


Notes on This First Edition

This first edition of TI's Integrated Circuits catalog contains
currently published data sheets covering SOLID CIRCUIT® semi-
conductor networks. As new data sheets are published, they will be dis-
tributed for insertion in the appropriate sections of this basic Tightleaf®
catalog.

This catalog replaces collections of loose integrated circuits data
sheets. Many of the data sheets in this book have been revised, and
therefore cancel and supersede earlier editions.

Please give your present collection to a co-worker who can make
use of it; the largest part of the old data is still current.

Note that certain large blocks of page numbers have intention-
ally been omitted, to permit simplified numbering of insert pages.

To insert pages: Turn to colored page, Page 1251.
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HOW TO USE THE INDEXES

If you know only the category of device,
look in the Table of Data Sheet Contents, page 3.

w only the device number,
0ok in the Numeric Index, page 6.

The first page of a data sheet is always a right-hand page.

INTEGRATED CIRCUIT SELECTION GUIDES

For assistance in selecting devices to meet your requirements,
use the Selection Guides, pages 4 and 5.
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TI Field Sales Office Addresses ' page 7
TI Authorized Distributor Addresses page 8
TI Microlibrary Information page 4512




TABLE OF DATA SHEET CONTENTS

(Updated with each mailing of new data sheets)

Full Military Temperature Range Digital Circuits
Transistor-Transistor-Logic (TTL) —55°C to 125°C

SERIES 54

SN5400
SN5410
SN5420
SN5430
SN5440
SN5450

SN5451
SN5453

SN5454
SN5460
SN5470
SN5472
SN5473
SN5474
SN5480

Quadruple 2-Input Positive NAND Gate

Triple 3-Input Positive NAND Gate

Dual 4-Input Positive NAND Gate

8-Input Positive NAND Gate

Dual 4-Input Positive NAND Buffer

Expandable Dual 2-Wide 2-Input
AND-OR-INVERT Gate

Dual 2-Wide 2-Input AND-OR-
INVERT Gate

Expandable 4-Wide 2-Input AND-OR-
INVERT Gate

4-Wide 2-Input AND-OR-INVERT Gate

Dual 4-Input Expander

J-K Flip-Flop

J-K Master-Slave Flip-Flop

Dual J-K Master-Slave Flip-Flop

Dual D-Type Edge-Triggered Flip-Flop

Gated Full Adder

SERIES 54 930

SN54 930
SN54 932
SN54 946

SN54 948
SN54 962
SN54 965
SN54 966

Dual 4-Input Positive NAND Gate

Dual 4-Input Positive NAND Buffer

Quadruple 2-Input Positive NAND
Gate
Master-Slave Flip-Flop

Triple 3-Input Positive NAND Gate

8-Input Positive NAND Gate
Dual 2-Wide 2-Input
AND-OR-INVERT Gate

Page
1001

1005
1006
1007
1008
1009
1010

1010
1012

1012
1014
1015
1018
1021
1024
1027

1501

1502
1502
1502

1503
1502
1502
1502

Modified Diode-Transistor Logic (Modified DTL) —55°C to 125°C

SERIES 53

SN5300
SN5301
SN5302
SN5304
SN5310
SN5311
SN5315
SN5320

SN5330
SN5331
SN5340
SN5350
SN5360
SN5370
SN5380

Diode-

J-K Flip-Flop With Preset
J-K Flip-Flop With Preset and Clear
Dual J-K Flip-Flop With Preset

Dual J-K Flip-Flop With Preset and Clear
S-Input Expandable NAND/NOR Gate

Dual 5-Input NAND/NOR Gate

10-Input Expandable NAND/NOR Gate

5-Input Expandable AND/OR Gate
(Also Usable as 5-Input Expander)

Dual 3-Input NAND/NOR Gate

Triple 3-Input NAND/NOR Gate

Dual AND/OR Gate

Quadruple Inverter/Driver

Quadruple 2-Input NAND/NOR Gate

Dual AND-OR-INVERT Gate

ONE-SHOT Monostable Multivibrator

Transistor Logic (DTL) -55°C to 125°C

SERIES 15 930

SN15 930
SN15 931

Dual 4-Input NAND/NOR Gate
Flip-Flop With Set and Clear

SN15 932 Dual 4-Input NAND/NOR Buffer

SN15 933

Dual 4-Input Expander

SN15 944 Dual 4-Input NAND/NOR

SN15 945
SN15 946
SN15 948
SN15 950
SN15 951
SN15 962

Power Gate
Flip-Flop With Set and Clear

Quadruple 2-Input NAND/NOR Gate

Flip-Flop With Set and Clear
Pulse-Triggered Binary
Monostable Multivibrator

Triple 3-Input NAND/NOR Gate

2001

2005
2007
2009
2011
2013
2015
2016
2018

2020
2021

2023 -

2024
2025
2026
2027

3001

3005
3007
3009
3011
3012

3014
3017
3019
3022
3024
3026

*Operating free-air temperature range of -55°C to 70°C and operating case

temperature range

of -55°C to 100°C

tOperating free-air temperature range of —55°C to 100°C and operating
case temperature range of —55°C to 125°C

Full Military Temperature Range Linear Circuits
SERIES 52 (-55°C to 125°C) 4001

SNS521A

SN522A
SNS523A General-Purpose Differential Amplifier 4005
SN5231L  General-Purpose Differential Amplifier 4009

} General-Purpose Operational Amplifier 4001

SN524A ; General-Purpose Operational Amplifier 4013
SNS524AL
SNS525 General-Purpose Differential Amplifier 4017
SN526 General-Purpose Differential Amplifier 4023
SERIES 55 (-55°C to 125°C) 4501
SN5500 Sense Amplifier With One-Shot Output 4501
SN5310% Wideband Video Amplifi 4505
SN5510L ideband Video Amplifier

Industrial Temperature Range Digital Circuits

Transistor-Transistor Logic (TTL) 0°C to 70°C

SERIES 74 5001

SN7400 Quadruple 2-Input Positive NAND Gate 5005
SN7410 Triple 3-Input Positive NAND Gate 5006

SN7420 Dual 4-Input Positive NAND Gate 5007

SN7430 8-Input Positive NAND Gate 5008

SN7440 Dual 4-Input Positive NAND Buffer 5009

SN7450 Expandable Dual 2-Wide 2-Input 5010
AND-OR-INVERT Gate

SN7451 Dual 2-Wide 2-Input 5010
AND-OR-INVERT Gate

SN7453 Expandable 4-Wide 2-Input 5012

AND-OR-INVERT Gate
SN7454 4-Wide 2-Input AND-OR-INVERT Gate 5012

SN7460 Dual 4-Input Expander 5014
SN7470 J-K Flip-Flop 5015
SN7472 J-K Master-Slave Flip-Flop 5018
SN7473 Dual J-K Master-Slave Flip-Flop 5021
SN7474 Dual D-Type Edge-Triggered Flip-Flop 5024
SN7480 Gated Full Adder 5027
SERIES 74 930 5501

SN74 930 Dual 4-Input Positive NAND Gate 5502
SN74 932 Dual 4-Input Positive NAND Buffer 5502
SN74 946 Quadruple 2-Input Positive NAND 5502

Gate
SN74 948 Master-Slave Flip-Flop 5503
SN74 962 Triple 3-Input Positive NAND Gate 5502
SN74 965 8-Input Positive NAND Gate 5502
SN74 966 Dual 2-Wide 2-Input 5502
AND-OR-INVERT Gate
SERIES 74N 6001

SN7400N = Quadruple 2-Input Positive NAND 6002
Gate ‘

SN7410N Triple 3-Input Positive NAND Gate 6002

SN7420N Dual 4-Input Positive NAND Gate 6002

SN7430N 8-Input Positive NAND Gate 6002

SN7440N Dual 4-Input Positive NAND Buffer 6003

SN7450N Expandable Dual 2-Wide 2-Input 6003
AND-OR-INVERT Gate

SN7451N Dual 2-Wide 2-Input 6003
AND-OR-INVERT Gate

SN7453N Expandable 4-Wide 2-Input 6003
AND-OR-INVERT Gate

SN7454N 4-Wide 2-Input 6003
AND-OR-INVERT Gate

SN7460N Dual 4-Input Expander 6003

SN7470N J-K Flip-Flop 6004

SN7472N J-K Master-Slave Flip-Flop 6004

SN7473N Dual J-K Master-Slave Flip-Flop 6005

SN7474N Dual D-Type Edge-Triggered Flip-Flop 6005

SN7480N Gated Full Adder 6006

Modified Diode-Transistor Logic (Modified DTL) 0°C to 70°C

SERIES 73 6501
SN7300 J-K Flip-Flop With Preset 6505
SN7301 J-K Flip-Flop With Preset and Clear 6507
SN7302 Dual J-K Flip-Flop With Preset 6509

SN7304 Dual J-K Flip-Flop With Preset and Clear 6511
SN7310 S5-Input Expandable NAND/NOR Gate 6513
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Page Page
SN7311 Dual 5-Input NAND/NOR Gate 6515 -
SN7315 10-Input Expandable NAND/NOR Gate 6516 SND SN D 4t R NDIMOR Buffer 7303
SN7320 5-Input Expander 6517 SN15 844N Dual 4-Input NAND/NOR Power 7503
SN7330 Dual 3-Input NAND/NOR Gate 6518 Gate
SN7331 Triple 3-Input NAND/NOR Gate 6519 SN15 845N Flip-Flop With Set and Clear 7502
SN7350 Quadruple Inverter/Driver 6520 SN15 846N Quadruple 2-Input NAND/NOR 7503
s gugt 2 wByno o
ua - - ate D .
SN7380 ONE-SHOT Monostable Multivibrator ~ 6523 N1 BN Dol N Beand Clear b
SN15 851N Monostable Multivibrator 7504
Diode-Transistor Logic (DTL) 0°C to 75°C SN15 862N Triple 3-Input NAND/NOR Gate 7503
SERIES 15 830 7001 . ) ..
SN15 830 Dual 4-Input NAND/NOR Gat 7005
N 3 FD‘iPﬂ°pri“g§§a,g7§gga§; T Industrial Temperature Range Linear Circuits
- t 700 o °
§§15 843;3 Dﬁ:'l 4_1;;5& Expander o [T SEl;;I;;SZZZz ¢ ge:::er?-P?l)rpose Differential Amplifier gggi
135 844 Dua’pi},lv’;f“égf ND/NOR 7012 gg;%ilL General-Purpose Differential Amplifier 8005
SN15 845 Flip-Flop With Set and Cl 7014 ; i
ggl g 3 3‘6 Qllig dru(gie 21-Input I%I,}\ND??\?OR Gate 7017 SN7241, | General-Purpose Operational Amplifier 8009
15 848 Flip-Flop With Set and Cl 7019
SN15 850 PJﬁe-TorIi,ggerled B?n;rrsl/ e 7022 SERIES 75 (0°C to 70°C) 8501
SN15 851 Monostable Multivibrator 7024 SN7500 Sense Amplifier With One-Shot Output 8504
SN15 862 Triple 3-Input NAND/NOR Gate 7026 SN7501 gense ﬁmp%iger ‘\z"ltllll glip-gﬁop (())utput gg(o)g
SERIES 15 830N (0°C to 75°C) 7501 Experimental Cireuits T orer MR oo
SN15 830N Dual 4-Input NAND/NOR Gate 7503 SNX1304 Optoelectronic Pulse Amplifier 9001
SN15 831N Flip-Flop With Set and Clear 7502 Interface Components 9501
TYPICAL CHARACTERISTICS
POWER TYPE
PROPAGATION | DISSIPATION NOISE |TEMPERATURE OF CATALOG
DELAY TIME (each gate) IMMUNITY RANGE LOGIC LOGIC FAMILY PAGE
HIGH SPEED — HIGH A-C AND D-C NOISE MARGINS
13 ns 10 mW 1000 mV |-55°C to 125°C TTL Series 54 1001
13 ns 10 mW 1000 mV [-55°C to 125°C TTL Series 54 930 1501
13 ns 10 mW 1000 mV 0°C to 70°C TTL Series 74 5001
13 ns 10 mW 1000 mV 0°C to 70°C TTL Series 74 930 5501
MEDIUM SPEED — HIGH D-C NOISE MARGIN
25 ns 8 mwW 750 mV |-55°C to 125°C DTL Series 15 930 3001
25 ns 8 mW 750 mV 0°C to 75°C DTL Series 15 830 7001
ECONOMICAL PLUG-IN PACKAGE
13 ns 10 mW 1000 mV 0°C to 70°C TTL Series 74N 6001
25 ns 8 mW 750 mV 0°C to 75°C DTL Series 15 830N 7501
MODIFIED DTL
Modified
30 ns 10 mwW 300 mV [-55°C to 125°C DTL Series 53 2001
Modified
30ns 10 mW 300 mV 0°C to 70°C DTL Series 73 6501




LINEAR INTEGRATED CIRCUITS SELECTION GUIDE
DIFFERENTIAL/OPERATIONAL AMPLIFIERS

TYPE . 4 o -
5 | § |BR(|SS i e |22 |28 |38 | =
[Tz} wy w0 Lo Ly o Y] 0 o N~ NN N~ o~
PARAMETER 5 |5 |55|55 &S 5 |55 |35 |55 | 5
A.s  Open-loop voltage gain 62 62 72 63 90 66 40 69 61 dB
BW  Bandwidth (-3 dB) 50 50 180 | 140 45 20 [40,000 | 150 | 140 kHz
L, Input impedance - — 15 (1,000 140 1,000 6 10 | 800 kQ
Cin Input capacitance — — 55 60 250 50 7 55 60 pF
Vo Differential-input offset voltage 1 1 22| 12 1 3 3 4 15 mV
lor  Differential-input offset current 0.2 02| 05 0.02 0.016 0.006 3 1 0.044| umA
avp  Differential-input offset voltage 8 8 9 25 5 10 10 10 30 uV/deg
temperature coefficient
Vemin  Maximum common-mode input voltage range *+=3 |=*=3 | b +5 *7 =7 +] | £5 {5 v
Vemo  Common-mode output offset voltage 0.5 0.5 051 — 0.25 0.22 3.1 06| — v
L+  Output impedance 10,000 |160 | 200 200 10,000 — 35 ] 250 ]300 Q
Vom  Maximum peak-to-peak output voltage 8.2 54 24 15 18 117 40 20 12 '
CMRR Common-mode rejection ratio 60 60 90 55 100 77 85 80 | 55 dB
P: Total power dissipation 28 72 1100 120 100 132 165 | 100 |120 mW
lin Input current 2 2 5 0.08 0.45 0.05 40 65 011 | mA
4005 8001
CATALOG PAGE 4001 | 4001 | 4o0q | 4013 4017 4023 | 4505 | ggo5| 8009
SENSE AMPLIFIERS
PARAMETER 5 & > S |5
Vs Differential-input threshold voltage 17 17 17 21 mv
Veme Common-mode input firing voltage 2 2 2 25|V
Voutn) Logical 1 output voltage 3.2 3.2 3.2 32| V
Voutto) Logical 0 output voitage 0.2 0.2 0.2 02| V
Linm) Logical 1 level input current 12 12 — — mA
(strobe or reset)
lingo) Logical 0 level input current — — =11 11| mA
(strobe or reset)
Zi.D Differential-input impedance 0.2 0.2 5 5 kQ
lect Vee: supply current 15 15 18 15 | mA
lecz Vee: supply current -10 -10 -10 -8 | mA
Lot V.es Supply current — — 25 25 ] mA
teyemny  Minimum cycle time 15 15 0.7 151 s
CATALOG PAGE 4501 | 8504 | 8506 | 8508
EXPERIMENTAL OPTOELECTRONIC PULSE AMPLIFIER . . . . . Page 9001




NUMERIC INDEX

(Updated with each mailing of new data sheets)

This index is presented for the user who is not familiar with the “series system” of designating inte-
grated circuits. It is therefore arranged in strict ascending numerical order, disregarding letter prefixes

and series relationships.

Series 52
Series 53
Series 54
Series 55
Series 72
Series 73
Series 74
Series 74N
Series 75

500
SN521A
SN522A
SN523A
SN524A
SNS24AL
SN525
SN'526

700
SN723
SN724
SN724L

1300
SNX1304

5200
SN5231L

5300
SN5300
SN5301
SN5302
SN5304
SN'5310
SN5311
SN5315
SN5320
SN5330
SN5331
SN5340
SN5350
SN5360
SN5370
SN5380

5400
SN5400
SN5410
SN5420
SN5430
SN5440
SN5450
SN5451
SN5453
SN5454
SN5460
SN5470
SN5472
SN'5473
SN 5474
SN5480

page
4001
2001
1001
4501
8001
6501
5001
6001
8501

4003
4003
4007
4015
4015
4019
4025

8001
8009
8009

9001

4011

2005
2007
2009
2011
2013
2015
2016
2018
2020
2021
2023
2024
2025
2026
2027

1005
1006
1007
1008
1009
1010
1010
1012
1012
1014
1015
1018
1021
1024
1027

5500
SN5500
SN5510
SN5510L

7200
SN7231L

7300
SN7300
SN7301
SN7302
SN7304
SN7310
SN7311
SN7315
SN7320
SN7330
SN7331
SN7350
SN7360
SN7370
SN7380

7400
SN7400
SN7400N
SN7410
SN7410N
SN7420
SN7420N
SN7430
SN7430N
SN7440
SN7440N
SN7450
SN7450N
SN7451
SN7451N
SN7453
SN7453N
SN7454
SN7454N
SN7460
SN7460N
SN7470
SN7470N
SN7472
SN7472N
SN7473
SN7473N
SN7474
SN7474N
SN7480
SN7480N

7500
SN7500
SN7501
SN7502

page

4501
4505
4505

8005

6505
6507
6509
6511
6513
6515
6516
6517
6518
6519
6520
6521
6522
6523

5005
6002
5006
6002
5007
6002
5008
6002
5009
6003
5010
6003
5010
6003
5012
6003
5012
6003
5014
6003
5015
6004
5018
6004
5021
6005
5024
6005
5027
6006

8504
8506
8508

15 800
Series 15 830
Series 15 830N

SN15 830
SN15 830N
SN15 831
SN15 831N
SN15 832
SN15 832N
SN15 833
SN15 833N
SN15 844
SN15 844N
SN15 845
SN15 845N
SN15 846
SN15 846N
SN15 848
SN15 848N
SN15 850
SN15 850N
SN15 851
SN15 851N
SN15 862
SN15 862N

15 900

Series 15 930
SN15 930
SN1i5 931
SN15 932
SN15 933
SN15 944
SN15 945
SN15 946
SN15 948
SN15 950
SN15 951
SN15 962

54 900
Series 54 930
SN54 930
SN54 932
SN54 946
SNS54 948
SN54 962
SN54 965
SN54 966

74 900
Series 74 930
SN74 930
SN74 932
SN74 946
SN74 948
SN74 962
SN74 962
SN74 965
SN74 966

Interface Components

page

7001 -
7501
7005
7503
7007
7502
7009
7503
7011
7503
7012
7503
7014
7502
7017
7503
7019
7502
7022
7502
7024
7504
7026
7503

3001
3005
3007
3009
3011
3012
3014
3017
3019
3022
3024
3026

1501
1502
1502
1502
1503
1502
1502
1502

5501
5502
5502
5502
5503
5503
5502
5502
5502

9501



FIELD

BALA-CYNWYD, PA. 15004
1015 Barclay Building
One Belmont Avenue
Phone: 215 TE 9-6380

BELLEVUE, WASHINGTON 98004
700 108 Avenue, N.E.
Suite 102
Phone: GL 4-0607

CHICAGO, ILLINOIS 60646

Executive Towers, Suite 205

5901 North Cicero Avenue
Phone: 312-286-1000

CLEVELAND, OHIO 44122
22035 Chagrin Boulevard
Phone: 216-751-2600

DALLAS, TEXAS 75222
SRO Department
Post Office Box 5012
Phone: 214 AD 5-2381

DAYTON, OHIO 45439
Paul Welch Building
Suite 205
3300 South Dixie Drive
Phone: 513 AX 8-7513

SALES OFFICE ADDRESSES

SEMICONDUCTOR-COMPONENTS DIVISION

DENVER, COLORADO 80222
Geophoto Services, Inc., Building
2149 South Holly Street
Phone: 303-757-8329

ENDICOTT, NEW YORK 13760
Post Office Box 87
2209 East Main
Phone: 607 ST 5-9987

GARDEN CITY, L.I, NEW YORK 11532

600 Old Country Road
Phone: 516 PI 2-1515

HOLLYWOOD, CALIFORNIA 90028
1800 North Argyle Avenue
Phone: 213-466-7251

HOUSTON, TEXAS 77006
3334 Richmond Avenue
Suite 102
Phone: 713 JA 6-3268, 9

HUNTSVILLE, ALABAMA 35801
Sahara Office Park Building
Suite 111
3313 Memorial Parkway, S.W.
Phone: 205-881-4061, 4102

INGLEWOOD, CALIFORNIA 90301
5005 West Century Boulevard
Suite 208
Phone: 213-673-3943

ORLANDO, FLORIDA 32801
618 East South Street
Suite 114
Phone: 305 GA 2-9894

DAIN AITNA OCAIICODNMIA 0A20C
TALV ALIV, VALITVRIVIA JTJUU

230 California Avenue
Suite 201
Phone: 415 DA 6-6770

PHOENIX, ARIZONA 85017
2535 West Camelback Road
Suite 1D
Phone: 602-279-5531

POUGHKEEPSIE, NEW YORK 12603
131 Fulton Avenue, J-2
Phone: 914 GR 1-6095

RICHMOND HILLS, ONTARIO, CANADA
280 Centre East
Phone: 416-925-1035, 416-285-7112

SAN DIEGO, CALIFORNIA 92116
4185 Adams Avenue
Phone: 714-284-1181

SANTA ANA, CALIFORNIA 92701
1505 East 17th Street
Suite 201
Phone: 714 Ki 7-6506

SOUTHFIELD, MICHIGAN 48075
Suite 706
Northiand Towers Building
Phone: 313-357-1703

CT DAIIl MINNECATA EC1NA
Ok FNUL) MUNUTLOVIR JYLvT

Griggs-Midway Building, Room 154
1821 University Avenue
Phone: 612 Ml 6-2755

SYRACUSE, NEW YORK 13202
501 East Fayette Street
Phone: 315 GR 6-4031

UNION, NEW JERSEY 07083
U. S. Highway #22
Post Office Box 366

Phone: 687-7200, New Jersey

Phone: 682-7951, New York

WASHINGTON, D.C. 20009
1875 Connecticut Avenue, N.W.
Suite 913
Phone: 202 AD 4-9320

WALTHAM, MASS. 02154
60 Hickory Drive
Phone: 617-891-8450

WOODBRIDGE, CONN. 06525
300 Amity Road
Phone: 203-389-4521



AUTHORIZED DISTRIBUTORS

FOR TEXAS INSTRUMENTS SEMICONDUCTORS AND COMPONENTS

ALABAMA

ACK SEMICONDUCTORS INC.
3101 Fourth Avenue South/FA 2-0588
Birmingham, Alabama 35233
2407 North Memorial Parkway/539-3456
Huntsville, Alabama 35810

ARIZONA

KIERULFF ELECTRONICS, INC.
2633 East Buckeye Road/273-7331
Phoenix, Arizona 85034

CALIFORNIA

CALIFORNIA ELECTRONICS SUPPLY, INC.
1911 Armacost Avenue/TR 9-0760
West Los Angeles, California 90025

KIERULFF ELECTRONICS, INC.
2484 Middlefield Road/968-6292
Mt. View, California 94041

NEWARK ELECTRONICS CO., INC.
4747 West Century Boulevard/OR 8-0441
Inglewood, California 90301

MILO OF CALIFORNIA
2060 India Street/BE 2-8951
San Diego, California 92101

RADIO PRODUCTS SALES, INC.
1501 South Hill Street/RI 8-1271
Los Angeles, California 90015

R. V. WEATHERFORD COMPANY
1651 South State College Bivd./Kl 7-7521

Anaheim, California 92805

6921 San Fernando Road/Vl 9-3451
Glendale, California 91201

3240 Hillview Drive

Stanford Industrial Park/DA 1-5373

Palo Alto, California 94304

TI SUPPLY COMPANY
1651 Tenth Street/393-6733
Santa Monica, California 90404

COLORADO

NEWARK-DENVER ELECTRONIC
SUPPLY CORP.
2170 South Grape Street/757-3351
Denver, Colorado 80222

FLORIDA

ELECTRONIC WHOLESALERS, INC.
345 Graham Avenue/841-1550
Orlando, Florida 32814
9390 N.W. 27th Avenue/OX 6-1620
Miami, Florida 33147

GEORGIA

ACK SEMICONDUCTORS INC.
554 Deering, N.W./873-5246
Atlanta, Georgia 30309

MISSOURI

TI SUPPLY COMPANY
1660 Broadway/HA 1-5670
Kansas City, Missouri 64108

ELECTRONIC COMPONENTS FOR
INDUSTRY
2605 South Hanley Road/MI 7-5505
St. Louis, Missouri 63144

ILLINOIS

ALLIED ELECTRONICS CORPORATION
100 North Western Avenue/TA 9-9100
Chicago, [llinois 60680

MERQUIP ELECTRONICS, INC.
4939 North Elston Avenue/AV 2-5400
Chicago, 1liinois 60630

NEWARK ELECTRONICS CORPOR%TION
500 North Pulaski Road/638-4411
Chicago, lllinois 60624 NEW JERSEY

GENERAL RADIO SUPPLY COMPANY, INC.

600 Penn Street/WO 4-8560

INDIANA

RADIO DISTRIBUTING COMPANY
812 North Senate Avenue/ME 7-5571
Indianapolis, Indiana 46206

Tl SUPPLY COMPANY
U. S. Highway #22
Post Office Box 366,/687-0213
Union, New Jersey 07083

LAFAYETTE INDUSTRIAL ELECTRONICS
24 Central Avenue/MI 3-6868
Newark, New Jersey 07102

10WA

DEECO, INC.
618 First Street, N.W./EM 5-7751
Cedar Rapids, lowa 72405
NEW MEXICO

KIERULFF ELECTRONICS, INC.
6405 Acoma Road, S.E./AM 8-3901
Albuquerque, New Mexico 87108

LOUISIANA

ELECTRONIC PRODUCTS CORPORATION
3622 Toulouse Street/HU 6-3777
New Orleans, Louisiana 70119

NEW YORK

GENESEE RADIO & PARTS CO., INC.
2550 Delaware Avenue/TR 3-9661
Buffalo, New York 14216

LAFAYETTE INDUSTRIAL ELECTRONICS
165-08 Liberty Avenue/AX 1-7000
Jamaica, New York 11431

MILGRAY/NEW YORK
160 Varick Street/YU 9-1600
New York, New York 10013

MARYLAND

ELECTRONIC WHOLESALERS, INC.
3004 Wilkens Avenue/WI 5-3400
Baltimore, Maryland 21223
MILGRAY /WASHINGTON
5133 Lawrence Place/864-6330
Hyattsville, Maryland 20781

MASSACHUSETTS

DEMAMBRO ELECTRONICS
1095 Commonwealth Avenue/783-1200
Boston, Massachusetts 02215

TI SUPPLY COMPANY
480 Neponset Road/828-5020
Canton, Massachusetts 02021

LAFAYETTE INDUSTRIAL ELECTRONICS
1400 Worcester Road/969-6100
Natick, Massachusetts 01710

140 West Main Street/454-7800
Rochester, New York 14614

NORTH CAROLINA

ELECTRONIC WHOLESALERS, INC.
938 Burke Street/PA 5-8711
Winston-Salem, North Carolina 27101

OHIO

NEWARK-HERRLINGER
ELECTRONICS CORP.

112 East Liberty Street/GA 1-5282
Cincinnati, Ohio 45210

SREPCO ELECTRONICS, INC.
314 Leo Street/BA 4-3871
Dayton, Ohio 45404

ESCO ELECTRONICS INC.
3130 Valleywood Drive/298-0191
Dayton, Ohio 45429

W. M. PATTISON SUPPLY CO.
777 Rockwell Avenue/621-7320
Cleveland, Ohio 44101

MICHIGAN

NEWARK-DETROIT ELECTRONICS, INC.
20700 Hubbell Avenue/UN 1-6700
Detroit, Michigan 48237

NEWARK-INDUSTRIAL
ELECTRONICS CORP.
2114 South Division/CH 1-5695
Grand Rapids, Michigan 49507

MINNESOTA

STARK ELECTRONIC SUPPLY CO.
112 Third Avenue N/FE 2-1325
Minneapolis, Minnesota 55401

ROCHESTER RADIO SUPPLY CO., INC.

OKLAHOMA

TI SUPPLY COMPANY
1124 East 4th Street/LU 3-8121
Tulsa, Oklahoma 74110

PENNSYLVANIA

MILGRAY/DELAWARE VALLEY INC.
2532 North Broad Street/BA 8-2000
Philadelphia, Pennsylvania 19107
RADIO PARTS COMPANY, INC.
6401 Penn Avenue/EM 1-4600
Pittsburgh, Pennsylvania 15206

TEXAS

TI SUPPLY COMPANY
6000 Denton Drive/FL 7-6121
Dallas, Texas 75235
5240 Elm Street/MO 6-2175
Houston, Texas 77036

HARRISON EQUIPMENT COMPANY, INC.
1422 San Jacinto Street/CA 4-9131
Houston, Texas 77001

MIDLAND SPECIALTY COMPANY
2235 Wyoming Avenue/KE 3-9555
El Paso, Texas 79903

UTAH

STANDARD SUPPLY COMPANY
225 East Sixth South St./EL 5-2971
Salt Lake City, Utah 84110

WASHINGTON

ALMAC-STROUM ELECTRONICS
621 South Michigan Street/723-7310
Seattle, Washington 98108

WASHINGTON, D.C.

ELECTRONIC WHOLESALERS, INC.
2345 Sherman Avenue, N.W./HU 3-5200
Washington, D.C. 20001

CANADA

CANADIAN ELECTRONICS LTD.
Calgary, Alberta
Edmonton, Alberta
Lethbridge, Alberta
Medicine Hat, Alberta
Vancouver, B.C.

CAM GARD SUPPLY LTD.
Saskatoon, Saskatchewan
Winnipeg, Manitoba

CESCO ELECTRONICS LTD.
Montreal, Quebec
Quebec, Quebec
Ottawa, Ontario
Toronto, Ontario

TI SUPPLY COMPANY
Montreal, Quebec



o SERIES 54 I
SQOLID GERGUIT SEMICONDUCTOR NETWORKST

HIGH-SPEED SATURATED TRANSISTOR- TRANSISTOR LOGIC CIRCUITS
FOR GENERAL-PURPOSE DIGITAL SYSTEM APPLICATIONS

s sInas

description

Series 54 integrated circuits have been designed
and characterized for high-speed, general-purpose
digital applications where high d-c noise margin
and relatively low power dissipation are important
system considerations. Definitive specifications are
provided for operating characteristics over the full
military temperature range of —55°C to 125°C.
This logic series includes the basic gates, flip-flop
elements, and complex logic and storage elements
needed to perform all functions of general-purpose
digital systems.
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TYPE SN5400 PRIOR TO CAPPING

features
LOW SYSTEM COST

* maximum number of circuits per package through use of 14-lead package

OPTIMUM CIRCUIT PERFORMANCE
¢ high speed — typical gate propagation delay time of 13 ns
e high d-c noise margin — typically one volt
o low output impedance provides low a-c noise susceptibility
o waveform integrity over full range of loading and temperature conditions
¢ low power dissipation — 10 mW per gate at 50% duty cycle
¢ full fan-out of 10
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SERIES 54

SOLEID CERCWER® SEMICONDUCTOR NETWORKS

design characteristics

Series 54 digital integrated circuits effect an optimization
between saturated logic circuitry and monolithic semiconduc-
tor technology yielding high performance at lowest cost. In
discrete-component circuitry maximum use is made of lower
cost components (diodes and resistors) instead of the higher
priced transistors. However, in monolithic circuitry it costs no
more to build transistors than diodes or resistors. Therefore,
in Series 54, transistors are used to buffer the fluctuations
in currents that occur as resistor values change. Also, the
Series 54 multiple-emitter transistor can easily be built in a
monolithic bar to eliminate the need for conventional input
diodes.

circuit operation

1002

The transistor-transistor logic (TTL) used in Series 54 is anal-
ogous to diode-transistor logic (DTL) in certain respects. As
shown in figure A, a low voltage at inputs A or B will allow
current to flow through the diode associated with the low
input, and no drive current will pass through diode D;. If
inputs A and B are raised to o high voltage, drive current
will then pass through diode D,.

Vee
r -
3
1 —
L Q
m 1
. —
INPUT A -
1
INPUT B , INPUT B —_—
GND
Figure A Figure B
Diode AND Llogic Series 54 AND Llogic

Ve

0.8V input (test condition)
0.4V max. output (worst case)
0.4V worst-case noise margin

0.8V
(test condition)

0.4V max.

(worst case)

Figure D — Logical 0 Noise Margin

Each output is tested to ensure that the logical 1 output
voltage will not fall below 2.4 volts. This is done with full
fan-out, lowest Vo, and 0.8 volt on the input— 400 mV
more than the logical 0 maximum.

Each output is tested to ensure that the logical 0 output
voltage will not exceed 0.4 volt. This is done with full fan-
out, lowest Vi, and 2 volts on the input — 400 mV less than
the logical 1 minimum.

In actval system operation, the majority of circuits do not
experience worst-case conditions of fan-out, supply voltage,
temperature, and input voltage simultaneously. In addition,
the threshold voltage of the Series 54 circuits is about 1.5
volts. These characteristics allow a larger voltage change on
an input without false triggering. This typical noise margin is
shown in figure E.

In Series 54 TTL circuitry, the multiple-emitter transistor per-
forms the same function as the diodes in DTL (see figure B).
However, the transistor action of the multiple-emitter trans-
istor causes transistor Q, to turn-off more rapidly, thus pro-
viding an inherent switching-time advantage over the DTL
circuit.

Although one-volt d-c noise margins are typical for Series 54
circuits, an absolute guarantee of 400 millivolts is assured
for every unit. This is accomplished by testing each output
and input as shown in figures C and D.

Vee

2.4 V min. output (worst case)
2.0 V input (test condition)
0.4 V worst-case noise margin

2.4V min. 2v
(worst case) (test condition)

2.25 T T T i
= /
2.00 | Vee 4.5V ]
Fan Out =10 L~ LOGICAL 1
. 1.75 > NOISE
| 1.50 L] MARGIN
£ 1.25 —
g 1.00
b3 LOGICAL 0
Y 0.75 NOISE
(=) MAR
0.50 GIN
0.25
0

-55 -35-15 5 25 45 65 85 105 125
TA - Free-Air Temperature —=°C

Figure C — Logical 1 Noise Margin

Figure E — Typical D-C Margin vs Temperature

Another important feature of the design is the output con-
figuration which both supplies current (in the logical 1 state)
and sinks current (in the logical O state) from a low imped-
ance. Typically, logical 0 output impedance is 12 © and
logical 1 output impedance is 70 Q. This low output imped-
ance in either state rejects capacitively coupled a-c pulses
and ensures small R-C time constants which preserve wave-
shape integrity.



standard line summary

SERIES 54

SOLID CIRCUET" SEMICONDUCTOR NETWORKS

SN5400 See page 1005
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QUADRUPLE 2-INPUT
POSITIVE NAND GATE

SN5410  See page 1006

F'S:L
=
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TRIPLE 3-INPUT
POSITIVE NAND GATE

SN5420 See page 1007

L1

DUAL 4-INPUT
POSITIVE NAND GATE

SN5430 See page 1008
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8-INPUT

POSITIVE NAND GATE

SN5440
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See page 1009
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DUAL 4-INPUT
POSITIVE NAND BUFFER

SNJ450

—

See page 1010

EXPANDABLE DUAL
2-WIDE 2-INPUT
AND-OR-INVERT GATE

DUAL 2-WIDE 2-INPUT
AND-OR-INVERT GATE

SNS5453

See page 1012

EXPANDABLE 4-WIDE
2-INPUT
AND-OR-INVERT GATE

SN5454  See page 1012 SN5460 See page 1014 SN5470  See page 1015 SN5472  See page 1018
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SN5473  See page 1021 SN5474  See page 1024 SN5480 See page 1027
i SR e S I |
N %lecra H } ll;resezD i —H c,
t t LA .
—}—diClock | —%—Gock ! Il A
—+—! o | | cm9_7— - |
—a T
2 ——
I | :}# | l
ear . b
l J Q - [ c Q' ] —HBI Co —{'_
-——ll——c Clock : —t—" Clock : ) 32 B* --T—
= D
i Eleoro ‘I | l’resel'Q | 1 Bc |
—t——____J —___J e — —
DUAL J-K DUAL D-TYPE
MASTER-SLAVE FLIP-FLOP EDGE-TRIGGERED FLIP-FLOP GATED FULL ADDER

1003



SERIES 54
SOLID CEXRCUIRR® SEMICONDUCTOR NETWORKS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply Voltage Vec (SeeNote 1) . . . . . . . . . . . . . « « « . o . . TV
Input Voltage Vi, (See Notes1and 2) . . . . . . . . . . . . . . . .. . . . 55Y¥Y
Operating Free-Air Temperature Range . . . . . . . . . . . . . . . . =55° to 125°C

Storage Temperature Range . . . . . . . . . . . . . . . . . . .—65°C to 150°C

NOTES: 1. Voltage valves are with respect to network ground terminal.
2. Input signals must be zero or positive with respect to network ground terminal.

logic definition

Series 54 logic is defined in terms of standard POSITIVE LOGIC using the following definitions:

LOW VOLTAGE = LOGICAL 0
HIGH VOLTAGE = LOGICAL 1

input-current requirements

Input-current requirements reflect worst-case conditions for T, = —55°C to 125°C and Ve = 4.5 V to
5.5 V. Each input of the multiple-emitter input transistor requires that no more than —1.6 mA flow out of
the input at a logical 0 voltage level; therefore, one load (N = 1) is —1.6 mA maximum, Each input requires
current into the input at a logical 1 voltage level. This current is 40 pA maximum for each emitter input.
Currents into the input terminals are specified as positive values. Arrows on the d-c test circuits indicate
the actual direction of current flow.

fan-out capability

Fan-out reflects the ability of an output to sink current from a number of loads (N) at a logical 0 voltage
level and to supply current at a logical 1 voltage level. Each standard output is capable of sinking current
or supplying current to 10 loads (N = 10). The buffer gate is capable of sinking current or supplying
current to 30 loads (N = 30). The carry output (C,+,) of the full adder is capable of driving 5 loads
(N = 5) and the A* and B* nodes may be used to drive 3 loads (N = 3). Load currents (out of the

output terminal) are specified as negative values. Arrows on the d-c test circuits indicate the actual direc-
tion of current flow,

unused inputs

For optimum switching times, unused gate inputs should be tied to a positive voltage source of 2.4 V
to 5.5 V. This eliminates the distributed capacitance associated with the floating input-transistor emitter,
bond wire, and package lead, and ensures that no degradation will occur in the propagation delay
times. Supply voltage Vcc, if regulated to 5.5 V maximum, may be used.

if the supply voltage Vcc cannot be limited to 5.5 V the following alternatives are recommended:
a. Connect unused gate inputs to an independent supply voltage source of 2.4 V to 5.5 V.

b. Connect unused inputs to a used input if maximum fan-out of the driving output will not
be exceeded.

In all cases, unused J* and K* inputs of the SN5470 must be connected to ground.

Instructions for terminating unused inputs of the SN5480 are provided in the applications shown for that
device.
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schematic (each gate)

+—o Vec

4kQ £1.6 kQ 130 €

TYPE SN5400
QUADRUPLE 2-INPUT POSITIVE NAND GATE

OUTPUT Y
INPUTS
B 1
GND 1A 1B Y Vee 2¥Y 27 2
Component values shown are nominal.
positive logic
Y =AB
recommended operating conditions
Supply Voltage Voo . 0 0 o . . . e . . 45V to 55V
Fan-Out From Each Output, N . . . . .. 1 to 10
electrical characteristics, T, —= ~55°C to 125°C
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX |UNIT
Logical 1 input voltage required
Vi"(‘) at all input terminals to 1 Ve = 45V, Vouf(o) <04V 2 v
ensure logical 0 level at output
Logical O input voltage required
Vinje) at any input terminal to 2 Vee = 45V, Vout() > 24V 0.8 v
ensure logical 1 level at output
Vee = 45V, V., = 08V,
\ i cc ’ n ol o2 .
out(1) Logical 1 output voltage 2 hoog = —400 £A 4 3.3% v
Vee = 45Y, V. = 2V,
Voutio) Logical 0 output voltage 1 cc — . n ! 0.22% 04 \
out{0) Log P 9 L = 16 mA ¥
linjoy  Logical O level input current (each input) 3 Vee = 5.5V, Vin = 04V ~1.6 | mA
Vee =55, V., =24V 40 A
linn) Logical 1 level input current (each input) 4 ce n a
Vee = 55V, Vin = 55V 1 [ mA
los  Short-circuit output currentt 5 Ve = 55V -20 -55 | mA
lccio) Logical 0 level supply current (each gate) 6 Vee =5V, Vi, =35V 3 mA
lccp) Logical 1 level supply current (each gate) 6 Vee =5V, Vi, =0 1 mA
switching characteristics, Vcc =5 V, T, =25°C, N=10
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX/| UNIT
t,do  Propagation delay time to logical O level 50 C, = 15 pF 8 15 | ns
tod1  Propagation delay time to logical 1 level 50 C, = 15pF 18 29 ns

FNot more than one output should be shorted at a time.
FThese typical valves are at Voo = 5V, T, = 25°C,
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TYPE SN5410
TRIPLE 3-INPUT POSITIVE NAND GATE

schematic (each gate)

switching

1C 3Y 3C GND 38 3A 2C
y ONORORONO;
0 CC
i | i
< -
:: 4kQ S 1.6k & 1300 Iﬁ
ol adl
A K OUTPUT Y 1
- ol - b o :
| OCOO®OO®O
>
C 5; 1k 1A 18 Y Vee 2Y 2A 28
GND positive logic
. Y = ABC
Component values shown are nominal.
recommended operating conditions
Supply Voltage Ve Coe e e e e e N . e . .. 45V to 55 V
Fan-Out From Output, N “ e s s s s w s e s s .11 10
electrical characteristics, T, — ~55°C to 125°C
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX |UNIT
Logical 1 input voltage required
Vin) at all input terminals to 1 Ve = 4.5V, Voutf) S 04V | 2 v
ensure logical 0 level at output
Logical 0 input voltage required
Vin(o, at any input terminal to 2 Vec = 4.5 v, Vwﬂ,’ > 24V 0.8 v
ensure logical 1 level at output
Vee = 45V, V. =08V,
Vou,m Logical 1 output voltage 2 Ilfaj = 400 4A in 2.4 3.3% v
Vee = 45V V. =2V,
\J . cC 4 in ’
out(o) Logical 0 output voltage 1 g = 16 mA 0.22%f 0.4 v
lino)  Logical 0 level input current (each input) 3 Vee = 55V, Vip = 04V -1.6 | mA
Vee = 55V, V=24V 40 | uA
'in(l) Logical 1 level input current (each input) 4
Vee = 55V, V,, =55V 1 | mA
los  Short-circuit output currentt 5 Veg = 55V -20 =55 | mA
Icc(o) Logical O level supply current (each gate) Vee =5V, Vin=35V 3 mA
lcep) Logical 1 level supply current (each gate) [ Ve =5V, Vin =20 1 mA
characteristics, Vcc=5 V, T,—=25°C, N=10
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX | UNIT
todo  Propagation delay time to logical O fevel | ~ 50 C, = 15pF 8 15 | ns
prdl Propagation delay time to logical 1 level 50 Cy = 15 pF 18 29 ns

FNot more than one output should be shorted at a time.
fThese typical values are at Veg =5V, Ty = 25°¢.
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schematic (each gate)

INPUTS

Component values shown are nominal.

recommended operating conditions

°© QUTPUT Y

GND

DUAL 4-INPUT POSITIVE NAND GATE

TYPE

SN5420

® ®

1B GND

2y

ORONONO

2D

ONONO,

1A Y

|
NC cc

-
ONONOXO,

positive logic
Y = ABCD

Supply Yoltage Ve o .+« o . . . 45V to 55V
fan-Out From Each Output, N . . . . . . . . 1t 10
electrical characteristics, T, = -55°C to 125°C
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX | UNIT
Logical 1 input voltage required
Vin(1) at all input terminals to 1 Vee =45V, Vout(o) <04V 2 v
ensure logical 0 level at output
Logical 0 input voltage required
Vinoy at any input terminal to 2 Vee = 45V, Vout() > 24V 0.8 \
ensure logical 1 level at output
. Vee = 45V, V,, =08V,
Vout(1) Logical 1 output voltage 2 o — 400 A in 2.4 33% v
Vee = 45V Vi, =2V
\" H cC ’ in ’
out{o) Logical 0 output voltage 1 g = 16 mA 0.22% 0.4 Y
‘in(o) Logical O level input current (each input) 3 Vec = 55V, Vin = 04V -1.6 mA
Vee = 5.5, V.. = 24V 40 A
linf1) Logical 1 level input current (each input) 4 cc n #
Vee = 55V, Vi, = 55V 1 [ ma
los  Short-circuit output currentt Vee = 5.5V -20 =55 | mA
lccio) Logical O level supply current (each gate) Vee =5V, Vi, =35V 3 mA
lccn) Logical 1 level supply current (each gate) Veec =5V, Vin = 1 mA
switching characteristics, Vcc=5 V, T,=—=25°C, N=10
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX| UNIT
todo  Propagation delay time to logical O level 50 C, = 15pF 8 15 | ns
todi  Propagation delay time to logical 1 level 50 C, = 15pF 18 29 | ns

FNot more than one output should be shorted at a fime.

. — — 2¢O
FThese typical valves are ot Ve = 5V, T, = 15°C




TYPE SN5430
8-INPUT POSITIVE NAND GATE

schematic

INPUTS

Component values shown are nominal.

switching

]
OUTPUT Y 1T-ti
NC A B Vee C D E
GND Py o
positive logic
Y = ABCDEFGH
recommended operating conditions
Supply Voltage V¢ . . . . . 45V to 55V
Fan-Out From Ouipur, N . . R . . . e e 1 40 10
electrical characteristics, T, = -55°C to 125°C
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX |UNIT
Logical 1 input voltage required
Vinty  at all input terminals to 1 Ve = 4.5V, Voutio) <04V 2 v
ensure logical 0 level at output
Logical 0 input voltage required
Vino) @t any input terminal to 2 Vec =45V, Vout) = 24V 0.8 v
ensure logical 1 level at output
Ve =45V, V.. =08V,
Vou,(l) Logical 1 output voltage 2 e = —400 uA in 2.4 33% v
Vee = 45V, V. =2V,
\YJ B cC . in 4
out{o) Logical 0 output voltage 1 lig = 16 mA 0.22% 0.4 \'
lino)  Logical O level input current (each input) 3 Veec =55V, Vin = 04V -16 | mA
] Vee = 55V, V,, = 24V 40 | pA
|in(|) Logical 1 level input current (each input) 4
Vee =55V, Vi, =55V T | mA
los  Short-circuit output current Veec =55V ~20 =55 | mA
lccio) Logical O level supply current Vee =5V, Vin =8V 3 mA
|cc(|) Logical 1 level supply current Vec =5V, Vip =20 1 mA
characteristics, Vcc =5 V, T,.=25°C, N=10
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX | UNIT
todo  Propagation delay time to logical O level 50 C, = 15 pF 8 15 ns
todi  Propagation delay time to logical 1 level 50 C, = 15pF 18 29 ns

FThese typical values are at Voo = 5V, Ty = 25°C.
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schematic (each gate)

<
3 4k

cc
1009%

OUTPUT Y

TYPE SN5440
DUAL 4-INPUT POSITIVE NAND BUFFER

1B GND 2Y 2D

® ®

ONONONO.

INPUTS S B
C 400
5 OOOOOO®O
1A Y NC N 2 28
+—o GND Vee A
Component values shown are nominal.
positive logic
Y = ABCD
recommended operating conditions
Supply Voltage Vo C e e e e e e e . . . .. . 45V to 55V
Fan-Out From Output, N . e e e e e e e e e e e e e e e . 211030
electrical characteristics, T, = —-55°C to 125°C
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX| UNIT
Logical 1 input voltage required
Vinp1y  at all input terminals to 1 Ve =45V, Voutjo) S 04V| 2 \
ensure logical O level at output
Logical 0 input voltage required
Vino) 9t any input terminal to 2 Ve = 45V, Voutpy) = 2.4V 0.8 v
ensure logical 1 level at output
Vec = 45V, V,, = 08V,
Voutpr) Logical 1 output voltage 2 Iloj = 1.2 mA n 24 33% \'
Vee = 45V, V., =2V
\"} . cC 4 in 4
out{o) Logical O output voltage 1 iy = 48mA 028t 04 | V
lino) Logical 0 level input current (each input) 3 Ve = 5.5V, Vin = 04V -1.6 | mA
Vee = 55V, V,, = 24V 40 A
li"m Logical 1 level input current (each input) 4 cc - n #
Vec =55V, vV, =55V 1 [ ma
los  Short-circuit output currentt 5 Veg =55V -20 =70 | mA
lcclo) logical O level supply current (each gate) 6 Vec =5V, Vin =5V 8.6 mA
lccp) Logical 1 level supply current (each gate) 6 Vec =5V, Vin = 2 mA
switching characteristics, Vcc=5 V, T,=25°C, N=30
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX| UNIT
todo  Propagation delay time to logical 0 level 50 C, = 15 pF 8 15 ns
tod1  Propagation delay time to logical 1 level 50 C, = 15pF 18 29 ns

FNot more than one output should be shorted at a time.
$These typical valves are at Ve = 5V, T, = 25°C,
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TYPES SN5450, SN5451
DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATES

schematic (each gate)

Y GND 2D

T (000B 0T

1.6 kQ %41(9 130 @

4 k@

AAAAS

INPUTS{Q —-( INPUTS{CD OUE’UT
EXPANDER o @ @ @ @ @ @ @

% Q 28
INPUTS ON | XX, A Vee B 24
GATE 1 OF X 1kQ SN5450 ONLY
SN5450 ONLY (See Note 4)
See Note 4 n
(See Note 4) +—o0 GND positive logic

Y = (AB) + (CD) + (X of SN5450)
= ABCD from SN5460

NOTES: 1. Component values shown are nominal.
2. Both SN5450 expander inputs are used simultaneously for expanding with (SN5450 X)

the SN5460.

3. If expander is not used leave pins @ and @ open,

. Make no external connection to pins @ and @ of the SN5451.

5. A total of four expander gates may be connected to the SN5450 expander
inputs.

E)

recommended operating conditions

SupplyVoItugchc..............................4.5V105.5V
Fan-Out From Each Output, N . . . . . o . ¢ o v ¢ o o o v e« o o o o o o o o o o o o = 1to 10

electrical characteristics, T, = -55°C to 125°C, pins @ and @ open

TEST
FIGURE

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

Logical 1 input voltage required
Vinj1) ot both input terminals of either AND 7 Vee =45V, Vg < 04V 2 v
section to ensure logical 0 at output

Logical 0 input voltage required
Vinoy ot one input terminal of each AND 8 Vec =45V, Vo = 24V 0.8 \'/
section to ensure logical 1 at output

Voc =45V, V,, = 08V,

Voutr)  Logical 1 output voltage 8 log = —400 £A 2.4 3.3% v
K Vec = 45V, V;,, =2V,
v cc + Vin - 022t 04 | V
outlo) Logical 0 output voltage 7 iy = 16 mA ¥
lino) Logical O level input current (each input) 9 Vec =55V, V;,, =0 -1.6 | mA
. Vee =55V, V, =24V 40 | pA
Lints Logical 1 level input current (each input) 10
(1) Vec =55V, V,, =55V 1| mA
los Short-circuit output currentt n Veec =55V -20 =55 | mA
Logical 0 level supply current _ _
lecio)  (eqch gate) 12 Vee =5V, V,=5V 37 mA
Logical 1 level supply current _ _
lecn) (each gate) 13 Veg =58V, V=0 2 mA

FNot more than one oulput should be shorted at a time.
FThese typical values are at Vee =5V, T, = 25°C.
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. TYPES SN5450, SN5451
DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATES

electrical characteristics (SN5450 only) using expander inputs, T, = -55°C
PARAMETER FIOORE TEST CONDITIONS MIN TYP MAX| UNIT
Ix Expander current 14 ::ff; 146.5m\2 V; =04V, 29 | mA
Vieiol o :e:.;".::' :r:::‘:i':;gre(Q) 15 ::c_c—- ?.441'5.“\,/«', :z’,i'*==ow A LI
Vout(1) Logical 1 output voltage 16 ;:Ci —-;‘145'5'“\2, :';’; To;;ozKAl 2.4 3.3% \'4
Veutjo) Logical 0 output voltage 15 ::Cf:___ ?'34:‘:' :“Ii'*:=1;86;A' 0.22% 04 \4

These typical values are at Vo == 5V, T, = 25°C.

switching characteristics, Vcc = 5 V, T, = 25°C, pins @ and @ open, N=10

PARAMETER TEST TEST CONDITIONS MIN TP Max| uNir
FIGURE
Propagation delay time to
t —
P jogical O level 50 < 15 pF 8 15 ns

Propagation delay time to _
'od1 Jogical 1 level 50 C, = 15pF 18 29

ns
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TYPES SN5453, SN5454
4-WIDE 2-INPUT AND-OR-INVERT GATES

schematic

o Vec

4I<Q§ 1.6 k@S 34 k91300
< < < GND NC F E

C oJoJoRo¥oXo¥o
INPUTS A\ l\}‘j :fINPUTS

1

F
EXPANDER t
INPUTS Xo-
SN5453 ONLY 5o !

r—o OUTPUT Y

( See Note 4)

4k 3 42 $ T

s 7~ N s OOOOLOO®O
INPUTS N INPUTS X X A Vee B c D

D H SN5453 ONLY

J Q (See Note 4)
1k ] positive logic
‘ GND
Y = (AB) + (CD) + (EF) + (GH).+ (X of SN5453)

NOTES: 1. Component values shown are nominal. (SN5453 X) = ABCD from SN 5460

2. Both SN5453 expander inputs are used simultaneously for expanding with

the SN5460.

3. If SN5453 expander is not used leave pins @ and @ open.
4. Make no exlernal connection to pins @ and @ of the SN5454.

. A total of four expander gates may be connected to the SN5453 expander
inputs,

w

recommended operating conditions

Supply VYoltage Vi e e e e e e e e e e e e e e e e e e e e e e e e e e e e . 45V H055Y

Fan-Out From Each Output, N . . . . . . . . . . ¢ + ¢« . ¢ ¢ ¢ e v = o« o o« o« o« s 4+« s1T1010

electrical characteristics, T, = -55°C to 125°C, pins @ and @ open

TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX |UNIT

Logical 1 input voltage required

Vinm at both input terminals of either AND 7 Vee = 45V, Vou'r(o) <04V 2 v
section to ensure logical 0 at output

Logical O input voltage required

Vino) @t one input terminal of each AND 8 Ve = 45V, Vw,m > 24V 0.8 \"
section to ensure logical 1 at output

. Ve = 45V, V;, =08V,
VYout() Logical 1 output voltage 8 l::d: = —400 p.Am 2.4 3.3% v
Vouio) Logical O output voltage 7 Z'C: == 'l46'5m\;lﬂt Vin =2V, 0.22% 04 v
linto) Logical O level input current (each input) 9 Vee =55V, V;, =0 =16 | mA
Vee = 55V, V,, = 24V 40
I Logical 1 level input current (each input) 10 cc o pA
inf1) Vec = 55V, V,, =55V T [ mA
los Short-circuit output currentt 11 Vee = 55V -20 -55 | mA
lccio)  Logical O level supply current 12 Vee =5V, V, =5V 5.1 mA
lee) Logical 1 level supply current 13 Ve =5V, V;,, =0 4 mA

FNot more than one output should be shoried at a time.
FThese typical values are at Voo = 5V, T, = 25°C.
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TYPES SN5453, SN5454
4-WIDE 2-INPUT AND-OR-INVERT GATES

electrical characteristics (SN5453 only) using expander inputs, T, =— -55°C
PARAMETER o TEST CONDITIONS MIN TYP MAX |UNIT
Iy Expander current 14 I\s/f::: 146.5m\;: Vi = 04V, 29 | mA
o St 5 | Ve any e 3K
Voutpy logical 1 output voltage 16 ::Ci j.'l45'5m\;:, :‘2“; fo]‘zog‘ﬁA’ 24 33f v
Voutio) Logical O output voltage 15 ::CE; :_(;,34;::' ll:\inkzz'l;:;Al 0.22f 0.4 A

FThese typical values are ot Voo = 5V, T, = 25°C.

switching characteristics(SN5453 andSN5454), Vcc = 5 V, T, = 25°C, pins @ and @ open, N =10

PARAMETER TEST TEST CONDITIONS MIN TYP MAX | UNIT
FIGURE
Propagation delay time to C. = 15 pF 8 15
PO Jogical O level 50 ! i "
Propagation delay time to — F 18 29
&d.l logical 1 level 50 < 13p "
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TYPE SN5460
DUAL 4-INPUT EXPANDER

schematic 2X  2X 2D GND 2C 28 2A
—oVee ‘m®®®m®.o
|
4kQ x
e
o |Pin @ or @
X |see Note 1
OUTPUT

, q

B X |Pin @ or
INPUTS See Note 2
g 1X X 1A Vee 1B 1Ic D
positive logic
X = ABCD
when connected to pins @ and @ of
NOTES: 1. Connect pin @ or @ fo pin @ of SN5450 or SN5453. SN5450 or SN5453
2. Connect pin @ or Q to pin @ of SN5450 or SN5453.
3. Component values shown are nominal.
recommended operating conditions
Supply Voltage Voo . . . . . e e e e ee e s s e s e e e e 45V to 55V
Maximum number of expanders ﬂwf may be funned-m to one SN5450 orone SN5453 . . . . . . . . . . . . . 4
electrical characteristics (unless otherwise noted T,=— -55°C to 125°C)
TEST
PARAMETER FiGURE TEST CONDITIiONS MIN TYP MAX | UNIT
Logical 1 input voltage required _ _
Vin)  at all input terminals to 17 Ve = 45V, ¥y =1 V,° 2 v
R= 11ke, T, = -55°%,
ensure output on level
Logical O input voltage required Vec =45V, V, =45V,
Vino) ot any input terminal to 18 R = 1.2 kQ, logg = 0.15 mA, 0.8 v
ensure output off level current T, = —55°C
Ve =45V, V,, =2V,
Von Output voltage on level 17 Vv, =1V, R = 1.1kQ, 04 v
T, = -55°C
Vec =45V, V;,=08Y,
loss Output off level current 18 vV, =45V, R=12k%,. 150 LA
T, = -55°C
Ve =45V, V., =2V,
I cC v n .V,
on Output on level current 19 V=1V, T; — _s5°C -0.3 mA
linfo) Logical 0 level input current (each input) 18 Vee =55V, V,, =04V, -1.6 mA
| Louical 1 lovel 1 ] Voo = 55V, V,, = 24V 40 7
in(1) ogical 1 level input current (each input) 20 Voo = 55V, V, =55V 1 mA
Vee =5V, V. =35V,
Icc(m, On level supply current (each gate) 21 Vlcc= 0.85V in 0.6 mA
1 Vec =5V, Vi =0,
ccloty Off level supply current (each gate) 2 V, = 085V 1 mA
switching characteristics, Vcc=5 V, T,—25°C, N=10
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX UNIT
Propagation delay time to logical 0 level
t —
P40 (through SN5450 or SN5453) 51 G = 15pF 10 20 } s
Propagation delay time to logical 1 level
t —_
PAl (through SN5450 or SN5453) 51 | G =15pF 20 34 | ns
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logic
TRUTH TABLE
t taty
J K Q
0 0 Q,
0 1 0
1 0 1
1 1 Q,
NOTES: 1.1 = J1 o J2 o Jk.
2. K = Kl » K2 « Kk,
3. t, = Bit time before clock pulse.
4. 1,4+, = Bit time after clock pulse.
5. 1f inputs 3% or KX are not used they must be grounded.
description

TYPE SN5470
J-K FLIP-FLOP

@@@@@@@

K2 Clock Preset Vge Clear

positive logic
Low input to preset sets Q to logical 1
Low input to clear sets Q to logical 0
Preset or clear function can occur only
when clock input is low.

The SN5470 is a monolithic, edge-triggered J-K flip-flop featuring gated inputs, direct clear and preset

inputs, and complementary Q and Q outputs. Input information is transferred to the outputs on the posi-

tive edge of the clock pulse.

Direct-coupled clock triggering occurs at a specific voltage level of the clock pulse; and after the clock
input threshold voltage has been passed, the gated inputs are locked out.

The SN5470 flip-flop is ideally suited for medium- to high-speed applications, and can be used for a
significant saving in system power dissipation and package count where input gating is required.

recommended operating conditions

Supply Voltage Vec . coe e
Fan-Out From Each Output, N e e .

Clock Pulse Transition Time to Logical 1 Level, tﬂdock) (See Flgure 53)

Width of Clock Pulse, tociocy (See Figure 53) .

Width of Preset Pulse, tojporesety (See Figure 52) .
Width of Clear Pulse, tpciean (See Figure 52) .

45Vio 55V

11010

. . . 5t0 150 ns

e+« « e« .22ns

. . . 2> 25ns
. . . . >25ns
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TYPE SN5470
J-K FLIP-FLOP

electrical characteristics, T, = -55°C to 125°C

TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX | UNIT
Input voltage required to
Vinr)  ensure logical 1 at any 22 Vee = 45V 2 v
input terminal
Input voltage required to
Vinjy  ensure logical 0 at any 23 Ve = 45V 0.8 v
input terminal
Voutir) _Logical 1 output voltage 22 Voo =45V, g = —400 pA | 2.4 3.5% v
Voutiol _Logical 0 output voltage 23 Vec = 45V, Iy = 16 mA 022 0.4 v
| Logical 0 level input current 2% Voo = _
in0) g J1, J2, Jk, K1, K2, KK, or clock cc = 55V, Vi, = 04V -16 | mA
| Logical 0 level input current 2 Voo = v _
info) at preset or clear 4 cc =55V, V,, =04V ~3.2 mA
I Logical 1 level input current 25 Vee =535V, V,, =24V 40 uA
i1} at 41, J2, Ik, K1, K2, KK, or clock Vec =55V, V,, =55V 1 mA
I Logical 1 level input current 25 Vec =55V, V,, =24V 80 uA
i1} at preset or clear Vee =55V, V,, =55V 1 mA
los Short-circuit output currentt 26 Vec =55V, V=0 =20 57 mA
lce Supply current 25 Vec =5V, V=5V 13 mA
+Not more than one output should be shorted ot a time.
$These typical values are at Vee =5V, T, = 25°C,
switching characteristics, Vcc=5 V, T,=25°C, N=10
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX UNIT
folook  Maximum clock frequency 53 C, = 15 pF 20 35 MHz
Minimum input _
fsetup setup time 5 C, = 15¢F 10 20 ns
Minimum input _
thold hold fime 53 C, = 15pF 0 5 ns
Propagation delay time to logical
todr 1 level from clear or preset 52 C, = 15pF 50 ns
to output
Propagation delay time to logical
todo 0 level from clear or preset 52 C, = 15pF 50 ns
to output
Propagation delay time to logical 53 - 10 27 50
toat 1 level from clock to output ¢ 15 pF ns
Propagation delay time to logical 53 C. = 15 oF 10 18 50 ns
Todo 0 level from clock to output ! P
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schematic

PRESET o~

TYPE SN5470
J-K FLIP-FLOP

oVee

ot

KT oo

$4kQ
¢
—id
~—0 GND
$4k0 $4kQ + 4kQ 3 34kQ 4kQ 3 4kQ 3
N o CLEAR

K2 o~

CLOCK o

4kQ

Component values shown are nominal.

3 2.5kQ
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TYPE SN5472
J-K MASTER-SLAVE FLIP-FLOP

logic
TRUTH TABLE
t 1
J K Q K_Clock
o] ol q
0 1 0
1 0 1
1 1| q,
NOTES: 1.4 = J1+J2+ 3
2. K = Kl + K2 * K3 K2  Clock Preset Vec Clear NC N
3. 1, = Bit time before clock pulse.
4. 1,4, = Bit time affer clock pulse. positive logic
Low input to preset sets Q to logical 1
Low input to clear sets Q to logical 0
Preset and clear are independent of clock
description

The SN5472 JK flip-flop is based on the master-slave prin-
ciple. This device has AND gate inputs for entry into the
master section which are controlled by the clock pulse. The HIGH
clock pulse also regulates the state of the coupling transistors
which connect the master and slave sections. The sequence of
operation is as follows:

1. Isolate slave from master LOW

2. Enter information from AND gate inputs to master
3. Disable AND gate inputs SN5472 CLOCK WAVEFORM

4. Transfer information from master to slave.

recommended operating conditions

Supply Voltage Ve o = & o« o o o L o 0 o0 o 0 0 o L L s s e e e e e s e e . 45 VS5 Y
Fan-Out From Each Qutput, N . . . . . . . . . . « ¢ « ¢ « 4 ¢« v v v « v v v v o v v o« T1010
Width of Clock Pulse, toclock)) (See Figure 54) . . . . . . . L. L L 0oL > 20ns
Width of Preset Pulse, to ooy (See Figure 55) . . . . . . . . . . . . . . . ... .. ... . 225nms
Width of Clear Pulse, t,cjear) (See Figure 55) . . . . . . . . . . . . . . . . . . =>25ns
Input Setup Time, toy,, (See Figure 54) . . . . . . . . . . . . .. .0 L. > Applied Clock Pulse Width

InputHo]dTime,fhold..................................20
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TYPE SN5472
J-K MASTER-SLAVE FLIP-FLOP

electrical characteristics, T,—-55°C to 125°C

TEST

PARAMETER FIGURE

TEST CONDITIONS MIN TYP MAX (UNIT

Input voltage required to

Vinm ensure logical 1 at any 27 Vee = 45V 2 \/
input terminal

Input voltage required to

Vinlo)  ensure logical 0 at any 27 Vee = 45V 08| Vv
input terminal

Vouti1) Logical 1 output voltage 27 Voo = 4.5V, 15,4 = —400 pA 2.4 3.5% v

Vout(o} Logical 0 output voltage 28 Ve = 45V, Iy = 16 mA 0228 04|V

Logical O level input current

Iin(ol atJ1,12,33,K1, K2, or K3 29 Yo = 55V, V;, =04V -1.6 | mA
0 Logical O level input current _ A
in{o} at preset, clear, or clock 29 Voo = 55V, Vip = 04V =32\ m
0 Logical 1 level input current 30 Vee = 5.5V, V;, = 24V 401 pA
in(1) atJ1,)2,J3,K1,K2, or K3 Vec = 55V, V,, =55V 1| mA
| Logical 1 level input current 30 Vec = 5.5V, V,, = 24V 80| uA
in(1) at preset, clear, or clock Vee = 5.5V, V,, =55V 1{ mA
los Short-circuit output currentt 31 Vee = 55V, V,,=0 -20 =57 | mA
lcc Supply current 30 Vec =5V, V,,=5V 8 mA
FNot more than one output should be shorted at a time.
EThese typical values are at Vee = 5V, T, = 25°C.
switching characteristics, Voc=5 V, T,=—=25°C, N=10
PARAMETER FIGORE TEST CONDITIONS MIN TYP MAX |UNIT
foock  Maximum clock frequency 54 C, = 15 pF 10 15 MHz
Propagation delay time to logical
tod1 1 level from clear or preset 55 C, = 15 pF 26 50| ns
to output
Propagation delay time to logical
todo 0 level from clear or preset 55 C, = 15pF 34 50| ns
to output
Propagation delay time to logical
t = 10 26 50
pd1 1 level from clock to output 54 G 15 pF ns
Propagation delay time to logical
t = 10 34 50
pdo 0 level from clock to output 54 G 15 pF "
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TYPE SN5472

J-K MASTER-SLAVE FLIP-FLOP

functional block diagram

PRESET 0—

—

K1 0~———

CLEAR

p————o0 J1

K2 F _l_—l—on
K3o— ! ——0J3
(]
CLOCK
schematic
oVee
31300 $1.6kQ 4k 4k 3 $1.6k0  3130@
Q o—tg p—o0Q
31 ke
PRESET o——9p o CLEAR
| 6kQE 3.5kQ$ 4ko$ 34k $3.5kQ  $6kQ
24k 4k0$
K1 4“\::><::/ J
e A L o
K3 v N J3
< 4
2k 2 kQ
¢ * -0 GND

Component values shown are nominal.
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TYPE SN5473
DUAL J-K MASTER-SLAVE FLIP-FLOP

TRUTH TABLE (Each Flip-Flop)
tn it
J K Q
0 0 Q,
0 1 0
1 0 1
1 1 Q,
NOTES: 1.1, = Bit time before clock pulse.
2.t 4+, = Bit time after clock pulse.

otlp—

J Clock K

J_T_J

@@@@@@@

Clock Clear Vee Clock

Clear

positive logic

Low input to clear sets Q to logical 0
Clear is independent of clock

description

The SN5473 J-K flip-flop is based on the master-slave prin-
ciple. Inputs to the master section are controlled by the clock
pulse. The clock pulse also regulates the state of the coupling
transistors which connect the master and slave sections. The
sequence of operation is as follows:

1. Isolate slave from master

2. Enter information from J and K inputs to master

3. Disable J and K inputs

4. Transfer information from master to slave.

recommended operating conditions

Supply Voltage Ve - - .«

Fan-Out From Each Output, N . . e e e e e
Width of Clock Pulse, t, p(clod()) (See Figure 54) e e e e e
Width of Clear Pulse, t plclear) (See Figure 55) . . . . . . .
Input Setup Time, t sotup (See Figure 54) . . . . . . . . .
Input Hold Time, tpyq - = - -« « « « « o « o o . .

HIGH

LOW

SN5473 CLOCK WAVEFORM

.45V to 55V

1 to 10
B &
. . . . 225ns
. > Appl:ed Clock Pulse Width

.20

o e e s s s+ e s e & s s 2 e = s .
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TYPE SN5473
DUAL J-K MASTER-SLAVE FLIP-FLOP

electrical characteristics, T,=-55°C to 125°C

PARAMETER FrooRE TEST CONDITIONS MIN TYP MAX|UNIT
Input voltage required to
Vin)  ensure logical 1 at any 32 Vec =45V 2 v
input terminal
Input voltage required to
Vinjo)  ensure logical 0 at any 32 Vec =45V 0.8 v
input terminal
Vo) Logical 1 output voltag 32 Vee = 45V, ligq = —400 A 24 a5 v
Veutio) Logical 0 output voltage 33 Vee =45V, Iy = 16 mA 0.22f 0.4 v
Logical 0 level input t
]in(o' a:iIO:K evel input curren 34 vcc = 55 vl vin — 0.4 v -1 .6 mA
Logical 0 level input current
linto) at clear or clock 34 Vec =55V, V,, =04V =-3.2 | mA i
Logical 1 level input current Vec = 5.5V, V;, = 24V 40 | uA
o atyork 35 Vec =55V, V,, =55V 1 [ma
Logical 1 level input current Veg =55V, V=24V 80 | wA
tin) at clear or clock 35 Vee =55V, V,, =55V 1 | mA
los Short-circuit output currentt 36 Vee =55V, V;,,=0 -20 -57 | mA
lec Supply current (each flip-flop) 35 Vee =5V, V,=5YV 8 mA
FNot more than one output should be shorted at a fime.
FThese typical. values are at Voo = 5V, T, = 25°C.
switching characteristics, Vcc =5 V, To=25°C, N=10
PARAMETER FIGORE TEST CONDITIONS MIN TYP MAX |UNIT
fook  Maximum clock frequency 54 C, = 15pF 10 15 MHz
Propagation delay time to logical
t —
Pdl 1 level from clear to output 55 C, = 15pF 26 50 ns
Propagation delay time to logical
t =
P00 level from clear to output 55 G 15 pF 34 50 ns
Propagation delay time to logical
t = 4
Pdl 1 level from clock to output 54 G =15pi 10 26 50 | ns
Propagation delay time to logical _
'ed0 0 level from clock fo output 54 C, = 15pF 10 34 50 | ns
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functional block diagram (each flip-flop)

TYPE SN5473

DUAL J-K MASTER-SLAVE FLIP-FLOP

QH»—C —}>—1L—05
9CLEAR
|
K o] — -,
CLOCK
schematic (each flip-flop)
oVec
! {
21300 31.6ke 4k9 4kQ $leka 31300
Qo— . ‘23[ <&
p
1k 1kQ
¢——O CLEAR
< < < < < 1L
6kQ3 3.5kQ¢ 4kQg 34k 33.5kQ 36kQ
$4k0 >< > 4kQ
P (e
: i ,
4 ]
lL ‘L
2k $ s 2kQ
o GND

Component values shown are nominal.

(-]
CLOCK
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TYPE SN5474
DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOP

TRUTH TABLE (Each Flip-Flop)

: : Qa Q Q Q
n n+1 Preset Clear Clear Preset
INPUT D OUTPUT OuTPUT D Clock Clock D
Q Q
0 0 1
1 1 )

NOTES: 1. f, = bit fime before clock pulse.

2. t,+, = bit time after. clock pulse.

positive logic

Low input to preset sets Q to logical 1
Low input to clear sets Q to logical 0
Preset and clear are independent of clock

description

The SN5474 is a monolithic, dual, D-type, edge-triggered flip-flop featuring direct clear and preset inputs and complementary Q
and Q outputs. Input information is transferred to the Q output on the positive edge of the clock pulse.

Clock triggering occurs at a voltage level of the clock pulse and is not directly related to the transition time of the positive going
pulse. After the clock input threshold voltage has been passed the data input (D) is locked out.
The SN5474 dual flip-flop has the same clocking characteristics as the SN5470 gated (edge-triggered) flip-flop and both are

ideally svited for medium-to-high-speed applications. The SN5474 can be used at a significant saving in system power dissipation
and package count in applications where input gating is not required.

recommended operating conditions

Supply Voltage Voo @ - -« o . L o o o L
Fan-Out From Each Output, N . .o
Width of Clock Pulse, t,i;,cy) (See Figure 56) .
Width of Preset Pulse, t,(;ese1) (See Figure 53)

P 45Vto 55V
. . . . 11010
e e e e e e d e e e e e e e . 230ns

. . . . 230ns
WidrhofCIeurPulse,ip(c,“r, (See Figure 53) . . . . . « « v+ 4 e e 4 e e e e e e e e e e e s 230ns
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TYPE SN5474
DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOP

electrical characteristics, T,—=-55°C to 125°C

PARAMETER T CORE TEST CONDITIONS MIN TYP  MAX| UNIT
Input voltage required to
Vin1) ensure logical 1 at any 37 Vec = 45V 2 v
input terminal
Input voltage required to
Vinjo) ensure logical 0 ot any 37 Vee = 45V 0.8 v
input terminal
Voutn) logical 1 output voltage 37 Vee = 45V, lioag = —400 pA 24 35% v
Voutio) Logical 0 output voltage 38 Vee = 45V, lig = 16 mA 0.22% 0.4 v
Logical 0 level input _ _ _
Linto) Current at preset or D 39 Vee = 5.5V, Vi, =04V 1.6 { mA
Logical 0 level input current _ _ _
Linjo) at clear or clock 39 Vee = 5.5V, Vi, = 04V 3.2 | mA
| Logical 1 leve! input 40 Veec = 5.5V, Vin = 2.4V 40 LA
i1} current at D Vee = 5.5V, Vin =55V 1 mA
| Logical 1 level input current 40 Yee = 55V, Vin = 2.4V 80 LA
i1} af preset or clock Vee = 5.5V, Vi, =55V 1 mA
I Logical 1 level input £ Vee = 5.5V, Vin = 24V 120 uA
1] current at clear Voo =55V, V,, =55V 1 mA
los  Short-circuit output currentt | 41 Vee =55V, Vin = -20 -57 | mA
lcc  Supply current (each flip-flop)| 40 Vec = 5.5V, Vin=5V 8.5 mA
FNot more than one output shoutd be shorted at a time,
$These typical values are at Voo = 5 V.
switching characteristics, Vcc =5 V, T,=25°C, N=10
TEST
PARAMETER FIG URE TEST CONDITIONS MIN TYP MAX | UNIT
foock  Maximum clock frequency 56 C, = 15pF 15 25 MHz
tetup Minimum input setup time 56 C, = 15pF 15 20 ns
thoiq  Minimum input hold time 56 C, = 15pF 2 5 ns
Propagation delay time to logical
toar 1 level from clear or preset 53 C, = 15pF 25 ns
to output
Propagation delay time to logical
fodo O level from clear or preset 53 C, = 15pF 40 ns
to output
Propagation delay time to logical
56 =
'pdl 1 level from clock to output G 15 pF 10 28 35 ns
Propagation delay time to logical
56 C, = 15 pF s
'pd0 0 level from clock fo output 1 P 10 2 50 ns

1025



TYPE SN5474
DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOP

functional block diagram (each flip-flop)

1026

PRESET o—

CLEAR o—

S

CLOCK

D

%

schematic (each flip-flop)

QI

kn$
4 Q.;.

4kQ 3
:

4k
PRESET o [
4kQ
CLEAR ; I
4kQ
CLOCK o— i I _‘:
4KkQ

Component values shown are nominal.

1k
1

o GND




TYPE SN5480
GATED FULL ADDER

fogic
TRUTH TABLE (See Notes 1, 2, and 3)
- A A 5 T
c, B A T 3 s A* 2 1 GND z z 1
i i e e | LORORONONONONO!
0 0 1 1 0 1 —4
0 1 0 1 [} 1
0 1 1 0 1 (] q
1 0 0 1 0 1 {
1 0 1 0 1 0
1 1 0 0 1 ) ‘
1 1 1 0 ] 1
NOTES: 1. A = AKkeA, B = Bkeg_
where Ak = AeA,, pk = B,*8B,
2. When A% or BX are used as inputs, A, and A, or By and B, @ @ @ @ @ @ @
respectively must be connected to GND.
3. When A, ond A, or B, and B, are used as inputs, A or Bk A B 8, Vee B* B <,
respectively must be open or used to perform Dot-OR logic.
description

The SN5480 is a single-bit, high-speed, binary full adder with gated complementary inputs, complemen-
tary sum (2 and 2) outputs and inverted carry output. Designed for medium-to-high-speed, multiple-bit,
parallel-add/serial-carry applications, the circuit (see schematic diagram) utilizes diode-transistor logic
(DTL) for the gated inputs, and high-speed, high-fan-out transistor-transistor logic (TTL) for the sum and
carry outputs. The circuit is entirely compatible with both DTL and TTL logic families. The implementation
of a single-inversion, high-speed, Darlington-connected serial-carry circuit minimizes the necessity for exten-
sive “look-ahead” and carry-cascading circuits. The power dissipation level has been maintained consid-
erably below that attainable with equivalent standard integrated circuits connected to perform full-adder
functions,

recommended operating conditions

Supply Voltage Ve . e e e
Maximum Allowable Fan-Out From Outputs:
o N o B -
Sor3, N . o v e e e e e e e e s 11000
AXorBX, N . . . . . . . . . ..+ o e e e e e e e 11003

45Vt055V
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TYPE SN5480
GATED FULL ADDER

electrical characteristics, T,—=-55°C to 125°C

PARAMETER FreorE TEST CONDITIONS MIN  TYP  MAX | UNIT
v = 45V V: = 0.8V,
\A Logical 1 input voltage 42 and 43| CC ‘ info) 2 \
in(1) Voutn) = 24V, Voo < 04V
Vee = 45, \A =2V,
\A Logical 0 input voltage 42 and 43| CC inf1) 0.8 v
intol | Vouttn) = 24V, Vouq < 04V
Vout(1) Logical 1 output voltage 43 Vee = 45V 24 35 % \4
Yout{o} Logical O output voltage 42 Vee =45V 0.22f 0.4 \%
Logical 0 level input
linfo) currentat A, A,, B, 44 Ve = 8.5, Vin =04V -16 mA
By, A orB,
Logical O level input current . _
Iin(o) of A% or Bk 45 Vec = 5.5, Viph =04V -2.6 mA
- Logical 0 level input current 45 VCC' =55V, Vi, =04V _s mA
atC, (all inputs and outputs open)
1. Logical 1 level input current Veg =55V, Vi, = 24V 15 sA
inf1) at A, Ay, By, By, A or B, 46 Vee = 55V, V, =55V 1 | mA
I Logical 1 level input current 7 Vec =55V, Vi, = 24V 200 sA
inf1) at C, 4 Vec =55V, V, =55V 1 | mA
Short-circuit output
1 = 4 A =55V - -57 A
0s current at 3, or 3, F 8 cc =3 20 5 m
Short-circuit output
v =55V - -
los currentat C 4 T 48 cc 20 70 mA
lec Supply Current 49 Vee =5V 21 mA
FNot more than one output should be shorted at a time.
These typical values are at Voo = 5V,
switching characteristics, Vcc =5V, T, = 25°C
FROM 10 FIGURE 57
paRAMETER T|  [ROM OUTPUT | TEST No TEST CONDITIONS MIN TYP  MAX|UNIT
tod — 1 N=5 13 17 ns
fp Cn Cn+l
pdo 2 N=35 3 7 ns
tod1 3 N=35 18 25 ns
Be Cota
todo 4 N=35 38 55 ns
o1 A s 5 N=10 52 70 ns
todo ¢ 6 N =10 62 80 | ns
tod B 3 7 N =10 38 55 ns
todo ¢ 8 N =10 56 75 | ns
todt A Ak 9 C, = 15pF 48 65 ns
todo ! 10 C, = 15pF 17 25 | ns
toan B Bk 1 C, = 15pF 48 65 | ns
todo ! 12 C, = 15pF 17 25 | ns

1t is propagation delay time to logical 1 level. t is propagation delay time to logical 0 level.
pdl pdo
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TYPE SN5480
GATED FULL ADDER
O,

TYPICAL APPLICATIONS

n-bit binary adder or subtractor (see figures F and G)

The SN5480 is designed specifically for N-bit adder or
subtractor operations without external gates or inverters.
In both applications, the sum or difference functions are
generated in parallel while the carry functions are ob-
tained serially. When the number of stages is small, the
add or subtract time determines the maximum system
clock rate. However, as the number of bits increases,
the time required for the carry function to ripple through
each bit becomes the limiting factor. Normally the ripple
time of adders built with standard integrated circuits is
excessive, and the resulting system speed is so slow that
other more complex methods are required to perform
these functions.

In the SN5480, two methods are used to reduce the
carry delay. The carry circuit employs a high-speed
Darlington output, and the logic gating has only one
inversion between the C_ input and the C_": output.
This logic configuration results in an inverted carry out-
put, and consequently an inverted carry input to the
succeeding stage. To counteract this inverted input with-
out sacrificing propagation time through the carry, gates
are provided within the circuit to invert the A and B
inputs and the resulting sum or difference output. This

interconnection method is illustrated by bit 2 and bit
4 of the adder (figure F). The inverted carry output
is a true carry from bit 2 and bit 4, enabling the use
of noninverted A and B inputs for the odd-numbered
bits.

When performing subtraction (figure G) the C, input
to bit 1 is connected to a logical 1 and input bits and
input control functions for the subtrahend (memory or
register B) are effectively inverted.

The input control is used to disable the A and B inputs
when memory or register information is being shifted. A
logical 0 applied to this line will bring each sum or
difference output to a logical 0 condition and maintain
this level regardiess of the state of the input informa-
tion into each bit, For the adder (figure F), input con-
trol is applied to A, and B, of odd-numbered bits and
to A_ and B_ of even-numbered bits. For the subtractor
(figure G), input control is applied to A, and B_ of the
odd-numbered bits and to A_ and B, of the even-num-
bered bits. These alternating patterns are necessary to
complement the varying input sequence which they
control.

INPUT

NOTE: Functions noted as NC are open.

FIGURE G — N-BIT BINARY SUBTRACTOR

"‘l
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TYPE SN5480
GATED FULL ADDER

TYPICAL APPLICATIONS

n-bit binary adder with register selection (see figure H)

This application fully utilizes the flexibility of the input
gating available within the SN5480. Two A’ registers
and two "B registers drive a single adder for each bit
required. Register selection is performed internally for
registers A, and B, and externally by a type SN15 946
DTL gate for registers A, and B,. Dot-OR logic is per-
formed at the A% and Bx nodes within the adder when
the register selection is made.

Operation is as follows: To add the contents of Register
A, to Register B,, A, and B, control lines are brought
to the logical O state. (If the input to these lines is from
a logic gate, fan-out rules should be observed.) In similar
fashion, the contents of register A; are added to register
B, by holding A, and B, control lines at a logical 0.
Four register combinations may be used. Even-numbered
input bits from each register must be inverted since the
AX and BX inputs are being used to perform Dot-OR
logic. This is not a configuration restriction for flip-flop
type registers and memories, but may require addi-
tional logic elements if other storage configurations are
used as inputs.

The input control function is available as in the previous
application and is implemented by bringing all four reg-
ister control lines and the input control line 'to a logical 0
level. This condition ensures a logical 0 at each 3, output
regardless of YA’ and /B’ register logic levels.

Up to four “A’ registers and four /B registers may be
implemented in a fashion analogous to that shown in
figure H. Inputs from the register-control gates (SN15
946) of the additional registers would be Dot-OR con-
nected with A, and B, registers at the Ak and BX inputs.

To perform N-bit subtraction, the C, input at bit 1 is
connected to a logical 1 and bit inputs from each reg-
ister or memory used as a subtrahend must consist of the
complement of bit inputs shown for the adder addend.
Input control remains the same.

Z OuTPUT

A2 CONTROLg

| ADDITIONAL
| sN1s 946
I 1 As reQuiRed

A} CONTROL Q-
-_L n n n n
M A : A e vl A z b1 A z |ne
] Al L A] A] _ A‘ _
- A2 T % _— A2 - — A2 T fne A2 I 'S;EG':S
X — — 8 — 8 —_ s, —
c b = — -
o)
!2 n+1 — lz —d ’2 n+l 52 (oR NC)
ne| 8 - [ ng 8 ]
] 8 —\ — e —l 3 “T < B
LRl 1o]P NN W SN S U U S E—" W S— S ) I D ——— -
LTV elel N} ToTP RN S S U U S U S I U, ——
Soaanl Lo e R T T e st
— MEMORY OR . o o i i -
Bit | | B REGISTER 8y b Bit 3 ; - Bit 4 ‘ o
r———r T ———— = —— —_————————— ] —————— —= -——————
| . | r ADDITIONAL
| SN15 946 | ) SNI15 946
| AS REQUIRED
L | -

8, CONTROLo,

NOTE: Functions noted as NC are open.

FIGURE H. N-BIT BINARY ADDER WITH REGISTER SELECTION

1030



TYPE SN5480
GATED FULL ADDER

Q

b1 k

Cn 7
Vecd®

$130

—

’ZE 3k

3k

> >

» N

. 130
21k

>

4 k

(4]

4k

)[BT
}f
o
d

2kJ 2k 34 4

irgf?? |
LELL

afala

w
N

10?93

-]
-

4k

[}

GND(1

Component values shown are nominal.
Resistor values are in ohms.
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SERIES 54 |
SOLID CERGUIT" SEMICONDUCTOR NETWORKS

1032

PARAMETER MEASUREMENT INFORMATION

d-c test circuits$

e o e e o

Vout(o)

Lo

1. All inputs tested simultaneously.

&= |

-
Vin o \

sink

— -

Vout (1)

T

1. Each input tested separately.

4 los

1. Each gate tested separately.

FIGURE 5

FIGURE 1 FIGURE 2
4.5V Vee yee
Lint1)
Vi
OPEN OPEN
v in
1. Each input tested separately. 1. Each input tested separately.
FIGURE 3 FIGURE 4
Vee Vee
¢ lcc
it F ===
223 V., o——U>F -2
Siagups in k=223 OPEN
Pr = - o P = o ]
P = = P o

1. Test logical 0 and logical 1 conditions.

FIGURE 6

§Arrows indicate actual direction of current flow.




SERIES 54

S0LID crRewre® SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-c test circuits§ (continued)

——— 4.5V
-- N
HE ?
- ==~ VCC
i ! $----1
| — ! r- _{
Via o [ 1 L
n H 1 \ U sink :
]
: IIom:l
'
! v
] out(0) ’
- ! in o—14
l-—-r \\ ]
Fi ]
] r ! ———
:'_-'l_..._’ I.-l.-_.‘ N
- = = l----{___'/' 1
1. Each AND section tested separately.
1. Each pair of inputs tested separately.
FIGURE 7 FIGURE 8
4.5V
D
OPEN { Y Y
1 -
-7 Vcc "'-L....)"" Vee
[} | ]
! :
| ]
] T
1l
OPEN OPEN
OPEN {: | :
i | | !
1 in(0) h in(1) :
v = v PN
i \ . ¢>-- N
'"opEN{ H H = in 0 v =
—t._. G- __7

1. Each input tested separately.
FIGURE 9

1. Each input tested separately.

FIGURE 10
r---{-_Q\’_

1 -
+—--L.__/  Yec "“'f N

'

! ' $-+__s | Yec

| | 19

) | :

: . 1 l lCC

|
I

1 OPEN

1 \%

) 1 IOS in 0— ]

| i

J ) ]

) ' ]
+-1 \'_J' = = 1 !
ﬁ’.’i—_/ L—¢_-\ t -

= ! ! M=
- b’
1. Each gate tested separately.
FIGURE 11 FIGURE 12

§ Arrows indicate actual direction of current flow.

1033



SERIES 54

SOLID GEROW’I!(@ SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-c test circuits$ (continued)

|
4
|
|
~7
S

le e
HH-o—1-
|
Ao
i
{
\

FIGURE 13

bt/ Ve
1 9
| i
1
]
|
|
4 sink
! [
: X
) V|
!
[}
-7~ 1 =
| | S
1t—-|__._/
FIGURE 14

in O

FIGURE 17

Von

1. All inputs tested simultaneously.

__r—\ \Y
t h [ Fy oCC
f“‘L_/ ] Ir——i__/ ]
] ] !
! sink !
| T i
! h |
: 5 Vout(0) :
- _t
— Vet l -1 )
_j 7 —__Q + - 't—-t._/
FIGURE 15 FIGURE 16
? 7
R l loff

1. Each input tested separately.

FIGURE 18

§Arrows indicate actval direction of current flow.
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PARAMETER MEASUREMENT INFORMATION

d-c test circuits$ (continued)

Vec vee
OPEN Linti)
\%
in o—= _ OPEN
Vin &
l IO'I
Vi 1
1. Each input fested separately.
FIGURE 19 FIGURE 20
Yec - : Vee
b =
cc OPEN N Preset
TEST J2 J o Q |
v PER '4}' load
v v, i = TRUTH — N
in o
o— TABLE ~ } « QJ Vourty
1 L@- Clear l
| T L
1. Each output is tested separately.
1. Test ““on™" and *‘off”" conditions. 2. Preset and clear are tested with vin(clock) =0
FIGURE 21 FIGURE 22
i 7 ) IYCC
3 Preset
J
J2 Q]
TEST '°‘>‘_ S
i PER Clock
" % reut
TABLE K1
K2 35
L N
—(@-‘ ; Clear
] 1

1. Each output is testea sspumtely.=

FIGURE 23

§Arrows indicate actual direction of current Flow.
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PARAMETER MEASUREMENT INFORMATION

d-c test circvits§ (continued)

4.5V
- Vee — TEST TABLE —
A menta
Py ? (r’lff’.in,;,") Apply 45V | Ground | ‘GNp g5y
J1 \ Preset J2 n Ik Clear
- J2 ! Qf n 12 s Clear
bin(o) SEE % / Ik None None None
Vin O—t-;— TEST Clock OPEN K2 K1 Kk Preset
TABLE K1 : K1 K2 Kk Preset
= KX None None None
-_-E’ = k2 K Qr Clock None None None
- _®_ Clear Preset K1 and K2 Kk None
R _L' Clear J1and J2 Ik None
1. Each output is tested separately. FIGURE 24
Vee
‘ lcc TEST TABLE (See Note 2)
Apply Vi Apply
- - (Test lin(ﬂ) Ground 45V
A J2 J1 and Clear bk
linl1) h Preset J J2 and Clear Ik
v o_;:-:_ J2 J Qb Ik None None
,_(% / K2 K1 and Preset Kk
SEE K1 K2 and Preset Kk
Iig_E Clock OPEN ok Noms Nors
Ki w _ Clock None None
_E._’_‘ K2 K Q- Preset K1 and K2 KX
= _Cb— / Clear Clear J1 and J2 Ik
| Il

1. Each input is tested sepdrulely.
2. Test voltage and grounds are applied to inputs in accordance with test table, and Iin(1) is measured for input being fested.

FIGURE 25

Clock

OPEN { < \
= J:_ ]

1. Each output is tested separately. FIGURE 26

A
N
o1

;
!

Lo

-

§ Arrows indicate actual direction of current flow.
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PARAMETER MEASUREMENT INFORMATION

d-c test circuits§ (continued)

T PRESET h PRESET
12 \, 12 3

J3 43
TEST J/ oo TEST
PER PER
Vin O TRUTH —%CLOCK \ V,, O~ TRUTH _HCLOCK
TABLE TABLE
K1
K2

T

K1 -
K2 K Q Vour (1) K Q out (0)
K3 CLEAR K3 CLEAR
. { S 4
L J -L- L L J J_- =
1. Each output is tested separately. 1, Each output is tested separately.
FIGURE 27 FIGURE 28
TEST TABLE
4,
2V _ 4 Vee Apply V;, Apply Momentary Apply
X ? (Tesfi"(o’) GND, then 4.5V 45V
77 PRESET Clock Preset J1, 12, J3, K1, K2, and K3
)2 J a Clock Clear J1,J2, J3, K1, K2, and K3
J3 / Preset None J1,J2, J3, K1, K2, and K3
lLint0) SEE Clear None J1, 32, J3, K1, K2, and K3
VinO——= TEST CLOCK OPEN n Clear Clock, J2, and J3
TABLE
\ J2 Clear Clock, J1, and J3
E; K QF— J3 Clear Clock, J1, and J2
K3 CLEAR K1 Preset Clock, K2, and K3
1% _L K2 Preset Clock, K1, and K3
= U - = K3 Preset Clock, K1, and K2
1. Each input is tested separately.
FIGURE 29
Ve
T 1 T; |CC
TEST TABLE

PRESET

Apply V;,

1.
in(1) 3 Ql— (Tesfinm)

VinO——1

Ground

Preset, Clear, J1, J2, J3, K1, K2, and K3

N
12
J3
Clock
SEE
TEST ——E—QCLOCK OPEN Preset Clock, K1, K2, and K3

TABLE Clear Clock, J1, J2, and J3

Clock, Clear, J2, and J3

K1 K 3 J1
Eg 32 Clock, Clear, J1, and J3
CLEAR J3 Clock, Clear, J1, and J2

? _J_ K1 Clock, Preset, K2, and K3
- - = K2 Clock, Preset, K1, and K3
K3 Clock, Preset, K1, and K2
1. Each input is tested separately. FIGURE 30

§Arrows indicate actual direction of current flow.
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d-c test circuits § (continued)

PARAMETER MEASUREMENT INFORMATION

vino_. PER

TRUTH

TABLE

e -

1. Each flip-flop is tested separately.

2. Each output is tested separately.

TEST
i V.o PER
v in TRUTH

out{l)

l

TABLE

-

-

1. Each flip-flop is tested separately.
2. Each output is tested separately.

Vout(0)

|

? 4.5V l Yee it
WL PRESET
J2
13 J Q
CLOCK
K1 =
K2 K Q
K3 CLEAR
<+ l <L
1. Each output is tested ;pmlsly.
FIGURE 31
? cC V%C
J Q
J Q
TesT ol cLock Ve Isink

FIGURE 32 FIGURE 33
4.5V Vee
? TEST TABLE
Apply Vi, Apply Momentary
] ) al (Test I, 10) GND Apply 4.5V
Clock Clear (See Note 2) Jand K
I in(0) OPEN Clear None Clock and J
v -— SEE CLoCK J Q (See Note 3) Clock and Clear
in O——  TEST —
TABLE K 5 K Q (See Note 3) Clock and Clear
CLEAR
T 1. Each flip-flop is tested separately.
_L————( 2. Apply momentary ground, then 4.5 V.

3. After application of momentary ground , Q and Q are left floating.

FIGURE 34

4. Ground all inputs of the unused flip-flop.

1038

8 Arrows indicate actual direction of current flow.




SOLID CIRCURIT®

SERIES 54

SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-c test circuits§ (continued)
VCC
? | lee
TEST TABLE
[ 7 Apply V;, Apply Momentary
J QF— (Test lpp) Ground GND, then 4.5 V

I i“(.” Clock Clear, J,and K None
Vi"o—q l—q cLock OPEN Clear Clock and J None
?:SET J Clock and Clear None

TABLE K a K Clock Clear

CLEAR
L -
— )
1. Each flip-flop is tested separately. FIGURE 35
2.4V Vee
}» J Q]
I _( See Note 2)
E CLOCK
K Q| "os
CLEAR

B o |

1. Each flip-flop is tested separately.

|

|

|
+

2. Test circuit shows setup for testing Q. When testing Q, open all inputs, ground Q, and limit duration of fest to 100 ms.

FIGURE 36
8 7 Vee B 7 Vee
PRESET PRESET
D Q D Q
L \‘ load l ‘\l sink
TEST v TEST \
V. o PER V. o PER
in TRUTH _ in TRUTH _
TABLE CLOCK Q Vout(1) TABLE CLOCK Q V out(0)
CLEAR I CLEAR 1
L .. ‘—L- — L N '__'L —
1. Each flip-flop is tested separately. 1. Each flip-flop is tested separately.
2, Each output is tested separately. 2. Each output is tested separately.
FIGURE 37 FIGURE 38

§Arows indicate actual direction of current flow.
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PARAMETER MEASUREMENT INFORMATION

d-¢ test circuits$ (continued)

4.5V Vee
! TEST TABLE
Apply V,
PRESET (r:: H o Apply 45V Apply GND
1n
lin(0) SEE D QF— Clock Clear and Preset D
s
VinO———=f  TEST OPEN Preset Clear and Clock D
TABLE CLOCK Jpb— Clear Clock and D None
v D Clear and Clock Preset
CLEAR
—j 1. Each flip-flop is tested separately.
- - 2. Each input is tested separately.
FIGURE 39
VCC
l TEST TABLE
Icc (See Note 4)
- Apply V;,
B ] (Test 'in{'ll]) Apply 45V Apply GND
Clock None Clear
L 1) PRESET oot Clowr o D Clock
> res ear an
Vin© SEE b Q— ¢ (See Note 3)
TEST OPEN Clear None D, Clock, and Q
TABLE CLOCK 5L-__ D Clock Clear
| CLEAR
= T 1. Each flip-flop is tested separately,
2. Each input is tested separately.
L v 3. Apply momentary GND to Clock, then 4.5 V.
= 4. Measure | with D and clock input at GND.
FIGURE 40
{ D Q ’
OPEN |
CLOCK & l os
CLEAR
-l- =
1. Each output is tested separately.
FIGURE 41

§Arrows indicate actual direction of current flow.
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PARAMETER MEASUREMENT INFORMATION

d-c test circuits § (continued)

Vee
1
Cn A
TEST A |
PER c z sink
v IRUTH A] ) N\ 1[ TEST TABLE
in o___J TABLE A2 T ——e . Output Under Test lgink (Min)
AND B8 5
TEST B‘ Con— 1 Sor3 16mA
TABLE 2 . v Cotq 8mA
B B out(0)
Ak or BR 48 mA
1. Each input or output is tested separately.
2. When A is tested A, and A, are at GND. When B is tested B, and B, are ot GND.
3. When A; and A, or B, and B, is fested, AK or BK respectively, is open.
FIGURE 42
Vee
<
C A*
n TEST TABLE
TEST A -
PER N z N\ L Noad Output Under Test l1oad (Min)
2 TRUTH 1 _ 3 So S 400 A
in O——=s1 TABLE A, e
AND T C ~200 pA
TEST B‘ n+l —, n*+ ! x L
TABLE B, . v AX or B =120 pA
Bc 4 out(l)
- i L
1. Each input or output is tested separately.
2. When A is tested A, and A, are at GND. When BX is tested B, and B, are at GND.
3. When A, and A, or B, and B, are tested AX or BX, respectively, is open.
FIGURE 43

§Arrows indicate actual direction of current flow.
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PARAMETER MEASUREMENT INFORMATION

d-c test circuits$(continved)

Vee
4.5v
TEST TABLE
Apply V;,
Apply 4.5V GND
(Test I;n (o)) pPly
_omN € gy —— A, A, None
| ‘ :c z A A None
inl0) 1 B B None
v - SEE A s 1 2
in ™ ® TesT 8l z OPEN 8, B, None
TABLE B; Co Ac None A, and A,
I L B Bc None B, and B,
1. Each input is tested separately. FIGURE 44
Vee
°
- -
| _] TEST TABLE
in{0) <, A Apply V;,
Apply 4.5V GND
V., o A s (Test lor) | 7
SEE A - AKX Ac Ay and A,
4.5V O——= TEST A, I f—— ¢ OPEN ™ ke B and 8,
TABLE B P
' 5 Y G, None None
B: g —_] Unused inputs are open.
1. Each input is tested separately. FIGURE 45

§Arrows indicate actual direction of current flow.
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C
PARAMETER MEASUREMENT INFORMATION

d-c test circuits§(continued)

Vee
TEST TABLE
A V.
pply Vi, GND
(Test Iinl\l,
OPEN __{ C PRy A A
- n A A
Lintn) Ae z 2 !
in(1 —
v . SEE :' B 5
i 5§ f——oyF DOPEN
" TEST a2 z 8, 2
TABLE B; € b—o Ac Ak
. B Bk
. i L3 <
1. Each input is tested separately.
FIGURE 46
Vee Vee
'in|1| ]
—
Vin o <, A p— Vin o———— c, A OPEN
OPEN — A_ 5 (See test table) OPENT A_ s
A A
A, T |— > OPEN A 7 —e
B —
BI Cn+l o B] Cn+‘ ——/
8 2
2 -
OPEN — sc B" p—— OPEN Bc , B" —— OPEN 1 |OS

1. Each output is tested separately.

TEST TABLE
Output Under Test V;, Valve
3 Vec
S ol 4, GND
FIGURE 47 FIGURE 48

N
-
(2}

] C" A*
— A
— A: I

OPEN § — :2 T |— P OPEN
— % <
— e,
pu—— LN B* e
. l
FIGURE 49

§ Arrows indicate actual direction of current flow.

1043



SERIES 54 o
SOLID CIRCUET  SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

switching characteristics

INPUT
‘?
b — ]
PULSE b —— A
GENERATOR | o] car
(See Note 1) t-C UNDER

TEST

TEST CIRCUIT

PULSE GENERATOR|
OUTPUT

INPUT

OUTPUT

VOLTAGE WAVEFORMS

NOTES: 1. The generator has the following characteristics: to = 14 < 15ns, to = 0.5 s, PRR = 1 MHz, 7_; = 50 Q.
2. All transistors are 2N2368.

3. All diodes are TN916.
4. Test SN5440 with R, = 130 €2, (, = 150 pF.
’pdo + 'pd1
2
6. C, includes probe and jig capacitance.

5. tog =

FIGURE 50 — GATE PROPAGATION DELAY TIMES
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PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

2.4V INPUT Vec =5V ouTPUT
° 9

? o

PULSE
GENERATOR| E:3 !

(See Note l)r

EXPANDER UNDER
TEST

TEST CIRCUIT

VOLTAGE WAVEFORMS

NOTES: 1. The generator has the following characteristics: 1 = t, < 15 ns, = 0.5 us, PRR = 1 MHz, I, ~ 50 Q.
2. All transistors are 2N2368.
3. All diodes are IN916.

b= todo T toat
g = p

5. C, includes probe and jig capacitance.

FIGURE 51 — EXPANDER PROPAGATION DELAY TIMES
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PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

NOTES:

Vee =5V O0—@

TEST  d I TEST
OUTPUT OUTPUT
CLEAR O b- } —O PRESET
INPUT ] INPUT
T mp
TEST CIRCUIT SN5470
Vee =5V o—¢-
390 Q@

(SEE NOTE 2)

——

TEST TEST
ouTtep
UTPUT 5 CLOCK OUTPUT
CLEAR O- Q CLEAR PRESET tj——o PRESET
INPUT INPUT
Q

r‘OI

T

TEST CIRCUIT SN5474

1. Present or clear function of the SN5470 can occur only when clock input is low. Gated inputs are inhibited.
2. (lear and preset inputs of the SN5474 dominate regardless of the state of clock or D inputs.

3. All transistors are 2N2368.
4. All diodes are 1N916.
5. C; includes probe and jig capacitance.

FIGURE 52 — SN5470 AND SN5474 PRESET/CLEAR PROPAGATION DELAY TIMES (SHEET 1 OF 2)
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SERIES 54
SOLID GCEIRCUIT" SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

_...I fol‘_
! I v in(1)
2V I

CLEAR INPUT 1.5 v 1.5V

¥V |

| ' _* ________________ v in(0)

je——piclear) —w] ol

-+ i o r_ Vin(n)

| 2V |
PRESET INPUT l j.S’Sl“\ﬁ v jln/s_v-

: l v | — — Vinlo)

_.1 fpdo ja— r‘—————’P(preien——-—dl
t

I } = edl !“ Vour(1)
Q OUTPUT | 1.5V { 1.5V

} e —_——— e — — — — —Vou{0)

—  fpdl e —»| fpdo je—

|
- |
Q output I

K
<
=
¢ |
|
|
|
|
|
|
|
|
<
2
3

Vout(0)

VOLTAGE WAVEFORMS

NOTE §: Clear or preset input pulse characteristics: Vin(o) = 04V, Vin(!) = 24V, 1, = 3tobns, tp = 25 ns for the SN5470, and 1p = 30 ns for SN5474.

FIGURE 52— SN5470 AND SN5474 PRESET/CLEAR PROPAGATION DELAY TIMES (SHEET 2 OF 2)
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SERIES 54 o
SOLID CTRCTIT" SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

Vee = 5V O—@—

CLOCK PULSE O
SEE TEST SEE TEST
TABLE TABLE
I— 1
Y |
TEST l l TEST
H y ?—O
OUTPUT T CLOCK K OUTPUT
QCLEAR PRESET
Q Q
C —
t
1 e
= —— — Vi
CLOCK | 2V
PULSE | ¥€1.5v
TEST TABLE 4 : I
TEST INPUT | INPUT | APPLY [ t ] V. (0)
D ~ P in
No. | TT | A | B |+24v]| SN e
' 1,12 = Csetop -
setup [datld — e e e e e
Vol ek | % [Nore ke | KX " V—-i— —1' Vin(1)
thold I 1.5v |
2 | e, | None luvu2 fKa k2 |20 INPUT A : |
|
tetup 1,02, * ! v,
3 ar Kk K% 1 None K1, K2 J _.I to b= [ f in{0)
4 | Moid | None [k1,Kk2 | 11,02 | ¥ | hots 1 v
atki, k2| o | %% land Kﬂ | " :'"_ _____ in(1)
. I 1% 1.5V
NOTES: 1. Clock pulse (see note 3),input A, and input B are used | I v
to measure Yetup and # 4. INPUT B | I V.
2. Clock frequency, togr. and Yodo (from clock to output) | i 'o"" in(0)
are measured in the toggle mode. Hold J — K = |
logical 1 per truth table and apply clock pulse (see — pr—— e — —— — —— out(1)
note 3). QORQ I
3. Clock pulse characteristics: vin(o) = 04V, vin(l] = OUTPUT | | 1.5V
24V, = 15ns, t, = 20 ns, and PRR = 1 |
P
MHz. When testing f .. vary PRR. | i tpdo—ad Vour(O)
4. Input pulse characteristics: vin(o) =04V, Vi"m = | t
24V, 1, = 310 6 ns. | pd1 —] out(1)
5. All transistors are 2N2368. - I ! 1.5V
6. All diodes are 1N916, QORQ | ’
7. C; includes probe and jig capacitance. OUTPUT ———— ey -
out

VOLTAGE WAVEFORMS

FIGURE 53 — SN5470 FLIP-FLOP SWITCHING TIMES
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PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

o SERIES 54
SOLID CIRQGUIER SEMICONDUCTOR NETWORKS

5V

Vee =

—

CLOCK PULSE

50 pF c, |
= iTE :_L\ l | :l |§ | I =
| Ol 1o )
N -2 LI R PN
T CLOCK K OuTPUT
l CLEAR PRESET I '
[ — I
. —]
TEST CIRCUIT
" le ——l tol-n— v
J, K, AND CLOCK _.: ! -t inl1)
INPUT PULSE
(SEE NOTES 1AND 2) | v
va
in(0)
| |
| |
r‘—’sefup_bl
|
:r ______ vou'(l)
Q OR Q OUTPUT | 1.5V
fo—'pdo—e] v
| I out(0)
|
}‘—tpdl—tjl Vouf(l)
Q OR Q OUTPUT | 1.5V
—————— Y out(0)

VOLTAGE WAVEFORMS

PRR.
. For the SN5472, J = J1 * J2 * J3 and K = K1 ® K2 * K3.

. All transistors are 2N2368.
. Al diodes are TN916.
. €, includes probe and jig capacitance.

o~ B W N

FIGURE 54 — SN5472, SN5473 FLIP-FLOP SWITCHING TIMES

NOTES: 1. Clock, J, and K input pulse characteristics: vin(o] = 0.4V, [in(I) = 24V, 1, = t; = 15ns, tp = 20 ns, and PRR = 1 MHz. When testing f

. Gated inputs (shown with dotted lines) are for the SN5472 only. The SN5473 Dual Flip-Flop has direct J and K inputs and preset is not available.

clock’

vary
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SERIES 54
SOLID CTRMCUET" SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

2.4V
o ¢ AAA-
390 Q
| I C, T TSO pF
TEST 0_4 | | Lo TEST
OUTPUT OUTPUT
| J CLOCK K _l_
CLEAR O- ——QICLEAR PRESETO-— — =}—1-OPRESET
INPUT | ! INPUT
| Q Q |
4 L ]
TEST CIRCUIT
—f t, le— —| t) j—
P ] Vintn)
2v¥ | | Az2v
CLEAR INPUT | o\ Xl IA 1.5V
& VY 1VAH|
| -t ——————— Vint0)
fe———"p (clear) —— — 1 — f, 1 Y
| | | in(1)
| 2v
PRESET INPUT _ | 2V R | ‘ |5y
(SN5472 ONLY) | 1.5V i)
| [ e — — Vinio)
—] fpdo l‘_ l‘_—rp(preset) —_.‘l v
: _.i fodl e out(1)
| |
Q OUTPUT [ 1.5V : 1.5V
|
| - e —Voun0)
—> fodi o —+{ 'pd0 e
i | \ |— — == Vout(1)
= | | |
QOUTPUT 1.5V 1.5V
VOLTAGE WAVEFORMS V outto)
NOTES: 1. Clear or preset inputs dominate regardless of the state of clock or J-K inputs.
2, Clear or preset input pulse characteristics: Vin(o) = 04V, Vinm =24V, t, = 15, = 15ns 'p(cmr) = tp‘pmeﬂ = 25 ns,
and PRR = 1 MHz.
3. Gated inputs (shown with dotted lines) are for the SN5472 only. The SN3473 Dual Flip-Flop has direct J and K inputs and preset is not available.
4. All transistors are 2N2368.
5. All diodes are IN916.
6. C, includes probe and jig capacitance.
FIGURE 55 — SN5472 AND SN5473 PRESET/CLEAR PROPAGATION DELAY TIMES
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SERIES 54
SOLID CRRGUIT" SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

Vee =5V O

CLOCK PULSE ©

) <
390 © 390 @
500F D INPUT
T TC' (See Note 2) C‘T T5°PF
TEST I TEST
ourrur® Y = TR - outrut
L qCLEAR PRESETo—————4
Q Q
| L
TEST CIRCUIT
"'" Y l"— -'.‘ 'o "'—
| I +_-—1_‘__———_-_-'-__'-_--_.__ Vln(”
cLOCK | ‘
INPUT |
le o X 10%
| ] - Vinl0)
] [] in
g IR i [l > 'o :‘_': ________ Vit
D INPUT (PULSE A) 90% I 90% i in
(SEE NOTE 2) h
| 1.5v |
| S tp =I' |
]
-ﬂl rsewp kr : ] 10% Vin(o’
: i Mol t ) Vint)
loosa\ 1 P ' 90% "
D INPUT (PULSE B) 90% |
(SEE NOTE 2) | I 1.5V Lsv
!
! 10% |
| oA 1% A St Vinl0)
| i to le- —f ty b
4 1 [
Ll _———————_————— OU'(')
Q OR @ OUTPUT | 1.5V
I-——'pdo——-——-ui v
l | out{0}
[
L————'pdl—-—.l Vout(n)
[ |
Q OR G OUTPUT | 1.5V
|
—_—————— — —— Vol

NOTES: 1.
vary. PRR.

2. D input {pulse A} is used to measure todt
teristics: ) = 15 = 15 ns, 'sefup
15 ns, thoy g = 5 ms, vp

3. All transistors are 2N2368.

4. All diodes are 1N916.

5. C; includes probe and jig capacitance.

= 20 ns, tp
= 60 ns, and PRR is 50% of the clock PRR.

VOLTAGE WAVEFORMS

Clock input pulse has the following characteristics: Vingy = 04V, Vinm =24V, 1) =ty = 15n;s, tp = 30 ns, and PRR == 1 MHz. When testing f_, .

at Q and togo ot Q. Pulse B is used to measure toar ot Q and todo of Q. D input (pulse A) has the following charac-
= 60 ns, and PRR is 50% of the clock PRR. D input (pulse B) has the following characteristics: t; = t; =

FIGURE 56 — SN5474 FLIP-FLOP SWITCHING TIME
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SERIES 54

SOLID CIRCUET" SEMICONDUCTOR NETWORKS
- ______________________________________________________________
PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

INPUT ourpuUT
o — e e e e
. r LOAD CIRCUIT T -
* =
_ A" or Bo |VCC V. o300 |
. 9" |
Co A OPENl < |
SEE Ae z o >—} [
TEST A, OPEN
TABLE A 3 o ! = |
ol OPEN | |
' = |
By “n#1 |
8. B _l
+ on
L T Yorn
PULSE > N
GENERATOR o = ~ LOAD CIRCUIT 3 1
(See Note 4) SAME AS LOAD CIRCUIT 1 |
15
ef = EXCEPT R, =780 0, and C,= 25 pF |

= I
NOTES: L BeeNotez) |

1. Perform test in accordance with test table.

. Each output is tested separately.

. Voltage values are with respect to network GND terminal.

. The generator has the following characteristics: Vgen =3V, 4=t < 15ns,
tp = 0.5 pus, PRR = 1 MHz, and Z,,, == 50 Q.

F N

5. Inputs and outputs not otherwise specified are open.
6. C_ and C, include probe and jig capacitance. TEST CIRCUIT ’{ L fl ’i L '0
7. Load circuit 3 simulates output load of 5. | | | |
8. AIl transistors are 2N2366. PULSE | I
) GENERATOR |
9. All diodes are 1N916. OUTPUT )
)

TEST TABLE (See Note 5)

INPUT Y
TEST No. (Lm:; |:::¢YY 13:;?\( APPLY 1 APPLY APPLY | !
TEST . Jo | F24VTO| GHDTO OUTPUT LOADING T0 | i
1 Gty | None C, None B, Gty N=13) I I
2 Ctq | MNone [ ¢, None B, Gy N=35) : !
3 | G| B None | G Ao | Gy N=39) INPUT ¥
4 C+r | B None [ A, By G+y (N=19) | :
S (N=19 !
5 3 A, None | C, AL By S N=10 | * "h 'pd1 " i‘ 'pdo
Crq IN=15) | |
S W=10 OUTPUT 1.5v 1.5V
6 b3 A None | €, A, B S (=10
Gy N=19)
7 |3 B, None | C, B, S N=10) VOLTAGE WAVEFORMS
8 bl B, None | €, B, TS N=10)
9 Ak None | A, A, None Ak (¢ = 15pF)
10 Ak None | A, A, None Ak (= 15pF)
1 Bk None | B, B, Hone Bk (G = 15pF)
12 Bk None B, 8, None Bk (¢, = 15pF)

FIGURE 57 — SN5480 SWITCHING TIMES
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SERIES 54
SOLID CERGCUIT" SEMICONDUCTOR NETWORKS

TYPICAL CHARACTERISTICS §

LOGICAL 1 OUTPUT VOLTAGE
vs

LOAD CURRENT

4.5 1 ,
Vee =45V
> 4.0 - cc -
L /T Ta = 125°C Vip =04V |
-%” 3.5 -1, - ' 259¢ See Figure 2
> 3.0
5
Q.
5 2.5
o
= 2.0 N
8 T, = -55°c\4
o]
g 1.5 \
|
-~ 1.0 \
3 0.5 N
0
0 5 10 15 20 25 30
lloqg — Load Current — mA
LOGICAL 0 OUTPUT VOLTAGE
vs
SINK CURRENT

0.6 I l ’ l

— _gRRO
Vee = 4.5V Tp = -55°C
0.5 _V;n = 2.4V

See Figure 1
|
Ta = 125°C 4%_ 25%C

0.3 /7 A
0.2 Aé

Voutio) — Logical 0 Output Voltage —V

0 5 10 15 200 25 30 35 40 45

lsink — Sink Current — mA

§ Unless otherwise noted, data as shown is applicable for SN5400, SN5410, SN5420, SN5430, SN5450, SN5451, SN5453, and SN5454.
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SERIES 54
SOLID QRRCUET® SEMICONDUCTOR NETWORKS

TYPICAL CHARACTERISTICS §

OUTPUT VOLTAGE
vs

INPUT VOLTAGE

4.5 T T
4.0 Vee =4.5V
T, = 125°C N =10
3.5 See Figures 1 and 2
3.0 = Jﬁ
T, = -55°C T, = 25°C

Vout — Output Voltage —V
N
o

\

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
Vin — Input Voltage —V

PROPAGATION DELAY TIME TO LOGICAL O LEVEL
vs

FREE-AIR TEMPERATURE

2
45
i T T
2 40 Vee = 45V
3 N =10
S 35 See Figure 50 .
g
2
& 30
-
L
o 25
13
N 20
E \1\ C =7
§ — C’:'?Oplf\'\
5 10 [ j:f:m —
4 C l\\
=1
£ 5 1= ISpR_ T
| |
g ° '
o -55 -35 -15 5. 25 45 65 85 105 125

To — Free-Air Temperature — °C

§ Unless otherwise noted, dota as shown is applicable for SN5400, SN5410, SN5420, SN5430, SN5450, SN5451, SN5453, and SN5454.
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SERIES 54
SOLID CRRGUIT® SEMICONDUCTOR NETWORKS

e
TYPICAL CHARACTERISTICS §

PROPAGATION DELAY TIME TO LOGICAL 1 LEVEL
vs

FREE-AIR TEMPERATURE

N
8.}

Vee =4.5V
40 N =10
See Figure 50

35

C, =150 pF
30 1 P

25 C, =50 pF
I

T

20 c,

15

10

5

0
=55 =35 -15 5 25 45 65 85 105 125

toqt — Propagation Delay Time to Logical 1 Level —ns

Tpn — Free-Air Temperature — °C

PROPAGATION DELAY TIME
vs
FREE-AIR TEMPERATURE

® Voot 45V
cc ™

40 N=10 4
See Figure 50
35 ]

30

25 g

20

t.g — Propagation Delay Time —ns

0
-55 -35 -15 5 25 45 65 85 105 125

To — Free~Air Temperature — °C

§ Unless otherwise noted, data as shown is applicable for SN5400, SN5410, SN5420, SN5430, SN5450, SN5451, SN5453, and SN5454.
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SERIES 54

®
SOLEID QCIRGUIET SEMICONDUCTOR NETWORKS
N
MECHANICAL DATA
general
Series 54 semiconductor networks are mounted in 0.1 gram. All external surfaces are metallic and
glass-to-metal hermetically sealed, welded pack- are insulated from leads and circuit. All Series 54

ages. Package body and leads are gold-plated networks are available with formed leads, insulator
F-15% glass-sealing alloy. Approximate weight is attached, and/or mounted in a Mech-Pak carrier.

OUTLINE DRAWING — SEMICONDUCTOR NETWORK WELDED PACKAGE

OCEC000 omo L

5
[«-0.013
H B
oo

0.050
0.050
0.050
0.050

0.175 REF.
0.165 MIN.
(See Note )

. All dimensions in inches.
. All decimals =0.005 except as noted.
0510 ¢. Lead spacing tolerance is ==0.015 at extremities and
- =+0.005 at package, nonaccumulative.
0250 REF. d. Lead centerlines are located within =0.005 of their
O X SiAss (See Note o) true positions relative to body centerlines.
e. Not applicable in Mech-Pak carrier. Pkt
g::_:: "“4.._ % _’L_g:_:g; f. Symbolization denotes orientation of package.

(00/0,0/0,00 SIDE VIEWS

Falls within TO-84 dimensions

NOTES:

T a

i A—
oosd ¥
Iy

0.490
(See Note o)

leads FORMED LEADS

0.004 R 0.250 MAX. ——.1 0.013 :0.008

Gold-plated F-15% leads require no addi- Troicel oo
tional cleaning or processing when used in ¥
soldered or welded assembly. Formed leads +0:500 £ 0.010 (NOTE B) ——————mnf

are available to facilitate planar mounting

of networks on flat circuit boards. Standard NOTES: : :“ di'"el!‘“:'l“ in L"fhhe; L

. . . Not applicable in Mech-Pok Carrier.
lead Iengih is 0.175 inch. Nei\f\/orks _Can bz ¢. Measured from center of lead to bottom of package where lead
removed from Mech-Pak carriers with lea emerges from body.

lengths up to 0.175 inch.

) MECH-PAK DIMENSIONS
insulator - ——— om d
"-——Y—'—— 0828 ———
1 0,047 D14 THRY !
:0.0ID DIA ..ol’:‘ (I:!U’NVII“NI -—\

An insulator, secured to the back surface of
the package, permits mounting networks on
circuit boards which have conductors passing
beneath the package. The insulator is 0.0025
inch thick and has an insulation resistance
of greater than 10 megohms at 25°C.

mech-pak carrier

The Mech-Pak carrier facilitates handling the
network, and is compatible with automatic
equipment used for testing and assembly.
The carrier is particularly appropriate for
mechanized assembly operations and will b oo

withstand temperatures of 125°C for indefi- NOTES: 1. All d:mens.nons nvf nominal in inches unl.ess othervme specified.
. . 2. Overall thickness is 0.175 and nestled height is 0.150 each.
nite periods.

ordering instructions NO MECH-PAK MECH-PAK
. CARRIER CARRIER
Variations in mechanical configuration of Lead Length 0.175 Inch Not Applicable
semiconductor networks are identified by Formed Leads No |No |Yes |Yes |No [ No| Yes| Yes
suffix numbers shown in a table at the right. Insulators No |Yes | No |Yes [No | Yes | No | Yes
Ordering None|-6 | -7 [ -1 |-2|-3| 4]|-5
¥Patented by Texas Instruments

#F-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 53% iron, 29% nickel, and 17, cobalt.

PRINTED IN U.S.A.
Tl cannot assume any responsibility for any circuits shown
or represent that they are free from patent infringement.

1056 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



How to Insert Pages

l 1 Place p11e of msert pages at rlght of

book.

2. Grasp plast1c tabs and pull all three

- straps out of book.

3. Work from back of book to fro‘nt',‘ plae- -

ing insert sheets in numerical order by
page number*, aligning their holes with
holes in book. '

4. After all msert sheets are in place, with
- left hand slip long ends of all three straps
into right-hand holes :

5. With right hand, slip short ends of straps
 into left-hand holes. The book is now
re-bound. | S

To delete pages, tear them out one at a time
- as you would tear sheets from a tablet.

*Certain large blocks of pag'e‘ numbers
have intentionally been omitted from the

bound book. These numbers are reserved
for insert pages :
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TEXAS INSTRUMENTS

@RIES 74P SEMICONDUCTOR NETWORKS

DIGITAL SEMICONDUCTOR NETWORKS

IN A PLUG-IN FLAT PACKAGE

D"escriEtion

Series 74P consists of Series 74 general-purpose digital
circuits mounted in 16-pin hermetically sealed plug-in
flat packages.

Package features

plug-in pin configuration ideal for
economical flow-soldering techniques

pins on 100-mil grid spacings for
industrial-type circuit-hoards

economical package construction
sturdy pins for easy insertion
welded hermetic seal

low profile for space savings

i
ik

INDUSTRIAL 16-PIN PLUG-IN FlA'f PACKAGE

This inexpensive plug-in package is adaptable to conventional low-cosi assembly and design fechniques, including
high-volume manual or automatic insertion, flow- or wave-soidering, and the use of economicdl circuit boards
designed with 100-mil grid spacings. The package has two rows of firm pins out the bottom with the rows spacad
200 mils apart. A flange tab is provided for indexing, simplifying both manuai and automatic insertion. The pack-
age has a rugged cerantic-fo-metal construction and a welded-metal hermetic seai, assuring the highest degree of
network rigidity and reliability.

Mechanical data

Series 74P networks are mounted in a ceramic-io-metal, hermetically sealed, plug-in package. The circuit and leads
are insulated from the package. Leads require no additional cleaning or processing prior. to soldering.

STAND-OFF PINS (4 FLACES ORY)

ANTTET

OO0 0 06

L e a0

LAl [ ‘] .
I L I 1

tmoc»¢¢80

N

/069‘0000%¢

=/

0.020 = 0.002 .
DIAMETER BOTIOM ViEW
TYPICAL)

® o0 060 @0 OO0

m

B -

NOTES: o.
b
[

0.478
WAz,

0.128=6.015 -

Al dimensions in inches.
AN decimals —+ 0.00S except as noted.
Lead spacing folerance is - 0.01% @

axitemities ond -+ 0.005 of pockuge,
nonaccumulative.

. Lead centerlines re focated within

=+ 0.005 of their true positions relative

"o bedy centerfines.

OUTLINE DRAWING — SEMICONDUCTOR NETWORK INDUSTRIAL PACKAGE
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TEXAS INSTRUMENTS
SERIES 74P SEMICONDUCTOR NETWORKS

Specifications, logic symbols, and pin numbers

Schematic diagrams, fan-out rules and specifications for all Series 74P networks are identical_to those of the corres-
ponding Series 74 network. Logic symbols for all Series 74P networks are shown here to provide external circuit
pin connections. The absence of internal connections to a package is indicated by NC. i
TYPE SN7400P TYPE SN7410P A
QUADRUPLE 2-INPUT POSITIVE NAND GATE TRIPLE 3-INPUT POSITIVE NAND GAT;{
L
X

i

*.@%’“N _ @@j 50)

& 19

i

-]

positive logic
X=AB

X= ABC
TYPE SN7420P | TYPE SN7430P

DUAL 4-INPUT POSITIVE NAND GATE 8-INPUT POSITIVE NAND GATE

Uu—;_—-ﬁ__J B
\R299¢ ® 29)

positive logic
X=ABCD

positive logic

X = ABCDEFGH

Manufacturer.

Texas Instruments, Inc.,; Semiconductor Components"Di-visioﬁ, P.O. Box 5012,
: Dallas, Texas.
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TEXAS INSTRUMENTS

SERIES 74P SEMICONDUCTOR NETWORKS (Contd)

logic definition
Series 74P logic is defined in terms of standard POSITIVE LOGIC using the following definitions:
| LOW VOLTAGE =LOGICAL 0
HIGH VOLTAGE =LOGICAL 1

. TYPE SN7440P TYPE SN7450P
DUAL 4-INPUT POSITIVE NAND “POWER” GATE EXPANDABLE DUAL EXCLUSIVE-OR GATE

Both expander inputs are used simultoneously for expanding with -
the SN7460P. 1f expander is not used leave pins @ nnd@ opeﬁf‘

cer 4. positive logic_
positive logic X—ABTCDTE

X = ABCD E=ABCD from SN7460P
TYPE SN7460P TYPE SN7470P
DUAL 4-INPUT EXPANDER FOR SN7450P J-K FLIP-FLOP

Connect pin@ or @ {collector) to pin @oi SN7450P.
Connect pin @ or @ (emitter) to pin @ of SN7450P.

%@F?E_\A%éx

0008000
A Presgt QCIeor -_-

K Clock J

] lezl

ORC @@/j

Vee NC

positive logic positive logic

£ — ABCH ’ i Low input fo preset sets Q to iogical |
When connected fo pins @ and @ of SN7450P. Low input to clear sets Q to logical O
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SERIES 54 930
SOLID CIRCUIT® SEMICONDUCTOR NETWORKS'

HIGH-SPEED TTL DIGITAL SEMICONDUCTOR NETWORKS
IN
DTL PIN CONFIGURATIONS

description

Series 54 930 consists of Texas Instruments high-speed TTL circuits with pin configurations and logic functions
that make them electrically compatible and mechanically interchangeable with Series 15 930 DTL circuits.
In addition to five interchangeable networks, an 8-input NAND gate and a dual AND-OR-INVERT gate
are available.

SERIES 15 930 SERIES 54 930

comparative features DTL TTL
Gate propagation delay time (typically) . . . . . . . . 25 ns 13 ns
Fan-out capability . . . . . . . . . . . . . . . 8 10
(DTL can drive 8 DTL or 5 TTL loads, TTL can drive 10 TTL
or 10 DTL loads)
Noise immunity (guaranteed) . . . . . . . . . . . . 350 mV 400 mV
standard line summary
FUNCTION TYPES SIMILAR DTL CIRCUIT
Dual 4-Input Positive NAND Gate SN54 930 SN15 930
Dual 4-Input Positive NAND Buffer SN54 932 SN15 932
Quadruple 2-Input Positive NAND Gate SN54 946 SN15 946
Triple 3-Input Positive NAND Gate SN54 962 SN15 962
8-Input Positive NAND Gate SN54 965 None
Dual 2-Wide 2-Input AND-OR-INVERT Gate SN54 966 None
Master-Slave Flip-Flop SN54 948 SN15 931/SN15 945/SN15 948
specifications

Schematic diagrams, fan-out rules, maximum ratings, temperature ranges, and electrical characteristics are
identical to those of the corresponding Series 54 type number.

CORRESPONDING
SERIES 54 930 TYPE SERIES 54 TYPE
SN54 930 SN5420
SN54 932 SN5440 NOTE 1: ;he SN5544 948 hEolls no colrresgonding
, eries 54 type. Electrical an

SN54 946 SN5400 switching characteristics are included
SN54 948 See Note 1 in this data sheet.

SN54 962 SN5410

SN54 965 SN5430

SN54 966 SN5451

Patented by Texas Instruments

‘~ TEXAS INSTRUMENTS

INCORPORATED

SEMICONDUCTOR-COMPONENTS DIVISION
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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SERIES 54 930
SOLID CERCUIT® SEMICONDUCTOR NETWORKS

PIN CONFIGURATIONS

SN54 930
DUAL 4-INPUT POSITIVE NAND GATE

SN54 932
DUAL 4-INPUT POSITIVE NAND BUFFER

Vee D 2C NC

@@@@0@30

Vee

DD DD O Q@

SN54 946
QUADRUPLE 2-INPUT POSITIVE NAND GATE

SN54 962
TRIPLE 3-INPUT POSITIVE NAND GATE

1502

cc B 3~ 3V

R R RCRORO

irgewd)

"'_‘:hr_j“ l
@

|
0RO

18

2A

Q00

Vee 1€ Y 3A

@@@@@@O

|

|
fﬁj‘j“
OO O®OCE

b

l

GND

SN54 965
8-INPUT POSITIVE NAND GATE

SN54 966
DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATE

NC H G

— &5
®
®
® 3

-©

— -

Vec 18 1coy
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TYPE SN54 948

MASTER-SLAVE FLIP-FLOP

logic
TRUTH TABLES

R-S MODE J-K MODE
'n i 'n+'| 'n *n+l
s [s,[¢]¢ | Q s [c, 1 Q
Qn 0| 0 Qn
Qn 0 1 0
Qn 11011
1 1 n

0
0
i
1

OO ®OO

NC — No intemnal connection

=~ = X|Q|X|X|0lO

~|=|=]|o|X|o|o]XxX]|Xx

=~ X|QO|=!—|x|Oo|X|OC

~lo|X|=l—lOo|X{|O}Xx
9

Indeterminate

NOTES: 1.1, = bit time before clock puise.

positive logic
Low input to Cp, sets Q to logical 0
Low input to Sy sets Q to logical 1
Cp and Sy are independent of CP

2.t 4y = bit time affer clock pulse.

3. X indicates that either a logical 1 or a logical 0 may be
present.

4. Logical 1 is more positive than logical 0.

5. For operation in the J-K mode connect S, to @ and C 1o Q.

description

The SN54 948 flip-flop is based on the master-slave
principle. This device has AND gate inputs for entry
into the master section which are controlled by the
clock pulse. The clock pulse also regulates the state
of the coupling transistors which connect the master
and slave sections. The sequence of operation is as
follows:

1. Isolate slave from master.

2. Enter information from AND gate inputs o master.

3. Disable AND gate inputs.
4. Transfer information from master to slave.

recommended operating conditions

Supply Voltage Voc

Fan-Out From Each Output, N .o

Width of Clock Pulse, tyciocy (See Figure 6)
Width of Direct Set Pulse, tysp, (See Figure 7)
Width of Direct Clear Pulse, tycp) (See Figure 7)
Input Setup Time, t.1,, (See Figure 6) .

Input Hold Time, thoq C e

HIGH

LOW

SN54 948 CLOCK WAVEFORM

Coe .45Vto 55V

e e e v v v v . . 11010

. >20ns

. >25ns

. . 225ns

.o cpplled clock pulse width
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TYPE SN54 948
MASTER-SLAVE FLIP-FLOP

electrical characteristics, To = -55°C to 125°C

PARAMETER FlTGEglrlE TEST CONDITIONS MIN TYP MAX| UNIT
Vint1) Logical 1 input voltage 1 Vee = 45V 2 v
Vinjo) Logical 0 input voltage 1 | Ve = 45V 0.8 v
Voutyy Logical 1 output voltage 1 Vog = 4.5V, g = —400 uA | 2.4 3.5% v
Vouti) Logical 0 output voltage 2 Vee = 45V, Iy = 16 mA 0.22% 0.4 v

Logical O level input current — 55V.V. = 04V 16 | mA
ol atc,, C, S, 0r S, 3 Vee = 38 V. Vi = 0. -

lino)  Logical O level input current at Cp, or Sp 3 Vee = 55V,V;,, =04V -3.2 | mA
linto) Logical O level input current at CP 3 Vee = 55V, V;, =04V —4.8 mA
| Logical 1 level input current 4 Veg = 55V, V,, = 24V 40 | upA
" at €y, Cy Sy, 0r S, Vee = 55V, V;, = 55V 1| mA
. . Vee = 5.5V, V;,, = 24V 80 | uA
Iin(l] Logical 'l level input current at Cp or S 4 Voo = 55V, V,, = 55V 1 A
Veg = 55V, V,, = 2.4V 120 | uA

linyy  Logical 1 level input current at CP 4
Vee = 55V, V,, =55V 11 mA
los Short-circvit output current 5 Vee = 55V,V,, =0 —20 —57 | mA
lcc Supply current 4 Veg =5V, V, =5V 8 mA

+ Not more than one output should be shorted at o time.
I These typical values are at Vee =5 V.

switching characteristics, Vcc =5 V, T, = 25°C, N =10

TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX]|UNIT
felock Maximum clock frequency 6 10 15 MHz
Propagation delay time to
toan logical 1 level from Cp 7 26 50 ns

or Sp to output

Propagation delay time to
todo logical 0 level from Cp 7 34 50 ns
or Sp to output

Propagation delay time to
o logical 1 level from C;, C,, -] 10 26 50 ns
S, or S, to output

Propagation delay time to
todo logical 1 level from C;, C,, 6 10 34 50 ns
Sy, or S, to output
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functional block diagrem

schematic

TYPE SN54 948
MASTER-SLAVE FLIP-FLOP

Y

S }l )
0 Q
-0 Cp
(="
AN

c,
¢, (1)

{9 Vec
3130 0 31.6ka $4kQ 4k 2 $l.6ke 31300
——( :)C_Q
2
31kQ $1ke
]
5)Cp
6kQ3 3.5kQ¥ 4kQi $4kQ $3.5kQ  36kQ
$41Q 4kQ%
\></ e S]
T QD EANCE
. F—t
1 ]
2k ;‘2kn
7) GND
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TYPE SN54 948
MASTER-SLAVE FLIP-FLOP

PARAMETER MEASUREMENT INFORMATION

d-¢ test circuitst

Vee
~ -
7] Test &
Test Per G )
TPerh Truth C2
rut Vin o Tablel
Vin 0— Table " (See
(See Note
Note 2)
| 2 | L
1. Each output is tested separately. 1. Each output is tested separately.
2. Direct inputs Cpy and Sy are tested for proper operation. 2. Direct inputs Cpy and Sp, are tested for proper operation.
FIGURE 1 FIGURE 2
4.5V Vee v
T TEST TABLE
= Apply V;, Apply Momentary
L Mo CA (Test I,) GND, Then 4.5 V Apply 4.5V
o0 | see FS2 A ° O cp S C,.Cp, S,, S,, and Sp
n c—l Test g cp OPEN CP Sp C,,C,, S, S, and Cp
Table 3 Q Cp None S,, S,, and CP
[ | sl so | Sp None C,, C,, and CP
Y < None C,, Sp, and CP
= -
<, None C,, Sp, and CP
= = S, None S,, Cp, and CP
1. Each input is tested separately. 5, None Sis Cp, and CP
FIGURE 3
Vee
| TEST TABLE
lin( B -——6 + cc Apply V;,
in(1) G oy (Test 1) Ground
n - —
o= See C2 Ql— cp Cp, Sp. C1, Cp, Sy, and S,
Test p————qo CP OPEN Cp CP, S;, and S,
Table rs; al— $p CP, C,, and C,
s Sp < CP, Sp, and C,
L _._J‘ C, CP, Sp, and C,
S, CP, Cp, and S,
= = S, CP, Cp, and §,
1. Each input is tested separately.
2. When testing I e, all inputs and outputs are open. FIGURE 4

FArrows indicate actual direction of current flow.




TYPE SN54 948
MASTER-SLAVE FLIP-FLOP

|
PARAMETER MEASUREMENT INFORMATION

d-c¢ test circuitst (continued)

Vin Vec
48V )\ T
[ C, <o
< Cy IOS
e l
lsl Q
S. Sp

1. Each output is fested separately.
FIGURE 5

FArrows indicate actual direction of current flow.

switching characteristics

Vee = 5V o

INPUT  PULSE

in{1}

INPUT PULSE
(SEE NOTE 1)

Vinl0)

|
S v
| out{l)
Q OR @ OUTPUT I 1.5V
pe—"pdo—}
[ | V out(0)
|
e todi _,II Voult)
|
Q OR Q OUTPUT | L5V
—————— V out{0)

VOLTAGE WAVEFORMS
NOTES: 1. Input pulse characteristics: Vi < 0.4V, Vi) = 24V, 1y =15 < 1505, 1, = 20 ns, and PRR = 1 MHz. When festing §
2. All transistors are 2N2368.

3. Al diodes are 1N916.
4. C_ includes probe and jig capacitance.
FIGURE 6 — PROPAGATION DELAY TIMES FROM CLOCKED INPUTS

clock Vary PRR.
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TYPE SN54 948
MASTER-SLAVE FLIP-FLOP

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

Vee = 3V o
2.4V
o
390 Q
? 3
r——rrTT '_—_I
I CL 15 pF 50 pF
| Sy S2 G C I T j:
TEST | I TEsT
ouTPUT £ | = oureur
SD O———'—C SD CDO* } OCD
INPUT _ | INPUT
l Q Q I
- TEST CIRCUIT
— to |a— —] ) j—
P | Vin(1)
c 2V | | 2V
N 1V 1v
I - —_————————_————————— —— Vial0)
[e—"p(cD) — ——: to r— —ql th r— Vi
l m
s 2V | | A2v
D INPUT
' 1.5V X | 1 #15v
] 1v 1V ¥,
I I — = —— Tinl0)
—e 'de 'Q— l‘———tP(SD) __..._.!
I : -—'i fodl e Vour(1)
|
Q OUTPUT | 1.5V : 1.5V
|
I et e e — o — — — — Vout(0)
—> todr e —+| fpd0  ja—
| I _l ————————— vou'(l)
— | |
Qoutput I 1.5V 1.5V
Vout(0)

VOLTAGE WAVEFORMS
NOTES: 1. (5 or Sp inputs dominate regardless of the state of clock, C;, C, or §;, S, inputs.
2. (p or S, input pulse characteristics: Vi, o <o04v, Vint) > 24V, 1, = 15 < 15 ns, torcp) = tpiso) = 25 ns, and PRR= 1 MHz.
3. All transistors are 2N2368,
4. All diodes are 1N916.
5.

(, includes probe and jig capacitance.

FIGURE 7 — C;, AND S, PROPAGATION DELAY TIMES

PRINTED IN U.S.A.
Tl cannot assume any responsibility for any circuits shown
or represent that they are free from patent infringement.

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
1508 IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



SERIES 53
SOLID QTRGUIT"® SEMICONDUCTOR NETWORKS'

DIGITAL SEMICONDUCTOR NETWORKS
FOR GENERAL PURPOSE SYSTEM APPLICATIONS

application

features

Series 53 semiconductor networks are ideally
suited for general-purpose digital applications,
including computer, data handling, and control
systems. Series 53 is designed and character-
ized for use over the full military temperature
range of —55°C to 125°C.

LOW SYSTEM COST

® multifunction devices offering lowest cost
per logic function

ADVANCED PERFORMANCE
® attractive speed/power ratio

@ high a-c noise rejection from low output
impedance

® waveshape integrity maintained over
rated temperature and loading condi-
tions by double-ended output stage

EASE OF DESIGN
® complete family available — 15 networks

® modified DTL circuitry simplifies system
design

® fan-out of 10 from each double-ended
output

DUAL JK FLIP-FLOP BAR

description

Series 53 is a compatible line of digital semi-
conductor networks capable of performing all
basic and some special logic functions. All basic
logic functions are offered as multifunction net-
works. Utilization of this complete line of com-
patible networks reduces systems engineering

design time, while the use of multifunction net-

works reduces system cost per logic function.

Series 53 logic employs a modified form of
diode-transistor logic (DTL) where transistors
replace conventional diodes in order to improve
circuit performance. Input transistors reduce
drive requirements while offset transistors im-
prove switching speed. The Series 53 low-
impedance output stage maintains symmetrical
waveshapes over wide ranges of d-c fan-out,
capacitive loads, and operating temperatures.
The low-impedance output also provides a high
degree of protection against capacitively cou-
pled noise transients on system information
lines.

LOADING TABLES AND PIN IDENTIFICATION .
DEFINITIVE SPECIFICATIONS
D-C TEST CIRCUITS .

MECHANICAL DATA ,

CONTENTS
DESIGN CHARACTERISTICS AND LOGIC SYMBOLS .

SWITCHING TIME TEST CIRCUITS AND VOLTAGE WAVEFORMS .

Page

. 2002-2003
. . 2004
. 2005-2028
. 2029-2032
. 2032-2035

2036

FPatented by Texas Instruments
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SERIES 53
SOLID QERCUIT® SEMICONDUCTOR NETWORKS

typical operating characteristics, T, — -55°C to 125°C, supply voltage Vcc = 3 Vio 4V

Speed: Gate Propagation Delay. . . . .
Flip-flop ToggleRate . . . . .
Fan-Out Capability (Double-ended Outputs) .
Fan-In With Expanders . . . . . . .
Output Impedance . . . . . . . . .
Average Power Dissipation: Per Gate . .
Per Flip-flop .

design characteristics

2002

Series 53 is a compatible line of digital semiconductor
integrated circuits built and characterized for medium-
speed applications (up to 4 MHz)over the full military
temperature range. The networks are fabricated from
triple-diffused planar silicon, and employ a modified
form of diode-transistor logic selected to take advantage
of inherent integrated-circuit characteristics.

As in conventional diode logic (Figure A), logic is per-
formed at node A of a Series 53 gate (Figure B).

Vee ©

INPUT O

1
1
1
|
!

FIGURE B. Series 53

{FIGURE A. Diode AND Logic AND Logic

The gain of the p-n-p fransistors replacing the Inpu
diodes increases the effective drive capability of the pre-
ceding stage. The voltage at node A is now a function
of L, R, and the p-n-p transistor gain, rather than only
liy and R, as in diode logic. The effect of the transistor
gain is to minimize the importance of the resistor value
in the circuit’s performance. Since silicon resistors have
inherently wide production tolerances and high tempera-
ture coefficients, the transistor gain makes fabrication
of Series 53 networks more economical while assuring
greater stability over the full military temperature range.

The n-p-n transistor which replaces the offset diode D,
also has gain, increasing the circuit drive capability and
improving the waveshapes at node A.

This basic AND logic configuration is coupled with an
inverting double-ended output stage (Figure C) in each
Series 53 NAND/NOR gate and each flip-flop .

FIGURE C. Series 53 Double-Ended Output Stage

e e e e e e e e e e e 4« . 35ns
e e e e e e e e e e e v 4MHz
e e e e e e e e e e e . 25max
R - { 0
S 00
e et e e e e e e e e . AOmW

The most important feature of the Series 53 NAND/NOR
gate or flip-flop output stage is its ability to supply load
and sink current with low output impedance. This pro-
vides high d-c fan-out to both types of loads and simpli-
fies interface design. Low output impedance in either
state ensures that turn-on and turn-off waveshapes will
remain sharp and symmetrical over a wide range of d-c
and capacitive loadings throughout the temperature
range. The low output impedance of these outputs en-
sure that every information line will have a low-imped-
ance termination, providing valuvable protection against
a-c coupled noise transients.

All Series 53 networks are fabricated using a 4-step
planar diffusion process. First, an n-type diffusion is
made in the p-type substrate, forming the n-p-n collec-
tors only. A second n-type diffusion is made forming the
base area of the p-n-p transistors, isolation region of
the resistors, one section of the capacitors, and further
forming the n-p-n collectors. This sequence reduces the
n-p-n transistor regy) to approximately 30 ohms, while
keeping the p-n-p base width narrow and the gain high
(typically 12). The next step is a p-type diffusion which
forms the p-n-p emitters, n-p-n bases, resistors, and
another portion of the capacitors. The final diffusion is
an n-type, forming the n-p-n emitters and completing the
capacitors.

N-P-N P-N-P
TRANSISTOR TRANSISTOR RESISTOR CAPACITOR
/———A——'\r_/‘ﬁ/—‘—"\‘——\

L T T T | S
N P N+ \_ P N \N P N P N+
OXIDE CONTACT

FIGURE D. Series 53 Triple-Diffused Structure

Two AND/OR gates, the SN5320 and SN5340, provide
additional flexibility for the logic designer. These gates
may be used in applications where noninverted signals
and/or reduced propagation delay times are necessary
and high fan-out is not a requirement. Characteristics
of the AND/OR gates limit the number which may be
cascaded (connected in series) between any Series 53
circuit and Series 53 flip-flops or inverter/drivers.

SERIES 53 AND/OR GATE CASCADING CAPABILITY

Minimum Voo 32V 36V 4.0V
Maximum number of AND/OR
gates which may be cascaded

1 2 3




SERIES 53

SOLID CTRCUIET" SEMICONDUCTOR NETWORKS

standard line summary

SN5300

See Page 2005

J-K FLIP-FLOP WITH PRESET

SN5301 See Page 2007

J-K FLIP-FLOP WITH PRESET AND CLEAR

See Page 2009

r—---

DUAL J-K FLIP-FLOP WITH PRESET

SN5304 See Page 2011

b |
—
L

|

]

|
et
et

— ]

FF2

CLOCK
CLEAR __ PRESET]

r—-—-
]
1
|
]
|
|

DUAL J-K
FLIP-FLOP WITH PRESET AND CLEAR

SN5310 See Page 2013

Fem------- 1

| !

[]

o

) ; .

1 1

]

[ 3

5-INPUT EXPANDABLE NAND/NOR GATE

SN5311 See Page 2015

DUAL 5-INPUT NAND/NOR GATE

SN5315 See Page 2016

LA

10-INPUT EXPANDABLE NAND/NOR GATE

SN5320 See Page 2018

5-INPUT EXPANDABLE AND/OR GATE
(ALSO USABLE AS 5-INPUT EXPANDER)

SN5330 See Page 2020

DUAL 3-INPUT NAND/NOR GATE

SN5331 See Page 2021

- s

TRIPLE 3-INPUT NAND/NOR GATE

SN5340 See Page 2022
——————
1 H—
! |
— 1
= |
[ |

DUAL AND/OR GATE

SN5350 See Page 2024
=

QUADRUPLE INVERTER/DRIVER

SN5360 See Page 2025

Femmem————ny

QUADRUPLE 2-INPUT NAND/NOR GATE

SN5370 See Page 2026

DUAL EXCLUSIVE-OR GATE

SN5380 See Page 2027
o i
b 1
T ONEL___ '
: 5 HOT 1
: |
i i
1 1
| ORI 4
ONE-SHOT

MONOSTABLE MULTIVIBRATOR

2003




SERIES 53

SQLID GERGUET® SEMICONDUCTOR NETWORKS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply Voltage Vcc (See Note 1) . . . .

A

Supply Voltage Ve With Respect to Ve (SN5320 and SN5340) B A
Input Voltage Vi, (See Notes Tand 2) . . . O Aove)
Operating Free-Air Temperature Range . . e e e e e+« « « « . . . =55°Cto125°C
Storage Temperature Range . . . . . . e e e+« « « « « . . . . =65°Cto150°C

NOTES: 1. Voltage values (with the exception of the Vg rating above) are with respect to network ground terminal.

2. Input signals must be zero or positive with respect to network ground terminal.

logic definition

Series 53 logic is defined in terms of standard POSITIVE LOGIC using the following definitions:
LOW VOLTAGE = LOGICAL 0
HIGH VOLTAGE = LOGICAL 1

input current requirements

Weighted values of input current requirements
reflect worst-case conditions for T, =-55°C to
125°C and V. = 3 V to 4 V. One positive load

(N + = 1) requires current into the input at a
logical 1 voltage level (0.5 mA at Voo =3 V or
Vee = 4 V). One negative load (N- = 1) re-

quires current out of the input at a logical 0 volt-
age level (0.25 mA at T, = -55°C, or 0.19 mA
at T, = 125°C). Currents into the input terminals
are specified as positive values. Arrows on the
d-c test circuits indicate the actual direction of
current flow.

WEIGHTED VALUES OF INPUT CURRENT REQUIREMENTS

NETWORK TYPE INPUT N+ LOADS | N— LOADS
FLIP-FLOPS | 5300, 5301 | J, J%, K, KX,
5302 Preset, Clear L 0
Clock 2.5 2.5
5304 J, K, Preset 1 0
Clear 2 0
Clock 5 5
GATES AND | 5310, 5311,
EXPANDER | 5315, 5320,
5330, 5331, | Each Input 0 1
5340, 5360,
5370
ONE-SHOT | 5380 T, T 1 0
INVERTER 5350 Each Input 2 0

output drive capability

Weighted values of fan-out reflect the ability of
an output to drive current to N+ loads and sink
current from N— loads under worst-case condi-
tions. Load currents (out of the output terminal)
are specified as negative values. Arrows on the
d-c test circuits indicate the actual direction of
current flow.

WEIGHTED VALUES OF FAN-OUT

NETWORK OUTPUT N+ LOADS|N- LOADS
FLIP-FLOPS, NAND,/NOR
GATES, AND Each Output 10 10
ONE-SHOT
Each Output 10 10
INVERTER (SN5350) 4 Inverters 40 0
in parallel
AND/OR GATES
$N5320 and SN5340 | Foch Output 4 4

pin identification
Pin identification for Series 53 networks is shown
in the illustration at the right, Symbolization on
package denotes orientation. For dimensions see
mechanical data.

CAUTION:

Pin numbers of the 10-pin package have been renum-
bered in accordance with TO-89. The electrical func-
tions are in the same physical location as shown on
all previous data. Former pin numbers of 10-pin pack-
age are shown for reference.

FORMER
PIN NOS.

2004

POOOO  EOEOEOD

&. = XXXXX [

DXXXXX SNXXXX

SNXXXX

T

L |
0]0/0/0/0] 0]0]6,0/6/0]0,

TO-89 TO-84




TYPE SN5300
J-K FLIP-FLOP WITH PRESET

logic TRUTH TABLES
Jhk=Kk=1 ADDITIONAL INPUT v
s tors LOGIC COMBINATIONS cc
S ! ORONOXO,
J K Jk | Kk
o T Te TS ]
n
1 0 l 1 0 0 0 Sn J J* K* K
1 /1] Qn 111 ]o0o o[ @n el Q
0 1 0 1 Qn Clock Preset
J=K= 1 {1 {o 1] @n -
t, tot P o |
T 1 j0J1 0@ )
0] of an LI L . A = @ @ @ @ @
1 0 0 1 1
0 1 1 0 ] 3 0 0 GND
1 0 0
1 1 Qn t, = Bit time before clock pulse e .
t, + 1 = Bit time after clock pulse positive |°9“‘-
High input to preset sets Q to logical 1
recommended operating conditions
Supply Voltage Vec . . . . . . . . . . . . . . .« « v v < . . . .8Vio4yv
Maximum Fan-out From Each Output Into Positive Loads, N+ . . . . . . . . . . . . . .10
Maximum Fan-out From Each Output Into Negative loads, N—. . . . . . . . . . . . . .10
Fall Time of Clock Pulse fqcioay « « « + « = « « « « « « « « « « « .« . . 2010 150 ns
Minimum Width of Clock Pulse fpctoy « =+« =« « & « « « &« « « &« « « « . . .50ns
Rise Time of Clock Pulse tycioakj « = « « + « « « « « « « « « « « « +« « « 10to 500ns

electrical characteristics (unless otherwise noted, T, = -55°C to 125°C, Vcc = 3 Vto 4 V)

PARAMETER o TE TEST CONDITIONS MIN TYP MAX |UNIT
Input voltage required to Vee =3V 1.5 31 V
Vin1y  ensure logical 1 at J, K, Ik, Kk, | 1,2
preset, and clock Veg = 4V 1.5 41 V
Input voltage required to
Vinie)  ensure logical 0 at J, K, J%, Kk, | 1,2 0 03l v
preset, and clock
v Logical 1 output voltage 3 Vee = 3V,N+ =10( g = =5mA) | 1.7 3f v
o1} (off level) Vee = 4V,N+ = 10 (I, y = -5 mA) | 27 4] Vv
cC ’ load
v Logical O output voltage 3 N— = 10 (I = 2.5 mA), T, = -55°C 0 03{ V
oHOl (on level) N—=10 (I, = 1.9 mA), T, = 125°C | 0 03| Vv
J, K, 3k, Kk, or preset
I , K, 3%, K%, _
i input corrent 3 | v,=27v 0 05| mA
Vi,=2V 0 125 [ mA
lin Clock input current 3 Vin =03V, T, = -55°C -0.625 [ mA
V,, = 03V, T, = 125°C —0.475 | mA
Vec = 3V, N+ = N- = 0,
Toggle = 1 MHz, T, = 25°C i mA
lcclav)  Average supply current 4 Voo =4V, NF = C =0,

A
Toggle = 1 MHz, T, = 25°C 13 "

CAUTION:
This device was formerly TYPE SN530. Pin numbers of the SN5300 have been renumbered in accordance with TO-89. The electrical functions of
the SN530 and the SN5300 are in the same physical location. See pin identification, page 2004, for SN530 pin numbers.

2005



TYPE SN5300
J-K FLIP-FLOP WITH PRESET

switching characteristics, T, = 25°C, Vcc = 3.5V, N4+ = N- =0

PARAMETER FICURE TEST CONDITIONS TYP  MAX | UNIT
ty Delay Time Clock Input: V;; = 2.5V, = 20 ns, 20 30 ns
t, Rise Time 22 t, = 500 ns, f = 1 MHz 20 45 ns
s Storage Time 1, 1%, K and KX Input: V;;, = Ve 40 60 ns
te Fall Time Preset Input: V;, = 0 25 40 ns
Time to Set a Logical 1:
tet) JorK Clock Input: V;, = 2.5V, t; = 20 ns, 50 ns
I or Kk 23 1, = 500 ns, f = 1 MHz 35 ns
Time to Set a Logical 0: J, 3%, K or KX Input: Vi) = 235V,
tetlo) JorK Vinlg) = 0t = t; = 50 ns 40 ns
Jk or KKk 40 ns
Clock Input: V;, = 0
toreset  Preset Time 24 Preset Input: V,, = 2.5V, t; = 50 ns 55 ns
schematic
LOGIC STEERING BISTABLE STEERING LOGIC
SECTION SECTION SECTION SECTION SECTION
___________ —_——— e
l_ Vee | T T | 1
| o+ + : |
|
| | | | | K*
l J* Q l I L I \ I
I | Srsk | % 1k Tk | Sisk |
|
| | | | |
| | } = ! |
poed 1 ' 10 pH
$ei | 6k
™ T_El | l
I Q 25 pF Q ) l
| = | .

|
|
|
|
|
|
|
| I
: "
|
L | 0 e PN
, { |
| |
| |
|
|
|
|
:

|
I
|
| l* |
= | = S
| l _I( I 3
: /1 i 25 pf 1 lZSpF Bk‘,
2.5k L‘
8k 25 pF | e | P"E : 2 |
I | I + 25 pf ' ,
| 4 I i} | ) I ) l K O
| | | 6k | |
L L4 1l _ oo oeeer | N I

CLOCK PULSE

NOTES: a. Component values shown are nominal.
b. Resistor values are in ohms,
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TYPE SN5301
J-K FLIP-FLOP WITH PRESET AND CLEAR

logic
TRUTH TABLES
Vi
TA=KEk=1 ADDITIONAL INPUT -
] o LOGIC COMBINATIONS ® ® @ @ ®
J K Q |/ tht I
0] 0] @n J K | x| xx| @ ) — ]
ol 1] o 0J1]0 ]o]@n NC x ;J‘ K“ 1 NC
1jo1 1 1]0)Jo Jo}@n T coex Q@
— oC
1 1 Qn 1 1 0 0 Qn Clear Preset
o101 ]G 3 3 e
'J=K:‘i 1 [1]o {1 ] an —1
n n+1 =y
*] KA Q 1 101 | 0] Qn @ @ @ @ @ @ @
0 ) —Q—n 1 1 1 0 Qn GND
0 3 1 1 0 0 1 1 NC — No internal connection.
0 1 1 0 (]
1 o/ o — positive logic
1 1 Qn ':n'_ B:':';‘i':“:::':;::‘:‘l:(:”;em High input to preset sets Q to logical 1
nt1 High input to clear sets Q to logical 0

recommended operating conditions

Supply Voltage Vee - .« . . . . . . . . . o o o . . . . . . . . . 3Vi4V
Maximum Fan-out From Each Output Into Positive Loads, N+ . . . . . . . . . . . ., . 10
Maximum Fan-out From Each Output Into Negative loads, N—. . . . . . . . . . . ., . 10
Fall Time of Clock Pulse theioag - - - - « « « « . « « . « .« « « . . . 20+to 150 ns
Minimum Width of Clock Pulse tycioay - -« . - « « « « .« « « . . « « . . . . .50ns
Rise Time of Clock Pulse trcioey - « = .« « . . . « . . . . . . . . . . 10to0500ns
electrical characteristics (unless otherwise noted, T, = —-55°C to 125°C, Vcc = 3 Vto 4 V)
PARAMETER o TEST CONDITIONS MIN TYP MAX |UNIT
Input voltage required to Ver = 3V 15 3 v
Vint1)  ensure logical 1 at J, K, %, 1,2 cc
K%, preset, clock and clear Vec = 4V 1.5 4 v
Input voltage required to R
Vinloy  ensure logical 0 at J, K, Jk, 1,2 0 03 v
KX, preset, clock and clear
v Logical 1 output voltage Vee = 3V, N+ =10 (I, = -5 mA) | 17 3 v
o) (off level 3 = = =
(off level) Voc = 4V, N+ = 10 (I, .y = -5 mA) | 27 4 v
v Logical O output voltage 3 N— = 10 (I, = 2.5 mA), T, = -55°C 0 03 v
HOl  (on level) N— =10 (I, = 1.9 mA), T, = 125°C | 0 03 | V
%, Kk
by J'. K, J%, K%, preset, or clear 3 v, =27V 0 0.5 mA
Input current
Vi, =2V 0 125 | maA
lin Clock input current 31 V,=03V, T, =-55°C ~0.625 mA
V,, = 03V, T, = 125°C 0475 | mA
Vee =3V, N+ = N- =0,
Toggle = 1 MHz, T, = 25°C 4 mA
Icc(av, Average supply current 4 Ve =4V, NT = N-=0, " N
Toggle = 1 MHz, T, = 25°C m
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TYPE SN5301
J-K FLIP-FLOP WITH PRESET AND CLEAR

switching characteristics, T, = 25°C, Vec = 35V, N 4+ = N-=0

PARAMETER FIEORE TEST CONDITIONS TYP  MAX | UNIT
ty Delay Time Clock Input: V;; = 2.5V, t; = 20 ns, 20 30 ns
t, Rise Time 22 t, = 500 ns, £ = 1 MHz 20 45 ns
t, Storage Time J, 1%, K and KX Input: V;, = Ve 40 60 ns
te Fall Time Preset Input: YV, = 0 25 40 ns

Clear Input: V,, = 0

totyyy Time fo Set a Logical 1:

JorkK Clock Input: V;, = 2.5V, t; = 20 ns, 50 ns
3% or KKk 23 = 500 ns, f = 1 MHz 35 ns
tsotip) Time fo Set a Logical 0: J, J%, K and KX Input: Vi) = 2.5V,
JorkK Vi,,(o, =0, f' = "f = 50 ns 40 ns
Jk or KX 40 ns
Clock Input: V,, = 0
toreset  Preset Time 24 Proset l’::::d: Vi, = 25V, 4 = 50 ns 55 ne
. Clock Input: V,, = 0
‘ctear  Clear Time 24 | Clear Input: Vyy = 25V, 4, = 50 ns 75 ns
schematic
LOGIC STEERING BISTABLE STEERING LOGIC
SECTION SECTION SECTION SECTION SECTION
II— Vece I T T T ‘I
| | I ' L
R | | T
]‘ l S5k ’ ﬂlk 21k , §|.5k ; '
| | | | | |
. D = O I
{10 pF . I l I I o 10 pF I
| - I
| | O O— I = I l
| | L AL | | |
- = g
| \ | L = | |
: | | 3k I I I
| | | 1 |
| ] - w | - |
: L | L spF | b'_] | 5F __[-\- I F |
| | )I,_ i — R .____.1_.“__ - |2 pF T8 kS |
| | |25 ' | 2.5k | L I
8k 250F | I | v ' |
I I 25 pF 25 pF l
| I = I % - I hd l
|4 , l | K J) |
| [ |~ ek L_EJ sk | | |
IR I D loear Oow  emeser B

CLOCK PULSE

NOTES: a. Component values shown are nominal.
b. Resistor values are in ohms.
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logic

TRUTH TABLE
EACH FLIP-FLOP

'n 'n+1
J K Q
0 0 Qn
0 1 0
1 0 1
1 1 Qn

t, = Bit time before clock pulse

ty 4 = Bit time after clock pulse

recommended operating conditions

TYPE SN5302

DUAL J-K FLIP-FLOP WITH PRESET

—3 ; | »
Clock K PresefQ J

Q FF2

Q Q
Preset 3 Clock

@

positive logic

High input to preset sets Q to logical 1

Supply Voltage Vec . . . e e e e e e e e e e . . . 3Vio4dVv
Maximum Fan-out From Each Output Into Positive Loads, N+ . . . .10
Maximum Fan-out From Each Output Into Negative Loads, N—. . . . . . . . .10
Fall Time of Clock Pulse tqcioqg . e e e e e e 20 to 150 ns
Minimum Width of Clock Pulse tocioq - e e e e « « « « « . .50ns
Rise Time of Clock Pulse tyciaqg - 10 to 500 ns
electrical characteristics (unless otherwise noted, T, = —-55°C to 125°C, Vcc = 3V to 4 V)
TEST :
PARAMETER FIGUR TEST CONDITIONS MIN TYP MAX | UNIT
Input voltage required to Veec =3V 1.5 3 v
g ensure logical 1 at J, K, 1,2 v
Vinh) preset, angd clock Vec = 4V 1.5 4 \
Input voltage required to
Vin(o) ensure logical 0 at J, K, 1,2 0 0.3 v
preset, and clock
v Logical 1 output voltage 3 Vee =3V, N+ =10 (lj .y = -5mA) | 17 3 v
out))  (off level) Vee = 4V, N+ =10 (4, = -5mA) | 27 4 v
v Logical 0 output voltage 3 N— = 10 (I = 2.5 mA), T, = —55°C 0 0.3 v
outlo)  (on level) N— = 10 (I;y = 1.9 mA), T, = 125°C 0 03 v
kn J, K,or preset input current 3 |Vip,=27V 0 0.5 mA
Vv, =2V 0 125 | mA
lin Clock input current 3 v, =03V, T, = -55°C -0.625 mA
Vi, =03V, Ty = 125°C -0.475 mA
Vee =3V, N+ =N-=0,
: Average supply current 4 Toggle = 1 MHz, T, = 25°C ~ 9 mA
CClav) (each flip-flop) Vee = 4V, N+ = N- = 0,
Toggle = 1 MHz, T, = 25°C 13 mA
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TYPE SN5302
DUAL J-K FLIP-FLOP WITH PRESET
. __________________________________________________________

switching characteristics, T, = 25°C, Vec = 3.5V, N4+ = N-=0

PARAMETER FreoT e TEST CONDITIONS TYP  MAX | UNIT
4 Delay Time Clock Input: Vip =25V, t; = 20 ns, 20 30 ns
1 Rise Time t, =500 ns, f=1MHz 20 45 ns
1 Storage Time 2 Jand K Input: V,, = Ve 40 60 ns
t; Fall Time Preset Input: Vin =0 25 40 ns
' Time to Set a Logical 1: Clock Input: Vin =25V, ty = 20 ns, 50
setll)  Jjork 2 t, = 500 ns, f=1MHz ns
' Time to Set a Logical 0: J and K Input:  Vipy) = 2.5V,
o) ) orK Vi) =0, t, =1, = 50ns 40 ns
. Clock Input: V,,=0
toreset  Preset Time 24 Preset Input: V:: =25V, t{ = 50ns 75 ns
schematic (each flip-flop)
LOGIC STEERING BISTABLE STEERING LOGIC
SECTION SECTION SECTION SECTION SECTION
r Vecec I T T
o 1 . I |
| T B
| | I |
I | | |
>
| i $1sk | 3k é]k l 1.5k
|
| I | I
| | I — +— |
>
| fe { l |
[ l —O O—J I =
{ | ' a | Ber Q |
= |
| : | [:ﬁ:l {f \
: | | 3k |
| | { . |
| [ H W I
| | = 5pF | H}_J | 5 pF
= - A L
| | i 25 pF il
| I |25k : | 2.5k
i 25 pF | ] |
| |

6k

CLOCK PULSE

NOTES: a. Component values shown are nominal.
b. Resistor values are in ohms.
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TYPE SN5304
DUAL J-K FLIP-FLOP WITH PRESET AND CLEAR

logic

®OOOO®OO

EACH FLIP-FLOP !:J
K |

t fata Preset K K Preset
J K Q FF1 Clear j¢e» Clear FF2
0 0 Qn Ckocki i CL{mk
(] 1 0 J &
1 0 1
! ! G OCOOOO®O
t, = Bit time before clock pulse GND

1,4 = Bit time after clotk pulse

positive logic
High input to preset sets Q to logical 1
High input to clear sets Q1 and Q2 to logical 0

recommended operating conditions

Supply Voltage Vee . . . e e e e e e e 3Vt 4V
Maximum Fan-out From Each Oufpuf In'ro Posmve Loads, N+ e e e e e e e e e e 10
Maximum Fan-out From Each Output Into Negative Loads, N-. . . . . . . . . . . . . 10
Fall Time of Clock Pulse tqcioay - -« - « « « « « « « « « « « « « « « . 2010150 ns
Minimum Width of Clock Pulse tocioty -« « « « + « « « « « « « « « « « . « . 50ns
Rise Time of Clock Pulse treioay « + - « = « « « « « « « « « « . . . . . 1010500ns

electrical characteristics (unless otherwise noted, T, — -55°C to 125°C,Vcc — 3V io4V)

PARAMETER FIGORE TEST CONDITIONS MIN TYP  MAX | UNIT
Input voltage required to Ve =3V 15 3 v
Vi ensure logical 1 at J, K, 1,2 —
I preset, clock and clear Voc = 4V 1.5 4 v
Input voltage required to
Vino) €Msure logical 0 at J, K, 1,2 0o 03 \'
preset, clock and clear
v Logical 1 output voltage 3 Vec = 3V.N+ =10 (54 = -5 mA}| 17 3 v
ouH1) (off level) Vec = 4V,N+ = 10 (I .y = -5 mA)| 2.7 4 v
v Logical 0 output voltage - 3 N- = 10 Iy = 2.5 mA), T, = —55°C| © 0.3 v
outo) (on level) N-= 10(l;, = 1.9 mA), T, = 125°C| 0 0.3 v
Yin J, K,or preset input current 3 Vin = 27V (1] 0.5 mA
Vin =2V 0 25 mA
L Clock input current 3 Vin =03V, T, = —55°C -1.25 mA
V;, = 03V, T, = 125°C —0.95 mA
bin Clear input current 3 V,, =27V 0 1 mA
Ve =3V, N+ = N-=0,
— — 9&0 9 mA
Average supply current 4 Toggle = 1 MHz, T, = 25°C
lectan (each flip-flop) Vee = 4V, N+ = N- = 0,
Toggle = 1 MHz, T, = 25°C 13 mA
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TYPE SN5304
DUAL J-K FLIP-FLOP WITH PRESET AND CLEAR

switching characteristics, T, = 25°C, Voc = 35V, N 4+ = N-=0

PARAMETER FIGORE TEST CONDITIONS TYP  MAX | UNIT
1y Delay Time Clock Input:  V,, = 2.5V, t; = 20 ns, 20 20 ns
', Rise Time ty = 500 ns, f = 1 MHz 2 e ns
1 Storage Time 2 4 and K Input: Vi, = Vee 40 60 ns
1 Fall Time Preset Input: V;, = 0 25 40 ns

Clear Input:  V;;, = 0
' Time to Set a Logical 1: Clock Input:  V;, = 2.5V, te = 20 ns, 50
sell)  jorK = 500 ns, f = 1MHz ns
Time fo Set a logical 0: 23 JorKInput: Vi) = 25V,
fsM(O] JorK vin(o) =0, i,.m= t;g = 50ns 40 ns
. Clock Input: V, = 0
toreset  Preset Time 24 Preset Input: V:: =25V, t; = 50 ns 75 ns
. Clock Input: V., = 0
telear Clear Time 24 Clear Input: v:: =25V, t, = 50 ns 100 ns
schematic (each flip-flop)

LOGIC STEERING BISTABLE STEERING LOGIC
SECTION SECTION SECTION SECTION SECTION
——————————— _——————— e — T — — T

:_ Vee I T T | I

c 1 l !

| i ' | ! l
l | |

| | | | ; | |

>
| | Srsk | S Sk | S15k |
| | | | |
I | | | | |
| | | = | | |
‘ L >
I Soi | l | [ |
| | ' o ot | i | |
| Q 25 pF Q | | |
| L | 7 \ I
I | | 3k ' | |
| ! | | | |
I I i 3k I I = I
| ] | ol | Il |
R R G S
= = l 4

| | A 25 p iy IZSPF 8k |
| | [2.5% | 2.5k

la K 25 pF | »-A/W—«—E | | [ |
| I L | § | [ I |
| 4 | | O—W—L—ﬂ_}w_o ' l K |
| | |~ e 6k | | |
L -1 __ Jaewr S OCND _ PRESET) L]

CLOCK PULSE

NOTES: a. Component values shown are nominal.
b. Resistor values are in ohms.
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TYPE SN5310
5-INPUT EXPANDABLE NAND/NOR GATE

schematic
O Vec
R 1kQ
< ! 25 pF 9
EXPANDER NODE 17
(See Note b) 15 ]/ IX
3kQ OUTPUT
INPUTS O{ 4KQ
GND Do not make external
connection at pin
NOTES: a. Component values shown are nominal.

b. Four SN5320 expanders may be fanned into one SN5310 to provide a total

fan-in of 25. If expander is not used, leave pin @ open,

recommended operating conditions

Supply Voltage Vec . . . .
Maximum Fan-out Into Positive Loads, N+ . .
Maximum Fan-out Into Negative Loads, N—, .

electrical characteristics (unless otherwise noted T,

. . .

positive logic

10 =4¢5¢6¢7¢9¢]

. 3Vto4dV

. .

-55°C t0 125°C, Vcc =3 Vto 4 V)

.10
.10

PARAMETER FIGURE|  TEST CONDITIONS | MIN TYP MAX |UNIT
Logical 1 input voltage required Ve — 3V 17 3 v
v at all input terminals to 5 cc -
inf1} ensure logical 0 (on level) v 4V 25
at output cc — i 4 v
Input voltage required at ex- Vee =3V, T, = —55°C 2.35 3 v
v pander node (pin (1)) to . Vec = 3V T, = 125°C 19 3 v
X ensyre logical O (on level) at Ve = 4V, T, = -55°C 3.15 4 [V
output Vee = 4V, T, = 125°C 27 4 v
Logical 0 input voltage required
at any input terminal to
vi"m ensure logical 1 (off level) 7 o 0.3 v
at output
Input voltage required at ex- _ °
v pander node (pin @) to 8 Ta = —557¢C ° 1.5 v
inf0)X  gpsyre logical 1 (off level) at T. — 125°C o
output A= 0.95 v

CAUTION:

This device was formerly TYPE SN531. Pin numbers of the SN5310 have been renumbered in accordance with TO-89. The electrical functions of
the SN531 and the SN5310 are in the same physical location. See pin identification, page 2004, for SN531 pin numbers.
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TYPE SN5310
5-INPUT EXPANDABLE NAND/NOR GATE

electrical characteristics (continued)
(unless otherwise noted, T, — -55°C to 125°C, Vcc = 3V to4 V)

PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX | UNIT
Ve =3V, Vi =03V, V7 a | v
v Logical 1 output voltage 7 N+ = 10 (ljgq = —5 mA)
o) (off level) Vec = 4V, V;,, =03V, 27 " v
NE = 10 (I, g = =5 mA) .
Voc =3V, V=17V, N-=10 03 | v
v Logical 0 output voltage 5 (i = 2.5 mA), T, = —55°C
Ol (on level) Vee =3V, V,, =17V, N-=10 0 03 v
(lgy = 19 mA), T, = 125°C '
Vi, =03V, N+ = N- = 0T, = -55°C -0.25 mA
lin Input current (each input) 7 V,, = 03V, N+ = N- = 0,T, = 125°C —0.19 mA
Voo = Vi =3V, N+ = N-=0, a3 A
leo On level supply current 9 Ty = 25°C
ton)  (each gate) Vee = Vin = 4V,N+ = N-=0, 45 mA
T, = 25°C ‘
Vec =3V, V;, =03V,
I Off level supply current 9 N+ = N-=10, T, = 25°C "2 mA
CCloffl  (each gate) Vee =4V, V;,, =03V, 1.6 mA
NF = N- =0, T, = 25°C :
T, = —55°C 124 26 | ke
R, Resistance value of R, 10 T, = 125°C 1.7 325 kO
switching characteristics, T, = 25°C, Vcc = 3.5 V, N-— 1
PARAMETER IO TEST CONDITIONS TYP  MAX| UNIT
ty Delay Time 35 45 ns
t Rise Time 25 Input: V;; = 2.5V, f =1 MHz, 40 50 ns
t Storage Time t, = 500 ns, t, = t, = 20 ns 25 45 ns
te Fall Time 30 40 ns
| o Propagation Delay Time 26 30 ns
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TYPE SN5311
DUAL 5-INPUT NAND/NOR GATE

schematic (each gate)

T =1 o¥o¥eXo¥okofo

>

INPUTS 4%Q B |
(D{i’({% *-O GND ®@®g«)o@@®

Component valves shown are nominal

positive logic
9=5¢67+8+10 13=1¢2¢3¢12¢14

recommended operating conditions

Supply Voltage Vec . . . & & . . « . . v v o v v v o v v v v v o . 3Vio4V
Maximum Fan-out From Each Output Into Positive Loads, N+ . . . . . . . . . . . . . 10
Maximum Fan-out From Each Output Into Negative Loads, N—., . . . . . . . . . . . 10

electrical characteristics (unless otherwise noted, T, — -55°C to 125°C, Vcc = 3 Vio 4 V)

PARAMETER i TEST CONDITIONS MIN TYP MAX|UNIT
Logica.l 1 input v‘olh:ge required Vee =3V 17 3l v
v at all input terminals to 5
i1} ensure logical O (on level) _ .
at output Vee = 4V 5 4] v
Logical 0 input voltage required
at any input terminal to
vi"(o’ ensure logical 1 (off level) 7 0 03} Vv
at output
. Vee =3V, Vi, =_o.gv,A 17 3l v
Vout(t) Logical 1 output voltage 7 N+ = 10 (ljgg = —5 mA)
ou —_— —_—
(off level) Vee = 4V, V,, =03V, 27 o v
NTE = 10 (lj,q = =5 mA)
Vcc::iV,Vin= 1.7V, N- = 10 0 03 v
v Logical 0 output voltage 5 (liw = 2.5 mA), T, = -55°C .
(o} (o level) Vee =3V, V=17V, N- =10 0 03] v
(i = 1.9 MA), T, = 125°C y
| nout b inout) 7 V, = 03V,N+ = N- = 0, T, = -55°C —0.25 | mA
in Input current (each inpy V, =03V, NF = N- =0,T, = 125°C 2019 | mA
Ve = Vin =3 V. N+ = N-=0,
3.3 A
i On level supply current 9 T, = 25°C m
CClon) ——— —
(each gate) Vee = \9“ =4V,N+ =N o, 45 A
T, = 25°C
Vec =3V, V,, =03V, 12 A
I Off level supply current 9 N+ = N- =10, T, = 25°C
CCloff) — —
(each gate) Vec = 4V, V;,, =03V, o 1.6 mA
NF = N-=0, T, = 25°C
switching characteristics, T» — 25°C, Vocc = 3.5V, N- = 1
PARAMETER FIGORE TEST CONDITIONS TYP MAX|UNIT
tq Delay Time 20 30 | ns
t Rise Time Input: V;, = 25V, f = 1 MHz, 25 45 ns
1, Storage Time 25 t, = 500 ns, t, = t; = 20 ns 25 45 ns
t Fall Time 25 40 ns
tod Propagation Delay Time 26 25 ns
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TYPE SN5315
10-INPUT EXPANDABLE NAND/NOR GATE

schematic

AAA
\Ad

EXPANDER NODE -

25 pr

{See Note b)

3kQ

VWA~

4 k02
>

O Vec

OUuTPUT

NOTES: a. Component values shown are nominal,

b. Three SN5320 expanders may be fanned into one SN5315 to provide a fotal

fan-in of 25. If expander is not- used leave pin open.

recommended operating conditions

Supply Voltage Ve¢ . . . .

Maximum Fan-out Into Positive Loads, N+ .

Maximum Fan-out Into Negative Loads, N— .

electrical characteristics (unless otherwise noted, T,

GND

positive logic

9=1.2.3-5-6-7:-8-12-13- 14

. . . . .

. 3Vtio 4V

-55°C to 125°C,Vcc =3 Vto4YV)

. 10
10

PARAMETER FIGURE TEST CONDITIONS MIN TYP  MAX| UNIT
Logical 1 input voltage required V. =3V 17 a3 v
v af all input terminals to 5 cc ’
i) ensure logical 0 (on level) Voo = 4V 25 4 v
at output cc ™ *
Veec = 3V, Tp = ~55°C 235 3 A\
Input voltage required at ex- _ _ ° v
v ” pander node (pin @ ) to 6 Vee =3V Ta = 125°C 19 8
in1)X apsyre logical 0 (on level) at °
output Vee = 4V, T, = —55°C 3.15 4 v
Vec = 4V, T, = 125°C 27 4 v
Logical 0 input voltage required
. at any input terminal to 3 v
Vinto) ensure logical 1 (off level) 7 0 °
at output
Input voltage required at ex- — _s50 v
v pander node pin (pin @ ) to 8 Ta 55%¢ 0 1.5
in0)X ensure logical 1 (off level) at °
output T, = 125°C 0 0.95 v
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TYPE SN5315
10-INPUT EXPANDABLE NAND/NOR GATE

electrical characteristics (continued)
(unless otherwise noted, T, — -55°C to 125°C, Vcc = 3V +to 4 V)

PARAMETER FI:;ElSl;E TEST CONDITIONS MIN TYP MAX | UNIT

Vee =3V, VY, =03V, 17 3 v

v Logical 1 output voltage 7 N+ =10 (l,,,4 = =5 mA) ' .

outll)  (off level) Vec = 4V, V;,, =03V 27 4 v
NF = 10 (I,5 = -5 mA) :
Vec =3V, V,, = 17V, N- = 10 0 03| v

v Logical 0 output voltage 5 (liw = 2.5 mA), T, = —55°C )

Ol (on level) Vec =3V.V, =17V, N- = 10 0 03| v
(i = 1.9 mA), T, = 125°C -

— — — — _EEO
kn Input current (each input) 7 ‘;i" — gz :’ :i - :_ — g’ :A — l:55°(c:: :g:z m::
in= 03V, =N-=0,T, = 5 m.

Yoo = Yy = 3V NF =N =0 | m

| On level supply current 9 A

cClon) pply curren
Vcc=Vin=4V,N+=N—=0, 45 A
T, = 25°C - m
Vec =3V,V, =03V,

| NF = N-=0,T, = 25°C 12 mA

cclot) Off level supply current 9 — —
Vec = 4V, V,, =03V, e A
NE = N-=0,T, = 25°C :
T, = —-55°C . .

R, Resistance value of R, 10 'I'A —25%¢C ::4 322: :::
A= . .

switching characteristics, T, — 25°C, Vcc = 3.5V, N-= 1

PARAMETER FITGES.II;E TEST CONDITIONS TYP MAX |UNIT
14 Delay Time 35 45 ns
t Rise Time 25 Input: Vi, = 2.5V, f = 1 MHz, 40 50 ns
1, Storage Time = 500 ns, t. = t; = 20 ns 25 45 ns
t Full Time 30 40 ns
tod Propagation Delay Time 26 30 ns
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TYPE SN5320
5-INPUT EXPANDABLE AND/OR GATE

ALSO USABLE AS 5-INPUT EXPANDER

schematic
{ Vee
EXPANDER NODE & (See Note a)
(See Notesaand b) o ™) Vee  Vee
OUTPUT
INPUTS ]
2kQ —
GND
Ve JL
e w0 DOO® OO
GND.
NOTES: a. When vused os an expander for the SN5310, SN5315 or another SN5320, leave
Ve and Ve terminals open. . .
b. Three expanders may be fanned into one SN5315 or 4 expanders may be posmve loglc
fanned into one SN5310 or SN5320 to provide a ftota! fan-in of 25. 2=4¢5¢6¢7 10
¢. Component values shown are nominal.

recommended operating conditions

Supply Voltage Vee . . . & & . . o . 0 o 0 0 0 0 0w i v e v s . . 3Vio4Y
Supply Voltage Vee . . . . . .« « . o o 0 e o 0 e e e e e e e e e .. =8Y
Maximum Fan-out Into Positive Loads, N+ . . . . . . . . . . . . . . . . .. . . 4
Maximum Fan-out Into Negative Loads, N—. . . . . . . . . . . . . . . . . . . . 4
NOTE: For cascading capabilities see design characteristics, page 2.

electrical characteristics
(unless otherwise noted, T, = -55°C to 125°C, Vcc = 3V t04V, Ve =-3V)

PARAMETER FrEoTE TEST CONDITIONS MIN TYP MAX|UNIT
Logical 1 input voltage required Vee =3V 17 3 v
Vinny  at all input terminals to n
ensure off level at output Vee = 4V 2.5 4 v

Logical O input voltage required
v at any input terminal to
inlol  ensure logical 0 (on level)
at output

12 0 03 v

Vee =3V, V,, =03V,

v Logical O output voltage 12 N- = 4 (I, = 1 mA), T, = —55°C 0 03 v
outlo)  (on level) Vee =3V, V,, =03V,
N = 4 (I = 076 mA), T, = 125°C ° 03 1 Vv
Expander node output Vec =4V, V;,, =03V, T, = -55°C 1.5 A
Voutioyx voltage (off level) with 13
logical 0 at any input Vec =4V, Vi, = 03V, T, = 125°C 0.95 v
Vee =3V, V,, = 17V, T, = ~55°C 2.35 v
Expander node output
Voutinx Vvoltage (on level) with 14 Vee =3V, V¥, =17V, T, = 125°C 1.9 v
logical 1 at all inputs Vec = 4V,V, = 25V, T, = —55°C 315 v
Vee =4V, V,, =25V, T, = 125°C 27 \4

CAUTION:
This device was formerly TYPE SN532. Pin numbers of the SN5320 have been renumbered in accordance with TO-89. The electrical functions of
the SN532 and the SN5320 are in the same physical location. See pin identification, page 2004, for SN532 pin numbers.
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TYPE SN5320
5-INPUT EXPANDABLE AND/OR GATE

electrical characteristics, continued
(unless otherwise noted, T, — —55°C to 125°C, Vcc =3 Vto4V, Vi =-3V)

PARAMETER FIGORE TEST CONDITIONS MIN TYP MAX|UNIT
Vee =3V,V.. =17V,
Voltage difference from input Nc.f_: = 4, ': = -2 mA) 0.4 \4
AVy, 10 output when logical 1 n — S
level is applied to all inputs Vee - 4V, Vi, - 25V, 0.4 \
NF = 4 (g = -2 mA)
. n=03V,Nt=N-=0, T,= —55°C 025 | mA
bin Input current (each input) 12 V,,= 03V, NF = N—=0, T, —125°C 019 mA
Vec =3V, V, = 03V,N+ = N- =0,
2,60 A
1 On level V¢ supply current 15 Ty = 25°C "
CClon!  (each gate) Vec = 4V, V), =03V,N+ = N-=10,
TA — 25°c 3-] mA
Vo =3V.V;, =03V, N+ =N-=0, 1 N
I On level Vg supply current 15 Tp = 25°C
EEonl  (each gate) Vee =4V, YV, =03V,N+ = N-=0,
TA — 25°C 1.7 mA
Vee =V =3V,N+ = N-=0,
" Off level YV supply current 15 T, = 25°C 26 mA
CCloff) (each gate) v =V. = 4V, = N-=0,
105 259¢ N+ 3.05 mA
Vec =Vyp =3V,N+ =N-=0,
: Off level Vg supply current 15 T, = 25°C 2.6 mA
EElofl  (each gate) Vee = V. = 4V,N+ = N= =0,
¢ TACC= 25%¢ + 0 3.05 mA
T, = —55°C 124 26 | ko
R, Resistance value of R, 15 °
TA = 125°C 17 3.25 kQ
switching characteristics, T, —= 25°C, Vecc = 3.5V, Ve = -3V, N- =1
PARAMETER FreoTe TEST CONDITIONS TYP  MAX |UNIT
ty Delay Time 1 5 10 ns
t. Rise Time 27 Input: V;, = 25V,f = 1MHz, 40 200 ns
14, Delay Time 2 to = 500 ns, t, = t; = 20 ns 5 10 ns
t Fall Time 75 100 ns
tod Propagation Delay Time 26 5 ns
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SN5330
DUAL 3-INPUT NAND/NOR GATE

schematic (each gate)

L )
;,2 kY <

25 pf
r

rovc WO®OOO

iC [

OUTPUT
® ;
e @006
GND
GND
Component valves shown are nominal Posiﬁve |°gic
recommended operating conditions 6=4c507 10=122+9
Supply Voltage Vec -+« « + « « « . . . e v v v v v v v 4w v« . . 3Yio4V
Maximum Fan-out From Each Output Into Positive Loads, N+ . . . . ., . . . . . . . . .10
Maximum Fan-out From Each Output Into Negative Loads, N-. . . . . . . . . . . . . .10

electrical characteristics (unless otherwise noted, T, = -55°C 10 125°C, Vcc = 3V to 4 V)

N
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX|UNIT
\ Logical 1 input voltage required Vor =3V 7
v at all input terminals that will 5 cc - 3LV
inl1l ensure logical 0 (on level) Vor = 4V 25 4 v
at output cc ’
Logica 0 input voltage required
at any input terminal that will
Vinto) ensure logical 1 (off level) 7 0 03| Vv
at output
Vec =3V,V,, =03V, 17 3l v
v Logical T output voltage 7 N+ = 10 (ljgag = 5 mA)
outlll (off level) Vec =4V, V,, =03V, 97 i v
N+ = 10 (l|,,q = ~5 mA)
Vec =3V.V;,, = 17V,N== 10
— — 0 0.3 v
v Logical 0 output voltage 5 (i = 25 mA), T, = ~55°C
ouHO)  (5n level) Vee =3V, V;,, = 17V,N-=10 0 03l v
(i = 1.9mA), T, = 125°C .
V., =03V,N+ = N-=0,T, = -55°C -0.25 | mA
L Input t (each input 7 L A
in nput current (each input) V,, =03V, N+t = N-=0,T, = 125°C 20.19| mA
v =V. =3V,N+ = N-=0
ce ! ’ 3.3 A
lec On level supply current 9 T, = 25°C "
CClon) (each gate) Ver =V, = 4V,N+ = N—-= 0
cC in Y .
T, = 25°C 4.5 mA
Voo =3V, Vi, = 03V, 12 A
i Off level supply current 9 N+ = N-+0,7, = 25°C
CCloffl  (each gate) Vec = 4V, V;, =03V, 16
NF = N- +0,T, = 25°C : mA
switching characteristics, T, — 25°C, Vcc = 3.5V, N- =1
PARAMETER FIOORE TEST CONDITIONS TYP MAX |[UNIT
t4 Delay Time 20 30 ns
t, Rise Time 25 Input: V,, = 25V, f=1MHz, 25 45 ns
1, Storage Time to = 500 ns, . = t; = 20 ns 25 45 ns
1 Fall Time 25 40 ns
tod Propagation Delay Time 26 25 ns
CAUTION:

This device was formerly TYPE SN533. Pin numbers of the SN5330 have been renumbered in accordance with TO-89. The electrical functions of
the SN533 and the SN5330 are in the same physical location. See pin identification, page 2004, for SN533 pin numbers.
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TYPE SN5331
TRIPLE 3-INPUT NAND/NOR GATE

schematic (each gate) v
cC
| #-O Vec
£2k0 %‘ ka
$ 25pF ]
{ !
—
3kQ OuUTPUT :'
INPUTS O'( 4 kQ @ @ : C : : C
GND
o4 g *-O GND positive logic
Component values shown are nominal. ’ 1=2¢3¢14 6=5¢7¢8 9=10+12+13

recommended operating conditions

Supply Voltage Ve . . .« .« . . . . . . . . . . o . v v . v v . . 3Viod4y
Maximum Fan-out From Each Output Into Positive Loads, N+ . . . . ., . . . . ., . . . 10
Maximum Fan-out From Each Output Into Negative Loads, N—. . . . . . . . . . . . . 10

electrical characteristics (unless otherwise noted, T, =—= -55°C to 125°C,Vcc = 3 Vto 4 V)

PARAMETER FIEORE TEST CONDITIONS MIN TYP MAX|UNIT
Logical 1 input voltage required Vo =3V 1.7 al v
at all input terminals to cc
Vinn) ensure logical 0 (on level) 5 Ve = 4V 25 4 v
at output ce i
Logical 0 input voltage required
at any input terminal to ,
Vinto) ensure logical 1 (off level) 7 0 03t v
at output
Vec =3V,V,, =03V, V7 al v
v Logical 1 output voltage 7 N+ = 10 (| ,qg = —5 mA)
outl)  (off level) Vec = 4V.V;,, =03V, 27 .
NF = 10 (I,py = —5 mA) M
Vee =3V,V,, = 17V,N-=10
(o = 2.5 mA), T, = —55°C 0 031 Vv
v Logical 0 output voltage 5 '_ﬂ = A P TA =
ool (on level) Vee =3V, V= 17V,N==10 0 0al v
(im = 19 mA), T, = 125°C -
Vi =03V,N+ = N-=0,T, = -55°C -025( mA
I Input current (each input) 7 n
" Vi =03V,N+ = N-=0,T, = 125°C —0.19] mA
Vee =V, =3V,N+ = N- = 0,
ch_. 2532: + 3-3 rnA
I On level supply current 9 A—
CClon  (each gate) Vee = Vin=4V,N+ = N-=10, 45 A
T, = 25°C . m
Vec =3 V.V, = 03V,
; 1.2 A
) Off level supply current 9 N+ = N-=10,T, = 25°C "
CClofl  (eqch gate) Vec =4 V,V,, =03V, 16 A
N+ = N-=0,T, = 25°C . m
switching characteristics, T, = 25°C,Vcc = 3.5 V, N- =1
PARAMETER i TEST CONDITIONS TYP MAX[UNIT
ty Delay Time 20 30 ns
t, Rise Time 25 Input: V;, = 2.5V, f = 1 MHz, 25 45 ns
t, Storage Time 'P = 500 ns,t, = t; = 20 ns 25 45 ns
e Fall Time 25 40 ns
tod Propagation Delay Time 26 25 ns
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TYPE SN5340
DUAL AND/OR GATE

schematic /

Vec
N B

2ka S

—AA
W

AAA
\ 4

N

OUTPUT  OUTPUT

1"

) 1

GND

INPUTS 2kQ

NOTES: a. Component values shown are nominal.

b. Do not connect pins @ and together.

recommended operating conditions

Supply Voltage Vee . . . . . . . . .
Supply Voltage Vee . . . . . . . . . .
Maximum Fan-out From Each Output Into Positive

Vee

W ®
e

Jon

@
®

INPUTS

I

ONO)

201

N

ONO)

2=1-.10

positive logic

4=5.6-7

loads, N+ . . . . . . .

Maximum Fan-out From Each Output Into Negative Loads, N—. . . . . . .

NOTE: For cascading capabilities see design characteristics, page 2.

electrical characteristics

3VtodV

(unless otherwise noted, T, = -55°C to 125°C,Vcc =3V to4V, Vi =-3YV)

-3V

PARAMETER FITGESLE TEST CONDITIONS MIN MAX| UNIT|
Logical 1 input voltage required _
ofgull input ':erminulsg‘lo : Vec =3V 17 3 M
Vi) ensure logical 1 (off level) n
at output Vec = 4V 25 4 v
Logical 0 input voltage required
at any input terminal to
Vinto) ensur: Iogpicul 0 (on level) 12 0 03 v
at output
Voltage difference from input to Vee =3V, V,, =17V, 0.4 v
AV output when logical 1 1 N+ = 4 (I ,,q = —2 mA) '
) level is applied to all Vec = 4V, V,, =25V,
inputs N+ = 4 (g = —2 mA) 0.4 v
Vee =3V,V;, =03V, N- =4 o 0.3 v
v Logical 0 output voltage 12 (g = 1 mA), T, = —55°C
o) (on level) Vec =3V,V;,, =03V, N- =4
(Iip = 076 mA), T, = 125°C 0 03 | v

CAUTION:

This device was formerly TYPE SN534. Pin numbers of the SN5340 have been renumbered in accordance with TO-89. The electrical functions of
the SN534 and the SN5340 are in the same physical location. See pin identification, page 2004, for SN534 pin numbers.
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TYPE SN5340
DUAL AND/OR GATE

electrical characteristics, continued
(unless otherwise noted T, — ~55°C to 125°C, Vcc =3 Vto04V, Vi =-3V)

PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX | UNIT
I Inout + (each input 12 Vin = 03V,N+ = N-=0, T, = -55°C -0.25 | mA
" nput current (each input) V., = 03V,N+ = N- =0, T, = 125°C 019 | mA
in A
Vec =3V, V,,=03V,N+ = N-=0,
2.

: On level V(. supply current T, = 25°C 6 mA
CClonl  (each gate) 1 Vec =4V, Vi = 03V, N+ = N-=0,

TA —_ 25°C 3.1 mA

Vee =3V, V,, =03V,N+ = N-=0, 1y R
| On level Vi supply current T, = 25°C ’ "
EElo  (each gate) 15 [Vgc=4V.V,,=03V,N+ = N-=0,

TA = 25°C 17 mA

Vec = Vin =3V, N+ = N- =0, 26 N
I Off level V¢ supply current Ta = 25°C
CClof)  (each gate) 15 Vec =Vin = 4V, N+ = N-=0,

T, = 25°C 3.05 mA

Vee =V, =3V, N+ = N-=0, 26 R
| Off level Vg supply current Th = 25°C ) "
EE(off)  (each gate) 5 Vee = Vin = 4V, N+ = N- =0,

T, = 25°C 3.05 mA

switching characteristics, T, = 25°C, Vcc = 3.5V, N- =1
PARAMETER FITGES'{‘E TEST CONDITIONS TYP MAX |UNIT
ta Delay Time 1 5 10 ns
t, Rise Time Input: V, = 25V, f = 1 MHz, 40 200 ns
tyy  Delay Time 2 7 t, = 500 ns, 1, = t; = 20 ns 5 10 | ns
t Fall Time 75 100 ns
| tod Propagation Delay Time 26 5 ns
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TYPE SN5350
QUADRUPLE INVERTER/DRIVER

schematic (each inverter)

Vee -
Vee
o ONOROXO,
<
25 pF
I¢ ]
LAY
3kQ OUTPUT 2& ZS
INPUT O——8—AAA-
_ oJoJoXoRo
GND
Component values shown are nominal posiﬁve |°gic
6=75 9=7
=4 10=1
recommended operating conditions
Supply Voltage Vee . . .« . . . . . . . . . . . . v o v v v o . . 3Vic4V
Maximum Fan-out From Each Output Into Positive Loads, N+ . . . . . . . . . . . . . .10
Maximum Fan-out From Each Output Into Negative Loads, N—. . . . . . . . . . . . . .10
electrical characteristics (unless otherwise noted, T, — -55°C t0o 125°C, Vcc =3 Vto 4 V)
PARAMETER CTEST TEST CONDITIONS MIN TYP MAX |UNIT
Logical 1 input voltage required Vee =3V 1.5 3 v
Vintty to ensure logical 0 (on level) 16
at output . Vec =4V 1.5 4 v
Logical 0 input voltage required
Vinto) to ensure logical 1 (off level) 16 ’ 0 0.3 v
at output
Vec =3V,V,, =03V, \y s | v
Logical 1 output voltage 6 N+ = 10 (ljg,g = =5 mA)
Voutnn) £f level 1 = =
(off level) Ve = 4V, V;, =03V, 27 4 v
NE = 10 (I, g0y = =5 mA)
Vec =3V, Vi, = 17V,N-= 10
v Logical 0 output voltag (g = 2.5 mA), T, = ~55°C 0 0.3 v
out{0} level 16 = = - =
(on level) Vee =3V, V;, = 1.7V,N-=10 0 03 v
(i = 1.9 mA), T, = 125°C "
bin Input current 16 Vee =4V, Y;, =27V,N+ = N-=0 1 mA
Vee = Vi =3V,N+ = N—= 0, )
I On level supply current 16 T, = 25°C 3.3 mA
CClonl  (each inverter =V. = = N= =
) ¥“Lzﬁg 4VN+ o 45 mA
=
switching characteristics, T, = 25°C, Voc = 3.5V, N- = 1
PARAMETER FII%ES;E TEST CONDITIONS TYP MAX | UNIT
1y Delay Time 20 30 ns
t Rise Time 25 Input: V;, = 25V, f = 1MHz, 25 45 ns
t, Storage Time = 500 ns, t, = t; = 20 ns 25 45 ns
te Fall Time 25 40 ns
| tod Propagation Delay Time 26 25 ns

CAUTION:
This device was formerly TYPE SN535. Pin numbers of the SN5350 have been renumbered in accordance with TO-89. The electrical functions of

the SN535 and the SN5350 are in the same physical location. See pin identification, page 2004, for SN535 pin numbers.
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TYPE SN5360
QUADRUPLE 2-INPUT NAND/NOR GATE

schematic (each gate)

o DOOD®® OO

2k gtie
>.
$ 25pF

I r

1 (

30 -0 OUTPUT
o " OOOOOO®O

GND
*-O GND

positive logic
Component values shown are nominal

2=1¢3 6=5¢7 8=9+10 14=12¢13

recommended operating conditions

Supply Voltage Vee . . . . . . . . ¢ ¢ ¢ ¢ v v v v v e e e v v v . 3Vio4ayV
Maximum Fan-out From Each Output Into Positive Loads, N+ . . . . . . . . . . . . . .10
Maximum Fan-out From Each Output Into Negative Loads, N—. . . . . . . . . . . . . .10

electrical characteristics (unless otherwise noted, T, — -55°C to 125°C, Vcc =3 Vtio 4 V)

PARAMETER FraoTE TEST CONDITIONS MIN TYP MAX|UNIT
Logiccfl 1 input v.oll'uge required Ve =3V 17 3 v
v at all input terminals to
in gnsure logical 0 (on level) 5 Vo = 4V 25 P v
at output cc — 8
Logical O input voltage required
: at any input terminal to
Vialo) ensure logical 1 (off level) 7 0 0.3 v
at output
Vec =3V, V;, =03V,
v Logical 1 output voltage - N+ = 10 (l;,q = =5 mA) 17 3 v
il (off level) Vec = 4V,V,, = 03V,
NF =10 (g = =5 mA) 27 4| v
Ve =3V, V;= 17V,N= = 10, o sl v
v Logical 0 output voltage 5 (I = 2.5 mA), T, = -55°C .
Ol (on level) Vee =3V, V= 17V, N- = 10,
(g = 1.9 mA), T, = —125°C 0 03| Vv
V. =03V,N+ =N-=0,T, = -55° ~0.25 mA
; | h input 7 in A
lin nput current (each input) V, =03V,NT = N-=0,T, = 125°C XTE B
Vec = Vin=3V,.N+ = N-=0,
I On level supply current 9 T, = 25°C 3.3 mA
CClonl  (aqch gate) Vec =Vin =4 V,N+ =N-=10,
T, = 25°C 45 mA
Vec = 3V,V,, =03V, 12
Off level supply current N+ = N-=0,T, = 25°C . mA
Iccloth 9 = —
(each gate) Ve = 4V, V;,, =03V,
NF = N—=10,T, = 25°C 1.6 mA
switching characteristics, T, = 25°C, Vcc = 3.5V, N- = 1
PARAMETER ot TEST CONDITIONS MIN TYP MAX|UNIT
ty Delay Time 20 30 ns
t Rise Time 25 Input: V;, = 25V, f= 1 MHz, 25 45 | ns
1, Storage Time p = 500 ns, 1, = t; = 20 ns 25 45 ns
t Fall Time 25 40 ns
tod Propagation Delay Time 26 25 | ns

' 2025



TYPE SN5370
DUAL EXCLUSIVE-OR GATE

schematic (each gate)

—®
©,
=@
Nk
@
(=)
— (=)

INPUTS

lIlNiE_—
oJoJoJo¥oJoJo

NC — No internal connection.

OUTPUT

INPUTS

GND

Component values shown are nominal .o N
positive logic

7=0510048+9 14=0°*2)4+(3°12)

recommended operating conditions

Supply Voltage Vee . . . . . e e e . e e e + « « +« .+ 3Vio4yv
Maximum Fan-out From Each Output lm‘o Positive Loads, N+ e e e e e e e e e e e 10
Maximum Fan-out From Each Output Into Negative loads, N—. . . . . . . . . . . .. 10

electrical characteristics (unless otherwise noted, T, = -55°C to 125°C, Vcc = 3 Vio 4 V)

PARAMETER A TEST CONDITIONS MIN TYP MAX |UNIT
Logical 1 input voltage required
v at both input terminals of either Vec =3V 17 3 v
inf1)  AND section to ensure logical 0 4
(on level) at output Vec = 4V ) 2.5 4 v
Logical 0 input voltage required
v at one input terminal of each
inf0)  AND section to ensure logical 1 18 Y 0.3 v
(off level) at output
Vec =3V, V,, =03V, \y s
v Logical 1 output voltage 18 N+ = 10 (I, g = -5 mA) . v
out{1) (off level) Vec = 4V, Vin =03V,
Nt = 10 (g = =5 mA) 27 41 Vv
Vee =3V, Vi, =17V, o 03 | v
v Logical 0 output voltage N- = 10 (l;y = 2.5 mA), T, = -55°C -
outo] (on fevel) v Vee =3V, V., = 17V,
N= = 10 (I = 1.9 mA), T, = 125°C 0 031 v
' In . 8 Vin = 03V,N+ = N- =0, Tp = —55°C -0.25 mA
in put current (each input) 1 V, =03V, NT = N-=0, T, = 125°C 019 | mA
Vee =V, =3V, N+ = N- = 0,
lec On level supply current - T:cz 25°mc 3.3 mA
("] (each gate) Voo = Vi = 4V, N+t = N-=0,
TA o 25°c 4-5 mA
Vcc =3 v, vin = 0.3 v: 1.2 mA
Off level supply current N+ = N- =0, T, = 25°C -
lcctot (each gate) B [Vee=4v, Vi, =03V,
L N+ = N- =0, TA = 25°C 1.6 mA
switching characteristics, T, = 25°C, Voc = 3.5V, N- =1
PARAMETER FII;ES;E TEST CONDITIONS . TYP MAX [UNIT
ty Delay Time 30 60 ns
t Rise Time 25 Input:  V, =25V, f = 1 MHz, 30 60 | ns
t, Storage Time = 500 ns, t. =t = 20 ns 100 200 ns
tg Fall Time 100 200 ns
t Propagation Delay Time 26 65 ns
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logic

TRUTH TABLE

TYPE SN5380
ONE-SHOT MONOSTABLE MULTIVIBRATOR

positive logic

OUTPUT  Vee

ONORONONO.

T T*
OUTPUT
th thea] th | tats
1 1 INHIBITED (logical 1) ONE-
0 | 0 [INHIBITED (logical 1) SHOT
R |

0 0 1 0

ONE-SHOT (logical O fort_ )

pns

0 1 1 1

ONE-SHOT (logical O for t, )

t, = bit time before change in input levels
t,+1 =it time after change in input levels

recommended operating conditions

electrical characteristics (unless otherwise noted, T,

Supply Voltage Vee . . .

Maximum Fan-out Into Positive Loads, N+

. . .

. . . . . . . . . . . .

. . . . . . . . . . .

Maximum Fan-out Into Negative Loads, N—. . . . . . . . . . .

Minimum Set-Up Time, tt.pt

. . . . . . . . .

-55°C t0 125°C, Vcc = 3 Vo 4 V)

3Vito 4V

. 10
. 10
400 ns

PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX|UNIT
Input voltage required to Vee =3V 1.7 3 v
Viony ~ ensure logical 1 at T or Tk 19
input terminal Ve = 4V 25 4 v
Input voltage required to
Vi e"sure logical 0 at T or T 19 0 03 v
terminal
v Logical 1 output voltage 20 Vee =3V, N+ =10 (l,,,4 = =5 mA) 17 3 v
) (off level) Vee = 4V, N = 10 (I,,y = —5 mA) 27 4| v
. Vee =3V, Vo= ;.3 VApinT@_opesn o o 03 | v
v Logical 0 output voltage 20 N— =10 (I;, = 2.5 mA), T, = —55
outlo) (o level) Vec = 4V, Vo= 03V, pin open 03 v
N= = 10 (I = 1.9 mA), T, = 125°C 0 -
kin Input current (each input) 19 Vin=27V,N+ =N-=10 05 | mA
Vec =3V, NF =N-=0
\ Duty eycle = 50%, T, = 25°C 48 mA
CClav) Average supply current 21 Ve =4V, N+ = N- =0,
Duty cycle = 50%, T, = 25°C 63 mA

This is the minimum_time necessary for the input signal to dwell before the triggering transition begins and applies when pin @ is shorted to pin @ and pin @

is shorted to pin

. Set-up time begins only after the occurrence of the 10% point of the output fall time.

$Pin @ shorted to pin @ and pin @ shorted to pin unless otherwise noted.

CAUTION:

Pin numbers of the SN5380 have been renumbered in accordance with TO-89. The electrical functions are in the same physical location. See
pin identification, page 2004, for former pin numbers.
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TYPE SN5380
ONE-SHOT MONOSTABLE MULTIVIBRATOR

switching times, T, = 25°C, Vcc = 3.5 V, fan-out N— — 1

PARAMETER FIGURE TEST CONDITIONS ¥ MIN TYP MAX | UNIT
ta Delay Time after Positive-going :
Transition at T (pin @ ) 90 130 ns
4y Delay Time after Negative-going 28 Input: V;, = 2.5V, f = 1MHz, 1, = 400 ns,
Transition at TX (pin @ ) t, =1t = 20ns 90 130 ns
t, Rise Time 35 60 ns
ts Fall Time 35 60 ns
: Vip = 4. ’ = Hz, = .
%, Output Pulse Width 28 | vt Vin =25V, £=1MHz 1, = 400 ns 100 250 400 | ns

t, =1t = 20 ns

1Pin @ shorted to pin @ and pin @ shorted to pin unless otherwise noted.

schematic
z z ro Vee
R Riye (See
(+d) (tp) 2kQ 1kQ
(See Note c) @ No‘:e b) b3 T
r o _9@ Cip)
i (See Note b) <
’:\q“’ 500 Q 500 Q
INPUT T* ] v '
@ : @—0 OUTPUT
(See Note d) : @
INPUT T i
|
|
(See Note d) ! @
)
H PN GND

NOTES: a. Component values shown are nominal.
b. Output pulse width LY is proportional to R“p) C“P). Output pulse width.may be modified wsing pins @, @, , and . to change effective values of
of Riypy and Cyp). Nominal value of internal Ryy) is 8 kQ and Cipy 1 25 pF. Valve of modified Ritp) should be maintained between 6 k<2 and 15 k2.
CAUTION:
When the effective value of Ciip) > 0.1 uF, a 5602 resistor must be connected in series with the external portion of C“P)( between pins

@ and 2)).

¢. Delay time (t;) may be modified using pins @, @, @, and to change effective values of R[fd) and C“d’. Nominal valve of internal R(fd) is
2 k2. Value of modified R(fd] should be maintained belween 2 k2 and 10 k2.

d. T triggers on a positive transition to logical 1 level, and TK triggers on a megative transition to logical O fevel. When triggering with T input, hold T¥ at logical
1. When triggering with T input, hold T at-logical 0.

CAUTION:

Pin numbers of the SN5380 have been renumbered in accordance with TO-89. The electrical functions are in the same physical location. See
pin identification, page 2004, for former pin numbers.
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SOLID QIRGUIE" SEMICONDUCTOR NETWORKS

SERIES 53

PARAMETER MEASUREMENT INFORMATION

d-c test circuvits T

J* Vec
K-k
) |
K — Q _.)
Erleset =3 FF OPEN
ear
cock O

1. Each input tested separately with unused
inputs ot worst case levels.

2. The flip-flop is tested for performance in
accordance with truth table.

3. Preset and clear tested with vin[clocklzo'

— — — Vin{1) Minimum

CLOCK
INPUT

Vin(0) Maximum

'f(:lock]
cC
J* |
K*
J al—
FF OPEN
Vin ctock Qf—

1. The flip-fiop is tested for ripple action with the
following conditions:
Clock input: Vi) minimum, Vi o) moximum,
t;==150 ns (maximum).
All other inputs: vin(1] minimum.

FIGURE 1 FIGURE 2
Vv CLOCK —
cc ‘NPLL/—\_ 2.5V
I Duty Cycle =50%, 0
Q |
lood
=3 FF
¥ Vi Vi
Q 1 sink cc cc
J* “ lcctav)
_[_ Vout K* v
= u J al—
- = K
FF
1. Each input tested individually for Ql—
input current, CLOC_K
2. Each output tested individually for Vin _[
Vout(1) 9 Voutio)- = =
FIGURE 4
FIGURE 3
Vec Vee
7
-
z
z P
- 2 ink
< z -
Vini) 3
Vout(0)
Vin{1)X
1. All inputs fested simultaneously. - -
FIGURE 6

FIGURE 5

FArrows indicate actual direction of current flow.
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SERIES 53

SOLID CERGUET"® SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-c test circuitsi(continued)

Qvin(l)

1. All inputs fested simultaneously.
2, SN5320 expander node is open.

FIGURE 11

Vi
g Vee Vee cc
2 2
wy
ok =)
52 z
< Z Ilood .
=lin me——d ur}
‘ <
Vout (1)
é Vin(0) ot Vout(1)
- -
S L Qe
1. Each input tested separately.
FIGURE 7 FIGURE 8
Vee Vee Vee
l lec
wv
5
Vo - o
2 &1 z
P S— OPEN 5 OPEN |
<
-
<
Iy
Vin
\
1. Ry=—CC
)
1. Test on-level and off-level currents.
FIGURE 9 FIGURE 10
Vee
AV
—— ]
—
IInod

vou'(O)

«

1. Each input tested separately.
2. SN5320 expander node is open.

FIGURE 12

+ Arrows indicate actual direction of current flow
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SERIES 53

SOLID GRRCUIT® SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-c test circuits f(continued)

Vee Ve

Vee

L. Ry = 1.24 kQ at —55°C.

2. Ry = 1.7 kQ at 125°C.

3. Each input tested separately.

4. Ry is worst-case equivalent of R, in the
SN5310, SN5315, or SN5320.

VCC Vee
OPEN Ry

OPEN

Vee
Vin é? OPEN

Vou'(l )X

. Ry = 2.6 kQ at ~55°C.

. Ry = 3.25 kQ at 125°¢.

. All inputs tested simultaneously.

. Ry is worst-case equivalent of R, in the
SN5310, SN5315 or SN5320.

B N

1.

lcc and lgg on-level and off-level currents
are tested with expander node open.

FIGURE 13 FIGURE 14
Vec
‘lcc _w'm Vee
 e——
> — — OPEN |
in
lge
= -

Vouf

1 Qw 1 _L

1. Each AND section tested separately.

FIGURE 17

2 8, = ~cc
o Ir1 1. Each inverter is tested separately.
FIGURE 15 FIGURE 16
Ve Ve
Vec cc cc
l‘cc lcc
ksink ~lin
>: -— licad

Vou'

1. Each input pair is tested separately for Voufm'
2. Each input tested separately for I, .

FIGURE 18

+ Arrows indicate actual direction of current flow
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SERIES 53
SOLID CRZRGUIT® SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-c test circbitsT(confinued)

Vee

1. Each input tested separately.
2. With minimum Vin('l) and maximum Vin(o)' and the unused

ONE-SHOT

J__67

Vout
i

input at the worst-case level, the one-shot
output is verified.

FIGURE 19
Vee Ve Vee
l'cc
RIS *
OPEN { T* lsink
N s — ONE-SHOT OPEN
2 ONE-SHOT T—l— .
Io load .
v J_ Your v @ QIOG
1. lgc is measured with @ 50% duty cycle.
FIGURE 20 FIGURE 21

CAUTION:

Pin numbers of the SN5380 have been renumbered in accordance with TO-89. The electrical functions are in the same physical location. See

pin identification, page 2004, for former pin numbers.

switching characteristics

— fp —
—— 4 Vin(1)
h 90% 90%1\
cLock LOGICAL 0 Vi 50% ! | Xs0%
INPUT 10%4 | ! 10%
T ! b Vin(0)
r —f e '—J t e—
TURN-ON VD) R o0%
OUTPUT WAVEFORM i
Qor Q) jo— tg —4 )
{ | 10% Vout(o) ON LEVEL
—oft b Vour(1) OFF LEVEL
TURN-OFF
OUTPUT WAVEFORM
Qor Q)
v
out(0} T
FIGURE 22. CLOCK PULSE AND OUTPUT VOLTAGE WAVEFORMS
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o SERIES 53
SOLID CRROUIT  SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

Vin(1) o
(]

J, K, OR J*, K* INPUT

J, K, OR J*, K* INPUT

Vinlo}

CLOCK INPUT

Vin(o)

le— fiet(l) —od t @—
e

tset(0) | |

FIGURE 23. TIME TO SET A LOGICAL LEVEL VOLTAGE WAVEFORMS

—_ Vin(1)
20%

PRESET/CLEAR INPUT Vin

Vous(n) OFF LEVEL

Q ouTPUT |
|
l 10%
Vout(0) le— toreset —.{
i
Vour(1) i 90%
Q OUTPUT Il-— tlear ————y
Vout(0) ON LEVEL
1 Vintclocy =0

FIGURE 24. PRESET/CLEAR TIME VOLTAGE WAVEFORMS
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SERIES 53
SOLID GCERGUIT® SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

vin(l)
INPUT
cC
Vin(O)
NETWORK IN914 —-g
INPUT —4 UNDER ¢ : } Vout(1)
TEST IBO pF 15kQ i : } | OFF LEVEL
= OUTPUT } | I I
i [ N2 Lo 1 Voo
(
I-*d -t je— {n—fs - :n— ON LEVEL
|
FIGURE 25. NAND/NOR GATE SWITCHING TEST CIRCUIT AND VOLTAGE WAVEFORMS
Vee o
PULSE GATE GATE ¢~
GENERATOR SN7311 UNDER —I -~ UNDER - —-1 SN7311
(See Note 1) l | TEST TEST
L == =+ = =
= = INPUT = = =
OuUTPUT N+ = N-=0
j— I‘F' _.__ﬂ'
2.5 Ve e e e 190%
so%g) 0% N 50%
GENERATOR OUTPUT ol | ! %10%
te a— —.{'r a—
—— TS Vint)
INPUT \
_(.)_%_..._———— VinlO)
L 90% V,.1(1) OFF LEVEL
OUTPUT ! ‘}\ /
: : # 10% —Vouto) ONLEVEL
—.| '] |h__ — f2 lh_
NOTES: 1. The generator has the following tharacteristics: 1 =1=120 ns, tP:500 ns, PRR=1MHz,Z , =< 50 Q.
2. Propagation delay: tod = Lt
4
FIGURE 26. GATE PROPAGATION DELAY TEST CIRCUIT AND VOLTAGE WAVEFORMS
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SERIES 53
SOLID CXRGCWET" SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

Via()
OUTPUT Ve
INPUT Vin(0)
1N914
NETWORK Vout 1)
INPUT —@ u:g;" 15 kQ OFF LEVEL
j-:so pF
3 OUTPUT Vout(0)
ON LEVEL
FIGURE 27. AND/OR GATE SWITCHING TEST CIRCUIT AND VOLTAGE WAVEFORMS
r— ‘o —= V.
‘Q— tse'-up —.| : —r" T in(1)
INPUT { 1 £50% 0% V.
ATT ! 1 in
i ) \2
10% Py in(0)
‘ L4 N
I e l P | v “)
T T o7 2% 190% i in
INPUT RV 1%50% 50%
AT T* 1 ! v
i —g5— I A ——=—Vinlo)
: vou'(l)
OuUTPUT {
-.: Vou'fO)
FIGURE 28. ONE-SHOT VOLTAGE WAVEFORMS
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SERIES 53

SOLID CIRGUIT" SEMICONDUCTOR NETWORKS!

MECHANICAL DATA

general
Series 53 semiconductor networks are mounted in 0.1 gram. All external surfaces are metallic and
glass-to-metal hermetically sealed, welded pack- are insulated from leads and circuit. All Series 53
ages. Package body and leads are gold-plated networks are available with formed leads, insulator
F-15% glass-sealing alloy. Approximate weight is attached, and/or mounted in a Mech-Pak carrier.
WOOOO®
— 33— o050 0080000
0.027 REF. 3 0.013
r‘ — (-3 9‘ 4 g g onoaope e
0175 nsr.j a5 E'g ours rer. |SHEN3 §'§ g
0.165 MIN. 0.165 MIN. )
(See Note o) pam . (Soe Mote <) | o0k NoTES:
oiso C :)x&g’ osto | N _.@x ol = _:32 a. All dimensions in inches.
b1 " ool T oo LB T e ey e w0015 o st nd
t 0.250 REF. =0.005 at package, nonaccumulative.
“cosu's‘s“ (See Note o) 0.005 MAX GLASS d. Lead centerlines are located within =0.005 of their
10 PLACES 14 PLACES true positions relative to body centerlines.
e. Not applicable in Mech-Pak carrier.
. Symbolization denotes orientation of package.
0.005 0.013
L.ﬂ -3 T el B o
0.010 .
00,000 sioe view 01000000,
Falls within TO-89 dimensions Falls within TO-84 dimensions
leads FORMED LEADS
. . 0.004 R o.zsouu.-—-l 0.013 :0.005
Gold-plated F-15% leads require no addi- Fsi T g - MOTEO_ T
tional cleaning or processing when used in l ¥
soldered or welded assembly. Formed leads 0300 £ 0.010 (hOTE B) ’l
are available to facilitate planar mounting
of networks on flat circuit boards. Standard NOTES: a. Alf dimensions in inches.

lead length is 0.175 inch. Networks can be
removed from Mech-Pak carriers with lead

b. Not applicable in Mech-Pak Carrier.
¢. Measured from center of lead to bottom of package. where fead
emerges from body.

lengths up to 0.175 inch.

insulator

An insulator, secured to the back surface of
the package, permits mounting networks on
circuit boards which have conductors passing
beneath the package. The insulator is 0.0025
inch thick and has an insulation resistance
of greater than 10 megohms at 25°C.

mech-pak carrier

The Mech-Pak carrier facilitates handling the
network, and is compatible with automatic
equipment used for testing and assembly.
The carrier is particularly appropriate for
mechanized assembly operations and will
withstand temperatures of 125°C for indefi-
nite periods.

NOTES: 1. All dimensions are nominal in inches unless otherwise specified.

MECH-PAK DIMENSIONS

| T
l————————— aus ———-—:——.{
[} 0,047 DIA THRU

0.000 DIA = 45° COUNTERSINK
: BOTH 3i0ES

i

g =

Y fapauinbpipbinhiingu i ol

b

“L————- o lo 003

oIse "
=
%y

2. Overall thickness is 0.175 and nestled height is 0.150 each.

ordering instructions

Variations in mechanical configuration of

semiconductor networks are identified by

suffix numbers shown in a table at the right.

NO MECH-PAK MECH-PAK

CARRIER CARRIER
Llead Length 0.175 inch Not Applicable
Formed Leads No |No [Yes | Yes |[No | No | Yes| Yes
Insulators No |Yes | No jYes |No | Yes| No | Yes
gﬁ’gf:"g None |6 | -7 | -1 [-2|-3|-4 -5

TPatented by Texas Instruments

¥F-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 53% iron, 29% nickel, and 17% cobalt.

2036

PRINTED IN U.S.A.
TI cannot assume any responsibility for any circuits shown
or represent that they are free from patent infringement.

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



SERIES 15 930 i
SOLID GERGUIT® SEMICONDUCTOR NETWORKS'

DIODE-TRANSISTOR LOGIC (DTL) NETWORKS
FOR DIGITAL SYSTEMS

086 Si SINN3S

application

The series 15 930 networks are designed for use
in medium to high-speed digital applications,
including data handling, computer and control
systems. Definitive specifications are provided
for operating characteristics over the full mili-
tary temperature range of —~55°C to 125°C.

9961 ‘339W3IAON ‘0v8899 $-10 'ON NILITING

features

LOW SYSTEM COST

9961 A¥VNYE3d ‘6T1899 S-10 ‘ON NILITING SIDV1dIY

® multifunction gates offering low cost per
logic function

® electrically designed specifically for
monolithic integrated-circuit technology

TYPE SN15 950 PULSE-TRIGGERED BINARY BAR

PERFORMANCE description
; Series 15930 is a complete family of diode-
high speed transistor logic (DTL) which is most attractive

°

e high d-c noise margins when high performance and low cost per func-

tion are necessities to system design.

o low power dissipation

The basic family consists of NAND gates, an

i expander, a buffer, a power gate, master-slave

flip-flops, a pulse-triggéred binary and a mono-

stable multivibrator. Dual, triple, and quadruple

EASE OF DESIGN multi-function gates are available to minimize
system package count.

good fan-out capability

o familiar logic configuration (DTL)
This line features a unique combination of high

® single-ended output —dot-OR logic speed, high d-c noise margin, and low power

o complete family for design flexibility dissi;?ution. The sin.gfe-ended‘ outp.ui lends itself
readily to performing dot-OR logic thus reduc-
® single power supply ing the number of different type functional
blocks in a system.
CONTENTS Page
DESIGN CHARACTERISTICS AND LOGICAL SYMBOLS . . . . . . . . 3002-3003
LOADING TABLES . . . . . . . . . . . .+ . « . v <« « . . . 3004
DEFINITIVE SPECIFICATIONS . . . . . . . . . . . « . . . . 30053027
D-C TEST CIRCUITS . .. 3028-3036
SWITCHING TIME CIRCUITS AND VOLTAGE WAVEFORMS. . . . . . . 3036.3039
MECHANICAL AND PACKAGING DATA . ., . . . . . . + « « « « . . 3040

TP d by Texas Inst

°- TEXAS INSTRUMENTS
INCORPORATED
SEMICONDUCTOR-COMPONENTS DIVISION
POST OFFICE BOX 5012 ¢ DALLAS 22, TEXAS 300]



SERIES 15930 o
SOLID CIRGUIE SEMICONDUCTOR NETWORKS

typical operating characteristics, T, = —-55°C to 125°C, supply voltage Vcc = 4.5 V to 5.5 V

Speed: Gate Propagation Delay

Monostable Multivibrator Propugahon Delay .o e e e e e

. . . . . . . . . . .

Flip-Flop Clock Rate (SN15 931, SN15 945, SN15 948) « + « « « « « + .7MHz

Pulse-Triggered Binary Clock Rate .

Fan-Out Capability: Standard Gates (SN15 93b SN15 946 SN'IS 962) e e e e 8

Buffer (SN15 932) . .
Power Gate (SN15 944) .

D 1
. B ¥ 4

Monostable Multivibrator (SN15 951) e e e e e e e e e 10

Flip-Flops: SN15 931 .
SN15 945 .
SN15 948 .
Pulse-Triggered Bmury
D-C Margin: At logical 1 . . . .o
At logical 0 . . . . .
Average Power Dissipation: Per Gate .
Per Flip-Flop .

design characteristics

3002

Series 15930 is a complete line of high-speed, high-
noise-margin, low-power-dissipation, saturated DTL logic.
The circuitry is a modification of the conventional DTL
in that it utilizes only one power supply and provides a
nonsaturating offset transistor in place of one of the
offset diodes.

+V +Vec R4 +Vee
O

QUTPUT OUTPUT

INPUTS Ves INPUTS

Figure A — Conventional DTL Figure B — Series 15 930

Replacing the offset diode D, with transistor Q, offers
both the manufacturer and the customer a number of
advantages:

1. Elimination of the Vg power supply makes one
more pin available for multifunction capability,
which in turn reduces system package count.

2. Reduction of size of resistor R, from 20 k@ to
5 kQ invites a substantial reduction in the overall
size of the monolithic chip and improves yields.
Both of these factors contribute heavily to reduc-
ing manufacturing costs.

3. Reduction of turn-off current transients on signal
lines is accomplished because the stored charge
on the output transistor Q, is removed locally by
R, rather than through diodes D, and D, onto
the input signal lines. These transients are also
reduced during switching by the offset transistor
Q, which operates in the unsaturated mode. This
technique eliminates the necessity of producing
low-speed, high-stored-charge diodes in the same
monolithic bar with fast input diodes.

4. The offset transistor Q, provides additional drive
current to the output transistor Q, without requir-
ing high input currents when the input is in the
low state. High input currents would limit fan-out
of the driving gates. The additional drive to the
output transistor invites the use of a smaller base
resistor R, and relaxes the hg. requirement of the
output transistor thus producing higher manufac-
turing yields.

In order to drive high-fan-out or high-capacity loads, a
buffer is available which has a modified double-ended
output. This output has a high-sink-current capability
when in the ON state and a low-impedance emitter-
follower output in the OFF state.

The master-slave flip-flops have AND gate inputs to the
master section which are controlled by the clock pulse.
The clock pulse also regulates the state of the coupling
transistors which connect the master and slave sections.
The sequence of operation is as follows (see figure C):

Isolate slave from master
Enter information from AND gate inputs to master
Disable AND gate inputs

A=

Transfer information from master to slave.

HIGH

LOW

Figure C — Flip-Flop Clock Waveform

The pulse-triggered binary has two 70-pF capacitors in
the clock line which provide an input-differentiating net-
work for high-speed clocking applications.



SERIES 15930

SQLID GCIRGUEE® SEMICONDUCTOR NETWORKS

standard line summary

Input and output pin numbers are shown for reference. For all networks shown V. is pin (unless otherwise noted)

and GND is pin

@. See referenced page for complete pin configuration.

SN15930 . . . . . . See Page 3005 | SN15 9371 . . . « + See Page 3007
SN15932(Buffer) . . . . . SeePage 3009 |SN15945 . . . See Page 3014
SN15 944 (Power Gate). . . SeePage 3012 |SN15948 . . o e . See Page 3019
r——==" -
! :
| |
:
|
@'—1' C, :
| C2 CD :
égi::;____ocp<3—r‘*:)
@_1' :‘ SDQ‘ II :
O 7
(90—} :
! |
| |
| I — | | . 4
DUAL 4-INPUT NAND/NOR GATES FLIP-FLOPS WITH SET AND CLEAR
SN15933. See Page 3011 SN15 946 . See Page 3017 SN15950. See Page 3022
(No V¢ Terminal)
Ir _____ 1l r———77 r—————--= 1
o O o 5 =
g@L —_ o—H ; |
-+ O—\ | - @—dT b |
| ] 8 [«
! : ! Oz 5O
) |
| [ |
| 1
O gims ) ; 0 ® ! ! C)——?o 1 T !
@_‘—f- | | ! | |
I ] @O— : i |
L ] L. J e 3
QUADRUPLE 2-INPUT
DUAL 4-INPUT EXPANDER NAND/NOR GATE PULSE-TRIGGERED BINARY

SN15951 . . . . .

See Page 3024

= A
I —®
| | See Note
1 10,
|
@— TH—®
| ONEq |
9... SHOT| |
9 0
O— 0
| |
| | INTERNAL TIMING
! ‘——:——-@ RESISTOR (CONNECT
H B TO VCC IF USED)
NOTE: External capacitance is added between pins and . External
resistance bypasses internal timing resistor if connected from m to Vee.

MONOSTABLE MULTIVIBRATOR

SN15962 . See Page 3026

©

_——— | =

Y
o

8

TRIPLE 3-INPUT NAND/NOR GATE
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SERIES 15 930
SOQLID CERCGUIT® SEMICONDUCTOR NETWORKS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply Voltage Vo (See Note 1) . . . +8V
Continuous Output Sink Current (SN15 930, SN15 931 SN15 945 SN'IS 946 SN15 948 SN15 962) .30 mA
Continuous Output Sink Current (SN15 950, SN15 951) . .. e e . 50 mA
Continuous Output Sink Current (SN15 932, SN15 944) . 150 mA
Current Out of Input Terminal . . -10 mA
Current Into Input Terminal (except SN'|5 950 cnd SN'I5 95'| pln @ ) 1 mA
Current Into Input Terminal (SN15 950 and SN15 951 pin ). 5mA

Operating Free-Air Temperature Range (See Note 2) .

Storage Temperature Range

NOTES: 1. Voltage values are with respect to network ground ferminal.

2. This rating applies for networks operating at Voo = 5.5 V, all inputst at 5.5 V, and the following output sink current:

SN15 930, SNI5 946, SN15950, SN15962 . . . . . . . . . . . . . 12mA
SNISO31 . . . L . e e e e e e e e e e e e e e e e 10.6 mA
SNIS932F . . . . . L e e e e e e e e e e e 36 mA
SNIS944F . . . L . L L e e e e e e e e 40 mA
SNISOA5 . . . . . e e e e e e e e e e e e e e e e 15.2mA
SNISO4B . . . . . . e e e e e e e e e e e e e e e e 13.6 mA
SNIZO5) & . . . e e e e e e e e e e e e e e e e e e 15 mA

*}Expander nodes open

logic definition

Z55°C to 125°C
—65°C to 150°C

Series 15 930 logic is defined in terms of standard POSITIVE LOGIC using the following definitions:

LOW VOLTAGE = LOGICAL 0
HIGH VOLTAGE = LOGICAL 1

WEIGHTED VALUES OF INPUT CURRENT REQUIREMENTS
NETWORK TYPE INPUT NUMBER OF LOADS!
SN15 930
SN15932
GATES AND SN15 933 Each Input 1
. 1 EXPANDER SN15 944|-9<" 7P
input current requirements SN15 946
Weighted values of input current requirements SN15 962
reflect worst-case conditions for T, = ~55°C to Each Input
125°C and Ve = 4.5V to 5.5 V. Each gate input SNI5 931 (Synchronous or %
requires that no more than 1.6 mA flow out of Asynchronous)
the input at a logical 0 input voltage level; there- Clock 2
fore, one input load is—1.6 mA maximum. Cur- | FLIP-FLOPS Synchronous
rents into the input terminals are specified as ] %
e .. SN15 945 |Inputs
positive values. Arrows on the d-c test circuits and Asynchronous
indicate the actual direction of current flow. SN15 948 unZl Clock 2
Inputs
PULSE-TRIGGERED Synchronous or
BINARY SN15 950 | Aoy nchronous 1%
MONOSTABLE
MULTIVIBRATOR SN15 951 iEach Input 2
WEIGHTED VALUES OF FAN-OUT
NETWORK TYPE OUTPUT LOADS
SN15 930
output drive capability GATES SN15 946| Each Output 8
. o SN15 962
Weished vlus of e aflo he ity o |5iFER | swisvaa| EschOvu | 38
under recommended operating conditions and are POWER GATE SN15 944] Each Output 27
specified as positive values. Load currents (out SN15 931 Q°"§ 7
of the output terminal) are specified as negative FLIP-FLOPS SN15945| QorQ 10
;r;:luesc.t Alrr:yvs on th;a d-¢ fes;I circvits indicate SN15948]| QorQ 9
e actual direction of current flow. :
. PULSE-TRIGGERED -
BINARY SN15950| QorQ 8
MONOSTABLE
| MULTIVIBRATOR SN15 951 Ea‘ch Output 10
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TYPE SN15 930
DUAL 4-INPUT NAND/NOR GATE

schematic (each gate)

<
0
[e]

W @

o r
OuUTPUT

N IONORORONOROXO,

®

ONONOXO,

GND
o—¢—1¢
positive logic
\0"‘_‘{ 9
IE\‘X;S?DER(} Comp t valves shown are nominal! 6 = 10245 8 = 9¢10+12413
recommended operating conditions
SupplyVoIfogeVCC...........................4.5V105.5V
Maximum Fan-Out From Each Output . . . . . . . . . . . . . .+ . « « « « « « « « . . .8
electrical characteristics
PARAMETER TEST TEST CONDITIONS MIN  MAX | UNIT
FIGURE

VCC = 4.5 V, Vin = ]-9 vl
i = 12 mA, T, = 25°C 0.4 v
v Logical 0 output | Vec = 45V, VYin = 2.1, 04 v

out{0)  yoltage (on level) i = 11.4mA, T, = -55°C .

Vee = 45V, V=17V,
I, = 108mA, T, =125°C 0.45 v

Vee = 45V, Vi, =11V,
g ==-012mA, T, = 25°C | 26 v

Logical 1 output Vee = 4.5, Vi, = 1.4V,

v

o) yoltage (off level) 2 liad =—0.12mA, T, = ~-55°C 2.5 v

Vec = 45V, V, =08V,
los ==0.12mA, T, = 125°C | 23 v

+ Expander nodes are open unless otherwise noted.
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TYPE SN15 930
DUAL 4-INPUT NAND/NOR GATE

electrical characteristics (continued)

PARAMETER FIGORE TEST CONDITIONS + MIN MAX | uNIT
Logical 1 output
Voutyy Vvoltage (off level) _ V. . =18
with low voltage 3 :’cc _ 4.5V, T'" x 25°‘C V. 2.6 \
at expander input lad =~0.12mA, T, =
node, Vi x
Vee =55V, V, =4V, ) LA
I Logical 1 level input ‘ T, = 25°C and -55°C
inf1
in(1) current Vee = 5.5V, V., =4V, s R
T, = 125°C #
Vee = 5.5V, V,, =0, Vg =4V,
! -1.6 mA
I Logical 0 level input 5 Tp = 25°C and -55°C
in{0} current Vee =55V, V., =0, Vg =4V,
T, = 125°C -1.5 mA
Output reverse — n50
| = = 4.5 T, = 25°C 50
o current (off level) 6 Vee = Vout Ve Ta A
¥f‘°==255;5Cv’ Vour = 0 06 -1.34 mA
Short-circuit Vee = 5.5Y, Vour =0, _1.34 mA
los output current 7 Ty = -55°C
Vec =55V, V=0,
-1.3 mA
T, = 125°C
Legical O level
leciop  supply current 8 Vee =5V, T, = 25°C 6.5 mA
(both gates)
Logical 1 level supply
ICC(I) current at maximum 9 Vee =8V, T, = 25°C 55 mA
Vee (both gates)

switching characteristics, Vcc =5V, T, = 25°C

PARAMETER TEST TEST CONDITIONS + MIN MAX | UNIT
FIGURE
N Propogation delay time
PO} 45 Jogical O level R, = 4009, C,= 50pF 10 30 ns
Propogation delay time 31
todl1) pog 4 R, =39ke, C,=30pF 25 80 ns

to logical 1 level

T Expander nodes are open unless otherwise noted.
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TYPE SN15 931
FLIP-FLOP WITH SET AND CLEAR

logic
TRUTH TABLES @
R-S MODE J-K MODE
ta LA t 'n+1 NC
$$1S |GG Q S, 1C | Q 3
01 X0} X | Qn 0| 0| Qn
Ol X | X]| 0] Qn 0|1 0 Q
X{0o]O[| X ]| Qn 11041
X100 X]| 0| Qn 1 1 n
ol X |11 0
Koo ONORORORONOXO,
1 110 X |1 GND
1 1] X011 NC — No internal connection
1 1 1 1 Indeterminate — -
positive logic
NOTES: 1.1, = bit time before clock pulse. Low input to Sy, sets Q to logical 1
2.t 44 = bit time ofter clock pulse.
3. X indicates that either a logical 1 or a logical 0 may be
present.
4. Logical 1 is more positive than logical 0.
5. For operation in the J-K mode connect S, to Q and G to Q.
recommended. operating conditions
Supply Voltage Ve & & v v . o o o 0 . 0 . . . . v 4 i i v w4 4 4+ . .A5Vi0o55YVY
Maximum Fan-Out From Each Output ., ., . . . . . . . . . . . . . . . « .+ v v v o . 7
electrical characteristics
TEST
PARAMETER FIGURE TEST CONDITIONS MIN MAX | UNIT
Vee = 45V, Veps) = 0.95V,
. ik = 10.6 mA, T, = 25°C 0.4 v
Logical O output VA —
Vouto) Voltage (on level 10 Vee =45V, crs) = 11V, 0.4 v
atQor Q i = 10 mA, T, = -55°C
Vee =45V, Veusy = 075V,
Isinl( = 9.5 mA, TA = 125°C 0.45 v
Vec =45V, V=19V, V=10V, | , v
J— —_— [-] of
Logical 1 output loaa= —0.12 mA, T, = 25°C
Vouty voltage (off level) 1 Vec =45V, Vi =21V, V, =14y, 25 v
atQor Q@ loaa= —0.12 mA, T, = —55°C ’
Vee = 45V, V, =17V, V, =08y, 25 v
laag= —~0.12 mA, T, = 125°C ’
Vec = 4.5V, V, =19V, V, = 1.1V,
— — nkoc 26 \'
Logical 1 output \'/'“d" _40.513/mA' \T/A — :5] \((: v TIV
\' voltage (off level) 12 cc = 49, 1 = 41V, ¥V, = 1.4,
outtt) atQor Q@ load= —0.12 mA, T, = -55°C 2.5 v
Vee = 4.5V, V, = 1.7\5, vV, = 0.8V, 2.5 v
loag= —0.12 mA, T, = 125°C
Vee = 5.5V, Vi, = 11V, T, = 25°C -34 mA
ICP(O] Logical O level clock-input 13 Vee = 55V, V,, = 1.4V, T, = -55°C —3.4 mA
forward current
Vec = 5.5Y, Vi, = 08V, T, = 125°C -3 mA
Vee = 5;5 Vv, Vc: = 4Y, 20 LA
lcppn) Logical 1 level clock-input 14 T, = 25°C and -55°C
reverse current Vee = 5.5V, Vep = 4V, T, = 125°C 30 uA
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TYPE SN15 931
FLIP-FLOP WITH SET AND CLEAR

electrical characteristics (continued)

PARAMETER FICURE TEST CONDITIONS MIN  MAX | UNIT
Vee = 5.5V, V, = 4V,
C o LI 2 nA
I Logical 1 level T, = 25°C and -55°C
"0l synchronous-input current 15 Vec = 5.5V, V,, = 4V, 5 A
T, = 125°C “
Vee = 55V, V,, =0,
-1.07 A
L Logical O level 16 T, = 25°C and -55°C 1.0 "
0 synchronous-input current Vec = 5.5V, V,, =0, i A
T, = 125°C - m
Vec = 5.5V, V,, = 4V,
. . 950 0 2 A
| Logical 1 level 17 T, = 25°C and -55°C
i) gsynchronous-input current Vee = 5.5V, V,, = 4V, < .
T, = 125°C ot BA
Vee = 55V, V,, =0,
I I.ogical 0 level 18 TfC: 25°C and —"55°C -1.2 mA J
in{o} asynchronous-input current Veec = 55V, V, = 0, T, = 125°C 3 mA
ICC(o) Logical 0 level supply current 19 Vee =5V, T, = 25°C 11 mA
Logical 1 level supply current
1 — —_
CCM gt maximum Ve 20 Vec =8V, T, = 25°C 14.5 mA
switching characteristics, Vcc =5V, T, = 25°C
TEST
PARAMETER FIGURE TEST CONDITIONS MIN MAX | UNIT
Propagation delay time . _
a0l 1o logical O level 5 R, = 4002, €, =50 pF 35 75 ns
Propagation delay time
= 3. , = 5 75
toail) 4o logical 1 level R, =39ke Cu= 30 pF 3 ne
schematic
jS<l
< ®3 a@—

WA
AA—4

o] Pyl

CPO—
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schematic (each gate)

1ka

TYPE SN15 932

DUAL 4-INPUT NAND/NOR BUFFER

DO®DDO O
—J

2.75k0 S | E: I
q
OUTPUT
-
o—i¢—

OCOO®OO®O
o—{i¢—4 GND
o—— positive logic

EXPANDER 2k | 6300 GND - -

NODE O —AM—-AMN—4——0 6 = 1+2¢4+5 8 = 9+10+12+13

Component valves shown are nominal.
recommended operating conditions

Supply Voltage V¢ .45Vto 55V

Maximum Fan-Out From Each Output . 25

electrical characteristics
PARAMETER TEST TEST CONDITIONs ' MIN  MAX | UNIT
FIGURE

Vec = 45V, V, =19V,
Lig = 36 mA, T, = 25°C 0.4 v

Logical O output Vee = 45V, V,, =21V,

v cC . in

oo} yoltage (on level) ! li = 34 mA, T, = -55°C 0.4 v

Vee = 45V, V, =17V,
Lo =32 mA, T, = 125°C 045 1 v

Vec =45V, V, =11V,
lasa=—2.5mA, T, = 25°C 26 v

Logical 1 output Vee =45V, V., =14V

\" cc . in ‘
o) yvoltage (off level) 2 ligad =—2 mA, T, = -55°C 2.5 v

Vec = 45V, V,, =08V,
loag =—4 mA, T, =125°C | 25 v

T Expander nodes are open unless otherwise noted.

3009



TYPE SN15 932
DUAL 4-INPUT NAND/NOR BUFFER

electrical characteristics (continued)

PARAMETER FIGURE TEST CONDITIONS' MIN  MAX | UNIT
Logical 1 output
voltage (off level)
Voutr) With low voltage 3 IVCC _ 4555V, A _I'_"x_ 25°CV 2.6 v
input at expander load = ~4:9 MA, Ta =
node, V, x
Vee = 5.5V, V,, =4V, 9
. T, = 25°C and —-55°C 1A
I Logical 1 level 4
in(1) input current Vee = 5.5V, V,, = 4V,
T, = 125°C 5 KA
Vcc = 5.5 V, vi“ = 0, VR fd 4VI
. T, = 25°C and —55°C -1.6 mA
I Logical O level 5
im0l jnput current Vee = 5.5V, V,, =0,V =4V,
TA o ]25°C —15 mA
Output reverse
| A\ =V — 4. —3 °
o current (off level) 6 cc ot =45V, Ty =25°C 50 uA
Vee = 5.5V, Vo4, =0,
| Short-circuit T, = 25°C -18 mA
0s output current 7 V.. —55V. V..—0
cc T 99V, Vo = U, _
T, = 125°C and —55°C 16 mA
Logical O level
'cc(o} supply current 8 Vee =58V, T, = 25°C 26.6 mA
(both gates)
Logical 1 level supply
'ccn] current at maximum 9 Vee = 8V, T, = 25°C é mA
Ve (both gates)

switching characteristics, Vcc =5 V, T, = 25°C

TEST +
PARAMETER FIGURE TEST CONDITIONS MIN  MAX | UNIT

Propagation delay time

to logical 0 level R, = 150Q, C, = 500pF 15 40 ns

tod(o}
51

Propagation delay time

; R, = 5109, C, = 500 pF 25 80 ns
to logical 1 level

tod(1)

T Expander nodes are open unless otherwise noted.
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TYPE SN15 933
DUAL 4-INPUT EXPANDER

schematic (each expander)

ORONONORONONO,
- OU]{';’UT lf l

o- ¢
J NC
INPUTS
a— OCOOOOOO
GND
NC — No internal connection
[ O——¢———4— — —¢——oGND positive logic
ANODE-TO -
SUBSTRATE DIODE = 20354 11 == 921001213
electrical characteristics
TEST
PARAMETER FIGURE TEST CONDITIONS MIN MAX UNIT
lwi = 2mA, T, = 25°C 0.7 0.82 \Y
Ve Input diode forward voltage 21 lot = 2mA, T, = -55°C 0.85 0.98 \ J
logt = 2 mA, T, = 125°C 0.5  0.65 v
Vi, =4V, T,=25C 2 KA
lnr Input diode reverse current 22 Vio. =4V, T, =-55°C 2 LA
V, =4V, T, =125°C 5 nA
vV .= 4 T, = 25°C and -55°C 1 A
| Anode-to-substrate 23 out Voo Ta an 0 ~
outR  reverse current
V=4V, T, =125°C 25 1A

NOTE: A tofal of four expanders may be connected to an expandable gate to provide a fan-in of 20.
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TYPE SN15 944

DUAL 4-INPUT NAND/NOR POWER GATE

schematic (each gate) . OV
ke 8509
2.75 ke
o—i—1 OUuTPUT
o1
INPUTS
o—é—9
o—¢—9
2ke | 6302 GND
EXPANDER A —b—AAA
NODE (& e —— VW V- O

Component values shown are nominal.

recommended operating conditions

Supply Voltage Ve . . . .

6 =102¢4e5

positive logic

8 = 92101213

. .45Vt 55y

Maximum Fan-Out From Each Output . . . . .. N . e 27
electrical characteristics
PARAMETER FIGURE TEST CONDITIONS MIN  MAX | UNIT
Vee = 45V, V, =19V,
Iy = 40mA, T, = 25°C 0.4 v
Logical 0 output Vee = 4.5V, V,, =21V,
Veutio voltage (on level) ! Lix = 36 mA, T: = -55°C 0.4 v
Vee = 45V, V, =17V,
Ly = 36mA, T, = 125°C 0.45 v
Logical 1 output Vee = 5.8V, Iy = SmA,
Voutir) voltage (off level) 24 T, = 25°C ) 6 v
Vee =55V, Vi, =4V, 9
— 9EO _ERO rA
L Logical 1 level input 4 Ta = 25°C and -55°C
it current Vee = 5.5V, V,, =4V, 5 A

T, = 125°C

T Expander nodes are open unless otherwise nofed.
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TYPE SN15 944
DUAL 4-INPUT NAND/NOR POWER GATE

electrical characteristics (continued)

TEST
PARAMETER FIGURE TEST CONDITIONS MIN  MAX | UNIT
Vee = 5.5V, V,, =0, V, = 4V,
T -1.6 mA
higo Logical O level input 5 To = 25°C and -55°C
ol current Vec = 5.5V, V,, =0, V = 4V
cc =923V, Vi = 0, Vg = 4V,
T, = 125°C -5 mA
Vee = 5.5V, V,, = 1.1V,
Vor = 45V, T, = 25°C 100 | #A
Output reverse
current (off level, Vee = 5.5V, V;, = 1.4Y,
bouttr) worst-case voltage 25 Vi = 45V, T: = -55°C 50 LA
at any input) Vec = 55V, V, = 08V, 200 R
Vot = 4.5V, T, = 125°C H
Output reverse v 18
current (off level, Vee = 5.5V, Vinx = 1.8V,
lout(s) worst-case voltage 26 Vot = 45V, T, = 25°C 100 HA
at expander input)
Logical O level
lccio)  supply current 8 Vee = 5V, T, = 25°C 20 mA
(both gates)
Logical 1 level
supply current _ _
lecp at maximum Vg 9 Vee = 8Y, T, = 25°C 6 mA
(both gates)
switching characteristics, Vcc =5V, T, = 25°C
PARAMETER TEST TEST CONDITIONS} MIN  MAX | UNIT
FIGURE
Propagation delay time . _
to(o) o logical 0 level . R, = 150 @, c. = 100 pF 10 35 ns
Propagation delay time _ _
todps) o logical 1 level R, = 510¢, C, = 20 pF 15 50 ns

T Expander nodes are open unless otherwise noted.
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TYPE SN15 945
FLIP-FLOP WITH SET AND CLEAR

logic Ve
o s DODDDO®
R-S MODE J-K MODE :l
th tata ta taty NC rl:lc
s;[s, ¢ [c, | @ s, /¢, 1 a 2 % 5
o[ x| o x| an 0| 0| Qn | ‘ o
ol x| x|ofla@an oj11o zlz 5 ©
X0l 0| X | Qn 1 0 1 NC
X[o[x[0o[an 11| @n q f
0| X 1|1 1 0
JCIRNRN OCO®OOO®O
1 1 0] X 1 GND
! 1 X - 0 ! NC — No intemal connection
1 111 (1 Indeterminate
positive logic
NOTES: 1.4 = bit time before clock pulse. Low input to SD sets Q to logical 1
2.t 4, = bit time after clock pulse.

3. X indicates that either a logical 1 or a logical 0 may be
present.

4. Logical 1 is more positive than [ogical 0.

5. For operation in the J-K mode connect S, to @ ond (, to Q.

recommended operating conditions

SupplyVolfugchc............................4.5Vio5.5V
Maximum Fan-Out FromEach Output . . . . . . . . . . . « . « « « « « v v « o .. 10

electrical characteristics

PARAMETER FIGURE TEST CONDITIONS MIN MAX |UNIT
Ve =45Y, V, =11V, V,=19V,
. V, = 45V, I = 15.2 mA, Ty = 25°C 04 Vv
v Logica 0 output 7 Neg =45V,  V, =14V, V,=21V,
outo)  Yoage fon level | vy=45V, i = 14.6 mA, T, = —55°C 041 Vv
a or
Vee =45V, V,=08Y, V,=17V, 045 | v
V, =45V, Lig = 13.8mA, T, = 125°C -
Voo =45V, V=45V, V, =11V, |, v
Loy = ~0.12 mA, T, = 25°C .
Logical 1 output —=d
Vec = 45V, V, =45V, V, =14V,
wa(') vol(f;ge (aoff level) 12 g = ~0.12 mA, T, = —55°C 2.5 \4
f "’
aer Vee =45V, V, =45V,  V, =08V, |,, v
lowg = —0.12 mA, T, = 125°C :
VCC = 5.5 V, V = 1. V, VCP = ol -
To% 25°C in 3.2 | mA
Logical 0 level clock-input Vee =55V, V., =14V, Vep =0, _
lerpo) forward current 29 T, = -55°C " 3.2 | mA
Vec =55V, V,=08Y, Vg =0, _
T, = 125°C " 28 |mA
Vec = 4V, Vep =4V, 10 A
I
lepp) Logical 1 level clock-input 30 T, = 25°C and -55°C
(ot}
reverse current Vcc =4V, VCP =4V, TA = 125°C 20 | A
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electrical characteristics (continued)

FLIP-FLOP WITH

TYPE SN15 945
SET AND CLEAR

PARAMETER FICURE TEST CONDITIONS MIN MAX |UNIT
Vec =55V, V,, =4V,
. Logical 1 level ;s | Ta—= 25°Cand-s5°C 2| sA
in{1) synchronous-input current 5 Vee = 55V, V,, =4V, 5 A
T, = 125°C #
Ve =55V, V,, =0, V, =4V, _
. Logical O level s | Ve =4V, T.=25°Cand-s55°C 1.07 | mA
in%}  synchronous-input current xcc = ,{55 Vv, ¥in = 10';‘"_ vV, =4Y, 11 mA
Vep = 4V, T, = 125°C
Vec =55V, V, =4V, V, =53V, 2 | an
| Logical 1 level 32 T, = 25°C and -55°C
in(1) asynchronous-input current Vee =55V, V,, =4V, V=535V, 5 A
T, = 125°C K
Vee = 55V, V.. =0,
I Logical O level a3 chz 259C and ~55°C -2.4 | mA
i) asynchronous-input current
Vee =55V, V, =0, T, =125°C -2.1 | mA
Ve Z otV Vi =35 Ve | ke 0.7 -1.33 | mA
L o = O A= and -55°C
los Short-circuit output current 18 |-t
Vec =55V, V, =53V, 0625 13 | mA
Vs =0, T, =125°C : :
lccio)  Logical O level supply current 19 Vee =5V, T, =25 14 | mA
Logical 1 level supply current
| =8V, T, =25°C 16 A
e ot maximum Vee 20 Vee A 3 "
switching characteristics, Vcc = 5 V, T, = 25°C
PARAMETER FIOURE TEST CONDITIONS MIN MAX |UNIT
Propagation delay time _ _
Todto) to logical O level 52 R, = 3300, C, = 50pF 75 | ms
Propagation delay time _ _ 75
dl 40 logical 1 level Ry = 2 ke, C = 30pF ne
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TYPE SN15 945
FLIP-FLOP WITH SET AND CLEAR

schematic

‘!"Vcc

T

9 NOM.

o )

NOM.$

ol

NOTE: Pins ®, ,and ® ~no internal connection.
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schematic (each gate)

1.75 k@

INPUTS

Component values shown are nominal.

recommended operating conditions

electrical characteristics

OUTPUT

GND

TYPE SN15 946

QUADRUPLE 2-INPUT NAND/NOR GATE

—

45

positive logic

8 = 9°10 11 = 1213

Supply Voltage V. .45Vto 55V
Maximum Fan-Out From Each Output . . . P -
PARAMETER TEST TEST CONDITIONS MIN  MAX | UNIT
FIGURE
Vec = 45V, V, =19V,
L, =12mA, T, =25°C 0.4 v
v Logical 0 output | Vee = 45V, Vin = 2.1V, 0.4 v
oo} « voltage (on level) Liw = 114 mA, T, = -55°C ’
Vec = 45V, V, =17V,
., = 10.8mA, T, = 125°C 0.45 v
Vee =45V, V, =11V,
hoa =—0.12mA, T, = 25°C | 2¢ v
Logical 1 output Vec = 45V, Vin = 1.4V,
Vouttr voltage (off level) 2 lload =—0.12mA, T, = -55°C 23 Y
Vec =45V, V, =08V,
heog ==0.12mA, T, = 125°C | 25 v
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TYPE SN15 946
QUADRUPLE 2-INPUT NAND/NOR GATE

electrical characteristics (continued)

PARAMETER TEST TEST CONDITIONS MIN MAX | UNIT
FIGURE

Vec =55V, V, =4V, 2 | A
I Logical 1 level input 4 Ta = 25°C and -55°C
in(1) current VCC =55V, Vin =4V, 5 A

T, = 125°C “

Vec =55V, V, =0, Vg =4V,

-1.6 mA
| Logical O level input 5 T, = 25°C and -55°C
O current Vee =55V, V,=0, Vg =4YV,

T, = 125°C -15 | mA
oty OutPUt reverse 6 | Vee=V,, =45V, T, =25°C 50 uA
o) current (off level) cc out A

Ve =55V, Vo, =0,

-0. -1. A

1% 280 06 -1.34 | m

Short-circuit Vec =55V, V=0, -1.34 mA
los output current 7 T, = -55°C '

Vee =55V, Vo, =0,

T, = 125°C -1.3 mA

Logical O level
lcco)  supply current 8 Vee =5V, T, =25°C 13 mA
(all gates)
Logical 1 level supply
lecy)  current at maximum 9 Vee =8V, T, = 25°C 11 mA
Vec (all gates)
switching characteristics, Vcc =5V, T, = 25°C
PARAMETER TEST TEST CONDITIONS MIN MAX | UNIT
FIGURE
Propagation delay time _
'pdl0l 5 logical O level R, = 4000, C, = 50 pF 10 30 ns
51
Propagation delay time
Tedit) 4o logical 1 level R, = 3.9ka, C, = 30 pF 25 80 ns
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TYPE SN15 948
FLIP-FLOP WITH SET AND CLEAR

logic Vec
e DOO®D® OO
R-S MODE J-K MODE I l
t, tois t, |t NC o NC
$15 (GG | Q 5,1 G 1 Q 5
O X|O0] X |Qn 0| 0| Qn cp
0| X | X| 0| Qn 0|1 0 ! Q
s Q
X 0[0]X]| Qn 101 NC ]
x| ol x|o]|an 1] 1] Gn i éf
o [x 1|7 [0
X[ o] T T OJONONONONOXO,
1 110X |1 GND
1 11 X] 0|1 NC — No internal connection
1 1 1 1 Indeterminate — -
positive logic
NOTES: 1.t = bit time before clock pulse. Low input to SD sets Q to logical 1
2. t, 4y = bit time after clock pulse.

3. X indicates that either a logical 1 or a logical 0 may be
present.
4. Logical 1 is more positive than logical 0.

5. For operation in the J-K mode connect S, to @ ond C, to Q.

recommended operating conditions

Supply Voltage Ve . e e e e e e e . . . .45Vto 55V
Maximum Fan-Out From Each Output . . . . 9
electrical characteristics
PARAMETER FIGORE TEST CONDITIONS MIN MAX [UNIT
Vec =45V, V=11V, "V, =19V, oal v
Logical 0 outout y |Y=45Y, i = 13.6 mA, T, = 25°C
Voutio) voltage (on level) and \\;CC_ZA g'gv' ;/‘ =__] '-I‘;V’A ¥2 = 3;5\0/6 0.4} V
atQorQ 28 3= 49 W sik = 5 MR A &
Vec = 45V, =08V, V,=17V, 045l v
V, = 45V, lig = 123 mA, T, = 125°C -
R S R K
Vowy vohage (off lovel 12 | Voo =ASV. V=45V, V=14V ], v
out(1) maira liag = —0.12 mA, T, = -55°C :
Vec =45V,  V, =45V, V,=08V,|,, v
ligg = ~0.12 mA, T, = 125°C :
‘T/°°—=25555c V. V, =11V, Vg, =0, 256] mA
=
Logical 0 level clock-input Vee = 5.5V, V. =14V, Vep = 0,
o forward current 29 T, = -55°C " ~2.56| mA
\T'C‘:_:] 2552(;/ ¢ V=08V, Vo =0, 22| mA
N
Vee = , Vep = 4V,
| Logical 1 level clock-input ch__ 229\(/: d 55§E 101 s»A
ce) 30 A= and —
reverse current °
Ve = 4V, Vep = 4V, T, = 125°C 20| 4A
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TYPE SN15 948
FLIP-FLOP WITH SET AND CLEAR

electrical characteristics (continued)

PARAMETER FIOORE TEST CONDITIONS MIN MAX | UNIT
Vec = 5.5V, V, = 4V, 9 A
| Logical 1 level 15 T, = 25°C and -55°C k
inf1) synchronous-input current Vee = 5.5V, V,, =4V, 5 A
T, = 125°C #
Vec =55V, V,, =0, V, =4V,
| Logical 0 level g | Yee=4V. Ty = 25°C and —55°C -1.07 | mA
infol synchronous-input current Ve =55V, V,, =0, V,=4YV, 1 mA
| Vep =4V, T,=125°C
Vec =55V, V, =4V, V, =55V, 2 | A
I Logical 1 level 32 T, = 25°C and -55°C
in{1) asynchronous-input current Vee =55V, V,,=4V,V, =55V, 5 A
T, = 125°C A
Vee = 5.5V,V.. =0,
i Logical O level a3 TCC: 259C and ~-55°C -2.4 mA
into} i A
i asynchronous-input current Voo = 55V, V, = 0, T, = 125°C X A
Vec =55V, V,, = 5.5V, N
Ce=0, Ta=25Cand-ssoc |21 396 | mA
los Short-circuit output current 18 —
Vec = 55V, V,, = 55, 354 | mA
W =0 T, =125°C :
| lccin Logical 0 level supply current 19 Vee =5V, T, = 25°C 16.2 mA
Logical 1 level supply current _ — aro
loci  a maximum Voo 20 | Vee =8V, T,=25C 16 | mA
switching characteristics, Voc = 5 V, T, = 25°C
PARAMETER FIGURE TEST CONDITIONS MIN  MAX | UNIT
Propagation delay time _ o
fpd(o] to Iogical 0 level 52 RI = 330 Q, Cl = 50 pF 5 65 ns
Propagation delay time _ _
Toa 4o logical 1 level Ry =2k, C = 30pF 5 75 ns
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TYPE SN15 948
FLIP-FLOP WITH SET AND CLEAR

schematic

NOTE: Pins@ nnd @ no internal connection.
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TYPE SN15 950
PULSE-TRIGGERED BINARY

TRUTH TABLES Vec
SYNCHRONOUS ASYNCHRONOUS @ @ @ @
1, L DIRECT OUTPUT
PULSE INPUT OUTPUT INPUT 4 .
slclerrr, [ Q Q S51G [Q [Q = N
T [X[X[1 |Qn | Qn 111 |Qn|Qn| Coprf “
X[1 |1 [x]an | Gn ol 1o |1 1_
0|1 ]|]0|X |1 0 11011 |0 —Qs, I P
o [xfo |1 [} ojoh n ) S
1 |0 [X [0 |0 1
X|]0]1]0 10 1
0 |0 |0 [0 |Indeterminate (1) () M\ 2\ ) ) N
a O\ U\ YV Y
NOTES: GND
1. X indicates that either a logical 1 or a logical 0 may be present.
2. Logical 1 is more positive than logical 0.
3. Logical states shown for puise inputs PT, and PT, indicate that a transition to
that state has just occurred.
4. Truth tables reflect individual conditions at the inputs. Either direct input may be
used fo inhibit its corresponding pulse input.
recommended operating conditions
Supply Voltage Ve . . 45Vto 55V
Maximum Fan-Out From Each Oufpul' . . . . 8
electrical characteristics
TEST NIT
PARAMETER FIGURE TEST CONDITIONS MIN MAX (U
VC=4.5V, Vi =1'9vl 0.4 \'
. . R L |
Logical 0 output voltage Vee = 4.5V, in=2.1YV, 0.4 \"/
Veutlo) (on level) at Q or @ 34 Lig = 11.4 mA, T, = —55°C
Vv, 45V, Vv, =17V, 0.45 \Y;
cc = in 3
Lix = 10.8 mA, TA = 125°C
Vee =45V, VY, =11V, v,=19V, 2.6 v
V, =45V, I,(,ad = -1.5mA, T, = 25°C
Logical 1 output voltage Vee =45V, V, =14V, vV, =21V, 2.5 v
Vo) (off level) at Q or @ 35 V, =45V, ||g§d = -1.5mA, T = -55°C
Vee =45V, VYV, =08V, Vz:1.7V, v
Vs = 45V, |, L= -1.5mA, T, = 125°C | 25
Vcc = 505 v, n = 8V, 2| »A
I Pulse-triggered-input 36 T, = 25°C and -—55 C
inPT cyrrent Vcc =55V, Vv, =8V, 5| uA
TA = 125°C
=55V, V,=0
Vee 4 24 | mA
| Logical 0 level input 37 T, = 25°C and -—55°C
o) cyrrentatCorS$S =55V, V. =0
CC i ’ -
1.5 125°%C n 2.25 | mA
V cc =55V, V,=0,
-1.82 A
oo Logical O level input 37 = 25°C and -55°C "
in{0) t = L=
current at Cp, or Sp, TAC= : 2552c‘l Vin =10, 162 | mA




TYPE SN15 950
PULSE-TRIGGERED BINARY

electrical characteristics (continued)

PARAMETER TEST TEST CONDITIONS MIN MAX | UNIT
FIGURE
Vee = 5.5V, V. =4V,
| Pogiiacl 1 le\;el 28 chz 25°C and Ts50¢ 2| pA
infy) PR curten Vec =55V, V,, = 4V,
at Cp or Sp ch= 125°C' in . 5| A
. Vec =55V, V,, =0,
lre Current through resistor R 39 1.5 25°¢C n -4.22 -7.35 | mA
Ve = 55V, V, =0,
| Short-circuit output 40 T, = 25°C and -55°C -157 =27 | mA
os current Vee = 5.5V, V., =0
cC . ’ t .
TA J— 1250(: ou '—14.6 —26 mA
Output reverse current Vee = 45V, V,,, =45V,
loutp) (off level) 40 T, = 25°C * 50 | wa
lccy  Logical O level supply current 41 Vee =5V, T, =25°C 8.7 | mA
I Logical 1 level supply current 42 V.. =8V, T, =25C 18.4 | mA
Cel ot maximum Ve cc— ! A :
switching characteristics, Vec = 5 V, T, = 25°C
PARAMETER TEST TEST CONDITIONS MIN MAX |UNIT
FIGURE
Propagation delay time _ —
'el0) 1o logical O level 53 R, = 4000, C =100pF 5 32 | ns
Propagation delay time — —
todt) 4o logical 1 level R, = 3940, C, =100 pF 5 25 | ms
schematic
S Vee S
( l ) 14 <|j )
@'Av.' ° PO @
Re 3 2 i 3 3 e
P—o
N K
Q Q
- ™ g g d
| S QY STV N = T S
b4 S S b3

PT ) AMA AA I( PT
1(5) I} VWA VWA~ € @ 2
70 pF 70 pF
® ®
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TYPE SN15 951 |
MONOSTABLE MULTIVIBRATOR

(See Note 1) (See Note 2)

Vee
logic ﬁ
TRUTH TABLE ® @ @ 0 m @ .

th they

INPUT INPUT OUTPUT
A B A B
1 1 1 1 INHIBIT
1 1 1 0 ONE-SHOT
1 1 0 1 ONE-SHOT
1 1 0 0 ONE-SHOT
0 1 X X INHIBIT
O OSOROROROJORO,
0 0 X X INHIBIT

" NOTES: a. t,, = time before input transition.
b. 1,4, = time ofter input transition.

B (See Note 3) GND

¢. X indicates that either a logical 1 or a logical 0 may be present.

recommended operating conditions

Supply Voltage V. . .
Maximum Fan-Out From Each Ourput
Input Pulse Characteristics:

NOTES: 1. External resistor and capacitor may be used between pins ,
, and fo control one-shot pulse width,
2. To use the internal timing resistor, connect pin{ 9 )to pin
3. Input sensitivity can be decreased by adding a capacitor from pin
to ground.

45Vto 55V
B )

Minimum Negative-Going Transition . . . . . . . . v v & & « o o o o« & o o v o « 1Y
Maximum Input Fall Time Per Volt . . . . . . . 25 ns/V
Maximum Duty Cycle . . . . . . . 40%
electrical . characteristics
PARAMETER oL TEST CONDITIONS} MIN  MAX|UNIT
Voe = 45V, I, = 15 mA,
v Logical 0 output T, = 25°C and -55°C 041 Vv
- oulo]  yoltage (on level) 43 Vec = 4.5V, Iy = 14 mA, 0451 Vv
T, = 125°C )
Vee = 4.5V, lg = —0.18 mA, 26 v
v Logical 1 output 44 T = 25°C ’
ot} yoltage (off level) Vee = 4.5V, g = —0.18 mA, 25 v
T, = 125°C and -55°C ‘
Vea = 55V, V, = 4V,
| Logical 1 level 45 T, = 25°Cand 255°C 2 | A
inf1) input current Ve = 55V, V. = 4V,
cc in 5] A
T, = 125°C
Vec =55V, V, =4V, V, =0, _
I Logical 0 level 46 T, = 25°C and -55°C 1.6 3.1 [ mA
in{0) H — — —
input current VCC—_‘|2555°C\:/' Vv, 4V, V, =0, 1.4 3 | mA
=

FExpander node is open unless otherwise nofed.
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TYPE SN15 951
MONOSTABLE MULTIVIBRATOR

electrical characteristics (continued)

PARAMETER FISORE TEST CONDITIONS} MIN MAX | UNIT

Current through internal Vee =55V, V, =55V,

ler timing resistor Ry 47 T, = 25°C " 05 075 | mA
Vee =55V, Vv, =0,
I Short-circuit current at 48 T, = 25°Cand -55°C -0.8 mA
sC expander node or pin @ ¥cc__=1 55502:/, Vi, =0, —0.75 mA
=
lec Supply current 49 Vee =5V, T, = 25°C 9 | mA
Icc(max] Supply current at maximum Ve 50 Vee =8V, T, = 25°C 20 | mA
switching characteristics, Voc = 5 V, T, = 25°C
TEST
PARAMETER FIGURE TEST CONDITIONSY MIN MAX | UNIT

Propagation delay
todlo)  time to logical 0 level 50 | ns

Propagation delay 54 R, = 300Q,C, = 50 pF 50
tod1)  time to logical 1 level ' ns .
f, Pulse width 90 160 [ ns

FExpander node is open unless otherwise noted.
(See Note 1)
schematic External

0 ©

e

]

Resistor

External

Vo ’[Capacifor
?
T

b3
) Al ) AA A Timing
L Rt Resistor
(See Note 2)
<

ougpm@

EXPANDER(3 3 { Ly

INPUT 4

{A @O
INPUTS'

Yor ey S o

(See Note 3) GND

NOTES: 1. External resistor and capacitor may be used (as indicated above) between pins , ® , and m to control one-shot pulse width.
2. To use the internal timing resistor, connect pin to pin .

3. Input sensitivity can be decreased by adding a capacitor from pin@ to ground.
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TYPE SN15 962
TRIPLE 3-INPUT NAND/NOR GATE

schematic (each gate)

s

<

o
p

| cleXelofolo

OUTPUT

O—i¢——

F
ONONORORONGNO)

GND

INPUTSS  O—f——9¢

o—i¢—

GND positive logic
Component values shown are O

— c— e———

6 =3%4+5 8 = 9¢10°11 12 = 102013

recommended operating conditions

Supply Voltage Ve & v v v v L 0 0 o o 0 0 0 v e e e w e e e v . JA5V1055Y
Maximum Fan-Out From Each Output . . . . . . . . . . . « « « « v v v « ¢« o « « « .+ .8

electrical characteristics

PARAMETER FIOGURE TEST CONDITIONS MIN  MAX | UNIT
Vec =45V, V, =19V,
Ly = 12 mA, T, = 25°C 0.4 v
v Logical 0 output 1 Vee = 4.5V, Vin = 2.1V, 04 v
o0 yoltage (on level) Lix = 11.4mA, T, = -55°C .
Vec =45V, V, =17V,
Iy = 10.8 mA, T, = 125°C 0.45 v
Vec =45V, V, =11V,
hog =-0.12mA, T, = 25°C | 26 v
v Logical 1 output 2 Vee = 4.5V, V= 14Y, 25 v
o) voltage (off level) ligeg =-0.12 mA, T, = -55°C [ ©
Vec = 45V, V, =08V,
hoy =-0.12mA, T, = 125°C | 25 v
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TYPE SN15 962
TRIPLE 3-INPUT NAND/NOR GATE

electrical characteristics (continued)

PARAMETER FIGURE TEST CONDITIONS MIN MAX | UNIT
Vec = 55V, V, =4V, 2 | A
L) Logical 1 level input 4 T, = 25°C and -55°C
current Vo = 55V V. =4V
cC ’ in ’
T, = 125°C 5| wA
Vee = 55V, V, =0, Vg = 4V, ~
. TP T, = 25°C and -55°C 16 | mA
'm(O) Logical v ievel inpur 5 Lad
current Vee = 8.5V, Vin. =0, Vg = 4V,
T, = 125°C -15 mA
Output reverse
[ Vee = V., = 45V, T, = 25°C 5 A
) cyrrent (off level 6 | Vec = Vou = 45V, Ty =25 0 |
Vec =55V, V=0, ~
1% 2s0¢ 0.6 -134 | mA
Short-circuit Vee =55V, Vou =0, -1.34 mA
los output current 7 T, = -55°C
Vec =55V, V=0,
T, = 125°C S13 1 mA
Logical O level
lccioy  supply current 8 Vee =5V, T, = 25°C 9.75 mA
(all gates)
Logical 1 level supply
lecp)  current at maximum 9 Vee = 8V, T, = 25°C 8.25 mA
Vee (all gates)

switching characteristics, Vcc =5V, T, = 25°C

TEST
PARAMETER FIGURE TEST CONDITIONS MIN MAX UNIT
Propagation delay time _ _
todio) to logical 0 level R, = 4002, C = 50 pF 10 30 ns
51 -
Yodt) Propagation delay time R, = 3.9k, C, = 30 pF 25 80 ns

to logical 1 level
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SERIES 15 930 ®
SOLID GLIRGUIET  SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-¢ test circuits ¥

SN15 930, SN15 932, SN15 944,
SN15 946, and SN15 962

Vee

s o

P ]

Vinc

FIGURE 1—V,

SN15 930, SN15 932, SN15 946, and SN15 962

OPENG — — —

Vin&—

1. Each input is tested separately.

FIGURE 2 — V.

SN15930 and SN15 932

Vee

OPEN{::::

FIGURE 3 — V)

SN15 930, SN15932, SN15 944,
SN15 946, and SN15 962

Vee

Fin(1)
——

Vino—'——'
] OPEN

1. Each input is tested separately.

FIGURE 4 — 1.,

SN15 930, SN15932, SN15 944,
SN15 946, and SN15 962

Vec

Vr
E“ OPEN

lin(O)

1. Each input is tested separately.

FIGURE 5 — I,

SN15 930, SN15932, SN15946, and SN15 962

Vee

<?

—_ lout(1)
OPEN{ -4 I
| Vouf

FIGURE 6 — I,

T Arrows indicate actual direction of current flow.
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d-c test circuits

SERIES 15 930

SOLID CEIRGUIT" SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

1.

(continued)

SN15 930, SN15 932, SN15 946, and SN15 962

SN15930,SN15 932,SN15 944,SN15 946,and SN15 962

1. Output Q is tested by applying V, to S, and S, simultane-
ously, applying V, to (, and C, individually, and loading Q.
2. Output Qs tested by applying V, to C, and C, simultane-
ously, applying V, to S, and S, individually, and loading Q.
3. Momentary ground is applied to output being tested.
FIGURE 11 —V

Vee I [ 1
I ! |
| — OPEN | f— OPEN |
OPEN - t OPEN -
pu— | —
| ! I
— los | [} |
OPENSQ —-4 > Vour ' !
—— ou
r——--- s e =) |
F ‘ I L 1
| "J.— ~\_OPEN "‘,'- ™\ OPEN |
L L OPENQ == [>=- OPEN 1 £--- I
- l ---L_!_// --L_{_’/ 1
I C e —P — ——— — - ;
I_ NETWORK UNDER TEST i)
FIGURE 7 — I, FIGURE 8 — I
SN15 930, SN15 932, SN15 944, SN15 946,and SN15 962 SN15 931 V.
Vee | OPEN cc
cc(1) CT <
o L B orendcs N S e
| T | ———da
| OPEN{: OPEN | OPEN {::: OPEN | 51) 3 .. ala
- I o
| I— | P | I-Sz / (') Vout(0)
| } 18 = —
| I L
| SR § PR — - | CLOCK INPUT | OPEN
d- - CLOCK INPUT ey — = = = m e e e e e 3V
| open {“J.— . OPEN OPEN —--" \ OPEN | Votace | IC—SENSE TIME =~ — &
| ™ ﬁ"‘ - 1 ,"‘ WAVEFORM ==Vce(s)
:’L_‘_./ rl_...r_/ | I‘—MOMENTARY GND RELEASE
l [ N, - ——— 1. Output Q is tested by grounding S, and applying a momen-
l_ NETWORK UNDER TEST I tary grn?d to Q. 1, is driven into Q.
-_— - — 2. Output Q is tested by grounding C, and applying a momen-
= tary ground to Q. I ;, is driven into Q.
FIGURE 9 — Ic¢y FIGURE 10 — Vg
SN15 931 y SN15 931, SN15945, and SN15 948
OPEN T < [ ¢ TVCC
[ ¢, S N\ K c, \jL |
CD .(S Q | CD ot oy i
C, C, Q load C, C, Q Q load
————OCp ———QCP
v, O Sy Sy s Q Q V10— E Sy N So Q Q
v s S Vout (o) s Vout
20 [ °2) 2/ j> w0} v, 0 (ol 2/ out(1)
OPEN I —
= Sp =
CLOCK INPUT - J
o— CLOCK INPUT
CLOCK INPUT ——o-—l —————————————————— 3v
VOLTAGE I !‘——SENSE TIME .:__ :‘_:0 CLOCK INPUT =g == = o o = e = o e o o o e e 3v
WAVEFORM I v VOLTAGE b——SENSE TIME——- -
j@———MOMENTARY GND RELEASE WAVEFORM e -———0

1. Output Q is tested by grounding S, and S,, epplying V, to
Cp and V, to S, and loading Q.

2. Output Q is tested by grounding C, and C,, applying V, to
Sp and V, to Cp, and loading Q.

FIGURE 12—V )

¥ Arrows indicate actual direction of current flow.
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SERIES 15 930

SOLID CERCUWET" SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-¢c test circuitsf(coniinued)

SN15 931
Vee
OPEN —{C AN g ?
Co
c, Cy Ql—
-OlcP OPEN
Vin OPEN ——{S; QF—
S >0
2 Sy
CLOCK lep(o) OPEN—S -!:
iNpUT © )
CLOCK INPUT mmmmrey o o e e — . — 3v
VOLTAGE le——SENSE TIME— — =
WAVEFORM ] -——-0

1. V;, is applied to each input separately.

FIGURE 13 — I

SN15 931

OPEN Vee

.ﬁ c, N\ ?

lep(n) " Co 3
—— “2 [

VepOo———— QP }OPEN
3 af—
Sp
52

oren— L

FIGURE 14 — Iy,

SN15931, SN15945 and SN15 948

V,

OPEN__J cC
a-—m‘ \
I ( Co
in{1 —_
—l C, €2 Qr—
Vin —cp OPEN
S, -—J-—S, QpF—
So
32 52 O 1
| OPEN —

1.V, is applied to each input separately.

FIGURE 15 — I,y

SN15 931
OPEN Vee
' 1) S\ 2) ?
in(0 S —
in(0) c ¢ 5
Vin OPEN —O|CP OPEN
S’ Sl QP
s
Sy S2 °

orn—— L

1. V;, is applied to each input separately.
FIGURE 16 — |,

VOLTAGE
WAVEFORM

}4—- SENSE TIME — — =

- ()

1. Cp input diode is tested by grounding S, and S, and
applying V. to (o

2. Sy input diode is tested by grounding ¢, and C; ond
applying V;, to Sp

FIGURE 17 — I,

kYl
Y
o
ol

Iin(o) S _
Vino—l CP \
S S \ Q

SN15 931
r Col Vee
o N\o?
‘i_n(ll c, 1C, Co Ie] _~¥
Vin O ————Q|Ccp OPEN
¢ S —1 ) 5 e} 2
So 2 % __l__
o1
CLOCK INPUT ey e e e e e e o e 3v

SN15 931 (lino)

e

C
” THo Y\

SN15 945 and SN15 948 (los)

Vee

[9)

S

IO S

r SOII__SLI'__W.S?_)SD_L 1

______________ 3V

Sg?_?:GI?PUT I(For log only — See Notes 3 and 4)

WAVEFORM —==0

1. Logical O level input current ot Cp is tested with Sp, S,, and [} grounded
and (P open.

2. Logical 0 level input current at Sp is tested with Cp, C,, and Q grounded
and CP open.

3. Short-circuit output current at Q is tested by applying V;, to Cp and Sp,
grounding (; and C,, and applying clock input.

4. Short-circuit output current at Q is tested by applying V; to Cp and Sp,
grounding S, and S, and applying clock input.

FIGURE 18 — I, and log

T Arrows indicate actual direction of current flow.
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o SERIES 15 930
SOLED CRROGUIET SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

-‘.

d-c test circuits' (continued)

SN15931, SN15945 and SN15 948

Vec

g

—

C —
__{ c, ]
OPEN 4 —_—cr OPEN

FIGURE 19 — Iy

SN15 931, SN15945 and SN15948
Ve

r OPEN—l T llcc(l)

o =~

Q—

C,
—Qce OPEN

S, a
Sp
< _j
OPEN

FIGURE 20 — Icq,,

SN15933

L i

1. Each input is tested separately.

OPEN{

FIGURE 21 — V;

V.
in O————

SN15 933

inR

OPEN

ik

1. Each input is tested separately.

FIGURE 22 —I,.q

SN15933

SE——| Iout R
— “
OPEN

-1

out

FIGURE 23 — Iy,

SN15944

|

OPEN{

]

FIGURE 24 — V)

+ Arrows indicate actual direction of current flow.
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SERIES 15 930
SOLID GrRGUIET" SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-c test circuits 1 (continued)

SN15 944 SN15 944
Vec
OPEN ‘
£ v
1. Each input is tested separately.
FIGURE 25 — Iwﬂ” FIGURE 26 — Iwﬂ”
SN15 945 and SN15 948 SN15945 and SN15 948
Vee Vee
e & .o
\% ) B C T lsink V2 © G T
1 0 —— -
] Cs Q —{C2 e — OPEN
Vep O— —CP l Vep O —ceP < tink
1S Q \% S ‘
1 5o M out(0) v 1 so @ — ¥§
V2 o S2 /O OPEN l 2. ) Vout (o)
V3 O— - ——J v
CLOCK INPUT e e e e e e e e e e e e 3V CLOCK INPUT g o= = == o rm e o e o e o o e 3V
VOLTAGE be—— SENSE TIME — — —» VOLTAGE bk@—— SENSE TIME — ——»
WAVEFORM t ——=0% | waverorm + —-———0
1. Inputs €, and C, are tested separately, 1. Inpuis’S, and S, are tested separately.
FIGURE 27 — Vw,(ol FIGURE 28 — Vout(o]
SN15945 and SN15 948 SN15 945 and SN15 948
—~ Vee
— o Ve
—iC [o) -
e LT
— Qb Cl
o) Ez___/ a P(1) e, ° &l
Vin 0— ~-QCP OPEN —_— OPEN
v F - CP
y ——-J S Qp— Cl f Q
5 3 S
a So
(o] —S2 ? T " So
2
. = - - - ; %
VCP ['o S——— -
-
Icp(o)
1. Vi, is applied to Sp or C; separately. 1. Ground is applied separately to C,,C, and Sp, or fo S,,S, and (p.
FIGURE 29 — 'cp(o) FIGURE 30 — lqpy)

FArrows indicate actual direction of current How.
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o SERIES 15 930
SOLID QIRCGUIT SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-c test ¢:ircuits’r (continued)

SN15945 and SN15 948 SN15 945 and SN15 948
[ Co cc
c, C O\ é)
Vee I C
: (?PEN—(L 0 .n(\). c ¢, o sk
i ‘ l o Vin O ——Qcp OPEN
LILE C2 C2 Q < S Sy Qb
Vin r——C cp }OPEN VI o 52 52 SD
" ) r— i Sp N % — I Y =
32 52 Ver o——— =
v PN — = =
O CLOCK INPUT ~—mem — — — — — — e 3y
VOLTAGE

be—— SENSE TIME — — »

+ - —— ()

L]

1. Cp input diede is tested by grounding S, and S,, and by applying V, fo
Sp and V;, to Cp.

2. Sp input diode is tested by grounding C; and C,, and by applying V, to
Cp and V;, to Sp.

WAVEFORM

1. Each synchronous input is tested separately by applying Vi, to input under
test and V, to the remaining gate input.

FIGURE 31 —|in(°, FIGURE 32 — lin{ﬂ
SN15945 and SN15 948 SN15 950
[ ¢ Vee ] e
D
o Y\ & ¢ \
1 C — PT2 Co Q Q
i D — — 3
M <, C, Q Q
Vi, o+ —Ol CP Vin O
——q S
S| S] \ : Q Q SD Q Q v
D — out(0)
s, s, / p—C] PT i
Sp — -l— - L. ] =3 l
-1- OPEN =
1. i i . -
1. Cp is tested with S; and S, grounded. ?n';"’;' Q is fested by grounding C and Cp, applying Vi, 1o Sp, and load
2. Sp is tested with (; and C, grounded. 2. Output Q is tested by grounding S and Sp. applying V,, to Cp, and load-
ing Q.
FIGURE 33 — IinlO] FIGURE 34 — Vou,,(o'
SN15 950 ‘ . SN15950
Ve
\/3 o CcC
y T—dc 1
1 C ~
PT, b Q |
Vy r'd——J Lood : OPEN VC;
R —QC
- s So Q Q _T_Pl. <o _
L—o PT Voutln) Vv q°"2 Q—
Viper &4 4 :l__ in OPEN
Vs O— - l

|

Vinpy WAVEFORM : I‘O"/irL
—f pe—tg <50 ns

1. Output Q is fested by applying V, fo C, V, 1o S, V; to (p and Sp, and

loading Q. 1. Input PTy is fested by grounding § and applying Vi to PT,.
2. Output Q is tested by applying V, to S, V, to (, V3 to Cp and Sp, and 2. Input PT, is tested by grounding C and applying V;, to PT,.
loading Q.

FIGURE 35 — V) FIGURE 36 —1._ ,;

FArrows indicate actual direction of current flow.
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SERIES 15 930

SOLID QERCGUIT® SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-c test circuifsf(conﬁnued)

FIGURE 41 — I,

SN15 950 SN15 950
_ Vee
[« \l ?
fin(y o
_ Vee V. O—. PT, Qb—
n = , } OPEN
———y — o=
lin) Co So
- OPEN —(PT2 —-} PTy I
Vin O—T OPEN L
5 al— = —
. Sp
oren—q A
L =l e e e e e o s o — - 5V
= 0%}
Vinpr WAVEFORM : ]0%:‘— SENSETIME —-—-»
1 0
- ;‘— to <50 ns
1. Each asynchronous input is tested separately.
1. Each input is tested separately with all other inputs open-circuited. 2. When festing Gy ground S and apply V; py fo PT,.
3. When testing S, ground C and apply V; oy to PT,.
FIGURE 37 — Iinm FIGURE 38 — 'in(‘l)
SN15 950 SN15 950
I INTERNAL _ Vee
Vee : RESISTORS : B
- —dc ?
C =
___d C P PT2 o G Q IOS
—a™ c é
OPENS °l—d Lout)
Sp QF—Q
—qs N — e v
PT] SD - ?—v - 3‘”
O 7 2
1. When testing output Q@ ground Sp.
1. Each resistor is tested separately. 2. When testing output @ ground -
FIGURE 39 — Iz FIGURE 40 — I55 and loum)
SN15 950 SN15 950
| Ve |
(" Voc | €O OPEN cc |lecm
A& ¢ —
Co G PT.
be 4} OPEN—Q"''2
OPEN < OPEN OPEN
—_—0 QS
1 S Q— OPEN—QPT1
¢ L OPEN =
L =

it

FIGURE 42 — Icqp,,

FArrows indicate actual direction of current flow.
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d-¢ test circuitsf

SERIES 15 930
SOLEID QRRGUET® SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

= |l

2. Output 1 is tested by applying 4.5V to pin@nnd louding output 1.
FIGURE 43 — Vo

(continued)
SN15 951 SN15 951
Vee Vee
OPEN T OPEN }
@ Isink 1l lload
0o ]
OPEN OPEN
ONE-SHOT _
lgink ONE-SHOT| | .
— 1 :
Voutio)
45V o—-{ ]_@Jf 10

1. Output 0 is tested by applying ground separately o pins@und and
loading output 0.

v
ssvo— +—O® |G 19 out)
-z

1. Output O is tested by applying 4.5V to pin@ and loading output 0.
2. Output 1 is tested by applying ground to pin and loading output 1.

1. Each input is tested separately.

FIGURE 45 — 1.,

FIGURE 44 -V,
SN15 951 SN15 951
V, Vee
OPEN o OPEN T
D) T OPEN o |
. = 0 Linto) o
V, o—> ONE=-SHOT OPEN 13 ONE-SHOT OPEN
in VZ .
] | -,
OROID 0RO
OPEN | OPEN

OPEN_| OPEN

1. Each input is tested separately by applying V, fo input under test and
V, to the other input.

FIGURE 47 — Ig;

FIGURE 46 — I,
SN15 951 SN15 951
Vee e Vee
OPEN
@ | | I
OPEN 0 0
ONE-SHOT OPEN OPEN { ONE=-SHOT OPEN
1] —_
;nO-—I——@, 5)(0 ©O) 10
RT JOPEN OPEN | OPEN

FIGURE 48 — iy

FArrows indicate actual direction of current flow.
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SERIES 15930
SOLED GIRGUET® SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION
.’.

d-c test circuits' (continued)
SN15 951 SN15 951
Vee Vee
Iccl0
OPEN OPEN ® Tl'CC(mox)
OPEN @) OPEN 1
(O o —— o}l
J ONE=SHOT OPEN ONE-SHOT OPEN
= ! = |
9 10 9) [6Qg
@\w—-’ OPEN J_‘—v—’
= OPEN 1 OPEN
FIGURE 49 — I FIGURE 50 — loc ey

FArrows indicate actual direction of current flow.

switching characteristics

SN15 930, SN15932, SN15 944, SN15 946, and SN15 962

Vcc(? INPUTO OUTPUTT
2kQ
(See Note 6)
*~- — I JL_- -
p— — —4 ( See Note -
PULSE 4)
GENERATOR ¥
(See Note 3) VE(total)
(See Note 2)
—_t

TZO pF

TEST CIRCUIT

INPUT 1.5V
1.3V

|
|
= 'pd(1) }<—- *{ 'pd(o)_+ h—

OUTPUT S -1

VOLTAGE WAVEFORMS

NOTES: 1. Each gate is fested separately,
2. All diodes are IN916. Use sufficient 1N916 diodes to make Vpgopan = 1.9V 10 2.5V at 2 mA of current.
. The generator has the following characteristics:
Vout = 3V fp <15 ns, # < 15 ms, 1, = 300 ns, PRR = 1 MHz, Z,,; = 50 Q.
. The driving network is of the same type as the gafe under fest.
. Voltage values are with respect to network ground terminal.
. When testing the SN15 944, connect the 2-k2 resistor as shown, omit all diodes, and connect resistor ltI to capacitor CL and output.

[

o v o

FIGURE 51 — GATE PROPAGATION DELAY
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SERIES 15 930
SQLID CERCGUET® SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

SN15 931, SN15 945, and SN15 948

INPUT Vee OUTPUT
0 (o) (o}
OPEN
]
Ry 2k
OPEN —C; N (5 3
<o _ ~
C, Q e
PULSE ' ¢ (See Note 4) | '
GENERATOR —jcr AN A~Ct ! VE(total) | {See Note 2)
(See Note 1 orens S~ ' |
— 21 ] Q O —
S, (is) - =

| ~ 20 pF i [)
OPEN v V(total)
! (See Note 2)
1

TEST CIRCUIT

|
|
|
b— "pd(1) tpd(o) ~ -
|

I

OUTPUT 1.5y 1.5V

VOLTAGE WAVEFORMS

NOTES: 1. The generator has the following characteristics:
Vour =3V, 1. < 15, 1 < 15, tp = 300 ns, PRR = 1 MHz, I,y =~ 50 Q.
2. AII diodes are 1N916 Use sufficient IN916 diodes to make VF(,OM] = 19V to 25V at 2 mA of current.
3. Voltage values are with respect to network ground terminal.
4. Test circuit shows loading when output Q is tested. When output Q is tested, loading is interchanged as indicated by the dotied lines.

FIGURE 52 — FLIP-FLOP PROPAGATION DELAY
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SERIES 15930 ®
SOLID CRRQUIET SEMICONDUCTOR NETWORKS

switching characteristics (continued)

SN15 950
INPUT Ve OUTPUT
Q g Q

o————————

———

©
-
N
o

-

PULSE
GENERATOR
(See Note 1)

L@c—\OIN_ \,\ “ ;’““
o |

¢ (See Note 4) !

I\\

—
5 . - I e
’-—; Sp = i_i_

-~ VE(total)

—
—

PTy ? K
OPIEN_ T 200F ¥ VE(total)
! {See Note 2)
¥y

TEST CIRCUIT

INPUT \I.SV 1.5v
1
| |
R o
—»i e "pd(1) tpd(o) = -
L .
] I
OUTPUT 1.5V 1.5V

VOLTAGE WAVEFORMS

NOTES: 1. The generator has the following characteristics:
Vour = 3V, t, < 15 ms, 1 < 15 ms, 1, = 300 ns, PRR = 1 MHz, Iy =~ 50 Q.
2. All diodes are IN916. Use sufficient IN916 diodes to make vFlfofall =19V to 25V at 2 mA of current.
3. Voltage values are with respect to nelwork ground terminal.
4. Test circuit shows loading when output Q is tested. When output Q is tested, loading is interchanged as indicated by the dotted lines.

FIGURE 53 — PULSE-TRIGGERED BINARY PROPAGATION DELAY
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o SERIES 15930
SOLID CIRCGUIT SEMICONDUCTOR NETWORKS

switching characteristics (continued)

SN15951
INPUT Vec  OUTPUT | OUTPUT 0
P 9 ?
OPEN R lh
OPEN n <
PULSE ] 0 )
GENERATOR '
(See Note 1) ] ONE-SHOT
PEN
°© 1|4e-4
9) |(5)o
\W‘J
oen | ¥ F
Clzx 1 Vet Gt Vol
| (See Note 2) T | (See Note 2)

TEST CIRCUIT

INPUT
OUTPUT 1 :

|

|

1

|

|

t

1

l 1.5V 1.5V
OUTPUT 0 ! h |

lat

b0} A S
( (

—— % —eey
VOLTAGE WAVEFORMS

NOTES: 1. The generator has the following characteristics:

qu" =3V, 4, = 15ns, t; = 15 s, rp = 300 ns, PRR = 1 MHz, Loyt == 50 Q.
2. All diodes are TN916. Use sufficient IN916 diodes to make vF(tofau: 1.9V 1o 25V at 2 mA of current.

3. Voltage values are with respect to network ground terminal.

FIGURE 54 — MONOSTABLE MULTIVIBRATOR PROPAGATION DELAY AND PULSE WIDTH

Vin(

Vin(o)

Voutin)

Vout(o}

Voutti)

V outio)
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SERIES 15 930
SOLID CERGUIT® SEMICONDUCTOR NETWORKS®

MECHANICAL DATA

general
SOLID CIRCUIT semiconductor networks are metallic and are insulated from leads and circuit.
mounted in a glass-to-metal hermetically sealed, All Series 15930 networks are available with
welded package. Package body and leads are formed leads, insulator attached, and,/or mounted
gold-plated F-15] glass-sealing alloy. Approxi- in a Mech-Pack carrier.
mate weight is 0.1 gram. All external surfaces are
OUTLINE DRAWING — SEMICONDUCTOR NETWORK WELDED PACKAGE
HEHOO®OO 200 e
ofete a'oio T Teten
S L E ] B
0.175 REF. fc llclfolicfc o
(‘s’;'."wl";) DATE 0.050
a CODE f = o
)
e b oiso 0510 0.250
L Jed®, Lol olso - .2
P MG« I R N T AN oo e et s et
T 1 0250 REF. ¢. Lead spacing tolerance is =0.015 at extremities and
0.005 MAX GLASS (See Note 4) 20,005 at package, nonaccumulative.
14 PLACES d. Lead centerlines are located within =0.005 of their
true positions relative to body centerlines.
0013 e. Not applicable in Mech-Pak carrier.
m. _,‘H‘_ %g- _.‘ _ql‘_%% f. Symbolization denotes orientation of package.
oooo SIDE VIEWS
Falls within TO-84 dimensions
leads FORMED LEADS
0.004 R r—o.zqux.——l y
Gold-plated F-15% leads require no addi- Trvicel | r——\_w
tional cleaning or processing when used in L
soldered or welded assembly. Formed leads 0300 £ 0010 COTE &
are available to facilitate planar mounting
of networks on flat circuit boards. Standard NOTES: - :"‘dimel[“i:';‘ in ;“"he; \ Corni
. . . Nol applicable in Mech-Fa arrier,
lead lengfh is 0.175 inches. Ne‘fworké can be ¢. Measured from center of lead to bottom of package where fead
removed from Mech-Pak carriers with lead emerges from body.
lengths up to 0.175 inches.
. MECH-PAK DIMENSIONS
insulator o ———»!

mech-pak carrier

ordering

*Patented by Texas Instruments

An insulator, secured to the back surface of
the package, permits mounting networks on
circuit boards which have conductors passing
beneath the package. The insulator is 0.0025
inches thick and has an insulation resistance
of greater than 10 megohms at 25°C.

The Mech-Pak carrier facilitates handling the
network, and is compatible with automatic
equipment used for testing and assembly.
The carrier is particularly appropriate for
mechanized assembly operations and will
withstand temperatures of 125°C  for in-

o823

|

T

| 0.047 0IA THRY
| 0-080 DIA » 45° COUNTERSINK
H 0TH $IDES

-

LX2 0
0730 T
o100 o
ToND

st H

b |

)

|

T

-

S 1

+ kom0
NOTES: 1. All dimensions are nominal in inches unless otherwise specified.

2. Overall thickness is 0.175 and nestled height is 0.150 each.

definite periods.

instructions

Variations in mechanical configuration of

semiconductor networks are identified by

suffix numbers shown in a table at the right.

NO MECH-PAK MECH-PAK

CARRIER CARRIER
Lead Length 0.175 inch Not Applicable
Formed Leads No I No |Yes [Yes {No | No| Yes| Yes
Insulators No |Yes | No | Yes |No | Yes [ No | Yes
?u'fdf?;'"g Nong|-6 | -7 | -1 [-2|-3|-4]|-5

F-15 is the ASTM designation for an iren-nickel-cobalt alloy containing nominally 53% iron, 29%, nickel, and 179, cobalt.
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PRINTED IN U.S.A.
Tl cannot ossume ony responsibility for any circuits shown
or represent that they are free from pafent infringement.

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



S0OLID CIRCUIT® TYPES SN521A, SN522A °
SEMICONDUCTOR NETWORKST  GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

S

SERIES 52 OPERATIONAL AMPLIFIERS
for application in
Military & Industrial Control Systems * Analog-to-Digital Convertors * Analog Computers
Improved Version of SN521 and SN522

9961 ¥3I90L100 QISIARY
VZISNS 'VIZSNS S3dAL

€961 AYVANVF ‘89VEE9 $-10 "ON NIiLITING

description

Each of these networks is a general-purpose operational amplifier. The SN521A single-ended amplifier
has both inverting and noninverting inputs. The SN522A, in addition to both types of inputs, features a
single-ended output with higher output current drive capability.

The SN521A and SN522A, two of Texas Instruments Series 52 catalog line integrated circuits, offer higher
reliability, lower cost, smaller size, and lower weight than equivalent discrete component circuits. Each
Series 52 device is a monolithic semiconductor structure comprising diffused resistors and both n-p-n and
p-n-p transistors.

typical operating characteristics and conditions

Open-loop voltage gain . . . . . . . . . . . « .+ . . .« . . . . 62db
Common-mode rejection . . . . . . . . . . . . . .+ .+« 4 v < .+ . . . 60db
Dynamic output voltage range . . . . . . . . . . . . o . o0 0oL . ¥25v

Frequency response . . . . . . . D » (o (1]
Operating ambient temperature range . e e e e e e 4 e e o < < . . .-=55°Cto125°C
Supplyvoltages: Veer « « v ¢ v v 4 e 4 4 s e e 4 e e e e e e e e .. 10V
Vccz . @ o s e s+ e s 4 e s s e e e s e +6v
Vcc; e o o e o o 8 ® 8 @ * & s+ e s e o & & o o & o o o & Qv
circuit diagrams
CIRCUIT DIAGRAM SN521A CIRCUIT DIAGRAM SN522A
+ @ Ya v +@ Veor
(<=

Vecz

[og [ [og
4 + >
Lk 3 L3 5
® O
oureuT @———L_:I-@ SEE NOTE
NONINVERTING INVERTING OUTPUT

A
\4

NONINVERTING INVERTIN(; ‘—_i {NPUT INPUT
INPUT > INPY &
2 3 2 2 3 2 2
-—Q0 - : —0 -
Y,
Vcc: cC3
NOTES: PIN (@ IS FOR FREQUENCY SHAPING NOTES: PINS @ AND (D) ARE FOR FREQUENCY SHAPING
PINS @, @, AND (& — NO INTERNAL CONNECTION PINS @ AND (® — NO INTERNAL CONNECTION

‘FPatented by Texas Instruments

°~ TEXAS INSTRUMENTS

INCORPORATED
SEMICONDUCTOR-COMPONENTS DIVISION
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 4001



TYPES SN521A, SN522A
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

absolute maximum ratings

Supply Voltages: Veer =« « & ¢ v ¢« v v v v v v v v e e e e e e e« . . t1b5v
Vccz e s s s e e e 4% e s s o = e o s 4 s e s+ e s s s +10v
Vcc3 e o o o & e o 8 & e o o o s e e e « e e & s o & o -15v
Input Voltage (Common-Mode) . . . . . . . . . . . . . . . .« .+ « .« . . EA4v
Operating Ambient Temperature Range . . . . . . . . . . . . . . . .-55° 10 125°C
Storage Temperature Range . . . . . . . . . . . « « « <« . . . . .=65° to 150°C

electrical characteristics over operating ambient temperature range (unless otherwise noted)

All measurements shown are with amplifier in the open-loop condition and with the following supply
voltages: Veo) = +10v = 02 v; Ve, = +6v =202 v; Vee3 = -9v =02 v,

SN521A SN522A
Voltage Gain, Open Loop Min Typ | Max | Min Typ Max Units
Output Voltage, E, = 1 vrms; f = 1 ke 54 62 54 62 db
Common Mode Rejection .
Output Voltage, E, = 1vrms; f = 1 ke 50 60 50 60 db
Dynamic (Linear) Output Voltage Range *25 *2.5 v
Peak or dc with output open-circuited
(Note 1) Ta = 25°C
Peak or dc with external load resistance of:
(Important: See Note 2)
RL = 2000 0, T, = 25°C *27 v
RL = 8000 ), T, = 25°C =41 v
Input Resistance
Noninverting input; with inverting input
shorted to ground, T, = 25°C é 12 6 12 k
Inverting input; with noninverting input
shorted to ground, T, = 25°C 30 100 30 100 kQ
Output Resistance; Ta = 25°C 5 10 0.16 0.40 kQ
Input Current; either input; T, = 25°C 2 2 pa
Output Offset Voltage
Both inputs with 510 ) =1% to ground; :
Ta = 25°C -0.5 *+2 -0.5 =2 v
D-C Drift referred to Input
Both inputs with 510 ) =1% to ground 8 25 8 25 | uv/C°
Frequency Response
Half-Power Point (=3 db); T = 25°C 30 50 30 50 ke
Unity Gain (0 db); T, = 25°C 10 10 Mc
Power Drain; no external load, T = 25°C 28 72 mw

NOTES: 1. The open-circuit tondition of the amplifier is defined as that condition in which the extemal load resistance applied between the output of the circuit and ground
Is equal fo or greater than 200 k2.

2. Under no circumstances are either of these networks to be operated with an external load of less than 200 Q between the output of
the amplifier and ground. Permanent damage to the semiconductor network may occur if this rule is not followed.
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TYPES SN521A, SN522A
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS
e ————————— ]

TYPICAL CHARACTERISTICS

OPEN-LOOP VOLTAGE GAIN
vs

DYNAMIC OUTPUT VOLTAGE RANGE
vs

AMBIENT TEMPERATURE EXTERNAL LOAD RESISTANCE
£5,0 T
64 +4,5
i
> +4,0 A = -
0 ! / R = =
bl o — — e w— s ey
| 63 2313,5 e
£ 2 P 447
3 g p3.0 = %
b ™~ s )
=2 62 N > +2,5 éﬁ/
3 NG 3 / 3
a S S +2.0 4 7
3 O / V T, =25°C
£ 61 2 /
S € 1,5
o g 1
o) \ 3 ¥ /
a +1,0 p )/I
N\ )
60 N +0.5
0
-60 -40 -20 O 20 40 60 80 100 120 140 0.5 1 2 5 10 20 50
Ambient Temperature — °C Extemal Load Resistance,R, —kQ
OPEN-LOOP POWER DRAIN OPEN-LOOP VOLTAGE GAIN
Vs vs
AMBIENT TEMPERATURE FREQUENCY
100 100
Bl
90 T, =25°C
80 \\ 80
70 S & i
z *‘T\\\~ -E
E 40 ~— 8 60
I N o N
c N g N
'E 50 ~ % \\
o > \~
3 X \JQ\ | i
3 QISNA 6";.
20 m— 20
10
0
0
-60 -40 -20 0 20 40 60 80 100 120 140 1 ke 10 ke 100 ke 1 Mc
Ambient Temperature ~— °C Frequency
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TYPES SN521A, SN522A
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

mechanical data

ORDERING INSTRUCTIONS

These operational amplifiers are mounted in glass-to-metal her-

metically sealed welded packages meeting TO-89. Leads are NO MECH-PAK CARRIER MECH.PAK FARRIER
gold-plated F-15% glass-sealing alloy. Approximate weight is 0.1 | Lédd Length 0.175 Inch Not Applicable
gram. All external surfaces are metallic and are insulated from Formed Leads | No [ No | Yes | Yes | No [ No | Yes|VYes
leads and circuit. Both are available with formed leads, insulator | Insulators No {Yes | No |Yes [ No [Yes{No {Ves
attached, and/or mounted in a Mech-Pak carrier. See Ordering  |Ordering
Instructions. Suffix Kome | 6 | -7 | -1 {-2{-3|-4]-5
®OOO®
e 2:260 o000
0.027 REF.->] 12 :zs: “ °"1”5_ 0.013
0.175 REF. E E §'§
‘s".'fi..f?.'".) 0.050
‘ o T 38
1 ¥
o XXXXX L o : a imensions in inches.
T > ~rswancx (See e .)[ 0720 NoTES o Al Eximgll. =tl:.oc'zstxg}g‘ormu. o and
o005 max 0150 REE. } L oS e amccomulativa, o
" GLASS (Se0 Note e) d. Lead centerlines are located within =0.005 of their
10 PLACES true positions relative to body centerlines.
e. Not applicable in Mech-Pak carrier.
f. Symbolization denctes orientation of package.
oms R
10,0000, Lol SIDE VIEWS
Falls within TO-89 dimensions

JF-15 is the ASTM designation for an iron-nickel-cobalt afloy containing nominally 53% iron, 29% nickel, and 17% cobalt.,
y

TYPICAL APPLICATION

noninverting operational amplifier
s

TYPICAL FEEDBACK COMPONENTS AND

ASSOCIATED CLOSED-LOOP GAIN
R, ®@ ®
O—MA—0—s = GAIN | Ry, k@ | R,, k@ | R,, k@ | C;, pf
INPUT ® o
VOLTAGE OUTPUT
2 10.0 5.1 10.0 33
jr
R;
6 6.2 5.1 31.0 10
R, ;.__?: —
£
10 5.6 5.1 51.0 10
-

conditions
Pin @ ; Ve =+10v
Pin i Veca= +6 v
Pin ® i Vees= =9 v

680 pf
Frequency Shaping Network; connect the network as shown ()--H—i\/s/\fj= between pin @und ground.
470 0

PRINTED IN U.S.A.
Tl cannot assume any responsibility for any circuits shown
or represent that they are free from patent infringement.

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
4004 IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



O

SOLID CIRCUIT® TYPE SNS23A [\
SEMICONDUCTOR NETWORKS GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

SERIES 52 SEMICONDUCTOR-NETWORK GENERAL-PURPOSE AMPLIFIER §
for application as 2
e Comparator o Level Detector $

o Differential Amplifier e Voltage Regulator

e Military & Industrial Control Systems e Analog-to-Digital Converters e Analog Computers

9961 HOUVW ‘v6¥899 $-1a "ON NILLITING

Y961 1LSNONV AILvVA "D3dS ONIYIINIONI SIDVIdIA

o _ae Vear @)
description
EITTURIITY L5k0
The SN523A, offering differential inputs and differential emitter- /gj,‘
follower outputs, incorporates a resistance network in the emitters
. e . . . ineuT 1 @H2k0 2k0 r
of the input stage to facilitate gain adjustment. From the wide By LN
range of total resistance available, a particular value may be @ E‘ﬂs ' o
. e .. . . GAIN- L1
selected by connecting f!’te resistor: netw?rk pins in a cctnﬂgun:aho-n CONTROLS (DKL OUTPUTS
which produces the desired gain. Maximum-gain configuration is NETWORK | (5 055 kl.l()l b 5
with pin (D shorted to pin@®. Y kil K flkh
: INPUT 2 @D
The SN523A, one of Texas Instruments Series 52 catalog line of GROUND ()
linear integrated circuits, offers higher reliability, lower cost, (comon) sen ”kn@ d))
smaller size, and lower weight than equivalent discrete-compo- . >
nent circuits. Each Series 52 device is a monolithic semiconductor Ve FREQUENCY COMPENSATION
structure comprising diffused resistors and both n-p-n and p-n-p NOTE: Component values shown are nominal.
transistors. SCHEMATIC DIAGRAM
mechanical data ORDERING INSTRUCTIONS
The SN523A is mounted in a glass-to-metal hermetically sealed NO MECH-PAK CARRIER| MECH-PAK CARRIER
welded package meeting TO-84. Leads are gold-plated F-15% |Llead Length 0.175 Inch Not Applicable
glass-sealing alloy. Approximate weight is 0.1 gram. All external [Formed Leads | No |[No | Yes| Yes [No [No |VYes|Yes
surfaces are metallic and are insulated from leads and circuit. [ Insulators No |Yes | No | Yes |No |Yes|{No |Yes
The SN523A is available with formed leads, insulator attached, Orde_ring None(-6 (-7 |-1 |2 [-3|-4 |5
and/or mounted in a Mech-Pak carrier. See Ordering Instructions. Suffix
OUTLINE DRAWING — SEMICONDUCTOR NETWORK WELDED PACKAGE
(00.00,0,0.0; 2N -
P g 8 S a 3 3 (+0.013
0.175. REF. g g g g g g Fclﬂlw“cj Fcreyq";e:iY
0.165 MIN. tnput | ;’“'": Output  GND Vear ;“:n Output
(See Note e) DATE 0050
i | CODE W"' 0.035 @ ® @ @
3
L e W ois0 0510 0250
PR _.{@ X000 - 9258 _ o
oos¥ SNXXXX D;w (s,.°£3‘.’. o)
T 0.250 REF. {
0.005 MAX GLASS (See Note o)
14 PLACES
0.013 X
o0 T, g0 | Baaat=;
0000 SIDE VIEWS
Falls within TO-84 dimensions @ @ @ @ @ @ @
NOTES: a. All dimensions in inches. M v, TV 2
b. Al decimals 0.005 except as noted. Gain-Control Goin-Contiol
¢. lead spacing tolerance is 2:0.015 at extremities and
+0.005 at package, nonaccumulative.
d. Lead centerlines are located within =0.005 of their
true positions relative fo body centerlines.
e. Not applicable in Mech-Pak carrier.
f. Symbolization denotes orientation of package.

TPatented by Texas Instruments
FF-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 53% iron, 24% nickel, and 17% ‘cobalt.
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TYPE SN523A
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

\

Supply Voltages (See Note 1): ooy « « + v ¢ v o v o o o o o o o o 4 s o o o o o o o o o o FI5V

VEG2 + + + ¢ o + o o o s e 4 e e s e 0 4 e e s e e e .. =18V
Differential Input Voltage . . . . . . . . ¢ o . ¢ ¢« ¢ 4 e e e e e e e b e e e e e e .. X6V
Input Voltage (Either Input, See Note 1) . . . . . . . & ¢ ¢ ¢ ¢ ¢ v v 4 ¢ ¢ o « o o o o o « X0V
Duration of Short-Circuit Output Current . . . . . . . . « ¢ v ¢ ¢ « v v 4 o o 0 o v o 4 e .o 5s
Continuous Total Power Dissipation at (or below) 25°C Free-Air Temperature (SeeNote2) . . . . . . . . . .300mW
Operating Free-Air Temperature Range . . . . « . . « « o &« &+ « o o« + « « « « « « . .=55°C to 125°C

Storage Temperature Range . . « « « =+ + &« &« o o« o o s o s o o o+ + o o o« + « . .—65°C to 150°C
NOTES: 1. These voltage values are with respect to network ground.

2. Derate linearly to 120 mW at 125°( free-air temperature at the rate of 1.8 mW /deg.

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONSS MIN TYP MAX| UNIT

Vp;  Differential-input offset voltage 2.2 12 mV
S o1 e o e
VoMo Common-mode output offset voltage 500 mV
kin Input current 5 RA
Ipy  Differential-input offset current 0.5 2 BA

Differential output, f = 1 kc/s 24
Yom Maximum peak-to-peak output voltage Differential output, f = 1 ke/s, 20

T, = —55°C 10 125°C
Vemim Maximum common-mode input voltage *5

f=1kc/s 4000

f = 1ke/s, Tpo = ~55°C to 125°C 2500

f = 1ke/s, pins ) and (&) open 135

f = 1 ke/s, pin O shorted to pin ®),

pin (® open 830

f = 1 ke/s, pin @ shorted to pin ®,
Ayp Differential voltage gain pins O and (® open 465

f = 1 ke/s, pin ( shorted to pin )., 325

pins ® and ® open

f = 1 ke/s, pin Q@ shorted to pin (®),

pin @ open 680
CMRR C mode rejection ratio f=1ke/s 90 ds
BW  Bandwidth (-3 dB) 70 180 ke/s
Z, Input impedance f=1kess 5 15 kQ
Z,+ Ovutput impedance f=1ke/s 200 Q
Py Total power dissipation 100 mw

§Unless otherwise noted, test conditions are:
Voot = H12V, Vegp = —12V, Vp, applied, no external loading; pin @ grounded, pin (O shorted to pin ® , and pins @, @ , ® , @ and @ open.
letter symbol and parameter definitions

Vo That d-c voltage which must be applied between the input terminals to obtain zero-differential-output voltage. The
application of this voltage balances the amplifier.

Vemo That d-c voltage level which exists between either output terminal and ground when the outputs are balanced.

lin The current into either input of the amplifier.

Iy The difference in the currents into the two input terminals when the output is balanced.

Voum The maximum peak-to-peak output voltage swing that can be obtained without clipping when the output is balanced.

Vemiv  The maximum common-mode voltage that can be impressed on the input terminals while maintaining differential
operation.

CMRR The ratio of the differenfial-mode voltage gain to the common-mode voltage gain.

BW The range of frequencies within which the open-loop voltage gain is within 3 dB of the mid-frequency value.

z, The impedance between either input terminal and ground with the other input terminal a-c grounded and the output
balanced.

Z 4 The impedance between the output terminal and ground when the output is balanced.
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TYPE SN523A
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

TYPICAL CHARACTERISTICS§

INPUT CURRENT
vs
FREE-AIR TEMPERATURE

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs

FREE-AIR TEMPERATURE

15 .40 T T T
> Differential Output
L 35— f=1lkc/s
12 g
© 30
< \ Z
i 5
l \ £ 25
=
£ 9 0
e ~
9] \ a
0
g 6 N 3 15
[ N £
L \K £
10
S~ £
; :
5
|
5
0 >0
-75 =50 -25 0 25 50 75 100 125 -75 -50 =25 0 25 50 75 100 125
Ta — Free-Air Temperature — °C Tp — Free-Air Temperature — °C
FIGURE 1 FIGURE 2
vs
FREQUENCY SUPPLY VOLTAGE
80 I 5000 ’
Ta = 25°C Veer = -Vee2
f=1k
o 70 co/s
| .y £ 4000 f— Tw=25¢C
c 60 - é
-6 \ o
S q $
$ 50 3 3000
= >
S K
o 40 S
2 g
[
wi & 2000
o 30 a /
g |
& \ o
T 20 >
” < 1000
4 \
< o \
0 0
10 ke/s 100 ke/s 1 Mc/s 10 Mc/s 100 Mc/s 0 3 6 9 12
f — Frequency Supply Voltage — V
FIGURE 3 FIGURE 4
§uUinless otherwise noted, fest conditions are:
Yooy = H12V, Voo = =12V, Vp, applied, no external toading, pin @ grounded, pin (D shorted fo pin (® , and pins @, @, ® ,» (O and @ open.

4007



TYPE SN523A
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

TYPICAL CHARACTERISTICS§

DIFFERENTIAL VOLTAGE GAIN INPUT IMPEDANCE
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
5000 T 40 T
=1 ke/s =1 ke/s
-
'\\ o
= 4000 T~ 1
2 30
O \
o \ §
S | —~~ 3 /
= I
2 3000 F— £
o 5
E _g— 20 /
£ 2000 | /
8 <
l N
3 10 ]
>
<
1000 ‘/
0 0
=75 =50 -25 0 25 50 75 100 125 =75 =50 =25 0 25 50 75 100 125
T — Free-Air Temperature — °C Ta — Free-Air Temperature — °C
FIGURE 5 FIGURE 6
OUTPUT IMPEDANCE TOTAL POWER DISSIPATION
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
400 T 125
f=1ke/s
35 100 P—
G 300 | T~
| T
0 N 5 ~—~
Q o—
c p=
2 \ 2 75
= 200 -
= ]
o 2
5 L 50
9 3
| 5
- =
3 100 I
N o 25
0 0
=75 <50 =25 0 25 50 75 100 125 ~75 =50 -25 0 25 50 75 100 125
Tao — Free-Air Temperature — °C Ta — Free-Air Temperature — °C
FIGURE 7 FIGURE 8
§Unless otherwise noted, test conditions are: .
Veer = +12V, Voo, = —12 V, Vp; applied, no external loading, pin@grounded, pin@shoned to pin@, and pins@,@,@,@ and @open,
PRINTED IN U.S.A.
4008 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
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SOLID CIRQUIT® TYPE SN5231L I
SEMICONDUCTOR NETWORKS GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

SERIES 52 SEMICONDUCTOR-NETWORK GENERAL-PURPOSE AMPLIFIER §
for application as 2
o Comparator o Level Detector g

e Differential Amplifier o Voltage Regulator

¢ Military & Industrial Control Systems e Analog-to-Digital Converters e Analog Computers

description )

7 k2 $7kQ 1.5 k@
2

The SN5231L offers differential inputs and differential emitter-
follower outputs. Two stages of differential amplification are
used to provide high gain at frequencies up to 1 MHz. A high INPUII%‘
degree of component matching, which assures stable operation

over the temperature range of -55°C to 125°C, is achieved by ™ () outeur 1
the monolithic construction. wifo () ourrur 2

kQ
15kQ 215kQ

9961 1SNONV ‘€£8899 $-1a 'ON Nil311nd

Fa

The SN5231L, one of Texas Instruments Series 52 catalog line of

linear integrated circuits, offers higher reliability, lower cost, GR'::ﬂLz: Sk
smaller size, and lower weight than equivalent discrete-compo- €O R s

nent circuits. Each Series 52 device is a monolithic semiconductor é
structure comprising diffused resistors and both n-p-n and p-n-p
transistors. NOTE: Component values shown are nominal.

SCHEMATIC DIAGRAM

FREQUENCY COMPENSATION

mechanical data
The SN5231L package outline is same as JEDEC TO-100 except for diameter of standoff.

BOTTOM VIEW
Veer
0.185
0.165 QOUTPUT 2 OUTPUT 1
I 0230 TP »
} 0.160 M, FREQ. FREQ
— 1 — T 160 MAX DIA COMP. .
0.335 === 0370 g % COMP,
o.305 P4 — 0335 004s
t = J — ! 003 0029 INPUT 2 NC
1 0019 o115 TP ! /
o016 P4 GND @ @ O, INPUT 1
ALL DIMENSIONS ARE X
IN INCHES Vee2
N e NC — NO INTERNAL CONNECTION

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply Voltages (See Note 1): Ve - v v v v v v o v v v« v b w0 e e e e e e e e . . 15V

Veea e e e e e e e e e e e e e e e e -5V
Differential Input Voltage . . . = - B\
.Input Voltage (Either Input, See Nofe 'l) S ot [ A\
Duration of Short-Circuit Output Current . . . e e e e e e e e 5s
Continvous Total Power Dissipation at {or below) 25°C Free-Alr Temperature (See Nofe 2) e e e e e . . . . 300mW
Operating Free-Air Temperature Range . . . . . . « . . + . « « « « « « « « « « « « .=55° to 125°C
Storage Temperature Range . . . . . . . . . . . . . 4 e 4 e e e e e e e e . . . .—65°C fo 150°C

NOTES: 1. These voltage values are with respect to network ground.
2. Derate linearly to 120 mW ot 125°C free-air temperature at the rate of 1.8 mW/ deg.

TPatented by Texas Instruments
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TYPE SN5231L
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

electrical characteristics at 25°C free-uir temperature (unless otherwise noted)

PARAMETER TEST CONDITIONSS MIN  TYP MAX]| UNIT
Vo Differential-input offset voltage 2.2 12 mV
TR o e—— o |
Vemo  Common-mode output offset voltage 500 mV
[ Input current 5 HA
Int Differential-input offset current 0.5 2] pA
Differential output, f = 1 kHz 24 \4
Vom Maximum peak-to-peak output voltage | Differential output, f = 1 kHz, 20
T, = —55°C to 125°C
Vemim Maximum common-mode input voltage +5
. . . Rg =500, f=1kHz 4000
Ayp Differential voltage gain - 5 -
Rg =500, f=1kHz, T, = —55°C to 125°C | 2500
CMRR Common-mode rejection ratio Rg =509, f =1kHz 90 dB
BW Bandwidth (3 dB) 70 180 kHz -
Z, Input impedance f—=1kHz 5 15 kQ
Z,+ Output impedance f—1kHz 200 Q
Py Total power dissipation 100 mw
§Uniess otherwise noted, test conditions are: Veon = +12V, Veca = —12V, Vp, applied, no external loading and pin @grounded.
letter symbol and parameter definitions
A That d-c voltage which must be applied between the input terminals to obtain zero-differential-output voltage. The
application of this voltage balances the amplifier.
avpr Temperature coefficient averaged over the specified temperature range and defined by the equation:
avo = (Vo1 @ Ty — (Vpy @ Tuy))
TA(1) = Tanz)
Yemo That d-c voltage level which exists between either output terminal and ground when the outputs are balanced.
ln The current into either input of the amplifier.
o1 The difference in the currents into the two input terminals when the output is balanced.
Youm The maximum peak-to-peak output voltage swing that can be obtained without clipping when the output is balanced.
VeMim The maximum common-mode voltage that can be impressed on the input terminals while mqinfaiﬁing differential
operation.
CMRR The ratio of the differential-mode voltage gain to the commmon-mode voltage gain.
BW The range of frequencies within which the open-loop voltage gain is within 3 dB of the mid-frequency value.
zZ, The impedance between either input terminal and ground with the other input terminal a-c grounded and the output
balanced.
Z. The impedance between either output terminal and ground when the output is balanced.
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TYPE SN5231L
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

TYPICAL CHARACTERISTICS$

INPUT CURRENT MAXIMUM PEAK-TO~PEAK OUTPUT VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE FREE~-AIR TEMPERATURE
15 40 T 1
> Differential Output
b o35l f=1kH2
Q
12 g
o 30
< \ >
3 2
| \ s —]
5 25
€ 9 @] __________.——
£ ¥
\5 @
O \ a 20
= 2
£ S % s
| \ £
£ §
= N 2 10
3 3
. EI 5
3
0 >0
-75 =50 -25 0 25 50 75 100 125 =75 =50 -25 0 25 50 75 100 125
Tao — Free-Air Temperature — °C Ta — Free~Air Temperature — °C
FIGURE 1 FIGURE 2
SINGLE-ENDED VOLTAGE GAIN DIFFERENTIAL VOLTAGE GAIN
s A2
EREQUENCY SUPPLY VOLTAGE
8 T 5000 "
LT, =25°C Veer = -Veez
o 70 f=1 kHz
© _ peo
| Ny < 4000 f— 'a=25C
c 60 L?)
-6 \ o
° g
N <
& 50 3 3000
= >
2 ) i
o 40 p=
] g
c [
ui * 2000
L 30 ™ 5 4
©
& \ A
”‘ 20 >
' < 1000
4 \
< 0 \
0 0
10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 0 3 6 9 12
f — Frequency Supply Voltage — V
FIGURE 3 FIGURE 4
§Unless otherwise noted, test conditions are: Veor = +H12V, Vg, = -12 0V, Vp; applied, no external loading and pin@grounded.
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TYPE SN5231L
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

TYPICAL CHARACTERISTICS §

DIFFERENTIAL VOLTAGE GAIN INPUT IMPED ANCE
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
5000 T 40 T
f=1 kHz F=1 kHz
-y
£ 4000 — |
8 \\ g 30
S 3000 |— g /
K] 5
[ 2 /
2 l
& 2000 .
CT N /
3 10 P
¥
<
1000 ,/
0 0
-75 =50 -25 0 25 50 75 100 125 -75 =50 -25 0 25 50 75 100 125
Ta — Free-Air Temperature — °C Tpo — Free-Air Temperature — °C
FIGURE 5 FIGURE 6
QUTPUT IMPEDANCE TOTAL POWER DISSIPATION
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
400 T 125
f=1kHz
35 100 —
G 300 I T~
| T
[ 8 \
0 N 2
s I3
g \ 2 7
= 200 e
5 o
3
g S 50
O —
°
! S
3 100 l
N o 25
0 0
-75 <50 =25 0 25 50 75 100 125 -75 =50 -25 0 25 50 75 100 125
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C
FIGURE 7 FIGURE 8
§Unless otherwise nofed, test conditions are: Veer = + 12, Veez = =12V, Vp, applied, no external loading and pin@ grounded,
PRINTED IN U.S.A.
4012 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME

IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



SOoLID CIRCUIT®

SEMICONDUCTOR NETWORKST

TYPES SN524A, SN524AL

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

SERIES 52 SEMICONDUCTOR-NETWORK GENERAL-PURPOSE AMPLIFIERS
for application as

o Differentiator
o Level Detector

o Buffer Amplifier
e Multivibrator

description

Each of these networks is a general-purpose operational ampli-
fier consisting of two differential-gain stages and a single-ended
emitter-follower output. The input stage utilizes Darlington-con-
nected n-p-n transistors for high input impedance.

The SN524A and SN524AL, two of Texas Instruments Series 52
catalog line of linear integrated circuits, offers higher reliability,
lower cost, smaller size, and lower weight than equivalent discrete
component circuits. Each Series 52 device is a monolithic semi-
conductor structure comprising diffused resistors and both n-p-n
and p-n-p transistors.

mechanical data

The SN524A operational amplifier is mounted in a glass-to-metal

o Integrator
e Summing Amplifier

Vear

4.7 kQ 7(520 4.7 kQ 5kQ

INVERTING
INPUT NONINVERTING
INPUT
OUTPUT
< <
1MkQ g ;: 10 kQ
—O Vcc2
o
GND (COMMON) ROLL-OFF

NOTE: Component values shown are nominal.

SCHEMATIC DIAGRAM

SN524A ORDERING INSTRUCTIONS

hermetically sealed welded package meeting TO-89. Leads are NO_MECH-PAK CARRIER | MECH-PAK FARRIER
gold-plated F-15§ glass-sealing alloy. Approximate weight is 0.1 Lead Length 0.175 Inch Not Applicable
gram. All external surfaces are metallic and are insulated from Formed Leads | No | No | Yes | Yes No | No | Yes| Yes
leads and circuit. The SN524A is available with formed leads, |[Insulators No | Yes| No |Yes | No [ Yes|No |VYes
insulator attached, and/or mounted in a Mech-Pak carrier. See Ordering
Ordering Instructions. Suffix None [ -6 |-7 |-1 2 |(-3]-4)-5
®OOOE OUTLINE DRAWING — SN524A TOP VIEW
e 2280 0.050 ROLL-OFF  OUTPUT
0,027 REF. > 1=s :5: - 0.03% jal 0.013 Vee2 Veer
o e ||2RSNSHS WOEOOE
(2.165 MIN. 0.050 1 [ [ [1 'S
Note e) —_
- ¥ cone [ ooss NG
T
0.150 ) XXXXX 0.510 0250
0140 ’@suxxxx 0450 |~ 0.220 NOTES:
L—r——' = g (oo Note o) Y a. All dimensions in inches. NC NC 1
0.005 MAX 0.250 REF. _}_ b. All decimals 0.005 except as noted. ] T T T
GLASS (See Note e) ¢. Lead spacing tolerance is =0.015 at extremities and 1 @ @ @
10 PLACES 2+0.005 at package, nonaccumulative.
d. Lead :anf_nlinn are located within zrunos of their GND
i ST o e e e NONIRVERTING INVERTING
X o 0% s f. Symbolization denctes orisntation of package. INPUT INPUT
(D@@@@ NC — NO INTERNAL CONNECTION
Falls within TO-89 dimensions

The SN524AL package outline is same as JEDEC TO-76 except for case height.

OUTLINE DRAWING — SN524AL

0.185
0.165

L_ 0.040
™ MAX. /

0.002
0.017 0.001 DiA

OouTPUT

Vear

Vee

BOTTOM VIEW
ROLL-OFF

NONINVERTING
INPUT

®@)] ono

INVERTING

= |
0.335 0370
0.305 D' = o33 O
—
L ==
0010 =
0.040 4—%',’3—-]

DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED

INPUT

NC — NO INTERNAL CONNECTION

FPatented by Texas Instruments.
3F-15 is the ASTM designation for an iron-nickel-cobalt altoy containing nominatly 53% iron, 29% nickel, and 17% cobalt.
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TYPES SN524A, SN524AL
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply Voltages (See Note 1):Vie, -« . v v 0 o . v v o 0 0 L . 0 o o s e e e e s e e . 15V

(e R -15V
Differential Input Voltage . . . . . . . . . . . . . . . v 0 0 e e e e s e e e e e e e e L2
Common-Mode Input Voltage . . . . . . . . . . . . . . . . . o v e e e e e e e e .. o ET10V
Operating Free-Air Temperature Range . . . . . . . . « + « « « & & + « « « + « . . .-—55° to 125°C
Storage Temperature Range . . . . . . .« « . « + 4+« + 4 v 4 4« « w4« .+ .« . . .=65°C to 150°C

NOTE 1: Voltage values are with respect to network ground.

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONSS MIN TYP  MAX | UNIT
12 mV
Vpi Differential-input offset voltage Th = —55°C 10 125°C m v
o e el | 1, s asnc 5 ied
lin Input Current 80 350 nA
20 nA
I Differential-input offset current T, = —55°C 60 nA
T, = 125°C 6 nA
f = 1ke/s, T, = —55°C to 125°C 1 v
f=1ke/s 16 v
Vom  Maximum peak-to-peak output voltage lfO_kQ load, _ . . 9 v
= Y ke/s, Ty = —55°C t0 125°C
kQ load,
:o= 1 ke/s 15 v
Vemiv Maximum common-mode input voltage +5
f = 1ke/s, T, = —55°C 1o 125°C 630
Ay Voltage gain = 1ke/s 1400
CMRR Common-mode rejection ratio f = 1ke/s, Ty = —55°Cto 125°C 55 dB
BW Bandwidth (=3 dB) 70 140 ke/s
zZ, Input impedance f=1ke/s 350 1000 kQ
Z+ Output impedance f=1ke/s 200 Q
Py Total power dissipation No input signal, no external load 120 mwW
§Unless otherwise noted test conditions are: ch = +12V, Vo, = —12V, ground and Vp, applied; roll-off terminal open, no external loading. The unused input is
grounded for all tests except when common-mode characteristics are under fest.
letter symbol and parameter definitions
Vpi That d-c voltage which must be applied between the input terminals to obtain zero-output voltage referenced to

ground. The application of this voltage balances the amplifier.

1 The current into either input of the amplifier.

in

Iy The difference in the currents into the two input terminals when the output is balanced.

VYoum The maximum peak-to-peak output voltage swing that can be obtained without clipping when the output is balanced.

Vemim The maximum common-mode voltage that can be impressed on the input terminals while maintaining differential
operation.

CMRR The ratio of the differential-mode voltage gain to the common-mode voltage gain.

BW The range of frequencies within which the voltage gain is within 3 dB of the mid-frequency value.

z, The impedance between either input terminal and ground with the other input terminal a-c grounded and the output
balanced.

Z..+ The impedance between the output terminal and ground when the output is balanced.
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TYPES SN524A, SN524AL
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS §

Ay — Voltage Gain —dB

INPUT CURRENT MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE LOAD RESISTANCE
125 20
] > 11T
| T,=25°C
8 f=1ke/s
100 N P
©
N > 15 4
] £ /
pol
g & 10 A
O A 4
5 T
£ 50 N 3 /
| ™ <
. \ g
= E
= 5 ,
25 g
Pq
L P
ﬁ/
> 0
0
-75 -50 =25 0 25 50 75 100 125 0.1 0.4 1 . 4 10 40 100
Tp — Free~Air Temperature — °C Load Resistance —kQ
FIGURE 1 FIGURE 2
VOLTAGE GAIN VOLTAGE GAIN
vs vs
FREQUENCY FREQUENCY
100 L L L0 L 3 O 013 A 0 O e A 100 T :nnrrl LI I S 12 A 1001 S R AL
90 90 -1, =25°
80 80
° T 55°C n ? 70
A= -
% 4 . AN
60 ] £ 0 B 6 dB/Octave
— Ta = 25°C R
50 — g 50
Tp = 125°C 3 AW
40 § 40 N
| N\
30 < 30 \_<2 dB/Octave]
20 \\ 20 \\
10 \ 10 18 d8/ J
\\ Octave
0 0
lke/s  10ke/s 100kc/s 1 Mc/s 10 Mc/s 100 Mc/s Tke/s 10ke/s 100ke/s 1 Mc/s 10 Mc/s 100 Mc/s
f — Frequency f — Frequency
FIGURE 3 FIGURE 4
§Unless otherwise nofed test conditions are: ooy = + 12V, Voep = —12 V,‘ground and Vp, applied; roll-off terminal open, no external loading. The unused input is

grounded for all tests except when common-mode characteristics are under fest.
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TYPES SN524A, SN524AlL
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS §

COMMON-MODE REJECTION RATIO INPUT IMPEDANCE
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
100 T 4.0 T
f=1ke/s f=1ke/s
o
T 3.5
|
.2
g7 % 3..0 /
c
§ |
:g_ § 2.5 /
] S y
$ 50 & 2.0
3 E
Ig ‘C:;_ 1 8
E —: LR
G l
[}
Y25 £ 1.0
| N
o
o
3 0.5 /
.-/
0 0
=75 =50 =25 0 25 50 75 100 125 =75 =50 =25 0 25 50 75 100 125
T,— Free-Air Temperature — °C Ta — Free-Air Temperature — °C
FIGURE 5 FIGURE 6
OUTPUT IMPEDANCE TOTAL POWER DISSIPATION
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
400 T 200
f=1ke/s
c %
| 300 | 150
§ .‘S T\\‘\J
o 5 \
E I 2 —
3 200 e 8100 =
——— 8
5 — H
() a
| 3
- [
2 —
N 100 | 50
—
[~
0 0
=75 =50 -25 0 25 50 75 100 125 =75 -50 -25 0 25 50 75 100 125
T, — Free-Air Temperature — °C Tp — Free-Air Temperature — °C
FIGURE 7 FIGURE 8
§Unless otherwise noted test conditions are: Voy = + 12V, Vo, = —12V, ground and Vp, applied; roll-off terminal open, no external loading. The unused input is

grounded for all tests except when common-mode characteristics are under test.

PRINTED IN U.S.A.

4016 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSZIBLE.



SOLID CIRCUIT® TYPE SN525 i
SEMICONDUCTOR NETWORK' GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

A SERIES 52 AMPLIFIER
featuring
e Open-loop Gain...90 dB e Typical CMRR ...100 dB

STSNS 3dAL

The SN525 is a high-performance ampiifier
featuring an open-loop gain of 90 dB, yet it is  COMPENSATION (Dt
unconditionally stable when used with external ~ OPTICNAL 'J
capacitors in the frequency-response shaping POSITIVE-SUPPLY (@
circuit. A feedback loop provides high com-  BIAS POINT
mon-mode rejection. Both differential input and GROUND (2)
output terminals are available. INPUT 140 Oé ggx:;m:i;:g:
INPUT

. . 2 —{) OUTPUT 1
Texas Instruments Series 52 catalog line of | L—@
linear integrated circuits offers higher reli- OUTPUT 2
ability, lower cost, smaller size, and less weight
than equivalent discrete component circuits. @ é:g;‘::ENSAT'ON
Each Series 52 device is a monolithic semi- ® ENSATION
conductor structure comprising diffused resis-
tors and both n-p-n and p-n-p transistors. @ Ve,

description COMPENSATION (@ { B Ve

9961 YIAWIAON ’2£T699 S-1a "ON NILITING

SCHEMATIC

mechanical data .
The SN525 semiconductor network is mounted ORDERING INSTRUCTIONS

in akgluss-to-n::letql hermzle(;icclllly rjeclled wellded NO MECH-PAK CARRIER | MECH-PAK CARRIER
ackage. Leads are gold-plated F-15 ass- A
Eealingg alloy. Approxi%afer:ﬂeighf is 0.% ggram. Lead Length 0.175 Inch Not Applicable
All external surfaces are metallic and are in- Formed Leads [No |No | Yes | Yes No | No | Yes | Yes
sulated from leads and circuit. The SN525 is Insul

available with formed leads, insulator at- nsulators No |Yes | No Yes | No | Yes | No | Yes
tached, and/or mounted in a Mech-Pak car- Ofd?fing None|-6 | -7 | -1 -2 -3 |4 |-5
rier. See ordering instructions. Suffix

0.035

s 0.013
2 —
=3
0.175 ReF. J|o
0.165 MIN.
(See Note e) DATE

0.050
0.050

o
n
=
=

0.050
0.050

0.050
T 58
.@ XXXXX 50 0.510 _ .25
SNXXXX [ 0740 0.450 0.220 NOTES: . All dimensions in inches.
(See Note e) b. All decimals =0.005 except as noted.
W 0.250 REF. i . Lead spacing tolerance is =0.015 af extremities and
0.005 MAX GLASS A (ee Note ¢) =0.005 at package, nonaccumulative.
14 PLACES Lead centerlines are located within =0.005 of their
true positions relative to body centerlines.
. Not applicable in Mech-Pak carrier.
0013 >l 0.260 e 0:005 Symbolization denotes orientation of package.
0,010 — 255 —*1 0.003

[0]6/0.000.0 SIDE VIEWS

Falls within TO-84 dimensions

GEEEO®OO® o050 T

_L“:
ooisd ¥
¥

1) 1

"y

X
Lim: g1 6

&

3

FPatented by Texas Instruments
FF-15 is the ASTM designation for an iron-nickel-cobalt atloy containing nominally 53% iron, 29% nickel, and 17% cobalt.
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TYPE SN525
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply Voltages (SeeNote 1): Veer - -« =« v v v v v v o o o o o o o .. TISY
Vecz « « o v e e e e e e e e e e e e e e o 18

Differential Input Voltage . . . . . . . . . . . . . . . . . .0 5V
Common-Mode Input Voltage . . . . . . . . . . . . . . . . . . ... EI2V
. Operating Free-Air Temperature Range . . . . . . . . . . . . . . . . =55°C10125°C
Storage Temperature Range . . . . . . . . « + . . « . . . . . . —65°Ct0150°C

NOTE 1: Voltage values are with respect to network ground ferminal.

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS § MIN TYP MAX|[UNIT
. . 1 3| mv
Vp Differential-input offset voltage T, = — 55°C 10 125°C Yu
v Common-mode output
CMO  offset voltage 250 1000 [ mV
T, = 125°C 270 700 | nA
lin Input current 450 900 | nA
T, = —55°C 750 1500 | nA
T, = 125°C 12200 | nA
Ip) Differential-input offset current 16 200 | nA
T, = —55°C 38 550 | nA
) Single-ended output, f = 1 kHz 18
Vom Maximum peak-to-peak output voltage Single-ended output, f = 1 kHz,
T, = — 55°C t0 125°C 4
Vemmy  Maximum common-mode input voltage +=7
A Small-signal single-ended f = 1kHz 20000 32000
VS voltage gain f= 1kHz, T, = —55°C 10 125°C 10 000

Small-signal common-mode single-ended

Avewms voltage gain F=1kH: 09
I-signal -
cmpr  Smeltsignal common-mode f = 1kHz 100 dB
rejection ratio
BW Bandwidth (— 3 dB) 45 kHz
z, Input impedance f = 1kHz 50 140 kQ
Zout Output impedance f = 1kHz 10 k()
SVRR Supply voltage rejection ratio AVCC <05V 25 uv/V
P; Total power dissipation 100 135| mW
§ Unless_otherwise noted, test conditions include: Veer = +12V, Vo, = =12V, ground and Vp, applied, no external load, external 250-pF capacitor connected between
pins und, and other frequency-compensation pins open.
letter symbol and parameter definitions
Vpi That d-c voltage which must be applied between the input terminals to obtain zero-differential-output voltage. The appli-

cation of this voltage balances the amplifier.
Vemo  That d-c voltage level which exists between either output terminal and ground when the outputs are balanced.
lin
I The difference in the currents into the two input terminals when the output is balanced.

The current into either input of the amplifier.

Voum The maximum peak-to-peak output voltage swing that can be obtained without clipping when the output is balanced.
Veomim  The maximum common-mode voltage that can be impressed on the input terminals while maintaining differential operation.
CMRR  The ratio of the differential-mode voltage gain to the common-mode voltage gain.

BW The range of frequencies within which the open-loop voltage gain is within 3 dB of the mid-frequency value.

z, The impedance between either input terminal and ground with the other input terminal a-c grounded and the output
balanced.

Zout The impedance between either output terminal and ground when the output is balanced.

SVRR  The ratio of the change in input offset voltage to the change in power supply voltage which produces the variation.
compensation requirements

External capacitance must be connected between pins @ and to stabilize the amplifier if symmetrical compensation
to ground is not used on pins and or pins and .
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TYPE SN525
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

TYPICAL CHARACTERISTICS §

INPUT CURRENT DIFFERENTIAL-INPUT OFFSET CURRENT
vs vs
FREE-AIR TEMPER ATURE FREE-AIR TEMPERATURE
1.0 100
<
0.7 \\\ L
€
< ~
| \\ 8
£ 0.4 ~ £ 40
5 N o \
v 5
H £
c i
£ 3 N
c b \
= 0.2 5 20 \
a \
| \\
0.1 10
-75 =50 -25 0 25 5 75 100 125 =75 50 25 0 25 50 75 100 125
TA — Free-Air Temperature —°C T, — Free-Air Temperature — °C
FIGURE 1 FIGURE 2
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs vs
FREQUENCY SUPPLY VOLTAGE
22 —— 22
> FREQUENCY COMPENSATION > I I I
I 2 curve [PINS@)TO @)PINS(D)TO (B | 20 R, = 100 kQ*—<
Y [ 0.001 iF | 0.0072 WUF 9 \
S 18 2 0.05 yF_ | 0.0015 pF g 18 74
§ 3 520 pF § >/
~ 16 Il 16
3 N T 2 /
5 14
S M \ 3 /
X 1 -
5 12 1\ 2 3 Agc 12 i;ngle_lir:;:led 7
& \ \ & cer = Vx /
2 10 \ & 10F ... =-v. A
3 ¥ cc2” TVX /
S g \ S gl f=1kHz A :
c \ o 250 -RL = 10 kQ*
E 6 A 5 of T = A
5 Ty =25°C £ | |
: 4 3 4 L
| 2 | 9 * R, is connected between pin (D and ground
g N b3 and between pin and ground.
0 TN I N R Iy S Y S T
10 100 Tk 10k 100 k ™ 0 2 4 6 8 10 12 14 16 18
f — Frequency — Hz VX — Supply Voltage — V
FIGURE 3 FIGURE 4
§ Unless otherwise noted, fest conditions include: Veor = +12v, Vee, = =12V, ground and Vy applied, no external load, external 250-pF capacitor connected between

pins@ und , and other frequency-compensation pins open.
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TYPE SN525
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER
. ________________________________________________________________/

TYPICAL CHARACTERISTICS §

SMALL-SIGNAL SINGLE-ENDED VOLTAGE GAIN SMALL-SIGNAL SINGLE-ENDED VOLTAGE GAIN
vs vs
FREQUENCY FREQUENCY
< 100 o 100 TTTm T T
o 1 T, = 25°C FREQUENCY o° Tp = 25°C
I 90 "H __COMPENSATION | % n
c
= 0
£ q ) \ CuRVE [Pins (9) To (i2) 3 NN N\
(2 80 3 i 0001 HF . &0
° 3 \ 2 005 pF g - \
= 70 A\, 3% 005 pF 2 N A N N
> s N 3 ol NI 12N 3 4N
3 CURVE [PiNs (1) TO O) 3
] 1 0.0072 HF ui
T 50 ‘\ L H o 50
Té’ \ h! 2* 2.0015 pF 3
£ [ 3 .00I5 pF & H
@ 40 ‘ = “4O[FrequENCY CompENSATION
LT m : s
5 3 30 CURVE | PINS o (2
7 = ' 0.5 pF
p— o 20 D
g 2 [] N & 2 005 pF
T *overall voltage gain with 100-kQ | 3 50065 HF
10 [ esistor in series with input. N " 10 Il
9 [ 1111 > 4 520 pF
< 0 < 0
10 100 1k 10 k 100 k M 10 M 10 100 1k 10k 100k 1™ 10M
f — Frequency — Hz f — Frequency — Hz
FIGURE 5 FIGURE 6
SMALL-SIGNAL SINGLE-ENDED VOLTAGE GAIN SMALL-SIGNAL SINGLE-ENDED VOLTAGE GAIN
vs vs
FREQUENCY FREQUENCY
o 100 T TTTITT o« 100
T Ta = 25°C T
90 m . )
£ N m £ TN T, = 25°C
o 80 O 80 10
& 1\ N 3 N
R Ah IR 2 »n
2 2
3 & S 3 e \&
&G I
o 50 & 50
[2)] [«)] ~
. £ .
B 40 — 40
© f ©
5 5
] 30 I™TFREQUENCY COMPENSATION w30 \
T 0 |4 CURVE | PiNS OMIO) 3 2
ﬁ | 0.1 pF ‘ i ‘\
R B 0.01 pF L] [ 10
” 3 0.0015 pF ®
< 4| 520 oF | < o
10 100 1k 10 k 100 k M 10 M 1k 10k 100 k ™ 10M
. f — Frequency — Hz
f — Frequency — Hz
FIGURE 8
FIGURE 7
§ Unless otherwise noted, fest conditions include: Veer = +12v, Veea = —12V, ground and Vp, applied, no external load, external 250-pF capacitor connected between

pins@ nnd , and other frequency-compensation pins open.
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TYPE SN525
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

|
TYPICAL CHARACTERISTICS §

SMALL-SIGNAL SINGLE-ENDED VOLTAGE GAIN SMALL-SIGNAL SINGLE-ENDED VOLTAGE GAIN
vs vs
FREE-AIR TEMPERATURE GAIN-CONTROL RESISTOR VALUE
- 100 = 100
| 90 ,I: %
-z ‘5 d
8 a0 © g ‘
° [ ’!
g g o
= 70 s 7 //
>° > ",-
3 & 3 A1
2 & =d
v 0 o 50
—-_— o
o c
& 40 2 40
E: g
2 ¥ A 30
o f=1kHz L
Tg 20 U% 20 R is connected between pins (5) and @
UI) | f=1kHz T
. 10 ., 10 . Ta = 25°C
¢ ¢ 1|
< 0 < 0
=75 =50 =25 0 25 50 75 100 125 100 1k 10 k 100 k 1M
T, — Free-Air Temperature — °C R — Resistor Value — Q
FIGURE 9 FIGURE 10
SMALL-SIGNAL SINGLE-ENDED VOLTAGE GAIN
vs
SUPPLY VOLTAGE
o 100
el
l p— .
c
5 /
O 80 o
% d
S
3
% whk Veer =Vx
© =.
ulﬁ VCC2 VX
2 — f=1kHz
2
G 40=Ta=25°C
©
5
(2]
L
T 20
&
|
w
>
< 90
0 2 4 6 8 10 12 14 16 18
VX — Supply Voltage — V
FIGURE 11
§ Unless otherwise noted, fest conditions include: Ve = +12v, Voo, = —12V, ground and Vpy, applied, no external load, external 250-pF capacitor connected between

pins@ and , and other frequency-compensation pins open.
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TYPE SN525
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

TYPICAL UNITY-GAIN CONFIGURATION

® @@$9

=8

FIGURE 12
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SOLID CIRCUIT® TYPE SN526 °
SEMICONDUCTOR NETWORKS GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

S

A SERIES 52 AMPLIFIER

featuring
e Minimum Z;, ... 350 ko e Differential or Class B Power Output

9TSNS 3dAL

DIFFERENTIAL

9961 YIAWIAON '€£2699 S-1d "ON NILITING

description 8) OUTPUT 1
' ' @Vear
The SN526 semiconductor-network amplifier
features Darlington high-impedance differen- L
tial-input stages and a Class B output power { 3 3
amplifier with high-voltage- and current-range
capabilities. Common-mode input signals are »-{:
rejected by ustle of common-mode feedback to  INPUT 2(8
the input amplifier.
P P INPUT 1@ > e . CLASS B
The SN526, one of Texas Instruments Series GROUND @) OUTPUT
52 catalog line of linear integrated circuits,
offers higher reliability, lower cost, smaller
size, and less weight than equivalent discrete-
component circuits. Each Series 52 device is a 3
monolithic semiconductor structure comprising {)2 Ve
. . C2
diffused resistors and both n-p-n and p-n-p DIFFERENNAL@ 5)CLASS B INPUT
transistors. OUTPUT 2
@BCOMPENSATION
SCHEMATIC
mechanical data
The SN526 is mounted in o glass-to-metal ORDERING INSTRUCTIONS
hermefi?glh; se;le;i];vilde;i pcckolge- le“ads NO MECH-PAK CARRIER | MECH-PAK CARRIER
are gold-plated F- glass sealing alloy. 5
Approximate weight is 0.1 gram. All external Lead Length 0.175 Inch Not Applicable
surfaces are metallic and are insulated from Formed Lleads {No |No | Yes | Yes |No| No | Yes| Yes
leads and circuit. The SN526 is available Insul »
with formed leads, insulator attached, and/or nsulators No ]Yes| No es |No | Yes | No | Yes
mounted in a Mech-Pak carrier. See Ordering Ordering None(—6 { -7 | -1 -2 1-31-4]-5
Instructions. Suffix
(00/0/0,0}
e 0.260 0050 -
0.027 REF. < :25: “ o'?i__ l-0.013
0.175 REF. § § § §
(‘s’;‘,"i.:i‘..!";) DATE 0.050
i CODE 1 |+ voss
- /| 0.250
0.150 XXXXX 0510 0250
P 'é@suxxxx (s..°';4£?a ol om0 Mot LAl ;i:!i?ﬂf':é%’;‘tiﬁ;mg;l..;.ea. -
¢. Lead spacing tolerance is =0. ot extremities ont
LU 005 MAX 0.250 REF. l L:oooz ot :n'ckage, nonoccumuluﬁ:re. "
" GlLAss (See Note e) d. Load centerlines are lacated within =0.005 of their
10 PLACES true positions relative to body centerlines.
e. Not applicable in Mech-Pak carrier.
— f. Symbolization denotes orientation of package.
sons a1
0/0/0,00) LU SIDE VIEWS
Falls within TO-89 dimensions

FPatented by Texas Instruments.
FF-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominatly 53% iron, 29% nickel, and 17% cobalt.

‘+~ TEXAS INSTRUMENTS
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TYPE SN526
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

e

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply Voltages (SeeNote 1): Veoy . . . . e B A

Veez » - - . e e e e e e e e 4 o . . =15V
Differential Input Voltage . . . . . . . e e e e e e e e v
Common-Mode Input Voltage . . . . . . e e e e e e e e e e .. E12V
Continuous Total Power Dissipation at(or below) 100°C Case Temperature (See Note 2) . . 250 mW

Operating Free-Air Temperature Range . . .
Storage Temperature Range . . . . . .

NOTES: 1. These voltage values are with respect to network ground.
2. Derate linearly above 100°C case temperature at a rate of 5 mW/deg.

- . . . . . . . . .

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

—55°C to 125°C
~65°C to 150°C

PARAMETER TEST CONDITIONS § MIN TYP MAX |UNIT
3 17 mY
Vp,  Differential-input offset voltage T, = —55°C to 125°C 20 =y
Yemo Common-mode output offset voltage 220 750 mY
Ty = 125°C 9 100 nA
lin Input current 50 300 nA
Ty = —55°C 230 1000 nA
T, = 125°C 15 50 | nA
Ioi Differential-input offset current 6 100 nA
T, = —55°C 60 500 | nA
Class B output (See Note 3
, R = 6000, iy nz M
Vom Maximum peak-fo-Peak output voltage Class B output (See Note 3)
R, = 600 Q, f=1KkHz 10 v
Ty, = —55°C to 125°C
Vemim Maximum common-mode input voltage X7 v
Ays  Smallsignal single-ended voltage gain f= 1kA: 800 1200
f=1kHz, T,= -55°C to 125°C| 630
Aycms Smallsignal single-ended common-mode voltage gain| f = 1 kHz 014 05
CMRR Small-signal common-mode rejection ratio f=1kHz 77 dB
BW  Bandwidth (—3 dB) 120 kHz
Z, Input impedance f=1kHz 0.35 1 MQ
Pr Total power dissipation 132 190 mW

§ Unless otherwise noted, test conditions include: Ve = +H12, VCCi = =12V, ground and Vp, applied, no external load, and a 0.05-uF capacitor between pin@

and ground. All parameters except V5, are measured with pin

Note 3: Pin @is connected fo pin @or pin .

letter symbol and parameter definitions

@grounded and pin@

open.

A\ That d-c voltage which must be applied between the input terminals to obtain zero-differential-output voltage. The appli-
cation of this voltage balances the amplifier.

Vemo  That d-c voltage level which exists between either output terminal and ground when the outputs are balanced.

Ly The current into either input of the amplifier.

Ing The difference in the currents into the two input terminals when the output is balanced.

Voum The maximum peak-to-peak output voltage swing that can be obtained without clipping when the output is balanced.

Yemiv  The maximum common-mode voltage that can be impressed on the input terminals while maintaining differential operation.

CMRR  The ratio of the differential-mode voltage gain to the common-mode voltage gain.

BW The range of frequencies within which the open-loop voltage gain is within 3 dB of the mid-frequency value.

z, The impedance between either input terminal and ground with the other input terminal a-c grounded and the output
balanced.

Zout The impedance between either output terminal and ground when the output is balanced.

compensation requirements

External capacitance must be_connected between pin @ and ground to stabilize the amplifier if symmetrical compensation is

not used on pins @ and @
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TYPE SN526
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

|
TYPICAL CHARACTERISTICS §

COMMON-MODE OUTPUT OFFSET VOLTAGE COMMON-MODE OUTPUT OFFSET VOLTAGE
\'23 Vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
1.0 1.0 I I I
- f v, V,
=+
o8 D o.gfp— Yea X
2 g o Vecz =-Vx
3 0 s O[T, masec
g 0.4 — 5 04 -
o 9 1//
s 0.2 z 02
£ E P
(0] 0 O 0
® o /
3 B
2 0.2 3 0.2
1
c =
g -0.4 ‘E’ -0.4
5 S
Yoo0.6 -0.6
| |
c
2 -0.8 g -0.8
O
>
~ o -1.0
75 50 -25 O 25 50 75 100 125 5 6 7 8 9 10 1 12 13 4 15
Tp — Free-Air Temperature —°C Vy — Supply Voltage — V
FIGURE 1 ) FIGURE 2
INPUT CURRENT DIFFERENTIAL-INPUT OFFSET CURRENT
\'2 Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
500 100
300 < 70
\ f =4
\ |
T 40
100 - £ \
< ~ v
¢ — 5 2
. 40 &£
5 N o
£ 5
6 g. 10 -
5 il 7 AN
2 K} AN
£ 0 N =
I o N
c 2 4 §
= 5 ™S
]
. ) \‘\
1 1
=75 50 -25 0 25 50 75 100 125 75 50 -25 0 25 50 75 100 125
T, — Free-Air Temperature —°C T, — Free-Air Temperature — °C
FIGURE 3 FIGURE 4

§ Unless otherwise noted, test conditions include: Veer = 12V, Voo, = —12V, ground and Vp, applied, no external load, and a 0.05-uF capacitor between pin@
and ground. All parameters except V), are measured with pin@grounded and pin@ open.
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TYPE SN526
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

L]
TYPICAL CHARACTERISTICS §

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs vs
FREE-AIR TEMPERATURE 16 LOAD RESISTANCE
> 16 [ >
| I
o 14 R, = 2kQ o 14
o o
o 2
= 3 o
S 12 - 2 12 JP
3 T R, = 600Q 3 /
3 10 3 10
X -~ ,
[+ o
K & g /
5 8 ) /
i V
~ < /
& 6 K
€ E / Class B Output
g 4 E f=1kHz
8 8 Ta = 25°C
b3 | 2
| Class B Output | 2
s 2 f= 1kHz 5
? L | >
0 0
=75 -50 -25 0 25 50 75 100 125 0.1 0.2 0.4 0.7 1 2
T, — Free-Air Temperature — °C R, — Load Resistance — k Q
FIGURE 5 FIGURE 6
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
Vs
FREQUENCY
16
>
I
o 14
(o2
2
°
> 12
3 h OUTPUT
s \\\
p
o 10
~ \
o
(3
T 8 \
0
T N
3 NN
& 6
5
E Class B Output
= 4—
g R, = 600Q N
Lo2b—1, - a5
3
> | L]
10 k 40 k 100 k 400 k 1IM 2M
f — Frequency — Hz FREQUENCY RESPONSE TEST CIRCUIT
FIGURE 7 FIGURE 8

Unfess otherwise noted, test conditions include: V = 412V, V = =12V, ground and Vy, applied, no external load, and a 0.05-uF capacitor between pin
cCl CcC2 DI
and ground. All parameters except V), are measured with pin@glounded and pin@ open.
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TYPE SN526
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

. _______________________________________________
TYPICAL CHARACTERISTICS §

SMALL-SIGNAL SINGLE-ENDED VOLTAGE GAIN SMALL-SIGNAL SINGLE-ENDED VOLTAGE GAIN
2] Vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
3000 3000
£ 5 Vear =+ W
5 Ve, ==V
© f=1kHz " cca™ "Vx
o
£ 2000 :: 2000 } Class B Output
> % R, = 100 kQ
3 Diff. Amp., R =100 kQ 2 f=1kHz
& 1500 - & o500 F
i ———1/ b Ta = 25°C
i) [ — =
& S— \\ z |
wv _ /
T ™ I 2 A
5, 1000 & 1000 L
& - \ n
< Class B, R = 600 Q ?
:_5 \‘ _g //
£ vy
"|’ 700 | 700 /
'd
QL >
< <
500 500
75 =50 -25 0 25 50 75 100 125 6 9 12 15
To — Free-Air Temperature — °C Vy— Suppl'y Voltage — V
FIGURE 9 FIGURE 10
VOLTAGE GAIN
Vs
FREQUENCY
45 TrrrrT T T 1T 1T TT1TT171%Y v T v rrr T T rIrrrr T T ™17 77T
(See Frequency Response Test Circuit Figure 8) C, = 0.0005 uF, C, = 100 pF,
[
40 Ry = 1kQ, R, =100 kQ, )
C, =0.1pF T~ %
S5 ! ! _ Ry=0
3 C, = Short, Cy=0.1yF, ‘\ \N C; = 0.005 pF, Cy = Short, 9
@ TR =1.1kq, Ry=10ka, 27 100 Ry =1.1kQ, Ry = 10kQ,
N Ry =1%kQ, Ry = 100kQ, N . - \ C, =0.05 yF,
l 25FRg=0 RN ¢ N 2%
£ Rg = 100 kQ \ , Ry ==
3 %
© 20 R, =0 i
[
24 —
£ B 7 A W< Ro= 100k 1
2 10} €1 = 0-THF, Co = Short Cy =0.1pF, Cy = 100 uF, 1 | 111
Ry = 1.1kQ, R, = 10 kQ, R, = 1kQ, Ry = 100 kQ, N % | | ||||
3Rg = 100 kQ Rg = 0 .( N ;= 0.05 F, T]
0 Ry=e ]
5 * i Ry=0
- \L L i
Re =
-10 hANE
10 100 1k 10 k 100 k M 10 M
f - Frequency - Hz
FIGURE 11

§ Unless otherwise noted, test conditions include: Voo = 12V, Vo, = =12V, ground and Vp, applied, no external load, and a 0.05-uF capacitor between pin@
and ground. All parameters except V), are measured with pin @grounded and pin@open.
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TYPE SN526
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

Avems — Common=-Mode Single-Ended Voltage Gain —V

Ice — Supply Current — mA

vs§s

TYPICAL CHARACTERISTICS §

SMALL-SIGNAL COMMON-MODE
SINGLE~-ENDED VOLTAGE GAIN

FREE-AIR TEMPERATURE

0.4 300
f=1kHz ;E 200
0.3— Via =1V rms |
c 150
2
1N 1
0.2 ~ a8 100
N g
— &
~ — 70
O
. £
P —
0.1 b 50
Q..'_
0 30
=75 =50 -25 0 25 50 75 100 125
Tpn — Free-Air Temperature — °C
FIGURE 12
SUPPLY CURRENT
vs
FREE-AIR TEMPERATURE
10
9
8
7 T
-lece f
¢ &
~\ \ UD
5 Hee >
a
'\\ 2
\ '
%)
4 L
3
=75 50 -25 0 25 50 75 100 125

To — Free-Air Temperature —°C

FIGURE 15

TOTAL POWER DISSIPATION

Vx

Vs
SUPPLY VOLTAGE
[ [T
Veer = *Wx
| Vee2 ™ -
Ta=25°C /
/|
4 1) 8 10 15 20
Vx — Supply Voltage — V
FIGURE 13
SUPPLY CURRENT
Vs
SUPPLY VOLTAGE
10
-
8 | Vecr=+ W
7 = Vec2® “Wx //
>
T, = 25°C _A
6 Neo A
’ *\c&/
5 // o
L~
4
3 s /
V |
2
6 9 12 15

— Supply Voitage —V

FIGURE 14

§ Unless otherwise noted, test conditions include: Veor = +12v, VCC2 = —12V, ground and Vp,, applied, no external load, and a 0.05-uF capacitor between pin@
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and ground. All parameters except Vo), are measured with pin

@ grounded and pin @ open.
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S0LID CIRCUIT® TYPE SN5500 [/
SEMICONDUCTOR NETWORKT  SENSE AMPLIFIER WITH ONE-SHOT OUTPUT

o @ =
m € <
< = v
A SERIES 55 HIGH-SPEED SEMICONDUCTOR NETWORK SENSE AMPLIFIER z &
oz 2
FOR APPLICATION IN Szf
c (=]
MAGNETIC CORE MEMORIES FOR g O°
w O
o DIGITAL COMPUTER SYSTEMS e DATA HANDLING SYSTEMS e CONTROL SYSTEMS S5
88
_— &
description S
E 3
The SN5500 sense amplifier detects bipolar (positive or negative) differential-input signals from a mag- >
netic core memory and provides the interface circuitry between the memory unit and the logic circuitry. 2
In performing this function the sense amplifier accepts low-level pulses originating in the memory, dis- =
criminates between those representing logical 1 and those representing logical 0, and converts them to &
logic levels compatible with standard integrated logic circuitry.
The SN5500 is an amplitude-discriminating sense amplifier incorporating a threshold circuit with a narrow
region of uncertainty. Signals of either polarity are accepted. A strobe input is provided so the threshold
detector can be enabled when the signal-to-noise ratio is a maximum during the system read cycle and
inhibited during the write cycle. It is recommended for core memory application with cycle times as low
as two microseconds.
An internal one-shot pulse amplifier provides a standard-width negative-going output pulse when triggered
by the threshold detector.
FUNCTIONAL BLOCK DIAGRAM PULSE TRUTH TABLE
INPUT CONDITION
INPUT VOLTAGE | STROBE
eur (1) _ ONe ouTRUT MAGNITUDE | INPUT | OuTPUT
INPUT ({0) Vil <V Lo Vst
STROBE (2) Veea DRIVER v, <V Hi V. ]
pur C (%) Gnd | 1 Yin T ! off
v Vil > Vg Lo Voit
SIGNAL Q < Vv > v Hi v
GROUND (5) NO CONNECTION | Vin T i on
o TEST POINT (Make no external connection) iVCMR Lo voff
VoM Hi Vot
mechanical data
The SN5500 Semiconductor Network is ORDERING INSTRUCTIONS
mounted in a glass-to-metal hermetically MECHPAK
sealed welded package. Leads are gold- NO MECH-PAK CARRIER CARRIER
plated F-.] 5% .glass-sealmg alloy. Approxi- Lead Length 0.175 inch Not Applicable
mate weight is 9‘1 gram. A!I external sur- Formed Leads No No | Yes| Yes| No| No | Yes| Yes
faces are m.etal.llc and are msmflated. from Insulators No Yes | No | Yes| No [ Yes | No | Yes
leads and circuit. The SN5500 is available Ordering
with formed leads, insulator attached, Suffix None | —6|-7| -1/ -2|-3|-4| -5
and/or mounted in a Mech-Pak carrier.
See ordering instructions.
®OOOO
o35 "] 050
0027 REF. > o3 ﬁ esres 0.035 0013
(5on Note' €) DATE 0050
¥ copE F=[r* vos
oiso .g@sxxxxx" osi0 | o250 esions i
PR XXX (Sea Note ) o0 NOTES: B All decime 0008 excopt at nated.
Eoo0s max 0250 wer. | & 00 ot pockege, nonaccomstame T o
LASS (See Note o) d. Lead centerlines are located within =0.005 of their
10 PLACES true positions relative to body centerlines.
e. Not applicable in Mech-Pak carrier.
L_ oons ol % f. Symbolization denotes orientation of package.
0.010
OCOOOO® SIDE VIEWS Falls within TO-89 dimensions
FPatented by Texas Instruments
JF-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 53% iron, 29% nickel, and 17% cobalt.
(o]
TEXAS INSTRUMENTS
INCORPORATED
SEMICONDUCTOR-COMPONENTS DIVISION 450"

POST OFFICE BOX 5012 e DALLAS, TEXAS 75222



TYPE SN5500
SENSE AMPLIFIER WITH ONE-SHOT OUTPUT

absolute maximum ratings over operating free-air temperature range

Supply Voltages: Ve .« © « v v v o o o o o o o 0L L o o s s s s s . 6y
VCCZ N -6 v
Strobe Input Voltage: Viprgbe =+« ¢« v o« v« . 0 0 o o o v oo .. tbv
Operating Free-Air Temperature Range . . . . . . . . . . . . . . . .=55°Ct0125°C
Storage Temperature Range . . . . . . . . . . . . . . . . . . . .-65°Cto 150°C
electrical characteristics, T, = —55°C to +125°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN MAX UNIT
v Input threshold 10 30 mv
T voltage level TA=25°C 15 19 mv
Input threshold
Vo offeet voltage 4 mv
: Differential-input Veer = 14.5v, Ve, =—45 v,
Ri resistance Varrope = +2.5V, 150 300 Q
Is Strobe input current | toistrobe) = 100 nsec, 25 ma
Voss Off output level loag=-3ma | 2.5 v
Von On output level lik=3 ma 0.5 v
v Common-mode t.=1;=20 nsec, 1 v
CMR  rejection voltage t,=100 nsec
Pr Total power dissipation 200 mw
switching characteristics, T,=-55°C to +125°C
PARAMETER TEST CONDITIONS MIN MAX UNIT
toouty  Output pulse width Vaisr=350 mv Veor= +4.5v, Ve, =—4.5 v, 200 800 nsec
tod Propagation delay time Vaiss= 50 mv Vetrobe— T 2.5V, 125 nsec
Differential input overload _ torstrobe) = 100 nsec,
Foa recovery fime Vairr=250mv | Goq Figure 4 100 nsec

letter symbol and parameter definitions

Vi  — Differential input signal level just sufficient to cause an output when coincident with a strobe signal.
See Figure 2.

Vio — Input threshold offset to opposite polarity input signals, [Vi@)— Vi@ |-

Ri» — D-c resistance between input terminals.

ls  — Strobe input current.

Vo — High output-voltage level while supplying specified current.
Vo — Low output-voltage level while sinking specified current.

Vemr — Common-mode signal that will not cause an output when a strobe signal is present.

touty — Output pulse width measured at 50-percent levels (see Figure 4).
Vaiss — Differential voltage between input terminals.
t,s — Propagation delay time from input leading edge to output leading edge measured at 50-percent

levels with 50-mv input.

t.a — Strobe delay time after a specified differential overload noise signal required to inhibit an output.
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TYPE SN5500
SENSE AMPLIFIER WITH ONE-SHOT QUTPUT

fe— Differenticl Amplifier —ele— Current-Mode Logic IL One-Shot
Ve @
< P4

1 Nyl 1
e €

Pin @ No Connection

\ A4
A

A4
AAA
VWA

1Sy, N
INPUT AN
(7) TEST POINT
3 $ $ >+
SIGNAL 1 1 1 .
o &4 t }
< < < < <
$ $ $ $ 3
INPUT ‘_4
]
GROUND @77 \1 }/ ouTPUT
A s 3
S b

STROBE AAA
G)—ww
INPUT \ b>7
Veez (D— P
ererence "
Amplifier ‘I'_ Driver ‘—'|

FIGURE 1 — CIRCUIT DIAGRAM

AAA
VWA~
A
V

NOTES: 1. dV; is the core output voltoge developed dvy —— 35 mv Typical Minimum
when a read current pulse is applied (Note 1
to a core in the disturbed logical 1 state. Uncertainty
2. dVz is the core output voltage developed l_ Range
when a read current pulse is applied to v [
T

a core in the disturbed logical 0 state.

L(]mv

8 mv Typical

Maximum

dV; (Note 2)

FIGURE 2 — THRESHOLD CHARACTERISTICS
(Referred to Typical Coincident-Current Memory Core dV; and dVz Output Voltage Waveforms)
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TYPE SN5500
SENSE AMPLIFIER WITH ONE-SHOT OUTPUT

PARAMETER MEASUREMENT INFORMATION

Differential
Sense Amplifier

Input

\

dvg v,

LS 8

Strobe Position to Suit System

Strobe

—+ 50%
Input

-~

=1 tp(strobe) o—

—o I-— Output Delay

(C tofout)
nd;
v, v, [
off off 50% 50%
ouTPUT ]

— Von
FIGURE 3 — TYPICAL SYSTEM TIMING DIAGRAM
m—
Vin -
Input Pulse 1 50% 50%
(50 Q Source)
tr, tg < 20 nsec ]
Repetition Rate = 100 ke je—150 nse
Strobe Input
(50 Q Source)
t., t; <20 nsec
— tpd
— Voff
Output for V;, > Vy 50% 50%
= Von

tolout)

FIGURE 4 — TEST TIMING DIAGRAM FOR THRESHOLD AND SWITCHING CHARACTERISTICS

PRINTED IN U.S.A.
T{ cannot assume any responsibility for any circuifs shown
or represent that they are free from patent infringement.

4504 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



O

SOLID CIRCUIRT® TYPES SN5510, SN5510L i
SEMICONDUCTOR NETWORKS WIDE-BAND VIDEO AMPLIFIERS

-}
€3
SERIES 55 WIDE-BAND VIDEO AMPLIFIERS ER
-4
zZ0
FEATURING 2g
o -t
. . . 9
Flat Frequency Response with Low Phase-Shift from DC to 40 MHz 9
o &
o g
g e
S
description g oVeat ;z:
Each of these wide-band video amplifiers features a flat frequency 38600 w0a ik -3
response and low phase-shift from dc to 40 MHz. Differential inputs o;n
and outputs are provided which permit them to be used as high- e q =
frequency differential amplifiers. INPUT Y °“_{ 1 —~QOUTPUT | §
$7800Q $1kR )
42Q A5Q <
Elements of the Series 55 video-amplifier bar include transistors +% ~OGND
with transition frequency as high as 1.2 GHz under low-current and | GT A 3ika
low-V¢; conditions. Circuit frequency response from dc to greater e 50 379 wa
than 100 MHz is possible. 200 £ w0 QOUTRUT 2
INPUT 2 o——( aQ
3
8003 Vo, 300 g1

. See logic symbols below for pin numbers
mechanical data

The SN5510 wide-band video amplifier is mounted in a glass-to- SN5510 ORDERING INSTRUCTIONS

metal hermetically sealed welded package meeting TO-89. Leads NO MECH-PAK CARRIER|MECH-PAK CARRIER
are gold-plated F-15% glass-sealing alloy. Approximate weight is Lead Length 0.175 Inch Not Applicable

0.1 gram. All external surfaces are metallic and are insulated from | Formed Leads No | No | Yes|Yes| No| No | Yes|Yes
leads and circuit. The SN5510 is available with formed leads, Insulators No |Yes | No {Yes| No | Yes | No | Yes
insulator attached, and/or mounted in a Mech-Pak carrier. See |Ordering Suffix] None | -6 |-7 |-1 |2 [-3 |-4 |-5

Ordering Instructions.

e 0260, 0.050
0.250 0,035 ™
0.027 REF. —»| N 0.013 Tor view
ofomROpO [ ——
al|é gng ourpur outeut
0.175 REF. sllslisfe Vees 1 onp 2
0.165 MIN.
(See Note e) DATE 0.050 @ @ @
CODE { T oom ! ! !
1
T (e XX o o NOTES: a. Al di h
0.1 0.490 - 0.220 : Q. imensions in inches.
¥y SNXXXX (see Note ) b. All decimals =0.005 except as noted.
YTV ¢ Load spacing tolerance s ==0.015 of extremities and s 3
oo MAX 0.250 REF. 0,005 ot package, nonaccumulative. X
GLASS (See Note e) d. Lead centerlines are located within =-0.005 of their I I l l
10 PLACES true positions relative to body centerlines. DO O®G
o. Not applicable in Mech-Pak carcier. NPUT Ve INRUT
0,005 {. Symbolization denotes orientation of package. NC - NO INTERNAL CONNEGHON
_J 0.013 0.003
OOEOOO s views

Falls within TO-89 dimensions OUTLINE DRAWING — SN5510

The SN5510L package outline is same as JEDEC TO-99 except for diameter of standoff.

o _ OUTLINE DRAWING — SN5510L BOTTOM VIEW
0165
il %‘:& /'0.017 %DIA Veea
Lt | OUTPUT 1 ® INPUT 1
0.335 = 0.370
0305 O'A S a3 O GND @ @ Veer
T
0040 OUTPUT 2 INPUT 2
0.010 E%&O _,I 9
All dimensions in inches unless otherwise noted. CASE

FPatented by Texas Instruments

$F-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 53% iron, 29 nickel, and 17% cobalt.

TEXAS INSTRUMENTS

INCORPORATED

SEMICONDUCTOR-COMPONENTS DIVISION 4505
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



TYPES SN5510, SN5510L
WIDE-BAND VIDEO AMPLIFIERS

e

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltages (See Note 1): Ve, o 0 0 0 0 0 v o o 0 . o o o o 0 . . . . .. 8V
Vccz -8V
Differential input voltage . . . . . . . . . . . L . . . o o e e e e e e 5v
Positive input voltage (See Note 1) . . . . . . . . . . . . . . . . . . . . . . . .. Vg
Negative input voltage (See Note 1) .o - e Ve
Operating free-air temperature ranges: SN5510. . . . . . . . . . . . . . . . . .-55°Cto 70°C
SN5s10L . . . . . . . . . . . . . . . . .-55°to0100°C
Operating case temperature ranges: SN5510. . . . . . . . . . < . . . . . . .=-55°Cto100°C
SN5510L . . . . . . . . . . . . . . . . .-55°Cto125°C
Storage temperature range . . . . . . . .« . W + « « 4 v « « « W« « . . . .-65°Cto150°C
NOTE 1: These voltage values are with respect to network ground.
electrical characteristics, T, — 25°C, Vecy = +6 V, Ve, = -6 V
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX | UNIT
Voo Differential-output offset voltage 1 0.5 1.3 \"
Vemola :éf:?;,f:; mon-mode output 1 26 31 35 | v
Lin Input current 1 40 80 LA
Ioy Differential-input offset current 1 3 20 uA
Load resistance = 5 kQ,
Dy Single-ended output distortion 2 input distortion < 0.2%, 1.5 5 %
Vot = 1Vrms, f = 10 kHz
Ve Equivalent average input noise 3 Single-ended, R¢ = 0, 5 v
Nfin) voltage f = 10 Hz to 500 kHz #
Vere {f[l;:::m common-mode input 1 v
A Small-signal voltage gain 9 Single-ended, load resistance = 5 kQ, 75 93 10
vs f = 100 kHz
Acm Common-mode-input voltage gain 4 3::95-8?:3(1;":?? :s:]s;:n:ﬁz: 5 ke —45 --30 dB
CMRR Common-mode rejection ratio 4 Load resistance = 5 kQ, f = 100 kHz 85 dB
BW Bandwidth (=3 dB) 2 40 MHz
Fin Input resistance 5 f = 100 kHz 6 kg
Cin Input capacitance 5 f = 100 kHz 7 pF
Zou Output impedance 5 f = 100 kHz 35 Q
Py Total power dissipation 1 No input signal, no external load 165 220 | mW
t, Rise time 6 Single-ended, V,, = 5 mV 9 12 ns
t Fall time 6 Single-ended, V,, = 5 mV 9 12 ns
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TYPES SN5510, SN5510L
WIDE-BAND VIDEO AMPLIFIERS

TYPICAL CHARACTERISTICS §

PHASE SHIFT : COMMON-MODE REJECTION RATIO
Vs
FREQUENCY FREQUENCY
200
110 T 7 T Tl
Single-ended _H zlnglgae;;ded
175 |-Rs = 50 Q = 00 5 |
R, =5kQ i/ | R, =5kQ
o] -
150 71, = 25°C 5 90 T =25°C ]
§>125 § 80 \ L
L W
J-IOO ‘: J\
& E ‘~‘\\4
Q ‘ c \
575 c 60
£ / :
/ ; N\
56 LI) 50
1 g
25 = 40
L1 b e 4L
0 L= L T
1 2 4 7 10 20 40 70 100 1 2 4 7 10 20 40 70 100
f — Frequency — MHz f — Frequency — MHz
FIGURE 15 FIGURE 16
§Vcer = +6Vand Ve, = —6 V.
SCALES
INPUT = Horizontal: 10 ns/division

Vertical: Output = 200 mV/division
Input = 5 mV/division

NOTE: See Figure 2 for fest circuit.

FIGURE 17 — OSCILLOSCOPE PRESENTATION OF PULSE RESPONSE
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TYPES SN5510, SN5510L
~ WIDE-BAND VIDEO AMPLIFIERS

TYPICAL CHARACTERISTICS §

SMALL-SIGNAL VOLTAGE GAIN SMALL-SIGNAL VOLTAGE GAIN VARIATION
vs vs
160 . : FREE~AIR TEMPERATURE SUPPLY VOLTAGE
Single-ended 1.5 »
}_ Rg gso Q =} CURVE NO. Ve Ve
140 | 1.0
R, =5 kQ c 1 [V [
£ £ = 100 kHz 2 2 WV, |6V
. g m——— =1
@ > !
0 < 0 -—
3100 3 1
> o
< \ & -0.5 > N
& 80 =1 ki / ‘
2 2 -1.0 A
T 40 e /
& 1 SN5510L > 5-1.5 3 Single-ended ]
| » SN5510 ——>~ 2 / Rg =50 Q
< & 2.0 - R, =5kQ |
| f= 100 kHz
20 -2.5 2
<§' Ta = 25°C
0 -3.0 .
=75 -50 -25 0 25 50 75 100 125 4.0 4.5 5.0 5.5 6.0 6.5 7.0
T, — Free-Air Temperature — °C Vx — Supply Voltage —V
FIGURE 11 FIGURE 12
SMALL-SIGNAL VOLTAGE GAIN SMALL~SIGNAL VOLTAGE GAIN
\'2 vs
FREQUENCY FREQUENCY
50 [ T T 111 50 T T T
—Rg = 50 Q Single-ended
= A Rsl =|5(|)(! |Q o Rg =50 Q
N ——— ' I Ry =5 kQ
. ~=. N 40 ]
8 3 NI ™0
EN \ ° \
£ 30 | £30
3 3
> Rg=1 kQ— 3
5 z
5 Single~ended 2
@ 20 | R =5kQ & 20
— 1
3 T, = 25°C 3
T &
2 10 Iw 10
0 0
! 2 4 10 20 40 70 100 1 2 4 10 20 40 100 400 1000
f — Frequency — MHz f — Frequency — MHz
FIGURE 13 FIGURE 14
§Unless otherwise noted Voy = +6V, Voo, = —6 V.
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TYPES SN5510, SN5510L
WIDE-BAND VIDEO AMPLIFIERS

letter symbol and parameter definitions

Voo The d-c differential voltage that exists between the output terminals when the input terminals are at ground.

Vemo(ay) The average of the d-c output voltages with respect to ground when the input terminals are grounded.

Ip) The difference in the currents into the two input terminals.

Vemim The maximum common-mode voltage that can be impressed on the input terminals while maintaining differential
operation.

CMRR The ratio of the differential-mode voltage gain to the common-mode voltage gain.

BW The range of frequencies within which the open-loop voltage gain is within 3 dB of the mid-frequency value.

PARAMETER MEASUREMENT INFORMATION

test circuits

Veer
b leey
—_—
INPUT 1 OUTPUT 1 INPUT |
GND
INPUT 2 Vin
—
Iin2 voufl
4 A T 3
1. Vpo = lvoun - chle 1. Single-ended output distortion is measured at A or B
v Ty with ¥, or Vg = 1V ms, input distortion < 0.2%,
2 Vopo(ay = —ML o2 and f = 10 kHz.
2
_ VyorVg
3 oy = [ling = ling| 2 hs = v,
4 P = |Veer * leer| + | Veer * lece where: V., = 1mV ms and f = 100 kz.
FIGURE 1 FIGURE 2
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4510

TYPES SN5510, SN5510L
WIDE-BAND VIDEO AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

test circuits (continued)

Veer
T 0.1 puF
INPUT 1 = OUTPUT 1
GND
2
+—o—
INPUT 2
) VN(outl)
0.1 uF vN(ou'Z)
< R
L Vi = ¥ Nioat) o Vi)

Ays

== true rms broad-band
noise voltage from
10 Hz to 500 kHz.

where: v Nlout)

FIGURE 3

VCCI

0.1 4F
Q"

“OUTPUT 1 I A

GND
P

50 >
vV Rg g INPUT 2

1 Avem = 20 Log 1VA or Vg

I

n

where: V., = 0.3V rms and f = 100 kHz.

2. (MRR = 20 Log Ays — A,

FIGURE 4
Veai INPUT
INPUT 1 OUTPUT 1 90%
I PUT 1
n ¢ ©SND ouT 10%
i in
l" | BUTPLT 2 —
INPUT 2 f 90%
out Zout OUTPUT 2 V3 | 0% 10% 1
Y 1 - |
Ve = = .t T
1. Test cireit is identical to that shown in Figure 2.
FIGURE 5

FIGURE 6 —t and t, VOLTAGE WAVEFORMS




TYPES SN5510, SN5510L
MONOLITHIC WIDE-BAND VIDEO AMPLIFIERS

TYPICAL CHARACTERISTICS 3

—_—
[
o

AVERAGE COMMON-MODE OUTPUT OFFSET VOLTAGE INPUT CURRENT
> Vs vs

i FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
0 4 80

o

s

2 70

K]

o 3

3 <

=3 -5

3 I

3

o . 50

3 5

3 2 G 40

€ 5

g g \\L
3 < 30

] |

] &

[+,] -

[+]

o

<

|

e

b
>

SN5510L — SN5510L -
| 10 1
SN5510 ——» SN5510 ——
0 0
-75 50 -25 O 25 50 75 100 125 =75 =50 -25 0 25 50 75 100 125
Tpo — Free-Air Temperature — °C To — Free-Air Temperature — °C
FIGURE 7 FIGURE 8
PEAK-TO-PEAK OUTPUT VOLTAGE PEAK-TO-PEAK OUTPUT VOLTAGE
vs vs
LOAD RESISTANCE FREQUENCY
> L S 8 T T TTTTT
3% total harmonic distortion 3% total harmonic distortion
Single-ended - 7F Single-ended
> f=10kHz Rg =50 Q
I 4 T4 = 25°C |
° X 6 No external load
g 8 Tp = 25°C
K S
>
23 v g’
k=g 3
3 / s
~ x4
X o
g, g N
! o
i 1’
8 k \\
| 1 I z ‘\
>3 >8 1
0 0
0 i 2 3 4 5 1 2 4 7 10 20 40 70 100
R, — Load Resistance — kQ f — Frequency — MHz
FIGURE 9 FIGURE 10
§Unless otherwise noted Ve, = -6V, Vo, = —6 V.
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} LIBRARY

TI Micr()library Books for
Creative Circuit Designers

AUDIO AND AM/FM CIRCUIT DESIGN HANDBOOK
220 Pages ® 79 Illustrations @ Published June 66 @ $3.00

TV CIRCUIT DESIGN HANDBOOK
126 Pages ® 65 Illustrations @ Published June’66 o $2.00

TI SERIES 54/74 INTEGRATED CIRCUITS
204 Pages ® 80 Illustrations @ Published May ‘66 e $3.00

Transistor Circuit Design
523 pages @ 526 illustrations @ published Jan. '63 e $15.00

Field-effect Transistors e L. J. Sevin
138 pages ® 137 illustrations e published April '65 o $10.00

Silicon Semiconductor Technology ¢ W. R. Runyan
256 pages @ 301 illustrations ® published May '65 o $16.50

Communications Handbook (in two parts)
366 pages total e 417 illustrations e published Mar. '65 o $3.50/set

Solid-State Communications

Design of Communications Equipment Using Semiconductors;
a hardback edition of Communications Handbook.

366 pages o 417 illustrations e published April 66 e $12.50

Power Seminar
214 pages o 149 illustrations e published Nov. 64 e $2.00

Computer Seminar
127 pages e 106 illustrations e revised May ‘65 o $2.00

Terms: U.S.: g(})lB gestiga;li(on, bul_kdt_ate. Send check or Texas Instruments Incorporated
ther than bu. rate, 1ndicate
method of shipment, add shipping charges. money order Post Office Box 5012
. L A (no purchase Dallas, Texas 75222
Outside U.S.: Indicate method of shipment, .
add shipping charges. orders) to: Attn: Jack Miller MS75



HIGH-SPEED SATURATED TRANSISTOR-TRANSISTOR LOGIC CIRCUITS

FOR GENERAL-PURPOSE DIGITAL SYSTEM APPLICATIONS

description

Series 74 integrated circuits have been designed
and characterized for high-speed, general-purpose
digital applications ‘where high d-c noise margin
and relatively low power dissipation are important
system considerations. Definitive specifications are
provided for operating characteristics over the
temperature range of 0°C to 70°C. This logic
series includes the basic gates, flip-flop elements,
and complex logic and storage elements needed
to perform all functions required of general pur-
pose industrial digital systems.

o SERIES 74
SOLID CIRGUIET SEMICONDUCTOR NETWORKSt

§961 1SNONV ‘pe6.S9 $-10 "ON NILITING SOV

TYPE SN7400 PRIOR TO CAPPING

features
LOW SYSTEM COST

e maximum number of circuits per package through use of 14-lead package

OPTIMUM CIRCUIT PERFORMANCE
¢ high speed — typical gate propagation delay time of 13 ns
e high d-c noise margin — typically one volt

e low output impedance provides low a-c noise susceptibility

e waveform integrity over full range of loading and temperature conditions

¢ low power dissipation — 10 mW per gate at 50% duty cycle
o full fan-out of 10

CONTENTS

CIRCUIT DESIGN CHARACTERISTICS AND OPERATION .

LOGIC DEFINITION AND SYMBOLS

DEFINITIVE SPECIFICATIONS

D-C TEST CIRCUITS .
SWITCHING TIME TEST CIRCUITS AND VOLTAGE WAVEFORMS .
TYPICAL CHARACTERISTICS .

MECHANICAL DATA

. 5044-5052

Page

5002
5003-5004
5005-5031
5032-5043

5053-5055
5056

TPatented by Texas Instruments.

°~ TEXAS INSTRUMENTS

INCORPORATED
SEMICONDUCTOR-COMPONENTS DIVISION
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

5001

9961 ¥3IWIDIA ‘S61699 S~1d 'ON NIIIA1ING
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SERIES 74
SQLID GERGUIT® SEMICONDUCTOR NETWORKS
|

design characteristics

Series 74 digital integrated circuits effect an optimization
between saturated logic circuitry and monolithic semiconduc-
tor technology yielding high performance at lowest cost. In Vce
discrete-component circuitry maximum use is made of lower
cost components (diodes and resistors) instead of the higher -
priced transistors. However, in monolithic circuitry it costs no
more to build transistors than diodes or resistors. Therefore,
in Series 74, transistors are used to buffer the fluctuations
in currents that occur as resistor values change. Also, the
Series 74 muitiple-emitter transistor can easily be built in a

0.8V input (test condition)
0.4V max. output (worst case)
0.4V worst-case noise margin

monolithic bar to eliminate the need for conventional input ouTPuT _ _ _ _____ INPUT -
diodes.
circuit operation . 0.4V max. 0.8V

worst case) (test condition)
The transistor-transistor logic (TTL) used in Series 74 is anal- (

ogous to diode-transistor logic (DTL) in certain respects. As
shown in figure A, a low voltage at inputs A or B will allow GND
current to flow through the diode associated with the low
input, and no drive current will pass through diode D,. If . . .
inputs A and B are raised to a high voltage, drive current Figure D — Logical 0 Noise Margin
will then pass through diode D;.

Each output is tested to ensure that the logical 1 output
voltage will not fall below 2.4 volts. This is done with full
Vee fan-out, lowest V., and 0.8 volt on the input — 400 mV
Vee more than the logical 0 maximum.

Each output is tested to ensure that the logical 0 output
voltage will not exceed 0.4 volt. This is done with full fan-
—-—- out, lowest Vi, and 2 volts on the input — 400 mV less than
the logical 1 minimym.

Iin OI
i — In actual system operation, the majority of circuits do not
INPUT A - experience worst-case conditions of fan-out, supply voltage,
' temperature, and input voltage simultaneously. In addition,
INPUT B ) INPUT B —— the threshold voltage of the Series 74 circuits is about 1.5
GND volts. These characteristics allow a larger voltage change on
an input without false triggering. This typical noise margin is
Figure A Figure B shown in figure E.
Diode AND logic Series 74 AND Logic
In Series 74 TTL circuitry, the multiple-emitter transistor per-
forms the same function as the diodes in DTL (see figure B).
However, the transistor action of the multiple-emitter trans- 2.8 ! !
istor causes transistor Q; to turn-off more rapidly, thus pro- 2.4 _VCC =475V
viding an inherent switching-time advantage over the DTL ' Fan-Out = 10
circuit. > 2.0 g
Although one-volt d-c noise margins are typical for Series 74 | LOGICAL 1
circuits, an absolute guarantee of 400 millivolts is assured £ 1.6 NOISE MARGIN |
for every unit. This is accomplished by testing each output g’
and input as shown in figures C and D. z 1.2
O
1 LOGICAL O _‘
o 08 NOISE MARGIN
V,
cC 0.4
. 0
2.4 V min. output (wo'rs.t case) S 0 10 20 30 40 50 60 70
2.0 V input (test condition) pS
. 0.4 V worst—case noise margin TA ~ Free-Air Temperature —°C
OUTPUT INPUT .
—1— ----------- -‘-“ Figure E — Typical D-C Margin vs Temperature
-- 2.4V min. 2V Another important feature of the design is the output con-
(worst case) (test condition) figuration which both supplies current (in the logical 1 state)

and sinks current (in the logical O state) from a low imped-
. —_ ance. Typically, logizal O output impedance is 12 © and
GND logical 1 output impedance is 70 Q. This low output imped-
ance in either state rejects capacitively coupled a-c pulses
and ensures small R-C time constants which preserve wave-
Figure C — Logical 1 Noise Margin shape integrity.
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SOLID CERCTEY" SEMICONDUCTOR

standard line summary

SERIES 74
NETWORKS

SN7400 See Page 5005

T+
ol

QUADRUPLE 2-INPUT
POSITIVE NAND GATE

SN7410 See Page 5006

I_—Sl
s%a::»%
T

TRIPLE 3-INPUT
POSITIVE NAND GATE

SN7420 See Page 5007

|
L

DUAL 4-INPUT
POSITIVE NAND GATE

SN7430 See Page 5008

—7
i |
| |
= O+
| |
| |
| |
b

8-INPUT
POSITIVE NAND GATE

SN7440 See Page 5009

I
L

DUAL 4-INPUT
POSITIVE NAND BUFFER

SN7450 Sece Page 5010

| |

EXPANDABLE DUAL
2-WIDE 2-INPUT
AND-OR-INVERT GATE

SN7451 See Page 5010
| =
|
|
I
|
I
I
e d

DUAL 2-WIDE 2-INPUT
AND-OR-INVERT GATE

SN7453 Sece Page 5012

EXPANDABLE 4-WIDE
2-INPUT
AND-OR-INVERT GATE

SN7454 See Page 5012

4-WIDE 2-INPUT
AND-OR-INVERT GATE

SN7460 See Page 5014

7
s
e

DUAL 4-INPUT EXPANDER

SN7470 See Page 5015

J-K FLIP-FLOP

SN7472 See Page 5018

J-K MASTER-SLAVE
FLIP-FLOP

SN7473 See Page 5021

Clear,

—1—Ik &

DUAL J-K
MASTER-SLAVE FLIP-FLOP

SN7474

See Page 5024
="

! Preset
D Q

T
—}-— Clock

| lclea®

=

Clear_

| Q

——clock
D

I PresetQ

—+—_ _ _]

DUAL D-TYPE
EDGE-TRIGGERED FLIP-FLOP

SN7480 See Page 5027
————— -
|

-

OO —

GATED FULL ADDER

5003



SERIES 74
SOLID @fl_ﬂ@W«lﬂ‘@ SEMICONDUCTOR NETWORKS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply Voltage Vec (SeeNote 1) . . . . . . . . . . . . . . . . . .. . .. 7V

Input Voltage Vi, (See Notes1and 2) . . . . . . . . . . . . . . . .. . . .55y

Operating Free-Air Temperature Range . . . . . . . . . . . . . . . . 0°C to 70°C

Storage Temperature Range . . . . . . . . . . « . . .+« . . . . .=65°C to 150°C
NOTES: 1. Voltage values are with respect to nelwork ground terminal.

2. Input signals must be zero or positive with respect to network ground terminal.

logic definition

Series 74 logic is defined in terms of standard POSITIVE LOGIC using the following definitions:

LOW VOLTAGE = LOGICAL 0
HIGH VOLTAGE = LOGICAL 1

input-current requirements

Input-current requirements reflect worst-case conditions for T, = 0°C to 70°C and Ve = 475V 1o
5.25 V. Each input of the multiple-emitter input transistor requires that no more than —1.6 mA flow out of
the input at a logical O voltage level; therefore, one load (N = 1) is —1.6 mA maximum. Each input requires
current into the input at a logical 1 voltage level. This current is 40 pA maximum for each emitter input.
Currents into the input terminals are specified as positive values. Arrows on the d-c test circuits indicate
the actual direction of current flow.

fan-out capability

Fan-out reflects the ability of an output to sink current from a number of loads (N) at a logical 0 voltage
level and to supply current at a logical 1 voltage level. Each standard output is capable of sinking current
or supplying current to 10 loads (N = 10). The buffer gate is capable of sinking current or supplying
current to 30 loads (N = 30). The carry output (C,+;) of the full adder is capable of driving 5 loads
(N = 5) and the A* and B* nodes may be used to drive 3 loads (N = 3). Load currents (out of the
output terminal) are specified as negative values. Arrows on the d-c test circuits indicate the actual direc-
tion of current flow.

unused inputs

For optimum switching times, unused gate inputs should be tied to a positive voltage source of 2.4 V
to 5.5 V. This eliminates the distributed capacitance associated with the floating input-transistor emitter,
bond wire, and packaye lead, and ensures that no degradation will occur in the propagahon delay
times. Supply voltage Vcc, if regulated to 5.5 V maximum, may be used.

If the supply voltage Vcc cannot be limited to 5.5 V the following alternatives are recommended:
a. Connect unused gate inputs to an independent supply voltage source of 2.4 V to 5.5 V.

b. Connect unused inputs to a used input if maximum fan-out of the driving output will not
be exceeded.

In all cases, unused J* and K* inputs of the SN7470 must be connected to ground.

Instructions for terminating unused inputs of the SN7480 are provided in the applications shown for that
device.
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schematic (each gate)

OUTPUT Y
INPUTS

o GND

Component values shown are nominal.

recommended operating conditions

Supply Voltage Voo

TYPE SN7400
QUADRUPLE 2-INPUT POSITIVE NAND GATE

Y = AB

positive logic

. 475V 10525V

Fan-Out From Each Output, N . . . . . . . . . . . . e e 1t 10
electrical characteristics, T, = 0°C to 70°C
TEST
. PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX |UNIT
Logical 1 input voltage required
Vin1) ot all input terminals to 1 Vee = 475V, Vout{o) <04V 2 v
ensure logical O level at output
Logical O input voltage required
Vino) ot eny input terminal to ' 2 Vec = 475V, Voutpty = 24V 08 | v
ensure logical 1 level at output
Vor = 475V V. =08Y,
. CcC ’ in 4 3.3
Vw,(” Logical 1 output voltage 2 log = —400 sA 2 i v
. Vee = 475V, V. =2V,
Vouto} Llogical 0 output voltage 1 I:,: = 16 mA n 0.22f 0.4 v
lino) Logical O level input current (each input) 3 Ve = 525V, Vin = 04V ~1.6 | mA
Vee =525V, V., = 24V 40 A
linn)  Logical 1 level input current (each input) 4 ce . = #
Vec =525V, V., =55V 1 [mA
los  Short<circuit output currentt 5 Vec =525V, -18 ~-55 | mA
lccio) Logical O level supply current (each gate) é Vee =5V, Vin =5V 3% mA
lcciy Logical 1 level supply current (each gate) Vec =5V, Vin =0 1% mA
switching characteristics, Vcc=5 V, T,=25°C, N=10
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX| UNIT
todo  Propagation delay time to logical O level 50 C, = 15pF 8 15| ns
tos1  Propagation delay time to logical 1 level 50 C, = 15pF 18 29 ns

FNot more than one output should be shorted at a fime.
FThese typical values are ot Voo = 5V, T, = 25°C,
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TYPE SN7410
TRIPLE 3-INPUT POSITIVE NAND GATE

schematic (each gate)

1C 3y 3C GND 38 3A 2C
y ®® WO
ccC
$ , S
< 4kQ l—_:]
| (_
A ) _{ OUTPUT Y ' l i
e ®
® ONONONOXO)
C 1A 18 1Y Vee 2y 2A 28
GND positive logic
Y = ABC
Component values shown are nominal.
recommended operating conditions
Supply Voltage Ve e e e e e e e e e e e e e e e e e e e e e e e e e e e .. 475VH0525V
Fan-Out From Output, N . . . . . . . . . . © . « v v v v 4« o o e« o s s s e e e e 2. 1010
electrical characteristics, T, — 0°C to 70°C
TEST
PARAMETER FIGURE TEST CONDITIONS MIN  TYP MAX |UNIT
Logical 1 input voltage required
Vinpy at all input terminals to 1 Vec = 475V, Voui(o) <04V 2 v
ensure logical 0 level at output
Logical 0 input voltage required
Vino) @t any input terminal to 2 Vee = 475V, Voutp) = 24V 08 | v
ensure logical 1 leve!l at output
. Voo = 475V, Vi, =08V,
Vout(1) Logical 1 output voltage 2 I::: — 2400 uA in 24 33% v
. Vee = 475V, vV, =2V,
Vouf(o) Logical 0 output voltage 1 lf,: — 15 mA in 0.22f 0.4 v
linjo)  Logical O level input current (each input) 3 Vec =525V, Vi, = 04V -1.6 | mA
. ) ) Vec =525V,  V, = 24V 40 | xA
Iin(l) Logical 1 level input current (each input) 4
Voo =525V, V,, =55V 1 | ma
los  Short-circuit output currentt 5 Vee =525V -18 -55 | mA
lccio) Logical O level supply current (each gate) [ Vee =5V, Vin =258V 3% mA
lccpiy Llogical 1 level supply current (each gate) 6 Ve =5V, Vin = 1% mA
switching characteristics, Vcc=5 V, T,=25°C, N=10
TEST
PARAMETER ) FIGURE TEST CONDITIONS MIN TYP MAX| UNIT
todo  Propagation delay time to logical O level 50 C, = 15pF 8 15 | ns
t.d1 Propagation delay time to logical 1 level 50 C, = 15pF 18 29 ns

FNot more than one output should be shorted at a time.
FThese typical values are at Vee = 5V, Ty = 25°¢.
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schematic (each gate)

INPUTS

Component values shown are nominal.

recommended operating conditions

electrical characteristics, T, —=0°C to 70°C

switching

Supply Voltage Vge . . . o . . o . .
Fan-Out From Each Output, N . . . .

CcC

GND

OUTPUT Y

TYPE SN7420
DUAL 4-INPUT POSITIVE NAND GATE

Vee

ONOXO

positive logic
Y = ABCD

.475 V to 525 V

. .

1t 10

TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX/| UNIT
Logical 1 input voltage required
Vin(1y ot all input terminals to 1 Vee = 475, Voutig) < 04V 2 v
ensure logical 0 level at output
Logical O input voltage required
Vinje) ot any input terminal to 2 Vee = 475V, Veut() > 24V 0.8 v
ensure logical 1 level at output
. Vec = 475V,  V,, =08V,
Yout(1) Logical 1 output voltage 2 s = —400 4A i 24 33% v
. Vee = 475, V.. =2V,
Youtjo) Logical 0 output voltage 1 ',iC: = 16m A' n 0.22f 0.4 v
lino)  Logical 0 level input current (each input) 3 Vee = 525V, Vin = 04V -1.6 | mA
Vee = 525V, Vin = 24V 40
linf1 Logical 1 level input current (each input) 4 cc =3 n HA
Vec = 525V, V,, =55V 1 [ ma
los  Short-circuit output current} 5 Vec = 525V -18 -55 | mA
Iccio) Logical 0 level supply current (each gate) 6 Vee =5V, Vip,=5V 3t mA
lccpy Logical 1 level supply current (each gate) 6 Vee =5V, Vin =0 1% mA
characteristics, Vecc=5 V, T,=25°C, N=10
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX]| UNIT
todo  Propagation delay time to logical O level 50 C, = 15pF 8 15 | ns
tod1  Propagation delay time to logical 1 level 50 C, = 15 pF 18 29 ns

FNot more than one output should be shorted at a time.

FThese typical values are at Voo = 5V, T, = 25°C.
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TYPE SN7430
8-INPUT POSITIVE NAND

schematic

GATE

NC NC Y GND H G F
% o Vec ONONONONO,
4kQ 31.6k2 31308 | I
|
OUTPUT Y
B
C
CiDtiTC D N\ 72\ 72N\ N\ 2\ AN\ D
TR e ARV AV ROV AU AN
F 1 k@ NC A B Vee C D E
H GND ey .
positive logic
Component values shown are nominal. Y = ABCDEFGH
recommended operating conditions
Supply Voltage Voo « . o & o o o o0 o 0 e e .o .. 475V t0 525V
Fan-Out From Output, N . . . . . . . . . . . . . . 1t 10
electrical characteristics, T,= 0°C to 70°C
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX |UNIT
Logical 1 input voltage required
Vinj) ot all input terminals to 1 Ve = 475V, Vout(o) <04V 2 v
ensure logical O level at output
Logical O input voltage required ’ o )
Vinoy @t any input terminal to 2 Voe =475V, Voup = 24V 0.8 \"
ensure logical 1 level at ovtput
Vee = 475V, V., = 08V,
Vout(1) Logical 1 output voltage 2 |l°c::, = —400 uA " 24 3.3% v
Vee = 475V, V., =2V
\Y R cC ’ in ’ .
outfo) Logical O output voltage 1 Ly = 16 mA 0.22f 04 \4
linjoy  Logical O level input current (each input) 3 Ve = 525V, Vi, = 04V -1.6 | mA
] Vec = 525V,  V,, = 24V 40 | uA
l‘-nm Logical 1 level input current (each input) 4 -

Vec = 525V,  V, =55V 1 [ maA
los  Short-circuit output current 5 Vee = 525V ~18 —-55 | mA
lccro) Logical O level supply current 6 Vee =5V, Vi, =58V 3% mA
lccp) Logical 1 level supply current 6 Vee =5V, Vip = 1% mA

switching characteristics, Vcc =5 V, T,=25°C, N=10
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX [UNIT
todo  Propagation delay time to logical 0 level 50 C, = 15pF 8 15 ns
todi Pfopagqﬁon delay time to logical 1 level 50 C, = 15pF 18 29 ns

FThese typical values are at Voo = 5V, T, = 25°C.
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schematic (each gate)

TYPE SN7440
DUAL 4-INPUT POSITIVE NAND BUFFER

. VCC
< 1D 1C 18 GND 2Y 2D 2C
S O ONORONONO,
L1
<>
1: 4 kQ
S OUTPUT Y
INPUTSQ B {
C 400 Q 1 1
- ONONORORONOXO
1A 1Y NC V, NC 2 28
o GND cc A
Component values shown are nominal.
positive logic
Y = ABCD
recommended operating conditions
Supply Voltage V¢ e e e e e e e e e e e s e e e e e e e e e e e e e e . 475V 10525V
Fan-Out From Output, N t e e e e e e e s e e . 411030
electrical characteristics, T,=—=0°C to 70°C
TEST '
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX | UNIT
Logical 1 input voltage required
Vin(1) at all input terminals to 1 Voc = 475V, Vout(o) <04V 2 v
ensure logical 0 level at output
Logical 0 input voltage required
Vino) at any input terminal to 2 Vee = 475V, Vout(1) > 24V 0.8 v
ensure logical 1 level at output
Voo = 475V,  Vip =08V,
Vout(1) Logical 1 output voltage 2 llf:: — 12 mA n 24 3.3% v
Vee = 475V, V. =2V
Vv, Logical 0 output voltage 1 cc— ’ i ! 0.28% 0.4 v
out(o) Logical 0 outp 9 I = 48mA *
lino)  Logical 0 level input current (each input) 3 Vee =525V, Vi, = 04V -1.6 | mA
Vee = 525V, V,, = 24V 40 A
linf1) Logical 1 level input current (each input) 4 ce n a
Vec =525V, Vi, = 55V 1] mA
los  Short-circuit output currentt 5 Vee =525V -18 -~70 | mA
lccio) Llogical O level supply current (each gate) é Ve =5V, Vin =58V 86% mA
lccii) Logical 1 level supply current (each gate) [ Yee =5V, . VYip =20 2% mA

switching characteristics, Vcc =5V, T,=25°C, N=30

TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX] UNIT
todo  Propagation delay time to logical O level 50 C, = 15pF 8 15 ns
toa1  Propagation delay time to logical 1 level 50 C, = 15 pF 18 29 ns

FNot more than one output should be shorted at a time.
$These typical valves are at Voo = 5V, T, = 25°C,
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TYPES SN7450, SN7451
DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATES

schematic (each gate)

A
INPUTS{ B

EXPANDER
INPUTS ON
GATE 10OF

Ccc

SN7450 ONLY
(See Note 4)

4 kQ

X Xi

AAA.

3 1.6k 3 4kQ

C
INPUTS{ D

1kQ

-l

130

OUTPUT
Y

o GND

NOTES: 1. Component values shown are nominal.
2. Both $N7450 expander inputs are used simuttaneously for expanding with the SN7460.
3. If expander is not used leave pins @ and @ open.
4. Make no external connection to pins @ and @ of the SN7451.

5. A total of four expander gates may be connected to the SN7450 expander.

recommended operating conditions

Supply Voltage Ve - o = ¢ ¢ 0 o o
Fan-Out From Each Output, N

® ®

Y GND 2Y

® @

@QP

PP

\——v——l
SN7450 ONLY
(See Note 4)

]
OO

1A. Ve B 24 B

positive logic

Y = (AB) + (CD) + (X of SN7450)
(SN7450 X) = ABCD from SN7460

electrical characteristics, T, = 0°C to 70°C, pins @ and @ open

475V to 525V
e e e e e 1t 10

PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX | UNIT
Logical 1 input voltage required
Vin1)  at both input terminals of either AND 7 Vec = 475V, Voo < 04V 2 v
section to ensure logical 0 at output
Logical 0 input voltage required
Vinjo) ot one input terminal of each AND 8 Vee = 475V, Voun) = 24V 0.8 v
section to ensure logical 1 at output
V,,u,(,l Logical 1 output voltage 8 XS:’ Z -4-.47050v,;Av'n =08V, 2.4 3.3% v
Voutjo) Logical 0 output voltage 7 \I/C: : :67:‘1 , Vin =2V, 022f 04 | V
|
linio) Logical O level input current (each input) 9 Ve = 525V, V;,, =0 -16 | mA
Vee =525V, V;,, =24V 40
bini1) Logical 1 level input current (each input) 10 VCC =525V v'" — XY 3 x
cc =525V, Vip = 3.
los Short-circuit output current} 1 Vee =525V -18 -55 | mA
Logical O level supply current _ _
lccio)  (each gate) 12 Vee =5V, V=5V 37% mA
Logical 1 level supply current _ _
|¢cm (each gate) 13 Vee =5V, VYV, =0 2% mA

FNot more than one output should be shorted at a time.
$These typical values are ot Vee = 5V, 1, = 25°C,
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TYPES SN7450, SN7451
DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATES

electrical characteristics (SN7450 only) using expander inputs, T, = 0°C

PARAMETER H‘ggm TEST CONDITIONS MIN TYP MAX| UNIT
Iy Expander current 14 Z?: : :::IX’ vy =04V, 3.1 mA
o1 oo v @ R A ore IE
Vouttr)  Logical 1 output voltag 16 :"Cg ?.145'7:2,/' :;“; oo kAl 24 33y v
Voutio) Logical 0 output voltage 15 :/‘C; =; 4‘;'7"5' A\f’ :;‘i'*___=] ;06 ;; A, 0.22% 0.4 v

FThese typical values are ot Voo = 5V, T, = 25°C,

switching characteristics, Vcc = 5 V, T, = 25°C, pins @ and @ open, N=10

PARAMETER FIGURE TEST CONDITIONS MIN TYP  MAX| UNIT
Propagation delay time to _
P Jogical O level 50 Cy = 15pF 8 15] s
Propagation delay time to .
tod1 logical 1 level 50 C, = 15pF 18 29| ns
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TYPES SN7453, SN7454
4-WIDE 2-INPUT AND-OR-INVERT GATES

schematic
: 4 > o Ve
4kQ é 1.6 kQ 34 kQ3130Q
b < H G Y GND NC F E
A J E l L
INPUTS ' INPUTS
B F
EXPANDER
INPUTS Xo ¥
SN 7453 ONLY ]x%e- —o0 OUTPUT Y
( See Note 4) 9 9
4k 4k |
c ¢ o ONORONORONOXO,
NN | =
INPUTS INPUTS X X A Vee B C D
D H SN7453 ONLY
}/ Q (See Note 4)
1kQ positive logic
GND
Y = (AB) + (CD) + (EF) + (GH) + (X of SN7453)
NOTES: 1. Component values shown are nominal. (SN7453 X) = ABCD from SN7460
2. Both SN7453 expander inputs are used simultaneously for expanding with
the SN7460,

3. If SN7453 expander is not used leave pins @ and @ open.

4. Moke no external connection to pins @ and @ of the SN7454.

5. A total of four expander gates may be connected to the SN7453 expander
inputs.,

recommended operating conditions

Supply Voltage Ve e e e e e e e e e e e s s e e e e w4 e e e e e e 4 e e s . 475V t0 525V
Fan-Out From Each Output, N . . . . . . . . « ¢ & o . v v v ¢« v v o 4o e o v o o v sltol10

electrical characteristics, T, = 0°C to 70°C, pins @ and @ open

TEST
FIGURE

PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT

Logical 1 input voltage required
Vinm at both input terminals of either AND 7 Vee = 475V, Vou,(ol <04V 2 v
. section to ensure logical 0 at output

Logical 0 input voltage required
Vino)  at one input terminal of each AND 8 Vec = 475V, Vouny = 24V 0.8 v
section to ensure logical 1 at output

Vee = 475V, Vv, =08V,

Voutt) Logical 1 output voltage 8 oo = —400 uA 2.4 3.3% v
Voutioy Logical 0 output voltage 7 I\::f : 1467:‘;/, Vin = 2V, 0.22% 0.4 v
lino) Logical O level input current (each input) 9 Yec =525V, V;, =0 -1.6 mA
Vee = 525V, V,, =24V 40 A
I, Logical 1 level input current (each input) 10 cc o ~
nlt) Voo = 525V, V,, =55V 1 | mA
los Short-circuit output currentf n Ve = 525V ~-18 =55 | mA
lcclo)  Logical O level supply current 12 Vee =5V, Vi, =5V 3.7% mA
lcen) Logical 1 level supply current 13 Vee =5V, vV, =0 2% mA

FNot more than one output should be shorted at a time.
$These typical values are ot Vee = 5V, T, = 25°C.
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TYPES SN7453, SN7454
4-WIDE 2-INPUT AND-OR-INVERT GATES

electrical characteristics (SN7453 only) using expander inputs, T, =0°C

PARAMETER FICURE TEST CONDITIONS MIN TYP  MAX |UNIT
Vo = 475V, V, = 04YV,
Iy Expander current 14 cc ! ! 4 3.1 A
L = 16 mA A |m
v Base-emitter voltage 15 Vee = 475V, Lix = 16 mA,
BE(Q)  of output transistor (Q) lj, = 0.62 mA, R, =10 ! v
Vee = 475V, 1 = —400 uA
v ; . R cc ¢+ Mioag .
out{1) Logical 1 output voltage 16 I, = 0.15 ma, 1, = —0.15 mA 2.4 3.3% \'
Vee = 475V, I;.p = 16 mA,
\Y ical t T cc 4 sink 4
outio) Logical O output voltage 15 I, = 0.43 mA, R, = 130 Q 0221 04 v
FThese typical values are at Vo = 5V, Ty = 25°¢C,

switching characteristics(SN7453 andSN7454), Vcc =5 V, T, = 25°C, pins @ and @ open, N—=10

TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX | UNIT
Propagation delay time to
t =
P40 Jogical O level 50 G 15 pF 8 15 ns
Propagation delay time to _
Pdl Jogical 1 level 50 G = 15pF 18 29 ns

~
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TYPE SN7460
DUAL 4-INPUT EXPANDER

schematic 2x  2X 20 GND 2C 28 2A
ovec ONONORONO,
|
4 kQ -
—————0 ] Pin @ or @
X ISee Note 1
OUTPUT
A
B X |Pin @ or
INPUTS — ©_ JSee Note 2
g X X 1A Vee 1B cC 1
positive logic
X = ABCD
when connected to pins @ and @ of
NOTES: 1. Connect pin (2) or (13) 1o pin (2) of SN7450 or SN7453. SN7450 or SN7453
2. Connect pin (1) or (14) to pin (1) of SN7450 or SN7453.
3. Component values shown are nominal,
recommended operating conditions
Supply Voltage Ve . . . . . . . . . L. . . . . o 4 i 4 it e e e e e e o v+« . 475V 10525V
Maximum number of expanders that may be fanned-in to one SN7450 orone SN7453 . . . . . . . . . . . . . 4
electrical characteristics (unless otherwise noted T,— 0°C to 70°C)
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX UNIT
Logical 1 input voltage required _ _
Vi) ot all input terminals to 17 Vec = 475V, V, =1V, 2 v
R = 1.1 kQ, T, = 0°C
ensure output on level A
Logical 0 input voltage required Vee = 475V, VYV, =435V,
Viney @t any input terminal to 18 R = 1.2 kQ, logt = 0.15 mA, 08 \)
ensure output off level current T, = 0°C
Vec = 475V, V=2V,
Von Output voltage on level 17 vV, =1V, R = 1.1 kQ, 0.4 v
TA = 0°C
Voc = 475V, V,, =08V,
Fogs Output off level current 18 vV, =45V, R =12kQ, 270 KA
T, = 0°
Vee = 4. = ,
Ton Output on level current 19 VCC_ 1 ‘\‘,75 Ve Vin =2V, —0.43 mA
| =
lin(O] Logical 0 level input current (each input) 18 Vec =525V, V,, =04V -1.6 mA
Vee =525V, Vin = 24V 40 rA
. . : . cC 4 n
linp1) Logical 1 level input current (each input) | 20 Voo = 525V, V,, =55V 1 A
Vee =5V, V. =35V,
lccion)  On level supply current (each gate) 21 v::C: 0.85V in 06% mA
lcciofy)  Off level supply current (each gate) 21 :,’?(:::0:5\/", Vin = 0, 1% mA
switching characteristics, Vcc =5V, To=25°C, N—=10
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX UNIT
Propagation delay time to logical 0 level
t —
P (through SN7450 or SN7453) 51 | G =15pF 1020} ns
Propagation delay time to logical 1 level
t —_
P (through SN7450 or SN7453) 51 C, = 15pF 20 34 om

These typical values are at Vee =5V, T, = 215°C.
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logic
TRUTH TABLE
th tts
3 K Q
[ 0 Q,
0 1 0
1 0 1
1 1 Q,
NOTES: 1.5 = J1 o J2 o Tk,
2. K = Kl o K2 e KK,
3. t, = Bit time befors clock pulse.
4. 1,4, = Bit time ofter clock pulse.
5. If inputs J% or K are not used they must be grounded.
description

The SN7470 is a monolithic, edge-triggered J-K flip-flop featuring gated inputs, direct clear and preset
inputs, and complementary Q and Q outputs. Input information is transferred to the outputs on the posi-

tive edge of the clock pulse.

Direct-coupled clock triggering occurs at a specific voltage level of the clock pulse; and after the clock

TYPE SN7470
J-K FLIP-FLOP

K2 Clock Preset Vge Clear NC 5}

positive logic
Low input to preset sets Q to logical 1
Low input to clear sets Q to logical 0
Preset or clear function can occur only
when clock input is low.

input threshold voltage has been passed, the gated inputs are locked out.

The SN7470 flip-flop is ideally suited for medium-and high-speed applications, and can be used for a

significant saving in system power dissipation and package count where input gating is required.

recommended operating conditions

Supply Voltage Vcc . .o
Fan-Out From Each Output, N .

Clock Pulse Transition Time to Logical 1 Level h(c.ock, (See Figure 53). . . . . .

Width of Clock Pulse, tcio) (See Figure 53) .

Width of Preset Pulse, typreset) (See Figure 52) .
Width of Clear Pulse, tyciear) (See Figure 52) .

.

. . . . . - . . .

. . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . . .

475V t0 525V
11010

. 510 150 ns

. 2 20 ns
. > 25ns
. 2> 25ns
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TYPE SN7470
J-K FLIP-FLOP

electrical characteristics, T, — 0°C to 70°C

TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX UNIT
Input voltage required to
Vin1)  ensure logical 1 at any 22 Voe = 475V 2 v
input terminal
Input voltage required to
Vinjo)  ensure logical 0 at any 23 Vec = 475V 0.8 v
input terminal
Vauit1) Logical 1 output voltage 22 Vee = 475V, ljgqg = —400 pA | 2.4 3.5% v
Vouq(o) Logical 0 output voltage 23 Vee = 475V, 1| ik = 16 mA 0.22% 0.4 v
| logical 0 level input current 24 Vo = _
o) ot 41, 12, 1k, K1, K2, K*, or clock cc = 525V, Vi = 04V -6 | mA
) Logical O level input current _
/in(o} at preset or clear 24 Vec = 525V, Vip = 0.4V -3.2 mA
. Logical 1 level input current 25 Vee = 525V, V;, = 24V 40 pA
i) at J1, 32, JK, K1, K2, K, or clock Vee = 525V, V;, = 55V 1 mA
. Logical 1 level input current 25 Vee = 525V, V;, = 24V 80 LA
in(1) at preset or clear Veec = 525V, V;,, = 55V 1 mA
los Short-circuit output currentt 26 Ve =525V, v, =0 -18 —_57 mA
lce Supply current 25 Vee =5V, V=5V 13% mA
FNot more than one output should be shorted at a time.
FThese typical values are at Voo = 5V, T, = 25°C.
switching characteristics, Vcc=5 V, T,—=25°C, N== 10
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX UNIT
felock Maximum clock frequency 53 C, = 15pF 20 35 MHz
Minimum input _
tsetup setup time 53 C, = 15pF 10 20 ns
Minimum input .
thold  pold time 53 C, = 15pF 0o s ns
Propagation delay time to logical
tods 1 level from clear or preset 52 C, = 15pF 50 ns
to output
Propagation delay time to logical
todo 0 level from clear or preset 52 C, = 15 pF 50 ns
to output
Propagation delay time to logical 53 C. = 10 27 50
todn 1 level from clock to output 1 15 pF ns
Propagation delay time to logical 53 C. = 15pF 10 18 50 ns
*pdo 0 level from clock to output 1 P
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schematic

TYPE SN7470
JK FLIP-FLOP

- Vee

1309

PRESET 0—

ot

p—————0 Q
—i—
o GND
$4kQ $4kQ 4kQ $ $4kQ 4k § 4k 3
-0 CLEAR

K]o—-————J

K2 o—

CLOCK o

Component values shown are nominal.

o

———0 J |

-0 J2
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TYPE SN7472
J-K MASTER-SLAVE FLIP-FLOP

logic
TRUTH TABLE
t thty
J K Q
0 0 Q,
0 1 0
1 0 1
1 1| Qq,
NOTES: 1.J =J1+)2°33
2.K=Kl*K2-K3
3. t, = Bit fime before clock pulse.
4. t, 4+, = Bit time affer clock pulse.
description

The SN7472 JK flip-flop is based on the master-slave prin-
ciple. This device has AND gate inputs for entry into the
master section which are controlled by the clock pulse. The
clock pulse also regulates the state of the coupling transistors
which connect the master and slave sections. The sequence of
operation is as follows:

1. Isolate slave from master

2. Enter information from AND gate inputs to master

3. Disable AND gate inputs

4. Transfer information from master to slave.

recommended operating conditions

5018

Supply Voltage Ve o v 0 0 0 0 0 o 0 0 0 0w
Fan-Out From Each Output, N . . . . . . . . . .
Width of Clock Pulse, t,c|,qi)) (See Figure 54) . . . . .
Width of Preset Pulse, ty(orec01) (See Figure 55)

Width of Clear Pulse, t,c)q,r (See Figure 55) . .

Input Setup Time, t.,y,, (See Figure 54) . . . . . . . .
Input Hold Time, t )y . . « . . . . o « o . . .

K2 Clock Preset VYcc  Clear NC J1

positive logic
Low input to preset sets Q to logical 1
Low input to clear sets Q to logical 0
Preset and clear are independent of clock

HIGH

LOW

SN7472 CLOCK WAVEFORM

e e 4 e e e e e e s . . .475V10525YV

O I LI 1)
> 20ns
>25ns
e e e e e e e e e e e e > 25ns
e « +« « « <« . « 2= Applied Clock Pulse Width
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TYPE SN7472
J-K MASTER-SLAVE FLIP-FLOP

electrical characteristics, T, = 0°C to 70°C

PARAMETER Fféf‘f“ TEST CONDITIONS MIN TYP MAX |UNIT

Input voltage required to

Vinm ensure logical 1 at any 27 Voo = 475V 2 v
input terminal

Input voltage required to

vin(o) ensure logical 0 at any 27 VCC = 475V 08] Vv
input terminal

Vouti) Logical 1 output voltage 27 Vee = 475V,  |lj5q = —400 A 2.4 3.5% \4
Vouo) Logical 0 output voltage 28 Vec = 475V, gy = 16 mA 0221 04| V

| Logical O level input current _ 1 A
o) atJ1, 2,13, K1, K2, or K3 29 | Vec =525V, Vip = 04V —16im

' Logical O level input current o

in(0) at preset, clear, or clock 2 Vec = 525V, Vi, =04V —3.2| mA
| Logical 1 level input current 30 Vee = 525V, V;, =24V 40| pA
(1) aty1,J2,13,K1,K2, or K3 Vec =525V, V, =55V 1 maA
. Logical 1 level input current 30 Vee =525V, V;, =24V 80 uA
in(1) at preset, clear, or clock Vee =525V, V,, =55V 11 mA
los Short-circuit output currentf 31 Vee = 525V, V,, =0 -18 =57 | mA
lec Supply current 30 Vee =5V, Vi, =5V 8% mA

FNot more than one output should be shorted at a time.
FThese typical values are at Vo = 5V, T, = 25°C.

switching characteristics, Vcc=5 V, T,—=25°C, N=10

PARAMETER FIGORE TEST CONDITIONS : MIN TYP MAX |UNIT
felock Maximum clock frequency 54 C, = 15 pF 10 15 MHz
Propagation delay time to logical
ton 1 level from clear or preset 55 C, = 15 pF 26 50| ns
to output
Propagation delay time to logical
todo 0 level from clear or preset 55 C, = 15pF 34 50| ns
to output
Propagation delay time to logical
t = 10 26 50| ns
pdl 1 level from clock to output 54 G 15 pF "
Propagation delay time to logical _ 10 34 50| ns
Tpdo 0 level from clock to output 54 G = 15pF
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TYPE SN7472
J-K MASTER-SLAVE FLIP-FLOP

functional block diagram

ot o] Dots
PRESET o~ OCLEAR
“'_—DL—QD‘ =,
KZO—-F_I-——‘ —‘—oJZ
K3 o— o3
CLOCK
schematic
-oVce
130 @ $1.6kQ 1.6kQ $130Q
4
31 k0 $1kQ
PRESET o——g o CLEAR
> ‘L ‘b ‘L L L
6kQ3 3.5kR3 4ka$ $4ka 33.5kQ  F6kE
$4kQ 4k03
K1 1 t:><::/ L\ n
A G o
K3 Vv N J3
2 ke $2k0
> o o GND

Component values shown are nominal.
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TYPE SN7473
DUAL J-K MASTER-SLAVE FLIP-FLOP

logic
J Q Q GND K Q Q
TRUTH TABLE (Each Flip-Flop) 1
tn fnty — |
J K Q Q [5 Q Q
Cleor Clear Py
0 0 Q, r J_Clock K K_Clock J
o T o T ] |
1 0 1 : 1
1 1 Q,
NOTES: 1.t = Bit time before clock pulse. @ @ @ @ @ @ @
2. t, 4+, = Bit time after clock pulse.
Clock Clear K Vee Clock  Clear
positive logic
Low input to clear sets Q to logical 0
Clear is independent of clock
description

The SN7473 J-K flip-flop is based on the master-slave prin-
ciple. Inputs to the master section are controlled by the clock
pulse. The clock pulse also regulates the state of the coupling
transistors which connect the master and slave sections. The

HIGH

sequence of operation is as follows: LOW
1. Isolate slave from master
2. Enter information from J and K inputs to master
3. Disable J and K inputs
4. Transfer information from master to slave.

SN7473 CLOCK WAVEFORM

recommended operating conditions

Supply Voltage Voo -+ &
Fan-Out From Each Output, N .

Width of Clock Pulse, to (o) (See Figure 54) .
Width of Clear Pulse, t olclear) (See Figure 55) .

Input Setup Time, t.,, (See Figure 54) .
Input Hold Time, 59 . . . . .

.475V t0525V
.. . . 1to10

. . 2>20ns
IR >25ns
N > Applued Clock Pulse Width

e e e e e . .20



TYPE SN7473
DUAL J-K MASTER-SLAVE FLIP-FLOP

electrical characteristics, T, — 0°C to 70°C

PARAMETER FIGURE TEST CONDITIONS MIN TYP  MAX|UNIT
Input voltage required to
Vin1)  ensure logical 1 at any 32 Ve = 475V 2 v
input terminal
Input voltage required to
Vinig)  ensure logical 0 at any 32 Vee = 475V 0.8 v
input terminal
Voutit)  Logical 1 output voltage 32 Ve = 475V, liag = —400 pA 2.4 35% v
Voutloy Logical 0 output voltage 33 Vec = 475V, ik = 16 mA 0221 0.4 v
Logical O level input t
b qc:gn:«:'( evel input curren 24 Vee = 525V, V, = 0.4V 216 | ma
Logical 0 level input current
tinfo) at clear or clock 34 Vec = 825V, Vin = 0.4V =32 | mA
Logical 1 level input turrent Ve = 525V, Vin = 2.4V 40 BA
tni atdork ¥ [ Vec =525V, vV, =55V 1 [ ma
Logical 1 level input current Veg = 525V, Vin =24V 80 uA
i) at clear or clock 35 Vec =525V, ¥, =55V 1 [ mA
cc in
los Short-circuit output currentt 36 Vee = 525V, Vin =0 -18 =57 | mA
tee Supply current (each flip-flop) 35 Vee =5V, V,=5V 8f mA
FNot more than one output should be shorted at o time.
$These typical values are at Yoo = 5V, T, = 25°C,
switching characteristics, Vcc=5 V, T,—=25°C, N=10
PARAMETER TEST TEST CONDITIONS MIN TYP MAX |UNIT
FIGURE
foloek  Maximum clock frequency 54 C, = 15 pF 10 15 MHz
Propagation delay time to logical
t —
pdi 1 level from clear to output 55 C, = 15pF 2 50 ns
Propagation delay time to logical
t =
P40 0 level from clear to output 55 G 15 pF 4 50 ns
Propagation delay time to logical
t =
Pdl 1 fevel from clock to output 54 G 15 pF 10 2 50 ns
Propagation delay time to logical _
'ed0 0 level from clock toroutput 54 G = 15pF 10 34 50 | ns
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TYPE SN7473
DUAL J-K MASTER-SLAVE FLIP-FLOP

functional block diagram (each flip-flop)

>
o =P

0 CLEAR

—

CLOCK

schematic (each flip-flop)

—oVee

130 Q $1.6k0 2410 $4kQ $l.6ke 31300

A A

p—o Q
' [
2 1kQ 31k

~0 CLEAR

AA
et

B 3 & B 3 B < e
6kQ3 3.5kQ$ 4ke$ $4kQ 33.5kQ  36kQ
$4kQ 4kQ$

2k0 $ l $2k0

: . -0 GND

L,
A
y
f\(/
X
N
b

A

>
CLOCK

Component values shown are nominal.
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TYPE SN7474
DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOP

logic

Preset Q

TRUTH TABLE (Each Flip-Flop)

th th+1 Preset CISar Cl?ar Preset
INPUT D OUTPUT OUTPUT D Clock Clock D
Q Q
(1] 0 1
1 1 0

NOTES: 1. f, = bit time before clock pulse.
2. 1,4 = bit time after clock pulse.

positive logic

Low input to preset sets Q to logical 1
Low input to clear sets Q to logical 0
Preset and clear are independent of clock

description

The SN7474 is a monolithic, dual, D-type, edge-triggered flip-flop featuring direct clear and preset inputs and p! tary Q
and Q outputs. Input information is transferred to the Q output on the positive edge of the clock pulse.

Clock triggering occurs at a voltage level of the clock pulse and is not directly related to the transition time of the positive going
pulse. After the clock input threshold voltage has been passed the data input (D) is locked out.

The SN7474 dual flip-flop has the same clocking characteristics as the SN7470 gated (edge-triggered) flip-flop and both are
ideally suited for medium- and high-speed applications. The SN7474 can be used at a significant saving in system power dissipation

and package count in applications where input gating is not required.

recommended operating conditions

Supply Voltage Voo - -« -« o o o . o h e w e e e e e e e e e e e e e s . 475V 10 525V
Fan-Out From Each Output, N . . . . . . . . & . v v v v v v v v v s o s e v e v v e v v 11010
Width of Clock Pulse, t 1 1oy (See Figure 56) . . . . . . . . . . . . . . . . . . . .. . .. . 230ns
Width of Preset Pulse, to(preset] (See Figure 53) . + « v v v v+ 4 4 e e e e e e e e e e e e .. =30ns
Width of Clear Pulse, tyicieary (See Figure 53) . . . . . v . o . . e >30ns
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TYPE SN7474
DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOP

L

electrical characteristics, T, = 0°C to 70°C

TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX]| UNIT
Input voltage required to
Vin1) ensure logical 1 at any 37 Vee = 475V 2 v
input terminal
Input voltage required to
Vin(o) ensure logical O at any 37 Vee = 475V 0.8 v
input terminal
Voutpy) Logical 1 output voltage 37 Vec = 475V, Lioag = —400 pA 24 35% v
Vauto) Logical 0 output voltage 38 Vee = 475V, I = 16 mA 0.22% 0.4 \4
Logical O level input _ _
linto) Current at preset or D 39 Vec = 525V, Vin = 04V =16 | mA
Logical O level input current _ _
Linto) at clear or clock 39 Ve = 525V, Vin = 04V =32 | mA
| Logical 1 level input 40 Veg = 525, Vin = 435V 40 bA
i1} current at D Vee = 525V, Vi, =55V 1 mA
| Logical 1 level input current 40 Vee = 5.25V, Vin = 2.4V 80 | uA
i1} at preset or clock Voo = 525V, V,, =55V 1 mA
N Logical 1 level input 4 Ve = 5.25, Vin = 24V 120 LA
in1} current at clear Vee = 5.25V, Vi, =55V 1 mA
los  Shortcircuit output currentt | 41 Vee = 525V, Vi, =0 -18 -57 [ mA
lcc  Supply current (each flip-flop)| 40 Vee =5V, Vi, =5V 8.5% mA

FNot more than one output should be shorted at a time.
FThese typical values are at Ve = 5V, T, = 25°C,

switching characteristics, Vcc =5V, T,=25°C, N=10

PARAMETER ETCURE TEST CONDITIONS MIN TP MAX | uNT]
felock Maximum clock frequency 56 C, = 15pF 15 25 MHz
tetyp Minimum input setup time 56 C, = 15 pF 15 20 | ns
thold  Minimum input hold time 56 C, = 15pF : 2 5 ns

Propagation delay time to logical
todi 1 level from clear or preset 53 C, = 15pF 25 ns
to output
Propagation delay time to logical
todo O level from clear or preset 53 C, = 15pF 40 ns
to output
Propagation delay time to logical ’
56 =
odl 1 level from clock to output G 15 pF 10 2 35 ns
Propagation delay time to logical _
6 C, = 15 pF
'od0 0 level from clock to output 5 1 P 1020 50 | ns
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TYPE SN7474
DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOP

functional block diagram (each flip-flop)

5026

CLEAR o-

PRESET o— :}_

CLOCK &

D L

schematic (each flip-flop)

4kQ3

4kQ2

4kQe
PRESET o- [.
4k
CLEAR o ; | _(
4kQ
CLOCK & i | Ii
4kQ
o | —

Component values shown are nominal.
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TYPE SN7480
GATED FULL ADDER

logic
TRUTH TABLE (See Notes 1, 2, and 3)
= A* A, A GND z P> T
i e N OKOXOROROXOXO,
0 ] 0 1 1 )
0 0 1 1 0 1
0 1 0 1 0 1
0 1 1 0 1 0
1 [ 0 1 0 1
1 0 1 0 1 1)
1 1 0 0 1 0 ‘
1 1 1 0 [ 1]
NOTES: 1. A = AKeA_, B = BX<B_ ¥ i
where A% = A *A,, Bk = 8,7,
2. When A% or BX are used as inputs, A, and A, or By and B, @ @ @ @ @ @ @
respectively must be connected to GND.
3. When A, and A, or B, and B, are used as inputs, AK or BX A 8, 8, Vee B* B c,
respectively must be open or used to perform Dot-OR logic.
description

The SN7480 is a single-bit, high-speed, binary full adder with gated complementary inputs, complemen-
tary sum (% and 2) outputs and inverted carry output. Designed for medium- and high-speed, multiple-bit,
parallel-add/serial-carry applications, the circuit (see schematic diagram) utilizes diode-transistor logic
(DTL) for the gated inputs, and high-speed, high-fan-out transistor-transistor logic (TTL) for the sum and
carry outputs. The circuit is entirely compatible with both DTL and TTL logic families. The implementation
of a single-inversion, high-speed, Darlington-connected serial-carry circuit minimizes the necessity for exten-
sive “look-ahead” and carry-cascading circuits. The power dissipation level has been maintained consid-
erably below that attainable with equivalent standard integrated circuits connected to perform full-adder
functions.

recommended operating conditions

Supply Voltage Vee Coe e
Maximum Allowable Fan-Out From Outputs:
Cn+1 ' N . . o s e e e e e e e e e e e e e e e e e e e e Tto §

. 475V t0 525V

Sor3, N . . . « v . e s ... .0 11010
AXorBX, N . . . . . . « . « v v« i e i i e e e e e o 1103

5027



TYPE SN7480
GATED FULL ADDER

electrical characteristics, T, =— 0°C to 70°C

PARAMETER Fféﬁ;E TEST CONDITIONS MIN  TYP  MAX | UNIT
Vee = 475V, V. =08V,
\'2 Logical 1 input voltage 42 and 43| CC in{o) 2 v
in1) Voutit) = 24V, Voo < 0.4V
Vee = 475V, V. ., =2V
, ical 0 input volt 42and 43| ' ©C inf1) ’ 8 v
Vino) Logical 0 input voltage an Voutt > 24V, Vouto <04V 0
vouf(l) Logical 1 output voltage 43 VCC = 475V 2.4 3.5% \'4
Y out(o} Logical 0 output voltage 42 Vee = 475V 0.22% 0.4 v
Logical O level input
'in(o) current at A,, A, B,, 44 VCC =525V, V;, =04V -1.6 mA
B,, A orB_
Logical 0 level input current _ _
linto) ot AX or BR 45 Vee = 525V, V;,, =04V -26 | mA
o Logical 0 level input current 45 Voe = 525V, V,, =04V _8 mA
atC,
I Logical 1 level input current " Vee = 525V, V,, =24V 15 uA
in1) ot A,, Ay B, By, A, or B, Voo = 525V, V=55V 1 | mA
I Logical 1 level input current p Vec = 525V, V;, = 24V 200 HA
inf1) atC, Vee = 525V, V, =55V 1 [ mA
Short-circuit output _
'os current at 3, or 3,1 48 Ve =525V -18 -57 mA
Short-circuit output _
los currentat C, 4 F 48 Voo = 525V ~-18 ~70 | mA
Icc Supply current 49 Vee =5V 213 mA
FNot more than one output should be shorted at a time.
These typicol values are ot Voo = 5V, T, = 25°C
switching characteristics, Vcc =5V, T, = 25°C
FROM TO0 FIGURE 57
PaRAMETER [ 0O outhUT | TEST NO. TEST CONDITIONS MIN TYP  MAX | UNIT
t 1 N=25 ' 13 7
pd1 c, ¢ 1 ns
todo 2 N=35 3 7 ns
todt — 3 N=35 18 25 ns
BC Cn‘*‘l
todo 4 N=235 38 55 ns
todi A s 5 =10 52 70 ns
todo © 6 N =10 62 80 | ns
todi B 3 7 N =10 38 55 ns
todo ¢ 8 N=10 56 75 | ns
t 9 C, = 15pF 48 65 ns
pd1 A, Ak L P
tpdo 10 C. = 15pF 17 25 | ns
todt B Bk 1 C. = 15pF : 48 65 ns
todo ! 12 C = 15pF 17 25 | ns

Tltpd.l is propagation delay time Yo logical 1 level. 'odo is propagation delay time fo logical 0 level.
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TYPE SN7480
GATED FULL ADDER
e

TYPICAL APPLICATIONS

n-bit binary adder or subtractor (see figures F and G)

The SN7480 is designed specifically for N-bit adder or
subtractor operations without external gates or inverters.
in both applications, the sum or difference functions are
generated in parallel while the carry functions are ob-
tained serially. When the number of stages is small, the
add or subtract time determines the maximum system
clock rate. However, as the number of bits increases,
the time required for the carry function to ripple through
each bit becomes the limiting factor. Normally the ripple
time of adders built with standard integrated circuits is
excessive, and the resulting system speed is so slow that
other more complex methods are required to perform
these functions.

In the SN7480, two methods are used to reduce the
carry delay. The carry circuit employs a high-speed
Darlington output, and the logic gating has only one
inversion between the C, input and the C, ., output.
This logic configuration results in an inverted carry out-
put, and consequently an inverted carry input to the
succeeding stage. To counteract this inverted input with-
out sacrificing propagation time through the carry, gates
are provided within the circuit to invert the A and B
inputs and the resulting sum or difference output. This

interconnection method is illustrated by bit 2 and bit
4 of the adder (figure F).. The inverted carry output
is a true carry from bit 2 and bit 4, enabling the use
of noninverted A and B inputs for the odd-numbered
bits.

When performing subtraction (figure G) the C_ input
to bit 1 is connected to a logical 1 and input bits and
input control functions for the subtrahend (memory or
register B) are effectively inverted.

The input control is used to disable the A and B inputs
when memory or register information is being shifted. A
logical 0 applied to this line will bring each sum or
difference output to a logical 0 condition and maintain
this level regardless of the state of the input informa-
tion into each bit. For the adder (figure F), input con-
trol is applied to A, and B, of odd-numbered bits and
to A, and B_ of even-numbered bits. For the subtractor
(figure G), input control is applied to A, and B_ of the
odd-numbered bits and to A, and B, of the even-num-
bered bits. These alternating patterns are necessary to
complement the varying input sequence which they
control.

I outeut

TON
STAGES

INPUT
CONTROL

e s
NOTE: Functions noted as NC are open.

FIGURE F — N-BIT BINARY ADDER

TON
STAGES

INPUT
CONTROL

NOTE: Functions noted as NC are open.

FIGURE G — N-BIT BINARY SUBTRACTOR
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TYPE SN7480 |
GATED FULL ADDER

TYPICAL APPLICATIONS

n-bit binary adder with register selection (see figure H)

5030

This application fully utilizes the flexibility of the input
gating available within the SN7480. Two A’ registers
and two ‘B’ registers drive a single adder for each bit
required. Register selection is performed internally for
registers A; and B, and externally by a type SN15 846
DTL gate for registers A, and B,. Dot-OR logic is per-
formed at the A% and Bk nodes within the adder when
the register selection is made.

Operation is as follows: To add the contents of Register
A, to Register B,, A, and B, control lines are brought
to the logical O state. (If the input to these lines is from
a logic gate, fan-out rules should be observed.) In similar
fashion, the contents of register A; are added to register
B, by holding A, and B, control lines at a logical O.
Four register combinations may be used. Even-numbered
input bits from each register must be inverted since the
A%* and BX inputs are being used to perform Dot-OR
logic. This is not a configuration restriction for flip-flop
type registers and memories, but may require addi-
tional logic elements if other storage configurations are
used as inputs.

The input control function is available as in the previous
application and is implemented by bringing all four reg-
ister control lines and the input control line to a logical 0
level. This condition ensures a logical 0 at each 3, output
regardless of YA’ and /B" register logic levels.

Up to four “A’ registers and four /B’ registers may be
implemented in a fashion analogous to that shown in
figure H. Inputs from the register-control gates (SN15
846) of the additional registers would be Dot-OR con-
nected with A, and B, registers at the A% and Bx inputs.

To perform N-bit subtraction, the C, input at bit 1 is
connected to a logical 1 and bit inputs from each reg-
ister or memory used as a subtrahend must consist of the
complement of bit inputs shown for the adder addend.
Input control remains the same.

Z OUTPUT

A2 CONTROLG

| SN15 846
I 1 As reQuireD

—_d - —_ =

A) CONTROLG. J _} . _l
s c, SN7480 ,. <, SN7480 A <, SNA0 . I c, SN7480 ,.
9 Ac z— L._ As: I [nc ™ A: z A‘ I |~
1M gkl A ol
A2 T % 1 A, : — — A2 z [ne Ay 7 +— L TON
STAGES
s, — — ® L} ——
Col < Coant Cot Fome™
— lz n | | B2 n+1 _ '2 " 32
nel 8 I b o 89| v 8 be 8 »e|
) CONTROLG
INPUT CONTROL,

8, CONTROLo

ADDITIONAL
SN1S5 846
AS REQUIRED

NOTE: Functions noted as NC are open.

FIGURE H. N-BIT BINARY ADDER WITH REGISTER SELECTION




TYPE SN7480
GATED FULL ADDER

schematic diagram

¢, @

n
v , 3k i« |
ccO—15 I_{:ff" _____577i‘L 130
- '\-vo—(A
4 & S ®

n+1

130

{4k $rk
[

alalellatate
N

5k
GND(l1 &

Component values shown are nominal.
Resistor values are in ohms,
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SERIES 74

SOLID QTRCUWET® SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-c test circvits$

[ ey
-~

Vin O — = =
P o e

Vou' (0)

1

1. All inputs tested simultaneously.

o sink

Vout (1) U

I

1. Each input fested separately.

4 los

1. Each gate fested separately.

FIGURE 5

FIGURE 1 FIGURE 2
4.5V Vee Vee
lin(1)
V.
n
OPEN OPEN
vin [ o S—
Y
Linto)
1. Each input tested separately. 1. Each input tested separately.
FIGURE 3 FIGURE 4
Vee Vee
¢ lcc
——— - = = —
- e - V. p = ——
f -2 A OPEN
futuge &--=-3
= — — -

1. Test logical 0 and fogical 1 conditions.

FIGURE 6

§Arrows indicate actual direction of current flow.
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SERIES 74

SOLID WHR@MW@ SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-¢ test circuits$ (continued)

1
"""L-__ 9
1 '
] ]
[}
Veod |y L
H ] sink
]
1
1
|
L}
: out(0)
Y
: W l
-_‘--1""’ —
1. Each AND section tested separately.
FIGURE 7 1. Each pair of inputs tested separately.
FIGURE 8
4.5V
(4]
- - ——~
OPEN{ LRy 7 e v
—t__7 1 gcC T—--u_..../ (S
' : !
' i i
1 T |
! 1
OPEN >o—— OPEN
OPEN { H |
1 : 1 |
in(0) 1 in(1) :
i
Vi‘} N V. [ XL SN : -
OPEN 1 H = in i |
_— o-—t_ _.7
1. Each input tested separately. =
FIGURE 9 1. Each input tested separately.
FIGURE 10
.--—-{"’“\’_
4 1 Ve -7
! 9 ! oy
' ) +——-|____/ y '€cC
|
! | 19
| 1 ]
] 1 ] ]
| 1 l cC
|
|
] OPEN
| i V.
! os n o !
| !
: i
t--4 N = = 1 ]
r = - |
-t *—-4‘“\ [
1 | [

1. Each gate tested separately.
FIGURE 11

b s

FIGURE 12

8 Arrows indicate actual direction of current flow.
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SERIES 74 |
SOLID GIRGUIT" SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-c test circuits$ (continued)

- - - ——— ]

OPEN

| S

| SE N L
S A
JD——-L___,/
FIGURE 13 FIGURE 14
et -7 v
1 k ce B by o€C
-1 -t _~

- ol

sink

L |
1
% Vout(0) %

foad

-~
— 1 VE(a)
—t_s = J 't"‘- -
FIGURE 15 FIGURE 16
Vee 4;5 v VCC Vl
4 4
) l |
off
V.
in O v
in °_'—
in
R
1. All inputs tested simultaneously. 1. Each input tested separately.
FIGURE 17 FIGURE 18

§Arrows indicate actual direction of current Flow.
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SERIES 74
SOLID CIRCUIT® SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-c test circuits§ (continued)

cc Vee
OPEN lint)
\" —_—
in  O——————t OPEN
Vin °
‘ 'Oﬂ
i =
1. Each input tested separately,
FIGURE 19 FIGURE 20
Vc c -
{ lec
OPEN
TEST
PER
V.
v v in 01 TRUTH
ino ! TABLE
1. Each output is tested separately.
1. Test “‘on’" and “‘off’’ conditions. .2. Preset and clear are tested with vin(clodr) = 0.
FIGURE 21 FIGURE 22
[ ] ‘L %’,cc
N Preset
J
J2 Q
TEST '%__j Vaink
Vi" oO— PER Clock \
TRUTH
TABLE . \ r
K2 3 Vout(0)
K Q
—@- Clear
- - 1. Each output is tested separutdy..‘— =
FIGURE 23

§Arrows indicate actual direction of current flow.
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SERIES 74
SOLID CERGUET® SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-c test circuits§ (continued)

4.5V

_ - Ve TEST TABLE N
& T Aply Vin Apply 45 V Ground Apply Momentary
(Test kipyop) GND, then 4.5V
an N\ Preset 32 n Ik Clear
- J2 J Qp n J2 Ik Clear
o0y SEE -@— / Ik None None None
Vinh O——e— TEST Clock OPEN K2 K1 KX Preset
TABLE 3 K1 K2 KX Preset
N
Lo K2 K ar C'l(:k :one :one N:::
= ¢ one one
) D Clear Preset K1 and K2 Kk Nome
B T _—_L Clear J1 and J2 i} g None |
1. Each output is tested separately. FIGURE 24
Vee
‘ lee TEST TABLE (See Note 2)
Apply V;, Apply
_ - (Test 'inlﬂ) Ground 45V
& J2 J1 and Clear Jk
int1) n \ Preset n J2 and Clear I
\2 o-.T:— 12 J Qb Jx None None
" _@_ ) K2 K1 and Preset Kk
SEE K1 K2 and Preset Kk
TEST Clock OPEN oK Nome None
TABLE K1 \ _ Clock None None
_L-.-’_ K2 K Q- Preset K1 and K2 KX
= —@— / Clear Clear )1 and J2 Tk

| T 1

1. Each input is tested separately.
2. Test voltage and grounds are applied to inputs in accordance with test table, and 'in(i) is measured for input being tested.

FIGURE 25

| *
Clock
OPEN { b \
K2 o]
K
0—(@— /| Clear
1. Each output is tested separately. FIGURE 26

§ Arrows indicate actual direction of current flow.
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SERIES 74
SOLID GIMGUIT® SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-c test circuits$ (continued)

_ _ v,
j P e‘f‘
J]_\ PRESET
J2 3
J3
TEST TEST J/
PER PER
Vin®*1  1RUTH Vin©*  rrUTH cLock
TABLE TABLE
K1
K2 K
1K3 CLEAR
. 4
- - = — -
1. Each outpul is tested separately. 1. Each output is tested separately,
FIGURE 27 FIGURE 28
TEST TABLE
43V Vee Apply V;, | Apply Momentary Apply
] (Test l;0) | GND, then 45V 45V
T PRESET Clock Preset J1, 32, J3, K1, K2, and K3
J2 J a Clock Clear 1,12, J3, K1, K2, and K3
J3 J Preset None J1,J2, J3,K1, K2, and K3
linto)| SEE Clear None 31, 32, J3, K1, K2, and K3
VinO——sf TEST CLOCK OPEN n Clear Clock, J2, and J3
TABLE
J2 Clear Clock, J1, and J3
lé; K ar— J3 Clear Clock, J1, and J2
1K3 CLEAR K1 Preset Clock, K2, and K3
Y -I- K2 Preset Clock, K1, and K3
- L - — K3 Preset Clock, K1, and K2
1. Each input is tested separafely.
FIGURE 29
Vee
l lec
i PRESET — TEST TABLE
Lin (1) J2 J Q (T:s': )I' i") Ground
Vin 001 13 — inl1)
/ Clock Preset, Clear, J1, J2, J3, K1, K2, and K3
SEE ‘
TEST CLOCK OPEN Preset Clock, K1, K2, and K3
TABLE - ' Clear Clock, J1, J2, and J3
K1 \ K ab— J1 Clock, Clear, J2, and J3
Eg / 12 Clock, Clear, J1, and J3
= ‘ CLEAR 13 Clock, Clear, J1, and J2
J _L K1 Clock, Preset, K2, and K3
- - = K2 Clock, Preset, K1, and K3
K3 Clock, Preset, K1, and K2
1. Each input is tested separately. FIGURE 30

§Arrows indicate actual direction of current flow.
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SERIES 74

SOLID GCTRGUET" SEMICONDUCTOR NETWORKS

d-c test circuits § (continued)

PARAMETER MEASUREMENT INFORMATION

1. Each flip-flop is tested separately,
2. Each output is tested separately.

1. Each flip-flop is tested separately.
2. Each output is tested separately.

V.
n
——————————— v - 3 I os

T 4.5V l €«
J1 PRESET
J2

CLOCK
K1 =
K2 K Q
K3 CLEAR
+ J_- <L
1. Each output is tested separately.
FIGURE 31
? cc Vee
J Q
J Q
Isink
TEsT |9 cLock \ N oad -~
2 H PER TEST  —dcLock
in TRUTH _ V o PER
TABLE K Q Voutln) in TRUTH ) ~ T
CLEAR 1 TABLE c Q Voutlo)
-[ LEAR
L . 3 L_j _I_ [

FIGURE 32 FIGURE 33
4,5V Vee
T TEST TABLE
Apply V;, Apply Momentary
B ) a (Test 1)) GND Apply 4.5V
Clock Clear (See Note 2) Jand K
| in(0) OPEN Clear None Clock and J
-— SEE CLOCK J Q (See Note 3) Clock and Clear
Vin O——= TEST -
TABLE K a K Q (See Note 3) Clock and Clear
CLEAR
1. Each flip-flop is tested separately.
f——b 2. Apply momentary ground, then 4.5 V.
L - L 3. After application of momentary ground , Q and Q are left floting.
- - 4. Ground all inputs of the unused flip-flop.
FIGURE 34

§ Arrows indicate actual direction of current flow.
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SERIES 74
SOLID CTRMCUWET® SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-c test circuits$ (continued)

VCC
? ! lec
TEST TABLE
B T Apply V;, Apply Momentary
| J Qr— (Test 1,y)) Ground GND, then 4.5 V
i"‘l” Clock Clear, J,and K None
VI."O—-— —C CLOCK OPEN Clear Clock and J None
SEE
!
TEST J Clock and Clear None
TABLE K a K Clock Clear
CLEAR
1. Each flip-flop is tested separately. FIGURE 35
2.4V Ve
J Q ——1
( See Note 2)
CLOCK
K Q "os
CLEAR :
o————j’ !
Vi 1
1. Each flip-flop is tested separately.
2. Test circuit shows setup for testing Q. When testing Q, open all inputs, ground E, and limit duration of test to 100 ms.
FIGURE 36
— - Vee [~ n ) Vee
PRESET PRESET
D Q D Q
[ load Isink
TEST w TEST ‘
V. O PER V.o PER
n TRUTH — n TRUTH _
TABLE CLOCK Q Vout(1) TABLE CLock Q V out(0)
CLEAR 1 CLEAR l
L - _'L = L - _-L =
1. Each flip-flop is tested separately. 1. Each flip-flop is tested separately.
2. Each output is fested separately, 2. Each output is tested separately.
FIGURE 37 FIGURE 38

§Arrows indicate actual direction of current flow.
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SERIES 74
SOLEID GERCUET®  SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-¢ test circuits§ (continued)

4,5V Vee
] TEST TABLE
Apply Vi,
X A
PRESET (Test 1, o) Apply 45V pply GND
lin{0) SEE D QP Clock Clear and Preset D
Af——
VinO——=1  TEST OPEN Preset Clear and Clock D
TABLE cLOCK gb— Clear Clock and D None
D Clear and Clock Preset
CLEAR
——T 1. Each flip-flop is tested separately.
L - 2. Each input is tested separately.
FIGURE 39
VCC
l TEST TABLE
lcc (See Note 4)
— - Apply V;,
A .
(Test L)) pply 4.5V Apply GND
l Clock None Clear
| PRESET
in (1) cl dD Clock
VO SEE D Qpb— Preset ear an (See Note 3)
TEST OPEN Clear None D, Clock, and Q
TABLE CLOCK Qb— D Clock Clear
| CLEAR
= T 1. Each flip-flop is tested separately.
L 2. Each input is tested separately.
v 3. Apply momentary GND to Clock, then 4.5 V.

o 4. Measure | with D and clock input at GND.

FIGURE 40

PRESET

{—— D Q
OPEN |
—clock & 1 os

C L(ErAR J_

1. Each output is tested separately.
FIGURE 41

il

§Arrows indicate actual direction of current flow.
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SERIES 74
SOLEID GERGUIT" SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-c test circuits § (continued)

A%

cC
q
C"1 A
TEST A |
PER c z sink T T
v ot A - N\ ? EST TABLE
in o——a TABLE A2 5 ° Output Under Test Igiri (Min)
AND B S5
TEST B‘ Coi— [ 2:2 16mA
TABLE 2 X v Gt 8mA
Be 8 out{0)
A% or Bk 48 mA

4

1. Each input or output is tested separately.
2. When A is tested A, and A, are ot GND. When B is fested 8, and B, are at GND.
3. When A, and A, or B, and B, is tested, A% or BX respectively, is open.

FIGURE 42
Vee
<
st % A TEST TABLE
PER :;: z —\ ¢ Yoad Output Under Test Vioad (Min )
v, TRUTH _ 3 3 -
in o——ef TABLE A, z|l—e ‘2 or g M:
AND — -
TEST S e For =
TABLE 8, . v A% or 120 p
L B out(1)

i
Ir
[

1. Each input or output is tested separately.
2. When A is tested Ay and A, are at GND. When B is tested B, and B, are at GND.
3. When A, and A, or B, and B, are fested AKX or B, respectively, is open.

FIGURE 43

§Arrows indicate actual direction of current flow.
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SERIES 74
SOLID GEIMGUIT" SEMICONDUCTOR NETWORKS

1
PARAMETER MEASUREMENT INFORMATION

d-c test circuits$(continved)

Vee
4.5V
‘ TEST TABLE
Apply V.
";f{(g) Apply 4.5V GND
in
- OPEN €, PR S A, A, None
:C z p— A, A, None
I
inl0) 1 B B Nons
V. o SEE A, T —>5 oren 1 2
" TT::IE LY » B, B, None
s, m Ac None A, and A,
L LA 8 B¢ None 8, and B,
1. Each input is tested separately. FIGURE 44
Vee
S
r -
| _] TEST TABLE
in(0) <, A Apply V.
— n Apply 4.5V GND
vin [ | Ac : — (Test 'in(ol) PPlY
SEE :] B Ak Ac A, and A,
4.5V O——e TEST z OPEN
TABLE 8 — Bk B B, and B,
B] ] p—— C, None . None
Bz 8* _] Unused inputs are open,
1. Each input is tested separately. FIGURE 45

§Arrows indicate actual direction of current flow.
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SERIES 74
SOLID GIRCUIT" SEMICONDUCTOR NETWORKS
.
PARAMETER MEASUREMENT INFORMATION

d-c test circuits§(continued)

Vee
TEST TABLE
Apply V.
PPIY ¥in GND
(Test 1iiyy)
A A
OPEN _{ C N ! 2
i n
. A s A
in(1) : b—
v —_— SEE :l _ OPEN 3‘ Bz
" TEST 82 i % %
TABLE iy (S = Ac [} 4
o2 > B Bk
c
1. Each input is tested separately.
FIGURE 46
VCC VCC
lint1 C‘
D ——
Y S—————— A — Vin o—j <, A OPEN
OPEN — Ac s {See test table) OPEN Ac z
Al A
A, T |— p OPEN A, fo —
8
& Cott f— a] Gl L
B 2
2 ) .
OPEN 8 g* b— opend Be 8" f—— OPEN [ Ios
I T
= 4 1 =+

1. Eoch output is tested separately.

TEST TABLE
Output Under Test V;, Value
D] Vee
S ol 4, 6ND
FIGURE 47 FIGURE 48

Vee
lec
{ |
—_ C" A®
— A,
T p—
— A, :
OPEN 9 A, T p—— > OPEN
———] B
ll <
2 -
—q 8 [l T
. l
FIGURE 49

§ Arrows indicate actual direction of current flow.
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SERIES 74 o
SOLID CUIRCUET SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

switching characteristics

2.4V INPUT
S
PULSE S
GENERATOR b~ GATE
(See Note 1) ) cugutn UNDER
TEST

TEST CIRCUIT

PULSE GENERATOR;

|
OUTPUT : :
iyl i
Vinl1)
INPUT 1.5V
Vint0)
Voutr(1)
OUTPUT 1.5V

Vou'(O)

VOLTAGE WAVEFORMS

NOTES: 1. The generator has the following characteristics: te =1 < 15ms, Ip = 0.5 us, PRR = 1 MHz, Lot == 50 .
2. Al transistors are 2N2368.
3. All diodes are 1N916.
4. Test SN7440 with R, = 130 2, (, = 150 pF.

_ Yodo Tt

t
pd 2

6. C, includes probe and jig capacitance.

FIGURE 50 — GATE PROPAGATION DELAY TIMES
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SERIES 74
SOLID GIRMGUIT" SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

2.4V INPUT Vee =S5V OuUTPUT
[+

7 ?

r_":"".—.:""
1

PULSE
GENERAT - ),,_4
(See Note 1)
I

rreTy
I

vy

EXPANDER UNDER
TEST

TEST CIRCUIT

[+ 3 {
90% 90% |
PULSE GENERATOR X 50% s0% H
ourPuT I\ 10% 06y |
—olighe— -l b

INPUT

OUTPUT

VOLTAGE WAVEFORMS

NOTES: 1. The generator has the foliowing characteristics: 1, = 1, < 15 ns, = 0.5 us, PRR = 1 MHz, I, =~ 50 2.
2. Al transistors are 2N2368.
3. All diodes are 1N916.
= todo T toan
g = 2
5. C, includes probe and jig capacitance.

FIGURE 51 — EXPANDER PROPAGATION DELAY TIMES
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SERIES 74

SOLEID GIRGUIT" SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

Vcc =5V O

390 @

—50pFl lcl

TEST

OUTPUT

9

0.8V

OUTPUT

TEST

CLEARO
INPUT

Vee =5V 0

TEST CIRCUIT SN7470

TEST o ‘

OuUTPUT
CLEAR O-

—O PRESET
INPUT

390 @

(SEE NOTE 2)

]

INPUT

N’

1
T

o TEST
5 IOTR OuTPUT
o CLEAR PRESET o:j—u-o PRESET
- INPUT
Q Q

3. All transistors are 2N2368.
4. All diodes are 1N916.
5. C, includes probe and jig capacitance.

TEST CIRCUIT SN7474

NOTES: 1. Present or clear function of the SN7470 can occur only when clock input is low. Gated inputs are inhibited.
2. Clear and preset inputs of the SN7474 dominate regardless of the state of clock or D inputs.

FIGURE 52 — SN7470 AND SN7474 PRESET/CLEAR PROPAGATION DELAY TIMES (SHEET 1 OF 2)

T50p

F
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SERIES 74
SOLID CIRCWET" SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

—a! toje—
| I v in(1)
2V |
CLEAR INPUT 1.5V 1.5V
XY
! —_——————— e —— ——— Vinto)
ja——tp(clean) |t e
+ 19y in{1)
| 2V |
PRESET INPUT I N'\'s v 1.5V
: : LY L Vi
—» tpdo fa— 'p(presev)______..ll
t
| { g I" Vour()
Q OuTPUT | 1.5V } 1.5V
| — —— e VowO)
—» pdl  e— —+! thdo |e—
| | ) —-: —_—————————— Vour(n)
_ I L/ |
Q OUTPUT | | 1.5V | 1.5V
l | Y out(0)
VOLTAGE WAVEFORMS
NOTE §: Clear or preset input pulse characteristics: vinlO) = 04V, Vinm = 24V,1t, = 3tobns lp = 25 ns for the SN7470, and 'P = 30 ns for SN7474.

FIGURE 52— SN7470 AND SN7474 PRESET/CLEAR PROPAGATION DELAY TIMES (SHEET 2 OF 2)
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SERIES 74 ®
BOLID CIRCUIAT SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continved)

Vee = 5V o—@—

CLOCK PULSE O—
SEE TEST SEE TEST

TABLE TABLE
.%_r_
85 93w
Y OUTPUT
T Clock R
dcLEar PRESET
Q Q
i r L L

— Vial)
TEST TABLE
TEST INPUT [INPUT | APPLY V ini0)
No. | 5T | A | B [+24v]| SN0
’:efuo 31,72,
1 g d Ik None K1, K2 Kk | Vialt)
1, 3k |
hold 1.5V
2 | oy | Neme Lin2 Ykik2 | N INPUT A : Ty
|
1 J1,J)2 | V.
setup [ * (0
3 af Kk K% | None K1, K2 J _.I to be= | in
le— t —]
4 | "o | None [k1,k2 | 1,2 | X [ ———v
at K1, K2 one . ’ and Kk [ 2y :— in(1)
| 1%1.5V
NOTES: 1. Clock pulse {see note 3), input A, and input B are used | |
to measure t and 1 INPUT B | )V
setup hold" i | V. (0)
2. Clock frequency, todis and todo (from clock to output) | —»| to - "
are measured in the toggle mode. Hold } = K = |
logical 1 per truth table and apply clock pulse (see — + T T T T T T T Teutll)
note 3). QORQ I
3. Clock pulse characteristics: Vi"m = 04V, Vin(l) = OUTPUT | 1.5V
24V, 4 = 150, 1, = 20 ns, ond PRR = 1 L, !
MHz. When testing f_, .. vary PRR. | 'pdo - out(0)
4. Input pulse characteristics: vin(o) = 04V, Vi"m = I t
1
‘ 24V, 1) = 310 6 ns. | pd —'I Vout(1)
5. All transistors are 2N2368. - I 1.5V
6. All diodes are TN916. 8 Oﬁ Q | )
7. C; includ be and ji itance. UTPUT -
) includes prol jig capacitanc A V out(0)

VOLTAGE WAVEFORMS

FIGURE 53 — SN7470 FLIP-FLOP SWITCHING TIMES
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o SERIES 74
SOLILID CRIRGUIER SEMICONDUCTOR NETWORKS

_________________________________________________________________________________________|
PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

CLOCK PULSE

390 @

CIT T50 pF

=720 2 > = = =
TEST l O|4¢L ‘\S ! TEST ) )
\__7 / o
Nl Ny
ourpuro'ﬁ TR Y o ae | ouTPUT
| YeLear PRESET | r
l s S
. ] |
= L —_—— —— —J
TEST CIRCUIT
| "1 le -l fole- v
J, K, AND CLOCK | ' " in(1)
INPUT PULSE
(SEE NOTES 1 AND 2) | v
Vin(O)
| |
r——l 'u?up———-‘
|
*;; —————— Vou'(\)
Q-OR Q OUTPUT | 1.5V
f*—"pdo—e} v
I out(0)

Q OR Q OQUTPUT

|
|
L—tpd]—D{ vou'(l)
|
|

—_———— e — —-——voui(O)

VOLTAGE WAVEFORMS

NOTES: 1. Clock, J, and K input pulse characteristics: vinlo) = 04V, (in(1] = 24V, =ty = 15 ns, 'P = 20 ns, and PRR = 1 MHz. When testing f | .\, vary
PRR.

. For the SN7472, J = J1 ¢ J2 ¢ )3 and K = K1 * K2 » K3.

. Gated inputs (shown with dotted lines) are for the SN7472 only. The SN7473 Dual Flip-Flop has direct J and K inputs and preset is not available.

. All transistors are 2N2368.

. Al diodes are 1N916.

. (, includes probe and jig capacitance.

o VB W N

FIGURE 54 — SN7472, SN7473 FLIP-FLOP SWITCHING TIMES
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SERIES 74
SOLID GIRGUIYT" SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continved)

]

T
e

L

I

-0 TEST
OUTPUT
-~OPRESET
INPUT
TEST CIRCUIT
—| to la— — t) jo—
| V.
| [ in(1)
2v¥ | [ 2v
CLEAR INPUT 5\ X! IA1.5v
1V 1V .
| —_)—_———— e —_—— — — Vinl0)
fe———'eiclear) ——| —.} o r— ——: t e Voo
in(1
[ ! "
PRESET INPUT I 2v : : : gz
1.5V ¢
(SN7472 ONLY) | Ny v v
| | — —— Vinlo)
—el fpdo |‘_ l'_—'fp(presef) ——_—.ll
I : _’l' tpd' }‘_ out(1)
|
Q OUTPUT I 1.5V : 1.5V
: — e — — Vw0
—> 'pd1 | —o 'pd0  [e—
I | - ——— Vout(1)
— | |
QOuTPUT | 1.5v 1.5v
VOLTAGE WAVEFORMS Voutt0)
NOTES: 1. Clear or preset inputs dominate regardless of the state of clock or J-K inputs.
2. (lear or preset input pulse characteristics: Vingy = 04V, Vinm = 24V, 1, = t, = 15ns, toiclear) = 'p(preset] = 25 ns,

and PRR = 1 MHz.
. Gated inputs (shown with dotted lines) are for the SN7472 only. The SN7473 Dual Flip-Flop has direct J and K inputs and preset is not avoilable.
. ANl transistors are 2N2368.
. All diodes are IN916.
. €, includes probe and jig capacitance.

[ I N}

FIGURE 55 — SN7472 AND $SN7473 PRESET/CLEAR PROPAGATION DELAY TIMES
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SERIES 74
SOLID GTMCUIT" SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

Vee =5V O-

CLOCK PULSE ©

390 Q 390 Q

D INPUT

SOPFT TC‘ (See Note 2) C'T T50 pF

TEST O—J) T éo TEST

OUTPUT ) CLOCK OUTPUT
~———————QICLEAR PRESET Z

Q

a
1 {

TEST CIRCUIT

in(V)
CLOCK
INPUT
! Vinl0)
) } | A
D INPUT (PULSE A) : 90% I 90% H inl1)
(SEENOTE2) | H
H 1.5v | Lsvd
1/ { to - !
|
10% --: *satup lv;— :' R U Vinlo)
' =] “hold - o | N
~ 'l m
D INPUT (PULSE B) loo%\ ¢ Y, 0%
(SEE NOTE 2) | ! 1.5V 1.5V \
|
1
10% 10% |
I ‘ ] | ‘— -_—— Vin(ﬁ)
|t le- ' -
P ! Ly
H c out(1)
Q OR @ OUTPUT I 1.5V
}<——-—'pao—————-||
I I Vom(o)
|
L————'pdl————d Voot (1}
| |
Q OR Q ouTPUT | 1.5v
|
—_—— e — = Vo)

VOLTAGE WAVEFORMS

NOTES: 1. Clock input pulse has the following characteristics: Vin(o) = 04V, vin(\] = 24V,4 = 1, = 15ns tp = 30 ns, and PRR = 1 MHz. When testing f, .
vary PRR.
2. D input (pulse A) is used to measure todq Ot Q and togo at Q. Pulse B is used to measure t a4 af 0 and tpdo ot Q. D input (pulse A) has the following charac-
teristics: 1) = to = 15 ns, tsetup — 20 15, h = 60 ns, and PRR is 50% of the clock PRR. D input (pulse B) has the following characteristics: t{ = t, =
150, tholg = 5 s, lp = 60 ns, and PRR is 50% of the clock PRR.
3. All transistors are 2N2368.
4. All diodes are 1N916.

5. €, includes probe and jig capacitance. FIGURE 56 — SN7474 FLIP-FLOP SWITCHING TIME
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SERIES 74

SOLID CIRCUIT® SEMICONDUCTOR NETWORKS

e
PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

INPUT OUTPUT
- =~ — T &maRanT
- A" or B'p bvee =5v 50 |
i £oq |
: ¥l l
Ca A orenfl < |
SEE Ae : o} ° |
TEST Ay OPEN |
TABLE A, T coz;gN : ! —L 2 3 50 pF |
By | o‘\)— T T
] = L
51 cn +1 B I - = I
500 B _ B* -
W o |l o T
= - < JOPEN | ™ Tloapcircuirz )
L oo LLSAME 45 LOAD CIRCUIT 1 |
PULSE - — — — — — — — —
GENERATOR <, ~ r LOAD CIRCUIT 3 1
(See Note 4) 15 o I b SAME AS LOAD CIRCUIT 1
(See Note &) 1 | EXCEPT R,=780Q, and Cg = 25 pF l
NOTES: L. Beehoer) |
1. Perform ftest in accordance with test table.
2. Each output is tested separately.
3. Voltage values are with respect to network GND terminal.
4. The generator has the following characteristics: ng =3IV =1 < 15ns,
b = 0.5 us, PRR = 1 MHz, and 1, =~ 50 Q.
5. Inputs and outputs not otherwise specified are open.
6. C and (; include probe and jig capacitance. TEST CIRCUIT .: L " ’i L '0
7. Load circuit 3 simulates output load of 5. ;! Lo
8. Al transistors are 2N2368. puLSE | F90%  90%X |
) GENERATOR | Y s50% |
9. All dicdes are IN9!

; 50% N |
& /i t 1
OUTPUTIO%f |I P I * 10%
!

TEST TABLE (See Note 5)

INPUT Y
TEST NO. ‘:Jl:crnpsu: |;:;;Y7 I::;tvv AppLY | APPLY AreLy I !
st |10 Jo | F24VT0| GNDTO | oUTPUT LoADING TO : |
1 G+, | None C, None B, Grg N=3) } !
H C+y | None C, None 8, Gy W=7 | !
3 G+ | B None C, Ay, B, Ty N=9 INPUT ¥
4 CGrr | B None C, A B Gtq IN=25)
3 (=10 |
5 3 A None | C, A B, S (N=10) °1| ;" 'pdl i r 'pdo
Gt (N=75) I [
S =) ouTPUT 1.5V 1.5V
6 b A, Nore | €, Ay By N'=10) |
Gy N=15)
7 > 8, Nones | €, 5 3 (N=1) VOLTAGE WAVEFORMS
8, Nons | G, b S W=
9 Ak None A A, None Ak (= 15pF)
10 Ak None A, A, None A [ = 15pF)
1 [ None | B, B, None ok (¢ = 15pF)
12 Bk None | B, B, None Bk (G = 15pF)

FIGURE 57 — SN7480 SWITCHING TIMES
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SERIES 74
SOLID CRRCUWEP® SEMICONDUCTOR NETWORKS

TYPICAL CHARACTERISTICS §

LOGICAL 1 OUTPUT VOLTAGE
vs

LOAD CURRENT

4.5 T T
Vec=4.75v
> 4.0 ‘
| V. =0.4V
[ ] in
§> 3.5 TA = 25°C m
ps 3.0 \ See Figure 2 A
5
5 2.5
. N
= 2.0
9
g5
|
— ].0 \
3 \
3 0.5 \
0
0 5 10 15 20 25 30
lioqg — Load Current —mA
LOGICAL O OUTPUT VOLTAGE
vs
SINK CURRENT
0.6 T 1
> Vee =475V
| | V. =2.4v
© 0.5 .
_._‘3 TA =257C
(]
‘>5 04 — See Figure 1 //
a8 /
2
o A
© 0.3 "
% /
(3]
‘D
3 0.2
|
g //
3 0.1 P~
>
0

0 5 10 15 20 25 30 35 40 45

lsink — Sink Current — mA

§ Unless otherwise noted, data as shown is applicable for SN7400, SN7410, SN7420, SN7430, SN7450, SN7451, SN7453, and SN7454.
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SERIES 74

SOLID QCTRGUET® SEMICONDUCTOR NETWORKS
C ]

TYPICAL CHARACTERISTICS §

OUTPUT VOLTAGE
vs

INPUT VOLTAGE

40 Ve = 4.75V
N=10_
T =

3 s A= 25°C

See Figures 1 and 2

5 N

T~

: N
2.0 ™\

Vout — Output Voltage —V
N

0.5 }
0

0O 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
Vin — Input Voltage —V

PROPAGATION DELAY TIME TO LOGICAL O LEVEL
vs

FREE-AIR TEMPERATURE

]

I 45 T T
40 Voo =4.75V
5 N =10

_‘?_J 35 See Figure 50 _|
2

2 30

-

e

o 25

£

=

> 20

s

8 C) =150pF

c 15 e

:_c_a CI = 50 pF

;n- 10 ?-....ﬁ

) C' =]5PF

£ 5

I

o 0

2 0O 10 20 30 40 50 60 70

Ta — Free-Air Temperature — °C

§ Unless otherwise noted, dota as shown is applicable for SN7400, SN7410, SN7420, SN7430, SN7450, SN7451, SN7453, and SN7454.
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SERIES 74
SOLID GXRGUIT® SEMICONDUCTOR NETWORKS

L]
TYPICAL CHARACTERISTICS §

PROPAGATION DELAY TIME TO LOGICAL 1 LEVEL
vs

FREE-AIR TEMPERATURE

| |

Ve =4.75V
40 cc

N=10
35 See Figure 50 _]
Cl = 150 pF

H
O

—

30

25 C] = 50 pF

20 Cl =15pF

0 10 20 30 40 50 60 70

toqt — Propagation Delay Time to Logical 1 Level —ns

T, — Free-Alr Temperature — °C

PROPAGATION DELAY TIME
vs
FREE-AIR TEMPERATURE

4 Vee =475V
- N=10
T 35 See Figure 50
Q
S
= 30
>
5
] % C, =150 pF
g, 1
g T 50eF
& 15 C. - !
& &y = 15pF
| 10
2

5

0

0 10 20 30 40 50 60 70

T, — Free-Air Temperature — °C

§ Unless otherwise noted, data as shown is applicable for SN7400, SN7410, SN7420, SN7430, SN7450, SN7451, SN7453, and SN7454.
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SERIES 74 ®
SOLED CRRCUWET SEMICONDUCTOR NETWORKST

.
MECHANICAL DATA

general
Series 74 semiconductor networks are mounted in 0.1 gram. All external surfaces are metallic and
g . .
glass-to-metal hermetically sealed, welded pack- are insulated from leads and circuit. All Series 74
ages. Package body and leads are gold-plated networks are available with formed leads, insulator
F-15% glass-sealing alloy. Approximate weight is attached, and/or mounted in a Mech-Pak carrier.
OUTLINE DRAWING — SEMICONDUCTOR NETWORK WELDED PACKAGE
0,0,0,0,0,0.0, o050
s i °";f_ 0.013
0.175 REF. § § §‘§ §q§
0.165 MIN.
(See Note o) NOTES: a. All dimensions in inches.
b. All d Is +=0.005 pt as noted.
o ¢. Lead spacing tolerance is =0.015 at extremities and
j"——-—_ ®ﬂx&ﬂl B T =0.005 at package, nonaccumulative.
oois? Y ! . .
I 0.250 REF d. Lead centerlines are located within =0.005 of their
0005 MAX GLASS (See Note o) true positions relative to body centerlines.
l e. Not applicable in Mech-Pak carrier.
%g_:% *“4‘_ 0260 g_:gs_ f. Symbolization denotes orientation of package.
® ooo o SIDE VIEWS
Falls within TO-84 dimensions
leads FORMED LEADS
. . goold R 0.250 MAX. 0.013 :0.005.
Gold-plated F-15% leads require no addi- yeice! __(NOTEC) §
tional cleaning or processing when used in o 353+ ¥
soldered or welded assembly. Formed leads
are available to facilitate planar mounting 0.500 10.010 (NOTE 8)
of networks on flat circuit boards. Standard NOTES: - :“' di'"elf“i:?‘ in a"":; o
. : . Not applicable in Mech-Pak Carrier.
lead ‘ength is 0.175 inch. Neh’/vorks .can be ¢. Measured from center of lead to bottom of package where lead
removed from Mech-Pak carriers with lead emerges from body.
lengths up to 0.175 inch.
. MECH-PAK DIMENSIONS
insulator e o ———d
‘-———'———— el ——-—'—"
An insulator, secured to the back surface of :n.unn&n:.;%‘;ézl::rusmx — !
the package, permits mounting networks on s !
circuit boards which have conductors passing
beneath the package. The insulator is 0.0025
inch thick and has an insulation resistance
of greater than 10 megohms at 25°C.
mech-pak carrier -
The Mech-Pak carrier facilitates handling the
network, and is compgtible with automatic
equipment used for testing and assembly.
The carrier is particularly appropriate for
mechanized assembly operations and will - o -
withstand temperatures of 125°C for indefi- ROTES: 1. All dimensions are nominal in inches unless otherwise specified.
nite peri ods 2. Overall thickness is 0.175 and nestled height is 0.150 each.
ordering instructions NO MECH-PAK MECH-PAK
CARRIER CARRIER
Variations in mechanical configuration of lead Length 0.175 Inch Not Applicable
semiconductor networks are identified by Formed Leads No [No {Yes [Yes [No | No| Yes| Yes
suffix numbers shown in a table at the right. Insulators No |Yes | No |Yes |No |Yes| No | Yes
Orcering None | -6 | -7 | -1 |-2|-3|-a|-5
tPatented by Texas Instruments

¥F-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 53% iron, 29% nickel, and 17% cobalt.

PRINTED (N U.S.A.
Tt cannot assume any responsibility for any circuits shown
or represent that they are free from patent infringement.

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.

(o]

TEXAS INSTRUMENTS

INCORPORATED

SEMICONDUCTOR-COMPONENTS DIVISION
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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SERIES 74 930
SOLID GRRGUIT® SEMICONDUCTOR NETWORKS'

HIGH-SPEED TTL DIGITAL SEMICONDUCTOR NETWORKS
IN
DTL PIN CONFIGURATIONS

description

Series 74 930 consists of Texas Instruments high-speed TTL circuits with pin configurations and logic functions
that make them electrically compatible and mechanically interchangeable with Series 15 830 DTL circuits.
In addition to five interchangeable networks, an 8-input NAND gate and a dual AND-OR-INVERT gate
are available.

SERIES 15 830 SERIES 74 930

comparative features DTL TTL
Gate propagation delay time (typically) . . . . . . . . 25 ns 13 ns
Fan-out capability . . . . 8 10

(DTL can drive 8 DTL or 5 TTL loads, TTL can drive 10 TTL
or 10 DTL loads)
Noise immunity (guaranteed) . . . . . . . . . . . . 350 mV 400 mV

standard line summary

FUNCTION TYPES SIMILAR DTL CIRCUIT

Dual 4-Input Positive NAND Gate SN74 930 SN15 830

Dual 4-Input Positive NAND Buffer SN74 932 SN15 832

Quadruple 2-Input Positive NAND Gate SN74 946 SN15 846

Triple 3-Input Positive NAND Gate SN74 962 SN15 862

8-Input Positive NAND Gate SN74 965 None

Dual 2-Wide 2-Input AND-OR-INVERT Gate SN74 966 None

Master-Slave Flip-Flop SN74 948 SN15 831/SN]57845/SN15 848

specifications

Schematic diagrams, fan-out rules, maximum ratings, temperature ranges, and electrical characteristics are
identical to those of the corresponding Series 74 type number.

CORRESPONDING
SERIES 74 930 TYPE SERIES 74 TYPE
SN74 930 SN7420 '
SN74 932 SN7440 NOTE 1: 1S'he.SN77:1948 hEclls r;o colrresgondlng
eries 74 type. Electrical an
SN74 946 SN7400 switching characteristics are included
SN74 948 See Note 1 in this data sheet.
SN74 962 SN7410
SN74 965 SN7430
SN74 966 SN7451

tPatented by Texas Instruments

°~ TEXAS INSTRUMENTS

INCORPORATED
SEMICONDUCTOR-COMPONENTS DIVISION
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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SERIES 74 930
SOLEID GERGQUIET® SEMICONDUCTOR NETWORKS

SN74 930
DUAL 4-INPUT POSITIVE NAND GATE

Vee

‘D)

6@@0@0

@0 0660

1B NC 1C 1D 1Y

GND

PIN CONFIGURATIONS

SN74 932
DUAL 4-INPUT POSITIVE NAND BUFFER

SN74 946

QUADRUPLE 2-INPUT POSITIVE NAND GATE

Vee

@6@56@6

‘;——}
N r—

| If__
oNcNcloNo

18 NC 1C 1D 1Y GND

OO0 000 @

3Y

@‘

-

b

T

2090009

SN74 962
TRIPLE 3-INPUT POSITIVE NAND GATE

SN74 965
8-INPUT POSITIVE NAND GATE

Vee IC 1Y B 3A

@%@@@@T
[TCE
rD_]J;%
=

L |
ONO, ® ® 0

1A 1B 2A 2B 2C 2y GND

Vee

—®

Q?@@C?
I

SN74 966
DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATE

Vee 18 NC  NC 1D Ic oy

@@QIDQIDQD@

[ e==l

OROROROBONONO

1A 2A 2D 2y GND




TYPE SN74 948
MASTER-SLAVE FLIP-FLOP

logic
TRUTH TABLES
R-S MODE J-K MODE
fa fh+a th LA
$,15,1CG]C | Q S, | C Q
0 X|{O0O(X | Qn 0! 0} Qn
0] X X 0 Qn 0 1 0
X{0]O0| X | Qn 1 0|1
xJo[x]o]an 111 [ Gn
0 X 1 1 0
X|o]1 1 0
1 1 0 X 1
1 11 X]0{1
1 1 1 1 Indeterminate
NOTES: 1.1, = bit time before clock pulse.
2.t 44y = bit time after clock pulse.
3. X indicates that either a logical 1 or a logical 0 may be
present.
4. Logical 1 is more positive than logical 0.
5. For operation in the J-K mode connect S, to @ ond C, 10 Q.
description

:F
POOOOOQ

S2 GN

o

NC — No internal connection

positive logic
Low input to Cp sets Q to logical 0
Low input to S sets Q to logical 1

Cp and Sp are independent of CP

The SN74 948 flip-flop is based on the master-slave
principle. This device has AND gate inputs for entry
into the master section which are controlled by the
clock pulse. The clock pulse also regulates the state
of the coupling transistors which connect the master
and slave sections. The sequence of operation is as

HIGH

follows:

1. Isolate slave from master.

2. Enter information from AND gate inputs to master.

3. Disable AND gate inputs.
4. Transfer information from master to slave.

recommended operating conditions

Supply Voltage Vee e e e
Fan-Out From Each Output, N . . . .
Width of Clock Pulse, tycioq (See Figure 6)
Width of Direct Set Pulse, t,sp) (See Figure 7)
Width of Direct Clear Pulse, tycp) (See Figure 7)
Input Setup Time, t..1, (See Figure 6) .

Input Hold Time, thorg - . . . . .

LOW

SN74 948 CLOCK WAVEFORM

. 475V 10525V
. . . . Tto10

e . . . . >20ns
. >25ns

. >25ns

e cpplled clock pulse width
e e .. .. .20
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TYPE SN74 948
MASTER-SLAVE FLIP-FLOP
-

electrical characteristics, T, = 0°C to 70°C

TEST
PARAMETER FIGURE TEST CONDITIONS MIN _ TYP MAX | UNIT
Vini1)  logical 1 input voltage 1 Vec = 475V 2 v
Vinio) Logical 0 input voltage 1 Vee = 475V 0.8 v
Vout() Logical 1 output voltage 1 Vee = 475V, 1, = —400 pA| 2.4 3.5% v
Vout{o} Logical 0 output voltage 2 Ve = 475V, Iy = 16 mA 0.22% 0.4 v
Logical O level input current _
Iin(O) at C1, CZ' 51, or Sz 3 vCC = 525V, vin =04V -1.6 mA
linjoy  Logical O level input current at Cp or Sp 3 Vee = 5.25V,V,, =04V -3.2 | mA
linoy  Logical 0 level input current at CP 3 Vee = 525V,V,, = 04V —4.8 | mA
N Logical 1 level input current 4 Ve = 525V,V,, = 24V 40 nA
i) atCy, Cy Sy, 0r S, Vee = 525V, V,, = 55V 1| mA
3 . Vee = 5.25V,V,, = 24V 80 | wA
linny  Logical 1 level input current at Cpy or S 4
Ve = 525V, V,, =55V 1 { mA
. X Vee = 5.25V,V;, = 24V 120 | wA
linyy  Logical 1 level input current at CP 4
Vee =525V, V;,, =55V 1 | mA
los Short-circuit output current T 5 Ve = 5.25V,V;,, =0 —18 ~57 | mA
lee Supply current 4 Ve =5V, V,=5VY 8 mA

T Not more than one output should be shorted at a time.
% These typical values are at vCC =35V, 'fA = 25°.

switching characteristics, Vec =5 V, T, =25°C, N =10

PARAMETER FITGES.II;E TEST CONDITIONS MIN TYP MAX[UNIT
felock Maximum clock frequency 6 10 15 MHz
Propagation delay time to
todt logical 1 level from Cp 7 26 50 ns

or Sp to output

Propagation delay time to
todo logical 0 level from Cp, 7 34 50 ns
or Sp to output

Propagation delay time to
logical 1 level from C,, C,, 6 10 26 50 ns
S,, or S, to output

fpd1

Propagation delay time to
todo  logical 1level from C;, C,, 6 10 34 50| ns
$;, or S, to output
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functional block diagram

TYPE SN74 948
MASTER-SLAVE FLIP-FLOP

>
Q 0Q
Spo- <
C o—————'_L h——osl

schematic

@ Vee

! ! {
3100 316ka 34 31.6kQ 31300
4 4
21kQ 31kQ
50 9
6k ¥ 3.5kQ¥ 4ke$ 4kQ $3.5kQ  36kQ
$4kQ 4kQ
¢ (12 {‘ \><:—>
@ M:;:)—J ] N

2kQ 3

. '_CJJ .

5)Cp

7) GND
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TYPE SN74 948
MASTER-SLAVE FLIP-FLOP

|
PARAMETER MEASUREMENT INFORMATION

d-c test circuitst

Vec Vec
Test }—
Per
Truth
Vin 0—{Table
(See
Note
2)
1. Each output is tested separately. 1. Each output is tested separately.
2. Direct inputs Cp and Sp are tested for proper operation. 2. Direct inputs ( and Spy are tested for proper operation.
FIGURE 1 FIGURE 2
4.5V Vee TEST TABLE
Apply Vi, Apply Momentary
I - T (Test 1.,) GND, Then 4.5 V Apply 4.5V
__"(‘_]_\ Co CcP Cp C,, Cy Sy, Sy, and Sp
in@ | see 182 4 QF cp Sp C,. C,. S, Sy and Cp
in o1 Test acp OPEN Cp None S, S,, and CP
Table 3 Q Sp None C,, C,, and CP
» || S' Sop B c, None C,. Sp, and CP
|~ — Y C, None C,, Sp, and CP
Sy None S,, Cp, and CP
= = S, None $,, Cp, and CP
1. Each input is tested separately.
FIGURE 3
Ve
TEST TABLE
| - 7 ‘ lec Apply Vi,
in(1) | G CElD (Test I,) Ground
" o—— Se Cy Q- cp Cp Spr Cyv Cp Sy, and S,
e
Tesf C CP OPEN CD CP, Sl, und 52
Table] s al- Sp CP, Cy, and C,
S‘ S c, CP, Sp, and C,
Y C, CP, Sp, and C;
- S, CP, Cp, and S,
= = S, CP, Cp, and §,
1. Each input is tested separately.
2. When testing | ~c, all inputs and outputs are open.
FIGURE 4

TArrows indicate actual direction of current flow.
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TYPE SN74 948
MASTER-SLAVE FLIP-FLOP

_____.____________________________________________________________________ |
PARAMETER MEASUREMENT INFORMATION

d-c test circuitst (continued)

Q
Jl
1 L 4

1. Each output is tested separately.

FIGURE 5
FArrows indicate actual direction of current flow.
switching characteristics
Vee = 5V o
INPUT  PULSE

390 Q

in(1)

INPUT PULSE
(SEE NOTE 1)

Vinl0)

|

|

| ______ voer)
Q OR & OUTPUT { 1.5V

I"—'Ddo—’i

| | V auf(o)

|

}._ tpd‘_.l Voul)
Q OR Q OUTPUT | 1.5V

______ vour(o)

NOTES: 1. Input pulse characteristics: Vi) < 04V, Viyyy > 24V, 1 = 15 < 15 s, t
2. All transistors are 2N2368.
3. All diodes are 1N916.

= 20 ns, and PRR = 1 MHz. When testing felocks vary PRR.

4. € includes probe and jig capacitance.

FIGURE 6 — PROPAGATION DELAY TIMES FROM CLOCKED INPUTS
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TYPE SN74 948
MASTER-SLAVE FLIP-FLOP

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

Vee= 3V o

390 Q

50 pF 15 pF A Cy CLA 15¥F 50 pF
T °"T s | 6o l T T
TEST TEST
outprut®Y £ J | 2 oureur
Sp o——i——a Sp Cop— i o Co
NP _ INPUT

INPUT Q 5 ’
TEST CIRCUIT
e to —f 1y o
I I Vin(h)
c 2V | | 2V
P INPUT  15v X I A#1.5v
X1V v
| - —f—————— Vinl0)
je—— 'eico) —_—] ——-—: to r— —.{ t Vo
I (14
So INPUT | 2V, | | 2V
| 1.5V X | [A#1.5v
| N v 1V ¥
! —— —— Vi)
—l togo e be———— tosp ——
| : '—’i fpdt l‘_ L out(1)
|
Q OUTPUT | 1.5V | 1.5V
! !
I e — — — — — — — — — — You0)
—* 'pd1 e —| 'pd0  je—
| : _I _________ out(1)
QoutpuT | 1.5V ' L5V
vou'(ol

VOLTAGE WAVEFORMS

NOTES: 1. (p or Sy inputs dominate regardless of the state of clock, (;, (; or §,, S, inputs.

. All transistors are 2N2368.
. All diodes are IN916.

. @ includes probe and jig capacitance.

v e W N

FIGURE 7 — C;, AND S, PROPAGATION DELAY TIMES

- Cp or S input pulse characteristics: V0, < 04, Vin(l) > 24V, 1 = 15 < 151, toicn) = fpisp) = 25 ns, and PRR= 1 MHz.
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® SERIES 74N
SOLID QIRQCUIT SEMICONDUCTOR NETWORKST

TRANSISTOR-TRANSISTOR-LOGIC SEMICONDUCTOR NETWORKS
IN
MOLDED PLUG-IN PACKAGES

description

Series 74N consists of the Series 74 general-purpose TTL circuits mounted within a 14-pin plastic package
and characterized for operation over the temperature range of 0°C to 70°C.

features

high speed — typical gate propagation delay time of 13 ns

high d-c noise margin —typically 1 V

low power dissipation — 10 mW per gate at 50% duty cycle

low output impedance — less than 100 Q) at logical 1 output state
full fan-out of 10

plug-in configuration ideal for flow-soldering techniques

pins on 100-mil grid spacings for industrial-type circuit-boards

specifications, logic symbols, and terminal designations
Schematic diagrams, fan-out rules, maximum ratings, and electrical characteristics for Series 74N networks
are identical to those of the corresponding Series 74 type number. Terminal designations for the Series 74N
networks are shown in this data sheet.

mechanical data

Series 74N networks are mounted on a 14-lead frame and encapsulated within a plastic compound.
The compound will withstand soldering temperatures with no deformation and circuit performance char-
acteristics remain stable when operated in high-humidity conditions.

NOTES: A. The true-position pin spacing is 0.100 between cen-
terlines. Each pin centerline is located within .*_08 [+ 0770 MAX ———
of its true longitudinal pasition relative to pin @ @ @ @
and . aMmMmnaM

B. All dimensions in inches unless otherwise noted.

0.093 R (NOMINAL) jz
0.110 (NOMINAL) ——t—_]
o
- oas0=000 oYelelolelole)
—»| ’-.# 0.080 (NOMINAL)
1 ] }e— 0.060=0005
= T ¥ oozomn[] ]
0.030 (NOMINAL)  0.200 MAX y
90° & 15° [| —SEATING PLANE—‘—‘——,——L 0,033 MIN
14 PLACES) 0.125 MIN | ” (14 PLACES)
i B
i
l— 0.011 = 0.003 ol 0.018 = 0.003
! o:mo_.‘ (14 PLACES) H—a’»H—H (14 PLACES)
I* =o010 =°‘-’°;‘5°—-1
(7 PLACES) - —_—

PIN SPACING
SEE NOTYE A

FPatented by Texas Instruments

°~ TEXAS INSTRUMENTS

INCORPORATED

SEMICONDUCTOR-COMPONENTS DIVISION
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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SERIES 74N

SOLID GIRCUIT® SEMICONDUCTOR NETWORKS'

SN7400N
QUADRUPLE 2-INPUT POSITIVE NAND GATE

VCC 4B 4A  4Y 3 3A 3Y

o9y s

[~ b

23 Nassfl1[

1A 1B 1Y 2A 2B 2Y GND

positive logic

Y =AB

SN7410N
TRIPLE 3-INPUT POSITIVE NAND GATE

VCC 1C v 3C 38  3A 3Y

R NERKRERVANRINIR IR RAN

IR PS

RIFAIERIERIRRILZIRAT

1A 1B 2A 28 2C 2Y GND

SN7420N
DUAL 4-INPUT POSITIVE NAND GATE

2
VCC 2D 2C NC 2B 2A Y

w2l {n{jo]ls]]s

- -

| e
°

1127131 a]5¢]6[17
1A 18 NC 1C 1D 1Y GND

positive logic

Y = ABCD

NC — No internal connection.
tPatented by Texas Instruments

positive logic

Y = ABC

SN7430N
8-INPUT POSITIVE NAND GATE

VCC NC H G NC NC Y

BEENEENENENE

»
1112103/ s16 (|7
A B C E F  GND

positive logic

Y = ABCDEFGH
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SERIES 74N

SQLID GCERCUIT" SEMICONDUCTOR NETWORKS'

SN7440N
DUAL 4-INPUT POSITIVE NAND BUFFER

Vcc 2D 2C NC 2B 2A2Y

14

13

12

Ll

10

SN7450N/SN7451N

DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATES

Vee

18 SNZISON only, 10

IC 1y

=

1A 18 NC 1C 1D 1Y GND

positive logic

Y = ABCD

SN7453N, SN7454N
4-WIDE 2-INPUT AND-OR-INVERT GATES

BENEMEPIENENERE

.y — l

» )

12013141516 /]7
1A 2A 2B 2C 2D 2Y GND

positive logic

Y = (AB) + (CD) + X
X = ABCD from SN7460N

NOTE: Expander nodes X and X are on the SN7450N only.
Make no external connection to pins () and @ of the SN7451N.

SN7460N
DUAL 4-INPUT EXPANDER
Vee D IX X 2X 2X 2D

Wl {2 n|jw||s|ls

L i J

1[12)13]]¢4

]

1

2A

28

2C GND

SN7453N Only
VCC B % x— H G Y
ul[i][n]n sti_BT
t[l2f]3]]4 611
C D E F NC GND
IMake no connection to pins @ and @ of the SN7454N.

positive logic

Y = (AB) + (CD) + (EF) + (GH) + X
X = ABCD from SN7460N

NOTE: Expander nodes X and Xare on the SN74534 only.

NC — No internal connection.
TPatented by Texas Instruments

positive logic
X = ABCD

NOTE: Connect pin @ or @ to pin @ of SN7450N or SN7453N.
Connect pin @ or @ to pin @ of SN7450N or SN7453N.
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SERIES 74N
SOLID QRRGUIT® SEMICONDUCTOR NETWORKS'

SN7470N
J-K FLIP-FLOP

Vec Preset Clock K2 K1 K* Q TRUTH TABLE
ta eS|
wi sl nl{w]le]]s T o
o] o | q
[——‘ 0 1 0
E; 1|0 !
E%> ) r &
— i NOTES: 1.3 = JeJ2e7k
- 2. K = KieK2e Kk
{ ] 3. t, = bit time before clock pulse.
— 1 2 3 4 5 4. 1,49 = bit time after clock pulse.
5. If inputs J% or Kk are not used

NC Clear J2 N Jx they must be grounded.

positive logic

Low input to preset sets Q to logical 1
Low input to clear sets Q to logical 0

NOTE: Clock must be at logical O prior to the application
of preset or clear functions.

SN7472N
J-K MASTER-SLAVE FLIP-FLOP
VCC Preset Clock K3 K2 K1 Q TRUTH TABLE
t fata
BN RS T o
l __]r ‘]1 [} 0 Q,
K1 Preset 0 L 0
—18 a T (o | 1
b —————Clock 1 1 Q,
—{11 Q
—32 A Clear NOTES: 1.J = J1eJ2+J3
0 2. K = KleK2K3
[ ——I 3. t, = bit time before clock pulse.
4. 1,49 = bit time after clock pulse.

1127113 s []6[]7
NC Clear J1 J2 J3 @ GND

o

positive logic

Low input fo preset sets Q to logical 1
Low input to clear sets Q to logical 0

NC — No internal connection.
tPatented by Texas Instruments
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o SERIES 74N
SOLID GIRCGUIT SEMICONDUCTOR NETWORKST

SN7473N
DUAL J-K MASTER-SLAVE FLIP-FLOP
J el Q GND K Q a TRUTH TABLE (Each Flip-Flop)
8 t fata
[ I J K Q
0 0 Q,
0 1 0
Clear| 1 0 1
K Clock J 1 1 q,
JLA T ) .
NOTES: 1. 1, = bit time before clock pulse.
I I 2. 4,4, = bit time ofter clock pulse.
1213714118 7]67]17
Clock Clear K VCC Clock Clear J
positive logic
Low input to clear sets Q to logical 0
regardless of clock state.
SN7474N
DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOP
VCC Clear D Clock Preset Q Q TRUTH TABLE (Each Flip-Flop)
W12 fnjfwofj9Lls ' N
l | I  — a—— n n+1
OUTPUT OUTPUT
a Preset —
Clear i Clock Q INPUT D Q Q
D Q
—
PP @ 0 0 1
| Clock Q Clear
Preset i‘-l L—P 1 1 0
=) - I l NOTES: 1.1, = bit time before clock pulse.
1 B 9 H 3 4 5 6 7 : 2. 1,44 = bit fime after clock pulse.
Clear D Clock Preset Q Q GND
positive logic
a. Low input to clear sets Q to logical 0.
b. Low input to preset sets Q to logical 1.
¢. Clear or preset inputs dominate regardless of
clock and D inputs

tPatented by Texas Instruments
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SERIES 74N
SOLID QTRCUET" SEMICONDUCTOR NETWORKS'

SN7480N
GATED FULL ADDER

*
2 B A AT Ay A

TMENEIEHEENE

=T T ]

V1213 ]|4]]S[]6]]7

*
B BC Cn Cn+l z Z GND

positive logic

See truth table

TRUTH TABLE
(See Notes 1, 2,and 3)

C,|BlAalc+ |2]2
0jo0jo] 1 |1]o
olo(tl 1 [0
o l1(o] 1 [o]n
oj1[1] o [1]o
1 {ofo| 1 o]
1 (o1 o [1]o
1 [1jo] o [1]o0
1 1|1 o [0

NOTES: 1. A = AkeAg, B= B+ B where Ak = A +A, and Bk == m
2. When AX or BX are used as inputs, A, and A, or B, and B,
respectively must be connected to' GND.
3. When A, and A, or B, and B, are used as inputs, A% or Bk
respectively must be open,or used to perform Dot-OR fogic.

‘tPatented by Texas Instruments

PRINTED IN U.S.A.
TI cannot assume any responsibility for any circuits shown
or represent that they are free from patent infringement.
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o SERIES 73 ¥
SOLID CRROGUET  SEMICONDUCTOR NETWORKS'

S

DIGITAL SEMICONDUCTOR NETWORKS
FOR INDUSTRIAL APPLICATIONS

€L sA¥3s

application

Series 73 semiconductor networks are ideally suited
for general-purpose digital applications, including
computer, data handling, and control systems.
Series 73 is designed and characterized for use in
environmental conditions found in industrial appli-
cations,

DUAL J-K FLIP-FLOP BAR

features
LOW SYSTEM COST

o multifunction devices offering lowest cost
per logic function

§961 AINr ‘05959 S-10 "ON NILITING $3OVIdIY
9961 ¥IFOLIO ‘610699 S-1d "ON NILITING

description

Series 73 is a compatible line of digital semi-

ADVANCED PERFORMANCE conductor networks capable of performing all
basic and some special logic functions. All basic
o optimum speed/power ratio for industrial logic functions are offered as multi-function net-

works. Utilization of this complete line of com-
patible networks reduces systems engineering de-
sign time, while the use of multi-function networks

applications

e guaranteed d-c margin

° !\igh a-c noise rejection from low output reduces system cost per logic function.
impedance Series 73 logic employs a modified form of diode-
o waveshape integrity maintained over rated transistor logic (DTL) where transistors replace
temperature and loading conditions by conventional diodes in order to improve circuit
double-ended output stage performance. Input transistors improve drive ca-
pability while offset transistors improve switching
EASE OF DESIGN speed. The Series 73 low-impedance output stage

maintains symmetrical waveshapes over wide
ranges of d-c fan-out, capacitive loads, and oper-
ating temperatures. The low-impedance output

¢ most complete industrial family available
— 14 networks

* moslified DTL circvitry simplifies system also provides for a high degree of protection
design . against capacitively coupled noise transients on
o fan-out of 10 from each output system information lines.
CONTENTS Page
DESIGN CHARACTERISTICS AND LOGIC SYMBOLS . . . . . . . . . 6502-6503
LOADING TABLES . . . . . . « « « +« « o « o v« v e e . 6504
DEFINITIVE SPECIFICATIONS . . . . . . . . . . . . . . . . . 65056524
D-CTESTCIRCUITS . . . . . . . . + « « « v « « « « « « . 65256528
SWITCHING TIME TEST CIRCUITS AND VOLTAGE WAVEFORMS . . . . 6529-6531
MECHANICAL AND PACKAGING DATA . . . . . . . . . . . . . 6532

tPatented by Texas Instruments

°. TEXAS INSTRUMENTS
INCORPORATED
SEMICONDUCTOR-COMPONENTS DIVISION
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 650]



SERIES 73
SOLID CIRGUIT® SEMICONDUCTOR NETWORKS

typical operating characteristics, Ta = 0°C to 70°C, supply voltage V¢c = 3v to 4v

Speed: Gate Propagation Delay . . . .
Flip-flop Toggle Rate . . . . .
Fan-Out Capability of Each Output . . .
Fan-In With Expanders . . . . . . .
D-C Margin: At Logical ¥ . . . . . .
At Logical 0 . . . . . .

Output Impedance . . . . . . . . .
Average Power Dissipation: Per Gate . .
Per Flip-flop .

design characteristics

6502

Series 73 is a compatible line of digital semiconductor
intergrated circuits built and characterized for medium-
speed applications (up to 4 Mc) in industrial environ-
ments. The networks are fabricated from triple-diffused
planar silicon, and employ a modified form of diode-
transistor logic selected to take advantage of inherent
integrated-circuit characteristics.

As in conventional diode logic (Figure A), logic is
performed at node A of a Series 73 gate (Figure B).

Vee o

INPUT O

FIGURE B. Series 73

FIGURE A. Diode AND Logic AND Logic

The gain of the p-n-p transistors replacing the input
diodes increases the effective drive capability of the
preceding stage. The voltage at node A is now a function
of I, R,, and the p-n-p transistor gain, rather than only
l,, and R, as in diode logic. The effect of the transistor
gain is to minimize the importance of the resistor value
in the circuit’s performance. Since silicon resistors have
inherently wide production tolerances and high tempera-
ture coefficients, the transistor gain makes fabrication
of Series 73 networks more economical while assuring
greater stability over the temperature range.

The n-p-n transistor which replaces the offset diode D,
also has gain, increasing the circuit drive capability and
improving the waveshapes at node A.

This basic AND logic configuration is coupled with an
inverting double-ended output stage (Figure C) in each
Series 73 gate.

FIGURE C. Series 73 Output Stage

e e v e e v . . .'. . . 35nsec
e e e e e e e e e e e 4 Mc
e e e e e e e e e e 10
25 max
300 mv
200 mv
<500
12 mw
40 mw

The most important feature of the Series 73 output
stage is its ability to supply load and sink current with
low output impedance. This provides high d-c fan-out
to both types of loads and simplifies interface design.
Low output impedance in either state ensures that
turn-on and turn-off waveshapes will remain sharp and
symmetrical over a wide range of d-c and capacitive
loadings throughout the temperature range. The low
output impedance of each output ensures that every
information line will have a low-impedance termination,
providing valuable protection against a-c coupled noise
transients.

All Series 73 networks are fabricated using a 4-step
planar diffusion process. First, an n-type diffusion is
made in the p-type substrate, forming the n-p-n collectors
only. A second n-type diffusion is made forming the base
area of the p-n-p transistors, isolation region of the
resistors, one section of the capacitors, and further form-
ing the n-p-n collectors. This sequence reduces the n-p-n
transistor reg 4 to approximately 30 ohms, while keep-

ing the p-n-p base width narrow and the gain high
(typically 12). The next step is a p-type diffusion which
forms the p-n-p emitters, n-p-n bases, resistors, and
another portion of the capacitors. The final diffusion is
an n-type, forming the n-p-n emitters and completing the
capacitors.

N-P-N P-N-P
TRANSISTOR TRANSISTOR RESISTOR CAPACITOR
A\ A\ A\

\

LI B T T 1 Ll M
N P N+ P N \_N P N P N+
OXIDE CONTACT

FIGURE D. Series 73 Triple-Diffused Structure




SERIES 73

SOLID CERGUIT® SEMICONDUCTOR NETWORKS

standard line summary

SN7300 See Page 6505

| Subintetnt (hntasheiadits |

J-K FLIP-FLOP WITH PRESET

SN7301 See Page 6507
r_-I- I— ] --I 1—--ﬂ
] |
] I
| Y 1
| J Ix K Kx| |
: :

)
: CLEAR CLOCK PRESET
|
| WU S DU P p— |

J-K FLIP-FLOP WITH PRESET AND CLEAR

SN7302 See Page 6509

ittty |
)

:

1

f—i—

|

1

]

]

|
et
]

]

‘—r-

1
——__4

Q FF1 Q Q@ Fr2 Q
CLOCK PRESET

Lo -—d-}=-H4--}L -2

DUAL J-K FLIP-FLOP WITH PRESET

SN7304 See Page 6511

1 y

\ 1 K

! FF1 of

i CLOCK

; LCLEAR _PRESET

l ‘

|

L-d-IF—— —-———_
i

DUAL J-K
FLIP-FLOP WITH PRESET AND CLEAR

SN7310 See Page 6513

5-INPUT EXPANDABLE NAND/NOR GATE

SN7311 See Page 6515

&g

DUAL 5-INPUT NAND/NOR GATE

SN7315 See Page 6516

LU

10-INPUT EXPANDABLE NAND/NOR GATE

SN7320 See Page 6517

5-INPUT EXPANDER

SN7330 See Page 6518

- ——— —————

DUAL 3-INPUT NAND/NOR GATE

SN7331 See Page 6519

"

SN7350 See Page 6520

QUADRUPLE INVERTER/DRIVER

SN7360 See Page 6521

e e d

QUADRUPLE 2-INPUT NAND/NOR GATE

SN7370

See Page 6522 SN7380

See Page 6523

DUAL AND-OR-INVERT GATE

MONOSTABLE MULTIVIBRATOR

ONE-SHOT

6503



- SERIES 73
SOLID GRRGUIT® SEMICONDUCTOR NETWORKS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply Voltage, Vec (See Note 1) . . . . . . . . . . . . . ' . . . . . . F7v
Input Voltage, V;, (SeeNotes1and2). . . . . . . . . . . . . . . . . . . .+ . Ve
Operating Free-Air Temperature Range o R o . 0°C to 70°C
Storage Temperature Range . . . . e .. .. . —65°C to 125°C

NOTES: 1. Voltage values are with respect to network ground terminal.

2. Input signals must be zero or positive with respect to network ground terminal.

logic definition

Series 73 logic is defined in terms of standard

POSITIVE LOGIC using the following definitions:

LOW VOLTAGE = LOGICAL 0
HIGH VOLTAGE = LOGICAL 1

input current requirements WEIGHTED VALUES OF INPUT CURRENT REQUIREMENTS
Weighted values of input current requirements re- NETWORK TYPE INPUT N-- LOADS[N- LOADS
flect worst-case conditions for T, = 0° to 70°C FLIP-FLOPS | 7300, 7301 [J, J%, K, KX,
and V=3 to 4 v. One positive load (N+ =1) 7302 Preset, Clear ! 0
requires current into the input at a logical 1 Clock 2.5 2.5
voltage level (0.5 ma at Voc=3 v, and 0.8 ma 7304 J. K, Preset 1 o
at Vee=4 v). One negative load (N—=1) re- ((-;II::I: 2 g
quires current out of the input at a logical 0 GATES AND | 7310, 7311
voltage level (0.2 ma). Currents into the input EXPANDER  } 7315, 7320 1 g 1 1nput 0 1
terminals are specified as positive values. Arrows ;ggg: ;g;(!)
on the d-c test circuits indicate the actual direc- ONE-SHOT | 7380 T, Th 1 o
tion of current flow. INVERTER | 7350 Each Input 2 0
output drive capability
Weighted values of fan-out reflect the ability of WEIGHTED VALUES OF FAN-OUT
an output to drive current to N + loads and sink NETWORK OUTPUT [N+ LOADS|N— LOADS
current from N- loads under worst-case conditions. FLIP-FLOPS, GATES, AND
Load currents (out of the output terminal) are ONE-SHOT Eac: gufpu: :g :g
specified as negative values. Arrows on the d-c INVERTER (SN7350) :Icnver::‘
test circuits indicate the actual direction of in parallel 40 40

current flow.

pin identification

6504

Pin identification for Series 73 networks is shown
in the illustration at the right. Symbolization on
package denotes orientation. For dimensions see
mechanical data.

WOOO®

G\ XKXXK
®
SNXXXX

Il

OOOO®

TO-89

PEROOOD

o
®
@? SNXXXX

XXXXX

.

0]6]0/0/010/0)
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TYPE SN7300
J-K FLIP-FLOP WITH PRESET

e .

logic
TRUTH TABLES
Jhk=Kk=1 ADDITIONAL INPUT

t L LOGIC COMBINATIONS
T X [a | 1 fors
0 0 Qn J K Jk | Kk | Q
o |1 ]o o [1]o0o]o | an
11011 100 |o | an
1 /1] @n 1 {1 ]o o |@an

0o l1 o1 [|@n

f: =K= (:n+ : 1 [1Jo]1 [GQn
*] Kk Q 1 0 1 0 Sn
ot h e e
9 ! ! 0 1 1 0 0
1 0 0
1 1 Qn t,= Bit time before clock pulse posifive logic

1+ 1 =Bit fime after clock pulse High input to preset sets Q to logical 1

recommended operating conditions

Supply Voltage, Ve . . . . . . . . . . . . . . . . . . . . . . . . 3vtod4v
Maximum Fan-out From Each Output Into Positive Loads, N+ . . . . . . . . . . . . . .10
Maximum Fan-out From Each Output Into Negative Loads, N- . . . . . . . . . . .10
Fall Time of Clock Pulse, tqeioy « « « - « « « « v v o v « « « « . . . 20 to 150 nsec
Minimum Width of Clock Pulse, toiciocky - + -« « « « « « « « « « « « « . . . .50 nsec

electrical characteristics (unless otherwise noted Ta = 0°C to 70°C, Vcc =3 v to 4v)
TEST

PARAMETER ) FIGURE TEST CONDITIONS MIN TYP MAX | UNIT
Input voltage required to Vee=3v 1.7 3 v
Vinny  ensure logical 1 at J, K, J*, 1
K%, and preset inputs Vec=4v 2.4 4 v
Viony  Input voltage required to 9 Veg=3v 1.5 3 M
ensure logical 1 at clock input Vec=4v 2.2 4 v

Input voltage required to
Vinoy  ensure logical 0 at J, K, J*, 1,2 0 0.4 v
K*, preset, and clock inputs

Vee=3v,
v Logical 1 output voltage 3 N+ =10 (lg¢=-5 ma) | 1.7 v
outhl  (off level) Vee=4v,
N4+ =10 (},,y=-8 ma) [2.6 v
Vee=3vV,
Logical 0 output voltage N-=10 (I;;, =2 ma) 0.3 v
Voutiol  (on level) 3 Vec=4v,
N-=10 (l;, =2 ma) 0.3 v
( J. K, J%, KX, and preset 3 V‘m: 1.7v 0.5 ma
in input current Vip=2.6v 0.8 ma
Vin=17v 1.25 ma
hn Clock input current 3 V,=24v 2 ma
V;;=03v -0.5 ma
Vee=3v, N+ =N-=0,
Toggle=1Mc, T,=25°C 9 ma
lccray  Average supply current 4 — —
Vee=4v, N+=N-=0, 13 N

Toggle=1 Mc, T,=25°C
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TYPE SN7300

J-K FLIP-FLOP WITH PRESET

switching characteristics, Tp = 25°C, Vecc =3.5v, N+ =N-=0
TEST
PARAMETER FIGURE TEST CONDITIONS TYP  MAX | UNIT
ty Delay Time Clock Input: V,; =2.5v, =20 nsec, 20 30 nsec
t Rise Time t,=500 nsec, =1 Mc 20 45 nsec
t, Storage Time 19 J, J%, K and KX Input: V; =V ¢ 40 60 nsec
1, Fall Time Preset Input: V, =0 25 40 nsec
Time to Set a Logical 1:
tat(n) JorK Clock Input: V; =2.5v, t,=20 nsec, 50 nsec
Ik or KX t,=500 nsec, f=1Mc 35 nsec
Time to Set a Logical 0: 20 J, )%, K or Kk Input: V; ;=25 v,
Fset(o) JorK Vinjoy=0, t.=1,=50 nsec 40 nsec
Jk or Kk 40 nsec
. Clock Input: V. =0
Yoreset Preset Time 2 Preset Input: Vli:= 2.5v, ;=50 nsec 55 nsec
schematic
LOGIC STEERING BISTABLE STEERING LOGIC
SECTION SECTION SECTION SECTION SECTION
___________ ——— e e ————— .
{_ Vee I T -T l .jl
! i |
LT ! | | |
| | | | e
I "o l | h & I > I |
| S 1.5k | Stk 1k 315k I
| | | | |
I | : I | |
I | b +—i I _
po pf| )¢ | | ) l Lo pfl l
T ! Ry
I | I ] | T
I —O O— = l
]! Rl [
= , |
| ! | [ s TI |
| 4 I | 3k I
I | | ' ! |
I I 1 3k ' I = l
Niawm ol hn s Lo DY A
| = | = j’: \ L’I—J ! J’Z = Izs f 8k |
| | )r"} 25 pf A | P ’I: <’|
l I 2.5k ' 2.5k f
8k Bpf | A | | o— | |
I l 25 pf | I
I l = ‘-.I—' I = I
| | I l I K O
| | | 6k I | |
I 0 . _°sNo  oereseyy ) D

CLOCK PULSE

NOTES: a. Component values shown are nominal.
b. Resistor values are in ohms.
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TYPE SN7301
J-K FLIP-FLOP WITH PRESET AND CLEAR

logic
TRUTH TABLES
Vee
Jh=Kk=1 ADDITIONAL INPUT
' o LOGIC COMBINATIONS @ @ @ @ @
J K Q 1 1’n"'l
0 1 0] an ;K [ ox[ kx| Q I
0| 1] o0 o1 ]ofo]@n NCT Y iﬂ O NC
1]0 41 1 /0]0]o0]@n a‘ a
1 ] _Qn — Clock
1 1 0 0 Qn Clear Preset
o {1 ]o |1 ]@n L——f?———’ MG
J=K= 1 |1 ]e |1 ]@n B |
o tut 1 o1 o] @an O
3 IR 9 ®
0 ) an 1 1 1 0 Qn GND
0 3 1 1 0 0 1 1 NC — No internal connection.
0 1 1 0 0 exe .
1 0 0 : positive logic
! 1 Qn = Bit ",m,bmm clock pulse High input to preset sets Q to logical 1
t+ ¢ = Bit time after clock pulse . "
High input to clear sets Q to logical 0

recommended operating conditions

Supply Voltage, Ve . . . e v e v v e v v v . . 3viodyv
Maximum Fan-out From Each Oufput Into Posmve Loods, N+ e [
Maximum Fan-out From Each Output Into Negative Loads, N— . . . . . . . . ., ... .10
Fall Time of Clock Pulse, thcioag -« « « « « v v v v o v« v v« ... 20 to 150 nsec
Minimum Width of Clock Pulse, tycroaty - - - - - . « <« . . . . . . . . . . . .50 nsec

electrical characteristics (unless otherwise noted Ta = 0°C to 70°C, Vcc =3 v to 4v)

TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX | UNIT
Input voltage required to Vee=3v 1.7 3 v
V. ensure logical 1 at J, K, J*k, 1
inlt) —4 2.4 4
K%, preset, and clear inputs Vec=4v -
V. Input voltage required to 2 Vec=3Y 15 3 v
i ensure logical 1 at clock input Vec=4v 2.2 4 v
Input voltage required to
Vinor  ensure logical 0 at J, K, J%, 1,2 0 0.4 v
K*, preset, clock, and clear inputs
Vee=3vV,
v Logical 1 output voltage 3 N+ =10 {l,gy==5 ma) | 1.7 v
outl}  (off level) Vec=4v,
N+ =10 (l,,,4=—8 ma) 2.6 v
Vee=3v,
Logical 0 output voltage N-=10 (l;;, =2 ma) 0.3 v
Voutlol (on level) 3 Vec=4v,
N-=10 (I, =2 ma) 0.3 v
| J, K, J%, KX, preset, 3 Vin=17y 0.5 ma
in and clear input current Vin=26v 0.8 ma
Vi,=17v 1.25 ma
lin Clock input current 3 V;,=24v 2 ma
Vi, =03v -0.5 ma
Vee=3v, N- =N-=0,
Toggle=1 Mc, T,=25°C 9 ma
leciay  Average supply current 4 Vee=4v, N+t =N-=0|
Toggle =1 Mc, T, =25°C 13 ma
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TYPE SN7301

J-K FLIP-FLOP WITH PRESET AND CLEAR

switching characteristics, T — 25°C, V¢ =3.5v, N+ =N-=0
TEST
PARAMETER FIGURE TEST CONDITIONS TYP  MAX | UNIT
ty Delay Time Clock Input: V,,=2.5v, #=20 nsec, 20 30 nsec
t. Rise Time t, =500 nsec, =1 Mc 20 45 nsec
t Storage Time 19 J, 3%, K and KX Input: V; =V 40 60 nsec
te Fall Time Preset Input: V, =0 25 40 nsec
Clear Input: V, ;=0
Time to Set a Logical 1:
teetit) JorK Clock Input: V,,=2.5v, ;=20 nsec, 50 nsec
Jk or Kk t, =500 nsec, f=1Mc 35 nsec
Time fo Seta Logical 0: | 20 | J, J&, K or KX Input: V,,)=2.5v,
t Ho0) JorK V. =0, t =t=50 nsec 40 nsec
ot Jx or Kk into) o 40 nsec
. Clock Input: V, =0
toreset Preset Time 21 Preset Input: V, =2.5 v, t,=50 nsec 55 nsec
) Clock Input: V. =0
Tetear Clear Time 2 Clear Input: V;::Z.S v, ;=50 nsec 75 nsec
schematic
LOGIC STEERING BISTABLE STEERING LOGIC
SECTION SECTION SECTION SECTION SECTION
vt Bk o B B —— T—==
A ! T 1 I |
L ! | | |
| | | | | e
| I | L l I i I I
| | 35k l e 3k S1.5k | |
| | 1 L] l
| | | | |
ol 1| | R B on G IT | ,
p 4 10 pf
= 6k : : | I sk |
I I _(3 Oo—e I = I I
L ST T NN
| | | a | | |
| I ! 3k | | = |
| -/_J- + AN | r\_‘ _ :
1R EE - e | LT
= = | <
| | n i 25 pf '——_'—-K—- |25 pf Bkg '
| | |25k ' ’j‘,q _E | 2.5k ' ' l
8k 25 pf P
l l "(‘L l 25 pf 25 pf I I I
| I = L | L |
| ) | ! | | | (&
I | Y 6k [ | |
L i CLEAR __ _ _ _ _ _°S6M>  oeReser) ] B

CLOCK PULSE

NOTES: a. Component values shown are nominal.
b. Resistor values are in ohms.
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logic

TRUTH TABLE
EACH FLIP-FLOP

tn thta
J K Q
0 0 Qn
0 1 0
1 0 1
1 1 Qn

1, = Bit time before clock pulse

e+

1 ==Bit time after clock pulse

recommended operating conditions

TYPE SN7302

DUAL J-K FLIP-FLOP WITH PRESET

® ®

®
®

O,
1

@
1

'

Clock J K PresefQJ
FF1 FF2

Q Q

Preset K J  Clock

ONO)

@-#1.

®

S

T
®

GN

©

o

positive logic
High input to preset sets Q to logical 1

Supply Voltage, Vee . . . . Coe e 3viodv
Maximum Fan-out From Each Output Into Posmve Loads, N+ 10
Maximum Fan-out From Each Output Into Negative Loads, N~ . . . 10
Fall Time of Clock Pulse, tycio) - . 20 to 150 nsec
Minimum Width of Clock Pulse, tpiciock . . 50 nsec
electrical characteristics (unless otherwise noted Tp = 0°C to 70°C, V¢ = 3V to 4v)
TEST
PARAMETER FIGURE TEST CONDITIONS MIN  TYP MAX | UNIT
Input voltage required to _
Vinn ensure logical 1 at J, K, 1 Vec=3¥ 1.7 3 M
and preset inputs Vee=4v 24 4 v
V. input voltage required to 2 Vee=3vy 1.5 3 v
in1) ensure logical 1 at clock input Vec=4v 2.2 4 v
Input voltage required to
Vinio) ensure logical 0 at J, K, preset, 1,2 0 0.4 v
and clock inputs
Vee=3v,
Vouy  Logical 1 output voltage 3 N-+ =10 (ljo9=—5 ma) 1.7 v
(off level) Vee=4v,
NF =10 (I, ,q4=-8 ma) 2.6 v
Vee=3v,
Votioy  Logical O output voltage: 3 N‘: 10 (I;;x =2 ma) 0.3 v
(on level) cc=4V,
N—a 10 (I, =2 ma) 03 | v
| J, K, and preset 3 Vin=1.7v 0.5 ma
in input current Vi,.=2.6v 0.8 ma
Vio=17v 1.25 ma
L Clock input current 3 [V, =24v 2 ma
V,,=0.3v -0.5 ma
Vec=3v, N- =N-=0,
lectay Average supply current 4 Toggle=1 Mc, T,=25°C 9 ma
(each flip-flop) Vee=4v, N+ =N-=0,
Toggle==1 Mc, T,=25°C 13 ma
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TYPE SN7302
DUAL J-K FLIP-FLOP WITH PRESET

switching characteristics, Ta = 25°C, Vcc =3.5v, N+ =N-=0

TEST
PARAMETER FIGURE TEST CONDITIONS TYP MAX | UNIT
ty Delay Time Clock Input: V, =2.5 v, t;=20 nsec, 20 30 | nsec
t, Rise Time t, =500 nsec, f=1 Mc 20 45 | nsec
t, Storage Time 19 J and K Input: V, =V 40 60 | nsec
t Fall Time Preset Input: V, =0 25 40 | nsec
t Time to Set a Logical 1: Clock Input: V, =2.5 v, t,==20 nsec,
setlll Jor K 2 t,=500 nsec, f=1 Mc 50 nsec
' Time to Set a Logical 0: JorKlinput: V), =2.5v, 40
setloh - Jor K Vinoy =0, t,=1,=50 nsec nsec
. Clock Input: V, =0 j
toreset  Preset Time 2 Preset Input: Vi::2'5 v, t,=150 nsec s nsec
schematic (each flip-flop)
LOGIC STEERING BISTABLE STEERING . LOGIC
SECTION SECTION SECTION SECTION SECTION
v Eaia T B T
| o _tee ! T 1 | [
| i ’ | i |
! | | | I
l | ' > l 2 | |
I $isk | ik $ik Si.5k I
g | . | W | |
| | | | I | |
o | =t | | ,
{ :; 6k } : ' I 6k € l
| | | AL | | |
= I
i X | o TN | |
| | 3k | l
[ , 1 3k | r/ |= |
B i A f e P e | DY
| L s5pf | b’_I | Sf 1 I
I - \|—-|~———-——<- + ¢ - [ 25 of =8 k$ |
| | ] l 25 pf il l |
| | 2.5k | 2.5k
le K 255t | »MN-‘LQ | | | |
| | 1 | t | I | l
| ) | | | ' X l
| | [ 6k I | |
A I R L Sow ey ol ]

CLOCK PULSE

~ NOTES: a. Component valves shown are nominal.
b. Resistor values are in ohms.
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TYPE SN7304
DUAL J-K FLIP-FLOP WITH PRESET AND CLEAR

logic

POOO OO

TRUTH TABLE

EACH FLIP-FLOP
S5 5 ¥

th th+a QPreset K K  Preset
J K Q FF1 Clear &9 Clear FF2
0 0 Qn Q-Cl‘ojk ] ) Clock
0 1 0 3 &
1 0 1
! ! Qn OJONORONOXOXO,

t,==Bit time before clock pulse GND

t, + 1 = Bit time after clock pulse
positive logic
High input to preset sets Q to logical 1
High input to clear sets Q1 and Q2 to logical 0

recommended operating conditions

Supply Voltage, Vec .« & & v . . . . . . . . . . . . . . . . . . . 3vio4yv
Maximum Fan-out From Each Output Into Positive Loads, N+ . . . . . . . . . . . . . 10
Maximum Fan-out From Each Output Into Negative Loads, N- . . . . . . . . . . . . . 10
Fail Time of Clock Puise, fycioey « + = « « « « « « « & « . . « . . . . 20 to 150 nsec
Minimum Width of Clock Pulse, tycioeg - « « - « « <« <« oo . . . . . . . . . .50 nsec

electrical characteristics (unless otherwise noted Tao — 0°C to 70°C, Vec = 3v to 4v)

PARAMETER FIGURE|  TEST CONDITIONS MIN  TYP  MAX | UNIT
Input voltage required to __
V. ensure logical 1 at J, K, 1 Vee=3v 1.7 3 M
in(1) —
preset, and clear inputs Vec=4v 24 4 v
V. Input voltage required to 2 Vec=3 v 1.5 3 v
inf1) ensure logical 1 at clock input Vec=4v 2.2 4 v
Input voltage required to
Vintol ensure logical 0 at J, K, preset, 1,2 0 : 0.4 v
clear, and clock inputs
Vee=3v, .
Vouin  Logical 1 output voltage 3 N+ =10 (I,,4= -5 ma) 1.7 v
(off level) Vee=4v,
N+ =10 (l;,,= —8 ma) 2.6 v
Vee=3v,
Voutioy  Logical O output voltage 3 N-=10 (l;;y, =2 ma) 0.3 v
(on level) Vec=4v, ,
N-=10 (I, =2 ma) 03 | v
I J, K, and preset 3 Vin=17v 0.5 ma
n input current Vin=2.6v 0.8 ma
Vi.=17v 25 ma
[P Clock input current 3 Vi,=2.4v 4 ma
Vin=03v -1 ma
| i Vin=17v 1 ma
lin Clear input current 3 vV, =26 W3 o
Vec=3v, NT =N-=0,
lccia Average supply current 4 Toggle =1 Mc, T,=25°C 9 ma
(each flip-flop) Vee=4v, N+ =N-=0,
. Toggle=1 Mc, T,=25°C 13 ma
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TYPE SN7304

DUAL J-K FLIP-FLOP WITH PRESET AND CLEAR

switching characteristics, Ta = 25°C, V¢c = 3.5v, N+ = N-=0

PARAMETER FITCELSJLE TEST CONDITIONS TYP MAX| UNIT
ty Delay Time Clock Input: V; =2.5v, t;=20 nsec, 20 30 | nsec
t Rise Time fp:500 nsec, f=1 Mc 20 45 | nsec
t Storage Time 19 Jand K Input: V, =Vce 40 60 | nsec
t Fall Time Preset Input: V, =0 25 40 | nsec

Clear Input: Vi_"=0
feortn }'ime ':o Set a Logical 1: 'Cloc;olgpu:c Vif" :125\ cv, ;=20 nsec, 50 nsec

or = nsec, f=
20 ’
Time to Set a Logical 0: Jor K Input: V, ;;,=2.5v,

Lettd  jor Kk Vinioy =0 fr—_—f;’;lso nsec 40 nsec

i Clock Input: V, =0
preset  Preset Time 2 Preset Input: V'i:=2.5 v, t,=50 nsec 75 nsec

, Clock Input: V;,=0
Yelear Clear Time 21 Clear Input: V;:=2.5 v, 1,= 50 nsec 100 nsec

schematic (each flip-flop)
LOGIC STEERING BISTABLE STEERING LOGIC
SECTION SECTION SECTION SECTION _ _SESBO_N -
S B T ———————————— T—————— -
| o Vee J s } | I
! I ‘ | ! I
: I I | | |
>
| } Sisk | $Sie 3n I $1sk I l
I |
| | | I I |
| | O - | |
I S 6k I : . | I 6k S l
I 4
| | | AL e | | |
Lt | a e |
| | ! a ! | I
| { Jl 3k : |= |
' i 1) D A
1 spf | 5 pf 1
l = | - Y Y - |25 ot =S |
' | 111 i 25 pf | LAY I b3 I
| {25k ] 2.5k '

:a kST 250 WA I | P‘W | |
I | ™ ek 6k | | [
[T N N, CLEAR  __ _ _____OSN0  emeser; | S I

CLOCK PULSE

NOTES: a. Component values shown are nominal.
b. Resistor values are in ohms.
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TYPE SN7310
5-INPUT EXPANDABLE NAND/NOR GATE

schematic

EXPANDER NODE
(See Note b)

INPUTS o{

NOTES: a. Component values shown are nominal

OUTPUT

GND Do not make external GND
connection at pin

b. Four SN7320 expanders may be fanned into one SN7310 to posiﬁve Iogic
provide a total fan-in of 25. 1f expander is not used leave
pin O open. 10 =4¢50607+9¢]

recommended operating conditions

Supply Voltage, Vee + . . . . . . .. .3vio4dv
Maximum Fan-out Into Positive Loads, N+ . . . . . . . . . . . . . . . . . . . 10
Maximum Fan-out Into Negative lLoads, N— . . . . . . . . . . . . . . . . . . . 10

electrical characteristics (unless otherwise noted Ta — 0°C to 70°C, V¢c =3 v to 4v)

PARAMETER FI.I(.EJElSJ.I‘;E TEST CONDITIONS | MIN TYP MAX | UNIT
Logical 1 input voltage required Vpc=3V 1.7 3 v
Viun  at all input terminals to ensure 5
logical 0 (on level) at output. Vec=4v 2.4 4 v
Input voltage required at ex- Vee=3v 2.1 3 v
Vinux Pander node (pin @ ) to ensure 8
logical 0 (on level) at output Vec=4v 2.9 4 v

Logical 0 input voltage required
Viney @t any input terminal to ensure 6 0 0.4 v
logical 1 (off level) at output

Input voltage required at ex- T,=0°C 0 1.2 v
Vinoix Pander node (pin @ ) to ensure 7
logical 1 (off level) at output T,=70°C 0 1 v
Vee=3v, V,,=04v, 1.7 v
v Logical 1 output 6 N+ =10 (lgg=-5 ma)] "~
outltl  yoltage (off level) Vec=4v, V;,=04v, 26
N+ =10 (I, ,y=-8 ma)] * M
Vee=3vV, V;,=17v, 0.3 v
Logical 0 output N-=10 (I;, =2 ma)

Voutto) voltage (on level) Vec=4v, Vi, =2.4v,

NZ=10 (I, =2 ma) 03 | v

Characteristics continued next page.
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TYPE SN7310
S5-INPUT EXPANDABLE NAND/NOR GATE

electrical characteristics continued

PARAMETER Flgslsj.ll;E TEST CONDITIONS MIN TYP MAX | UNIT
V. =03v,
[ Input current (each input) 6 N'"+ :N—v——-O -0.2 ma
Vee=Vin=3v,
N+ =N-=0, 3.3 ma
T,=25°C
lcciom  ©On level supply current 9 V2c=Van=4 "
N+ =N-=0, 4.5 ma
T,=25°C
Vee=3V, V;,=03v, 1.2 ma
N+ =N-=0, T,=25°C :
leciory  Off level supply current 9 Vec=4v, V,,=03v
4 Vin * !
N¥ =N-=0, T, =25°C 1.6 ma
T,=0°C 1.35 2.6 k Q
Rietn R, Effective resistance 10
T,=70°C 1.5 2.8 kQ
switching characteristics, T,=25°C, V.. =3.5v, N-=
TEST
PARAMETER FIGURE TEST CONDITIONS TYP  MAX UNIT
ty Delay Time 35 45 nsec
t, Rise Time Input : V, =25V, f=1 Mc, 40 50 nsec
t Storage Time 22 tp=500 nsec, t =t,=20 nsec 25 45 nsec
t Fall Time 30 40 - nsec
tod Propagation Delay Time 23 30 nsec
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TYPE SN7311

DUAL 5-INPUT NAND/NOR GATE

schematic (each gate)

O Vec
:: 1kQ

X

< >
240

p-O OUTPUT

INPUTS 0-(

GND

POOD®OD

DOOO®O®

GND

Component values shown are nominal

positive -logic

Q@ =507 8¢10

13=1922¢3¢12+14

recommended operating conditions

Supply Voltage, Vcc e e e e e e e e e 3viodv
Maximum Fan-out From Each Output Into Positive Loads, N+ . 10
Maximum Fan-out From Each Output Into Negative Loads, N—. . . . . . . . . . 10
electrical characteristics (unless otherwise noted Ta — 0°C to 70°C, Vecc = 3 v to 4v)
TEST
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
FIGURE
Logical 1 input voltage re-
V. quired at all input termi- 5 Vec=3v 1.7 3 v
in) nals to ensure logical 0 Vo —4v 24 4
(on level) at output cc— : v
Logical 0 input voltage re-
V. quired at any input termi- 6 .
inio} nal to ensure logical 1 (off 0 0.4 v
level) at output
Vee=3vV, V;,=0.4y, 1.7 v
v Logical 1 output 5 N+ =10 (I,5g= —5 ma) ’
outll)  voltage (off level) Vec=4vV, V;;=04v, 26
NF =10 (l,,,,= ~8 ma) : v
Vee=3V, Vi,=1.7y, 0.3 v
v Logical 0 output 5 N-=10 (l;,, =2 ma) )
outlol  yoltage (on level) Vec=4v, V,,=2.4v, 0.3
N-=10 (I, =2 ma) ' v
[ Input current (each input) 6 V;,=03v, N+ =N-=0 -0.2 ma
Veo=V,,=3v, NT =N-=0,
PP 3.3
I On level supply 9 T,=25°C ma
CClonl  current (each gate) Vec=Vin=4v, N+ =N-=0, 45
T,=25°C i me
Veo=3v, V,,=03v,
1.2
I Off level supply 9 N+ =N-=0, T,=25°C m
CClofft  current (each gate) Vee=4v, V;,=03v, 1.6
N+ =N-=0, T,=25°C : ma
switching characteristics, Tp = 25°C, V¢¢ = 3.5v, N-=1
TEST
PARAMETER FIGURE TEST CONDITIONS TYP  MAX | UNIT
ty Delay Time 20 30 nsec
t Rise Time Input: V, =2.5v, f=1 Mc, 25 45 nsec
" . 22
1, Storage Time 1, =500 nsec, t,=t,=20 nsec 25 45 nsec
t; Fall Time 25 40 nsec
tod Propagation Delay Time 23 25 nsec
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TYPE SN7315

10-INPUT EXPANDABLE NAND/ NOR GATE

schematic

EXPANDER NODE 1
~ (See Note b)

Rt

#-O Vec

NOTES: a. Component values shown are nominal.
b. Three SN7320 expanders may be fanned into one SN7315 to provide
a jotal fan-in of 25.1f expander is not used leave pin @ open.

O GND

OUTPUT

positive logic

5.6-7.8-12. 13-

=1-2-3- 1%
recommended operating conditions
Supply Voltage, Ve . 3vtodv
Maximum Fan-out Into Positive I.oads, N-L 10
Maximum Fan-out Into Negative Loads, N- 10
electrical characteristics (unless otherwise noted Ta — 0°C to 70°C, Vcc = 3 v to 4v)
PARAMETER FITGElS.I]I;E TEST CONDITIONS |MIN TYP MAX | UNIT
Logical 1 input voltage required Vee=3v 1.7 3 v
Viun  at all input terminals to ensure 5
logical O (on level) at output. Vec=4v 2.4 4 v
Input voltage required at ex- Vee=3v 2.1 3 v
Viamyx Ppander node (pin ) to ensure 8
logical 0 (on level) at output Vec=4v 2.9 4 v
Logical O input voltage required
Viney ot any input termindl to ensure 6 0 0.4 v
logical 1 (off level) at output
Input voltage required at ex- T,=0°C 0 1.2 v
Vinmx pander node (pin ) to ensure 7
logical 1 (off level) at output T,=70°C 0 1 v
Vee=3v, V,,=04v, | .
v Logical 1 output 6 N+ =10 (I ,4=—5 ma)| ™
ot yoltage (off level) Vee=4vV, V;;=04yv, 26
N+ =10 (lopq=—8 ma)} < v
Vee=3v, V,=17v, 0.3 v
v Logical 0 output 5 N-=10 (I;;3 =2 ma) .
outl}  yoltage (on level) Vee=4v, V;,=2.4v, 0.3
N==10 (I;, =2 ma) . M
, V,,=03v,
(. Input current (each input) ] N+ =N—_=0 -0.2 ma
Vee=Vin=3v
N+ =N-=0, 3.3 ma
T,=25°C
| On level supply current 9 -
CClon} pply Vee=Vo—=4 v,
N+ =N-=0, 4.5 ma
T,=25°C

Characteristics confinued next page.
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switching

TYPE SN7315

10-INPUT EXPANDABLE NAND/NOR GATE
o ____________________________________________ |

electrical characteristics continued

PARAMETER FIGURE TEST CONDITIONS MIN  TYP MAX | UNIT
Vee=3v, V;,=03v,
| off 1 N =N-=0, T, =25°C 12 ma
cClofft evel supply current 9
Vec=4v, V,,=03v, 16 -
N+ =N-=0, T, =25°C ’ @
T,=0° . .
Rietn R, Effective resistance 10 a=0°C 1.35 2.6 k@
T,=70°C 1.5 2.8 kQ
characteristics, T, = 25°C, V.. =3.5v, N—-=1
TEST
PARAMETER FIGURE TEST CONDITIONS TYP MAX UNIT
ty Delay Time 35 45 nsec
t. Rise Time Input: V;;=2.5v, f=1 Mc, 40 50 nsec
1 Storage Time 22 tp::500 nsec, t, =t,=20 nsec 25 45 nsec
t Fall Time 30 40 nsec
tod Propagation Delay Time 23 30 nsec

schematic

s o+

¥ Connect output to expander node of SN7313 (pin @) or SN7315 (pin ).

electrical characteristics (unless otherwise noted T, = 0°C to 70°C, V.. = 3v to 4v)

o OUTPUT T

o0 GND

TYPE SN7320

3-INPUT EXPANDER
-

pins

ONORONONO,

GND

Do not make external connection at

,, or @

positive logic
1=4¢5¢6+7¢10

TEST
PARAMETER FIGURE TEST CONDITIONS MIN MAX | UNIT

[ Input Current (each input) 1 V,,=03v -0.2 ma

Expander node ou'rp'uf Vee=4v, V,,=03v, T,=0°C 1.2 v
Vouf(o)x voltage (off level) with 11

logical 0 at any input Vee=4v, V;,=03v, T,=70°C 1 v

Expander node output V..=3v,V. =1.7v 2.1 v

L cC 7 Vin

Veuux voltage (on level) with 12

logical 1 at all inputs Vec=4v, V;,=2.6v 2.9 v

NOTES: The SN7320 vin(l] and vin(o) limits are the same as defined for the SN7310 and the SN7315.
Four SN7320 expanders may be fanned into one SN7310 to provide u total fan-in of 25. Three SN7320 expanders may be fanned into one SN7315 to provide a total fan-in of 25.
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TYPE SN7330

DUAL 3-INPUT NAND/NOR GATE

schematic (each gate)

INPUTS 0(

p-O OUTPUT

L kO gtk
:’ 25 pf 9 :
N 3KkQ
24KkQ
<

Component values shown are nominal

O GND

®

&
o

-©

ONO.

ONONONONO,

positive logic

=457 10=1+2¢9
recommended operating conditions
Supply Voltage, Vcc e e e e e e e e e 3viodv
Maximum Fan-out From Each Output Into Positive Loads, N+ 10
Maximum Fan-out From Each Output Into Negative Loads, N— . 10
electrical characteristics (unless otherwise noted Ta — 0°C to 70°C, Vcc = 3 v to 4v)
PARAMETER TEST TEST CONDITIONS MIN  TYP  MAX | UNIT
FIGURE
Logical 1 input voltage re-
Vi quired at all input termi- 5 Vee=3v 1.7 3 v
inf1 nals to ensure logical 0 —
(on level) at output Vec=4v 24 4 v
Logical 0 input voltage re-
quired at any input termi-
Vinton nal to ensure logical 1 (off 6 0 0.4 v
level) at output
Vec=3v, V,,—04v,
— 1.7
v Logical 1 output 6 1 N+=10 (I gag = —5 ma) v
outttl  voltage (off level) . Vee=4v, V;; =04y, 26
N+ =10 (|, ,,y=—8 ma) : v
Vec=3V, V,,=1.7v, 03 .
v Logical 0 output 5 N-=10 (I;;4,=2 ma) ’
outlol  yoltage (on level) Vec=4v, V,,=2.4v,
cC in 0.3 v
NZ=10 (I, =2 ma) :
lin Input current (each input) 6 Vin=03v, N+ =N-=0 -0.2 ma
Vee=V,=3v, NF =N-=0,
| On level supply 9 T,=25°C 3.3 ma
CClon!  current (each gate) Vee=V;y=4v, N+ =N-=0, 45
ma
T,=25%C .
Vee=3v, V;,=03v,
f 1.2
I Off level supply 9 N+ =N-=0, T,=25°C ma
CCloffl  current (each gate) Vee=4v, V.. =0.3v,
ce Y 1.6 ma
NF =N-=0, T,=25°C .
switching characteristics, T, = 25°C, V¢¢ = 3.5v, N—-=1
TEST
PARAMETER FIGURE TEST CONDITIONS TYP MAX | UNIT
ty Delay Time 20 30 nsec
t, Rise Time 22 Input: V;;=2.5v, f=1 Mc, 25 45 nsec
1, Storage Time fp=500 nsec, 1, =t,=20 nsec 25 45 nsec
t Fall Time 25 40 nsec
tod Propagation Delay Time 23 25 nsec
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schematic (each gate)

I O Vec
> 1 kQ

LZI(Q >

<

25 pf

3 kQ OUTPUT
INPUTS oﬁ Ddl
& NI

Component values shown are nominal.

AAA

(o)
9
o

recommended operating conditions

TYPE SN7331
TRIPLE 3-INPUT NAND/NOR GATE

WODD®O

GND

ONORORONONORO,

positive logic

1=2¢3¢14 6=5+7+8 9=10°12+13

Supply Voltage, Vec . . 3viodv
Maximum Fan-out From Each Ouiput Info Posmve Loads, N+ 10
Maximum Fan-out From Each Output Into Negative Loads, N— . 10
electrical characteristics (unless otherwise noted Ta = 0°C to 70°C, Vcc =3 v to 4v)
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX | UNIT
Logical 1 input voltage re- _
v quired at all input termi- 5 Vec=3v 1.7 3 v
in(1) nals to ensure logical 0 Vo—4y 24 4 v
(on level) at output cc i
Logical O input voltage re-"
V. quired at any input termi- 6 0 .
info} nal to ensure logical 1 (off 04 Y
level) at output
Vee=3V, V;,=04v, 1.7
v Logical 1 output 6 N+ =10 (,g,y=—5 ma) ) v
outll)  yoltage (off level) Vee=4v, V,,=0.4Yv, 2.6
N+ =10 (I, ,4=—8 ma) . v
Vee=3vV, V;,=17v, 0.3 v
v Logical 0 output 5 N-=10 (l;;, =2 ma)
outlo}  yoltage (on level) Vece=4V, V,,=2.4v, 0.3
N-=10 (I,;, =2 ma) ) v
L, Input current (each input) [ V;,=0.3v, N+ =N-=0 -0.2 ma
Vee=V,=3v, NF =N-=0,
- 33
I On level supply 9 T,=25°C ma
CClonl  current (each gate) Vee=Vin=4v, N+ =N-=0, 45
T,=25°C : ma
Veo=3V, V,=03v,
1.2
I Off level supply 9 N+ =N-=0, T,=25°C m
CCloffi  current (each gate) Vee=4v, V;,=03v, 1.6
N+ =N-=0, T,=25°C ‘ ma
switching characteristics, T, = 25°C, V. =3.5v, N-=< 1
PARAMETER FIGURE TEST CONDITIONS TYP  MAX | UNIT
ty Delay Time 20 30 nsec
t, Rise Time 22 Input: V;, ;=25 v, f=1 Mc, 25 45 nsec
t, Storage Time fP:SOO nsec, t,=t,=20 nsec 25 45 nsec
t Fall Time 25 40 nsec
tod Propagation Delay Time 23 25 nsec
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TYPE SN7350
QUADRUPLE INVERTER/DRIVER

schematic (each inverter)

INPUT o——Jn—w

25 pf
1L
LAY

3kQ

Component values shown are nominal

recommended operating conditions

switching

Supply Voltage, Vcc

h @@é?@
OUTPUT E % A z&
N DDO® G

tput Into Positive Loads, N+

Maximum Fan-out From Each Ou 10
Maximum Fan-out From Each Output Into Negative Loads, N— . 10
electrical characteristics (unless otherwise noted Ta = 0°C to 70°C, Vecc=3 v to 4v)
PARAMETER FIGURE TEST CONDITIONS MIN  TYP  MAX | UNIT
logic‘ul 1 input voltage Vee=3v 1.7 3 v
v required to ensure 13
int1) logical 0 (on level) Vo —4y 2.4 4 v
at output cc— .
Logical O input voltage
required to ensure
Vinol  Yogical 1 (off level) 13 0 0.4 v
at output
Vee=3v, V, =04y, 1.7 v
Logical 1 output N+ =10 (l,,y=—5 ma) !
Voutin voltage (off level) 13 Vee=4v, V,,=04v, 2.6 v
N+ =10 (,.,=—8 ma) :
Vee=3v, V,,=17v, 0.3 v
v Logical 0 output 13 N-=10 (I ;4 =2 ma)
outlo)  yoltage (on level) Vee=4vV, V,,=2.4yv, 0.3 v
N-=10 (I ;, =2 ma) ’
Vee=3v, V. =17v, N+=N-=0) 1 ma
1. Input t 13 cC in—_ :
in nput corren Vee=4v, V=267, N.=N—-=0 16 ma
Vee=Vn=3v, N =N-=0, 33
lcctom  On level supply 13 T,=25°C ) me
current (each inverter) Vee=V..=4v, N+ =N-=0,
To S 25%C 4.5 m
A=
characteristics, To—= 25°C, Vec =3.5v, N—=1
TEST
PARAMETER FIGURE TEST CONDITIONS TYP MAX UNIT
ty Delay Time 20 30 nsec
t, Rise Time Input: ¥, =2.5v, f=1 Mc, 25 45 nsec
t, Storage Time 22 t, =500 nsec, t,=1,=20 nsec 25 45 hsec
t Fall Time 25 40 nsec
tod Propagation Delay Time 23 25 nsec
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TYPE SN7360
QUADRUPLE 2-INPUT NAND/NOR GATE

schematic (each gate)

=T OO ® DD

b kQ
25 pf
T4
[AY
3kQ QUTPUT
s ofof g OJONOXOXOXOXO
GND
& O GND

positive logic
Component values shown are nominal

2=1¢3 6=5¢7 8=9+10 14=12+13

recommended operating conditions
Supply Voltage, Vec . . . . .« . . . o o 0L 0oL . . 3vtodyv
Maximum Fan-out From Each Output Into Positive Loads, N+ . . . . . . . . . . . . . 10
Maximum Fan-out From Each Output Into Negative Loads, N—. . . . . . . . . . . . . 10

electrical characteristics (unless otherwise noted Ta = 0°C to 70°C, Vcc = 3 v to 4v)

PARAMETER FIGURE TEST CONDITIONS MIN  TYP  MAX | UNIT
Logical 1 input voltage re-
V. quired at all input termi- 5 Vee=3v 1.7 3 v
int1) nals to ensure logical 0 V—a 2.4 4
(on level) at output cc=a4Y ¢ v
Logical O input voltage re-
: quired at any input termi.
Vintor nal to ensure logical 1 (off 6 0 0.4 v
level) at output
Vec=3V, V=04, iy
v Logical 1 output 5 N+ =10 (l;5,q=—5 ma) i v
outlil  voltage (off level) Vee=4vV, V;,=0.4 v, 26
N+=10 {,,,,=-8 ma) . v
Voe=3V, V=17V, 03 | v
v Logical 0 output 5 N-=10 (i;;4 =2 ma) i
outiol  yoltage (on level) Vec=4v, V;,=24yv, 03
N-=10 (I;,; =2 ma) . v
[ Input current (each input) 6 V;,=03v, N+ =N-=0 -0.2 ma
Vee=Vin=3 Vv, N+ =N-=0,
3.
I On level supply 9 T,=25°C 3 ma
CClonl  current (each gate) Vee=Vin=4v, N+ =N-=0, 45
T,=25°C . ma
Vee=3vV, V;,=03Yv,
1.2
| Off level supply 9 N+ =N-=0, T,=25°C md
CCloffl  current (each gate) Vee=4V, V;,=03Y, 1.6
N+ =N-=0, T,=25°C ’ ma
switching characteristics, T, = 25°C, V. =3.5v, N-=1
TEST '

PARAMETER FIGURE TEST CONDITIONS TYP MAX | UNIT
1y Delay Time 20 30 nsec
t Rise Time 22 Input: V;,=2.5v, f=1 Mc, 25 45 | nsec
t, Storage Time tp=500 nsec, t,=t;=20 nsec 25 45 nsec
t Fall Time 25 40 nsec
tog Propagation Delay Time 23 25 nsec
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TYPE SN7370
DUAL AND-OR-INVERT GATE

schematic (each gate)

INPUTS

|Npurso-<o—<

90 Ve

2k03 gzm

Component values shown are nominal

recommended operating conditions

€-O GND

OUTPUT

OXO,

— 1
OWOOO

NC — No internal connection.

=(5+100+(8+9

positive logic
14=(1+2)+(3°12)

Supply Voltage, Vcc - 3viodyv
Maximum Fan-out From Each Ou'rput lmo Posmve Louds, N+ 10
Maximum Fan-out From Each Output Into Negative Loads, N— . . 10
electrical characteristics (unless otherwise noted Ta — 0°C to 70°C, Vcc = 3v to 4v)
TEST
PARAMETER FIGURE TEST CONDITIONS MIN  TYP MAX UNIT
Logical 1 input voltage — 1.7 3
required at both input Vec=3v v
Viniot  terminals of either AND 14
section to ensure logical 0
(on level) at output Vee=4v 2.4 4 v
Logical 0 input voltage
required at one input
Vinnt  terminal of each AND 15 0 0.4 v
section to ensure logical 1
(off level) at output
. Vee=3v, V,,=04yv, 1.7 v
Voutny Logical 1 output 15 N+ =10 (lg,y=—5 ma)
voltage (off level) Vee=4v, V,,=04v, 26
N+ =10 (l,0y=-8 ma) ' v
Vee=3v, V;,,=17v, 0.3 v
Voutiot Logical O output 14 N-=10 (I;, =2 ma) )
voltage (on level) Vee=4v, V;;=2.4v,
N==10 (1, =2 ma) 0.3 v
—= =2 ma
I Input current (each input) 15 V,,=0.3v, N+ =N-=0 -0.2 ma
Vcc=vin=3 v, N+ =N-=0, 3.3
lecion  On level supply 14 T,=25°C ) ma
current (each gate) VCS=V°in=4 v, N+ =N-=0, 4.5 ma
T,=25°C
Vee=3v, V,,=03v, 1.2 ma
leciotn  Off level supply 15 N+ =N-=0, T,=25°C
current (each gate) Vee=4v, V,,=03v, 1.6
L "~ oo . ma
N+ =N-=0, T,=25°C
switching characteristics, Ta= 25°C, V¢c = 3.5v, N—- =1
TEST
PARAMETER FIGURE TEST CONDITIONS TYP MAX UNIT
ty Delay Time 30 60 nsec
t Rise Time 22 Input: V, =25v, f=1 Mc, 30 60 nsec
t, Storage Time tP=500 nsec, t, =1,=20 nsec 100 200 nsec
t Fall Time 100 200 nsec
tod Propagation Delay Time 23 65 nsec
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TYPE SN7380
ONE-SHOT MONOSTABLE MULTIVIBRATOR

logic

TRUTH TABLE OUTPUT Vee
positive logic @ @ @
T ™
OUTPUT z

1 toty fa |t
1 1 . - INHIBITED (logical 1) ONE T

0 | 0 [|INHIBITED (logical 1) SHOT T*
0 0 1 0 ONE-SHOT (logical 0 for ty nsec)
0 1 1 1 ONE-SHOT (logical 0 for t nsec)

t,,=bit time before change in input levels : : : :
GND

ty+1 =bit time after change in input levels

recommended operating conditions

Supply Voltage, Vec . . . < Y
Maximum Fan-out Into Positive I.oads, N+ . ]
Maximum Fan-out Into Negative Loads, N— . . . . . . . . . . . . . . . . . . . 10
Minimum Set-Up Time, tetypt - - . « . « « « . . . « « « .« « « . . . . 400 nsec

electrical characteristics (unless otherwise noted To = 0°C to 70°C, Vecc = 3 v to 4v)

PARAMETER FICURE TEST CONDITIONS} MIN  TYP  MAX|UNIT
Input voltage required to Vee=3v 1.7 3 v
Viun  ensure logical 1 at 16
T or Tk input Vec=4v 2.4 4 v
Input voltage required to
Viny  €nsure logical 0 at 16 0 0.4 v
T or Tk input
Vee=3V, 1.7
. v
v Logical 1 output 17 N+ =10 {l,,4= —5 ma)
outhl  yoltage (off level) Vee=4v, 2.6
N =10 (1 py= —8 ma) ’ M
Vee=3vV, V@-O .3 v, pin open, 0.3
. v
v Logical O output 17 N-=10 (I;;,=2 ma)
autio)  yoltage (on level) cc=4v, Q 0.3 v, pin (ﬁ) open, 0.3
N—-—IO (I ;=2 ma) : v
[ . Vee=3v, V;,=1.7v, N+ =N-=0 0.5 ma
in Input current (each input) 16 Vee=4v, V;=2.6v, N+ =N-=0 08 po
Vee =3V, NF =N-=0,
Duty Cycle=50%, T,=25°C 4.8 ma
lcclan  Average supply current 18 Vo—Av. NT=N-=0
ccTAv, =N-=0,
Duty Cycle=50%, T,=25°C 6.3 ma

¥This is the minimum time necessary for the input signal to dwell before the triggering fransition begins and applies when pin @ is shorted to pin @ and pin @ is shorted
to pin . Set-up time begins only after the occurrence of the 109 point of the output fall time.

*Pin @shoried to pm@ ond pm@shomd to pin @ unless otherwise noted.
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TYPE SN7380
ONE-SHOT MONOSTABLE MULTIVIBRATOR

switching times, Tp = 25°C, V¢c = 3.5v, fan-out N- =1

PARAMETER FSSLE TEST CONDITIONSY MIN  TYP MAX | UNIT
ty, Delay Time after Positive-going

Transition at T (pin{(5)) 90 130 | nsec

ty, Delay Time after Negative-going 04 Input: ¥, =2.5v, =1 Mc, tp:400 nsec,
Transition at TX (pin ) t.=1t,= 20 nsec 90 130 | nsec
t.  Rise Time 35 60 | nsec
t;  Fall Time 35 60 | nsec

. Input: V, =2.5v, f=1 Mc, tp:400 nsec,
t, Output Pulse Width 24 t.=1,=20 nsec 100 250 400 | nsec

Pin @ shorted to pin @ and pin @ shorted to pin @ unless otherwise noted.

schematic

INPUT T*

®

(See Note d)—{

INPUT T

NOTES: a.

() o+

(See Note d)

Rita)

(See Note c)

Component values shown are nominal.

Rnp)(Seegz kQ gl kQ
£

Note b) <

}_3@

Cp)
(See Note b)

500 Q

———wv————T——

——0 Vec

% OUTPUT

®

GND

b. Output pulse width 1, is proportional fo Ry \C\.,). Output pulse width may be modified using pins @, @, ,
and ® to change effective values of Ry, and (itp)- Nominal value of internal Ry, is 8k and () is 25 pf.
Valve of modified Ri1p) should be maintained between 6 k 2 and 15 k 2.

CAUTION:

When the effective valve of Cjy, > 0.1 uf, a 560-Q resistor must be connected in series with the
external portion of C(*P) (between pins @ and @ ).

~

. Delay time (t4) may be modified using pins @, @, @, and to change effective values of R(fd) and C“d).

Nominal value of internal R(fd) is 2k Q. Value of modified R(fd] should be maintained between 2k 2 and 10 k €2.

a

T triggers on a positive transition to logical 1 level, and TK triggers on o negative fransition to logical 0 level.

When triggering with T input, hold T at logical 1. When triggering with TX input, hold T at logical 0.
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® SERIES 73
SOLILID CRMCUET SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION §

d-c test circuits

OPEN
Qf—

1. Each input is tested separately with unused
inputs at worst-case levels.

2. The flip-flop is tested for performance in
accordance with truth table.

3. Preset and clear tested with Vinfetock) =0

FIGURE 1

— ——— Vin(1) Minimum

Vin(o) Maximum

OPEN

1. The flip-flop is tested for ripple action with the
following conditions:
Clock input: V() minimum, ;o) maximum,
t=150 nsec (maximum).
All other inputs: V;1y) minimum.

FIGURE 2

Vee
6 Hoad
FF
lsink

Q
1 %

1. Each input is tested individually for
input current,
2. Each output is tested individually for

Vout(1) 0 Vo0

FIGURE 3

CLOCK

Duty Cycle = 50% 0

Vec Vee
J* Il ICC(av\
K*
J QfF—
K
FF

CLOCK Q

——

prmp——

ALL INPUTS

Vout (0)
V'm(\) out(Q

1. All inputs tested simultaneously.

FIGURE 5

ALL UNUSED
INPUTS

1. Each input is tested separately.

FIGURE 6

§ Arrows indicate actual direction of current flow.
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SERIES 73

SOLID CIRCUET® SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATIONS

d-c test circuits (continued)

Vee Vee Vee Vee
“n v
g 2
a
z Z
- -
3 <
Vout(1} Vout(0)
in(O)X_L Vin(1)x
FIGURE 7 FIGURE 8
Vee Vee Vee
lec
v
S 2
5 e —- z
z < OPEN o OPEN
< -
3 <
-
< |
R1
Q-
Vee
1. Test on-level and off-level current. 1. Rypop) = 0
! R1
FIGURE 9 FIGURE 10

§ Arrows indicate actual direction of current flow.
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o SERIES 73
BOLID CUIMGUET SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATIONS

d-c test circuits (continued)

1. Each inverter is tested separately.

FIGURE 13

[
-
2 Vee Vee
Z
8 Vee Ry Rx
v
2
4
o) 4] -
-
2 4
y4
Iin vV, j
out(0)X < Vout(1) X
Vin Vin
L Ry=135kQ af 0°C. 1. Ry=2.6kQ at 0°C.
2. Ry =15k Q ot 70°C. 2. Ry=2.8k Q at 70°C.
3. Each input is tested separately. 3. All inputs tested simultaneously.
4. Ry is worst case equivalent of R, in 4. Ry is the worst case equivalent of R,
the SN7310 or the SN7315. in the SN7310 or the SN7315.
FIGURE 11 FIGURE 12
Vec
l‘cc
Isink
D e—
lin
Vout
Vi
=< XL - =

1. Each AND section is tested separately.

FIGURE 14

§ Arrows indicate actual direction of current flow.

6527




SERIES 73

SOLID CERCUET" SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATIONS

d-c test circuits (continued)

ff

load

2N
vg

1. Each input pair is tested separately for vouf(l)'
2. Each input tested separately for I;,..

T
ONE-SHOT
lin |
T* |

1. Each input is tested separately.
2. With the unused input at the worst-case level and using minimum

Vinm ond maximum Vin[o, input voltage levels, the one-shot output

FIGURE 17

§ Arrows indicate actual direction of current flow.

is verified.
FIGURE 15 FIGURE 16
VCC VCC VCC
l'cc
T .
OPEN{ T* lsink T*
- -—
{8 ONE-SHOT -T— ONE-SHOT - OPEN
lioad T
10

\ Vou!

Vin 2 lb -

1. g is measured with o 50% duty cycle.

FIGURE 18
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SERIES 73
SOLID QIRCUET® SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

switching characteristics

Vin(l)
J f 90% 90%"\
cLocK LOGICAL 0 Vi 50% I ! \’ﬁ%
INPUT 10% o
Oy ==Tp== ]

]
| |
—q'f'p— — e

Vin(O)
v,
TURN-ON o 90%
OUTPUT WAVEFORM
QorQ) jo— 1y —

Vourto) ON LEVEL
Vourll) OFF LEVEL

TURN-OFF
OUTPUT WAVEFORM
Qor Q)

Vout(0)

FIGURE 19. CLOCK PULSE AND OUTPUT VOLTAGE WAVEFORMS

Vint) = 90%
J, K, OR J*, K* INPUT
10% Vin(0)
- b e i 0% Vin1}
J, K, OR J*, K* INPUT
' —]
Vin(0) ¥ '°°/°
—y | ___ — Vin(1)
| 90%
CLOCK INPUT | I 50% 50%
I L
Vin(0) ]00 Vin(0)
o  tset(1) —-l t F—

-— tet(g) ———d

FIGURE 20. TIME TO SET A LOGICAL LEVEL VOLTAGE WAVEFORMS
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SERIES 73 ®
SOLID GCERGUWIT SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

f —— e~ vin(l)
PRESET/CLEAR INPUT :
1—-: ——————————————————————— Vinfo}
{ , Vour(1) OFF LEVEL
—al t e
Q OuTPUT 1
FOR PRESET INPUT v I 0%
(s} ’
out (0) S—— _.i
Vout(1) ; 90%
e telear
Q OUTPUT i 1
FOR CLEAR INPUT Vour(o) ON LEVEL
1. Vinjclock) =0
FIGURE 21. PRESET/CLEAR TIME VOLTAGE WAVEFORMS
jo te
|
N V.
! 450% 90%1\ in{1)
i
INPUT 5 ; { k50%
v,
OUTPUT cc 10%% = 10% Vinio)
NETWORK IN914 —el t — —eit f—
INPUT —4¢ UNDER 4 H 90% ! Vout()
TEST Iso pf 15kQ : H 1 OFF LEVEL
= i | |
= OUTPUT | 1 |
| : H 10% : 1 —— |—— Vout(0)
I""* -t e be-ts - * r— ON LEVEL
1

FIGURE 22. GATE SWITCHING TEST CIRCUIT AND VOLTAGE WAVEFORMS
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SOLID GCEZRQUIT® SEMICONDUCTOR

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

SERIES 73
NETWORKS

Vec o-

PULSE GATE GATE - —
GENERATOR P-—-] SN7311 UNDER -~ UNDER = SN7311
(See Note 1) | 7 TEST | TEST l

T L 9 T = I
= = INPUT - - -
OUTPUT N+ =
I tp . |'
2.5v— —: = 190%
50%1 70% N 50%
GENERATOR OUTPUT o 1 % 10%
b — —n“r.‘—

T %90% Vinta)
INPUT \

10% ___ Vin(0)

, 90% Vour(1) OFF LEVEL
OuTPUT ! }
|
: i £10% —Vouio) ON LEVEL
| fl lh- — l’2 lh_
NOTES: 1. The generator has the followina characteristics: 1. =1,=20 nsec, IPZSOO nsec, PRR=1 Mc, 2, =~ 50 Q2.
2. Propagation delay: tpd= Lhth
4
FIGURE 23. GATE PROPAGATION DELAY TEST CIRCUIT AND VOLTAGE WAVEFORMS

iy ‘ v,
|

t

FIGURE 24. ONE-SHOT VOLTAGE WAVEFORMS

| '
[ ‘set-up 1
INPUT | _.! 50% . 50% ?,
ATT i t ;"‘ V2
10% ;‘L in(0)

1
j—to —»
l £ | V.
T ] inll)
INPUT :
*
ATT } Vinl0)
I
1
. Vout(1)
OUTPUT :
|
- Voutlol
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SERIES 73

SOLID CTRGUIT® SEMICONDUCTOR NETWORKS

MECHANICAL DATA

general
Series 73 semiconductor networks are mounted in 0.1 gram. All external surfaces are metallic and
glass-to-metal hermetically sealed, welded pack- are insulated from leads and circuit. All Series 73
ages. Package body and leads are gold-plated networks are available with formed leads, insulator
F-15% glass-sealing alloy. Approximate weight is attached, and/or mounted in a Mech-Pak carrier.
OUTLINE DRAWING — SEMICONDUCTOR NETWORK WELDED PACKAGE
WOOOO® .
o3 ] 20 0 CEC000,
0.027 REF. 0035 0013 -t e e tes
2r21212 wflafa a
)2 3'3 EVH H H HE
0.175 REF. slsphs)s 0.175 Rer.  §Sflslicfisfsle
0.165 MIN. °~‘°-; ;4'"-) DATE
(See Noto o) DATE 0050 (See Note o
1 / cope Y ooss _ ‘Com
0.150 ) XXXXX! 0510 0.250 oS3, 0000 B 0150
X i - 0.220 . E—— 0.140
f 0. ;Ao NXXXX (s"o.d:?‘ o [' T iy w @suxxxx :-. v
L3 . . { ) NOTES:
OO X (:.35:;:’.) 0.005 MAX GLASS a. All dimensions in inches.
10 PLACES 14 PLACES b. All decimals 0,005 except as noted.
c. Lead spacing tolerance is =0.015 at extremities and
+0.005 o package, nonaccumulative.
| 0:005 o013 0.260 d. Lead centerlines are located within 0,005 of their
JL_ 0.013 0.003 o.010 e— 5250 —" true positions relative to bady centerlines.
0.010 p . Not licable in Mech-Pak ier.
OOOOO (TYPICAL OF BOTH 10 AND OOOOOD®D ¥ symbelcotin denctes criemtarion o packase.
Falls within TO-89 dimensions 14 LEAD PACKAGE) Fall¢ within TO-84 dimensions

leads

insulator

mech-pak

Gold-plated F-15% leads require no addi-
tional cleaning or processing when used in
soldered or welded assembly. Formed leads
are available to facilitate planar mounting
of networks on flat circuit boards. Standard
lead length is 0.175 inches. Networks can be
removed from Mech-Pak carriers with lead
lengths up to 0.175 inches.

An insulator, secured to the back surface of
the package, permits mounting networks on
circuit boards which have conductors passing
beneath the package. The insulator is 0.0025
inch thick and has an insulation resistance
of greater than 10 megohms at 25°C.

carrier

The Mech-Pak carrier facilitates handling the

" network, and is compatible with automatic

equipment used for testing and assembly.
The carrier is particularly appropriate for
mechanized assembly operations and will
withstand temperatures of 125°C for indefi-
nite periods.

ordering instructions

Variations in mechanical configuration of
semiconductor networks are identified by
suffix numbers shown in a table at the right.

¥Patented by Texas Instruments

FORMED LEADS
gy
P

0.510
! 0.490 (NOTE B) L

NOTES: A. All dimensions in inches
B. Not applicable in Mech-Pak Carrier
C. Measured from centerline of outside bends

MECH-PAK DIMENSIONS

040 —— ol
fe——————oms —:—-—,l
| °.N7DI.A,".II i
] 0.080 DIA. x 45° COUNTERSINK '
1 BOTH SID?S H
] H )
o 1
I i .
o v
oy ! [
I »
Do o
b |
o830 : : A % I xnw:_i- !
0730 o?oo ! \**/ [snxxxx 7 E
Tf—> !
“ i :
i
- ';..
r U pevada By
NOTE: Overall thickness is 0.175 and nestled height is 0.150 each.
NO MECH-PAK MECH-PAK
CARRIER CARRIER
Lead Length 0.175 inch Not Applicable
Formed Leads No [No [Yes [Yes |[No | No | Yes | Yes
Insulators No [Yes | No [Yes |No | Yes| No | Yes
Ordering _ . ylal_al_ _
Suffix None | -6 7 1 2 3 4 5

*F-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 53% iron, 29% nicke!, and 17 cobalt.
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SERIES 15 830 I
SOLID CERGUIT® SEMICONDUCTOR NETWORKS'

DIODE-TRANSISTOR LOGIC (DTL) NETWORKS
FOR DIGITAL SYSTEMS

0£8 S1 S31¥3s

application

The series 15 830 networks are designed for use
in medium to high-speed digital applications,
including data handling, computer and control
systems. Definitive specifications are provided
for operating characteristics over the temper-
ature range of 0°C to 75°C.

9961 ¥IGWIAON ‘298899 S-1d "ON NILITING

¥
imEmiE § C

features commner{ ],

3

u”-'nl L4
P

H
H
H
!
i
-

LOW SYSTEM COST

...Jg
l

® multifunction gates offering low cost per
logic function

\ .
\
‘\llll n

® electrically designed specifically for

monolithic integrated-circuit technology TYPE SN15 850 PULSE-TRIGGERED BINARY BAR
PERFORMANCE description

Series 15830 is a complete family of diode-

high speed transistor logic (DTL) which is most attractive

when high performance and low cost per func-

high d-c noise margins X
tion are necessities to system design.

low power dissipation

The basic family consists of NAND gates, an
expander, a buffer, a power gate, master-slave
flip-flops, a pulse-triggered binary and a mono-
stable multivibrator. Dual, triple, and quadruple
EASE OF DESIGN multifunction gates are available to minimize
system package count.

good fan-out capability

o familiar logic configuration (DTL) .
This line features a unique combination of high

® single-ended output — dot-OR logic speed, high d-c noise margin, and low power

dissipation. The single-ended output lends itself

readily to performing dot-OR logic thus reduc-

® single power supply ing the number of different type functional
blocks in a system,

o complete family for design flexibility

CONTENTS Page
DESIGN CHARACTERISTICS AND LOGICAL SYMBOLS . . . . . . . . 70027003
LOADING TABLES . . . . =+ . « & + « v « o« o « « «w « o . . . 7004
DEFINITIVE SPECIFICATIONS . . . . . . . . « « « . « . . . 70057027
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SWITCHING TIME CIRCUITS AND VOLTAGE WAVEFORMS. . . . . . . 70367039
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SERIES 15830 o
SOLID GrRCGUIET SEMICONDUCTOR NETWORKS

|
typical operating characteristics, 0°C to 75°C, supply voltage Vcc = 5 V

TA=

Speed: Gate Propagation Delay

Monostable Multivibrator .Pro.pugahon Delu . e e e e e
Flip-Flop Clock Rate (SN15 831, SN15 845, SNIS 848) .o

Pulse-Triggered Binary Clock Rate .

. . . . . . . . . . .

Fan-Out Capability: Standard Gates (SN15 830, SN15 846, SN15 862) C ... e

Buffer (SN15 832) . .
Power Gate (SN15 844)

.

B 1
e 7 4

MonostableMulhvnbrufor(SN'IS.851) e e e e e e e e e 10

Flip-Flops: SN15 831 .

SN15 845 .

SN15 848 .

Pulse-Triggered Bmary

D-C Margin: At logical 1 . . . ..
At logical 0 . . . . .

Average Power Dissipation: Per Gate . .

Per Flip-Flop .

design characteristics

7002

Series 15 830 is a complete line of high-speed, high-
noise-margin, low-power-dissipation, saturated DTL logic.
The circuitry is a modification of the conventional DTL
in that it utilizes only one power supply and provides a
nonsaturating offset transistor in place of one of the
offset diodes.

+V +Vee R4 +Vee
Q O
L
Mg R2 Ry
QUTPUT

OUTPUT
O

o oHe- L

INPUTS Vas INPUTS

Figure A — Conventional DTL Figure B — Series 15 830

Replacing the offset diode D, with transistor Q, offers
both the manufacturer and the customer a number of
advantages:

1. Elimination of the Vg power supply makes one
more pin available for multifunction capability,
which in turn reduces system package count.

2. Reduction of size of resistor R, from 20 kQ to
5 kQ produces a substantial reduction in the over-
all size of the monolithic chip and improves yields.
Both of these factors contribute heavily to reduc-
ing manufacturing costs.

3. Reduction of turn-off current transients on signal
lines is accomplished because the stored charge
on the output transistor Q, is removed locally by
R; rather than through diodes D, and D, onto
the input signal lines. These transients are also
reduced during switching by the offset transistor
Q, which operates in the unsaturated mode. This
technique eliminates the necessity of producing
low-speed, high-stored-charge diodes in the same
monolithic bar with fast input diodes.

.

e e e e . . e e e e . 12
e e e e e e e . . 11
e e . . . .. .o 10
e e e e e e e . 500 mV
e e e e e . 500 mV
. . . - X1
. . e e e e e . . 20mW

4. The offset transistor Q; provides additional drive
current to the output transistor Q, without requir-
ing high input currents when the input is in the
low state. High input currents would limit fan-out
of the driving gates. The additional drive to the
output transistor permits the use of a smaller base
resistor R; and relaxes the hgg requirement of the
output transistor thus producing higher manufac-
turing yields.

In order to drive high-fan-out or high-capacity loads, a
buffer is available which has a modified double-ended
output. This output has a high-sink-current capability
when in the ON state and a low-impedance emitter-
follower output in the OFF state.

The master-slave flip-flops have AND gate inputs to the
master section which are controlled by the clock pulse.
The clock pulse also regulates the state of the coupling
transistors which connect the master and slave sections.
The sequence of operation is as follows (see figure C):

Isolate slave from master
Enter information from AND gate inputs to master
Disable AND gate inputs

W N -

Transfer information from master to slave.

HIGH

LOW

Figure C — Flip-Flop Clock Waveform

The pulse-triggered binary has two 70-pF capacitors in
the clock line which provide an input-differentiating net-
work for high-speed clocking applications.



SERIES 15830

SQLID GERGUIT® SEMICONDUCTOR NETWORKS

standard line summary

Input and output pin numbers are shown for reference. For all networks shown,V.. is pin (Unless otherwise noted)

and GND is pin

@. See referenced page for complete pin configuration.

SN15830 . . . See Page 7005 | SN15 831 . . See Page 7007
SN15 832 (Buffer) . See Page 7009 |SN15 845 . See Page 7014
SN15 844 (Power Gate). . . See Page 7012 |SN15 848 e e e e e See Page 7019
r 1
' |
! I
|
|
e~ | |
| C2 CD :
| cp Q ']'_<I : )
O— [ !
O :
| |
L ]
DUAL 4-INPUT NAND/NOR GATES FLIP-FLOPS WITH SET AND CLEAR
SN15 833 . . See Page 7011 SN15 846 . . See Page 7017 SN15 850 . . See Page 7022
(No V¢ Terminal)
r _____ '} lr_ -7 r—-————-= 1
B, oo | ol |
| |
® ! i | , |
L0 | oty e | oy
! | ! ©—d2_A ogH—O
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| 1 I
| | <:>_'—
Sh— | il anc S I
Oglms : ! ! (:)-—f° ‘ !
|
ST | gie | o |
] ] @O— ! i i
L ] b ! o __ J
QUADRUPLE 2-INPUT
DUAL 4-INPUT EXPANDER NAND/NOR GATE PULSE-TRIGGERED BINARY

SN15 851 . . e e

FrooT T |
. 0
| | } See Note
| ,—‘—‘l (19

@— H—®©
| ONEA |

C—T9 Syrer |

O A" H—0
| |
| | INTERNAL TIMING
II —:—@ RESISTOR (CONNECT
o 5 TO V. IF USED)

NOTE: External capacitance is added between pins and
resistance bypasses internal timing resistor if connected from m

MONOSTABLE MULTIVIBRATOR

See Page 7024

. External
to Ve

SN15 862 . See Page 7026

@L*": D.O
Oy |
g i@

TRIPLE 3-INPUT NAND/NOR GATE
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SERIES 15 830 o
SOLID QIRGUIRT  SEMICONDUCTOR NETWORKS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply Voltage V.. (See Note 1) . . +8V
Continuous Output Sink Current (SN15 830 SN15 831 SN15 845 SN’IS 846 5N15 848 SN15 862) . 30 mA
Continuous Output Sink Current (SN15 850, SN15 851) . N e e e e e . 50 mA
Continuous Output Sink Current (SN15 832, SN15 844) . 150 mA
Current Out of Input Terminal . . -10 mA
Current Into Input Terminal (except SN15 850 and SN]5 851 pin . ) 1 mA
Current Into Input Terminal (SN15 850 and SN15 851 pin ). . . . 5mA

. 0°C to 75°C

Operating Free-Air Temperature Range (See Note 2) .

Storage Temperature Range

NOTES: 1. Voltage values are with respect to network ground terminal.

2. This rating applies for networks operating at Voo = 5 V, dll inputst at 5 V, and the following output sink current:

SN15 830, SNT5 846, SN15850, SN15862 . . . . . . . . . . . . . 12mA
SNISB31 . . . . . . e e e e e e e e e 10.5 mA
SNIS832T . . . . . . . e e e e e e e e e e e 36 mA
SNISBA4T . . . L e e e e e e e 40 mA
SNISBAS . . . . . . e e e e e e e e e e e e e e 16.8 mA
SNISB48 . . . . . . e e e e e e e e e e e e e e e e 14.6 mA
SNISB5Y . . . . e e e e e e e e e e e e e e e e e 15 mA

T Expander nodes open

logic definition

—65°C to 150°C

Series 15 830 logic is defined in terms of standard POSITIVE LOGIC using the following definitions:

LOW VOLTAGE
HIGH VOLTAGE

= LOGICAL 0
= LOGICAL 1

WEIGHTED VALUES OF INPUT CURRENT REQUIREMENTS
NETWORK TYPE INPUT NUMBER OF LOADS
SN15 830
SN15 832
GATES AND SN15 833 Each Inout 1
. . EXPANDER SN15 844 -9¢n NPV
input current requirements SN15 846
. SN15 862
Weighted values of input current requirements Each nout
reflect worst case conditions for T, = 0°C to (Synchl:gnous or 2
75°C and Vo = 5 V. Each gate input requires SN15 831 Asynchronous)
that no more than-1.4 mA flow out of the input Clock 2
f:t a logical 0 input voltage .level; therefore, <.)ne FLIP-FLOPS Synchronous
input load is —1.4 mA maximum. Currents into SN15 845 [Inputs %
the input terminals are specified as positive
h NN and Asynchronous
values. Arrows on the d-c test circuits indicate SN15 848 |and Clock 2
the actual direction of current flow. Inputs
PULSE-TRIGGERED Synchronous or .
BINARY SN15 850 Asynchronous %
MONOSTABLE
MULTIVIBRATOR SN15 851 [Each Input 2
WEIGHTED VALUES OF FAN-OUT
NETWORK TYPE QUTPUT LOADS
SN15 830 ]
output drive capability GATES SN15 846| Each Output 8
SN15 862
Weighted values of fan-out reflect the ability of BUFFER SN15 832 Each Output 25
an output to sink current (into the output terminal) —
under recommended operating conditions and are POWER GATE SN15 844 Each Output 27
specified as positive valves. Load currents (out } SN15831 Q°’§ 7
of the output terminal) are specified as negative FLIP-FLOPS SN15845| QorQ 12
values. Arrows on the d-c test circuits indicate SN15848] QorQ 1
the actual direction of current flow.
PULSE-TRIGGERED -
BINARY SN15850| QorQ 8
MONOSTABLE
MULTIVIBRATOR SN15 851 | Each Output 10
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schematic (each gate)

INPUTS <

EXPANDER o

O—H——T

Lo4—¢

C

NODE

p

recommended operating conditions

GND
O

t values shown are nominal

TYPE SN15 830

DUAL 4-INPUT NAND/NOR GATE

Vee

ONONONONONONO,
]

ONONONONONONO,

GND

6 = 102045

positive logic

8 = 9°10+1213

Supply Voltage V. 5v
Maximum Fan-Out From Each Output . . 8
electrical characteristics at Ve = 5 V
- TEST U
PARAMETER FIGURE TEST CONDITIONS} MIN  MAX NIT
Vo= 19V, I = 12mA,
TA —_— 250C 0.45 \'2
Logical O output Vin =2V, ik = 12 mA, 0.45 ( v
V"“'(o’ voltage (on level) 1 T, = 0°C
V, =18V, I, = 11.4mA,
\
T, = 75°C 05
Vi, = 11V, I, = —0.12 mA,
K \'4
T, = 25°C 26
Logical 1 output 2 Vin = 12V, g = —0.12 mA, 26 v
Voutl)  voltage (off level) T, = 0°C y
Vin = 095V, ligpq = 012 mA, 25 v
T, = 75°C

t Expander nodes are open unless otherwise noted:
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TYPE SN15 830
DUAL 4-INPUT NAND/NOR GATE

electrical characteristics (continued) at Vcc = 5 V (unless otherwise noted)

PARAMETER FIOURE TEST CONDITIONS MIN MAX | UNIT
Logical 1 output
voltage (off level)
v with low voltage 3 | Vix =18V, Iy = 012 mA, 2.6 v
out(1) T, = 25°C
at expander input A
node, V;
. Vi, =4V, T, = 25°C and 0°C 5 1A
| Logical 1 level input 4
in{1) current Vo= 4V, T, = 759C 10 A
Vi, =045V, V=4V, . R
T, = 25°C and 0°C A
Logical 0 level input 5
o curran V=05V, Vp =4V
in = 03V, R =4V _
T, = 75°C 1.33 mA
Output reverse °
Tout1) current (off level) 6 Vout =5V, Ty = 25°C 100 “A
Vot =0, T, = 25°C : 1.3 | mA
Short-circvit
— — 0°
los output current 7 Vo =0, Tp = 0°C -1.3 L
Vot =0, T, =75 -1.25 mA
Logical 0 level
ICC(o) supply current 8 T, = 25°C . 8 mA
(both gates)
Logical 1 level supply
ICC('I) current at maximum 9 Ve = 8Y, T, = 25°C 8 mA
Ve (both gates)

switching characteristics, Vec = 5 V, Ta = 25°C
TEST B
PARAMETER FIGURE TEST CONDITIONS} MIN MAX | UNIT
Propagation delay time — 4000, C = 50pF
tpaio) 1o logical 0 level 51 Ry = 4000, ¢ = P 10 30 ns
Propagation delay time _ ‘ — 30 oF 0
'edli) 10 logical 1 level R, = 39k, €, = 30p 25 8 ns

1 Expander nodes are open unless otherwise noted.
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TYPE SN15 831

FLIP-FLOP WITH SET AND CLEAR

logic v
e s POOD® OO
R-S MODE J-K MODE l
t th+a t ta+a
$1S81G 16| Q $16C {1 Q
O X]O0]| X | Qn 0| 0] Qn
O X | X0} Qn 0 1 0
X|0o{0] X ]| Qn 1 0 1
X{0o| X[ 0] Q@n 1 1 Qn
0| X 1 1 0
x[ol1 T 0 OJONONONOGROXO,
i i 0 X i GND
| 1 X 0 1 NC — No internal connection
1 1 1 1 Indeterminate - =
positive logic
NOTES: 1.t = bit time before clock pulse. Low input to SD sets Q to logical 1
2.t 4, = bit time after clock pulse.
3. X indicates that either a logical 1 or a logical 0 may be
present.
4. Logical 1 is more positive than logical 0.
5. For operation in the J-K mode connect S, to Q and ¢, to Q.
recommended operating conditions
Supply Voltage Vee . . . . . . . 5v
Maximum Fan-Out From Each Output . . .o N e e 7
electrical characteristics at Vec= 5 V
PARAMETER L TEST CONDITIONS MIN  MAX | UNIT
V, = 095V, 1., = 10.5 mA
CP(s) ¢ Tsink 4
10 gsec 0.45 v
Logical 0 output — B —
Vepsy = 1V. e = 105 mA,
Voutjo)  voltage on level 10 T, 1__) 0°C s 0.45 v
tQer@ Verrs) = 085V, I, = 102V
cesy — O e = 102V,
T, = 75°C 0.5 v
V, =19V, Vv, =11V, )
head = —0-12 mA, T, = 25°C 6 v
Logical 1 output — —
v voltage off level 1 Vi=2v V2 =12V, 2.6 v
out{1) > lgaqg = —0.12 mA,TA = 0°C :
at QorQ
V, =18V, V, =095V,
loag = —0.12 mA,T, = 75°C 25 v
V, =19V, V,=1.1V, )
lopg = ~0.12 mA, T, = 25°C 6 v
Logical 1 output — —
Voum) voltage off level 12 IV., __:2_\8 12 mA ;{2 : I)ECVI 2.6 A
atQor Q load : ‘A
V, =18V, V, =095V, )
loog = —0.12 mA, T, = 75°C S v
V. =11V \4 = 045V,
in 4 CP(0) 4 _
T, = 25°C 28 mA
Logical 0 level clock-input Vi, = 1.2V, VCP[O) = 0.45V,
ICP[O) forward current 13 T, = 0°c -28 mA
Vip = 095V, Vg =05V,
T, = 75°C —-2.67 mA
Vep = 4V, T, = 25°C and 0°C 30 A
Logical 1 level clock-input
lCl’l‘] reverse current 14
Vep = 4V, Ty = 75°C 40 LA
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TYPE SN15 831
FLIP-FLOP WITH SET AND CLEAR

electrical characteristics (continued) at Vcc =—= 5 V (unless otherwise noted)

PARAMETER FIGURE TEST CONDITIONS MIN  MAX | UNIT
Logical 1 level Vin = 4V, T, = 25°C and 0°C 5 1A
lin1) synchronous-input current 15 v, =4V, T, =75° 10 LA
Logical 0 level V,, = 045V, T, = 25°C and 0°C 105 mA
Finfo) synchronous-input current 16 Vi, = 0.5V, T, = 75°C -1 mA
Logical 1 level Vin = 4V, T, = 25°C and 0°C 5 uA
lintr) asynchronous-input current 7 V,, = 4V, T, =75° 10 uA
Logical 0 level V, = 0.45V, T, = 25°C and 0°C ~0.95 mA
linto) asynchronous-input current 18 Vi, = 05V, T, =125°C - -0.9 mA
lcco) Logical O level supply current 19 T, = 25°C 14 mA
. Logical 1 level supply current
lect) ot maximom Vee 20 Vec = 8V, T, = 25° 18 mA
switching characteristics, Vec = 5 V, To = 25°C
PARAMETER FIORE TEST CONDITIONS MIN  MAX | UNIT
Propagation delay time _
o410 1o logical © level R, = 4002 C_ = 50 pF 5 75 ns
Propagation delay time 52 _ _
Tod) 10 logieal 1 Tevel R, = 39kQ C_ = 30 pF 5 75 ns

schematic

S, it SL/_% | <>-—N———-—®C.

Cp@ - ' . OGND
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schematic (each

TYPE SN15 832

DUAL 4-INPUT NAND/NOR BUFFER

gate)
1kQ

2.75kQ

®- A

Vee
1.85kQ

OUTPUT
(0—41——1 “'—‘]rf
e { ‘ by .
INPUTS
O—jg— GND
o—i4— positive logic
EXPANDER 2k | 630 @ GND - -
NODE — V¢ 6 = 1020445 8 = 9¢10°12¢13
Component values shown are nominal.
recommended operating conditions
Supply Voltage V. 5v
Maximum Fan-Out From Each Output . 25
electrical characteristics at Vee = 5 V
PARAMETER - TEST CONDITIONS T MIN  MAX | UNIT
Vo= 19V, I, = 36 mA,
T, = 25% 0.45 v
Logical 0 output Vin = 2V, li = 36 mA,
Vaut(o) voltage (on level) ! T, = 0°C 0.45 v
V,, = 18V, I, = 34mA,
T, = 75°C 0.5 v
Vi, = L1V, loq = —25mA,
TA — 25°C 2-6 \'
Logical 1 output Vin = 1.2V, ljgq = —2 mA,
Voutf1) voltage (off level) 2 T, = 0°C 2.6 v
Vin = 095V, I,y = —3 mA,
TA — 750C oa 2-5 V

1 Expander nodes are open unless otherwise noted.
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TYPE SN15 832

DUAL 4-INPUT NAND/NOR BUFFER

electrical characteristics (continved) at Vcc = 5 V (unless otherwise noted)

PARAMETER FIEORE TEST CONDITIONS} MIN  MAX | UNIT
Logical 1 output
voltage (off level) _ _
Voum) with low voltage 3 1YinX__251;8CV' lioad = —2.5 mA, 2.6 v
input at expander AT
node, V;.x
V. = 4V, T, = 25°C and 0°C 5 A
Logical 1 level p n A an £
bing1) input current o
V,, = 4V, T, = 75° 10 A
Vi, = 045V, V= 4V, iy .
-1, m,
Logical O level T, = 25°Cand 0°C
Finto) input current 5 Vip = 05V, Vp = 4Y, 1 A
T, = 75°C -1.33 m
Ovutput reverse _ — oro
loutin) current (off level) 6 Vout = 5V, To = 25°C 100 A
Vo4 =0, T, =25 -16 mA
Short-circuit o
los output current 7 Vour = O Ta = 0°C -15 mA
Vout = 0, Ty = 75°C ~-14 mA
Logical O level
lccio)  supply current 8 T, = 25°C 30 mA
(both gates)
Logical 1 level supply
lecpy  current at maximum 9 Veec = 8V, T, = 25°C 8 mA
V¢ (both gates)
switching characteristics, Ve¢c = 5 V, Ta = 25°C
PARAMETER FICURE TEST CONDITIONS} MIN  MAX | UNIT
Propagation delay time R = 150 . C. = 500 pF 15
'pdi0) 1o logical O level 51 1 ToL P 40 ns
Propagation delay time _
tedl) 4o logical 1 level R, = 5108, C = 500 pF 25 80 ns

F Expander nodes are open unless otherwise noted.
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schematic (each expander)

. OuTPUT
o——i¢ —0
o ¢
INPUTSJ
o ¢
o i¢ — —4— —Oo GND
ANODE -TO -

SUBSTRATE DIODE

electrical characteristics

TYPE SN15 833

DUAL 4-INPUT EXPANDER

@@G:)@

e _@ e _I

NC — No internal connection

positive logic

4 = 203456

11 = 9¢10°12°13

TEST
PARAMETER FIGURE TEST CONDITIONS MIN MAX UNIT

Iy = 2mA, T, = 25°C 068 082 v

Ve Input diede forward voltage 21 lout = 2 mA, T, = 0°C 0.75 0.9 v
lt = 2mA, T, = 75°C 06 075 v

Vi = 4V, T, = 25°C 5 1A

linr Input diode reverse current 22 V;y = 4V, T, = 0°C 5 1A
"= 4V, T, = 75°C 10 1A

Anode-to-substrate _ °

lout v reverse current 23 Vout = 4V, T, = 25°C 10 uA

NOTE: A total of four expanders may be connected to an expandable gate to provide a fan-in of 20.
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TYPE SN15 844
DUAL 4-INPUT NAND/NOR POWER

o

schematic (each gate)

GATE

+ -oVec Vee
OXONORONONONO,
2.75%08
< |
o—id¢ OUTPUT
eurs ONONONONOXOXO,
o—d—12 GND
o—i¢ } positive logic
2k 6309 GND
EXPANDERc —_—— ——
NODE 6 = 102045 8 = 9°10°1213
Component values shown are nominal.
recommended operating conditions
Supply Voltage Vo . . e .o Sy
Maximum Fan-Out From Each Output . .
electrical characteristics at Vec =— 5 V
TEST
PARAMETER FIGURE TEST CONDITIONSY MIN MAX UNIT
V.. = 1.9V, I = 40 mA,
Llogical 0 output Vin = 2V, L = 40 mA,
Vouo)  voltage (on level) ! T, = 0°C 045 v
Vi, = 18V, I, = 36 mA,
— 0.5 v
T, = 75°C
Logical 1 output _ _ oro
vouﬂ‘] voltage (off level) 24 Link = 5 mA, Ta = 25°C 6 v
: Logical 1 level input Vi, = 4V, T, = 25°Cand 0°C J 1A
in1) current 4 Vi, = 4V, T, = 75°C 10 A

+ Expander nodes are open unless otherwise nofed.
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TYPE SN15 844
DUAL 4-INPUT NAND/NOR POWER GATE

electrical characteristics (continued) at Vcc = 5 V (unless otherwise noted)

TEST
PARAMETER FIGURE TEST CONDITIONSY MIN MAX UNIT
Vin = 045V, Vg = 4V,
-1.4 mA
Linto) Logical O level input 5 Tp = 25°Cand 0°C
.= 0. V, = 4V,
current ¥m ” 705i(\:/, R -1.33 mA
N
o= 1. V,: = 45V,
Vin ~ 1 LV' out 100 nA
Output reverse Ta = 25°C
——12v, V.. =45V,
current (off level, 25 Vin l°2 v out 100 A
lout (1)  Wworst-case voltage T, = 0°C
at any input) Vi, = 095V, Vout = 45V,
2
T, = 75°C 00 1A
Qutput reverse
current (off level, Vix = 1.8V, Vot = 45V,
100 A
lout (1) worst-case voltage 26 T, = 25°C K
at expander input)
Logical O level
lcco)  supply current 8 T, = 25°C 24 mA
(both gates)
Logical 1 level
supply current o
= = 25°C 8 A
lecin at maximum Ve i Vee 8v Ta "
(both gates)
switching characteristics, Vcc =5V, T, = 25°C
TEST
PARAMETER FIGURE TEST CONDITIONS+ MIN MAX UNIT
Propagation delay time _
540 16 logieal O level . R, =150 Q, = 100 pF 10 35 ns
R Propagation delay time _
pdl} 1o logical 1 level R, = s10Q, = 20 pF 15 50 ns

T Expander nodes are open unless otherwise noted.

7013




TYPE SN15845
FLIP-FLOP WITH SET AND CLEAR

fogic

o¥cJoJojoJ¥oJo

TRUTH TABLES
R-S MODE J-K MODE
tn ther tn 1’n""lgl

$,15|1G¢G1C | Q S, |G| Q
0| X | 0| X ]| @Qn 0 0| Qn
| o[ X | X]|O Qn 0 1 0
WAXV #¥0 0] X | Qn 1 0 1
X|o|x|o]aQn 1{1]@n

0 X 1 1 0

X 0 1 1 0

1 1 0| X 1
X 1 1 X 0 1 NC — No infernal connection

1 1 1 1 Indeterminate
NOTES: 1.1, = bit time before clock pulse.

2. 1,4+, = bit time after clock pulse.

positive logic

Low input to Sy sets Q to logical 1

3. X indicates that either a logical 1 or a logical 0 may be

present

4. Logical 1 is more positive than logical 0.

5. For operation in the J-K mode connect S, to Q and ¢, to 0.

recommended operating conditions

Supply Voltage V¢ - e e . . 5V
Maximum Fan-Out From Each Output . . 12
electrical characteristics at Ve¢c = 5 V (unless otherwise noted)
TEST
PARAMETER FIGURE TEST CONDITIONS MIN MAX | UNIT
v, =11V, V, =19V,
v, =5V, Lo = 168 mA, T, = 25°C 0451V
Logical 0 output 27 V. =12V V. =32V
\" voltage (on level) and ! NV 2 ! 0.45 v
out(0) ge {0 V, =5V, i = 168 mA, T, = 0°C
at Qor Q@ 28 2 sink A
V, =095V, vV, =18V,
v, =5V, ik = 16 mA, T, = 75°C 05 Vv
V,=5V, V, = 10V,
losg = —0.12 mA, T, = 25°C 26 v
Logical 1 output V. = 5v V. =12V
Vous) voltage (off level) 12 = _o2mA T = o°C 2.6 v
at Qor Q load LA
vV, =5V, V, =095V, )
hopg = —0.12 mA, T, = 75°C 3 v
V.. = 1.1V, Vep = 045V,
T:‘: 25°C P -2.8 mA
Logical O level clock-input
V.. = 1.2V, Vep = 045V,
Icepo) forward current 2 e cr -28 | mA
T, = 0°C
V., = 095V, Vep = 0.5V,
1, = 75°¢ cF —2.67| mA
Vee= 4V, Vep = 4V,
Logical 1 level clock-input T, = 25°C and 0°C 20 HA
I 30 A
CP(1) reverse current
Vee = 4V, Vep = 4V, T, = 75°C 30| uA
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TYPE SN15 845
FLIP-FLOP WITH SET AND CLEAR

electrical characteristics (continued) at Vec = 5 V (unless otherwise noted)

TEST
PARAMETER FIGURE TEST CONDITIONS MIN MAX UNIT
Logical 1 level Vin =4V, T = 25°C and 0°C 5 uA
linf1) synchronous-input current 15 Vi, = 4V, T, = 75°C 10 HA
Vi, =045V, V, =4V, o5 R
. m
Logical O level Vep = 4V, T, = 25°C and 0°C
Ii"(o) synchronous-input current 3 Vin =05V, vV, = 4V,
° ~0.9 mA
Vep =4V, T, = 75°C
V., =4V, vV, =5V, s R
Logical 1 level 2 T, = 25°C and 0°C Iz
Lin(1) asynchronous-input current Vi, =4V, vV, =35V,
T, = 75°C 10| pA
Logical O level Vi, =045V, T, = 25°Cand 0°C =21 mA
finto) asynchronous-input current 33 Vi, =05V, T, = 75°C -2 mA
V. =5V v =0
in ’ out 4
T, = 25°C and 0°C —0.59 -1.41 mA
los Short-circuit output current 18
vin =35Y, vouf =0, 5 13
T, = 75°C -0.5 -1.38 mA
lecqo Logical 0 level supply current 19 T, = 25°C 15 mA
Logical 1 level supply current e
lecy at maximum Vg 20 Vee = 8V, T, = 25°C 17 mA
switching characteristics, V¢c = 5 V, Ta — 25°C
TEST
PARAMETER FIGURE TEST CONDITIONS MIN MAX UNIT
Propagation delay time . _
'odiol 1o logical O level 5 Ry =3308 € = 50pF 3 75| ons
Propagation delay time _ .
todin) to logical 1 level Ry = 2k €, = 30 pF 5 75 ns
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TYPE SN15 845
FLIP-FLOP WITH SET AND CLEAR

schematic

‘FD'VCC
; 6kQ 6kQ ;

< NOM. NOM. <

©
Bl
I
5

L 2
S e

NOTE: Pins@, ,and @—no internal connection.
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schematic (each gate)

TYPE SN15 846
QUADRUPLE 2-INPUT NAND/NOR GATE

6@@@0@0

V.75 kQ
L - -OVec
32k Seka
> 1)
OUTPUT
o——
INPUTS
| DOOO®OO®O
5 kﬂ:; GND
OGND positive logic
Component values shown are nominal. 3 =12 6 = 45 8 = 910 11=12-13
recommended operating conditions
Supply Voltage V. 5v
Maximum Fan-Out From Each Output . . . 8
electrical characteristics at Ve¢c = 5 V
PARAMETER FIGURE TEST CONDITIONS MIN MAX [UNIT
Vi, =19V, 1, = 12mA,
0.45 \Z
T, = 25°C
Logical 0 output vin =2V, ik = 12 mA,
0.45 \'4
Vout(o) voltage (on level) ! T, = 0°C
Vi, =18V, I, = 11.4mA,
.5
T, = 75°C 0 v
Vi, = 11V, 1y = —0.12 mA,
T, = 25°C 26 v
Logical 1 output Vin = 12V, lq = —0.12mA,
2.6
Vout(1) voltage (off level) 2 T, = 0°C v
Vi, =095V, 14 = —0.12mA,
T = 75 2.5 v
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TYPE SN15 846
QUADRUPLE 2-INPUT NAND/NOR GATE

electrical characteristics (continued) at V¢c = 5 V (unless otherwise noted)

PARAMETER FIaURE TEST CONDITIONS MIN  MAX | UNIT
Logical 1 level input Vin =4V, Ty = 25°C and 0°C 5 pA
'inhl current 4 Vin =4V, T, = 75°C 10 uA
Vio = 045V, Vg = 4V, R
| Logical O level input 5 Tp = 25°C and 0°C
in(0) current vin =05V, Vg = 4V, 133 A
T, = 75°C . m
Output reverse °
bout(n) current (off level) 6 Vot =5V, Ty =25°C 100 1A
Vi =0, T, =25 13 | mA
Short-circuit — — o
los output current 7 Vout = 0 Ty = 0°C -13 mA
Vout =0, T, =75 -1.25 mA
Logical O level
lcciop  supply current 8 T, = 25°C 16 mA
(all gates)
Logical 1 level supply
'ccm current at maximum 9 VCC =8V, T, = 25°C 16 mA
Yee (all gates)
switching characteristics, Vcc = 5 V, Ta = 25°C
PARAMETER FIGURE TEST CONDITIONS MIN  MAX | UNIT
Propagation delay time
tedio) to logical 0 level R, = 400 2, C, = 50 pF 10 30 ns
51
Propagation delay time
toain) to logical 1 level Ry = 39 k0, G = 30 pF 25 80 ns
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logic

recommended operating conditions

TRUTH TABLES
R-S MODE J-K MODE
'n fn‘f"l tn 'n+l
s, [s,]c ¢ | a N -
O X | O X | Qn 0| 0| @n
o[ x| x]o]an of1]o0
x| oo x| an 1[0
x[olx[o]an 11 ] @n
(4] X 1 1 0
X 0 1 1 0
1 1 o] X 1
1 1 X (4] 1
(7T 1 1] 1 | tndeterminate
NOTES: 1.t = bit time before clock pulse.
2.t 44y = bit time after clock pulse.

3. X indicates that either a logical 1 or o logical 0 moy be

4. Logical 1 is more positive than logicat 0.

present.

5. For operation in the J-K mode connect S, to Q ond G, to Q.

TYPE SN15 848
FLIP-FLOP WITH SET AND CLEAR

NC — No internal connection

positive logic

Low input to Sy, sets Q to logical 1

Supply Voltage Ve . . . . . C e e e e e e e e C e e e e e e 5v
Maximum Fan-Out From Each Output . . . . . . . . D |
electrical characteristics at Vec=— 5 V (unless otherwise noted)
TEST
PARAMETER FIGURE TEST CONDITIONS MIN MAX | UNIT
vV, = 1.1V, vV, =19V,
. vV, =5V, i = 15.4mA, T, = 25°C 045 v
v LOilCu' (2 oulfputl) 27d v, =12V, V,=2V, 045 v
outjo)  votage fon feve an vV, =5V iy = 15.4mA, T, = 0°C -
atQor Q 28 3 ! sink o A
YV, =095V, V, =18V, 05 v
V; =5V, ik = 146 mA, T, = 75°C :
V,=5V, vV, =11V,
lioeg = —0.12 mA, T, = 25°C 2.6 v
v l°?'°°' ! ‘f’:*l""'l V, =5V, v, =12V, 26
outf1) voltage (_o evel) 12 hog = =012 mA, T, = 0°¢ X v
at Qor Q
V,=5YV, V, =095V, 25 v
loag = —0-12 mA, T, = 75°C "
V=11V, Vep = 045V,
T, = 25°C ~2.8 mA
Logical O level clock-input Vipn =12V, Vep = 045V,
o) forward current 2 T, = 0°C -28 mA
V,, = 095V, Vep = 05V,
1. = 780 ~2.67 | mA
Vee= 4V, Vep = 4V
. CcC 4 cp .
Logical 1 level clock-input  or0 ° 20 BA
lepp) reverse current 30 Ta = 257C and 07C
Vee= 4V, Vep = 4V, T, = 75°C 30 kA
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TYPE SN15 848
FLIP-FLOP WITH SET AND CLEAR

electrical characteristics (continued) at V¢c = 5 V (unless otherwise noted)

TEST
PARAMETER FIGURE TEST CONDITIONS MIN MAX UNIT |
Logical 1 level Vin = 4V, T, = 25°C and 0°C 5 uA
bina) synchronous-input current 15 Vi, = 4V, T, = 75°C 10 A
Vi, =045V, V, =4V, 095 .
-0. m
| Logical 0 level Vep = 4V, To = 25°Cand 0°C B
in(0) synchronous-input current 31 Vin =05V, vV, = 4V, N
Vep =4V, T, =75 09 m
Vv, =4V, vV, =5V, s .
| Logical 1 level 32 To = 25°C and 0°C “
in(1) asynchronous-input current Vin =4V, Vi, =35V,
T, = 75°C 10 wA
Logical O level Vi, =045V, T, = 25°Cand 0°C -2 mA
Tinfo) asynchronous-input current 33 vV, =05V, T, = 75°C -2 mA
V. =5V, v =0,
T = 259C and 0% —0.59 -1.41 mA
los Short-circuit output current 18 A
Vin =5V, Vout = 0,
1" = 750¢ -055  -138 | mA
A=
lecqo) Logical O level supply current 19 T, = 25°C ) 15 mA
Logical 1 level supply current °
lect) ot maximum Vg 20 Vee =8V, Ty =25°C 7| mA
switching characteristics, V¢c = 5 V, Ta = 25°C
TEST
PARAMETER FIGURE TEST CONDITIONS ) MIN MAX UNIT
Propagation delay time = 1330 0 _
'pdl0) 1o logical O level 52 Ry = 3308 G = 50pF 5 65 ns
Propagation delay time = 2k0
tod(1) to logical 1 level Ry = 2k, CL = 30 pF 5 75 ns
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TYPE SN15 848
FLIP-FLOP WITH SET AND CLEAR

schematic

Vs
1o
< NOM, NOM.

NOTE: Pins@,und @-no internal connection.
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TYPE SN15850
PULSE-TRIGGERED BINARY

7022

logic
TRUTH TABLES Vec
SYNCHRONOUS ASYNCHRONOUS | @ @ @ @
t toty DIRECT
PULSE INPUT OUTPUT INpUT | OUTPUT |
s |c e JrT, [ Q Q 5|6 [Q JaQ NCe
1IX]IX][1 [Qn n 11 [Qn|[Gn Co PT?
X1 1 [x]an [@n o|1]o | (¥ o
01T ]O0 |X |1 0 11011 |0 Qs PTy
0 | X|[0 |1 |1 0 0|0 |1 1 S
1 0|]X |0 |O 1
X|]0]|1 {0 |0 1
s o Tu s T oJoJo¥oNo¥oYe
NOTES: GND
1. X indicates that either a logical 1 or a logical 0 may be present.
2. Logical 1 is more positive than logical 0.
3. Logical states shown for pulse inputs PT, and PT, indicate that a transition to
that state has just occurred.
4. Truth tables reflect individual conditions at the inputs. Either direct input may be
used to inhibit its corresponding pulse input,
recommended operating conditions
Supply Voltage Ve = . . . . 5v
Maximum Fan-Out From Each Output 8
electrical characteristics at Vecc= 5 V
TEST
PARAMETER FIGURE TEST CONDITIONS MIN MAX UNIT
Vi, =19V, I, = 12mA,
10— 2s0c 0.45 v
Logical 0 output voltage V., =2V, Line = 12 mA,
v n 0.45 v
out(o) (on level) at Q or @ 34 T, = 0°C
V,, =18V, I, = 11.4mA,
1= 750¢ 0.5 v
V, =11V, V,=19V,
V, =5V, g =-15mA T, = 25°c| 2¢ v
Logical 1 output voltage VvV, =12V, V,=2YV,
\J 2.6 v
1) (off level) at Q or & 35 V; =5V, 4 =-15mA T, = 0°C
V, =095V, V,=18YV,
V,=5V, I,=-15mA T, =75°¢c| 2% v
I Pulse-triggered-input Vin =8V, Ta = 25°Cand 0°C 5 bA
T cyrrent 36 V,=8V, T,=75% 10 | uA
| Logical 0 level-input V;,, =045V, T, = 25°C and 0°C -2.1 mA
info) current at C or S 37 Vin =05V, T, =75 -2 mA
Logical 0 level V;, = 045V, T, = 25°C and 0°C —16 mA
linto) at Cp or Sp input current 37 V, =05V, T, =75 -1.52 mA




TYPE SN15 850
PULSE-TRIGGERED BINARY

electrical characteristics (continued) at Vcc = 5 V (unless otherwise noted)

TEST
PARAMETER FIGURE TEST CONDITIONS MIN MAX UNIT
Logical 1 level input current g Vin =4V, To = 25°C and 0°C 5 BA
iy et cpor Sp V=4V, 1, =75C 10 A
ke Current through resistor R¢ 39 Vin = 0, Tp = 25°C =33 -7.9 mA
Short-circuit output 40 vouf =0, TA = 25°C and 0°C -13.7 -29 mA
los  current Vo =0, T, = 75°C 126 -28 mA
I Output reverse current . ° °
out(1) (off level) 40 Vouit = 45V, T, = 25°C and 0°C 150 pA
ICC(O) Logical O level supply current 41 T, = 25°C 9.3 mA
Logical 1 level supply current
I — — 750
CCl 4 maximum Vee 42 Vee =8V, T, = 25°C 19.6 mA

switching characteristics, Vec = 5 V, Ta = 25°C

TEST
PARAMETER FIGURE TEST CONDITIONS MIN MAX UNIT
Propagation delay time
t — _—
POl 45 logical O level 5 Ry = 4009, G = 100pF 5 32 ns
Propagation delay time
t — —
P 4o logical 1 level R, = 39kQ,  C_= 100 pF 5 25 ns
schematic
CD VCC S'D
14
i l -v.»@
3 g J*e
Q
) G
3
" ——4 e 2
bS b

AAA I1( PT
- 1€ —()™m

GND C
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TYPE SN15 851
MONOSTABLE MULTIVIBRATOR

logic
TRUTH TABLE
1 they
INPUT INPUT OUTPUT

A B A B

1 1 1 1 INHIBIT

1 1 1 0 ONE-SHOT
1 1 0 1 ONE-SHOT
1 1 0 0 ONE-SHOT
0 1 X X INHIBIT

1 0 X X INHIBIT

0 0 X X INHIBIT

NOTES: a. t, = time before input transition.
b. t. 4, = time after input transition.

¢. X indicates that either a logical 1 or a logical 0 may be present.

recommended operating conditions

Vee (See Note 1) (See Note 2)
® ® QP O g)

NC

@@@@@@@

B (See Note 3) GND

NOTES: 1. External resistor and capacitor may be used between pins ,
, and to control one-shot pulse width.
2. To use the internal timing resistor, connect pin to pin
3. Input sensitivity can be decreased by adding a capacitor from pin

@ to ground.

Supply Voltage Ve . 5v
Maximum Fan-Out From Each Outpuf 10
Input Pulse Characteristics:
Minimum Negative-Going Transition . 1V
Maximum Input Fall Time Per Volt . 25 ns/V
Maximum Duty Cycle 40%
electrical characteristics at Vcc = 5 V
TEST
PARAMETER FIGURE TEST CONDITIONS} MIN MAX UNIT
Logical 0 output ik = 15 mA, T, = 25°C and 0°C 0.45 \%
Vouto)  voltage (on level) B L = 145mA, - T, = 75°C 05 v
Logical 1 output liag = —0.18 mA, T, = 25°C and 0°C 2.6 v
vom‘(ﬂ voltage (off level) 44 llgag = =0.18 mA, T, = 75°C 2.5 \'
Logical T level Vin = 4V, T, = 25°C and 0°C 5 uA
Ling1) input current 45 Vi, = 4V, T, = 75°C 10 uA
V, =4V, V, = 045V, 1.35 28 A
-1. —4. m.
Logical 0 level 46 T, = 25°C and 0°C
lin(o) input current vV, = 4V, vV, =05V, 1.25 2.63 A
T, = 75°C - - m

FExpander node is open unless otherwise noted.
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TYPE SN15 851
MONOSTABLE MULTIVIBRATOR

electrical characteristics (continued) at Vec = 5 V (unless otherwise noted)

PARAMETER IO ORE TEST CONDITIONS} MIN  MAX | UNIT
Current through internal _ ro
Irr timing resistor Ry 47 Vin =15V, T, =25°C 0.4 0.75 mA
| Short circuit current 48 Vin = 0, To = 25°C and 0°C -0.8 mA
sc at expander node or pin @ V,, = 0, T, = 75°C -0.75 mA
lec Supply current 49 T, = 25°C 12 mA
lecimax Supply current at maximum Ve 50 Vee = 8V, T, = 25°C 267 mA
switching characteristics, Vec = 5 V, Ta = 25°C
PARAMETER FICORE TEST CONDITIONS} MIN  MAX | UNIT
Propagation delay
ted(0)  time to logical 0 level | 50 ns
' Propagation delay o 54 R, = 300 @, C, = 50 pF
pd(1) time to logical 1 level 30 "
to Pulse width 50 175 ns
T Expander nodes are open unless otherwise noted.
(See Note 1)
schematic External
Resistor
External

Vo Capacitor
9 10

PO L

! )[ ] AAA Timing
I Ry Resistor
(See Note 2)

E

A \N—S
ANN—

e

ou(r)PUT@

"o =
NO 1 1

ety ;

(See Note 3) GND

NOTES: 1. External resistor and capacitor may be used (as indicated above) between pins ' @ , and fo control one-shot pulse width.
2. To use the internal timing resistor, connect pin to pin 0 .

3. Input sensitivity can be decreased by adding a capacitor from pin@ to ground.
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TYPE SN15 862
TRIPLE 3-INPUT NAND/NOR GATE

schematic (each gate)

1.75 k@ Vee Vee
R ONONORONO,
‘)
32k 6k
< <
OuUTPUT
: ¢ .
T OCOO®OOOO
o—i¢— GND
5kQ
GND positive logic
Component values shown are inal. e
6 = 3°4°5 8 = 9+10°11 12 = 12413

recommended operating conditions

Supply Voltage V..

Maximum Fan-Out From Each Output .

electrical characteristics at Vec = 5 V
~ PARAMETER FISURE ~ TEST CONDITIONS MIN  MAX | UNIT
\T/:': 2]5?,: hink = 12 mA, 0.45 v
o R e e T e T
¥,':=:7]5?’Z I = 11.4mA, os v
;/:,:: ;;;/ loag = —0.12 mA, 2s v
Vout(1) ::ﬁ:;: l(o:: ::::.l) 2 'IY::: c;‘;f:V' flowt = 2012 A 26 v
;/::: 70535c V. lioag) = —0.12 mA, 25 v
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TYPE SN15 862
TRIPLE 3-INPUT NAND/NOR GATE

electrical characteristics (continued) at Vcc —= 5 V (unless otherwise noted)

PARAMETER FICURE TEST CONDITIONS MIN  MAX | UNIT
Logical 1 level input Vin =4V, T, = 25°Cand 0°C 5 pA
o) current 4 V, =4V, T, =75°C 10 4A
V., = 045V, Vg = 4V, L N
- m
Logical 0 level input Tp = 25°C and 0°C
Iin[O] current 5 vin =05V, vR =4V,
1" 75°¢ -1.33 | mA
Output reverse .  ag®
louttt)  current (off level) 6 Vou =5V, Ty = 257¢C 100 LA
Vo =0, T, = 25°C -13 mA
| Short-circuit 7 Voy = 0, T, = 0°C -13 mA
os output current 5
Vo =0, T, =75°C 125 | mA
Logical O level
leciop supply current 8 T, = 25°C 12 mA
(all gates)
Logical 1 level supply
lCC(l) current at maximum 9 Vee = 8V, T, = 25°C 12 mA
Vee (all gates)
switching characteristics, Vcc =5 V, Ta = 25°C
PARAMETER FIGORE TEST CONDITIONS MIN  MAX | UNIT
Propagation delay time . o
Todlo) 1o logical O leve! . R, = 4000, C, = 50pF 10 30 s
Propagation delay time _ _
fod(1) to logical 1 level Ry = 3.9k, C = 30 pF 25 80 ns
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SERIES 15 830 ®
SOLID QERCGUIET SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-c test circuits t

SN15 830, SN15832, SN15 844, SN15 830, SN15 832, SN15 846, and SN15 862
SN15 846, and SN15 862

*~ — —
*~— -
Vinc
1. Each input is tested separately.
FIGURE 1 — Vw,m FIGURE 2 — me
SN15830 and SN15 832 ‘ SN15 830, SN15 832, SN15 844,
SN15 846, and SN15 862
Vee
Vee o]
lin(1)
—_
— VinO——
OPEN{:::: - OPEN
-

1. Each input is tested separately.

FIGURE 3 — V) FIGURE 4 — 1,
SN15 830, SN15832, SN15 844, SN15 830, SN15832, SN15 846, and SN15 862
SN15 846, and SN15 862
V,
Vec ) <C>C
Vi lout(1)
F“ OPEN OPEN{ -] R
Vinc>‘_._1
-—— ‘ Vout
lin(o) = = +
1. Each input is tested separately.
FIGURE 5 — 1., FIGURE 6 — I )

+ Arrows indicate actual direction of current flow.
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| . SERIES 15 330
( SOLID QERGWET" SEMICONDUCTOR NETWORKS

: PARAMETER MEASUREMENT INFORMATION

d-c test circuits' (continued)
SN15 830, SN15 832, SN15 846, and SN15 862 SN15 830,SN15 832,SN15 844,SN15 846,and SN15 862
VCC
T—L'cc(o)
Ve [ 1
I T |
| — OPEN | b SPEN |
OPEN ___i 1 OPENS _Z7
l ! T I
—— los | [ I
OPEN< —-- > Vout | !
[Rep—— ou
| i 3 |
| | = oren -7 oren |
1 L OPEN - >--- OPEN I J==- l
I g g I
I | . P - —— — | l
L _|NETWORK UNDERTEST
FIGURE 7 — I FIGURE 8= Icc(q
SN15 830, SN15 832, SN'15 844, SN15 846,and SN15 862 SN15 831 v
Vee | or>EN_j T <
I EC(I) CI C\
r : —l OPENH4C, ¢ @ Q Isink
| . Tﬁ | cp
| OPEN{_-. OPEN |  OPEN {ITi OPEN | Sy S . ala
- I b
I ﬁ | [ Fjg__,/ ? Vout(0)
| —r Al - l
i l v L
OPEN =
I l___—-_l" ______ 1 I CLOCK INPUT ‘
. . CLOCK INPUT s — — — e e —
- S ~ 3v
| open { T . OPEN OPEN \ QPEN | Vvoirace i be—— SENSE TIME —— - >
| | K- 1 o= WAVEFORM I t : ==Ves(s)
ft—-7 e p—- | [@—— MOMENTARY GND RELEASE
| - - — I 1. Output Q is tested by grounding S, and applying a momen-
L NETWORK UNDER TEST | tary groind to Q. 1 ;. is driven into Q.
-_————_mM-— |y —_ - — — 2. Output Q is tested by grounding C, and applying ¢ momen-
= tary ground to Q. I, is driven into Q.
FIGURE 9 — Iccm FIGURE 10 — Vwﬂo)
SN15 831 SN15 831, SN15 845, and SN15 848
Ve —
OPEN T cc RS TVcc
¢ S\ l ™ C, S N\ é
Cn = = —_ =
c, C, ° QA | load C, C, o QA | Nood
—————QOfcp —————Qcp
V, O- S S s Q Q V]O—' S Sy s Q Q
D o
vV, 0— S2 Sy / Vout (1) v, 0— ; S, S, ./ Vout(l)
owm-——j l R - T_l_ l
= So =
CLOCK INPUT CLOC_K T[ijpu*[
CLOCK INPUT =g - = — = — —m — — — o —m o 3v o
VOLTAGE | !‘——SENSE TIME .:__ :_-:0 CLOCK INPUT g — = = o o e o o e o e e o 3V
WAVEFORM I T VOLTAGE I b@—— SENSE TIME———
|@———MOMENTARY GND RELEASE WAVEFORM + ——-— 0
1. Outlput @ |s‘ Iestved by upplylng Y‘ 'Io.dS.l "und S: sm::ltune- 1. Output Q is tested by grounding S, and S,, applying V, to
;us Y, o%pllymg zdl: G u:‘d. z‘;ndnn ga y, an( lo'n |:lg Q. Cp and ¥, 10 S, and loading Q.
z ullpul lls. Ieslve ysupp zmsg '1d"?d ,”und d2 'sm:.l tunae- 2. Output Q is fested by grounding C; and C,, applying V, to
ously, applying ¥, to S, and S, individually, and loading Q. S and ¥, to (. and loading o
3. Momentary ground is applied to output being tested.
FIGURE 11 — Vw”” FIGURE 12 — vouf(l)

T Arrows indicate actual direction of current flow.
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SERIES 15 830

SOLED CERCGUET® SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

.‘-

d-c test circuits' (continued)
SN15 831 SN15 831
OPEN 'Vcc
.. )
Co OPEN cc
& < S— & ¢
' [ol OPEN ICP(]) Co _
Vin OPEN —{§S, QL— —_— C2 QpF—
s s So V¢ pO——tp————-C|CP OPEN
2 2
— S Ql—
CLOCK J) lep(o) OPEN—-? -l- ' So
INPUT 52 _I_
CLOCK INPUT ==y = = — — — — ————3v = oren——3 =
VOLTAGE be——SENSE TIME— — =
WAVEFORM ] -0
1.V, is applied to each input separately.
FIGURE 13 — l¢cpg FIGURE 14 — I¢;;
SN15 831, SN15 845 and SN15 848 SN15 831
OPEN Vee OPEN Vee
C, C, <
|iu’\(l) Co lin(o) Co
Qpb— -— C, C, Qb
Vin o1 4 OPEN Vin OPEN—O)CP OPEN
Q- S S QfF—
S S
o} 5, 5, o
OPEN'—q’ ":L OPEN J__—
1. V,, is applied to each input separately. 1.V, is applied to each input separately.
FIGURE 15 — 'in[l) FIGURE 16 — |M°)
SN15 831 SN15 831 (lig) SN15 845 and SN15 848 (lgs)
[~ ] V,
Co cc
F Co — ?) VCC 6 ?
< G \ ? |in(()) Co _ [—.
Vin(1) Co _L -— Q
- C, C, Q Vin O cp \'
Vin O ———CQ|CP OPEN Q Q
— S L.
q 5 S Sp Q@ ° los
s, b4s, S 9 1 il
So — :]_- —L— - J.— cho"‘J
CLOCK C%— - = = = "
INPUT L CLOCK INPUT sy = = = — = — — — — — — — ——
= VOLTAGE I(For log only — See Nofes—S:n-d_%
CLOCK INPUT ey - e e e — e — — — — = 3v WAVEFORM -
VOLTAGE | — 1. Logical O level input current at Cp is tested with Sp, S,, and Q grounded
WAVEFORM 1 SENSE T'ME__ :0 and (P open.
1. G input diode is vemd'by grounding S, ond S, and 2. Logical 0 level input current at Sy is tested with G Cz,und Q grounded
Iyi ! 2 and (P open.
applying V. to (p I . "
. 3. Short-circuit output current at Q is tested by applying V;, fo Cp and Sp,
2. Sy input diode is fested by grounding C, and C, ond grounding C; and C,, and applying clock input.
applying V;, to S 4. Shori-circuit output current at Q is tested by applying V; 1o (p and Sp,
" ! grounding S, and S,, and applying clock input.
FIGURE 17 — 'in(l’ FIGURE 18 — lin(o) and g

t Arrows indicote octual direction of current flow.
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d-c test circuits*(conﬁnued)

o SERIES 15 830
SOLID CEIRQGUIT  SEMICONDUCTOR NETWORKS
S

PARAMETER MEASUREMENT INFORMATION
SN15 831, SN15 845, and SN15 848 SN15 831, SN15 845, and SN15 848
Vee Vee
( llcc(o) OPEN ]’ 'cc(\)
—cC, N\ J) —c, N\ g) | ‘
J— C2 Co a C2 CD 6
OPEN { ——————()CP OPEN $——Qcr OPEN
—S S
I sp @ ! s,
< . J_ OPEN —— ‘l-
— = g
FIGURE 19 — lcciqg FIGURE 20 — ¢y
SN15 833 SN15 833
— Iout
OPEN {

IinR
V. o
in
I 1 v

1. Each input is tested separately.

OPEN

FIGURE 21—V,

Each input is tested separately.
SN15 833

FIGURE 22 — 1,

SN15 844

FIGURE 23 — I

t Arrows indicate actual direction of current flow.

FIGURE 24 — V)
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SERIES 15 830
SOLID GERGUIT" SEMICONDUCTOR NETWORKS
|
| PARAMETER MEASUREMENT INFORMATION

d-c test circuits t (continued)

SN15 844 SN15 844
Ve Vee
— (E—
OPEN | OPEN< ]
Vin© —
1. Each input is tested separately.
FIGURE 25 — Iwm, FIGURE 26 — |°ufm
SN15 845 and SN15 848 SN15 845 and SN15 848
Vee Vee
[ 479 e
Cl ] ink VZ O C| 1) T
Vl CD ‘—s n CD —
A C2 Q —1<2 Q |— OPEN
Ver O— -qcrp I Ver O— -dcp ‘ln_nlf
s Q p—y Vour
1 So ;:E ,: (0) v 1 So Q —r—
V. S S v
2 O 2oL l | i 2 L Vouo
v o —) v
CLOCKINPUT e e e e e e e e o 3V CLOCK INPUT ey == o oo o o o oo e o e e o o 3v
VOLTAGE b@——— SENSE TIME = = —» VOLTAGE bk@—— SENSE TIME — = =
WAVEFORM + —-_——0 WAVEFORM + —-——=0
1. Inputs (; and C, are fested separately, 1. Inputs Sy and S, are tested separately.
FIGURE 27 — Vwﬂo, FIGURE 28 — vou?(o)
SN15 845 and SN15 848 SN15 845 and SN15 848
Vee
B Vee
Z {-—- Cy j)\ ? -— Cl
& Co
0 | —dC2 ab— Icea) S
C
Vin 00— —————qCP OPEN — 1"'_2_/ a— OPEN
z (—IS N Qp— e 9 Q .
& So S [
o | —52 ) s So
Y 4L . 2
- - = = ‘ =
VCP [lo SR =
G
Icpio)
1. V;, is applied to Sp or Cp separately. 1. Ground is applied separately to €4, C;and Sp or to 5.5, and Cp.
FIGURE 29 — ICP(o) FIGURE 30 — lepr)

FArrows indicate actual direction of current flow.
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o SERIES 15 830
SOLID GERGUIET SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-c test circuits' (continued)

SN15 845 and SN15 848 SN15 845 and SN15 848
[ G cc
v oo Y\ 4 9
OPEN cc lin(1) Co
S C 39 — < G2 e
' ' o VinO— ——Qlcp OPEN
Lin() c C, A o] T S
-— 2 4 1 S| Q-
Vin —QCP OPEN Vi o So
a S S2
wol “HT — sof | — = 71
So . 1T =
S2 S2 Ver O =
-_— v
OPEN —? '—_]7 =
Voo ‘ CLOCK INPUT =y = o e e e e e — e — 3V
T ASE !-— SENSE TIME — — =
+ -—— ()
1. Each synchronous input is tested separately by applying V;  to input under 1. Cp input diode is tested by grounding S, and S,, and by applying Vy to
test and V, fto the remaining gate input. Sp and V; to Cp.
2. Sp input diode is tested by grounding C, and C,, and by applying V, to
Cp and V; to Sp,.
FIGURE 31 — I, FIGURE 32 — I,
SN15 845 and SN15 848 SN15 850
— v Vee
Co cc [_ é
o Y\ ¢ qc Q _
lin(0) C C Co Q —5 —q e “ | sink
-— 2 2 v T
Vin o ————Qlce in O e
—-a S
S —'“{ Sy Q Q o Q9
S s Sp L arT Vout(o)
2 2
o == 7 REER |

- -L' OPEN B B =

1. Output Q is tested by grounding C and Cp, lying V. to Sq, -
1. Cp is tested with S, and S, grounded. P v 9 g L and &p, applying Vi, p: and load

ing Q.
2. Sp is tested with C; and C, grounded. 2. Output Q is tested by grounding S and Sp. applying V; to Cp, and load-
ing Q.
FIGURE 33 — I, FIGURE 34 —V
SN15 850 SN15 850

Q \" q PT, Q
PT out(l) v —
Y o S— —, :
Vinrr L/ TL n — open
Vs 0= l B J—c 3 apb—J
—————————————— 5V - So
90% ¥ ' —-d !
v WAVEFORM I IO%{‘—_ SENSE TIME = — - = | =
nePT ] 4 0

—»f ;n— t(; <50 ns
1. Output Q is tested by applying V) 1o C, V, to S, V5 to (p and Sy, and

foading Q. 1. Input PTy is tested by grounding S and applying V;;, to PT,.
2. Output Q is tested by applying V, to S, V, to C, V3 to (5 and Sp, ond 2. Input PT, is tested by grounding C and applying V; to PT,.
loading Q.
FIGURE 35 —V FIGURE 36 — I, ,;

FArrows indicate actual direction of current flow.
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SERIES 15 830

SOLID CERGUIT® SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

d-c test circuifsT(confinued)

1. Each resistor is tested separately.

FIGURE 39 — I

SN15 850 SN15 850
V
j— cC
i —
< ?
lintn) Co
o— PT. a
- - Vee V”.I o e 2 QpF—
OPEN
Iin(o) PT. CD SD
- OPEN —("12 e — PT,
Vin O— OPEN ¥ L
L ="
———ds Q p— =
PT S o———
OPEN =™ ! V.
1 _L inpT
I A o ey
= 90%" '
Vinpr WAVEFORM : 10%:‘_‘ SENSE TIME — —~=»
[ 0
—»  M—t; <50ns
1. Each asynchronous input is tested separately.
1. Each input is tested separately with all other inputs open-circuited. 2. When testing Cp ground S and apply V; py to PT,.
3. When testing Sp ground C and apply V, o to PT,.
FIGURE 37 — I, FIGURE 38 — I,
SN15 850 SN15 850
I INTERNAL Y Vee
Vcc: RESISTORS : 7]
. ? — 4T \b
[ C =
—dc \ é - PT, o Q Q los
PT. Co & —
—_— "2 a.
O -
OPENK — s al—e Youttn
—ds N\ —qrT
s : o 1 Vour
PT D = :
—_ g S =
§ 9 *

1. When testing output @ ground Sp,.
2. When testing output Q ground (p-

FIGURE 40 — Igs and 1o,

SN15 850

— ot

PT,

____qT_\

PTy

OPEN ﬁ OPEN

So

?

FIGURE 41 — I

SN15 850
OPEN Vee l'cc(l)
——-OC
Co
OPEN—(PT2
OPEN
o5
So Q
OPEN—PT
OPEN -

FIGURE 42 — Iccy,

FArrows indicate actual direction of current flow.
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d-c test circuiisT(conﬁnued)

o SERIES 15 830
SOLID GERGUIT SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

1. Output 0 is tested by applying ground separately to pins@und and
loading output 0.
2. Output 1 is tested by applying 5V to pin@and loading output 1.
FIGURE 43 — Vw?(o’

SN15 851 SN15 851
Vee Vee
OPEN T OPEN T
@ lsink 4 Nood
OPEN ONE=SHOT OPEN 0
‘sink ONE-SHOT llOdd
12 » L o
out(0) \"
5v°_.[ ]——@J-5 10 5Vo—-[ }_@ 5 X10. out(1)
= ||

1. Output 0 is tested by applying 5V to pin and loading ovutput 0.
2. Output 1 is ftested by applying ground to pin and foading output 1.

FIGURE 47 — I,

FIGURE 44 — Voum)
SN15 851 SN15 851
Ve Vee
OPEN © OPEN T
D) T OPEN D)
1. . = o\ v Iin(o)
inQl e
v L, ONE-SHOT OPEN ! ONE-SHOT OPEN
in Va 1
| b—e
OROIT ® Ok
- 1. Each input is tested separately by applying V, fo input under test and
1. Each input is tested separately. Vy to the other input.
FIGURE 45 — Iin('l) FIGURE 46 — lin(o)
SN15 851 SN15 851
VCC | VCC
OPEN sC
V.
® | e 5]
OPEN o of—-
ONE-SHOT OPEN OPEN { ONE-SHOT OPEN
1 1 —_———
ViRr—=—"2) ()¢ ® @vE
Ikt OPEN

OPEN | OPEN

FIGURE 48 — I

FArrows indicate actual direction of current flow.
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SERIES 15830 o
SOLID CLIRGUIET SEMICONDUCTOR NETWORKS

PARAMETER "MEASUREMENT INFORMATION

d-c test circuitsf(continued)
SN15 851 SN15 851
VCC Vcc
|ccl
O OPEN OPEN o Tl lec (max)
SPEN @ OPEN 11
0] 0
ONE-SHOT OPEN ONE-SHOT OPEN
[
= V] = ‘
L B ok ) &0
— OPEN |~
L open 1 OPEN
FIGURE 49 — I FIGURE 50 — lccmay)
FArrows indicate actual direction of current flow.
switching characteristics
SN15 830, SN15832, SN15 844, SN15 846, and SN15 862
Vec® INPUTT OUTPUT?
2kQ
(See Note 6)
Ry
[ ! l o
—_— ] 1 -
¢— — —{ ( See Note { *”~ — U?\lgEER
PULSE 4) TEST
GENERATOR
(See Note 3) 1 Vetotan)
L ' (See Note 2)
T T ¥+

©w

o

NOTES: 1.
. Al diodes are IN916. Use sufficient 1N916 diodes fo make Vigyoqay = 1.9V to 25V at 2 mA of current,
. The generator has the following characteristics:
s =3V, 1, < 15s, 1 < 15 ns, 1, = 300 ns, PRR = 1 MHz,
. The driving network is of the same type os the gate under fest.

INPUT

QUTPUT

TEST CIRCUIT

1.5V

1.3V

[

[

|

—= 'pd(1) }~—
t

I
I
L 1.5V

Each gate is tested separately.

v,

ou’

. Voltage values are with respect to network ground terminal.
. When testing the SN15 844, connect the 2-k$2 resistor as shown, omit all diodes,

VOLTAGE WAVEFORMS

out

|
|
= 'odlo)
4

= 50 Q.

FIGURE 51 — GATE PROPAGATION DELAY

and connect resistor R, to capacitor {, and output.
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o SERIES 15 830
SOLID QCIRCGUET SEMICONDUCTOR NETWORKS

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

SN15 831, SN15 845, and SN15 848

INPUT Vee OUTPUT

7 ! !

OPEN 1
l
Ry 2 2k
OPEN — C, \

Co
C, Q O
PULSE { P
See N I
GENERATOR ‘dCP /(\( ee Note 4) ;];cL 1t VE(total) | (See Note 2)
(See Note 1) oren_s S~ I I
ﬂ ! S Q - == E
s, ?D = =
L ‘)—K——-——J.
| 1~ 20 pF [}
OPEN T™°F ¥VF(*orcI)
! (See Note 2)
b

INPUT 1.5V 1.5V
|
!

|
| |
]

to— "pd(1) tpd(0) —o e
1

OUTPUT .5V

VOLTAGE WAVEFORMS

NOTES: 1. The generator has the following characteristics:
Vout = 3V, 1 < 1505, 0 < 1505, 1, = 300 ns, PRR = 1 MHz, 2,4 =~ 50 Q.
2. Ali diodes are 1N916. Use sufficient 1N916 diodes to make VF(h,a,, = 1.9V 1025V at 2 mA of current.
3. Voltage values are with respect fo network ground terminal.

4. Test circuit shows loading when output Q is tested. When output Q is tested, loading is interchanged as indicated by the dotted lines.

FIGURE 52 — FLIP-FLOP PROPAGATION DELAY
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SERIES 15830 ®
SOLID QIRQGUIT SEMICONDUCTOR NETWORKS

switching characteristics (continued)

SN15 850

INPUT Vee OUTPUT
Q o

Co
Q —
e ® 13 e
PULSE 2 Toee Note 4 —
GENERATOR Kl Pee Note 4) - —— T Vepora
(See Note 1) ~ 1 (See
] A S~ 1N
Q —_— ote 2)
0 o L o™
q PTh ? r__",-:—4
| =< 20
OPEN T FF ¥ VE(total)
! (See Note 2)
¥
1 1 T
TEST CIRCUIT
INPUT 1.5V 1.5V
: |
|
L oo
‘—': e 'pd(1) tod(0) —e [
L —
| I
OUTPUT 1.5V 1.5V
VOLTAGE WAVEFORMS
NOTES: 1. The generator has the following characteristics:

Vour = 3Vt < 15ms, 1 < 15 ns, b = 300 ns, PRR = 1 MHz, L,y =~ 50 Q.

. Al diodes are IN916. Use sufficient IN916 diodes to make VF("M') = 1.9V to 2.5V at 2 mA of current,
3. Voltage values are with respect to network ground terminal.

. Test circuit shows loading when output Q is tested. When output Q is tested, loading is interchanged as indicated by the dotted lines.

FIGURE 53 — PULSE-TRIGGERED BINARY PROPAGATION DELAY
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o SERIES 15830
SOLID CEROUET SEMICONDUCTOR NETWORKS

switching characteristics (continued)

SN15 851
INPUT Vec  OUTPUT 1 OUTPUT 0
o o ?
OPEN l l
Ry SR
OPEN @ < $
PULSE 0 3
IGENERATOR :
(See Note 1) | ONE-SHOT
OPEN
1 ¢
{9) 1(5)0
\_v_l
OPEN * f
< * | VE(total) CL * I VE (1otal)
I (See Note 2) I (See Note 2)
- - T I —_— =

Vin(
INPUT
Vino)
| Vouf(l)
OUTPUT 1 : 1.5V 1.5V
|
| VOU'(O)
|
|
: Vouttn)
| 1.5V 1.5V
OUTPUT 0 ! h ]
let
| pd(o)—: —+——— === Vouo
| L to ———:

VOLTAGE WAVEFORMS

NOTES: 1. The generator has the follewing characteristics:
Voen = IV, = 15ns, 1; = 15 s, to = 300 ns, PRR == 1 MHz, I, =~ 50 Q.
2. All diodes are IN916. Use sufficient 1N916 diodes to make vF[tofal): 1.9V to 25 V at 2 mA of current.
3. Voltage values are with respect to network ground terminal.

FIGURE 54 — MONOSTABLE MULTIVIBRATOR PROPAGATION DELAY AND PULSE WIDTH
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SERIES 15 830
SOLID QIRGUIET® SEMICONDUCTOR NETWORKS'

MECHANICAL DATA

general
SOLID CIRCUIT semiconductor networks are metallic and are insulated from leads and circuit.
mounted in a glass-to-metal hermetically sealed, All Series 15830 networks are available with
welded package. Package body and leads are formed leads, insulator attached, and/or mounted
gold-plated F-15% glass-sealing alloy. Approxi- in a Mech-Pak carrier.
mate weight is 0.1 gram. All external surfaces are
OUTLINE DRAWING — SEMICONDUCTOR NETWORK WELDED PACKAGE
0000000 0050
0035 | 0.013
HEEHE 1 -
0.175 REF. g §Pg g'g ©
2;'.6:4‘:?.'".') DATE
( 0.050
a /conz { f [~ voss
k - 0.150 0 0.250
L peBE 58 S [ o
e s G, R T A e o et o rted.
0.250 REF. <. Lead spacing tolerance is 0.015 at extremities and
0.005 MAX GLASS e =0.005 at package, nonaccumulative.
14 PLACES (5ee Note o) d. Lead ¢.m'.rlpin:t g:‘ lo«::: wi'hi; ;:0.005 of their
true positions relative to body centerlines.
0013 *‘ . A— 5508 ; sNo! ::’plitabhdi: Mech-Pak :mriol,' N
0013 . —fe— 0005 . Symbolization denotes orisntation of package.
0.010 Hr‘— %% — 0.003
oooooo SIDE VIEWS
Falls within TO-84 dimensions

mech-pak carrier

- *Patented by Texas Instruments

eads

nsulator

ordering

Gold-plated F-15% leads require no addi-
tional cleaning or processing when used in
soldered or welded assembly. Formed leads
are available to facilitate planar mounting
of networks on flat circuit boards. Standard
lead length is 0.175 inch. Networks can be
removed from Mech-Pak carriers with lead

NOTES:

FORMED LEADS

0.004 R 0.250 MAX.
2\ "— _'1 0.013 _:0.005
Typicol o WoTEC) §
) S TS

L__— 0.500 :+ 0.010 (NOTE B) _——J

a. All dimensions in inches.

b. Not applicable in Mech-Pak Carrier.

¢. Measured from center of lead to bottom of package where lead
emerges from body.

lengths up to 0.175 inch.

An insulator, secured to the back surface of
the package, permits mounting networks on
circuit boards which have conductors passing
beneath the package. The insulator is 0.0025
inch thick and has an insulation resistance
of greater than 10 megohms at 25°C.

The Mech-Pak carrier facilitates handling the
network, and is compatible with automatic
equipment used for testing and assembly.
The carrier is particularly appropriate for
mechanized assembly operations and will
withstand temperatures of 125°C for in-
definite periods.

NOTES: 1. All dimensions are nominal in inches unless otherwise specified.

MECH-PAK DIMENSIONS
l————

. 0.4%0
|t T oe2s :
| 0,047 D14 THRU )
| 0:080 DIA x 45° COUNTERSINK
| S0TH $iDES '
)
H 1
o 1
r 4
N 1
i : 1
b '
] ! | ]
: ] t ]
b [
toa [
[ v
0530 0 o | '
| t XXXXX )
orso 1 T . - -
! SMXXXX H
6100 ° '
o :
. '
a3 v '
i 1
i ¢
' '
| I
T '
: »-4
i '
‘! i '

ol o o030

2. Overall thickness is 0.175 and nestled height is 0.150 each.

instructions

Variations in mechanical configuration of

semiconductor networks are identified by
suffix numbers shown in a table at the right.

NO MECH-PAK MECH-PAK

. CARRIER CARRIER
Llead Length 0.175 Inch Not Applicable
Formed Leads No [No |Yes |Yes [No | Mo | Yes| Yes
Insulators No |Yes [ No |Yes |No | Yes | No | Yes
reoring None [-6 | -7 | <1 |2 |-3| 4 |-5

¥F-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 53% iron, f?% nickel, ond 17% cobalt.
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SERIES 15 830N 0
SOLID CIRGUWIT"SEMICONDUCTOR NETWORKS| !

DIODE-TRANSISTOR-LOGIC SEMICONDUCTOR NETWORKS
IN
MOLDED PLUG-IN PACKAGES

w
m
=
=
m
wn
-
©w
©
X
=]
=z

description

Series 15 830N consists of the Series 15 830 general-purpose DTL circuits mounted within a 14-pin plastic
package and characterized for operation over the temperature range of 0°C to 75°C.

features

LOW SYSTEM COST

o multifunction gates offering low cost per logic function

o electrically designed specifically for monolithic integrated-circuit technology
o plug-in configuration ideal for flow-soldering techniques

® pins on 100-mil grid spacings for industrial-type circuit-boards

PERFORMANCE

o high speed

o high d-c noise margins
o low power dissipation
e good fan-out capability

EASE OF DESIGN

e familiar logic configuration (DTL)

® single-ended output —dot-OR logic

o complete family for design flexibility
e single power supply

-]
<
-
-
m
=
z
r4
o
[~
-
[}
w
(-3
o
(-3
0
&
N
z
[*]
<
m
F4
(-3
m
x
-
4
o
(-]

specifications, logic symbols and terminal designations

Schematic diagrams, fan-out rules, maximum ratings, and electrical characteristics for Series 15 830N net-
works are identical to those of the corresponding Series 15 830 type numbers except for maximum propa-
gation delay timesi. Terminal designations for the Series 15 830N networks are shown in this data sheet.

mechanical data

Series 15 830N networks are mounted on a 14-lead frame and encapsulated within a plastic compound.
The compound will withstand soldering temperatures with no deformation, and circuit performance char-
acteristics remain stable when operated in high-humidity conditions.

NOTES: A. The true-position pin spacing is 0.100 between cen-
terlines. Each pin centerline is focated within ==0.010 0770 MAX
of its true longitudinal position relative to pins @ @ @ @ . @ o
ed 09 ) P e B e B e e e W
B. All dimensions in inches unless otherwise noted.
0.093 R (NOMINAL) — =)
0.110 (NOMINAL) —fus—uw]

0.2500.010 @@@@@ @@

0.080 (NOMINAL)

—»| |e— 0.060+0.005
¥ o020 mn

[ 0.030 (NOMINAL) 0.200 MAX v [

ST 50 H—seaTING PLanE - 0,033 MIN
I ' 0.125 MIN r‘(“ PLACES)
| —fle— 0011 = 0.003 B Il oo18=0.003
| gage | (14 Puaces) (14 PLACES)
[* <0010 ™1 Sors — e

(7 PLACES) . —_—

PIN SPACING
SEE NOTE A

FPatented by Texas Instruments
EMaximum tod and 'pdo for Series 15 830N are 5 ns higher than for Series 15830. The increase in the typical or median value is negligible.

°~ TEXAS INSTRUMENTS

INCORPORATED
SEMICONDUCTOR-COMPONENTS DIVISION
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 750]



SERIES 15 830N o
SOLID GIRGUET" SEMICONDUCTOR NETWORKS

SN15 831N, SN15 845N, SN15 848N
MASTER-SLAVE FLIP-FLOPS

TOP VIEW TRUTH TABLES
Ve NC G Cr So NC R-S MODE J-K MODE
(W[ jr2inf{wo}]9]8 ', tis 1, ty
_l l_ 50151616 Q $S5161Q
I—_—J o 0({X{O0]X]Qn 0] 0 Qn
C2 Cog 0| X[ X |0 Qn 0|10
C X|]ojo| X Qn 1 0 1
» P S cP X0 [X[0]an 11 [ @n
S2 Sp Q 01X 1 1 0
E_ o— X101 1 0
'—I |_‘ 1 1 0| X 1
—— 1 11 X{01{1
] 2 3 4 9 6 1 1 1111 Indeterminate
NC cp S S2 CcD Q GND
NOTES: 1.1, = bit time before clock pulse.
positive logic 21,4, = bit fime after clock pulse.
Low input to Sp sets Q to logical 1 3. X indicates that either a logical 1 or a logical 0 may be
present.
4. Logical 1 is more positive than logical 0.
5. For operation in the J-K mode connect S, to @, and G, to Q.
SN15 850N

PULSE-TRIGGERED BINARY

TOP VIEW TRUTH TABLES
Vee Sp NC Q C NC NC | SYNCHRONOUS ASYNCHRONOUS
(32 unijwj9ls ! th 4 DIRECT
— ML H H PULSE INPUT ouTPUT INpUT [OUTPUT
I S |C|PT,|PT, | Q Q Sp | Cp | @ Q
2 | 1 X[ X1 |Qn | On 1] 1 |Qn|Gn|
sCod € X1 [1{X[Qn |@Q@n o{1]o |1
» P2 p— o (1o x| 0 1[0 1 |o
L P o lx|o |1 1 [ oo 1 [
1> So S 1 0}X [0 |0 1
y X [o]1]o Jo 1
L ] 0 [0 |0 [0 |[Indeterminate
V{2 f{3]]4][5]||6]]|7 NOTES:
: 1. X indicates that either a logical 1 or a logical 0 may be present.
¢ NC  Q $ PTi PT2  GND 2. Logical 1 is more positive than logical 0.
Ty ’ 3. Logical states shown for pulse inputs PT, and PT, indicate that o transition fto
positive logic that state has just occurred.
See asynchronous truth table 4. Truth Iublesﬁ r.eﬂed individual conditions ot the inputs. Either direct input may be
used fo inhibit its corresponding pulse input,
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SN15 830N, SN15 832N (BUFFER), SN15 844N (POWER)

DUAL 4-INPUT NAND/NOR GATES

SERIES 15 830N
SOLID QIRCUET® SEMICONDUCTOR NETWORKS

SN15 833N
DUAL 4-INPUT EXPANDER

TOP VIEW
Vee 2D 2C  2X 28 2A2Y

Winsfjuifnjjwo|{9sgs

I
» ?_)D—

VP2l 3 tafls|ef]?
1A 1B 1X 1C 1D 1Y GND

TOP VIEW
NC 2D 2C 2X 28 2A NC

ENEEHEENE

positive logic

Y = ABCD
SN15 846N
QUADRUPLE 2-INPUT NAND/NOR GATE
TOP VIEW
Vec 4B 4A 4Y 3B 3A  3Y
Wil n 8
— a -

i

1121134 1
1A. 1B 1Y 2A 2 2Y GND

—

1 21|13 [|4]]|5(|6]([7
NC 1A 1B 11X 1C 1D GND
positive logic
X = ABCD
SN15 862N
TRIPLE 3-INPUT NAND/NOR GATE
TOP VIEW

Vee 1€ 1Y 3C 38 3A  3Y

ULNERRERVAERINER I RER NI

»

oS

|

-

RIEZIERIERIERINRIR

1A 1B 2A 28 2C 2y GND

positive logic
Y = AB

positive logic
Y = ABC
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SERIES 15 830N
SOLID GRRCUIT °SEMICONDUCTOR NETWORKS

SN15 85IN
MONOSTABLE MULTIVIBRATOR

TOP VIEW
See Note 1|

) NC

Vec. NC NC g
Wil jnijnjwo {9 sl _

k oNEeL
SHOT,

—J

A1 203lallslel]7

See
0 X A B Note 2 1 GND

NOTES: 1. Refer to the schematic diagram for using pins

@, , and @ to control one-shot pulse width.

2. Input sensitivity can be decreased by adding a
capacitor from pin @ 1o ground.

PRINTED IN U.S.A,

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.
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SOLID CIRCUILT® TYPE SN723 0
SEMICONDUCTOR NETWORKS T GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

SERIES 72 SEMICONDUCTOR-NETWORK GENERAL-PURPOSE AMPLIFIER %
for application as Z
o Comparator o Level Detector i}

o Differential Amplifier e Voltage Regulator

¢ Military & Industrial Control Systems e Analog-to-Digital Converters e Analog Computers

9961 HOYVW ‘€6v899 S-1@ "ON NI13aTIng

P v
description <@
TR T L5kA
The SN723, offering differential inputs and differential emitter- }j'l
follower outputs, incorporates a resistance network in the emitters ™
of the input stage to facilitate gain adjustment. From the wide INPUT 1 2k, {
range of total resistance available, a particular value may be {
selected by connecting the resistor-network pins in a configuration GAIN- ©@
X . . . . ! . CONTROL ouTPUTS
which produces the desired gain. Maximum-gain configuration is NETWORK 10¢410
. . . 0.55} 1k Lg g kfL 15
with pin @ shorted to pin ©. K cn 31k
INPUT 2
The SN723, one of Texas Instruments Series 72 catalog line of GROUND
linear integrated circuits, offers higher reliability, lower cost, (COMMON) e é
smaller size, and lower weight than equivalent discrete-compo- ’ @
nent circuits. Each Series 72 device is a monolithic semiconductor FREQUENCY COMPENSATION
structure comprising diffused resistors and both n-p-n and p-n-p NOTE: Component values shown are nominal.
transistors. SCHEMATIC DIAGRAM
mechanical data ORDERING INSTRUCTIONS
The SN723 is mounted in a glass-to-metal hermetically sealed NO MECH-PAK CARRIER|MECH-PAK CARRIER
welded package meeting TO-84. Leads are gold-plated F-15% Lead Length 0.175 Inch Not Applicable
glass-sealing alloy. Approximate weight is 0.1 gram. All external Formed Leads | No |No [ Yes| Yes [No | No |Yes| Yes
surfaces are metallic and are insulated from leads and circuit. Insulators No fYes| No [ Yes [No | Yes|No | Yes
The SN723 is available with formed leads, insulator attached, Ordering None(-6 | -7 |1 [-2]-3 |-4]|-5
and/or mounted in a Mech-Pak carrier. See Ordering Instructions. Suffix
OUTLINE DRAWING — SEMICONDUCTOR NETWORK WELDED PACKAGE
AP P g b pin piy T_ 0.013
EIENETE L B Frequene Frequency
0.175 ref. folleflcf|cfs e Comoens Compen-
0.165 MiN. oot SO O GND Ve, Comeer Outout
(See Note e) DATE 0050
| e R oXcXoXoko
Ll e a o350 0.510 0250
jl_—_g'@sﬁﬁﬂ I3 o140 040 |~ T o020
0.015 Y 1. 1 (See Note e) I
s
0.005 MAX GLASS (&ZSZJ.‘:';) i_
14 PLACES l
0.013 0.005
dor0 ~, o0 Raant+
oooo SIDE VIEWS
Falls within TO-84 dimensions @ @ @ @ @ @
NOTES: a. All dimensions in inches. @ hd VCcz Vv Input 2
" b, All decimals =0.005 except as noted. Gein-Control Goin-Contic!
. Lead spacing tolerance is =0.015 at extremities and
=+0.005 at package, nonaccumulative.
d. Llead centerlines are located within =0.005 of their
true positions relative to body centerlines.
e. Not applicable in Mech-Pak carrier.
f. Symbolization denotes orientation of package.

FPatented by Texas Instruments.
JF-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 53% iron, 24% nickel, and 17% cobalt.
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TYPE SN723
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

RS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply Voltages (See Note 1): A B T T T TR B ¥ RV

T T T T T S | Y]
‘Differential Input Voltage . . . . . . . ¢ ¢ . . 4t e e e e e e e e e e e e e e e e s, bV
Input Voltage (Either Input, See Note 1) . . . . . . . « v & v v ¢ & 4 v v v o v v e v v v v .10V
Duration of Short-Circuit Output Current .+ « . &« v v 4 v v v 4 o v v e e e e e e e e e 5s
Continuous Total Power Dissipation at (or. below) 25°C Free-Air Temperature (See Note 2) . . . . . . . . . .300 mW
Operating Free-Air Temperature Range . . . . . . ¢ . « « ¢« ¢« ¢« + « « « « « « + « . . 0°te 70°
Storage Temperature Range . . . . . . . . . . . 4 4 4 4 e 4 e e e e e e 4w . .—65°C to 150°C

NOTES: 1. These voltage values are with respect to network ground.
2. Derate linearly to 220 mW at 70°C free-air temperature at the rate of 1.8 mW/deg.

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONSS MIN TYP MAX| UNIT

Vp, Differential-input offset voltage , 4 15 my
e R 0 e
Yemo Common-mode output offset voltage 600 mv
lin Input current 6.5 LA
Ipy  Differential-input offset current 1 4 MA

Differential output, f = 1 k¢/s 20
Vom Maximum peak-to-peak output voltage Differential output, f = 1 ke/s, 15

Ty, = 0°Cto 70°C
Yemm Maximum mode input voltag +5

f=1ke/s 3000

f= 1kefs, Ty = 0°C to 70°C 1250

f = 1ke/s, pins @ and ® open 120

f = 1 ke/s, pin () shorted to pin ®, .

pin (® open : 800

f = 1ke/s, pin @ shorted to pin ©),
Ayp Differential voltage gain pins () and (® open 440

f = 1ke/s, pin ) shorted to pin (®,

pins () and (&) open 300
f = 1 ke/s, pin (D shorted to pin (¥), 620
pin (D) open
CMRR C mode rejection ratio f=1ke/s 80 dB
BW  Bandwidth (-3 dB) 60 150 ke/s
Z, Input impedance f=1ke/s 4 10 kQ
Z,+ Output impedance f=1ke/s 250 Q
Py Total power dissipation 100 mwW
§Unless otherwise noted, test conditions are:
Veey = +12V, Vo, = —12V, Vp, applied, no external foading; pin () grounded, pin Q@ shorted to pin & , and pins @) , @ . ® , @ and (@ open.
letter symbol and parameter definitions
Voi That d-c voltage which must be applied between the input terminals to obtain zero-differential-output voltage. The
application of this voltage balances the amplifier.
Vemo That d-c voltage level which exists between either output terminal and ground when the outputs are balanced.
kin The current into either input of the amplifier.
Ipy The difference in the currents into the two input terminals when the output is balanced.
Voum The maximum peak-to-peak output voltage swing that can be obtained without clipping when the output is balanced.
Vomiv  The maximum common-mode voltage that can be impressed on the input terminals while maintaining differential
operation. .
CMRR The ratio of the differential-mode voltage gain to the common-mode voltage gain.
BW The range of frequencies within which the open-loop voltage gain is within 3 dB of the mid-frequency value.
zZ, The impedance between either input terminal and ground with the other input terminal a-c grounded and the output
balanced.
Z,4 The impedance between the output terminal and ground when the output is balanced.
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TYPE SN723

GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER
- ______________________________________________________

TYPICAL CHARACTERISTICSS

INPUT CURRENT MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE FREE~AIR TEMPERATURE
10 40 T T T
> Differential Output
| 45| £=1kess
P
g
8 =
2 30
' \ 8 25
€ 6
%, \1\4\ 'é
3 T 20 ﬁ'—-—‘ﬂ
5 7
[-%
£ 4 ERE
, a
< £
- E 0
2 3
I s
$
0 >0
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
To — Free-Air Temperature — °C Ta — Free-Air Temperature — °C
FIGURE 1 FIGURE 2
SINGLE-ENDED VOLTAGE GAIN DIFFERENTIAL VOLTAGE GAIN
vs : vs
FREQUENCY SUPPLY VOLTAGE
80 T TTITI 5000 N
1, = 25°C Veer = -Vee2
o 70 f=1ke/s
©
l -hlh (= 4000 [ TA B 25°C
£ 60 = 5
[} N (&}
: ~ ;
50
g £ 3000
K3 N >
> _
40 \ K]
3 \ €
R 2 Z
3
® 30 £ 2000 /
© N o
o
b3 |
| 20 o 4
¢ \ < 1000
< 0
0 0
10 ke/s 100 ke /s 1 Mc/s 10 Mc/s 100 Mc/s 0 3 é 9 12
f — Frequency Supply Voltage — V
FIGURE 3 FIGURE 4

§Unless otherwise noted, fest conditions are:
Vo = +12V, Voo, = —12V, Vp, applied, no external Idading; pin@groundsd, pin@shoned to pin@, and pins®,®,®,®und®open.

8003



TYPE SN723

_GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

|
TYPICAL CHARACTERISTICS§

DIFFERENTIAL VOLTAGE GAIN INPUT IMPEDANCE
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
5000 T 20 T
f=1ke/s f=1ke/s
.g 4000 c
O x 15
& l /
2 p— | $ /
2 3000 § "
R4 o A
2 £ 10 =
:.:5 2000 é‘ //
; 1
| c
o £
N
<> 5
1000
0 0
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Ta — Free~Air Temperature ~— °C Ta — Free-Air Temperature — °C
FIGURE 5 FIGURE 6
OUTPUT IMPEDANCE TOTAL POWER DISSIPATION
Vs Vs
FREE-AIR TEMPERATURE FREE~AIR TEMPERATURE
400 ] 125
f=1ke/s
o 2 0=
| 300 i e
® s
3 g "
£ 200 °
8 e 50
E
l 8
3’ 100 |
o 25
0 0
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Ta — Free-Air Temperature — °C Ta — Free~Air Temperature — °C
FIGURE 7 FIGURE 8
§Unless otherwise noted, test conditions are:
Veoy = +12V, Voo, = —12V, Vp, applied, no exiernal loading, pin @D grounded, pin (D shorted to pin (), and pins @, &, ®.(® and @) open.

PRINTED IN U.S.A.

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
8004 IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



SoLrn crrcure’ TYPE SN7231L
SEMICONDUCTOR NETWORKS GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

SERIES 72 SEMICONDUCTOR-NETWORK GENERAL-PURPOSE AMPLIFIER
for application as

o Comparator o Level Detector

o Differential Amplifier e Voltage Regulator

® Military & Industrial Control Systems e Analog-to-Digital Converters e Analog Computers

description

Vear (70

The SN7231L offers differential inputs and differential emitter- S S sk
e

follower outputs. Two stages of differential amplification are
used to provide high gain at frequencies up to 1 MHz. A high
degree of component matching, which assures stable operation 'N’U”@L
over the temperature range of 0°C to 70°C, is achieved by the {
monolithic construction. () oureur 1
108310 ;—.@ouwurz
The SN7231L, one of Texas Instruments Series 72 catalog line of Ty 15k 215k
linear integrated circuits, offers higher reliability, lower cost, PG —
smaller size, and lower weight than equivalent discrete-compo- Soun (9
nent circuits. Each Series 72 device is a monolithic semiconductor

structure comprising diffused resistors and both n-p-n and p-n-p

transistors.

'
he,

Ve, ®
FREQUENCY COMPENSATION

NOTE: Component values shown are nominal.

SCHEMATIC DIAGRAM

mechanical data

The SN7231L package outline is same as JEDEC TO-100 except for diameter of standoff.

0.185
0.165

0335
o305 DA

-

ALL LEADS INSULATED FROM CASE BOTTOM VIEW

Vear

OUTPUT 2 OUTPUT |

r 0.230 TP
FREQ.

0.160 MAX DIA COMP. FREQ.

COMmP,

0.045

o033 00 INPUT 2

|— —L 0.028
0.040 0019 ons TP \
0010 I-’ 0.016 DA GND INPUT 1

ALL DIMENSIONS ARE Veea
IN_ INCHES
UNLESS OTHERWISE NC — NO INTERNAL CONNECTION

SPECIFIED

ahbsolute

maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply Voltages (See Note 1): Voo « v v v v v v v v v v 5 v v v e e e e e e e e e .. HISY
Yeea e e e e e e e e e e e e e e e e e e e =15V
Differential Input Voltage . . . - = A
Input Voltage (Either Input, See Nofe 1) = = [+ A
Duration of Short-Circuit Output Current . . . . e e e Ce e e e e e e e 5s
Continuous Total Power Dissipation at (or below) 25°C Free-Anr Tempera'ure (See Nofe 2) e e v v e v+ . . 300mW
Operating Free-Air Temperature Range . . . . . + « v + « & « 4« « « « « « « « « « « . . 0° to70°C
Storage Temperature Range . . . . « . . . . . . 4 . .+« .« 4 4« « . « « « . . .—65°C to 150°C

NOTES: 1. These voltage values are with respect to network ground.
2. Derate linearly to 220 mW ot 70°C free-uir temperature at the rate of 1.8 mW/ deg.

FPatented by Texas Instruments

°+~ TEXAS INSTRUMENTS

INCORPORATED
SEMICONDUCTOR-COMPONENTS DIVISION
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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TYPE SN72311
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER
L |

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONSS§ MIN TYP MAX]| UNIT

Vpy  Differential-input offset voltage 4 15] mv
Differential-input offset voltage _ ° — o

avol temperature coefficient T"m = 70°%, TA(Z) = 0% 10 Y/ deg
1 Vemo Common-mode output offset voltage 600 mV
bin Inpuf current 6.5 pA
Ipt Différenfial-inpuf offset current 1 4 pA
Differential output, f = 1 kHz 20 v

Vom Maximum peak-to-peak output voltage | Differential output, f = 1 kHz,

T, = 0°C1070°C 13
Vemim Maximum common-mode input voltage *5
X A . R =50, f=1kHz 3000
Ayp Differential voltage gain TP
R =500, f=1kHz, T, = 0 C to 70°C 1250

CMRR Common-mode rejection ratio Rg =509, f=1kHz 80 dB

BW  Bandwidth (—3 dB) 60 150 kHz
Z, Input impedance f—1kHz 4 1 kQ
rTouf Ovutput impedance f=1kHz 250 Q

Pr Total power dissipation 100 mwW

SUnless otherwise noted, fest conditions are: Vcc.‘ = 412v, Vccz = =12V, Vp, opplied, no external loading and pin @ grounded.
letter symbol and parameter definitions
A\ That d-c voltage which must be applied between the input terminals to obtain zero-differential-output voltage. The
application of this voltage balances the amplifier.
avpl Temperature coefficient averaged over the specified temperature range and defined by the equation:
avor = (Vo1 @ Tapy) — (Vpy @ Tpy)
Tam — Taw)

Yemo That d-c voltage level which exists between either output terminal and ground when the outputs are balanced.

bin The current into either input of the amplifier.

oy The difference in the currents into the two input terminals when the output is balanced.

Yom The maximum peak-to-peak output voltage swing that can be obtained without clipping when the output is balanced.

VeMmim The maximum common-mode voltage that can be impressed on the input terminals while maintaining differential

operation.

CMRR The ratio of the differential-mode voltage gain to the commmon-mode voltage gain.

BW The range of frequencies within which the open-loop voltage gain is within 3 dB of the mid-frequency value.

z, The impedance between either input terminal and ground with the other input terminal a-¢ grounded and the output
balanced.

Z. The impedance between either output terminal and ground when the output is balanced.
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TYPE SN7231L
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER

L

TYPICAL CHARACTERISTICS§

INPUT CURRENT MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
A2} Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
10 40 T T T
>| Differential Output
f=1kH
0 35 z
g
8 =
2 30
‘:(!_ \\ 5
a
| —— 3 25
€ 6
E’ \_-\ §
S 5 20
- o]
2 T
=4
£ 4 25
| E
£ =3
- E 0
x
2 3
| s
8
0 >0
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C
FIGURE 1 FIGURE 2
SINGLE-ENDED VOLTAGE GAIN DIFFERENTIAL VOLTAGE GAIN
vs vs
FREQUENCY SUPPLY VOLTAGE
80 T TTITT 5000 7
— T, = 25°C Vear = -Vee2
w 70 f=1kHz
el 0
i _ 4000 [ Ta = 25°C
£ 60 = '3
8 M
8 50 M 9
O
_? % 3000
S N\ >
- 40 N L
2 \ z y
S -
v 30 £ 2000
R} o
[=)
& |
| 2 :
n \ < 1000
z \
< 0
0 \ 0
10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 0 3 6 9 12
f — Frequency Supply Voltage — V
FIGURE 3 FIGURE 4
§Unless otherwise noted, test conditions are: Vegy = + 12V, Veey = —12V, Vp, opplied, no external loading and pin@ grounded..

8007



TYPE SN72311L

GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER
|

TYPICAL CHARACTERISTICS §

DIFFERENTIAL VOLTAGE GAIN INPUT IMPEDANCE
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
5000 T 20 T
f=1kHz =1kHz
.g 4000 c
V] x 15
) | /
g — 8 /
o c
< 3000 5 "1
= £ 10 =
o -
‘E’ 3 /
“ C
£ 2000 = "
i c
1000
0 0
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Ta — Free-Air Temperature — °C Tpo — Free-Air Temperature — °C
FIGURE 5 FIGURE &
OUTPUT IMPEDANCE TOTAL POWER DISSIPATION
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
400 I 125
=1 kHz
o Z 100F=
| 300 i T ——
c
4 o
g \ — =
i g 7
£ a
:‘:_3’- 200 g
oD & 50
| 3
5
. —
2
N 100 |
& 25
0 0
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Ta — Free-Air Temperature — °C Ta — Free~Air Temperature — °C
FIGURE 7 FIGURE 8
§Unless otherwise noted, test conditions are: Veey = + 12V, Ve, = 12V, Vp; applied, no extemal loading and pin (§)grounded,

PRINTED N U.S.A.

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
8008 IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



SOLID CIRCUIT® TYPES SN724, SN724L i
SEMICONDUCTOR NETWORKS GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

o -
SERIES 72 SEMICONDUCTOR-NETWORK GENERAIL-PURPOSE AMPLIFIERS €3
. 3 m
for application as ;;
o fo (] Ll z N
o Buffer Amplifier o Differentiator e Integrator ol
. o . ofe oY
e Multivibrator o Level Detector o Summing Amplifier %5
-
a
~
description <
=
—OVear %
Each of these networks is a general-purpose operational ampli- Sk x
fier consisting of two differential-gain stages and a single-ended 4.7k 4.7k Q z
emitter-follower output. The input stage utilizes Darlington-con- INVERTING &
nected n-p-n transistors for high input impedance. NP NON"KJE:J:NG
outruT

The SN724 and SN724L, two of Texas Instruments Series 72
catalog line of linear integrated circuits, offers higher reliability, 18
lower cost, smaller size, and lower weight than equivalent discrete nkag [ g10ka

4—0 Vec2

component circuits. Each Series 72 device is a monolithic semi-

conductor structure comprising diffused resistors and both n-p-n
and p-n-p transistors. GND (COMMON) ROLL-OFF

NOTE: Component values shown are nominal.

. SCHEMATIC DIAGRAM
mechanical data

SN724 ORDERING INSTRUCTIONS

NO MECH-PAK CARRIER]| MECH-PAK CARRIER
Lead Length 0.175 inch Not Applicable

The SN724 operational amplifier is mounted in a glass-to-metal
hermetically sealed welded package meeting TO-89. Leads are
gold-plated F-15% glass-sealing alloy. Approximate weight is 0.1

gram. All external surfaces are metallic and are insulated from Formed Leads | No [No | Yes | Yes {No |No | Yes| Ves
leads and circuit. The SN724 is available with formed leads, | lisulators No |Yes | No | Yes |No |Yes| No | Yes
insulator attached, and/or mounted in a Mech-Pak carrier. See Ordering None|-6 | -7 |-1 (-2 |-3|-4}-§
Ordering Instructions. Suffix
®OOOG TOP VIEW
g-;:g R 0.050 Falls within TO-89 dimensions ROLL-OFF  OUTPUT
0.027 REF. > repterrenis 0.03% 0.013 Vee2 Veer
¥ 3l8[i1843
0.175 REF. sllelicfie
s [P . slololet,
ee Note e) DATE K
% CODE [ ooss NC
0.150 .@ XXXXX 0.510 0.250
0.140 SNXXXX 0.490 - 0.220 NOTES: a. All dimensions in inches.
+ v (See Note ) b. All decimals =0.005 except as noted.
T—_ c. lead spacing tolerance is ==0.015 at extremities and NC NC
0.005 MAX ©0.250 REF. i +0.005 at package, nonaccumulative. ¥
GLASS (See Note e) d. Lead centerlines are located within =0.005 of their
10 PLACES true positions relative to body centerlines. 1 @ @ @
e. Not applicable in Mech-Pak carrier. GND
]« 0005 £. Symbolization denotes orientation of package. NONINVERTING INVERTING
%g:_g 0.003 INPUT INPUT
@@@@@ - SIDE VIEWS
OUTLINE DRAWING — SN724 NC =~ NO INTERNAL CONNECTION
The SN724L package outline is same as JEDEC TO-76 except for case height.
OUTLINE DRAWING — SN724L BOTTOM VIEW
e ~ROUL-OFF
0.165 0.002 -
0. 0017 =222 DIA
[_ s [ ooo .
. Vees NONINVERTING
J T INPUT
=]
0.335 0.370
0.305 O'A ST pags DA ourpurt | {(s) ‘ @)) ono
e *
0.010 %_ l Vear INVERTING
010 o INPUT
0.040 .._°M5|z°_—1
DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED NC — NO INTERNAL CONNECTION

TPatented by Texas Instruments.
EF-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 53% iron, 29% nickel, and 17% cobalt.

‘~+ TEXAS INSTRUMENTS

INCORPORATED
SEMICONDUCTOR-COMPONENTS DIVISTON
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 8009



TYPES SN724, SN7241
GENERAL- PURPOSE OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply Voltages (See Note 1):Veey o« 2 o v & v v o o o v L o 0 s e e e e s e .. 5V

Vegz e + o+ o e e e e e e e e e e e e e e e o .. —15Y
Differential Input Voltage . . . . . . . « . « . . . . .+ 4 4 e 4 e e e e e e e e e . 12y
Common-Mode Input Voltage . . . . . . . . . . . . .« + « . .« 4« v v v o o . . . . FI0V
Operating Free-Air Temperature Range . . . . . . . . . « « « « « + « « « « « . . . . . 0° to70°C
Storage Temperature Range . . . . . . . « « « + « 4 4 4 4 4 4 4 e 4 e e« o . . .=65°C to 150°C

NOTE 1: Voltage values are with respect to network ground.

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONSS MIN TYP MAX | UNIT
15 mV
Vo Differential-input offset voltage T. = 0°C 10 70°C 0 v
awufﬂﬁﬁiﬁ&ﬁﬁ““” Ta = 0°C 1070°C 30 uV/deg
lin Input Current 110 500 nA
44 nA
Ing Differential-input offset current T, = 0°C' 18 nA
T, = 70°C 70 nA
f = 1ke/s, T, = 0°C to 70°C 8 \
f=1ke/s, 12 v
i -to- kQ load,
Vom  Maximum peak-to-peak output veltage 10:91 k:/S, T, = 0°C 1o so%c 6 v
10 kQ load,
f=1ke/s n
Vemiv Maximum common-mode input voltage *5
f = 1ke/s, T, = 0°C io 70°C 400
Ay Voltage gain =1 ke/s 1200
CMRR Common-mode rejection ratio f = 1ke/s, T, = 0°C to 70°C 55 dB
BW Bandwidth (-3 dB) 60 140 ke/s
Z, Input impedance f = 1ke/s 250 800 kQ
Z ot Ovutput impedance f=1ke/s 300 Q
Py Total power dissipation No input signal, no external load 120 mwW
§Unless otherwise noted test conditions are: Vecy = +12V, Ve, = —12V, ground and Vp, applied; roll-off terminal open, no external loading. The unused input is
grounded for all tests except when common-mode characteristics are under test.
letter symbol and parameter definitions
Vo That d-c voltage which must be applied between the input terminals to obtain zero-output voltage referenced to
ground. The application of this voltage balances the amplifier.
lin The current into either input of the amplifier.
Iy The difference in the currents into the two input terminals when the output is balanced.
Vom The maximum peak-to-peak output voltage swing that can be obtained without clipping when the output is balqnced.
Vemiv  The maximum common-mode voltage that can be impressed on the input terminals while maintaining differential
operation.
CMRR The ratio of the differential-mode voltage gain to the common-mode voltage gain.
BW The range of frequencies within which the voltage gain is within 3 dB of the mid-frequency valve.
z, The impedance between either input terminal and ground with the other input terminal a-c grounded and the output
balanced.
ot The impedance between the output terminal and ground when the output is balanced.
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TYPES SN724, SN724L
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS
|

TYPICAL CHARACTERISTICSS

INPUT CURRENT MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
A\ Vs
0 FREE-AIR TEMPERATURE LOAD RESISTANCE
15
> [ 111
140 © f=1ke/s
o
\‘\ 2 Ta=25°C
o]
120 >
b ) 3
I 100 \& 510
! S /
5 N = /
: 5
2 a.
S 80 ~J ! /
: I /
< [+]
= 60 o /
I e 5
g : /
~ 40 § /
20 | {
b3 /”rr
0 0
0 10 20 30 40 50 60 70 0.1 0.4 1 4 10 40 100
Tp — Free~Air Temperature — °C Ry —Load Resistance —kQ
FIGURE 1 FIGURE 2
VOLTAGSE GAIN COMMON-MODE REJECTION RATIO
M A\
FREQUENCY FREE-AIR TEMPERATURE
]00 TrTT T TTTmr LI LR 1L R T 1117
L ‘"T 100 i
90 Ta = 25°C - f=1ke/s
©
80 I
Q
3 70 57
I 5
£ 60 - 5
3 6 dB/Octave RN
@
[} 50 (-4
g A 3%
S 40 3
| \\< 12 dB/Octave é
2 30 g
\ U o25
20 |
18 dB/Octave o
=4
10 s
I ”
0 0

Tke/s 10ke/s 100kec/s 1Mc/s 10Mc/s 100 Mc/s 0 10 20 30 40 50 60 70
f — Frequency Ta — Free-Air Temperature — °C
FIGURE 3 FIGURE 4
, §Unless otherwise noted test conditions are: Veer = +12V, Ve, = —12V, ground and Vi, applied; roll-off terminal open, no external loading. The unused input is

grounded for all tests except when common-mode characteristics are under test.
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TYPES SN724, SN724L
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS
e

TYPICAL CHARACTERISTICSS

INPUT IMPEDANCE OUTPUT IMPEDANCE
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
4.0 T 400 T
f=1ke/s f=1ke/s
3.5
c
g 3.0 j 300
| ®
3 2
o 2.5 s
<] @
3 :
o = 200
E 2.0 -
3 A £
£ - 3
| // |-
i.o e 3 100
N /-, N
—_———‘/
0.5
0 0
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
To — Free-Air Temperature — °C Tp — Free-Air Temperature — °C
FIGURE 5 FIGURE 6
TOTAL POWER DISSIPATION
vs
FREE-AIR TEMPERATURE
200
3
T 150
c
.2
k]
2
S 100
o
3
&
o
S
-
| 50
n:—-
0
0 10 20 30 40 50 60 70
Tp — Free-Air Temperature — °C
FIGURE 7
§Unless otherwise noted test conditions are: Veer = 12V, Ve, = —12V, ground and Vp, applied; roll-off terminal open, no external loading. The unused input is

grounded for all tests except when common-mode characteristics are under fest.
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TYPES SN7500, SN7501, SN7502 i
SENSE AMPLIFIERS WITH DIGITAL-LEVEL OUTPUTS

SERIES 75 HIGH-SPEED SENSE AMPLIFIERS
FOR CONVERSION OF
COINCIDENT-CURRENT MEMORY READ-OUT TO SATURATED-DIGITAL LOGIC LEVELS

application

The SN7500, SN7501, and SN7502 are
designed to detect bipolar magnetic-core-
memory signals and convert them to logic levels
compatible with standard diode-transistor logic
(DTL) or transistor-transistor legic (TTL). Defini-
tive specifications are provided for operating
characteristics over the temperature range of
0°C to 70°C.

TOSZNS ‘LOSZNS ‘00SZNS S3dAL

9961 ¥390100 ‘606899 $-1d "ON NIL3ITING

features

PERFORMANCE

TYPE SN7500 CIRCUIT BAR

® perform both time and amplitude signal
discrimination
description

The SN7500 and SN7502 are sense amplifiers
with one-shot-output circuits. The SN7500 fea-
tures a double-ended output with high fan-out
capability. The SN7502 features a variable-
threshold differential-input circuit, externally

® adjustable input-threshold voltage level

® extremely narrow region of threshold
voltage uncertainty

® good fan-out capability

® typical differential input to logic-output
propagation delay time of 50 ns

® fast overload recovery time

controlled output pulse width, and a single-
ended output capable of performing dot-OR
logic.

The SN7501 is a sense amplifier with flip-flop
output circuit. It also features a variable-thres-
hold differential-input circuit. Functions of the
internal R-S flip-flop include direct reset and
complementary outputs.

EASE OF DESIGN

® choice of output circuit function
® TTL or DTL drive capability
® standard logic supply voltages

All three networks incorporate a strobe input
so that threshold detection will occur when the
signal-to-noise ratio is at a maximum.
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TYPES SN7500, SN7501, SN7502
SENSE AMPLIFIERS WITH DIGITAL-LEVEL OUTPUTS

design characteristics

Series 75 sense amplifiers have been designed for use
with coincident-current memory systems. The sense ampli-
fiers detect bipolar differential-input signals from the
memory and provide the interface circuitry between the
memory and the logic section. The low-level pulses orig-
inating in the memory are transformed into logic levels
compatible with the logic section.

A distinct feature of these amplifiers is the extremely
narrow region of uncertainty of the threshold circuit.
This is accomplished by the high over-all gain coupled
with a regenerative output stage. The threshold level of
the design is well-defined and any change in this level
due to temperature or external reference control can be
readily predicted.

A strobe or enable gate is included in the design so the
threshold detector can be enabled when the signal-to-
noise ratio is a maximum during the system read cycle
and inhibited during the write cycle.

The output circuits are designed to be compatible with
the available DTL and TTL integrated logic circuits and
are characterized for operation with these devices.

circuit operation

8502

The basic Series 75 sense amplifier circuit is shown in
figure A,

Veer

CML
OuTPUT

-
\T

Viet

INPUTS

Ul

\1 STROBE
N s v

v
cc2 T STROBE AND 4
INPUT AMPL THRESHOLD—efe REF AMPL.

™y

FIGURE A — BASIC SERIES 75 SENSE AMPLIFIER CIRCUIT

The differential-amplifier outputs are used as inputs for
a current-mode-logic (CML) circuit. The reference voltage
for the CML circuit is determined by the reference ampli-
fier which is common-mode coupled to the input amplifier
through the current sources. This common-mode loop
stabilizes the reference-amplifier output voltage with
respect to the input-amplifier output voltage. The design
voltage levels are such that the reference voltage is
positive with respect to the amplifier output voltage
levels by an amount directly related to the threshold
voltage. The result is that the CML output voltage is high
if no differential-input voltage is present. A differentidil-
input voltage large enough in amplitude to swing one
amplifier output voltage more positive than the reference
voltage will switch the CML circuit, thus causing a nega-
tive voltage transient at the CML output. The strobe
transistor enables or inhibits action of the CML circuit.

input threshold voltage

Since the input threshold voltage is related to the ref-
erence-amplifier output voltage, the threshold voltage,
developed across resistor Ry (figures A and B) in the
SN7500, can be made externally adjustable by provid-
ing a method to vary the reference-amplifier input vol-
tage. The reference input terminal (V,,g is provided on
the SN7501 and SN7502 to allow external generation
of the reference voltage.

SN7500

The SN7500 sense amplifier with one-shot output re-
quires no external components for operation in a con-
ventional 2-us memory. The circuit is shown in figure B.

Veer @ <Ir
1R
pa % TEST POINT
INPUT(}) |
@
SIGNAL ®
GND .
INPUT (0§
-
outeuT

N/

2.3
X
o @ - Pt

Veca @

@ GND

FIGURE B — SN7500 SCHEMATIC DIAGRAM

The SN7500 incorporates a one-shot to provide regen-
eration and to extend the output pulse width. The pulse
width is established internally by the time constant of
the R,C, combination. To minimize the external circuitry,
sense-line terminations to a signal ground are included
in the design. Since these resistors are fabricated using
standard diffusion processes, they will exhibit a tempera-
ture coefficient of approximately 4 0.2 percent per
centigrade degree. Match of the two termination resis-
tors is nominally 2 percent.

The threshold voltage of the SN7500 is nominally 17
mV, a value chosen to be compatible with most coin-
cident-current memories in the 2-us range. The threshold
reference voltage (V. is generated internally to elim-
inate the need for external components.

The output is an inverting, double-ended (totem-pole)
circuit providing capability for sinking load current or
supplying source current. This output will drive high-
capacitance loads with good rise and fall times with
little degradation in output waveform.

SN7502

The SN7502 is very similar to the SN7500 in function
and design, except that external components are utilized
to increase the flexibility of the circuit. Figure C shows
the circuitry for the SN7502.



TYPES SN7500, SN7501, SN7502
SENSE AMPLIFIERS WITH DIGITAL-LEVEL OUTPUTS
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FIGURE C — SN7502 SCHEMATIC DIAGRAM FIGURE D — SN7501 SCHEMATIC DIAGRAM

Unlike the SN7500, the output-pulse width of the
SN7502 can be varied by C,,; and the input-threshold-
voltage level can be adjusted by V,,.. Dual DTL strobe
inputs increase strobing flexibility and an inverting,
single-ended output stage is used to provide a wired-OR

Both the stored information and its complement appear
in the flip-flop after reading from the memory and are
available as inputs to the logic section.

output drive capability

output capability. The SN7502, when connected to oper-
ate with minimum output pulse width, can be used in
the 1-ys memory range.

The output circuits for the SN7500, SN7501, and
SN7502 feature the ability to both sink or supply load
current. This capability permits direct use with both DTL-

and TTl-type loads.

input current recquirements

Input current requirements reflect worst-case conditions
for T, = 0°C to 70°C and Vg = +5V, Vg, =

SN7501 -5V, and V;, as indicated in the table.

The SN7501 sense amplifier offers maximum flexibility. INPUT CURRENT REQUIREMENTS
The device includes a flip-flop with a direct reset capa- TYPE INPUT Vin lin (MAX)
bility and complementary outputs. The flip-flop is "’set”’ SN7500 Strobe 26V 2.5 mA
by a differential input greater than the input-threshold- Strobe or 5V 5 1A
voltage level which may be adjusted by the external SN7501

. . Reset ov -1.6 mA
V. o¢ supply. Figure D shows the circuit for the SN7501. 5V 5 A
The flip-flop output circuit can be used as a temporary L

SN7502 Strobe

data storage element. ov -1.6 mA

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply Voltages:
VEEr + o e e e e e e e e e e e +7V
Voer + « o e e e e e e e e e RN AV
Vief = = « o« o v e e e e e +7V

Strobe and Reset Input Voltages . )\ 2

¢« e+« e+« . . . . 0°Cto70°C
. —65°C 10 150°C

Operating Free-Air Temperature Range

Storage Temperature Range

. e s e & e e e e s+ .

NOTE: Voltage values are with respect to network ground terminal.

logic definition
Standard POSITIVE LOGIC with the following definitions is used for specifying digital-level signals:

LOW VOLTAGE = LOGICAL 0
HIGH VOLTAGE = LOGICAL 1

8503



TYPE SN7500 |
SENSE AMPLIFIER WITH ONE-SHOT OUTPUT

schematic

SIG.GND Vee; 1.7

) ®

Veer @ ' T Pin@®
1 i 1 No Internal Connection
|
INPUTQD) @ 1EsT POINT ONE-
SIGNAL
onp @ .l R ,f SHOT

®
r©
=
©

INPUT 40

> ] { ‘2—@ ouTPuUT NC
o s 1 .
e oNoNORORO

Vee2 GN

s

w
—
Pad
@]
oz
m
(v

NC — no internal connection
No external connection should be made to pin @ .

recommended operating conditions

Supply Voltages:  Veey -« & v v v o v 0 0 v 0 o e i v e e e e e e e e .. 45y
Vecs + «+ e e e e e e e e e e e e e e e e e e e e .. BN

Strobe Input Voltages: Logical O Level . . . . . . . . . . . . . . . . . . . . . 0to405V
logical 1 Level . . . . . . . . . . . . . . . . . . .. +2Vio+5V

electrical characteristics (unless otherwise noted, Vcciy = + 5V, Ve, = -5V, T, = 0°C to 70°C)

TEST

PARAMETER FIGURE TEST CONDITIONSY} MIN TYP MAX | UNIT
v Differential-input threshold voltage 10 30 my
T (see note 1) 1 T, = 25°C 10 17 30 mY
T, = 25°C
Strobe Input:
v Common:mode-input firing voltage Viis = 2.6V
CMF  (see note 2) Common-Mode Input Pulse: 2 \"
t, =t = 50 ns,
tolimg = 150 ns
Voupr) Logical 1 output voltage 2 lioag = —8 mA 2.6 \
Vautio) Logical 0 output voltage 3 ik = 8 MA 0.4 v
Iin(‘)S Logical 1 level strobe-input current 4 Vins = 2.6V 1.2 25 mA
i Differential-input d-c resistance 6 Supply voltages are not applied | 150 200 300 Q
lcoy Veer supply current 7 15 mA
lccz Vee, supply current 7 -10 mA

FSignal-ground terminal is open.

NOTES: 1. The differential-input threshold voltage (Vq) is defined as that pulse or d-c input voltage (V;) just sufficient to cause the output to switch. For testing and corre-
lation purposes a d-c input voltage is desirable.

2. Common-mode-input firing voltage is the common-mode voltage that will exceed the dynamic range of the input at the specified conditions and cause the oufput
fo switch. The specified common-mode-input signal is applied with a strobe-enable signal present.

8504



TYPE SN7500

SENSE AMPLIFIER WITH ONE-SHOT OUTPUT
L

switching characteristics, Ve = + 5V, Vec; = -5V, T, = 25°C

PARAMETER FIGURE TEST CONDITIONS} MIN TYP MAX | UNIT
Propagation delay time V.. = v = 15 oF
todo)p  to logical O level 8 o = S0 mV, € P 50 125 ns
(differential input-to-output) Lin = 8 mA
Propagation delay time _ _
todio)s  to logical O level 9 Vip = 50mV, €, 15 pF, 45 100 ns
(strobe input-to-output) lix = 8mA
tor0) Logical O output pulse width 8 Vip = 50mV, C_ = 15pF, 200 500 800 ns
L = 8mA
t Differential-input overload Differential Input Pulse: 20
orD recovery time (see note 1) Vip =2V, t,. =t =20ns ns
' Common-mode-input overload Common-Mode Input Pulse: 20 ns
orCM  recovery time (see note 2) Viem = *=2V,t, =t = 20ns
teyemin) Minimum cycle time ts = 100 ns 1.5 us

*Signal-ground terminal is open

NOTES: 1. Differential-input overload recovery time is the time necessary for the device to recover from the specified differential-input overload signal prior to the strobe-
enable signal.
2. Common-mode-input overload recovery time is the time necessary for the device fo recover from the specified common-mode-input overload signal prior to the
strobe-enable signal.

TYPICAL CHARACTERISTICS

THRESHOLD VOLTAGE QUTPUT PULSE WIDTH
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
30 T T 7w | T
Year=+5 VY Vee =¥ V
Vee= -5V 650 I— Veca=-5V
25 b— 2 cc2
(See figure 1) C, =15pF
> 2 —
f f 600 Isink'_' 8 mA
° 20 é (See figure 8)
\——-—"_——__ 2 I
_g £~ M
g 2
£ 3 450
=
[ [ ﬁi
- °
s )
< 400
5
350
0 300
0 10 20 30 40 50 60 70 0 10 20 3 40 50 60 70
T, —Free-Air Temperature—°C Tp —Free-Air Temperature—°*C
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TYPE SN7501
SENSE AMPLIFIER WITH FLIP-FLOP OUTPUT

schematic

Vear®

INPUTS

Vee@

recommended operating conditions

(®

J

l®

.

7

e

3 STROBE

Y

Supply Voltages:  Veey

VCCZ

O

GND

F T
Strobe and Reset Input Voltages: Logical O Level .

Logical 1 Level .

- @ Vref
}—1~—@ RESET

REF  Vecy RESET

ONOROXNO,

)
[2)

w
2]

®

..

Veez

L
®

STROBE GND

positive logic

High input to reset Q to logical 0.

+5vV

. . . . =5V
. +38Vto +5VY
Oto +0.8V
+2Vto +5V

electrical characteristics, Vco; = + 5 V, Vce; = =5 V (unless otherwise noted, T, = 0°C to 70°C)

NOTES: 1.

8506

PARAMETER FIGURE TEST CONDITIONSt MIN TYP MAX |UNIT
T, = 0°C 12 20 mV
Vi Differential-input t]hreshold I T, = 25°C 14 20 my
voltage (see note 1) T, = 70°C 14 24 =y
T, = 25°C
Common-mode inpyt firing Strobe Input:
Veme | ( 2) Vis = 2.6V 2 v
voltage (see note Common-Mode-Input Pulse:
t, = t; = 50 ns, fp='|50ns
Voutpyy Logical 1 output voltage 2 licad = —1 mA 2.6 v
Vouto) Logical 0 output voltage 3 i = 4 mA 0.4 v
Logical 1 level strobe _
lint1) or reset input current 4 Vin=35V 5 1A
Logical 0 level strobe
I"‘m or reset input current 5 Vin =0 -1.6 mA
Differential-input impedance _
Zind (see note 3) f=1kHz 5 0
lccy Veer supply current 7 18 mA
leca Veea supply current 7 -10 mA
Lot Vs sUPPly current 7 2.5 3 mA
TV“‘ = -4V

The differential-input threshold voltage (Vy) is defined as that pulse or d-c input voltage (V) just sufficient to cause the output to switch. For testing and
correlation purposes a d-c input voltage is desirable.

to switch. The specified common-mode-input signal is applied with a strobe-enable signal present.

. Common-mode-input firing voltage is the common-mode voltage that will exceed the dynamic range of the input af the specified conditions and cause the output

. The differential-input impedance parameter is shown for reference only. This input impedance will not appreciably shunt a low impedance sense-line termination.




TYPE SN7501
SENSE AMPLIFIER WITH FLIP-FLOP OUTPUT

switching characteristics, Vccy — 4+ 5V, Ve, = -5V, T, — 25°C

PARAMETER FIGURE TEST CONDITIONS} MIN TYP MAX | UNIT

Propagation delay time V.. =30mV, C = 15pF

toanpp 1o logical 1 level 8 o a OmuAI« L PF, 45 75 ns
(differential input to output) foad =
Propagation delay time V. — 30mV C = 15oF

todiop  to logical O level 8 L mx ot Pt 45 75 | ns
(differential input to output) sink
Propagation delay time _— C = 15pF

toaur  to logical 1 level 8 Y"‘D < E?om\;: L PF: 20 75 ns
(reset input to output) load = K
Propagation delay time V.. — 30 mV C = 15 pE

todoir o logical O level 8 I f"D — 4 m:\l ! L P 20 75 ns
(reset input to output) sink
Propagation delay time o —

tognys  to logical 1 level 9 Y'"D < 3(1)0va G =15¢F 45 75 ns
(strobe input to output) foad = —IU H
Propagation delay time - Cc =

todoys  to logical O level 9 :/'"D _ 30 :V, 15 pF, 45 75 ns
(strobe input to output) sink = 4 M

' Differential-input overload Differential Input Pulse: 20

orD recovery time (see note 1) Vio =2V, t =t =20ns ns

r f

N Common-mode input overload Common-Mode Input Pulse: 20

orCM  recovery time (see note 2) View = £ 2V, t, =1t;,=20ns ns

feyclmin) Minimum cycle time t,s = 100 ns, t,r = 100 ns 0.7 us

Tvre' = +4v

NOTES: 1. Differential-input overload recovery time is the time necessary for the device to recover from the specified differential-input-overload signal prior fo the strobe-
enable signal.
2. Common-mode-input overload recovery time is the time necessary for the device to recover from the specified common-mode-input overlood signal prior to the
strobe-enable signal.

TYPICAL CHARACTERISTICS

THRESHOLD VOLTAGE THRESHOLD VOLTAGE
vs vs
REFERENCE VOLTAGE FREE-AIR TEMPERATURE
70 T T 30 L
VCC\ =45V Vear = +5V
Vec2= -5V Vee2=-5V
60 o 4 25k
T, =25°C Vigg =+4V
>E 50 (See figure 1) » >E (See figure 1)
! / L 20
o ©
e
3 §’ ===
s 4 3 _'-——"J"/
> > ————'
o / o 15
° 2
ﬁ 30 :
H £
"f / o0
- 20 -
s // =
10 3
0 0
3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 0 10 20 30 40 50 60 70
V,ef — Reference Voltage =V Tp —Free-Air Temperature ~ °C
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TYPE SN7502

SENSE AMPLIFIER WITH ONE-SHOT OUTPUT

schematic

VCC 1 @7” T

(@

INPUTS

L

Vee2(®

recommended operating conditions

Supply Voltages:

VCC1
vCCZ

ST S
Veer / STROBE,

ref

ONONCRONONO

\R,

xt

|

NC ]

|

|
o ONE- *

SHOT |

| l

|

NC {

NC
]
ONONONOROXNO. @
ccz STROBE GND Cont
NC-— No Internal Connection

+5V

-5V

143Vt 45V

£ - e e .
Strobe Input Voltctges:re Logical O Level . . 0tc08V
Logical 1 Level . . +2Vto +5V
Value of External Resistor and Capacitor: R, .2k 5%
Cext 47 pF minimum
electrical characteristics, Vcc; = + 5 V, Vco; = =5 V (unless otherwise noted, T, — 0°C to 70°C)
PARAMETER FITGEI.SIRE TEST CONDITIONS} MIN TYP MAX | UNIT
‘ " | b reshold C.y = 47 pF, T, = 0°C 14 24 mV
Differential-input thresho — o Eo
Vy voltage (see note 1) 1 Ceyt = 47 pF, T, = 25°C 17 24 mV
C.+ = 47 pF, T, = 70°C 17 27 mV
C.+ = 47 pF, T, = 25°C
Veme  Common-mode input firing voltage S"ij Input:
(see note 2) Vis = 2.6V 2.5 v
Common-Mode Input Pulse:
t. =t = 50ns, t, = 150 ns
Voupy Logical T output voltage 2 Loag = —150 pA 2.6 v
voui(o] Logical 0 output voltage 3 i = 15 mA 0.4 \'
Logical 1 level strobe _
ling) input current 4 Vin =5V 5 A
Logical O level strobe
foto input current 3 Vins = 0 -1 -16 mA
Differential-input impedance .
ZinD (see note 3) f=1kHz 5 ka
lcar Veer supply current 7 15 mA
leca Ve, supply current 7 -8 mA
Lot V,.¢ supply current 7 2.5 3 mA

Ve = +45V and R,y

= 2kQ

NOTES: 1. The differential-input threshold voltage (V) is defined as that pulse or d-c input voltage (V) just sufficient to cause the output to switch. For ftesting and

correlation purposes a d-c input voltage is desirable.

2. Common-mode-input firing voltage is the common-mode voltage that will exceed the dynamic range of the input at the specified condifions and cause the output” to

switch. The specified common-mode-input signal is applied with a strobe-enable signal -present.

3. The differential-input impedance parameter is shown for reference only. This input impedance will not appreciably shunt a low-impedance sense-line termination.
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TYPE SN7502
SENSE AMPLIFIER WITH ONE-SHOT OUTPUT
|

switching characteristics, Vcci = + 5V, Vec, = -5V, T, = 25°C

PARAMETER FICURE TEST CONDITIONS} MIN TYP MAX |UNIT
Propagation delay time _ C —
taop  to logical O level 8 :’i"D - ]3: mZ' L= 19pF, 60 100 | ns
(differential input-to-output) sink ™ m
Propagation delay time _ _
toams to logical O level 9 Y"*D = ]32 ’"X’ G = 15pF, 50 100 | ns
(strobe input-to-output) sik = 19 M
Logical 0 output pulse _ _
10 wigih putp 8 Vip = 30mV, I, =15mA [150 300 | ns
R Differential-input overload Differential Input Pulse: 20 ns
orD recovery time (see note 1) Vio =2V, t, =t = 20 ns
t Common-mode input overload Common-Mode Input Pulse: 20 ns
orfCM  recovery time (see note 2) Vieew = =2V, t, =1 = 20ns
teyeimin) Minimum cycle time tos = 100 ns 1.5 us

TVt = +45V, Ry = 2k and Cp = 47 pF

NOTES: 1. Differential-input overload recovery time is the time necessary for the device to recover from the specified differential-input-overload signal prior to the strobe-enable

signal.
2. Common-mode-input overload recovery time is the time necessary for the device to recover from the specified common-mode-input-overload signal prior to the strobe-
enable signal.
TYPICAL CHARACTERISTICS§
THRESHOLD VOLTAGE THRESHOLD VOLTAGE OUTPUT PULSE WIDTH
vs ' vs A
REFERENCE VOLTAGE FREE-AIR TEMPERATURE EXTERNAL CAPACITOR VALUE
50 v 30 3.0 — T
Cexi= 47 pF Viet = 4.5V Viet = 4.5V
> “
E 4o LTa=25°C T 25 |-Cexr= 47 pF T 2.5 FTa=25C 7
| 40— / | s
° (See figure 1) ° (See figure 1) s (See figure 8)
? 2 20 ;_ 2.0 /
= 30 =
S 4 2 £ /
3 / ) 15 < 1 /
£ 2 2 Yy
g / g 10 5 1.0
i /| T 7
> R 205
0 0 0
4.0 4.2 4.4 4.6 4.8 5.0 0O 10 20 30 40 50 60 70 0 200 400 600 800 1000
V,ef —Reference Voltage—V T, — Free-Air Temperature — °C Cext — External Capacitor Volue —pF

§Veor = + 5V, Voo, = 5V, and Ry = 2KQ.
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TYPES SN7500, SN7501, SN7502

SENSE AMPLIFIERS WITH DIGITAL-LEVEL OUTPUTS

PARAMETER MEASUREMENT INFORMATION

d-c test circuitst

(See Notes 1 and 4)

Veer
TEST (See Notes
e Coxt POINT (SN7500) 3 ond 4)
i» (SN7502) (SN7502) OPEN OUTPUT
------ ----
4

(SIG GND
Vin SN7500)
T OP?EN
- 1 INPUT, i
| INPUT2

STROBE,
I | }STRO BE2(SN7502)—

& g_l\l:acl p(l;':‘;uu——

\_v_l

L__OUTPUT

(Q OF SN7501)

|- Q OF SN7501

STROBE AND
RESET INPUTS
(See Note 2)

. Both inputs are tested with voltages of the same polarity.
. Strobe and reset input pulses are as shown in figure 8.

. Both outputs are tested.

- W N

correlation purposes o d-c input voltage is desirable.

Vecg Viet (SN7501, SN7502)

FIGURE 1

- The differential-input threshold voltage (Vy) is defined as that pulse or d-c input voltage (V;) just sufficient fo cause the output (or outputs) to switch. For ftesting and

Vear

Cext (SN7502)

 Rext  TEST POINT (SN7500)
(SN7502) OPEN

AA

STROBE, ‘ OUTPUT
TROBE,(SN750 ('Q OF SN7501) ma
RESET (SN7501)
INPUT, ‘
INPUT, L Q OF SN7501
GND Vout (1)
OPEN

(S1IG GND SN7500)

Vecz Vet (SN7501,SN7502)

1. When festing the SN7501, the output under ftest is set tfo logical 1 by
applying a momentary ground to the opposite output.

2. Each output of the SN7501 is tested separately.

FIGURE 2

Veer
o
1 Rox' Cevxi (S N7502)
(SN7502)  TEST POINT (SN7500)
TROBE, =
L OUTPUT
STROBE(SN7502) (Q OF SN7501)
RESET (SN7501)4
INPUT,
INPUT, =
~Q OF SN7501
GND °
OPEN Vout (0)
(SIG GND SN7500)
L Vecz  Vres (SN7501,SN7502)

1. When testing the SN7501, the output under test is set to logical 0 by
applying o momentary ground to the output to be fested.

2. Eoch outpur of the SN7501 is tested separately.

FIGURE 3

FArrows indicate actual direction of current flow.
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TYPES SN7500, SN7501, SN7502

SENSE AMPLIFIERS WITH DIGITAL-LEVEL OUTPUTS

PARAMETER MEASUREMENT INFORMATION

d-c test circuitst (continued)

1. Each logic input is tested separately.

Vear
(o)
Con (SN7502)
Vin R TEST POINT
b I (SN7500)
L Q(SN7502) opEN
|;"ln
STROBE
STROBE 2 (SN7502) G oF SN73on)
& RESET (SN7501) OPEN
) INPUT, S oF
z INPUT, — -
Q GND SN7501
wy
3 OPEN
5 {SIGGND
+ 2 SN7500)

Vecz Voot (SN7501, SN7502)

Veer
? v Veer
o % ? Cos (SN7502)
a5 TEST POINT
2% :_R-u (SN7502)
=] L *(SN7502) OPEN
STROBE OuTPUT
L | STROBE2 (SN7502) 0 OF SN7501)
RESET (SN7501)
INPUT, OPEN
INPUT, ‘ 8 oF __
GND SN7501
OPEN
(S1G GND
SN7500)

Veea Voot (SN7501, SN7502)

1. Each logic input is tested separately.

FIGURE 4 FIGURE 5
Ve (OPEN) Vear
<)
l lecy Cext (SN7502)
(SIG GND TEST POINT
(SIG GND) TEST POINT SN7500) SRext  (SN7500)
OPEN OPEN OPEN $ (sN7502) OPEN
o Q
, INPUT, ‘ INPUT, ouTPUT
fin® [}mwr, — -OUTPUT—— OPEN INPUT, O OF SN730T)
~STROBE —— STROBE,
OPEN SN7500 STROBE (SN7502) OPEN
RESET(SN7501)—  Bor
=GND —— GND SN7501
|ref
Vee2 e Veca Veet (SN7501, SN7502)
(OPEN)
FIGURE 6 FIGURE 7

*FArrows indicate actual direction of current flow.
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TYPES SN7500, SN7501, SN7502

SENSE AMPLIFIERS WITH DIGITAL-LEVEL OUTPUTS
-

PARAMETER MEASUREMENT INFORMATION

switching characteristicst

Veer
o
R c TEST
S Rea e POINT (SN7500)
Ve S(SN7502) (SN7502) OPEN OUTPUTS
(SEE NOTE 1) E: _____ #---—0 L) A
STROBE | —— T
L ourruT— ——='o
Vins STROBE 2 (SN7502)7 (© OF SN7501) *—— lsink
V; . O—RESET(SN7501) ]
INPUT,
V.
ino () INPUT, - —— foad
e S S RN Q OF SN7501 »
| S S sink_
| 100 2 ¢ <100 : -
! A | C. RC,
! = I (SIG GND I ’
) 1= 5"f°°) Veca Vier (SN7501, SN7502) = =

TEST CIRCUIT

STROBE INPUT Vis H1.5V 1.5V
(SEE NOTE 2) I

RESET INPUT
(SEE NOTE %)

DIFFERENTIAL

I
|
INPUT |
|
' 0
|
f———— e — ——— — —— Vout(1)
|
OUTPUT @ | 1.5V : I 1.5V
: —.{"M(O)R Iﬂ— Vout(0}
SN7501 |
OUTPUTS ) ’ —.:'pdmk 7 Vourta)
_ |
ourrurg ! 1.5V 1.5V
L | rN~— e Vout(0)
'pd(o)o—ﬂ [ o
: Vout (1)
SN7500 OR SN7502 : 1.5V 1.5V
OUTPUT
tpal0) ! : -—l' _______________ Vout (0)
| P—* to(0) ——ml

VOLTAGE WAVEFORMS
NOTES:

1. Each strobe input of the SN7502 is tested separately. The unused strobe input is connected to Veer-

2. Strobe input pulse characteristics: V;,g = 3V, 1, = t; = 20 ns.

3. Reset input pulse characteristics: Vor =3V, 1, = t, = 20ns.

4. Differential-input pulse characteristics: f, = t; = 20 ns, PRR = 100 kHz, source impedance = 50 Q.
5. Alb 1, and t¢ specifications are from the 10% to 90% levels.

FIGURE 8 — DIFFERENTIAL AND RESET INPUT-TO-OUTPUT PROPAGATION DELAY TIME

FArrows indicate actual direction of current flow.
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TYPES SN7500, SN7501, SN7502
SENSE AMPLIFIERS WITH DIGITAL-LEVEL OUTPUTS
-

PARAMETER MEASUREMENT INFORMATION

switching characteristicsi (continued)

Veer
o
R c TEST
b oxt ent POINT (SN7500)
Vear $(sN7502) (SN7502) OPEN oureuTs
(SEE NOTE 1) & ----- #---— o
STROBE ; ——| T
PUT o Niood_
Vs STROBE (SN7502) (O%gTsr:Jml) ma— ey
Vinr O—RESET(SN7501)—
INPUTy ]
Vieo () INPUT, - i
FT773 T8 T 77 —6No -Q OF SN7501 o
sin
I woeg 2woe : -— J-
! T | < 7RC,
: = | (S1G GND I I
IS SN7500) 'y v, (SN7501, SN750 = =
| SN7501 AND SN7502 ONLY L ez Vet ( . 2

TEST CIRCUIT

DIFFERENTIAL
INPUT
(SEE NOTE 2) 0
STROBE INPUT V.
(SEE NOTE 3)
: 0
|
|
RESET INPUT |
(SEE NOTE 4) |
|
' 0
|
t
. pd(11S -} }e— ————————— Vourt1)
|
: 1.5V
SN7501 < Vout (0)
OUTPUTS Vout(1)
= 1.5V
| |
————————— V.
tpd(0)S ——{ :<— o)
- Vout (1)
SN7500 OR SN7502 |
outpuT ! '3V 18V
| ] !
R j ' _‘ ————————————— Vout (0)
palols | l— to(0) —dm

VOLTAGE WAVEFORMS
NOTES: 1. Each strobe input of the SN7502 is tested separately. The unused strobe input is connected to Ve,
2. Differential-input pulse characteristics: . = t; = 20 ns, PRR = 100 kHz, source impedance = 50 Q.
3. Strobe-input pulse characteristics: V(s = 3V, t, = t; = 20 ns.
4. Reset-input pulse characteristics: V,.p = 3V, t, = t; = 20 ns.
5. All t and t; specifications are from the 10% to 90% levels.

FIGURE 9 — STROBE-INPUT-TO-OUTPUT PROPAGATION DELAY TIME

FArrows indicate actual direction of current flow.
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TYPES SN7500, SN7501, SN7502
SENSE AMPLIFIERS WITH DIGITAL-LEVEL OUTPUTS

TYPICAL APPLICATION DATA

coincident-current memory application

8514

FROM

REGISTER

This application fully utilizes the flexibility of the SN7501
in a typical coincident-current memory design. See fig-
ure 10.

One SN7501 sense amplifier is used to read-out the
information from one plane (up to 4096 cores) of the
memory, representing one bit in a stored word. A word
is read-out by reading one bit from each plane in
parallel. A location is selected by coincident currents
in approriate x and y address lines. Cores in the “one”
state switch to the ‘‘zero” state causing voltage pulses
on their sense lines. Cores in the “zero” state do not
switch but cause smaller amptitude voltage pulses on
their sense lines. The sense amplifiers discriminate be-
tween these pulses representing stored logical “ones”
and stored logical “’zeros.”

Since read-out is destructive, the information destroyed
by read-out must be rewritten into the memory if it is
to be retained for future use. A memory usually incor-

porates an inhibit register for this purpose. An impor-
tant advantage of the SN7501 is that it contains a flip-
flop that can be used as the inhibit register for its
plane. “Ones’ read from the memory “set’’ the flip-flops
while ““zeros’” leave the flip-flops in their initial state.
After read-out, therefore, the flip-flops of the SN7501's
contain the information that was stored in the selected
location. Since both outputs of the SN7501 flip-flops are
brought out, both the selected word and its complement
are available for use in the logic. The word thus stored
in the SN7501’s is available for use with the logic and
for feedback to the inhibit drivers until a reset pulse
clears the register prior to the next word read-out.

The variablesthreshold capability of the SN7501 further
extends its usefulness by allowing an optimum setting of
the threshold level for a particular memory design. The
threshold levels of the SN7501’s in a memory may be
adjusted either individually or in parallel.

A

EXPAND TO DESIRED

NHIBIT DRIVERS
WRITE : _— MEMORY SIZE
PLANE A
) ' N
| !
] i :
PLANE ! o
A 1
3 —0
]
PLANE ""
Y- SELECT Az 1
SWITCHES H °
o o | ourrurs
PLANE | S TO
A Fe——1——
: . ' oo ] ' REGISTER
1 |
' ﬁi' o
t +—e O
o - - -y l I
i —=_|__.
[ o SN7501 |
i
controL| ] ' : o
| | P
X - SELECT = _1__J
SWITCHES STROBE RESET

FIGURE 10 — COINCIDENT-CURRENT MEMORY USING SN7501 SENSE AMPLIFIERS



TYPES SN7500, SN7501, SN7502
SENSE AMPLIFIERS WITH DIGITAL-LEVEL OUTPUTS

TYPICAL APPLICATIONS

variable threshold adjustment this maximum V., the nominal internal load current

for the SN7502 i ted as follows:
The differential-input-threshold-voltage levels of the or the 02 is computed as follows

SN7501 or SN7502 may be adjusted for optimum mem-
ory performance by varying the amplitude of V . V
should be derived from V¢, or generated with respect
to Ve, rather than with respect to ground. (See figure
11) Any variations in Ve, or V 4 will then cause mini-
mal changes in the input-threshold-voltage level.

v, Iret
ccr o . ~ .
‘I‘+ :bv
=V, <Ry
- I-o r— O >—-—

SN7501]JSN7501 T+ N7501||SN
OR OR v OR OR
SN7502)|SN750 rof SN7502 ] SN750:

Vec20-—

e T == __.
FIXED REFERENCE SUPPLY FIXED REFERENCE RESISTOR
FIGURE 11 — INPUT THRESHOLD-VOLTAGE
LEVEL GENERATION

Using one of these methods, adjust V  to obtain the
desired threshold voltage. R, may be calculated as:

VCCI - vref

R, = i

ref

This may apply for one sense amplifier or several sense
amplifiers connected to the V,, supply. V, can be
measured and fixed. Some bypassing may be necessary

at the V. terminal to eliminate noise problems where
long leads are used.

SN7502 dot-OR capability

This application utilizes the output current sink capabil-
ity of the SN7502 to perform the dot-OR function. The
internal output load resistor of the SN7502 is approxi-
mately 7.5 kQ. The output sink current is conservatively
specified at 15 mA for a maximum V) of 0.4 V. For

Veor =Voun) _ 5—04Y _ o

R 7.5k

To drive a worst-case DTL or TTL input requires a sink
current capability of 1.6 mA. The remaining 13.4 mA
may be used for sinking dot-OR-connected outputs. (See
figure 12) Additional dot-OR connections may be made
to utilize the remaining 13.4 mA of sink current up to
a maximum number N of:

OuTpPUT

FIGURE 12 — SN7502 DOT-OR-CONNECTED OUTPUTS

Since less than 22 outputs will normally be dot-OR-
connected to each SN7502 output, the remaining current
can be supplied from an external load resistor R,. The
load resistor reduces the output-voltage rise time to pro-
vide better capacitive-line driving capability, Value of
the load resistor R, may be calculated for a worst case
(1.6 mA) DTL or TTL gate input load as follows:

4.6
Ro= 13.4 — n (0.61)

where n = one less than the number of SN7502 out-
puts connected to perform the dot-OR function.

TYPICAL CHARACTERISTICS§

LOGICAL 1 OUTPUT VOLTAGE

v
LOAD CURRENT

6 l
i° SN7500
3 “\r\
2
1 SN7501
3 \
(o]
-3 SN7502
3
g
L2 \
3
>

) \

]

0 0.5 1.0 1.5 2.0

liogg —Lood Current—mA

§¥cor = 5V, Ve = —5V, and T, = 25%¢

LOGICAL 0 OUTPUT YOLTAGE

v
SINK CURRENT

0.6

0.5
}
3 ou b
$ 0 L
3 // N0 "1
{o 0.2 /{ sN7s0z | —
3 —

|
0.1
0
o 1 [

Tyink ~Sink Current—mA
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TYPES SN7500, SN7501, SN7502
SENSE AMPLIFIERS WITH DIGITAL-LEVEL OUTPUTS

MECHANICAL DATA

general
These three semiconductor networks are mounted 0.1 gram. All external surfaces are metallic and
in glass-to-metal hermetically sealed, welded pack- are insulated from leads and circuit. All three net-
ages. Package body and leads are gold-plated works are available with formed leads, insulators
F-15% glass-sealing alloy. Approximate weight is attached, and/or mounted in Mech-Pak carriers.
OUTLINE DRAWING — SEMICONDUCTOR NETWORK WELDED PACKAGE
@OOO®
— 0080000
0.027 REF. —» 0.013
5 §'§'§ 0.175 REF. § ghg g g §
o175 rer. | fsfsfc)s 0.165 MIN. ©
(5o N ) DATE 1y 0050  (Sea Nots o) 250
CODE hgl 0.035 —
odso & 0’| 0.250 B XXXX 0.150
T .@SNXXXX 5% 0.220 e —.®SNXXXX 1%
v . (See Note o) oos? f Notes:
Lo.oos MAX 0.250 REF. i 0,005 MAX GLASS a. All dimensions in inches.
GLASS (See Note o) 14 PLACES b. All decimals +0.005 except as noted.
10 PLACES ¢. Lead spacing tolerance is +0.015 at extremities and
=0.005 ot package, nonaccumulative.,
M d. Lead centerlines are located within . f their
oot e 0005 %%% >4 0.260 true po!i'l:nm'r‘ilcli.vl“h'body :-nnji?uo:s °
.(ﬁ 0.003 - — G250 e. Not applicable in Mech-Pak carrier.
@@@@@ m"c‘slgi ‘!'oxsm AND @ 00,0000 f. Symbolization denotes orientation of package.
Falls within TO-89 dimensions 14 LEAD PACKAGE) Falls within TO -84 dimensions

leads

insulator

mech-pak

Gold-plated F-15% leads require no addi-
tional cleaning or processing when used in
soldered or welded assembly. Formed leads
are available to facilitate planar mounting
of networks on flat circuit boards. Standard
lead length is 0.175 inches. Networks can be
removed from Mech-Pak carriers with lead
lengths up to 0.175 inches.

An insulator, secured to the back surface of
the package, permits mounting networks on
circuit boards which have conductors passing
beneath the package. The insulator is 0.0025
inch thick and has an insulation resistance
of greater than 10 megohms at 25°C.

carrier

The Mech-Pak carrier facilitates handling the
network, and is compatible with automatic
equipment used for testing and assembly.
The carrier is particularly appropriate for
mechanized assembly operations and will
withstand temperatures of 125°C for indefi-
nite periods.

ordering instructions

Variations in mechanical configuration of
semiconductor networks are identified by
suffix numbers shown in a table at the right.

*Patented by Texas Instruments

FORMED LEADS

0.004 & 0.250

ryp‘-ul'\ 0.220 (NOTE C)—m
0.510
I'—_— oave (NOTE I)————.\l

NOTES: A. All dimensions in inches
B. Not applicable in Mech-Pok Carrier
€. Measured from centerline of outside bands

MECH-PAK DIMENSIONS
0.4v0
0925

)

¥

] 0.047 DIA. THRU

| 0-080 DIA. x 45° COUNTERSINK
! -

TH $1

.'@.

s

S S

Jod o oes0
NOTE: Overall thickness is 0.175 and nestled height is 0.150 each.

NO MECH-PAK MECH-PAK

CARRIER CARRIER
Lead Length 0.175 Inch Not Applicable
Formed Leads No |No | Yes |Yes |No [ No| Yes | Yes
Insulators No [Yes | No |Yes |No | Yes | No | Yes
Ordering None |6 | -7 | -1 [~2 | -3 | -4 | -5

$F-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 53% iron, 29% nicke!, and 17% cobalt.
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TYPE SNX1304 r i
OPTOELECTRONIC PULSE AMPLIFIER

SOLID CIRGUWIT'® SEMICONDUCTOR NETWORK
AN EXPERIMENTAL OPTICALLY COUPLED
DIGITAL INTEGRATED CIRCUIT

YOELXNS 3dAL

description

The SNX1304 is an experimental Optoelectronic Pulse Amplifier (OPA) for engineering evaluation. The
OPA consists of a gallium arsenide p-n junction light emitter optically coupled to an integrated silicon
photodetector feedback-amplifier circuit. The high input-output isolation of the optical coupling allows
the OPA to function as a broad-band pulse transformer with response extending to zero frequency. The
OPA is compatible for use with other digital integrated circuits. Applications include transmission of a-c
or d-c signals across computer subsystem interfaces where circulating currents prevent interconnection
of subsystem grounds, and rejection of common-mode noise at the end of a long data-transmission line.

B e
cE
> m
oo
a2
uz
c o
c

5 g
Em
z &
83
g:‘
4
:o
e
o =
&
- m
< ™
E 3
> o
< o
°

o

w

circuit symbol and pin identification

Ve

+ INPUT c ouTPUT
11
NOTES: 1. Forward input polarity is indicated.
=3 2. NC— no internal connection,
A
NC | NC
- INPUT GND GND

mechanical data
The SNX1304 pulse amplifier is mounted in a glass-to-metal hermetically sealed, welded package. Pack-
age outline meets JEDEC TO-89. Leads are gold-plated F-15% glass-sealing alloy. Approximate weight is
0.1 gram. All external surfaces are metallic and are insulated from leads and circuit.

®OOO®
E =
0027 REF,*l : 0035 0.013
2ielsis imensions in i

osree | 12NENEHE NOTES: a. All dimensions in inches.

O1les MN. ooso  b- All decimals =0.005 except as noted.

e Note 0050 . . -

(ee Note @ | dare F>[voos c. lead spacing tolerance is =0.015 at extremities and
o XK otio 0.250 0.005 at Buckage, nonaccumluh?hve .
1% .®SNXXXX a0 |- 0270 d. Lead centerlines are located within ==0.005 of their

t_ v L ; (See Note <) true positions relative to body centerlines.

Eo.ogslA»;\sAx (fgfsﬂf;‘, L—— e. Not applicable in Mech-Pak carrier.

10 PLACES f. Symbolization denotes orientation of package.
T ol 0005
L 0.013 6.003
10/06,00) 0.010 SIDE VIEWS
Falls within TO-89 dimensions

Y Patented by Texas !nstruments Incorporated
EF-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 53% iron, 29% nicke!, and 179% cobalt.

PRELIMINARY DATA SHEET: o
Supplementary data will be TEXAS INSTRUMENTS
published at a later date. INCORPORATED

SEMICONDUCTOR-COMPONENTS DIVISION 9
POST OFFICE BOX 5012 ¢ DALLAS 22, TEXAS 00]



TYPE SNX1304

OPTOELECTRONIC PULSE AMPLIFIER
e

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

. Input-to-Output Voltage . =100 V
Supply Voltage Vcc .t8 YV

Reverse Input Voltage . . . . . 3V

Forward Input Current . . . .15 mA

15

D-C Fan-Out, Npc (See Note 1).
Operating Free-Air Temperature Range .
Storage Temperature Range .

_55°C to 125°C
_55°C to 125°C

electrical characteristics

Voo = =
PARAMETER TEST CONDITIONS cc =3V | Vec =6V |
TYP MAX | TYP MAX
I Forward Input Vour = 0.5, Ta = 125°C 5 10 5 10 mA
" Threshold Current Vour = 0.5V, T, = —55°C 3 3 mA
Ve Forward Input Voltage lin = 13 b, Ta = 125 f 1 1] v
) o = 13 Lo, T,=-55°C | 14 |14 v
lin =10, Noc =0, T, =125° 25 5.2 v
Vouf(off) “off" OU'pU' Volfuge Iir\ = 0, ‘NDC = ]5, TA = 125°( 2.3 5 v
lin =0, Noc = 15, T, = —55°C 19 4.2 v
Gy Iin =131 {th TA = ]25°( 0.2 0.25 v
v On” Qutput Voltage e
outtenl put ToTe8 o = 1.3 liogm, T, = —55°C | 0. 0.2 V|
P Amplifier Power Dissipation | lin = lintt, Noc =0, T,=25°% 2.5 15 mW
(See Note 2) lin =0, Noc =0, To= 25°% 3 20 mW
switching characteristics
A\ = =
PARAMETER TEST CONDITIONS cc =3V | Ve =6V | ynir
o - TYP TYP
ty Delay Time 300 250 ns
tr Rise Time 'in =13 'in(?h)/ NDC = ], TA = 250(, 200 150 ns
t Storage Time See Note 3 350 250 ns
te Fall Time 250 200 ns
NOTES: 1. One d-c load (Npc = 1) is defined by a circuit where C, (see figure A) is selected so that the total capacitance of the test fixture, connectors, oscilloscope probe
and C aggregates 50 pF. This rates fan-out in the same manner as Texas Instruments Series 51 networks. o—9
2. This does not include the input power to the light-emiter diode.
3. The input pulse has the following characteristics: 1, = Spus, t, < 10ns, tg < 10 ns, £ = 40 kHz. 20 kQ 4,
1N9%14
FIE;URE A. D-C Load

PRINTED IN USA.
Tl cannot assume any responsibility for any circuits shown
or represent that they are free from patent infringement.

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
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INTERFACE COMPONENTS

Texas Instruments line of Interface Components has been designed
to meet the broad range of requirements for military, space, indus-
trial, and consumer applications.

Interface Components are available in a variety of microminiature
packages described on the following pages. These packages include
the Compatible Components: TO-50, Thin-Pac, and Flat-Pack;
and the plastic-ceramic packages: Chip-Pak, Pellet-Pak, and Flip-
Channel-Pak; the components are also available as raw chips and
slices.

More than 5000 different silicon small-signal planar device types
can be fabricated into these standard packages. Selection of the
package configuration can be made by considering the require-
ments for reliability, size, assembly in hybrid circuits, and cost.

MAXIMUM CIRCUIT
COMPLEXITY
AND RELIABILITY

CIRCUIT
SPACE
REQUIRED

COMPATIBLE COMPONENTS
PLASTIG-CERAMIC PACKAGES
WS  RAW CHIPS & SLICES

TOTAL CIRCUIT COST
INTERFACE COMPONENT PACKAGE COMPARISON

' WHAT ARE COMPATIBLE COMPONENTS?

Discrete components which are electrically and mechanically compatible with integrated cir-
cuits. TI Compatible Components are used to perform functions supplementary to integrated circuits.
At the same time, they can be handled, tested, and assembled with the same or essentially similar
techniques and tools used for integrated circuits.

In addition, because of the form factors which are required to make components compatible with

integrated circuits, most are also adaptable to circuit approaches requiring microminiature discrete
components such as thin-film circuits.
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@ All welded hermetic seal

construction

©® Weldable leads (Flat)

® Solderable leads

©® Compatible with integrated

circvits packaging

TO-50

©® Weldable leads
® Solderable leads

@ [solated collector

THIN-PAC

The TO-50 hermetically sealed transistor package, in-
troduced by Texas Instruments as the umesa* transistor
package,is 0.210 inch in diameter and 0.050 inch thick.
*Trademark of Texas Instruments

The THIN-PAC power transistor package was develop-
ed by Texas Instruments to meet the power requirements
of miniature circuits. It offers 40 watts dissipation at
100 degrees C case temperature in a package only 0.680
inch in diameter by 0.170 inch thick.

STANDARD COMPATIBLE COMPONENT DEVICE TYPES

small-signal Compatible Components available from TI,
power transistors and a large number of diode types in

There are now more than two dozen EIA registered
plus many custom devices. Two types of compatible
miniature packages are also available.

NEAREST COMPATIBLE NEAREST » COMPATIBLE
STANDARD* DESCRIPTION COMPONENT STANDARD* DESCRIPTION COMPONENT
2N929/2N2639 NPN Diff. Amp 109 Match 2N3046 Flat Pack Dual 2N929 NPN High-Gain Amp 2N2387 TO-50
2N929/2N2640  NPN Diff. Amp 209% Match 2N3047 Flat Pack Dual 2N930 NPN High-Gain Amp 2N2388 TO-50
2N929/2N2641  NPN Unmatched 2N3048 Flat Pack Dual 2N696 NPN General Purpose 2N2395 TO-50
2N930/2N2642  NPN Diff. Amp. 10% Match 2N3043 Flat Pack Dual 2N697 NPN General Purpose 2N2396 TO-50
2N930/2N2643  NPN Diff. Amp 20% Match 2N3044 Flat Pack Dual 2N1613 NPN General Purpose 2N2389 TO-50
2N930/2N2644  NPN Unmatched 2N3045 Flat Pack Dual 2N1711 NPN General Purpose 2N2390 TO-50
2N2412/2N2805 PNP Diff. Amp 109, Match 2N3049 Flat Pack Dual 2N2243 NPN General Purpose 2N3037 TO-50
2N2412/2N2806 PNP Diff. Amp 209% Match 2N3050 Flat Pack Dual 2N1890 NPN General Purpose 2N3038 TO-50
2N2412/2N2807 PNP Unmatched 2N3051 Flat Pack Dual 2N1131 PNP General Purpose 2N2393 TO-50
2N914 NPN Driver 2N3052. Flat Pack Dual 2N1132 PNP General Purpose 2N2394 TO-50
2N2497 FET P-Channel FET Diff. Amp 5% Match 2N3333 Flat Pack Dual 2N2904 PNP General Purpose 2N3040 TO-50
2N2497 FET P-Channel FET Dual Unmatched 2N3336 Flat Pack Dual New Product NPN 10-Amp Power Switch (60 v) 2N3551 Thin-Pac
2N2222/2N2907 Complementary Pair 2N3838 Flat Pack Dual New Product NPN 10-Amp Power Switch (80 v) 2N3553 Thin-Pac
2N706A NPN Switch 2N849 TO-50 PP y
IN753 NPN Switch IN850 TO-50 Single or dual where applicable
2N743 NPN Switch 2N851 TO-50
2N744 NPN Switch 2N852 TO-50
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@ All welded hermetic
seal construction

@ Weldable leads (Flat)

/_ ® Solderable leads
/— ® Compatible with integrated

circuits flat pack

FLAT PACK

® All Welded Hermetic
Seal Construction

1L

® Weldable Leads (Flat)

/ @ Solderable Leads

CUSTOM FLAT PACK

Weldable Leads

Ceramic Base
Plastic Encapsulation

o —»
3

olo

8

o

Emitter

:3 Collector

CHIP-PAC

MAX

The dual SCN hermetically sealed FLAT PACK offers
component miniaturization with no compromise in elec-
trical or mechanical characteristics. The package mea-
sures 0.250 by 0.150 by 0.050 inch.

CUSTOM FLAT PACK configurations are also avail-
able for Compatible Components. Custom devices may
be supplied in the 6-, 10-, or 14-lead hermetically sealed
package. Four discrete planar transistors can be sup-
plied in one FLAT PACK with all leads isolated. Five
to six transistors in one package are possible with cer-
tain interconnections. Custom configurations are the
same size as the dual SCN FLAT PACK.

The CHIP-PAC is the ultimate in discrete transistor
miniaturization. Transistor chips are alloyed to a metal-
ized ceramic base and are plastic encapsulated. The
package provides a relatively high degree of environ-
mental protection. The gold-plated leads are weldable
and solderable. Standard CHIP-PAC devices include:

Nearest

Standard Description CHIP-PAC
2N929 NPN Diff. Amp. TiS22
2N930 NPN Diff. Amp. TIS23
2N2484 NPN Diff. Amp. TIS24

HOW RELIABLE ARE COMPATIBLE COMPONENTS?

More than five thousand TI Compatible Components have been subjected to high-level step-
stress tests as a part of the extensive quality and reliability testing requirements of the Component
Quality Assurance Program (CQAP) for the Minuteman II Program. The program has as its goal
component use-condition failure rates in the order of ten-thousandths of a percent (.000X% ) per
thousand hours. The program is keyed to constant product improvement, using destructive testing
techniques to determine potential failure mechanisms. At TI this means that the active chips them-
selves, as well as the package in which the chips are contained, are undergoing constant process im-
provement. Tests results are analyzed, and even subtle and very obscure failure mechanisms are
isolated and attacked systematically through the process improvement feedback loop. Extensive
reliability data is available. Contact your T1 Field Sales Engineer.
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PELLET-PAK

HIGH-FREQUENCY PELLET-PAK

RAW CHIPS AND SLICES

Silicon transistors in raw chip and slice form have the
lowest initial cost and smallest possible size. Although
relatively sophisticated bonding and alloying technolo-
gies are required, substantial savings may be achieved in
non-critical operations. Texas Instruments can supply
any device from its broad line of silicon planar transist-
ors in either chip or slice form.

PELLET-PAK devices are low-cost fully tested micro-
miniature packages available with both solderable and
weldable leads designed for automated assembly. They
feature a plastic sealed ceramic header and low thermal
resistance. High-frequency models with low lead induc-
tance are also available. Their environmental capabili-
ties match those of canned transistors.

The FLIP-CHANNEL-PAK is specially designed for
leadless automated thermal or ultrasonic bonding to film
substrates. It retains all other features of the PELLET-
PAK configuration.
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FLIP-CHANNEL-PAK

o Thin-film circuits
analog circuits e D-c amplifiers
Power switching to 5 amps

elements), NPN and PNP
NPN

High-speed switches (single) NPN

WHERE ARE /INTERFACE COMPONENTS USED?

In any application requiring a high-quality miniature semiconductor. Here are some applications
where TI Interface Components are being used today:

¢ Digital and analog interface circuits, for integrated circuits
e Critical differential amplifiers
e Diode matrixes

Functionally, the devices fall into the following categories:
e Differential amplifiers (dual elements), NPN and PNP
o Low-level switching (dual elements), NPN and PNP
¢ High-current driver and power switches, NPN
e Multiple diodes in most common configurations

e Driver circuits e Sense amplifiers
e High-impedance amplifiers e Special
e Complementary (NPN/PNP) circuits e

o Low-level, low-noise amplifiers (dual
e Dual drivers,
e Drivers (single), NPN and PNP e
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