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NUMERICAL INDEX

ORDERING INFORMATION — SUFFIXES*

AL —31to 18V, -55to +125°C, ceramic package
CL —31to0 18V, -40 to +85°C, ceramic package
CP —3to 18V, -40 to +85°C, plastic package

L — Limited voltage range, limited temperature range, ceramic package
P — Limited voltage range, limited temperature range, plastic package

EFL — 3 to 18 V, -55 to +125°C, ceramic package
FL —3to 18V, -40 to +85°C, ceramic package
FP — 3to 18V, -40 to +85°C, plastic package
EVL—3to 6V, 55 to +125°C, ceramic package
VL —3to6V,-40 to +85°C, ceramic package
VP —3to 6V, -40 to 85°C, plastic package

4 — Limited voltage range, limited temperature range, leadless ceramic package
Availablein| Second

Part Number Function Suffix* Pins | HI-REL Sourced | Page
MC14000UB | Dual 3-Input NOR Gate plus Inverter ALCL,CP | 14 N v 7-2
MC14001B Quad 2-Input NOR Gate ALCLCP | 14 N N 75
MC14001UB | Quad 2-Input NOR Gate ALCLCP | 14 N N 7-13
MC14002B Dual 4-Input NOR Gate ALCL.CP | 14 N v 75
MC14002UB | Dual 4-Input NOR Gate ALCL.CP | 14 N NG 7413
MC140068B 18-Bit Static Shift Register ALCL,CP | 14 N N 7-18
MC14007UB Dual Complementary Pair plus Inverter AL,CL,CP 14 \/ \/ 7-22
MC14008B 4-Bit Full Adder ALCLCP | 16 N N 7-26
MC14011B Quad 2-Input NAND Gate ALCLCP | 14 N v 75
MC14011UB | Quad 2-Input NAND Gate AL,CLCP | 14 N N 7-13
MC140128B Dual 4-Input NAND Gate ALCLCP | 14 N N 75
MC14012UB | Dual 4-Input NAND Gate ALCLCP | 14 N4 v 7-13
MC14013B Dual D Flip-Flop ALCL.CP | 14 N4 v 7-34
MC14014B 8-Bit Static Shift Register ALCLCP | 16 v NG 7-38
MC14015B Dual 5-Bit Static Shift Register AL.CLCP | 16 N v 7-42
MC14016B Quad Analog Switch/Quad Multiplexer ALCLCP | 14 N N 7-48
MC140178B Decade Counter/Divider AL.CLCP | 16 N N 7-54
MC14018B Presettable Divide-by-N Counter AL,CL,CP 16 \/ \/ 7-59
MC140208B 14-Bit Binary Counter AL,CLCP | 16 N N 7-63
MC140218B 8-Bit Static Shift Register ALCLCP | 16 N N 7-38
MC140228B Octal Counter/Divider ALCLCP | 16 N N4 7-68
MC140238B Triple 3-Input NAND Gate AL,CLCP | 14 NG N 75
MC14023UB | Triple 3-Input NAND Gate ALCLCP | 14 N4 N 713
MC14024B 7-Stage Ripple Counter AL,CL,CP 14 \/ \/ 7-74
MC14025B Triple 3-Input NOR Gate ALCLCP | 14 N4 N 75
MC14025UB | Triple 3-Input NOR Gate ALCLCP | 14 N/ v 7-13
MC140278B Dual J-K Flip-Flop AL.CLCP | 16 N4 N 7-80
MC14028B BCD-to-Decimal Decoder ALCLCP | 16 N v 7-84
MC140298B 4-Bit Presettable Up/Down Counter AL.CLCP | 16 N v 7-89
MC14032B Triple Serial Adder (Positive Logic) AL,CL,CP 16 \/ \/ 7-95
MC14034B 8-Bit Universal Bus Register ALCL.CP | 24 N Vi 7-100
MC140358B 4-Bit Shift Register ALCLCP | 16 N Wi 7-107
MC14038B Triple Serial Adder (Negative Logic) ALCL.CP | 16 N v 7-95
MC140408B 12-Bit Binary Counter AL,CL.CP | 16 v N 7-112
MC140428B Quad Latch ALCLCP | 16 N4 N 7-116
MC14043B Quad NOR R-S Latch ALCLCP | 16 N N 7-120
MC140448B Quad NAND R-S Latch ALCLCP | 16 N N 7-120
MC140468B Phase-Locked Loop ALCLCP | 16 N N4 7-124
MC14049UB Hex Inverter/Buffer ALCL,CP 16 \/ \/ 7-129
MC140508B Hex Buffer ALCLCP | 16 N N 7-129

*Add suffix to part number on all orders.
Chips are available for all CMOS types. Consult your Motorola Sales Office

or Authorized Motorola Distributor.




NUMERICAL INDEX (continued)

. Available in| Second

Part Number Function Suffix* Pins | HI-REL Sourced | Page
MC14051B 8-Channel Analog Multiplexer AL,CL,CP 16 N/ N 7-133
MC140528B Dual 4-Channel Analog Multiplexer AL,CL,CP 16 \/ \/ 7-133
MC14053B Triple 2-Channel Analog Multiplexer AL,CL,CP 16° \/ \/ 7-133
MC140668B Quad Analog Switch AL,CL,CP 14 \/ \/ 7-139
MC14068B 8-Input NAND Gate ALCLCP | 14 N N 7-5

MC14069UB | Hex Inverter ALCLCP | 14 RV N 7-145
MC14070B Quad Exclusive OR Gate AL,CL,CP 14 N N 7-147
MC14071B Quad 2-Input OR Gate ALCLCP | 14 v NG 7-5

MC14072B Dual 4-Input OR Gate ALCLCP | 14 N v 75

MC14073B Triple 3-Input AND Gate AL,CL.CP | 14 N N 75

MC14075B Triple 3-Input OR Gate AL,CL,CP 14 NV \/ 7-5

MC14076B Quad D-Type Register AL.CL,CP 16 N N 7-153
MC140778B Quad Exclusive NOR Gate AL,CL,CP 14 \/ \/ 7-147
MC140788 8-Input NOR Gate ALCL.CP | 14 v v 75

MC14081B Quad 2-Input AND Gate ALCL,GP | 14 v v 75

MC14082B Dual 4-Input AND Gate AL,CL.CP 14 N V) 75

MC14093B Quad 2-Input NAND Schmitt Trigger AL,CL,éP 14 \/ \/ 7-161
MC14094B 8-Bit Bus-Compatible Shift Store Latch AL,CL,CP 16 \/ \/ 7-165
MC140998 8-Bit Addressable Latch ALCLCP | 16 v N 7-169
MC14160B Decade Counter (Asynchronous Clear) AL,CL,CP 16 \/ v 7-175
MC14161B Binary Counter (Asynchronous Clear) ALCL.CP | 16 . v V 7-175
MC14162B Decade Counter (Synchronous Clear) AL,CL,CP 16 v N4 7-175
MC14163B Binary Counter (Synchronous Clear) AL,CL,CP 16 v N 7-175
MC14174B Hex D Flip-Flop : AL,CL,CP 16 \/ \/ 7-183
MC14175B Quad D Flip-Flop ALCL.CP | 16 Vv v 7-187
MC14194B 4-Bit Universal Shift Register AL,CL,CP 16 \/ \/ 7-191
MC14403 Tone Encoder LP . 16 7-195
MC14405 Tone Encoder LP’ 18 7-195
MC14406 Pulse Code Modulator LP 28 7-199
MC14407 Pulse Code Modulator LP 22 7-199
MC14408 Binary-to-Phone Pulse Converter LP - 16 7-209
MC14409 Binary-to-Phone Pulse Converter L,P 16 7-209
MC14410 2-0f-8 Tone Encoder LP 16 7-217
MC14411 Bit-Rate Frequency Generator LP - 24 7-221
MC14412 Universal Low-Speed Modem FL,VL 16 7-224
MC14415 Quad Precision Timer/Driver EFL,FL,FP, [ 16 7-229

EVL,VLVP
MC14419 2-0f-8 Keypad-to-Binary Encoder LP 16 7-234
MC14422 \Remote Control Transmitter P . 16 7-238
MC14433 3-1/2 Digit A/D Converter LP 24 7-244
MC14435 3-1/2 Digit A/D Logic Subsystem EFL,FL,FP,| 16 7-256
EVL,VL,VP

MC14440 LCD Watch/Clock Circuit Lz - |4036 7-263
MC14443 8-Channel A/D Converter LP . 16 7-264
MC14447 8-Channel A/D Converter LP . 16 7-264
MC14450 Oscillator 216 Divider/Buffer Lp: 6 7-268
MC14451 Oscillator Divider/Buffer LP 16 7-272
MC14457 Transmitter P 16 7-276
MC14458 Receiver P 24 7-276
MC14460 Automotive Speed Control Processor P 16 7-287
MC14461 Smoke Detector, lon Type P 16 7-293
MC14462 Smoke Detector, lon Type, FET P 16 7-293

*Suffixes defined on page i.




NUMERICAL INDEX (continued)

Available in | Second
Part Number Function Suffix* Pins | HI-REL Sourced Page
MC14464 Smoke Detector Circuit P 16 7-303
MC14465 Smoke Detector Circuit P 16 7-303
MC14466 Low Cost Smoke Detector P 16 6-3
MC14469 Addressable Asynchr. Receiver/Transmitter P 40 7-307
MC14478 5-Function, 4-Digit LCD Watch P, Chip 40 7-315
MCC14479 5-Function, 4-Digit LCD Watch Chip - 7-318
MC14480 5-Function, 4-Digit LCD Watch L,P,Chip 40 7-318
MCC14481 6-Function, 4-Digit LCD Watch Chip — 7-322
MCC14487 11-Function, 6-Digit LCD Watch Circuit Chip — 6-4
MC14490 Hex Contact Bounce Eliminator EFL,FL,FP, | 16 7-326
EVL,VL,VP

MC14495 BCD-to-7 Segment Decoder Driver/Latch L,P 16 7-333
MC145008B Industrial Control Unit AL,CL,CP 16 \/ 7-336
MC14501UB | Triple Gate AL,CL,CP 16 v 7-342
MC145028 | Strobed Hex Inverter/Buffer ALCLCP | 16 N v 7-346
MC14503B Hex 3-State Buffer AL,CL,.CP 16 N v 7-350
MC14504B Hex TTL or CMOS to CMOS Level Shifter AL,CL,CP 16 N 7-354
MCM14505 | 64 X 1-Bit Static RAM AL,CL,CP 14 N 7-357
MC145068 Dual Expandable AOI Gate AL,CL,CP 16 N 7-366
MC14508B Dual 4-Bit Latch ALCL,CP | 24 N 7-371
MC14510B BCD Up/Down Counter AL,CL,CP 16 N v 7-376
MC14511B BCD-to-7 Segment Latch/Decoder/Driver AL,CL,CP 16 \/ \/ 7-382
MC145128B 8-Channel Data Selector AL,CL,CP 16 N \/ 7-388
MC14513B BCD-to-7 Segment Latch/Decoder/ AL, CL,.CP 18 \/ \/ 7-392

Driver — Ripple Blanking
MC14514B 4-Bit Latch/4-to-16 Line Decoder (High) ALCL,CP | 24 v N 7-400
MC14515B 4-Bit Latch/4-to-16 Line Decoder (Low) AL CL.CP | 24 N v 7-400
MC14516B Binary Up/Down Counter AL,CL,CP 16 \/ \/ 7-406
MC14517B | Dual 64-Bit Static Shift Register ALCL,CP | 16 N v 7-412
MC14518B Dual BCD Up Counter AL,CL,CP 16 N Vv 7-416
MC14519B 4-Bit AND/OR Selector AL,CL,CP 16 N Vv 7-421
MC145208B Dual Binary Up Counter AL,CL,CP 16 \/ \/ 7-416
MC14521B 24-Stage Frequency Divider AL,CL,CP 16 \/‘ 7-426
MC14522B Programmable BCD Divide-by-N Counter AL,CL,CP 16 \/ \/ 7-432
MCM14524 | 256 X 4-Bit Read Only Memory AL,CL,CP 16 N 7-439
MC14526B Programmable Binary Divide-by-N Counter AL,CL,CP 16 \/ \/ 7-432
MC145278B BCD Rate Mutliplier AL,CL,CP 16 N v 7-446
MC14528B | Dual Monostable Multivibrator ALCLCP | 16 N4 v 7-452
MC14529B Dual 4-Channel Analog Data Selector AL,CL,CP 16 \/ \/ 7-457
MC14530B Dual 5-Input Majority Logic Gate AL,CL,CP 16 \/ 7-463
MC14531B 12-Bit Parity Tree AL,CL,CP 16 N NG 7-468
MC14532B 8-Bit Priority Encoder AL,CL,CP 16 v N 7-471
MC14534B Real Time 5-Decade Counter AL CL,CP | 24 N 7-477
MC14536B Programmable Timer AL,CL,CP 16 \/ 7-483
MCM14537 | 256 X 1-Bit Static RAM AL,CL 16 N 7-490
MC14538B Dual Precision Monostable Multivibrator AL,CL,CP 16 \/ 7-498
MC14539B Dual 4-Channel Data Selector/Multiplexer AL,CL,CP 16 \/ 7-506
MC14541B Programmable Oscillator-Timer AL,CL,CP 14 \/ 7-510
MC14543B BCD-to-7 Segment Latch/Decoder/Driver AL,CL,CP 16 N \/ 7-516
MC145448 BCD-to-7 Segment Latch/Decoder/ AL,CL,CP 18 v 7-521

Driver — Ripple Blanking
MC14547B BCD-to-7 Segment Decoder/ AL,CL,CP 18 N 7-5627

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

*Suffixes defined on page i.




NUMERICAL INDEX (continued)

Availablein| Second

Part Number Function Suffix* Pins | HI-REL Sourced Page
MC14551B Quad 2-Channel Analog MUX AL,CL,CP 16 v 7-538
MCM14552 | 64 X 4-Bit Static RAM AL CLCP | 24 v 7544
MC14553B 3-Digit BCD Counter AL,CL.CP 16 N4 7-551
MC14554B 2 X 2-Bit Parallel Binary Multiplier AL,CL,CP 16 \/ 7-557
MC14555B Dual Binary to 1-of-4 Decoder AL,CL,CP 16 J N4 7-561
MC14556B Dual Binary to 1-of-4 Decoder (Inverting) AL,CL,CP 16 \/ N 7-561
MC14557B 1-to-64-Bit Variable Length Shift Register AL,CL,CP 16 \/ 7-564
MC14558B BCD-to-7 Segment Decoder AL,CL,CP 16 \/ 7-568
MC14559B Successive Approximation Register AL,CL,CP 16 \/ 7-531
MC14560B NBCD Adder AL,CL,CP 16 N4 7-574
MC14561B 9’s Complementer AL,CL,CP 14 \/ 7-578
MC14562B 128-Bit Static Shift Register AL,CL,CP 14 N 7-584
MC14566B Industrial Time Base Generator AL,CL,CP 16 N 7-588
MC14568B Phase Comparator Programmable Counter AL,CL,CP 16 \/ 7-594
MC14569B Dual Programmable BCD Binary Counter AL,CL,CP 16 \/ 7-604
MC14572UB | Hex Gate AL,CL,CP 16 N 7-608
MC14573 Quad Programmable Op Amp AL,CL,CP 16 \/ 7-611
MC14574 Quad Programmable Comparator AL,CL,CP 16 \/ 7-611
MC14575 Dual/Dual Programmable Op Amp Comp. AL,CL,CP 16 \/ 7-611
MC14580B | 4 X 4 Multiport Register ALCL.CP | 24 N4 v 7-615
MC14581B | 4-Bit Arithmetic Logic Unit ALCLCP | 24 v N 7-620
MC14582B | Look-Ahead Carry Block ALCLCP | 16 v N4 7-625
MC14583B Dual Schmitt Trigger AL,CL,CP 16 N 7-629
MC14584B Hex Schmitt Trigger AL,CL,CP 14 N 7-633
MC14585B 4-Bit Magnitude Comparator AL,CL,CP 16 \/ \/ 7-637
MC14597B 8-Bit Bus Compatible Counter/Latch AL,CL,CP 16 \/ 7-643
MC14598B 8-Bit Bus Compatible Addressable Latch AL,CL,CP 18 \/ 7-643
MC14599B 8-Bit Addressable Latch AL,CL,CP 18 \/ 7-169
MC141000 One-Chip Microcomputer L,P 28 7-650
MC141099 4-Bit MPU L,P 48 7-650
MC141200 One-Chip Microcomputer LP 40 7-650
MC142100 4 X 4 Cross Point Switch w/Control Memory LP 16 7-660
MC145100 4 X 4 Cross Point Switch w/Control Memory LP 16 7-660
MCM145101 | 256 X 4 RAM LpP 22 N 7-663
MC145104 PLL Frequency Synthesizer P 16 \/ 7-667
MC145106 PLL Frequency Synthesizer P 18 \/ 7-667
MC145107 PLL Frequency Synthesizer P 16 \/ 7-667
MC145109 PLL Frequency Synthesizer P 16 \/ 7-667
MC145112 PLL Frequency Synthesizer P 18 \/ 7-667
MCM146504 | 4096 X 1-Bit Static RAM L,P 18 v 7-673
MCM146508 | 1024 X 1 RAM LP 16 N 7674
MCM146514 | 1024 X 4 Static RAM L.P 18 6-5

MCM146518 | 1024 X 1 RAM L,P 18 Vv 7674
MCM146805 | Microprocessor/Microcomputer L 28,40 6-6

MCM146818 | Real-Time Clock/RAM L 22 | 6-7

MCM146819 | Real-Time Clock/RAM L 28 6-7

*Suffixes defined on page i.

vi




Product Selection Guide n




1-2



Device

NAND Gates

MC14011B
MC14011UB
MC14093B
MC14023B
MC14023UB
MC14012B
MC14012UB
MC14068B

NOR Gates

MC140018B
MC14001UB
MC14025B
MC14025UB
MC14000UB
MC14002B
MC14002UB
MC14078B

AND Gates

MC14081B
MC14073B
MC14082B

OR Gates

MC14071B
MC14075B
MC14072B

Complex Gates

MC140708
MC14077B
MC14501UB

MC14506B
MC14519B

MC14530B
MC14572UB

CMOS SELECTION GUIDE BY FUNCTION

Function

Quad 2-INPUt NAND Gate . . . o o o vt vt e e e
Quad 2-InpUut NAND Gate. . . . . o o v oo o
Quad 2-Input NAND Schmitt Trigger . . . . .. .. . . . i
Triple 3-Input NAND Gate . . ... ... ... ... ... ... ...
Triple 3-Input NAND Gate . . . .. . . . . i i e i e e e e
Dual 4-Input NAND Gate . . . . . . . . . . i it e e
Dual 4-Input NAND Gate . . . . . . . . . o e e e e e e e
8-INpUt NAND Gate . . . . . . i ot it e e e e e e e e e e e e e e e

Quad 2-Input NOR Gate. . . . .. ... ...t
Quad 2-Input NOR Gate. . . . . v . i e e e e e e e e e e e e e e
Triple 3-Input NOR Gate . . . . . . . . .. i i ittt e et e
Triple 3-Input NOR Gate . . .. o ottt et e e e et e
Dual 3-Input NOR Gate plus Inverter . . . . . . . . . . . v it i i
Dual 4-Input NOR Gate . . . . . . . o i it e e e e e e e e e e e e e
Dual 4-lnput NOR Gate . . . . . . . . . i e e e e e s e e
8-Input NOR Gate . . . . . . . . . e e e

Quad 2-InpUut AND Gate. . . . . o ittt e e e e
Triple 3-Input AND Gate . . . . . . . . . i i e e e e e e e
Dual 4-Input AND Gate . . . . . . . . .. . e e e

Quad 2-Input OR Gate. . . . . . . . o e e e e e e e e e e e
Triple 3-Input OR Gate . . . . . . . . i it it e e e e e e e e
Dual 4-lnput ORGate . . . ... ........ e

Quad Exclusive OR Gate. . . . . v v vt o o e e e e e
Quad Exclusive NOR Gate. . . . . o vt i e e e e e e e e e e
Triple Gate. . . . . o v o e e e
(Dual 4-Input NAND Gate and 2-Input NOR/OR Gate or
B 8-Input AND/NAND Gate)

Dual ExpandablevAND-OR-INV ERTGate. . . ... ... .. i
4-Bit AND/OR Selector . . . . . . i i i e e e e e e e e e e e
(Quad 2-Channel Data Selector or Quad Exclusive NOR Gate)

Dual 5-Input Majority Logic Gate. . . . . . . . . . . . . v ittt
Hex Gate. . . . . e e e e
(Quad Inverter plus 2-Input NOR Gate plus 2-Input NAND Gate)

Inverters/Buffers/Level Translator

MC14007UB
MC14049UB
MC14050B
MC14069UB
MC14502B
MC14503B
MC14504B
MC145848B

Dual Complementary Pair plus Inverter . . . . . .. .. ... . ............
Hex Inverter/Buffer. . . . . . . . . . . e
Hex Buffer. . . .. . e e e e

Page




CMOS SELECTION GUIDE BY FUNCTION (continued)

Device Function Page
Decoders/Encoders
MC14028B BCD-to-Decimal/Binary-to-Octal Decoder ... . . . . . . . . .. v v v v 7-84
MC14514B 4-Bit Latch/4-to-16 Line Decoder (High) . . . . ... . .. .. ... . ... :.... 7-400
MC14515B 4-Bit Latch/4-t0-16 Line Decoder (Low). . . . . . .. . . ... i i 7-400
MC14532B 8-Bit Priority Encoder . . . . . . .. L e e 7-471
MC14555B Dual Binary-to-1-of-4 Decoder/Demultiplexer. . . . . . .. .. .. ... .. ..... 7-561
MC14556B Dual Binary-to-1-of-4 Decoder/Demultiplexer (Inverting) . . . ... ... ...... 7-561
Display Decoders
MC14495 BCD-to-Seven Segment Decoder/Driver/Latch . . . ... ... ............ 7-333
MC145118B BCD-to-Seven Segment Latch/Decoder/Driver . . . .. . . .. .. .. ... ..... 7-382
MC14513B BCD-to-Seven Segment Latch/Decoder/Driver — Ripple Blanking . .. . .. .. .. 7-392
MC14543B BCD-to-Seven Segment Latch/Decoder/Driver . . . . . . . . .o v v v v v v 7-516
MC145448B BCD-to-Seven Segment Latch/Decoder/Driver — Ripple Blanking . . . . ... ... 7-521
MC14547B BCD-to-Seven Segment Latch/Decoder/Driver — High Currrent, . . . . .. ... .. 7-5627
MC14558B BCD-to-Seven Segment Decoder . . . . . . . . . i it e e 7-568
Multiplexers/Demultiplexers/Bilateral Switches
MC14016B Quad Analog Switch/Quad Multiplexer . . . . . . . . . . e 7-48
MC14066B Quad Analog Switch/Quad Multiplexer . . . . . . . . . v i n e i e e e n 7-139
MC14053B Triple 2-Channel Analog Multiplexer/Demultiplexer . . . . . . .. . .. . ... ... 7-133
MC14052B Dual 4-Channel Analog Multiplexer/Demultiplexer. . . . . .. ... ... ...... 7-133
MC14529B Dual 4-Channel Analog Data Selector . . . ... .. .. .. . ... ... 7-457
MC14539B Dual 4-Channel Data Selector/Multiplexer. . . . . . . . . . . v v i i i i i e e 7-506
MC14051B 8-Channel Analog Multiplexer/Demultiplexer. . . . . . .. . ... .. ... .... 7-133
MC14512B 8-Channel Data Selector . . . . . . . . . . .. . . .. . e e 7-388
MC14519B 4-Bit AND/OR Selector . . . . . . . i i e e e 7-421
MC14551B Quad 2-Input Analog Multiplexer/Demultiplexer. . . . . ... . ... .. ...... 7-538
Schmitt Triggers
MC14093B Quad 2-Input NAND Schmitt Trigger . . . . . . . . . . . v ittt it e e e 7-161
MC14583B Dual Schmitt Trigger . . . . . . .« o o e e e e e e 7-629
MC14584B Hex Schmitt Trigger . . . . . . . . e e e e e e e 7-633
Flip-Flops/Latches
MC14013B Dual Type D Flip-Flop. . . . . . o e e e e e e e e e e e e e e e e 7-34
MC14027B Dual J-K Flip-Flop . . . . . . e e e e 7-80
MC14042B Quad Latch . . . . . e e e e e 7-116
MC14043B Quad NOR R-S Latch . . . . . .. . . e e e e it e 7-120
MC14044B Quad NAND R-S Latch . . . . . . . . e e e e e e e 7-120
MC14076B Quad D-Type Register . . . . . . . v e e e e e e e e e e e e 7-153
MC14175B Quad Type D Flip-Flop . . . . . . . . . e e e e 7-187
MC14508B Dual 4-Bit Latch . . . . . . . . e 7-371
MC14174B Hex Type D Flip-Flop . . . . . . . . . e e e e e e e 7-183
MC14099B 8-Bit Addressable Latch . . . . . . . . ... ... e 7-169
MC14597B 8-Bit, Bus -Compatible 3-State Latches — Internal Counter . . . . ... ... .... 7-643
MC14598B 8-Bit, Bus-Compatible 3-State Latches — Binary Address . . . ... ... ...... 7-643
MC145998B 8-Bit Addressable Latch with Bidirectional Port . . .. .. ... ... ....... 7-169
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CMOS SELECTION GUIDE BY FUNCTION (continued)

Device Function Page

Shift Registers

MC14035B 4-Bit Parallel-In/Parallel-Out Shift Register . . . . . . .. . ... ... ... 7-107

MC14194B 4-Bit Bidirectional Universal Shift Register . . . . . . ... ... ... .. ...... 7-191

MC14015B Dual 4-Bit Static Shift Register . . . . . . . . . .. . . . ... e 7-42

MC14014B 8-Bit Static Shift Register . . . . . . . . . . . . it e e 7-38

MC14021B 8-Bit Static Shift Register . . . . . . . . . . .. . . . e e e 7-38

MC14034B 8-Bit Universal Bus Register . . . . . . . . . i i i i it e e e e e e e e e 7-100

MC14094B 8-Stage Shift/Store Register . . . . . . . . . . e e e e e e e e e e 7-165

MC14006B 18-Bit Static Shift Register . . . . . . . . . .. . i e 7-18

MC14557B 1-to-64 Bit Variable Length Shift Register. . . . . . ... ... ... ......... 7-564

MC14517B Dual 64-Bit Static Shift Register . . . . . . . . . . .. ... 7-412

MC14562B 128-Bit Static Shift Register. . . . . . . . . . . . . . . i 7-584

Counters

MC140248B Seven-Stage Ripple Counter . . . . . . . . . . . i it e e e e e e e e 7-74

MC14017B Decade Counter/Divider . . . . . . . . . . . e e e e e e 7-54

MC14018B Presettable Divide-by-N Counter . . . . ... ... ... ... ... ... ... .... 7-59

MC14160B Decade Counter (Asynchronous Clear). . . .. . . .. ... ... ... ... 7-175

MC14162B  Decade Counter (Synchronous Clear) . . . ... ... ...... .. ......... 7-175

MC14029B 4-Bit Presettable Up/Down Counter . . . . . . . . . . i i ittt e 7-89

MC14510B BCD Up/Down COUNTEr . . . . . . v v it i e e e e it e e e e e e e e e 7-376

MC14522B Programmable Divide-by-N 4-Bit Counter (BCD) . . . . . ... ... . ........ 7-432

MC14040B 12-Bit Binary Counter . . . . . . . . . . . e e e e e e e e e e 7-112

MC14020B 14-Bit Binary COUNTEr . . . . . . . . i e i e e e e e e e e e e e e e e e e 7-63

MC14022B Octal Counter/Divider . . . . . . . . . . e e e e 7-68

MC14161B 4-Bit Binary Counter (Asynchronous Clear). . . . . . . .. .. .. ... 7-175

MC14163B 4-Bit Binary Counter (Synchronous Clear). . . . . . . .. . . . . ... ... 7-175

MC14516B Binary Up/Down Counter . . . . . . . . . . i i ittt e e e e 7-406

MC14526B Programmable Divide-by-N 4-Bit Counter (Binary) . . . .. .. ... ... .. .... 7-432

MC14518B Dual BCD Up Counter . . . . . . . o i i e e e e e e e e e e e e e e e 7-416

MC14520B Dual Binary Up Counter . . . . . . . . . i i it it et e e e e e 7-416

MC14569B Dual Programmable BCD/Binary Counter . . . . . . . v . v v v v v e v v oo v o 7-604 I
MC14553B Three-Digit BCD Counter . . . . . . . . . . i i i e i e e e e e e e 7-551 \'
MC14534B Real Time 5-Decade Counter . . . . . . . .. . ... ... nnnnnnn 7-477 ‘
MC145668B Industrial Time Base Generator . . . . . . ... ....... I 7-588

Oscillators/Timers

MC14521B 25-Stage Frequency Divider . . . . . . . . . . . e e e e 7-426 i
MC14536B Programmable Timer . . . . . . . . . . . e e e e e e e 7-483

MC14541B Programmable Oscillator/Timer. . . . . . . . . it ittt i e 7-510

MC14450 Oscillator/216 Divider/Buffer . . . . . . . .. oot 7-268

MC14451 Oscillator/211 to 219 Divider/Buffered Duty Cycle Control . . . .. .. ...... 7-272

Phase-Locked Loops

MC140468B Phase-Locked LoOp. . . . . . . . . . . . e e e e e 7-124
MC14568B Phase Comparator and Programmable Counter . . . . .. . ... ... ... ..... 7-594
MC145104 Phase-Locked Loop Frequency Synthesizer . . . . . .. ... .. .. ... .. .... 7667
MC145106 Phase-Locked Loop Frequency Synthesizer . . . .. . .. ... ... ... ...... 7-667
MC145107 Phase-Locked Loop Frequency Synthesizer . . . . . . . .. ... .. ... vu.n.. 7-667
MC145109 Phase-Locked Loop Frequency Synthesizer. . . . . ... ... ... ... .... 7-667
MC145112 Phase-Locked Loop Frequency Synthesizer . . . . . . . . . .. ..o u.n.. 7-667
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CMOS SELECTION GUIDE BY FUNCTION (continued)

Device Function Page
Multivibrators
MC14528B Dual Retriggerable/Resettable Monostable Multivibrator . . . .. ... ... .... 7-452
MC14538B Dual Precision Retriggerable/Resettable Monostable Multivibrator. . . . . .. . .. - 7-498
Adders/Comparators
MC14008B 4-Bitfull Adder . . . . . .. e 7-26
MC14032B Triple Serial Adder (Positive Logic). . . . .. . . .. ... . 795
MC14038B Triple Serial Adder (Negative Logic) . . . . . . . . . . o v v i it i 7-95
MC14560B NBCD Adder . . . . . . . . e e e e 7-574
MC145618B 9's COMPIEMENTEr. . . . . . o e e e e e e e e e e e 7-578
MC145828 Look-Ahead Carry Block. . . . . . . . .. . . . 7-625
MC145858B 4-Bit Magnitude Comparator . . . . . . . . . v i i e e e e 7-637
ALU Rate Multipliers
MC14527B BCD Rate Multiplier . . . . . . .. . . . e e e 7-446
MC14554B 2 X 2-Bit Parallel Binary Multiplier. . . . .. . ... ... ... . .. ... ... ... 7-557
MC14581B  4-Bit Arithmetic LogicUnit . . . ... ... ....................... 7-620
Parity Checker
MC14531B 12-Bit Parity Tree. . . . . . . o o e e e e e e e e e 7-468
Memories
MC14580B 4 X 4 Multiport Register. . . . . . . . o . it i e e e e e e e e 7-620
MCM14505  64-Bit Static Random Access Memory . . . . . . . . . v v v v it i e e e e e 7-357
MCM14537  256-Bit Static Random Access Memory . . . . . . . . . . . i i i i 7-490
MCM14552 256-Bit Static Random Access MEMOTrY . . . . . . . v i i i it e e e e e 7-544
MCM14524  1024-Bit Read Only Memory . . . . . . . . i i it e e e e et e e e e et e 7-439
MCM145101 1024-Bit Static Random Access Memory . . . . . . . . . v v v it v v v v v v ©. 7663
MCM146504 4096 X 1-Bit Static Random Access Memory . . . . . . .. . . . .o v 7-673
MCM146508 1024 X 1-Bit Static Random Access Memory . . . . . . . . v v v v i v i 7-674
MCM146514 1024 X 4-Bit Static Random Access Memory . . . . . . . . . . v v v i i v i v 6-5
MCM146518 1024 X 1-Bit Static Random Access Memory . . . . . . . . . v v v v v e v ... 7674
MCM146805 Microprocessors/MiCroCOMPUTEIS. . . . . . v v v v i i e e e e e e e e e e e e 6-6
MCM146818 Real-Time Clock/RAM . . . . . . . . . e e e e e e e e e 6-7
MCM146819 Real-Time Clock/RAM. . . . . . . . 0 e et e et e e e e s 6-7
Communications/Telephone Functions
MC14408 Binary-to-Phone Pulse Converter Subsystem. . . . . . .. ... . ... ........ 7-209
MC14409 Binary-to-Phone Pulse Converter Subsystem. . . . . . . . . . . . ... ... .. 7-209
MC14410 2-0f-8 Tone Encoder . . . . . . . . i i e e e e e 7-217
MC14411 Bit Rate Generator . . . . . . . . . .. e e e e 7-221
MC14412 Universal Low-Speed Modem . . . . . . . . .. . . . .. e 7-224
MC14419 2-0f-8 Keypad-to-Binary Encoder. . . . . . . ... ... .. . ... ... ... ... 7-234
MC14403 DTMF Integrated Tone Dialer. . . . . . . . . . . . . . i it 7-195
MC14405 DTMF Integrated Tone Dialer. . . . . . . . . . . . ... i, 7-195
MC14406 Full Duplex 8-Bit Companded PCM Codec . . . . . ... ... ............ 7-199
MC14407 Full Duplex 8-Bit Companded PCM Codec . . . . ... .. ..+« 7-199
MC142100 4 X 4 Cross Point Switch with Control Memory . . . ... .. ... ... ...... 7-660
MC145100 4 X 4 Cross Point Switch with Control Memory . . ... ... ... ......... 7-660



CMOS SELECTION GUIDE BY FUNCTION (continued)

Device Function Page

Watch Circuits

MC14450 Oscillator/216 Divider/Buffer . . . .. . . .. . . i 7-268
MC14451 Oscillator/21% to 219 Divider/Buffered Duty Cycle Control . . . .. ........ 7272
MC14478 5-Function, 4-Digit LCD Watch Circuit . . . . . . . . . .. ... ... .. 7-315
MCC14479 5-Function, 4-Digit LCD Watch Circuit . . .. . .. ... ... ... ... ..... 7-318
MC14480 5-Function, 4-Digit LCD Watch Circuit . . . . . . . . .. . . .. . ... 7-318
MCC14481 6-Function, 4-Digit LCD Watch Circuit . . . .. . . .. . . . ... 7-322

Microprocessor/Industrial Control

MC14500B Industrial Control Unit. . . . . . . . . . . e e e 7-336
MC141000 One Chip MiCroComputer . . . . . . . . v v it et e e e e e e e e e 7-650
MC141099 One Chip MiCroCOmMpPULer . . . . . . . o i i e e e e e e e e e e e e e e e 7-650
MC141200 One Chip Microcomputer . . . . . . . v i it e e e e e e e e 7-650

Remote Control/Addressable Encoder/Decoder

MC14422 Remote Control Transmitter . . . . . . . . . . . . it ittt e e 7-238
MC14469 rAddressabIe Asynchronous Receiver/Transmitter. . . . . . .. .. . ... ... ... 7-307
MC14457 Transmitter . . . . . . . e e e e e e e e e e e e e e e e 7-276
MC14458 RECEIVEr . . . L o o e e e e e e e 7-276

Operational Amplifier/Comparator

MC14573 Quad Programmable Operational Amplifier . . . . . .. ... ... ... ....... 7-611
MC14574 Quad Programmable Comparator . . . . . . . . . v it e e e e e 7-611
MC14575 Dual/Dual Programmable Operational Amplifier-Comparator. . . . . ... ... .. 7-611

Smoke Detector Circuits

MC14461 Smoke Detector Circuit . . . . . . . . . .t o e e e 7-293
MC14462 Smoke Detector Circuit — with On-Chip FET. . . . . . .. .. . . .. ... .. 7-293
MC14464 Smoke Detector CirCUit . . . . . . . . . o o e e e e e e e e 7-303
MC14465 Smoke Detector Circuit . . . . . . . . . . o ittt e e e e 7-303

A/D Converter/Logic Functions

MC14433 3-1/2 Digit A/D CONVErter . . . . . . o v i e e e e e e e e e e e e e e e e e e e 7-244
MC14435 3-1/2 Digit A/D Logic Subsystem. . . . . . . . . v it e e e e e e e e 7-256
MC14443 Microprocessor Based Analog-to-Digital Converter . . . .. .. .. .. ... ..... 7-264
MC14447 Microprocessor Based Analog-to-Digital Converter . . . . . .. ... . ... ..... 7-264
MC145498 Successive Approximation Register. . . . . . . . . . .. e e e e 7-531
MC14559B Successive Approximation Register. . . . . . . . . ... e e e e 7-531

Other Complex Functions

MC14415 Quad Precision Timer/Driver . . . . . . . . . i i e e e e e e 7-229

MC14460 Automotive Speed Control Processor. . . . . . . . . . . . i ittt 7-287

MC14490 Hex Contact Bounce Eliminator . . . . . . . . . . . .. . i 7-326
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THE
B ER™
PROGRAM

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

The “BETTER” program is offered on CMOS, Linear, TTL, TTL/LS, DTL, HTL, ECL, and Blpolar
MEMORIES in dual-in-line ceramic and plastlc packages.

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

The program is designed to:

® Eliminate incoming electrical inspection
e Eliminate need for independent test labs
and associated extra time and costs
Reduce field failures
Reduce service calls
Reduce equipment downtime
Reduce board and system rework
Reduce infant mortality
Save time and money
Increase end-customer satisfaction

® © 0 0 0 00

BETTER PROCESSING -
STANDARD PRODUCT PLUS:

LEVEL | (Suffix S)
® 100% temperature cycling per MIL-STD-883A.
Method 1010, ten cycles from —25°C to
+150°C.
® 100% high temperature functional test at
+100°C. o

LEVEL Il (Suffix D)
® 100% burn-in to MIL-STD-883A test conditions
equivalent to 160 hours at +125°C.
® 100% post burn-in DC parametric test at 25°C.

LEVEL il (Suffix DS)
e Combination of Levels | and |l above.

TABLE 1 — “BETTER” AQL GUARANTEES
‘ CONDITION AQt:
TEST T LEVEL | LEVEL Il LEVEL Il

HIGH TEMPERATURE FUNCTIONAL TA = 100°C 0.15 0.15* 0.10
DC PARAMETRIC TA = 25°C 0.28 0.28 0.28
AC PARAMETRIC TA = 25°C 0.65 0.65 0.65

MAJOR 0.1 0.1 0.1

1

EXTERNAL VISUAL AND MECHANICAL VINOR 250 250 250
HERMETICITY GROSS 0.46 0.46 0.46
(NOT APPLICABLE TO PLASTIC PACKAGES)

*25°C

"MAJOR DEFECTS — AFFECTS FORM, FIT, OR FUNCTION MINOR DEFECTS — COSMETIC

2GENERAL INSPECTION LEVEL I

HOW TO ORDER
MC14001B CP S
Part Standard BETTER
Identification Package PROCESSING
Suffix LEVEL | = SUFFIX S

LEVEL Il = SUFFIX D
LEVEL Ill = SUFFIX DS

PART MARKING

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



GENERALIZED PRODUCT FLOW

Generalized product flow for all Motorola Bipolar Integrated Circuits purchased to the “BETTER”
program. Individual product groups (CMOS, Linear, TTL, TTL/LS, DTL, HTL, ECL, and
MEMORIES) may not include all steps shown as dictated by specific device characteristics.

WAFER
FABRICATION

Scanning Electron Microscope Wafer Process Control Monitor: To control oxide step profiles,
contact coverage, and metallization integrity.
_@ CV Plot Wafer Process Control Monitor: To control field inversion potential, base inversion —
surface channel formation, and to detect any spurious contamination problems.
100% VOLTAGE Performed at final wafer probe (or, optionally, at final electrical test) to screen out potential
STRESS & LOW pinhole shorts, interlayer metal shorts, N+ crossunder shorts, diffusion faults, and similar
LEVEL LEAKAGE defects that cannot be detected by visual die high-power inspection.

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

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

Wire Bond Sample Gate Inspection: Performed by in-process Q.A. to a 1.0% AQL to detectany
improper wire bonds or wire dress, and any wire bonder damage.

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

Motorola Proprietary Epoxy Molding Compound: Meets or exceeds U.L. HERMETIC
flame-retarding level UL94V-1.

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

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

Hermeticity Monitor: Hermetic packages only. — combination fine/gross leak test per modification
of MIL-STD-883A, Method 1014B. (5 x 10-8 ATM CC/SEC to 1 x 10~ ATM CC/SEC).
Sampled to a 0.65% AQL.

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

100% Burn-In: MIL-STD-883A, Method 1015, for 160 hours minimum at TA of 125°C minimum (or
equivalent, per Arrhenius equation with 1.0eV activation energy). Test condition depends on
device type, but generally condition A or C.

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

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

Q.A. Electrical and Mechanical Final Acceptance Tests: Sampled to the tightened AQL levels of
Table 1.

Hermeticity Monitor: Hermetic packages only. Fine leak per MIL-STD-883A, Method 10148
(5 x 10-8 ATM CC/SEC) and gross leak per MIL-STD-883A, Method 1014C2. Sampled to a
combined AQL of .46%.

I SHIPPING |
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ORDERING INFORMATION FOR

HIGH RELIABILITY

CMOS INTEGRATED CIRCUITS

Motorola presently has MIL-STD-
883B Class B products in inventory
for the standard MC14XXX and
MC145XX series CMOS.

Other products not included

in these categories may be
purchased with MIL-STD-883B
screening, subject to individual
device review. Motorola also has
the capability of supplying cus-
tom high reliability products.
Standard products screened to
MIL-STD-883B are available from
Motorola in four standard process
flows, synopsized here and de-
tailed in Table I.

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

MIL-STD-883, CLASS B —(Majori-
ty of military high reliability,
mobil communications, fire
control, biomedical)

Follows MIL-STD-883B Method
5004 Class B. Note: these high
reliability products are avail-
able in (from) inventory.

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

Motorola Class D—(industrial
high reliability, medium mili-
tary high reliability)

Follows MIL-STD-883B Method
5004 Class B except for sam-
ple testing of DC parameterics
at high-low temperature and
dynamic testing. Note: these
high reliability parts available
in limited inventory.

3-2

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

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

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

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

When ordering Motorola MIL-
M-38510 QPL products, use the
method outlined in Table III.



CMOS HIGH RELIABILITY ORDERING INFORMATION

TABLE I.

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

Device Class Screening Procedures

In recognition of the fact that
the level of screening has a direct
impact on the cost of the product,
as well as its quality and relia-
bility, four standard levels of
screening are provided to coin-
cide with four device classes, or
levels of quality assurance.

Flexibility is provided in the
choice of test conditions and
stress levels, to provide screens
tailored to a particular product or
application. Selection of a level
better than that required for the
specific product and application
will result in unnecessary ex-
pense. A level less than that re-
quired may result in a risk that

reliability requirements will not
be met. For general high reliabil-
ity applications, the Class B or D
screening levels should be con-
sidered.

CLASS S CLASS B CLASS D (1) CLASS C
SCREEN METHOD RQMT METHOD RQMT METHOD RQMT METHOD RQMT
Internal Visual (Precap) 2010 Condition 100% 2010 Condition 100% 2010 Condition 100% 2010 Condition 100%
A B B B
Stabilization Bake 1008, 24 hrs 100% 1008, 24 hrs 100% 1008, 24 hrs 100% 1008, 24 hrs 100%
min. test min. test min. test min. test
Condition C Condition C Condition C Condition C
Temperature Cycling 1010 Condition C 100% 1010 Condition C 100% 1010 Condition C 100% 1010 Condition C 100%
Constant Acceleration 2001 Condition E 100% 2001 Condition E 100% 2001 Condition E 100% 2001 Condition E 100%
(min.) Y1 plane (min.) Y, plane (min.) Y1 plane (min.) Y, plane
Seal (a) Fine 1014 100% 1014 100% 1014 100%
(b) Gross
PIND 2020 Condition 100% — — —_— - — —
AorB
Serialization — 100% — — — — — —
Interim Electrical Per applicable 100% Per applicable Per applicable —
Parameters device device device
specification specification specification
Burn-in Test 1015 100% 1015 100% 1015 100% —
240 hrs @ 160 hrs @ 160 hrs @
125°C min. or equiv. 125°C min. or equiv 125°C min.
Interim Electrical Per applicable 100% —_ — _
Parameters device
specification
Reverse Bias Bumn-in 1015 Condition A 100% — —_ —_
orC72hrs
at 150°C min.
interim Electrical Per applicable 100% Per applicable 100% Per applicable 100% -
Parameters device device device
specification specification specification
Seal (a) Fine 1014 100% — — -
(b) Gross
Final Electrical Tests Per applicable Per applicable Per apphicable Per applicable
(a) Static tests device device device device
(1) 25°C (subgroup 1, specification 100% specification 100% specification 100% specification 100%
table 1, 5005)
(2) Max. and min. rated 100% 100%
operating temp.
(subgroups 2 and 3,
table 1, 5005)
(b) Dynamic tests and/or 100% 100%
switching tests @ 25°C
(subgroup 4 and 9,
table 1, 5005)
(c) Functional test @ 25°C 100% 100% 100% 100%
(subgroup 7, table 1,
(5005)
Radiographic 2012 Two Views 100% — — —
Qualification or Quality 5005 Sample 5005 Sample 5005 Sample 5005 Sample
Conformance Inspection Class S per Class B per Class B per Class C per
38510 38510 38510 38510
External Visual 2009 100% 2009 100% 2009 100% 2009 100%

(1) Motorola internal process flow.




CMOS HIGH RELIABILITY ORDERING INFORMATION

TABLE II

How to order MIL-STD-
883B Processed Product

EXAMPLE:

Basic Numbering Parameters: Example MCXXXXXYYYY

MCXXXX X Y Y Y Y

MOTOROLA DEVICE TYPE —J

OPTIONAL SUFFIX

CMOS—A or B Series.

Varies for Memories or Microcomponents
see individual data sheets.

CLASS S, B, C, OR D (See Device Table I)
CASE OUTLINE (See Case Outline for Dual
In-Line Packages)

LEAD FINISH (See Lead Finish Table)

S=MOTOROLA DATA SHEET ELECTRICALS
M=Tested to MIL-M-38510 Slash Sheet Electricals Only
JC = Tested to JEDEC Standard 101

Case Outline for Dual In-Line Packages
C—l4.pin J —24.pin T—28-pin W—22-pin
E—16-pin Q-—40-pin V—I18-pin

Lead Finish Table (per A or B below)

A—A or B, with hot solder dip

B—A or B, with acid tin plate

C—A or B, WITH Gold Plate

X—Any of the above lead finishes are acceptable and
interchangeable.

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

CMOS
MC14001 A B C B (S. M, JC*

MOTOROLA DEVICE TYPE — |

A Series

883 Class B

14 Pin Dual In-Line Package

Kovar or Alloy 42 with acid tin plate
Motorola Data Sheet Electricals
Tested to MIL-M-38510 electrical specifications
Tested to JEDEC Standard 101

*Devices are tested to one method only, i.e. either S, M or JC.

Generic qualification data for groups B, C and D is available
upon request at time of purchase.




CMOS HIGH RELIABILITY ORDERING INFORMATION

TABLE III Basic Numbering Parameters—
%{v&o 3(3?11313 Example: JM 38510/ XXXXXYYY
JAN-Qualified M38510 /XXX XX Y Y

Device Type Within Detail Specification
Class B or C (See Device Table I)
Case Outline (See Case Outline for Dual In-Line Packages)
Lead Finish (See Lead Finish Table)

Y
Product Indicates a Qualified Device l
Military Designator
Detail Specification Number

Case Outline for Dual

In-Line Packages

C—14Pin T—28-Pin V—I18-Pin
E—16-Pin Q—40-Pin

] —24.Pin W-—22-Pin

Lead Finish Table (per A or B below)
A—A or B, with hot solder dip
B—A or B, with acid tin plate
C—A or B, with Gold Plate
X—Any of the above lead finishes are acceptable and
interchangeable.
Legend: A-Alloy 42 lead material
B-Kovar lead material

EXAMPLE:
M38510 /055 02 B C B

Indicates a Qualified Device |
Military Designator

Detail Specification Number

Device Type within Detail Specification

Class B
14-Pin Dual In-Line Package

Kovar or Alloy 42, with acid tin plate
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B AND UB SERIES CMOS FAMILY DATA

The CMOS Devices in this volume which have a B or
UB suffix meet the minimum values for the industry-
standardized® family specification. These standardized
values are shown in the Maximum Ratings and Electrical
Characteristics Tables. In addition to a standard minimum
specification for characteristics the B/UB devices feature:
® 3-18 volt operational limits
® Capable of driving two low-power TTL loads, one

low-power Schottky TTL load, or two HTL loads over

the rated temperature range
® Maximum input current of 1 uA at 15 volt power
supply over the temperature range
® Parameters specified at 5.0, 10, and 15 volt supply
® Noise margins of 1.0 V min @ 5.0 V supply
2.0 V min @ 10 V supply
2.5V min @ 15 V supply

The industry-standardized maximum ratings and
recommended operating range are shown at the bottom of
this page. Limits for the static characteristics are shown in
two formats: Table 1 is in the industry format and Table
2 is in the equivalent Motorola format. The Motorola
format is used throughout this data book. Additional
specification values are shown on the individual data
sheets.

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

Load Capacitance, C|_, of 50 pF

Input pulse voltage equal to +V pp 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 voitage

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

Exceptions to the B and UB Series Family Specification
There are a number of devices which have a B or UB
suffix whose input and/or outputs vary somewhat from
the family specification because of functional require-
ments, Some categories of notable exceptions are:
Devices with specialized outputs on the chip, such
as NPN emitter-follower drivers or transmission gates,
do not meet output specifications.
Devices with specialized inputs, such as oscillator
inputs, have unique input specifications.

Input Voltage

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 (Vcg)
levels. For a 5.0 V supply, this deviation is 0.5 V; for a
10 V supply, 1.0 V; and for 15 V, 1.6 V. As an example,
in a device operating at a 5.0 V supply, the device with
the input starting at ground is guaranteed to, switch on
or before 3.5 V and not to switch up to 1.5 V. Switching
and not switching are defined as within 0.5 V of the ideal
output level for the example with a 5.0 V supply. The
actual switching level referred to the input is between 1.5
Vand35V.

Noise Margin

The values for input voltage and the given defined
output deviation lead to minimum noise margins of 1.0 V,
20V, and 25 V for a 5.0 V, 10 V, and 15 V supply,
respectively.

Output Drive Current

Devices in the B Series are capable of sinking a mini-
mum of 0.36 mA over the temperature range with a 5.0 \{
supply. This value guarantees that these CMOS devices
will drive one Schottky low-power TTL input.

B Series vs UB CMOS

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

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

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

MAXIMUM RATINGS (Voltages referenced to Vgg)

Rating Symbol Value Unit
DC Supply Voltage Vpp -0.5t0 +18 Vdc
Input Voltage, Al Inputs Vin -0.6 to Vpp + 0.5 Vdc
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range — AL Device Ta -55 to +125 °C/
CL/CP Device -40 to +85 /
Storage Temperature Range Tstg -65 to +150 7/ oc
RECOMMENDED OPERATING RANGE
DC Supply Voltage ] voo | +30w+15 | vac|

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




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

ELECTRICAL CHARACTERISTICS

LIMITS
PARAMETER RT:::E XIT:) CONDITIONS TLow® +26°C THIGH" UNITS
i Min Max | Min Max | Min | Max
Quiescent )
lpp Device Current 6 0.26 0.2 75
. Mil 10 Vin = Vss or Vpp 0.5 0.5 15 HAdc
15 1.0 1.0 30
GATES|— i
5 All valid input 1.0 1.0 75
Comm | 10 | combinations 20 2.0 16 KAdc
15 4.0 4.0 30
5 1.0 1.0 30
Mil 10 ViN = Vss or Vpp 20 20 60 #Adc
15 4.0 4.0 120
BUFFERS, 5 Alf valid input 4 40 - 30
FLIP-FLOPS| Comm 10 | combinations 8 8.0 60 K#Adc
15 16 16.0 120
5 5 5 160
Mil 10 VIN = Vss or Vpp 10 10 300 uAdc
16 20 20 600
MSI| 5 All valid input 20 20 150
Comm 10 combinations 40 40 300 uAdc
16 80 80 600
VoL | Low-Level 5 0.06 0.05 0.05
Output Voltage All 10 | ViN=VssorVpp 0.05 0.05 0.05 Vdc
15 llgl < 1A 0.05 0.06 0.0
VoH | High-Level 5 4.95 4.95 495
Output Voltage All 10 | ViN=VssorVpp 9.95 9.95 9.95 Vde
15 Hol < 1A 14.95 14.95 14.95
ViL | Input 5 Vo = 0.6V or 4.5V 15 15 156
Low Voltage # All 10 Vo = 1.0V or8.0v 3.0 3.0 3.0 Vde
B Types 15 Vo =15V or 13.5V 4.0 4.0 4.0
llgl < 1kA
ViL | nput 5 Vo = 0.5V or 4.5V 10 1.0 1.0
Low Voltage # All 10 Vo = 1.0V or9.0v 20 20 20 Vdc
UB Types 15 Vo = 1.6V or 13.5V 25 25 25
ligl < 1uA
ViH | Input 5 Vo = 0.5V or 4.5V 35 35 35
High Voltage # Al 10 Vo = 1.0V or 8.0V 7.0 7.0 7.0 Vdc
B Types 16 Vp = 1.6V or 13.5V 1.0 11.0 11.0
ligl < 1A
Vin | tnput § | Vo=05Vor4sv 4.0 4.0 4.0
High Voltage # All 10 Vo = 1.0Vor9.0v 8.0 8.0 8.0 Vdc
UB Types 16 Vo = 1.5V or 13.6V 125 125 125
ol < 18A
loL | Output Low Vp =04V,
(Sink) Current 5 VinN=0or5V 0.64 0.51 0.36
Vo =05V,
Mil 10 ViN=0or 10V 16 13 09 mAdc
Vo =158V,
15 Vin=0or 15V 4.2 34 24
Vo = 0.4V,
5 VIN=00r5V 0.52 0.44 0.36
Vo =05V,
Com 10 Vin =0or 10V 13 |- 11 09 mAdc
Vo =15V,
15 ViN=0or 16V 36 3.0 24
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TABLE 1 — Continued

ELECTRICAL CHARACTERISTICS

LIMITS
TEMP | V|
PARAMETER RANGE (vt;D) CONDITIONS Teow® +28°C Thign® | UNITS
© Min | Max | Min | Max | Min | Mex
IoH | Output High Vo =4.6V,
(Source) Current ) VN =0or 5V -0.25 -0.2 -0.14
Vp =95V,
Mil 10 VN =0or 10V -0.62 -0.5 -0.35 mAdc
Vo =135V,
15 VN =0 or 15V -1.8 -1.5 -11
Vo =46V,
5 ViN=0or5V -0.2 -0.16 -0.12
Vo =9.5v,
Com 10 Vin =0or 10V -05 -0.4 -03 mAdc
Vp =13.5V
15 VN =0or 15V -14 -1.2 -1.0
N Input Current Mil 15 Vin=0or 15V 0.1 +0.1 +1.0 nAdc
Comm 15 ViN =0or 15V +0.3 0.3 1.0 wAdc
loz | 3-State Output Mit 15 ViN =0or 15V 0.4 +0.4 12 pAdc
Leakage Current Comm 15 VN =0or 15V 1.6 1.6 12 uAdc
CiN | Input Capacitance All - Any Input 75 pF
per unit load

*TLow = -65°C for Military temperature range device, -40°C for Commercial temperature range device.
THIGH = +125°C for Military temperature fange device, +85°C for Commercial temperature range device.
#Applies for Worst Case input combinations.

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

ELECTRICAL CHARACTERISTICS

Tiow* 25°C Thigh“
- Voo I
Characteristic Symbol Vde Unit
Min Max Min Max Min Max
Output Voltage 0" Level VoL 5.0 - 0.05 - 0.05 - 0.05 Vdc
Vin=Vppor0 10 - 0.05 - 0.05 - 0.05
15 - 0.05 - 0.05 -~ 0.05
“1" Level VoH 5.0 4.95 - 4.95 - 4.95 - Vdc
Vin=00rVpp 10 9.95 - 9.95 - 9.95 -
15 14.95 - 14.95 - 14.95 —
Input Voltage # B Types ‘0" Level ViL Vdc
(Vg =4.50r 0.5 Vdc) 5.0 - 15 - 15 - 15
(Vg =9.00r 1.0 Vdc) 10 - 3.0 - 3.0 -~ 3.0
(Vg =13.50r 1.5 Vdc) 15 — 4.0 — 4.0 -~ 4.0
1" Level ViH Vdc
(Vo = 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 - 35 -
(Vo 1.0 or 9.0 Vdc) 10 7.0 - 7.0 - 7.0 -
(Vo = 1.5 or 13.6 Vdc) 15 11.0 - 1.0 - 11.0 -
Input Voltage # UB Types ‘0" Level ViL Vdc
(Vo =4.50r0.5 Vdc) 5.0 - 1.0 - 1.0 - 1.0
(Vp =9.0 or 1.0 Vdc) 10 - 20 - 20 - 2.0
(Vo =13.5 or 1.5 Vdc) 15 — 25 - 25 - 25
“1" Level ViH Vdc
(Vo = 0.5 0r 4.5 Vdc) 5.0 4.0 - 4.0 - 4.0 -
(Vo =1.00r9.0 Vdc) 10 8.0 - 8.0 - 8.0 -
{Vp = 1.5 or 13.5 Vdc) 15 125 - 125 - 125 —

P
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TABLE 2 — Continued

ELECTRICAL CHARACTERISTICS

VoD Tiow" 25%C Thigh®
Characteristic Symbol vd Unit
© Min Max Min Max Min Max

Output Drive Current (AL) B Gates IoH mAdc
(VOH = 2.5 Vdc) Source 5.0 -1.2 - -1.0 - -0.7 -

(VOH = 4.6 Vdc) 5.0 -0.25 — -0.2 - -0.14 -
(VoH = 9.5 Vdc) 10 -0.62 - -05 - -0.35 -
(VOH = 13.5 Vdc) 15 -1.8 - -15 - -1.1 -
(VoL = 0.4 Vdc) Sink oL 5.0 0.64 - 0.51 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 - 0.9 —
(VoL = 1.5 Vdc) 15 4.2 - 34 - 24 -
Output Drive Current (CL/CP) B Gates 10H mAdc
(VoH = 2.5 Vdc) Source 5.0 -1.0 - -0.8 - -0.6 -
(VoH = 4.6 Vdc) 5.0 -0.2 - -0.16 - -0.12 -
(VoH = 9.5 Vdc) 10 -0.5 - -0.4 - -0.3 -
(VoH =13.5 Vdc) 15 -14 - -1.2 - -1.0 -
(VoL =0.4 Vdc) Sink loL 5.0 0.52 - 0.44 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 1.3 - 1.1 - 0.9 -
(VoL = 1.5 Vdc) 15 36 - 3.0 - 24 -

Output Drive Current (AL) UB Gates lIoH mAdc
(VOH = 2.5 Vdc) Source 5.0 -1.2 - -1.0 - -0.7 - -
(VoH = 4.6 Vdc) 5.0 -0.25 - -0.2 - -0.14 -

(VoH = 9.6 Vdc) 10 -0.62 - -05 - -0.35 -
(VoH = 13.5 Vdc) 15 -1.8 - -15 - -1.1 -
(VoL = 0.4 Vdc) Sink oL 5.0 0.64 - 0517 — 0.36 - mAdc
(VoL =0.5 Vdc) 10 16 - 1.3 - 0.9 -
(VoL = 1.5 Vdc) 15 4.2 - 34 - 24 -
Output Drive Current (CL/CP) UB Gates IoH mAdc
(VoH = 2.6 Vdc) Source 5.0 -1.0 - -08 — -06 -
(VOH = 4.6 Vdc) 5.0 -0.2 - -0.16 - -0.12 -
(VoH = 9.5 Vdc) 10 -05 - -04 — -0.3 -
{(VoH = 13.5 Vdc) 15 -1.4 - -1.2 - -1.0 -
(VoL = 0.4 Vdc) Sink loL 5.0 0.52 - 0.44 - 0.36 - mAdc
(VoL =0.5 Vde) 10 1.3 - 1.1 - 0.9 -
(VoL = 1.5 Vdc) 15 36 - 3.0 - 24 -
Output Drive Current (AL) Other Devices 1oH . mAdc
(VoH = 4.6 Vdc!} Source 5.0 -0.26 - -0.2 - -0.14 -
(VoH = 9.5 Vdc) 10 -0.62 - -05 - ~0.35 -
(VOH = 13.5 Vdc) 15 48 - | s8] - | -1a -
(VoL =0.4 Vdc) Sink loL 5.0 0.64 - 0.51 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 16 - 1.3 - 09 -
(VoL = 1.5 Vdc) 15 4.2 - 34 - 24 -

Output Drive Current (CL/CP) Other Devices 1oH mAdc

(VoH =4.6 Vdc) Source 5.0 -0.2 - -0.12 — -0.12 -

(VoH =9.5 Vdc) 10 -05 - -0.4 - -03 -

(VoH = 13.6 Vdc) 15 -14 — -1.2 — -1.0 —

(VoL = 0.4 Vdc) Sink oL 5.0 052 - 044 | - 036 | - mAdc
(VoL =0.5 Vdc) 10 13 - 1.1 — 0.9 -

(VoL = 1.5 Vdc) 15 3.6 3.0 — 24

Input Current (AL Device) lin 15 — — +0.1 — 1.0 uAdc

Input Current (CL/CP Device) lin 15 - + - +0.3 - 1.0 rAdc

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

Gate Quiescent Current (AL Device) Ipp 5.0 - 0.25 - 0.25 - 7.5 uAdc
(Per Package) 10 - 05 — 05 - 15

15 - 1.0 = 1.0 - 30

(CL/CP Device) ipp 5.0 — 1.0 - 1.0 - 75 MAdc
10 - 2.0 - 20 - 15
15 - 4.0 - 4.0 - 30




TABLE 2 — Continued

ELECTRICAL CHARACTERISTICS

v Tiow" 25°C Thigh.
Characteristic Symbol VI:E Unit
Min Max Min Max Min Max
Flip-Flop and Buffer Quiescent Current Ipp 5.0 - 1.0 - 1.0 - 30 uAdc
(Per Package) (AL Device) 10 - 2.0 - 20 - 60
15 - 4.0 - 4.0 - 120
(CL/CP Device) Ipp 5.0 - 4.0 - 4.0 - 30 wAdc
10 - 8.0 - 8.0 - 60
15 - 16 - 16 - 120
MSI Quiescent Current (AL Device) Ipp 5.0 - 5.0 - 5.0 - 150 rAdc
(Per Package) 10 - 10 - 10 - 300
15 - 20 - 20 - 600
(CL/CP Device) ‘Ipp 5.0 - 20 - 20 - 150 uAdc
10 - 40 - 40 - 300 .
15 - 80 - 80 - 600
LS! Quiescent Current [5Y) See Individual Data Sheets.

* T)ow = -55°C for AL Device, -40°C for CL/CP Device.

Thigh = +1 256°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 Vdc min @ Vpp = 15 Vdc
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HANDLING PROCEDURES FOR CMOS DEVICES

HANDLING PRECAUTIONS

Motorola CMOS devices have diode input protection
against adverse electrical environments such as electro-
static discharge. In regards to this, the following statement
is included on each data sheet:

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

Unfortunately, severe electrical transient voltages
can be generated during handling. For example, static
voltages generated by a person walking across a common
waxed floor have been measured in the 4 to 15 kV range
(depending on humidity, surface conditions, etc.) These
static voltages are potentially dangerous when discharged
into a CMOS input, considering the energy stored in
the capacity (= 300 pF) of the human body at these
voltage levels.

Present CMOS gate protection structures can generally
protect against overvoltages. This is usually sufficient
except in the severe cases.

The input protection circuit, while adding some delay
time, provides protectionby clamping positive and negative
potentials to Vpp and Vsg, respectively. Figure 1 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 KS2, and diodes
D1 and D2, which clamp the input voltages between the
power supply pins Vpp and Vss. Diode D3 isadistributed
structure resulting from the diffusion fabrication of Rs.

r—-——77= —1¢9Voo
]l " b3 |1D2 i
| &--& & I_}
Input o t L L + :] ADa
L s o&] U:i
dvss

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

1. All CMOS devices should be stored or transported in
materials that are antistatic. CMOS devices must not
be inserted into conventional plastic “snow’’,
styrofoam or plastic trays, but should be left in
their original container until ready for use.

2. All CMOS devices should be placed on a grounded
bench surface and operators should ground them-
selves prior to handling devices, since a worker can
be statically charged with respect to the bench
surface. Wrist straps 1n contact with skin are strongly
recommended. See Figure 2.

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

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

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

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

7. The following steps should be observed during wave
solder operations.

a. The solder pot and conductive conveyor system
of the wave soldering machine must be grounded
to an earth ground.

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

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

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

8. The following steps should be observed during
board cleaning operation.
a. Vapor degreasers and baskets must be grounded
to an earth ground. Operators must likewise
be grounded.




b. Brush or spray cleaning should not be used.

c. Assemblies should be placed into the vapor de-
greaser immediately upon removal from the
antistatic container.

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

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

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

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

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

12.

13.

14.

15.

16.

A circuit board containing CMOS devices is merely
an extension of the device and the same handling
precautions apply. Contacting edge connectors
wired . directly to CMOS device inputs can cause
damage. Plastic wrapping should be avoided. When
external connections to a PC board address only an
input of a CMOS integrated circuit, it is recom-
mended that a resistance or 10 K§2 or greater be
used in series with the input. This resistor will limit
accidental damage if the PC board is removed and
brought into contact with static generating materials.

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

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

Do not exceed the maximum electrical voltage
ratings specified by the data sheet.

All unused device inputs should be connected to
Vpp or Vss.

(@
- O]
o O
o:
e PN e P
| | Al | @
{ T \ \\ - ® [
._..__.._..._.._._{I._.._._.._.._._.\\l__. e —o—
RESISTOR = - .
1 Megohm NOTES: 1. 1/16 inch conductive sheet stock covering bench top work area. |
2. Ground Strap.
—_— 3. Wrist Strap in contact with skin.
4. Static neutralizer. (lonized air blower directed at work). Primarily for use in areas where
direct grounding is impractical.

FIGURE 2 — TYPICAL MANUFACTURING WORK STATION



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

—INSERTION
TOOL

GLASS
SEAL

65 MIL

CERDIP PACKAGE MINIMUM WIDTH

15 MIL /

MINIMUM WIDTH

FIGURE 3 — CERDIP INSERTION PRECAUTIONS
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— Product Preview

MC14466 CMOS MSI

LOW COST SMOKE DETECTOR (LOW POWER COMPLEMENTARY MOS)

lonization Type with On Chip FET
Piezoelectric Horn Driver
Guard Outputs on Both Sides of Detect Input
Low Battery Trip Point Internally Set Can Be Altered
Via External Resistor
® Detect Threshold Internally Set Can Be Altered
Via External Resistor -
® Pulse Testing for Low Battery Uses LED for Battery

Loading P SUFFIX
PLASTIC PACKAGE
® Comparator Outputs for Detect and Low Battery CASE 648

Detect Comp Out  ewwmed 1 NS 16 pm=—=—— Guard
N/C ——ig 2 16 p=—— Detect Input
Low V Set w=mi 3 14 p—— Guard
Low V Comp Out e 4 13 p= Sensitivity Set
LED == 5 12 pem—— OSC Capacitor
Vpp =-—— 6 1 r—- Horn Out 3
Timing ResiStor mmmd 7 10 p=—— Horn Out 2
Horn Out 1 {4 8 9 L Vss
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— Product Preview

MCC14487

6 DIGIT, 11 FUNCTION
LCD WATCH CIRCUIT

® 6 Function Timekeeping
® 24 Hour Alarm

® Chronograph with Split
® Timer with Alarm

® 3-Volt Operation

| 182 mil

Piezoelectric Alarm

i

Alarm Alarm OSCqyt OSCi,

| Backlight Out

TSW

SWSW ASW
SPSW ssw
Vgs MD Vpp

Outputs to LCD

210 mil
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— Product Preview

MCM146514 CMOS LSI

1K X 4 STATIC RAM (LOW POWER COMPLEMENTARY MOS)

® 1024 Words by 4-Bit Organization
® [ndustry Standard 18-Pin Configuration
® Single Supply — 5 Volt Operation L SUFFIX
® Fully Static — No Clocks or Refresh Required CERA&'\;:EP:;OKAGE
P SUFFIX
PLASTIC PACKAGE
CASE 707

a

Vpp = Pin 18
Vgg = Pin 9

N|w

Memory Array
Row | o 64 Row
Select 64 Columns

BLOCK DIAGRAM

HH

Column 1/O Circuits

1

o2 Input
12 Data

1/03 Control

8
T1]
Y

s 5
__10 A0 A1 A2 A9
w




r—— Product Preview

MC146805 Series | CMOS LS|

MICROPROCESSORS/MICROCOMPUTERS (LOW-POWER COMPLEMENTARY MOS)

CONFIGURATION FEATURES: ' SOFTWARE FEATURES:

® CMOS Microprocessors and Microcomputers ® Software Compatible with NMOS MC6805
Low Power Operation ) ® Programming Similar-to MC6800

Very Low Power in Standby

® RAM, ROM and I/O Use the Same Addressing Modes
3.0 to 6.0 Volt Power Supply y

Powerful Access to All Data

® On-Chip RAM Look-Up Tables in ROM
64 Byte Option Special /O Instructions Not Needed
112 (128-16 1/0) Byte Option Bit Manipulation of 1/0 and RAM

¢ On-Chip ROM . Index Register — Powerful Indexed Addressing
2K Byte Option X

1.1K (1K + 128 = 1152) Byte Option
No ROM Option

External Interrupt

Stack Pointer — For Multilevel Subroutining

Memory Modification Instructions — Increment,
Decrement, Shift, Rotate, Complement,'Negate,
and Clear

Timer/Counter
8 Bits Programmable
7-Bit Prescaler
External or Internal Clock

® Less Code Per Function
Program Quicker
Change Easier

liabl

Time-Out Interrupt . ) More »Re iable
® [/OPorts . , g

2-1/2 Port (20 Line) Opnon — 28 Pins’ MC146805E2 . MC146805F2

4 Port (32 Line) Option — 40 Pins ) .

* Each Line May Be Input or Output 40 Pins 26 Pins
ac i p P Expansion Bus ’ No Expansion Bus
® 4.0 MHz Oscillator — 1.0 MHz Cycle : ' 112 Bytes RAM 64 Bytes RAM
® Other I/O Options Are Planned Within the chltal No ROM 11K ROM
16 1/0 Lines 20 1/0 Lines

and Linear Capabilities of CMOS

Osc, Timer Interrupt

oy

- o> .
:: ‘_’.. Oscy Timer Interrupt
Port C )—8» Addr/Data Bus
= e
- . I
‘_’I MC146805E2 ‘_.I -
- Port B
— - >
- — -
- —& AddrBus PortC @8 MC146805F2 |@—8»
- —— - o>
Port D «@—8» — - >
- - l®—® rortA
@ - i
- — oo
- ——&» Bus Control —
— la—
Vpb ] Test T Voo Tett ?
Reset Vgs Reset
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— Product Preview

MC146818/MC146819

REAL-TIME CLOCK/RAM

FEATURES:

® Counts Seconds, Minutes, Hours, Days, Date,
Month and Year

® Low Power CMOS Operation from 3.0 t0'6.0 Volts

Direct Microprocessor Interface

® MC146818 s Multiplex Bus Compatible With
MC146805, MC6801, 8085, 8048, and 8086

® MC146819 Is General-Purpose, Non-Multiplexed,
Memory Type Interface

® 64 X 8 RAM — 12 Bytes for Clock, 52 Bytes for User
Data Storage

® Interrupt to Microprocessor:

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

Square Wave Output Signal at the Interrupt Rate

Microprocessor Clock Qutput at 4 or 1 MHz

Binary or BCD Time, Calender and Alarm

12 or 24 Hour Clock

Leap Year

Daylight Savings Time Option

4.194304 MHz Crystal

Output Enable  eme——{gi
Clock Out
Write Enable  em——{
Address Latch i j@——- Clock Freq
Chip Select ———@{ MC146818 |jgg=— Clock Disable
22 Pins
<@ l—@» Square Wave
-
. <
Multiplexed —— f@» Interrupt
Address/Data -
P h@@—— Reset
-
-
Voo Vss

CMOS LS

(LOW POWER COMPLEMENTARY MOS)

APPLICATIONS:

® Battery Powered Clock and RAM for:
NMOS Microprocessors (MC6800, 8080, etc.)
NMOS Microcomputers (MC3870, 2000, etc.)
CMOS Microprocessors (MC146805, etc.)

Real-Time Data Collection

Point of Sale

Gas Pump Control

Automatic Teller

Small Business Machine

Word Processing

Data Entry (Form Fill-in)

Time Clock

Taxi Meter

Heating and Cooling Control

Home Computer

Games

Appliances

4.194304 Mhz Crystal

Output Enalbe ==l
p—=8® Clock Out
Write Enable em——{
Mode  emiind l@—— Clock Freq
Chip Select =i
[M@—— Ciock Disable
e MC146819
e 28 Pins
— —8 Square Wave
Address
—
—
— b Interrupt
-
C o l)—— Reset
-
Data <@g
-
-
-

Vbp Vss
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@ MOTOROLA

MC14000UB

high noise immunity is desired.

High Fanout > 50

Input fmpedance = 1012 ohms typical
Logic Swing Independent of Fanout

Pin-for-Pin Replacement for CD4000UB

Quiescent Current = 0.5 nA typ/pkg @ 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

DUAL 3-INPUT “NOR"” GATE PLUS INVERTER

The MC14000UB dual 3-input NOR gate plus inverter is con-
structed with MOS P-channel and N-channel enhancement mode
devices in a single monolithic structure. These complementary MOS
logic gates find primary use where low power dissipation and/or

CMOS SSI

(LOW-POWER COMPLEMENTARY MOS)
DUAL 3-INPUT “NOR" GATE

MAXIMUM RATINGS (Voltages referenced to Vgs)

PLUS INVERTER

14 14

1 1

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE

CASE 632 CASE 646

ORDERING INFORMATION

MC14XXXUB Suffix Denotes

L Ceramic Package

P Plastic Package

A Extended Operating
T-mperature Range

C Limited Operating
Temperature Range

Rating Symbol Value Unit
DC Supply Voltage Vpo -0.5t0 +18 Vdc
Input Voltage, All Inputs Vin -0.5t0 Vpp +05 Vdc
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range — AL Device Ta -55t0 +125 oc
CL/CP Device 40 to +85
Storage Temperature Range Tslg -65 to +150 oc
CIRCUIT SCHEMATIC
14111213 8
VDDT o ? T
30 —e
I |
. - ] .
| |-—s (=
: : +—+—09
5
- I*—l 1’—1
J% JEII JE1T éiJEi’ JE{ =
Vssl o o
7 6 10

LOGIC DIAGRAM

Vpp = Pin 14
Vgs = Pin 7

This device contains circuitry to protect
the inputs against damage due to high static
voltages or electric fields; however, it is
advised that normal precautions be taken
to avoid application of any voltage higher
than maximum rated voltages to this high
impedance circuit. For proper operation it
is recommended that V;, 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
Vgsor Vpp).
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MC14000UB

ELECTRICAL CHARACTERISTICS

Vob Tiow® 25°C Thigh*
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Voltage “0" Level VoL 50 - 0.05 - 0 0.05 - 0.05 Vdc
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 - 495 5.0 - 495 - Vdc
Vin=0o0rVpp 10 9.95 - 9.95 10 - 9.95 -
15 1495 - 14.95 15 - 14.95 ~
Input Voltage* 0" Level ViL Vdc
(Vo = 4.5 Vdc) 5.0 - 10 - 2.25 10 - 10
(Vo = 9.0 Vdc) 10 - 20 B 4.50 20 - 20
(Vo = 135 Vdc) 15 - 25 - 6.75 25 - 25
1" Level ViH
(Vo = 0.5 Vdc) 50 40 - 4.0 275 - 40 - vdc
(Vg = 1.0 vde) 10 80 - 8.0 5.50 - 80 -
(Vo =1.5Vdc) 15 125 - 125 8.25 - 125 -
Output Drive Current (AL Device) I0H mAdc
(VOH = 2.5 Vdc) Source 50 -1.2 - -1.0 -1.7 - -0.7 -
(VoK = 4.6 Vdc) 50 -0.26 - -0.2 -0.36 - -0.14 -
(VOH = 9.5 Vdc) ) 10 -0.62 - -05 -09 - -0.35 -
(VoH = 13.5 Vdc) 15 -18 - -15 -35 - -1.1 -
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 - 051 0.88 - 036 - mAdc
(VoL = 0.5 Vdc) 10 16 - 13 225 - 09 -
(VoL = 1.5 Vdc) 15 42 - 34 838 - 24 -
Output Drive Current (CL/CP Device) loH mAdc
(VOH = 2.5 Vdc) Source 5.0 -1.0 - -08 -1.7 - -06 -
(VOH = 4.6 Vdc) 5.0 -0.2 - -0.16 -0.36 — -0.12 -
(VoM = 9.5 Vdc) 10 -05 - -0.4 -09 - -0.3 ~
(VQH = 13.5 Vdc) 15 -1.4 - -12 -35 - -1.0 -
(Vor =04 Vvdc) Sink loL 5.0 052 - 0.44 0.88 - 036 - mAdc
(VoL = 0.5 Vdc) 10 13 - 1.1 225 - 09 -
(Vo = 1.5 Vdc) 15 36 - 3.0 8.8 - 24 -
Input Current (AL Device) hn 15 - +01 - +0 00001 | +01 - +1.0 uAdc
Input Current (CL/CP Device) hin 15 - +03 - +0 00001 | +03 - +1.0 uAdc
Input Capacitance Cin - - - - 50 75 - - pF
(Vin=0)
Quiescent Current (AL Device) 1pD 50 - 0.25 - 0.0005 0.25 - 75 uAdc
(Per Package) 10 - 0.50 - 0.0010 0.50 - 15.0
15 1.00 - 0.0015 | 1.00 - 30.0
Quiescent Current (CL/CP Device) oD 50 - 1.0 - 0.0005 1.0 - 75 pAdc
(Per Package) 10 - 20 - 0.0010 20 - 15.0
15 - 4.0 - 0.0015 4.0 - 30.0
Total Supply Current* *t T 50 17 = (0.3 uA/kHz) f + Ipp/N uAdc
(Dynamic plus Quiescent, 10 I7 = (0.6 uA/kHZ) f + 1pp/N
Per Gate, C|_ = 50 pF) 15 IT = (0.8 uA/kHz) f + Ipp/N
*Tiow = -55°C for AL Device, -40°C for CL/CP Device. tTo calculate total supply current at loads other than 50 pF:

Thigh = +125°C for AL Device, +85°C for CL/CP Device. IT(CL) = 17(50 pF) + N X 10-3(Cy_ - 50) Vppt

#Noise immunity specified for worst-case input combination.

Noise Margin for both “1"”and 0" level = where: I is in LA (per package), C_ inpF, Vpp in Vdc, fin kHz
0.5 Vdc min @ Vpp = 5.0 Vdc is input frequency and N is number of gates per package.
1.0 Vde min @ Vpp = 10 Vdc **The formulas given are for the typical characteristics only at
1.0 Vdc min @ Vpp = 15 Vdc 25°C.




MC14000UB

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

Characteristic Symbol ‘(I‘;E Min | Typ | Max | Unit
Output Rise Time tTLH ns
tTLH = (3.0 ns/pF) C_+30 ns 5.0 - 180 360
tTLH = (1.5 ns/pF) C + 15 ns 10 - 20 180
tTLH = (1.1 ns/pF) C_+ 10 ns 15 - 65 130
Output Fall Time tTHL , ns
tTHL = (1.5 ns/pF) C_ + 26 ns 5.0 - 100 200
tTHL = (0.75 ns/pF) C_ + 125 ns 10 - 50 100
tTHL = (0.55 ns/pF) C_ +9.5 ns 15 - 40 80
Propagation Delay Time tPLH, ns
tpLH, tPHL = (1.7 ns/pF) C_ + 30 ns tPHL 5.0 - 115 230
tPLH, tPHL = (0.66 ns/pF) C_+ 22 ns 10 - 55 110
tpLH, tPHL = (0.50 ns/pF) C_+ 15 ns 15 - 40 80
*The formulas given are for the typical characteristics only.
FIGURE 1 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
— [-— 20 ns —-] l=— 20 ns
Voo
Voo Input gg:’ )
JE— 10% Kk Vgs
Puise .
, Generator Output PHL PLH
I cL —_— 90% VoH
/ = = Output fg:
VoL
TTHL TTLH

FIGURE 2 — TYPICAL VOLTAGE AND CURRENT
TRANSFER CHARACTERISTICS

Vpp =15 Vde

i) ™G Tp=25°C—
) e\ | | =
> 12 a Oneinput only — -]
w \ and inverter E
< 10 10 Vde b Two inputs =
- T~ a . =z
jry ¢ Three inputs w
S u 80 &
Z 80 T 80 £

o
2 =
5 60f5.0vdc 60 g
3 b /h,,lg:ﬁ vde =
2 a0}b— 440 &
2 \\ ip = 10 Vde
a
20 N = 20
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0
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Vin, INPUT VOLTAGE (Vdc)

FIGURE 3 — TYPICAL VOLTAGE TRANSFER
CHARACTERISTICS versus TEMPERATURE
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B-SUFFIX SERIES CMOS GATES

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

Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc
Noise Immunity = 45% of Vpp typ

Supply Voltage Range = 3.0 Vdc to 18 Vdc
All Outputs Buffered”

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

Double Diode Protection on All Inputs

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

ORDERING INFORMATION

MC14XXXB Suffix Denotes

L Ceramic Package
P Plastic Package
- A Extended Operating
Temperature Range 14
C Limited Operating
Temperature Range

1

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646
MAXIMUM RATINGS (Voltages referenced to Vgg)
Rating Symbol Value Unit
DC Supply Voltage Vpp -0.5t0 +18 Vdc
Input Voltage, All Inputs Vin -0.5t Vpp +0.5 Vdc
DC Current Drain per Pin 1 10 mAdc
Operating Temperature Range — AL Device Ta -55t0 +125 oc
CL/CP Device -40 to +85
Storage Temperature Range Tstg -65 to +150 oc

MC14001B

Quad 2-Input NOR Gate

MC14002B

Dual 4-Input NOR Gate

MC14011B

Quad 2-Input NAND Gate

MC14012B

Dual 4-Input NAND Gate

MC14023B

Triple 3-Input NAND Gate

MC140258

Triple 3-Input NOR Gate

MC14068B

8-Input NAND Gate

MC14071B

Quad 2-Input OR Gate

MC14072B

Dual 4-Input OR Gate

MC14073B

Triple 3-Input AND Gate

MC140758B

Triple 3-Input OR Gate

MC14078B

8-Input NOR Gate

MC14081B

Quad 2-Input AND Gate

MC140828B

Dual 4-Input AND Gate

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 < (Vj, or Vo) < Vpp-

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

either Vgg or Vpp.

CMOS SSI

(LOW-POWER COMPLEMENTARY MOS)

B-SERIES GATES
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CMOS B-SERIES GATES
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CMOS B-SERIES GATES

ELECTRICAL CHARACTERISTICS

Vpob 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 VOoH 5.0 495 - 4.95 5.0 - 4.95 - Vde
Vin OorVpp 10 9.95 - 9.95 10 - 9.95 -
15 1495 - 14 .95 15 — 14.95 —
Input Voltage* 0" Level ViL Vdc
(Vo 4.50r 0.5 Vdc) 5.0 - 15 - 225 15 - 15
(Vo 9.00r 1.0 Vdc) 10 30 - 4.50 3.0 - 3.0
(Vo 13.50r 15 Vvdc) 15 — 4.0 - 675 4.0 - 4.0
“1" Level ViH
(Vo 0.50r4.5Vdc) 5.0 35 - 35 2.75 - 35 - Vde
(Vo 1.00r 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo 150r13.5 Vdc) 15 110 - 11.0 8.25 - 1.0 -
Output Drive Current (AL Device) l1oH mAdc
(Von 2.5 Vdc) Source 5.0 -3.0 - -24 -4.2 - -1.7 -
(VoH 4.6 Vdc) 5.0 -0.64 - -051, | —0.88 - -0.36 -
(VoH 95 Vdc) 10 -1.6 - -1.3 —-2.25 - -09 -
(Von 13.5 Vdc) 15 -4.2 - 34 | -88 - 2.4 -
(VoL 04 Vdc) Sink oL 5.0 064 - 0.51 0.88 ~ 036 - mAdc
(Vor = 0.5 Vdc) 10 1.6 - 13 2.25 - 09 -
(VoL = 1.5 Vdc) 15 4.2 - 34 88 - 24 -
Qutput Drive Current (CL/CP Device) OH mAdc
(VoH = 25 Vdc) Source 5.0 -25 - -2.1 -4.2 - -1.7 -
(Vo - 4.6 Vdc) 5.0 -0.52 - -044 | 088 - —0.36 -
(VoH -~ 9.5 Vdc) 10 -13 - -11 -2.25 - -09 -
(Von 135 Vde) 15 -3.6 - -30 | -88 ~ -2.4 -
(Vor =04 Vdc) Sink loL 5.0 0.52 - 044 0.88 - 0.36 - mAdc
(Vor = 0.5 Vdc) 10 13 - 1.1 2.25 - 09 -
(Vor - 1.5 Vdc) 15 3.6 - 3.0 8.8 - 24 -
Input Current (AL Device) hn 15 - +01 - +0 0000t | +01 - +1.0 uAdc
Input Current (CL/CP Device) hin 15 +03 - +000001| +03 - *1.0 uAdc
Input Capacitance Cin — - - - 5.0 75 - - pF
(Vin = 0)
Quiescent Current (AL Device) Ipp 50 - 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) D 5.0 - 1.0 - 0.0005 1.0 - 75 uAdc
(Per Package) 10 - 20 - 0.0010 20 - 15.0
15 - 4.0 - 0.0015 4.0 — 30.0
Total Supply Current® "t T 50 IT = (0.3 pA/kHz) f + Ipp/N uAdc
(Dynamic plus Quiescent, 10 17 = (0.6 nA/kHz) f + Ipp/N
Per Gate, C_ = 50 pF) 15 I7 = (0.9 pA/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.
Noise Margin for both 1" and "“0"" level = 1.0 Vdc min @ Vpp =5.0 Vdc
20Vdcmin@ Vpp =10 Vdc
25Vdecmin@ Vpp =15 Vdc
1To calculate total supply current at loads other than 50 pF
IT(CL) = 17(50 pF) + N x 10-3 (C|_-50) Vppf
where: |1 is in uA (per package), Cp 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 26°C.
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CMOS B-SERIES GATES

B-SERIES GATE SWITCHING TIMES

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

Vbp
Characteristic Symbol Vde Min Typ Max Unit
Output Rise Time, All B-Series Gates tTLH ns
TLH = (1.35 ns/pF) C|_ + 33 ns 5.0 - 100 . 200
TLH = (0.60 ns/pF) C|_ + 20 ns 10 - 50 100
tTLH = (0,40 ns/pF) C|_+ 20 ns 15 - 40 80
Output Fall Time, All B-Series Gates THL ns
THL = (1.35 ns/pF) C_ + 33 ns 5.0 - 100 200
tTHL = (0.60 ns/pF) C_+20 ns 10 - 50 100
tTHL = (0.40 ns/pF) C|_+ 20 ns 15 - 40 80
Propagation Delay Time tPLH., tPHL ns
MC14001B, MC14011B 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
All Other 2, 3, and 4 Input Gates
tpLH. tpHL = (0.90 ns/pF) C_ + 115 ns 50 - 160 300
tPLH. tPHL = (0.36 ns/pF) C|_+47 ns 10 - 65 130
tPLH. PPHL = (0.26 ns/pF) C|_ + 37 ns 15 - 50 100
8-1nput Gates (MC14068B, MC140788)
tPLH. tPHL = (0.90 ns/pF) C_+ 155 ns 50 - 200 350
tpLH. tPHL = (0.36 ns/pF) C|_+ 62 ns 10 - 80 150
tPLH, tPHL = (0.26 ns/pF) C|_ + 47 ns 15 - 60 110

*The formulas given are for the typical characteristics only.

FIGURE 1 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
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*All unused inputs of AND, NAND gates must be
connected to Vpp.
All unused inputs of OR, NOR gates must be
connected to Vgg.
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CMOS B-SERIES GATES

CIRCUIT SCHEMATIC
NOR, OR Gates

MC140018
MC140718
One of Four
Gates Shown
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CMOS B-SERIES GATES

CIRCUIT SCHEMATICS
NAND, AND Gates
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CMOS B-SERIES GATES

1p, DRAIN CURRENT (mA)

Ip, DRAIN CURRENT (mA)

1p, DRAIN CURRENT (mA)
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TYPICAL B-SERIES GATE CHARACTERISTICS
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FIGURE 2 — Vgg = 5.0 Vdc
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FIGURE 6 — Vgg = 16 Vdc
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P-CHANNEL DRAIN CURRENT
(SOURCE)

FIGURE 3 — Vgg = -5.0 Vdc
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CMOS B-SERIES GATES

TYPICAL B-SERIES GATE CHARACTERISTICS (cont'd)

VOLTAGE TRANSFER CHARACTERISTICS

FIGURE 8 — Vpp = 5.0 Vdec

Single Input NAND, AND
Multiple Input NOR, OR

Vout, OUTPUT VOLTAGE (Vde)

‘FIGURE 9 — Vpp =10 Vdc

Single Input NAND, AND

1 Muitiple Input NOR, OR
80 || Sigle input NOR, OR
60 Multiple Input NAND, AND
40 v
20

0

20 .0 6.0 80 10

Vin, INPUT VOLTAGE (Vdc)

DC NOISE IMMUNITY (Vg AND Vi)

The dc noise immunity is defined as the input
voltage range from an ideal ‘“1’* or “‘0"’ input level
(assuming the previous CMOS driving state is
unloaded which does not produce output state
(combination) change(s). The typical and limit
values of the input ranges VN and VyH for the
output to stay within a range 4Vq,¢ from either
Vpp or Vgg are given in the Electrical Char-
acteristics table. The definitions of Vi, VNH.-
and aVg,¢ are illustrated in Figure 11 for invert-
ing and non-inverting functions.

‘ FIGURE 11 — DC NOISE IMMUNITY
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(b) Non-Inverting Function
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UB-SUFFIX SERIES CMOS GATES

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

® Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc
Noise Immunity = 45% of Vpp typ
Supply Voltage Range = 3.0 Vdc to 18 Vdc
Linear and Oscillator Applications

Capable of Driving Two Low-power TTL Loads,

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

Double Diode Protection on All Inputs
Pin-for-Pin Replacements for Corresponding CD4000

Series UB Suffix Devices
® Formerly Listed without UB Suffix

MC14001UB

Quad 2-input NOR Gate

MC14002UB

Dual 4-Input NOR Gate

MC14011UB

Quad 2-Input NAND Gate

MC14012UB

Dual 4-Input NAND Gate

MC14023UB

Triple 3-Input NAND Gate

MC14025UB

Triple 3-Input NOR Gate

LOGIC DIAGRAMS

CMOS SSI

(LOW-POWER COMPLEMENTARY MOS)

UB-SERIES GATES
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L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646

ORDERING INFORMATION

MC14XXXUB Suffix Denotes

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

Vpp =Pin 14
Vgg =Pin7
for All Devices

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

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vss or Vpp).
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CMOS UB-SERIES GATES

MAXIMUM RATINGS (Voltages referenced to Vgg)

. Rating . Symbol Value Unit
DC Supply Voltage . Vpp -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 -55to +125 °c
. CL/CP Device -40 to +85
Storage Temperature Range . Tstg -65 to +150 °c
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 - | 008 - o 0.05 - 0.05 Vdc
Vi = Vpp or 0 10 - 0.05 -1 o 0.05 - 0.05
15 - 0.05 — 0 0.05 — 0.05
1" Level VoH 5.0 4.95 - 4.95 5.0 - 495 - Vdc
Vin=0o0r Vpp 10 9.95 - 9.95 10 - 9.95 -
15 1495 - 14 95 15 - 14.95 -
Input Voltage# 0" Level ViL Vdc
(Vg =45 Vdc) 5.0 - 10 - 2.25 10 - 10
(Vo =9.0 vdc) 10 - 20 - 4.50 20 - 20
(Vo = 13.5 Vdc) 15 — 2.5 - 6.75 25 - 25
"1 Level ViH .
(Vg =05 Vdc) 5.0 4.0 - 40 275 - 40 - Vdc
(Vo = 1.0 vde) 10 8.0 - 8.0 5.50 - 8.0 -
(Vo = 1.5 Vdc) 15 125 - 125 8.25 - 12.5 =
Output Drive Current (AL Device) 10H mAdc
(VOH = 2:5 Vdc) Source 5.0 -1.2 - -1.0 -17 - -0.7 -
(VOH = 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 - -0.14 -
(VoH = 9.5 Vdc) 10 -0.62 - -05 -09 - -0.35 -
(VoH = 13.5 Vdc) 15 -1.8 — -15 -35 — -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 2.25 - 09 - .
(VoL = 1.5 Vdc) . 15 4.2 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) I0H . mAdc
(VOH = 2.5 Vdc) Source 5.0 -1.0 - -08 -1.7 -~ -0.6 -
(VoK = 4.6 Vdc) 5.0 -0.2 — -0.16 -0.36 - -0.12 -
(VoH = 9.5 Vdc) 10 -05 - -04 -09 - -0.3 -
(VOH = 13.5 Vdc) 15 -1.4 - -1.2 | -35 — -1.0 -
(VoL = 0.4 Vdc) Sink oL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 1.3 - 1.1 2.25 - 09 -
(VoL = 1.5 Vdc) 15 3.6 - 3.0 838 - 24 -
Input Current (AL Device) lin 15 - +01 — +0.00001 [ 0.1 - +1.0 pAdc
Input Current (CL/CP Device) lin 15 - +03 - +0.00001 | :03 - £1.0 uAdc
Input Capacitance Cin - - - - 50 15 - - pF
Vin=0)
Quiescent Current (AL Device) oD 50 - 0.25 - 0.0005 0.25 - 75 uAdc
(Per Package) 10 - 0.50 - 0.0010 | 0.50 - 150 .
15 1.00 - 0.0015 | 1.00 - 30.0
Quiescent Current (CL/CP Device) pp 5.0 - 1.0 - 0.0005 1.0 - 75 uAdc
(Per Package) 10 - 20 — 0.0010 2.0 - 15.0
15 — 4.0 - 0.0015 4.0 - 30.0
Total Supply Current**t It 5.0 T = (0.3 uA/kHz) f + IppD/N uAdc
(Dynamic plus Quiescent, 10 1T = (0.6 uA/kHz) f + IpD/N
Per Gate, C|_ = 50 pF) 15 IT = (0.8 nA/kHz) f + Ipp/N
*Tiow = -85°C for AL Device, -40°C for CL/CP Device. tTo calculate total supply current at loads other than 50 pF:

Thigh = +125°C for AL Device, +85°C for CL/CP Device. IT(CL) = I7(50 pF) + N X 103(C|_ - 50) Vppf

#Noise immunity specified for worst-case input combination.

Noise Margin for both “1’and “0" level = where: Iy is in uA (per package), C|_in pF, Vpp in Vdc, fin kHz
0.5 Vdec min @ Vpp = 5.0 Vdc is input frequency and N is number of gates per package.
1.0 Vde min @ Vpp = 10 Vdc B **The formulas given are for the typical characteristics only at
1.0 Vdc min @ Vpp = 15 Vdc . 25°C.

7-14




.CMOS UB-SERIES GATES

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

Vbp
Characteristic Symbol Vdec Min Typ Max Unit
Output Rise Time tTLH ns
tTLH = (3.0 ns/pF) C|_+ 30 ns 5.0 - 180 360
tTLH = (1.5 ns/pF) Cy + 15 ns 10 - 90 180
tTLH = (1.1 ns/pF) C|_+ 10 ns 15 - 65 130
Output Fall Time tTHL ns
tTHL = (1.5 ns/pF) C|_+ 25 ns 5.0 - 100 200
tTHL = (0.75 ns/pF) C_+ 125 ns 10 - 50 100
tTHL = (0.55 ns/pF) C|_+9.5 ns 15 - 40 80
Propagation Delay Time tPLH.tPHL ns
tPLH. tPHL = (1.7 ns/pF) C|_+ 30 ns 5.0 - 920 180
tpLH. tPHL = (0.66 ns/pF) Cy_+ 22 ns 10 - 50 100
tpLH. tPHL = (0.50 ns/pF) C|_+ 15 ns 15 - 40 80

FIGURE 1 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

V
140°° Vop
Pulse Input Output ov
Generator
CL Vo
* Output
I Inverting
= Vou
70 Vvgs
*All unused inputs of AND, NAND gates must be tTHL tTLH

connected to Vpp.
All unused inputs of OR, NOR gates must be
connected to Vgg.
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CMOS UB-SERIES GATES

MC14011UB CIRCUIT SCHEMATIC
(1/4 of Device Shown)
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MC14012UB CIRCUIT SCHEMATIC
(1/2 of Device Shown)

14vpp

=

MC14023UB CIRCUIT SCHEMATIC
(1/3 of Device Shown)

14Vpp

A }_1 IS 06,9,10
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MC14025UB CIRCUIT SCHEMATIC

FIGURE 2 — TYPICAL VOLTAGE AND

FIGURE 3 — TYPICAL VOLTAGE
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@ MOTOROLA MC14002B
MC14002uB

DUAL 4-INPUT “NOR"” GATE
v ¢ CMOS SSI
The MC14002B and MC14002UB are constructed with P and N (LOW-POWER COMPLEMENTARY MOS)
channel enhancement mode devices in a single monolithic structure
(Complementary MOS). Their primary use is where low power DUAL 4-INPUT “NOR"” GATE

dissipation 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) 1l ey
)

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. (MC14002B only) CASE 632 CASE 646
® Double Diode Protection on All Inputs ORDERING INFORMATION

e Pin-for-Pin Replacements for CD4002B and CD4002UB MCT4XXXB o Suffix - Denotes

Ceramic Package

L
or UB as ]’ L P Plastic Package

N A Extended Operating
MAXIMUM RATINGS (Voltages referenced to Vgg) Applicable Temperature Range

" N C Limited Operating
Rating Symbol Value Unit Temperature Range
DC Supply Voltage VpD -05t0 +18 Vdc
Input Voltage, All Inputs Vin -05to Vpp +05 Vdc
DC Current Drain per Pin | 10 mAdc LOGIC DIAGRAM
Operating Temperature Range — AL Device Ta -56510 +125 oc 2
CL/CP Device -40 to +85 3
Storage Temperature Range Ts(g -65 to +150 oc M
5

>
Vpp = Pin 14
See the MC14001B data sheet for complete characteristics of the 9 Vss = Pin 7
B-Series device. 1o 13

See the MC14001UB data sheet for complete characteristics for the n :

UB device. 12

MC140028 CIRCUIT SCHEMATICS MC14002UB
(1/2 of Device Shown)

Vbbb 14 Vpp

3,90-—7———1
I 3,10 O- :]
J*—J u:} 149Vpp 4,110 |:]
ﬁ =i j 5. 120 J

“1_3_4}] l
iy P S eI

U

5,110 ::]
4,120
7 ©Vgg
7 Vss

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 < (Vip or Vout) X Vpo-
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)-




@ MOTOROLA

18-BIT STATIC SHIFT REGISTER

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

- MC14006B

CMOS MmSI

(LOW-POWER COMPLEMENTARY MOS)

18-BIT STATIC SHIFT REGISTER

® Output Transitions Occur on the Falling Edge of the Clock Pulse L SUFFIX P SUFFIX
. . CERAMIC PACKAGE  PLASTIC PACKAGE
® Quiescent Current - 5nA/package typical @ 5 Vdc CASE 632 CASE 646
® Fully Static Operation
® 8-MHz Shift Rate typical ORDERING INFORMATION
® Can be Cascaded to Provide Longer Shift Register Lengths
[} ffix D
® Supply Voltage Range = 3.0 Vdc to 18 Vdc MC14XXX Suffix  Denotes
® Capable of Driving Two Low-power TTL Loads, One Low-power 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 CD4006B C Limited Operating
Temperature Range
MAXIMUM RATINGS (Voltages referenced to Vgg)
Rating Symbol Value Unit
DC Supply Voltage VoD -051t0 +18 - Vdc Dnp C |Qn+1
Input Voltage, Ali Inputs Vin -0.5t0 Vpp + 0.5 Vdc TRUTH TABLE of—_] o
- - (Single Stage)
DC Current Drain per Pin 1 10 mAdc 1N\ 1
Operating Temperature Range — AL Device TA -55 to +125 °c X | /| Qp
CL/CP Device -40 to +85 X = Don't Care
Storage Temperature Range Tstg -65 to +150 oc
BLOCK DIAGRAM
1 13 4 1 12 5 10 6 8 9
Op1 T— Qj ijs osI osj) T—Dmo mj Dpiag Q”i : 013—T
D D . D D D _ [s}
Vpp = Pin 14 a 4 1 a 4 1
Vgg =Pin7 Stages Stages Stage Stages Stages Stage
1— - rc [_ - j_ ) [_ - |— -
Clock 3 0—0{> ¢ . . ¢ é
LOGIC DIAGRAM
(ONE REGISTER STAGE)

o3

D+1

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

©
1
* Transmission Input to output is
Gate n Out (A) A bidirectional low impedance when control input 1 is “low’’
and control input 2 is “*high”.
(:) (B) An open circuit when control input 1 is ““high’’ and control

input 2 is “low"’.
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MC14006B

ELECTRICAL CHARACTERISTICS

Voo 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 4.95 - 4.95 5.0 - 498 - Vdc
Vin = 0or Vpp 10 9.95 - 995 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
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 - 4.50 3.0 - 3.0
(Vg =13.50r 1.5 Vdc) 15 — 4.0 - 6.75 4.0 - 4.0
1" Level| ViH
{Vp = 0.5 or 4.5 Vdc) 5.0 35 - 35 2.75 - 3.5 - Vde
(Vg = 1.0 0or 9.0 Vdc) 10 70 - 7.0 5.50 - 7.0 -
(Vo = 1.5 or 13.5 Vdc) 15 1.0 - 1.0 8.25 - 11.0 -
Output Drive Current (AL Device) IoH mAdc
(VoH = 2.5 Vdc) Source 5.0 -12 - -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 - 15 -35 - -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 2.25 - 0.9 -
(VoL = 15 Vdc) 15 42 - 34 8.8 - 24 -
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 -
(VoH = 9.5 Vdc) 10 -05 - -0.4 -09 - -03 -
(VoH = 13.5 Vdc) 15 -14 - -1.2 -35 - -1.0 —
(VoL =0.4 Vdc) Sink oL 5.0 052 - 044 | o088 - 0.36 — mAdc
(VoL = 0.5 Vdc) 10 13 ~ 1.1 2.25 - 09 -
(VoL = 1.5 Vdcl) 15 3.6 3.0 8.8 - 24 -
Input Current (AL Device) lin 15 - A - +0.00001| +01 - +1.0 uAdc
Input Current (CL/CP Device) lin 15 - +03 - +0.00001| *03 — 1.0 uAdc
Input Capacitance Cin - - - 5.0 75 - - pF
(Vin = 0)
Quiescent Current (AL Device) oD 5.0 - 5.0 - 0.005 5.0 - 150 nAdc
(Per Package) 10 — 10 - 0.010 10 — 300
15 - 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device) 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 IT = (1.3 uA/kH2) f + Ipp uAdc
(Dynamic plus Quiescent, 10 I7 = (2.6 kA/kHz) f + IpD
Per Package) 15 IT = (39 pA/kHz) f + DD
(C =50 pF on all outputs, all
buffers switching)

*Tiow = -55°C for AL Device, -40°C for CL/CP Device.
Thigh = +125°C for AL Device, +85°C for CL/CP Device.
=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 =
2.5 Vde min @ Vpp =

1To calculate total supply current at loads other than 50 pF.
I7(C) = 17(80 pF) + 1 x 10-3 (C_-50) Vppf
where: IT1sin uA (per package), C|_in pF, Vpp in Vdc, and f in
**The formulas given are for the typical characteristics only at 25°C.

10 Vdc
15 Vdc

kHz is input frequency.

<Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgs or 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 volitage higher than maximum rated voltages to this high im-
pedance circuit. For proper operation it is recommended that V;, and Vgt be constrained to the range Vsg < (Vi or Vgue)
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MC14006B

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

Characteristic Symbol VoD Min Typ Max Unit
Output Rise Time tTLH ns
TTLH = (3.0 ns/pF) C_+30ns 5.0 - 180 360
tTLH= (15 ns/pF) C_+15ns 10 - 90 180
TTLH= (1.1 ns/pF) C|_+10ns 15 - 65 130
Output Fall Time tTHL ns
TTHL = (1.5 ns/pF) C_+ 25 ns 5.0 - 100, 200
TTHL = (0.75 ns/pF) C_+ 125 ns 10 - 50 100
TTHL= (0.55 ns/pF) C + 9.5 ns 15 - 40 80
Propagation Delay Time tPLH ns
tPLH. tPHL = (1.7 ns/pF) C_+ 220 ns tPHL 5.0 - 300 600
tpLH. tPHL = (0.66 ns/pF) C|_+ 77 ns 10 - 110 220
tPLH. tPHL = (0.5 ns/pF) C_+ 55 ns 15 - 80 160
Clock Pulse Width twWH 5.0 200 100 - ns
10 120 60 -
15 80 40 -
Clock Pulse Frequency fel 5.0 - 5.0 25 MHz.
10 - 8.3 4.2
15 - 12 6.0
Clock Puise Rise and Fall Time# tTLH 5.0 - - 15 us
tTHL 10 - - 15
15 - - 15
Setup Time oy 5.0 0 ~50 - ns
10 0 -156 -
15 0 -8.0 -
Hold Time th 5.0 180 75 - ns
10 920 25 -
15 75 20 -

*The formula given is for the typical characteristics only at 26°C.
#When shift register sections are cascaded, the maximum rise and fail 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
Vpp =-VGs Vout Vob = Vas Vout

14

—O—b
—o0—o0
—o—o
t—o—2F T 10H ‘oL
External E:;:::ral
Power
Supply Supply
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MC14006B

FIGURE 3 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

Vooe
%14

e
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= = Test
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—0—Dp14 Q18|

_|_ q ml J_ i 1/3 MC14000 .
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I//Z] output state can change since data previously clocked in might be in either state.
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@ MOTOROLA

MC14007UB

DUAL COMPLEMENTARY PAIR PLUS INVERTER

The MC14007UB multi-purpose device consists of three N-channel

and three P-channel enhancement mode devices packaged to provide

access to each device.

These versatile parts are useful in inverter

circuits, pulse-shapers, linear amplifiers, high input impedance ampli-
fiers, threshold detectors, transmission gating, and functional gating.

Quiescent Current = 0.5 nA/package typical @
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

5 Vdc

Symmetrical Output Impedance — 200 ohms typical @ 10 Vdc
Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Temper-

ature Range

® Pin-for-Pin Replacement for CD4007A or CD4007UB

CMOS SSlI

(LOW-POWER COMPLEMENTARY MOS)

DUAL COMPLEMENTARY PAIR
PLUS INVERTER

MAXIMUM RATINGS (Voltages referenced to Vgg)

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646

ORDERING INFORMATION

MC14XXXUB Suffix Denotes
L Ceramic Package
P Plastic Package
A Extended Operating
Temperature Range
C Limited Operating
Temperature Range

Rating Symbol Value Unit
DC Supply Voltage VpD -0.5to +18 Vdc
Input Voitage, All Inputs Vin -0.5t0 Vpp + 0.5 Vdc
DC Current Drain per Pin i 10 mAdc
Operating Temperature Range — AL Device Ta -55 to +125 oc
CL/CP Device -40 to +85
Storage Temperature Range Ts!g -65 to +150 oc
FIGURE 1 — TYPICAL APPLICATION: 2-INPUT ANALOG MULTIPLEXER
———eA ————°A
12
H s LIS
1 B
p—O—
2
- c 3
s 7]
I t
e Voo 5 [T
140 O]
(o4
i 1
13
Input
6 8 10
INPUT | OUTPUT CONDITION
1 A =C,B =0Open
o A =8,C=0pen 79 Vgs

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

connected to Vgs.

SCHEMATIC

e

T

log
o O—
w O0—f
& 0—f
[N
o—+t

Vpp = Pin 14
Vgg = Pin7

7-22




MC14007UB

ELECTRICAL CHARACTERISTICS (Connected as Inverters)

Voo Tiow” 25°C Thigh*
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
OQutput Voltage 0" Level VoL 5.0 - 0.05 - 0 0.05 - 0.05 Vdc
Vin Vppor0 10 - 0.05 - 0 005 - 0.05
15 — 0.05 — 0 0.05 — 0.05
1" Level VoH 5.0 495 - 4.95 5.0 - 4.95 - Vdc
V,n OorVpp 10 9.95 - 9.95 10 - 9.95 -
15 14.95 — 14 .95 15 - 14.95 =
Input Voltage® I”O" Level ViL Vdc
(Vo =4.5) 5.0 - 1.0 - 2.25 1.0 - 10
(Vg =9.0) 10 - 20 - 4.50 2.0 - 20
(Vo =13.5) 15 — 25 - 6.75 2.5 - 25
|17 Level ViH
(Vo =05) 5.0 4.0 - 4.0 2.75 - 4.0 - vde
(Vo =1.0) 10 8.0 - 8.0 5.50 - 8.0 -
(Vg =1.5) 15 12.5 - 12.5 8.25 - 12.5 -
Output Drive Current (AL Device) lOH mAdc
(VOH = 2.5 Vdc) Source 5.0 -3.0 - -24 | -50 - -1.7 -
(VOH = 4.6 Vdc) 5.0 -0.64 - -0.51 -1.0 - -0.36 -
(VOH = 9.5 Vdc) 10 -1.6 - -1.3 -25 - -0.9 -
(VoH = 13.5 Vdc) 15 -4.2 — -3.4 -10 — -2.4 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 - 0.51 1.0 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 16 - 13 25 - 0.8 -
(Vor = 1.5 Vdc) 15 4.2 - 34 10 - 24 -
Output Drive Current (CL/CP Device) IoH mAdc
(VOH = 2.5 Vdc) Source 5.0 -25 - -2.1 -5.0 - -1.7 -
(Vo = 4.6 Vdc) ' 5.0 -0.52 - -044 | -10 - -0.36 -
(VoH =9.56 Vdc) 10 -1.3 - -1.1 -25 - -09 -
(VoH = 13.5 Vdc) 15 -36 — -30 | -10 - -24 -
(VoL = 0.4 Vdc) Sink oL 5.0 0.52 - 044 1.0 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 13 - 1.1 25 - 09 -
(VoL = 1.5 Vdc) 15 36 - 3.0 10 - 2.4 -
Input Current (AL Device) bin 15 - +01 - +000001] :01 — +1.0 uAdc
Input Current (CL/CP Device) hin 15 - +03 - +0.00001| +0.3 - +1.0 uAdc
Input Capacitance Cin — - - 50 7.5 - - pF
(Vin = 0)
Quiescent Current (AL Device) pD 5.0 - 0.25 - 0.0005 0.25 - 75 uAdc
(Per Package) 10 - 0.50 - 0.0010 0.50 - 15
15 — 1.00 — 0.0015 1.00 - 30
Quiescent Current (CL/CP Device) IpD 50 - 1.0 - 0.0005 1.0 - 75 uAdc
(Per Package) 10 - 20 - 0.0010 20 - 15
15 — 4.0 — 0.0015 4.0 — 30
Total Supply Current**t IT 5.0 IT = (0.7 kA/kHz2) f + Ipp/6 uAdc
(Dynamic plus Quiescent, Per Gate) 10 IT = (1.4 uA/kH2) f + Ipp/6
(CL =50pF) 15 It = (2.2 uA/kHz) f + Ipp/6
*Tiow = -55°C for AL Device, -40°C for CL/CP Device **The formulas given are for the typical characteristics only at
Thigh = +125°C for AL Device, +85°C for CL/CP Device 25°cC.
tTo calculate total supply current at loads other than 50 pF #Noise immunity specified for worst-case input combination.

Noise Margin for both ‘1’ and “0'’ level =
0.5 Vdc min @ Vpp = 5.0 Vdc

where: It is in uA (per package), C|_ in pF, Vpp tn Vdc, and f 1.0 Vdc min @ Vpp = 10 Vde

kHz is input frequency. 1.0 Vdc min @ Vp = 15 Vde

IT(CL) = IT(50 pF) +3 X 10-3(C_ - 50)Vppf
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SWITCHING CHARACTERISTICS* (C_ =50 pF, T =25°C)

Vbbb
Characteristic Symbol Vdc Min Typ Max Unit
Output Rise Time tTLH ns
TLH = (1.2 ns/pF) C_+ 30 ns 50 - 90 180
tTLH = (0.5 ns/pF) C_+ 20 ns 10 - 45 90
tTLH = (0.4 ns/pF) C|_+ 15 ns 15 - 35 70
Output Fall Time tTHL ns
'THL = (1.2 ns/pF) C_+ 15 ns 50 - 75 150
THL = (0.5 ns/pF) C_+ 15 ns 10 — 40 80
tTHL = (0.4 ns/pF) C|_+ 10 ns 15 - 30 60
Turn-Off Delay Time tPLH ns
tpLH = (1.6 ns/pF) C_+ 35 ns 5.0 - 60 125
tpiH = (0.2 ns/pF) C_+ 20 ns 10 - 30 75
tpLH = (0.16 ns/pF) C_+ 175 ns 15 - 25 55
Turn-On Delay Time tPHL ns
tpHL = (1.0 ns/pF) C_+ 10 ns 5.0 - 60 125
tpHL = (0.3 ns/pF) C|_+ 15 ns 10 - 30 75
tpHL = (0.2 ns/pF) C|_+ 15 ns 15 - 25 55
*The formula given is for the typical characteristics only.
Switching specifications are for device connected as an inverter.
FIGURE 2 — TYPICAL OUTPUT SOURCE CHARACTERISTICS FIGURE 3 — TYPICAL OUTPUT SINK CHARACTERISTICS
Vob = -Vas
OVps = VoH - Voo
All unused inputs connected to ground. All unused inputs connected to ground.
0 bl T T
a0 évss =15 Vde
= b
a0 ( C A A 16 ¢ A
3 Vgs =-5.0 Vde< [y § l a /,/
£ 2 Ta - -550C —— £ 7 /' vde
= -80|—bTa= +250C 2 e 4 / £ /{//
.y W)/ D
3 c 3 a Ta=-550C
: e b =l /474 LTS
S / ﬁ/ S S I/ ¢ TA=+1250C
o //-m vd E’z A -15 Vdc 3 // 2
S — v y - o4 5.0 vde
g ./ i |
-20 Z / 0 l
-10 -8.0 -6.0 -40 -20 0 0 20 40 6.0 8.0
Vps, DRAIN VOLTAGE (Vdc) Vps, DRAIN VOLTAGE (Vdc)
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FIGURE 4 — SWITCHING TIME AND POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS

500 pF 7

Pulse
Generator

20 ns ——‘I 20 ns

v
vi 90% bb
in 50%
10% Vss
VoH
Vout
VoL

APPLICATIONS

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

FIGURE 5 — 3-STATE BUFFER

+Vpp

Disable 3 O—l'_r—;T

1

n
—
Iinput 10 3—012 Output
-—
9

8

— h-—
Disable 6 D————J

b

INPUT | DISABLE OUTPUT
1 [¢] 0o
o [} 1
X 1 Open
X = Don’'t Care
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FIGURE 6 — AOI FUNCTIONS USING TREE LOGIC

Vop —_—
14 Out = A+BeC
-
13
1" 2
- -
10 12 %1
B ® Output
sL
p-— —l
9 7([
3
c o__._j"",,_%
4
e
s =
AO-

Substrates of P-channel devices internally connected to Vpp;
Substrates of N-ch i} devi internally ed to Vgg.
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MC14008B

4-BIT FULL ADDER

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

® | ook-Ahead Carry Output

Diode Protection on All Inputs
All Outputs Buffered

o © o 0 0o o

High-Speed Operation — 160 ns typical from Sumj, to Sumgyt
Quiescent Current — 5.0 nA/package typ:cal @ 5 Vdc

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

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

ature Range
® Pin-for-Pin Replacement for CD4008B

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

4-BIT FULL ADDER

MAXIMUM RATINGS (Voltages referenced to Vgg)

Rating Symbol Value Unit
DC Supply Voltage VpD -05t0 +18 Vdc
Input Voltage, Al 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 oc
CL/CP Device -40 to +85
Storage Temperature Range Tstg -65 to +150 oc

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

ORDERING INFORMATION

MC14XXXB Suffix Denotes
L Ceramic Package
P Pilastic Package
A Extended Operating
Temperature Range
C Limited Operating
Temperature Range

BLOCK DIAGRAM

High-Speed
e o014 cC
™ Parallel Carry out
B4 15 & l 5
Adder 013 s4

A4 1 O— 4

} ca4
B3 20 Adder 012 s3
A3 30 3

+ c3
B2 40 Adder o011 s2
A2 50 2

f c2
B1 60 Adder 010 S1
A1 70 1

* Vpp = Pin 16
Cin 90 Vgg = Pin8

TRUTH TABLE
(One Stage)

C,

kgl
Ej
S

—“00=|0==0lWn

~-2assl0000

- =200|==00®

—-0=0|=0=0|>

PRRNNCY _-ooog

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 <
(Vinor Vout) < Vpp.

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vssor Vpp).
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MC14008B

ELECTRICAL CHARACTERISTICS

Vpp Tiow™ 25°C Thigh'
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Voltage 0" Level VoL 50 - 005 - 0 0.05 - 005 Vdc
Vin Vppor0 10 - 0.05 - 0 005 - 0.05
15 - 0.05 - 0 0.05 0 05
1" Level VOoH 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc
Vin OorVpp 10 9.95 ~ 995 10 - 9.95 -
15 14.95 - 14.95 15 — 14.95 -
Input Voltage*™ “'0" Level ViL Vdc
(Vo 4.50r 05 Vdc) 50 - 15 - 225 15 - 15
(Vo 90o0r1.0Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vg - 13.5 0r 1.5 Vdc) 15 — 4.0 - 6.75 40 - 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 7.0 - 7.0 5.50 - 7.0 -
(Vo = 15 0r 12.5 Vdc) 15 110 - 110 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) 50 -0 25 - -0.2 -0.36 - -0 14 -
(VoH =95 Vdc) 10 -0.62 - -0.5 -09 - -035 -
(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
(VoL = 0.5 Vdc) 10 1.6 - 1.3 225 - 0.9 -
(VoL = 1.5 Vdc) 15 4.2 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) 10H mAdc
(VoR = 2.5 Vdc) Source 5.0 ~1.0 - -0.8 -1.7 - -0.6 -
(VoH = 4.6 Vdc) 5.0 ~0.2 - -016 -0.36 - -0.12 -
(VoH = 9.5 Vdc) 10 -0.5 - -0.4 -0.9 - -03 -
(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
(VoL = 0.5 Vdc) 10 13 - 1.1 2.25 - 0.9 -
(Vo = 1.5 Vdc) 15 3.6 - 3.0 8.8 - 24 -
Input Current (AL Device) hin 15 - +01 — +0 00001 | *01 - +10 nAde
tnput Current (CL/CP Device) hin 15 - +03 - +0 00001 | +03 - 10 uAdce
Input Capacitance Cin — - - 50 75 - - pF
(Vin = 0)
Quiescent Current (AL Device) 1)5) 50 - 50 - 0.005 50 - 150 HAdc
(Per Package) 10 - 10 - 0.010 10 - 300
15 - 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device) IpD 50 - 20 — 0.005 20 - 150 uAde
(Per Package) 10 - 40 - 0.010 40 - 300
15 — 80 — 0.015 80 - 600
Total Supply Current®* t IT 50 IT = {1.7 pA/kHz) £ + Ipp uAdc
(Dynamic plus Quiescent, 10 I = (3.4 vA/kH2) f + Ipp
Per Package) 15 7 = (5.0 uA/kHz) f + Ipp
(C =50 pF on all outputs, all
buffers switching)

*T)ow = -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 Vdc min@ Vpp = 15 Vdc
1To calculate total supply current at loads other than 50 pF: :
I7(CL) = 17(50 pF) + 6 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.
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MC14008B

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

Vob
Characteristic Symbol Vdc Min Typ Max Unit
Output Rise Time, tTLH ns
tTLH = (3.0 ns/pF) C_+30ns 5.0 - 180 360
tTLH= (1.5 ns/pF) C_+ 15 ns 10 - 90 180
TLH = (1.1 ns/pF) C_+10ns 15 - 65 130
Output Fall Time, tTHL ns
tTHL= (1.5 ns/pF) C + 25 ns 5.0 - 100 200
tTHL = (0.75 ns/pF) C|_+ 125 ns 10 — 50 100
tTHL= (055 ns/pF) C|_+95 ns 15 - 40 80
Propagation Delay Time tPLH. tPHL ns
Sum In to Sum Out
tpLH. tPHL = (1.7 ns/pF) C_+ 315 ns 5.0 - 400 800
tPLH. tPHL = (0.66 ns/pF) C_+ 127 ns 10 - 160 320
tpLH. tpHL = (0.5 ns/pF) C_+90 ns 15 - 115 230
Sum In to Carry Out .
tPLH, tPHL = (1.7 ns/pF) C|_ + 220 ns 5.0 - 305 610
tPLH. tPHL = (0.66 ns/pF) C|_ + 112 ns 10 - 145 290
tPLH. tPHL = (0.5 ns/pF) C|_+ 85 ns 15 - 110 220
Carry In to Sum Out
tpLH. tPHL = (1.7 ns/pF) C|_ + 290 ns 5.0 - 375 750
tpLH. tpHL = (0.66 ns/pF) C|_+ 122 ns 10 — 155 310
tpLH. tPHL = (0.5 ns/pF) C_+90 ns 15 - 115 230
Carry In to Carry Out
tpLH. tPHL = (1.7 ns/pF) C_+ 85 ns 5.0 - 170 340
tpLH. tPHL = (0.66 ns/pF) C|_+ 42 ns 10 - 75 150
tpLH. tpHL = (0.5 ns/pF) C_+ 30 ns 15 - 55 110
*The formula is for the typical characteristics only.
FIGURE 1 — TYPICAL SOURCE CURRENT FIGURE 2 — TYPICAL SINK CURRENT
CHARACTERISTICS TEST CIRCUIT CHARACTERISTICS TEST CIRCUIT
Voo = -Vas Vout Vbo = Vas Vout
L p
16 16
—O——B84 sS4 —O—B4 sS4
—O0— AL —O— A4
—o—— B3 S3 —0——B3  S3 ————o—!
p—0—— A3 L —0—] A3
I-Oo—8B2 S2—O0—0 p —O0——B2 S2p——0—o°
—O0—— A2 —O—A2
t—o—B1 s1—o—i \om —o—e1 s1——<>—1 oL
—O——A1 —O0—— A1
—0—Cin Cout —0——Cin Cout
External External
Power Power
80 Vgg Supply 80 Vss Supply
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FIGURE 3 — DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

Voo

_____%w

y—o0—{B84 S4f—0O—
—o— o

—o— A4

1 83 s3
A3

p—1—O0— B2 S2
—O—/ A2 ~
——o—J B1  s1 1 [C
S
bo— A1 cL
Pulse | | Cin C
Generator ° in ~out
CL

500 uF A<

AYE
T

[}
-
1+
g
i
i

Pulse

Generator | [ © Cin Cout 0 cL
CL

> o>
- = NN
o o
- N
\|
o
r |
YUl
s

"20 ns —1 |20 ns
X

c 50% Voo
in 50%
+—10% K Vss
- PHL - tPLH
90% ——VoH
s1-sa 50%
10% VoL
——1 L TTHL —l F—tTLH
\ VoH
Cout 50%
J— VouL
1 tPLH 1 ==tPHL
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FIGURE 5 — LOGIC DIAGRAM

34

Cout

A4

B3

A3

B2

B1

53 0 03 00

A1

Cin©
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TYPICAL APPLICATION

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

Word A + B Inputs

p A
Al — — — B4 Al — — — B4 Al — — — B4 A1———Bla
C: Chip C, c: Chip c e, Chip Cout —{Ci Chip Cout
n 1 out _“ in 2 out m 3 ou
$1 — — — sS4 s1 — — sa $1 — — — s4 s1 — — s4
.

Calculation of 16-bit adder speed:

~
Sum Outputs

tp total = tp (Sum to Carry) + tp (Carry to Sum) + 2 tp (Carry to Carry)
Typically, the overall 16-bit adder speed at 10 V is:
tp total = 115 + 125 + 90 = 330 ns typ

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

is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not
convey to the purchaser of the semiconductor devices described any
license under the patent rights of Motorola Inc. or others.
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MC140

118

MC14011UB

QUAD 2-INPUT “NAND" GATE

The MC14011B and MC14011UB are constructed with P and N
channel enhancement mode devices in a single monolithic structure
(Complementary MOS). Their primary use is where low power
dissipation and/or high noise immunity is desired.

Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc
Noise Immunity = 45% of Vpp typ

Supply Voltage Range = 3.0 Vdc to 18 Vdc
All Outputs Buffered (MC14011B only)

Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Temper-
ature Range. (MC14011B only)

Double Diode Protection on All Inputs

CMos

QUAD 2-INPUT

SSi

{LOW POWER COMPLEMENTARY MOS)

NAND"” GATE

1

L SUFFIX
CERAMIC PACKAGE
CASE 632

P SUFFIX
PLASTIC PACKAGE
CASE 646

ORDERING INFORMATION

2,59,12

16813

g
I 1
3 ]

7 LVss

2,5,9,12 O—wr———l

jf——l%—o 3,1 10,11

1,6,8,130 J:]

. . 4 Suffi o]
Pin-for-Pin Replacements for CD4011B and CD4011UB mel XXX-T- it enotes
L Ceramic Package
or UB, i P Plastic Package
as applicable ~ A Extended Operating
MAXIMUM RATINGS (Voltages referenced to Vgg) Temperature Range
Rating Symbol Value Unit ¢ ;;r:;:?a?uﬁeer;!;:gge
DC Supply Voltage Vpp -05to +18 Vdc
Input Voltage, All Inputs Vin -05toVpp -05 Vdc
DC Current Drain per Pin 1 10 mAdc LOGIC DIAGRAM
Operating Temperature Range AL Device Ta -55t0+125 °c 1
CL/CP Device -40 to +85 :D— 3
2
Storage Temperature Range Tog -65 to +150 °c .
- :E},_ 4 Vpp = Pin 14
6 Vgg=Pin 7
See the MC14001B data sheet for complete characteristics of the BZD_,O
B-Series device. 9
See the MC14001UB data sheet for complete characteristics for the 121:3‘,_ .
UB device. 3
140118 CIRCUIT SCHEMATICS MC14011UB
me (1/4 of Device Shown)
14 Vpp
149Vpp

7 Vgs

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

operation it _is recommended that V;, and Vg, be constrained to the
range Vgg S (Vi or Vo) S Vpp-

Unused inputs must always be tied to an appropriate logic voltage ievel
(e.g., either Vgg or Vpp).
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MC140128
MC14012UB

DUAL 4-INPUT “NAND"” GATE

The MC14012B and MC14012UB are constructed with P and N
channel enhancement mode devices in a single monolithic structure
(Complementary MOS). Their primary use is where low power
dissipation and/or high noise immunity is desired.

CMOS SsSli

(LOW POWER COMPLEMENTARY MOS)

DUAL 4-INPUT “NAND" GATE

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 Qutputs Buffered (MC14012B only) !

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

Double Diode Protection on All Inputs

o o o o o

Pin-for-Pin Replacements for CD4012B and CD4012UB

MAXIMUM RATINGS (Voltages referenced to Vsg)

1 1

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646

ORDERING INFORMATION
MC14XXXB Suffix Denotes

‘E L Ceramic Package
or UB as P Plastic Package
applicable A Extended Operating
[+

Temperature Range

Limited Operating
Rating Symbol Value Unit Temperature Range
DC Supply Voitage VpD -05to0 +18 Vdc
input Voltage, All inputs Vin -05t0 Vpp +05 Vde
DC Current Drain per Pin | 10 mAdc LOGIC DIAGRAM
Operating Temperature Range AL Device Ta -551t0 +125 oc 2
CL/CP Device -40 10 +85 3
Storage Temperature Range Tsig -65 to +150 oc “
5

See the MC14001B data sheet for complete characteristics of the
B-Series device.

See the MC14001UB data sheet for complete characteristics for the
UB device.

Vgg = Pin7

1
Vpp = Pin 14
D

MC140128 CIRCUIT SCHEMATICS
(1/2 of Device Shown)

MC14012UB 140vpp

Lkl

3 1o
]-—T 149vVpp |,_r
2,10
: 2,9 0O :]
39 3 l |
Vss .| 3,10 O
4120 Samie as )
5,110 above |
En 301,13 4,11 O :I
3 5120 |
70V
Ss 70 Vss
This device contains circuitry to protect the inputs against damage due operauon 1t _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 < (Vi or Vout) < Vpo-
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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MC14013B

DUAL TYPE D FLIP-FLOP

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

CMOS SsSI

(LOW-POWER COMPLEMENTARY MOS)

DUAL TYPE D FLIP-FLOP

“tions, N

@ Static Operation i i

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

® Noise Immunity = 45% of Vpp typical C

® Diode Protection on All Inputs 14

® Supply Voltage Range = 3.0 Vdc to 18 Vdc X

@ Single Supply Operation

9 ] pp\i P . L SUFFIX P SUFFIX

® Toggle Rate = 4 MHz typical @ 5 Vdc CERAMIC PACKAGE  PLASTIC PACKAGE
° Logic 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-
going edge of the clock pulse

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

® Pin-for-Pin Replacement for CD4013B

ORDERING INFORMATION

MC14XXXB Suffix Denotes
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 Vbb -05to +18 Vdc
Input Voltage, All Inputs Vin -0.5t0 Vpp + 0.5 Vdc
DC Current Drain per Pin | 10 mAdc BLOCK DIAGRAM
Operating Temperature Range — AL Device Ta -55 to +125 oc 6
CL/CP Device -40 to +85
Storage Temperature Range Tstg -65 to +150 °c s o s o .

3—cC Qp—2
R
TRUTH TABLE a ‘
INPUTS OUTPUTS 8 "———I
ctock’ [oata| mreset| ser Q a ry
- ) 0 0 0 1 9 D QF——13
e 1 [} 0 1 0
N X 0 0 Q Q '(‘:‘: B
X X 7 o ry 7 ange n—ec _ 8 f— 12
X X ) 1 1 0
x X 1 1 1 1 10

X = Don't Care
t = Level Change

Vpp =Pin 14
Vgg =Pin7
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ELECTRICAL CHARACTERISTICS

Vbp 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 VOoH 50 4.95 - 4.95 5.0 - 495 - Vdc
Vin OorVpp 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) 50 - 15 - 2.25 1.5 - 15
(Vo 9.00r 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vg - 13.50r 1.5 Vdc) 15 — 4.0 - 6.75 4.0 - 4.0
1" Level ViH
(Vo - 0.5 0r 4.5 Vdc) 5.0 35 - 35 2.75 - 3.5 - Vdc
(Vo = 1.0 0r 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo = 150r13.5 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 -09 - -0.35 -
(VoH = 13.5 Vdc) 15 ~1.8 — -15 -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 2.25 - 09 -
(VoL = 1.5 Vdc) 15 4.2 - 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 - -0.6 -
(VoH = 4.6 Vdc) 5.0 -0.2 - -016 -0.36 - -0.12 -
(Von = 9.5 Vdc) 10 -0.5 - -04 -0.9 - -0.3 -
(VoH = 13.5 Vdc) 15 -14 - -1.2 3.5 - -1.0 -
(VoL =04 Vdc) Sink oL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc
(Vo = 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) hin 15 - +0.1 - +000001| :01 — +10 uAdc
Input Current (CL/CP Device) lin 15 - +03 - £0.00001 | +03 - 10 uAdc
Input Capacitance Cin - - - 5.0 7.5 - - pF:
(Vin = 0)
Qutescent Current (AL Device) [I5)5) 50 - 1.0 - 0.002 1.0 - 30 uAdc
(Per Package) 10 - 2.0 - 0.004 2.0 - 60
15 - 4.0 - 0.006 4.0 - 120
Quiescent Current (CL/CP Device) DD 5.0 - 4.0 - 0.002 4.0 - 30 wAdc
(Per Package) 10 - 8.0 - 0.004 8.0 - 60
15 - 16 — 0.006 16 - 120
Total Supply Current** 1 I 5.0 IT - (0.75 pA/kH2) f + Ipp uAdc
(Dynamic plus Quiescent, 10 IT=(15 pA/kH2Z) t+ Ipp
Per Package) 15 Iy =(23 uA/kHz) f+ Ipp
(C|_ = 50 pF on all outputs, all
buffers switching)

*Tiow - -559C for AL Device, -40°C for CL/CP Device
Thigh = +125°C for AL Device, +85°C for CL/CP Device.
=Notse 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
tTo calculate total supply current at loads other than 50 pF
I7(CL) = IT(50 pF) +2 x 10-3 (C(_-50) Vppf
where. IT1s 1 uA (per package), C_wn pF, Vpp in Vdc, and f in kHz is input frequency.
**The formulas given are for the typical charactenstics 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- l
pedance circuit. For proper operation it is recommended that V;, and Vg be constrained to the range Vgg < (Vi or Vgytl

< Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg or Vpp).
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MC14013B

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

Characteristic Symbol VpbD Min Typ Max Unit
Output Rise Time - tTLH ns
tTLH = (3.0 ns/pF) C_ +30ns 5.0 - 180 360
TTLH= (1.5 ns/pF) C|_+ 15 ns 10 - 90 180
tTLH= (1.1 ns/pF) C_+10ns ) 15 - 65 130
Output Fall Time tTHL ns
tTHL= (1.5 ns/pF) C_+ 25 ns 5.0 - 100 200
tTHL= (0.75 ns/pF) C|_+ 125 ns 10 - 50 100
tTHL = (0.55 ns/pF) C|_+12.5ns 15 - 40 80
Propagation Delay Time ) tPLH ns
Clock to Q tPHL
tPLH. tPHL = (1.7 ns/pF) C|_+ 90 ns 5.0 - 176 350
tPLH. tPHL = (0.66 ns/pF) C|_+42ns 10 - 75 150
tpLH. tPHL = (0.5 ns/pF) C_ + 25 ns 15 - 50 100
Setto Q
tpLH, tPHL = (1.7 ns/pF) C_ +90 ns 5.0 - 175 350
tpLH, tPHL = (0.66 ns/pF) C|_+42ns 10 - 75 150
tPLH. tPHL = (0.5 ns/pF) C|_ + 25 ns 15 - 50 100
Reset to Q
tPLH, tPHL = (1.7 ns/pF) C_ + 265 ns 5.0 - 350 450
tPLH. tPHL = (0.66 ns/pF) C_ +67 ns 10 - 100 200
tpLH. tPHL = (0.5 ns/pF) C|_ + 50 ns 15 - 75 150
Setup Times tsu 5.0 40 20 - ns
10 20 10 -
15 15 75 -
Hold Times th 5.0 40 20 - ns
10 20 10 -
15 15 75 -
Clock Pulse Width twi, tWH 5.0 250 125 - ns
10 100 50 -
15 70 35 -
Clock Pulse Frequency fel 5.0 - 4.0 2.0 MHz
10 - 10 5.0
15 - 14 7.0
Clock Pulse Rise and Fall Time tTLH 5.0 - - 15 us
tTHL 10 - - 5.0
15 - - 4.0
Set and Reset Pulse Width twi,tWH 5.0 250 125 - ns
10 100 50 -
15 70 35 -
*The formula given is for the typical characteristics only.
LOGIC DIAGRAM
(1/2 of Device Shown)
4>—o Q
c Q
c
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MC14013B

FIGURE 1 — DYNAMIC SIGNAL WAVEFORMS FIGURE 2 — DYNAMIC SIGNAL WAVEFORMS
(Data, Clock, and Output)} (Set, Reset, and Output)
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inputs R and S low.

TYPICAL APPLICATIONS
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@ MOTOROLA

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

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

devices in a single monolithic structure.

These shift registers find

primary use in parallel-to-serial data conversion, synchronous and
asynchronous parallel input, serial output data queueing; and other

general purpose register applications requiring low power and/or

high noise immunity.

Quiescent Current = 5.0 nA/package typical @ 5 Vdc
Synchronous Parallel Input/Serial Output (MC14014B)
Asynchronous Parallel Input/Serial Output (MC14021B)
Synchronous Serial Input/Serial Output

Full Static Operation from DC to 7.0 MHz

MC14014B
MC14021B

CMOS MsSi

(LOW-POWER COMPLEMENTARY MOS)

8-BIT STATIC SHIFT REGISTER

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

ORDERING INFORMATION

. . ffix D
Q" Outputs from Sixth, Seventh, and Eighth Stages MC14xXXx8B Suffix Denotes
Double Diode Input Protection L Ceramic Package
= P Plastic Package
Supply Voltage Range = 3.0 Vdc to 18 Vdc A Extended Operating
Capable of Driving Two Low-power TTL Loads, One Low-power Temperature Range
Schottky TTL Load to Two HTL Loads Over the Rated Temper- C Limited Operating
ature Range. Temperature Range
® MC14014B Pin-for-Pin Replacement for CD4014B
® MC14021B Pin-for-Pin Replacement for CD4021B TRUTH TABLE
P SERIAL OPERATION:
Q6 Q7 Qs
t |CLOCK|Dg|P/S|{ t=n+6]|t=n+7|t=n+8
n —/_|{ofo [¢] ? ?
nt1| _/— ] 1]o0 1 0 ?
2| s~ |ofo o 1 o
nt3| _/ 1 [¢] 1 0 1
MAXIMUM RATINGS (Voltages referenced to Vgg) —_ | x| o 56 a7 oY)
Rating Symbol Value Unit PARALLEL OPERATION:
DC Supply Voltage Vbbb -05to +18 Vdc CLOCK
N
Input Voltage, All Inputs Vin |-05toVpp+ 05| Vdc VC120148 Mciaozig| S | P/ | Pm | Tam
DC Current Drain per Pin | 10 mAdc o — X X 1 ) 0
Operating Temperature Range — AL Device Ta -55to +125 oc _ X X 1 1 1
CL/CP Device 40 to +85 *Q6, Q7, & Q8 are available externally
Storage Temperature Range Tstg -65 to +150 °c X = Don't Care
LOGIC DIAGRAM
P1 P2 P3 P6 P7 P8
7 G s 14 015 1
9
e | A I N 0 R
11
Dso—{>o—{>>—o at—b oo —-——- p a}—{D0 a}—p
c c c c a c a c a
10
Clock O—{>: . o ¢ —-_—
VDD=Pi" 16 P4 =Pin 4
Vgg = Pin8 PS = Pin 13 2 12 3
Q6 a7 Qs
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MC14014B e MC14021B

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=Vpp or 0 10 - 0.05 - 0 0.05 - 0.05
15 - 0.05 - 0 0.05 — 0.05
“1" Level VoH 5.0 495 - 4.95 5.0 - 4.95 - Vdc
Vin=00r Vpp 10 9.95 - 9.95 10 - 9.95 -
15 14 .95 — 14 .95 15 — 14.95 —~
Input Voltage# 0" Level ViL Vdc
(Vo = 4.5 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
(Vo =13.50r 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 - 35 2.75 - 3.8 - 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) 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
(VoL = 0.5 Vdc) 10 16 - 1.3 2.25 - 0.9 -
(VoL = 1.5 Vdc) 15 4.2 - 3.4 8.8 - 24 -
Output Drive Current (CL/CP Device) 10H mAdc
(VOH = 2.5 Vdc) Source 5.0 -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 -05 - -0.4 -0.9 - -03 -
(VoH = 13.5 Vdc) 15 -1.4 - -1.2 —-3.5 — -1.0 —
(Vo = 0.4 Vdc) Sink foL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc
(VoL = 0.5 Vde) 10 1.3 - 1.1 2.25 - 09 -
(Vor = 1.5 Vdc) 15 3.6 - 3.0 8.8 - 24 -
Input Current (AL Device) lin 15 — +0.1 — +0 00001 [ +0.1 — £1.0 uAdc
Input Current (CL/CP Device) tin 15 - +03 - £0.00001| +0.3 - +1.0 nAdc
Input Capacitance Cin - - - - 5.0 75 - - pF
(Vin=0)
Quiescent Current (AL Device) Ipp 5.0 - 5.0 - 0.005 5.0 - 150 unAdc
(Per Package) 10 - 10 - 0.010 10 - 300
15 - 20 — 0.015 20 - 600
Quiescent Current (CL/CP Device) DD 5.0 - 20 - 0.005 20 - 150 uAdc
(Per Package) 10 - 40 - 0.010 40 - 300
15 = 80 — 0.015 80 — 600
Total Supply Current**t T 5.0 17 =(0.75 pA/kH2) f + Ipp uAdc
(Dynamic plus Quiescent, 10 17 =(1.50 #A/kH2) f + 1pp
Per Package) 15 T =(2.25 vA/kH2) f + 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. This device contains circuttry to protect
Noise Margin for both 1" and “’0” level = 1.0 Vdc min @ Vpp =5.0 Vdc the inputs against damage due to high
2.0 Vdc min @ Vpp =10 Vdc static voltages or electric fields; however,

2.5 Vdecmin @ Vpp =15 Vdc it is advised that normal precautions be

1To calculate total supply current at loads other than 50 pF. ta‘ken to avoid a;?plication of any voltage
IT(CL) = 17(50 pF) +1.5 x 10-3 (C -50) Vppf higher thap maxurnum.rau.ad voltages to
where: I is in uA (per package), C|_in pF, Vpp in Vdc, and f in kHz is input frequency. this high impedance circuit. For proper |

The formulas given are for thi i isti (] ion it i mmended that Vg and
b ! operation it is recommen in
for s gi re for the typical characteristics cnly at 25°C. Vout rai Y the r v

(Vinor Vout) < Vpp-

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vgs or Vpp).
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MC14014B e MC14021B

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

i Vob . R
Characteristic Symbol Vde Min Typ Max Unit
Output Rise Time tTLH ns
tTLH = (3.0 ns/pF) C_+ 30 ns 5.0 - 180 360
tTLH= (1.6 ns/pF) C_ + 15 ns 10 - 920 180
tTLH= (1.1 ns/pF) C_+ 10 ns 15 - 65 130
Output Fall Time tTHL ns
tTHL = (1.5 ns/pF) C_ + 25 ns 5.0 - 100 200
tTHL = (0.75 ns/pF) C_+ 125 ns 10 - 50 100
tTHL = (0.55 ns/pF) Ci_+9.5ns 15 - 40 80
Propagation Delay Time (Clock to Q, P/S to Q) tPLH, ns
tPHL, tPLH = (1.7 ns/pF) C_+ 316 ns tPHL 5.0 - 400 800
tPHL, tPLH = (0.66 ns/pF) C|_+ 137 ns 10 - 170 340
tPHL, tPLH = (0.5 ns/pF) C|_+90 ns 15 = 116 230
Clock Pulse Width tWH 5.0 400 150 - ns
10 175 75 -
15 135 40 —
Clock Frequency . fel 5.0 15 3.0 - MHz
10 3.0 6.0 —
15 4.0 8.0 —
Parallel/Serial Control Pulse Width twH 5.0 400 150 - ns
10 175 75 -
15 135 40 -
Setup Time tsy 5.0 350 150 - ns
10 80 50 -
15 60 30 -
Input Clock Rise Time tr(cl) 5.0 - - 15 us
10 - - 15
15 - — 15
*The formula given is for the typical characteristics only.
FIGURE 1 — OUTPUT SOURCE CURRENT TEST CIRCUIT FIGURE 2 — OUTPUT SINK CURRENT TEST CIRCUIT
Voo Vout Voo Vout
P/S Q6 P/S Q6
Pulse c Pulse c
Generator Generator
E P6 a7t—o0— P6  a7t—o0—o
P7 P7
P8 P8
i | ] 1
Dg Q8 oH Dg [ol:] ot
External External
Power r Power
= Supply = Supply
Preset output under test to a logic *'1'’ level.
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MC14014B e MC14021B

FIGURE 3 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

oVpo
500 uF G
| 0.01 uF
Ceramic
Pulse —o—Ps =
Generator -0—C Q6 P—o———————
1 —o—P1
—o—1 P2 RCL
—0— P3

p—O0—1 P4 Q7 —0————]
—O0— PS
—o—P6 CL
t p—O0— P7 ‘{
Pulse —o— P8 as _0.1
Generator 0—1Dg
2

Clock

FIGURE 4 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

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

| 20 ns —’1 =— 20 ns
Pulse
Generator . Paraliel or 90% Vool
1 ] Serial Data 50%
| Input 10% )
{ | ss
| : a6
} . v
Pulse ! Clock or P/S oD
Generator »—o’l"o_—— Input

————————

I
CL
|
| Q
' Output
as | =
|
|
|
|

tTLH
twi = twH = 50% Duty Cycle

TTHL




@ MOTOROLA

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 Voltage Range = 3.0 Vdc to 18 Vdc

Single Supply Operation — Positive or Negative

High Fanout — > 50

Input Impedance = 1012 ohms typical

Low Input Capacitance — 5.0 pF typical

Logic Swing Independent of Fanout

Toggle Rate = 6.0 MHz @ 10 Vdc

Logic Edge-Clocked Flip-Flop Design —

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

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

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

DUAL 4-BIT STATIC
SHIFT REGISTER

1
L SUFFIX
CERAMIC PACKAGE

CASE 620

1 -
P SUFFIX
PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB

L
P
A

Suffix Denotes

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

MAXIMUM RATINGS (Voltages referenced to Vgg)

Unit

Rating Symbol Value
DC Supply Voltage | Vpp -0.5t0 +18 Vde
Input Voltage, All Inputs Vin -0.5to Vpp + 0.5 Vde
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 Ts‘g -65 t6 +150 oc

TRUTH TABLES

CLOCKED OPERATION

DIRECT OPERATION

(SYNCHRONOUS) (ASYNCHRONOUS)
D Qn Qn+1 R Q

o 0 0o o] Q

o] 1 0 1 [s]

1 [¢] 1 =D = .

1 1 p C =D = Don’t Care

Qn+1=Dp R=0

BLOCK DIAGRAM

Qo — 5
7 D
Qlp—4
Q2f—3
9 —C
R Q3}— 10
6|
Qot—13
15 — D
Q1p——12
QpP— 1
1—cC
R Q3|— 2
o1
Vpp = Pin 16
Vgg = Pin8
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MC14015B

ELECTRICAL CHARACTERISTICS

Vpp 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 - 005
15 - 005 = 0 0.05 — 0.05
1" Level VoH 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc
V,n OorVpp 10 9.95 - 9.95 10 - 9.95 -
15 14.95 — 14.95 15 — 14.95 -
Input Voltage™ “'0" Level ViL Vdc
(Vo -~ 45 0r 0.5 Vdc) 50 - 15 - 2.25 15 . 15
(Vo ~90o0r 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vg =135 0r 1.5 Vdc) 15 - 40 - 6.75 4.0 - 4.0
1" Level Vi
(Vo = 0.5 or 4.5 Vdc) 5.0 35 - 35 2.75 - 3.5 - Vdce
(Vo = 1.0 0r 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo = 150r13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -
Output Drive Current (AL Device) IOH mAdc
(VoH = 2.5 Vdc) Source 50 -1.2 - -1.0 -1.7 - -0.7 -
(VoH = 4.6 Vdc) 50 -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 -35 — -1.1 -
(VoL = 0.4 Vdc) Sink oL 5.0 0.64 - 051 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 1.6 - 13 2.25 - 0.9 -
(VoL = 1.5 Vdc) 15 4.2 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) I0H mAdc
(Von = 2.5 Vdc) Source 5.0 -1.0 - -0.8 =17 - -0.6 -
(VoH = 4.6 Vdc) 50 ~0.2 - -0.16 -0.36 - -0.12 -
(Vgr = 9.5 Vdc) 10 -0.5 - -0.4 -09 - -0.3 -
{(VoH = 13.5 Vdc) 15 -1.4 — -1.2 -35 - -1.0 -
(VoL = 0.4 Vdc) Sink oL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 13 - 1.1 2.25 - 09 -
(VoL = 1.5 Vdc) 15 36 - 3.0 88 - 24 -
Input Current (AL Device) Iin 15 - +01 - +0.00001 [ +01 - +1.0 uAdc
Input Current (CL/CP Device) hin 15 - +03 - +0 00001 | 0.3 — 1.0 uAdc
Input Capacitance Cin - - - - 50 7.5 - - pF
(Vin =0)
Quiescent Current (AL Device) 1pD 5.0 - 50 - 0.005 50 - 150 uAdc
(Per Package) 10 - 10 - 0.010 10 - 300
15 - 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device) Ipp 5.0 - 20 - 0.005 20 - 150 wAdc
{Per Package) 10 - 40 - 0.010 40 - 300
5 - 80 - 0.015 80 _ 600
Total Supply Current** 1 IT 5.0 IT= (1.2 pA/kHz) f + Ipp uAdc
(Dynamic plus Quiescent, 10 IT= (2.4 rA/kHZ) t + Ipp
Per Package) 15 I7T= (3.6 uA/kHz) f + Ipp
(C = 50 pF on all outputs, all
buffers switching)

*Tiow = -55°C for AL Device, -40°C for CL/CP Device
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
2.0Vdc min@ Vpp - 10 Vde
2.5Vdecmin @ Vpp - 15 Vdc
tTo calculate total supply current at loads other than 50 pF
I7(CL) = IT(50 pF) + 2'x 10-3 (Cy_ -50) Vppf
where |7 1s 10 uA (per package), C_in pF, Vpp in Vdc, and f in kHz 1s 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 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).
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MC14015B

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

Characteristic Symbol Vpp Min Typ Max Unit
Output Rise Time tTLH ns
TTLH = (3.0 ns/pF) C_+30ns 5.0 - 180 360
TTLH = (1.6 ns/pF) C_+ 16 ns 10 - 20 180
tTLH = (1.1 ns/pF) C_+ 10 ns 15 - 65 130
Output Fall Time tTHL ns
tTHL = (1.5 ns/pF) C_+ 25 ns 5.0 - 100 200
tTHL = (0.75 ns/pF) C|_+ 125 ns 10 - 50 100
tTHL = (0.55 ns/pF) C|_+ 9.5 ns 15 - 40 80
Propagation Delay Time tPLH, ns
Clock, Data to Q tPHL
tPLH, tPHL = (1.7 ns/pF) C_ + 225 ns 5.0 - 310 750
tPLH, tPHL = (0.66 ns/pF) C|_+92ns 10 - 126 250
tPLH, tPHL = (0.5 ns/pF) Cy_+ 65 ns 15 - 90 170
Reset to Q
tpLH, tPHL = (1.7 ns/pF) C_ + 3756 ns 5.0 - 460 750
tPLH, tPHL = (0.66 ns/pF) C_ + 147 ns 10 - 180 250
tPLH, tPHL = (0.5 ns/pF) C_ + 95 ns 15 - 120 170
| Clock Pulse Width tWH 5.0 = 185 400 ns
10 - 85 175
15 - 55 135
Clock Pulse Frequency fel 5.0 - 2.0 15 MHz
10 - 6.0 3.0
15 - 75 3.7
Clock Pulse Rise and Fall Times tTLH, tTHL 5.0 - - 15 us
10 - - 15
15 - - 15
Reset Pulse Width tWH 5.0 400 200 - ns
10 160 80 -
15 120 60 -
Setup Time tsy 5.0 350 100 - ns
10 100 50 -
15 75 40 -

FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

0.01uF

PULSE CERAMIC

= GENERATOR
| 2
|
L

=1 1
GENERATOR o T
)

Clock 50%

7-44




MC14015B

FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

r— TLH —-—>l TTHL
Voo
Data
Input
?Von
PULSE t
=1 GENERATOR D ao '0————-—_1_c TLH
| 2 1 fo—————y t Clock
syncl o
| 02 Fo— Input
L PULSE . ==cL
— GENE?ATDH —o—% wlo—r o
2 Vss
ao
twL = twH = 50% Duty Cycle
TTLH = tTHL<20ns [ tTHL

FIGURE 3 — SETUP AND HOLD TIME TEST CIRCUIT AND WAVEFORMS
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~CIRCUIT SCHEMATICS
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MC14015B

LOGIC DIAGRAMS

SINGLE BIT
C G [:>x> oQ
. To D of
Next Bit
ST D
c ¢
C C SK]
[ c
Reset e
c
c
C
COMPLETE DEVICE
5 4 3 10
Qo Qi Q2 Qa3

DATA INPUT BUFFER
73————[:>o———{:>c D D a Y D a
c 6——J c ﬁ-—J c ur—J c Q
¢ CLOCK INPUT BUFFER r R ro R [_O R J_O R
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@ MOTOROLA

MC14016B

QUAD ANALOG SWITCH/QUAD MULTIPLEXER

The MC14016B quad bilateral switch is constructed with MOS P-
channel and N-channel enhancement mode devices in a single mono-
lithic structure. Each MC14016B consists of four independent
switches capable of controlling either digital or analog signals. The
quad bilateral switch is used in signal gating, chopper, modulator,
demodulator and CMOS logis implementation.

High On/Off Qutput Voltage Ratio — 65 dB Typical
Quiescent Current = 0.5 nA/package typical @ 5 Vdc

Low Crosstalk Between Switches — 80 dB typical @ 1.0 MHz
Diode Protection on All Inputs

Supply Voltage Range = 3.0 Vdc to 18 Vdc

Transmits Frequencies Up to 54 MHz @ 5 Vdc

Linearized Transfer Characteristics

Low Noise — 12nV/y/ Cycle, f=> 1 kHz typical

Pin-for-Pin Replacement for CD4016B, CD4066B

CMOS Ssli

(LOW-POWER COMPLEMENTARY MOS)

QUAD ANALOG SWITCH
QUAD MULTIPLEXER

MAXIMUM RATINGS (Voltages referenced to Vgg)

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646

ORDERING INFORMATION

MC14XXXB Suffix Denotes

E L Ceramic Package
P Plastic Package

A Extended Operating
Temperature Range
C Limited Operating

Rating Symbol Value Unit Temperature Range
DC Supply Voltage Vpp -0.51t0 +18 Vdc
Input Voltage, All Inputs Vin -0.5t0 Vpp + 0.5 Vdc
Through Current | 10 mAdc
Operating Temperature Range — AL Device TA -55 to +125 °c
CL/CP Device -40 to +85 BLOCK DIAGRAM
Storage Temperature Range Tstg -65 to +150 °c 13
Control 1 O— 2
This device contains circuitry to protect the control inputs against damage due to 1 Out1
high static voltages or electric fields; however, it isadvised that normal precautions In1 o
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 V, Control 2 3
and V¢ 1s not constrained to the range Vgg < (Viy or Vo) < Vpp. “ —0 Out 2
In2 o—
6
CIRCUIT SCHEMATIC Control 3 9
(1/4 OF DEVICE SHOWN) s —Oout3
In3 O—
12
L oVpp Out Control 4 O—f 10
1>—~|r:—< 1 OOuta
+ T l In4
’_,:‘ ::’ — Vpp = Pin 14
Vgg = Pin 7
Control O—NW——I M ss "

1
lVSS

3

2

=T
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MC14016B

ELECTRICAL CHARACTERISTICS

Vbp Tiow" 25°C Thigh”
Characteristics Figure | Symbol | Vdc Min Max Min Typ Max Min Max Unit
Input Voltage# 1 ViL 5.0 - - - 15 09 - - Vdc
Control Input 10 - - - 1.5 09 - -
15 - - - 15 0.9 - -
ViH 5.0 - - 3.0 2.0 - - - Vdc
10 - - 8.0 6.0 - - -
15 - - 13 1 - - -
Input Current (AL Device) Control - lin 15 — +0.1 — | £0.00001 | +0.1 - 1.0 | pAdc
Input Current (CL/CP Device) Control - lin 15 - +0.3 — | +0.00001 | +0.3 - +1.0 | uAdc
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 | #Adc
(Per Package) 10 - 0.50 - 0.0010 | 0.50 - 15
15 - 1.00 - 0.0015 | 1.00 - 30
Quiescent Current (CL/CP Device) 23 Ipp 5.0 - 1.0 - 0.0005 1.0 - 7.5 | mAdc
(Per Package) 10 - 20 — 0.0010 2.0 - 15
15 - 4.0 - 0.0015 4.0 - 30
““ON’" Resistance (AL Device) 45,6 Ron Ohms
(Ve =Vpp, R =10k8)
(Vijn = +5.0 Vdc) 5.0 - 600 - 300 660 - 960
(Vin = —5.0 Vdc) Vgs = =5 Vdc - 600 - 300 | 660 - 960
=+0.25 Vdc) - 600 - 280 660 - 960
=+7.5 Vdc) 75 - 360 - 240 400 - 600
(Vin =—7.5 Vdc) Vgg = —7.5 Vdc - 360 - 240 400 - 600
(Vijn = £0.25 Vdc) - 360 - 180 400 - 600
(Vijn =+10 Vdc) 10 - 600 - 260 660 - 960
(Vin = +0.25 Vdc) Vgg = 0 Vdc - 600 - 310 660 - 960
(Vjn = +5.6 Vdc) - 600 - 310 660 - 960
(Vin = +16 Vdc) 15 - 360 - 260 | 400 - 600
(Vin = +0.25 Vdc) Vgg = 0 Vdc - 360 - 260 | 400 - 600
(Vjn = +9.3 Vdc) - 360 — 300 400 - 600
“ON" Resistance (CL/CP Device) 456 | Ron Ohms
(Vg =Vpp. R =10kQ)
(Vijn = +5.0 Vdc) 5.0 - 610 - 300 660 - 840
(Vin = —5.0 Vdc) Vgg =—5 Vdc - 610 - 300 660 - 840
(Vip = £0.25 Vdc) - 610 - 280 660 - 840
(Vjn =+7.5 Vdc) 75 — 370 - 240 400 - 520
(Vin = —7.5 Vdc) Vgg = —7.5 Vdc - 370 - 240 400 - 520
(Vin = £0.25 Vdc) - 370 - 180 | 400 - 520
(Vi = +10 Vdc) 10 - 610 - 260 660 - 840
(Vijn = +0.25 Vdc) Vgg =0 Vdc - 610 - 260 660 - 840
(Vijn = +5.6 Vdc) - 610 - 310 660 - 840
(Vin =+15 Vdc) 15 - 370 - 260 400 - 520
(Vijn = +0.25 Vdc) Vgg = 0 Vdc - 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
(Vg =Vpp)
(Vi = 5.0 Vdc) Vgg = -5 Vdc 5.0 - - - 15 - - -
(Vin = 7.5 Vdc) Vgg =—7.6 Vdc 75 - - - 10 - - -
Input/Output Leakage Current (V¢ = Vgs) - -
(Vijn =+7.5, Vgyut = —7.5 Vdc) 75 - |0.100 | — +0.0016 |:0.100| - +1.0 KAdc
Vin = =7.5, Vout = +7.5 Vdc) 7.5 - |[+0.100 | — | 0.0015 {:0.100] —
*Tiow = —55°C for AL Device, —40°C for CL/CP Device.
Thigh = +125°C for AL Device, +85°C for CL/CP Device.
#Input Voltage Specified as the voltage required at the Control Input NOTE: All unused control inputs must be returned to Vpp or Vsg as
for a 10 uA current through the transmission gate with an input-to- appropriate for the circuit application.

output stress of Vpp—Vgg for V| and V4.
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MC14016B

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

Characteristic Figure | Symbol \:IT: Min Typ Max Unit

Propagation Delay Time (Vgg = 0 Vdc) 7 tPLH, 5.0 - 15 45 ns
Vin to Vout tPHL 10 - 7.0 15
(Ve =Vpp, R = 10 ka2) 15 - 6.0 12

Control to Output 8 5.0 - 34 90 ns
(Vin < 10 Vde, R = 1.0 k) 10 - 20 45

15 - 15 35

Crosstalk, Control to Output {(Vgg = 0 Vdc) 9 - 5.0 - 30 - mV
(Ve = Vpp, Rin = 1.0 k2, Ryt = 10 k&2, 10 - 50 -

f=1kHz) ) 15 - 100 -

Crosstalk between any two switches (Vgg = 0 Vdc) - - 5.0 - -80 - dB
(R = 1.0k, f= 1.0 MHz,
crosstalk = 20 log vOuﬂ)

10Vout2

Maximum Control Input Pulse Frequency (Vgs = 0 Vdc) - - 5.0 - 5.0 - MHz
(RL=1.0k) 10 - 10 -

15 - 12 - )

Noise Voltage (Vgg = 0 Vdc) 10,11 - 5.0 - 24 - nV//Cycle
(Ve = Vpp, f = 100 Hz) 10 - 25 -

15 - 30 -

(Ve = Vpp, f = 100 kHz) 5.0 - 12 -
10 - 12 -

‘15 - 15 -

Sine Wave (Distortion) (Vgg = -5 Vdc) - - 5.0 - 0.16 - %
(Vin = 1.77 Vdc RMS Centered @ 0.0 Vdc, )
R =10k, f = 1.0 kHz)

Insertion Loss (Vg = Vpp, Vjn = 1.77 Vdc, Vgg = -5 Vdc, 12 - 5.0 - dB
RMS centered = 0.0 Vdc, f = 1.0 MHz2)
loss = 20 '09103,/?"')

in
(R = 1.0 k2) - 23 -
(R_=10kQ) - 0.2 -
(R =100 k€2) - 0.1 -
(R_=1.0MQ) - 0.05 -

Bandwidth (-3 dB) 1213 | BW 5.0 = MHz

(V¢ =Vpp, Vin = 1.77 Vdc, Vgs = -5 Vdc,

RMS centered @ 0.0 Vdc)

(RL=1.0k2) - 54 -
(RL =10 k) - 40 -
(R =100 kS2) - 38 -
(R =1.0M0) - 37 -

Feedthrough  (Vgg = -5 Vdc) - - 5.0 - kHz

(Vg = Vss, 20 Iogm%_"—‘it =-50dB)

m
(R =1.0kQ) - 1250 -
(R =10kQ) - 140 -
(R =100 k$2) - 18 -
(R = 1.0 MQ) - 2.0 -

* The formula is for the typical characteristics only.
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FIGURE 1 — INPUT VOLTAGE
TEST CIRCUIT

LOGIC DIAGRAM
(1/4 OF DEVICE SHOWN)
Vout
Control
7 s
Logic Diagram Restrictions In
Vss <Vin <Vpp Vin
Vss <Vout SVpD Vss Voo
Veontrol | Vin to Vgut Resistance ViL = Vg when Ig = 10 KA
Vss >109 Ohms typ ViH = Vpp — V¢ When Ig = 10 A
Vpp 3 x 102 Ohms typ
FIGURE 2 — QUIESCENT POWER DISSIPATION FIGURE 3 — TYPICAL POWER DISSIPATION PER CIRCUIT
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FIGURE 6 — Rony CHARACTERISTICS

FIGURE 7 — PROPAGATION DELAY TEST CIRCUIT

TEST CIRCUIT AND WAVEFORMS
Vout
R
Ve
— 20 ns *—20 ns
- — 90;...I Voo
Vin 50%
{ 10%
Vin Vss
Vout

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

FIGURE 9 — CROSSTALK TEST CIRCUIT

Vout Vin = 0.0 Vdc

Vx = Voo

FIGURE 10 — NOISE VOLTAGE TEST CIRCUIT
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FIGURE 11 — TYPICAL NOISE CHARACTERISTICS

35 3
N\
30 R
N N Voo - 15 Ve
2% N \%I |4~ 1l
N
\\mvu |
20 <
N N
5.0 Vdc NN N
15 |
10
50
0
10 100 10k 10k 100k

f, FREQUENCY (Hz)
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FIGURE 12 — TYPICAL INSERTION LOSS/BANDWIDTH

CHARACTERISTICS FIGURE 13 — FREQUENCY RESPONSE TEST CIRCUIT
20
0
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MC14017B

DECADE COUNTER/DIVIDER

The MC140178B is a five-stage Johnson decade counter with built-
‘in code converter. High-speed operation and spike-free outputs are
obtained by use of a Johnson decade counter design. The ten de-
coded outputs are normally low, and go high only at their appropriate
decimal time period. The output changes occur on the positive-
going edge of the clock pulse. This part can be used in frequency
division applications as well as decade counter or decimal decode
display applications.

Fully Static Operation

DC Clock Input Circuit Allows Slow Rise Times

Carry Out Output for Cascading

12 MHz (typical) Operation @ 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 Replacement for CD4017B

MAXIMUM RATINGS (Voltages referenced to Vgg)

CMOS MmSI

(LOW-POWER COMPLEMENTARY MOS)
DECADE COUNTER/DIVIDER

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

ORDERING INFORMATION

MC14XXX8B Suffix Denotes

L' Ceramic Package

P Plastic Package

A Extended Operating
Temperature Range

C Limited Operating
Temperature Range

FUNCTIONAL TRUTH TABLE
{Positve Logic)

Rating Symbol Value Unit
DC Supply Voltage Vpp -05t0 +18 Vdc
fnput Voltage, All Inputs Vin 05toVpp + 05 Vdc
DC 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 Tsig -65 to +150 °c

LOGIC DIAGRAM

1 2 6 7 1n
Qs Qt Q7 Q3 Qs

C C afiYc a
C _| C _| C _|
DRQ DRQ DRO
o
Ny
Qo Qé Q2 Qs Q4
3 4 9 10

CLOCK DECODE

CLOCK ENABLE RESET | OUTPUT =n

o X o n

X 1 o n

X X 1 Qo
[ ang 0 ) n+1
- X 4] n

x e 0 n

1 N ] n+1

X = Don't Care If n <5 Carry = "*1’*, Otherwise = "0’

BLOCK DIAGRAM

Clock 14 O—— aof—o3
aif—o2
Q2p—o4
asl—o7
as4|—o 10
13 0— asfb—o1

as}—o's

a7b—o s

asl—oo
a9 f—o 11
Reset 15 O—— Cout —0 12

Vpp = Pin 16
Vgg = Pin 8
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MC14017B

ELECTRICAL CHARACTERISTICS

Voo Tiow" 25°C Thigh”
Characteristic Symbol Vde Min Max Min Typ Max Min Max Unit
Output Voltage 0" Leve! VoL 5.0 - 0.05 - 0 0.05 — 0.05 Vdc
Vin - Vpp or 0 10 - 0.05 - 0 0.05 - 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level VoH 5.0 495 - 4.95 5.0 - 495 - Vdc
Vin =0or Vpp 10 9.95 - 9.95 10 - 9.95 -
15 14.95 - 14.95 15 ~ 14.95 —
Input Voltage# “0" Level ViL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 15 - 1.5
(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 - 6.75 4.0 - 4.0
1" Level ViH
(Vo = 0.5 or 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 = 1.5 or 13.5 Vdc) 15 1.0 - 11.0 8.25 - 11.0 -
Output Drive Current (AL Device) loH mAdc
(VoH = 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -
(VOH = 4.6 Vdc) 50 |-025 - -02 | -036 - -0.14 -
(VoH = 9.5 Vdc) 10 -0.62 - -0.5 -0.9 - -0.35 -
(VOR = 13.5 Vdc) 15 -1.8 - -15 -35 - -1 -
(VoL = 0.4 Vdc) Sink oL 5.0 064 - 0.51 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 16 - 1.3 2.25 - 0.9 -
(VoL = 1.5 Vdc) 15 42 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) IoH mAdc
(VoH = 2.5 Vdc) Source 5.0 -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 -05 - -04 -09 - -03 -
(VoH = 13.5 Vdc) 15 -14 - -1.2 -3.5 —~ -1.0 —
(VoL = 0.4 Vdc) Sink oL 5.0 052 - 0.44 0.88 - 0.36 — mAdc
(VoL = 0.5 Vdc) 10 13 - 1.1 2.25 - 09 -
(VoL = 1.5 Vdc) 15 3.6 - 3.0 8.8 - 24
Input Current (AL Device) tin 15 — +0.1 - £0 00001 | +0.1 — +1.0 uAdc
Input Current (CL/CP Device) fin 15 - +03 — +0.00001| +0.3 — +1.0 uAdc
Input Capacitance Cin — - - - 5.0 75 - - pF
(Vin=0)
Quiescent Current (AL Device) pD 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 - 150 unAde
(Per Package) 10 - 40 - 0.010 40 - 300
15 — 80 — 0.015 80 - 600
Total Supply Current®*t It 5.0 I+ =(0.27 A/kHz) f + Ipp wpAdc
(Dynamic plus Quiescent, 10 I7=(0.55 kA/kHz) f + Ipp
Per Package) 15 =
(CL =50 pF on all outputs, all IT = (083 uA/kHz) £+ lpD
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 Vdcmin@ Vpp = 15 Vdc
1To calculate total supply current at loads other than 50 pF:
I7(Cy) = 17(50 pF) + 1.1 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.

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 Vg, be
constrained to the range Vgg < (Vin or
Vout! < VpD-
Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vgsor Vpp).
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MC14017B

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

Characteristic Symbol \:/3? Min Typ Max Unit
Output Rise Time tTLH ns
tTLH = (3.0 ns/pF) C|_+ 30 ns 5.0 - 180 360
tTLH = (1.5 ns/pF) C + 15 ns 10 - 90 180
tTLH = (1.1 ns/pF) C_ + 10 ns 15 - 65 130
Output Fall Time - tTHL ns
tTHL = (1.5 ns/pF) C_+ 25 ns 5.0 - 100 200
tTHL = (0.76 ns/pF) C_+ 125 ns 10 - 50 100
tTHL = (0.55 ns/pF) C|_ + 125 ns 15 - 40 80
Propagation Delay Time tPLH, ns
Reset to Decade Output tPHL
tPLH, tPHL = (1.7 ns/pF) C_+415 ns 5.0 - 500 1000
tpLH, tPHL = (0.66 ns/pF) C|_+ 197 ns 10 - 230 460
tPLH, tPHL = (0.5 ns/pF) C_+ 150 ns 15 — 175 350
Propagation Delay Time tPLH, ns
Clock to Coyt PHL
tPLH, tPHL = (1.7 ns/pF) C_ + 315 ns 5.0 —— 400 800
tpLH, tPHL = (0.66 ns/pF) C_+ 142 ns 10 - 175 350
tpLH, tPHL = (0.5 ns/pF) C_ + 100 ns 15 - 125 250
Propagation Delay Time tPLH, ns
Clock to Decode Output tPHL
tPLH, tPHL = (1.7 ns/pF) C|_ + 415 ns 5.0 - 500 1000
tpLH, tPHL = (0.66 ns/pF) C_+ 197 ns 10 - 230 460
tPLH, tPHL = (0.5 ns/pF) C_+ 150 ns 15 - 175 350
Turn-Off Delay Time tPLH ns
Reset to Coyt
tpLH = (1.7 ns/pF) Cp + 315 ns 5.0 - 400 800
tpLH = (0.66 ns/pF) C_+ 142 ns 10 - 175 350
tpLH = (0.5 ns/pF) Ci_+ 100 ns 15 - 126 250
Clock Pulse Width WH 5.0 250 125 - ns
10 100 50 -
15 75 35 —
Clock Frequency fel 5.0 - 5.0 2.0 MHz
10 - 12 5.0
15 - 16 6.7
Reset Pulse Width tWH 5.0 500 250 - ns
10 250 125 -
15 190 95 -
Reset Removal Time trem 5.0 750 375 - ns
10 275 135 -
15 210 105 -
Clock Input Rise and Fall Time tTLH, tTHL 5.0 -
10 No Limit
15
Clock Enable Setup Time tsu 5.0 350 175 - ns
10 150 75 -
15 115 52 -
Clock Enable Removal Time trem 5.0 420 260 - ns
10 200 100 -
15 140 70 -

*The formula given is for the typical characteristics only.
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Vbbp FIGURE 1 - TYPICAL OUTPUT SOURCE AND OUTPUT SINK CHARACTERISTICS

TEST CIRCUIT
oV
Vss o Clock out
Enable ouTPUT ouTPUT
SINK DRIVE | SOURCE DRIVE
Clock to
DECODE desired
A A
Vpp —o0 St outputs | STt outputs
~———O—1 Reset (S1to B)
Vss —B-O S1 Clock to 5
Carry thru 9 S1to A
(S1to B)
Ves = Voo ~ Voo
Q9f—o0 External Vps = Vout Vout- VoD
O CloOCk’ ——=-o0 Power
Cout Supply
e j,.vss
Voo FIGURE 2 — TYPICAL POWER DISSIPATION TEST CIRCUIT
1 (o L
500 uF A~ 0.01 uF
1 :_E Ceramic
1 =
Qo O
Q1 —O
——O——Clock Enable Q2[—0O
Q3 —o—
Q4 —O-
'-——0-——{ Reset Q5 —O
Q6 —O-
Pulse fc Q7 —o0—m——
Generator O Clock Q8 —O0—————
Q9 —O0——
Cout —01_ L
Vss TOL TOL T CLARCL TR RO L SRCL ZRCL 3RCL ARCL

1|40+

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
[} Cc [}
MC140178 MC140178 MC140178
CE CE
Q0 Q1e ¢ «Q8 Q9 Q001 ¢ ¢« Q8 Q9 L Q1 « ¢« « Q8 Q9
H = -
8 Decoded
9 Decoded 8 Decoded Outputs
Outputs Outputs
Clock: & - — v ——
First Stage Intermediate Stages Last Stage
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FIGURE 4 — AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS

Voo

. 90%
Clock 10% '{%V
l ‘ ] 1 tr|e|—~—| l‘—'—lg"—- sy  20ns | | 20ns s

Vbo

—Vss

'S
Clock 0% —
Erable 50% pios I i
trem 20 y 20 ! 20 ns———l 'n—
Reset , nIs Ts —VpD

20 ns——l

PLH —-—leﬂ;_vOH

Vss

| | |
tPLH—l l—-———' f—tPHL } ‘ ’ ' oo _*I‘ ~ tTL”VOVLOH
Q1 Al I 1m [ Vor
PLH '-———| ftphL ’ ‘ l tTLH l"‘ fe—trhHL ! Y
Q2 I l . 1 ! v -
tPLH —IF_{—THL ‘ l \ l tTLH -—-I ,*-—I [—— tTHL O\i'OH
Q3 50% _ b 5 Vou
tPLH ;—j{—wn\_ ' ‘ \ ‘TLH—" I**I [ trhL y
Q4 } - TTHL -V -
oL
ﬁ Rl | »w:l%L o
o PLH - }4—‘PLHL l tTLH ——[ ]-'TH-— fTHL
a6 10% 3 0% | | —VOL
t- t
\THL;ILH J.,:‘.t l von
Q7 Vou
TTLH ——l ——4 |e | ,| I v
[ol:] - =] i‘*‘ } ‘ VoLOH
T THL —
i tPLH —= | E_L—‘PHL I v
oo 45% l’ LOH
Cout —= lv— tPHL TTLH -‘:lI_H .:-Ilr__tTHL
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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 will then be transferred to their respective
Q outputs (inverted). A logic 1 on the reset input will cause all

Q outputs to go to a logic 1 state.

Division by any num!ler 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 included in the

MC14018B to assure proper counting sequence.

® Fully Static Operation

® Medium Speed — 6.5 MHz typical @ 10 V

® Schmitt Trigger on Clock Input

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

® Pin-for-Pin Replacement for CD4018B

CMOS MmSI

(LOWPOWER COMPLEMENTARY MOS)

PRESETTABLE
DIVIDE-BY-N COUNTER

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

ORDERING INFORMATION

MC14XXXB Suffix Denotes

L L Ceramic Package
P Plastic Package

A Extended Operating
Temperature Range

C Limited Operating
Temperature Range

FUNCTIONAL TRUTH TABLE

Preset Jam _
Clock Reset Enable Input Qn
MAXIMUM RATINGS (Voltages referenced to Vgg) e o 0 x 8".
Rating Symbol Value Unit e 0 ° X On
DC Supply Voltage Vpp -05to0 +18 Vdc X 0 ! 0 !
Input Voltage, All Inputs Vin -05to Vpp + 0.5 Vdc X 0 ! ! 0
DC Current Drain per Pin | 10 mAdc X ! X X
Operating Temperature Range — AL Device TA -55 to +125 oc *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 Tsg -65 to +150 °c

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

Vout be constrained to the range Vgs < (Vi or Vout) < Vpp.

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

either Vgg or Vpp).

BLOCK DIAGRAM

14 O—— Ciock Qi1—o05
1 0—| Data
15 O—— Reset a2b—o04
10 0— PE
2 0——f Jam 1 Q3—o0¢6
3 O—— Jam 2
7 00— Jam 3 Q4 fp—o 1
9 O0—— Jam 4
12 0—— Jam & Qs —o 13
Vpp =Pin 16
Vgs =Pin 8
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MC14018B

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 or0 10 - 0.05 - 0 0.05 - 0.05
15 - 0.05 - 0 0.05 — 0.05
1" Level VoH 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc
Vin=00rVpp 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 - 1.5
(Vp =9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vo =13.50r 1.5 Vdc) 15 — 4.0 - 6.75 4.0 - 4.0
“1" Level| ViH
(Vo =0.5 or 4.5 Vdc) 5.0 35 - 35 2.75 - 35 - Vdc
(Vo =1.0 or 9.0 Vdc) 10 70 - 7.0 5.50 - 7.0 -
(Vo =15o0r13.5 Vdc) 15 11.0 - 1.0 8.256 - 11.0 -
Output Drive Current (AL Device) loH mAdc
(VOH = 2.5 Vdc) Source 5.0 -3.0 - -24 -4.2 - -1.7 -
(VoH = 4.6 Vde) 5.0 -0.64 - -051 | -0.88 - -0.36 -
(VoH = 9.5 Vdc) 10 -16 - -1.3 -2.25 - -09 -
(VOH = 13.5 Vdc) 15 -4.2 — -3.4 -8.8 - -2.4 -
(VoL = 0.4 Vdc) Sink oL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 16 - 13 2.25 - 09 -
(VoL = 1.5 Vdc) 15 42 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) 10H mAdc
(VOH = 2.5 Vdc) Source 5.0 -2.5 - -2.1 -4.2 - -1.7 -
(VOH = 4.6 Vdc) 5.0 -0.52 - -0.44 -0.88 - -0.36 -
(VOH = 9.5 Vdc) 10 -1.3 - -1 225 - 09 _
(VoH = 13.5 Vdc) 15 -3.6 - -3.0 -8.8 - -24 -
(VoL = 0.4 Vde) Sink oL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 13 - 1.1 2.25 - 0.9 -
(VoL = 1.5 Vdc) 15 36 - 3.0 8.8 - 24 -
Input Current (AL Device) lin 15 - +01 - +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 — - - 50 7.5 - - pF
(Vin = 0)
Quiescent Current (AL Device) Ipp 5.0 - 5.0 - 0.005 5.0 - 150 uAdc
(Per Package) 10 - 10 - 0.010 10 - 300
15 - 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device) 1pD 50 - 20 - 0.005 20 - 150 pAdc
(Per Package) 10 - 40 - 0.010 40 - 300
15 - 80 - 0.015 80 - 600
Total Supply Current**t It 5.0 17 =1(0.3 uA/kHz2) f + ipD uAdc
(Dynamic plus Quiescent, 10 I7 =1{0.7 A/kHz) f + Ipp
Per Package) 15 It =(1.0 uA/kHz2) f + IpD
(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 Vdc min @ Vpp = 10 Vdc
2.5 Vdecmin @ Vpp = 15 Vdc
1To calculate total supply current at loads other than 50 pF:
I7(CL) = 17(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.
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SWITCHING CHARACTERISTICS* (C|_ =50 pF, T = 25°C)

v All Types
DD
Characteristic Symbol Vdc Min Typ Max Unit
Output Rise and Fall Time tTLH, tTHL ns
TLH, TTHL = (1.35 ns/pF) C|_+ 32ns 5.0 - 100 200
tTLH, tTHL = (0.6 ns/pF) C|_+ 20 ns 10 - 50 100
tTLH, tTHL= (0.4 ns/pF) C_+ 20 ns 15 - 40 80
Propagation Eslay Time tPLH. ns
Clock to Q PHL
tPLH tPHL = (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) C_+ 325 ns 5.0 - 370 740
tpLH = (0.36 ns/pF) C|_+ 132 ns 10 - 150 300
tpLH = (0.26 ns/pF) C_+ 81ns 15 - 100 200
Preset Enable to @ ns
tPLH tPHL = (0.90 ns/pF) C_+ 325 ns 5.0 - 370 740
tpLH.tPHL = (0.36 ns/pF) C_ + 132 ns 10 - 150 300
tpLHtPHL = (0.26 ns/pF) C|_+ 81 ns 15 - 100 200
Setup Time tsy ns
Data (Pin 1) to Clock 5.0 200 0 -
10 100 0 -
15 80 0 —
Jam Inputs to Preset Enable 5.0 200 0 - ns
10 100 0 -
15 80 [ -
Data (Jam Inputs)-to-Preset th 5.0 540 270 - ns
Enable Hold Time 10 500 250 -
15 480 240 -
Clock Pulse Width tWH 5.0 400 200 - ns
10 200 100 -
15 160 80 -
Reset or Preset Enable twH 5.0 290 145 - ns
Pulse Width 10 130 65 -
15 110 55 -
Clock Rise and Fall Time tTLH, tTHL 5.0 ns
10 No Limit
15
Clock Pulse Frequency fel MHz
5.0 - 25 1.26
10 - 6.5 3.25
15 - 8.0 4.0

*The formulas given are for the typical characteristics only.

FIGURE 1 — SWITCHING TIME WAVEFORMS

+—20ns

Voo
Any input

P ——
Vss

PHL

Vo
Any Output

Vour
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- 1
Reset 1
o
1
Preset Enable 'I
o
1
sam 4 M
o
’ 1
Jam 2 1
o
1
TIMING DIAGRAM Jam 3 Don't Care r] o
(Q5 Connected to Data Input) :::"'::;"“ Enable \
Jam 4 L
o
1
Jam 5 LJ
o
1
a1
e O
1
[++]
= 0
1
a3 [ l
o
1
Q4
o
1
as I
Q
FUNCTION SELECTION
Connect
Counter Data Input
Mode (Pin 1) to: Comments Loaic
Divide by 10 s DIAGRAM
Divide by 8 Qa4 No external
Divide by 6 a3 components needed.
Divide by 4 G2
Divide by 2 G1 Jam 1 Jam 2 Jam 3 Jam 4 Jam 5
Divide by 9 QseQa Gate package 2 3 7 9 12
Divide by 7 G4 e Q3 needed to provide
Divide by 5 Q3 e G2 AND function.
Divide by 3 Q2e Q1 | Counter Skips all
1's state
Cilock
Clock 14 © [
s S
Data 1 D a D a DO QF—¢HD Q Q
QG H
R P R P R P R P R _P
o 11 ] JUl| | ]
Reset 156 T T T T
Preset Enable 10 o—-[>o——
Vpp =Pin 16
Vgg = Pin 8
5 4 6 11 13
a1 Q2 [e] Qa4 as
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MC140208

14-BIT BINARY COUNTER

The MC14020B 14-stage binary counter is constructed with MOS

P-channel and N-channel enhancement mode devices in a single mon-
olithic structure. This part is designed with an input wave shaping

circuit and 14 stages of ripple-carry binary counter.
advances the count on the negative-going edge of the clock pulse.

The device

Applications include time delay circuits, counter controls, and fre-

quency-dividing circuits.

® Fully Static Operation

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

® Noise Immunity = 45% of 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

® Low Input Capacitance = 5.0pF typical

® Buffered Outputs Available from stages 1 and 4 thru 14

® Common Reset Line

® 13 MHz Typical Counting Rate @ Vpp = 15V

® Pin-for-Pin Replacement for CD4020B

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

14-BIT BINARY COUNTER

16
1 1

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

ORDERING INFORMATION

MC14XXXB Suffix Denotes

L Ceramic Package

P Plastic Package

A Extended Operating
Temperature Range
Limited Operating
Temperature Range

MAXIMUM RATINGS (Voitages referenced to Vgg)

Rating Symbol Value Unit TRUTH TABLE
DC Supply Voltage Vpp -051t0 +18 Vde CLOCK RESET | OUTPUT STATE
Input Voltage, All Inputs Vin -0.5t0 Vpp + 0.5 Vdc s 0 No Change
i o Advance to next
DC Current Drain per Pin 1 10 mAdc N State
Operating Temperature Range — AL Device Ta -65 to +125 °c X 1 All Outputs are low
CL/CP Device -40 to +85
Storage Temperature Range Tsig -65 to +150 oc X = Don’t Care
LOGIC DIAGRAM
Q1 Q4 Qs Q12 Q13 Q14
9 7 5 1 2 3
Clock 10 —dc  a ——-dc a Q -——qC Q c a c a
c a c a c _a ~-—C Qf—c ap—c
R R R R R R
Sl ~ | | |
Reset ¢ —_—
¥ L
Q6 = Pin 4 9 = Pin 12 Vpp = Pin 16
Q7 = Pin 6 Q10 = Pin 14 Vgg = Pin 8
Q8 = Pin 13 Q11 = Pin 15




MC14020B

ELECTRICAL CHARACTERISTICS

Vpp Tiow” 25°C Thigh”
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Voltage 0" Level Vor 5.0 - 0.05 - 9] 0.05 - 0.05 Vdc
Vin VpporO 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 - 495 - Vdc
Vin OorVpp 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 - 2.25 15 - 15
(Vg = 9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vo =13.50r 1.5 Vdc) 15 — 4.0 = 6.75 4.0 - 4.0
. 1" Level ViH
(Vo = 0.5 or 4.5 Vdc) 5.0 35 - 35 2.75 - 35 - Vdc
(Vo = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo = 1.5 0or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -
Output Drive Current (AL Device) 1oH mAdc
(VOH = 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -
(VoH = 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 - -0.14 -
(VoH = 9.5 Vdc) 10 -0.62 - -0.5 -09 - -0.35 -
(VoH = 13.5 Vdc) 15 ~1.8 — -1.5 -35 — -1.1 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 16 - 1.3 2.25 - 09 -
(Vo = 1.5 Vdc) 15 4.2 - 3.4 8.8 - 24 -
Output Drive Current (CL/CP Device) loH mAdc
(VoK = 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -
(VoH = 4.6 Vdc) 5.0 -0.2 - -0.16 -0.36 - -0.12 -
(VoH = 9.5 Vdc) 10 -0.5 - -0.4 -0.9 - -0.3 -
(VoH = 13.5 Vdc) 15 -1.4 - -1.2 -3.5 — -1.0 —
(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 -
(VoL = 1.5 Vde) 15 36 - 3.0 8.8 - 24 -
Input Current (AL Device) lin 15 - +0.1 — +0.00001 | 0.1 - +1.0 uAdc
Input Current (CL/CP Device) lin 15 - +03 - +£0.00001| +0.3 - £1.0 upAdc
Input Capacitance Cin — - - - 50 7.5 - - pF
(Vin =0)
Quiescent Current (AL Device) oD 5.0 — 5.0 - 0.005 5.0 - 150 uAdc
{Per Package) 10 - 10 - 0.010 10 - 300
15 - 20 - 0.015 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** 1 I 5.0 IT=(0.42 uA/kH2) f + Ipp nAdc
(Dynamic plus Quiescent, 10 IT = (0.85 MA/kHZ) f + DD
Per Package) 15 IT = (1.43 uA/kHz) f + Ipp
(C_ = 50 pF on all outputs, all
buffers switching)

*Tiow = -55°C for AL Device, -40°C for CL/CP Device.
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 Vdc min @ Vpp = 15 Vdc
1To 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 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 Vgg < (Vin or Voye)
<Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vsg or Vpp).
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MC14020B

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

ch - Vbbp . ]
aracteristic Symbol Vde Min Typ Max Unit
Output Rise Time tTLH ns
tTLH = (3.0 ns/pF) C_+ 30 ns 5.0 - 180 360
tTLH=(1.5ns/pF) C| +15ns 10 - 90 180
tTLH= (1.1 ns/pF) C_+ 10 ns 15 - 65 130
Output Fall Time tTHL ns
TTHL=(1.5ns/pF) C_+ 25 ns 5.0 - 100 200
tTHL=(0.75 ns/pF) C|_+ 125 ns 10 - 50 100
tTHL = (0.55 ns/pF) C_+ 9.5 ns 15 - 40 80
Propagation Delay Time tPLH, ns
Clock to Q1 tPHL
tPHL, tPLH = (1.7 ns/pF) C_+ 315 ns 5.0 - 400 750
tpHL, tPLH = (0.66 ns/pF) C_ + 137 ns 10 - 170 300
tPHL, tPLH = (0.5 ns/pF) C_ + 95 ns 15 - 120 230
Clock to Q14 us
tPHL, tPLH = (1.7 ns/pF) C_+ 2715 ns 5.0 - 28 2.8
tPHL, tpLH = (0.66 ns/pF) Cy_ + 967 ns 10 - 1.0 20
tPHL, tPLH = (0.5 ns/pF) C_+ 575 ns 15 = 06 15
Propagation Delay Time tPHL ns
Reset to Qp
tpHL = (1.7 ns/pF) C_+ 510 ns 5.0 - 595 3500
tpH( = (0.66 ns/pF) C_+ 197 ns 10 - 230 900
tpH = (0.5 ns/pF) C|_+ 1565 ns 15 - 180 680
Clock Pulse Width tWH 5.0 500 140 - ns
10 165 55 -
15 125 38 —
Clock Pulse Frequency fe) 5.0 - 3.5 1.0 MHz
10 - 9.0 3.0
15 - 13 4.0
Clock Rise and Fall Time tTLH, tTTHL 5.0 -
10 No Limit
15
Reset Pulse Width twiL 5.0 3000 320 - ns
10 550 120 -
15 420 80 -
*The formula given is for the typical characteristics only.
FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND
WAVEFORM WAVEFORMS
%VDD
500 uF 7 Pulse

Generator c a
!
n

Pulse
Generator

'——20 ns ai |~ 20 ns

50% Voo
Clock 50%
10% "e———— Vgs
50% Duty Cycle
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Q4
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Qs
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Q10
Q1
Q12
Q13
Q14

FIGURE 3 — TIMING DIAGRAM
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MC140218
@ MOTOROLA FOR COMPLETE DATA

SEE MC140148

CMOS MmsI

(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

8-BIT STATIC SHIFT REGISTER

high noise immunity. 16 16

® Quiescent Current = 5.0 nA/package typical @ 5 Vdc ! !

® Synchronous Parallel Input/Serial Output (MC140148) CERA';;('-:’:?CXKAGE PLA:T?S:?CXKAGE

® Asynchronous Parallel Input/Serial Output (MC14021B) CASE 620 CASE 648

® Synchronous Serial Input/Serial Qutput

® Full Static Operation from DC to 7.0 MHz ORDERING INFORMATION

® Q" Outputs from Sixth, Seventh, and Eighth Stages MC14xXx8 Suffix Denotes

® Double Diode Input Protection L Ceramic Package

® Supply Voltage Range = 3.0 Vdc to 18 Vdc : :'::;:d:rg:?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- C Limited Operating
ature Range. Temperature Range

® MC14014B Pin-for-Pin Replacement for CD4014B
® MC14021B Pin-for-Pin Replacement for CD4021B

TRUTH TABLE
SERIAL OPERATION:

Q6 Q7 Q8
t |CLOCK|Dg|P/S|| t=nt6|t=n+7|t=n+8
n — o] o o] ? ?
| _— |10 1 o ?
2| /- (o] o o] 1 0
n+3| _/ 1 0 1 [¢] 1
MAXIMUM RATINGS (Voltages referenced to Vgg) —~_ | X]| o0 Q6 Q7 Q8
Rating Symbol Value Unit PARALLEL OPERATION:
DC Supply Voltage Vbo 05w +18 Vde CLOCK
Input Voltage, All Inputs Vin -0.5t0 Vpp + 0.5 Vdc MC14014B MC140218 Dg | P/S | Dy | *Om
DC Current Drain per Pin | 10 mAdc _ X X 1 0 0
Operating Temperature Range -- AL Device TA -55 to +125 °c o X X 1 1 1
CL/CP Device 4010 85 *Q6, Q7, & Q8 are available externally
Storage Temperature Range Tstg -65 to +150 °c X = Don’t Care

LOGIC DIAGRAM

P1 P2 P3 P6 P7 P8
Q7 06 05 ?14 ?15 ?1

9

prs ooy T 1
11

Dso—{>o———{>°—0 af—o a—o0 o --- D o D Q D

10
Clock o—!>.~ . é ¢ _—

Vpp = Pin 16 P4 =Pin4
Vgg = Pin8 P5 = Pin 13 2 12
Q6 Q7 a

© w
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@ MOTOROLA MC140228B

OCTAL COUNTER/DRIVER CMOS MSI
The MC140228B is a four-stage Johnson octal counter with built-in
code converter. High-speed operation and spike-free outputs are ob- (LOW-POWER COMPLEMENTARY MOS)
tained by use of a Johnson octal counter design. The eight decoded OCTAL COUNTER/DIVIDER

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

® Fully Static Operation
® DC Clock Input Circuit Allows Slow Rise Times
® Carry Out Output for Cascading
® 12 MHz (typical) Operation @ Vpp = 10 Vdc !
® Divide-by-N Counting
® Quiescent Current = 5.0 nA/package Typical @ 5 Vdc CER ALMTS :ZICXK AGE  PL A:T?g ';TCXK AGE
® 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
® Pin-for-Pin Replacement for CD4022B MC14XXX8B Suffix Denotes

E L Ceramic Package
P Plastic Package
A

MAXIMUM RATINGS (Voltages referenced to Vgg) Extended Operating

Rating Symbol Value Unit Temperature Range
DC Supply Voltage ‘ Vpb -0.5to +18 Vdc C Limited Operating
Temperature Range
input Voltage, All Inputs Vin |-05toVvpp+ 05 Vdc
DC Current Drain per Pin | 10 mAdc FUNCTIONAL TRUTH TABLE
I
Operating Temperature Range — AL Device TA -55 to +125 oc (Positive Logic)
CL/CP Device -40 to +85 9
Storage Temperature Range Tstg -65 to +150 °c CcLock
CLOCK ENABLE RESET | OUTPUT =n
o] X o n
X 1 o n
e [¢] [¢] n+1
. X o n
LOGIC DIAGRAM 1 - [} n+1
X - o n
11 1 5 7 X X 1 Qo
Q4 Q1 Q6 Q3 X Don't Care f n< 4 Carry = 1, Otherwise = 0
Clock ‘
" RAM
13 Carry BLOCK DIAG
Clock Vpop atellc Ql C Q C Q 12
Enable c “[Tde “Nlde | c _| Clock 14 o] Qo—o 2
ver D-af¢—03} | 4D 8 D2 atb—o 1
Qzf—o 37
15 i Q3f—o 7
Reset I Clock
BD Enable 13 O Q4—o n
Q5|—o 4
— Q6p—o0 5
Reset 15 O— a7 10
set 1 Cout 12
Vpp = Pin 16
Qo as Y a2 Q7 Vsg =Pin8
2 4 3 10
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MC14022B

ELECTRICAL CHARACTERISTICS

Voo Tiow" 25°C Tm'
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Voltage “0" Level VoL 5.0 - 0.05 - 0 0.05 - 0.05 Vdc
Vin - Vppor O 10 - 0.05 - 0 0.05 - 0.0
15 - 0.05 — 0 0.05 — 0.05
““1" Level VOH 5.0 495 - 4.95 5.0 - 495 - Vdc
Vin-0orVpp 10 9.95 - 9.95 10 - 9.95 -
15 14.95 ~ 14.95 15 — 14.95 —
Input Voltage# “0" Level ViL Vdc
(Vg = 4.50r 05 Vdc) 5.0 - 15 - 225 15 - 1.5
(Vo =9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vo =135 or 1.5 Vdc) 15 = 40 - 6.75 4.0 = 4.0
1" Level ViH
(Vo = 0.5 or 4.5 Vdc) 5.0 35 - 35 2.75 - 35 - 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 1.0 - 11.0 8.25 - 11.0 =
Output Drive Current (AL Device) IoH mAdc
(VoH = 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -
(VoH = 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 - -0.14 - -
(VoH = 9.5 Vdc) 10 -0.62 - -0.5 -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 - 0.51 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 1.6 - 1.3 225 - 09 -
(VoL = 15 Vde) 15 4.2 - 34 88 - 24 -
Output Drive Current (CL/CP Device) 1oH mAdc
(VoH = 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -
(VOH = 4.6 Vdc) 5.0 -0.2 - -0.16 -0.36 - -0.12 -
(VoH = 9.5 Vdc) 10 -0.5 - -0.4 -0.9 - -0.3 -
(Von = 13.5 Vdc) 15 -1.4 - -1.2 -3.5 - -1.0 -
(VoL =0.4 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 88 - 24
tnput Current (AL Device) lin 15 - +0.1 —~ +0.00001 | +0.1 - +1.0 uAdc
Input Current (CL/CP Device) lin 15 - +03 - +0.00001| +0.3 - 1.0 uAdc
Input Capacitance Cin - - - - 5.0 7.5 - - pF
(Vin =0}
Quiescent Current (AL Device) Ipp 5.0 - 5.0 - 0.005 5.0 - 150 uAdc
(Per Package) 10 - 10 - 0.010 10 - 300
15 - 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device) IpD 5.0 - 20 - 0.005 20 - 150 pAdc
(Per Package) 10 - 40 - 0.010 40 - 300
15 - 80 — 0.015 80 ~ 600
Total Supply Current**t It 5.0 I =(0.28 nA/kHz) f + Ipp uAdc
(Dynamic plus Quiescent, 10 I = (0.56 uA/kHz) f + Ipp
Per Package) 15 IT = (0.85 pA/kH2) f + DD
{C = 50 pF on all outputs, all
buffers switching)

*Tiow = -55°C for AL Device, -40°C for CL/CP Device.
Thigh = +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 =56.0 Vdc
2.0 Vdc min @ Vpp = 10 Vdc
2.5 Vdemin @ Vpp = 15 Vdc
1To calculate total supply current at loads other than 50 pF:
IT(CL) = 1E(50 pF) + 1.25 x 10~3 (€| —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.

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 Vo be constrained to the range Vgs < (Vi or Vgye)
< Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg or Vpp).
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MC14022B

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

Characteristic Symbol ‘(/?": Min Typ | Max | Unit
Output Rise Time tTLH ns
tTLH = (3.0 ns/pF) C +30ns . 5.0 - 180 360
tTLH = (1.5 ns/pF) C|_+16ns 10 - 90 180
tTLH = (1.1 ns/pF) C + 10 ns 15 - 65 130
Output Fall Time tTHL ns
tTHL = (1.5 ns/pF) C|_+ 25 ns 5.0 - 100 200
tTHL = (0.7 ns/pF) C_+ 125 ns 10 - 50 100
tTHL = (0.55 ns/pF) C|_+ 126 ns 15 - 40 80
Propagation Delay Time tPLH, ns
Reset to Decode Output tPHL
tPLH, tPHL = (1.7 ns/pF) C_+ 416 ns 5.0 - 500 1000
tPLH, tPHL = (0.66 ns/pF) C_ + 197 ns 10 - 230 460
tPLH, tPHL = (0.5 ns/pF) C_+ 150 ns 15 - 175 350
Propagation Delay Time tPLH, ns
Clock to Cqyt tPHL .
tPLH, tPHL = (1.7 ns/pF) C_+ 316 ns 5.0 - 400 800
tPLH, tPHL = (0.66 ns/pF) C_+ 142 ns 10 = 175 350
tpLH, tPHL = (0.5 ns/pF) C_+ 100 ns 15 - 125 250
Propagation Delay Time tPLH, ns
Clock to Decode Output tPHL
tPLH, tPHL = (1.7 ns/pF) C_ +415 ns 5.0 - 500 1000
tPLH, tPHL = (0.66 ns/pF) Ci_+ 197 ns . 10 - 230 460
tPLH, tPHL = 0.5 ns/pF) C + 150 ns 15 - 175 350
Turn-Off Delay Time tPLH ns
Reset to Cqy¢
tpLH = (1.7 ns/pF) C_ + 315 ns 5.0 - 400 800
tpLH = (0.66 ns/pF) C|_+ 142 ns 10 - 175 350
tpLH = (0.5 ns/pF) C|_+ 100 ns : 15 - 125 250
Clock Pulse Width tWH 5.0 250 125 - ns
10 100 50 -
15 75 35 —
Clock Frequency for 5.0 - 5.0 2.0 MHz
10 - 12 5.0
15 - 16 6.7
Reset Puise Width tWH 5.0 500 250 - ns
10 250 126 -
16 190 95 —
Reset Removal Time trem 5.0 750 375 - ns
10 275 136 -
15 210 105 -
Clock Input Rise and Fall Time TTLH, tTTHL 5.0 -
10 No Limit
15 )
Clock Enable Setup Time tsy 5.0 350 175 - ns
10 150 75 -
15 115 52 -
Clock Enable Removal Time trem 5.0 420 260 - ns
10 200 100 -
15 140 70 -

fThe formula given is for the typical characteristics only.
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MC14022B

Voo FIGURE 1 — TYPICAL OUTPUT SOURCE AND OUTPUT SINK
; CHARACTERISTICS TEST CIRCUIT
o Vout
Vss Clock Q0F—o0
Enable g, o Output Output
Vpbo A Q2 r~o O Sink Drive | Source Drive
Q3|—-o Clock to desired
——O—— Reset Q4 |—o0 Output
s1 as e Outputs | (S1to A) (S1 to B)
Vss B Clock to Q5
Q6 —o Carry thru Q7 S1to A
c 7 —o0 (S1 t0 B)
——0——{Clock
I | ° Cout[° Ves = Voo -Voo
External Vos = Vout Vout -VDD
v Power
ss Supply
Vpp FIGURE 2 — TYPICAL POWER DISSIPATION
T TEST CIRCUIT
500 uF 7~ @ L 0.01 uF
Ceramic
1 =
Qo —0
Q1 —0O
——O—{ Clock Enabte Q2 [—0O
Q3 —o0
Q4 O
—O—— Reset Qs O
Q6 O
Q7 p—o0——————
Puise fe
Generator O Clock Cout —O—
lvss PR CLIRCL ARCL 3RCL R CL ARCL AR CL ZRCLFRCL

1

APPLICATIONS INFORMATION

Figure 3 shows a technique for extending the number of decoded output states for the
MC140228B. Decoded|outputs are sequential within each stage and from stage to stage, with no
dead time (except propagation delay).

FIGURE 3 — COUNTER EXPANSION

]

-Tr'CE

R
MC140228

Q1 o o ¢« Q

6 Q7

R R
c [
MC140228 cE MC140228
Q0 Q1e o « Q6 Q7 Q0Q1e o ¢« Q6 Q7
S
7 Decoded 6 Decoded
Outputs Outputs
Clock ¥ -
First Stage Intermediate Stages

J T,

6 Decoded
Outputs

Last Stage
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Cilock

Clock
Enable

FIGURE 4 — AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS

twu—»i__‘—-l__ Wi
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‘f j: Vss
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MC14023B
@ MOTOROLA MC14023UB

TRIPLE 3-INPUT “NAND” GATE CMOS SSI
The MC14023B and MC14023UB 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 Voltage Range = 3.0 Vdc to 18 Vdc
L
® All Outputs Buffered (MC14023B only) Wi ey
® Capable of Driving Two Low-power TTL Loads, One Low-power
FFIX P SUFFIX
Schottky TTL Load or Two HTL Loads Over the Rated Temper- ce RALMslg PACKAGE  PLASTIC PACKAGE
ature Range. (MC14023B only) CASE 632 CASE 646
® Double Diode Protection on All Inputs ORDERING INFORMATION
Pin-for-Pin Replacements for CD4023B and CD4023UB. MEI4XXXB. -y Suffix Denotes
L Ceramic Package
or UB, P Pilastic Package
. A Extended Operati
MAXIMUM RATINGS (Voltages referenced to Vgg) as applicable T::goratur:::n::
. - C Limited Operating
Rating Symbol Value Unit Temperature Range
DC Supply Voltage Vpp -051t0 +18 Vdc
input Voltage, All inputs Vin -051t0 Vpp +05 Vdc
DC Current Drain per Pin | 10 mAdc LOGIC DIAGRAM
Operating Temperature Range — AL Device Ta -551t0 +125 oc 1
CL/CP Device 40 to +85 2%}— 9
Storage Temperature Range Tsig -65 to +150 °c 8
3 Vpp = Pin 14
6
See the MC14001B data sheet for complete characteristics of the 4 Vss = Pin 7
B-Series device. s
See the MC14001UB data sheet for complete characteristics for the "
UB device. 12 1o
13

v
o MC140238 MC14023uUB

]J']j CIRCUIT SCHEMATICS

111 (1/3 of Device Shown) _] —]

2,412 : r{) 6,9,10
13,11 o————l I
14 § Voo 51,110
Vss ]
Vob l: l
5 T 4,2,12 0 :]
9,6,10
86,13 a——E:}—— UI f I
3 3,813
Vss 7%Vss vss O 7
This device contains circuitry to protect the inputs against damage due operation it _is recommended that V;, and V,,¢ be constrained to the
to high static voltages or electric fields; however, it is advised that nor- range Vgg S (Vi or Voue) S Vpo-
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).




@ MOTOROLA

MC140248

SEVEN STAGE RIPPLE COUNTER

The MC 140248 is a seven stage ripple counter with short propa-
gation delays and high maximum clock rates, The Reset input has
standard noise immunity (typically 46% of Vpp), however the
Clock input has increased noise immunity due to Hysterrsis, with no
maximum Clock input rise or fall time. The output of each counter

stage is buffered.

® © o 0 0 0

Clock Input

Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

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

ature Range

® Pin-for-Pin Replacement for CD4024B

- CMOS ssSi

(LOW-POWER COMPLEMENTARY MOS)

SEVEN STAGE
RIPPLE COUNTER

MAXIMUM RATINGS (Voltages referenced to Vgg)

1

1

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646

ORDERING INFORMATION

MC14XXX8 Suffix Denotes

-E L Ceramic Package

P Plastic Package

A Extended Operating
Temperature Range

Rating Symbol Value Unit C Limited Operating
DC Supply Voltage Vpp -0.5to +18 Vdc Temperature Range
Input Voltage, All inputs Vin |-0.5toVpp+ 0.5 Vdc
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range — AL Device Ta -55 to +125 °c
CL/CP Device -40 to +85
Storage Temperature Range Tstg -65 to +150 °c
PIN ASSIGNMENT
LOGIC DIAGRAM
S
1 1] Clock  vpp /14
Clock ¢ af—c apF---¢ o/—c a 2] Reset Ne 13
3] a7 Q1312
4T a6 QF/an
R & R @ R a R @ 5C— a5 NC =310
N e ) = =5
Reset D—-{>C 7C] Vss NCETD) 8

12
Qi

1
Q2

Q3 =Pin9
Q4 =Pin 6
Q5 =Pin5

Vpp =Pin14
Vgs =Pin 7

NC = No Connection
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MC14024B

ELECTRICAL CHARACTERISTICS

Vbo Tiow" 25°C Thigh”
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Voltage 0" Level VoL 5.0 - 0.05 - ] 0.056 - 0.05 Vdc
Vin 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 - 495 - Vdc
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 1.5 - 15

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

(Vo = 135 0r 1.5 Vdc) 15 - 40 - 6.75 4.0 - 4.0

“1" Level ViH

(Vo =0.50r 4.5 Vde) 5.0 35 - 35 2.75 - 35 - Vde

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

(Vo = 150r13.5 Vdc) 15 11.0 - 1.0 8.25 - 11.0 -

Output Drive Current (AL Device) 1oH mAdc

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

(VoH = 4.6 Vdc) 5.0 -0.256 - -0.2 -0.36 - -0.14 -

(VoH = 9.5 Vdc) 10 -0.62 - -05 -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 - 0.51 0.88 - 0.36 - mAdc

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

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

Output Drive Current (CL/CP Device) IoH mAdc

(VoH = 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -

(VoH = 4.6 Vdc) 5.0 -0.2 - -0.16 -0.36 - -0.12 -

(VoH = 9.5 Vdc) 10 -0.5 - -04 -0.9 - -03 -

(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 = 0.5 Vdc) 10 1.3 - 1.1 2.25 - 09 -

(VoL = 1.5 Vdc) 15 3.6 - 3.0 8.8 - 24 -
Input*Current (AL Device) lin 15 - +0.1 — +0.00001 [ +0.1 - 1.0 uAdc
Input Current (CL/CP Device) lin 15 - +03 - +0.00001| +0.3 - 1.0 rAdc
Input Capacitance Cin - - . - 5.0 7.5 - - pF

(Vin =0)

Quiescent Current (AL Device) oD 5.0 - 5.0 - 0.005 5.0 - 150 rAdc

(Per Package) 10 — 10 - 0.010 10 - 300

15 - 20 - 0.015 20 - 600

Quiescent Current (CL/CP Device) Ipp 5.0 - 20 - 0.005 20 - 150 uAdc
(Per Package) 10 - 40 - 0.010 40 - 300
15 — 80 — 0.015 80 - 600

Total Supply Current**t IT 5.0 1T =(0.31 pA/kHz) f + Ipp uAdc

{Dynamic plus Quiescent, 10 Iy =(0.60 #A/kHz) f + IpD

Per Package) 15 I7=(0.89 nA/kHz) f + 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
20Vdemin@ Vpp =10 Vde
2.5 Vdc min @ Vpp = 15 Vdc
1To calculate total supply current at loads other than 50 pF: -
IT(C) = IT(50 pF) + 1 x 10-3 (C|_ -50) Vppf
where: 17 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 voltages to this high im-
pedance circuit. For proper operation it is recommended that Vi, and Vg be constrained to the range Vgs < (Vin or Vo)
< Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg or Vpp).
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MC14024B

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

Characteristic Symbol Vpp Min Typ Max Unit
Output Rise Time tTLH ns
tTLH = (3.0 ns/pF) C|_+30ns 5.0 - 180 360
tTLH = (1.5 ns/pF) C_+ 16 ns 10 - 90 180
tTLH = (1.1 ns/pF) C +10ns 15 - 65 130
Output Fall Time tTHL ns
tTHL = (1.5 ns/pF) C + 25 ns 5.0 - 100 200
tTHL = (0.75 ns/pF) C_+ 125 ns 10 - 50 100
tTHL = (0.55 ns/pF) C|_+9.5 ns 15 - 40 80
Propagation Delay Time tPLH, ns
Clock to Q1 : tPHL
tpLH, tPHL = (1.7 ns/pF) C_ + 296 ns 5.0 - 380 600
tpLH, tPHL = (0.66 ns/pF) C_+117 ns 10 - 150 230
tpLH, tPHL = (0.5 ns/pF) C_ +86 ns 15 - 110 175
Clock to Q7
tPLH, tPHL = (1,7 ns/pF) C +915 ns 5.0 - 1000 3000
tPLH, tPHL = (0.66 ns/pF) C_+367 ns 10 - 400 750
tPLH, tPHL = (0.5 ns/pF) Cy_ + 276 ns 15 - 300 565
Reset to Qp,
tPLH, tPHL = (1.7 ns/pF) C_+ 415 ns 5.0 - 500 800
tPLH, tPHL = (0.66 ns/pF) C_+ 217 ns 10 - 250 400
tpLH, tPHL = (0.5 ns/pF) C_ + 155 ns 15 - 180 300
Clock Pulse Width twH 5.0 500 200 - ns
10 165 60 -
15 125 40 -
Reset Pulse Width WH 5.0 600 375 - ns
10 350 200 -
15 260 150 -
Reset Removal Time trem 5.0 625 250 - ns
10 190 75 -
15 145 50 -
Clock Input Rise and Fall Times tTLH, tTTHL 5.0
10 No Limit
15
Input Pulse Frequency fol 5.0 - 25 1.0 MHz
10 - 8.0 3.0
15 — 12 4.0

* The formula given is for the typical characteristics only.

TRUTH TABLE
CLOCK RESET STATE

0 0 No Change

] 1 All Outputs Low

1 o No Change

1 1 All Outputs Low
__ 0 No Change
- 1 All Outputs Low
TN 0 Advance One Count
TN 1 Al Outputs Low
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MC14024B

FIGURE 1 — TYPICAL OUTPUT SOURCE
CHARACTERISTICS TEST CIRCUIT

FIGURE 2 — TYPICAL OUTPUT SINK
CHARACTERISTICS TEST CIRCUIT

Voo VoL = Vout Vpp VoH = Vout
Voo
c Qn Jc Q,
R loH R oL
r
External External
v Power \ Power

CountQp to a ss Ss
logic 1" level. = Supply L Supply

FIGURE 3 — POWER DISSIPATION TEST CIRCUIT

500 uF

Pulse ! c
Generator

7-77



8.-L

Clock (1)

twi
twH IQ-
50%
1 2 4

FIGURE 4 — FUNCTIONAL WAVEFORMS

——
- - - - - \4
\%

%50%
1 \%

DD
sS
DD
ss

‘PLHI—-.I Iq— —»|

’d—‘PHLT |

tTLH —>l

— — I‘—‘PHLZ
PLH2 -

TTLH —->|

1)
(]

Q1 (12)
Q2 (1)

Q3 (9)
Q4 (6)
Qs (5)
Q6 (4)
Q7 (3)

fTLH—bl

,<—

PHLS

PHLE
—-]

—

PLHT

Input tTH and tTHL = 20 ns

L] - bl

'4— tTHL

l"—'PHL7

tTHL

o N U N N N

"——
e

90%
10%

. >
T

tTLH ]

e

‘bltm tq—

—

—

R6

—\__VOH
VoL

- —— VoL

——\—_—VOH
Vou

tR7

'1—

O

VoH

Vou

avcovLON



@ MOTOROLA MC14025B
MC14025UB

TRIPLE 3-INPUT “NOR"” GATE CMOS SSI
The MC14025B and MC14025UB 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 = 456% of Vpp typ
® Supply Voltage Range = 3.0 Vdc to 18 Vdc
[
® All Outputs Buffered (MC14025B only) @b ey
® 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
Pin-for-Pin Replacements for CD4025B and CD4025UB. MC14XXXB ... Sutfix  Denotes
L L Ceramic Package
or UB, P Plastic Package
i A Extended Operating
MAXIMUM RATINGS (Voitages referenced to Vgg) as applicable Temperature Range
i i C Limited Operating
Rating Symbol Value Unit Temperature Range
OC Supply Voltage VoD -05t0 +18 Vdc
input Voltage, All Inputs Vin -051t Vpp +05 Vdc
DC Current Drain per Pin 1 10 mAdc LOGIC DIAGRAM
Operating Temperature Range - AL Device Ta -55t0+125 oc 1
CL/CP Device 4010 +85 2 H>o~ 9
Storage Temperature Range Tstg -65 to +150 °c 8
3
4 5 > s Vpp = Pin 14
L Vgg = Pin 7
See the MC14001B data sheet for complete characteristics of the 5
B-Series device. 11
See the MC14001UB data sheet for complete characteristics for the 12 E>O— 10
non-B device. 13

MC140258 CIRCUIT SCHEMATICS MC14025UB
(1/3 of Device Shown)

Vop
1.3,110—4

lé 1,3, 11 0—
2,412

iy

14 Vpp

] 149Vpp

g —t 2,4,120— ]::I
LIZ%_U% ']J'l_:- 8,5, 130 ]::]
Vss _La—_E:_ogs,o '_lossm
- U I R ) VD
;‘,’” = U= U= U
8,513 :}_—,_._J
qus 7%Vss 7 Vss

This device contains circuitry to protect the inputs against damage due operation it _is recommended that Vj, and Vg ¢ be constrained to the

to high static voltages or electric fields; however, it is advised that nor- range Vg S (Vijn or Voue) 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

MC140278

DUAL J-K FLIP-FLOP

The MC14027B dual J-K flip-flop has independent J, K, Clock
(C), Set (S) and Reset (R) inputs for each:flip-flop. These devices
may be used in control, register, or toggle 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

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

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

ature Range
® Pin-for-Pin Replacement for CD4027B

CMOS SSI

(LOW-POWER COMPLEMENTARY MOS)

DUAL J-K FLIP-FLOP

MAXIMUM RATINGS (Voltages referenced to Vgg)

16 16

1 1

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

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 -0.5to +18 Vdc
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 °c
CL/CP Device -40 to +85
Storage Temperature Range Tstg -65 to +150 °c
TRUTH TABLE
INPUTS OUTPUTS*
ct | 4 K s R |Qp¥ [Qn+1]|Qnet
1 X 0 2] [+] 1 0
/| x o 0 0 1 0
| o] x 0 ol o] o 1
e X 1 0 [+] 1 0 1
| x x o [} x | @n | @n | No Change
X X X 1 o X 1 0
X X X 0 1 X [ 1
X X X 1 1 X 1 1

X = Don’t Care
1t = Level Change
1 = Present State
¢ = NextState

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 < (Vj or Vgut) < Vpp.

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

BLOCK DIAGRAM

S

6 J ab—1

3—ic

5 —K a 2
R

S
10 J af—15
13—{c
11 —K Qf—14
R

Vpp = Pin 16
Vgg = Pin8
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MC14027B

ELECTRICAL CHARACTERISTICS

Voo Tiow” 25°C Thigh*
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Voltage 0" Level Vot 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 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* 0" Level ViL Vdc
(Vo = 4.5 0r 0.5 Vdc) 5.0 - 15 - 2.25 15 - 15
(Vo =9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vg =13.5 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 2.75 - 3.5 - Vde
(Vo = 1.0 0r 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 50 -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 Vdc) Sink loL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 1.6 - 1.3 2.25 - 0.9 -
(VoL = 1.5 Vdc) 15 42 - 34 8.8 - 24 -
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 -
(VoH = 9.5 Vdc) 10 -0.5 - -0.4 -0.9 - -03 -
(VoH = 13.5 Vdc) 15 -14 — -1.2 —-35 - -1.0 —
(VoL = 0.4 vdc) Sink oL 5.0 0.52 - 044 0.88 — 0.36 - mAdc
(Vo = 0.5 Vdc) 10 1.3 — 11 2.25 - 09 -
(VoL = 1.5 Vdc) 15 3.6 - 3.0 838 - 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 HAdc
Input Capacitance Cin — - - - 50 75 — - pF
(Vin=0)
Quiescent Current (AL Device) Ipp 5.0 - 1.0 - 0.002 1.0 - 30 rAdc
(Per Package) 10 — 2.0 - 0.004 2.0 - 60
15 - 4.0 - 0.006 4.0 - 120
Quiescent Current (CL/CP Device) ipp 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** 1 I 5.0 17 =(0.80 pA/kHz) f + Ipp uAdc
{Dynamic plus Quiescent, 10 1T =(1.60 uA/kHz) f + Ipp
Per Package) 15 IT =(2.40 uA/kHZ) f + Ipp
(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 Vdc min @ Vpp = 10 Vdc
2.5 Vdc min @ Vpp = 15 Vdc
tTo calculate total supply current at loads other than 50 pF:
IT(CL) = IT(80 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.
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SWITCHING CHARACTERISTICS* (C|_=50pF, Tp = 25°C)

Characteristic Symbol Vpp Min Typ Max Unit
Output Rise Time tTLH ns
tTLH = (3.0 ns/pF) CL_ +30 ns 5.0 - 180 360
tTLH = (1.5 ns/pF) C + 15 ns 10 - 90 180
tTLH = (1.1 ns/pF) C + 10 ns 15 - 65 130
Output Fall Time tTHL ns
%THL = (1.5 ns/pF) C|_+ 25 ns 5.0 - 100 200
tTHL = (0.75 ns/pF) C|_+ 125 ns 10 - 50 100
tTHL = (056 ns/pF) C|_ +12.5 ns 15 - 40 80
Propagation Delay Time tPLH, o ns
Clock to Q tPHL
tpLH, tPHL = (1.7 ns/pF) C_ + 90 ns 5.0 - 175 350
tpLH, tPHL = (0.66 ns/pF) C_+42ns 10 - 75 150
tpLH, tPHL = (0.5 ns/pF) C_ + 25 ns 15 - 50 100
Setto Q
tpLH, tPHL = (1.7 ns/pF) C_ + 90 ns 5.0 - 175 350
tpLH, tPHL = (0.66 ns/pF) C_+ 42 ns 10 - 75 150 ns
tpLH, tPHL = (0.5 ns/pF) C_ + 25 ns 15 - 50 100
Reset to Q
tPLH, tPHL = (1.7 ns/pF) C|_+ 265 ns 5.0 - 350 450
tPLH, tPHL = (0.66 ns/pF) C|_+67 ns 10 - 100 200 ns
tpLH, tPHL = (0.5 ns/pF) C|_+ 50 ns 15 - 75 150
Setup Times tsu 5.0 140 70 - ns
10 50 25 -
15 35 17 -
Minimum Hold Times th 5.0 140 70 — ns
10 50 25 -
15 35 17 -
Clock Pulse Width tWH, tWL 5.0 330 165 - ns
10 110 55 -
15 75 38 -
Clock Pulse Frequency fel 5.0 - 3.0 15 MHz
10 - 9.0 45
15 - 13 6.5
Clock Pulse Rise and Fall Time tTLH, tTHL 5.0 - - 15 us
10 - - 5.0
15 - - 4.0
Set and Reset Pulse Width wWH 5.0 250 125 - ns
10 100 50 -
15 70 35 -

* The formula giveni is for the typical characteristics only.
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MC14027B

FIGURE 1 -~ DYNAMIC SIGNAL WAVEFORMS FIGURE 2 — DYNAMIC SIGNAL WAVEFORMS
(Set, Reset, and Output)

{J, K, Clock, and Output)

|=—20 ns
Voo
x10% Ves
t -
WH 20 ns f=—20ns v
90% ———'bb
R 50%
10% Vss
twH

TPLH— “'—‘PHL
VoH
Q 50%*
VoL

twH -t twL Inputs J and K low.
1
fel
c
tPLH — I‘— PPHL v
o 90% OH
50%
10% . VoL
tTLH |~—— tTHL

Inputs R and S low.
For the measurement of tyy, I/fg), and Pp
the Inputs J and K are kept high.

LOGIC DIAGRAM
(1/2 of Device Shown)
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@ MOTOROLA

~ MC140288B

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

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

® Diode Protection on All Inputs

® Noise Immunity = 45% of Vpp typical

® Supply Voltage Range = 3.0 Vdc to 18 Vdc
°

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

Positive Logic Design

Quiescent Current 5.0 nA /package typical @ 5 Vdc
Low Outputs on All lllegal Input Combinations
Similar to CD4028B.

CMOS msI

(LOW-POWER COMPLEMENTARY MOS)

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

MAXIMUM RATINGS (Voltages referenced to Vgg)

1 1

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

ORDERING INFORMATION

Rating Symbol Value Unit
DC Supply Voltage Vpp -0.5to +18 Vdc
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 °c
CL/CP Device -40 to +85
Storage Temperature Range Tstg -65 to +150 oc
BLOCK DIAGRAM
( 10 o—|A Qof—o3
Q1}—o 14
3-Bit Q2—>02 oetal
Binary { 130—B Q3p—o 15 | 0@
8421 | |nputs Qs o1 [ Decoded | Decimal
8CD Outputs . pecoded
Inputs Qs 06 Outputs
12 0—C Qef—o07
Q7f—o04
Qs fF—o09
\ 11 0—D Q9 —o05

Vpp = Pin 16
Vgg=Pin8

MC14XXXB Suffix Denotes
-E L Ceramic Package
P Plastic Package
A Extended Operating
Temperature Range
C Limited Operating
Temperature Range
TRUTH TABLE
INPUT OUTPUT
D C B A|[Q908Q706Q0504Q3Q2Q1Q0
0 00 O0|0OO0OO0OCOOOU OO O 1
00O 1/000000OO0T1TO0
001 0|0 000O0O0O0OOTI11TO00O0
0 01 1]00 00001000
01 00(000O0CO0OT11O00O0O0O
010 1/00001000O0OT 0
0110/0001 00O0O0O0OO O
0 1 1 1j]0 01 0000O0OO
1000(01 000O0OO0OCO
100 11 000 00O0OO0O0ODO0
101 0(0 000O0CO0OOOO
1 01 1/0 00000O0OO0OO0
11 00(0000O0O0OOO0COODO
110100 0000O0OO0O0
11100 0000O0O0OTO0O0
111 1/0 0000 00O0OO0CO0




MC14028B

ELECTRICAL CHARACTERISTICS

VbD Tiow* 25°C Thigh
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Voltage “0" Level VoL 5.0 - 0.05 - 0 0.05 - 0.05 Vdc
Vin - Vpp or 0 10 - 0.05 - 0 0.05 - 0.05
15 — 0.05 - 0 0.05 — 0.05
“1” Level VOH 5.0 4.95 - 4.95 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 Vi Vde
(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 =13.5 or 1.5 Vdc) 15 — 4.0 — 6.756 4.0 — 4.0
“1" Level| Viy
(Vg = 0.5 0r 4.5 Vdc) 50 35 - 35 2.75 - 3.5 - Vdc
(Vo = 1.0 0or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo =1.50r 12.5 Vdc) 15 1.0 - 11.0 8.25 - 11.0 -
Output Drive Current (AL Device) loH mAdc
(VoK = 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 -09 - -0.35 -
(Von = 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
(VoL = 0.5 Vdc) 10 16 - 13 2.25 - 0.9 -
(VoL = 1.6 Vdc) 15 4.2 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) 10H mAdc
(VoRH = 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -
(VoH = 4.6 Vdc) 5.0 -0.2 - -0.16 -0.36 - -0.12 -
(VoH = 9.5 Vdc) 10 -05 - -04 | -09 - -03 -
(Von = 13.5 Vdc) 15 -14 - -1.2 —-3.5 — -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 - 11 2.25 - 0.9 -
(VoL = 1.5 Vde) 15 36 - 3.0 8.8 - 2.4
Input Current (AL Device) lin 15 — 1 - +0.00001 | +0.1 — 1.0 uAdc
Input Current (CL/CP Device) lin 15 — +03 - +0.00001 | 0.3 - 1.0 uAdc
Input Capacitance Cin - - - 5.0 ‘75 - - pF
(Vin =0)
Quiescent Current (AL Device) 'pp 50 - 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=(0.3 mA/kHz) f+ Ipp uAdc
(Dynamic plus Quiescent, 10 IT= (06 HA/kHz) f+ Ipp
Per Package) 15 IT= (09 wA/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 = +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 Vdec min @ Vpp = 15 Vdc
1To calculate total supply current at loads other than-50 pF:
I7(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 giverl are for the typical characteristics only at 26°C.
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MC14028B

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

Characteristic Symbol Vpp Min Typ Max Unit

Output Rise Time tTLH ns

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

tTLH = (1.5 ns/pF) C_+ 16 ns 10 - 90 180

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

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

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

tTHL = (0.55 ns/pF) C|_ +9.5 ns 15 - 40 80
Propagation Delay Time tPLH, ns

tpLH, tPHL = (1.7 ns/pF) C_+ 215 ns tPHL 5.0 - 300 600

tpLH, tPHL = (0.66 ns/pF) C|_+97 ns 10 - 130 260

tpLH, tPHL = (0.5 ns/pF) C_+ 65 ns 15 - 90 180

The formula given is for the typical characteristics only.

FIGURE 1 — DYNAMIC SIGNAL WAVEFORMS

20 ns
Inputs B, C, and D Vbp All outputs connected
switching in respect Input A to respective C loads.
to a BCD code. 10% ilin rkespect t0 a system
Vss clock.
]——20 ns -—| |*—20ns
v
90% bo
Input C N 50%
10%
V.
Ss
1 1
Inputs A, B, and D low. PLH PHL
¢ v
90% OH
50%
Q4 10% v
oL
TTLH tTHL

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 V;, and V¢ be constrained to the range Vgg < (Vi or Vi)
<Vpp.

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




MC14028B

LOGIC DIAGRAM

Qo
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APPLICATION INFORMATION

Expanded decoding can be performed by using the
“MC14028B and other McMOS Integrated Circuits. The cir-
cuits in Figure 2 converts any 4-bit code to a decimal or

FIGURE 2 — CODE CONVERSION CIRCUIT
AND TRUTH TABLE

hexadecimal code. The accompanying table shows the Inputs
input binary combinations, the associated “output num- D c B A

bers” that go “high” when selected, and the “redefined
output numbers” needed for the proper code. For ex-
ample: For the combination DCBA = 0111 the output

number 7 is redefined for the 4-bit binary, 4-bit gray, ex- I

cess-3, or excess-3 gray codes as 7, 5, 4, or 2, respectively. s} c -] A D c B A
Figure 3 shows a 6-bit binary 1-0f-64 decoder using nine MC140288 MC140288
MC14028B circuits and two MC1.4069I? mvert_er& ) Q@ oo Qo Q9 - o e — o Qo
The MC14028B can be used in decimal digit displays, I [ I I
such as, neon readouts or incandescent projection indi- I l I
15 - - - - - 8 7- - - - - o

cators as shown in Figure 4.

Output Numbers

CODE AND REDEFINED
OUTPUT NUMBERS
Hexadecimal Decimal
- Lol Kyl

= - o o> S|
INPUTS OUTPUT NUMBERS IR HER

Tg|(vo| RO <]
p|cTs[als[1af1a]12[11]io[e[8[7]6[s[4]3[2[1]0 &S|
ojojo|lo|ofojofofo|ojo|o|jo]jOojOo|O]jO|lO|O}1 o o ojo
ofojojt1jojojojojojojojojofo|jOojOjofO|1]O 1 1 111
oloj1|lojo|ojo|0|O0|O|OjOojO|lO|lO|O|lO|1]|O]|O 2 3 0 2|2
ojoj1j1/o0joJojojojojojojojo|OojOj1|j0|0]|O 3 2 o 3 3
ojf1j]0|l0fo|jojo|Of0|O|O|O|O]|O|Ofj1|{O|O]}O]|O a 7 1 4 4
o|1j0y1|/ofjojojojojojofojojOoj1]0|/OjO]O|O 5 6 2 3
ol1{1|o|ojo|o|o|lojojojofo|{1f0|l0jO|O]fO]|O 6 4 3 1 4
o|j1{1|1]o|ojojo|of{o|jo}lo}1]|O]lO]jO|O}O}O]O 7 5 4 2
1/o0jo0|lo|jo|o|o|o|jojOo}jo|l1|{O0|jO|O|jO|OfO}|O}O 8 15 | 5
t|ojof1({o|jojojofofo|1|{0f{0|OjlOfO|O|O|O|O 9 14 { 6 5
1(fo0(1j0|j0}l0o|0|OfO|l1]O|jO|O|O|OfO]JOfO|O}|O 10 12 17 9 6
110|1|1|0]0ojojOo|1|0j0|lO|O|O|O|[O|O|O|O]|O 1 13 |8 5
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MC14028B

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

Inputs
A B C D E F Inhibit
7 7 ? j (No Selection)
A B (o] D
MC140288
Q0 - - - Q9
I l [ LI
) 4 T h T ) Y T
1 1 1 ) - ) 1—1 h — ] l
T 11 h S | T 1 1 T 1T 1 T 1 1 T 11 T 1 1 1
A B CD A B CD A B CD A B CD||A B CD A B CD A B CD||A B CD
mMC140288 MC140288 mc140288 MC140288 mMC140288 MC140288 mMC140288 mc140288
Q0------ Q9| |Q0----- Q9| [Q0----- Q9| |Q0----- Q9| |Q0----- Q9| |Qo----- Q9| |Q0----- Q9] |Q0----- Q9
| — | L — B L P L —— L — L P— TIT B LI p—
0 7 8 15 16 23 24 31 39 40 47 48 55 56 63
*1/6 MC140698 e
64 Outputs (Selected Output is High)
FIGURE 4 — DECIMAL DIGIT DISPLAY APPLICATION
Appropriate Appropriate
° A Qo ——o Voltage Voltage
Qi ° Neon Incandescent
Q2 ° Display Display
—B Q3 —o
Q4 —o or
mMC140288 Qs
o—cC Q6 —o
Q7 p—o
Q8 —o 9 2 1 [}
o——D
Q9 |—o---~- =~ -———- —_——

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

I1s believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not
convey to the purchaser of the semiconductor devices described any
license under the patent rights of Motorola Inc. or others.
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@ MOTOROLA MC14029B

BINARY/DECADE UP/DOWN COUNTER CMOS MSI

The MC14029B Binary/Decade up/down counter is constructed (LOW-POWER COMPLEMENTARY MOS)
with MOS P-channel and N-channel enhancement mode devices
in a single monolithic structure. The counter consists of type D
flip-flop stages with a gating structure to provide toggle flip-flop BINARY/DECADE
capability. The counter can be used in either Binary or BCD opera- UP/DOWN COUNTER
tion. This complementary MOS counter finds primary use in up/down
and difference counting and frequency synthesizer applications
where low power dissipation and/or high noise immunity is desired.
It is also useful in A/D and D/A conversion and for magnitude and
sign generation.

® Quiescent Current = 5.0 nA/package typical @ 5.0 Vdc

® Noise Immunity = 45% of Vpp typical

® Diode Proection on All Inputs 1 1

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

® |ow Input Capacitance — 5.0 pF typical CERAMIC PACKAGE PLASTIC PACKAGE

® Internally Synchronous for High Speed CASE 620 CASE 648

® | ogic Edge-Clocked Design — Count Occurs on Positive ORDERING INFORMATION
Going Edge of Clock

® 8.0 MHz Counting Rate Typ at 10 Vdc MC14XXX8B Suffix Denotes

® Asynchronous Preset Enable Operation L Ceramic Package

® Capable of Driving Two Low-Power TTL Loads, P Plastic Package

A Extended Operating

One Low-Power Schottky TTL Load or Two HTL Loads Temperature Range
Over the Rated Temperature Range C Limited Operating

Temperature Range

® Pin for Pin Replacment for CD4029B

MAXIMUM RATINGS (Voltages referenced to Vgg)

Rating Symbol Value Unit
DC Supply Voltage VpD -0.5t0 +18 Vdc
input Voltage, All inputs Vin' |-0.5t Vpp + 0.5 Vdc PIN ASSIGNMENTS
DC Current Drain per Pin | 10 mAdc
i — AL Dev T -55 to +1 °c i
Operating Temperature Rang((e:ucrl; 3:\/:2: A —i?) © +3255 1o re Vop =16
Storage Temperature Range Tstg -65 to +150 oc 20 a3 Clk F215
33 P3 Q2014
4c Po P2 313
5 Cin P1 12
TRUTH TABLE 6 3 Qo Qi
7t Cour u/D 310
[ Preset 80 vgg 8/0 39
Carry In Up/Down Enable Action
1 X 0 No Count
0 1 0 Count Up
0 0 0 Count Down
X X 1 Preset
X = Don’t Care
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MC14029B

ELECTRICAL CHARACTERISTICS

Voo ' Tiow™ 25°C Tm‘
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Voltage 0" Level VoL 5.0 - 0.05 - 0 0.05 - 0.05 Vde
Vin = Vpp or 0 ) 10 - 0.05 - 0 0.05 - 0.05
: e 15 - 0.05 - 0 0.05 - 0.05
. © 1" Level VOH 5.0 495 - 495 5.0 - 4.95 - 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 = 4.5 0r 0.5 Vdc) 5.0 - ‘15 T - 2.25 1.5 - 15
(Vo =9.0 0r 1.0 Vdc) 10 - 3.0 - 4.50 3.0 — 3.0
(Vo =13.50r 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1" Level| V|H L
(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 or 13.5 Vdc) ‘ 15 11.0 - 1.0 8.25 - 11.0 -
Output Drive Current (AL Device) IoH mAdc
(VOH = 2.5 Vdc) Source 5.0 -3.0 - -24 -4.2 - -1.7 -
(VOH = 4.6 Vdc) 5.0 -0.64 C - -0.51 -0.88 - -0.36 -
(VoH = 9.5 Vdc) 10 -1.6 - -1.3 -2.25 - -0.7 -
(VoH = 13.5 Vdc) 15 -4.2 — -34 -8.8 — -2.4 —
(VoL = 0.4 Vdc) Sink oL 5.0 0.64 - 051 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 16 - 13 2.25 - 0.9 -
(VoL = 1.5 Vdc) 15 42 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) loH mAdc
(VoH = 2.5 Vdc) Source 5.0 -25 - -2 -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 -2.25 - -09 -
(VoH = 13.5 Vdc) 15 -3.6 - -30 | -88 - -2.4 —
(VoL = 0.4 Vdc) Sink oL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 1.3 - 1.1 2.25 - 0.9 -
(VoL = 1.5 Vdc) 15 36 - 3.0 8.8 - 24 -
Input Current (AL Device) lin 15 - +0.1 - +0.00001 | +0.1 — +1.0 uAdc
Input Current (CL/CP Device) lin 15 — +03 — +0.00001| *+03 - +1.0 uAdc
Input Capacitance Cin - - - - 5.0 75 - - pF
(Vin =0)
Quiescent Current (AL Device) Ipp 5.0 - 5.0 - 0.005 5.0 - 150 rAdc
{Per Package) 10 - 10 - 0.010 10 — 300
15 - 20 .o 0.015 20 - 600
Quiescent Current (CL/CP Device) pp 5.0 - 20 - 0.005 20 - 150 uAdc
(Per Package) 10 - 40 - 0.010 40 - 300
15 — 80 = 0.0156 80 - 600
Total Supply Current**t T 5.0 I7= (058 uA/kHz) f+ 1pp uAdc
(Dynamic plus Quiescent, 10 IT=(1.2uA/kHz2) f+ Ipp
Per Package) 15 It = (1.7 wA/kH2) £+ 15D
(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 Vdc min @ Vpp =10 Vdc
2.5 Vde min @ Vpp = 15 Vdc
tTo calculate total supply current at loads other than 50 pF: *
IT(CL) = 17(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.

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad-
vised that nbrmal 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 Vo)
< Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vsg or Vpp).
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MC14029B

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

All Types
Characteristic Symbol Vpp Min Typ Max Unit
Output Rise Time tTLH ns
t, = (3.0ns/pF) C|_+30ns 5.0 - 100 200
ty = (1.5 ns/pF) C|_+15ns 10 ~ 50 100
tr= (1.1 ns/pF) C_+10ns 15 - 40 80
Qutput Fall Time tTHL ns
tf = (1.5 ns/pF) C_+25 ns 5.0 ~ 100 200
tf = (0.75 ns/pF) C|_+ 125 ns 10 -~ 50 100
tf = (0.55 ns/pF) C(_+9.5 ns 15 - 40 80
Propagation Delay Time tPLH, ns
Clk to Q tPHL
tpLH. tPHL = (1.7 ns/pF) Ci_+ 230ns 5.0 - 200 400
tpLH. tpHL = (0.66 ns/pF) C|_+ 97 ns 10 ~ 100 200
tpLH. tPHL = (0.5 ns/pF) C_+ 75 ns 15 -~ 90 180
Clk to Coyt tPLH. : ns
tpLH. tpHL = (1.7 ns/pF) C_ +230 ns tPHL 5.0 - 250 500
tpLH. tpHL = (0.66 ns/pF) C|_+ 97 ns 10 - 130 260
tpLH. tPHL = (0.5 ns/pF) C_+ 75 ns. 15 - 85 190
C—_in to Coyt tPLH, ns
tpLH. tPHL = (1.7 ns/pF) C_ + 95 ns tPHL 5.0 - 175 350
tpLH. tPHL = (0.66 ns/pF) C_+ 47 ns 10 - 50 100
tPLH. tPHL = (0.5 ns/pF) Ci_ + 35 ns 15 - 50 100
PEtoQ tPLH. ns
tpLH. tPHL = (1.7 ns/pF) Ci_+ 230 ns PHL 5.0 - 235 470
tpLH. tpHL = (0.66 ns/pF) C|_+ 97 ns 10 - 100 200
tpLH. tpHL = (0.5 ns/pF) C_+ 75 ns 15 - 80 160
PE to Cout tPLH., ns
tpLH. tpHL = (1.7 ns/pF) C_ + 465 ns tPHL 50 - 320 640
tpLH. tPHL = (0.66 ns/pF) C|_+ 192 ns 10 - 145 290
tpLH. tpHL = (0.5 ns/pF) C_ + 126 ns 15 - 105 210
Clock Pulse Width Wicl) 5.0 - 90 180 ns
10 - 40 80
15 - 30 60
Clock Pulse Frequency o) 5.0 20 4.0 - MHz
10 4.0 8.0 -
15 5.0 10 -
Preset Removal Time** trem 5.0 - 80 160 ns
10 - 40 80
15 - 30 60
Clock Rise and Fall Time tr(cl) 5.0 - - 15 us
tlcl) 10 - - 15
15 - - 15
Carry In Setup Time tsy 5.0 140 70 - ns
10 60 30 -
15 40 20 -
Up/Down Setup Time 5.0 340 170 - ns
10 140 70 -
15 100 50 -
Binary/Decade Setup Time 5.0 320 160 - ns
10 140 70 -
15 100 50 -
Preset Enable Pulse Width tw 5.0 130 65 - ns
10 70 35 -
15 50 25 -
*The formula given is for the typical characteristics only.
**The Preset Signal must be low prior to a positive-going transition of the clock.
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MC14029B

FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM
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FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
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MC14029B

TIMING DIAGRAM
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FIGURE 3 — DIVIDE BY N BCD DOWN COUNTER and TIMING DIAGRAM
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LOGIC DIAGRAM
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@ MOTOROLA

MC14032B
MC14038B

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-

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)
TRIPLE SERIAL ADDERS

Positive Logic — MC14032B
Negative Logic — MC140388

L SUFFIX
CERAMIC PACKAGE

CASE 620

IGH I : 5 16
1 1

P SUFFIX
PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB Suffix Denotes
ture Range.
. . L Ceramic Package
® Pin-for-Pin Replacement for CD4032B and CD40388B. P Plastic Package
A Extended Operating
MAXIMUM RATINGS (Voltages referenced to Vss) T.em.psmture Fh_ange
C Limited Operating
Rating Symbol Value Unit Temperature Range
DC Supply Voltage VoD -0.5to +18 Vdc
Input Voltage, All Inputs Vin |-05toVpp+ 0.5 Vdc
BLOCK DIAGRAM
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range — AL Device TaA -55 to +125 °c :: :‘:
CL/CP Device -40 to +85
. ) Invert 1 70— Adder 1 9 st
Storage Temperature Range Tstg -65 to +150 (o
— ]
A2 130
B2 120 A as2
This device contains circuitry to protect the inputs against damage due to high Invert 2 50 dder 2 °
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 | T Vpp = Pf" 16
this high impedance circuit. For proper operation it is recommended that V;, and Vgg =Pin8
Vout be constrained to the range Vgg < (Vin or Vout) < Vpp. A3 15 o
U_nused inputs must always be tied to an appropriate logic voitage level (e.g., B3 14 Adder 3 183
either Vgg or Vpp). Invert 3 20
Clock 3 ©

Carry Reset 6 PR S

LOGIC DIAGRAMS

MC14032B

MC14038B

(ONE SECTION AND COMMON INPUTS SHOWN)

Invert

Carry o

Reset
C
Clocko—Do—D:

I
|
I
|
_____ _] "‘"""“‘II‘L}_____._L_:_——-—J
C
Reset oo a1, |
To c L— =] To
} Next } Next
Stage CIocko—| )o—ﬁ i Stage
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MC14032B e MC14038B

ELECTRICAL CHARACTERISTICS

Vbp Tiow* 25°C Thigh*
Characteristic Symbol Vdc Min Max Min Typ Max Min TL Max Unit
Output Voltage “0" Level VoL 5.0 - 0.05 - o 0.05 - 0.05 Vdc
Vin = Vpp or 0 10 - 0.05 - 0 0.05 - 0.05
15 - 0.05 - 0 0.05 — 0.05
“1" Level VOoH 50 495 - 4.95 5.0 - 4.95 - Vde
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
(Vg =4.5 0r 0.5 Vdc) 5.0 - 15 - 2.25 15 - 1.6
(Vo =9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vg =13.5 0r 1.5 Vdc) 15 - 4.0 — 6.75 40 - 4.0
1" Level ViH
(Vo = 0.5 or 4.5 Vdc) 5.0 3.5 - 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 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 -0.256 - -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 - 0.51 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 16 - 1.3 2.25 - 0.9 -
(VoL = 1.5 Vdc) 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 -
(VoK = 9.5 Vde) 10 -05 - -04 | -09 - -0.3 -
(VoH = 13.5 Vdc) 15 -14 - -1.2 -3.5 — -1.0 —
(Vor =04 Vdc) Sink oL 5.0 0.52 — 0.44 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 13 - 11 2.25 - 09 -
(VoL = 1.5 Vde) 15 36 - 3.0 8.8 - 24
Input Current (AL Device) lin 15 - A - +0.00001 | +0.1 - 1.0 nAdc
Input Current (CL/CP Device) lin 15 — +0.3 - +0.00001| +03 - 1.0 rAdc
Input Capacitance Cin — o - 5.0 75 - - pF
(Vi = 0)
Quiescent Current (AL Device) Ipp 5.0 - 5.0 — 0.005 5.0 - 150 KAdc
(Per Package) 10 - 10 - 0.010 10 - 300
15 - 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device) Ipp 5.0 - 20 - 0.005 20 — 150 rAdc
(Per Package) 10 - 40 - 0.010 40 - 300
15 - 80 - 0.015 80 — 600
Total Supply Current**t It 5.0 I7 =(0.96 uA/kHz2) f + Ipp uAdc
(Dynamic plus Quiescent, 10 I7 =(1.93 uA/kHz2) f + Ipp
Per Package) 15 I =(2.8 uA/kHz) f + Ipp
(C =50 pF on all outputs, all
buffers switching)

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

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 Vdcmin @ Vpp = 10 Vdc
2.5Vdcmin @ Vpp = 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
H(CL) = 1T(50 pF) +3 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 give(- are for the typical characteristics only at 25°C.
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MC14032B e MIC14038B

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

Characteristic Symbol ‘(/ZE Min Typ Max Unit
Output Rise Time TTLH ns
tTLH = (3.0 ns/pF) C_+30 ns 5.0 - 180 360
tTLH = (1.5 ns/pF) C_+ 15 ns 10 - 90 180
tTLH = (1.1 ns/pF) CL+ 10 ns 15 - 65 130
Output Fall Time tTTHL ns
tTHL = (1.5 ns/pF) C|_+ 26 ns 5.0 - 100 200
tTHL = (0.76 ns/pF) C|_+ 125 ns 10 - 50 100
tTHL = (0.55 ns/pF) Ci_+9.5 ns 15 - 40 80
Propagation Delay Time tPLH, ns
A, B or Invert to Sum tPHL
tpLH, tPHL = (1.7 ns/pF) Ci_+ 195 ns 5.0 - 280 1400
tPLH, tPHL = (0.66 ns/pF) C_ + 87 ns 10 - 120 300
tpLH, tPHL = (0.5 ns/pF) C|_ + 65 ns 15 - 90 230
Clock to Sum ns
tPLH, tPHL = (1.7 ns/pF) Cp +415 ns 5.0 - 500 2400
tPLH, tPHL = (0.66 ns/pF) C|_+ 147 ns 10 - 180 600
tpLH, tPHL = (0.5 ns/pF) Ci_+ 110 ns 15 - 135 450
Input Setup Time tsu 5.0 10 -10 - ns
10 10 0 -
15 10 0 -
Clock Pulse Frequency fel 5.0 - 4.0 1.0 MHz
10 - 10 25
15 — 12 4.0
Clock Rise and Fall Times TTHL, tTTLH 6.0 - - 15 us
10 - - 15
15 - - 15

* The formula given is for the typical characteristics only.

TIMING DIAGRAMS

MC140328 MC140388
I»* Word 1 + Word 2———Word 3 + Word 4 — ~ Word 1+ Word 2-- ~—-Word 3 + Word 4 —
A 1 (I ey IO ey B ey R A ‘ I I W
8 i I — I (N s S 8 | [ - L
c e c —ummmn_hdmﬁummmlfum
Inv ‘L ! L inv i i
CR T ] i 1 | 1 CR : ) ; t —
s __}_4» i e e B e e T o T s _ T LJI“LF‘H__
fb——Truesum — Complemented Sum— - TrueSum - —- Complemented Sum—
Word 1:  0.0111100 = +60 Word 3:  1.1011011 = -37 Word 1:  1.1000011 = -61 Word 3:  0.0100100 = +36
Word 2:  0.0110010 = +50 Word 4:  1.1001110 = -50 Word 2:  1.1001101 = -51 Word 4:  0.0110001 = +49
0.1101110 =+110 1.0101001 = -87 10010000 =-112 0.1010101 = +85

Note: Unused input pins must be connected to either Vpp or Vgg.
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MC14032B e MC14038B

FIGURE 1 — TYPICAL OUTPUT SOURCE TEST CIRCUIT

FIGURE 2 — TYPICAL OUTPUT SINK TEST CIRCUIT
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FIGURE 3 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS
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MC14032B e MC14038B

FIGURE 4 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
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@ MOTOROLA

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 parallel output to the previous

parallel bit input.

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

output conversions.

Bidirectional Parallel Data Input

Quiescent Current = 10 nA/package typical @ 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

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

Schottky TTL Load or Two HTL Loads Over the Rated
Temperature Range.
® Pin-for-Pin Replacement for CD4034B.

CMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

8-BIT UNIVERSAL BUS REGISTER

MAXIMUM RATINGS (Voltages referenced to Vgg)

L SUFFIX
CERAMIC PACKAGE
CASE 623

1
P SUFFIX
PLASTIC PACKAGE
CASE 709

ORDERING INFORMATION

MC14XXX8B 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 VpD -0.5t0 +18 Vdc
Input Voltage, All Inputs Vin | -0.5toVpp+ 05 Vdc
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range — AL Device TA -55to +125 oc
CL/CP Device -40 to +85
Storage Temperature Range Tstg -65 to +150 oc

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

Vss or Vpp).

BLOCK DIAGRAM

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

GOHLLLL T

9 O—— A Enable
130—P/s

100—— Dg (Serial Input)
10— A/B

140— A/S

150—{ C (Clock)

(I

8 7 6 5 4 3 2 1
B1 B2 B3 B4 B5 B6 B7 B8

Vpp =Pin24
Vss = Pin 12
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MC14034B

ELECTRICAL CHARACTERISTICS

Vobp 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 - 495 - Vdc
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 = 4.5 0r 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
(Vg = 13.5 or 1.5 Vdc) 15 - 40 - 6.75 4.0 - 4.0
1" Level| Vi
(Vo = 0.5 or 4.5 Vdc) 5.0 35 - 35 2.75 - 35 - Vde
(Vo = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo = 1.50r 123.5 Vdc) 15 11.0 - 1.0 8.256 - 11.0 -
Output Drive Current (AL Device) loH 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 -09 - -035 -
(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 - 08 -
(VoL = 1.5 Vdc) 15 4.2 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) loH mAdc
(VoH = 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -
(VoH = 4.6 Vdc) 5.0 ~0.2 - -0.16 ~0.36 - -0.12 -
(VOH = 9.5 Vdc) 10 -0.5 - -0.4 -09 - -0.3 -
(VoH = 13.5 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 - 1.1 2.25 - 09 -
(VoL = 1.5 Vdc) 15 36 - 3.0 8.8 - 24 -
input Current (AL Device) lin 15 - +0.1 - +0.00001 | +0.1 - +1.0 uAdc
Input Current (CL/CP Device) lin 15 - +03 - +0.00001 | +0.3 - £1.0 unAdc
Input Capacitance Cin - - - - 5.0 75 - - 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) Ipp 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**t T 5.0 i1 = (22 uA/kHz) f + Ipp uAdc
(Dynamic plus Quiescent, 10 IT= (4.4 uA/kHz) f+ 1pp
Per Package) 15 I+ = (6.6 uA/kHz) f + Ipp
(C =50 pF on all outputs, all
buffers switching)
3-State Output Leakage Current L 15 - 0.1 - +0.0001 +0.1 - +3.0 uAdc
(AL Device) - - -
3-State Output Leakage Current ITL 15 — +1.0 - £0.0001 | £1.0 - +7.5 uAdc
(CL/CP Device) - - _
*Tiow = -559C for AL Device, -40°C for CL/CP Device. 1To calculate total supply current at loads other than 50 pF:
Thigh = +125°C for AL Device, +85°C for CL/CP Device. IT(CL) = I7(50 pF) +4 x 10-3 (Cy_-50) Vppf
#=Noise immunity specified for worst-case input combination. where: IT is in uA (per package), Cy_in pF, Vpp in Vdc,
Noise Margin for both 1’ and ‘0" level = and f in kHz is input frequency.
1.0Vdcmin@ Vpp =5.0 Vde **The formulas given are for the typical characteristics only at 25°C.

2.0 Vde min @ Vpp = 10 Vdc
2.5 Vde min @ Vpp = 15 Vdc
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MC14034B

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

Characteristic Symbol \(/32 Min Typ Max Unit
Output Rise Time A or B tTLH ns
tTLH = (3.0 ns/pF) C|_+30 ns 5.0 - 180 360
tTLH = (1.5 ns/pF) C_+ 15 ns 10 - 90 180
tTLH = (1.1 ns/pF) C_+ 10 ns 15 - 65 130
Output Fall Time A or B tTHL ns
tTHL = (1.5 ns/pF) C|_ + 25 ns 5.0 - 100 200
tTHL = (0.75 ns/pF) C_+ 125 ns 10 - 50 100
tTHL = (0.65 ns/pF) C|_+9.5ns 15 - 40 80
Propagation Delay Time
A (B) Synchronous Paralles Data Input, tPLH, ns
B (A) Parallel Data Output tPHL
tPLH, tPHL = (1.7 ns/pF) C_+440 ns 5.0 - 525 1050
tPHL, tPHL = (0.66 ns/pF) C_+ 172 ns 10 - 205 410
tpLH, tPHL = (0.5 ns/pF) C_+ 120 ns 15 - 145 290
Propagation Delay Time
A (B) Asynchronous Parallel Data Input tPLH, ns
B (A) Parallel Data Output tPHL
tpLH, tPHL = (1.7 ns/pF) C_ + 420 ns 5.0 - 505 1010
tpLH, tpHL = (0.66 ns/pF) C|_ + 147 ns 10 - 180 360
tpLH, tPHL = (0.5 ns/pF) C_+ 105 ns 15 - 130 260
Clock Pulse Width WH 5.0 340 170 -
. 10 140 70 -
15 110 55 -
Clock Pulse Frequency fel 5.0 - 25 1.2 MHz
10 - 6.0 3.0
15 — 8.0 4.0
Clock Pulse Rise TLH, TTHL 5.0 - - 15 us
10 - - 15
15 - - 15
A, B Input Setup Time tsy 5.0 100 35 - ns
10 45 15 -
15 35 12 -
High Level SE, P/S, A/S Pulse Width tWH 5.0 600 200 - ns
10 270 90 -
15 200 80 o

* The formula given is for the typical characteristics.

TRUTH TABLE

“A" Enable | P/S | A/B | A/S | MODE OPERATIONTt
o 0 0 X Serial Synchronous Serial data input, A and B parallel data outputs disabled.
() o 1 X Serial Synchronous Serial data input, B-Parallel data output.
[ 1 0 0 Parallel | B Synchronous Parallel data inputs, A-Parallel data outputs disabled.
[¢] 1 o 1 Parallel | B Asynchronous Parallel data inputs, A-Parallel data outputs disabled.
0 1 1 1] Parallel | A-Parallel data inputsdisabled, B-Parallel data outputs.
o] 1 1 1 "Parallel A-Parallel data inputs disabled, B-Parallel data outputs.
1 3] [ X Serial | Synchronous serial data input, A-Parallel data output.
1 0 1 X Serial Synchronous serial data input, B-Parallel data output.
1 1 o 0 Parallel | B-Synchronous Parailel data input, A-Parallel data output.
1 1 o 1 Parallel | B-Asynchronous Parallel data input, A-Parallel data output.
1 1 1 (o] Parallel | A-Synchronous Parallel data input, B-Parallel data output.
1 1 1 1 Parallel | A-Asynchronous Parallel data input, B-Parallel data output.

X = Don’t Care
tOutputs change at positive transition of clock in the serial mode and when the A/S input is low in the parallel mode.
During transfer from parallel to serial operation, A/S should remain low in order to prevent Dg transfer into flip-flops.
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MC14034B

EXPANDED
BLOCK DIAGRAM

Serial Data

Input

Enable A —

A/B~—

Parallel/Serial P/S —

Control
Logic

Data
A1l A2 A3 A4 A5 A6 A7 A8

Asyn/Syn A/S —]

Clock—

IIIII iR

gl 8-Bit Register

O A

B1 B2 83 B4 B85 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 clocks, and two data transfer gates
allowing the data to be transferred bidirectionally from
bus A to bus B and from bus B to bus A, and to be
memorized. Besides the single phase clock and the serial
data inputs, the control logic provides four other features:

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

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

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

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

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

LOGIC DIAGRAM
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MC14034B

FIGURE 1 — PROPAGATION DELAY AND TRANSITION
TIMES WAVE FORMS

input
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FIGURE 2 — ASYNCHRONOUS DATA INPUT, B PARALLEL FIGURE 3 — B SYNCHRONOUS DATA INPUT, B PARALLEL
DATA OUTPUT AND SETUP TIME DATA OUTPUT AND SETUP TIME
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MC14034B

FIGURE 4 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS
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MC14034B

FIGURE 6 — SHIFT RIGHT/SHIFT LEFT WITH PARALLEL INPUTS

Shift Left Output

A Enable )—4 _
& AE
& P/S
Shift Left/ )
Shift Right ' Shift Right
1 tiddddd ™
¥ Al AS8|
L AE
Register 1 P/s >\ P/S
shift Right MC140348 o
Input Ds S Register 2
MC140348B
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I———— A8 l——1 A/B
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A “High” (“Low") on the Shift Left/Shift Right input allows serial
data on the Shift Left Input (Shift Right Input) to enter the register
on the positive transition of the clock signal. A “high’’ on the “A"
Enable Input disables the ‘A"’ parallel data lines on Reg. 1 and 2 and,
enables the “A’’ data lines on registers 3 and 4 and allows parallel data
into registers 1 and 2. Other logic schemes may be used in place of
registers 3 and 4 for parallel loading.

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

*Shift left input must be disabled during parallel entry.

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

MC14035B

4-BIT PARALLEL-IN/PARALLEL-OUT
SHIFT REGISTER

The MC14035B 4-bit shift register is constructed with MOS P-
channel and N-channel enhancement mode devices in a single mono-
lithic structure. It consists of a 4-stage clocked serial-shift register
with synchronous parallel inputs and buffered parallel outputs. The
Parallel/Serial (P/S) input allows serial-right shifting of data or syn-
chronous parallel loading via inputs Dpg thru Dp3. The True/Com-
plement (T/C) input determines whether the outputs display the Q
or Q outputs of the flip-flop stages. J-K logic forms the serial input
to the first stage. With the J and K inputs connected together they
operate as a serial D"’ input.

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

MAXIMUM RATINGS (Voitages referenced to Vgg)

Rating Symbol Value Unit
DC Supply Voltage Vbb -05to +18 Vdc
Input Voitage, All Inputs Vin -0.5to Vpp + 0.5 Vdc
DC 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 oc

TRUTH TABLE

INPUTS t, OUTPUT
C J K R Qo
=% b o ° Don’t Care
x=
://: ? ; g ?FO) 1(: :; P/S = 0 = Serial Mode
T/C =1 = True Outputs
/| 1 1 (] 1
| x | x [ 0 | Qoin-1)
X x X 1 o

CMOS MsSI

(LOW-POWER COMPLEMENTARY MOS)

4-BIT
PARALLEL-IN/PARALLEL-OUT

SHIFT REGISTER

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

ORDERING INFORMATION

MC14XXX8B Suffix Denotes

L Ceramic Package

P Plastic Package

A Extended Operating
Temperature Range

C Limited Operating
Temperature Range

BLOCK DIAGRAM

9 0—1Dpg
10 O——Dp1

Qo—o01
11 0——Dp2

12 0——bp3 ai—o1s
70— pss

40— Q2 —O014

30—QgK

Q3 —013
6 O——{Clock

2 O0—T/C R

50—

Vpp = Pin 16
Vgg =Pin8
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MC14035B

ELECTRICAL CHARACTERISTICS

Vob Tiow" 25°C Tm*
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Voltage 0" Level VoL 5.0 - 0.05 - 0o 0.05 - 0.05 Vdc
Vin =Vppor 0 10 - 0.05 - 0 0.05 - 0.05
15 — 0.05 - 0 0.05 — 0.05
1" Level VOoH 50 495 - 4.95 5.0 - 495 - Vdc
Vin=0o0rVpp 10 9.95 - 9.95 10 - 9.95 -
15 14.95 - 14.95 15 — 14.95 —
Input Voltage# “0" Level ViL Vde
(Vo =4.50r0.5 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 = 13.5 or 1.5 Vdc) 15 — 4.0 - 6.75 4.0 — 4.0
“1" Level|  VH
(Vo =0.5 or 4.5 Vdc) 5.0 35 - 35 2.75 - 35 - Vde
(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) 10H mAdc
(VOH = 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 - -05 | -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 - 0.51 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 16 - 13 2.25 - 09 -
(VoL = 1.5 Vde) 15 42 - 34 838 - 24 -
Output Drive Current (CL/CP Device) loH 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 -
(VoH =9.5 Vdc) 10 -0.5 - -04 -0.9 - -0.3 -
(Von = 13.5 Vdc) . 15 -1.4 - -1.2 —-3.5 = -1.0 -
(VoL = 0.4 Vdc) Sink oL 5.0 052 — 044 0.88 - 0.36 - mAdc
(Vor = 0.5 Vdc) 10 13 - 1.1 2.25 - 09 -
(VoL = 1.5 Vdc) 15 3% - 3.0 8.8 - 24
Input Current (AL Device) lin 15 = +0.1 — +0.00001 | £0.1 — £1.0 uAdc
Input Current (CL/CP Device) lin 15 - +0.3 -~ +0.00001 | 0.3 - 1.0 uAdc
Input Capacitance Cin - - - - 5.0 7.5 - - pF
(Vin =0)
Quiescent Current (AL Device) DD 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) ippD 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 T 5.0 IT=(1.0#A/kH2) f+ I1pp nAdc
¢ (Dynamic plus Quiescent, 10 I = (2.0 A/kHz2) f + Ipp
Per Package) 15 I = (3.0 kA/kH2) f + IDD
7 (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 Vdc min @ Vpp =10 Vdc
2.5 Vdcmin @ Vpp =15 Vdc
1To calculate total supply current at loads other than 50 pF:
I7(CL) = 17(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 voltage higher than maximum rated voltages to this high im-
pedance circuit. For proper operation it is recommended that Vi, and Vgy¢ be constrained to the range Vss < (Vin or Vgyue)
< Vpp-

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg or Vpp).
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MC14035B

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

Characteristic Symbol ‘\/,3'3 Min Typ | Max | Unit
Output Rise Time tTLH ns
tTLH = (3.0 ns/pF) C + 25 ns 5.0 - 180 360
tTLH = (1.6 ns/pF) C_+ 12 ns 10 - 90 180
tTLH = (1.1 ns/pF) Ci_+ 8.0 ns 15 - 65 130
Output Fall Time tTHL ns
tTHL = (1.5 ns/pF) Ci_+47 ns 5.0 - 100 200
tTHL = (0.75 ns/pF) C|_+ 24 ns 10 - 50 100
tTHL = (0.55 ns/pF) C|_+ 17 ns 15 - 40 80
Propagation Delay Time, Clock or Reset to Q tPLH, ns
tPHL
tPLH, tPHL = (1.75 ns/pF) CL + 223 ns 5.0 - 300 600
tpLH, tPHL = (0.70 ns/pF) C|_+ 89 ns 10 - 130 260
tpLH, tPHL = (0.53 ns/pF) C) +67 ns 15 — 95 190
Clock Pulse Width tWH 5.0 335 135 - ns
10 165 45 -
15 125 40 -
Reset Pulse Width twH 5.0 400 80 - ns
10 175 40 -
15 130 35 -
Clock Pulse Rise and Fall Time tTLH, tTHL 5.0 —
10 No Limit
15
Clock Pulse Frequency fol 5.0 - 25 1.2 MHz
10 - 6.0 2.0
15 — 10 3.0
J-K Setup Time tsy - 5.0 500 120 - ns
10 200 50 -
15 150 30 -
P/S Control Setup Time tsy 5.0 500 25 - ns
10 200 10 -
15 150 7.5 —
Parallel Input Setup Time tsu 5.0 500 90 - ns
10 200 20 -
15 150 15 -

* The formula given is for the typical characteristics only.

FIGURE 1 — TIMING DIAGRAM

Clock 50% {_-\__/,—\_/ \
Input TWH
% fel
— 50%
J-K
Input tey [-— = tsu
50%
P/s tsy .
input
50%
Dpo —
Input
TTHL —= TTLH —~ — tsu
Q1
T/C Input Low
Reset Input Low
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MC14035B

LOGIC DIAGRAM

e °°:)Dc>o13 a3

A
>D°[>°14 az

»)-DO'>'°15 a1

T D401

Dpg 120~ >0
Dpa 110 >0
Dpq 1o<>—[>e
Dpo so_Do—
/S 7o—|>c
J a4 ‘E gh -E gh -ES-’
D Q P-4 D Q P14 D
Y .
K 30— —a¢c c c —ac
R R R R
(2] [*] ?
c eo{>o
R s0>o
T/C 20—{>c
APPLICATION DIAGRAM
Shift Left/Shift Right Register
0Q0 Left Shift
Serial Output
Q1
oaq2
LeftShift
Serial Input
Voo .
-0 Q3 Right Shift
| I Serial Qutput
16 15 14 13 12 11 10 9

Vpp Q1 Q2 Q3 Dp3 Dpy Dpq Dpg

Q@ T/c K 4 R c p/sVss
1 2 4 6 7 8
Vob ‘{
Right Shift =
Serial Input
Reset O-
Clock &
Left/Right o
Shift Select
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MC14038B

FOR COMPLETE DATA

@ MOTOROLA SEE MC140328
CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

TRIPLE SERIAL ADDERS

Positive Logic — MC140328B
Negative Logic — MC140388B

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 MC 140328, 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.
16 16
Static Operation from dc to 5.0 MHz ' Y

°
® Buffered Qutputs
) ) L SUFFIX P SUFFIX
® Single-Phase Clocking CERAMIC PACKAGE PLASTIC PACKAGE
® Quiescent Current = 5.0 nA/package typical @ 5 Vdc CASE 620 CASE 648
® Supply Voltage Range = 3.0 Vdc to 18 Vdc ORDERING INFORMATION
® Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- MC14XXXB Suffix Denotes
ture Range. E
. X L Ceramic Package
® Pin-for-Pin Replacement for CD4032B and CD4038B. P Plastic Package

A Extended Operating
MAXIMUM RATINGS (Voltages referenced to Vgg) Temperature Range

C Limited Operating

Rating Symbol Value Unit Temperature Range
DC Supply Voltage VpbD -05to0 +18 Vdc
Input Voltage, All Inputs Vin -0.5to Vpp + 0.5 Vdc
BLOCK DIAGRAM
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range — AL Device Ta -55 to +125 °c :: :‘:
CL/CP D -40 to +85
evice o +8 Invert 1 7 Adder 1—o09 S1
Storage Temperature Range Tstg -65 to +150 oc
7T
A2 13 0~
B2 12 0— 4 s2
This device contains circuitry to protect the inputs against damage due to high Invert 2 5o Adder 2 °
static voltages or electric fields; however, it is advised that normal precautions be r__ )
taken to avoid application of any voltage higher than maximum rated voltages to ) Vpp = Pf" 16
this high impedance circuit. For proper operation it is recommended that Vg and Vgg =Pin8
Vout be constrained to the range Vgs < (Vi or Vgout) < Vpp. A3 15 0
L{nused inputs must always be tied to an appropriate logic voitage level (e.g., B3 14 0 Adder 3 183
either Vgg or Vpp). Invert 3 2o
Clock 30
Carry Reset 6 0——4—J
)
MC140328 LOGIC DIAGRAMS MC140388

(ONE SECTION AND COMMON INPUTS SHOWN)

Invert

o>

To Jo
Next Next
Stage Clock O—DO&_—_— Stage

Carry o D a

Reset
C
Clock o—Do—D:
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@ MOTOROLA

MC140408

12-BIT BINARY COUNTER

The MC14040B 12-stage binary counter is constructed with MOS
P-channel and N-channel enhancement mode devices in a single mono-

CMOS MmSI

(LOW-POWER COMPLEMENTARY MOS)

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.
® Fully Static Operation
® Quiescent Current = | 5.0 nA/package typical @ 5 Vdc 16 1.
® Noise Immunity = 46% of Vpp typical ! !
® Diode Protection on All Inputs L SUFFIX P SUFFIX
® Supply Voltage Range = 3.0 Vdc to 18 Vdc CERAMICPACKAGE  PLASTIC PACKAGE
CASE 620 CASE 648
® Low Input Capacitance = 5.0 pF typical
® Capable of Driving Two Low-Power TTL Loads, One Low-power ORDERING INFORMATION
Schottky TTL Load or Two HTL Loads Over the Rated MC14XXXE Suffix Denotes
Temperature Range.
® Common Reset Liné L Ceramic Package
P Plastic Package
e 13 MHz Typical Counting Rate @ Vpp = 15 V A Extended Operating
. . Temperature Range
® Pin-for-Pin Replacement for CD40408 C Limited Operating
Temperature Range
MAXIMUM RATINGS (Voltages referenced to Vgg)
Rating Symbol Value Unit TRUTH TABLE
DC Supply Voltage Vbp -0.5to0 +18 Vdc CLOCK RESET | OUTPUT STATE
Input Voltage, All Inputs Vin -0.5to Vpp + 0.5 Vdc e 0 No Change
i Pi o Advance to next
DC Cur}rent Drain per Pin : | 10 m:\dc -~ s
Operating Temperature Range — AL Device Ta -55 to +125 C X 1 All Outputs are low
CL/CP Device -40 to +85
Storage Temperature Range ’ Tstg -65 to +150 oc X = Don’t Care
LOGIC DIAGRAM
Q1 Q2 a3 Q10 Qi Q12
Ts T7 IG 14 T15 _'r
Clock 10 __4(: al—dc Qe a -——c Q C aQfp—gcC Q
c a a c _a --—c o c a c
R R R R R R
Ra‘e::_DO_D: . > I 1 I _ I I
Q4=Pin6 Q7=Pin4 Vpp = Pin 16

Q5=Pin3 Q8=Pin13
Q6=Pin2 Q9=Pin12

Vgg = Pin8
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MC14040B

ELECTRICAL CHARACTERISTICS

Vpop 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 VoH 5.0 495 - 4.95 5.0 - 495 - Vdc
Vin=00rVpp 10 9.95 - 9.95 10 - 9.95 -
15 14.95 — 14.95 15 — 14.95 —
Input Voltage# "0 Level | VL Vdec
(Vg = 4.5 0r 0.5 Vdc) 5.0 - 15 - 2.25 1.5 - 15
(Vo =9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vp =13.5 0r 1.6 Vdc) 15 — 4.0 — 6.75 4.0 - 4.0
1" Level| VH
(Vo = 0.5 or 4.5 Vdc) 5.0 35 - 35 2.75 - 35 - Vdc
(Vo = 1.0 0or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo =1.50r13.5 Vdc) 15 11.0 = 1.0 8.25 - 11.0 -
Output Drive Current (AL Device) loH mAdc
(Vou = 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 -09 - -0.35 -
(VoH = 13.5 Vdc) 15 ~1.8 — -1.5 -3.5 — -1.1 —
(VoL = 0.4 Vdc) Sink oL 5.0 0.64 - 051.( 088 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 1.6 - 1.3 2.25 - 0.9 -
(VoL = 1.5 Vdc) 15 4.2 - 3.4 8.8 - 24 -
Output Drive Current (CL/CP Device) lOH . mAdc
(VOH = 2.5 Vdc) Source 5.0 -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 -09 - -03 -
(Vo = 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
(VoL = 0.5 Vdc) 10 13 - 1.1 2.25 - 09 -
(VoL = 1.5 Vde) 15 36 - 3.0 88 - 24
Input Current (AL Device) lin 15 — +0.1 — +0.00001 [ +0.1 — +1.0 uAdc
Input Current (CL/CP Device) lin 15 - +0.3 - +0.00001 | 0.3 - 1.0 uAdc
Input Capacitance Cin - - - - 5.0 75 - - pF
(Vin =0)
Quiescent Current (AL Device) DD 5.0 - 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 - 150 uAdc
(Per Package) 10 - 40 - 0.010 40 - 300
15 — 80 — 0.015 80 - 600
Total Supply Current**t T 5.0 17 =(0.42 pA/kH2) f + IpD uAdc
(Dynamic plus Quiescent, 10 17 =(0.85 nA/kHz) f + Ipp
Per Package) 15 7 =(1.43 uA/kHz) f + IDpD
(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. This device contains circuitry to protect
=Noise immunity specified for worst-case input combination. the inputs against damage due to high static
Noise Margin for both “1'“ and “0” level = 1.0 Vdc min @ Vpp =5.0 Vdc voltages or electric fields; however, it is
2.0 Vdc min @ Vpp =10 Vdc advised that normal precautions be taken
2.5 Vde min @ Vpp = 15 Vdc to avoid application of any voltage higher
tTo calculate total supply current at loads other than 50 pF: Fhan maximym .rated voltages to ‘hi§ hig_h
I7(CL) = 17(50 pF) + 1 x 10-3 (C_ -50) Vppf !mpedanoe circuit. For proper operation it
where: I is in uA (per package), C_in pF, Vpp in Vdc, and f in kHz is is recommended that Vi, and Vgyt be
input frequency. constrained to the range Vgg < (Vj, or
**The formulas given are for the typical characteristics only at 25°C. Vout) < Vpp-
Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vggor Vpp).




MC14040B

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

Characteristic Symbol ‘(/?’E Min Typ Max Unit
Output Rise Time tTLH ns
tTLH = (3.0 ns/pF) C_+30 ns 5.0 - 180 360
tTLH = (1.5 ns/pF) C_+ 15 ns ' 10 - 90 180
tTLH = (1.1 ns/pF) C|_+ 10 ns ] 15 - 65 130
Output Fall Time tTHL ) ns
tTHL = (1.5 ns/pF) C_ + 25 ns 5.0 - 100 200
tTHL = (0.75 ns/pF) C_+ 125 ns 10 - 50 100
tTHL = (0.55 ns/pF) C|_+9.5ns 15 - 40 80
Propagation Delay Time tPLH, ns
tpHL, tPLH = (1.7 ns/pF) C_+316ns - ) tPHL 5.0 - 400 800
tPHL, tPLH = (0.66 ns/pF) C|_+137 ns 10 - 170 340
tpHL, tPLH = (0.5 ns/pF) C_ + 95 ns 15 - 120 240
Clock to Q12 ns
tpHL, tPLH = (1.7 ns/pF) C_ + 2415 ns . 5.0 - 2.5 5.0
tPHL, tpLH = (0.66 ns/pF) C|_+ 867 ns 10 - 0.9 1.8
tpHL, tPLH = (0.5 ns/pF) Cy_+475 nd 15 - 05 14
Propagation Delay Time tPHL ns
Reset to Qp
tpHL = (1.7 ns/pF) C_+ 485 ns 5.0 - 570 1620
tpHL = (0.66 ns/pF) C_+ 182 ns 10 - 215 600
tpHL = (0.5 ns/pF) C|_+ 145 ns 15 - 170 450
Clock Pulse Width tWH 5.0 385 140 - ns -
10 150 55 -
15 115 38 -
Clock Pulse Frequency fel 5.0 - 3.5 15 MHz
10 - 9.0 3.5
15 - 13 4.5
Clock Rise and Fall Time tTLH, tTTHL 5.0 ns
10 No Limit
15
Reset Pulse Width WH 5.0 960 320 - ns
10 360 120 -
15 270 80 -

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
Voo

? Voo

500 uF 7

Pulse

Generator c o |

Pulse
Generator
Clock
I<—20 ns —*‘ |=-20 ns
S 50% Voo
Ciock 50%
10% K Vsgsg

50% Duty Cycle
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MC14040B

FIGURE 3 —~ TIMING DIAGRAM

Reset |

512 1024 2048 4096

C'°°*1J'1J_LJ—LI__U_—LI_“U__LFTJ——LI_—U_—LJ__U_—IJ'_L

LU [ W I AU U A (S AN S G SR
- I FUU e I S S S N N
o__ T e
a4 Joo T "1T—"t-"r 1"t "L
os ST

as I I I I I S I N I
a7 F I I I N N A
o8 LT
9 J [ IS N N I
Q1o 0 N e
an i iy W I
Q12 I

APPLICATIONS INFORMATION

TIME-BASE GENERATOR

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

Vob

1.0M MC140408

Ao

120 Vac

.—"M—I—O—OC 05_—0__L_1
QIOf—O0—___|

3600 is accomplished. The MC14012B decodes the counter
outputs, produces a single output pulse, and resets the
binary counter. The resulting output frequency is 1.0
pulse/minute.

1.0 Pulse/Minute
Output
p—O

1/2 1/2

>>20pF 1:

60 Hz a1 —o—

J

Vss

R Q12 —0_,_

MC140128, MC140128,

NH—o—

Circuit diagrams utilizing Motorola products are mcludod as a means
of illustrating typical i q ly,
complete information sufficient for construction purposes is not
necessarily given. The information has been carefully checked and

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

MC14042B

QUAD LATCH

The MC14042B quad latch is constructed with MOS P-channel
and N-channel enhancement mode devices in a single monolithic
structure. Each latch has a separate data input, but all four latches
share a common clock. The clock polarity (high or low) used to
strobe date through the latches can be reversed using the polarity
input. | Dformation present at the data input is transferred to ourputs
Q and Q during the clock level which is determined by the polarity
input. When the polarity input is in the logic ‘0" state, data is trans-
ferred during the low clock level, and when the polarity input is in
the logic ‘1" state the transfer occurs during the high clock level.
Buffered Data Inputs
Common Clock
Positive or Negative Edge Clocked
Q and Q Outputs
Double Diode Input Protection
No Limit on Clock Rise or Fall Times
Quiescent Current = 2.0 nA/package typical @ 5 Vdc
Supply Voltage Range = 3.0 Vdc to 18 Vdc

ature Range.

CMOS sSli

(LOW-POWER COMPLEMENTARY MOS)

QUAD LATCH

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

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

ORDERING INFORMATION

MC14XXX8B Suffix Denotes
MAXIMUM RATINGS (Voltages referenced to Vgs) L Ceramic Package
— — P Plastic Package
Rating Symbol Value Unit A Extended Operating
DC Supply Volitage VpD -0.5to0 +18 Vdc Temperature Range
Input Voltage, All Inputs Vin -0.5to Vpp + 0.5 Vdc C Limited Operating
Temperature Range
DC Current Drain per Pin i 10 mAdc
Operating Temperature Range — AL Device Ta -55 to +125 °c
CL/CP Device -40 to +85
Storage Temperature Range Tsg -65 to +150 oc PIN ASSIGNMENT
\ %
LOGIC DIAGRAM
1T o3 Vpp — 16
2 a0 a3f—11s
5 bo a |> Latch | 2 ao 3C—ao p3f— 14
Clockg_—_-n > 1 _ 4 —] o —13
B ——o0 ao D2
Polarity ° 3 § ] Clock G212
6 — Polarity Q211
D1o—{> ——o a1 7—Do1 Q1f—,10
7 Latch 10 4 _
2 — 8 ] Vss Qi 9
b— ‘———g a1
D2 ————©O0 Q2
13 Latch 11
3 TRUTH TABLE
o 502 cLock | poLarRTY | a
Vpp = Pin 16 o o Data
Vgg =Pin8 0 Latch
ss D3 o—{> ——o0 a3 L —
14 Latch 1 1 1 Data
a4
L] L oa3 L 1 Latch
15

7-116




MC14042B

ELECTRICAL CHARACTERISTICS

Voo Tiow™ 25°C Thm,‘
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=Vpporo 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 - Vdc
Vin = 0or Vpp 10 9.95 - 9.95 10 - 9.95 -
15 14.95 — 14.95 15 — 14.95 —
Input Voltage# D Inputs “0" Level | V) Vde
(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 1.5 Vdc) 15 — 4.0 - 6.75 4.0 - 4.0
"1 Level ViH
(Vo = 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 - Vdc
(Vo = 1.0 0r 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 - 1.0 -
Input Voltage C P Inputs 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 - 4.50 3.0 - 3.0
(Vo =13.5 0r 1.5 Vdc) 15 — 3.75 - 6.75 3.75 - 3.7
1 Level | Viy
(Vo = 0.5 or 4.5 Vdc) 5.0 35 - 35 275 - 35 - Vde
(Vg = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo = 1.5 or 13.5 Vdc) 15 11.25 - 11.25 8.25 - 11.25 -
Output Drive Current (AL Device) IoH mAdc
(VoH = 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -
(VOH = 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 - -0.14 -
(VoH =9.5 Vdc) 10 -0.62 - -0.5 -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 j 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 - 2.4 -
Output Drive Current (CL/CP Device) loH mAdc
(VonH = 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -
(VoK = 4.6 Vdc) 5.0 ~0.2 - -0.16 | -0.36 - -0.12 -
(VoH = 9.5 Vdc) 10 ~0.5 - -04 -0.9 - -0.3 -
(VOH = 13.5 Vdc) 15 ~-1.4 - -1.2 —~35 — -1.0 =
(Vor =04 Vdc) Sink oL 5.0 0.52 - 044 | o088 - 0.36 — mAdc
(VoL = 0.5 Vde) 10 1.3 - 1.1 2.25 - 09 -
(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 - +03 - +0.00001 | 0.3 - £1.0 uAdc
Input Capacitance Cin — - - - 5.0 75 - - pF
(Vin = 0)
Quiescent Current (AL Device) Ipp 5.0 - 1.0 - 0.002 1.0 - 30 uAdc
(Per Package) 10 - 2.0 - 0.004 2.0 - 60
15 - 4.0 - 0.006 4.0 - 120 .
Quiescent Current (CL/CP Device) IpD 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**1 T 5.0 I7 = (1.0 uA/kH2) f + IpD uAdc
(Dynamic plus Quiescent, 10 It =(20uA/kHz) f + Ipp
Per Package) 15 IT = (3.0 kA/kHz) f + IDD
(C =50 pF on all outputs, all
buffers switching)

*Tiow = -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.
Noise Margin for both 1" and "'0"* level = 1.0 Vdc min @ Vpp =5.0 Vdc
2.0 Vdc min @ Vpp = 10 Vde
25 Vdcmin@ Vpp = 15 Vdc
1To calculate total supply current at loads other than 50 pF:
I7(CL) = 17(50 pF) + 4 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.
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MC14042B

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

Characteristic Symbol | Vpp Min Typ Max Unit
Output Rise Time tTLH ns
tTLH = (3.0 ns/pF) C|_+30ns 5.0 - 180 360
trLH = (1.6 ns/pF) C+ 15 ns 10 - 90 180
trLH = (1.1 ns/pF) C_+ 10 ns 15 - 65 130
Output Fall Time tTHL ns
trHL = (1.5 ns/pF) C_+ 25 ns 5.0 - 100 200
tTHL (0.75 ns/pF) C|_ + 125 ns 10 - 50 100
tTHL (0.55 ns/pF) C_ + 9.5 ns 15 - 40 80
Propagation Delay Time, D to Q, Q tPLH, ns
tpLH, tPHL = (1.7 ns/pF) C_+ 135 ns tPHL 5.0 - 220 440
tPLH, tPHL = (0.66 ns/pF) C|_+57 ns 10 - 920 180
tPLH, tPHL = (0.5 ns/pF) Cy_+35ns 15 - 60 120
Propagation Delay Time, Clock to Q, Q tPLH, ns
tpLH, tPHL = (1.7 ns/pF) C_ + 136 ns tPHL 5.0 - 220 440
tpLH, tPHL = (0.66 ns/pF) C| +57 ns 10 - 90 180
tpLH, tPHL = (0.5 ns/pF) C|_+35 ns 25 - 60 120
Clock Pulse Width tWH ns
5.0 300 150 -
10 100 50 -
15 80 40 -
Clock Rise Time tTLH -
5.0 No
10 Limit
15
Hold Time th ns
5.0 100 50 -
10 50 25 -
15 40 20 -
Setup Time sy ns
' 5.0 50 0 -
10 30 0 -
15 25 0 -

* The formula given is for the typical characteristics only.

FIGURE 1 — AC AND POWER DISSIPATION TEST CIRCUIT AND TIMING DIAGRAM
(Data to Output)

Vbp
160
Clock E_w 2 Data input
Polarity Qo 03
Pulse 4 Q10 10
Generator DO a1—o9
1 7
D1 Q2—On
13 az2—o0 12
02 Q2
14 as ! Q Output
oy utpu
D3 Qa0 15 ®
Vi
For Power Dissipation test, each output is_ 8 ss
loaded with capacitance C, . =
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MC14042B

FIGURE 2 — AC TEST CIRCUIT AND TIMING DIAGRAM
(Clock to Output)

Voo
160
Pulse 5
Generator -O——| Clock Qo —02
1 -
6 —o0
—O—— Polarity Qo 3
Pulse a Q1 —0 10
Generator Do a1—o09
2 7
D1 Q2M—0 1
13 2 Q2p—012
D
14 33 F—O 1
D3 Q3r—o0 15
Note: C| connected to output under test.
8 QVss

20* ns

Clock Input
P.G.1

Data input
P.G.2

Q OQutput

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

7
/
i

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 circyit. For proper operation it is recommended that Vi and Vgt be constrained to the range Vgg < (Vin or Voyt)
<Vpp. }

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg or Vpp).
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MC14043B
@ MOTOROLA QUAD “NOR" R-S LATCH

MC140448

QUAD “NAND’" R-S LATCH

CMOS MmSI

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 16
single monolithic structure. Each latch has an independent Q output 1
and set and reset inputs. The Q outputs are gated through three- L SUFFIX P SUFFIX

state buffgrs havm.g a"c?'mmoq enable input. Tl‘fe outputs are CERAMIC PACKAGE PLASTIC PACKAGE
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.

® Quiescent Current = 4.0 nA/pkg typical @ 10 Vdc ORDERING INFORMATION
¢ Double Diode Input Protection MC14XXXB Suffix  Denotes
® Three-State Outputs with Common Enable TT
® Outputs Capable of Driving Two Low-Power TTL Loads, One l:'; 25,2222‘2;?:,_;9"
Low-Power Schottky TTL Load, or Two HTL Loads Over the -A  Extended Operating
Temperature Range
Rated Temperature Range C Limited Operating
® Supply Voltage Range = 3.0 Vdc to 18 Vdc Temperature Range
MC140438
4
S0 2
Qo
3
RO
6

Vpp =Pin 16
Vgs =Pin8

Vpp = Pin 16
Vgg=Pin8

s3 ' 1 R3 1
—O Q3 r'o Q3
TRUTH TABLE TRUTH TABLE
t  Is|rle| @ v 1 s|Rle] a
15 [ x[o| High 15 xlo| High
R3 Impedance S3 Impedance

12
s2 10
—O Q2
1

X X
0/0|1|No Change ojo]1 4]
s [URAR] 0 5 ol1)1 1
o I >° | » ] 1101 1 o | >o_| >°___ 110(1 0]
Enable 1Hin 1 Enable 1]1]1|No Change

X = Don‘t Care X = Don't Care
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MC14043B e MC14044B

ELECTRICAL CHARACTERISTICS

Voo Tiow” 25°C Th_ij_h'
Characteristic Symbol Vde Min Max Min Typ Max Min Max Unit
Output Voltage 0" Level VoL 50 - 0.05 - (0] 0.05 - 0.05 Vdc
Vin=Vpp or 0 10 - 0.05 - 0 0.05 ~ 005
15 — 0.05 - 0 0.05 — 0.05
1" Level VoH 5.0 4.95 - 495 5.0 - 495 - Vdc
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=4.50r 0.5 Vdc) 50 - 15 - 2.25 15 - 15
(Vg =9.00r 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
{(Vo=13.50r 1.5 Vdc) 15 - 40 - 6.75 4.0 - 4.0
“1” Level ViH
(Vo =0.5 or 4.5 Vdc) 5.0 35 — 35 2.75 - 35 - Vdc
(Vg=1.00r 9.0 Vdc) 10 7.0 — 7.0 5.50 - 7.0 -
(Vo=15o0r13.5 Vdc) 15 1.0 - 1.0 8.25 - 11.0 -
Output Drive Curtent (AL Device) loH mAdc
(VOH = 2.5 Vdc) Source 5.0 -3.0 - -24 -4.2 - -1.7 ~
(VoH = 4.6 Vdc) 5.0 -0.64 - -0.51 -0.88 - -0.36 -
(VoH =9.5 Vdc) 10 -1.6 - -1.3 -2.25 - -0.9 -
(Vo =13.5 Vdc) 15 -4.2 — -3.4 -8.8 - -2.4 -
(VoL =0.4 Vdc) Sink oL 5.0 0.64 - 051 0.88 - 0.36 - mAdc
(VoL =0.5 Vdc) 10 1.6 - 1.3 225 - 09 -
(VoL =15 Vdc) 15 4.2 - 3.4 8.8 - 24 -
Output Drive Current (CL/CP Device) 1oH mAdc
(VoH = 2.5 Vdc) Source 5.0 -25 — -2.1 -4.2 - -1.7 -
(VoH =4.6 Vdc) 5.0 -0.52 - -0.44 -0.88 - -0.36 -~
(VoH =9.5 Vdc) 10 -13 - -1.1 -2.25 - -0.9 -
(VoH =13.5 Vdc) 15 -3.6 - -3.0 -8.8 — -24 -~
(VoL =04 Vdc) Sink oL 50 | 052 — 0.44 0.88 - 0.36 - mAdc
(VoL =10.5 Vdc) 10 1.3 - 1.1 2.25 - 09 -
(VoL = 1.5 Vdc) 15 3.6 - 3.0 8.8 - 24 -
Input Current (AL Device) hin 15 — +01 - +0 00001 | +01 - £+1.0 uAdc
Input Current (CL/CP Device) lin 15 - +03 - +0 00001 | :03 - £1.0 uAdc
Input Capacitance Cin - - — - 50 7.5 - - pF
(Vin=0)
Quiescent Current (AL Device) oD 50 - 1.0 - 0.002 1.0 - 30 uAdc
(Per Package) 10 - 2.0 - 0.004 2.0 - 60
15 - 4.0 - 0.006 4.0 - 120
Quiescent Current (CL/CP Device) Ipp 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**t IT 5.0 I7 = (068 wA/kHz) f + Ipp rAdc
(Dynamic plus Quiescent, Per Package) 10 IT=(1.15 uA/kHz) f + Ipp
(C = 50 pF on all outputs, all outputs 15 17 =(1.73 pA/kHz) f + DD
switching)
Three-State Output Leakage Current ITL 15 - +0.1 - +0.0001 | 0.1 - +3.0 #Adc
(AL Device)
Three-State Output Leakage Current ITL 15 — +1.0 - +0.0001 +1.0 - 7.5 H1Adc
(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 Vdc min @ Vpp =15 Vdc
tTo calculate total supply current at loads other than 50 pF:
I7(C) = 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.




MC14043B e 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

Rating Symbol Value Unit advised that normal precautions be taken
DC Supply Voltage Voo _-0.5t0 +18 Vde to avoid application of any voltage higher
Input Voltage, All Inputs Vin -0.5to Vpp + 0.5 Vdc than maximum rated voltages to this high
DC Current Drain per Pin | 10 mAdc fmpedance cir::ujt. For proper operation it
- - S is reco that Vi, and Vg, be
Operating Temperature Range — AL Device TA -56 to +125 C constrained to the range Vg < {Vin or
CL/CP Device -40 to +85 Vout) < Vpp-
Storage Temperature Range Ts‘g -65 to +150 °c Unused inputs must always be tied to an
- appropriate logic voltage level (e.g., either
Vgsor Vpp).
SWITCHING CHARACTERISTICS* (C| =50 pF, T = 25°C)
Characteristic Symbol YI?!E Min Typ Max Unit
Output Rise Time tTLH ns
tTLH = (1.35 ns/pF) C_+ 325 ns 5.0 - 100 200
tTLH = (0.60 ns/pF) C_+ 20 ns 10 - 50 100
tTLH = (0.40 ns/pF) Ci_+ 20 ns , 15 - 40 80
Output Fall Time tTHL . ns
tTHL = (1.35 ns/pF) C|_ + 32,5 ns 5.0 - 100 200
tTHL = (0.60 ns/pF) C|_+ 20 ns 10 - 50 100
tTHL = (0.40 ns/pF) C_+ 20 ns 15 - 40 80
Propagation Delay Time tPLH | ns
tpLH = (0.90 ns/pF) C_+ 130 ns 5.0 - 175 350
tpLH = (0.36 ns/pF) C|_+57 ns 10 - ‘75 175
tpLH = (0.26 ns/pF) C|_+47ns 15 — 60 120
tpHL = (0.90 ns/pF) Ci_ + 130 ns tPHL 5.0 - 175 350 ns
tpHL = (0.90 ns/pF) C_+57 ns 10 - 7% 175
tpHL = (0.26 ns/pF) C_+47ns 15 - 60 120
Set Pulse Width tWH 5.0 200 80 - ns
10 100 40 -
15 70 30 -
Reset Pulse Width twH 5.0 200 80 - ns
10 100 40 -
15 70 30 -
Three-State Enable/Disable Delay tpLZ, 5.0 - 150 300 ns
tpHZ 10 - 80 160
15 - 55 110

* The formulas given are for the typical characteristics only.

20 nsq

50%-]

AC WAVEFORMS
MC14043B
20 ns 20 ns
'90% T VoD
50% Set
Set 10% ¥ Vss
20 ns I—- ——{ t=-20 ns
v
90% bo
50%
Reset 10% v Reset
ss
TTHL tTLH
VoH
90%
Q 50% Q
10%
I Vou
tPHL - "tPLH
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MC14043B ® MC14044B

THREE-STATE ENABLE/DISABLE DELAYS

Vbo

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

tpHz | VpD| Vss | Open | Closed
tpHz | Vss | VDD | Closed | Open

Closed | Open
Open | Closed

MC14043B MC140448 s1
TEST S R S1 s2 |a| s1 $2 Q To ®
tpLz | VpD| Vss | Open | Closed| A ]Closed| Open | B Output
tpLz | Vss | VDD| Closed | Open | B| Open | Closed | A UT";:'
A B
B A

Vbp
Enable
;——' Vss
Voo
90%
Qa
Vou
0% tpHZ -~ VoH
Qg
10%
Vss




@ MOTOROLA MC14046B

PHASE-LOCKED LOOP CMOS MSI

The MC14046B phase-locked loop contains two phase compara- (LOW-POWER 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 PC1gy¢, and maintains

90° phase shift at the center frequency between PCAj, and PCBjp
signals (both at 50% duty cycle). Phase comparator 2 (with leading
edge sensing logic) provides digital error signals PC2oyt and PCPqyt,
and maintains a 0° phase shift between PCAj, and PCBjp signals
(duty cycle is immaterial). The linear VCO produces an output signal
VCOgqyt whose frequency is determined by the voltage of input
VCOjp and the capacitor and resistors connected to pins C1a, C1g,
R1, and R2. The source-follower output SFg,t with an external re-
sistor is used where the VCOjp, signal is needed but no loading can be
tolerated. The inhibit input Inh, when high, disables the VCO and
source follower to minimize standby power consumption. The zener L SUFFIX P SUEFIX
diode c:{n bg usefi to assist in power supply reg_ulatlon. ) CERAMIC PACKAGE PLASTIC PACKAGE
Applications include FM and FSK modulation and demodulation,

frequency synthesis and multiplication, frequency discrimination, CASE 620 CASE 648
tone decoding, data synchronization and conditioning, voltage-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 MC14XXXB Suffix Denotes

® Quiescent Current = 5.0 nA/package typical @ 5 Vdc L Ceramic Package

® Low Dynamic Power Dissipation — 70 uW Typical @ fg = 10 kHz, P Plastic Package
Vpp =5.0Vdc, R1 = 1.0 MS2, R2=, Rgp = 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 CD4046B

BLOCK DIAGRAM
e — e e —— — — bl This device contains circuitry to protect

| Self B Phase the inputs against damage due to high static
PCA;, 140 Circu Comparator 1 02 PCloyt voltages or electric fields; however, it is
1 |

advised that normal precautions be taken
| | Phase | 13 PC2ut to avoid application of any voltage higher
PCBj, 3&: Comparator 2 1 PCPout than maximum rated voltages to this high
1 impedance circuit. For proper operation it
VCO;n 90l Voltage ] :1 :::Om‘( is recommended that Vi, and Vg, be
{ Controlied L 012 R2 constrained to the range Vgg < (Vjy or
Vpp = Pin 16 | 0:‘2:;' Ll o6 c1, Vout) < Vpp-
Vgg = Pin 8 | 7 Cig Unused inputs must always be tied to an
] : appropriate logic voltage level (e.g., either
Inh 50I ' ! Source Follower '—,—010 SFout Ysssf or Veao). Pi‘r:s |6; 7, 10, 11, 12, and
[ ) | if unused must be left open.
Vgg © DL 15 Zener
L ]
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MC14046B

MAXIMUM RATINGS (Voltages referenced to Vgg)

Rating Symbol Value Unit
DC Supply Voltage Vbp -051t0 +18 Vdc
Input Voltage, All Inputs Vin -0.5to Vpp + 0.5 Vdc
DC Current Drain per Pin i 10 mAdc
Operating Temperature Range — AL Device Ta -55 to +125 oc
CL/CP Device -40 to +85
Storage Temperature Range Tstg -65 to +150 °c
ELECTRICAL CHARACTERISTICS
Vop Tiow™ 25°C Thi_”_h.
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Voltage "0 Level VoL 5.0 - 0.05 - 0 0.05 - 0.05 Vde
Vin =Vppor0 10 - 0.05 - 0 0.05 - 0.0
15 - 0.05 — 0 0.05 — 0.05
“1" Level VoH 5.0 495 - 4.95 5.0 - 4.95 - Vde
Vin=0o0r Vpp 10 9.95 - 995 10 - 9.95 -
15 14.95 — 14.95 15 — 14.95 -
Input Voltage™ 0" Level ViL Vdc
(Vg =45o0r05 Vdc) 5.0 - 15 - 2.25 15 - 15
(Vp =9.00r 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| Vin
(Vp = 0.5 or 4.5 Vdc) 5.0 35 - 35 275 - 3.5 - Vdc
(Vo =1.00r 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) loH mAdc
(VQH = 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 - -05 -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 - 0.51 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 16 - 13 225 - 09 -
(Vop = 1.5 vdc) 15 4.2 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) IoH mAdc
(VOH =25 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -
(VOH = 4.6 Vdc) 5.0 -0.2 - -0.16 | -0.36 - -0.12 -
(VoH = 9.5 Vdc) 10 -0.5 - -0.4 -0.9 - -0.3 -
(VoH = 13.5 Vdc) 15 -1.4 - -1.2 —3.5 — -1.0 -
(Vo = 0.4 Vdc) Sink loL 5.0 052 - 044 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 13 - 1.1 225 - 09 -
(Vo = 1.5 Vdc) 15 36 - 3.0 8.8 - 24
Input Current (AL Device) lin 15 — +0.1 ~ +0.00001 | 0.1 — 0 KAdc
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) IpD 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 uAdc
(Per Package) 10 - 40 - 0.010 40 - 300
{inh = 1" and PCA = "1") 15 — 80 - 0.015 80 — 600
Total Supply Current t IT 0.0 I7=(1.46 uA/kHZ) f + IpD uAdc
(Inh = “0”, fo = 10 kHz, C_ = 50 pF, 10 T = (291 wA/kHz) £ + Ipp
R1=1MQ,R2 =, Rgg = =, and 15 b1 =(4.37 pA/kH2) f + Ipp
50% Duty Cycie)

*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 Vdc min @ Vpp = 15 Vdc

tTo Calculste Total Current in General:

It ~22xVpp (vcoin -1.65, Voo -1‘35)3/4 v 16x (

R1 R2
1x10-1vpp2 (100-% Duty Cycle of PCAp)

100

)+IQ

VCOj - 1.65
RsF

)3/4+1x 10-3(Cy +9) Vpp f+

where: IT in A, C_in pF, VCOjp, Vpp in Vdc, f in KHz, and
R1,R2, Rgf in MQ,C_ on VCOpyt.

7-125




MC14046B

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

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

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

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

PHASE COMPARATORS 1 and 2

Input Resistance — PCA;p, Rin 5.0 1.0 1.0 20 - - MQ

10 0.2 0.2 0.4 - -
15 0.1 0.1 0.2 — —
— PCBjp Rin 15 150 15 1500 - - Mo

Minimum Input Sensitivity Vin 5.0 — — 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;,, PCBj - 5to 15 See Noise Immunity

VOLTAGE CONTROLLED OSCILLATOR (VCO)

Maximum Frequency fmax 5.0 0.50 0.35 0.70 - - MHz
(VCOjn = Vpp. C1 =50 pF, 10 1.0 0.7 14 - -
R1=5k§, and R2 = =) 15 1.4 1.0 19 — =

Temperature — Frequency Stability — 5.0 - - 0.12 - - %/°C
(R2 = o) 10 - - 0.04 - -

15 - — 0.015 — —

Linearity (R2 = o) - %
(VCO;p, =250V +0.30V,R1>10kQ) . 5.0 - - 1 - -

(VCOj, =5.00 V £ 250 V, R1 > 400 k) 10 - - 1 - -
(VCOjn =7.50 V + 5.00 V, R1 > 1000 k) 15 - - 1 - —

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

Input Resistance — VCOjp Rin 15 150 15 1500 - - MQ

SOURCE-FOLLOWER

Offset Voltage - 5.0 - - 1.65 22 25 Vdc
(VCOjp, minus SFq ¢, RgF > 50 k) 10 - - 1.65 22 25

15 - - 1.65 22 25

Linearity - %
(VCOj, = 250 V £ 0.30 V, Rgg > 50 k€2) 5.0 - - 0.1 - -

(VCOj, = 5.00 V ¢ 2.50 V, Rgf > 50 k2) 10 - - 06 - -
(VCOj, = 7.50 V £ 5.00 V, Rgf > 50 ke2) 15 - - 0.8 - -

ZENER DIODE

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

Dynamic Resistance (1, = 1 mA) Rz - - - 100 - - Q

*The formula given is for the typical characteristics only.
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MC14046B

FIGURE 1 — PHASE COMPARATORS STATE DIAGRAMS

PHASE COMPARATOR 1
Input State :
00 : p( 01
X (2
PCAj, PCBin 0 | @
PClout [ 1
PHASE COMPARATOR 2
H T
Input State : ]
|
) | @0 Y o‘ﬁ ;
|
3-State
PC24 ¢ o Output Disconnected !
PCPout
(Lock Indicator) 0 1 4
Refer to Waveforms in Figure 3.
FIGURE 2 — DESIGN INFORMATION
Characteristic Using Phase Comparator 1 Using Phase Comparator 2
No signal on input PCAjn. VCO in PLL system adjusts to center frequency | VCO in PLL system adjusts to minimum fre-
(fo). quency (fmin).
Phase angle between PCAjp, and PCB;p,. | 90° at center freq y (fol, app ing 0° Always 0° in lock (positive rising edges).
and 180° at ends of lock range (2f ).
Locks on harmonics of center frequency .| Yes No
Signal input noise rejection. High Low

Lock frequency range (2f( ).

The frequency range of the input signal on which the loop will stay locked if it was
initially in lock. 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 fo="fL
(see Figure 3). fo <f_

Center frequency (fg).

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

VCO output frequency (f).

Note: These equations are intended
to be a design guide. Since calculated
component values may be in error
by as much as a factor of 4, labor-
atory experimentation may be re-
quired for fixed designs. Part to part
frequency variation with identical
passive components is less than
+20%.

I
fmin = (Vco input = Vgg)
Ro(Cq+ 32 pF) co ss

fmi (Vco input = Vpp)
4 fmin co inp! DD
Rq(Cq +32pF)

fmax =

Where: 10K < Rq < 1M
1K< Ry < 1M
100pF <C4 < .01 uF
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MC14046B

FIGURE 3 — GENERAL PHASE-LOCKED LOOP CONNECTIONS AND WAVEFORMS

9 Source 10 SFout
| Follower
Vo, RsE
PCA;, 14 =
@ Frequency f’ Phase 2or13 f::ve-:’n:sls 3 vco 4 — VCOout
3 Comparator | pciy . Filter o " 12 s 5 @ Frequency Nf’ =f
PCBjn or

Cla |cig
PC2
out R12 R2 l_{(._]

(o]
[ External 1 = =
| N
—] : |-
L Counter _
Typical Low-Pass Filters
Typically:
(a) R3 (b) R3 &N N
Input o——vw—l—o Output Input Output R4 Ca = -
fmax 2nAf
“T PYNLIY sl ) R4 > 1ooNAF
= 2c¥1V mi e (Rg +3,000Q) Cp = e —R4Cy

Af=fnax — fmin

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

(3) Garth Nash, “‘Phase-Lock Loop Design Fundamentais’, AN-535, Motorola Inc.

Waveforms

Phase Comparator 1

Voo
PCAin , —I I |

Vss
VoH

PCBi, | I [ |
VoL
—VOH

PCloyt I | I I I l I I
- Vou

—VOoH
VCOin S~ T TN TN
— VoL
Phase Comparator 2
Voo

PCA;j, I I | I
Vss

1 1
i ]
]
| T VoH
PCBj, ! I : l
VoL
VoH
PCPout
ou VOL
, H v
PC20ut ] OH
Vor
— VOH
VCOj,
— VoL

7-128



MC14045UB
@ MOTOROLA MC14050B

CMOS SSI

HEX BUFFERS
(LOW-POWER COMPLEMENTARY MOS)

The MC14049UB hex inverter/buffer and MC14050B noninverting

hex buffer are constructed with MOS P-channel and N-channel

enhancement mode devices in a single monolithic structure. These HEX BUFFERS
complementary MOS devices find primary use where low power Inverting — MC14049UB
dissipation and/or high noise immunity is desired. These devices Noninverting — MC14050B

provide logic-level conversion using only one supply voltage, Vcc.
The input-signal high level (V|H) 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 (Vg = 5.0 V,
VoL < 0.4 V, 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 L SUFFIX P SUFFIX
CERAMIC PACKAGE  PLASTIC PACKAGE
® Quiescent Current = 2.0 nA/package typical @ 5 Vdc CASE 620 CASE 648
® Supply Voltage Range = 3.0 Vdc to 18 Vdc
® Meets JEDEC UB Specifications—MC14049UB ORDERING INFORMATION
Meets JEDEC B Specification—~MC140508B MC14XXXUB Suffix Denotes
MC14XXXB

L Ceramic Package
P Plastic Package

A Extended Operating
MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 8) Temperature Range

Rating Symbol Value Unit ¢ ';L"':;:fa?u‘::';‘;:gg .
DC Supply Voltage Vpp —0.5 to +18 Vdc
Input Voltage, All Inputs Vin —0.5 to +18 Vdc
DC Current Drain per Input Pin | 10 mAdc LOGIC DIAGRAMS
DC Current Drain per Output Pin | 45 mAdc
Operating Temperature Range — AL Device TA —55 to +125 °‘c

CL/CP Device —40 to +85

Storage Temperature Range Tstg —65 to +150 °c MC14049UB MC14050B

CIRCUIT SCHEMATIC
(1/6 OF CIRCUIT SHOWN)

MC14049UB MC140508
Vee

1
-
2

]k NC = Pin 13, 16 NC = Pin 13, 16
Vgg = Pin 8 Vgg = Pin8
Vee = Pin 1 Vee =Pin 1

= Vss
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ELECTRICAL CHARACTERISTICS

Vpp Tiow* 25° Thigh*
Characteristic - | Symbol| Vdc Min Max Min Typ Max Min Max Unit
Output Voltage "0 Level VoL 5.0 - 0.05 - 0 0.05 - 0.05 Vdc
Vin=Vpp or 0 10 - | oos| - 0 005 | - | 005
15 - 0.05 - 0 0.05 — 0.05
“1” Level | VoH 5.0 495 - 495 5.0 - 4.95 - Vdc
' 10 9.95 - 995 10 - 9.95 -
- 15 14.95 — 14.95 15 - 14.95 —
Input Voltage #MC14049UB “0" Level ViL Vdc
(Vo =4.5 Vdc) 5.0 - 1.0 - 225 1.0 - 1.0
(Vo =9.0 Vdc) 10 - 2.0 - 450 2.0 - 20
(Vo = 13.5 Vdc) 15 — 25 — 6.75 25 - 2.5
“17 Level | Vy Vdc
(Vo =05 Vdc) 50 | 40 - 40 | 275 - 4.0 -
(Vo = 1.0 Vdec) ) 10 80 - 8.0 5.50 - 80 -
(Vo =15 vde) C 15 | 126 | — | 125] 825 - | 125 -
Input Volitage #MC14050B 0" Level ViL Vdc
(Vo =05 Vdc) 5.0 - 15 - 2.25 15 - 15
(Vo =1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vo =15 Vdc) 15 — 4.0 — 6.75 4.0 - 4.0
“1" Level| V|H Vde
Vo =45 Vde) 50 | 35 | - 35 | 275 - 35 | -
(Vo =9.0 vde) 10 70 - 70 | 550 - 7.0 -
(Vo =13.5 Vdc) 15 11 - " 8.25 - 1 -
Output Drive Current (AL Device) loH mAdc
(VOH =25 Vdc) Source 50 | -16 - |-125 -25 - -09 —
(VoH =9.5 Vdc) 10 -16 - -1.3 -25 - -09 -
(VoH = 13.5 Vdc) 15 -4.7 — -3.76 -10 - -2.7 —
(VoL = 0.4 Vdc) - sink| 1oL | 580 | 375 | - 3.2 6.0 - 2.2 — | mAde
(VoL =05 Vdc) 10 10 - 8.0 16 - 5.6 -
(Vo =15 Vde) | 15 30 - 24 40 — | 170 -
Output Drive Current (CL/CP Device) IoH mAdc
(VoH =25 Vdc) Source 5.0 -15 - -1.25 -25 - -1.0 -
(VoH =95 Vdc) 10 | 18| - |-125] -25 - | -0 -
(VoH = 135 Vdc) 15 -45 — | -375] -10 — -3.0 —
(VoL =0.4 Vde) sink| 1oL | 50 | 36 - 32 6.0 - 26 — | mAde
(VoL =0.5 Vdc) 10 9.6 - 8.0 16 - 6.6 -
(VoL =15 Vdc) 15 28 — 24 40 - 19 -
Input Current (AL Device) lin 15 - 1 — {+0.00001| 0.1 - 1.0 | pAdc
Input Current (CL/CP Device) lin 15 - +0.3 — |+0.00001] 0.3 - +1.0 | uAdc
Input Capacitance . Cin — — - - 10 20 - - pF
(Vijn =0)
Quiescent Current (AL Device) ipp 5.0 - 10 - 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) Ipp 5.0 - 40 - 0.002 40 - 30 nAdc
(Per Package) 10 - 8.0 - 0.004 8.0 - 60
15 - 16 - 0.006 16 — 120
Total Supply Current**t It 5.0 IT = (1.8 pA/kHZ)f + Ipp MAdc
(Dynamic plus Quiescent, Per Package) 10 IT = (35 pA/kH2)f + Ipp
(C_ 50 pF on all outputs, all buffers switching) 15 b1 = (6.3 kA/kH2)f + Ipp

*Tiow = 55°C for AL Device, ~40°C for CL/CP Device.
Thigh = +125°C for AL Device, +85°C for CL/CP Device.
tTo Calculate total supply current at loads other than 50 pF: 1.0 Vdc min @ Vpp = 5.0 Vdc

" 2.0 Vdc min @ V =10 Vdc
= -3 - DD
I7(CL) = 17150 pF) +6 X 103 (C_-50) Vppf 25V in - 15 Vde

where: |7 is in A (per package), Cy_in pF, Vpp in Vdc, and f in UB Suffix Noise Margin for both ““1** and ‘0" level =
kHz is input frequency. 0.5 Vdc min @ Vpp = 5.0 Vdc
**The formulas given are for the typical characteristics only 1.0 Vdc min @ Vpp =10 Vdc
at 25°C. 1.0 Vdc min @ Vpp = 15 Vdc
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FIGURE 2 — TYPICAL OUTPUT SOURCE CHARACTERISTICS FIGURE 3 — TYPICAL OUTPUT SINK CHARACTERISTICS

Ve McC140508

Vos = Von ~ Vob

o
]
3

3 T
8
< Vgs = 5.0 Vde = _ VGs = 15 Vde __|
) = —1 7 2
- " =
g L) =
'
= A Z e
S0 5
2 3 Vgs = 10 Vde
E L~ X 80
2 30 | ves= 10vde z A 1
= — e L -
2 = y J Cautian: Max Package disstpation
5 = m -———/ ~ = ~—{ = = —must be observed.— — — = — —
L =
40 // |
x -
s L | Maximum Curcent Level _| = 4 Vg = 5.0 Vde
VGgg=15V f/ ‘ l
-50 L 0

-10 -8.0 -6.0 -4.0 -20 0 0 20 40 6.0 8.0 10
Vps DRAIN-TO-SOURCE VOLTAGE (Vdc) Vps DRAIN-TO-SOURCE VOLTAGE (Vdc)

FIGURE 4 — AMBIENT TEMPERATURE FIGURE 5 — SWITCHING TIME TEST CIRCUIT
POWER DERATING AND WAVEFORMS
1000 l r Vee
% 900 1 ! 1
£ PLASTIC OR CERAMIC #
800 — Pulse N
5 \ PACKAGE Generator - Vout
200 Vin I
<
= bN cL
23 600 890 Vs I
a¥
§ 8 500 = =
S& 400 \ 20 ns f=— 20 ns
g N Input TV
= \ 90% oD
Z 200 50%
: \\ — 10% k Vss
S w0 TPHL —e= = PLH
0 v
90% OH
25 50 75 100 125 150 175 Output 50%
TA, AMBIENT TEMPERATURE (0C) Mc14049UB 10% v
ftTHL e fetyom O
. ] tPLH — tPHL
This device contains circuitry to protect Von

the inputs against damage due to high static Output
voltages or electric fields; however, it is Mc140508
advised that normal precautions be taken
to avoid application of any voltage higher
than maximum rated volitages to this high
impedance circuit. For proper operation it #Invert on MC14049UB only
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
Vgs or Vpp).
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SWITCHING CHARACTERISTICS* (C|_ =50 pF, Tp = 25°C)

Vop
Characteristic Symbol Vde Min Typ Max Unit

MC14049UB
Output Rise Time tTLH ns

tTLH = (0.8 ns/pF) C|_+60ns 50 - 100 160

TTLH = (0.3 ns/pF) C|_+ 35 ns 10 - 50 100

tTLH = (0.27 ns/pF) C_ + 265 ns 15 - 40 60
Output Fall Time tTHL ns

tTHL = (0.3 ns/pF) C|_ + 25 ns 5.0 - 40 60

tTHL = (0.12 ns/pF) C_+ 14 ns 10 - 20 40

tTHL = (0.1 ns/pF) C|_+ 10 ns 15 - 15 30
Propagation Delay Time tPLH ns

tpLH = (0.38 ns/pF) C|_+ 61 ns 5.0 - 80 120

tpLH = (0.20 ns/pF) Ci_ + 30 ns 10 - 40 65

tpLH = (0.11 ns/pF) C|_+ 245 ns 15 - 30 50
Propagation Delay Time tPHL ns

tpHL = (0.38 ns/pF) CL+ 11 ns 5.0 - 30 60

tpHL = (0.12 ns/pF) C| +9 ns 10 - 15 30

tpp = (0.11 ns/pF) C +45 ns 15 - 10 20
MC140508
Output Rise Time tTLH ns

tTLH = (0.7 ns/pF) C|_+65 ns ) 5.0 - 100 160

tTLH = (0.25 ns/pF) C_+ 37.5 ns 10 - 50 80

tTLH = (0.2 ns/pF) C +30 ns 15 - 40 60
Output Fall Time tTHL ns

tTHL = (0.2 ns/pF)} C| + 30 ns 5.0 - 40 60

tTHL = (0.06 ns/pF) C_+17 ns 10 - 20 40

tTHL = (0.04 ns/pF) C|_+ 13 ns 15 - 15 30
Propagation Delay Time tPLH ns

tpLH = (0.33 ns/pF) C_+ 6365 ns 5.0 - 80 140

tpLH = (0.19 ns/pF) C_ + 30.5 ns 10 - 40 80

tpLH = (0.06 ns/pF) C|_ + 27 ns 15 - 30 60
Propagation Delay Time tPHL ns

tpHL = (0.2 ns/pF) Cp +30 ns 5.0 - 40 80

tpHL = (0.1 ns/pF) C_+ 16 ns 10 - 20 40

tpHL = (0.05 ns/pF) C_+ 126 ns 15 - 15 30

*The formula given is for the typical characteristics only.

FIGURE 1 — TYPICAL VOLTAGE TRANSFER CHARACTERISTICS versus TEMPERATURE

MC14049UB MC140508
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