO-SOURCE VOLTAGE (Vdc)

FIGURE 5 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

20 ns r “] =~ 20 ns
Input v )
P 90% ﬁs bo
50% S 3
Vee — 10% k Vs
1 TPHL =
Pulse [0 t——C * OV Output
Generator Vin ) _I_ o eut Mc140498
(o
80 Ves L .
PLH
- - Output
MC 140508
#linvert on MC14049B only

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

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

— @ MOTOROLA Semiconductor Products Inc.
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MOTOROLA
Semiconductors

BOX 20912 « PHOENIX, ARIZONA 85036

MC14051B
MC14052B
MC14053B

ANALOG MULTIPLEXERS/DEMULTIPLEXERS

The "MC14051, MC14052 and MC14053 analog multiplexers
are digitally controlied analog switches. The MC14051 effectively
implements an 8PST electronic switch, the MC14052 a 4PDT,
"and the MC14053 a DP3T. All three devices feature low ON
impedance and very low OFF leakage current. Control of analog
signals up to the complete supply voltage range can be achieved.

High On/Off Output Voltage Ratio — 65 dB typical

Quiescent Current = 5.0 nA/package typical @ 5 Vdc

Low Crosstalk Between Switches — 80 dB typical

Diode Protection on All Inputs

Supply Voltage Range = 3.0 Vdc to 18 Vdc

Transmits Frequencies Up to 656 MHz

Linearized Transfer Characteristics, ARON <60 £2 for
Vin=VDD to VEg @ 15 Vdc

Low Noise — 12 nVA/Tycle, f > 1 kHz typical . .

Pin-for-Pin Replacement for CD4051, CD4052, and CD4053

oe 00000

MAXIMUM RATINGS

McMOS MSI

{LOW-POWER COMPLEMENTARY MOS)

ANALOG MULTIPLEXERS/
DEMULTIPLEXERS

CASE 620 CASE 648

- L SUFFIX P SUFFIX
. CERAMIC PACKAGE PLASTIC PACKAGE

ORDERING INFORMATION

MC14XXXB. Suffix Denotes

Rating Symbol Value - Unit
DC Supply Voltage Vpp | - -05t0 +18 Vde L Ceramic Package
tnput Voltage, All inputs Vin | 05teVpp+05] Vdc P Plastic Package
'] DC Current Drain per Pin . I 25 mAdc A sxmnded Op;rating
N " emperature Range
Operating Temperature Range — AL Derce TA. -55 to +125 o¢ C Limited Operating
. CL/CP Device . -40 to +85 Temperature Range
Storage Temperature Range . ‘Tstg -65 to +150 °c :
MC14051 ’ MC14052 MC14053
8-Channel Analog : Dual 4-Channel Analog Triple 2-Channel Analog
Multiplexer/Demultiplexer Muitiplexer/Demultiplexer Muitiplexer/Demultiplexer
6 O—{Inhibit 6 O— Inhibit 6 O—Inhibit
o— o— o—A xt—o014]
Controls " A Controls 10 A Controls "
100—{8 90—{B Xt+—O013 100—{B
9 O0—C . 120—IX0 90——C
130—{x0 ' . 140—{x1 c . f120—{x0 v—o18 Cgmn/'\‘ons
ommons ut/In
1o—px1 s 150—x2 - Out/In 130—x1 :
150—1X2 “lcommon Switches J 110—1X3 Switches 20—{YO
Switches J 120—X3 Out/ln,  infOut ] 10—{v0 In/Out’ 1 1 0—v1
In/Out -] 10—{x4 50— Y1 o3 50—20 zl—o04
50— X5 20—{v2 30—{21
20—X6 a0—{v3 .
40—{x7
Vpp = Pin 16 Vpp = Pin 16 Vpp = Pin 16
Vgs =Pin8 Vgg=Pin8 Vgg =Pin8
Vgg =Pin 7 Vgg =Pin 7 Vgg =Pin7

Note: Controt! Inputs referenced to Vgg, Analog Inputs and Outputs reference to Vgg. VEE must be <Vgg.
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FIGURE 1 — SWITCH CIRCUIT SCHEMATIC

: v . T I Vpp
oD
: Vob
L— v Vop — .
in/Out &K-= =] i] D’D 3 P -~=-% out/In
%‘ AvAv - VW
~10 " { Iﬂ =10
= =y =
= VEE
1
VDDI .
Control }
in/Out Out/in
1=VEE Control .
FIGURE 2 — MC14051 FUNCTIONAL DIAGRAM’
. 169VpD
TRUTH TABLE Inh 6 | |
. 1-of
Control Inputs . A 110— . Level BiDnarydto :;m.a
Select ON Switches B 100~ converter | eiohz.vtv
— n
Inhibit [C* B A |MC14051 | MC14052 | MC14053 ¢ e¢ ] )
o |ooo| xo Yo  x0]z0 Yo xo t———' Il
o |o o0 1 X1 Yi- x1}z0 vo X1 80Vgs 7°Vge JLHHI - -
o |o1 e X2 Y2 - X2{20 Y1 XoO X013 N&] TT] : :
0o |o 11 X3 Y3 x3|zo v1 X1 X114 B
0 |10 0] xa ] 121 Yo xo s thal 111
o |101] x5 “lz1 vo x1 x2 SNITTT
<] 110 X6 Z1 Y1 Xo X3 12 3 X
o |11 1| x7 z1 Y1 x1 . ‘ 'l
X4 1 —£3
1 X X x None None None &I
*Not applicable for MC 14052 X5 & T
x = Don’t Care X6 2
' ) X7 4 &-—
FIGURE 3 — MC14052 FUNCTIONAL DIAGRAM FIGURE 4 — MC14053 FUNCTIONAL DIAGRAM
16?VDD ) . 16 ;VDD
Inh 60— — Inh 60— -t
Binary.to - Binary to 1-0f-2
Level 1-0§-4 Decod A 110— Level 1
A 100/ Converter | | :llth ‘nehc‘:"e " B 100~ converter [ Decoder with
8 9 o—f [N c 9 o— | Inhibit

slvss 76 Ve J)Ll l ] slvss 7ivEE i‘
X0 12 K ‘
B

) {1 '
X1 14 &——4 X012

| Y [ ¢—o13 x ] | $—o14x
X2 15 1 X113
X3,11 ' Y0 '2 o - £
Yo 1 % &ll , ; Y11 : él p—ots ¥

20 &
> ]

Y1 & B 3y
b——o0 - 4 Z
Y2 2 - J;s—— 2% 3 o
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MC14051B ¢ MC14052B @ MC14053B

ELECTRICAL CHARACTERISTICS

VpD -V: Tiow” - %% Thigh*
Characteristic Symbol Vdc Min | Max | Min | Typ Max Min Max Unit
Output Voltage 0’ Level VoL 5.0 - 0.01 - 1] 0.0t - 0.05 Vdc
10 - 0.01 - [ 0.01 - 0.05
15 - 0.01 - 0 0.01 - 0.05
1" Level VOoH 5.0 4.99 - 499} 5.0 - 495 - Vde
10 9.99 - 9991 10 - 9.95 -
15 1499 - 14.99; 15 - 14.95 -
Input Voltage ViL . Vde
(8Voyt < 1.5 Vde) 5.0 15 - | 15228 | - 14 -
(&Vgyt < 3.0 Vde) ; . 10 3.0 - 3.0 | 450 - 29 -
{aVgye <4.5 Vdc) 15 45 | — | a5 )65 | - 44 -
{8Vt < 1.5 Vdc) ViH 5.0 14 - 156 225 - 15 - Vdc
{8Vt < 3.0 Vdc) 10 29 | - [ 30fa50 | - 3.0 -
(aVgyt < 4.5 Vdc) 15 44 - 45 | 6.75 - 4.5 -
Input Current {Control, inhibit)} lin — —- — - 10 - - — pAdc
Input Capacitance Cin ‘ pF
(Vin =0)
Control, Inhibit - - - - 5.0 - - —
Switch inputs — - - — |10 - - | -
Output Capacitance MC14051 Cout 10 - - - 60 — - - pF
MC14052 10 - - - | 32 - - -
MC14053 10 — — — 17 C—- — —
Feedthrough Capacitance MC14051 | Cijn-out 10 - - - (018 - - - pF
MC14052 10 - - - | 012 - - -
MC14053 10 - - — | 0.10 - - -
Quiescent Current (AL Device) IpD 5.0 - 5.0 — |0.005| 5.0 - 150 | mAdc
" {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 - 10.010 40 - 300
15 - 80 — |0.016] 80 — 600 .
Total Supply Current **t IT 5.0 A1 =(0.07 gA/kHz) f + Ipp rAdc
(Dynamic plus Quiescent, 10 IT = (0.20 uA/kHz2) f + Ipp
Per Package) 15 I7 = (0.36 uA/kHz2) f+ Ipp
ON Resistance (AL Device) RoN 5.0 - 800 — | 250 }.1080 - 1300 Q
10 - 400 - 120 500 - 550
15 - 220 — 80 280 — 320
ON Resistance (CL/CP Device) ' ' Ron: 5.0 - 880 -~ | 250 | 1050 - 1200 Q
| .10 - 450 - 120 500 - 520
15 | — 250 — | 80 280 - 300
2 ON Resistance Betwéen Any Two Channels SRON 50 - - - 25 - - - o
. ‘10 - - — | 10 - - -
15 - - - | 50 - - -
OFF Channel Leakage Current Any Channel — 15 - 100 — |+0.01 100 - - nAdc
(AL Device) All Channels OFF:
MC14051 i 15 - 100 -~ |+0.08| 100 - -
MC14052 15 - 100 — {x0.04 | 100 - -
MC14053 15 - 100 — [+0.02 100 — -
OFF Channel Leakage Current Any Channel — 15 - 1000 — |+0.01| 1000 - — nAdc
(CL/CP Device} All Channels OFF:
MC14051 15 - 1000 — |+0.08 1000 - -
MC14052 15 - 1000 — |x0.04 | 1000 - .
MC14053 15 - 1000 — |+0.02{ 1000 - -

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

#Noise immunity is defined as the control input voltage coincident with the
specified change, 4Vq ¢, at an output in the OFF state. .

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

1Total Supply Current, I, is the current drawn at device terminals Vpp and
Vgg for total current through the device. The channel component,
{Vin—Vout!//RON. should not be included.

‘ @ MOTOROILA Semiconductor Products Inc.
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SWITCHING CHARACTERISTICS* (C|_=50pF, Tp = 26°C)
Max
Vpp-Vss Typ AL cL/cp
Characteristic Symbol Vdc All Types Device Device Unit
Propagation Delay Times tPLHAPHL ns
Switch Input to Switch Output (R = 10 k2)
MC14051 .
tPLH.tPHL = (0.17 ns/pF) C_ + 26.5 ns 5.0 35 55 20
tpLHtPHL = (0.08 ns/pF) C_+ 11 ns 10 15 25 40
tPLHAPHL = (0.06 ns/pF) C_ +9.0 ns 15 . 12 18 . 30
MC14052 .
tpLH.tPHL = (0.17 ns/pF) C_ +21.5 ns 5.0 30 45 75 ns
tpLHAPHL = (0.08 ns/pF) C|_+8.0ns 10 12 18 30
tpLH,tPHL = (0.06 ns/pF) C|_ + 7.0 ns 15 10 15 25
MC14053
tPLH tPHL = (0.17 ns/pF) C|_ + 16.5 ns 5.0 25 - 40 65 ns
tpLH tPHL = (0.08 ns/pF) C_+4.0ns 10 8.0 12 20
tPLH. tPHL = (0.06 ns/pF) Cp +3.0ns - 15 6.0 9.0 15
Inhibit to Output (R = 10 kf2):
Output “1" or ““0’" to High Impedance, or . e tegH ns
High Impedance to “1*’ or 0" Level tH 1t
MC14051 5.0 850 1275 2125
10 300 450 750
- 15 250 375 625
MC14052 5.0 950 1425 2375 ns
) 10 325 490 800
15 230 350 575
MC14053 5.0 1000 1500 2500 ns
) . 10 350 . b2s . 875
15 215 325 540
Control Input to Output (R = 10 k&) tPLHPHL ' ns
MC14051 5.0 ' 350 525 875
‘ 10 140 210 350
15 100 150 250
MC14052 5.0 325 T 490 815 ns-
10 130 195 325
15 90 135 225
MC14053 , 5.0 300 450 750 ns
10 120 180 300
15 80 120 200
Sine Wave Distortion - 10 0.04 - - %
(R = 1k&, f=1kHz) "
Bandwidth ‘BW - . MHz
(R =1k, Vi, =1/2 (Vpp -Vgs) p-p,
Vout .
20 Log1o-r= -3 dB) MC14051 10 20 - -
in MC14052 10 30 - -
MC14053 10 55 - -
Feedthrough Attenuation, input to Output - MHz
(R = 1 k2,20 Log10~2Ut - 50 dB) MC14051 . 10 45 - -
. Vin MC14052 10 35 - -
MC14053 10 3.0 - -
Channel Separation - 10 3.0 - - MHz
(RL=1kQ,Vijn=1/2(Vpp ~Vgs! p-p,
Vout(B)
20 L = -50 dB
og1ow 5| )
Feedthrough Control, Input to Output - 10 30 - — mV
(R1=1kQ, R =10 kQ, Control/Inhibit :
tr = tf =20 ns)
Maximum Control Frequency - 10 10 - - MHz
(R =1kQ, Voutr = 1/2 Vi)
*The formulas given are for the typical characteristics onty.
This device contains circuitry to protect.the inputs against damage due to high static voltages or.electric fields; however, it is ad-
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this hig