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NUMERICAL INDEX

ORDERING INFORMATION - SUFFIXES*

AL - 3 to 18 V, -55 to +125°C, ceramic package
CL - 3 to 18 V, -40 to +85°C, ceramic package
CP - 3 to 18 V, -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 - 3 to 18 V, -40 to +85°C, ceramic package
FP - 3 to 18 V, -40 to +85°C, plastic package
EVL- 3 to 6 V, -55 to +125°C, ceramic package
VL —3 to 6 V, -40 to +85°C, ceramic package
VP —3 to 6 V, -40 to 85°C, plastic package
Z —Limited voltage range, limited temperature range, leadless ceramic package

Part Number Function Suffix* Pins

Available in

HI-REL

Second

Sourced Page

MC14000UB

MC14001B

MC14001UB

MC14002B

MC14002UB

Dual 3-lnput NOR Gate plus Inverter

Quad 2-lnput NOR Gate

Quad 2-lnput NOR Gate

Dual 4-lnput NOR Gate

Dual 4-lnput NOR Gate

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

14

14

14

14

14

V

7-2

7-5

7-13

7-5

7-13

MC14006B

MC14007UB

MC14008B

MC14011B

MC14011UB

18-Bit Static Shift Register

Dual Complementary Pair plus Inverter

4-Bit Full Adder

Quad 2-lnput NAND Gate

Quad 2-lnput NAND Gate

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

14

14

16

14

14

V

7-18

7-22

7-26

7-5

7-13

MC14012B

MC14012UB

MC14013B

MC14014B

MC14015B

Dual 4-lnput NAND Gate

Dual 4-lnput NAND Gate

Dual D Flip-Flop

8-Bit Static Shift Register

Dual 5-Bit Static Shift Register

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP
AL.CL.CP

14

14

14

16

16

V

7-5

7-13

7-34

7-38

7-42

MC14016B

MC14017B

MC14018B

MC14020B

MC14021B

Quad Analog Switch/Quad Multiplexer

Decade Counter/Divider

Presettable Divide-by-N Counter

14-Bit Binary Counter

8-Bit Static Shift Register

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

14

16

16

16

16

V
V

7-48

7-54

7-59

7-63

7-38

MC14022B

MC14023B

MC14023UB

MC14024B

MC14025B

Octal Counter/Divider

Triple 3-lnput NAND Gate
Triple 3-lnput NAND Gate

7-Stage Ripple Counter

Triple 3-lnput NOR Gate

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

16

14

14

14

14

V

7-68

7-5

7-13

7-74

7-5

MC14025UB

MC14027B

MC14028B

MC14029B

MC14032B

Triple 3-lnput NOR Gate

Dual J-K Flip-Flop

BCD-to-Decimal Decoder

4-Bit Presettable Up/Down Counter

Triple Serial Adder (Positive Logic)

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

14

16

16

16

16

V
V

7-13

7-80

7-84

7-89

7-95

MC14034B

MC14035B

MC14038B

MC14040B

MC14042B

8-Bit Universal Bus Register

4-Bit Shift Register

Triple Serial Adder (Negative Logic)
12-Bit Binary Counter

Quad Latch

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

24

16

16

16

16

V
V

V
V
V

7-100

7-107

7-95

7-112

7-116

MC14043B

MC14044B

MC14046B

MC14049UB

MC14050B

Quad NOR R-S Latch

Quad NAND R-S Latch

Phase-Locked Loop

Hex Inverter/Buffer

Hex Buffer

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

16

16

16

16

16

V

7-120

7-120

7-124

7-129

7-129

'Add suffix to part number on all orders.
Chipsare available for all CMOS types. Consult your Motorola SalesOffice or Authorized Motorola Distributor.
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NUMERICAL INDEX (continued)
Available in] Second

Part Number Function Suffix* Pins HI-REL Sourced Page

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

MC14052B Dual 4-Channel Analog Multiplexer AL.CL.CP 16 V V 7-133
MC14053B Triple 2-Channel Analog Multiplexer AL.CL.CP 16 V V 7-133
MC14066B Quad Analog Switch AL.CL.CP 14 V V 7-139
MC14068B 8-lnput NAND Gate AL.CL.CP 14 V V 7-5

MC14069UB Hex Inverter AL.CL.CP 14 V V 7-145
MC14070B Quad Exclusive OR Gate AL.CL.CP 14 V V 7-147

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

MC14072B Dual 4-lnput OR Gate AL.CL.CP 14 V V 7-5

MC14073B Triple 3-lnput AND Gate AL.CL.CP 14 V V 7-5

MC14075B Triple 3-lnput OR Gate AL.CL.CP 14 V V 7-5
MC14076B Quad D-Type Register AL.CL.CP 16 V >/ 7-153
MC14077B Quad Exclusive NOR Gate AL.CL.CP 14 V V 7-147

MC14078B 8-lnput NOR Gate AL.CL.CP 14 V n/ 7-5
MC14081B Quad 2-lnput AND Gate AL.CL.CP 14 V V 7-5

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

MC14093B Quad 2-lnput NAND Schmitt Trigger AL.CL.CP 14 V V 7-161
MC14094B 8-Bit Bus-Compatible Shift Store Latch AL.CL.CP 16 V V 7-165
MC14099B 8-Bit Addressable Latch AL.CL.CP 16 V V 7-169
MC14160B Decade Counter (Asynchronous Clear) AL.CL.CP 16 V n/ 7-175

MC14161B Binary Counter (Asynchronous Clear) AL.CL.CP 16 s/ V 7-175
MC14162B Decade Counter (Synchronous Clear) AL.CL.CP 16 V v/ 7-175

MC14163B Binary Counter (Synchronous Clear) AL.CL.CP 16 >/ v/ 7-175
MC14174B Hex D Flip-Flop AL.CL.CP 16 V V 7-183
MC14175B Quad D Flip-Flop AL.CL.CP 16 n/ V 7-187

MC14194B 4-Bit Universal Shift Register AL.CL.CP 16 V V 7-191
MC14403 Tone Encoder L.P 16 7-195
MC14405 Tone Encoder L.P 18 7-195
MC14406 Pulse Code Modulator L.P 28 7-199
MC14407 Pulse Code Modulator L.P 22 7-199

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

MC14415 Quad Precision Timer/Driver EFL.FL.FP,
EVL.VL.VP

16 7-229

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

EVL.VL.VP
16 7-256

MC14440 LCD Watch/Clock Circuit L.Z 40,36 7-263
MC14443 8-Channel A/D Converter L.P 16 7-264
MC14447 8-Channel A/D Converter L.P 16 7-264

MC14450 Oscillator 216 Divider/Buffer L.P 6 7-268
MC14451 Oscillator Divider/Buffer L.P 16 7-272

MC14457 Transmitter P 16 7-276
MC14458 Receiver P 24 7-276
MC14460 Automotive Speed Control Processor P 16 7-287

MC14461 Smoke Detector, Ion Type P 16 7-293
MC14462 Smoke Detector, Ion Type, FET

'
16 7-293

"Suffixes defined on page i.



NUMERICAL INDEX (continued)

Part Number Function Suffix* Pins

Available in

HI-REL

Second

Soureed Page

MC14464

MC14465

MC14466

MC14469

MC14478

Smoke Detector Circuit

Smoke Detector Circuit

Low Cost Smoke Detector

Addressable Asynchr. Receiver/Transmitter
5-Function, 4-Digit LCD Watch

P

P

P

P

P.Chip

16

16

16

40

40

7-303

7-303

6-3

7-307

7-315

MCC14479

MC14480

MCC14481

MCC14487

MC14490

5-Function, 4-Digit LCD Watch

5-Function, 4-Digit LCD Watch
6-Function, 4-Digit LCD Watch

11 -Function, 6-Digit LCD Watch Circuit
Hex Contact Bounce Eliminator

Chip

L.P. Chip

Chip

Chip

EFL.FL.FP,
EVL.VL.VP

40

16

7-318

7-318

7-322

6-4

7-326

MC14495

MC14500B

MC14501UB

MC14502B

MC14503B

BCD-to-7 Segment Decoder Driver/Latch
Industrial Control Unit

Triple Gate
Strobed Hex Inverter/Buffer

Hex 3-State Buffer

L.P
AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

16

16

16

16

16

V
V
V
V

7-333

7-336

7-342

7-346

7-350

MC14504B

MCM14505

MC14506B

MC14508B

MC14510B

Hex TTL or CMOS to CMOS Level Shifter

64 X 1-Bit Static RAM

Dual Expandable AOI Gate

Dual 4-Bit Latch

BCD Up/Down Counter

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

16

14

16

24

16 V

7-354

7-357

7-366

7-371

7-376

MC14511B

MC14512B

MC14513B

MC14514B

MC14515B

BCD-to-7 Segment Latch/Decoder/Driver
8-Channel Data Selector

BCD-to-7 Segment Latch/Decoder/
Driver — Ripple Blanking

4-Bit Latch/4-to-16 Line Decoder (High)

4-Bit Latch/4-to-16 Line Decoder (Low)

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

16

16

18

24

24

V
V
V

V

7-382

7-388

7-392

7-400

7-400

MC14516B

MC14517B

MC14518B

MC14519B

MC14520B

Binary Up/Down Counter

Dual 64-Bit Static Shift Register

Dual BCD Up Counter

4-Bit AND/OR Selector

Dual Binary Up Counter

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

16

16

16

16

16

V
V
V
V
7

7-406

7-412

7-416

7-421

7-416

MC14521B

MC14522B

M CM14524

MC14526B

MC14527B

24-Stage Frequency Divider
Programmable BCD Divide-by-N Counter
256 X 4-Bit Read Only Memory

Programmable Binary Divide-by-N Counter
BCD Rate Mutliplier

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

16

16

16

16

16

V
V
V

7-426

7-432

7-439

7-432

7-446

MC14528B

MC14529B

MC14530B

MC14531B

MC14532B

Dual Monostable Multivibrator

Dual 4-Channel Analog Data Selector

Dual 5-lnput Majority Logic Gate
12-Bit Parity Tree

8-Bit Priority Encoder

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

16

16

16

16

16

V n/ 7-452

7-457

7-463

7-468

7-471

MC14534B

MC14536B

MCM14537

MC14538B

MC14539B

Real Time 5-Decade Counter

Programmable Timer

256 X 1-Bit Static RAM

Dual Precision Monostable Multivibrator

Dual 4-Channel Data Selector/Multiplexer

AL.CL.CP
AL.CL.CP

AL.CL

AL.CL.CP

AL.CL.CP

24

16

16

16

16

V

7-477

7-483

7-490

7-498

7-506

MC14541B

MC14543B

MC14544B

MC14547B

MC14549B

Programmable Oscillator-Timer

BCD-to-7 Segment Latch/Decoder/Driver
BCD-to-7 Segment Latch/Decoder/

Driver — Ripple Blanking

BCD-to-7 Segment Decoder/
Driver/Latch — High Current

Successive Approximation Register

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

14

16

18

18

16

V
n/

7-510

7-516

7-521

7-527

7-531

'Suffixes defined on page i.



NUMERICAL INDEX (continued)

Part Number Function Suffix* Pins

Available in

HI-REL

Second

Sourced Page
MC14551B

MCM14552

MC14553B

MC14554B

MC14555B

Quad 2-Channel Analog MUX
64 X 4-Bit Static RAM

3-Digit BCD Counter

2 X 2-Bit Parallel Binary Multiplier
Dual Binary to 1-of-4 Decoder

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL,CL,CP

AL.CL.CP

16

24

16

16

16

V

V

7-538

7-544

7-551

7-557

7-561

MC14556B

MC14557B

MC14558B

MC14559B

MC14560B

Dual Binary to 1-of-4 Decoder (Inverting)
1-to-64-Bit Variable Length Shift Register
BCD-to-7 Segment Decoder

Successive Approximation Register
NBCD Adder

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

16

16

16

16

16

V

V 7-561

7-564

7-568

7-531

7-574

MC14561B

MC14562B

MC14566B

MC14568B

MC14569B

9's Complementer

128-Bit Static Shift Register
Industrial Time Base Generator

Phase Comparator Programmable Counter
Dual Programmable BCD Binary Counter

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

14

14

16

16

16

V
V
V
V

7-578

7-584

7-588

7-594

7-604

MC14572UB

MC14573

MC14574

MC14575

MC14580B

Hex Gate

Quad Programmable Op Amp
Quad Programmable Comparator
Dual/Dual Programmable Op Amp Comp.
4X4 Multiport Register

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

16

16

16

16

24

V

V

7-608

7-611

7-611

7-611

7-615

MC14581B

MC14582B

MC14583B

MC14584B

MC14585B

4-Bit Arithmetic Logic Unit
Look-Ahead Carry Block
Dual Schmitt Trigger
Hex Schmitt Trigger
4-Bit Magnitude Comparator

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

AL.CL.CP

24

16

16

14

16

V
V
V

7-620

7-625

7-629

7-633

7-637

MC14597B

MC14598B

MC14599B

MC141000

MC141099

8-Bit Bus Compatible Counter/Latch
8-Bit Bus Compatible Addressable Latch
8-Bit Addressable Latch

One-Chip Microcomputer
4-Bit MPU

AL.CL.CP

AL.CL.CP

AL.CL.CP

L.P

L.P

16

18

18

28

48

7-643

7-643

7-169

7-650

7-650

MC141200

MC142100

MC145100

MCM145101

MC145104

One-Chip Microcomputer

4X4 Cross Point Switch w/Control Memory
4X4 Cross Point Switch w/Control Memory
256 X 4 RAM

PLL Frequency Synthesizer

L.P

L.P

L.P

L.P
P

40

16

16

22

16
V
V

7-650

7-660

7-660

7-663

7-667

MC145106

MC145107

MC145109

MC145112

M CM146504

PLL Frequency Synthesizer
PLL Frequency Synthesizer
PLL Frequency Synthesizer
PLL Frequency Synthesizer
4096 X 1-Bit Static RAM

P

P

P

P

L.P

18

16

16

18

18
v/

7-667

7-667

7-667

7-667

7-673

MCM146508

MCM146514

MCM146518

M CM146805

MCM146818

MCM146819

1024 X 1 RAM

1024X 4 Static RAM

1024 X 1 RAM

Microprocessor/Microcomputer
Real-Time Clock/RAM

Real-Time Clock/RAM

L.P

L,P

L,P
L

L

L

16

18

18

28,40

22

28

7-674

6-5

7-674

6-6

6-7

6-7

'Suffixes defined on page i.
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CMOS SELECTION GUIDE BY FUNCTION

Device Function Page

NAND Gates

MC14011B Quad 2-lnput NAND Gate 7-5
MC14011UB Quad 2-lnput NAND Gate 7"13
MC14093B Quad 2-lnput NAND Schmitt Trigger 7"161
MC14023B Triple 3-lnput NAND Gate 7"5
MC14023UB Triple 3-lnput NAND Gate 713
MC14012B Dual 4-lnput NAND Gate 7-5
MC14012UB Dual 4-lnput NAND Gate 7-13
MC14068B 8-lnput NAND Gate 7-5

NOR Gates

MC14001B Quad 2-lnput NOR Gate 7"5
MC14001UB Quad2-lnput NOR Gate 7'13
MC14025B Triple3-lnput NOR Gate 7*5
MC14025UB Triple3-lnput NOR Gate 7"13
MC14000UB Dual 3-lnput NOR Gate plus Inverter 7"2
MC14002B Dual 4-lnput NOR Gate 7"5
MC14002UB Dual 4-lnput NOR Gate 7"13
MC14078B 8-lnput NOR Gate 7"5

AND Gates

MC14081B Quad 2-lnput AND Gate 7'5
MC14073B Triple3-lnput AND Gate 7"5
MC14082B Dual 4-lnput AND Gate 7'5

OR Gates

MC14071B Quad 2-lnput OR Gate 7"5
MC14075B Triple3-lnput OR Gate 7"5
MC14072B Dual 4-lnput OR Gate 7"5

Complex Gates

MC14070B Quad Exclusive OR Gate 7"147
MC14077B Quad Exclusive NOR Gate 7'147
MC14501UB Triple Gate 7"342

(Dual 4-lnput NAND Gate and 2-lnput NOR/OR Gate or
8-lnput AND/NAND Gate)

MC14506B Dual Expandable AND-OR-INVERT Gate 7"366
MC14519B 4-Bit AND/OR Selector 7'421

(Quad 2-Channel Data Selector or Quad Exclusive NOR Gate)
MC14530B Dual 5-lnput Majority LogicGate 7-463
MC14572UB Hex Gate 7"608

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

Inverters/Buffers/Level Translator

MC14007UB Dual Complementary Pair plus Inverter 7-22
MC14049UB Hex Inverter/Buffer 7-129
MC14050B Hex Buffer 7*129
MC14069UB Hex Inverter 7-145
MC14502B Strobed Hex Inverter/Buffer 7-346
MC14503B Hex 3-State Buffer 7-350
MC14504B TTL or CMOS to CMOS Hex Level Shifter 7-354
MC14584B Hex Schmitt Trigger 7-633

1-3



CMOS SELECTION GUIDE BY FUNCTION (continued)

Device Function Page

Decoders/Encoders

MC14028B BCD-to-Decimal/Binary-to-Octal Decoder 7-84
MC14514B 4-Bit Latch/4-to-16 Line Decoder (High) 7-400
MC14515B 4-Bit Latch/4-to-16 Line Decoder (Low) 7-400
MC14532B 8-Bit Priority Encoder 7.471
MC14555B Dual Binary-to-1-of-4Decoder/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
MC14511B 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 7-516
MC14544B BCD-to-Seven Segment Latch/Decoder/Driver - Ripple Blanking 7-521
MC14547B BCD-to-Seven Segment Latch/Decoder/Driver - High Currrent 7-527
MC14558B BCD-to-Seven Segment Decoder 7-568

Multiplexers/Demultiplexers/Bilateral Switches

MC14016B Quad Analog Switch/Quad Multiplexer 7-48
MC14066B Quad Analog Switch/Quad Multiplexer 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 7-506
MC14051B 8-Channel Analog Multiplexer/Demultiplexer 7-133
MC14512B 8-Channel Data Selector 7-388
MC14519B 4-Bit AND/OR Selector 7-421
MC14551B Quad 2-lnput Analog Multiplexer/Demultiplexer 7-538

Schmitt Triggers

MC14093B Quad 2-lnput NAND Schmitt Trigger 7-161
MC14583B Dual Schmitt Trigger 7-629
MC14584B Hex Schmitt Trigger 7-633

Flip-Flops/ Latches

MC14013B Dual Type D Flip-Flop 7-34
MC14027B Dual J-K Flip-Flop 7-80
MC14042B Quad Latch 7-116
MC14043B Quad NOR R-S Latch 7-120
MC14044B Quad NAND R-S Latch 7-120
MC14076B Quad D-Type Register 7-153
MC14175B Quad Type D Flip-Flop 7-187
MC14508B Dual 4-Bit Latch 7-371
MC14174B Hex Type D Flip-Flop 7-183

MC14099B 8-Bit Addressable Latch 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
MC14599B 8-Bit Addressable Latch with Bidirectional Port 7-169

1-4



CMOSSELECTION GUIDE BY FUNCTION (continued)

Device Function Page

Shift Registers

MC14035B 4-Bit Parallel-ln/Parallel-Out ShiftRegister 7-107
MC14194B 4-Bit Bidirectional Universal ShiftRegister 7"191
MC14015B Dual 4-Bit StaticShift Register 7"42
MC14014B 8-Bit StaticShift Register 7*38
MC14021B 8-Bit StaticShift Register 7"38
MC14034B 8-Bit Universal Bus Register 7-100
MC14094B 8-Stage Shift/Store Register 7-165
MC14006B 18-Bit StaticShift Register 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 StaticShift Register 7-584

Counters

MC14024B Seven-Stage Ripple Counter 7'74
MC14017B Decade Counter/Divider 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 7"89
MC14510B BCD Up/Down Counter 7-376
MC14522B Programmable Divide-by-N 4-Bit Counter (BCD) 1-AZ2
MC14040B 12-Bit Binary Counter 7-112
MC14020B 14-Bit Binary Counter 7*63
MC14022B Octal Counter/Divider 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 7-406
MC14526B Programmable Divide-by-N 4-Bit Counter (Binary) 1-AZ2
MC14518B Dual BCD Up Counter 7"416
MC14520B Dual Binary Up Counter > 7-416
MC14569B Dual Programmable BCD/Binary Counter 7"604
MC14553B Three-Digit BCD Counter 7"551
MC14534B Real Time5-Decade Counter 7-477
MC14566B Industrial Time Base Generator 7-588

Oscillators/Timers

MC14521B 25-Stage Frequency Divider 7-426
MC14536B Programmable Timer 7'483
MC14541B Programmable Oscillator/Timer 7-510
MC14450 Oscillator/216 Divider/Buffer 7-268
MC14451 Oscillator/211 to 219 Divider/Buffered Duty Cycle Control 7-272

Phase-Locked Loops

MC14046B Phase-Locked Loop 7-124
MC14568B Phase Comparatorand Programmable Counter 7-594
MC145104 Phase-Locked Loop Frequency Synthesizer 7-667
MC145106 Phase-Locked Loop Frequency Synthesizer 7-667
MC145107 Phase-Locked LoopFrequency Synthesizer 7-667
MC145109 Phase-Locked Loop Frequency Synthesizer 7-667
MC145112 Phase-Locked LoopFrequency Synthesizer 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-Bit full Adder 7.26
MC14032B Triple Serial Adder (Positive Logic) '..'.'.'.'.'. 7-95
MC14038B Triple Serial Adder (Negative Logic) 7.95
MC14560B NBCD Adder 7-574
MC14561B 9's Complementer 7-578
MC14582B Look-Ahead Carry Block 7-625
MC14585B 4-Bit Magnitude Comparator 7-637

ALU Rate Multipliers

MC14527B BCD Rate Multiplier 7_446
MC14554B 2X2-Bit Parallel Binary Multiplier '.'.'.'.'.'. 7-557
MC14581B 4-Bit Arithmetic Logic Unit 7-620

Parity Checker

MC14531B 12-Bit Parity Tree 7_468

Memories

MC14580B 4X4 Multiport Register 7^20
MCM14505 64-Bit Static Random Access Memory 7-357
MCM14537 256-Bit Static Random Access Memory 7-490
MCM14552 256-Bit Static Random Access Memory '.'.'.'.'. 7-544
MCM14524 1024-Bit Read Only Memory 7-439
MCM145101 1024-Bit Static Random Access Memory 7-663
MCM146504 4096 X1-Bit Static Random Access Memory 7-673
MCM146508 1024 X1-Bit Static Random Access Memory 7-674
MCM146514 1024 X4-Bit Static Random Access Memory 6-5
MCM146518 1024 X1-Bit Static Random Access Memory ' 7^74
MCM146805 Microprocessors/Microcomputers 6c
MCM146818 Real-Time Clock/RAM 6-7
MCM146819 Real-Time Clock/RAM *

6-7

Communications/Telephone Functions

MC14408 Binary-to-Phone Pulse Converter Subsystem 7-209
MC14409 Binary-to-Phone Pulse Converter Subsystem 7-209
MC14410 2of-8 Tone Encoder 7-217
MC14411 Bit RateGenerator 7_221
MC14412 Universal Low-Speed Modem 7-224
MC14419 2-of-8 Keypad-to-Binary Encoder 7-234
MC14403 DTMF Integrated ToneDialer 7.ig5
MC14405 DTMF Integrated Tone Dialer ' ^195
MC14406 Full Duplex 8-Bit Companded PCM Codec . 7-199
MCI4407 Full Duplex 8-Bit Companded PCM Codec 7-199
MC142100 4X4 Cross Point Switch withControl Memory 7-660
MC145100 4X4 Cross Point Switch withControl Memory 7-660
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CMOS SELECTION GUIDE BY FUNCTION (continued)

Device Function

Watch Circuits

MC14450 Oscillator/216 Divider/Buffer 7_268
MC14451 Oscillator/211 to 219 Divider/Buffered Duty Cycle Control 7*272
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 7-336
MC141000 One Chip Microcomputer 7-650
MC141099 One Chip Microcomputer 7-650
MC141200 OneChip Microcomputer 7-650

Remote Control/Addressable Encoder/Decoder

MC14422 RemoteControl Transmitter 7-238
MC14469 'Addressable Asynchronous Receiver/Transmitter 7-307
MC14457 Transmitter 7-276
MC14458 Receiver 7"276

Operational Amplifier/Comparator

MC14573 Quad Programmable Operational Amplifier 7*611
MC14574 Quad Programmable Comparator 7-611
MC14575 Dual/Dual Programmable Operational Amplifier-Comparator 7-611

Smoke Detector Circuits

MC14461 Smoke DetectorCircuit 7-293
MC14462 Smoke DetectorCircuit - with On-Chip FET 7-293
MC14464 Smoke DetectorCircuit 7-303
MC14465 Smoke Detector Circuit 7-303

A/D Converter/Logic Functions

MC14433 3-1/2 Digit A/DConverter 7"244
MC14435 3-1/2 Digit A/D Logic Subsystem 7-256
MC14443 Microprocessor Based Analog-to-Digital Converter 7-264
MC14447 Microprocessor Based Analog-to-Digital Converter 7-264
MC14549B Successive Approximation Register 7-531
MC14559B Successive Approximation Register 7-531

Other Complex Functions

MC14415 Quad PrecisionTimer/Driver 7-229
MC14460 Automotive Speed Control Processor 7-287
MC14490 Hex Contact Bounce Eliminator , 7-326
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THE

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 isoffered on CMOS, Linear, TTL, TTL/LS, DTL, HTL, ECL, and Bipolar
MEMORIES in dual-in-line ceramic and plasticpackages.

. Motorolastandard commercial integrated circuitsare
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 tailoredto
meet different user needs at nominalcosts.

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

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

BETTER PROCESSING -

STANDARD PRODUCT PLUS:

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

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

• 100% high temperature functional test at
+100oC.

LEVEL II (Suffix D)
• 100% bum-in to MIL-STD-883A test conditions

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

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

TABLE 1 — "BETTER" AQL GUARANTEES

TEST CONDITION
AQL2

LEVEL 1 LEVEL II LEVEL til

HIGH TEMPERATURE FUNCTIONAL TA = 100*C 0.15 0.15* 0.10

DC PARAMETRIC TA = 2S°C 0.28 0.28 0.28

AC PARAMETRIC TA = 25°C 0.65 0.65 0.65

EXTERNAL VISUAL AND MECHANICAL'
MAJOR 0.11 0.11 0.11

MINOR 2.50 2.50 2.50

HERMETICITY
(NOTAPPLICABLE TO PLASTIC PACKAGES)

GROSS 0.46 0.46 0.46

'MAJOR DEFECTS — AFFECTS FORM. FIT.OR FUNCTION: MINORDEFECTS— COSMETIC
•GENERAL INSPECTION LEVEL II

HOW TO ORDER

MCI4001B CP

Part

Identification

Standard

Package
Suffix

BETTER

PROCESSING

LEVEL I - SUFFIX S

LEVEL II = SUFFIX D

LEVEL III = SUFFIX DS

PART MARKING

The Standard Motorola part number with the corre
sponding "BETTER"suffixcan be ordered from your
local authorized Motorola distributor or Motorola sales
offices. "BETTER"pricingwillbe quoted as an adder to
standard commercial product price.
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GENERALIZED PRODUCT FLOW

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

100% VOLTAGE
STRESS & LOW

LEVEL LEAKAGE

[ DIE BOND

WIRE BOND

| ENCAPSULATION

BAKE

"® -®

Scanning Electron Microscope Water Process Control Monitor: Tocontrol oxide stepprofiles.
contact coverage, and metallization integrity.

CVPlotWafer Process Control Monitor: To controlfield inversionpotential, base inversion—
surface channel formation, and to detect any spurious contamination problems.

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

Die High-Power Sample Gate Inspection: Performed byin-process Q.A. toan 8.0% AQL to
detect any damage caused by100% wafer probe ormechanical scribe and break operation, or
any scratches, metallization smears, or glass on bonding pads.

Die Bond Sample Gate Inspection: Performed byin-process Q.A. toa 1.0% AQL todetect any
misaligned ortilted die and toassure adequate "wetting" for low thermal resistance and high die
shear strength.

Wire Bond Sample Gate Inspection: Performed byin-process Q.A. toa1.0%AQLtodetect any
improper wire bondsorwire dress, and anywire bonder damage.
Wire Pull Monitor: Performed byin-process Q.A. tomaintain process control ofbond strength
values per MIL-STD-883A, Method 2011, Condition D.

Motorola Proprietary Epoxy Molding Compound: Meetsorexceeds U.L.
flame-retarding level UL94V-1.

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

HERMETIC

I
SEALING

100% Temperature Cycling: MIL-STD-883A, Method 1010. tencycles -25°Cto +150°C.
Exercising circuits tentimes over a 175°C range stresses thedie and wire bonds and generally
eliminates any marginal bonds and also screens out some types ofwafer defects (pinholes,
interlayer metal shorts, marginal step coverage, N+ crossunder shorts) and marginal seals in
hermetic packages. This screening issuperior tothermal shock screening because itdoesnot
introduce latent failures inceramic packages (microcracks in seals) or in plastic packages
(entrapped liquid) thatcanresult from liquid-to-liquid thermal shock.
Hermeticity Monitor: Hermetic packages only —combination fine/gross leak testper modification
of MIL-STD-883A, Method 1014B. (5 x 10 8ATM CC/SEC to 1 x 10 4ATM CC/SEC).
Sampled to a 0.65% AQL

100% Electrical: Functional and DC parametricsat 25°C.

700%Burn-In: MIL-STD-883A, Method 1015, for 160hoursminimum atTAof 125°C minimum (or
equivalent, per Arrhenius equation with 1.0eV activation energy). Testcondition depends on
device type, but generallycondition A or C.

100% High-Temperature Functional: Devices are functionally tested at 100°C, 15°C to30°C
above maximum rated operating temperatures, to assure reliable operation at elevated
temperatures and toscreen out marginally performing devices that could otherwise lower field
reliability. Although epoxy molding compounds haveessentially eliminated the thermal
intermittent failure mode,thisscreen provides protection from any"maverick" intermittent device
being shipped toa customer. This screening ismore effective than hotrail "continuity" testing
because non-functional devices can often pass a continuity test.

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

Q.A. Electrical andMechanical Final Acceptance Tests: Sampled tothetightened AQLlevelsof
Table I.

Hermeticity Monitor: Hermetic packages only. Fine leak per MIL-STD-883A, Method 1014B
(5 x 10"8 ATM CC/SEC) andgross leakperMIL-STD-883A, Method 1014C2. Sampled to a
combined AQL of .46%.
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CMOS High Reliability
Ordering information
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ORDERING INFORMATION FOR
HIGH RELIABILITY
CMOS INTEGRATED CIRCUITS

Motorola presently has MIL-STD-
883B Class B products in inventory
for the standard 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.
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For custom high reliability
products, Motorola recommends
one of two approaches:

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

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

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

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



CMOS HIGH RELIABILITY ORDERING INFORMATION

TABLE I. yni n
This table defines the three MIL-STD-883B processing stepsand the Motorola internal ClassDprocess
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.

CLASSS CLASSB CLASS 0 (D CLASSC

SCREEN METHOD RQMT METHOD RQMT METHOD RQMT METHOD RQMT

Internal Visual (Precap) 2010 Condition
A

100% 2010 Condition
B

100% 2010 Condition
B

100% 2010 Condition
B

100%

Stabilization Beka 1008. 24 hrs
min. test

Condition C

100% 1008.24 hrs
min. test

Condition C

100% 1003.24 hrs
min. test
Condition C

100% 1008.24 hrs
min. test

Condition C

100%

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

Constant Acceleration 2001 Condition E
(min.) Yi plane

100% 2001 Condition E
(min.) Yi plane

100% 2001 Condition E
(min.) Yi plane

100% 2001 Condition E
(min.) Yi plane

100%

Seal (a) Fine
(b) Gross

1014 100% 1014 100% 1014 100%

PIND 2020 Condition

AorB

100%
-

— —
—

"

Serialization
_ 100% — — - - -

—

Interim Electrical
Parameters

Per applicable
device
specification

100% Per applicable
device
specification

Per applicable
device
specification

Bum-in Test 1015
240 hrs @
125*C min. or equiv

100% 1015
160 hrs @
125*C min. or equiv

100% 1015
160 hrs @
125*C min.

100%

Interim Electrical
Parameters

Per applicable
device
specification

100% -"•

Reverse Bias Bum-In 1015 Condition A
or C 72 hrs
at 150°C min.

100%

Interim Electrical
Parameters

Per applicable
device
specification

100% Per applicable
device
specification

100% Per applicable
device
specification

100%

Seal (a) Fine
(b) Gross

1014 100% —
—

Final Electrical Tests
(a) Static tests

(1)25*C (subgroup 1.
table 1. 5005)

(2) Max. and min. rated

Per applicable
device
specification 100%

100%

Per applicable
device
specification 100%

100%

Per applicable
device
specification 100%

Per applicable
device
specification 100%

operating temp,
(subgroups 2 and 3,
table 1. 5005)

(b) Dynamic tests and/or
switching tests @ 25*C
(subgroup 4 and 9.
table 1. 5005)

(c) Functional test @ 25%
(subgroup 7, table 1,
(5005)

Radiographic

Qualification or Quality
Conformance Inspection

External Visual

100%

100%

2012 Two Views 100%

5005

OassS

Sample
per

38510

100%

(1) Motorola internal process flow.

5005
Class B

2009
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100%

100%

Sample
per

38510

100%

5005

Class B

2009

Sample
per

38510

100%

5005

Class C

2009

Sample
per

38510

100%



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—I

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
IC = Tested to JEDEC Standard 101

Case Outline for Dual In-Line Packages
C—14-pin J —24-pin T—28-pin W—22-pin
E—16-pin Q—40-pin V—18-pin

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

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

CMOS
MC 14001

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

A B C B (S, M, JO*

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.
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CMOS HIGH RELIABILITY ORDERING INFORMATION

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

EXAMPLE:

Basic Numbering Parameters—
Example: JM 38510/XXXXXYYY

M38510 /XXX XX

Indicates a Qualified Device

Military Designator

Detail Specification Number
Device Type Within Detail Specification
Class B or C (See Device Table I)

Y Y Y

Case Outline (See Case Outline for Dual In-Line Packages) •

Lead Finish (See Lead Finish Table)

Case Outline for Dual
In-Line Packages
C—14-Pin T—28-Pin V—18-Pin
E—16-Pin Q—40-Pin
J —24-Pin W—22-Pin

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

interchangeable.
Legend: A-Alloy 42 lead material

B-Kovar lead material

Indicates a Qualified Device

Military Designator

M38510 /055 02 B C B

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 ^A 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

2.5 V min @ 15 V supply

The industry-standardized maximum ratings and
recommended operating range are shown at the bottom of
this page. Limits for the static characteristics are shown in
two formats: Table 1 is in the industry format and Table
2 is in the equivalent Motorola format. The Motorola
format is used throughout 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 +Vqd supply voltage
Input pulse rise and fall times of 20 ns
Propagation Delay times measured from 50% point
of input voltage to 50% point of output voltage
Three different supply voltages: 5, 10, and 15 V

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

Noise Margin
The values for input voltage and the given defined

output deviation lead to minimum noise margins of 1.0 V,
2.0 V, and 2.5 V for a 5.0 V. 10 V, and 15 V supply,
respectively.

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

mum of 0.36 mA over the temperature range with a 5.0 V
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 decreasedgaincaused by usinga singlestage 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 Vssl

Rating Symbol Value Unit

DC Supply Voltage VDD -0.5 to -18 Vdc

Input Voltage. All Inputs V,n -0 5 to VDD • 0.5 Vdc

DC Current Dram per Pin 1 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

TA -55 to '125

-40 to *85

°C

Storage Temperature Range Ts.g -65 to * 150 °C

RECOMMENDED OPERATING RANGE

IDC Supply Voltage VDD

•Specification! coordinated by ElA/JEDECSolidStato Product! Council.
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TABLE 1- EIA/JEDEC FORMAT FOR CMOS INDUSTRY BAND UB SERIES SPECIFICATIONS

ELECTRICAL CHARACTERISTICS

PARAMETER
TEMP

RANGE

VDD

(Vdc
CONDITIONS

LIMITS

TLOW* + 25°C THIGH* UNITS

Min Max Min Max Min Max

'DD

Quiescent

Device Currant

GATES

BUFFERS

FLIP-FLOPS

MSI

Mil

5

10

15

vin " Vss or VDD
0.25

0.5

1.0

0.25

0.5

1.0

7.6

15

30

pAdc

Comm

5

10

15

All valid input

combination!
1.0

2.0

4.0

1.0

2.0

4.0

7.5

15

30

jiAdc

Mil

5

10

15
VIN"VSS°'VDD

All valid input

combinations

1.0

2.0

4.0

1.0

2.0

4.0

30

60

120

pAdc

Comm 10

15

4

8

16

4.0

8.0

16.0

30

60
120

MAdc

Mil

5

10

15

VIN" Vss or VqD

All valid input

combinations

5

10

20

5

10

20

150

300

600

MAdc

Comm

5

10

15

20

40

80

20

40

80

150

300

600

MAdc

vol Low-Level

Output Voltage All

5

10

15

VIN" Vss or VDD
Hokima

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

Vdc

voh High-Level
Output Voltage All

5

10

15

VIN" Vss or VDD
llnl < 1mA

4.95

9.95

14.95

4.95

9.95

14.95

4.95

9.95

14.95

Vdc

V|L Input

Low Voltage*
B Types

All

6

10

15

V0 = 0.5V or 4.5V
V0" 1.0V or 9.0V
V0« 1.5V or 13.5V
IIOK 1mA

1.5

3.0

4.0

1.5

3.0

4.0

1.5

3.0

4.0

Vdc

V|L Input

Low Voltage3

UB Types

All

5

10

15

VO- 0.5V or 4.5V
Vq" 1.0V or 9.0V
V0= 1.5V or 13.5V
H0I< IMA

10

2.0

2.5

1.0

2.0

2.5

1.0

2.0

2.5

Vdc

V|H Input

High Voltage =

B Typei
All

5

10

15

Vq = 0.5V or 4.5V
V0- 1.0V or 9.0V
V0- 1.5V or 13.5V
llnl < 1mA

3.5

7.0

11.0

3.5

7.0

11.0

3.5

7.0

11.0

Vdc

V|H Input

HighVoltage*
UB Types

All

5

10

15

V0 = 0.5V or 4.5V
V0" 1.0V or 9.0V
V0- 1.5V or 13.5V

llnK ImA

4.0

8.0

12.5

4.0

8.0

12.5

4.0

8.0

12.5

Vdc

'OL Output Low

(Sink) Current

Mil

5

10

15

V0 • 0.4V,
V!N -0or5V

V0 " 0.5V,
V|N -Oor 10V

V0-1.5V,
V|N-0or 15V

0.64

1.6

4.2

0.51

1.3

3.4

0.36

0.9

2.4

mAdc

Com

5

10

15

V|N -Oor 5V
V0 - 0.5V,

V|N -Oor 10V
V0- 1.5V,

V|N-0or 15V

0.52

1.3

3.6

0.44

1.1

3.0

0.36

0.9

2.4

mAdc
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TABLE 1 - Continued

ELECTRICAL CHARACTERISTICS

PARAMETER
TEMP

RANGE

VDD

(Vdc)
CONDITIONS TlOW* + 25°C Thigh* UNITS

Min Max Min Max Min Max

Ioh Output High

(Source) Current

Mil

5

10

15

V0 • 4.6V,
V|N = 0or5V

V0 - 9.5V.
V||g-0or 10V

V0- 13.5V,
V|N • oor 15V

-0.25

-0.62

-1.8

-0.2

-0.5

-1.5

-0.14

-0.35

-1.1

mAdc

Com

5

10

15

V0 = 4.6V,
V|N = 0or5V

V0 - 9.5V,
V|(j-0or 10V

V0- 13.5V
V|N = 0or 15V

-0.2

-0.5

-1.4

-0.16

-0.4

-1.2

-0.12

-0.3

-1.0

mAdc

•in Input Current Mil

Comm

15

15

V|N = 0or 15V
V|N = 0or 15V

:0.1

:0.3

:0.1

±0.3

11.0

klJO

MAdc

MAdc

lo* 3-State Output

Leakage Current

Mil

Comm

15

15

V|N = 0or 15V
V|n • Oor 15V

10.4

t1.6

t0.4

H.6

:12

= 12

MAdc

MAdc

C|N Input Capacitance

per unit load

All
-

Any Input 7.5 pF

*T|_OW =-55°C for Military temperature range device. -40°C for Commercial temperature range device.
THIGH =*1250C for Military temperature range device, +85°C for Commercial temperature range device.

#Applies for Worst Case input combinations.

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

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
VDD
Vdc

T|ow" 25°C Thlgh*
Unit

Min Max Min Max Min Max

Output Voltage "0" Level
Vin°VDDor0

"1" Level

Vin - 0 or Vqd

vol 5.0

10

15

-

0.05

0.05

0.05

-

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95

—

4.95

9.95

14.95

-

4.95

9.95

14.95

-

Vdc

Input Voltage # B Types "0" Level
(Vq-4.5 or 0.5 Vdc)
(VQ-9.0or 1.0 Vdc)
(V0- 13.5 or 1.5 Vdc)

"1" Level

(Vq = 0.5 or 4.5 Vdc)
(V0 1.0 or 9.0 Vdc)
(V0 = 1-5 or 13.5 Vdc)

V|L
5.0

10

15

-

1.5

3.0

4.0

-

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

-

3.5

7.0

11.0

-

Vdc

Input Voltage « UB Types "0" Laval
(Vo " 4.5 or 0.5 Vdc)
(Vo" 9-0 or 1.0 Vdc)
(Vo- 13.5 or 1.5 Vdc)

"1" Level

(Vo = 0.5 or 4.5 Vdc)
(V0- 1.0 or 9.0 Vdc)
(Vq- 15 or 13.5 Vdc)

V|L
5.0

10

15

-
1.0

2.0

2.5

-

1.0

2.0

2.5

-

1.0

2.0

2.5

Vdc

V|H
5.0

10

15

4.0

8.0

12.5

-
4.0

8.0

12.5 _

4.0

8.0

12.5

-

Vdc
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TABLE 2 - Continued

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
VDD

Vdc

Tlow* 25"C Tr^iflh•
Unit

Min Max Min Mm Min Max

Output Drive Current (AL) B Gates

(VoH " 2.6 Vdc) Source
(V0H " 4.6 Vdc)
(V0H " 9.5 Vdc)
(Voh " 136 Vdc)
(Vol " 0.4 Vdc) Sink
(Vol "0.6 Vdc)
(vol-1-6 vdc)

'OH
6.0

5.0

10

16

-1.2

-0.26

-0.62

-1.8

-

-1.0

-0.2

-OS

-15

-
-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2
:

0.51

1.3

3.4
-

0.36

0.9

2.4
;

mAdc

Output Drive Current (CL/CP) B Gates

(Voh " 2.6 Vdc) Source
(Voh " 46 Vdc)
(Vqh - 9.5 Vdc)
(V0H -136 Vdc)
(Vol"04 Vdc) Sink
(Vol "06 vdc)
(Vol-1-6 vdc)

•OH
5.0

5.0

10

15

-1.0

-0.2

-0.6

-1.4

-
-0.8

-0.16

-0.4

-1.2

-

-0.6

-0.12

-0.3

' -1.0
-

mAdc

'OL 6.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0
-

0.36

0.9

2.4
-

mAdc

Output Drive Current (AL) UB Gates

(VOH - 2.5 Vdc) Source
(Vqh - 4.6 Vdc)
(VoH - 9.5 Vdc)
(VoH - 13.5 Vdc)
(Vol - 0.4 Vdc) Sink
(v0L-0.5 vdc)
(Vol" 1-5 vdc)

•oh
6.0

5.0

10

16

-1.2

-0.25

-0.62

-1.8

-
-1.0

-0.2

-03

-15

-
-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

16

0.64

1.6

4.2

-

0.51'

1.3

3.4
-

0.36

0.9

2.4
-

mAdc

Output Drive Current (CL/CP) UB Gates
(VoH - 2.5 Vdc) Sourco
(VOH - 46 Vdc)
(VoH " 9.5 Vdc)
(Voh-135 Vdc)

(Vql - 0.4 Vdc) Sink
(vol - o.5 vdc)
"(VoL"1-5Vdc)

•oh
5.0

6.0

10

16

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

'OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0
;

0.36

03

2.4
:

mAdc

Output Drive Current (AL) Other Devices

(VOH ' 4.6 Vdc) Source
(Vqh " 9.6 Vdc)
(V0H - 13.6 Vdc)
(Vol "0.4 Vdc) Sink
(Vol - 0.8 vdc)
(vol-1-6 vdc)

'OH
5.0

10

15

-0.25

-0.62

-1.8

-
-0.2

-OS

-15

-

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2

-

6.61

1.3

3.4
-

0.36

03

2.4

-

mAdc

Output Drive Current (CL/CP) Other Devices

(Voh ° 4-6 Vdc) Source
(VoH ' 9.5 Vdc)
(Voh - 135 Vdc)
(Vol " 0.4 Vdc) Sink
(Vol - 0.6 vdc)
(vol-1-6 vdc)

'OH
5.0

10

16

-0.2

-0.5

-1.4
-

-0.12

-0.4

-1.2

-

-0.12

-0.3

-1.0

-

mAdc

'OL 5.0

10

16

0.62

1.3

3.6

-

0.44

1.1

3.0
-

0.36

03

2.4
-

mAdc

Input Current (AL Device) •in 16
- ±0.1 -

±0.1
-

±1.0 iiAdc

Input Current (CL/CP Device) •in 16
-

±0.3
-

±0.3
-

±1.0 MAdc

Input Capacitance

(Vin-0)
Cin

" " "

7.5

"
~

pF

Gate Quiescent Current (AL Device)

(Per Package)

(CL/CP Device)

<DD 5.0

10

15

-

0.26

0.5

1.0

-

0.25

0.5

1.0

-

7.5

15

30

MAdc

>DD 5.0

10

15 _

1.0

2.0

4.0

-

1.0

2.0

4.0 _

7.8

16

30

MAdc
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TABLE 2 - Continued

ELECTRICAL CHARACTERISTICS •

Characteristic Symbol
VDD
Vdc

Tlov/ 25«*C Thigh*
Unit

Min Max Min Max Min Max

Flip-Flop and Buffer Quiescent Current
(Per Package) <AL Device)

(CL/CP Device)

•dd 6.0

10

15

—
1.0

2.0

4.0
:

1.0

2.0

4.0

-

30

60

120

MAdc

'dd 5.0

10

16

-

4.0

8.0

16

-

4.0

8.0

16

-

30

60

120

MAdc

MSI Quiescent Current (AL Device)

(Per Package)

(CL/CP Device)

•dd 5.0

10

16

-

6.0

10

20
:

6.0

10

20
-

150

300

600

MAdc

'dd 5.0

10

16

-

20

40

60

-

20

40

80

-

160

300

600

MAdc

LSI Quiescent Current •dd See Individual Data Sheen.

• Tioy,- -55°C forAL Device, -40°C forCL/CP Device.
Th|gh - +126°C for ALDevice, +85°C for CL/CP Device.

#Noise immunity specified for worst-case input combination.
NoiseMargin for both "1" and"0" level- 1.0Vdc min 9 VDD- 5.0 Vdc

2.0 Vdc min ® VD0 - 10 Vdc
2.5 Vdc min 9 VDD - 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 Vjn and
Vout be constrained to the range Vss < (Vjnor Voul)<
VqD- Unused inputs must always be tied to an appro
priate logic voltage level (e.g., either Vss or VDD)-

Unfortunately, severe electrical transient voltages
can be generated during handling. For example, static
voltages generated by a person walking across a common
waxed floor have been measured in the 4 to 15 kV range

(depending on humidity, surface conditions, etc.) These
static voltages are potentially dangerous when discharged
into a CMOS input, considering the energy stored in
the capacity (= 300 pF) of the human body at these
voltage levels.

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

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

The input protection circuit consists of a series isolation
resistor Rs whose typical value is 1.5 KI2, and diodes
D1 and D2, which clamp the input voltages between the
power supply pins Vqd and VsS- Diode D_3 isa distributed
structure resulting from the diffusion fabrication of Re,.

r

Inpul o 1—^A/>V» »' i |
3"

FIGURE 1 -SCHEMATIC DIAGRAM.

DIODE-RESISTOR INPUT PROTECTION

In addition to the internal protection network, the

following steps are recommended to further reduce damage
lo CMOS integrated circuits due to improper handling.

1. All CMOS devices should be stored or transported in

materials that arc antistatic. CMOS devices must not

be inserted into conventional plastic "snow",

styrofoam or plastic trays, but should be left in
their original container until ready for use.

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

recommended. See Figure 2.

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

4. If automatic handling is being used, high levels of
static electricity may be generated by the movement
of devices or boards. Avoid this by grounding suspect

areas and/or by the use of ionized air blowers.

5. Cold chambers using CO2 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.
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b. Brush or spray cleaning should not be used.
c. Assemblies should be placed into the vapor de-

greaser immediately upon removal from the

antistatic container.

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

cleaning basket.

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

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

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

11. Equipment specifications should alert users to the

presence of CMOS devices and require familiari

zation with this specification prior to performing
any kind of maintenance or replacement of devices
or modules.

12. A circuit board containing CMOS devices is merely
an extension of the device and the same handling
precautions apply. Contacting edge connectors
wired directly to CMOS device inputs can cause
damage. Plastic wrapping should be avoided. When
external connections to a PC board address only an
input of a CMOS integrated circuit, it is recom
mended that a resistance or 10 K12 or greater be
used in series with the input. This resistor will limit

accidental damage if the PC board is removed and

brought into contact with static generating materials.

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

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

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

16. All unused device inputs should be connected to

VqD or Vss-

JOTES: 1 1/16 inch conductive sheet stock covering bench lop work area.
2. Ground Strap.

3 Wrist Strap in contact with skin.

4 Static neutralizes (Ionized air blower directed at workl. Primarily for use in areas where
direct grounding is impractical.

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

plane.

5-5

GLASS

SEAL
CERDIP PACKAGE

15MIL

MINIMUM WIDTH

— INSERTION

TOOL

55 MIL
MINIMUM WIDTH

FIGURE 3 - CERDIP INSERTION PRECAUTIONS
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Product Preview

MC14466
LOW COST SMOKE DETECTOR

Ionization Type with On Chip FET

Piezoelectric Horn Driver

Guard Outputs on Both Sides of Detect Input

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

Detect Threshold Internally Set Can Be Altered

Via External Resistor

Pulse Testing for Low Battery Uses LED for Battery
Loading

Comparator Outputs for Detect and Low Battery

Detect Comn Out

N/C

Low V Set

Low V Comu Out

LED

Timing Resistor

Horn Out 1

1 ~W 1G "

2 15 -

3 14 •

-I 13 -

5 12

6 1 1

7 10

8 9

6-3

CMOS MSI
(LOW POWERCOMPLEMENTARY MOS)

mi

PSUFFIX

PLASTIC PACKAGE

CASE 648

Guard

Detect Input

Guard

Sensitivity Sot

OSC Capacitor

Horn Out 3

Horn Out 2

VSS



Product Preview

MCC14487
6 DIGIT, 11 FUNCTION

LCD WATCH CIRCUIT

6 Function Timekeeping

24 Hour Alarm

Chronograph with Split

Timer with Alarm

3 Volt Operation

Piozoelectric Ala

a

r6
f r6"

Alarm

Backlight Out

SWSW

SPSW

T
Outputs to LCD

6-4

HDHr^

oscout OSCjn

TSW

ASW

SSW
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Product Preview

MCM146514
1 K X 4 STATIC RAM

• 1024 Words by 4-Bit Organization

• Industry Standard 18-PinConfiguration

• Single Supply - 5 Volt Operation

• Fully Static - No Clocks or Refresh Required

Row

Select

H—
2

1

>=
17

16 r —
s%

CMOS LSI
(LOW POWER COMPLEMENTARY MOS)

Uomorv Array

64 Row

64 Columns

6-5

BLOCK DIAGRAM

L SUFFIX

CERAMIC PACKAGE
CASE 680

PSUFFIX

PLASTIC PACKAGE

CASE 707
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Product Preview

MC146805 Series
MICROPROCESSORS/MICROCOMPUTERS

CONFIGURATION FEATURES:

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

• On-Chtp RAM

64 Byte Option

112 (128-16 I/O) Byte Option

• On-Chip ROM

2K Byte Option

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

• External Interrupt

• Timer/Counter

8 Bits Programmable
7-Bit Prescaler

External or Internal Clock

Time-Out Interrupt

• I/O Ports

2-1/2 Port (20 Line) Option - 28 Pins
4 Port (32 Line) Option - 40 Pins

Each Line May Be Input or Output

• 4.0 MHz Oscillator - 1.0 MHz Cycle

• Other I/O Options Are PlannedWithinthe Digital
and Linear Capabilities of CMOS

.Osc. Timor

Addr/Doia Bus

Vqd I Tost
Vss Rosot

6-6

CMOS LSI
(LOW-POWER COMPLEMENTARY MOSI

SOFTWARE FEATURES:

• Software Compatible with NMOS MC6805

• Programming Similar to MC6800

• RAM,ROM and I/O Usethe Same Addressing Modes
Powerful Access to All Data

Look-Up Tables in ROM

Special I/O Instructions Not Needed

• Bit Manipulation of I/O and RAM

• Index Register - Powerful Indexed Addressing
• Stack Pointer - For Multilevel Subroutining

• MemoryModification Instructions - Increment,
Decrement, Shift, Rotate, Complement, Negate,
and Clear

• Less Code Per Function

Program Quicker
Change Easier

More Reliable

MC146805E2

40 Pins

Expansion Bus

112 Bytes RAM

No ROM

16 I/O Lines

MC146805F2

28 Pins

No Expansion Bus

64 Bytes RAM

1.1K ROM

20 I/O Lines

,OsCv Timor ^Interrupt.uki i imor *

iili

MC146805F2

T7
lost I'OO ' Tost

Vss Rosot



Product Preview

MC146818/MC146819
REALTIME CLOCK/RAM

FEATURES:

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

• LowPower CMOS Operation from 3.0 to 6.0 Volts
• Direct Microprocessor Interface
• MC146818 Is Multiplex BusCompatible With

MC146805, MC6801, 8085, 8048, and 8086
• MC146819Is General-Purpose, Non-Multiplexed,

Memory Type Interface
• 64 X 8 RAM - 12 Bytesfor 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 Output at 4 or 1 MHz
• Binaryor BCD Time,Calender and Alarm
• 12 or 24 Hour Clock

• Leap Year
• Daylight SavingsTime Option

4.194304 MHi Crystal

Output Enable

Write Enable

Address Latch

Chip Select

Addross/Oata

n

MC146818

22 Pins

VDD VSS

Clock Froq

Clock Disable

Square Wave

Interrupt

Reset

CMOS LSI
(LOW POWER COMPLEMENTARY MOSI

APPLICATIONS:
• Battery PoweredClock 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

Output Enalbe

Write Enable

Mode

Chip Select

6-7

4.194304 Mhz Crystal

MC146819

28 Pins

VDD VSS

Clock Disable
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M) MOTOROLA

DUAL 3-INPUT "NOR" GATE PLUS INVERTER

The MC14000UB dual 3-input NOR gate plus inverter is con
structed with MOS P-channel and N-channel enhancement mode

devices in a single monolithic structure. These complementary MOS
logic gates find primary use where low power dissipation and/or
high noise immunity is desired.

• Quiescent Current = 0.5 nA typ/pkg @5 Vdc
• Noise Immunity = 45% of Vqd 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 ohmstypical
• Logic Swing Independent of Fanout

• Pin-for-Pin Replacement for CD4000UB

MAXIMUM RATINGS(Voltages referenced to Vss>
Rating Symbol Valuo Unit

DC Supply Voltage VDD -05to '18 Vdc

Input Voltage. All Inputs Vio -0 5 to VDD -o 5 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range AL Device

CL/CP Dev,ce

TA -55 to • 125

-40 to -85

°C

Storage Temperature Range T5,g -65 to '150 °C

CIRCUIT SCHEMATIC

14 11 12 13

VDD? 9 9 ?

7-2

CMOS SSI

(LOW-POWER COMPLEMENTARY MOS)

DUAL 3-INPUT "NOR" GATE
PLUS INVERTER

'M0w -iffp
L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 632 CASE 646

ORDERING INFORMATION

MC14XXXUB Suffix Denotes

I L Ceramic Package
' P Plastic Package

A ExtenOod Operating
"-mperature Range

' C Limited Oporating
Temperature Range

This device contains circuitry to protect
the inputs against damage due to high static
voltages or electric fields; however, it is
advised that normal precautions be taken
to avoid application of any voltage higher
than maximum rated voltages to this high
impedance circuit. For proper operation it
is recommended that Vin and V0UI be
constrained to the range Vgs <• IVjn or
Vout' < VDD
Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either

VSS°'VDD>



MC14000UB

ELECTRICAL CHARACTERISTICS .

Characteristic Symbol

VDD T|ow* 25°C Thigh*
Unit

Vdc Min Max Min Typ Max Min Max

Output Voltage "0" Level

Vjn' VqdO'O

"I" Level

Vin"0orVDO

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95

-

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95 _

Vdc

Input Voltage" "0" Level
(Vo - 4.5 Vdc)
(Vo - 9.0 Vdc)
(Vo- 133 Vdc)

"1" Level

(Vo - 0.5 Vdc)
(V0-1-0 Vdcl
(Vo- 1.5 Vdc)

V)L
5.0

10

15

-

1.0

2.0

2.5

-

2.25

4.50

6.75

1.0

2.0

25

-

1.0

2.0

2.5

Vdc

V|H
5.0

10

15

4.0

8.0

125

-

4.0

8.0

12.5

2.75

5.50

8.25

-

4.0

8.0

125

-

Vdc

Output Drive Current (AL Device)
(Vqh ' 2.5 Vdcl Source
(VoH ' 4.6 Vdc)
(Voh * 95 Vdc)
(V0H- 13.5 Vdcl

(vql =°-4 Vde' s,nk
(Vql " °-5 v«ic)
(Vql " is vdc)

•oh
5.0

5.0

10

15

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2
:

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4 _

mAdc

Output Drive Current (CL/CP Device)
(Vqh ' 25 Vdc) Source
(VoH "4.6 Vdc)
(VoH ' 9.5 Vdc)
(V0H " 135 Vdc)

(v0L" 0-4 v«Jc> Sink
(v0l * 0.8 vdc)
(Vql * is vdc)

'OH
5.0

5.0

10

IS

-1.0

-0.2

-05

-1.4

-

-05

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-IX)

-

mAdc

•OL 5.0

10

15

0.52

1.3

36

-

0.44

1.1

3.0

0.88

2.25

8.8 \
0.36

0.9

2.4

-

mAdc

Input Current (AL Device) •in 15 - •01
-

j 0 00001 tO.I
—

no uAdc

Input Current (CL/CP Device) 'in 15 -
t03

-

•0.00001 i.0.3
-

n.o jiAdc

Input Capacitance

(Vin • 0)
C,n - - -

~

50 7.5 pF

Quiescent Current (AL Devicel

(Per Package)
"DD 5.0

10

15

-

0.25

0.50

1.00

-

0.0005

0.0010

0.0015

0.25

0.50

1.00

-

7.5

15.0

30.0

tiAdc

Quiescent Current (CL/CP Device)

(Per Package)
'DD 5.0

10

15

-

1.0

2.0

4.0 :

0.0005

0.0010

0.0015

1.0

2.0

4.0
-

7.5

15.0

30.0

pAdc

Total Supply Current* *t
(Dynamic plus Quiescent.
PerGate,CL =50pF)

IT 50

10

15

'T =
'T-

•T"

(0.3 uA/kH

(0.6 uA/kH

(05 uA/kH

i\ f + IDC
z) f + IQC
z)f + iQC

/N

>/N
)/N

(jAdc

-65°C for AL Dovlco. -40°C for CL/CP Device.•T,0
Thigh " ♦125°C for AL Dovlco. +8S°C for CL/CP Dovico.

#Noise Immunity spocifiod for worst-coso Input combination.
Noise Margin for both "1"and "0" lovol -

O.S Vde min 9 VOD - 6.0 Vdc
1.0 Vdc min 9 Vdq - 10 Vdc
1.0 Vdc min 9 VDo " 15 Vdc

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

lT(CLl- lT(50pF) ♦ N X 10-3(CL-50)VOD'

whero: lT It In MA (por packago), CL in pF,VOD inVdc, f In kHz
it input frequency and N i* numbor of gatas per package.

••Tho formulas given are for tho typical characteristics only ot
25°C.
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MC14000UB

SWITCHING CHARACTERISTICS* (CL - 50 pF,TA - 25°C)

Characteristic Symbol VDD
Vdc

Mln Typ Max Unit

Output Rise Time

TLH " (3.0 ns/pF) Cl + 30 ns
»TLH " d-5 ns/pF) Cl + IS ns
*TLH " <*•* ns/pF) Cl + 10 ns

«TLH
5.0

10

15

-

180

90

65

360

180

130

ns

Output Fall Time

tfHL " (1-5 n»/pF) Cl + 25 ns
tJHL " (0-75ns/pF) Cl +12.5 ns
tjHL ° (0-55ns/pF) Cl +9.5 ns

THL
5.0

10

IS
-

100

50

40

200

100

80

ns

Propagation Delay Time

*PLH, *-PHL" (1.7 ns/pF)CL +30 ns
«PLH.*PHL" (0.66 ns/pF) CL +22 ns
«PLH.»PHL" '0.50 ns/pF) Cl + 15 ns

tPLH.
«PHL 5.0

10

15

-
115

55

40

230

110

80

ns

"The formulas given areforthe typical characteristics only.

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Pulse

Generator

FIGURE 2 - TYPICAL VOLTAGE AND CURRENT
TRANSFER CHARACTERISTICS

0 2.0 4.0 6.0 8.0 10 12 14 16

Vjn. INPUTVOLTAGE(Vdt)

7-4

*PHL

«THL

^
*PLH

<TLH

VDD

VSS

voh

vol

FIGURE 3 - TYPICAL VOLTAGE TRANSFER
CHARACTERISTICS versus TEMPERATURE

IEr

0 20 4.0 60 80 10 1?

Vin. INPUT VOLTAGE IVoc)



MOTOROLA

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 Vqd lVP

• 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

• Pinfor-Pin Replacements for Corresponding CD4000 Series B
Suffix Devices

ORDERING INFORMATION

MC14XXXB__Suffix Denotes

LSUFFIX

CERAMIC PACKAGE
CASE 632

P SUFFIX

PLASTIC PACKAGE
CASE 646

MAXIMUM RATINGS [Voltages referenced to Vss)

Rating Symbol Value Unit

DC Supply Voltage VDD -0.5 to -18 Vdc

Input Voltage, All Inputs V.n 0 5 lo VrjD -0 5 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

TA -55 to • 125

-40 10 -85

°C

Storage Temperature Range fstg -65 to • 150 °C

This device contains c rcultry o protect tho input against d .magodueto high

c fields however, it is advised that nor Tiol procautlo

taker to ovoid applicat on of a iv voltage higher tho n maximu •i rotod voltag

this ligh Impodance cir cuit. Fo proper oporation it s rocomm nded that V|,

vou be constrained to the range Vss < <vin or vou t>< VDD

Unu ed inputs must a Iways b tied to on approp iato logic voltage level e.g..

elthe r VSS or VDD

7-5

MC14001B
Quad 2-lnput NOR Gate

MC14002B
Dual 4-lnput NOR Gate

MC14011B
Quad 2-lnput NAND Gate

MC14012B
Dual 4-lnput NAND Gate

MC14023B
Triple 3-lnput NAND Gate

MC14025B
Triple 3-lnput NOR Gate

MC14068B
8-lnput NAND Gate

MC14071B
Quad 2-lnput OR Gate

MC14072B
Dual 4-lnput OR Gate

MC14073B
Triple 3-lnput AND Gate

MC14075B
Triple 3-lnput OR Gate

MC14078B
8-lnput NOR Gate

MC14081B
Quad 2-lnput AND Gate

MC14082B
Dual 4-lnput AND Gate

CMOS SSI

(LOWPOWER COMPLEMENTARY MOS)

B-SERIES GATES

•



CMOS BSERIES GATES

LOGIC DIAGRAMS

MC14O01B

Quad 2-lnput NOR Gate

D~

MC1402SB

Triple 3-lnput NOR Gate

iEfC>~!

T So-

3 8

I 3

MC14002B

Dual 4-lnput NOR Gate

MC14078B

8-lnput NOR Gate

MC14011B

Quad 2-lnput NANO Gate

:=o=
:=o-

MC14023B

Triple 3-lnput NANO Gate

Bo-

MC14012B

Dual 4-lnput NANO Gate

MC14068B

8-lnput NAND Gate

7-6

OR

MC14071B

Quad 2-lnput OR Gate

:=o«
:=L>~

MC14075B

Triple 3-lnput OR Gate

3o-
pO
Ef30°

MC14072B

Dual 4-lnput OR Gate

MC14031B

Quad 2-lnput AND Gate

.=0

:=D-
S=D-"

MC14073B

Triple 3-lnput AND Gate

Bo

MC14082B

Dual 4-lnput AND Gate

VDD- Pin 14
VSS - Pin 7

for All Devices



CMOS B-SERIES GATES

ELECTRICAL CHARACTERISTICS 1

Characteristic Symbol
VDD Tlow*

25°C | ThiQh*
Vdc Min Max Min Typ Max Min Max Unit

Output Voltaqc "0" Level
V,n VDDorO

"1" Level

Vin OorVQD

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95
;

4.95

9.95

14 95

5.0

10

15

-

4.95

9.95

14.95 _

Vdc

Input Voltage" "0" Level
(Vq ".5 or 0.5 Vdc)
(Vq 9 Oor 1.0 Vdc)
(Vq 13.5 or 1.5 Vdc)

"1" Level

(Vq 0.5 or 4.5 Vdc)
(Vq 1.0 or 9.0 Vdc)
<V0 1 5 or 13.5 Vdc)

V|L
5.0

10

15

1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Current (AL Device)
(Vqh 2.5 Vdc) Source
(Voh 4 6 Vdc)
(Vqh 9.5 Vdc)
(Vqh 13.5 Vdc)
(Vql 0.4 Vdc) Sink

(Vol o 5 Vdcl
(VOL - 1.5 Vdc)

"oh
5.0

5.0

10

15

-3.0

-0.64

-1.6

-4.2

-

-2.4

-0.51.

-1.3

-3.4

-4.2

-0.88

-2.25

-8.8

-

-1.7

-0.36

-0.9

-2.4

-

'OL 5.0

10

15

0.64

16

4.2
:

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4 _

mAdc

Output Drive Current (CL/CP Device)
(Voh 2 5 Vdc) Source
(V0H " 4 6 Vdc)
(V0H ' 9 5 Vdc)
(Vqh ,3-5 Vdc)

(Vql " °-4 Vdc) Sink
(Vql r o-5 Vdc)
(Vol 15 vdcl

'OH
5.0

5.0

10

15

-2.5

-0.52

-1.3

-3.6

-

-2.1

-0.44

-1.1

-3.0

-4.2

-0.88

-2.25

-8.8

-

-1.7

-0.36

-0.9

-2.4

-

'OL 5.0

10

15

0.52

13

3.6

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Input Current (AL Device) •in 15 -

t0 1 10 00001 •0.1
—

i 1.0

Input Current (CL/CP Device) l.n 15 ;03
-

to 00001 10.3
-

MO uAdc

Input Capacitance

<V,n = 0l
C,n - -

"

50 7.5 pF

Ouiescent Current (AL Device)

(Pei Package)
>DD 5 0

10

15

0.25

0.50

1.00

-

0.0005

0.0010

0.0015

0.25

0.50

1.00

-

7.5

15.0

30.0

Quiescent Current (CL/CP Device)

(Pei P.ickage)

'DD 50

10

15
";

1.0

2.0

4.0

-

0.0005

0.0010

0.0015

1.0

2.0

4.0
-

7.5

15.0

30.0

MAdc

Total Supply Current" t

(Dynamic plus Quiescent.
PerGate. Cl • 50 pF)

'T 50

10

15

lT =(0.3pA/kHz) f +lDD/N
lT =|0.6uA/kHz) f +Idd'n
lT =(0.9uA/kHz) f +Idd'n

pAdc

•T|0w =-55°Clot AL Device. -40°Cfor CL/CP Device.
Thigh =«125°C lor AL Device. »85°C lor CL/CP Device.

aNoise immunity specified lor worst-case input combination.
Noise Margin lor both "1" and "0" level » I 0 Vdc min <3 VqD =5 0 Vdc

2.0 Vdc min <s> Vqq =10 Vdc
2 5 Vdc min & Vqq * 15 Vdc

tTo calculate total supply current at loads other than 50 pF
lT(CL) - IjtSO pFU N « 10"3<CL -SO) VDOf

whero: lT is inuA (por package). CL '" pF. VDD inVdc. f inkHi is input frequency and N isnumber of gotet par package.
••Tho formulas given aro for tho typical characteristics only at 2S°C
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CMOS B-SERIES GATES

B-SERIES GATE SWITCHING TIMES

SWITCHING CHARACTERISTICS* <CL - 50pF. TA- 25°C)

Characteristic Symbol
VDD
Vdc Min Typ Max Unit

Output Rise Time, All B-Series Gates
'TLH » (1.35 ns/pF) CL +33ns
*TLH - (0.60 ns/pF) CL+20ns
*TLH - (0.40 ns/pF) CL +20 ns

«TLH
5.0

10

15

-
100

50

40

200

100

80

ns

Output Fall Time. All B-Series Gates
tTHL- (1.35 ns/pF)CL +33ns
*THL » (0.60 ns/pF) CL+20ns
tTHL » (0.40 n$/pF» CL +20 ns

»THL

5.0

10

15

-
100

SO

40

200

100

80

ns

Propagation Delay Time
MC14O01B. MC14011B only

tPLH. tPHL " 1050 ns/pF) Cl + 80 ns
tPLH. <PHL " (0-36 ns/pF) Cl + 32 ns
*PLH.tPHL ° '0-26 ns/pF) Cl +27 ns

All Other 2,3. and 4 Input Gates
tPLH. tPHL " 1050 ns/pF) Cl + 115 ns
tpLH. *PHL " W-36 ns/pF) Cl +47 ns
«PLH.«PHL " fO-26 ns/pF) CL +37 ns

8-lnput Gates (MC140688. MC14078B)
tPLH. «PHL" <°50 ns/pF) CL + 165 ns
tPLH. tPHL" '0-36 ns/pF, CL +62 ns
tPLH. lPHL • W.26 ns/pF) Cl +47 ns

tPLH.tPHL

5.0

10

15

5.0

10

15

5.0

10

15

-

125

50

40

160

65

50

200

80

60

250

100

80

300

130

100

350

150

110

ns

'The formulas given are for the typical characteristics only.

Pulso

Generator

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Input

—O—

70Vvss
•All unused inputs of AND. NAND got** must be
connected to Vqq.
All unused input* of OR. NOR gates must be
connected to Vss-

Output

—o

1
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CMOS B-SERIES GATES

1,6,8,130—»

2.6.9,120-

CIRCUIT SCHEMATIC
NOR, OR Gates

MC14001B

MC14071B

One of Four

Gates Shown

V0D

i=r

14oVDO

3

♦-J ♦ —T T-°3.4,10.11

JSiUall:3
Li3 ^ n "I

70

vss

•Inverter Omitted in MC14001B

VSS

MC14025B
MC14075B

One of Three

Gates Shown

1.3.110-t J
nS"

2,l0o-

MC14002B

MC14072B

One of Two
VDD Gates Shown

.=*

P^
i-JlH n^wd \nd

5,110—r

».12o—1_
Samo as

abova

^
3

•Inverter Omitted in MC14002B

2,4,12o-

vis
V0D

3-
Voo

S

14oVOD

7*VSS

^

9c

10«
II0- Same as
12o— above

7-9

a

$
Same as

above

Same as

abovo

^mmi
*5r

vss

•Inverter Omitted in MC14025B

MC14078B

Eight Input
Gate

refill

1~k-o 9,6.10

Itvss

14oVDO

U~LP=LJ3 (!>•"
r±}m_3

vss



CMOS B-SERIES GATES

VDD

MC14023B

MC14073B

One of Three

Gates Shown

CIRCUIT SCHEMATICS

NANO. AND Gates

a
2,5.9.12 o-

D
I3i

MC14011B

MC14081B

One of Four

Gates Shown

US iS

nd~n3
n 3-

'Inverter Omittod in MC14011B

1.3.11 o i till

VSS.

VOO

14 0VOD

RHrJ
8,6,13 o-

761
u=t

vss

•Invorter Omittod in MC14023B

•vSs

2.IO0-

VDD

n^
MC14012B

MC14082B

One of Two

Gates Shown

-1 t—03,4.10.

»vss

14?VoD

VOD

id~n3
3-

MC14068B

Eight Input
Gate

VDD

J

3,9 o-

4.120-

5,110-

laJ
Vcet

Same as

abovo

ti3 • •

!3_3

,3-0)1.13

J—'^ r—ngJ

JSUa

vss

Same at

above

VSS

VDD

"Inverter Omitted for MC14012B

14oVOD

^^irlg—fir13Some as

above

11*- Same as _]
12 o— abovo

—pai'—"5^ 1

vss

'6vss
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CMOS B-SERIES GATES

TYPICAL B-SERIES GATE CHARACTERISTICS

N-CHANNEL DRAIN CURRENT

(SINK)

FIGURE 2 - Vqs - 5.0 Vdc

Ta • -55'C
I

-tire

♦BS'Ci

+1 5*C

1.0 2.0 3.0 4.0

V0s. DRAIN-TO-SOURCE VOLTAGE (Vdc)

FIGURE 4 - Vqs - 10 Vdc

2.0. 3.0 4.0 5.0 6.0 7.0

Vqs.DRAIN-TO-SOURCE VOLTAGE (Vet)

FIGURE 6 - Vgs - 16 Vdc

'A- -6 5*C
r—

-4<rc
1—

—»; s c—|
*c

♦i s*c

2.0 4.0 6.0 8.0 10 12 14

Vqs. ORAIN-TO-SOURCE VOLTAGE (Vdc)

•too

•so

- •*»

1 -70
I-

S -60
cc
cc

= -SO

3-»
cc

°. -30
a

~ -20

-10

0

P-CHANNEL DRAIN CURRENT
(SOURCE)

FIGURE 3 - VGS - -6.0 Vdc

"TA"

"-«o*c

,<
s^>

A *s +85*£
♦25*C

// S
>" '

"♦125*C

A <£ ^ •>*•

> <£&*

A ***^

-5.0-1.0 -2.0 -3.0 -4.0

Vqs. ORAINTO-SOURCE VOLTAGE (Vdc)

FIGURE 5 - Vqs " "*0 Vdc

10 -10 -4.0 -5.0 -6.0 -7.0 -8.0 -9.0 -10

Vqs.ORAINTO-SOURCE VOLTAGE (Vdcl

FIGURE 7 - Vqs - -16 Vdc

Ta--55*C

♦25*61
10*C

5*C

1
l

0 -6.0 -8.0 -tO -12 -14 r18 -18 -20
VQS,ORAtN-TO-SOURCE VOLTAGE (Vdc)

0 -2.0 -4.
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CMOS B-SERIES GATES

5 8.0
o

2.0

TYPICAL B-SERIESGATE CHARACTERISTICS(cont'd)

VOLTAGE TRANSFER CHARACTERISTICS

FIGURE 8- VDD - B.0 Vdc "FIGURE 9 - VDD -10 Vdc

2.0 3.0 4.0 5.0

Vjn. INPUTVOLTAGE (Vdc)

FIGURE 10 - Vqd " 16 Vdc

4.0 6.0 8.0 10 12

Vn. INPUTVOLTAGE (Vdcl

SingleInputNANO.AND
Multiple InputNOR,OR "

Single Input NOR,OR
MultipleInput NAND. AND

T7

1
>

3 to

> 8.0
i-

| 6.0
o

i 4.0

2.0

0

Singlt Input NAND, AND
MultipleInput NOR.OH

Single Input NOR,OR
Multiple Input NAND. AND

4.0 6.0 8.0 10

V{„. INPUTVOLTAGE (Vdc)

DCNOISE IMMUNITY (VNL ANDVNH)

The dc noise immunity is defined asthe 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
valuesof the input ranges Vnl end Vnh tor the
output to stay within a rangeaVout from 0|ther
Vqq or Vss sn* Given in the Electrical Char
acteristics table. The definitions of VNL/ Vnh.
and 6Vout are illustrated in Figure 11 for invert
ing and non-inverting functions.

FIGURE 11 - DC NOISE IMMUNITY

(b) Non-Inverting Function

vout J
(a) Inverting Function

VDD

AVout >Y\
1

1 vv
AVout \\k VDD

!•
vNL Vnh

V|„

out | VDD

AVout

I

AVout
Vdd

l°
vnl vnh

Vln

Vss " ° "•'*» dc
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MOTOROLA

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 VpD 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-lnput NOR Gate

3>-
O-

MC14012UB

Dual 4 Input NAND Gate

LOGIC DIAGRAMS

MC14002UB

Dual 4-lnput NOR Gate

MC14023UB

Triple 3-lnput NAND Gate

VDD • Pin 14

Vss = Pin 7
lor All Devices

MC14011UB

Quad 2-lnput NAND Gate

MC14025UB

Triple 3-lnput NOR Gate

7-13

MC14001UB
Quad 2-lnput NOR Gate

MC14002UB
Dual 4-lnput NOR Gate

MC14011UB
Quad 2-lnput NAND Gate

MC14012UB
Dual 4-lnput NAND Gate

MC14023UB
Triple 3-lnput NAND Gate

MC14025UB
Triple 3-lnput NOR Gate

CMOS SSI

(LOW-POWER COMPLEMENTARY MOSI

UB-SERIES GATES

..nJP"1 -fljpii
L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PACK AGE

CASE 632 CASE 646

ORDERING INFORMATION

— L Ceramic Packago

— P Plastic Packago

A Extended Operating

Temperaturo Range

1 C Limited Oporating
Temperature Range

This device contains circuitry to protect

the inputs against damage due to high static

voltages or electric fields; however, it is advised

that normal precautions be taken to avoid

application of any voltage higher than maxi

mum rated voltages to this high impedance

circuit. For proper operation it is recommended

that V|n and Vout be constrained to the range
VSS< (VinOrVOUIXVDD.

Unused inputs must always be tied to an

appropriate logic voltage level (e.g.. either

Vssor vdd'-



CMOS UB-SERIES GATES

MAXIMUM RATINGS (Voltages referenced to Vss*
Rating Symbol Value Unit

DC Supply Voltage VDD -0.5 to+18 Vdc

Input Voltage. All Inputs Vin -0.5 to Vqd +0.5 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range — AL Device
CL/CP Device

TA -55 to+125

-40 to +85

°C

Storage Temperature Range Tstg -65 to+150 °C

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
Vdd
Vdc

Tlow* 25°C Thigh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level

vin » VDD «' 0

"1" Level

Vin =0orVDD

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95

-

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage" "0" Level
(Vq - 4.5 Vdc)
(V0 -90 Vdc)
(Vq- 135 Vdc)

" 1" Level

<V0 - 0.5 Vdc)
(Vo-1-0 Vdc)
(Vo-15Vdc)

V)L
5.0

10

15

-

1.0

2.0

2.5

-

2.25

4.50

6.75

1.0

2.0

2.5
-

1.0

2.0

2.5

Vdc

V|H
5.0

10

15

4.0

8.0

125

-

4.0

8.0

125

2.75

5.50

8.25

-

4.0

8.0

125

-
Vdc

Output Drive Current (AL Device)

(Vqh " 2.5 Vdc) Source
(Vqh " 4-6 Vdc)
(Voh " 9.5 Vdcl
(Vqh = 13.5 Vdc)

(Vql = 0-4 Vdc) Sink
(Vql =o-5 vdc)
(Vol- 15 vdc)

>OH
5.0

5.0

10

15

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-05

-15

-1.7

-0.36

-05

-35

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2

-

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Output Drive Current (CL/CP Device)

(Vqh =2.5 Vdc) Source
(Vqh " 4.6 Vdcl
•VOH " 9.5 Vdc)
(Vqh " 135 Vde)

(Vql - 0-4 Vdc) Sink
(Vql • 0.5 Vdc)
(Vql = i-5 vdc)

'OH
5.0

5.0

10

15

-1.0

-0.2

-05

-1.4

-

-05

-0.16

-0.4

-15

-1.7

-0.36

-0.9

-35
-

-0.6

-0.12

-0.3

-IX)

-

mAdc

"OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Input Current (AL Device) •in 15 - ±0.1 -
±0.00001 ±0.1

-
±1.0 pAdc

Input Current (CL/CP Device) •in 15 -
±0.3

-
±0.00001 ±0.3

-
±1.0 pAdc

Input Capacitance

<Vin - 0)
Cin — - - -

50 7.5
_ —

pF

Quiescent Current (AL Device)

(Per Package)
'DO 5.0

10

15

-

0.25

0.50

1.00

-

0.0005

0.0010

0.0015

0.25

0.50

1.00

-

7.5

15.0

30.0

«jAdc

Quiescent Current ICL/CP Device)

(Per Package)
'DD 5.0

10

15

-

1.0

2.0

4.0
-

0.0005

0.0010

0.0015

1.0

2.0

4.0
-

7.5

15.0

30.0

uAdc

Tot8l Supply Current' *t
(Dynamic plus Quiescent.
Per Gate. Cl* 50 pF)

IT 5.0

10

15

IT - (0.3 uA/kHz)f +IDd'n
lT =(0.6uA/kHx)f +lDD'N
lT - (05 uA/kHi) 1♦ lDD/N

uAdc

*T|ow" -55°C for AL Device, -40°C for CL/CP Oevico.
Thigh " +126°C for AL Device, +85°C for CL/CP Dovlco.

#Nolto Immunity specified for worst-case Input combination.

Nolso Margin for both "l"ond "0" lovol -
O.S Vdc min 9 VDD - S.O Vdc
1.0 Vde min 9 VDO - 10 Vdc
1.0 Vdc min 9 VDD - IS Vdc

tTo calculoto total supply current ot loads other than SO pF:

lT(CL)- lT(50pF) +NX 10-3(CL-B0)VODf

whoro: Ij Is in JIA (par package). Cl in pF, VqO in Vdc, f in kHz
is Input frequency and N is number of gatos por package.

••Tho formulas given oro for tho typical choractorlstics only at
25°C
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CMOS UB-SERIES GATES

SWITCHING CHARACTERISTICS^ (CL - 50pF,TA - 25°C)

Characteristic Symbol

VDD
Vdc Min Typ Max Unit

Output Rise Time
*TLH" '3-0 na/pF)Cl +30 ns
*TLH" <* -6 na/pF)Cl + 15 ns
*TLH" M.I na/pF)Cl + 10 ns

*TLH
6.0

10

15

-

180

90

65

360

180

130

ns

Output Fall Time
*THL " '1-5 m/pF) CL + 25 n»
tTHL ' '0-76 ns/pFI Cl + 12.5 ns
*thl " W-55nt/pF) CL +9.5 ns

*THL
5.0

10

15

-
100

50

40

200

100

80

ns

Propagation Delay Time

tpLH'tPHL " N.7 n*/PF'Cl+ 30 ns
tpLH.tPHL " '0*6 ""/PF) Cl +22 ns
tpLH- tpHL " loso n*/PF) Cl + 15 ns

tPLH.IPHL
5.0

10

16

-
90

50

40

180

100

80

ns

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Pulso

Genorator

Input

—o—

VOD

70VVSS
•All unused inputs of AND. NAND gates must bo
connected to Vrjn.
All unused inputs of OR. NOR gates must be

connected to Vss.

MC14001UB CIRCUIT SCHEMATIC

Output

O

1

7-15

20ns-M Urn- -e>H |-»-20ni

'"•>«« jF90% 1 V°D
t —10* I* OV

«PHL-*»I I-* "*J |-**-*PLH
n *t 80% W V°HOutput ip—80% jf

Inverting \ .„,. /

*THL *TLH

MC14002UB CIRCUIT SCHEMATIC

(1/2 of Device Shown)

voo ot*

•&

UaUaa
vaso»



CMOS UB-SERIES GATES

MC14011UB CIRCUIT SCHEMATIC

(1/4 of Device Shown)
MC14012UB CIRCUIT SCHEMATIC

(1/2 of Device Shown)
MC14023UB CIRCUIT SCHEMATIC

(1/3 of Device Shown)

nsf eIns
^

7.9.9.12 O—*

.3
B

nH

'3
5

n p nf-n ^-on

D

J&

MC14026UB CIRCUIT SCHEMATIC

(1/3 of Davie* Shown)

FIGURE 2 - TYPICAL VOLTAGE AND

CURRENT TRANSFER CHARACTERISTICS

FIGURE 3 - TYPICAL VOLTAGE

TRANSFER CHARACTERISTICS versus

TEMPERATURE

FIGURE 4 - TYPICAL OUTPUT SOURCE

CHARACTERISTICS

1 1 ( t

VOS>-MV*{ >

J
• •»••« « ,S

*

c TA"IWC S
*

«_^

-tov tvm ft / sv*

f* /•

0 4 i 4 a •* a -i 0 0

$ -w

VotOXAiaVOlTASEIV*)
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FIGURE 6 - TYPICAL OUTPUT SINK

CHARACTERISTICS

'•//• -—i—
r>iiv*

B>Vft • WV

, >
/ ,

b/ k ta-«i
9K-

.

'
M V*

Vos. outa VOLTAGE (V«t)



M) MOTOROLA

DUAL 4-INPUT "NOR" GATE

The MC14002B and MC14002UB are constructed with P and N
channel enhancement mode devices in a single monolithic structure

(Complementary 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 Vqq typ

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• All Outputs Buffered (MC14002B only)

• Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range. (MC14002B only)

• Double Diode Protection on All Inputs

• Pin-for-Pin Replacements for CD4002B and CD4002UB

MAXIMUM RATINGS (Voltages referenced to Vssl

Rating Symbol Value Unit

DC Supply Voltage V0D -0 5 to -18 Vdc

Input Voltage. All Inputs Vin -0 5 to VDD -0 5 Vile

DC Current Drain per Pin i 10 mAdc

Operating Temperature Range AL Device
CL/CP Device

"U -55 to -125

-4b 10 *85
°C

Storage Temperature Range 'sifl -65 to -150 °C

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.

3.9c

2.10t

JS J ,=f

CIRCUIT SCHEMATICS

(1/2 of Device Shown)

14oVDD

3 l-o1,13

MC14002B

MC14002UB

CMOS SSI
ILOW POWER COMPLEMENTARY MOSI

DUAL 4-INPUT "NOR" GATE

,fflP 30
L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 632 CASE 646

ORDERING INFORMATION

MC14XXXB. s. Hlx Donoios

u L Ceramic Package

or UB as P Plastic Package

Applicable
A Exiondod Operating

Temperaturo Range
C Limited Operating

Temporaturo Range

LOGIC DIAGRAM

"1

3—La%-i
4 rT-^-1

j VDD-Pi n 14

I VSS - Pir,

10 l

11—r
4^,3
J

MC14002UB

i vSs

This device contains circuitry to protoct tho inputs against damage duo operation it is recommondod that Vjn c
rangeVss < (Vinor Vout) < VDD.

nd Vou, bo constro mod to tho

to high static voltagos or electric fields; however, it is advised that nor
mal precautions bo taken to avoid application of any voltage higher than Unused inputs must always be tied to a n appropriate logic oltage lovol

maximum rated voltages to this high impedanco circuit. For proper (e.g.. either Vss or Vqd1-
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M) 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.

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

• Quiescent Current - 5nA/package typical @ 5 Vdc

• Fully Static Operation

• 8-MHz Shift Rate typical

• Can be Cascaded to Provide Longer Shift Register Lengths

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

• Pin-for-Pin Replacement for CD4006B

MAXIMUM RATINGS (Voltagesreferenced to Vssl
Rating Symbol Value Unit

DC Supply Voltage VDD -0 5 to '18 Vdc

Input Voltage. All Inputs V,n -0 5 to Vqq • 0.5 Vdc

DC Current Dram per Pin I 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device

TA -55 to *125

-40 to «85

°C

Storage Temperature Range Tstg -65 to -150 °C

VDD -Pin 14

VSS " P'" 7

»H> r

(C)

1

i

BLOCK DIAGRAM

LOGIC DIAGRAM

(ONE REGISTER STAGE)

MC14006B

CMOS MSI
(LOW POWER COMPLEMENTARY MOS)

18-BIT STATIC SHIFT REGISTER

jfp i0
L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 632 CASE 646

ORDERING INFORMATION

MC14XXXB Suffix Denotes

— L Ceramic Package
I— P Plastic Package

^— A Extended Operating

Temperature Range

I C Limited Operating
Temperature Range

TRUTH TABLE

(Single Stage)

Dn C Qn+1
0

1

X
^

0

1

Qn

X » Don't Care

H>~

irter used only on the first stage

each four-stage element.

Input to output Is
(A) A bidirectional low impedance when control input 1 Is "low"

and control input 2 is "high".
(8) An open circuit when control input 1 is "high" and control

input 2 is "low".
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MC14006B

ELECTRICAL CHARACTERISTICS .

Symbol
VDD
Vdc

Tlow* 25°C Thiah*
Unit

Characteristic Min Max Min Typ Max Min Max

Output Voltage "0" Level
Vin =VODor0

"1" Level

Vin'0orVDD

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

V0H 5.0

10

15

4.95

9.S5

14.95

-

4.95

9.35

14.95

5.0

10

15

'-

4.95

9.95

14.95 _

Vdc

Input Voltage** "0" Level
(V0 - 4.5 or 0.5 Vdc)
(Vq =9.0 or 1.0 Vdc)
(Vq- 13.5or 1.5Vdc)

"1" Level

(Vq =0.5 or 4.5 Vdc)
(Vq =1.0 or 9.0 Vdc)
(Vo-1.5 or 13.5 Vdc)

V|L
5.0

10

15

-

1:5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vde

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output DriveCurrent (AL Device)
(Vqh =2.5 Vdc) Source
(VOH " 46 Vdc)
(VoH - 9-5 Vdc)
(V0H-13.SVdc)

(Vql " 0.4 Vdc) Sink
(Vol • o-5 vdc)
(Vql- '.5 vdc)

'OH
5.0

5.0

10

15

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2

-

0.51

1.3

3.4

0.88

2.25

8.8
:

0.36

0.9

2.4 _

mAdc

Output DriveCurrent (CL/CP Device)
(Vqh ° 2.5 Vdc) Source
(VoH m46 Vdc)
(VoH • 9.5 Vdc)
(V0H - '3.5 Vdc)
(Vql " 0-4 Vdc) Sink
(v0L - 0.5 vdc)
(Vql'1-5 vdc)

'OH
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

•OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Input Current (AL Device) •in 15 -
±0.1

-

±0.00001 ±0.1
—

±1.0 MAdc

Input Current (CL/CP Device) •in 15 -

±0.3
-

±0.00001 ±0.3
-

±1.0 iiAdc

Input Capacitance

IVin - 0)
Cin — - - —

5.0 7.5 pF

Quiescent Current (AL Device)

(Per Package)
•DD 5.0

10

15

-

5.0

10

20

-

0.005

0.010

0.015

5.0

10

20 _

150

300

600

yAdc

Quiescent Current (CL/CP Device)

(Per Package)
'DD 5.0

10

15
;

20

40

80

-

0.005

0.010

0.015

20

40

80

-

150

300

600

uAdc

Total Supply Current" * t

(Dynamic plus Quiescent,
Per Package)

(Cl - 50 pF on all outputs, all
buffers switching)

IT 5.0

10

15

lT =(1.3*iA/kHz)f + Iqd
lT-(2.6MA/kHz)f+ IDD
lT - (35 MA/kHz) f + 'DD

uAdc

"Tlow" -55°c ,or AL Device. -40°ClorCL/CP Device.
Thigh - +125°C for ALDevice. +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® Vqd =5.0 Vdc

2.0 Vdc min @Vqd * ,0 Vdc
2.5 Vdc min @Vqo * 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT(CLl • ItISO pFI +1 x 10-3 <CL -50)VDDf

where: \j is in >iA (perpackage). Cl in pF,VD0 inVdc. and f in kHz is input Irequency.
••The formulas given are forthe typical characteristics onlyat 25°C.

This device containscircuitryto protect the inputs against damage due to highstaticvoltages or electricfields; however, it isad
vised that normal precautions be taken to avoid application of any voltage higher than maximumrated voltages to this highim
pedance circuit. For proper operation it is recommended thatV\n and Vout be constrained to the range Vss ** 'vin or vout'
< VDD-
Unused inputs must always betied to anappropriate logic voltage level (e.g., either Vss of Vpo).
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MC14006B

SWITCHING CHARACTERISTICS* (CL - 50 pF, TA- 25°CI

Characteristic Symbol VDD Min Typ Max Unit

Output Rise Time

*TLH- (3.0 ns/pF) CL + 30 ns
*TLH= (13 ns/pF) CL + 15 ns
*TLH= (1.1 ns/pF)CL+10 ns

*TLH
5.0

10

15

-

180

90

65

360

180

130

ns

Output Fall Time

*THL = (1.5 ns/pF) CL+ 25 ns
*THL- (0.75 ns/pF) CL + 12.5 ns
TTHL- (0.55ns/pF)CL+9.5 ns

*THL
5.0

10

15

-
100

50

40

200

100

80

ns

Propagation Delay Time

lPLH.tpHL" (1.7 ns/pF)CL +220 ns
tPLH. *PHL" (0-66 ns/pF) Cl + 77 ns
'PLH» *PHL " '0.5 ns/pF) Cl + 55 ns

tPLH

tPHL 5.0

10

15

-

300

110

80

600

220

160

ns

Clock Pulse Width tWH 5.0

10

15

200

120

80

100

60

40
-

ns

Clock Pulse Frequency 'cl 5.0

10

15

-

5.0

8.3

12

2.5

4.2

6.0

MHz

Clock Pulse Rise and Fail Time# *TLH

«THL

5.0

10

15

- -

15

15

IS

MS

Setup Time
«su

5.0

10

15

0

0

0

-50

-15

-8.0
-

ns

Hold Time
th 5.0

10

15

180

SO

75

75

25

20

-

ns

'The formula given is for the typical characteristics only at 25°C.
oWhen shift reginer sections are cascaded, the maximum rise and fall times of the clock input should be equal to or less than the rise and

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

FIGURE 1 - TYPICAL OUTPUT SOURCE CURRENT
CHARACTERISTICS TEST CIRCUIT

VoD" -VGS
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FIGURE 2 - TYPICAL OUTPUT SINK CURRENT
CHARACTERISTICS TEST CIRCUIT

VOD ' vGs

External

Powor

Supply
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FIGURE 3 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

FIGURE 4-SWITCHING TIME TESTCIRCUIT AND WAVEFORMS

Pulse

Generator

1

Pulse

Generator

2

20 ns 20 ns

voo

Clock 04

°P1
°9

Q13

°P10Q17
DP14Q18

±'? VSS
fl-kt<pi.L

<WL «WH

| Output stato can change since data previously clocked In might bo in oithor state.
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M) MOTOROLA

DUAL COMPLEMENTARY PAIR PLUS INVERTER

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

• Quiescent Current = 0.5 nA/package typical @5 Vdc
• Noise Immunity = 45% of Vqd typical
• Diode Protection on All Inputs
• Supply Voltage Range = 3.0 Vdc to 18 Vdc
• Single Supply Operation = Positive or Negative
• Symmetrical Output Impedance - 200 ohms typical @ 10 Vdc
• Capable of Driving Two Low-power TTL Loads, One Low-power

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

• Pin-for-Pin Replacement for CD4007A or CD4007UB

MAXIMUM RATINGS (Voltages referenced to Vssl
Rating Symbol Value Unit

DC Supply Voltage VDD -0 5 to '18 Vdc

Input Voltage. All Inputs vm -0 5 to Vdd • 0 5 Vdc

DC Current Drain pet Pin 1 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device

TA -55 to • 125

-40 to -85

°C

Storage Temperature Range 'stg -65 to * 150 °c

FIGURE 1 - TYPICAL APPLICATION: 2-INPUT ANALOG MULTIPLEXER

Substrates of P-channel devices internally connected

to VDD. substrates of N-chonnel devices intornelly
connected to V«.
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MC14007UB

CMOS SSI
(LOW-POWER COMPLEMENTARY MOSI

DUAL COMPLEMENTARY PAIR

PLUS INVERTER

L SUFFIX PSUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 632 CASE 646

ORDERING INFORMATION

MC14XXXUB ^_ Suftix Denotot

— L Ceramic Package

I— P Plastic Package
A Extended Operating

Temperature Range
C Limited Operating

Temperature Range

SCHEMATIC

VD0 = Pin 14

V«= Pin 7



MC14007UB

ELECTRICAL CHARACTERISTICS (Connected as Inverters)

Characteristic Symbol
VDD Tlow* 25°C Thigh*

Unit
Vdc Min Max Min Typ Max Min Max

Output Voltage "0" Level
Vjn VDOorO

vol 5.0

10

15

-

0.05

0.05

0.05
-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

"I" Level

Vin OorVDO
voh 5.0

10

15

4.95

9.95

14.95

—

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95 _

Vdc

Input Voltage" i"0" Level
(Vq - 4.5)
(V0 -90)
(Vq-13.5)

l"l" Level
(V0 - 0.5)
(Vo-1-0)
(Vo-1-5)

V|L
5.0

10

15

-

1.0

2.0

2.5

-

2.25

4.50

6.75

1.0

2.0

2.5

-

1.0

2.0

2.5

Vdc

V|H
5.0

10

15

4.0

8.0

12.5

-

4.0

8.0

12.5

2.75

5.50

8.25

-

4.0

8.0

12.5

-

Vde

Output Drive Current (AL Dovice)
(Vqh " 2-5 Vdc) Source
(Vqh " 4-6 Vdc)
(VOH " 95 Vdc)
(VoH = 13-5Vdc)
(Vol " 0-4 Vdc) Sink
(v0l - o.5 vdc)
(v0L "1-5 vdc)

'OH
5.0

5.0

10

15

-3.0

-0.64

-1.6

-4.2

-

-2.4

-0.51

-1.3

-3.4

-5.0

-1.0

-2.5

-10

-

-1.7

-0.36

-0.9

-2.4

-

mAdc

•OL 5.0

10

15

0.64

1.6

4.2

-

0.51

1.3

3.4

1.0

2.5

10

-

0.36

0.9

2.4 _

mAdc

Output DriveCurrent (CL/CP Device)
(VOH =2.5 Vdc) Source
(Voh " 4-6 vdc)
(VoH " 9.5 Vdc)
(V0H "13.5 Vdc)

(Vol ° °-4 Vdc) Sink
(Vql * o-5 vdc)
(Vql- 1.5 vdc)

•oh
5.0

5.0

10

15

-2.5

-0.52

-1.3

-3.6

-

-2.1

-0.44

-1.1

-3.0

-5.0

-1.0

-2.5

-10

-

-1.7

-0.36

-0.9

-2.4

T

mAdc

'OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

1.0

2.5

10

0.36

0.9

2.4 _

mAdc

Input Current (AL Device) •in 15 -

tO.1
-

10 00001 ±0.1
—

11.0

Input Current (CL/CP Device) •in 15 -

♦03
-

i 0.00001 ±0.3
-

±1.0 uAdc

Input Capacitance

(Vin =0)

Cin - -
—

5.0 7.5 pF

Quiescent Current (AL Device)

(Per Package)

Quiescent Current (CL/CP Device)

(Per Package)

'DO 5.0

10

15

-

0.25

0.50

1.00

-

0.0005

0.0010

0.0015

0.25

0.50

1.00
:

7.5

IS

30

uAdc

'DD 5.0

10

IS

-

1.0

2.0

4.0

~
0.0005

0.0010

0.0015

IX)

2.0

4.0
-

7.5

15

30

uAdc

Total Supply Current**t
(Dynamic plus Quiescent, PerGate)
<CL«50pF)

IT 5.0

10

15

lT - (0.7 HA/kHz) f + lDD'6
lT-(1.4 *iA/kHz)f + Idd/6
lT• [22 MA/kHz) f + Idd/6

MAdc

•T|OWW • -5S°C for ALOevico. -40°C for CL/CP Device
Thigh " *125°C for AL Device. **&°C for CL/CP Device

tTo calculate total supply curront at loads other than 50 pF

l-r<CL> * It'50 PF» ♦ 3 X 10"3(CL- 50)VDDf

where: \j is in jiA (per packago), Cl in pF. Vqq in v<lc.ond '
kHz is input frequency.

25°C.
#Noisa immunity specified for worjt cose input combination.

Noiso Margin tor both "1" ond "O" level -
0.5 Vdc min 9 VDD » 5.0 Vdc
1.0 Vdc min ffl> VOD - 10 Vdc
1.0 Vdc min<8> VDD = 15 Vdc
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MC14007UB

SWITCHINGCHARACTERISTICS* <CL - 50 pF.TA - 25°C)

VDD
Characteristic Symbol Vdc Min Typ Max Unit

Output Rise Time tTLH ns

*TLH -(15 ns/pF) CL+30 ns 5X> - 90 180
*TLH° (0.5 ns/pF) Cl + 20 ns 10 _ 45 90
tTLH " (0.4 ns/pF) Cl + 15 ns 15 - 35 70

Output Fall Time *THL
tTHL=(1.2ns/pF)CL+15ns 5.0 _ 75 150
»THL - (0.5 ns/pF) CL+ 15 ns 10 - 40 80

*THL*• (0.4 ns/pF) Cl + 10 ns 15 - 30 60

Turn-Off Oelay Time tPLH ns

lPLH " d-5 ns/pF) Cl + 35 ns 5.0 _ 60 125

tPLH " (0.2 ns/pF) Cl + 20 ns 10 _ 30 75

tPLH ° (0.15 ns/pF) Cl + 17.5 ns 15 - 25 55

Turn-On Delay Time 'PHL ns

<PHL * (1 0 ns/pF) Cl + 10 ns 5.0 - 60 125

tpHL " (03 ns/pF) Cl + 15 ns 10 - 30 75

tpHL " (02 ns/pF) Cl + 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

5 -12

'OHV-OVos-VoH-Vt

7Vvss

All unused inputs connected to around.

( c

VrjS--5.C Vdc< b

. TA = -S5°C ( a

c TA ■♦12 5°C

iy
y i

lyr*/ :jr*>

-10 Vdc j\ 5 Vdc

y i

ft

/ / /
-8.0 -6.0 -4.0 -2.C

VQS.0RAIN VOLTAGE IVdcl

voo-vgs

vDs- vol

All unusod inputs connected to ground.

•z ,B
3
E

• /-I 1 f\ t 1 1
lTL£-?~9' vGS * '5 Vdc

/ ft .J***"""^
In 1 / J

St

t lA-«
rA-*2
rA-*i

AC
5°C -

c ?5°C

a \b|5.0Vdc

2.0 4.0 6.0 8.0

Vqs. DRAINVOLTAGE(Vdc)

7-24



MC14G07UB

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

Pulse

Generator

Vdd

-X /T\ lo.OljiF
SOOuFTf: (|dJ 'T ceramic

-ovout

cL
Vout

20 ns -^ K 20ns

n ft— 50* \
—TT~ 10% *

—ItPHLh— -ItpLHh—

— r—«THL *TLH

•vDd

-vss

•voh

vol

APPLICATIONS

The MC14007UB dual pair plus inverter, which has
access to all its elementsoffers a numberof uniquecircuit
applications. Figures 1, 5, and 6 are a few examples of
the device flexibility.

FIGURE 5 - 3-STATE BUFFER

+VDD

rDisable 3 O |r

Input 10C 2-~
Disable 60 '(-

1-

INPUT DISABLE OUTPUT

1

0

X

0

0

1

0

1

Open

X - Don't Cere
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FIGURE 6 - AOI FUNCTIONS USING TREE LOGIC

VoDl

14

UE

Out - A+B»C

11 f)2

12

2-

t
3|t-CO—f-J|—|

6

AC-

Substrates of P-chonnol dovicos Internally connectod to VDd:
Substrates of N-chonnol devices Intornally connoctod to Vss.



'M) MOTOROLA

4-BIT FULL ADDER

The MC14008B 4-bit full adder is constructed with MOS P-
channel and N-channel enhancement mode devices in a single mono
lithic structure. This device consists of four full adders with fast

internal look-ahead carry output. It is useful in binary addition and
other arithmetic applications.The fast parallel carry output bit allows
high-speed operation when used with other jdders in a system.
• Look-Ahead Carry Output

• High-Speed Operation 160 ns typical from Sumjn to Sumoul
• Quiescent Current - 5.0 nA/package typical @ 5 Vdc

• Diode Protection on All Inputs

• All Outputs Buffered

• Supply Voltage Range • 3.0 Vdc to 18 Vdc

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

• Pinfor-Pin Replacement for CD4008B

MAXIMUM RATINGS (Voltages reicrence-J io vss)
Rating Symbol Value Unit

DC Supply Voltage VDD -0 5 to -18 Vdc

Input Voltage. All Inputs -0.5 to VrjD • 0.5 Vdi

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range AL Device
CL/CP Device

TA -55 to • 125

-40 to <85

°C

Storage Temperature Range Tstg -65 to -150 "c

B4 15 O-

A4 1 O-

B3 2 O-

A3 3 O-

B2 4 O-

A2 S O-

B1 6 O-

A1 7 O-

Cln 9 O-

BLOCK DIAGRAM

High Speed

Parallel Carry
-O 14 Coul

VDD = Pin 16
Vc«= = Pin 8
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MC14008B

CMOS MSI

(LOW POWER COMPLEMENTARY MOSI

4-BIT FULL ADDER

L SUFFIX

CERAMIC PACKAGE

CASE 620

P SUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB Suff

Tzs
x Denotes

Coramic Package
Plastic Package

Extended Oporatin

Temperature Rang
Limiiod Operating

Temperatu M

TRUTH TABLE
(One Stage)

Cjn B A Cout s

0 0 0 0 0

0 0 1 0 1

0 1 0 0 1

0 1 1 1 0

1 0 0 0 1

1

1

1

0

1

1

1

0

1

1

1

1

0
0

1

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



MC14008B

Characteristic Symbol
vDd
Vdc

Tlow* 25°C Thioh*
Unit

Min Max Min Typ Max Min Max

Output Voltage "0" Level
Vin VDDorO

"1" Level

Vjn 0orVDD

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95
;

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95 :

Vdc

Input Voltage* "0" Level
(V0 " 4.5 or 0.5 Vdcl
(Vo 90 or 1.0 Vdcl
(V0 - 13.5 or 1.5 Vdc)

"1" Level

(Vo = 0.5 or 4.5 Vdc)
(V0 » 1.0 or 9.0 Vdc)
(V0* 1 5 or 13.5 Vdc)

V|L
5.0

10

15

-

1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5 •

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Current (AL Oevice)
(Voh = 2.5 Vdc) Source
(VoH * 4.6 Vdc)
(VoH " 95 Vdc)
(Vqh = 13.5 Vdc)

(Vql " °-4 Vdcl Sink
(Vql " o.5 vdc)
(Vol = i-5 vdc)

'OH
r

5.0

5.0

10

15

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2

-

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Output Drive Current (CL/CP Oevice)
(Vqh * 2.5 Vdc) Source
(VoH ° 4.6 Vdc)
(Voh = 9.5 Vdc)
(Vqh " 135 Vdcl
IVql " 0-4 Vdc) Sink
(V0L " 0.5 Vdc)
(Vql = 1-5 vdc)

'OH
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

'OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Input Current (AL Device) •in 15 - iO.1 -

10.00001 •0.1
-

♦1.0 uAdc

Input Current (CL/CP Device) •in 15 -
♦03

-

♦0.00001 ♦0.3
-

tl.O uAdc

Input Capacitance

(Vin • 0)
Cin - -

~

5.0 7.5 pF

Quiescent Current (AL Device)

(Per Package)
•DO 5.0

10

15

-

5.0

10

20

-

0.005

0.010

0.015

5.0

10

20

-

150

300

600

uAdc

Quiescem Current (CL/CP Device)

(Per Package)
•dd 5.0

10

15

—

20

40

80

-

0.005

0.010

0.015

20

40

80

-

150

300

600

uAdc

Total Supply Current• *t
(Dynamic plus Quiescent.

Per Package)
(Cl * 50 pF on all outputs, all
buffers switching)

•t 5.0

10

15

IT' (1.7 "A/kHz) f + lDD
•T " (3.4 "A/kHz) f ♦ lDo
'T = (5.0 nA/kHz)f ♦ IQD

uAdc

•T|ow - -55°C for ALDevice. -40°C for CL/CP Device.
Thigh " +125°C for AL Oevice. +85°C for CL/CP Device.

"Noise immunity specified for worst-case input combination.
NoiseMargin forboth "I" and"0" level- 1.0Vdc min 9 Vqd =5.0 Vdc

2.0 Vdc min 9 Vqd • 10 Vdc
2.5 Vdc min 9 Vqd - 15 Vde

tTo calculate total supply current at loads other than 50 pF:
It(Cl> " lT<50pF) +S x 10-3 (CL -50) VDDf

where: lT>* in *iA (per package), CL in pF, VqD in Vdc, and f in kHz is input frequency.
••The formulas given are for thetypical characteristics only at25°C.
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MC14008B

SWITCHINGCHARACTERISTICS* (CL =50 pF,TA =25°C)

VDD
Characteristic Symbol Vdc Min Typ Max Unit

Output Rise Time, Tlh ns

'TLH = (3.0 ns/pF) Cl +30 ns 5.0 _ 180 360
tTLH = (1.5 ns/pF) CL +15 ns 10 _ 90 180
«TLH =(1.1 ns/pF)CL + 10ns 15

-
65 130

Output Fall Time, »THL ns

'THL = '1-5 ns/pF) Cl +25 ns 5.0 - 100 200

THL = (0.75 ns/pF) CL + 12.5 ns 10 - 50 100

'THL = (0.55 ns/pF) Cl +9.5 ns 15
-

40 80

Propagation Delay Time 'PLH.'PHL ns

Sum In to Sum Out

«PLH.«?HL = (1.7 ns/pF)CL +315 ns 5.0 _ 400 BOO

'PLH. 'PHL = (0-66 ns/pF) Cl + 127 ns 10 - 160 320

*PLH. 'PHL = (0-5 ns/pF) Cl +90 ns 15 - 115 230
Sum In to Carry Out

'PLH. 'PHL = (I-7 ns/pF) Cl + 220 ns 5.0 - 305 610

'PLH. «PHL* (0.66 ns/pF) Cl + 112 ns 10 - 145 290

•PLH. «PHL=(0-5 ns/pF) Cl +85 ns 15 - 110 220
Carry In to Sum Out

•PLH. «PHL" (I-7 ns/pFI Cl + 290 ns 5.0 _ 375 750

*PLH.«PHL ='O-66ns/pF) Cl + 122 ns 10 _ 155 310

'PLH. 'PHL = (0.5 ns/pF) Cl +90 ns 15 - 115 230
Carry In to Carry Out

'PLH. *PHL* '1 -7 ns/pF) Cl +85 ns 5.0 - 170 340

'PLH. »PHL" 'O-66 ns/pF) Cl +42 ns 10 - 75 150

'PLH. 'PHL = (0-5 ns/pF) Cl + 30 ns 15
-

55 110

'The formula is for the typical characteristics only.

FIGURE 1 - TYPICAL SOURCE CURRENT

CHARACTERISTICS TEST CIRCUIT
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FIGURE 2 - TYPICAL SINK CURRENT

CHARACTERISTICS TEST CJRCUIT
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FIGURE 3 - DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

VDD

— 20 ns

VDD£-90% \
/—10% \ VSS

FIGURE 4-SWITCHING TIME TESTCIRCUIT AND WAVEFORMS

Pulse

Generator

B4 S4

A4

B3 S3

A3

62 S2

A2

B1 SI

A1

Cjn Cou,

4vss TCu

Ci„ h
jF—i
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50%
10%

— <PHL

1
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-vss

-v0H

-vol

H
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MO"T£>-

V4 0-1 1 J~

\30-i 1 f~

\2 O i I J

UO-1 1 J*~

FIGURE 5 - LOGIC DIAGRAM

O~0^"

{A>=I»-^

H>^>^0^-

H^O^zzzjD-C^-"

i-Lj>zC> £>h>-^»'
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7-30



MC14008B

TYPICAL APPLICATION

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

Word A + B Inputs

A1 B4 A1 B4 A1 B4 A1 B4

r. Chip r — cin Cm
Chip

SI S« SI S4 SI S4 SI S4

Y
Sum Outputs

Calculation of 16-bit adder spood:
tp totol - tp (Sum toCarry) ♦ tp (Carry to Sum) +2 tp (Carry toCarry)

Typically, thooveroll 16-blt odderspeed ot 10 V is:
tp totol - IIS + 125 +90 - 330 ns typ

Circuit diagroms utilizing Motorolo products or, included osomeans is believed to be entirely "liable. However no'°«P°"*'0'','V '»
o illusuotino typical semiconductor opplicotions. consequently, ossumed for in.ccuroc.es. Furthermore^ such '"'°'ma''0"rf|°"nB"
Mrnplaw information sufficient for construction purposes is not convey to the purchaser of the "™*™»£ »'d"w'"V" ^ Vnecessarily given. Tho information has boon carefully chocked ond license under the patent rights of Motorolo Inc. orothers.
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!M) MOTOROLA

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 Vqq typ

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• All Outputs Buffered (MC1401 IB 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

• Pin-for-Pin Replacements for CD4011 B and CD4011 UB

MAXIMUM RATINGS Voltages referenced lo Vssl
Rating Symbol Value Unit

DC Supply Voltage VOD 0 5 to -18 Vdc

Input Voltage. All Inputs vm -0 5 to VDD -05 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range al Device
CL CP Device

'A -55IU-125

•40 to -85

°C

Storage Temperature Range ht9 -65 10 • 150 "C

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.

i W~3
3-e

CIRCUIT SCHEMATICS

11/4 of Device Shown)

\—03,4.10.1

MC140UB

MC14011UB

CMOS SSI

(LOW POWER COMPLEMENTARY MOS

QUAD 2-INPUT "NAND" GATE

L SUFFIX P SUFFIX

CE nAMIC PACK AGE PLASTIC PACKAGE

CASE 63? CASE 646

ORDERING INFORMATION

MC14XXXB__Su1fi

or UB.

as applicable "

1 P Plait

LOGIC DIAGRAM

:kage

age

Extondod Operating

Temperature Range
Limited Operating
Temperature Range

VOD Pi" li
VSS Pi" '

MC14011UB

14 VDD

n if
-J

4
,p

-0 3." 10. 11

2.5.9.12"

1.6.8.13.

a 2. 5.9. 12 O <•

in-,
vss

This device contains circuitry to protect the inputs against damage due operation it is recommended that V,n and Voul be constrained to the
to high static voltages or electric fields, however, n is advised that nor rangeVss < (V,nor VOUI) *S VDD
mal precautions be taken to avoid application of any voltage higher than Unused inputs must always bo tied to an appropriate logic voltage level
maximum rated voltagos to this high impedance circuit For proper (e.g.. either vss or VOD>.
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'M) MOTOROLA

DUAL 4-INPUT "NAND" GATE

The MC14012B and MC14012UB are constructed with P and N
channel enhancement mode devices in a single monolithic structure
(Complementary 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 Vfjp typ

• SupplyVoltage Range =3.0 Vdcto 18 Vdc

• All Outputs Buffered (MC14012B only)
• Capable of Driving Two Low-power TTL Loads. One Low-power

Schottky TTL Load or Two HTL Loads Over theRated Temper
ature Range. (MC14012B only)

• Double Diode Protection on All Inputs

• Pin-for-Pin Replacementsfor CD4012B and CD4012UB

MAXIMUM RATINGS (Voltages relerenc d to VSSI

Rating Symbol Value

DC Supply Voltage VDD 0 5to -18 Vdc

Input Voltage All Inputs vm 05 (0 Vqo -0 5 Vdc

DC Currenl Dram pel Pm 1

OperatingTemperature Ramie AL Device
CL/CP Device

TA 55 to-125

40 to -85

°C

Storage Temperature Range Tstg 65 to -150 °C

See the MCI4001B data sheet for complete characteristics of the
B-Series device.
See the MC14001UB data sheet for complete characteristicsfor the
UB device.

MC14012B
CIRCUIT SCHEMATICS

(1/2 of Device Shown)

MC14012B
MC14012UB

CMOS SSI
ILOW POWER COMPLEMENTARY MOSI

DUAL 4-INPUT "NAND" GATE

LSUFFIX PSUFFIX
CERAMIC PACKAGE PLASTIC PACK;

CASE 632 CASE 646

ORDERING INFORMATION

MC14XXXB Sufli

T L, Ceramic Package

L—p Plastic Package
ft Extended Operating

Temperature Ronge

c

Limited Operating
Tomoorature Range

LOGIC DIAGRAM

2 1
3^3 V-i

9—

q f
VD0 = Pm 14

vss - P"< 7

10-i_X~>_,3
11-r-r—'
12

MC14012UB
140VDD

*T 3re ns ns n
:i

J
i

2.9 O-

u^=L_q
701

us device contains circuitry to protect tho inputs against damage due
high static voltages or electric lields. however, it is aovisodthat nor

al precautions Do taken to avoid application of any voltage higher than
aximum rated voltages to this high impodanco circuit. For proper

3,10 O-

4,11 O-

5. 12 O-

7 0 VSS

operation it is recommended that V,n and Vout be constrained to the
:< IV,nor Vnu,)< .

appropriate logic voltage level
range VSS
Unused inputs must alw

(e.g., either Vss or VDD

out' ~» VDD
ways be tied t
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'M) MOTOROLA

DUAL TYPE D FLIP-FLOP

The MC14013B dual type D flip-flop is constructed with MOS
P-channel and Nchannel 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 devicesmay be used as shift regis
ter elements or as type T flip-flops for counter and toggle applica
tions.

• Static Operation

• Quiescent Current = 2.0 nA/package typical @5 Vdc
• Noise Immunity - 45% of Vqq typical
• Diode Protection on All Inputs
• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• Single Supply Operation

• Toggle Rate = 4 MHz typical @ 5 Vdc

• Logic Edge-Clocked Flip-Flop Design
Logic state is retained indefinitely with clock level either highor
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 LoadsOver the Rated Temper
ature Range

• Pin-for-Pin Replacement for CD4013B

MAXIMUM RATINGS IVoltages referenced to'

Rating Symbol Value Unit

DC Supply Voltage VDD -05to -18 Vdc

Input Voltage. All Inputs V,n -0 5 to Vpo - 0 5 Vdc

DC Current Dram per Pin I 10 mAdc

Operating Temperature Range AL Device

CL/CP Device
TA -55 to -125

-40 to <85

°C

Storage Temperature Range Tstg -65 to »150 °C

TRUTH TABLE

No

Change

INPUTS OUTPUTS

clock' DATA RESET SET Q ":

—T~ 0 0 0 0 i

_/~ 1 0 0 1 0

""\_ X 0 0 Q Q

X X 1 0 0 1

X X 0 1 1 0

X X 1 1 1 1

X Don't Care

1 " Levol Change
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MC14013B

CMOS SSI

(LOW POWER COMPLEMENTARY MOS)

DUAL TYPE D FLIP-FLOP

L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PAC K AGE

CASE 632 CASE 646

ORDERING INFORMATION

MC14XXXB ___ Sutlix Denotes

t L Ceramic Package

P Plastic Package
A Extended Oporoting

Temperature Rnnge
C Limited Operating

Temperature Range

6 -

5 -

3 -

4 -

8 -

9 -

1 1 -

10 -

BLOCK DIAGR AM

- 1

- 2

- 13

- 12

I
D O

C Q
R

1

1
S

D O

C Q
R

1

VDD - Pin 1<
Vss-Pin7



MC14013B

CLkU 1 KIUAI. UHHnHU I cnia i tx.

Characteristic Symbol
VDD Tlow* 25°C Thioh*

Unit
Vdc Min Max Min Typ Max Min Max

Output Voltage "0" Level
Vin VDDor0

"1" Level

Vin 0orVDD

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95

—

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95 _

Vdc

Input Voltage" "0" Level
(Vq • 4.5 or 0.5 Vdc)
IVq 9.0 or 1.0 Vdc)
(Vq =13.5or 1.5Vdc)

"1" Level

(Vq =0.5 or 4.5 Vdc)
(Vq ; 1.0 or 9.0 Vdc)
<V0 = 1.5 or 13.5 Vdc)

V|L
5.0

10

15

-

1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

,- Vdc

Output DriveCurrent (AL Device)
(Vqh " 25 Vdc) Source
(VOH =4.6 Vdc)
(Vqh =9.5 Vdc)
(V0H " '3.5 Vdc)
(Vql =0.4 Vdc) Sink
(v0l =05 vdc)
(Vql" 1.5 vdc)

'OH
5.0

5.0

10

15

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

'OL 5.0

10

15

0.64

1.6

4.2

~

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4 _

mAdc

Output Drive Current (CL/CP Device)
(Vqh =2.5 Vdc) Source
(VoH =4-6 Vdc)
(V0H * 9.5 Vdc)
(Vqh " 135 Vdc)
(Vql =0-4 Vdc) Sink
(Vol • 0-5 vdc)
(Vol1 1-5 vdc)

'OH
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

"OL 5.0

10

15

0.52

1.3

3.6

0.44

1.1

3.0

0.88

2.25

8.8

•0 00001 •0.1

0.36

0.9

2.4

sl.O

mAdc

uAdc

Input Current (AL Device)

Input Current (CL/CP Device)

•in

•in 15 - ♦0.3 -
tO.00001 •0 3

-

H.O uAdc

Input Capacitance

(Vin =01

Cin -
-

~

50 7.5 pF

Quiescent Current IAL Device)

(Per Package)
'DD 5.0

10

15

-

1.0

2.0

4.0

-

0.002

0.004

0.006

1.0

2.0

4.0

-

30

60

120

Quiescent Current (CL/CP Device)

(Per Package)

•dd 5.0

10

15

-

4.0

8.0

16

-

0.002

0.004

0.006

4.0

8.0

16
-

30

60

120

jiAdc

Total Supply Current * * t
(Dynamic plus Quiescent,

Per Package)

(Cl r 50 pF on all outputs, all
buffers switching)

it 5.0

10

15

l-rlC

lT (1
't = c

).76uA/kHzl f + lDC
.5 »iA/kHz) f ♦ Idc

».3 uA/kHzl f ♦ lDC

)

)

)

MAdc

•T|nlM -55°C lor ALDevice. -40°C lorCL/CP Device.
Thigh =♦125°C ,or AL Device- *85°C ,0'CL/CP DeV'Ce;*Noiseimmunityspecified lorworst-case inputcombination.
No.sc Margin for both "I" and "0-level =1.0 Vdc min 6? V0D =5.0 Vdc

2.0 Vdc min® Vqd -10 Vdc
2.5 Vdc min @VqD -\'5Vdc

tTocalculate total supply current atloads other than 50pF;
1-rtCi I ItISO pFI ♦ 2 x 10-3 ICL -SOI VDDf

wherl: It .» i« -A <per package.. CL in pF. VDD in Vdc. and fin kHz i,input fluency
•-Theformulas given are for thotypical characteristics onlyat25 C

This dovlco contains circuitry to protect the inputs against damage due tohigh static voltages or electric f.elds; however it is ad
vised that normal precautions betaken toavoid application ofany voltage higher than maximum rated voltages tothis high tm-
pedance circuit. For proper operation it isrecommended that Viri and Vout be constrained to the range Vss < <vin or Voul)
< VDD-
Unused inputs must always betied to an appropriate logic voltage level (e.g.. either Vss orVDD'.
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MC14013B

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

Characteristic Symbol VDD Min Typ Max Unit

Output Rise Time

tTLH - (3.0 ns/pF) CL + 30 ns
»TLH»(1.5ns/pF)CL + 15 ns
'TLH =(1.1 ns/pF) CL + 10 ns

»TLH
5.0

10

15

-
180

90

65

360

180

130

ns

Output Fall Time

'THL" (1.5 ns/pF) CL + 25 ns
«THL- (0.75 ns/pF) CL + 12.5 ns
'THL" (055 ns/pF) Cl + 12.5 ns

«THL
5.0

10

15

-

100

50

40

200

100

80

ns

Propagation Delay Time
Clock to Q

'PLH. 'PHL = '1 -7ns/pF) CL + 90 ns
'PLH-'PHL = '0-66 ns/pF) CL+ 42 ns
'PLH- 'PHL = ,0-5 ns/pF) Cl + 25 ns

Set toQ

'PLH.'PHL = (1.7ns/pF) CL + 90ns
'PLH. 'PHL = <0.66ns/pF) Cl + 42 ns
«PLH< 'PHL ° 'O-5 ns/pF) CL + 25 ns

Reset to Q

'PLH. «PHL = <17 ns/pF) Cl + 265 ns
«PLH.*PHL* W.66 ns/pF) Cl + 67 ns
'PLH. 'PHL * '0-5 ns/pF) CL + 50 ns

«PLH

«PHL
5.0

10

15

5.0

10

15

5.0

10

15

-

175

75

50

175

75

50

350

100

75

350

150

100

350

150

100

450

200

ISO

ns

Setup Times
<su

5.0

10

15

40

20

IS

20

10

7.5
-

ns

Hold Times
«h

5.0

10

15

40

20

15

20

10

7.5
-

ns

Clock Pulse Width 'WL.'WH 5.0

10

15

250

100

70

125

50

35
-

ns

Clock Pulse Frequency fcl 5.0

10

15
-

4.0

10

14

2.0

5.0

7.0

MHz

Clock Pulse Rise and Fall Time «TLH

'THL

5.0

10

15
- -

15

5.0

4.0

us

Set and Reset Pulse Width «WL.'WH 5.0

10

15

250

100

70

125

50

35 :

ns

'The formula given is for the typical characteristics only.

H>H>J

LOGIC DIAGRAM
11/2 of Device Shown)

*J8-!

7-36

^JH



MC14013B

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

1—I p ZL —
D 4' 50% \

/ 10% \
Esu(H)—) — «su(D—j f—tsutH)

C

*WH

tTLH 'THL
Inputs R and S low.

-VDO

•vSs

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

TYPICAL APPLICATIONS

n-STAGE SHIFT REGISTER

Clock O *

D Q

C Q

D Q

c a

O

c

a

a

_

BINARYRIPPLE UP-COUNTER (Divide-by-2n)

D Q

C Q

n
T Flip Flop

o a

c a

,th

o Q

•» C 5L..I

MODIFIED RING COUNTER (Divide-bytn + 1»

« D Q

c a

n n
c a

-<J
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ffi\ 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

• "Q" Outputs from Sixth, Seventh, and Eighth Stages
• Double Diode Input Protection

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

• MC14014B Pin-for-Pin Replacement for CD4014B

• MC14021B Pin-for-Pin Replacement for CD4021B

MAXIMUM RATINGS (Voltages referenced to Vss)
Rating Symbol Value Unit

DC Supply Voltage • DD -0 5 to -18 Vdc

Input Voltage. All Inputs Vin -0.5 to Vdd * 05 Vdc

DC Current Dram per Pin 1 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device

TA -55 to -125

-40 to -85

°C

Storage Temperature Range ^stg -65 to -150 °C

LOGIC DIAGRAM

MC14014B
MC14021B

CMOS MSI
(LOW-POWER COMPLEMENTARY MOS)

8-BIT STATIC SHIFT REGISTER

L SUFFIX

CERAMIC PACKAGE

CASE 620

P SUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB _.

h Ceramic Packago

Plailic Package

Extended Operati

Temporature Ran

Limitod Operatin

Temperature Ran

TRUTH TABLE

SERIAL OPERATION:

Q6 0 7 Q8

t CLOCK DS P/S t-n-6 t- n*7 • n*8

n-1 ^Z 0

1

0

0

0

1 0
,

n.2 / 0 0 0 1 O

n«3 _/— 1 0 1 0 1

^^ X 0 Q6 Q7 Q8

PARALLEL OPERATION:

MC14014B MC14021B

•06. Q7. & Q8

X - Don't Car.

OS P/S Dm "Qm

P2

96 Old 0 15

P/S O—P>o f/0-

DS<^{> [>-

^>

D Q

VDD= P,n 16
Vss • Pin 8

P4 - Pn

P5 • Pii

7-38
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MC14014B»MC14021B

Characteristic Symbol
Vdd Tlow* 25°C Thioh*

Unit
Vdc Min Max Min Typ Max Min Max

Output Voltage "0" Level
Vin3VDOorO

"1" Level

Vjn= Oor Vqo

v0l 5.0

10

15

-

0.05

0.05

0.05
-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95

~

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage" "0" Level
(Vq =4.5 or 0.5 Vdc)
(Vo =90or 1.0 Vdc)
(V0 =13.5 or 1.5 Vdc)

"1" Level

(Vq " 0.5 or 4.5 Vdcl
(Vo* 1.0 or 9.0 Vdcl
(Vq- 1.5 or 13.5 Vdcl

V|L
5.0

10

15

-

1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Current (AL Device)
(Vqh " 2.5 Vdc) Source
(VoH " 4-6 Vdc)
(V0H " 9-5 Vdc)
(Vqh- 13.5 Vdcl
(Vql " °-4 Vdcl Sink
(v0l " 05 vdcl
(Vql °1 -5 Vdcl

•oh
5.0

5.0

10

15

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

'OL 5.0

10

15

0.64

1.6

4.2

-

0.51

1.3

3.4

0.88

2.25

8.8 _

0.36

0.9

2.4

-

mAdc

Output OriveCurrent (CL/CP Device)
(Vqh " 2.5 Vdc) Source
(Vqh " 4-6 Vdc)
(V0H ' 9-5 Vdc)
(V0H- 13.5 Vdc)

(Vol " °-4 Vdcl Sink
(v0L - o.6 vdc)
(v0L* 15 vdc)

•oh
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

'OL 5.0

10

IS

0.52

1.3

3.6

0.44

1.1

3.0

0.88

2.25

8.8

10.00001 ♦0.1

0.36

0.9

2.4

il.O

mAdc

uAdc
Input Current (AL Device)

Input Current (CL/CP Device)

'in

'in 15 _ j 0.3 -
10.00001 ±0.3 -

il.O tiAdc

Input Capacitance

<Vin" 0)

Cin -
— —

"

5.0 7.5 pF

Quiescent Current (AL Device)
(Per Package)

'DD 5.0

10

15

-

5.0

10

20

-

0.005

0.010

0.015

5.0

10

20

-

150

300

600

Quiescent Current (CL/CP Devicel
(Per Package)

'DD 5.0

10

15

-

20

40

80

-

0.005

0.010

0.015

20

40

80

-

150

300

600

jiAdc

Total Supply Current' *t
(Dynamic plus Quiescent.
Per Package)

(Cl ' 50 pF on alloutputs, all
buffers switching)

'T 5.0

10

15

1-rMO

.iT Mi
lTM2

.75 /iA/kH

.50 uA/kH
55 uA/kH

i) f ♦ IQD
z) f ♦ IQD
zl 1 ♦ lQE

^Adc

•Tlow =-55°C for ALDevice, -40°C for CL/CP Device.
Thigh - +125°C for AL Device. +85°C for CL/CP Device.

#Noise immunity specified for worst-caseinput combination.
Noise Margin forboth "1" and "0" level• 1.0Vdc min @> VDD - 5.0 Vdc

2.0 Vdc min® Vqd "10 Vdc
2.5 Vdc min @Vdd = 1S Vdc

tTo calculate total supply current at loads other than 50 pF:
lT(CLl- IftSOpFI +1.5x10-3 (CL-501 VDD*

where: lTisinuA(per package), CL inpF, VD0 inVdc. and f inkHz isinput frequency.
*'The formulas given are for the typicalcharacteristics only at 25 C.
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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 ba
taken to avoid application of any voltage
higher than maximum rated voltages to
this high impedance circuit. For proper
operation it is recommended thatVjn and
Vout be constrained to the range V$s <
(Vin or Vout>< VDD-
Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vsso'Vdd1-



MC14014B«MC14021B

SWITCHINGCHARACTERISTICS* (CL - 50pF,TA- 25°C)

Characteristic Symbol
VDD
Vdc

Min Typ Max Unit

Output Rise Time tTLH ns

*TLH° <3.0ns/pF) Cl + 30 ns 5.0 _ 180 360
tTLH " (1.5 ns/pFI Cl + 15 ns 10 _ SO 180
»TLH"(1.1 ns/pF) Cl + 10 ns 15 - 65 130

Output Fall Time tTHL ns

tTHL " <1.5ns/pF) Cl ♦ 25 ns 5.0 _ 100 200
tTHL - (0.75 ns/pF) CL + 12.5 ns 10 _ 50 100
tTHL " (0.55 ns/pF) Cl + 9.5 ns 15 - 40 80

Propagation Delay Time (Clock to Q, P/S to Q) tPLH, ns

tPHL. tPLH " (1-7 ns/pFI Cl + 315 ns tPHL 5.0 - 400 800

tPHL, tPLH * (0.66 ns/pF) Cl ♦ 137 ns 10 - 170 340

tPHL, tPLH " (0.5 ns/pFJ Cl + 90 ns 15 - 115 230

Clock Pulse Width
tWH 5.0 400 150 _ ns

10 175 75 _

15 135 40 -

Clock Frequency 'cl 5.0 1.5 3.0 _ MHz

10 3.0 6.0 _

15 4.0 8.0 -

Parallel/Serial Control Pulse Width lWH 5.0 400 150 _ ns

10 175 75 _

15 135 40 -

Setup Time tsu 5.0 350 150 _ ns

10 80 50 _

15 60 30 -

Input Clock Rise Time
Mel) 5.0 _ - 15 "S

10 _ - 15

15
- -

15

*The formula given isforthe typical characteristics only

FIGURE 1 - OUTPUT SOURCE CURRENT TEST CIRCUIT

Pulso
Gonorator

?vDD

Prosot output under test to a logic "1" level.
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FIGURE 2 - OUTPUT SINK CURRENT TEST CIRCUIT

Pulse

Gonorator

fVDO



MC14014B •MC14021B

Pulso

Gonorator

Pulse

Generator

2

FIGURE 3 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

Pulse

Gansrator

Pulse

Generator

V0D

JL 0.01 jiF
1* Ceramic

*CL

*CL

;fccL

j—\ / v

FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

> !to o o

Parallel or

Serial Oata

Input

90%
50%

10%

-lK««i

Clock or P/S

Input

—H [— 20ns
—4r Vdo

* Vss

—H f-tWH—j I—'THL

/ —io% \ t. vss
— *WH —J— tyVL ""

—J (— «PLH —* f—'PHL
fvBiL * V°M

f -50% \
/--io* \—vol

Switch Position 1 • Parallel In
Switch Position 2 - Serial In *TLH «THL

tWL " *WH " S0% Du,v Cycto
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M) MOTOROLA

DUAL 4-BIT STATIC SHIFT REGISTER

The MC14015B dual 4-bit static shift register is constructed with
MOS P-channel and N-channel enhancement mode devices in a single
monolithic structure. It consists of two identical, independent
4-state serial-input/parallel-output registers. Each register has inde
pendent Clock and Reset inputs with a single serial Data input. The
register states are type 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 Vqd 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= 10'^ ohms typical

• Low Input Capacitance - 5.0 pF typical

• Logic Swing Independent of Fanout

• Toggle Rate = 6.0 MHz <s> 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.

MAXIMUM RATINGS 1Voltages referenced to vss'
R.itmij Symbol Value Unit

DC Supp v Voltage VDD -0 5 to 'IB Vdc

Input Voltage. All Inputs Vln -0.5 to Vdd • 05 Vdc

DC Cu-'.T.t Drain per Pin i 10 mAdc

Operating Temperature Range - AL Device

CL CP Device

"tA -55 to -125

-40 to -85

°C

Storage Temperature Range 1st,, -65 to '150 °C

TRUTH TABLES

CLOCKED OPERATION
(SYNCHRONOUS!

D On On-1
O 0 0

0

1

1

1

0

1

0

1

1

Qn., Dn. R - 0

DIRECT OPERATION

(ASYNCHRONOUS)

R Q

0

1

C • D - Don't Car
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MC14015B

CMOS MSI

(LOW POWER COMPLEMENTARY MOSI

DUAL 4-BIT STATIC

SHIFT REGISTER

L SUFFIX

CERAMIC PACKAGE

CASE 620

P SUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB_ Suflix Denot

I— P Plastic Pi
: Package

Package

i A Extended Operating

Temperature Range

C Limited Operating

Temperature Range

BLOCK DIAGRAM

1

QO

Q1

5

4

9

02

C

R 0.3

3

10

I

15

Q0

D

Q1

13

12

Q2

C

R Q3

1 ' '

2

1

VDD-Pin16

vss " Pin 8



MC14015B

Characteristic Symbol
VDD
Vdc

T|ow 25°C 1 Thigh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level vol 5.0 - 0.05 -
0 0.05

-

0.05 Vdc

vin VDDorO 10 - 0.05 -
0 0.05

-

0.05

"1" Level

15 - 0.05 -
0 0.05

-

0.05

v0h 5.0 4.95 - 4.95 5.0 -
4.95

-

Vdc

Vjn 0orVDD 10 9.95 - 9.95 10 -
9.95

-

15 14.95 -
14.95 15

-

14.95
-

Input Voltage'' "0" Level V|L Vdc

(V0 ' 4.5 or 0.5 Vdc) 5.0 - 1.5 -
2.25 1.5

_

1.5

IVrj -9.0 or 1.0 Vdc) 10 - 3.0 -
4.50 3.0

_

3.0

(Vq= 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0
-

4.0

V|H
fV0 - 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75

-

3.5 -
Vdc

(Vq « 1 0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 -
7.0 —

(V0 = 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 -
11.0 —

Output Drive Current (AL Device) •OH
mAdc

(Voh " 2.5 Vdc) Source 5.0 -1.2 -
-1.0 -1.7

-

-0.7
—

(Voh " 4.6 Vdc) 5.0 -0.25 -
-0.2 -0.36

-

-0.14
-

(Vqh * 9-5 Vdc) 10 -0.62 -
-0.5 -0.9

-

-0.35
-

(V0H " '3-5 Vdc)
(V0L * 0.4 Vdc) Sink

15 -1.8 - -1.5 -3.5
-

-1.1
—

'OL 5.0 0.64 - 0.51 0.88
-

0.36
-

mAdc

(v0L" 0-5 vdc) 10 1.6 -
1.3 2.25

-

0.9
—

(Vol- i-5 vdc) 15 4.2
-

3.4 8.8
-

2.4
—

Output Drive Current (CL/CP Device) •OH
mAdc

(Vqh " 2-5 Vdc) Source 5.0 -1.0 -
-0.8 -1.7

-

-0.6
—

(Vqh " 4.6 Vdc) 5.0 -0.2 -
-0.16 -0.36

-

-0.12
_

(Vqh " 9-5 Vdc) 10 -0.5 -
-0.4 -0.9

-

-0.3
—

(Vqh "'35 Vdc)

(Vol " °-4 Vdc) Sink

15 -1.4 -
-1.2 -3.5

-

-1.0
_

'OL 5.0 0.52 -
0.44 0.88

-

0.36
-

mAdc

(Vql " o.6 vdc) 10 1.3 -
1.1 2.25

-

0.9
—

(v0l* 1.5 vdc) 15 3.6
-

3.0 8.8
-

2.4
—

Input Current (AL Device) •in 15 - 10.1 -

10.00001 ♦0.1
-

il.O pAdc

Input Current (CL/CP Device) 'in 15 -
t0.3

-

10.00001 ±0.3
-

H.0 MAdc

Input Capacitance Cin - - -

5.0 7.5 - -
pF

(Vin • 0)
Quiescent Current (AL Device) •OD 5.0 - 5.0 - 0.005 5.0

-
ISO MAdc

(Per Package) 10 -
10

- 0.010 10
-

300

15 -

20
-

0.015 20
_ 600

Quiescent Current (CL/CP Device) 'DD 5.0 - 20 -
0.O05 20 -

150 MAdc

(Per Package) 10 - 40 -
0.010 40

-
300

15 - 80 -
0.015 80 -

600

Total Supply Current • * t 'T 5.0 iT- ( .2 pA/kH! ) f + IQD MAdc

(Dynamic plus Quiescent, 10 iT= g}.4 »iA/kHj M+ Iqd
Per Package) 15 't- <:).6 uA/kHa )f♦IqD

(Cl " 50 pF on all outputs, all
buffers switching)

•Tlow " -55°ClorAL Device. -40°C lot CL/CP Device.
Thigh * +125°C lor ALDevice. t85°C lor CL/CP Device.

cNoise immunity specilied lor worst-case input combination.
NoiseMargin (or both "1" and "0" level" 1.0Vdc min 0 Vqd ' 5-0Vdc

2.0 Vdc min @Vrjo " 10 Vdc
2.5 Vdc min @Vqd _ ,5 vdc

tTo calculate total supply current 31 loads other then 50 pF:
lT(CL) r lT<50 pFI ♦ 2'« 10-3 <CL -50I VDD(

where: ly isin »iA (per package). CL in pF. VqD in Vdc. and f inkHz isinput frequency.
*'The formulas given are lorthetypical characteristics onlyat25°C.

This device contains circuitry to protect the inputs against damagedue to highstatic voltagesor electric fields: however, it isad
vised that normal precautionsbe taken to avoid applicationof any voltage higher than maximum rated voltagesto this high im
pedance circuit. For proper operation it is recommended that Vjn andVout be constrained to the range Vgs < 'Vjn OfVout)
<VD0.
Unused inputsmustalways be tiedto anappropriate logic voltage level (e.g., either Vss °r Vpo>.
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MC14015B

SWITCHING CHARACTERISTICS* (CL°S0pf,TA< 25°C)

Characteristic Symbol VDD Min Typ Max Unit

Output Rise Time

tTLH - (3.0 ns/pF) Cl + 30 ns
tTLH - (1.5 ns/pF) Cl + 15 ns
tTLH- (1.1 ns/pF)CL + 10ns

tTLH
5.0

10

15

-

180

90

65

360

180

130

ns

Output Fall Time

tTHL - (1.5 ns/pF) Cl + 25 ns
tTHL • (0.75 ns/pF) CL + 12.5 ns
tTHL • (0.55 ns/pF) Cl + 9.5 ns

tTHL
5.0

10

15

-

100

50

40

200

100

80

ns

Propagation Delay Time

Clock, Data to Q

tpLH, tpHL " "-7 ns/pF)Cl +225 ns
tpLH, tpHL ° '0.66 ns/pF)Cl +92 ns
tPLH,tPHL° <0-5 ns/pF)Cl +65 ns

Reset to Q

tPLH, tPHL" 11.7 ni/pFICi_+375 ni
tPLH, 'PHL " '0.66 ns/pF) Cl + 147 ns
tPLH,tPHL" <0-5 ns/pF)Cl +95 ns

tPLH,
tPHL

5.0

10

15

5.0

10

15

-

310

125

90

460

180

120

750

250

170

750

250

170

ns

Clock Pulse Width tWH 5.0

10

15

-

185

85

55

400

175

135

ns

Clock Pulse Frequency 'cl 5.0

10

15
-

2.0

6.0

7.5

1.5

3.0

3.75

MHz

Clock Pulse Rise and Fall Times tTLH,'THL 5.0

10

15

- -

15

IS

15

MS

Reset Pulse Width tWH 5.0

10

15

400

160

120

200

80

60

-

ns

Setup Time
tsu

5.0

10

15

350

100

75

100

50

40

-

ns

FIGURE 1 - POWER DISSIPATION TESTCIRCUIT AND WAVEFORM

L_

PULSE
GENERATOR

2

PULSE

GENERATOR

VDO

?k 00,"F"T^ CERAMIC

00 -o-
0 01 O

Q2K>
C Q3

*=3 nl l

J V_^ V
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MC14015B

SYNCl

L_

PULSE

GENERATOR

2

PULSE
GENERATOR

1

PULSE

GENERATOR

SYNCl

PULSE

GENERATOR

FIGURE 2 -SWITCHING TIME TESTCIRCUIT AND WAVEFORMS

>Vod

QO O-

Q1 -O-

\°^-
&•

rVSS

^:cL

ICL

lWL ' <WH ' SOX Duty Cyclo
tTLH" tTHL < 20 ns

tTLH

FIGURE 3 - SETUP AND HOLD TIME TEST CIRCUIT AND WAVEFORMS
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MC14015B

DATA INPUT BUFFER

io—o—o

LOGIC DIAGRAMS

SINGLE BIT

C

: H>—

COMPLETE OEVICE

d a

Q

-i> -OQ

__ To D ol

d>^

CLOCK INPUT BUFFER

D 0

C Q

—o-

CC Q 1 r—CC Q 1 r—C C 0 •

D Q

c 0

RESET INPUT BUFFER

DATA INPUT BUFFER

IS0 [>o—{>o-

13 12 II
o qo 0 oi o a:

A , ,A , ,A
0 Q

C Q
CLOCK INPUT BUFFER

o a

c aDC Q 1 r-CC 0 1 1—CC Q ' r—CRj |-lRj |T__j_| | 1
0 Q

C Q

d a

C Q

" 1>

RESET INPUT BUFFER
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p\\ MOTOROLA

QUAD ANALOG SWITCH/QUAD MULTIPLEXER

The MC14016B quad bilateral switch is constructed with MOS P-

channel and N-channel enhancement mode devices in a single mono

lithic structure. Each MC14016B consists of four independent
switches capable of controlling either digital or analog signals. The
quad bilateral switch is used in signal gating, chopper, modulator,

demodulator and CMOS logis implementation.

• High On/Off Output Voltage Ratio - 65 dB Typical

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

• Low Crosstalk Between Switches - 80 dB typical @ 1.0 MHz

• Diode Protection on All Inputs

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• Transmits Frequencies Up to 54 MHz @ 5 Vdc

• Linearized Transfer Characteristics

Low Noise - 12nV/\/Cycle, f > 1 kHz typical

Pin-for-Pin Replacement for CD4016B, CD4066B

MAXIMUM RATINGS (Voltagesreferenced to VssI
Rating Symbol V.lllll! Un.t

DC Supply Voltage VDD -0 5 to -18 '.'<:

Input Voltage. All Inputs V„, -0 5 to VDD • 0 5 Vdc

Through Current 1 10 mAdc

Operating Temperature Range - AL Device

CL :P De, :e

TA -55 to >125

-40 to '85

°C

Storage Temperature Range Ts.g -65 to »150 °C

This device contains circuitry to protect the control inputs against damage due to
high static voltagesor electric fields: however, it isadvised that normal precautions
be taken to avoid application of any voltage higher than maximum rated voltages
to this high-impedance circuit. A destructive high-current mode may occur if Vm
and Vou, is not constrained to the range VgS • 'vin °' vout> "• VDD

Control O \rW

CIRCUIT SCHEMATIC

11/4 OF DEVICE SHOWN)

?vDO

•L

hj^r
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MC14016B

CMOS SSI

(LOW POWER COMPLEMENTARY MOSI

QUAD ANALOG SWITCH

QUAD MULTIPLEXER

L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

ORDERING INFORMATION

MC14XXXB__ Sutlix Denotes

L Ceramic Package

1 P Plastic Packago
A Extended Oporating

Temperaturo Range

C Limited Operating

Temperaturu Range

BLOCK DIAGRAM

In3

Control 4

VDD = P,n 14
VCe ' Pin 7



MC14016B

ELECTRICAL CHARACTERISTICS

Characteristics Figuro Symbol
vDd
Vdc

Tlow" 25°C Thigh*
UnitMin Max Min Typ Max Min Max

Input Voltage* 1 V|L 5.0 - - - 1.5 0.9 - - Vdc

Control Input 10 - - - 1.5 0.9 - -

16 - - - 1.5 0.9 - -

V|H 5.0 - - 3.0 2.0 - - - Vdc

10 - - 8.0 6.0 - - -

15 - - 13 11
- - -

Input Current (AL Device) Control - •in IS - ±0.1 - ±0.00001 ±0.1 -
±1.0 MAdc

Input Current (CL/CP Device) Control - 'in 15 - ±0.3 -
±0.00001 ±0.3

-
±1.0 *iAdc

Input Cspacitance - Cin PF

Control - - - - 5.0 - - -

Switch Input - - - - 5.0 - - -

Switch Output - - - - 5.0 - - -

Feed Through - - - - 0.2 - - —

Quiescent Current (AL Device) 2,3 'dd 5.0 _ 0.25 _ 0.0005 0.25 - 7.5 pAdc

(Per Package) 10 - 0.50 - 0.0010 0.50 - IS

IS
-

1.00
-

0.0015 1.00
-

30

Quiescent Current (CL/CP Device) 2.3 'dd 5.0 - 1.0 - 0.0005 1.0 - 7.5 pAdc

(Per Package) 10 - 2.0 - 0.0010 2.0 - 15

15 - 4.0 -
0.0015 4.0

-
30

"ON" Resistance (AL Device) 4.5,6 Ron Ohms

(VC"VDD,RL =10kn)
(Vin =+5.0 Vdc) 5.0 — 600 - 300 660 —

960

(Vin " -S.0 Vdc) Vss " -5Vdc - 600 - 300 660
-

960

<V|n- ±0.25 Vdc) -
600

-
280 660

-

960

(Vin - +7.5 Vdc) 7.5 - 360 - 240 400 - 600

Win ° -7-5 vdc> VSS c ~7-5 vdc - 360 -
240 400

-
600

(Vin = ±0.25Vdc) - 360 -
180 400

-
600

(Virl -+10 Vdc) 10 - 600 - 260 660 - 960

(Vin - +0.25 Vdc) Vss ° 0 Vdc - 600 - 310 660 -
960

(Vln - +5.6Vdc) -
600

-
310 660

-
960

<Vin=+15 Vdc) 15 - 360 - 260 400 - 600

(Vjn - +0.25 Vdc) Vss - 0 vdc - 360 -
260 400

-
600

(Vin - +9.3 Vdc) -
360

-
300 400

-

600

"ON" Resistance (CL/CP Device) 4.5,6 Ron Ohms

(Vc-VoD.RL-IOkn)
(Vin " +50 Vdc) 5.0 - 610 - 300 660 -

840

(Vin - -5.0 Vdc) Vss * ~5 Vdc - 610 -
300 660

-
840

(Vin - ±0.25Vdc) -
610

-
280 660

-

840

(Vin - +7.5 Vdc) 7.5 - 370 - 240 400 - 520

(Vj„ - -7.5 Vdc) Vss " _7S Vdc - 370 - 240 400 -
520

(Vin - ±0.25 Vdcl -
370

-
180 400

-
520

(Vin-+10Vdc) 10 - 610 - 260 660 - 840

(Vi„ * +0-25 Vdc) Vss " ° vd<= - 610 - 260 660 -
840

(Vin - +5.6 Vdc) - 610
-

310 660
-

840

(Vln - +15 Vdc) 16 - 370 - 260 400 - 520

(Vin - +0.25 Vdc) Vss " ° Vdc - 370 - 260 400 -
520

(Vin - +9.3 Vdc) -
370

-
300 400

-
520

A"ON" Resistance - ahon Ohms

Between any 2 circuits in a common
package

(VC - VDD)
(Vj„ - ±5.0 Vdc) Vss " -5 Vdc 5.0 — — — 15 — — —

(Vin " ±7-5 Vdc» Vss " -7-5 Vdc 7.5
- - -

10
- - -

Input/Output LeakageCurrent (Vq - Vss) - -

(V.„-+7.5.Vout =-7.5Vdc> 7.5 — ±0.100 — ±0.0015 ±0.100 — ±1.0 pAdc

(Vin • -7.5, Vou, - +7.5 Vdc) 7.5
-

±0.100
-

±0.0015 ±0.100
- ±1.0

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

#lnput Voltage Specified as the voltage required at the Control Input
for a 10 fA current through the transmission gate with an input-to-

output (tress of Vqq-Vss 'or V|j_ end V|n-

NOTE: All unused control inputs must be returned to Vqq or Vss as
appropriate for the circuit application.
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MC14016B

SWITCHING CHARACTERISTICS- (CL- SO pF. TA- 25°C)

Characteristic Figure Symbol
VDD
Vdc

Min Typ Max Unit

Propagation Delay Time (Vss " 0 Vdc)
V|n to Vout
(Vc-VQD/RL"10kn)

Control to Output

(Vm < 10 Vdc. RL = 1.0 Ml)

7

8

tPLH.
«PHL

5.0

10

15

-

15

7.0

6.0

45

15

12

ns

5.0

10

IS

-

34

20

15

90

45

35

ns

Crosstalk, Control to Output (Vss " ° Vdc)
(VC- Vqd. Rin" *-0k«. Rout" 10 kn<
f-1kHz)

9 5.0

10

15

-

30

50

100

-

mV

Crosstalk between any two switches (Vss " ° Vdc)
(R|_-1.0kn.f « 1.0 MHz,

Voutl '
crosstalk • 20 login )

vout2

5.0 -80 dB

MaximumControl Input Pulse Frequency (Vss " 0 Vdc)
(RL-1.0kn)

5.0

10

15

-

5.0

10

12

-

MHz

Noise Voltage (Vss " 0 Vdc)
(Vc-VDD#f-100 Hz)

(Vc = VDD/f-100kHz)

10,11 5.0

10

15

5.0

10

•15

-

24

25

30

12

12

15

-

nV/VCycle

Sine Wave (Distortion) (Vss " -5 Vdc)
(Vin = 1.77 Vdc RMS Centered 9 0.0 Vdc,
Ri_- 10 kn.f -1.0 kHz)

5.0 0.16 %

Insertion Loss (Vc - VDD> Vin- 1.77 Vdc,Vss " "5 Vdc.
RMS centered - 0.0 Vdc. f - 1.0 MHz)

iitM-aoiooioJr2)
vm

(RL=10kn)
(RL-10k«)
(RL-100kn)
(RL'1.0M!)I

12 5.0

-

2.3

0.2

0.1

0.05

-

dB

Bandwidth (-3 dB)

(VC= VDD# Vin- 1.77 Vdc.Vss - -5 Vdc.
RMS centered 9 0.0 Vdc)

<RL-1.0kn)
(RL=10kn)
(RL = 100kn)
(RL°1.0Mn)

12.13 BW 5.0

-

54

40

38

37

-

MHz

Feedthrough (Vss * "5 Vdc)

(VC " Vss, 20 logio-rT^ - -50dB)
vin

(RL-1.0kn)
(RL-10kn)
(RL=100kn)
(RL°1.0Mn)

5.0

-

1250

140

18

2.0

-

kHz

*The formula is for the typical characteristics only.
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MC14016B

LOGIC DIAGRAM

(1/4 OF DEVICE SHOWN)

{>
Logic Diagram Restrictions

vSs *vin £VDD
VSS <Vout SVDD

Vcontrol V|n to Vout Rosistonco

vss >10^ Ohms typ

VDD 3 x io2 Ohms typ

FIGURE 2 - QUIESCENT POWER DISSIPATION

TEST CIRCUIT

1 iVDD

1
VQD1

I' vout|

rPulse

To all

4 circuits Control

InputGonorator

•'-

Po-voc

vs

) * 'o

sj vin 9

FIGURE 1 - INPUT VOLTAGE

TESTCIRCUIT

Jv„utvco-l-l>o-^-1 ©..
AVin 6

VSS VDD

V|(_ » Vc when Is - 10 >iA

VIH " VDD - VC when 'S " 10 *•*

FIGURE 3 - TYPICAL POWER DISSIPATION PER CIRCUIT

(1/4 OF DEVICE SHOWN)

8 100

4 ..VD )-!5 Vdc- io Vdc--:

1
TA* 1

5.0 Vdc. -

+ -

y

100 k 1.0 M

f,, FREQUENCY IH;)

TYPICAL Ron versus INPUT VOLTAGE

700

600

E

I 50C

1 400

<= 300

z
o

!. 200
o

K

too

0

FIGURE 4- VSS " ~5-0 V AND -7.5 V

1

"Vc = vod'S.u vac-

vc • VrjD • 7.5 Vdc

vss • -7.5 Vdc

-4.0 0 4.0

Vi„. INPUTVOLTAGE IVdc]
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FIGURE 5-Vss- ov

I 1
v<,S = 0Vdc

. = lOkliR

1/V= 25UC

Vc-Vdd- 10 Vdc

sf V

C-Vq J - IS \

6.0 10 1'

Vin. INPUTVOLTAGE (Vdc)



MC14016B

FIGURE 6 - R0N CHARACTERISTICS
TESTCIRCUIT

ivout L
Vcni>—ST 1

< )

Vjn

FIGURE 8 - TURN-ON DELAY TIME TEST CIRCUIT

AND WAVEFORMS

»L *CL

Vin •= VDD

Vv - 0.0 Vdc

Vjn - 0.0 Vdc

VX - VOD

FIGURE 10 - NOISE VOLTAGE TEST CIRCUIT

QuarvToch

Modol

2283
or Equiv

vc - vDD o—

O Ou

A In

1

FIGURE 7 - PROPAGATION DELAY TEST CIRCUIT

AND WAVEFORMS

i
5 <s
o
>

S 10
5
z

5.0

0
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FIGURE 9 - CROSSTALK TEST CIRCUIT

FIGURE 11 - TYPICAL NOISE CHARACTERISTICS

^ Hi Hi 1
Vo )»I5 'dc

,J0VJcTjT

5.0 Vdc
> J

J

I 1
100 1.0 k 10 k

I. FREQUENCY (Hi)



MC14016B

FIGURE 12 - TYPICAL INSERTION LOSS/BANDWIDTH

CHARACTERISTICS

2.D

_ 0
o

5-2.0
o

1-4.0
oc

| -6.0
<

s-ao

-10

-12

II
RL-

nun 11
1MS1 and 100 Ml I!
J io kn

_J 1
J i Ok 1

j 1 III Mill
-3.0dB(R|.-10ksir \\

J -3 Id 1 rl-i- )kni
y

J n
J | L mil |
100k 1.0 M 10M

fin. INPUTFREQUENCY (Hi)

FIGURE 13 - FREQUENCY RESPONSE TEST CIRCUIT

Vc°-rt>°-^t {*
vin -L X j 0.0 Vdc O

>-^ 2.SVdc
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M) MOTOROLA

DECADE COUNTER/DIVIDER

The MC14017B is a five-stage Johnson decade counter with built-
'm code converter Highspeed 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 @> Vqq -- 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 DrivingTwo Low-power TTL Loads. One Low-power

Schottky TTL Loador Two HTL LoadsOver the Rated Temper
ature Range

• Pin-for-Pin Replacement for CD4017B

MAXIMUM RATINGS IVoitaqes referenced toVssi
Rating Symbol Value Unit

DC Supply Voltage VDD -0 Sio -18 Vdc

Input Voltage. All Inputs V,n -0 5 to Vqo • 0 5 Vdc

DC Current Dram per Pin l 10 mAdc

Operating Temperature Range - AL Device

CUCP Device
TA -5b to H25

-40 to -85

°c

Storage Temperature Range 's:g -65 to >150 °c

LOGIC DIAGRAM

1 -Csrrv
lc Cn-<£>-o 12
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MC14017B

CMOS MSI

ILOW POWER COMPLEMENTARY MOSI

DECADE COUNTER/DIVIDER

L SUFFIX

CERAMIC PACKAGE
P SUFFIX

PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB __ Suffi:Suft.x Denol.i

— L Csr.m.c Packags

I— P Plastic Package
tndsd Operating

ipsrsturs Rings

ulsd Operating

FUNCTIONAL TRUTH TABLE

(Positive Logii

CLOCK

CLOCK

ENABLE RESET

DECODE

OUTPUT » n

0

X

X

X

1

X

1

X

0

X

0

0

1

0

0

0

0

Q0

n- 1

It n <S Cirrv • "1", Othe

BLOCK DIAGRAM

VDO-Pln 16
Vss-Pln8



MC14017B

Characteristic Symbol
Vdd Tlow* 25°C Thioh*

Unit
Vdc Min Max Min Typ Max Min Max

Output Voltage "0" Level

Vjri VDOor0

••1" Level

Vin-0orVDO

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95

-

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage" "0" Level
(Vq * 4.5 or 0.5 Vdc)
(Vq =9.0 or 1.0 Vdc)
(Vq= 13.5 or 1.5 Vdc)

"1" Level

(Vq » 0.5 or4.5 Vdc)
(Vo - 1 0 or 9.0 Vdc)
(Vq- 1.5 or 13.5 Vdc)

V|L
5.0

10

15

-

1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Current (AL Device)
(Vqh " 2.5 Vdc) Source
(VoH " 4-6 Vdc)
(V0H " 9-5 Vdc)
(Vqh" 13.5 Vdc)

(Vql * °-4 Vdc) Sink
(v0l ° 0.5 vdc)
(Vol "! -5 Vdc)

>OH
5.0

5.0

10

15

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2
:

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Output Drive Current (CL/CP Device)
(Voh " 2-5 Vdc) Source
(Vqh " 4-6 Vdc)
(Voh " 9.5 Vdc)
(V0H • !3.5 Vdc)
(Vql ° °-4 Vdc) Sink
(Vql • °-5 vdc)
(v0l" i.5 vdc)

'OH
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

•OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Input Current (AL Device) •in 15 - ±0.1 -

±0 00001 ±0.1
—

±1.0 jiAdc

Input Current (CL/CP Device) -in 15 -
±0.3

-

±0.00001 ±0.3
-

±1.0 nAdc

Input Capacitance
(Vin =0)

Cin — - _
~*

5.0 7.5 pF

Quiescent Current (AL Device)

(Per Package)
'DO 5.0

10

15

-

5.0

10

20

-

0.005

0.010

0.015

5.0

10

20 _

150

300

600

Quiescent Current (CL/CP Device)

(Per Package)

>DD 5.0

10

15

. -

20

40

80

-

0.005

0.010

0.015

20

40

80

-

150

300

600

ijAdc

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

(Cl ' 50 pF on all outputs, all
buffers switching)

'T 5.0

10

15

lT - (0.27 MA/kHz) f + lDD
lT = (0.55 MA/kHi) f + lD0

lT =(0.83uA/kHz) f + lDD

uAdc

-55°C for AL Device. -40°C for CL/CP Device.
♦ 125°C for AL Device, +85°C for CL/CP Device.

cNoise immunity specified for worst-case input combination.
NotseMargin for both "1" and "0" level • 1.0Vdc min &Vqq * 5.0 Vdc

2.0 Vdc min @Vqo " 10 Vdc
2.5 Vdc min @Vqd = 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
Ij(Cl)" lT<50 pF) +1.1 x 10-3(Cl-80)VDDf

where: It '* in uA (per package), CL in pF, VqD in Vdc, and finkHz is input frequency.
"The formulas givenare for the typical characteristics only at 25 C.

"T|ow
Thigh

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

is recommended that Vm and Vou, be
constrained to the range Vgs < (V|n or
Vout> < V0D.
Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vssor Voo'-
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MC14017B

SWITCHINGCHARACTERISTICS* (CL =50pF.TA • 25°C)

Characteristic Symbol VDD
Vdc

Min Typ Max Unit

Output Rise Time «TLH ns

tTLH'" (3.0 ns/pF) Cl +30 ns 5.0 _ 180 360
»TLH - (1.5 ns/pF) CL + 15 ns 10 _ 90 180
«TLH » (1.1 ns/pF) Cl + 10 ns 15

- 65 130

Output Fail Time THL
«THL • (1.5 ns/pF) CL +25 ns 5.0 _ 100 200
«THL= (0.75 ns/pF) CL + 12.5 ns 10 _ 50 100
«THL" (0.55 ns/pF) CL + 12.5 ns 15

- 40 80

Propagation Delay Time *PLH,
Reset to Decade Output «PHL
tPLH, «PHL" (1.7ns/pF) Cl +415 ns 5.0 _ 500 1000
'PLH, «PHL " (066 ns/pF) CL + 197 ns 10 _ 230 460

«PLH.«PHL° <0-5 ns/pF) Cl + 150 ns 15
-

175 350

Propagation Delay Time lPLH,
Clock to Cout

«PHL
'PLH.'PHL" (1-7ns/pF)CL +315 ns 5.0 • _ 400 800
«PLH.«PHL " (066ns/pF) Cl +142 ns 10 _ 175 350

«PLH.«PHL" (0-5 ns/pF) Cl + 100 ns 15
-

125 250

Propagation Delay Time tPLH,
Clock to Decode Output tPHL
'PLH, «PHL" (1-7 ns/pF)CL +415 ns 5.0 _ 500 1000
tPLH, tPHL ° '0.66 ns/pF) Cl +197 ns 10 _ 230 460
«PLH,»PHL* <osns/pF) Cl + 150ns 15

- 175 350

Turn-Off Delay Time tPLH
Reset to Cout
tPLH " (1-7 ns/pF) CL +315 ns 5.0 _ 400 800
tpLH ° (066 ns/pF) Cl + 142 ns 10 _ 175 350
tPLH " (0.5 ns/pF) CL ♦ 100 ns IS

- 125 250

Clock Pulse Width
»WH 5.0 250 125 _ ns

10 100 50 _

15 75 35 _

Clock Frequency
'cl 5.0 - 5.0 2.0 MHz

10 - 12 5.0

15
- 16 6.7

Reset Pulse Width *WH 5.0 500 250 _ ns

10 250 125 _

15 190 95 -

Reset Removal Time 'rem 5.0 750 375 _ ns

10 275 135 _

15 210 105 -

Clock Input Rise and Fall Time •TLH.tTHL 5.0

10

15

No Limit
—

Clock Enable Setup Time tsu 5.0 350 175 _

ns

10 150 75 _

15 115 52
-

Clock Enable Removal Time 5.0 420 260 _ ns

10 200 100 -

15 140 70 _

The formula given is for the typical characteristics only.
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vss-

vSs

-OS1

-+ o-

Vqd FIGURE 1 - TYPICAL OUTPUT SOURCE AND OUTPUT SINK CHARACTERISTICS
TEST CIRCUIT

Clock QQ
Enablo

Q1

Q2

Q3

04

Reset Q5

Q6

Q7

QB

OS

Clock .
-out

<j>vSs

OVout

©

External

Power

Supply

OUTPUT

SINK DRIVE

OUTPUT

SOURCE DRIVE

DECODE

OUTPUTS
(SI to A)

Clock to

desired

outputs

(SI to B)

Corry

Clock to S

thru 9

(S1 to B)

SI to A

vGs- VDD -vDO

vos- Vout vout - vDO

FIGURE 2 - TYPICAL POWER DISSIPATION TEST CIRCUIT

^p'-L-q^'-L

APPLICATIONS INFORMATION

Figure 3 shows a technique for extending the number of decoded output states for the MC14017B. Decoded
outputs are sequential within each stageand from stageto stage,with no dead time (except propagationdelay).

CE

00 Q1« • >QS Q9

FIGURE 3 - COUNTER EXPANSION

MC14017B
CE

Q0O1 • • • Q8 Q9 r
MC14017B

CE

Q1 . . . Q8 Q9

"71—
-—v—•

8 Decoded

Outputs

u
9 Oocoded

Outputs

;o
—-v

8 Docodod

Outputs

e:....
Intermediate Stages Last Stage
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MC14017B

FIGURE 4 - AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS
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MOTOROLA

PRESETTABLE DIVIDE-BY-N COUNTER

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

Presetting isaccomplished by a logic1on the presetenable 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 number from 2 to 10 can be accomplished by
connecting appropriate Q outputs to the data input, as shown in
the Function Selection table. Anti-lock gating is 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
• Capableof Driving Two Low-Power TTL Loads.One

Low-Power Schottky TTL Load or Two HTL Loads
Over the Rated Temperature Range

• Pin-for-Pin Replacement for CD4018B

MAXIMUM RATINGS (Voltages referenced to vSs>

Rating Symbol Value Unit

DC Supply Voltage VDD -0 5 to -18 Vdc

Input Voltage. All Inputs Vin -0.5 to Vdd * 05 Vdc

DC Current Dram per Pin 1 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

TA -55 to -125

-40 to -85

°C

Storage Temperature Range Tstg -65 to -150 °c

This device contains circuitry to protect the inputs against damage due to high
static voltages or electric fields; however, it is advisedthat 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 Vjn and
Vout be constrained to the range Vss * 'vin °' vout' * VDD-
Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgs or Vqd'-
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MC14018B

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

PRESETTABLE

DIVIDE-BY-N COUNTER

LSUFFIX

CERAMIC PACKAGE

CASE 620

P SUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB _^_ Suffix Denotut

tL Ceramic Package

P Plastic Package

A Extended Operating

Temperature Range

C Limitod Operating

Temperature Range

FUNCTIONAL TRUTH TABLE

Clock Reset

Preset

Enable

Jam

Input Qn

^_ 0 0 X Qn

_J— 0 0 X
-.-,

X 0 1 0 1

X 0 1 1 0

X 1 X X 1

•D„ is th

Data brou

e Data input for that stage Siage 1 ha
ght oul to Pin 1.

•

BLOCK DIAGRAM

/DD = Pin 16

/cc = Pin 8



MC14018B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
VDD
Vdc

Tlow* 25°C Th ah*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level vol 5.0 - 0.05 - 0 0.05 _ 0.05 Vdc

V,n = VDDor0 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15
-

0.05
- 0 0.05 - 0.05

voh 5.0 4.95 - 4.95 5.0 - 4.95 _ Vdc
Vin = 0orVDO 10 9.95 - 9.95 10 - 9.95 _

15 14.95 - 14.95 15 - 14.95 -

Input Voltage* "0" Level V|L Vdc

(Vq " 4.5 or 0.5 Vdcl 5.0 - 1.5 - 2.25 1.5 - 1.5

(V0-90or 1.0 Vdcl 10 - 3.0 - 4.50 3.0 - 3.0

(VQ- 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H
(Vq - 0.5 or 4.5 Vdcl 5.0 3.5 _ 3.5 2.75 _ 3.5 _ Vdc

(Vq- 1.0 or 9.0 Vdcl 10 7.0 - 7.0 5.50 - 7.0 -

IV0-1 5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) 'OH mAdc

(Vqh "" 2.5 Vdc) Source 5.0 -3.0 - -2.4 -4.2 - -1.7 _

<vOH * 4.6 Vdc) 5.0 -0.64 - -0.51 -0.88 - -0.36 -

(Voh = 9-5 Vdc) 10 -1.6 - -1.3 -2.25 - -0.9 _

(Vqh = 13.5 Vdcl

(Vql =0.4 Vdc) Sink

15 -4.2 - -3.4 -8.8 - -2.4 -

'OL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc

(Vql =0-5 vdcl 10 1.6 - 1.3 2.25 - 0.9 -

ivql * >-5vdc) 15 4.2
-

3.4 8.8
-

2.4
-

Output Drive Current (CL/CP Oevice) 'OH mAdc

(Vqh =2.5 Vdcl Source 5.0 -2.5 - -2.1 -4.2 _ -1.7 -

(VoH =4-6 Vdc) 5.0 -0.52 - -0.44 -0.88 - -0.36 -

<vOH =9-5 Vdc) 10 -1.3 - -1.1 -2.25 - -0.9 -

(Vqh " '3.5 Vdc)

(Vql =0.4 Vdcl Sink

15 -3.6
-

-3.0 -8.8 -
-2.4

-

'OL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc

(Vol •= 0.5 vdcl 10 1.3 - 1.1 2.25 - 0.9 -

(Vql c 15 vdc) 15 3.6
-

3.0 8.8
-

24
-

Input Current (AL Oevice) •in 15
- 10.1 10.00001 sO.I - no pAdc

Input Current (CL/CP Oevice) •in 15
-

10.3
-

10.00001 •03 - no uAdc

Input Capacitance Cjn - - - 50 7.5 - PF

(Vin - 0)

Quiescent Current (AL Device) 'DD 50 - 50 - 0.005 5.0 - 150 uAdc

(Per Package) 10

15

~

10

20

-

0.010

0.015

10

20

-
300

600

Quiescent Current (CL/CP Device) 'dd 5.0 - 20 - 0.005 20 _ 150 wAdc

(Per Package) 10 - 40 - 0.010 40 - 300

15 - 80 - 0.015 80 - 600

Total Supply Current * * t it 5.0 it • (o.3 uA/kHz) ,+ 'DD pAdc

(Dynamic plus Quiescent, 10 it - (o.7 uA/kHz) «+ "DD
Per Package) IS lT = (1-0 MA/kHz) »+ 'DD

(Cl " 50 pF on all outputs, all
buffers switching) I

"Tlow -55°C for AL Device. -40°C for CL/CP Device.
Thigh ' +12S°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@V(jri -5.0 Vdc
2.0 Vdc min @VDD = 10 Vdc
2.5 Vdc min @VDD =15 Vdc

TTo calculate total supply current at loads other than 50 pF:
lT(CL) * ItISOpF) +1 x 10-3 (CL -50)VDDf

where: It is in uA (per package). Cj_in pF. Vqq in Vdc. and f in kHz is input frequency.
"The formulas given are for the typical characteristics only at 2S°C.
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MC14018B

SWITCHING CHARACTERISTICS* (CL - 50 pF,TA <* 25°C)

Characteristic Symbol
V0D
Vdc

All Types

UnitMin Typ Max

Output Rise and Fall Time

«TLH, »THL- 11.35ns/pF) CL + 32 ns
»TLH,*THL° (0-6ns/pF) Cl +20 ns
tTLH, THL* *0-4 ns/pF)Cl +20 ns

'TLH.'THL
5.0

10

15

-

100

50

40

200

100

80

ns

Propagation Delay Time

Clock to Q

tpLH-tPHL " <0-90 ns/pF) Cl + 265 ns
•PLH.'PHL =l°-36 "S/PFI Cl +'02 ns
tpLH'tpHL " ,0-26 ns/pF)Cl +72 ns

Reset to Q

tpLH = <0-90 ns/pF) Cl + 325 ns
tpLH =(036 ns/pF) Cl + '32ns
tpLH " (0-26 ns/pF) Cl ♦ 81 ns

Preset Enable to Q

tPLHAPHL" <090 ns/pF) Cl + 325ns
tpLH-tPHL" <0-36 "'/PF' Cl + '32 ns
tpLH.'PHL " (0-26ns/pF)Cl +81 ns

«PLH.

«PHL
5.0

10

15

-

310

120

85

620

240

170

ns

5.0

10

15

-

370

150

100

740

300

200

ns

5.0

10

15

-

370

150

100

740

300

200

ns

Setup Time

Data (Pin 1) to Clock

Jam Inputs to Preset Enable

«su
5.0

10

15

200

100

80

0

0

0

-

ns

5.0

10

15

200

100

80

0

0

0

-

ns

Data (Jam lnputs)-to-Preset
Enable Hold Time

'h 5.0

10

15

540

500

480

270

250

240

-

ns

Clock Pulse Width <WH 5.0

10

15

400

200

160

200

100

80

-

ns

Reset or Preset Enable

Pulse Width

<WH 5.0

10

15

230

130

110

145

65

55

-

ns

Clock Rise and Fall Time «TLH, <THL 5.0

10

15

No Limit

ns

Clock Pulse Frequency <cl
5.0

10

15

-

2.5

6.5

8.0

1.25

3.25

4.0

MHz

'The formulas given are for the typical characteristics only.

FIGURE 1 - SWITCHING TIME WAVEFORMS

X90X X

2-50S ^t
:'l0% J&

«PLH

50%

10%/
»TLH «THL"
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MC14018B

TIMING DIAGRAM

(05 Connected to Data Input)

Rosot

Presot Enablo

n
Jam 1 n__
Jam 2 ri___
Jam 3 „ . „

Don"! C»r« n .
Jem 4

_Lf.

Jam 5
Lf_.

Q1 ~ L .
oi ' . .' L
Q3 . . I
Q4

Q5

1 1

FUNCTION SELECTION

Connect

Counter Data Input

Mode (Pin 1) to: Comments

Oivido by 10 Q5

Divido by 8 134 No oxtornal

Oivido by 6 Q3 components needed.

Oivido by 4 •2

Oivido by 2 01

Oivido by 9 Q5»Q4 Goto packago
Divido by 7 Q4«Q3 noodod to provldo

Oivido by S 03*02 AND function.

Oivido by 3 Q2* Q1 Counter Skips all

1's state

Clock

Shepor

°-OH>
^

Preset Enablo '

f£>

VDD - Pin 16

Vss " Pi" 8

D Q

He

R P
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M) MOTOROLA

14-BIT BINARY COUNTER

The MC14020B 14-stage binarycounter isconstructedwith MOS
P-channel and N-channel enhancement mode devices in a single mon
olithic structure. This part is designed with an input wave shaping
circuit and 14 stages of ripple-carry binary counter. The device
advances the count on the negative-going edge of the clock pulse.
Applications include time delay circuits, counter controls, and fre
quency-dividing circuits.

Fully Static Operation

Quiescent Current =5.0 nA/package typical @ 5 Vdc

Noise Immunity = 45% of Vqq typical

Diode Protection on All Inputs

Supply Voltage Range = 3.0 Vdc to 18 Vdc
Capableof 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 @ Vqd = 15v

Pin-for-Pin Replacement for CD4020B

MAXIMUM RATINGS IVoltages referenced to Vss)

Rating Symbol Value Unit

DC Supply Voltaqe VDD -0 5 to MB Vdc

Input Voltage. All Inputs Vjn -0.5 to VDD ' 0 5 Vdc

DC Current Drain per Pm i 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

ta -55 to *125

-40 to >85

°C

Storage Temperature Range Tstg -65 to -150 °c

LOGIC DIAGRAM

MC14020B

CMOS MSI

(LOW POWER COMPLEMENTARY MOS1

14-BIT BINARY COUNTER

L SUFFIX

CERAMIC PACKAGE

P SUFFIX

PLASTIC PACKAGE

CASE 648CASE 620

ORDERING INFORMATION

Sulfix DonotMC14XXXB

tL Ceramic Packago
P Pla»nc Package
A Extended Operating

Temperature Range

C Limited Operating

Tomporature Range

TRUTH TABLE

CLOCK RESET OUTPUT STATE

_r 0 No Change

-H_
0 Advance to next

X 1 All Outputs are low

X » Don't Care

q, Q4 OS Q« Q1-

, —i cc O—»-CC Q -*• CC Q —e-c C Q —•-

Q14

03

3>
",rtM> i>

Q6 • Pin 4

Q7 - Pin 6

Q8 ? Pin 13

C O

Q9 • Pin 12

Q10 - Pin 14

Q11 - Pin 15
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MC14020B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
VDD
Vdc

Tlow* 25°C Th igh*
UnitMin Max Min Typ Max Min Max

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

Vjn VDDor0 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15
- 0.05 - 0 0.05 - 0.05

voh 5.0 4.95 - 4.95 5.0 _ 4.95 _ Vdc
Vin 0orVDO 10 9.95 - 9.95 10 _ 9.95 _

15 14.95 - 14.95 15 - 14.95 -

Input Voltage2-' "0" Level V|L Vdc

<V0 - 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5 - 1.5

(V0 - 9.0 or 1.0 Vdcl 10 - 3.0 - 4.50 3.0 - 3.0

(V0 - 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H
(V0 =0.5 or 4.5 Vdc) 5.0 3.5 _ 3.5 2.75 _ 3.5 _ Vdc
(Vq « 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 _

<V0 » 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) •oh mAdc

(VQH e 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 _

(V0H - 13.5 Vdc)

IVql ° 0.4 Vdc) Sink
15 -1.8 - -1.5 -3.5 - -1.1 -

•OL 5.0 0.64 - 0.51 0.88 _ 0.36 _ mAdc

(Vql " 0.5 Vdc) 10 1.6 - 1.3 2.25 _ 0.9 _

(Vql" 15 vdc) 15 4.2
-

3.4 8.8
-

2.4
-

Output Drive Current (CL/CP Device) 'oh mAdc

(Voh * 2-5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 _ -0.6 _

(Vqh c 4.6 Vdc) 5.0 -0.2 - -0.16 -0.36 - -0.12 _

(Vqh " 9-5 Vdc) 10 -0.5 - -0.4 -0.9 _ -0.3 _

(Vqh = 13.5 Vdc)

(Vol " °-4 Vdc) Sink

15 -1.4
- -1.2 -3.5 - -1.0 -

'OL 5.0 0.52 - 0.44 0.88 _ 0.36 _ mAdc

(v0L" °-5 vdc) 10 1.3 - 1.1 2.25 _ 0.9 _

(V0LC 1.5 Vdcl 15 3.6
- 3.0 8.8 - 2.4 -

Input Current (AL Device) 'in 15 - lO.I - 10.00001 10.1 - 11.0 wAdc

Input Current (CL/CP Device) 'in 15 - ♦.03
- 10.00001 10.3 - H.0 uAdc

Input Capacitance Cin - - - 50 7.5 _ _ PF
IVin • 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) 'DD 5.0 - 20 - 0.005 20 _ 150 uAdc
(Per Package) 10 - 40 - 0.010 40 _ 300

15 - 80 - 0.015 80 - 600

Total Supply Current"t »T 5.0 It * lo. 42pA/kHz ' * 'DD jiAdc
(Dynamic plus Quiescent, 10 'T = (oj B5 jiA/kHz • * 'DD
Per Package) 15 't (1. 43 »iA/kHz «♦ 'DD

(Cl ' 50 pF on all outputs, all
buffers switching)

*Tlow ' -55°C for AL Device, -40°C forCL/CPDevice.
Thigh * +125°C for AL Device. +85°C for CL/CP Device.

aNoiie immunity specified for worst-case input combination.
Noise Margin forboth "I" and"0" level » 1.0Vdc min&Vqd * 50 Vdc

2.0 Vdc min & V0D - 10 Vdc
2.5 Vdc min @VDD =15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT<CLl =l-rlSOpF) +1 x 10-3(CL -501 VDDf

where: \j is in uA (perpackage). CL in pF, VDD in Vdc, and f in kHz is input frequency.
"The formulas given are for the typical characteristicsonly at 25°C.

This device contains circuitry to protect the inputs against damagedue to highstatic voltagesor electric fields;however, it isad
vised that normal precautionsbe taken to avoid applicationof any voltage higherthan maximum rated voltagesto this high im
pedance circuit. For proper operation it is recommended that Vjn andVout be constrained to the range Vss * <vin or vout'
<vOD-
Unused inputsmust alwaysbe tied to anappropriate logic voltage level(e.g.. eitherVss or vdd'.

7-64



MC14020B

SWITCHING CHARACTERISTICE* (CL-50pF,TA> 25°C)

Characteristic Symbol
VDD
Vdc

Min Typ Max Unit

Output Rise Time
«TLH - (3.0 ns/pF) Cl + 30 ns
»TLH- (15 ns/pF) Cl + 15 ns
tTLH- (1.1 ns/pF)CL+ 10 ns

'TLH
5.0

10

15

-

180

90

65

360

180

130

ns

Output Fall Time

'THL» (1.5 ns/pF) CL + 25 ns
'THL» (0.75 ns/pF) Cl + 12.5 ns
'THL - (0.55 ns/pF) Cl + 9.5 ns

'THL
5.0

10

15

-

100

50

40

200

100

80

ns

Propagation Delay Time
Clock to Q1

tpHL, 'PLH" ^-7 ns/pF) Cl +315ns
'PHl! 'PLH " (°-66 n*/PF) Cl+137 ns
tpHL, 'PLH " <0-5 "s/PF> Cl +95 ns

Clock to Q14

'PHL,'PLH" (1.7ns/pF)CL+2715 ns
tpHL* 'PLH =<0-66 "s/Ppl Cl ♦ 967 ns
'PHL 'PLH " ,0-5 ns/pF> Cl + 575 ns

«PLH,
«PHL

5.0

10

15

-

400

170

120

750

300

230

ns

5.0

10

15

-

2.8

1.0

0.6

2.8

2.0

1.5

us

Propagation Delay Time
Reset to Qn

♦PHL * <17 "tlPFIcl + 510 ns
tPHL = l°-66 n*/PF> Cl + 197 ns
'PHL " l0-5 nttpF) Cl + 155 ns

«PHL

5.0

10

15

-

595

230

180

3500

300

680

ns

Clock Pulse Width 'WH 5.0

10

15

500

165

125

140

55

38

-

ns

Clock Pulse Frequency 'cl 5.0

10

15

-

3.5

9.0

13

1.0

3.0

4.0

MHz

Clock Rise and Fall Time 'TLH, THL 5.0

10

15

No Limit

Reset Pulse Width «WL 5.0

10

15

3000 1 320
550 120

420 1 80
-

ns

*The formula given is for the typical characteristics only.

FIGURE1 - POWER DISSIPATION TESTCIRCUITAND
WAVEFORM

/ — 10% T—

50% Duty Cycle

-vDo

-Vss
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FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND
WAVEFORMS
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MC14020B

FIGURE 3 - TIMING DIAGRAM
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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
• "Q" Outputs from Sixth, Seventh, and Eighth Stages

• Double Diode Input Protection

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

Schottky TTL Load to Two HTL LoadsOver the Rated Temper
ature Range.

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

MAXIMUM RATINGS (Voltages referenced to Vss)

Rating Symbol Value Unit

DC Supply Voltage VDD -05 to -18 Vdc

Input Voltage. All Inputs Vjn -05 to Vfjo • 05 Vdc

DC Current Dram per Pin i 10 mAdc

Operating Temperature Range AL Device
CL/CP Device

TA -55 to -1 25

-40 to -85

°C

Storage Temperature Range Tstg -65 to *150 °C

LOGIC DIAGRAM

MC14021B
FOR COMPLETE DATA

SEE MC14014B

CMOS MSI
(LOW-POWER COMPLEMENTARY MOS)

8-BIT STATIC SHIFT REGISTER

L SUFFIX

CERAMIC PACKAGE

CASE 620

PSUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB_^ Suffix Denotes

L Ceramic Packagi

I P Plastic Pockage
(tended Operatinr.

empemture Range

imitad Operating

TRUTH TABLE
SERIAL OPERATION:

Q6 Q7 Q8

t CLOCK DS P/S t-n'6 t • n« 7 t= n'8

n _j— n 0 0 ' '

n*1 1 i 0 1 O ?

n<2 /— 0 0 0 1 0

n-3 _/— i 0 1 0 1

"A_ X 0 Q6 Q7 08

PARALLEL OPERATION:

CLOCK
°S P/S °m •Qm

MC14014B MC14021B

/ X X 1 0 0

___/ X X 1 i 1

•Q6. Q7, & Q8 .

X - Don't Can

P2

06 0 14 0 15

<H>—1>

2>-

r- C 5

VDD.Pin16 P4-Pin4
VSS Pin8 P5 " Pi" 13
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M) MOTOROLA

OCTAL COUNTER/DRIVER

The MC14022B is a four-stage Johnson octal counter with built-in
code converter. High speed operation and spike-free outputs are ob
tained by use of a Johnson octal counter design. The eight decoded
outputs are normally low, and go high only at their appropriate octal

time period. The output changes occur on the positive-going edge of
the clock pulse. This part can be used in frequency division appli
cations as well as octal counter or octal decode display applications.

• Fully Static Operation
• DC Clock Input Circuit Allows Slow Rise Times
• Carry Out Output for Cascading
• 12 MHz (typical) Operation @ Vqq = 10 Vdc
• Divideby-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 CD4022B

MAXIMUM RATINGS (Voltages referenced to VssI
Rating Symbol Value Unit

DC Supply Voltage VDD -0 5 to -18 Vdc

Input Voltage. All Inputs v,n -0 5 to VDD • 0 5 Vdc

DC Current Dram per Pm I 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device

TA -55 to *125

-40 to -85

°C

Storage Temperature Range Tstg -65 to >150 °c

LOGIC DIAGRAM
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MC14022B

CMOS MSI

(LOW POWER COMPLEMENTARY MOSI

OCTAL COUNTER/DIVIDER

0^0&'6TiW"" -J^iin"*
L SUFFIX PSUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB Suffix Denotes

I— L Ceramic Package
1— P Plastic Package

A Extended Oporating

Temperature Range

C Limited Oporating
Temperature Range

FUNCTIONAL TRUTH TABLE

(Posm e Logic)

CLOCK

CLOCK ENABLE RESET OUTPUT n

0 X 0 n

X 1 0 n

-/"" 0 0 n-1

1

X 0

0 n» 1

X r 0 n

X X 1 CO

BLOCK DIAGRAM



MC14022B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
V0D
Vdc

T|ow* 25°C Thi(jh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level

Vjn VDDor0

"1" Level

Vin 0orVDD

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95

-

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage" "0" Level
(Vq = 4.5 or 0.5 Vdc)
(V0 -9.0 or 1.0 Vdc)
(V0 = 13.5 or 1.5 Vdc)

"1" Level

(V0 = 0.5 or 4.5 Vdc)
(Vq * 1.0 or 9.0 Vdc)
(V0 = 1.5 or 13.5 Vdc)

V(L
5.0

10

15

-

1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Current (AL Device)
(Voh * 2.5 Vdcl Source
(Vqh =4.6 Vdc)
•VOH " 9 5 Vdc)
(Vqh " 13.5 Vdc)
(Vql " 04 Vdc) Sink
(Vql = 0-5 vdc)
(Vql= 1.5 Vdc)

'OH
5.0

5.0

10

15

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2

-

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4 _

mAdc

Output Drive Current (CL/CP Device)

(Voh = 2.5 Vdc) Source
IVOH = 4.6 Vdc)
(Vqh " 9-5 Vdc)
(Vqh " 13.5 Vdc)

(Vql = °-4 Vdc) Sink
(Vql ° °-5 vdcl
(V0L = 1-5 Vdc)

•oh
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

'OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Input Current (AL Device) 'in 15 - i0.1
-

10.00001 ±0.1
-

±1.0 dAdc

Input Current (CL/CP Device) 'in 15 -
±0.3

-

i 0.00001 10.3
-

4 1.0 pAdc

Input Capacitance

(Vin - 0)
Cin — - -

~

5.0 7.5 pF

Quiescent Current (AL Devicel

(Per Package)
'DD 5.0

10

15

-

5.0

10

20

-

0.005

0.010

0.015

5.0

10

20

-

150

300

600

MAdc

Quiescent Current (CL/CP Device)

(Per Package)
'DD 5.0

10

15

-

20

40

80

-

0.005

0.010

0.015

20

40

80

-

150

300

600

uAdc

Total Supply Current'*t
(Dynamic plus Quiescent,

Per Package)
(Cl - 50 pF on all outputs, all
buffers switching)

IT 5.0

10

15

IT = (0.28 uA/kHz) f + lD0
lT » (0.56 uA/kHz) f + Iqd
1-r- - (0.85 uA/kHz) f + 'DD

uAdc

•Tiow=-55°C for AL Device. -40°C for CL/CP Device.
Thigh " +125°C for ALDevice. +85°C for CL/CP Device.

j:Noise immunity specified for worst-case input combination.
Noise Margin for both "1" and "0" level » 1.0 Vdc min @> Vqd * 5.0 Vdc

2.0 Vdc min @Vqd =10 Vdc
2.5 Vdc min @Vqq * 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT(CL) - It'BO pF) +1.25 x 10-3(Cl-50)VDDf

where: It isin fA (per package). Cl in pF.VDQ inVdc. and f in kHzisinput(requency.
"The formulas given are for the typical characteristics onlyat 25°C.

Thisdevice contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it isad
vised that normal precautions be taken to avoid application of anyvoltage higher than maximum rated voltages to thishigh im
pedance circuit. For proper operation it isrecommended that Vjn and Vout beconstrained to therange Vss < *vjn orVout)
<VDD.
Unused inputsmun always be tied to anappropriate logic voltage level (e.g.. eitherVss or VDD'-
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MC14022B

SWITCHING CHARACTERISTICS* (CL- 50pF,TA • 25°C)

Characteristic Symbol VDD
Vdc

Min Typ Max Unit

Output Rise Time

tTLH ° 13-0 ns/pF) Cl +30 ns
tTLH " f-1-5 n*/PF) Cl + 15 ns
tTLH " H.1 ns/pF) Cl + 10 ns

TLH
5.0

10

15

-

180

90

65

360

180

130

ns

Output Fall Time

tTHL " *1-5ns/pF) Cl + 25 ns
THL " (0-75 n*/pFI Cl + 12.5 ns
'THL " '0.56 ns/pF) Cl + 12.5 ns

THL
5.0

10

15

-
100

50

40

200

100

80

ns

Propagation Delay Time

Reset to Decode Output

'PLH,'PHL* (1.7 ns/pF)CL +415ns
'PLH*. 'PHL " (0-66 nt/pF) Cl+197 ns
'PLhI 'PHL D<0-5 ns/pF) Cl+150 ns

'PLH,
'PHL

5.0

10

15

-
500

230

175

1000

460

350

ns

Propagation Delay Time

Clock to Cqui
'PLH, 'PHL " (1•' ns/pF)Cl +315 ns
'PLH,'PHL° f0-66 iw/PFl Cl +142ns
'PLH*. 'PHL " 1°-5 n*/pF> Cl+100 ns

«PLH,
'PHL

5.0

10

15

-

400

175

125

800

350

250

ns

Propagation Delay Time

Clock to Decode Output

'PLH, 'PHL " 11 -7ns/pF)Cl +415 ns
'PLhI 'PHL " I0-66 "'/PF) Cl+197 ns
'PLH,'PHL° 0.6 ns/pF)Cl +150ns

'PLH,
'PHL

5.0

10

15

-
500

230

175

1000

460

350

ns

Turn-Off Delay Time

Reset to Cout
'PLH " 11.7 n*VpF)C|. +316 nt
'PLH " (0.66 m/pFI Cl + 142 ns
'PLH " (0.5 ns/pF) Cl + 100 ns

«PLH

5.0

10

15

-
400

175

125

800

350

250

ns

Clock Pulse Width «WH 5.0

10

15

250

100

75

125

so

35

-

ns

Clock Frequency 'cl 5.0

10

15

-

5.0

12

16

2.0

5.0

6.7

MHz

Reset Pulse Width «WH 5.0

10

15

500

250

ISO

250

125

95

-

ns

Reset Removal Time 'rem 5.0

10

15

750

275

210

375

135

105

-

ns

Clock Input Rise and Fall Time TLH, THL 5.0

10

15

No Limit

Clock Enable Setup Time 'su 5.0

10

15

350

160

115

175

75

52
-

ns

Clock Enable Removal Time ♦rem 5.0

10

15

420

200

140

260

100

70
-

ns

The formula given is for the typical characteristics only.
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MC14022B

_n_

SOOfiFsp

FIGURE 1 - TYPICAL OUTPUTSOURCE AND OUTPUT SINK
CHARACTERISTICS TEST CIRCUIT

p vout

External

Power

Supply

Output

Sink Drive

Output

Source Drive

Outputs IS1 to A)

Clock todotired

Output

(SI to B)

Carry

Clock to OS
thru Q7
(SI to B)

SI to A

vgs- VDD -V0D

VDS" Vout vout-vDO

FIGURE 2 - TYPICAL POWER DISSIPATION
TEST CIRCUIT

^ 0.01 UF
_1_ Ceramic

Pulse

Generator

QO

Q1

Clock Enablo Q2
Q3

Q4

Reset Q5

Q6

Q7

Clock cout

:cL^cL
9 vss

^cL^rcL^:cL j^cl^Cl^cl ^cl ^cl ^

APPLICATIONS INFORMATION

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

FIGURE 3 - COUNTER EXPANSION

MC14022B
CE

QO Q1 • • • Q6 Q7

CE

Q0Q1

MC14022B

QS 07

—~v
6 Dacodod

Outputs

—-v
7 Decoded
Outputs Outputs I ^

£>—1°
First Stage Intermediate S10901
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M) MOTOROLA

TRIPLE 3-INPUT "NAND" GATE

The MC14023B and MC14023UB are constructed with P and N channel

enhancement mode devices in a single monolithic structure (Comple
mentary MOS). Their primary use is where low power dissipation
and/or high noise immunity is desired.

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

• Noise Immunity = 45% of Vqq typ

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• All Outputs Buffered (MC14023B only)

• Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range. (MC14023B only)

• Double Diode Protection on All Inputs

• Pin-for-Pin Replacements for CD4023B and CD4023UB.

MAXIMUM RATINGS IVottages referenced to Vss)

Rating Symbol Value Unit

DC Supply Voltage VDD -OSto -18 Vdc

Input Voltage, All Inputs V,n -0 5 to Vqd -0 5 Vdc

DC Current Drain per Pin I 10 mAdc

Operating Temperature Range AL Device

CL/CP Device

TA -55 to•125

-40 to '85

°C

Storage Temperature Range Tstg 65 : •150 °c

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.

2.4.121

1.3.11 '

VDD

KJb.

3

CIRCUIT SCHEMATICS

(1/3 of Device Shown)

9\-
t3—da-9-8'1

MC14023B
MC14023UB

CMOS SSI
ILOW POWER COMPLEMENTARY MOSI

TRIPLE 3-INPUT "NAND" GATE

^0 JflUft
L SUFFIX P SUFFIX

CE KAMIC PACKAGE PLASTIC PACKAGE

CASE 632 CASE 646

ORDERING INFORMATION

MC14XXXB-, Su.fl Danotai

Ul Ceramic Package

or UB.

as applicable

1 P Plastic Package
Extended Operating
Temperature Range

' c Limited Operating

Temperature Range

LOGIC DIAGRAM

£^~>--

VDD-Pin 14

VSS ' p,n 7

VDD O 14

vSs

VDD

Pi- HJiaJg 3,8,13 o

VSS Vqc O 7

This dovico contoins circuitry to protoct the inputs against damage duo operation it is rocommondod that Vin and Vout bo constrained to the
range Vss < (V|„or Vout)< VDD.to high static voltages or electric fields, however, it is advised that nor

mal precautions be taken to avoid application of any voltage highor than Unused inputs must always bo tied to an appropriate logic voltage level
maximum rated voltages to this high impodence circuit. For proper (e.g.. either Vss or VDD|.
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M) MOTOROLA

SEVEN STAGE RIPPLE COUNTER

The MC14024B is a seven stage ripple counter with short propa
gation delays and high maximum clock rates. The Reset input has
standard noise immunity (typically 45% of Vdd), however the
Clock input has increased noise immunity due to Hysterrsis, with no
maximum Clock input rise or fall time. The output of each counter
stage is buffered.

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

• Noise Immunity = 45% of Vqd typical

• Diode Protection on All Inputs

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

• 8-MHz Operation @ Vqd = 10 Vdc typical

• Exceedingly Slow Input Transition Rates may be Applied to the
Clock Input

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

• Pin-for-Pin Replacement for CD4024B

MAXIMUM RATINGS (Voltages referenced to Vss)
Rating Symbol Value Unit

DC Supply Voltage VDD -0 5 to *18 Vdc

Input Voltage. All Inputs V,n -0 5 to Vqd • 0.5 Vdc

DC Current Dram per Pin [ 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device

TA -55 to '125

-40 to «85

°C

Storage Temperature Range Tstg -65 to -150 °C

LOGIC DIAGRAM

Q C

rC R Q -j rC R Q

Q3 Pin 9

Q4 Pin 6

Q5 - Pin 5

7-74

MC14024B

CMOS SSI

ILOW POWER COMPLEMENTARY MOSI

SEVEN STAGE

RIPPLE COUNTER

PSUFFIX

PLASTIC PACKAGE

L SUFFIX

CERAMIC PACKAGE

CASE 632 CASE 646

ORDERING INFORMATION

MC14XXXB __ Suit

h Ceramic Packago

Plastic Package

Extended Oporating

Temperature Range
Limited Operating

Temperature Range

PIN ASSIGNMENT

ir= Clock vOD ^^ 14

•>' Reset NC ' 13

3 1 Q7 Q1 =112

4r— Q6 Q2 1 11

oczz Q5 NC 1 10

ecu Q4 Q3 1 9

7c= vSs NC Z^ 8

VDD - Pin 14

vss - Pin 7

NC " No Connection



MC14024B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
VOD
Vdc

Tlow* 25°C Th ah*
UnitMin Max Min Typ Max Min Max

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

Vjn VDDorO 10 - 0.05 - 0 0.05 -
0.05

"I" Level

15 - 0.05 - 0 0.05 -
0.05

voh 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc

Vin 0orVDD 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 -
14.95

-

Input Voltage" "0" Level V|L Vdc

(Vq •- 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5
-

1.5

(V0 9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0
-

3.0

(V0 " 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0
-

4.0

V|H
<V0 =0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 -

Vdc

(Vq • 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -

(Vq • 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 —

Output Drive Current (AL Device) 'OH mAdc

(Vqh " 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 -
-0.7

-

IV0H * 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
-

(Vqh "13.5 Vdc)

(Vql • °-4 Vdc> Sink

15 -1.8 - -1.5 -3.5 - -1.1 -

'OL 5.0 0.64 - 0.51 0.88 - 0.36 -
mAdc

(Vql * °-5 vdc) 10 1.6 -
1.3 2.25

-
0.9

-

(Vql- i.5vdcl 15 4.2
-

3.4 8.8
-

2.4
-

Output Drive Current (CL/CP Device) 'OH mAdc

(Vqh * 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

-

(Vqh " 13.5 Vdc)

(Vql • °-4 Vdc* Sink

15 -1.4 - -1.2 -3.5 -
-1.0

-

'OL 5.0 0.52 - 0.44 0.88 - 0.36 -
mAdc

(Vql • o.5 vdc) 10 1.3 - 1.1 2.25 -
0.9

-

(Vql* 1.5 Vdc) 15 3.6
-

3.0 8.8
-

2.4
-

InpufCurrent (AL Device) 'in 15 - i0.1 -
±0.00001 10.1

-
H.0 MAdc

Input Current (CL/CP Device) 'in 15 - ±0.3 -
•0.00001 ±0.3

-
±1.0 tiAdc

Input Capacitance Cin - - - - 5.0 7.5 - - PF

(Vin - 0)
Quiescent Current (AL Device) 'DD 5.0 - 5.0 - 0.005 5.0 - 150 uAdc

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

15 - 20 -
0.015 20 - 600

Quiescent Current (CL/CP Oevice) '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 ITM0.31 uA/kHz I f + lDD pAdc

(Dynamic plus Quiescent, 10 lj =10.60 uA/kHz ) 1 ♦ lDD
Per Package) 15 'T -<0.89 M/kHz 1 f + 'DD

(Cl " 50 pF on all outputs, all
buffers switchingl

"Tlow * -55°C lor AL Device, -40°C lor CL/CP Oevice.
Thigh • «'25°C for AL Device. +8S°C lorCL/CP Device.

-Noise immunity specified for worst-case input combination.

Noise Margin lor both "1" and "0" level * 1.0 Vdc min @> Vqq • 5.0 Vdc
2 0Vdcmin@VDo - 10 Vdc

2.5 Vdc min @V QO = 15 Vdc
tTo calculate total supply current at loads other than 50 pF:

lT(CL) =ItOOpF) ♦ 1x 10-3(CL -50) VD0f
where: It •> <n pA (per package), C|_ in pF, Vqq in Vdc, and f in kHz is input frequency.

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

This device contains circuitry to protect the inputs egainn damage due to high static voltagesor electric fields; however, it it ad
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im
pedancecircuit. For properoperation it is recommended that Vjn and Vout be constrained to the range Vss * (vin or v0ut'
<V0D.
Unused inputsmustalways be tiedto 8nappropriate logic voltage level (e.g., either Vss of vQpl-
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MC14024B

SWITCHING CHARACTERISTICS* (CL - 50 pF,TA - 25°C)
Characteristic Symbol VDD Min Typ Max Unit

Output Rise Time *TLH ns

tTLH " (3-0 ns/pF) Cl +30 ns 5.0
—

180 360

tTLH " I1-5 ns/pF) Cl + 15 ns 10
—

90 180

tTLH "'i-1 ns/pF)CL+10ns 15
~

65 130

Output Fall Time THL ns

tTHL " (I-5 ns'PF' CL + 25 ns 5.0
—

100 200

tTHL " <0-75 ns/pF) CL + 12.5 ns 10
—

50 100

tTHL " (0-55"«/PF* Cl +9-5 ns IS
—

40 80

Propagation Delay Time «PLH, ns

Clock to Q1 <PHL

'PLH 'PHL " I1-7 ni/pF) CL +^ ns 5.0
—

380 600

'PLH 1PHL° (0.66ns/pF) Cl+ 117 ns 10
_

150 230

'PLH,'PHL" (°-5ns/pF) Cl +85 ns 15
—

110 175

Clock to 07

tpLH tpHL'*<1.7^$'/PF, Cl +915 ns 5.0
-

1000 3000

'PLH,'PHL" '0.66 ns/pF) Cl +367ns 10
-

400 750

'PLH,'PHL" 10.8 ns/pF) Cl +275ns 15
—

300

Reset to Qn
'PLH 'PHL " 11 -7 n*/pF) Cl +415 ns 5.0

-

500 800

'PLH 'PHL " (°-66 ni/pF) Cl +217 ns 10
—

250

'PLH 'PHL * (°-5 ns/pF) Cl + 155 ns 15
—

180 300

Clock Pulse Width «WH 5.0 500 200
-

ns

10 165 60 —

15 125 40
-

Reset Pulse Width tWH 5.0 600 375
-

ns

10 350 200 —

15 260 150
-

Reset Removal Time 'rem 5.0 625 250
-

ns

10 190 75 -

15 145 50
-

Clock Input Rise and Fall Times TLH.'THL 5.0

10

IS

No Limit

Input Putse Frequency 'cl
5.0

10

—

2.5

8.0

1.0

3.0

MHz

15
-

12 4.0

' The formula given is for the typical characteristics only.

TRUTH TABLE

CLOCK RESET STATE

O O No Change

0 1 All Outputs Low

1 0 No Change

1 1 All Outputs Low

y— 0 No Change

y— 1 All Outputs Low

—s^ 0 Advance Ono Count

—v^_ 1 All Outputs Low
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MC14024B

FIGURE 1 - TYPICAL OUTPUT SOURCE
CHARACTERISTICS TEST CIRCUIT

VDO

vDO

C Or

c
Count Qn to a
logic "1" lovol.

<>vss

Vol - Vout
o

&
External

Power

Supply

FIGURE 2 - TYPICAL OUTPUT SINK
CHARACTERISTICS TEST CIRCUIT

VDD

qC Qn

R

voh - vout

9 vss

FIGURE 3 - POWER DISSIPATION TEST CIRCUIT

VoD
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'M) MOTOROLA

TRIPLE 3-INPUT "NOR" GATE

The MC14025B and MC14025UB are constructed with P and N channel
enhancement mode devices in a single monolithic structure (Comple
mentary MOS). Their primary use is where low power dissipation
and/or high noise immunity is desired.

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

• Noise Immunity = 45% of Vpp typ

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• All Outputs Buffered (MC14025B only)

• Capableof Driving Two Low-power TTL Loads.One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range. (MC14025B only)

• Double Diode Protection on All Inputs

• Pin-for-Pin Replacementsfor CD4025B and CD4025UB.

MAXIMUM RATINGS (Voltages referenced to Vss)

Rating Symbol Value Unit

DC Supply Voltage VDD 05to -18 Vdc

Input Voltage All Inputs V,n -0 5 to Vqo -0 5 Vdc

DC Curreni Drain per Pir. 1

Operating Temperature Range AL Device
CL/CP Device

Ta -55 to-125

-40 to -85

°C

Storage Temperature Range Ts.g -65 to -150 °C

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

See the MC14001UB data sheet for complete characteristics for the

non-B device.

l,3.11o-

2.4.120-

4

A
,3

5
1

8.5.13 0 \ _J—
W31

=t.

ns n

3

^

CIRCUIT SCHEMATICS
(1/3 of Device Shown)

' \-o 9.6,10

MC14025B
MC14025UB

CMOS SSI

(LOW POWER COMPLEMENTARY MOSl

TRIPLE 3-INPUT "NOR" GATE

,00 "fin
LSUFFIX PSUFFIX

CERAMIC PACK AGfc PLASTIC PACKAGE

CASE 632 CASE 646

ORDERING INFORMATION

MC14XXXB, So ffl Denotes

U L Ceramic Package

or UB. P Plastic Package

as applicable A Extended Operating

Temperature Range
C Limited Operating

Temperaturo Range

LOGIC DIAGRAM

MC14025UB

14 VDD

«J
b

3. 5. 130-

J
1

j

n

^
3^9'6'

This device contains circuitry to protoci the inputs against damage duo
to high static voltages or electric tiolds. however, it is advisod that nor
mal precautions be taken to avoid application ot 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 Vss < <Vin or VOUI) < VDD.
Unusea inputs must always be tied to an appropriate logic voltage level
(e.g.. either Vss or VDD).
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® MOTOROLA

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 Vqq 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

MAXIMUM RATINGS (Voltages referenced to VssI
Rating Symbol Value Unit

DC Supply Voltage VDD -0 5 to *18 Vdc

Input Voltage. All Inputs vin -0.5 to Vdd • 0.5 Vdc

DC Current Drain per P,n I 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device
TA -55 to -125

-40 to '85

°C

Storage Temperature Range Tstg -65 to * 150 °C

TRUTH TABLE

No Change

INPUTS OUTPUTS'

C J K s R Qn1 Qn-1 Qn*1
_J— 1 X 0 0 0 1 0

_r X 0 0 0 1 1 0

_j- 0 X 0 0 0 0 1

_/- X i 0 0 1 0 1

-\_ X X 0 0 X Ql> Q~n
X X X 1 0 X 1 0

X X X 0 1 X 0 1

X X X 1 1 X 1 1

X - Don't Caro

t - Level Chango

* " Present State

• - Next State

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 Vjn and
Vout be constrained to the range Vss * 'vin °r vout' < VDD-
Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vss °r VDD>-
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CMOS SSI
(LOW-POWER COMPLEMENTARY MOS)

DUAL J-K FLIP-FLOP

L SUFFIX

CERAMIC PACKAGE

CASE 620

ORDERING INFORMATION

MC14XXXB __ Suit

PSUFFIX

PLASTIC PACKAGE

CASE 648

1— L Ceramic Package
I— P Plastic Package

A Extended Oporating

Temperature Rango
C Limited Operating

Temperature Range

BLOCK DIAGRAM
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MC14027B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
Vdd
Vdc

T|ow* 25°C Thiflh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level vql 5.0 - 0.05 - 0 0.05 _ 0.05 Vdc

vin =VD0 or 0 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15
- 0.05 - 0 0.05 - 0.05

voh 5.0 4.95 _ 4.95 5.0 _ 4.95 _ Vdc
Vin-0orVDO 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -

Input Voltage" "0" Level V|L Vdc

(V0 • 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5 - 1.5

<VO=9.0or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0

(V0 = 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H
(V0 =0.5 or 4.5 Vdc) 5.0 3.5 _ 3.5 2.75 _ 3.5 _ Vdc

(VQ* 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -

<Vo- 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current IAL Device) •oh mAdc

<vOH = 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -

(Vqh " 46 Vdc) 5.0 -0.25 - -0.2 -0.36 - -0.14 -

IVoh " 9-5 Vdc) 10 -0.62 - -0.5 -0.9 - -0.35 -

(Vqh = 13.5 Vdc)

(Vql n 0.4 Vdc) Sink

15 -1.8 - -1.5 -3.5 - -1.1 -

'OL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc

(Vql " 0-5 Vdc) 10 1.6 - 1.3 2.25 - 0.9 -

(Vql- 1-5 vdc) 15 4.2
-

3.4 8.8 -
2.4

-

Output Drive Current (CL/CP Oevice) 'OH mAdc

(Vqh ° 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -

(Vqh " 4-6 Vdc) 5.0 -0.2 - -0.16 -0.36 - -0.12 -

(Vqh " 9-5 Vdc) 10 -0.5 - -0.4 -0.9 - -0.3 -

(Vqh "13.5 Vdc)

(Vol " °-4 Vdc) Sink

15 -1.4
- -1.2 -3.5 - -1.0 -

•OL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc

(Vql - 0.5 vdc) 10 1.3 - 1.1 2.25 - 0.9 -

(Vql-is vdc) 15 3.6
-

3.0 8.8
-

2.4
-

Input Current (AL Oevice) •in 15 - ±0.1 - ±0.00001 ±0.1 - ±1.0 uAdc

Input Current (CL/CP Oevice) •in 15 -
±0.3

- ±0.00001 ±0.3 - ±1.0 uAdc

Input Capacitance Cin - - - - 5.0 7.5 - - PF

(Vj„ - 0)

Quiescent Current (AL Device) >OD 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) 'DD 5.0 - 4.0 - 0.002 4.0 - 30 iiAdc

(Per Package) 10 - 8.0 -
0.004 8.0 - 60

15 - 16 - 0.006 16 - 120

Total Supply Current'M IT 5.0 it =(o.80 uA/kHz11 ♦ IQD uAdc

(Dynamic plus Quiescent, 10 >T = H. 50 uA/kHzIf♦Iqd
Per Package) 15 "T =(2.40 uA/kHz ) f ♦ lDD

(Cl - 50 pF on all outputs, all
buffers switching)

*T|ow - -55°C for AL Device, -40°C forCL/CP Device.
Thigh " +125°C for AL Device. +85°C for CL/CP Device.

sNoise immunity specified for worst-case input combination.

Noise Margin for both "1" and "0" level - 1.0 Vdc min @Vdd " 5-0 Vdc
2.0 Vdc min @Vdd ° 10 Vdc
2.5 Vdc min @i vDD =15 Vdc

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

IT<Cl> =lT<50 pF)+2 x 10-3 (CL -50) VDDf
where: \j is in «iA (per package), Cl in pF, Vqd <n Vdc. and f in kHz is input frequency.

*'The formulas given are for the typical characteristicsonly at 25°C.
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SWITCHING CHARACTERISTICS* (CL=50 pF.TA - 25°C)
Characteristic Symbol vDd Min Typ Max Unit

Output Rise Time

tTLH " '3.0 ns/pF) Cl + 30 ns
tTLH " "•5 nt/pF) Cl + 15 ns
tTLH " tt.1 ns/pF) Cl + 10 ns

«TLH
5.0

10

15

-

180

90

65

360

180

130

ns

Output Fall Time

*tXHL° H.6 ns/pF)Cl + 25 ns
tTHL " '0-75 ns/pF) Cl + 12.5 ns
tTHL " '0-55 ns/pF) Cl + 12.5 ns

*THL
5.0

10

15

-

100

50

40

200

100

80

ns

Propagation Delay Time

Clock to Q

'PLH, 'PHL ° ''-7 nttpF)Cl + 80 ns
'PLh! 'PHL ='0-66 "»/PF) Cl+42 ns
'PLh! 'PHL ° '0-5 m/pP) Cl+25 ns

Set to Q

'PLH,'PHL ° (1.7m/pF> CL+ 90ns
'PLH, 'PHL" '°-66 ns/pF)Cl +42 ns
'PLH, 'PHL " '0.6 ns/pF) Cl + 25 ns

Reset to Q

'PLH, 'PHL ° I1-7"»/pF> Cl + 265 ns
'PLH, 'PHL" '0-68n$/pF) Cl +67 ns
'PLH, 'PHL " '0.5 ns/pF) Cl + 50 ns

*PLH,
'PHL

5.0

10

15

-
175

75

50

350

150

100

ns

5.0

10

IS

-

175

75

50

350

ISO

100

ns

5.0

10

15

-
350

100

75

450

200

ISO

ns

Setup Times 'su 6.0

10

IS

140

50

35

70

25

17
-

ns

Minimum Hold Times
'h 5.0

10

15

140

50

35

70

25

17

-

ns

Clock Pulse Width IWH.tWL 5.0

10

15

330

110

75

165

55

38
-

ns

Clock Pulse Frequency 'cl 5.0

10

15

-

3.0

9.0

13

1.5

4.5

6.5

MHz

Clock Pulse Rise and Fall Time TLH. THL 5.0

10

IS
- -

IS

5.0

4.0

us

Set and Reset Pulse Width <WH 5.0

10

15

250

100

70

125

SO

35

-

ns

The formula given is for the typical characteristics only.
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MC14027B

FIGURE 1 - DYNAMIC SIGNAL WAVEFORMS

(J, K, Clock, and Output)

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

RO-

Thl

Inputs R and S low.

For the measurement of tyuH. "'cl'and PD
the Inputs J and K ar* kept high.

••<•—>-H>c

LOGIC DIAGRAM

(1/2 of Device Shown)
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'M) MOTOROLA

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 Illegal Input Combinations

• Similar toCD4028B.

MAXIMUM RATINGS (Voltages referenced to VssI

Rating Sviiiuul Value Unit

DC Supply Voltage vDd -0 5 to -18 Vdc

Input Voltage. All Inputs vm -o.5 to Vqq * °-5 Vdc

DC Current Dram per Pin I 10 in.Vlrj

Operating Temperature Range - AL Device

CL/CP Device

TA -55 to -125

-40 to -85

°c

Storage Temperature Range Tstg -65 to +150 °c

8421

BCD ^
Input

3-Bit

Binary ^
Inputs

BLOCK DIAGRAM

VDD- Pin 16
Vss- Pin 8

Octal

Decoded

Outputs Decoded

Outputs

7-84

MC14028B

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

BCD-TO-DECIMAL DECODER

BINARY-TO-OCTAL DECODER

SfSB^flnT' 5SH3?P^
J'lpP1 -TpP

L SUFFIX PSUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB Suffix Denotes

— L Ceramic Package

'— P Plastic Packago
A Extended Operating

Temperature Range

1 C Limited Operating
Temperature Range

TRUTH TABLE

INPUT OUTPUT

D C B A Q9 Q8 Q7 Q6 Q5 Q4 Q3 Q2 Q1 QO

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

0 0 0 1 0 0 0 0 0 0 0 0 10

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

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

0 1 0 0 0 0 0 0 0 10 0 0 0

0 1 0 1 0 0 0 0 10 0 0 0 0

0 1 1 0 0 0 0 10 0 0 0 0 0

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

1 0 0 0 0 1 00000000

1 0 0 1 1 0 00000000

1 0 1 0 0 0 00000000

1 0 1 1 0 0 00000000

1 1 0 0 0 0 00000000

1 1 0 1 0 0 00000000

1 1

1 1

1

1

0
1

0 0

0 0

00000000

00000000



MC14028B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

Tlow* 25°C Thi<ih*
UnitMin Max Min Typ Max Mln Max

Output Voltage "0" Level

Vjn VDDorO

"1" Level

Vin0orVDD

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95
i

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage" "0" Level
(V0 =4.5 or 0.5 Vdc)
(V0 =9.0 or 1.0 Vdcl
(VQ= 13.5 or 1.5 Vdc)

"1" Level

(V0 =0.5 or 4.5 Vdc)
(V0 = 1.0 or 9.0 Vdc)
(V0= 1.5 or 13.5 Vdc)

V|L
5.0

10

15

-

1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Current (AL Device)

(Vqh " 2.5 Vdc) Source
(Voh " 4.6 Vdc)
(V0H =95 Vdc)
(V0H = 13.5 Vdc)
(Vql • 0.4 Vdc) Sink
(Vql = 0.5 vdc)
(Vql= 1.5 Vdc)

'OH
5.0

5.0

10

IS

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2

-

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Output Drive Current (CL/CP Device)

IVoH =2.5 Vdc) Source
(VoH " 4.6 Vdc)
(V0H =9.5 Vdcl
(Vqh " 13.5 Vdc)

(Vql =0.4 Vdc) Sink
(Vql ° 0.5 vdc)
(Vql= 1.5 Vdc)

'OH
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

'OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Input Current (AL Device) •in 15 - ±0.1 - 10.00001 ±0.1
-

±1.0 uAdc

Input Current (CL/CP Device) •in 15 -
±0.3

-
±0.00001 ±0.3

-
±1.0 uAdc

Input Capacitance

(Vin - 01
Cm — •- - _

5.0 7.5
— -~

PF

Quiescent Current (AL Device)

(Per Package)
•DO 5.0

10

15

-

5.0

10

20

-

0.005

0.010

0.015

5.0

10

20

-

150

300

600

uAdc

Quiescent Current (CL/CP Device)

(Per Package)
'DD 5.0

10

15
;

20

40

80

-

0.005

0.010

0.015

20

40

80

-

150

300

600

uAdc

Total Supply Current"t
(Dynamic plus Quiescent,

Per Package)

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

IT 5.0

10

15

lT =(0.3 pA/kHzM + lDD
IT = (0.6 uA/kHz) f + lDD
•T " (0.9 "A/kHz) 1+ IqD

uAdc

*T|ow • -55°C forAL Device, -40°C forCL/CP Device.
Thigh =+125°C for ALDevice, +85°C for CL/CP Device.

ffNoise immunity specified for worst-case input combination.

Noise Margin for both "1" and "0" level • 1.0 Vdc min @Vqq " 5-0 Vdc
2.0 Vdc min @Vqd "10 Vdc
2.5 Vdc min @Vqq "15 Vdc

tTo calculate total supply current at loads other than 50 pF:
'T<Cl> - lT(50pF)+1 x 10-3<CL -50)VDOf

where: lj is in uA (per package),Cl in pF, Vqd '" Vdc, and f in kHz is input frequency.
"The formulas given1 are for the typicalcharacteristics only at 25°C
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MC14028B

SWITCHINGCHARACTERISTICS* (CL»50pF,TA-25°C)
Characteristic Symbol vdd Min TVP Max Unit

Output Rise Time tTLH
tTLH ** (3-0 ns/pF) Cl +30 ns 5.0 _ 180 360
tjLH " '1.6 ns/pF) Cl + IS ns 10 _ 90 180

tTLH " (1-1 ns/pF) Cl + 10 ns 18
-

65 130

Output Fall Time tTHL ns

tTHL " 'L5 ns/pF) Cl +25 ns 5.0 _ 100 200
tTHL = <°-75 ns/pF) Cl + 12.5 ns 10 _ 50 100
tTHL ' (0.55 ns/pF) CL +9.5 ns 15

- 40 80

Propagation Delay Time tPLH. ns

tPLH.*PHL " I'-7 tw/pFlCl +215 ns tPHL 5.0 - 300 600

tPLH,'PHL " W-66ns/pF)Cj. +97 ns 10 _ 130 260

tPLH. tpHL " (°-5 «w/pF) Cl +65 ns 15 - 90 180

' The formula given is forthe typical characteristics only.

Input* B, C, and D
switching In raspoct
to a BCD code.

Inputs A, B, and D low.

FIGURE 1 - DYNAMIC SIGNAL WAVEFORMS

Input A

10%

Input C

10%.

*PLH-

io%. L

\

-tTLH

•»PHL

"tTHL

vdd All outputs connected
to respective C|_ loads.
f In retpoct to a system

Vss clock.

vss

vol

This device contains circuitry to protect the inputs against damagedue to highstatic voltagesor electric fields;however, it is ad
vised that normal precautionsbe taken to avoid applicationof any voltage higherthan maximum ratedvoltagesto this high im
pedance circuit. For proper operationit is recommended that Vjn andVout be constrained to the range Vss < <vinor Vout)
<V0D.

Unused inputs must alwaysbe tied to an appropriate logicvoltage level (e.g., either Vss or vdd'-
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MC14028B

LOGIC DIAGRAM

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
hexadecimal code. The accompanying table shows the
input binary combinations, the associated "output num
bers" that go "high" when selected, and the "redefined
output numbers" needed for the proper code. For ex
ample: For the combination DCBA = 0111 the output
number 7 is redefined for the 4-bit binary, 4-bit gray, ex-
cess-3, or excess-3 gray codes as 7, 5, 4, or 2, respectively.
Figure 3 shows a 6-bit binary 1-of-64 decoder using nine
MC14028B circuits and two MC14069B inverters.

The MC14028B can be used in decimal digit displays,
such as, neon readouts or incandescent projection indi
cators as shown in Figure 4.

FIGURE 2 - CODE CONVERSION CIRCUIT
AND TRUTH TABLE

Inputs

Output Numbers

-

CODE AND REDEFINED
OUTPUT NUMBERS

INPUTS OUTPUT NUMBERS

Hexadecimal Decimal

£ |
"5

.- >.
QQ (0

5 o X

111

CO

8 |
8 5
X v

111

c
V

<

CM
M

D c B A 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0

0

0

0

0

0

0

0

0

0

1

1

0

1

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

1

0

0

1

0

0

1

0

0

0

0

1

2

3

0

1

3

2 0

0

3

0

1

2

3

0

1

2

0

0

0

0

1

1

1

1

0

0

1

1

0

1

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

1

0

0

1

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

4

5

6

7

7

6

4

5

1

2

3

4

4

1

2

4

3

4

1

1

1

1

0

0

0

0

0

0

1

1

0

1

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

1

0

0

1

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

8

9

10

11

IS

14

12

13

S

e

7

8

9

S

S

6

1

1

1

1

1

1

1

-1

0

0

1

1

0

1

0

1

0

0

0

1

0

0

1

0

0

1

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

12

13

14

15

8

• 9

11

10

g S

6

8

7

6

7

8

9

7

8

9

7-87



MC14028B

a 1

FIGURE 3 - SIX-BIT BINARY 1-OF-64 DECODER
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FIGURE 4 - DECIMAL DIGIT DISPLAY APPLICATION
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Circuit diagrams utilizing Motorola products are included as a means
of illustrating typical semiconductor applications; consequently,
complete information sufficient for construction purposes is not
necessarily given. The information has been carefully checked and

is believed to bo entirely reliable However, no responsibility is
assumed for inaccuracios. Furthermore, such information does not
convey to the purchaser of the semiconductor devices described any
license under the patent rights of Motorola Inc. or othars.
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'M) MOTOROLA

BINARY/DECADE UP/DOWN COUNTER

The MC14029B Binary/Decade up/down counter is constructed
with MOS P-channel and N-channel enhancement mode devices
in a single monolithic structure. The counter consists of type D
flip-flop stages with a gating structure to provide toggle flip-flop
capability. The counter can be used in either Binary or BCD opera
tion. Thiscomplementary MOS counterfindsprimary use in up/down
and difference counting and frequency synthesizer applications
where low power dissipation and/or high noise immunity isdesired.
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 Vqd typical

• Diode Proection on All Inputs

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• Low Input Capacitance - 5.0 pF typical

• Internally Synchronous for High Speed

• Logic Edge-Clocked Design - Count Occurson Positive
Going Edge of Clock

• 8.0 MHz Counting Rate Typ at 10 Vdc

• Asynchronous Preset Enable Operation

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

• Pin for Pin Replacment for CD4029B

MAXIMUM RATINGS (Voltages referenced to Vssl

Rating Symbol Value Unit

DC Supply Voltage vDd -0 5 to -18 Vdc

Input Voltage. All Inputs V|„' -0.5 to V0d * °5 Vdc

DC Current Drain per Pin 1 10

Operating Temperature Range - AL Device
CL/CP Device

TA -55 to -125

-40 to -85

°C

Storage Temperature Range Tstg -65 to • 150 °C

TRUTH TABLE

Up/Down

Preset

Enable ActionCarry In

1 X 0 No Count

0 1 0 Count Up

0 0 0 Count Down

X X 1 Preset

X • Don't Care

7-89

MC14029B

CMOS MSI
(LOW-POWER COMPLEMENTARY MOS)

BINARY/DECADE

UP/DOWN COUNTER

L SUFFIX

CERAMIC PACKAGE

CASE 620

PSUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB _ Suffix Denotes

L Ceramic Package

I P Plastic Package
A Emended Operating

Tomporaturo Range

C Limited Oporating

Temperature Range

PIN ASSIGNMENTS

PE VDD —i 16

03 Clk =115

P3 Q2 =314

PO P2 =313

Cin PI =112

QO Q1 =311

CoTTt U/D =110

vSs B/D =19



MC14029B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

Tlow* 25°C Thish*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level vol 5.0 - 0.05 - 0 0.05 _ 0.05 Vdc

vin =VDD or ° 10 - 0.05 - 0 0.05 - 0.05

"I" Uvel

15 - 0.05 - 0 0.05 - 0.05

voh 5.0 4.95 - 4.95 5.0 _ 4.95 _ Vdc
Vin»0orVDD 10 9.95 - 9.95 10 - 9.95 _

15 14.95 - 14.95 15 - 14.95 -

Input Voltage" "0" Level V|L Vdc

(Vq = 4.5 or 0.5 Vdcl 5.0 - 1.5 - 2.25 1.5 - 1.5

(VO =9.0or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0

(V0= 13.5 or 1.5 Vdcl
"1" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H
(Vq " 0.5 or 4.5 Vdc) 5.0 3.5 _ 3.5 2.75 _ 3.5 _ Vdc

(V0= 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -

(Vo- 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Oevice) 'OH mAdc

(Vqh " 2.5 Vdc) Source 5.0 -3.0 - -2.4 -4.2 - -1.7 -

(V0H-4.6 Vdc) 5.0 -0.64 - -0.51 -0.88 - -0.36 -

(Vqh ° 9 5 Vdcl 10 -1.6 - -1.3 -2.25 - -0.7 -

(Vqh " 13.5 Vdc)

(Vql " 0.4 Vdc) Sink

15 -4.2 - -3.4 -83 - -2.4 -

'OL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc

(Vql • 0-5 Vd«' 10 1.6 - 1.3 2.25 - 0.9 -

(Vql-is vdc) 15 4.2
-

3.4 8.8
-

2.4
-

Output Drive Current (CL/CP Device) 'OH mAdc

(Vqh " 2.5 Vdc) Source 5.0 -2.5 - -2.1 -4.2 - -1.7 -

(VoH • 4.6 Vdc) 5.0 -0J52 - -0.44 -0.88 - -0.36 -

(Vqh " 9-5 Vdc) 10 -1.3 - -1.1 -2.25 - -03 -

(Vqh " 13.5 Vdc)

(Vol " °-4 Vdc) Sink

15 -3.6 -
-3.0 -8.8 - -2.4 -

•OL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc

(Vql " 0.5 Vdc) 10 1.3 - 1.1 2.25 - 0.9 -

(v0l° i.6 vdc) 15 3.6
-

3.0 8.8
-

2.4
-

Input Current (AL Device) 'in 15 - ±0.1 - i0.00001 iO.1 - H.O uAdc

Input Current (CL/CP Device) 'in 15 -
±0.3

-
±0.00001 10.3 - 11.0 uAdc

Input Capacitance Cin - - - - 5.0 7.5 - - PF

•Vjn ' 0)
Quiescent Current (AL Device) 'DD 5.0 - 5.0 - 0.005 5.0 - 150 MAdc

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

15
-

20 • -» 0.015 20
- 600

Quiescent Current (CL/CP Device) •do 5.0 - 20 - 0.005 20 _ 150 jiAdc

(Per Package) 10 - 40 - 0.010 40 - 300

15 - 80 - 0.015 80 - 600

Total Supply Current* * t 't 5.0 it - (o.58 uA/kHzM+ lDD uAdc

(Dynamic plus Quiescent. 10 lT-<1 2 uA/kHz) *+ 'DD
Per Package) 15 lT"(1 7 uA/kHz) f+ lDD

(Cl - 50 pF on all outputs, all
buffers switching)

•T|ovv=-55°C for AL Device. -40°C forCL/CP Device.
Thigh * +125°C for AL Device. +85°C for CL/CP Device.

oNoise immunity specified for worst-case input combination.

Noise Margin for both "V'and "0" level - 1.0 Vdc min@ VpD ' 5.0 Vdc
2.0 Vdc min @ VDD = 10 Vdc
2.5 Vdc min @ vDD = 15 Vdc

tTo calculate total supply current at loads other than 50 pF: *
lT(CL) - lj<50pF)+1 x 10-3(CL -50)VDDf

where: It '* in nA (per package), Cl in pF, Vqd in Vdc. and f in kHz is input frequency.
*'The formulas givenare for the typicalcharacteristics 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 V;n end Vout be constrained to the range Vss ** 'vin or vout'
<VDD.

Unused inputs must always be tied to an appropriate logicvoltage level (e.g.. either V$s or Vqd'-
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MC14029B

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

Symbol

All Types

Unit
Characteristic vdd Min Typ Max

Output Rise Time
tr - (3.0ns/pF)CL +30ns
l, ' (1.5ns/pF)CL+15ns
tr= (1.1 ns/pF)CL + 10ns

TLH
5.0

10

15

-

100

50

40

200

100

80

ns

Output Fall Time
If « (1.5 ns/pF)CL +25 ns
t( =(0.75 ns/pF) CL + 12.5 ns
tf • (0.55 ns/pF) Cl +95 ns

THL
5.0

10

15

-

100

50

40

200

100

80

ns

Propagation Delay Time

Clk to Q

«PLH. «PHL =,1-7n*>pFI Cl ♦ 230ns
'PLH-'PHL =W-66ns/PF' CL * 97 nl
«PLH. 'PHL =<0-5 ni/pF) Cl ♦ 75 ns

Clk to Cout
tp^. tPHL="-7 n*/PF' CL +230 ns
tpLH. 'PHL=(0-66 "''PF' CL♦ 97 n*
'PLH. «PHL =<0-5 ns/PF' Cl ♦ 75 ns

Cjn «° cout
'PLH-'PHL =11 -7ns/pF)Cl +85 ns
'PLH< 'PHL " '°-66 ns/pF) Cl +47 ns
«PLH. 'PHL " '°-5 n*/PFr Cl +35 ns

PEtoQ

tPLH.«PHL =<'-7n«'PF> Cl +230 ns
'PLH-'PHL =<066n*'PF'cl + 97 ns
'PLH.'PHL =(os "«/PF'Cl + 7S ns

PE to Cout
'PLH. 'PHL " ,1-7 n«'PF> cl +465 ns
'PLH.'PHL =*066 ns/PF> Cl +192 ns
tpLH. «PHL =l0-5 mtfiF)Cl +125 ns

«PLH.

'PHL
5.0

10

15

-

200

100

90

400

200

180

ns

'PLH.

«PHL 5.0

10

15

-

250

130

85

500

260

190

ns

'PLH-

«PHL 5.0

10

15

-

175

50

50

350

100

100

ns

'PLH-

«PHL 5.0

10

15

-

235

100

80

470

200

160

ns

«PLH.

'PHL 5.0

10

15

-

320

145

105

640

290

210

ns

Clock Pulse Width tW(cl) 5.0

10

15

-

90

40

30

180

80

60

ns

Clock Pulse Frequency ♦cl 5.0

10

15

2.0

4.0

5.0

4.0

8.0

10

-

MHz

Preset Removal Time" •rem 5.0

10

15

-

80

40

30

160

80

60

ns

Clock Rise and Fall Time »r(cl)

»f(cl)

5.0

10

15

- -

15

15

15

MS

Carry In Setup Time

Up/Down Setup Time

Binary/Decade Setup Time

»su 5.0

10

15

140

60

40

70

30

20

-

ns

5.0

10

15

340

140

100

170

70

50

-

ns

5.0

10

15

320

140

100

160

70

50 _

ns

.Preset Enable Pulse Width »W
5.0

10

15

130

70

50

65

35

25 -

ns

'The formula given is for the typical characteristics only.
'The PresetSignalmust be low priorto a positive-going transitionof the clock.
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MC14029B

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
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MC14029B

TIMING DIAGRAM
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FIGURE 3 - DIVIDEBY N BCDDOWN COUNTER and TIMINGDIAGRAM
(Shown for N-123)
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'M) MOTOROLA

TRIPLE SERIAL ADDERS

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

• Static Operation from dc to 5.0 MHz

• Buffered Outputs

• Single-Phase Clocking

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

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

• Pin-for-Pin Replacement for CD4032B and CD4038B.

MAXIMUM RATINGS IVoltages referenced to Vssl

Rating Symbol Value Unit

DC Supply Voltage vdd -0 5 to -18 Vck

Input Voltage. All Inputs vin -0 S lo VDD - 0 5 Vdc

I 10 mAdc

Operating Temperature Range AL Device
CL/CP Device

'A -55 to *125

-40 to '85

°C

Storjge Temperature Range Tstg -65 to -H50 °C

This device contains circuitry to protect the inputs against damage due to high
static voltages or electric fields; however, it isadvised that normal precautions be
taken to avoid application of any voltage higherthan maximum rated voltages to
thishigh impedance circuit. Forproper operation it isrecommended thatVjn and
Vou,be constrained to the range Vss '• (vin or vout' ** VDD-
Unused inputs must always be tied to an appropriate logic voltage level (e.g..
either Vss °r VDD'-

MC14032B
MC14038B

CMOS MSI
ILOW POWER COMPLEMENTARY MOSl

TRIPLE SERIAL ADDERS

Positive Logic - MC14032B
Negative Logic - MC14038B

PSUFFIX

PLASTIC PACKAGE

L SUFFIX

CERAMIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB ___ Sutf

h
* Denotes

Ceramic Packago

Plastic Packago

Extended Operating

Tomperature Range

Limited Operating
Tomperature Range

BLOCK DIAGRAM

LOGIC DIAGRAMS

(ONE SECTION AND COMMON INPUTSSHOWNI
MC14038B

«H» <-I>t4>
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MC14032B • MC14038B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

Tlow* 2S°C Thich*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level
vin = VDDorO

"1" Level
Vin =0orVDp

V0L 5.0

10

15

-

0.05

0.05

0.05
-

0

0

0

0.05

0.05

0.05

-
0.05

0.05

0.05

Vdc

Voh 5.0

10

IS

4.95

9.95

14.95
-

4.95

9.95

1435

5.0

10

15
-

4.95

9.95

14.95

-
Vdc

Input Voltage* "0" Level

(V0 ' 4.5 or 0.5 Vdc)
<Vq = 9.0 or 1.0 Vdc)
<Vq = 13.5 or 1.5 Vdc)

"1" Level

(Vq * 0.5 or 4.5 Vdc)
(V0« 1.0 or 9.0 Vdc)
(Vo- 1.5 or 13.5 Vdcl

V|L
5.0

10

15
-

1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-
Vdc

Output Drive Current (AL Device)

(Vqh = 2.5 Vdc) Source
(Vqh • 4.6 Vdc)
IVOH = 9-5 Vdc)
(V0H = 13.5 Vdc)

(Vql " 0.4 Vdc) Sink
(Vql " 0-5 vdc)
(v0l° 1-5 vdc)

•oh
5.0

5.0

10

15

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2
-

0.51

1.3

3.4

0.88

2.25

8.8

~
0.36

0.9

2.4

—
mAdc

Output Drive Current (CL/CP Device)
<Voh " 2.5 Vdc) Source
(Vqh ° 4.6 Vdc)
(Vqh » 95 Vdc)
(VOH - 13.5 Vdcl

(Vql ° 0.4 Vdc) Sink
(Vql " 0.5 vdc)
(Vql-i.5 vdc)

•oh
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

•OL 5.0

10

15

0.52

1.3

3.6
-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

—
mAdc

Input Current (AL Device) 'in 15
- 10.1 - ±0.00001 ±0.1 _ ±1.0 uAdc

Input Current (CL/CP Device) 'in 15
-

±03
- 10.00001 ±0.3 _ ±1.0 MAdc

Input Capacitance

(Vjn - 0)
Cin ~ -

- -
5.0 7.5

-

-

pF

Quiescent Current (AL Device)
(Per Package)

<DD 5.0

10

15

-

5.0

10

20
-

0.005

0.010

0.015

5.0

10

20

— 150

300

600

MAdc

Quiescent Current (CL/CP Device)
(Per Package)

'DD 5.0

10

15

-

20

40

80

-

0.005

0.010

0.015

20

40

80

-
150

300

600

MAdc

Total Supply Current* *t

(Dynamic plus Quiescent,
Per Package)

(Cl * 50 pF on all outputs, all
buffers switching)

it 5.0

10

15

IT • »0.96 uA/kHi) f + |00
lT =(1.93uA/kHz)f + |DD
lT =«2.8uA/kHz)l + lDD

MAdc

*Tlow =-55°C for ALDevice. -40°C for CL/CP Device.
Thigh * +125°C forAL Device. ♦85°C forCL/CP Device.

"Noise immunity specified for worst-case input combination.
Noise Margin forboth"1" and"0" level » 1.0Vdc min@Vqq • 5.0Vdc

2.0 Vdc mm @Vdd * 10 Vdc
2.5 Vdc min <s> VDd * 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
'T<Cl> • lT<50pF) +3 x 10-3 (CL -50)VDDf

where: It isinuA (perpackage). Cl inpF. VDD inVdc, andf in kHz isinputfrequency.
"The formulas give^t are for the typicalcharacteristics onlyat 25°C.
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MC14032B • MC14038B

Characteristic Symbol vdd
Vdc

Min Typ Max Unit

Output Rise Time
tTLH " '3.0 ns/pF)Cl +30 n*
•tlh" <1.5ns/pF)CL+15ns
tTLH " 0.1 ns/pF)Cl + 10 ns

tTLH
5.0

10

15

-

180

90

65

360

180

130

ns

Output Fall Time

tTHL " 0.5 ns/pF) Cl +25 ns
tTHL " <°-75 n»/PFI CL + 12-5ns
tTHL ° ,0-55rw/pF) Cl +9.S ns

*THL
S.0

10

15

-

100

50

40

200

100

80

ns

Propagation Delay Time
A, B or Invert to Sum

tpLH, «PHL " 0.7 ns/pF) CL+195ns
tPLH*. »PHL " '0-66 ntlpF) Cl+87 ns
•PLh! lPHL " *°-5 ns/pF) Cl+65 ns

Clock to Sum

tpLH,«PHL " 0.7 ns/pF) Cl +415ns
tpLH*. «PHL " '0-66 ns/pF) Cl+147 ns
tPLH tPHL" <0-5 "*/PF'Cl + 110 ns

tPLH,
tPHL

5.0

10

IS

-

280

120

90

1400

300

230

5.0

10

IS

-

500

180

135

2400

600

460

ns

Input Setup Time t$u 5.0

10

15

10

10

10

-10

0

0

-

ns

Clock Pulse Frequency 'cl 5.0

10

15

-

4.0

10

12

1.0

2.5

4.0

MHz

Clock Rise end Fall Times »THL, «TLH 5.0

10

15 - -

15

15

15

MS

* The formula given is for the typical characteristicsonly.

TIMING DIAGRAMS

MC14032B

Word 1 + Word 2 • •*•— Word 3 ♦ Word 4 -

0.1101110 -+110

1.1011011 - -37

1.1001110 - -BO

1.0101001 - -87

Note: Unused input pins must bo connected to oithar Vqq or Vgg.

MC14038B

Word 1 + Word 2 - -+-• •Word 3 + Word 4 1

M~Hl-

r- True Sum

Word 1: 1.1000011 - -61

Word 2: 1.1001101 - -SI
1.0010000--112

7-97

Complemented!

Word 3: 0.0100100 - +38

Word 4: 0.0110001 - +49

0.1010101 - +85



MC14032B • MC14038B

FIGURE 1 - TYPICAL OUTPUT SOURCE TEST CIRCUIT
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FIGURE 2 - TYPICAL OUTPUT SINK TEST CIRCUIT
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Vqd - vGs vol

FIGURE 3 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS
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MC14032B • MC14038B

FIGURE 4 - SWtTCHMa TIME TEST CIRCUITAND WAVEFORMS
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'M) MOTOROLA

8-BIT UNIVERSAL BUS REGISTER

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

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

• Bidirectional Parallel Data Input
• Quiescent Current = 10 nA/package typical @ 5 Vdc
• Noise Immunity = 45% of Vqd typical
• Diode Protection on All Inputs
• Supply Voltage Range = 3.0 Vdc to 18 Vdc
• Static Operation 0 to 5.0 MHz @ Vqd = 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.

MAXIMUM RATINGS (Voltages referenced to Vss)
Rating Symbol Value Unit

DC Supply Voltage vDd -0.5 to '18 Vdc

Input Voltage. All Inputs vm -0.5 to Vqd + 0.5 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device

Ta -55 to +125

-40 to -85

°C

Storage Temperature Range Tstg -65 to +150 °C

This device contains circuitry to protect the inputs against damage due to high static
voltages or electric fields: however, it is advised that normal precautions be taken to
avoid application of any voltage higher than maximum rated voltages to this high
impedance circuit. For proper operation it is recommended that V,n and Vout be
constrained to the range V55 < (V|n or Voutl < Vgrj.

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

v^ or Vdd1-

7-100

MC14034B

CMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

8-BIT UNIVERSAL BUS REGISTER

LSUFFIX

CERAMIC PACKAGE

CASE 623

PSUFFIX

PLASTIC PACKAGE

CASE 709

ORDERING INFORMATION

MC14XXXB ___ Suffix Denotes

h Ceramic Package

Plastic Package

Extended Operating

Temperature Range
Limited Operating

nrjcr nflO

BLOCK DIAGRAM

A1 A2 A3 A4 A5 A6 A7 A8

16 17 18 19

1' !• 1' 1
20 21 22 23

f.
90 A EnaDle

130 P/S

10O Ds (Serial Inputi
11 O A/B

140 A/S

150
C ICIock)

I'M111
8 7 6 5

1'
4 3

I'
2 1
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VDD -Pin 24
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MC14034B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
Vdd
Vdc

"How* 28°C Thiflh*
UnitMin Max Min Typ Max Min Max

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

Vin*VDDorO 10 - 0.05 -
0 0.05

-
0.05

"1" Level

15 - 0.05 -
0 0.05

-
0.05

voh 5.0 4.95 - 4.95 5.0 - 4.95 -
Vdc

Vjn =u°rVDD 10 9.95 - 9.95 10 - 9.95 -

15 14.95 -
14.95 15

-
14.95

-

Input Voltage* "0" Level V|L Vdc

(V0 =4.5 or 0.5 Vdcl 5.0 - 1.5 -
2.25 1.5

-

1.5

(V0 =90 or 1.0 Vdc) 10 - 3.0 -
4.50 3.0

-

3.0

(Vq = 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 — 6.75 4.0
—

4.0

V|H
|V0 =0.5 or 4.5 Vdcl 5.0 3.5 - 3.5 2.75 -

3.5 -
Vdc

(V0- 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -

IV0» 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 -
11.0 —

Output Drive Current (AL Device) •oh
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
-

(V0H • 9-5 Vdc) 10 -0.62 -
-0.5 -0.9

-

-0.35
—

<V0H = 13-5Vdc)

(Vql =0.4 Vdc) Sink

15 -1.8 - -1.5 -3.5 —
-1.1

—

'OL 5.0 0.64 - 0.51 0.88 -
0.36

-
mAdc

(Vql • o-5 vdc) 10 1.6 -
1.3 2.25

-

0.9
—

(V0L= 1.5 Vdc) 15 4.2
-

3.4 8.8
-

2.4
—

Output Drive Current (CL/CP Device) 'OH
mAdc

(Vqh =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 * s»-5 Vdc) 10 -0.5 -
-0.4 -0.9

-

-0.3
—

(V0H = 13.5 Vdc)

(Vol ° °-4 Vdcl Sink

15 -1.4
-

-1.2 -3.5
-

-1.0
-

'OL 5.0 0.52 - 0.44 0.88 -
0.36

-

mAdc

(Vql ° 0.5 vdc) 10 1.3 -
1.1 2.25

-

0.9
—

(Vql "i-5 vdc) 15 3.6
-

3.0 8.8
-

2.4
_

Input Current (AL Device) 'in 15 - ±0.1
-

±0.00001 ±0.1
-

±1.0 MAdc

Input Current (CL/CP Device) <in 15 -
±0.3

-
±0.00001 ±0.3

-

±1.0 uAdc

Input Capacitance Cin - - - -

5.0 7.5
- - pF

(Vjn • 0)
Quiescent Current (AL Device) 'DD 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) 'DD 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 it 5.0 'T- 12.2 uA/kHz )f+ lDD MAdc

(Dynamic plus Quiescent, 10 "T- <4.4 uA/kHz )«+ lDD
Per Package) 15 lT- <3.6 uA/kHi ) f + <DD

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

3-Stote Output Leakage Current ITL 15 - ±0.1 - ±0.0001 ±0.1 - ±3.0 MAdc

(AL Device) — — —

3-State Output Leakage Current >TL 15 - ±1.0 - ±0.0001 ±1.0
-

±7.5 MAdc

(CL/CP Device) - -

~

"Tlow" -55°C for AL Device. -40°C lorCL/CP Device.
Thigh - +125°C for ALDevice. +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 @Vqd " 5.0 Vdc
2.0 Vdc min @ Vqd " 10 Vdc
2.5 Vdc min @Vqd = 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT(CL) » IjtSOpF) +4 x 10-3 (CL-50) VDDf

where: \j is in mA (per package),Cl in pF. Vqd 'n Vdc,
and f in kHz is input frequency.

"The formulas given areforthe typical characteristics only at 25°C.
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MC14034B

SWITCHING CHARACTERISTICS* (CL- SO pF,TA - 26°C)

Characteristic Symbol Vdd
Vdc

Min Typ Max Unit

Output Rise Time A or B

tTLH * (3-0 ns/pF) Cl + 30 ni
tTLH " (1-5 ns/pF) Cl+ 15 rts
tTLH " fl-1 n«/pF) Cl + 10 ns

TLH
5.0

10

15

-

180

90

65

360

180

130

ns

Output Fall Time A or B

tTHL " d-5 ns/pF) Cl + 25 ns
tTHL ° '0.75 ns/pF) Cl + 12.5 ns
tTHL "* 10-55ns/pF) Cl +95 ns

THL
5.0

10

15

-

100

50

40

200

100

80

ns

Propagation Delay Time
A (B) Synchronous Parades Data Input,
B (A) Parallel Data Output

'PLH, 'PHL " d-7 ns/pF)Cl +440 ns
tpHL, 'PHL " (0-66ns/pF)Cl +172 ns
'PLH, 'PHL =(05 ns/pF)Cl + 120ni

tPLH.

«PHL
5.0

10

15

-
525

205

145

1050

410

290

ns

Propagation Delay Time

A (B) Asynchronous Parallel Data Input
B (A) Parallel Data Output

'PLH, 'PHL " d-7 ni/pF) Cl +420 ns
'PLhI 'PHL " '0.66 ns/pF) Cl+147 ns
'PLh] 'PHL " '0.5 ns/pF) Cl+105 ns

»PLH,
«PHL

5.0

10

15

_

505

180

130

1010

360

260

ns

Clock Pulse Width «WH 5.0

10

15

340

140

110

170

70

55

-

Clock Pulse Frequency 'cl 6.0

10

15

-

2.5

6.0

8.0

1.2

3.0

4.0

MHz

Clock Pulse Rise TLH, THL 5.0

10

16

- -

15

15

IS

"S

A, B Input Setup Time tsu 5.0

10

15

100

45

35

35

IS

12

-

ns

High Level SE, P/S, A/S Pulse Width *WH 6.0

10

IS

600

270

200

200

90

80

-

ns

The formula given Is for the typical characteristics.

TRUTH TABLE

"A" Enable P/S A/B A/S MODE OPE RATION t

0 0 0 X Serial Synchronous Serial data input, A and B parallel data outputs disabled.
0 0 1 X Serial Synchronous Serial data input, B-Parallel data output.
0 1 0 0 Parallel B Synchronous Parallel data inputs, A-Parallel data outputs disablod.
0 1 0 1 Parallel B Asynchronous Parallel data inputs. A-Parallol data outputs disabled.
0 1 1 0 Parallel A-Parallel data Inputs disablod, B-Parallal data outputs.

0 1 t 1 Parallel A-Parallel data inputs disabled, B-Porollel data outputs.
1 0 0 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 0 0 Parallel B-Svnchronous Parallel data input, A-Parallel data output.

1 1 0 1 Parallel B-Asynchronous Parallel data Input, A-Perallel data output.
1 1 1 0 Parallel A-Synchronous Parallel data input, B-Parallel data output.
1 1 1 1 Parallel A-Asynchronous Parallel data input. B-Parallel data output.

X - Don't Cera

tOutputs change at positive transition of clock in tho serial mode end whan the A/S input is low in the parallol mode.

During transfer from parallel to serial operation, A/S should remain low in order to prevent D5 transfer into flip-flops.
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MC14034B

EXPANDED

BLOCK DIAGRAM

Serial Data

Input

Enablo A —

A/B—

Parallel/Serial P/S—

Asyn/Syn A/S —

Clock-

Control

Logic

I

Data

A3 A4

1

8-Bit Register

A6 A7

A

iHiiiiini1

rTTTTTTT
B1 B2 B3 B4 B5 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 composedof 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 logicprovidesfour 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 (positiveclock 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

A Enable 9 o—£»

A/B 11 o_£>»
Sorlol 10 o—T>>
Data •"•^T^'

Parallel 13o—T>o.
Serial ^
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MC14034B

FIGURE 1 - PROPAGATION DELAY AND TRANSITION

TIMES WAVE FORMS

-THL

PROPAGATION AND TRANSITION TIME TEST CIRCUITS

FIGURE 2 - A SYNCHRONOUS DATA INPUT. B PARALLEL FIGURE 3 - B SYNCHRONOUS DATA INPUT, B PARALLEL
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MC14034B

FIGURE 4 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS
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FIGURE 5 - 16-BIT PARALLEL IN/PARALLEL OUT, PARALLEL IN/SERIAL OUT,
SERIAL IN/PARALLEL OUT. SERIAL IN/SERIAL OUT REGISTER
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MC14034B

FIGURE 6 - SHIFT RIGHT/SHIFT LEFT WITH PARALLEL INPUTS

Shift Loft Output
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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 e 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 believod to be antiroly reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not
convoy to tho purchaser of the semiconductor devices described any
license undar tho patent rights of Motorola Inc. or others.
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'M) MOTOROLA

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

The MC14035B 4-bit shift register is constructed with MOS P-
channel and N-channel enhancement mode devices in a single mono
lithic structure. It consists of a 4-stage clocked serial-shift register
with synchronous parallel inputs and buffered parallel outputs. The
Parallel/Serial (P/S) input allows serial-right shifting of data or syn
chronous parallel loading via inputs Dpo 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, pseudorandom 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© Vqd = 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 (Voltages referenced to vss'
Rating Symbol Value Unit

DC Supply Voltage vDd -0.5 to -18 Vdc

Input Voltage, All Inputs vin -0.5 to VDD • 0.5 Vdc

DC Current Drain per Pin i 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

TA -55 to ♦ 125

-40 to -85

°C

Storage Temperature Range T$lg -65 to *150 °c

TRUTH TABLE

x - Don't Co

P/S - 0 - Se

T/C • 1 - Tr

ial Mode

uo Outputs

INPUTS t„ OUTPUT

Q0C j K R

:£ 0

0

1

0

1

0

0

0

0

0

QO (n- 1)

QO (n - 1)

=(2
1 1 0

0

1

\

Q0i(n-1 )

0
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ORDERING INFORMATION
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MC14035B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

T|ow* 25°C Thiflh*
UnitMin Max Min Typ Max Min Max

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

Vin-1 VDDorO 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15
- 0.05 - 0 0.05 - 0.05

Voh 5.0 4.95 - 4.95 5.0 _ 4.95 _ Vdc
Vjn^0orVDD 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -

Input Voltage" "0" Level V|L Vdc

(V0 =4.5 or 0.5 Vdcl 5.0 - 1.5 - 2.25 1.5 - 1.5

«V0 =9.0 or 1.0 Vdcl 10 - 3.0 - 4.50 3.0 - 3.0

(V0= 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H
(V0 • 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 - Vdc

(V0* 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -

IVo* 1.5 or 13.5 Vdcl 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Oevice) 'oh mAdc

•vOH " 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -

(Vqh • 46 Vdcl 5.0 -0.25 - -0.2 -0.36 - -0.14 -

•VOH " 9-5 Vdc) 10 -0.62 - -0.5 -0.9 - -0.35 -

(V0H = 13.5 Vdc)

(V0L =0.4 Vdc) Sink

15 -1.8 - -1.5 -3.5 - -1.1 -

'OL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc

(Vql *° 0.5 Vdc) 10 1.6 - 1.3 2.25 - 0.9 -

(V0L= 1.5 Vdc) 15 4.2
-

3.4 8.8
-

2.4
-

Output Drive Current (CL/CP Device) 'oh mAdc

(Vqh * 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -

<V0H " 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 -

(V0H = 13.5 Vdc)

(Vql " 0.4 Vdc) Sink

15 -1.4
- -1.2 -3.5 - -1.0 -

'OL 5.0 0.52 - 0.44 0.88 - 0.36 _ mAdc

<vql * o-5 vdc) 10 1.3 - 1.1 2.25 - 0.9 -

(Volc 1.5 Vdc) 15 3.6
-

3.0 8.8 -
2.4

-

Input Current (AL Device) 'in 15 - 10.1 - 10.00001 lO.I - tl.0 jjAdc

Input Current (CL/CP Device) •in 15 -
10.3

- 10.00001 10.3 - 11.0 uAdc

Input Capacitance Cm - - - - 5.0 7.5 - - pF

IVjn - 01
Quiescent Current (AL Devicel >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) •dd 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 't 5.0 It- n.Ou A/kHz) '+ IQD uAdc

(Dynamic plus Quiescent, 10 IT • 12.OuA/kHz) f+ IQD
Per Package) 15 It • «3.0 uA/kHz) f + lDD

(Cl - 50 pF on all outputs, all
buffers switching)

"T|ow * -55°c for AL Device, -40°C forCL/CPDevice.
Thigh " *125°C for AL Device. +85°C for CL/CP Device.

cNoise immunity specified for worst-case input combination.
Noise Margin for both "1" and "0" level « 1.0 Vdc min@ Vdq • 5.0 Vdc

2.0 Vdc min @VDD » 10 Vdc
2.5 Vdc min @Vpo = 15 Vdc

fTo calculate total supply current at loads other than 50 pF:
lTICL) ='T<50 pF) +1 x 10-3(cL -50)VDDf

where: It •*in i*A (per package), C(_in pF. Vqq in Vdc, and f in kHz is input frequency.
"The formulas givenare for the typical characteristicsonly 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 Vjn and Vout be constrained to the rangeVss ** 'Vm or Vout)
<V0D-
Unused inputs must always be tied to an appropriate logic voltago level (e.g., either Vss or vdd'-
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MC14035B

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

Characteristic

Output Rise Time

tTLH = '3-0 ns/pF) Cl + 25 ns
tTLH = (1-5 n»/Ppl Cl + 12 ns
tTLH = H•1 ns/pF) Cl + 8.0 ns

Output Fall Time

tTHL" (1.5 ns/pF)CL +47 ns
tTHL " (0-75 ns/pF) Cl + 24 ns
THL = (°-55 "•/pF) Cl + 17 ns

Propagation Delay Time, Clock or Reset to Q

tPLH, »PHL ° C-75n*/pF) CL+223ns
tpLn! lPHL " (0-70 ns/PF) Cl+89 ns
tPLH* tpHL ° (0-53 ns/pF) Cl +67ns

Clock Pulse Width

Reset Pulse Width

Clock Pulse Rise and Fall Time

Clock Pulse Frequency

J-K Setup Time

P/S Control Setup Time

Parallel Input Setup Time

* The formula givenis for the typical characteristics only.

Symbol

*TLH

*THL

tPLH,
tPHL

*WH

tWH

'TLH, »THL 5.0
10

15

'cl

FIGURE 1 - TIMING DIAGRAM

T/C Input Low
Resot Input Low

J-K

Input

P/S

Input

Opo
Input

**cl

<su H — H — *

-J t.

tTHL

90%

tPHL

ft

r— tTLH-

f
— tpLH
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°*/r

*PHL

vdd
Vdc

5.0

10

15

5.0

10

15

5.0

10

15

5.0

10

15

5.0

10

15

5.0

10

15

5.0

10

15

5.0

10

15

5.0

10

15

335

165

125

400

175

130

500

200

150

500

200

150

500

200

150

>.

Typ

180

90

65

100

SO

40

300

130

95

135

45

40

80

40

35

No Limit

2.5

6.0

10

120

50

30

25

10

7.5

90

20

15

./"
»PLH

360

180

130

200

100

80

600

260

190

1.2

2.0

3.0

Unit
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Dp211O~0<>
O,,l0o-£>©.

T/C »*-[>•

Left Shift c
Serial Input

RightShift 0_
Serial Input

Left/Rlflht q_
Shift Select

LOGIC DIAGRAM

APPLICATION DIAGRAM
Shift Left/Shift Right Reginet

16 15 14 t3 12 11 10 9

VDD Q1 Q2 Q3 Dp3 Dp2 Dp, Dp0

QO T/C K J B C P/S VSS
1 2 3 4 5 6 7 8
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-OOO Left Shift

Serial Output

-OQ1

-OQ3 Right Shift
Serial Output



'M) MOTOROLA

TRIPLE SERIAL ADDERS

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

• Static Operation from dc to 5.0 MHz

• Buffered Outputs

• Single-Phase Clocking

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

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

• Pin-for-Pin Replacement for CD4032B and CD4038B.

MAXIMUM RATINGS (Voltages relerenced to Vssl

Rating Symbol Value Unit

DC Supply Voltage VDD -0 5 to -18 Vdc

Input Voltage. All Inputs Vjn -0.5 to VDD . 0 5 Vdc

OC Current Dram per Pin 1 10 mAdc

Operalmg Temperature Range AL Device
CL/CP Device

Ta -55 to *125

-40 to t85

°C

Storjge Temperature Range Tstg -65 to '150 °C

This device contains circuitry to protect the inputs against damage due to high
static voltages or electric fields; however, it is advisedthat normal precautions be
taken to avoid application of any voltage higher than maximum rated voltages to
this high impedance circuit. For properoperation it is recommended that Vinand
Voutbe constrained to the range Vss *" <vin of vout' * VDD-
Unused inputs must always be tied to an appropriate logic voltage level (e.g..
either Vss or VDD'-

MC14038B
FOR COMPLETE DATA

SEE MC14032B

CMOS MSI
ILOW POWER COMPLEMENTARY MOSl

TRIPLE SERIAL ADDERS

Positive Logic - MC14032B
Negative Logic - MC14038B

L SUFFIX

CERAMIC PACKAGE

CASE 620

P SUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB __ Sutfi

tL Ceramic PacV

P Plastic Packa

Packago

ackage

A Extended Oporatin

Tomperature Rang

C Limited Operating

Temperetu 9*

BLOCK DIAGRAM

MC14032B
LOGIC DIAGRAMS

(ONE SECTION AND COMMON INPUTS SHOWNI

Clock o—P>°_[/><> CO p-O^-pO
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M) MOTOROLA

12-BIT BINARY COUNTER

The MC14040B 12-stage binary counter is constructed with MOS
P-channel and N-channel enhancement mode devices in a single mono
lithic structure. This part is designed with an input wave shaping
circuit and 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

• Noise Immunity = 45% of Vqd typical

• Diode Protection on All Inputs

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• Low Input Capacitance = 5.0 pF typical

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

• Common Reset Line

• 13 MHz Typical Counting Rate @ VrjQ = 15 V

• Pin-for-Pin Replacement for CD4040B

MAXIMUM RATINGS IVoltages referenced to VSs>
Rating Symbol Value Unit

DC Supply Voltage Vdd -0.5 to »18 Vdc

Input Voltage. All Inputs V,n -0.5 to Vqd • 0.5 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device
TA -55 to f12S

-40 to -85

°C

Storage Temperature Range Tstg -65 to '150 °C

RBse,,pDH>°-
3>

LOGIC DIAGRAM

i>
Q4 - Pin 5 Q7-Pln4

Q5-Pin3 Q8 = Pln13

Q6 - Pin 2 Q9-Pln12
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MC14040B

CMOS MSI

(LOW POWER COMPLEMENTARY MOSl

12-BIT BINARY COUNTER

*4^'^0*J1J0{"^ff\\v*
L SUFFIX PSUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB Suffix Denotes

— L Ceramic Package

I— P Plastic Package
A Extendod Operating

Temperature Range

C Limited Operating
Temperaluro Range

TRUTH TABLE

CLOCK RESET OUTPUT STATE

_y~ 0 No Change

-\_
0 Advance to next

state

X 1 All Outputs are low

X = Don't Care



MC14040B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
Vdd
Vdc

Tlow* 25°C Thioh*
UnitMin Max Min Typ Max Min Max

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

Vjn • VDD 0' o 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15 - 0.05 - 0 0.05 - 0.05

voh 5.0 4.95 - 4.95 5.0 _ 4.95 _ Vdc
Vin-0orVDD 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 1435 15 - 14.95 -

Input Voltage" "0" Level V|L Vdc

(Vq - 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5 - 1.5

{V0=9.0or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0

(V0= 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H
(VQ • 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 _ 3.5 - Vdc

<V0* 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -

(Vo- 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) •oh mAdc

(Vqh " 2.5 Vdcl Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -

(Voh " 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 - -0.14 -

(VoH " 9-5 Vdc) 10 -0.62 - -0.5 -0.9 - -0.35 -

IVqh" 13.5 Vdc)

(vOL • 0-4 Vdcl Sink

15 -1.8 - -1.5 -3.5 - -1.1 -

'OL 5.0 0.64 - 0.51,- 0.88 - 0.36 - mAdc

(Vql " 0-5 Vdc) 10 1.6 - 1.3 2.25 - 0.9 -

ivql" 1-5 vdc) 15 4.2
-

3.4 8.8 -
2.4

-

Output Drive Current (CL/CP Device) 'oh mAdc

(Vqh " 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 -

(Vqh " 13.5 Vdc)

(Vol " °-4 Vdc) Sink

15 -1.4
- -1.2 -3.5 - -1.0 -

'OL 5.0 0.52 - 0.44 0.88 _ 0.36 _ mAdc

(Vql " 0-5 vdcl 10 1.3 - 1.1 2.25 - 0.9 _

(Vql "i-5 vdc) 15 3.6
- 3.0 8.8 - 2.4 -

Input Current (AL Device) 'in 15 - ±0.1 - ±0.00001 ±0.1 - ±1.0 uAdc

Input Current (CL/CP Device) 'in 15 - ±0.3 - ±0.00001 ±0.3 - ±1.0 uAdc

Input Capacitance Cj„ - - - - 5.0 7.5 _ _ PF

(Vin • 0)

Quiescent Current (AL Device) 'do 5.0 - 5.0 - 0.005 5.0 - 150 uAdc

(Per Package) 10 - 10 - 0.010 10 - 300
15

- 20 - 0.015 20 - 600

Quiescent Current (CL/CP Device) 'DD 5.0 - 20 _ 0.005 20 _ 150 uAdc

(Per Package) 10 - 40 - 0.010 40 - 300

15 - 80 - 0.015 80 - 600

Total Supply Current* *t 'T 5.0 IT«(0. »2 pA/kHz) f + lDD uAdc

(Dynamic plus Quiescent, 10 it-<o. J5^A/kHz)f + lDD
Per Package) 15 't=(i.-13 jiA/kHzl f ♦ IQD

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

*Tlow=-55°c ,or AL Oevice, -40°C forCL/CP Device.
Thigh " +125°C for AL Device, +85°C for CL/CP Device.

jzNoise immunity specified for worst-case input combination.
Noise Margin for both "1" and "0" level - 1.0 Vdc min @Vqq • 5.0 Vdc

2.0 Vdc min @> Vqq = 10 Vdc
2.5 Vdc min @Vqq = 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
IjICl) =lT<50pF> +1x 10-3(cL -50)VDDf

where: l-pis in iiA Iper package). Cl in pF, Vqq in Vdc, and f in kHz is
input frequency.

"The formulas given are for the typical characteristicsonly at 25°C.
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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 Vss "• *vin or
Voutl < Vqd-
Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
VssorVoo).



MC14040B

SWITCHING CHARACTERISTICS* (CL- 50 pF,TA-25°C>

Characteristic , Symbol vdd
Vdc

Min Typ Max Unit

Output Rise Time

tjLH " '3-° n«/PF)Cl +30 ns
tTLH ° O.S ns/pF) Cl + 15 ns
tTLH***1-1 ns/pF)CL + 10ns

«TLH
5.0

10

16

-

180

90

65

360

180

130

ns

Output Fall Time

tTHL " '1-5 n*'PF)Cl + 25 ns
tTHL = <0-75 n»/PP)CL + 12.5 ns
tTHL " (°-55 «M/pF) Cl +9.5 ns

THL
5.0

10

15

-

100

50

40

200

100

80

ns

Propagation Delay Time

tpHL,'PLH" d-7 n*7pF) Cl +315ns
tPHL,' 'PLH ° <°-66 ns/pF) Cl+137 ns
tpHL,'PLH" (°-5<w/pF) cl +95 ns

Clock to Q12

tpHL,'PLH° '1.7 rw/pF) Cl +2415ns
tpHL,'PLH" (0.66ns/pF)Cl +867 ns
tpHL*. 'PLH " (0.5 ns/pF) Cl+475 nd

'PLH,
'PHL 5.0

10

15

-

400

170

120

800

340

240

ns

5.0

10

15

-

23

0.9

OS

5.0

1.8

1.4

ns

Propagation Delay Time
Reset to Qn

tpHL " (1-7 n«/pF) Cl +488 ns
'PHL " (°-66 ns/pF) Cl+ 182 ns
tpHL " (0.5 ns/pF) Cl + 145 ns

'PHL

5.0

10

15

-

570

215

170

1620

600

450

ns

Clock Pulse Width «WH 5.0

10

15

385

ISO

115

140

65

38

-

ns

Clock Pulse Frequency <cl 5.0

10

15

-

3.5

9.0

13

1.5

3.5

4.5

MHz

Clock Rise and Fall Time TLH, THL 5.0

10

15

No Limit

ns

Reset Pulse Width *WH 5.0

10

15

960

360

270

320

120

80

-

ns

* The formula given is for the typical characteristics only.

FIGURE 1 - POWER DISSIPATION TEST

CIRCUIT AND WAVEFORM

JL /T\ -LcoijiF
•"» i'n' T* Ceramic

*CL

_ - r2o° - -iji
Clock £s0% \|

-Vss

50% Duty Cycle
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FIGURE 2 - SWITCHING TIME TEST

CIRCUIT AND WAVEFORMS

Pulse

Generator

OD

i
C Q1

Q2

CL, —°-\ 1 ^CL



MC14040B

FIGURE 3-TIMING DIAGRAM

Clock
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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

120 Vac

60 Hz

O-^Wv _> O—C

>20pF

Circuit diagrams utilizing Motorola products ere included as a means
of illustrating typical semiconductor applications; consequontly,
comploto information sufficient for construction purposes is not
nacessarily given. Tho information has been carefully checkod and

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 Pulso/Minuto

Output

O

is bellovad to be entirely rolloblo. However, no responsibility is
assumod for Inaccuracios. Furthermore, such information does not
convoy to tha purchaser of tho semiconductor devicos described any
license under the patent rights of Motorola Inc. or others.
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'M) MOTOROLA

QUAD LATCH

The MC14042B quad latch is constructed with MOS P-channel
and N-channel enhancement mode devices in a single monolithic
structure. Each latch has a separate data input, but all four latches
share a common clock. The clock polarity (high or low) used to
strobe date through the latches can be reversed using the polarity
input. Information present at the data input is transferred to ourputs
Q and Q during the clock level which is determined by the polarity
input. When the polarity input is in the logic "0" state, data is trans
ferred during the low clock level, and when the polarity input is in
the logic "1" state the transfer occurs during the high clock level.

• Buffered Data Inputs

• Common Clock

• Positive or Negative Edge Clocked

• Q and Q Outputs

• Double Diode Input Protection

• No Limit on Clock Rise or Fall Times

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

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

MAXIMUM RATINGS (Voltages referencedto Vss)
Rating Symbol Value Unit

DC Supply Voltage vDd -0.5 to -18 Vdc

Input Voltage. All Inputs vin -0 5 to VDD ♦ 0 5 Vdc

DC Current Drain per Pin I 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device

ta -55 to '125

-40 to »85

°C

Storage Temperature Range Tstg -65 to* 150 °C

LOGIC DIAGRAM

Clock

Pol :a>

VDD- Pi" 16
Vco - Pin 8

•a->

Latch

3

-O QO

-O Q3
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MC14042B

CMOS SSI
(LOW-POWER COMPLEMENTARY MOSl

QUAD LATCH

L SUFFIX

CERAMIC PACKAGE

CASE 620

PSUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB ___ SuM

t Ceramic Package

Plastic Package
Extended Oporating

Temperaturo Range

Limited Operating
Temperaturo Range

PIN ASSIGNMENT

1 I Q3 vDD =316

2 ' Q0 Q3 ' 15

3 1 QO D3 1 14

4 ' DO D2 =D13

5 1 Clock Q2 1 12

6 I Polarity Q2 1 11

1 C= D1 Q1 1 10

8 | vSs Q1 1 9

TRUTH TABLE

CLOCK POLARITY Q

0 0 Data

_T 0 Latch

1 1 Data

n_ 1 I atch



MC14042B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

T|ow* 25°C Thtflh*
UnitMin Max Min Typ Max Min Max

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

Vjn =Vqq or 0 10 - 0.05 - 0 0.05 -
0.05

"1" Level

15 - 0.05 - 0 0.05 -
0.05

voh 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc

Vin - 0 or Vqq 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 -
14.95

-

Input Voltage* D Inputs "0" Level VlL Vdc

(Vq =4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5
-

1.5

(Vq =9.0 or 1.0 Vdcl 10 - 3.0 - 4.50 3.0
-

3.0

(Vq = 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0
—

4.0

V|H
(V0 =0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 -

Vdc

(V0 = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -

(Vq= 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 -
11.0 -

Input Voltage C,P Inputs "0" Level VlL Vdc

(Vq =4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5
-

1.5

<Vo=9.0or 1.0 Vdc) 10 - 3.0 - 4.50 3.0
-

3.0

(V0 = 13.5 or 1.5 Vdc)
"1" Level

15 - 3.75 - 6.75 3.75 -
3.75

V|H
(V0 - 0.5 or 4.5 Vdc) . 5.0 3.5 - 3.5 2.75 - 3.5 -

Vdc

(V0 = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -

(Vq= 1.5 or 13.5 Vdc) 15 11.25 -
11.25 8.25

-
11.25

-

Output Drive Current (AL Oevice) 'OH mAdc

1Vqh = 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
-

(V0H =9-5 Vdc) 10 -0.62 -
-0.5 -0.9

-
-0.35

-

(Voh = 13.5 vdc)

(Vql =0.4 Vdc) Sink

15 -1.8 - -1.5 -3.5 -
-1.1

-

'OL 5.0 0.64 - 0.51 0.88 - 0.36 -
mAdc

(Vql =o-5 vdc) 10 1.6 - 1.3 2.25
-

0.9
-

(Vql= 1.5 Vdc) 15 4.2
-

3.4 8.8
-

2.4
-

Output Drive Current (CL/CP Device) 'OH mAdc

(Voh =2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7
-

-0.6
-

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

-

(V0h =9-5 Vdc) 10 -0.5 - -0.4 -0.9 -
-0.3

-

(Vqh = 13.5 Vdc)

(Vql =0-4 Vdc) Sink

15 -1.4
- -1.2 -3.5 -

-1.0
-

'OL 5.0 0.52 - 0.44 0.88 - 0.36 -
mAdc

(Vql • °-5 vdc) 10 1.3 - 1.1 2.25 -
0.9

-

(Vql = 1.5 Vdc) 15 3.6
-

3.0 8.8
-

2.4
-

Input Current (AL Device) •in 15 - ±0.1 -
±0.00001 ±0.1

-
±1.0 uAdc

Input Current (CL/CP Device) •in 15 -
±0.3

-
±0.00001 ±0.3

-
±1.0 uAdc

Input Capacitance Cin - - - -
5.0 7.5 - -

PF

IVjn " 0)
Quiescent Current (AL Device) 'DD 5.0 - 1.0 - 0.002 1.0 - 30 uAdc

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

15 - 4.0 - 0.006 4.0 - 120

Quiescent Current (CL/CP Device) 'DO 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 "T 5.0 IT-(1.0jiA/kHz f + 'DD uAdc

(Dynamic plus Quiescent, 10 lT - (2.0 <iA/kHz f+lQD
Per Packagel 15 lT = (3.0 jiA/kHz f+ Iqq

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

*Tlow =-55°C for AL Device.-40°C for CL/CP Device.
Thigh • +125°C for AL Device. +85°C for CL/CP Device.

=Noise immunity specified for worst-case input combination.
Noise Margin lor both "1" and "0" level » 1.0 Vdc min <s> Vqq =5.0 Vdc

2.0 Vdc min @Vqq - 10 Vdc
2.5 Vdc min® Vqq - 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT(CL) =• It<50 pF) +4 x 10-3<cL -50)VDDf

where: \j is in uA (per package), C|_ in pF, Vqq 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

SWITCHINGCHARACTERISTICS* «CL =50pF,TA-25°C>
Characteristic Symbol Vdd Min Typ Max Unit

Output Rise Time

tjLH " '3-0 ns/pF) Cl + 30 ns
tTLH * H-5 "»/pF) Cl + 15 ns
tTLH " <M h»/pF) Cl + 10 ns

tTLH
6.0

10

15

-
180

90

65

360

180

130

ns

Output Fall Time

tTHL " ^-B ns/pF) Cl + 25 ns
tTHL 10.76 ns/pF) Cl + 12.5 ns
tTHL 10.55n$/pF) CL+ 9.5 ns

tTHL
5.0

10

IS

-
100

50

40

200

100

80

ns

Propagation Oelay Time, D to Q, Q

tPLH,tpHL " 11 •' n*/pF)Cl + 136 ns
tPLH,tPHL" '0-66 ns/pF) Cl + 57 ni
tPLH,tPHL" <0.5 ns/pF) Cl +35 ns

tPLH.
tPHL 5.0

10

IS

-
220

90

60

440

180

120

ns

Propagation Delay Time, Clock to Q, Q

tPLH.tPHL" l1-7n»/pF)Cl + 135 ns
tPLH^ tpHL " 10.66 ns/pF) Cl+57 ns
tPLH,tPHL" <0-5 n»/pF) Cl + 35 n$

tPLH.
tPHL S.0

10

25
-

220

90

60

440

180

120

ns

Clock Pulse Width tWH
5.0

10

15

300

100

80

150

B0

40

-

ns

Clock Rise Time tTLH
S.0

10

15

No

Limit

Hold Time
th

5.0

10

15

100

50

40

SO

25

20
-

ns

Setup Time
«SU

5.0

10

IS

50

30

25

0

0

0

-

ns

The formula given is for the typical characteristics only.

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

(Data to Output)

Pulse

Generator

For Power Dissipation test, each output
loaded with capacitance C,.

I2

i 3

l 10

»9

' 11

I 12

0 ns —*4 \m »| I» 20 ns

tpLH-U U— —J h—tpHL

O Output-

iu90% 3C
•4- lr-50%

—J r—*TLH —•J I—tTHL

tPHL
Q Output

—A \—tTHL —A H—tTLH
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Data Input
P.G. 2

FIGURE 2 - AC TEST CIRCUIT AND TIMING DIAGRAM

(Clock to Output)

Pulse

Gonorotor

Pulse

Gonerotor

2

Noto: Ci_ connocted to output under tost

20 ns —H h—

-*-tPHL )

tPLH-

\
\. J \

Q Output •

'Input clock riso timo Is 20 ns except for maximum rise time test.

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im
pedance circu.it. For proper operation it is recommended that Vj„ andVout be constrained to the range Vss < !Vjn or Vout)
< Vqq. i
Unused inputsmust always be tied to an appropriate logic voltage level (e.g., eitherVss or vDD)-
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CMOS MSI
QUAD R-S LATCHES

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

• Quiescent Current = 4.0 nA/pkg typical (s> 10 Vdc

• Double Diode Input Protection

• Three-State Outputs with Common Enable

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

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

TRUTH TABLE

s R E Q

X X 0 High

Impedance

0

0

1

1

0

1

0

1

1

1

1

1

No Change

0

1

1

X » Don't Care
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MC14043B
QUAD "NOR" R-S LATCH

MC14044B
QUAD "NAND" R-S LATCH

L SUFFIX PSUFFIX

CERAMIC PACKAGE PLASTIC PAC K AGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB Suffix Denotes

L Ceramic Package
1 P Plastic Package

A Extended Operating
Temperature Range

C Limited Operating
Temperature Range

VDD - Pin 16

VSS - Pin 8

TRUTH TABLE

s R E Q

X X 0 High

Impedance

0

0

1

1

0

1

0

1

1

1

1

1

0

1

0

No Change

X = Don't Care



MC14043B • MC14044B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

Tlow* 25°C Thioh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level
Vjn-VQQOrO

"1" Level

Vin = 0orVoo

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

v0h 5.0

10

15

4.95

9.95

14.95

-

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage* "0" Level
(V0= 4.5 or 0.5 Vdc)
(Vo = 90or 1.0 Vdcl
(V0 = 13.5or 1.5 Vdc)

"1" Level

(V0-0.5 or 4.5 Vdc)
(Vo-1-0 or 9.0 Vdc)
(Vq-1 5 or 13.5 Vdc)

VlL
5.0

10

15

-

1.5

3.0

4.0

-
2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-
3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Curient (AL Device)

IVqh " 2-5 Vdc) Source
(Vqh "4.6 Vdc)
(Vqh "9.5 Vdc)
(Vqh " 135 Vdc)
(Vql "0.4 Vdc) Sink
(Vql = 0-5 Vdc)
(Vql-i-5 vdc)

'OH
5.0

5.0

10

15

-3.0

-0.64

-1.6

-4.2

-

-2.4

-0.51

-1.3

-3.4

-4.2

-0.88

-2.25

-8.8

-

-1.7

-0.36

-0.9

-2.4
-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2

-

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4 :

mAdc

Output Drive Current (CL/CP Device)

(Voh - 2S Vdc) Source
lVoH-46Vdc)
(Vqh m9.5 Vdc)
(V0HQl3-5Vdc)

1Vql-0-4 Vdc) Sink
(Vql-0-5 vdc)
(Vql- i-5 vdc)

'OH
5.0

5.0

10

15

-25

-0.52

-1.3

-3.6

-

-2.1

-0.44

-1.1

-3.0

-4.2

-0.88

-2.25

-8.8

-

-1.7

-0.36

-0.9

-2.4

-

mAdc

'OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Input Current (AL Device) 'in 15 - ♦0.1 -
10.00001 ♦0.1

-
±1.0 uAdc

Input Current (CL/CP Device) •in 15 -
10.3

-
♦0 00001 ±0.3

-

tl.O liAdc

Input Capacitance

(Vin = 0)
Cin — - — —

5.0 7.5

"

PF

Quiescent Current (AL Device)

(Per Package)
'DD 5.0

10

15

-

1.0

2.0

4.0

-

0.002

0.004

0.006

1.0

2.0

4.0

-

30

60

120

uAdc

Quiescent Curient (CL/CP Device)

(Per Package)
'DD 5.0

10

15

~

4.0

8.0

16

-

0.002

0.004

0.006

4.0

8.0

16

-

30

60

120

yAdc

Total Supply Current **t

(Dynamic plus Quiescent, Per Package)
(Cl = 50 pF on all outputs, all outputs
switching)

•t 5.0

10

15

lT " (0.58 uA/kHz) f + |DD
lT-(1.15pA/kH*)f + Iqo
lT« (1.73MA/kH*)f + 'DD

MAdc

Three-State Output Leakage Current
(AL Device)

'TL 15 —
±0.1

—
±0.0001 ±0.1 ±3.0 MAdc

Three-State Output Leakage Current
(CL/CP Device)

ITL 15
—

H.0
-

10.0001 ±1.0
—

±7.5 UAdc

'Tlow- -55°C for AL Device, -40°C for CL/CP Device.
Thigh " *126°C for AL Device. ♦SS^ for CL/CP Device.

#Noise immunity specified for worst-case input combination.
Noise Margin for both "1" and "0" level • 1.0 Vdc min @Vqq - 5.0 Vdc

2.0 Vdc min @Vqq - 10 Vdc
2.5 Vdc min S> Vqq =15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT(CL» • lT«S0 pF) ♦ 4 x 10-3 (CL -50) VDOf

where: It •*'•» «A *P«r packagel,CL in pF, Vqq in Vdc, and f in kHi is input frequency.
"The formulas given are forthe typicalcharacteristics only at 25°C.
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MC14043B • MC14044B

MAXIMUM RATINGS (Voltages referenced toVSs>
Rating Symbol Value Unit

DC Supply Voltage vdd -0.5to+18 Vdc

Input Voltage, All Inputs Vin -0.5 to Vqq + 0.5 Vdc

DC Current Drain per Pin I 10 mAdc

Operating Temperature Range — AL Device
CL/CP Device

ta -55 to+125

-40 to +85

°C

Storage Temperature Range Tstg -65 to+150 °C

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

SWITCHING CHARACTERISTICS* (CL » 50pF, TA- 25°C)

Characteristic Symbol VDD
Vdc

Min Typ Max Unit

Output Rise Time

tTLH D''-SB ns/pF) Cl +32.5 ns
tTLH ° <°-60ns/pF) Cl +20 ns
tTLH " <0.40n*/pF) Cl +20 ns

TLH
5.0

10

15

-
100

SO

40

200

100

80

ns

Output Fall Time

tTHL " d-35 ns/pF) Cl + 32.5 ns
tTHL " (0.60 ns/pF) Cl +20 ns
tTHL " '0-40 ns/pF) Cl +20 ns

THL
5.0"

10

16
-

100

SO

40

200

100

80

ns

Propagation Delay Time

tpLH " (050 ns/pF) Cl + 130 ns
tpLH * (0.36 ns/pF) Cl +57 ns
tpLH " (0.26 ns/pF) Cl +47 ns

tpHL "* (0-90 ns/pF) Cl + 130 ns
'PHL * (0-90 ns/pF) Cl +57 ns
'PHL * (0-26 n*/pF) Cl +47 ns

«PLH
5.0

10

IS

-
176

75

60

350

175

120

ns

'PHL 5.0

10

15

-

175

75

60

3f*

17b

120

ns

Set Pulse Width «WH 6.0

10

15

200

100

70

80

40

30
-

ns

Reset Pulse Width «WH 5.0

10

IS

200

100

70

80

40

30

-

ns

Three-State Enable/Disable Delay «PLZ,
'PHZ

S.0

10

15

-

150

80

SS

300

160

110

ns

The formulas given are for the typical characteristics only.

MC140438

jh,THL
3^50%

'r-10*

-— """tpHL

AC WAVEFORMS

•A 1—20 ns

Jl V—vDD

^ \-Vss

•\ h- TLH

I
-" "•-«PLH

•vss

V0H

vol
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MC14043B • MC14044B

THREE-STATE ENABLE/DISABLE DELAYS

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

TEST S R

MC14043B MC14044B

SI S2 Q SI S2 Q

tpLZ Vqq vss Open Closed A Closed Open B

tPLZ vss vdd Closed Open B Open Closed A

*PHZ VDD vss Open Closed A Closed Open B

*PHZ vSs vdd Closed Open B Open Closed A

°A

Qb

7-123
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M) motorola

PHASE-LOCKED LOOP

The MC14046B phase-locked loop contains two phase compara
tors, a voltage-controlled oscillator (VCO). source follower, and
zener diode. The comparators have two common signal inputs.
PCA|n and PCBjn. Input PCAjn can be used directly coupled to large
voltage signals, or indirectly coupled (with a series capacitor) to
small voltage signals. The self-bias circuit adjusts small voltage signals
in the linear region of the amplifier. Phase comparator 1 (an exclu
sive OR gate) provides a digital error signal PC10ut. and maintains
90° phase shift at the center frequency between PCAjn and PCBjn
signals (both at 50% duty cycle). Phase comparator 2 (with leading
edge sensing logic) provides digital error signals PC20UI and PCP0Ut,
and maintains a 0° phase shift between PCAjn and PCBjn signals
(duty cycle is immaterial). The linear VCO produces an output signal
VC0out whose frequency is determined by the voltage of input
VCO|n and the capacitor and resistors connected to pins C1a, C1r,
R1, and R2. The source-follower output SF0UI with an external re
sistor is used where the VCOjn signal is needed but no loading can be
tolerated. The inhibit input Inh, when high, disables the VCO and
source follower to minimize standby power consumption. The zener
diode can be used to assist in power supply regulation.

Applications include FM and FSK modulation and demodulation,
frequency synthesis and multiplication, frequency discrimination,
tone decoding, data synchronization and conditioning, voltage-to-
frequency conversion and motor speed control.

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

@ Vqd = 10 Vdc
• VCO Linearity = 1% Typical

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

• Low Dynamic Power Dissipation - 70 f/W Typical @ fo = 10 kHz,
VDq = 5.0 Vdc. R1 = 1,0 MSI. R2 = <=•=. RsF = °°

• Buffered Outputs Compatible with MHTL and Low-Power TTL

• Diode Protection on All Inputs

• Supply Voltage Range = 3.0 to 18 Vdc

• Pin-for-Pin Replacement for CD4046B

VDD-Pi
VSS - Pi

PCAin 14 o-r

I
i
iPCBin 3 0

BLOCK DIAGRAM

VssO -Wr

Vollsga

;onuollod

7-124

PC10,

PC2o.

pCPol

VCO„

MC14046B

CMOS MSI

ILOWPOWER COMPLEMENTARY MOS)

PHASE-LOCKED

LOOP

L SUFFIX

CERAMIC PACKAGE

CASE 620

PSUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB ___ Sutt

t
Dor

L Coramic Package

P Plastic Package
A Extended Operatin

Temperature Range

C Limited Operating

R<

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

recommended that Vm and V beOil!

constrainod to the range V$s "- IVin or
Vout' < vDd
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either

Vss or Vdd1- Pins 6- 1- 10. II, 12. and
15 if unused must be left open.



MC14046B

MAXIMUM RATINGS (Voltages referenced to VSs)

Rating

DC Supply Voltage

Input Voltage. All Inputs

DC Current Drain per Pin

Operating Temperature Range - AL Device
CL/CP Device

Storage Temperature Range

Symbol

vdd

ta

-0.5 to +18

-0.5 to Vqq + 0.5

10

-55 to+125

-40 to +85

-65 to+150

Unit

Vdc

°C

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
VDD
Vde

Tlow* 25°C | Thioh«
UnitMin Max Min Typ Max | Min Max

Output Voltage "0" Level

Vin ' VDD °r 0

"I" Level

Vin '0 or Vqq

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95
:

4.95

9.95

14.95

5.0

10

IS

-

4.95

9.95

14.95

-

Vdc

Input Voltage" "0" Level
(Vq * 4.5 or 0.5 Vdc)
(Vq =9.0 or 1.0 Vdc)
(V0- 13.5 or 1.5 Vdcl

"V Level

(Vq - 0.5 or 4.5 Vdc)
(Vq ' 1.0 or 9.0 Vdc)
IV0- 1.5 or 13.5 Vdc)

V|L
5.0

10

15

-

1.5

3.0

4.0

-
2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-
3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Currant (AL Device)
(Vqh " 2S Vdc) Source
(VoH " 4.6 Vdc)
(VOH " 95 Vdc)
(VOH " 13.5 Vdc)
(Vql * 0.4 Vdc) Sink
(Vql " o.5 vdc)
(Vol- 15 vdc)

>OH
5.0

5.0

10

15

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2

-

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Output Drive Curren: (CL/CP Device)
(Vqh " 2.5 Vdc) Source
(VoH " 4.6 Vdc)
(Vqh " 9.5 Vdc)
(V0H " 13.5 Vdc)

(Vql " 0-4 Vdc) Sink
(Vql " o-5 v<fc)
iv0L" is vdc)

'OH
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

'OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Input Current (AL Device) 'in 15 -
±0.1

-

±0.00001 ±0.1
-

±1.0 uAdc

Input Current (CL/CP Device) •in 15 -
±0.3

-
±0.00001 ±03

-

±1.0 (jAdc

Input Capacitance

(Vin"0)
Cin — - -

—

5.0 7.5 pF

Quiescent Current (AL Device)

(Per Package)
0nh-"1"ondPCA-"1")

'DD 5.0

10

15

-

5.0

10

20
-

0.005

0.010

0.015

5.0

10

20

-

150

300

600

uAdc

Quiescent Current (CL/CP Device)

(Per Package)
(lnh-"1"endPCA-"1")

'OD 5.0

10

15
:

20

40

80

-

0.O05

0.010

0.015

20

. 40

80

-

150

300

600

uAdc

Total Supply Current t
(Inn - "0". f0 " 10 kHz, Cl - 50 pF,
R1 - 1 MO, R2 - -, RsF " -. "rMJ
60% Duty Cycle)

'T 5.0

10

15

lT = (1.46pA/kH*)f ♦ |qq
lT = (2.91 »iA/kHzl f ♦ Iqq
!T-(4.37»iA/kHz)f ♦ Iqq

uAdc

•Tiow- -55°C for AL Device, -40°C for CL/CP Device.
Tnjsh - +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 @Vqq • 5.0 Vdc

2.0 Vdc min @Vqq = 10 Vdc
2.5 Vdc min @Vqq « 15 Vdc

*To Calculate Total Current in General:

lT - 22 xV00 (vCOin-165, Vpp-1.38)3/4 + %/vCOin-1.66\3/4 +, x^ fH
\ R1 R2 / V RsF 'R1 R2 / \ RsF
100-% DutyCydeof PCAin\ where: It inmA,Cl in pF,VCOm, Vqq InVdc, f InKHz,and

loo T|Q
1 x 10-'Vdi^.

R1.R2.RSF inMn.CLOnVC0out.
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MC14046B

ELECTRICAL CHARACTERISTICS* (CL =50 pF,TA =28°C)

VDD

Minimum

Typical

Maximum

AL CL/CP AL CL/CP
Characteristic Symbol Vdc Device Device All Types Device Device Units

Output Rise Time »TLH ns

tTLH - (3.0 ns/pF)CL +30 ns 5.0 - _ 180 350 400
tTLH" (1.5 ns/pF)CL+ 15 ns 10 - — 90 150 200
tTLH - (1.1 ns/pF) CL + 10 ns 15 - - 65 110 160

Output Fall Time tTHL ns

»THL • (1.5 ns/pF) Cl +25 ns 5.0 - - 100 175 200

tTHL - (0.75 ns/pF) CL + 12.5 ns 10 - _ 50 75 100

tTHL " 10.55 ns/pF) Cl + 9.5 ns 15
- -

37 55 80

PHASE COMPARATORS 1 and 2

Input Resistance - PCAjn

- PCBjn

Rin 5.0

10

15

1.0

0.2

0.1

1.0

0.2

0.1

2.0

0.4

0.2

- -

Mf!

Rin 15 160 15 1500 - - Mil

Minimum Input Sensitivity
AC Coupled - PCAjn
C series - 1000 pF, f - 50 kHz

Vin 5.0

10

15

- -

200

400

700

300

600

1050

400

800

1400

mV p-p

DC Coupled - PCAin. PCBjn
-

5 to 15 See Noise mmunity

VOLTAGE CONTROLLED OSCILLATOR (VCO)

Maximum Frequency
(VCOjn " Vqq, C1-50 pF,
R1 -5 kn, and R2-~)

'max 5.0

10

15

0.50

1.0

1.4

0.35

0.7

1.0

0.70

1.4

1.9

-

-
MHz

Temperature - Frequency Stability

(R2--)

5.0

10

IS

- -

0.12

0.04

0.015
|

~
%/°C

Linearity (R2 - -)

(VCOjn - 2.50 V i 0.30 V, R1 > 10 kOI
(VCOin - 5.00 V ±2.50 V, R1 > 400 kn)
(VCOjn • 7.50 V ± 5.00 V, R1 > 1000 kn)

5.0

10

15

-

-

1

1

1

- -

%

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

Input Resistance - VCOjn F>in 15 150 15 1500
- -

Mil

SOURCE-FOLLOWER

Offset Voltage - 5.0 _ _ 1.65 2.2 2.5 Vdc

(VCOjnminusSFout, Rsf >50 kn) 10 - - 1.65 2.2 2.5

15
- -

1.65 2.2 2.5

Linearity - %

(VCOin - 2.50 V t 0.30 V, RSp > 50 kn) 5.0 - - 0.1 - -

(VCOjn - 5.00 V ±2.50 V, RSF > 50 kn) 10 - - 0.6 - -

(VCOjn " '.50 V ±5.00 V, RSF > 50 kn) 15
- -

0.8
- -

ZENER DIODE

Zener Voltage (lz • 50 uA) vz - 6.7 6.3 7.0 7.3 7.7 Vdc

Dynamic Resistance (lz • 1 mA) Rz - - -
100

- -
n

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

FIGURE 1 - - PHASE COMPARATORS STATE DIAGRAMS

PHASE COMPARATOR 1

Input Stato
1

1

PCA|„' ^PCB|n
1 , .„, | ^, ,

1

PC1out 0 1

PHASE COMPARATOR 2

Input Stato

G°>b—-«^ jj^oJ|L "f^OOJ \

Q (ort/khOj !J°) vjy (p\h t t«\io)

PCA,/ PCBln JM 1j4 "^^ ^ni]^ *0v/

PC2out 0
3-Stot*

Output Disconnected
i

PCPout
(Lock Indicator) 0 1 0

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

(fo>-

VCO in PLL system adjusts to minimum fre

quency (fmin).

Phase angle between PCAjn and PCBjn. 90° at centerfrequency (fn,). approaching 0°
and 180° at ends of lock range(2fL).

Always 0° in lock (positive risingedges).

Locks on harmonics of center frequency. Yes No

Signal input noise rejection. High Low

Lock frequency range (2f l). The frequency rangeof the input signal on which the loop will stay locked if it was
initially in lock. 2fl • full VCO frequency range- fmax - fmjn-

Capture frequency range (2fc). Tho frequency rangeof the input signalon which the loop will lock if it was initially
out of lock.

Depends on low-pass filter characteristics
(see Figure 3). fc < 'l

'c-'l

Center frequency (f(j). The frequency of VC0out, when VCOjn - 1/2 Vqq

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%.

Jt • Vgs)
R2(Ci+32pF)

R1(C1 +32pF)

Where: 10K<R1 < 1M
10K<R2<1M
lOOpF <C1 < .01 uF

7-127



MC14046B

FIGURE 3 - GENERAL PHASE-LOCKED LOOP CONNECTIONS AND WAVEFORMS

9
Sourco

Followar

10
SFout

VCOi„

pCAin 14
Frequencyf

<*SF

Phaso

Comparator

2 or 13
Extarnal

Low-Pass

Filter

9
VCO

11 12 6 7

±^ —•»„ PCI out 8
PCBjn

«*C20ut

"EKternal
*N .

ii V
r*

Output

Typical Low-Pass Filters

lb) R3
Input o—rvvv -O Output

Typically:

R4C2-

1Frequency NC • t

2 rrAf

»» R3C2 <r3 +3,ooon> c2 - 100N^F - R4 c2
Af-f,max —*min

Note: for further information, see:

(1) F. Gardner, "Phase-Lock Techniques", John Wiley and Son, New York, 1966.
(2) G. S. Moschytz, "Miniature RC Filters Using Phase-Locked Loop", BSTJ. May, 1965.

(3) Garth Nash, "Phase-Lock Loop Design Fundamentals", AN-535, Motorola Inc.

Waveforms

Phase Comparator 1

vcoln

Phase Comparator 2

PCB,„

vco,„
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MOTOROLA

HEX BUFFERS

The MC14049UB hex inverter/buffer and MC14050B noninverting

hex buffer are constructed with MOS P-channel and N-channel
enhancement mode devices in a single monolithic structure. These
complementary MOS devices find primary use where low power
dissipation and/or high noise immunity is desired. These devices
provide logic-level conversion using only one supply voltage, Vqq.
The input-signal high level (V|H) can exceed the Vqc supply voltage
(or logic-level conversions.Two TTL/DTL Loadscan be driven when
the devices are used as CMOS-to-TTL/DTL converters (VqC = 5-0 v-

Vol < 04 V. 'OL > 3-2 mA>- No,e that P'n 16 is not connected
internally on these devices; consequently connections to this terminal
will not affect circuit operation.

• High Source and Sink Currents

• High-to-Low Level Converter

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

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• Meets JEDEC UB Specifications-MC14049UB
Meets JEDEC B Specification-MC14050B

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 81

Rating Symbol Value Unit

DC Supply Voliage VDD 0.5 to + 18 Vdc

Input Voltage. All Inputs

DC Current Drain per Input Pin I 10 mAdc

DC Current Drain per Output Pin I 45 mAdc

Operating Temperature Range AL Device
CL/CP Device

ta 55 to +125

40 to +85

"C

Storage Temperature Range Tstg

CIRCUIT SCHEMATIC

(1/60F CIRCUIT SHOWN)

MC14050B
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MC14049UB
MC14050B

CMOS SSI

(LOW-POWER COMPLEMENTARY MOS)

HEX BUFFERS

Inverting - MC14049UB

Noninverting - MC14050B

iflflSW 10^J Will IIP W^"
L SUFFIX PSUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC11XXXUS _,. Suffix Denotes

MC14XXXB

L-- L Ceramic Package

- P Plastic Package

- A Extended Operating

Temperature Range

- C Limited Oporating

Temperature Range

LOGIC DIAGRAMS

NC • Pin 13. 16

VSS " Pin 8
Mrr • Pin 1

NC =• Pin 13. 16

VSS - Pin 8

'CCVr-r- • Pi" 1



MC14049UB • MC14050B

ELECTRICAL CHARACTERISTICS

Characteristic Symbo
vdd
Vdc

Tlow* 25°C Thigh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level
vin " VDD or 0

"1" Level

vol 5.0

10

15

-

0.05

0.05

0.05
-

0

0

0

0.05

055

0.05

—
0.05

0.05

0.05

Vdc

voh 5.0

10

15

455

955

14.95
-

4.95

955

14.95

5.0

10

15

-

4.95

9.95

14.95

—
Vdc

Input Voltage #MC14049UB "0" Level
<V0 - 4.5 Vdc)
(V0 - 9.0 Vdc)
(V0 - 13.5 Vdc)

"1" Level
(Vo - 05 Vdc)
(Vo-10 Vdc)
(V0"15Vdc)

VlL
5.0

10

15

-
1.0

2.0

25

-

225

450

6.75

1.0

2.0

2.5

-

1.0

2.0

2.5

Vdc

V|H
5.0

10

15

4.0

8.0

12.5
-

4.0

8.0

12.5

2.75

5.50

8.25

-

4.0

8.0

12.5

-

Vdc

Input Voltage #MC14050B "0" Level
(V0 - 05 Vdc)
(Vo- 1.0 Vdc)
(V0 - 15 Vdc)

"1" Level
(Vq - 45 Vdc)
(Vq - 9.0 Vdc)
(Vq - 135 Vdc)

VlL
5.0

10

15

-
15

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

45

-

15

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11

-
35

7.0

11

2.75

5.50

8.25

-
3.5

7.0

11

-

Vdc

Output Drive Current (AL Device)

(Vqh " 25 Vdc) Source
(Vqh ° 95 Vdc)
(Vqh °135 Vdc)

(v0L-o.4 vdc) Sink
(v0l * 05 vdc)
(v0L-15 vdc)

"oh
5.0

10

15

-15

-1.6

-4.7

-

-1.25

-1.3

-3.75

-2.5

-2.5

-10

-
-05

-OS

-2.7

-

mAdc

'OL 5.0

10

15

3.75

10

30
-

3.2

8.0

24

6.0

16

40

-
2.2

5.6

17.0
-

mAdc

Output Drive Current (CL/CP Device)
(Voh " 25 Vdc) Source
(Vqh " 95 Vdc)
(Vqh-135 Vdc)

(Vql " 0.4 Vdc) Sink
(Vql - 05 vdc)
(Vql-15 vdc)

•oh
5.0

10

15

-1.5

-15

-45

-

-1.25

-155

-3.75

-2.5

-2.5

-10

-

-1.0

-1.0

-3.0

-

mAdc

'OL 5.0

10

15

3.6

9.6

28
-

3.2

8.0

24

6.0

16

40

—
2.6

6.6

19

—
mAdc

Input Current (AL Device) 'in 15 - iO.1 - * 0.00001 ±0.1 _ *1.0 jiAdc
Input Current (CL/CP Device) •in 15 - ±0.3 - ±0.00001 t0.3 _ ±1.0 uAdc

Input Capacitance

(Vin-0)
C,n - - - -

10 20
- - PF

Quiescent Current (AL Device)
(Per Package)

'DD 5.0

10

15

-

IX)

2.0

4.0

-

0.002

0.004

0.006

1.0

2.0

4.0

—
30

60

120

MAdc

Quiescent Current (CL/CP Device)
(Per Package)

•dd 5.0

10

15
[

4.0

8.0

16
"

0.002

0.004

0.006

4.0

85

16

-

30

60

120

uAdc

Total Supply Current **t

(Dynamic plus Quiescent, Per Package)
(Cl 50 pF on alloutputs, all buffers switching)

'T 5.0

10

15

lT-(15*iA/kHz)f+ IDD
•T"'35pA/kH*)f + IDD
lT =(5.3uA/kHz)f+lDD

MAdc

*Tlow - 55°C for AL Device,-40°C for CL/CPDevice.
Thigh " +125°C forAL Device, +85°C forCL/CP Device.

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

lT(CL) - It'50 pF) +6 X10-3(CL - 50)VDDf

where: Ij is in uA (perpackage), Cl in pF,Vqq inVdc, and f in
kHz is input frequency.

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

#Noise immunity specified for worst-case input combination
B Suffix Noise Margin for both "1" and "0" level •

15 Vdc min @VDd - 5.0 Vdc
25 Vdc min <£» Vnp - 10 Vdc
25 Vdc min @Vqo - 15 Vdc

UB Suffix Noise Margin for both "1" and "0" level -

0.5 Vdc min @Vqd " 6.0 Vdc
1.0 Vdc min @ Vqd " 10 Vdc
1.0 Vdc min@Voo"15 Vdc
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MC14049UB • MC14050B

FIGURE 2 - TYPICAL OUTPUT SOURCE CHARACTERISTICS

MC14049UB T VCC

VDS ' voh - VDD

Vqs •5.0 V dc

VGS- 10 Vdc

VGS •ISVd t^S
Maximum Current

1 1
Lavtl

|_J
-8.0 -8.0 -4.0 -2.0

Vos DRAINTO-SOURCE VOLTAGE (Vdc)

FIGURE 4 - AMBIENT TEMPERATURE

POWER DERATING

1000 I 1
5 900
E

z SSO
o

PLASTIC OR CERAMIC
P HCKAlit

5 'oo
o.

§ s. soo

IMPOWEf (PerPa
8I

g JUU

z

0
SO 75 100 125 150 175

Ta. AMBIENTTEMPERATURE <°C)

This oevice 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 Vjn and Vout be
constrained to the range V55 < (V;n or
V0ut» < VDD-
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either
Vss or V dq).

FIGURE 3 - TYPICAL OUTPUTSINK CHARACTERISTICS

MC14049UB TVCC < Vcc MC14050B

VQSORAIN-TO-SOURCE VOLTAGE (Vdcl

FIGURE 5 - SWITCHING TIME TEST CIRCUIT
AND WAVEFORMS

Pulso

Gonorotor

20 ns

Input "90%

•50%

10% 1
Output

MC14049UB

s|r 90*
V—50%

19UB 31—10%

—J |—*THL

17

— *TLH

Output
MC14050B

LH • -I I- H 'PHI..

tTLH—1 r— —1 r—tjHL

#Invert on MC14049UB only
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MC14049UB • MC14050B

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

1 Characteristic Symbol
Vdd
Vdc Min 1 Typ Max Unit

MC14043UB

Output Rise Time
tTLH =(0.8 ns/pF)CL +60 ns
«TLH =(0.3 ns/pF)CL +35 ns
»TLH =(0.27ns/pF)CL+26.5ns

tTLH
5.0

10

15
-

100

50

40

160

100

60

ns

Output Fall Time

tTHL =(0.3 ns/pF) CL +25 ns
tTHL = (0.12 ns/pF) Cl + 14 ns
tTHL = (0.1 ns/pF) Cl + 10 ns

tTHL

5.0

10

15
-

40

20

15

60

40

30

ns

Propagation Delay Time

tpLH " (0.38 ns/pF) CL +61 ns
tpLH =<0.20 ns/pF) Cl + 30 ns
tPLH = (011 ns/pF) CL + 24.5 ns

tPLH
5.0

10

16
-

80

40

30

120

65

50

ns

Propagation Delay Time

tpHL =(0.38 ns/pF)CL + 11 ns
tpHL =(0.12 ns/pF)Cl +9 ns
tpHL =W-11 ns/pF) CL +45 ns

tPHL
5.0

10

15

-
30

15

10

60

30

20

ns

MC1405OB

Output Rise Time

tTLH - (0.7 ns/pF) CL +65 ns
tTLH =(0.25ns/pF)CL +37.5 ns
tTLH =(0.2 ns/pF) CL +30 ns

lTLH

5.0

10

15
-

100

60

40

160

80

60

ns

Output Fall Time

tTHL =(0.2 ns/pF) CL +30 ns
tTHL = <0.06 ns/pF) Cl +17 ns
tTHL "= (0.04 ns/pF) Cl + 13 ns

tTHL
5.0

10

15
-

40

20

16

60

40

30

ns

Propagation Delay Time

tPLH = (0.33 ns/pF) Cl +635 ns
tpLH = (0.19 ns/pF) Cl +305 ns
tpLH ** (0.06 ns/pF) Cl +27 ns

»PLH
5.0

10

15

-
80

40

30

140

80

60

ns

Propagation Delay Time
tpHL =(0-2 ns/pF) Cl +30 ns
tPHL =(0.1 ns/pF)Cl +15 ns
tpHL " (0.05 ns/pF) Cl + 12.5 ns

tPHL
6.0

10

15

-

40

20

15

80

40

30

ns

FIGURE 1 - TYPICAL VOLTAGE TRANSFER CHARACTERISTICS versus TEMPERATURE
MC1404SUB

5 10 IS 18

Vi„ INPUTVOLTAGE (Vdc)

MC14050B

? IS
Vcc = l5Vdc

(9
<

o

* 11

+ I25»C - —— |K
vc c- 10 V dc

3

1-

O
a

*•

v

\
\ V cc- 5V dc

) '
J 5»r

t >/ *
5 10 IS 18

Vfa,INPUTVOLTAGE (Vdd
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MOTOROLA

ANALOG MULTIPLEXERS/DEMULTIPLEXERS

The MC14051B, MC14052B, and MC14053B, analog multiplexers
are digitally controlled analog switches. The MC14051B effectively
implements an SP8T electronic switch, the MC14052B a 2P4T. and
the MC14053B a triple SPDT. All three devices feature low ON
impedance and very low OFF leakage current. Control of analog
signals up to the complete supply voltage range can be achieved.

• High On/Off Output Voltage Ratio - 65 dB typical
• Quiescent Current = 5.0 nA/package typical ta 5 Vdc
• Low Crosstalk Between Switches - 80 dB typical
• Diode Protection on All Inputs
• Supply Voltage Range = 3.0 Vdc to 18 Vdc
• Transmits Frequencies Up to 65 MHz
• Linearized Transfer Characteristics, •-RON <60 £2 for

Vin • VDD to VEE@15Vdc
• Low Noise - 12 nV/V Cycle, f > 1 kHz typical
• Pin-for-Pin Replacement for CD4051, CD4052. and CD4053

MAXIMUM RATINGS

Rating Symbol Value Unit

VddVee -0 5 to M8 Vdc

Input Voltage. All Inputs Vjn -0 5 to VDD • 0 5 Vdc

Through Current l 25 mAdc

Operating Temperature Range • AL Device
CL/CP Device

ta -55 to * 125

-40 to '85

°C

Storage Temperature Range Tstg -65 to -150 °c

J
MC14051B

8-Channel Analog
Multiplexer/Demultiplexer xS^ Multiplexer/Demultiplexer

LVC ( MC14052B
Duai^Cfiannel Analog

CMOS MSI
(LOW-POWER COMPLEMENTARY MOSl

ANALOG MULTIPLEXERS/
DEMULTIPLEXERS

CASE 620

L SUFFIX

CERAMIC PACKAGE

CASE 618

P SUFFIX

PLASTIC PACKAGE

ORDERING INFORMATION

MC14XXXB Sutfix Dc

tL Coramic Pack

P Plastic Pocka

ickoge

. A Extended Operating

Temperature Range

. C Limited Operating

Temperature Range

VDD Pin 16
VSS . Pin 8
VEE = Pin7

Note Control Inputs referenced to Vss. Analog Inputs and Outputs reference toVgr:. VEE mustbecVsS-
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MC14051B thru MC14053B

PtGUREI^aflOTCH CIRCUIT SCHEMATIC

TRUTH TABLE

Control Inputs

ON Switches

Inhibit

Select

C* B A MC14051B MC14052B MC14053B

0

0

0

0

0-0 0

0 0 1

0 1 0

0 1 1

XO

XI

X2

X3

YO XO

Y1 X1

Y2 X2

Y3 X3

ZO YO XO

ZO YO XI

ZO Y1 XO

ZO Y1 XI

0

0

0

0

1 0 0

1 0 1

1 1 0

1 1 1

X4

X8

X6

X7

Z1 YO XO

Zl YO XI

Zl Y1 XO

Zl Y1 XI

1 XXX None Nona None

'Not applicable for MC 14052

Don't Caro

FIGURE 3 - MC140S2B JUNCTIONAL DIAGRAM

Inh 6<

A 10<

B 9<

Y1 5 O-

Y2 2 o-

16oVOD

Level

Converter

AVss 7 *BOVss VEE

Binary to

1-of-4 Decoder

with Inhibit

I I

I "T
I | •?

I I
I I

>3 Y

FIGURE 2 - MC14051B FUNCTIONAL DIAGRAM

B 10<

C 9C

16

P
Laval

Converter t~

6 vss 76v"8 6 vss

Binary to 1-ol-S

Decoder with

Inhibit

,1 I

FIGURE 4 - MC14053B FUNCTIONAL DIAGRAM

7

Anh 6c
/ A lie
iy B 10 e

„ C 9 e

XO 12 o-

XI 13 o-

O 2 o--ĴY1 1o

1
S o-

3 O-

Level

Convortar

—I Binaryto 1-of-2
Docodar with

Inhibit

iVcc 7 48 6Vss VEE

,1 I
3-

3-'

S^^v5'
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MC14051B thru MC14053B

ELECTRICAL CHARACTERISTICS

Characteristic' Symbol

vdd-
vEe
Vdc

Tlow* 25°C Thigh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level

vin-VoDorVSS
Vss = vEE

"1" Level

Vjn = 0 or VDD

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95

-

4.95

9.95

14.95

5.0

10

15

-

435

9.95

14.95

-

Vdc

Input Voltageo "0" Level
(VD =4.5 or 0.5 Vdc)
(Vq " 9.0 or 1.0 Vdc)
|V0- 13.5 or 1.5 Vdc)

"1" Level

(Vo =0.5 or 4.5 Vdc)
(V0= 1.0 or 9.0 Vdc)
(Vq =1.6 or 13.5 Vdc)

V|L
5.0

10

15

-

1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.25

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Input Current (Control, Inhibit) >in - - - - 10 - - -

pAdc

Input Capacitance

<Vin - 0)
Control, Inhibit
Switch Inputs

Cin

- - - -

5.0

10

- - -

pF

Output Capacitance MC14051B
MC14052B

MC14053B

Cout 10

10

10

- - -

60

32

17

- - -

PF

Fcedthrough Capacitance MC14051B
MC14052B

MC14053B

f-in-out 10

10

10

- ; -

0.18

0.12

0.10

- -
-

pF

Quiescent Current (AL Device)

(Per Package) . l
'DD 5.0

10

15
;

5.0

10

20

-

0.005

0.010

0.015

5.0

10

20

-

150

300

600

uAdc

Quiescent CurrentrfcJcP Device)
(Per Package) ^""^

'DD 5.0

10

15

-

20

40

80

-

0.005

0.010

0.015

20

40

80

-

150

300

600

uAdc

Total Supply Current**t

(Dynamic plus Quiescent,

Per Package)

>T. 5.0

10

CIS)

IT ' (0.07 uA/kH
lT * (0.20 uA/kH
lT * (0.36 uA/kH

t) «+ Iq
/M+Iq
*) f + IQ

uAdc

ON Resistance (AL Device) Ron 5.0

10

15
;

880

400

220

-

250

120

80

1050

500

280

-

1200

550

320

n

ON Resistance t6fc/CP Device) Ron 5.0

10

15

—

fJBO _ 250 1050 - 1200 n

-45SL.
250

ton 500 _ 520

80 280 -,—i 300

' A ON Resistance Between Any

Two Channels

a Ron 5.0

10

15

- - -

25

10

5.a

- - -

n

OFF Channel Leakage Current

AnyChannel
^ALpevice) All Channels OFF:
f" / MC14051B

MC14052B

MC14053B

15

15

15

15

-

100

100

100

100

-

♦0.01

t0.08

?0.04

±0.02

100

100

100

100

-

1000

1000

1000

1000

nAdc

OFF Channel Leakage Current

Any Channel

fCUCP Device)
^fW Channels OFF: MC10451B

MC10452B

MC10453B

15

15

15

15

-

1000

1000

1000

1000

-

±0.01

10.08

10.04

| 10.02

1000

1000

1000

1000

_

3000

3000

3000

3000

nAdc

iMoS'ilb

•Tiow=-55°C for AL Device, -40°C for CL/CP Device.
Thigh " +125°C for ALDevice, +85°C for CL/CP Device.

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

••The formulas givenarefor the typicalcharacteristics only at 25°C.
tTotal Supply Current, It. '»the currentdrawnat deviceterminals Vqd and
V$s 'or t0t8' cufrot- through the device.The channelcomponent,
(Vjn-Vout)/RoN. should not be included.
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MC14051B thru MC14053B

SWITCHING CHARACTERISTICS* <CL - 50 pF.TA - 26°C)

Characteristic Symbol Vdd-Vee
Vdc

Typ

All Types
Max Unit

Propagation Delay Times
Switch Input to Switch Output <R|_ - 10 kn)

MC14051

tPLH,tPHL" (0.17ns/pF)Cl +26.5 ns
lPLH.*PHL • (0.08 nt/pF) C|_ +11 ns
tPLH.tPHL" (0.08nt/pF) Cl ♦ 9.0 ns

MC140S2

»PLH, tPHL" (0-17nt/pF) Cl +21.6 ns
lPLH,tPHL" (0.08ns/pF)Cl +8.0 ns
lPLH,tPHL" (0.08ns/pF)Cl ♦ 7i) ns

MC14063

tPLH.tPHL" (0-17ns/pF)Cl + 16.5 ns
*PLH, tPHL" (0.08ns/pF)Cl +4.0 ns
<PLH, *PHL " (0-08nt/pF) Cl +3.0 ns

Inhibit to Output (Rl - 10 kn):
Output "1" or "0" to High Impedance, or
High Impedance to "1" or "0" Level

MC14051B

MC140S2B

MC14053B

Control Input to Output (Rl • 10 kn)
MC14051B

MC14052B

MC14053B

«PLH.«PHL

6.0

10

15

35

IS

12

90

40

30

ns

6.0

10

IS

30

12

10

75

30

25

ns

5.0

10

IS

25

8.0

6.0

65

20

IS

nt

«PHZ, «PLZ.

«PZH, tpzL

6.0

10

15

350

170

140

700

340

280

ns

6.0

10

15

300

155

125

600

310

250

ns

5.0

10

15

275

140

110

550

280

220

ns

tPLH, «PHL
5.0

10

15

360

160

120

720

320

240

nt

5.0

10

15

325

130

90

650

260

180

ns

5.0

10

IS

300

120

80

600

240

160

nt

Sine Wave Distortion

(RL"1kn.i-1 kHz)
— 10 0.04

-
%

Bandwidth

(RL -1 kn. vin -1/2 (vDD• vss) p-p.

20Lofl1«XVOHL--3dB) MC14051B
MC14052B

MC14053B

BW

10

10

10

20

30

55

-

MHz

Feedthrough Attenuation, Input to Output

(RL-1kn.20Log10^2W --50dB) MC14051B
in MC140S2B

MC14053B

10

10

10

4.6

30

55

_

MHz

Channel Separation

(RL -1 kn, vin -1/2 (vDD - vss) p-p.

20Log10^«2J§l--e0dB)

10 3.0 MHz

Feedthrough Control, Input to Output
<Rl - 1 kn,Rl- 10 kn Control/lnhtbit
*TLH " *THL " 20 ns)

10 30
—

mV

Maximum Control Frequency
CRL-1kn.Vout-1/2Vln>

—
10 10

-
MHz

" Theformulas given are for thotypical characteristics only.

This device contains circuitry to protect the inputs against damage due tohigh static voltages orelectric fields; however, itisad
vised that normal precautions betaken to avoid application of any voltage higher than maximum rated voltages to thishigh im
pedance circuit. For proper operation itit recommended that V|„ and Vout be constrained to the range VEE <(Vln or Vout)

Unused Inputs mutt always be tied to an appropriate logic voltage level (e<„ either Vss or Vpo).
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MC14051B thru MC14053B

TEST CIRCUITS

FIGURE 5 - INPUT VOLTAGE

Vin

A

B

C

Inh JjU U v°u'—• »LS '"p"!.

o ~

vdd

FIGURE 7 - BANDWIDTH AND FEEDTHROUGH

ATTENUATION

A, B, and C inputs used to turn ON or OFF
tho switch under test.

VSS I
~nrv°

Vqd VEE

-'V

FIGURE 9 - FEEDTHROUGH, CONTROL TO

SIGNAL OUTPUT

FIGURE 6 - PROPAGATION DELAY TIMES,

CONTROL AND INHIBIT TO OUTPUT

Pulse

Generator

VddveeVee vDd

FIGURE 8 - CROSSTALK BETWEEN ANY TWO SWITCHES

FIGURE 10 - MAXIMUM CONTROL FREQUENCY
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MC14051B thru MC14053B

FIGURE11 -CHANNEL RESISTANCE<R0N» TEST CIRCUIT

VOD

Kolthloy 160

,o.i,0l5

Digital
1 Multimeter

P*3 k

tjt 1 kn

| vodo—p»-J^O-1 Range
X-Y

1 Plotter

vEe - Vss
*

±

TYPICAL RESISTANCE CHARACTERISTICS

FIGURE 13 - Vdd " 50 v> VEE " -5° V

:alr

FIGURE 12 - VDD " 7.6 V. VEE - -7.5 V
350

300

250

150
ta-i75°C

100
•*^l

.25°C

-^

bO -5s"c—

0 1
•10 -8.0 -6.0 -4.0 -2.0 0 0.2 4.0

Vjn. INPUTVOLTAGE(VOLTS)

6.0 8.0 10

FIGURE 14 -VDD-2-5V.VEE- -2.6 V
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5 400 \
%A

, V \k 300 /
A \N 125°Cz

j 'A \ sjA

/ v S. 2S0C

" too
s. ^-55°^

0
-10 -8.0 -6.0 -4.0 -2.0 0 2.0 4.0

Via, INPUTVOLTAGE (VOLTS)

6.0 8.0 10

350
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| 250

| 200

|2 150 ^

C
1

P 103
1

""•=•-5o
rx jo

5UC

0 |
-&0 -S.0 -4.0 -2.0 0 2.0 4.0

Vin. INPUTVOLTAGE(VOLTS)

6.0 8.0 10

FIGURE 16 - COMPARISON AT 25°C,VDD

-10 -8.0 -6.0 -4.0 -2.0 0 2.0 4.0 6.0 8.0 10

V|n. INPUTVOLTAGE(VOLTS)
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"M) MOTOROLA

QUAD ANALOG SWITCH/QUAD MULTIPLEXER

The MC14066B consists of four independent switches capable of
controlling either digital or analog signals. This quad bilateral switch
is useful in signal gating, chopper, modulator, demodulator and
CMOS logic implementation.

The MC14066B is designed to be pin-for-pin compatible with the
MC14016B, but has much lower ON resistance. Input voltage swings
as large as the full supply voltage can be controlled via each inde
pendent control input.

• High On/Off Output Voltage Ratio - 65 dB typical
• Quiescent Current = 0.5 nA/package typical @ 5 Vdc
• Low Crosstalk Between Switches -50 dB typical @ 8 MHz
• Diode Protection on All Inputs

• Supply Voltage Range = 3.0 Vdc to 18 Vdc
• Transmits Frequencies Up to 65 MHz @ 10 Vdc
• Linearized Transfer Characteristics, ARoN <60 & for

Vin = VQD to Vss (at 15V)
• Low Noise- 12 nVA/ Cycle, f > 1 kHz typical
• Pin-for-Pin Replacement for CD4016, CD4066, MC14016

MAXIMUM RATINGS (Voltages referenced to Vss)

Rating Symbol Value Unit

DC Supply Voltage vdd -0.5 to + 18 Vdc

Input Voltage. All Inputs vin -0.5 to VDD + 0.5 Vdc

Through Current i 25 mAdc

Operating Temperature Range - AL Device
CL/CP Device

ta -55 to +125

-40 to -»85

°C

Storage Temperature Range Tstg -65 to+150 °c

CIRCUIT SCHEMATIC

(1/4 OF DEVICE SHOWN)

— S - Vc

, A Out/In
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MC14066B

CMOS SSI

(LOW-POWER COMPLEMENTARY MOS)

QUAD ANALOG SWITCH

QUAD MULTIPLEXER

L SUFFIX PSUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE

CASE 632 CASE 646

ORDERING INFORMATION

MC14XXX_^_ Suffix Denoto

I— L Ceramic Pack
I— P PlasticPacket

ckage

rtage

A Extondod Operating

Temperaturo Range

C Limited Operating

Temperaturo Range

BLOCK

DIAGRAM

VDD = P,n 14

,0 Vss-Pin 7

LOGIC DIAGRAM AND TRUTH TABLE

(1/4 OF DEVICE SHOWN)

Control O—I""/©-—ol j>

Control Switch

0 OFF

1 ON

Logic Diagram Restrictions
VSS :£Vin SVDD

VSS <vou, SVDD

V,n 'o Vout Resistance

vSs >109 Ohms typ

vdd 3 X 102 Ohms tVP



MC14066B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

Tlow* 25°C ThiiJh*
UnitMin Max Min Typ Max Min Max

Input Voltage (Control) "0" Level
(Vq » 4.5 or 0.5 Vdc)
(V0- 9.0 oi 1.0 Vdc)
(V0- 13.5 or 1.5 Vdc)

"1" Level

(Vq =0.5 or 4.5 Vdc)
(V0 = 1.0 or 9.0 Vdc)
(V0 = 1.5or 13.5 Vdc)

V|L
5.0

10

15

-
1.5

3.0

3.75

-

2.25

4.50

6.75

1.5

3.0

3.75

-

1.5

3.0

3.75

Vdc

V|H
5.0

10

15

3.5

7.0

11.25
-

3.5

7.0

11.25

2.75

5.50

8.25
-

3.5

7.0

11.25

-

Vdc

Input Current (AL Device) Control 'in 15
- ±0.1 -

±0.00001 ±0.1 - ±1.0 uAdc

Input Current (CL/CP Device) Conttol >.n 15
- ±03 -

±0.00001 ±03 - ±1.0 tiAdc

Input Capacitance

(Vjn-OI
Control Input

Switch Inputs

cin

10

- - -
50

8.0

7.5

IS

- -

pF

Output Capacitance cout 10
- - -

8.0
- - -

pF

Feedthrough Capacitance Cin-out 10
- - -

0.5
- - - pF

Quiescent Current (AL Device)

(Per Packagel
'O 5.0

10

15

-

0.25

0.50

1.00

-

0.0005

0.0010

0.0015

0.25

0.50

1.00

7.5

15

30

uAdc

Quiescent Current (CL/CP Device)

(Per Package)
'Q 50

10

15

-

1.0

20

4.0

-

0.0005

0.0010

0.0015

1.0

2.0

4.0

-

7.5

15

30

uAdc

ON Resistance (AL Device) Ron 5.0

10

15

~_
^ 800}

"400T

220

-

250

120

80

1050

500

280
-

1200

520

300

11

ON Resistance (CL/CP Device) Ron 5.0

10

15

-

880

450

250

-

250

120

80

1050

500

280

-

1300

550

320

It

AON Resistance Between Any Two of
Four Switches

A Ron 5.0

10

15 : - -

25

10

5.0

- - -

il

Input/Output Leakage Current
Switch OFF (AL Devicel

15 ±100
~ ±0.01 ±100 - ±1000 nAdc

input/Output Leakage Current

Switch OFF (CL/CP Devicel

15 ±300 ±0.01 ±300 ~ ±1000 nAdc

'The formulas given are for the typical characteristics only.
Tlow " -5S°C for AL Device, -40°C forCL/CP Device.
Thigh ° +125°C for ALDevice, +85°C for CL/CP Device.
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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 Vss < 'vin or
Voutl < VD0.
Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vss Of'Vdd>-



MC14066B

SWITCHING CHARACTERISTICS* <CL - 50 pF,TA• 250C unless otherwise noted.)

Characteristic Symbol VDD
Vdc

Min Typ Max Unit

PropagationDelayTimes Vss " ° Vdc

Input to Output (Rl " 10 k«)
tpLH. 'PHL ** <°-17 nsfpf) Cl + 15.5 ns
tpLH. tPHL" '°-08 r»/pF) Cl + 6.0 ns
tpLH. 'PHL " W-06 ntlpF)Cl +4.0 ns

Control to Output (Rl " 1 Ml)
Output "1" to High Impedance

Output "0" to High Impedance

High Impedance to Output "1"

High Impedance to Output "0"

tPLH.'PHL
5.0

10

15

-

20

10

7.0

40

20

15

ns

tPHZ 5.0

10

15

-

40

35

30

80

70

60

ns

tPLZ 5.0

10

15

-

40

35

30

80

70

60

ns

tPZH 5.0

10

15
:

60

20

15

120

40

30

ns

«PZL 5.0

10

15

-

60

20

15

120

40

30

ns

Sine Wave Distortion Vss--5 Vdc
(Vm" '-77 Vdc, RMSCentered@0.0 Vdc,
RL=10kn,f-1.0kHz)

—
5.0 0.1 %

Frequency Response (SwitchON) Vss " -5 Vdc

(RL - 1kil,20Login. °Ut - -3 dB)
vin

5.0 65 MHz

Feedthrough Attenuation (Switch OFF) Vss - -6 Vdc

(RL • 1kn,20 Login. ,™t " -60dB)
vin

5.0 1.0 MHz

Crosstalk Between Any Two Switches Vss " "5 Vdc

<RL - 1kn. 20 Logio Vout(B) „.g,,dB
Vin(A)

(Switch A ON, Switch B OFF)

5.0 8.0 MHz

Crosstalk,Control Input to SignalOutput Vss " "5 Vdc -
5.0

-
300

-

mV

Maximum Control Input Frequency Vss " ° Vdc

(20Logio y,0"' --6dB)
vin

5.0

10

IS

-

6.0

8.0

8.5

-

MHz

•The formulas givenare for the typical characteristicsonly.
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MC14066B

FIGURE 7 -CHANNELRESISTANCE (RON) TEST CIRCUIT

vdd

1 Kelthloy 160

Dlcltal

1 Multimotor
10 ic >• i P*3 »

i kn

Range
X-Y

Plotter

| vDDo p>e>-
K3

Vss

TYPICAL RESISTANCE CHARACTERISTICS

FIGURE 8 - VDD ° 7-6 V, Vss " "7-5V

-10 -8.0 -6.0 -4.0 -2.0 0 0.2 4.0

Vjn.INPUT VOLTAGE (VOLTS)

6.0 8.0 10

FIGU RE 10 - VDd " 2-S v. Vss- -25 V

700

600

I 500
u

5 400 J\
jjj 300 V \

/
A Vs

P 200 'A \ <fA'
/ v V 2SOC

a

a 100
V

•sl-W-

0
-10 -8.0 -6.0 -4.0 -2.0 0 2.0 4.0 6.0

Vin. INPUT VOLTAGE (VOLTS)

FIGURE 9 - VDD " 8.0 V, V$S ° -5.0 V

-8X1 -60 -4.0 -2.0 0 2.0 4.0 6.0 8.0 10

Vjn, INPUTVOLTAGE(VOLTS)

FIGURE 11 - COMPARISON AT 25°C, vDD •-vss
350

_TA. 25°C-
r\

X \
2 250 / \«, 0-2.5/ -VVo

& 200 J \
/ \

f 150
z

\

i 100
o 7.5 V

SO

0
-10 -8.0 -6.0 -4.0 -2.0 0 2.0 4.0

Vi„, INPUTVOLTAGE (V0 LTS)

6.0 B.0 10
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MC14066B

FIGURE 1 - INPUT VOLTAGE

FIGURE 3 - BANDWIDTH AND
FEEDTHROUGH ATTENUATION

Vc - Vqd ,or Bandwidth Test
Vc - Vgs 1orFeedthroughTest

vdd-vss r r\

vino t~TT~

VQD VSS

FIGURE 5 - CROSSTALK,

CONTROL TO OUTPUT

TEST CIRCUITS

ov0

7-143

FIGURE 2 - PROPAGATION DELAY TIME,
CONTROL TO OUTPUT

o/ O C.O

Vdd vss

rl< qNCL

-/ o

vss vdd

FIGURE 4 - CROSSTALK BETWEEN
ANY TWO SWITCHES

FIGURE 6 - MAXIMUM CONTROL FREQUENCY

Jl
1/2 (VOD -Vss> /\/\/\

V|n-VDDO-

VCI
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-ovoot

cL



JM) MOTOROLA

8-INPUT "NAND" GATE

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

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

• Noise Immunity = 45% of Vqq typ

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• All Outputs Buffered

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

• Double Diode Protection on All Inputs

• Pin-for-Pin Replacement for CD4068B

MAXIMUM RATINGS (Voltages referenced to Vss)
Rating Symbol Value Unit

DC Supplv Voltage vDd -05to '18 Vdc

Input Voltage. All Inputs V,n -0 5 to VDD -o 5 Vdc

DC Current Dram per P.n 1 l.i mAdc

Operating Temperature Range AL Device

CL/CP Device

TA -55 to+125

-40 to -85

°C

Storage Temperature Range Tstg -65 to • 150 "C

See the MCI400IB data sheet for complete characteristics for this device.

Sam* at

abova

CIRCUIT SCHEMATIC

t—J,
ri

'SS

'dd

^
1
3-

4
vSs

3 P—'
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MC14068B

CMOS SSI

ILOW POWER COMPLEMENTARY MOSl

8-INPUT "NAND" GATE

00 $0
L SUFFIX PSUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 632 CASE 646

ORDERING INFORMATION

MC14XXXB Suffix Denotes

L Ceramic Package
1 P Plaitic Package

A Extended Operating
Temperature Rang*

1 C Limited Operating
Temperature Rang*

3

4

9

LOGIC DIAGRAM

\ 13 VDD"P'_^r vss - p.
14

7

10

11

12

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

is recommended that Vjn and Vou, be
constrained to the range Vgg «; (Vjn or
Vout> < VDD-
Unused inputs must always be tied to an

appropriate logic voltage level (e.g., either

VSS°'VddI-



M) MOTOROLA

HEX INVERTER

The MC14069UB hex inverter is constructed with MOS P-channel
and N-channel enhancement mode devices in a single monolithic
structure. These inverters find primary use where low power
dissipation and/or high noise immunity is desired. Each of the six
inverters is a single stage to minimize propagation delays.

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

• Noise Immunity = 45% of Vqd typ
• Supply Voltage Range » 3.0 Vdc to 18 Vdc
• Capable of Driving Two Low-Power TTL Loads.

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

• Double Diode Protection on All Inputs

• Pin-for-Pin Replacement for CD4069UB

• Meets JEDEC UB Specifications

MAXIMUM RATINGS (Voltages referenced toVssl

Rating Symbol Value Unit

DC Supply Voltage vdd -0.5 to '18 Vdc

Input Voltage. All Inputs V|n -0.5 to VDD * 0.5 Vdc

DC Current Drain per Pin i 10 mAdc

Operating Temperature Range —AL Device
CL/CP Device

ta -55 to H26

-40 to -85

°C

Storage Temperature Range Tstg -65 to 1150 °C

LOGIC DIAGRAM CIRCUIT SCHEMATIC

11/6 OF CIRCUIT SHOWN)

9 VDD

l—O Output

OVss

• Double diode protection or

inputs not shown.

MC14069UB

CMOS SSI

(LOW-POWER COMPLEMENTARY MOS)

HEX INVERTER

00 JJflW
L SUFFIX PSUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646

ORDERING INFORMATION

MC14XXXUB -. Suffix Danotet

L Ceramic Package

1— P Plnstic Package
A Extended Operating

Tumporature Renge

1 C Limited Operating
Temperature Range

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

FIGURE1 -SWITCHING TIME TESTCIRCUIT ANDWAVEFORMS

vdd
14

Pulse

Generator

Output

Input l*
^ 0 , c

r
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MC14069UB

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

Tlow* 25°C Th gh

UnitMin Max Min Typ Max Min Max

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

vin VDD<>rO 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15 - 0.05 - 0 0.05 - 0.05

voh 5.0 4.95 - 4.95 5.0 _ 4.95 _ Vdc

Vjn 0orVDD 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -

Input Voltage" "0" Level VlL Vdc

(V0 " 4.5 Vdc) 5.0 - 1.0 - 2.25 1.0 - 1.0

(Vo • 9.0 Vdc) 10 - 2.0 - 4.50 2.0 - 2.0

(Vq-13.5 Vdc)
"1" Level

IS
- 2.5 - 6.75 2.5 - 2.5

V|H
(Vo - 0.5 Vdc) 5.0 4.0 _ 4.0 2.75 _ 4.0 _ Vdc
(Vo-1.0 Vdc) 10 8.0 _ 8.0 5.50 _ 8.0 _

(Vq-1.5 Vdc) 15 12.5 - 12.5 8.25 - 12.5 -

Output Drive Current (AL Device) •oh mAdc

(Vqh " 2.5 Vdc) Source 5.0 -3.0 - -2.4 -4.2 - -1.7 -

(Voh * 4.6 vdc) 5.0 -0.64 - -0.51 -0.88 - -0.36 -

(Voh " 9-5 Vdc) 10 -1.6 - -1.3 -2.25 - -0.9 -

(Vqh • '3.5 Vdc)

(Vql " 0.4 Vdc) Sink

15 -4.2 - -3.4 -8.8 - -2.4 -

'OL 5.0 0.64 - 0.51 0.88 _ 0.36 _ mAdc

(Vql • 0.5 Vdc) 10 1.6 - 1.3 2.25 - 0.9 -

(Vol- 1.5 vdc) 15 4.2 - 3.4 8.8 - 2.4 -

Output Drive Current (CL/CP Device) •oh mAdc

(Voh " 2.5 Vdc) Source 5.0 -2.5 - -2.1 -4.2 _ -1.7 _

(VoH " 4.6 Vdc) 5.0 -0.52 - -0.44 -0.88 - -0.36 _

<vOH • 9-5 Vdc) 10 -1.3 - -1.1 -2.25 - -0.9 _

(Vqh • 13.5 Vdcl

(Vql " °-4 Vdc) Sink

15 -3.6 - -3.0 -8.8 - -2.4 -

'OL 5.0 0.52 - 0.44 0.88 _ 0.36 _ mAdc

(Vql • 0-5 vdc) 10 1.3 - 1.1 2.25 0.9 _

(v0l' is vdc) 15 3.6 - 3.0 8.8 - 2.4 -

Input Current (AL Device) 'in 15
-

♦0.1
-

i0.00001 ±0.1
- 11.0 MAdc

Input Current (CL/CP Device) 'in 15 -
±0.3

- ±0.00001 ±0.3 - 11.0 MAdc

Input Capacitance Cin - - - 5.0 7.5 - - PF

(Vin 0)

Quiescent Current (AL Device) •dd 5.0 - 0.25 - 0.0005 0.25 - 7.5 uAdc

(Per Package) 10 0.50 - 0.0010 0.50 - 15

Quiescent Current (CL/CP Device)

15 1.00 - 0.0015 1.00 - 30

"DD 5.0 - 1.0 _ 0.0005 1.0 _ 7.6 MAdc

(Per Package) 10 - 2.0 - 0.0010 2.0 - 15

15 - 4.0 - 0.0015 4.0 - 30

Total Supply Current*"t 'T 5.0 iT- <o .3 uA/kHz f + lDD/ 3 MAdc

(Dynamic plus Quiescent, Per Gate) 10 it-(o.6/uA/kHz f + idd/(i

(CL-50pF) IS it-to5pA/kHz f + idd/«i

Output Rise and Fall Times" *tlh. ns

<CL-60pF) *THL
tTLH.tTHL" (1.35 ns/pF)CL +33 ns 5.0 - - - 100 200 - -

♦TLH. *THL - (0.60 ns/pF) Cl + 20 ns 10 - - - 50 100 - -

tTLH. THL - (0.40 ns/pF) CL + 20 ns 15
- - -

40 80
- -

Propagation Delay Times'* «PLH. ns

<CL = 50pF) tPHL

tpLH.tPHL " (0-90 ns/pF) Cl + 20 ns 5.0 - - - 65 125 - -

tpLH'tPHL * (°-36 ns/pF) Cl + 22 ns 10 - - - 40 75 - -

tpLH.tPHL ° (°-26 ns/pF) Cl + 17 ns 15
- - -

30 55
- - I

*T|ow " -55°C for AL Device.-40°C for CL/CP Dovlco
Thigh * *125°CforAL Dovlco. ♦85°C forCL/CP Dovlco

tTo celculoto total supply current at loods other then 50 pf:

lT<CL) » lT(50 pF) ♦ 6 X 10-3(CL - 50)VDDf
where: Ij is in jiA (por package). CL in pF, Vqq in Vdc, and f
kHz is input frequency.

"Tho formulas givon ore for tho typical charoctoristict only ot

25°C.
#Nol*o immunity specified for worst-cose input combination.

Noise Margin for both "1" and "O" levol -

0.5 Vdc min O vDD • 5.0 Vdc
1.0 Vdc min 9 Vqq - 10 Vdc
1.0 Vdc min © VDD - 15 Vdc
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'M) MOTOROLA

CMOS SSI

QUAD EXCLUSIVE "OR"AND"NOR" GATES

The MC14070B quad exclusive OR gate and the MC14077B quad
exclusive NOR gate are constructed with MOS P-channel and
N-channel enhancement mode devices in a single monolithic
structure. These complementary MOS logic gates find primary use
where low power dissipation and/or high noise immunity is desired.

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

• MC14047B - Replacement for CD4030B, CD4070B, and
MC14507 Types

• MC14077B - Replacement for CD4077B Type

MAXIMUM RATINGS (Voltagesreferenced to Vss)

Rating Symbol Value Unit

DC Supply Voltage vdd -0.5 to *18 Vdc

Input Voltage. All Inputs v,n -0.5 to Vdd * °-5 Vdc

DC Current Drain per Pin : 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device

ta -55 10*125

-40 to +85

°C

Storage Temperature Range Tstg -65 to '150 °C

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

20ni—— — -

90%

SOX

0%

L/5

50% Duty Cycle

•Invortod output on MC14077B only.

MC14070B
QUAD EXCLUSIVE "OR" GATE

MC14077B
QUAD EXCLUSIVE "NOR"GATE

0m 'WW'••I "ifll I ll Bu ,||I,,J
CASE 632 CASE 646

L SUFFIX PSUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

ORDERING INFORMATION

MC14XXX8 Suffix Denotes

1 L Ceramic Package
1— P Plastic Package

A Extended Oporating

Temporature Range

1 C Limitod Oporating
Temperature Ronge

MC14070B

Quad Exclusive OR
Gate

MC14077B

Quad Exclusive NOR

Goto

.3D— £D~
:x>-

VDD-Pln14

Vss " Pln 7
(Both Devices)

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Pulse

Genoretor

XT
r

* Inverted output on MC14077B only.
#Connoct unused Input to VDD for MC14070B. to Vss for MC14077B.
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MC14070B, MC14077B (continued)

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

Tlow* 25°C '••hiah•
UnitMin Max Min Typ Max Min Max

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

vin Vqq or 0 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15 - 0.05 - 0 0.05 - 0.05

v0h 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc

Vjn 0 or Vqq 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -

Input Voltage" "0" Level VlL Vdc

<Vq " 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5
-

1.5

(V0 -• 9.0 or 1.0 Vdcl 10 - 3.0 - 4.50 3.0
-

3.0

<V0» 13.5 or 1.5 Vdcl
"1" Level

15 - 4.0 - 6.75 4.0
-

4.0

V|H
(V0 =0.5 or 4.5 Vdcl 5.0 3.5 - 3.5 2.75 - 3.5 - Vdc

(V0 ' 1.0 or 9.0 Vdcl 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 Oevice) 'OH mAdc

(Vqh " 2.5 Vdc) Source 5.0 -3.0 - -2.4 -4.2 -

-1.7
-

(Vqh * 4.6 Vdc) 5.0 -0.64 -
-0.51 -0.88 -

-0.36
-

IV0H - 95 Vdc) 10 -1.6 - -1.3 -2.25 -
-0.9

-

(Vqh = 13.5 Vdc)

(Vql =°-4 Vdc) Sink

15 -4.2 - -3.4 -8.8 -
-2.4

-

'OL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc

(Vql " 0.5 Vdcl 10 1.6 - 1.3 2.25 -
0.9

-

(Vol- i.5 vdc) 15 4.2
-

3.4 8.8
-

2.4
-

Output Drive Current ICL/CP Device) •oh mAdc

IVqh " 2.5 Vdc) Source 5.0 -2.5 -
-2.1 -4.2 -

-1.7
-

(Vqh • 4.6 Vdc) 5.0 -0.52 -
-0.44 -0.88 -

-0.36
-

(Vqh m9.5 Vdc) 10 -13 - -1.1 -2.25 - -0.9 -

(Vqh " 13-5 Vdc)

(Vql " 0-4 Vdc) Sink

15 -3.6
-

-3.0 -8.8
-

-2.4
-

'OL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc

(Vql * 0.5 Vdc) 10 1.3 - 1.1 2.25 - 0.9 -

(Vol- i.5vdc) 15 3.6
-

3.0 8.8
-

2.4
-

Input COrrent (AL Oevice) •in 15 - i0.1 -
10 00001 ♦0.1

- ±1.0 uAdc

Input Current (CL/CP Oevice) lin 15 -
±0.3

-
±0.00001 ±0.3 -

±1.0 uAdc

Input Capacitance Ci„ - - - - 5.0 7.5 - -
PF

(Vin = 0)

Quiescent Current (AL Oevice) 'DD 5.0 - 0.2S - 0.0005 0.25 - 7.5 uAdc

(Per Package) 10 - 0.50 - 0.0010 0.50 - 15

15 - 1.00 -
0.0015 1.00

-
30

Quiescent Current (CL/CP Device) 'DD 5.0 - 1.0 - 0.0005 1.0 - 7.5 uAdc

(Per Package) 10 - 2.0 - 0.0010 2.0 - 15

15 - 4.0 - 0.0015 4.0 -. 30

Total Supply Current" t IT 5.0 Ij " (0.3 siA/kHz) f+lQD uAdc

(Dynamic plus Quiescent. 10 Ij " (0.6 uA/kHz) f+ lDD
Per Package) 15 lT - (0.9 uA/kHz) f+ 'DD

(C|. » 50 pF on all outputs, all
buffers switching)

Output Rise and Fall Times" tTLH, ns

<CL-50pF) tTHL
tTLH, *THL - (1.35 ns/pF) Cl +33 ns 5.0 - - - 100 200 - -

*TLH, *THL = (0.60 ns/pF) Cl + 20 ns 10 - - - 50 100 - -

tTLH, *THL " (0.40 ns/pF) Cl + 20 ns 15
- - -

40 80
- -

Propagation Delay Times'* «PLH- ns

(CL-S0pF) •PHL

tPLH.tPHL'ttLSOnt/pF) Ci_+i 16ni 5.0 - - - 175 350 - -

tpLH.tPHL°'0-36n*/PF' Cl+47 nt 10 - - - 75 150 - -

tPLH.tPHL"*0-26•w/PH Cl+37 ns 15
- - -

50 100 - -

"T|ow * -55°C for AL Oevice. -40°C forCL/CPDevice
Thigh • *125°C for AL Device. ♦85°C for CL/CP Device.

sNoise immunity specified for worst-case input combination.

Noise Margin for both "1" and "0" level ' 1.0 Vdc min <5> Vqq * 5.0 Vdc
2.0 Vdc min @Vqq -10 Vdc
2.5 Vdc min @Vqq =15 Vdc

tTo calculate total supply current at loads other than 50 pF:
It(Cl> * lT(50pF) ♦ 1x 10*3 (CL -50)V0Df

where: ij is in uA (per package).Cl in pF. Vqq in Vdc, and f in kHz is input frequency.
"The formulasgivenare for the typical characteristics only at 25°C.
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IM) MOTOROLA

QUAD 2-INPUT "OR" GATE

The MC14071 and MC14071B are constructed with P and N channel
enhancement mode devices in a single monolithic structure (Comple
mentary MOS). Their primary use is where low power dissipation
and/or high noise immunity is desired.

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

• Noise Immunity = 45% of Vqq typ

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• All Outputs Buffered

• Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range. (MC14071B only)

• Double Diode Protection on All Inputs

• Pin-for-Pin Replacements for CD4071A and CD4071B

MAXIMUM RATINGS (Voitao.es referenced to Vgs-

Rating

DO Supply Voltage

Symbol

VDD

Value

-0 5 to -18

Unit

Vdc

Input Voltage. All Inputs Vjn -0.5 to VDD -0 5 Vtlc

DC Current Drain per Pin i 10 mAdc

Operating Temperature Range AL Device
CL/CP Device

Ta -55 to-125

-40 to -85

°C

Storage Temperature Range TS,q -65 to '150 °C

See the MC14001B data sheet for complete characteristics of the
BSeries device.

MC14071
CIRCUIT SCHEMATICS

(1/4 of Device Shown)

MC14071
MC14071B

CMOS SSI

ILOW POWER COMPLEMENTARY MOSl

QUAD 2-INPUT "OR" GATE

LSUFFIX

CERAMIC PACKAGE

CASE 632

ORDERING INFORMATION

MC14XXXB__Suffl

PSUFFIX

PLASTIC PACKAGE

CASE 646

L Ceramic Pai

' P Plestic Packckage

• A Extended Operating

Temperature Range
-C Limited Operating

Temperature Rango

LOGIC DIAGRAM

MC14071B

VDD = Pin 14

Vss - Pin 7

vDd

f-Q3.4.t0.11NOTE:

MC14071 (Non B) is not recommended for new designs.

UseMC14071B.

vss
VSS

This device contains circuitry to protocr, the inputs against damage duo
to high static voltngos or electric flolds; however, it is advised thet nor
mal precautions be taken to avoid application of any voltage higher than
maximum rated voltages to this high impedance circuit. For proper

operation It Is recommended that Vin and Vou, bo constrained to the
range Vss< (Vin or Vou,l < VDD-
Unused inputs must always be tied to an appropriate logic voltago level
(e.g.. either Vss or Vdd).
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M) MOTOROLA

DUAL 4 INPUT "OR" GATE

The B Series logic gates are constructed with P and N channel en
hancement mode devices in a single monolithic structure (Comple
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 Vqq typ

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• All Outputs Buffered

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

• Double Diode Protection on All Inputs

• Pin-for-Pin Replacement for CD4072B

MAXIMUM RATINGSlVoltages referenc d to Vgs>

RjtllKj Symbol Value Unit

DC Supply Voltage vDd -05to '18 Vdc

Input Voltage. All Inputs v,n -0 5 to VDD .0 5 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range A L Device

CL/CP Device
ta -55 to-125

•10 to -85

°C

Storage Temperature Range Tstg -65 to *150 °C

See the MC14001B data sheet for complete characteristics for this device.

3.9c

2.10c

5-i"^-Ts7nT:
4.120 1 abov«

CIRCUIT SCHEMATICS
(1/2 of Device Shown)

a
ZJ

3

vss n*ISl~
3

^ 'vss

7-150

CMOS SSI

ILOW POWER COMPLEMENTARY MOSl

DUAL 4-INPUT "OR" GATE

^0 $0
L SUFFIX PSUFFIX

CE RAMIC PACKAGE PL ASTIC PAC KAGE

CASE 632 CASE 646

ORDERING INFORMATION

MC14XXXB Suffix Denotes

1 L CeramicPackage
1 P Plastic Package

A Extended Operating

Temperature Range
1 C Limited Operating

Temperature Range

LOGIC DIAGRAM

2 1
3-1jO"
5

9

J

"1

VDO-P!r

VSS -P"

14

7

10-L

11-J=D~
12 — J

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 Vjn and Vou, be
constrained to the range V55 < (Vin or
vout> < vDd-
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either

Vssor vdqI.



'M) MOTOROLA

TRIPLE 3-INPUT "AND" GATE

The B Series logic gates are constructed with P and N channel en
hancement mode devices in a single monolithic structure (Comple
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 Vqq typ

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• All Outputs Buffered

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

• Double Diode Protection on All Inputs

• Pin-for-Pin Replacement for CD4073B

MAXIMUM RATINGS (Voltages referenced to Vssl

Rating Symbol Value Unit

DC Supply Voltage vDd -OS to • 18 Vdc

Input Voltage. All Inputs v,n -0 5 lo VDD -0 5 Vdc

DC Current Drain per Pin I 10 mAdc

Operating Temperature Range AL Device
CL/CP Device

TA -55 to'125

-40 lo '85

°C

Storage Temperature Range Tstg -65 to '150 °C

See the MC14001B data sheet for complete characteristics for this device.

CIRCUIT SCHEMATICS

(1/3 of Device Shown)

^3~°9'6'10
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MC14073B

CMOS SSI

(LOW POWER COMPLEMENTARY MOSl

TRIPLE 3-INPUT "AND" GATE

LSUFFIX

CE RAMIC PACKAGE

CASE 632

P SUFFIX

PLASTIC PACKAGE

CASE 646

ORDERING INFORMATION

MC14XXXB__Suffl

I L Ceramic Pa<
I P Plastic Pack

'ackage

ckage

A Extended Operati

Temperature Ran
•C Limited Operatln

Temperature Ran

LOGIC DIAGRAM

;EfD-'°

VDD - Pin 14
Vco - 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 ol any voltage higher
than maximum rated voltages to this high
impedance circuit. For proper operation it
is recommended that Vjn and Voul be
constrained to the range Vss ** "In or
VOUt> < VDD.
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either

Vss0' VDD1-



|M) MOTOROLA

TRIPLE 3-INPUT "OR" GATE

The B Series logic gates are constructed with P and N channel en
hancement mode devices in a single monolithic structure (Comple
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 Vqq typ

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• All Outputs Buffered

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

• Double Diode Protection on All Inputs

• Pin-for-Pin Replacement for CD4075B

MAXIMUM RATINGS (Voltages referencedto Vssl
Rating Symbol Value Unit

DC Supply Voltage vDd -05to -18 Vdc

Input Voltage. All Inputs v,n -05 to VDD -05 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range AL Device

CL/CP Device

ta -55 to-125

-40 to >85

°C

Storage Temperature Range Tstg -65 to-150 °C

See the MC14001B data sheet for complete characteristics for this device.

CIRCUIT SCHEMATICS

(1/3 of Device Shown)

\-0 9.6.10iHSHS

Vss 7* vss
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MC14075B

CMOS SSI

(LOW POWER COMPLEMENTARY MOSl

TRIPLE 3-INPUT "OR" GATE

LSUFFIX

CE RAMIC PACKAGE

CASE 632

PSUFFIX

PLASTIC PACKAGE

CASE 646

ORDERING INFORMATION

MC14XXXB__Sufflx Denotes

L Ceramic Pa

1 P Plaitic Pack

LOGIC DIAGRAM

kage

kage
Extended Operating

Temperaturo Range
Limited Operating
Temperature Range

This device contains circuitry to protect

the inputs against damage due to high static
voltages or electric fields; however, it is
advised that normal precautions be taken
to avoid application of any voltage higher

than maximum rated voltages to this high
impedance circuit. For proper operation it
is recommended that Vjn and Vout be
constrained to the range Vss *• 'Vm or
vout> < vdd-
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either

Vssor Vqq).



"M) MOTOROLA

4-BIT D-TYPE REGISTER
with THREE-STATE OUTPUTS

The MC14076B 4-Bit Register consists of four D-type flip-flops
operating synchronously from a common clock. OR gated output-
disable inputs force the outputs into a high-impedance state for use
in bus organized systems. OR gated data-disable inputs cause the Q
outputs to be fed back to the D inputs of the flip-flops. Thus they
are inhibited from changing state while the clocking process remains
undisturbed. An asynchronous master reset is provided to clear all
four flip-flops simultaneously independent of the clock or disable
inputs.

• Three-State Outputs with Gated Control Lines

• Fully Independent Clock Allows Unrestricted Operation for the
Two Modes: Parallel Load and Do Nothing

• Asynchronous Master Reset

• For Bus Buffer Registers

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

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

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

MAXIMUM RATINGS (Voltages referenced to Vss)

Rating Symbol Value Unit

DC Supply Voltage VDD -0 5 to '18 Vdc

Input Voltage. All Inputs V,n -0.5 to Vdd * °-5 Vdc

DC Current Drain per Pin I 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

ta -55 to ♦ 125

-40 to *85

°C

Storage Temperature Range Tstg -65 to -150 °c

FUNCTION TABLE

INPUTS

OUTPUT

QReset Clock

Data Disable Data

DA B

1 X X X X 0

0 0 X X X Qn

0 _/- 1 X X Qn

0 _r X 1 X °n

0 _/~ 0 0 0 0

0 _r 0 0 1 1

i A or B (or both) Is (ore) high tho output is disablod to tho high-

sequontial operation of the flip-flops is not affected.
When either output di

impedance state; howo

X - Don't Caro.
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MC14076B

CMOS MSI

(LOW-POWERCOMPLEMENTARY MOSl

QUAD D-TYPE REGISTER

with THREE STATE OUTPUTS

L SUFFIX

CERAMIC PACKAGE

CASE 620

PSUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB ___ Sutf

\
ix Denotes

Ceramic Packago
Plastic Package
Extended Operating

Temperaturo Range

Limitod Oporating

Tomperature Range

BLOCK DIAGRAM

Reset QO -

DO

Dl

D2 Q1 -

D3

B ) Data
Af Disable Q2

Clock

B ) Output
A/Oltabl. Q3

VDD-Pln 16

Vss " pln 8



MC14076B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
Vdd
Vdc

T| 9W* 25°C Th ish*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level vol 5.0 - 0.05 - 0 0.05 _ 0.05 Vdc
vin " Vqq or 0 10

- 0.05 - 0 0.05 _ 0.05

"I" Level

15
-

0.05
- 0 0.05 - 0.05

voh 5.0 4.95 _ 435 5.0 _ 4.95 _

VdcVjn =0 or Vqq 10 9.95 - 9.95 10 _ 9.95 _

15 14.95 - 14.95 15 - 14.95 -

Input Voltage" "0" Level V|L Vdc
IV0 - 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5 _ 1.5

(Vq =9.0 or 1.0 Vdc) 10 _ 3.0 - 4.50 3.0 _ 3.0
(V0 * 13.5 or 1.5 Vdc)

"1" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H
(VD =0.5 or 4.5 Vdcl 5.0 3.5 _ 3.5 2.75 _ 3.5 _ Vdc
(V0* 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 _ 7.0 _

<V0= 1.5 or 13.5 Vdcl 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) "OH
<vOH " 2.5 Vdc) Source 5.0 -1.2 _ -1.0 -1.7 _ -0.7 _

(V0H =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 _

(V0H = 13.5 Vdc)

(Vql = 0.4 Vdc) Sink

15 -1.8 - -1.5 -3.5 - -1.1 -

'OL 5.0 0.64 _ 0.51 0.88 _ 0.36 _ mAdc
(Vql " 0.5 Vdc) 10 1.6 - 1.3 2.25 _ 0.9 _

(Vql =1-5 Vdc) 15 4.2
- 3.4 8.8 - 2.4 -

Output Drive Current (CL/CP Oevice) •oh mAdc
(Vqh " 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 _ -0.6 _

(Vqh =4.6 Vdcl 5.0 -0.2 _ -0.16 -0.36 _ -0.12 _

(V0H =9.5 Vdc) 10 -0.5 _ -0.4 -0.9 _ -0.3 _

(Vqh = 13.5 Vdc)

(Vql ° 0.4 Vdc) Sink
15 -1.4

- -1.2 -3.5 - -1.0 -

'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 "i-5 vdc) 15 3.6
-

3.0 8.8 - 2.4 -

Input Current (AL Devicel 'in 15
- ±0.1 - ±0.00001 ±0.1 - ±1.0 MAdc

Input Current (CL/CP Device) 'in 15
-

±03
- ±0.00001 ±03 - ±1.0 MAdc

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

Quiescent Current (AL Device) IQD 5.0 - 5.0 - 0.005 5.0 _ 150 MAdc
(Per Package) 10 - 10 - 0.010 10 - 300

15
-

20
- 0.016 20 - 600

Quiescent Current (CL/CP Device) 'DD 5.0 - 20 - 0.005 20 _ 150
(Per Package) 10

- 40 - 0.010 40 300
15 - 80 - 0.015 80

- 600
Total Supply Current* *t 'T 5.0 lT*<0.75 nA/kHi )'+ lDD MAdc

(Dynamic plus Quiescent, 10 hr-d.50 tiA/kHz )f+ lDD
Per Package) 15 it-(2.25 uA/kHz )f+ 'DO

(Cl - 50 pF on all outputs, all
buffers switching)

Three-State Leakage Current 'TL 15 - ±0.1 _ 10.00001 ±0.1 _ ±3.0
(AL Device)

Three-State Leakage Current 'TL 15 - ±1.0 _ s 0.00001 ±1.0 _ ±7.5
(CL/CP Oevice)

"T|ow " -55°C for AL Device.-40°C for CL/CP Device.
Thigh " +125°C for AL Oevice. +85°C forCL/CP Device.

«Noise immunity specified for worst-case input combination.
NoiseMargin forboth "1" and"0" level• 1.0Vdc min@Vqq « 5.0 Vdc

2.0 Vdc min @Vqq • 10 Vdc
2.5 Vdc min @Vqq - 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
't(Cl» " lT<60 pF)+2 x 10-3 (CL -60) VDDf

where: Ij is in mA (per package),Cl in pF, Vqq 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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MC14076B

SWITCHINGCHARACTERISTICS' <CL • 60 pF.TA=25°C)

Characteristic Symbol
vDd
Vde Min Typ Max Unit

Output Rise Time, All B-Series Gates
*TLH " (3.0 ns/pF) Cl + 30 nt
*TLH • (1.5 nt/pF) Cl + 15 nt
tTLH - 11.1nt/pF) Cl + 10 ns

*TLH
5.0

10

15

-
180

90

65

360

180

130

ns

Output Fall Time, All 8-Series Gates
tTHL " (15 nt/pF) Cl + 25 nt
tTHL " (0.75 nt/pF) Cl + 125 nt
tjHL " '055 nt/pF) Cl + 95 nt

tTHL
5.0

10

15

-

100

50

40

200

100

80

nt

Propagation Delay Time
Clock to Q

tpLH. tPHL " I'M fttrW Cl + 215 nt
tpLH. tPHL " '0-66 n«/PF» Cl + 92 nt
tpLH. 'PHL " (°5 ru/pF) Cl + 65 nt

Reset to Q

tPLH-tPHL" *1 -7ns/pF) Cl + 215 nt
tpLH. tPHL ™<°56ni/pF) Cl + 92 nt
tpLH. 'PHL " '°5 nt/pF) Cl +65 nt

tPLH.tPHL

5.0

10

15

-

300

125

90

600

250

180

nt

6.0

10

15

-

300

125

90

600

250

180

3-State Propagation Delay,Output "1" or "0"
to High Impedance

tPHZ. tPLZ 5.0

10

IS

-

150

60

45

300

120

90

nt

3-State Propagation Delay, High Impedance
to "1"or "0" Level

tPZH, tpZL 5.0

10

16

-

200

80

60

400

160

120

nt

Clock Pulse Width tWH 5.0

10

16

260

110

80

130

56

40 _

nt

Reset Pulse Width tWH 5.0

10

15

370

150

110

186

75

55 _

nt

Data Setup Time t«j 6.0

10

15

30

10

4

15

6

2

-

nt

Data Hold Time th 6.0

10

16

130

60

50

65

30

25

-

nt

Data Disable Setup Time ttu 6.0

10

16

220

80

50

110

40

25 _

nt

Clock Pulse Rita and Fall Time tTLH. *THL 5.0

10

16
- -

16

15

15

MS

Clock Pulse Frequency 'cl 6.0

10

15 _

3.6

9.0

12

15

45

6.0

MHz

'The formula given it for the typical characteristics only.

Thisdevicecontainscircuitry to protect the inputs against damago due to highstaticvoltages or electricfields; however, it it ad
vised that normal precautions be taken to avoid application of any voltage higher than maximum ratod voltages to thlt high im
pedance circuit. Forproper operation It it recommended that Vm andVout be constrained to the range Vss * (vin or vout'
<V0D.
Unused inputs must always be tied to an appropriate logicvoltage level (e.g..either Vss or VDD'-
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MC14076B

Q Output

FIGURE 1 - TIMING DIAGRAM

-H h—Input Rise and Fall 20 ns
.90%
tso%
L10K

Rosat - 0

Oata Disablo A and B - 0
Output Disable A and B - 0

FIGURE 2 - THREE-STATE PROPAGATION DELAY

WAVESHAPE AND CIRCUIT

Output
Disable

AorB.

— (—20 ns —| I—

•vss

•voh

1*2.6 V<J>VDD- 6 V,
10 V, and 15 V
2V©VDD- 5 V
6 V3> VDD- 10 V
0 V<S> VOD - 15 V

vol
— Outputs

Connoctad

Any Q
Output

Any Q

Output

Outputs
Connected

Other lc
Inputs \i
Output
Disabloc

AorB

*PLZ tPZL

10%

•*PHZ

k90%

-j-tPZH J i

/—i:io»y »> i

Disconnected

Any Q
Output

RL-1k«

cL

Vdd 'or tPLZ anc' tpzL
VSs for tPHZ and tpZH

FUNCTIONAL BLOCK DIAGRAM

Output Disablo A 1o—?—\>__cfss.
Output Disable B 2O—/ ^°~~1^>'

DotoDisablo A 9 o—\—v I rv^
Data Disablo B 10O—L^°~ "v**

Clock 7o—£>o-

io—J>o-
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[M) motorola

CMOS SSI

QUAD EXCLUSIVE *'OR"AND"NOR" GATES

The MC14070B quad exclusive OR gate and the MC14077B quad
exclusive NOR gate are constructed with MOS P-channel and
N-channel enhancement mode devices in a single monolithic
structure. These complementary MOS logic gates find primary use
where low power dissipation and/or high noise immunity is desired.

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

• Noise Immunity = 45% of Vqd WP
• 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

• MC14047B - Replacement for CD4030B. CD4070B, and

MC14507 Types

• MC14077B - Replacement for CD4077B Type

MAXIMUM RATINGS (Voltages referenced to Vssl

Rating Symbol Value Unit

DC Supply Voltage vDd -05 to -18 Vdc

Input Voltage. All Inputs -0.5 to vdd * ° 5 Vdc

DC Current Drain per Pin i 10 mAdc

Operating Temperature Range AL Device
CL/CP Device

ta -55 to +125

-40 to *85

°C

Storage Temperature Range Tstg -65 to '150 °C

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

VDD

vin >"

20 ns—— — -

90%

50%

10%

50% Duty Cycle

•Inverted output on MC14077B only.

MC14077B
QUAD EXCLUSIVE "NOR"GATE

FOR COMPLETE DATA

SEE MC14070B

CASE 632 CASE 646

L SUFFIX PSUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

ORDERING INFORMATION

MC14XXXB _^_ Sutlix Dene

tL Coramic Pa<

P Plastic Pack

Package

ckage

A Extended Operating

Temperature Range

C Limitod Operating

Temporature Range

MC14070B

Quad Exclusive OR
Gate

MC14077B

Quad Exclusive NOR
Gate

;x>-> .:£>-
l^C^- a>-
SO— ZE>~
:ao— n>-«

VDO-Pln 14
Vss " Pin 7

(Both Devices)

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Pulse

Generator

i
• Inverted output on MC14077B only.

#Connect unused Input to VDD tor MC14070B. to Vss 'or MC140778.
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'M) MOTOROLA

8-INPUT "NOR" GATE

The B Series logic gates are constructed with P and N channel en
hancement mode devices in a single monolithic structure (Comple-
rnentary 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 Vqq *YP

• 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 LoadsOver the Rated Tempera
ture Range.

• Double Diode Protection on All Inputs

• Pin-for-Pin Replacement for CD4078B

MAXIMUM RATINGSIVoltaget referenced to V5SI
Rating Symbol Value Unit

DC Supply Voltage VDD -05to *18 Vdc

Input Voltage. All Inputi v,n -05 to VDD -05 Vclc

DC Current Dram per Pin 1 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device
ta -55to-125

-40 to -85

°C

Storage Temperature Range Tstg -65 to -150 °C

See the MC14001B data sheet for complete characteristics for this device.

CIRCUIT SCHEMATIC

7*VSS
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MC14078B

CMOS SSI
(LOW POWER COMPLEMENTARY MOSl

8-INPUT "NOR" GATE

LSUFFIX

CERAMIC PACKAGE

CASE 632

PSUFFIX

PLASTIC PACKAGE

CASE 646

ORDERING INFORMATION

MC14XXXB_^,.Suftlx Denotes

L Ceran

1 P Plaitl
Ic Package
Package

A Extended Operating
Temperature Range

-C Limited Operating

LOGIC DIAGRAM

N.C. pins 1. 6. and 8

VDO-Pin 14
Vcc - 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 roted voltages to this high
impedance circuit. For proper operation it
is recommended that Vjn and Vout be
constrained to the range Vss ** IV[n or
V0ut> < VDD.
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either

VssorVDD)



M) MOTOROLA

QUAD 2-INPUT "AND" GATE

The MC14081 and MC14081B are constructed with P and N channel
enhancement mode devices in a single monolithic structure (Comple
mentary 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 Vqq typ

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• All Outputs Buffered

• Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range. (MC14081B only)

• Double Diode Protection on All Inputs

• Pin-for-Pin Replacements for CD4081A and CD4081B

MAXIMUM RATINGS (Voltages referenced to Vss)

Rating

DC Supply Voltage

Input Voltage. All Inputs

DC Current Drain per Pm

Operating Temperature Range AL Device
CL'CP Device

Storage Temperature Range

Symbol

vDd -0 5 to -11

-0.5 to Vdd -o 5

10

-55 to«125

-40 to '85

-65 to -150

Unit

Vdc

"C

See the MC14001B data sheet for complete characteristics of the

B-Series device.

MC14081

CIRCUIT SCHEMATICS

(1/4 of Device Shown)

NOTE:

MC14081 (Non-B) is not recommended for new designs.

UseMC14081B.

MC14081
MC14081B

CMOS SSI
ILOW POWER COMPLEMENTARY MOSl

QUAD 2-INPUT "AND" GATE

L SUFFIX PSUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE

CASE 632 CASE 646

ORDERING INFORMATION

MC14XXXB-^-^Suffl»

L Ceramic P<
1 P Plastic Pac

ackage

kage

Extended Operating

Temperature Range
Limited Oporating

Tomperature Range

LOGIC DIAGRAM

:=D-
VDD = Pm 14

Veq - Pin 7

MC14081B

[3-03.4.1

contains circuitry to protoct the inputs against damage due
tic voliagos or electric tiolds; howevor. it is advised that nor-
tions bo taken to avoid application ot any voltage higher than
rated voltagas to this high impedance circuit. For proper

operation it is rocommonded that Vin and Vou, be constrained to tho
range VSs *• lvin °' vout> ^ VDD.
Unused inputs must always be tied to an appropriate logic voltago level
(e.g., olther Vss °r Vqd'-
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IM) MOTOROLA

DUAL 4-INPUT "AND" GATE

The B Series logic gates are constructed with P and N channel en
hancement mode devices in a single monolithic structure (Comple
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 Vqq 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 LoadsOver the Rated Tempera
ture Range.

• Double Diode Protection on All Inputs

• Pin-for-Pin Replacement for CD4082B

MAXIMUM RATINGSiVoitages referenced to VSs>
Rating Symbol Value Unit

DC Supply Voltage VDD 0 5 to -18 Vdc

Input Voltage. All Inputs v,n -0 5 to VDD .0 5 Vdc

DC Current Dram per Pin 1 to •>-•.;:

Operating Temperature Range A L Device

CL/CP Device
TA -55 to-125

-40 to -85

°C

Storage Temperature Range Tstg -65 to -150 °C

See the MC14001B data sheet for complete characteristics for this device.

vdd

CIRCUIT SCHEMATICS
(1/2 of Dovico Shown)

3-3—1
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CMOS SSI

(LOW POWER COMPLEMENTARY MOS)

DUAL 4-INPUT "AND" GATE

•00 JflP
L SUFFIX PSUFFIX

Ct RAMIC PACK AGE PL ASTIC PAC KAGE

CASE 632 CASE 646

ORDERING INFORMATION

MC14XXXB. Suttlx Denotes

1 L Ceramic Package
1 P Plastic Package

A Extended Oporating
Temperaturo Range

1 C Limited Oporating
Temporature Range

LOGIC DIAGRAM

2 1

3-l_
4—1~K>*5 J vDd Pi 14

9
VSS • Plr 7

»o-i_
n-rr>-
12 i

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 Vjn and Vout be
constrained to the range Vss *• 'Vjn or
Vout' < VDD.
Unused inputs must always be tied to an

appropriate logic voltage level (e.g.. either

Vss°'VDDl-



'M) MOTOROLA

Advance Information

QUAD 2-INPUT "NAND" SCHMITT TRIGGER

The MC14093B Schmitt trigger isconstructed with MOSP-channel
and N-channel enhancement mode devices in a single monolithic
structure. These devices find primary use where low power dissi
pation and/or high noise immunity isdesired. The MC14093B may
be used in place of the MC14011B quad 2-input NAND gate for
enhanced noise immunity or to "square up" slowly changing
waveforms.

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

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• Capable of Driving Two Low-Power TTL Loads. One Low-Power
Schottky TTL Load or Two HTL LoadsOver the Rated Temper
ature Range

• Double Diode Protection on All Inputs

• Pin-for-Pin Compatible with CD4093

• Can be Used to Replace MC1401 IB

MAXIMUM RATINGS 1Voltages referenced to Vssl

Rating Symbol Value Unit

DC Supply Voltage VDD -0 5 to '18 Vdc

Input Voltage. All Inputs Vin -0 5 to V0D • 0 5 Vdc

DC Current Drain per Pin l 10

Operating Temperature Range - AL Device
CL/CP Device

ta -55 to '125

-40 to -85

°C

Storage Temperature Range Tstg -65 to * 150 °C

EQUIVALENT CIRCUIT SCHEMATIC
(1/4 OF CIRCUIT SHOWN!

This device contains circuitry to protect the inputs against damage due to high
static voltages or electric fields; however, it isadvised that normal precautions be
taken to avoid application of any voltage higherthan maximum rated voltages to
this high impedance circuit. For proper operationit isrecommended that Vjnand
Vout beconstrained to the range Vss < <vin or v0ut' < vdD-
Unused inputs must always be tied to an appropriate logic voltage level (e.g..
either Vss °' vDD'-

ntion and specifications aro subject tc ngo without noti
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MC14093B

CMOS SSI

(LOW-POWERCOMPLEMENTARY MOS)

QUAD 2-INPUT "NAND"
SCHMITT TRIGGER

L SUFFIX PSUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE

CASE 632 CASE 646

ORDERING INFORMATION

MC14XXXB ___ SulfSultix Donotes

L_ L Ceramic Pac
I P Plastic Pack

ic Package

ckago

A Extended Operating

Temperaturo Range

C Limited Oporating

Tomperature Range

LOGIC DIAGRAM

Vnn- Pin 14



MC14093B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol

VDO
Vdc

Tlow* 25°C Thiah#
Min Max Min Typ Max Min Max Unit

Output Voltage "0" Level
Vin-VODorO

"1" Level

Vin-0orVoD

vol 5.0

10

15

-

0.05

0.05

0.05
-

0

0

0

0.05

0.05

0.05
-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95
-

4.95

9.95

14.95

5.0

10

15

—
4.95

9.95

14.95

-
Vdc

Input Voltage" "0" Level
(V0 4.5 or 0.5 Vdc)
(Vq 9.0 or 1.0 Vdcl
(V0 13.5 or 1.5 Vdc)

"1" Level

(V0 - 0.5 or 4.5 Vdcl
(V0 - 1.0 or 9.0 Vdc)
(Vo •• 1.5 or 13.5 Vdc)

V|L
5.0

10

15

-
1.5

3.0

4.0

-

-

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

- -

3.5

7.0

11.0

-

Vdc

Output Drive Current (AL Device)

•VOH * 2.5 Vdc) Source
(Vqh " 4.6 Vdc)
(Vqh =9.5 Vdc)
•VOH = '35 Vdc)

(Vql " 0.4 Vdc) Sink
(Vql =0.5 Vdc)
(Vql' 1-5 vdc)

'OH
5.0

5.0

10

15

-3.0

-0.64

-1.6

-4.2

-

-2.4

-0.51

-1.3

-3.4

-4.2

-038

-2.25

-8.8

-

-1.7

-0.36

-0.9

-2.4

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2

-

0.51

1.3

3.4

0.88

2.25

8.8

—
0.36

0.9

2.4

-
mAdc

Output Drive Current (CL/CP Device)

<vOH * 2.5 Vdc) Source
(Vqh =4.$. Vdc)
(VoH • 9-5 Vdcl
(Vqh " 13.5 Vdc)

(Vql • 04 Vdc) Sink
(Vql " o.5 vdc)
(Vql "i-5 vdc)

'OH
5.0

5.0

10

15

-2.5

-0.62

-1.3

-3.6

-

-2.1

-0.44

-1.1

-3.0

-4.2

-038

-2.25

-8.8

-

-1.7

-0.36

-0.9

-2.4

-

mAdc

'OL 5.0

10

15

0.52

1.3

3.6
-

0.44

1.1

3.0

0.88

2.25

8.8
;

0.36

0.9

2.4

-
mAdc

Input Current IAL Device) 'in 15
- ±0.1 - ±0.00001 ±0.1 _ ±1.0 uAdc

Input Current (CL/CP Device) •in 15
- ±03 - ±0.00001 ±0.3 _ ±1.0 uAdc

Input Capacitance

Win • 0)
Cin —

- -
5.0 7.5

-
-

PF

Quiescent Current (AL Device)
(Per Package)

'DD 5.0

10

15

-

0.25

0.50

1.00

-

0.0005

0.0010

0.0015

0.26

0.50

1.00

- 7.5

15

30

uAdc

Quiescent Current (CL/CP Device)
(Per Package)

'DO 5.0

10

15

-

1.0

2.0

4.0
-

0.0005

0.0010

0.0015

1.0

2.0

4.0

-
7.6

IS

30

uAdc

Total Supply Current" t

(Dynamic plus Quiescent.
Per Package)

(Cl • 50 pF on all outputs, all
buffers switching)

'T 5.0

10

15

If (1-2>»A/kHz) f+lDD
lT°(2.4uA/kHz)f+lDD
lT-(3.6uA/kHz)f +lDD

uAdc

Hysteresis Voltage
(Pins 2.5.9,12. held high)

VH* 5.0

10

IS

0.20

0.29

0.39

0.42

0.65

1.00

0.17

0.26

0.33

0.26

0.38

0.50

0.39

0.60

030

0.13

0.20

0.27

0.39

030

030

Vdc

Threshold Voltage
(Pins 2.6,9,12, held high)
Positive-Going

vT+ 5.0

10

15

1.90

3.05

4.12

4.15

6.75

9.15

1.80

235

4.02

2.70

4.43

6.03

4.05

6.65

9.05

1.70

2.85

332

4.05

6.65

9.05

Vdc

Negative-Going vT- 6.0

10

16

1.63

2.70

3.59

3.76

6.18

8.40

1.63

2.70

3.69

2.44

4.06

5.53

3.66

6.08

8.30

1.53

2.60

3.70

336

6.08

830

Vdc

Tlow " -66°C forAL Device. -40°C forCL/CP Device.
Thigh - +126°C forAL Device. -«50C forCL/CP Device.

#Nolso Immunity specified for worst-case input combination.

Noise Margin for both "1" and "0" level °

1.0 Vdc min & Vqd " 6.0 Vdc
23 Vdc min 9 VDD - 10 Vdc
23 Vdc min 9 Vqd " 16 Vdc

tTocalculate total supply current atloads other than SO pF:
IT (CL> - It (60 pF) +4x 10"3 (CL -60) VDDf

where: lTis in uA (per package), CL in pF. VDD in Vdc,
and f in kHi it input frequency.

••Theformulas given amfor thetypical characteristics onlyat25°C.
*Vh ° Vt> - V-r_ (But maximum variation ofVh Is specified as

less thanVT+max-VT.m!n».

7-162



MC14093B

SWITCHING CHARACTERISTICS (CL- 50 pF,TA - 25°C)

Characteristic Symbol
VDD
Vdc Min Typ Max Unit

Output Rise Time tTLH 5.0

10

15

-

100

SO

40

200

100

80

ns

Output Fall Time «THL 5.0

10

16

-

100

50

40

200

100

80

ns

Propagation Delay Time «PLH.«PHL 5.0

10

15

-

125

50

40

250

100

80

ns

Pulse

Gonera tor

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVE FORMS

Input

_q Output

cL

Input jt-90% \
(— 50% \

/ 10% \

,L f~~ "^ r~lpLHV 90% hf VOH
V~50% /

*THL *TLH

FIGURE 2 - TYPICAL SCHMITT TRIGGER APPLICATIONS

V|„

vControl - 1

(a) Schmltt Triggers mill square up

input* with tlow rito and fall timet.

(b) A Schmltt trigger offart maximum
noise immunity In gate applications.

VQD
VH

V|n 1"
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MC14093B

FIGURE 3 - TYPICAL OUTPUT SOURCE
CHARACTERISTICS TEST CIRCUIT

FIGURE 4 - TYPICAL OUTPUT SINK
CHARACTERISTICS TEST CIRCUIT

•8 0 -SO -4 0 -2 0

VfJS. ORAIN VOLTAGE (Vdc)

40 60

VOS. ORAIN VOLTAGE IVrJcl

FIGURE 6 -TYPICAL TRANSFER CHARACTERISTICS

VDD

It "

-- --

I
1 i

i, !

il i
VT- VT+

vh h—
Vin. INPUT VOLTAGE (Vdc)

VOO
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"M) MOTOROLA

8-STAGE SHIFT/STORE REGISTER
WITH THREE-STATE OUTPUTS

The MC14094B combines an 8-stage shift register with a data
latch for each stage and a three-state output from each latch.

Data is shifted on the positive clock transition and is shifted
from the seventh stage to two serial outputs. The Qs output data
is for use in high-speed cascaded systems. The Q's output data is
shifted on the following negative clock transition for use in
low-speed cascaded systems.

Data from each stage of the shift register is latched on the
negative transition of the strobe input. Data propagates through
the latch while strobe is high.

Outputs of the eight data latches are controlled by three-state
buffers which are placed in the high-impedance state by a logic Low

on Output Enable.

• Three-State Outputs

• Capable of Driving Two Low-Power TTL Loads, One Low-Power
Schottky TTL Load or Two HTTL LoadsOver the Rated
Temperature Range

• Input Diode Protection

• Data Latch

• Dual Outputs for Data Out on Both Positive and Negative Clock
Transitions

• Useful forSerial-to-Parallel Data Conversion

• Three-State Bus Compatible

• Pin-for-Pin Compatible with CD4094B

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 8)

Rating

DC Supply Voltage

Input Voltage. All Inputs

DC Current Drain per Pin

Operating Temperature Range - AL Device
CL/CP Device

Storage Temperature Range

Symbol

vdd

ta

-0.5 to VDD • 0.5

-55 to* 125

-40 to +85

-65 to -M50

lAdc

°C

Clock

Output

Enable Strobe Data

Parallol Outputs Serial Outputs

Q1 °n Qs' Q's

_r 0 X X 3S 3S Q7 No Chg.

•\_ 0 X X 3S 3S No Chg. Q7

j- 1 0 X No Chg. No Chg. Q7 No Chg.

j~ 1 1 0 0 Qn-1 Q7 No Chg.

J- 1 1 1 1 0*1-1 Q7 No Chg.

"^ 1 1 1 No Chg. No Chg. No Chg. Q7

3S - Three-State

X = Don't Care

•At the positive clock edge, information in the 7th shift register stage is transferred to
Q8 and 0$.
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MC14094B

CMOS MSI
(LOW-POWER COMPLEMENTARY MOS)

8-STAGE SHIFT/STORE REGISTER

LSUFFIX

CERAMIC PACKAGE
CASE 620

PSUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB Suff

h
k Denotes

Ceramic Packega

Plastic Packega

Extended Operating

Temperaturo Range

Limited Oporating

-iperaR

v_y

Strobe

Data

Clock

Vdd :
Output .
Enable -

Q5 :

Q1 Q6

02 Q7

Q3 08

Q4 Q'S

vss Qs

T3<--

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 Vjn and Vout be
constrained to the range Vss *" 'Vjn or
V0ut> < VDD.
Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either

Vss0r VDD>-



MC14094B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
VDD
Vdc

Tlow* 25°C ThicV
UnitMin Max Min Typ Max Mln Max

Output Voltage "0" Level
vin " Vqd or 0

"I" Level
Vin-OorVOD

vol 5.0

10

15

-

0.05

0.05

0.05
-

0

0

0

0.05

0.05

0.05
-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95
-

4.95

9.95

14.95

5.0

10

15

~
4.95

9.95

14.95
-

Vdc

Input Voltage1-' "0" Level
(Vq " 4.5 or 05 Vdcl
(V0-9.0 or 1.0 Vdcl
(V0 = 13.5 or 15 Vdc)

"1" Level
(V0 ' 0.5 or 4.5 Vdcl
(V0 ' 1.0 or 9.0 Vdcl
'Vo- 1 5 or 13.5 Vdc)

VlL
5.0

10

15

-
1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-
15

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-
Vdc

Output Drive Current (AL Device)

'VOH " 25 Vdc) Source
'Voh * 4.6 Vdc)
'vOH " 9.5 Vdc)
'Vqh " 13.5 Vdcl

'Vql " 0A Vdc) Sink
«v0L * 0-5 Vdc)
«v0l- is Vdc)

•oh
5.0

5.0

10

15

-3.0

-0.64

-1.6

-4.2

-

-2.4

-0.51

-1.3

-3.4

-4.2

-0.88

-2.25

-8.8

-

-1.7

-0.36

-0.9

-2.4

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2

-

0.51

1.3

3.4

0.88

2.25

8.8

~
0.36

0.9

2.4

—
mAdc

Output Drive Current (CL/CP Device)
(Vqh ' 25 Vdc) Source
(Vqh " 4.6 Vdc)
(Vqh * 9.5 Vdc)
(VOH - 13.5 Vdc)

(Vql ° 0.4 Vdc) Sink
(Vql * 0.5 Vdc)
(Vql-15 Vdc)

'OH
5.0

5.0

10

15

-25

-0.52

-IJ

-3.6

-

-2.1

-0.44

-1.1

-3.0

-4.2

-0.88

-2.25

-8.8

-

-1.7

-0.36

-0.9

-2.4

-

mAdc

'OL 5.0

10

15

0.52

13

3.6

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4
-

mAdc

Input Current (AL Oevice) 'in 15
- •01

- 10 00001 •0.1 _ ±1.0 uAdc

Input Current (CL/CP Oevice) 'in 15 i03
- 10 00001 ±0.3 _ ±1.0 uAdc

Input Capacitance

(Vin * 0)
c,„ —

- -
5.0 7.5

- -
pF

Quiescent Current (AL Device)
(Per Package)

"DD 5.0

10

15

-

5.0

10

20
-

0.005

0.010

0.015

50

10

20

— 150

300

600

uAdc

Quiescent Current (CL/CP Device)
(Per Package)

'DD 5.0

10

15

-

20

40

80

-

0.005

0.010

0.015

20

40

80
-

ISO

300

600

pAdc

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

(Cl * 50 pF on all outputs, all
buffers switching)

'T 5.0

10

15

IT - (4.1 uA/kHz) f ♦ |DD
lT-(14 MA/kHz)f + |DD
lT-(140 nA/kHzlf ♦ Iqd

uAdc

3-State Output LeakageCurrent 'TL 18
- ±0.4

— ±0.0001 ±0.4
- ±12 uAdc

*Tlow• -55°C for AL Oevice. -40°C for CL/CP Device.
Thigh * *125°C for AL Device, +85°C for CL/CP Device.

'Noise immunity specified for worst-caseinput combination.
Noise Margin for both"1"and "0" level - 1.0Vdc min 9 VDD • 5.0Vdc

2.0 Vdc min e> Vqq - 10 Vdc
2.5 Vdc min 9 V00 -IS Vdc

tTo calculate total supply current at loads other than SOpF:
't'Cl' " lT'50pF) ♦ 1x 10-3 (CL -50) V00f

where: lT it innA (per package). CLin pF,VDD inVdc.andf in kHzisinput frequency.
••The formulasgivenare for the typical characteristics only at 25°C.
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MC14094B

SWITCHING CHARACTERISTICS* (CL - 50 pF,TA - 25°C)

vDd
Characteristic Symbol Vdc Min Typ Max Unit

Output Rise and Fall Time TLH- ns

«TLH. 'THL * (1.35 ns/pFI CL +33 ns 'THL 5.0 -
100 200

'TLH. 'THL " (0.6 ns/pF) CL +20 ns 10
-

50 100

'TLH. «THL= (0.4 ns/pF) Cl +20 ns 15
-

40 80

Propagation Delay Time 'PLH-'PHL ns

Clock to Serial out QS

'PLH< 'PHL " '0-9° ns/pF) Cl +305 ns 5.0 -
350 600

'PLH- 'PHL " '0-36 ns/pF) Cl + 107 ns 10 -
125 250

'PLH- 'PHL ° '0-26 ns/pF) Cl +82 ns 15
-

35 190

Clock to Serial out Q'S

'PLH. 'PHL = '0S0 ns/pF) Cl +350 ns 5.0 -
230 460

'PLH. 'PHL " '0-36 ns/pF) Cl + 149 ns 10
-

110 220

'PLH<'PHL * '0-26 ns/pF) Cl ♦ 62 ns 15
-

75 150

Clock to Parallel out

'PLH.'PHL ='030 ns/pF) Cl +375 ns 5.0 -
420 840

'PLH. 'PHL = '0.35 ns/pF) Cl + 177 ns 10 -
135 390

'PLH. 'PHL = 10.26 ns/pF) Cl + 122 ns 15
-

135 270

Strobe to Parallel out

'PLH. «PHL" '05° ns/pF) Cl +245 ns 5.0 -
290 580

'PLH. 'PHL " '0.36 ns/pF) Cl + 127 ns 10 -
145 290

'PLH. 'PHL = '0.26 ns/pF) Cl +87 ns 15
-

100 200

Output Enable to Output

tpHZ. 'PZL = '0-90 ns/pFI Cl + 35 ns 5.0
-

140 280

'PHZ<'PZL * '0.36 ns/pF) Cl + 57 ns 10 -
75 150

tpHZ. 'PZL - '0-26 ns/pF) Cl +42 ns 15
-

55 110

•PLZ- 'PZH = '0-90 ns/pF) Cl + 180 ns 5.0 - 225 450

tpLZ. 'PZH = '0-36 ns/pF) Cl + 77 ns 10
-

95 190

'PLZ- 'PZH ='0-26 ns/pF) Cl +57 ns 15
-

70 140

Setup Time tsu
ns

Data in to Clock 5.0 125 60 —

10 55 30 -

15 35 20 -

Clock Pulse Width, High »WH 5.0 200 100 - ns

10 100 50 -

15 83 40 -

Clock Rise Time 'r(cl) 5 15 - - MS

10 5.0 - -

15 5.0 - -

Clock Pulse Frequency 'cl 5.0 - 2.5 1.25 MHz

10 - 5.0 2.5

15 - 6.0 3.0

Strobe Pulse Width 'WL 5.0 200 100 - ns

10 80 40 —

15 70 35 —

'The formula given is for the typical characteristics only.

3-STATE TEST CIRCUIT

•O Output

50 pF
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MC14094B

Clock

H agistor Stage 1

Clock

BLOCK DIAGRAM

-<=>^>H>-i-BfrT^T^
Sarial

Data in

"I 1%

* Input Protection Oiodos

DYNAMIC TIMING DIAGRAM

3 Stata Buffor 1

3 Stato Buffor 2

3-Stato Buffor 3

3-Stato Buffor 4

3 Stato Buffor S

3-Stato Buffor 6

3-Stoto Buffor 7

3-Stato Buffar 8

0,

—H r— I
u
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M) MOTOROLA

8-BIT ADDRESSABLE LATCHES

The MC14099B and MC14599B are 8-bit addressable latches.

Data is entered in serial form when the appropriate latch is addressed

(via address pins AO. A1. A2) and write disable is in the low state.
Chip enable must be high (or writing into MC14599B. For the
MC14599B the data pin is a bidirectional data port and for the
MC14099B the input is a unidirectional write only port. The Write/
Read line controls this port in the IV1C14599B.

The data is presented in parallel at the output of the eight
latches independently of the state of Write Disable, Write/Read

or Chip Enable.

A Master Reset capability is available on both parts.

• Serial Data Input

• Parallel Output

• Low Input Capacitance - 5.0 pF typical

• Master Reset

• Noise Immunity - 45% of Vqd typical

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• Capableof Driving Two Low-Power TTL Loads.One Low-Power
Schouky TTL Load ot Two HTL Loads over the Rated
Temperature Range

• MC14099B pin for pin compatible with CD4099B

MAXIMUM RATINGS (Voltages referenced to Vssl

Rating Symbol Value Unit

DC Supply Voltage vdd •0 5 to -18 Vdc

Input Voltage. All Inpuis Vjn -0 5 to VDD • 0 5 Vdc

DC" Curient Dum per Pin i 10 mAdc

Operating Temperature Range AL Device
CL/CP Device

Ta -55 to -1'25

-40 to -85

°C

Storage Temperature Range Tstg -65 to '150 °c

MC14099B MC14599B

-iT-°°

H

—

10

*

a,.,.... ~~\—°

r

6

»»»»«"—

AO

—¥-——

Al_

p
. D_,..

. „

PIN ASSIGNMEN- PIN ASSIGNME MT

• -.- OI VDD »e= O. VD0 •

}r= Rm O* 5 3 = B.WI OO = »

| r - D.I. OS 4 3C= O.I. 05 =3 •

* i • a 3 *cr Oiubia °* =3 5

»r= AO 03 =3 3 »r= AO ai — *

1 :: Al OI 3 1 <c Al OJ =3 3

' C A3 OI = 0 1C A3 OI = 7

vss O0 a • r= cc oo S 1

,r= Vss w,„. «.«,
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MC14099B
MC14599B

CMOS MSI
(LOW-POWER COMPLEMENTARY MOS)

8-BIT ADDRESSABLE LATCH

MC14599B WITH BIDIRECTIONAL PORT

L SUFFIX

CERAMIC PACKAGE

CASE 620

L SUFFIX

CERAMIC PACKAGE
CASE 680

PSUFFIX

PLASTIC PACKAGE

CASE 648

P SUFFIX

PLASTIC PACKAGE
CASE 707

ORDERING INFORMATION

MC14XXXB__^ Suit Denotoi

tL Coramii

P Plastic

Package

'lastic Package

A Extended Operating

Temperaturo Range

C Limited Oporating

Temporaturo Range

This device contains circuitry to protect

tho 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 Vjn and Vout be
constrained to the range Vgs *• (Vin or
V0ut> < VDD.
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either

Vssor vdd'



MC14099B • MC14599B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol

vDd
Vdc

Tlow' 25°C Th igh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level

Vin"VoD°r0

"1" Level

Vin-0orVDD

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

~
0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95

-

4.95

935

14.95

5.0

10

15

-

4.95

955

14.95

-

Vdc

Input Voltage* "0" Level
(V0 - 4.5 or 0.5 Vdc)
(V0-9.0 or 1.0 Vdc)
(V0-13.5 or 1.5 Vdc)

"1" Level

(Vo - 0.6 or 4.5 Vdc)
(V0-1.0 or 9.0 Vdc)
(Vq-1.5 or 13.5 Vdc)

VlL
5.0

10

15

-
1.5

3.0

4.0

-
2.25

4.50

6.75

1.5

3.0

4.0
-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25
-

3.5

7.0

11.0

-

Vdc

Output Drive Current (AL Device)

(Vqh " 2.5 Vdc) Source
(VoH " 4-6 Vdc)
(VOH • 9.5 Vdc)
(VoH "13.5 Vdc)

(Vql " 0.4 Vdc) Sink
(Vql " o.5 Vdc)
(Vol "15 Vdc)

'OH
5.0

5.0

10

15

-3.0

-0.64

-1.6

-4.2

-

-2.4

-0.51

-1.3

-3.4

-4.2

-0.88

-2.25

-8.8

-
-1.7

-0.36

-0.9

-2.4

-

mAdc

IOL 5.0

10

15

0.64

1.6

4.2

-

0.51

1.3

3.4

0.88

2.25

8.8

—
0.36

0.9

2.4

—
mAdc

Output Drive Current (CL/CP Device)

(Vqh " 2.5 Vdc) Source
(VoH " 4-6 Vdc)
(V0H • 9.5 Vdc)
(Voh "13.5 Vdc)

(Vql "0.4 Vdc) Sink
(v0l-0.5 vdc)
(v0L" 1-5 Vdc)

'OH
5.0

5.0

10

15

-2.5

-0.52

-1.3

-3.6

-
-2.1

-0.44

-1.1

-3.0

-4.2

-0.88

-2.25

-8.8

-

-1.7

-0.36

-0.9

-2.4

_

mAdc

'OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

—
0.36

0.9

2.4

-

mAdc

Input Current (AL Device) •in 15
- ±0.1 - ±0.00001 ±0.1 - ±1.0 uAdc

Input Current (CL/CP Device) •in 15
- i0.3 - ±0.00001 ±0.3 - ±1.0 uAdc

Input Capacitance

(Vin - 0)
Cin ~ — ~ -

5.0 7.5
- -

pF

Input Capacitance

MC14599B-Data(pin3)

(Vin " 0)

Cin 15.0 22.5
— —

PF

Quiescent Current (AL Device)
(Per Package)

'DD 5.0

10

15

-

5.0

10

20
-

0.005

0.010

0.015

5.0

10

20
-

ISO

300

600

MAdc

Quiescent Current (CL/CP Device)
(Per Package)

'DD 5.0

10

15

-

20

40

80
-

0.005

0.010

0.015

20

40

80
-

150

300

600

uAdc

Total Supply Current* #t

Dynamic plus Quiescent,
Per Package)
(Cl - 50 pF on all outputs,
all buffers switching)

'T 5.0

10

15

lT"(1.5uA/kHz)f + l0D
lT-(3.0MA/kHz)f+lDD
lT-(4.5uA/kHz)f + lDD

uAdc

*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 @ VDD - 5.0 Vdc
2.0 Vdc min @Vqd " 10 Vdc
2.6 Vdc min @ VDD - 15 Vdc

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

'T <Cl> " IT'50 pF) +4 x 10-3(CL -50)Vnnf
where: If is in uA (per package), Cl in pF,Vqd 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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MC14099B#MC14599B

SWITCHING CHARACTERISTICS (CL - bo pf. ta • 25°c)

Characteristic Symbol
vdd
Vdc Min Typ Max Unit

Output Rise end Fall Time
tTLH. »THL" (13B ns/pF) Cl +32 ns
tTLH. tTHL " (0.6 ns/pF) Cl +20 ns
«TLH. tTHL " (0.4 ns/pF) Cl +20 nt

tTLH.

*THL 5.0

10

16

-

100

50

40

200

100

80

ns

Propagation Delay Time

Data to Output

Write Disable to Output

Reset to Output

Address, CE to Output

tPHL.
tPLH 5.0

10

15

-
200

76

50

400

150

100

ns

6.0

10

16

-

200

80

60

400

160

120

ns

6.0

10

IB

-

176

BO

65

360

160

130

ns

6.0

10

15

-

226

100

75

460

200

150

ns

Propagation Delay Time, MC14599B only
Chip Enable, Write/Reed to Data

Address to Data

tPHL.
tPLH 6.0

10

15

-

200

80

65

400

160

130

ns

6.0

10

15

-

200

SO

75

400

180

160

ns

Minimum Pulse Widths

Data

Address

Reset

Write Disable

tWH.
tWL 6.0

10

16

200

100

80

100

50

40

-

ns

5.0

10

16

400

200

125

200

100

65

-

ns

5.0

10

15

150

75

60

76

40

25

-

ns

5.0

10

15

320

160

120

160

80

60

-

ns

Set Up Time
Data

ttu
5.0

10

15

100

50

35

50

25

20

-

ns

Hold Time

Date

th
6.0

10

16

160

76

60

75

40

25 _

ns
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MC14099B • MC14599B

MC1409SB

FUNCTION DIAGRAM

Rttat 2 0—L>-0

Data 3 O- £>H>

••—t>H> ntpP* <-•

A2 7 0-

(M.S.Q.)

AO, A1.A2

Writ* Dlsabla

>~\

•>"l

90%-

Data -k_io%

To

Othar

Latches

Addrtta

Decoder

L_

Zaro

Solact

£

TRUTH TABLE

Othar Lstchti

Write

Disable Reset

Addressed

Latch

Unaddrtssed

Latch

0 0 Date Qn*
0 1 Data Reset*

1 0 Qn* Qn*
1 1 Reset Reset

• Qn Is previous state of latch,
t Reset to zero state.

TIMING DIAGRAM

•*WH

B0%-

•BOHy^-twL -*Jm

-4

~L

90%

10%

r£ »TLH % «THL

4 bo*

K-tdDQ

tPLH-

£*

«PHL- tPLH

7-172
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tPHL

-O 10 Q1

-O 11 Q2

-0 12 Q3

-014 QB

-O 1 07



MC14099B • MC14599B

H>~W>

MC14S9SB

FUNCTION DIAGRAM

l>—O tonH>f^

K3^

To

Other

A. Latchos JL

0 0
Chip 8(

Enable
«>-|>H>

Writa/PieSd 10O 1^0 ^

Zero

Select

AO SO-

T>

>~\

Address

Docodor V
Other Latches

TRUTH TABLE

Chip

Enable Write/Read

Write

Disable Reset

Addressed

Latch

Other

Latches

Data

Pin

0 X X 0
•

• Z

1 1 0 0 Data • Input

1 1 • 1 0 • • Z

1 0 X 0 •
• Qn

X X X 1 0 0 Z/0

X - Don't care.

* - No change in state of latch.
Z - High impedance.
Qn - State of addressed latch.
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-O 12 Q1

-O 13 Q2

-014 Q3

-015 Q4

-0 16 Q5

-O 17 Q6
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MC14099B#MC14599B

A2, Al, AO

Writ* Disable

1
«PHL

90%

0%

^j-80%

.6
/ \

A2, Al, AO

/

F

MC14599B

TIMING DIAGRAMS

Data Write

E*TLH

%

• tpLH -•»

*WH ^

-*WL-

S-10% 10%-L

♦IF ^* —;

Data Read

t-60%

•PHL

\

I
*PLH

1
NOTE: 1. Invalid Data Output

2. Rasat In LOW Stat*
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MOTOROLA

CMOS MSI

SYNCHRONOUS PROGRAMMABLE 4-BIT
COUNTERS

The MC14160B - MC14163B are synchronous programmable
counters constructed with complementary MOS PChannel and
NChannel enhancement mode devices in a single monolithic struc
ture. These counters are functionally equivalent to the 74160-
74163 TTL counters.

Two are synchronous programmable decade counters with
asynchronous and synchronous clear inputs respectively (MC14160B,
MC14162B. The other two are synchronous programmable 4-bit
binary counters with the asynchronous and synchronous clear
respectively (MC14161B. MC14163B).

• Internal Look-Ahead for Fast Counting

• Carry Output for N-Bit Cascading
• Synchronously Programmable
• Synchronous Counting
• Load Control Line

• Synchronous or Asynchronous Clear
• Positive Edge Clocked

MAXIMUM RATINGS [Voltages referenced to Vss. Pin 81.
Rating Symbol Value Unit

DC Supply Voltage VDD -0 5 to -18 Vdc

Input Voltage. All Inputs vin -0.5 to Vqd * 05 Vdc

DC Current Drain per Pi" 1 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

Ta -55 to '125

-40 to '85

°C

Storage Temperature Range Tstg -65 to -150 °C

This device contains circuitry to protect the inputs against damage due to high
static voltages or electric fields; however, it is advised that normal precautions be
taken to avoid application of any voltage higher than maximum rated voltages to
this high-impedance circuit. For proper operation it is recommended that Vjn
and Vou, be constrained to the range V<;s < 'vin or vout' *• VDD-
Unused inputs must always be tied to an appropriate logic voltago level (e.g..
either Vssor VDd)
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MC14160B
DECADE COUNTER

with Asynchronous Clear

MC14161B
4-BIT BINARY COUNTER

with Asynchronous Clear

MC14162B
DECADE COUNTER

with Synchronous Clear

MC14163B
4-BIT BINARY COUNTER

with Synchronous Clear

Jflp
i

PSUFFIX
PLASTIC PACKAGE

CASE 648

LSUFFIX

CERAMIC PACKAGE

CASE 620

ORDERING INFORMATION

MC14xxxB -,r t Su"
x Danoies

h Ceramic Package

Plastic Packago

Extended Operating

Temperaturo Range

Limited Operating

Temperature Rango



(V1C14160B thru MC14163B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

Tlow* 25°C Th iflh

UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level vol 5.0 - o.os - 0 0.05 - 0.05 Vdc

Vin VDDorO 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15 - 0.05
- 0 0.05 - 0.05

v0h 5.0 4.95 - 4.95 S.0 _ 4.95 _ Vdc
Vin 0orVDO 10 9.95 - 9.95 10 - 9.95 _

IS 14.95 - 14.95 15 - 14.95 -

Input Voltage" "0" Level VlL Vdc

(V0 " 4.5 or 0.5 Vdcl 5.0 - 1.5 - 2.25 1.5 - 1.5

IV0 9.0 or 1.0 Vdcl 10 3.0 - 4.50 3.0 - 3.0

(V0 = 13.5 or 1.5 Vdcl
"1" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H
(V0 - 0.5 or 4.5 Vdc) 5.0 3.5 3.5 2.75 _ 3.5 _ Vdc
(V0 ' 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 _

(Vq- 1 5 or 13.5 Vdcl 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Oevice) <OH mAdc

(Vqh ' 2.5 Vdc) Source 5.0 -3.0 - -2.4 -4.2 _ -1.7 _

IV0H • 46 Vdc) so -0.64 - -0.51 -0.88 _ -0.36 _

(Vqh " 9-5 Vdc) 10 -1.6 - -1.3 -2.25 _ -0.9 _

(Vqh • 13.5 Vdcl

(Vql • 0.4 Vdc) Sink

15 -4.2 - -3.4 -8.8 - -2.4 -

'OL 5.0 0.64 - 0.51 0.88 _ 0.36 _ mAdc

(Vql • °-5 vdc) 10 1.6 - 1.3 2.25 _ 0.9 _

(Vql " i.5 vdc) 15 4.2
-

3 4 8.8
-

2.4
-

Output Drive Current (CL/CP Device) •oh mAdc

(Vqh * 2.5 Vdc) Source SO -2.5 - -2.1 -4.2 _ -1.7 _

(VOH B4.6 Vdc) 5.0 -0.52 -. -0.44 -0.88 _ -0.36 _

(VOH * 9-5 Vdc) 10 -IJ - -1.1 -2.25 - -0.9 _

(Vqh " 13.5 Vdc)

(Vql * 04 Vdc) Sink

IS -36 - -3.0 -8.8 - -2.4 -

'OL 5.0 0.52 - 0.44 0.88 _ 0.36 _ mAdc

(Vql • °-5 vdc) 10 1.3 1.1 2.25 - 0.9 _

(Vql* i.5vdc) 15 3.6
-

3.0 8.8
- 2.4 -

Input Current (AL Device) 'in 15
- tO 1 -• 10.00001 •0 1 - t 1.0 MAdc

Input Current (CL/CP Device) •in 15
-

10.3
- : 0 00001 ±0.3 - 11.0 uAdc

Input Capacitance Cin - - 50 7.5 _ _ pF
<Vin - 0)

Quiescent Current (AL Devicel -DD 5.0 - 50 - 0.005 5.0 _ 150 uAdc
(Per Package) 10 - 10 - 0.010 10 - 300

15 20
- 0.015 20 - 600

Quiescent Current (CL/CP Device) 'DD 5.0 - 20 - 0.005 20 _ 150 uAdc
(Per Package) 10 - 40 - 0.010 40 _ 300

15 - 80 - 0.015 80 - 600

Total Supply Current'' t 'T 5.0 "t io.i>6 uA/kHz f ♦ lDD uAdc
(Dynamic plus Quiescent. 10 •tM1. uA/kHz f ♦ lDD
Per Package) 15 •T=lii ) uA/kHz f ♦ IQD

(Cl " 50 pF on all outputs, all
1 buffersswitching)

*Tlow • -55°C for AL Device. -40°C for CL/CPDevice.
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 =1.0Vdc min @Vqd * 6.0 Vdc

2.0 Vdc lilt 9 Vqd '10 Vdc
2.5 Vdc min 9 V0D = 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
It(Cl> =lT(50pF) +1 x 10-3(CL -50)VDOf

where: It " in "A (per package),Cl in pF. Vqq 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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MC14160B thru MC14163B

SWITCHING CHARACTERISTICS* (CL- 50 pF. TA - 25°CI

Characteristic Symbol
vdd
Vdc Min Typ Max Unit

Output Rise Time

TLH • (1.35 ns/pF)CL +33 ns
TLH - '0.6 ns/pF) Cl ♦ 20 ns
tTLH " (0.4 ns/pF) Cl + 20 ns

TLH
5.0

10

15

-
100

50

40

200

100

80

ns

Output Fall Time

tTHL • (1-35 ns/pF) CL + 33 ns
tTHL " '0.6 ns/pF) Cl + 20 ns
tTHL " '0.4 ns/pF) Cl + 20 ns

'THL
5.0

10

15

-

100

50

40

200

100

80

ns

Propagation Delay Time

Clock to Q

tPLH. 'PHL " '0-90 ns/pF) Cl ♦ 305 ns
'PLH. *PHL " '0-36 ns/pF) Cl ♦ 132 ns
«PLH.*PHL " '0.26 ns/pF) Cl ♦ 87 ns

Clock to Carry Out

'PLH. 'PHL " '0-90 ns/pF) Cl +395 ns
tPLH. «PHL" '0-36 f'/pFI Cl + 167 ns
'PLH<'PHL " '0-26 ns/pF) Cl ♦ 112 ns

TE to Carry Out

»PLH.tPHL " '0-80 ns/pF) Cl + 255 ns
'PLH.'PHL" (0.36ns/pF) Cl + 112 ns
'PLH. 'PHL " '0-26 ns/pF) Cl ♦ 77 ns

Dear to Q (MC14160B, MC14161B only)

'PLH. 'PHL " '0-90 ns/pF) Cl ♦ 110 ns
'PLH. 'PHL " '036ns/pF) Cl ♦ 37 ns
'PLH. 'PHL " '0-26 "i/pFI Cl + 22 ns

'PLH.

'PHL

5.0

10

IS

5.0

10

15

5.0

10

15

5.0

10

15

-

350

150

100

440

185

125

300

130

90

350

150

100

700

300

200

880

370

250

600

260

180

700

300

200

ns

Minimum Setup Time
Data to Clock

Load to Clock

Enable to Clock (PE or TE)

Clear to Clock (MC14162B. MC14163B only)

tsu 5.0

10

15

5.0

10

IS

5.0

10

16

5.0

10

15

320

130

90

600

260

180

420

170

120

310

110

70

160

65

45

300

130

90

210

85

60

IBS

55

35

-

ns

Clock Pulse Width, High *WH 5.0

10

15

250

100

70

125

50

35
-

ns

Clock Rise Time tTLH S

10

15

- -

15

15

15

M*

Clock Pulse Frequency •cl 5.0

10

16 _

2.0

5.0

8.0

1.0

2.S

4.0

MHz

•The formula given is for the typical characteristics only.
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MC14160B thru MC14163B

SWITCHING WAVEFORMS

~\l/
-*- 'su (Clear) MC14162B, MC14163B only

Data Input

Enablo (PE or TE)

(Clear) MC14160B, MC14161B only

FUNCTIONAL DESCRIPTION

These counters are fully programmable; that is the
outputs may be preset to either level. As presetting is

synchronous, settling up a low level at the load input

disables the counter and causes the outputs to agree with

the setup data after the next clock pulse regardless of the

levels of the enable inputs. The clear function for the

MC14160B. MC14161B is asynchronous and a low level
at the clear input sets all four of the flip-flop outputs low

regardless of the levels of the clock, load or enable inputs.
The clear function for the MC14162B and MC14163B is

synchronous and a low level at the clear inputs sets all

four of the flip-flop outputs low after the next clock
pulse, regardless of the levels of the enable inputs. This

synchronous clear allows the count length to be modified

easily; decoding the maximum count desired can be

accomplished with one external NAND gate. The gate
output is connected to the clear input to synchronously
clear the counter to 0000 (LLLL).

The carry look-ahead circuitry provides for cascading
counters for n-bit synchronous applications without
additional gating. Instrumental in accomplishing this
function are two count-enable inputs and a carry output.
Both count-enable inputs (PE, TE) must be high to count,
and enable input TE fed forward to enable the carry
output. The carry output thus enabled will produce a
positive output pulse with a duration approximately
equal to the positive portion of the Q1 output. This posi
tive overflow carry pulse can be used to enable successive
cascaded stages.
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MC14160B thru MC14163B

MC14160B, MC14162B LOGIC DIAGRAM
(Clear is synchronousfor MC14162B)
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MC14160B thru MC14163B

MC14160B, MC14162B TIMING DIAGRAM

Soquenco illustrated in waveforms:

1. Clear outputs to zero.

2. Preset to BCD savon.

3. Count to alght, nine, zero, one, two, and three.

4. Inhibit

Clear (MC14160B) .

aear (MC141S2B) •

Load'

Data (
Inputs

p,-T

P2 1

_TP3

P4-

Clock (MC14160B) -

aock (MC14162B) •

I I (Asynchronous)

(Synchronous)

i_r

ijijijij-u-utjiji^^

iJijnj~unjnjTjnji_nj^^

c

Output* ^

Carry m
Out' I 17 18 9 0

I I I- «
Clear Preset
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MC14160B thru MC14163B

;o
£>—

MC14161B, MC14163B LOGIC DIAGRAM
(Clear is Synchronous for MC14163B)

^>rO
L^TL'̂ SIV

t>TO
c^iLazH
^^

^=> c^-o

7-181

ii-rD*-5"

l_
q Clear

-pOo-is3

6-1-0°"°'

O Clear

Q

b^f-^>^1,
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-O Carry Out



MC14160B thru MC14163B

MC14161B, MC14163B TIMING DIAGRAM

Sequence Illustrated In waveforms:

1. Clear outputs to zero.
2. Preset to binary twelve.

3. Count to thirteen, fourteen, fifteen, zero, one, and two,
4. Inhibit

Clear (MC14161B) <

Clear (MC14163B) .

Load •

Data J p2
Inputs V>

_r

_rP4

Clock (MC141S1B)

I I (Asynchronous)

1>[(Synchronous)

u—

unjnjiJijnjnjnjij^jTJij"
Clock (MC14103B) .

Outputs^

|12 |13 14

I I I—
Clear Preset
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'ft) MOTOROLA

HEX TYPED FLIP-FLOP

The MC14174B hex type D flip-flop is constructed with MOS P-
channel and N-channel enhancement mode devices in a single mono
lithic structure. Data on the D inputs which meets the setup time
requirements is transferred to the Q outputs on the positive edge of
the clock pulse. All six flip-flops share common clock and reset in
puts. The reset is active low, and independent of the clock.

• Static Operation

• All Inputs and Outputs Buffered

• Diode Protection on All Inputs

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• Noise Immunity = 45% of Vqq typical

• Output Compatible with Two HTL Loads, Two Low-Power TTL
Loads or One Low-Power Schottky TTL Load

• Functional Equivalent to TTL 74174

MAXIMUM RATINGS (Voltagej relerenced to Vss)

Rating Symbol Value Unit

DC Supply Voltage vdd -0.5 to -M8 Vdc

Input Voltage. All Inputs V,n -0.5 to VDD t 0.5 Vdc

DC Current Dram per Pin I 10 mAdc

Operating Temperature Range —AL Device
CL/CP Device

Ta -55to*125

-40 to +85

°C

Storage Temperature Range Tstg -65 to *150 °C

TRUTH TABLE

(Postivo Logic)

No
Change

INPUTS OUTPUT

Clock Data Resot Q

__T~ 0 1 0

_J~ 1 1 1

~~\_ X 1 Q

X X 0 0

X • Don't Ca e

This davlce contains circuitry to protect the

Inputs against damaga due to high static
voltages or electric fields; however. It is ad
vised that normal precautions ba taken to

avoid application ot any voltage higher than
maximum rated voltages to this high Im
pedance circuit. For proper operation It Is

recommended that V|n and Vout be con
strained to the range Vss ** 'vln or vout'
<VDD.

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

VSS°rVDD>.
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MC14174B

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

HEX TYPE D FLIP-FLOP

.eWfpP •fllP
LSUFFIX PSUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC11XXXB__Su(fix Denotes

. L Ceramic Package

• P Plastic Package
A Extended Operating

C Limited Operating

BLOCK DIAGRAM

VO—C

30-

Clock

Reset

DO

D1

QO

Q1

Q2

Q3

Q4

QB

'DD " rln lo

VSS = Pln 8



MC14174B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

Tlow* 25°C Thioh#
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level
vin-VDDorO

"1" Level

Vjn =0 or Vqd

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05
;

0.05

0.05

0.05

Vdc

voh SO

10

15

4.95

9.95

14.95

-

4.95

9.95

14.95

5.0

10

15
\

4.95

9.95

14.95

-

Vdc

Input Voltage* "0" Level
(Vq-4.5 or 0.5 Vdc)
(Vq- 9.0 or 1.0 Vdcl
(V0-13.5 or 1.5 Vdc)

"1" Level

(V0-0.5 or 4.5 Vdc)
(V0-1.0 or 9.0 Vdc)
(Vo= 1.5 or 13.5 Vdcl

VlL
5.0

10

15

-
1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-
1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-
3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-
Vdc

Output Drive Current (AL Device)

IVoh - 2.5 Vdc) Source
(Vqh ° 4.6 Vdc)
(VoH "9.5 Vdc)
(Vqh = 135 Vdc)

(Vql " 0.4 Vdc) Sink
(Vql • 05 vdc)
(Vql-is vdc)

'OH
5.0

5.0

10

IS

-3.0

-0.64

-1.6

-4.2

-

-2.4

-0.51

-IJ

-3.4

-4.2

-0.88

-2.25

-8.8

-

-1.7

-0.36

-0.9

-2.4

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2

-

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Output Drive Current (CL/CP Device)

•VoH "2.5 Vdc) Source
(Vqh -4-6 Vdc)
(V0H "9.5 Vdcl
(Voh -135 Vdc)

(Vol "0.4 Vdc) Sink
(v0L "0.5 vdc)
(Vql-1-5 Vdc)

'OH
5.0

5.0

10

15

-25

-0.52

-IJ

-3.6

-

-2.1

-0.44

-1.1

-3.0

-4.2

-0.88

-2.25

-8.8

-

-1.7

-0.36

-0.9

-2.4

-

mAdc

'OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Input Current (AL Device) 'in 15 - lO.I - 10.00001 ♦0.1 - tl.0 siAdc

Input Current (CL/CP Device) 'in 15 - ±03 - 10.00001 tO 3 - HO uAdc

Input Capacitance
(Vin - 0)

Cj„ — — — —
50 7.5

- -

PF

Quiescent Current (AL Device)

(Per Package)
'OD 5.0

10

15

-

5.0

10

20

-

0.005

0.010

0.015

5.0

10

20

-

150

300

600

uAdc

Quiescent Current (CL/CP Device)

(Per Package)
'DD 5.0

10

15

-

20

40

80
;

0.005

0.010

0.015

20

40

80

-

150

300

600

uAdc

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

(Cl - 50 pF on all outputs, all
buffers switching)

>T 5.0

10

15

lTr(1.1>«A/kHi)l +|DD
"T =(2.3»«A/kHz» f ♦ |DD
l-r*(3.7,iA/kH*lf ♦ l0D

iiAdc

•Tlow=-55°C forAL Oevice. -40°C forCL/CP Device.
Thigh" +125°C for ALOevice. *850C for CL/CP Device.

#Noise immunity specified for worst-case input combination.

Noise Margin for both "1" and "0" level - 1.0 Vdc min 9 Vqq •» 5.0 Vdc
2.0 Vdc min 9 Vqq -10 Vdc
2.5 Vdc min @VD0 -IS Vdc

tTo calculate total supply current at loads other than 50 pF:
lT(CL) • lT«50pF| +3 x 10-3(cL -50)V0Df

where: If is in <iA(per package).Cl in pF, Vqd in Vdc. and f in kHz is input frequency.
"The formulas givenare for the typicalcharacteristics only at 25°C.
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MC14174B

SWITCHING CHARACTERISTICS* (Cl - 60 pF, Ta - 26°C)

Characteristic 8ymbol
VBD
Vdc

All Types

UnitMin Typ Mast

Output Rise and Fall Time

TLH. *THL - I1.3B ns/pF) CL +32 ns
TLH, THL - (0.6 ns/pF)Cl +20 ns
TLH. THL - (0.4 ns/pF) Cl ♦ 20 ns

TLH, THL
6.0

10

16

-

100

60

40

200

100

60

ns

Propagation Delay Time - Clock to Q

tpLH.*PHL " t°-9 <t«/pF) Cl +166 ns
tpLH.tpHL" {0-36 ns/pF)Cl +64 ns
tpLH.*PHL " <°'26 n»/PF' Cl +62 ns

«PLH.

*PHL 6.0

10

15

-

210

86

66

400

160

120

ns

PropagationDelay Time - Reset to Q

tpHL " (0-9ns/pF)Cl +205 ns
*PHL " '°-38 ns/pF) Cl +79 ns
tpHL " '0.26 ns/pFi Cl +62 ns

tPHL

6.0

10

16

-

250

100

76

600

200

160

ns

Clock Pulse Width «WH 6X3

10

16

160

90

70

76

46

36

-

ns

Reset Pulse Width *WL 5.0

10

16

200

100

B0

100

60

40

-

ns

Clock Pulse Frequency 'cl 6.0

10

16

-

7.0

12.0

16.6

2.0

6.0

6.6

MHx

Clock Pulse Rise and Fall Time TLH, THL 6.0

10

15

- -

16

16

16

MS

Data Setup Time tiu 6.0

10

16

40

20

16

20

10

0

-

nt

Data Hold Time th 6.0

10

16

80

40

30

40

20

16

-

ns

Reset Removal Time** •rem 63

:

260

100

80

125

60

40

-

ns

'The formulas given ere for tho typical characteristics only.
**The reset signal must be high prior to e positive-going transition of the clock.
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'M) MOTOROLA

QUAD TYPED FLIP-FLOP

The MC14175B quad type D flip-flop is constructed with MOS P-
channel and N-channel enhancement mode devices in a single mono
lithic structure. Each of the four flip-flops is positive-edge triggered
by a common clock input (C). An active-low reset input (R) asyn
chronously resets all flip-flops. Each flip-flop has [ndependent Data
(D) inputs and complementary outputs (Q and Q). These devices
may be used as shift register elements or as type T flip-flops for
counter and toggle applications.

• Complementary Outputs

• Static Operation

• All Inputs and Outputs Buffered

• Diode Protection on All Inputs

• Supply Voltage Range= 3.0 Vdc to 18 Vdc
• Noise Immunity = 45% of Vqd Wpical

• Output Compatible with Two HTL Loads, Two Low-Power TTL
Loads or One Low-Power Schottky TTL Load

• Functional Equivalent to TTL 74175

MAXIMUM RATINGS (Voltages referenced to Vss|

Rating Symbol Value Unit

DC Supply Voltage vDd -0.5 to +18 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

ta -55 to +125

-40 to +85

°C

Storage Temperature Range Tstg -65 to +150 °C

TRUTH TABLE

(Postlve Logic)

INPUTS OUTPUTS

Clock Data Reset Q Q

__/— 0 1 0 1

__/— 1 1 1 0

—4 X 1 Q Q

X X 0 0 1

Change

X = Don't Care

This device contains circuitry to protect
the inputs against damago due to high
static voltages or electric fields; however.
It Is advised that normal precautions be
taken to avoid application of any voltago
higher than maximum rated voltages to
this high Impedance circuit. For proper

operation It Is recommended thet V(n and
Vout be constrained to the range Vss <
(Vinor Vout) < VDD.

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

VSS°rVDD>-
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MC14175B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

Tlow* 25°C Th igh

UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level vol 5.0 - 0.05 - 0 0.05 _ 0.05 Vdc

vin = Vqq or 0 10 - 0.05 - 0 0.05 - 0.05

"I" Level

15 - 0.05 - 0 0.05 - 0.05

voh 5.0 4.95 _ 4.95 5.0 _ 4.95 _ Vdc
Vjn =0or Vqq 10 9.95 - 955 10 - 9.95 _

15 14.95 - 14.95 15 - 14.95 -

Input Voltage*' "0" Level VlL Vdc
(V0 = 4.5 or 0.5 Vdc) 5.0 - 1.5 — 2.25 1.5 - 1.5

(V0-90or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 - 3.0

(V0-13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H
(V0 = 0.5 or 4.5 Vdc) 5.0 3.5 _ 3.5 2.75 _ 3.5 _ Vdc
(Vq - 1.0 or 9.0 Vdc) to 7.0 - 7.0 5.50 - 7.0 _

<V0-1.5or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Curient (AL Device) •oh mAdc

•VoH " 2.5 Vdc) Source 5.0 -3.0 _ -2.4 -4.2 _ -1.7 _

<VoH " 4.6 Vdc) 5.0 -0.64 _ -0.51 -0.88 _ -0.36 _

IVOH " 9-5 Vdc) 10 -1.6 _ -1.3 -2.25 _ -0.9 _

(V0H-13.5 Vdcl

<V0L - 0.4 Vdc) Sink
15 -4.2 - -3.4 -8.8 - -2.4 -

'OL 5.0 0.64 _ 0.51 0.88 _ 0.36 _ mAdc
(Vql -0.5 Vdcl 10 1.6 - 1.3 2.25 _ 0.9 _

(Vql "1.5 Vdc) 15 4.2
-

3.4 8.8 -
2.4

-

Output Drive Current (CL/CP Device) •oh mAdc

(Vqh * 2.5 Vdc) Source 5.0 -2.5 _ -2.1 -4.2 _ -1.7 _

(VoH * 4-6 Vdc) 5.0 -0.52 _ -0.44 -0.88 _ -0.36 _

•VoH " 9-5 Vdc) 10 -1.3 _ -1.1 -2.25 _ -0.9 _

(Vqh" 13.5 Vdc)

(Vql • 0-4 Vdc) Sink

15 -23
- -3.0 -8.8 - -2.4 -

'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 _

(Vql- 1.5 Vdc) 15 3.6
-

3.0 8.8 - 2.4 -

Input Current (AL Device) 'in 15
-

♦0.1
- ±0.00001 ±0.1 - ±1.0 uAdc

Input Current (CL/CP Device) •in 15
-

±0.3
- ±0.00001 ±0.3 - ±1.0 uAdc

Input Capacitance Ci„ — - — _ 50 7.5 _ _ pF
IVin * 01

Quiescent Current (AL Oevice) <OD 5.0 - 5.0 - 0.005 5.0 _ ISO uAdc
(Per Packagel 10 - 10 - 0.010 10 - 300

15
-

20
- 0.015 20 - 600

Quiescent Current (CL/CP Oevice) 'DO 5.0 - 20 _ 0.005 20 _ 150
(Per Package) 10 - 40 - 0.010 40 _ 300

15 — 80 — 0.015 80 _ 600
Total Supply Current* M it 5.0 IT-(1-7 uA/kHz) f + 'dd ; uAdc

(Dynamic plus Quiescent, 10 it - (3. 4 uA/kHz) 1 ♦ Iqd '
Per Package) 15 IT = (5J0 uA/kHz) f + 'dd:

(Cl - 50pF onall outputs, all 1
buffers switching) |

.

'Tlow " -55°C for AL Device. -40°C for CL/CPDevice.
Thigh " +125°C for AL Device. +85°C for CL/CP Oevice.

#Noise immunity specified for worst-case input combination.

Noise Margin for both "1" and "0" level • 1.0 Vdc min 9 Vqq -S.OVdc
2.0 Vdc min 9 Vqq -10 Vdc
2.5 Vdc min @Vqq -15 Vdc

tTo calculate total supply current at loads other than 50 pF:
IjICl) - lT«50pF) Mx 10*3 (CL-50)VDDf

where: ty is in uA (per package), Cl in pF, Vqq in Vdc, and f in kHz is input frequency.
"The formulasgivenare for the typical characteristics only at 25°C.
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MC14175B

SWITCHING CHARACTERISTICS* (Cl =SO pF, Ta - 25°C)

Characteristic Symbol
VDD
Vdc

All Types

Unit
Min • Typ Max

Output Rise and Fall Time
»TLH,tTHL - (1.35 ns/pF) Cl + 32 ns
«TLH,THL » (0.6 ns/pF)CL + 20 ns
*TLH. tTHL - (0.4 ns/pF) Cl +20 ns

tTLH. tTHL
5.0

10

15

-

100

50

40

200

100

80

ns

Propagation Delay Time - Clock to Q
tpLH. tPHL" '05 ns/pF)Cl +175 ns
tpLH. tpHL - *°-36n*/PF> CL +72 n*
tpLH. 'PHL " fO-26 ns/pF)Cl +57 ns

tPLH.

tPHL 5.0

10

15
_

220

90

70

400

160

120

ns

Propagation Delay Time - Reset to Q

tPHL " I0-9n»/PFlCl ♦ 280 ns
tPHL " '0-38 "*fPF' Cl + 112 ns
tpHL ** (0.26 ns/pF) Cl +87 ns

tPHL
5.0

10

15

-

325

130

100

500

200

150

ns

Clock Pulse Width tWH 5.0

10

15

260

100

75

110

45

35

-

ns

Reset Pulse Width tWL 5.0

10

15

200

80

60

100

40

30

-

ns

Clock Pulse Frequency 'cl 5.0

10

15

-

AS

11

14

2.0

5.0

6.6

MHz

Clock Pulse Rise and Fall Time tTLH. tTHL 5.0

10

15

- -

15

IS

15

It*

Data Setup Time tsu 5.0

10

15

120

SO

40

60

25

20

-

ns

Data Hold Time th 5.0

10

15

80

40

30

40

20

16 -

ns

Reset Removal Time* * trem 5.0

10

15

250

100

80

125

50

1 40 :

ns

•The formulas givenare for the typicalcharacteristics only.
••Thereset signal must bohigh prior to apositive-going transition of theclock.
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'M) MOTOROLA

4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER

The MC14194B is a 4-bit static shift register capable of operating
in the parallel load, serial shift left, serial shift right, or hold mode.
The asynchronous Reset input, when at a low level, overrides all
other inputs, resets all stages, and forces all outputs low. When
Reset is at a logic 1 level, the two mode control inputs, SOand SI,
control the operating mode as shown in the truth table. Both serial
and parallel operation are triggered on the positive-going transition
of the Clock input. The Parallel Data, Data Shift, and mode control
inputs must be stable for the specified setup and hold times before
and after the positive-going Clock transition.

• Quiescent Current = 5.0 nA typ/pkg @ 5 Vdc
• Typical Shift Frequency = 9.0 MHz @ 10 Vdc
• Synchronous Right/Left Serial Operation
• Synchronous Parallel Load

• Asynchronous Hold (Do Nothing) Mode
• Functional Pin for Pin Equivalent of 74194

TRUTH TABLE

OPERATING

MODE

INPUTS

(Reset • 1)

OUTPUTS

(@>«n+ 1'

S1 SO DSR DSL DP0-3 QO Q1 Q2 Q3

Hold 0 0 X X X QO Q1 Q2 Q3

Shift Left
1 0 X 0 X Q1 Q2 Q3 0

1 0 X 1 X Q1 Q2 Q3 1

Shift Right
0 1 0 X X 0 QO Q1 Q2

0 1 1 X X 1 QO Q1 Q2

Parallel
1 1 X X 0 0 0 0 0

1 1 X X 1 1 1 1 1

X - Don't Core

tn+1 - State after the next positive-going transitionof the clock.

LOGIC DIAGRAM

MC14194B

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

4-BIT BIDIRECTIONAL

UNIVERSAL SHIFT REGISTER

L SUFFIX

CERAMIC PACKAGE

CASE 620

PSUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION
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P Plastic Pac
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perature Range
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5
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MC14194B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

Tlow* 25°C Th igh*
UnitMin Max Min Typ Matt Min Max

Output Voltage "0" Level vol 5.0 - 0.05 - 0 0.05 _ 0.05 Vdc
vin Vqq or 0 10 - 0.05 - 0 0.05 _ 0.05

"1" Level

15
- 0.05 - 0 0.05 - 0.05

voh 5.0 4.95 - 4.95 5.0 _ 4.95 _ Vdc
Vin 0 or Vqq 10 9.95 - 9.95 10 _ 9.95 _

15 14.95 - 14.95 15 - 14.95 _

Input Voltage" "0" Level VlL Vdc
(V0 " 4.5 or 0.5 Vdcl 5.0 - 1.5 - 2.25 1.5 _ 1.5

(Vq 9.0 or 1.0 Vdcl 10 - 3.0 - 4.50 3.0 - 3.0

(V0- 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H
(V0 =0.5 or 4.5 Vdcl 5.0 3.5 - 3.5 2.75 _ 3.5 _ Vdc
(Vo * 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 _ 7.0 _

(Vo= 1 5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) •oh mAdc
(Voh = 2.5 Vdc) Source 5.0 -3.0 - -2.4 -4.2 _ -1.7 _

(V0H * 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 _

IVoh= 13.5 Vdc)

(Vql * 0-4 Vdcl Sink

15 -4.2 - -3.4 -8.8 - -2.4 -

'OL 5.0 0.64 - 0.51 0.88 _ 0.36 _ mAdc

(Vql • 05 vdc) 10 1.6 - 1.3 2.25 _ 0.9 _

(Vql " i.5 vdc» 15 4.2
-

3.4 8.8
-

2.4
-

Output Drive Current (CL/CP Device) •oh mAdc
(VoH " 2.5 Vdc) Source 5.0 -2.5 - -2.1 -4.2 _ -1.7 _

<voh - 46 vdc) 5.0 -0.52 _ -0.44 -0.88 _ -0.36 _

<vOH * 9-5 Vdc) 10 -1* _ -1.1 -2.25 _ -0.9 _

<vOH * '3.5 Vdc)

(Vql " 0.4 Vdc) Sink

IS -3.6 -
-3.0 -8.8 - -2.4 -

'OL 5.0 0.52 - 0.44 0.88 _ 0.36 _ mAdc

(Vql - 0.5 vdcl 10 1.3 - 1.1 2.25 - 0.9 _

(v0l* i.5 Vdc) 15 3.6
-

3.0 8.8
- 2.4 -

Input Current (AL Device) 'in 15 - 10.1 - ± 0.00001 10.1 - ±1.0 MAdc

Input Current (CL/CP Oevice) 'in 15
-

t0.3
- 10.00001 10.3 - no siAdc

Input Capacitance Cin — _ _ 5.0 12.0 _ _ pF
(Vin - 0)

Quiescent Current (AL Device) 'DD 5.0 - SO - 0.005 5.0 _ ISO fiAdc
(Per Package) 10 - 10 - 0.010 10 - 300

15
-

20
- 0.015 20 - 600

Quiescent Current (CL/CP Oevice) 'DO 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 • (o.95uA/kHz)f+lDD jiAdc
(Dynamic plus Quiescent, 10 iT-n 9 uA/kHz) *+'DD
Per Package) 15 It • (2.9jiA/kHz) f+lDD

(Cl * 50 pF on all outputs, ell
buffers switching) | |

*Tlow " -55°C for AL Oevice. -40°C forCL/CPDevice.
Thigh * *125°C for AL Oevice. ♦SSC'C for CL/CP Oevice.

jsNoise immunity specified for worst-case input combination.
Noise Margin for both "1" and "0" level » 1.0 Vdc min @Vqq * 5.0 Vdc

2.0 Vdc min 9 Vqq = 10 Vdc
2.5 Vdc min 9 Vqq * 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
Ij(Cl>• lT(50pF)t 2 x 10-3(CL -50)VqqI

where: Ij is in siA (per package).Cl in pF, Vqq 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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MC14194B

MAXIMUM RATINGS (Voltages referenced to vss>
Rating Symbol Value Unit

DC Supply Voltage vdd -0.5to+18 Vdc

Input Voltage, All Inputs vin -0.5 to Voq + 0.5 Vdc

DC Current Drain per Pin i 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

ta -55to+125

-40 to +85

°C

Storage Temperature Range Tstg -65 to+150 °C

SWITCHING CHARACTERISTICS* (CL - 60 pF. TA • 25°C)

Characteristic Symbol
vdd
Vdc Min Typ Max Unit

Output Rise and Fall Time
tTLH. THL - (13S ns/pF) Cl + 32 ns
*TLH, *THL - (0.6 ns/pFI Cl + 20 ns
tTLH, «THL = (0.4 ns/pFI Cl + 20 ns

tTLH.*THL
5.0

10

16

-

100

50

40

200

100

80

ns

Propagation Delay Time

Clock to Q

tpLH.tPHL" (0.9 ns/pF)Cl +230 ns
tpLH.»PHL " W-36ns/pF)Cl +92 ns
tpLH'tPHL" '0-26 ns/pFICl +72 ns

Reset to Q

tpHL " <°-9 ns/pF) Cl +305 ns
tpHL " '0-36 nt/pP) Cl + 122 ns
tpHL " '0.26 ns/pF) Cl +97 ns

tPLH.tPHL

5.0

10

15

-
275

110

85

550

220

170

ns

«PHL
5.0

10

15

-
360

140

110

700

280

220

ns

Clock Pulse Width tWH 6.0

10

15

280

110

85

140

55

40

-

ns

Reset Pulse Width *WH 5.0

10

16

180

70

50

90

35

26

-

ns

Clock Pulse Frequency

(Shift Right or Left Mode)
•cl 5.0

10

16

-

3.6

9.0

12

1.8

4.5

6.0

MHz

Clock Pulse Rise and Fall Time *TLH,tTHL 5.0

10

15

No Limit

MS

Setup Time
Data to Clock

Mode Control (S) to Clock

tsu
5.0

10

15

10

20

40

-8.0

0

9.0

-

ns

5.0

10

16

200

75

55

100

36

27

-

ns

Hold Time

Data to Clock

Mode Control (S) to Clock

th
6.0

10

15

180

50

35

80

26

10

-

ns

6.0

10

15

0

0

0

-40

-27

-20

-

ns

Reset Removal Time** 'rem 6.0

10

16

300

110

80

150

65

40 _

ns

•The formulas given are for the typical characteristka only.
••The reset signalmust be high prior to a positive-goingtransition of the dock.
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Product Preview

DUAL TONE MULTIFREQUENCY DIALER

The MC14403 and MC14405 produce audio tones according to
the telephone standard 2 of 8 (DTMF) encoding. An on-chip mixer
provides weighted amplitudes of high and low band signals that are
generatedas piecewise linearsine waves to minimize distortion. Low
external parts count and use of an inexpensive 3.58 MHz crystal
make these parts cost-effective in telephone instrument design, tone
encoding for radio transmitters, or for use as a standard tone source
for security systems and data transfer.

• 3 to 12 Volt Operation

• Uses Inexpensive 3.579545 MHz (TV Color Burst) Crystal

• Distortion Typically 2% Without Filtering

• Crystal Oscillator is Inhibited When No Key is Depressed

• Minimum Turn On and Turn Off Transients

• Amplitude Level is Selectable with External Capacitor

and is Suppy Voltage Independent

• Low Standby Current

• Integrated Active Bridge Rectifier Eliminates External Diorjg ^SsO
Bridge in Telephone Applications V J*

\Uses Standard Telephone Keyboard for
Maximum Noise Immunity

Dual Tone or Single Tone Capabilit

MC14403 Similar to MK5089.

Have Pull-Up Currenj^Mfc
MC14405 Same as MCvmoVwith Internal Active Bridge

,0°ibihty^^A

/o\\j&

C1C2C3C4

Zontrol

Logic

R1B2 R3R4

MC14405

olumn Inputs

BLOCK DIAGRAM

and specifications are subjoct tc
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MC14403
MC14405

CMOS LSI
(LOW-POWER COMPLEMENTARY MOS)

DTMF

INTEGRATED TONE DIALER

LSUFFIX

CERAMIC PACKAGE

CASE 620

PSUFFIX

PLASTIC PACKAGE

CASE 648

PSUFFIX

PLASTIC PACKAGE

CASE 707

ORDERING INFORMATION

Suffix Denotes

— L Ceramic Peckaoe

I— P PlasticPackage

PIN ASSIGNMENT

\^

,t iG :

c= 2 is :

c^ 3 14 :

t= 4 13

5 12

6 11

C 7 10

cr 8 9

TO

FC

AKD

IIC4

DC1 I

VDDI

CE I

C1

Oscl'C

1

^/

18

2 17

3 16

4 ii.

5 M

6 13

J 12

B 1 i|

9 10

DC2

TO
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MAXIMUM RATINGS (Voltages Referenced to Vss)
Rating Symbol Value Unit

Supply Voltage (Vdq-Vss) vdd 12 Vdc

Voltage on Any Pin Vin Vss " 0-3 to Vdc

vDD + 0-3
Maximum Power Dissipation PO 500 mW

Tone Output Current 'out 20 mA

Storage Temperature Range Tstg -55 to+150 °C
Operating Temperature Range TA -30 to +60 °C

MC14405 Only

Supply Voltage Pin 1 to Pin 18 vDc 12 V

Supply Current into Pin 1 or Pin 18 'DC 100 mA

Voltage on Pins 1 or 18 Vin Vss -0-7 ,0 Vdc

VDD+0.7

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Rating Unit

Supply Voltage vdd-vss 3.0 to 12 V

Key Sensing and AKD Operation Vdd-Vss 1.5 to 12 V

ELECTRICAL CHARACTERISTICS (TA =25°C Voltages Referenced toVss)
Characteristic Symbol vdd-vss Min Typ Max Unit

Input Voltage Ro w. Column VlL 5.0 - 2.25 1.5 Vdc

10 - 4.50 3.0
CE 5.0 - - 3.0

Row. Column

10 - - 8.0

V|H 5.0 3.5 2.75 - Vdc
10 7.0 5.5 —

CE 5.0 4.0 — _

10 9.0 - -

Output Drive Current

(Vo - 4.5 Vdc)
(V0 - 9.5 Vdc)

<V0 - 2.0 Vdc)
(Vq - 2.0 Vdc)

AKD •oh
5.0

10

-20

-80
- -

uA

'OL 5.0

10

3.0

12

- -
mA

Tone Output Before Clipping F L - 600 n v0 . 0.9 _ _ VP
R L = 250« • 03 - -

Total Harmonic Distortion R L = 600n THO • - 2.0 - %

Quiescent Current

(No Key Depressed)
'DD 5.0

10

-
100

130

-
uA

Total Supply Current R L = i.0kn 't • - 3.0 - mA

Turn On Delay Time (Oscillator Start-Up Time) td •
- - 10 ms

Output Voltage Active Rectifier

(Output = Vdd-Vss) lc)0 = 1 mA

DC1-OC2

2.9

Vdc

3.0

2 mA 3.0 — 23 —

5 mA 3.0 - 2.5 -

1 mA 35 - 3.4 -

2 mA 3.5 - 3.3 _

6 mA 3.5 - 3.0 -

1 mA 4.0 — 3.9 —

5 mA 4.0 - 3.6 -

10 mA 4.0 - 3.3 _

15 mA 4.0 - 3.0 _

1 mA 4.5 — 4.4 _

10 mA 4.5
- 3.9 | -

"Independent of Supply if 3.0 Vdc < Vqd < 12 Vdc.
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FUNCTIONAL DESCRIPTION

TONE GENERATION

The output frequencies are derived from the 3.579545
MHz crystal oscillator by integer divider ratios. The sine
wave output is generated by feeding different constant
currents into an integrator. At the output of this integra
tor, the current steps appear as variable ramps. The output
amplitude is inversely proportional to the integrator
capacitance between tone output and feedback input
and can be adjusted by the choice of capacitor value.
A 0.012 *mF capacitor delivers approximately 970 mVp
of composite output voltage for Key D (R4/C4).

The tone output dc component is Vss. 'f no tone 's
to be generated and it is approximately Vss + 1.1 V. if
a tone is generated. The maximum output swing without
clipping is from Vss to Vss + 2.2 V.An externalresistor
is added across the capacitor to reduce output drift. The
time constant equal to the feedback capacitor times
feedback resistor must be equal or larger than the longest
single output period.

Rf>1/(Cf • f Row1) = 120 kJ2 for Cf =0.012/iF

KEYBOARD DEBOUNCE

The leading edge of a valid keyboard input signal will
enable the oscillator. The oscillator will start up within
typically 5.0 ms. If the signalbounceswithin these5.0 ms,
there is no effect at the tone output. After 1/16 of the
period of the highest frequency to be generatedfollowing
the oscillator start-up time, the keyboard signal is latched
and will not be affected anymore by key bounce. It will
be unlatched only during those times at which the com
posite tone output is within approximately 6% of its
absolute minimum and, after releasing the key, continues
until it is again within 6% of that minimum. In addition
to debouncing the keyboard, the dc switch-on/switch-off
transients are minimized.

ACTIVE BRIDGE RECTIFIER

A dc voltage of either polarity applied between DC1
and DC2 generatesanother dc voltage between Vdd and
Vss w'thVqd bein9 always positive. Because the internal
bridge rectifier replaces the conventional diodes by
semiconductor switches without offset voltage, but with
a finite on-resistance, the voltage drop across the rectify

ing element is close to zero at low currents. At high
currents and low dc voltages, the voltage drop across the
on-resistance of the rectifying element might exceed the
forward voltage drop of a diode. In those cases, the
internal bridgeshould be paralleled with an external diode
bridge in order to increase efficiency and to prevent
latch-up. If the active bridge will not be used, the supply
voltage should be directly applied to Vdd (positive) and
Vss (negative).

KEYBOARD LOGIC

In the quiescent state, the row and column inputs are
pulled up by constant current sources. The AKD pin is
normally low and goes high if any key input is activated
(even an invalid combination). Thus AKD or any key
down can be used for receiver muting and transmitter
switching in lieu of extra common switches on the key
board. The keyboard logic operates as follows:

a. DTMF-tone pairs will only be generated by pushing
a single key.

b. Single tones can be generated by activatingone row
(or column) and more than one column (or row) inputs.
Pushing two or more keys in a given row will generate
only the commonrowtone and pushing two or more keys
in a given column will generate onlythe common column
tone.

c. Single tonescanalsobegenerated by activating only
one row or only one column input, e.g., C1 activated.

CE (Chip Enable) is also pulled to Vdd witn an
internal current source. If CE is pulled low, the oscillator
and the tone output are disabled and no tone will be
generated. TheAKD output isunaffected by CE.

SUPPLY VOLTAGE/CURRENT CONSIDERATIONS
Most of the chip is operated from an internally

generated 3.0 V regulated voltage that tracks the supply
voltage below 3.0 V. The chip current consumption in
creases from 0 to 3.0 V and stays constant from 3.0 V
to 12 V. The tone output ac and dc voltage is constant
when the supply voltage is above 3.0 V. The chip-current
consumption does not load the tone signal down by its
own impedance.

FREQUENCY TABLE

Nominal Actual* Deviation* Divider Ratio Relative Amplitude

Input Hz Hz % N A1/A2 dB

R1 697 699.13 +0.3 5120 1.0 0

R2 770 766.17 -0.5 4672 1.04 0.3

R3 852 847.43 -0.5 4224 1.08 0.7

R4 941 947.97 +0.74 3776 1.12 1.0

C1 1209 1215.88 +0.57 2944 1.30 2.3

C2 1336 1331.68 -0.32 2688 1.35 2.6

C3 1477 1471.85 -0.35 2432 1.41 3.0

C4 1633 1645.01 +0.74 2176 1.46 3.3

Rl Amplitude (Volts Peak) - (4.5±0.4) • 109/Cp (Cpin Farads).*'osc - 3.679,545 Hz. factua| - Osc/N.
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©o a-Xl

MC14405 APPLICATIONS SCHEMATIC

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 Vjn and Vout be
constrained to the range Vss *• 'vin or
Vout' < VDD.
Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
VssorVrjo).

RF100k

Motorola reserves the right to makechanges to any productshereinto improve reliability, functionor design.Althoughthe information inthis
document has been carefullyreviewedfor broad application. Motoroladoes not assume any liabilityarising out of the applicationor use ofany
product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.
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Advanced Information

PULSE CODE MODULATION (PCM) CODEC

The MC14406and MC14407perchannelPCM codecsaredesigned
for 8000-samples-per-second, 8-bit-per-sample voice coding and de
coding. These devices are full duplex and provide both Mu and A
companding laws.

The transmit and receive data ratesare independently selectable
from 64 kHz to 3.088 MHz allowing direct interface to 24, 30,32,
and 48 channel digital frames.

Both codecs are fabricated using CMOS technology for reliable
low power performance. The MC14406 is the full feature device in
a 28-pin package. The MC14407 provides a 24-pin package without
signaling capabilites.

• Per Channel Full Duplex Capability

• Low Power Operation - 80 mW Typ

• Power Down Input (1.0 mW Max in Power DownMode)
• Pin Selection of A-lawand Mu-law Companding (MC14407)
• Single Power Supply Operation —10to 16volts
• Zero Code Suppression

• Transmit and Receive SignalingAvailable (MC14406)

• Independent Transmit andReceive Clocks to 3.088MHz
• Externally Selectable Full Scale

• On-Chip Auto Zero

MC14406

MC14407

CMOS LSI
(LOWPOWER COMPLEMENTARY MOSl

FULL DUPLEX 8-BIT
COMPANDED PCM CODEC

24-PIN PACKAGE

f00^' ^PP
CASE 709 - PLASTIC CASE 716 - CERAMIC

28-PIN PACKAGE

CASE 710-PLASTIC CASE 719 - CERAMIC

ORDERING INFORMATION

MC14XXX _ Suffix Denotes

h Ceramic Package

Plastic Package

Vqd vss

BLOCK DIAGRAM

POT OOC CCI MSI SBE SB I SBO SBO

il r

+ |vRof

VDD/2
Rot

Input

Sample

and Hold

I I I I
Conversion Control Circuits

I I I I I I I l~TT
Analog Subsystem

Analog Switch Path
and Two Autozoro

OP Amps

|CZ1L.L_]CZ2 [
Parallel Loadable

SAR Rogistor

•••••••••

Conrtpanded 8-Blt

Current Mode OAC

T1

Signaling

Logic

-^vW4

This is advance information and specifications are subfect to chango without notice.
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MAXIMUM RATINGS (Voltages Referenced toVss)
Rating Symbol Value Unit

DC Supply Voltage Vqq - Vss -0.5 to+ 18 Vdc

Voltage, Any Pin to Vee V -0.5 to Vqq + 0.5 Vdc

DC Current Drain per Pin
(Excluding Vqq)

I 10 mAdc

Operating Temperature Range TA -40 to +85 ac
Storage Temperature Range Tstg -65 to +150 *C

RECOMMENDED OPERATING CONDITIONS
Parameter Pin Min Typ Max Unit

DC Supply Voltage Vqq - Vss 10 12 16 Vdc
Convert Clock Freqency CCI. 128 128 512 kHz

Transmit Data Clock Frequency TOC 128 2048 3088 kHz

Receive Data Clock Frequency
RDC 128 2048 3088 kHz

Input Sample Capacitor CI1.CI2 0.001 0.002 0.010 MF
Output Sample Capacitor C01.C02 0.001 0.002 0.010 «F

Unit Step Size = Full Scale/4096 ADO 0.36 0.85 \2 mV

Full Scale Voltage (Vdd "15 V) ADO 1.5 3.5 5.0 Vp
Load Bias Resistor VAG 2.0 - _ kn
Bypass Capacitor VAG - 0.1 _ A«F
Auto Zero Capacitor CZ1.CZ2

-
0.002

-
uF

SYSTEM PERFORMANCE A-to-D through D-to-A (Rl - 25 kn,R2 - 2.27 kn.TA - 25°C)
Characteristic Min Typ Max Unit

Signalto NoiseRatio +3.0to-30dBm
S + N + D

33

27

38

30

-
dB

C Message at f °1020Hz -45dBm 22 25 _

dB
Deviation from Level Linearity +3.0 to -35 dBm

-35 to -45 dBm
-0.5

-0.10
- +0.5

+ 1.0

dB

dB
Idle Channel Noise (ADI - VAG)

Quiet Code
_

0 12 dBmC

This device contains circuitry to protect
the inputs against damage due to high static
voltages or electric fields; however, it is
advised that normal precautions be taken
to avoid application of any voltage higher
than maximum rated voltages to this high
impedance circuit. For proper operation it
is recommended that Vm and Vout be
constrained to the range V$s < (Vm or
Vout»< VD0.
Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vss or Vqq).
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DIGITAL ELECTRICAL CHARACTERISTICS

Characteristic Symbol
VDD
Vdc

-40°C +25°C +85°C

UnitMin Max Min Typ Max Min Max

Operating Current (R2 - 25 k) I 12 - - - 8.0 - - - mA

Power-Down Current (PTJl » Vgs' IpD 12 - - - 30 80 - - uA

Input Current

CCI, RDD, RCE, RDC, TDC, PD1
DOC.SBD.MSI.SBI.SBE

(Internal Pull-Down Resistors)

TOE, Mu/A-Law

(Internal Pull-Up Resistors)

'in
•inS
•inD
•inS
•inD

12

-

-

_

±0.00001

+30

-0.00001

+0.00001

-30

±0.3

-0.3

+0.3

—

-

«A

Input Voltage "0" Level

"1" Level

V|L 12

15

- - -
5.25

6.75

3.60

4.0
- —

V

V|H 12

15

- -
8.4

11

6.75

8.25

- -

_

V

Input Capacitance Cin 12 - - - 5.0 7.5 - - pF

Output Drive Current SBO

voh-11
voh -13.5

Vol-io
v0L-1-5

<OH 12

15

- -
-2.0

-3.0

-4.0

-8.8
- - -

mA

'OL 12

15

-

_

2.0

3.0

4.0

8.8

-

_ _

mA

Output Drive Current TDD

voh-ii
v0H -13.5

vol-io
vol-is

'OH 12

15

- -
-4.0

-6.0

-8.0

-17.6

- - -
mA

'OL 12

15 -

-
4.0

6.0

8.0

17.6

—

-

-
mA

ANALOG ELECTRICAL CHARACTER ISTICS(VDD-12V)

Characteristic Pin

-40°C +26°C +8S°C

UnitMln Max Min Typ Max Min Max

Analog Ground Voltage VAG - - 6.0 6.05 6.1 - -
V

Source Current - — -
200

- — —
uA

Sink Current - - -
6.0

- - —
mA

Output Impedance - - -
50

- - —
n

Reference Input Current 'ref - - 50 100 200 - -
«A

Input Offset Voltage - - -
±10 +25

- —

mV

uV/°COffset Voltage Drift - - - 30 100
— —

Input Impedance dc ADI - - IX) 10 - - -
Mn

AC (niCI-0.002 nF,1 kHz - - - 80 — - -
kn

Lower Common Mode Ring - - -
2.0 2.5

- -
V

Upper Common Mode Ring - -
9.5 10

- - -

V

Sample Duty Cycle ADO - - - 3/16 - - - -

Neutral Duty Cycle - — - 13/16 - — - -

Neutral Offset (From VAG) - - -25 ±25 +25
- -

mV

Neutral Offset Drift - - - 30 100
- -

«V/°C

Source Current — - - 200 - - -
mA

Sink Current - - - 5.0 - - -
mA

Lower Common Mode Ring - - -
2.0 2.5

- -
V

Upper Common Mode Ring - — 9.5 10
- — -

V

Output Impedance - — -
100

- — —

n

Settling Time to 3.0 V R and F
- - -

0.3
- — —

us
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Signal

Generator

HP651B

Distortion

Analyzer

HP 333A

Noise

Motor

HP3BBB

TEST CIRCUIT

MC14406 NOISE PERFORMANCE DATA

+VOD
vOD ~ VSS - 12 V (Floating)

1.0 tiP

= 10k I 1
—fWWvi-l
2000 pF,

2000 pF ,

2.4 kRirwwv

2000 pF

MC1403U
2.S V

VAG

ADI

CI1

CI2

CZ1

CZ2

Rl

R2

SBE

SBI

ADO

COI

C02

VSS

VDD
CCI

ROD

RCE

ROC

TDC

+TDD

+TDE

-DOC

SBO

SBD

MSI

♦ PDI

'rcf —AAAAAj—
R2

25 k

NOISE PERFORMANCE OF MC14406

Typical Moasurod Performance

128 kHz

Digital Data

8.0 kHz

40 i

30 '
/ ^^ Specification

20 i >^
1020 Hz

C Message

Mu-Lew

12 Volt Supply

100uAlrof

10 < i

-30 -20 -10

INTPUT SIGNAL LEVEL (dBm)
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PIN DESCRIPTION

1 (=
O

VAG VDD =128

21= ADI CCI =127

3C CI1 RDD =126

4C CI2 RCE =125

6CZ CZ1 ROC =124

6CZ CZ2 TDC =123

7CZ Rl TDD =122

sc R2 TDE =121

9C SBE DOC =120

10 (Z SBI SBO =119

11 cz ADO SBD =118

12 rz coi MSI =117

13 C C02 P6T =116

14 C vSs >ref 13 15

VAG - AnalogGround Output (Vdd~Vss)/2. VAG is
the output of the internal (Vdd-vSS'/2 voltage reference.
A pull-up load resistor and bypass capacitor may be
required if this output is to be used elsewhere in the
system. This pin serves as the analog ground.

ADI — Analog Data Input The band-limiting input
filter between the channel unit hybrid and the codec

drive pin 2. Driver source impedance should be 600 SIor
less. This is the voice input to the codec and will be

sampled at 8.0 kHz.
CM, CI2 - Input Sample Capacitor. The input sample

capacitor is connected to these pins. A 2000 pF silver
mica capacitor is recommended.

CZ1, CZ2 — Auto Zero Capacitor. The auto zero cir
cuit requires a 2000 pF capacitor between these pins.

Rl, R2 - Gain Resistor. The V-to-l conversion resistor
is connected between these pins. Gain is established by

the ratio of this resistor and the resistor at pin lref.
Mu/A - Mu-Law/A-Law Select (Internal Pull-Up).

Selection of Mu-law or A-law coding is provided for logic
control. An internal pull-up provides Mu-law output. An
external connection to Vss provides A-law operation.

SBE - Signal Bit Enable (Internal Pull-Down). SBE
controls the insertion of transmit signaling bits into the
transmit data register. When taken high, the next transmit
word will contain the SBI pin level in the LSB position

rather than the last bit of the PCM word. If kept high, the

SBI data will be inserted in succeeding conversions until

one conversion after it is brought low. It can be used for
on-hook signaling or A and B signaling in D3 banks.

SBI - Signal Bit Input (Internal Pull-Down). SBI is the
data input for transmitting signaling bits. The level of SBI
will be latched on the leading edge of SBE, or by the
internal latch data pulse if SBE is held high. If SBE is

pulsed, the leading edge of SBE will latch SBI, and load it
into the next transmit word.

0
VAG Vdd

ADI CCI

CI1 RDD

CI2 RCE

CZ1 ROC

CZ2 TDC

Rl TDD

R2 TDE

Mu/A MSI

ADO POT

COI "ref

C02 vss

124

123

122

121

120

119

118

117

)16

)15

>14

»13

ADO - Analog Data Output. ADO outputs the
received PAM sample for three convert clock cycles
beginning with MSI. It then returns to the output neutral
voltage which may be a few millivolts different from
VAG1.

C01, C02 — Output Sample Capacitor. The output
sample capacitor is connected between these pins. A silver
mica capacitor of 2000 pF is recommended.

Vss —MostNegative Supply. This is the most negative
supply pin, and the digital ground. All digital inputs and
outputs will swing the full supply voltage.

•ref —Current Reference Input. A referencecurrent of
50 to 200 uA sets the full scale DAC current. An 80 mA
input current corresponds to 1.28 mA full scale DAC
current at pin R2.

PER - Power-Down Input. PDI deactivates the codec
when pulsed to Vss- m tne power-downmode the analog
circuitry bias is turned off and the digital clock inputs are
disabled. Power-down dissipation is less than 1.0 mW.

MSI - Master Sync Input (Internal Pull-Down). The
MSI leading edge resets the entire chip to the initial cycle
(0000). The chip continues operation on the next leading
edge of data and convert clock. MSI also resets the output
data multiplexer to the transmit word sign bit.

SBO - Signal Bit Output. SBO outputs the LSB of
the receive data register. The LSB may be sampled exter
nally during the first three convert clocks after MSI or
used as a trigger pulse in off-hook applications.

SBD - Signal Bit Decode (Internal Pull-Up).Signal bit
decode allows the control of the 1/2 LSB or LSB centering

required in sample decode cycles. It is loaded by the RCE
edge in each cycle. If a zero is entered, the next decode
cycle adds 1/2 LSB to the 8-bit received word to center
the quantization error of the 8-bit received sample when
the output sample capacitor is charged. If a 1 is loaded by
RCE, the 1/2 LSB is not added, and the LSB is forced to
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a 1 to form a centered error 7-bit output, and the LSB
is ignored and assumed to be signaling information. (For
codes 1111111X or 0111111X, the LSB is disabled for
SBD high.)

DOC - Decode Only Control (Internal Pull-Down).
DOC is normally tied low. When high, it configures the
device to skip the eight convert clocks used for A-to-D
conversion. The operating cycle is then two clocks for
PAM output at ADO and six clocks for charging the
next output sample. The device may be used to do as

many as four decode cycles in a 125 us/period with an
external transmission gate selector.

Received Data is loaded into the transmit data register
at MSI when in DOC mode, so DOC can be used as
a digital loop back control.

TDE — Transmit Data Enable (Internal Pull-Up). The
Transmit Data Enable is a three-state control for the

transmit digital output. A number of codec outputs can
be interleaved into a serial stream by connecting the out
puts and controlling TDE with a 1-of-N decoder. It will

provide switching characteristics capable of 3.088 MHz
operation.

TDD — Transmit Digital Data. The Transmit.Digital
Data rate is controlled by the data clock input, and is
frame aligned with the Master Sync Input. If data clock
is at 1.544 MHz, and convert clock is at 128 kHz, the new
sign bit will be output beginning with the leadingedge of
convert clock 8, and the 8-bit word repeated throughout
the convert cycle at the data clock rate. The data word

is inverted offset binary with zero code suppression.
See Conversion and Data Timing.

TDC — Transmit Data Clock. TDC sets the digital data
rate of the codec. The transmit data stream will provide a
continuous repetition of the current transmit data word at
the TDC bit rate, beginning with MSB first and syn
chronized with the last MSI. The new data word is loaded

and serially output at mid-cycle or on the leading edge of
convert clock 8.

RDC — Receive Data Clock. RDC controls the receive

data register. It clocks the receive-data register on the
trailing edge under the control RCE. It is often connected
to TDC.

RCE — Receive Clock Enable. The rising edge of RCE
triggers the receive data register to accept a new data

• input. After the rising edge of RCE. the data on RDD is
loaded into the Receive Data Register on the next eight
trailing edges of RDC. The ninth clock transfers the new

8-bit word to an internal intermediate register and frees
the Receive Data Register for a new RCE.

RDD — Receive Digital Data. RDD is the input to the
receive data shift register. It is controlled by RCE. The
register is clocked on the trailing edge of RDC. The data
format is sign bit first, inverted offset binary code.

CCI — Convert Clock Input. CCI controls the conver
sion sequence. A 128 kHz clock will produce 64K-bits/s
full duplex operation and a 256K-bits/s clock will produce
64K-bit operation for two channels. Sixteen clocks
represent one chip cycle from MSI to MSI.

Vqd - Most Positive Supply. Vqd is typically 12 V
with an operation range of 10 V to 16 V. All logic outputs
swing the full supply voltage.
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MC14406. MC14407

vss

TYPICAL CMOS COMMON CLOCK GENERATOR

22 MSI

rnr

•Li
—D>°-

vdd

CH
^J

Vgs- 12 V

VOD-OV

V

2l|22r 23 22

18 —Ch8 Ch16 —

-Ch9 Chi 7 —

-ChIO Ch18 —

_Ch12 Ch19 —

— Ch11 Ch20 —

_Ch13 Ch21 —

-Ch14 Ch22- 5

-Ch15 Ch23- 4

11 18

9 17

10 20

8 MC14S14B 19
7 14

6 13

16

15

ChO- 11 18

Ch1 - 9 17

Ch2- 10 20

Ch3-

Ch4-

8 MC14S14B 19
7 14

Ch5_ 6 13

Ch6- 6 16

15

-Ch2B

— Ch26

-Ch27

-Ch2B

-Ch29

-Ch30

-Ch31

128 kHz 2.048 M 8.0 kHz CHANNEL ENABLE OUTPUTS

pj^jTJTJijnjTjnjij^^
finnniijii^

n !
n
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M) MOTOROLA

BINARY TO PHONE PULSE CONVERTER SUBSYSTEM

The MC14408 and the MC14409 are devices designed to convert
a four bit binary input code to a number of serial output pulses
corresponding to the value of the input code.

The devices can be used in telephone pulse dialing applications
when combined with their companion device, the MC14419
(2-of-8 keypad-to-binary code converter). The devices have been
partitioned to allow convenient addition of RAM memory and
controls for repertoire dialing applications.

The MC14408 and MC14409 perform identical functions with
the exception of the signal output at the DRO (Dial Rotating
Output). In the MC14408, DRO remains high during continuous
outpulsing of all digits and in the MC14409 DRO is low between
each digit pulse burst.

On-Chip Oscillator
Diode Protection on All Inputs

Dialing of Numbers Up to 16 Digits Long
Memory Storage (FIFO) and Re-Dialing (single pin) of Last

Telephone Number
Hold Interrupt Control for Additional Interdigit Delays (such as

a Wail for Intermediate Dial Tones)
Selectable Dialing Rate (10 pps or 20 pps)
Selectable Interdigit Time (300 or 800 ms @ 10 pps;

150 or 400 ms@ 20 pps)
Selectable Make-Break Ratio (61% or 67%)
Buffeted Outputs Compatible with Discrete Transistor Driver

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

Low Power Dissipation - IqD (operating with oscillator)
= 470 /jA typ @ Vqd " 5-0 Vdc. fosc = 16 kHz.
Cl = 50 pF

BLOCK DIAGRAM

Hold 9-

Call Hequest 13-

Re Dial 10-

Interdlgit Time 14-

Mako Break Ratio 15-

Dl CRQ
HOL RED

DRO
IDT

MBR

111 Outpulsing

Dial Rotating

Output

7-209

MC14408
MC14409

CMOS LSI

(LOW POWER COMPLEMENTARY MOSl

BINARY TO PHONE PULSE
CONVERTER SUBSYSTEM

L SUFFIX

CERAMIC PACKAGE

CASE 620

01^
P SUFFIX

PLASTIC PACKAGE

CASE 648

PIN ASSIGNMENT

<J
Osc vdd :

Clk mbr :

ST idt :

D4 CRQ

D3 DRO

D2 OPL

Dl RED

VSS HOL

This device contains circuitry to protect
the inputs against damage due to high static
voltages or electric liclds; however, it is
advised that normal precautions be taken
to avoid application ol any voltage higher
than maximum rated voltages to this high
impedance circuit. For proper operation it
is recommended that V(n and Vou, be
constrained to the range Vgs < 'Vjn or

Vout' < VDD
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either

Vssot VDD>-



MC14408 • MC14409

MAXIMUM RATINGS (Voltages referenced to VSs-p'" 8->
Rating Symbol Value Unit

DC Supply Voltage vdd -0.5 to +6.0 Vdc

Input Voltage, Ail Inputs vin -0.5

to

VDD + 0.5

Vdc

OC Current Drain per Pin i 10 mAdc

Operating Temperature Range ta -40 to +85 °C

Storage Temperature Range Tstg -65 to+150 °C

ELECTRICAL CHARACTERISTICS

Characteristic Symbol

vdd
Vdc

-4G °C 25°C +85°C

UnitMin Max Min Typ Max Min Max

Supply Voltage vdd - 3.0 6.0 3.0 5.0 6.0 3.0 6.0 Vdc

Output Voltage "0" Level
"1" Level

Vout 5.0

5.0 4.95

0.05

4.95

0

5.0

0.05

4.95

0.05 Vdc

Vdc

Noise Immunity

<AV0ut< 0.5 Vdc)

<*Vout< °-5 Vdd
VNL
vNh

5.0

5.0

1.5

1.4

-

1.5

1.5

2.25

2.25

-

1.4

1.5 _

Vdc

Vdc

Output Drive Current

(Vqh ° 25 Vdc) Source
(VoH " 4-6 Vdc)
(Vql " °-4 Vdc| Sink

•oh

•OL

5.0

5.0

5.0

-1.0

-0.20

0.52

-

-0.80

-0.16

0.44

-1.7

-0.36

0.88

-

-0.60

-0.12

0.36

-

mAdc

mAdc

Input Current •in 6.0 - - -

•0.00001 *0.30
-

1.0 MAdc

Input Capacitance

(Vjn-0)
Cin — —

12
~

5.0 12 12 pF

Operating Supply Current

fcl - 16 kHz
'DD

(operating
with

Osc)

3

5

6
-

2S0

700

1250
-

160

470

740

200

550

1000
-

200

550

1000

uAdc

FIGURE 1 - TIMING DIAGRAM - DATA AND STROBE INPUTS

D1.D2.D3.
or D4

«h
* *

«WH
^

vdd

vss

voo

vss

FIGURE 2 - TIMING DIAGRAM - CALL REQUEST

vDD
(Power)

'PC
*

CRQ

vss

vdd

vss

If power is turned off after each call. CRQ must stay high oftor
power is applied (for a duration of tpc> to ensure no spurious
outpulsing. For this use tho rodlal function is Invalid.
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MC14408«MC14409

SWITCHING CHARACTERISTICS <CL - 50 pF, TA - 25°C)

Characteristic Symbol vdd Min Typ Max Unit

Output Rise Time**
'TLH = (3.0 ns/pF) C|_ + 30 ns

•TLH 5.0
—

180 400 ns

Output Fall Time**

«THL - 0.5 ns/pF) CL + 25 ns
«THL 5.0

—
100 200 ns

Power Up to Call Request Pause tpc 3 to 6 48/fd" - -
ms

Call Request to First Strobe Pulse tcs 3 to 6 48/'c|* - -

ms

Strobe to Strobe Separation Time 'SS 3 to 6 48/fd*
- -

ms

Strobe Pulse Width «WH 3 to 6 1.0
- -

MS

Strobe to Data Hold Time th 3 to 5 -
150 400 ns

Clock Frequency 'cl 3 to 6 12.5 16 100 kHz

Percent Break to Make Ratio

(MBR =0)

<MBR = 1)

%MB 3 to 6

-

61

67

-

%

Outpulsing Rate ('OPL " ''cl'1-*''
fct » 16 kHz
fcl - 32 kHz

'OPL 3 to 6

-

10

20

-

PPS

Interdigit Time

t|D-(5xlDT + 3)/foPL
IOT=0

'OPL = 10 pps
fOPL ° 20 pps

I0T = 1

'OPL = 10 PPS
fQPL " 20 pps

'ID 3 to 6

-

300

150

800

400

-

ms

Strobe to Output Time

Initial Outpulsing Stream

IDT = 0

'OPL = 10 pps
'OPL = 20 pps

IDT - 1

f0PL = 10 pps
'OPL = 20 pps

Continued Outpulsing Stream

IDT = 0 or 1

'OPL* 10 pps
'OPL = 20 pps

'SOI

«SOC

3 to 6

3 to 6

300

150

800

400

100

50

-

400

200

SOO

450

200

100

ms

ms

Hold to Outpulso Time

IDT - 0 or 1

'OPL = 10 pps
'OPL " 20 pps

«HOL 3 to 6

100

50

-

200

100

ms

Dial Rotating Overlap Time .

fOPL" 10 PPS
'OPL " 2° PP*

'DRO 3 to 6

_

100

50 _

ms

....

*fcl in kHz
"The formula given is for the typical characteristics only.
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MC 14408 • MC14409

DEVICE OPERATION

OSCILLATOR (Osc, Pin 1)

This pin is an input to the internal oscillator and feed
back connection for the L-C tr-network. An external clock

signal, if desired can be applied to Osc.

CLOCK (Clk, Pin 2)
This pin is an output from the internal oscillator and

feedback connection for the L-C jr-network and provides
the system clock for the MC14419 bounce eliminator
circuitry.

STROBE INPUT (ST, Pin 3)

This Strobe input, when high (ST = Vdd'. signifies
that the data at the Dl, D2, D3, and D4 inputs is valid,
and enters the 4-bit number into the internal FIFO
(First-ln, First-Out) memory for subsequent outpulsing.
The first strobe pulse after a call is requested (CRQ
= low) clears the memory of any previous number and
enters the first digit of the new number. Successive
strobe pulses will store up to a maximum of 16 digits in
the internal FIFO memory, which ignores all digits
entered in excess of that amount until a new call is

requested.

DATA INPUTS (D4. D3. D2, Dl, Pins4,5. 6,7)

These pins are the Data inputs to the internal memory.
A binary coded digit number entered will result in an
equivalent number of pulses at the OPL (outpulsing)
output, except for the code 0000, which will outpulse
10 pulses.

NEGATIVE POWER SUPPLY (Vss. Pin 8>
This pin is the negative power supply connection.

Normally this pin is system ground.

HOLD (HOL, Pin 9)
When taken low (HOL = Vss),tne Hold inPut disables

the outpulsing at the completion of the digit being out-
pulsed. When taken high, outpulsing resumes. This feature
can be used in multi-dial-tone phone systems to provide
longer interdigit pauses when necessary.

RE-DIAL (RED, Pin 10)

The Re-Dial input, when taken low (RED = Vss)
automatically outpulses the digits entered into memory
after the last time a call was requested.

OUTPULSING (OPL, Pin 11)

The Outpulsing output sends out bursts of pulses
equivalent to the digits of the telephone number stored in
the memory. The duty cycle and interdigit time of the
digit pulse bursts are controlled, respectively by the MBR
(Pin 15) and IDT (Pin 14).

DIAL ROTATING OUTPUT (DRO, Pin 12)

The Dial Rotating (also known as "Off Normal")
Output provides a signal which indicates that digit pulse
bursts are being sent. In the MC14409, DRO goes high
(Vdd) at the beginning of the first digit pulse burst and
goes low (Vss) between succeeding consecutive digit
pulse bursts. In the MC14408, however, DRO goes high at
the beginning of the first digit pulse burst and remains
high until the last digit pulse burst of the telephone
number has been sent (see Timing Diagram, Figure 3).

CALL REQUEST (CRQ, Pin 13)

The Call Request input when taken low (CRQ = Vss>
resets internal counters and prepares the internal logic to
either accept new digit inputs to be dialed, or to re-dial
(see RED, Pin 10) the digits stored in the memory.

INTERDIGIT TIME (IDT, Pin 14)

The Interdigit Timing input determines the length of
time between consecutive digit pulse bursts. See the
Interdigit Time (t|D> in the switching characteristics for
the length of time.

MAKE-BREAK RATIO (MBR. Pin 15)
The Make-to-Break Ratio input controls the duty cycle

of the digit pulse bursts at the OPL output. For MBR
= Vdd. duty cycle = 67% low, 33% high; and for MBR
= Vss. duty cycle = 61% low, 39% high.

POSITIVE POWER SUPPLY (Vqd. Pin 16)
This pin is the package positive power supply pin.
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MC14408«MC14409

FIGURE 3 - PHONE DIALER SYSTEM TIMING DIAGRAM

K

l_Jf- *SS 1
ST

HOL

11st (3)*

I..

--^—I 1—I I I I I

J- uuu
4—I I I I I I I

JU

.a*. UJ«DRO

till!

|4th(1)

uuuuir

<DRO

'SOI «ID

±Jizzt
i i i i i i i i—i i i i i i i i 111 i i i i i» • • 11-»—«

—^ h" «HOL

[,6th<6, f|6th(1)

HOL
,.

ORO I I I I
opT

i i i i i i

-Ik'
uuuirmj
tsoc

I I I I I I I I I I I

U

Notes:

(*)1st, 2nd, 3rd, etc., denotes Strobe pulse sequence - i.e.. which digit
In tho phone number is being dialed. The number in parentheses de
notes the numerical value of the digit being dialed. The examples
define the various voltage — level and timing requirements, not a

completo phono number.
|**)For tho MC 14408 tho ORO signal will romaln high provided digits

remain In the memory, or a digit for continuing outpulsing is strobed
In before the anticipated falling edge of tho most significant digit in
the memory, (i.e., 1200% MB) ms ofter the most significant out
pulsing odge).

(***)For the HOL signal to hold a next digit (e.g. tho 4th, etc..) tho HOL
fatting edge must not appear after (t|D'*MB + '001 ms tho last
outpulsing odge of the previous digit.
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MC14408 • MC 14409

FIGURE 4 - COMPONENT SELECTION FOR

OSCILLATOR/CLOCK FREQUENCY

<cl
7.118

• / — whero fei In kHi, L in mH,
V LC

To Pin 1 To Pin 2 C- Cl - C2 in uF

i

L
i %fc| - -0.5 |%C + %L 13.0 where Mfc| %C, KLero

the frequency capacitor, and

inductor tolerances in per

dlrZC2 ~C1 cent. Tho ±3.0% accounts

for supply voltage and am
bient temperaturo variations.

EXAMPLE

OUTPULSING RATE
L %L C-C1-C2 %c 'cl %'cl f0PL-fcl/1-6

5.0 mH 15.0 0.04 mF 15.0 = 16 kHz 18.0 «10ppt

5.0 mH 15.0 0.01 uF 15.0 *32 kHz ±8.0 s>20 pps

FIGURE 5 -TRUTH TABLE

INPUTS OUTPUTS

COT 04 03 D2 01 ST RED HOT I0T MBR 671 DROf

1 XXXX X X X X X 0 0

0 XXXX 0 t 1 X X 1 (Steady State) 0 (Steady State)

0
X XX X -TL 1 1 X X

Numb*, ol pulses tUl Of nth

atari - binary combination of

D«. D3. D2. Dl •

1 During outpulsing

0 Otherwise

0 XXXX 0 i_r 1 X X
Digits of number in memory

re sent.

1 Ouring outpulsing

0 Otherwise

0 XXXX X t 0 X X I Aftar conclusion of
) digitbeingoutpulsed.

I After conclusion of digit
1 being oulpuleed

x XXXX X X X
0

1
X

300 mi Interdigit time J

800 m. mterdigii time { '«'" ,6 kH'
X XXXX X X X X

0

1

61% (»1 6:1) Make Break Ratio

67»(»2:l) Make Greek Ratio

» Don't Car*

With ih« «xc«pt>on of

0000 which witl giv« 10 puit*t.

R«f«r to timing diagram Ftjgur* 3.
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FIGURE 6- KEYPAD TO PULSE DIALER FLOW DIAGRAM

X
Pick-up Head-sot

Dial-tone heard

=i cz

Keyboard buttons pressed *
(previous numbor cleared).

Dial tono stops with 1st digit.
but recoiver connects to line

after each digit sent, t

Ro-dial button pressed *
(provious number held).

Dial tono stops with 1st digit,
but receiver connects to line

after each digit sent, t

Error.

Data entry error

recognized by
person dialing.

Error.

Too many digits put
in (>16). Ignores

excess.

Call made with succoss

or busy signal.

Hang-up Head-sot •*-*

Error.

No number

in memory.

*A number can bo interrupted between

digits by use ot tho Hold Input.

tWith tho MCI4408 tho line connects after

total outpulsing has stopped.

FIGURE 7- PHONE DIALER SYSTEM

MC14419

2-of-8 Keypad-to-Binary Encoder

MC14408. MC14409
Binary-to-Phone Pulse Converter

VOD-Pin 16
VSS - Pin 8

'I
- vss rr=i

Osc

OPL

VSS

-e»o11 Outpulsing

r
MCI 4408/409

Control Inputs

Hold 9 O-

Call Requost 13 O-

Re-Dial 10 O-

Intardigit Time 14 O-

Make-Break Ratio 15 O-

*For Component Value Selection See Figure 4.

._ Dial Routing
Output* *

VDD-Pln 16
Vss - p,n 8

"Between each digit
pulsotraln, MC14408
ORO stays high,
MC14409 DRO goes low.

Circuit diagrams utilizing Motorola products aro Incuded as a means
of illustrating typical semiconductor applications; consequently,
completo Information sufficient for construction purposes Is not
necessarily givon. Tho Information has boon carefully checked and

is believed to bo entirely relleble. Howovor. no responsibility Is
anumed for inaccuracies. Furthermore, such Information does not
convey to the purchaser of the semiconductor devices described eny
license under tho patent rights of Motorola Inc. or others.
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MC14408 • MC14409

FIGURE 8-STANDARD K-600 TELEPHONE

Dial Rotated

(Off Normal)

FIGURE 9 - MODIFIED K-SOO TELEPHONE

7-216

Vdd-

Re-dial

I (SPOT Momentary)

O-Vss



MOTOROLA

2-OF-8TONE ENCODER

The MC14410 2-of-8 lotie encoder is constructed with comple

mentary MOS enhancemeni mode devices. It is designed to accept
digital inputs in a 2-of-8 code formal and to digitally synthesize ihe
high and low band sine waves specified by telephone tone dialing
systems. The inputs are normally originated from a 4 x 4 matrix
keypad, which generates 4 tow and 4 column input signals in a
2-of-8 code format (1 row and 1 column are simultaneously connected
io V$s). The master clocking for the MC14410 is achieved from a
crystal controlled oscillator which is included on the chip. Internal
clocks, which operate the logic, are enabled only by one or more
row and column signals being activated simultaneously. The Iwo
sine wave outputs have NPN bipolar structures on the same substrate

which allows for low output impedance and large source currents.
Applications of this device include telephone tone dialing, radio and
mobile telephones, process control, point-of-sale terminals, and
credit card verification terminals.

• Diode Protection on All Inputs

• Noise Immunity = 45% of Vqq Typical

• Supply Voltage Range - 4.4 Vdc to 6.0 Vdc

• On-Chip Oscillator (Crystal or External Clock Source may be

applied to Pin 101

• On Chip Pull-Up Resistors on Row and Column Inputs

• Designed with Multiple Key Lockout (Eliminates Need for Me
chanical Lockout in Keypad)

• Two Sine Wave Generators On-Chip

• Frequency Accuracy iO.2%

• Low Harmonic Distortion

• Single Tone Capability

• Fast Oscillator Turn-On and Turn-Off Times

BLOCK DIAGRAM

and

Multiple

out Key Dliable

Sine Wav

Generato
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MC14410

CMOS LSI

(LOWPOWER COMPLEMENTARY MOSl

2-OF-8TONE ENCODER

nfM 00\,™pii'™ Pfffu^
L SUFFIX

CERAMIC PACKAGE

CASE 620

PSUFFIX

PLASTIC PACKAGE

CASE 648

PIN ASSIGNMENT

\J

N.C. Vqd :

LBou, hbou, :

B1 ci :

111' c2 :

R3 c3 :

R4 C4

TPA

vss

Oscin

Oscou,

This device contains circuilry to protect
the inputs against damage due to high
static voltages or electric fields; however,
it is advised that normal precautions be
taken to avoid application of any voltage
higher than maximum rated voltages to
this high-impedance circuit. A destruc
tive high-current mode may occur if Vjn
and Vou, are not constrained to the range
VsstV,n°rVout)< VDD.
Due to the sourcing capability of this
circuit, damage can occur to the device if
Vqq isapplied, and the outputs are shorted
to Vss and are at a Peak sinewave voltage.



MC14410

MAXIMUM RATINGS (Voltagesreferencedto Vss. Pm 8.I

Rating Symbol Value Unit

DC Supply Voltage vDD -0.5 to +6.0 Vdc

Input Voltage. All Inputs Vin Vss "0-5
to

VDD + 0.5

Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range TA -40 to +85 °C

Storage Temperature Range Tstg -65 to +150 °C

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

-40°C 25°C ♦85°C

UnitMin Max Min Typ Max Min Max

Supply Voltage VOD - 4.4 6.0 4.4 5.0 6.0 4.4 6.0 Vdc

Output Voltage "0" Level
Pins 7 and 9

"1" Level

Vout 5.0
-

0.05
-

0 0.05
-

0.05 Vdc

5.0 4.95 - 4.95 5.0 - 4.95 - Vdc

Input Voltage

(V0 - 4.5 or 0.5 Vdc) "0" Level
(V0 - 0.5 or 4.5 Vdc) "1" Level

VlL 5.0
- 1.5 - 2.25 1.5 - 1.5 Vdc

V(H 5.0 3.5 - 3.5 2.75
- 3.5 - Vdc

Output Drive Current

(Vqh = 2-5 Vdcl Source
Pin 7

Pin 9

(Vql =0-4 Vdc» Sink
Pin 7

Pin 9

'OH

5.0 -0.05

-0.23

-

-0.05

-0.20

-0.4

-1.7

-

-0.04

-0.16

-

mAdc

'OL
5.0 0.05

0.23

-

0.05

0.20

0.20

0.78

-

0.04

0.16

-

mAdc

Input Pull-Up Resistor Source Current

(Vin = 0Vdc> Pins 3-6. 11-14
'IL 6.0

-
140

-

30 100
- 80 iiAdc

Input Capacitance
(Vin = 0Vdcl

Cin _ ~ _ "

5.0
~ - -

pF

Quiescent Current IQ
4.4

6.0

-

0.48

1.3

-
0.2

0.55

0.4

1.1

-
0.33

0.9

mAdc

Total Supply Current
(Dynamic plus Quiescent)
(RL= 15 klT, f - 1 MHz)

"T
4.4

6.0

-
1.7

3.5

- 0.7

1.45

1.4

2.9

- 1.15

2.4

mAdc

Low Band Output

Voltage Swing Pin 2 Only
VLpp

4.4

6.0

400

800

600

1000

500

900

600

1000

700

1100

550

950

750

1150

mVpp

High Band Output

Voltage Swing Pin 15 Only
VHpp

4.4

6.0

600

1100

900

1400

700

1200

850

1350

1000

1500

800

1300

1100

1600

mVpp

Low Band-High Band

Voltage Differential

AV 5.0
- - -

2.5
- - -

dB

Low Band—High Band Pin 2.15

Output Impedance
*o — - - —

80
~ - -

il

Low Band-High Band Pin 2.15
2nd thru 14th Harmonics

(RL = 15kO)

V2H-V14H 4.4

to

6.0

-20 -30 -25 -25 dB

Maximum Clock Pulse Frequency 'cl 4.4
- -

-
1.0 - 1.1 -

MHz

Turn-on Time

(Power on to oscillation)
'on 5.0

— — —
8.0

— — ~

ms
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MC14410

TABLE 1 - FUNCTIONAL TRUTH TABLE

ACTIVE LOW INPUTS OUTPUTS

Activated

Row Lines

Activated

Column Lines

Low Band

Pin 2

High Band

Pin 15

Nono X" dc level dc level

y None dc levot dc level

One One V <H*

Two or more One dc level «H-

One Two or more fL' dc lovel

Two or more Two or moro dc level dc level

•See Table 2

•X • Don't care

FIGURE 1 - TYPICAL SINE WAVE OUTPUT

(Pins 2 or 15, No External Filtering)

TABLE 2 - OUTPUT FREQUENCY TABLE

Input Line

Activated (low)

Frequency Generated**

fL(Hz) fH (Hz)

Rl 697 -

R2 770 -

R3 852 -

R4 941 -

Cl _ 1209

C2 - 1336

C3 -
1477

C4
-

1633

•All frequencies are accurate to iO.2% (crystal tolorance
not included).

FIGURE 2 - TYPICAL FREQUENCY SPECTRUM
(Pins 2 or IS, No External Filtering)

Fundamental
Frequency

FIGURE 3 - TYPICAL CRYSTAL CIRCUIT

r(- is win ± io%

CRYSTAL SPECIFICATION

Crystal Mode

Frequency

"s

C0

Tomperature Range

Test Lovel

Tost Sot

Parallel

1 MHz ± 0.1%

540n typ

7.0 pF typ

-40°C to ♦85°C

1 mW

TS-330/TSM or Equivalent
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MC14410

FIGURE 4 - TYPICAL TELEPHONE INTERFACE APPLICATION

Nott; Application vting standard calaphofto k«v«ad

FIGURE 5 - LOW LEVEL OUTPUT

TONE GENERATOR APPLICATION

^ «f "f ""

1-40 <• *nrMwMt«>)

FIGURE 6 - BATTERY POWERED.OPERATION

(Driving Audio Speaker)

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

BIT RATE GENERATOR

The MC14411 bit rate generator is constructed with comple
mentary MOS enhancement mode devices. It utilizes a frequency
divider network to provide a wide range of output frequencies.

A crystal controlled oscillator is the clock source for the network.
A two-bit address is provided to select one of four multiple output
clock rates.

Applications include a selectable frequency source for equipment
in the data communications market, such as teleprinters, printers.

CRT terminals, and microprocessor systems.

• Single 5.0 Vdc (± 5%) Power Supply

• Internal Oscillator Crystal Controlled for Stability (1.8432 MHz)

• Sixteen Different Output Clock Rates

• 50% Output Duty Cycle

• Programmable Time Basesfor One of Four Multiple Output Rates

• Buffered Outputs Compatible with Low Power TTL

• Noise Immunity - 45% of Vqd Typical

• Diode Protection on All Inputs

• External Clock May be Applied to Pin 21

MAXIMUM RATINGS IVolt..ges referenced to Vss. Pin 12.!

Rating Symbol Value Unit

DC Supply Voltage Range vdd 5.25 to -0.5 Vdc

Input Volt.me. All Inputs V,n Vqd * ° 5 to
Vss -0.6

Vdc

DC Current Drain per Pin I 10 mAdc

Operating Temperature Range Ta -40 to -85 °C

Storage Temperature Range Tstg -65to»150 °C

Role SelectA 23 O-

Rato SolociB 22 O-

Crvstoljn 21C

•CrvsialOUI 20(

Oscillator

Circuit

BLOCK DIAGRAM

Rato

Select

Logic

"See Figure 2 tor typical crystal oscillator circuits.
•When Reset - 0.outputs F1 thru F14 = 0, outputs F15 and F16 - 1.

-O'

-0 17 F 2

-0 2 F3

-O 16 F4

-03 F5

-Ol5 F6

-04 F7

-O 0 F8

-O 7 F9

-OG F1

-OS Fl

F1

-014 F12

-O 13 F13

-OS F14

-018 F15

7-221

MC14411

CMOS LSI

ILOW POWER COMPLEMENTARY MOS)

BIT RATE GENERATOR

PSUFFIX

PLASTIC PACKAGE

CASE 709

L SUFFIX

CERAMIC PACKAGE

CASE 623

PIN ASSIGNMENT

c Fl* VDD = 24

2LZ F3 RSA = 23

c FS RSBZD22

"LZ F7 Xtalin =3 21

5LZ F8 Xtalout =120

6LZ F10 Fte ZJ«

*[Z F9 F16 pia
srzd F11 P2 ZD'7

SET F14 F4 Z3«

H>C Reset F6 ZDis

11 cz Not Used F12 = 14

12 lz: VSS p13 = 13

VDD - Pin 24

VSS-Pi" 12

This device contains circuitry to protect

the inputs against damage due io 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 Vjn and Vou, be
constrained to the range Vgg ». (Vjn or
Vout>^VDD
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either

VgS0' VDD'



MC14411

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vDd
Vdc

-40UC 25UC +85°C

UnitMin Max Min Typ Max Min Max

Supply Voltage vDo -
4.75 5.25 4.75 5.0 5.25 4.75 5.25 Vdc

Output Voltage "0" Level

"1" Level

Vout 5.0
-

0.05
-

0 0.05
-

0.05 Vdc

5.0 4.95
-

435 5.0
-

4.95
-

Vdc

Input Voltage

(Vo - 4.5 or 0.5 Vdc)

(Vq =0.5 or 4.5 Vdc)
VlL 5.0 - 1.5 - 2.25 1.5 _ 1.5

Vdc

V|H 5.0 3.5
-

3.S 2.75
-

3.5
-

Vdc

Output Urtve Current

<vOH = 2.5 Vdc) Source

(Vql " °-4 Vdc) Sink

"OH

" 5.0 -0.23 - -0.20 -1.7 _ -0.16 _

mAdc

'OL 5.0 0.23
-

0.20 0.78
-

0.16
-

mAdc

'in — — ±0.1
- 10.00001 ±6.1 - ±1.0 jjAdc

Input Capacitance

(Vin = 0)
Cin 5.0

~ — pF

Quiescent Dissipation Pq 5.0
-

2.5
-

0.015 2.5
-

15 mW

Power Dissipation* *t

(Dynamic plus Quiescent)
<CL= 15 pF)

Pd S.0 li*D-i7 5 mW/MHilt +PQ mW

Output Rise Time* *

«TLH"'30ns/pF) Cl +25ns
»TLH 5.0 70 200

— -
ns

Output Fall I low" "

*THL "(1.5ns/pF) Cl +47 ns
'THL 5.0 70 200

"

ns

Input Clock Frequency 'CL 5.0
-

1.85
— -

1.85
— 1.85 MHz

t Fordissipation at different external loadcapacitance (Cl) referto corresponding formula:
Pt(Cl) - Pd+2.6x 10-3(CL - 15pF) VD02f
where: PT, P0 in mW, Cl in pF, Vqd in Vdc, and f in MHz.

"The formula given is for the typical characteristics only.

TABLE 1 - OUTPUT CLOCK RATES

Rate Select Rate

8 A

0 0 XI

0

1

1

1

0

1

X8

X16

X64

Output

Number

Output Rates (Hz)

X64 X16 X8 X1

F1 614.4 k 153.6 k 76.8 k 9600

F2 460.8 k 115.2 k 57.6 k 7200

F3 307.2 k 76.8 k 3a4k 4800

F4 230.4 k 57.6 k 28.8 k 3600

F5 153.6 k 38.4 k 19.2 k 2400

F6 115.2 k 28.8 k 14.4 k 1800

F7 76.8 k 19.2 k 9600 1200

F8 38.4 k 9600 4800 600

F9 19.2 k 4800 2400 300

F10 12.8 k 3200 1600 200

F11 9600 2400 1200 150

F12 8613.2 2153.3 1076.6 134.5

F13 7035.5 1758.8 879.4 109.9

F14 4800 1200 600 75

F15 921.6 k 921.6 k 921.6 k 921.6 k

F16* 1.843M 1.843M 1.843M 1.843M

•F16 is buffered oscillator output.
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MC14411

FIGURE 1 - DYNAMIC SIGNAL WAVEFORMS

FIGURE 2 - TYPICAL CRYSTAL OSCILLATOR CIRCUIT

R, • 15 Mii±10%

CRYSTAL SPECIFICATION

Crystal Modo

Frequency

RS

Co
Temperature Rango

Tost Lovel

Test Set

'Suggested Crystal Suppliers:

Tyco CTS Knights

Motorola Crystal Products

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

Bit Rate

Clock Outputs

Parallel

1.8432 MHz 2.0.05% <S> 13 pF

540 il max

7.0 pF max

0 to 70°C
1 mW

TS - 330/TSM or Equivalent

is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such Information does not
convey to tho purchaser of tho semiconductor devices described any
license undor tho patont rights of Motorola Inc. or others.
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MOTOROLA

UNIVERSAL LOW SPEED MODEM(0-600 bps)

The MC14412 contains a complete FSK (Frequency-Shift Keying)
modulator and demodulator compatible with both foreign (C.C.I.T.T.
standards) and U.S.A. low speed (0 to 600 (bps) communication
networks.

• On Chip Crystal Oscillator

• Echo Suppressor Disable Tone Generator
• Originate and Answer Modes
• Simplex, Half-Duplex, and Full Duplex Operation
• On Chip Sine Wave Generator
• Modem Self Test Mode

• Single Supply: Vqd = 4-?5 to 15 Vdc MC14412FP, MC14412FL
VDD = 4.75 to 6.0 Vdc MC14412VP, MC14412VL

• Selectable Data Rates: 0-200. 0-300, 0-600 bps

• Post Detection Filter

• TTL or CMOS Compatible Inputs and Outputs

TYPICAL APPLICATIONS:

• Stand Alone Low-Speed Modems
• Built-in Low Speed Modems
• Remote Terminals. Acoustical Couplers
• Credit Verification

• Point of Sale

• Remote Data Collection

• Remote Process Control

• Radio Data Transmission

1 MHz

Oicillati

Clock

Divider

nKun-wntwn^nr«j
7 Stage

Frequency

Enable '20-

110-
Data

Mode 10O-

TTL Pull Up

D liable
150-

VDD

Receive Data Rate 60̂

r

Reset 5 0-

*ESelt Test 2 0

Buttered

Output
Register

21

Modulator

Frequency
Decoder

n

•
Pott-

Datectii

Filter
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mum

CMOS LSI

(LOW-POWER COMPLEMENTARY MOSl

UNIVERSAL LOW SPEED

(0-600 bps)
MODEM

i^ ^0
L SUFFIX PSUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 690 CASE 648

ORDERING INFORMATION

MC144XX Sutl x Denotes

hL Ceramic Package

LP Plastic Package

— f 4.75 to 15 Vdc

V 4.75 to 6.0 Vdc

emodulator

Decoder

BLOCK DIAGRAM

insmit Carrior

'9 (FSK Output)

VDU

Level

Change
Detector

VDD - Pin 16
v« • Pin 8



MC14412

MAXIMUM RATINGS<Voltages referenced to Vss- p
Rating °" u~Symbol

DCSupply Voltages MC14412FP
MC14412VP

Input Voltages. All Inputs

DC Current Drain per Pin
(except Pin 8, 7)

DC Current Drain (Pin 8. 7)

Operating Temperature Range

Storage Temperature Range

vdd

Vin

ta

1stg

n8)

Value

-0.5 to 15

-0.5 to 6.0

Vdd+0-5,°
vss -°-5

-40 to +85

-65 to+150

mAdc

°C I

°C j

This device contains circuitry to protect
the inputs againstdamagedue to high static
voltages or electric fields; however, it is
advised that normal precautions be taken
to avoid application of any voltage higher
than maximum rated voltages to this high
impedance circuit. For proper operation it
is recommended that Vin and Vout be
constrained to the range Vss *i Win °r
vout> < vDd-
Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
VSsor Vdd1-

ELECTRICAL CHARACTERISTICS

C | c

Max
Symbol

-40° +24°C +85°

Characteristic

Vdd** -
Vdc Min Max | Min Typ Max Min Unit |

Output Voltage "0" Level
Vin»VDDor0

vol 5.0

10

15

_

0.05

0.05

0.05

-

0

0

0

5.0

10

15

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

"1" Level

Vjn = 0 or Vdd

voh 5.0

10

15

4.95

9.95

14.95

-

4.95

9.95

14.95 _

4.95

9.95

14.95

-

Vdc

InputVoltage* "0" Level
(Vo " 4.5 or 0.5 Vdcl
(Vo ° 90 or 1 ° Vt,c)

V|L
5.0

10

15

-

1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0
;

1.5

3.0

4.0

Vdc

"1" Level

(Vq =0.5or 4.5 Vdcl
(Vq° 1.0or 9.0 Vdc)
(Vo= 1-5or 13.5Vdc)

Pins 12.15

V|H
5.0

10

15

5 to 15

3.5

7.0

11.0

0.75
\

3.5

7.0

11.0

0.8

2.75

5.50

8.25

2.0

-

3.5

7.0

11.0

0.85

-

Vdc

Output Drive Current

(Vqh a 2.5) <pin 7>
(Voh " 9-5>
(VoH"13-51
(Vol " °-4)
(Vol ' °s>
(Vql -1 -5>

•oh
5

10

15

-0.62

-0.62

-1.8

-

-0.5

-0.5

-1.5

-1.5

-1.0

-3.6

-

-0.35

-0.35

-1.1

-

lOL 4.75

10

15

2.3

5.3

15

-

2.0

4.5

13

4.0

10

35

10.00001 :0.1

1.6

3.6

10

-

mAdc

uAdc

InputCurrent (Pin15 = Vdd'

Input Pull-Up Resistor SourceCurrent
(Pin15-VSS. Vin° 2-4Vdc)
Pins 1,2,5.6,10.11,12.13,14

•in

IP 5 285
-

250 460

5.0

205 uAdc

pF |
Input Capacitance

Total Supply Current

(Pin 15- Vqd»

Cin

•T 5

10

15

-

4.5

13

27

-

1.1

4.0

8.0

4.0

12

25
:

3.5

11

23

mAdc

Modulator/Demodulator Frequency

Accuracy

(Excluding Crystal)

ACC 5 to 15
—

0.5 %

Transmit Carrier Output

2nd Harmonic

V2H 5 to 10

10 to 15 _

-

-20

-25

-26

-32 - - -

dB

Transmit Carrier Output

Voltage (RL = 100kn)
(Pin 9)

Vout 5

10

15

-
-

0.2

0.5

1.0

0.30

0.85

1.5 _

-

-

Vrms

Receive Carrier Rise and
Fall Times (Pin 1)

tTLH,
*THL

5

10

15

-

IS

5.0

4.0

-
-

15

5.0

4.0 1

15

5.0

4.0

ns

]
•DC Noise Immunity (V|L, V|H> is defined as the maximum voltage change from an ideal "0"
or"1"input level, that the curcuit will withstand before accepting on erroneous input.

••Note: Only5-Volt specifications applyto MCI 4412VP devices.

7-225



MC14412

PIN ASSIGNMENT

FIGURE 1 -TYPICAL LOW-SPEED MODEM APPLICATION

Transmit Data

Parallel Format

Since the modulator and demodulator sections of the MC14412
are functionally equivalent to those of the MC6860, additional
application information can be obtained from the following
Motorola publications:

r ~i

AN-731, Low-speed Modem Fundamentals
AN-747, Low-speed Modem System Design

Using the MC6860
EB-49, Application Performance of the

MC6860 MODEM.

Telephone

Network

Tx Data | 1 Tx
Buffer^ e»

Terminal

Transmitter Modulator Duplcxor

Rx Data 1

1 Car

1 Rx

, I

MC14412

Terminal

Receiver Demodulator

Bandpass

Filter

and Limiter"

Format

1 Car

J 1
I I Active Filter Manufacturers

CERMETEK, Mountain View, Cal.
FREQUENCY DEVICES, Haverhill, Mass.
SPRAGUE ELECTRIC, Nashua, N.H.

Receive Data

Parallel Format

* CRYSTAL SPECIFICATION

Crystal Mode - Parallel

Frequoncv - 1 MHi t 0.1%

RS • 540 IT typ
C0 - 7 pF typ

Temporaturo Range -40°C to*8S°C
Tost Level - 1 mW

Suggested Crystal Suppliers
Tyco. CTS Knight and

Motorola Crystal Products.

R F - 15 MIT ♦ 20%

Data Terminal <

Equipment

FIGURE 2 - MC14412 INPUT/OUTPUT SIGNALS

1.0 MHz

Crystal

4<

HOq
1 RF , »3

11 °«in oscout
Tx Data

Tx E Tx Car

Echo

Mode

Type

TTLO

ST

12 9

13

10

14

15

2

7

Rx Data _
Rx Car

Rx Data Rato

1 <

i 5
Demodulator
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DEVICE OPERATION (continued)

RESET (Pin 5)

This input is provided to decrease the test time of the
chip. In normal operation, this input may be used to
disable the demodulator (Reset = "1") - otherwise it

should be tied low = "0".

CRYSTAL (Oscjn, Oscout. Pin 4, Pin 3, respectively)

A 1.0 MHz crystal is required to utilize the on chip
oscillator. A 1.0 MHz square wave clock can also be
applied to the Oscm input to satisfy the clock require
ment (see Figure 2).

When utilizing the 1.0 MHz crystal, external parasitic
capacitance, including crystal shunt capacitance, must be
< 9 pF at the crystal input (pin 4).

TTL PULL-UP DISABLE (TTLD, Pin 15)

To improve TTL interface compatibility, all of the
inputs to the MODEM have controllable P-Channel devices
which act as pull-up resistors when TTLD input is low
("0"). When the input is taken high ("1") the pull-up
is disabled, thus reducing power dissipation when inter
facing with CMOS.

FIGURE 3 - M6800 MICROCOMPUTER FAMILY
BLOCK DIAGRAM

MC6800

Microprocessor

i

Road Only
Memory•

Random

Access

Memory

Interface

Adapter

ACIA
~* MC14412

Modem

Transmit &
Rocoive
Filters

Duplexer

.

^

FIGURE 4 - TRANSMIT CARRIER
SINEWAVE
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GENERAL DEV.CE OPERAT.ON
Figure 1 shows the modem in a system application.

The data to be transmitted is presented in serial format
to the modulator for conversion to FSK signals for trans
mission over the telephone network. The modulator out
put is buffered/amplified before driving the 600 ohm
telephone line.

The FSK signal from the remote modem is received via
the telephone line and filtered to remove extraneous
signals such as the local Transmit Carrier. This filtering
can be either a bandpass which passes only the desired
band of frequencies or a notch which rejects the known
interfering signal. The desired signal isthen limited to pre-
serve the axis crossings and fed to the demodulator where
the data is recovered from the received FSK carrier.

Echo Suppressor
Disable Tone

Type = "0"
Echo = "1"

INPUT/OUTPUT FUNCTIONS

Figure 2 shows the I/O interface for the MCI4412
low-speed modem. The following is a description of each
individual signal.

TYPE (Pin 14)

The Type input selects either the U.S. or C.C.I.T.T.
operational frequencies for both transmitting andreceiving
data. When the Type input = "1", the U.S. standard is
selected and when the Type input = "0", the C.C.I.T.T.
standard is selected.

TRANSMIT DATA (Tx Data. Pin 11)

Transmit Data is the binary information input. Data
entered for transmission is modulated using FSK tech
niques. When operating in the U.S. standard (Type ="1")
a logic "1" input level represents a Mark or whenoper
ating in the CCITT standard (Type = "0") a logic "1"
input level represents a Mark.

TRANSMIT CARRIER (Tx Car, Pin 9)

The Transmit Carrier is a digital-synthesized sine wave
derived from a1.0MHz oscillator reference. The frequency
characteristics are as follows:

United States Standard Type = "1"
Transmit Frequencies Echo ="0"

Mode TxData TxCar

Originate
Originate
Answer

Answer

"1"

"1"

"0"

"0"

Mark

Space
Mark

Space

"1"

"0"

"1"

"0"

1270 Hz

1070 Hz

2225 Hz

2025 Hz

C.C.I.T.T. Standard Type = "0"
Transmit Frequencies Echo = "0"

Mode Tx Data TxCar

Channel

No. 1

Channel

No. 2

"1"

"1"

"0"

"0"

Mark

Space
Mark

Space

"1"

"0"

"1"

"0"

980 Hz

1180 Hz

1650 Hz

1850 Hz

Mode TxData Tx Car

Chan. No. 2 "0" "1" 2100 Hz

TRANSMIT ENABLE (Tx Enable, Pin 12)
The Transmit Carrier output is enabled when the Tx

Enable input = "1". No output tone can be transmitted
when Tx Enable = "0".

MODE (Pin 10)

The Mode input selects the pair of transmitting and
receive frequencies used during modulation and demodu
lation. When Mode = "1", the U.S. originate mode is
selected (Type input = "1") or the C.C.I.T.T. Channel
No. 1 (Type input = "0"). When mode ="0", the U.S.
answer mode is selected (Type input = "1") or the
C.C.I.T.T.Channel No. 2 (Type input ="0").

ECHO (Pin 13)

When the Echo input="1" (Type ="0", Mode ="0",
Tx Data = "1") the modulator will transmit a 2100 Hz
tone for disabling line echo suppressors. During normal
data transmission, this input should be low ="0".

RECEIVE DATA (Rx Data, Pin 7)

The Receive Data output is the digital data resulting
from demodulating the Receive Carrier.

RECEIVE CARRIER (Rx Car, Pin 1)

The Receive Carrier is the FSK input to the demodu
lator. This input must have either a CMOS or TTL com
patible logic level input (see TTL pull-up disable) at a
duty cycle of 50% ± 4%, that isa square wave resulting
from a signal limiter.

RECEIVEDATA RATE (Rx Rate. Pin6)
Thedemodulator has been optimized forsignal to noise

performance at 200. 300, and600 bps.The Receive Carrier
must change frequency for more than half of the selected
data rate period before the Receive Data output will
change.

Data Rate

0 - 200 bps
0 - 300 bps
0 - 600 bps

Rx Rate

"1"

"1"

"0"

Type

"0"

"1"

"1"

SELF TEST (ST. Pin2)
When a,high level (ST ="1") is placed on this input,

the demodulator is switched to the modulator frequency.
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QUAD PRECISION TIMER/DRIVER

The MC14415 quad timer/driver is constructed with comple
mentary MOS enhancement mode devices. The output pulse width
of each digital timer is a function of the input clock frequency.
Once the proper input sequence is detected the output buffer isset
(turned on), and after 100 clock pulses are counted, the output
buffer is reset (turned off).

The MC14415 was designed specifically for application in high
speed line printers to provide the critical timing of the hammer
drivers, but may be used in many applications requiring precision
pulse widths.

• Four Precision Digital Time Delays

• Schmitt Trigger Clock Conditioning

• NPN Bipolar Output Drivers

• Timing Disable Capability Using InhibitOutput
• Positiveor Negative EdgeStrobingon the Inputs
• Synchronous Polynomial Counters Used forDelay Counting
• Power Supply Operating Range

= 3.0Vdcto18Vdc(MC14415EFL/FL/FP)
« 3.0 Vdc to 6.0 Vdc (MC14415EVL/VL/VP)

MAXIMUM RATINGS (Voltages referenced to VSs.Pin8)

Rating Symbol Value Unit

DC Supply Voltage
-MC14415EFL/FL/FP

- MC14415EVL/VL/VP

VDD
+18 to -0.5

+6.0 to -0.5

Vdc

Input Voltage. All Inputs Vin Vqd +0-5 to
Vss-0.5

Vdc

DC Current Drain per Input Pin 'in 10 mAdc

DC Current Drain per Output Pin 'out 20 mAdc

OperatingTemperature Range
-MC14415EFL/EVL
-MC14415FL/FP/VL/VP

TA
-55 to+125

-40 to +85

°C

StorageTemperature Range Tstg -65 to+150 °C

SotA 31

SetB 4<

Set C 5 <

Sat D 6 '

Input Disablo 10 <

Output Sot 2 <

Clock 1 O-

Output Inhibit IS O-

BLOCK DIAGRAM

Input

Logic

Common

Logic

Divide-By-

100

Countors

Clock

Conditioning

Circuit

Output

But tors

>14 Output A

)13 Output B

) 12 Output C

)11 Output O

VDO-Pln16
VSS -Pin8
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MC14415

CMOS LSI
(LOW-POWER COMPLEMENTARY MOSl

QUAD PRECISION
TIMER/DRIVER

L SUFFIX
CERAMIC PACKAGE

CASE 690

PSUFFIX
PLASTIC PACKAGE

CASE 648

PIN ASSIGNMENT

Clock vdd

Sot tnh

SotA Out A

Sot B Out B

SetC Out C

SstD Out D

ST1 Bis

vss ST2

16

IS

14

13

I 12

I 11

I 10

I 9

ORDERING INFORMATION

MC1441S TTT Sullls Oenotes

t L Ceramic Package
p Plastic Package
F • Extended Operating

Voltage Range
V * Limited Operating

Voltage Range
Blank • 'Standard Operating

Temperature Range
E * *E xtended Operating

Temperature Range

'See Features (above, left)
'See Mexlmum Rating*
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ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vDd
Vdc

Tlow* 25°C Thigh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level
(No Load)

"1" Level

Vout 5.0

10

15
-

0.01

0.01
-

0

0

0.01

0.01

—
0.05

0.05

Vdc

5.0

10

15

- -

3.0

8.0

4.14

9.09

14.12
; -

—
Vdc

Noise Immunity

<AVout< 15 Vdc)
<AVout< 3.0 Vdc)
(AVout<4.5Vdc)

<aVout< 1.5 Vdc)
<aVout < 3.0 Vdc)
(AVout < 4.5 Vdc)

VNL
5.0

10

15

1.5

3.0
-

1.5

3.0

2.25

4.50

6.75
-

1.4

2.9
-

Vdc

Vnh 5.0

10

15

1.4

2.9
-

1.5

3.0

2.25

4.50

6.75

-

1.5

3.0

—
Vdc

Output Drive Voltage (NPN Driver)
dOH = 0mA) Source
dOH" 5.0mA)
dOH= 10 mA
"OH " 15 mA)

dOH* OmA)
dOH" 5.0mA)
dOH" 10 mA)
"OH " 15 mA)

dOH" OmA)
dOH" 5.0mA)
(lOH* 10 mA)
dOH" 15 mA)

voh
5.0

-

-
3.0

2.7

2.5

2.2

4.14

3.44

3.30

3.08

- _

-

Vdc

10

- -

8.0

7.7

7.5

7.1

9.09

8.45

8.30

8.14

-

- -

Vdc

15

- -

-

14.12

13.81

13.70

13.61

- -

-

Vdc

Output Drive Current

(Vol " 0.4 Vdc) Sink
(Vql °0.5 Vdc)
(v0l • 1-5 vdc)

'OL
5.0

10

15

0.23

0.60
-

0.20

0.50

0.78

2.0

7.8

-
0.16

0.40
-

mAdc

Input Leakage Current 'in - - - - 10 - - _ pAdc
Input Capacitance

(Vjn-0)
Ci„ ~ - — -

5.0
- - - PF

Quiescent Dissipation PQ
5.0

10

15

-

0.25

1.0
-

0.00005

0.00022

0.00050

0.25

1.0
-

3.5

14

mW

I

Power Dissipation**
(Dynamic plus Quiescent)
«CL- 15 pF)

Pd

5.0

10

15 |
PD- (56 rnW/MHz) f +Pq
PO" (225 mW/MHz) f +Pq
PD"l510mW/MHz)f+ Pq

mW

Thigh- +125°C for MC14415EFL.EVL; +85°C for MC14415FL.FP.VL.VP

"The formula given is for the typical characteristics only.

This device contains circuitry to protect the inputs against damage due to high static voltages orelectric fields:
however, it isadvised thatnormal precautions betaken toavoid application of anyvoltage 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 V«js< (Vjnor Vout) < VDD.

Unused inputs must always be tied toan appropriate logic voltage level (e.g., either V$sorVDD).
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Characteristic Symbol VDD
Vdc

Min TVP Max Unit

Output Rise Time*

'TLH " <20 ns/pF) Cl + 10 ns
tTLH " "-25 ns/pF) CL +6 ns
'TLH " tl-10 ns/pF) Cl + 3 ns

tTLH
6.0

10

15

-

40

25

20

86

60

ns

Output Fall Time*
'THL* (15 ns/pF)CL +47 ns
tTHL ° <0-75 ns/pF) Cl + 24 ns
tjHL " '°-55 "s/pF) Cl ♦ 17 ns

»THL
5.0

10

15

-

70

35

25

150

80

ns

Turn-Oil Delay Time*

tPLH " '27 ns/pF) Cl + 660 ns
tpHL " H-2 ns/pF) Cl + 282 ns
tpLH • 10.91ns/pF) Cl + 286 ns

tPLH
5.0

10

15

-

600

300

150

1200

600

ns

Turn-On Delay Time*

tpHL " 12.4ns/pF) Cl + 564 ns
'PHL " '10 "s/pF) Cl + 285 ns
tpHL " <0-75 ns/pF) CL + 289 ns

tPHL
5.0

10

15

-

600

300

150

1200

600

ns

Turn-On Delay Time (Inhibit to Output) tPHL
5.0

10

15

-

300

225

110

650

425

ns

Turn-Off Delay Time (Inhibit to Output) 'PLH
5.0

10

15

-

300

225

110

550

425

ns

Input PulseCoincidence (Figure 3) PCmin
5.0

10

15

500

450

450

360

-

ns

Input Pulse Width (Figure 11 tWH
6.0

10

15

500

450

450

360

-

ns

Input Clock Frequency 'cl
5.0

10

15

-

0.7

1.0

1.6

-

MHz

Clock Input Rise and Fall Times (Figure 1) tTLH, »THL 6.0

10

16 _

-

16

6.0

PS

* The formula given is for the typical characteristics only.

FIGURE 1 - SWITCHING CHARACTERISTICS - WAVEFORM
RELATIONSHIPS

-20 ns

vdd—ij— i|*-
f 90% X

i • 50% 31
sF 10% \

*PLH- »WH
•VSS

-voh

•Vql

Output

J U— tTHL-*l \+-

vdd
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FIGURE 2 - AMBIENT TEMPERATURE
POWER DERATING

x 800
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a.

jjj"5 600
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5? 5M
St£<£ 400

g 300

< 200

1 1
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PACKAI E

50 75 tOO 125 150
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FIGURE3 - TYPICAL OPERATION MODESAND FUNCTIONALTIMING DIAGRAM

MODE 2 : SET A INITIATES TIME DELAYMODE 1 - OUTPUT SET INITIATES TIME DELAY

InputDisable |_

Strobe 2

Strobe 1 _J~

SetA sox]f%
.Minimum Coincidence •

500 ns 0 VDO - 4.75 Vdc

'PLH 'PHL

Input Disablo T

Strobe 2 |_

«PLH

.. . Minimum Coincidence
'—\ 500ns© VDO - 4.75 Vdc

~^fV
«PHL

MODE 3:OUTPUT INHIBIT DISABLES TIME DELAY MODE 4:POSITIVE-EDGE STROBE (ST2) INITIATES TIME DELAY

Output A

'PLH «PHL tpLH
C

«̂PHL

Input Disable

Strobe 2

Strobe 1_

Sat A

Output Sat

Clock

7-232
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® MOTOROLA

2-OF-8 KEYPAD-TO-BINARY ENCODER

The MC14419 is designed for phone dialer system applications,
but finds many applications as a keypad-to-binary encoder. The
device contains a 2-of-8 to binary encoder, a strobe generator, and
an illegal state detector. The encoder has four row inputs and four
column inputs, and is designed to accept inputs from 16 keyswitches
arranged in a 4 x 4 matrix. For an output on the four data lines, one
and only one row along with one and only one column input line
must be activated. All other combinations are suppressed by the
illegal state detector to eliminate false data output.

The strobe generator produces a strobe pulse when any of the
10 keys corresponding to numerals 0 through 9 are depressed. The
strobe output can be used to eliminate erroneous data entry due to
contact bounce. For a strobe output to occur, the key row and
column input lines must remain stable for 80 clock pulses after
activation. When the contact bounce has settled and 80 clock pulses
have occurred, the output will be a single strobe pulse equal in
width to that of the clock low state. The strobe generator will
output one and only one pulse each time a numerical key is de
pressed. After the pulse has occurred, noise and bounce due to
contact break will not cause another strobe pulse. With a 16 kHz
input clock frequency, the pulse occurs 5 ms after the last bounce.

• Suppressed Output for Illegal Input Codes
• On-Chip Pullup Resistors for Row and Column Inputs
• Clock Input Conditioning Circuit
• Low Current Drain in Standby Mode

5.0 uA Typical @ 5.0 Vdc
• Subsystem Complement to the MC14408/14409 Phone

Pulse Converter

• Codes for Numbers 0-9 Produce a Strobe Pulse

Row

Inputs

Columr

Inpun

R1 1 O-

C3 7 O-

BLOCK DIAGRAM

BCD

Detector

Code

Detect

Strobe

Generator

O 14St

-»0 13 D4 1

-•O 12 D3

-•O 11 D2|

-••O 10 Dl
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Data

Outputs

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

2-OF-8 KEYPAD-TO-BINARY

ENCODER

$0 f0m
L SUFFIX PSUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

PIN ASSIGNMENT

I I Rl VDO ^^16

71 R2 Clock ^15

3c=: R3 ST "4

4 1 R4 D4 ^13

5 ' Cl D3 =118

6 I C2 D2 =3"

7 C^Z C3 Dl 1 10

81 VSS C4 =1 9

VDO • P,n 16
VSS P.n a

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 Vjn and Voul be
constrained to the range Vss ** '^in or
V0ut» < VDD.
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MAXIMUM RATINGS (Voltages referenced to Vss. Pm 8.)

Rating Symbol Valuo Unit

DC Supply Voltage vdd +6.0 to -0.5 Vdc

Input Voltage. All Inputs V,n VD0 +0.5
to

Vss -0.5

Vdc

DC Current Orain per Pin 1 10 mAdc

Operating Temperature Range ta -40 to +85 °C

Storage Temperature Range Tstg -65 to +150 °C

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
Vdd
Vdc

-40°C 25°C +85°C

UnitMin Max Min Typ Max Min Max

Supply Voltage Operating Range VDD - 3.0 6.0 3.0 5.0 6.0 3.0 6.0 Vdc

Output Voltage "0" Level

"1" Level

Vout 5.0 - 0.05 -
0 0.05 -

0.05 Vdc

5.0 4.95 - 4.95 5.0 - 4.95 -
Vdc

Input Voltage "0" Level
(Vo - 4.5 or 0.5 Vdc)

"1" Level

(Vo • 0.5 or 4.5 Vdc)

VlL 5.0 1.5
-

1.5 2.25
-

1.4
- Vdc

V|H 5.0 3.5 -
3.5 2.25

—
3.6

—
Vdc

Output Drive Current

(Vqh _ 2-5 Vdc) Source

(Vol " 0.4 Vdc) Sink

'OH

•OL

5.0

5.0

-0.23

0.23

-0.20

0.20

-1.7

0.78

-0.16

0.16

mAdc

mAdc

Input Leakage Current

(Vin - Vqd)
l|H 5.0

-

±0.1
—

±0.00001 ±0.1

"

±1.0 fiAdc

Pullup Resistor Source Current
(Row and Column Inputs)

(Vin - VSS>

"IL 5.0 265 460 190 250 330 125 215 uAdc

Input Capacitance

(Vin-Vssl
Cin — — —

"

5.0 pF

Standby Supply Current

"clock" 16 kHz, No Keys
Depressed)

'DDS 3.0

5.0

6.0

-

3.0

15

60

-

1.0

5.0

20

3.0

15

60

-

6.0

30

120

uAdc

Standby Supply Current as a
Function of Clock Frequency*
(No Keys Depressed)

'ODS 5.0 1DDs - 0.09 uA/kHz + 3.0 uA MAdc

'The formula given is for the typical characteristics only

SWITCHING CHARACTERISTICS (CL = 50pF.TA °25°C)
Characteristic Symbol Vdd Min Typ Max Unit

Output Rise and Fall Times, Dl thru D4 (Figure 1) tTLH, *THL 5.0 -
300

-

ns

Propagation Delay Time, Row or Column Input to
Oata Output (Figure 1)

tPLH.

«PHL

5.0
-

1000
-

ns

Clock Pulse Frequency Range PRF 3.0 to 6.0
- —

80 kHz
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FIGURE 1 - SWITCHING TIME WAVEFORMS FIGURE 2 - TYPICAL STROBE PULSE OELAY TIMES

Row or 90%
Column 50%

Input

Output

•-2d i

•-tPLH-

at
vDD

•Vss

Vqh

Vql
*TLH-»J |4 tTH|_-f>j [.»—

PRF «ST*
Clock Frequency Strobe Pulse Delay Time

kHz ms

4.0 20

8.0 10

16 5.0

32 2.S

80 1.0

•tST " (1/PRFI • 80. with PRF in kHi. tST in ms.

FIGURE 3 - STROBE GENERATOR TIMING DIAGRAM

Contact

Make

Bounce

Noise

Spiko

Contact

Broak

Bounco

Row or

Column

Input

Strobo Generator

Output

mm wm,
U *ST—-A\» PWST«*

80 Clock 1
Pulses ||

• *PWST - Strobo Pulso Width • Low Suto Clock Pulto Width <PWL).

TRUTH TABLE

Key"

Inputs

Row Column Outputs

R4 R3 R2 Rl C4 C3 C2 Cl D4 D3 D2 Dl Strobe

1

2

3

A

oooo

1110

110 1

10 11

0 111

0 0 0 1

0 0 10

0 0 11

110 0

-TL
-TL
XL

0

4

5

6

B

110 1

110 1

110 1

110 1

1110

110 1

10 11

0 111

0 10 0

0 10 1

0 110

110 1

XL
XL

XL
0

7

8

9

C

10 11

10 11

10 11

10 11

1110

110 1

1 0 1-1

0 111

0 111

10 0 0

10 0 1

1110

XL
XL
XL

0

0

#

D

oooo

1110

110 1

10 11

0 111

10 10

oooo

10 11

1111

0

XL
0

0

All Other Combinations oooo 0

*Sea Figure 4 for keypad designation.
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FIGURE 4 - TYPICAL KEYPAD INTERFACE APPLICATION

Koypad with DPST
N.O. Switchet 4x4 Koypad

Use of 4 axtomal trantittort allows

oporatlon with SPST koyboard.

> O—

c
o>

3
o

—L. 5

FIGURE 5 - PHONE DIALER SYSTEM

MC14419

2-of-8 Keyped-to-Binary Encoder

Circuit diagrams utilizing Motorola products era included at a moans
of illustrating typical semiconductor applications; contaquontly,
complete Information sufficient for construction purposes is not
necessarily given. The information hat been earofully chocked and

MC14408.MC14409
Binary-to-Phono Pulsa Converter

L - SmH

./"WV\_

Botwson oach digit

putsotroln. MCI4408

DRO stays high,

MC 14409 DRO goot low.

it baliovod to bo entirely roliabla. However, no responsibility is
assumod for inaccurecios. Furthermore such information does not
convoy to tho purchaser of tho semiconductor devices described any
llcenso undar the patent rights of Motorola Inc. or others.
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Advance Information

REMOTE CONTROL TRANSMITTER

The MC14422 is a remote control transmitter circuit designed for
use in television receivers, security controls, toys, industrial remote
controls, and remote control locks. The circuit is intended for use

with the MC6525 or MC6526 NMOS remote control receiver.

Using digital frequency multiplexing, the MC14422 generates five
frequencies which are transmitted sequentially to form a code cor
responding to a particular function in the receiver circuit. The wide
channel spacing between these frequencies eliminates problems due
to doppler effect. The frequency multiplex system inherently pro
vides a good degree of noise immunity.

MC14422

CMOS LSI
(LOW-POWER COMPLEMENTARY MOS)

REMOTE CONTROL

TRANSMITTER

pro
PSUFFIX

PLASTIC PACKAGE

CASE 618

• 22 Channel Capacity

• Transmission of Information Is Achieved by

Time Multiplexing Five Frequencies

• No Possibility of Doppler Effect Interference
\i * vol

V.&device contains circuitry to protect
he inputs against damage due to high static

voltages or electric fields; however, it is
advised that normal precautions be taken
to avoid application of any voltage higher
than maximum rated voltages to this high
impedance circuit. For proper operation it
is recommended that Vin and Vou[ be
constrained to the range Vgs *• (Vjn or
Vout> < vDd-
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either

Vss°r vdd>

3?G>Extremely Low External Component Count

Low Power Consumption <\
Designed for Use with the MC

Remote Control Recei

«£

!MCap*ft!Vl^6526

Scanner Outputs

15 Transmitted Froquencv Output

Scannor

Oscillator

Output

VDD = Pln 16

VSS • Pin 8

rid specifications are subject to change withoul notice.
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MAXIMUM RATINGS (Voltages referenced to Vss)

Rating Symbol Value Unit

DC Supply Voltage vdd -0.5 to +10 Vdc

Input Voltage, All Inputs V|n vdd + 0-6 Vdc

DC Current Drain per Pin I 10 mAdc

Operating Temperature Range TA 0to+55 °C

Storage Temperature Range Titg -65 to+150 °C

ELECTRICAL CHARACTERISTICS (TA - 25°C)
Characteristic Symbol Min Typ Max Unit

Supply Voltage vdd 5.0
-

8.0 Vdc

Supply Current

(Vdd " 8.0 Vdc) Idle
Operating

lDD
-

0.4 100

10

jiAdc
mAdc

Output Drive Current

(Voh " 4.0 Vdc, Vdd " 5-° Vdc Source
Scanner Output

Transmitted Frequency Ouptut
Scanner Oscillator Output
Reference Oscillator Output

(Vol" 1 ° Vdc, VDD -50 Vdc) Sink
Scanner Output
Transmitted Frequency Output
Scanner Oscillator Output

Reference Oscillator Output

'oh

-50

-0.5

-0.1

-0.3

- -

^Adc

mAdc

mAdc

mAdc

'OL
50

0.2

0.1

0.3

-

-

MAdc

mAdc

mAdc

mAdc

Input Current
(V|H-8.0 Vdc, Vdd "8.0 Vdc) sink

Scanner Oscillator Input

Reference Oscillator Input

(V|H-7.0 Vdc, Vdd "8.0 Vdc) Source
Decoder Input

(V|L - 0 Vdc, Vdd " 8.0 Vdc) Source
Scanner Oscillator Input

Reference Oscillator Input

(V|L-1.0 Vdc, VDd "50 Vdc) Slnk
Decoder Input

•IH

4.0

-1.0

-

1.0

400

iiAdc

IlL

-4.0
-

1.0

-400

-25

iiAdc

Reference Oscillator Frequency

(VDD " 5.0 Vdc)
♦ref — —

1.0 MHz
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CIRCUIT OPERATION

As shown in Figure 1, until a matrix switch is depressed,
the decoder inputs (pins 3 through 7) are high, all scanner
outputs (pins 9 through 12) are low, and both the scanner
and reference oscillators, as well as the output gate con
trol circuit, are switched off. This is referred to as the
"idle" mode. In this mode, with a significant part of the
circuit switched off, current consumption is reduced to a
minimum. The decoder section, however, remains in con
tinuous operation so that a switch matrix command can
be recognized. When a switch is depressed, the decoder
will set the five latches in accordance with the correct

code (see Figure 2). At the same time, a latch is triggered
which activates the idle line and turns on the reference

TABLE 1 - TRANSMITTED FREQUENCY CODE

Channel
Number

Matrix

Connections

Pin to Pin

Transmitted
Frequencies

tl t2 t3 t4

1 7 12 »e
2 7 9 U fa
3 7 10 U fb
4 7 11 fe fa fb
5 6 12 fe fe
6 6 9 fe fa fc
7 6 10 fe fb fc
8 6 11 fe fa fb fc
9 5 12 fe fd

10 5 9 fe fa fd
11 5 10 fe fb fd
12 5 11 fe fa fb fd
13 4 12 fb
14 4 11 fa fb
15 3 9 fc
16 3 10 fa fc
17 4 9 fb fc
18 4 10 fa fb fc
19 3 12 fd
20 3 11 fa fd
21 3,4 12 fb fd
22 3,4 11 fa fb fd

oscillator, the scanner oscillator, the row enable, and the
output gate control.

When the switch is operated just prior to time period
t1, the following happens:

1. The scanner outputs become active and take up their
respective code corresponding to t1 when the next nega
tive going edge of the scanner oscillator occurs.

2. The reference oscillator is switched on.

3. The output gate control idle input is enabled.
Note: No output can occur at the transmitted fre

quency output (pin 15) until the negative going edge of
the pin 12 scanner output signal has occurred at the end
of time t4.

The timing example of Figure 1 uses the matrix con
nection of pin 4 connected to pin 11. Table 1 shows that
the code for this connection is fa transmitted in time
period t2 and fD transmitted in time period t3. After the
negative going edge of the pin 12 scanner pulse has
enabled the output gate control, an output cycle can be
gin. Therefore, in this case no output occurs in the time
period tl, fa and fb are transmitted in time periods t2 and
t3 respectively, and no output occurs during time t4.

The code is repeated continuously at pin 15 until the
matrix switch is released. At this point the circuit com
pletes the scan cycle and the trailing edge of the pin 12
scanner signal returns the circuit to its "idle" position.

The transmitted frequencies are generated by dividing
a reference oscillator frequency by a variable divider cir
cuit which is controlled by the decoder outputs.

TABLE 2 - OUTPUT FREQUENCIES

Frequencies Output
Frequency

Division
Ratio

fa

fb

fc

fd

fe

34.688 kHz

36.048 kHz

37.519 kHz

39.116 kHz

42.755 kHz

f2/26.5

f2/25.5

f2/24.5

f2/23.5

f2/21.5

f2 - 919.222 kHz reference frequency
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Pin

1 Switch
' AA*IuM*ail

FIGURE 1 -TIMING DIAGRAM

(Pin 4 Connected to Pin 11)

Unipaclflod
Tlmo Psrlod

I I.
Switch

Doactlvstod

ij—u—u-

L ~l_r~l_

injianjuinjuinnjin. juuur

fa fb fa fb Ta fb

Itl It2t t3at4| tl . t2it3 j t4tt1 •t2 It3.t4 itl • tt It2 |t3 it4i
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"/rk 9"\?1 **

<' A1' yv'1 >y<'

<yy9 /T9 /y<i

< /yv /vO a/I

<• />"> /yo /y©?•

VDD-Pln 16

FIGURE 2 - TYPICAL APPLICATION

SIS

Row

Enablo

vDD

Decoder

and

56-Bit

Latch
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Scanner
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T
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L

Idle y~

R3

-AAAr-

FIGURE 3 - REFERENCE OSCILLATOR EXTERNAL COMPONENTS

" 1

3
Recommended values for f2 • 1 MHi:

Cl - 820 pF

C2 - 180 pF

C3 = 120 pF

L1 = 160 »iH. Q - 60

FIGURE 4 - SCANNER OSCILLATOR EXTERNAL COMPONENTS

1

R2

-VW-

I
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The scanner ocsillator frequency

can be calculated using tho

following formula :

f14
2r RC

Rocommendod values for F14 -100 Hz:

Rl - 47 klT

R2 - 100 kaT

R3 - 180 kn

Cl - 0.069 uF

C2 - 0.033 uF

C3 - 0.015 fiF
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TA DIGIT A/D CONVERTER

The MC14433 is a high performance, low power, 3V4 digit A/D
converter combining both linear CMOS and digital CMOS circuits on
a single monolithic IC. The MC14433 is designed to minimize use of
external components. With two external resistors and two external
capacitors, the system forms a dual slope A/D converter with
automatic zero correction and automatic polarity.

The MC14433 is ratiometric and may be used over a full-scale
range from 1.999 volts to 199.9 millivolts. Systems using the
MC14433 may operate over a wide range of power supply voltages
for ease of use with batteries, or with standard 5 volt supplies. The
output drive conforms with standard B-Series CMOS specifications
and can drive a low-power Schottky TTL load.

The high impedance MOS inputs allow applications in current and
resistance meters as well as voltmeters. In addition to DVM/DPM
applications, the MC14433 finds use in digital thermometers, digital
scales, remote A/D, A/D control systems, and in MPU systems.
• Accuracy: ±0.05% of Reading ±1 Count
• Two Voltage Ranges: 1.999 V and 199.9 mV
• Up to 25 Conversions/s
• Zjn> 1000 M ohm
• Auto-Polarity and Auto-Zero
• Single Positive Voltage Reference
• Standard B-Series CMOS Outputs-Drives One Low Power

Schottky Load
• Uses On-Chip System Clock, or External Clock
• Low Power Consumption: 8.0 mW typical @ ±5.0 V
• Wide Supply Range: e.g.. ±4.5 V to ±8.0 V
• Overrange and Underrange Signals Available
• Operates in Auto Ranging Circuits
• Operates with LED and LCD Displays
• Low External Component Count

10

Clk I TCIkO

j Display
Dlf Update

BLOCK DIAGRAM
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MC14433

CMOS LSI
(LOW-POWER COMPLEMENTARY MOS)

3% DIGIT A/D CONVERTER

LSUFFIX

:eramic PACKAGE

CASE 623

PSUFFIX 24
PLASTIC PACKAGE

CASE 709

ORDERING INFORMATION

MC14XXX Suffix Denotes

L Ceramic Packafl

I— P Plastic Package

Q0-Q3

BCD Data

DS1-DS4

Digit Strobo

Polarity
Doioct

PIN ASSIGNMENT

Vag Vdo :

V,., Q3

vx 02

"l OI

•VC, OO

Ci OSI

cot OS2

C02 OS3

ou DS4

at i OR

Clk O EOC

VEE VSS

-o V[0( Reference Voltage

-o VAG Anelog Ground

!_oVx Analog Input

Pin 24

< Pin 13
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MAXIMUM RATINGS

Rating Symbol Value Unit

DC Supply Voltage Vdd to vEE -0.5 to+18 Vdc

Voltage, any pin, referenced to Vee V -0.5 to

VDD +0-5

Vdc

DC Current Drain per Pin I 10 mAdc

Operating Temperature Range ta -40 to +85 °C

Storage Temperature Range Tstg -65 to+150 °C

RECOMMENDED OPERATING CONDITIONS (Vc^ = 0 or VEE>

Parameter Symbol Value Unit

DC Supply Voltage —Vdd to Analog Ground
Vgc: to Analog Ground

vdd
vEe

+5.0 to +8.0

-2.8 to -8.0

Vdc

Clock Frequency fClk 32 to 400 kHz

Zero Offset Correction Capacitor Co 0.1 ±20% uF

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 end Vout be
constrained to the range Vs= f= < (Vjn or
Vout) < vdd-

ELECTRICAL CHARACTERISTICS (C,
C„

» 0.1 uF mylar, R| = 470 kn 9 Vref = 2.000 V, R| = 27 kn 9 Vref » 200.0 mV.
=0.1 uF, Rq "= 300 kn.all voltagesreferenced to AnalogGround, pin 1.)

Characteristic Symbol
vdd
Vdc

vee
Vdc

-40°C 25°C 85°C
UnitMin Max Min Typ Max Min Max

Linearity-Output Reading (Note 1)
(Vref - 2.000 V)

lVref = 200.0 mV)

5.0

5.0

-5.0

-5.0

- -

-0.05

-Count

t0.05

:0.05

+0.05

+ Count

- -

%rdg

Stability-Output Reading (Note 21

(Vx - 1-930 V, Vref " 2.000 V)
<Vx ° 199-0 mV, Vr„f - 200.0 mVI

5.0

5.0

-5.0

-5.0

- - - -

2

3

- -

LSD

Zero-Output Reading
(VX = 0 V, Vre( - 2.000 V)

-
5.0 -5.0

- - -

0 0
- —

LSD

Bias Current —Analog Input
Reference Input

Analog Ground

5.0

5.0

5.0

-5.0

-5.0

-5.0

- - -

±20

±20

120

•100

:100

•500
- -

pAdc

Common Mode Rejection

<VX» 1.4 V,Vr0f- 2.000 V,
foe = 32 kHz)

5.0 -5.0 65 dB

Output Voltage —Pins 14 to 23
(Vss = 0 V) "0" Level

"1" Level

(VSS" -5.0 V) "0" Level
"1" Level

vol
voh
vol
voh

5.0

5.0

5.0

5.0

-5.0

-5.0

-5.0

-5.0

4.95

4.95

0.05

4.95

435

4.95

0

5.0

-5.0

5.0

0.05

-4.95

4.95

4.95

0.05

-4.95

Vdc

Output Current — Pins 14 to 23

(Vss " 0 V)
(VoH ° 4.6 V) Source
(Vql " 0.4 VI Sink

(Vss " "50 V)
(Vqh ** 4.5 V) Source
(Vol - -4.5 V) Sink

'oh
'OL

•oh
"OL

5.0

5.0

5.0

5.0

-5.0

-5.0

-5.0

-5.0

-0.25

0.64

-0.62

1.6

-

-0.2

0.51

-0.5

1.3

-0.36

0.88

-0.9

2.25

-

-0.14

0.36

-0.35

0.9

-

mAdc

Clock Frequency

(RC - 300 kn)
fClk 5.0 -5.0

— — —
66

- — —

kHz

Input Current — OU 'ou 5.0 -5.0 - ±0.3 - ±Oj00001 t0.3 -
±1.0 pAdc

Quiescent Current

(VDD to Vee. 'ss * °'
«Q 5.0

8.0

-5.0

-8.0 _

3.7

7.4 _

0.9

1.8

2.0

4.0 _

1.6

3.2

mAdc

DC Supply Rejection

(v0D to vEe. 'ss " o. vref - 2.ooov)
-

5.0 -5.0
— —

0.5

" " "

mV/V

Note 1: Accuracy —The accuracy of the meter at full scale is the accuracy of the setting of the reference voltage. Zero is recalculated during
each conversion cycle. The meaningful specification is linearity. In other words, the deviation from correct reading for all inputs
other than positive full scale and zero is defined as the linearity specification.

Note 2: 3 LSD stability for 200 mV scale is defined as the range that the LSD will occupy 95% of the time.
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TYPICAL CHARACTERISTICS

FIGURE 1 - TYPICAL ROLLOVER ERROR

versus POWER SUPPLY SKEW

2- 3

2

•1=1 |

85.

NOTE: HULLUVfcH ERROR IS THE UIH-fcrtNCt IN

OUTPUT READING FOR THE SAME ANALOG

ATIVE
' '

u.0

<=>

-3-2-10 I 2 3 4

Wool- IVEEll. SUPPLY VOLTAGE SKEW (VOLTS)

FIGURE 3 - TYPICAL N-CHANNEL SINK CURRENT

AT VDD-VSS - 5 VOLTS

-W>C

- \
/ r +25" C

1

A 5*"- ♦85oC —

,( V/ '

r
1.0 2.0 3.0 4.0

Vqs,ORAIN-TO-SOURCE VOLTAGE (Vdc)

FIGURE S - TYPICAL CLOCK FREQUENCY
versusRESISTOR (R»j)

I IN:
ring* of ±' .5 V to ±8 V.

—

0

OS

>et00k -

O h

U

10k _
to >n tootn iiu.

RC.CLOCK FREQUENCY RESISTOR

FIGURE 2 - TYPICAL QUIESCENT,POWER SUPPLY CURRENT
versus TEMPERATURE

4.0

VO0"+8V

VEE •-5V

vuu

-

3 2.0

z

S3

-20 0 20 40

Ta, TEMPERATURE (OCI

FIGURE 4 - TYPICAL P-CHANNEL SOURCE CURRENT
AT VDD-VSS - 6 VOLTS

-40« C

+25" C

+85" C

-1.0 -2.0 -3.0 -4.0

V0S DRAIN -TO-SOURCE VOLTAGE (Vdc)

FIGURE 6 - TYPICAL % CHANGE OF CLOCK FREQUENCY
versus TEMPERATURE

4.0

C 3.0
a

< 2.0
u

* 1.0
u

| 0
a

£ -i.o
ac
ta

3 -2.0
o

&-3.0

15VS IPPLY

SUPPLY^±8V
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-20 0 20 40

Ta, TEMPERATURE («C)

CONVERSION RATE
CLOCK FREQUENCY .. ,„

ie^oo ±1Ji*

MULTIPLEX RATE
.CLOCK FREQUENCY

80
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DEVICE OPERATION

ANALOG GROUND (VAG, Pin 1)
Analog ground at this pin is the input reference level

for the unknown input voltage (Vx) and reference
voltage (Vref). This pin is a high impedance input.

REFERENCE VOLTAGE <Vref,Pin 2)
UNKNOWN INPUTVOLTAGE (VX. Pin3)

This A/D system performs a ratiometric A/D conver
sion; that is, the unknown input voltage, Vx. is mea
sured as a ratio of the reference voltage, Vref- The full
scale voltage is equal to that voltage applied to Vref.
Therefore, a full scale voltage of 1.999 V requires a
reference voltage of 2.000 V while full scale voltage of
199.9 mV requires a reference voltage of 200 mV. Both
Vx and Vref are high impedance inputs. In addition to
being a reference input, pin 2 functions as a reset for the

A/D converter. When pin 2 is switched to Vgt: for at
least 5 clock cycles, the system is resetto the beginning
of a conversion cycle.

EXTERNAL COMPONENTS<R|,R|/C|, C|; Pins4.5,6)
These pins are for external components for the

integration used in the dual ramp A/D conversion. A
typical value for the capacitor is 0.1 jtF (mylar) while
the resistor should be 470 kn for 2.0 V full scale opera
tion and 27 kSl for 200 mV full scale operation. These
values are for a 66 kHz clock frequency which will pro
duce a conversion time of approximately 250 ms. The
equations governing the calculation for the values for
integrator components are as follows:

R|= Vx(max) T_
cT~ AV

AV = Vqd - Vx(max) - 0.5

T = 4000 x
1

*Clk
where:

R| is in kSl
Vqo is the voltageat pin 24 referenced to V^q
Vx is the voltageat pin 3 referencedto V^q
*Clk's tne clock frequency at pin 10 in kHz

Example:

C| = 0.1mF
Vqd = 5.0 volts

fClk = 66 kHz
For Vx(max) = 2.0 volts

R| = 480 kSl (use 470 kSl ± 5%)
For Vx(max) = 200 mV

R|=28kJ2(use27kn±5%)

Note that for worst case conditions, the minimum
allowable value for Ri is a function of C| min, Vdd m'n>
and fcik max. The worst-case condition does not allow

V + Vx to exceed Vdd- Tne 0-5 V factor in the above
equation for AV is for safety margin.

OFFSET CAPACITOR (COI. C02; Pins 7. 8)
These pins are used for connecting the offset

correction capacitor. The recommended value is 0.1 juF.

DISPLAY UPDATE INPUT (DU, Pin 9)
If a positive edge is received on this input prior to the

ramp-down cycle, new data will be strobed into the
output latches during that conversion cycle. When this
pin is wired directly to the EOC output (pin 14), every
conversion will be displayed. When this pin is driven
from an external source, the voltage should be
referenced to Vss-

CLOCK (Clk I, Clk O, Pins 10.11)
The MC14433 device contains its own oscillator

system clock. A single resistor connected between pins
10 and 11 sets the clock frequency. If increased stability
is desired, these pins will support a crystal or LC circuit.
The clock input, pin 10, may also be driven from an
external clock source which need have only standard
CMOS output drive. For external clock inputs this pin is
referenced to V£E- A 300 k!2 resistor results in clock
frequency of about 66 kHz. (See the typical
characteristic curves.) For alternate circuits see Figure 7.

NEGATIVE POWER SUPPLY (VgE. Pin 12)
This is the connection for the most negative power

supply voltage. The typical current is 0.8 mA. Note the
current for the output drive circuit is not returned
through this pin, but through pin 13.

NEGATIVE POWER SUPPLY FOR OUTPUT

CIRCUITRY (Vss, P«n13)

This is the low voltage level for the output pins of the
MCI4433 (BCD, Digit Selects, EOC, OR). When this pin
is connected to analog ground, the output voltage is from
analog ground to Vdd- When connected to VgE. tne
output swing is from Vee to Vdd- The allowable operat
ing range for Vss is between Vdd - 3-0 volts and V£E-

END OF CONVERSION (EOC, Pin 14)

The EOC output produces a pulse at the end of each
conversion cycle. This pulse width is equivalent to one
half the period of the system clock (pin 11).

OVERRANGE (OR, Pin 15)

The OR pin is low when Vx exceeds Vref. Normally
it is high.

DIGIT SELECT (DS4, DS3, DS2, DS1; Pins 16.17,18,
19)

The digit select output is high when the respective
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digit is selected. The most significant digit (V4 digit) turns
on immediately after an EOC pulse followed by the re
maining digits, sequencing from MSD to LSD. An inter
digit blanking time of two clock periods is included to
ensure that the BCD data has settled. The multiplex rate
is equal to the clock frequency divided by 80. Thus,
with a system clock rate of 66 kHz, the multiplex rate
would be 0.8 kHz. Relative timing among digital select
ouptut and EOC signals is shown in the Digit Select
Timing Diagram, Figure 8.

BCD DATA OUTPUTS (QO. Q1, Q2, Q3, Pins 20. 21.
22,23)

Multiplexed BCD outputs contain 3 full digits of
information during DS2. 3, 4, while during DS1, the %
digit, overrange, underrange and polarity are available.
The adjacent truth table shows the formats of the infor
mation during DS1.

POSITIVE POWER SUPPLY (Vdd. Pin 24)
The most positive supply voltage pin.

TRUTH TABLE

Coded Condition BCD to 7 Segment
of MSD Q3 Q2 Q1 QO Decoding

+0 1 1 1 0 Blank
-0 1 0 1 0 Blank
+0UR 1 1 1 1 Blank
-OUR 1 0 1 1 Blank
+1 0 1 0 0 4-+T Hook up
-1 0 0 0 0 0-M , only seg b
+ 10R 0 1 1 1 7-+1 and c to
-10R 0 0 1 1 3-M MSD

Notes for Truth Table

Q3 - 14digit, low for "1", high for "0"
02 - Polarity: "1" = positive, "0" • negative
QO — Out of range condition exists if QO • 1. When used in

conjunction with 03 the type of out of range condition
is indicated, i.e., 03 = 0 -• OR or Q3 = 1 -• UR.

When only segment b and c of the decoder are connected
to the J4 digit of the display, 4, 0, 7 and 3 appear as 1.

The overrange indication (Q3 = 0 and QO ° 11 occurs
when the count is greater than 1999, e.g., 1.999 V for a
reference of 2.000 V. The underrange indication, useful for
autoranging circuits, occurs when the count is less than 180,
e.g., 0.180 V for a reference of 2.000 V.

Caution: If the most significant digit is connected to a display
other than a "1" only; such as a full digit display, segments
other than b and c must be disconnected. The BCD to seven
segment decoder must blank on BCD inputs 1010 to 1111.

FIGURE 7 - ALTERNATE OSCILLATOR CIRCUITS

(a) Crystal Oscillator Circuit

-1 fN
I 1

47 k

Clk I

MC14433

ClkO

10 pF <C1 and C2 <200 pF

<b) LC Oscillator Circuit

T
1

For L = 5 mH and C - 0.01 uF. 1 3 32 kHz

FIGURE 8 - DIGIT SELECT TIMING DIAGRAM

EOC—j (—1/2 Clock Cyclo

n

OS1

1/2 Digit
(MSD)

-j18 Clock Cycles

J L
2 Clock Cycles±F

DS4

(LSD)
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FIGURE 9 - INTEGRATOR WAVEFORMS AT PIN 6

Typical Positive

Input Voltage

Typical Negative

Input Voltage

FIGURE 10 - EQUIVALENT CIRCUIT OIAGRAMS OF THE
ANALOG SECTION DURING SEGMENT 4

OF THE TIMING CYCLE

CIRCUIT OPERATION

The MC14433 CMOS integrated circuit, together with
a minimum number of external components, forms a
modified dual ramp A/D converter. The device contains
the customary CMOS digital logic providing counters,
latches, and multiplexing circuitry as well as the CMOS
analog circuitry providing operational amplifiers and
comparators required to implement a complete single
chip A/D. Autozero, high input impedances, and
autopolarity are features of this system. Using CMOS
technology, an A/D with a wide range of power supply
voltage and low power consumption is now available
with the MC14433.

During each conversion, the offset voltages of the
internal amplifiers and comparators are compensated for
by the system's autozero operation. Also each
conversion 'ratiometrically' measures the unknown input
voltage. In other words, the output reading is the ratio
of the unknown voltage to the reference voltage with a
ratio of 1 equal to the maximum count 1999. The entire
conversion cycle requires slightly more than 16000 clock
periods and may be divided into six different segments.
The waveforms showing the conversion cycle with a
positive input and a negative input are shown in Figure
9. The six segments of these waveforms are described
below.

Segment 1 — The offset capacitor (C0), which
compensates for the input offset voltages of the buffer

and integrator amplifiers, is charged during this period.
Also, the integrator capacitor is shorted. This segment
requires 4000 clock periods.

Segment 2 - The integrator output decreases to the
comparator threshold voltage. At this time a number of
counts equivalent to the input offset voltage of the com
parator is stored in the offset latches for later use in the
autozero process. The time for this segment is variable,
and less than 800 clock periods.

Segment 3 — This segment of the conversion cycle is
the same as Segment 1.

Segment 4 — Segment 4 is an up-going ramp cycle
with the unknown input voltage (Vx) as the input to the
integrator. Figure 10 shows the equivalent configuration
of the analog section of the MC14433. The actual
configuration of the analog section is dependent upon
the polarity of the input voltage during the previous
conversion cycle.

Segment 5 - This segment is a down-going ramp
period with the reference voltage as the input to the
integrator. Segment 5 of the conversion cycle has a time
equal to the number of counts stored in the offset
storage latches during Segment 2. As a result, the system
zeros automatically.

Segment 6 — This is an extension of Segment 5. The
time period for this portion is 4000 clock periods. The
results of the A/D conversion cycle are determined in
this portion of the conversion cycle.
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FIGURE 11 - 3-1/2 DIGIT VOLTMETER-COMMON ANODE DISPLAYS, FLASHING OVERRANGE
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APPLICATIONS INFORMATION

3% DIGIT VOLTMETER - COMMON ANODE

DISPLAYS, FLASHING OVERRANGE

An example of a 3% digit voltmeter using the
MC14433 is shown in the circuit diagram of Figure 11.
The reference voltage for the system uses an MC1403
2.5 V reference IC. The full scale potentiometer can
calibrate for a full scale of 199.9 mV or 1.999 V. When

switching from 2 V to 200 mV operation, R| is also
changed, as shown on the diagram.

When using Re equal to 300 kfi, the clock frequency
for the system is about 66 kHz. The resulting conversion
time is approximately 250 ms.

When the input is overrange, the display flashes on
and off. The flashing rate is one-half the conversion rate.
This is done by dividing the EOC pulse rate by 2 with %
MCI4013B flip-flop and blanking the display using the
blanking input of the MC14543B.

The display uses an LED display with common anode
digit lines driven with an MC14543B decoder and an
MC1413 LED driver. The MC1413 contains 7 darlington
transistor drivers and resistors to drive the segments of
the display. The digit drive is provided by four MPS-A12
darlington transistors operating in an emitter follower
configuration. The MC14543B, MC14013B and LED
displays are referenced to Vg£ via pin 13 of the
MC14433. This places the full power supply voltage
across the display. The current for the display may be
adjusted by the value of the segment resistors shown as
150 ohms in the above figure.

The power supply for the system is shown as a dual
±5 V supply. However, the MC14433 will operate over a
wide range of voltages, and balance between the +5 and
-5 V supplies is not required. See the recommended
operating conditions and Figure 1, on pages 2 and 3.
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FIGURE 12 - 3J4 DIGIT VOLTMETER WITH LOW COMPONENT COUNT
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3% DIGIT VOLTMETER WITH LOW COMPONENT

COUNT USING COMMON CATHODE DISPLAYS

The 3!4 digit voltmeter of Figure 12 is an example of
the use of the MC14433 in a system with a minimum of
components. This circuit uses only 11 components in
addition to the MC14433 to operate the MC14433 and
drive the LED displays.

In this circuit the MC14511B provides the segment
drive for the 354 digits. The MC75492 or MC1413
provides sink for digit current. (The MC75492 or
MC1413 are devices with 6 or 7 darlingtons respectively
with common emitters.) The worst case digit current is 7
times the segment current at V* duty cycle. The peak
segment current is limited by the value of R. The current
for the display flows from Vqd (+5 V) to ground and
does not flow through the V|=E (negative) supply. The
minus sign is controlled by one section of the MC75492
or MC1413 and is turned off by shunting the current
through R|yi to ground, bypassing the minus sign LED.
The minus sign is derived from the Q2 output. The
decimal point brightness is controlled by resistor RqP-
Since the brightness and the type and size of LED

1 Rr

display are the choice of the designer, the values of
resistors R, Rm. RdP> and RR tnat govern brightness are
not given.

During an overrange condition the 3!4 digit display is
blanked at the Bl pin on the MC14511B. The decimal
point and minus sign will remain on during a negative
overrange condition. In addition, an alternate overrange
circuit with separate LED is shown. There are leftover
sections in either the MC75492 or MC1413.

3% DIGIT VOLTMETER WITH LCD DISPLAY

A circuit for a 3% digit voltmeter with a liquid crystal
display is shown in Figure 13. Three MC14543B LCD
latch/decoder/display drivers are used to demultiplex,
decode the three digits, and drive the LCD. The half
digit and polarity are demultiplexed with the MC14013B
dual D flip-flop.

Since the LCD is best driven by an ac signal across the
LCD, the low-frequency square wave drive for the LCD
is derived from the MC14024B binary counter which
divides the digit select output from the A/D. This low
frequency square wave is connected to the backplane of
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FIGURE 13 - 3V4 DIGIT VOLTMETER WITH LCD DISPLAY

O.luF 470k0,*>F
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KMC140708

IUUU
A J 300 k

Bl DC B APhLD

MC14543B

g f e d c b a

the LCD and to the individual segments through the
combination of the output circuitry of the MC14543B
and the exclusive OR gates at the outputs of the
MC14013B. Alternatively the square wave can be
derived from a 50/60 Hz input signal when available.

The minus sign and the decimal point to the right of
the half digit are connected to the inverted low
frequency square wave signal. Unused decimal points are
tied directly to the low frequency square wave.

The system shown operates from two power supplies
.(plus and minus). Alternatively one supply can be used
when Vss is connected to VgE- In this case a level must
be set for analog ground, Vag. which must be at least
2.8 V above Vee- This circuit may be implemented
with a resistor network, resistor/forward-biased diode
network or resistor-zener diode network. For example, a
9 V supply can be used with 3 V between Vag and
Vee, leaving 6 V for Vqo to VaG- Th's system leaves a
comfortable margin for battery degeneration (end of
life). Two versions of this circuit for single supply
operation is shown in Figure 14.

For panel meter operation from a single5 V supply,a
negative supply can be generated asshown in Figure 18.
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FIGURE 14 - TWO CIRCUITS FOR GENERATION
OF Vref AND VAg FROM A SINGLE SUPPLY
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MC14433

3% DIGIT AUTORANGING MULTIMETER
An autoranging multimeter including ac and dc

voltage ranges from 200 mV to 200 V, ac and dc current
from 2 mA to 2 A fullscaleand resistance rangesfrom 2
kSl to 2 MSI fullscale is shown in Figure 15. In this
multimeter only two input jacks are required for all
ranges and functions, eliminating the need for changing
leads on the instrument when changing ranges or
functions. Although only four ranges are provided for
each function, the technique used may be expanded to
more ranges if desired. Range switching uses mechanical
relays. However, the relays may be replaced with solid
state analog switches.

The MC14433 provides the overrange and underrange
control signals for the automatic ranging circuits. For
additional information, see Motorola Application Note
AN-769, "Autoranging Digital Multimeter Using the
MCI4433 CMOS A/D Converter."

PARALLEL BCD DATA OUTPUT CIRCUIT
The output of the MC14433 may be demultiplexed

to produce parallel BCD data as shown in Figure 16.
Two levels of latches are required for a complete
demultiplexing of the data since the outputs of the
MC14042B latches change sequentially with the DS1 to
DS4strobe pulses. To key output validityto one leading
edge, i.e., that of the EOC signal of the MC14433,
information is transferred to the second set of latches
(MC14175B latches). A single set of latches can be used
when reading of output is restricted to within 12,000
clock pulses after EOC. This requires synchronous
system operation with respect to the BCD data bus.

In this system the output ground level is Vss- In
most cases, a two supply system with Vss connected to
Vag is recommended. This allows connecting analog
ground and digitalgroundtogether without destroying a
power supply. This circuit works well with that of
Figure 12.

FIGURE 16 - DEMULTIPLEXING FOR MC14433 BCD DATA
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FIGURE 17 - CHANNEL DATA ACQUISITION HARDWARE
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8 CHANNEL DATA ACQUISITION NETWORK
Figure 17 shows an 8 channel data acquisition

network using the MC14433 and an M6800
microprocessor system. The interface between the
microprocessor data bus and the A/D system is done
with an MC6820 PIA. One half of the PIA is used with
the BCD and digit select outputs of the MC14433, while
the second half of the PIA selects the channel to be
measured via the MC14051B analog multiplexer. Control

, Addrost

'Bus

lines CB1 and CB2 are used for data flow control and
are connected to DU and EOC of the MC14433.

A more detailed explanation of this system including
the actual software required for the M6800
microprocessor may be found in Motorola Application
Note AN-770, "Data Acquisition Networks With NMOS
and CMOS."

FIGURE 18 - NEGATIVE SUPPLY GENERATED FROM POSITIVE SUPPLY
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NEGATIVE SUPPLY GENERATED FROM POSITIVE
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When only +5 V is available, a negative supply voltage
can be generated with the circuit of Figure 18 usingone
MC14049B. Two inverters from CMOS hex inverter are
used as an oscillator {« 3 kHz) with the remaining
inverters used as buffers for higher current output. The
square wave output from the oscillator is level-translated
to a negative going signal. This signal is rectified and
filtered. A Vqd voltage of +5 V for the hex buffer will
result in a -4.3 V no load output voltage while the out
put with a 2 mA load is « 3.4 V.

*1
-VouttoVEE

50 uF
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Advance Information

3-1/2 DIGIT A/D LOGIC SUBSYSTEM

The MC14435 A/D Logic is designed specifically for use in
a dual-slope integration A/D converter system.

The device consists of 3-1/2 digits of BCD counters, 13 memory
latches, and output multiplexing circuitry. An internal clock oscil
lator is provided to generate system timing and to set the output
multiplexing rate. A single capacitor is required to set the oscillator
frequency.

• On-Chip Clock to Control Digit Select. Multiplexing, and BCD
Counters Simultaneously

• Multiplexed BCD Output

• Built-in 100-Count Delay lor Accurate System Conversion of
Low-Level Inputs

• System Over-Range Output

• Linear Companion Device Available From Motorola

(MC1405L/1505L)

• Supply Voltage Range = 3.0 Vdc to 18 Vdc (MC14435 EFL/FL/FP)
= 3.0 Vdc to 6.0 Vdc (MC14435EVL/VL/VP)

MAXIMUM RATINGS (Voltages referenced to Vss. P.n8.1
Rating Symbol Value Unit

DC Supply Voltage

-MC14435EFL/FL/FP

- MC14435EVL/VL/VP

vdd
+ 18 to -0.5

+6.0 to -0.5

Vdc

Input Voltage, All Inputs Vin VDD+0.5

to Vss "°-5

Vdc

DC Current Drain per Pin i 10 mAdc

Operating Temperature Range MC14435EFL/EVL

MC14435FL/FP/VL/VP
TA -55 to +125

-40 to «85

°C

Storage Temperature Range Tstg -65 to -150 °C

BLOCK DIAGRAM

+ 3

T ! 1
Cioi.

3 D.g.i

BCD

Counter

12

Letches -
Galai

-«»Ot4 QO 1
-a-013 Ql 1 BCD
-a-012 Q2| Output!
—»-011 03]

DilDlay

Updata 6°—

Comparator so-a>

r*
T.rmn, T

Logic

Control

Vqd • Pln '6 Latex
VSS P.nB

N m: WC1 505' 4 05/ /O Con.arter Subivtlam

mi' Irontend

This is advance information ond specifications are subject to change without notii
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MC14435

CMOS LSI

(LOW-POWER COMPLEMENTARY MOSl

3-1/2 DIGIT A/D LOGIC

SUBSYSTEM

001
L SUFFIX

CERAMIC PACKAGE .^Jfc,
CASE 620

SSRSBW

•mm1
PSUFFIX

PLASTIC PACKAGE

CASE 648

PIN ASSIGNMENT

DS3 VDD
OS1 DS2

Cl Q0

C2 Ql

Comp Q2

DU Q3

RC 1/2 D

VSS OR

ORDERING INFORMATION

MC14435 -] r. Suffix Denotes

hL Ceramic Package
U.p Plastic Package

a- F •Extended Operating
Voltage Range

1 a-V •Limited Operating
Voltage Range

• Blank • 'Standard Operating
Temperature Renge

m. E • "Extended Operating
Temperature Range

'See Features (above, left)
••See Maximum Ratings
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FUNCTIONAL DIAGRAM
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advised that normal precautions be taken
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ELECTRICAL CHARACTERISTICS

Characteristic Symbol
Vdd"

Vdc

T ow* 25°C Thkth*
Min Max Min Typ Max Min Max Unit

Output Voltage "0" Level

"1" Level

Vout 5.0

10

15

-

0.01

0.01

0.05

—
0

0

0

0.01

0.01

0.05

-

0.05

0.05

0.10

Vdc

5.0

10

15

4.99

9.99

14.95
-

4.99

9.99

14.95

5.0

10

15

—
4.95

9.95

14.90
-

Vdc

Noise Immunity
<AV0U, < 1.5 Vdc)
( 4 Vou, < 3.0 Vdc)
( A Vout < 4.5 Vdc)

(A Vout < 1.5 Vdc)
• 4 Vou, < 3.0 Vdc)
( A Vou, < 4.5 Vdc)

VNL
5.0

10

15

1.5

3.0

4.5

-

1.5

3.0

4.5

2.25

4.50

6.75

-

1.4

2.9

4.4

-

Vdc

vNh 5.0

10

15

1.4

2.9

4.4

-

1.5

3.0

4.5

2.25

4.50

6.75

—
1.5

3.0

4.5

-
Vdc

Output Drive Current

Source — All outputs

<vOH ° 2.5 Vdc)
•VoH " 9-5 Vdc)
(Vqh " 13.5 Vdc)

Sink - DSI, DS2. DS3

(Vol "0-4 Vdc)
(Vol • 0.5 vdc)
(Vol- i-5 vdc)
Sink - 00, Ql, Q2, Q3

(Vql - 0.4 vdc)
(Vql " 0.5 vdc)
(Vol-15 Vdc)

Sink-1/2D, RC,5"R
(Vol - 0.4 vdc)
(Vql - 0.5 vdc)
(Vol-is vdc)

•oh

5.0

10

15

-0.23

-0.23

-0.23

-

-O.20

-0.20

-0.20

-1.35

-0.64

-2.35

-

-0.14

-0.14

-0.14

-

mAdc

'OL
5.0

10

15

1.60

2.55

8.35

-
1.60

2.15

7.0

3.45

6.50

21.0
-

1.12

1.50

4.90

-

mAdc

'OL
5.0

10

15

1.60

2.25

7.20
-

1.60

1.90

6.0

2.55

5.80

18.5

-
1.12

1.35

4.20

-

mAdc

'OL
5.0

10

15

0.23

0.60

2.15
-

0.20

0.50

1.8

0.64

1.57

5.5

-

0.14

0.35

1.25

-

mAdc

Input Current 'in - - - - 10 - _ _ pAdc
Input Capacitance

(Vin-0)
Ci„

— — -
-

5.0
- - - pF

Quiescent Dissipation
(Comp Input Low)

PQ
5.0

10

15

-

2.15

8.50

19.50
-

0.40

1.60

3.6

1.75

6.85

15.75

-
1.75

6.85

15.75

mW

Dynamic Power Dissipation
(Comp Input High)

Pd
5.0

10

15 :

12.4

62.0

248 j
-

2.0

' 16.7

66.7

10

60

200 =

10

50

200

mW

lOW - -. , .__._....„.-»-,„„, fc, , , , ,,., »r.
Thigh " +125°C for MC14435 EFL, EVL; +85°C for MC14435 FL, FP. VL, VP.

•Only 5 volt specifications apply to MC14435 EVL, VL, VP devices.
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SWITCHING CHARACTERISTICS (CL - 15pF.TA - 2B°C)

Output Rise and Fall Time

Propagation Delay Time
(Comp to all Outputs)

Propagation Delay Time
(Clock to RC)

Propagation Delay Time
(Clock to Digit Selects

or Q outputs)
Display Update PulseWidth

Characteristic

Comparator Pulse Width (Low State)

Symbol

TLH, tTHL

tPLH.

tPHL

tPLH.

«PHL

«PLH,

tPHL

«WH

»WL

Vqd
Vdc

5.0

10

15

5.0

10

15

5.0

10

16

5.0

10

45

5.0

10

15

5.0

10

IS

Typical
All Types

100

SO

40

14

5.0

3.0

2.4

1.0

0.75

2.2

0.8S

0.66

230

90

65

11.5

4.5

2.S

Unit

OPERATING CHARACTERISTICS

The MC14435 contains the clock, BCD counters,
latches, BCD multiplexing, and control circuitry for a
3-1/2 digit A to D converter. In conjunction with the
MC1505 analog subsystem a multiplexed A to D can be
implemented inthree16-pin packages asshownin Figure 5.

Two connections are required between the analog sub
system (MCI 505) and the logic subsystem (MCI 4435).
These two connections are the comparator input (Comp)
and the ramp control output (RC) of the MCI4435. The
clock and counters operate whenever the comparator line
is high. After 1000counts from the clock,the RCoutput

goes high, switching the integrator input from the un
known current to the reference current. When the inte
grator output falls belowthe thresholdlevelthe comparator
line goes low, inhibiting the clock and ending the con
version cycle. The BCDcontent of the counters is then
strobed into the latches, the counters reset, and the con
version cycle starts over.

After the RC line goes high, the next 100 pulses are
subtracted, compensating for the offset produced by the
analog subsystem. The three BCD latch outputsare multi
plexedintoa single 4-lineoutput. The multiplex frequency
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is the same as the clock frequency.
The internal oscillator requires a capacitor between

pins3 and 4. Figure 1 shows a curve of output frequency
versus capacitance value lor determining the desired system
clock frequency. An external clock oscillator may be
used by removing the clock capacitor and connecting
the external signal to pin 3 (negative edge trigger), or
pin 4 (positive edge trigger).

The Display Update input (DU) is used to control the
rate of display of the BCD multiplexed outputs. If the DU
input is held high, the system makes conversions contin
uously and strobes each conversion into the memory
latches to be multiplexed out. If the DUinput is held low,
after one conversion has been entered into the latches,all

other conversions will be blocked from entering. By
synchronizing the DU input with the system clock, the
rate of displayed output updating can be controlled.

The 3-digit multiplexed BCD pins 11. 12, 13, and 14
are low for a BCD word of "zero", while the digit select
lines are normally high and go low for the individualdigit
selection. The half-digit output (pin 10) is in the logic "1"
state whenever the input voltage is greater than 1.0 volt.
When the input voltage is greaterthan 2.0 volts, pin 9 goes
low after 2100 counts are reached during the ramp down
portion of the conversion cycle, or 3100 total counts. The
overrange (0~R) pin remains in this condition until the
counters are reset and the next conversion cycle starts.

OUTPUT MULTIPLEX TIMING DIAGRAM

Clock '
0

Comp
O

OS1 '
0

DS20

DS3D

OO '
0-

Ql »

o-

Q2 1
o-

1 -
Q30

1

1/2 D0

1

1 1 1

11

1

1

1

1 1

11 1

FIGURE 1 - TYPICAL OSCILLATOR FREQUENCY versus
EXTERNAL CAPACITOR VALUE

FUNCTIONAL TRUTH TABLE

INPUTS

FUNCTIONComp DU

0 X BCD Counter is hold reset to "0".

Digit Select Counter is hold reset to DS1.
Provious count is held in latches.

Clock oscillator is inhibited. RC and OR are held reset.

J~
X Clock oscillator starts

BCD counter bogins counting clock.
Digit Select counter runs, operating output multiplexing.
Previous count is held in latches.

A_
1 Clock oscillator is inhibited.

New count is strobed from tho first BCD
Counter into latches.

BCD counters aro reset.

Digit select counter is roset to DS1.
RC and OR are roset.

A_
0 The first nogative edge of Comp after DU is brought low

produces tho same results as if DU was high. On subsequent
cycles of Comp tho Clock oscillator. BCD counters, and
Digit Select counter operate normally, but no further latch
strobes occur.

RC and OR aro reset.

X » Don't Caro

FIGURE 2 - TYPICAL OSCILLATOR FREQUENCY
VARIATION versus TEMPERATURE

10 VrJ
VDD- 5 Vdc

S3

30

~ 20

o

<

> 0
>

Z

a

rr

"• -20
•»

-30

10k

I. FREQUENCY (Ht)
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APPLICATION INFORMATION

The dual ramp A to D system is an integrating con
verter whose output is relatively independent of both
clockfrequency and integrator capacitor value. The timing
diagram shows a typical conversion cycle for the dual
ramp system. A block diagram of the basic system is
shown in Figure 3 of the data sheet. The up ramp
voltage is created by charging an integratorcapacitor with
a constant current whose value is proportional to the
unknown input voltage. This time period (Tl) lasts for a
fixed number of clock pulses, which in the case of the
MCI4435 is 1000 clock pulses. The voltage on the output
of the integrator at this point is proportional to the input
voltage. After this fixed time periodthe rampdirection is
reversed by switching the integrator capacitor input to a
reference current which is the opposite polarity of the
inputcurrent. The integrator capacitor is discharged until
theoutput voltagereachesthe comparator thresholdvalue.
This variable time period (T2) is proportional to the
unknown input voltage. The unknown input voltage is the

product of the reference voltage and the ratio of T2 to
Vx

T1 or T2 = Tl
vr-

When the input voltage to the basic dual ramp system
is zero or near zero the integrator current during the ramp
up time period is zero or near zero. In this case the
ramp downperiod would beveryshort. Thusany noise in
the systemcould causedelay in the comparator linegoing
low and cause instability in low voltage readings. The
problem is eliminated by adding a fixed offset current to
the unknown current and subtracting out the equivalent
number of counts in the digital counters to compensate
for the offset current. With this technique the A to D
always has at least a minimum number of counts on the
counters with a zero input voltage. In the case of the
MCI 4435 the number of pulses subtracted out is 100
pulses; e.g., thedown ramp is 100 pulses longer than T2.

For additional information consult the MCI 505 (Ana
log Subsystem) data sheet.

FIGURE 3 - BASIC DUAL RAMP SYSTEM

*'*vj_,
VI

Converter

CD"

Throshold
Comparator

Ramp Control

Control

Circuitry

Digit
Select

JE

3-Oigit BCD
Multiplex

nr Tin
FIGURE 4 - DUAL SLOPE A/D CONVERTERSYSTEM TIMINGDIAGRAM

I'X * 'O' T1 " 'R (T2 + T0' Ramp
Control

Vjn-VREF^
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»i,CiM'.!.?.'f.BrAm*. "' •"B Mo,0'0,• P'»ductsaremcluded asa means it behoved lo be em.rely reliable. However, no responsibility isof illustrating typical semiconductor applications, consequently. assumed for inaccuracies Furthermore such nlorm.iionZL.nn
compete in orm.t.on sufficient lor construction purpose. .. not convey to the purchaser ofthe »rn™nducto, dov"«de«r?£d«nv
necessarily given The information has been earofully checked and license under thepatent rights ol MotoVola Inc. orothe"
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L.C.D WATCH/CLOCK CIRCUIT

The MC14440 utilizes complementary MOS processing to give
micropower performance for watch and clock applications. This
circuit provides hours and minutes information during normal use.
On demand, the seconds and date of the month are displayed
sequentially. A 1/2-Hz flashing colon is provided to separate the
hours and minutes.

All timekeeping registers in the MC14440 can be set at a 1-Hz
rate by enabling the appropriate setting pin (hours, minutes, or
days). The seconds register is set to zero when minutes are set; the
start pin must be enabledto begintimekeeping.

The MC14440 oscillator section is driven by a 32-kHz crystal,
biasing capacitors and resistors, and a 1.58V battery. Outputs are
supplied to drive a diode-capacitor voltage converter that provides
the drive for the high voltage (3.8 V typical) portion of the circuit
and the liquid crystal display.

• Low Current Drain - 5.0 uA typical
• Single CMOS Chip
• On-ChipOscillator(Uses32.768-kHz Crystal)
• Diode Input Protection
• Operates from Single 1.58 Vdc Battery
• Frequency Outputs for DC-DC Up-Converter
• Directly Drives a LiquidCrystal Display (L.C.D)
• Hours, Minutes, Seconds, Date of Month Display Capabilij

MC14440

CMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

L.C.D WATCH/CLOCK CIRCUIT

NOTE:

NOT RECOMMENDED FOR NEW DESIGNS
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Advance Information

ANALOG TO DIGITAL CONVERTER

LINEAR SUBSYSTEM

The MC14443 and the MC14447 devices are 6 channel, single
slope. 8-10 bit analog to digital converter linear subsystems for
microprocessor based data and control, systems. Contained in both
devices are a one of 8 decoder, an 8 channel analog multiplexer,
a buffer amplifier, a precision voltage to current converter, a ramp
start circuit, and a comparator. The output driver of the MC14443
comparator is an open-drain N-channel capable of sinking up to

5 mA of current. The output of the MCI4447 comparator has a
standard B-Series P-channel, N-channel pair.

A processor system (such as the MC6800. MC141000 or
MC3870) provides the addressing, timing, counting, and arithmetic
operations required for implementing a full analog to digital
converter system. A system made up of a processor and the linear

subsystem has features such as automatic zeroing and variable scaling
(weighting) of six separate analog channels.

• Quiescent Current 0.8 mA Typical at Vpo = 5 V

• Single Supply Operation +4.5 to + 18 Volts

• MPU Compatible

• Typical Resolution - 8 Bits

• Typical Conversion Cycle as Fast as 300 /js

• Ratio Metric Conversion Minimizes Error

BLOCK DIAGRAM

This is advance information and specifications Jbjoct to change without noti<
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MC14443
MC14447

CMOS MSI

(LOW-POWER COMPLEMENTARY MOSl

MICROPROCESSOR BASED

ANALOG TO DIGITAL CONVERTER

L SUFFIX PSUFFIX
CERAMIC PACKAGE PL ASTIC PAC KAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXX _ Suffix Denotet

t L Ceramic Package

P Plamc Package

PIN ASSIGNMENT

Al

^^*^

AO

A2 Chi

RampStnrt VDD

Ram,. Cap Ch2

vSs Ch3

Ref C jrren Ch4 :

Comp Out Ch5 :

Ref V oltag Cn6 :



MC14443* MC14447

MAXIMUM RATINGS (Voltages referenced to Vssl

Rating Symbol Value Unit

DC Supply Voltage vDd -0.5 to+18 Vdc

Input Voltage. All Inputs vin -0.5 to Vqd + 05 Vdc

DC Current Drain per Pin i 10 mAdc

Operating Temperature Range TA
-40 to »85

°C

Storage Temperature Range Tstg -65 to+150 °C

This device contains circuitry to protect
the inputs against damage due to high
static voltages or electric fields; however,
it is advised that normal precautions be
taken to avoid application of any voltage
higher than maximum rated voltages to
this high impedance circuit. For proper
operation it is recommended that V;n and
vout De constrained to the range Vss <
(VinOrVoutKV0D.

ELECTRICAL CHARACTERISTICS

Characteristic Symbol

vdd
Vdc

Tlow 25°C Thitth
UnitMin Max Min Typ Max Min Max

Output Voltage—Comparator "0" Level
Vin@Pin4=0V

Vjn@ Pin 4-1.0 V "1" Level
(RL-10k,MC14447only)

vol 5.0

10

15
;

0.05

0.05

0.05

-

0.01

0.01

0.01

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95

-

4.95

9.95

1435

4.99

9.99

14.99

-

4.95

9.95

14.95

-

Vdc

Input Voltage-Address, Ramp Start "0 Level"

(Vq - 4.5 or 0.5 Vdc)
(Vo * 9-0 or 1.0 Vdcl
(V0 = 13.5or 1.5 Vdc)

"1" Level

(Vq= 0.5 or 4.5 Vdcl
(Vq-1-0 or 9.0 Vdc)
(V0-1.5or 13.5 Vdc)

VlL
5.0

10

15

-

1.5

3.0

4.0

-

255

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Current—Comparator

Vin 9 Pin 4 - 1.0 V (MC14447only)
(Vqh * 2.5 Vdc)
(Vqh " 46 Vdc)
<vOH = 9.5 Vdc)
(V0H "'3.5 Vdc)

Vj„@Pin4-0V

(Vql = °-4 Vdc)
(v0l - o.5 vdc)
(Vql= 15 Vdc)

'OH

5.0

5.0

10

15

-2.5

-0.52

-1.3

-3.6

-

-2.1

-0.44

-1.1

-3.0

-4.2

-0.88

-2.25

-8.8

-

-1.7

-0.36

-0.9

-2.4

-

mAdc

'OL
5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

83

-

0.36

03

2.4

-

mAdc

Input Current—Address, Ramp Start •in 15 -
i0.3

- -

•0.3
-

•1.0 MAdc

Input Current—Analog Inputs 'in 15 - - -
tO.1 no

- -

nAdc

Input Capacitance—Address, Ramp Start

Vin - 0 V
Cin 15 '

- — —

5.0 7.5 pF

Quiescent Current <DD 5

10

15

- - -

0.8

1.5

1.7

- - -

mAdc

Crosstalk Between Any Two Input Channels VCr - - - -
0 4.0

- -

mVdc

Reference Current Range •r - - - 10 -
50

- -

fiAdc

Common Mode Input Voltage VCM 5

10

15

- -

0

0

0

-

2.5

7.0

12

- -

Vdx

Butter Amplifier Output Offset vBo 5

10

15

- - -

0.285

0.400

0.420

- - -

Vdc

Comparator Threshold VTC 5

10

15

- - -

0.195

0.275

0.290

vBo
vbo
vB0

- -

Vdc

Referonce Voltage Range Vr 5

10

15

- -

2.0

2.0

2X3

-

2.5

7

12

- -

Vdc

Conversion Linearity
Vjn " VQD- 3 V for C> 100 pF

LC — — — -
0.15 03

"

%Full

Scale

7-265



MC14443«MC14447

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

Characteristic Sumbol vdd
Vdc

Min Typ Max Unit

Output Rise Time-Comparator (MC14447 only) 'TLH 5.0

10

15

-

120

75

65

240

150

130

ns

Output Fall Time—Comparator
«THL 5.0

10

15

-

250

350

650

500

700

1300

ns

Propagation Delay Time-Comparator MCI 4443

(RL = 10ktoVDDl

MCI 4447

»PLH 5.0

10

15

-

550

500

550

1100

1000

1100

ns

'PHL 5.0

10

15

-

350

300

300

700

600

600

ns

'PLH 5.0

10

15

-

600

475

500

1200

950

1000

ns

'PHL 5.0

10

15

-

450

540

750

980

1080

1500

ns

Multiplexer Propagation Delay 'M 5.0

10

15

-

180

125

110

360

250

220

ns

Ramp Start Delay Time «TS 5.0

10

15

-

40

25

20

80

50

40

ns

Acquisition Time*

C = 1000 pF

R = 100 kw

'A 5.0

10

15

-

30

15

14

60

30

28

CS

*AcquisitionTime includes multiplexerpropagation delay,rampstartpropagation delayandthe time required to charge rampcapacitor to
the selected input voltage.

OEVICE OPERATION

ADDRESS INPUTS SELECT (A0. Al, A2. Pins 1. 2, 16) The input voltage source to be presented to the measurement
system according to the Truth Table shown in Figure 3.

RAMP START (Ramp Start, Pin 3) When the Ramp Start is low, the rampcapacitor is charged to a voltageassociatedwith
the selected input channel. When the Ramp Start is brought high.the connection to the input channel is broken and the
capacitor begins to ramp toward Vss.

RAMP CAPACITOR (Ramp Cap, Pin 4) The ramp capacitor isused to generate a time period when discharged from a selected
voltage via a precise reference current.

NEGATIVE POWER SUPPLY (VSs. Pin 5) This pin is system ground.

REFERENCE CURRENT (Ref Current, Pin 6) To discharge the ramp capacitor, the reference current is fixed via a resistor
(RRef) to a positive supply from pin 6. Typical current is equal to (Vdd - vRef)/RRef-

COMPARATOR OUTPUT (Comp Out, Pin 7) This output is low when the capacitor has reached the dischargedvoltage and
is high otherwise.

REFERENCE VOLTAGE (Ref Voltage. Pin8) This voltage can be set to a voltagebetween Vss + 2 V and Vdd - 2 V. This
is the known voltage to which the unknown is compared.

INPUT CHANNELS (Pins9, 10,11,12.13,15) Input channels 1 through 6 are used to monitor up to six separate unknown
voltages. Selection is via the address inputs.

POSITIVE POWER SUPPLY (Vdd. p'" 14) This pin is the package positive power supply pin.
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FIGURE 1 - VOLTAGE TO PULSE WIDTH CONVERSION

Voltago

Roferonco Voltoge* (Vr ♦ Vbq)

Unknown Voltago' (Vx ♦ Vqq)

Voltago ot 0 V Input* IVrjol

Comp Rof IVjc'

<vBO'count - «0

<VX * vBO'count" «X

<VR + vBO'count " «R

•VR'count " «R " «0

<vx>count " «X " *0

• Voltsgos moasured at pin 4
with ramp start low.

voo

Addross Linos I

from tho

Microprocotsor

Ramp stort

from tho

Microprocessor

Comparotor

Output to
Microprocotsor

FIGURE 2 - TRUTH TABLE

A2 A1 AO Input Selected

0 0 0 Vss Channel 0 (ground)

0 0 1 Chi Channel 1

0 1 0 Ch2 Channel 2

0 1 1 Ch3 Channel 3

1 0 0 Ch4 Channel 4

1 0 1 Ch5 Channel 5

1 1 0 Ch6 Channel 6

1 1 1 VRof Channel 7 (External Reference)

i

FIGURE 3 - TYPICAL APPLICATIONS CIRCUIT

Ramp Capacitor

•K
', Rrof i

16

15

n p. 14

S313

O O 12
2 2

11

10

9

CONVERSION SEQUENCE

- Channol 1

- Channol 2

- Channol 3

Channel 4

Channol S

. Channel 6

Step No. A2 Al A3 Ramp Start Comment
—

1. 1 1 1 0 Channel 7 Selected (Reference Voltage)

2. 1 1 1 1 Record time until Pin 7 goes low

3. 0 0 0 0 Channel 0 Selected (Ground)

4. 0 0 0 1 Record time until Pin 7 goes low

5. 0 0 1 0 Channel 1 Selected

6. 0 0 1 1 Record time until Pin 7 goes low

Calculate tqh7 - «ChO " 'Ch7' Step 2-Step 4

Calculate tchl - 'ChO " 'Chi' Step 6-Step 4

CalculateVunKnown =Vchyttchl'/tch?')
7. 0 0 Channel 2 Selected

8. 0 1 Record time until Pin 7 goes low

Calculate tch2 - 'ChO " 'Ch2'

CalculateVunknovvn - VCh7 («Ch2'/tCh7'>
etc.
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M) MOTOROLA

OSCILLATOR/216 DIVIDER/BUFFER
with Integrated Feedback Capacitor

The MC14450 consists of an oscillator, 16-stage divider, and two
buffers in a single monolithic structure. This circuit employs
complementary MOS devices for low-voltage operation and extremely
low power dissipation. It finds primary use in crystal controlled
timing circuitry, and is particularly suited for wristwatch and low-
voltage clock operation.

The oscillator section has an output capacitor integrated on the
chip. The addition of a crystal, an input capacitor, and a feedback
resistor is all that is necessary to complete the oscillator circuit.

The divider section consists of a 16-stage binary divider. Two
outputs are provided, 180 degrees out of phase. The outputs of the
last six stages of the divider are used to gate the output pulses,
providing narrow output pulse widths. Both outputs are buffered to
provide fast rise and fall times, and to maximize energy transfer to
the load for the pulse duration.

The MCI4450 utilizes a 1.58 volt silver oxide battery, and provides
peak output pulse voltages of more than 1.20 volts with a 5.2
kilohm load.

This device provides a divide-by-65.536 function and can be
operated at frequencies to 1.0 MHz. When operated at 32.768 k)
it provides 0.5 Hz, 1.563% duty cycle alternating output pu^es.
• Extremely Low Operating Current Consumption: 4.0rffl*Tl
• Typical Power Supply = 1.58 V ^ \J'
• Inverting Amplifier with Integrated Feedbg '"
• Gated and Buffered Outputs

Diode Protection on Input
High Output Drive at Low VoJtweiJO

>a#t*cViacitor

VQQ

OiCmc—vw-

vss

BLOCK DIAGRAM

[>-r{>^-{>^\_ ,M _ F,? _

Cout

VSS

VQD= Pm 6
Vss • P'" 3
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MC14450

CMOS SSI

(LOW-POWER COMPLEMENTARY MOSl

OSCILLATOR/216 DIVIDER/
BUFFER
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MAXIMUM RATINGS (Voltages referenced to Vss- p'n 3->

Rating Symbol

DC Supply Voltage vpp

Input Voltage, All Inputs

DC Current Drain per Pin

Operating Temperature Range ta

Storage Temperature Range •stg

+3.0 to -0.5

Vdd+ 0.5 to

vss -os

0 to+50

-30 to +85

Unit

Vdc

Vdc

mAdc

°C

°C

This device contains circuitry to protect
the inputs against damage due to high static
voltages or electric fields; however, it is
advised that normal precautions be taken
to avoid application of any voltage higher
than maximum rated voltages to this high
impedance circuit. For proper operation it
is recommended that Vjn and Vout be
constrained to the range Vss ** 'vjn °r
V0ut> < V0D-
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either
Vssor vdd'

ELECTRICAL CHARACTERISTICS (VDd - 1-58 Vdc, VSs = 0, TA - 25°C unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit

Power Supply Operating Range vdd 1.3 1.5 3.0 Vdc

Output Voltage (No Load) Voh 1.4 1.5 -
Vdc

vol -
0.0 0.1 Vdc

Output Drive Current

(Voh = 1-3 Vdc)
(Vol ° 0.2 Vdc)

•oh 700 _ - uAdc

'OL 1000
-

-

MAdc

Input Current •in -

0.00001
—

MAdc

Quiescent Device Current IQ - -

1.0 MAdc

Dynamic Device Current
(f - 32.768 kHz, No Output Load) Square Wave, Pin 2

MTQ32A Crystal

'DD
-

2.6

4.0

7.0

MAdc

Minimum Voltage Required for Oscillator Start VDDS -

1.4 1.5 Vdc

Feedback Oscillator Capacitance cout -

20
_

pF

V0ut1

Vout2

FIGURE 1 - OUTPUT WAVEFORMS

PWmd. MOTOR DRIVE PULSE WIDTH '0.01563 T
65536OUTPUT PER.0D,T.|Nt>UTFREQUENCY
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V0n1=V0H1"V0L2
Von2*V0H2'v0L1

Note: Refer to Figure 4 for connection diagram.
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FIGURE 2 - TYPICAL 32-kHz OSCILLATOR CIRCUIT

3^635pF CZ1

I T.
MOTOROLA MTQ32A CRYSTAL

•AlCi.)' 32.768 kHz
Rsv30k<>

Co =1.9 pF Typical
C] -0 0056 pF Typical

-a»- to Osc„, IPm 2)

-»• to Oscout IPm II

FIGURE 3 - TYPICAL CURRENT DRAIN versus FREQUENCY

(No Output Load)

_ 100

3

1

j
1

20 SO 10 20 50 100 200 500 1000 2000

(in. DIVIDERINPUTFREQUENCY IkHi)

APPLICATIONS INFORMATION

Figure 4illustrates atypical wristwatch system. The MC14450 drives arotary motor which
rotates 180° with each input pulse.

FIGURE 4 - TYPICAL WRISTWATCH SYSTEM

BATTERY _T 1'

6 3SpF

VOD

6

•^ j I MOTOR
BUFFERS |

_l

VDn * Voltage it pin 4
minus voltagett pin S.

Rmotor * 5,2 k It minimum

OUTPUTWAVEFORM ACROSS MOTOR

Circuit diagrams utiliting Motorola products ara included as a means
ot illustrating typical semiconductor applications; consaquantly,
complete information sufficient for construction purposes is not
necessarily given. The information has been carefully checked and

•s 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 ot Motorola Inc. or others.
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MC14450

PACKAGE DIMENSIONS

CASE 68805 CASE 70402

DIM

MILLIMETERS INCHES

MIN MAX MIN MAX

."- 5.97 711 0 235 0 280

5.72 0 170 0.225

1.17 1.91 I) 046 0075

0.51 0010 0.020

i D )E 0 15 0 003 0 006

12; •ISC 1050 BSC

ii 013 089 0.005 0035

190 305 0.01S 0120

N 0 J.« '" 0 03b 0 060

NOTES
1 LEADS,TRUE POSITIONED

WITHIN 0.13 mm (0 005) RADIUS
TO DIM "A" &"B" AT MAXIMUM
MATERIAL CONDITION.

'

N

i

•H

K -

DIM

MILLIMETERS INCHES

Mir; MAX mk; MAX

A •, >;•• 6.35 0.224 o 250

R •• in- 5.08 0.160 0.200

C 1.17 1.90 II 1)46 0.075

0 II 311 0.51 1)1) lb 0 02(1

F (1 70 0.30 0.008 0 1)17

n 1.32 0.048 0Q'j7

H 0.13 0.89 0.005 0 035

K 2.34 2.84 0.092 0.112

N nan 1.14 1) 1)3'.. 0 04 5

I C
I

MCC14450 BONDING PADS
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Chip geometry subject to Change without
notico ns modifications are mado.

Dub to die cleavage angles, the actual siJO of the chip
could bo up to 7.0 mils (0.17 mm) larger than indicated
in both dimensions.



'M) MOTOROLA

OSCILLATOR/211 to 219 DIVIDER/BUFFERED
DUTY CYCLE CONTROL

The MCI4451 consists of three sections: an oscillator, an 18-stage
divider, and a buffered flip-flop for pulse width control and current
sink drive. These circuits employ metal-gate complementary MOS de
vices for low-voltage operation and extremely low power dissipation.

A wide variety of output pulse widths and frequencies can be
obtained using the pulse-widthcontrol flip-flop. The number of
combinations can be further increased by the variety of crystal
frequencies or RC networks used with the oscillator section.

The buffered output of the duty-cycle-control flip-flop consists
of an N-channel MOSFET for maximum current sinking capability
and a P-channel active pullup device. Outputs from the 18-stage
divider section provide a negative logic binary count.

Applications of the MC14451 include power-off timers, low-
power-consumption timers especially suited for battery applications,
elapsed timers, wall clocks, auto-timers for feeding systems, fuse
timers, incubator timers, weather measurement equipment, and many
other battery or low-power applications.

• On-Chip Duty Cycle Control
• Buffeted Duty Cycle Control Output
• On-Chip Oscillator

• Low Power Consumption -20 pW typical @ 1.5 Vdc
and « = 262 kHz.

• Operating Supply Voltage Range = 1.3 to 3.0 Vdc
• Diode Protection on Inputs

Duty 7 1 k
Cycle O-vw-

Reset

>UW Cycle I r-T ^10-0
Control

I—I 5
Duty Cvcle

J£
i I Control Output
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MC14451

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

OSCILLATOR/211 to 219 DIVIDER/

BUFFERED DUTY CYCLE

CONTROL

fi00fHi
L SUFFIX

CERAMIC Pi
CASI

VDD Pin '6
VSS " p'" 8

PSUFFIX

PLASTIC PACKAGE

CASE 648



MC14451

MAXIMUM RATINGS (Voltagesreferenced to Vss, Pin 8)
Rating Symbol Value Unit

DC Supply Voltages VDD +3.0 to -0.5 Vdc

Input Voltage, All Inputs Vin Vqd +°.5 to
VSS -0-5

Vdc

DC Current Drain per Pin I 10 mAdc

Operating Temperature Range ta -10 to +60 °C

Storage Temperature Range Tstg -30 to +85 °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 Vjn and Vout be
constrained to the range Vss ** 'Vjn or
vout> < vDo
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either
VSsor Voq).

ELECTRICAL CHARACTERISTICS (V0D - 158 Vdc. vss - 0, JA = 25°C unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit

Power Supply Operating Range VOD 1.3 1.5 3.0 Vdc

Output Voltage Vqh 1.38 1.5 - Vdc

vol -
0.0 0.2 Vdc

Output Drive Current
(Voh " '-3 Vdc) Oivider Outputs

Duty Cycle Control Output

(Vql " 0.2 Vdcl Divider Outputs
Duty Cycle Control Output

'OH
-8.0

-8.0

-25

-25
-

jjAdc

'OL 15

400

50

1200 _

tiAdc

Input Current 'in - 0.00001 - pAdc

Quiescent Device Current 'Q - 1.0 15 uAdc

Dynamic Device Current
(f - 262.144 kHz, no output load)

•dd -

20 200 uAdc

Minimum Voltage Required for Oscillator. Start VDDS -

1.2 1.5 Vdc

TYPICAL OSCILLATOR CIRCUITS

FIGURE 1 -262kHz CIRCUIT

-**• toOsch
(Pin 3)in jZ 5_40 pF

•
27pF ~T~

. Rp - 22 M

Crystal Specification

(MTF26220)
fA(CL) " 262.144 kHi
RSS 1.5 kfl
QS20k

Cq • 8.0 pF Typical
Ci • 0.025 pF Typical

toOscout

(Pin 4)

cout
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FIGURE 2 - 32.768 kHz CIRCUIT

to Oscjn
(Pin 3)

• RF - 22 M

>k 20pF I

Crystal Specification
(MTQ3220)

fA<CL) • 32.768 kHz
Rsfi30kn
Q240k

C0- 1.9 pF Typical
C, = 0.0056 PF Typical

to Oscpu,

(Pin 4)



MC14451

FIGURE 3 - TIMING DIAGRAM

2° 2' 2s 29 2>° 2" 3072 212 5120 6144 7168 2'3 2'4 215 2'6 217 2'8 2>9

os=,n i_n_rL_r ~" i_r is u i_r ~i_r ~i_r ~i_r u is ~l_t ~lj u i_r is tj i_

1 i 1 r i i j i i J

l__j 1 r i i j _r _r _r

1 r _r _r j _r J" J"
l__j _r _r _r _r _r

1 r _r _r _r _r

1 r _r _r _r

1 r _r _r

1 r _r

Q10»Q11

Q12

Q13

Q14

Q15

Q17

Q18" i r

Du,v Cvcle Rose, IJirUlJIJlJlTLTL

Dutv Cvcle Control Output

MCC14451 BONDING PADS

14 13 12 11

10

9

8

7

Chip goometrv subject to chanoo

without notice ns modifications

aro made.

Due to die cleavage angles, tho actual size ot the chip
could be up to 7.0 mils (0.17 mm) larger than indi

cated in both dimensions.

15

16

1

2

n w*m m-rm

P

I
1
•"^mmim

D

3 4 5 6

eSize: 67 x 69 mils
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FIGURE 4 - FUNCTIONAL MATRIX

Crystal Frequency - 262.144 kHz

Pin 6

(Driver

Input)
Connected

To: Characteristic

Pin 7 (Duty Cyde Reset) Connected To:

Pinl

Oil

Pin 2 Pin 15

012

Pin 14

Q13

Pin 13

Q14

Pin 12

Q15

Pin 11

Q16

Pin 10

017

Pin 9

Q180.10 e an

Pin 9

Q18

Pulse Width

'out

3.9 ms

1 Hz

5.85 ms

1 Hz

7.8 ms

1 Hz

15.62 ms

1 Hz

31.25 ms

1 Hz

62.5 ms

1 Hz

125 ms

1 Hz

250 ms

1 Hz

500 ms

1 Hz

Pin 10

Q17

Pulse Width

'out

3.9 ms

2 Hz

5.85 ms

2 Hz

7.8 ms

2Hz

15.62 ms

2 Hz

31.25 ms

2 Hz

62.5 ms

2Hz

125 ms

2Hz

250 ms

2 Hz

Pin 11

016

Pulse Width

'out

3.9 ms

4 Hz

5.85 ms

4 Hz

7.8 ms

4 Hz

15 62 ms

4 Hz

31.25 ms

4 Hz

62.5 ms

4 Hz

125 ms

4 Hz

Pin 12

015

Pulse Width

'out

3.9 ms

8Hz

5.85 ms

8Hz

7.8 ms

8 Hz

15.62 ms

8 Hz

31.25 ms

8 Hz

62.5 ms

8 Hz

Pin 13

Q14

Pulse Width

'out

3.9 ms

16 Hz

5.85 ms

16 Hz

7.8 ms

16 Hz

15.62 ms

16 Hz

31.25 ms

16 Hz

Pin 14

013

Pulse Width

'out

3.9 ms

32 Hz

5.85 ms

32 Hz

7.8 ms

32 Hz

15.62 mi

32 Hz

Pin IS

Q12

Pulse Width

'out

3.9 tm

64 Hz

5.85 ms

64 Hz

7.8 ms

64 Hz

Pin 1

Q11

Pulse Width

'out

3.9 ms

128 Hz

Crystal Frequency - 32.768 kHz

Pin 6

(Driver

Input)
Connected

To: Characteristic

Pin 7 (Duty Cycle Reset) Connected To:

Pin 1

Oil

Pin 2 Pin 15

Q12

Pin 14

Q13

Pin 13

Q14

Pin 12

Q1S

Pin 11

Q16

Pin 10

Q17

Pin 9

Q18010*011

Pin 9

018

Pulse Width

'out

31.3 ms

0 125 Hz

46.8 ms

0.125 Hz

62.5 ms

0.125 Hz

125 ms

0.125 Hz

250 ms

0.125 Hz

500 ms

0.125 Hz

1000 ms

0.125 Hz

2000 ms

0.125 Hz

4000 ms

0.125 Hz

Pin 10

Q17

Pulse Width

'out

31.3 ms

0.25 Hz

46.8 ms

0.25 Hz

62.5 ms

0.25 Hz

125 ms

0.25 Hz

250 ms

0.25 Hz

500 ms

0.25 Hz

1000 ms

0.25 Hz

2000 ms

0.25 Hz

Pin 11

Q16

Pulse Width

'out

31.3 ms

0.5 Hz

46.8 ms

0.5 Hz

62.5 ms

0.5 Hz

125 ms

0.5 Hz

250 ms

0.5 Hz

500 ms

0.5 Hz

1000 ms

0.5 Hz

Pin 12

Q15

Pulse Width

'out

31.3 ms

1 Hz

46.8 ms

1 Hz

62.5 ms

1 Hz

125 ms

1 Hz

250 ms

1 Hz

500 ms

1 Hz

Pin 13

Q14

Pulse Width

'out

31.3 ms

2 Hz

46.8 ms

2 Hz

62.5 ms

2 Hz

125 ms

2 Hz

250 ms

2 Hz

Pin 14

Q13

Pulse Width

'out

31.3 ms

4 Hz

46.8 ms

4 Hz

62.5 ms

4 Hz

125 ms

4 Hz

Pin 15

Q12

Pulse Width

'out

31.3 ms

8 Hz

46.8 ms

8 Hz

62.5 ms

8 Hz

Pin 1

Q11

Pulse Width

'out

31.3 ns

16 Hz

7-275



'M) MOTOROLA

MC14457 TRANSMITTER

MC14458 RECEIVER

The MC14457 and MC14458 are a transmitter and receiver pair

of integrated circuits constructed in CMOS monolithic technology.

These units are designed for ultrasonic or infrared remote control

of TV receivers, converters, communication receivers, and games.

Channel selection up to 16 channels can be done single entry; or,
up to 256 channels can be done double entry.

FEATURES:

• Low External Component Count

• High Noise Immunity

• Error Free Operation

• One Analog Output From Receiver

• On-Signal Provision

• Low Power

MAXIMUM RATINGS (Voltages referencedto Vss'

Rating Symbol Value Unit

DC Supply Voltage MC14457

MC14458

vqd -0.5 to *12

-0.5 to +6.0

Vdc

Input Voltage. All Inputs vin -0.5 to VDD + 0.5 Vdc

DC Current Drain per Pin i 10 mAdc

Operating Temperature Range ta -40 to -85 °C

Storage Temperature Range Tstg -65 to + 150 °C

PIN ASSIGNMENTS

MC14457

MC14458

CMOS MSI/LSI

(LOW-POWER COMPLEMENTARY MOS)

TRANSMITTER

RECEIVER

s i faflwm124 ^jW yI)"u
i

Tyi ill 11'
Receiver Transmitter

PSUFFIX PSUFFIX

PLASTIC PACKAGE PLASTIC PACKAGE

CASE 709 CASE 648

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 Vm and Vou, be constrained to the range
VSS< IVinOrVoutXVDD.

Unused inputs must always be tied to an

appropriate logic voltage level (e.g., either

Vssor vdd'-

MC14457

TRANSMITTER

MC14458

RECEIVER

R3 vdd Zl 16
R4 Oui2 P 15
R5 Out 1 tl 14
R2 Mod Zl 13

R1 Oscout Zl 12

Cl Oscin Zl 11

C2 C3 Zl io

vss C4 Zl 9
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i LZ Oscin VDD

2LZ Din vol

3 C POR A3

4LZ AFT A2

5C On At

6LZ UHF/VHF AO

;C LBV VA

8CZ MB Data Roadv

9CZ M4 L8

oCZ M2 L4

lCZ M1 L2

2C VSS Ll



MC14457 • MC 14458

TRANSMITTER MC14457

ELECTRICAL CHARACTERISTICS

Characteristic Symbol

Vdd
Vdc

Tlow" 25°C Thtah*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level
Vin-VDDorO

"1" Level

Vin = 0orVDD

VOL 5.0

10

-

0.05

0.05

-

0

0

0.05

0.05

-
0.05

0.05

Vdc

voh 5.0

10

4.95

9.95

-
4.95

9.95

5.0

10 _

4.95

9.95

-

Vdc

Input Voltage # "0" Level

(Vo = 4.5 or 0.5 Vdc)
(Vo-90 or 1.0 Vdc)

"1" Level

(Vq • 0.5 or 4.5 Vdc)
(V0= 1.0 or 9.0 Vdc)

VlL
5.0

10

-

1.5

3.0

-
2.25

4.50

1.5

3.0

-

1.5

3.0

Vdc

V|H
5.0

10

3.5

7.0

-
3.5

7.0

2.75

5.50

-

3.5

7.0

-

Vdc

Output Drive Current — Pins 14, 15
(Out 1,2)

(Vqh " 2.5 Vdc) Source
(Vqh =9.5 Vdc)
(Vql ° 2.S Vdc) Sink
(Vql --0.B Vdc)

'OH
5.0

10

-6.0

-3.2

-
-5.0

-2.6

-9.0

-4.5

-

-3.5

-1.8
-

mAdc

'OL 5.0

10

6.0

3.2 _

5.0

2.6

9.0

4.5

-
3.5

1.8

-

mAdc

Output Drive Current — Pin 13 (Mod)
(Vqh = 4.6 Vdc) Source
(V0H - 9.5 Vdc)

(Vol ° 0-4 Vdc) Sink
(Vql " 0.5 Vdc)

'OH
5.0

10

-0.26

-0.6

-

-0.22

-0.55

-0.44

-1.12
-

-0.18

-0.45

-

mAdc

'OL 5.0

10

0.26

0.6

-

0.22

0.55

0.44

1.12 _

0.18

0.45 -

mAdc

Input Current — Pull-ups •in 10 - - 50 500 1000
- -

MAdc

Input Current - Pin 11 (Oscjn) 'in 10 - ±0.3 -
±0.00001 ±0.3

-
±1.0 MAdc

Input Capacitance

<vfn-o»
Cin - - - -

5.0 7.5
— —

PF

Quiescent Current — Per Package

(Oscjn - Low)
'DD 5.0

10

-
50

100 :
0.008

0.016

50

100 _

375

750

MAdc

"Total Supply Current at an External

Load Capacitance (Cl) of Figure 4.
f - 500 kHz

(with any Analog command)

IT
5.0

10
- - -

5.0

10
-

- -

MAdc

RECEIVER - MC14458
ELECTRICAL CHARACTERISTICS

Characteristic Symbol

vdd
Vdc

Tlow* 2S°C Thigh*
UnitMin Max Min Typ Max Min Max

Output Voltago "0".Level

V,n- VDDor0
"1" Level

Vin = 0orVDD

Vol 5.0
-

0.05
-

0 0.05
-

0.05 Vdc

voh 5.0 4.95
-

4.95 5.0
-

4.95
-

Vdc

Input Voltage # "0" Level
(V0 - 4.5 or 0.5 Vdc)

"1" Level

(Vq • 0.5 or 4.S Vdc)

V|L
5.0 _ 1.5 _ 2.25 1.5 _ 1.5

Vdc

V|H
5.0 3.5 _ 3.5 2.75 _ 3.5 _ Vdc

Output Drive Current

(V0H - 2.5 Vdc) Source

(Vql - 0.4 Vdc) Sink

'oh
5.0 -0.5 _ -0.5 -1.7 _ -0.4 _

mAdc

'OL 5.0 0.45 -
0.4 0.78

-
0.34

-
mAdc

Input Current (Osc|n, Djn) 'in 5.0 - ±0.3 - ±0.00001 ±0.3 _ ♦1.0 MAdc

Input Current (FORI 'in 5.0 - - 10 50 400 - - MAdc

Input Capacitance
(Vin - 0)

Cin - - - -

5.0 7.5
- -

PF

Quiescent Current

(Per Package)
'DD 5.0

-

5.0
-

250 1000
- -

MAdc

Data Input Hysteresis VHys 5.0 - - - 0.25 - - -
MAdc

"Total Supply Current at an

External Load Capacitance

(Cl) of Figure 6
f - 500 kHz

it 5.0 400 MAdc

•T|ow " -40°C #Noise immunity specified for worst-caseinput combination
Thjgn " +85°C Noise Margin for both "1" and "0" level =1.0Vdcmin9 Vqd • 5.0Vdc

'The formulas given are for the typical characteristics only at 25°C 2.0 Vdc min @Vqq • 10 Vdc
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MC 14457 • MC14458

SWITCHING CHARACTERISTICS (MC14457 - Transmitter VDD - 5to 15 V,MC14468 - Receiver VD0 - 6V)

Characteristic Symbol Min Typ Max Unit

Output Rise and Fall Time — Receiver

CL-100pF
«TLH,tTHL -

0.3 1.0 MS

Oscillator Stan-Up Tima — Transmittal ton - 8.0 - MS

Clock Pulse Frequency PRF - 500 600 kHz

Row

Inputs \ 3

Inputs

a O-

4 o-

6 O-

Column I 7

9 0-

'10 0~

MC144S7 - Transmitter

Otc Osc

In Out

Q11 Q12

Keyboard
Decode

and

Debounct

•S-12/H3

Position

Counter

-J =>

VDD - Pin 16,

Vss * Pln 8
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S/R

F/F

Modulation

Control

Output 1

Output 2

>-*



MC14457 • MC14458

FIGURE 1 - Example of Transmitted Word

5-Bit Koyboard

Encoded Latchod Data

Low Froquoncy | |

High Froquoncy |////|

Output
(Biphase) I V///A VA V//A VA VA "

IlF'I 0 1 I 0 I 0 1 1 I 0 I LF
Zoro Ono Funct LSB LSB LSB MSB
Start Start *1 +2

. ~ 100 ms •

'Low Froquoncy

FIGURE 2 - Data Signal

Data

Signal'

Data

Coda

Pro-

Start

Low F

Low Froq »
38.46 kHz

Start

Bit

»0"

6.656

ms

Stort

Bit

Start Pattorn_
Fixod

Function

Bit

••0"

INPUT/OUTPUT FUNCTIONS - MC14457;

TRANSMITTER

Row Inputs (Rl, R2, R3, R4, R5; Pins 1,2,3, 4. 5)

These pins are the row inputs and are active in the low

state.

Column Inputs (Cl, C2, C3, C4; Pins 6, 7, 9, 10)

These pins are the column inputs and are active in the

low state.

Hi Froq •

41.67 kHi

LSB+1

"1"

Command Pattorn_
Variablo

LSB»!
..0..

MSB

"1"

End

Low F

Output (Out 1, Out 2; Pins 14, 15)

These pins provide push-pull output and can be used
with ceramic transducers or LEDs. In the non-operating

condition, both outputs are at ground potential.

Oscillator(Oscjn,Oscout; Pins 11, 12)

These pins are the input/output terminals of the oscil
lator. It can be used with ceramic resonator or crystal.

The oscillator is automatically turned off after the data is
transmitted for low current quiescent operation.

Modulation (Mod; Pin 13)

This pin is a data code output.
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TABLE 1-Data Code

Key

Number
Operation

Row

(Active Low)

Column

(Active Low)

Transmitter Data & Receiver Output Address VA

Pulse
Notes

MSB/A3 LSB+2/A2 LSB+1/A1 LSB/AO Function

1 Digit 0 Rl Cl 0 0 0 0 0 -

2 Digit 1 Rl C2 0 0 0 1 0 -

3 Digit 2 R2 Cl 0 0 1 0 0 _

4 Digit 3 R2 C2 0 0 1 1 0 _

5 Digit 4 R3 Cl 0 1 0 0 0 -

6 Digit 5 R3 C2 0 1 0 1 0 _

7 Digit 6 R4 Cl 0 1 1 0 0 _

8 Digit 7 R4 C2 0 1 1 1 0 _

9 Digit 8 R5 C1 1 0 0 0 0 _

10 Digit 9 R5 C2 1 0 0 1 0 -

11 Spare Rl C3 0 0 0 0 n/ 2

12 Spare Rl C4 0 0 0 1 V 2

13 Fine Tuning R2 C3 0 0 1 0 V 3

14 Fine Tuning R2 C4 0 0 1 1 V 3

15 Spare R3 C3 0 1 0 0 V 3

16 Spare R3 C4 0 1 0 1 V 3

17 Voll R4 C3 0 1 1 0 V 3

18 Vol t R4 C4 0 1 1 1 V 3

19 Mute R5 C3 0 0 0 V 2

20 Off R5 C4 0 0 1 V 2

21 Digit 10 R2+ R5 Cl 0 1 0 0 _

22 Digit 11 R2+ R5 C2 0 1 1 0 _

23 Digit 12 R3+ R5 Cl 1 0 0 0 _

24 Digit 13 R3+R5 C2 1 0 1 0 _

25 Digit 14 R2+R3+R5 Cl 1 1 0 0 _

26 Digit 15 R2+R3+R5 C2 1 1 1 0 _

27 Spare R2 + R5 C3 0 1 0 _ 3

28 Spare R2+ R5 C4 0 1 1 _ 3

29 Spare R3 + R5 C3 1 0 0 _ 3

30 Spare R3+R5 C4 1 0 1 _ 3

31 Spare R2+R3+R5 C3 1 1 0 _ 3

32 Spare R2+R3+R5 C4 1 1 1 - 3

Notes

1. Channel Select Keys (Function Bit = 0). Data is trans

mitted once each time a key is activated.

2. Toggling type On/Off or counter advance type keys.
Data is transmitted once each time a key is activated.

3. Analog Up/Down or On/Off keys, i.e., one key for

Down or Off and another key for Up or On. Data

transmission is repeated as long as the key is operated.

In Table 1 all channel select data is noted by the func

tion bit equal to zero. For functions other than channel,

the function bit equals one.
The four toggling or counter advance type keys that

transmit data once each time a key is activated are Mute,

Off, Channel Search Up, and Channel Search Down.

The twelve remaining analog keys (Vol, Tint, Color,

etc.) transmit data as long as the key is activated. The
keys' functions are arranged to provide the most typical

application without grounding of multiple row or

columns required.
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MC14458 - Receiver

23 O vol
A3 A2 Al AO VA

22 21 20 19 18
Xn A A A A A

mil

Data In 20-

Digital To
P.W. Conv.

z\

6 Bit

Counter

2
6 Bit

U/D

Counter

Data
Decoder

IC

System

Timing and
Error Check

General Description

This transmitter integrated circuit is used for encoding
keyboard position into frequency-modulated biphase
data. This integrated circuit can function with a keyboard
from 20 to 32 keys and provide either channel select/
toggle information (single-word transmission) or analog
information (continuous transmission of the data word

for duration of key press).
When used in conjunction with the receiver, selection

capability is: any single or two-digit channel select up to
256 channels with appropriate keyboard; a maximum of
12 analog control functions; 4 toggle type commands. At
an operating voltage of 9.0 volts, the high output drivers
provide 4 Vpp into a 1 kSl load via an output bridge
configuration. The chip features low standby power as all
portions are shut off after data transmission, with the
counter-chain held in the reset position.

Output Button

VOD - Pin 24

VSS ' Pin 22

;=a

;>
o *»

Lotchos

LSD

Latches

MSD

-016 L8

-Ol5 L4

-O 14 L2

-013 Ll

-O 8M8

09M4

-O10M2

-OHM1

-06 UHF/VHF

_[j>——Q17 DR

Operation

As one example of operation, a free-running ceramic
resonator oscillator (at 500 kHz), triggered by the depres
sion of any key, is divided by 12 or 13 to provide fre
quencies of 41.67 kHz or 38.46 kHz. The transmitted
data 'zero' consists of 256 periods of the lower frequency
followed by an equal number of the higher frequency.
Mark to space ratio is kept at 1:1 in each case. Data'one'
reverses the order of the two frequencies.

Row and column information from the keyboard is

encoded into a 5-bit word and loaded onto data latches
on the edge of transmit enable. This data, preceded by
two bits, 0 and 1, is used in sequence to provide biphase
control of the divider and, consequently, the bit pattern
transmitted from the unit. Each 7-bit word begins and

ends with a low frequency burst. Operation of a channel
select key produces an output data stream for a duration
of approximately 100 ms.
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INPUT/OUTPUT FUNCTIONS - MC14458; RECEIVER

Data(Din;Pin2)

The amplified ultrasonic data signal-after amplifica
tion and limiting forms a square wave with a peak-to-peak
value of VrjQ-is applied to this input terminal. The input
terminal is supplied with amplified and square-wave
limited signal. A peak-to-peak value of Vqq should be
furnished.

Oscillator(Oscjn; Pin 1)

The oscillator input pin of the receiver pin is con
nected to an oscillator providing, for example, a 500 kHz

square-wave signal. A typical oscillator circuit is shown in

Figure 5. Accuracy of 1% relative to the oscillator fre
quency in the transmitter is recommended for satisfactory
performance in very high echo-producting environments.

Channel Outputs (L1, 2,4, 8, M1, 2, 4, 8; Pins 13, 14, 15,
16, 11, 10,9,8)

The eight data output pins provide latched data corres
ponding to the channel selected on the transmitter key
board. L1 through L8 are the least significant bits; Ml
through M8 are the most significant bits. The data on
these pins is accompanied by a Data Ready signal.

Data Ready (Pin 17)

A positive pulse with a duration of 768 /is appears at
pin 17 of the transmitter approximately 0.1 second after
a complete command is entered on the remote control

transmitter keyboard. The negative going edge of this
pulse may be used for triggering purposes.

NOTE: A complete command is one digit in the single
entry mode or two digits in the double entry mode.

AFT Enable (AFT; Pin 4)

The voltage level at this pin is low for a time duration

of 0.393 second following a change in selected channel to
allow disabling the tuner AFT circuit. Also, miscellaneous

commands 0000, 0001, 0010, and 0011 (Channel Search

Up/Down, Fine Tuning Up/Down) will cause this disable
feature.

Power-On Reset (POR; Pin 3)

This pin is low for power-on reset of the analog output

to 0 pulse width and off/on output to 0. An internal
pull-up device of 10 to 400 pA will charge an external
capacitor. Reset occurs until the input voltage reaches

70% Vqq. All internal registers will also be reset.

Address (A0. 1, 2, 3; Pins 19, 20, 21. 22)

The Address outputs of the receiver identify selected
analog and on/off commands for use in system expansion.

The data on these lines is valid when accompanied by a

Valid Address pulse.

Valid Address (VA; Pin 18)

A negative going pulse with a duration of 768 fxs ap
pears at pin 18 approximately 0.1 second after an analog

on/off key on the remote control transmitter keyboard is
operated. Either edge of this pulse may be used for con
trol of add-on circuits.

The Valid Address pulse is repeated every 102.4 ms for

as long as a key is operated which provides repeated trans

mission of data when held down.

The Valid Address signal may be used in conjunction

with the Address Outputs to drive memories to provide

additional control functions such as color, tint, etc

The Valid Address pulse may be used to provide a
stepping clock for up/down counters in a memory. The
least significant address line (A0) is used to identify the

up or down mode and the remaining address lines (A1,
A2, A3) are decoded to enable each individual control

circuit.

By adding up/down counters to the Data Outputs, it is

possible to use the Valid Address pulse and a decoded

address for implementing a channel up/down stepping
function from the remote control. Additional On/Off

functions may be obtained by using the Valid Address

pulse in combination with a decoded address for setting

and resetting of latches. The Valid Address signal is dis

abled in the standby mode (On output at logical 0).

UHF/VHF (Pin 6)

This pin of the receiver provides a low level when the

selected channel is a VHF channel (00 to 13, or 84 to 99).

A high level on pin 6 identifies selection of a UHF

channel (14 to 83). This signal is provided to permit
switching of VHF and UHF tuners.

On (Pin 5)

This pin of the receiver provides a low level following
operation of the Off command (1001) on the remote-

control transmitter. The signal on this pin changes to a
high level when a channel is selected.

Analog Out (Vol; Pin 23)

An analog voltage in the range between 0 V and Vqq
is obtained by integrating the signal at the Analog Out pin

through a low pass filter. The analog voltage resolution
has been chosen to be 64 steps. Its value can be incre

mented or decremented in steps of one by keys providing
commands 0111 and 0110, respectively. (See Table 1.)

The analog voltage can be varied up or down at a
speed of approximately 10 steps per second. The D/A
conversion is performed with an underflow and an over

flow limiting circuit. The Analog Out pin is normally used
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for the control of volume. The first time power is applied

to the remote-control receiver, the volume output is 0

volts.

The Analog Out signal may be increased after a chan
nel has been selected by operating the key providing a
command 0111. (Volume Up)

The Analog Out signal may be muted by operating a
key on the transmitter providing command 1000. Return
to the original output prior to muting may be achieved by
operating the mute key a second time or by operating the
volume-up key.

In the standby mode the analog level is memorized and
cannot be varied by the up/down controls on the trans
mitter.

Low Band (LBV; Pin 7)

This pin will go HIGH wheneverchannels 02, 03, 04,
05, or 06 are selected. The output is LOW for channels
00,01, and 07 through 99.

Single Digit Operation

The receiver can be placed in a single-digit mode of
operation by connecting the M4 data output (pin 9) to
Vqq and the UHF output (pin 6) toVc^. In this mode,
the L1 through L8 channel outputs will change immedi
ately after the entry of a single digit on the transmitter
keys. The M1 through M8 outputs are not used in this
mode. (See Figure 6.)

TABLE 2 — Command Codes

Function

Bit MSB MSB-1 LSB + 1 LSB Command

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

1

0

1

0

1

Channel Digit 0

Channel Digit 1

Channel Digit 2
Channel Digit 3

0

0

0

0

0

0

0

0

1

1

1

1

0

0

1

1

0

1

0

1

Channel Digit 4

Channel Digit 5
Channel Digit 6

Channel Digit 7

0

0

0

0

0

0

0

0

0

0

1

1

0

1

0

1

Channel Digit 8

Channel Digit 9

Channel Digit 10

Channel Digit 11

0

0

0

0

1

1

1

1

0

0

1

1

0

1

0

1

Channel Digit 12
Channel Digit 13

Channel Digit 14

Channel Digit 15

0

0

0

0

0

0

0

0

0

0

1

1

0

1

0

1

Channel Search Down

Channel Search Up

Fine Tuning Down

Fine Tuning Up

0

0

0

0

1

1

1

1

0

0

1

1

0

1

0

1

Miscellaneous Command Spare

Miscellaneous Command Spare

Volume Down

Volume Up

0

0

0

0

0

0

1

1

0

1

0

1

Mute On/Off

Set Off

Miscellaneous Command Spare

Miscellaneous Command Spare

1

1

1

1

0

0

1

1

0

1

0

1

Miscellaneous Command Spare

Miscellaneous Command Spare

Miscellaneous Command Spare

Miscellaneous Command Spare
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FIGURE 3 - Typical Ultrasonic System
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FIGURE 4 — Typical Infrared System
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Untrasonic

Ceramic

Microphono

Note: Ceramic Resonator is

RMC Typo CR-30
or Equivalent

H
SOuF

Dl, D2, D3 Infrarod LEDs

CR — Ceramic Rosonator

RMC Typo CR-30
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FIGURE 5 - Typical Remote Control Receiver Circuit Diagram

Coramic

Rosonator

•Bias for I Bias
Photodiode Only

HOi-^n

1/6MC14069UB

10 Meg

lOpFpfc 100 pF

T

vdd

.JT
'T TTT 4

"F -±. -i

1N914

r->r—|
120k 1 M°9 1 M°B La*..| VW 1 I VA 1 I—WN. 1» r*l l»

100 pF 100 PF ,0k

I ilOOpF I 4^100PF I 100 pF^
5V

4069UB J_

100 PF ' •plUOpt-
+ SV +5

_ 1/6MC14069UB_L 1/6MC1

"N

>MSD

Data Ready

»Addrois Outputs

VA

On/Of<

• Vol

• Low Band VHF

• UHF/VHF

Noto:
It is mandatory to use an infrared filtor
in front of the photodlodo. Typo Kodak
37C or similar.

Application Information
Typical circuits for the transmitter and receiverchips

are shown in Figure 3 through 8.
The transmitters, with the keyboard shown, transmit

the first twenty codes from Table 1. The circuits of
Figure 3 transmit via ultrasonic; whereas, the circuit of
Figure 4 transmits infrared light. In Figure 3, push-pull
output at pins 14 and 15 allows a balance drive to the
ceramic microphone, which virtually doubles the trans
mitted power, compared to a single-ended output.

The diagram in Figure 5 shows anamplifier connected
to a remote receiver. The bias resistor (photodiode) of
the amplifier requires bias. The biasvoltage isdetermined
by the choice of photodiode and system considerations
such as ambient light. Most of the requiredgain is realized

using three of the four hex inverters in the MC14069UB
package. A fourth inverter from the same package operates
a 500 kHz oscillator circuit.

Figure 6 showsa block diagram of a PLL system.The
receiver directly addresses a synthesizer. In this diagram,
a complete command consists of two channel digits
followed by an Enter code. The Enter code into the
synthesizer is a 0101 in complementary logic. The trans
mitted code from the transmitter is 1010, which is
Function 10 from Table 1.

A block diagram of a tuning address system is shown
in Figure 7. This block diagram incorporates a one-chip
microcomputer that would be programmed to the sys
tem's needs. The system can be expanded up to 256
channels.
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f
MC144S8

Romoto

Receiver

X

Noto: Ad[ust R and C to givo a "0"
on E which is long enough to
enter data without problem.

Noto: Enter must bo a 0101 in
complomentary logic.

FIGURE 6 - Block Diagram of a PLL System
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FIGURE 7 — Block Diagram of a Tuning Address System For Up To 256 Channels
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AUTOMOTIVE SPEED CONTROL PROCESSOR

The MC14460 device is designed to measure vehicle speed and
provide pulse-width modulated outputs to trim a throttle position
ingservo to maintain an internally stored reference speed.

The stored reference speed can be altered by the DECEL and
ACCEL driver commands. The DECEL command trims down the

speed, while ACCEL trims up the speed.
A BRAKE input is provided to turn off the outputs with a

RESUME driver command to return the vehicle to the last stored

speed.

• On-Chip Master Oscillator for System Time Reference

• Separate On-Chip PulseOscillator for Output PulseWidth
Adjustment (Analogous to System Gain)

• Diode Protection on All Inputs

• Internal Redundant Brake and Minimum Speed Checks

• Acceleration Rates Controlled During ACCEL and RESUME
Modes of Operation

• Low Frequency Speed Sensors Used

• No Throttle Position Feedback Required

• Power-On Reset

• Buffered Outputs Compatible with Discrete Transistor
Driver Interface

• Low Power Dissipation

BLOCK DIAGRAM

PORO

Til

Pulsa

Width

Converta

This is advance information and specifications aro subject to change without notice.
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)VAC

3VENT

MC14460

CMOS LSI
(LOW-POWER COMPLEMENTARY MOS)

AUTOMOTIVE SPEED

CONTROL PROCESSOR

P SUFFIX

PLASTIC PACKAGE

CASE 648

PIN ASSIGNMENT

W

E= P01 Vdd =

r~ P02 vac :

r^r P03 vent :

SPD BRK -

MG-1 RES

a M02 ACC

c= M03 DEC

VSS POR

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 Vjn and Vout be
constrained to the range Vss "* 'vin 8»
Vout' < VDD-
Unused inputs must always be tied to en
appropriate logic voltage level (e.g., either

Vssor vdd'-



MC14460

MAXIMUM RATINGS (Voltages referenced toVfjsl
Rating Symbol Value Unit

DC Supply Voltage vdd -OS to +6.0 Vdc

Input Voltage, All Inputs vin -0.5 to Vdd + 0.6 Vdc

DC Current Drain per Pin i 10 mAdc

Operating Temperature Range - TA -40 to +85 °C

Storage Temperature Range Tstg -«5to+150 °C

ELECTRICAL CHARACTERISTICS ITA =-40°C to+85°C)

Characteristic Symbol
vdd
Vdc Min Typ Max Unit

Supply Voltage
Pin 16

VDD -
4.0 5.0 6.0 Vdc

Output Voltage
Pins 1.2, 5,6,14.15

vol 5.0 - - 0.5 Vdc

voh 5.0 4.5 - _ Vdc
Input Voltage

Pins3,7,9,10,11.12.13

Pin 4

V|L - - - 03 vDD Vdc

V|H - 0.7 vDo
- - Vdc

VlL -

vdd
—— -i.5

2
- -

Vdc

V|H - - -

vDd
Vdc

Input Hysteresis
Pin 4

(V|H-V|L)

HYS

"

0.5
— -

Vdc

Output Drive Current
Pins 1,2,5,6

VoHa4-0Vdc

Vol ° 0.4 Vdc

Pins 14,15

Voh d 2.5 Vdc

>OH 5.0 -0.29 mAdc

•OL 5.0 +0.36 - - mAdc

•oh 5.0 -2.0 _ _

mAdc
Input Current

Pins 3,4, 7,10,11,12,13
V|L-0.0Vdc

Voh " 6.0 Vdc
Pin 9

V|L"0.0Vdc

V|H " 6.0 Vdc

'IL 6.0 -1.0 uAdc

l|H 6.0
- - +1.0 uAdc

IlL 6.0 15 _ 200 uAdc

l|H 6.0 - - +1.0 fiAdc
Supply Current

Pin 16

(Both Oscillators Active. VAC and
VENT Outputs High) |

lDD 6.0 1.0 10 mAdc

Internal

Speed

Ssmplo

Gate —

VAC

Output

FIGURE 1 - SYSTEM TIMING

-tcyc '

"*smpl

• PW(

Asynchronous to

Speed Sample

J—L
|*-pwt-h

••FIGURE 2 - OSCILLATORS

To Intontsl Clock

i

rJ>J>^>~ Froquoncy of

\ \ J-i r1L, Oscillation as
/ \ \/ \/ Measured at

-* ) > Pin 1 (5) Is:

(7) 3 (6) 2 (5) 1 , 1
2.43RC

ns R
R inkfl

RS • 2H

f •> kHz
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SWITCHING CHARACTERISTICS(TA - 25°C, VDD" 4^6 Vdc)
Characteristics Symbol Min Typ Max Unit

ACCEL Input Hold Time *ACC 16/fM 9.52#
-

ms

DECEL Input Hold Time tDEC 16/fM 9.52#
-

ms

RESUME Input Hold Time 'RES 1 - -

MS

BRAKE Input Hold Time tBRK 1
- -

us

Master Oscillator Frequency••
TA - -40°C to +85°C. Rs =100 kn
R - 43 kn, C - 5600 pF
Useful Range

<M 1596

1344

1680

1680

1764

2016

Hz

Hz

Pulse Oscillator Frequency"
TA - -40°C to +85°C,Rs =100 kn
R - 43 kn. C - 5600 pF
Useful Range

fp 1596

400

1680

1600

1764

3200

Hz

Hz

Speed Input Frequency fs - -

300 Hz

Speed Sample Time (1008/im) *smpl -
600* -

ms

Speed Processing Time (16/fM) tproc -
8.9*

-

ms

System Cycle Time (1024/fM> tcyc -

608.9*
-

ms

Output Delay Time (9/fM> lout -
5.4*

-

ms

Output Pulse Width

Initializations (>»1/fp)
Trim Outputs (~1/fp)

PW|
PWt

280'

10# -

760*

80*

ms

ms

•fM - 1680 Hz, fp - 1600 Hz, f$ - 2.222 Hz/MPH

I.222 Hz/MPH)

Characteristic Symbol Typical Unit

Speed Resolution (1^/2016 'S> SRES 0.375 MPH

Minimum Operating Speed Um/31 S fs) Smin 24 MPH

Maximum Stored Speed (fM/8.4 f$) Smax 90 MPH

Controlled Acceleration Rate

(ACCEL or RESUME Modes)
<'M)2/'S (6.881 M105)

A 1.85 MPH/s

Redundant Brake Speed Drop Below Stored Reference Speed

Mm/63 fs)

SRB -12 MPH

Speed Deviation
Assumes Suitable Mechanical Hookup and Pulse
Oscillator Frequency Adjusted to Suit Throttle
Servo Requirements

Level Road (no wind, ±1% grades)

Transient Road Conditions (±10 MPHwinds, ±7% grades)

ASN

a St

±2

±3

MPH

MPH

Stored Speed Accuracy
Steady-State (Acceleration » 0)

Transient (Acceleration » ±A MPH/s)

RSjjs

rs-t

0.375

0.6 A

MPH

MPH

TRUTH TABLE

OUTPUT

VAC VENT SERVO DRIVE

0

0

1

1

0

1

0

1

Decrease Speed

Hold Speed

Invalid Output

Increase Speed
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FIGURE 3-

COMMAND

FLOW DIAGRAM
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DEVICE OPERATION

PULSEOSCILLATOR (P01, P02, P03; Pins 1, 2,3)

These pins are the output pins of the output Pulse
Oscillator, which is a three-terminal RC type. See Figure
2 for design parameters. Thisoscillator sett the relative
pulsewidth of the VACand VENToutputs.

SPEED (SPD, Pin 4)

This is the Speed input to be controlled or stored.
This input is level sensitive withhysteresis to allow use of
slowly changing waveforms. Input frequency shouldnever
exceed 1/3 the Master Oscillator frequency (f|v|).

MASTER OSCILLATOR (M01, M02. M03; Pins 5,6.7)

The Master Oscillator is a three-terminal RC type. See
Figure 2 for design parameters,
master system timing.

This oscillator sets the

POWER-ON RESET (POR, Pin 9)

Thispin is the Power-On Reset input. As longas this
input is LOW, the internal system iscleared andthe VAC
and VENT outputs are disabled. An internal pullupde
vice will source 15-200 fiAdc of current from this pin to
allow capacitor charging for automatic power-on reset.

DECEL (DEC, Pin 10)

This is the DECEL command input. When heldHIGH
both VAC and VENT outputs will be LOW. When the
DECEL input returns LOW the last sample of the SPD
input will bestored as the reference speed. The flow dia
gram in Figure 3 gives the detailed constraints/operation
of this input.

ACCEL (ACC.PinU)

This is the ACCEL command input. When held HIGH
the VAC and VENT outputs will be modulated to main
tain a fixed rate of acceleration. Whenthe ACCEL input
returns LOW the last sample of the SPD input will be
stored as the referencespeed. The flow diagramin Figure
3 gives thedetailed constraints/operation of thisinput.

continued

THROTTLE SERVO

A. Two Coll Vacuum Powerod

Truth Table:

VAC

Coll

VENT

Coll

Throttle

Action

Off Off Release

Off On Hold

On Off Weak Pull

On On Pull

B. Coil Type

Coil Impedanco:

Coll Inductanco:

80-90 n

12S-1B0mH

FIGURE 4 - TYPICAL AUTOMOTIVE CRUISECONTROLAPPLICATION C. Servo Response

To Other Vehicle Systems

VDD
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Minimum Pulse Width:

Throttlo Travel:

Throttle Response:

6 ms

60-60° full traval
46°/s Pull 9 12" VAC
30°/s Pull ©7" VAC
30°/s Release

Coil

COM

VAC

Coil

VENT

Coll

♦Sensor

-Sensor

Throttle

Servo

Q

Servo

connected

to the

Throttle

by Ball
Chain

Speed

Sensor

EED SENSOR

Electromagnetic Type

Poles: 8/ravolutlon

Output Freq: 2.222 Hz/MPH

(8000 puttes/mlle)
Output Voltage: >3.0Vp-p 9 24 MPH

Maximum Freq: 380 Hz (162 MPH)

OC Resistance: <4on
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DEVICE OPERATION continued

RESUME (RES, Pin 12)

This is the RESUME command input. When taken
HIGH the system will lock into a mode where the VAC
and VENT outputs are modulated to maintain a fixed rate
acceleration. Thisacceleration endswhen the SPD input
sample matches the stored reference speed. The flow dia
gram in Figure 3 gives the detailed constraints/operation
of this input.

BRAKE (BRK, Pin 13)

Thisisthe BRAKE command input. When this input is
taken HIGH the system is disabled (both VACand VENT
outputs LOW) until a DECEL, ACCEL, or RESUMEcom

mand is received. The flow diagram in Figure3 gives the
detailedconstraints/operation of this input.

VENT (Pin 14)

This is the VENT output. See Truth Table for
operation.

VAC (Pin 15)

This is the VAC output. SeeTruth Tablefor operation.

GROUND (V^, Pin8>

Pin8 isthe ground connection for the package.

POSITIVE POWER SUPPLY (VDD, Pin 16)

Pin 16 isthe power supply connection for the package.

FIGURE 5 - PC BOARDMODULE FORCRUISECONTROL

Circuit diegrams utilizing Motorola products are included as a means
of illustrating typical semiconductor applications; consequently,
comptcto information sufficient for construction purposes is not
necessarily given. The information has boon carefully checked end
is believed to be entirely raliable. However, no rosponslbillty 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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All Resistors

±10%. 1/4 W, U.O.S.

Environment

Ambient Tomperaturo (TA) -40°C to 8S°C
Vcc Oporating Rango 11-15 Vdc
VCC Transients 9—16 Vdc

Load Dump 80 V Peak decaying to

12 V In < 200 ms

Inductive ±300 V Posk decaying

In < 1 ms

Jump Start +24 Vdc for 5 min.

Reverse Battery -12 Vdc continuous
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SMOKE DETECTOR CIRCUIT

The MC14461 and MC14462 are smoke detector circuits
fabricated using Motorola's standard CMOS process. The MC14461
has the detector input with the standard CMOS static protection.
The MC14462 has an unprotected CMOS (MOSFET) input which
is protected during shipment by a shorting bar. The shorting bar is
broken after inserting into the final circuit. The shorting bar
connects the detector input to a special ACTIVE guard pin. This
ACTIVE guard reduces package leakage to the detector pin and also
may be used to reduce circuit leakage to the detector. A wide range
of operating versatility is designed into the integrated circuit to
accommodate various smoke detector designs. Special timing has been
incorporated to reduceor eliminate transient suppressioncapacitance.

The MC14461 is recommended for use with an FET interfacing
the ion charfiber to the MC14461. The MC14462 is recommended
for direct interconnection to a single or dual ionization chamber.

• Meets UL217 Requirements - UL Recognized Component

• On-Chip FET (MC14462)

• On-Chip ACTIVE Guard (MC14462)

• 9 or 12.6 Volt Battery Operation

• Low Voltage Beep Alarm

• Two Mode Battery Test Option -

DC Test. No Load

Pulse Test, Under Load

• Typical Quiescent Current at 9 Volts
6 jiA for DC Battery Test Mode
8 ^A for Pulse Battery Test Mode

• On-Chip Osc Using 0.0018 fiF Cap<

• On-Chip Horn Predriver

• On-Chip Pulse Test L^

• On-Chip Zener

• Multiple Unit OpVation, Common Annunciator (MC14461)
• Adjustable Pulse Width Ranges for Beeping and

Battery Test Sampling

\xie f*
PffiitVV^

MAXIMUM RATINGS (Voltages referenced to Vss)

Rating Symbol Valuo Unit

DC Supply Voltage vDd -0.5 to+15 Vdc

Input Voltage. All Inputs Vin -0.25 to Vqd +0.25 Vdc

DC Current Drain per Input Pin 1 10 mAdc

DC Current Drain per Output Pin 1 30 mAdc

Operating Temperature Range TA 0 to +50 °C

Storage Temperature Range Tstg -65 to+150 °C

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

Unused inputs must always be tied to an appropriate logic voltage level

(e.g.. either VSS or Vdd'-

7-293

MC14461
MC14462

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

SMOKE DETECTOR

CIRCUIT

MC14462 - WITH ON-CHIP FET

• • V-r-

Det vDd

Reg Hold

Adj Sat :

Current Load

OR Horn

Comp Osc 2

Sel OscC

vSs Oscl

Det vdd :

Guard Hold :

Reg Sat :

Adj Load -

Currer t Horn

Comp Osc 2 -

Sel OscC

vss Osc 1

310

19

•Pin 1 shorted to Pin 2. Tha bar Is removed

after Insertion Into the circuit.
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Regulator 2
Output O"

Input ^
Sensitivity 3

Adjust °"
Comparator 6

Output O-

Current,
Source

Battery '
Test O—s»-

Mode
Select

Regulator 3
OutputO"

Guard

Current q
Source

Battery 7
Test°-

Mode
Select

VSS VDD

16

Comp

MC14461 BLOCK DIAGRAM

Voltage Pulse Mode

Sot' Hold Cap

Q 0
14 15

Strobe

♦ Com^-c Latch

OOsc 1

O OscC
10

!-OOsc2

Counter

— Decoder -Cj^>-s»-0

Decoder

'For Low Battery and Regulator In Pulse Modo.

Horn

Output

Battery
Test Pulse
Output

£q Wired-OR/

MC14462 BLOCK DIAGRAM

Voltago Pulse Mode

Sot' Hold Cap

Q Q

Strobe

Test

OOsc 1

O OscC

O Osc 2

— Decoder -C|^>-s»-0

—| Decoder |-q ^^ a» O

Horn

Output

Battery
Test Pulse

Output

•For Low Battery and Regulator In Pulse Mode.
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DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage andtemperature range unless otherwise noted.)

RECOMMENDED DC OPERATING CONDITIONS (Voltage referenced to VSs»

Parameter Symbol Value Unit

Supply Voltage v'dd 6.0 to 14 Vdc

Time Between Low Battery Detect Beep T2 45 s

Beep Pulse Width T1 11 ms

ELECTRICAL CHARACTERISTICS <TA • 25°C)

Characteristic Symbol
vdd
Vdc Min Typ Max Unit

Standby Current
Static Mode (Refer to Figure 3a or 3b)

<R1 - 10 kn, R2 » 22 Mn. R4 » 10 Mil. C =0.0018 uF, Pin 7 = VDD)
Pulse Mode (Refer to Figure 1a or 1b)

(Rl - 270 kn, R2 - 22 Mn, R3 - Open, R4 = 10 Mn,
C - 0.0018 uF, Pin 7 » Vss)

'T 9.0

-

6.0

8.0

9.0

11

uAdc

Output Source Current—Horn or Pulse

(Voh " 07 Vdc)
•oh 9.0 12 24 mAdc

Input Current

Detect-MC14462P

Detect-MC14461P

Sensitivity Adjust

Pins 14 and 15

Pin 7

•in 9.0

-

0.01

0.01

0.1

0.0001

1.0

20

20

20

1.0

pAdc

nAdc

nAdc

nAdc

uAdc

Detector Common Mode Range VCMR 9.0

6.0

2.0

2.0 -

8.5

5.5

Vdc

Detector Input Offset Voltage

(Vin-4.5V)
V0ff 9.0 ±8.0 ±50 mVdc

Reference Voltage
Minimum Regulated

(lReg =7.0 uA (Note 1),VReg connected to Voltage Set)
Below Regulation

(Ipteg =5.0 uA,VReg connected to Voltage Set)

VR
9.0

6.0

6.9

536

7.2

5.90

7.5

Vdc

Low Battery Detect Level (Notes 1 and 2)
Static Mode

Pulse Mode

Vlow
7.2

6.9

7.5

7.2

7.8

7.5

Vdc

Comparator Output Drive Current

(V0H " 8.0 V)
(Vol -1-ov)

"OH
"OL

9.0

-25

50

-

_

tiAdc

Common Annunicator-ON-Output Voltage-MC14461
(RL» 100 k, Note 6)

voh 7.0 6.3 Vdc

Common Annunciator-ON-lnput Voltage-MC14461
(RL-100 k, Note 6)

V|H 9.0 6.3 Vdc

Common Annunicator-Output Duty Cycle-MC14461 -
9.0

—

50
—

%

ACTIVE Guard to Detector-MC14462-Note 4
Input—Voltage Difference

(Vin - 2.0 - 6.5 V)
(Vin "23 -8.5 V)

7.0

9.0
- -

±100

±100

mVdc

NOTES:

1. Regulator voltage adjustable above minimum by resistor setting. SeeFigures 2a,2b,3a,and3b.
2. For low battery detect level, the zener diode circuitry requires the supply voltage to be0.3volt above theinternal zener diode. This

requirement translates into thelow battery voltage. Set point instatic mode must be0.3 volt greater than theinternal voltage. In thepulse
mode, the pulse current must pull thebattery down 0.3 volt iftheminimum level istobeused. See circuit diagrams for further clarification.

3. The timing is adjustable and governed by the equations of page 6.
4. The ACTIVE guard can drive capacitance loads orhigh resistance toa ground. The ACTIVE guard can also beused tomeasure trie

chamber voltage without loading the chamber.

5. Pulse current can be used to drive an LED. Limit output to maximum ratings.
6. The two specifications given, warrant the operation ofone smoke detector with a low battery of7 volts, having theability toturn ona

smoke detector witha batteryvoltage of9volts. Anoption to addcommon annunciator on the MC14462 on Pin 6 replacing thecomparator
output. Consult factory for this special order.
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MC14461

FIGURE 1a- SMOKE DETECTOR CIRCUIT USING PULSE MODE BATTERY TEST WITH
LEVEL LOWBATTERY DETECTION AT INTERNALZENERVOLTAGE

1 —iMFE82B
•J —^

j:

i

2

3

MCI 4461
4 13

5

6

I%'Vss)

vDD-gv

270 k

MDS-O05 •=•

1N4001

Rovorse

Battory

Protection

Oiodo

"j-r -i NOTE: Near end of battory life if tho load
of R3 under pulso load does not
pull VOD down by 0.3 V, the
circuit using Rx + Ry in Figure 2a
should be used.

FIGURE 2a- SMOKE DETECTOR CIRCUIT USING PULSE MODE BATTERYTESTWITH
ADJUSTABLE VOLTAGE FOR LOW LEVEL BATTERY DETECTION

*vRef

•i-fVss)

C

0.0018 uF

Battory Test I
Load Resistor I

X
MOS-DOS I

1N4001

Revorso

Battory

Protection

Diodo

•VRof - VZ - (1 ♦ R„/Ry) < VDD,
where Vr0« is tho low battery test
voltago.

FIGURE 3a - SMOKEDETECTOR CIRCUITUSINGSTATIC MODE AND
INTERNAL ZENER VOLTAGE EQUAL TO REGULATED VOLTAGE

VR0f

•^fVss*
10k *T

VDOLow - VZD(1 +H„/Rv) "i"
VRef-V2D

Rx/Ry > 0.04

C

0.0018 uF
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MC14462

FIGURE lb - SMOKE DETECTOR CIRCUIT USING PULSE MODE BATTERY TEST WITH
LEVEL LOW BATTERY DETECTION AT INTERNAL ZENER VOLTAGE

VRef

•±-(vss)

1N4001

Reverse

Battory

Protection

[MDS-DOS "^ Oiodo

I

NOTE: Noar end of bottery IHo if tho load

of R3 under pulse load does not

pull Vdq down by 0.3 V, tho
circuit using Rx + Rv in Figuro 2a
should bo used.

FIGURE 2b - SMOKE DETECTOR CIRCUIT USING PULSE MODE BATTERY TEST WITH
ADJUSTABLE VOLTAGE FOR LOW LEVEL BATTERY DETECTION

*VRo(
VA 1

» Battery Test I
S Load Resisto ' I 1N4001

/
X

Roverso

MOS-DOS Battory

S I Protoction

s I Oiodo

1*0.0018 uF
-±- (VSS) -±r

'vRof * vz- (1 +Rx'Ry' < VDo.wnere vRefis «ne low battery test voltage.

FIGURE 3b- SMOKE DETECTOR CIRCUIT USING STATIC MODE AND

INTERNAL ZENER VOLTAGE EQUAL TO REGULATED VOLTAGE

Vro»

•£-<Vss> VqqIow - VZD(1 + Rx/Ry)

VRofVzQ

R„/Ry > 0.04

7-297

1N4001

Roverso

X Battory
| Protection
j Diode



MC14461 • MC14462

TIMING

DIAGRAM

Low Battery

Beep Pulto

Battery Pulso

Test

Intorval Pulso

For Low Battory

-I h-TV

n

T4-M I- -J . I—T4

Tl -H U- -») L_T1
Horn ON/OFF

Internal Strobo

for Smoko

JL
it

i-Mt"

TYPICAL TIMING EQUATIONS:

•r. . , oC^ R2R4
2R2 + R4

See Figure 10

4.1 X 103T1

T4- 128T1

its with tho low battery beep pulso of 2T1. or4T1 areavailable on special order. Consult factory forminimum orderrequired

Soo Typical characteristic curves. Figure
9 and 11

MC14461 MC14462

Pinl

Pin 2

Pin 3

Pin 4

Pin 5

Pin 6

Pin 7

Pin 8

Pin 9

Pin 10

Pin 11

Pin 12

Pin 13

Pin IS

Pin 16

Pinl

Pin 2

Pin 3

Pin 5

Pin 6

Pin 8

Pin 9

Pin 10

Pin 12

Pin 15

Pin 16

OPERATIONAL DESCRIPTION

Detector Input.Accepts a negative direction signal forsmoke. Inputfor the MC14461 hasthe standard CMOS
diode-resistor protection. Input for the MC14462does not have the protection network.

ActiveGuard. This pin provides an active guard that tracks the detector input.Thisoutput maybeusedto
measure chamber voltage level.

Regulator Output. Output of a series-type regulator. This output regulates until battery falls below regulator
setting. After that, the regulator equals the battery output to within 100 mV.

Sensitivity Adjust. Accepts a voltage, usually from a potentiometer, at which the Detector Input switches.
Switching occurswithin ±50mV of the voltageand the Detector Input.

Current Source. Setsthe quiescent current for the internal amplifiers. Values between 10and22 megohms
are recommended.

Wired OR/Test. For common annunciation, this pin together with ground (Vss)mav oeconnected toa large
numberof units in common. Any unit going high at this pinwill turnon allunits.This pinmay also be used
as a test pin with an SPSTswitchbetween this pin andVqd- The output is the 50% ON/OFF duty cycle
of the horn.

Comparator Output. May be used in testing circuit. May also be used with a resistor to Pin 1 to obtain
hystorosis betwoen smoko dotoction turn on and turn off. VDD level reprosonts Smoko and ground lovel
reprosonts No-Smoko.

Battery TestMode Select. When connected to Vss.Ine circuit operates inpulse-testing mode for lowbattery
detection. When wired to Vdd, ,hecircuit operates inthestatic (dc) modo to tost for lowbattory.
Vss. Negative Battery Terminal.

Osc 1. The resistor connected to this pin andthe capacitor controls the time to sample the battery for the
low battery pulsetest mode operation.See typical timing diagrams and equations.
Osc C. Timing capacitor is connected to this pin. The value of this capacitor is relatedto the valueof the
resistor on Pins 4 and 11.

Osc 2. A resistor connected to this pin will determine the period of oscillation. See typical curves and
timing equations.

Horn Output. This terminal sources current of 12 mA when the horn is turnod on. When tho horn is turned
off, this terminal is shorted to ground. An NPN transistor may be directly driven from this pin.The horn
operates on a 50% duty cycle, for example, 1.3 seconds ON, 1.3 seconds OFF.

Battory Test PulseOutput. For pulse loads to 12 mA. a resistor to groundis recommended.For pulseloads
greater than 12mA,anNPN transitor witharesistive load isrecommended. The terminal isnormally connected
to ground potential internally.

Voltage Set for Regulator Output. This teminal is the input to set the level for the voltage of the regulator
output. When this pin is connecteddirectly to Pin 2, the regulated output and the low voltage levelisset at
the internal zener diodevoltage, nominally 7.2 volts. When a resistive divider is used,the regulated voltage
can be set above the zener diode voltage level.

Pulso Mode Hold Cap. When usinglow battery pulsemode operation, this pin requires a non-critical value
capacitor, typically 0.001 uF. The battery voltageis sampledduring the load pulse time and the information
is held and used after the load pulse time. This operation eliminates the effects of load transients.
VpQ. Positive Battery Terminal.

7-298



MC14461 • MC14462

FIGURE 4 - CIRCUIT WITH PULSING LED ADDED

(Pulse Modo Only)

•==• (vss>
Set Rl for desirod pulso width.

CIRCUIT DESCRIPTION

The MC14461 and MC14462 are integrated circuits

for use with smoke detectors. The circuits are primarily

used with ionization-type smoke detectors operating at

9 volts, but are also readily adaptable to the higher
12.6-volt operation. For battery operation, the circuits
may be operated in the pulse battery test mode or in the
DC test mode. In the pulse test mode, the on-chip

oscillator runs continuously, requiring an added 2 A»A.

In this mode, both the pulse width for sampling and the

pulse load current are selectable by resistors. In the DC
battery test mode, the on-chip oscillator only operates

when the battery is low or smoke is detected. For both
operating modes, the voltage threshold at low battery is
externally selectable by two resistors. The oscillator
operates through a multistage counter to obtain sampling
rates of, for example, 40 seconds, while allowing beep-

alarm pulses of, for example, 10 milliseconds and
battery test pulses of 0.5 milliseconds. The frequency
of the oscillator is sufficiently high to avoid the use of
costly high-value, less reliable capacitors.

The input of the MC14462 is an FET with high
impedance for direct use with ionization chambers.

Pins 1 and 2 are shorted together as protection during

handling and testing.
The input of the MC14461 is protected against static

discharge. An FET operated in source-follower mode
may be connected to this input. The IC requires no
more thar the standard precautions for the CMOS digital

logic family.
The output for the horn and dummy load for pulse

testing will source a minimum of 12 mA and may

be used to drive an inexpensive transistor directly. An

active n-channel transistor is used to pull down the

output when the output is low. This transistor provides

a ground path for the base of the driver transistor to keep

that transistor off.

When greater than 12 mA is desired for pulse battery
test, an external NPN transistor is required to drive the
dummy load. Otherwise, a resistor load to ground
is required.

The oscillator has a wide range of adjustments and
requires a capacitor and resistor for setting the frequency.
The resistor allows independent setting of the battery
sample pulse width. The rate of the beep alarm and
the pulse battery test are the same.

The MC14461 and MC14462 contain other internal

features. There is internal latching that makes the circuit
insensitive to transients due to battery test, horn-blowing,

and beep alarm, in other words, when the battery is
loaded down. The horn is turned on and off with the
smoke-detection circuit, automatically reactivating during
the off time. An external low-value capacitor, together

with internal circuitry, delays the low-voltage battery
measurement until after pulse battery load period. This
capacitor stores the low-voltage information.

In the MC14461, a single pin controls a common

annunciator circuit. If this pin and ground is wired

common to a multiple set of units, a high-level signal

turns on all units. Any unit may initiate all horns.

On-Chip FET-MC14462

The basic problems for on-chip FET can be summarized

in the following two areas:
1. Protection of the input circuit during testing,

packaging, and insertion.
2. Package pin-to-pin leakage current and circuit

leakage current once installed.
An unprotected gate input, i.e., a gate input without

diode protection network, has a very low probability of
leakage unless that oxide is destroyed. To protect the gate
through the functions of high-speed testing, packaging,
and handling during insertion until connected to the
chamber, a pin-to-pin shorting bar is used. This bar is
clipped out after insertion into the circuit.

To reduce package pin-to-pin leakage and circuit
leakages, an adjacent pin ACTIVE guard voltage is
provided. This voltage follows the detector voltage
guarding the input. The voltage is provided by an on-chip
1:1 amplifier. The circuit of Figure5 shows such a circuit.
The operational amplifier (Amp) in Figure 5 is connected
as a 1:1 gain amplifier. In the ideal case, this means the
voltage from Pin 1 to 2 is 0 and therefore leakage is 0.
However, amplifiers are not ideal and the effectiveness of
this amplifier is limited by its deviation from the ideal
1:1 gain.

Assume the leakage is presented by a resistance, Rx,
with the operational amplifier having a gain, A, and an
offset voltage, Vq. The guard voltage Vg in termsof the
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CIRCUIT DESCRIPTION (continued)

detector input voltage, V|, is given by the equation:

va=rrAv' +rrAvo

Normally, the leakage current, ig, isgiven by theequation:

i„= V'-

whereas, the guard alters this equation as follows:

V| Vo
"£ =5-x +5^, when A >> 1.
* RxA Rx

With respect to the first term, the leakage is reduced
by the gain of the amplifier which is of the order of

10,000. The second term is dominant. With a worst case
of 50 mV offset, the leakage is reduced by 100 for an
input voltage of 5 volts. This factor of 100 worst-case
is significant.

Since the guard is an amplifier output, this guard may
be used in the circuit. It may be carried to the foil in the
board. It may be connected to an enclosure pattern,
enclosing both pin 1 and the pad for the wire leading to
the ion chamber. Furthermore, it can be used as a guard
connected to the chamber itself in a guard configuration
within the chamber. See Figures 6 and 7.

With respect to the shorting bar protecting the input
during test, packaging, and insertion, a shorting bar
bridges pins 1 and 2. Pin 2 has natural diode protection
due to the source-drain diodes at the output of the
amplifier. Thus the circuit can be functionally tested for
the input parameters such as the comparator detector
level for smoke, etc. The guard and the input are fully
connected in the final circuit before breaking the
shorting bar.

This on-chip FET method allows for use of plastic
packages leading to low-cost, system-effective smoke
detector circuits.

7-300

FIGURE 5 - SMOKE DETECTOR
WITH ACTIVE GUARD VOLTAGE

Dotjn
Pin 1

f>\
ACTIVE

Guard

Pin 2
Amp ^?—

Pin 3

r\

Sens.
li Comp ^ a»

Adj.

n
-

b^

1

FIGURE 6 - PC BOARD LAYOUT WITH GUARD

Chi

0

FIGURE 7 - PC BOARD LAYOUT WITH GUARD
AND IONIZATION PELLET

Chambor Electrode

(Radiation Sourco)
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APPLICATIONS INFORMATION

1. The MCI4461 and MC14462 devices aredesignedto be
relatively transient-free. However, the horn current loop-
which includes the horn, emitter, and collector of the

driver transistor, and the battery can place excessive
transients that can affect the timing circuits and the input
circuit which operate at high-impedance levels. Care must
be taken in PCboard layout with respect to groundand
Vqd- For example, 3 or 4 inches of battery lead
represents sufficient inductance to generate a substantial
Ldi/dt transient. Usually a bypass capacitance. Vqd to
ground of 0.001 jiF, will isolate this transient to bypass
the IC. A test for transient interference is to place a
bypass capacitance across Vdd to ground near the IC
and determine if the timing or smoke detection is altered.

2. To protect the IC during static discharge tests, it is
recommended that the IC be shielded. Since the regulator
drives the chamber, and if the chamber anode cannot
be shielded, a 100 k resistor in series with the chamber-to-
regulator pin is recommended. If static voltage reachesthe

detector pin on the MC14462 through the chamber in the
particular chamber design (when the chamber anode is
exposed to high static voltage), external capacitance
added to this pin may solve the problem by absorbing the
energy. The passing of static discharge tests in UL217
requirements is dependent upon the design of the overall
smoke detector structure. Many alternate methods of
design are available to the designer which are beyond the
scope of this data sheet.

3. The common annunciator may be connected via
a two-wire system. The signal is a 50% ON/50% OFF duty
cycle. To detect the particular detector sensing smoke
via an LED at the detector, the signal may be taken from
the comparator out and amplified to the LED. For

systems that are powered from a common source rather

than local battery, the timing of each detector can be set
differently. This timing affects the period of the square
wave pulse on the common annunciator line and that

difference in the period can be used to detect which
detector senses smoke at a master station.

Circuit diagrams external to or containing Motorola products are included ss a means of illustration only. Complete information
sufficient for construction purposes may notbe fully illustrated. Although theinformation herein has been carefully checked and isbelieved
to be reliable. Motorola assumes no responsibility for inaccuracies. Information herein does notconvey to the purchaser anylicense under
the patent rights of Motorola or others.

The information contained herein is for guidance only, with nowarranty ofany type, expressed orimplied. Motorola reserves theright
to make any changes to the information and the product(si to which the information applies end to discontinue manufacture of the
product(s) at any time.
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Advance Information

SMOKE DETECTOR CIRCUITS

The MC14464 and MC14465 use linear CMOS technology to

implement a smoke detector that senses reflected light from minute
smoke particles. An LED provides a pulsed light source while a wide
area silicon diode acts as a detector. The received pulse is amplified
and compared to an externally set threshold to determine whether
smoke or no smoke is present. The MC14464 is designed to drive an
external NPN transistor connected to a mechanical horn while the

MC14465 has an open drain N-Channel and modulated output useful
In controlling a piezoelectric horn driver circuit. Features include:

• Meets UL 217 Specifications

• Adjustable Low Battery Trip Point

• Adjustable Smoke Threshold

• On-Chip Voltage Regulator

• Adjustable Smoke Sample Rate

• Sample Rate Increases 8to 1When Smoke is Detected ^S^
Multi-Station Wired-OR Capability

Battery Level Sampled Under Load

Built-in Reverse Battery Protection

Low Quiescent Current 7.0 /jA AaV*^
Adjustable LED Pulse WidthfV^,/

£

\
v\0ATjpical

*2£
» ri nrBLOCK DIAGRAM

•MC14464 has

MC14465 has

This it advance information and specifications ara subject to change i
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MC14464

MC14465

CMOS MSI
(LOW-POWER COMPLEMENTARY MOS)

SMOKE DETECTOR

CIRCUITS FOR

PHOTOELECTRIC CHAMBERS

PIN ASSIGNMENT

Current CZ

Amp Out ZZZ

Inv In d

Non Inv {ZZ

RegCZ

or cd
vSsC=

1 16

2 15

3 14

4 13

5 12

6 11

7 10

8 9

buNC
^ Adi

ZD Osc 1

ZDOscC

dOscN

—I OscP

ZDLED

^Horn

This device contains circuitry to protect

the inputs against damage due to high static
voltages or electric fields: however, it is
advised that normal precautions be taken
to avoid application of any voltage higher
than maximum rated voltages to this high
impedance circuit. For proper operation it
is recommended that Vjn and Voul be
constrained to the range Vss *• 'vin or
Vout' < vdd-
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either

Vssor VDD>-



MC14464, MC14465

MAXIMUM RATINGS (Voltages Referenced to Vss)
Rating Symbol Valuo Unit

Supply Voltage vDd Oto + 15 Vdc

Voltage at Any Pin Except 11,12, 14
Voltage at Pin 11

Voltage at Pin 12

Voltage at Pin 14

Vin -0.3 to Vdd + 0.3
-o.6 to Vdd + is
-is to vDd+ 0.3
-4.o to vDd+ i.o

Vdc

Horn Drive Current, Pin 9 'out -30 mA

LED Drive Current, Pin 10 'out 15

Power Dissipation PD 500 mW

Operating Temperature Range ta 0 to +50 °C
Storage Temperature Range Tstg -40 to+125 °C
Reverse Battery Voltage Vrb -10 V for 4 s

-

RECOMMENDED OPERATING CONDITIONS

Oscillator Frequency 50 Hz

Oscillator/LED Pulse Width 200 us

Supply Voltage 7 to 10 V

RESULTING TIME

No-Smoke Sample Rate 10 s

Smoke Sample Rate 1.28 s

Low Battery Beep Pulse Width 20 ms

Low Battery Period 40 s

TIMING RELATIONSHIPS

Characteristic Formula

LED PulseWidth 1.1 RNC

Osc Frequency f - 1.1/C (Rp + Rfgl
Low Battery Alarm Pulse Width 1/f

LED No-Smoke Sample Rate 512/f

LED Smoke Sample Rate 64/1

Low Battery Alarm Period 2048/f

Smoke Alarm Horn-On* 120/f

Smoke Alarm Horn-Off 8/f

•MCI4464 only

ELECTRICAL CHARACTERISTICS <TA - 25°C, Rbia$ - 10 Mn,VDD - VSs=90 V)
Characteristic Symbol Min Typ Max Unit

Standby Current 'DD - - - MA

Output Drive Current

Horn (Vout » 0.7 VI
LED IVoul-Vs- 0.5 V)

'OH
'OL

- - -

mA

Regulated Voltage vs
Values have not

been determined

at this time. For

further informa

tion, contact

Motorola CMOS

Marketing.

Vdc

Smoke Amplifier

Open Loop Gain DC

Open Loop Gain 1.0 kHz

Offset Voltage
Slew Rate

AvOL
AVOL
vos
SR

dB

dB

mV

V/us

Input Current

Pins 4, 5,15
'in PA

Low Battery Level VLB -1-1 -

Circuit diagrams utilizing Motorola products are included at a moans
of illustrating typical semiconductor applications; consequently,
comploto information sufficient for construction purposes is not
nocestarily given. Tho information has boon carefully chocked and

is baliovod to be entirely reliable Howovor, no responsibility it
attumod for Inaccuracies. Furthormoro, such information does not
convoy to tho purchaser of tho semiconductor devices described any
licenso under the patent rights of Motorola Inc. or othors.
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MC14464, MC14465

CIRCUIT DESCRIPTION

Voltage Regulator

Pin 6 is regulated voltage with respect to Vqq at

a voltage of typically Vqd - 4-° V. It consists of an
internal zener diode with a buffer amplifier capable

of approximately 7.0 mA. The temperature coefficient

is approximately +0.6 mV/°C.

Low Battery Voltage Warning

The low battery comparator is strobed for one clock

period out of every 2048 clock periods (i.e., 20 ms out
of 40 seconds). During this time the battery is loaded by

the LED pulse and a comparison is made between 2/3 of
the battery level and the voltage at pin 5. This signal is

stored in a latch until the appropriate time at which the

horn output is activated for one clock cycle.

For checking and adjusting the low battery voltage trip
point, the oscillator frequency cannot simply be speeded

up. This would not only shorten the 40-second beep

period as desired, but would also shorten the 20 ms strobe

period. A proposed speed-up circuit in Figure 1 can be

used. This circuit provides 2048 pulses in 20 ms and then

allows 20 ms to maintain the proper strobe interval.
Thus the low battery period becomes 40 ms, but strobe

timing is unaffected.

Smoke Alarm Circuit

The signal source for smoke detection is a photodiode

that converts received light into electric current. This

diode should be connected into pin 4 and amplified via

the internal operational amplifier. The threshold for

smoke detection is controlled via the voltage to pin 15.

Since the smoke is detected as a reflected short burst of

light, the detector/amplifier combination has to be con
sidered as an ac signal. The diode has approximately
200 pF self-capacitance and the amplifier has a fixed
slew rate, both of which limit the minimum LED pulse
width for normal operation. The bias current of the
smoke amplifier and the following comparator is increased
one oscillator period before the LED-pulse starts. This
increase in bias current causes a change of input offset
voltage which in turn generates an output signal. The RC
time constant of the feedback network around the op

amp should be shorter than one oscillator period so that
the amplifier output is not distrubed by the increase of
bias current at the trailing edge of the LED pulse.

Temperature Compensation
Usually the photodiode detector exhibits a -2%/°C

temperature coefficient which reduces sensitivity to
smoke at elevated temperature. The usual correction for
this is the addition of a negative temperature coefficient
resistor controlling LED current. Then, as temperature
increases, LED current will increase while sensitivity
remains approximately constant. Temperature compensa
tion can also be accomplished by increasing the LED pulse
width as temperature increases. The internal oscillator
circuit contributes to this with a 0.1%/°C positive tem
perature coefficient that increases the output pulse width
at elevated temperatures. However, a temperature variable
resistor should be substituted for R|\j (pin 12) for full
compensation using this method.

APPLICATIONS

9 V

100 uF^

0.1 uf—

Plozoeloctric

Horn ,_-|fjLjvvUvvW—

MC14049UB

500 pF

2.5 M

7-305

'OD

'bias

NC

VT

Oscl

Vin(-I OscC

OscNvbias

VS

OR

VSS

OscP

LED

Horn

MCI4465

Piozoolectric

Horn Connection

0.001

-)h
220 k

22 M

-^WW-I

-.7^
vSs

>'

7/f
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M) MOTOROLA

ADDRESSABLE ASYNCHRONOUS

RECEIVER/TRANSMITTER

The MC14469 AddressableAsynchronous Receiver Transmitter is
constructedwith MOS P-channel and N-channel enhancement devices
in a single monolithic structure (CMOS). The MC14469 receives
one or two eleven-bit words in a serial datastream.Thefirstincoming
word contains the address and when the address matches, the
MC14469 is enabled to transmit two data words. Each of the trans
mitted words contains eight data bits, even parity bit, start and stop
bit, in UART compatible format.

The received word contains seven address bits and the addressof
the MC14469 is set on seven pins. Thus 27 or 128 units can be
interconnected in simplex or full duplex data transmission. In
addition to the address received, sevencommand bits mayoptionally
be received for data or control use.

The MC14469 finds application in transmitting data from remote
A-to-D converters, remote MPUs or remote digital transducers to a
master computer or MPU.

• Supply Voltage Range - 4.5 Vdc to 18 Vdc

• Low Quiescent Current - 75 pAdc maximum @ 5 Vdc

• Data Rates to 4800 Baud

• Receive - Serial to Parallel

Transmit - Parallel to Serial

• Transmit and Receive Simultaneously in Full Duplex

• Crystal or Resonator Operation for On-Chip Oscillator

S>J±

I_ZS

i -

„ |5IL, t»«

I (VA»)

BLOCK DIAGRAMS

Transmit

^

<> <>

J^.

7-307

MC14469

CMOS LSI
(LOW-POWER COMPLEMENTARY MOS)

ADDRESSABLE ASYNCHRONOUS
RECEIVER/TRANSMITTER

PSUFFIX

40

1

-*=sH

PLASTIC PACKAGE

CASE 711

40 LSUFFIX

1 CERAMIC PACKAGE

CASE 715

ORDERING INFORMATION

MC14xxx TSuftix Denotes

P«- Ceramic Package

LP Plostic Packofle

PIN ASSIGNMENTS

I rz Oscl vDd Zl

2d Osc2 CO Zj

3LZ Reset C1 Z

" ^n
AO C2 Z

bC Al C3 Zl

6LZ A2 C4 ZD

7CZ A3 C5 Zl

8CZ A4 C6 ZD

9 H A5 cs Z3

io LZ A6 VAP Zl

"IZ IDO Sond Zl
12m IOI SO Zl

13CZ ID2 SI =1

14 LZ ID3 S2 z

15 lz ID4 S3 z

16CZ 105 S4 z

itLZ ID6 S5 =1

led 1D7 EG p
19C Pi S7 z

20 CI vSs TRO z



MC14469

MAXIMUM RATINGS (Voltages referenced to Vss.Pin 2°-

DC Supply Voltage

Symbol Value Unit

VDD -0.5 to +18 Vdc

Input Voltage, All Inputs Vin -0.5 to Vdd+ 0.5 Vdc

DC Current Drain per Pin I 10 mAdc

Operating Temperature Range ta -40 to +85 °C

Storage Temperature Range Tstg -65 to +150 °C

This device contains circuitry to protect

the inputs against damage due to high static

voltages or electric fields; however, it is advised

that normal precautions be taken to avoid

application of any voltage higher than maxi

mum rated voltages to this high impedance
circuit. For proper operation it is recommended

that Vjn and Vout be constrained to the range
VSS<<VmorVout)<.VOD.

Unused inputs must always be tied to an

appropriate logic voltage level (e.g., either

VssorVoD'-

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

-4Q°C 25°C +85°C

UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level
Vin = VDD or 0

"1" Level

V|n°0orV0D

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05
-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95

-

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage # "0" Level
(Vq = 4.5 or 0.5 Vdc)
(Vq-90 or 1.0 Vdc)
(Vo= 13.5 or 1.5 Vdc)

"1" Level

(Vo = 0.5 or 4.5 Vdc)
(Vo = 1.0 or 9.0 Vdc)
(Vo = 1.5 or 13.5 Vdc)

VlL
5.0

10

15

-

1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Current (Except Pin 2)
(Voh = 2.5 Vdc) Source
(V0H d46 Vdc)
(V0H - 9.5 Vdc)
(Voh d 135 Vdc)
(Vol " 0-4 Vdc) Sink
(Vol ° o.6 vdc)
(V0L= 1.5 Vdc)

'OH
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.35

-0.9

-3.5

-
-0.6

-0.12

-0.3

-1.0

-

mAdc

'OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4
:

mAdc

Output Drive Current (Pin 2 Only)
(Vqh " 2.5 Vdc) Source
(Voh "4.6 Vdc)
<VoH - 9.5 Vdc)
(V0H - 13.5 Vdc)
(Vql " 0.4 Vdc) Sink
(vol - o.s vdc)
(v0L-1-5 vdc)

'OH
5.0

5.0

10

15

-0.19

-0.04

-0.09

-0.29

-
-0.16

-0.035

-0.08

-0.27

-0.32

-0.07

-0.16

-0.48

-

-0.13

-0.03

-0.06

-0.2

-

mAdc

'OL 5.0

10

15

0.1

0.17

0.50

-

0.085

0.14

0.42

0.17

0.28

0.84
:

0.07

0.1

0.3 _

mAdc

Maximum Frequency 'max 4.5 400 -
365 550

-
310

—

kHz

Input Current •in 15 - ±0.3
_

±0.00001 ±0.3
-

±1.0 MAdc

Pull-Up Current (Pins 4-18) 'UP 15 12 120 10 50 100 8.0 85 uAdc

Input Capacitance
(Vin-0)

Cin - — — ~

5.0 7.5 pF

Quiescent Current

(Per Package)
•do 5.0

10

15

-

75

150

300
-

0.010

0.020

0.030

75

150

300

-

565

1125

2250

uAdc

Supply Voltage vdd -

+4.5 + 18.0 +4.5
-

+18.0 +4.5 +18.0 Vdc

Noise immunity specified for worst-case input combination.
NoiseMarginboth "1" and "0" level» 1.0 Vdc min 9 Vqq « 5.0 Vdc

2.0 Vdc min 9 VDD " 1° Vdc
2.5 Vdc min 9 VDD - 15 Vdc
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MC 14469

FIGURE 1 -OSCILLATOR CIRCUIT FIGURE 2 - RECTIFIED POWER FROM DATA LINES CIRCUIT

MC14469

Internal

Oscillator

ri>

-\u\-

Noto: For oxternally

gonoratod clock,

drivo Pin 1, float Pin 2.

Noto: Coromic Resonators

307.2 kHz ± 1 kHz <or 4800 Baud Rato

Cl «= 50 pF

C2 w 200 pF

(Ceramic Resonator Suppliers:

Radio Materials Company, Chicago. Illinois
Vernitron Piozooloctric Division, Bedford, Ohio)

• Data Lina

HVW—l
10k h*^_

Rl fRO

vdd

MC14469

VSS

Ground Line

FIGURE 3 - A-D CONVERTER INTERFACE

CO

Cl

C2

CS

Send

SO

SI

S2

S3

S4

SS

S6

S7

Channel

Select

Select

Channol,

Start

Conversion

End

Conversion Analog
Inputs

Digital

Outputs

•a

*

*

""

7-309

8-Channol

A/D Converter

Assembly
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MC 14469

RECEIVE DATA (Rl; Pin 19)

' Command

l rTTTTTT t—r -r
UU_ •_ i- Ll 1_ J- J VL. J

MCI 4469

Pin Number

Pin Designation

MC6850

ACIA Pin Number

Addross

Identifier

"kTI TT TT T n

-\
r-i

Command

Idantifior

Pin Designation

TRANSMIT DATA (TRO; Pin 21)

4 5 6 7 8 9 10

AO A1 A2 A3 A4 A6 A6

22 21 20 19 1B 17 16

DO Dl D2 D3 04 OS D6

Input Data -

39 38 37 36 36 34 33

CO Cl C2 C3 C4 CS C6

22 21 20 19 18 17 16

DO D1 D2 03 D4 D6 D6

TTT-TT-rTT.
LiJllli

T-T T T T T T T Tp ^T^T T
rLlJ.iJli J. i/.lZJSTL ±

11 12 13 14 IS 16 17 18

IO0 ID1 ID2 ID3 IQ4 IDS ID6 ID7

22 21 20 19 18 17 16 16

DO Dl 02 03 D4 DS D6 D7

29 28 27 26 25 24 23 22

SO SI S2 S3 S4 S5 S6 S7

22 21 20 19 18 17 16 16

DO Dl D2 D3 D4 D5 D6 D7

MC14469

Pin Numbers

Pin Designation

MC6850

ACIA Pin Number

Pin Designation

ST - Start Bit

P - Parity Bit

SP - Stop Bit

AO -*• A6 - Addross Bits

CO -*• C6 " Command Bits

00 •* 07 - ACIA Bus Bits

IDO-* ID7 • MC14469 Identification Codo
SO •* S7 - MCI4469 Status Code

CORRESPONDING DATA POSITION AND PINS FOR MC14469 AND MC68S0

TYPICAL RECEIVE/SEND CYCLE

Valid Address Pulso

(VAP)

Intornal Valid

Addross Letch

(VAL)

Intornal Send

Enable Latch

(SEL)

Command Strobe

Output (CS)

Transmit Out

(TRO)

M

Command §

VOD S01234567 pS01234567
Receiver Input (Rl)

B S

POrslxMxTxTxTxTxTxTp'IPis.x.xIxrxE•Rffv•'v ^v^ P*t

T01234567

[x!x:x!x:p!p
T 0~1~2~3 4 5 6 7

STATUS
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MC14469

DEVICE OPERATION

OSCILLATOR (Oscl. Osc2; Pins 1, 2) - These pins are
the oscillator input and output. (See Figure 1.)

RESET (Reset; Pin 3) - When this pin is pulled low, the
circuit is reset and ready for operation.

ADDRESS (A0-A6; Pin 4, 5, 6, 7, 8, 9, 10) - These are
the address setting pins which contain the address match
for the received signal.

INPUT DATA (ID0-ID7; Pins 11, 12. 13. 14. 15,16.17,
18) —These pinscontain the input data for the firsteight
bits of data to be transmitted.

RECEIVE INPUT (Rl; Pin 19) - This is the receiveinput
pin.

NEGATIVE POWER SUPPLY (Vss; Pin20) - This pin is
the negative power supply connection. Normally this pin
is system ground.

TRANSMIT REGISTER OUTPUT SIGNAL <TRO; Pin
21) —This pin transmits the outgoing signal. Note that it
is inverted from the incoming signal. It must go through
one stage of inversion if it is to drive another MC14469.

SECOND or STATUS INPUT DATA (S0-S7; Pins22.23.
24. 25. 26. 27, 28, 29) - These pins contain the input
data for the second eight bits of data to be transmitted.

SEND (Send; Pin 30) - This pin accepts the send com
mand after receipt of an address.

VALID ADDRESS PULSE (VAP; Pin 31) - This is the

output for the valid address pulse upon receipt of a
matched incoming address.

COMMAND STROBE (CS; Pin 32) - This is the output
for the command strobe signifying a valid set of command
data on pins 33-39.

COMMAND WORD (C0-C6; Pins 33, 34. 35. 36. 37. 38,
39) — These pins are the readout of the command word
which is the second word of the received signal.

POSITIVE POWER SUPPLY (VDD; Pin 40) - This pin is
the package positive power supply pin.

OPERATING CHARACTERISTICS

The receipt of a start bit on the Receive Input (Rl) line
causes the receive clock to start at a frequency equal to
that of the oscillator divided by 64. All received data is
strobed in at the center of a receive clock period. The
start bit is followed by eight data bits. Seven of the bits
are compared against states of the address of the particu
lar circuit (A0-A6), while the eighth bit signifies an ad
dress word "1", or a command word "0". Next, a parity
bit is received and checked by the internal logic for even
parity. Finally a stop bit is received. At the completion of
the cycle if the address compared, a Valid Address Pulse
(VAP) occurs. Immediately following the addressword, a
command word is received. It also contains a start bit,
eight data bits, even parity bit, and a stop bit The eight
data bits are composed of a seven-bit command, and a

"0" which indicates a command word. At the end of the

command word a Command Strobe Pulse (CS) occurs.

A negative transition on the Send input initiates the
transmit sequence. Again the transmitted data is made up
of two eleven-bit words. The data portion of the first
word is made up from Input Data inputs (ID0-ID7),
and the data for the second word from Second Input Data
(S0-S7) inputs. This data is latched before the start of
transmit of the first of the two words. The transmitted

signal is the inversion of the standard UART TRO, which
allows the use of an inverting amplifier to drive the lines.

The oscillator can be crystal controlled or ceramic
resonator controlled for required accuracy. Pin 1 may be
driven from an external clock source. See Figure 1.
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MC14469

FIGURE 6 - FLOW CHART OF MC14469 OPERATION

Reset

Clear Command Latch

Reset SEL

Initialize Receiver

7-314

Initialize

Transmitter

1

N ^ j^ Send^s^
= 1

\ 7 >S

y!

N s
Sot .,

VAL and SEL are internal latches.

'Data format for both transmit and receive consists of:

1 Start Bit

8 Data Bits

1 Evan Parity Bit

1 Stop Bit



/A) MOTOROLA MC14478

MCC14478

Advance Information
CMOS LSI

(LOW-POWER COMPLEMENTARY MOSl

5-FUNCTION, 4-DIGIT

LCD WATCH CIRCUIT

5-FUNCTION, 4-DIGIT, LCD WATCH CIRCUIT

The MC14478/MCC14478 is a fully integrated 5-function,
4-digit, liquid crystal display watch circuit, fabricated with Motorola
low-threshold metal-gate CMOS technology. The circuit is designed
to readily interface with standard LCD 3-1/2 digit display where
automatic shutdown and lamp test are not required. To provide
voltage to drive the LCD. a highly efficient voltage tripler (that can
be used as a doubler) produces nominally 4.25 V (2.85 V for doub
ter). The voltage multiplier circuit requires three external capacitors
(two for voltage doubler). Two external switches and the oscillator
circuitry complete the design.

Five Functions Hours:

Month

Minutes

Date

Seconds

»\Automatic 4-Year Calendar

» Single 1.5 V Battery Operation

» Two Button Operation: Display and Set

» 32.768 kHz Oscillator Requires External Crystal and

Trimmer Capacitor

• Test Input Allows High Speed Testing

• High Efficiency Voltage Tripler/Doublt

• Requires Only Three/Two ExterMt^cfl

• MCC14478Die is SimilarjofheVlHn4480 With
Test and Automa

MCC14478 Replace:

AMI

Tl

(hcV\0f4
>B\c/>rs

\

S1424A

TP0232/TP0233

POWER-UP

Upon power-up the chip will be in the freeze mode and Mode 1
or Mode 2 can be entered with respective depressions ol DISPLAY

or SET.

OPERATION

(MODE 1)

Run Hours and minutes, colon flashing seconds

Push Display Month and elate
After 2 seconds display will return to hours and minutes

Push Display Twice (or once if month/date

is being displayed) Seconds displayed continuously

Push Display Return to hours and minutes

ORDERING INFORMATION

Suffix Denotes

L Plastic Package

MCC14XXX

(MODE 2)

Push Set Once Watch alternates between hours/minutes

and month/date for 2 seconds each

Push Display Once Seconds displayed continuously

Push Display Again Reverts to alternating display

SET (Set Button)

Push Set .... Places display into Mode 2
Push Set Set month"

Push Set Set day*
Push Set Set hour"

Push Set Set minutes

(Resets and holds seconds)"

Push Display Releases seconds

"Display advances display at one second rate.

ancc information and specifications ore subject to change without notice.

7-315



MC14478 • MCC14478

MAXIMUM RATINGS (Voltages referenced to Vcg)

Rating Symbol Value Unit

Supply Voltage V -0.3 to +3.0 Vdc

Supply Voltage vdd "»Vss 0 to +6.0 Vdc

Input Voltage (Pins 3, 37,20,39) Vin VDD + 03 to Vss " 0-3 Vdc

All Other Inputs V«n vDo + o.3to vee-o.3 Vdc

Operating Temperature Range TA -5.0 to+70 °C

Storage Temperature Range Tstg -25 to +85 °C

ELECTRICAL CHARACTERISTICS (vDD - vss = 1.5 Vdc,TA - 25°CI

Characteristic Conditions Min Typ Max Units

Oscillator Start Voltage 1.45 - -
Vdc

Oscillator Sustaining Voltage 1.30 - -
Vdc

Input Voltage Levels Vdc

Display, Set

Logical "1" VDo-0-25
- -

Logical "0" Internal Pulldown Vss -

Open
-

Test

Logical "1" - -
VSS + 0.25

Logical "0" Internal Pulldown Vdd -
Open

-

Input Current Levels PA

Display, Set vin • vDd 2.0 5.0 30

Test Vin " VSS - -
15

Output Current Levels fiA

Segment Drivers

Logical "1" v0ut - Vdd -0.15 v.
vdd - Vee - 3.0 v

2.0

Logical "0" v0ut-vee + o.i5v,

vdd- vee- 3-0 v

2.0
— —

BP - 32 Hz

Logical "1" Vout -vdd -0.15 v.
vdd - vee = 3.ov

20
— "~

Logical "0" v0ut° vdd + 0.15 V.
vdd - vee • 3.0 v

20

" "

Supply Current, 155 f - 32,768 Hz

Vdd - vss • 1-6 v
—

"

S.0 PA

Doubler Voltage, Vdd - Vee Doubler connected (No loading) 2.5 2.55 - Vdc

Tripler Voltage, Vdd _ VEE Tripler connected (No loading) 4.35 4.4
-

Vdc

This device contains circuitry to protect
the inputs against damage due to high static
voltages or electric fields; however, it is
advised that normal precautions be taken
to avoid application of any voltage higher
than maximum rated voltages to this high
impedance circuit. For proper operation it
is recommended that Vjn and Vou, be
constrained to the range Vss < 'vin °r
Vout» < VDD-

7-316



MC.4478«MCC14478

LCD WATCH CIRCUIT

r
^ HDr-

Doubler Tripler

0.05 uF

i— .—)!—
0 05 jjF

-)|—

1

512

Cap 2

Cap 3

Cap 1

vee

PIN ASSIGNMENT

iC 3b Display 3 40

2C 3a VSS 3 39

3C Tusi 1 VDD 3 38

AL Test 2 FT 3 37

5C Test 3 SET 3 36

6C 31 3c 3 35

7C 3g 3d 3 34

sd 2b 3e 3 33

9I~ 2a 2c 3 32

IOC
_. MC14478 2(J

3 31

11 c 29 2e 3 30

12C lb Colon 3 29

13 C la 1c 3 28

14 C 11 1d 3 27

15C 1« 1e 3 26

16C NC K 3 25

17 C vee BP 3 24

18 C Oscou, Cap1 3 23

19 C Oscin 512 3 22

20 C Cap 3 Cap 2 321

Osc,n
Display

Sei

VDD

I l_l • IJ \J
I I I.I III

7-317

3 Digii No

CHIP DIMENSIONS. PAD ASSIGNMENT

-0.150

•Test 1. 2. 3 for Motorola Enginooring uso.
pods may not show probo marks.



M) MOTOROLA

5-FUNCTION, 4-DIGIT, LCD WATCH CIRCUIT

The MCC14479/MCC14480 are fully integrated 5-function,
4-digit, liquid crystal display watch circuits fabricated with Motorola

low-threshold metal-gate CMOS technology. The circuit is designed
to readily interface with standard LCD 3-1/2 digit displays. To
provide voltage to drive the LCD. a highly efficient voltage tripler

(that can be used as a doubler) produces nominally 4.25 V (2.85 V

for doubler). The voltage multiplier circuit requires three external
capacitors (two for voltage doubler). Two external switches and the

oscillator circuitry complete the design.

• Five Functions Hours: Minutes

Month Date

Seconds

• Direct Liquid Crystal (LCD) Drive

• Single 1.5 V Battery Operation

• Two Button Operation: Display and Set

• 32.768 kHz Oscillator Requires External Crystal and

Trimmer Capacitor

• Test Input Allows High Speed Testing

• High Efficiency Voltage Tripler/Doubler

• Requires Only Three/Two External CapaS

• Shutdown Mode, to Provide Redt|ce\l'
During Storage

Ige of MCC14480MCC14479Dieis t

MC14480 Replaces1
AMI

Tl

National

t£^

*

S1424A

TP0232/TP0233

MM58118/MM58120

MM58117/MM58119

MCC14479

MC14480
MCC14480

CMOS LSI
(LOW-POWER COMPLEMENTARY MOS)

5-FUNCTION, 4-DIGIT

LCD WATCH CIRCUIT

ORDERING INFORMATION

MC14XXX _ Suffix Denotes

t
MCC14XXX

L Ceramic Package

P Plastic Packago
Chip

POWER-UP

Upon power-up, circuit will be in shutdown with Osc;n pulled up
to Vqd and '" low current state. One depression of DISPLAY
will cause the oscillator to start with the device In the freeze mode.

At this point, watch can enter Mode 1 or Mode 2 with respective

depressions of DISPLAY or SET.

OPERATION

(MODE 1)

Run Hours and minutes, colon flashing seconds

Push Display Month and date

After 2 seconds display will return to hours and minutes

Push Display Twice (or once if month/date

is being displayed! Seconds displayed continuously

Push Display Return to hours and minutes

(MODE 2)

Push Set Once Watch alternates between hours/minutes

and month/date for 2 seconds each

Push Display Once Seconds displayed continuously

Push Display Again Reverts to alternating display

SET (Set Button)

Push Set . . . .Places display into Mode 2

Push Set Set month"

Push Set Set day*
Push Set Set hour"

Push Set Set minutes

(Resets and holds seconds)*

Push Display Releases seconds

'Display advances display at one second rate.
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MCC14479 • MC14480 • MCC14480

MAXIMUM RATINGS (Voltagetreferencedto Vss)

Rating Symbol Value Unit

Supply Voltage VDD «° vss -03 to +3.0 Vdc

Supply Voltage vdd to veE 0 to +6.0 Vdc

Input Voltage (Pins 3, 37,20,39) Vin Vqo + 0.3u> Vgs-0.3 Vdc

All Other Inputs Vin VpD + 0-3to Vee-0.3 Vdc

Operating Temperature Range TA -5.0 to +70 °C

Storage Temperature Range Tstg -25 to +85 °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 bo taken
to avoid application of any voltage higher
than maximum rated voltages to this high
impedance circuit. For proper operation it
it recommended that Vjn and Vout be
constrained to the range Vss * 'vin or
V0ut) < VDD-

ELECTRICAL CHARACTERISTICS <VDD - Vss - 1 5 Vdc,TA - 25°C)

Characteristic Conditions Min Typ Max Units

Oscillator Start Voltago 1.45 - -
Vdc

Oscillator Sustaining Voltage 1.30 - -
Vdc

Input Voltage Levels Vdc

Display, Set

Logical "1"

Logical "0" Internal Pulldown Vss
VDD-0.25

Open
-

Test

Logical "1"

Logical "0" Internal Pullup Vqq
-

Open

VSS + 0.25

Input Current Levels

Display, Set

Test

V«n - Vqd
Vin " VSS

2.0 5.0 30

15

PA

Output Current Levels MA

Segment Drivers

Logical "1" Vout-VoD-O'SV.
vdd-vee-3.0 V

2.0
- -

Logical "0" Vout-vEe + 0.15 V,
vqd-Vee-3.0 V

2.0

BP - 32 Hz

Logical "1" Vout -Vqq- 0.15 V.
vdd-vee-3.0 V

20
- -

Logical "0" Vout* vdd+o*5 v,
Vqq - VEE - 3.0 V

20

"

Supply Current, Iqq f - 32,768 Hz
vdd - Vss-1-6 v

— —

5.0 mA

Doubler Voltage, Vqd - Vee Doubler connected (No loading) 2.5 2.55
-

Vdc

Tripler Voltage, Vqd - Vee Tripler connected (No loading) 4.35 4.4
-

Vdc

Doubler Tripler

0.05 tif

r
T_ r±

0.05 nf

2

LCD WATCH CIRCUIT

L

512

Cap 2

Cap 3

Cap 1

VE6

5-36pP

HDr-

C-Kin

I IJ " IJ \J
i i i • i in

Display

Set

VDD

VSS

3 Digit No
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MCC14479 • MC 14480 • MCC14480

FAST TEST MODE

The test mode of the MC14480 bypasses the initial
•j-1024 counter chain from Osqn to the backplaneoutput
(32 Hz) and causes the outputs to operate at dc levels
with a logic "1" (Vdd) denoting a segment on condition
and a logic "0" (Vg^) denoting a segment off condition.
To get into the test mode, Oscjn must be clocked until a
1 -* 0 transition is sensed on the backplane output. At
this time Oscm must be clocked an additional 256 times
and left in the high state (Vdd)- The Test input should be
at a "1" while this initialization routine is being per
formed, but should be taken to Vss after setup. The Test
input may now be clocked into the * 32 counter chain

and should toggle between Vdd and Vss and be left at
Vss wnen ar|y output interrogation is being done (this
is necessary to hold dynamic flip-flops in the -r 1024
counter chain). In the fast test mode, the MC14480
switch closures are debounced with 2 positive clock transi
tions of test, and switch openings are debounced with one
positive transition.

PIN ASSIGNMENT

iC 3B Display 340

2C 3A vSs 3 39

3 C Test 1 VQD 3 38

4C Tost 2 FT 337

5C Test 3 Sot 3 36

6C 3f 3C 3 35

7C 39 3d 334

8L" 2b 3e 3 33

9C 2a 2c 332

IOC 2f 2d 3 31

11C 2g 2e 330

12 C lb Colon 329

13C la 1c 328

14C 1f id 327

15C ig 1e 326

16 C NC K 325

17C vee BP 324

18C Oscout Capl 323

19 C Oscin 512 322

20 C Cap 3 Cap 2 321

FIVE-FUNCTION DISPLAY FORMAT

Operation:

Model £/*

Display

IXHr: Min

Colon Flashing
Mo Doto Soc

Display

2XHr:Min

Colon Flash

Display

IX Hr:Min

Colon Flash

Push Display IX

Mode 2

Set Mode:

Modo 1 Mode 2

11:37 10 12 10 12 11:A :27
Set IX Sot Sot Sat

1X

Sot

IXHr:Mln Mo Date IX
Sot Month IX

Sot Data SotHr Sot Min
Colon Fla'thing

—\P*
11:27 v

♦> 11:27

2.0 Sec Run ,

Freeze Modo +

NOTES:

1. During Sot Mode ell counts advanco at 1 Hz rata with push of display.
2. Sotting Minutes resets end holds Seconds (Fraoze Modo) until watch

is restarted.

3. Upon powar-up, chip will bo in shutdown with Osc|n pulled up to

10 12 :00 10 12 11:27
Display Display 2 Soc

Mode 2 IX Run 2 1X

Fraezo

Sot

IX

Vqq and in low current stato. Ono depression of Display will
causo tho device to start (Mode 1).

4. Segment Test, when Sot and Display are simultaneously pressed,
all segments como on.
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MCC14479 • MC14480 • MCC14480

CHIP DIMENSIONS. PAD ASSIGNMENT

MCC14479

-0.150

•Tost 1. 2. 3 for Moior

pods may not show pi
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M) MOTOROLA
MCC14481

6-FUNCTION, 4-DIGIT LCD WATCH CIRCUIT

The MCC14481 is a fully integrated 6-function, 4-digit liquid
crystal watch circuit fabricated with Motorola low threshold metal
gate CMOS technology. The circuit interfaces with a 3-1/2- or
4-digit LCD display with two additional segments, one above and
one below the colon. To provide sufficient voltage to drive the
LCD display, an efficient voltage tripler (or doubler) produces
nominally 4.25 volts (2.85 for the doubler). Three external capa
citors are required for the tripler (two for the doubler). Two
additional switches and the oscillator circuitry complete the
watch circuit.

CMOS LSI
ILOW-POWER COMPLEMENTARY MOS)

6-FUNCTION, 4-DIGIT
LCD WATCH CIRCUIT

Six Function:

Hours and Minutes

Day of the Week

Month and Date

Seconds

Automatic Four-Year Calendar

Direct Liquid Crystal (LCD) Driver
Single 1.5 V Battery Operation

Two-Button Operation: Display
32.768 kHz Oscillator Reqt,

Trimmer Capacitor'

Test Input AllowsVj|h^p(]Ed Testing
High Efficiency Vo\ige Tripler/Doubler Requires

Only Three/Two External Capacitors
Automatic Shutdown and Reset of Watch

Power-On Reset to MO. 1-1. 1.00 AM. Freeze Mode
DISPLAY

n n t n —
GGiOO

nal Crystal and

Day of the Week

MO TU WE TH F SA SU

OPERATION

Run: Hour and minutes, colon flashing seconds
Push DISPLAY: Month/date

After 1.0 second display shows day

After 1.0 second display returns to hours/

minutes

Push DISPLAY twice: Seconds

Push DISPLAY once: Seconds return to hours/minutes

7-322

MCC PREFIX CHIP

48-Pin Package available on a lir

sample basis for experimental

SET PROCEDURE

Push SET three times: Set month "(See shutdown operation)
Push SET: Set date-

Push SET: Set day ol the week*
Push SET: Set hours*

Push SET: Set minutes'

Push SET: Hours/minutes, not running
Push DISPLAY: Hours/minutes, normal run mode

'Push DISPLAY advances at one second rate.

SHUTDOWN OPERATION: Follow SET PROCEDURE Into set month mode. Alter approximately 150 seconds, watch shuts down.
Push DISPLAY once to start watch.

FAST SET OPERATION: For setting, (or example. HRS at faster than 1 Hz rate. DISPLAY may betapped and the hours will
advance at the tapped rate.

POWER UP: At power-up. the watch will reset and be in the Freeze Mode displaying 1:00.



MCC14481

MAXIMUM RATINGS (Voltages referenced to Vss)

Rating Symbol Value

Supply Voltage

Supply Voltage

Input Voltage

Operating Temperature Range

Storage Temperature Range

vdd to vss
Vqd to Vee

ta

•stg

-0.3 to +3.0

0 to -1-6.0

VQD+0-3 to Vss ~0-3
-5 to+70

-25 to +85

Unit

Vdc

Vdc

Vdc

"°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 Vm and Vout be
constrained to the range Vee/Vss* <vin
or Voutl < Vqd-

ELECTRICAL CHARACTERISTICS <TA - 25°Cunless otherwise noted)

Characteristic Conditions Min Typ Max Units

Oscillator Start Voltage 1.45
- -

Vdc

Oscillator Sustaining Voltage 1.3
- -

Vdc

Input Voltage Levels, Display, Set, Test
Logical "1"
Logical "0" Internal Pulldown Vss

VDD-0.25
Open

-

Vdc

Input Current Levels, Display, Set, Test vin-vDd 0.5 4.0 25 uA

Output Current Levels, Segment Drivers
(BP - 32 Hz)

Logical "1"
Logical "0"

Vout " VpD-0-2 V, VDD-VEE" 4-5 V
Vout " Vee+0.2 V, VDD-VEE " 4.5 V

2.0

2.0

- -

uA

Supply Current. Iqd f - 32,768 Hz

VdD-vSS=1-6V

vdd-vee " 4-8 V

7.0 ma

Capin-

Osein-

°"ouf

Vqd vss vee

! ! 1
1
1

20 pF

D>
1 8pF

?kl2pF
Oividar

Network

MCC14481 BLOCK DIAGRAM

.: o o

512 Cap Cap Cap BP 9 w *~
1 2 3

1 r
Doubler/

Tripler

Day

Display/
Set Control

Output

Function

Control

Foreign
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MCC14481

o.os »if ;

Doubler Tripler

O.OS uF

I— I—)h-

|_ [
0.05 uF

-)|—

r

LCD WATCH CIRCUIT

5-36 pF 32.768 kHz

-#* HDh

Oscin CAP|n CAPout Oscout
Display

Sot

O.OS uF

1

512

Cap 2

Cap 3

Cap 1

vee

Segments

VDD

VSS

a i

Normal Operation:

Hr:Min

Colon Flashing

Set Mode:

Sot3X

Hr:Min within

Colon Flashing 2.5 Sec
Sot

Mo

I IJ " IJ'IJ
II III 11 I

6 Function

Display

K

e

1

X

2 3

a

• l» 1 1 • 1 M~l
u- IJ • 1 M'-l

a V d

Digit No.

OPERATION and SET FLOW DIAGRAM

1.0-1.5

IX Month Oato Sec

Sot

IX Set

Dato

Set

IX

1.S-2.0

Soc

Sot

Day

Sot

IX

Display
2X

Sot

Hr

Sot

1X

6 Function

European Display

Dato is followed by month.
Connect Pad/Pin 3 to Vqq.

3 digit No.

Display
IX Hr:Min

Colon Flashing

Sot

Min

Sot

IX

-e»» Run

Display

IXHr:Min

Froozo Modo

NOTES: 1. Davico only entors Freeze Modo when minutes aro Incromentod.
2. To Increment any function at 1 Hz row, press Displayand hold. Multiplodepressionswill increment Displayfaster.

Segments Activated for Day of the Week

MO TU WE TH F SA SU

lb 3a x 3b lb 3a x 3b 20 2a 3a 2a 3b

1c 3b 2f 3c 1c 3f 2f 3c 2f 2c 3b 2c 3c

x 3c 2o 3d V 3g 2o 3f 2g 2d 3c 2d 3d

2f 3d 2s 3o 2b 3o 2a 3g 2e 2f 3o 2g 3e
2o 3o 3f 2c 3d 3e 2g 3f 2f 3f

2a 3f 2d 3g
2b 2o

2c 2f
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CHIP DIMENSIONS
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M) MOTOROLA

HEX CONTACT BOUNCE ELIMINATOR

The MC14490 is constructed with complementary MOSenhance
ment mode devices, and is used for the elimination of extraneous
level changes that result when interfacing with mechanical contacts.
The digital contact bounce eliminator circuit takes an input signal
from a bouncing contact and generates a clean digital signal four
clock periods after the input has stabilized. The bounce eliminator
circuit will remove bounce on both the "make" and the "break" of
acontact closure. The clock for operation of the MC14490 is derived
from an internal R-C oscillator which requires only an external
capacitor to adjust for the desired operating frequency (bounce
delay). The clock may also be driven from an external clock source
or the oscillator of another MC14490.

• Diode Protection on All Inputs

• Noise Immunity = 45% of Vqd Typical

• Six Debouncers per Package

• Internal Pullups on All Data Inputs

• Internal Oscillator (R-C). or External Clock Source

• TTL Compatible Data Inputs/Outputs

• Single Line Input, Debounces Both "Make" and "Break" Contacts

• Does Not Require "Form C" (Single Pole DoubleThrow) Input Signal
• Cascadable for Longer Time Delays

• Schmitt Trigger on Clock Input (Pin 7)

• Supply Voltage Range = 3.0 Vdc to 18 Vdc (MC14490EFL/FL/FP)
= 3.0 Vdc to 6.0 Vdc (MC14490EVL/VL/VP)

MC14490

CMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

HEX CONTACT

BOUNCE ELIMINATOR

fIBP 0B
16

1 LSUFFIX PSUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14490

£
iffix Donotes

L Ceromic Package
P Plastic Package
F Extonded Operating

Voltago Range (3V to 18V)
V Limited Operating

Voltago Range (3V to 6V)
Blank Standard Oporating

Tomporoture Range (-40 to *85°C)
E Extonded Oporating

Temperature Range (-55 to +125°C)

*VDD BLOCK DIAGRAM

rrrr
Ain 1 O-

Din 12(

Fin 10

^>

Two-Phase

Clock Gonerotor

-Data

4-Bit Static Shift Regiitor

Shift Load

o
1 lit

-• ' .si ea

1^J_
Identical to Above Stage

'_L^L
Identical to Above Stage

ai| <a|
Identical to Above Stage

01 I 02 I

Identical to Above Stage

'* * +
Identical 10 Above Stage

7-326
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MC14490

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 8.)

Rating

DC Supply Voltage
-MC14490EFL/FL/FP
-MC14490EVL/VL/VP

Input Voltage. All Inputs

DC Current Drain per Pin

Operating Temperature Range MC14490EFL/EVL
MC14490FL/FP/VL/VP

Storage Temperature Range

Symbol

vdd

ta

Value

+18 to -0.5

+6.0 to -0.5

VDD +0.5

to Vss "0-5

-55 to+125

-40 to +85

-65 to+150

Unit

Vdc

°C

°C

This device contain* 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 Vjn and Vout be
constrained to the range Vss "• 'vjn or
Vout) < VDD-

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd"

Vdc

Tlow* 25°C Thigh*
UnitMin Max Min Typ Max Min Max

Output Voltago "0" Level

"1" Level

Vout 5.0

10

15
;

0.01

0.01

0.02

-

0

0

0

0.01

0.01

0.02

-

0.05

0.05

0.10

Vdc

5.0

10

15

4.99

9.99

14.95

-

4.99

9.99

14.95

5.0

10

15

-

4.95

9.95

14.75
-

Vdc

Noise Immunity

<AVout<0.8.Vdc)
I^Vout < 10 Vdc)
(AVout < 1-5 Vdc)
lAV0„t<0.8Vdc)
iAVout < 1.0 Vdc)
<AVout«S1.5Vdc)

VNL
5.0

10

IS

1.5

3.0

4.5

-

1.5

3.0

4.5

2.25

4.50

6.75

-

1.4

2.9

4.4

-

Vdc

Vnh 5.0

10

15

1.4

2.9

4.4

-

1.5

3.0

4.5

2.25

4.50

6.75

-

1.5

3.0

. 4.5 _

Vdc

Output Drive Current *•*
Source

Oscillator Output

(Vqh " 2.5 Vdc)
(V0H - 9.5 Vdc)
(V0H- 136 Vdc)

Debounce Outputs
(Vqh "2.5 Vdc)
(Vqh ° 9.5 Vdc)
(Voh - 13-5 Vdc)

Sink

Oscillator Output

(Vol - 0-4 Vdc)
(Vol - o.5 vdc)
(Vol-1-5 vdc)

Debounce Output*

(Vol - 0.4 Vdc)
(Vql-o.6 vdc)
(Vol-1-6 vdc)

'OH

5.0

10

15

5.0

10

15

-0.23

-0.23

-0.69

-0.60

-0.60

-1.8

—

-0.20

-0.20

-0.60

-0.50

-0.50

-1.5

-1.7

-0.9

-3.5

-2.6

-1.4

-5.4

-

-0.16

-0.16

-0.48

-0.4

-0.4

-1.2

-

mAdc

'OL

5.0

10

15

5.0

10

IS

0.23

0.60

1.8

2.4

4.0

12

-

0.20

0.50

1.5

2.2

3.3

10

0.78

2.0

7.8

4.0

10

40

-

0.16

0.4

1.2

1.8

27

8.1

-

mAdc

Input Leakage Current*
Debounce Inputs

<V|H- VDD)

l|H
- - - -

10
- - -

pAdc

Pullup Resistor Source Current
Debounce Input*

<V,L-Vss>

'IL
5.0

10

16

210

415

610

375

740

1100

140

280

415

190

380

670

255

500

760

70

145

215

130

265

400

uAdc

Input Capacitance
<V|„-0)

Cj„ - — — —
5.0

~ —
pF

Quiescent Current >D0
5.0

10

16

-
150

280

840

-
40

75

226

120

225

675

-
100

180

560

uAdc

•Tlow- -56°Cfor MC14490EFL. EVL;-40°Cfor MC14490FL. FP, VL,VP.
Thigh " +125°C for MC14490 EFL, EVL; +85°C for MC14490FL. FP, VL,VP.

••Only 5-volt specifications apply to MC14490 EVL. VL, VP device*.
•••Cere mutt be taken not to exceed maximum current rating* (See Meximum

Rating*Table and Figure 2).
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SWITCHING CHARACTERISTICS (CL-15PF)

Characteristic Symbol
vD0"
Vdc

Tic w* 25°C Thigh*
UnitMin Max Min Typ Max Min Max

Output Rise Time tTLH ns

All Outputs 5.0 - - - 70 _ _ _

10 - - - 35 _ - _

15 - - - 25 - _ _

Output Fall Time «thl ns

Oscillator Output 5.0 - - - 70 - _ _

10 - - - 35 - _ _

IS - - - 25 - - -

Debounce Outputs 6.0 - - - 50 _ _ _ ns

10 - - - 25 - _ _

15 - - - 18 - _ _

Propagation Delay Time «phl ns

Oscillator Input to 5.0 - - - 625 _ _ _

Debounce Outputs 10 - - - 250 - _ _

15 - - - 200 - - -

*plh 5.0 - - - 700 - - - ns

10 - - - 275 - — —

IS - - - 200 - - -

Maximum Clock Frequency 'cl MHz
(50% Duty Cycle) 5.0 - - - 0.4 - _ _

10 - - - 1.0 - _ _

15 - - - 1.3 - - -

Minimum Setup Time tsu 5.0 _ _ _ 200 _ _ _ ns

(See Figure 1) 10 - - - 40 - _ _

15 - - - 30 - _ _

Maximum External Clock Input »TLH, ns

Rise and Fall Time »THL 5.0 No Limit
Oscillator Input 10

15

Typical Oscillator Frequency _ , 0.375 Vnn
f «-

cext
- (Vdd in Vdc, Cext in pF) MHz

*T|ow" -55°C for MC14490EFL, EVL;-40°C for MC14490FL. FP, VL,VP.
Thigh " +12S°C forMC14490 EFL, EVL; +85°C forMC14490FL, FP, VL, VP

'•Only 5-volt specifications apply to MC14490 EVL, VL, VP devices.

FIGURE 1 - TYPICAL SWITCHING TIME WAVEFORMS

°«Cin p
*PLH —

'50%
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^^
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0 V

Aout 50%^ '90%

10%

*-tTLH

Vqd

ov

°*ein / '50%

tPHL

"^
VDD

0 V

Aout 10% u»
VDD

—J U—tTHL

0*cm j' 50%J
vOD

.tsu

Ain 60%^ VDO

' OV
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FIGURE 2 - AMBIENT TEMPERATURE
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MC14490

THEORY OF OPERATION

The MC14490 Hex Contact Bounce Eliminator is

basically a digital integrator. The circuit can integrate
both up and down. This enables the circuit to eliminate
bounce on both the leading and trailing edges of the signal,
shown in the timing diagram of Figure 3.

Each of the six Bounce Eliminators is composed of a
416-bit register (the integrator) and logic to compare the
input with the contents of the shift register, as shown in
Figure 4. The shift register requires a series of timing
pulses in order to shift the input signal into each shift
register location. These timing pulses (the clock signal)
are represented in the upper waveform of Figure 3. Each
of the six Bounce Eliminator circuits has an internal
resistor as shown in Figure 4. A pullup resistor was incor
porated rather than a pulldown resistor in order to imple
ment switched ground input signals, such as those coming
from relay contacts and push buttons. By switching
ground, rather than a power supply lead, system faults
(such as shorts to ground on the signal input leads) will
not cause excessive currents in the wiring and contacts.
Signal lead shorts to ground are much more probable than
shorts to a power supply lead.

When the relay contact is open the shift register is
loaded with a 1 (positive logic assumed) on each positive
edge of the clock signal. To understand the operation, we
assume all bits of the shift register are loaded with 1's and
the output is at a 1 or high level.

At clock edge 1 (Figure 3) the input has gone low
and a 0 (low level) has been loaded into the first bit or
storage location of the shift register. Just after the posi
tive edge of clock 1 the input signal has bounced back to
a logic 1. This causes the shift register to be reset to all
1's in all four bits - thus starting the timing sequence
over again.

During clock edges 3 to 6 the input signal has stayed
low. Thus a logic 0 has been shifted into all four shift
register bits and, as shown, the output goes to a 0 during
the positive edge of clock pulse 6.

It should be noted that there is a 3% to 4% clock
period delay between the clean input signal and output
signal. In this example there is a delay of 3.8 clock periods
from the beginning of the clean input signal.

After some time period of N clock periods, the contact
is opened and at N+7 a 1 is loaded into the first bit. Just
after N+7, when the input bounces low, all bits are reset
to 0. At N+8 nothing happens because the input and
output are low and all bits of the shift register are 0. At
time N+9 and thereafter the input signal is a high (1) clean
signal. At N+13 the output goes high (1) as a result of
four 1's being shifted into the shift register.

Assuming the input signal is long enough to be clocked
through the Bounce Eliminator, the output signal will be
no longer or shorter than the clean input signal plus or
minus one clock period.

The amount of time distortion between the input and
output signals is a function of the difference in bounce
characteristics on the edges of the input signal and the
clock frequency. Since most relay contacts have more
bounce when making as compared to breaking, the overall
delay, counting bounce period, will be greater on the
leading edge of the input signal than on the trailingedge.
Thus, the output signal will be shorter than the input
signal - if you include the leading edge bounce in the
overall timing calculation.

The only requirement on the clock frequency in order
to obtain a bounce free output signal is that four clock
periods do not occur while the input signal is in a false
state. Referring to Figure 3, a false state is seen to occur
three times at the beginning of the input signal. The input
signal goes low three times before it finally settles down
to a valid low state. The first three low pulses are referred
to as false states.

If the user has an available clock signal of the proper
frequency, it may be used by connecting it to the oscillator
input (pin 7). However, if an external clock is not available
the user can place a small capacitor across the oscillator
input and output pins in order to start up an internal
clock source (as shown in Figure 4). The clock signal at
the oscillator output pin may then be used to clock other
MCI4490 Bounce Eliminator packages. With the use of the
MC14490, a large number of signals can be cleaned up,
with the requirement of only one small capacitor external
to the Hex Bounce Eliminator packages.

FIGURE 3 - TIMING DIAGRAM

Output

Contactr-
Op*n l

5 6 7 N+7 N+8 N+9 N+10 N+11 N + 12 N + 13

"LXiJiJiJiJTJixi/iJi_r^^

uinn

Contact

Bouncing

Contact Closed

ruuifLT

Contact

Bouncing
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FIGURE 4 - TYPICAL "FORM A" CONTACT DEBOUNCE CIRCUIT

(Only One Debouncer Shown)

+VDD

A|n

"Form A"

Contact

| Pullup Resistor
(Internal)

•o
Data

4-Bit Static Shift Register

Shift Load

Oicj,

X7
Oscillator

and

Two-Phaso

Clock Generator

£> 01 $2

OPERATING

The single most important characteristic of the
MC14490 is that it works with a single signal lead as an
input, making it directly compatible with mechanical
contacts (Form A and B).

The circuit has a built in pullup resistor on each
input. The worst case value of the pullup resistor (deter
mined from the Electrical Characteristics table) is used to
calculate the contact wetting current. If more contact
current is required, an external resistor may be connected
between Vqq and the input.

Because of the built in putlup resistors, the inputs
cannot be driven with a single standard CMOS gate when
Vqq is below 5 V. At this voltage, the input should be

CHARACTERISTICS

driven with paralleled standard gates or by the MC14049
or MC14050 buffers.

The clock input circuit (pin 7) has Schmitt trigger
shaping such that proper clocking will occur even with
very slow clock edges, eliminating any need for clock
preshaping. In addition, other MC14490 oscillator inputs
can be driven from a single oscillator output buffered
by an MC14050 (see Figure 5).

The MC14490 is TTL compatible on both the inputs
and the outpuu. When Vqq is at 4.5 V, the buffered
outputs can sink 1.6 mA at 0.4 V. The inputs can be
driven with TTL as a result of the internal input pull-
up resistors.

FIGURE 5 - TYPICAL SINGLE OSCILLATOR

DEBOUNCE SYSTEM

From Contacts

1/6 MC140S0

£>
Oscin<.7 9Y°««:out

o —^V To System
-•/ Logic

o
From

Contacts

7 <>Oscln

—*V To Systen
—/ Logic

°»ein ym

From Contacts o
—*\ ToSystem
-y Logic
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TYPICAL APPLICATIONS

ASYMMETRICAL TIMING

In applications where different leading and trailing
edge delays are required (such as a fast attack/slow release
timer.) Clocks of different frequencies can be gated into
the MC14490 as shown in Figure 6. In order to produce a
slow attack/fast release circuit leads A and B should be

interchanged. The clock out lead can then be used to
feed clock signals to the other MC14490 packages where
the asymmetrical input/output timing is required.

FIGURE 6- FAST ATTACK/SLOW RELEASE

CIRCUIT

~V In

MC14490

Out

1 ^
1 1

1 J
1 {
| 1

0*Cin

Si
1

1
\(
ll
1]

"1—r 1

r— ^l iv C14011
1

jr
hi

i
l_

A B

External

Clock

<C
-r N

LATCHED OUTPUT

The contents of the Bounce Eliminator can be latched

by using several extra gates as shown in Figure 7. If the
latch lead is high the clock will be stopped when the
output goes low. This will hold the output low even
though the input has returned to the high state. Any time
the clock is stopped the outputs will be representative of
the input signal four clock periods earlier.

FIGURE 7 - LATCHED OUTPUT CIRCUIT

j-KrYo^-

0«ln
-"* ©"out

Clock O—4

MULTIPLE TIMING SIGNALS

As shown in Figure 8, the Bounce Eliminator circuits
can be connected in series. In this configuration each
output is delayed by four clock periods relative to its
respective input. This configuration may be used to gener
ate multiple timing signals such as a delay line, for
programming other timing operations.

One application of the above is shown in Figure 9,
where it is required to have a single pulse output for a
single operation (make) of the push button or relay contact.
This only requires the series connection of two Bounce
Eliminator circuits, one inverter, and one NOR gate in
order to generate the signal AB as shown in Figures 9 and
10. The signal AB" is four clock periods in length. If the
inputs to the NOR gate are interchanged the pulse"AB will
be generated upon release or break of the contact. With
the use of a few additional parts many different pulses
and waveshapes may be generated.

FIGURE 8 - MULTIPLE TIMING CIRCUIT CONNECTIONS

B.E. 1 0 0 A,

0 0 B0

B.E. 4 0 Q D,

B.E. S >

B.E. 6 0—O F„

Oscin
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FIGURE 9 - SINGLE PULSE OUTPUT CIRCUIT

cr\ o
In Out

=£Xr^~ l_
I A

•n Out r^ I
L-—o—c be2 >—o—yy>*

A = Active Low

B = Active Low

FIGURE 10 - MULTIPLE OUTPUT SIGNAL TIMING DIAGRAM
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Circuit diagrami utilizing Motorola products are included at a meant
of illustrating typical semiconductor applicationt: consequently,
completo information sufficient for construction purposes it not
necessarily given. The information has been carefully checked and

it believed to be entirely reliablo. However, no respontibility is
assumed for inaccuraciet. Furthermore, tuch information doet not
convey to the purchater of tho semiconductor devices described any
license under the patent rights of Motorola Inc. or others.
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BCD-TO-SEVEN SEGMENT HEXADECIMAL LATCH/
DECODER/DRIVER

The MC14495 BCD-to-seven segment hexidecima'l latch/decoder/
driver is constructed with complementary MOS (CMOS) enhance
ment mode devices and NPN bipolar output drivers in a single mono

lithic structure. The circuit provides the functions of a 4-bit storage
latch. It can be used with LED seven segment displays without resis
tor interface at 5 volt supply. The resistors of typically 290 ohms are
internal to the part.

Applications include MPU systems display driver, instrument dis
play driver, computer/calculator display driver, cockpit display
driver, and various clock, watch, and timer uses.

• Low Logic Circuit Power Dissipation

• High-Current Sourcing Outputs With Internal Limiting Resistance

• Latch Storage of Code

• Supply Voltage Range = 4.5 Vdc to 16 Vdc

• Internal Input Level Shift:

Input +5 CMOS to Vqd °f +5 to +16 Vdc
Input +5 V TTL with Pull-up, to Vqd °f +5 to +16 Vdc

BLai|>

4-Bit

Latch

BLOCK DIAGRAM

Sogmont
ROM

Array

-TNo VV\—a*
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MC14495

CMOS MSI
(LOW-POWER COMPLEMENTARY MOS)

BCD-TO-SEVEN SEGMENT

HEXADECIMAL

LATCH/DECODER/DRIVER

L SUFFIX

CERAMIC PACKAGE

CASE 620

PSUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXX _ Sulfi:

r
— L Ceramic Pa

'— P PlasticPack
kagt

Package

f

'-_/

vdd

d

s

h+i b

A

B VCR

CL D

vss c

ifflfl
u

ALPHANUMERIC DISPLAY

pi/giawisisniei9iftibicycFi
0123456 78 9 10 1112 1314 15

TRUTH TABLE

INPUTS OUTPUTS

DCBA a b c (1 i- 1 g h*i VCT? DISPLAY

0 0 0 0

0 0 0 1

0 0 10

0 0 11

1111110 0

0 110 0 0 0 0

110 1 10 10

11110 0 10

Open

Open

Open

Open

0

1

2

3

0 10 0

0 10 1

0 110

0 111

0 110 0 110

10 110 110

10 111110

1 1 10 0 0 0 0

Open

Open

Open

Open

•1

5

6

7

10 0 0

10 0 1

10 10

10 11

11111110

11110 110

1110 1111

0 0 111111

Open

Open

Open

Open

8

9

A

110 0

110 1

1110

1111

10 0 1 1 10 1

0 11110 11

10 0 11111

10 0 0 1111

Open

Open

Open

0

C

d

E

F



MC14495

MAXIMUM RATINGS (Voltages referenced toVss).
Rating Symbol Value Unit

DC Supply Voltage VDD -0.5 to +18 Vdc

Input Voltage, All Inputs Vin -0.5 to Vqd + 0.5 Vdc

DC Current Drain per Input Pin 1 10 mAdc

OperatingTemperature Range ta -40 to +85 °C
Storage Temperature Range T«g -65 to +150 «C
Maximum Continuous Output Power

(Source) per Output ® 25 °C
Pins 1,2, 3,12,13,14, IB
Pin 14

PQHmox

SO

100

mW

*pOHmax - 'OH «Vdd- vOH>

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

ELECTRICAL CHARACTERISTICS (All voltages referenced toVss - 0.TA -25°C
Characteristics Symbol Condition Min Typ Max Unit

DC Supply Voltage VDD 4.5 16 Vdc

Input Voltage V,l - 0.8 Vdc

V|H V0D-15V
V0D - 6.0V

4.0

3.5 _

Vdc

Input Current •in - ±10 uAdc

Output VCR, Pin 11

Open Drain Output
'OH voh-vdd - ±10 pAdc

"OL Vol - o.5v, v0D = 5.ov
Vol - o.5v, vDD »15V

0.2

1.0
-

mA

Outputs a, b, c, d, e, f, g

'OH Vqh - 2.0V, VDD » 5.0V
v0h -1.5V, vDD* sov
vqh-12V, Vdd "i5v
V0H-11-5V,VDD=15V

-7.5

-7.5

-11.5

-11.5

mA

'OL vol "lov, v0D "S.ov
Vol"1-0V,Vdd-15V

0.1

0.5
-

mA

Output h + i

'OH Vqh " 2.0V, Vdd • 6.0V
voh-1-5V, vDd-5.ov
Vqh-12V, VDD-15V
V0H°11.SV,Vdd°15V

-15

-15

-23

-23

mA

'OL vol-iv, vDd-5.ov
Vql - io v, v0d-15V

0.2

1.0 -

mA

OUTPUT CIRCUIT
(Except Pin 111

iVqD

*Vss
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INPUT/OUTPUT FUNCTIONS

Segment Driver (a, b, c, d, e, f, g, h, i; Pins 1/2,3,4,12,
13. 14, 15)

The segment drivers are emitter-follower NPN-
transistors. To limit the output current, a resistor
typically 290 ohms is integrated internally at each output.
Therefore, external resistors are not necessary when
driving an LED at the supply voltage of Vqd - 5.0 volts.

OUTPUT (VCR; Pin 11)
This output is activated (goes to low) whenever the

address corresponding to program 16 is selected. Other
wise the output is open. See the truth table.

INPUT LATCH (A,B, C, D; Pins 5,6, 8,10)
The block diagram is shown on page I.The inputs A, B,

C, and D are fed to a 4-bit latch which is controlled by
clock (CL). Two modes of operation are available.

CLOCK (CL; Pin 7)
The data on the inputs A, B, C and D will pass through

the latch and will be displayed immediately when the
clock is low. In this mode of operation the circuit is per
forming the function of a conventional decoder/driver.
The data may be loaded into the latchwhenCT=low and
will be latched with theorising edge of CL.The data will
remain stored as long as CL is high.

TYPICAL CIRCUIT 9 VDD " 6.0V

CXI

VDD - 5.0V

16 12

13

14

, VC"R
' (Open) "*~ A through F

Indicator

~ LED

7-335
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INDUSTRIAL CONTROL UNIT

The MC14500B Industrial Control Unit (ICU) is a single bit
CMOS processor. The ICU is designed for use in systems requiring
decisions based on successive single bit information. An external
ROM stores the control program. With a program counter (and
output latches and input multiplexers, if required) the ICU in a
system forms a stored program controller that replaces combinatorial
logic. Applications include relay logic processing, serial data mani
pulation and control. The ICU also may control an MPU or be
controlled by an MPU.

• 16 Instructions

• DCto 1.0 MHz Operational Vqq - 5 V
• On Chip Clock (Oscillator)

• Executes One Instruction per Clock Cycle

• 3 V to 18 V Operation

• Noise Immunity Typically 45%of Vqq
• Quiescent Current5.0 /LiAdc Typical at Vqq = 5 V
• Capable of Driving One Low-Power Schottky Loador Two Low-

PowerTTL Loadsover Full Temperature Range

Detailed operation and applications are given in the "MC14500B
Industrial Control Unit" handbook.

BLOCK DIAGRAM

JT f-OJMP
n "J I l-OHTN
n 10

jj L,r—OFlag F

7-336

CMOS LSI

(LOW-POWER COMPLEMENTARY MOSl

INDUSTRIAL CONTROL UNIT

^0^m0fm
^jw^ ^mft^ii!" iii u"

L SUFFIX PSUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648 i

ORDERING INFORMATION

MC14XXXB Sullix Denote,

— L Ceramic Package

'— P Plastic Package
A Extendod Operating

Temperaturo Range

' C Limited Operating
Temperature Range

PIN ASSIGNMENT

\J

11— RST vdd
2t= Write RR

3d Data XI

4 tZZ 13 X2

5 C= 12 jmp :

6C= 11 rtn :

7 C= 10 FlagO :

8C= vss Flag F :



MC14500B

MAXIMUM RATINGS (Voltagesreferenced to Vss)

Rating Symbol Value Unit

DC Supply Voltage vdd -0.510+18 Vdc

Input Voltago. All Inputs Vin -0.5 to Vqd ♦ °-5 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range — AL Device

CL/CP Device

TA -55 to+125

-40 to +85

°C

Storage Temperature Range Tstg -65 to +150 °C

This device contains circuitry to protect
the inputs against damage due to high
static voltages or electric fields; however,
it is advised that normal precautions be
taken to avoid application of any voltage
higher than maximum rated voltages to
this high impedance circuit. For proper
operation it is recommended that Vj„ and
vout De constrained to the range Vss *•
<V,n°rV0Ut)«.VD0.

ELECTRICAL CHARACTERISTICS

Characteristic Symbol

vdd

Vdc

Tlow* 25°C Thigh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level
Vin-VDDor0

"1" Level

Vin-0orVDD

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95
-

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage # "0 Level"
RST, D, X2

(Vo " 4.5 or 0.5 Vdc)
(Vo-90or 1.0 Vdc)
(Vo-13.5 or 1.5 Vdc)

"1" Level

(Vo - 0.5 or 4.6 Vdc)
(Vo-1.0 or 9.0 Vdc)
(Vo- 1.5 or 13.5 Vdc)

V|L

5.0

10

IS

-
1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

vm
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-
3.5

7.0

11.0

-

Vdc

Input Voltage # "0" Level
10.11.12,13

(Vo - 4.5 or 0.5 Vdc)
(Vo - 90 or 1.0 Vdc)
(Vo-13.5or1.SVdc)

"1" Level

(Vo - 0.5 or 4.5 Vdc)
(V0-1.0 or 9.0 Vdc)
(Vo-1.5 or 13.5 Vdc)

V|L

5.0

10

15

-
0.8

1.6

2.4

-
1.1

2.2

3.4

0.8

1.6

2.4

-
0.8

1.6

2.4

Vdc

V|H
5.0

10

15

2.0

6.0

10

-
2.0

6.0

10

1.9

3.1

4.3

-

2.0

6.0

10

-

Vdc

Output Drive Current Source
Data, Write (AL/CL/CP Device)

(V0H " 4.6 Vdc)
(V0H " 9.5 Vdc)
(Vqh " 13.5 Vdc)
(Vol ° °-4 Vdc) Sink
(Vol " 0.5 Vdc)
(v0L-is vdc)

•oh

5.0

10

15

-1.0

-

-1.0 -2.0

-6.0

-12

-
-1.0

-

mAdc

"OL 5.0

10

15

1.6

:
1.6 3.2

6.0

12

-

1.6

-

mAdc

Output Drive Current Source

Other Outputs (AL Oevice)

(Voh " 2.5 Vdc)
<VoH" 4.6 Vdc)
(Vqh ° 9.5 Vdc)
(V0H-13.5 Vdc)

(Vol - 0.4 Vdc) Sink
(Vol-o.5 vdc)
(Vol-1-5 vdc)

>0H

5.0

5.0

10

15

-3.0

-0.64

-1.6

-4.2

-
-2.4

-0.51

-1.3

-3.4

-4.2

-0.88

-2.25

8.8

-

-1.7

-0.36

-0.9

-2.4

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2

-

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Output Drive Current Source
Other Outputs (CL/CP Device)

(Voh " 25 Vdc)
(Voh - 4.6 Vdc)
(Voh ° 9.5 Vdc)
(V0H - 13.6 Vdc)
(Vol ° 0.4 Vdc) Sink
(v0L-o.6 vdc)
(Vql-is vdc)

>0H

5.0

5.0

10

16

-2.5

-0.62

-1.3

-3.6

-
-2.1

-0.44

-1.1

-3.0

-4.2

-0.88

-2.25

-8.8

_

-1.7

-0.36

-0.9

-2.4

-

mAdc

'OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc
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MC14500B

ELECTRICAL CHARACTERISTICS (continued)

Characteristic Symbol

vdd
Vdc

T|ow* 25°C Thigh*
UnitMin Max Min Typ Max Min Max

Input Current, RST (AL/CL/CP Device) 'in 16 25 - - - 150 - -
250 MAdc

Input Current (AL Device) 'in 15 -
tO.1

-
±0.00001 10.1

-
H.O uAdc

Input Current (CL/CP Device) •in 16 - 10.3 - 10.00001 10.3
- ±1.0 MAdc

Input Capacitance (Data) Cin - - - -
15

- - -
pF

Input Capacitance (All Other Inputs)

<Vin= 0)
Cin — — - —

5.0 7.5
— — pF

Quiescent Current (AL Device)

(Per Package)
>DD 5.0

10

15

-

5.0

10

20

-

0.005

0.010

0.015

5.0

10

20

-

150

300

600

MAdc

Quiescent Current (CL/CP Device)

(Per Package)
•dd 5.0

10

15 r
-

20

40

80

-

0.005

0.010

0.015

20

40

80

-

150

300

600

MAdc

"Total Supply Current at an External

Load Capacitance (C|.) on
All Outpuu

'T lT = (1.5MA/kHz|f+ Idd
lT = (3.0<iA/kH2»f+lDD
lT ° (4.5 (iA/kHz) f + Idd

MAdc

* T|ovv- -65°C for AL Device. -40°C for CL/CP Device.
Thigh - +125°C for AL Device. +85°C for CL/CP Device.

*• The formulas givenare for the typicalcharacteristics only at 25°C.
# Noise immunity specified for worst-case input combination.

SWITCHING CHARACTERISTICS <ta - 2E
Cl = 130 pF + ITTL load for Data and Write)

°C; tr - tf - 20 n» for X and I Inputs;CL - 50 pF for JMP. XI. RR. FlagO, FlagF;

Characteristic Symbol

vDd
Vdc

All Types

UnitMin Typ Max

Propagation Delay Time X1 to RR

XI to Flag F, Flag O, RTN, JMP

XI to Write

X1 to Data

RST to RR

RST to X1

RST to Flag F. Flag O. RTN, JMP

RST to Write, Oats

'PLH.

lPHL

5.0

10

15
-

250

125

100

500

250

200

ns

6.0

10

15
;

200

100

85

400

200

170

ns

5.0

10

15
-

225

125

100

450

250

200

ns

5.0

10

16

~
250

120

100

500

240

200

ns

5.0

10

15
-

250

125

100

500

250

200

ns

6.0

10

15
;

450

200

150

Notel ns

5.0

10

16
-

400

200

150

800

400

300

ns

5.0

10

IS
-

450

225

175

900

450

350

ns

Clock Pulse Width, X1 «W(cl) 6.0

10

16

400
200

180

200

100

90
-

ns

Reset Pulse Width, RST <W(R) 5.0

10

16

500
250
200

250

125

100
-

ns

Setup Time — Instruction

Data

<su(l) 5.0

10

15

400

250

180

200

125

90
-

ns

<su(D) 6.0

10

15

200

100

80

100

60

40
-

ns

Hold Time — Instruction

Data

•hill 6.0

10

15

100

50

50

0

0

0
-

ns

«h(D) 5.0

10

15

200

100

100

100

SO

50
-

ns

NOTE 1. Maximum Reset Delay may extend to one-half clock period.
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MC14500B

FIGURE 1 - TYPICAL CLOCK FREQUENCY

versus RESISTOR (Re)
Pin No. Function Symbols

1 Chip Reset RST

2 Write Pulse Write

3 Data In/Out Data

4 MSB Instruction Word '3
5 Bit 2 Instruction Word '2
6 Bit 1 Instruction Word h
7 LSB Instruction Word <o
8 Negative Supply (Ground) vss
9 Flag on NOP F FlagF

10 Flag on NOP O FlagO

11 Subroutine Return Flag RTN

12 Jump Instruction Flag JMP

13 Oscillator Input X2

14 Oscillator Output X1

15 Result Register RR

16 Positive Supply vdd

IM =z

100 k --

10 k __

tOOMl IMfl

RC.CLOCK FREQUENCY RESISTOR

Program

Counter

TABLE 1. MC14500B INSTRUCTION SET

Instruction Code Mnemonic Action

0 oooo NOPO No change in registers. RR -♦ RR, Flag 0 -• JT.

1 0001 LD Load result register. Data —RR

2 0010 LDC Load complement. Data — RR

3 0011 AND Logical AND. RR-Data-RR

4 0100 ANDC Logical AND complement. RR -Data —RR

5 0101 OR Logical OR. RR + Data - RR

6 0110 ORC Logical OR complement. RR + Data —RR

7 0111 XNOR Exclusive NOR. If RR - Data, RR - 1

8 1000 STO Store. RR -» Data Pin, Write —XL.

9 1001 STOC Store complement. RR — Data Pin, Write -»_TL

A 1010 IEN Input enable. Data -»IEN Register

B 1011 OEN Output enable. Data -»OEN Register

C 1100 JMP Jump. JMP Flag-JT.

D 1101 RTN Return. RTN Flag — -TL and skip next instruction

E 1110 SKZ Skip next instruction if RR = 0

F 1111 NOPF Nochange in registers. RR -• RR, Flag F —JT_

FIGURE 2 - OUTLINE OF A TYPICAL ORGANIZATION FOR A MC14500B-BASED SYSTEM

'O.M.«2. "3

MC14600B

ICU

}

1
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Additional

Output Dovicot

MC14599B

8-Blt Addrecsabto Latch

with Bidirectional Data

MC14512

BChanncI

Data Selector

Additional

Input Dovlco*

8
Outputs )

8
Input*

To Peripheral

Dovlco*



MC14500B

•_r

IEN

Register

OEN

Rogistor

•J

TIMING WAVEFORMS

Instructions NOPO, NOPF

RR, IEN, OEN remain unaffected

\
(RESET TOXI)

tWIR) »-1'PHl|—

\

\

1
-a- r—'PHL (RESET TO RR)

)—O—O
NOPO NOPF NOPO

«PLH
(DATA TO FLAG)̂

Jl

Instructions SKZ, JMP, RTN

RR, IEN, OEN remain unaffected

J V.

i_r
4 Bit

Instruction

«W(cl)

CD—O—CD—CD—CD—^ZD-

JMP Flag

RTN Flag

SKP F/F

Intornal

'Instruction* Ignored.
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MC14500B

4-Bit

Instruction STO

STOC

OEN Rogistor

(internal)

4 Bit

Instruction

CO

«PHL _
(X1 to Write)

TIMING WAVEFORMS

Instructions STO.STOC, OEN

)—CD—CD—O
STO

STOC

w

'PHL <X1 to Data)

•«PLH

J. J.

•A

STO

STOC

Valid whan RST * L

NOTE 1. Valid output data.

Instructions LD, LDC, AND, ANDC
OR.ORC.XNOR. IEN

LD, ate.

r

Volld when RST - L

Circuit diagrams utlll2lng Motorola products are included as a moans
of Illustrating typical semiconductor applications; consoquontly.
complete information sufficient for construction purposes is not
nocossarily given. Tho information has boon earofully checked and

is boliovod to be entirely reliable. Howovor, no responsibility is
assumed for inaccuracias. Furthermore, such information does not
convey to tho purchaser of the semiconductor devicos described any
license under tho patent rights of Motorola Inc. or others.
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'M) MOTOROLA

TRIPLE GATE

DUAL 4-INPUT "NAND" GATE

2-INPUT "NOR/OR" GATE
8-INPUT "AND/NAND" GATE

The MC14501 UB constructed with MOS P-channel and N-channel

enhancement mode devices in a single monolithic structure. These
complementarv MOS logic gates find primary use where low power
dissipation and/or high noise immunity is desired. Additional char
acteristics can be found on the Family Data Sheet.

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

• Noise Immunity = 45% of VpD 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 = 101*ohms typical

• Logic Swing Independent of Fanout

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

MAXIMUM RATINGS (Voltages referenced to Vssl

Rating Symbol Value Unit

DC Supply Voltage vDd -0 5 to -18 vac

Input Voltage. All Inputs v,n -0.5 to Vqd * ° 5 Vdc

DC Current Drain per Pin i 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device

Ta -55 to '125

-40 to -85

°C

Storage Temperature Range Tstg -65 to -150 °c

CIRCUIT SCHEMATIC

vODol6vOD016

TOire n in.
I_. Ii—, 13 (IC

m3

uiu
3

VSS 6 8

Numbers in parenthosis aro for second 4 input gate.

vsso

7-342

CMOS SSI

(LOW-POWER COMPLEMENTARY MOS)

TRIPLE GATE

DUAL 4-INPUT "NAND" GATE

2-INPUT "NOR/OR" GATE

8-INPUT "AND/NAND" GATE

flflffw wS^vriJ^Yn™1 11' i l

L SUFFIX PSUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXUB -SUM x Denotes

u Ceramic Package
L_ P Plastic Package

A
Extended Operating

Temperature Range

1 C Limited Operating

Temperature Range

LOGIC DIAGRAM

(POSITIVE LOGIC)

all:> •
4—J r '

AND

NAND
-rJ >*Mr^

5—1 t^T4>o-«
'S

\l

9 ' VDD = Pin 16
Vss-Pin8

Use D ottod Connection Extern ally to

Obtal 8 Input AND/NANO

Note: P n 14 must not be used as an input

to the inverter.



MC14501UB

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
Vdd
Vdc

Tlow* 25°C Thigh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level

V,n-VDDorO

"1" Level

Vin-0orVDD

vol

v0h

S.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

5.0

10

15

4.95

9.95

14.95
-

4.95

9.95

14.95

5.0

10

15
:

455

955

1455

-

Vdc

Input Voltage# "0" Level
(V0-3.6 or 1.4 Vdc)
(V0 - 7.2 or 2.8 Vdc)
(Vo-115 or 35 Vdc)

IV0 - 1.4 or 3.6 Vdc) " 1" Level
(Vo - 25 or 7.2 Vdc)
(V0- 35 or 115 Vdcl

V|L

v.h

5.0

10

15

-
1.5

3.0

3.75

-
225

450

6.75

1.5

3.0

3.75

-

1.4

2.9

3.6

Vdc

5.0

10

15

3.6

7.1

11.4

-

3.5

7.0

11.25

2.75

5.50

8.25 _

3.5

7.0

11.0 _

Vdc

Output Drive Current

(AL Devicel

(VoH " 25 Vdc) Source
(Voh-4.6 Vdc)
(Vqh " 95 Vdc) NAND
(Vqh "135 Vdc)

(Vqh " 25 Vdc) NOR
(Vqh "45 Vdcl
(Vqh " 95 Vdc)
(Vqh " 135 Vdc)
(Voh - 25 Vdc) NOR-
(Voh -1.6 vdc)
(Voh " 95 Vdc) Inverter
(Vqh "135 Vdc)

(Vol - 0.4 Vdc) Sink
(Vql - °5 Vdc) NAND
(v0l-is vdc)

(Vql " °-4 Vdc) NOR
(Vol-05 vdc)
(Vql-15 vdc)

(Vql " 0-4 Vdc) NOR-
(Vql " 05 Vdc) Inverter
(Vol -15 vdc)

•oh

5.0

5.0

10

15

-1.2

-0.25

-0.62

-15

-

-1.0

-02

-0.6

-15

-1.7

-0.36

-0.9

-35

_

-0.7

-0.14

-0.35

-1.1

_

mAdc

5.0

5.0

10

15

-2.1

-0.42

-1.06

-3.1

-

-1.75

-0.35

-058

-2.63

-3.0

-0.63

-1.58

-6.12

-

-1.22

-0.24

-0.62

-1.84

-

mAdc

5.0

5.0

10

15

-3.6

-0.72

-15

-5.4

-

-3.0

-0.6

-15

-45

-5.1

-1.08

-2.7

-105

-

-2.1

-0.42

-1.05

-3.15

-

mAdc

•OL 5.0

10

15

0.64

1.6

4.2

—

0.51

1.3

3.4

058

225

85

-

0.36

05

2.4

-

mAdc

5.0

10

IS

052

2.34

6.12
-

0.77

155

5.1

1.32

3.37

13.2

-

054

1.36

357

-

mAdc

5.0

10

16

154

350

105

-

1.28

3.25

85

22

553

22

-

050

227

555

-

mAdc

Output Drive Current

(CL/CP Device)

(Vqh - 25 Vdc) Source
(VoH" 4-6 Vdc)
(Vqh " 95 Vdc) NAND
(Vqh "135 Vdc)

(Vqh ° 25 Vdc) NOR
(VOH"4-6 Vdc)
(V0H " 95 Vdcl
(V0H "135 Vdc)
(VOH ' 25 Vdc) NOR-
<V0H-4-6Vdc)
(Vqh " 95 Vdc) Inverter
(Vqh-135 Vdc)

(Vol "0.4 Vdcl Sink
(Vol " °5 Vdc) NAND
(Vql -.15 vdc)
(Vql - o-4 vdc) nor
(Vol-05 vdc)
(Vol-15 vdc)

(Vql " 0-4 Vdc), NOR.
(Vql " °5 Vdc) i Inverter
(Vql-15 vdc)

•oh

5.0

5.0

10

IS

-1.0

-02

-05

-1.4

- -05

-0.16

-0.4

-12

-1.7

-0.36

-05

-35

-

-0.6

-0.12

-05

-1.0

-

mAdc

5.0

5.0

10

15

-1.68

-0.34

-054

-252

-

-1.4

-023

-0.7

-2.1

-3.0

-0.63

-1.58

-6.12
-

-1.05

-0.21

-052

-1.57

-

mAdc

5.0

5.0

10

15

-258

-058

-1.44

-4.32

-

-2.4

-0.48

-12

-35

-5.1

-1.08

-2.7

-105

-

-15

-0.36

-05

-2.7

-

mAdc

'OL S.0

10

16

052

1.3

3.6

-

0.44

1.1

3.0

058

225

85
:

0.36

05

2.4
;

mAdc

5.0

10

15

0.79

158

6.4
-

056

1.65

45

152

357

132
-

054

1.36

357
-

mAdc

S.0

10

16

1.32

3.3

9.0
-

1.1

2.75

75

22

5.63

225

-

050

227

555

-

mAdc
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MC14501UB

ELECTRICAL CHARACTERISTICS (Continued)

Characteristic Symbol
Vdd
Vdc

Tlow* 26°C Thigh*
UnitMin Max Min Typ Max Min Max

Input Current (AL Oevice) 'in 15 - ±0.1 - ±050001 ±0.1 - ±1.0 uAdc

Input Current (CL/CP Device) >in IS - ±0.3 - ±0.00001 ±0.3 - ±1.0 jiAdc

Input Capacitance

«Vin - 0)
Cin - - - -

5.0 7.5
- -

PF

Quiescent Current (AL Oevice)

(Per Package)
•dd 5.0

10

15

-

0.05

0.10

020
;

0.0005

0.0010

05015

0.05

0.10

020

—

15

3.0

6.0

uAdc

Quiescent Current (CL/CP Device)

(Per Package)
'DD 5.0

10

15

-

OS

1.0

2.0

—
05005

0.0010

0.0015

OS

1.0

2.0

-

35

7.5

IS

fiAdc

Total Supply Current**t

(Dynamic plus Quiescent,
Per Package)

(Cl - 50 pF on all outputs, all
buffers switching)

"T 5.0

10

IS

'T-
'T-
'T-

(1.2uA/kHz)f + |DD
(2.4 nA/kHzl f + IDD
(35uA/kHz)f ♦ lDD

MAdc

*T|ow" -5S°C forAL Device, -40°C forCL/CP Device.
Thigh " +125°C for ALDevice, +85°C for CL/CP Device.

#Noise immunity specified for worst-case input combination.

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

IjIClI - It<50 pFI +4 x IO-3 (CL -50)VDDf
where: If is in tiA (per package), Cl in pF. Vqd in Vdc, and f in kHz is input frequency.

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

SWITCHING CHARACTERISTICS" (CL=50 pF,TA - 25°C)

Characteristic Figure Symbol vdd
Typ

All Types
Max Unit

Output Rise Time NAND, NOR

TLH " (3-0 nt/pF) Cl + 30 ns
'TLH" (1.5 ns/pF)CL+15 ns
TLH " <1 -1 ns/pF) Cl + 10 ns

2.3 TLH
6.0

10

15

180

90

65

360

180

130

RS

Output Fall Time NAND, NOR

THL ° '15 ns/pF) Cl + 25 ns
THL " (0.75 ns/pF) Cl + 125 ns
THL - (055 ns/pF) Cl +95 ns

2.3 THL
55

10

15

100

50

40

200

100

80

RS

Output Rise Time NOR-lnverter

tTLH " (1-35 ns/pF) Cl + 32.5 ns
TLH " (0-60 n»/pF) Cl + 20 ns
TLH " (0.40 ns/pF) Cl + 17 ns

3 TLH
5.0

10

15

100

50

40

200

100

80

ns

Output Fall Time NOR-lnverter

THL " (057 ns/pF) Cl +265 ns
THL " '0-45 ns/pF) Cl + 17.5 RS
THL " <0.37 RS/pF)Cl + 115 ns

3 THL
5.0

10

15

60

40

30

120

80

60

RS

Propagation Delay Time NAND

'PLH,'PHL" 'I-7 n»/PFI Cl +46 ns
'PLh| 'PHL ° (0-66 ns/pF) Cl+37 ns
'PLhI 'PHL " (05 RS/pF) Cl+25 rs
tPLH.'PHL"(1-7n*/PF'cL +30RS NOR
'PLh! 'PHL " (0-66 Rs/pF) Cl+32 ns
'PLh| 'PHL " (05 ns/pF) Cl+20 rs
•PLH, 'PHL" (I-7 n*/pF) Cl +45 rs NOR-lnverter
'PLH,'PHL' (0-66 ns/pF)Cl +37 rs
'PLh! 'PHL " (05ns/pF) Cl +25 ns

2 «PLH,
'PHL 50

10

15

130

70

50

260

140

100

ns

3 VLH.
«PHL

5.0

10

IS

116

65

45

230

130

90

RS

3 'PLH,
'PHL

6.0

10

IS

130

70

60

260

140

100

ns

The formula given is for the typical characteristics only.
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FIGURE 1 -POWER DISSIPATION TEST CIRCUIT

AND WAVEFORM

Pulse

Gansrator

500nF 50% Duty Cvcle

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 Vjn and Vout be
constrained to the range Vgs "J <vin or
Vout' < VDD.
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either

Vssor VDD'-

Input

(Al 8dVss

FIGURE 2 - 4-INPUT "NAND" GATE SWITCHING

TIME TEST CIRCUIT AND WAVEFORMS

F
Output

IB)

-H — 20 ns 20 ns-

Input |AI

Output (B)

90% 90%

-50% 50% —:

—.10% 10%

-JtPHL—

'THL

FIGURE 3 - "NOR" GATE and "NOR-INVERTER"

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Pulso

Generator

Output (B)

O
Input (A)

**T** ^*L

Output (B)

:cL

'TLH

Output (B) - "NOR" All urniud Inputs
Output (C) - "NOR-lnvertor" connected to ground.

Output (C)

TLH

7-345



M) MOTOROLA

STROBED HEX INVERTER/BUFFER

The MC14502B is a strobed hex buffer/inverter with 3-state out

put, an inhibit control, and guaranteed TTL drive over the temper
ature range. The 3-state output simplifies design by allowing a
common bus.

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

• Separate Output Disable Control

• 3-State Output

• Output Impedance = 200 ohms @ 5.0 V Supply Guaranteed
Over Full Temperature Range

• Input Impedance = 101*ohms typical

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

MAXIMUM RATINGS (Voltagesreferenced to Vss. Pin81

Rating Symbol Value Unit

DC Supply Voltage vdd 0.5 to+18 Vdc

Input Voltage. All Inputs vin -0.5 to Vdd +0-5 Vdc

DC Current Drain per Input Pin 1 10 mAdc

DC Current Drain per Output Pin 1 30 mAdc

Operating Temperature Range - AL Device

CL/CP Device

ta -55 to+125

-40 to +85

"C

Storage Temperature Range Tstg -65 to+150 "C

CIRCUIT DIAGRAM

Disable O T>0 cT>-

_=o—=c>
J^>o,

Other five buffers are Identlcel

6vss

TRUTH TABLE

X -Dor 't Cere

Dn Inhibit Disable Qn

0 O 0 1

1 0 0 0

X 1 O O

X X 1 Hi 0*1

Impedence
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MC14502B

CMOS MSI
(LOW-POWER COMPLEMENTARY MOS)

STROBED HEX

INVERTER/BUFFER

L SUFFIX PSUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB __ Suffix Denotes

— L Ceramic Package

i— P Plastic Package

A Extended Operating
Temperature Range

• C Limited Operating
Temperature Range

LOGIC DIAGRAM

3-State

Output Disable

VDD-Pin16
Vss-Pin 8



MC14502B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
Vdd
Vdc

Tlow* 25°C Thtah*
UnitMin Max Min Typ Max Min Max

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

Vjn =VDD or 0 10 - 0.05 - 0 0.05 -
0.05

"1" Level

15 - 0.05 - 0 0.05 -
0.05

voh 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc

Vjn-0orVDD 10 9.95 - 9.95 10 - 9.95 -

15 14.95 -
14.95 15

-
14.95

-

Input Voltage" "0" Level V|L Vdc

(V0 =4.5 or 0.5 Vdc) 5.0 - 1.5 -
2.25 1.5

-
1.5

(V0 =9-0 or 1.0 Vdcl 10 - 3.0 - 4.50 3.0
-

3.0

IVQ = 133 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0
-

4.0

V|H
(V0 =0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 -

Vdc

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

(Vq- 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) >oh mAdc

(vOH ° 2.5 Vdc) Source 5.0 -1.2 -
-1.0 -1.7

-
-0.7

-

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

-

(Voh " 9.5 Vdc) 10 -0.62 - -0.5 -0.9 -
-0.35

-

(Vqh " 13.5 Vdc)

(Vql - o-4 Vdc' Sink

15 -1.8 - -1.5 -3.5 - -1.1 -

'OL 5.0 3.5 - 2.8 6.6 -
2.0

-
mAdc

(v0l • 0.5 vdc) 10 7.8 -
6.3 17

-

4.4
-

(Vql" 1.5 Vdc) 15 29
-

24 66
-

16
-

Output Drive Current (CL/CP Device) 'OH mAdc

(Vqh " 2-5 Vdc) Source 5.0 -1.0 - -0.8 -1.7
-

-0.6
-

(V0H " 4.6 Vdc) 5.0 -0.2 -
-0.16 -0.36

-

-0.12
-

(V0H ° 9-5 Vdc) 10 -0.5 - -0.4 -0.9 -
-0.3

-

(Vqh '13.5 Vdc)

(Vql ° 0-4 Vdc) Sink

15 -1.4 - -1.2 -3.5 -
-1.0

-

•OL 5.0 2.3 - 13 6.6 -
1.6

-
mAdc

(v0l " 0-5 Vdc' 10 5.0 - 42 17 -
3.4

-

(Vol- i.5 vdc) 15 19
- 16 66

-

13
-

Input Current (AL Device) •in 15 - 10.1 -
±0.00001 ±0.1

-
±1.0 MAdc

Input Current (CL/CP Device) 'in 15 -
±0.3

-
±0.00001 ±0.3

-
±1.0 uAdc

Input Capacitance Cin - - - -
5.0 7.5

- -
pF

(Vjn • 0)
Quiescent Current (AL Device) 'DD 5.0 - . 1.0 - 0.002 1.0 -

30 jiAdc

(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 jiAdc

(Per Package) 10 - 8.0 - 0.004 8.0 - 60

15 - 16 - 0.006 16 - 120

Total Supply Current**t it 5.0 IT= (2.7 uA/kHz"♦ "DO MAdc

(Dynamic plus Quiescent, 10 it* (5 .3 pA/kHz )'+ lDD
Per Package) 15 lT» (81.0 »iA/kHz)f+ lDD

(Cl - 50 pF on all outputs, all
buffers switching)

Three-State Leakage Current 'TL 15 - ±0.1 - 10.00001 ±0.1 - ±3.0 uAdc

(AL Device)

Three-State Leakage Current 'TL 15 - ±1.0 - »0.00O01 ±1.0 - ±7.5 uAdc

(CL/CP Device)

*Tlow" -S5°C for AL Device, -40°C forCL/CP Device.
Thigh * +125°C for ALDevice, +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 <s> Vqq * 5.0 Vdc

2.0 Vdc min 9 VDD « 10 Vdc
2.5 Vdc min 9 VDD » 15 Vdc

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

It<Cl> " lT<50 pF) +6 x IO-3<CL -50)VDDf
where: It •*in uA (per package),Cl in pF, Vqq 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 Vm and Vout be constrained to the range Vss * *vin or Voutl
<VDD-
Unused Inputs must always be tied to an appropriate logicvoltago level (e.g., either Vss or vDD'-
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MC14502B

SWITCHING CHARACTERISTICS* (CL - 50pF,TA - 25°C)

Characteristic Symbol Vdd
All Types

Unit
Min Typ Max

Output Rise Time
*TLH" '3.0 ns/pF) Cl + 30 ns
tTLH " '1-5 Rs/pF)Cl + 15 rs
*TLH"<1-1 ns/pF)CL+10ns

*TLH
5.0

10

15

-
180

SO

65

360

180

130

ns

Output Fall Time

tTHL " (0.6 ns/pF) Cl + 10 ns
tTHL " (0-3 ns/pF) Cl + 5.0 ns
tTHL ° (0.27 ns/pF) CL + 1.5 rs

*THL
5.0

10

15

-
40

20

15

80

40

30

ns

Propagation Delay Time Oata to Q «PHL 5.0

10

15

-

13S

55

40

270

110

80

RS

Propagation Delay Time, Inhibit to Q tPHL 5.0

10

15

~
335

145

95

670

290

190

ns

Propagation Delay Time Oata to Q, Inhibit to Q tPLH 5.0

10

15
-

295

130

95

590

260

190

RS

3-State Propagation Delay, Output "1" to High Impedance «PHZ 5.0

10

15
-

65

30

25

130

60

50

ns

3-Stato Propagation Delay, High Impedance to "1" Level *PZH 5.0

10

15
:

260

105

80

520

210

160

RS

3-State Propagation Delay, Output "0" to High Impedance 'PLZ 5.0

10

15
:

150

70

55

300

140

110

ns

3-State Propagation Delay, High Impedance to "0" Level tPZL 5.0

10

15

-

160

65

50

320

130

100

RS

'The formula given is for the typical characteristics only.

FIGURE 1 - TYPICAL OUTPUT SOURCE
CURRENT TEST CIRCUIT (l0H>

16o +VDD

Dls

Inh Ql

D1 Q2

D2 Q3

D3 Q4

D4 Q5

OS Q6

D6

vss

VQS - -VOD

Vqs" VqH-VdD
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FIGURE 2 - TYPICAL OUTPUT SINK

CURRENT TEST CIRCUIT (IqlI



MC14502B

FIGURE 3 - POWER DISSIPATION TEST CIRCUIT
AND WAVEFORM

VDD

FIGURE 5 - AC TEST CIRCUIT AND WAVEFORMS

««TLH. «THL.*PHL.«"* *PLH>

Pulse

Generator

16oVDD

For ell tTLH- tTHL- 'PHL. ond 'PLH measurements Vin
may bo applied to any other Dn Input or to Inhibit.

50%

Duty

Cycle

FIGURE 4 - AMBIENT TEMPERATURE

POWER DERATING

1000

e PLASTIC OR CERAMIC

o
PACKAGE

&

= 5

gl 400
X

Pn.MAXIMl oil!

SO 76 100 125 ISO

Ta. AMBIENT TEMPERATURE CCI

FIGURE 6 - MTATE AC TEST CIRCUIT AND WAVEFORMS
<tPHZ.,PLZ.*PZH.*PZL>

Switch Positions for 3-State Test

TEST S1 S2 S3 S4

tPHZ Open Closed Closed Open

tPLZ Closed Open Open Closed

«PZL Closed Open Open Closed

tPZH Open Closed Closed Open

'60 Vdd

Output

(Tests 1 and 2)
O Outputs
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M) MOTOROLA

HEX NON-INVERTING 3-STATE BUFFER

The MC14503B is a hex non-inverting buffer with 3-state outputs,
and a high current source and sink capability. The 3-state outputs
make it useful in common bussing applications. Two disable controls
are provided. A high level on the Disable A input causes the outputs
of buffers 1 through 4 to go into a high impedance state and a high
level on the Disable B input causes the outputs of buffers 5 and 6
to go into a high impedance state.

• 3-State Outputs

• TTL Compatible - Will Drive One TTL Load Over Full Tempera
ture Range

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• Symmetrical Turn-On and Turn-off Delays

• Symmetrical Output Rise and Fall Times

• Two Disable Controls for Added Versatility

• Pin for Pin Replacement for MM80C97 and 340097

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 8)

Rating Symbol Value Unit

DC Supply Voltage vDd -0.5 to +18 Vdc

Input Voltage, All Inputs Vin -0.5 to Vqd ' °-5 Vdc

DC Current Drain per Input Pin 1 10 mAdc

DC Current Drain per Output Pin 1 25 mAdc

Operating Temperature Range - AL Device

CL/CP Device

TA -55 to +125

-40 to +85

"C

Storage Temperature Range Tstg -65 to+150 C

isableU/^ H>

To Other Bulfc

CIRCUIT DIAGRAM

One of two/four buffo

P~^

"1

VSS

I J
'Diode protection on all Inputs (not shown)

This device contains circuitry to protect operation it Is recommended that Vin end
tho inputs against damago due to high vout D0 constrained to the range Vss ^
static voltages or electric fields: however. (Vinor Vout) < VDD-

teken to avoid application of any voltage Unused inputs must always be tied on an

higher than maximum rated volteges to appropriate logic voltage level (e.g.. either

this high impedance circuit. For proper vSS°fVDD).
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MC14503B

CMOS SSI

(LOW-POWER COMPLEMENTARY MOSl

HEX 3-STATE BUFFER

0^
LSUFFIX

CERAMIC PACKAGE

CASE 620

P SUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB- —i- Suffix Denotes

ka»- L Ceramic Package
Lea- P Plastic Package

ea- A Extonded Operating
Tomperature Range

1 »»- C Limited Operating
Temporature Range

TRUTH TABLE

lnn

Appropriate
Disable

Input Outn

0 0 0

1 0 1

X 1 H;r.h

Impedance

X - Don't Care

LOGIC DIAGRAM

•ao2S>—i>22
£=^Out

Disabl

In 5

In 6 O-

In 3 O-

In 4 O

Disable A

£$—:£oou,6
{^—-2-OOutl

•Cfc: ^O Out 2

-O Out 3

I
-O Out 4

{^
Cfc

c-LL> «£>_

VUD - Pin 16
Vee - Pin 8



MC14503B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
Vdd
Vdc

Tlow* 25°C Thigh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level

V.n =VDDorO

"1" Level

Vin =0orVDD

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95

-

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Norse Immunity*/ "0" Level

(Vq-3.6 or 1.4 Vdc)
(Vq • 7.2 or 23 Vdc)
(V0- 11.5 or 3.5 Vdc)

"1" Lovel

(VoD 1.4 or 3.6 Vdc)
(Vo - 2.8 or 7.2 Vdc)
(Vo-3.5or 11.5 Vdc)

V|L
5.0

10

15

-

1.5

3.0

3.75

-

2.25

4.50

6.75

1.5

3.0

3.75

-

1.5

3.0

3.75

Vdc

V|H 5.0

10

15

3.5

7.0

11.25

-

3.5

7.0

11.25

2.75

5.5

8.25

-

3.5

7.0

11.25

-

Vdc

Output Drive Current (AL Device)***

(Vqh ° 2.5 Vdc) Source

(Vqh " 2.5 Vdc)

(Vqh " 4.6 Vdc)

(Vqh " 9-5 Vdcl
(V0H " 13.5 Vdc)

Sink

(Vql " 0.4 Vdc)

(Vol - 0.4 vdc)

(v0L • o.5 vdc)
(Vol-i-5 vdc)

'oh
4.5

5.0

5.0

10

15

-4.3

-5.8

-1.2

-3.1

-8.2

-

-3.6

-4.80

-1.02

-2.60

-330

-5.0

-6.1

-1.4

-3.7

-14.1

_

-2.5

-3.0

-0.7

-1.8

-4.8

-

mAdc

"OL
4.5

5.0

10

15

2.2

2.6

6.5

19.2

-

1.8

2.1

6.5

16.10

2.1

2.3

6.2

25.00

-

1.2

1.3

3.8

11.2

-

mAdc

Output Drive Current (CL/CP Device) * **

(Vqh • 2.5 Vdc) Source

(Voh " 2.5 Vdc)

(V0H " 4.6 Vdc)

(VoH " 9.5 Vdc)
(V0H = 13.5 Vdc)

Sink

(v0l =o.4 vdc)

(Vql ° o.4 vdc)

(Vql * 0.5 vdc)
(Vql = 1.5 vdc)

'OH
4.75

5.0

5.0

10

15

-4.0

-4.6

-1.0

-2.4

-6.6

-

-3.60

-4.20

-033

-2.20

-6.00

-5.5

-6.1

-1.4

-3.7

-14.1

-

-2.4

-3.0

-0.7

-1.8

-4.8

-

mAdc

'OL
4.75

5.0

10

15

2.1

2.3

6.0

15.2

-

1.95

2.10

5.45

13.80

2.2

2.3

6.2

25.00

-

1.25

1.3

3.8

11.2

-

mAdc

Input Current (AL Device) 'in 15 - ±0.1 - iO.00001 !0.1
-

±1.0 MAdc

Input Current (CL/CP Device) 'in 15 - ±0.3 -
♦0.00001 ±3.0

-
±1.0 MAdc

Input Capacitance (V;n - 0) Cm - - - - 5.0 7.5 - - PF

Quiescent Current (AL Device)

(Per Package)
'Q 5.0

10

15

-

1.0

2.0

4.0

-

0.002

0.004

0.006

1.0

2.0

4.0

-

30

60

120

MAdc

Quiescent Current (CL/CP Device)

(Per Package)
•dd 5.0

10

15

-

4.0

8.0

16

-

0.002

0.004

0.006

4.0

8.0

16

-

30

60

120

MAdc

Total Supply Current**t

(Dynamic plus Quiescent, Per Package)
(Cl - 50 pF on all outputs)

(All outputs switching, 50% Duty Cycle)

'DD 5.0

10

15

<'T
«T
«T

= 2.5 MA/kH
- 6.0 MA/kH

= 10 MA/kH

t) f + lo
i) f+lD
i) f+ 'D

D

D

D

MAdc

3-State Output Leakage Current

(AL Device)

'TL 15
-

±0.1
-

♦0.0001 iO.1
-

±3.0 MAdc

3-State Output Leakage Current

(CL/CP Oevice)
'tl' 15

_

±1.0

_

±0.0001 tl.O

_

±7.5 MAdc

*T|ow * -55°C for AL Device,-40°C for CL/CPDevice.
Thigh " +125°C for ALDevice, +85°C for CL/CP Device.

#Noise immunity specified for worst-case input combination.
tTo calculate total supply current at loads other than 50 pF;

'T<Cl> " 'T(50 pF)+6 X 10-3 (CL - 50)VDD f
IT is in mA (per package)Cl in pF, Vqd in Vdc, and f in kHz is input frequency.

*'The formulas given are for the typical characteristics only at 25 C
**'Care must be taken not to exceed maximum current ratings(seemaximum ratingstable and Figure1).
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MC14503B

SWITCHING CHARACTERISTICS* (CL - 50pF,TA - 25°C)

Characteristic Symbol
Vdd

vcc

All Types

UnitTyp Max

Output Rise Time tTLH ns

»TLH - (0.5 ns/pF) CL+ 20 ns 5.0 45 SO

*TLH - (0.3 ns/pF)CL+8.0 ns 10 23 45

«TLH - (0.2 ns/pF) CL+ 8.0 ns 15 18 35

Output Fall Time tTHL ns

tTHL- (0.5ns/pF)CL +20 ns 5.0 45 SO

tTHL- (0.3ns/pF) CL+8.0 ns 10 23 45

tTHL - (0.2 ns/pF) CL+ 8.0 ns IS 18 35

Turn-Off Delay Time, all Outputs tPLH ns

tpLH " '0.3 ns/pF) Cl +60 ns 5.0 75 150

tPLH ° <0.15 ns/pF) Cl + 27 ns 10 35 70

tPLH " 10.1 ns/pF) Cl + 20 ns 15 25 50

Turn-On Delay Time, all Outputs tPHL ns

tPHL " '0-3 ns/pF) Cl + 60 ns 5.0 75 ISO

tPHL " '0.15 ns/pF) Cl + 27 ns 10 35 70

tPHL " '0-' "i/pF) Cl + 20 ns 15 25
SO

3-State Propagation Delay Time tPHZ 5.0 75 150 ns

Output "1" to High Impedance 10 40 80

Output "0" to High Impedance

15 35 70

tpLZ 5.0 80 160 ns

10 40 80

High Impedance to "1" Level

15 35 70

tPZH 5.0 65 130 ns

10 25 50

High Impedance to "0" Level

15 20 40

tPZL 5.0 100 200 ns

10 35 70

15 25 50

'The formulas given are for the typical characteristics only.

FIGURE 1 - AMBIENT TEMPERATURE POWER DERATING

1200

f X
I 1000

"V

DISSIPA
AGE

^Cl DEVIC E

POWER RPACK
§

cPOEV ICE' ^AL DEVIC E

s£
I 400

S
2

£ 20°

0
75 65 100 12S

Ta. AMBIENT TEMPERATURE (°CI
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MC14503B

Disable

Input

Pulse

Generator

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
ItTLH.*THL. tPHL,™*tpLH)

Disablo Input

FIGURE 3 - 3 STATE AC TEST CIRCUITS AND WAVEFORMS
ItPLZ.tPHZ.tpZH.tPZL)

Pulso

Generator

Disablo input

tPHZ. tpzH Circuit

"~£—-^f
Disable Input.

tPLZ —

Output for tpzH, tpzL Circuit

Input

VDD

VSS

vqh

tpZL

vol +°08 v

— »PZH

•>VOH -0.15 VOutput for tpHZ, *PLZCirculti

10%y
'OL
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tPLZ *PZL Circuit

O Output



M) MOTOROLA

HEX LEVEL SHIFTER FOR

TTL to CMOS or CMOS to CMOS

The MC14504B is a hex non-inverting level shifter using CMOS
technology. The level shifter will shift a TTL signal to CMOS logic
levels for any CMOS supply voltage between 5 and 15 volts. A con
trol input also allows interface from CMOS to CMOS at one logic
level to another logic level-. Either up or down level translating is
accomplished by selection of power supply levels Vqd 3nd VQC-
The Vcc level sets the input signal levels while Vqd selects the
output voltage levels.

Supply current is typically 1 nA @ Vqd • 10 V for CMOS to
CMOS operation. When translating from TTL to CMOS supply
current is typically 2.5 mA taken from Vqc-

• UP Translates from a Low to a High Voltage or
DOWN Translates from a High to a Low Voltage

• Input Threshold Can Be Shifted for TTL Compatibility

• No Sequencing Required on Power Supplies or Inputs for
Power Up or Power Down

• 3 to 18 Vdc Operation for Vqd and Vcc
• Diode Protected Inputs to Vss

• Capable of Driving Two Low Power TTL Loads,
One Low Power Schottky TTL Load or
Two HTL Loads over the Rated Temperature Range

VCC

TTL/CMOS

Modo Select

1/6 of package shown.

LOGIC DIAGRAM

vDD

Mode Select: 1 - TTL Modo

0 - CMOS Mode

This is advance information and specifications are subject to change without notn
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MC14504B

CMOS LSI

(LOW-POWER COMPLEMENTARY MOSl

TTL or CMOS to CMOS

HEX LEVEL SHIFTER

ii! ri'V \}\\ SSHBrmi•^pw1 ••ffffP'
L SUFFIX PSUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB Suffix Denotes

1— L CeramicPackage
1— P Plastic Package

A Extended Operating

Temperature Range

1 C LimitedOperating
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MC14504B

MAXIMUM RATINGS (Voltaget referenced to Vss)

Rating Symbol Valuo Unit

DC Supply Voltago vcc -0.5 to+18 Vdc

DC Supply Voltage vDd -0.5 to+18 Vdc

Input Voltage, All Inputs Vin -0.5 to Vdd+ 0-5 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range -- AL Oevice

CL/CP Device
ta -55 to+125

-40 to +85

°C

Storage Temperature Range Tstg -65 to+150 °C

This device contains circuitry to protect the

inputs against damage due to high static voltages
or electric fields; however, it is advised that

normal precautions be taken to avoid applica
tion of any voltage higher than maximum rated
voltages to this high impedance circuit. For
proper operation it is recommended that Vjn
and Vout be constrained to the range Vgg <
Vjn < VCCand VSS < Vout < VDD-

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

VCC>-

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
Vcc
Vdc

vdd
Vdc

Tlow* 25°C Thigh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level vol - 5.0 - 0.05 - 0 0.05
-

0.05 Vdc

Vin " 0 V _ 10 — 0.05 — 0 0.05 -
0.05

Vin °Vcc "1" Level

- 15 - 0.05 - 0 0.05 -
0.05

voh _ 5.0 435 - 455 5.0 - 4.95 -
Vdc

_ 10 9.95 — 955 10 — 9.95 —

- 15 1435 -
14.95 15

-
14.95

-

Input Voltage "0" Level V|L
Vdc

(V0L - 1.0 Vdc) TTL-CMOS 5 10 - 0.8 -
1.3 0.8

-

0.8

(Vol • 1-5 Vdc) TTL-CMOS 5 15 - 03 -
1.3 0.8

-
03

(Vql " 10 Vdc) CMOS-CMOS 5 10 - 1.5 -
225 1.5

-

1.4

(Vql * 1-5 Vdc) CMOS-CMOS 5 15 - 1.5 -
2.25 1.5

-
IS

(V0L " 1-5 Vdc) CMOS-CMOS 10 15
-

3.0
-

4.5 3.0
-

23

Input Voltage "1" Level V|H
Vdc

<VoH" 9-0 Vdcl TTL-CMOS 5 10 2.0 -
2.0 1.5

-

2.0
—

<VoH"-133 Vdc) TTL-CMOS 5 IS 2.0 - 2.0 1.5
-

2.0
-

(V0H * 9-0 Vdc) CMOS-CMOS 5 10 3.6 - 35 2.75
-

3.5
-

(Vqh " 13-5 Vdc) CMOS-CMOS 5 15 3.6 - 3.5 2.75 -
3.5

-

(V0H ~ 13-5 Vdc) CMOS-CMOS 10 15 7.1
-

7.0 5.5
-

7.0
-

Output Drive Current (AL Device) 'OH mAdc

(Voh " 2-5 Vdc) Source - 5.0 -3.0 -
-24 -4.2

-
-1.7

-

(V0H " 4.6 Vdc) - 5.0 -0.64 - -0.51 -0.88 -
-0.36

-

(V0H • 9-5 Vdc) - 10 -1.6 - -1.3 -2.25 -
-0.9

-

(Vqh " 13.5 Vdc)

(Vql • 0-4 Vdc) Sink

- 15 -4.2 - 3.4 -83 -
-2.4

-

'OL - 5.0 0.64 - 0.51 0.88 - 0.36 -
mAdc

(VOL - 05 Vdc) - 10 1.6 - 1.3 2.25
-

03
-

(vol-1-5 vdc) - 15 42 - 3.4 83
-

2.4
-

Output Drive Current (CL/CP Device) •oh mAdc

(Voh ' 2.5 Vdc) Source — 5.0 -25 - -2.1 -42 -
-1.7

-

(Vqh " 4.6 Vdc) - 5.0 -052 - -0.44 -038 - -0.36
-

(V0H " 9-5 Vdc) - 10 -1.3 - -1.1 -2.25 - -03
-

(V0H-135 Vdc)

(Vql " °-4 Vdc) Sink

— 15 -3.6 - -3.0 -83 -
-2.4

-

'OL - 5.0 052 - 0.44 038 - 0.36 -
mAdc

(Vql "05 Vdc) - 10 1.3 - 1.1 225 -
03

-

(Vql-1-5 vdc) - 15 3.6 -
3.0 83

-
2.4

-

Input Current (AL) •in - IS - ±0.1 -
±0.00001 ±0.1

-
±1.0 uAdc

Input Current (CL/CP) •in - 15 - ±0.3 -
±0.00001 ±0.3

-
±1.0 uAdc

Input Capacitance (Vj„ - 0) Cin - - - - - 5.0 7.5
- -

PF

Quiescent Current (AL Device) iDDOf - 5.0 - 0.05 - 0X1005 0.05 - 1.6 MAdc

(Per Package) ice - 10 - 0.10 - 0.0010 0.10 -
3.0

CMOS-CMOS Mode - 15 - 0.20
-

0.0015 0.20
-

6.0

Quiescent Current (CL/CP Device) lDDor - 5.0 - 0.5 - 0.0005 05 - 33 MAdc

(Per Package) ice - 10 - 1.0 - 0X1010 1.0 -
7.5

CMOS-CMOS Mode - 15 - 2.0 -
0.0015 2.0

-
15.0

Quiescent Current (AL/CL/CP Device) 'DD 5.0 5.0 - 05 - 0.0005 05 - 33 fiAdc

(Per Package) 5.0 10 - 13 - 0.0010 1.0 - 7.5

TTL-CMOS Mode 5.0 15 -
23

-
0.0015 2.0

-
15.0

Quiescent Current (AL/CL/CP Device) ice 5.0 5.0 - S3 - 2.5 5.0 - 6.0 mAdc

(Per Package) 53 10 - 53 - 25 5.0 - 6.0

TTL-CMOS Mode 53 IS
-

53
-

2.5 5.0
-

6.0
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SWITCHING CHARACTERISTICS (CL - 50pF,TA - 25°C)

Characteristic Symbol Shifting Mode
vcc
Vdc

VDO
Vdc

Limits

UnitsMin Typ Max

Propagation Delay, High to Low tPHL TTL-CMOS

Vdd > Vcc
5.0

5.0

10

15

-
120

120

-
ns

CMOS-CMOS

vdd > vcc

5.0

5.0

10

10

15

15

-

100

120

50

-

CMOS-CMOS

VCC > V0D

10

15

15

5.0

5.0

10

-

160

160

160

-

Propagation Delay, Low to High «PHL TTL-CMOS

VDD > Vcc.

5.0

5.0

10

15

-

200

160

-
ns

CMOS-CMOS

vDd > vCc

53

5.0

10

10

15

15

-

100

120

50
-

CMOS-CMOS

vcc > vdd

10

15

15

5.0

5.0

10

-

160

160

65
-

Output Rise and Fall Time *TLH, *THL ALL

-

5.0

10

15

-

100

50

40
:

ns

FIGURE 1 - INPUT SWITCHPOINT CMOS to CMOS MODE

5 10 15

VDD. SUPPLY VOLTAGE (Vde)

FIGURE 3 - OPERATING BOUNDARY CMOS to CMOS MODE

20-

S 10 15

VCc- SUPPLY VOLTAGE (Vdc)

FIGURE 2 - INPUT SWITCHPOINT TTL to CMOS MODE

5 10 is

VDD, SUPPLY VOLTAGE (Vdc)

FIGURE 4 - OPERATING BOUNDARY TTL to CMOS MODE

20-

i
4- r— 1

6 10 IS

VCC. SUPPLY VOLTAGE (Vdc)
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64-BIT STATIC RANDOM ACCESS MEMORY

The MCM14505 64-bit random access memory is fully decoded
on the chip and organized as 64 one-bit words (64 X 1). Medium
speed operation and micropower supply requirements make this
device useful for scratch pad or buffer memory applications where
power must be conservedor where battery operation is required.

When used with a battery backup, the MCM14505 can be utilized
as an alterable read-only memory, allowing the battery to retain in
formation in the memory when the system is powered down, and
allowing the battery to charge whsn power is applied. The micro-
power requirementsof this memory allowquiescent battery operation
for great lengths of time without significant discharging.

Quiescent Current = 50 nA/package typical @ 5 Vdc

Noise Immunity = 45% of Vrjo typical

Supply Voltage Range •> 3.0 Vdc to 18 Vdc

Single Read/Write Control Line

Wired-OR Output Capability (3-State Output) for Memory
Expansion

Access Time = 180 ns typical at VpD = 10 Vdc

Write Cycle Time = 275 ns typical at Vqq = 10 Vdc

Fully Buffered Low Capacitance Inputs

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

MAXIMUM RATINGS (Voltages referenced to Vss)

Rating Symbol Value Unit

DC Supply Voltage vDd -05to -18 Vdc

Input Voltage. All Inputs v,n -0.5 to VDD • 0.5 Vdc

DC Current Drain per Pin i 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

TA -55 to -125

-40 to +85

°C

Storage Temperature Range Tsty -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 Vjn and
Vout be constrained to the rangeVss * 'Vjn °r voutl •- Vqq.
Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vss or VDD'-

7-357

MCM14505

CMOS LSI

(LOW-POWER COMPLEMENTARY MOSl

64-BIT (64 x 1) STATIC
RANDOM ACCESS MEMORY

m ~fp
L SUFFIX PSUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 632 CASE 646

ORDERING INFORMATION

MCI4XXXB Suffix Denote!

L Ceramic Package

I— P PlasticPackage
A Extonded Oporating

Temperature Range

I C Limitod Oporating
Tomporoturo Range

Addre

inputs

BLOCK DIAGRAM

A2 3

A3 4

Ad 11

AS 12

Data I 13

CE1 6

CE2 8

R/W 9



MCM14505

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
VDD
Vdc

T| 9W 25°C Tf, igh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level vol 5.0 - 0.05 - 0 0.05 _ 0.05 Vdc
Vjn VDDorO 10

- 0.05 - 0 0.05 _ 0.05

"1" Level

15
-

0.05
- 0 0.05 - 0.05

V0H 5.0 4.95 _ 4.95 5.0 _ 4.95 _ Vdc
Vin 0 or VDD 10 9.95 - 9.95 10 _ 9.95 _

15 14.95 - 14.95 15 - 14.95 _

Noise Immunity P vnl Vdc
( Vout <. 0.8 Vdcl 5.0 1.5 - 1.5 2.25 _ 1.4 _

<~Vout < 1 ° Vdc) 10 3.0 _ 3.0 4.50 _ 2.9 _

(AVout < 1.5 Vdcl

(Wout«: 0.8 Vdcl
15 4.5 - 4.5 6.75 _ 4.4 _

vNh 5.0 1.4 _ 1.5 2.25 _ 1.5 _ Vdc
(Vout< 10 Vdcl 10 2.9 - 3.0 4.50 _ 3.0 _

<AVout < 1-5 Vdc' 15 4.4
-

4.5 6.75 - 4.5 -

Output Drive Current (AL Device) "oh
(Vqh " 2.5 Vdcl Source 5.0 -1.2 - -1.0 -1.7 _ -0.7 _

<V<JH * 4-6 Vdcl 5.0 -0.25 - -0.2 -0.36 _ -0.14 _

<VOH " 9-5 Vdcl 10 -0.62 _ -0.5 -0.9 _ -0.35 _

IVoh- 13.5 Vdc)

|VOL =0.4 Vdcl Sink
15 -1.8 - -1.5 -3.5 - -1.1 -

"OL 5.0 0.3 - 0.25 0.35 _ 0.18 _ mAdc
(V0L - 0.5 Vdc) 10 0.9 - 0.75 1.2 _ 0.50 _

IV0L« 1.5 Vdc) 15 2.2
-

1.7 4.5
- 1.2 -

Output Drive Current ICL/CP Device) 'OH mAdc

(Vqh ° 2-5 Vdc) Source 5.0 -1.0 _ -0.8 -1.7 _ -0.6 _

(V0H " 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 _

IV0H - 13.5 Vdc)

(Vql " 0-4 Vdc) Sink

15 -1.4
- -1.2 -3.5 - ' -1.0 -

'OL 5.0 0.2 - 0.15 0.35 _ 0.1 _ mAdc

(Vol " 0.5 Vdc) 10 0.6 - 0.5 1.2 _ 0.4 _

(Vql-15 vdc) 15 3.9 - 0.75 4.5 - 0.6 -

Input Current (AL Device) •in 15
-

♦0.1
- 10.00001 ±0.1 - ±1.0 *iAdc

Input Current (CL/CP Device) •in 15
- H.0 - 10.00001 ±1.0 - ±14 jiAdc

Input Capacitance Cin — _ - so 7.5 _ _ pF
(Vin • 01

Quiescent Current (AL Device) *DD 5.0 - 5.0 - 0.050 5.0 _ 150 MAdc
(Per Package) 10 - 10 - 0.100 10 - 300

15 20
- 0.150 20 - 600

Quiescent Current ICL/CP Device) 'DD 5.0 - 50 - 0.050 50 _ 375
(Per Packagel 10 - 100

~

0.100 100 _ 750
15 - 200

-

0.150 200 - 1500

Total Supply Current* * t it 5.0 iT'(i.:28 pA/kHzI f ♦ IDD jjAdc
(Dynamic plus Quiescent. 10 it-(2.s56 «iA/kHz 1+ Iqd
Per Package) 15 •t=(3.J15 >iA/kHz f + Iqd

<C[_ =50 pF on all outputs, all
buffers switching)

Three-State Leakage Current 'TL 15 - ±0.1 _ •0.00001 ±0.1 _ ±3.0
(AL Device)

Three-State Leakage Current 'TL 15 - ±1.0 _ •0.00001 ±1.0 _ ±7.5
(CL/CP Device)

*Tlow " -55°C for AL Device.-40°C for CL/CP Device.
Thigh " +125°C for AL Device. +85°C forCL/CP Device.

ffNoise immunity specified for worst-case input combination.
TTo calculate total supply current at loads other than 50 pF:

lT(CL) • ItJSOpF) +1x 10-3 (cL-50) VDDf
where: \y isin«iA (per package). C|_ in pF,VDD inVdc.and f in kHzisinputfrequency.

"The formulas given are for the typicalcharacteristics only at 25°C.
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MCM14505

SWITCHING CHARACTERISTICS" (CL- 50 pF, TA- 25°C»
Characteristic Symbol VDD Min Typ Max Unit

Output Rise Time

tjLH * <2-43 n*/PF> Cl + 58.5 ns
tjLH " d-08 f»/pF> Cl + 36 ns
tjLH " (0-72 n«/pF) Cl + 39 ns

TLH
5.0

10

15

-

180

90

75

360

180

150

ns

Output Fall Time

tjHL " <2-16 w/pF) Cl + 52 ns
tTHL " I0-96 »»/pF) Cl + 32 ns
t-r-HL " 'O-69fH/pF) Cl + 33 ns

thl
5.0

10

15

-
160

80

65

320

160

130

ns

Propagation Delay Time
Read Access Time

*acc(R) " •1-4n»/PF> CL+385 ns
*-acc(R) " '10-7 n*'PFICL+ 176 ns
*occ(R) " (O-5 n»/pFICl + 105 ns

tacc(R)

5.0

10

IS

-
4S5

210

130

750

400

300

ns

Strobe Down Time «WL
5.0

10

15

600

125

95

100

50

76

-

ns

Address Setup Time tsu
5.0

10

15

300

120

90

-100

-40

-25

-

ns

Data Setup Time tsu(D)
5.0

10

IS

200

75

55

70

25

20

-

ns

Read Setup Time tsu(R)
5.0

10

15

270

60

46

90

20

15
-

ns

Write Setup Time tsu(W)
S.0

10

15

400

100

76

80

25

11

-

ns

Address Release Time *rel(R)
5.0

10

15

75

25

20

16

10

S.0

-

ns

Data Hold Time «MD)
5.0

10

15

60

IS

10

0

0

0

-

ns

Read Release Time *rel(R)
5.0

10

15

0

0

0

-90

-25

-10

-

ns

Write Release Time trellW)
5.0

10

15

0

0

0

5.0

10

30

-

ns

Read Cycle Time »cyc(R)
5.0

10

15

-

500

200

160

760

400

300

ns

Write Cycle Time «cyc(W)
6.0

10

IS

-
440

276

200

700

560

416

ns

Output Disable Delay
(10% Output Change into 1.0 kn Load)

tdis
5.0

10

15

-

200

80

60

600

200

160

ns

"The formula is for the typical characteristics only.
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DK
**u<A)

ttu(R)

Hood/Writ* 50%J^

*WH

-*ace(R)-

FIGURE 1 - READ CYCLE TIMING DIAGRAM

\

77777777Z7777777777Z
^Address Can Change/>>
Y////////////S/SSSSS.

H-«ral(A)

*WL- K
-•eyc(R>-

••reltR)

V|L

*WHmin " *cyc(R) max 'WLmln

\ IEither Highor Low'^
\y///////////////

•Jdls.

Noto: The road/writo Input can be maintained at a logical "1"
(high voltage) during a road cycle.

Oata Output - Output \^
Oiiabled zjrzi

Data

Valid

Output

X.

-V0H

-vol

—V

*»u(A) —

VC «WH

FIGURE 2 -WRITE CYCLE TIMING DIAGRAM

^

777777777777777777
Address Can Changs '

P/s///////////////////// ,

-*rol(A)

-*WL
. Either
High or Low

-*cyc(W)-

»WHmin " tcyc(W) max ~*WL min

— *su(W) -— 'reHW)
Note: Tho read/wrlto input can be maintalnod at a logic "0"

(low voltoga) during a write cyclo. If the read/write
maintained at a logic "0" while tho strobo is

then the output data will be disabled (high
impadanco) during the write cyclo.

^
ttuCD)

M/////////////////\ input is mi
;*Rg,Eitber High or Low/gX a logic"V

—— *h(D)

»CD<

FIGURE 3 - MAXIMUM STROBE PULSE WIDTH

versus TEMPERATURE
FIGURE 4 - TYPICAL READ ACCESS TIME

versus LOAD CAPACITANCE

TA*
1
25<>C
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a

§400
o
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|
t0_ /dc _
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0
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MCM14505

FIGURE 5 - TYPICAL OUTPUT SOURCE
CAPABILITY versus TEMPERATURE

vDO-

'input IZLT

FIGURE 6 - TYPICAL OUTPUT SINK
CAPABILITY versus TEMPERATURE

I I.OkH;

Notes:

1. Cyclo R/W to ground and than to Vqq
prior to measurement to insuro turn
on of tho davtco under tost.

2. For tho P-channel characteristics,

VDS " vOH - VDD-
3. For tho N-channel characteristics,

Vqs is measured directly.

VOS = VOL

4. For tho drain current, Iq Amp
100

WTa =-55°C

k|TA=*125°t V(J0 •S.0Vdc^D

fc

Vdc£
c^x

f-^Ta b X

\r *
-6.0 -4.0 -2.0

Vqs.DRAIN VOLTAGE (Vdcl

7-361

10 /•
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I
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MCM 14505

FIGURE 7 - FUNCTIONAL CIRCUIT DIAGRAM
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MCM14505

OPERATING CHARACTERISTICS

In considering the operation of the MCM14505 CMOS memory,
refer to the functional circuit diagram of Figure 7 and timing
diagrams shown in Figures 1 and 2. The basic memory cell is a
cross-coupled flip-flop consisting of two inverter gates and two
P-channel devices for read/write control. The push-pull cell provides
high speed as well as low power.

During a read cycle, when the strobe line is high the write
selection drivers are disabled and the data from the selected row is
available on columns lb, 2b, 3b, and 4b. The A4 and A5 address
bits are decoded to select output data from one of the four columns.
The output data is available on the data output pin only when the
strobe and read/write lines ere high simultaneously and after the
readaccesstime, tacc(R), has occurred (see Figure 1). Note that
the output is initially disabled and always goes to the logic "0" state
(low voltage) before data is valid. The output is in the high-
impedance state (disabled) when the strobe line or the R/W line is
in the low state. The memory is strobed for reading or writing only
when the strobe, CE1, and CE2 are high simultaneously. The R/W
line can be a dc voltage during a read or write cycle and need not
be pulsed, as shown in the timing diagrams. For this case the R/W
line should be a logic "1" (high) for reeding and a logic "0" for
writing.

When the strobe line is high, the column read/write inhibit
gates and the row decoder inhibit gates are disabled, the selected

row is in the low state, and the unselected IS rows retain their
logic"1" leveldue to the row capacitancethat exists when the row
decoder inhibit gates are disabled. This capacitive storage mecha
nism requires a maximum strobe width (see Figure3) equal to the
junctionreverse biasRCtime constant. Whenthe strobe isreturned
to a logic "0" the rows are forced to Vpo by the row decoder
inhibit gates (pullup devices). Similarly the column read/write
inhibit gates (pulldown devices) force the column tines to a logic
"0" state.

Two column lines are associated with each memory cell in order
to write into the cell. The write selection drivers are enabled when
the R/W line is a logic "0" and the strobe line is a logic "1". The
input data is written into the column selected by the column
decoder. For instance, if a "1" is to be written in the memory cell
associated with row 1 and column 1, then row 1 would be enabled
(logic"0") while column lb is forced high and column la is forced
low by the write selection drivers. If a logic "0" is to be written
into the cell, then column la is forced high and lb is forced low.
The data that is retained in the memory cell is the data that was
present on the data input pin at the moment the strobe goes low
when R/W is low, or when R/W goes high when the strobe is high.

APPLICATIONS INFORMATION

Figure 8 shows a 256-word by n-bit static RAM memory system
The outputs of four MCM14505 devices are tied together to form
256 words by 1 bit. Additional bits are attained by paralleling the
inputs in groups of four. Memories of larger words can be attained
by decoding the most significant bits of the address and ANDing
them with the strobe input.

Fan-in and fan-out of the memory is limited only by speed
requirements. The extremely low input and output leakage current
(100 nA maximum) keep the output voltage levels from changing
significantly as more outputs are tied together. With the output
levels independent of fan-out, most of the power supply range is
available as logic swing, regardless of the number of units wired
together. As a result, high noise immunity is maintained under
all conditions.

Power dissipation is 0.1 uW per bit at a 1.0-fcHz rate for a
5.0-volt power supply, while the static power dissipation is 2.0 nW
per bit. This low power allows non-volatile information storage
when the memory is powered by a small standby battery.

Figure 9 shows an optional standby power supply circuit for
making a CMOS memory "non-volatile". When the usual power
fails, a battery is used to sustain operation or maintain stored
information. While normal power supply voltage is present, the
battery is trickle-charged through a resistor which sets the charging
rate. Vq is the sustaining voltage, and V+ is theordinary voltage
from a power supply. Vqq connects to the power pin on the
memory. Low-leakage diodes are recommended to conserve
battery power.

The memory system shown in Figure 8 can be interfaced
directly with the other devicesin the McMOS family. No external
components are required.

At the inputs to the CMOS memory, TTL devices can interface
directly if an open-collector logic gate such as the MC7407 is used
as shown in Figure 10. Driver circuits are not required since the
input capacitance is low (4.0 to 6.0 pF). The address, data, and
read/write inputs do not need to be fast since they can be changed
for the duration when the strobe pulse is low, t$TL I*60 Figures 1
and 2). For high-speed operation, a push-pull driver should be used
if more than five strobe inputs must be driven at one time. One
circuit of the type shown in Figure 10 can be used for every ten
strobe inputs.

Figures 11. 12, and 13 show methods of interfacing the
memory output to TTL logic at various memory voltages. If a
Vqd °' 5.0 volts is used for slow-speed, low-power applications,
one transistor and one resistor must be used (Figure 11). The
MCM14505AL will drive one low-power TTL gate directly.

If a Vqd of 19 v°lts is UI8d',ne output of the memory device
can fan out to two low-power TTL gates (Figure 12a) or to a
discrete transistor (Figure 12b). The discrete transistor circuit
provides higher speed and/or high fan-out. A pulldown resistor
at the base of the transistor is not needed for fast turn-off because
of the push-pull output of the memory. Turn-on time of the
transistor is much faster in Figure 12b since the voltage rise is only
0.75 volt. The low output capacitance of the MCM 14505 means
that several outputs can be wire-ORed without significantly de
grading performance. The read access time is increased by only
20 ns typically for 16 outputs tied together when Figure 12b
is used.

Five low-power TTL gates can be driven from the memory
output if a Vqq of 15 volts is used (Figure 13a). Figure 13b
shows the interface if a discrete transistor is used. The 1.0 kilohm
resistor in the base is required to insure that not more than 10 mA
flows through the output as listed in the maximum ratings. If a
2.0 kilohm collector resistor is used (fan-out » 3), the turn-on
time of the transistor is only slightly faster than in the circuit
shown in Figure 12b due to the lower output impedance when
Vqd = 15 volts. The voltageat the memory data output has to
riseto only 1.3 volts to insuredriving a fan-out of three TT Ldevices.

If a 510-ohm collector resistor is used, 20 TTL loads may be
driven. The read access time is increased about 20 ns when four
memory outputs are tied together since the output voltage must
rise to 3.7 volts before the transistor can sink the full Iol for a
fan-out of 20 TTL devices. Almost any NPN transistor with a
minimum beta of 16 can be used for the interface shown in
Figures 11, 12 and 13.

The high source current from the push-pull output stageof the
MCM14505 makes for a simpler interface circuit since alow source
current memory requires a differential comparator to achieve high
speed operation.
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FIGURE 8 - CMOS 256-WORD BY n BIT STATIC
READ/WRITE MEMORY
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Circuit diagrams utilizing Motorola products aro included as a moans
of illustrating typical semiconductor applications; consequently,
comploto information sufficient for construction purposes is not
necessarily givon. The information hos been carefully chockod and

•s behoved to bo entirely reliable) However, no responsibility is
assumed for inaccuracies. Furtharmoro. such information does not
convey lo tho purchaser of tho semiconductor device* described any
ficanto under tho patont rights of Motorola Inc. or others.
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FIGURE 9-STAND BY

BATTERY CIRCUIT

-OVOD

=_VB

I"

FIGURE 10 - TTL TO CMOS INTERFACE

VQD

i» .TO
CMOS

FIGURE 11 -CMOSTO-TTL INTERFACE
FOR VDD = 5.0 V

Note: The MCM14505AL will drivoono

low power TTL gate directly.

FIGURE 12-CMOS-TO-TTL INTERFACE
FORVDD-10V

a. Using a Low-Power TTL Gate b. Using Discrete Devices

VDO - 10 V
O

Germanium

Diode

Ne
• 1 ^\_ ToTTL

| JP "(F.O.-1

Low-Powor

O TTL Gate
TTL

Input

vDd- 10 V vCc
c j>

>510

1 »» Tn TTI
—J ' (F.O. -20)

°out / J") 2N3904
~L- J or Equiv

FIGURE 13 - CMOS-TO-TTL INTERFACE
FORVdo-ISV

a. Using Low-Power TTL Gates
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-OTTL Input

Low-Powor TTL (Maximum • 5)

7-365

b. Using Discrete Devices
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M) MOTOROLA

DUAL 2-WIDE, 2-INPUT EXPANDABLE
AND-OR-INVERT GATE

The MC14506B is an expandable AND-OR-INVERT gate with in
hibit and 3-state output. The expand option allows cascading with
any other gate, which may be carried as far as desired as long as the
propagation delay added with each gate is considered. For example,
the second AOI gate in this device may be used to expand the first
gate, giving an expanded 4-wide, 2-input AOI gate. This device is
useful in data control and digital multiplexing applications.

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

• 3-State Output

• Separate Inhibit Line

• Diode Protection on All Inputs

• Supply Voltage RAnge = 3.0 Vdc to 18 Vdc

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

MAXIMUM RATINGS (Voltages referencedto Vss)
Rating Symbol Value Unit

DC Supply Voltage VDD -0.5 to *18 Vdc

Input Voltage. All Inputs V|n -0.5 to Vrjo + 0-5 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range — AL Device

CL/CP Device

TA -55 to *125

-40 to *85

°C

Storage Temperature Range Tstg -65 to+150 °C

LOGIC DIAGRAM

i>
Output Dr..,!.I

DB « O 1 \

cB no—I sL-s\~~^\^_
BB 10O 1 \_r-i '
AB 9 CD \__J

'do° p'n 16
V<-c • Pin 8

2 - (AB ♦ CD ♦ E * I)
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MC14506B

CMOS SSI

(LOW-POWER COMPLEMENTARY MOSI

DUAL EXPANDABLE

AND-OR-INVERT GATE

Jfp jflfW
L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB _ Suffix Denotes

L Ceramic Package
1— P Plastic Package

A Extonded Operating

Tomperature Range

1 C LimitedOperating
Tomperature Range

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

TRUTH TABLE

A B c D E INHIBIT DISABLE 2

0 0 0 0 i 0 0 1

0 X 0 X 1 0 0 1

0 X X 0 1 0 0 1

X 0 0 X i 0 0 1

X a X 0 i 0 0 1

1 1 X X X X 0 0

X X 1 1 X X 0 0
X x X X 0 X 0 0

X X •: X X 1 0 0

X X X X X X 1 High
Impedanco

X - D on'iCore



MC14506B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
VDD
Vdc

T|ow* 28°C Thinh*
UnitMin Max Min Typ Max Min Max

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

vin V00 or 0 10 - 0.05 - 0 0.05
-

0.05

"I" Level

15 - 0.05 - 0 0.05 -
0.05

Voh 5.0 4.95 - 4.95 5.0 - 4.95 -
Vdc

Vin 0 or VDD 10 9.95 - 9.95 10 - 9.95 -

15 14.96 -
14.95 15 -

14.95
-

Input Voltage" "0" Level V|L Vdc

(V0 * 4.5 or 0.5 Vdcl 5.0 - 1.5 -
2.25 1.5

—

1.5

(V0 =9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0
-

3.0

(V0 = 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0 -
4.0

V|H
(V0 - 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 -

Vdc

(Vq • 1.0 or 9.0 Vdcl to 7.0 - 7.0 5.50 - 7.0 -

(V0- 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 -
11.0 -

Output Drive Current (AL Device) 'OH
mAdc

(Vqh " 2.6 Vdc) Source 5.0 -1.2 - -1.0 -1.7
-

-0.7
-

(VoH * 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 -

-0.14
-

(V0H • 95 Vdc) 10 -0.62 -
-0.5 -0.9

-
-0.35

-

(V0H ° '3-5 Vdc)

(vql " °-4 Vdc> Sink

IS -1.8 — -1.5 -3.5 — -1.1 -

'OL 5.0 0.64 - 0.51 0.88 - 0.36 -
mAdc

(Vql = 0-5 vdc) 10 1.6 -
1.3 2.25

-
0.9

-

(V0L= 15 Vdc) 15 4.2
-

3.4 8.8
-

2.4
-

Output Drive Current (CL/CP Device) >OH mAdc

(Vqh = 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7
-

-0.6
-

(V0H = 4.6 Vdcl 5.0 -0.2 - -0.16 -0.36
-

-0.12
-

(V0H " 9-5 Vdcl 10 -0.5 -
-0.4 -0.9

-
-0.3

-

(V0H- 13.5 Vdc)

(Vql " °-4 Vdc' Sink

15 -1.4 - -1.2 -3.5 -
-1.0

-

'OL 5.0 0.52 - 0.44 0.88 -
0.36

-
mAdc

(Vql * °-5 Vdc> 10 1.3 - 1.1 2.25 -
0.9

-

(Vql = 1-5 Vdc) 15 3.6 -
3.0 8.8

-

2.4
-

Input Current (AL Device) 'in 15 - ±0.1 - ±0.00001 ±0.1 - ±1.0 uAdc

Input Current (CL/CP Device) Iin 15 -
±0.3

~
±0.00001 ±0.3

-
±1.0 uAdc

Input Capacitance Cin - - -
5.0 7.5 - -

PF

<Vjn - 0)
Quiescent Current (AL Device) 'DD 5.0 - 1.0 - 0.002 1.0 - 30 MAdc

(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 jjAdc

(Per Package) 10 - 8.0 - 0.004 8.0 - 60

15 - 16 - 0.006 16 - 120

Total Supply Current"t it 5.0 iT = io 6uA/kHz) f+ 'DD uAdc

(Dynamic plus Quiescent, 10 iT-(i 1 uA/kHz) * + 'DD
Per Package) 15 iT = M .7 uA/kHz f + 'DD

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

Three-State Leakage Current 'TL 15 - ±0.1 - •0.00001 ±0.1 - ±3.0 uAdc

(AL Device)

Three-State Leakage Current 'TL 15 - ±1.0 - •0.00001 ±1.0 -
±7.5 «jAdc

(CL/CP Device)

'Tlow k "55°C lor ALDevice, -40°C for CL/CP Device.
Thigh " +125°C for AL Device, +85°C for CL/CP Device.

"Noise immunity specified for worst-ease input combination.

Noise Margin for both "1" and "0" level - 1.0 Vdc min@ Vqq * 5.0 Vdc
2.0 Vdc min @ VD0 - 10 Vdc
2.5 Vdc min @ VDD -15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT(CL) = 'T<50 PFI+2 x 10-3 (cL-50) VDDf

where: It '* in nA (per package). Cl in pF, Vqq in Vdc, and f in kHz is input frequency.
•'The formulas given are for the typicalcharacteristics only at 25°C.
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MC14506B

SWITCHING CHARACTERISTICS* (CL- 50 pF.TA •25°C»

Characteristic Symbol VDD Min Tvp Max Unit

Output Rise Time *TLH ns

tTLH " '3.0 ns/pF) Cl + 30 nt 5.0 - 180 360

tjLH " 'I-5 nt/pF) Cl + 15 ns 10 — 90 180

tTLH " H.I ns/pF) Cl + 10 nt 15
-

65 130

Output Fall Time *THL ns

trHL " H.5 ns/pFJCL + 26 n» 6.0 - 100 200

tTHL " (°-75 nt/pF) Cl ♦ 12.5 ns 10 — 50 100

tTHL " <°-55ns/pF) Cl + 9.5 ns 15
-

40 80

Data Propagation Delay Tims »PLH nt

IPLH • '1.7 nt/pF) Cl + 210 ns 6.0 - 295 580

tpLH " (0.66 ns/pF) Cl + 77 ns 10 — 110 225

tpLH " (0.5 n*/pF) Cl + SOns

tpHL " '1-7 ns/pF) Cl + 185 ns

16 - 75 180

tpHL 5.0 - 270 480 ns

tpHL ° (0-66 ns/pF) Cl + 62 ns 10 — 95 176

tpHL " (0.5 ns/pF) Cl + 40 ns 15
-

65 140

Expand Propagation Delay Time tPLH ns

tpLH " (1-7 ns/pF) Cl + 95 ns 5.0 - 180 430

tpLH " (0.66 ns/pF) Cl + 42 ns 10 - 75 160

tpLH " (0.5 ns/pF) Cl + 25 ns

tpHL" (1.7ns/pF)CL+ 115ns

16 — 50 125

«PHL 6.0 - 200 330 nt

tpHL " (0.66 nt/pF) Cl + 47 ns 10 - 80 110

tpHL " (0-5 ns/pF) Cl + 30 ns 15
-

55 90

Inhibit Propagation Delay Time »PLH nt

<PLH " (I-7 nt/pF) Cl + 135 ns 6.0 - 220 600

tpLH " (0.66 ns/pF) Cl + 67 ns 10 - 100 226

tpLH " (0-5n*/pFI Cl + 40 ns
tpHL " (I-7 nt/pF) Cl + 146 ns

16 - 65 160

«PHL 6.0 - 230 400 nt

tpHL " (0.66 ns/pF) Cl + 62 ns 10 - 95 175

tpHL " '0-6 ns/pF) Cl + 35 ns 16
-

60 ISO

3-Stats Propagation Delay Time
"1" to High Impedance «PHZ 5.0 — 60 150 nt

10 — 45 110

"0" to High Impedance

IS - 35 90

»PLZ S.0 - 90 225 nt

10 — 55 140

High Impedance to "1"

15 - 40 100

tPZH 6.0 - 110 300 nt

10 — 50 125

High Impedance to "0"

16 - 40 100

«PZL 6.0 - 170 426 nt

10 — 70 176

16
-

60 125

'The formula given it for the typical characteristics only.

(a) EXPAND INPUTS
FIGURE 1 - TYPICAL VOLTAGE TRANSFER CHARACTERISTICS

(b) DATA INPUTS

| | 1 1 1

VOD* IS Vdc

c ta-- &S°C

10V dc

•>b
J-c

1
I -»

t
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5.0 V 1c En,

vo
bis input ccrtntcttd to
q. Other inputs conntc-
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" ltd tsVs,

(j
1 1

: t Vpn > 11 Vrir

LL r

to\ dc

r.

1
Vdc

unuste inputs
conflicted to

S.0 l/SS

*J '

s a Ta-*I25»C

_-, U

c TA" -55°C

2.0 4.0 S.0 ao 10 12 14

V|n. INPUTVOLTAGE (Vdcl
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MC14506B

FIGURE 2 - TYPICAL OUTPUT SOURCE
CHARACTERISTICS TEST CIRCUIT

Vqh

FIGURE 4 - 3-STATE LEAKAGE CURRENT

TEST CIRCUIT

FIGURE 3 - TYPICAL OUTPUT SINK
CHARACTERISTICS TEST CIRCUIT

vol

FIGURE 6 - TYPICAL POWER DISSIPATION TEST CIRCUIT

Pulse

Generator

50% Duty Cycle
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Pulse

Generator

FIGURE 6 - SWITCHING TIME TEST Cl RCUIT AND WAVEFORMS
(Data Inputs)

'liO
-vqd

•vss

~-«PHL

90%
50%

0%

\~9

»THL

FIGURE 7 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
(For 3-Sttte Output)

•To test other tide of circuit connect to this output end
change switch (SI) to other expand Input (E).

SWITCH POSITIONS

TEST SI S2

tPLZ A A

tPHZ B B

«PZL A A

tpZH B B
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® MOTOROLA

DUAL 4-BIT LATCH

The MC14508B dual 4-bit latch is constructed with MOS P-chan-
nel and N-channel enhancement mode devices in a single mono
lithic structure. The part consists of two identical, independent 4-bit
latches with separate Strobe (ST) and Master Reset (MR) controls.
Separate Disable inputs force the outputs to a high impedance state
and allow the devices to be used in time sharing bus line applications.

These complementary MOS latches find primary use in buffer
storage, holding register, or general digital logic functions where low
power dissipation and/or high noise immunity is desired. Additional
characteristics can be found on the Family Data Sheet.

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

• High Fanout>50

• Input Impedance = 10'* ohms typical

• 3-State Output

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

Schottky TTL Load to Two HTL Loads Over the Rated Temper
ature Range.

MAXIMUM RATINGS (Voltages referenced to Vss)

Rating Symbol Value Unit

DC Supply Voltage VDD -0 5 to -18 Vdc

Input Voltage, All Inputs Vin •0 5 i ) '.'[_-, ij • 0 :-. Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device

TA -55 to *125

-40 to *85

°C

Storage Temperature Range Tstg -65 to '150 °C

TRUTH TABLE

MR ST Disable D3 D2 D1 DO Q3 Q2 Q1 Q0

0 i 0 0 0 0 0 0 0 0 0

0 1 0 0 0 0 1 0 0 0 1

0 l 0 0 0 1 0 0 0 1 0

0 1 0 0 1 0 0 0 1 0 0

0 1 0 1 0 0 0 1 0 0 0

0 0 0 X X X X Latched

1 X 0 X X X X 0 0 I 0 | 0
X X 1 X X X X High Impedance

X = Don't Care

CIRCUIT DIAGRAM

•H>rj>:
"»-OH>

^>H>jT^<h

i i i

• ! i
(To other three latches)

5
•

vSs
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MC14508B

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

DUAL 4-BIT LATCH

nlfPL.,.
VI I CERAMIC PACKAGE

CASE 623

^f W^>24*1 'JP PSUFFIX
VI P PLASTIC PACKAGE

ill" CASE709

ORDERING INFORMATION

MC14XXXB _ _ Suffix Denotes

— L Ceramic Package
1— P Plastic Package

A Extended Operating

Temporaluro Range

1 C Limitod Operating
Tomporeturo Rango

BLO CK DIAGRAM

MR QQ
ST

Dis Ql

DO

D1 «

02 Q3
D3

MR
Q0

ST

Dis Qi

DO

D1 Q2

D2
Q3

D3

</DD-Pln2

Vss - Pin i

»

2



MC14508B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
V0D
Vdc

T|ow* 25°C Th flh*
UnitMin Max Min Typ Max Min Max

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

Vin VDD or 0 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15 - 0.05 - 0 0.05 - 0.05

v0h 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc

Vin 0orVDD 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -

Input Voltage" "0" Level VlL Vdc

(Vq » 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5
-

1.5

(V0 -9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0
- 3.0

(V0 = 13.5 or 1.5 Vdcl
"1" Level

IS - 4.0 - 6.75 4.0 -
4.0

V|H
|V0 = 0.5 or 4.5 Vdcl 5.0 3.5 - 3.5 2.75 - 3.5 - Vdc

(V0 * 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -

(V0» 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) 'oh mAdc

(Voh c 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -

IVOH * 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 -
-0.14

-

IVoH - 9.5 Vdc) 10 -0.62 - -0.5 -0.9 -
-0.35

-

(Vqh " 13-5 Vdc)

(Vol " °-4 Vdc) Sink

15 -1.8 - -1.5 -3.5 - -1.1 -

'OL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc

(Vol " 0-5 vdc) 10 1.6 - 1.3 2.25 -
0.9

-

(Vql = '-5 vdc) 15 4.2
-

3.4 8.8
-

2.4
-

Output Drive Current (CL/CP Device) >OH mAdc

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

-

(V0H " 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

-

(Vqh " 135 Vdcl

(Vql = °-4 Vdc| Sink

15 -1.4
- -1.2 -3.5 -

-1.0
-

"OL 5.0 0.52 - 0.44 0.88 - 0.36 -
mAdc

(v0l * 0.5 vdc) 10 1.3 - 1.1 2.25
-

0.9
-

(Vql- is vdc) 15 3.6
-

3.0 8.8
-

2.4
-

Input Current (AL Device) •in 15 -
±0 1

-
10.00001 ±0.1

-
±1.0 MAdc

Input Current (CL/CP Device) •in 15 -

10.3
-

±0.00001 ±0.3
-

±1.0 MAdc

Input Capacitance Cin - - - -
5.0 7.5

- -

pF

IVfn " 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) 'DD 5.0 - 20 - 0.005 20 - 150 MAdc

(Per Package) 10 - 40 - 0.010 40
-

300

15 - 80 - 0.015 80
- 600

Total Supply Current* *t >T 5.0 iT Mi 46 uA/kHz ) » + IDD MAdc

(Dynamic plus Quiescent. 10 iT-<2 91 uA/kHz)«+ IQD
Per Package) 15 lT = (4 37uA/kHz) 1 ♦ IDD

(Ci_ " 50 pF on all outputs, all
buffers switching)

Three-State Leakage Current •tl 15 - ±0.1 -
•0.00001 ±0.1

-
±3.0 MAdc

(AL Device)

Three-State Leakage Current •tl 15 - ±1.0 -
•0.00001 ±1.0

-
±7.5 MAdc

(CL/CP Device)

"Tlow ' -55°C forALDevice. -40°CforCL/CP Device.
Tnigh " *1250C 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 @Vqd * 50 Vdc

2.0 Vdc min @ Vqq = 10 Vdc
2.5 Vdc min @ Vqd * ,5 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT(CL) =It(50pF) +8>x 10-3 (cL-50) VDDf

where: It « in"A <P«r package). Cl inpF.Vqd invdc-3nd'in kHz '* inf>ut *r«1uency.
"The formulas given arefor the typical characteristics onlyat 25°C.
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MC14508B

SWITCHINGCHARACTERISTICS* <CL - 50 pF,TA =25°C)

Characteristic Symbol VDD

All Types

UnitMin Types Max

Output Rise Time

'TLH • (3.0 ns/pF) Cl + 30 ns
»TLH = (15 ns/pF) Cl + 15 ns
*TLH = (1.1 ns/pF) Cl + 10 ns

«TLH
6.0

10

IS

-

180

90

65

360

180

130

ns

Output Fail Time

tTHL • (15 ns/pF) Cl + 25 ns
«THL = (0.75 ns/pF) Cl + 125 ns
*THL • (055 ns/pF) Cl + 95 ns

«THL
5.0

10

IS

-

100

50

40

200

100

80

ns

Propagation Delay Time

tpLH.tpHL" (1-7 ns/pF)CL +135 ns
tPLH. tPHL " I0-68ns/pF) Cl + 57 ns
tpLH. tpHL ° '05 ns/pF) Cl + 35 ns

tpLH.

tPHL 5.0
10

IS

-
220

90

60

440

180

120

ns

Master Reset Pulse Width tWH(R) 5.0

10

15

200

100

70

100

50

35
-

ns

Strobe Pulse Width tWH(S) 5.0

10

15

140

70

40

70

35

20 _

ns

Setup Time tsu 5.0

10

15

50

20

10

25

10

5.0
-

ns

Hold Time «h 5.0

10

15

0

0

0

0

0

0

-

ns

3-State Propagation Delay Time
Output "1" to High Impedance

*PHZ - (0.49 ns/pF)CL + 605 ns
tpHZ - (0.29 ns/pF) CL + 355 ns
tPHZ - (0.19 ns/pF) Cl + 255 ns

Output "0" to High Impedance

tpLZ - 0.32 ns/pF) Cl + 49 ns
tpLZ " (0.29 ns/pF) Cl + 255 ns
tpLZ " (0.28 ns/pF) Cl + 16 ns

High Impedance to "1" Level
<PZH " (0.41 ns/pF) Cl + 645 ns
tpzH - <0.31 ns/pF) Cl + 34.5 ns
tpzH ** (0.30 ns/pF) Cl + 20 ns

High Impedance to "0" Level
tPZL - (0.49 ns/pF)CL +605 ns
tPZL - (0.29 ns/pF)CL + 355 ns
tPZL " (0.19 ns/pF) Cl + 255 ns

tPHZ

5.0

10

15

-
85

50

35

170

100

70

ns

tpLZ
5.0

10

IS

-

65

40

30

130

80

60

ns

«PZH
5.0

10

15

-

85

50

35

170

100

70

ns

tPZL
5.0

10

15

-

85

50

35

170

100

70

ns

'The formula given It for the typical characteristics only.

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields: however, it is ad
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im
pedance circuit. For proper operation it is recommended that Vjn and Vout be constrained to the range Vss < (Vm or Voutl
<V00.
Unused inputs must always be tied to an appropriate logic voltage level (e.g., oither Vss or VDD'-
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FIGURE 1 - AC WAVEFORMS
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FIGURE 2 - 3-STATE AC TEST CIRCUIT AND WAVEFORMS
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MC14508B

3-STATE MODE OF OPERATION

The MC14508B can be used in butted systems at thown.
The output termlnalt of N 4-bit latches can be directly wired to a
but line, end to one of the 4-bit latches selected. The selected
latch controls the logic state of the bus line, and the remaining
(N-1) 4-bit latches are disabled into a high Impedance "off" state.
The number of latches, N, which may be connected to a but line It
determined from the output drive current, Iod< the 3-ttata or
disabled output leakage current, Ijl. 8nd the load current, II,
required to drive the bus line (including fanout to other device
inputs) and can be calculated by the following:

'TL

N mutt be calculated for both high and low logic states of the
bus line.

•OD

1/2
MC14508B

*

Selected as

•-loo

1A2

MC14608B

"-'tl

Disabled

'tl-

1/2

MC14S0BB

•"'tl

Disabled

'l
CATIONSTYPICAL 3-STATE APPLICATIONS

EXAMPLE 1

Rotet >—

r
i
i

" MC1401 SB ii ~i

Serial
4-Bit Shit

Register
t 4-Bit Shif

Register
i
i

\-l _i
. '

r 1 ' " ' MC 1 ' ' ' n

Quad Late

(3-State)

Quad Late

(3-State)

i
i "
i ,

h h '
l

•

L
"

1 1 J
<N, 7 <> K

1 4-Lino Data Bus

EXAMPLE 2

nfcttHr
i i
i i

3-Stata

4-Blt Latch

3-State

4-Bit Latch

1^ MC
T14B0BBf\3~S

4-Lino Data Bus

4-Line Data Bus

rrA> !! AT
3-Stata | 3-Steto

4 Bit Latch I I 4-Bit Latch

TFFT--1 LTHT
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'M) MOTOROLA

BCD UP/DOWN COUNTER

The MC14510B BCD up/down counter is constructed with MOS
P-channel and N-channel enhancement mode devices in a single
monolithic structure. The counter consists of type D flip-flop stages
with a gating structure to provide type T flip-flop capability. The
counter can be cleared by applying a high level on the Reset line.
This complementary MOS counter finds primary use in up/down and
difference counting and frequency synthesizer applications where
low power dissipation and/or high noise immunity is desired. It is
also useful in 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 Vqd typical

• Diode Protection on All Inputs

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• Low Input Capacitance — 5.0 pF typical

• Internally Synchronous for High Speed

• Logic Edge-Clocked Design - Count Occurs on Positive Going
Edge of Clock

• 5.0-MHz Counting Rate

• Asynchronous Preset Enable Operation

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

MAXIMUM RATINGS (Voltagesreferenced to Vss)
Rating Symbol Value Unit

DC Supply Voltage VDD -0.5 to *18 Vdc

Input Voltage. All Inputs V|n -0.5 to VDD ♦ 0.5 Vdc

DC Current Drain per Pin i 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device

ta -55 to -H25

-40 to -85

°C

Storage Temperature Range Tstg -65 to '150 °C

TRUTH TABLE

UP/DOWN

PRESET

ENABLE RESET ACTIONCARRY IN

1 X O 0 No Count

O 1 0 0 Count Uu

0 0 0 0 Count Down

X X i O Preset

X X X 1 Reset

X - Don't Cn

7-376

CMOS MSI
(LOW-POWER COMPLEMENTARY MOS)

BCD UP/DOWN COUNTER

H0^^0
L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB Suttix Denotes

— L Ceramic Package

•— P Plastic Package
A Extended Operating

Temperature Range

C Limited Operating

Temperature Range

BLOCK DIAGRAM

1 O—— PE Q1

Carry 1

90 R Q2

10O Up/Do A>n

15 O Clock Q3

40 PI

120^-^ P2 Q4

130 P3

P4
Carry

Out

VDD = Pin 16
Vss - Pin 8



MC14510B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
VDD
Vdc

T|ow# 25°C Th ah

UnitMin Max Min Typ Max Min Max

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

vin =VODorO 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15 - 0.05 - 0 0.05 - 0.05

voh 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc

Vin-OorVoo 10 9.95 - 9.95 10 - 9.95 -

15 14.95 -
14.95 15 - 14.95 •-

Input Voltage" "0" Level V|L Vdc

<V0 - 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5
-

1.5

<V0 -9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0
-

3:0

(V0 = 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0 -
4.0

Vih
(V0 - 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 - Vdc

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

(V0« 1.5 or 13.5 Vdcl 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) •oh mAdc

(Vqh * 2-5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -

(Vqh n 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 - -0.14 -

<V(JH" 9 5 Vdc» 10 -0.62 - -0.5 -0.9 - -0.35 -

(Voh • »3-5 Vdc)
(Vql " 0.4 Vdc) Sink

15 -1.8 - -1.5 -3.5 - -1.1 -

'OL 5.0 0.64 - 0.61 0.88 - 0.36 - mAdc

(Vol " 0.5 vdc) 10 1.6 - 1.3 2.25 - 0.9 -

(Vql-is vdc) 15 4.2
-

3.4 8.8
-

2.4
-

Output Drive Current (CL/CP Device) •oh mAdc

(Vqh " 25 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -

IVOH " 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 -

(V0H - 13.5 Vdc)

(v0l " 0-4 Vdcl Sink

15 -1.4 - -1.2 -3.5 -
-1.0

-

"OL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc

(Vql • 0.5 vdc) 10 1.3 - 1.1 2.25 - 0.9 -

(v0L-'-5 vdc) 15 3.6
-

3.0 8.8
-

2.4
-

Input Current (AL Device) 'in 15 - ±0.1 - ±0.00001 ±0.1
- ±1.0 MAdc

Input Current (CL/CP Device) 'in 15 -
±0.3

-
±0.00001 ±0.3 -

±1.0 uAdc

Input Capacitance Cin - - - - 5.0 7.5 - -
pF

lVin " 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

-
0.016 20

- 600

Quiescent Current (CL/CP Device) 'OD 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-lo 58 u A/kHz>*+ IDD uAdc

(Dynamic plus Quiescent, 10 lT"<1 .2 uA/kHz) f+lDD
Per Package) 15 lT-0 .7 uA/kHz) f+ Iqd

(C|_ - 50 pF on all outputs, all
buffers switching)

*Tlow" -55°C forAL Device. -40°C forCL/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® Vqo =5.0 Vdc
2.0 Vdc min @Vqd = 10 Vdc
2.5 Vdc min @VDq = 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT«CL> - lT«50pF> +1 x 10-3(cL -50) VDDf

where: If •*'n *»A Iper package),Cl in pF, Vqd in Vdc, and f in kHz is input frequency.
"The formulasgivenare for the typical characteristics only at 25°C.

This device containt circuitry to protect the inputt ogalrtst damage due to high static voltages or electric f ieldt; however, it is ad
vised that normal precautions be taken to avoid application of any voltaga higher than maximum rated voltages to this high im
pedance circuit. For proper operation it is recommended that Vm and Vout be constrained to the range Vss ** 'vin or v0ut'
<V0D.

Unused inputs must always be tied to an appropriate logicvoltage level (e.g., either Vss or VDD*-
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MC14510B

SWITCHING CHARACTERISTICS <CL - 50 pF,TA - 2S°C)

Characteristic Symbol VDD

All Types

UnitMin Typ Max

Output Rise Time

tTLH * '3-0 ns/pF) Cl + 30 ns
tTLH ='15 ns/pF) Cl +15 ns
tTLH = H-1 ns/pF)CL+ 10 ns

«TLH
5.0

10

15

-

180

90

65

360

180

130

nt

Output Fall Time

tTHL = C1.S ns/pF) Cl +25 ns
tTHL " '0.75 ns/pF) CL + 12.5 ns
lTHL = '055 ns/pF) Cl +9.5 ns

tTHL
5.0

10

15

-
100

50

40

200

100

80

nt

Propagation Delay Time

Clock to Q

'PLH.'PHL "'I-7 "'/PF) Cl + 230ns
'PLH- 'PHL ='0-66 "»/PFI Cl +97 ns
'PLH- 'PHL = '0.5 ns/pF) Cl ♦ 75 ns

Clock to Carry Out

'PLH. 'PHL " 'I-7 ns/pF) Cl +230 ns
'PLH. «PHL * '0-66 ns/pF) Cl + 97 ns
'PLH. 'PHL * 'O-5 ns/pF) Cl + 75 ns

Carry In to Carry Out

'PLH-'PHL =(1-7 ns/pF)CL +96 ns
'PLH. 'PHL = '0-66 ns/pF) Cl + 47 ns
'PLH. 'PHL " 'O-5ns/pF) Cl +35 ns

Preset or Reset to Q

'PLH. 'PHL * '1 -7 ns/pF) Cl +230 ns
'PLH- 'PHL * '0-66 ns/pF) Cl + 97 ns
'PLH. 'PHL = '0-5 ns/pF) Cl ♦ 75 nt

Preset or Reset ot Carry Out

tpLH. «PHL" "-7 ns/pF) Cl +465 ns
«PLH.«PHL= '0-66 ns/pF) Cl + 192 ns
'PLH. 'PHL ='0-5 ns/pF) Cl + 125 n»

«PLH.

«PHL
5.0

10

15

-
316

130

100

630

260

200

nt

'PLH.

♦PHL 5.0

10

15

-

315

130

100

630

260

200

nt

'PLH-

'PHL 5.0

10

15

-

180

80

60

360

160

120

nt

'PLH.

«PHL 5.0

10

IS

-

315

130

100

630

260

200

nt

«PLH.

«PHL 5.0

10

15

-

550

225

150

1100

450

300

nt

Clock Pulse Width *WH 5.0

10

15

350

170

140

200

100

75

-

nt

Clock Pulse Frequency ♦cl 5.0

10

15
_

3.0

6.0

8.0

1.6

3.0

4.0

MHz

Preset or Reset Removal Time** 'rem 5.0

10

15

680

230

180

325

115

90

-

nt

Clock Rise and Fall Time tTLH,
tTHL

5.0

10

15

—

-

15

IB

16

PS

Carry In Setup Time tsu 5.0

10

15

200

120

100

130

60

50

-

ns

Up/Down Setup Time ttu 6.0

10

15

a oo

200

17B

250

100

75

-

ns

Preset Enable Pulse Width tWH 5.0

10

15

200

100

80

100

50

40

-

ns

'The formula given is for the typical characteristics only.

• 'The Preset or Reset Signal must be low prior to a positive-going transition of the clock.
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FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM
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FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Programmable
Pulsa

Generator

tsu—H

Carry In or

Up/Oown

Preset Enable

Q1 or Carry Out

t

90%

10%

tTHL"

tWH

tWH

Carry Out only

*PHL-

7-379

;r"\_jH

t
90%

10S A.

—«PLH

-tTLH

•vqd

•vss
vOD

•vss

•v00

•vss

•V0H

-Vol



MC14510B
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FIGURE 3 - PRESETTABLE CASCADED UP/DOWN COUNTER
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FIGURE 4 - PROGRAMMABLE CASCADED FREQUENCY DIVIDER
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Circuit diagrams utilizing Motorola products aro included asa means is belioved to be entirely reliablo. However, no responsibility is
of illustrating typical semiconductor applications; consequently. assumed for inaccurecios. Furthermore, such informationdoes not
complete Informetion sufficient for construction purposes It not convey to tho purchaser of the semiconductor devices described any
necessarily given. The information hasbeencarefully checkedand liconso undertho patentrights of Motorola Inc.orothers.
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M) MOTOROLA

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER

The MC1451 IB BCD-to-seven segment latch/decoder/driver is con
structed with complementary MOS (CMOS) enhancement mode de
vices and NPN bipolar output drivers in a single monolithic structure.
The circuit provides the functions of a 4-bit storage latch, an 8421
BCD-to-seven segment^decoder, andan output drive capability. Lamp
test (LT), blanking (Bl), and latch enable (LE) inputs are used to test
the display, to turn-off or pulse modulate the brightness of the
display, and to store a BCD code, respectively. It can be used with
seven-segment lightemittingdiodes (LED), incandescent, fluorescent,
gas discharge, or liquid crystal readouts either directly or indirectly.

Applications include instrument (e.g.. counter, DVM, etc.) dis
play driver, computer/calculator display driver, cockpit display driver,
and various clock, watch, and timer uses.

• Quiescent Current = 5.0 nA/package typical @5 Vdc
• Low Logic Circuit Power Dissipation

• High-Current Sourcing Outputs (Up to 25 mA|

• Latch Storage of Code

• Blanking Input

• Lamp Test Provision

• Readout Blanking on all Illegal Input Combinations

• Lamp Intensity Modulation Capability

• Time Share (Multiplexing) Facility

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

MAXIMUM RATINGS (Voltages relerenced to Vss).
Rating

DC Supply Voltage

Input Voltage, All Inputs

DC Current Drain per Input Pin

Operating Temperature Range —AL Device
CL/CP Device

Storage Temperature Range

Maximum Output Drive Current

(Source) per Output

Maximum Continuous Output Power
(Source) per Output +"

*POHn 'oh(Vdd-Voh)

Symbol

'OHn

-0.5 to+18

-0.5 to Vqq + 0.5

-55 to+125

-40 to +85

°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 im

pedance circuit. A destructive high current mode may occure if Vjn and Vout is not
constrained to the range Vss ^'vjn or Voul) <Vrjo.

Due to the sourcing capability of this circuit, damage can occur lo the device if Vqd is
applied, and the outputs are shorted to Vss and are at a 'OQ'ce' 1 (See Maximum
Ratings).

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

(LOW-POWER COMPLEMENTARY MOS)

BCD-TO-SEVEN SEGMENT
LATCH/DECODER/DRIVER

•'WPP jflWW
L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB Sulllx D.nol..

— L Ceramic Package

'— P Plaitic Package
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Tamparatura Ranga

C Limited Oparating
Tamparatura Ranga

&
'do -p"> '6
Vee - Pin 8
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TRUTH TABLE
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LE Bl LT O C B A a b c a • 1 g PISPLAY

X X o X X X x 1111111 8

X 0 X X X X 0 0 0 0 0 0 0 Blank

0

0

0

0

0 0 0 0

0 0 10

0 0 11

1 1 1 1 I 1 0
0 1 10 0 0 0

1101101
11110 0 1

1

2

3

o

0

0 10 0

0 10 1

0 110
0 111

0110011

0 0 11111

1110 0 0 0

6

0

0

10 0 0
10 0 1

10 10
10 11

1111111

1110 0 11

0 0 0 0 0 0 0
0 0 0 0 0 0 0

0

Blank

0

0

0

110 0

110 1

1110

1111

0 0 0 0 0 0 0
0 0 0 0 0 0 0

0 0 0 0 0 0 0
0 0 0 0 0 0 0

Blank

Blank

Blank

1 X X X X

X - Don't Cara

'Dapands upon the BCD coda provlouily appliad
whan LE - 0



MC14511B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
V0D
Vdc

T|ow* 25°C T„iah*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level vol 5.0 - 0.05 - 0 0.05
-

0.05 Vdc

vin " VDD <>f 0 10 - 0.05 - 0 0.05
-

0.05

"1" Level

15 - 0.05 ' - 0 0.05
-

0.05

voh 5.0 4.1 - 4.1 4.57 -
4.1

-
Vdc

Vin-0 or Vqd 10 9.1 - 9.1 9.58 -
9.1

-

15 14.1 -
14.1 14.59

-

14.1
-

Input Voltage*' "0" Level V|L
Vdc

<Vo-3.8or0.5Vdc) 5.0 -
1.5

- 2.25 1.5
-

13

(V0 = 8.8 or 1.0 Vdc) 10 -
3.0

- 4.50 3.0 -

3.0

(V0- 13.8or1.5Vdc)

(V0 "0.5 or 3.8 Vdc) "'" Lev8'
15 - 4.0 - 6.75 4.0 -

4.0

V|H 5.0 3.5 - 3.5 2.75 - 3.5 -
Vdc

<V0-1.0 or 8.8 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -

<Vq-1.5 or 13.8 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Orive Voltage (AL Device) voh
Vdc

"OH " OmAdcli Sourcei 5.0 4.10 -
4.10 4.57

-

4.1
—

dOH" 5.0 mAdc) - - -
4.24

-
— -

(Iqh " 10 mAdc) 320 -
3.90 4.12

-

3.5
-

"OH " '5 mAdc) - - -
3.94

-
—

-

"OH° 20 mAdc) 3.40 -
3.40 3.75

-

3.0
-

(l0H"25mAdc)

"OH" OmAdcl

— - - 3.54 - ~
-

10 9.10 - 9.10 9.58 -
9.1

-

Vdc

Hqh' 5.0 mAdc) - - -
9.26

- - -

(l0H- 10 mAdc) 9jOO
- 9.00 9.17

-

8.6
-

"OH " IS mAdc) — - -
9.04

- — -

"OH " 20 mAdc) 8.60
-

8.60 8.90
-

8.2
-

(10h-25mAdc)

"OH" OmAdc)

— - - 8.75 - — -

15 14.1 - 14.1 14.59 -
14.1

-
Vdc

"OH" 5.0mAdc) - - -
14.27

- — -

"OH " 10 mAdc) 14.0 - 14.0 14.18
-

13.6
-

"OH* 15 mAdc) - - -
14.07

- - -

(IOH-20atAdc> 13.6 - 13.6 13.95 -
13.2

-

"OH " 25 mAdc) - - -
13.80

- - -

Output Drive Voltage (CL/CP Devicel voh Vdc

(lOH'OmAdcll Source 5.0 4.10 - 4.10 4.57
-

4.1
-

IIqh" S.0 mAdc) - ~ -
4.24

- - -

"OH" 10 mAdc) 3.60 - 3.60 4.12 -

3.3
-

(l0H- 15 mAdc) - - - 3.94 - - -

"OH" 20mAdc) 230 - 2.80 3.75 -
2.5

-

(lOH ° 25 mAdc)

"OH" OmAdc)

- - -
3.54

- - -

10 9.10 - 9.10 9.58 - 9.1 - Vdc

"OH" 5.0mAdc) - - - 9.26 - - -

(Iqh ° 10 mAdc) 8.75 - 8.75 9.17 - 8.45 -

(l0H-15mAdc) - - - 9.04 - - -

IIqh' 20mAdc) 8.10 - 8.10 8.90 - 7.8 -

(l0H-2SmAdc)

"OH" OmAdc)

- - - 8.75 - - -

15 14.1 - 14.1 14.59 - 14.1 - Vdc

<I0H-5.0 mAdc) — - - 14.27 - — -

"OH° 10 mAdc) 13.78 - 13.75 14.18 - 13.45 -

(Iqh " IS mAdc) _ - - 14.07 - _ -

"OH° 20 mAdc) 13.1 - 13.1 13.95 - 12.8 -

"OH" 25 mAdc) - - -
13.80

- - -

Output Drive Current (AL Device) 'ol mAdc

(Vql " 0-4 Vdc) Sink 5.0 0.64
-

0.51 0.88 -
0.36

-

(Vql "0.5 Vdc) 10 1.6
-

1.3 2.25 -
0.9

-

(v0L-is vdc) IS 4.2
-

3.4 8.8
-

2.4
-

Output Drive Currant (CL/CP Device) 'OL mAdc

(Vql "°4 Vdcl Sink 5.0 0.52 - 0.44 0.88 - 0.36 -

(Vql -o.b vdc) 10 1.3 - 1.1 2.25 - 0.9 -

(VoL^I-SVdc) 15 3.6
-

3.0 8.8
-

2.4
-

(Continued).

7-383



MC14511B

ELECTRICAL CHARACTERISTICS (Continued)

Characteristic Symbol
VDD
Vdc

Tlow* 25°C Thigh*
UnitMin Max Min Typ Max Min Max

Input Current (AL Device) lin 15 - ±0.1 - i0.00001 ±0.1 - 11.0 jiAdc

Input Current (CL/CP Device) •in 15 -
±0.3

-
±0.00001 ±03 - ±1.0 MAdc

Input Capacitance

<Vin " OI
Cin — ~ - —

5.0 7.5
— —

PF

Quiescent Current (AL Device)

(Per Package)
<DD 5.0

10

15

-

5.0

10

20

-

0.005

0.010

0.015

5.0

10

20

-

ISO

300

600

MAdc

Quiescent Current (CL/CP Device)

(Per Package)
'DD 5.0

10

15

-

20

40

80

-

0.005

0.010

0.015

20

40

80
;

150

300

600

uAdc

Total Supply Current* *t

IDynamic plus Quiescent.

Per Package)
(Cl * 50 pF on all outputs, all
buffers switching)

•t 5.0

10

15

•T"
»T"
•t-

(13 mA/kHz) f + Iqq
(3.8 M/kHz) f + lDD
(5.7 uA/kHz) f + >DD

MAdc

*Tlow= -55°C for AL Device.-40°C for CL/CP Device.
Thigh = *'25°C forAL Device. +85°C forCL/CP Device.

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

1.0 Vdc min® VDo '5.0 Vdc
2.0 Vdc min @ Vqd " 10 Vdc
2.5 Vdc min @VDq * 15 Vdc

SWITCHING CHARACTERISTICS* (CL - 50 PF.TA- 2S°C)

tTo calculate total supply current at loads other than SO pF:
'T<Cl> * 'T<50 PF) t35x 10"3(CL -501VDOf

where: It >< in *»A (per package). Cl in pF, Vqq in Vdc.
and f in kHz is input frequency.

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

Characteristic Symbol
VDO
Vdc Min Typ Max Unit

Output Rise Time
*TLH - (1.5 ns/pF) Cl + 50 ns
*TLH - (0.75 ns/pF) Cl + 37.5 ns
tTLH " (0.55 ns/pF) Cl + 37.5 ns

tTLH
5.0

10

15

-
40

30

25

80

60

50

ns

Output Fall Time
*THL - (1-5 ns/pF) Cl + 50 ns
tTHL - (0.75 ns/pF) Cl + 375 ns
tTHL " (055 ns/pF) CL + 375 ns

tTHL
5.0

10

IS
_

125

75

65

250

150

130

ns

Data Propagation Delay Time

tpLH " <0-40ns/pF) Cl + 620 ns
tpLH * (0.25 ns/pF) Cl + 237.5 ns
tpLH * (0.20ns/pF) Cl + 165 ns

tpHL"(1-3ns/PF'CL + 655 ns
tpHL - (060ns/pF) Cl + 260 ns
tpHL " (0.35 ns/pF) CL + 1825 ns

tPLH
5.0

10

15

-

640

250

175

1280

500

350

ns

tPHL 5.0

10

15

-

720

290

200

1440

580

400

ns

Blank Propagation Delay Time

tPLH " <0-30n*/pF> Cl + 305 ns
tpLH " (0.25ns/pF) CL +117.5 ns
tpLH " (0.15ns/pF) CL +92.5 ns

tpHL " (0-85 n*ipF) CL +4425 ns
tpHL " (0-45 ns/pF) Cl + 177.5 ns
tpHL " <0-35ns/pF) Cl + 1425 ns

tPLH
5.0

10

15
_

600

200

150

750

300

220

ns

tPHL 5.0

10

15

-

485

200

160

970

400

320

ns

Lamp Test Propagation Delay Time

tpLH " (0.45 ns/pF) CL + 2905 ns
tpLH " (0.25 ns/pF) CL + 112.5 ns
tpLH "* (0.20 ns/pF) Cl + 80 ns

tpHL"<1-3ns/pF)CL + 248 ns
tf»HL° (0-45 ns/pF) Cl + 1025 ns
tpHL " '0-35 n*/pF' Cl + 725 ns

tPLH
5.0

10

15

- 313

125

90

625

250

180

ns

*PHL 5.0

10

15
_

313

125

90

625

250

180

ns

Setup Time tsu 5.0

10

15

180

76

40

90

38

20

-

ns

Hold Time th 5.0

10

15

0

0

0

-90

-38

-20

-

. ns

Latch Enable Pulse Width tWL 5.0

10

IS

520

220

130

260

110

65
-

ns

'The formula given is for the typical characteristics only.
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MC14511B

FIGURE 1 - DYNAMIC POWER DISSIPATION
SIGNAL WAVEFORMS

Input LE low, and Inputs D. Bl and LT high.
I In respect to a systam clock.
Atl outputs connected to respective Cl loads.

A, B, and C

VOD

VSS

voh

vol

s—H h**~ "*H f*-20ns

—i/f-«-

50% Outy Cycle

Any Output

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS

(a) InputsDandLE low.andInputsA. B, BlandLThigh.

20 ns-

InputC

*PLH-

Output g

~""\ ao%- -f V
4 BOX- /1\ "*Y\ v

H—«J I— tpHL-**> h—

tTLH *THL

(b) Input D low. InputsA, B.BI and LT high.

20 ns-

Vss

-vqd

10%

90%

SOX

Input C /

— J—h
«su H |

Output g \

(c) Data DCBA strobed into latches.

20ns^| U^-1 f20n*
90%-\, f

60%\ jl
\2SSLf.

tWL-H
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MC14511B

VOD
II

CONNECTIONS TO VARIOUS DISPLAY READOUTS

LIGHT EMITTING DIODE (LED) READOUT

i —it—I.

us

*-vss

Common

Cathode LED

'— _ _ *»1.7 V

^Vss

INCANDESCENT READOUT

FLUORESCENT READOUT

Vod

UE

^Vfjs

VOD
ii

©—

-iJE •

US

•^Vss

Direct

(Low Brightness)

±=z
Filament

Supply

•=• Vss or appropriate
voltage below Vss-

GAS DISCHARGE READOUT LIQUID CRYSTAL (LCD) READOUT

Excitation

(Square Wave,
vOD VsstoVoo)

- lid
i-Ik-

Itll/I _ -

£>
1/4 Of MC 14807

^•Vfjs

#th^rn^*Lk^r^^l?*I^r'jr*nd,it0 'T""" WSmm °"»«dc drive ofLCD's not rNomrnandad for life ofLCD readout.,tnermei snock and Increase the effective cold resistance of the
filament.
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M) MOTOROLA

8-CHANNEL DATA SELECTOR

The MC14512B is an 8-channel data selector constructed with
MOS P-channel and N-channel enhancement mode devices in a
single monolithic structure. This data selector finds primary appli
cation in signal multiplexing functions. It may also be used for
data routing, digital signal switching, signal gating, and number
sequence generation.

Quiescent Current = 5.0 nA/package typical @5 Vdc
Noise Immunity = 45%of Vqd typical
Oiode Protection on All Inputs

High Fanout > 50

SingleSupply Operation - Positiveor Negative
3-State Output (Logic "1". Logic "0". High Impedance)
Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

MAXIMUM RATINGS IVoltages referenced to Vss)
Rating Symbol Value Unii

DC Supply Voltage VDD -0.5 to+18 Vdc

Inpui Voltage. All Inputs Vm -0 5 to VDD • 0 5 Vdc

DC Current Dram per Pin 1 10 mAdc

Operating Temperature Range AL Device
CL'CP Device

TA -55 10-125

-40 to -85

°C

Storage Temperature Range T„g -65 io * 150 °C

TRUTH TABLE

C B A INHIBIT DISABLE 2

0 0 0 0 0 xo

0 0 1 0 0 XI

0 1 0 0 0 X2

0 1 1 0 0 X3

1 0 0 0 0 X4

1 0 1 0 0 X5

1

1

1

1

0

1

0

0

0

0

X6

X7

0 0 0 1 0 0

0 0 c 0 1
High

Impedance

9- Do til Car
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CMOS MSI

(LOW-POWER COMPLEMENTARY MOSI

8-CHANNEL DATA SELECTOR

L SUFFIX

CERAMIC PACKAGE

CASE 620

P SUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB SuH„ DenoIe,

t L Ceramic Package
P Plasrie Package
A Extended Operating

Temperature Range
C Limited Operating

Temperature Range

PIN ASSIGNMENT

\y

xo VDD
XI Dis

X2 Z

X3 c :

X4 b :

X5 A

X6 Inh

vss X7 :

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



MC14512B

ELECTRICAL CHARACTERISTICS i

Characteristic Symbol

VDD Tiow* 25°C Thigh'
Unit

Vdc Min Max Min Typ Max Min Max

Output Voltage "0" Level
Vin-VDOor0

"1" Level

V|n"0orVDO

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

036

0.05

-

035

0.05

0.05

Vdc

voh 5.0

10

15

435

935

14.95

—
455

955

1455

55

10

16

-

435

935

1435 _

Vdc

Input Voltage* "0" Uvel
(V0-45 or0-5 Vdc)
(V0-9-0 or ID Vdc)
IVo" 13.5 or 15 Vdc)

"1" Level

(Vo-OS or 4.5 Vdc)
(Vo-13or9.0Vdc)
(V0-1Sor13SVdc)

VlL
5.0

10

15

-

15

3j0

4.0

-

2.25

450

6.75

IS

3.0

4.0

-
15

33

4.0

Vdc

V|H
5.0

10

15

35

7.0

11.0

-

3.6

7.0

115

2.75

650

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Current (AL Device)
(Voh " 2-5Vdc) Source
(V0H ° 4.6 Vdc)
(VoH " 95 Vdc)
(V0H"13SVdc)

(Vql " 0.4 Vdc) Sink
(Vql • os vdc)
(Vol-1-5 vdc)

•oh
5.0

5.0

10

15

-1.2

-0.25

-0.62

-15

-

-15

-0.2

-0.5

-1.5

-1.7

-056

-03

-35

• -
-0.7

-0.14

-0.35

-1.1

-

mAdc

"OL 5.0

10

15

0.64

1.6

4.2

-

051

1.3

3.4

058

2.25

83
-

036

03

2.4 _

mAdc

Output Drive Current (CL/CP Device)
(Voh " 25 Vdc) Source
(Voh • 46 Vdc)
(VOH - 9.5 Vdc)
(Voh*1 3-5 Vdc)

(Vql ° 0.4 Vdc) Sink
(v0l - os vdc)
(Vql •'-5 vdc)

>OH
5.0

5.0

10

15

-1.0

-0.2

-OS

-1.4

-

-05

-0.16

-0.4

-1.2

-1.7

-056

-03

-35

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

'OL SjO

10

15

052

1.3

3.6

-

0.44

1.1

3.0

038

2.26

83

-

0.36

0.9

2.4 _

mAdc

Input Current (AL Device) •in 15 -
±0.1 -

±0.00001 ±0.1
—

±1.0 MAdc

Input Current (CL/CP Device) •in 15 -
i0.3

-

±050001 ±0.3
—

±1.0 uAdc

Input Capacitance

(Vin-0)
Cin _ — — •"

S3 7.5 pF

Quiescent Current (AL Device)

(Per Package)
<DD 53

10

16

-

5.0

10

20

-

0.005

0.010

0.015

5.0

10

20

-

150

300

600

uAdc

Quiescent Current ICL/CP Device)
(Per Package)

'DD 5.0

10

15

-

20

40

80
-

0505

0510

0515

20

40

80

-

150

300

600

uAdc

Total Supply Current**t
(Dynamic plus Quiescent, Per Package)
(Cl - 50 pF on alloutputs, allbuffers

twitching)

'T 5.0

10

15

lT-(03uA/kHz)f+lDD
lT-(1.6pA/kHz)f + lDD
lT-(2.4uA/kHz)f+lDD

fiAdc

Three-State Leakage Current

(AL Device)
•tl 15

-
±0.1

-
±0.00001 ±0.1

~

±3.0 uAdc

Three-State Leakage Current

(CL/CP Device)
'TL 16

—

±13
—

±050001 ±13 ±75 uAdc

*Tlow " -65°Cfor AL Device, -40°C for CL/CP Device.
Thigh • +125°C for ALDevice, +85°C for CL/CP Device.

#Nolso immunity specified for worst-case input combination.
Noise Margin for both "1" and "0" level - 1.0 Vdc min © Vqd - 53 Vdc

2.0 Vdc min @VDD - 10 Vdc
25 Vdc min @Vqd - 16 Vdc

tTo calculate total supply current at loads other than 60 pF:

iT(Cu) " 'T<50 pF) +1 X 10-3(CL -50) vDDf
where: It i«inmA(per package), Cl in pF,Vqd inVde,and f in kHzis input frequency.

••The formulas given areforthe typical characteristics onlyat25°C.
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MC14512B

SWITCHING CHARACTERISTICS* <CL - 50 pF. TA - 26°C)

Chtfactsristjc Symbol VDD

All Types

UnitTVp Max
Output Rita Time

tTLH - (33 ns/pF)CL +26 ns
tTLH - (15 ns/pF)CL +12 ns
tTLH - (1.1 ns/pF)CL+8 ns

tTLH
55

10

16

226

110

80

360

180

130

ns

Output Fall Time

tTHL-(15 ns/pF)CL+47 ns
tTHL - (0.75 rw/pF) CL+24 n»
tTHL - (OSS ns/pF) CL + 17 m

^THL
6.0

10

16

130

65

50

200

100

80

nt

Turn-Off Delay Time

tPLH" '03 ns/pF) Cl +211 ns
tpLH " (0.3 nt/pF) Cl + 70 ns
tpLH " WJ3 nt/pF) Cl +54 ns

tPLH
55

10

15

330

125

85

650

250

170

ns

Turn-On Delay Time

tPHL " '2.7 ns/pF) CL + 184 ns
tpHL " '03 ns/pF Cl +61 ns
tpHL " '0.68 ns/pF) Cl +47 ns

tPHL
5.0

10

15

330

125

85

660

250

170

ns

3-State Output Delay Times
"1" or "0" to High 2. and

HighZto"1"or"0"

tPHZ,tPLZ.
tPZH. tPZL

53

10

15

60

35

30

150

100

75

nt

'The formula given 'is for the typical characteristics only.

Puis*

Generator

FIGUREJ- POWERDISSIPATIONTEST CIRCUIT AND WAVEFORM

in -jh 50% \
/ 80* \—80%

-~- Duty -a-
Cyclo

FIGURE 2 - AC TEST CIRCUIT AND WAVEFORMS

J
*PHL-

Output

(Tests 1 and 2)

Input Connections for ty, ti, tpLH. 'PHL

TEST INHIBIT A XO

1

2

3

P.O.

Gnd

Gnd

Gnd

P.O.

Gnd

VDO
vqd
P.O.
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tPLH

Output
(Test

tTLH —

80%
10%

•O VDD

•tTHL

90%

10%
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MC14512B

VDDt

FIGURE 3 - 3-STATE AC TEST CIRCUIT AND WAVEFORM

Switch Positions for 3-State Test

TEST SI S2 S3 S4

tPHZ Open Closed Closed Open

tPLZ Closed Open Open Closed

tPZL Closed Open Open Closed

tpZH
Open Closed Closed Open

LOGIC DIAGRAM

90%

vOl{" 2.5V© VDD - 5V.
tpZH 10V. and 18V

•> 2V»VOD- 5 V
* 6V0VOD •- 10V
a. 10 V© VDO -15V

Selected

Dovice

Deta

Bus

MC14512B

'OD

i >

•tl
Disabled

MC14S12B

'TL
Disabled

MC14312B

-g^-'"^^'

3-STATE MODE OF OPERATION

Output terminal* of several MCI 4512B
8-Bit Data Selector* can be connected

to a tingle data bu* as shown. One
MC14612B is selected bv the 3-state

control, and the remaining device* are
disabled into a high impedance "off"
state. The number of 8-bit data selectors,

N, that may be connected to a bus line
it determined from the output drive

current, loo< 3-state or disable output
leakage current, Ijl- arai tno ,osd
current, II- required to drive the bu*
line (including fanout to other device
inputt), end can be calculated by:

•od-'l

Transmission

Gate

Ti-

7-391
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low logic state of the bu* line.



® MOTOROLA

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER

The MC14513B BCD-to-seven segment latch/decoder/driver is
constructed with complementary MOS (CMOS) enhancement mode
devices and NPN bipolar output drivers in a single monolithic struc
ture. The circuit provides the functions of a 4-bit storage latch, an
8421 BCD-to-seven segment decoder, and an output drive capability.
Lamp test (LT), blanking (Bl), and latch enable (LE) inputs are used
to test the display, to turn-off or pulse modulate the brightness of
the display, and to store a BCD code, respectively. The Ripple
Blanking Input (RBI) and Ripple Blanking Output (RBO) can be
used to suppress either leading or trailing zeroes. It can be used with
seven-segment light emitting diodes (LED), incandescent, fluores
cent, gas discharge, or liquid crystal readouts either directly or
indirectly.

Applications include instrument (e.g., counter, DVM, etc.) dis
play driver, computer/calculator display driver, cockpit display
driver, and various clock, watch, and timer uses.

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

• Low Logic Circuit Power Dissipation

• High-current Sourcing Outputs (Up to 25 mA)

• Latch Storage of Binary Input

• Blanking Input

• Lamp Test Provision

• Readout Blanking on all Illegal Input Combinations
• Lamp Intensity Modulation Capability

• Time Share (Multiplexing) Capability

• Adds Ripple Blanking In, Ripple Blanking Out to MC14511B
• Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

Schottky TTL Load to Two HTL Loads Over the Rated

Temperature Range.

MAXIMUM RATINGS (Voltages referenced to Vss>
Rating Symbol Value Unit

DC Supply Voltage VDD -0.5 to +18 Vdc

Input Voltage, All Inputs Vin -0.5 to Voo + 0.5 Vdc

DC Current Drain per Input Pin 1 10 mAdc

Operating Temperature Range — AL Device
CL/CP Device

TA -55 to +125

-40 to +85

°C

Storage Temperature Range Tstg -65 to+150

Maximum Continuous Output Drive Current

(Source) per Output
'OHmax 25 mA

Maximum Continuous Output Power
(Source) perOutput $

pOHmax SO mW

tpOHmax" 'OH(VdD - Vqh>

This device' contains circuitry to protect the input* against damage due to high static
voltages or electric fields; however, it is advised that normal precautions be taken to
avoid application of any voltage higher than maximum rated voltages to this high imped
ance circuit. A destructive high current mode may occur if Vjn and Vout is not con
strained to the range Vgs <(Vm orVout)<Vqd-
Dueto the sourcing capability of this circuit,damage canoccurto the deviceif Vqq is
applied, and the outputs are shorted to V$s and are at a logical 1 (see Maximum
Ratings).

Unused inputs must alwaysbe tied to an appropriate logic voltage level(e.g., eitherVss
or VqdL
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CMOS MSI
(LOW-POWER COMPLEMENTARY MOS)

BCD-TO-SEVEN SEGMENT

LATCH/DECODER/DRIVER

WITH RIPPLE BLANKING

..r^jfflP «*fSPipuu tin"
L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 680 CASE 707

ORDERING INFORMATION

MC14XXXB ___ Sutfix Denotes

1— L Ceramic Package
1—P Plastic Packago

A Extended Operating
Temperature Range

' C LimitedOperating
Temperature Range

PIN ASSIGNMENT

tc= B VDD Z3 18 a

»c= C f = " ffTT.
3C LT S w
4C= Bl a =3 is ef fc
sc LE b V

=3 13ecz D c

»c= A d =3 12

ecz RBI • Z3 ii

gcz VSS RBO Z3 10

OOUT

!Ol/MwlSl6l7!0l9l

wrurs oumiTx

asi IE B CT oca* *ao a t> c a a 1 a otsriAr

* x X 0 X X X X • 1 1 1 1 1 1 1 a

x X 0 X X X X • 0 0 0 0 0 0 0 Blank

a

e

0

0 0 0 0

OOOO 0

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

Blank

0

»

0

0

0

0

0

0 0 0 1

0 0 10

0 0 11

0 10 0

0 10 1

0

0

0

0

0

0 1 10 0 0 0

1 1 0 1 1 0 1

1 1 1 1 0 0 1

0 1 1 0 0 1 1

1 0 1 1 0 1 1

J

3

4

•

;
0

0

0

a

a

OIIO

1 0 0 0

10 0 1

10 10

0

0

0

0

1 0 1 1 1 1 1

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

1 1 1 1 0 1 1

0 0 0 0 0 0 0

a

a

9

X

0

e

a

0

0

10 11

1110

0

0

0

0

0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

Blank

Blank

Blank

Blank

Blank

x ' X X X X •

Rso «ei iBt?IJC>

Depend* upon th* BC



MC14513B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
VDD
Vdc

T|ow# 25°C Thigh*
UnitMin Max Min Typ Max Min Max

Output Voltage — Segment Outputs VOL Vdc

"0" Level 5.0 - 0.05 - 0 0.05 - 0.05

V,n-VDOorO 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15 - 0.05 - 0 0.05
-

0.05

voh 5.0 4.1 - 4.1 5.0 - 4.1 - Vdc

Vin-OorVoo 10 9.1 - 9.1 10 - 9.1 -

15 14.1 - 14.1 15
-

14.1
-

Output Voltage - RBO Output vol Vdc

"0" Level 5.0 - 0.05 - 0 0.05 - 0.05

Vin - VDD Of 0 10 - 0.05 - 0 0.05 - 0.05

"1" Level

IS - 0.05 - 0 0.05 0.05

voh 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc

Vm = 0orV00 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -

InputVoltage* "0" Level V|L Vdc

(Vo • 3.8 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5 - 1.5

(V0» 8.8 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0

(Vq- 13.8 or 1.5 Vdc)

(Vo - 0.5 or 3.8 Vdc) "1" Level

15 - 4.0 - 6.75 4.0 -
4.0

V|H 5.0 3.5 - 3.5 2.75 - 3.5 - Vdc

(V0 = 1.0 or 8.8 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -

(Vo-1.6 or 13.8 Vdc) 15 11.0
-

11.0 8.25
-

11.0
-

Output Drive Voltage - Segments voh Vdc

(AL Device)

('OH " 0 mAdc) Source: 5.0 4.10 - 4.10 4.57 - 4.1 -

(Iqh " 5.0 mAdc) - - - 4.24 - - -

«0H * 10 mAdc) 3.90 - 3.90 4.12 - 3.5 -

(l0H - 15 mAdc) - - - 3.94 - - -

('OH * 20 mAdc) 3.40 - 3.40 3.75 - 3.0 -

(lOH " 25 mAdc)

(lOH " 0 mAdc)

- - - 3.54 - - -

10 9.10 - 9.10 9.58 - 9.1 - Vdc

«OH " 5.0 mAdc) - - - 9.26 - • - -

('OH • lOmAdcl 9.00 - 9.00 9.17 - 8.6 -

('OH ° 15 mAdc) - - - 9.04 - - -

('OH " 20 mAdc) 8.60 - 8.60 8.90 - 8.2 -

(IOH°25mAdc)

(lOH * 0 mAdc)

- - - 8.75 - - -

15 14.1 - 14.1 14.59 - 14.1 - Vdc

('OH " 5.0 mAdc) - - - 14.27 - - -

('OH " 10 mAdc) 14.0 - 14.0 14.18 - 13.6 -

<OH= 15 mAdc) - - - 14.07 - - -

(lOH " 20 mAdc) 13.6 - 13.6 13.95 - 13.2 -

(lOH " 25 mAdc) - - -
13.80

- - -

Output Drive Voltage — Segments voh Vdc

(CL/CP Device)

('OH ° 0 mAdc) Source: 5.0 4.10 - 4.10 4.57 - 4.1 -

(lOH * 5.0 mAdc) - - - 4.24 - - -

(Iqh " 10 mAdc) 3.60 - 3.60 4.12 - 3.3 -

(Iqh - 15 mAdcl - - - 3.94 - - -

(Iqh ~ 20 mAdc) 2.80 - 2.80 3.75 - 2.5 -

(Iqh " 25 mAdc)
('OH "OmAdc)

- - - 3.54 - - -

10 9.10 - 9.10 9.58 - 9.1 - Vdc

('OH * 5.0 mAdc) - - - 9.26 - - -

(Iqh * 10 mAdc) 8.75 - 8.75 9.17 - 8.45 -

('OH " 15 mAdc) - - - 9.04 - - -

('OH * 20 mAdc) 8.10 - 8.10 8.90 - 7.8 -

(Iqh " 25 mAdc)

(Iqh " OmAdc)

- - - 8.75 - - -

15 14.1 - 14.1 14.59 - 14.1 - Vdc

('OH = 5.0 mAdc) - - - 14.27 - - -

(Iqh * 10 mAdc) 13.75 - 13.75 14.18 - 13.45 -

(IOH"15mAdc) - - - 14.07 - - -

('OH * 20 mAdc) 13.1 - 13.1 13.95 - 12.8 -

('OH -25 mAdc) - - -
13.80

- - -
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MC14513B

ELECTRICAL CHARACTERISTICS (Continued)

Symbol
VDO
Vdc

T|ow# 25°C Thigh*
UnitMin Max Min Typ Max Min Max

Output Drive Current — R80 Output
(AL Device)

'OH mAdc.

(VOH " 2.5 Vdc) Source 5.0 -0.40 _ -0.32 -0.64 _ -0.22
(Voh " 9-5 Vdc) 10 -0.21 _ -0.17 -0.34 _ -0.12 _

(Vqh ° 13.5 Vdc)

(Vql " 0.4 Vdc) Sink
15 -0.81

- -0.66 -1.3 - -0.46 -

'OL 5.0 0.18 - 0.15 0.29 _ 0.10 _

(v0L - o.5 vdc) 10 0.47 _ 0.38 0.75 _ 0.26 _

(Vql -1-5 vdc) IS 1.8
- 1.5 2.9 - 1.0 -

Output Drive Current — RBO Output 'OH
(CL/CP Device)

<vOH " 2.5 Vdc) Source 5.0 -0.25 _ -0.21 -0.64 _ -0.17 _

(Voh " 9-5 Vdc) 10 -0.13 _ -0.11 -0.34 _ -0.092 _

(Voh " 13.5 Vdc)

(Vol " 0.4 Vdc) Sink

15 -0.52
- -0.44 -1.3 - -0.36 -

'OL 5.0 0.12 - 0.098 0.29 _ 0.080 _ mAdc
(Vol " 0.5 vdc) 10 0.30 - 0.25 0.75 _ 0.21 _

(vol "i-5 vdc) 15 1.2
- 0.S8 2.9 - 0.80 -

Output Drive Current - Segments 'OL mAdc
(AL Device)

(Vol " 0.4 Vdc) Sink 5.0 0.64 - 0.51 0.88 _ 0.36 _

(Vql • 0.5 Vdc) 10 1.6 _ 1.3 2.25 _ 0.9 _

(v0L-is vdc) 15 4.2
-

3.4 8.8 - 2.4 -

Output Drive Current - Segments 'OL mAdc

(CL/CP Device)
(Vol " 0.4 Vdc) Sink 5.0 0.52 _ 0.44 0.88 _ 0.36 _

(Vql - 0.5 Vdc) 10 1.3 _ 1.1 2.25 _ 0.9 _

(V0L= 1.5 Vdc) 15 3.6
-

3.0 8.8
- 2.4 -

Input Current (AL Device) 'in 15
- ±0.1 - ±0.00001 ±0.1 - ±1.0 uAdc

Input Current (CL/CP Device) 'in 15
-

±0.3
- ±0.00001 ±0.3 - ±1.0 uAdc

Input Capacitance Cin - - - - 5.0 7.5 _ _ pF
(Vin • 0)

Quiescent Current (AL Devicel 'DD 5.0 - 5.0 - 0.005 5.0 _ 150 uAdc
(Pet Package) 10 - 10 - 0.010 10 _ 300

15
- 20 - 0.015 20 - 600

Quiescent Current (CL/CP Device) 'DO 5.0 - 20 - 0.005 20 _ 150 uAdc
(Pet Package) 10 - 40 - 0.010 40 - 300

IS
- 80 - 0.015 80 - 600

Total Supply Current* *t 'T 5.0 IT=(1 9 uA/kHz) f + 'DD uAdc

(Dynamic plus Quiescent, 10 it = (3 SuA/kHz) f + 'dd
Per Package) 15 it "(5 7 uA/kHz) f + 'dd

(C|_ = 50 pF on all outputs, ail
buffers switching)

"Tlow " -55°C for AL Device,-40°C for CL/CP Device.
Thigh ° +125°C for AL Device, +25°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 <5> Vqd ° 5.0 Vdc
2.0 Vdc min @VDD - 10 Vdc
2.5 Vdc min @Vqd " 15 Vdc

t To calculate total supply current at loads other than 50 pF:
It(Cl) - lT'50 pF) +3.5 x 10~3 (CL - SO) VDDf

where: It i*in uA (per package), C|_ in pF, Vqd in Vdc,
and f in kHz is input frequency.

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

FIGURE 1 - DYNAMIC POWER DISSIPATION
SIGNAL WAVEFORMS

Input LE and RBI low, and Inputs D, ST and LT high.
f in roipoct to a system clock.

All outputs connected to rospoctive Ci_ loads.

A, B,and

20 ns—a-j f— -«-| h— 20 ns

C /SoJlr /
—* \io* /. V.

—1/f—

50% Duty Cycle

lut / 50*Y /

Vss

voh

vol
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MC14513B

SWITCHING CHARACTERISTICS* (CL = 50 pF, TA = 25°CI

Characteristic Symbol
VDO
Vdc

All Types

UnitMin Typ Max

Output Rise Time - Segment Outputs «TLH
5.0

10

15

-

40

30

25

80

60

50

ns

Output Rise Time - RBO Output «TLH
5.0

10

15

-

480

240

190

960

480

380

ns

Output Fall Time —Segment Outputs

'THL * (1.5 ns/pFI Cl + 50 ns
«THL " (0.75 ns/pF) Cl + 37.5 ns
*THL - (0.55 ns/pF) Cl + 37.5 ns

«THL
5.0

10

15

-

125

75

65

250

150

130

ns

Output Fell Time- RBO Outputs

'THL • (15 ns/pF) Cl + 50 ns
'THL - (0.75 ns/pF) Cl + 37.5 ns
'THL * (0.55 ns/pF) CL + 37.5 ns

'THL
5.0

10

15

-
270

135

110

540

270

220

ns

Propagation Delay Time —A, B, C, D Inputs

tpLH = (0.40 ns/pF) Cl + 620 ns
tpLH * (0.26 ns/pF) Cl + 237.5 ns
'PLH * (0.20 ns/pF) Cl + 165 ns

'PHL * d-3 ns/pF) Cl + 655 ns
tpHL " <0-60 ns/pF) Cl + 260 ns
tpHL " (035 ns/pF) Cl + 182.5 ns

«PLH
5.0

10

15

-

640

250

175

1280

500

350

ns

'PHL 5.0

10

15

-

720

290

200

1440

580

400

ns

Propagation Delay Time - RBI Input

'PLH = (0.30 ns/pFI Cl + 305 ns
•PLH " (0-25 ns/pF) Cl + 117.5 ns
tPLH " (0.15 ns/pF) Cl + 92.5 ns

tpHL ° (0.85 ns/pF) Cl + 442.5 ns
'PHL * (0.45 ns/pF) Cl + 177.5 ns
tpHL • (0.35 ns/pF) Cl + 142.5 ns

'PLH
5.0

10

15

-

600

200

160

750

300

220

ns

«PHL 5.0

10

15

-

485

200

160

970

400

320

ns

Propagation Delay Time — Bl Input

'PLH " (0-3 ns/pFI Cl + 305 ns
'PLH " '0.25 ns/pF) Cl + 117.5 ns
'PLH * (0-15 ns/pF) Cl + 92.5 ns

'PHL * (0-85 ns/pF) Cl + 442.5 ns
'PHL ° (0-45 ns/pF) Cl + 177.5 ns
tpHL " (0.35 ns/pF) Cl + 142.5 ns

'PLH
5.0

10

15

-

600

200

150

750

300

220

ns

'PHL 5.0

10

15

-

485

200

160

970

400

320

ns

Propagation Delay Time — LT Input
tPLH " 10.45 ns/pF) Cl + 290.5 ns
•PLH " (0-25 ns/pFI Cl + 112.5 ns
'PLH " (020ns/pF) Cl + 80ns

'PHL " d-3 ns/pF) Cl + 248 ns
tpHL ° (0.45 ns/pF) Cl + 102.5 ns
'PHL " '0.35 ns/pF) Cl + 72.5 ns

«PLH
5.0

10

15

-
313

125

90

625

250

180

ns

'PHL 5.0

10

15

-

313

125

90

625

250

180

ns

Minimum Setup Time
'su 5.0

10

15

-

90

38

20

180

76

40

ns

Minimum Hold Time
»h 5.0

10

15

-

-90

-38

-20

0

0

0

ns

Minimum Latch Enable Pulse Width 'WL(LE) 5.0

10

15

-

260

110

65

520

220

130

ns

'The formula given is for the typical characteristics only.
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MC14513B

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS

o. Data Propagation Delay: Inputs RBI. D and LE low, and Inpun A, B, BTand LThigh.

Input C

'PLH—-i

20 ns

vqd

\ 60%V\ 122i/| \
r— 'PHL-—I I—

vss

— Vqhr 5T—VOH

*TLH

b. Inputs A. B. D and LE low, and Inputs RBI. §7and CThigh

20 ns 20 ns

VDD

\ 50X|/
\ issJn vss

H—« |— 'PHL—* I-—

-jL tit-

Input C

'PLH-

Output I

'TLH 'THL

c. Setup and Hold Times: Input RBI and D low. Inputs A, B, BT and CThigh.

20 ns-

LE

10%

90%
50%

VDD

vss

VDD

vss

VOH

vol

~- «su -3 r
Input C '̂s0%

\

Output g \

d. Pulso Width: Data DCBA strobed into latches.

90%

30%

1 p— I I

* N-10% /
tWULE)---] U-
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MC14513B

CONNECTIONS TO VARIOUS DISPLAY READOUTS

LIGHT EMITTING DIODE (LED) READOUT

VDD
i

nsEj

us

~ vss

Common

Cathodo LED

INCANDESCENT READOUT

Vqd

P^

la

^•vss

GAS DISCHARGE READOUT

Vss

••A filamant pro-warm resistor is rocommanded to reduce filament
thermal shock end increase the offoctive cold resistance of the
filament.

7-397

VDD

A

n~E? Common

Anode LEO

U5

n

"^Vss

FLUORESCENT READOUT

VOD

ii

t£?
Direct

(Low Brightness)

i
I—'r-H

•rr VSS

Filamant

Supply

— Vss or appropriate
voltage below Vss-

LIQUID CRYSTAL (LC) READOUT
Excitation

(Square Wave,

VOD VSs '° vOD>

p^5 nn»

u

T^
1/4 Of MC 14507

t•~ vSs

Direct dc drive of LC's not recommended for life of LC readouts.



MC14513B

LOGIC DIAGRAM

ta"?ra^r^:^
6b

^-:¥r5g5
LE So—£>>— > •>-*

TYPICAL APPLICATIONS FOR RIPPLE BLANKING

LEADING EDGE ZERO SUPPRESSION

Displays

/
/

/ / /
/ /

/
/ /

HMtTT HHttt ttttttt ttttttt tmm ttttttt
Connect to

VDO (11

8 9

RBI RBO

D C B A

a*

1

a g

RBI RBO

D C B A 1

a g

RBI RBO

D C B A 0

a 9

RBI RBO

D C B A 0

a 9

RBI RBO

D C B A 0

a 9

RBI RBO

D C B A 0

Input

Code

MM
MC14S13B

0 0 0 0

(0)

MM
MC14513B

0 0 0 0

(0)

♦ t t t
MC14S13B

0 10 1

(SI

t t t t
MC14513B

0 0 0 0

(0)

t t t t
MC14S13B

0 0 0 1

(1)

MM
MC14S13B

0 0 11

(3)
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MC14513B

TYPICAL APPLICATIONS FOR RIPPLE BLANKING (Cont)

TRAILING EDGE ZERO SUPPRESSION

Displays

/
1

/ / /
/ /

/
/ /

ttttttt ttttttt ttttttt ttttttt ttttttt ttttttt
0

a g

RBO RBI

O C B A 0

RBO RBI

D C B A 0

a g

RBO RBI

D C B A 0

a g

RBO RBI

O C B A 1

a g

RBO RBI

O C B A 1

a g

RBO RBI

O C B A

Connoct to

VDD (1)

* M t
MC14513B

0 10 1

(S)

MM
MC14S13B

OOOO

(01

t t t t
MC14613B

0 0 0 1

(11

t t t t
MC14513B

0 0 11

(3)

t t t t
MC14513B

OOOO

(0)

t t t t
MC14513B

OOOO

(0)
Input Codo
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M) MOTOROLA MC14514B

MC14515B

4-BIT LATCH/4-TO-16 LINE DECODER

The MC14514B and MC145158 are two output options of a 4 to
16 line decoder with latched inputs. The MC14514B (output active
high option) presents a logical "1" at the selected output, whereas
the MC14515B (output active low option) presents a logical "0" at
the selected output. The latches are R-S type flip-flops which hold
the last input data presented prior to the strobe transition from "1"
to "0". These high and low options of a 4-bit latch/4 to 16 line de
coder are constructed with N-channel and P-channel enhancement
mode devices in a single monolithic structure. The latches are R-S
type flip-flops and data is admitted upon a signal incident at the
strobe input, decoded, and presented at the output.

These complementary circuits find primary use in decoding appli
cations where low power dissipation and/or high noise immunity is
desired.

• Quiescent Current = 5.0 nA package typical @ 5 Vdc

• Noise Immunity = 45% of Vqd typical

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

• Single Supply Operation —Positive or Negative

• Input Impedance = lO1^ohms typical

CMOS MSI

(LOW-POWER COMPLEMENTARY MOSI

4-BIT LATCH/4-TO-16

LINE DECODER

LSUFFIX

CERAMIC PACKAGE

CASE 623

MAXIMUM RATINGS (Voltages referenced to Vss|
Rating Symbol Value Unit

DC Supply Voltage VDD -0 5 to -18 Vdc

Input Voltage. All Inputs Vjn -0 5 to Vrjo * ° 5 • :

DC Current Drain per Pin i 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device

TA -55 to O 25

-40 to -85

°C

Storage Temperature Range Tstg -65 to '150 °c

PSUFFIX

PLASTIC PACKAGE

CASE 709

ORDERING INFORMATION

MC14XXXB __ Sutlix Denotes

t L Ceram.c Package
P Plastic Package
A Extended Operating

Tomperature Range
C Limited Operating

Temperature Range

BLOCK DIAGRAM

Data 1 I

Data 2 <

Data 3

Data 4 <

VDD= Pin 24
Vss-Pin12

4 to 16

Decoder

S9

510

S11

S12

S13

S14

S15

11 . T = = =: A B

AB

AB

i A B

I A B

l A 5

> A B

I A B

I A B

I A B

I A B

I A B

I A B

I A B

I A B

I A B

C D

c 5

c 5

c 5

CD

c 5

c 5

c 5

CD

C D

C D

C D

C D

C D

C D

C D

10 _

DECODE TRUTH TABLE (Strobe - 11

DATA INPUTS SELECTED OUTPUT

MC14514 • Logic "1"
INHIBIT U c B A MC14515 Logic "0"

0 0 0 0 0 t;o

0 0 0 0 1 S1

0 0 0 0 S2

0 0 0 l S3

0 O 1 0 0 S4

O 0 1 0 1 S5

0 0 1 0 S6

0 0 1 1 S7

0 0 0 0 S8

0 0 0 1 S9

0 0 0 S10

0 0 t S I 1

0 1 0 S12

0 1 0 1 S13

0 1 0 S14

0 1 1 S15

i X X X X All Outputs =0, MC14514
All Outputs = 1.MC14515

X -- Don't Ca
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MC14514B • MC14515B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
Vdd
Vdc

Tlow* 26°C Thlah*
UnitMin Max Min Typ Max Min Max

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

Vjn • VDD or ° 10 - 0.05 - 0 0.05
-

0.05

"1" Level

15 - 0.05 - 0 0.05
-

0.05

voh 5.0 4.95 - 4.95 5.0 - 4.95 -
Vdc

Vin-0orVDO 10 9.95 - 9.95 10 - 9.95 -

IS 14.95 - 14.95 15 -
14.95

-

Input Voltage" "0" Level V|L Vdc

(V0 - 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5
—

1.5

(Vo= 90 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0
-

3.0

(V0- 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0
—

4.0

V|H
(Vo - 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 -

Vdc

(V0- 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -

(V0- 1.5 or 13.5 Vdcl 15 11.0 - 11.0 8.25 - 11.0 —

Output Drive Current (AL Device) >OH mAdc

(Voh " 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 -
-0.7

-

<VoH * 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 -
-0.14

-

(Voh " 9.5 Vdc) 10 -0.62 - -0.5 -0.9 -
-0.35

-

(Vqh " 13.5 Vdc)
(Vql " 0.4 Vdc) Sink

15 -1.8 - -1.5 -3.5 — -1.1 —

'OL • 5.0 0.64 - 0.51 0.88 - 0.36 -
mAdc

(Vql • °-5 Vdc* 10 1.6 - 1.3 2.25 -
0.9

-

(vol- 1-5 vdc) 15 4.2
-

3.4 8.8
-

2.4
-

Output Drive Current (CL/CP Device) 'OH 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

-

(V0H " 95 Vdc) 10 -0.5 - -0.4 -0.9 -
-0.3

-

(voh • 13-5 Vc|c)
(Vol " 0.4 Vdc) Sink

15 -1.4 - -1.2 -3.5 -
-1.0

-

'OL 5.0 0.52 - 0.44 0.88 - 0.36 -
mAdc

(Vql " 0.5 vdc) 10 1.3 - 1.1 2.25 -
0.9

-

(v0L °i-5 vdc) 15 3.6
-

3.0 8.8
-

2.4
-

Input Current (AL Device) 'in 15 - ±0.1 -
±0.00001 ±0.1 - ±1.0 uAdc

Input Current (CL/CP Device) 'in 15 -
±0.3

-
±0.00001 ±0.3

-
±1.0 MAdc

Input Capacitance Cin - - - 5.0 7.5 - -
PF

(Vin - 0)

Quiescent Current (AL Device) 'DD 5.0 - 5.0 - 0.005 5.0 - ISO pAdc

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

15 -
20

- 0.015 20
- 600

Quiescent Current (CL/CP Device) 'OD 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 =(1.35 uA/kH. >•♦ lOD MAdc

(Dynamic plus Quiescent. 10 IT =(2.70 dA/kHi ) ' ♦ IDD
Per Package) 15 'T =14.05 MA/kHj) 1 + IDD

(Cl * 50 pF on all outputs, all
butlers switching)

•Tlow '- -55°C (orAL Device. -40°Clor CL/CP Device.
Thigh * *125°C for AL Device. +85°C for CL/CP Device.

eNoise immunity spevilied for worst-case input combination.
Noise Margin for both "1" and "0" level =

1.0 Vdc min @> Vqd * 50 Vdc
2.0 Vdc min @> Vqd * ,0 Vdc
2.5 Vdc min @ Vqo = ,s Vdc

tTo calculate total supply current at loads other than 50 pF:
'T<Cl> = 'T'SOpFI +2 x 10-3<cL -50)VDDf

where: If '• in mA (per package). C|_ in pF. Vqq in Vdc,
and f in kHz is input frequency.

"The formulas given are for the typicalcharacteristicsonly 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 Vjn and Vout be
constrained to the range Vss *> 'vin or v0ut' < VDD-

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either
Vss or VDD'-
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MC14514B • MC14515B

SWITCHINGCHARACTERISTICS* (CL - 50 pF,TA - 26°C)

Characteristic Symbol VDD

All Types

UnitMin Typ Max

Output Rise Time

«TLH ° (3.0 ns/pF) Cl +30 nt
tTLH - (1-5 nt/pF) Cl + 15 ns
tTLH - (11 ns/pF) Cl + 10 ns

tTLH
5.0

10

16

-

180

90

66

360

180

130

ns

Output Fall Time

tjHL " (I-5 n«/PF'CL +25 ns
lTHL " (°-75 n»/pF)Cl + 125 ns
lTHL * (0-55 ns/pF) Cl +9-5 ns

tTHL
5.0

10

15

-

100

50

40

200

100

80

ns

Propagation Delay Time

tPLH-tPHL " 'I-7 "«/pF) Cl +468 ns
tPLH.tpHL " (0-66ns/pF)Cl +192 ns
tpLH. tpHL * (0-5ns/pF)Cl +126 ns

tPLH.

tPHL 5.0

10

15

-

550

225

150

1100

460

300

ns

Inhibit Propagation Delay Times

tPLH.tPHL •"(1-7ns/pF)Cl +315 n*
tpLH. tPHL" '°-68 n«/pF) Cl + 117 ns
tpLH. tPHL" C-6 nt/pF) Cl +15 ns

tPLH.

tPHL 6.0

10

15

-

400

150

100

800

300

200

ns

Setup Time tsu
5.0

10

IS

250

100

76

125

50

38

-

nt

Strobe Pulse Width tWH
6.0

10

IS

350

100

75

175

50

38

-

ns

•The formula given it for the typical characteristicsonly.

FIGURE 1 - DRAIN CHARACTERISTICS TEST CIRCUIT

For MC14S14B

1. For P-channel: Inhibit - Vgs
and D1-D4 constitute

binary codo for "output
under test."

2. For N-channel: Inhibit = VDo

7-402

ForMC14S1SB

1. For P-chennol: Inhibit • Vqq
2. For N-channel: Inhibit - Vgg

end 01-04 constitute binary
coda for "output under test."



MC14514B • MC14515B

Progremable
Pulse

Generator

FIGURE 2 - DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

Pulse

Generator

BOOi 0.01 (iF
Ceramic

-90%

•10%
Vin /_

—20 ns

VDD

Vss

FIGURE 3 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

VDO

}vss

!CL21Cl

-O Output SO

-O Output SI

Output

-OOutput SIS

I
cL

7-403

tTLH tTHL

I VDO

vss

VDD

vss

— 20ns —| |-

:5o% Vr
"50% *
=lfi* t \

•tPLH —tPHL

/-90* \

tTLH tTHL
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MC14514B • MC14515B

COMPLEX DATA ROUTING

Two MC14512 eight-channel data selectorsare used herewith
the MCI4514B four-bit latch/decoder to effect a complex data
routing system. A total of 16 inputt fromdataregisters areselec
ted and transferredvia a 3-state data bus to a data distributor for
rearrangement and entry into 16 output registers. In this way
sequentialdatacan be re-routedor intermixed according to patterns
determined by data select and distribution inputs.

Data is placed into the routing scheme via the eight inputs on
both MC14512 data selectors. One register is assigned to each
input. The signals on AO, A1, and A2 choose one of eight inputt
for transfer out to the 3-state data bus. A fourth signal, labelled
Dis, disables one of the MC14512 selectors, assuring transfer of
data from only one register.

In addition to a choice of input registers, 1 thru 16, the rate of
transfer of the sequential information can also be varied. That is,
if the MC14512 were addressed at a rate that is eight times faster

th8n the shift frequency of the input registers, the most significant
bit (MSB) from each register could be selected for transferto the
databus. Therefore,allof the most significant bits from ailof the
registers can be transferred to the data bus before the next most
significant bit ispresented for transfer by theinput registers.

Information from the 3-state bus is redistributed by the
MC14514B four-bit latch/decoder. Using the four-bit address, D1
thru D4, the information on the inhibit line canbe transferred to
the addressed output lineto the desiredoutput registers, A thru P.
This distribution of data bits to the output registers can be made
in many complex patterns. Forexample, all of the most significant
bits from the input registers can be routed into output registerA,
all of the next most significant bits into register B, etc. In this
way horizontal, vertical, or other methods of data slicing can be
implemented.

DATA ROUTING SYSTEM

Input

Registers
Data

Transfor

3 State

Data Bus

Data

Distribution

Output

Registers

}
I >

I

i

'C

<

> C

I <

' <j

1 <

> <

I <

)

Ragister 1
Dis

do a

OI

02 M

D3 '5
D4 Z
D5 S
D6

D7

AO At A2

I
I
I
I
I
1

D1 02 D3 D4

SO

Strobo si

S2

S3

S4

S5

3 S6

S S7
U S8

2 S9
S10

S11

S12

S13

Inhibit S14

SIS

—o

—o

0

Register A

Register 8

Data f{jSelect "^

< » < • ( 1

1

1< I < I <

Register 9

O—

AO A1 A2

OO Q

D1

D2 n

03 §

D4 Z
D5 5

1

1
1
1
1
1
1

'

Rogistar P

Register 16 O r

C is

Circuit diagrams utilizing Motorola products aro included as a moans
of illustrating typical semiconductor applications: consequently,
complete information sufficient for construction purposes is not
nocossarily givon. Tho information has boon carofully checked and

is believed to bo entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not
convoy to tho purchaser ol tho semiconductor devicos described any
licanso under tho patent rights of Motorola Inc. or others.
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'M) MOTOROLA

BINARY UP/DOWN COUNTER

TheMC14516B is constructed with MOS P-channel and N-channel
enhancement mode devices in a single monolithic structure. This
complementary MOS circuit finds primary use where low power dis
sipation and/or high noise immunity is desired.

This binary presettable up/down counter may be used as a
counting/frequency synthesizer, in A/D and D/A conversion, for
up/down counting, for magnitude and sign generation, and for dif
ference counting.

• Quiescent Current = 5.0nA/package typical @> 5.0 Vdc

• Noise immunity = 45% of VpD typical

• Diode Protection on All Inputs

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• Low Input Capacitance - 5.0 pF typical

• Internally Synchronous for High Speed

• Logic Edge-Clocked Design - Count Occurs on Positive Going
Edge of Clock

• 5.0-MHz Counting Rate

• Single Pin Reset

• Asynchronous Preset Enable Operation

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

MAXIMUM RATINGS (Voltages referenced to Vss)
Ratine] Symbol Value Unit

DC Supply Voltage VDD -0 5 lo *18 Vdc

Input Voliage. All Inputs vm -0 5 to Vqd * ° 5 Vdc

DC Current Drain per Pin I 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

TA -55 to ♦ 125

-40 to '85

°C

Storage Temperature Range Tstg -65 to >150 °c

TRUTH TABLE

UP/DOWN

PRESET

ENABLE RESET ACTIONCARRY IN

1 X 0 0 No Count

0 1 0 0 Count Up

0 0 0 0 Count Down

X X 1 0 Prewt

X X X 1 Reset

X • Don't Ci

7-406

MC14516B

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

BINARY UP/DOWN COUNTER

SS^rva mic^irn»P^i>'''»7finin
L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB Sutfix Denotes

— L Ceramic Package

1— P Plastic Packoge
A Extended Operating

Tomperaturo Range

C Limited Operating

Temperaturo Range

BLOCK DIAGRAM

VDD - Pin 16
Vss-Pin8

This device contains circuitry to protect

the inputs against damage due to high static
voltages or electric fields; however, 4t 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 Vjn and Vout be
constrained to the range Vss *• 'vin or
Vout' < VDD.
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either

VSSor VDD'-



MC14516B

Characteristic Symbol
VDD
Vdc

Tlow* 25°C Thiah*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level
Vin3VDDor0

"I" Level

Vin • 0 or VDD

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95

-

4.95

9.85

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage* "0" Level
(Vo • 4.5 or 0.5 Vdcl
(Vo°9.0or 1.0 Vdcl
(V0° 13.5 or 1.5 Vdc)

"1" Level

|V0 - 0.5 or 4.5 Vdc)
(Vq • 1.0 or 9.0 Vdc)
(V0- 1.5 or 13.5 Vdc)

V|L
5.0

10

IS

-

1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

• 3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Current (AL Device)
IVqh " 2.5 Vdc) Source
<VoH* 4.6 Vdc)
(Voh " 9.5 Vdc)
(Voh "13.5 Vdc)
(Vql " 0.4 Vdc) Sink
(v0l • 0.5 vdc)
(Vol" '5vdc)

•oh
5.0

5.0

10

15

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2

-

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Output Drive Current (CL/CP Device)
(Vqh " 2.5 Vdc) Source
<VoH" 4-6 Vdc)
(Vqh " 95 Vdc)
(Vqh " '3.5 Vdc)
(Vql " °-4 Vdc) Sink
jvql " o.5 vdc)
(v0L "L5 vdc)

'OH
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

>OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Input Current (AL Device) •in 15 - ±0.1 -

10.00001 ±0.1
—

±1.0 uAdc

Input Current (CL/CP Device) •in 15 -
10.3

-

10.00001 ±0.3
-

±1.0 uAdc

Input Capacitance

<Vin" 01

Ci„ — - -
—

5.0 7.5 pF

Quiescent Current (AL Device)

(Per Package)
•do 5.0

10

15

-

5.0

10

20

-

0.005

0.010

0.015

5.0

10

20 _

ISO

300

600

uAdc

Quiescent Current (CL/CP Device)

(Per Package)
'DD 5.0

10

15

~
20

40

80

-

0.005

0.010

0.015

20

40

80

-

150

300

600

uAdc

uAdc
Total Supply Current* *t

(Dynamic plus Quiescent,
Per Package)

(Cl - SOpF on all outputs, all
buffers switching)

it 5.0

10

15

lj " (058 uA/kHz) f ♦ l0D
lT-.(1.2'MA/kHz)f+ lDD
lT».(1.7:uA/kHzlf + IqD

*Tlow " -55°c ,or AL Device, -40°C for CL/CP Device.
Thigh " +'25°C for ALDevice, +85°C for CL/CP Device.

sNoise immunity specified for worst-case input combination.
Noise Margin for both "1" and "0" level * 1.0 Vdc min @Vqd s 50 Vdc

2.0 Vdc min S> Vqd =10 Vdc
2.5 Vdc min @Vqd = 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
'T<Cl> " 'T<50pF) +1x 10-3 (CL -50) V0Df

where: lj i*«n fA <P«r Package), Cl in pF,Vqd inVdc, and f in kHz isinput frequency.
"The formulas given are for the typicalcharacteristics only at 25°C.
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MC14516B

SWITCHING CHARACTERISTICS* (CL- 50 pF, TA• 25°C)

Characteristic Symbol VDD

All Types

UnitMin Typ Max

Output Rita Time *TLH nt

tTLH " (3.0 ns/pF) Cl ♦ 30 nt 5.0 - 180 360

*TLH " (15 nt/pF) Cl + 16 nt 10 — 90 180

«TLH * (1-1 rts/pF) Cl ♦ 10 nt IS
-

66 130

Output Fall Time «THL nt

«THL " (1-Snt/pF) Cl + 25 ns 6.0 — 100 200

«THL - (0.76 nt/pF) CL +12.5 nt 10 — 50 100

«THL " (056 nt/pF) Cl ♦ 9.6 nt IS - 40 80

Propagation Delay Time «PLH. nt

Clock to Q tPHL
tPLH. tPHL " 'I-7 n«/pP» Cl + 230 nt 5.0 - 316 630

tPLH. *PHL" '0-66 nt/pF) Cl + 97 nt 10 - 130 260

tPLH. *PHL" '0-6 nt/pF) Cl + 75 nt
Clock to Carry Out

15
- 100 200

«PLH. nt

tPLH. tpHL " (I-7 nt/pF) Cl + 230 nt «PHL 5.0 - 316 630

'PLH. tpHL " (0.66 ns/pF) Cl + 97 nt 10 - 130 260

tpLH. tpHL " (0-5 m/pF) Cl + 75 nt
Carry In to Carry Out

15
-

100 200

«PLH. nt

tpm. tpHL " (I-7 «m/pF) Cl + 95 nt «PHL 6.0 - 180 360

tPLHr lPHL " (°-66 nt/pF) Cl + 74 ns 10 - 80 160

tPLH. *PHL" 0-5 "«/PF' Cl + 35 ns
Preset or Reset to Q

16
-

60 120

»PLH. nt

*PLH.tPHL " *1-7 n«/pF) Cl + 230nt tPHL 6.0 - 316 630

tpLH- *PHL * '0-66«*/pF'Cl + 97 nt 10 - 130 360

tpLH. tpHL " (0.8 ns/pF) Cl + 75 nt
Preset or Reset to Carry Out

15
-

100 200

*PLH. nt

tPLH. *PHL" (I-7 M/pF) Cl + 465 nt tPHL 6.0 - 650 1100

♦PLH. tpHL " (0-66 nt/pF) CL + 192 ns 10 - 225 450

'PLH. tpHL " <0-5"*/pF) Cl + 125 nt 15
-

150 300

Clock Pulse Width «WH 5.0 350 200 - nt

10 170 100 -

IS 140 75 -

Clock Pulse Frequency 'cl 5.0 - 3.0 1.6 MHz

10 — 6.0 3.0

15 - 8.0 4.0.

Preset or Reset Removal Time •• trem 6.0 650 325 — nt

10 230 115 -

15 180 90 —

Clock Rite and Fall Time *TLH, *THL 5.0 - - 16 Sit

10 — - 15

16 - - 15

Carry In Setup Time tsti 5.0 260 130 - ns

10 120 60 —

15 100 60 -

Up/Down Setup Time ttu 5.0 600 260 - nt

10 200 100 —

15 150 76 ->

Preset Enable Pulse Width tWH 6.0 200 100 - nt

10 100 60 —

15 80 40 -

'The formula given It for the typical characteristics only.
"The Preset or Reset signal mutt be low prior to a positive-going transition of the clock.
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MC14516B

FIGURE 1 - POWER DISStPATION TEST CIRCUIT AND WAVEFORM
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MC14516B

Reset 90 a e j^c-

Preset

Enable

Carry Out 7 o-

Carry In 5o—1—c£>—£>o-

Up/Down 10 o—£>o—c£>

TOGGLE FLIP-FLOP

Parallel In o •

P -
PE Q

C

T Q

LOGIC DIAGRAM

FLIP-FLOP FUNCTIONAL TRUTH TABLE

PRESET

ENABLE CLOCK T Qn+1
1 X X Parallel In

0 _/— 0 Qn

0 _/-" 1 5n
0 "~\_ X Qn

X - Don't Cere

FIGURE 2 - SWITCHING TIME WAVEFORMS
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MC14516B

Preset

Enable

0* Count

FIGURE3 - PRESETTABLE CASCADEDUP/DOWN COUNTER
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Circuit diagrams utilizing Motorola products are included as a means
of illustrating typical semiconductor applications: consequently,
complete Informotlon sufficient for construction purposes Is not
necessarily given. The information has boon carefully chocked ond

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

7-411



'M) MOTOROLA

DUAL 64-BIT STATIC SHIFT REGISTER

The MC14517B dual 64-bit static shift register consists of two
identical, independent, 64-bit registers. Each register has separate
clock and write enable inputs, as well as outputs at bits 16, 32, 48,
and 64. Data at the data input is entered by clocking, regardless
of the state of the write enable input. An output is disabled (open
circuited) when the write enable input is high. During this time,
data appearing at the data input as well as the 16-bit, 32-bit, and
48-bit taps may be entered into the device by application of a clock
pulse. This feature permits the register to be loaded with 64 bits in
16 clock periods, and also permits bus logic to be used. This device
is useful in time delay circuits, temporary memory storage circuits,
and other serial shift register applications.

• Quiescent Current = 10 nA/package typical @ 5 Vdc

• Noise Immunity = 45% of Vqd typical

• Diode Protection on All Inputs

• Fully Static Operation

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

• 6.7 MHz Operation @ Vqd = 10 Vdc
• Exceedingly Slow Input Transition Rates May Be Applied to the

Clock Input

• 3-State Output at 64th-Bit Allows Use in Bus Logic Applications

• Shift Registers of any Length may be Fully Loaded with 16
Clock Pulses

• 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 (Voltagesreferenced to Vss|
Rating Symbol Value Unit

DC Supply Voliage VDD -0.5 to -18 • ::..

Inpui Voltage. All Inputs V,n -0.5 10 VrjD • 0 5 Vdc

DC Current Drain per Pin 1 10 mAdc

Operaling Temperature Range — AL Device

CL/CP Device

TA -55 to +125

-40 to »85

°C

Storage Temperature Range Tstg -65 to '150 °c

MC14517B

CMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

DUAL 64-BIT STATIC

SHIFT REGISTER

^gS| y$mf?fn-rrjYllllll1 •jyjTTi i«•
L SUFFIX

CERAMIC PACKAGE

P SUFFIX

PLASTIC PACKAGE

CASE 690 CASE 648

ORDERING INFORMATION

MC14XXXB ___ Suftix Denotes

h Ceramic Package

Plastic Peckage

Extended Operating

Tempereture Ronge

Limited Operating

Temperature Range

PIN ASSIGNMENT

Q16A VD0
Q48A Q16B

WEA Q48B

cA WEB

Q64A cB

Q32A Q64B

°A Q32B

vSs °B

FUNCTIONAL

TRUTH TABLE

X - Don't Care

CLOCK

WRITE

ENABLE DATA 16-BIT TAP 32-BIT TAP 48-BIT TAP 64-BIT TAP

0 0 X
Content ol 16-Bit

Displayed

Conteni of 32-Bit

Displayed

Content of 48-Bit

Displayed

Content of 64-Bit

Displayed

0 1 X High Impedance High Impedance High Impodanco High Impodonco

1 0 X
Contont ol 16-Bit

Displayed

Coniont of 32-Bit

Displayed

Content of 48-Bit

Displeyed

Contont of 64-Bit

Displayed

1 1 X High Impedance High Impodonco High Impedance High Impedance

J~ 0
Data entered

into 1st Bit

Content ol 16-Bit

Displayed

Content of 32-Bit

Displayed

Content of 48-Bit

Displayed

Content of 64-Bit

Displayed

-r 1
Data entered

into 1st Bit

Data ai lap

entered mio 17-Bit

Data nt top

entered into 33-Bit

Dntn nt tnp

entered into 49-Bit
High Impadence

-\_ 0 X
Content ol 16 Bit

Displayed

Content of 32-Bit

Displeyed

Content of 48-Bit

Displayod

Content of 64-Bit

Displeyed

-\_ 1 X High Impedance High Impedance High Impedance High Impedance
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MC14517B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
Vqd Tlow* 25°C Thiol.*

Unit
Vdc Min Max Min Typ Max Min Max

Output Voltage "0" Level
Vjn =VDDorO

"I" Level

Vin =0orVDO

vol 5.0

10

IS

-

0.05

0.05

0.05
-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

IS

4.95

955

14.95
;

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95
-

Vdc

Input Voltage* "0" Level
(Vq • 4.5 or 0.5 Vdc)
(V0 =9.0 or 15 Vdc)
IVq- 13.5 or 1.5Vdc)

"1" Level

(Vo - 0.5 or 4.5 Vdc)
(Vq* 1.0 or 9.0 Vdc)
(Vo-1.5 or 13.5 Vdc)

V|L
5.0

10

IS

-

1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-
15

3.0

4.0

Vdc

V|H
5.0

10

IS

3.5

7.0

11.0

-

3.5

7.0

11.0

2.76

5.50

8.25

-

35

7.0

11.0

-

Vdc

Output Drive Current (AL Device)
(VOH " 2-5 Vdc) Source
(VOH =4.6 Vdc)
(Vqh " 9.5 Vdc)
(Voh " 13S Vdc)
(Vql " 0.4 Vdc) Sink
(Vql ° 0.5 vdc)
(Vol -is vdc)

>OH
5.0

5.0

10

15

-1.2

-0.25

-052

-1.8

-

-1.0

-0.2

-0.5

-15

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

0.64

15

4.2
:

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Output DriveCurrent (CL/CPDevice)
(Voh " 2-5 Vdc) Source
(Voh • 4-6 Vdc)
(VOH ° 9-5 Vdc)
(Vqh " 135 Vdc)
(Vol " °-4 Vdc) Sink
(Vql " 0.5 Vdc)
(Vql ° 1-5 vdc)

'OH
5.0

5.0

10

15

-1.0

-0.2

-0.5

-14

-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

'OL 5.0

10

15

0.52

1.3

35

-

0.44

1.1

3.0

0.88

2.25

8.8
:

056

0.9

2.4 _

mAdc

Input Current (AL Device) •in 15 - ±0.1 -

±0.00001 ±0.1
—

±1.0 fiAdc

Input Current (CL/CP Device) 'in 15 -
10.3

-
±0.00001 ±0.3

-

±1.0 MAdc

Input Capacitance

(Vin - 0)

Cin - - - —

5.0 7.5 pF

Quiescent Current (AL Device)
(Per Package)

>DD 5.0

10

15

-

5.0

10

20

-

0.010

0,020
0.030

5.0

10

20 _

ISO

300

600

uAdc

Quiescent Current (CL/CP Device)

(Per Package)
'DD 5.0

10

15

-

50

100

200

-

0.010

0.020

| 0.030

50

100

200
-

375

750

1500

«iAdc

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

(Cl - 50 pF on all outputs, all
buffers switching)

IT. 5.0

10

15

IT=(4.2 ;iA/kHz)f + l0D
lj =(8.8 iiA/kHz)f + l0D
lT=(13.7>iA/kHz)f + IqD

pAdc

Three-State Leakage Current

(AL Device)
'TL 15

-

±0.1
-

10.00001 ±0.1
—

±3.0 MAdc

Three-State Leakage Current
(CL/CP Device)

'TL 15
-

±1.0
~

i 0.00001 ±1.0 ±7.5 *iAdc

•Tiow- -55°C for AL Device, -40°C for CL/CP Device.
Thigh - +125°C for ALDevice, +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 @> Vqq » 5.0 Vdc

2.0 Vdc min @Vqd = ,0 Vdc
2.5 Vdc min @ VDD - 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT(CL) - lT(50pF) +4\x 10-3 (CL -50) VDDI

where: lj it in»iA (per package), Cl in pF,VD0 inVdc,andf in kHzit inputfrequency.
••The formulat given are for the typical characteristics onlyat25°C.
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MC14517B

SWITCHING CHARACTERISTICS* (CL- 50 pF,TA- 2S°CI
Characteristic Symbol Vqd Min Typ Max Unit

Output Rita Time

tTLH * (3-0 nt/pF) Cl +30 nt
tTLH • Mi* nt/pF) Cl + IS ns
tTLH " (1.1 ns/pF) Cl + 10 nt

*TLH
5.0

10

15

-
180

90

68

360

180

130

ns

Output Fall Time

tTHL " '1 -5 nt/pF) Cl + 25 nt
tTHL " '0-75 m/pF) Cl +125 nt
tTHL " (0-58 m/pF| Cl +95 nt

tTHL
5.0

10

16

-
100

60

40

200

100

80

nt

Propagation Delay Tims

tPLH,tPHL" '1-7 w/PF' Cl +390 nt
tPLH.*PHL " (0-66nt/pF) Cl + 177 nt
«PLH,'*PHL " (05 nt/pF) Cl+116 nt

tPLH,
tPHL 6.0

10

15
-

476

210

140

770

300

215

nt

Clock Pulse Width «WH 6.0

10

IS

330

126

100

170

76

60
-

nt

Clock Pulse Frequency fd 6.0

10

16

-

3.0

6.7

85

15

45

65

MHz

Clock Pulse Rita and Fall Time »TLH,tTHL 5.0

10

16

"See Note

Data to Clock Setup Time ttu 65

10

16

0

10

16

-40

-15

0

-

nt

Data to Clock Hold Time «h 5.0

10

IS

160

76

35

75

25

10

-

nt

Write Enable to Clock Setup Time ttu 55

10

15

400

200

110

170

65

50

-

nt

Write Enable to Clock Release Time «rel 6.0

10

15

380

180

100

160

56

40

-

nt

•The formula given It for the typical characteristics only.
"When shift register actions arecascaded, the maximum rite and fall time of the clock input shouldbe equal to or lessthan the riseand fall

time of the data outputs, driving data inputt, plus the propagation delay of the output driving stage.

FIGURE 1 - POWER DISSIPATION TESTCIRCUIT AND WAVEFORM

111 m
REPETITIVE WAVEFORM
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5fCL

^F Cl

(f- 1/2 «„>
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7-414



MC14517B

FIGURE 2 - TYPICAL OUTPUT SOURCE CURRENT
CHARACTERISTICS TEST CIRCUIT

Vout " vOH
O

FIGURE 3 - TYPICAL OUTPUTSINK CURRENT
CHARACTERISTICS TEST CIRCUIT

Vout - vol

vod-VqsO
Vqo "Vqs

D

C

WE

O

c

WE

r\
Q16 Q32 Q48 Q64

016 Q32 Q48 Q64

m

J-
0 9

9 9

ovss
6VSS

(Output being tested should be In thehigh-logic state).
(Output beingtestedshouldbe Intho low-logic state).

*su1

Data In 7 (91'J
jl -H
s) V

«su1—I>o> y

7

ttul
16-bit output 1(16)
17-blt Input

tsul

32-blt output 6 (1
33-bit Input

*su1

48-bit output 2 (14)
49-bit Input

FIGURE 4 - ACTESTWAVEFORMS

tWH

«hii A

thi X

— t»uO «PML—•

• tsuO '̂*20'"*1 »HL—

•^* — ' -run w ___

r— -JU-«TLH-^ *—*THL
-vss

-V0D

— Vss

V00

Vgs

•VSS64-blt output 6(111

^^^IMJRC^^
a_/~]W-£-*j [—«TLH ~H [*"*THL

EXPANDED BLOCK DIAGRAMId/2 OF 0EVICE SHOWN)

Write Enable - 0, 16-bit output , i
Write Enable - 1, 17-bit Input

32-bit output 11

33-blt Input

48-blt output ©
49-bit Input

This device contains circuitry to protect the inputs against damage due to high static
voltages or electric fields; however, it is advised that normal precautions be taken to
avoid application of any voltage higher then maximum rated voltages to this high
impedance circuit. For proper operation it is recommended that Vjn and Vout be
constrained to the rangeVss * (vin or vout> < Vqq.
Unused inputs must always be tied to an appropriate logic voltage level (e.g.. either
Vss 0TVD0'-

7-415
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'M) MOTOROLA

DUAL UP COUNTERS

The MC14518B dual BCD counter and the MC14520B dual bi
nary counter are constructed with MOS P-channel and N-channel

enhancement mode devices in a single monolithic structure. Each
consists of two identical, independent, internally synchronous 4-
stage counters. The counter stages are type D flip-flops, with inter
changeable Clock and Enable lines for incrementing on either the
positive-going or negative-going transition as required when cascad
ing multiple stages. Each counter can be cleared by applying a high
level on the Reset line. In addition, the MC14518B will count out of
all undefined states within two clock periods. These complementary
MOS up counters find primary use in multi-stage synchronous or
ripple counting applications requiring low power dissipation and/or
high noise immunity.

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

• Noise Immunity = 45% of Vqq typical

• Diode Protection on All Inputs

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• Low Input Capacitance = 5.0 pF typical

• Internally Synchronous for High Internal and External Speeds

• Logic Edge-Clocked Design —Incremented on Positive Transition
of Clock or Negative Transition on Enable

• 6.0 MHz Counting Rate

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

MAXIMUM RATINGS (Voltages referenced to Vss)
Rating Symbol Value Unit

DC Supply Voliage VDD 0 5 i o -18 Vdc

Input Voltage, All Inputs V,n -0.5 10 VrjQ t 0.5 Vdc

DC Current Drain per Pin I 10 mA Jc

Operating Temperature Range - AL Device
CL/CP Device

TA -55io H25

-40 to +85

°C

Storage Temperature Range Tstg -65 to -150 °C

TRUTH TABLE

QO thru Q3 - 0

X - Don't Core

7-416

MC14518B

MC14520B

CMOS MSI
(LOW-POWER COMPLEMENTARY MOSI

DUAL BCD UP COUNTER
(MC14518B)

DUAL BINARY UP COUNTER

(MC14520B)

L SUFFIX

CERAMIC PACKAGE

CASE 620

ORDERING INFORMATION

MC14XXXB Suff

P SUFFIX

PLASTIC PACKAGE

CASE 648

— L Ceramic Package

I— P Plastic Package
A Extended Operating

Tempereture Range

C Limited Operating

Tomperature Range

BLOCK DIAGRAM

This device contains circuitry to protect the

inputs against damage due to high static volt
ages or electric fields: however, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi
mum rated voltages to this high impedance
circuit. For proper operation it is recommended
that V|n and Vou, be constrained to the range
V^ < <Vinor Vout) < VDD.
Unused inputs must always be tied to an

appropriate logic voltage level (e.g.. either Vss
or VDDI.



MC14518B • MC14520B

ELECTRICAL CHARACTERISTICS

Symbol
Vdd Tlow* 25°C Thtoh*

Unit
Characteristic Vdc Min Mate Min Typ Max Min Max

Output Voltage "0" Level
Vjn-VoDO'0

"1" Level

Vir,-0orVDD

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

435

9.85

14.95
:

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage" "0" Level
(Vo - 4.5 or 05 Vdc)
(V©-9.0 or 1.0 Vdc)
(Vq- 13.5 or1S Vdc)

"1" Level

(V0 - 0.5 or 4.5 Vdc)
(Vo • 1.0or 9.0 Vdc)
(V0-1.5 or 135 Vdc)

V|L
5.0

10

IS

-

1.5

3.0

4.0

-
2.25

4.50

6.75

1.5

3.0

4.0

-
15

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-
35

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-
Vdc

Output DriveCurrent (AL Device)
(Vqh " 2-5 Vdc) Source
•VOH - 4.6 Vdc)
•VOH " S-5 Vdc)
(Vqh ' 135 Vdcl

I (Vql "0.4 Vdc) Sink
(Vol • o.5 vdc)
(v0l° i-5 vdc)

'OH
5.0

5.0

10

15

-1.2

-0.25

-052

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-35

-
-0.7

-0.14

-0.35

-1.1

-

mAdc

>OL 5.0

10

15

0.64

1.6

4.2
;

051

1.3

3.4

0.88

2.25

8.8
;

0.36

0.9

2.4

-

mAdc

Output DriveCurrent (CL/CP Device)
(Vqh " 2.5 Vdc) Source
(Voh m46 Vdc)
(V0H " 95 Vdc)
(V0H " '35 Vdc)
(VOL " °-4 Vdc) Sink
(Vol " °-5 vdc)
(Vol -1-5 vdc)

'OH
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

'OL 5.0

10

IS

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Input Current (AL Device) 'in 15 - ±0.1 -

±0.00001 ±0.1
—

±1.0 uAdc

Input Current (CL/CP Device) 'in 15 -
10.3

-

10.00001 10.3
-

±1.0 uAdc

Input Capacitance

(Vin - 0)
Cin — - _

—

5.0 "7.6 pF

Quiescent Current (AL Device)

(Per Package)
>DD 5.0

10

15

-

5.0

10

20

-

0.005

0.010

0.015

5.0

10

20 _

150

300

600

MAdc

Quiescent Current (CL/CP Device)
(Per Package)

>DD 5.0

10

15

~
20

40

80

-

0.005

0.010

0.015

20

40

80

-

150

300

600

uAdc

Total Supply Current* *t
(Dynamic plus Quiescent,

Per Package)
(Cl - 50 pF on all outputs, all
buffers switching)

'T 5.0

10

15

IT» ((
IT-C1
i-r-d

).6 jiA/kHz
.2 uA/kHz

.7 *iA/kHz

)f+IDD
)f+lDD

)f + 'DD

i

I

fiAdc

*T|0w - -55°C for AL Device, -40°C for CL/CP Device.
Thigh - +125°C for AL Oevice, +85°C for CL/CP Device.

sNoise immunity specified for worst-case input combination.
Noise Margin for both "1" and "0" level - 1.0 Vdc min @Vqq - 5.0 Vdc

2.0 Vdc min @Voo - 10 Vdc
25 Vdc min @Vqd - 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
I-T<Cl> =lT<50pF) +2lx 10"3 (CL -50) VDOf

where:It is in »iA(perpackage), Cl in pF,Vqq inVdc, and f in kHz is input frequency.
"The formulas given areforthe typical characteristics only at 25°C.
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MC14518B • MC14520B

SWITCHING CHARACTERISTICS* <CL - 50 pF.TA - 25°C)

Characteristic Symbol VDD

All Types

UnitMin Typ Max

Output Rise Time tTLH ns

tTLH'- (3.0 ns/pF)Cl +30 ns 5.0 - 180 360

*TLHf (15 ns/pF) Cl +15ns 10 — 80 180

tTLH- (1.1 ns/pF) Cl + 10 ns 15
-

65 130

Output Fall Time tTHL ns

tTHL " (1-6ns/pF)Cl +25 ns 5.0 - 100 200

tTHL " (0.76 ns/pF) CL + 125 ns 10 - 50 100

(THL " (056 ns/pF) Cl +9.5 ns 15
-

40 80

Propagation Delay Time tPLH. ns

Clock to Q/Enablo to Q tPHL
tPLH. tPHL " d-7 ns/pF) Cl + 215 ns 5.0 - 280 560

tpLH. tpHL " '0-66 ns/pF) Cl +97 ns 10 - 116 230

tpLH. tPHL " '0-5 ns/pF) Cl +75 ns
Reset to Q

15
-

80 160

ns

tPLH. tPHL " C-7 ns/pF) Cl + 265 ns 5.0 - 330 660

tPLH. tPHL " (056 ns/pF) Cl + 117 ns 10 — 130 230

tpLH. tpHL " (O-66 ns/pF) Cl +95 ns 15
-

90 170

Clock Pulse Width tWH 5.0 200 100 - ns

«WL 10 100 50 —

15 70 36 —

Clock Pulse Frequency »d 5.0 - 25 1.5 MHz

10 — 6.0 3.0

15 - 8.0 4.0

Clock or Enable Rise and Fall Time THL, TLH 5.0 - - 15 it*

10 — - 15

15 - - 15

Enable Pulse Width tWH(E) 5.0 440 220 - ns

10 200 100 —

15 140 70 -

Reset Pulse Width tWH(R) 6j0 260 125 — ns

10 110 55 —

15 80 40
-

FIGURE 1 - POWER DISSIPATION TEST

CIRCUIT AND WAVEFORM

?V0D

500 MP*

Pulse

Generator

iVSS

Ver labia

Width

20 ns

10%

7-418
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MC14518B • MC14520B

Pulse

Generator

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Voo

Ol

02

R Q3 lcL ^«=L *CL

Clock

Input

rjv*° tcl TL »

FIGURE 3 - TIMING DIAGRAM

_11111111H

«-«WH

vDD

vss

90%/ '
50%/

10%-f

tWL""

"'PLH «PHL"

1L 90%' t

Clock

Enable

-JJJJJSJJ-

MC14S20B

"L

00-

Q1-

Q2-

w Q3-

00-

Q1-

02-

„ Q3-
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MC14518B • MC14520B

FIGURE 4 - DECADE COUNTER (MC146188) LOGIC DIAGRAM
(1/2 OF DEVICE SHOWN)

r-tC O
R

D Q

r-qc 5|—,
R

I

o o

c a

—DH>

Enable O

Clock

i

FIGURE 5 - BINARY COUNTER (MC145208) LOGIC DIAGRAM
(1/2 OF DEVICE SHOWN)

c 6h
R

O Q

C Q —I
R

«H>D>o-
C Q

R

Enable O

Clock

A Q
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*M) MOTOROLA

4-BIT AND/OR SELECTOR
or

QUAD 2-CHANNEL DATA SELECTOR
or

QUAD EXCLUSIVE "NOR" GATE

The MC14519B is constructed with MOS P-channel and N-channel
enhancement mode devices in a single monolithic structure. These
complementary MOS logic gates find primary use where low power
dissipation and/or high noise immunity is desired.

This device exemplifies the design versatility of McMOS logic
structure. This part provides three functions in one package;a 4-Bit
AND/OR Selector, a Quad 2-Channel Data Selector, or a Quad Ex
clusive NOR Gate.

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

• Noise Immunity = 45% of Vqd 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 = 1012ohms typical
• Logic Swing Independent of Fanout
• Capable of Driving Two Low-power TTL Loads,One Low-power

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

• Plug-In Replacement for CD4019 in MostApplications

Conlrol

Inputs

Data

Inputs

»H>

LOGIC DIAGRAM

(Positive Logic)

VDD- Pin 16
Vcc " Pin 8

7-421

MC14519B

CMOS MSI

(LOW-POWER COMPLEMENTARY MOSI

4-BIT AND/OR SELECTOR

L SUFFIX

CERAMIC PACKAGE

CASE 620

P SUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB SuMi;

tL Ceramic

P Plastic Ps

Package

Package

A Extended Operating

Temperature Range

C Limitod Operating

Temporaturo Range

TRUTH TABLE

CONTROL INPUTS OUTPUT

2nA B

0

0

1

1

0

1

0

1

0

Yn
Xn

*n ® Yn

X„ ® Yn moons Xn (ExclusiveNOR) Yr



MC14519B

MAXIMUM RATINGS (Voltages referenced to Vss)
Rating Symbol Value Unit

DC Supply Voltage VDD -0.5 to+18 Vdc

Input Voltage, All Inputs Vin -0.5 to Vqd ♦ °-5 Vdc

DC Current Drain per Pin I 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device
TA -55W+125

-40 to +85

°C

Storage Temperature Range Tstg -65 to+150 °C

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
VDD
Vdc

Tlow* 25°C Thiah*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level vol 5.0 - 0.05 - 0 0.05 _ 0.05 Vdc
vin - VD0 or 0 10 - 0.05 - 0 0.05 - 0.05

"I" Level

IS - 0.05 - 0 0.05 - 0.05

voh 5.0 4.95 - 455 5.0 _ 4.95 _ Vdc
Vin-0orVDD 10 9.95 - 9.95 10 _ 9.95 _

15 14.95 - 1455 15 - 14.95 -

Input Voltage" "0" Level Vil Vdc

(V0 • 4.5 or 05 Vdc) 5.0 - 1.5 - 2.25 1.5 - 1.5

(VQ'9-Oor 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0

(V0= 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H
(V0 « 0.5 or 4.5 Vdcl 5.0 35 - 35 2.75 _ 3.5 _ Vdc
IV0 = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -

(V0= 1.5 or 13.5 Vdc) IS 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) •oh 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 _

(Vqh » 9-5 Vdc) 10 -052 - -0.5 -0.9 - -0.35 -

<Voh = 13.5 Vdc)

(Vql =0.4 Vdc) Sink

15 -1.8 - -1.5 -35 - -1.1 -

'ol 5.0 0.64 - 0.51 058 _ 0.36 _ mAdc

(Vql = 0.5 vdc) 10 1.6 - 1.3 2.25 - 0.9 -

IVql" 1.5 Vdc) IS 4.2
-

3.4 8.8 -
2.4

-

Output Drive Current (CL/CP Device) <OH mAdc

(Vqh * 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 -

(Vqh " 9-5 Vdc) 10 -0.5 - -0.4 -0.9 - -0.3 -

(V0H° 13.5 Vdc)

IVql " 0.4 Vdcl Sink

15 -1.4 - -1.2 -3.5 - -1.0 -

'OL 5.0 0.52 - 0.44 0.88 - 0.36 _ mAdc

(v0L" os vdc) 10 1.3 - 1.1 2.25 - 0.9 _

(v0l "i.5 vdc) 15 3.6
-

3.0 85 - 2.4 -

Input Current (AL Device) 'in 15 - iO.I - ±0.00001 ±0.1 - ±1.0 uAdc

Input Current (CL/CP Devicel 'in 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 uAdc

(Per Package) 10 - 10 - 0.010 10 - 300
15

-
20

- 0.015 20 - 600

Quiescent Current (CL/CP Device) 'DO 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 't 5.0 IT=(1 2 pA/kHz)f+ IDD uAdc

(Dynamic plus Quiescent, 10 it- (2 4 uA/kHz »♦ IDD
Per Package) 15 'T' (3 6 uA/kHz f + IQD

(Cl * 50 pF on all outputs, all
buffers switching)

Three-State Leakage Current 'TL 15 - ±0.1 - 10.00001 ±0.1 _ ±3.0 uAdc

(AL Device)

Three-State Leakage Current 'TL 15 - ±1.0 _ •0.00001 ±1.0 _ ±7.5 tiAdc

(CL/CP Device)

"Tlow =-55°C for AL Device, -40°C forCL/CPDevice.
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 @Vqd " 5.0 Vdc
2.0 Vdc min @Voo " 10 Vdc
2.5 Vdc min @VDD =15 Vdc

tTo calculate total supply current at loads other than 50 pF:
'T<Cl> " lT<50pF) +4 x 10-3(CL -50)VDDf

where: lj •*in *<A (per package).C|_in pF, Vqq in Vdc,
and f in kHz is input frequency.

*'The formulas given are for the typical characteristics only at 25°C.
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MC14519B

SWITCHING CHARACTERISTICS* <CL - 50 pF, TA • 25°C)

Characteristic Symbol VDD Min Type Max Unit

Output Rise Time

tjLH " '3-0 <tt/pF> CL +30 ns
tTLH " 'I-5 ns/pF) Cl + 15 ns
tTLH " H.1 ns/pF) Cl + 10 ns

tTLH
5.0

10

15

-

180

90

65

360

180

130

ns

Output Fall Time

tTHL * 'I-5 ns/pF) Cl + 25 ns
tTHL " '0.75 ns/pF) CL + 12.5 ns
tTHL " <°-55 ns/pF) Cl +9.5 ns

tTHL
5.0

10

IS

-

100

50

40

200

100

80

ns

Propagation Delay Time

tpLH,'PHL" "-7 ns/pF) Cl +165hs
tpLH*. »PHL " W-68 ns/pF) Cl+82
tPLH* «PHL " W>-5 ns/pF) Cl +65ns

tPLH,
tPHL 5.0

10

15

-

250

115

SO

500

225

165

ns

The formula given is for the typical characteristics only.

FIGURE 1 - DYNAMICPOWER DISSIPATION TEST CIRCUIT AND WAVEFORM

Pulse

Gonorotor

90S

10%

50% Duty Cycle

FIGURE2 - SWITCHING TIMETEST CIRCUIT AND WAVEFORMS

7-423
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-50%
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VDD

VSS
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MC14519B

TYPICAL CIRCUIT APPLICATIONS

DATA REGISTER SELECTION COMPARISON

Control A O-
9 XI X2 X3 YO Y1 Y2 Y3

MC14519B

AND/OR Select/Excl NOR

ZO 21 Z2 Z3

6

Q1

6
Q3

CONVERSION TABLE

OPERATION

CODE OUTPUT FUNCTION

A B INV CO Q1 Q2 Q3

0

0

1

1

0

0

0

0

0

1

0

1

0

1

XO

xo

0

1

XI

XI

0

1

X2

X2

0

1

X3

X3

Inhibit, all zeros

Inhibit, all ones

Control A

Control A and Invert

0

0

1

1

1

1

1

1

0

1

0

1

YO

YO

XO® YO
XO© YO

Y1

Y1

X1®Y1
X10Y1

Y2

Y2

X2®Y2
X20Y2

Y3

Y3

X3®Y3
X30Y3

Control B

Control B and Invert

ExclutivoNOR

Exclusive OR

Circuit diagrams utilizing Motorola products ar* included at a meant
of illustrating typical semiconductor applications; consequently,
complete Information sufficient for conttruction purposes it not
necessarily given. The information hat been carefully checked and

it believed to be entirely reliable. However, no retpontibility it
assumed for inaccuracies. Furthermore, such information does not
convey to the purchaier of tha semiconductor devices described any
license under the patent rights of Motorola Inc. or other*.
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W) MOTOROLA

DUAL UP COUNTERS

The MC14518B dual BCD counter and the MC14520B dual bi
nary counter are constructed with MOS P-channel and N-channel
enhancement mode devices in a single monolithic structure. Each
consists of two identical, independent, internally synchronous 4-
stage counters. The counter stages are type D flip-flops, with inter
changeable Clock and Enable lines for incrementing on either the
positive-going or negative-going transition as required when cascad
ing multiple stages. Each counter can be cleared by applying a high
level on the Reset line. In addition, the MC14518B will count out of
all undefined states within two clock periods. These complementary
MOS up counters find primary use in multi-stage synchronous or
ripple counting applications requiring low power dissipation and/or
high noise immunity.

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

• Noise Immunity = 45% of Vqd typical

• Diode Protection on All Inputs

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• Low Input Capacitance = 5.0 pF typical

• Internally Synchronous for High Internal and External Speeds
• Logic Edge-Clocked Design —Incremented on Positive Transition

of Clock or Negative Transition on Enable

• 6.0 MHz Counting Rate

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

MAXIMUM RATINGS (Voltages referenced to Vss)

Rating Symbol Value Unil

DC Supply Voltage VDD -0.5 to +18 Vdc

Input Voltage. All Inputs Vin -0.5 to VDD + 0.5 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

TA -55 to +125

-40 to +85

°C

Storage Temperature Range Tsig -65 lo +150 °C

TRUTH TABLE

CLOCK ENABLE RESET ACTION

_r 1 0 Increment Counter

0 -V_ 0 Incramsnt Counter

—v_ X 0 No Change

x _/— 0 No Change

_/— 0 0 No Change

1 -\_ 0 No Change

X X 1 Q0 thru Q3 - 0

X - Don't Care

7-425

MC14520B
FOR COMPLETE DATA

SEE MC14518B

CMOS MSI
(LOW-POWER COMPLEMENTARY MOSI

DUAL BCD UP COUNTER
(MC14518B)

DUAL BINARY UP COUNTER
(MC14520B)

ilKWftl ?l8?Wffit6l^YilJ^fllli
L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB Sullix Oenotet

1— L Ceramic Package
1— P Plastic Package

A Extended Operating

Temperature Range

C Limited Operating

Temperature Range

20-

able

BLOCK DIAGRAM

Vcd" Pi" 16
Vss=Pin 8

This device contains circuitry to protect the
inputs against damage due to high static volt
ages or electric fields: however, it is advised
that normal precautions be taken to avoid
application ol any voltage higher than maxi
mum rated voltages to this high impedance
circuit. For proper operation it is recommended
that Vin and Vou, be constrained to the range
VSS < <vin or Vout) < VDD.
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either V$s
or Vqd>-



® MOTOROLA

24-STAGE FREQUENCY DIVIDER

The MC14521B consists of a chain of 24 flip-flops with an input
circuit that allows three modes of operation. The input will function
as a crystal oscillator, an RC oscillator, or as an input buffer for an
external oscillator. Each flip-flop divides the frequency of the
previous flip-flop by two. consequently this part will count up to
2s* = 16,777.216. The count advanceson the negative goingedgeof
the clock. The outputs of the last seven-stages are available for added
flexibility.

• Quiescent Current = 5.0 nA/package typical @ 5 Vdc
• f(max) = 90 MHz typical @Vdd= 10V

• All Stages are Resettable

• Reset Disables the RC Oscillator for Low Standby Power Drain

• RC and Crystal Oscillator Outputs Are Capable of Driving
External Loads

• Test Mode to Reduce Test Time

• VDD' and VSS' P'ns Brought Out on Crystal Oscillator Inverter
to Allow the Connection of External Resistors for Low-Power

Operation

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

MAXIMUM RATINGS (Voltagesreferenced'io Vss)
Rating Symbol Value Unit

DC Supply Voltage VDD -0 5 to '18 Vdc

Input Voltage. All Inputs Vm -0 5 to VDo • 0 5 Vdc

DC Current Dram per Pin 1 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device-

ta -55 to H25

-40 to '85

°C

Storage Temperature Range Tstg -65 lo * 150 °C

Reset

2

Stages
1 thru 17

BLOCK DIAGRAM

Stages

18 thru 24

MC14521B

CMOS MSI

(LOW POWER COMPLEMENTARY MOS)

24-STAGE FREQUENCY DIVIDER

L SUFFIX

CERAMIC PACKAGE

P SUFFIX

PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB ___ Sullix Denotet

h Ceramic Package

Plastic Package

Extended Operating

Temperature Range

Limited Operating

Temperature Range

PIN ASSIGNMENT

\J

Q24 vDO :
Reset Q23 :

vSs' Q22 :

Out 2 Q2i :

vDd' Q20 :

In 2 Qig :

Out 1 Qi8 :

In 1VSS

n9H>-i ar-ft?
Q18 Q 19 Q20 Q21 Q22 Q23 Q24

OUTPUT COUNT CAPACITY

Q18

Q19

Q20

Q21

Q22

Q23

Q24

2,8» 262.144
19

2 - 524.288

220- 1.048.576
22' - 2.097.152
212 - 4.194.304
2B - 8.388.608
2** - 16.777.216

6
7

Out 1

,66

, • 3'DD Vo

64
Out 2

6 0 6
10 11 12 13 14 16 1

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is advised that
normal precautions be taken to avoid application ol any voltage higher than maximum rated voltages to this high impedance circuit. For proper
operation it is recommended that Vjn and V0ut be constrained to the range Vgs •* (Vjnor Vout| < Vqq.

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgs or Vqd'-
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MC14521B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
V0D
Vdc

Tlow* 25°C Th Bit*
UnitMin Max Min Typ Max Min Max

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

Vin =VDDorO 10 - 0.05 - 0 0.05 - 0.05

"I" Level

15 - 0.05 - 0 0.05 - 0.05

voh 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc

Vin - 0 0' VDD 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -

Input Voltage" "0" Level VlL Vdc

<V0 =4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5
-

1.5

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

3.0

IV0 = 13.5 or 1.5 Vdcl
"I" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H
|V0 =0.5 or 4.5 Vdcl 5.0 3.5 - 3.5 2.75 - 3.5 - Vdc

<Vo* 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -

<V0 = 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) •oh 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 - -0.5 -0.9 - -0.35 -

(Vqh • 13.5 Vdc)

(Vql =0.4 Vdc) Sink

15 -1.8 - -1.5 -3.5 - -1.1 -

'OL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc

(Vol " o.5 vdc) 10 1.6 - 1.3 2.25 - 0.9 -

(Vql= 15 Vdc) 15 4.2
-

3.4 8.8
-

2.4
-

Output Drive Current (CL/CP Device) •oh 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 -

IVqh - 9-5 Vdc) 10 -0.5 - -0.4 -0.9 - -0.3 -

(Vqh = '3.5 Vdc)

(Vol ° 0.4 Vdcl Sink

15 -1.4 - -1.2 -3.5 -
-1.0

-

'OL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc

(Vql " 0.5 vdc) 10 1.3 - 1.1 2.25 - 0.9 -

(v0l - '-5 vdc) IS 3.6
-

3.0 8.8
-

2.4
-

Input Current (AL Devicel 'in 15 - ±0.1 -
10.00001 ±0.1 - ±1.0 uAdc

Input Current (CL/CP Device) 'in 15 -
±0.3

-
10.00001 ±0.3

-
±1.0 fiAdc

Input Capacitance Cin - - - 5.0 7.5 - - PF

(Vin • 0)
Quiescent Current (AL Device) 'DD 5.0 - 5.0 - 0.005 5.0 - ISO uAdc

(Per Package! 10 - 10 - 0.010 10 - 300

15 - 20 - 0.015 20
- 600

Quiescent Current ICL/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 it 5.0 IT"(0. 42 ;iA/kHz)M IDD uAdc

(Dynamic plus Quiesceni, 10 'T =(o. 35 jiA/kHz )f+ IDD
Per Package) 15 'T"(1. 1 jiA/kHzIf + 'DD

(C(_ -• 50 pF on all outputs, all
buffers switching)

*Tlow * -55°C for AL Device. -40°C for CL/CP Device.
Thigh " +125°C for AL Device. +85°C for CL/CP Device.

"Noise immunity specified for worst-case input combination.
Noise Margin for both "1" and "0" level =1.0 Vdc min & Vqd

2.0 Vdc min @Vqq
2.5 Vdc min @Vqo

5.0 Vdc

10 Vdc

15 Vdc
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MC14521B

SWITCHING CHARACTERISTICS* ICL- 50 pF' TA - 25°C)

Characteristic Symbol
VDD

Vdc
Min Typ Max Unit

Output Rise Time TLH ns

tTLH * (3-0 ns/pF) C|_+ 30 ns 5.0 - 180 360

'TLH " (1-5ns/pF) Cl+ 15 ns 10 - 90 180

tjLH " ('•' ris/pF) Cl + 10 ns 15
-

65 130

Output Fall Time TLH ns

tTHL " *'-5 ns/pF) Cl + 25 ns 5.0 -
100 200

tTHL " (0-75 "*/PF>Cl + '2.5 ns 10 - 50 110

tTHL " (0-55 ns/PF) Cl + 12.5 ns IS
-

40 80

Propagation Delay Time 'PLH, M«

Clock to Q18 'PHL

«PHL, 'PLH =C-7 m/pP) Cl +4415 ns 5.0 -
4.5 9.0

tpHL, 'PLH " (0-66ns/pF)Cl + 1667ns 10
-

1.7 3.5

tpHL, 'PLH * (0-5ns/pF)Cl +1275ns 15
-

1.3 2.7

Clock to Q24 M*

tpHL, tpLH=C-7 n*/PF' Cl +5915ns 5.0 -
6.0 12

*PHL, 'PLH" (0.66ns/pF)Cl +2167 ns 10 -
2.2 4.5

'PHL. 'PHL =(0-5ns/pF) Cl +1675 ns 15
-

1.7 3.5

Propagation Delay Time 'PHL ns

Reset to Qn
'PHL * C-7 ns/pF) Cl + 1215 ns 5.0 - 1300 2600

'PHL " (0-66 ns/PF> Cl +467 ns 10 - 500 1000

'PHL = '0-5 "s/pPI Cl +350 ns 15
-

375 750

Clock Pulse Width «WH(cl) 5.0 385 140 - ns

10 150 55 -

15 120 40
-

Clock Pulse Frequency »cl 5.0 - 3.5 2.0 MHz

10 - 9.0 5.0

15
-

12 6.5

Clock Rise and Fall Time «TLH, 5.0 - - 15 MS

*THL 10 - - 15

IS
- -

15

Reset Pulse Width 'WH(R) 5.0 1400 700 - ns

10 600 300 -

15 450 225
-

The formula given is for the typical characteristics only.

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

Pulse

Generator
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MC14521B

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

;k <j> vss' 'LI

FIGURE 3 - CRYSTAL OSCILLATOR CIRCUIT

t VQD

HoIt^

/-p.CS sr\ CT

'Optional for tow power operation.

—H H— 20 ns—H I—20 ns —H

121
\ / 90% \
\io% /6o% \

*WL »WH

2 /I io%

—J »r—«PLH —"
1 (^tTLH

FIGURE 4 - TYPICAL DATA FOR CRYSTAL

OSCILLATOR CIRCUIT

h—'PHL
U'THL

500 kHz 50 kHz

CHARACTERISTIC CIRCUIT CIRCUIT UNIT

Crystal Characteristics
Resonant Froquoncy 500 SO kHz

Equivalent Resistance, R3 1.0 6.2 k»

Extornal Resistor/Capacitor Values

Ro 47 750 kn

cT 82 82 pF

cs 20 20 pF

Froquoncy Stability
Frequency Chango as a Function

of VDD (TA- 25°CI
VDo Change from 5.0 V to 10 V ♦6.0 ♦2.0 ppm

VDO Chango from 10 V to 15 V ♦2.0 ♦2.0 ppm

Frequency Change as a Function
of Temporoturo (Vqq » 10 V)
TAChange from -55"C to *25°C

MC14S21 only -4.0 -2.0 ppm

Comploto Oscillator* ♦ 100 + 120 ppm

TA Change from+25°C to +125°C
MC14521 only -2.0 -2.0 ppm

Comploto Oscillator* -160 -S60 ppm

'Complete oscillator includes crystal, capacitors, and resistors.
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FIGURE 6 - RC OSCILLATOR STABILITY

FIGURE 7 - RC OSCILLATOR CIRCUIT

«S
r-*WV-e>

fa
2.3 RTC C

RS •* 2 RTC

"TC
-VW-

• VDD

VddQVcd'

f in Hz, R in ohms. C In Farads -L

•25 0 25 50 75 100

Ta. AMBIENT TEMPERATURE (°C).OEVICE ONLY

FIGURE 6 - RC OSCILLATOR FREQUENCY AS A

FUNCTION OF RTC AND C

3 . ~

in 1 =*

Voo-10 V ret Circuit :
Figurs7 -

1
fssilt ncti

TC
00 p

?Rt

in

::; 2: of1
(C-10

;" <RS«
Fl_.

——1

— olC
— (RTC-56kJt)

(RS-120k)

1.0 k

0.0001

10 k IQ0 k
RTC-RESISTANCE (OHMS)
0.001 0.01

C. CAPACITANCE b>F)

1.0 m

0.1

FIGURE 8 - FUNCTIONAL TEST CIRCUIT

FUNCTIONAL TEST SEQUENCE

A test function (see Figure 8) has been in
cluded for the reduction of test time required to
exercise all 24 counter stages. This test function
divides the counter into three 8-stage sections,
and 255 counts are loaded in each of the 8-stage
sections in parallel. All flip-flops are now at a
logic "1". The counter is now returned to the
normal 24-stages in series configuration. One
more pulse is entered into Input 2 (In 2) which
will cause the counter to ripple from an all
"1" state to an all "0" state.

In 2

7-430

Out 2

OUTPUTS

VSS" VDD' Q18thruQ24

Gnd

VOO

COMMENTS

Counter is in throo 8-stage
sections in parallol mode

Counter is reset. In 2 and

Out 2 are connected togetho

First "O" to "1" transition

on In 2. Out 2 node.

255 "O" to "1" transitions

ere clocked into this In 2,
Out 2 nodo.

The 255th "0" to "1"

transition.

Counter converted back to

24-stages in series modo.

Out 2 converts back to an

output.

Counter ripples from an
all "1" state to an all

"0" stage.
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LOGIC DIAGRAM
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7-431

15

Q23

VDD-Pin16
Vss - Pin 8



® MOTOROLA

PROGRAMMABLE DIVIDE-BY-N 4-BIT COUNTERS

The MC14522B BCD counter and the MC14526B binary counter
are constructed with MOS P-channel and N-channel enhancement

mode devices in a single monolithic structure.
These devices are programmable, cascadable down counters with

a decoded "0" state output for divide-by-N applications. In single
stage applications the "0" output is applied to the Preset Enable
input. The Cascade Feedback input allows cascade divide-by-N
operation with no additional gates required. The Clock Inhibit input
allows disabling of the pulse counting function.

These complementary MOS counters can be used in frequency
synthesizers, phase-locked loops, and other frequency division appli
cations requiring low power dissipation and/or high noise immunity.

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

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• Internally Synchronous for High Internal and External Speeds.

• Logic Edge-Clocked Design —Incremented on Positive Transition
of Clock or Negative Transition of Clock Inhibit

• 5.0 MHz Counting Rate

• Asynchronous Preset Enable

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

MAXIMUM RATINGS (Voltages relerenced toVssl

Rating Symbol Value Unit

DC Supply Voliage VDD -0.5 to '18 Vdc

Input Voltage. All Inputs V,n -0.5 to VDD * 0.5 Vdc

DC Current Drain per Pin I 10 mAdc

Operating Temperalure Range - AL Device

CL/CP Devcce

ta -55 lo +125

-40 to *85

°C

Storage Temperature Range Tstg -65 to * 150 °C

TRUTH TABLES

BOTH TYPES

Prpict M«i.r

Clock Inhibit Enable Fit--,M Action

0 0 0 0 NoCouni

J~ 0 0 0 Count-1

1 0 0 No Count

l \ 0 0 Count*1

X 1 0 Praia!

• X X 1 Raiet

Cocnl

Oumut

Q3 Q2 Q1 Q0

9

8

i

l
O
O

O
0 0

7

6

S
4

0
0
0
0

1

1

1

1

1

1

0
0

0

0

3
2
1

0

0
0

0

0

0
0

0
0

1

1

0
0

0

0

Count

Ouidui

Q3 Q2 Q1 Q0

IB
14

13
12

1
1

1

0

0

11
10

9
a

0

0
0
0

0

7
6
6
•-.

0

0
0
0

1
1

1

1

0
0

J

•2

1

O

0
0
0
0

0

0

0
0

0

0 0
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MC14522B

MC14526B

CMOS MSI

(LOW-POWER COMPLEMENTARY MOSI

PROGRAMMABLE DIVIDE-BY-N
4-BIT COUNTERS

BCD - MC14522B

Binary - MC14526B

L SUFFIX

CERAMIC PACKAGE

CASE 620

PSUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB ___ Sull

tL Ceramic Package

P Plastic Package
• A Extended Operating

Temperature Range

• C Limited Operating

Temperaturo Range

BLOCK DIAGRAM

DPO
Dp,

DP2

DP3
MR

Inhibit

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 Vjn and Vout be
constrained to the range Vss * 'vin or
Vout' < VDD.
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either

Vss0' VDD'-



MC14522B • MC14526B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
Vdd
Vdc

Tlow* 25°C T„ gh*
UnitMin Max Min Typ Max Min Max

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

Vin'VDDorO 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15 - 0.05 - 0 0.05 - 0.05

voh 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc

Vin-0orVDD 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -

Input Voltage* "0" Level V|L Vdc

(Vq • 4.5 or 0.5 Vdcl 5.0 - 1.5 - 2.25 1.5
-

1.5

(V0 =90or 1.0 Vdcl 10 - 3.0 - 4.50 3.0
-

3.0

(V0 = 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H
(V0 = 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 - Vdc

IVo* 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -

<VO- 1.5 or 13.5 Vdcl 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) •oh mAdc

<vOH * 2-5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -

(Voh - 4.6 vdc) 5.0 -0.25 - -0.2 -0.36 -
-0.14

-

(Vqh = 9.5 Vdc) 10 -0.62 - -0.5 -0.9 - -0.35 -

(Vqh - "3.5 Vdc)

(Vql " 0.4 Vdc) Sink

15 -1.8 - -1.5 -3.5 - -1.1 -

"OL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc

(Vol " 0.5 vdc) 10 1.6 - 1.3 2.25 - 0.9 -

(Vql • 1-5 vdc) 15 4.2
-

3.4 8.8
-

2.4
-

Output Drive Current (CL/CP Device) •oh mAdc

(Vqh = 2-5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 -
-0.6

-

(V0H - 4.6 Vdc) 5.0 -0.2 - -0.16 -0.36 - -0.12 -

(Vqh " 9-5 Vdc) 10 -0.5 - -0.4 -0.9 - -0.3 -

(V0H - 13.5 Vdc)

IVol ° 0.4 Vdc) Sink

15 -1.4
- -1.2 -3.5 -

-1.0
-

'OL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc

(Vql " °-5 Vdc) 10 1.3 - 1.1 2.25 - 0.9 -

(Vql °i.5 vdc) 15 3.6
-

3.0 8.8
-

2.4
-

Input Current (AL Device) 'in 15 - ±0.1 - 10.00001 ±0.1 - ±1.0 uAdc

Input Current (CL/CP Device) •in 15 -
±0.3

-
±0.00001 ±0.3 -

±1.0 uAdc

Input Capacitance Cin - - - - 5.0 7.5 - - PF

(Vj„ - 0)
Quiescent Current IAL 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) •dd 5.0 - 20 - 0.005 20 - 150 *iAdc

(Per Package) 10 - 40 - 0.010 40 - 300

15 - 80 -
0.015 80 - 600

Total Supply Current* *t it 5.0 IT-(1 .7 pA/kHz)«+ IDD uAdc

(Dynamic plus Quiescent, 10 i-r = (3.4 uA/kHz)f+ IDD
Per Package) 15 •T= (5 .1 /iA/kHz)f+ IDD

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

•T|ovw " -55°C lor AL Device. -40°C lor CL/CPDevice.
Thigh =+125°C forAL Device, +85°C forCL/CP Device.

^Noise immunity specified for worst-case input combination.

Noise Margin for both "1" and "0" level = 1.0 Vdc min <s> Vqd ° 50 Vdc
2.0 Vdc min @ Vqd " 10 Vdc
2.5 Vdc min @ VDq = 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lj(CL) - l-r(50pF)+ 1 x 10-3 (Cl .50( vDDf

where: If is in jiA (per package), Ci_ in pF, Vqq 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* <CL- 50pF.TA • 25°C)

Characteristic Symbol VDD Min Typ Max Unit

Output Rise Time tTLH ns

«TLH" (3-0 ns/pF) Cl + 30 ns 5.0 - 180 360

tTLH" (1.5ns/pF)CL +15ns 10 - 90 180

tTLH " (LI «s/pF) Cl + 9.5 ns 15
-

65 130

Output Fall Time tTHL ns

tTHL " (L5 ns/pF) Cl + 25 ns 5.0 - 100 200

tTHL " (0.75 ns/pF) Cl + 12.5 ns 10 - 50 100

tTHL " (°-55 «»/pF) Cl + 95 ns IS
-

40 80

Propagation Delay Time tPLH, ns

Q Outputs tpHL
tPLH.tPHL" (1-7ns/pF)CL+465 ns 5.0 - 650 1100

tpLH, tPHL" (0-68ns/pF)Cl * 197 ns 10
-

225 450

tPLH,tPHL" '°-5 «*/pF)Cl + 135 ns
"0" Output

15
-

160 320

tpLH, tpHL* C-7 n*/pF)Cl + 155 ns 6.0 - 240 480

tPLH,tpHL" '°-66 ns/pF) Cl +87 ns 10 - 130 260

tPLH, tPHL" '°-5 n*'PF) Cl + 65 ns IS
-

100 200

Minimum Clock Pulse Width tWHtel) 5.0 250 125 - ns

10 100 50 -

15 80 40 -

Maximum Clock Pulse Frequency 'cl 5.0 - 2.0 1.6 MHz

10 - 5.0 3.0

15 - 6.6 4.0

Maximum Clock or Inhibit Rise and Fall Time tTLH, 5.0 - - 15 M*

tTHL 10 - - 15

16 - - 15

Hold Time th 5.0 150 75 .- ns

10 50 25 -

15 40 20 -

Minimum Preset Enable Pulse Width »WH(PE) 6.0 250 125 - ns

10 100 50 —

16 80 40 -

Minimum Master Reset Pulse Width tWH(R) 5.0 350 175 - ns

10 250 125 —

15 200 100
-

The formula given is for the typical characteristics only.
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FIGURE 1 - TYPICAL OUTPUT SOURCE
CHARACTERISTICS TEST CIRCUIT

Vdo - -Vqs

voh
o

Q'OH

External
Power

Supply

FIGURE 2 - TYPICAL OUTPUT SINK
CHARACTERISTICS TEST CIRCUIT

vDd - Vqs
vol

o

6 'OL

E xternal

Power

Supply

FIGURE 3 - POWER DISSIPATION

Pulte

Generator

1

Puts*

Generator

2

50% Duty Cyclo

FIGURE 4 - AC TEST CIRCUITS

A) TEST NOS. 1 - 6

9 Vqd

CF

PE

Op0

DPT
Op2

Op3

MR

Inhibit

C

iCL

I
"Q"| 9 ±?L

VSS CL
11111
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FIGURE 5 - AC TEST CONNECTIONS AND WAVEFORMS

TEST NO. 1

20ns«-| I— -«-| U-20m
, / 90% "\
1 10% ^50% \

-T tWH(c|) T '>r~v
tPLH"""

/5o% '\

'TLH-—] I— —«-j |—*THL

—*PHL

i h- "H K20n*

7< \
'PLH" 'PHL

»TLH

"90% "\

t—— —H r—tTHL

TEST NO. 5 8i7

- [-— —«-| -»-20 n
J[90% \

J 50* ^

*PLH tPHL

7"90% =^
12*Jf ^L

»TLH —- i— "*~1 P" tTHL

TEST NO.2

20ns-| |-j- —J [—20 ns

»PLH — -*PHL

»TLH-<-| f— —H [—-*THL

TEST NO. 4

7"90% TC
y. 50% it

—pwmr—
»PHL—' I"— h'-'PLH —

*TLH

TEST NO.6

20 ns-*H («•— -H H"20 ns

790% T^
a=10% ^a

— »THL

1"90% =t
10% / *S_

tTLHl-~l —— —| I— *THL

CHARACTERISTIC TEST NO. CLOCK INHIBIT PE MR nPn CF OUTPUT

tTLH, tTHL 1

2

3

4

S

PG1

VQD
Vgs
Vss

vss

vSs
PG1

vSs
vss
vss

vss
vss
PG1

Vqd
VDD

vSs
Vss

vss
PG1

vss

vss
vss
PG2

vDo
PG1

Vss
vss
vss
vss
vss

Q1

Q1

Qn
Qn
Qn

«WH(R) 4 vss vSs vDd PG1 vDo vss Qn

tWH(PE) 3 vss vss PG1 vss PG2 vss Qn

tWH(cl) 1 PG1 vSs vss vSs vSs vss Ql

«cl 1 PG1 vss vss vss vSs vss Q1

tt> 3 Vss vss PG1 vss PG2 vss Qn

tTLH•tTHL 6 vss vss vss VDD vss PG1 »0"

tPLH.tPHL 7 PG vSs Fig4B vss Fig 40 VDD »0"
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PE©
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Inhibit

Clock

MRO-

FIGURE 6 - MC14522B LOGIC DIAGRAM (BCD Divida-by-N Counter)
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FIGURE 7 - MC14526B LOGIC DIAGRAM (Binary Divide-by-N Counter)
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'DD

10k

FIGURE 8 - 2-STAGE PROGRAMMABLE DOWN COUNTER

(One Cycle)
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FIGURE 9 - 2-STAGE PROGRAMMABLE FREQUENCY DIVIDER
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'M) MOTOROLA

1024-BIT READ ONLY MEMORY

The MCM14524 is a complementary MOS mask programmable
Read Only Memory (ROM). This device is ordered as a factory spe
cial with its unique pattern specified by the user.

This ROM is organized in a 256 x 4-bit pattern. The contents of
a specified address « AO, A1, A2, A3, A4, A5, A6, A7 » will
appear at the four data outputs (BO, Bl, B2, B3) following the
negative going edge of the clock. When the clock goes high, the data
present at the output will be latched. The memory Enable may be
taken low asynchronously, forcing the data outputs low and reset
ting the output latches. This device finds application wherever low
power or high noise immunity is a design consideration.

• Diode Protection on All Inputs

• Noise Immunity = 45% of Vqd typical

• Quiescent Current - 10 nA/package typical @ 5 Vdc

• Single Supply Operation —Either Positive or Negative

• Memory Enable Allows Expansion

• Output Latches Provide a Useful Storage Register

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

Schottky TTL Load to Two HTL Loads Over the Rated Temper
ature Range

c_t>-U>-

:i0CK o—[>v^-[>c-

H>t>:
H^>

A2£K>-rjt>

»-[>-Tp-

BLOCK DIAGRAM

1 ot 32

Address

Decoder

->

•0-

Memory

Matrix

(32 .8]

(32 x8)
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MCM14524

CMOS LSI

(LOW-POWER COMPLEMENTARY MOSI

1024-BIT

(256 x 4)

READ ONLY MEMORY

flflflWv! «*0gfc
J^Ynfp Y«Wi"

L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXX Su,1 x Denotei

u Ceramic Package
1— p Plastic Package

A Extonded Operating

Temperature Range

' C Limited Operating
Temporature Ranga

Address

Docoder

(1 of 8)

Address

Decoder

(1 of 8)

Addross

Decoder

(1 of 8)

VDD-Pin 16
VSS - Pin 8

Output

Latch and

Buffer

Output

Latch and

Buffer

Output

Latch end

Buffer

Output

Latch and

Buffer

6

p—OB3



MCM14524

MAXIMUM RATINGS (Voltages referenced to vss I
Rating Symbol Value Unit

OC Supply Voltage VDD -0 5io«18 Vdc

Input Voltage. All Inputs V,n -0.5 to Vqd ♦ 0.5 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

TA -55 to* 125

-40 to +85

°C

Storage Temperature Range "Tstg -65to«150 °C

This device contains circuitry to protect the
inputs againstdamagedue to highstatic voltages
or electric fields; however, it is advised that
normal precautions be taken to avoid applica
tions of any voltage higher than maximum rated
voltages to this high impedance circuit.

Unused inputs must always be tied to an
appropriate logicvoltage level (e.g.. either V$s
or VdqI-

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
Vqd
Vdc

Tlow* 25°C "•high*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level vol 5.0 - 0.01 - 0 0.01 - 0.05 Vdc
10

- 0.01 - 0 0.01 - 0.05

"1" Level

15 - 0.01 - 0 0.01 _ 0.05

v0h 5.0 4.99 - 4.99 5.0 _ 4.95 _ Vdc
10 9.99 - 9.99 10 9.95 _

15 14.99 - 14.99 15 - 14.95 _

Noise Immunity » vNl Vdc
1 Vou. .0.8 Vdc) 5.0 1.5 - 1.5 2.25 _ 1.4 _

1 Vou| v, 1.0 Vdc) 10 3.0 - 3.0 4.50 _ 23 _

1 Vou, ^ 1.5 Vdc)

1 Vou, V 0.8 Vdcl
15 3.75 - 3.75 6.75 _ 3.75 _

vnh 5.0 1.4 1.5 2.25 IS _ Vdc
I Voul-. 1.0 Vdcl 10 23 - 3.0 4.50 _ 3.0 _

1^Voul v. 1.5 Vdcl 15 3.65 - 3.75 6.75 3.75 -

Output Drive Current (AL Device) >0H
(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 • '3-5 Vdc)

IVol " 0.4 Vdc) Sink

15 -1.8 - -1.5 -3.5 - -1.1 -

•OL 5.0 0.64 - 0.51 0.88 . 0.36 _ mAdc

(Vol * 0-5 Vdc) 10 1.6 - 1.3 2.25 _ 0.9 ^

iv0l" is vdc) 15 4.2
- 3.4 8.8 - 2.4 -

Output Drive Current (CL/CP Device) 'OH 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 _

<V0H " 9 5 Vdc) 10 -0.5 - -0.4 -0.9 _ -0.3 _

IV0H " '3.5 Vdc)

(Vol - 0.4 Vdc) Sink

15 -1.4 - -1.2 -3.5 - -1.0 -

'OL 5.0 0.52 - 0.44 0.88 _ 0.36 _ mAdc
ivql • 0.5 vdc) 10 1.3 - 1.1 2.25 _ 0.9 _

(Vql" t-5vdcl 15 3.6 - 3.0 8.8 - 2.4 -

Input Current (AL Device) •in 15 - •0.1 - •0.00001 tO.1 - •1X1 MAdc

Input Current ICL/CP Device) lin 15 - ±1.0 - •0.00001 ±1.0 _ i1.0 iiAdc

Input Capacitance Cin _ - _ _ 5.0 _ _ _ pF
<y,„ - oi

Quiescent Current IAL Devicel •DD 5.0 _ 5.0 _ 0.010 5.0 _ 150 iiAdc
(Per Package) 10 - 10 - 0.020 10 _ 300

15 - 20 - 0X130 20 - 600

Quiescent Current (CL/CP Device) •dd 5.0 _ 50 _ 0X110 SO _ 375
(Per Package) 10 - 100 - 0X120 100 _ 750

15 - 200 - 0O30 200 _ 1500

Total Supply Current"t it 5.0 It- (i 6uA/kHzl f + lQD iiAdc
(Dynamic plus Quiescent. 10 It-13 2«iA/kHz) '♦ 'DD
Per Package) 15 •T-M 8 uA/kHz) '♦'dd

(Cl • 50 pF on all outputs, all
buffers switching)

•Tlow * -5S°C for AL Device.-40°C forCL/CP Device.
Thigh * +125°C for AL Device. +85°C for CL/CP Device.

ffNoise immunity specified for worst-case input combination.
tTo calculate total supply current at loads other than SO pF:

'tICl> " lT<50pF) ♦ 1 x 10-3(C|_ -50| VDo»
where: If is in wA (per package).C|_in pF. Vqd <n Vdc, and f in kHz is input frequency.

"The formulas given are for the typical characteristicsonly at 25°C.
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SWITCHING CHARACTERISTICS* <CL - 50 pF, TA « 26°C)

Cnaiactarixtic Symbol VDD Min Typ Max Unit

Output Rise Time

tTLH,*THL " <3.0 «»»/PF' Cl + 30 ns
*TLh! *THL ™0-6rw/pF) Cl+15 nt
tTLH,'tTHL "0.1 m/pF) Cl+10 ns

tTLH
5.0

10

15

-

180

90

65

360

180

130

ns

Output Fall Time

*TLH, tTHL" 0-5 rts/pF) Cl + 25 ns
tTLH,' tTHL " W-75 n*/pF» Cl+12.5 rt$
tTLH* *THL ° {°-55 n*/pF) Cl +9.5ni

tTHL
5.0

10

15

-
100

50

40

200

100

80

ns

Clock Read Access Delay Time

taccc" 0 -7 ""/PF) Cl +1265 iw
taccg - (0.66 ns/pF) Cl +517ns
tgrxc• (0.5ns/pF) Cl +326ns

,accc
5.0

10

15

-
1350

550

350

4000

1600

1200

ns

Enable Access Delay Time

'accEn " *1,7 "^P*1' CL+160ns
'accEn " <0,66 n*'PF' CL +77n*
'accEn " '°-5 n'/PF' CL+60 ns

,accEn
5.0

10

15

-

245

110

75

615

265

190

ns

Clock Pulse Width* »WH 5.0

10

15

450

165

125

150

55

35

-

ns

*WL 5.0

10

15

3600

1425

1070

1200

475

300

-

ns

Maximum Low Clock Pulse Width # tWL 5.0

10

15

2.0

03

0.1

10

3.0

0.3

-

ms

Address Setup-Time tsu(A) 5.0

10

15

0

0

0

0

0

0

-

ns

Address Hold Time «h(A) 5.0

10

15

0

0

0

0

0

0

-

ns

Clock to Enable Setup Time tsulcll 5.0

10

15

4275

1725

1295

1425

575

400

-

ns

Clock to Enable Hold Time «h(cl) 5.0

10

15

150

75

55

0

0

0

-

ns

"The clock can remain high indefinitely with the data remaininglatched.
#lf clock stays low too long, the dynamically stored data will leak off and will have to be recalled.

FIGURE 1 -OUTPUT DRIVE CURRENT

TESTCIRCUIT

Pulte

Generator

Clock et 100 kHz

Pulse Width - 300 ns

Notes:

1. Source current, address ROM to obtain a "1"

on all four outputs (B0 thru B3).

2. Sink current, address ROM to obtain a "0"

on all four outputs (BO thru B3).

>VDD

>18

c

E BO

A0

A1 Bl

A2

A3 B2

A4

AS B3

A6

A7

I vss

9vfl

Power

Supply

7-441

FIGURE 2 - SWITCHING TIME TEST CIRCUIT
(Refer to timing diagram)

Pulte

Generator

Pulse

Generator

c

E BO

0— AO

o— A1 81

o— A2

o— A3 82

o— A4

A5 B3

o—

A6

A7

r7 3
Note:

Address ROM to obtain level change when

clocking any one address line.



a) Using Clock to

Read Memory

MEMORY READ CYCLE TIMING DIAGRAMS

Address Valid

(Address must bo fixed)

•V,H

•V,L

Clock Input f Vso%

Enablo

Input

Data

Output

b| Using tho Enable
to Read Memory

Addross

Input

Clock

Input

Enablo

Input

«WL

as- taccc •*

Data

"Valid"
10%.

*TLH-

•MW/////////A
yyfc Don't Care

*

•«THL

\

'WH
20 ns -*\ |ae— —«j \m 20 ni

55%\ nF
so%\ ) •*—Enablt10% ft Jf- ln thil

_Jf»"En
-Enablo pulte not required

i diagram to read memory

\80*
Outputs remain reset

y if clock Ishigh

VQH

Vol

'Data outputs always go to the logic "1" steto before the data Is valid
between accessing successive "0*s"

"Outputs forced to "0" by Enablo.

Addross Valid

'WL

/
Well

lh(cl)

£. V
Data Data

Outputs Valid

'accEn

—A \S0% / Data
f ~~—/ *~ Valid \

t In this mode of operation, the negativegoingodgoof Enablo fThe data outputs aro validwithout tho logic"1" pulseoccurring
should occur on or beforo tho clock negative edge. during tho access cycle as shown in a) above.

CUSTOM PROGRAMMING

By the programming of a single photomask for the MCM 14524,

the customer may specify the content of the memory.

Address Inputs:

Words are numbered 0 through 255 and are addressed using
sequential addressing of Address leads AO through A7 with AO
as the least significant digit.

Logic "0" is defined as a "low" Address input (V|i_).
Logic "1" is defined as a "high" Address input (V|h).

^~~~-~»^ADDRESS
WORD^---^~»^ A7 A6 AS A4 A3 A2 A1 AO

Word 0

Word 1

Word 2

Word 3

Word 255

0

0

0

0

1

0

0

0

0

1

0

0

0

0

1

0

0

0

0

1

0

0

0

0

1

0

0

0

0

1

0

0

1

1

1

0

1

0

1

1
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TRUTH TABLE

CLOCK ENABLE BO Bl B2 B3

VOD '"^— Vjjs 1 (Address) (Addross) (Addross) (Address)

vss-
_y- vDO 1 OUTPUT OATA

LATCHES

X 0
0

0 | 0 | 0

X - Don't Care

'Indicates contents of specified Addron will appear at outputs as stated sbovo.

Two methods may be used to transmit the custom memory
pattern to Motorola.

METHOD A: PUNCHED COMPUTER CARDS

A binary coded decimal equivalent of each desired output may
be punched in standard computer cards (four cards are required
for all 256 words) in numerical (word number) order. 64 words
per card are punched in columns 12 thru 75 using the Binary to
Hexadecimal conversion table. Columns 77 and 78 are used
to number the cards, which must be in numerical order. Please
use characters as shown in the table when punching computer cards.

ROM SAMPLE WORD PROGRAMMING FOR PUNCHED CARD

BINARY TO HEXA

DECIMAL CON

VERSION TABLE

BINARY

WORD CARD
DESIRED CHARACTER

oooo
0 0 0 1

0 0 10
0 0 11

0
1

2

3

0 10 0
0 10 1
0 110

0 111

4

5

6
7

10 0 0

10 0 1
10 10
10 11

8
9
A

B

110 0

110 1
1110
1111

C
D

E

F

WORD

NUMBER

ADDRESS INPUTS

SAMPLE WORD

OUTPUTS

CARD

CHARACTERA7 A6 AS A4 A3 A2 A1 AO B3 B2 B1 BO

0

1

2

3

2SS

0

0

0

0

1

0

0

0

0

1

0

0

0

0

1

0

0

0

0

1

0

0

0

0

1

0

0

0

0

1

0

0

1

1

1

0

1

0

1

1

0

0

0

0

1

0

0

0

0

0

0

1

1

0

1

0

1

1

0

0

0

3

3

0

A

J Shown in columns
> 12 - 15 on card

I below

WORD NUMBER

Card

No.
~\

0 t I 3 4 I t I I I 10 II 12 U 14 IS 16 II II I) N Jl !> tl tl IS IS !> tl IS 30 31 31 33 3) 3S 31 31 31 3) 10 II 41 13 41 IS It II II II SO II » M M St M SI SI St SO SI II 13 01

7CCOCC0CC00CCCC0C0CCCCGCCC00C0 Cl \

00000900
I t I 4 I I I •

11111111

22222222

33333333

44444444

SSSSSS55

88S8BS66

77777777

88888888

99999999
i 11 « i i 11

O??O0CQQCCOCO0OC00CCCCCO0OC00CCCCCCCCO(

00|00|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||0|000
B ii" ii Mil il inirinnnnhna li nnx ii DB»a» » ana (ioo«o« ii onM ii uiiMUii ii MMOtititiunuiiutiri ii i; i) Mrin ii rirtp

mmmmmmmmmmmmmmmmmmmmm

222222222222222222222222222222222222222222222222

333||333333 3333333333333333333333333333333333333

444444444444444444444444444444444444444444444444

5SSSSS5SS5SSS5SSSSSS5S5S5S5SSS5SSSSSSSSS5SS5S5SS

SS6CS6666S6B6S68S66666SB6666666666666666SS666666

77 77 77777 77 77 777 777 777 7777 777777 7777777 7777 777 77

22222222222222

33333333333333

4 4 4 4 4 4 4 4 4 4 4 4 4 4

5S55S5SSS5SSSS

666S6666S66S66

77777777777777

88888833888B88888838 888B8388 8888B888888888888888888888888838888

7-443

11111111

22222222

33333333

44444444

5SS5S55S

66666S66

77777777

88888888

99999999999999999999999999999999999999999999999999999999999999999999999
a ti n »ii n >•it ana tiantsaa a aaatiaaaaa it aaa 4i atiuna ii aau ii uuuuauuaoti it n tiuun n an it n ii nnnnitisa
mnouo roan soai



MCM 14524

WORD C

0

1

2

3

4

S

6

7

8

9

10

11

12

13

14

IS

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

SO

METHOD B: TRUTH TABLE

For customers who do not have access to punch cards. Motorola
will accept Truth Tables. When filling out the table, use the 0 to F
hexidecimal character in column "C".

CUSTOM PROGRAM for the MCM14524 Read Only Memory

WORD C

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

WORD C

102

103

104

105

106

107

109

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

162

7-444

WORD C

153

164

165

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

WORD C

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255



'M) MOTOROLA

PROGRAMMABLE DIVIDE-BY-N 4-BIT COUNTERS

The MC14522B BCD counter and the MC14526B binary counter
are constructed with MOS P-channel and N-channel enhancement
mode devices in a single monolithic structure.

These devices are programmable, cascadable down counters with
a decoded "0" state output for divide-by-N applications. In single
stage applications the "0" output is applied to the Preset Enable
input. The Cascade Feedback input allows cascade divide-by-N
operation with no additional gates required. The Clock Inhibit input
allows disabling of the pulse counting function.

These complementary MOS counters can be used in frequency
synthesizers, phase-locked loops, and other frequency division appli
cations requiring low power dissipation and/or high noise immunity.

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

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• Internally Synchronous for High Internal and External Speeds.

• Logic Edge-Clocked Design —Incremented on PositiveTransition
of Clock or Negative Transition of Clock Inhibit

• 5.0 MHz Counting Rate

• Asynchronous Preset Enable

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

MAXIMUM RATINGS (Voltages referenced to Vss)

Rating Symbol Value Unit

DC Supply Voliage VDD -0.5 to + 18 Vdc

Input Voltage. All Inputs V,n -0.5 to VDD * 0.5 Vdc

DC Current Drain per Pin I 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device

TA -55 to +125

-40 to +85

°C

Storage Temperature Range Tstg -65 to +150 °C

TRUTH TABLES

BOTH TYPES

Preset Master

Clock Inhibit Enable Reset Action

0 0 0 0 No Count

J- 0 0 0 Count 1

X 1 0 0 No Count

1 ~\ 0 0 Count!

x X 1 O Pr*Mt

X '• X t Revet

Count

Output

Q3 Q2 Q1 QO

9

a

1

1
0
0

0

0

7

6

5
4

0
0
0
0

1

1

1

1

1

1

0

0

3

2

O

0
0
0
0

0

0
0
0

1
1

0

0

0

0

Count

Output

Q3 Q2 Q1 QO

IS
14
13
11

1
1
1
1

0
0

0

0

11

10
9
8

0
0
0
0

0
0

7

G

0

0
0

O

1

1

1

1

0

0

3
7
1
0

0
0

O

0

0
0
0
0

0

0 0
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MC14526B
FOR COMPLETE DATA

SEE MC14522B

CMOS MSI

(LOW-POWER COMPLEMENTARY MOSI

PROGRAMMABLE DIVIDE-BY-N
4-BIT COUNTERS

BCD - MC14522B

Binary - MC14526B

L SUFFIX

CERAMIC PACKAGE

P SUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB ___ Sulfix Denote.

L Cerami.

I P Plastic
Package

: Package

A Extended Operating
Tomperature Range

C Limited Operating

Temporature Rango

BLOCK DIAGRAM

VDD -Pin 16
Vss-Pln8

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 Vjn and Vouj be
constrained to the range Vss "* 'vin or
V0ut> < VDD-
Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either

VsS°' VDD>'



M) MOTOROLA

BCD RATE MULTIPLIER

The MC14527B BCD rate multiplier (DRM) provides an output
pulse rate based upon the BCD input number. For example, if 6 is
the BCD input number, there will be six output pulses for every ten
input pulses. This part may be used for arithmetic operations includ
ing multiplication and division. Typical applications include digital
filters, motor speed control and frequency synthesizers.

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

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• Low Input Capacitance —5.0 pF typical

• Internally Synchronous for High Speed

• Output Clocked on the Negative Going Edge of Clock

• Strobe for Inhibiting or Enabling Outputs

• Enable and Cascade Inputs for Cascade Operation of Two or
More DRMs

• "9" Output for the Parallel Enable Configuration and DRMs in
Cascade

• Complementary Outputs

• Clear and Set to Nine Inputs

MAXIMUM RATINGS (Voltages referenced to VSs>
Rating Symbol Value Unit

DC Supply Voltage VDD -0.5 to «18 '. :

input Voltage. All Inputs V,n -0 5 to Vprj • 0.5 Vdc

DC Current Dram per P,n I • 1 mAdc

Operatinq Temperature Range - AL Device

CL/CP Device
TA -55 to +125

-40 to +85

°C

Storage Temperature Range Tstg -65 to +150 °C

TRUTH TABLE

INPUTS

OUTPUT

LOGIC LEVEL

NUMBER OF PULSES

O c 1! A

No. of

Clock Pulses E,n STROBE CASCADE CLEAR SET OUT OUT Eout "9"

0

0

0

0

0

0

o

1

10
10

0

0

0

0

0

0

0

0

0

0
0 1

1 1

0 0 1 i; 10 0 0 0 0 0 2 2

0 n 1 1 10 0 0 0 0 0 3 3

n i 0 0 10 0 0 0 0 0 4 4

0 i 0 i 10 0 0 0 0 0 5 s
0 •i 1 u 10 0 0 0 0 0 II 6

0 1 1 1 10 0 0 0 0 0 7 ;

1 0 0 0 10 0 0 0 0 0 8 8

1 o 0 t 10 11 0 0 0 0 a 9
1 0 1 () 10 0 0 0 0 0 8 B
1 1) 1 i 10 0 0 0 0 0 9 9

1 i n 0 10 0 0 0 0 0 B 8

'. 1 0 1 10 0 0 0 0 0 9 9

1 1 i (1 10 0 0 0 0 0 B 8

1 1 1 1 10 0 0 0 0 0 9 9

'. X X X 10 1 0 0 0 0 - - -

X X X y 0 1 0 0 0 0 1

X
i

0

X
A

•

X

X

X

X
X

X

10

10

0
0

0

0

0
0

1

0

0

0
1

1

0
0

0

1 0
10

00 1
X X X X 10 0 0 0 0 1 0 1 0 1

X - Don't Ca
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CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

BCD RATE MULTIPLIER

"^W flfljflrf
1 '6JTfflfyTlLSUFFIX H[J II II U"

CERAMIC PACKAGE U
CASE 620 P SUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB Suffix Denotes

— L Ceramic Package
1 P PlasticPackage

A Extended Operating

Temperature Range

1 C Limited Operating
Temperature Range

BLOCK DIAGRAM

rDD-Pln 16
V« • Pin 8

CTUt



MC14527B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
Vqd
Vdc

Tlow* 25°C Thiflh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level

Vjn * VDDorO

"1" Level

Vjn'0orVDD

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

v0h 5.0

10

15

4.95

9.95

14.95
-

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage* "0" Level
(V0 * 4.5 or 0.5 Vdc)
(Vq =9.0 or 1.0 Vdc)
(Vo- 13.5 or 1.5 Vdc)

"1" Level

(V0» 0.5 or 4.5 Vdc)
(V0 • 1.0 or 9.0 Vdc)
(Vo- 1.5 or 13.5 Vdc)

V|L
5.0

10

15

-

1.5

3.0

4.0

-
2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-
3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Current (AL Device)

(Vqh " 25 Vdc) Source
<VoH ' 4.6 Vdc)
(VoH • 9.5 Vdc)
(Vqh " 13.5 Vdcl

(Vql - 0.4 Vdc) Sink
(Vql • °-5 vdc)
(Vql- is vdc)

•oh
5.0

5.0

10

15

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

'ol 5.0

10

15

0.64

1.6

4.2

-

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Output Drive Current (CL/CP Device)

(VOH " 25 Vdc) Source
(Vqh * 4-6 Vdc)
(VoH " 95 Vdc)
(Vqh " 135 Vdc)

(Vql " °-4 Vdc) Sink
(v0l " 0.5 vdc)
(Vol-1-5 vdc)

•oh
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

'OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Input Current (AL Device) 'in 15 - ±0.1 -
±0.00001 ±0.1

-
±1.0 uAdc

Input Current (CL/CP Device) 'in 15 -
±0.3

-
±0.00001 ±0.3

-
±1.0 uAdc

Input Capacitance

(Vjn - 01
Cin — - - -

5.0 7.5
""

"

PF

Quiescent Current IAL Device)

(Per Package)
'DD 5.0

10

15

-

5.0

10

20

-

0.005

0.010

0.015

5.0

10

20

-

150

300

600

pAdc

Quiescent Current (CL/CP Device)

(Per Packagel
'DD 5.0

10

15

~
20

40

80

-

0.005

0.010

0.015

20

40

| 80
-

150

300

600

MAdc

Total Supply Current' * t
(Dynamic plus Quiescent,

Per Package)

(C|_ * 50 pF on all outputs, all
buffers switching)

'T 5.0

10

15

IT=(0.85 uA/kHa
lT =(1.75 jiA/kHj
lT =(2.6 uA/kH2

>f + Idd
)f+ IDD
) f + idd

jiAdc

•T|0W - -55°C for AL Device. -40°Cfor CL/CP Device.
Thigh " +125°C for ALDevice. +85°C for CL/CP Device.

zNoise immunity specified for worst-case input combination.
Noise Margin for both " 1" and "0" level • 1.0 Vdc min @Vqd " 5.0 Vdc

2.0 Vdc min @ Vqd " 1° Vdc
2.5 Vdc min @ VDD =15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT(CL) =lT(50pF) +1.2 x 10-3 <CL -50)VDDf

where: \j is in*iA(per package). Cl in pF,Vqd inVdc. and f in kHzis input frequency.
"The formulas given are for the typicalcharacteristics only at 25°C.
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MC14527B

SWITCHING CHARACTERISTICS* (CL - SO pF,TA - 25°C)
Characteristic Symbol VDD Min Typ Max Unit

Output Rise Time TLH ns

TLH " (3.0 ns/pF) Cl + 30 ns 5.0 _ 180 360
'TLH "* '1-5 ns/pF) Cl + 15 ns 10 _ 90 180
tTLH ° (1.1 ns/pF) Cl + 10 ns 16 - 65 130

Output Fall Time 'THL ns

tTHL = 0.6 ns/pF) Cl + 25 ns 5.0 - 100 200
tTHL = (0.75 ns/pF) Cl + 12.5 ns 10 _ 50 100
tTHL = (0.55 ns/pF) Cl ♦ 9.5 ns 15

- 40 80

Propagation Delay Time 'PHL, ns

Clock to Out 'PHL
'PLH.'PHL ° <1.7ns/pF)Cl+ 115 ns 5.0 — 200 400
'PLH. «PHL" (0-66 ns/pF) Cl + 67 ns 10 - 100 200

'PLH. 'PHL " (0-5ns/pF) Cl +45 ns
Clock to Out

15
-

70 140

'PLH, ns

'PLH,'PHL" (1-7 ns/pF)CL +40 ns 'PHL 5.0 - 125 250

«PLh| 'PHL " (0-66 ns/pF) Cl+32 ns 10 - 65 130

'PLH. 'PHL " (0-5 ns/pF) Cl + 20 ns
Clock to Eou,

16
-

45 90

'PLH, ns

'PLH, 'PHL ° 'I-7 ns/pF) Cl + 210 ns 'PHL 5.0 - 295 590

'PLh! 'PHL " (0-66 ns/pF) Cl+97 ns 10 - 130 260

'PLH, 'PHL " (0-5ns/PP)Cl ♦ 60 ns
Clock to "9"

15
- 85 170

'PLH, ns

'PLH, 'PHL * (I-7 ns/pF) Cl + 315 ns «PHL 5.0 - 400 800
«PLh! 'PHL " <0-66 ns/pF) Cl +122 ns 10 - 155 310

'PLH, 'PHL " (0-5ns/pF) Cl + 85 ns
Set or Clear to Out

IS
- 110 220

'PHL ns

'PHL = (I-7 ns/pF) CL + 295 ns 5.0 - 380 760
«PHL= (0.66 ns/pF) Cl + 132 ns 10 _ 165 330

'PHL " (0.5 ns/pF) Cl + 85 ns
Cascade to Out

15 - 110 220

'PLH ns

'PHL " d-7 ns/pF) Cl + 40 ns 5.0 - 125 250
'PHL = (0-66 ns/pF) Cl + 32 ns 10 _ 65 130
'PHL = *0.5ns/pF) Cl ♦ 20 ns

Strobe to Out

15 - 45 90

'PLH ns

'PHL " (1.7 ns/pF) Cl + 145 ns 5.0 - 230 260
'PHL = (0.66 ns/pF) Cl + 72 ns 10 _ 105 210
'PHL" (0.8 ns/pF) Cl + 45 ns 15

- 70 140

Clock Pulse Width «WH 5.0 500 250 - ns

10 200 110 -

16 160 80 -

Clock Pulse Frequency 'cl 6.0 - 2.0 1.2 MHz

10 - 4.5 2.5

15 — 6.0 3.5

Clock Pulse Rise and Fall Time TLH, 5.0 - - 15 MS

'THL 10 - - 15

15
- - 15

Set or Clear Pulse Width »WH 5.0 240 80 _ ns

10 100 35 -

16 75 30 -

Set Removal Time 'rem 5.0 0 -20 _ ns

10 0 -10 -

IS 0 -7.5 -

Enable In Setup Time tsu 5.0 400 175 - ns

10 ISO 60 -

15 120 45 -

The formula given is for the typical characteristics only
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FIGURE 1 - TEST CIRCUIT AND TIMING DIAGRAM
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FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
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Pulte

Generator

">•

FIGURE 3 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM
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MC14527B

FIGURE 4 - TWO MC14527BS IN CASCADE WITH PRESET NO. of 94
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Noto: More than two MC14527BI
may bo cascaded using this
configuration.
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M) MOTOROLA

DUAL MONOSTABLE MULTIVIBRATOR

The MC14528B is a dual, retriggerable, resettable monostable
multivibrator. It may be triggered from either edge of an input pulse,
and will produce an accurate output pulse over a wide range of
widths, the duration and accuracy of which are determined by the
external timing components. Cx and Rx.

• Separate Reset Available

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

• Diode Protection on All Inputs

• Triggerable from Leading or Trailing Edge Pulse

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

• See MC14538B Data Sheet for Applications Requiring
Precise Control of Output Pulse Width

MAXIMUM RATINGS (Voltaqes referenced to Vss|
Rating Symbol Value Unit

DC Supply Voliage vDd -0 5 to -18 Vdc

Input Voliage. All Inputs V,n -0.5 to VDD • 0.5 Vdc

DC Current D-ain per F,n 1 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device
ta -55 to -125

-40 to .85

°C

Storage Temperature Range Tstg -65 to • 150 °C

^-4>

l^5>'
Note: Externally ground p

LOGIC DIAGRAM
[1/2 of Device Shown)

7-452

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

DUAL

RETRIGGERABLE/RESETTABLE

MONOSTABLE MULTIVIBRATOR

Jfltt
L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB _ Sulflx Denoiet

I— L Ceramic Package
1— P Plastic Package

A Extended Operating

Temperature Range

1 C Limited Operating
Tomperaturo Range

BLOCK DIAGRAM
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rrr

m
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Rx and Cx are external component!.
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MC14528B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
V0D
Vdc

Tlow* 25°C Thiah*
UnitMjn Max Min Typ Max Min Max

Output Voltage "0" Level

Vin' VDDorO

"1" Level

VinOorVoo

vol 5.0

10

15

-

0.05

0.05

0.05
-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95

-

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage" "0" Level
(V0 - 4.5 or 0.5 Vdc)
IVo =90or 1.0 Vdc)
<V0 =13.5 or 1.5 Vdc)

"1" Level

(V0 =0.5 or 4.5 Vdcl
(Vo * 1.0 or 9.0 Vdc)
(Vq • 1.5 or 13.5 Vdc)

V|L
5.0

10

15

-

1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Current (AL Device)
(Vqh ' 25 Vdc) Source
(Vqh ' 4.6 Vdcl
(Vqh " 95 Vdcl
(Voh = 13.5 Vdc)

(Vql " 04 Vdc) Sink
(Vql =0.5 vdc)
(V0L° 1.5 Vdc)

•oh
5.0

5.0

10

15

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

•ol 5.0

10

15

0.64

1.6

4.2

-

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Output Drive Current (CL/CP Device)
(Vqh " 2.5 Vdc) Source
(Vqh " 46 Vdc)
(Voh " 9-5 Vdc)
(Vqh " 13-5 Vdcl

(Vql " °-4 Vdc) Sink
(Vql - o.5 vdc)
(Vql =1 -5 vdcl

•oh
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

•ol 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Input Current (AL Device) •in 15 1 ±0.1 -

±0.00001 ±0.1
-

±1.0 uAdc

Input Current (CL/CP Device) •in 15 -
i0.3

-

±0.00001 ±0.3
-

±1.0 pAdc

Input Capacitance

<Vin - 0)
Cin — - - —

5.0 7.5 PF

Quiescent Current (AL Device)

(Per Packagel
<DD 5.0

10

15

-

5.0

10

20

-

0.005

0.010

0.015

5.0

10

20

-

150

300

600

uAdc

Quiescent Current ICL/CP Device)

(Per Package)
"DD 5.0

10

15

*~
20

40

80

-

0.005

0.010

0.015

20

40

80

-

150

300

600

uAdc

"Total Supply Current at an external
load Capacitance (C|_) and at
external timing capacitance (Cx).
use the formula —

•T lT<CL. CX) - [CCi_ +0.36CX)VODf +2x10-8 RxCxIVOD-2^] x10"3
where: lj inuA (per circuit). C|_ and Cx in pF,Rx inmegohms,

Vqd in Vdc, f in kHz is input frequency.

*T|ow " -55°Cfor AL Device, -40°Cfor CL/CP Device.
Thigh * +125°C for ALDevice, +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 @> Vqq * 50 Vdc
2.0 Vdc min @> Vqd » 10 Vdc
2.5 Vdc min @Vqd = 15 Vdc

"The formulas given are for thetypical characteristics onlyat25°C.
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MC14528B

SWITCHING CHARACTERISTICS** (CL - SO pF. TA- 25°C)

Characteristic
y

Symbol cx
PF

Rx
kn

Vqd
Vdc

Min Typ Max Unit

Output Rise Time

tTLH * <3.0ns/pF) Cl +30 ns
tTLH " <L5n$/pF) CL + 15 ns
tTLH " "•* n*/pF)Cl + 10 ns

*TLH
5.0

10

15

-
180

SO

65

380

180

130

ns

Output Fall Time

tTHL " <*-5 fw/pF) Cl + 25 ns
tTHL ° 10.75ns/pF) Cl + 12.6 ns
tTHL " (0-55 ns/pF) Cl +9.6 ns

*THL
5.0

10

15
-

100

50

40

200

100

80

ns

Turn-Off, Turn-On Delay Time — A or B to Q or Q
*PLH, *PHL " 'L7 ns/pF)Cl +240 ns
*PLH, tPHL" 'O-66 n*/pF)Cl +87 ns
'PLH. »PHL " <0-5 n«/pF)Cl +65 ns

lPLH,
tPHL

15 5.0

6.0

10

15
-

325

120

90

650

240

180

ns

Turn-Off, Turn-On Delay Time — A or B to Q or Q

*PLH. *PHL " <"-7 rts/pF) Cl +620 ns
tPLH,lPHL" '0-66 nt/pF) Cl +257 ns
tPLH. 'PHL " '03 ns/pF) Cl + 185 ns

tPLH,
*PHL

1000 10

5.0

10

15

-
705

290

210
-

ns

Minimum Input Pulse Width — A or B «WH 15 5.0 5.0

10

15

-

70

30

30

150

76

55

ns

*WL 1000 10 5.0

10

15
-

70

30

30

-

ns

Output Pulse Width - Q or Q
(For Cx <0.01uFusegraph forappropriate Vqo level.) <W

IS 5.0 5.0

10

15
-

550

350

300
-

ns

Output Pulse Width - Q or Q

(ForCx > 0.01 pF use formula:
tw - 0.2 RX CX Ln IV0D - Vssl >*

tw 10,000 10 5.0

10

15

-

30

50

55

±15

±40

±40

MS

PulsaWidth Matchbetween CircuitsInthe samepackage
t1-t2 10,000 10 5.0

10

15
-

6.0

8.0

8.0

25

36

36

%

Reset Propagation Delay—Cq to Q or Q tPLH.
tPHL

IS

1000

5.0

10

5.0

10

IS

5.0

10

15

-

325

90

60

1000

300

250

600

226

170

ns

ns

Minimum Retrlgger Time trr 16

1000

5.0

10

5.0

10

IS

5.0

10

15

-

0

0

0

0

0

0

-

ns

ns

Min

External Timing Resistance Rx - - - 6.0 1000 1000 kn

External Timing Capacitance
w : :—: — : :—— — l

cx - - -
No Limits PF

The formula given is for the typical characteristics only.
* Rx isIn Ohms, Cx isin farads, Vqd «"«• Vss invo(t». PWout inseconds.
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FIGURE 1 - OUTPUT SOURCE CURRENT TEST CIRCUIT FIGURE 2 - OUTPUT SINK CURRENT TEST CIRCUIT
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FIGURE 3 - POWERDISSIPATION TESTCIRCUIT ANDWAVEFORMS
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FIGURE 4 - AC TEST CIRCUIT
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Rx >S.0kn
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INPUT CONNECTIONS

CHARACTERISTICS CD A B

«PLH.«PHL-tTLH,«THL

«W
vDD PG1 VOD

'PLH-tPHL. *TLH, *THL

tw
VDD vSs PG2

tPLHIFU-tPHLlR)- tyv PG3 PG1 PG2

'Includes capacitanco of probes,
wiring, and fixturo parasitic.

NOTE: AC test waveforms
for PG1. PG2. end PG3 on
next page.
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FIGURE 6 - AC TEST WAVEFORMS
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'M) MOTOROLA

DUAL 4-CHANNEL ANALOG DATA SELECTOR

The MC14529B analog data selector is a dual 4-channel or single
8-channel device depending on the input coding. The device is suit
able for digital as well as analog application, including various one-
of-four and one-of-eight data selector functions. Since the device has
bidirectional analog characteristics it can also be used as a dual
binary to 1-of-4 or a binary to 1-of-8 decoder.

• Data Paths Are Bidirectional

• Quiescent Current = 1.0 nA/package typical @ 5.0 Vdc

• 10-MHz Operation (typical)

• 3-State Outputs

• Linear "On" Resistance

• "On" Resistance 120 Ohms typical @ 15 V

• Low Noise - 12 nV/\/ Cycle, f > 1 kHz typical

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

MAXIMUM RATINGS (Voltages referenced to VssI

Rating Symbol Value Unit

DC Supply Voltage VDD -0 5 to '18 Vdc

Input Voltage. All Inputs V,n -0.5 to VDD • 0 5 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

TA -55 to »125

-40 to *85

°C

Storage Temperature Range Tstg -65 to '150 °C

TRUTH TAB LE

Dual 4 Channel Mode

2 Outputs

Single 8-Channel Mode
1 Output

|Z and W tied together)

STX sty B A Z W

1

1

1

1

0

0

1

1

0

1

0

1

xo

XI

X2

X3

YO

Y1

Y2

Y3

0

0

0

0

0

0

1

1

0

1

0

1

XO

XI

X2

X3

0

0

0

0

1

1

1

1

0

0

1

1

0

1

0

1

YO

Y1

Y2

Y3

0 0 0 0
High

Impedance

0 •- Do n-t Car
•

This device contains circuitry to protect the control inputs against damage due to
high static voltagesor electric fields; however, it isadvised that normal precautions
be taken to avoid application of any voltage higher than maximum rated voltages
to this high-impedance circuit. A destructive high-current mode may occur if Vjn
or Voutis not constrained to the rangeVss ^ Vjn or Vout^ VrjQ.
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BLOCK DIAGRAM
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MC14529B

ELECTRICAL CHARACTERISTICS

CftaroctoflstiG Figure Symbol
vss
Vdc

VDD
Vdc

Tlow* 2B°C Thigh*
Unit

Min Max Min Typ Max Min Max

Output Voltage "0" Level

V,n-VDDorO

"1" Level

V|n-0orVDD

1 vol

voh

0.0

05

5X3

10

16

6.0

10

16

455

93S

1435

0.05

0.05

0.05

455

956

1455

0

0

0

6.0

10

16

0.05

0.05

055

455

955

1455

055

055

0.05

Vdc

Vdc

Input Voltage # "0" Level
(Vo-45 or 05 Vdc)
<V0-9.0 or J5 Vdc)
(Vo-135 or 1.5 Vdc)
(Vo - 0.6 or 4.5 Vdc) "1" Level
<V0-1.0 or 9.0 Vdc)
(Vo-15 or 135 Vdc)

2 V|L

V|H

OX)

0.0

5.0

10

16

5.0

10

15

3.5

7.0

11

1.5

3.0

4.0

35

75

11

2.25

4.50

6.75

2.76

650

825

15

3.0

4.0

3.5

7.0

11

1.5

35

4.0

Vdc

Vdc

Input Current (AL Device) Control •in 0.0 16 - 10.1 - 10.00001 10.1 - H.O MAdc

Input Current (CL/CP Device) Control •in 0.0 15 - 10.3 - 10.00001 10.3 - 11.0 pAdc

Input Capacitance (V|n - 0)
Control

Switch Input
Switch Output
Feed Through

Cm 0.0

-

-

-

-

6.0

85

20

0.3

75

- -

PF

'Quiescent Current (ALDevice)

(Per Package)
3 •dd 5.0

10

15

-

1.0

1.0

2.0
-

0.001

0.002

0.003

1.0

1.0

2.0

-

60

60

120

pAdc

Quiescent Current (CL/CP Device)
(Per Package)

3 •dd 5.0

10

16

-

5.0

5.0

10

-

0.001

0.002

0.003

6.0

5.0

10
-

70

70

140

pAdc

"ON" Resistance (AL Device)
(Vc-VOD.RL-10kn)

(V.n-+6.0 Vdc)
(VIn--B.0Vdc)
(V|„ -±0.26Vdc)
(Vi„ - +7.6Vdc)
(V|„ - -7J5 Vdc)
(Vi„-10.25 Vdc)
(V|„ - +10Vdc)
(Vin-+0.25 Vdc)
(V(n-+5.6Vdc)
(V(„-+15Vdc)
(V(„ - +0.26Vdc)
(V|„ -+9.3 Vdc)

4,5,6 Ron

-5.0

-75

0

0

5.0

7.5

10

15

-

400

400

400

240

240

240

400

400

400

250

260

250

-

200

200

180

160

160

120

180

180

220

180

180

215

460

480

480

270

270

270

480

480

480

270

270

270

—

640

640

640

400

400

400

640

640

640

400

400

400

Ohms

"ON" Resistance (CL/CP Device)

(VC-VOD.RL-10kI.)
(V|„ - +6.0 Vdc)
(V|„ - -5.0 Vdc)
(Vi„-+0.25 Vdc)
(V|n -+7.6 Vdc)
(Vln "-7-6 Vdc)
(V|„ - ±0.26 Vdc)
(V|„ - +10 Vdc)
(V|n - +0.26Vdc)
(V|n - +65 Vdc)
(V|„-+16Vde)
(Vi„-+0.25 Vdc)
(V|n - +9J Vdc)

4,5.6 Ron

-5.0

-7.5

0

0

5.0

7.5

10

15

-

410

410

410

250

250

250

410

410

410

250

250

250

-

200

200

190

160

160

120

180

180

220

180

180

215

460

480

480

270

270

270

480

480

480

270

270

270

—

660

560

560

350

350

350

560

560

560

360

350

350

Ohms

a "ON" Resistance

Between any 2 circuits In a common package
(V|„ -16.0 Vdc)
(V|„ -17.5 Vdc)

aRqn

-6.0

-7.5

6.0

75

- - -
16

10

- - -

Ohms

<Tlow" -65°C for AL Device, -40°C for CL/CPDevice
*Thlgh " +126°C forAL Device. +8S°C forCL/CP Device.
#Nouo immunity specified for worst-case input combination.

Noise Margin for both "1" and "0" level - 1.0 Vdc min 9 Vqd " 55 Vdc
25 Vdc min 9 VDD - 10 Vdc
25 Vdc min 9 V0D - 16 Vdc
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SWITCHING CHARACTERISTICS (TA - 25°C)

Characteristic Figure Symbol VSS VDD

Typical

Atl Types

Maximum

UnitAL Device CL/CP Device

V;n to Vout Propagation DelayTime
(CL°50pF,RL-1.0kn)

7 «PLH.«PHL 0.0 6.0

10

16

20

10

8.0

40

20

15

60

30

25

ns

Propagation Delay Time, Control to
Output, V]n " VDD or VSS

(Vin<10Vdc.CL-60pF,
RL-1.0kO)

8 «PHL.*PLH 0.0 5.0

10

15

200

80

50

400

160

120

600

240

180

ns

Crosstalk, Control to Output
(CL-50pF,RL-15kn)
Rou, - 10 kn)

9 0.0 5.0

10

16

5.0

5.0

5.0

- -

mV

Maximum Control Input

Pulse Frequency
{CL-50pF.RL"1.0kn)

10 0.0 5.0

10

15

5.0

10

12

- -

MHz

Noise Voltage

(f - 100 Hz)

(f - 100 kHz)

11,12 0.0 5.0

10

15

5.0

10

IS

24 .

25

30

12

12

15

- -

nV/VCycle

Sine Wave (Distortion)

<Vjn« 1.77Vdc RMS
Centered 9 0.0 Vdc,

RL-10kn.f-1.0kHz)

-5.0 5.0 0.36
- -

%

Input/Output Leakage Current

(V|n- +5.0 Vdc,Vout ""50 Vdc)
(V|„ =-6.0Vdc,Voot " +50Vdc)
(Vin" +7-5 Vdc,Vout ° •7-6 Vdc)
(V|n- -7.5Vdc,Vout " +7-5 Vdc)

-5.0

-5.0

-7.5

-7.5

6.0

5.0

7.5

7.5

±0.001

±0.001

10.0016

10.0016

1125

1125

1250

1250

1126

1125

1260

1250

nA

Insertion Loss

(Vf„-1.77 Vdc
RMS centered 9 0.0 Vdc,

f-1.0 MHz,

•loM-MLogio
v̂in

(RL-1.0kn)
(RL-10kn>
(RL»100kn)
(RL-15Mn)

-5.0 5.0

2.0

0.8

0.25

0.01

- -

dB

MHz
Bandwidth 1-3 dB)

(Vj„-1.77 Vdc
RMS centered 9 0.0 Vdc)

(RL-1.0kn)
(RL-10kn)
(RL-100kn)
(RL-1.0Mn)

BW -5.0 5.0

35

28

27

26

:
-

Food through and Crosstalk

(20LogioV5ui--50dB)
Vin

(Rt-10kn)
(RL-10kn»
(RL-100kn)
(RL-1.0Mn)

-5.0 6.0

850

100

12

1.5

_

-

kHz

7-459



MC14529B

FIGURE 1 • OUTPUT VOLTAGE

TESTCIRCUIT

FIGURE 3 —QUIESCENT POWER DISSIPATION

TESTCIRCUIT

stx-sty-Vdd ?VoD

Pulee
Generator

fc A0.A1

Pq " Vqd x <D

VSS9 V|„,

FIGURE 2- NOISE IMMUNITY

TESTCIRCUIT

"-C

Vqd

STX

STY

vSs

d)

V|siL " V|g whon lg - 10 pA

VNH " voo _VN when 'S " 10 *»A
Pirn 2,3,4,12,13 and 14 are loft open.

FIGURE 4 - R0N CHARACTERISTICS
TEST CIRCUIT

TYPICAL Ron versus INPUT VOLTAGE

FIGURE 6

1 200
o

Ul
u

3 iso

1
rx

^ 100
p
Z
o

oc so

vnn • 5V

vss •-5V

VuO'
vss •

75 V
-7.5V

-5 0 5

Vin. INPUTVOLTAGE (Vdc)

1200

1
VDO" '0 v
vss • ov

vnn •15 V
•0Vvss

10 ts

Vin. INPUTVOLTAGE (Vdc)
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FIGURE 7 - PROPAGATION DELAY TEST CIRCUIT

AND WAVEFORMS

V~odIH>-TCl

VDD

vss

FIGURE 9 - CROSSTALK TEST CIRCUIT

AorBo-«-lContro1
LogicH

10* ?fel6pF

9 Vin

i"

FIGURE 11 - NOISE VOLTAGE TEST CIRCUIT

Quon-Toch
Modol

2283
or Equlv

OOut

vss %%— v°o
6 In

I

7-461

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

FIGURE 10 - FREQUENCY RESPONSE TEST CIRCUIT

X.Y

vFeedthrough Input
-O—

vss

VinZ\z:_0;0 Vdc c

2.6 Vdc X.Y Input

FIGURE 12 - TYPICAL NOISE CHARACTERISTICS

^ I
VQ )-l5 Idc

jovdc r[

5.0 Vdc

1.0 k

f. FREQUENCY (Hrl
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FIGURE 13- TYPICAL INSERTION LOSS/BANDWIDTH
CHARACTERISTICS

a -20

Rl
ii mil 11

• immtmiiookn 1
i i -

tout

1 1
1.0 u.

>«
-3.0d3IRf1.0Mft)'

-lOd'BIRL-IOkft)' >V
-3.0dB(BL • t.okn

|| II 1

« -B.0

100 k 1.0 M 10M

•in. INPUT FREQUENCY(Hd

2

xo o-

3

XI O-

:5>

i=L>

:=L>

0h
&

LOGIC DIAGRAM

=£>
Lr>T

V0o"Pin16
VSS - Pin 8

5
X3 O-

14

YO C—

13
Y1 O-

12

Y2 0-
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MOTOROLA

DUAL 5-INPUT MAJORITY LOGIC GATE

The MC14530B dual five-input majority logic gate is constructed
with P-channel and N-channel enhancement mode devices in a single
monolithic structure. Combinational and sequential logic expressions
are easily implemented with the majority logic gate, often resulting
in fewercomponents than obtainable with the more basicgates. This
devicecan also provide numerous logic functions by using the Wand
some of the logic (A thru E) inputs as control inputs.

• SingleSupply Operation - Positiveor Negative

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

• InputImpedance = 1012ohms typical
• High Fanout > 50

• Diode Protection on Inputs

• Noise Immunity = 45% of Vqd typical

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

MAXIMUM RATINGS (Voltages referenced to Vss

Rating Symbol Value Unit

DC Supply Voltage VDD -0 5 to <I8 Vdc

Input Voltage, All Inputs V,n -0.5 to VrjD ' 0.5 Vdc

DC Current Dram per Pin I 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

TA -55 to * 125

-40 to »85

°C

Storage Temperature Range Tstg -65 to * 150 °C

LOGIC TABLE

INPUTS A B C D E W z

For all combinations of inputs where throo
or more inputs are logical "0"

0 1

1 0

For all combinotions of inputs whoro three
or more inputs ore logical "1".

0 0

1 1

This device contains circuitry to protect the inputs against damage duo 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 Vjn
and Vout be constrained to the range Vss *• 'vin or vout' *" VDD-
Unusedinputs must be tied to an appropriate logic level (e.g., Vss °r Vqd'-

7-463

MC14530B

CMOS SSI
(LOW POWER COMPLEMENTARY MOSI

DUAL 5-INPUT MAJORITY
LOGIC GATE

L SUFFIX

CERAMIC PACKAGE

CASE 620

P SUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB __ SuffSuffix Denotos

— L Coremic Pack

I— P Plastic Packai
ckogo

<age

A Extondod Operating

Temperoturo Range

C Limited Operating

Temporoture Range

BLOCK DIAGRAM

bo^

" Z - M5 © W = (ABC*ABD>ABE»ACD*
ACE+ADE+BCD*BCE*
BDE*CDE)0W

30^

•M5 Is a logical "1" if any thr
inputs ore logical "1".

© = Exclusive NOR = Exclusive OR

TRUTH TABLE

M5 w 2

0 0 1

0 1 0

1

1

0

1

0

1



MC14530B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
VDD
Vdc

Tlow* 25°C Thiflh*
UnitMin Max Min Typ Max Min Matt

Output Voltage "0" Level vol 5.0 - o.os - 0 0.05 - 0.05 Vdc

Vjn* VDDorO 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15 - 0.05 - 0 0.05 - 0.05

voh 5.0 435 - 455 5.0 _ 4.95 _ Vdc

V|n - 0 or VDD 10 935 - 955 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -

Input Voltage* "0" Level V|L Vdc

(V0 - 3.5 or 1.5 Vdc) 5.0 - 1.2 - 2.25 1.25
-

1.15

IV0- 7.0 or 3.0 Vdc) 10 - 2.5 - 4.50 2.5
-

2.4

(Vq- 10.5 or 4.5 Vdc)
"1" Level

15 - 3.0 - 6.75 3.0
-

2.9

V|H
<V0- 1.5 or 3.5 Vdc) 5.0 3.8S - 3.75 2.75 - 3.75 - Vdc

(VQ - 3.0 or 7.0 Vdc) 10 7.6 - 7.5 5.50 - 7.5 -

(Vo = 4.5 or 10.5 Vdc) IS 12.1
- 12 8.2S - 12 -

Output Drive Current (AL Device) 'OH mAdc

(Voh D2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -

(Vqh » 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 - -0.14 -

(V0H ' 9-5 Vdc) 10 -0.62 - -0.5 -0.9 - -0.35 -

(Voh • 135 Vdc)

(Vql " 0.4 Vdc) Sink

IS -1.8 - -1.5 -3.5 - -1.1 -

'OL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc

(Vql " o.5 vdc) 10 15 - 1.3 2.25 - 0.9 -

(Vql- i.5 vdc) IS 4.2
-

3.4 8.8
-

2.4
-

Output Drive Current (CL/CP Device) <OH mAdc

(Vqh " 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -

(Vqh • 4.6 Vdc) 5.0 -0.2 - -0.16 -0.36 - -0.12 -

(Vqh • 9-5 Vdc) 10 -0.5 - -0.4 -0.9 - -0.3 -

(Vqh " 135 Vdc)

(Vol " 0-4 Vdc) Sink

IS -1.4 - -1.2 -35 - -1.0 -

•ol S.0 0.52 - 0.44 058 - 0.36 - mAdc

(Vql • 0.5 Vdc) 10 1.3 - 1.1 2.25 - 0.9 -

(Vql" 1-5 vdc) IS 3.6
-

3.0 8.8
-

2.4
-

Input Current (AL Device) 'in 15 - ±0.1 - ±0.00001 ±0.1 - ±1.0 »iAdc

Input Current (CL/CP Device) 'in 15 -
±0.3

- ±0.00001 ±0.3 - ±1.0 MAdc

Input Capacitance Cin - - - - 5.0 7.5 - - PF
<Vin - 0)

Quiescent Current (AL Device) 'DD 5.0 - 0.25 - 05005 0.25 - 7.5 pAdc

(Per Package) 10 - 0.50 - 05010 050 - 15

15 - 1.00 - 05015 1.00 - 30

Quiescent Current (CL/CP Device) 'DD 5.0 _ 1.0 _ 05005 1.0 _ 7.5 pAdc
(Per Package) 10 - 2.0 - 05010 2.0 _ 15

15 - 4.0 - 05016 4.0
-

30

Total Supply Current**t 'T 5.0 it=(o 75uA/kHa )f+ IDD pAdc
(Dynamic plus Quiescent, 10 iT-d 50/iA/kHi )f + IDD
Per Package) 15 it-(225 uA/kHi )f+'DD

(Cl " 50 pF on all outputs, all
buffers switching)

*T|ow" -65°C for AL Device, -40°C forCL/CP Device.
Thigh " +125°C for AL Device, +85°C for CL/CP Device.

#Noise immunity specified for worst-case input combination. Standard family noise margin
specification Is met for any one input tested at a time.

tTo calculate total supply current at loads other than 50 pF:
IT"(Cl) " lT'50 pF)+2 X 10-3(Cl -60) Vdd*

where: It '* in *»A (per package).Cl in pF, Vqd InVdc, end fin kHz is input frequency.
"The formulas given ere for the typical characteristicsonly at 25°C.
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MC14530B

SWITCHING CHARACTERISTICS* (CL- to pF,TA - 25°C)
Characteristic Symbol vdd Min Typ Max Unit

Output Rise Time

tTLH = '3.0 ns/pF) Cl +30 ns
tTLH = (15 ns/pF) Cl + 15 ns
tTLH " <1-1 ru/pF) Cl + 10 ns

«TLH
5.0

10

15

-

180

90

65

360

180

130

ns

Output Fall Time
tTHL ** '1-5 ns/pF) Cl + 25 ns
tTHL " '0.75 ns/pF) Cl + 12.5 ns
tTHL = '0.65 ns/pF) Cl +9.5 ns

'THL
5.0

10

15

-

100

50

40

200

100

80

ns

Propagation Delay Time
A, C, W » Vdd; B, E - Gnd; D = Pulse Generator

tpLH" (1.7 ns/pF)CL +290 ns

•pLH " (0.66 ns/pF) CL + 127 ns
tpLH " (0.5 ns/pF) Cl +85 ns

«PHL" d-7 ns/pF) Cl +345 ns
tPHL = '0-66 n*/pF) Cl + 162 ns
•PHL " (0.5 ns/pF) Cl + 95 ns

'PLH

5.0

10

15

-

375

160

110

960

400

300

ns

'PHL 5.0

10

15

-

430

195

120

1200

540

410

ns

A, B, C, D, E • Pulse Generator; W - Vqd
«PLH= (1.7 ns/pF) Cl + 170 ns
'PLH = (0-66 ns/pF) Cl +87 ns
tpLH = (05 ns/pF) Cl +60 ns

tPHL = (I-7 ns/pF) Cl + 195 ns
tpHL " (056 ns/pF) Cl +92 ns
tpHL ° (0.5 ns/pF) Cl ♦ 75 ns

'PLH
5.0

10

15

-

255

120

85

640

300

210

ns

«PHL 5.0

10

15

-

280

125

100

750

330

250

ns

A, B, C, D, E - Gnd; W - Pulse Generator

tpHL, tPLH" 'I-7 ns/pF)Cl ♦ 145ns
•PHl! 'PLH " W.66 ns/pF) Cl+72 ns
'PHl! 'PLH " (05ns/pF) Cl +50 ns

<PLH,
«PHL 5.0

10

15

-

230

105

75

575

265

190

ns

*The formulagiven is for the typical characteristics only.

?u nt zo ns

-hi k
f 50* \

n—iL- Duty _Jf Vss

FIGURE 1 - POWER DISSIPATION TEST
CIRCUIT AND WAVEFORM

e-OV

16 0

3D

A

B

C
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z
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Generator "l

< A

B

C

D

E

W

—

8( >vSs
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SEQUENTIAL LOGIC APPLICATIONS

COINCIDENT FLIP-FLOP

w

A flip-flop that will change only when both inputs agree.

—U N. Z

0

1

v

A

B

C

O

E

X V Qn+1

)) ^1
.— 0

0

1

1

0

1

0

1

0

Q

Q

1

fl s

ASTABLE MULTIVIBRATOR

w

A flip-flop with three output conditions, where the third state is
in oscillation between "1" and "0". The period of oscillation
is twice the delay of the gate and the feedback element.

1 VT ^ Z
0

1

A

8

C

D

E

X V Qn+1
1! y~~ 0

0

1

1

0

1

0

1

1

2t

2r

0

V

fl

T

=)Of

COINCIDENT FLIP-FLOP

X V z Qn+1
0 0 0 0

0 0 1 Qn
0 1 0 Qn
0 1 1 Qn
1 0 0 Qn
1 0 1 Qn
1

1

1

1

0

1
Qn

1

The flip-flop changes state only when all "Vs" or all "O's" are
entered. This configuration may be extended by cascading M5
gates to cover n-inputs where all inputs must be "Vs" or "O's"
before the output will change. As an example, this configuration
is useful for controlling an n-stage up/down counter that is to cycle
from a minimum to maximum count and back again without
flipping over (from all "Vs" to all "O's".)
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BASIC COMBINATIONAL FUNCTIONS

B TV -I -k>£

1 —

o —
— A

— B

C

1 —

1 —

5 Input Majority Gates

0
W

1 —

0 —
A

B

C

3 Input Majority Gates

Z

OR3

1 —

A
B

C

Z

NOR3

3 Input OR GatO 3-lnput NOR Gato

0 —

0 —

— B

— C

Z

AND3

z

NAN03

3 Input AND Gato 3 Input NAND Goto

DOUBLING THE WEIGHT OF INPUT VARIABLE A
BY TYING IT TO ANY TWO INPUTS

SO — A

si — B

S2—1 C
S3 — D

S4 — E

To — A

SO — B

SI — C
S2 — O

S3— E

To — A

To — B

so — C

si — D

S2 — E

(AB+AC +AD+BCDI© W

CORRELATION OF MULTIPLE SAMPLES
WITH A TEST BIT

Correlation of 60%. 80%. 100%

The sate will have a "1" output
if the test bit To matches or cor

relates with 3, 4 or S of tho sample
bits SO S4.

Correlation of 78%. 100%.

Correlation of 100%
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5-INPUT MAJORITY LOGIC GATE APPLICATIONS

Each package labeled M5 is a single majority logic gate

using five inputs, A thru E, and one output Z.

Majority Logic Gato Array
yiolding tho symetric function
of 1 thru 7 variables true, out

ol 7 input variables (XI . . . X7)

(e.g., if any two-input variables
are true (logical "1"). Z1 and
Z2 are truo (logical "1").

0-

0-
M5

MS

M5

0-

0-
M5

1 I

M5

MS

Mg

0-

0-
C M5
D

E

B
C M5
D

B
C M5
D
E

C M5

B
C M5
D
E

C M5



M) MOTOROLA

12-BIT PARITY TREE

The MC14531B 12-bit parity tree is constructed with MOS P
channel and N-channel enhancement mode devices in a single mono
lithic structure. The circuit consists of 12 data-bit inputs (DO thru

D11), and even or odd parity selection input (W) and an output (Q|
The parity selection input can be considered as an additional bit
Words of less than 13 bits can generate an even or odd parity outpui
if the remaining inputs are selected to contain an even or odd num
ber of ones, respectively. Words of greater than 12-bitscan be ac
commodated by cascading other MC14531B devices by using the W
input. Applications include checking or including a redundant (par
ity) bit to a word for error detection/correction systems, controllei
for remote digital sensors or switches (digital event detection/cor
rection), or as a multiple input summer without carries.

• Noise Immunity = 45% of VfJD typical

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• All Outputs Buffered

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

ature Range

• Quiescent Current - 5.0 nA/package typical @ 5 Vdc

• Variable Word Length

• Diode Protection on All Inputs

MAXIMUM RATINGS IVoltages referenced lo Vss I

Rating Symbol Value Unit

DC Supply Voltage vDd -0 5 io -18
•

Input Voltage. All Inputs Vjn -0 5 to VDD • 0 5 Vdc

i)C Cu-r.-nt Oram [>.•! Pin i 10 mAdc

Operating Temperature Range AL Device

CL/CP Device

Ta -55 to -125

-40 to -85

°C

Storage Temperalure Range Ts.g -65 to -150 °C

LOGIC DIAGRAM

DO 70—U--v.
D1 6C—4L-^TT"Vn
D2 80—Yf-nj-^L^-
D3 40—ItJ^
D4 30—\T~^,
D5

D6

D7

20-4L^Hr^
-O 9 Q-%^4_>-

~s
• 8 140—tf~"~x
D9 ISO—ll_-^-rr^y-

D10 i2o—YT-^_r4L>-
Oil iio-4L~s VDD=Pin 16

Odd/Even w

Q = DO 0 D1

. _ VSS = Pin 8

© D2 3 . . . .© D11 © W
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CMOS MSI

(LOW-POWER COMPLEMENTARY MOSI

12-BIT PARITY TREE

L SUFFIX

CERAMIC PACKAGE

CASE 620

PSUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB ___ Sull

tL Ceramic Package

P Plastic Package
A Extendod Operating

Temperature Range

C Limited Operating

Temporature Range

TRUTH TABLE

••• ii . uti'i ;

A D11 DIO D2 D1 DO

DECIMAL

I0CTALI
. 1V A L t N1 Q"

D 0

u

0

0

0

a

0

0

1 0

0 LO>

1 111

2 (21

3 131 0

0

0

0
0

a

0

0

0

0 0 151

e lei

7 171

0

0

0

0
0

0

0

8184 1 IT 7701

8185 1177711
UI8G117772I

8187 (177731

1

;
0

0

818a 1177741

8189 1177151

81901177701
8191 (177771

0

0

'i:o™; •"" r;r:;,«r,r„r.:;.^,.o.



MC14531B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
VDD
Vdc

Tlow* 25°C Thigh*
UnitMin Max Min Typ Max Min Max

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

V,n VDD or 0 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15 - 0.05 -
0 0.05 - 0.05

voh 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc

Vin OorV00 10 9.95 - 9.95 10 - 9.95 -

15 14.95 -
14.95 15 -

14.95
-

Input Voltage" "0" Level v.l Vdc

(Vq " 4-5 or 0.5 Vdc) 5.0 - 1.5 -
2.25 1.5

-

1.5

(Vq 9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0
-

3.0

<V0 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6 75 4.0
-

4.0

V|H
(V0 - 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 -

Vdc

(Vq ' 1.0 or 9.0 Vdcl 10 7.0 - 7.0 5.50 - 7.0 -

<V0 M.5or 13.5 Vdc) 15 11.0 - 11.0 8.25
-

11.0 -

Output Drive Current IAL Device) •oh mAdc

IVqh r 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7
-

-0.7
-

(V0H ' "6 Vdc) 5.0 -0.25 - -0.2 -0.36
-

-0.14
-

IV0H " 9-5 Vdcl 10 -0.62 -
-0.5 -0.9

-

-0.35
-

(V0H = 13.5 Vdc)

(Vol " °-4 Vdc) Sink

15 -1.8 - -1.5 -3.5 -
-1.1

-

'OL 5.0 0.64 - 0.51 0.88 -
0.36

-
mAdc

(v0L =0.5 vdc) 10 1.6 - 1.3 2.25
-

0.9
-

IVql= 15 Vdc) 15 4.2
-

3.4 8.8
-

2.4
-

Output Drive Current ICL/CP Devicel 'oh
mAdc

(Vqh " 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
-

(V0H - 9.5 Vdc) 10 -0.5 -
-0.4 -0.9

-

-0.3
-

(VOH - 13.5 Vdc)

(Vol ° °-4 Vdc) Sink

15 -1.4 - -1.2 -3.5 -
-1.0

-

'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
~

(V0L - 1.5 Vdc) 15 3.6
-

3.0 8.8
-

2.4
~

Input Current (AL Oevice) 'in 15 - ♦0 1 -

10 00001 •0.1
-

H 0 jjAdc

Input Current (CL/CP Devicel 'in 15 -
±03

-

10.00001 i0 3
-

♦1.0 jjAdc

Input Capacitance Cjn - - -

50 7.5
- -

pF

Win " 01
Quiescent Current (AL Device) 'DD 5.0 - 5.0 - 0.005 5.0

-
150 tiAdc

(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 MAdc

(Per Packagel 10 - 40 -
0.010 40

-
300

15 - 80 -

0.015 80
-

600

Total Supply Current"t »T 5.0 IT (0.25 pA/kHz) I ♦ |DD iiAdc

(Dynamic plus Quiescent, 10 IT ' (0.50 **A/kHzl 1 ♦ lDD

Per Package) 15 't " 10.75 uA/kHz) 1 ♦ Iqd
(Cl ' 50 pF on all outputs, all
buffers switching)

•T|ovv -55°C for AL Oevice. -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 lor both "1" and "0" level - 1.0 Vdc min<3> Vqq • 5.0 Vdc

2.0 Vdc min @ Vqd -10 Vdc
2.5 Vdc min @ VDo - 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT(CL) - ItI50 pF) ♦ 1 x 10-3(CL -50)VDDf

where: lj i»«n "A (per packagel. C|_ in pF,Vqd in Vdc. and f in kHz is input frequency.
' 'The formulas given are for the typicalcharacteristics only at 25°C.
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MC14531B

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

Characteristic Symbol vdd Min Typ Max Unit

Output Rise Time TLH ns

tTLH ° (3.0 ns/pF) Cl +30 ns 5.0 - 180 360

'TLH " H.5ns/pF) C|.+ 15 ns 10 - 90 180

'TLH " I'.l ns/pF) Cl + 10 ns IS
-

65 130

Output Foil Time 'THL ns

'THL" (1-5ns/pF| C|. + 25ns 5.0 - too 200

'THL * <0.75ns/pFI Cl + 12.5 ns 10 - 50 100

'THL * <0-55ns/pF) Cl +9.5 ns IS
-

40 80

Propagation Delay Time 'PLH, ns

Data to Q 'PHL
'PLH. 'PHL " <L7 ns/pF)Cl +355 ns 5.0 - 440 1320

'PLH. 'PHL " <0.66 ns/pFI Cl +142 ns 10 - 175 525

'PLH, 'PHL * '°-5 ns/pF)Cl +95 ns IS — 120 360

Odd/Even to Q

'PLH. 'PHL = 'L7 ns/pF) Cl + 165 ns 5.0 - 250 750

'PLH, 'PHL " <°-66 ns/pF)Cl +67 ns 10 - 100 300

«PLH.«PHL='0.5 ns/pF) Cl +45 ns 15
-

70 210

The formula given is for the typical characteristics only.

FIGURE 1 - DYNAMIC POWER DISSIPATION

SIGNAL WAVEFORM

Data Rato (f)

f in respect to system clock

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS

20 ns-

Output

7-470



'M) MOTOROLA

8-BIT PRIORITY ENCODER

The MC14532B is constructed with complementary MOS
(CMOS) enhancement mode devices. The primary function of a pri
ority encoder is to provide a binary address for the active input with
the highest priority. Eight data inputs (DO tlwu D7) and an enable
input (Ejn)are provided. Fiveoutputs are available, three are address
outputs (QO thru Q2), one group select (GS)and one enableoutput

(Eout).

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

• Noise Immunity = 45% of Vqd typical

• Diode Protection on All Inputs

• Low Input Capacitance - 5,0 pF typical

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

MAXIMUM RATINGS (Voltages referenced to vss)

Rating Symbol Value Unit

DC Supply Voliage vDd -0 5 to+18 Vdc

input Voltage, am Inputs V,„ -0 5 10 VDD • 0.5 Vdc

DC Curreni Drain per Pin I 10 mAdc

Operating Temperature Range AL Device
CL/CP Device

TA -55 in «125

-40 to '85

°C

Storage Temperature Range rm -65 to -150 °C

TRUTH TABLE

INPUT OUTPUT

Ej„ D7 D6 D5 D4 D3 D2 D1 DO GS 02 Q1 Q0 Eout

X X X X X X X X 0 0 0 0

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

1 X X X X X X X 1 1 1 0

0 i X X X X X X 1 1 0 0

0 0 1 X X X X X 1 0 1

0 0 0 1 X X X X 1 0 0 0

0 0 0 1 X X X 0 1 1 0

0 0 0 0 0 1 X X 0 1 0 0

0 0 0 0 0 0 1 X 0 0 1 0

0 0 0 II 0 0 0 1 0 0 0

X - Don't Care

This device coniains circuitry to protect the inputs against damage due to high
static voltages or electric fields; however, it isadvisedthat normalprecautionsbe
taken to avoid application of any voltage higher than maximum rated voltages to
this high impedance circuit. For properoperation it is recommended that V|n and
Voulbe constrained to the range Vss fi (vin or vout' *• VDD-
Unused inputs must always be tied to an appropriate logic voltage level (e.g..
either Vss or vdd'-
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L SUFFIX
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ORDERING INFORMATION
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tL Ceramic Pack

P Plastic Packs
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Package
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MC14532B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
Vqd
Vdc

Tlow* 25°C Th flh*
UnitMin Max Min Typ Max Min Max

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

Vin VDDorO 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15 - 0.05 - 0 0.05 - 0.05

voh 5.0 4.95 - 4.95 5.0 _ 4.95 _ Vdc

Vin 0 or VDD 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - T4.95 15 - 14.95 -

Input Volt3ge" "0" Level V|L Vdc

(V0 » 4.5 or 0.5 Vdcl 5.0 - 1.5 - 2.25 1.5 - 1.5

(V0 =9.0 or 1.0 Vdcl 10 - 3.0 - 4.50 3.0 - 3.0

(V0= 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H
(Vq =0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 _ 3.5 _ Vdc

(V0 = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -

(Vo- 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Orive Current IAL Device) •oh mAdc

<vOH = 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -

(Vqh * 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 -

(V0H° 13.5 Vdc)

(Vql =0.4 Vdc) Sink

IS -1.8 - -1.5 -3.5 - -1.1 -

•ol 5.0 0.64 - 0.51 0.88 - 0.36 _ mAdc

(Vol " 0-5 Vdc) 10 1.6 - 1.3 2.25 - 0.9 -

(Vql- 1.5 vdcl 15 4.2
-

3.4 8.8 -
2.4

-

Output Drive Current (CL/CP Devicel •oh mAdc

<vOH " 2.5 Vdcl Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -

(V0H • 4.6 Vdcl 5.0 -0.2 - -0.16 -0.36 - -0.12 -

<VoH " 9-5 Vdc) 10 -0.5 - -0.4 -0.9 - -0.3 -

tVoH ' '3.5 Vdc)

(Vql ' 0.4 Vdc) Sink

15 -1.4 - -1.2 -3.5 - -1.0 -

•ol 5.0 0.52 - 0.44 0.88 - 0.36 _ mAdc

(Vql " 0-5 Vdc) 10 1.3 - 1.1 2.25 - 0.9 -

(Vql" 1.5 Vdc) 15 3.6
-

3.0 8.8
-

2.4
-

Input Current (AL Device) 'in 15 - ±0.1 - ±0.00001 ±0.1 - ±1.0 pAdc

Input Current (CL/CP Device) •in 15 -
♦0 3

-
±0.00001 ±0.3 - ±1.0 MAdc

Input Capacitance Cin - - - SO 7.5 - - pF

IVin =0)

Quiescent Current (AL Devicel •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 Oevice) •dd 5.0 - 20 - 0.005 20 _ 150 IiAdc
(Per Package) 10 - 40 - 0.010 40 _ 300

15 - 80 - 0.015 80 - 600

Total Supply Current"! it 5.0 iT =<i.74 *iA/kHz )«+ IDD pAdc

(Dynamic plus Quiescent, 10 •T = (3. 65 *iA/kHz I « + IDD
Per Package) 15 •t=(5.73 uA/kHz) f ♦ IDD

(Cl * 50 pF on all outputs, all
buffers switching)

*Tlow* -55°C for AL Device, -40°C forCL/CP Device.
Thigh " *125°C for AL Oevice. +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® Vqq =5.0 Vdc
2.0 Vdc min @vDQ ^ io Vdc

2.5 Vdc min @Vqo - ,s Vdc
tTo calculate total supply current at loads other than 50 pF:

•t!Cl> * lT<50pF) + 5 x 10-3(CL-50)VDDf
where: \j is in «iA (per packagel. Cl in pF, Vrjp 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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MC14532B

SWITCHING CHARACTERISTICS* (Cl - 50 pF, TA = 25°C)
Characteristic Symbol vDd Min Typ Max Unit

Ouput Rise Time

tTLH ='3-° ns/pF) Cl +30 ns
tTLH " <1-5 ns/pH Cl + 15 ns
*TLH " *1-1 n*/pF) Cl + 10 ns

'TLH
5.0

10

15

-

180

90

65

360

180

130

ns

Output Fall Time

<THL" '1-5 n*'Pp) Cl + 25 ns
tTHL * '°-75 ns/pF) Cl + 12.5 ns
tTHL " W-BB ns/pF) Cl + 9.5 ns

'THL
5.0

10

15

-

100

50

40

200

100

80

ns

Progagation Delay Time —Ejn to E^i
'PLH, 'PHL " '17 ns/pF) Cl +120 ns
'PLH,'PHL " <°-66 ns/pF)Cl +77 ns
'PLH, 'PHL " '°-5 n*/pF) Cl +55 ns

'PLH,
'PHL 5.0

10

15

-

205

110

80

410

220

160

ns

Propagation Delay Time ( E:n to GS
'PLH, 'PHL ' "-7 ns/pF)Cl +90 ns
'PLH, 'PHL " '°-66 ns/pF)Cl 57 ns
'PLh! 'PHL •'°-5 ns/pF| Cl+40 nt

«PLH,
«PHL 5.0

10

IS

-

175

90

65

350

180

130

ns

Propagation Delay Time - Ejn to Qn

'PLH, 'PHL " '17 ns/pFI Cl + 195 ns
'PLH, 'PHL " (0.66 ns/pF) Cl +107 ns
»PLh! 'PHL " (°-5 ns/pF) Cl +75 ns

«PHL,
'PLH S.0

10

15

-

280

140

100

560

280

200

ns

Propagation Delay Time - Dn to Qn

'PLH, «PHL " *1-7 ns/pF) Cl +265 ns
'PLH, 'PHL " '°-66 ns/pF) Cl + 137 ns
'PLh! 'PHL " *°-5 ns/pF) Cl+85 ns

'PLH,
«PHL 5.0

10

15

-

300

170

110

600

340

220

ns

Propagation Delay Time - Dn to GS

'PLH,'PHL " *1-7 ni/pF) Cl +195 ns
'PLh! 'PHL " W.66 ns/pF) Cl+107 ns
'PLH. 'PHL " '°-5 ns/pF) Cl +75 ns

«PLH,
'PHL 5.0

10

15

-

280

140

100

560

280

200

ns

The formula given is (or the typical characteristics only.

FIGURE 1 - TYPICAL SINK AND SOURCE
CURRENT CHARACTERISTICS

Switch

Matrix

Ein

DO

D1 Eoul

D2 00

D3 Qf

D4 Q2

D5 GS

D6

D7

'out

O

©

External

Power

Supply

Output
Under

Test

vgs • vdd
VDS " Vout
Sink Current

vgs" -vdd
Vqs • vout -Vdd

Source Current

DO thru D7 Ein DO thru D6 D7 Ein

Eout
Q0

X

X

0

0

0

0

0

1

Q1 X 0 0 1

Q2 X 0 0 1

GS X 0 0 1
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FIGURE 2 - TYPICAL POWER DISSIPATION TEST CIRCUIT

500 pF ,-tn

Pulso

Generator

«n)

Vdd

7p 0.01 pF

CL^

cL^

-l t*

J^nlll



MC14532B

FIGURE 3 - AC TEST CIRCUIT AND WAVEFORMS

Programmable
Pulso

Gonorator

Pin . .

>o 10^—' v.

nn-T\
f

D4 ,-T\
D5 2

D6 3

D7 4

Ein 5-
'PLH-

'TLH —

f

vdd

cL?r:

Vsst Clt I I ,»
_L Note: Input rise and fall timetimes are 20 ns

f
f

/'
f

f
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MC14532B

11

Di O-

12

D2 0-

13

D3 0-

D60 f-

LOGIC DIAGRAM
(Positive Logic)

LOGIC EQUATIONS

•ou, - Ein • DO• DI • D2 • D3 • D4 • D5 • D6 • D7
QO - E|n • (DI • D2 • D4 • D6 + D3 • D4 • D6 + D5 • D6 ♦ 07)
Q1 • Ein• (D2 • 54 • D5♦ D3• D4• D5♦ D6♦ D7)
Q2 - E,n • (D4 ♦ DS + D6 ♦ D7)
GS - Eln • (DO + 01 + D2 ♦ D3 * D4 + D5 + D6 + D7)

o^

=k»i'

EH>i'

o TCH^

m> ^
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MC14532B

FIGURE 4 - TWO MC14532B/S CASCADED FOR 4-BIT OUTPUT

VDD<

D15 D14 D13 D12 D11 D10 D9 D8

D7 D6 DS D4 D3 02 Ol DO

Ei- cout

GS Q2 Q1 QO

r

Q2 Q1 QO

D7 DS DS D4 D3 D2 D1 DO

I I I I I I I
D7 DS D5 D4 D3 D2 DI DO

Ein E°u«

Q2 Q1 QO

3/4 MC 1407IB

=out *
-vith Din - "0-

FIGURE 5 - DIGITAL TO ANALOG AND ANALOG TO DIGITAL CONVERTER

VDD VSS
9 Q

Clock

Input

DIGITAL TO ANALOG CONVERSION

The digital eight-bit word to be converted is applied
to the inputs of the MC14512 with the most significant
bit at X7 and the least significant bit at XO. A clock in
put of up to 2.5 MHz (at Vqd - 10 V) is applied to the
MC14520B. A compromise between Ibias f°r the
MCI710 and AR between N and P-channel outputs gives
a value of R of 33 k ohms. In order to filter out the

switching frequencies, RC should be about 1.0 ms (if
R = 33 k ohms, C * 0.03 jiF). The analog 3.0 dB band
width would then be dc to 1.0 kHz.

vDd«

ANALOG TO DIGITAL CONVERSION

An analog signal is applied to the analog input of the
MCI 710. A digital eight-bit word known to represent a
digitized level less than the analog input is applied to the
MC14512 as in the D to A conversion. The word is

incremented at rates sufficient to allow steady state to
be reached between incrementations (i.e. 3.0 ms). The

output of the MCI 710 will change when the digital
input represents the first digitized level above the analog
input. This word is the digital representation of the
analog word.

Circuit diagrams utilizing Motorola product! are included at a meant
of illustrotlng typical temiconductor applications; consequently,
comploto information tufficiont for conttruction purpotet it not
nocosserily given. Tho information hat boon carofully checked and

1/2 MC14S20B

Q2

zr

DO D1 D2D3D4DSD6D7

Ein MC14532B

Q2 Q1 QO

Stop
Word

Incrementation

1/2 MC 145208

Q2 Q3 Q4

Digital Input/Output

8- Bit Word

to bo Converted

1_L_L
,X7 X6 X5 X4 X3 X2 XI XO

_- Analog
Output

It believed to bo ontiroly relioblo. However, no retpontibility it
assumed for inaccuracies. Furthermore, tuch information does not
convey to tho purchaser of tho temiconductor devices described any
license under the patont rightt of Motorola Inc. or othert.
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"M) MOTOROLA

REAL TIME 5-DECADE COUNTER

The MC14534B is a complementary MOS circuit composed of
five decade ripple counters that have their respective outputs time
multiplexed using an internal scanner. Outputs of each counter are
selected by the scanner and appear on four BCD pins. The selected
decade is indicated by a logic high on the appropriate digit select
pin. Both BCD and digit select outputs have three-state controls pro
viding an "open-circuit" when these controls are high and allowing
time multiplexing. Cascading may be accomplished by using the
carry-out pin. The counters and scanner can be independently reset
by applying a high to the counter master reset (MR) and the scanner
reset (SR). The MC14534B was specifically designed for application
in real time or event counters where continual updating and multi

plexed displays are used.

• Four Operating Modes (See truth table)

• Input Error Detection Circuit

• Clock Conditioning Circuits for Slow Transition Inputs

• Counter Sequences on Positive Transition of Clock A

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

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

23
Clock BO-

To Capacitors

BLOCK DIAGRAM

MC14534B

CMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

REALTIME

5-DECADE COUNTER

24 nUVI- LSUFFIX
CERAMIC PACKAGE

1 CASE 623

Z.l^^^BffTKjlJyP PLASTIC PACKAGE

ORDERING INFORMATION

MC14XXXB Sullix Denotes

— L Coramic Package

1— P PlasticPackage
A Extended Operating

Temperature Range

C Limited Operating

Temperature Range

Pulse

Shapcr
Test

Control

Carrv

Control

_[<_- 3State
[/ Output BuMer

Tons

We t 10 Cn,4
QO Q3

III!
MUX

Hundreds

CtIO Cn+4

QO Q3

.: i

MUX

80 1<t6 166 IK
DS1 DS2 DS3 DS4 DS5
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Thousands

C -r 10 Cn.4

OO Q3

2_i
MUX

3 State Digit

Control

Thousands ,. 13

C-MO C„.4 -CI^>-OC
QO Q3

TTTT
MUX

' 1 I'm

f^>-OQO

2,(1,3StateBCD

3-State Control Out

0

1

Q or DS

High Impedance
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MAXIMUM RATINGS (Voltages referenced to Vss)
Rating Symbol Value Unit

DC Supply Voltage vdd -0 5 to +18 Vdc

Input Voltage, All Inputs Vin -0.5 to Vqd + 0.5 Vdc

DC Current Drain per Pin I 10 mAdc

Operating Temperature Range — AL Device

CL/CP Device

TA -55 to+125

-40 to +85

°C

Storage Temperature Range Tstg -65 to +150 °C

This device contains circuitry to protect
the inputs against damage due to high static
voltages or electric fields: however, it is
advised that normal precautions be taken
to avoid application of any voltage higher
than maximum rated voltages to this high
impedance circuit. For proper operation it
•s recommended that V;n and Vou( be
constrained to the range Vss ^ 'vm or
V0ut><VDD.
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either

vss or vdd)-ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

Tlow* 2S°C Thiah*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level
Vin VDDor0

"V Level

Vjn-0 or VDD

vol 5.0

10

15

~~

0.05

0.05

0.05
-

0

0

0

0.05

0.05

0.05
-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95

~

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage" "0" Level
(V0 =4.5 or 0.5 Vdc)
(V0= 9-0 or 1.0 Vdc)
(V0= 13.5 or 1.5 Vdc)
(Vq =0.5 or 4.5 Vdc) ••«•• Level
(V0 » 1.0 or 9.0 Vdc)
<Vq= 1.5 or 13.5 Vdc)

V|L
5.0

10

15

1.0

2.0

3.0

-

1.0

2.0

3.0

1.5

3.0

4.5

-

-

1.0

2.0

3.0

Vdc

V|H 5.0

10

15

4.0

8.0

12

-

4.0

8.0

12

3.5

7.0

11

-

4.0

8.0

12

-

Vdc

Output Drive Current (AL Device)

<vOH 2.5 Vdc) Source
(Vqh 4-6 Vdc)
IVqh ' 9.5 Vdcl
IVOH " 13.5 Vdc)

(Vol =0.4 Vdc) Sink

(Vol " °5 vdcl
(Vql " i-5 vdcl

'OH
5.0

5.0

10

IS

-1.2

-0.25

-062

-1.8

-

-1.0

-0.2

-05

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2

-

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Output Drive Current ICL/CP Device)

<vOH " 2.5 Vdc) Source
•VoH " 4-6 Vdc)
(VoH * 9.5 Vdc)
(Voh = 135 Vdcl

(Vql * 0-4 Vdcl Sink
(v0l • 0.5 vdc)
(Vql • 1.5 Vdc)

'OH
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

•1.7

-0.36

-0.9

-3.5

-

0.6

-0.12

-0.3

-1.0

-

mAdc

'OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

09

2.4

-

mAdc

Output Drive Current - Pins 1 and 22

(AL Device)

(Vqh " 2.5 Vdc) Source
(Vqh " 9.5 Vdc)
(V0H * 13.5 Vdc)

(Vql =0-4 Vdcl Sink
(Vol •= 0.5 vdc)
(Vql = i-5 vdc)

'OH 5.0

10

15

-0.31

-0.31

-0.9

-

-0.25

-0.25

-0.75

-0.8

-0.4

-1.6

-

-0.17

-0.17

-0.51

-

mAdc

'OL 5.0

10

15

0.024

0.06

1.3
-

0.02

0.05

0.25

0.03

0.09

1.63
-

0.014

0.035

0.175

mAdc

Output Drive Current - Pins 1 and 22

(CL/CP Device)

(Vqh ' 2.5 Vdc) Source
(Vqh " 9.5 Vdc)
(Vqh "13.5 Vdc)

(Vql =0.4 Vdc) Sink
(Vol" 0.5vdcl
(Vol= 15 Vdc)

'OH 5.0

10

IS

-0.11

-0.11

-0.33

-

-0.10

-0.10

-0.30

-0.8

-0.4

-1.6

-
-0.08

-0.08

-0.24

-

mAdc

'OL 5.0

10

15

0.012

0X13

0.14

-

0X11

0.025

0.12

0X12

0X15

135
-

0X108

0X>2

0.10
-

mAdc

Input Current (AL Device) 'in IS - 10.1 - 10.00001 >0.1 - H.0 jjAdc

Input Current (CL/CP Device) 'in 15 -
»0.3

- J0.00001 i0.3 -
tl.0 uAdc

Input Capacitance

(Vin - 0)
Cm - - - -

5.0 7.5
- -

PF

•Tlow " -55°C for AL Device. -40°C forCL/CPDevice.
Thigh * +125°C for ALOevice. ♦85°C for CL/CP Device.

•JNoise immunity specified for worst-case input combination.
NoiseMargin forboth "l"and "0" level » 1.0Vdc min €» Vdd "" 5.0 Vdc

2.0 Vdc min @Vdd -" 10 Vdc
2.5 Vdc min® Vdd ^ 15 Vdc
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Characteristic Symbol
vdd
Vdc

Tlow* 2S°C Thiah*
UnitMin Max Min Typ Max Min Max

Quiescent Current (AL Device)

(Per Package)
'DO 5.0

10

15

-

5.0

10

20

-

0.010

0.020

0.030

5.0

10

20

-

150

300

600

«iAdc

Quiescent Current (CL/CP Device)
(Per Package)

•dd 5.0

10

15

—

50

100

200

-

0.010

0.020

0.030

50

100

200 . -

375

750

1500

uAdc

Total Supply Current* *t
(Dynamic plus Quiescent.
Per Package)

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

"T 5.0

10

15

IT « (0.5 MA/kHz) 1+ |DD
lT »(1.0pA/kHz)f + lDD
I-T- (1.5pA/kHz)f + 'DD

Scan Oscillator

Frequency = 1 kHz

pAdc

Three-State Leakage Current

(AL Oevice)

'TL 15 ±01
-

•0.00001 • 0.1
-

±3.0 fjAdc

Three-Stale Leakage Current

(CL/CP Device)
'TL 15

-

•1.0
~

•0.00001 n.o
-

±7.5 »iAdc

tTo calculate total supply current at loads other than 50 pF: "The formulasgivenare tor tne typical cnaracter.st.esoniy at a <-.
Ij(Cl> ' 'T(50 pF) ♦ 1x 10-3 (Cl-50) Vdd' where: lj •» in nAIper packagel. CL in pF, VDD inVdc. and f in kHz isinput frequency.

SWIlcniiMo i;n.MnMt*icmoi iw i*»l - ««pi . •«

Characteristic Symbol vDD Min Typ Max Unit

Output Rise Time
tTLH " <3-0 ns/pF)Cl +95 ns
tTLH • (1-5ns/pF)CL+78 ns
tTLH°(1-1n*/PF) cL +68n»

tTLH
5.0

10

15

-

180

90

65

360

180

130

ns

Output Fall Time
«THL" (1.5 ns/pF)CL +117 ns

'THL ° <°-75 n»/PF' CL +89 n*
tXHL " (0^5 ns/pF)Cl +67 ns

tTHL
5.0

10

15

-

100

50

40

200

100

80

Propagation Delay Time,
Clock to Q

tpLH 'PHL" '18 ns/pF) Cl +4.0 ms
tpLH 'PHL" (°-8n»/PF> CL♦ 15 "*
tPLH* tPHL " I0-6 n5/PF) Cl+ 1-0M*

Clock to Carry Out

tpLH • d-8 ns/pF)Cl +3.3 m«
tpLH" (0-8ns/pF)Cl +1.1 MS
tpLH " (0.6 ns/pF) CL+ 0.8 ms

Master Reset to Q

tpHL " (1-8 ns/pF) Cl + 1.8 Ms
tpHL" (0-8ns/pF)Cl +0.6 ms
tpHL " <0-6 ns/pF) Cl +0.5 ms

Master Reset to Error Out

tpHL " tl-8 ns/pF)Cl +0.57 ms
tpHL " (0-8ns/pF) Cl +0.19 MS
tpHL - (0.6 ns/pF) CL +0.11 MS

Scanner Clock to Q

tPLH- tpHL" <'-8 ns/pF)CL+1.8MS
•PLH, «PHL " <°-8 ns/pF) Cl +0.6ms
»PLh| 'PHL " I0-6 ns/pF) Cl+0.5 MS

Scanner Clock to Digit Select

tpHL, 'PLH " (1.8 ns/pF) CL+1.5MS
tpHL tpLH" (°-8ns/pF)Cl +0.5 ms
tpHL 'PLH" (0.6ns/pF)Cl +0.4ms

tPLH,
tPHL

5.0

10

15

. -

4.0

1.5

1.0

8.0

3.0

2.25

MS

tPLH
5.0

10

15

-

3.3

1.1

0.8

6.6

2.2

1.7

MS

tPHL
5.0

10

15

-

1.8

0.6

0.5

3.6

1.2

0.9

MS

tPHL
5.0

10

15

-

0.6

0.2

0.12

1.5

.5

0.38

MS

tPLH,
tPHL 5.0

10

15

-

1.8

0.6

0.5

3.6

1.2

0.9

MS

'PLH,

'PLH, 5.0

10

15

-

1.5

0.5

0.4

3.0

1.0

0.75

Clock Pulse Frequency 'cl 5.0

10

15

-

1.0

3.0

5.0

0.5

1.0

1.2

Clock or Scanner Clock Pulse Width «WH 5.0

10

15

1000

500

375

500

190

125 _

ns

Master Reset Pulse Width 'WH(R) 5.0

10

15

2000

600

1 450

900

300

250 -

ns

*The formulagiven Is for the typical characteristics only.
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Mode A ModeB

COUNTER TIMING DIAGRAM

123456789 10

JlflfUUirifiniLr)—ri—--fl—JT- -
.nnnnJiriir-ijr-iir

10*

JL.

Ilr

106

.JISW
ll' !

First Decade Output

Normal Count and Display

Inhibited

Counts 3.4.5.6.7 - S

Counts 8,9,0,1.2 - 0

MODE CONTROL TRUTH TABLE

Carry to Second Stage Application

At 9 to 0 transition of first dacada 5-Decado Counter

Test Mode: Clock directly Into stages 1,2. and 4.
At 4 to S transition of first dscado 4-decadQ counter with -r 10 and roundoff at front end.
At 7 to 8 transition of first decade 4-dacade counter with 1/2 panca capability.

7-480



MC14534B

SCANNER TIMING DIAGRAM

Clock LJ

Reset ^J
I

Units

OS2

DS3

OS4

I

OS5 j~ Ten
Thousands

Note: If Mode B - 1, the first decedo Is Inhibited and SI will not go high, and
the cyclo will be shortened to four stages.
OSS It selected automatically when Scanner Reset goes high.

ERROR DETECTION TIMING DIAGRAM

"T

Note: Error detector looks for Inverted pulse on Clock B. Whenever a positive
edge at Clock A it not accompanied by a negetlvepulteat Clock B (or
vice-versa) within a time period of the one-thots an error is counted.
Three errors result In Error Out to go to a "1". If error detection It not
needed, tie Clock 0 high or low and leave Pint 1 and 22 unconnected.

CLOCK SKEW RANGE

7-481

Notes:

The tkew It the time difference be
tween the low-to-high transition of
Ca to the hlgh-to-low transition of
CBor vice-verso. Capacitors Cl - C22
tied from pint 1 and 22 to Vgg.
This graph It accurate for Cl - C22>
100 pF.
When the error detection circuitry it

not used, pins 1 and 22 ere left open.
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u
1/2

MC14518B Q4

APPLICATIONS INFORMATION

FIGURE 1 - CASCADE OPERATION

-o-
_TL MC14S348

Clock A

'Carry Out is high for a single clock period when all five BCD decades
go to zero. (Carry Out also goes high when MR is applied.)

FIGURE 2 - FORCING A DECADE TO THE Q OUTPUTS

OS1 DS2 DS3 OS4 OS5

1,1,1,1,1
=r

BCD for

Selected

Docado

Whenthe Q outputs of a given decade are required, thisconfiguration will
lock up the selected decade within four clock cycles. The select line feed
back may be hardwired or switched.

Circuit diagrams utilizing Motorola products are included at a meant
of illustrating typical semiconductor applications: consequently,
complete Information sufficient for conttruction purpotet is not
necatttrily given. Tho Information has boon carefully checked and

is bollevod to bo ontiraly raliabla. Howover, no responsibility it
assumed for inaccuracies. Furthermore, such information does not
convoy to tho purchaser of the semiconductor devices described any
license under tho patent rightt ot Motorola Inc. or othort.
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PROGRAMMABLE TIMER

The MC14536B programmable timer is a flexible 24-stage ripple
binary counter with 16 stages selectable by a binary code. Provisions
for an on-chip RC oscillator, or an external clock are provided. An
on-chip monostable circuit incorporating a pulse-type output has
also been included. By selecting the appropriate output in conjunc
tion with the correct input clock frequency, a variety of timing can
be achieved.

• 24 Flip-Flop Stages - Will Count From2° to 224
• Last 16 Stages Selectable By Four-Bit Select Code

• Input Allows Bypassing of First Eight Stages

• Set and Reset Inputs

• Clock Inhibit Input

• On-Chip RC Oscillator Provisions

• On-Chip Monostable Output Provisions

• Clock Conditioning Circuit Permits Operation With Very Long
Rise and Fall Times

• Clock Input fmax = 3.0 MHz typical @Vqd a 10 Vdc

• Counter Advances On Negative Going Edge of Clock

• Test Mode Allows Fast Test Sequence

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

MAXIMUM RATINGS (Voltages referenced to vSs>

Rating Symbol Value Unit

DC Supply Voltage VDD -0.5 to '18 Vdc

Input Voltage. All Inputs v,n -0 5 to Vdd • 0 5 Vdc

DC Current Drain pe' Pm 1 10 mAdc

Operating Temperature Range AL Oevice
CL/CP Device

TA -55 to M25

-10 to «85

°C

Storage Temperature Range Tstg -65 to '150 °C

Osc. Inhibit 14

BLOCK DIAGRAM

Roset Set 8 Bvnass

20 10 69

MC14536B

CMOS LSI

ILOWPOWER COMPLEMENTARY MOS)

PROGRAMMABLE TIMER

L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB __ Sullix Denotes

I P Plastic F

: Package

:Package

A Extended Operating

Tomperaturo Range

C Limited Operating

Temperature Range

Stages 9 thru 24
OOO OQ QQQQQQ QQQQO
9 10 11 12 13 14 15 16 17 18 19 20 ?1 22 23 74

VDD= Pin 16

vss- Pin8

B 10 <

C IK

D 12<

7-483
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ELECTRICAL CHARACTERISTICS

Characteristic Symbol
Vqd
Vdc

Tlow* 25°C Th oh*
UnitMin Max Min Typ Max Min Max

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

vin"VDDor0 10 - 0.05 - 0 0.05 - 0.05

"I" Level

15 - 0.05
- 0 0.05 - 0.05

voh 5.0 4.95 - 4.95 5.0 - 4.95 _ Vdc
Vjn-0or VDD 10 9.95 - 9.95 10 - 9.95

15 14.95 - 14-.95 15 - 14.95 -

Input Voltage" "0" Level VlL Vdc

(Vo * 4.5 or 0.5 Vdcl 5.0 1.5 2.25 1.5 - 1.5

(V0 -9.0 or 1.0 Vdcl 10 3.0 - 4.50 3.0 - 3.0

(Vq- 13.5 or 1.5 Vdc)
"1" Level

15 - 4 0 6.75 4.0 - 4.0

V|H
IV0" 0.5 or 4.5 Vdcl 5.0 3.5 3.5 2.75 - 3.5 - Vdc

(Vq = 1.0 or 9.0 Vdcl 10 7.0 - 7.0 5.50 - 7.0 -

IVo -1 5 or 13.5 Vdc) 15 110
- 11.0 8.25 - 11.0 -

Output Drive Current IAL Oevice) 'oh mAdc

(Vqh " 2.5 Vdcl Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -

IV0H =4.6 Vdcl 5.0 -0.25 - -0.2 -0.36 - -0.14 -

•VOH " 9-5 Vdcl 10 -0.62 - -0.5 -0.9 - -0.35 -

(Voh "13-5 Vdc)

(Vol " 0.4 Vdcl Sink

15 -1.8 - -1.5 -3.5 - -1.1 -

'OL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc

(Vol • ° 5 Vdc> 10 1.6 - 13 2.25 - 0.9 -

IVql" 1.5 Vdc) 15 4.2
-

3.4 8.8
-

2.4
-

Output Drive Current ICL/CP Oevice) 'oh mAdc

'vOH " 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -

(Vqh " 46 Vdc) 5.0 -0.2 - -0.16 -0.36 - -0.12 -

(V0H "9-5 Vdcl 10 -0.5 - -0.4 -0.9 - -0.3 -

IVqh " '35 Vdcl

IVql "0.4 Vdcl Sink

15 -1.4
- -1.2 -3.5 - -1.0 -

•ol 5.0 0.52 - 0.44 0.88 _ 0.36 - mAdc

IVql " 0.5 Vdc) 10 1.3 - 1.1 2.25 - 0.9 -

IVql" 15 Vdcl 15 3.6
- 3.0 8.8

-
24

-

Input Current (AL Oevice) •in 15
- iO.1 10 00001 •0 1 - HO ^Adc

Input Current (CL/CP Device) •in 15 •03
- tO.00001 10.3 - 11.0 <iAdc

Input Capacitance Cm - - _ 50 7.5 - PF

IVjn-OI

Quiescent Current IAL Device! 'DO 50 - 5.0 - 0.010 5.0 - 150 <iAdc

(Per Packagel 10 - 10 - 0.020 10 - 300

15 20
- 0.030 20 - 600

Quiescent Current (CL/CP Device) 'DO 5.0 _ 50 - 0.010 50 _ 375 (jAdc

(Per Package) 10 - 100 - 0.020 100 _ 750

15 - 200 - 0.030 200 - 1500

Total Supply Current * * t 'T 5.0 IT = (1 15pA/kHz) f+ lDD tiAdc
(Dynamic plus Quiescent. 10 iT-(2 .3 iiA/kHz f+lDD
Per Package) 15 it = (3. 55 pA/kHz f + IQO

(C(_" 50 pF on all outputs, all
buffers switching)

'Tlow -55°C lor AL Device.-40°C lor CL/CP Device.
Thigh " *125°C forAL Device. +85°C lorCL/CP Device.

cNoise immunity specified for worst-case input combination.

Noise Margin for both "1" and "0" level - 1.0 Vdc min & Vqd "" 5 0 Vdc
2.0 Vdc min @> Vqd - 10 Vdc
2.5 Vdc min <s> V0D -15 Vdc

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

•T<Cl» " >T 150 PF» +3 * 10*3 <CL -SO* vDDf
where: It 'S i" *<A (per package), C|_ in pF, Vqq 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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WITCHING CHARACTERISTICS* (CL - 50 pF, TA • 25°C)

Characteristic Symbol Vqd Min Typ Max Unit |

Output Rise Time

tTLH * <3-0 ns'PF* CL +30 n*
tTLH " '*-s n*/PF'CL + 1S n$
tTLH " <*•" ns/pPICl +10 ns

tTLH
5.0

10

15

-

180

90

65

360

180

130

ns

Output Fall Time

tTHL* (1-5ns/PFl CL +25 n*
tTHL ° <0-75 ns/pP*CL + 12-5 ns
tTHL " '0-55 n*/PF> CL +9-5 ns

«THL
5.0

10

15

-

100

50

40

200

100

80

ns

Propagation Delay Time
Clock to Q1,8-Bypass (P in 6) High

tpLH, tPHL =<1-7 ns'PF> CL+171S ns
tpLH^ tpHL ='°-66 ns/pF) Cl+617 ns
tPLH «PHL " t0-5n«'PF) CL+425 n$

'PLH,
tPHL

5.0

10

15

-

1800

650

450

3600

1300

1000

ns

Clock to Q1,8-Bypass (Pin 6) Low

tPLH, 'PHL ='*-7 ""/pF' CL+371S ns
'PLH*, 'PHL " I0-66 n*'PF' CL +1467 ns
tpLH* tPHL =(0-5 ns/PF> CL +1075 ns

Clock to 016

tPHL *PLH ='*-7 «*'PF'CL +6915 n*
«PHl! 'PLH * <°-66 ns/PF> CL +2967 ns
'PHl] «PLH " (0-5 ns/pF) Cl+2175 ns

Reset to Q0
tpHL * <1 -7ns/pF) CL + 1415 ns
tPHL° <°-66 ns/pFI CL +567 ns
tpHL " <0-5 ns/pF) CL +425 ns

'PLH,
tPHL 5.0

10

15

•-
3.8

1.5

1.1

7.6

3.0

2.3

PS

tPLH,
tPHL 5.0

10

15

-

7.0

3.0

2.2

14

6.0

4.5

PS

tPHL
5.0

10

15

-

1500

600

450

3000

1200

900

ns

Clock Pulse Width «WH 5.0

10

IS

600

200

170

300

100

85

-

Clock Pulse Frequency

(50% Duty Cycle)

«cl 5.0

10

IS

-

1.2

3.0

S.0

0.4

1.5

2.0

MHz

Clock Rise end Fall Time tTLH,
'THL

5.0

10

15

No Limit

Reset Pulse Width tWH 5.0

10

15

1000

400

300

500

200

150 -

ns

*The formula givenis for the typicalcharacteristics only.

IN, Sat Reset

Clock

Inh

Osc

Inh Out 2 Out 2

Decode

Out

V 0 0 0 0 J" "S-
No

Chang*

A_ 0 0 0 0 A_ J-
Advanc*

to

nam Stan

X 1 0 0 0 0 1 1

X 0 1 0 0 0 1 0

X 0 0 1 0
No

Chanea

0 0 0 0 X 0 1
No

Chang*

1 0 0 0 S ^ J-
Advanot

to

naxt Mat*

X • Don't Car*

7-485

TRUTH TABLE

Decode

0 C B A Out 8 Bypass

0 0 0 0 9 1

0 0 0 1 10 2

0 0 1 0 11 3

0 0 1 1 12 4

0 1 0 0 13 S

0 1 0 1 14 6

0 1 1 0 15 7

0 1 1 1 16 8

1 0 0 0 17 9

i 0 0 1 IS 10

t 0 1 0 19 11

i 0 1 1 20 12

i 1 olo 21 13

i 1 ol 1 22 14

i 1 1 I 0 23 15

•1' 111 24 | 16 |
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OPERATING CHARACTERISTICS

Set input initializes output to a "1". This is accom
plished by setting an output conditioning latch to a 1
while at the same time resetting the 24 flip-flop stages.
With the occurence of the first negative transition of the
clock, the output will change to a "0". When the circuit is
in the Set condition, the counter flip-flop stageswillstart
counting on the second negative transition. The resulting
behavior is the same as if each of the 24 flip-flop stages
were set.

Reset inputs resets all stages to a logical "0". Reset or
Set also disables the on-chip RC oscillator to allow very
low power standby operation. Inj input is used as the
external Clock input or as the input to the on-chip
RC oscillator.

Out 1, Out 2 outputs are used in the on-chip RC
oscillator configuration.

8-Bypass input bypasses the first eight stages resulting
in a 16-stagecounter with all 16 stagesselectable,one at a
time. Clock Inhibit input disconnects the first counter
stage fromthe inputcircuit, therefore inhibiting counting.
This Clock Inhibit input is independent of the state of the

Clock input. When the Clock Inhibit input is disabled,
the counter will start counting only with the occurrence of
the first negative edge of the Clock.

Binary Select inputs A, B, C, and 0 select the flip-flop
stage to be connected to the output. Decode Out output
can either be connected directly to a flip-flop output or
to the monostable output. Osc Inhibit input can be used
to disable the on-chip RC oscillator to allow very low
power standby operation. Mono In input is used as the
timing pin for the on-chip monostable oscillator. If the
Mono In input is grounded through a resistor, the mono-
stable circuit is disabled and the output is connected
directly to the selected flip-flop. The monostable circuit
is enabled if a resistor is connected between this pin and
Vqd and a capacitor connected between this pin and
ground. Anydesired pulse widthcan beachieved depend
ing upon the value of the R and C selected.

The test mode configuration divides the 24 flip-flop
stages into three 8-stage sections to facilitate a fast test
sequence. This test mode is enabled when 8-Bypass, Set
and Reset are at a "1"

APPLICATIONS

FIGURE 1 - TIME INTERVAL CONFIGURATION USING
EXTERNAL CLOCK: SET AND CLOCK

INHIBIT FUNCTIONS

FIGURE 3 - TIME INTERVAL CONFIGURATION USING
ON-CHIP RC OSCILLATOR AND RESET INPUT

TO INITIATE TIME INTERVAL

7-486

FIGURE 2 - TIME INTERVAL CONFIGURATION USING
EXTERNAL CLOCK; RESET AND OUTPUT

MONOSTABLE TO ACHIEVE A PULSE OUTPUT

1 SS
-2.3RTCC

RS > 2 RTC
f in Hz, R in ohms,
C in Farads.
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TYPICAL RC OSCILLATOR CHARACTERISTICS
(For Circuit Diagram See Figure 3 in Application)

FIGURE 4 - RC OSCILLATOR STABILITY

8.0

4.0

0

-4.0

-8.0

RTC"5Skn,
C-lOOOpF

'OtvictOnty.

- RS• 0.f • 10.15 kHie Vqd* 10V.Ta« 250?
• RS « 120HI. I • 7.8fcH» t?Vqd • 10V,TA • 25°C
0 25 50 75

Ta. AMBIENTTEMPERATURE<°C)'

FIGURE 5 - RC OSCILLATOR FREQUENCY AS A
FUNCTION OF RTC AND C
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•B 50
x

i m
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S io
a
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g 2.0

5,0

HrF I'll F=
:: Vod'IOV £4=
;;iI ' 1 1

t lis a lunction

olRTC
(C'lOOOpF)

(Rs * 2RTC) -
— I as i lunction

olC
(RTC-56k«) 111

_lRs •120 k)

TTT
TIT

111 1
0 k id k 100 k 1.0 n

RTC-RESISTANCE (OHMS)
0.001 0.01

C. CAPACITANCE luF)

MONOSTABLE CHARACTERISTICS
(For Circuit Diagram See Figure 2 in Application)

FIGURE 6 - TYPICAL Cx versus PULSE WIDTH 0 VDD- 6.0V
100

10 100

Cx. EXTERNAL CAPACITANCE (pF)

FIGURE 8 - TYPICAL CXversu$ PULSE WIDTH 9 VDD - IS V

100

Mlllll =
= 5

rnicrosscORds is is follows:

<W. 0.00247 Rx^Cx085
HIMa Hx isrnul tx in PK

—|—

RX-100 kit
Rx-soim

IRX-IOU)
-RX"5kn TA-29bill

i 1 Mill
10 too

Cx. EXTERNAL CAPACITANCE (pF)

7-488

FIGURE 7 - TYPICAL Cx versus PULSE WIDTH 9 VDO- 10 V

100

"Formulalor ettabling tw in
- microseconds it it lollowt:

«W-0.00247 Rx^Cx085 -|
m

^

w«"X .1-X mpf.

RX' tUOMi
RX• SOkli

;— 1 1
-RX'IOUI

TA-25«C

1 1 II
10 100

Cx. EXTERNAL CAPACITANCE (pF)

This device contains circuitry to protect
the inputs against damage due to high
static voltages or electric fields; however,
it is advised that normal precautions be
taken to avoid application of any voltage
higher than maximum rated voltages to
this high impedance circuit. For proper
operation it is recommended that Vm and
VQut •>* constrained to the range Vgs <
IVjnOrVool)< VD0.

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vjs <" vDO'-



MC14536B

FIGURE 9 - POWER DISSIPATION TEST

Cl RCUIT AND WAVEFORM

'OD

a.

FIGURE 10 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

500 uF 0.01 ftp

i-Ceramic

•°i.

^L

-°*?

ns— [—20 ns—I -—

_ 50% _
Duty Cycle

Pulse

Generator

FUNCTIONAL TEST SEQUENCE

Test function (Figure 11) has been included for the
reduction of test time required to exercise all 24 counter
stages. This test function divides the counter into three
8 stage sections and 255 counts are loaded in each of the
8-stage sections in parallel. All flip-flops arenowat a "1".
The counter is now returned to the normal 24-stages in
series configuration. One more pulse is entered into Inj
which will cause the counter to ripple from an all "1" state
to an all "0" state.

vDo

Set
Out 1

Roset

8-Byposs

In,

Clnh
Out

Mono In j

J vss

20 ns—| I—- —||—

\
'WL 'WH

FIGURE 11 - FUNCTIONAL TEST CIRCUIT
OVDD

Puise -f-o-
Genorator L_o-

FUNCTIONAL TEST SEQUENCE

INPUTS OUTPUTS COMMENTS

In, Set Reset 8-Bypass
Decade Out

Q1 thru Q24 All 24 stages are in Reset mode.

1 0 1 1 0

1 1 l 1 0 Counter is in three 8 stage sections in parallel mode.

0 1 1 1 0 First "1" to "0" transition of clock.

1

0

1 1 i 255 "1" to "0" transitions arc clocked in the counter.

0 1 1 1 1 Tho 255 "1" to "0" transition.

0 0 0 0 1

Counter converted back to 24 stages in series mode.
Sot and Reset must be connected logo!her and simultaneously go

from "1" to "0".

1 0 0 0 1 Ina Switches to a "1".

0 0 0 0 0 Countor Ripples from an all "1" state to an all "0" state.
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256-BIT STATIC RANDOM ACCESS MEMORY

The MCM 14537 is a static random access memory (RAM) organ
ized in a 256 x 1-bit pattern and constructed with MOS P-channel
and N-channel enhancement mode devices in a single monolithic
structure. The circuit consists of eight address inputs (An), one data
input (Djn),one write enable input (WE), one strobe input (ST), two
chip enable inputs (CEn), and one data output (Dout).

Using both chip enable inputs as extensions of the address inputs,
a 10-bit address scheme may be employed. Four MCM14537 devices
may be used to comprise a 1024-bit memory without additional
address decoding. The CE and ST inputs are dissimilary designed to
enable usage of the memory in a variety of applications. An output
latch is provided on the chip for storing the data read or written into
memory, making a data-out storage register unnecessary- The CE
inputs control the data output for third-state (high output imped
ance) or active operation which makes the memory very useful in a
bus oriented system. When CE2 is high the chip is fully disabled.
When CE1 is high the output is in the third state but data can be
written into the output latch during a read cycle. This enables the
use of the memory for fast reading by using the CE 1 input to enable
the latch. The memory is also designed so that dc signals can operate
the memory with no maximum pulse width required on the CE and
ST lines.

Medium speed operation and micropower operation make the
device useful in scratch pad and buffer applications where micro-
power or battery operation and high noise immunity are required.

• Quiescent Current = 0.5 fiA/package typical @ 5 Vdc

• Noise Immunity = 45% of Vqq typical

• 3-state Output Capability for Memory Expansion

• Output Data Latch Eliminates Need for Storage Buffer

• Access Time = 700 ns typical @Vqd = ,u Vdc

• Fully Decoded and Buffered

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

MAXIMUM RATINGS (Voltagesreferenced to VSS)

Rating Symbol Value Unit

OC Supply Voltage VDD -0.5 to+18 Vdc

Input Voltage, All Inputs Vin -0.5 to Vqd * °-5 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range — AL Oevice
CL/CP Device

TA -55 to+125

-40 to +85

°C

Storage Temperature Range Tstg -65 to+150 °C

7-490

MCM14537

CMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

256-BIT (256x1) STATIC
RANDOM ACCESS MEMORY

CERAMIC PACKAGE

CASE 690

ORDERING INFORMATION

MCM14XXX .,.-r- Suffix Denotes

Ceramic Package

_ Sutf

I— L

• A Extended Oparating

Temperature Range

• C Limited Operating

Tomperature Range

PIN ASSIGNMENT

W

A1 vqd
A2 AO

Din A7

WE CE1

A3 Cl2

A4 St

A5 Dout

Vss A6

This device contains circuitry to protect
the inputs against damage due to high static
voltages or electric fields; however, it is
advised that normal precautions be taken
to avoid application of any voltage higher
then maximum rated voltages to this high
impedance circuit. For proper operation it
is recommended that Vjn and Vou, be
constrained to the range Vss < 'vin or
Vout» < VDD.
Unused inputs must always be tied to an
appropriate logic voltaga level (e.g., either
Vgs or VDD'-



MCM 14537

ELECTRICAL CHARACTERISTICS

I
Symbol

vdd
Vdc

Tlow* 25°C Thioh*
Characteristic Min Max Min Typ Max Min Max Unit

Output Voltage "0" Level vol 5.0 - 0.05 - 0 o.os - 0.05 Vdc

Vin-VODorO 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15 - 0.05 - 0 0.05 - 0.05

voh 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc
Vin^0orVDD 10 935 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -

Noise Immunity P Vnl Vdc

(-Vou, < 03 Vdc) 5.0 1.5 - 1.5 2.25 -
1.4

-

(<-Vout«.1.0Vdc) 10 3.0 - 3.0 4.50 - 2.9 -

(*V0U, O.SVdc)

(Wou, «. 0.8 Vdc)

IS 4.5 - 4.5 6.75 - 4.4 -

vnh 5.0 1.4 - 1.5 2.25 - 1.5 - Vdc

t-.Vou.<1.0Vdc) 10 2.9 - 3.0 4.50 - 3.0 -

lAV0ut< 1.5 Vdc) 15 4.4 -
4.5 6.75

-
4.5

-

Output Drive Current (AL Oevice) •oh mAdc

(Vqh " 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -

(V0H " 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 ° '3-5 Vdc)
(Vql " °.4 Vdc) Sink

15 -1.8 - -1.5 -3.5 - -1.1 -

'OL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc

(Vql • °-5 v«fc) 10 1.6 - 1.3 2.25 - 0.9 -

(Vql" 1.5 vdc) 15 4.2 -
3.4 8.8 -

2.4
-

Output Drive Current (CL/CP Oevice) 'OH mAdc

(Vqh - 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 -

IVoh " 9-5 Vdcl 10 -0.5 - -0.4 -0.9 - -0.3 -

(Vqh " 13.5 Vdc)

(Vol " °-4 Vdc) Sink

15 -1.4 - -1.2 -3.5 - -1.0 -

'OL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc

(Vol • °-5 vdc) 10 1.3 - 1.1 2.25 - 0.9 -

(Vol-is vdc) 15 3.6 3.0 8.8 -
2.4

-

Input Current (AL Device) 'in 15 - lO.I - 10.00001 ±0.1
- ±1.0 pAdc

Input Current ICL/CP Device) 'in 15 - ±1.0 -
±0.00001 ±1.0

-

±14 pAdc

Input Capacitance Cin - - - -
5.0 7.5

- -
PF

«Vin ' 0)
Quiescent Current (AL Device) 'DO 5.0 - 100 - 0.5 100 -

1800 pAdc

(Per Package) 10 - 200 - 1.0 200 -
3600

15 - 400 - 13 400 - 7200

Quiescent Current (CL/CP Oevice) 'DO 5.0 - 100 - 0.5 100 -
1800 pAdc

(Per Package) 10 - 200 - 1.0 200
-

3600

15 - 400 - 1.5 400
-

7200

Total Supply Current* * t 'T 5.0 I-T- (1.46pA/kHz )f+ IDD pAdc

(Dynamic plus Quiescent, 10 lT - (2.91 pA/kHz ) f + IDD
Per Package) 15 lT =(4.37 *iA/kHz ) f + 'DD

(Cl * 50 pF on all outputs, all
buffers switching)

Three-State Leakage Current 'TL IS - ±0.1 - •0.00001 ±0.1 - ±3.0 pAdc

(AL Device)

Three-State Leakage Current 'TL 15 - ±1.0 - •0.00001 ±1.0 -
±7.5 pAdc

(CL/CP Device)

*T| -55°C for AL Device, -40°C for CL/CP Device.
Thigh • +125°C for ALDevice, +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 9 Vqd "5.0 Vdc

2.0 Vdc min 9 Vqd • 10 Vdc
2.5 Vdc min 9 Vqd * 15 Vdc

tTo calculate total supply current at load* other than 50 pF:
lT(CL) ' 1-rlSO pF) ♦ 1 x 10-3(CL -50)V0D«

where: l-r is in pA (per package).CL in pF. V0Q in Vdc. and f in kHz is input frequency.
'The formulas givenare for the typical characteristics only-at25°C.
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MCM14537

SWITCHING CHARACTERISTICS* (CL - 50 pF.TA - 2S°C)
Characteristic Figure. Symbol vdd Min Typ Max Unit

Output Rise Time 3 TLH ns

tTLH " '3.0 ns/pF) Cl + 30 ns 5.0 _ 180 360

tTLH " '1-5 ni/pF) Cl + 15 ns 10 _ 90 180

tTLH " <1-1 ns/pF) Cl + 10 ns 15 - 65 130

Output Fall Time 3 «THL ns

tTHL • H-5 ns/pF) Cl + 25 ns 5.0 _ 100 200

tTHL " <0.75ni/pF) Cl + 123 ns 10 _ so 100
tTHL " <0.55ns/pF) Cl + 9.5 ns 15 - 40 80

Reed Access Time from ST or CE2 4.5 'acc(R) ns

'ace • (1.4 ns/pF) CL + 2480 ns 5.0 400 2500 6000
tgcc " <0.7ns/pF) Cl + 690 ns 10 150 700 2000
tacc - (03 ns/pF) Cl + 393 ns 15 115 400 1500

Output Enable Delay from CEl or Cfc*2 5.6 «acc(CE"n) 5.0 70 300 900 ns

10 25 100 300

15 20 70 225

Setup Time from An to ST or CE2 4.5,6, 7 tsu(A) 5.0 1800 600 _ ns

10 600 200 -

15 450 140 -

Hold Time from An to ST or CE2 4,5.6,7 «h(A) 5.0 600 200 _ ns

10 240 80 -

15 180 55 -

Data Hold Time 7 «h(D) 5.0 1400 480 - ns

10 500 160 -

15 375 110 -

Data Setup Time 7 tsu(D) 5.0 3600 1200 _ ns

10 1800 600 -

15 1350 420
-

Write Enable Hold Time 7 «h(Wll 5.0 150 50 - ns

10 60 20 -

15 45 15 -

Write Enable Setup Time 7 <su(WE) 5.0 720 240 _ ns

10 240 80 -

15 180 55 -

Write Enable to Dgy, Disable** 4 «wl 5.0 720 240 _ ns

10 240 80 -

15 180 55 -

Strobe or CT:2 PulseWidthWhenReading 4.5.6 «WL(R) 5.0 1350 450 _ ns

10 450 150 -

15 340 100 _

Strobe, CEl or &2 PulseWidthWhenWriting 7 tWL(W) 5.0 2400 1200 _ ns

10 1260 600 -

15 945 420 -

Write Recovery Time 4 «R(W) ns

tyy - (1.4 ns/pF) Cl + 219 ns 5.0 70 240 720
tyy - (0.7 ns/pF) Cl + 70 ns 10 25 80 240
tyy • (0.5 ns/pF) Cl + 47.5 ns 15 20 55 180

CE1 or CE2 to Dou, DisableDelay** 6 'C^n 5.0 70 300 900 ns

10 25 100 300

15 20 70 225

Read Setup Time 4.5 <su(RI 5.0 0 -100 _ ns

10 0 -40 -

15 0 -30 -

Read Hold Time 4,5 «h(R) 5.0 540 180 - ns

10 240 60 -

15 180 45 -

Read Cycle Time 4.5 »cyc(R) 5.0 - 2500 6000 ns

10 - 700 2100

15 - 500 1575

Write Cycle Time 7 «cyc(W) 5.0 - 1400 4800 ns

10 - 700 2100

15 - 500 1575

The formula given is for the typical characteristics only.
10% output change into a 1.0 kn load.
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FIGURE 1 - TYPICAL OUTPUT SOURCE AND SINK CURRENT CHARACTERISTICS TEST CIRCUIT
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Characteristics
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Vqs vout " VDD Vout

FIGURE 2 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS
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FIGURE 3 - AC TEST CIRCUIT
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Addross

Inputs

(An)

Data Output

<D0ut)

FIGURE 4 - READ CYCLE WAVEFORMS UTILIZING STROBE-TO-ACCESS MEMORY

NOTES: 1 High impedanca output state occurs when WE is maintalnod as a logical
"0" (low lovel).

2 Tha output momentarily displays data from tho provious stato.

3 For read operation, WE may be maintained ot a logical "1" (high lovol)
during tho complete cycle.

4 CEl and CE2 aro maintained at a logical "0" stato (low lovol).

5 All input rise and fall times are 20 ns.

FIGURE 5 - READ CYCLE WAVEFORMS UTILIZING CE2 FOR ACCESS MEMORY

Addross

Inputs

<A„> ZK >£

Chip Enablo 2

(CE2)

«su(A)

>WL(R1I-

©

'h(A) •»

«su(R|-

Write Enablo

(WE)

Doto Output

IDoutl

«oec(CEn)-

^mm
-«TLH. *THL

NOTES: 1 High Impodonco output stato occurs whan CEl or CE2 is maintained
in the logical "1" stato (high lovol).

2 Tho output momentarily displays data from tho provious stato.

3 For road oporatlon, WE may bo maintalnod ot a logical "1" (high lovol)
during tha comploto cyclo.

4 All input rite and fall times are 20 ns.

5 'WL(RI) >tscc (R) max
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FIGURE 6 - READ CYCLE WAVEFORMS UTILIZING CEl AND CE2 TO ACCESS MEMORY

Address

Inputs

(An)

«su(A)

Strobe or

CEl or CE"2
(ST. CE1.CT2)

Wrlto Enablo

(WE)

Data Input

(Dm>

NOTES: 1 High impodonco output stato occurs when CEl or CE2 is maintained
in tho logical "1" stato (high lovol).

2 WE is maintained at the logical "1" state for this example.

3 All input rise and fall times are 20 ns

4 'dolov(CE2l minimum assuares thot only data presently oddrossod
will appear at tho output.

tdolay(CE2) min. " 'occr , »CC(CE1I mm.

5 'WLIR2) >tdoUlv (CE2I min ♦ tocc (CEn) max

FIGURE 7 - WRITE CYCLE WAVEFORMS

X
-'cyc(W)-

}S
-«h(A)-

©

tsu(WE)

-'hlWEI

©

tsu(O)-

® )cd;
NOTES: 1 Tho Strobe. CTTl and CE2 may bo utilirod to control a wrlto cycle,

howovor, during changes of address either Strobo or CE2 must
be In the logical "1" stato (high lovol).

2 Data Input logic lovol is don't caro during tho indicatad intervals.

3 Data Input logic lovol must remain fixod.

4 Write Enablo may bo maintainad as a logical "0" during tho wrlto cyclo.

5 All Input rise and fall tlmos aro 20 ns.

7-495

VDD

VSS

vDD

vss

vDD

vSs

v0H

vql



MCM14537

D|n O-

EH o-

§T O-

A7 0-

A6 0-

A5 0-

A4 0-

A3 O-

A2 0-

A1 O-

AO O-

r

l_.

o LrO

1 of 16

Docodar

LOGIC/BLOCK DIAGRAM

~> Write
, Circuitry

~i

3-Stata Enable

(High Resistance State)

16 x 16 x 1

Memory

Array -d-Output q
Latch

1 of 16

Decoder

FUNCTION CEl CE2 ST WE Din Dout COMMENTS

Address changing
valid

X X 1 X X R/A
Djmj will be active if CEl and
CE2- "0" and WE - "1".

X 1 X X X R
CE2 « "1", fully disables internal
logic and output.

Address changing
not valid

X 0 0 X X R/A
Changing addross in this modo
may result in altered data.

°out disabled in
high resistance state

1 X X X X R
CEl - "1" disables write cycle

end Dout.

X 1 X X X R The chip is fully disabled.

X X X 0 X R

WE ' "0" enables writing into
momory it CEl. CE2. and

ST - "0".

Dout enabled in
active stato

0 0 X 1 X A

If ST - "1". the output stores
and reads the provious data
from or written into memory.

Road addrossed

momory location
into output latch.

0 0 0 1 X A
Tho output reads the present
contents that are addrassod.

1 0 0 1 X R

Tho addrossed location is read

into output latch with output in
tho "R" stato.

Disable reading
from memory

X 1 X X X R Addross chonging can take
place in this condition.X X 1 X X R/A

Write into memory 0 0 0 0 A R
D|n is written into momory
end into tho output latch

Write disabled 1

X

X

X

X

1

X

X

X

X

1

X

X

X

X

1

X

X

X

X

R

R

R/A
R/A

WE » "1" is a rood enable.

WE - "0" is a write onablo.

R - High resistance stato at Dout
A - An activo lovol of either Vss or Vdd

R/A - An R or A condition depending on tho don't caro condition

X • Don't caro condition (must bo in thu "1" or "0" stato)

1 - A high level at VOD
0 • A low lovol at Vss
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10-Bit

Address

TYPICAL APPLICATION FOR SERIAL WORDS UTILIZING BUS TECHNIQUES

Address

Registor

MCM14537
CEl D

®

nzz
1 of n

Decoder

An
MCM14537

CEl C

An
MCM14S37

CEl I

®

Tword " 'occ(ST)* <"-H 'acc(CEI)
Tword(tvp) ' 3.8 ps for a 32-bit serial word at Vdd * 10 V

r^i>
No

a -

•

— — e —

— — a —

i-

f -

i- - ^—^———_

a - — -

a — - — -

a

o — — —

•

o

— «

• _

m

L
A„'

D

CE An

D

CE An CE

D

* „ '-»-
An CE

O

i 11

Typical 1024 x 1 RAM Utilizing Four MCM14S37's.

m
CE2 D ce3 d

Decoder >

Typical Low Power 1024 x 1 RAM Utilizing Four MCM14S37's.
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® MOTOROLA

DUAL PRECISION RETRIGGERABLE/RESETTABLE
MONOSTABLE MULTIVIBRATOR

The MC14538B is a dual, retriggerable, resettable monostable
multivibrator. It may be triggered from either edgeof an input pulse,
and will produce an accurate output pulse over a wide range of
widths, the duration and accuracy of whichare determined by the
external timingcomponents, Cx and Rx- Linear CMOS techniques
allow more precise control of output pulse width.

• ±1.0%Typical PulsewidthVariation from Part to Part

• ±0.5%Typical Pulsewidth Variation over Temperature Range

• New Formula: T = RC (T in seconds, R in ohms, C in farads)

• Pulse Width Range = 10 n% to °°

• SymmetricalOutput Sink and Source Capability

• Latched Trigger Inputs

• Separate Latched Reset Inputs

• Quiescent Current (Standby) = 5.0 nA/package typical @5 Vdc

• 3.0 Vdc to 18 Vdc Operational Limits

• Triggerablefrom Positiveor Negative-Going Edge

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

• Pin-for-pin Compatible with MC14528B and CD4528B (CD4098)

• For Pulse Widths LessThan 10 /js the MC14528B is Recommended

MAXIMUM RATINGS (Voltages referenced to Vssl

Rating Symbol Value Unit

DC Supply Voltage vdd -0.5 to+18 Vdc

Input Voltage, All Inputs Vi„ -0.5 to Vqd ' °5 Vdc

DC Current Drain per Pin I 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

TA -55 10+125
40 to +85

°C

Storage Temperature Range Tstg 65 to+150 °C

This device contains circuitry to protect tho inputs against damage due to hiflh
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 Vjn
and V^, beconstrained to the range V$s "*(Vjn orVqu,) < Vrjo-
Unused inputsmustalways be tiedto an appropriatelogic voltage level (e.g., either
Vss or VDD'-
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CMOS MSI

(LOW-POWERCOMPLEMENTARY MOS)

DUAL PRECISION
RETRIGGERABLE/RESETTABLE
MONOSTABLE MULTIVIBRATOR

L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB __ Sullix Denotes

— L Ceramic

I P Plastic P
lie Package

: Package

, A Extender) Operating

Temporature Rongo
, C Limitod Operating

Temperature Range

BLOCK DIAGRAM

Rx and Cx oro external componoi

VDD-Pin16
Vss" Pin 8, Pin 1. Pin 15



MC14538B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol

Vdd
Vdc

Tlow* 25°C Thigh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level vol 5.0 _ 0.05 - 0 0.05 - 0.05 Vdc

Vin-Vdd or 0 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15 - 0.05 -
0 0.05

-
0.05

voh 5.0 4.95 - 4.95 5.0 - 435 - Vdc

Vfn " 0 or V0D 10 9.95 - 9.95 10 - 9.95 -

15 1435 - 14.95 IS - 14.95 -

Input Voltage* "0" Level V|L Vdc

(V0 - 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5 - 1.5

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

|V0- 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H Vdc

(Vo - 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 -

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

(V0-1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Oevice) •oh mAdc

(Vqh " 2.5 Vdc) Source 5.0 -3.0 - -2.4 -4.2 - -1.7 -

(V0H " 4-6 Vdc) 5.0 -0.64 - -0.51 -0.88 - -0.36 -

(Voh " 9-5 Vdc) 10 -1.6 - -1.3 -2.25 - -0.9 -

(Voh "13-5 Vdc)

IVql • 0.4 Vdc) Sink

15 -4.2 - -3.4 -8.8 - -2.4 -

'ol 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc

(Vol " 0.5 vdc) 10 1.6 - 1.3 2.25 - 0.9 -

(Vol "1-5 vdc) 15 4.2 -
3.4 8.8 -

2.4
-

Output Drive Current (CL/CP Device) •oh mAdc

(Vqh * 2.5 Vdc) Source 5.0 -2.5 - -2.1 -4.2 - -1.7 -

(Vqh "4.6 Vdc) 5.0 -0.52 - -0.44 -0.88 - -0.36 -

(Voh " 9-5 Vdc) 10 -1.3 - -1.1 -2.25 - -0.9 _

(Voh •13-5 vdc)
(Vol • 0.4 Vdc) Sink

15 -3.6 - -3.0 -8.8 -
-2.4

_

'ol 5.0 0.52 " - 0.44 0.88 - 0.36 - mAdc

(Vol - °-5 vdc) 10 1.3 - 1.1 2.25 - 0.9 -

(v0L-is vdc) 15 3.6 -
3.0 8.8

-
2.4

-

Input Current, Pin 2 or 14 'in 15 -
10.02

-
±0.00001 ±.05 - ±0.5 pAdc

Input Current, Other Inputs (AL Oevice) 'in 15 - ±0.1 -
±0.00001 ±0.1

-
±1.0 pAdc

Input Current, Other Inputs (CL/CP Oevice) •in 15 - ±0.3 -
±0.00001 ±0.3

-
±1.0 pAdc

Input Capacitance, Pin 2 or 14 Cin - - - - 25 - - -
pF

Input Capacitance, Other Inputs Cin - - - - 5.0 7.5
- -

pF

I.Vin"0)

Quiescent Current (AL Device) •dd 5.0 - 5.0 - 0.005 5.0 - 150 pAdc

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

15 - 20 — 0.015 20 - 600

Quiescent Current (CL/CP Oevice) 'dd 5.0 _ 20 - 0.005 20 - 150 pAdc

(Per Package) 10 - 40 - 0.010 40 - 300

15 - 80 -
0.015 80

-
600

Quiescent Current, Active State 'dd 5.0 - - - 35 - - - pAdc

(Q1 - Logic 1) 10 - - - 80 - - -

(Q2 - Logic 0) 15 - - - 125 - - -

"Total Supply Current at an external load it
capacitance (Cl) and at external 5.0 '7 = (3.5 > 10-2) FtXCXf+4C:x« +1 x 10-5 Ci f

timing network (Rx. Cx) 10.0 'T -(8x1 0-2) RXCXf + 9CX f + 2x1()"5 CLf
15.0 't - (1.25 x10-1) RXCxf + 12CXf + 3 xlO-6 cL«

wh« re: It 'fl

CXi
fin

pA (one r

npP. C|_i
iz is the ir

nonostab

npF.RX
put frequ

e switch

in k ohn

ency.

ng only

is, and

).

•Tiow" -55°Cfor ALDevice, -40°C for CL/CP Device.
Thigh " +125°C forAL Device, +85°C forCL/CP Device.

#Noise immunity specified for worst-case input combination.
Noise Margin both "1" and "0" level « 1.0 Vdc min @ Vpo » 5.0 Vdc

2.0 Vdc min @Voo ° 10 Vdc
2.5 Vdc min 9 VDD " 15 Vdc

••Tho formulas givenare for the typical characteristicsonly at 25°C.
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SWITCHING CHARACTERISTICS (CL- 50pF,TA = 25°C)

Characteristic Symbol
vdd
Vdc

All Types

UnitMin Typ Max

Output Rise Time

'TLH • (1-35 ns/pF) CL + 33 ns
tTLH " (0.60 ns/pF) Cl + 20 ns
tTLH " (0.40 ns/pF) Cl + 20 ns

tTLH
5.0

10

15

-

100

50

40

200

100

80

ns

Output Fall Time

tTHL » (1-35 ns/pF) Cl + 33 ns
tTHL " (0.60 ns/pF) Cl + 20 ns
'THL • (0.40 ns/pF) Cl + 20 ns

tTHL
5.0

10

15

-

100

50

40

200

100

80

ns

Propagation Delay Time
A or B to Q or Q

tpLH. tPHL = 10.90 ns/pF) Cl + 255 ns
tPLH. 'PHL = <0-36 ns/pF) Cl + 132 ns
tpLH. tpHL = '0.26 ns/pF) Cl + 97 ns

Cq to Q or O"
tPLH. tPHL " fO-90ns/pF) Cl + 205 ns
tPLH. tPHL " ,0-36 ns/pF) Cl + 107 ns
tpLH. tPHL ° <0-26 ns/pF) Cl + 82 ns

tPLH.

tPHL
5.0

10

15

-

300

150

100

600

300

220

ns

5.0

10

15

-

250

125

95

500

250

190

ns

Minimum Input Pulse Width

A, B or Co
tWH,
tWL

5.0

10

15

-

35

30

25

70

60

50

ns

Minimum Retrigger Time trr 5.0

10

15

0

0

0

- -

ns

Output Pulse Width - Q or Q

Refer to Figure 9 for other values of Rx and Cx.

Cx » 0.002 pF, Rx - 100 kn

Cx « 0.1 pF, Rx = 100 kn

CX - 10 pF. Rx = 100 kn

T

5.0

10

15

210

212

214

222

224

226

234

236

238

PS

5.0

10

15

9.3

9.5

9.6

9.86

10

10.14

10.4

10.5

10.7

ms

5.0

10

15

0.915

0.93

0.94

0.965

0.98

0.99

1.015

1.03

1.04

s

Pulse Width Match between circuits in

the same package.
CX = 0.1pF,Rx = 100kn

1CXXT. -T2I 5.0

10

15

-

±1

±1

±1

-

%

Tl

OPERATING CONDITIONS

External Timing Resistance Rx -
5.0

-

• kn

External Timing Capacitance cx — 0 —

No

Limit

PF

•The maximum usable resistance Rx is a function of the leakage of the capacitor Cx, leakage of the MC14538B, and leakage due to
board layout and surface resistance.

vdd o

"xt.

ovDD

I>J PI

, 2 (141
»- O

-X -;- ti

L-.J

IU"
4(12)

A O-

5 Ml)
BO

3(13)
CpO

V,«f1-

FIGURE 1 - LOGIC DIAGRAM

(1/2 of Device Shown)

V,.f2 —

Or Opds Resat Latch r

7-500
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—O

O—

O—

—o

C—

Pulse

Generator

♦
Pulso

Generator

*
Pulse

Generator

CD.

tPLH-

Q

tWH

\

'OD
O

x^riif^

FIGURE 2 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS

FIGURE 3 - SWITCHING TEST CIRCUIT

INPUT CONNECTIONS

•Cl • SOpF

Tl T2 T2- TV

CHARACTERISTICS cD A B

tPLH. tPHL, tTLH, tTHL-
T- tWH. tWL vDd PG1 vDd

tPLH. tPHL. tTLH. tTHL.
T- lWH. tWL vdd vSs PG2

tPLH(R). tPHLIR).

tWH. tWL

PG3 PG1 PG2

B'

cD-

J^VSS

'Includes capacitance of probes,
wiring, and fixture parasitic.

NOTE: Switching test waveforms

for PG1, PG2, PG3 ero shown

In Figure 4. PG3 <

FIGURE 4 - SWITCHING TEST WAVEFORMS

PG2

f \9°%

T F2—tTLH -a-) J— -H r— tTHL
r\ -rr

=f
— tWL

tTHL—\ r——•"H KH \~- tTLH

10%" S 5

JJHL-H f-Hl—tPHL
•I |•50% \

10% •: ;•• \ L
tPLH 'jHL tTLH

V H 90% f—
f*°* \l0% / \

f— tWL

— tPHL

— tPHL tpHL"^
tTLH ^HL

—~ «PLH

K/
7-90%

-10% ^Lj> \
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FIGURE 5 - TYPICAL NORMALIZED DISTRIBUTION

OF UNITS FOR OUTPUT PULSE WIDTH

1 1

TA • 25°C IIIIRX-IOQ
— cx-o.n

kli OKPOINT PULSEWIDTH
Y Vnn • 5 V.T-9.8(18

Vqo » 10V. T - 10mi

/ vvDD" '

/ TZ
/ _r
/ it

U.b / zt/ Zl
/ ZJ

1 v
J v

n / \
-2 0 2

T. OUTPUTPULSEWIDTHIH)

FIGURE 7 - TYPICAL TOTAL SUPPLY CURRENT

versus OUTPUT DUTY CYCLE

1000

R>
01 E

100 kli

UONOS
cl-

TABl

50 pi
ESW TCHIN • ON .Y

100
- IIII

till

VOD'

10

IbV

to £ •5 f

1.0

y

0.1 /
'

OUTPUT DUTY CYCLE IK)

|E> 2

3"

£5

= 2
K ,

i g 3.0

*5 "
2= 1.0
2<
SS °
Sa -,.o
<o

IH-2.o
o o

Z% -3.0
SS

M
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FIGURE 6 - TYPICAL PULSE WIDTH VARIATION AS
A FUNCTION OF SUPPLY VOLTAGE VDD

R) • 100 k<!

t'x •O.lnF

—

7 8 9 10 11 12

Vqd. SUPPLY VOLTAGE IVollsl

FIGURE 7 - TYPICAL PULSE WIDTH ERROR
versus TEMPERATURE

Rx -tOOk

• 0.1 pF
2

cx V0D-15V

—

}D-WV V

VQ0-5V

100 120 140-20 0 20 40 60 SO

Ta. AMBIENT TEMPERATURE (°C)

FIGURES- TYPICAL PULSE WIDTH ERROR

versus TEMPERATURE

">

I
•100 kli

t> '.002 pr-

VDn'15 1

vDd • iov •

V0D'50V -

-20 0 20 40 60 SO 100 120 140

TA.AMBIENT TEMPERATURE (°C)



MC14538B

THEORY OF OPERATION

FIGURE 10 - Timing Operation

C0

©

J~l

Vrefl

®

© ©

©

i_r

Vrof 1

J~L

® Positive edge trigger
@ Negative edge trigger
© Positive edge trigger

(3) Positive edge re-trigger (pulse lengthening)
(s) Reset(pulso shortening)

TRIGGER OPERATION

The block diagram of the MC14538B is shown in
Figure 1, with circuit operation following.

As shown in Figures 1 and 10, before an input trigger
occurs, the monostable is in the quiescent state with the
Q output low, and the timing capacitor Cx completely
charged to Vqd- When the trigger input A goes from
Vss to Vqd (while inputs B and Cn are held to Vqq) a
valid trigger is recognized, which turns on comparator
Cl and N-Channel transistor N1 d). At the same time the
output latch is set. With transistor N1 on, the capacitor
Cx rapidly discharges toward Vss until Vr6f 1 is reached.
At this point the output of comparator C1 changes state
and transistor N1 turns off. Comparator Cl then turns off
while at the same time comparator C2 turns on. With
transistor N1 off, the capacitor Cx begins to charge
through the timing resistor, Rx, toward Vnn. When the
voltage across Cx equals Vref 2» comparator C2 changes
state, causing the output latch to reset (Q goes low) while
at the same time disabling comparator C2<2>. This ends
the timing cycle with the monostable in the quiescent
state, waiting for the next trigger.

It should be noted that in the quiescent state Cx is
fully charged to Vnn causing the current through resistor
Rx to be zero. Both comparators are "off" with the total

device current due only to reverse junction leakages. An
added feature of the MC14538B is that the output latch is
set via the input trigger without regard to the capacitor
voltage. Thus, propagation delay from trigger to Q is
independent of the value of Cx, Rx. or the duty cycle of
the input waveform.

RETRIGGER OPERATION

The MC14538B is retriggered if a valid trigger occurs
(3)followed by another valid triggerQbefore the 0. output
has returned to the quiescent (zero) state. Any retrigger,
after the timing node voltage at pin 2 or 14 has begun to
rise from Vref 1, but has not yet reached Vref 2- will
cause an increase in output pulse width T. When a valid
retrigger is initiated Q), the voltage at T2 will again drop
to Vref 1 before progressing along the RC charging curve
toward Vnn. The Q output will remain high until time T,

after the last valid retrigger.

RESET OPERATION

The MC14538B may be reset during the generation of
the output pulse. In the reset mode of operation, an input
pulse on Cq sets the reset latch and causes the capacitor
to be fast charged to Voo by turning on transistor P1@.
When the voltage on the capacitor reaches Vref 2< the
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MC14538B

reset latch will clear, and will then be ready to accept

another pulse. If the Cq input is held low, any trigger
inputs that occur will be inhibited and the Q and Q out
puts of the output latch will not change. Since the Q
output is reset when an input low level is detected on the
Cq input, the output pulse T can be made significantly
shorter than the minimum pulse width specification.

POWER-DOWN CONSIDERATIONS

Large capacitance values can cause problems due to the
large amount of energy stored. When a system containing
the MC14538B (or MC14528B) is powered down, the
capacitor voltage may discharge from Vqd through the
standard protection diodes at pin 2 or 14. Current through
the protection diodes should be limited to 10 mA and
therefore the discharge time of the Vqd supply must not
be faster than (VddWC)/(10 mA). For example, if Vqd
= 10 V and Cx = 10 uF, the Vqd supply should discharge
no faster than (10 V) x (10 uF)/(10 mA) = 10 ms. This

is normally not a problem since power supplies are heavily

filtered and cannot discharge at this rate.
When a more rapid decrease of Vqd to zero volts

occurs, the MC14538B can sustain damage. To avoid
this possibility, a protection resistor, Rp, can be placed
between the capacitor Cx and pin 2 (or 14) of the device
to limit the discharge current from the capacitor to the
Vqd supply. Internally, the protection diode isequivalent
to a diode and resistor connected in series between

pin T2 and VDD-The diode has a forward drop of 0.625
V and the resistance is about 250 SI.

To limit the discharge current to 10 mA under con
ditions of instantaneous change of pin 16 from Vqd to
Vss- Rp is calculated from the equation:

R (VDD-0-625V)
"P (0.010 Amp)

The pulse width formula now changes from T = RXCX
to T = (Rx + Rp) Cx. Figure 11 demonstrates the proper
connection of the protection resistor.

FIGURE 11 - Use of a Resistor to Limit

Power Down Current Surge
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TYPICAL APPLICATIONS

FIGURE 12 —Retriggerable Monostable* Circuitry FIGURE 13 - Non-retriggerable Monostable* Circuitry

C* HK

J-£pvV
Rising Edge Tl T2

Trigger N^N

Vdd

Q

CD

V
Vqd

c* Rx

FallingEdge —Q/B _y

Tl T2

Q

Trigger CD

y
vDO

FIGURE 14 - Reduction of Power-Up Output PulsoWidth

ripp-v°°
Tl T2

3D
Q

vp

r
VPD

C„ R,

r£r~i
Rising Edge T1 "1
Trigger V*"^ °

Cp

vdd

Rx
M 1

vdd

Felling Edge
Trigger

43D
Tl T2

—s, Q -

cD

VDD

FIGURE 15 — Connection of Unused Sections

1
NC

1
Tl T2

a NC

r4±J a NC

v00 C0

L Y
VQD
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M) MOTOROLA

DUAL 4-CHANNEL DATA SELECTOR/MULTIPLEXER

The MC14539B data selector/multiplexer is constructed with
MOS P-channel and N-channel enhancement mode devices in a single
monolithic structure. The circuit consists of two sections of four in

puts each. One input from each section is selected by the address
inputs A and B. A "high" on the Strobe input will cause the output
to remain "low".

This device finds primary application in signal multiplexing
functions. It permits multiplexing from N-lines to 1-line, and can also
perform parallel-to-serial conversion. The Strobe input allows cas
cading of n-lines to n-lines.

• Quiescent Current = 5.0 nA/packagc typical @ 5 Vdc

• Noise Immunity = 45% of Vqd typical

• High Fanout > 50

• Input Impedance = lO1^ ohms typical

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

MAXIMUM RATINGS (Voltagesreferenced to Vss)
Rating Symbol Value Unii

DC Suwiiv VnlMii" vdd -0 5 to -18 Vdc

Inpui Voltage. All Inputs v,n -0 5 10 VDD - 0-3 Vdc

DC f.u nt Di.no |)i;r Pin i 10 mAdc

Operalinq Temperature Range - AL Device

CL/CP Device

TA -55 10-125

-40 to -85

°C

Storage Temperature Range Tsig -65 to ♦150 °C

ABLETRUTH T

ADDRESS

INPUTS

DATA INPUTS

SI .SI

OUTPUTS

2, W
X3

Y3 Y2

XI

Y1

XO

YOB A

X X X X X X 1 0

0 0 X X X 0 0 0

0 0 X X X i 0 1

0 1 X X 0 X 0 0

0 1 X X 1 X 0 1

1 0 X 0 X X 0 0

1 0 X 1 X X 0 1

1

1

1

1

0

1

X

X

X

X

X

X

0

0

0

1

X " Don't Car 1
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DUAL 4-CHANNEL

DATA SELECTOR/MULTIPLEXER

L SUFFIX
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P SUFFIX

PLASTIC PACKAGE
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ORDERING INFORMATION
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P Plastic Package

C Limited Operating
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ELECTRICAL CHARACTERISTICS

,

Symbol
vdd
Vdc

Tlow* 25°C Thiah*
UnitCharacteristic Min Max Min Typ Max Min Max

Ouiput Voltage "0" Level

Vjn VDD or 0

"1" Level

Vin 0orVOD

vol 5.0

10

15

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95

—

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage" "0" Level
IV0 - 4.5 or 0.5 Vdc)
(V0 - 9.0 or 1.0 Vdc)
(V0 - 13.5 or 1.5 Vdc)

"1" Level

(V0 * 0.5 or 4.5 Vdc)
(Vq " 1.0 or 9.0 Vdc)
(V0 •= 1.5 or 13.5 Vdcl

V|L
5.0

10

15

-

1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Current (AL Device)

(Vqh r 25 Vdc) Source
(VoH * 4.6 Vdc)
(Vqh " 9.5 Vdc)
(V0H " 13.5 Vdc)
(Vql =0.4 Vdc) Sink
(v0l " 0.5 vdc)
(Vql" 1-5 vdc)

'oh
5.0

5.0

10

15

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2

—

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Output Drive Current (CL/CP Device)

(Voh " 2.5 Vdc) Source
IVqh • 4.6 Vdcl
(Vqh ' 9.5 Vdc)
IVqh' 13.5 Vdc)

(Vql " 0-4 Vdc) Sink
(Vql • °-5 vdc)
(Vql * '-5 vdc)

'oh
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0 16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

'OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Input Current (AL Device) 'in 15 - ♦0 1
-

♦0.00001 ♦0.1
-

il.O «Adc

Input Current (CL/CP Device) 'in 15 -
i03

-

1000001 10.3
-

♦1.0 jiAdc

Input Capacitance

(Vin 0)
Cm — - ~

50 7.5 pF

Quiescent Current IAL Devicel

(Per Package)
'DD 50

10

15

-

5.0

10

20

-

0.005

0.010

0.015

5.0

10

20

-

150

300

600

MAdc

Quiescent Current ICL/CP Devicel

(Per Packagel
'DD 5.0

10

15

-

20

40

I 80
-

0.005

0.010

0.015

20

40

80

-

150

300

600

uAdc

Total Supply Current" t
(Dynamic plus Quiescent.

Per Packagel

(C|_ ' 50 pF on all outputs, all
buflers switching)

IT 5.0

10

15

IT =(0.85 uA/kHz) f + IDD
lT=(1.7pA/kHz)f + 'DD
lT =(2.6pA/kHz)f + 'DD

tiAtlc

•Tiow -55°C for AL Device. -40°ClorCL/CP Device.
Thigh * +125°C (or AL Device, +85°C (or CL/CP Device.

-Noise immunity specified for worst-case input combination.
Noise Margin for both "1" and "0" level - 1.0 Vdc min <•? Vqq ' 5.0 Vdc

2.0 Vdc min 9 Vqq - 10 Vdc
2.5 Vdc min 9 VDD - 15 Vdc

tTo calculate total supply current at loads other lhan 50 pF:
lT(CLl It<50 pF) ♦ 2 x lO-3 (CL -50)VDDf

where: If is in nA (perpackage). C|_ in pF, Vqd in Vdc, and f in kHz is input frequency.
• 'The formulas given arc for ihe typicalcharacteristics 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 Vjn and Vout be constrained to the rangeVss ** 'vin or Voutl
•J Vqd
Unused inputs must always be tied to an appropriate logic voltage level (e.g.. either Vss or Voo'-
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MC14539B

SWITCHING CHARACTERISTICS* <CL - 50 pF,TA - 25°C)
Characteristic Symbol vdd Min Typ Max Unit

Output Rise Time TLH ns

tTLH = <3-°ns/pF) Cl + 30 ns 5.0
-

180 360

tTLH = C1.5 ns/pF) C|_ + 15 ns 10
-

90 180

'TLH " 11.1 n«/pF) Cl + 10 ns 15
-

65 130

Output Fall Time 'THL ns

tTHL = <1.5 ns/pF) Cl + 25 ns 5.0 -
100 200

tTHL = <°.75 ns/pF) Cl + 12.5 ns 10
-

50 100

tTHL " <°-55 ns/pF) Cl + 9.5 ns 15
-

40 80

Propagation Delay Time 'PLH, ns

X, Y Input to Output «PHL

'PLH, 'PHL " (1-7n$/pF)Cl+ 125 ns 5.0
-

210 420

'PLH, 'PHL * '°-66 n*/pF) Cl + 57 ns 10
-

90 180

'PLH, «PHL " (°-55 ns/pF) Cl +45 ns
A Input to Output

15
-

70 140

«PLH ns

tpLH = (1.7 ns/pF) Cl + 140 ns 5.0 -
225 450

'PLH = (0-66 ns/pF) Cl + 77 ns 10
-

110 220

'PLH " (O-5 ns/pF) Cl + 60 ns

'PHL = d-7 ns/pF) Cl + 160 ns

IS - 85 170

«PHL 5.0 - 245 490 ns

'PHL = (0-66 «*/pF) Cl + 82 ns 10
-

115 230

'PHL = (0-5 ns/pF) Cl + 65 ns
Strobe Input to Output

15
-

90 180

«PLH, ns

'PLH,'PHL" (1-7ns/pF) CL+60ns 'PHL 5.0
-

145 290

'PLH, 'PHL " (0-66n*/pF)Cl +42 ns 10
-

75 150

tpLH. 'PHL " '0-5 ns/pF) Cl + 35 ns 15
-

60 120

The formula given is for the typical characteristics only.

Pulse

Generator

FIGURE 1 - AC TEST CIRCUIT AND WAVEFORMS

f
Jfecu

(Tests 2 and 3)

6VSs
'PHL-

Input Connections for tTLH. 'THL> 'PHL.'PLH

TEST STROBE A XO

1

2

3

Gnd

P.G.

Gnd

Gnd

Gnd

P.G.

P.G

vDd
vdd
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MC14539B

Pulse

Genorator

FIGURE2 - POWERDISSIPATIONTEST CIRCUIT AND WAVEFORM

»M>

XOo [>>

Xll [>

JO £>c-

X3o £>>

YOO £>»

l'H>

Y2° [>•

Y3o £>>

I
xCL

LOGIC DIAGRAM

7-509
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MOTOROLA

PROGRAMMABLE TIMER

The MC14541B programmable timer consists of a 16-stage binary
counter, an integrated oscillator for use with an external capacitor
and two resistors, an automatic power-on reset circuit, and output
control logic.

Timing is initialized by turning on power, whereupon the power-
on reset is enabled and initializes the counter, within the specified
Vdd range- With the power already on, an external reset pulse can
be applied. Upon release of the initial reset command, the oscillator
will oscillate with a frequency determined by the external RC net

work. The 16-stage counter divides the oscillator frequency (fosc)
with the ntn stage frequency being f0sc/2n.

• AvailableOutputs 28, 210, 213 or 216

• Increments on Positive Edge Clock Transitions

• Low Symmetrical Output Resistance (typically 100 H @ 15 Vdc)

• Built-in Low Power RC Oscillator

(±2% accuracy over temperature range and ± 10% supply and
±3% over processing @ <10 kHz)

• Oscillator Frequency Range = DC to 100 kHz

• Oscillator May Be Bypassed if External Clock Is Available (Apply
external clock to Pin 3)

• Automatic Reset Initializes All Counters When Power Turns On

(Limits - Vdd ,rom 8-5 Vdc ,0 18 vdc wnen enabled)

• External Master Reset Totally Independent of Automatic Reset
Operation

• Operates as 2n Frequency Divider or Single Transition Timer

• Q/Q Select Provides Output Logic Level Flexibility

• Reset (auto or master) Disables Oscillator During Resetting to
Provide No Active Power Dissipation

• Clock Conditioning Circuit Permits Operation with Very Slow
Clock Rise and Fall Times

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

MAXIMUM RATINGS (Voltages referenced to Vss)

Rating Symbol V.ilue Unit

DC Supply Voltage vdd -0.8to -is Vdc

Input Voltage. All Inputs Vjn -0 5 to VDD + 0.5 Vdc

DC Current Drain per Pin 1 45 mAdc

Operating Temperature Range - AL Device

CL/CP Device

TA -55 10 M25

-40 lo '85

°C

Storage Temperature Range Tstg -65 10 -150 °c

7-510

MC14541B

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

OSCILLATOR/TIMER

L SUFFIX

CERAMIC PACKAGE

CASE 632

P SUFFIX

PLASTIC PACKAGE

CASE 646

ORDERING INFORMATION

MC14XXXB ___ Suit

tL Ceramic Package

P Plastic Package

A Extended Operating

Temperature Range

C Limited Operating

Temperature Range

BLOCK DIAGRAM

VDD - Pin 14

VSS - Pin 7



MC14541B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

Tlow* 2S°C Thigh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level
Vin "VDD or 0

"1" Level

Vm-0orVDD

vol 5.0

10

15

-

0.05

0.05

0.05
:

0

0

0

0.05

0.05

0.05
-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.S5

9.95

1455

-

4.95

9.95

14.95

6.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage* "0" Level
(Vo • 4.5 or 0.5 Vdc)
(VoB 9.0 or 1.0 Vdc)
(V0- 135 or 1.5 Vdc)

"1" Level

(Vq - 0.5 or 4.5 Vdc)
(Vo-1.0 or 9.0 Vdc)
(Vo-15or 135 Vdc)

V|L
5.0

10

15

-

15

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

IS

3.5

7.0

11.0

-

35

7.0

11.0

2.75

550

8.25

-

35

7.0

11.0

-

Vdc

Output DriveCurrent (AL Device)
(Voh " 25 Vdc) Source
(Voh °95 Vdc)
(VoH"135 Vdc)

(Vol " °-4 Vdc) Sink
(Vol-05 vdc)
(Vol -i* vdc)

•oh
5.0

10

15

7.96

4.19

16,3

-

6.42

3.38

13.2

1253

6.75

26.33

-

4.49

2.37

9.24

-

mAdc

"OL 5.0

10

15

1.93

4.96

19.3

-

1.56

4.0

15.6

3.12

8.0

31.2 _

1.09

2.8

10.9 _

mAdc

Output DriveCurrent (CL/CP Device)
(Voh " 25 Vdc) Source
(VoH "95 Vdc)
(Voh " 135 Vdc)
(Vol - 0.4 Vdc) Sink
(Vol"0-5 vdc)
(vol "15 vdc)

•OH
5.0

10

15

5.1

2.69

105

-

4.27

2.26

8.8

12.83

6.75

26.33'

-

3.5

155

7.22
-

mAdc

'OL 5.0

10

15

1.24

3.18

12.4

-

1.04

2.66

10.4

3.12

8.0

31.2

-

055

2.18

8.50 _

Input Current (AL Device) •in 15 -
±0.1

-

±0.00001 ±0.1
-

±1.0 pAdc

Input Currant (CL/CPDevice) •in 15 -
±0.3

-
±0.00001 ±0.3

-

±1.0 pAdc

Input Capacitance
(Vin-0)

Cin - - - —

5.0 7.5 PF

Quiescent Current (AL Device)

(Pin 5 is High)
Auto Reset Disabled

'dd

5.0

10

15

-

5.0

10

20

-

0.005

0.010

0.015

5.0

10

20

-

150

300

600

pAdc

Quiescent Current (CL/CP Device)

(Pin 5 Is High)
Auto Reset Disabled

>DD

5.0

10

15

-

20

40

80

-

0.005

0.010

0.015

20

40

80

-

150

300

600

uAdc

Auto Reset Quiescent Current

(Pin 5 it low)
'DDR

S.0

10

15

-

200

250

500

-

7

30

82

200

250

500

-

1200

1500

2000

uAdc

Supply Current* #t
(Dynamic plus Quiescent)

>D

5.0

10

15

lD=(0.4uA/kHz)f + lDD
lD=(05pA/kHz)f + lDD
lD=(1.2uA/kHz)f + 'DD

pAdc

*T|ow " -55°C forAL Device, -40°C for CL/CP Device.
Thigh " +125°C for AL Device, +8S°C for CL/CP Device.

#Nolse Immunity specified for worst-case Input combination.
NoiseMargin for both "1" and "0" level- 1.0Vdc min 9 VDq " 5.0 Vdc

2.0 Vdc min @Vqd " 10 Vdc
2.5 Vdc min @Vqd -15 Vdc

tWhen using the on chip oscillator the total supply current (in uAdc) becomes : lT - Id +2Ctc VD0 f x10~3 where lD is in pA, C,c is in
PP.Vqd '" Volts DC,and f in kHz. (seefig.3)

Dissipation during power-on with automatic resetenabled istypically 50pA9 Vqd " 10Vdc.
••The formula given is for the typical characteristics only.
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MC14541B

SWITCHING CHARACTERISITCS* (CL - 50 pF. TA - 25°C)

Characteristic
vdd

Symbol

Typical

Vdc
Min Typ Max Unit

Output Rise Time

tTLH ° '3.0 ns/pF) Cl +30 ns
*TLH " <1 -s ns/pF) Cl + 15 ns
<TLH" 11 -1 n*/pF> Cl + 10 ns

tTLH
5.0

10

15

-
180

90

65

360

180

130

ns

Output Fall Time

tTHL " <1-5 ns/pF) Cl + 25 ns
tTHL *" '°-75 ns/pF) Cl + 12.5 ns
tTHL " '055 ns/pF) Cl +95 ns

tTHL
5.0

10

15

-

100

50

40

200

100

80

ns

Turn-Off, Turn-OnClock to Q (2s Output)
tPLH,tpHL" 'I-7 ""PF) Cl +3415 ns
tPLK tPHL" '0-66nt/pF)Cl +1217ns
tPLH. tPHL " '0.5 ns/pF) Cl +875 ns

tPLH

tPHL 5.0

10

16

•-

35

1.25

0.9

105

35

2.9

PS

Turn-On, Turn-Off Clock to Q (216 Output)
tPHL,tPLH" 'I-7 ns/pF)Cl +5915ns
tPHL^ tPLH " '0-66 ns/pF) Cl+3467 ns
tPHL*, tPLH " W>5 ns/pF) Cl+2475 ns

tPHL

tPLH 5.0

10

15

-

6.0

3.5

25

18

10

75

PS

Clock Pulse Width tWH(cl) 5.0

10

IS

800

300

225

300

100

85

-

ns

Clock Pulse Frequency 'cl 5.0

10

IS

-

15

4.0

6.0

-

MHz

MR Pulse Width tWH(R) 5.0

10

15

900

300

225

300

100

85

-

ns

The formula given is for the typical characteristics only.

FIGURE 1 - POWER DISSIPATION TESTCIRCUIT

AND WAVEFORM

vdd

-OVgs

(Rtc and Ctc outputs are left open)

3t^t
Duty Cycle

7-512

«s-

FIGURE 2 - SWITCHING TIME TESTCIRCUIT

AND WAVEFORMS

Pulse

Generator

vdd

Î Vss

= 'l0% JE-r¥ —J

"I cL

tPLH-

tTLH *\ f—tTHL



MC14541B

EXPANDED BLOCK DIAGRAM

B 13 O-

R,c1

Cte2 o-

RS3'

Osc

Reset

8-Stege 28
^ Coontor

Auto Resot

60
Power-On

Reset

VQD
Vss

<Pin 14

Pin 7

FREQUENCY SELECTION TABLE

A B

Number of

Counter Stages
n

Count

2"

0 0 13 8192

0 1 10 1024

1 0 8 266

1 1 16 65538

210 213 216

C 8-Stage
Counter

Reset

7-513

1 of 3

Mux

A

10

Mode

6
9

Q/Q

Select

TRUTH TABLE

Pin

State

0 1

5 Auto Reset Oper

ating

Auto Reset

Disabled

6 Timer Operational Master Reset On

9 Output Initially
Low After Reset

Output Initially High
After Reset

10 Single Cycle Mode Recycle Mode



MC14541B

FIGURE 3 - OSCILLATOR CIRCUIT USING RC CONFIGURATION

T
I

3 I

• Internal

Rosot

-vw-

"s

o

Y

nTC

TYPICAL RC OSCILLATOR CHARACTERISTICS

t To Clock

~ Circuit

FIGURE 4 - RC OSCILLATOR STABILITY FIGURE 5 - RC OSCILLATOR FREQUENCY AS A

FUNCTION OF RTC AND C

1000 pF I Bs°120»».l-7.8kHit?Vpo • 10V.Ta• 25°C
0 25 50 75
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100

100
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x

i 2°
z
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a
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0.0001
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. .I.IC'10 Fl
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S
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MC14541B

OPERATING CHARACTERISTICS

With Auto Reset pin set to a "0" the counter circuit is
initialized by turning on power. Orwith power already on,
the counter circuit is reset when the Master Reset pin is set
to a "1". Both types of reset will result in synchronously
resetting all counter stages independent of counter state.
Auto Reset pin when set to a "1" provides a low power
operation.

The RC oscillator as shown in Figure 3 will oscillate
with a frequency determined by the external RC net
work i.e.,

1
f =

2.3 RtcCtc

and Rs * 2 Rtc where Rs > 10 kfi

The time select inputs (A and B) provide a two-bit
address to output any one of four counter stages (28, 210,
213 and 216). The 2n counts as shown in the Frequency
Selection Table represents the Q output of the Ntn stage
of the counter. When A is "1", 216 is selected for both
states of B. However, when B is "0", normal counting is
interrupted and the 8th counter stage receives its clock
directly from theoscillator (i.e., effectively outputing 28).

The Q/0select output control pin provides for a choice
of output level.When the counter is in a reset condition
and 0/0 select pin is set to a "0" the Q output is a "0",
correspondingly when Q/Q select pin is set to a "1" the
Q output is a "1".

When the mode control pin is set to a "1", the selected
count is continually transmitted to the output. But, with
mode pin "0" and after a resetcondition the RS flip-flop
(seeExpandedBlockDiagram) resets, countingcommenced
and after 2n'1 counts the RS flip-flop sets which causes
the output to change state. Hence, after another 2n*1
counts the output will not change. Thus, a Master Reset
pulse must be applied or a change in the mode pin level
is required to reset the singlecycle operation.

if (1 kHz OOOO kHz)

r\A-R,c 1

2

3

4

5

6

7

14

13

12

11

10

9

8

vdd
r \|C,e
L A

N.C.
""%,

AR MODE

•=" MR Q/O
_JU

iput
-JC

Output

1 1

DIGITAL TIMER APPLICATION

When Master Reset (MR) receives a positive pulse, the
internal counters and latch are reset. The Q output goes
high and remains high until the selected (via A and B)
number of clock pulses are counted, the Q output then
goes low and remains low until another input pulse is
received.

This "one shot" is fully retriggerable and as accurate as
the input frequency. An external clock can be used (pin
3 is the clock input, pins 1 and 2 are outputs) if additional
accuracy is needed.

Notice that a setup time equal to the desired pulsa
width output is required immediately following initial
power up, duringwhich time Q output will be high.
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M) MOTOROLA

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER
for LIQUID CRYSTALS

The MC14543B BCD-to-seven segment latch/decoder/driver is
designed for use with liquid crystal readouts, and is constructed with
complementary MOS (CMOS) enhancement mode devices. The cir
cuit provides the functions of a 4-bit storage latch and an 8421 BCD-
to-seven segment decoder and driver. The device has the capability
to invert the logic levels of the output combination. The phase (Ph),
blanking (Bl), and latch disable (LD) inputs are used to reverse the
truth table phase, blank the display, and store a BCD code, respec
tively. For liquid crystal (LC) readouts, a square wave is applied to
the Ph input of the circuit and the electrically common backplane
of the display, the outputs of the circuit are connected directly to
the segments of the LC readout. For other types of readouts, such
as light-emitting diode (LED), incandescent, gas discharge, and
fluorescent readouts, connection diagrams are given on this data
sheet.

Applications include instrument (e.g.. counter, DVM etc.) display
driver, computer/calculator display driver, cockpit display driver,

and various clock, watch, and timer uses.

Logic Circuit Quiescent Current = 5.0nA/package typical @
5 Vdc

Latch Storage of Code

Blanking Input

Readout Blanking on All Illegal Input Combinations

Direct LED (Common Anode or Cathode) Driving Capability

Supply Voltage Range = 3.0 Vdc to 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 CD4056A (with Pin 7 Tied to Vss).

MAXIMUM RATINGS (Voltages referencedto Vss'

Rating Symbol Value Unit

DC Supply Voltage VDD -0.5 to +18 Vdc

Input Voltage, All Inputs Vin -0.5 lo Vqd *0S Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range — AL Device
CL/CP Device

ta -55 to +125

-40 to +85

°C

Storage Temperature Ranee Tsig -65 to +150 °c

Maximum Continuous Output Drive Current
(Source or Sink) per Output

"OHmax
'OLmax

10 mAdc

Maximum Continuous Output Power*

(Source or Sink) per Output
pOHmax
pOLmax

70 mW

*pOHmax = 'OH <vOH - VOD>and POLmax = 'OL <vOL "VSS>

7-516

MC14543B

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

BCD-TO-SEVEN SEGMENT

LATCH/DECODER/DRIVER

for

LIQUID CRYSTALS

L SUFFIX

CERAMIC PACKAGE

CASE 620

P SUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB __ Suit

h Ceramic Package
Plastic Package
Extended Operating

Temperature Range

Limited Operating

Temperaluro Range

TRUTH TABLE

NPUTS OUTPUTS

LO Bl Ph" D C B A • b e it t 1 g Display

X 1 ii XXXX 0 0 0 0 0 0 0 B..n«

0

0

0

0

0

0

n

oooo

0 0 0 1

0 0 10

0 0 11

1111110

0 1 10 0 0 0

110 110 1

11110 0 1

0

2

3

0

0

0

0

0

0

0 10 0

0 10 1

0 110

0 111

0 110 0 11

1 0 1 1 0 1 1

10 11111

1110 0 0 0

S

6

7

0

0

0

a

0

0

0

0

10 0 0

10 0 1

10 10

10 11

1111111

1 1 1 1 0 1 1

0 0 0 0 0 0 0

0 0 0 0 0 0 0

8

9

giant

0

0

0

0

0

0

0

0

110 0

110 1

1110

1111

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

Blank

Blank

Blank

Blank

0 0 xxxx

• '
1

•

Inverse ol Output

Com bi nations

Above

Display

i\ above

X • Don't cart

t - Abovt Combinations

• • For liquid crystal readouts, apply a square wave lo Ph
For common cathode LED readouts, select Ph - O

For common anode LED readouts, select Ph • 1

"• • Depends upon the BCD code previously applied when LD • 1



MC14543B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vOD T|ow 25°C Thiqh*

Unit
Vdc Min Max Min Typ Max Min Max

Output Voltage "0" Level
Vjn VDDorO

"1" Level

Vin OorVDD

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95
:

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage" "0" Level
(Vq " 4.5 or 0.5 Vdcl
(Vq j 9.0 or 1.0 Vdc)
(V0 = 13.5 or 1.5 Vdcl

"1" Level

IVq =0.5 or 4.5 Vdc)
(Vq * 1.0 or 9.0 Vdc)
IVq = 1.5 or 13.5 Vdc)

V|L
5.0

10

15

-

1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Current (AL Devicel
(VoH=2SVdc) Source
(V0H=4-6Vdc)
(Voh =° 5 Vdc)
(Voh =9S Vdc)
<VoH =13-5V<fc:>
(Vql * 0-4 Vdc) Sink
(Vol = 0-5 Vdc)
(V0L =95 Vdcl
(v0L =1 -5vdc)

•oh
5.0

5.0

10

10

15

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-8.7

-OS

-3.5

_

-0.7

-0.14

-0.35

-1.1

-

mAdc

'ol 5.0

10

10

15

0.64

1.6

4.2
-

0.51

1.3

3.4

0.88

2.25

10.1

8.8

0.36

0.9

2.4 _

mAdc

Output Drive Current (CL/CP Device)
(VOH= 2.5 Vdc) S°u"*
(V0H =4-6 Vdc)
(Voh =°-5 vdc)
(V0H =95 Vdc)
(V0H = '35 Vdc)
(Vql = °-4 Vdc) Sink
(V0L =05 Vdc)
(Vql =95 Vdc)
(Vol =15 vdc)

•oh
5.0

5.0

10

10

15

-1.0

-0.2

-0.5

-1.4

-

-03

-0.16

-0.4

-1.2

-1.7

-0.36

-8.7

-0.9

-3.5

_

-0.6

-0.12

-0.3

-1.0

-

•ol 5.0

10

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

038

2.25

10.1

53
-

0.36

0.9

2.4
-

mAdc

Input Current IAL Device) •in 15 --
♦0.1 •0.00001 •0 1

—

• 10

Input Current (CL/CP Device) >in 15 10 3 •0.00001 ;0 3 ! 1.0 *jA<Ic

Input Capacitance

•Vjn 0)

Cin -

50 7.5 pF

Quiescent Current (AL Device)

(Per Package)
'DD 50

10

15

5.0

10

20

0.005

0.010

0.015

50

10

20

150

300

600

Quiescent Current (CL/CP Device)

(Per Package)

'DD 5.0

10

15

-

20

40

80

-

0.005

0.010

0.015

20

40

80

150

300

600

IiAdc

Total Supply Current'" t
(Dynamic plus Quiescent,

Per Package)
IC(_ " 50 pF on all outputs, all
buffers switching)

it 5.0

10

15

'it <
it <
't <

1.6 uA/kH

3.1 wA/kH

4.7 uA/kH

z) f • lDD
2) 1 • lDD
z) f • IDC

(jAdc

*T| -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 * 1.0Vdcmin<s> VDD - 5.0Vdc

2.0 Vdc min @> Vqd J 10 Vdc
2.5 Vdc min @v0q - 15 Vdc

tTo calculate total supply current at loadsother than 50 pF:
It(C|> =lT<50 pF) ♦ 3.5x 10"3 (CL -50) VDDI

where: lTis '" mA (per packagel. CL in pF. VDD in Vdc. and Hn kHz is input Irequency.
"The formulas given are lorthe typical characteristics onlyat25 C.
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MC14543B

SWITCHING CHARACTERISTICS* (CL- SO pF.TA =25°C)
Characteristic Symbol vdd Min Typ Max Unit

Output Rise Time

'TLH * *3-0 nt/pF) Cl + 30 ns
»TLH " (1 -5 ni/pF) Cl + 15 ns
tTLH " (I-1 ni/pF) Cl + 10 ns

«TLH
5.0

10

IS

-
180

90

65

360

180

130

ns

Output Fall Time

tTHL" (1.5 ns/pF)CL +25 ns
tTHL " (0-75 ns/pF) Cl + 12.5 ns
tTHL ° (0-55 ns/pF) Cl + 12.5 ns

«THL
5.0

10

IS

-

100

50

40

200

110

80

ns

Turn-Off Delay Time

tpLH " •'-7 ni/pF) Cl + 520 ns
tpLH " (0.66 ns/pF) Cl + 217 ns
tpLH " '0-5 ns/pF) Cl + 160 ns

«PLH
5.0

10

15

-
605

250

185

1210

500

370

ns

Turn-On Delay Time

tPHL" (1.7nj/pF)CL +420ns
tpHL - (0.66 ns/pF) Cl + 172 ns
tpHL " (0.5 ns/pF) Cl + 130 ns

«PHL
5.0

10

15

-
505

205

155

1650

660

495

RS

Setup Time 'tu 5.0

10

15

0

0

0

-40

-15

-10

-

ns

Hold Time «h 5.0

10

IS

80

30

20

40

15

10

-

ns

Latch Disable Pulse Width (Strobing Data) «WH 5.0

10

15

250

100

80

125

SO

40

-

ns

The formula given is for the typical characteristics only.

V0D' Pin 16
VSS - Pin 8

>W>n

LOGIC DIAGRAM

A SO—r>o-

B30—£>>-

C20-[>>-

D40—£>>-

°-t>

rri>B>Tl,
.::0-

M

tfTt>ji^i

LO 1

7-518

Phase 6 —{xo1

9 a

10 b

11 c

12 d

13 e

15 f

14 g



MC14543B

FIGURE 1 - TYPICAL OUTPUT SOURCE
CHARACTERISTICS

0

16 -12 -8.0 -4.0

(Vqh -voo>. source devicevoltage (Vdc)

FIGURE 3 - DYNAMIC POWER DISIPATION

SIGNAL WAVEFORMS

Inputs Bl and Ph low, and Inputs D and LD high.
f in respect to a system clock.

All outputs connected to respective Cl loads.

Any Output

7-519

FIGURE2 - TYPICAL OUTPUT SINK

CHARACTERISTICS

4.o ao 12
(Vol-VSS).SINK OEVICE VOLTAGE (Vdc)

FIGURE4 - DYNAMIC SIGNAL WAVEFORMS

(a) Inputs D. Ph. and Bl low. and Inputs A. B. and LD high

20 nt -H I— 20 "*1 t =i2La_F
/*™ 50%\

jK io% t*
I— tpLH —** W—

90% 50%
10%.

—J l—«THL «TLH'

<b» Inputs D, Ph. and Bl low. and Inputs A and B high
-20 nt

LD

LD

<5%^l t
10% Tc

50% 50%^

(c) Oata DCBA strobed into latches

50% A^JT%
*WH

vdd

vss

V0H

vol

vDD

vSs

vdd

vss

voh

vol

vdd

-vSs



MC14543B

CONNECTIONS TO VARIOUS DISPLAY READOUTS

LIQUID CRYSTAL (LC) READOUT

One of Savon SegmentsMC14543B

Output

Ph /

JBML

Common

Backplane

/

Square Wave

(Vss to VDD|

LIGHT EMITTING DIODE (LED) READOUT

Common

Cathode LEO

Common

Anode LED

MC14S43B

Output

T
MC14S43B

Output

I

fVDD

11—

INCANDESCENT READOUT

MC14543B

Output

I±- vss

Appropriate
Voltago

o

GAS DISCHARGE READOUT

Note: Bipolar transistors may bo addod for gain (for Vqq <10V or lou, > 10 mA).

FLUORESCENT READOUT

Vgg or appropriate
voltago below Vgg.

This device contains circuitry to protect
the inputs against damage due to high
static voltages or electric fields; however,
it is advised that normal precautions be
taken to avoid application of any voltage
higher than maximum rated voltages to
this high impedance circuit. For proper
operation it is recommended that Vjn and
vout oe constrained to the range Vss **
(VinorVoutKVDD.
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either

Vss or Vqd'-

7-520

A a

B b

C c

O d

0— Ph 0

Bl «

LD g

DISPLAY

V00-Pin 16
Vss-Pin8

0 IP3H5G1B3



® MOTOROLA

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER
for LIQUID CRYSTALS

The MC14544B BCD-to-seven segment latch/decoder/driver is
designed for use with liquid crystal readouts, and isconstructed with
complementary MOS (CMOS) enhancement modedevices. The cir
cuit provides the functions of a4-bitstorage latch and an8421 BCD-
to-seven segment decoder and driver. The device has the capability
to invert the logic levels of the output combination. The phase (Ph),
blanking (Bl), and latch disable (LD) inputs are used to reverse the
truth table phase, blank the display, and store a BCD code, respec
tively. For liquid crystal (LC) readouts, a square wave is applied to
the Ph input of the circuit and the electrically common backplane
of the display. The outputs of the circuitareconnected directly to
the segments of the LC readout. The Ripple Blanking Input (RBI)
and the Ripple Blanking Output (RBO) can be used to suppress
either leading or trailing zeroes.

For other types of readouts, suchas light-emitting diode (LED),
incandescent, gas discharge, and fluorescent readouts, connection
diagrams are given on this data sheet.

Applications include instrument (e.g., counter, DVM etc.)display
driver, computer/calculator display driver, cockpit display driver,
and various clock, watch, and timer uses.

• Logic Circuit Quiescent Current = 5.OnA/package typical @
5 Vdc

• Latch Storage of Code

• Blanking Input

• Readout Blankingon All Illegal Input Combinations
• Direct LED (Common Anode or Cathode) Driving Capability

• Supply Voltage Range=3.0 Vdc to 18 Vdc
• Capability forSuppression of Non-significant zero
• Capable of Driving Two Low-power TTL Loads, OneLow-power

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

• Pin-for-Pin Replacement for CD4056A(with Pin 7 Tied to V

MAXIMUM RATINGS (Voltages referenced to Vss)

Rating Symbol Value Unit

DC Supply Voltage vdd -0.5 to +18 Vdc

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

ta -55 to+125

-40 to +85

°C

Storage Temperature Ranee Tstg -65 to+150 °C

Maximum Continuous Output Drive Current
(Source or Sink) per Output

'OHmax
•OLmax

10 mAdc

Maximum Continuous Output Power*
(Source or Sink) per Output

POHmax
pOLmax

70 mW

*pOHmax " >OH <vOH •Vdd' Bnd pOLmax " olIVol-'i/SS>

7-521

MC14544B

CMOS MSI
(LOW-POWER COMPLEMENTARY MOSI

BCD-TO-SEVEN SEGMENT
LATCH/DECODER/DRIVER

WITH RIPPLE BLANKING

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE

CASE 680 CASE 707

ORDERING INFORMATION

MC14XXXB __ Suffix Denotes

h

PIN ASSIGNMENT

\j

LD VDO

C e

B f

D 0

A d

Ph c

Bl b

RBO a

VSS RBI

Ceramic Psckago

Plastic Package
Extended Oporating

Temperature Range

Limited Operating

Temperature Range

gT/t
O

IOI/lr?13NISI6l7iel9l

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 ba
taken to avoid application of any voltage
higher then maximum rated voltages to
this high impedance circuit. For proper
operation it is recommended that Vm and
Vout be constrained to the range Vss <
<Vi„orVou,)<;VDD-
Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vss or Vdd*-



MC14544B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

T|ow* 25°C Th iflh

UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level vol 5.0 - 0.05 _ 0 0.05 _ 0.05 Vdc
vin " Vqd or 0 10 - 0.05 - 0 0.05 _ 0.05

"I" Level

15
- 0.05 - 0 0.05 - 0.05

voh 5.0 4.95 _ 4.95 5.0 _ 4.95 _ Vdc
Vjn "0 or Vdd 10 9.95 - 9.95 10 _ 9.95 _

15 14.95 - 14.95 15 - 14.95 -

Input Voltage" "0" Level V|L Vdc
(Vq - 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5 - 1.5

(Vo-9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 _ 3.0

(V0 = 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H
(Vq =0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 _ 3.5 _ Vdc
(Vo= 1-0or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 _

(V0« 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 _ 11.0 _

Output Drive Current (AL Device) 'oh
(Vqh-2£ Vdc) Source 5.0 -1.2 - -1.0 -1.7 _ -0.7 _

(VoH°4-6Vdc) 5.0 -055 _ -0.2 -0.36 _ -0.14 _

(Vqh " °-5 Vdc) 10 - _ _ -8.7 _ _

(V0H-95Vdc> 10 -0.62 _ -03 -03 _ -0.35 _

(V0H "13-5 Vdc)
(Vql * 0.4 Vdc) Sink

15 -13 - -15 -35 _ -1.1 _

•ol 5.0 0.64 - 051 058 _ 0.36 _ mAdc
(Vql-0.5 Vdc) 10 1.6 - 1.3 2.25 _ 05 _

(Vol " 9-5 Vdcl 10 — _ _ 10.1 _ _

(vol-1-5 vdcl 15 42
-

3.4 85
-

2.4
-

Output Drive Current (CL/CP Device) •oh mAdc

•VoH • 2.5 Vdc) Source 5.0 -1.0 - -03 -1.7 - -0.6 -

(V0H "4.6 Vdc) 5.0 -02 _ -0.16 -0.36 _ -0.12 _

(VOH=05Vdc) 10 - - _ -8.7 _ _ _

(V0H =9-5 Vdc) 10 -0.5 — -0.4 -05 _ -0.3 _

(Vqh "135 Vdc)
(Vol "0.4 Vdc) Sink

15 -1.4 - -\2 -35 - -1.0 -

'ol 5.0 052 - 0.44 058 _ 0.36 _ mAdc

(vol " 05 vdc) 10 1.3 — 1.1 225 _ 05 _

(Vql "9-5 Vdc) 10 - - - 10.1 _ _

(Vol-15 vdc) 15 33 - 3.0 85 - 2.4 -

Input Current (AL Oevice) 'in 15 - ±0.1 - ±0.00001 10 1 - ±1.0 jiAdc

Input Current (CL/CP Devicel •in 15 - ±0.3 - i 0.00001 ±0.3 - ±1.0 yAdc

Input Capacitance Cin - - - 5.0 7.5 - _ pF

(V|n " 01
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) •dd 5.0 - 20 _ 0.005 20 _ 150 uAdc

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

Total Supply Current"t 'T 5.0 IT* (1.6 pA/kHzll ♦ l0D pAdc
(Dynamic plus Quiescent, 10 IT * (3.1 pA/kHz) 1 ♦ lDD
Per Package) 15 lT = (4.7 *.A/kHz) « ♦ lDD

(C|_ - 50 pF on all outputs, all
| buffers switching) |

*T|ow- -55°C for AL Oevice, -40°C lorCL/CP Device.
Thigh " +125°C for ALDevice, +85°C for CL/CP Device.

ffNoise immunity specified for worst-case input combination.

Noise Margin for both "1" and "0" level -1.0 Vdc min 9 Vqd * 5.0 Vdc
2.0 Vdc min 9 Vdd '10 Vdc
2.5 Vdc min 9 Vdd " 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
't(Cl) " 'T<50 pF) + 3.5 x 10"3 <CL -50)VDD»

where: \j is in uA (per package),C|_in pF, Vdd in Vdc. and f in kHz is input frequency.
"The formulas given are forthe typicalcharacteristics only at 25°C.
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MC14544B

FIGURE1 - TYPICAL OUTPUTSOURCE
CHARACTERISTICS

0

-16 -12 -8-0 -4.0

(VQH -VQD). SOURCE DEVICE VOLTAGE (Vdc)

FIGURE 3 - DYNAMIC POWER DISIPATION
SIGNAL WAVEFORMS

Inputs Bl and Ph low, and Inputs D and LD high,
f in respect to a system clock.

All outputs connected to respective Cl loads.

Any Output

FIGURE 2 - TYPICAL OUTPUT SINK

CHARACTERISTICS

o«.o ao 12 is
(VQL -VSS). SINK DEVICE VOLTAGE (Vdc)

FIGURE 4 - DYNAMIC SIGNAL WAVEFORMS

(a) Inputs D. Ph. and Bl low, and Inputs A. B. and LD high

jK 10% TC

tPHL—H

90% 50%

tPLH—I (—

10%

—•* '—tTHL *TLH

(bl Inputs D. Ph, and Bl low, and Inputs A and B high.
•20 n.

VoD
0%

Vss

V00

VSS

voh

^ vol

LD
10% >.

—th

1^50%

(c) Data DCBA strobed into latches

LD 50%

tWH
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—vdd

— vss

voh

vol

vdd
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MC14544B

TYPICAL APPLICATIONS FOR RIPPLE BLANKING

LEADING EDGE ZERO SUPPRESSION

Displays

/
/

/ / /
/ /

/
/ /

♦mm TTTTTTT ttttttt ♦ HUM TTTTTTT ttttttt
Connect to

VDO (1)

o g

RBI RBO

D C B A 1

a 9

RBI RBO

D C B A 1

a g

RBI RBO

0 C B A 0

a g

RBI RBO

D C B A 0

a g

RBI RBO

O C B A 0

a 9

RBI RBO

O C B A 0

Input

Cod*

MM
MC14544B

0 0 0 0

(0)

t i t t
MC14544B

0 0 0 0

(0)

t t t t
MC14544B

0 10 1

(5)

t t t t
MC14S44B

0 0 0 0

(0)

MM
MC14544B

0 0 0 1

(1)

MM
MC14544B

0 0 11

(3)

TRAILING EDGE ZERO SUPPRESSION

Displays

/
/

/ / /
/ /

/
/ /

TTTTTTT ♦♦♦♦♦♦♦ ♦mm fmttt tmm ♦mm
0

-a»

a g

RBO RBI

O C B A 0

a g

RBO RBI

D C B A 0

a g

RBO RBI

O C B A

a»—

0

a g

RBO RBI

D C B A

•m

1

a 9

RBO RBI

D C B A 1

a g

RBO RBI

D C B A

Connect to

Voo •')

IIM
MC14544B

0 10 1

IS)

t t M
MC14544B

0 0 0 0

(0)

1111
MC14544B

0 0 0 1

ID

MM
MC14544B

0 0 11

(3)

t t t f
MC14544B

0 0 0 0

10)

t t t t
MC14544B

oooo

(01 Input Codo
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MC14544B

SWITCHING CHARACTERISTICS* (CL • 50 pF, TA» 25°C)
Characteristic Symbol Vdd Min Typ Max Unit

Output Rise Time

tjLH " (3.0 ns/pF) Cl + 30 ns
tTLH " "5 ns/pF) Cl + 15 ns
tTLH" (1-1 ns/pF)CL+10ns

tTLH
5.0

10

15

-

180

90

65

360

180

130

ns

Output Fall Time
tTHL" (15ns/pF)CL + 25ns
tTHL ° <°-75ns/pF) Cl + 12.5 ns
tTHL " (°55 ns/pF) Cl + 12.5 ns

lTHL
5.0

10

15

-
100

50

40

200

110

80

ns

Turn-Off Delay Time

tpLH ° d-7 ns/pF) Cl + 520 ns
tpLH ° (056 ns/pF) Cl + 217 ns
tpLH • (05 ns/pF) Cl + 160 ns

«PLH
5.0

10

15

-

605

250

185

1210

500

370

ns

Turn-On Delay Time

'PHL" d-7ns/pF)CL + 420ns
tpHL " (056 ns/pF) Cl + 172 ns
tpHL " (05 ns/pF) Cl + 130 ns

1PHL
5.0

10

15

-

505

205

155

1650

660

495

ns

Setup Time tsu 5.0

10

15

0

0

0

-40

-15

-10

-

ns

Hold Time th 5.0

10

15

80

30

20

40

15

10

-

ns

Latch Disable Pulse Width (Strobing Data) *WH 5.0

10

15

250

100

80

125

50

40

-

ns

*The formula given is for the typical characteristics only.

VDD = Pin 18
VSS = Pin 9

»H> >- J>0- —i- ^>0-^ •

B 3 fgr^l
C 2 i-rOi^r

D40—£>0- §3S
LD 1 H>

LOGIC DIAGRAM

to

_=o-
^O

noo-Zj Jo-
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MC14544B

CONNECTIONS TO VARIOUS DISPLAY READOUTS

LIQUID CRYSTAL (LC) READOUT

One of Sevan SagmontsMC14544B

Output

Ph /

JHSBL.

Common

Backplane

/

. Squaro Wave

(VSS to V0D,

LIGHT EMITTING DIODE (LED) READOUT

MC14544B

Output

Ph

r
- Vgs

Common

Cathode LED

V.

Common

Anode LED

MC14S44B

Output

Ph

»VQD

• VDD

V.—

Note: Bipolar transistors may bo added for gain (for Vqq <10V or lout > 10 mA).

FLUORESCENT READOUT

TRUTH TABLE

_1_ Vss or appropriate
- voltage below Vgs-

INCANDESCENT REAOOUT

MC14544B

Output

Ii-Vss

Appropriate
Voltage

o

GAS DISCHARGE READOUT

i vss

INPUTS OUTPUTS

RBI LO ei Ptl o c e a RBO » t> c d t 1 g DISPLAY

X X 1 0 XXXX > 0 0 0 0 0 0 0 Blank

1

0

0

0

0

0

oooo

0 0 0 0

t

0

0 0 0 0 0 0 0

i t i t i i a

Blank

0

X

X

X

X

X

0

0

0

0

0

0

0

0

0

0

oooi

0 0 10

0 0 t 1

0 10 0

0 t 0 t

0

0

0

0

0

0 1 t 0 0 0 0

110 110 1

11110 0 1

0 110 0 11

10 110 11

1

7

3

4

6

X

X

X

X

X

0

0

0

0

0

0

0

0

0

0

0 110

0 1 1 t

10 0 0

10 0 1

t 0 1 0

0

0

0

0

0

10 11111

1 1 10 0 0 0

1111111

11110 11

0 0 0 0 0 0 0

6

7

8

9

Blank

X

X

X

X

X

0

0

0

0

0

0

0

0

0

0

10 11

110 0

1 t 0 1

t 1 1 0

1111

0

0

0

0

0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

Blank

Blank

Blank

Blank

Blank

X 0 0 0 XXXX • •

t » t t t t
Mama* 0»a»l Oajili

X • Don't Care t - Above Combinations

* • For liquid crystal readouts, apply a square wave to Ph. For
common cathode LED readouts, select Ph • 0. For common
anode LED readouts, select Ph • 1. Z

** • Depends upon the BCD Code previously applied when LD » 1.
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Advance Information

BDC-TO-SEVEN SEGMENT DECODER/DRIVER

The MC14547 BCD-to-seven segment decoder/driver is constructed
with complementary MOS (CMOS) enhancement mode devices and
NPN bipolar output drivers in a single monolithic structure. The
circuit provides the functions of an 8421 BCD-to-seven segment
decoder with high output drive capability. Blanking (Bl). can be
used to turn off or pulse modulate the brightnessof the display. The
MC14547 can drive seven-segment light-emitting diodes (LED),
incandescent, fluorescent, gas discharge, or liquid crystal readouts

either directly or indirectly.

Applications include instrument (e.g., counter, DVM, etc.)
display driver, computer/calculator display driver, cockpit display
driver, and various clock, watch, and timer uses.

• High-Current Sourcing Outputs (Up to 65 mA)

• Low Logic Circuit Power Dissipation

• Supply Voltage Range = +3.0 V to +18 V

• Blanking Input

• Readout Blanking on All Illegal Combinations

• Lamp Intensity Modulation Capability

• Time Share (Multiplexing) Facility

• Capable of Driving Two Low-Power TTL Loads.
One Low-Power Schottky TTL Load or
Two HTL Loads over the Rated Temperature Range

MAXIMUM RATINGS (Voltage referenced to Vss. Pin 8)

Rating Symbol Value Unit

DC Supply Voltage vdd + 18 10 -0.5 Vdc

Input Voltage, All Inputs Vin VDDlo-0.5 Vdc

Operating Temperature Range MC14547BAL
MC14547BCL/CP

ta -55lo '125

-40io +85

°C

Storage Temperature Range Tstg -65 to +150 °C

Maximum Continuous Output Drive Current

(Source) per Output

'OHmax 65 mA

Maximum Continuous Power Dissipation pOHmax 1200' mW

"See power derating curve (Figure 1).

This device contains circuitry to protect the inputs against damage due to high static
voltages or electric fields; however, it is advised that normal precautions be taken to
avoid application of any voltage higher than maximum rated voltages to this high im
pedance circuit. A destructive high current mode may occure if Vjn and Vou, is not
constrained to the range Vss < ,vin or Vout1 < VDD

Due to the sourcing capability of this circuit, damage can occur to the device if Vqq is
applied, and the outputs are shorted to Vss arid are at a logical 1 (See Maximum
Ratings).

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

This is advance information and specifications are subjact to change without noli
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(LOW-POWER COMPLEMENTARY MOS)

HIGH CURRENT

BCDTO-SEVEN SEGMENT

DECODER/DRIVER

..NjpM jfflP
L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB -TS " °™
— L Ceramic Package

1— P Plajnc Package
A E.tended Operating

Temperature Range

1 C Limited Operating
Temperature: Range

' C= B VDD =3 16

2 c= C ' —i 15

3 E=

A 1

NC g

§i a =113 l*h
s r= NC b =*n U
6 C= D c =111 d

7 C= A d =J10

8 C= vss =39

DISPL AY

n
u

/
/

D
_/ / J b 1

1 s 1
01 23 456 789

TRUTH TABLE

OU rPUTS

Bl D C B A a b c d e i g DISPLAY

0 XXX X 0 0 0 0 0 0 0 Blank

0 0 0 0 11111 1 0 0

0 0 0 1 0 110 0 0 0 1

0 0 1 0 110 11 0 1 2

0 0 1 1 11110 0 1 3

0 1 0 (» 0 110 0 1 1 4

0 1 0 1 10 110 1 1 5

0 1 1 0 0 0 111 1 1 6

0 1 1 I 1110 0 0 0 7

1 0 0 Cl 11111 1 1 8

1 0 0 1 1110 0 1 1 9

1 0 1 0 ooooo 0 0 Blank

1 0 1 i 0 0 0 0 0 0 0 Blank

1 1 0 (i ooooo 0 0 Blank

1 1 0 1 ooooo 0 0 Blank

1 1 1 0 ooooo 0 0 Blank

1 1 1 1 ooooo 0 0 Blank



MC14547B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol

vdd
Vdc

Tlow* 2S°C Thigh*
UnitMin Max Min Typ Max Min Max

Output Drive Voltage

('OH ° -65 mA)
V0H 5.0

10

15

- ;
~

3.7

8.7

13.7

- -

~
Vdc

Output Drive Current (AL Device)

(Vql " 04 Vdc)
(Vql " 0.5 vdc)
(v0L -1-5 vdc)

'OL
5.0

10

15

0.64

1.6

42

-
031

1.3

3.4

0.88

2.25

8JB

-
0.36

0.9

2.4

-

mAdc

Output Drive Current (CL/CP Device)

(Vol " 0.4 Vdc)
(Vol " 0.5 vdc)
(v0l -1 -5 vdc)

'OL
5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

83
-

0.36

0.9

2.4
-

mAdc

Input Current (AL Device) 'in 15 - 2 0.1 - ±0.00001 ±0.1 - ±1.0 pAdc

Input Current (CL/CP Device) 'in 15
- i0.3 -

10.00001 ±0.3 - ±1.0 pAdc

Input Capacitance

(Vin=0)
Cin — — — —

S.0 7.5
- —

PF

Quiescent Current (A L Device)

(Per Package)
'DD 5.0

10

15

-

5.0

10

20

-

0.010

0.020

0.030

5.0

10

20

-

150

300

600

pAdc

Quiescent Current (CL/CP Device)

(Per Package)
'dd 5.0

10

15

-

50

100

200

-

0.010

0.020

0.030

- -

375

750

1500

pAdc

*T|ow" -55°C for AL Device, -40° forCL/CPDevice
Thigh • +125°C for AL Device, +8S°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 @Vqd • 5.0 Vdc

2.0 Vdc min 9 Vqd = 10 Vdc
2.5 Vdc min 9 V0D » 15 Vdc

SWITCHING CHARACTERISTICS* (CL - S0pF,TA - 25°C)

Characteristic Symbol
vdd
Vdc

All Types

UnitMin Typ Max

Output Rise Time tTLH
5.0

10

15

-
40

30

25

80

60

50

ns

Output Fall Time
tTLH. «THL - (1.5 ns/pF) Cl + 50 ns
tTLH. tTHL - (0.75 ns/pF) Cl + 37.5 ns
tTLH. tTHL " (0.55 ns/pF) CL + 375 ns

tTHL
5.0

10

15

-

125

75

65

250

150

130

ns

Data Propagation Delay Time

tpLH ° (0-40 ns/pF) Cl +620 ns
tPLH ° (0-25 ns/pF) Cl + 237.5 ns
tpLH " (0.20 ns/pF) Cl + 165 ns

tPHL" (1.3ns/pF)CL +655ns
tpHL * (0-60 ns/pF) Cl + 260 ns
tPHL " (0-35 ns/pF) CL + 182.5 ns

tPLH
5.0

10

15

- 640

250

175

1280

500

350

ns

tPHL 5.0

10

15

-

720

290

200

1440

580

400

ns

Blank Propagation Delay Time

tpLH ° (0.30ns/pF) CL +305 ns
tPLH " (0.25ns/pF) CL +117.5 ns
tPLH • (0.15 ns/pF) CL +92.5 ns

tPHL " 10-85 ns/pF) CL +442.5 ns
tpHL " 10.46 ns/pF) Cl + 177.5 ns
tpHL " (0.35 ns/pF) CL + 142.5 ns

tPLH
5.0

10

15
-

320

130

100

640

260

200

ns

tPHL 5.0

10

15
:

485

200

160

970

400

320

ns
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A 7C-

C 2 O-

^

*n>

LOGIC DIAGRAM

O

o
fO
iO
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T^t IO
o

^OH>-'

_^>
.==!>

3>

FIGURE 1 - AMBIENT TEMPERATURE POWER DERATING

I

li
8 S 800 \ rCL

DEVIC E

gs N^

s = c PDEV ICE' AL OEVK E

| 400 X

<

£ 20°

0
75 85 100 I2S 150

Ta. AMBIENT TEMPERATURE l°CI
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MC14547B

CONNECTIONS TO VARIOUS DISPLAY READOUTS

LIGHT EMITTING DIODE (LED) READOUT

voo
II

=^vss

Common

Cathode LEO

*1.7V

INCANDESCENT READOUT

1*1

^•Vss

vDO

II

GAS DISCHARGE READOUT

VOD

I.

P'tK

Appropriate
Voltage

^Vjjs

'A filament pro-warm resistor is recommonded to reduce filament
thermal shcok and Increase the offectivo cold resistance of tho
filamont.

vDd

^vss

LIGHT-EMITTING DIODE (LED) READOUT

USING A ZENER DIODE TO REPLACE DROPPING RESISTORS

VDD

I,

p^5

Up:

^vss

Common

Cathodo LEO

«-

I
VZD*

^ vss

•VZD should be set at VDO - 1.3 V - VLED- Wattage of zenor
diode must bo calculated for number of sogmonts and worst-caso

conditions.
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SUCCESSIVE APPROXIMATION REGISTERS

The MC14549B and MC14559B successive approximation regis

ters are 8-bit registers providing all the digital control and storage
necessary for successive approximation analog-to-digital conversion
systems. These parts differ in only one control input. The Master
Reset (MR) on the MC14549B is required in the cascaded mode
when greater than 8 bits are desired. The Feed Forward (FF) of the
MC14559B is used for register shortening where End-ofConversion
(EOC) is required after less than eight cycles.

Applications for the MC14549B and MC14559B include analog-
to-digital conversion, with serial and parallel outputs.

• Totally Synchronous Operation

• All Outputs Buffered

• Single Supply Operation

• Serial Output

• Retriggerable

• Compatible with a Variety of Digital and Analog Systems such as
the MC1408 8-Bit D/A Converter

• All Control Inputs Positive-Edge Triggered

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

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

MAXIMUM RATINGS (Voltages referenced to vSs>

Rating Symbol Value Unit

DC Supply Voltage VDD -0 5 to -18 Vdc

Input Voltage. All Inputs vin -0.5 to Vqq • 0 5 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device

ta -55 to H25

-40 to -85

°C

Storage Temperature Range Tslg -65 to • 150 °C

TRUTH TABLES

SC SC(,-il MR MR,,.,, Clock Action

X X X X —1_ None

X X 1 X

-f~
Reset

1 0 0 0
-J"

Start

Conversion

1 :•: 0 1
-J_

Start

Conversion

1 1 0 0
_J_

Continue

Conversion

0 X 0 X

-1-
Continuo

Provious

Operation

X - Don't Core

t 1 * State at Previous Clock -

SC SC(,-n EOC Clock Action

>' X X —1_ •J one

• 0 0
-J~

Stari

Conversion

x 1 0
-t~

Continuo

0 0 0
-J_

Continue

Conversion

0 X 1

-^
Rotam

Conversion

Rosult

1 X 1

J"
Start

Conversion
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MC14549B
MC14559B

CMOS MSI

'LOW POWER COMPLEMENTARY MOSI

SUCCESSIVE APPROXIMATION

REGISTERS

L SUFFIX

CERAMIC PACKAGE

CASE 620

P SUFFIX

PLASTIC PACKAGE

ORDERING INFORMATION

MC14XXXB Sull

t L Co

P Plastic Package

A Extended Operating

Temperature Range

C Limited Operating

Temporaturc Range

BLOCK DIAGRAM

vss

MC14549B Pin 10 is MR input

MC14559B Pin 10 is FF input

This device contains circuitry to protect
the inputsagainst damage due to high static
voltages or electric fields; however, it is
advised that normal precautions be taken
to avoid application ol any voltage higher
than maximum rated voltages to this high
impedance circuit. For proper operation it
is recommended that Vjn and V0ut be
constrained to the range Vgs ** IVjn or

Vout»< Vdd-
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either

Vssor VDD>-



MC14549B«MC14559B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

T|ow* 25°C Th Oh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level

Vin VDD or 0

"1" Level

Vin 0orVDD

vol 5.0

10

15

-

0.05

0.05

0.05
-

0

0

0

0.05

0.05

0.05
-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95
-

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage" "0" Level
(Vq ' 4.5 or 0.5 Vdcl
(Vq -9.0 or 1.0 Vdc)
(V0 = 13.5 or 1.5 Vdc)

"1" Level

(Vq - 0.5 or 4.5 Vdc)
(Vq - 1 0 or 9.0 Vdc)
(Vo- 1.5 or 13.5 Vdc)

V|L
5.0

10

15

-

1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Current (AL Device)

(Vqh " 2.5 Vdc) Source
(VoH " 4.6 Vdc)
(VoH • 9.5 Vdc)
(Vqh = 13.5 Vdc)

(Vql " 0.4 Vdc) Sink
(Vql " 0-5 Vdc) Q Outputs
(Vql- 1.5 vdc)

(Vql " 0.4 Vdc) Sink
(Vql ° 0.5 Vdc) Pin5.11 only
IVol" 1.5 Vdc)

'OH
5.0

5.0

10

15

-1.2

-0.25

-0.62

-1.8

-

•1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

5.0

. 5.0

10

1.28

3.2

8.4

0.64

1.6

4.2

-

1.02

2.6

6.8

0.51

1.3

3.4

1.76

4.5

17.6

0.88

2.25

8.8

-

0.72

1.8

4.8

0.36

0.9

2.4

-

mAdc

Output Drive Current (CL/CP Device)

(Voh " 2.5 Vdc) Source
(VOH " 4-6 Vdc)
(VoH " 9.5 Vdc)
(VOH " 135 Vdc)

(Vql • °-4 vdc) Sink
<vol • 0-5 Vdc* °- Outputs
<v0L" i-5 vdc)

(Vql " 0-4 Vdc) Sink
(Vql " °-5 Vdc) Pin 5,11 only
(Vql" 1.5 Vdc)

'OH
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

'OL 5.0

10

15

5.0

10

15

1.04

2.6

7.2

0.52

1.3

3.6

-

0.88

2.2

6.0

0.44

1.1

3.0

1.76

4.5

17.6

0.88

2.25

8.8

-

0.72

1.8

4.8

0.36

0.9

2.4

-

mAdc

Input Current (AL Device) 'in 15 - ♦0.1 -
±0.00001 ♦0.1

-
±1.0 pAdc

Input Current (CL/CP Devicel 'in 15 -
±0.3

-
i 0.00001 10.3

-
±1.0 MAdc

Input Capacitance

(Vin • 0)
Cin — - -

5.0 7.5 — —
PF

Quiescent Current IAL Devicel

(Per Package)
'DD 5.0

10

15

-

5.0

10

20

-

0.005

0.010

0.015

5.0

10

20

-

150

300

600

uAdc

Quiescent Current (CL/CP Device)

(Per Package)
'DD 5.0

10

15
;

20

40

80

-

0.005

0.010

0.015

20

40

80

-

150

300

600

iiAdc

Total Supply Current' '1
(Dynamic plus Quiescent.
Per Packagel

(Cl " 50 pF on all outputs, all
bullers switching)

•t 5.0

10

15

l-r - (0.8 pA/kHz
IT ' (1-6 pA/kHj
'T • (2.4 »iA/kHz

H + lDD
) f ♦ lDD
1 ( ♦ lDD

pAdc

"flow « -55°ClorAL Device, -40°C for CL/CP Device.
Thigh * M25°C lor ALDevice. +85°C for CL/CP Device.

^Noi'se immunity specified (or worst-case input combination.
Noise Margin lor both "1" and "0" level • 1.0 Vdc min 6?Vqd " 5.0 Vdc

2.0 Vdc min @ Vqd * 10 Vdc
2.5 Vdc min @VDD « 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT(CL) l-rl50 PFI ♦ 2 x 10-3 (C|_ -501 VDDI

where: lj '$ '" "* 'PS' package). C|_ in pF, Vqq in Vdc. and I in kHz is input
' 'The formulas given are lorthe typical characteristics onlyat 25°C.
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MC14549B • MC14559B

SWITCHING CHARACTERISTICS' <CL - 50 pF, TA • 25°C)

Characteristic Symbol vdd Min Typ Max Unit

Output Rise Time

'TLH " (30 ns/pF) Cl +30 ns
tTLH * "-5 ns/pF) Cl + 15 ns
tTLH = (1.1 ns/pF) Cl + 10 ns

«TLH
5.0

10

16

-

180

90

65

360

180

130

ns

Output Fall Time

'THL " (I-5 ns/pF) Cl +25 ns
'THL ° (°-75 ns/pF) Cl ♦ 12.5 ns
'THL " (0-55 ns/pF) Cl +9.5 ns

THL
5.0

10

15

-

100

50

40

200

100

80

ns

Propagation Delay Time
Clock to Q

'PLH, 'PHL " (I-7 «m/Pf'Cl +415 ns
'PLH, 'PHL" '0-66ns/pF) Cl +177ns
tpLH* 'PHL ° (O-5 ns/pF) Cl +130 ns

Clock to Sout
«PLH,'PHL° (1.7ns/pF)CL+665 ns
tpLH* 'PHL " (0-66 ns/pF) Cl +277 ns
'PLH*'PHL " '0-5 n*/PF' Cl +195 ns

Clock to EOC

tpLH,'PHL° '1-7 n«/PFr Cl +215 ns
'PLh! 'PHL " (0-66 ns/ pF) Cl+97 ns
tpLH, 'PHL " (0-5ns/pF)Cl +75 ns

'PLH,
«PHL

5.0

10

15

5.0

10

IS

5.0

10

15

-

500

210

155

750

310

220

300

130

100

1000

420

310

1500

620

440

600

260

200

ns

SC, D, FF or MR Setup Time 'su 5.0

10

15

250

100

80

125

50

40

-

ns

Clock Pulse Width tWH(cl) 5.0

10

15

700

270

200

350

135

100

-

ns

Pulse Width - D, SC, FF or MR «WH 5.0

10

15

500

200

160

250

100

80

-

ns

Clock Rise and Fall Time 'TLH,
'THL

5.0

10

15

- -

15

5.0

4.0

PS

Clock Pulse Frequency 'cl 5.0

10

15

-

1.5

3.0

4.0

0.8

1.5

2.0

MHz

*The formula given is for the typical characteristicsonly.
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MC14549BOMC14559B

Proarammable
Pulse

Generator

SC

FF(MR)

T

SC

D

Q7

as

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Q7

Q6

OS

Q4

OS

Q2

Q1

QO

EOC

sout

Noto: Pin 10-Vc

TIMING DIAGRAM

i__ri

'TLH

^|U%
—• H-'THL — —

I 50%

Q3

Q2

Q1^^_

Don't caro condition

I nh - I ndicatos Serial Out it inhibited low.

* — Q8 it ninth-bit of torial information availablo from B-blt regittor.

Noto: Pin 10- Vss
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MC14549B • MC14559B

OPERATING

Both the MC14549B and MC14559B can be operated
in either the "free run" or "strobed operation" mode for
conversion schemes with any number of bits. Reliable
cascading and/or recirculating operation can be achieved
if the End of Convert (EOC) output is used as the con
trolling function, since with EOC = 0 (and with SC = 1
for MC14549B but either 1 or 0 for MC14559B) no stable
state exists under continual clocked operation. The
MC145S9B will automatically recirculate after EOC = 1
during externally strobed operation, provided SC = 1.

All data and control inputs for these devices are trig
gered into the circuit on the positive edge of the clock
pulse.

Operation of the various terminals is as follows:
C a Clock - A positive-going transition of the Clock is

required for data on any input to be strobed into the
circuit.

SC a Start Convert — A conversion sequence is initi
ated on the positive-going transition of the SC input on
succeeding clock cycles.

D = Data In — Data on this input (usually from a com
parator in A/D applications) is also entered into the cir
cuit on a positive-going transition of the clock. This input
is Schmitt triggered and synchronized to allow fast re
sponse and guaranteed quality of serial and parallel data.

MR = Master Reset (MC14549B only) - Resets all out
put to 0 on positive-going transitions of the clock. If re
moved while SC = 0, the circuit will remain reset until
SC = 1. This allows easy cascading of circuits.

FF ° Feed Forward (MC14559B only) - Provides reg
ister shortening by removing unwanted bits from a sys
tem.

For operation with less than 8 bits, tie the output
following the least significant bit of the circuit to EOC.

CHARACTERISTICS

E.g., for a 6-bit conversion, tie Q1 to FF; the part will
respond as shown in the timing diagram lesstwo bit times.
Not that 01 and QO will still operate and must be dis

regarded.
For 8-bit operation, FF is tied to Vss.
For applications with more than 8 but less than 16

bits, use the basic connections shown in Figure 1. The FF
input of the MC14559B is used to shorten the setup.
Tying FF directly to the least significant bit used in the
MC14559B allows EOC to provide the cascading signal,
and results in smooth transition of serial information from
the MC14559B to the MC14549B. The Serial Out (Sout)
inhibit structure of the MC14559B remains inactive one

cycle after EOC goes high, while Sout °* tne MC14549B
remains inhibited until the second clock cycle of its
operation.

Qn ° DataOutputs - After a conversion is initiated the
Q's on succeeding cycles go high and are then condition
ally reset dependent upon the state of the D input. Once
conditionally reset they remain in the proper state until
the circuit is either reset or reinitiated.

EOC = End of Convert —This output goes high on the
negative-going transition of the clock following FF = 1
(for the MC14559B) or the conditional reset of QO. This
allows settling of the digital circuitry prior to the End of
Conversion indication. Therefore either level or edge
triggering can indicate complete conversion.

Sout s Serial Out - Transmits conversion in serial
fashion. Serial data occurs during the clock period when
the corresponding parallel data bit is conditionally reset.
Serial Out is inhibited on the initial period of a cycle,
when the circuit is reset, and on the second cycle after
EOC goes high. This provides efficient operation when
cascaded.

FIGURE 1 - 12-BIT CONVERSION SCHEME
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MC14549B • MC14559B

TYPICAL APPLICATIONS

Externally Controlled 6-Bit ADC (Figure 2)
Several features are shown in this application:
• Shortening of the register to six bits by feeding the

seventh output bit into the FF input.

• Continuous conversion, if a continuous signal is
applied to SC.

• Externally controlled updating (the start pulse must
be shorter than the conversion cycle).

• The EOC output indicating that the parallel data
are valid and that the serial output is complete.

Continuously Cycling 8-Bit ADC (Figure 3)

This ADC is running continuously because the EOC
signal is fed back to the SC input,(immediately initiating
a new cycle on the next clock pulse.

Continuously Cycling 12-Bit ADC (Figure 4)

Because each successive approxiamtion register (SAR)
has a capability of handling only an eight-bit word, two
must be cascaded to make an ADC with more than

eight bits.
When it is necessary to cascade two SAR's, the second

SAR must have a stable resettable state to remain in while

awaiting a subsequent start signal. However, the first stage
must not have a stable resettable state while recycling,
because during switch-on or due to outside influences, the
first stage has entered a reset state, the entire ADC will
remain in a stable non-functional condition.

This 12-bit ADC is continuously recycling. The serial
as well as the parallel outputs are updated every thirteenth
clock pulse. The EOC pulse indicates the completion of

FIGURE 2 - EXTERNALLY CONTROLLED 6-BIT ADC

*
C

SC

MC145598 Sout

0.7 Q6 Q5 04 03 02 Q1 QO FF EOC

1 t.
Tc> DAI 1

FIGURE 3 - CONTINUOUSLY CYCLING 8-BIT ADC

*
c
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SC MC14S59B
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ToOAC
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MC14549BOMC14559B

FIGURE 4 -CONTINUOUSLY CYCLING 12-BIT ADC

MC145S9B

Q7Q6Q5 Q4Q3Q2Q1Q0 FF EOC

m h " 11 u

the 12-bit conversion cycle, the end of the serial output
word, and the validity of the parallel data output.

Externatly Controlled 12-Bit ADC (Figure 5)

In this circuit the external pulse starts the first SAR
and simultaneously resets the cascaded second SAR. When
04 of the first SAR goes high, the second SAR starts
conversion, and the first one stops conversion. EOC indi
cates that the parallel data are valid and that the serial
output is complete. Updating the output data is started
with every external control pulse.

Q7Q6Q5Q4Q3Q2QtQ0EOC

III! U \\ "

t
EOC

Additional Motorola Parts for Successive

Approximation ADC

Monolithic digital-to-analogconverters - The MC1408/
1508 converter has eight-bit resolution and is available
with 6, 7, and 8-bit accuracy. The amplifier-comparator
block - The MCI 407/1507 contains a high speed oper
ational amplifier and a high speed comparator with ad
justable window.

With these two linear parts it is possible to construct
SA-ADCs with an accuracy of up to eight bits, using as the
register one MC14549B or oneMC1455SB. An additional
CMOS block will be necessary to generate the clock fre
quency.

Additional information on successive approximation
ADC is found in Motorola Application Note AN-716.

FIGURE 6 - EXTERNALLY CONTROLLED 12-BIT ADC

MC14SS98
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® MOTOROLA

Advance Information

QUAD 2-INPUT

ANALOG MULTIPLEXER/DEMULTIPLEXER

The MC14551B is a digitally controlled analog switch. It is an
effective 4 PDT switch with low ON impedance and very low OFF
leakage current. Control of analog signals up to the complete supply
voltage range can be achieved.

• High On/Off Output Voltage Ratio - 65 dB typical

• Quiescent Current = 5.0 nA/Package typical @ 5 Vdc

• Low Crosstalk Between Switches —80 dB typical

• Diode Protection on All Inputs

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• Transmits Frequencies Up To 65 MHz

• Linearized TransferCharacteristics, ARrjN ^60 &• 'or
Vin @ VDD to Vee @ 15 Vdc

• Low Noise - 12nV/\/Cycle. f > 1 kHz typical

MAXIMUM RATINGS (Voltages referenced to Vssl
Rating Symbol Value Unit

DC Supply Voltage VDd - VEE VDD -0 5 to -18 Vac

Input Voltage. All Inputs V,n -0 5 lo VDD • 0 5 Vdc

Through Current 1 25 mAdc

Operating Temperature Range AL Device
CL/CP Device

ta -55 to -125

-40 lo -85

°C

Storage Temperature Range Tsig -65io -150 °C

MC14551B

CMOS MSI
(LOW-POWER COMPLEMENTARY MOS)

QUAD 2-INPUT

ANALOG MULTIPLEXER/
DEMULTIPLEXER

J0&&0
CASE 620 CASE 648

L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

ORDERING INFORMATION

MC14XXXB Sutfix Denotes

I— L Ceramic Package
1— P Plastic Package

A Extended Operating

Temperature Range

' C Limited Operating

Temperature Range

90—\ Cont ol

W —0 14 \

/15o— wo
I

I ,0"
W1 X -^>4

20- xo \ Commons

Switches ,' 3 O— XI i [ Out/In

In/Out i 6 O-

f 10 O—

Y0

VI

Y -1
11 O— .'. Z -013 )

\12 O— Z1

Control ON

0 WO XO YO ZO

' W 1 X 1 Y 1 Z 1

Vdd = Pm ,6
vSs • Pi" 8
Vt£f£ • Pin 7

Note Control Input referenced to Vss. Analog Inputs andOutputsreference to Vf££. Vgr;mustbe^ Vgg

This is advance information and specifications are subject to change without notice

7-538



MC14551B (continued)

VUD

In/Out is 2'i

'DO 1

Control-i' •-
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1

FIGURE 1 - SWITCH CIRCUIT SCHEMATIC
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FIGURE 2 - MC14551B FUNCTIONAL DIAGRAM
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MC14551B (continued)

ELECTRICAL CHARACTERISTICS (Vqd ==Vss>

Characteristic Symbol

vdd
Vdc

Tlow* 25°C Thigh*

UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level vol 5.0 - 0.05 - 0 0.05 _ 0.05 Vdc

vin * VDD °r o 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15
- 0.05 - 0 0.05 - 0.05

v0h 5.0 4.95 - 4.95 5.0 - 4.95 _ Vdc

Vjn " 0 or V0D 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -

Input Voltages "0" Level V|L Vdc

(Vq * 4.5 or 0.5 Vdc) 5.0 - 1.5 _ 2.25 1.5 _ 1.5

(V0 = 9.0 or 1.0 Vdc) 10 - 3.0 _ 4.50 3.0 - 3.0

(V0 = 13.5 or 1.5 Vdcl

"1" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H Vdc

(Vq » 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 _

(Vq * 1.0 or 9.0 Vdcl 10 7.0 - 7.0 5.50 - 7.0 _

(V0 = 1.5 or 13.5 Vdc) 15 11.0
- 11.0 8.25 - 11.0 -

Input Current (Control) •in - - - - 10 - - - pAdc

Input Capacitance Cin pF

(Vin ' 01
Control. Inhibit - - - _ 5.0 _ _ _

Switch Inputs
- - - - 10 - - -

Output Capacitance ^out 10
- - -

17
- - -

pF

Feedthrough Capacitance Cin-out 10
- - - 0.10 - - - pF

Quiescent Current (AL Device) •dd 5.0 - 5.0 - 0.005 5.0 - 150 uAdc

(Per Packagel 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 (iAdc

(Per Packagel 10 - 40 - 0.010 40 - 300

15 - 80 - 0.015 80 - 600

Total Supply Current* *t 'T 5.0 It (o 07*iA/kH?l 1 + In IiAdc

(Dynamic plus Quiescent. 10 lT 10.20 uA/kH/) f + Iq
Per Package) 15 lT; (0.36uA/kH*) f ♦ Iq

ON Resistance IAL Devicel F«ON 5.0 880 - 250 1050 - 1200 11

10 - 400 - 120 500 - 550

15 - 220 - 80 280 - 320

ON Resistance ICL/CP Device) Ron 5.0 - 880 _ 250 1050 _ 1200 SI

10 - 450 - 120 500 - 520

15 - 250 - 80 280 - 300

.1 ON Resistance Between Any •i«ON 5.0 - - - 25 - - - U

Two Channels 10 - - - 10 - - -

15 - - - 5.0 - - -

OFF Channel Leakage Current - nAdc

Any Channel 25 100 - j 0.01 100 - -

IAL Device) All Channels OFF: 15 100 =0.02 100

~

OFF Channel Leakage Current - nAdc

Any Channel 15 - 1000 - tO.01 1000 - -

(CL/CP Devicel

All Channels OFF: 15
-

1000
-

•0.02 1000
- - 1 1

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

nNoise immunity is defined as the control input voltage coincident with the
specified change, -%Vout, at an output in the OFF state.

"The formulas given are for the typical characteristics only at 25°C.
tTotal Supply Current, It. is the current drawn at device terminals Vqq and
V$s 'or ,0,al current through the device. The channel component,
(V;n-Vou,l/RoN. should not be included.
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MC14551B (continued)

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

Characteristic Symbol
Vqd-VsS

Vdc Min Typ Max Unit

Propagation Delay Times
Switch Inputto SwitchOutput(Rl - 10kS2)

tPLH.'PHL = (0.17 ns/pFI Cl +26.5 ns
tpLH.'PHL " 'O-08 "s/pF) C|_+ 11 ns
tpLHr'PHL " 'O-06 ns/pF) Cl + 9.0 ns

tPLH.'PHL

5.0

10

15

-

35

15

12

90

40

30

ns

Inhibitto Output (Rl =10 kJ2):
Output "1" or "0" to High Impedance, or
High Impedance to "1" or "0" Level

'PHZ.'PLZ

tPZH.'PZL
5.0

10

15

-

360

160

120

900

375

300

ns

Control Input to Output (Rl " 10 k£2) •PLH.'PHL
5.0

10

15

-

350

140

100

875

350

250

ns

Sine Wave Distortion

(RL= 1 kR, f- 1 kHz)
-

10 —
0.04

—

%

Bandwidth

(RL - 1 k&.Vin=1/2(VDD - Vss) P-P.

20Log10T7lii --3dB)
vin

BW 10 55 MHz

Feedthrough Attenuation, Input to Output

«RL - 1kI2, 20 Logio -^ - -50 dB)
vin

—
10 3.0 MHz

Channel Separation

IRL-1kfl, Vin =1/2 <VDD - VSS) P-P.

20Log1o>'/OUt,B, =-50dB)
Vjn(A)

10 3.0 MHz

Feedthrough Control, Input to Output

(Rl =1 kQ, Rl " 10 k£2, Control/Inhibit
tr - tf - 20 ns

-
10 30

—

mV

Maximum Control Frequency

(RL-1 kJ2, Vout =1/2 Vir))
—

10
—

10

"

MHz

"The formulas given are for the typical characteristics only.

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im
pedance circuit. For proper operation it is recommendedthat V;n and V0u, be constrained to the range Vss ** 'vin or vout'
<V0D.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.. either Vss or V0D'-
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MCI4551B (continued)

TEST CIRCUITS

FIGURE 3 - INPUT VOLTAGE

FIGURE 5 - BANDWIDTH AND FEEDTHROUGH
ATTENUATION

Control input used to turn ON or OFF

tho switch under test.

VDO VEE -At-

FIGURE 7 - FEEDTHROUGH. CONTROL TO
SIGNAL OUTPUT
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FIGURE 4 - PROPAGATION DELAY TIMES,
CONTROL AND INHIBIT TO OUTPUT

Pulse

Gcnorotor

T
i

VqdVeeVee.voo

«Vout

L< JpCL
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MC14551B (continued)

FIGURE 9 - CHANNEL RESISTANCE (R0N>TEST CIRCUIT
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vEe ' vSs

Koithley 160
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1 kSl
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TYPICAL RESISTANCE CHARACTERISTICS
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'M) MOTOROLA

256-BIT STATIC RANDOM ACCESS MEMORY

The MCM 14552 is a static random access memory (RAM) organ
ized in a 64 x 4 bit pattern. The three chip enable inputs can be used
as extensions of the six address inputs, creating 9-bit address scheme.
Eight MCM 14552 devices may be used to comprise a 2048-bit mem
ory (512 x 4) without additional address decoding.

The mode control (M) is used to change the control logic charac
teristic of the circuit. For example, with M high, the 3-state input
(T) fully controls the 3-state characteristic of the output. With M
low, the output 3-state characteristic is controlled by chip enable
inputs (CE), write enable input (WE) and T.

The memory is designed so that dc signals may operate the mem
ory, with no maximum pulse width restrictions.

Medium speed, micropower operation, and control flexibility
make the device useful in scratch pad or buffer applications where
battery operation or high noise immunity are required.

• Quiescent Current = 50 /j A/package typical @ 5 Vdc

• Noise Immunity = 45% of Vprj typical

• 3-state Output Capability for Memory Expansion

• Output Data Latch Eliminates Need for Storage Buffer

• Access Time = 700 ns typical @ Vqd = 10 Vdc

• Fully Decoded and Buffered

• Supply Voltage Range • 3.0 Vdc to 18 Vdc

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

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

NOTE: Pin 20(LE)) must be connected to V$S

MAXIMUM RATINGS (Voltages referenced to VssI
Rating Symbol Value Unit

DC Supply Voltage vDd -0 5 to *18 Vdc

Input Voltage. All Inputs Vjn -0.5 to Vrjo ♦ 0.5 Vdc

DC Current Drain per Pin i 10 mAdc

Operating Temperature Range — AL Device

CL/CP Device

ta -55 to '125

-40 to -85

°C

Storage Temperature Range rstg -65 to '150 °C

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

Vin and Vou( be constrained to the range Vss ^ 'vin or VOUI) < Vqq

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

Vssor VDD

7-544

MCM14552

CMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

256-BIT (64x4) STATIC
RANDOM ACCESS MEMORY

*0^
LSUFFIX

CERAMIC PACKAGE

CASE 623

PSUFFIX

PLASTIC PACKAGE

CASE 709

ORDERING INFORMATION

MCM14XXX -^^- Sull

I
notes

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

PIN ASSIGNMENT

c M VDD ID 24

?CZ ST CE 1 ZD23

3d DOut0 CE2 ID 22

«c DlnO CE3 Z3ai

5H Dou, 1 LE =)20

6C Dini T ZDis

'C Dou, 2 A5 ZJia

8CZ D|n2 A4 =1"

9(Z Dou, 3 A3 zn*
io rz Oln 3 A2 =,'*

" a WE A1 PH
12 C vss A0 =)o



MCM14552

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

Tlow* 25°C Thiflh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level

vin VDDorO

"1" Level

V;n 0orVDD

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95

-

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage" "0" Level
(Vq =4.5 or 0.5 Vdc)
IVo -90 or 1.0 Vdc)
(V0 = 13.5 or 1.5 Vdc)

"1" Level

(Vq =0.5 or 4.5 Vdc)
(Vo= 1.0 or 9.0 Vdc)
(V0 = 1.5 or 13.5 Vdc)

V|L
5.0

10

15

-

1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Current IAL Device)
(Voh =2.5 Vdc) Source
(VoH =4.6 Vdc)
(V0H " 95 Vdc)
(VoH" 13.5Vdc)
(Vql =0-" Vdc) Sink
(Vql =0.5 vdc)
ivql" i.5 vdc)

'OH
5.0

5.0

10

15

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2
:

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Output Drive Current (CL/CP Oevice)
(Vqh ° 25 Vdc) Source
(Vqh " 46 Vdc)
(VoH * 95 Vdc)
(V0H= 13.5 Vdc)

(Vol ° 0.4 Vdc) Sink
(Vql ' 0.5 Vdc)
(V0L =1.5 Vdc)

>0H
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

'OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Input Current (AL Device) 'in 15 - ±0.1 -
±0.00001 ±0.1

-

±1.0 jiAdc

Input Current (CL/CP Devicel 'in 15 -
±1.0

-

10.00001 ±1.0
-

±14.0 uAdc

Input Capacitance

(Vin • 01
Cin — - —

5.0 7.5 pF

Quiescent Current (AL Device)

(Per Packagel
'DD 5.0

10

15

-

5.0

10

20

-

0.050

0.100

0.150

5.0

10

20
_

150

300

600

uAdc

Quiescent Current (CL/CP Device)

(Per Package)
'dd 5.0

10

15

—

50

100

200

-

0.050

0.100

0.150

50

100

200

-

375

750
1500

uAdc

Total Supply Current* *t
(Dynamic plus Quiescent.

Per Package)
ICl - 50 pF on all outputs, all
buffers switching)

't 5.0

10

15

lj"(1-88pA/kHz) f + Iqd
IT "I3.96 nA/kHi) f + <DD
lT =(5.86 (iA/kH*)f + 'DD

uAdc

Three-State Leakage Current
(AL Device)

'TL 15
-

±0.1
-

• 0.00001 ±0.1
-

±3.0 pAdc

Three-State Leakage Current

(CL/CP Device)
•tl 15

-

ll.O
-

•0.00001 ±1.0
—

±7.5 IiAdc

•Tiow =-55°C for AL Device, -40°C forCL/CP Device.
Thigh • ♦126°C for ALDevice. +8S°C for CL/CP Device.

sNoise immunity specified for worst-case input combination.

Noise Margin lor both "1" and "0" level " 1.0 Vdc min 9 Vqd " 50 Vdc
2.0 Vdc min 9 Vod " 10 Vdc
2.5 Vdc min 9 V0D = IS Vdc

tTo calculate total supply current at loads other than 50 pF:
lT(CL) • IflSOpF) +4 x 10-3 (CL -SO) VDDf

where: ly i*in >iA (per package).C|_in pF, Vqo in Vdc, and f in kHi is input frequency.
"The formulas givenare for the typicalcharacteristics only at 25°C.
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SWITCHING CHARACTERISTICS* (CL - 50pF,TA - 25°C)
Charactaristic Figure Symbol VOD Min Typ Max Unit

Output Rite Time

tjLH " (3.0 nt/pF) Cl +30 nt
tTLH " (1-5nt/pF) CL +25 nt
tTLH " '1-1 n*/pF) Cl+ 10 ns

1 »TLH
5.0

10

16
-

180

90

65

360

180

130

ns

Output Fall Time

tTHL * d-5 ns/pF) C|_+25 ns
tTHL " (0-75nt/pF) Cl +125 ns
tTHL ° (0.55 ni/pF) Cl +93 nt

1 «THL
5.0

10

IS
-

100

SO

40

200

100

80

ns

Read Cycle Time 1.2 *cyc(R) 5.0

10

15
-

2000

750

500

6000

2200

1650

nt

Write Cycle Time 3.4 VyclW) 5.0

10

15

~
1200

750

500

3600

2200

1650

ns

Address to Strobe Setup Time 1.3 ttu(A-ST) 5.0

10

15

1500

450

350

500

150

120

—
ns

Strobe to Address Hold Time 1.3 th(sT-A) 5.0

10

IS

ISO

100

75

50

0

0
-

ns

Address to Chip Enable Serup Time 2.4 tfu(A-CE) 5.0

10

15

1800

600

450

600

200

150

-
ns

Chip Enable to Address Hold Time 2.4 fWCl-A) 5.0

10

15

450

300

225

ISO

100

75
-

nt

Strobe or Chip Enable Pulte Width When Reading 1.2 «WL<R) 6.0

10

IS

1800

450

350

450

ISO

100
-

nt

Strobe or Chip Enable PulteWidthWhenWriting 3,4 <WL(W) 5.0

10

16

3600

1800

1350

1200

600

400

—
nt

Read Setup Time 1 <su(R) 5.0

10

16

0

0

0

-100

-40

-30
-

nt

Read Hold Time 1 <MR) 5.0

10

15

540

240

180

180

60

46
-

nt

Data Setup Time 3.4 <tu(D) 5.0

10

15

1800

600

450

600

200

150

-

Rl

Data Hold Time 3.4 *h(0) S.0

10

15

600

ISO

120

200

SO

30
:

nt

The formula given it for the typical characterittict only. (continued)
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SWITCHING CHARACTERISTICS* (CL = 50PF.TA • 25°C) (continued)

Characteristic Figure Symbol vdd Min Typ Max Unit

Write Enable Setup Time 3,4 •su(WE) 5.0

10

15

720

240

180

240

80

55

-

ns

Write Enable Hold Time 3,4 «h(WE) 5.0

10

15

150

60

45

so

20

15 :

ns

Read Access Time from Strobe 1.3 'acc(R-ST) 5.0

10

15

-

2000

700

350

6000

2100

1600

ns

Read Access Time from Chip Enable 2 •acc(R-CE) 5.0

10

15

-

2100

750

400

6300

2250

1700

ns

Output Enable/Disable Delay from Chip Enable or 2.4 «R(5E).
tR(WE)

5.0

10

15

-

400

200

150

1200

600

450

ns

Write Enable

Three-State Enable/Disable Uutput ueiay 2 t<T» 5.0

10

15

-

400

160

120

1200

480

360

ns

Latch to Output Propagation Delay 1 »LE 5.0

10

15

-

500

200

150

1SO0

600

450

ns

*The formula given is for the typical characteristicsonly.

LOGIC DIAGRAM

WE 11 <H> ^>^>
ST 2 O-

CEl 23

CE2 22

CE3 2

;^>m±o-t

3 toB

Decoder

3 to 8

Decoder

Din Dln Din Din
0 12 3

4 6 8 10

0 9 9 9

Wrlto

Circuitry

64x4

Memory

Array
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V0D-Pln24
VSS- Pin 12

€£•
CF-
cP
CP

-03 Doot0

-OS Dout1

-07 oout2

-0 9 Dout3



MCM14552

Wrlto Enable

Address

FIGURE 1 - READ CYCLE WAVEFORMS UTILIZING STROBE TO ACCESS MEMORY

— «cyc(R)-

X 3£

♦suIR).

'h(A-ST)

\ / ^
•'WLIHI-

Jf \-f±
'MR)

♦tlh.ithl-

Notoi: 1 - CEl. Cl2, CE3 end T are low. M is high.
2 •- WE may bo hold high during the comploto road cyclo.

FIGURE 2 - READ CYCLE WAVEFORMS UTILIZING CHIP ENABLE TO ACCESS MEMORY

«h(ACe)—»

Chip Enable

VhrooStoto

Notes: 1 - Unused CT. ST. M ond T oro low and WE is high.
2 — High Impodonco output stato occurs when any CE is high

and M it low, or whan Y is high.
3 — Tho output displays data from the provious stato.

4 - <WL(R) > «acc(R Climax-

7-548
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Write Enablo

Address

«h(A-C"E>

Chip Enable

FIGURE 3 - WRITE CYCLE WAVEFORMS UTILIZING STROBE

1 -ClI, CE2, CE3 and T aro maintained at the logical "0" level.
2 - M is maintalnod at the logical "1" lovol.
3 - The output displays the contonts of tho provious stoto.
4 —The output displays tho contents of the prosently addrossed location as in a

read modify write cycle.
5 — Tho output displays tho data that was writton into oddressed location.

FIGURE 4 - WRITE CYCLE WAVEFORM UTILIZING CHIP ENABLE

Notes: 1 - HighImpedance output stato occurswhen CE Ishighor whenWE
Is low, for M and T maintained In the low state.

2 - Unused CE'i.ST, M and T aro maintained et tho logical "0" level.
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Function CEl HI j CE3 T CI M 5? Rl Din Comment. 1
Changing
Valid

X

X

X

1

X

X

1

X

X

1

X

X

X

X

X

X

X

X

X

X

X

X

X

X

t

X

X

X

X

X

X

X

X

X

X

X

R/A

R/A

R/A

R/A

Dout "in •» active it all
CE-O.T-OandWE.1
or il M - 1 and T - 0

Address Changing
Not Valid

0 0 0 X X X 0 X X R/A Ooutwill bt activail T • 0
endWE • 1 orilM-1

00u, Oiiabled
tin high resistance Kate X

X

1

X

X

X

1

X

X

X

1

X

X

X

X

X

X

X

1

X

X

X

X

X

X

0

0

0

X

0

X

X

X

X

X

X

X

X

X

0

X

X

X

X

X

R

R

R

R

R

OisablM writa circuitry

T - 1always disables 0^,
M - 0 and writa operation

OoutEnablad
tin active t tatel

0

X

0

X

0

X

0

0

X

X

X

1

X

X

t

X

X

X

A

A

Read operation.0,^, activa

Memory Location

Into Output Latch

0 0 0 X 0 X 0 X X R/A HWE-O.Oin-Oou,

OnatHc Reeding
From Memory

X

X

1

X

X

X

1

X

X

X

1

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

1

X

X

X

X

X

0

X

X

X

X

X

R/A

R/A

R/A

R/A

R/A
Writ* Inio Memory 0 0 0 X X X 0 0 A R/A

X

X

1

X

X

X

1

X

X

X

1

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

1

X

X

X

X

X

1

X

X

X

X

X

R/A

R/A

R/A

R/A

R/A

Output Latch Enabled 0 0 0 X 0 X 0 X X R/A
Output Latch Oitabltd X

X

1

X

X

X

1

X

X

X

t

X

X

X 1
x 1

X

X

X

X

X

X

X

X

t

X

X

X

X

X

X

X

X

1

X

X

X

X

X

X

X

X

X

X

R/A

R/A

R/A

R/A

R/A

• Highrefinance state at Oout
A • An activeleverol eitherVqq or Vjs

R/A • An R or A condition depending on the don't care cond

Don't care condition Imuil be in the "t" or "0" statel

A ragh level at Vpo
A low level at Vss

FIGURE 5 - 512 WORD x 16 BIT MEMORY BOARD Data Inputs

All M and CE
Input* ere
grounded

38 0-
S70-

Seo-

Board strobe °~

DO D1 D2 03 D4 OS D6 D7

TT IT TTTT

-e"CE*3

-c CE2

-c CEl
-< AS

-e A4

-e A3

-C A2

-C A1

-C AO

-e st
-e T

, MCM14552,

32 places

TTTT
DO Ol D2 D3

TTTT
D4 D5 D6 07

D8 D9D10D11 D12D13D14D15

TTTT. TTTT

TTTT
D8 D9D10D11

TTTT
D12D13D14D15

Data Outputs
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'M) MOTOROLA

THREE-DIGIT BCD COUNTER

The MC14553B three-digit BCD counter consists of three negative
edge triggered BCD counters that are cascaded synchronously. A
quad latch at the output of each counter permits storage of any
given count. The information is then time division multiplexed,
providing one BCD number or digit at a time. Digit select outputs
providedisplay control. All outputs are TTL compatible.

An on-chip oscillator provides the low-frequency scanningclock
which drives the multiplexer output selector.

This device is used in instrumentation counters, clock displays,
digital panel meters, and as a building block for general logic
applications.

• TTL Outputs

• On-Chip Oscillator

• Cascadable

• Clock Disable Input

• Pulse Shaping Permits Very Slow Rise Times on Input Clock

• Output Latches

• Master Reset

MAXIMUM RATINGS (Voltages referenced to Vssl

Rating Symbol Value Unit

DC Supply Voltage VDD -0 5 to '18 Vdc

Input Voltage. All Inputs V,n -0.5 to VDD' 0.5 Vdc

DC Current Drain per Pin I 10 mAdc

DC Current per Pin, All Outputs I 20 mAdc

Operating Temperature Range - AL Device
CL/CP Device

ta -55 to +125

-40 to '85

°C

Storage Temperature Range Tstg -65 to '150 °c

TRUTH TABLE

INPUTS

MASTER

RESET CLOCK DISABLE LE OUTPUTS

0 __/ 0 0 No Change

0 \ 0 0 Advance

0 X 1 X No Change

0 1 —/ 0 Advance

0 1
—\ 0 No Change

0 0 X X No Change

0 X X _/~ Letchod

0 X X 1 Latchad

1 X X 0 QO - Q1 - Q2 -
Q3- 0

X • Don't Care

7-551

MC14553B

CMOS LSI

(LOW-POWER COMPLEMENTARY MOSI

THREE-DIGIT BCD COUNTER

gg-, ir-j
SijBrOro 1 nSwifl 1J'ppll '• J11 111™

L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB -. Suffix Denotea

L Ceramic Package
1 P Plastic Package

A Extended Operating

Temperoturo Range

1 C Limited Oporating
Temperature Range

BLOCK DIAGRAM

4 3

? I
CIA C1B Q0 O 9

12 O—0 Clock Q1 O 7

Q2 O 6

too
LE O 5

OF. | O 14
11 o Dit 551

DS2
Q 1

13 O
DS3 O 15

VDD- Pin 16
VSS - Pin 8

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

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

Vssor VDD'



MC14553B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

T| •

ow 25°C Thigh#
Min Max Min Typ .Max Min Max Unit

Output Voltage "0" Level vol 5.0 - 0.05 _ 0 0.05 _ 0.05 Vdc
vin " Vqd or 0 10 - 0.05 - 0 0.05 _ 0.05

"1" Level

15 - 0.05 - 0 0.05 _ 0.05

voh 5.0 4.9S - 4.95 5.0 _ 4.95 _ Vdc
Vin»0orVDD 10 9.95 - 9.95 10 _ 9.95 _

15 14.95
- 1455 15 - 14.95 -

Input Voltage** "0" Level V|L Vdc
(V0 - 4.5 or 0.5 Vdc) 5.0 - 13 _ 2.25 1.5 _ 1.5
(Vq-9.0 or 1.0 Vdc) 10 - 3.0 _ 4.50 3.0 _ 3.0
IVq" 13.5 or 1.5 Vdc)

"1" Level

15
-

4.0
- 6.75 4.0 - 4.0

V|H Vdc
(Vo - 0.5 or 4.5 Vdc) 5.0 3.5 - 33 2.75 _ 3.5 _

(Vo° 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 _ 7.0 _

(V0» 1.5 or 13.5 Vdc) 15 11.0
-

11.0 8.2S
-

11.0
-

Output Drive Current (AL Device) 'oh
•Voh • 4.6 Vdc) Source 5.0 -0.25 _ -0.20 -0.36 _ -0.14
(Vqh " 9.6 Vdc) 10 -0.62 _ -0.50 -0.9 _ -0.35

(Vqh- '3.5 Vdc)
(V0L - 0.4 Vdc) Sink-Pin 3

15 -IS
- -1.5 -3.5 - -1.1 -

•OL 5.0 0.23 - 0.2 0.88 _ 0.16 _

(Vql " 0-5 Vdc) 10 0.60 _ 0.5 2.25 _ 0.40 _

(Vql-i-5 vdc)

(Vol ° 0.4 Vdc) Sink-Other Outputs
IS 1.80

-
1.5 8.8 - 1.20 -

'OL 5.0 2.4 - 2.5 4.0 _ 1.6 _

(Vql • °-5 vdc) 10 3.8 _ 5.0 8.0 _ 3.5 _

(Vol °1 -6 vdc) 15 10
-

15 20
- 10 -

Output Drive Current (CL/CP Device) 'oh
IVqh " 4.6 Vdc) Source 5.0 -0.2 - -0.16 -0.36 _ -0.12 _

(V0H " 9-5 Vdc) 10 -0.5 _ -0.4 -0.9 _ -0.3 _

(Vqh "13.5 Vdc)

(Vql " 0-4 Vdc) Sink-Pin 3
15 -1.4

-
-1.2 -3.5 - -1.0 -

'ol 5.0 0.23 - 0.2 0.88 _ 0.16 _ mAdc
(Vql " 03 Vdc) 10 0.60 _ 0.5 2.25 _ 0.40 _

(v0l-1.5 vdc)

(Vql " 0-4 Vdc) Sink-Other Outputs

IS 1.80
-

1.5 8.8
- 1.20 -

•ol 5.0 2.4 — 2.0 4.0 _ 1.6 _

(Vql " 0.5 Vdc) 10 3.8 — 3.0 8.0 _ 2.5 _

(V0L °1-5 Vdc) 15 10
-

8.4 20
- 7.0 -

Input Current (AL Device) 'in 15
-

±0.1
- 10.00001 ±0.1 - ±1.0 uAdc

Input Currant (CL/CP Device) 'in 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 _ 0.010 5.0 _ ISO uAdc
(Per Package) 10 - 10 - 0.020 10 _ 300

IS
-

20
-

0.030 20 - 600

Quiescent Current (CL/CP Device) 'dd 5.0 _ 50 _ 0.010 50 _ 375 uAdc
(Per Package) 10 - 100 - 0.020 100 _ 760

15 - 200 - 0.030 200 - 1500

Total Supply Current**t 't 5.0 iT - «o.35uA/kHz)f + lDD MAdc
(Dynamic plus Quiescent, 10 iT - (0.B5uA/kHz)f+ Iqd
Per Package)

. IS •t = <i.50 (iA/kHz) f + >DD
(Cl • 50 pF on all outputs, ail 1
buffers switching) 1 1

"Tlow * -55°C for AL Device.-40°C for CL/CP Device.
Thigh * *125°C for AL Oevice. +8S°C for CL/CP Device.

"Noise immunity specified for worst-case input combination.
Noise Margin forboth "1" and"0" level • 1.0Vdc min9 Vqd * 50 Vdc

2.0 Vdc min 9 Vqq = 10 Vdc
2.5 Vdc min 9 Vqq * '5 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT(CL) " It<50 pF) +4 x 10-3(CL -50)V0Df

where: It i*in »jA(perpackage). Cl in pF, Vqq 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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MC14553B

SWITCHING CHARACTERISTICS, (CL - SO pF.TA • 25°C»
Characteristic Figure Symbol vqd Min Typ I Max Unit

Output Rise Time 3a »TLH
ns

tTLH " '3.0 ns/pF)Cl +30 ns 5.0
-

180 360

tTLH " <1 -6 n,/PF' CL + 15 ns 10
-

90 180

130tTLH " 0.1 ns/pF) Cl +10 ns 15
—

65

Output Fell Time 3a tTHL
ns

tfHL " ''.6 n*/PF> Cl + 25 ns 5.0
-

100 200

100

80
tTHL " '°-75 ntlpF) CL + 12-5 ns 10

-
50

tTHL • W-86 n»/pF)Cl +93 ns 15
-

40

Clock to BCD Out 3a tPLH, 5.0 -
900 1800 ns

<PHL 10 — SOO 1000

15
-

300 600

Clock to Overflow 3a «PHL 5.0 -
600 1200 ns

10 — 400 800

15 -
200 400

Reset to BCD Out 3b «PHL 5.0 - 900 1800 ns

10 — 500 1000

15 -
300 600

Clock to Latch Enable Setup Time 3b *su
5.0 600 300 -

ns

10 400 200 -

15 200 100 -

Clock Pulse Width 3a tWH(cl) 5.0 550 275
-

ns

10 200 100 —

15 150 75
-

Reset Pulse Width 3b tWH(R) 5.0 1200 600
-

ns

10 600 300 —

IS 450 225 -

Input Clock Frequency 3a <cl 6.0 -
1.5 0.9 MHz

10 — 5.0 2.5

IS - I 70 3.5

Input Clock Rise Time 3b «TLH 6.0
No

ns

10
Limit

15

Scan Oscillator Frequency 2 'osc 5.0 - 0.4/C1 -
Hz

10 — 1.2/C1 —

(Cl measured in mF) 15
-

1.6/C1
-

.

"The formulagiven is for the typical characteristics only.

FIGURE 1 - AMBIENT TEMPERATURE POWER DERATING

1200

?

"V
S

8g 800 ^CL OEVIC E

POWER! RPACK

CPDEV ICE' ^AL OEVIC E

iS

<

s m
0

SO 75 85 ICO 125 ISO

TA. AMBIENT TEMPERATURE ("Cl
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FIGURE 2 - 3-OIGIT COUNTER TIMING DIAGRAM (Reference Figure 41
o-fymi«)»M»ijo

oa«aeaaic>eioia>aia>oi8loi->- coomoiSSoioiSSSoiS"
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3

FIGURE 3 - SWITCHING TIME TEST CIRCUITS AND WAVEFORMS
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MC14553B

OPERATING CHARACTERISTICS
The MC14553B three-digit counter, shown in Figure 4,

consists of three negative edge-triggered BCD counters
which are cascaded in a synchronous fashion. A quad latch
at the output of each of the three BCD counters permits
storage of any given count. The three sets of BCD outputs
(active high), after going through the latches, are time
division multiplexed, providing one BCD number or digit
at a time. Digit select outputs (active low) are provided
for display control. All outputs are TTL compatible.

An on-chip oscillator provides the low frequency scan
ning clock which drives the multiplexer output selector.
The frequency of the oscillator can be controlled ex
ternally by a capacitor between pins 3 and 4, or it can be
overridden and driven with an external clock at pin 4.
Multiple devices can be cascaded using the overflow
output, which provides one pulse for every 1000 counts.

The Master Reset input, when taken high, initializes the
three BCD counters and the multiplexer scanning circuit.
While Master Reset is high the digit scanner is set to digit
one; but all three digit select outputs are disabled to
prolong display life, and the scan oscillator is inhibited.
The Disable input, when high, prevents the input clock
from reaching the counters, while still retaining the last
count. A pulse shaping circuit at the clock input permits
the counters to continue operating on input pulses with
very slow rise times. Information present in the counters
when the latch input goes high, will be stored in the
latches and will be retained while the latch is high,
independent of other inputs. Information can be recovered
from the latches after the counters have been reset if
Latch Enable remains high during the entire reset cycle.

FIGURE 4 - EXPANDED BLOCK DIAGRAM
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Disable
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High)
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Circuit diagrams utilizing Motorola products aro included as a moans is believed to bo entirely reliable. However, no responsibility is
of illustrating typical semiconductor applications; consequently. assumed for inaccuracies. Furthermore, such information does not
complete information sufficient for construction purpotet is not convoy to the purchasor of tha semiconductor devices described any
nocossarily given. Tha information has been carofully chocked and license under the patent rightt of Motorola Inc. or others.
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'M) MOTOROLA

2-BIT BY 2-BIT PARALLEL BINARY MULTIPLIER

The MC14554B 2 x 2-bit parallel binary multiplier is constructed
with complementary MOS (CMOS) enhancement mode devices. The
multiplier can perform the multiplication of two binary numbers
and simultaneously add two other binary numbers to the product.
TheMC14554B has two multiplicand inputs (XOand X1). two mul
tiplier inputs (YO and YD, five cascading or adding inputs (KO. K1,
MO. M1, and M2). and five sum andcarry outputs (SO, SI, S2, C1
[S3]. andCO). The basic multiplier can beexpanded into a straight
forward m-bit by n-bit parallel multiplier without additional logic
elements.

Application areas include arithmetic processing (multiplying/
adding, obtaining square roots, polynomial evaluation, obtaining
reciprocals, and dividing). FastFourier Transform processing, digital
filtering, communications (convoluation andcorrelation), andprocess
and machine controls.

• Diode Protection on All Inputs

• All Outputs Buffered

• Quiescent Current = 5.0 nA typical @ 5 Vdc

• Straightforward m-Bit By n-Bit Expansion
• No Additional Logic Elements Needed for Expansion

• Multiplies and Adds Simultaneously

• Positive Logic Design

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

Schottky TTL Load or Two HTL LoadsOver the Rated Temper
ature Range

MAXIMUM RATINGS (Voltagesreferenced to Vgs I
Rating Symbol Value Unit

DC Supply Voltage vdd -0.5 to ua Vdc

Input Voltage, ah Inputs Vin -0 5 to VDD • 0.5 Vdc

DC Cu.ii;mi Or,iin per Pin i 10 mAdc

Operating Temperature Range AL Device
CL'CP Device

ta -55 to -125

-40 to -85

°C

Storage Temperature Range Tstg -65 to ♦ 150 °C

MC14554B

CMOS MSI
(LOW-POWER COMPLEMENTARY MOSI

2-BIT BY 2-BIT PARALLEL
BINARY MULTIPLIER

L SUFFIX

CERAMIC PACKAGE

CASE 620

PSUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB Sulfi

tL Ceramic Package

P Plastic Package

A Extendod Operating

Tomporaturo Range

C Limited Operating

Temporature Range

This device contains circuitry lo protect

the inputs against damage due to high
static voltages or electric fields; however,
it is advised thai normal precautions be
taken to avoid application ol any voltage
higher than maximum rated voltages to
this high impedance circuit. For proper
operation it is recommended that Vjn and
Vout be constrained to the range V$S '-
(Vinor Vout) •£ VDD.

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

Vssor VDD'

BLOCK DIAGRAM
EQUATIONS

S = (X x Y) * K t M

Where:

x Means Arithmetic Times.

* Means Arithmetic Plus.
S » S3S2S1 SO. X =- X1X0. Y • Y1Y0.
K = K1 K0. M = M1 M0 (Binary Numbers).

Example:
Given: X = 2(10). Y » 3(11)

K • 1(01). M = 2(10)

Then: S= (2x3)+ 1+2=9
S= UOx 11) + 01 + 10 • 1001

VSS

CO connected to M2 for this size multiplier.
Seegeneral expansion diagramfor other size multipliers.
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MC14554B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

Tlow' 25°C Thicri*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level VOL 5.0 - 0.05 - 0 0.05 _ 0.05 Vdc
vin VD0 or 0 10

- 0.05 - 0 0.05 _ 0.05

"1" Level

15
-

0.05
- 0 0.05 - 0.05

voh 5.0 4.95 _ 4.95 5.0 _ 4.95 VdcVin 0 or VDD 10 9.S5 - 9.95 10 _ 9.95 _

15 14.95 - 14.95 15 _ 14.95 _

Input Voltage" "0" Level V|L
IVq * 4.5 or 0.5 Vdc) 5.0 _ 1.5 _ 2.25 1.5 _ 1.5
(V0 -9.0 or 1.0 Vdcl 10 _ 3.0 - 4.50 3.0 _ 3.0
(Vo* 13.5 or 1.5 Vdc)

"1" Level

15
- 4.0 - 6.75 4.0 - 4.0

V|H
(V0 • 0.5 or 4.5 Vdc) 5.0 3.5 _ 3.5 2.75 _

3.5 Vdc
(Vo • 1 0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 _ 7.0 _

(Vrj = 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Device) 'OH
tVOH " 2.5 Vdc) Source 5.0 -1.2 _ -1.0 -1.7 _ -0.7 _

(Vqh * 4-6 Vdc) 5.0 -0.25 _ -0.2 -0.36 _ -0.14 _

<V0H * 9-5 Vdc) 10 -0.62 _ -0.5 -0.9 _ -0.35 _

(Vqh " 13.5 Vdc)

(Vql " 0.4 Vdcl Sink
15 -1.8 - -1.5 -3.5 - -1.1 -

'OL 5.0 0.64 - 0.51 0.88 _ 0.36 _ mAdc
IVql " 0.5 Vdcl 10 1.6 - 1.3 2.25 _ 0.9 _

(Vql" 15 Vdcl 15 4.2
-

3.4 8.8 - 2.4 -

Output Drive Current (CL/CP Device) <OH
<vOH " 2.5 Vdcl Source 5.0 -1.0 _ -0.8 -1.7 _ -0.6 _

(Vqh =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 _

(Vqh '13.5 Vdc)

IVql " 0.4 Vdc) Sink

15 -1.4
- -1.2 -3.5 - -1.0 -

•OL 5.0 0.52 - 0.44 0.88 _ 0.36 _ mAdc
(Vql " °-5 Vdc) 10 1.3 - 1.1 2.25 _ 0.9 _

'Vol' i.5Vdc) 15 3.6
- 3.0 8.8 - 2.4 -

Input Current (AL Device) •in 15
- ±0.1 - 10.00001 ±0.1 - ±1.0 ;iAdc

Input Current ICL/CP Device) •in 15
-

±0.3
- 10 00001 ±0.3 - ±1.0 uAdc

Input Capacitance Cin — - _ 5.0 7.5 _ _ pF
<Vi„ • 01

Quiescent Current IAL Device) •do 5.0 - 5.0 - 0.005 5.0 _ 150 uAdc
(Per Packagel 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 it 5.0 IT -(1.0*iA/kHz) + lDD uAdc
(Dynamic plus Quiescent, 10 IT" (2.0uA/kHz) + 'DD
Per Packagel 15 IT * (3.0 uA/kHz) + 'DD

(Cl ~ 50 pF on ail outputs, all
buffers switching)

*Tlow" -55°C for AL Device. -40°C for CL/CP Device.
Thigh * *125°C forAL Oevice. +85°C forCL/CP Device.

"Noise immunity specified for worst-case input combination.
Noise Margin for both "1" and "0" level » 1.0Vdcmin9 Vqd ' 50 Vdc

2.0 Vdc min <§> Vqd - 10 Vdc
2.5 Vdc min 9 V0D « 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
't<Cl> - lT<50 pF) +33 x 10~3 (CL -50) V0D»

where: It is in "A (per package).CL in pF, VDDin Vdc, and f in kHzis input frequency.
"The formulas given are for the typical characteristics only at 25°C.
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MC14554B

SWITCHING CHARACTERISTICS* (CL - 50 pF, TA - 25°C)

Characteristic Symbol vdd Min Typ Max Unit

Output Rise Time

tTLH ° <3-0 ns/pFI Cl + 30 ns
tTLH • 'I-5 "'/PF! CL + 15 ns
*TLH° (1.1 ns/pF) Cl+ 10 ns

'TLH
5.0

10

15

-

180

90

65

360

180

130

ns

Output Fall Time
tTHL" (1.5ns/pF) CL + 25ns
tTHL " w-75 n«/PF' CL + 12-5 n*
tTHL " <°-55n*/PF) Cl + 9.5 ns

'THL
5.0

10

15

-

100

50

40

200

100

80

ns

Propagation Delay Time
K0 to CO

»PLH,*PHL = (1.7ns/pF) Cl + 185 ns
*PLh! 'PHL " '0-66 ns/pF) Cl+82 ns
tPLH* 'PHL * ,0-5 n*/PF' Cl +60ns

MO to S2

'PLH,'PHL" "-7 nsVpF) Cl +595ns
«PLh] 'PHL " <0.66 ns/pF) Cl+247 ns
'PLH. 'PHL = M)'5 rw/pFICl + 185 ns

'PLH,
»PHL

5.0

10

16

5.0

10

15

-

270

115

85

680

280

210

675

290

215

1700

750

570

ns

*The formula given is for the typical characteristics only

FIGURE 1 - DYNAMIC POWER DISSIPATION

WAVEFORMS

All Inputs

(50% Dutv Cyelel

Any Output —_/ > r ^ Vq^
(50% Duty Cycle)

All outputs connected to respective
Ci_ loads, f * system clock frequency

LOGIC DIAGRAM

MO YOMl

3LL
M V

Multiplier

Cell

C
S

I

M V

X
Multiplier

Cell

C K
S

r
CKS3) S2

LL
M

Multiplier

Cell

C
s

Multiplier X
Cell

13
«•—OX1

VQH
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FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS

«TLH

For KO to CO:
Inputs XO. XI. YO, Y1, K1.andM2 low. and inputs
MO and Ml high.

For MO to S2:

Inputs XI, VI, and KO low, and Inputs XO, YO,
K1. Ml. and M2 high.

'THL



MC14554B

Y (n-1)—

M(n-2)

M(n-1)

Y(n1|—

t f
S(m + n-1) Sim + n-2)

-Y(n-2)

-XO

-XI

-V(n-2)

-X2 L.
-X3 .—-

— V(n-2)

—X(m-2)l-

—X(m-1),-

EXPANSION DIAGRAM

m-Blt by n-Bit Parallel Binary Multiplier (Top View)

Y and M

Y3 —

M2

M3 —

-Y2

-XO

-Y2

-X2

-X3

—Y2

-X(m-2)

-X(ml)

Y1

MO

Ml

CO

M2

Ct

S2

VSS

S(m ♦ n-3) S(m+2) S(m+1) S(m)

S-(XxY) + K + M Where: x means Arithmetic Times.

+ means Arithmetic Plus.

-VO

-XO

-XI

-KO

-YO

-X2

-X3

-K2

—VO

• -X(m2)

—X(m-1)

-K(m-2)

S(m-1) S3 SI
Slm-21 S2 SO

S - S(m + n-1) S(m + n-2) - - - S2 SI SO

X - X(m-1) X (m-2) - - - X2 XI XO, Y - Y(n-1) Y(n-2) - - • Y2 Y1 VO
K - K(m-1) K(m-2) - - - K2 K1 KO and M - M(n-1) M(n-2) • - - M2 M1 MO
(Binary Numbers).

Number of output binary digits • m ♦ n
Number of packages - mxn/4 (For m or n or both odd select next highest even number.)

arcult diagrams external to Motorola products are included es a means of illustrating typical semiconductor applications; consequently,
comploto information sufficient for construction purposes Is not necessarily given. The Information in this Application Note has been caro
fully checked end 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

DUAL BINARY TO 1-0F-4

DECODER/DEMULTIPLEXER

The MC14555B and MC14556B are constructed with comple
mentary MOS (CMOS) enhancement mode devices. Each Decoder/
Demultiplexer has two select inputs (A and B), an active low Enable
input (E), and four mutually exclusive outputs (QO, Q1, Q2, Q3).
The MC145558 has the selected output go to the "high" state, and
the MC14556B has the selected output go to the "low" state. Ex
panded decoding such as binary-to-hexadecimal (1-of-16), etc., can
be achieved by using other MC14555B or MC14556B devices.

Applications include code conversion, address decoding, memory
selection control, and demultiplexing (using the Enable input as a
data input) in digital data transmission systems.

• Diode Protection on All Inputs

• Noise Immunity = 45% of Vqd Typical

• Active High or Active Low Outputs

• Low Quiescent Current - 5.0 nA/package typical @ 5 Vdc

• Expandable

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• All Outputs Buffered

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

MAXIMUM RATINGS (Voltages referenced lo vSs)
Rating Symbol Value Unit

DC Supply Voliage VDD -0.5 to «18 Vdc

Input Voltage. All Inputs Vin -0.5 to VDD » 0.5 Vdc

DC Current Drain pe' Pin 1 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device

ta -55 10 *125

-40 to '85

°C

Storage Temperature Range Tstg -65 to +150 °C

2

1 0

14

13

MC14555B

BLOCK DIAGRAM

5

MC14556B

A QO

B Q1
Q2

E
Q3

A QO

B 61
Q2

Q3

4

5

A Q°
Q1

B

Q2

E

A 50

B 51
Q2

E
Q.3

12

10
13

10

9 » o

vDd" Pin '6
Vss = Pin 8
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MC14555B

MC14556B

CMOS SSI

(LOW-POWER COMPLEMENTARY MOS)

DUAL BINARY TO 1-OF-4

DECODER/DEMULTIPLEXER

Active High Outputs- MC14555B

Active Low Outputs - MC14556B

L SUFFIX

CERAMIC PACKAGE

P SUFFIX

PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB _,__,. Suff

I P Plastic
Package

Package

A Extended Operating

Temperature Range

C Limited Operating

Tomperature Range

TRUTH TABLE

INPUTS OUTPUTS

MC14555B

OUTPUTS

MC14556BENABLE SELECT

I B A Q3 Q2 Q1 QO Q3 Q2 Q1 QO

0

0

0

0

0

0

1

1

0

1

0

1

0

0

0

1

0

0

1

0

0

1

0

0

1

0

0

0

1

1

1

0

1

1

0

1

1

0

1

1

0

1

1

1

1 X X 0 0 0 0 1 1 1 i

X • Don't Care

This device contains circuitry to protect
the inputs against damage due to high
static voltages or electric fields; however,
it is advised that normal precautions be

taken to avoid application of any voltage
higher than maximum rated voltages to
this high impedance circuit. For proper
operation it is recommended that Vjn and
Vout De constrained to the range Vgg <
(VinorVout)<VDD.
Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vss or Vqd}.



MC14555B • MC14556B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

Tlow* 25°C Thigh*
UnitMin Max Min Typ Max Min Max

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

vin VD0 or 0 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15
- 0.05 - 0 0.05 - 0.05

voh 5.0 4.95 - 4.95 5.0 _ 4.95 _ Vdc

Vin 0orVOO 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -

Input Voltage" "0" Level V|L Vdc

(Vq - 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5 - 1.5

<Vn -9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0

(V0= 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H
(V0 • 0.5 or 4.5 Vdc) 5.0 3.5 3.5 2.75 - 3.5 - Vdc

(Vq* 1.0 or 9.0 Vdc) 10 7.0 7.0 5.50 - 7.0 -

(Vo « 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current IAL Oevice) 'OH mAdc

IVoH * 2.5 Vdc) Source 5.0 i :
- -1.0 -1.7 - -0.7 -

(V0H * 4.6 Vdc) 5.0 -0.-5 - -0.2 -0.36 - -0.14 -

•VOH ° 9-5 Vdc) 10 -0.62 - -0.5 -0.9 - -0.35 -

(Vqh ° 13.5 Vdcl

(Vol =0.4 Vdcl Sink

15 -1.8 - -1.5 -3.5 - -1.1 -

"OL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc

(Vol " o.5 vdcl 10 1.6 - 1.3 2.25 - 0.9 -

(Vol- i.5vdc) 15 4.2
-

3.4 8.8
-

2.4
-

Output Drive Current (CL/CP Device) 'OH mAdc

(Vqh * 2-5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -

(Vqh " 4.6 Vdc) 5.0 -0.2 - -0.16 -0.36 - -0.12 -

(Vqh • 9-5 Vdc) 10 -0.5 - -0.4 -0.9 - -0.3 -

(Vqh • 13.5 Vdcl

IVql " 0.4 Vdc) Sink

15 -1.4 - -1.2 -3.5 - -1.0 -

'OL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc

(Vql • °-5 Vdc) 10 1.3 - 1.1 2.25 - 0.9 -

(Vol " 1-5 vdc) 15 3.6
-

3.0 8.8
-

2.4
-

Input Current (AL Device) 'in 15 - 10.1 -
±0.00001 10.1 - 11.0 uAdc

Input Current (CL/CP Oevice) •in 15 -
i0.3

-
10.00001 10.3 - 11.0 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 uAdc

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

15
-

20
-

0.015 20
- 600

Quiescent Current (CL/CP Device) 'DD 50 - 20 - 0.005 20 - 150 uAdc

(Per Package) 10 - 40 - 0.010 40 - 300

15 - 80 -
0.015 80 - 600

Total Supply Current" t it 5.0 it -io 85uA/kHzH ♦ lDD uAdc

(Dynamic plus Quiescent. 10 it -ii 7 uA/kHz) '♦ 'DD
Per Package) 15 iT-12 6 fiA/kHz) f+ IqD

(Cj_ " 50 pF on ail outputs, all
buffers switching)

'Tlow ' "55°C for AL Device. -40°C forCL/CP Device.
Thigh ' +125°C for AL Device. +85°C for CL/CP Oevice.

«Noise immunity specified for worst-case input combination.

Noise Margin for both "V'and "0" level - 1.0 Vdc mint? Vqq =5.0 Vdc
2.0 Vdc min 9 VDD - 10 Vdc
2.5 Vdc min 9 VDq = 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
•t'Cl> " 'T*50 pFI +2 x 10-3 (CL -50) Vqd'

where: It is in *iA(per package).Cl in pF, VDq in Vdc. and f in kHz is input frequency.
*'The formulas givenare for the typicalcharacteristics only at 25°C.
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MC14555B • MC14556B

SWITCHING CHARACTERISTICS*^ - 50 pF, TA -;J5°C)

Characteristic Symbol vdd Min Typ Mw Unit

Output Rise Time

tTLH " *3-0n*'PF> CL + 30 ni
tTLH" (1.6ns/pF)CL+15n*
TLH " "•' "»/pF» Cl + 10 ns

»TLH
5.0

10

15

-

180

90

65

360

180

130

nt

Output Fall Time

tTHL " (1-5n»/PF' Cl ♦ 25 ns
tTHL " <0-75 n,/PF' CL + 12.5 ns

tTHL ° <0-55 ns/pF) Cl ♦ 93 ns

«THL
5.0

10

15

-

100

50

40

200

100

80

ns

Propagation Delay Time - A, B to Output
tpLH, 'PHL° 'I-7 n*/PF» Cl +135ns
tpLH*. »PHL " (0-66 n*/PF> Cl+62 n*
tPLH* 1PHL " '°-5n*/PF> Cl +45ns

«PLH,
tPHL 5.0

10

15

-

220

95

70

440

190

140

n*

Propagation Delay Time - E to Output

tPLH, tPHL " (I-7 n»/PF* Cl + 115ns
»PLh! IPHL " (O-66 "*/PF' Cl+62 ns
tpLH tPHL " '°-5 h«/PF' Cl + 40 ns

1PLH,
IPHL 5.0

10

15

-

200

85

65

400

170

130

ns

"The formula givenit for the typical characteristic*only.

FIGURE 1 - DYNAMICPOWER DISSIPATION SIGNAL WAVEFORMS
Input E low.

20ns-H H- -H |-»-20ns

A Inputs

(60% Duty Cyclo)

8 Input*

(50% Duty Cycle)"

Output Q1-

M

f\ i P6 =f>°* ^-U4

J ^

•vOD

•VSS

Vqd

•Vss

VOH

-VqlX
All 8 outputs eonnoct to respective Cl loads,
f in respect to a system clock.

vc_[>X^

'<H>C>

f<H>

•Eliminated for MC14B5SB

LOGIC DIAGRAM

(1/2 of Dual)
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FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS
Input A high. Input E low.

20 ns

Input B -90*.

-50%

10% \
"PHL"

Output Q3

MC14556B

«THL

Q3 'r
IBB V
«THL —J t—

90%

50%

10%

•A |—*TLH

Output (

MC145S5B

'PLH 1- -I I- -| «PHL..
Lf-9o%—W V°HutQ3 J*—50% \

«TLH—I r— —1 r—tTHL



M) MOTOROLA

1-TO-64 BIT VARIABLE LENGTH SHIFT REGISTER

The MC14557B is a static clocked serial shift register whose length
may be programmed to be any number of bits between 1 and 64. The
number of bits selected is equal to the sum of the subscripts of the
enabled Length Control inputs (LI. L2. L4. L8. L16. and L32) plus
one. Serial data may be selected from the A or B data inputs with

the A/B select input. This feature is useful for recirculation purposes.
A Clock Enable (CE) input is provided to allow gating of the clock
or negative edge clocking capability.

The device can be effectively used for variable digital delay lines
or simply to implement odd length shift registers,
characteristics can be found on the Family Data Sheet.

• Quiescent Current = 10 nA/package typical @ 5 Vdc
• 1-64 Bit Programmable Length
• Q and 5 Serial Buffered Outputs
• Asynchronous Master Reset
• All Inputs Buffered

• No Limit On Clock Rise and Fall Times

• 8 MHz Operation @ Vqd = 10 Vdc Typical
• Supply Voltage Range = 3.0 Vdc to 18 Vdc
• Capable of Driving Two Low-power TTL Loads. One Low-power

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

MAXIMUM RATINGS (Voltages referenced toVss|
Rating Symbol V.ilu- Unit

DC Supply Voltage vdd -0 5 to '18 Vdc

Inpul Voltage. All Inputs V,n -0 5 lo VDD • 0 5 Vdc

DC Current Duin p..- Pin 1
' mAdc

Operating Temperature Range - AL Device

CL/CP Device

T,-, -55 to »125

-40 to -85

°C

Storage Temperature Range T«g -65 to • 150 °C

LENGTH SELECT TRUTH TABLE

L 3 7 L16 L8 L4 L2 LI Register Length

0 0 O 0 0 0 1 Bu

0 0 0 0 0 1 2 Bits

0 0 0 0 1 0 3 Bits

0 0 0 0 1 1 4 Bits

0 0 0 1 0 0 5 Bits

0 0 0 1 0 1 G Bits

0 0 0 0 0 33 Bits

0 0

1

0

1

0

0

0

1

1

0

34 Bits

61 Bits

1 1 0 63 Bus

1 1 1 1 64 Bus

Noto: Length equals tho sum ol tho binary longth
control subscripts plus ono
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MC14557B

CMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

1-TO-64BIT

VARIABLE LENGTH

SHIFT REGISTER

L SUFFIX

CERAMIC PACKAGE

CASE 620

PSUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB_ Suffix Denotes

BLOCK DIAGRAM

TRUTH TABLE

Inputs Output

ii A/B Clock CE Q

0 0 _r- 0 B

0 1 ^j~ 0 A

0 0 i ~"V_ B

0 1 1 ~\_ A

1 X X X 0

Q is tho output ot tho li
shift rogistor stage.

X - Don't Caro.



MC14557B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

T|ow* 25°C Thi 9"*
UnitMin Max Min Typ Max Min Max

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

Vjn VDDorO 10 - 0.05 - 0 0.05
-

0.05

"1" Level

15 - 0.05 - 0 0.05 -
0.05

voh 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc

Vjn 0orVOD 10 9.95 - 9.95 10 - 9.95 -

15 14.95 -
14.95 15

-
14.95

-

Input Voltage* "0" Level V|L Vdc

(V0 --4.5 or 0.5 Vdc) 5.0 - 1.5 -
2.25 1.5

-

1.5

(V0 •= 90 or 1.0 Vdc) 10 - 3.0 -
4.50 3.0

-

3.0

IV0= 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0
-

4.0

V|H
(V0 » 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 -

Vdc

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

(Vq » 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25
-

11.0 -

Output Drive Current (AL Device) •OH
mAdc

IVqh " 2-5 Vdc) Source 5.0 -1.2 -
-1.0 -1.7

-

-0.7
-

<VOH = 46 Vdcl 5.0 -0.25 - -0.2 -0.36
-

-0.14
-

(Vqh " 9-5 Vdc) 10 -0.62 -
-0.5 -0.9

-
-0.35

-

(V0H = 13.5 Vdc)

(Vql * °-4 Vdc| Sink

15 -1.8 - -1.5 -3.5 - . -1.1 -

'OL 5.0 0.64 - 0.51 0.88 -
0.36

-
mAdc

(Vql • o.5 vdcl 10 1.6 -
1.3 2.25

-
0.9

-

(Vol* 1.5 vdcl 15 4.2
-

3.4 8.8
-

2.4
-

Output Drive Current (CL/CP Device) 'OH mAdc

(Vqh = 25 Vdc) Source 5.0 -1.0 - -0.8 -1.7
-

-0.6
-

IV0H " 46 Vdc) 5.0 -0.2 - -0.16 -0.36
-

-0.12
-

(Vqh " 9-5 Vdc) 10 -0.5 -
-0.4 -0.9

-
-0.3

-

(Vqh " 13.5 Vdc)

(Vql = 0.4 Vdc) Sink

15 -1.4 -
-1.2 -3.5

-
-1.0

-

'OL 5.0 0.52 - 0.44 0.88 -
0.36

-

mAdc

(Vql " 0.5 Vdcl 10 1.3 - 1.1 2.25
-

0.9
-

(VOL = 1.5 Vdc) 15 3.6
-

3.0 8.8
-

2.4
-

Input Current IAL Device) •in 15 - ±0.1 -
tO 00001 tO.1

-
±1.0 uAdc

Input Current ICL/CP Device) 'in 15 -
±03

-

10.00001 10.3 -
±1.0 uAdc

Input Capacitance Cin - - -
50 7.5 - -

pF

(Vin - 0)

Quiescent Current (AL Device) 'DD 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) "DD 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 it 5.0 \y- (1.75uA/kHz)f+ IQD nAdc

(Dynamic plus Quiescent, 10 lT = (3.5uA/kHz) ,+ 'DD
Per Package) 15 lT = (5.25uA/kHj )f+ lDD

(Cl "" 50 pF on all outputs, all
buffers switching)

"Tlow" -55°C lor AL Device, -40°C lor CL/CPDevice.
Thigh * +125°C forAL Device. +85°C forCL/CP Device.

*=Noise immunity specified for worst-case input combination.

Noise Margin for both "1" and "0" level = 1.0 Vdc min 9 Vqd r 5.0 Vdc
2.0 Vdc min 9 Vqq "10 Vdc
2.5 Vdc min @ Vqd = 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT(CL) •= lT<50 pFI +1 x 10-3(cL .50) VDDf

where: lj is in mA Iper package), Cl in pF, Vqq 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 ogainst 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
VOUI bo constrained to the range Vss **
IVinorVou,l-:VDD.
Unused inputt must always bo tied to an
appropriate logic voltage level (e.g.. oither
Vss or vdd'-

Minimum No. of Typical Setup Time Length Select
Bits Selected B-»CE ns Lines = 1

1 180 None

2 120 LI

3 90 L2

5 60 L4

9 30 L8

17 0 L16

33 -30 L32

SETUP TIME CHART

The nature of the length select logic causes the setup time to
vary with the number of bits selected. The following table
summarizes the typicalvariationat Vqq = 10 V. T^ " 25°C.
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MC14557B

SWITCHINGCHARACTERISTICS' (CL - 50pF.TA- 25°C)
Characteristic Symbol Vdd Min Typ Max Unit

Output Rite Time

tTLH * '3-0 nt/pF) Cl + 30 nt
'TLH " 11.6nt/pF) Cl + 15 nt
tTLH " <••1 nt/pF) Cl + 10 nt

'PLH
5.0

10

16

-
180

90

65

360

180

130

nt

Output Fall Time

'THL " <'.6 nt/pF) Cl + 25 nt
tTHL * <0-75 nt/pFI Cl + 12.5 nt
tTHL " <0-55nt/pF) Cl + 93 nt

'PHL
5.0

10

16

-
100

SO

40

200

100

80

nt

Propagation Delay Time
(C or CE to Q or Q)

'PLH, 'PHL " II-7 ns/pF) Cl ♦ 415 nt
'PLH*. 'PHL " <°-66 nt/pF) Cl+167 nt
'PLH, 'PHL " I0-5m/pFI Cl + 125 nt

(R to Q or Q)

'PLH, 'PHL " *1-7 nt/pF) Cl +390 nt
'PLH, 'PHL " 10-66 nt/pF) Cl ♦ 157 nt
'PLH, 'PHL " '°-5 nt/pF) Cl + 115 nt

'PLH.
»PHL

5.0

10

15

5.0

10

15

-
500

200

150

1000

400

300

nt

-

475

190

140

550

380
280

nt

Clock Pulte Width tWH(C) 5.0

10

15

440

136

100

220

68

50
-

nt

Reset Pulte Width tWH(R) 5.0

10

15

600

180

120

300

90

60
:

nt

Clock Pulse Frequency 'cl 6.0

10

15

-

2.5

8.0

103

1.7

5.0

6.7

MHz

Clock Pulte Rita and Fall Time TLH.
THL

5.0

10

15

No Limit
-

Data to Clock Setup Time (A or B to C or CE)

LI, L2, L4, L8, L16, L32-0
«tu 5.0

10

15

800

360

170

450

180

135

—
nt

Data to Clock Hold Time (A or B to C or CE)

L1.L2, L4, L8, L16, L32-0
'h 5.0

10

15

-225

-90

-60

-450

-180

-135
-

nt

Reset Fall Time 'TLH S.0

10

15

-

—
16

5

4

us

*Theformula given isfor the typical characterittict only.

1-bit length:
CfI-0

A/B- 1

L1 - L2 - L4 - L8 - L16 - L32 - 0

TIMING DIAGRAM
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M) MOTOROLA

BCD-TO-SEVEN SEGMENT DECODER

The MC14558B decodes 4-bit binary coded decimal data depen
dent onthestateof auxiliary inputs, Enable and RBI, and provides an
active high seven-segment output for a display driver.

An auxiliary input truth table is shown, in addition to the BCD
to seven-segment truth table, to indicate the functions available with
the two auxiliary inputs.

LeadingZero blankingis easily obtained with an external flip-flop
in time division multiplexed systems displaying most significant
decade first.

Quiescent Current = 5,0 nA/package typical @5 Vdc
Supply Voltage Range = 3.0 Vdc to 18 Vdc
Segment Blanking for All Illegal Input Combinations
Lamp Test Function

Capability for Suppression of Non-Significant Zeros
Lamp Intensity Function
Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range

MAXIMUM RATINGS (Voltages referenced to VssI
Rating Symbol Value Unit

DC Supply Voliage vDd -05 to -18 Vdc

Input Voltage. All Inputs v,n -0.5 to VDD - 0.5 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

ta -55io -125

-40 10 -85

°C

Storage Temperature Range ' stg -65 to -150 °C

AUXILIARY INPUT TRUTH TABLE

Enable

Pin 3

RBI

Pin 5

BCD

Input

Code

RBO

Pin 4 Function Performed

0 0 . X 0 Lamp Test

0 1 X 1 Blank Segment*

1 1 0 i Display Zero

1 0 'J 0 Blank Segments

1 X 19 • 1-9 Displayed

X • Don-t Care

RBI • Ripple Blanking Input
RBO = Ripple Blanking Output

7-568

CMOS MSI

(LOW-POWER COMPLEMENTARY MOSI

BCD-TO-SEVEN

SEGMENT DECODER

Irfffflr^ffi*•"\udii"* ''^in^
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

C Limited Operating
Tomperature Range

n
u

BLOCK DIAGRAM

L
D
_/

U

Vqd ' Pin 16
Vss = P,n8

8



MC14558B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
V0D
Vdc

T|ow* 25°C Th. fiV
UnitMin Max Min Typ Max Min Max

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

Vin VDDorO 10 - 0.05 - 0 0.05 -
0.05

"1" Level

15 - 0.05 - 0 0.05
-

0.05

voh 5.0 4.95 - 4.95 5.0 - 4.95 -
Vdc

V;n 0orVDD 10 9.95 - 9.95 10 - 9.95 -

15 14.95 -
14.95 15

-
14.95

-

Input Voltage" "0" Level Vil Vdc

(V0 - 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5
-

1.5

(Vq -• 90or 1.0 Vdc) 10 - 3.0 -
4.50 3.0

-

3.0

(V0 = 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0
-

4.0

V|H
(V0 * 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 -

Vdc

(V0 = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -

IVq» 1.5 or 13.5 Vdcl 15 11.0 - 11.0 8.25 -
11.0 -

Output Drive Current (AL Oevice) >OH mAdc

(Vqh * 2.5 Vdcl Source 5.0 -1.2 -
-1.0 -1.7

-
-0.7

-

IVoh ' 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 -
-0.14

-

(V0H =9.5 Vdc) 10 -0.62 -
-0.5 -0.9

-

-0.35
-

(Voh " «3.5Vdcl
IVql " 0.4 Vdcl Sink

15 -1.8 - -1.5 -3.5 -
-1.1

-

'OL 5.0 0.64 - 0.51 0.88 -
0.36 -

mAdc

(Vql * °-5 vdd 10 1.6 -
1.3 2.25

-
0.9

-

(Vql" 1.6 vdcl 15 4.2
-

3.4 8.8
-

2.4
-

Output Drive Current ICL/CP Device) 'OH
mAdc

(Vqh • 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7
-

-0.6
-

(VoH * ".6 Vdcl 5.0 -0.2 -
-0.16 -0.36

-
-0.12

-

(V0H • 9.5 Vdc) 10 -0.5 - -0.4 -0.9
-

-0.3
-

IV0H- 13.5Vdcl

(Vql " °-4 Vdc) Sink

15 -1.4
- -1.2 -3.5 -

-1.0
-

•OL 5.0 0.52 - 0.44 0.88 -
0.36

-

mAdc

(Vql • °-5 vdc) 10 1.3 -
1.1 2.25

-
0.9

-

(v0L-is vdc) 15 3.6
-

3.0 8.8
-

2.4
-

Input Current (AL Device) •in 15 - ±0.1 -
l0.00001 40.1

- HO MAdc

Input Current (CL/CP Devicel •in 15 -
i0.3

-
10.00001 10.3

-
n.o uAdc

Input Capacitance Cin - - -
5.0 7.5

- -

PF

(Vin • 0)

Quiescent Current IAL Device) 'DD 5.0 - 5.0 - 0.005 5.0
- 150 iiAdc

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

15 -
20

- 0.015 20
- 600

Quiescent Current (CL/CP Device) 'DO 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 lT = <1.2jjA/kH2) «+ 'DD uAdc

(Dynamic plus Quiescent, 10 lj " (2.4 <iA/kHz) f+ lDD
Per Package) 15 lT - (3.6 uA/kHi) f+ 'DD
(Cl " 50 pF on all outputs, all
buffers switching)

•Tlow ~-55°C for AL Device. -40°C forCL/CP Device.
Thigh " *125°C for ALDevice, +85°C for CL/CP Device.

sNoise immunity specified for worst-case input combination.

Noise Margin for both "1"and "0" level = 1.0 Vdc min 9 Vqq » 5.0 Vdc
2.0 Vdc min 9 Vqd " 1° Vdc
2.5 Vdc min 9 VDD = 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
IT(Cl> " 'T<50pF) +4 x 10-3 (CL -501VDOf

where: lj is in <iA (per package),C|_in pF, Vqd in Vdc, and f in kHz is input frequency.
"The formulas given are for the typicalcharacteristics only at 25°C.

This devico contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im
pedance circuit. For proper operation it is recommended that Vjn and Vout be constrained to the renge Vgs < (vin or V0ut'
<VDD-
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss °' vOD'-
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MC14558B

SWITCHING CHARACTERISTICS* (CL - SO pF,TA- 25°C;seeFigure 1)
Characteristic Symbol vdd Min Typ (Max Unit

Output Rise Time

tTLH * (3.0 ns/pF) C|_ + 30 ns
tTLH - (1-6 ns/pF, CL + 15 ns
tTLH "* (1-1 ns/pF) C|_+ 10 ns

»TLH
5.0

10

IS

-
180

90

65

360

180

130

RS

Output Fall Time

<THL " (1-5 ns/pF) Cl + 25 ns
«THL" (°-75 ns/pF) Cl + 12.5 ns
tTHL ° (0.65 ns/pF) Cl ♦ 9.5 ns

tTHL
S.0

10

15

-
100

SO

40

200

100

80

ns

Propagation Delay Time

tPLH " <1-7 ns/pF1CL + 495 ns
tpLH * (0-66 ns/pF) Cl + 187 ns
tpLH * (0-5 ns/pF) Cl + 120 ns

tPLH
5.0

10

IS

-
S80

220

145

1160

440

230

ns

Propagation Delay Time

tPHL" (1.7 ns/pF)CL +695 ns
tpHL " (0-66 ns/pF) Cl ♦ 242 ns
tpHL " (05 ns/pF) Cl + 160 ns

tPHL
S.0

10

15

-
780

275

18S

1560

550

370

ns

The formula given is for the typical characteristic* only.

TRUTH TABLE

INPUTS OUTPUTS*

En

Pin 3

RBI

Pin 5

0

Pin 6

c

Pin 2

B

Pin 1

A

Pin 7

a

Pm 13

b

Pin 12

c

Pin 11

d

Pin 10

e

Pin 9

f

Pin 15
g

Pin 14

RBO
Pin 4 DISPLAY

1 0 0 0 0 1 1 1 1 1 1 0 0
X 0 0 0 1 0 0 0 0 1 1 0 1

1

X 0 0 1 0 1 1 0 1 1 0 1 e
X 0 0 1 1 1 1 1 0 0 1 3
X 0 1 0 0 0 1 0 0 1 1 4
X 0 1 0 1 1 0 1 0 1 1 5
X 0 1 1 0 0 0 1 1 1 1 b
X 0 1 1 1 1 1 0 0 0 0 1
X 1 0 0 0 1 1 1 1 1 1 8
X 1 0 0 1 1 1 0 0 1 1 9
0 0 0 0 0 0 0 0 0 0 0 0 0 Blank

0 0 X X X X 1 1 1 1 1 1 1 0 8
0 1 X X X X 0 0 0 0 0 0 0 1 Blank

'All non valid BCD input codes produce a blank display.

X > Don't Car*

FIGURE 1 - SIGNAL WAVEFORMS

Any Input .

«PLH"

Any Output 50%:

*TLH

4"50% Aj

•«PHL

= 90%1
\10%

— tTHL-»| [•
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MC14558B

TYPICAL APPLICATIONS

FIGURE 2 - LEADING AND TRAILING ZERO
SUPPRESSION WITH LAMP TEST

N4 N3 N2 N1 t N 1 N-2 N-3

vss«—o RBI RBO

En

RBI RBO

En

—c RBI RBO

En

i-C RBI RBO

En

rO RBI RBO

En

•0 RBI RBO

En

rO RBI RBO

En

(
O

Vi-r I

Blanking

4>

Lamp Tost*-

FIGURE 3 - LEADING AND TRAILING ZERO SUPPRESSION

WITH PWM INTENSITY BLANKING AND NO LAMP TEST

•-a RBI RBO •-0 RBI RBO

FIGURE 4 - ZERO SUPPRESSION WITH LAMP TEST

AND INTENSITY BLANKING

r-C RBI RBO rO RBI RBO

MS RBI RBO

tfl^l
H>~

7-572
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'M) MOTOROLA

SUCCESSIVE APPROXIMATION REGISTERS

The MC14549B and MC14559B successive approximation regis
ters are 8-bit registers providing all the digital control and storage
necessary for successive approximation analog-to-digital conversion
systems. These partsdiffer in only one control input. The Master
Reset (MR) on the MC14549B is required in the cascaded mode
when greater than 8 bits are desired. The Feed Forward (FF) ofthe
MC14559B is used for register shortening where Endof Conversion
(EOC) is required after less than eight cycles.

Applications for the MC14549B andMC14559B include analog-
to-digital conversion, with serial and parallel outputs.

• Totally Synchronous Operation

• All Outputs Buffered

• Single Supply Operation

• Serial Output

• Retriggerable

• Compatible with a Variety of Digital and Analog Systems such as
the MC1408 8-Bit D/A Converter

• All Control Inputs Positive-Edge Triggered

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

Schottky TTL Load or Two HTL LoadsOverthe RatedTemper
ature Range

MAXIMUM RATINGS (Voltages referenced to VssI

Rating

DC Supply Voliage

Input Voltage. All Inputs

DC Current Dram pel Pin

Operating Temperature Range AL Device
CL/CP Device

Storage Temperature Range

Symbol

VDD -05to 'M

-o.5 to vpo * ° 5

-55 to H25

-40 to *85

-65 to -150 °C

TRUTH TABLES
MC14559B

SC SC,,-i) MR MR It-11 Clock Action

x x X X —1_ Nono

X X 1 X
-r"

Reset

1 0 0 0
-r"

Start

Conversion

1 X 0 1
-J_

Start
Conversion

1 1 0 0

"*
Continuo

Convortion

0 X 0 X

-^
Continuo

Previous

Operation

X = Don't Caro

t-1 • Stato at Pr

SC SC(,-n EOC Clock Action

X X X ~L_ Nono

l 0 0
-r"

Start

Conversion

X i 0 "T
Continuo

0 0 0
-J_

Continuo

Conversion

c X 1

_r
Retain

Conversion

Result

1 X 1

~J~
Start

Conversion

7-573

MC14559B
FOR COMPLETE DATA

SEE MC14549B

CMOS MSI

ILOWPOWER COMPLEMENTARY MOS)

SUCCESSIVE APPROXIMATION
REGISTERS

L SUFFIX

CERAMIC PACKAGE

CASE 620

PSUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB _^ Suffi

— L Ceramic Pack

I P PlasticPackai
ckage

Plasti'

. A Extendod Operating

Temperature Range

. C Limitod Operating

Temperature Range

BLOCK DIAGRAM

=For MC14549B Pin 10 is MR input
For MC14559B Pin 10 is FF input

This device contains circuitry to protect

the inputs against damage due to high static
voltaoes 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 V$s ^ 'vm or

v0ut» < Vdd-
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. cither
VssorV0D)



M) MOTOROLA

NBCD ADDER

The MC14560B adds two 4-bit numbers in NBCD (natural binary
coded decimal) format, resulting in sum and carry outputs in NBCD
code.

This device can also subtract when one set of inputs is comple
mented with a 9's Complementer (MC14561B).

All inputs and outputs are active high. The carry input for the
least significantdigit isconnected to V$s for no carry in.

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

• Noise Immunity = 45%of Vqd typical

• Diode Protection on All Inputs

• Single Supply Operation - Positive or Negative

• Fanout>50

• Input Impedance = lO1?ohms typical

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

MAXIMUM RATINGS (Voltages referenced to Vss|
Rating Symbol Value Unit

DC Supply Voltage vdd -0 5 to -18 Vdc

Input Voltage. All Inputs Vin -0 5 to Vdd * ° 5 Vdc

DC Current Drain per Pin I 10 mAdc

Operalmy Temperature Range - AL Device
CL/CP Device

"A -55 to -125

-40 to -85

°C

Storage Temperature Range Tstg -65 to -150 °C

TRUTH TABLE'

NPU I OUTPUT

A4 A3 A2 Al B4 B3 B2 B1 Cm COUI S4 S3 S2 SI

0

0

0

0

0

0

1

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

1

0

0

1

1

0

1

0

1

0

0

0

0

0

0

0

1

0

0

i

0

0

0

1

0

0

1

1

0

0

0

1

0

1

1

1

0

1

0

1

1

0

1

0

1

1

0

0

1

0

0

0

1

1

1

1

1

0

0

0

0

0

0

0

0

0

1

0

1

0

1

0

0

1

0

0

0

0

1

0

0

0

i

0

0

1

1

0

0

1

0

1

0

1

•Partial truth table to show logic operation for repr

This device contains circuitry to protect the inputs against damage duo 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 Vjn and
Vou, be constrained to the range Vss * 'v;n or Vout| < Vqd-
Unused inputs must always be tied to an appropriate logic voltage level (e.g..
either VSS or Vdd'-
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MC14560B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
Vdd
Vdc

T|ow* 25°C Thigh*
UnitMin Max Min Typ Max Min Max

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

vin VD0or0 10 - 0.05 - 0 0.05 -
0.05

"1" Level

15 - 0.05 - 0 0.05 - 0.05

voh 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc

Vjn 0 or Vqd 10 9.95 - 9.95 10 -
9.95

-

15 14.95 -
14.95 15

-
14.95

-

Input Voltage8 "0" Level V|L Vdc

(V0 ' 4.5 or 0.5 Vdc) 5.0 - 1.5 -
2.25 1.5

_

1.5

IV0 J 90or 1.0 Vdcl 10 - 3.0 - 4.50 3.0
-

3.0

IVq' 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0
-

4.0

V|H
(V0 = 0.5 or 4.5 Vdcl 5.0 3.5 - 3.5 2.75 - 3.5 -

Vdc

(V0« 1.0 or 9.0 Vdcl 10 7.0 - 7.0 5.50 - 7.0 -

(V0= 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Oevice) •oh mAdc

Wqh " 2.5 Vdcl Source 5.0 -1.2 - -1.0 -1.7
-

-0.7
-

(Vqh = 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36
-

-0.14
-

1V0H " 9-5 Vdcl 10 -0.62 -
-0.5 -0.9

-
-0.35

-

(V0H "'3-5 Vdc)

(Vql • 0.4 Vdc) Sink

15 -1.8 - -1.5 -3.5 - -1.1 -

•ol 5.0 0.64 - 0.51 0.88 - 0.36 -
mAdc

ivql • o-5 vdc) 10 1.6 -
1.3 2.25

-

0.9
-

(v0l* '.5 vdc) 15 4.2 -

3.4 8.8
-

2.4
-

Output Drive Current (CL/CP Oevice) •oh
mAdc

(Vqh * 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7
-

-0.6
-

tV0H - 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
-

(Vqh ' 13.5 Vdc)

(Vql " 0.4 Vdcl Sink

15 -1.4 - -1.2 -3.5
-

-1.0
-

'OL 5.0 0.52 - 0.44 0.88 -
0.36

-
mAdc

IVql * 0.5 Vdc) 10 1.3 -
1.1 2.25

-
0.9

-

(Vql "1.5 Vdcl 15 3.6
-

3.0 8.8
-

2.4
-

Input Current (AL Oevice) >in 15 - ±0.1 -
±0.00001 ±0.1

-
±1.0 uAdc

Input Current (CL/CP Device) 'in 15 -
±0.3

-

±0.00001 ±0.3
-

±1.0 uAdc

Input Capacitance Cin - - -
5.0 7.5 - -

PF

tVin - 0)
Quiescent Current (AL Oevice) 'DO 5.0 - 5.0 -

0.005 5.0
-

150 pAdc

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

15 -
20

-
0.015 20

- 600

Quiescent Current (CL/CP Device) 'OD 5.0 - 20 - 0.005 20 - 150 IiAdc

(Per Package) 10 - 40 - 0.010 40
-

300

15 - 80 - 0.015 80 - 600

Total Supply Current" t it 5.0 IT= (1.68uA/kHz)f+ lDD uAdc

(Dynamic plus Quiescent. 10 IT • 13.35 uA/kHz)f+ lDD
Per Packagel 15 lj - (5.03 nA/kHz)f+ 'DD
(Cl ' 50 pF on all outputs, all
buffers switching)

"Tlow •= -55°C lor ALDevice. -40°C for CL/CP Device.
Thigh " +I25°C for AL Device. ^"C forCL/CP Device.

^Noise immunity specified for worst-case input combination.

Noise Margin lor both "1" and "0" level ' 1.0 Vdc min 9 Vqd ' 50 Vdc
2.0 Vdc min 9 Vdd j 10 Vdc
2.5 Vdc min <§> Vdd " 1S Vdc

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

lT(CL) - lT<S0 pF) +5x10-3 (Cl _so) VDpf
where: It '* «nuA (per package), C|_ in pF. Vdd in Vdc, and f in kHz is input frequency.

"The formulasgivenare for the typicalcharacteristicsonly at 25°C.

Circuit diagrams utilizing Motorola products aro included as a maans
of illustrating typical temiconductor applications, consequently,
complete information tufficiont for conttruction purpotet it not
necottarily given. Tho information hat boon carofully checked and

it believed to be entirely reliable. However, no retpontibility it
attumed for inaccuracies. Furthermore, tuch information doot not
convey to tho purchaser of the semiconductor dovicet detcribed eny
license under tho patent rightt of Motorola Inc. or othert.
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MC14560B

SWITCHING CHARACTERISTICS* (cL- 50pF.TA - 25°C)
Characteristic Symbol vdd Min Typ Max Unit

Output Rise Time

'TLH " (3.0 ns/pF) Cl +30 ns
'TLH " (1-5 ns/pF) Cl + 15 ns
'TLH " ('•' ns/pF) Cl + 10 ns

TLH
5.0

10

16

-
180

90

65

360

180

130

ns

Output Fall Time

THL " I' -5 ns/pF) Cl +25 ns
'THL " I0-75 ns/pF) Cl + 12.5 ns
'THL " '0.55 ns/pF) Cl +9.5 ns

THL
6.0

10

15

-
100

50

40

200

100

80

ns

Propagation Delay Time

A or B to S

'PLH, «PHL =C-7 ns/pF) Cl +665 ns
'PLH* 'PHL " (0-66 ns/pF) Cl +297 ns
'PLh] 'PHL *'0-5 ns/pF) Cl+195 ns

A or B to Cout
'PLH, 'PHL " d-7 ns/pF) Cl + 565 ns
'PLH, 'PHL =(0-66ns/pFI Cl + 197 ns
'PLH, «PHL " (O-5 ns/pF) Cl + 145 ns

Cjn '° C0ut
'PLH,'PHL ° (1.7 ns/pF)CL +465 ns
•PLH,'PHL " (0.66 ns/pF) Cl + 187 ns
'PLH, 'PHL " (0.5 ns/pF) Cl + 135 ns

'PLH,
'PHL

5.0

10

15

-

750

330

220

2100

900

675

ns

5.0

10

15

-

650

230

170

1800

600

450

nt

5.0

10

15

- 550

220

160

1500

600

450

nt

Turn-Off Delay Time

Cin 'o S
tpLH " (1.7 ns/pF)CL +715 ns
'PLH ° '0.66 ns/pF) Cl + 197 ns
'PLH " (0.5 ns/pF) Cl + 215 ns

'PLH

5.0

10

15

-

800

350

240

2250

975

750

ns

Turn-On Delay Time

Cin «o S
'PHL " ('-7 ns/pF) Cl +565 ns
tpHL " (0.66 ns/pF) Cl + 197 ns
'PHL " (°-5 ns/pF) Cl + 145 ns

'PHL

5.0

10

15

-
650

230

170

1800

600

450

ns

The formula given is for the typical characteristics only.

FIGURE 1 - POWER DISSIPATION WAVEFORMS

Jr«o* \ ~
•50% \
10% Jt

J ^
Outy Cycle - 50%

All outputs connected to respective Cl loads
f • Syttom clock froquoncy

Vss

V0H

Vql
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FIGURE 2 - SWITCHING TIME WAVEFORMS
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MC14560B

FUNCTIONAL EQUIVALENT LOGIC DIAGRAM

e. 7

A2°-

VOD - Pin 16
VSS - Pin 8

FIGURE 3 - PARALLEL ADD/SUBTRACT CIRCUIT

Add/Subtract-

One MC14560B and MC14561B permit a
BCD digit to be added to or subtracted from
a second digit, such as in this typical con
figuration. A second MC1456IB permits
either digit to be added to or subtracted
from the other, or either word to appear un
modified at the output.

Additional applicationsdata may be found
in Application Note AN-738.

TRUTH TABLE

Zero Add/Subtract Result

0 0 8 plus A

0 1 B minus A

1 X B

X • Don't Care
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'M) MOTOROLA

9's COMPLEMENTER

The MC14561B 9's complementer is a companion to the
MC14560B NBCD adder to allow BCD subtraction. A BCD number
(8-4-2-1 code) is applied to the inputs (A1 = 2°, A2 =21, A3 = 22,
A4=23). Ifthecomplement control (Comp) islow, the BCD number
appears at the outputs unmodified. The complement disable (Comp)
allows the complement control to be gated, or an inverted control
signal to be used. If the complement input is high and the disable
input low, the 9's complement of the number is displayed at the
outputs. The zero control (Z), when high, forces the outputs low
regardless of the state of the other inputs.

When the MC14561B is used to perform BCD subtraction in con
junction with the MC14560B NBCD adder, the complement control
becomes an add/subtract control.

Quiescent Current = 5.0 nA/package typical @5 Vdc
Propagation Delay = 160 ns typical at Vqd = 10Vdc
All Inputs Buffered

Supply Voltage Range = 3.0 Vdc to 18 Vdc
Capableof Driving Two Low-power TTL Loads,One Low-power
Schottky TTL Load or Two HTL LoadsOver the Rated Temper
ature Range

MAXIMUM RATINGS IVoltages referenced to Vss)
Rating Symbol Value Unit

DC Supply Voliage VDD -0 5 lo -18 Vdc

Input Voltage, All Inputs Vin -0.5 io vdD • 05 Vdc

DCCuiient Drain per Pin i 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device
ta -55 io -125

-40 to -85

°C

Siorjge Temperature Range Tstg -65 to -150 °C

TRUTH TABLE

Z Comp Comp F1 F2 F3 F4 Mode

0 0 0

A1 A2 A3 A4 Straight-through0 0 1

0 1 l

0 1 0 A1 A2 A2A3 - A2A3 A2A3A4 Complement

1 X X 0 0 0 0 Zero

> • Don't Ca a.
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CASE 632 CASE 646

ORDERING INFORMATION

MC14XXXB Suffix Denotes

L Ceramic Package

' P Plattic Package
A Extondod Operating
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C Limited Operating
Temperature Range

BLOCK DIAGRAM

Voc - 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 ol any voltage
higher than maximum rated voltages to
this high impedance circuit. For proper
operation it is recommended that Vjn and
V0UI be constrained to the range Vss *
<Vinor Vout) < VDD.

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

Vssor VDD'-



MC14561B

ELECTRICAL CHARACTERISTICs

Characteristic Symbol
Vqd
Vdc

T|ow* 25°C Thiul/
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level

Vjn VDD or 0

"1" Level

Vin 0orV00

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95
;

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95 :

Vdc

Input Voltage" "0" Level
(V0 "4.5 or 0.5 Vdc)
(Vq -9.0 or 1.0 Vdc)
IVo* 13.5 or 1.5Vdc)

"1" Level

IVq • 0.5 or4.5 Vdc)
(Vq ' 1 0 or 9.0 Vdc)
(V0« 1.5 or 13.5 Vdc)

V|L
5.0

10

15

-

1.5

3.0

4.0

-
2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Current (AL Device)
(Voh * 2.5 Vdc) Source
(VoH - 4.6 Vdc)
IVqh " 95 Vdc)
IVoH" 13.5 Vdc)
(Vql " 0.4 Vdc) Sink
(Vol " °-5 vtfc)
(Vql- 15 vdc)

•OH
5.0

5.0

10

15

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

•OL 5.0

10

15

0.64

1.6

4.2
:

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Output Drive Current (CL/CP Device)
IVoh * 2.5 Vdc) Source
(Voh " 4-6 Vdc)
(VoH " 95 Vdc)
(Vqh • '3.5 Vdc)

(Vol ° 0-4 Vdc) Sink
(Vql ° °-5 vdc)
(Vol* 1.5 vdc)

'OH
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

'OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Input Current IAL Device) •in 15 - ±0.1
-

10.00001 ±0.1
-

±1.0 uAdc

Input Current ICL/CP Device) <in 15 -
±0.3

-

10.00001 ±0.3
-

±1.0 uAdc

Input Capacitance

<Vin " 0)
C,n - - ~

5.0 7.5 pF

Quiescent Current (AL Device)

(Per Package)
>DD 5.0

10

15

-

5.0

10

20

-

0.005

0.010

0.015

5.0

10

20

-

150

300

600

uAdc

Quiescent Current (CL/CP Device)

(Per Package)
•DD 5.0

10

15
;

20

40

80

-

0.005

0.010

0.015

20

40

80

-

150

300

600

tiAdc

Total Supply Current**t
(Dynamic plus Quiescent,

Per Packagel

(Ci_ " 50 pF on all outputs, all
buffers switching)

it 5.0

10

15

If (1.5 ,iA/kHz>f + |QD
lT - (3.0 uA/kHz) 1+ lDo
lT - (4.5 uA/kHz) ft lDD

uAdc

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

cNoise immunity specified for worst-case input combination.
Noise Margin for both "1" and "0" level » 1.0 Vdc min 9 Vqq =5.0 Vdc

2.0 Vdc min 9 Vqd * 10 Vdc
2.5 Vdc min 9 Vqq r 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT(C|_) =lT(50pF) +4x 10-3 (CL -50) VDDf

where: lj •* in"A <P8f package). CL in pF, Vq0 inVdc, and f inkHz isinput frequency.
"The formulas given are forthe typical characteristics onlyat 25°C.
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MC14561B

SWITCHING CHARACTERISTICS* (CL • 50pF,TA =25°C)
Characteristic Symbol Vdd Min Typ Max Unit

Output Rise Time tTLH nt

tTLH ° '3.0 ns/pF) Cl + 30 ns 5.0 _ 180 360
»TLH" (1.5 ns/pF)CL +15 ns 10 _ 90 180
tTLH " (1.1 ns/pF) Cl + 10 ns 15

- 65 130

Output Fall Time tTHL ns

lTHL • H-5 n*/PF) Cl + 25 ns 5.0 _ 100 200
tTHL " (0-75 ns/pF) Cl + 12.5 ns 10 _ 50 100

tTHL " <°-55ni/pF) Cl + 9.5 ns 15
-

40 80

Propagation Delay Time tPLH, ns

tPLH, tPHL " (I-7 ns/pF) Cl + 315 ns tPHL 5.0 - 400 1000

tPLH,tPHLD(0.66 ns/pF) Cl + 127 ns 10 - 160 400

tPLH. tPHL " <0.5 ns/pF) Cl + 95 ns 15 - 120 300

"The formulagivenis for the typicalcharacteristics only.

FIGURE 1 -SWITCHING TIME WAVEFORMS

'90%
Any Input -£s0%

10%.10%./

-«PLH-

\
•»PHL-

~\ 1*90% 3r J-

l k
»TLH tTHL
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MC14561B

H>

H>r^-

H>

H>H>

H>

LOGIC DIAGRAM

H>

O

L> 1>

TRUTH TABLE - COMPLEMENT MODE

(Z - 0, Comp = 1, Comp » 0)

vdd" pin 14
VSS - Pin 7

3
a
c

e
— o

J|
9 a
qui

Inputs

3

&
3

0

li
Quj

Outputs

A4 A3 A2 A1 F4 F3 F2 Fl

0

1

2

3

4

5

6

7

8

9

0

0

0

0

0

0

0

0

0

0

0

0

1

1

1

1

0

0

0

0

1

1

0

0

1

1

0

0

0

1

0

1

0

1

0

1

0

1

9

8

7

6

S

4

3

2

1

0

1

1

0

0

0

0

0

0

0

0

0

0

1

1

1

1

0

0

0

0

0

0

1

1

0

0

1

1

0

0

1

0

1

0

1

0

1

0

1

0

Illegal

BCD

Input

Codes

10

11

12

13

14

15

0

0

1

1

1

1

1

1

0

0

1

1

0

1

0

1

0

1

7

6

S

4

3

2

0

0

0

0

0

0

1

1

1

1

0

0

1

1

0

0

1

1

1

0

1

0

1

0
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MC14561B

TYPICAL APPLICATIONS

OneMC14560B andoneMC14561B permit a BCD digit
to be added to or subtracted from a seconddigit,suchas
in the typical configurations in Figures 2 and 3. A second
MC14561B permits either digit to be added to or subtract
ed from the other, or either word to appear unmodified
at the output.

FIGURE 2 -PARALLEL ADD/SUBTRACT CIRCUIT (10'sCOMPLEMENTI

Add/Subtract-

TRUTH TABLE

Zero Add/Subtract Result

0 0 B plus A

0 1 B minus A

1 X B

X - Don't Care

A10<

7-582
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MC14561B

FIGURE 3 - SERIAL ADD/SUBTRACT CIRCUIT

Type D
Flip Flop

D Q

C

A Register

100s 10's 1's

MC14561B

A1 Fl

A2

A3 F2

A4

Comp F3

Comp

Z F4

MC14660B

C|„ si

At

A2 S2

A3

A4 S3

B1

B2 S4

B3

B4 Cout

V

>ResultI C ~1_

100s 10's 1's

1

1 " /

1
1

B Register

Circuit diagrams external to Motorola products ore Included as a means of Illustrating typical semiconductor applications; consequently,
complete information sufficient for construction purposes Is not necessarily given. The Information in this Application Noto has been care
fully chocked 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 licansa under tha potent rights of Motorola Inc. or others.
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® MOTOROLA

128-BIT STATIC SHIFT REGISTER

The MC14562B is a 128-bit static shift register constructed with
MOS P-channel and N-channel enhancement mode devices in a single
monolithic structure. Data is clocked in and out of the shift register
on the positive edje of the clock input. Data outputs are available
every 16 bits, from 16 through bit 128. This complementary MOS
shift register is primarily used where low power dissipation and/or
high noise immunity is desired.

• Diode Protection on All Inputs

• Noise Immunity = 45% of Vqq typical

• Single Supply Operation - Positive or Negative
• Fully Static Operation

• Exceedingly Slow Input Transition Rates May Be Applied to the
Clock Input

• 5.6 MHz Operation @ Vqd = 10 Vdc
• Cascadable to Provide Longer Shift Register Lengths - 1.5 MHz

Operation @ Vqq = 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 (Voltages referenced to Vss)
Rating Symbol Value Unit

DC Supply Voltage vdd -0.5 to *18 Vdc

Input Voltage. All Inputs vin -o 5 to vdd * ° 5 Vdc

DC Current Drain per Pin 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device

ta -55 io +125

-40 to-85

°C

Storage Temperature Range Ts.g -55 to -150 °C

LOGIC DIAGRAM

5—t>H>-

lUlnHO—Qo—|

L1DOI—HOOf-lDOf-|-foTI}-»-Hnoh-Hoa|-^u
cM-c cM-c Lc Lc lc Lc Lc Mc
jJ j_ 2J ii .ill 21 22. ii ill Lill
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MC14562B

CMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

128-BIT STATIC SHIFT

REGISTER.

L SUFFIX

CERAMIC PACKAGE

CASE 632

P SUFFIX

PLASTIC PACKAGE

CASE 646

ORDERING INFORMATION

4XXXB ^. Suffix Denotes

ckage

Suffix Denotes

— L Ceramic Pack

'— P Plastic Packai
• A Extended Operating

Temperature Range

C Limited Operating

Temperature Range

BLOCK DIAGRAM

Pins 4 and 11

not used.

VDD-Pln 14

VSS " PI" 7



MC14562B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
Vdd
Vdc

Tlow* 25°C Thioh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level

Vin VDDorO

"V Level

Vj„ 0orVDD

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05
-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95

-

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage" "0" Level
(V0 * 4.5 or 0.5 Vdc)
IV0 -'9.0 or 1.0 Vdc)
(V0= 13.5 or 1.5 Vdc)

"1" Level

(V0-0.5 or 4.5 Vdc)
(Vo' 1.0 or 9.0 Vdc)
(Vq- 1.5 or 13.5 Vdc)

V|L
5.0

10

15

-

1.5

3.0

4.0

-
2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

IS

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Current (AL Device)
IVqh * 2.5 Vdc) Source
(VoH * 4-6 Vdc)
(VoH " 9.5 Vdc)
(V0H " '3-5 Vdc)
(Vql " 0-4 Vdc) Sink
(v0l - o.s vdc)
(Vol "'-5 vdc)

>OH
5.0

5.0

10

15

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2
;

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Output Drive Current (CL/CP Device)
(Vqh " 2.5 Vdc) Source
(Voh - 4-6 Vdc)
(Vqh " 9.5 Vdc)
(Voh " 135 Vdc)
(Vol " 0-4 Vdc) Sink
(Vql " 0.5 Vdc)
(v0l • i-5 vdc)

•oh
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

"OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Input Current (AL Device) 'in 15 - ±0.1 -
±0.00001 ±0.1

-
±1.0 «iAdc

Input Current (CL/CP Device) 'in 15 -
±0.3

-
10.00001 ±0.3

-

±1.0 IiAdc

Input Capacitance

(Vin • 0)
Cin — - -

5.0 7.5 pF

Quiescent Current (AL Device)

(Per Package)
'DD 5.0

10

15

-

5.0

10

20

-

0 010

0.020

0.030

5.0

10

20
_

ISO

300

600

pAdc

Quiescent Current (CL/CP Device)

(Per Packagel
'DD 5.0

10

15
;

50

100

200
-

0.010
0.020
0.030

50

100

200
-

375

750

1500

pAdc

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

(Cl - 50 pF on all outputs, all
| buffers switching)

IT 5.0

10

15

lT •< 154mA/kHz) f + lDD
lT =(3.81»iA/kHz)f + lDD
lT-(6.62»iA/kHz)l + lDD

pAdc

*T|ow • -55°C for AL Device, -40°C for CL/CP Device.
Thigh " *125°C for ALDevice. +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 9 Vqd

2.0 Vdc min 9 Vqd
2.5 Vdc min @i Vod • 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT(CL) - It<50 pF) +4 x 10-3 (cL -50) V0D«

where: It <* in"A (per package). Cl in pF,Vqd inVdc,andf in kHzisinput frequency.
••The formulas given areforthe typical characteristics onlyat 25°C.

' 5.0 Vdc

. io Vdc

Thit devicecontaint circuitryto protect the Inputt against damage due to highstaticvoltages or electricfields; however,it it ad
visedthat normalprecautions be taken to avoidapplication of any voltage higher than maximum ratedvoltages to thit highim
pedance circuit. For proper operation it it racommended that V(n andVout be constrained to the range Vss < ,vin or Vout1
< Voo-
Unused inputtmuttalways beti8dto enappropriate logic voltage level (e.g., either Vss orVdd'- ^^
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MC14562B

SWITCHING CHARACTERISTICS' (CL-50pF.TA-25°C)
Characteristic Symbol vdd Min Typ Max Unit

Output Rise Time

*tlh " (3.0 ns/pF) Cl +30 nt
*TLH " C1.6 nt/pF) Cl ♦ 15 nt
TLH" (1-1 nt/pF)CL+10nt

TLH
5.0

10

15

-
180

90

65

360

180

130

nt

Output Fall Time

THL " 0-5 ns/pF) Cl +25 nt
tTHL " <°-75ns/pF) Cl + 12.5 ns
THL * <°-55nt/pF) Cl +9.5 nt

THL
5.0

10

16

-
100

SO

40

200

100

80

nt

Propagation Delay Time
Clock to Q

*PLH, «PHL " "•' «*/pF)Cl +515 nt
*PLH. lFHL" <°-66 nt/pF) Cl + 217 ns
•PLH. 'PHL " W.6 ns/pF) Cl ♦ 145 ns

«PLH.
•PHL

5.0

10

IS

-

600

250

170

1200

500

340

nt

Clock Pulse Width

(50% Duty Cycle)
WVH 5.0

10

15

600

220

ISO

300

110

75

-

nt

Clock Pulse Frequency 'cl 5.0

10

15

-

1.9

5.6

8.0

1.1

3.0

4.0

MHz

Data to Clock Setup Time «tu(1) 5.0

10

15

-20

-10

0

-170

-64

-60
;

nt

tsu(O) 5.0

10

15

-20

-10

0

-91

-58

-48
;

nt

Data to Clock Hold Time lh<1) 5.0

10

15

350

165

155

263

109

100
-

nt

»h{0) 5.0

10

15

360

200

140

267

140

93
-

nt

The formula given it for the typical characterittict only

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS
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MC14562B

Pin

No's (— Pulsa 1—)

'WH

\50%

tsu(O)

TIMING DIAGRAM

[•Pulsa is-i1 h Pulsa VIA

f

AC TEST WAVEFORMS

£
r—»h(0)

^60% \s0%

*WH

{ ^
«su(1)

r—«h(1)

r-Pulsa 128-1

j—V.

V0D

Vgs

VQD

•vSs

VOD

VSS

J 5r9b%~voi:

rf80* ^»vs,
'PLH—I H— —-I r—«THL

Nota: Tha remaining Data-Bit Outputs (Q32, 0.48. Q64, Q80. OS6, Q112 and Q12B) will occur at
Clock Pulse 32, 48, 64. 80, 96, 112. 128 In tha same ratationshlpasOie.
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'M) MOTOROLA

INDUSTRIAL TIME BASE GENERATOR

The MC14566B industrial time base generator is constructed with
MOS P-channel and N-channel enhancement mode devices in a single
monolithic structure. This device consists of a divide-by-10 ripple
counter and a divide-by-5 or divide-by-5 ripple counter to permit
stable time generation from a 50 or 60 Hz line. By cascading this
device as divide-by-60 counters, seconds and minutes can be counted
and are available in BCD format at the circuit outputs. An internal
monostable multivibrator is included whose output can be used as a
reset or clock pulse providing additional frequency flexibility. Also a
pin has been included to allow divide-by-5 counting for generating
1.0 Hz from European 50 Hz line.

• Negative Edge Triggered Counters for Ease of Cascading
• Pulse Shapers on Counter Inputs Accept Slow Input Rise Times
• Monostable Multivibrator Positive or Negative Edge Triggered
• Noise Immunity = 45% of Vdd typical
• Diode Protection on All Inputs

• Quiescent Current = 5.0 nA/package typical @ 5 Vdc
• Supply Voltage Range • 3.0 Vdc to 18 Vdc
• Capable of Driving Two Low-power TTL Loads, One Low-power

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

MAXIMUM RATINGS (Voliagesreferenced to Vss)

Rating Symbol V.'ilii" Unil

DC Supply Voltage VDD -0.5 to -18 Vdc

Inpul Voliage. All Inputs V,n -o.5 io Vdd * °-5 Vdc

DC Current Drain per Pin 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device

ta -55 lo M25 °C

-40 to -85

Storage Temperature Range ^stg -65 to ♦ 150 °c

EXPANDED BLOCK DIAGRAM

Pulse

Shaper

Rejel0 [>o—c(^

-1-5/6 Control O

<>

BCD

Out

BCD

Out

Monc

starjli

3—H/-°C
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MC14566B

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

INDUSTRIAL

TIME BASE GENERATOR

L SUFFIX

CERAMIC PACKAGE

CASE 620

P SUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXB Sulfi

tL Ceramic

P Plastic P

Package

: Package
A Extended Operating

Temperature Range
C Limited Operating

Temperature Ranga

BLOCK DIAGRAM

/OD • Pi,

VSS " Pi

Q3,

QOp



MC14566B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

Tlow* 25°C Th gh I

Min Max Min Typ Max Min Max Unit

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

Vjn VDD or 0 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15 - 0.05 - 0 0.05 -
0.05

voh 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc

Vin 0 or VDD 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -

Input Voltage" "0" Level VlL Vdc

(V0 - 4.5 or 0.5 Vdcl 5.0 - 1.5 - 2.25 1.5
-

1.5

(V0 -9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0
-

3.0

(Vq = 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0
-

4.0

V|H
<V0 =0.5 or 4.5 Vdcl 5.0 3.5 - 3.5 2.75 - 3.5 -

Vdc

IV0 * 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -

(Vo= 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25
-

11.0 -

Output Drive Current (AL Devicel 'oh mAdc

(VOH " 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 -
-0.7

-

IV0H • 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 -
-0.14

-

<V0H " 9-5 Vdc) 10 -0.62 - -0.5 -0.9 -
-0.35

-

(V0H = 13.5 Vdc)

(Vql " 0.4 Vdc) Sink

15 -1.8 - -1.5 -3.5 - -1.1 -

'OL 5.0 0.64 - 0.51 0.88 - 0.36 -
mAdc

(V0L • 0.5 Vdc) 10 1.6 - 1.3 2.25
-

0.9
-

(Vql " 1-5 Vdc) 15 4.2
-

3.4 8.8
-

2.4
-

Output Drive Current (CL/CP Device) 'OH mAdc

(Vqh = 2.5 Vdcl Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -

(V0H " 4.6 Vdc) 5.0 -0.2 - -0.16 -0.36 -
-0.12

-

(Vqh • 9-5 Vdc) 10 -0.5 - -0.4 -0.9 -
-0.3

-

(Vqh" 13.5 Vdc)

(Vol " °-4 Vdc) Sink

15 -1.4
- -1.2 -3.5 -

-1.0
-

'OL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc

(Vql • o.5 vdc) 10 1.3 - 1.1 2.25 -
0.9

-

(v0l "i.5 vdcl 15 3.6
-

3.0 8.8
-

2.4
-

Input Current (AL Device) 'in 15 - ±0.1 -
±0.00001 ±0.1

-
±1.0 MAdc

Input Current (CL/CP Devicel 'in 15 -
±0.3

-
±0.00001 ±0.3 -

±1.0 uAdc

Input Capacitance Cin - - - 5.0 7.5 - - PF

(Vin - 01

Quiescent Current (AL Device) 'DD 5.0 - 5.0 - 0.005 5.0 - 150 <iAdc

(Per Packagel 10 - 10 - 0.010 10 - 300

15 -
20

- 0.015 20
- 600

Quiescent Current ICL/CP Devicel •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 it 5.0 IT"(1 0 uA/kHz) f+ 'OD jiAdc

(Dynamic plus Quiescent, 10 iT -(2 OuA/kHz) f+ lDD
Per Package) 15 it "(3 OuA/kHz) f + 'dd

(C|_ - 50 pF on all outputs, all
buffers switching)

•T|0w =-55°C for AL Device. -40°C forCL/CP Device.
Thigh " +125°C for AL Device, +85°C for CL/CP Device.

cNoise immunity specified for worst-case input combination.
Noise Margin for both "1" and "0" level • 1.0 Vdc min @Vrjo • 5.0 Vdc

2.0 Vdc min 9 VDD - 10 Vdc
2.5 Vdc min @ vDD = 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
'T<Cl> " 'T(50pF) ♦ 1 x 10-3(CL -50)VDDf

where: It •» in iiA (per package), C|_ in pF, Vqq 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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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 Vjn and
vout bo constrained to the range V§s <
(Vi„orVou,l<VOD.
Unused inputs must always bo tied to an
appropriate logic voltage level (e.g.. either
Vss or Vdd'-



MC14566B

SWITCHING CHARACTERISTICS* (CL - SO pF, TA - 26°C>
Characteristic Symbol vdd Min Typ Max Unit

Output Rise Time

tTLH " O-Ons/pF) Cl + 30 ns
tTLH " (1-5 ns/pF) Cl + 15 ns
tTLH " M.I ns/pF) Cl + 10 ns

TLH
6.0

10

15
-

180

80

65

360

180

130

ns

Output Fall Time

tTHL * M-5"*/pF) Cl + 25 ns
tTHL " (0.75 ns/pF) CL + 12.5 ns
tTHL * '0-55 ns/pF) Cl + 93 ns

tTHL
5.0

10

15
-

100

SO

40

200

100

80

ns

Propagation DelayTime, Clockto Q3a,
tPLH,tPHL" M.7ns/pF) Cl + 1365 ns
tPLH.tpHL " (0.66 ns/pF) CL+497 ns
tPLH, tPHL" (0-5ns/pF) Cl + 296 ns

tPLH.
«PHL 5.0

10

15

-
1450

530

320

4500

1500

1000

ns

Propagation DelayTime, Resetto 03a.
tPHL " M-7«t«/pF) CL + 845 ns
tpHL " (0.66 ns/pF) CL + 282 ns
tpHL " '0.5 ns/pF) CL + 185 ns

«PHL
6.0

10

15

-
930

315

210

3000

1000

750

ns

Clock Pulse Width tWHfcl)
5.0

10

IS

1200

400

270

400

125

90

-

ns

Reset Pulse Width tWH(R)
5.0

10

IS

1200

400

270

400

125

90

-

ns

Clock Pulse Frequency 'cl
5.0

10

IS
-

1.0

2.5

4.2

0.3

1.0

1.S

MHz

Clock Pulse Rise and Fall Time tTLH,
tTHL 5.0

10

16

No Limit

Monostable Multivibrator Pulse Width WVHIQn,)
5.0

10

15

1200

400

300

2800

800

600
-

ns

The formula given is for the typical characteristics only.

Pulsa

Generator

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

>VoO

500 uF

11.
t:

7-590

90%

50%

10%

.Variable.
Width

•T*CL•tnCl /nrNCl. 'TnCL <TncLTncL

20 ns

"DD

VSS



MC14566B

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Programmable
Pulso

1 Generator

ocA Q0A

t"A

Q2A

Q3A

Q0B

Q1B

Q2B

Qm

Noto: Assuma-r 10 Counter at

"6" and -r 5/6 Counter at

"2" at beginning of
soquonce.

-r 10 or-r 5/6 90%
Clock and B

Q3A or

Q2B ~ ,1 u_

Rasot

-i-5/6

Control

B

A

i

— 20 ns r-tWH(el)-

10%
/-^
'cl

90%

10%

-'PLH *TLH

1 +
i

CL^CL

—t [—20 ns

-tWH(H)J-tWH(R)-
«PLH—I r— —I I—'PHL

— —\ 1—tTHL

»WHIQm)

y^k^ /TV*
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MC14566B

Clock

Hosot j I

QO

Q1

Q2

Q3

TIMING DIAGRAM

Dtvide-By-10 Counter

01 234567 8901

jnj~urjiJixu~LriJij~LJi_

J L

J L

Divide-By 5/6 Counter

01 234501 2340

ci°ck: nj^jnjnjnjnjnjnj~i_rLrL
Reset

Control

-=•5/6

QO

Q1 :

Q2'

_TL

- Don't Care

J L

Monostable Multivibrator

i i^—i r

r~u

_n

7-592
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MC14566B

<1.0M
60 Hz O-^i/W

>1S00pFT
1

APPLICATION - 12 HOUR CLOCK

r
-=•5/6

QO

Q1 —

Q2

f 10

QOr—

I l_

•=-10

QO

C Q1

02

Q3

-=-5/6

QO

C
Q1

Q2
LJ

L.

10

QO —

C Q1

Q2

Q3 - r
Minutos

-MO

QO

MCI 401 IB

air-1
Q2

,Q3

•5/6

QO

Q1

DQ2

l Tenth
f Seconds

^>
-r 5/6 Control not shown - Vgs

Reset pins not shown - Vgs

•Cere must bo takon in tho indicatod circuit to filter line

transients which may cause "falsa" counting.

J

n

Circuit diagrams utilizing Motorola products aro included as a meant
of illustrating typical semiconductor applications; consequently,
comploto Information sufficient for conttruction purpotot it not
nacotsarily given. The information hat been carefully checked and

it bolioved to be entirely reliable. However, no retpontibility it
attumed for inaccuracies. Furthermore, tuch information doot not
convey to the purchaier of the temiconductor davicat detenbod any
liconto under the patent rightt of Motorola Inc. or othort.
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M) MOTOROLA

PHASE COMPARATOR AND

PROGRAMMABLE COUNTERS

The MC14568B consists of a phase comparator, a divide-by-4, 16,
64 or 100 counter and a programmable divide-by-N 4-bit binary
counter (all positive-edge triggered) constructed with MOS P-channel
and N-channel enhancement mode devices (complementary MOS) in
a single monolithic structure.

The MC14568B has been designed for use in conjunction with a
programmable divide-by-N counter for frequency synthesizers and
phase-locked loop applications requiring low power dissipation and/
or high noise immunity.

This device can be used with both counters cascaded a"' ie

output of the second counter connected to the phase comparator

(CTL high), or used separate of the programmable divide-by-N coun
ter, for example cascaded with MC14569B (CTL low). MC14522B or
MC14526B.

• Quiescent Current - 5.0 nA typ/pkg @ 5 Vdc

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

MAXIMUM RATINGS (Voltages referenced to Vssl
Rating Symbol Value Unit

DC Supply Voltage vdd -0 5 lo -18 Vdc

Input Voltage. All Inputs . . •:. • '. ;.; i • 0 5 Vdc

DC Current Drain per Pin 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device

ta -55 to '125

-40 to -85

°C

Storage Temperature Range Tstg -65 lo -150 °C

BLOCK DIAGRAM

pC,„ 140-

I <h TG

Cl 5C-

CTL ISO 1-

•o- 3 0 L

PE 2 0 1-

'dd Pm 16
'« Pm 8

4 Bit

Programmable

Counter D2

-I "-Ol3 PCovll

-| »-0'2 PCP0„

-O'l G

-Oio-1

1 Ti .
-«—•— o< oi/cs

pC,n

o-

oTff— -JOpaQ O O Odp,
6 '

DP3DP2
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MC14568B

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

PHASE COMPARATOR

AND PROGRAMMABLE

COUNTERS

L SUFFIX

CERAMIC PACKAGE

PSUFFIX

PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXX8 __ Sull

— L Ceramic Package
I— P Plattic Package

A Extended Operatin

Tomperature Range

C Limited Operating

TRUTH TABLE

F G Division Ratio

Pin 10 Pin 11 of Countor D1

0 0 4

0 1 16

1

1

0

1

64

100

The divide-by-zsro stato on tho programmable

divide-by-N 4-bit binary counter, D2. is Illegal.

pC,nO—«"•

c
—o

PCP,

u



MC14568B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
VOD
Vdc

T|ow* 25°C Thiflh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level

Vjn VDD or 0

"1" Level

Vjn OorVDD

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95

-

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage#t "0" Level
(V0 r 4.5 or 0.5 Vdc)
(V0 =9.0 or 1.0 Vdc)
(V0 = 13.5 or 1.5 Vdc)

"1" Level

(Vq « 0.5 or 4.5 Vdc)
(Vq • 1.0 or 9.0 Vdc)
(Vo- 1.5 or 13.5 Vdc)

V|L
5.0

10

15

-

1.5

3.0

4.0

-
2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Current (AL Device)
(Vqh * 2.5 Vdc) Source
•VoH " 4.6 Vdc)
(VoH " 95 Vdc)
(Vqh " '3.5 Vdc)

(Vql " 0-4 Vdc) Sink
(Vol • 05 vdc)
(Vol- is vdc)

•oh
5.0

5.0

10

15

-1.2

-0.25

-0.62

-1.8

-
-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2

-

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Output Drive Current (CL/CP Device)

(Voh * 2.5 Vdc) Source
(Vqh - 4.6 Vdc)
(Vqh - 95 Vdc)
(Vqh n '3.5 Vdc)

(Vol • 0.4 Vdc) Sink
(Vql - 0.5 Vdc)
(V0LC 1.5 Vdc)

'OH
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

'OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Input Current (AL Device) 'in 15 - ±0.1 - ±0.00001 ±0.1
-

±1.0 uAdc

Input Current (CL/CP Device) 'in 15 - ±0.3 -
±0.00001 ±0.3

-
±1.0 pAdc

Input Capacitance

(Vin - 0)
Cin — - -

50 7.5
- -

pF

Quiescent Current (AL Device)

(Per Package)
'DD 5.0

10

15

-

5.0

10

20

-

0.005

0.010

0.015

5.0

10

20

-

150

300

600

MAdc

Quiescent Current (CL/CP Device)

(Per Package)
'DO 5.0

10

15
;

20

40

80

-

0.005

0.010

0.015

20

40

80

-

150

300

600

uAdc

Total Supply Current ** t

(Dynamic plus Quiescent,

Per Package)
(C|_* 50 pF on all outputs, all
buffers switching)

it 5.0

10

15

If - (0.2 uA/kHz) f + lDD
lT - (0.4 uA/kHz) f + l0D
lT - (0.9 uA/kHz) f + lDD

»iAdc

Throe-State Leakage Current, Pins 1,13

(AL Device)
'TL IS

—
±0.1

-
±0.00001 ±0.1

—

±3.0 MAdc

Three-State Leakage Current, Pins 1,13
(CL/CP Devices)

'TL 15
-

±1.0
-

±0.00001 ±1.0
—

±7.5 MAdc

•T|0w " -55°C for AL Device, -40°C f<
Thigh * *'25°C for AL Device. +85°C

^Noise immunity specified for worst-co.

Noise Margin (or both "1" and "0" lev

tTo calculate total supply current at lo
'tICl'"'T<50pF> +1 x 10-3 (£

where: If is in «iA(per package),Cl
"The formulas given are (or the typical

f Pin 15 Isconnected to Vec or Vnn for

Jr CL/CP D
(or CL/CP

te input coi

el • 1.0 VC

2.0 Vd

2.5 Vd

9ds other tl

:l -50) VD
n pF. Vdc
characters

input volb

>evice.

Oevice.
nbination.

lc min@ V

lc min® V

cmin@ V

tan 50 pF:

D'
) in Vdc, a
tics only a

ige test.

DO = 5.0

DD * '0
DD.='5

nd f in kH

25°C.

Vdc

Vdc

Vdc

z is input 'requency

Thit device containt circuitry to protect
the inputt ogaintt damage due to high
static voltaget or electric fields; however,
it it advised that normal precaution! be
taken to avoid application of any voltage
higher than maximum rated voltaget to
thit high impedance circuit. For proper
operation it it recommended that Vm and
Vout De constrained to the range Vss *•
(VinorVoutl<VD0.
Unused inputs mutt always be tied to an
appropriate logic voliage level (e.g., either

Vss or Vrjo'-

7-595
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MC14568B

Typical Maximum Frequency Divider Dl
Division ratios: 4,64 or 100 (CL =50 pF)

28

22

20

18

16

V V0| •15V

vqi 1- 10 V

10

8

6

vo i-sv

2

0
♦20 +40 +60 +80

T. TEMPERATURE (°C)

-40 -20

Typical Maximum Frequency Divider D1
Division ratio: 16(CL =50pF)

12

^^VgD'^V

v0o5'ov

2

0

.. .. V(io-sv_

0 +20 +40 +60 ♦BO +100

T. TEMPERATURE <°CI

Typical Maximum Frequency Divider D2
Division ratio: 2 (CL =50 pF)

v, D-15V

.. V| o-iov

v JO'SV

-40 -20 0 +20 +40 +60 +S0 +100

T. TEMPERATURE CO
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MC14568B

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

Characteristic Symbol vdd
Vdc

Min Typ Max Unit

Output Rise Time tTLH 5.0

10

15
-

180

90

65

360

180

130

ns

Output Fall Time tTHL 5.0

10

IS
-

100

50

40

200

100

80

ns

Minimum Pulse Width, Cl, Q1/C2, or PC;n Input tWH 5.0

10

15

-

125

60

45

250

120

90

ns

Maximum Clock Rise and Fall Time,
Cl, Q1/C2, or PCjn Input

tTLH.
tTHL

5.0

10

IS

15

15

15

~ —
MS

PHASE COMPARATOR

Input Resistance Rin 5.0 to 15 - | 106 | - | M„
Input Sensitivity, DC Coupled

- 5.0 to 15 See Input Voltage
Turn-Off Delay Time,

PCout and PCP0Ut Outputs
tPHL 5.0

10

15

-

550

195

120

1100

390

240

ns

Turn-On Delay Time,
PCout and PCP00, Outputs

tPHL S.0

10

15

-

676

300

190

1350

600

380

ns

DIVIDE-BY-4,16,64 OR 100 COUNTER (D1)
Maximum Clock Pulse Frequency 'cl MHz

Division Ratio * 4,64 or 100 S.0 3.0 6.0 _

10 8.0 16 -

Oivision Ratio * 16

IS 10 22 -

S.0 1.0 2.S _ MHz

10 3.0 63 -

15 6.0 9.7 -

Propagation Delay Time, Q1/C2 Output tPLH, ns

Division Ratio » 4,64 or 100 tPHL 5.0 - 450 900

10 — 190 380

Division Ratio • 16

15 - 130 260

5.0 - 720 1440 ns

10 - 300 600

IS _ 200 400

PROGRAMMABLE DIVIDEBY-N-4-BIT COUNTER D2)

Maximum Clock Pulse Frequency •cl 5.0 1.2 1.8 - MHz

(Figure 3a) 10 3.0 83 _

IS 4.0 12 -

Turn-On Delay Time, "0" Output tPLH 5.0 _ 450 900 ns

(Figure 3a) 10 - 190 380
IS — 130 260

Turn-Off Delay Time, "0" Output tPHL S.0 _ 225 450 ns

(Figure 3a) 10 - 85 170

16 - 60 150

Minimum Preset Enable Pulse Width tWH(PE) S.0 - 75 250 ns

10 - 40 100

15 - 30 75
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5
ovt

CTL

°P1 -..Op2 rwout
°P3 PCPout
Op4

<HPCin
F

PC„

SWITCHING TIME TEST CIRCUITS AND WAVEFORMS

FIGURE 1 - PHASE COMPARATOR

A lags B. PCou, is low. A leads B. PCout 1»his"-

^\ if
>vOO

©-jF^^fZ
PG1

©-

— 20 nt

SON

A
«WtPCin)

Pulso

IGenerator 1

& Act•L$2'

Pulse

Generator:

—-O- G Q1/C2|-0

Cl

PEIF

—H I—tPLH .JU<THL ~H —'PLH

«phl— r*H r— -H I— 'phl
-,r_^. VOH
i ^-75% ^. Thre«-Srot«

Pulse

Generator

>vss

JVt

CTL

Dpi PCOUt

SP2 PCP .,_Dp3 outf-O
Dp4
PC,„
F Q1/C2

G

ivss

-O ~

FIGURE 2 - COUNTER D1

20n.—H

C1
IPS

20n»

-rr-

-• vOL

»W<C1)

l*-^*.

^3 I— tTLH «THL—| P^

FIGURE 3 - COUNTER D2

Pulse

Generator

'DO

Dpi
Op2 PCout-O
OP3 PCPout
Dp4

O- Q1/C2

pC|„
F
G
Cl

CTL

PE "0" -O—i

^4
»W(Q1/C2)

3ni— )— —^ L«_20m ^^^^^^^^

'PLH— __|<PHL| 'in",m'
U-9096 \

-~\ f— tTHL—| |—-
"0" 10%

*TLH

b.

Q1/C2 - PG 1

'DD

°"2P1 PCO- Op2 rl*out|-0

°" Dp3PCPO- Dp4 KO,Out|-0
-O- Q1/C2

*N Is tho valuo programmed on tho Dp Inputs.
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LOGIC DIAGRAM

pCjn 14 &

Counter 02 C

7-600

o13 PCout

o12PCPout

r— °2 PE

VOD-Pln 16

VSS - Pin 8



MC14568B

OPERATING CHARACTERISTICS

The MC14568B contains a phase comparator, a fixed
divider (-r 4, •=• 16, -r 64, -r 100) and a programmable
divide-by-N 4-bit counter.

PHASE COMPARATOR

The phase comparator is a positive edge controlled
logic circuit. It essentially consists of four flip-flops and
an output pair of MOS transistors. Only one of its inputs
(PCjn, pin 14) is accessible externally. The second is
connected to the output of one of the two counters Dl
or D2 (see block diagram).

Duty cycles of both input signals(at A and B) need not
be taken into consideration since the comparator responds
to leading edges only.

If both input signals have identical frequencies but
different phases, with signal A (pin 14) leading signal B
(Ref.), the comparator output will be high for the time
equal to the phase difference.

If signal A lags signal B, the output will be lowfor the
same time. In between, the output will be in a three-state
condition and the voltage on the capacitor of an RC filter
normally connected at this point will have some inter
mediate value (see Figure 4). When used in a phase locked
loop, this value will adjust the Voltage Controlled Oscil
lator frequency by reducing the phase difference between
the reference signal and the divided VCO frequency to
zero.

FIGURE 4 - PHASE COMPARATOR WAVEFORMS

If the input signalshave different frequencies, the out
put signal willbe lowwhen signal Ahasa lowerfrequency
than signal B, and high otherwise.

Under the same conditions of frequency difference, the
output will vary between VoH (°r vOL) and some inter"
mediate value until the frequencies of both signals are
equal and their phase difference equal to zero, i.e. until
locked condition is obtained.

Capture and lock range will bedetermined by the VCO
frequency range. The comparator is provided with a lock
indicator output, which will stay at logic 1 in locked
conditions.

The state diagram (Figure 5) depicts the internal state
transitions. It assumes that only one transition on either
signal occurs at any time. It shows that a change of the
output state is always associated with a positive transition
of either signal. For a negative transition, the output does
not changestate. A positive transition may not causethe
output to change; this happens when the signals have
different frequencies.

DIVIDE BY 4,16,64 OR 100 COUNTER (Dl)

This counter is able to work at an input frequency of
5 MHz for a Vqd value of 10 volts over the standard
temperature range when dividing by 4, 64 and 100. Pro
gramming is accomplished by use of inputsF and G (pins
10 and 11) according to the truth table shown. Connect
ing the Control input (CTL, pin 15) to Vqd allows cas
cading this counter with the programmable divide-by-N
counter provided in the same package. Independent
operation is obtained when the Control input is con
nected to Vss.

The different division ratios have been chosen to gen
erate the reference frequences corresponding to the chan
nel spacings normally required in frequency synthesizer
applications. For example, with the division ratio 100
and a 5 MHz crystal stabilized source a reference fre
quency of 50 kHz is supplied to the comparator. The
lower division ratios permit operation with low frequency
crystals.

FIGURE S - PHASE COMPARATOR

STATE DIAGRAM

Input State

(ooV

1
1

1
1

-^1 jjfooT— I too)

Q hoi\ /to) \*°) (?V ' \P\r kMOj

A B v1 V4 ^O'Jtev ' •0 v

3 State

Pcout Output Disconnected

pCP0ut
(Lock Indicator)

0 1 0
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MC14568B

If used in cascadewith the programmable divide-by-N
counter, practically all usual reference frequencies, or
channel spacings of 25, 20, 12.5, 10. 6.25 kHz, etc. are
easily achievable.

PROGRAMMABLE DIVIDE-BY-N

4-BIT COUNTER (D2)

This counter is programmable by usinginputs Dpi, ...

Dp4 (pins 7 ... 4). The Preset Enable input enables the
parallel preset inputs Dpi ... Dp4. The "0" output must
be externally connected to the PE input for single stage
applications. Since there is not a cascade feedback input,
this counter, when cascaded, must be used as the most
significant digit. Because of this, it can be cascaded with
binary counters as well as with BCD counters (MC14569B,
MC14522B. MC14526B).

TYPICAL APPLICATIONS

FIGURE 6 - CASCADING MC14568B AND MC14522B OR MC14S26B WITH MC14569B

CF
C Q

MC14569B

PEout
—4•—

CF

C MC14S22B Q4
or

MC14526B
PE "0" —1

CF

C MC14S22B Q4
or

• MC14526B
1- PE "0" -J

Q1/C2

MC14568B

r PE "0"

IIII1111 1111.
Dpi Dp4

1111
DPI Dp4

H 1

1111
Dpi Op4

-<l —o

FIGURE 7 - FREQUENCY SYNTHESIZER WITH MC14568B and MC14569B USING A MIXER

(Channel Spacing 10 kHz)

Frequencies shown In parenthosls aro given as sn example.

(144-146 MHz)

(143.5 MHz)
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FIGURE 8 - FREQUENCY SYNTHESIZER USING MC14568B, MC14569B AND MC14522B
(Without Mixer)

(5 MHz)

o—

(VOD)

c
vSs-

PCout

G
MC14568B

VOD

Dpi Dp4

N1

(0-5)

(625 kHz steps)

-OvOD

-OVDD

MC14522Q

•0" PE

6 6
Dpi Dp4

IT

N2

(0-9)

(62.5 kHz steps)

Divide ratio = I6ON1 + I6N2 + N3

Example:

'out =Nl (MHz) +N2 (x100 kHz) +N3 (x25 kHz)
Frequency range ° 5 MHz
Channel spacing = 25 kHz
Reference frequency = 6.25 kHz

7-603

ZL
MC14569B

PEout
(BCD) Binary

006 o 666

N3

(0,4,8, 12)

(6.25 kHz steps)

'Out

—O

Figures shown in parenthesis
refer to example.



'M) MOTOROLA

HIGH SPEED PROGRAMMABLE DIVIDE-BY-N

DUAL 4-BIT BCD/BINARY COUNTER

The MC14569B is a high speed programmable divide-by-N dual
4-bit BCD or binary down counter constructed with MOS P-channel
and N-channel enhancement mode devices (complementary MOS)
in a single monolithic structure.

It has been designed for use with the MC14568B phase compara
tor/counter in frequency synthesizers, phase-locked loops, and other
frequency division applications requiring low power dissipation and/
or high noise immunity.

• 9.5 MHz Typical Counting Rate at 10 V for Any Division
Ratio Greater Than 1

• Speedup Circuitry for Zero Detection and Preset Enable

• Each 4-Bit Counter Can Divide Independently in BCD
or Binary Mode

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

• Can be Cascaded With MC14568B. MC14522B and MC14526B
for Frequency Synthesizer Applications

MAXIMUM RATINGS (Voltages referenced to Vss)
Rating Symbol Value Unit

DC Supply Voltage vDd -0 5 to -18 Vdc

Input Voltage. All Inputs vin -0.5 to VDD • 0 5 Vdc

DC Current Drain per Pin 1 10 iii .".dc

Operating Temperature Range - AL Device
CL/CP Device

Ta -55 io »125

-40 to *85

°C

Storage Temperature Range Tstg -65 to * 150 °c

CTL - "0" for Binary Count

CTL - "1" for BCD Count

BLOCK DIAGRAM

MC14569B

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

HIGH SPEED PROGRAMMABLE

DIVIDE-BY-N DUAL 4-BIT

BCD/BINARY COUNTER

L SUFFIX

CERAMIC PACKAGE

P SUFFIX

PLASTIC PACKAGE

ORDERING INFORMATION

MC14XXXB __ Suffix Denotet

t L Ceramic Packago

P Plastic Package
A Extended Operating

Temperature Range
C Limited Operating

Temperature Range

DPAI DPA2 DPA3 DPA4

IO 40 50 60

CTL^

20

CTLB

O10

DPB1 DPB2 DPB3 DPB4

011 012 Ol3 014

iry to Johnson

Encodor

BCD/Binary

High Speed

Johnson Counto

4-Bit BCD/Binary

Synchronous Counter

(Including Early Zero Detection)

7-604

VDD-Pin 16

Vss - Pin 8

-O PEout



MC14569B

ELECTRICAL CHARACTERISTICS

Symbol
vdd
Vdc

Tlow* 25°C Thiah*
UnitCharacteristic Min Max Min Typ Max Min Max

Output Voltage "0" Level

Vin = VDDor0

"1" Level

Vj„ = 0orVDD

vol 5.0

10

15

-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

IS

4.95

9.95

14.95

-

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage* "0" Level
(V0 = 4.5 or 0.5 Vdc)
(V0-9-0 or 1.0 Vdcl
IV0-13.5 or 1.5 Vdc)

"1" Level

(Vq-0.5 or 4.5 Vdc)
(Vo -1.0 or 9.0 Vdc)
(V0= 1.5 or 13.5 Vdc)

V|L
5.0

10

15

-

1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Current (AL Oevice)

IVqh =2.5 Vdc) Source
(V0H-46 Vdc)
(V0H =9.5 Vdc)
(Voh ° 135 Vdcl

(Vql =0-4 V<lc) Sink
(Vql-0.5 vdc)
(Vql "i-5 vdc)

•oh
5.0

5.0

10

15

-3.0

-0.64

-1.6

-4.2

-

-2.4

-0.51

-1.3

-3.4

-4.2

-0.88

-2.25

-038

-

-1.7

-0.36

-OS

-2.4
-

mAdc

'ol 5.0

10

15

0.64

1.6

4.2
;

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Output Drive Current (CL/CP Device)

(VOH - 2.5 Vdc) Source
«Voh " 4-6 Vdc)
(V0H-95Vdc)
(Vqh " '3-5 Vdc)
(V0L - 0.4 Vdc) Sink
(Vql " 0.5 Vdc)
(Vql -1.5 Vdc)

•oh
5.0

5.0

10

15

-2.5

-0.52

-1.3

-3.6

-

-2.1

-0.44

-1.1

-3.0

-4.2

-0.88

-2.25

-8.8

-

-1.7

-0.36

-03

-2.4

-

mAdc s

'OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

-

mAdc

Input Current (AL Oevice) 'in 15 - ±0.1 -
10.00001 ±0.1

-
±1.0 «jAdc

Input Current (CL/CP Device) 'in 15 -
10.3

-
±0.00001 ±0.3

-
±1.0 uAdc

Input Capacitance

(Vin = 0)
Cin — — - —

5.0 73
—

"

PF

Quiescent Current (AL Device)

(Per Package)
'DD 5.0

10

15

-

5.0

10

20

-

0.005

0.010

0.015

5.0

10

20

-

150

300

600

iiAdc

Quiescent Current (CL/CP Device)

(Per Package)
•OD 5.0

10

15

—

50

100

200

-

0.005

0.010

0.015

60

100

200
-

ISO

300

600

»iAdc

Total Supply Current* * t

(Dynamic plus Quiescent,

Per Package)
(C|_- 50 pF on all outputs, all
buffers switching)

'T 5.0

10

15

(0.58uA/kHz)f+lDD
(1.20uA/kHz)f + lD0

(1.95uA/kHz)f + lDD

IiAdc

•T|0w =-55°C (orAL Oevice. -40°C forCL/CP Oevice.
Thigh " +125°C for ALDevice. +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© Vqd -5.0 Vdc
2.0 Vdc min 9 Vqd = 10 Vdc
2.5 Vdc min @ VDD =15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT(CL) =lT(50pF)+1 x 10-3 (CL -50)VDOf

where: lj is in uA (per package),Ci_in pF, Vqd in Vdc, and f in kHz is input frequency.
"The formulasgivenare for the typical characteristics only at 25°C.
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This device contains circuitry to protect
the inputs against damago 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 Vjn and Vou, be
constrained to the range V$s < <Vjn or
V0ut> < VQD-
Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either

Vss or VDO1-



MC14569B

SWITCHING CHARACTERISTICS <CL - 50pF, TA-25°C)

Characteristic Symbol
Vqd
Vdc

All Types
————

UnitMin Typ Max

Output Rita Time
'TLH 5.0 - 100 200 Rt

10
- 50 100

15 - 40 80

Output Fall Time
«THL 5.0 - 100 200 nt

10 - 50 100

IS
-

40 80

Turn-On Delay Time 'PLH nt
PEou, S.0 _ 420 700

10 - 175 300

Q Output
16 - 125 250

5.0 - 675 1200 nt

10 - 285 500

15
- 200 400

Turn-Off Delay Time 'PHL nt

PEout 5.0 - 380 600

10 - 150 300

Q Output
15 - 100 200

S.0 - 530 1000 nt

10 — 225 400

16 - 155 300

Clock Pulte Width 'WH 5.0 300 100 _

nt

10 150 45 _

15 115 30 -

Clock Pulte Frequency # 'cl 5.0 - 3.5 2.1 MHz

10 - 9.5 S.7
16

- 13.0 7.8

Clock Pulte Rise and Fell Time TLH. THL S.0

10

15

NO LIMIT
Mt

tfThls inpliet thatzero detection andpreset enable it donewhile thedock it running at the specified frequency.

20nt. — «.

SWITCHING WAVEFORMS

FIGURE 1

av It
'TLH *THL
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MC14569B

OPERATING CHARACTERISTICS

The MC14568B includes a high speed Johnson counter
followed by a BCD/binary 4-bit synchronous counter (see
block diagram). The use of an encoder allows the Johnson
counter to be programmed (i.e. preset) in BCD or binary
code through inputs DpAl, DpA2. DPA3. and DPA4-

The BCD/binary counter can be programmed through
inputs Opel, DpB2. DPB3.and DPB4- For eacn counter a
divide ratio of 10 (BCD count) or 16 (binary count) can
be chosen independently by inputs CTLa and CTLr
respectively. When one of those inputs is set high, the
divide ratio of the corresponding counter is 10 (BCD);
when it is set low, the division ratio is 16 (binary).

A Cascade Feedback input (pin 7), a Q output (pin 15)
and a Preset Enable output (pin 1) made it possible to
cascade the MC14568B, MC14522B and MC14S26B with
this device. CF, Q and PE0ut of MC14569B must be
respectively connected to "0", C and PE of the following
counter.

When MC14569B is used alone, CF must be connected
to Vdd- One pulse will appearon output PE0Ut every N
clock periods (N being the value programmed on the Dp
inputs). Both counters included in MC14569B, and even
tually all the counters which are cascaded, should nor
mally be preset at the programmed values during the clock
period where they all reach the count zero. For best speed
performance, presetisstarted assoonascount 1 isdetected.
As a consequence, it is not possible to program a frequency
division ratio of one. However, it is possible to program a
division ratio of 11 (i.e. DpA1... - Dpa4 = 1.0.0,0 and
DpB1. • • • DpB4 - 1,0,0,0),or a division ratio of 101 if
another counter is cascaded with the MC14569B.

This high speed configuration makes it possible to
guarantee a maximum clock pulse frequency of 5.7 MHz
for a 10V Vqd supply for any division ratio greater than
one. Due to the presence of the early zero detection, the
circuit must be used in the two least significant digit
positions.

Because all the circuitry is static, there is no minimum
frequency specification for the Clock input, C (pin 9).

X
cL- 50 pF

X, ^ 'dd- 15 V_

-10 V.

S.0 V

-40 -20 0 +20 +40 +60 +80 +100

TA, AMBIENT TEMPERATURE (°C)
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'M) MOTOROLA

HEX GATE

The MC14572UB hex functional gate is constructed with MOS
P-channel and N-channel enhancement mode devices in a single
monolithic structure. These complementary MOS logic gates find
primary use where low power dissipation and/or high noise immun
ity is desired. The chip contains four inverters, one NOR gate and
one NAND gate.

• QuiescentCurrent = 0.5 nA/package typical @5 Vdc
• Noise Immunity = 45% of Vqd typical
• Diode Protection on All Inputs
• Single Supply Operation

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• Input Impedance = 1012ohms typical
• NOR Input Pin Adjacent to VSS Pin to Simplify Use As An

Inverter

• NAND Input Pin Adjacent to VDD Pin to Simplify Use As An
Inverter

• NOR Output Pin Adjacent to Inverter Input Pin ForOR
Application

• NAND Output Pin Adjacent to Inverter Input Pin For AND
Application

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

MAXIMUM RATINGS (Voltages referenced io Vss|
Rating Symbol Value Unit

DC Supply Voliage VDD -0.5 to '18 Vdc

input Voltage. All Inputs vm -0.5 to Vqd ♦ 0.5 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range - AL Device

CL/CP Device
TA -55 to -125

-40 to '85

°C

Storage Temperature Range Ts.g -65 to *150 °C

>^
h

circuit schematic

vDd

nP

t\ a

if
^
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MC14572UB

CMOS SSI

(LOW-POWER COMPLEMENTARY MOS)

HEX GATE

4 INVERTERS PLUS
2-INPUT NOR GATE PLUS

2-INPUT NAND GATE

L SUFFIX

CERAMIC PACKAGE

CASE 620

P SUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXUB__ Suffix Denote

T
— L Ceramic Package

— P Plastic Package
A Extonded Operating

Temperature Range

C Limited Operating
Temperature Range

LOGIC DIAGRAM

VDD - Pm 16

VSS " «"8

4>-

-O—

-O—•



MC14572UB

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

Tlow* 26°C Thlflh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level

Vin " VDD or 0

"V Level

Vin"0orVDD

vol 5.0

10

15

-

0.05

0.05

0.05
-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95

-

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

-

Vdc

Input Voltage* "0" Level
(V0= 3.6 or 1.4 Vdc)
(V0 • 7.2 or 2.8 Vdc)
(V0- 11.5 or 3.5 Vdc)

"1" Level

(V0= 1.4 or 3.6 Vdc)
(V0 • 2.8 or 7.2 Vdc)
(Vo- 3.5 or 11.5 Vdc)

vil
5.0

10

15

-

1.5

3.0

3.75

-
2.25

4.50

6.75

1.5

3.0

3.75

-

1.4

2.9

3.6

Vdc

V|H
5.0

10

15

3.6

7.1

11.4

-

316

7.0

11.25

2.75

5.50

8.25

-

3.5

7.0

11.25

-

Vdc

Output Drive Current (AL Device)
(VoH " 2-5Vdc) Source
(VoH " 4.6 Vdc)
(Voh "9-5 vdc)
(Voh " 13-5Vdc)
(Vol " 0-4 Vdc) Sink
(Vol * o.5 vdc)
(Vol * '-5 vdc)

'OH
5.0

5.0

10

15

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2

-

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4 _

mAdc

Output Drive Current (CL/CP Device)
(Voh " 2.5 Vdc) Source
ivoh * ".6 vdc)
(Voh " 95 Vdc)
(VoH " '3.5 Vdc)
(Vol " °-4 Vdc) Sink
(Vql • °-5 V*)
(Vol • '-5 vdc)

'OH
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

'OL 5.0

10

15

0.52

1.3

3.6

-

0.44

1.1

3.0

0.88

2.25

8.8 :

0.36

0.9

2.4

-

mAdc

Input Current IAL Device) 'in 15 -
±0.1

-

10.00001 10.1
-

±1.0 MAdc

Input Current (CL/CP Device) 'in 15 -
±03

-

±0.00001 i0.3
-

±1.0 uAdc

Input Capacitance

(Vin - 0)
Cm — - —

—

5.0 7.5 PF

Quiescent Current (AL Device)
(Per Package)

"DD 5.0

10

15

-

0.05

0.10

0.20

-

0.0005

0.0010

0.0015

0.05

0.10

0.20 _

1.5

3.0

6.0

^Adc

Quiescent Current (CL/CP Device)
(Per Package)

'DD 5.0

10

15

~

0.5

1.0

2.0

-

0.0005

0.0010

0.0015

0.6

1.0

2.0
-

3.8

7.6

16

uAdc

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

(Cl ° 50 pF on all outputs, all
buffers switching)

It 5.0

10

15

lT-(1.89MA/kH*>f+loD
lT-(3.80uA/kHztf+lDD
lT-(5.68uA/kH*)f+'DO

tiAdc

*T| . _55<>c for ALDevice, -40°C for CL/CP Device.
Thigh " +'25°C for AL Device, +85°C for CL/CP Device.

#Noise immunity specified for worst-caseinput combination.
tTo calculate total supply current at loads other than 50 pF:

lT(CL) " It(so PF) +6 x 10-3 (cL-50) VDDf
where: lj it inuA (per package), CLIn pF, VD0inVdc, and f inkHiit input frequency.

"The formulatgivenare for the typical characteristic* only at 25 C.

This device contains circuitry to protect tho inputs against damage due tohigh ttetic voltages or electric fields, however, It itad
vised that normal precautions betaken toavoid application ofany voltage higher than maximum rated voltaget to1 thit hkjh Im-
pedance circuit. For proper operation itit recommended that Vin and Vout»» constrained tothe range Vss <<vIn or Vout>
* vdd-Unused inputt must always bo tied toan appropriate logic voltage level (e.g.. either Vssor Vpo).
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MC14572UB

SWITCHING CHARACTERISTICS* (CL • 50PF. TA• 25°C)

Characteristic Symbol vdd Min Typ Max Unit

Output Rise Time

tTLH " (3.0 nt/pF) Cl +30 nt
tTLH " C-5 nt/pF) CL + 15 rts
tTLH " (1-1 ns/pF) Cl + 10 nt

tTLH
5.0

10

15

-

180

90

65

360

180

130

nt

Output Fall Time

lTHL " "-5 nt/pF) Cl +25 nt
tjHL " <0.75 nt/pF) Cl +12.5 nt
tTHL ' (0-55nt/pF) CL +9.5 nt

THL
5.0

10

15

-

100

50

40

200

100

80

nt

Propagation Delay Time

'PLH, tPHL" C-7nt/pF»CL +30nt
'PLH. >PHL " '0.66 nt/pF) CL +22 nt
'PLH, 'PHL * <°-5 nt/pF) Cl + 15 ns

'PLH.
«PHL 5.0

10

16

-
115

55

40

200

110

85

nt

The formula given Is for the typicalcharacterittict only.

PulM

Generator

Pulte
Generator

Input
2

—O—

FIGURE 1 -SWITCHING TIME TESTCIRCUITS AND WAVEFORMS

vdd

t——o
1

8 fS VSS ^ CL

Output

-O Output

13

Pulso

Generator

Output

-J,L
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'M) MOTOROLA

QUAD PROGRAMMABLE OPERATIONAL AMPLIFIER
QUAD PROGRAMMABLE COMPARATOR

DUAL/DUAL PROGRAMMABLE
AMPLIFIER-COMPARATOR

The MC14573. MC14574. and MC14575 are a family of quad
operational low power amplifiers and comparators using thecomple
mentary P-channel and N-channel enhancement MOS devices in a
single monolithic structure. The operating current is externally
programmed with a resistor to provide a choice in the tradeoff of
power dissipation and slew rates. The operational amplifiers are
internally compensated.

These low cost units are excellent building blocks in consumer,
industrial, automotive and instrument applications. Active filters,
voltage reference, function generators, oscillators, limit set alarms,
TTL to CMOS or CMOS to CMOS up converters. A to D converters
and zero crossing detectors are some applications. These units are
useful in both battery operated and line operated systems.

Low Cost Quads

Power Supply-Single 3.0 to 15 Vdc
Dual ±1.5 to ±7.5 Vdc

Wide Input Voltage Range

Common Mode Range0.0 to Vcc - 2-0 Vdc for SingleSupply

Externally Programmable with One or Two Resistors

Two Offset Ranges-10 mV max and 50 mV max

Internally Compensated Operational Amplifiers

High Input Impedance

Comparators-JEDEC B-SeriesCompatible

CMOS and TTL Compatible

PIN ASSIGNMENT

Output A[T|

vCc[JL

PInputs B /

l|"fi

4

MC14573
MC14574
MC14575

CMOS MSI

QUAD PROGRAMMABLE

OPERATIONAL AMPLIFIER

QUAD PROGRAMMABLE

COMPARATOR

DUAL/DUAL PROGRAMMABLE
OPERATIONAL

AMPLIFIER-COMPARATOR

LSUFFIX

CERAMIC PACKAGE

CASE 620

P SUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXX- Sulfi

tl_ Ceramic Package
P Plastic Package

A Extended Oporating

Temperature Range

1 C Limited Operating
Temperature Range

•Add a • to part number when ordering parts

selected t o a maximum of 10 mV offset voltage

\S
16 Output D

A >— -C D > InputMC14573/MC14573-1

Quad Op Amplifier

MC14574/MC14574-1

Quad Comparator

MC14575/MC14575-1

Dual Op Amplifier (Segments A & B) plus
Dual Comparator (Segments C & D)

7J3]VEEIVSS)

> Inputs C

To] outputc

jD'SetC.D

H^rC
output b r_T|
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MC14573thruMC14575

MAXIMUM RATINGS (Voltages referenced to VEEI
Rating Symbol Value Unit

DC Supply Voltage VCC -0.5 to+18 Vdc

Input Voltage, All Inputs Vin -0.5 to Vcc+0.5 Vdc

DC Current Drain per Pin I 10 mAdc

Operating Temperature Rango-AL Device

CL/CP Device
TA -55lo+125

-40 to +85

°C

Storage Temperature Range Tstg -65 to+150 °C

RECOMMENDED OPERATING RANGE

OC Supply Voltage VCC'oVEE +3.0 to+15 Vdc |

OPERATIONAL AMPLIFIER

ELECTRICAL CHARACTERISTICS (VEE =oV.TA=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 Vjn and Vout be
constrained to the range Vc_f_ < (Vin or
Vout' < VCC.

Unused inputs must always be tied to

an appropriate logic voltage level (e.g., either
Vcc°r Vg£.

Characteristic Symbol

vCc
Vdc Min

All Types

Typ Max Unit

Input Common Mode Voltage Range
(lSet»200»/A)

VICR
5.0

10

15

0

0

0

-
3.0

8.0

13

Vdc

Output Voltage Range

<lSet=50AiA)
(R|_" 100 k connected to Vgrj)

VOR
5.0

10

15

1.05

1.05

1.05

-
4.0

9.0

14

Vdc

Input Offset Voltage

"Set"50/iAI MC14573, MC14575
MC14573-1.MC14575-1

V|0
10

10

-
i10

i5.0

=50

i10

mVdc

AverageTemperature Coefficient of Input Offset Voltage
- - - 20 - *iV/°C

Input Bias Current
'IB 10 - - 1.0 nA

Input Offset Current 'IO 10 - - 200 PA
Open Loop Voltage Gain (lget " 50 >iA) AVOL 10

- SO - dB
Power Supply Rejection Ratio PSRR 10 - 70 - dB
Common Mode Rejection Ratio CMRR 10 - 80 - dB
Channel Separation

- 10 - -100 - dB
Slew Rate

•'Set " 40 uA)
SR 10

-
2.5

-
V/»JS

Phase Margin 0m 10 - 45 - Degrees

Supply Current. Per pair MCI 4573. MC14575
(RSot=1Mn)

•cc
5

10

15

-

SO

100

150

-

uA

Supply Current. Per pair MCI 4574, MC14575

(RSot - 100 k)
ice 5

10

15

—
0.5

1.2

1.8

—

mA
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MC14573thruMC14575

COMPARATOR

ELECTRICAL CHARACTERISTICS IVEE =0 Vdc.TA =25°C)

Characteristic Symbol

vCc
Vdc Min Typ Max Unit

Input Common Mode Voltage Range
('Set °200»jA)

V|CR
5.0

10

15

0

0

0

-

3.0

8.0

13

Vdc

Output Voltage "0" Level

"1" Level

vol
5.0

10

15

-

0

0

0

0.05

0.05

0.05

Vdc

voh
5.0

10

15

4.95

9.99

14.95

5.0

10

15

-

Vdc

Output Drive Current (AL Device)
(VoH•2.5 Vdc) Source
(Vqh * 4.6 Vdc)
IV0H -95 Vdcl
(V0H • 13.5 Vdc)

(Vol " 0-4 Vdd Sink
(Vol ° o-5 v<Jc)
iv0L * i -5 vdc)

'OH
5.0

5.0

10

15

-2.4

-0.51

-1.3

-3.4

-4.2

-0.88

-2.25

8.8

-

mAdc

'OL 5.0

10

15

1.25

3.25

8.5

2.25

5.6

20
:

mAdc

Output Drive Current (CL/CP Device)
(VoH ' 2.5 Vdcl Source
(V0H M4-6 Vdc)
IVqh - 95 Vdc)
(Vqh " 135 Vdcl
(Vol • 0-4 Vdc) Sink
(vql • 05vdc)
<V0L- 1-5 Vdc)

'OH
5.0

5.0

10

15

-2.1

-0.44

-1.1

-3.0

-4.2

-0.88

-2.25

-8.8

-

mAdc

'OL 5.0

10

15

1.2

2.6

7.5

2.25

5.6

20

-

mAdc

Input Offset Voltage
(lSet-50nA) MC14574.MC14575

MC14574-1.MC14575-1

VlO
10

10

- ;
50

10

•mVdc

Average Temperature Coefficient of Input Offset Voltage - - -

20
-

*iV/°C

Input Bias Current 'IB 10
-

-

1.0 nA

Input Offset Current 'IO 10
-

-

200 PA

Open Loop VoltageGain (Iset " 50 *,A' AvOL 10
-

96 -

dB

Power Supply Rejection Ratio PSRR 10 -

70
-

dB

Common Mode Rejection Ratio CMRR 10 -

80
-

dB

Channel Separation - 10 -

-100
-

dB

Output Rise and Fall Time
(CL-50pF)

tTLH.'THL 10
—

100 ns

Propagation Delay Time, 5 mV Overdrive
(ISe,=50 ixA. CL- 50 pF)

<d 10
~

1000 ns

Supply Current —Per pair MC14574, MC14575

(RSet-IMn)

ice
5

10

15

-

50

100

ISO

-

fA

Supply Current - Per pair MC14574,MC14575
(RSel - 100 k)

'cc
5

10

15

-

0.45

1.0

1.5 1

mA

SINGLE SUPPLY
SPLIT SUPPLIES

3.0 V to 15 V

41 6VCC
^ IS V to 7.5 V
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MC14573 thru MC14575

CIRCUIT DIAGRAM OPERATIONAL AMPLIFIER 1/4th CIRCUIT

VCC

I

'Set Circuit >—^
Non-Inverting i s.

Input (+1

Inverting

Input (-) O

1

?
-I > Output

E±3
T
VEE

J

CIRCUIT DIAGRAM COMPARATOR 1/4th CIRCUIT

vcc

IgetCircuit>-

Non-Inverting

J=^f
X

^ryh
Input (+) rz>

Inverting
Input

,ng —.

(-) ' ^ I <>—ii ,i

n
-Oou,

i 11 ,ini
u

VEE

The programming current ls8t i» fixed by an external resistor
"Set connected between VEE and either oneorbothof thelset
pins (8 and 9). When two external programming resistors are
used, the set currents for each op amp pair or comparator are
given by:

'Set'uA)' vcc-Vee-i
RSat(Mn)

Pins 8 and 9 may be tied together for use with a single pro
gramming resistor. The set currents for each op amp pair or
comparator pair are then given by:

vcc-vee-i
'SetA.B " "SetCD*"*'' 2RSet(Mn)

If a pair of op amps or comparators are not used, the lset
pin for that pair may be tied to Vqq for minimum power
consumption.

It should be noted that increasing l$et for comparators will
decrease propagation delay for that comparator.

For operational amplifiers, the maximum obtainable output
voltage (Vqh) for a given load resistor connected to VEE isgiven
by:

VOH • (4X 10-3 IsetlRL -0.05v,RLinkn
if (4X 10-3lSe,)RL <vD0, Ise,inuA

Typical op amp stew rates are given by:

Sr * 0.05 Ise, (V/ps). Iget «nPA

Circuit diagrams utiluingMotorola products areincluded a> a means is believed to be entirely reliable. However no retooniibilitv i>
et^.,i',JSS,52,-« «7'«nduc.or application,. ronswu.n.ly. „«,«d lo, inaccuracies. Furthermore?t^h ;n?l,m7«"n do«no«
n^«.r.„ ^! JT"S. tu"'c-n* ,0r eo"*wuct.on purposes ., not convey to Ihe purchaser of thesemiconductor deviceldetecibed any
necessarily given. Tho inlormation hat been carefully checked and license under tho patent rightt of Motorola Inc.or others
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'M) MOTOROLA

4x4 MULTIPORT REGISTER

The MC14580B is a 4 by 4 multiport register useful in small
scratch pad memories, arithmetic operations when coupled with an
adder, and other data storage applications. It allows independent
reading of any two words (or the samewordat both outputs) while
writing into any one of four words.

Address changing and data entry occur on the rising edge of the
clock. When the write enable input is low, the contents of any word
may be accessed but not altered.

• LogicSwing Independent of Fanout

• No Restrictions on Clock Input Rise or Fall Times

• 3-State Outputs

• Single Phase Clocking

• Quiescent Current = 10 nA/package typical @ 5 Vdc

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

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

MAXIMUM RATINGS (Voltages referenced to Vss)

Rating Symbol Value Unit

DC Supply Voliage

Input Voliage. All inputs

vdd

v„,

-0 5 io -18

-0 5 io VDD - 0 5

Vdc

Vdc

DC Currenl Drain per Pm

Operating Temperature Range - AL Device
CL/CP Device

i 10

-55 io »125

-40 to *85

mAdc

°C

Storage Temperature Range ^stg -65 to -H50 °C

Data

Input

BLOCK DIAGRAM

W0 W1 R0A R1A R0BR1

4x4

Memory

L
Q0A

Q1a

Q2A

Q3A

Word A

1Output

Word B

1Output
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MC14580B

CMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

4x4 MULTIPORT REGISTER

L SUFFIX

CERAMIC PACKAGE
CASE 623

PSUFFIX

PLASTIC PACKAGE

CASE 709

ORDERING INFORMATION

MC14XXXB ___ Suffix Denotes

\ Ceramic Package

Plastic Package

Extended Operating

Temperature Range

Limited Operating

Temperature Range

PIN ASSIGNMENT

Id Q3B VDD ZD24

2C Q2B Q1b Z3 23

3LZ 3-StateA Q0B ZD22

"LZ Q0A 3-State B pai
bC Q1A DO ZD20

6CZ Q2A D1 D.tt

7CZ Q3A D2 Z318

BCZ Write 0 D3 ID 17

f»LZ Write 1 C Z116

io cz Read1B WE Z2 «

11 CZ Read 0g Read 1A =31"

12 C Vgs Read 0A an

VDD - Pin 24
Vss-Pin12



MC14580B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
Vdd
Vdc

Tlow* 25°C Thi8h*
Min Max Min Typ Max Min Max Unit

Output Voltage "0" Level
vin V0D or 0

"1" Level

Vjn 0orV00

v0L 5.0

10

15

-

0.05

0.05

0.05
-

0

0

0

0.05

0.05

0.05

-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

435

9.95

14.95

-

4.95

9.95

14.95

5.0

10

15

~
4.95

9.95

14.95
-

Vdc

Input Voltage" "0" Level
(Vq r 4.5 or 03 Vdc)
(V0 -9.0 or 1.0 Vdcl
(V0* 13.5 or 13 Vdc)

"1" Level

(V0 =0.5 or 4.5 Vdc)
(V0> 1.0 or 9.0 Vdc)
(Vq - 1.5 or 13.5 Vdc)

V|L
5.0

10

15

-
1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-
1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

-

3.5

7.0

11.0

-

Vdc

Output Drive Current (AL Device)

(Vqh " 2.5 Vdc) Source
(VoH " 4.6 Vdc)
(Vqh • 9.5 Vdc)
•Voh • '3.5 Vdc)

(Vql * 0.4 Vdc) Sink
(Vql " 0-5 vdc)
(v0L- '-5 vdcl

'OH
5.0

5.0

10

IS

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-
-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

0.64

13

4.2

-

031

1.3

3.4

0.88

2.25

88
;

0.36

0.9

2.4

—
mAdc

Output Drive Current (CL/CP Device)

(VOH * 2.5 Vdc) Source
(VoH • 4.6 Vdc)
(VOH - 9.5 Vdc)
<vOH " '3.5 Vdc)

(Vql " 0.4 Vdc) Sink
(Vql - 0.5 Vdc)
IVql- 1.5 vdc)

'OH
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4
-

-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-

-0.6

-0.12

-0.3

-1.0

-

mAdc

'OL 5.0

10

15

0.52

1.3

3.6
-

0.44

1.1

3.0

0.88

2.25

8.8
-

0.36

0.9

2.4

-

mAdc

Input Current (AL Device) 'in 15
- ±0.1 - ±0.00001 ±0.1 _ ±1.0 IiAdc

Input Current (CL/CP Device) 'in 15 - ±0.3
- ±0.00001 ±0.3 - ±1.0 uAdc

Input Capacitance

(Vin " 0)
Cin ~

- -
50 7.5

- - pF

Quiescent Current (AL Devicel
Wtt Package)

'DD 5.0

10

15

-

5.0

10

20

-

0.010

0.020

0.030

5.0

10

20

-

150

300

600

nAdc

Quiescent Current (CL/CP Device)
(Per Package)

•dd 5.0

10

IS

-

50

100

200
-

0.010

0.020

0.030

50

100

200

-

375

750

1500

uAdc

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

(Cl » 50 pF on all outputs, all
buffers switching)

't 5.0

10

15

lj * (1.18 uA/kHz) f <• |DD
IT • (1.91 "A/kHzM + |DD
lT * (2.67 »iA/kHz) ft lDo

uAdc

Three-State Leakage Current
IAL Device)

'TL 15
-

±0.1
-

•0.00001 ±0.1
-

±3.0 uAdc

Three-State Leakage Current
(CL/CP Device)

'TL 15
_

±1.0
-

•0.00001 ±1.0
-

±7.5 uAdc

'Tlow • -55°C for AL Device,-40°C lor CL/CP Device.
Thigh - *1250C for AL Device, +85°C for CL/CP Device.

uNoise immunity specified for worst-case input combination.
Noise Margin for both "1" and"0" level - 1.0Vdcmin@Vqq * 5.0Vdc

2.0 Vdc min 9 Vqd ' 10 Vdc
2.5 Vdc min 9 Vnn -15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT«CL» - It«50pF) +4 x 10-3(cL .50) Vnnf

where:It ii in 11A (perpackage), Ci_ in pF,VDo 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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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 bt
taken to avoid application of any voltage
higher than maximum rated voltages to
this high impedance circuit. For proper
operation it is recommended that Vjn and
Vout be constrained to the rangaVgs <
(VinOrVoutXVoD.
Unused inputs must always be tied to in
appropriate logic voltage level (e.g.. either
Vgs or vdo).



MC14580B

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

Characteristic Symbol vdd Min Typ Max Unit

Output Rise Time

tTLH = (3-0 ns/pF) Cl + 30 ns
*TLH° <1.5ns/pF)CL+ 15 ns
tTLH ° d-1 n*/PFl Cl + 10 ns

'TLH
5.0

10

15

-

180

90

65

360

180

130

ns

Output Fall Time

tTHL = (I-5 ns/pF) CL + 25 ns
tTHL " (0-75 ns/pF) CL + 12.5 ns
tTHL *" (0-55 ns/pF) CL + 9.5 ns

'THL
5.0

10

15

-

100

50

40

200

100

80

ns

Propagation Delay Time, Clock to Output
tpHL,tPLH° (1.7ns/pF)Ci.+ 1415ns
*PHl! 'PLH " (0-66 ni/pF) CL +467 ns
«PHl! 'PLH ° (O-5 ns/pF) Cl+325 ns

'PLH,
'PHL 5.0

10

15

-

1500

500

350

4600

1500

1125

ns

Write Enable Setup Time 'su(WE) 5.0

10

15

-

800

300

180

2000

750

550

ns

Write Enable Setup Time 'su(WE) 5.0

10

15

-

-300

-100

-60

+ 150

+75

+55

ns

Write Enable Hold Time 'h(WE) 5.0

10

15

-

-800

-300

-180

-200

-75

-46

ns

Address and Data Setup Time tsu(D),

'su(W)

5.0

10

15

-

150

70

so

460

210

160

ns

Address and Data Hold Time «h(D),
'h(W)

5.0

10

15

-

160

65

50

480

195

150

ns

3-State Enable/Disable Delay Time** 'PHZ, «PLZ,

'PZH.'PZL

5.0

10

15

-

355

140

85

900

350

250

ns

Positive Clock Pulse Width

(minimum)

»WH 5.0

10

15

-

1000

350

200

3000

1050

800

ns

Negative Clock Pulse Width
(minimum)

'WL 5.0

10

IS

-

400

85

60

1200

256

200

ns

*The formula given is for the typical characteristics only.
"Measuredat thepointof 10% change at outputwhen theoutputloadis 1.0n and60 pF.

_TL

FIGURE 1 - OUTPUT DRIVE CURRENT TEST CIRCUIT

WE

WO

W1

R0A

R1A

R0B

niB

jVqd

ooA

Q1A

Q2A

Q3A

O0B

O'B

Q2B

Q3B

pvout

A-DS

External

Power

Supply
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Position of SI

VQS-

VDS-

Sink Current Source Current

vdd -v0o

Vout - vOD



MC14580B

FIGURE 2 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS (3-State Inputs are High)

VDOO

Readn

WE

3-State A or B

FIGURE 3 - AC WAVEFORMS AND DEFINITIONS

[••^Ropotitive Wavotorms—«J

I L
,_n_n_n_n_r

R is third state (High Impedance)

7-618



MC14580B

LOGIC DIAGRAM

Q0A

TRUTH TABLE

Clock WE Write 1 Write 0 Read 1A Read 0A Read Iq Read Oq 3-State A 3-StateB Dn QnA . QnB

j— 1 SI S2 SI S2 SI S2 1 1 1 i 1

j— 1 SI S2 SI S2 S1 S2 1 1 0 0 0

"~l_ X X X X X X X 1 1 X No
Change

No
Change

X X X X X X X X 0 0 X R R

0 X X X X X X X 1 1 X No
Change

No
Change

1 X X X X X X X 1 1 X No

Change
No

Change

-f"
1 0 0 0 1 1 0 1 1 Dnto

word 0
Contents
of word 1
displayed

Contents
of word 2
displayed

-1"
0 0 0 0 1 1 0 1 1 WordO

not

altered

Contents
of word 1
displayed

Contents
of word 2
displayed

SI and S2 refer to input states of either "1" or "0".
R implieshigh resistance"~IO9 ohms •
X • Don't caro
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® MOTOROLA

4-BIT ARITHMETIC LOGIC UNIT

The MC14581B is a CMOS 4-bit ALU logic unit capable of providing
16 functions of two Boolean variables and 16 binary arithmetic operations
on two 4-bit words. The level of the mode control input determines
whether the output funciton is logic or arithmetic. The desired logic func
tion is selected by applying the appropriate binary word to the select
inputs (SO thru S3) with the mode control input high, while the desired
arithmetic operation is selected by applying a low voltage to the mode con
trol input, the required level to carry in, and the appropriate word to the
select inputs. The word inputs and function outputs can be operated with
either active high or active low data.

Carry propagate (P) and carry generate (G) outputs are provided to
allow a full look-ahead carry scheme for fast simultaneous carry genera
tion for the four bits in the package. Fast arithmetic operations on long
words are obtainable by using the MC14582B as a second order look ahead
block. An inverted ripple carry input (Cn) and a ripple carry output
(Cn+4) are included for ripple through operation.

When the device is in the_subtract mode (LHHL), comparison of
two 4-bit words present at the A and B inputs is provided using the A = B
output. It assumes a high-level state when indicating equality. Also, when
the ALU is in the subtract mode the Cn+4 output can be used to indicate
relative magnitude as shown in this table:

Data

Level
Cn cn + 4 Magnitude

H H A £ B

Active L H A < B

High H L A > B

L L 4J B

L L A <, B

Active H L A < B

Low L H A > 8

H H A 5 B

FEATURES:

• Functional and Pinout Equivalent to 74181.

• Quiescent Current = 5.0 nA/package typical @ 5 Vdc
• High Noise Immunity = 45% of Vqq typical
• Diode Protection on All Inputs
• Low Input Capacitance —5.0 pF typical
• All Outputs Buffered
• Supply Voltage Range = 3.0 Vdc to 18 Vdc
• Capable of Driving Two Low-power TTL Load. One Low-power

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

MAXIMUM RATINGS (Voltages referenced io Vss|
Rating Symbol Value Unit

DC Supply Voliage vdd -0 5lo -18 Vdc

Inpui Voltage. All Inputs Vin -0.5 to VDD • 0.5 Vdc

DC Current Drain per Pin i 10 mAdc

Operating Temperature Range - AL Device

CL CP Device

TA -55 lo <-125

-40 lo «85

°C

Storage Temperature Range Tstg -65 to *150 °C

7-620

MC14581B

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

4-BIT ARITHMETIC LOGIC UNIT

^/^:24 ^W1 - • LSUFFIX
j . " CERAMIC PACKAGE

1 CASE 623

^se^f
,^ iPfl't'1 PLASTIC PACKAGE^W CASE 709

ORDERING INFORMATION

MC14XXXB Suffix Denotes

I— L CeramicPackage
1— P Plastic Package

A Extended Oporating

Temperature Range

1 C Limited Operating
Temporaturo Range

BLOCK DIAGRAM

Select {
Inputs 50-

Word

Word

20-C

230-C

210-C

19O-0

to-c

22 O-O

20O-C

180-0

Carry In 7

SO SI S2 S3

AO

V0D - Pin 24
Vfis- Pin 12

313

Comp.ri.or

Output

Ripple
)16 Carry

Output

j Look-
517 I Ahead



MC14581B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

Tlow* 25°C Thioh*
UnitMin Max Min Typ Max Min Max

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

Vin" VODorO 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15 - 0.05 - 0 0.05 - 0.05

voh 5.0 4.95 - 4.95 5.0 _ 4.95 - Vdc

Vjn =0 or VDD 10 9.95 - 9.95 10 - 9.95 -

15 14.95 - 14.95 15 - 14.95 -

Input Voltage" "0" Level V|L Vdc

(V0 ' 4.5 or 0.5 Vdcl 5.0 - 1.5 - 2.25 1.5
- 1.5

IV0 =90 or 1.0 Vdcl 10 - 3.0 - 4.50 3.0 - 3.0

(V0 = 13.5 or 1.5 Vdcl
"1" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H
(V0 « 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 - Vdc

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

<V0= 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current IAL Device) •oh mAdc

(Vqh ° 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -

(V0H =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)

(Vql - 0.4 Vdc) Sink

15 -1.8 - -1.5 -3.5 - -1.1 -

"OL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc

(Vql = o.5 vdc) 10 1.6 - 1.3 2.25 - 0.9 -

(Vql = 1.5 Vdcl 15 4.2 -
3.4 8.8

-

2.4
-

Output Drive Current (CL/CP Device) •OH mAdc

IVqh =2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -

(Vqh ° ".6 Vdc) 5.0 -0.2 - -0.16 -0.36 -
-0.12

-

(Vqh " 9.5 Vdc) 10 -0.5 - -0.4 -0.9 - -0.3 -

(V0H • 13-5 v*)
IVql ° 0.4 Vdc) Sink

15 -1.4
- -1.2 -3.5 -

-1.0
-

'OL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc

(Vql - 0-5 vdc) 10 1.3 - 1.1 2.25 - 0.9 -

(V0L = 1.5 Vdc) 15 3.6
-

3.0 8.8
-

2.4
-

Input Current (AL Device) 'in 15 - 10.1 -
±0.00001 ±0.1

-
±1.0 IiAdc

Input Current ICL/CP Device) 'in 15 -
±0.3

-
±0.00001 ±0.3 -

±1.0 IiAdc

Input Capacitance Cin - - - - 5.0 7.5 - -
PF

(Vin - 0)

Quiescent Current (AL Device) <DD 5.0 - 5.0 - 0.005 5.0 - 150 uAdc

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

15 -
20

- 0.015 20
- 600

Quiescent Current ICL/CP Device) •dd 5.0 - 20 - 0.005 20 - 150 uAdc

(Per Package) 10 - 40 - 0.010 40 - 300

15 - 80 - 0.015 80 - 600

Total Supply Current**t •t 5.0 it-<1 3 pA/kHz ) f + lDD uAdc

(Dynamic plus Quiescent, 10 i-r-c1.7 uA/kHz ) f + lDD
Per Package) 15 iT-(i5.5 pA/kHz) f + IQD

(Cl - 50 pF on all outputs, all
buffers switching)

'Tlow =-55°C for AL Device, -40°C forCL/CP Device.
Thigh " +125°C for AL Device. +85°C for CL/CP Device.

sNoise immunity specilied for worst-case input combination.
Noise Margin for both "V'and "0" level = 1.0 Vdc min 9 Voo " 5.0 Vdc

2.0 Vdc min @Vqd ° 10 Vdc
2.5 Vdc min 9 VDD " 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT«CL) =lj(50 pF) +8 x 10-3(cL -50)VDDf

where: It •* in uA (per package), C|_in pF, Vqd in Vdc, and f in kHz is input frequency.
*'The formulasgivenare 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 V;n and Vout be constrained to the rangeV$s * 'v;n or Vout)
<VD0-
Unused inputs must always be tied to' an appropriate logic voltage level (e.g., either Vss or VDD>-
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MC14581B

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

Characteristic Symbol vDd Min Typ Max Unit

Output Rise Time
TLH " '3.0 ns/pF) Cl + 30 ns
tTLH " H-5 ns/pF) Cl + 15 ns
tTLH"'1-1 ns/pF)CL+10ns

TLH
5.0

10

15

-

180

90

65

360

180

130

nt

Output Fall Time

tTHL " <1-5 ni/pF) Cl +25 ns
tTHL " '°-75 n*/pF> Cl + 12.5 ns
tTHL " W.55 ns/pF) Cl +9.5 ns

THL
5.0

10

15

-
100

50

40

200

100

80

nt

Propagation Delay Time
Sum in to Sum Out

*PLH, 'PHL" '*-7 ntlpF)Cl +620 ns
*PLh] 'PHL " 'O-66 ni/pF) Cl+217 ns
'PLH,'PHL " '0.5 ns/pF)Cl +155ns

'PLH,
'PHL

5.0

10

15

-
705

250

180

1410

500

360

nt

Sum in to Sum Out (Logic Mode)

'PLH, 'PHL " 'I-7 ns/pF)Cl +520 ns
♦PLh! 'PHL * '0-66 ns/pF) Cl+182 ns
'PLH, 'PHL " '0-5 ns/pF)Cl +155 ns

«PLH,
'PHL 5.0

10

IS

-
605

215

180

1210

430

360

nt

Sum in to A » B

'PLH,*PHL ° 'I-7 ns/pF)Cl +870 ns
'PLh| 'PHL " '0'66 nt/pF) Cl+297 ns
'PLH, 'PHL" <°-5 n«7pF) Cl +220 ns

»PLH,
'PHL 5.0

10

15

-

955

330

245

1910

660

490

nt

Sum In to P or G

'PLH,'PHL " '!-7 ni/pF) Cl +400 ns
'PLH. 'PHL " '0-66 ns/pF)Cl +147 ns
'PLH, 'PHL ° '0.5 ns/pF) Cl + 105 ns

'PLH,
«PHL 5.0

10

15

-

485

180

130

970

360

260

nt

Sum In to Cn+4
• 'PLH,'PHL ° '1.7ns/pF)CL +530n$

'PLH, »PHL ° '°-66 ni/pF) Cl +187ns
'PLH, 'PHL " '0.5 ns/pF)Cl +135 ns

'PLH
5.0

10

15

-
615

220

160

1230

440

360

nt

Carry In to Sum Out

'PLH, 'PHL " 'I-7 ni/pF) Cl +285 ns
'PLH, 'PHL " '0.66 ns/pF) Cl +112 nt
'PLH, 'PHL " '0.5 ns/pF) Cl +80 ns

'PLH,
«PHL 5.0

10

15

-
380

145

105

760

290

210

nt

Carry in to Cn+4

'PLH, 'PHL " *1-7 ni/pF) Cl +220 ns
'PLH, 'PHL - '0-66 ns/pF) Cl +87 ns
'PLh[ 'PHL " '0-5 ns/pF) Cl+60 ns

«PLH,
»PHL 5.0

10

IS
-

305

120

85

610

240

170

nt

The formula given it for the typical characterittict only.

AC TEST SETUP REFERENCE TABLE

TEST

AC PATHS DC DATA INPUTS

MODE

FIG. 3

WAVEFORMINPUTS OUTPUTS TO Vss TOVDD

Summ to Sumout
Delay Time

A0 Any F
Remaining A's

<=n
All B'S Add #1

Summ to P
Delay Time

A0 P
Remaining A's

Cn
All B't Add #1

Sun-i|n to G
Daisy Time

B0 cn+y All A's

Cn
Remaining B't Add #1

Sum,n *o Cn+4
Delay Time

BO G
All A'S

Cn
Remaining B't Add 02

C„ to Sumout
Delay Time c„ AnyF All A'S All B't Add #1

Cn to C„+4
Delay Time cn Cn+4 All A'S All B't Add #1

Summ to A - B
Delay Time

A0 A-B All §'• _
Remaining A't c„ Sub 02

Sumin to Sumout
Delay Time

(Logic Mode)
All B't Any F All A's M

Exclusive

OR
02

7-622
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FIGURE 1 - TYPICAL SOURCE CURRENT TEST CIRCUIT FIGURE 2 - TYPICAL SINK CURRENT TEST CIRCUIT

VODO

vdd

u
1

High for
ell outputs
except Cn+4

Pulse

Generator

u

n

r

vDDO

. SO St S2 S3
-C AO

-C A2

-C A3

FO

Fl

F2

F3

A- B

Cn+4

G

vssA

Vout " V0H
Q

External

Power

Supply

vDd

yn

Low for

all outputs

excapt Cnt4

SO SI S2 S3
AO

AI

A2

A3

BO

Bl

B2

B3

Cn

MC

Fl

F2

F3

A- B

Cn+4

G

P

VssA

FIGURE 3 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

See AC Test

Setup

Reference

Table

for Connections

out " vOL
O

External

Power

Supply

Load A

Load A

Load A

Load A

02

Loed A
TP

Load A

Load A

Load A

—i «PLH \—

FIGURE 4 - DYNAMIC POWER DISStPATION TEST CIRCUIT AND WAVEFORM

vDDO

iLoad A

iLoad A

iLoad A

iLoad A

i Load A

i Loed A

) Load A

i Load A

7-623

20 ns-

TP|n
9 OX

SOX

Variobla
Width

"VOD



MC14581B

Function

Select

Inputs

BLOCK DIAGRAM

(ACTIVE LOW)

Vdd
vss

Output

Function

Pin 24

Pin 12

Carry In

Mode Control

>14 Comparison Output

>16 Ripple Carry Output

>17 ) Look Ahead
. 15 I CarryOutputs

BLOCK DIAGRAM

(ACTIVE HIGH)

3 O 1
40

50——1

1
2 O

23 O—

21 O—

SO SI S2 S3

A°
AI

A2 F' 010

19 O— A3 " —on

1 O— BO F3 —013

22 O—

20 O—

180—

70—C

Bl
A - B

B3 C"+4
c„

014

—016

017

80 MC P 015

TRUTH TABLE

INPUTS/OUTPUTS ACTIVE LOW INPUTS/OUTPUTS ACTIVE HIGH

FUNCTION LOGIC ARITHMETIC* LOGIC ARITHMETIC*
SELECT FUNCTION

IMC • H)

FUNCTION

(MC = L, C„ - LI
FUNCTION

IMC • H)

FUNCTION

(MC = L, Cn = H)S3 S2 SI SO

L L L L A A minus 1 A A

L L L H AB AB minus 1 A+B A+B

L L H L A + B AB minus 1 AB A+B

L L H H Logic "1" minus 1 Logic "0" minus 1

L H L L A+B A plus (A+B) AB A plus AB

L H L H B AB plus (A+B) B (A+B) plutAB

L H H L A © B A minus B minus 1 A © B A minus B minus 1

L H H H A+B A+B AB AB minus 1

H L L L AB A plus (A+B) A+B A plus AB

H L L H A 0 B A plus B A © B A plus B

H L H L B AB plus (A+B) B (A+B) plutAB

H L H H A+B A+B AB AB minus 1

H H L L Logic "O" A plus A Logic "1" A plus A

H H L H AB AB plus A A+B (A+B) plutA

H H H L AB AB plus A A + B (A+B) plus A
H H H H A A A A minus 1

1Expressed at two's complamontt. For arithmetic function with Cn In the
oppottte state, the resulting function it as shown plut 1.
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'M) MOTOROLA

LOOK-AHEAD CARRY BLOCK

TheMC14582Bis a CMOS look-ahead carry generator capable of
anticipating a carry across four binary adders or groups of adders.
The device is cascadable to perform full look-ahead across nbit ad
ders. Carry, generatecarry, and propagatecarry functions are pro

vided as enumerated in the pin designation table shown below.

• Quiescent Current = 5.0 nA/package typical @ 5 Vdc
• High Speed Operation - 140 ns typical @ Vqd = 10 Vdc

(from Data-in to Carry-out)
• Expandable to any Number of Bits
• Noise Immunity = 45% of VpD typical
• All Buffered Outputs
• Low Power Dissipation

• Diode Protection on All Inputs

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

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

MAXIMUM RATINGS (Voltages referenced io Vss)

R.ilinq Symbol Value Unit

DC Supply Voliage vdd -0.5 to +18 Vdc

Input Voliage. All Inputs V|n •0.5 io Vrjrj * °~ Vdc

DC Curient Drain per Pin 1 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

ta -55 io • 125

-40 io +85

°C

Storage Temperature Range Ts.g -65 to t 150 °C

LOGIC EQUATIONS

Cntx " GO+ <R> • Cn)
Cn,Y • G1 • (M • 5~» +(PJ • P0» Cn)
Cn+Z- G2 ♦ (P2» GJ) + (P2« PI • GO) + (P2«PJ • PO • CJ

5 - G3 + (P3 • G2) + (P3 • P2 • G1) + (PI • P2 • P3 • GO)
p"-F3ep2eFi»l~0

PIN DESIGNATIONS

DESIGNATION PIN NO'S TJNCTION

Gb.G~1.G2.G3 3.1.14.5
Active Low

Carry Generate Inputs

P0.P1.P2.P3 4.2.15.6
Active Low

CarryPropagato Inputs

C„ 13 Carry Input

Cn.K. Cn.y
c„„

12.11.9 Carry Outputs

G 10
Active-Low Group

Carry Generate Output

P 7
Active-Low Group

Carry Propagate Output

7-625

MC14582B

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

LOOK-AHEAD CARRY BLOCK

t0g^J0^[
J^yftl ^.iyf||llU

L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PAC KAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB Suffix Denotes

L Ceramic Package
I— P PlasticPackage

A Extended Operating

Temperature Range

C Limited Operating

Temperature Range



MC14582B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

Tlow* 25°C TR'gh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level vol 5.0 - 0.05 - 0 0.05 _ 0.05 Vdc
vin Vqq or 0 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15
- 0.05 - 0 0.05 - 0.05

voh 5.0 4.95 - 4.95 5.0 _ 4.95 _ Vdc
Vin-0orVDo 10 9.95 - 9.95 10 _ 9.95 _

15 14.95 - 14.95 15 - 14.95 -

Input Voltage" "0" Level V|L Vdc
(V0 •= 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5 - 1.5

(V0 =9.0 or 1.0 Vdcl 10 - 3.0 - 4.50 3.0 - 3.0

(V0 = 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H
(V0 =0.5 or 4.5 Vdc) 5.0 3.5 _ 3.5 2.75 _ 3.5 _ Vdc
(V0 • 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -

IVo» 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current IAL Device) •oh mAdc

(Vqh ° 2-5 Vdcl Source 5.0 -1.2 - -1.0 -1.7 - -0.7 _

(Vqh "4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 _ -0.14 _

(Vqh " 9-5 Vdc) 10 -0.62 - -0.5 -0.9 - -0.35 _

(Vqh - 13.5 Vdc)

(Vql " 0-4 Vdc> Sink

15 -1.8 - -1.5 -3.5 - -1.1 -

'OL 5.0 0.64 - 0.51 0.88 - 0.36 _ mAdc

(Vql " o.5 vdcl 10 1.6 - 1.3 2.25 - 0.9 _

(Vql- vs vdc) 15 4.2
-

3.4 8.8 - 2.4 -

Output Drive Current (CL/CP Device) 'OH mAdc

IVqh " 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 _ -0.6 _

IVqh " 4.6 Vdc) 5.0 -0.2 - -0.16 -0.36 _ -0.12 _

IVOH * 9-5 Vdc) 10 -0.5 - -0.4 -0.9 _ -0.3 -

IVqh " 13.5 Vdc)

IVql ° 0.4 Vdcl Sink

15 -1.4
- -1.2 -3.5 - -1.0 -

'OL 5.0 0.52 - 0.44 0.88 _ 0.36 _ mAdc

(Vql " 0.5 Vdc) 10 1.3 - 1.1 2.25 _ 0.9 _

(Vql * l.s Vdc) 15 3.6
-

3.0 8.8 - 2.4 -

Input Current IAL Device) 'in 15 - 10.1 - 10.00001 ±0.1 - ±1.0 MAdc

Input Current (CL/CP Devicel 'in 15 -
±0.3

- ±0.00001 ±0.3 - ±1.0 MAdc

Input Capacitance Cin - - - - 5.0 7.5 _ _ PF
(Vin • 0)

Quiescent Current IAL Devicel 'DD 5.0 - 5.0 - 0.005 5.0 _ 150 MAdc
(Per Packagel 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 MAdc
(Per Package) 10 - 40 - 0.010 40 _ 300

15 - 80 - 0.015 80 _ 600

Total Supply Current" t 'T 5.0 If-11 .4 jiA/kHz 1+ lDD ^Adc
(Dynamic plus Quiescent, 10 iT-(2 .8 <iA/kHz f + IQD
Per Package) IS iT-(4 .3 fiA/kHz f+ Iqd

(Cl " 50 pF on all outputs, all
buffers switching)

*Tlow " -55°C (or AL Device, -40°C lor CL/CP Device.
Thigh " +125°C for AL Device. +85°C lorCL/CP Device.

^Noise immunity specified (or worst-case input combination.
Noise Marginlor both "I" and "0" level = 1.0 Vdc min 9 Vqq • 5.0 Vdc

2.0 Vdc min 9 Vqq - 10 Vdc
2.5 Vdc min 9 Vqq = 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT(CL) " 'T<50 pF) +5 x 10-3(CL -50)VDQf

where: It •*>n uA (per package),C|_in pF, Vqq 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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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 Vjn and
vout be constrained to the range Vss *
<VinorVou,)<VBD.
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either
Vgs or vdd'-



MC14582B

SWITCHING CHARACTERISTICS* <CL - 50pF,TA-25.°C)
Characteristic Symbol vdd Min Typ Max Unit

Output Rise Time tTLH nt

tTLH * '3-0 nt/pF) Cl + 30 ns 5.0
-

180 360

tTLH " '"-8 ns/pF) Cl + 15 nt 10
-

90 180

tTLH ° <*•* "*/PF) Cl + 10 nt 15
-

65 130

Output Fall Time »THL nt

tTHL " <L5 ««/pF) Cl + 25 nt 5.0
-

100 200

tTHL " l°-7S nt/pF) Cl + 12.5 nt 10
—

50 100

tTHL " K>-55 «*/pF) Cl + 9.5 nt 15
-

40 80

Propagation Delay Time tPLH, nt

tpLH,'PHL" '*-7 nt/pF) Cl + 260 nt »PHL Clock to Q
-

345 690

tPLH.tPHL" W-66 nt/pF)Cl + 107nt 10
-

140 280

tpLH, 'PHL " l°-5 n«/PF)Cl + 85 nt 15
—

110 220

The formula given It ior the typical characterittict only.

FIGURE 1 - DYNAMIC POWER DISSIPATION
TEST CIRCUIT AND WAVEFORM

FIQURE 2 - SOURCE CURRENT TEST CIRCUIT

16oVDD

Vout - Voh
O

Pulse

Generator
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FIGURE 3 - SINK CURRENT TEST CIRCUIT
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TEST TABLE

FIGURE 4-SWITCHING TIME TEST CIRCUIT AND WAVEFORMS AC PATHS DC DATA

INPUT OUTPUT To Vss ToVDD

PO P
Remaining

P»- c„
Gl

GO G p'«. Cn
Remaining

G»

Cn
C0,,.Cn,y

Cn.,
Pi Gl

Pulte

Generator

See

Test

Table

GO cn.i \
cL;

Dn«—»] I— —J -,

•"F"
*TLH

-voo

•vss

-Vqh

—' T—vol
-lr- 1 t—«THL

TYPICAL APPLICATIONS

C„ C„.4 cn cn>4 C„ C„.4 Cn Cn.4

IB Bit ALU. RippKCwrv

MCI4B8IB

HC>> Cr««
GP

IT I~TT I~TT I~T7
00 PO Cn>a 01 PI C„.y G2P2 Cnt, G3 P3

n MCI4SB2B

te Bit ALU. T.o Iml Look AhoM

G P

Cn r c" r c" I- cn cn»4 -«- C„ _ cn p C„ j- C„ Cn,4
O P 0 P Q P O P I 0 P OP OP OP

~tt Inff InrnhrfLhnr Inrr Inrr1 Ihrr1
GOPO Cn.B G.PlCn.v 02 P2 C„., 03 P3 GOPOCn>M 01 PI Cn»y G2 P2 Cn», G3 P3

"~ "(1 U J*electaIn ^~" Cn tMiiaaoa

TT
32 Bit ALU. Two Level Look Ahud Oxr to Bit Orouet

MC14S81B ^^—^^—

O P

TT

rrrai^ri~i7
G0P0C„,a Gt PI C„,¥ G2P2 C„

n MC14S82B

03 P3

O P

irnrc
GOPO C„„ Gt PI

'" MC14882B

TT"
Combined tmo-l«v«l look-altMd and rlpple-carry ALU

rrnnrnnr
G0POC„»a 01 PI C„.y 03P2C„., G3 P3

C" MC14S82B

HCnop
rrrrrinnr inrr mnr

G0P0Cn,. OI PI C„,v 02 P2 C„„ G3 P3

cn MC14B82B
O P

rc"I O P

GOPO C

MC14SB3B

n n
01 PI C„«y

64 Bit ALU. Full C.rrv Look-AhMd In Three Leveli.

A and B inpun and f output! we not thmn (MC14M1B).
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'M) MOTOROLA

DUAL SCHMITT TRIGGER

The MC14583B is a dual Schmitt trigger constructed with com
plementary P-channel and N-channel MOS devices on a monolithic
silicon substrate. Each Schmitt trigger is functionally independent
except for a common 3-state input and an internally-connected Ex
clusive OR output for use in line receiver applications. Trigger levels
are adjustable through the positive, negative, and common terminals
with the use of external resistors. Applications include the speed-up
of a slow waveform edge in interface receivers, level detectors, etc.

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

• Schmitt Trigger Input Noise Immunity = 60% of Vqq Typical

• Diode Protection on All Inputs

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• Single Supply Operation

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

• Resistor Adjustable Trigger Levels

MAXIMUM RATINGS (Voltages referenced to vss'
Rating Symbol Value Unit

DC Supply Voltage vDd -05io '18 Vdc

Input Voltage. All Inputs V,n -0.5 to VDD • 0 b Vdc

DC Current Drain per Pin I 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

TA -55 to «I25

-40 to '85

°C

Storage Temperature Range Tstg -65 to* 150 °c

Output Diteble

LOGIC DIAGRAM

D*-01

T> —O 14 ExcluiiveOR

-O10 Bout

—£>—1>—

Poiltlve Bj 2 3 1 Common B
Negative

Vnn-Pin 16
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MC14583B

CMOS SSI
(LOW POWER COMPLEMENTARY MOSl

DUAL SCHMITT TRIGGER

^flfM^^itj^fifu J^ffliu
L SUFFIX P SUFFIX

CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

ORDERING INFORMATION

MC14XXXB Sullix Denote*

— L Ceramic Package

I— P Plastic Package
A Extended Operating

Temperature Range

C Limited Operating

Temporature Rango

BLOCK DIAGRAM

Apo« ANegACc

*oj BNog Bcor

'DD " Pin ,6
VSS =pi"B

TRUTH TABLE

INPUTS OUTPUTS

A B DTi AOut Bout. 9
0 0 0 0 R 0 R 0

0 0 1 0 1 0 1 0

0 1 0 0 R 1 R 1

0 1 1 0 1 1 0 1

1 0 0 1 R 0 R 1

1 0 1 1 0 0 1 1

1 1 0 1 R 1 R 0

1 1 1 1 0 1 0 0

R - High reelitance et output



MC14583B

ELECTRICAL CHARACTERISTICS (R1 - R2 - -)

Characteristic Symbol
voo
Vdc

TlcV 25°C Thiflh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level vol 5.0 - 0.05 - 0 0.05 _ 0.05 Vdc

Vjn * VDD Of o 10 - 0.05 - 0 0.05 - 0.05

"1" Level

15
- 0.05 - 0 0.05 - 0.05

voh 5.0 455 - 4.95 5.0 _ 4.95 _ Vdc
Vjn-0 or Vqq 10 9.95 - 9.95 10 - 9.95 _

15 14.S5 - 14.95 15 - 14.95 -

Input Voltage* A end B "0" Level V|L Vdc
(V0 * 4.5 or 0.5 Vdcl 5.0 - 1.5 - 2.25 1.5 - 1.5

<VQ-9.0or 1.0 Vdcl 10 - 3.0 - 4.50 3.0 - 3.0

(V0« 13.5 or 1.5 Vdc)
"1" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H
(V0» 0.5 or 43 Vdcl 5.0 35 _ 3.5 2.75 _ 3.5 _ Vdc
<V0 - 1.0 or 9.0 Vdcl 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) >OH mAdc

(Vqh " 2.5 Vdc) Source 5.0 -1.2 - -1.0 -1.7 _ -0.7 _

(V0H - 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 - -0.14 -

(Vqh " 9-5 Vdc) 10 -0.62 - -0.5 -0.9 - -0.35 _

(Voh "13-5 Vdcl

(Vql ° 0.4 Vdc) Sink

15 -1.8 - -1.5 -3.5 - -1.1 -

'OL 5.0 0.64 - 0.51 0.88 _ 0.36 _ mAdc

<V0L - 0.5 Vdc) 10 1.6 - 1.3 2.25 _ 0.9 _

(Vql "1-5 Vdc) 15 4.2
-

3.4 8.8 -
2.4

-

Output Drive Current (CL/CP Oevice) 'OH mAdc

(Vqh " 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 _

IVOH • 9-5 Vdc) 10 -0.5 - -0.4 -0.9 _ -0.3 _

(Vqh" 13.5 Vdc)

(Vql " °-4 Vdc) Sink

15 -1.4
- -1.2 -3.5 - -1.0 -

'OL 5.0 0.52 - 0.44 0.88 _ 0.36 _ mAdc

(Vql " 0-5 Vdcl 10 1.3 - 1.1 2.25 _ 0.9 _

.(Vql -1.5 Vdc) 15 3.6
- 3.0 8.8 - 2.4 -

Input Current (AL Oevice) 'in 15
-

±0.1
- ±0.00001 ±0.1 - ±1.0 MAdc

Input Current (CL/CP Device) 'in IS
-

±0.3
- ±0.00001 ±0.3 - ±1.0 MAdc

Input Capacitance Cin — - - - 5.0 7.5 _ _ pF
<Vin" 0)

Quiescent Current (AL Oevice) 'DD 5.0 - 0.05 - 0.0005 0.05 _ 13 MAdc
(Per Package) 10 - 0.10 - 0.0010 0.10 - 3.0

15
- 0.20 - 0.0016 0.20 - 6.0

Quiescent Current (CL/CP Oevice) •dd 5.0 - 1.0 _ 0.0005 1.0 _ 3.8 MAdc
(Per Package) 10 - 2.0 - 0.0010 2.0 _ 9.5

15 - 4.0 - 0.0016 4.0 _ 15

Total Supply Current**t it 5.0 'T-».33 uA/kHz)*+ Iqq MAdc
(Dynamic plus Quiescent, 10 'T - (2. B5 MA/kHz )»+ lDD
Per Package) 15 'T • (3J38 MA/kHz f + Iqq

(Cl - 50 pF on all outputs, all
buffers switching)

Three-State Leakage Current 'TL 15 - ±0.1 _ 10.00001 ±0.1 _ ±3.0 MAdc
(AL Device)

Three-State Leakage Current 'TL 15 _ ±1.0 _ ! 0.00001 ±1.0 _ ±7.5 MAdc
(CL/CP Oevice)

*T|ow° -55°C forAL Device, -40°C forCL/CP Device.
Thigh n +125°C for AL Device. +85°C for CL/CP Device.

ffNoise immunity specified for worst-case input combination.
Noise Margin for both "1" and "0" level "1.0 Vdc min 9 Vqq » 5.0 Vdc

2.0 Vdc min 9 Vqq - 10 Vdc
2.5 Vdc min 9 Vqq = 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT<CL) - It<50 pF)♦ 6 x 10-3(cL -50)V0Qf

where: It •* in mA (per package),C\_in pF, Vqq 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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MC14583B

SWITCHING CHARACTERISTICS* (CL - 50pF,TA - 25°C)

Characteristic Symbol Vdd Min Typ Max Unit

Output Rise Time

tTLH " (3-0 ns/pF) Cl +30 ns
tTLH " C -5ns/pF) Cl + 15 ns
tTLH " H.1 n»/pF)Cl + 10 ns

'TLH
5.0

10

IS

-

180

90

65

360

180

130

ns

Output Fall Time

tTHL " 11-6 n«/pF)Cl +25 ns
tTHL " '°-75 ns/pF) CL + 12.5 ns
tTHL " 'O-55ns/pF)Cl +9.5 ns

THL
5.0

10

15

-

100

50

40

200

100

80

ns

Propagation Delay Time

Ain. Bin ,0 Aout. Bout
tpLH.'PHL" (1.7 ns/pF)CL +565 ns
tpLH. 'PHL " l0-68n*/pP> CL +197 «»
tpLH. 'PHL " (°-5 ns/pF) Cl + 125 ns

Ain. Bin t0 Aout>Bout
tpLH. 'PHL " I1-7n*'pF) Cl + 1015 ns
tpLH. 'PHL " '°-66 nttpF) Cl +347 ns
tpLH. 'PHL " (°-5 ni/pF) Cl +235 ns

A;n, Bin ,0 Exclusive OR
tPLH. 'PHL" (1.7 ns/pF)CL +665 ns
tpLH. 'PHL " (°-66 n*/PFlCl +257 ns

1 'PLH. 'PHL " (°-5 ns/pF) Cl+145 ns

'PLH.

«PHL
5.0

10

15

-

650

230

150

1300

460

300

ns

«PLH.

'PHL 5.0

10

15

-

1100

380

260

2200

760

520

ns

»PLH.

«PHL 5.0

10

15

-

750

280

170

1500

560

340

ns

3-State Enable, Disable Delay Time (see figure 5)

'on- 'off " <1-7 n*/PF) CL +14° n*
ton. 'off " <0-66 n«/PF'CL +57 ns
'on. 'off " <0-5 "»/PF> CL +30 ns

'on.

'off 5.0

10

15

-

225

90

55

450

180

110

ns

Positive Threshold Voltage
(R1. R2 - 5.0 kn)

Vp 5.0

10

15

-

3.30

5.70

8.20 _

Vdc

Negative Threshold Voltage
(R1,R2-S.0kn>

vN 5.0

10

15

-

1.70

4.30

6.80

-

Vdc

Hysteresis Voltage
(R1,R2-6.0kn)

vH 5.0

10

15

035

0.70

0.70

1.70

1.40

1.40

3.40

2.80

230

Vdc

Threshold Voltage Variation, A to B
(R1,R2-5.0kn)

avx 5.0

10

16

-

0.1

0.15

0.20

-

Vdc

•The formula given is for the typical characteristics only

This device contains circuitry to protect the inputs against damage dueto high static voltages orelectric fields; however, it isad
vised thatnormal precautions botaken to avoid application of any voltage higher than maximum rated voltages to thishigh im
pedance circuit. For proper operation it isrecommended that Vjn and Vout p" constrained to therange Vss < <vin orVout'
< Vqq.
Unused inputs mustalways betiedto enappropriate logic voltage level (e.g.. either Vss orVqd'-
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FIGURE 1 - TYPICALOUTPUT SOURCE ANDSINKCHARACTERISTICS TEST CIRCUIT

600 mF

Pulso

Gonerator 1

Pul«o

Gonerator 2

OUTPUT

UNDER TEST

OUTPUT SOURCE

CHARACTERISTICS
OUTPUT SINK

CHARACTERISTICS

TEST 1VGS --V0D
VALUE •V0S • Vou,- V0D

TEST iVcs-Vrjo
VALUEIVrjs-Vo^

SWITCH POSITION SWITCH POSITION

SWI SWI SWI SW2

*out- eout 1 1 2 2

Aom. eout 2 2 1 1

E«cluti»*OR 1 2 1 1

FIGURE 2 - POWERDISSIPATION TEST CIRCUIT AND WAVEFORMS

VOD

Ain Aout

Aout
Dis Q

Bout

Bin Bout

-L 0.01 MF
'P Ceramic

£ •"HillCL?pCL^CL^;CL?fcc- -±-
• eel

'out- A|„
'out- Bln

~L r

FIGURE 3- TYPICAL THRESHOLD POINTS

A - Feedback scheme for independent threshold adjustmont:

Rl

Posltivo O Wv-

Common O-

Neaatlvo

B — Feedback scheme for hysteresis adjustment:

Positive O-

Common

Negative o-

Rl

10 20 40 • • tOO
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'M) MOTOROLA

HEX SCHMITT TRIGGER

The MC14584B hex Schmitt Trigger is constructed with MOS
P-channel and N-channel enhancement mode devices in a single
monolithic structure. These devices find primary use where low
power dissipation and/or high noise immunity is desired. The
MC14584B may be used in place of the MC14069B hex inverter for
enhanced noise immunity or to "square up" slowly changing
waveforms.

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

• Supply Voltage Range = 3.0 Vdc to 18 Vdc

• Capableof Driving Two Low-Power TTL Loads.One Low-Power
Schottky TTL Load or Two HTL Loads Over the Rated Temper
ature Range

• Double Diode Protection on All Inputs

• Pin-for-Pin Replacement for CD40106B and MM74C14

• Can Be Used to Replace MC14069B

MAXIMUM RATINGS (Voltages relerenced io Vssl

Rating Symbol Valuu Unil

DC Supply Voliage vdd -0.5 io «18 Vdc

Input Voltage. All Inputs Vin -o 5 to Vdd * °-5 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

ta -55 io '125

-40 io '85

°C

Storage Temperature Range Tstg -65 io '150 °C

EQUIVALENT CIRCUIT SCHEMATIC

(1/6 OF CIRCUIT SHOWN)

This device contains circuitry to protect the inputs against damage due to high
static voltages or electric fields; however, it isadvised that normal precautions be
taken to avoid application of any voltage higher than maximum rated voltages to
this high impedance circuit. For properoperation it is recommended that Vjnand
Voutbeconstrained to the range Vss * (vin or vout' * VDD-
Unused inputs must always be tied to an appropriate logic voltage level (e.g..
either Vss or VDD'-
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L SUFFIX P SUFFIX
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CASE 632 CASE 646

ORDERING INFORMATION
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MC14584B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vDd
Vdc

Tlow' 25°C Th iflh*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level vql 5.0 - 0.05 _ 0 0.05 _ 0.05 Vdc
vin^ VDDorO 10

- 0.05 - 0 0.05 _ 0.05

"1" Level

15
- 0.05 - 0 0.05 - 0.05

voh 5.0 4.95 _ 4.95 5.0 _ 4.95 _

Vdc
Vin =0 or VD0 10 9.95 - 9.95 10 _ 9.95 _

15 14.95 - 14.95 15 - 14.95 _

Input Volt8ge" "0" Level V|L Vdc
(V0 =4.5 or 0.5 Vdcl 5.0 - 1.5 _ 2.25 1.5 _ 1.5
(V0 =9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 _ 3.0
(V0 = 13.5 or 1.5 Vdc)

"1" Level

15 - 4.0 - 6.75 4.0 - 4.0

V|H
(V0 - 0.5 or 4.5 Vdc) 5.0 3.5 _ 3.5 2.75 _ 3.5 _ Vdc
(Vq « 1.0 or 9.0 Vdc) 10 7.0 _ 7.0 5.50 _ 7.0 _

IVo« 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Current (AL Oevice) 'OH
(V0H » 2.5 Vdc) Source 5.0 -3.0 - -2.4 -4.2 _ -1.7 _

(V0H » 4.6 Vdc) 5.0 -0.64 _ -0.51 -038 _ -0.36 _

•VOH * 9-5 Vdc> 10 -1.6 _ -1.3 -225 _ -0.9 _

(Vqh = 13.5 Vdc)

(Vql ' °-4 Vdc) Sink

15 -42 - -3.4 -83 - -2.4 -

'OL 5.0 0.64 - 0.51 0.88 _ 0.36 _ mAdc
(Vql • o.5 vdc) 10 1.6 _ 1.3 2.25 _ 0.9 _

(Vol- i-5 vdc) 15 42
- 3.4 8.8 - 2.4 -

Output Drive Current (CL/CP Device) 'OH
(Vqh ° 2.5 Vdc) Source 5.0 -23 _ -2.1 -42 _ -1.7
(Vqh " 46 Vdc) 5.0 -032 _ -0.44 -038 _ -0.36
(V0H • 9-5 Vdc) 10 -1.3 _ -1.1 -2.25 _ -0.9
<vOH- 13.5 Vdc)

(Vql ° 0-4 v°"c) Sink
15 -3.6

- -3.0 -8.8 - -2.4 -

'OL 5.0 0.52 - 0.44 0.88 _ 0.36 _

(Vql • o.5 vdcl 10 1.3 _ 1.1 2.25 _ 0.9 _

(Vql-1-5 vdcl 15 3.6
- 3.0 8.8 - 2.4 -

Input Current (AL Device) 'in . 15
- ±0.1 - ±0.00001 ±0.1 _ ±1.0 MAdc

Input Current (CL/CP Devicel •in 15
- ±0.3 - 10.00001 ±03 _ ±1.0 MAdc

Input Capacitance Cin — - _ _ 5.0 73 _

pplVj„ - 0)

Quiescent Current (AL Device) 'DO 5.0 - 0.25 - 0.0005 0.25 _

7.5

'
(Per Package) 10

- 0.50 - 0.0010 0.50 _ IS
15

- 1.00 - 0.0015 1.00 - 30
Quiescent Current (CL/CP Devicel •dd 5.0 - 1.0 _ 0.0005 1.0 7.5

(Per Package) 10 - 2.0 _ 0.0010 2.0 _ 15
15 - 4.0 - 0.0015 4.0 _ 34

Total Supply Current**t it 5.0 lj -05 MA/kHz) f+lQD(Dynamic plus Quiescent, 10 IT - (3.6 MA/kHz) f+lQDPer Package) 15 IT - <5.4MA/kHz) f+lQD(Cl » 50 pF on all outputs, all
buffers switching)

Hysteresis Voltage
Vh* 5.0 0.27 1.0 0.25 0.55 1.0 0.21 1.0 Vdc

10 0.36 1J 0.30 0.70 1.2 0.25 1.2
15 0.77 1.7 0.60 1.1 15 0.50 1.4

Threshold Voltage
Positive-Going vT+ 5.0 IS 33 1.8 2.7 3.4 1.7 3.4 Vdc

10 3.4 7.0 3.3 S3 63 3.2 6.9

Negative-Going
15 6.2 10.6 5.2 8.0 10.5 5.2 105

vT- 5.0 1.6 3.3 1.6 2.1 3.2 1.5 3.2 Vdc
10 3.0 6.7 3.0 4.6 6.7 3.0 6.7
15 I 45 9.7 4.6 63 93 4.7 93

"Tin* - -65°C for AL Device.-40°C for CL/CPDovice.
Thigh " +125°C forAL Device. +85°C forCL/CP Device.

#Noise immunity specified for wom-case Input combination.
Noise Margin for both "1" and "0" level -

1.0 Vdc min 9 VqD - 53 Vdc
2.0 Vdc min 9 Vqq - 10 Vdc
25 Vdc min 9 Vqd - 15 Vdc

tTo calculate total suppjy current at loads other than 50 pF:
IT <Cl» - It «50 pF) +1 x 10-3 (CL -50) VDDf

where: It it InmA (per package).Cl In pF, Vqo •" Vdc.
and f in kHz is Input frequency.

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

♦Vu - Vt+ - Vt- (But maximum variation of Vh It specified as
lets than VT+ max - Vt- mln>-
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SWITCHING CHARACTERISTICS (CL - 50 pF.TA »25°C)

Characteristic Symbol
vDd
Vdc Min Typ Max Unit

Output Rise Time *TLH 5.0

10

15

-

100

50

40

200

100

80

ns

Output Fall Tima THL 5.0

10

16

-

100

50

40

200

100

80

nt

Propagation Delay Time tPLH.tPHL 5.0

10

15 _

125

50

40

250

100

80

ns

FIGURE 1 -SWITCHING TIME TESTCIRCUIT AND WAVEFORMS

Input jf— 90% + "
jf— so% \

t—10% \
"PHL

Output

•90S

•50%

10%

FIGURE 2 - TYPICAL SCHMITT TRIGGER APPLICATIONS

(a) Schmitt Triggers will square up

inputs with slow riso and fall times.

V|„0 fe>0 Ove
(bl A Schmitt trigger offors maximum

noiso immunity in gate applications.

_L_

I I
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FIGURE 3 - TYPICAL TRANSFER CHARACTERISTICS

VUU

S I 1

a
<
•-

o
>

-- --

o 1
i

>

!

0 1 ' i-

VT- VT*

vh h—
Vin.INPUT VOLTAGE (Vdc)

VOO
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4-BIT MAGNITUDE COMPARATOR

The MC14585B 4-Bit Magnitude Comparator isconstructed with
complementary MOS (CMOS) enhancement mode devices. The cir
cuit has eight comparing inputs (A3, B3, A2, B2, A1, B1, AO, BO),
three cascading inputs (A<B, A=B, and A>B), and three outputs
(A<B, A=B, and A>B). This device compares two 4-bit words (A
and B) and determines whether they are "less than", "equal to",or
"greater than" by a high level on the appropriate output.Forwords
greater than 4-bits, units can be cascaded by connecting outputs
(A<B), and (A=B) to the corresponding inputs of the next signifi
cant comparator (input A>B is connected to a high). Inputs (A<B),
(A=B), and (A>B) on the leastsignificant (first)comparatorarecon
nected to a low, a high, and a high, respectively.

Applications include logic in CPU's, correction and/or detection
of instrumentation conditions, comparator in testers, converters, and
controls.

• Diode Protection on All Inputs

• Noise Immunity = 45% of Vqd typical

• High Fanout > 50

• QuiescentCurrent = 5.0 nA/package typical @5 Vdc
• Expandable

• Applicable to Binary or 8421-BCD Code
• Supply Voltage Range= 3.0 Vdc to 18 Vdc
• Capable of Driving Two Low-power TTL Loads, One Low-power

Schottky TTL Load or Two HTL LoadsOver the RatedTemper
ature Range

MAXIMUM RATINGS (Voltages referenced to vSs>

Rating Symbol Value Unit

DC Supply Voltage vDd -0 5 to «18 Vdc

Input Voltage. All Inputs V,n -0.5 to Vqd * °5 Vdc

DC Curient Drain per Pin I 10 mAdc

Operating Temperature Range - AL Device
CL/CP Device

"•A -55 to '125

-40 io -85

°C

Storage Temperature Range Tstg -65 to -150 °C

A3. B3

A3>B3

A3=B3

A3-B3

A3-B3

A3-B3

A3-B3

A3-B3

A3-B3

A3-B3

A3-B3

A3<B3

TRUTH TABLE

INPUTS

COMPARING

A2. B2

X

A2>B2

A2=B2

A2 = B2

A2-B2

A2=B2

A2-B2

A2»B2

A2=B2

A2<B2

A1.B1

A1>B1

A 1 • B 1

A 1 '• B 1

A1-B1

Al Bl

A1»B1

AKB1

A0. BO

AO=BO

A0=B0

AO=BO

CASCADING

A<B A=B

OUTPUTS
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L SUFFIX
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CASE 620
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ORDERING INFORMATION
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MC14585B

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vdd
Vdc

Tlow* 25°C Thish*
UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level

vin =VDOorO

"1" Level

Vin =0orVDO

Vql 5.0

10

15

-

0.05

0.05

0.05
-

0

0

0

0.05

0.05

0.05

—
0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95
-

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95

~
Vdc

Input Voltage* "0" Level
(V0 =4.5 or 0.5 Vdc)
(VO"9.0or 1.0 Vdc)
(VQ= 13.5 or 1.5 Vdc)

"1" Level

(V0 • 0.5 or 4.5 Vdc)
(Vq* 1.0 or 9.0 Vdc)
<Vo» 1.5 or 13.5 Vdc)

VlL
5.0

10

15

-
1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11.0

-

3.5

7.0

11.0

2.75

5.50

8.25

- 3.5

7.0

11.0

-

Vdc

Output Orive Current (AL Device)

(Vqh " 2.5 Vdc) Source
(Vqh " 4.6 Vdc)
IVOH • 95 Vdc)
<V0H - 13.5 Vdc)

(Vql " 0.4 Vdc) Sink
(Vql - 0.5 Vdc)
(Vql" 1-5 Vdc)

•oh
5.0

5.0

10

15

-1.2

-0.25

-0.62

-1.8

-

-1.0

-0.2

-0.5

-1.5

-1.7

-0.36

-0.9

-3.5

-

-0.7

-0.14

-0.35

-1.1

-

mAdc

'OL 5.0

10

15

0.64

1.6

4.2

-

0.51

1.3

3.4

0.88

2.25

8.8

-

0.36

0.9

2.4
-

mAdc

Output Drive Current (CL/CP Oevice)

(Vqh " 2.5 Vdc) Source
IVqh • 4.6 Vdc)

•VOH " 9-5 Vdc)
IVoH " '3.5 Vdc)

(Vql " 04 Vdc) Sink
(Vql • 0-5 vdc)
(Vql °i.5 vdc)

•oh
5.0

5.0

10

15

-1.0

-0.2

-0.5

-1.4

-
-0.8

-0.16

-0.4

-1.2

-1.7

-0.36

-0.9

-3.5

-
-0.6

-0.12

-0.3

-1.0

-

mAdc

•ol 5.0

10

15

0.52

1.3

3.6
-

0.44

1.1

3.0

0.88

2.25

8.8

-

0.36

0.9

2.4

—
mAdc .

Input Current (AL Device) •in 15
- ±0.1 - ±0.00001 ±0.1 _ ±1.0 uAdc

Input Current (CL/CP Device) •in 15
- ±0.3 - ±0.00001 ±0.3 _ ±1.0 jiAdc

Input Capacitance

.<Vj„=0)
Cin ~ -

- -
5.0 7.5

- -
PF

Quiescent Current (AL Oevice)
(Per Package)

•dd 5.0

10

15

-

5.0

10

20

-

0.005

0.010

0.016

5.0

10

20

— 150

300

600

uAdc

Quiescent Current (CL/CP Device)
(Per Package)

•od 5.0

10

15 :

20

40

80

-

0.005

0.010

0.016

20

40

80
-

150

300

600

MAdc

Total Supply Current**t

(Dynamic plus Quiescent.
Per Package) 1

(C|_ " 50 pFon all outputs, all 1
buffers switching) |

•t 5.0

10

15

lT"«0
lT°<1
lT"(1

6 pAlkHz)
2 uA/kHz)

3 uA/kHz)

'+'DD
f+lDD
f + lDD

^Adc

*Tlow * -55°C for AL Device, -40°C forCL/CPDevice.
Thigh • +125°C for AL Device. +85°C for CL/CP Device.

sNoise immunity specified for worst-case input combination.
Noise Margin forboth "1" and"0" level • 1.0Vdcmin9 Vqd • 5.0Vdc

2.0 Vdc min 9 Vqq • 10 Vdc
2.5 Vdc min 9 Vqd * 15 Vdc

tTo calculate total supply current at loads other than 50 pF:
lT(CL) • lT<50 pF) +1 x 10-3(Cl .so, Vdd,

where: )-ris in uA (per package).Cl in pF, Vqd 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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MC14585B

SWITCHING CHARACTERISTICS' <CL - 50 pF, TA - 25°C)

Characteristic Symbol vdd Mln Typ Max Unit

Output Rise Time
TLH " (3.0 ns/pF) Cl + 30 ns
'TLH - (1.5 ns/pF) Cl + 15 ns
tTLH-(1.1 ns/pF)CL + 10ns

tTLH
5.0

10

15

-

180

90

65

360

180

130

ns

Output Fall Time

tTHL - (1S ns/pF) Cl + 25 ns
tTHL- (0.75 ns/pF) CL + 12.5 ns
tTHL = (0.55 ns/pF) CL + 9.5 ns

tTHL
5.0

10

15

-

100

50

40

200

100

80

ns

Turn-Off Del8y Time

tpLH.tPHL" (1.7 ns/pF)CL+345ns
tPLH*, tPHL " <0-66 nt/pF) Cl+147 ns
tPLH, tPHL " (0-5 n»/PF» Cl +105ns

tPLH,

•PHL 5.0

10

15

-

430

180

130

860

360

260

ns

•The formula given is for the typical characteristics only

FIGURE 1 - DYNAMIC POWER DISSIPATION
SIGNAL WAVEFORMS

k>B)ou, / ^-

IA-B)ou,

(A<B)ou,

— vOD

— vss

"'dd

vSs

VOH

vol

voh

Vql

v0h

voly^V
Inputs IA>B) ond (A-B) hish. and inputs B2. A2. Bl, Al. BO,
AOand (A<B) low
f in rsspoct to a systom clock.

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS

(A<B)ou, vol

Inputs (A>B)end(A-B) high, andInputs B3,A3. B2, A2. Bl,
A1. AO, and <A< B) low.

This device contains circuitry to protect the inputs against damage due tohigh static voltages orelectric fields; hovvever.it » ad
vised that normal precautions betaken toavoid application ofany voltage higher than maximum rated voltage* to.this tugh ,nv
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained tothe range Vss <<vin or Vou,l
<VDD-
Unused inputs must always betied to an appropriate logic voltage level (e.g., either Vss °r voD'-
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WORD

8° B11 BIO B9
WORD
A- All A10

FIGURE 3 - CASCADING COMPARATORS

1! I' " y ♦ t 1 I I
B3 A3 B2 A2 Bl Al 80 AO S S S

Output

S 5 S MC14585B
V • A Inputs

s < <

V • A
< 5 <

'TfTTTfjji' -Vdd

♦**'*♦'*♦'

rrr
V f A
< s <

(A<B)ln)0——£>C-

(A-8)in 0 [>-

lA>B)lni [>o-

WORD B- B11. BIO. --. BO.
WORD A - Al 1. AIO, --. AO.

LOGIC DIAGRAM

3>^:>

£>
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FIGURE 4 - SWITCHING TIMETEST CIRCUIT ANDWAVEFORMS

y°°
Pulso

Ajn Aou,

Aout

Dis 0

Bout

Bin Bout

i—o
Ganorator 1

Pulso

Generotor 2

Pulso

Ganorator 3

1 = 20 ns

°1
clTclTclTClT '

Input tr - t
|vss ^

1

Exclutlvo

OR

iii. U-tpHL -A h-'PHL I
tPLH-* [- «PLH-» \»—

Noto: Dashed linos indicate high output resistance.
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FIGURE 5 - 3-STATE SWITCHING TIMETESTCIRCUITANDWAVEFORMS

Pulso

Generator 1 A in

Dis

Bin

Aout

Aout

©

Bout

Bout

0

—o—
Pulso

Generator 2

o—
6
?'

o

I

-J

"" J

X

\

TEST SWITCH POSITION

'on HL 1

<on LH 2

*off HL 2

toff LH 1

•Motel film. ± 1%. 1/4 W or greater

Cl - 15 pF, which includes test circuit capacitance.

•Vqq

Vss

•Vdd

•Vss

Voh
io* (vOH - vOL')

^Vol-
vol

Voh
io% (vOH-vOL')

-vol'
vol

Switch Position2 Switch Position 1

Vql' »ndVOH* refer to tho lovols prosont asarosult of tho 1 k ohm load resistors.
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® MOTOROLA

8-BIT BUS-COMPATIBLE LATCHES

The MC14S97B and MC14598B are 8-bit latches, one addressed
with an internal counter and the other addressed with an external
binary address. The 8 latch-outputs are high drive, three-state and
bus line compatible. The drive capability allows direct applications
with MPU systems suchasthe Motorola 6800 family.

With MC14597B, a 3-bit address counter (clocked on the falling
edge of Increment) selects the appropriate latch. The latches of
the MC14S98B are accessed via the Address pins, AO, A1, and A2.
A Full Flag is provided on the MC14597B to indicate the position
of the Address counter.

All 8 outputs from the latches are available in parallel when
Enable is in the low state. Data is entered into a selected latch
from the Data pin when the Strobe is high. Master reset isavailable
on both parts.

• Serial Data Input
• Three-State Bus Compatible Parallel Outputs
• Three-State Control Pin (Enable) TTL Compatible Input
• OpenDrain Full Flag (Multiple Latch Wire-0 Ring)
• Master Reset
• LevelShifting Inputs on All Except Enable
• Noise Immunity - 45% of Vqq Typical
• Diode Protection - All Inputs
• Supply Voltage Range- 3.0 Vdc to 18 Vdc
• Capable of Driving TTL Over RatedTemperature Range

With Fanout as Follows:
1 TTL Load

4 LSTTL Loads

9 LPTTL Loads

Reeet

Logic

BLOCK DIAGRAMS

MC14597B
MC14598B

CMOS MSI
(LOW-POWER COMPLEMENTARY MOS)

8-BIT, BUS-COMPATIBLE
THREE-STATE LATCHES

Internal Counter - MC14597B

Binary Address - MC14598B

L SUFFIX

CERAMIC PACKAGE

CASE 620

L SUFFIX

CERAMIC PACKAGE

CASE 6B0

P SUFFIX

PLASTIC PACKAGE

CASE 648

P SUFFIX
PLASTIC PACKAGE

CASE 707

ORDERING INFORMATION

Suffix Denotes

t Coromlc Package
Plastic Package
Extended Operating
Temperature Range
Limited Operating
Temperature Range

3-8 it

Addreu

Counter

nt 7|

Oete 3

Strobe 6

-N
y Decoder ^ Letches

1_T~^ I

Three

State

Output

Buffers

-N

Retet 2

a

Latches

Data 3

Strobe S

AO 7

Al _a
A2 10

Addreta

Decoder

-N

V

V

DO -18
SS"8

Enable

I*
DO1

17 Ol

16 D2

Three IS OS
State

14 D4
Output

Buffers
13 DS

12 06

11 D7

vdd'

vss-

Full

Logic

PIN ASSIGNMENT

DO ~ V00
Relet Ol

Date D2

Unable D3

Full D4

Strobe OS

Increment OS

VSS 07

OUTPUT
TRUTH TABLE

OutputsEnable

1
Klgh

Impedance

0 On

On - State of nth latch
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PIN ASSIGNMENT

DO

Reset

v0o
Ol

Oete D2

Enable 03

N.C. 04

Strobe OB

AO oe

At D7

vss A2



MC14597B»MC14598B

MAXIMUM RATINGS (Voltage referenced to Vssl

Rating Symbol Value Unit

DC Supply Voltage Vdd -0.5 to+18 Vdc

Input Voltage, Enable Vin -0.5 to Vqd +0.5 Vdc

Input Voltage, All Other Inputs Vin -o.5 to Vdd+12 Vdc

DC Current Drain per Pin I 10 mAdc

Operating Temperature Range — AL Device

CL/CP Device
ta -55 to+125

-40 to +85

°C

Storage Temperature Range Tstg -65 to +150 °C

ELECTRICAL CHARACTERISTICS

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

voltages to this high impedance circuit.
For proper operation it is recommended

that Vout be constrained to the range
vss < <vout) < vDd-

Characteristic Symbol
vdd
Vdc

T|ow* 25°C Thigh#
.UnitMin Max Min Typ Max Min Max

Output Voltage "0" Level

Vin " Vdd or 0

"1" Level

Vin = 0orVDD

vol 5.0

10

15
-

0.05

0.05

0.05

-

0

0

0

0.05

0.05

0.05
-

0.05

0.05

0.05

Vdc

voh 5.0

10

15

4.95

9.95

14.95
-

4.95

9.95

14.95

5.0

10

15

-

4.95

9.95

14.95
-

Vdc

Input Voltage* — Enable "0" Level
(V0 - 4.5 or 0.5 Vdcl
(V0-9.0 or 1.0 Vdc)
(V0 = 13.5 or 1.5 Vdc)

"1" Level

(V0 - 0.5 or 4.5 Vdc)
(V0-1.0 or 9.0 Vdc)
(Vn-1.5 or 13.5 Vdc)

VlL
5.0

10

15

-

0.8

1.6

2.4

-

1.1

2.2

3.4

0.8

1.6

2.4

-

0.8

1.6

2.4

Vdc

V|H
5.0

10

15

2.0

6.0

10

-
2.0

6.0

10

1.9

3.1

4.3

-
2.0

6.0

10

-

Vdc

Input Voltage* — "0" Level
Other Inputs

(Vq - 4.5 or 0.5 Vdc)
(V0- 9.0 or 1.0 Vdc)
(V0- 13.5 or 1.5 Vdc)

"1" Level

(V0 = 0.5 or 4.5 Vdc)
(Vo-10 or 9.0 Vdc)
(V0-1.5 or 13.5 Vdc)

VlL

5.0

10

15

-
1.5

3.0

4.0

-

2.25

4.50

6.75

1.5

3.0

4.0

-

1.5

3.0

4.0

Vdc

V|H
5.0

10

15

3.5

7.0

11

-
3.5

7.0

11

2.75

5.50

8.25
-

3.5

7.0

11

-

Vdc

Output Drive Current Source

(Full-Sink Only)
(Vqh " 4.6 Vdc)
(Vqh ° 9.5 Vdc)
(Vqh " 13.5 Vdc)

(Vql " 04 Vdc) Sink
(Vql• os vdc)
(Vql -i.6 vdc)

'oh

5.0

10

15

-1.0

-

-1.0 -2.0

-6.0

-12

-
-1.0

-

mAdc

•ol 5.0

10

IS

1.6

-

1.6 3.2

6.0

12

-

1.6
"-

mAdc

Input Current (AL Device) 'in 15 - ±0.1 - ±0.00001 ±0.1 - ±1.0 MAdc
Input Current (CL/CP Device) 'in 15

- ±0.3 - ±0.00001 ±0.3 - ±1.0 MAdc
Three-State Leakage Current

(AL Device)

(CL/CP Device)

'TL
15

IS

-
±0.1

±1.0

-
±0.00001

±0.00001

±0.1

±1.0

-
±3.0

±7.5

uAdc

Input Capacitance

<Vin - 0)
Cin — — - -

5.0 7.5
- -

PF

Quiescent Current (AL Device)
(Per Package)

•do 5.0

10

15
-

5.0

10

20

-

0.005

0.010

OX) 15

5.0

10

20

-

150

300

600

MAdc

Quiescent Current (CL/CP Device)
(Per Package)

•dd 5.0

10

IS
-

20

40

80
-

0.005

0.010

0.016

20

40

80
-

150

300

600

MAdc

tTotal Supply Current at an
External Load Capacitance (Cl) 1
of130pF j

"t 5.0

10

15 |

'T
't
't

- {23 »iA/kHz)f+ lD[
- (4.0 uA/kHz)f + lDC
- (6.0 nAtkHz)t + lDt

>

*T|ow " -oo-v ">r mu uevice, -w~u tor cuck Device.
Thigh - +125°C forALDevice. +85°CforCL/CP Device.

#Noiseimmunityspecified for worst-case inputcombination. Noise Margin both "1" and

tThe formulas givenare for the typical characteristics only at 25°C.
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'0" level - 1.0 Vdc min 9 Vdd " s-0 Vdc
Z0 Vdc min @VD0 - 10 Vdc
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MC14597B • MC14598B

SWITCHINGCHARACTERISTICS (TA - 25°C, CL- 130PF + 1 TTL Load)

Characteristic Symbol

\trtr\
All Types

Unit
Vdc Min Typ Max

Output Rise and Fall Time
lTLH. «THL" (0.5 ns/pF)CL +35 ns
<TLH.«THL - (0.2 ns/pF)CL +25 ns
«TLH.lTHL - (0.16 ns/pF)CL+20ns

*TLH.
tTHL 5.0

10

15

-

100

50

40

200

100

80

ns

Propagation Delay Time
Enable to Output

Strobe to Output

Strobe to FuTi (MC14597Bonly)

Reset to Output

tPLH.

tPHL
5.0

10

15

-

160

125

100

320

260

200

ns

5.0

10

15

—
200

100

80

400

200

160

ns

5.0

10

15

-

200

100

80

400

200

160

ns

5.0

10

15

-

175

90

70

350

180

140

ns

PulseWidth

Enable

Strobe

Increment (MC14S97B only)

Reset

IrVH.
«WL

5.0

10

15

320

240

160

160

120

80

-

ns

5.0

10

15

200

100

80

100

50

40

-

ns

5.0

10

15

200

100

80

100

50

40

-

ns

5.0

10

IS

300

160

100

150

80

50

-

ns

Setup Time
Data

Address (MC14S98B only)

Increment (MC14597B only)

t«i 5.0

10

15

100

50

35

50

25

20

-

ns

5.0

10

15

200

100

70

100

50

35

-

ns

5.0

10

15

400

200

170

200

100

85

-

ns

Hold Time

Data

Address (MC14598B only)

th 5.0

10

15

100

50

35

50

25

20

-

ns

5.0

10

15

100

50

35

60

25

20 -

"
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MC14597B«MC14598B

H>-t>

c-o-o-

H>H>

H>-f>
I

To Othor

Latches

MC14S97B FUNCTION DIAGRAM

To Othor

Latches

VTrZ><
t_ RI— o ,

Cl

yD-<• f _

O Q

Clk "M*

Sovon P '

Soloct' 1

L-CHE
WJOUUU.ll . SS_|

Zero

Salect

3 Stage Countor

and Docodor
Additional 7 Latches

Increment 7 O- ^
MC14597B TIMING DIAGRAMS

j* «WL »U-twH—»»

i th [,_

I
-*w-

~\

«su-

io%J:3ok ^
rts—Hr*~~ ~~♦

A.

tPHLh*—

-O 5 Full

-O 1 D0

i 15 D1

i 14 02

>13 D3

12 04

11 OS

10 06

9 D7

Noto: Enablo In High stato.

-*TLH -HI^-tTHL

^ F

MUmoh,
*PHL-

"A

-»|r/--tTH

3S•90% 90%-

f

•*WL H
• 1.4 V with Vrjo " 5.0 V

NOTES: 1. Hlgh-lmpodgnco output steto (another dovico controls bull.
2. Rosot In High state.
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MC14597B#MC14598B

MC14S98B FUNCTION DIAGRAM

r

-D>H>

H>H> It k>3r^H
To Othor |

Latches

<HO-i

To Othor

Latchos Zoro

Select

M>°-

Addross

Docodor

Additional 7 Latchos

A2 10

(MSB.)

ML

Wffli

MC14598B TIMING DIAGRAM

90%

10%X
'THL-** fL

*PLH-

Rosot

"lPHL

f
I

~^

90%. p
10%_!.

-tw-

W
90%

.10%

• 1.4 V with VDD - 5.0 V.

NOTES 1. High-impodanco output stato (anothor dovico controls bus).
2. Output Load as for MC14597B.

7-647

«W

90%

10%

—i

'dd

20 ns

90%

10%

17 D1

16 D2

15 D3

14 D4

13 OS

12 D6

11 D7



MC14579B • MC14598B

LATCH TRUTH TABLE

Strobe Reset

Addressed

Latch

Other

Latches

0 1 ♦ •

1 1 Data •

X 0 0 0

• = No change in state of latch

X = Don't care

TRUTH TABLE FOR MC14S97B

Increment Reset

Address

Counter FullEnable

1 X 1 Count Up -

_J X 1 No Change -

X 1 0 Reset to Zero Set to One

X 0 1 No Change Set to One

X 1 1
If at

ADDRESS 7

To Zero on

Falling Edge

of STROBE

X - Don't care

Test Load

All Outputs

DnO—•>

Circuit diagrams external to or containing Motorola products
are included as a means of illustration only. Complete information
sufficient for construction purposes may not be fully illustrated.
Although the information herein has been carefully checked and is
believed to be reliable, Motorola assumes no responsibility for
inaccuracies. Information herein does not convey to the purchaser

any license under the patent rights of Motorola or others.
The information contained herein is for guidance only, with no

warranty of any type, expressed or implied. Motorola reserves the
right to make any changes to the information and the product (s)
to which the information applies and to discontinue manufacture
of the product (s) at any time.

7-648



® MOTOROLA

8-BIT ADDRESSABLE LATCHES

The MC14099B and MC14599B are 8-bit addressable latches.
Oata is entered in serial form when the appropriate latch is addressed
|via address pins AO, A1, A2) and write disable is in the low state.
Chip enable must be high for writing into MC14599B. For the
MC14599B the data pin is a bidirectional data port and for the
MC14099B the input is a unidirectional write only port.TheWrite/
Read line controls this port in the MC14599B.

The data is presented in parallel at the output of the eight
latches independently of the state of Write Disable, Write/Read
or Chip Enable.

A Master Reset capability is available on both parts.

• Serial Data Input

• Parallel Output

• Low Input Capacitance - 5.0 pF typical

• Master Reset

• Noise Immunity - 45% of Vqd typical

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

Schottky TTL Loador Two HTL Loadsover the Rated
Temperature Range

• MC14099B pin for pin compatible with CD4099B

MAXIMUM RATINGS (Voltages referenced to vss)

Rating Symbol Value Unit

DC Supply Voltage vdd -0.5 to +18 Vdc

Input Voltage, Atl Inputs Vin -0.5 to Vqo + 05 Vdc

DC Current Drain per Pin i 10 mAdc

Operating Temperature Range - AL Oevice
CL/CP Device

ta -55 to+125

-40 to +85

°C

Storage Temperature Range Tstg -65 to +150 °C

e

B katelw

0 J! io
4

3

A0—S-
s

Al —

A,—L

0

-N
->/

7

Oacoear

voo - 'I
Vjs-9

PIN ASSIGNMENT

or v00

N»wt OO

Data at

DiMbl«

AO

at

03

Al Q2

A] Ol

« 00

vM w.. •'Aua
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MC14599B
For Complete Data See

MC14099B

CMOS MSI
(LOW-POWER COMPLEMENTARY MOS)

8-BIT ADDRESSABLE LATCH
WITH BIDIRECTIONAL PORT

L SUFFIX
CERAMIC PACKAGE

CASE 680

P SUFFIX

PLASTIC PACKAGE

CASE 707

ORDERING INFORMATION

MC14XXXB Suffix Danotos

h Coromlc Packago

Plostic Package

Extonded Operating

Tomporature Range

Limited Oporating

Tomporoturo Rango

This device contains circuitry to protect
the inputs against damage due to high static
voltages or electric fields; however, it is
advised th8t 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 Vjn and Vout be
constrained to the range V$s < (vin or
Vout» < VQD-
Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vss or vDDl-



M) MOTOROLA

Advance Information

ONE CHIP MICROCOMPUTERS

The MC141000 family is a series of 4-bit CMOS Microcomputers

designed for dedicated applications. The CMOS technology of the

MC141000 family provides the flexibility of microcomputers, for
battery-powered and battery-backed-up applications. The MC141000

and MC141200 include ROM, RAM, and I/O for self-contained con
figurations in 28 and 40-pin packages. The 48-pin MC141099 has RAM

and I/O with provision for external program memory. The MC141099

serves lower-volume applications such as prototyping or pilot production

of MC141000 and MC141200 systems.

FEATURES MC141000 MCI-51200 MC141099

Package Pin Count 28 Pins •:0 Pins 48 Pins

Instruction Read Only Memory 1024 X 8 (8.192 Bits) None

Data Random Access Memory 64 X 4 (256 Bi si

"R" Individually Addressed Outputs 11 16 16

"0" Parallel Latched Data Outputs 8 Bits 5 Bits

"R" and "0" Output Drive Source 20 mA

Maximum-Rated Voltage 6.5 V

Working Registers Static 2-4 Bits E ach

Instruction Set Sec Table 2

External Address Lines Nono 10

On-Chip Oscillator Yes

Maximum

Power

Dissipation

5 V. 600 kHz 11.5 mW

5 V, 100 kHz 2.8 mW

3 V, 200 kHz • .5 mW

3 V, 30 kHz 0.36 mW

APPLICATIONS

• Appliance Controllers • Heating/Air-Conditioning
• Calculators Controllers

• Toys • Remote Sensing System

• Radio Controllers • Printing Controllers
• Communications Controllers • Security Systems

• Data Terminals • Power Systems Control
• Cash Registers • Automotive Control

The above applications of the MCM 1000 family demonstrate its

wide potential. Motorola accepts customer programs or will contract

complete program development given the specifications for the appli-

cation. Customer hardware and software support is available for devel-

oping programs and debugging systems. This consists of one board and
a software package using the V16800 EXORciser. Contact your local

sales office for details.

Thit It advance Information and tpecificationt are tubject to change without notice
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MC141000
MC141200
MCM 1099

CMOS LSI
(LOWPOWER COMPLEMENTARY MOS)

ONE CHIP MICROCOMPUTERS

LSUFFIX

CERAMIC PACKAGE

CASE 719

PSUFFIX

PLASTIC PACKAGE

CASE 710

PSUFFIX

PLASTIC PACKAGE

CASE 711

LSUFFIX

CERAMIC PACKAGE

CASE 740

ORDERING INFORMATION

MC14XXXX _ Suffi:

tL Ceremic

P Pleitic P

Package

sck&ge



MC141000, MC141200, MC141099

MAXIMUM RATINGS (Voltages referenced to Vss)

Rating Symbol Value Unit

DC Supply Voltage vdd -0.5 to +6.5 Vdc

Input Voltage, All Inputs Vin -0.5 to Vqd + °-5 Vdc

DC Current Drain per Pin, All Inputs I 10 mAdc

DC Current Drain, Vqd F'n I 250 mAdc

DC Current Drain, Vss pin I 20 mAdc

Operating Temperature Range ta -40 to +85 °C

Storage Temperature Range Tstg -65 to+150 °C

Total Power Dissipation Pd See Figure 1 mW

RECOMMENDED OPERATING CONDITIONS (Vss - 0)

Parameter Symbol Value Unit

DC Supply Voltage-High Speed Clock
Full Range Operation

vdd +4.75 to +6.0

+3.0 to +6.0

Vdc

Clock Frequency - Vqd " 50 Vdc ± 5%
Vdd = 30 Vdc Min.

'Clk DC to 600

DC to 200

kHz

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 Vjn and Vout be
constrained to the rangeVss ^ (Vjnor Vout)
<VDD-

ELECTRICAL CHARACTERISTICS (VDD=+5.0V, Vss G««». TA - 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit

Input Current - K Inputs and INIT
(Vin - 5.0 V)
(Vin-0.0VI

*in
75 100

-0.00001

135

-03

uAdc

Input Current - 1 Inputs (MC141099 Only)
(Vin - 53 VI
(Vin-0.0V)

•in
-

0.00001

-0.00001

0.3

-0.3

MAdc

Input Voltage - I Inputs (MC141099 Only)
V|L
V|H 2.0 _

03

Vdc

Input Voltage - Other Inputs
V|L
V|H 3.5

:
1.5

Vdc

Output Drive —R and O Outputs
(Vqh " 2.4 V) - See Figure 2
(Vql • 0.4 V,TA- 85°C,VDD - 4.75V)

'OH
"OL

-20

1.6

-

_

mAdc

Output Drive - PA and PC Outputs (MCI 41099 Only)

(V0H- «-6 V) (Ta . 85°C, VDD - 4.75 V)
(V0L - 0.4V) A

'OH
'OL

-100

100

- -

uAdc

Average Supply Current 'DD - -
See Figure 3 MAdc

Static Supply Current
(VDD-6.0V)

>DD —

60 300 uAdc

Oscillator Frequency

(VDD = 4.75 V)
fClk No Limit

—

600 kHz

Internal Oscillator Frequency for Rext = 30 kn fClk 400 500 600 kHz

Input Capacitance — K Inputs and INIT Cin - -

75 pF

Input Capacitance —Clock Input Cio - -

30 pF
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MC141000, MC141200, MC141099

FIGURE 1 -TOTAL POWER DISSIPATION

Care must be taken to ensure that the maximum power dissipation of the
package is not exceeded.

Tstg " TA + (Pd»0ja)

where Tttg ismaximum storage temperature (150°C)
Ta i*ambient operating temperature

Pq is total power dissipation:

Pd - UddKVdd» + <'ohHvDd - voh> + ('olXvol " VSS»
(Iqh and 'OL arethe sum of alloutput pins)

FIGURE 2 - MINIMUM OUTPUT SOURCE CURRENT

versus OUTPUT VOLTAGE (R and O Outputs)

9JA Value

Ceramic Plastic

28-Pin Package 58 98

40-Pin Package 50 95

48-Pin Package 50
-

FIGURE 3 - MAXIMUM OPERATING CURRENT

versus OSCILLATOR FREQUENCY

vdd-
Ta>2

5.0 Vdc

S°C

v

_ 3000
-8 1

For RC Oscillator 1
No dc Lojdt VDD-6Vdc ^

^^
S

"•"' V0D-5Vdc

^
"DD"

1 2 3

V0, OUTPUT VOLTAGE (Vdc)

MC141000

R8 C
R9 C

Neg RIO C
Supply. Vss L"

K1 C
K2C

K4C
K8 C

INITC
07 r

06C
05 C
04C
03C

PIN ASSIGNMENTS

MC14 1200

7-652
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MC141000, MC1412G0, MC141099

FIGURE 4 - FUNCTIONAL BLOCK DIAGRAM - MC141000/MC141200/MC141099

11 MCI4I0O0

16 MCI4I700

IG VCU1099

The block diagram above shows the resources available to the MC141000/1200/1099 programmer. They are:

A The accumulator is used to store the result of an
ALU operation for subsequent operations.

ALU The arithmetic logical unit performs calculation and
decision-making tasks.

K Inputs The K linesare the data input port. Since there are
only four input lines, they are usually multiplexed
under control of the R lines. The inputs are diode
protected and have a pull-down resistor of approxi
mately 50 kn; therefore, open inputs are read as
a logic low.

O Outputs The eight outputs of the PLA are connected to out
put drivers which comprise the O outputs. These
output drivers may be manufactured as open emitter,
active sink, or push-pull at the user's option.

PLA The output programmable logicarray is user-defined
to specify the state of each of the eight O outputs
for each of the 32 possible PLAIR outputs.

PLAIR The programmable logic array input register is a
5-bit latch which latches the four accumulator bits
and the output of the status latch.

RAM Variable data is stored in the 64-word, 4-bit per
word Random Access Memory. Data is accessed
by decoding a 2-bit file address (X register) and 4-bit
word address (Y register).

ROM Array The user's instructions are mask programmed into
the Read Only Memory (ROM). Instructions are
addressed by a page address register (PA) and pro
gram counter (PC). A single subroutine return
register (SRR) and p8gobuffer register (PB) permit
a subroutine call to any location within the ROM.

R Outputs The output of the Y register isdecoded to select one
of the R-output lines which can then be set or reset
under program control. The R lines are used as
control lines to scan keyboards and displays, per
form handshakes, and interface external logic. The
R outputs may be manufactured as open emitter,
active sink, or push-pull at the user's option.

S All branches and subroutine calls are dependent on
the state of status logic. It may be set or reset on
logical or arithmetic operations and is set by the
remainder of the instructions.

SL The status latch stores the state of the status logic
in order to preserve it for subsequent O output
operations.

NOTE: S and SLare NOT identical.

Y Register The Y register is a multipurpose regiser used to
address a word in a RAM file, to select an R output
for manipulation by subsequent instructions, or as
a general-purpose counting and storage register.
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MICROCOMPUTER OPERATION

The MC141C00/1200/1099 program controls data
input, storage, processing, and output. The microcomputer
internal organization is shown in Figure 4. The processing
of data occurs in the arithmetic logic unit (ALU). K-input
data enters the ALU and is stored in the 4-bit accumulator.

The accumulator output accesses the output latches, RAM
storage, or the ALU input. Data is stored in the 256-bit

RAM, organized into 64 words, 4 bits per word. The 4-bit
words are grouped into four 16-word files addressed by a
2-bit X register. The 4-bit Y register addresses one of the
16 words in a file.

The 43 basic instructions handle I/O, constant data
from the ROM, bit control, internal data transfer, arith
metic processing, logic comparison, conditional and

nonconditional branching and subroutines.
The system designer has access for mask programming

the following functions:

1. ROM - 1024 Words of 8 Bits

2. Programmable Logic Array for O Outputs
3. Output Drivers

The MC141000 microcomputer consists of seven
subsystems:

1. Read Only Memory (ROM)
2. Random Access Memory (RAM)
3. Output Ports

4. Input Port

5. Arithmetic Logical Unit (ALU)
6. The Instruction Decoder

7. Clock

The following paragraphs describe how each of these
subsystems is controlled by the instruction set. Every
instruction occupies a single memory byte and is executed
in one instruction cycle (six clock cycles).

ROM ARRAY

The ROM in the MC141000/1200 consists of 8192 bits

of mask-programmed memory organized as 1024 8-bit
instructions. It is divided into 16 pages of 64 instructions
per page. See Figure 5.

Instructions within ROM are addressed by the page
address register (PA) which contains the page number, and
the program counter (PC) which contains the location of

the instruction relative to the beginning of the page. The
PC is incremented prior to fetching the next instruction
(unless diverted by a BRanch or CALL) so each instruc
tion is accessed in the numerical order of its address.

A carry from the PC is not added to the PA so the pro
gram "wraps around" within the page rather than execut
ing the first instruction of the following page. Upon
power up, the PC is set to zero and the PA and PB are set
to 15.

The MC141099 addresses an external ROM program
via ten address output lines. These are 6 bits from PC

(PC0-PC5) and 4 bits from PA (PA0-PA3). The 8-bit

instruction bytes are received by the MCI41099 from an

external ROM on 8 TTL compatible instruction input
lines (10-17).

FIGURE 5-- ROM ORGANIZATION
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RANDOM ACCESS MEMORY - RAM

RAM consists of 256 bits organized into 64 4-bit words.
For purposes of addressing, the 4-bit words are organized

into four files of 16 4-bit words per file, Figure 6.
The X register is decoded to select 1 of the 4 RAM

files; and the Y register is decided to address 1 of the 16
words in the selected file.

Individual bits within the RAM can be set, reset and

tested under program control.

FIGURE 6 - RAM ORGANIZATION
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OUTPUT PORTS

Two output ports (R and 0) are included in the micro
computer. The MC141000 has eleven R outputs and the
MCI41200 and MC141099 each have sixteen R outputs.

The MC141000and MC141200each have eight 0 outputs,
while the MC141099 has five. The number of R outputs is
the only difference between the MC141000 and the
MC141200.

R-output lines are used primarily as control or "hand
shake" lines, and to multiplex external hardware. The R
output which is to be operated on is selected by a binary
decode of the contents of the Y register. Set R and reset
R instructions change the state of one R output at a time.

The eight O-output lines on the MC141000 and
MC141200 are the decoded outputs of the contents of
the 5-bit PLAIR. Since the PLAIR is loaded from the
A and the SL, these registers must be "set up" prior to
an output operation. The status latch can only be loaded
by the YNEA (Y register not equal to accumulator)
instruction while the contents of the accumulator may be
modified by numerous other instructions. The MC141099
brings out the 5-bit PLAIR to allow external decoding.
An external PROM/EPROM could be used to simulate the
PLA. Figure 7 shows how EPROMS may be used with
MC141099 to emulate an MC14100 or an MC141200.

In a typical application, the first four R lines might be
used as digit selects for outputting a four-digit decimal
number using the PLA programmed as a seven-segment
decode as shown in Figure 8.

The MC141000/1200 outputs may be mask program
med in any of three configurations. Figure 9 shows the
open emitter circuit capable of sourcing 20 mA at Vo =
2.4 V and Vqd = 5-° v- which will drive an LED. Figure
10 is the open drain circuit capable of sinking 1.6 mA
over temperature, which will drive one TTL load or four
LSTTL loads. The source and sink devices are combined
in the activepush-pull circuit of Figure 11. The MC141099
also has outputs as in Figure 11.

INPUTS

The input lines consist of the four K-input lines and
the initialize (INIT) line. All inputs are static-protected
CMOS inputs with pulldown of about 50 kft. Thus, an
open input is equivalent to logic 0. The circuit is shown
in Figure 12.

When power is applied, the registersshown in Table 1
are loaded as shown for power up. All other internal
registers and RAM come up in an arbitrary state.

After power is applied, the initialize (INIT) input may
be used to reinitialize the processor. Internally, INIT has

TABLE 1 - POWER UP AND INITIALIZE CONDITIONS

7-655

PC PA PB CL PLAIR R Outputs

Power Up 0 F16 Fl6 0 0 0

Initialize 0 R" K 0 0 0
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FIGURE 7 - USING THE MC141099TO EMULATE MC141000/MC141200 IN REAL-TIME
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a 50 kSl pull-down resistor which holds the INIT line

low. It must be held high for a minimum of 6 full clock
cycles and then returned to the low state. If a mechanical
switch or other mechanical device is used to control INIT,

it may be necessary to include a method of contact
debounce to ensure a valid INIT pulse.

A valid INIT pulse causes the registers to be initialized
as shown in the table. The contents of registers other

than those shown remain unchanged during initialize.

Note that the PA and PB are loaded with the 1's comple

ment of the K-input lines (K8 = MSB). This feature

allows the MC141000 to be initialized to the first instruc

tion on any page by controlling the K inputs. This is
useful where the same circuit may be used for several
applications. Since the K inputs have 50 kSl pull-down
resistors, open inputs are a 0 (unless driven from another

device) and the 1's complement (F15) is loaded into PA
and PB.

ARITHMETIC LOGICAL UNIT (ALU)

The ALU is the calculating and decision-making

portion of the MC141000/1200/1099 hardware and

FIGURE 9 - OPEN EMITTER OUTPUT CIRCUIT

vDo

J

FIGURE 11 - ACTIVE PUSH-PULL OUTPUT CIRCUIT

vDD

vSs

consists of a 4-bit adder/comparator and the status logic.
The adder/comparator can add, subtract, compare two

numbers, add +1, -1,6, 8, and 10.
The status logic is selectively set or reset by add, sub

tract, increment, decrement, compare and bit-test opera
tions. Other instructions always set the status logic to a 1.

INSTRUCTION DECODE

The instruction decode logic latches every instruction

fetched from ROM and configures the internal logic to
execute the current instruction. The instruction set is

listed in Table 2.

CLOCK

The internal oscillator cirucit operates with quartz

crystals, ceramic resonators, an external resistor and from
an external clock source. These oscillator circuit connec

tions are shown in Figures 13, 14, and 15. Figure 16
shows the typical oscillation frequency with an external
resistor. The discrete component values used with the

quartz crystal and ceramic resonator oscillators may
vary depending upon crystal/resonator manufacturer.

FIGURE 10 - OPEN DRAIN OUTPUT CIRCUIT

vSs

FIGURE 12 - INPUT CIRCUIT WITH PULLDOWN

AND STATIC PROTECTION

i W\r-IHI

n

vSs^

DD A

3

3-
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FIGURE 13 - EXTERNAL COMPONENTS FOR QUARTZ

CRYSTAL OR CERAMIC RESONATOR OSCILLATOR

Componont valuos typical for 500 kHz crystal.

FIGURE 15 - EXTERNAL CLOCK SOURCE INPUT
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FIGURE 16 - TYPICAL OSCILLATOR FREQUENCY
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TABLE 2 - MC141000/1200/1099 INSTRUCTION SET

Opcode Mnemonic Description

0111 (C) ALEC If accumulator is less than or equal to l(C) field, status = 1.
00101001 ALEM If accumulator is less than or equal to M(X,Y), status = 1.
00100101 AMAAC Add memory to accumulator. Accumulator = result, status = carry.
00000110 A6AAC Add 6 to accumulator. Accumulator = result, status = carry.
00000001 A8AAC Add 8 to accumulator. Accumulator = result, status = carry.
00000101 A10AAC Add 10 to accumulator. Accumulator = result, status = carry.
10 (W) BR Branch to label if status = 1.

11 (W) CALL Call subroutine if status = 1.

00101111 CLA Clear contents of accumulator.

00001011 CLO Clear PLA Input Register.
00000000 COMX Complement X-Register.
00101101 CPAIZ Complement accumulator, then add 1. Ifaccumulator = 0, status = 1.
00000111 DAN Decrement accumulator. If no borrow, status = 1.

00101010 DMAN Load M(X,Y)into accumulator and decrement. Ifno borrow, status = 1.
00101100 DYN Decrement Y-register. If no borrow, status = 1.
00001110 IA Increment accumulator.

00101000 IMAC Load M(X, Y) into accumulator and increment. Status = carry.
00101011 IYC Increment Y-Register. Status = carry.
00001001 KNEZ If K-inputs not equal to zero, status = 1.
0001 (C) LDP Load page buffer with l(C) field.
001111 (B) LDX Load X-register with l(B) field.
00100110 MNEZ If M(X, Y) not equal to zero, status = 1.
001101 (B) RBIT Reset bit l(B) of M(X,Y).
00001111 RETN Return from subroutine.

00001100 RSTR Reset R-line specified by Y-register.
00100111 SAMAN Subtract accumulator from memory. Accumulator = result.

If no borrow, status = 1.
001100(B) SBIT Set Bit l(B) of M(X,Y).
00001101 SETR Set R-line specified by Y-register.
00000011 TAM Transfer accumulator contents to M(X,Y).
00100000 TAMIY Transfer accumulator contents to M(X,Y), increment Y-register.
00000100 TAMZA Transfer accumulator contents to M(X,Y), zero accumulator.
00100100 TAY Transfer accumulator contents to Y-register.
001110(B) TBIT1 If bit l(B) of M(X,Y) is one, status = 1.
0100 (C) TCY Transfer l(C) field to Y-register.
0110(C) TCMIY Transfer l(C) field to M(X,Y), increment Y-register.
00001010 TDO Transfer status latch and accumulator to PLA input register.
00001000 TKA Tranfer K-inputs to accumulator.
00100001 TMA Transfer M(X,Y) to accumulator.
00100010 TMY Transfer M(X,Y) to Y-register.
00100011 TYA Transfer Y-register contents to accumulator.
00101110 XMA Exchange contents of M(X,Y) and accumulator.
00000010 YNEA IfY-register is not equal to accumulator, status and status latch = 1.
0101 (C) YNEC If Y-register is not equal to l(C) field, status = 1.
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Product Preview

4X4 CROSSPOINT SWITCH WITH

CONTROL MEMORY

The MC142100 and MC145100 consist of 16 crosspoint switches

(analog transmission gates) organized in 4 rows and 4 columns. Both

devices have 16 latches, each of which control the state of a parti

cular switch. Any of the 16 switches can be selected by applying

its address to the device and a pulse to the strobe input. The

selected crosspoint will turn on if during strobe. Data In was a one

and will turn off if during strobe. Data In was a zero. In addition the

MC145100 will reset all non-selected switches in the same row as the

selected switch. Other switches are unaffected. In both devices, an

internal power-on reset disables all switches as power is applied.

• Internal Latches Control State of Switches

• Power-On Reset

• Low On Resistance - Typically on 100 SI @ 10 Vdc

• Large Analog Range i Vqq/2

• All Inputs Are Diode Protected

• Matched Switch Characteristics

• High CMOS Noise Immunity

• MC142100 Pin-for-Pin Replacement for CD22100

ii

60-

50-

30-

"O-

jij-i IiH jfh Jh"1
-O 14

7^j|hj^v3

JJ3—" {jjp-" JiB—" JJQ-"
-O 11

O 9 6 1 6 12 O 13
X1 X2 X3 X4

This is advance information and specifications are subject to change without notice.
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MC142100

MC145100

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

4X4 CROSSPOINT SWITCH

WITH CONTROL MEMORY

LSUFFIX

CERAMIC PACKAGE

CASE 620

PSUFFIX

PLASTIC PACKAGE

CASE 648

ORDERING INFORMATION

MC14XXXX ,_ Suffix Donotes

L Commie Packago
P Plastic Packago

A Extondod Oporating

Tompernturo Rango
C Limited Oporating

Tomporature Range

t

PIN ASSIGNMENTS

X2CZ 1 1G =3 VDD

Oata lnt= 2 1C. =J YI

c cz 3 14 ZU Y2

DCZ 4 13 =3X4

B(= 5 12 ZO X3

AC 6 11 Z3 Y4

Strobe CZ 7 10 ZD Y3

vss^ 8 9 =3 XI
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MAXIMUM RATINGS (Voltages referenced to VSs<P«n8)

Rating Symbol Value Unit

DC Supply Voltage vdd -0.5 to +18 Vdc

Input Voltage, All Inputs Vin VDD to -0.5 Vdc

DC Current Drain per Pin 1 10 mAdc

Operating Temperature Range —
AL Device

CL/CP Device

ta
-55 to+125

-40 to +85

°C

Storage Temperature Range Tstg -65 to+150 °C

This device contains circuitry to protect
the inputs against damage due to high static
voltages or electric fields; however, it is
advised that normal precautions be taken
to avoid application of any voltage higher
than maximum rated voltages to this high
impedance circuit. For proper operation it
is recommended that Vjn and Vout be
constrained to the range Vss *» 'vin or
Vout) < VD0.
Unused inputs must always be tied to an
appropriate logic voltage level (e.g.. either

Vgs °r Vdd'-

ELECTRICAL CHARACTERISTICS

Characteristic Symbol
vDd
Vdc

Tlow* 25°C Thigh*
UnitMin Max Min Typ Max Min Max

Input Voltage (Logic) "C" Level
(V0= 4.5 or 0.5 Vdc)
(Vq =90or 1.0 Vdc)
(V0" 13.5 or 1.5 Vdc)

"1" Level

(V0 =0.5 or 4.5 Vdc)
(Vq - 1.0 or 9.0 Vdc)
(Vq = 1-5or 13.5 Vdc)

V|L
5.0

10

15

-

1.5

3.0

3.75

-

2.25

4.50

6.75

1.5

3.9

3.75

-

1.5

3.0

3.75

Vdc

V|H
5.0

10

15

3.5

7.0

11.25

-

3.5

7.0

11.25

2.75

5.50

8.25

-

3.5

7.0

11.25

-

Vdc

Input Current •in 15 - ±0.3 -
±0.00001 i0.3

-

±1.0 HA

Input Capacitance (V;n " 0)
Digital Inputs

Switch Inputs

Cin

10

- - -
5.0

- - -

pF

Output Capacitance Cout 10 - - - - - - -

pF

Feedthrough Capacitance Cin/out - - - - - - - -

pF

Quiescent Current

(Per Package)
'Q 5.0

10

15

-

1.0

2.0

4.0

-

0.0005

0.0010

0.0015

1.0

2.0

4.0

-

7.5

15

30

Adc

On-State Resistance Ron 5.0

10

15

- - - - - - -

fl

On-State Resistance Difference Between

Any Two Switches

AR0n 5.0

10

15

- - - - - - -

n

Input/Output Leakage Current Switch Off 'in/out 15
-

±300
-

iO.OI i300 - I 11000 nAdc

vDd1

Control 0-"<' . ♦-

_ vDD

ANALOG TRANSMISSION GATE

(CROSSPOINT) SCHEMATIC

JII
VDO VOD

-* LTJ
VDD

2;----i i

4>i» 4 tvw*-o
10 Out/Inm—rzsM1^
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SWITCHING CHARACTERISTICS

Characteristic Symbol
vDd
Vdc Min Typ Max Unit

Propagation DelayTimes Vss " ° Vdc
Input to Control (R|_ = 10 kn)

Strobe to Output

Output "1" to High Impedance

Output "0" to High Impedance

High Impedance to Output "1"

High Impedance to Output "0"

«PLH.»PHL 5.0

10

15

- - -

ns

«PHZ 5.0

10

15

- - -

ns

»PLZ 5.0

10

15

- - -

ns

«PZH 5.0

10

15

-

*~

-

ns

»PZL 5.0

10

15

- -

—
ns

Setup Time

Address or Data In to Strobe
»su 5.0

10

15
- -

*~
ns

Hold Time

Address or Data In to Strobe
«h 5.0

10

15

This table lists all of tha characteris

tics to be specified for this device.

Final specifications were not available

at tho time of printing. For the latest
data, contact CMOS Marketing,
Motorola Semiconductor Products

Inc., 3501 Ed Bluestein Blvd., Austin,
Texas 78721.

ns

Strobe Pulse Width «WH 5.0

10

15

ns

SineWave Distortion Vss " ~*-0Vdc
(RL- 10kn.f = 1.0 kHz)

5.0

10

15

%

Frequency Response(SwitchON) Vss " -5-0 Vdc

(RL - 1.0 kn, 20 Log1C.^ • -3.0 dB)
5.0

10

15

—

- -

MHz

Feedthrough Attenuation (Switch OFF)Vss " _50 Vdc

(RL " 1 0 kn, 20 Logic--— - -50 dB)
vin

5.0

10

15

- -

-
MHz

Crosstalk BetweenAny Two Switches Vss " "50 Vdc
(Switch A On, Switch B Off)

(RL - 1.0 kn, 20 Log10 >f/0Ut(B) - -50 dB
vin(A)

5.0

10

15

-

-

-

MHz

TRUTH TABLE

MC1451C0 MC145100

Only Only
Address Switch

Selected

Switches

Cleared

Address Switch

Selected

Switches

ClearedA B C D A B C D

0 0 0 0 X1Y1 0 1 2 3 0 0 0 1 X1Y3 8 9 10 11

1 0 0 0 X2Y1 1 0 2 3 1 0 0 1 X2Y3 9 8 10 11

0 1 0 0 X3Y1 2 0 1 3 0 1 0 1 X3Y3 10 8 9 11

1 1 0 0 X4Y1 3 0 1 2 1 1 0 1 X4Y3 11 8 9 10
0 0 1 0 X1Y2 4 5 6 7 0 0 1 1 X1Y4 12 13 14 15
1 0 1 0 X2Y2 5 4 6 7 1 0 1 1 X2Y4 13 12 14 15
0 1 1 0 X3Y2 6 4 5 7 0 1 1 1 X3Y4 14 12 13 15
1 1 1 0 X4Y2 7 4 5 6 1 1 1 1 X4Y4 IS 12 13 14
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256X4 BIT STATIC RAM

The MCM145101 family of CMOS RAMs offers ultra low power

and fully static operation with a single 5 volt supply. The CMOS
1024-bit devices are organized in 256 words by 4 bits. Separate data
inputs and data outputs permit maximum flexibility in bus-oriented

systems. Data retention at a power supply as low as 2.0 volts over
temperature readily allows design into applications using battery

backup for nonvolatility. The MCM145101 is fully static and does
not require clocking in standby mode.

The MCM145101 is fabricated using the Motorola advanced ion-
implanted, silicon-gate technology for high performance and
high reliability.

• Low Standby Power

• Fast Access Time

• Single + 5.0 Volt Supply
• Fully TTL Compatible—All Inputs and Outputs
• Three-State Output

• Fully Static Operation

• Data Retention to 2.0 Volts

• Direct Replacement for:

Intel 5101 Series

AMI S5101 Series

Hitachi MH435101 Series

• Pin Replacement for Harris HM6501 Series

Typo Number
Typical Standby

Currant

@2 Vdc (uA)

Typical Standby
Current

@> 5 Vdc luAl

Max Access

(nsl

MCM145101L, MCM145101P 0.14 0.2 650

MCM145101-1L, MCM145101-1P 0.14

MCM145101-3L, MCM145101-3P 0.70 1.0 650

MCM145101-8L. MCM145101-8P
-

10 800

,. O^
dl

CE2 o-
1!

CEl °-

OD O £>°-

Address

Buffers

BLOCK DIAGRAM

Coll Array

32 Rows

32 Columns

Columi

Decode

Vcc=Pin22

Gnd = Pin 8

-{$*«

:5s"
(Enable) Select

^>rhh
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MCM145101

CMOS LSI
(LOW-POWER COMPLEMENTARY MOS)

1024-BIT STATIC

RANDOM ACCESS MEMORY

l^»«HPm;:':' ^1l^-*7PJJ
LSUFFIX

CERAMIC PACKAGE PSUFFIX
CASE 736 PLASTIC PACKAGE

CASE 708

ORDERING INFORMATION

MCMIdXXXX

1— P

Denote!

3 Selections for

8 speod and
power (see

(Not table)
Used)

PIN ASSIGNMENT

<-/

A3 vCc :

A2 A4 :

A1 rw :

A0 cTT :

A5 od :

A6 CE2

A7 D04

Gnd DU

DI1 D03

DOl DI3

DI2 DQ2

TRUTH TABLE

CE1 CE2 OD R/W Din Output Mode

H X X X X High Z Not Selected

X L X X X High Z Not Selected

X X H H X High Z Output Disabled

L H H L X HighZ Write

L H L L X Din Write

L H L H X DOut Read



MCM145101

MAXIMUM RATINGS (Voltages referenced toV^ Pin 8)
Rating Symbol Value Unit

OC Supply Volt8ge vcc -0.5 to+7.0 Vdc

Voltage on Any Pin Vin -0.3 to Vqc +0-3 Vdc

Operating Temperature Range TA -40 to +85 °C
Storage Temperature Range Tstg -65 to+150 °C

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

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage andtemperature range unless otherwisenoted)

DC CHARACTERISTICS <TA - 0 to 70°C, Vcc«5Vt 5%)

Characteristic Symbol

MCM145101.-1 MCM145101-3 MCM145101-8

UnitMin Typ Max Min Typ Max Min Typ Max
Input Current •in'2' - 5.0 - - 5.0 _ _ 5.0 _ nAdc
Input High Voltage V|H 2.2 - VCC 2.2 - Vcc 2.2 _ VCC Vdc
Input Low Voltage V|L -0.3 - 0.65 -0.3 - 0.65 -0.3 _ 0.65 Vdc
Output High Voltage

"OH --1.0 mA)
V0H 2.4

- -

2.4
- -

2.4
- -

Vdc

Output Low Voltage

"OL " 2.0 mA)
vol - -

0.4
- -

0.4
- -

0.4 Vdc

Output Leakage Current

(CE1 » 2.2 V. Vql - 0 V to VCc)
lL0(2)

- -
±1.0

- -
11.0

- -
±2.0 MAdc

Operating Current

•vin " vcc- except CEl <,0.65 V, outputs open)
'CCI -

9.0 22
-

9.0 22
-

11 25 mAdc

Operating Current

<Vin - 2.2 V, except CTT< 0.65 V, outputs open)
'CC2 -

13 27
-

13 27
-

15 30 mAdc

Standby Current
(CE2 < 0.2 V)

,CCL<2).(4)
- -

10
- -

200
- -

500 MAdc

CAPACITANCE

Characteristic Symbol Typ Max Unit

Input Capacitance (V;n - 0 V) Cin 4.0 8.0 pF
Output Capacitance (Vout • 0 V) Cout 8.0 12.0 pF

LOW VCC DATA RETENTION CHARACTERISTICS (Excluding MCM145101-8) TA =o°C to 70°C
Parameter

VCC for Pata Retention

MCM145101 orMCM145101-1 Oata
Retention Current

MCM145101-3 Oata Retention Current

Chip Deselect to Oata Retention Time

Operation Recovery Time

Test Conditions

VDR - 2.0 V,

CE2 < 0.2 V
VDR - 2.0 V,

NOTES: 1. Typical values areTa " 25°Cand nominal supply voltage.
2. Current through all inputs andoutputsincluded in Iccl measurement.
3. irc " Read Cycle Time.
4. Low current state is for CE2 • 0 only.

7-664

Symbol

VDR 2.0

'CCDRI

'CCDR2

'COR

tR «RCT3T

Typ.11) Units

MAdc

MAdc



MCM145101

LOW VCC OATA RETENTION WAVEFORM TYPICAL ICCDR vorsus TEMPERATURE

Supply

Voltago —

<vcc>

»CDR-

Chip Enable

(CE2) OV

0.2 V\

READ CYCLE

Oata Retention

m Modo m

~* '-VDR

r

I I
VCC"2-OV
CE2 • 0.2 V

"Vi„ •2.0 V

0 10 20 30 40 SO 60 70

TEMPERATURE CCI

AC OPERATING CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature unless otherwise noted)

AC TEST CONDITIONS

Condition Value

Input Pulse Levels +0.65 V to 2.2 V

Input Rise and Fall Times 20 ns

Output Load- 1 TTL Gate and Cl = 100 pF

Timing Measurement Reference Level | 1.5 Volt

Parameter Symbol

MCM145101-1 MCM145101.-3 MCM145101-8

Min Max Min Max Min Max

Read Cycle »RC 450 - 650 - 800 -

Access Time «A - 450 - 650 -
800

Chip Enable (CE1) to Output «C01 - 400 - 600 -
800

Chip Enable (CE2) to Output «C02 - 500 -
700

-

850

Output Disable to Output «OD -
250

-
350

-

450

Data Output to High Z State >DF 0 130 0 150 0 200

Previous Read Data Valid with Respect to Address Change «OH1 0
-

0
-

0 0

Previous Read Data Valid with Respect to Chip Enable «OH2 0
-

0
-

0 0

WRITE CYCLE

Write Cycle «WC 450 - 650 - 800 -

Write Delay «AW 130 -
150

-
200

-

Chip Enable (CEl) to Write «CW1 350 - 550 -
650

-

Chip Enable (CE2) to Write «CW2 350
-

550
-

650
-

Data Setup «DW 250
-

400
-

450
-

Data Hold «DH 50
-

100
-

100
-

Write Pulse «WP 250
-

400
-

450
-

Write Recovery «WR 50
-

50
-

100
-

Output Disable Setup «DS 130
-

150
-

200
-
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MCM145101

READ CYCLE TIMING

tHC .

DC
-tcor

J

«OH1-

«OH2-

-tc02

♦OD

/

)C

DO-

(Common I/O)Ml

Oata

Out I Data Out Valid

WRITE CYCLE TIMING

tyyc

•DC

•J
OD -

(Common I/O)!2' •'

1

*DS

•«cwi-

tCW2-

<DH-

)C

Oata

In _

'AW

RW

Data In Stoblo 3(

\
twP

NOTES: 1. OO may ba tiod low for toparato I/O oporation.
2. Duringtho writo cyclo. OO is "high" for common I/O and "don*t caro" for tsporato I/O oporation.

4-*WR-»

J
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"M) MOTOROLA

PLL FREQUENCY SYNTHESIZERS

The MC145104, MC145106, MC145107. MC145109, and
MC145112 are phase locked loop (PLL) frequency synthesizer parts
constructed with CMOS devices on a single monolithic structure.
These synthesizers find applications in such areas as CB and FM
transceivers. The device contains an oscillator/amplifier, a 210 or
211 divider chain for that oscillator signal, a programmable divider
chain for the input signal and a phase detector. The MC145104/
5106/5112 have circuitry for a 10.24 MHz oscillator or may operate
with an external signal. The MC145107/5109 require the external
reference signal. Several of the circuits provide a 5.12 MHz output
signal, which can beused for frequency tripling. A29(MC145106/
5109/5112) or 28 (MC145104/5107) programmable divider divides
the input signal frequency for channel selection. The inputs to the
programmable divider arestandard ground-to-supply binary signals.
Pull-down resistors on these inputs normally set these inputs to
ground enabling these programmable inputs to be controlled from
a mechanical switch or electronic circuitry.

The phase detector may control a VCO and yields a high level
signal when input frequency islow, anda low level signal when input
frequency is high. Anout of lock signal isprovided from the on-chip
lock detector with a "0" level for the out of lock condition.

The MC145106 is the full pinout version of this family of parts
and has the capability of all parts in the family. The MC145104/
5107/5109/5112 are limited pinout versions. See block diagrams
for details.

• Single Power Supply

• WideSupply Range: 4.5 to 12 Vdc

• 16 or 18 Pin Plastic Packages

• 10.24 MHz Oscillator on Chip

• 5.12 MHz Output

• Programmable Division Binary Input Selects up to 29
• On-Chip Pull Down Resistors on Programmable Divider Inputs

• Selectable Reference Divider, 210or 211

MAXIMUM RATINGS {Voltages referenced to VSS>
Rating Symbol

DC Supply Voltage

Input Voltage. All Inputs

DC Current Drain per Pin

Operating Temperature Rango

Storage Tomperature Range

vdd

ta

-0.5 to + 12

-0.5toVDD + 0.5

10

-65 to+150

°C

7-667

MC145104
MC145106
MC145107
MC145109
MC145112

CMOS MSI
(LOW-POWER COMPLEMENTARY MOSl

PLL

FREQUENCY SYNTHESIZERS

PSUFFIX

PLASTIC PACKAGE

CASE 648

PSUFFIX

PLASTIC PACKAGE

CASE 707

Pin-for- Pin Replacements for:
MC145104 for SM5104, MM55104, MM55114
MC145106 for MM55106. MM55116
MC145107forSM5107

MC145109 for SM5109
MC145112forSM5106

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 V0(Jt be
constrained to the range V55 ^ (Vjn or
Vout < VDD



MC145104 thru MC145112

RECOMMENDED OPERATION: DCSupply Voltage 43 to 12 Vdc

ELECTRICALCHARACTERISTICS (TA =25° unless otherwise stated.)

Characteristic Symbol

vdd
Vdc

All Types

Min Typ Max Unit

Supply Current 'D 5.0

10

12
|

6

20

28

10

35

50

mAdc

Input Voltage "0" Level

"1" Level

VlL 5.0

10

12

— —
1.5

3.0

3.6

Vdc

V|H 5.0

10

12

3.5

7.0

8.4
- -

Vdc

Input Current (FS) "0" Level
(Pull-up Resistor)

(PO to P8>

(FS) "1" Uvel

(PO to P8)

(Pull-down Resistor)

(Oscjn.fjn> "0" Level

'Owin.W "1" Level

'in 5.0

10

12

5.0

10

12

-5.0

-15

-20

-20

-60

-80

-50

-150

-200

-0.3

-0.3

-0.3

MAdc

5.0

10

12

5.0

10

12

7.5

22.5

30

30

90

120

03

0.3

0.3

75

225

300

MAdc

5.0

10

12

5.0

10

12

-2.0

-6.0

-9.0

2.0

6.0

9.0

-6.0

-25

-37

6.0

25

37

-15

-62

-92

15

62

92

MAdc

Output Drive Current

(V0 - 4.5 Vdc) Source
<V0 - 9.5 Vdc)
(V0-11.5 Vdc)
(V0 - 0.5 Vdc) sink
<V0- 0.5 Vdc)
(Vo • 0.5 Vdc)

'OH
5.0

10

12

-0.7

-1.1

-1.5

-1.4

-2.2

-3.0

-

mAdc

•ol 5.0

10

12

0.9

1.4

2.0

1.8

2.8

4.0
-

mAdc

Input Amplitude
(fin @4.0 MHz)
(Oscm@10.24 MHz)

-
1.0

1.5

0.2

0.3
-

Vp-p

Sine

Input Resistance

<0«in.W
^in

5.0

10

12

-
1.0

0.5
-

MO

Input Capacitance

<°«ln.W
cm

_

6.0

PF

Three State Leakage Current
(« Detout)

'TL
5.0

10

12

- -
1.0

1.0

1.0

MAdc

Input Frequency
(-40°C to +85°C)

<in 43

12
4.0

4.0
- -

MHz

Oscillator Frequency
(-40°C to +85°C)

O^in 4.5

12

10.24

10.24 -

-
MHz
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MC145104 thru MC145112

BLOCK DIAGRAMS

Oscout

0

rWr-

Otcinolc£>-*- Divido 2*° or 21

Phaso
Ootector

Dividoby N Counter 28 - 1

066006
PO P1 P2 P3 P4 PS P6 P7

MC145104

12 I 11 I 10
6 6

P1 P2 P3 P4 P5 P6 P7

MC145107

Oscout

0

Referonco

Oivido21° or 211

VDO • Pin 1
Vss » Pin 16

vdd ' p'n'
vSs" Pi" 16

OSCquI ••'out
0 9

.-WW - »

cincic^>I-|]7p-
i

Roforonco

Divide 29 or210

tf>Dotout

1—AAA/—1

O-i-cj >>"^- Divideby-N Counter 29 - 1

Phase

Detector

O06666666
PO PI P2 P3 P4 P5 P6 P7 PB

MC145106

-Jd>l^ Roforonco

Divide 21° or 211

VOD- Pin 1
Ves " P'n 18

Phaso

Dotoctor

4>Dotout
—O

Dividoby-N Counter 29 —1 —

6 66666666
PO PI P2 P3 P4 P5 P6 P7 P8

MC14S109

VOD - Pin 1
Vss - Pin 16

(-WV-I "

Oscin olc£>-l-
r-^VW-l

Phaso

Dotoctor

0Dotou,
—O

6

Oivida-by-N Counter 29 —1

IS

6 6 0 0
PO PI P2 P3 P4 P5 P6 P7 P8

MC145112

06666

N.C. • Pin 8

VD0 - Pin 1
VSS • Pin ™
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MC145104 thru MC145112

TYPICAL CHARACTERISTICS

FIGURE 1 -MAXIMUM DIVIDER INPUT
FREQUENCY versus SUPPLY VOLTAGE

10 70 30 40
fin. MAXIMUM FREQUENCY(MHt)

TRUTH TABLE

Selection

Divide By NP8 P7 P6 PS P4 P3 P2 P1 PO

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

1

1

0

0

1

0

1

0

2 (Note 1)

3 (Note 2)

2

3

4

0 1 1 1 1 1 1 1 1 255

1 1 1 1 1 1 1 1 1 511

1: Voltage level • Vqd
0: Voltage level » 0 or open circuit input

Note 1: The binary setting of 00000000 and 00000001 on
P8 to POresults in a 2 and 3 division which is not
inthe 2N-1sequence. When pinisnotconnected
(or is not listed a* for the MC145104 and
MC145107), the logic signal on that pin can be
treated as a "0".

FIGURE 2 - MAXIMUM OSCILLATOR INPUT
FREQUENCY versus SUPPLY VOLTAGE

10 20 30 40

Oscjn. MAXIMUM FREQUENCY (MHr)

PIN DESCRIPTIONS

P0- P8- Programmable divider inputs (binary)
fin —Frequency input to programmable divider (derived

from VCO)

OsCjn - Oscillator/amplifierinput terminal
6*Cout —Oscillator/amplifieroutput terminal
LD - Lock detector, low when out of lock
* Detout - Signal for control of external VCO. outputhigh

when fjn/Nis lessthan the reference frequency; output
lowwhenfjn/Nisgreater thanthe reference frequency.
Reference frequency is the divided down oscillator -
input frequency typically 5.0 or 10 kHz.

FS - ReferenceOscillator Frequency Division Select.When
using 10.24 MHz Osc frequency, this control selects
10 kHz, a "0" selects 5.0 kHz.

+2out- ReferenceOsc frequency dividedby 2 output;when
using 10.24 MHzOsc frequency, this output is 5.12
MHz for frequency tripling applications.

Vdd - Positive power supply
Vss —Ground
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MC145104 thru MC145112

PLL SYNTHESIZER APPLICATIONS

The MC145104, MC145106, MC145107, MC145109,
MC145112 ICs are well suited for Applications in CB
radios because of the channelized frequency requirements.
A typical 40 channel CB transceiver synthesizer using a
single crystal reference is shown in Figure 3 for receiver
IF values of 10.695 MHz and 455 kHz.

In addition to applicationsinCBradios,the MC145104-
12 ICscan be used as a synthesizer for several other systems.
Various frequency spectrums canbe achieved through the
use of proper offset, prescaling and loop programming
techniques. In general, 300-400 channels can be syn
thesized using a single loop, with many additional
channels available when multiple loop approaches are
employed. Figures 4 and 5 are examples of some
possibilities.

In the aircraft syntheizer of Figure 5, the VHF loop
(top) will provide a50 kHz 360channel system with 10.7
MHz R/T offset when only the 11.0500 MHz (transmit)
and 12.1200 MHz (receive) frequencies are provided to

mixer #1. When these signals are provided with crystal
oscillators, the result is a three crystal, 360 channel,
50 kHz step synthesizer. When using the offset loop
(bottom) in Figure 5 to provide the indicated injection
frequencies for mixer #1 (two for transmit and two for
receive) 360 additional channels are possible. This results
in a 720 channel, 25 kHz step synthesizer which requires
only two crystals and provides R/T offset capability. The
receive offset value is determined by the 11.31 MHz
crystal frequency andis 10.7MHz for the example.

The VHF marine synthesizer in Figure 4 depicts a
single loop approach for FM transceivers. The VCO
operates on-frequency during transmit and isoffset down
ward during receive. The offset corresponds to the
receiver I F (10.7 MHz) for channels having identical
receive/transmit frequencies (simplex), and is (10.7 -
4.6 = 6.1) MHz for duplex channels. Carrier modulation
is introduced in the loop during transmit.

FIGURE 3- SINGLE CRYSTAL CB SYNTHESIZER FEATURING ON-FREQUENCY VCO DURING TRANSMIT

rHDr-
_L 10.24

MHz

i-VW—'

1- Osc H

MC145106

1

i29/210

Programmable Divider

P
Switch

Wafers

Phaso

Dotoctor

Loop

Filtor 26.965 - 27.405
MHz (transmit)

26.510- 26.950
MHz (recclvo)

1.365 - 1.805 MHz (trantmlt)
0.91 — 1.35 MHz (rocoivo) to Rocolvor

2nd Mixer

MHz 16.270 - 16.710
f MHz

Rocoiver 1st

Local Osc Signs!

Circuit diagrams utilizing Motorola products aro includod as s moans
of illuttroting typical semiconductor applications; consequently,
comploto informotion sufficiont tor construction purposos is not
nocossarily givon. Tho informotion has boon carofully chocked and

is boliovod to bo ontiroly roliablo. Howovor. no responsibility is
assumod for inaccuracios. Furthormoro. such information does not
convoy to tho purchaserof tho somiconductor dovicos described any
liconso undor tho patent rights of Motorola Inc. or others.
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MC145104 thru MC145112

FIGURE 4 - VHF MARINE TRANSCEIVER SYNTHESIZER

Gnd

J_
P_

, i Lock Dotoct

Rof

Osc

w
8.12 MHz

(10.24 MHz)

NOTES:

• Rocolvor IF - 10.7 MHz

• Low Sldo Injection

• Duplex Offsat - 4.6 MHz

• StopSIzo- 25 kHz

• Froquincles in MHz unless
notod

210211
Divider

Oj2.5 kHz

MC145109 (5.0 kHz)
Phaso

Dotoctor

*N 29 - 1
rp

Programmable Inputs
N -97 to 153

•152

Buffor

Filtor

.2425 - .3825

(.4850 - .7650)
V3800

15.38(30.72)

Transmit Recoivo

• Valuas in Parentheses ara

for a 5.0 kHz Roforonco

Froquoncy

• Examplo Frequencies for
Channol 28 Shown by *

#Csn bo ollmlnotod by adding
184 to -rN for Duplox Channels.

Loop
Filtor

Transmit

Modulation

Circuit

VCO

& Buffor

Transmit Range
156.025- 157.425 MHz

Receiver L.O. Range
145.575 - 152.575 MHz

•161.3

+ 10 I* 5) «

Recoivo Offsot

Oscillator

14.29

(28.58)

>x O/ O Du

CZD LZZD*

XT
14.75*

(29.50)

FIGURE 5 - VHFAIRCRAFT 720CHANNEL TWO CRYSTAL FREQUENCY SYNTHESIZER

I ' Lock Dotoct

HDI
10.24

MHz

•WW—.i

I Osc. *
i *2 4- 29.210

5.12

MHz

N 2» - 1 Li1
Phaso

Dotoctor

I
'DD

VHF Loop
Programming

750 kHz - 2545 kHz

N - 160 - 509

| 210f211
Divider

Gnd

Phaso

Dotoctor

+ N 29 - 1

1 0 1 0 0 0 1 0 A
Offset Loop

Programming

810 kHz-812.5 kHz

N - 324 - 325

/od Gnd

_, Loop
Filtor

Mixer

#1

Loop

Filter

Mixer

#2
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VCO and

Buffor

TtO

VCO end

Buffor

Amp
Osc

TRANSMIT

118.000- 135.975 MHz
—*» (25 kHz Stops)

RECEIVE

128.700 - 146.675 MHz

TRANSMIT

11.0500 MHz
11.0525 MHz

RECEIVE

12.1200 MHz

12.1225 MHz

c, TRANSMIT
10.24 MHz

1 RECEIVE
I 11.31 MHz

r~~i (Select Froquoncy to Givo
~J~ Oeslrod R/T Offsot)



® MOTOROLA

Product Preview

4096X1-BIT STATIC RANDOM ACCESSMEMORIES

The MCM146504 is a 4096X1-bit static random access memory,
fabricated with high density, high reliability CMOS silicon-gate
technology. The device has TTL compatible inputs and outputs. It is
designed to retain data at low supply voltages, to further reduce
supply current requirements.

The MCM 146504 is useful in memory applications where
low-power and non-volatility is required. It is assembled in 18pin
dualin-line package with the industrystandard pin-outs.

Single Low Voltage PowerSupply

Static Operation

Industry Standard 18-PinConfiguration

Fully TTL Compatible

Common Data Input and Output Capability

Three-State Outputs

Low PowerDissipation - Standby 10 mW (Ty

Ideal for Battery Backup Operation

Access Time - 450 ns (Maxi

Pinout and Functional

Harris - HM6504
Intersil - IM6504

up upeiauuii -

(Maximum) ^^\^
al RepljttefierVf\i**

BLOCK DIAGRAM

<Q)&\ cJ8

A3 A4 AS A11 A10 A9

Thisisadvance information and specifications arosubioctto chango withoutnotice.
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MCM146504

CMOS LSI
(LOW-POWERCOMPLEMENTARY MOS)

4096X1-BIT STATIC
RANDOM ACCESS MEMORIES

#r
&>• PIN ASSIGNMENT

AO vcc

A1 All

A4 A10

A5 A9

A2 A8

A3 A7

Q A6

w" D

vSs S

PIN NAMES

)15

)14

113

312

AO-A11 Address Input

D Data Input

O Data Output

S Chip Select

VCC Powor Supply (* 5 V)

vSs Ground

w Write Enable

TRUTH TABLE

s W 0 Q Mode

H X X HI Z Not Selected

L L L HI Z Writo "O"

L L H HI Z Write "1"

L H X Output data Road



This is advance information and specifications are subject to change without notice
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MCM 146508, MCM 146518

MAXIMUM RATINGS (Voltages Referenced to Vss)

Rating Symbol Value Unit

DC Supply Voltage vdd -0.5 to +7.0 Vdc

Input Voltage, All Inputs Vin -0.3 to Vdd + 0.3 Vdc

Operating Temperature Range
MCM146S08/MCM146S18

MCM146508-1/MCM146518-1

MCM146508-2/MCM146518-2

ta
-40 to +85

-40 to +85

-55 to+125

°C

Storage Temperature Range Tstg -65 to +150 °C

DC CHARACTERISTICS (vDD = 5.0V±10%.TA-25°C)

Characteristic Symbol

MCM146S08-1

MCM146518-1

MCM146S08

MCM146518

MCM146508-2

MCM146518-2

UnitMin Typ Max Min Typ Max Min Typ Max

Input Current •in - 5.0 - - 5.0 - -
5.0

-
nAdc

Input High Voltage V|H vDd -2.0 - vdd VDD - 2.0 - vdd - - Vdd Vdc

Input Low Voltage V)L -0.3 - 0.8 -0.3
-

0.8 -0.3
-

0.8 Vdc

Output High Voltage

ll0H"-1.0mAl
V0H 2.4

- -

2.4
—

"

2.4 Vdc

Output Low Voltage

(lOL ° 20 mA)
vol - -

0.4
- -

0.4

"

0.4 Vdc

Output Leakage Current

(V0L • 0 V to VDD)
"OL - -

±1.0
— ~

±1.0 ±1.0 uAdc

Standby Current

»v,h»e-ST-52-Vdd)
>DDSB -

0.1 10
—

1.0 100

"

1.0 100 nAdc

Data Retention Current

|VDD - 2.2 V - V|H -
E-ST-37)

'DDDR

"

0.1 1.0 0.1 10 0.1 10 uAdc

Operating Current

(tELEH-10us)
•ddop - - — ~ —

" "

mAdc

CAPACITANCE

Characteristic Symbol Typ Max Unit

Input Capacitance (Vjn - 0 V) Cin 4.0 8.0 pF

Output Capacitanco (Vout - 0 V) cout 8.0 12 pF

AC OPERATING CONDITIONS

Condition Value

Input Pulse Levels +0.8 V to Vqd " 20 V

Input Rise and Fall Times 20 ns

Output Load 1 TTL Gate and Cl " 50 pF

Timing Measurement Reference Level 1.6 V

Supply Voltage 5.0 V ± 10%

Temperature Range

MCM146508/MCM146518

MCM146508-1 /MCM146518-1

MCM146508-2/MCM146518-2

-40°C to +85°C
-40°C to +85°C
-55°Cto+125°C

This device contains circuitry to protect the
inputs against damage due to high static volt
ages or electric fields; however, it is advised that
normal precautions be taken to avoid applica
tion of any voltage higher than maximum rated
voltages to this high impedance circuit.
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MCM146508, MCM146518

AC CHARACTERISTICS

Paramotcr Symbol

MCM146508-1

MCM146518-1

MCM146508-2

MCM146518-2

MCM146508

MCM146518

UnitMin Max Min Max Min Max

Read or Write Cycle Time «ELEL 500 - 500 - 760 - ns

Enable Pulse Width, Low «ELEH 300
- 300 - 460 - ns

Enable Pulse Width. High 'EHEL 200
-

200
- 300 - ns

Enable Access Time *ELQV -
300

-
300

-
460 ns

Address Setup »AVEL 7.0
-

7.0
-

15
- ns

Address Hold «ELAX 90
-

90
- 150 - ns

Data Setup «DVWH 200
-

200
- 300 - ns

Data Hold «WHDX 0
-

0
-

0
- ns

Write Pulse Width 'WLWH 200
-

200
- 300 - ns

Write Enable to Output Disable *WLQZ -
180

- 180 - 285 ns

Output Disable (MCI46508 Only) <EHQ2 - 180 - 180 - 285 ns

Output Disable (MC146518 Only) 'SHQZ -
180

- 180 - 285 ns

Write Disable to Output Enable «WHQX -
180

- 180 - 285 ns

Output Enable (MC146508 Only) «ELQX - 180 - 180 - 285 ns

Output Enable IMC146518 Only) «SLQX -
180

- 180 - 285 ns

Select to Write Pulse Setup «WLSH 200
-

200
-

300
- ns

Select to Write Pulse Hold «SLWH 200
-

200
- 300 - ns

Enable to Write Pulse Setup «WLEH 200 - 200 - 300 - ns

Enable to Write Pulse Hold «ELWH 200
-

200
-

300
- ns

TIMING PARAMETER ABBREVIATIONS

XXXX

signal name from which interval is defined —' I
transition direction for first signal '

signal name to which interval is defined

transition direction for second signal

The transition definitions used in this data sheet are:
H = transition to high
L - transition to low

V = transition to valid

X = transition to invalid or don't care

Z = transition to off (high impedance)

Circuit diagrams utilizing Motorola products are includod as a moans
of illustrating typical somiconductor applications; consoquontly.
comploto information sufficiont for construction purposes is not
nocossarily givon. Tho information has been carefully checked and

TIMING LIMITS

The table of timing values shows either a minimum or

a maximum limit for each parameter. Input requirements
are specified from the external system point of view.
Thus, address setup time is shown as a minimum since the
system must supply at least that much time (even though
most devices do not require it). On the other hand,
responses from the memory are specified from the device

point of view. Thus, the access time is shown as a maxi

mum since the device never provides data later than
that time.

is boliovod to bo entirely roliablo. Howovor, no responsibility is
assumed for inaccuracies. Furthormoro, such information does not
convey to the purchaser of tho semiconductor dovicos described any
license under tho patent rights of Motorola Inc. or others.
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READ CYCLE TIMING ^:5k ± $<:%<
Jr1

« «EHEL-

q Previous X
_Data V

•\

JC

High Z
CZDK

«SLQX

y

t

Valid Output
High Z

>-
♦tSHOZ"

si i L.
S2 X 2k z

Timo Roferenco .

WRITE CYCLE TIMING

t-4
TRUTH TABLE

Time

Reference

Inputs Output

FunctionI 3 W A D a

-1 H H X X X z Disabled

0 ^ X H V X z Address Latched

1 L L H X X X Output Enablod

2 L L H X X V Output Valid

3 J~ L H X X V Output Latched

4 H H X X X z Disabled (Same os - 1)

5 "V X H V X z Next Cycle (Some as 0)

«AVEL-*-| ["'E
>t

'ELAX-j

EOC
|-« «EHEL -«

zjr^—\ s

SI"

S2.

Tlmo Roforonco -

2, /L

± •±
High Z

X ±
^4 4 1 1-

TRUTH TABLE

Time

Reference

Inputs Output

FunctionI s W A 0 Q

-1 H X X X X z Disabled

0 \_ X X V X z Address Latched

1 L L L X V z Write Modo

2 L J L X V z Data Written

3 J X X X X z Write Complotod

4 H X X X X z Disabled (Samo as -1)

5 "V X X V X z Next Cycle (Same as 0)

NOTES: _
1. MCM146518 seloctod only if both SI ond S2 are low ond deselectod if
either SI or S2 is high. §"?ond 35 ore connected to E on the MCM146508.
2. The address within tho momory will chango only on falling E".
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CHAPTER 8 - CMOS RELIABILITY AND QUALITY CONTROL

PAGE NO.

Basic Concepts 8"3
Source of Reliability 8'6

o 7

Screening

System Implementation and Motorola Data 8-12

Paramount in the mind of every semiconductor user is
the question of device performance versus time. After
the applicability of a particular device has been established,
its effectiveness depends on the length of trouble-free
service it can offer. The reliability of a device is exactly
that - an expression of how well it will serve the customer.

BASIC CONCEPTS

It is essential to begin with an explanation of the
various parameters of reliability. These are probably
summarized best in the Bathtub Curve (Figure 1). The
reliability of a device is characterized by three phases:
infant mortality, random failure and wearout. When a
device is produced there is often a small distribution of
failure mechanisms which will exhibit themselves under
relatively moderate stress levels and therefore appear
early.Thisperiod ofearlyfailures, termedinfantmortality,
can often be reduced significantly through proper manu
facturing controls and screening techniques. The most
effective period is that in which only occasional random
failure mechanisms appear. This typically spans a long
period of timewithavery lowfailure rate. The final period
is that in which the devices literally wear out due to
continuous phenomena which existed at the timeof manu
facture. Using reasonable design techniques and selectivity
in applications this period can easily be extended beyond
the lifetime required by the user.

FIGURE 1 -THE BATHTUB CURVE

Random

Infant Failure Wearout

Mortality Mechanisms Phenomena

X
/

^3

^y
Time

Random Failure

Both the infant mortality and random failure rate re

gions can be described through the same types of calcu
lations. During this time the probability of having no
failures to a specific point in time can be expressed by the
equation

P0- e - Xt
where X is the failure rate and t is time. Since Xis changing
rapidly during infant mortality, the expression does not
become useful until the random period, whereX is relatively
constant. In this equation X is failures per unit of time. It
is usually expressed in percent failures per thousand
hours. Other forms include FIT (Failures in Time =
[(%/103 hrs] x 1CM = 10-9 failures per hour) and MTTF
(Mean Time To Failure) or MTBF (Mean Time Between
Failures), both being equal to l/Xand having units of hours.

Since reliability evaluations usually involveonly samples
of an entire population of devices, the concepts of the
Central Limit Theorem apply and X is calculated using the
X2 distribution through the equation:

X< X2 (a. 2r + 2)
2nt

100-CL

CL

8-3

Where a =
100

>= Confidence Limit in percent

r = Number of rejects

n = Number of devices

t = Duration of test

The confidence limit is the degree of conservatism desired
in the calculation. The Central Limit Theorem states that
the values of any sample of units out of a large popu
lation will produce a normal distribution. A 50% confi
dence limit is termed the best estimate and is the mean
of this distribution. A 90% confidence limit is a very
conservative value and results in a higher X which repre
sents the point at which 90% of the area of the distribu
tion is to the left of that value (Figure 2). The term
(2r + 2) is called the degrees of freedom and is an ex
pression of the number of rejects in a form suitable to X2
tables.
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FIGURE 2 - CONFIDENCE LIMITS AND THE DISTRIBUTION
OF SAMPLE FAILURE RATES

90%CL

K, Failure Rate

The number of rejects is a critical factor since the defi

nition of rejects often differs between manufacturers.

While Motorola uses data sheet limits to determine failures,
sometimes rejects are counted only if they are cata
strophic. Due to the increasing chance of a test not being
representative of the entire population as sample size and
test time are decreased, the X2 calculation produces
surprisingly high values of X for short test durations even
though the true long-term failure rate may be quite low.
For this reason relatively large amounts of data must be
gathered to demonstrate the real long-term failure rate.
Since this would require years of testing on thousands
of devices, methods of accelerated testing have been
developed.

Years of semiconductor device testing has shown that
temperature will accelerate failures and that this behavior

fits the form of the Arrhenius equation:

R (t, T)
where R (t, T)

- Ro(t)e-0/kT
= Reaction rate as a function

of time and temperature

= A constant with respect

to temperature

= Time

= Activation energy in

electron volts

= Boltzman's constant

= Temperature in degrees
Kelvin

To provide time-temperature equivalents this equation is
applied to failure rate calculations in the form

where

• toe0/kT

= Time

= A constant

The Arrhenius equation states that reaction rate increases

with temperature. This produces a straight line when
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plotted on log-linear paper with a slope expressed by 0.0
may be physically interpreted as the energy threshold of a
particular reaction or failure mechanism.

The activation energy exhibited by CMOS integrated
circuits varies from about 0.7 eV for serious contamination

problems to about 1.3 eV. Although the relationships do
not prohibit devices from having poor failure rates and

high activation energies, good performance often implies a
high 0. Studies by Bell Telephone Laboratories have indi
cated that an overall 0 for semiconductors is 1.0 eV. This

value has been accepted by the Rome Air Development

Command for time-temperature acceleration in life testing
specified in Method 1005.1 of MILSTD-883A. Data

taken by McDonnell Douglas and Motorola on CMOS

devices has verified this number and it is therefore applied
as our standard time-temperature regression for extrapola
tion of high temperature failure rates to temperatures at
which the devices will be used.

FIGURE 3 - NORMALIZED TIME-TEMPERATURE

REGRESSIONS FOR VARIOUS ACTIVATION

ENERGY VALUES

1000/°K

1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6

410 ' ISO
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Temperature (°C)



The Arrhenius relationship can be used to determine
the failure rate at temperatures other than the test tem
perature of the device. (Figure 3 is a log-normal plot
generated by the Arrheniusequation.) To accomplish this,
the time in device hours (tl) and temperature (T1) of the
test are plotted as point P1. A vertical line is drawn at the
temperature of interest (T2) and a line with a 1.0 eV slope
is drawn through point P1. Its intersection with the verti
cal line defines point P2, and determines the number of
equivalent device hours (t2). This number may then be
used with the X2 formula to determine the failure rate at

the temperature of interest. Assuming Tl of 125°C at t1
of 10,000 hours, a t2 of 8.8 million hours results in a T2
of 50°C. If one failure occurs in the 10,000 device hours

of testing at 125°C, the failure rate at that temperature
will be 20%/1000 hours using a 60% confidence level. One
failure in the equivalent 8.8 million device hours at
50°C will result in a 0.023%/1000 hour failure rate, as

illustrated by Figure 4.

FIGURE 4 - FAILURE RATE

1000/°K

1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6

For increased flexibility in working with a broad range of
device hours, the time-temperature regression lines have
been normalized to 500°C and the time scale omitted,

permitting the user to define the scale based on his own
requirements.

Three parameters determine the failure rate quoted by
the manufacturer: the failure rate at the test temperature,

the activation energy employed, and the difference
between the test temperature and the temperature of the
quoted X. A term often used in this manipulation is the
"acceleration factor" which is simply the equivalent
device hours at the lower temperature divided by the

actual test device hours.

Wearout

Every device will eventually fail, but with reasonable
care in design and application the wearout phase can be
extended well beyond the lifetime required. During wear-
out, as in infant mortality, the failure rate is changing
rapidly and therefore loses its value. The parameter used
to describe performance in this area is "Median Life"
and is the point at which 50% of the devices have failed.
There are currently only two significant wearout mecha
nisms: electromigration of circuit metallization and
electrolytic corrosion in plastic devices.

Electromigration is the current induced mass transport
of metallization due to high temperature and current den
sity. It is strongly affectedby the type of metallization as
well as the grain structure and surface sealing. It is there
fore important that the designer predict the maximum
junction temperature of the device, the current on allspace
limited lines and the process characteristics such as thick
ness variation, grain size, and step coverage. With these
parameters fixed, a median life goal can be selected and
the metal width chosen accordingly. Reasonable consider
ation in the design phase, coupled with careful die in
spection, can therefore eliminate this phenomena as one
of practical concern.

A more pertinent mechanism is the electrolytic corro
sion of die metallization by moisture and applied voltage.
Although it can occur in hermetic packages which are not
properly sealed, hermeticity testing can easily prevent it.
Adequate control of the plastic process will also provide
a device which performs well under a wide range of nor
mal environments.

Sampling Procedures
There are primarily three methods of measuring how

well a lot of product meets the quality and reliability re
quirements of the customer; 100% testingusinga Percent
Defective Allowable (PDA), sampling based on an Accep
table Quality Level (AQL), and sampling based on a Lot
Tolerance Percent Defective (LTPD). Since 100% testing
is time consuming and expensive, sampling procedures
are typically employed to assure acceptably low defect

0.00001
450 3S0 ISO

500 400 300 200

Tomperature (°C)
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levels.

A PDA is simply a reject percentage above which the
lot will be rejected. Depending on how the PDA was

derived, it may or may not be statistically sound. The

availability of theoretically accurate sampling plans in the
various military specifications has led to wide use of AQL

and LTPD plans. Depending on lot size and sample size,
three different probability distributions may be used to
derive the sampling plan: the Binomial, the Hypergeometric
and the Poisson. The assumptions of a particular sample
size (n) and acceptance number (c) and the use of these

distributions will generate an Operating Characteristic
(OC) Curve as shown in Figure 5. The AQL is defined at
the 95% probability of lot acceptance level while the

LTPD is defined at the 10% level. The AQL point describes
the Producer's Risk of rejecting a good lot (5%) while the

LTPD point describes the Consumer's Risk of accepting a
bad lot (10%) given that the incoming product contains
the percent defective p.

It is important to remember that although the concepts

of Producer's and Consumer's Risk are utilized to describe

AQLs and LTPDs. both are merely indicators of the per
formance of the original population. Both plans are widely
used by manufacturers and users alike. By definition,

LTPDs employ fixed sample sizes while AQL plans adjust
the sample size according to the lot size. As in the case of
failure rate determination, the criteria established to
determine rejects and their interpretation are key factors
in determining the performance of lots during inspection.

THE SOURCE OF RELIABILITY

One of the most popular sayings about reliability is
that it must be "built in," not "tested in." Every manu
facturing process exhibits a distribution of quality and
reliability. The intent of the saying is that this distribution
must be controlled to assure a high mean value, a narrow

FIGURE 5 - OPERATING CHARACTERISTIC CURVE

100-

* 95
o

a

a
6

<

o

3

a
o

£

<" 10
a

AQL

\ n =52 =SampleSize
\ c " 2 • Acceptance Number

\^_ LTPD

1.6 10

p. Percent Defective {%)

8-6

range and a consistent shape. Through proper design and
process control this can be accomplished, thereby reducing

the task of screening programs which attempt to eliminate
the lower tail of the distribution.

Design

A close interface must be maintained between reliability
and design. For this reason a large part of the reliability
effort is dedicated to a day by day interface with the
device design and processing groups. Through this mutual
effort new techniques are evaluated and proven before
they are committed to production. Special test vehicles
are generated and experiments performed to verify that

the performance of new approaches meets or exceeds

the standards of the product line. This effort is not only
a beneficial application of reliability principles but an
absolute necessity to provide the rapid product develop
ment demanded by the dynamic integrated circuit market
place.

Processing

In addition to the design interface, reliability engineers
work closely with process engineers in both the wafer and
assembly areas. As each new process is developed, it is
also tested to assure that it presents no hazards to the
reliability of the ultimate product. This testing is an ex
tensive qualification program which is performed indepen
dently on processes, packages and designs.

New wafer processes are qualified using prototypes
of production devices. Each new package is tested using
methods based on MIL-STD-883. Assembly process
changes are qualified by employing them in the construc
tion and testing of well-characterized products. After
these primary level qualifications, wafer processes are
generically qualified in new packaging systems to assure
process-package compatibility. While assembly-oriented
qualifications center around the thermal-mechanical

sequences of MIL-STD-883, wafer process qualifications
emphasize dynamic high temperature stress testing. (See
Figures 6 and 7).

After testing has proven the performance of the
process, it is specified and documented to provide a base

line for process control. Beyond the detailed process
control efforts of the process engineering groups, an
In-Process Quality Control (IPQC) group exists to assure
that process control is meeting its objectives. IPQC
accomplishes this through surveillance of both the wafer

and assembly areas (see Figure 8). There are two major
inspection points in the wafer processing areas: CV
Plotting and Final Visual. Samples from each wafer lot are
stringently tested for voltage shift and inspected for gold
backing and visual defects. The three major inspection
points in the Assembly Area are Die High Power, Die
Bond-Wire Bond and Pre-Cap.



FIGURE 6 - TYPICAL PACKAGE TESTS PER PACKAGE
QUALIFICATION PROGRAM PLAN-REPORT 7639-2A

Tost
MIL-STD-883
Test Method

Tort

Condition

Operating Life 1005 N/A

High Temperature Storage N/A 150°C

Temperature Cycle 1010 C

Thermal Shock 1011 C

Thermal Resistance N/A N/A

Mechanical Shock 2002 B

Constant Acceleration 2001 E

Vibration, Variable Frequency 2007 A

Wire Pull (Hermetic) 2011 D

Temperature-Humidity-Bias
(Plastic)

N/A 85°C/85%

RH/10V

Moisture Resistance 1004 Unbiased

Salt Atmosphere

Solderobility

1009

2003

A

260°C

Lead Fatigue 2004 82

Marking Permanency

Physical Dimensions

2015

2016

N/A

N/A

All of these inspection points are known as "Gate
Inspections" and are performed on lots of material.
Wafers are grouped into lots which generally consist of
thirty to fifty waferswhile individual devices aregrouped
into assembly orders consisting of 500 to 2000 devices.
Each lot or assembly order is submitted to In-Process
Quality Assurance Gate Inspection. If accepted, they are
passed to the next operation, while failed material is
returned to Production for 100% screening. Only the
wafers or devices that meet all established standards
are accepted for continued processing.

"Monitor" inspections are performed in the assembly
area on each individual machine and operator. The moni
tors are designed to control the operation, and provide
feedback of quality problemsto the responsible production
supervision. Periodic line audits are used to check for:

1. Documented procedures on each operation
2. Proper usage of specifications
3. Up-to-date calibration of equipment
4. Proper settings on equipment
5. Housekeeping

6. Safety precautions.

Inaddition to product-orientedsurveillance,all incoming
materials, including wafers, mask, chemicals, piece parts
and moldingcompounds, are inspected priorto use. Each
supplier is qualified through the joint efforts of Incoming
Quality Control and Reliability Engineering, and continu
ously rated to assure consistency.

Comprehensive training programs are provided for all
domestic and off-shore personnel, new plant start-ups,
changes in specifications, or process changes. The primary
objective is to evaluate the material in process and assure
that CMOS products meet the levels of reliability and
quality which are consistent with the requirements of
our customers.

SCREENING

During the lifetime of the semiconductor industry, a
wide variety of screening techniques have evolved to
eliminate the lower tail of the process distribution dis
cussed previously. These techniques may be categorized
in two ways, as illustrated by the two axes of the matrix
in Figure 9. The performing agency varies, depending on
the type and purpose of the test. Most screens utilized by
the industry today are based on MIL-STD-883 and are
employed by Motorola inthevarious categories of Figure 9.

Several 100% visual screens are performed during
assembly using both stereozoom and metallurgical micro
scopes. Subsequent sampling is performed by In-Process
Quality Control as described above. The assembly me
chanical tests for hermetic product consist of:

1. Gross leak sampling

2. Temperature cycling
3. Krypton-85 fine testing.

At the end of the assembly process, production final
test screens the product with a comprehensive series of
DC, functional, and speed-oriented electrical tests. These
tests are normally more stringent than data sheet require
ments and are sampled by Outgoing Quality Control per

the flow chart of Figure 10.
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FIGURE 7 - RELIABILITY EVALUATION TEST FLOW

CIRCUITS

ACCELERATED LIFE TEST

MINIMUM SAMPLE • 40

TA > MAXIMUM RATED AMBIENT
TEMPERATURE OF THE OEVICE

PROCESS CONTROL

PATTERNS

(OPTIONALI

O.C BIAS STRESS

MINIMUM SAMPLE - 1

TA -1S00C

ACCELERATED

LIFE TEST

T • 168 HRS

REJECTS

D.C. BIAS

STRESS

T - tsa HRS

*

1

188 HR

ELECTRICAL

TEST

VERIFY

AND

CHARACTERIZE

REJECTS

'

4 168 HR

ELECTRICAL

TESTACCELERATED

LtFE TEST

T- 804 HRS

' 1

REJECTS

REJECTS __ !

♦
904 KR

ELECTRICAL

TEST

VERIFY

AND

CHARACTERIZE

'

D.C. BIAS

STRESS

T • 504 MRS4
ACCELERATED

LIFE TEST

T • tOOS HRS

'

REJECTS _

* r

1008 HR

ELECTRICAL

TEST

VERIFY

AND

CHARACTERIZE

504 KR

ELECTRICAL

TEST

' ,

FAILURE

ANALYSIS

^ *

QUALIFICATION DECISION
FORMAL REPORT

8-8



ASSEMBLY —

FIGURE 8 - HERMETIC PACKAGE QUALITY CONTROL FLOW CHART
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FIGURE 9 - TESTING CATEGORIES

Category
Visual

Inspection

Thermal/
Mechanical

Testing

Electrical

Testing
Environmental

Stress

100% Assembly Assembly Final Test Production Burn-in

Sampling In-Process QC
Outgoing QC

In-Process QC Outgoing QC Lot Processing
Quality Assurance

Qualification Testing Reliability Engineering
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FIGURE 10 - CMOS OUTGOING QUALITY CONTROL FINAL TEST FLOW
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Outgoing QC performs electrical inspections as out
lined below. These consist of DC and functional tests and

are performed to an LTPD of 5 with a 0 accept number.
Visual inspections are also performed using the same
LTPD and in both cases the lots are returned for 100%
rescreen if failed. The production final test philosophy is
described and compared to the Outgoing Quality Control
tests in Figure 11. In addition to the techniques described
here, a Quality Assurance organization exists to approve
final test programs and conduct periodic monitors of all
products for a wide variety of environmental life and
electrical tests.

Various methods are touted for reducing the infant
mortality of CMOS including temperature cycle, thermal
shock, high temperature testing, stabilization bake and
burn-in. Temperature cycle is a standard part of the
ceramic assembly process where it is useful for detecting
hermeticity problems, but as a screen, it is usuallydirected
toward wire bond failures in plastic. The data includecT
in the System Implementation section adequately demon
strates that several hundred cycles at extreme temper
ature rangesare required to produce failures in Motorola
plasticCMOS and that thermal shock iseven lesseffective.
There is obviously no benefit in thermal cycling for
eliminating infant mortality in Motorola Plastic CMOS,

and the high temperature continuity data support the
same conclusion. Stabilization bake was introduced
for unpassivated discrete products and did have a signi
ficant effect. With properly passivated integrated circuits
and Motorola product in particular, the effect of a bake
is insignificant since no bias is present to drive mobile
ions or stress junction defects. Cost adders for bakes
are particularly misleading since the sealing temperature
of ceramic packges performs this function and a cure
cycle is always part of the plastic process.

Constant acceleration is occasionally required for her
metic product testing. The intent of this centrifuge test
is to exert a force on the wire bonds which would detect
latent failures. Calculations have shown that even at
30,000 Gs, a higher than normal military requirement,
the force on a wire is in the order of 100 mg. This is insig
nificant compared to a wire pull average of at least 7000
mg. Since each wire bonder is sampled continuously to
provide constant control, centrifuge becomes a needless
screen. Occasionally die bonds can fail in a centrifuge
test, but Motorola controls this factor by employing
stringentwetting criteria in a 100% visual screenenforced
by In-Process QC.

Burn-in remains the only screening technique which is
effective in eliminating infant mortality. To characterize

FIGURE 11 - MOTOROLA CMOS FINAL TEST OF STANDARD PRODUCT

TESTS PERFORMED ON 100% OF PRODUCT

1. Functional, Vqd = 3 Volts
Vqd = 18 Volte

2. LeakageCurrent Odd). VDD = 5 Volts
Vdd= 15 Volte

3. Output Voltage (Vqh/VoL). VDD = 15 Volts

4. Output Current Ooh/'OL). vDD = 5 Volts
Vdd= 10 Volte

5. Input Voltage (V|l/V|h), Vqo = 5 Volts
(Noise Immunity)

Vdd = 15 Volts

6. Input Current (ljn). Vqd = 15 Volts

7. OutputSaturationCurrent2(lsat),Vqd = 5 Volts
(Unbuffered Gates Only)

TESTS PERFORMED ON Q.C. SAMPLE GATES'

1. Functional, Vqd = 3 Volts
VoD= 18 Volte

2. LeakageCurrent Udd). VqD = 5 Volts
Vdd= 10 Volts
Vdd= 15 Volts

3. Output Voltage {Vq»/Vo\_). Vdd = 5 Volts
Vdd= 10 Volts
Vdd= 15 Volts

4. Output Current OohV'OL). vDD = 5 Volts
Vdd= 10 Volts
Vdd= 15 Volts

5. Input Voltage (V|l/V|H>. Vqd = 5 Volts
(Noise Immunity)

Vdd = 1° Volte
Vdd= 15 Volte

6. Input Current (ljn), Vdd = 15 Volts

NOTES 1. Data Sheet Limits (No Guardband)

2. Guarantees tTLH,tTHL,tPLH, tPHL, VDD = 5 Volts
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its effect, a large group of devices consisting of seven lots
of three device types were burned in for 24-hour incre
ments. Of 873 devices tested, only nine failed over a 1000-
hour test at 125°C and 15 volte. These failures all occurred

within the first 216 hours as indicated in the upper
curve of Figure 12. The lower scale indicates the burn-in
time at 1250C while the upper scale gives the equivalent
system time at 50°C. The lower curve plots the resultant
failure rate after the period of burn-in on the lower scale.
A 48-hour burn-in has a dramatic effect and 168 hours

eliminates nearly all the failures. For this reason 48,96, and
16&hour burn-ins are offered as standard screens and the

only technique considered effective for Motorola CMOS.

SYSTEM IMPLEMENTATION

Assessing System Requirements
The reliability needs of each system and application

differ significantly, so the various aspects of component
performance must be analyzed separately. The two
parameters which should be addressed initially are infant
mortality and long-term random failure rate. Systems
with large numbers of components require greater com
ponent reliability. Infant mortality should be estimated
and used to calculate service costs. This data should be

balanced against the cost of a burn-in and possibly a board

or system burn-in. Long-term reliability goals should be
established for the system and used to calculate the
necessary long-term failure rate for the components.
Long-term failure rates cannot be effectively improved by
short burn-ins unless they include infant mortality failures.
(Infant failures are included in Motorola data.) Infant
mortality can be effectively screened by short-term
accelerated stress testing such as a 48-hour high tempera
ture burn-in. The concepts defined earlier can be used

to relate the burn-in to equivalent system hours. Often,
customers who are experiencing problems fail to distin
guish between infant mortality, long-term reliability and
wear-out. It is imperative that failure patterns be suffi

ciently investigated and recorded to accomplish this.
Buying a Hi Rel device will not solve a problem caused
by poor handling or an unforeseen overstress in the
application.

The system environment should be given careful con
sideration when choosing between plastic and hermetic
packages. Sustained high temperature and humidity will
accelerate the corrosion wearout mechanism in plastic.
Office environments, however, will rarely produce a de
tectable difference in plastic and hermetic packages. Since
the die and wire bonding systems are totally encapsulated
in plastic, these packages can often outperform hermetics

FIGURE 12 - CUMULATIVE PERCENT FAILURE AND
RESULTANT FAILURE RATE VS. BURN-IN
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for mechanical shock and vibration resistance. The po

tential for moisture condensation should be evaluated in
light of the lead material and finish, whether the package
is hermetic or plastic. Unusually moist or contaminated
atmospheres can rapidly corrode ferrous metals under
bias, regardless of the finish material.

Cost-effectiveness is also influenced by the number of
defective unite received by the customer. For vacjous rea
sons, a small percentage of product is defective as received.
This may be due to handling, correlation, shipping damage
or a host of minor difficulties. The percentage of these de
fects should be less than one percent and any significant
levels should be discussed with the vendor immediately.

Comparing Competitors' Data
Everymanufacturer has a slightly different method of

generatinghis reliability data. It is therefore difficult for a
user inexperienced in reliability calculations to makea valid
comparison. Toward this end the concepts introduced
earlier will be of great value. The following parameters
should be verified before any conclusions of vendor
superiority are drawn.

1. Confidence limit

2. Reject criteria (degradation, data sheet, functional,
catastrophic, specific mechanisms)

3. Temperature of test
4. Activation energy
5. Chi Square distortion of failure rate due to a low

number of device hours and failures

6. Biasing configuration
7. Test monitoring (system failures can produce im

pressive results due to less stringent stress being
applied to the device).

Only if all these factors are considered can a truly
objective comparison be made.

MOTOROLA DATA FOR PLASTIC PACKAGE DEVICES
The following data presents all the significant perfor

mance characteristics of CP-suffixed plastic-packaged
devices. Of particular interest in the verification of a
0.04%/1000-hour failure rate; an impressive reduction
from the 0.12%/10TJ0-hour value reported previously.

Other parameters continue at levels similar to those
previously published.

PROCESS FLOW

ELECTRICAL

zVO
WAFER

INVENTORY

POST MOLD

SAW

DIE

HIGH POWER

BREAK IN PROCESS DIE BOND
QUALITY CONTROL

(IPQC) DIE
HIGH POWER GATE

WIRE BONO

C^>
IPQC DIE DIE BOND/

BOND/WIRE WIRE BOND
BOND GATE INSPECTION 6.IPQC

WIRE PULL

MONITOR

LEAD

FINISH

zwx>

IPQC TRIM/FORM/
SOLDERABILITY CARRIER LOAD

AND
VISUAL GATE

FINISHEDGOODS OUTGOING OUTGOING
WAREHOUSE QUALITY CONTROL SAMPLE

VISUAL/ ELECTRICAL

MECHANICAL GATE TEST
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PACKAGE DESCRIPTION

Die . . . . . . Glassivated

Lead Frame . . . . . . Alloy 42

Die Bond . . .

Wire . . . . . . Gold

Wire Bond . . .

Molding Compound . . .

Mold Method . . . . . . Transfer

Lead Finish

Life Test Data

Extensivelife testing hasgenerateda largeand impressive
data base which totally replacesthat of earlierreports. All
testing was performed at a temperature of 125°C with a
15 volt bias. Failures were verified and are included whether
they are catastrophic or merely slight parametric drifts.

Moisture-Related Performance

One of the primary considerations in choosinga plastic
package is its susceptibility to moisture ingression and
corrosion. Since no plastic material forms an impervious
barrier to moisture and its adhesion to the leadframe

material is not perfect, moisture can enter the package by
diffusing through the bulk material or wicking alongthe
interface between the plastic and the metal leadframe.
When moisture reaches the surfaceof the die, the applied
potential forms an electrolytic cell which corrodes the
aluminum, affecting DC parametersthrough its conduction
and eventually causingcatastrophic failure by openingthe
metal. The presenceof contaminants greatlyaccelerates the
reaction as does excessive phosphorousin the glassivation.
Thus, careful controls are maintained on phosphorous
concentration, cleaning techniques and molding processes.

Three populartechniques exist for determining the per
formance of components in the presence of moisture;

Pressure Temperature Humidity (Autoclave), Pressure
Temperature Humidity Bias (PTHB) and Temperature
Humidity Bias (THB). Each test is used to achieve different

objectives based on their sensitivity, length and difficulty.
Autoclave is the quickest and simplest but the least effec
tive since no bias is applied. It will detect only the most
extreme contamination problems and provide little basis
for distinguishing between groups of material since the
lack of bias creates a condition which is atypical of actual
use. PTHB is an excellent indicator of performance which
distinguishes well and is quick, but which is difficult to
perform. The presence of bias under these extreme con
ditions causes rapid corrosion of all metal surfaces includ

ing the device leads, sockets and PC board traces. The
board often warps and this, in conjunction with corrosion,
leads to open circuits during the test which produce either
a relatively benign Autoclave condition or an electrical

overstress. THB is the most reliable test method, but it
requires much more time to develop failures. Board and
socket problems are much less severe. Unlike PTHB. THB
boards can be reused. In each of these teste, it is imperative
that the chambers be kept clean and water purity be
controlled.

Listed below is data generated from each of the three
methods which is representative of current CMOS
production.

AUTOCLAVE

Conditions - 15 psig, 1210C. 100% RH. 24 hrs.

Lots

10

Devices

220

Failures

0

Percent Failure

0

PRESSURE TEMPERATURE HUMIDITY BIAS

Conditions - 15 psig, 121©C, 100% RH. 10 V. 12 hrs.

Lots

70

Devices

683

Failures

10

Percent Failure

1.46

FIGURE 13 - FAILURE RATE versus TEMPERATURE

-
»HR
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Temperature Humidity Bias
Data of this type is often useful in comparing vendors

if all the conditions are identical. Unfortunately, very

little work has been done to generate acceleration factors
for these tests, and even small differences in parameters
may produce dramatic changes in the results. The best
effort to date was a study of various THB conditions which
resulted in an empirical model for THB life versus vapor
pressure. The model takes the form andisplotted in Figure
15. A vapor pressure chart is also provided in Figure 16
to simplify the estimation of median life.

It must be emphasized that this is an estimation since

the plot extrapolates to values beyond the age of CMOS
technology and beyond the test conditions normally used
by Motorola. Wide negative variations from this plot can
be expected if devices are exposed to contaminants or
positive variation can be achieved through the proper
use of conformal coatings or potting compounds.

Thermal Cycling Performance
The plastic package, unlike the ceramic package, has

no cavity so the wiresare in contact with the encapsulant.
The difference in the thermal coefficient of expansion be

tween the wires, encapsulant and leadframe, therefore.

FIGURE 14 - CUMULATIVE PERCENT FAILURES versus
TIME

(Conditions, 85°C. 85% RH. 10 V)

100 200 300 400 500

FIQURE 15 - MEDIAN LIFE versus
VAPOR PRESSURE
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cause stress to develop as the deviceiscycledovera range
of temperature. Since most leadframes are Alloy 42,
differences in the ability to withstand this stress are
dependent on the wirebonding and molding processes.
The degree to which these processes are engineered and
controlled determines the thermal cycling performance
ofthedevice. One particular occurrencewhich hasimproved
this performance is the increasing shift to automatic
wirebonding. This technique provides an extremely con
sistent bond which has been unattainable with manual
systems and dramatically reduces lot to lot variations in
the testing described below. Three tests characterize
thermal cycling performance; High Temperature Con
tinuity, Thermal Shock and Temperature Cycle. High
Temperature Continuity is employed as a routine pro
duction monitor as well as a readout test for Thermal
Shock and Temperature Cycle. A completeelectrical test
is also done at each readout of the shock and cycling
sequences so the data provided includes parametric and
functional failures in addition to opensand intermittents.
The following data displays the performance of current
plastic integrated circuits under each of these conditions:

HIGH TEMPERATURE CONTINUITY

Conditions - 12SOC, Forward Bias Current
No prescreeningor stressing

Lots Units Rejects
406 26,897 0

THERMALSHOCK

Conditions - MIL-STD-883A

Method 1011.1, Condition C
-650C to +15TJ0C

Lots Units

12 688

Cycles Cumulative % Failures
150
300

450
600

0.45

0.45

0.45
0.75

TEMPERATURE CYCLE

Conditions - MIL-STD-883A

Method 1010.1, Condition C
-650C to +150OC

Lots Units
34 1883

Cycles Cumulative % Failures
100

150

300
500
750
1000

0
0.29

0.61
1.10
1.84
2.72
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The unstressed High Temperature Continuity data is
excellent, reflecting the engineering behind Motorola's
plastic packaging system. The Thermal Shock data is also
good and exhibits a more shallow slope than the Tem
perature Cycle data. This is consistent with previous data
and demonstrates an apparent effect of the longer dwell
time used for cycling. Although more time-consuming,
temperature cycle puts a greater stress on the device than
thermal shock. The most significant attribute of the data
is that hundredsof cyclesare requiredto producefailures
even at the extreme conditions employed here. The use of
temperature cycle as a screen is therefore not cost-effective
since no significant early failures are detected.

CERAMIC PACKAGE DEVICES
This section describes the package, processing and life

test performance of all ceramic packaged CMOS devices.
These families bear a CL or AL suffix designating the
commercial (-40°C to 850Q or military(-550C to 1250C)
temperature range. The AL device also receives a more
stringent internal visual inspection, ten temperature cycles
instead of five andtighter electrical testing.

PACKAGE DESCRIPTION

CERDIP - FritSealCeramic Dual Inline Package

Die Glassivated
Leadframe Alloy 42

Die Bond Eutectic
Wire Aluminum

Wire Bond Ultrasonic
Package Body Alumina

Lead Finish Tin Plate

Side Braze- Laminated CeramicPackage

Die ... .

Die Bond

Wire

Seal

plated Kovar lid or

Glass frit with

alumina lid

Metallization



PROCESS FLOW

WAFER

INVENTORY

ELECTRICAL

PROBE

FINE LEAK

TEST

LEAO FINISH

(TIN-PLATED

PACKAGES ONLY)

GROSS LEAK

SAMPLE

DIE BOND
IN PROCESS

QUALITY CONTROL

(IPQC) DIE

HIGH-POWER GATE

WIRE BOND

IPQC

SOLDER ABILITY

AND VISUAL GATE

• MIL-STO 883A Method 1010.1

Condition C -65°C to 150°C

CL - 5 cycles

AL- 10 cycles

MARK

FINISHED GOODS

WAREHOUSE

^—' TOIIII^AQOICD . _ _. ..^-.^...^TRIM/CARRIER ELECTR|CAL OUTGOING OUTGOING
LOAD TEST QUALITY CONTROL QUALITY CONTROL

SAMPLE SAMPLE
ELECTRICAL TEST VISUAL/MECHANICAL

GATE

VISUAL

INSPECTION

LIFE TEST DATA

Life testing of CL devices is performed at 125°C and
15 volts while the AL series is stressed at 200°C and 15
volts. The resultant CL data is similar to the CP data, as
can be expected sincethe plasticprocesshas no significant
effect on the die and the electrical test screens for both
products are identical. Although the larger plastic data
base results in a better failure rate, the choice between

these families should be made on the basis of environ
mental constraints on the package rather than a significant
difference in life test performance. The AL series does
provide an increased temperature range and tighter elec
trical limits and is more suitable where higher reliability is
required. Thisperformance is limited mainly by the sizeof

the data base and would appear significantly better than
the CP and CL families if a similar sample size were used.

Life Test Techniques
Motorola uses a standard life test and burn-in temper

ature of 125°Cwith the exception of AL life testing which
may be performed at 200°C. Fifteen volts is applied to
Vdd 'n a" cases and is significant due to the inability of
many competitors to perform successfully at 125°C in
excess of 10 volts. Various independent studies have
indicatedthat the voltageaccelerationfactor for comparing
15 volt data to 10 volt data ranges from 2 to 10.

Biasing patternscan alsodetermine the amountofstress
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FIGURE 17 -COMMERCIAL TEMPERATURE RANGE FIGURE 18 - MILITARY TEMPERATURE RANGE
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TEST DATA

Commercial

MC14XXXCL
Military

MC14XXXAL

Temp. Range -40 to +850C -55to+1250C

Number of
Wafer Lots

10 70

Number of

Devices
1175 697

Equivalent
Device Hours 3.01x107@85°C 3.40x106@125OC

Number of
Failures

15 9

vdd 15V 15V

Activation
Energy 1.0 eV 1.0 eV

Confidence

Limit
60% 60%

5 50 25

TEMPERATURE (°C)

on the circuit. Since the electric field created by the cir
cuit biasing determines the level of stress, a worst case
condition is achieved by maximizing the number of
internal components to which a potential difference is
applied. In most SSI and MSIdevices,this can be achieved
through the careful choice of a static pattern while more
complex circuits require dynamic biasingto accessinternal
nodes. Static bias provides a greater stress on an individual
transistor while dynamic bias maximizes the number of
devices biased at a lower duty cycle.

Systemfailuresin the fieldmayoccuruponcatastrophic
devicefailureor merelywith parametricdegradation if the
circuit is more sensitive. It is, therefore, important that

electrical readoutstest parametrics as wellas functionality
in the samemanneras the productionfinal test program.

Proper evaluation of rejectsand feedback to processing
can occur only through intensive failure analysis. To
support the processingareas, product groups and R & OA,
a Product Analysis Laboratory exists. "State-of-the-art"
analytical tools are at its disposal including wet chemical
techniques. Auger, electron microprobe and scanning
electron microscopy with stroboscopic voltage contrast.
This capability is complemented by computer tracking
systems to evaluate failure patterns and distributions.
A simplified example is illustrated in the bar chart of
Figure 19.
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FIGURE 19 - FAILURE CAUSE

CATEGORY Gate Oxide Rupture

Electrically Overstressed

No Defect Uncovered

Field Oxide Rupture

Wire Bond Shorts

Mobile Ion Contamination

Other Assembly Defects

Broken Bond Wire

Secondary Junction Breakdown

Destroyed in Analysis

Scratched, Die

Photo Resist Flaw

Processingand Handling
No matter how good the reliability data, screening

procedures, or incoming inspection, devices are still
subject to degradation or destruction by processing and
handling. AllCMOS vendors use inputprotection devices
and mostperform well, butthere isnodevice which totally
protects the circuit against all conditions. Although many
claims concerning protection circuits are made, overall
performance does notvary widely between vendors. The
major difference appears to occur when only functional
failures are countedrather than functional and parametric
changes.

Most usersare familiar with good static preventionpro
cedures, but there are few, if any, who could not have
prevented a small percentage of in-process and latent
failures by a careful review of their assembly lines. Every
point at which a CMOS device ishandled apart from its
conductive foam or rail should be evaluated. Conductive
work surfaces and wrist straps (making contactwith skin)
should be tied to ground through a nominal onemegohm
resistor. Test equipment should be checked to assure
grounded sockets during insertion and theabsence ofvolt
age spikes. Printed circuit board handling should be con
sistentwith devicehandling, usingconductivebags or edge
connectors. Conformal coatingprocesses (whichcanextend
the application range of plastic) or cleaning procedures
should not be overlooked as possible sources of difficulty.

Whenever possible, circuits should include series resis
tance and shunt capacitance to reduce production and
maintenence susceptibility. Service personnel should be
educated in handling procedures since even when service
iscompleted successfully, valuable failure information can
be masked by static damage. With reasonable effort very
little static damage can be expected, but considering the
high costof repair, a review isalways worthwhile.

A second type of precaution involves the CERDIP
package. Since this device employs a glass seal, a high
stress on the leads cancause hermeticYty failure which will
eventually result in aluminum corrosion on the die. To

15 20 25

avoid this, the leads should never be flexed above the
seating plane. All insertion toolsorautomated equipment
should contactthe lead at itsnarrowest dimension, allowing
it to bend without affecting the wide portion above the
seating plane.

Improper board cleaning procedures can often degrade
plastic product performance. High purity fluorocarbon
systems are preferred to water based systems which can
more easily introduce contaminants if not properly con
trolled. Cooling the device during the clean, pressurized
systems and wetting agents can also enhance the entrance
of moisture and contaminants into the package along the
lead-plastic interface. Even if contaminants are not
present, a thorough bake should be performed to pre
vent premature introduction of anelectrolyte.

CONCLUSION
This discussion hasattempted to educate the userwith

the pertinent concepts of reliability, quality control,
vendor selection and product use. Motorola's reputation
for reliability and customer support has been established
by the philosophy of its leadership and is being perpet
uated through theefforts of CMOS Reliability and Quality
Assurance. Customer assistance isalways available through
sales offices, marketing or R & OA personnel directly.

FIGURE 20 - CERDIPINSERTIONPRECAUTIONS
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Mechanical and Thermal Data
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THERMAL RESISTANCE 0JA

The junction-to-ambient thermal resistance values of
dual in-line packaging systems used in Motorola CMOS
integrated circuits are graphically illustrated in Figure 1.
Each envelope represents the typical range of values
for plastic, frit-seal or ceramic sidebraze package types
as a function of size. The values were obtained while
operating in a "still-air" environment and inserted into
low-cost sockets mounted on printed circuit cards.

Thermal resistance is influenced by a number of fac
tors including die size, cavity size and die bonding. In

order to present a comprehensive characterization of these
variables, a range of values isprovided rather than a single
point.

Since most CMOS devices dissipate insignificant
power, it is not likely that thermal resistance will be a
critical design factor. In those situations where high dc
currents or high-speed operation is required, the junction
temperatures should be estimated through the use of this
data and by knowing the actual powerbeingdissipated by
the device.

FIGURE 1 - THERMAL RESISTANCE OF DIPPACKAGES
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MECHANICAL DATA

The packaging availiability for each device is indicated on the individual data sheets. Dimensions
for the packages are given in this section.

6-PIN PACKAGES

LSUFFIX

CERAMIC PACKAGE

CASE 688

K —f

A

I JT

DIM

MILLIMETERS INCHES
MIN MAX MIN MAX

A 5.97 7.11 0.235 0.280
B 4.32 5.72 0.170 0.225

C 1.17 1.91 0.046 0.075
D 0.25 0.51 0.010 0.020

1- 0.08 0.15 0.003 0.006
U 1.27 BSC 0.050 BSC
H 0.13 0.89 0.005 0.035
K 1.90 3.05 0.075 0.120
N 0.89 1.52 D 935 0.000

CASE 688 05

PSUFFIX

PLASTIC PACKAGE

CASE 704

!D
i O «

J i

) 4

i-r b

1—- ' |H

J
c

— K — A

~'l.
* 11
i

0IM

MILLIMETERS INCHES

MIN .VAX MIN MAX

A 5.69 6.35 0.224 0.250
B 4.06 5.08 0.160 0.200

I 1.17 1.90 0.046 B.07S
U 0.38 0.51 0.015 0.020
F 0.20 0.30 0.008 0 0 i •

G 1.22 1.32 0.048 0.052

H 0.13 0.89 0.005 0.035
K • ;•• 2.84 0.092 0.112
N 0.89 1.14 0.035 D.04S

CASE 70402

9-4

NOTES:

1. LEAOS.TRUE POSITIONED
WITHIN0.13 mm (0.005) RADIUS
TO DIM"A"& "B" AT MAXIMUM
MATERIAL CONDITION.



MECHANICAL DATA (Continued)

14-PIN PACKAGES

LSUFFIX

CERAMIC PACKAGE

CASE 632

lWiAAM

WWOTL
-iuDJU

JhI——iGr-— '•SEATING
PLANE

i a

i-*-

A, A A A A A A 1
f 14 8 li

B 1

V V V vv vv.
A

; II YseatingIk
Hr~ —I G I— —U—Q PLANE

DIM

MILLIMETERS INCHES

MIN MAX MIN MAX

A 19.05 19.94 0.750 0.785

R 6.10 7.49 0.240 0.295

0 _ 5.08 - 0.200

n 0.38 0.58 0.015 0.023

F 1.40 1.77 0.055 0.070

n 2.54 BSC 0.100 BSC

H 1.91 2.29 0.075 0.090

j 0.20 0.38 0.008 0.015

K 3.18 5.08 0.125 I) /Oil

L 7.62 BSC 0.300 BSC

M - 15° - 15°

N 0.51 1.02 0.020 0.040

CASE 63206

NOTES:
1 ALL RULES ANO NOTES ASSOCIATED

WITH MO001 AA OUTLINE SHALL APPLY.

2. DIMENSION "L"TO CENTER OF LEAOS
WHEN FORMED PARALLEL.

3. DIMENSION "A" ANO "B" (632-06) DO
NOT INCLUDE GLASS RUNOUT.

4. LEADS WITHIN 0.25 mm (0.010) DIA
OF TRUEPOSITION AT SEATING PLANE
AND MAXIMUM MATERIAL CONDITION.

PSUFFIX

PLASTIC PACKAGE

CASE 646

DIM

MILLIMETERS INCHES

MIN MAX MIN MAX

A 18.03 19.56 0.710 0.770

B 6.10 6.60 0.240 0.260

C - 5.08 - 0.200

n 0.38 0.53 0.015 0.021

F 1.02 1.78 0.040 0.070

G 2.54 BSC 0.100 BSC

H 1.32 2.41 0.052 0.095

J 0.20 0.38 0.008 0.015

K 2.92 - 0.115 -

L 7.62 BSC 0.300 BSC

M 0° 15* 0° 160

N 0.51 - 0.020 -

R - 8.26 -

0.325

NOTES:
1. LEADS WITHIN 0.13 mm

(0.005)RADIUS OFTRUE
POSITION AT SEATING
PLANE AT MAXIMUM
MATERIAL CONDITION.

2. DIMENSION "L" TO
CENTER OF LEAOS

WHEN FORMED

PARALLEL.
3. DIMENSION "B" DOES NOT

INCLUDE MOLO FLASH.

4. DIMENSION "R" TO BE
MEASURED AT THE TOP OF
THE LEADS (NOT AT THE

TIPS).

CASE 646-04
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MECHANICAL DATA (Continued)

16-PIN PACKAGES

nnnnnnnn

ljuuuuuljlj

B

1

~

HHH-1 —Jk-D \
—-iGl—— —— F— — SEATING

LSUFFIX

CERAMIC PACKAGE

CASE 620

-/m

1. LEADSWITHIN 0.13 mm(0.0051 RADIUS
OFTRUE POSITION ATSEATING PLANE
AT MAXIMUM MATERIAL CONDITION.

2. PACKAGE INDEX: NOTCH IN LEAD
NOTCH IN CERAMIC OR INK DOT.

3. DIM"L"TO CENTER OF LEADS

WHEN FORMED PARALLEL.

4. DIM "A" ANO "B" (62006)
DO NOT INCLUDE GLASS

RUN-OUT.

DIM

MILLIMETERS INCHES

MIN MAX MIN MAX

A 19.05 19.94 0.750 0.785
B 6.10 7.49 0.240 0.295
C - 5.08 _ 0.200
D 0.38 0.53 0.015 0.021
F 1.40 1.78 0.055 0.070
G 2.54 BSC 0.100 BSC
H 0.51 1.14 0.020 0.045
J 0.20 0.30 0.008 0.012
K 3.18 5.08 0.125 0.200
L 7.62 BSC 0.300 BSC
M - 15° _ 15°
N 0.51 1.02 0.020 0.040

CASE 620-06

^
9

1

j i—j i—j o-ti-a'

—IfI~

rl\mwmm

t=t° SEATING PLANE

LSUFFIX
CERAMIC PACKAGE

CASE 690

——J MV

DIM

MILLIMETERS INCHES

MIN MAX MIN MAX

A 20.07 20.57 0.790 0.810
B 7.11 7.62 0.280 0.300

l! 2.67 3.94 0.105 0.155
D 0.38 0.53 0.015 0.021

r 0.76 1.40 0.030 0.055
G 2.54 BSC 0.100 BSC
H 0.76 1.78 0.030 0.070
J 0.20 0.30 0.008 0.012
K 3.18 5.08 0.125 0.200

L 7.62 BSC 0.300 BSC
M - 10° - 10°
N 0,38 1.40 0.015 0.055

CASE 690-12

9-6

1. LEADS WITHIN 0.13 mm (0.005) RADIUS
OF TRUEPOSITION, ATSEATING PLANE
ANO MAXIMUM MATERIAL CONDITION.



MECHANICAL DATA (Continued)

16-PIN PACKAGES (Continued;

PSUFFIX

PLASTIC PACKAGE

CASE 648

j2lj2u2lj2u2u2lj2li2l

O

U U U U U U U 0_
OPTIONAL LEAD

CONFIG. (1.8.9,8. 16)

DIM

MILLIMETERS INCHES

MIN MAX MIN MAX

A 22.10 - 0.870

B 6.10 6.60 0.240 0.260

C - 5.08 - 0.200

D 0.38 0.63 0.015 0.021

F - 1.78 - 0.070

G 2.54 BSC 0.100 BSC

H 0.38 2.41 0.015 0.095

J 0.20" 0.38 0.008 0.015

K 2.92 - 0.115

L 7.62 BSC 0.300 BSC

M 0" 15° 0° 15°

N 0.51 - 0.020 -

R -
8.26

-

0.325

CASE 64804

NOTES:
1. LEADSWITHIN 0.13 mm

(0.005) RADIUS OF TRUE
POSITION AT SEATING
PLANE AT MAXIMUM

MATERIAL CONDITION.

2. DIMENSION "L" TO
CENTER OF LEADS
WHEN FORMED

PARALLEL.

3. DIMENSION "B" DOES NOT

INCLUDE MOLD FLASH.

4. "F" DIMENSION IS FOR FULL
LEAOS. "HALF" LEADS ARE

OPTIONAL AT LEAD POSITIONS
1,8.9, and 16).

5. 0IMENSI0N"R"T0BE
MEASURED AT THE TOP OF THE

LEADS (NOT AT THE TIPS).

9-7



MECHANICAL DATA (Continued)

18-PIN PACKAGES

II

p

?

10

9

L

A -

LSUFFIX

CERAMIC PACKAGE

CASE 680

SEATING PLANE Jm^

NOTES:

1. LEADS WITHIN 0.13 mm (0.005) RAD OF
TRUE POSITION AT SEATING PLANE AT
MAXIMUM MATERIAL CONDITION.

2. DIMENSION "L" TO CENTER OF LEADS
WHEN FORMED PARALLEL.

nrinnnr^r-inri
" 10

)

9 ^J

t
B

1
uuuuuuuuu

A

1 i

MMRAAfllLH-,
[IIIIII J -

j L ~Hh_D \ "1
~~* Q r-" VsEAIINGPlANt

NOTES:

1. POSITIONAL TOLERANCE OF LEAOS (0).
SHALL BE WITHIN 0.25mm(0.010) AT
MAXIMUM MATERIAL CONDITION. IN
RELATION TO SEATING PLANE AND
EACH OTHER.

2. DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEL

3. DIMENSION B DOES NOT INCLUDE
MOLD FLASH. -/

PSUFFIX

PLASTIC PACKAGE

CASE 707

j4-

9-8

DIM

MILLIMETERS INCHES

MIN MAX MIN MAX

A 22.48 23.24 0.885 0.915
B 7.16 7.57 0.282 0.298
C 3.18 4.27 0.125 0.168
u 0.38 0.58 0.015 0.023
V 0.76 1.40 0.030 0.055
li 2.54 BSC 0.100 BSC
H 1.02 1.52 0.040 0.060
J 0.20 0.30 0.008 0.012
K 2.68 4.44 0.105 0.175
L 7.37 7.87 0.290 0.310
M - 10" - IO"
N 0.38 1.40 0.015 0.055

CASE 6B0-06

DIM

MILLIMETERS INCHES
MIN MAX MIN MAX

A 22.22 23.24 0.875 0.915
B 6.10 6.60 0.240 0.260

C 3.94 4.57 0.155 0.180
D 0.36 0.56 0.014 0.022
F 1.27 1.78 0.050 0.070

G 2.54 BSC 0.100 BSC

H 1.02 1.52 0.040 0.060

J 0.20 0.30 0.008 0.012
K 2.92 3.43 0.115 0.135

L 7.62 BSC 0.300 BSC
M 0° 15" 0° 15°
N 0.51 1.02 0.020 0.040

CASE 707-02



MECHANICAL DATA (Continued)

22-PIN PACKAGES

LSUFFIX
CERAMIC PACKAGE

CASE 677

22 12

11

1

^ \
NOTE 3 —-1 h-r

-. A *i

NOTES:
1. LEADS WITHIN

0.13 mm (0.005)
RADIUS OF TRUE
POSITION AT
MAXIMUM
MATERIAL
CONDITION.

2. DIMENSION "L" TO
CENTER OF LEADS
WHEN FORMED
PARALLEL.

3. EXPOSED CONTACT
TO LEAD 1.
OPTIONAL.

-UV

LSUFFIX

CERAMIC PACKAGE

CASE 736

fl ft ft ft ft ft ft ft ft ft Q,

1
. B

1o

Ouuuuuuk/iuuO

PLANE

NOTES:
1. LEADS TRUE POSITIONED

WITHIN 0.25 mm (0.010) DIA AT
SEATING PLANE AT MAXIMUM
MATERIAL CONDITION (DIM "D").

2. DIM "L" TO CENTER OF LEAOS
WHEN FORMED PARALLEL.

-JU

9-9

DIM

MILLIMETERS INCHES

MIN MAX MIN MAX

A 27.1$ 27.71 1.069 1.091

B 9.65 10.06 0.380 0.39S

C 2.79 3.56 aiio 0.140

D 0.38 0.53 0.015 0.021

F 0.76 1.40 0.030 0.055

G 2.54 BSC 0.10 I BSC

H 0.51 1.52 0.020 0.060

J 0.20 0.30 0.008 0.012

K 3.18 4.45 0.125 0.175

L 9.91 10.41 0.3S0 0.410

M - ICO -
10O

N 0.64 1.27 0.025 0.050

CASE 677-05

0IM

MILLIMETERS INCHES

MIN MAX MIN MAX

A 28.80 27t81 1.055 1.095

B 9.14 9.91 0.380 a390

C 3.81 5,46 0.150 0.215

D 0.38 0.53 0.015 ao2i
t 1.27 1,65 aoso a065

G 2.54 BSC aiooBsc

H 0.51 1.27 0.020 aoso
J 0.50 0.3d 0.0O8 0,012
K 2.54 4.32 0.100 0.170

L 9.91 10.41 a3so 6.410
M — 15" — 16"
N 0.25 ass 0.010 0.036

CASE 736-01



MECHANICAL DATA (Continued)

22-PIN PACKAGES (Continued)

PSUFFIX

PLASTIC PACKAGE

CASE 708

NOTES:

1.

ftri^nnr^^^^^r^

UUUUUUIJULJUU

;«.Si
H-

m
- G - -

m
- F

w _

n\
•II—D •

[
K

mi

j
.

POSITIONAL TOLERANCE OF LEAOS (D),
SHALL BE WITHIN 0.25mm|0.010) AT
MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND
EACH OTHER.

DIMENSION L TO CENTER OF LEAOS
WHEN FORMED PARALLEL.
DIMENSION B DOES NOT INCLUDE
MOLD FLASH.

DIM

MILLIMETERS INCHES

MIN MAX MIN MAX

A 27.56 28.32 1.085 1.115

B 8.64 9.14 0.340 0.360
C 3.94 4.39 0.155 0.173
D 0.36 0.56 0.014 0.022

F 1.27 1.78 0.050 0.070
G 2.54 BSC 0.100 BSC
H 1.02 1.52 0.040 0.060
J 0.20 0.38 0.008 0.015

K 2.92 3.43 0.115 0.135
L 10.16 BSC 0.400 BSC
M 0° 15° 0° 1 15°
N 0.51 1.02 0.020 | 0.040

CASE 70803

9-10



MECHANICAL DATA (Continued)

24 'J 1
B

1 "
|

A A

24-PIN PACKAGES

LSUFFIX

CERAMIC PACKAGE

CASE 623

NOTES:
1 DIM "L" TO CENTER OF 2. LEADS WITHIN0.13 mm

LEAOS WHEN FORMED (0.005) RADIUS OF TRUE
PARALLEL POSITION AT SEATING

PLANE AT MAXIMUM
MATERIAL CONDITION.
(WHEN FORMED PARALLEL)

LSUFFIX

CERAMIC PACKAGE

CASE 684

n n n n n n n n n n n Q

UUUUUUUUU'o

SEATING PLANE

NOTES:
1. LEADSWITHIN 0.13 mm

(0.005) RADIUS OF TRUE
POSITION AT SEATING
PLANEWITH MAXIMUM
MATERIAL CONDITION.

2. LEAD NO. 1 CUT FOR
IDENTIFICATION, OR
BUMP ON TOP.

3. DIM"L" TO INSIDE
OF LEADS. (MEASURED
0.51 mm (0.020) BELOW
PKG BASE)

9-11

DIM

MILLIMETERS INCHES

MIN MAX MIN MAX

A 31.24 32.26 1.230 1.270

B 12.70 13.72 0.500 0.540

C 4.06 5.59 0.160 0.220

D 0.41 0.51 0.016 0.020

F 1.27 1.52 0.050 0.060

G 2.54 BSC 0.100 BSC

J 0.20 0.30 0.008 0.012

K 2.29 4.06 0.090 0.160

L 15.24 BSC 0.600 BSC

M 0° 15° 0° 15°

N 0.51 1.27 0.020 0.050

CASE 62303

DIM
MILLIMETERS INCHES

MIN MAX MIN MAX

A 29.34 30.86 1.155 1.215

II 12.70 14.22 0.500 0.560

C 3.05 3.94 0.120 0.155

D 0.38 0.51 0.015 0.020

F 0.89 1.40 0.035 0.055

G 2.54 BSC 0.100 BSC

H 0.89 1.40 0.035 0.055

J 0.20 0.30 0.008 0.012

K 2.92 3.68 0.115 0.145

L 14.86 15.87 0.585 0.625

M - 15° - 15°

N 0.51 I 1.14 I 0.020 0.045

CASE 684-04



MECHANICAL DATA (Continued)

24-PIN PACKAGES (Continued)

LSUFFIX

CERAMIC PACKAGE

CASE 716

NOTE:

LEAOS TRUEPOSITIONED WITHIN
0.25mm(0.010)DIA(ATSEATING
PLANE) ATMAXIMUM MATERIAL
CONDITION.

2. DIM "L" TO CENTER OFLEADS
WHEN FORMED PARALLEL.

PSUFFIX

PLASTIC PACKAGE

CASE 709

* 13 •

B

O
' '1 1

F^
rC

M

itmvi
HL- -jGL_ J

mm-
L JU, K

D SEATING " - M
PLANE

NOTES:

1. POSITIONAL TOLERANCE OF LEADS (D).
SHALL BEWITHIN 0.25 mm(0.010)AT
MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND

EACH OTHER.

2. DIMENSION LTO CENTER OF LEADS
WHEN FORMED PARALLEL.

3. DIMENSION B DOESNOT INCLUDE
MOLO FLASH.

9-12

DIM

MILLIMETERS INCHES
MIN MAX MIN MAX

A 27.64 30.78 1.088 1.212
B 14.94 15.34 0.588 0.604

C 3.05 4.19 0.120 0.165
D 0.38 0.53 0.015 0.021
h 0.76 1.40 0.030 0.055
U 2.54 BSC 0.10 1BSC
H 0.76 1.78 0.030 0.070
J 0.20 0.30 0.008 0.012
K 2.54 4.19 0.100 0.165
L 14.99 15.49 0.590 0.610

M - 10O - 10"
N 1.02 1.52 0.040 0.0G0

DIM

MILLIMETERS INCHES
MIN MAX MIN MAX

A 31.37 32.13 1.235 1.265
B 13.72 14.22 0.54O 0.560
C 3.94 5.08 0.155 0.200
U 0.36 0.56 0.014 0.022
h 1.02 1.52 0.040 0.060

G 2.54 BSC 0.100 BSC
H 1.78 2.03 0.070 0.080
J 0.20 0.38 0.008 0.015
K 292 3.43 0.115 0.135
L 15.24 BSC 0.60C BSC
M 0O 150 0° 15°
N 0.51 1.02 0.020 0.040

CASE 709-02



MECHANICAL DATA (Continued)

28-PIN PACKAGES

LSUFFIX

CERAMIC PACKAGE

CASE 719

- -F D-lK 'SEATING ^j ^_f

NOTES:
1. LEADS. TRUE POSITIONED WITHIN

0.25 mm (0.010) DIAMETER (AT
SEATING PLANE) AT MAXIMUM
MATERIAL CONDITION.

2. DIMENSION "L" TO CENTER OF
LEADS WHEN FORMED PARALLEL.

L

JL

PSUFFIX

PLASTIC PACKAGE

CASE 710

f,KKr,r>/s<sK/sts(\(\r\<\

•

VV'J^1vi|J'v'lJ'JVlJVk>U

NOTES:

1. POSITIONAL TOLERANCE OF LEADS (D).
SHALL BE WITHIN 0.25mm(0.010) AT
MAXIMUM MATERIAL CONDITION. IN
RELATION TO SEATING PLANE AND
EACH OTHER.

DIMENSION L TO CENTER OF LEAOS
WHEN FORMED PARALLEL.
DIMENSION B DOES NOT INCLUDE
MOLD FLASH.

2.

3.

9-13

DIM

MILLIMETERS INCHES

MIN MAX MIN MAX

A 35.20 35.92 1.386 1.414

R 14.94 15.34 0.588 0.604

C 3.05 4.19 0.120 0.165

n 0.38 0.53 0.015 0.021

F 0.76 1.40 0.030 0.055

G 2.54 BSC 0.100 BSC

H 0.76 1.78 0.030 0.070

,1 0.20 0.30 0.008 0.012

K 2.54 4.19 0.100 0.165

1 14.99 15.49 0.590 0.610

M - 100 - 100

N 1.02 1.52 0.040 0.060

CASE 71903

DIM

MILLIMETERS INCHES

MIN MAX MIN MAX

A 36.45 37.21 1.435 1.465

B 13.72 14.22 0.540 0.560

3.94 5.08 0.155 0.200

n 0.36 0.56 0.014 0.022

F 1.02 1.52 0.040 0.060

n 2.54 BSC 0.100 BSC

H 1.65 2.16 0.065 0.085

.1 0.20 0.38 0.008 0.015

K 2.92 3.43 0.115 0.135

1. 15.24 BSC 0.600 BSC

M 0O 15° 0° 15°

N 0.51 1.02 0.020 0.040

CASE 71002



MECHANICAL DATA (Continued)

36-PAD PACKAGE

Z SUFFIX

LEADLESS CERAMIC PACKAGE
CASE 703

„ -Tin

OIM
MILLIMETERS INCHES

MIN MAX MIN MAX

A 10.29 1167 0.405 0.420
B 9.27 9.65 0.365 0.380
C 1.02 1.65 0.040 0.065
D 0.10 0.61 0.004 0.024
F 0,38 0.63 0.015 0.025
G i.oi'BSC 0.04 BSC
H 0.76 1.14 0.030 0.045
J 025 051 0.010 0.020
R a76 9.02 0.345 0.355

CASE 703-01

9-14

NOTE:
1. SLOTS, TRUE

POSITIONED
WITHIN 0.25 mm
(0.010) TOTAL
TO DIM. A and B
AT MAXIMUM
MATERIAL
CONDITION.



MECHANICAL DATA (Continued)

40-PIN PACKAGE

LSUFFIX

CERAMIC PACKAGE

CASE 715

l-F I
C

11 'n|
H-J'l-4 SEATING PLANE J '

D G— - •4-j M -i

NOTES:
1. LEADS. TRUE POSITIONED WITHIN 0.25 mm

(0.010) OIA (AT SEATING PLANE). AT MAX
MAT'L CONDITION.

2. DIMENSION "L" TO CENTER OF LEADS
WHEN FORMEO PARALLEL.

PSUFFIX

PLASTIC PACKAGE

CASE 711

B

NOTES:

I. POSITIONAL TOLERANCE OF LEADS (0)
SHALL BE WITHIN 0.25mm(0.010) AT
MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND
EACH OTHER.

!. DIMENSION L TO CENTER OF LEAOS
WHEN FORMED PARALLEL.

I. DIMENSION B DOES NOT-INCLUOE
MOLD FLASH.

9-15

DIM

MILLIMETERS INCHES

MIN MAX MIN MAX

A 50.29 51.31 1.980 2.020

B 14.94 15.34 0.588 0.604

C 3.05 4.06 0.120 0.160

D 0.38 0.53 0.015 0.021

F 0.76 1.40 0.030 0.055

G 2.54 BSC 0.100 BSC

H 0.76 1.78 0.030 0.070

J 0.20 0.33 0.008 0.013

K 2.54 4.19 0.100 0.165

L 14.99 15.49 0.590 0.610

M _ 100 - 10O

N 1.02 1.52 0.040 0.060

CASE 715-03

DIM

MILLIMETERS INCHES

MIN MAX MIN MAX

A 51.69 52.45 2.035 2.065

B 13.72 14.22 0.540 0.560

r. 3.94 5.08 0.155 0.200

n 0.36 0.56 0.014 0.022

F 1.02 1.52 0.040 0.060

G 2.54 BSC 0.100 BSC

H 1.65 2.16 0.065 1 0.085

J 0.20 0.38 0.008 1 0.015
K 2.92 3.43 0.115 I 0.135
1 15.24 BSC 0.600 BSC

M 0° 15° 0° 15°

N 0.51 1.02 0.020 0.040

CASE 711-03



MECHANICAL DATA (Continued)

48-PIN PACKAGE

LSUFFIX

CERAMIC PACKAGE

CASE 740

s

mJJ«L
NOTES:

1. DIMENSION [A] IS DATUM.
2. POSTIONAL TOLERANCE FOR LEADS:

|»|0 0.25(0.010)(g)|T|A®]
3.03 IS SEATING PLANE.
4. DIMENSION "L" TO CENTER OF LEADS

WHEN FORMED PARALLEL.
5. DIMENSIONING AND TOLERANCING PER

ANSI Y14.5, 1973.

DIM

MILLIMETERS INCHES

MIN MAX MIN MAX
A 60.35 61.57 2.376 2.424
B 14.94 15.34 0.589 0.604

C 3.05 4.06 0.120 0.160

U 0.381 0.533 0.015 0.021
F 0.-762 1.397 0.030 0.055
G 2.54 BSC 0.100 BSC
J 0.203 0.330 0.008 0.013
K 2.54 4.19 0.100 0.165
L 15.24 BSC 0.600 BSC
M QO 10O 00 100
N 1.016 1.524 0.040 0.060

CASE 74001

9-16



NOTES



NOTES



NOTES



NOTES
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Mechanical and Thermal Data



[ heAustin, Texas, facility shown below is
one of Motorola's growing MOS production
centers. The construction now in progress
will double wafer capacity.©CMOS
"systems-on-silicon" are widely used in
microcomputer, instrumentation, communi

cations, industrial control, timepiece, and
smoke detector applications. Motorola's

CMOS line provides broad function coverage
of highly-reliable, volume-production devices.
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