


Notes on This Fi rst 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. 

If you know only the device number, 
look 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. 

SPECIAL INFORMATION 

TI Field Sales Office Addresses 
TI Authorized Distributor Addresses 
TI Microlibrary Information 

page 7 
page 8 

page 4512 
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AND-OR-INVERT Gate 
Dual 2-Wide 2-Input AND-OR
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INVERT Gate 
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J-K Master-Slave Flip-Flop 
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Dual D-Type Edge-Triggered Flip-Flop 
Gated Full Adder 

Page 

1001 
1005 
1006 
1007 
1008 
1009 
1010 

1010 

1012 

1012 
1014 
1015 
1018 
1021 
1024 
1027 

SERIES 54 930 1501 
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SN54 946 Quadruple 2-Input Positive NAND 1502 

Gate 
SN54 948 Master-Slave Flip-Flop 1503 
SN54 962 Triple 3-Input Positive NAND Gate 1502 
SN54 965 8-Input Positive NAND Gate 1502 
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AND-OR-INVERT Gate 

Modified Diode-Transistor logic (Modified DTl) -55°C to 125°C 

SERIES 53 
SN5300 
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SN5304 
SN5310 
SN5311 
SN5315 
SN5320 

SN5330 
SN5331 
SN5340 
SN5350 
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SN5370 
SN5380 

2001 
J-K Flip-Flop With Preset 2005 
J-K Flip-Flop With Preset and Clear 2007 
Dual J-K Flip-Flop With Preset 2009 
Dual J-K Flip-Flop With Preset and Clear 2011 
5-Input Expandable NAND/NOR Gate 2013 
Dual 5-Input NAND/NOR Gate 2015 
10-Input Expandable NAND/NOR Gate 2016 
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Dual 3-Input NAND/NOR Gate 
Triple 3-Input NAND/NOR Gate 
Dual AND/OR Gate 
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ONE-SHOT Monostable Multivibrator 

2020 
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Diode-Transistor logic (DTl) -55°C to 125°C 
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SN523A General-Purpose Differential Amplifier 4005 
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SERIES 55 (-55°C to 125°C) 4501 
SN5500 Sense Amplifier With One-Shot Output 4501 
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Industrial Temperature Range Digital Circuits 
Transistor-Transistor logic (TTL) O°C to 70°C 
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5001 
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5012 
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Gate 
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SN7430N 
SN7440N 
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SN7451N 

SN7453N 
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AND-OR-INVERT Gate 

Quadruple 2-Input Positive NAND 
Gate 
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6002 

6002 
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6003 
6003 

6003 

6003 

6003 

Dual 4-Input Expander 6003 
J -K Flip-Flop 6004 
J-K Master-Slave Flip-Flop 6004 
Dual J-K Master-Slave Flip-Flop 6005 
Dual D-Type Edge-Triggered Flip-Flop 6005 
Gated Full Adder 6006 

Modified Diode-Transistor logic (Modified DTl) O°C to 70°C 
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SN7310 5-Input Expandable NAND/NOR Gate 6513 
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SN7311 Dual 5-Input NAND/NOR Gate 6515 
SN7315 10-Input Expandable NAND/NOR Gate 6516 
SN7320 5-Input Expander 6517 
SN7330 Dual 3-Input NAND/NOR Gate 6518 
SN7331 Triple 3-Input NAND/NOR Gate 6519 
SN7350 Quadruple Inverter/Driver 6520 
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SN7370 Dual AND-OR-INVERT Gate 6522 
SN7380 ONE-SHOT Monostable Multivibrator 6523 

Diode·Transistor Logic (DTL) DoC to 75°C 

SERIES 15 830 7001 
SN15 830 Dual 4-Input NAND/NOR Gate 7005 
SN15 831 Flip-Flop With Set and Clear 7007 
SN15 832 Dual 4-Input NAND/NOR Buffer 7009 
SN15 833 Dual 4-Input Expander 7011 
SN15 844 Dual 4-Input NAND/NOR 7012 

Power Gate 
SN15 845 Flip-Flop With Set and Clear 7014 
SN15 846 Quadruple 2-Input NAND/NOR Gate 7017 
SN15 848 Flip-Flop With Set and Clear 7019 
SN15 850 Pulse-Triggered Binary 7022 
SN15 851 Monostable Multivibrator 7024 
SN15 862 Triple 3-Input NAND/NOR Gate 7026 

SERIES 15 830N (OOC to 75°C) 7501 
SN15 830N Dual 4-Input NAND/NOR Gate 7503 
SN15 831N Flip-Flop With Set and Clear 7502 

Page 

SN15 832N Dual 4-Input NAND/NOR Buffer 7503 
SN15 833N Dual 4-Input Expander 7503 
SN15 844N Dual 4-Input NAND/NOR Power 7503 

Gate 
SN15 845N Flip-Flop With Set and Clear 7502 
SN15 846N Quadruple 2-Input NAND/NOR 7503 

Gate 
SN15 848N Flip-Flop With Set and Clear 7502 
SN15 850N Pulse-Triggered Binary 7502 
SN15 851N Monostable Multivibrator 7504 
SN15 862N Triple 3-Input NAND/NOR Gate 7503 

Industrial Temperature Range Linear Circuits 
SERIES 72 (OOC to 70 0 C) 8001 

SN723 General.Purpose Differential Amplifier 8001 
SN7231L General-Purpose Differential Amplifier 8005 

~~~;:L ~ General-Purpose Operational Amplifier 8009 

SERIES 75 (OOC to 700 C) 8501 
SN7500 Sense Amplifier With One-Shot Output 8504 
SN7501 Sense Amplifier With Flip-Flop Output 8506 
SN7502 Sense Amplifier With One-Shot Output 8508 

Experimental Circuits 9001 
SNX1304 Op,toelectronic Pulse Amplifier 9001 
Interface Components 9501 

DIGITAL INTEGRATED CIRCUITS SELECTION GUIDE 
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 10mW 1000 mV -55°C to 125°e TTL Series 54 1001 
13 ns 10 mW 1000 mV -55°e to 125°e TTL Series 54 930 1501 
13 ns 10mW 1000 mV ooe to 700 e TTL Series 74 5001 
13 ns 10 mW 1000 mV ooe to 70°C TTL Series 74 930 5501 

MEDIUM SPEED - HIGH D-C NOISE MARGIN 
25 ns 8mW 750 mV -55°C to 125°e DTL Series 15 930 3001 
25 ns 8mW 750 mV ooe to 75°C DTL Series 15 830 7001 

ECONOMICAL PLUG-IN PACKAGE 
13 ns 10 mW 1000 mV ooe to 700 e TTL Series 74N 6001 
25 ns 8mW 750 mV ooe to 75°e DTL Series 15 830N 7501 

MODIFIED DTL 
Modified 

30 ns 10 mW 300 mV -55°C to 125°e DTL Series 53 2001 
Modified 

30 ns 10mW 300 mV ooe to 700 e DTL Series 73 6501 



LINEAR INTEGRATED CIRCUITS SELECTION GUIDE 
01 FFERENTIAL/OPERATIONAL AMPLI FI ERS 

TYPE .... .... .... .... cc cc cc _ 
cc cc == -- N MM ~~ Ln f.Ct -- ~~ N N NN N N Ln Ln 

Ln Ln Ln Ln Ln Ln Ln Ln Ln Ln .......... 
PARAMETER z z z z z z z z zz z z en en en en en en en en en en en en 

Avs Open-loop voltage gain 62 62 72 63 90 66 40 69 
BW Bandwidth (-3 dB) 50 50 180 140 45 120 40,000 150 
lin Input impedance - - 15 1,000 140 1,000 6 10 
Cin Input capacitance - - 55 60 250 50 7 55 
VOl Differential-input offset voltage 1 1 2.2 12 1 3 3 4 
101 Differential-input offset current 0.2 0.2 0.5 0.02 0.016 0.006 3 1 

aVO I Differential-input offset voltage 8 8 9 25 5 10 10 10 
temperature coefficient 

VCMIM Maximum common-mode input voltage range ±3 ±3 ±5 ±5 ±7 ±7 ±1 ±5 
VCMO Common-mode output offset voltage 0.5 0.5 0.5 - 0.25 0.22 3.1 0.6 

lout Output impedance 10,000 160 200 200 10,000 - 35 250 

YOM Maximum peak-to-peak output voltage 8.2 5.4 24 15 18 11.7 4.0 20 
CMRR Common-mode rejection ratio 60 60 90 55 100 77 85 80 
Pr Total power dissipation 28 72 100 120 100 132 165 100 

lin Input current 2 2 5 0.08 0.45 0.05 40 6.5 
4005 8001 

CATALOG PAGE 4001 4001 4009 4013 4017 4023 4505 8005 

SENSE AMPLIFIERS 

TYPE C) = - N 
C) C) C) = Ln Ln Ln Ln .... Ln ..... ..... ..... Z PARAMETER z z z z 
en en en en = 

Vr Differential-input threshold voltage 17 17 17 21 mV 

VCMF Common·mode input firing voltage 2 2 2 2.5 V 

Vout(l) logical 1 output voltage 3.2 3.2 3.2 3.2 V 

Vout(O) logical 0 output voltage 0.2 0.2 0.2 0.2 V 

lin(1) logical 1 level input current 1.2 1.2 - - rnA 
(strobe or reset) 

lin(o) logical 0 level input current - - -1.1 -1.1 rnA 
(strobe or reset) 

ZinD Differential-input impedance 0.2 0.2 5 5 k!l 

Iccl Vee I supply current 15 15 18 15 rnA 

Icc2 VCC2 supply current -10 -10 -10 -8 rnA 

I ref Vref supply current - - 2.5 2.5 rnA 

tcyc(minl Minimum cycle time 1.5 1.5 0.7 1.5 JLs 

CATALOG PAGE 4501 8504" 8506 8508 

EXPERIMENTAL OPTOELECTRONIC PULSE AMPLIFIER . • . . . Page 9001 

.... 
~~ t:: ..... ~ zz z 
en en = 

61 dB 

140 kHz 

800 kO 

60 pF 

15 mV 

0.044 p.A 

30 p.V/deg 

±5 V 

- V 

300 0 

12 V 

55 dB 

120 mW 

0.11 JLA 

8009 
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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 

SN524AL 

SN525 

SN526 

700 

SN723 

SN724 

SN724L 

1300 

SNX1304 

5200 

SN5231L 

5300 

SN5300 

SN5301 

SN5302 

SN5304 

SN5310 

SN5311 

SN5315 

SN5320 

SN5330 

SN5331 

SN5340 

SN5350 

SN5360 

SN5370 

SN5380 

5400 

SN5400 

SN5410 

SN5420 

SN5430 

SN5440 

SN5450 

SN5451 

SN5453 

SN5454 

SN5460 

SN5470 

SN5472 

SN5473 

SN5474 

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 

15800 

Series 15 830 

Series 15 830N 

SN15830 

SN15830N 

SN15831 

SN15831N 

SN15832 

SN15832N 

SN15833 

SN15833N 

SN15844 

SN15844N 

SN15845 

SN15845N 

SN15846 

SN15846N 

SN15848 

SN15848N 

SN15850 

SN15850N 

SN15851 

SN15851N 

SN15862 

SN15862N 

15900 

Series 15 930 

SN15930 

SN15931 

SN15932 

SN15933 

SN15944 

SN15945 

SN15946 

SN15948 

SN15950 

SN15951 

SN15962 

54900 

Series 54 930 

SN54930 

SN54932 

SN54946 

SN54948 

SN54962 

SN54965 

SN54966 

74900 

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 

Series 74 930 5501 

SN74 930 5502 

SN74 932 5502 

SN74 946 5502 
SN74 948 5503 

SN74 962 5503 

SN74 962 5502 

SN74 965 5502 

SN74 966 5502 

Interface Components 9501 
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2060 India Street/BE 2-8951 New Orleans, Louisiana 70119 EI Paso, Texas 79903 
San Diego, California 92101 

NEW YORK 
RADIO PRODUCTS SALES, INC. 

1501 South Hill Street/RI 8-1271 
MARYLAND GENESEE RADIO & PARTS COo, INC. UTAH 

Los Angeles, California 90015 ELECTRONIC WHOLESALERS, INC. 2550 Delaware Avenue/TR 3-9661 STANDARD SUPPLY COMPANY 
3004 Wilkens Avenue/WI 5-3400 Buffalo, New York 14216 225 East Sixth South St./EL 5-2971 

R. V. WEATHERFORD COMPANY Baltimore, Maryland 21223 LAFAYETTE INDUSTRIAL ELECTRONICS 
Salt Lake City, Utah 84110 

1651 South State College Blvd./KI 7-7521 MILGRAY /WASHINGTON 165-08 Liberty Avenue/AX 1-7000 Anaheim, California 92805 5133 Lawrence Place/864-6330 
6921 San Fernando Road/VI 9-3451 Hyattsville, Maryland 20781 

Jamaica, New York 11431 WASHINGTON 
Glendale, California 91201 MILGRAY/NEW YORK ALMAC-STROUM ElECTRONICS 

3240 Hillview Drive 
MASSACHUSmS 

160 Varick Street/YU 9-1600 621 South Michigan Street/723-731O 
Stanford Industrial Park/DA 1-5373 New York, New York 10013 Seattle, Washington 98108 

Palo Alto, California 94304 DEMAMBRO ELECTRONICS ROCHESTER RADIO SUPPLY CO., INC. 1095 Commonwealth Avenue/783-1200 TI SUPPLY COMPANY Boston, Massachusetts 02215 140 West Main Street/454-7800 WASHINGTON, D.C. 
1651 Tenth Street/393-6733 Rochester, New York 14614 

Santa Monica, California 90404 TI SUPPLY COMPANY 
ELECTRONIC WHOLESALERS, INC. 

2345 Sherman Avenue, N.W./HU 3-5200 
480 Neponset Road/828-5020 NORTH CAROLINA Washington, D.C. 20001 

COLORADO 
Canton, Massachusetts 02021 

ELECTRONIC WHOLESALERS, INC. 

NEWARK-DENVER ELECTRONIC 
LAFAYETTE INDUSTRIAL ELECTRONICS 938 Burke Street/PA 5-8711 CANADA 1400 Worcester Road/969-6100 Winston-Salem, North Carolina 27101 

SUPPLY CORP. Natick, Massachusetts 01710 CANADIAN ELECTRONICS LTD. 
2170 South Grape Street/757-3351 

OHIO Calgary, Alberta 
Denver, Colorado 80222 Edmonton, Alberta 

MICHIGAN NEWARK-H ERRLI NGER Lethbridge, Alberta 

FLORIDA NEWARK-DETROIT ELECTRONICS, INC. ELECTRONICS CORP. Medicine Hat, Alberta 
20700 Hubbell Avenue/UN 1-6700 112 East Liberty Street/GA 1-5282 Vancouver, B_C_ 

ELECTRONIC WHOLESALERS, INC. Detroit, Michigan 48237 Cincinnati, Ohio 45210 
CAM GARD SUPPLY LTD. 

345 Graham Avenue/841-1550 
NEWARK-INDUSTRIAL SREPCO ELECTRONICS, INC. Saskatoon, Saskatchewan 

Orlando, Florida 32814 
ELECTRONICS CORP. 314 Leo Street/BA 4-3871 Winnipeg, Manitoba 

9390 N.W. 27th Avenue/OX 6-1620 2114 South Division/CH 1-5695 Dayton, Ohio 45404 
Miami, Florida 33147 Grand Rapids, Michigan 49507 CESCO ELECTRONICS LTD. 

ESCO ELECTRONICS INC. Montreal, Quebec 
3130 Valleywood Drive/298-0191 Quebec, Quebec 

GEORGIA MINNESOTA Dayton, Ohio 45429 Ottawa, Ontario 

ACK SEMICONDUCTORS INC. STARK ELECTRONIC SUPPLY CO. W. M. PATTISON SUPPLY CO. 
Toronto, Ontario 

554 Deering, N.W./873-5246 112 Third Avenue N/FE 2-1325 777 Rockwell Avenue/621-7320 TI SUPPLY COMPANY 
Atlanta, Georgia 30309 Minneapolis, Minnesota 55401 Cleveland, Ohio 44101 Montreal, Quebec 
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SERIES 54 
_a&llD GlllllUlI1Illft@ SEMICONDUCTOR NETWORKSt 

HIGH-SPEED SATURATED TRANSISTOR- TRANSISTOR LOGIC CIRCUITS 

FOR GENERAL-PURPOSE DIGITAL SYSTEM APPLICATIONS 

description 

features 

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. 

TYPE SN5400 PRIOR TO CAPPING 

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 

• high d-c noise margin - typically one volt 

• low output impedance provides low a-c noise susceptibility 

• 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 
_O&ltJII CII~_Cl.~tr® SEMICONDUCTOR NETWORKS 

design characteristics 

Series 54 digital integrated circuits effect an optimization 
between saturated logic circuitry and monolithic semiconduc
tor technology yielding high perfotmance 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 (OTL) 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 0 3, If 
inputs A and B are raised to a high voltage, drive current 
will then pass through diode 0 3, 

Vee 
Vee 

GND 

Figure B Figure A 
Diode AND Logic Series 54 AND Logic 

In Series 54 TTL circuitry, the multiple-emitter transistor per
forms the same function as the diodes in OTL (see figure 8). 
However, the transistor action of the multiple-emitter trans
istor causes transistor Q 1 to turn-off more rapidly, thus pro
viding an inherent switching-time advantage over the OTL 
circuit. 

Although one-volt doc 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 O. 

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

2.4 V min. 2 V 
(worst case) (test condition) __ 1 ____________ l __ 

GND 

Figure C - Logical 1 Noise Margin 

Vee 

- ..... _-------------------.... -
0.8Vinput (test condition) 
0.4Vmax. output (worst case) 
0.4 V worst-case noise margin 

OUTPUT INPUT -r--------
O.4Vmax. 0.8V 
(worst case) (test condi tion) 

-+--__ 1 ___________ j __ 
GND 

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 Vee' 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 Vec' and 2 volts on the input - 400 mV less than 
the logical 1 minimum. 

In actual 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. 

2.25 

2.00 

1.75 

> I 1.50 

c 1.25 
'e> 
~ 1.00 

Y 0.75 
Cl 

0.50 

0.25 

o 

Vee = 4.5 V ~ 
Fan Out = 10 l.,....-' ", I r 

LOGICAL 1 

..... V"'"' NOISE 

~---
MARGIN 

r--~ r--. t--
LOGICAL 0 ......... 

>--~ NOISE 
MARGIN 

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

TA - Free-Air Temperature _oC 

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 0 state) from a low imped
ance. Typically, logical 0 output impedance is 12 0 and 
logical 1 output impedance is 70 O. This low output imped
ance in either state reieets eapacitively coupled a-e pulses 
and ensures small R-C time constants which preserve wave
shape integrity. 
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standard line summary 

SN5400 See page 1005 

Fi ) 1 
I I 

+L>-+ 
±cH 
b--t L ____ J 

QUADRUPLE 2-INPUT 
POSITIVE NAND GATE 

SN5440 See page 1009 

1-----1 

I : 

Pi 
Pi 
I I 
L ____ -.J 
DUAL 4-INPUT 

POSITIVE NAND BUFFER 

SN5454 See page 1012 

------.., 
I 
I 
I 

I 
I 
I 

L _____ -1 
4-WIDE 2-INPUT 

AND-OR-INVERT GATE 

SN5413 See page 1021 
--------, 

I I 

QI------

DUAL J-K 
MASTER-SLAVE FLIP-FLOP 

SN5410 See page 1006 

1---1 

~ 
ro-+ 
$=cr+ 
L ___ --.J 

TRIPLE 3-INPUT 
POSITIVE NAND GATE 

SN5450 See page 1010 

I 
I 
I _____ -.3 

EXPANDABLE DUAL 
2-WIDE 2-INPUT 

AND-OR-INVERT GATE 

SN5460 See page 1014 

1---1 

~ 
$CC± 
I I L ___ --.J 

DUAL 4-INPUT EXPANDER 

SN5420 See page 1007 

r------, 
I I 
I I 

~ 
I I 

~ 
I I 
I I L ____ ..J 

DUAL 4-INPUT 
POSITIVE NAND GATE 

SN5451 See page 1010 
r-------, 

~ 
~ L ______ J 

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

SN5410 See page 1015 

------, 
I 

J-K FLIP-FLOP 

SN5414 See page 1024 
----.--, 

I 

DUAL D-TYPE 
EDGE-TRIGGERED FLIP-FLOP 

SN5430 See page 1008 

r------, 
I I 
I I 
I I 

tnH 
I I 
I I 
I I L ____ -1 

8-INPUT 
POSITIVE NAND GATE 

SN5453 See page 1012 

-----l 
I 
I 

I 
I 
I 
I _____ -1 

EXPANDABLE 4-WIDE 
2-INPUT 

AND-OR-INVERT GATE 

SN5412 See page 1018 

------, 
I 

v--........,I 

J-K MASTER-SLAVE 
FLIP-FLOP 

SN5480 See page 1027 

r------· 
c I 

n I 

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

Supply Voltage Vee (See Note 1) . 
Input Voltage Vin (See Notes 1 and 2) . 
Operating Free-Air Temperature Range. 
Storage Temperature Range 

7V 
. 5.5 V 

• -55°C to 125°C 
• -65°C to 150°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 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 A = -55°C to 125°C and V cc = 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 /LA 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 (Cn +,) 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 

1004 

For optill")um 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 Vec, if regulated to 5.5 V maximum, may be used. 

If the supply voltage Vee 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. 



TYPE SN5400 
QUADRUPLE 2·INPUT POSITIVE NAND GATE 

schematic (each gate) 

INPUTS { 
OUTPUT Y 

L..-_-....... --4 GND 

Component values shown are nominal. 

recommended operating conditions 

Supply Voltage Vee • • 

Fan-Out From Each Output, N • • • 

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

TEST 
PARAMETER FIGURE 

Logical 1 input voltage required 

Vin(1) at all input terminals to 1 
ensure logical 0 level at output 

Logical 0 input voltage required 

Vin(O) at any input terminal to 2 
ensure logical 1 level at output 

V out(l) Logical 1 output voltage 2 

V out(O) Logical 0 output voltage 1 

lin(O) Logical 0 level input current (each input) 3 

linll) Logical 1 level input current (each input) 4 

los Short-circuit output currentt 5 

leC(o) Logical 0 level supply current (each gate) 6 

leell) Logical 1 level supply current (each gate) 6 

4Y 4B 4A GND 3B 3A 3Y 

®® ® ® ® 00 

CD00CD®®0 
1A 1B 1Y Vee 2Y 

positive ~ogic 
Y == AB 

TEST CONDITIONS MIN 

Vee = 4.5 V, V out(O) :::;; 0.4 V 2 

Vee = 4.5 V, V out(!) ~ 2.4 V 

Vee = 4.5 V, Vin = 0.8 V, 
2.4 

lload = -400 /LA 

Vee = 4.5 V, Vin = 2 V, 

Isink = 16 mA 

Vee = 5.5 V, Vin = 0.4 V 

Vee = 5.5 V, Vin = 2.4 V 

Vee = 5.5 V, Vin = 5.5 V 

Vee = 5.5 V -20 

Vee = 5 V, Vin = 5 V 

Vee = 5 V, Vin = 0 

2A 

TYP 

3.3:\: 

0.22:\: 

3 

1 

2B 

4.5 V to 5.5 V 

1 to 10 

MAX UNIT 

V 

0.8 V 

V 

0.4 V 

-1.6 mA 

40 /LA 

1 mA 

-55 mA 

mA 

mA 

switching characteristics, Vee = 5 V, TA = 25°C, N = 10 

PARAMETER 

tpdo Propagation delay time to logical 0 level 

tpdl Propagation delay time to logical 1 level 

tNot more than one output should be shorted at a time. 

:\:These typical values are at Vee = 5 V I TA = 25°C. 

TEST 
FIGURE TEST CONDITIONS 

50 C, = 15 pF 

50 C, = 15 pF 

MIN TYP MAX UNIT 

8 15 ns 

18 29 ns 
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TYPE SN5410 
TRIPLE 3·INPUT POSITIVE NAND GATE 

schematic (each gate) 

INPUTS { 

Component values shown are nominal. 

recommended operating conditions 

Supply Voltage Vee 

Fan-Out From Output, N 

OUTPUT Y 

GND 

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

TEST 
PARAMETER FIGURE 

Logical 1 input voltage required 

Vin(1) at all input terminals to 1 
ensure logical 0 level at output 

Logical 0 input voltage required 

lC 3Y 3C GND 3B 3A 2C 

®®® ® ® 00 

CD0CDCDCD®0 
IA IB IY Vee 2Y 2A 2B 

positive logic 
y = ABC 

TEST CONDITIONS MIN 

Vee = 4.5 V, V out/oJ :::;; 0.4 V 2 

4.5 V to 5.5 V 

• • • • • 1 to 10 

TVP MAX UNIT 

V 

Yin/oJ at any input terminal to 2 Vee = 4.5 V, V out(1) 2: 2.4 V 0.8 V 
ensure logical 1 level at output 

Vout(1) Logical 1 output voltage 2 
Vee = 4.5 V, Yin = 0.8 V, 

lload = -400 J.LA 

V out/oJ Logical 0 output voltage 1 
Vee = 4.5 V, Yin = 2 V, 
Isink: = 16 mA 

lin(O) Logical 0 level input current (each input) 3 Vee = 5.5 V, Yin = 0.4 V 

Vee = 5.5 V, Yin = 2.4 V 
lin(l) Logical 1 level input current (each input) 4 

Vee = 5.5 V, Yin = 5.5 V 

los Short-circuit output currentt 5 Vee = 5.5 V 

leC(o) Logical 0 level supply current (each gate) 6 Vee = 5 V, Yin = 5 V 

leC(l) Logical 1 level supply current (each gate) 6 Vee = 5 V, Yin = 0 

switching characteristics, Vee = 5 V, TA = 25°C, N = 10 

PARAMETER 

tpdo Propagation delay time to logical 0 level 

tpdl Propagation delay time to logical 1 level 

tHot more than one output should be shorted at a time. 

:j:These typical values are at Vee = 5 V~ TA = 25°(' 

1006 

TEST 
FIGURE TEST CONDITIONS 

50 C1 = 15 pF 

50 CI = 15 pF 

2.4 3.3:j: V 

0.22:j: 0.4 V 

-1.6 mA 

40 J.LA 

1 mA 

-20 -55 mA 

3 mA 

1 rnA 

MIN TVP MAX UNIT 

8 15 ns 

18 29 ns 



schematic (each gate) 

INPUTS 

Component values shown are nominal. 

recommended operating conditions 

Supply Voltage Vee • • 

Fan-Out From Each Output, N • • • 

130 n 

OUTPUT Y 

GNO 

electricc" characteristics, TA = -55°C to 125°C 

TEST 
PARAMETER FIGURE 

Logical 1 input voltage required 

Vin(,) at all input terminals to 1 
ensure logical 0 level at output 

logical 0 input voltage required 

Vin(O) at any input terminal to 2 
ensure logical 1 level at output 

Vout(1) logical 1 output voltage 2 

V out(O) logical 0 output voltage 1 

lin(O) logical 0 level input current (each input) 3 

lin(1) logical 1 level input current (each input) 4 

los Short-circuit output currentt 5 

lec(o) logical 0 level supply current (each gate) 6 

Icc(1) logical 1 level supply current (each gate) 6 

TYPE SN5420 
DUAL 4 -INPUT POSITIVE NAND GATE 

10 lC 18 GNO 2Y 20 2C 

®@® ® ® 00 

CD000000 
1A 1Y NC Vee NC 

positive logic 

y = ABeD 

TEST CONDITIONS MIN 

Vee = 4.5 V, V out(O) :::;; 0.4 V 2 

Vee = 4.5 V, V out(1) :2: 2.4 V 

Vee = 4.5 V, V in = 0.8 V, 
2.4 

lload = -400 p,A 

Vee = 4.5 V, Vin = 2 V, 
Isink = 16 mA 

Vee = 5.5 V, Vin = 0.4 V 

Vee = 5.5 V, Vin = 2.4 V 

Vee = 5.5 V, Vin = 5.5 V 

Vee = 5.5 V -20 

Vec = 5 V, Vin = 5 V 

Vee = 5 V, Vin = 0 

2A 2B 

TYP 

3.3:j: 

0.22:j: 

3 

1 

4.5 V to 5.5 V 

1 to 10 

MAX UNIT 

V 

0.8 V 

V 

0.4 V 

-1.6 mA 

40 p,A 

1 mA 

-55 mA 

mA 

mA 

switching characteristics, Vec = 5 V, TA = 25°C, N = 10 

PARAMETER 

tpdo Propagation delay time to logical 0 level 

tpdl Propagation delay time to logical 1 level 

tHot more than one output should be shorted at a lime. 

:j:These typical values are of V ce = 5 V, T A = 25°C. 

TEST 
FIGURE TEST CONDITIONS 

50 C1 = 15 pF 

50 C, = 15 pF 

MIN TYP MAX UNIT 

8 15 ns 

18 29 ns 
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TYPE SN5430 
8-INPUT POSITIVE NAND GATE 

schematic 

NC NC Y GND H G F 

r-------..... --~~__o vee ®®@®®00 

OUTPUT Y 

INPUTS 

L..-_-...... --o GND 

Component values shown are nominal. 

recommended operating conditions 

Supply Voltage Vee • 

Fan-Out From Output, N . • • • • 

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

TEST 
PARAMETER FIGURE 

Logical 1 input voltage required 

Vin(1) at all input terminals to 1 
ensure logical 0 level at output 

Logical 0 input voltage required 

Vin(O) at any input terminal to 2 
ensure logical 1 level at output 

Vout(1) Logical 1 output voltage 2 

Vout(O) Logical 0 output voltage 1 

lin(O) Logical 0 level input current (each input) 3 

lin(1) logical 1 level input current (each input) 4 

los Short-circuit output current 5 

leC(ol logical 0 level supply current 6 

leC(1) Logical 1 level supply current 6 

NC A B Vee C 

positive logic 

Y = ABCDEFGH 

D E 

4.5 V to 5.5 V 

1 to 10 

TEST CONDITIONS MIN TYP MAX UNIT 

Vee = 4.5 V, V out(O) :s:; 0.4 V 2 V 

Vee = 4.5 V, V out(I) :2: 2.4 V 0.8 V 

Vee = 4.5 V, Yin = 0.8 V, 
2.4 3.3:1: V 

lload = -400 /LA 

Vee = 4.5 V, Yin = 2 V, 
0.22:1: 0.4 V 

Isink = 16 rnA 

Vee = 5.5 V, Yin = 0.4 V -1.6 rnA 

Vee = 5.5 V, Yin = 2.4 V 40 /LA 

Vee = 5.5 V, Yin = 5.5 V 1 rnA 

Vee = 5.5 V -20 -55 rnA 

Vee = 5 V, Yin = 5 V 3 rnA 

Vee = 5 V, Yin = 0 1 rnA 

switching characteristics, Vee = 5 V, TA = 25°C, N = 10 

TEST 
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX UNIT 

tpdo Propagation delay time to logical 0 level 50 C1 = 15 pF 8 15 ns 

tpdl Propagation delay time to logical 1 level 50 C1 = 15 pF 18 29 ns 

:j:These typical values are at Vee = 5 V, TA = 25°(. 
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schematic (each gate) 

~--------'------------------.-aVee 

4 kn 

TYPE SN5440 
DUAL 4-INPUT POSITIVE NAND BUFFER 

1D 1C 18 GND 2Y 2D 2C 

®®® ® ® CDC!) 

OUTPUT Y 

INPUTS 

L...-..... ---___ ..... oO GND 
Component values shown are nominal. 

recommended operating conditions 

Supply Voltage Vee 

Fan-Out From Output, N . . . . . 

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

TEST 
PARAMETER FIGURE 

Logical 1 input voltage required 

Vin(1 ) at all input terminals to 1 
ensure logical 0 level at output 

Logical 0 input voltage required 

Vinlo) at any input terminal to 2 
ensure logical 1 level at output 

Voutll) Logical 1 output voltage 2 

V outlO) Logical 0 output voltage 1 

linlo) Logical 0 level input current (each input) 3 

linll) Logical 1 level input current (each input) 4 

los Short-circuit output currentt 5 

leelo) Logical 0 level supply current (each gate) 6 

leC(1) Logical 1 level supply current (each gate) 6 

CD000®®CD 
1A 1Y NC Vee NC 2A 28 

positive logic 
y = ABeD 

4.5 V to 5.5 V 

• • • • • 1 to 30 

TEST CONDITIONS MIN TYP MAX UNIT 

Vee = 4.5 V, V outlO) ~ 0.4 V 2 V 

Vee = 4.5 V, Voutll) ~ 2.4 V 0.8 V 

Vee = 4.5 V, Vin = 0.8 V, 
2.4 3.3+ V 

lload = -1.2 mA 

Vee = 4.5 V, Vin = 2 V, 
0.28+ 0.4 V 

Isink = 48mA 

Vee = 5.5 V, Vin = 0.4 V -1.6 mA 

Vee = 5.5 V, Vin = 2.4 V 40 p.A 

Vee = 5.5 V, .Vin = 5.5 V 1 mA 

Vee = 5.5 V -20 -70 mA 

Vee = 5V, Vin = 5 V 8.6 mA 

Vee = 5 V, Vin = 0 2 mA 

switching characteristics, Vee = 5 V, TA = 25°C, N = 30 

PARAMETER 

tpdo Propagation delay time to logical 0 level 

tpdl Propagation delay time to logical 1 level 

tNot more than one output should be shorted at a time. 

+These typical values are at Vee = 5 V, TA = 25°C. 

TEST 
FIGURE TEST CONDITIONS 

50 C1 = 15 pF 

50 C1 = 15 pF 

MIN TYP MAX UNIT 

8 15 ns 

18 29 ns 
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TYPES SN5450, SN5451 
DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATES 

schematic (each gate) 

.-----~f_----f_---~ .... --o V ee 

4 kn 1.6 kn 

OUTPUT 
Y 

EXPANDER 
INPUTS ON 
GATE 10F 

SN5450 ONLY 
(See Note 4) 

~--------------~~~ GND 

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

the SN5460. 
3. If expander is not used leave pins <D and ® open. 
4. Make no external connection to pins G) and 0 of the SN5451. 
5. A total of four expander gates may be connected to the SN5450 expander 

inputs. 

recommended operating conditions 

Supply Voltage Vee • • • • 

Fan·Out From Each Output, N • • • 

1D 1e 1Y GND 2Y 2D 2C 

@@@ ® ®00 

0000000 
IX 1X 1A Vee 1B 2A 2B 
~ 

SN5450 ONLY 
(See Note 4) 

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

4.5 V to 5.5 V 
1 to 10 

electrical characteristics, T A -SSoC to 125°C, pins CD and ® open 

PARAMETER 

Logical 1 input voltage required 
Vin(1 ) at both input terminals of either AND 

section to ensure logical 0 at output 

Logical 0 input voltage required 

Vinlo) at one input terminal of each AND 
section to ensure logical 1 at output 

Voutll ) Logical 1 output voltage 

Vout(O) Logical 0 output voltage 

lin(O) Logical 0 level input current (each input) 

linll) Logical 1 level input current (each input) 

los Short·circuit output currentt 

leelo) 
Logical 0 level supply current 
(each gate) 

leell) 
Logical 1 level supply current 
(each gate) 

tNot more than one output should be shorted at a time. 

:j:These typical values are at Vee = 5 V, T A = 25°C. 
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TEST 
FIGURE 

7 

8 

8 

7 

9 

10 

11 

12 

13 

TEST CONDITIONS MIN TYP MAX UNIT 

Vee = 4.5 V, VoutlO) S 0.4 V 2 V 

Vee = 4.5 V, V outll) ~ 2.4 V 0.8 V 

Vee = 4.5 V, Vin = 0.8 V, 
2.4 3.3:j: V lload = -400 p.A 

Vee = 4.5 V, Vin = 2 V, 0.22:j: 
Isine = 16 mA 

0.4 V 

Vee = 5.5 V, Vin = 0 -1.6 mA 

Vee = 5.5 V, Vin = 2.4 V 40 p.A 

Vee = 5.5 V, Vin = 5.5 V 1 mA 

Vee = 5.5 V -20 -55 mA 

Vee = 5 V, Vin = 5 V 3.7 mA 

Vee = 5V, Vin = 0 2 mA 



• TYPES SN5450, SN5451 
DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATES 

electrical characteristics (SN5450 only) using expander inputs, TA = -55°C 

PARAMETER TEST TEST CONDITIONS MIN TYP MAX UNIT FIGURE 

Ix Expander current 14 
Vee = 4.5 V, VI = 0.4 V, 

2.9 mA 
Is ink = 16 mA 

VBE(Q) 
Base-emitter voltage 

15 
Vee = 4.5 V, Isink = 16 mA, 1 V 

of output transistor (Q) 11 = 0.41 mA, Rl = 0 

Vout[lI Logical 1 output voltage 16 
Vee = 4.5 V, lload = -400 pA, 

2.4 3.3:t: V 
11 = 0.15 mA, 12 = -0.15 mA 

Vout[O) Logical 0 output voltage 15 
Vee = 4.5 V, Isink = 16 mA, 

0.22:t: 0.4 V 
11 = 0.3 mA, Rl = 1380 

:t:These typical values are at Vee = 5 V, TA = 25°(' 

switching characteristics, Vee = 5 V, TA = 25°C, pins G) and ® open, N = 10 

PARAMETE'R TEST TEST CONDITIONS MIN TYP MAX UNIT FIGURE 

tpdo 
Propagation delay time to 

50 C1 = 15 pF 8 15 ns logical 0 level 

tpel1 
Propagation delay time to 

50 C1 = 15 pF 18 29 ns logical 1 level 
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TYPES SN5453, SN5454 
4-WIDE 2-INPUT AND-OR-INVERT GATES 

schematic 

H G Y GND NC F E 

®®® ® ® 00 
E 

INPUTS INPUTS 

B F 

INPUTS Xo------+--.-~--~ 
EXPANDER { 

SN5453 ONLY 5(0------+---1-..... --.., OUTPUT Y 
( See Note 4) 

G 

INPUTS INPUTS 

D 

NOTES: 1. Component values shown are nominal. 

2. Both SN5453 expander inputs are used simultaneously for expanding with 
the SN546O. 

3. If SN5453 expander is not used leave pins CD and Q) open. 

4. Make no external connection to pins CD and CD of the SN5454. 

5. A total of four expander gates may be conneeled to the SN5453 expander 
inputs. 

recommended operating conditions 

Supply Voltage Vee 

Fan-Out From Each Output, N 

0000000 
~ A ~c BCD 

SN5453 ONLY 
(See Note 4) 

positive logic 

Y = (AB) + (CD) + (EF) + (GH). + (X of SN5453) 
(SN5453 X) = ABCD from SN 5460 

• 4.5 V to 5.5 V 

• • • • 1 to 10 

electrical characteristics, T A _55°( to 125°(, pins CD and ® open 
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PARAMETER 

Logical 1 input voltage required 

Vin(11 at both input terminals of either AND 
section to ensure logical 0 at output 

Logical 0 input voltage required 

Vin(O) at one input terminal of each AND 

section to ensure logical 1 at output 

VOUt(l) Logical 1 output voltage 

V oot(O) Logical 0 output voltage 

'in(O) Logical 0 level input current (each input) 

'in(l) Logical 1 'eve I input current (each input) 

'os Short-circuit ou!put currentt 

'eelo) Logical 0 level supply current 

'ee(1) Logical 1 level supply current 

tHot more than one output should be shorted at a time. 

:f:These typical values are at Vee = 5 V~ TA = 25°C. 

TEST 
FIGURE 

7 

8 

8 

7 

9 

10 

11 

12 

13 

TEST CONDITIONS MIN TVP MAX UNIT 

Vee = 4.5 V, V out(O) ~ 0 ... V 2 V 

Vee = 4.5 V, V out(l) ~ 2.4 V 0.8 V 

Vee = 4.5 V, Vin = 0.8 V, 
2.4 3.3:f: V 

'load = -400 p.A 

Vee = 4.5 V, Vin = 2V, 0.22:f: 0.4 V 
'sink = 16 mA 

Vee = 5.5 V, Vin = 0 -1.6 mA 

Vee = 5.5 V, Vin = 2 ... V 40 p.A 

Vee = 5.5 V, Vin = 5.5 V 1 mA 

Vee = 5.5 V -20 -55 mA 

Vee = 5 V, Vin = 5 V 5.1 mA 

Vee = 5V, Vin = 0 4 mA 



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

electrical characteristics (SN5453 only) using expander inputs, TA = _55°( 

PARAMETER 
TEST 

TEST CONDITIONS MIN TYP MAX FIGURE UNIT 

Ix Expander current 14 
Vee = 4.5 V, V, = 0.4 V, 

2.9 mA 
Isink = 16 mA 

VBE(Q) 
Base-emitter voltage 

15 
Vee = 4.5 V, Isink = 16 mA, 

1 V of output transistor (Q) 1, = 0.41 mA, R, = 0 

VOUt [l) Logical 1 output voltage 16 
Vee = 4.5 V, lload = -400 /-LA, 

2.4 3.3+ V 1, = 0.15 mA, 12 = -0.15 mA 

Vout(O) Logical 0 output voltage 15 
Vee = 4.5 V, Isink = 16 mA, 

0.22+ 0.4 V I, = 0.3 mA, R, = 1380 

+These typical values are at Vee = S V, T" = 2S0(. 

switching characteristics(SN5453 andSN5454), Vee = 5 V, TA = 25 0
(, pins G) and @ open, N = 10 

PARAMETER 
TEST TEST CONDITIONS MIN TYP MAX UNIT 

FIGURE 

tpdo 
Propagation delay time to 

50 
logical 0 level 

C1 = 15 pF 8 15 ns 

tpdl 
Propagation delay time to 

50 
logical 1 level 

C1 = 15 pF 18 29 ns 
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TYPE SN5460 
DUAL 4-INPUT EXPANDER 

schematic 

------------oVcc 

4 kU 

Pin ® or @ 
See Note I 

OUTPUT 

2X i3< 20 GNO 2C 28 2A 

®®® ® ® 00 

INPUTS 
Pin CD or @ 
See Note 2 0000000 

IX IA Vee 18 

positive logic 
X = ABeD 

IC ID 

NOTES: 1. Conned pin CD or ® to pin G) of SN54S0 or SN5453. 

2. Connect pin Q) or ® to pin 0 of SN54S0 or SN5453. 

when connected to pins G) and ® of 
SN5450 or SN5453 

3. Component values shown are nominal. 

recommended operating conditions 
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Supply Voltage vee' • . • • • . . • • • . • • • • • • • • • • • 

Maximum number of expanders that may be fanned-in to one SNS4S0 or one SNS4S3 

electrical chara'cteristics (unless otherwise noted TA= -55°C to 125°C) 

TEST 
PARAMETER FIGURE TEST CONDITIONS 

Logical 1 input voltage required 
Vee = 4.5 V, V, = 1 V, 

Vin(1 ) at all input terminals to 17 
ensure output on level R = 1.1 kO, TA = -55°C, 

Logical 0 input voltage required Vee = 4.5 V, V, = 4.5 V, 

VinlO) at any input terminal to 18 R = 1.2 kO, IOff = 0.15 mA, 
ensure output off level current TA = -55°C 

Vee = 4.5 V, Vin = 2 V, 
Von Output voltage on level 17 V, = 1 V, R = 1.1 kO, 

TA = -55°C 

Vee = 4.5 V, Vin = 0.8 V, 
I off Output off level current 18 V, = 4.S V, R = 1.2 kO,. 

TA = -55°C 

Ion Output on level current 19 
Vee = 4.5 V, Vin = 2 V, 
V, = 1 V, TA = -SSoC 

linlO) Logical 0 level input current (each input) 18 Vee = 5.5 V, Vin = 0.4 V, 

lin(1) 
Vee = 5.5 V, Vin = 2.4 V 

Logical 1 level input current (each input) 20 
Vee = 5.5 V, Vin = 5.5 V 

leelon) On level supply current (each gate) 21 
Vee = SV, Vin = SV, 

VI = 0.85 V 

lee(off) Off level supply current (each gate) 21 Vee = SV, Vin = 0, 
V, = 0.85 V 

switching characteristics, Vee = 5 V, TA = 25°C, N = 10 

TEST 
PARAMETER FIGURE TEST CONDITIONS 

tpdo 
Propagation delay time to logical 0 level 

51 C, = 15 pF (through SNS450 or SNS4S3) 

tpd, Propagation delay time to logical 1 level 
51 C, = 15 pF (through SN54S0 or SNS453) 

4.5 V to 5.5 V 

• • •• 4 

MIN TYP MAX UNIT 

2 V 

0.8 V 

0.4 V 

ISO pA 

-0.3" mA 

-1.6 mA 

40 p,A 

1 mA 

0.6 mA 

1 mA 

MIN TYP MAX UNIT 

10 20 ns 

20 34 ns 



logic 

TRUTH TABLE 

to tn+1 

J K Q 

0 0 Qn 

0 1 0 
1 0 1 

-
1 1 Qn 

NOTES: 1. J = J1 • J2 • J*. 

2. K = K1 • K2 • K*. 

3. tn = Bit time before clock pulse. 

4. tn + 1 = Bit time ofter clock pulse. 

5. If inputs J* or K* ore not used they must be grounded. 

TYPE SN5470 
J-K FLIP-FLOP 

Kl K* Q GND Q J* J2 

®®® ® @00 

CD0CDCD®®0 
K2 Clock Preset Vee Clear NC 

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. 

Jl 

description 

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 Vee • 

Fan-Out From Each Output, N . 
Clock Pulse Transition Time to Logical 1 Level, t1(clock) (See Figure 53) • 
Width of Clock Pulse, tp(clock) (See Figure 53) . 
Width of Preset Pulse, tp(preset) (See Figure 52) . 
Width of Clear Pulse, tplclear) (See Figure 52) • 

4.5 Vto 5.5 V 
1 to 10 

. 5 to 150 ns 

· ~ 20 ns 
• ~ 25 ns 
• ~ 25 ns 
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TYPE SN5470 
J-K FLIP-FLOP 

electrical characteristics, T A 

PARAMETER 

Input voltage required to 

Vin(1) ensure logical 1 at any 
input terminal 

Input voltage required to 

Vin!O) ensure logical 0 at any 
input terminal 

Vout!11 Logical 1 output voltage 

Vout(OI Logical 0 output voltage 

lin[O) 
Logical 0 level input current 

at Jl, J2, J*, Kl, K2, K*, or clock 

lin[O) 
Logical 0 level input current 

at preset or clear 

Logical 1 level input current 
lin[1) at Jl, J2, J*, Kl, K2, K*, or clock 

Logical 1 level input current 
lin!l) at preset or clear 

los Short-circuit output currentt 

lec Supply current 

tNot more than one output should be shorted at a time. 

:f:These typical values are at Vee = 5 V, T A = 2Soc. 

TEST 
FIGURE TEST CONDITIONS 

22 Vee = 4.5 V 

23 Vee = 4.5 V 

22 Vee = 4.5 V, lload = -400 p,A 

23 Vee = 4.5 V, Isink = 16 mA 

24 Vee = 5.5 V, Vin = 0.4 V 

24 Vee = 5.5 V, Vin = 0.4 V 

25 
Vee = 5.5 V, Vin = 2.4 V 

Vee = 5.5 V, Vin = 5.5 V 

25 
Vee = 5.5 V, Vin = 2.4 V 

Vee - 5.5 V, Vin = 5.5 V 

26 Vee = 5.5 V, Vin = 0 

25 Vee = 5 V, Vin = 5 V 

switching characteristics, Vee = 5 V, TA =25°C, N= 10 

TEST 
PARAMETER FIGURE TEST CONDITIONS 

fclock Maximum clock frequency 53 C1 = 15 pF 

tsetup 
Minimum input 

53 C1 = 15 pF 
setup time 

thold 
Minimum input 

53 Ct = 15 pF 
hold time 

Propagation delay time to logical 

tpdl 1 level from clear or preset 52 C, = 15 pF 
to output 

Propagation delay time to logical 

tpdo o level from clear or preset 52 C1 = 15 pF 
to output 

tpdl 
Propagation delay time to logical 53 C, = 15 pF 
1 level from clock to output 

tpdo 
Propagation delay time to logical 53 C, = 15 pF o level from clock to output 

1016 

MIN TVP MAX UNIT 

2 V 

0.8 V 

2.4 3.5:f: V 

0.22:f: 0.4 V 

-1.6 mA 

-3.2 mA 

40 p,A 

1 mA 

80 /LA 
1 mA 

-20 -57 mA 

13 mA 

MIN TYP MAX UNIT 

20 35 MHz 

10 20 ns 

0 5 ns 

SO ns 

SO ns 

10 27 SO ns 

10 18 SO ns 



schematic 

PRESET 

K* 

K1 

K2 

CLOCK 

1300 

::r 
• r 

4k51 

\\\ Lr!lf 

Component values shown are nominal. 

1.6 k51 3k51 

..... ..... 

r 
::r~ 

1 k51 1kn 

4kn 

( 

4kn 

4k51 4k51 

/ '" II \ 

..... .... 
I .... .., 

4kn 4kn 

00 
2.5kn Q 4-f-

3k51 1.6k51 

.... 
P'"I 

TYPE SN5470 
J-K FLIP-FLOP 

13051 

K 
K ' K --( 

Q 

1 kn 1kn 

4kn 4kn 

I 
111 

~ 'I\-r 
~~ 

GND 

CLEAR 

J* 

J1 

J2 
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TYPE SN5472 
J-K MASTER-SLAVE FLIP-FLOP 

logic 

TRUTH TABLE 

tn tn+ 1 

J K Q 

0 0 Qn 

0 1 0 

1 0 1 

1 1 Qn 

NOTES: 1. J = J1 • J2 • J3 
2. K = K1 • K2 • K3 
3. tn = Bit time before dock pulse. 
4. tn + 1 = Bit time after dock pUlse. 

description 

The SN5472 J-K 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 

Supply Voltage Vee' • • • • • 
Fan-Out From Each Output, N. . • 

1018 

Width of Clock Pulse, tp{clock) (See Figure 54) . 

Width of Preset Pulse, tp{presetJ (See Figure 55) 
Width of Clear Pulse, tp{clear) (See Figure 55) . 
Input Setup Time, tsetup (See Figure 54) • 
Input Hoid Time, thold • • • • • • • . 

Kl K3 Q GND Q J3 J2 

®®® ® ® 00 

CD00CDCD00 
K2 Clock Preset Vee 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 

SN5472 CLOCK WAVEFORM 

• • 4.5 V to 5.5 V 
1 to 10 
~ 20ns 
~ 25 ns 
~ 25ns 

~ Applied Clock Pulse Width 

•••••••• ~O 



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

PARAMETER 

Input voltage required to 
Vin(l) ensure logical 1 at any 

input terminal 

Input voltage required to 

Vin(O) ensure logical 0 at any 
input terminal 

Vout/I ) Logical 1 output voltage 

V out(O) Logical 0 output voltage 

linlO) 
Logical 0 level input current 

atJl,J2,J3,K1,K2,orK3 

linlO) 
Logical 0 level input current 

at preset, clear, or clock 

linll) 
Logical 1 level input current 

at J1, J2, J3, K1, K2, or K3 

lin(1) 
Logical 1 level input current 

at preset, clear, or clock 

los Short-circuit output currentt 

lee Supply current 

tNot more than one output should be shorted at a time. 

:\:These typical values are at Vee = 5 V~ T ... = 25°C. 

TEST 
FIGURE 

27 

27 

27 

28 

29 

29 

30 

30 

31 

30 

TYPE SN5472 
J-K MASTER-SLAVE FLIP-FLOP 

TEST CONDITIONS MIN TYP MAX UNIT 

Vee = 4.5 V 2 V 

Vee = 4.5 V 0.8 V 

Vee = 4.5 V, lload = -400 /LA 2.4 3.5:\: V 

Vee = 4.5 V, Isink = 16 rnA 0.22:\: 0.4 V 

Vee = 5.5 V, Yin = 0.4 V -1.6 rnA 

Vee = 5.5 V, Yin = 0.4 V -3.2 rnA 

Vee = 5.5 V, Yin = 2.4 V 40 /LA 

Vee = 5.5 V, V in = 5.5 V 1 mA 

Vee = 5.5 V, Yin = 2.4 V 80 /LA 

Vee = 5.5 V, Vin = 5.5 V 1 mA 

Vee = 5.5 V, Yin = 0 -20 -57 mA 

Vee = 5 V, Yin = 5 V 8 mA 

switching characteristics, Vee =5 V, TA =25°C, N= 10 

PARAMETER TEST TEST CONDITIONS MIN TYP MAX UNIT 
FIGURE 

fclock Maximum clock frequency 54 C, = 15 pF 10 15 MHz 

Propagation delay time to logical 
tpd , 1 level from clear or preset 55 C, = 15 pF 26 50 ns 

to output 

Propagation delay time to logical 
tpdo o level from clear or preset 55 C1 = 15 pF 34 50 ns 

to output 

tpd , Propagation delay time to logical 
54 C, = 15 pF 10 26 50 ns 

1 level from clock to output 

tpdo 
Propagation delay time to logical 

54 C, = o level from clock to output 15 pF 10 34 50 ns 
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TYPE SN5472 
J-K MASTER-SLAVE FLIP-FLOP 

functional block diagram 

PRESET 0--..--..----..... 

Klo------I 

K2 

K3 

schematic 

CLOCK 

.-----~ ....... ~CLEAR 

~---oJl 

J2 

J3 

r-----~~--_.-.---------~-----_.-----~------~vcc 

Q 0---+------4 

PRESET 00----41-1---------------.-.... .... 

Kl 

K2 

K3 

6 kn 3.5 kn 4 kn 

2kn 

130n 

.------...... ----0 Q 

.--------------------1 ...... ---0 CLEAR 

4kn 3.5kn 6kn 

2kn 

Jl 

J2 

J3 

~---~----~---+-----------~---~------~--~GND 

CLOCK 

Component values shown are nominal. 
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logic 

description 

TRUTH TABLE (Each Flip-Flop) 

tn tn+1 

J K Q 

0 0 Qn 

0 1 0 

1 0 1 

1 1 Qn 

NOTES: 1. tn = Bit time before clock pulse. 
2. t n + 1 = Bit time after clock pulse. 

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 V cc' . • . . . 
Fan-Out From Each Output, N. . . 

Width of Clock Pulse, tp(clock) (See Figure 54) . 

Width of Clear Pulse, tp(clear) (See Figure 55) . 
Input Setup Time, tsetup (See Figure 54) . 
Input Hold Time, tho1d • • • • • • • • 

TYPE SN5473 
DUAL J-K MASTER-SLAVE FLIP-FLOP 

J Q Q GND K Q Q 

@®@ ® ® ®CD 

0000000 
Clock Clear K Vee Clock Clear J 

positive logic 

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

HIGH 

LOW 

SN5473 CLOCK WAVEFORM 

. 4.5 V to 5.5 V 
1 to 10 
~ 20ns 

~ 25 ns 

~ Applied Clock Pulse Width 

• ••••••• ~O 
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TYPE SN5473 
DUAL J-K MASTER-SLAVE FLIP-FLOP 

electrical characteristics, TA = -55 °e to 125°e 

PARAMETER 

Input voltage required to 

Vin(,) ensure logical 1 at any 
input terminal 

Input voltage required to 

Vin(O) ensure logical 0 at any 
input terminal 

Voutlll Logical 1 output voltage 

Vout(O) Logical 0 output voltage 

linlO) 
Logical 0 level input current 
at J or K 

linlO) 
Logical 0 level input current 
at clear or clock 

Logical 1 level input current 
linlt) at J or K 

Logical 1 level input current 
linlt) at clear or clock 

los Short-circuit output currentt 

lee Supply current (each flip-flop) 

tHot more than one output should be shorted at a time. 
:j:These typical values are at Vee = 5 v; TA = 25°(. 

TEST 
FIGURE 

32 

32 

32 

33 

34 

34 

35 

35 

36 

35 

TEST CONDITIONS 

Vee = 4.5 V 

Vee = 4.5 V 

Vee = 4.5 V, lload = -400 p,A 

Vee = 4.5 V, Isinlc = 16 mA 

Vee = 5.5 V, Vin = 0.4 V 

Vee = 5.5 V, Vin = 0.4 V 

Vee = 5.5 V, Vin = 2.4V 

Vee = 5.5 V, Vin = 5.5 V 

Vee = 5.5 V, Vin = 2.4 V 

Vee = 5.5 V, Vin = 5.5V 

Vee = 5.5 V, Vin = 0 

Vee = 5V, Vin = .5V 

switching characteristics, Vee = 5 V, 'A = 25°e, N = 10 

PARAMETER TEST 
TEST CONDITIONS FIGURE 

fc10ck Maximum clock frequency 54 C, = 15 pF 

tpdl 
Propagation delay time to logical 

55 C, = 15 pF 1 level from clear to output 

tpdO 
Propagation delay time to logical 

55 C, = 15 pF o level from clear to output 

tpdl 
Propagation delay time to logical 

54 C, = 15 pr 1 level from clock to output 

tpdo 
Propagation delay time to logical 

54 C, = 15 pF o level from clock to output 
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MIN TYP MAX UNIT 

2 V 

0.8 V 

2.4 3.5!:I: V 

0.22:1: 0.4 V 

-1.6 mA 

-3.2 mA 

40 p,A 

1 mA 

80 p,A 

1 mA 

-20 -57 mA 

8 mA 

MIN TYP MAX UNIT 

10 15 MHz 

26 50 ns 

34 50 ns 

10 26 50 ns 

10 34 50 ns 



functional block diagram (each flip-flop) 

Qo--4I_n 

K~---4 

schematic (each flip-flop) 

CLOCK 

TYPE SN5473 
DUAL J-K MASTER-SLAVE FLIP-FLOP 

"""---_""""""-0 CLEAR 

1----oJ 

-------+----~-4----------_.------_+------._--------~vcc 

130 0 1.6kO 4kO 4kO 1.6kO 1300 

Qo---...... --... 

~---------...... --oCLEAR 

6 kO 3.5 kG 4 kO 4 kO 3.5 kO 6 kO 

K J 

2kO 2kO 

~----~-----4----+-----------+-----~------~--~GND 

CLOCK 

Component values shown are nominal. 

1023 



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

logic 

TRUTH TABLE (Each Flip-Flop) 

tn tn+1 

INPUT 0 OUTPUT OUTPUT 
Q Q 

0 0 1 

1 1 0 

NOTES: 1. tn = bit time before dock pulse. 

2. tn + 1 = bit time after. clock pulse. 

Preset Q Q GND Q Q Preset 

®®® ® ® 00 

0000000 
Clock o Clear Vee Clear o 

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 

Clock 

description 

The ~5474 is a monolithic, dual, Ootype, 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 dock 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 (0) 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 suited 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 

1024 

Supply Voltage Vee . . . 

Fan-Out From Each Output, N . 

Width of Clock Pulse, tplclock) (See Figure 56) . 

Width of Preset Pulse, tp(preset) (See Figure 53) 

Width of Clear Pulse, tplclear) (See Figure 53) . 

4.5 Vt05.5 V 

• 1 to 10 

~ 30 ns 

~ 30ns 

230 ns 



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

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

PARAMETER 

Input voltage required to 
Vin(l) ensure logical 1 at any 

input terminal 

Input voltage required to 

Vin(O) ensure logical 0 at any 
input terminal 

V oot(1) Logical 1 output voltage 

V out(O) Logical 0 output voltage 

lintO) 
Logical 0 level input 
current at preset or 0 

lin(O) 
Logical 0 level input current 
at clear or clock 

Logical 1 level input 
lintl) current at 0 

Logical 1 level input current 
lintl) at preset or clock 

lintl) 
Logical 1 level input 
current at clear 

los Short-circuit output currentt 

Icc Supply current (each flip-flop) 

tNot more than one output should be shorted at a time. 
:l:These typical values are at Vee = S V. 

TEST 
TEST CONDITIONS 

FIGURE 

37 Vee = 4.5 V 

37 Vee = 4.5 V 

37 Vee = 4.5 V, Iload = -400 p.A 

38 Vee = 4.5 V, Isink = 16 mA 

39 Vee = 5.5 V, Vin = 0.4 V 

39 Vee = 5.5 V, Vin = 0.4 V 

40 
Vee = 5.5 V, Vin = 2.4 V 

Vee = S.5V, Vin = 5.S V 

Vee = 5.5 V, Vin = 2.4 V 
40 

Vee = 5.5 V, Vin = 5.5 V 

40 
Vee = S.5V, Vin = 2.4 V 

Vee = 5.5 V, Vin = 5.5 V 

41 Vee = 5.5 V, Vin = 0 

40 Vee = S.5V, Vin = 5 V 

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

PARAMETER 
TEST 

TEST CONDITIONS 
FIGURE 

fclock Maximum clock frequency 56 C, = 15 pF 

tsetup Minimum input setup time 56 C, = 15 pF 

t hold Minimum input hold time 56 Ct = 15 pF 

Propagation delay time to logical 
C, tpdt 1 level from clear or preset 53 = 15 pF 

to output 

Propagation delay time to logical 

tpdo o level from clear or preset 53 C, = 15 pF 
to output 

tpdt 
Propagation delay time to logical 

56 C1 = 15 pF 
1 level from clock to output 

tpdo 
Propagation delay time to logical 

56 C, = 15 pF o level from clock to output 

MIN TVP MAX UNIT 

2 V 

0.8 V 

2.4 3.5:1: V 

0.22:1: 0.4 V 

-1.6 mA 

-3.2 mA 

40 p.A 

1 mA 

80 p.A 

1 mA 

120 p.A 

1 mA 

-20 -57 mA 

8.5 mA 

MIN TVP MAX UNIT 

15 25 MHz 

15 20 ns 

2 5 ns 

25 ns 

40 ns 

10 28 35 ns 

10 20 50 ns 
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TYPE SN5474 
DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOP 

functional block diagram (each flip-flop) 

PRESET 0-----+-1 

CLEAR o--...~---I ~""",-oQ 

~>-""",-oQ 
CLOCK 0--~'-'----4 

D o-------L. __ 

schematic (each flip-flop) 

r---~----------------~----~--~----oVcc 

4kn 4kn 1.6kn 130 n 

PRESET 0----...... ---+----+----------. 

CLEAR 0--......... .------' 

4 kn 1.6 kn 130 
n 

CLOC K O--~~----' 

Do--~----' lkn 

~---__ ~~~--+-~~GND 

Component values shown are nominal. 
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TYPE SN5480 
GATED FULL ADDER 

logic 

TRUTH TABLE (See Notes 1, 2, and 3) 

en B A Cn+ 1 ~ 1: 

0 0 0 1 1 0 

0 0 1 1 0 1 

0 1 0 1 0 1 

0 1 1 0 1 0 

1 0 0 1 0 1 

1 0 1 0 1 0 

1 1 0 0 1 0 

1 1 1 0 0 1 

NOTES: 1. A = A*-AcI B = B*-Bc 
where A* = A,-A21 B* = B,-B2 

2. When A* or B* are used as inputs, A, and Az or a, and B2 
respectively must be connected to GND. 

3. When A, and A2 or B, and B2 are used as inputs, A* or B* 
respectively must be open or used to perform Dot-OR logic. 

A 
c 

B 
c 

C 
n 

description 

The SN5480 is a ,!!ngle-bit, high-speed, binary full adder with gated complementary inputs, complemen
tary sum (I and I) 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 nigh-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 

Maximum Allowable Fan-Out From Outputs: 

Cn+ 1 , N 

I or I, N . 

A* or 8*, N 

4.5 V to 5.5 V 

1 to 5 

1 to 10 

1 to 3 
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TYPE SN5480 
GATED FULL ADDER 

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

PARAMETER 

Vinll ) Logical 1 input voltage 

Vinlo) Logical 0 input voltage 

Vout( 1) Logical 1 output voltage 

V out(O) Logical 0 output voltage 

Logical 0 level input 

linlo) current at AI' A2, 81' 
82, Ae or8e 

linlO) 
Logical 0 level input current 

at A* or 8* 

linlO) 
Logical 0 level input current 

at Cn 

Logical 1 level input current 
lin!l) 

at AI' Az' 81, 82, Ae or 8e 

Logical 1 level input current 
lin!l) 

at Cn 

los 
Short-circuit output 

current at I or It 

los 
Short-circuit output 

current at Cn + It 

Icc Supply Current 

tNot more than one output should be shorted at a time. 

:\:These typical values are at Vee = 5 V. 

TEST 
FIGURE 

~-

42 and 43 

42 and 43 

43 

42 

44 

45 

45 

46 

47 

48 

48 

49 

switching characteristics, Vee = 5 V, TA = 25°C 

PARAMETER ,-r FROM TO FIGURE 57 
INPUT OUTPUT TEST NO. 

tpdl 
Cn+ l 

1 
tpdo 

Cn 2 

tpdl 
Cn+ 1 

3 
tpdo 

Be 
4 

tpdl 
~ 

5 
tpdo 

Ae 
6 

tpdl - 7 
tpdo 

Be ~ 8 

tpd\ 
Al A* 

9 

tpdo 10 
tpdl 

B* 
11 

B, 
tpdo 12 

TEST CONDITIONS 

Vee = 4.5 V, Vinlo) = 0.8 V, 

V out(1) 2 2.4 y, V out(O) S 0.4 V 

Vee = 4.5 V, Vinll) = 2 V, 
V out(1) 2 2.4 V, V outlO) S 0.4 V 

Vee = 4.5 V 

Vee = 4.5 V 

Vee = 5.5 V, Vin = 0.4 V 

Vee = 5.5 V, Vin = 0.4 V 

Vee = 5.5 V, Vin = 0.4 V 
(all inputs and outputs open) 

Vee = 5.5 V, Vin = 2.4 V 

Vee = 5.5 V, Vin = 5.5 V 

Vee = 5.5 V, Vin = 2.4 V 

Vee = 5.5 V, Vin = 5.5 V 

Vee = 5.5 V 

Vee = 5.5 V 

Vee = 5 V 

TEST CONDITIONS 

N=5 
N=5 
N = 5 
N = 5 

N = 10 
N = 10 
N = 10 
N = 10 
CL = 15 pF 
CL = 15 pF 
CL = 15 pF 
CL = 15 pF 

~tpd\ is propagation delay time to logical 1 level. 'pd~ is propagation delay time to logical 0 level. 

1028 

MIN TYP MAX UNIT 

2 V 

0.8 V 

2.4 3.5 :j: V 

0.22:\: 0.4 V 

-1.6 mA 

-2.6 mA 

-8 mA 

15 JlA 

1 mA 

200 JlA 

1 mA 

-20 -57 mA 

-20 -70 mA 

21 mA 

MIN TYP MAX UNIT 

13 17 ns 

3 7 ns 

18 25 ns 

38 55 ns 

52 70 ns 

62 80 ns 

38 55 ns 

56 75 ns 

48 65 ns 

17 25 ns 

48 65 ns 

17 25 ns 



TYPE SN5480 
GATED FULL ADDER 

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 Cn input and the Cn + 1 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 

NOTE: Functions noted as NC are open. 

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 non inverted A and B inputs for the odd-numbered 
bits. 

When performing subtraction (figure G) the en 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 Az and B2 of odd-numbered bits and 
to Ae and Be of even-numbered bits. For the subtractor 
(figure G), input control is applied to A2 and Be of the 
odd-numbered bits and to Ae and B2 of the even-num
bered bits. These alternating patterns are necessary to 
complement the varying input sequence which they 
control. 

Z OUTPUT 

TON 
STAGIS 

FIGURE F - N-BIT BINARY ADDER 

ZOUTPUT 

NOTE: Functions noted as NC are open. 

FIGURE G - N·BIT BINARY SUBTRACTOR 

TON 
STAGIS 

....... 
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TYPE SNS480 
GATED FULL ADDER 

TYPICAL APPLICATIONS 

n-bit binary adder with register selection (see figure 

This application fully utilizes the flexibility of the input 
gating available within the SN5480. Two "A" registers 

H) 

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 I output 
regardless of "A" and "B" register logic levels. 

1030 

and two "B" registers drive a single adder for each bit 
required. Register selection is performed internally for 
registers A1 and B1 and externally by a type SN 15 946 
OTL gate for registers A2 and B2" Dot-OR logic is per
formed at the A* and B* nodes within the adder when 
the register selection is made. 

Operation is as follows: To add the contents of Register 
A, to Register B1' A2 and B2 control lines are brought 
to the logical 0 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 
B2 by holding A2 and B1 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 B* 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. 

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 (SN 15 
946) of the additional registers would be Dot-OR con
nected with A2 and B2 registers at the A* and B* inputs. 

To perform N-bit subtraction, the en 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. 

~ OUTPUT 

A2~V'~I.'JL(>------~~ ____________ ~~+-____________ ~~T-__________ ~~~~ 

A1CONTRvLO~ ______ ~ __________ ~~-+~ __________ -4~-+~ __________ +4~~ __ 

8* 

81~vr".L}~ ______ ~ ____________ -+ __ ~~ __________ -+ __ ~~ __________ ~~ 
INPUT~v"".~JL~ ______ ~ ____________ -+ ____ ~ __________ -+ ____ r-__________ r-__ ~~ 

·2CON,.vl,o-______ ~r---------------~~--------------~+_------------~ 

NOTE: Functions noted as NC are open. 

FIGURE H. N-BIT BINARY ADDER WITH REGISTER SELECTION 

TON 
STAGES 



schematic diagram 

Cn 7 )------------__ 

Vc 

A 
c 

8 
c 

Component values shown are nominal. 
Resistor values are in ohms. 

TYPE SN5480 
GATED FULL ADDER 

130 

.---..... -----( 8 ~ 

130 
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PARAMETER MEASUREMENT INFORMATION 

d-c test circuits§ 

... 
, in(O) 

l-w ___ ~nk 

1 
1. All inputs tested simultaneously. 

FIGURE 1 

4.5 V 

~--OPEN 

1. Each input tested separately. 

FIGURE 3 

Vee 

1. Each gate rested separately. 

FIGURE 5 

§Arrows indicate actual direction of current flow. 

V in o------1L.....,_--' 

Vou t11) 

J 
1. Each input tested separately. 

FIGURE 2 

'in(l ) 

-. 

1. Each input tested separately. 

FIGURE 4 

1. Test logical 0 and logical 1 conditions. 

FIGURE 6 

OPEN 

OPEN 



SERIES 54 
SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 
d-c test circuits§ (continued) 

r- -f---' 
I I h 
t--""\.---" I 
I I 
I I 

V. 
In 

I 
I 
I 

1. Each AND section tested separately. 

FIGURE 7 

4.5V 

OPEN I \ .... {
--r--
1...--.1 : 

OPEN { 

! lin(O) 

I 
I 
I 
I 
I 
I 

I 
V. {--r--, I 

In OPEN I )-.J-
--t.. __ .. , 

1. Each input tested separately. 

FIGURE 9 

,.---4--, 
!- I .. , 
I --L __ / I 

I I 
I I 
I I 

I 
I 
I 

I 
I 
I 
I 
I 
I 

_~--, I 
I ~J - -

-~-_/ 

1. Each gate tested separately. 

FIGURE 11 

§ Arrows indicate actual direction of current flow. 

OPEN 

V 

4.5 V 

,..-- ... ----"1 , 
I ~, 

r--"'---" : 

ino-.............. -~ 

I 
I 

I 

• I 

I I I 
I ~ ,.___ I L ___ -I 'I 

I ~ .. 
'---"'L __ ... " 

1. Each pair of inputs tested separately. 

FIGURE 8 

r---r-- .... , 
I I ~, 
+--~ __ .1 I Vee 
I I 
I I 
I I 
I t 

----~ I 
I 

IlnO) t 
v. 

In 

V. 
In 

1. Each input tested separately. 

FIGURE 10 

.- -~--'\ 
1 I ~, 
r--t..--/ I 
I I 
I I 
I I 

I 
I 
I 

I 
I 
I 
I 
I 

+- --r--" : 
I I .... -L __ ;' __ ~ 

FIGURE 12 

! ICC 

Iload 

OPEN 

OPEN 

1033 



SERIES 54 
_(G&Z_ _~_""~ __ ® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits§ (continued) 

r-~--' 
I 1-, V t --l __ / I CC 

I I 

I !! Ice 

I 
I 

"---- OPEN 

FIGURE 13 

r- -4""--, Vee 
I I h 
t-"l._./I 
I I 

I 
I 

FIGURE 14 

I 

"'---___ .~)--~-~r-=;) load 

1034 

V 
in 0-+-----1 

11 

~--....... +--o V out (0) 

V ";<QJ 1 

FIGURE 15 

Vee 

R 

t--....a..-o V, 

1. All inputs tested simultaneously. 

FIGURE 17 

§Arrows indicate actual direction of current flow. 

FIGURE 16 

4.5V 

lloff 

R 

1. Each input tested separately. 

FIGURE 18 



SERIES 54 
80&ltD GIl __ Wlltp® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits § (continued) 

vee 

OPEN 

Vin 

~ Ion 

V1 

FIGURE 19 

OPEN 

V in 0----....... --1 

1. Test "on" and "off" conditions. 

FIGURE 21 

TEST 
V. PER 

In 
TRUTH 
TABLE 

§Arrows indicate actual direction of current flow. 

V 
in 

V. 
In 

FIGURE 23 

vee 

lin(l) 

} OPEN --+ 

-
1. Each input tested separately. 

TEST 
PER 
TRUTH 
TABLE 

FIGURE 20 

1. Each output is tested separately. 

I load 

'O--r-~ 

2. Preset and dear are tested with Vin(clock) = O. 

FIGURE 22 

~Sink 

Vout<O) 

1 -
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SERIES 54 
8:o&ZII ,, ___ ,,~® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits § (continued) 

4.~ V 

L __ " - yVee 
TEST TABLE 

! Apply Vin Apply 4.5 V Ground 
Apply Momentary 

(Test linlol) GND, then 4.5 V 
J1 "' 

Preset J2 J1 J* Clear 

~J2 
J 

Q~ J2 J* Clear J1 

SEE ~ J* None None None 
lin(OI+-

V in C>--'- TEST Clock > OPEN K2 K1 K* Preset 

TABLE 
K1 "'\ K1 K2 K* Preset 

K* None None None 
~-.- ~K2 ~ K 

Q~ 
Clock None None None 

Clear 
Preset K1 and K2 K* None y -~ Clear J1 and J2 J* None 

~ -
1. Each output is tested separately. FIGURE 24 

Vee 
C) 

~ Icc TEST TABLE (See Note 2) 
Apply Vin Apply 

~ - (Test lin(11) 
Ground 4.5 V 

! J2 J1 and Clear J* 
I in (1) J1 "' 

Preset Jl 12 and Clear J* 
--+ 

J* V in 0-+-.-

HP-
J2 J Q 

]OPEN 

None None 

J* ./ K2 K1 and Preset t<* 
SEE Kl K2 and Preset t<* 
TEST Clock 

t<* None None 
TABLE "\ K1 Clock None None 

~-.... K2 K Q Kl and K2 K* Preset 

~ ./ Clear Clear J1 and J2 J* 

Y ~ ~ -
1. Each input is tested separately. 

2. Test yoltage and grounds are applied to inpuls in accordance with lesl table, and 'in(11 is measured for inpul being lesled. 

FIGURE 25 

Vee 
c 

V. - - -
In - -----------~- C) ~) C) 

A 
OPEN { 

J1 "\ Preset 

1 
• J 

J2 Q 
los 

~ ./ 
Clock 

OPEN { 
K1 "'\ 
K2 Q I--

I~ ./ K 
Clear 

-~ y ~ ~ 
1. Each oulput is tested separately. FIGURE 26 

§ Arrows indicate actual direction of current flow. 
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SERIES 54 
SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 
d-c test circuits§ (continued) 

TEST 
PER 
TRUTH 
TABLE 

1. Each output is tested separately. 

FIGURE 27 

Vin 

4.5 V 

I inlO) - SEE 
TEST 
TABLE 

1. Each input is tested separately. 

I in III 
---+ 

SEE 
TEST 
TABLE 

-

1. Each input is tested separately. 

J1 
J2 
J3 

K1 
K2 
K3 

§Arrows indicate actual direction of current flow. 

-

Vee 

-

TEST 
PER 
TRUTH 
TABLE 

1. Each output is tested separately. 

FIGURE 28 

TEST TABLE 

Apply Vin Apply Momentary Apply 
(Testinlol) GND, then 4.5 V 4.5 V 

Clock Preset J1, 12, J3, K1, K2, and K3 

Clock Clear J1, 12, J3, K1, K2, and K3 

Preset None J1, J2, J3, K1, K2, and K3 

Clear None J1, 12, J3, K1, K2, and K3 

OPEN J1 Clear Clock, J2, and J3 

J2 Clear Clock, J 1, and J3 

J3 Clear Clock, J 1, and 12 

K1 Preset Clock, K2, and K3 

K2 Preset Clock, K1, and K3 

K3 Preset Clock, K1, and K2 

FIGURE 29 

TEST TABLE 

}OPEN 

Apply Vin Ground 
(TestinI11) 

Clock Preset, Clear, J1, 12, J3, K1, K2, and K3 

Preset Clock, K1, K2, and K3 

Clear Clock, Jl, J2, and J3 

J1 Clock, Clear, J2, and J3 

J2 Clock, Clear, J1, and J3 

J3 Clock, Clear, J 1, and J2 

K1 Clock, Preset, K2, and K3 

K2 Clock, Preset, K1, and K3 

K3 Clock, Preset, K1, and K2 

FIGURE 30 

1037 



SERIES 54 

_O&ltlll GIt ___ IIW-@ SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits § (continued) 

4.5V 

1. Each output is tested separately. 

FIGURE 31 

Vee 

J Q 

J Q 

TEST CLOCK 

V. PER 
~ I load 

TEST CLOCK 
In TRUTH V PER 

TABLE K Q V out! I) 
in TRUTH 

TABLE K Q 

! CLEAR 

1 -
-= -= 

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. 

FIGURE 32 FIGURE 33 

4.5V Vee 

TEST TABLE 

Apply Vin Apply Momentary 

Q (Test linIO) GND Apply 4.5 V 

Clock Clear (See Note 2) J and K 

Clear None Clock and J 

J Q (See Note 3) Clock and Clear 

K Q (See Note 3) Clock and Clear 

I infO) 
CLOCK OPEN - SEE 

V. TEST In 

TABLE K Q 

CLEAR 
1. Each flip-flop is tested separately. 
2. Apply momentary ground, then 4.5 V. 

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

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

FIGURE 34 

§Arrows indicate actual direction of current flow. 
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SERIES 54 
SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits§ (continued) 

TEST TABLE 
ApplyVin 

Ground 
(Test linIn) 

j 

Clock Clear, J, and K 

Clear Clock and J 

J Clock and Clear 

V. CLOCK OPEN In 
SEE 
TEST 

TABLE K Q K Clock 

CLEAR 

1. Each flip-flop is tested separately. FIGURE 35 

2.4 V Vee 

J Q 

CLOCK 

K Q 
CLEAR 

V in 0------' 

1. Each flip-flop is tested separately. 

I 
I 
I 

* 

( See Note 2) 

Apply Momentary 
GND, then 4.5 V 

None 

None 

None 

Clear 

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

FIGURE 36 

Vee 

PRESET 

D Q D Q 

TEST 

;)IOOd 
TEST 

V 
in 

V PER 
in TRUTH 

PER 
TRUTH 

TABLE CLOCK V out (l) TABLE CLOCK 

CLEAR 

1 
CLEAR 

-=-
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 

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

d-c test circuits § (continued) 

4.5Y 
C) 

lin(O) 

Yin::: 4--

.J-

... 

~ 

SEE 
TEST 
TABLE 

-

.. 

-

I---

I---

-

1 Apply Vin PRESET 
(Test linlOI) 

0 Q~} Clock 

_ OPEN Preset 

CLOCK Q~ Clear 

CLEAR 
0 

y 
1. Each flip-flop is tested separately . 

~~ 
2. Each input is tested separately. 

Yce 
C) 

FIGURE 39 

Apply Vin 
llcC (See Note 4) 

(Test lin(1) 

Clock 
~! 

PRESET 
Preset 

Clear 

0 

-0 :-}OPEN 

- CLOCK Q-

CLEAR 
1. Each flip-flop is tested separately. 
2. Each input is tested separately . 

3. Apply momentary GND to (lock, then 4.5 V. 

4. Measure Icc with D and clock input at GND. 

FIGURE 40 

C) n-------,I-Y - -C)~) 
6 yC 

PRESET 

OPEN{'-O Q 

.-CLOCK 01--
CLEAR 

1. Each output is t.st.d separately. 

FIGURE 41 

§Arrows indicate actual direction of current flow. 

1040 

TEST TABLE 

Apply 4.5 V 

Clear and Preset 

Clear and Clock 

Clock and 0 

Clear and Clock 

TEST TABLE 

Apply 4.5 V 

None 

Clear and 0 

None 

Clock 

1105 

Apply GND 

0 

0 

None 

Preset 

Apply GND 

Clear 

Clock 
(See Note 3) 

0, Clock, and Q 

Clear 
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PARAMETER MEASUREMENT INFORMATION 

d-c test circuits § (continued) 

C A* n 
TEST A 
PER e 

v. TRUTH Al 
In TABLE A2 

AND Bl 
TEST 

TABLE B2 
Be 

TEST TABLE 

Output Under Test Iii ... (Min) 

lorl 16mA 

Cn+1 SmA 

A* or '* 4.S mA 

1. Each input or output is tested separately. 

2. When A* is tested A, and Az are at GND. When 1* is tested 1, and 1% are at GMD. 

3. When A, and A% or 1, and 1% is testedl A* or 1* respectively, is open. 

FIGURE 42 

.-. ___ ---~d 
TEST TABLE 

Output Under Test lloed (Min) 

l or ~ -400 /LA 

Cn + 1 -200 /LA 

A* or 1* -120 /LA 

C A-n 
TEST A 
PER c 

V TRUTH A, 
in TABLE A2 

AND B, 
TEST 

TABLE B2 
B 

c 

1. Each input or output Is tested separately. 

2. When A* is tested A, and Az are at GMD. When 1* is tested 1, and 12 are at GMD. 

3. When A, and A% or I, and 12 are tested A* or '*, respectively, is open. 

FIGURE 43 

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

4.SV 
c 

V. 
In 

- OPEN 

SEE 
TEST 
TABLE 

1. Each input is tested separately. 

V. 
on 

4.5V 
SEE 

TEST 
TABLE 

OPEN 

FIGURE 44 

} OPEN 

TEST TABLE 
Apply Vin Apply 4.5 V 

(Te_s~_lin.lol' 
A, A2 

A2 A, 

B, B2 

B2 Bl 

Ae None 

Be None 

TEST TABLE 
Apply Vin Apply 4.5 V 

(Test lioIO\) 

A* Ae 
a* Be 
en None 

GNO 

None 

None 

None 

None 

A, and A2 

Bl and B2 

GND 

A, and A2 

Bl and B2 

None 

Unused inputs are open. 

1. Each input is tested separately. FIGURE 45 

§Arrows indicate actual direction of current flow. 
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PARAMETER MEASUREMENT INFORMATION 
d-c test circuits§(continued} 

SEE 
TEST 

TABLE 

1. Each input is tested separately. 

'inlll 

vino--____ ...., 

OPEN 

e A" 

} OPEN 

n 
A 

A~ 1: 

A2 ~ 

B1 en+, 

B2 
B B· 

c 
OPEN 

FIGURE 47 

§ Arrows indicate actual direction of current flow. 

FIGURE 46 

Vee 

'ee , 
e 

n 
A 

c 
A, 

OPEN A2 
8

1 
8

2 
B c 

~ 

FIGURE 49 

TEST TABLE 
Apply Vin GND 
(Test lin(1)) 

A, A2 

A2 A, 

B, 82 
B2 B, 

Ac A* 

Be B* 

V
in e A· n 

(See test tobl e) OPEN A 
c 1: 

A1 

A2 ~ 
B, C 
B2 

n+1 

OPEN 
B B· 

c 

1. Each output is tested separately. 

TEST TABLE 
Output Under Test Vin Value 

S Vee 

~ or Cn + 1 GND 

FIGURE 48 

OPEN 

OPEN 

OPEN ! 'OS 
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PARAMETER MEASUREMENT INFORMATION 

switching characteristics 

1044 

2.4 Y INPUT OUTPUT Vee = 5 V 

PULSE 
GENERATOR 

(See Note 1) 

GATE 
UNDER 
TEST 

rEST CIRCUIT 

toIl·......--- t p 

------:=--1 90% 90% 1...1!!-------

(2 I50 pF 
(See 

_ Note _ 
- 4) -

PULSE GENERATOR I 50% 
I 

50% I 
OUTPUT I 10% 10% I 

I I 
-+Ito!+- ...../tl ~ 

INPUT 

OUTPUT 

-------y. (1) 

--- f--- ----\- --- _u l'.~V ---I: I V infO) 
______ !~ I y 

n_~_\ _____ +_/- ____ l~:t~l 
I I. I .~- --- -- Vout(O) 

--t t pdO \..- ~t pdl \.-

VOLTAGE WAVEFORMS 

NOTES: 1. The generator has the following characteristics: to = t, ~ 15 ns, tp = O.S p.s, PRR = 1 MHz, lout = 50 O. 
2. All transistors are 2N2368. 

3. All diodes are 1 N916. 

4. Test SNS440 with R] = 130 Q, (2 = 150 pF. 

_ tpdO + tpdl 
5. tpd - 2 

6. (\ includes probe and jig capacitance. 

FIGURE 50 - GATE PROPAGATION DELAY TIMES 
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PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 

2.4 V INPUT Vee = 5V 

EXPANDER UNDER 
TEST 

TEST CIRCUIT 

PULSE GENERATORI 
OUTPUT I 

I 10% 10% 

-..Ito\.-

INPUT 

OUTPUT 

VOLTAGE WAVEFORMS 

OUTPUT 

NOTES: 1. The generator has the following characteristics: to = t1 ~ 15 ns, tp = 0.5 /./,$, PRR = 1 MHz, lout ~ SO O. 
2. All transistors are 2N236B. 

3. All diodes are 1N916. 

_ tpdO + tpdl 
4. tpd - 2 

5. (1 includes probe and jig capacitance. 

FIGURE 51 - EXPANDER PROPAGATION DELAY TIMES 
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PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 

1046 

Vee = 5 V 0--.... -------------------, 

390 n 

1 C1 

TEST 
OUTPUT 

0.8 V 

390 n 

TEST 
OUTPUT 

CLEARo-~--~-T---a 

INPUT 

0--+---+--+--0 PRESET 

TEST CIRCUIT SN5470 

Vee = 5 V 0--..... ----------------....... 

390 n 

TEST 
OUTPUT 

(SEE NOTE 2) 

~ 

INPUT 

390 n 

TEST 
OUTPUT 

CLEARo-~~-----_a [)------__ --I--o PRESET 

INPUT 
Q 

INPUT 

TEST CIRCUIT SN5474 

NOTES: 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. (1 includes probe and jig capacitance. 

FIGURE 52 - SN5470 AND SN5474 PRESET/CLEAR PROPAGATION DELAY TIMES (SHEET 1 OF 2) 
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PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 

CLEAR INPUT 

~Or L~--------------Vin(1) 
T'\.;~_V _____ .,.,4 ~5-':' ______________ V ,.(01 

PRESET INPUT 

Q OUTPUT 

Q OUTPUT 

.... 1 .. f----tp(clear)--~.1 -.I t I--, 10 1 j::Vin(ll 
: 2V\('l.5V 1.5V 
I 1 lV I 
I I '---------" -- Vin(O) 
~ tpdO ~ ,.. tp(preset) _I 

---.....: - I i Ipd'17,.----....;..--Vout(1) 

! '\.~5_V __________ 11-1 _J1-1 ~ ~ ______ V ou.(OI 

-.., t pdl I+- -.I t pdO l+-

i )<5 V ill \~v--------VOU.!11 
__ .....;.._J. . V out(O) 

VOLTAGE WAVEFORMS 

NOTE 6: Clear or preset input pulse characteristics: Vin[o) = 0.4 V, Vin[l) = 2.4 Vito = 3 to 6 ns, tp = 25 ns for the SN5470, and tp = 30 ns for SN5474. 

FIGURE 52- SN5470 AND SN5474 PRESET/CLEAR PROPAGATION DELAY TIMES (SHEET 2 OF 2) 
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PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 
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TEST 
NO. 

TEST 

1 tsetup 
atJ* 

2 
thold 

at J1, J2 

3 tsetup 
atK* 

4 
thold 

atK1,K2 

Vee = 5 V n---a------------------, 
CLOCK PULSE 0---1---------, 

390n 

TEST 
OUTPUT 

TEST TABLE 

INPUT INPUT 

A B 

J* None 

None J1, J2 

K* None 

None K1, K2 

APPLY 

I 
I 
I 
I 

SEE TEST 
TABLE 

~ 

J 
'----t--Cl CLEAR 

+ 2.4 V 
GND 

J1, J2, 
K'* 

K1, K2 

SEE TEST 
TABLE 

~ 

CLOCK 
PULSE 

---, 
I 
I 
I 
I 

........, t I 
~I setup ~ 

390n 

TEST 
OUTPUT 

K1, K2 J* 
and K* ~

V -t i----------- Vin(lI 

INPUT A I 1.5 V I 
I 1 V I 

J1, J2, 
J* K1, K2 

J1,J2 J* 
and K* 

I I V 
~ t ~ I intO) 

or- ~ 
I t ho1d ~ 

NOTES: 1. Clock pulse (see note 3), input A, and input B are used 

to measure tsetup and thold ' INPUT B 

I 2v~i------Vin(1) 
: I 1.5V 
I I 1 V 

I 1'-------Vin(O) 2. Clock frequency, tpdl l and tpdo (from clock to output) 
are measured in the toggle mode. Hold J = K = 
logical 1 per truth table and apply clock pulse (see 
note 3). 

3. Clock pulse characteristics: Vin!O) = 0.4 V, Vin(l) = 
2.4 V, t1 = 1S ns, tp = 20 ns, and PRR = 1 

MHz. When testing fclocle' vary PRR. 

4. Input pulse characteristics: Vin!O) = 0.4 V, Vin!l) = 
2.4 VitO = 3 to 6 ns. 

5. All transistors are 2N2368. 

6. All diodes are 1N916. 

7. C, includes probe and jig capacitance. 

I -+I to t--

-~-U-~-~U-~---+-! --""''"-1.5 Y-- - - - - Y 00.(1) 

,K 
~ tpdO~ V out(O) 

I.-- t pdl--., V out(l) 

_~_U~_~_UQ_T ___ I ___ ,.,'5 ~ ____ V out(O) 

VOLTAGE WAVEFORMS 

FIGURE 53 - SN5470 FLlP·FLOP SWITCHING TIMES 
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PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 

Vcc = 5 V 

390 il 

TEST 
OUTPUT 

J, K, AND CLOCK 
INPUT PULSE 

(SEE NOTES 1 AND 2) 

CLOCK PULSE 

1 1 
r-IT -
I 1 I 

rc:L1-

I 
MN~ 

'-'-':1 

I 
I 01 
\ -y 

J K 

CLEAR PRESET 
Q Q 

TEST CIRCUIT 

390 il 

TEST 
OUTPUT 

....ltol.
~----~+-I--------Vin(l) 

2V I 

I.-- tp(clock)-----.! lV '-__________ V intO) 

I 
I 
r--tsetup 

------------+I---~ - - - - V out(l) 

I ~ Q OR Q OUTPUT I 1.5V 
~tpdO---i I I ,-, ____ v out(O) 

I 
I I ,-_____ V out(n 

~ tpdl~---1~ 

I /1.5V 

-----Vout(O) 

Q OR Q OUTPUT 

VOLTAGE WAVEFORMS 

NOTES: 1. (lock, J, and K input pulse characteristics: Vin(o) = 0.4 V, (in!l) = 2.4 V, t1 = to = 15 ns, tp = 20 ns, and PRR = 1 MHz. When testing fclock ' vary 

PRR. 

2. For the SN5472, J = J1 • J2 • J3 and K = K1 • K2 • K3. 
3. Gated inputs (shown with dolled lines) are for the SN5472 only. The SN5473 Dual Flip-Flop has direct J and K inputs and preset is not available. 

4. All transistors are 2N2368. 

5. All diodes are 1N916. 

6. (I includes probe and jig capacitance. 

FIGURE S4 - SNS472, SNS473 FLIP-FLOP SWITCHING TIMES 
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PARAMETER MEASUREMENT INFORMATION 

swi·tching characteristics (continued) 
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Vee = 5 V 0--.... ----------------_ 

2.4 V 

390 n 

.--- _I I 1_1_ --, 
I II II I II r -, II I 
I rJ.,-LN .!., rl NL~, I 

I~~~I I~~~I 

I I 01 10 I I 
TEST \ ~I \~ I 

OUTPUT I " J / CLOCK" K ./ 1 
CLEAR C>--+----..;..--<lCLEAR PRESET - -
INPUT 

TEST CIRCUIT 

390 n 

TEST 
OUTPUT 

CLEAR INPUT 

~~! i"r V;.lll 

~.~V~""l_V ______ l,.,JV¥_~~---------------- V;.IOI 

PRESET INPUT. 
(SN5472 ONLY) 

11oII1 .. t----tPlclearl .. I ~·l to i ~~tl i Vin(l) 

I 2 V I I 2V 

I 
1 .5·V I I 1. 5 V 

I 1 V 1 V I 
I I r--- Vin(O) 

--,.j tpdO I+- I. tp(preset) .. I : ,I ---JtPd

f
l i' I 

I I uv I 1.5 V 

: "', ___________ II-I .J _________ v out(O) 

~ t pdl j4- ---t t pdO j+-

QOUTPUT ____ :_."J5 V \ .... ~5_V ________ vvooUutt(lo1l1 

• VOLTAGE WAVEFORMS -

v out(l) 

Q OUTPUT 

NOTES: 1. (lear or preset in puis dominate regardless of the st~te of clock or J-K inputs. 

2. (lear or preset' input pulse characteristics: Vin[o) = 0.4 V, Vin(l) = 2.4 V,tI = to = 15 ns, tp(clear) = tp(preset) = 2S ns, 
and PRR = 1 MHz. 

3. 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. 

4. All transistors are 2N2368. 

5. All diodes are 1N916. 

6. (1 includes probe and jig capacitance. 

FIGURE 55 - SN5472 AND SN5473 PRESET/CLEAR PROPAGATION DELAY TIMES 
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PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 

Vee = 5 V 0--+------------------, 
CLOCK PULSEo--~--------~ 

CLOCK 
INPUT 

TEST 
OUTPUT 

D INPUT 
(See Note 2) 

CLOCK 
PRESETD----e 

TEST CIRCUIT 

TEST 
OUTPUT 

-.j --I to ~ 
I ~-----,.·+-I----------
I 90% 90% I 
I 1.5 V 1.5 V I 

10"A> I ..... ..---t P ___ ~ ... I 10"/0 

V in(1) 

---=---~.", I I "------------..J 
V inlO) 

V in(1) 
D INPUT (PULSE A) I 

(SEE NOTE 2) I 

D INPUT (PULSE B) 
(SEE NOTE 2) 

Q OR Q OUTPUT 

I 
I 

90% 

.-lO_"A_o ________ V
inIO

) 

W----- V
inll) 

90% 190%1 
I I I 

I : II 
10% 10% 

1 I I I 
I -..: to ~ tl ..-

! I \ 1.5V -- -L...-!_ - - V ~.'" 
"-!I .. --tpdO----~1 ..... __________ V outlO) 

I I I 

V inlO) 

... I .. ..----tpdl ~v.,,------------ V out (1) 

QORQOUTP_U_T _______ ! _______ ...,;~~ _______ VoutlO) 

VOLTAGE WAVEFORMS 

NOTES: 1. Clock inpul pulse has the following characlerislics: Vin(O) = 0.4 V, Vin(l) = 2.4 V, 11 = '0 = 15 ns, Ip = 30 ns, and PRR = 1 MHz. When lesling fclock' 
vary. PRR. 

2. D inpul (pulse A) is used 10 measure Ipdl 01 a and IpdO al O. Pulse 8 is used 10 measure Ipdl 01 Q and IpdO 01 Q. D inpul (pulse A) has Ihe following charac

lerislics: 11 = 10 = 15 ns, Isetup = 20 ns, Ip = 60 ns, and PRR is 50% of Ihe clock PRR. D inpul (pulse 8) has Ihe following characleristics: 11 = 10 = 
15 ns, Ihold = 5 ns, tp = 60 ns, and PRR is 50% of the clock PRR. 

3. All transistors are 2N2368. 

4. All diodes are 1 N916. 

5. C, includes probe and jig capacitance. FIGURE 56 - SN5474 FLIP-FLOP SWITCHING TIME 
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1052 

PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 

2.4V 

NOTES: 

1. Perform test in accordance with test table. 

2. Each output is tested separately. 

SEE 
TEST 

TABLE 

3. Voltage values are with respect to network GND terminal. 

INPUT OUTPUT 

r-----------I _ LOAD CIRCUIT 1 ., 

Vee - 5 V 390 n I 
I 
I I 

I 
I 
I 

I I L _________ -1 

r -LOADCiRCUIT2 -, 

~AME ~ L~D ~R~T ~ 
C r - -LOADClRWT3 - -, 

15 ~f I ~_--.JI SAME AS LOAD CIRCUIT 1 I 
(See Note 6) '=' I EXCEPT R, = 780 n, and (2 = 25 pF I 

L_ .5.:e~o~) ____ J 

4. The generator has the following characteristics: Vgen = 3 V, t, = to S 15 ns, 

tp = 0.5 p-s, PRR = 1 MHz, and lout ;:::::. 50 n. 
5. Inputs and outputs not otherwise specified are open. 

6. (L and (, include probe and jig capacitance. 

7. Load circuit 3 simulates output load of 5. 

8. All transistors are 2N2368. 

TEST CIRCUIT I I 

1 ~ tl 
PULSE I ~ ____ I 

GENERATOR I 50% 

OUTPUTIOO/O I j-9. All diodes are 1N916. 

TEST TABLE (See Note 5) 
OUTPUT APPLY APPLY 

TEST NO. UNDER INPUT Y INPUT Y 
APPLY APPLY APPLY 

TEST TO TO 
+ 2.4 V TO GND TO OUTPUT LOADING TO 

1 (n+l None (n None II (n+1 (N = 5) 

2 (n+l None (n None I, ~ (N = 5) 

3 (n+ 1 Ie None (n A" I, ~ (N = 5) 

4 (n+ , Ie None (n A" B, (n+1 IN = 5) 

~ IN = 10) 

S ~ Ae None (n A" B, l (N = 10) 

(n+, IN = 5) 

l IN = 10) 

6 ~ Ae None (n A" B, ~ IN = 10) 

(n+1 (N = 5) 

7 ~ Be None (n B, ~ IN = 10) VOLTAGE WAVEFORMS 

8 l 8e None (n 8, l IN = 10) 

9 A* None A, A2 None A* I(l = 15 pF) 

10 A* None Al A2 None A* ((l = 15 pF) 

11 8* None 8, 82 None 8* I(l = 15 pF) 

12 1* None B, 82 None 8* I(l = 15 pF) 

FIGURE 57 - SN5480 SWITCHING TIMES 



SERIES 54 
80&JtJII ClJla_,,"tp® SEMICONDUCTOR NETWORKS 

4.5 

> 4.0 
I 
G) 

3.5 0) 
0 -~ 3.0 .... 
:) 
Q. .... 2.5 :) 

0 

C 2.0 
2 
0) 

.s 1.5 

1.0 
.::: -:» 

0.5 ~ 

0 

0.6 

> 
I 
8, 0.5 
o .... 
~ 
~ 0.4 
Q. .... 
:) 

o 
0 

C u 
'0, 
0 

...J 

I 
§ 
.... 
:) 

>0 

0.3 

0.2 

0.1 

0 

TYPICAL CHARACTERISTICS § 
LOGICAL 1 OUTPUT VOLT AGE 

vs 

LOAD CURRENT 

~--~----~----~-
Vee =4.5V 

V in = 0.4 V 

See Figure 2 

TA 

0 5 10 15 20 25 30 

I load - Load Current - rnA 

LOGICAL 0 OUTPUT VOLT AGE 
vs 

SINK CURRENT 

See Figure 1 

0 5 10 1 5 20 25 30 35 40 45 

lsink - Sink Current -rnA 

§ Unless otherwise noted, data as shown is applicable for SNS400, SNS410, SNS420, SNS430, SNS4S0, SNS4S1, SNS4S3, and SNS4S4. 
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1054 

> 
I 
Q) 
C) 
c -"0 
> 
~ 
a.. -::;) 0 
I 
+-
:J 

~ 

"" c: 

I 
Q) 

> 
~ 
o 
-0 
u 

.8> 
-oJ 

2 
Q) 

E 
~ 
>-. c 
Q) 

o 
c: 
~ -c 
C) 

&. 
~ 
I 
o 
"&. -

4.5 

4.0 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

o 

45 

40 

35 

30 

25 

20 

15 

10 

5 

0 

TYPICAL CHARACTERISTICS § 

OUTPUT VOLTAGE 
vs 

INPUT VOLTAGE 

, r 
Vee = 4.5 V 

I---
I I N =10 

TA = 125°C 
See Figures 1 and 2 -- I I ~ 

TA = -55°C ~ 

~ 
I I 

r:.~21C r-

\ V " \ \ \ 
\ ~ 

, 
, 

\ \ 
o 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 0 LEVEL 

vs 

FREE-AIR TEMPERATURE 

r---+--+--+--_~--+- Vee = 4.5 V 
N =10 

t---+---+---+--+---l--See Figure 50 

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

TA - Free-Air Temperature - °C 

§ Unless orherwise nored, dara as shown is applicable for SN5400, SN5410, SN5420, SN5430, SN5450, SN5451, SN5453, and SN5454. 
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~ 45 
I 
~ 40 

Q) 
...J 

c u 

35 

'0, 30 
o 

...J 

.2 25 
Q) 

.5 

..... 20 
>. 
c 

""i 
o 15 
c 
.2 
C 10 
C) 
C 
Q. e 5 

c... 

o 

TYPICAL CHARACTERISTICS § 

PROPAGATION DELAY TIME TO LOGICAL 1 LEVEL 

vs 

FREE-AIR TEMPERATURE 

Vee =4.5 V 
N = 10 
See Figure 50 

C 1 = 150 pF 

I I 
C 1 = 50 pF 

I I 

C 1 = 15 pF 

!ij -55 -35 -15 5 25 45 65 85 105 125 
~ 

VI 
c 

45 

40 

I 35 
Q) 

E 
~ 30 
>. c 

""i 25 o 
c o 
'';: 20 
c 
C) 

g. 15 
d: 

, 10 

.J. 
5 

o 

-

TA - Free-Air Temperature - °C 

PROPAGATION DELAY TIME 

vs 

FREE-AIR TEMPERATURE 

I I I 

Vee = 4.5V 
N = 10 -
See Figure 50 

. 

C, == J50 pF 

C, == 50 pF 

-
C,==J5pF 

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

TA - Free-Air Temperature - °C 

§ Unless otherwise noted, data as shown is applicable for SNS400, SN5410, SN5420, SN5430, SNS4S0, SNS451, SN54S3, and SN5454. 
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MECHANICAL DATA 
general 

leads 

Series 54 semiconductor networks are mounted in 
glass-to-metal hermetically sealed, welded pack
ages. Package body and leads are gold-plated 
F-15:j: glass-sealing alloy. Approximate weight is 

0.1 gram. All external surfaces are metallic and 
are insulated from leads and circuit. All Series 54 
networks are available with formed leads, insulator 
attached, and/or mounted in a Mech-Pak carrier. 

OUTLINE DRAWING - SEMICONDUCTOR NETWORK WELDED PACKAGE 

®@®®@XOO) 

+§~§§§§ 
0.175 REF. .; 0 .; .; .; 0 
0.165 MIN. 

(See Note e) I ./ DATE 
J. V CODE 

...L- - --r-
~ -Ie~ xxxxx 0.150 

O.015~.-= SHXXXX~ 

0.005 MAX ::;::: w· 14 PLACES 

~:~:~ -.J I-- ~:~: 
0~ 

Falls within TO-84 dimensions 

NOTES: 

SIDE VIEWS 

Gold-plated F-15:j: 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 
lengths up to 0.175 inch. 

a. All dimensions in inches. 
b. All decimals ±0.005 except as noted . 
c. Lead spacing tolerance is ±0.015 at extremities and 

±0.005 at package, nonaccumulative. 
d. Lead 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. 

FORMED LEADS 
0.00. R ,,14-- 0.250 MAX. --.I 0013 -0005 

Typo.al ~I :::::::::J}='-=~ I-.;·(H;;;O;;TE;.C;;;);;;-l! 

1101 ....... -- . 0.500 ; 0.010 (HOTE 8) ----al.l· 
NOTES: a. All dimensions in inches. 

b. Not applicable in Mech-Pak Carrier. 
e. Measured from center of lead to bottom of package where lead 

emerges from body. 

insulator 
MECH·PAK DIMENSIONS 

l--- ~:: ___ .. -,-: ---4.,j 

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. 

ordering instructions 

Variations in mechanical configuration of 
semiconductor networks are identified by 
suffix numbers shown in a table at the right. 

tPatented by Texas Instruments 

o.no 

O.7SO 

..j ~o.o .. 

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

2. 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 Suffix 

*F-lS is th, ASTM designation for on iron-nickel-cobalt alloy containing nominally 53% iron, 29% nickel, and 17% cobalt. 
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. Howtol.nsertPages 
1. Place pile of insert pages at .. right of 

book. 

2. Grasp plastic tabs and pull all three 
straps out of book. 

3. Work from back of bo()k to front,plac .. 
ing insert sheets in numerical·· order by 
page number*, aligning their holes with 
holes in book. 

4. After all insert· 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. 

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

*Certain large blocks of page· numbers 
have intentionally been omitted from the· 
bound book. These numbers are reserved 
for insert pages. 
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TEXAS INSTRUMENTS 

74P SEMICONDUCTOR NETWORKS 

DIGITAL SEMICONDUCTOR NETWORKS 

IN '~A PLUG-IN FLAT PACKAGE 

D'e sc ription 

Series 7.4P consists of Series 7.4 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-boards 

• economical package construction 

• sturdy pins for easy insertion 

• welded hermetic seal 

• low profile for space savings INDUSTRIAL 16-PIN PLUG-IN fLAT PACKAGE 
This inexpensive plug-in package is adoptable to conventional low-cost assembly and design techniques, induding 
high-volume manual or automatic insertion, flow- or wove-soldering, and the use of economical 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 aport. A flange tab is provided for in.dexing, simplifying both manual and automatic in,ertion. The pack
age has a rugged cerantic-ro-metal construction and a welded-meial hermetic seal, assuring the highest degree of 
network rigidity and reliability. 

Mechanical data 

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

L...,.,.,...:-------"7..-..c-' 

I~.------...:..-- U90--------. 

0 CD CD CD ® @ 0 ® 
MOTU: a. III dimensions in Inches, 

" ;-- UM b. lUi dedmah ± 0005 ",upl ill noted. \,~ .•. , .. 
~ .. --

~~-I 
c. had IPO(lnl lol"all" it -'*O,OIS III un-X taltemlll" ond_~ O.OOS 01 plth,e, 

nona((umulallve. 
fl. Lead (Interlines are 10cal.1i within 

+ 0.200 0,390 ± O.OOS of. Iheir hue pOSitions relatin 

8 90 body ctnierlines. 

# 0 0 0 0 ~ • 
IOnOM YIIW 

@@@@@@@0 
OUTLINE DRAWING - SEMICONDUCTOR NETWORK INDUSTRIAL PACKAGE 
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TEXAS INSTRUMENTS 

SERIES 74P SEMICONDUCTOR NETWORKS 

Specifications, logic symbols, and pin numbers 

Schematic ~ia9rams, 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. ~ 

TYPE SN7400P TYPE SN7410P ~ ,.\ 
QUADRUPLE 2-INPUT POSITIVE NAND GATE TRIPLE 3-INPUT POSITIVE NAND GA !\f 

"".\\ 

) 

NC X 8 A GND 8 A X @tjJ@[bj 
CD 
NC 

~·®el 
A B X Vee X 

positive logic 

x=AB 

TYPE SN7420P 

A 8 

DUAL 4-INPUT POSITIVE NAND GATE 

NC 
@ 

CD 
NC A )( 

positive logic 

x=ABCl5 

B 

Manufacturer. 

~\, 

NC C C 

@ 10 

i' 
CD 
NC 8 

CD Si 
C X vee X 

positive Dogie 

X=ABC 

A 8 

TYPE SN7430P 
8-INPUT POSITIVE NAND GATE 

NC NC NC GND H G F 

®@® @~iOCP 
I I 
I I 

It====::----l , 

positive ~ogic 

)(=ABCDEFGH 

Texas Instruments, Inc., Semiconductor Components'-Division, P. O. Box 5012, 
Dallas, Texas. 
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TEXAS INSTRUMENTS 
SERIES 74P SEMICONDUCTOR NETWORKS (Contd) 

logic definition 

Se,ries 74P logic is defined in terms of standard POSITIVE lOGIC using the following definitions: 

lOW VOLTAGE = LOGICAL 0 

HIGH VOLTAGE = LOGICAL 1 

. TYPE SN7440P 
DUAL 4-INPUT POSITIVE NAND "POWER" GATE 

TYPE SN7450P 
EXPANDABLE DUAL EXCLUSIVE-OR GATE 

loth .xpander inputs are used simultaneously for expanding Wi!~ 
the SN7460P. If expander is not used leave pins CD ond CD operi;, 

NC 

.------------__ \'i\\' 
't 

NC \\ 
@ 

CD 
NC A X 

positive 'logic 

X=ABCo 

TYPE SN7460P 
DUAL 4-INPUT EXPANDER FOR SN74S0P 

(onned pin Q) or @ (collector) 10 pin <D of 5N7450P. 

(onnecl pin <D or @ (emiller) 10 pin CD of 5N7450P, 

NC '--E~ 

@ 15 14 

positive logic 
E=ABCl5 

Wft.n connected to pins ® and @ of SN1 .. 'OP. 

1328 

@ ',i 

1\' 

CD 
NC 

NC 

@ 

CD 
NC 

positive ogic 
X=AB+CD+E 

E = ABCD from SN7460P 

TYP~ SN7470P 
J-K FLIP-FLOP 

positive logic 
low input fo preset sets Q to iogical I 

low input to cl.ar sets Q to logical 0 



description 

SERIES 54 930 
80&llD GltJltCIII""tp® SEMICONDUCTOR NETWORKSt 

HIGH-SPEED TTL DIGITAL SEMICONDUCTOR NETWORKS 
IN 

DTL PIN CONFIGURATIONS 

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. 

comparative features 

Gate propagation delay time (typically) 
Fan-out capability 

SERIES 15 930 SERIES 54 930 
OTL TTL 

25 ns 
8 

13 ns 
10 

(OTL can drive 8 OTL or 5 TTL loads, TTL can drive 10 TTL 
or 10 OTL loads) 

Noise immunity (guaranteed) . 350mV 400 mV 

standard line summary 

FUNCTION TYPES SIMILAR DTl CIRCUIT 

Dual 4-lnput Positive NAND Gate SN54930 SN15930 

Dual 4-lnput Positive NAND Buffer SN54932 SN15932 

Quadruple 2-lnput Positive NAND Gate SN54946 SN15946 

Triple 3-lnput Positive NAND Gate SN54962 SN15962 

8-lnput Positive NAND Gate SN54965 None 

Dual 2-Wide 2-lnput AND-OR-INVERT Gate SN54966 None 

Master-Slave Flip-Flop SN54948 SN15 931/SN15 945/SN15 948 

specifications 

Schematic diagrams, fan-oot rules, maximum ratings, temperature ranges, and electrical characteristics are 
identical to those of the corresponding Series54 type number. 

SERIES 54 930 TYPE 

SN54930 
SN54932 
SN54946 
SN54948 
SN54962 
SN54965 
SN54966 

tPatented by Texas Instruments 

CORRESPONDING 
SERIES 54 TYPE 

SN5420 
SN5440 
SN5400 
See Note 1 
SN5410 
SN5430 
SN5451 

NOTE 1: The SN54 948 has no corresponding 
Series 54 type. Electrical and 
switching characteristics are included 
in this data sheet. 

~o TEXAS,JC~R~rR~}dDM ENTS 
SEM ICONDUCTOR-COMPONENTS DIVISION 
POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 1501 

!7:I11t 
em ... ::a ... -mm 
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. 0 
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SERIES 54 930 

_0&11111 GZJlI(CIII"lttp® SEMICONDUCTOR NETWORKS 

PIN CONFIGURATIONS 
SN54930 SN54932 

DUAL 4-INPUT POSITIVE NAND GATE DUAL 4-INPUT POSITIVE NAND BUFFER 

Vee 2D 2C NC 2B 2A 2Y 

@@@@@®® 
Vee 2D 2C 

@@@ 
NC 2B 2A 2Y 

@@)®® 

CDQ)G)0®®CD Q)Q)@®®CD 
IA IB NC IC ID IY GND IA IB NC IC ID IY GND 

SN54946 SN54962 
QUADRUPLE 2-INPUT POSITIVE NAND GATE TRIPLE 3-INPUT POSITIVE NAND GATE 

Vee 4B 4A 

®@@ 
4Y 3B 3A 3Y 

@@®® 
Vee 1C IY 3C 

@@@@ 
3B 3A 3Y 

@®® 

CD CD CD <D®®CD CD(DCD @®®(j) 
IA 1B IY 2A 2B 2Y GNO 1A IB 2A 2B 2C 2Y GNO 

SN54965 SN54966 
a-INPUT POSITIVE NAND GATE DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATE 

Vee NC H G NC NC Y Vee IB NC NC 10 1C IY 

@@@ @@®<!) ®@@@@)®® 

A B C D GND IA 2A 2B 2C 2D 2Y GND 
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logic 

TRUTH TABLES 

R-S MODE J-K MODE 

tn tn+1 tn tn+ 1 

S, S2 C, C2 Q S1 C, Q 
0 X 0 X Qn 0 0 Qn 
0 X X 0 Qn 0 1 0 
X 0 0 X Qn 1 0 1 
X 0 X 0 Qn 1 1 Qn 
0 X 1 1 0 
X 0 1 1 0 
1 1 0 X 1 
1 1 X 0 1 
1 1 1 1 Indeterminate 

NOTES: 1. tn = bit time before dock pulse. 

2. tn +, = 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 O. 

S. For operation in the J-K mode connect S2 to Ii and (2 to 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 to master. 
3. Disable AND gate inputs. 
4. Transfer information from master to slave. 

recommended operating conditions 

Supply Voltage Vce 

Fan-Out From Each Output, N 
Width of Clock Pulse, tp(clock) (See Figure 6) . 

Width of Direct Set Pulse, tp(SO) (See Figure 7) . 
Width of Direct Clear Pulse, tp(CO) (See Figure 7) 

Input Setup Time, tsetup (See Figure 6) . 

Input Hold Time, thold . 

TYPE SN54 948 
MASTER·SLAVE FLlp·FLOP 

. Vee NC C l SD Q NC 

®®® ® (DC!) 

(DCDG)CD<D0CD 
NC CP $1 $2 CD Q GND 

N( - No Internal conn.ction 

HIGH 

LOW 

positive logic 
Low input to Co sets Q to logical 0 

Low input to So sets Q to logical 1 

Co and So are independent of CP 

SN54 948 CLOCK WAVEFORM 

. 4.5 V to 5.5 V 
1 to 10 

· Z 20 ns 
· Z 25 ns 

· Z 25 ns 
. . applied clock pulse width 

. Z 0 
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TYPE SN54 948 
MASTER-SLAVE FLlp·FLOP 

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

PARAMETER 
Vin(1) Logical 1 input voltage 

VinlO) Logical 0 input voltage 

V outll) Logical 1 output voltage 

VoutlO) Logical 0 output voltage 

linlO) 
Logical 0 level input current 

at C1, C2, S1' or S2 

linlO) Logical 0 level i'nput current at Co or So 

'in(O) Logical 0 level input current at CP 

Logical 1 level input current 
lin(1) at C1, C2, SI' or $2 

lin(1) Logical 1 level input current at CD or So 

linll) Logical 1 level input current at CP 

'os Short-circuit output current t 
ICC Supply current 

t Not more than one output should be shorted at a time. 

:j: These typical values are at Vee = 5 V. 

TEST 
FIGURE TEST CONDITIONS 

1 Vee = 4.5 V 

1 Vee = 4.5 V 

1 Vee = 4.5 V, 'Ioad.= -400 fl-A 

2 Vee = 4.5 V, 'sink = 16 mA 

3 Vee = 5.5 V, Vin = 0.4 V 

3 Vee = 5.5 V, Vin = 0.4 V 

3 Vee = 5.5 V, Vin = 0.4 V 

4 
Vee = 5.5 V, Vin = 2.4 V 

Vee = 5.5 V, Vin = 5.5 V 

4 
Vee = 5.5 V, Vin = 2.4 V 

Vee = 5.5 V, Vin = 5.5 V 

4 
Voe = 5.5 V, Vin = 2.4 V 

Vee = 5.5 V, Vin = 5.5 V 

5 Vee =5.5V,Vin =0 

4 Vee = 5V, Vin = 5 V 

switching characteristics, Vee = 5 V, TA = 25°C, N = 10 

TEST 
PARAMETER FIGURE TEST CONDITIONS 

fc10ck Maximum clock frequency 6 
Propagation delay time to 

tpdl logical 1 level from CD 7 
or So to output 

Propagation delay time to 

tpdo logical 0 level from CD 7 
or So to output 

Propagation delay time to 

tpd1 logical 1 level from C1, C2, 6 

Sl' or S2 to output 

Propagation delay time to 

tpdo logical 1 level from C" C2, 6 

S1' or S2 to output 

1504 

MIN TYP MAX UNIT 
2 V 

0.8 V 

2.4 3.5* V 

0.22* 0.4 V 

-1.6 mA 

-3.2 mA 

-4.8 mA 

40 fl-A 

1 mA 

80 fl-A 

1 mA 

120 fl-A 

1 mA 

-20 -57 mA 

8 mA 

MIN TYP MAX UNIT 
10 15 MHz 

26 50 ns 

34 50 ns 

10 26 50 ns 

10 34 50 ns 



TYPE SN54 948 
MASTER·SLAVE FLlp·FLOP 

functional block diagram 

Qo-----..... <1 Q 

So o----t~-----.... • -4==+=1=;--, .--------e---oco 

cp 

schematic 

~---+----'-------~~~---'------+------~14 ~c 

130 S1 1.6 kS1 4kS1 4kQ 1.6 kS1 130 S1 

So 10~~---------1 ~------------------'-~5 Co 

6 kS1 3.5 kn 4 kS1 

2 

CP 

4kS1 3.Skn 6kS1 
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TYPE SN54 948 
MASTER·SLAVE FLIP·FLOP 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuitst 

Test 
Per 

Truth 
Table~--O 

(See 
Note 

2) 

Vee 

1. Each output is tested separately. 
=-

2. Direct inputs (0 and So are tested for proper operation. 

FIGURE 1 

4.5 V 

See 
Test 1-----0 

Table 

1. Each input is tested separately. 

=-

See 
Test~---o 

able 

1. Each input is tested separately. 

Vee 

OPEN 

=-

Vee 

OPEN 

2. When testing ICC' all inputs and outputs are open. 

tArrows indicate actual liirection of current flow. 

Vee 

'ljn 

=-
1. Each output is tested separately. 
2. Direct inputs (0 and So are tested for proper operation. 

FIGURE 2 

TEST TABLE 
Apply Vin Apply Momentary 

Apply 4.5 V 
(Test lin) GND, Then 4.5 V 

CP CD C" C2, SI' S2' and So 

CP So C1' C2, SI' 52' and CD 

CD None SI' S2' and CP 

So None CI' C2, and CP 

C, None C2, So' and CP 

C2 None CI' So' and CP 

S, None S2' Co' and CP 

S2 None S" Co' and CP 

FIGURE 3 

TEST TABLE 
Apply V in 
(Test lin) Ground 

CP CD' So' C" C2' S" and S2 

CD CP, S" and 52 

So CP, C1' and C2 
C, CP, So' and C2 
C2 CP, So' and C, 

S, CP, CD' and S2 

S2 CP, CD' and S, 

FIGURE 4 



TYPE SN54 948 
MASTER·SLAVE FLlp·FLOP 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuitst (continued) 

tArrows indicate aclual direction of current flow. 

switching characteristics 

Vee = 5 V 

TEST 
OUTPUT 

INPUT PULSE 
(SEE NOTE I) 

1. Each output is tested separately. 

FIGURE 5 

INPUT PULSE 

C...b---4--" 

TEST CIRCUIT 

TEST 
OUTPUT 

__________ -+1 ___ '"' -- - - - Voutll) 

I ~ Q OR Q OUTPUT I 1.5 V 

t--tpdO~ 
1 I \.. --- V ou~o) 

I 

Q OR Q OUTPUT 

r-tpdl~~y -----Voutl1l 

I /1.5V 
_____________ J - - - - - Vout(o) 

VOLTAGE WAVEFORMS 

NOTES: 1. Input pulse characteristics: Vin(o) ~ 0.4 V, Vin(!) ~ 2.4 V,II = 10 ~ 15 ns, tp 20 ns , and PRR 1 MHz. When testing fc1ock ' vary PRR. 

2. All transistors are 2N2368. 

3. All diodes are 1 N916. 
4. (L includes probe and jig capacitance. 

FIGURE 6 - PROPAGATION DELAY TIMES FROM CLOCKED INPUTS 
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TYPE SN54 948· 
MASTER·SLAVE FLIP·FLOP 

PARAMETER MEASUREMENT INFORMATION 
switching characteristics (continued> 

1508 

CD INPUT 

So INPUT 

Q OUTPUT 

Vee = 5 V 

TEST 
OUTPUT 

So 0-+----+--00 So 

INPUT 
Q 

2.4 V 

CP 

TEST 
OUTPUT 

Cop_-+_++-o CD 
INPUT 

TEST CIRCUIT 

~
.! tor- i tl r Vin(l) 2V 1 j(2V 

1.5 V I 1 1.5 V 
1 1 V 1 V I 
I "-_______ J 1------------------ Vin(O) 

1oI141----- t p(CO) -.I 

I 
I 
I 
1 ~

·I to i -1~tl i V in (l) 

2 V 1 I 2 V 
1.5V I 1 1.5V 

I 1 V 1 V 1 
I t-- - - Vin(O) 

tpdO I+- I. tp(SO) .1 ---+:--\1 . -1 tpd1 !i.': I Vootl1J 

--.I 

! . ~'"'5_V ________ ...... i-J/~~------- VoutlOJ 

~ t pdl j4- ---f t pdO j4-

QOUTPUT ___ I ~~r:-v------------~~-.5_V ______ -__ Vo~(l) 
VOLTAGE WAVEFORMS - Vout(O) 

NOTES: 1. (0 or So inputs dominate regardless of the state of clock, (" (2 or S" S2 inputs. 

2. (0 or So input pulse characteristics: Vin(o) ~ 0.4 V, Vin(1) ~ 2.4 V, t, = to ~ 15 ns, tp(CO) = tp(SO) = 25 ns, and PRR = 1 MHz. 

3. All transistors are 2N2368. 

4. All diodes are 1 N916. 

5. (L includes probe and jig capacitance. 

FIGURE 7 - Co AND So PROPAGATION DELAY TIMES 

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 53 
_O&JtD CIIllJlt_"lttp® SEMICONDUCTOR NETWORKSt 

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 reiection 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 J-K 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 (OTl) 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. 

CONTENTS Page 

DESIGN CHARACTERISTICS AND LOGIC SYMBOLS • 

LOADING TABLES AND PIN IDENTIFICATION. 

DEFINITIVE SPECIFICATIONS • • • • • • • • 

D-C TEST CIRCUITS. • • • • • • • • • • • 

SWITCHING TIME TEST CIRCUITS AND VOLTAGE WAVEFORMS. 
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SERIES 53 
80&ltD "ll __ "~tp® SEMICONDUCTOR NETWORKS 

typical operating characteristics, TA = -55°C to 125°C, supply voltage Vee 

Speed: Gate Propagation Delay. 
3Vt04V 

. 35 ns 
4 MHz 

10 
25 max 
< son 
12mW 
40mW 

Flip-flop Toggle Rate. 
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 fuJI 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). 

lin 

+--

Vee 

INPUT 0---1 ___ ....;...... .... -

INPUT o--.. ---! INPUT 

FIGURE B. Series 53 
ic AND Lo ic 

The gain 0 t e p-n-p transistors rep acmg t e mput 
diodes increases the effective drive capability of the pre
ceding stage. The voltage at node A is now a function 
of 'in' Rl' and the p-n-p transistor gain, rather than only 
lin 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 peJjormance. 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 0, 
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. 

Vee 

""----0 OUTPUT 

FIGURE C. Series 53 Double-Ended Output Stage 

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 doc 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 doc 
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 valuable protection against 
c-c coupled noise transients. 

All Series 53 networks are fabricated using a o4-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 reE(sat) 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--..~ 

FIGURE D. Series 53 Triple-Diffused Structure 

Two AND/OR gates, the SN5320 and SN53040, provide 
additional flexibility for the logic designer. These gates 
may be used in applications where nonirlverted 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 Vee 3.2 V 3.6 V 4.0 V 
Maximum number of AND/OR 

1 2 3 gates which may be cascaded 
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standard line summary 
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5-INPUT EXPANDABLE NAND/NOR GATE 

SN5320 See Page 2018 
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S-INPUT EXPANDABLE AND/OR GATE 

(ALSO USABLE AS 5-INPUT EXPANDER) 

SN5340 See Page 2022 
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SN5311 See Page 2015 
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DUAL 5-INPUT NAND/NOR GATE 

SN5330 See Page 2020 
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DUAL 3-INPUT NAND/NOR GATE 

SN535.0 See Page 2024-r----, 
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QUADRUPLE INVERTER/DRIVER 

SN5380 See Page 2027 
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ONE-SHOT 
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SERIES 53 
80&ItD UltaUlfIIlttr® SEMICONDUCTOR NETWORKS 

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

Supply Voltage Vee (See Note 1) • • + 7 V 

Supply Voltage VEE With Respect to Vee (SN5320 and SN5340) • -7 V 

Vee Input Voltage V in (See Notes 1 and 2) • 

Operating Free-Air Temperature Range • 

Storage Temperature Range. 

• -55°C to 125°C 

• -65°C to 150°C 

NOTES: 1. Voltage values (with the exception of the VEE 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 A = -55°C to 
125°C and Vee = 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 Vee = 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 A = -55°C, or 0.19 mA 
at T A = 125°C). Currents into the input terminals 
are specified as positive values. Arrows on the 
doc test circuits indicate the actual direction of 
current fI~w. 

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 
doc test circuits indicate the actual direction of 
current flow. 

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

2004 

FORMER 
PIN NOS. 

WEIGHTED VALUES OF INPUT CURRENT REQUIREMENTS 

NETWORK TYPE INPUT N+ LOADS N- LOADS 

FLIP-FLOPS 5300, 5301 J, J*, K, K*, 
5302 Preset, Clear 1 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,1* 1 0 

INVERTER 5350 Each Input 2 0 

WEIGHTED VALUES OF FAN-OUT 

NETWORK OUTPUT N+ LOADS N- LOADS 

FLIP-FLOPS, NAND/NOR 
GATES, AND 
ONE-SHOT 

INVERTER (SN5350) 

AND/OR GATES 
SN5320 and SN5340 

®00CDCD 

~XXXXX 
• "\o/SNXXXX 

CD 0CD CD CD 
TO-89 

Each Output 10 10 

Each Output 10 10 

4 Inverters 
40 40 

in parallel 

Each Output 4 4 

@@®®®00 

~ )}in XXXXX 
":( • 'iYSNXXXX 

CD o CD CD CD CD CD 
TO-84 



TYPE SN5300 
J-K FLIP-FLOP WITH PRESET 

logic TRUTH TABLES 

J*=K*=l 
tn tn+ 1 

J K Q 
0 0 Qn 

ADDITIONAL INPUT 
LOGIC COMBINATIONS 

tIL tn + I 
J K J* K* Q 

Vee 

®CV(DCD® 
0 1 0 0 1 0 0 Qn 
1 0 1 1 0 0 0 Qn 
1 1 Qn 1 1 0 0 Qn 

0 1 0 1 Qn 
J=K=O 1 1 0 1 Qn 

tn t lT+ I 
J* K* Q 

0 0 Qn 
0 1 1 
1 0 0 

1 0 1 0 Qn 

1 1 1 0 Qn 
1 0 0 1 1 
0 1 1 0 0 

CD@CD0® 
GND 

1 1 Qn In = Bil lime before clock pulse 

In + 1 = Bit lime afler clock pulse positive logic 

High input to preset sets Q to logical 1 

recommended operating conditions 

Supply Voltage Vee . •.. 
Maximum Fan-out From Each Output Into Positive Loads, N+ . 
Maximum Fan-out From Each Output Into Negative Loads, N- . 
Fall Time of Clock Pulse tf(clock) . 
Minimum Width of Clock Pulse tp(clock) • 
Rise Time of Clock Pulse tr(c1ock) . 

.3Vt04V 
. 10 
.10 

20 to 150 ns 
.50 ns 

10 to 500 ns 

electrical characteristics (unless otherwise noted, TA = -55°C to 125°C, Vee = 3 V to 4 V) 

PARAMETER TEST TEST CONDITIONS MIN TYP MAX UNIT FIGURE 
Input voltage required to Vee = 3 V 1.5 3 V 

Vin(l) ensure logical 1 at J, K, J*, K*, 1,2 
preset, and clock Vee = 4 V 1.5 4 V 

Input voltage required to 

Vin(o) ensure logical 0 at J, K, J*, K*, 1,2 0 0.3 V 
preset, and clock 

Logical 1 output voltage Vee = 3 V,N+ = 10 (lioad = -5 rnA) 1.7 3 V 
Vout(1) (off leve\) 3 

Vee = 4 V, N+ = 10 (iload = -5 rnA) 2.7 4 V 

Vout(o) 
Logical 0 output voltage N- = 10 (lsink = 2.5 rnA), TA = -55°C 0 0.3 V 
(on leve\) 3 

N- = 10 (lsink = 1.9 rnA), TA = 125°C 0 0.3 V 

lin 
J, K, J*, K*, or preset 

3 Vin = 2.7 V 0 0.5 rnA input current 

Vin = 2 V 0 1.25 rnA 

lin Clock input current 3 Vin = 0.3 V, T A = -5SoC -0.625 rnA 

Vin = 0.3 V, TA = 125°C -0.475 rnA 

Vce = 3 V, N + = N- = 0, 
9 rnA 

'eC(av) Average supply current .4 
Toggle = 1 MHz, T A = 25°C 

Vee = 4 V, N+ = N- = 0, 
13 rnA 

Toggle = 1 MHz, T A = 25°C 

CAUTION: 

This device was formerly TYPE SN530. Pin numbers of the SN5300 have been renumbered in accordance with TO-89. The electrical fundions of 

the SN530 and the SN5300 are in the same physical location. See pin identification, page 2004, for SN530 pin numbers. 
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TYPE SN5300 
J-K FLIP-FLOP WITH PRESET 

switching characteristics, TA = 25°(, Vee = 3.5' V, N + = N- = 0 

PARAMETER TEST TEST CONDITIONS TYP MAX UNIT FIGURE --
td Delay Time Clock Input: Vin = 2.5 V, t f = 20 ns, 20 30 ns 
t, Rise Time tp = 500 ns, f = 1 MHz 20 45 ns 

22 
ts Storage Time J, J*, K and K* Input: Vin = Vee 40 60 ns 
t f Fall Time Preset Input: Vin = 0 25 40 ns 

Time to Set a Logical 1: 
tsefll) J or K Clock Input: Vin = 2.5 V, t f = 20 ns, 50 ns 

J* or K* tp = 500 n5, f = 1 MHz 35 ns 

Time to Set a Logical 0: 
23 

J, J*, K or K* Input: Vinll ) = 2.5 V, 

tseflO) J or K Vinlo) = 0, t, = t f = 50 ns 40 ns 

J* or K* 40 ns 

tD,esef Preset Time 24 
Clock Input: Vin = 0 

55 ns 
Preset Input: Vin = 2.5 V, t f = 50 ns 

schematic 

LOGIC STEERING BISTABLE STEERING LOGIC 
SECTION SECTION SECTION SECTION SECTION ,-----------T-------------T-------'---, 

I V~ I I 
I I I 
I I I I I K * 

I J * I I I I I I 1 .5 k 11k 1 k I 1 .5 k I 
I I I I I 
I I I I I 

I I I 
I I I 
I -= Q 25 pF a I 

,8 k 25 pf I 

I I 
I J I 

I 
I 
I 
I 

5 pF 

2.5 k 

I I 
L ___ ..L 

16k I 
______ ~ ________ ~~_~RESE~ ____ _ 

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

J*=K*=l 

tn tn+ 1 

J K Q 

0 0 Qn 

0 1 0 
1 0 1 

1 1 Qn 

J=K=O 

tn tn+ 1 

J* K* Q 

0 0 Qn 

0 1 1 
1 0 0 
1 1 Qn 

TRUTH TABLES 

TYPE SN5301 
J-K FLIP-FLOP WITH PRESET AND CLEAR 

ADDITIONAL INPUT 
Vee 

@@@®®®® LOGIC COMBINATIONS 

t 

J K J* K* 

0 1 0 0 

1 0 0 0 

1 1 0 0 

0 1 0 1 

1 1 0 1 

1 0 1 0 

1 1 1 0 
1 0 0 1 
0 1 1 0 

tn = Bit time before dock pulse 

-tn + 1 = Bit time lifter dock pulse 

tn+ 1 

Q 

Qn 

Qn 

Qn 

Qn 

Qn 

Qn 

Qn 

1 
0 

GND 
NC - No internal connection. 

positive logic 
High input to preset sets Q to logical 1 

High input to clear sets Q to logical 0 

recommended operating conditions 

Supply Voltage Vee 
Maximum Fan-out From Each Output Into Positive Loads, N + . 
Maximum Fan-out From Each Output Into Negative Loads, N- . 
Fall Time of Clock Pulse tflclock) . 
Minimum Width of Clock Pulse tplclock) . 
Rise Time of Clock Pulse trlclock) . 

.3Vt04V 
10 
10 

. 20 to 150 ns 
.50 ns 

10 to 500 ns 

electrical characteristics (unless otherwise noted, TA = _55°( to 125°(, Vee = 3 V to 4 V) 

PARAMETER TEST TEST CONDITIONS MIN TYP MAX UNIT FIGURE 
Input voltage required to 

Vee = 3 V 1.5 3 V 
Vin(1 ) ensure logical 1 at J, K, J*, 1,2 

K*, preset, clock and clear Vee = 4 V 1.5 " V 

Input voltage required to f \ 

Vin(O) ensure logical 0 at J, K, J*, 1,2 0 0.3 V 
K*, preset, clock and clear 

Vout(1 ) 
Logical 1 output voltage 

3 
Vee = 3 V, N+ = 10 (iload = -5 mAl 1.7 3 V 

(off level) Vee = 4 V, N+ = 10 (iload = -5 mAl 2.7 4 V 

VoutlO) 
Logical 0 output voltage 

3 
N- = 10 (Isink = 2.5 mAl, TA = -5SoC 0 0.3 V 

(on level) N- = 10 (ISink = 1.9 mAl, TA = 125°C 0 0.3 V 

lin 
J, K, J*, K*, -preset, or clear 

3 Vin = 2.7 V 0 0.5 mA 
input current 

Vin = 2 V 0 1.25 mA 

lin Clock input current 3 Vin = 0.3 V, T A = -SSoC -0.625 mA 

Vin = 0.3 V, TA = 12SoC -0.475 mA 

Vee = 3 V, N+ = N- = 0, 
9 mA 

lee(ilv) Average supply current .. Toggle = 1 MHz, T A = 25°C 

Vee = 4 V, N+ = N- = 0, 
Toggle = 1 MHz, T A = 2SoC 

13 mA 
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TYPE SN5301 
J-K FLIP-FLOP WITH PRESET AND CLEAR 

switching characteristics, TA = 25°C, Vee = 3.5 V, N + = N- = 0 

PARAMETER TEST TEST CONDITIONS TYP MAX UNIT FIGURE 
td Delay Time Cloclc Input: Vin = 2.5 V, tf = 20 ns, 20 30 ns 

tr Rise Time 
22 

tp = 500 ns, f = 1 MHz 20 45 ns 

ts Storage Time J, J*, K and K* Input: Vin = Vee 40 60 ns 

tf Fall Time Preset Input: Vin = 0 25 40 ns 
Clear Input: Vin = 0 

t'eflll Time to Set a Logical 1: 
J or K Cloclc Input: Vin = 2.5 V, tf = 20 ns, 50 ns 
J* or K* tp = 500 ns, f = 1 MHz 35 ns 

Time to Set a Logical 0: 
23 J, J*, K and K* Input: Vin(1) = 2.5 V, tsef(OI 

J or K Vin(o) = 0, tr = t f = 50 ns 40 ns 
J* or K* 40 ns 

tpre,et Preset Time 24 
Cloclc Input: Vin = 0 

55 ns 
Preset Input: Vin = 2.5 V, t f = 50 ns 

telNr Clear Time 24 
Cloclc Input: Vin = 0 

75 ns 
Clear Input: Von = 2.5 V, t f = 50 ns 

schematic 

LOGIC STEERING BISTABLE STEERING LOGIC 
SECTION SECTION SECTION SECTION SECTION j-~c~ -,- - - -- - - T - - - - --- - - -- - - T-------I ---, 

J* 

18k 25p'l 

I I 
I J I 

= 

1.5 k 

I 
I 
I 
I 
~"""",~---4 

1 k 1 k 1.5 k 

25 pF Q 

5 pF 

2.5 k 

I , 
L ___ L 

16k 6 k I 
______ ~LEAR _______ ~~_~RESE~ ____ _ 

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

J 

0 

0 

1 

1 

TRUTH TABLE 
EACH FLIP-FLOP 

tn 

K 

0 

1 

0 

1 

In = Bil lime before clock pulse 

In 1 1 = Bit time ofler clock pulse 

tn+ 1 

Q 

Qn 

0 

1 

Qn 

TYPE SN5302 
DUAL J-K FLIP-FLOP WITH PRESET 

Vee 

®®®®®®® 

CDCDCD0®®CD 
GND 

positive logic 

High input to preset sets Q to logical 1 

recommended operating conditions 

Supply Voltage Vee .3Vto4V 

. 10 

.10 
. 20 to 150 ns 

.50 ns 

10 to 500 ns 

Maximum Fan-out From Each Output Into Positive loads, N+ . 
Maximum Fan-out From Each Output Into Negative loads, N- . 

Fall Time of Clock Pulse tf(clock) . 
Minimum Width of Clock Pulse tp(clock) . 

Rise Time of Clock Pulse tr(clock) . 

electrical characteristics (unless otherwise noted, TA = -5SoC to 125°C, Vee = 3 V to 4 V) 

PARAMETER 
TEST 

TEST CONDITIONS FIGURE MIN TYP MAX 
Input voltage required to Vee = 3 V 1.5 3 

Vin(1) ensure logical 1 at J, K, 1,2 
Vee = 4 V 1.5 -4 preset, and clock 

Input voltage required to 

Vin(o) ensure logical 0 at J, K, 1,2 0 0.3 
preset, and clock 

Logical 1 output voltage Vee = 3 V, N+ = 10 (iload = -5 mAl 1.7 3 
Vout(l) (off level) 3 

Vee = 4 V, N+ = 10 (iload = -5 mAl 2.7 -4 

Logical 0 output voltage N- = 10 (lsink = 2.5 mAl, T A = -55°C 0 0.3 
Vout(o) (on level) 3 

N- = 10 (lsink = 1.9 mAl, TA = 12SoC 0 0.3 

lin J, K,or preset input current 3 Yin = 2.7 V 0 0.5 

Yin = 2 V 0 1.25 

lin Clock input current 3 Yin = 0.3 V, TA = -5SoC -0.625 

Vin = 0.3 V, TA = 12SoC -0.475 

Vee = 3 V, N+ = N- = 0, 
Average supply current Toggle = 1 MHz, TA = 25°C 9 

leC(av) (each flip-flop) 4 
Vee = 4 V, N+ = N- = 0, 
Toggle = 1 MHz, TA = 25°C 13 

UNIT 

V 

V 

V 

V 

V 

V 

V 

mA 

mA 

mA 

mA 

mA 

mA 
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TYPE SN5302 
DUAL J-K FlIP- FLOP WITH PRESET 

switching characteristics, TA _ 25°C, Vee = 3.5 V, N + _ N- = 0 

PARAMETER TEST TEST CONDITIONS TYP MAX UNIT FIGURE 
td Delay Time Clock Input: Vin = 2.5 V, t f = 20 ns, 20 30 ns 

tr Rise Time tp = 500 ns, f = 1 MHz 20 45 ns 
ts Storage Time 22 J and K Input: Vin = Vee 40 60 ns 
t f Fall Time Preset Input: Vin = 0 25 40 ns 

tsetll) 
Time to Set a Logical 1: Clock Input: Vin = 2.5 V, t f = 20 ns, 

50 J or K tp = 500 ns, f = 1 MHz ns 

Time to Set a Logical 0: 
23 J and K Input: Vin(1 ) = 2.5 V, 

tsetlo) J or K VinlO) = 0, tr = tf = 50 ns 40 ns 

tpreset Preset Time 24 
Clock Input: Vin = 0 

75 Preset Input: Vin = 2.5 V, t f = 50 ns ns 

schematic (each flip-flop) 

LOGIC STEERING BISTABLE STEERING LOGIC 
SECTION SECTION SECTION SECTION SECTION 

r-~~~-------T-------------T-------T---~ 

1.5 k 

6k 

2.5 k 

18 k 25 pF I 

I I 
I J I 
I I 

I 
I 
I 
I 

1 k 

25 pF 

1 k 

a 

I 
I 
I 
I 
I 
I 

16k I 

1.5 k 

5 pF 

2.5 k 

L ___ l I GND PRESET I ______ ~ ___________ __ --..L ____ _ 

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

J 

0 

0 
1 

1 

TRUTH TABLE 
EACH FLIP-flOP 

tn 

K 

0 
1 

0 

1 

tn = Bit time before clock pulse 

tn + I = Bit time ofter clock pulse 

t n+ 1 

Q 

Qn 

0 
1 

Qn 

TYPE SN5304 
DUAL J-K FLIP-FLOP WITH PRESET AND CLEAR 

Vee 

®®®®®®® 

CD0CD00®CD 
GND 

positive logic 
High input to preset sets Q to logical 1 

High input to clear sets Ql and Q2 to logical 0 

recommended operating conditions 

Supp.ly Voltage Vee . 3 V to 4 V 
10 
10 

. 20 to 150 ns 
50 ns 

10 to 500 ns 

Maximum Fan-out From Each Output Into Positive Loads, N + . 
Maximum Fan-out From Eaeh Output Into Negative Loads, N - . 
Fall Time of Clock Pulse tf(clock) . 
Minimum Width of CJock Pulse tp(clock) . 
Rise Time of Clock Pulse tr(clock) . 

electrical characteristics (unless otherwise noted, T A _ -55°C to 125°C, Vee = 3 V to 4 V) 

PARAMETER TEST TEST CONDITIONS MIN TYP MAX FIGURE 

Input voltage required to Vee = 3 V 1.5 3 

Vin(1) ensure logical 1 at J, K, 1,2 
Vee = 4 V 1.5 4 

preset, clock and clear 

Input voltage required to 

Vin(o) ensure logical 0 at J, K, 1,2 0 0.3 
preset, clock and clear 

Logical 1 output voltage Vee = 3 V, N+ = 10 (I1O.Jd = -5 mAl 1.1 3 
Vout(1 ) (off level) 

3 
Vee = 4 V,N+ = 10 (11O.Jd = -5 mAl 2.1 4 

Logical 0 output voltage N- = 10 (Isink = 2.5 mAl, TA = -55°C 0 0.3 
VoutlO) (on level) 

3 
N- = 10 (Isink = 1.9 mAl, TA = 125°C 0 0.3 

lin J, K,or preset input current 3 Vin = 2.1 V 0 0.5 

Vin = 2 V 0 2.5 

lin Clock input current 3 Vin = 0.3 V, TA = -55°C -1.25 

Vin = 0.3 V, TA = 125°C -0.95 

lin Clear input current 3 Vin = 2.1 V 0 1 

Vee = 3 V, N+ = N- = 0, 
9 I Average supply current 

4 
Toggle = 1 MHz, TA = 2SoC 

eelav) (each flip-flop) Vee = 4V, N+ = N- = 0, 
Toggle = 1 MHz, TA = 25°C 

13 

UNIT 

V 

V 

V 

V 

V 

V 

V 

mA 

mA 

mA 

mA 

mA 

mA 

mA 
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TYPE SN5304 
DUAL J-K FLIP-FLOP WITH PRESET AND CLEAR 

switching characteristics, TA = 25°(, Vee = 3.5 V, N + = N- = 0 

PARAMETER TEST TEST CONDITIONS TYP MAX UNIT FIGURE 

td Delay Time 
Clock Input: Vin = 2.5 V, t f = 20 ns, 20 30 ns 
tp = 500 ns, f = 1 MHz 

tr Rise Time 20 45 ns 
22 J and K Input: Vin = Vee 

ts Storage Time 40 60 ns 
tf Fall Time 

Preset Input: Vin = 0 25 40 ns 
Clear Input: Vin = 0 

tset(1) 
Time to Set a Logical 1: Clock Input: Vin - 2.5 V, t f - 20 ns, 

50 ns 
J or K tp = 500 ns, f = 1 MHz 

Time to Set a Logical 0: 23 J or K Input: Vin(1) = 2.5 V, 
tset!O) J or K Vin!o) = 0, t r = tf = 50 ns 

40 ns 

tpreset Preset Time 24 
Clock Input: Vin = 0 

75 Preset Input: Vin = 2.5 V, tf = 50 ns 
ns 

telear Clear Time 24 
Clock Input: Vin = 0 

100 Clear Input: Vin = 2.5 V, tf = 50 ns 
ns 

schematic (each flip-flop) 

LOGIC STEERING BISTABLE STEERING LOGIC 
SECTION SECTION SECTION SECTION SECTION 

j-~:- -,- - - --- - T - - - - -- - ----- - T-------T---' 
I I 

1.5 k 

6k 

25 pF 

,8 k 25 pF I 
I , 
I J , 

1 k 

I 
I 
I 
I 
I 

I 
I , 
I 

1.5 k 

5 pF 

2.5 k 

I , 
L ___ L 

6k 6k I 
______ ~LEAR _______ ~N~ _ ~RESE!.L ____ _ 

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 

_-4 ..... ---... ---e-4rJ vee 

OUTPUT 

INPUTS 

~~--~~'-----~------~----~HJGND 

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 CD open. 

recommended operating conditions 

Supply Voltage Vee 

Maximum Fan-out Into Positive Loads, N + . 
Maximum Fan-out Into Negative Loads, N- • 

Do not make external 
connection at pin <D 

Vee 

GND 

positive logic 

10=4-5-6-7-9-1 

.3Vto4V 

.10 

.10 

electrical characteristics (unless otherwise noted TA 3 V to 4 V} 

PARAMnER TEST TEST CONDITIONS MIN TYP MAX UNIT FIGURE 
Logical 1 input voltage required 

Vee = 3 V 1.7 3 V 
at all input terminals to 

Vin(1 ) ensure logical 0 (on level) 
5 

at output Vee = 4 V 2.5 4 V 

Input voltage required at ex- Vee - 3 V, TA - -55°C 2.35 3 V 

Vin(1 )X 
pander node (pin CD) to 

6 
Vee - 3 V TA = 125°C 1.9 3 V 

ensure logical 0 (on level) at Vee - 4 V, TA = -55°C 3.15 4 V 
output Vee = 4 V, TA = 125°C 2.7 4 V 
Logical 0 input voltage required 

VinlO) 
at any input terminal to 

7 0 0.3 V ensure logical 1 (off level) 
at output 

Input voltage required at ex-
TA = -55°C 0 1.5 V 

pander node (pin CD) to 
Vinlo)X ensure logical 1 (off level) at 8 

output TA = 125°C 0 0.95 V 

CAUTION: 

This device was formerly TYPE SN53J. Pin numbers of the SN53JO have been renumbered in accordance with TO-89. The electrical functions of 

the SN53J and the SN53JO are in the same physical location. See pin identification, page 2004, for SN53J pin numbers. 

2013 



TYPE SN5310 
5-INPUT EXPANDABLE NAND/NOR GATE 

electrical characteristics (continued) 
(unless otherwise noted, TA = -55°C to 125°C, Vee = 3 V to 4 V) 

PARAMETER TEST TEST CONDITIONS MIN TYP MAX UNIT FIGURE 
Vee = 3 V, Vin = 0.3 V, 

1.7 3 V 

VOUt(1) 
Logical 1 output voltage 

7 
N + = 10 (lioad = -5 mA) 

(off level) Vee = 4 V, Vin = 0.3 V, 
N+ = 10 ('load = -5 mA) 

2.7 4 V 

Vee = 3 V, Vin = 1.7 V, N- = 10 
0.3 V 

Vout(o) 
Logical 0 output voltage 

5 
(lsinlc = 2.5 mAl, T A = -55°C 

(on level) Vee = 3 V, Vin = 1.7 V, N- = 10 
0 0.3 V 

(lsinlc = 1.9 mA), T A = 12Soc 

Vin = 0.3 V, N+ = N- = O,TA = -55°C -0.25 mA 
'in Input current (each input) 7 Vin = 0.3 V, N+ = N- = O,TA = 125°C -0.19 mA 

Vee = Vin = 3 V, N + = N- = 0, 
3.3 mA 

lee(on) 
On level supply current 

9 
TA = 25°C 

(each gate) Vee = Vin = 4 V, N + = N- = 0, 
TA = 25°C 

4.5 mA 

Vee = 3 V, Vin = 0.3 V, 
1.2 mA 

Off level supply current 9 N+ = N- = 0, TA = 25°C 
'ee(off) (each gate) Vee = 4 V, Vin = 0.3 V, 

1.6 mA 
N+ = N- = 0, TA = 25°C 

TA = -55°C 1.24 2.6 kn 
Rl Resistance value of Rl 10 

TA = 125°C 1.7 3.25 kn 

switching characteristics, TA _ 25°C, Vee _ 3.5 V, N-= 1 

PARAMETER TEST TEST CONDITIONS TYP MAX UNIT FIGURE 
td Delay Time 35 45 ns 
tr Rise Time Input: Vin = 2.5 V, f = 1 MHz, 40 50 ns 

25 
ts Storage Time tp = 500 ns, tr = tf = 20 ns 25 45 ns 
tf Fall Time 30 40 ns 
tDd Propagation Delay Time 26 30 ns 
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schematic (each gate) 

INPUTS 

Component values shown are nominal 

recommended operating conditions 

Supply Voltage Vee 

TYPE SN5311 
DUAL 5-INPUT NAND/NOR GATE 

Vee 

®@@®®®® 

G)G)<D0®®<D 
GND 

positive logic 
9 = -=5-·-6-:-'"·-=7=---· -=8=-.----:-1-0 13 = -1-·-2-· -3-.-12-·-1---:4 

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

.3Vto4V 
10 
10 

electrical characteristics (unless otherwise noted, TA = -55°C to 125°C, Vee = 3 V to 4 V) 

PARAMETER TEST TEST CONDITIONS MIN TYP MAX UNIT FIGURE 
Logical 1 input voltage required 

Vee = 3 V 1.7 3 V 
at all input terminals to 

Vin(1 ) ensure logical 0 (on level) 
5 

at output Vee = 4 V 2.5 4 V 

Logical 0 input voltage required 

VinlO) 
at any input terminal to 

7 0 0.3 V 
ensure logical 1 (off level) 
at output 

Vee = 3 V, Vin = 0.3 V, 1.7 3 V 
V Logical 1 output voltage 

7 
N+ = 10 (lioad = -5 mAl 

outll) (off level) Vee = 4 V, Vin = 0.3 V, 2.7 4 V 
N+ = 10 (Jload = -S mAl 

Vee = 3 V, Vin = 1.7 V, N- = 10 0 0.3 V 

VoutlO) 
Logical 0 output voltage 

5 
(Isink = 2.S mAl, T A = -55°C 

(on level) Vee = 3 V, Vin = 1.7 V, N- = 10 
(lsink = 1.9 mAl, TA = 12SoC 

0 0.3 V 

Vin = 0.3 V, N+ = N- = 0, TA = -5SoC -0.25 mA 
lin Input current (each input) 7 

Yin = 0.3 V, N+ = N- = 0, TA = 12SoC -0.19 mA 

Vee = Vin = 3 V, N + = N- = 0, 3.3 mA 
I On level supply current 

9 
TA = 25°C 

eelon) (each gate) Vee = Vin = 4 V, N+ = N- = 0, 4.5 mA 
TA = 25°C 

Vee = 3 V, Vin = 0.3 V, 1.2 mA 
I Off level supply current 9 

N + = N- = 0, T A = 2S0C 
ee(off) (each gate) Vee = 4 V, Vin = 0.3 V, 1.6 mA 

N+ = N- = 0, TA = 2SoC 

switching characteristics, TA _ 25°C, Vee = 3.5 V, N- = 1 

PARAMETER TEST TEST CONDITIONS TYP MAX UNIT 
FIGURE 

td Delay Time 20 30 ns 

tr Rise Time Input: Vin = 2.5 V, f = 1 MHz, 25 45 ns 

ts Storage Time 25 tp = SOO ns, tr = t f = 20 ns 25 45 ns 
t f Fall Time 25 40 ns 

'Pd Propagation Delay Time 26 25 ns 
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TYPE SN5315 
lO-INPUT EXPANDABLE NAND/NOR GATE 

schematic 

r--...... --~--...... ovcc Vee 

OUTPUT 

INPUTS 

NOTES: a. Component values shown are nominal. 

b. Three SNS320 expanders may be fanned into one SN5315 to provide a total 
fan-in of 25. If expander is not· used leave pin @ open. 

recommended operating conditions 

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

@@®®@00 

CD00CD®®0 
GND 

positive logic 

9 = 1 • 2 • 3 • 5 • 6 • 7 • 8 • 12 • 13 • 14 

.3Vto4V 
10 
10 

electrical characteristics (unless otherwise noted, TA = -55°C to 125°C, Vee = 3 V to 4 V) 

PARAMETER TEST TEST CONDITIONS MIN TYP MAX UNIT FIGURE 
Logical 1 input voltage required 

Vee = 3 V 1.7 3 V 
af all input terminals to 

V in(1 ) ensure logical 0 (on level) 
5 

at output Vee = 4 V 2.5 4 V 

Vee = 3 V, TA = -55°C 2.35 3 V 

Input voltage required at ex-
Vee = 3 V, TA = 125°C 1.9 3 V 

V. . pander node (pin @) to 
6 

III(l)X ensure logical 0 (on level) at 
Vee = 4V, TA = -55°C 3.15 4 V 

output 

Vee = 4 V, TA = 125°C 2.7 4 V 

Logical 0 input voltage required 

VinlO) 
at any input terminal to 

7 0 0.3 V 
ensure logical 1 (off level) 
at output 

Input voltage required at ex-
TA = -55°C 0 1.5 V 

V. pander node pin (pin @ ) to 
8 

,"(o)X ensure logical 1 (off level) at 
TA = 125°C 0 0.95 V 

output 
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TYPE SN5315 
10-INPUT EXPANDABLE NAND/NOR GATE 

electrical characteristics (continued) 

(unless otherwise noted, TA _ -55°C to 125°C, Vee = 3 V to 4 V) 

PARAMETER TEST TEST CONDITIONS MIN TYP MAX UNIT FIGURE 
Vee = 3 V, Vin = 0.3 V, 1.7 3 V 

Voutl11 
Logical 1 output voltage N+ = 10 (iload = -5 mAl . 
(off level) 7 

Vee = 4 V, Vin = 0.3 V 
N + = 10 ('load = -5 mAl 

2.7 4 V 

Vee = 3 V, Vin = 1.7 V, N- = 10 
0 0.3 V 

Voutlol 
Logical 0 output voltage 

5 
(lsink = 2.5 mAl, T A = -55°C 

(on level) Vec = 3 V, Vin = 1.7 V, N- = 10 
(lsink = 1.9 mAl, TA = 125°C 0 0.3 V 

'in Input current (each input) 7 Vin = 0.3 V, N+ = N- = 0, TA = -55°C -0.25 mA 

Vin = 0.3 V, N+ = N- = 0, TA = 125°C -0.19 mA 

Vec = Vin = 3 V, N+ = N- = 0, 
3.3 mA 

'eclonl On level supply current 9 
TA = 25°C 

Vce = Vin = 4V,N+ = N- = 0, 
4.5 mA 

TA = 25°C 

Vce = 3 V, Vin = 0.3 V, 
1.2 mA 

'eCloff) Off level supply current 9 
N + = N- = 0, TA = 25°C 

Vee = 4 V, Vin = 0.3 V, 
1.6 mA 

N + = N- = 0, T A = 25°C 

R, Resistance va I ue of R, 10 
TA = -55°C 1.24 2.6 kO 

TA = 125°C 1.7 3.25 kO 

switching characteristics, T A 25°C, Vce = 3.5 V, N- = 1 

PARAMETER TEST TEST CONDITIONS TYP MAX UNIT FIGURE 
td Delay Time 35 45 ns 

tr Rise Time 
25 

Input: Vin = 2.5 V, f = 1 MHz, 40 50 ns 

ts Storage Time tp = 500 ns, tr = t f = 20 ns 25 45 ns 
t f Full Time 30 40 ns 

tpd Propagation Delay Time 26 30 ns 
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TYPE SN5320 
5-INPUT EXPANDABLE AND/OR GATE 

schematic 

EXPANDER NODE 
(See Notes a and b) 

ALSO USABLE AS 5·INPUT EXPANDER 

~--.... -oVcc 
(See Note a) 

VEE Vee 

® ®®0® 
INPUTS 

OUTPUT 

~--~---'--~~--~-oGND 

VEE 

(See Note a) 

NOTES: a. When used as on expander for the SN5310, SNS315 or another SN5320, leave 
Vee and VEE terminals open. 

I I I 

W ( to-

t-
.x-

I 

I I I 

CD<DG) 00 
GND. 

positive logic b. Three expanders may be fanned into one SN5315 or 4 expanders may be 
fanned into one SNS310 or SN5320 to provide a total fan-in of 25. 2 = 4 • 5 • 6 • 7 • 10 

c. Component values shown are nominal. 

recommended operating conditions 

Supply Voltage Vee 
Supply Voltage VEE. 
Maximum Fan-out Into Positive Loads, N + 
Maximum Fan-out Into Negative Loads, N- . 
NOTE: For cascading capabilities see design characteristics, page 2. 

electrical characteristics 

.3Vto4V 
. -3V 

. 4 

. 4 

(unless otherwise noted, TA = -55°C to 125°C, Vee 3 V to 4 V, VEE = -3 V) 

PARAMETER TEST TEST CONDITIONS MIN TYP MAX UNIT FIGURE 
Logical 1 input voltage required Vee = 3 V 1.7 3 V 

Vinfll at all input terminals to 11 
ensure off level at output Vee = 4 V 2.5 4 V 

Logical 0 input voltage required 

VinlOI 
at any input terminal to 

12 0 0.3 V ensure logical 0 (on level) 
at output 

Vee = 3 V, Vin = 0.3 V, 
0 0.3 V 

Voutrol 
Logical 0 output voltage 

12 
N- = 4 (lsi,. = 1 mA), TA = -55°C 

(on level) Vee = 3V,Vin = 0.3 V, 
N- = 4 (lsi,. = 0.76 mA), TA = 125°C 0 0.3 V 

Expander node output Vee = 4 V, Vin = 0.3 V, TA = -55°C 1.5 V 
VoutlOI )( voltage (off level) with 13 

logical 0 at any input Vee = 4 V, Vin = 0.3 V, TA = 125°C 0.95 V 

Vee = 3 V, Vin = 1.7 V, TA = -55°C 2.35 V 
Expander node output 

Vout/11X voltage (on level) with 14 Vee = 3 V, Vin = 1.7 V, TA = 125°C 1.9 V 
logical 1 at all inputs Vee = 4 V, Vin = 2.5 V, TA = -55°C 3.15 V 

Vee - 4 V, Vin = 2.5 V, TA - 125°C 2.7 V 

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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electrical characteristics, continued 

TYPE SN5320 
5·INPUT EXPANDABLE AND/OR GATE 

(unless otherwise noted, TA = -55°( to 125°(, Vee = 3 V to 4 V, VEE = -3 V) 

PARAMETER TEST TEST CONDITIONS MIN TYP MAX UNIT FIGURE 

Voltage difference from input 
Vee = 3 V, Vin = 1.7 V, 

0.4 V 
1'01+ = 4 (iload = -2 mAl 

t::.VI1I to output when logical 1 11 
Vee = 4 V, Vin = 2.5 V, 

level is applied to all inputs 
1'01+ = 4 (iload = -2 mAl 

0.4 V 

Vin= 0.3 V, 1'01+= 1'01-= 0, TA= -55°C -0.25 mA 
lin Input current (each input) 12 

Vin = 0.3 V, 1'01+ = 1'01-= 0, TA = 125°C -0.19 mA 

Vee = 3 V, Vin = 0.3 V, 1'01 + = 1'01- = 0, 
2.60 mA 

leelonl 
On level Vee supply current 

15 
TA = 25°C 

(each gate) Vee = 4 V, Vin = 0.3 V, 1'01+ = 1'01- = 0, 
TA = 25°C 3.1 mA 

Vee = 3 V, Vin = 0.3 V, 1'01 + = 1'01- = 0, 
1.7 mA 

IEElonl 
On level VEE supply current 

15 
TA = 25°C 

(each gate) Vee = 4 V,Vin = 0.3 V, 1'01+ = 1'01- = 0, 
TA ~ 25°C 1.7 mA 

Vee = Vin = 3 V, 1'01+ = 1'01- = 0, 
2.6 mA 

leeloff! 
Off level Vee supply current 

15 
TA = 25°C 

(each gate) Vee = Vin = 4 V, 1'01+ = 1'01- = 0, 
TA = 25°C 3.05 mA 

Vee = Vin = 3 V, 1'01 + = 1'01- = 0, 
2.6 mA 

IEE1off! 
Off level VEE supply current 

15 
TA = 25°C 

(each gate) Vee = Vin = 4 V, 1'01+ = 1'01- = 0, 
TA = 25°C 3.05 mA 

TA = -55°C 1.24 2.6 kO 
R, Resistance value of Rl 15 

TA = 125°C 1.7 3.25 kO 

switching characteristics, TA _ 25°C, Vee _ 3.5 V, VEE = -3 V, N- = 1 

PARAMETER TEST TEST CONDITIONS TYP MAX UNIT FIGURE 
tdl Delay Time 1 5 10 ns 

tr Rise Time Input: Vin = 2.5 V, f = 1 MHz, 40 200 ns 

td2 Delay Time 2 27 tp = 500 ns, tr = t f = 20 ns 5 10 ns 
t f Fall Time 75 100 ns 

tpel Propagation Delay Time 26 5 ns 
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SN5330 
DUAL 3-INPUT NAND/NOR GATE 

schematic (each gate) 
Vee 

r---4 ..... ---.... ----4KJ Vee @®®G)® 

OUTPUT 

INPUTS 

GND 
~-4~~--__ ------~----_.~ GND 

Component values shown are nominal positive logic 

recommended operating conditions 

Supply Voltage Vee 
Maximum Fan-out From Each Output Into Positive Loads, N + . 
Maximum Fan-out From Each Output Into Negative Loads, N- . 

10 = 1 • 2 • 9 

.3Vto4V 
.10 
.10 

electrical characteristics (unless otherwise noted, TA = -55°C to 125°C, Vee = 3 V to 4 V) 
~ 

PARAMETER TEST TEST CONDITIONS MIN TYP MAX UNIT FIGURE 
Logical 1 input voltage required 

Vee = 3 V 1.7 3 V 
at all input terminals that will 

Vinlll ensure logical 0 (on level) 
5 

at output Vee = 4V 2.5 4 V 

Logica 0 input voltage required 

VinrO) 
at any input terminal that will 7 0 0.3 V 
ensure logical 1 (off level) 
at output 

Vee = 3 V, Vin = 0.3 V, 
1.7 3 V 

Voutrll 
Logical 1 output voltage 7 

N+ = 10 ('load = -5 mA) 
(off level) Vee = 4 V, Vin = 0.3 V, 

N += 10 ('load = -5 mA) 
2.7 4 V 

Vee = 3V,Vin = 1.7V,N- = 10 
0 0.3 V 

Vout/Ol 
Logical 0 output voltage 5 ('sink = 2.5 mA), T A = -SSOC 

(on level) Vee = 3 V, Vin = 1.7 V, N- = 10 
(lsink = 1.9 mA), TA = 125°C 

0 0.3 V 

'in Input current (each input) 
Vin = 0.3 V, N+ = N- = 0, TA = -S5°C -0.25 mA 

7 
Vin = 0.3 V, N+ = N- = 0, TA = 12SoC -0.19 mA 

Vee = Vin = 3 V, N+ = N- = 0, 
3.3 mA 

'CC/on) 
On level supply current 

9 
TA = 25°C 

(each gate) Vee = Vin = 4 V, N + = N- = 0, 
TA = 2SoC 4.5 rnA 

Vee = 3V, Vin = 0.3 V, 
1.2 mA 

'ee/off) 
Off level supply current 

9 
N + = N- + 0, T A = 25°C 

(each gate) Vee = 4V, Vin = 0.3 V, 
N + = N- + 0, T A = 25°C 1.6 mA 

switching characteristics, TA 25°C, Vee = 3.5 V, N- = 1 

PARAMETER TEST TEST CONDITIONS TYP MAX UNIT FIGURE 
td Delay Time 20 30 ns 
tr Rise Time 

25 
Input: Vin = 2.5 V, f = 1 MHz, 25 45 ns 

ts Storage Time tp = 500 ns, tr = tf = 20 ns 25 45 ns 
tf Fall Time 25 40 ns 

tpd 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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schematic (each gate) 

r--1I-----.......... ---..... O vee 

OUTPUT 

INPUTS 

~-.-~~~------~----~o GND 

Component values shown are nominal. 

recommended operating conditions 

Supply Voltage Vee 

TYPE SN5331 
TRIPLE 3-INPUT NAND/NOR GATE 

Vee 

®®@@®®® 

CDQ)CD0®®CD 
GND 

positive logic 

1=2-3-14 6=5-7-89=10-12-13 

Maximum Fan-out From Each Output Into Positive loads, N + . 
Maximum Fan-out From Each Output Into Negative loads, N- . 

.3Vt04V 
10 
10 

electrical characteristics (unless otherwise noted, TA = -55°C to 125°C, Vee = 3 V to 4 V) 

PARAMETER TEST TEST CONDITIONS MIN TYP MAX UNIT FIGURE 
Logical 1 input voltage required 

Vee = 3 V 1.7 3 V 
Vinl1l 

at all input terminals to 
5 

ensure logical 0 (on level) 
Vee = 4 V 2.5 4 V 

at output 

Logical 0 input voltage required 

Vin/Ol 
at any input terminal to 7 0 0.3 V 
ensure logical 1 (off level) 
at output 

Vee = 3 V, Vin = 0.3 V, 
1.7 3 V 

Voutlll 
Logical 1 output voltage 7 

N+ = 10 (Iload = -5 mAl 

(off level) Vee = 4 V, Vin = 0.3 V, 
2.7 4 V 

N+ = 10 ('load = -5 mAl 

Vee = 3 V, Vin = 1.7 V, N- = 10 
0 0.3 V 

Vout/Ol 
Logical 0 output voltage 5 (lsinlc = 2.5 mAl, T A = -55°C 

(on level) Vee = 3 V, Vin = 1.7 V, N- = 10 
(Isink = 1.9 mAl, T A = 125°C 0 0.3 'V 

Input current (each input) 
Vin = 0.3 V, N+ = N- = 0, TA = -:SSoC -0.25 mA 

'in 7 
Vin = 0.3 V, N+ = N- = 0, TA = 125°C -0.19 mA 

Vee = Vin = 3 V, N+ = N- = 0, 
3.3 mA 

lee/onl 
On level supply current 

9 
TA = 25°C 

(each gate) VCC =Vin =4V,N+ = N-=O, 
TA = 25°C 4.5 mA 

Vee = 3 V'Vin = 0.3 V, 1.2 mA 

ICC/off! 
Off level supply current 

9 
N+ = N-= 0, TA = 25°C 

(each gate) Vee = 4 V, Vin = 0.3 V, 
N+ = N-= 0, TA = 25°<: 1.6 mA 

switching characteristics, TA __ 25°C, Vee __ 3.5 V, N- = 1 

PARAMETER TEST TEST CONDITIONS TYP MAX UNIT FIGURE 
td Delay Time 20 30 ns 
tr Rise Time 

25 
Input: Vin = 2.5 V, f = 1 MHz, 25 45 ns 

ts Storage Time tp = 500 ns, tr = tf = 20 ns 25 45 ns 
tf Fall Time 25 40 ns 

tpd Propagation Delay Time 26 25 ns 
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TYPE SN5340 
DUAL AND/OR GATE 

schematic 

INPUTS INPUTS 

GND 

00000 
NOTES: a. Component values shown are nominal. 

b. Do not connect pins ® and CD together. 

recommended operating conditions 

Supply Volta·ge Vee 
Supply Voltage VEE • 
Maximum Fan-out From Each Output Into Positive Loads, N+ . 
Maximum Fan-out From Each Output Into Negative Loads, N- • 

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

electrical characteristics 

2= 1· 10 

GND 

positive logic 

4=5·6-7 

.3Vto4V 
.-3V 

. 4 

. 4 

{unless otherwise noted, TA = -55°C to 125°C, Vee 3 V to 4 V, VEE = -3 V} 

PARAMETER TEST TEST CONDITIONS MIN MAX UNIT FIGURE 
Logical 1 input voltage required 

Vee = 3 V 1.7 3 V 

Vin(1 ) 
at all input terminals to 

11 
ensure logical 1 (off level) 

Vee = 4 V 2.5 4 V 
at output 

Logical 0 input voltage required 

VinlO) 
at any input terminal to 12 0 0.3 V 
ensure logical 0 (on level) 
at output 

Voltage difference from input to Vee = 3 V, Vin = 1.7 V, 
0.4 V 

.6. V(1 ) 
output when logical 1 

11 
N+ = 4 (lioad = -2 rnA) 

level is applied to all Vee = 4 V, Vin = 2.5 V, 
inputs N+ = 4 (iload = -2 rnA) 

0.4 V 

Vee = 3 V'Vin = 0.3 V, N- = 4 
0 0.3 V 

VoutlO) 
Logical 0 output voltage 

12 
(lsinlc = 1 rnA), T A = -55°C 

(on level) Vee = 3 V, Vin = 0.3 V, N- = 4 
(I sink = 0.76 rnA), TA = 125°C 

0 0.3 V 

CAUTION: 

This device was formerly TYPE" SN534. Pin numbers of the SN5340 have been renumbered in accordance with TO-89. The electrical functions 01 

,the SN534 and the SN5340 are in the same physical location. See pin identification, page 2004, for SN534 pin numbers. 
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electrical characteristics, continued 

TYPE SN5340 
DUAL AND/OR GATE 

(unless otherwise noted TA = -55°( to 125°C, Vee = 3 V to 4 V, VEE = -3 V) 

PARAMETER TEST TEST CONDITIONS MIN TYP MAX UNIT FIGURE 

lin 
Vin = 0.3 V, N+ = N- = 0, TA = -55°C -0.25 mA 

Input current (each input) 12 
Vin = 0.3 V, N+ = N- = 0, TA = 125°C -0.19 mA 

Vee = 3 V, Vin = 0.3 V, N+ = N- = 0, 
2.6 mA 

leC(on) 
On level Vee supply current TA = 2SoC 

(each gate) 15 
Vee = 4V, Vin = 0.3 V, N+ = N- = 0, 
TA = 2SoC 3.1 mA 

Vee = 3V, Vin = 0.3V,N+ = N- = 0, 
1.7 mA 

IEE(on) 
On level VEE supply current TA = 25°C 

(each gate) 15 Vee = 4V, Vin = 0.3 V, N+ = N- = 0, 
TA = 2SoC 1.7 mA 

Vee = Vin = 3 V, N+ = N- = 0, 
2.6 mA 

leC(off) 
Off level Vee supply current TA = 2SoC 

(each gate) 15 Vee = Vin = 4V, N+ = N- = 0, 
TA = 2SoC 3.05 mA 

Vee = Vin = 3 V, N+ = N- = 0, 
mA 

Off level VEE supply current TA = 2SoC 2.6 

IEE(off) (each gate) 15 
Vee = Vin = 4 V, N+ = N- = 0, 
TA = 25°C 3.05 mA 

switching characteristics, T A 3.5 V, N- = 1 

PARAMETER TEST TEST CONDITIONS TYP MAX UNIT FIGURE 
td1 Delay Time 1 5 10 ns 

tr Rise Time Input: Vin = 2.5 V, f = 1 MHz, 40 200 ns 

td2 Delay Time 2 27 tp = SOO ns, tr = t f = 20 ns 5 10 ns 
tf Fall Time 75 100 ns 

tpd Propagation Delay Time 26 5 ns 
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TYPE SN5350 
QUADRUPLE INVERTER/DRIVER 

schematic (each inverter) 

Vee 
_--..... ..0 Vee ®CDQ)G)® 

25 pF 

3 kQ 
OUTPUT 

1....---~nGND 

Component values shown are nominal 

recommended operating conditions 

Supply Voltage Vee 

6 = 5 

7=4 

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

GND 

positive logic 
9=.2 

10 = 1 

.3Vto4V 
.10 
.10 

electrical characteristics (unless otherwise noted, TA = -55°C to 125°C, Vee = 3 V to 4 V) 

PARAMETER TEST TEST CONDITIONS MIN TYP MAX UNIT FIGURE 
Logical 1 input voltage required Vee = 3 V 1.5 3 V 

Vinll ! to ensure logical 0 (on level) 16 
at output Vee = 4 V 1.5 4 V 

Logical 0 input voltage required 

VinlO! to ensure logical 1 (off level) 16 0 0.3 V 
at output 

Vee = 3 V, Vin = 0.3 V, 
1.7 3 V 

Voutl1! 
Logical 1 output voltage 

16 
N + = 10 (I'oad = -5 mA) 

(off level) Vee = 4 V, Vin = 0.3 V, 
N+ = 10 (I'oad = -5 mA) 

2.7 4 V 

Vee = 3 V, Vin = 1.7 V, N- = 10 
0 0.3 V 

VoutlO! 
Logical 0 output voltage 

16 
(Isink = 2.5 mA), T A = -55°C 

(on level) Vee = 3 V, Vin = 1.7 V, N- = 10 
(lsink = 1.9 mA), T A = 125°C 

0 0.3 V 

lin Input current 16 Vee = 4 V, Vin = 2.7 V, N + = N- = 0 1 mA 

Vee = Vin = 3 V, N + = N- = 0, 
3.3 mA 

leelon! 
On level supply current 

16 
TA = 25°C 

(each inverter) Vee = Vin = 4V,N+ = N- = 0, 
TA = 25°C 4.5 mA 

switching characteristics, T A 3.5 V, N- _ 1 

PARAMETER TEST TEST CONDITIONS TYP MAX UNIT FIGURE 
td Delay Time 20 30 ns 
tr Rise Time 

25 
Input: Vin = 2.5 V, f = 1 MHz, 25 45 ns 

ts Storage Time tp = 500 ns, tr = tf = 20 ns 25 45 ns 
t f Fall Time 25 40 ns 

tpd 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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schematic (each gate) 

~-4------~'-----~OVcc 

OUTPUT 

INPUTS 

~~--~------~----~OGND 

Component values shown are nominal 

recommended operating conditions 

Supply Voltage Vee 

TYPE SN5360 
QUADRUPLE 2-INPUT NAND/NOR GATE 

Vee 

@@@®®®<D 

(DG)G)CD®®0 
GND 

positive logic 

2=1-36=5-78=9-1014=-12-13 

.3Vt04V 
Maximum Fan-out From Each Output Into Positive Loads, N + . 
Maximum Fan-out From Each Output Into Negative Loads, N- • 

• 10 
• 10 

electrical characteristics (unless otherwise noted, TA = -55°C to 125°C, Vee = 3 V to 4 V) 

PARAMETER TEST TEST CONDITIONS MIN TVP MAX UNIT FIGURE 
Logical 1 input voltage required 

Vee = 3V 1.7 3 V 
at all input terminals to 

Vinfl ) 
ensure logical 0 (on level) 5 

at output Vee = 4V 2.5 4 V 

Logical 0 input voltage required 

Vin/O) 
at any input terminal to 

7 0 0.3 V ensure logical 1 (off level) 
at output 

Vee = 3 V, Vin = 0.3 V, 
1.7 3 V Logical 1 output voltage N+ = 10 (iload = -5 mAl 

Voutl1 ) (off level) 7 
Vee = 4 V, Vin = 0.3 V, 
N+ = 10 (lioad = -5 mAl 

2.7 4 V 

Vee = 3 V, Vin = 1.7V, N- = 10, 
0 0.3 V 

Logical 0 output voltage (Isink = 2.5 mAl, T A = -55°C 
Vout/Ol (on level) 5 

Vee = 3 V, Vin = 1.7 V, N- = 10, 
(lsink = 1.9 mAl, T A = - 125°C 0 0.3 V 

lin Input current (each input) 7 
Vin = 0.3 V, N+ = N- = 0, TA = -55°C -0.25 mA 

Vin = 0.3 V, N+ = N- = 0, TA = 125°C -0.19 mA 

Vee = Vin = 3 V, N + = N- = 0, 
3.3 mA 

On level supply current TA = 25°C 
ICC/on) (each gate) 

9 
Vee = Vin = 4 V, N + = N- = 0, 
TA = 25°C 4.5 mA 

Vee = 3 V, Vin = 0.3 V, 
1.2 mA 

Off level supply current N+ = N- = 0, TA = 25°C 
ICC/off! (each gate) 

9 
Vee = 4V, Vin = 0.3 V, 
N + = N- = 0, T A = 25°C 1.6 mA 

switching characteristics, TA = 25°C, Vee = 3.5 V, N- = 1 

PARAMETER TEST TEST CONDITIONS MIN TVP MAX UNIT FIGURE 

td Delaynme 20 30 ns 

tr Rise Time Input: Vin = 2.5 V, f= 1 MHz, 25 45 ns 

Storage Time 
25 tp = 500 ns, tr = tf = 20 ns 25 45 ns ts 

tf Fall Time 25 40 ns 

tpd Propagation Delay Time 26 25 ns 
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TYPE SN5370 
DUAL EXCLUSIVE-OR GATE 

schematic (each gate) Vee 

®®®®@CDCD 

INPUTS 

OUTPUT 

INPUTS CD0CDCD®®CD 
~--~~----~'---------4HDGND GND 

Component values shown are nominal 

recommended operating conditions 

Supply Vortage Vee 

NC - No internal connection. 

positive logic 
------------ ------------

7 = (5· 10)+(8 • 9) 14 = (1 • 2)+(3 • 12) 

Maximum Fan-out From Each Output Into Positive Loads, N + . 
Maximum Fan-out From Each Output Into Negative Loads; N- • 

.3Vt04V 
10 
10 

electrical characteristics (unless otherwise noted, TA = _55°( to 125°(, Vee = 3 V to 4 V) 

PARAMETER TEST TEST CONDITIONS MIN TYP MAX UNIT 
FIGURE 

Logical 1 input voltage required 
Vee = 3 V 1.7 3 V at both input terminals of either 

Vin(1 ) AND section to ensure logical 0 17 

(on level) at output Vee = 4 V 2.5 4 V 

Logical 0 input voltage required 

Vinlo) 
at one input terminal of each 

18 0 0.3 V AND section to ensure logical 1 
(off level) at output 

Vee = 3 V, Vin = 0.3 V, 
1.7 3 V V Logical 1 output voltage 

18 
N + = 10 (iload = -5 mAl 

out(1) (off level) Vee = 4 V, Vin = 0.3 V, 
N+ = 10 (iload = -5 mAl 2.7 4 V 

Vee = 3 V, Vin = 1.7 V, 
0 0.3 V V Logical 0 output voltage N- = 10 (Isink = 2.5 mAl, TA = -55°C 

outlO) (on level) 17 
Vee = 3 V, Vin = 1.7 V, 
N- = 10 (Isink = 1.9 mA), TA = 125°C 0 0.3 V 

Vin = 0.3 V, N + = N- = 0, TA = -SSoC -0.25 mA 
lin Input current (each input) 18 

Vin = 0.3 V, N + = N- = 0, TA = 125°C -0.19 mA 

Vee = Vin = 3 V, N+ = N- = 0, 
3.3 I On level supply current TA = 25°C mA 

17 CClan) (each gate) 
Vcc = Vin = 4V, N+ = N- = 0, 
TA = 2SoC 4.5 mA 

Vee = 3 V, Vin = 0.3 V, 
1.2 mA I Off level supply current N+ = N- = 0, TA = 2SoC 

CC(off) (each gate) 18 
Vee = 4V, Vin = 0.3 V, 
N+ = N- = 0, TA = 2SoC 1.6 mA 

switching characteristics, TA = 25°(, Vce = 3.5 V, N- = 1 

PARAMETER TEST TEST CONDITIONS TYP MAX UNIT FIGURE 
td Delay Time 30 60 ns 

tr Rise Time 25 Input: Vin = 2.S V, f = 1 MHz, 30 60 ns 

ts Storage Time tp = 500 ns, tr = t f = 20 ns 100 200 ns 
t f Fall Time 100 200 ns 

tpd Propagation Delay Time 26 65 ns 
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TYPE SN5380 
ONE-SHOT MONOSTABLE MULTIVIBRATOR 

logic 

TRUTH TABLE OUTPUT Vee 

positive logic ®®®CD® 
T T* 

OUTPUT 
tn t n+ 1 tn t n+ 1 

1 1 .. .. INHIBITED (logical 1) 

.. .. 0 0 INHIBITED (logical 1) 

0 0 1 0 ONE-SHOT (logical 0 for tp ns) 

0 1 1 1 ONE-SHOT (logical 0 for tp ns) 

In = bil lime before change in input levels 

tn + 1 = bit time after change in input levels 

recommended operating conditions 

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

Minimum Set-Up Time, tset-up t 

GND 

3V to 4V 
10 
10 

400 ns 

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

PARAMETER TEST TEST CONDITIONS MIN TYP MAX UNIT FIGURE 
Input voltage required to Vee = 3 V 1.7 3 V 

Vinll ) ensure logical 1 at T or r* 19 
input terminal Vee = 4 V 2.5 4 V 

Input voltage required to 

VinlO) ensure logical 0 at T or r* 19 0 0.3 V 
terminal 

Logical 1 output voltage Vee = 3 V, N+ = 10 (iload = -5 mAl 1.7 3 V 
Voutll ) (off level) 20 

Vee = 4 V, N+ = 10 (Iload = -5 mAl 2.7 4 V 

Vee = 3 V, V®= 0.3 V, pin @ open 
0 0.3 V 

VoutlO) 
Logical 0 output voltage 

20 
N- = 10 (Isink = 2.5 mAl, T A = -55°C 

(on level) Vee = 4 V, V(!)= 0.3 V, pin ® open 
N- = 10 ('sink = 1.9 mAl, TA = 125°C 0 0.3 V 

lin Input current (each input) 19 Vin = 2.7 V, N + = N- = 0 0.5 mA 

Vee = 3 V, N+ = N- = 0 
4.8 mA 

leelav) Average supply current 21 
Duty cycle = 50%, T A = 25°C 

Vee = 4 V, N+ = N- = 0, 
Duty cycle = 50%, T A = 25°C 6.3 mA 

tThis is the minimum time necessary for the input signal to dwell before the triggering transition begins and applies when pin 0 is shorted to pin (1) and pin CD 
is shorted to pin @. Set-up time begins only after the occurrence of the 10% point of the output fall time. 

tPin 0 shorted to pin CD and pin CD 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 MULTIVIBRA TOR 

switching times, TA 3.5 V, fan-out N- = 1 

PARAMETER TEST TEST CONDITIONS:t: MIN TYP MAX UNIT 
FIGURE 

tdl Delay Time after Positive-going 
Transition at T (pin ®) 90 130 

td2 Delay Time after Negative-going 28 
Input: Vin = 2.5 V, f = 1 MHz, tp = 400 ns, 

Transition at r* (pin 0> tr = tf = 20 ns 90 130 
tr Rise Time 35 60 
tf Fall Time 35 60 

tp Output Pulse Width 28 
Input: Vin = 2.5 V, f = 1 MHz, tp = 400 ns, 

100 250 400 
tr = tf = 20 ns 

:j:Pin 0 shorted to pin 0 and pin 0 shorted to pin ® unless otherwise noted. 

schematic 

INPUT T* 

R(td) 
(See Note c) 

o o-e.....JV\N---4~ ___ ~~ 

(See Note d) 

INPUT T 

0) 
(See Note d) 

r-..... ~.-.......... __ ~ ............... __ ~ .......... ~ .......... ~ .............................. ~~vcc 

® R(tp) (See 2 kO 1 kO 

Note b) 

NOTES: a. Component values shown are nominal. 

b. Output pulse width 'p is proportional to R(tp) ((tp). Output pulse width may be modified using pins CD I 0, 0, and ® to change effective values of 

of R(tp) and ((tp). Nominal value of internal R(tp) is 8 k!l and ((tp) is 25 pF. Value of modified R(tp) should be maintained between 6 kO and 15 kO. 

CAUTION: 

When the effective value of C,tp) ~ o. J JLF, a 560-0 resistor must be connected in series with the external portion of C(tp{between pins 

CD and 0)· 
c. Delay time (td) may be modified using pins CD, 0, CD, and 0 to change effective values of R(td) and ((td). Nominal value of internal R(td) is 

2 kfl. Value of modified R(td) should be maintained between 2 kO and 10 kO. 

d. T triggers on a positive transition to logical 1 level, and r* triggers on a negative transition to logical 0 level. When triggering with T input, hold r* at logical 

1. When triggering with T* input, hold T 01 logical O. 

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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SERIES 53 
_O&JlJII GJra'Clll1llJrtp® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits t 

+Iin 

V in 

-

Vin(1) 

J* 
K* 
J 
K 

Vee 

~ 
Q 

\ OPEN 

1. Each input 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 Vinlclack) = o. 

FIGURE 1 

J* 
K* 
J 
K ~ 

Preset FF 
'100: 

Clear 
·'sink 

Clock Q 

-

1. Each input tested individually for 

input current. 

Vour' 

1!-

2. Each output tested individually for 

Voutll) and VoutIO). 

FIGURE 3 

Vee 

1. All inputs tested simultaneously. 

FIGURE 5 

tArraws indicate actual direction of (urrent flow. 

CLO,=-K ~--V,n(l)minimum 

1NPlJ2..J 'L '---=:J vin (0) max imum 
t f (clock) 

Vee 

1. The flip-flop is tested for ripple aelion with the 

following conditions: 

Clock input: Vin(1 ) minimum, VinlO) maximum, 

tf = 150 ns (maximum). 

All other inputs: Vin(1 ) minimum. 

FIGURE 2 

CLOCK 
INP~2.5V 

Duty Cycle = 50% 0 

Vee 

Vee 

~
J* 
K* 
J 
K 

Vee 

llee(av) 

0" 

FF 

FIGURE 4 

Vee 

FIGURE 6 
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SERIES 53 
_O&ltD CIIIJtJltG1I1Iltr® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits t( continued) 

0 Vee Vee 
w 

Vee In vee ::> c.n 
Zc.n ..... 
::> ..... ::> 

::> Q.. 

~ ....JQ.. 
....Jz 
<- .. 

-I in r;;::. ....J 
....J 

< 

Vin(O) 
Vout!l) 

~ - -
-=- -=-

1. Each input tested separately. 

FIGURE 7 FIGURE 8 

Vee Vee 

c.n ..... 
::> 
Q.. 

~ 
OPEN ....J OPEN ....J 

< 

Vin 

- - - -
1. R,= Vee 

IR, 

1. Test on-level and off-level currents. 

FIGURE 9 FIGURE 10 

Vee 

AV(1) 
Vee Vee 

1. All inputs tested simultaneously. 
2. SNS320 expander node is open. 

1. Each input tested separately. 
2. SNS320 expander node is open. 

FIGURE 11 FIGURE 12 

t Arrows indicate actual direction of current flow 
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SERIES 53 
80&IlD :fIIllllttClll1llIttp@ SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT 'INFORMATION 

d-c test circuits t(continued) 

Vee 
Vee vee 

OPEN Rx 

OPEN 

VEE lvoUt{O)x 

OPEN 

1. RX = 1.24 kO ot -55°C. 
2. RX = 1.7 kO at 125°e. 
3. Each input tested separately. 
4. RX is worst-case equivolent of R, in the 

SN5310, SN5315, or 5N5320. 
FIGURE 13 

---~' 
OPEN 

1. Icc and lEE on-level and off-level currents 
are tested with expander node open. 

V 
2.R,=~ 

IRl 

FIGURE 15 

Vee 

1. Each AND section tested separately. 

FIGURE 17 

t Arrows indicate actual direction of current flow 

lin 

Vin 

Vee Vee 
OPEN Rx 

VEE 

OPEN 

1. Rx = 2.6 kO ot -55°C. 
2. R X = 3.25 kO ot moe. 
3. All inputs tested simultoneously. 
4. Rx is worst-cose equivolent of R, in the 

5"5310, SN5315 or SN5320. 
FIGURE 14 

Vee 

f 
- -= 

1. Each inverter is tested separately. 

FIGURE 16 

Isink 
4---

1. Each input pair is tested separately for V out(1)' 

2. Each input tested separately for I in' 

FIGURE 18 
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SERIES 53 
_O&llD :GJrJltClll1l1Ittr® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d·c test circuits t(continued) 

Vee 

T 

OPEN { ..;.T_* __ ~ 

FIGURE 20 

CAUTION: 

Vee 

Isink 

• 

Vout 

-!-
FIGURE 19 

1. Each input tested separately. 

2. With minimum Vin(1) and maximum Vin(o), and the unused 
inpuf af the worst·caSe level, the one-shot 
oufput is verified. 

Vee Vcc 

lice 
T* 

ONE·SHOT 

T 

Vin 

- -
1. Icc is measured with a 50% dufy cycle. 

FIGURE 21 

OPEN 

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

pin identification, page 2004, lor former pin numbers. 

switching characteristics 

I_ tp .. 

+- ..... --------..... ---------- VinO) 

CLOCK 
INPUT 

--T---, I 90% 90% I I 
LOGICAL a Vin 50% I ! I 

100/0 II I 100/0 

2032 

TURN-ON 
VoutO) 

OUTPUT WAVEFORM 
(0 or Q) 

TURN-OFF 
OUTPUT WAVEFORM 
(0 or Q) 

..... - .... -.". I I 
- I I I 

-... t f ..- ---' tr ~ 
I 

I KO% I I 
I I 
~td~ I I I ...:1~0~0/0;:... __________ VoutCO) ON LEVEL 

I I I 

I -" - 19

0% 

-----..;..! -----------)~ I_ ts ----1 .... 1 t f I.--

OFF LEVEL VoutO) 

FIGURE 22. CLOCK PULSE AND OUTPUT VOLTAGE WAVEFORMS 



SERIES 53 
8'lO&ltJII GIlJlt""Jrtp® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 

Vin(ll----h 90% I 

J, K, OR J*, K* INPUT I 
110% ~------------_ Vin(O) -J tr ~ V 
I 9001 in(J) I I I 10 

I I 
I I 

10%1 .....- tp ~ 
Vin(O) ---~~---~ t L I I 

~ - ~ _-___ .-t--- Vin (1) 
I f '--T--.......... 
I I I I I : 50% 50% 

J, K, OR J*, K* INPUT 

CLOCK INPUT 

I lOCAl 
t4----- t set (I) --.a t f 1.-

tset(O) .. I I 

FIGURE 23. TIME TO SET A LOGICAL LEVEL VOLTAGE WAVEFORMS 

Q OUTPUT 

_-------------Vin(l) 

1 A90% 
Yin I 

* 10o/~ : -r- -,----------------------- Vin(OJ 
: I Vout(J) OFF LEVEL 

--...J tf!.- L ! 1 10% 

t- tpreset -1 
Vout(J) ----i-! --------f\1 90% 

I.. tclear -----...., 
I I 

""'-___ Vout(O) ON LEVEL 

PRESET/CLEAR INPUT 

Vout!O) 

Q OUTPUT 

FIGURE 24. PRESET/CLEAR TIME VOLTAGE WAVEFORMS 
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SERIES 53 
80&llD GJfa".lttp® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 

INPUT 

2034 

INPUT 

.. tp ., 

1 I 
1 ~~------~~-I------- Vin (1) 
1 90% 90% I 
I I I I 

50O/C 1 I 
I I _

___ --: 100/01 I 10% V 
, 1 I in(OI 

NETWORK 
UNO ER ~~-__ -'Vv.,.--' 

-1 tf~ ~tr ~ 
I 90O/C Vout (1) 

I 
I 1 I I OFF LEVEL 
I I I I 
I 1 I I 
I I ~1_0o~~~ ____ -tI~I~0~o/c"", __ I __ Vout(O) 

Ltd --I tr J.-ts ., t f I.- ON LEVEL 
I , I I 

~_T_E S_T...--! 30 p F 15 kQ 

OUTPUT 

FIGURE 25. NAND/NOR GATE SWITCHING TEST CIRCUIT AND VOLTAGE WAVEFORMS 

PULSE 
GENERATOR 
(See Note 1) 

INPUT 

GATE 
UNDER 

TEST 

I_ tp .' 
2.5 V ______ !.~~------__ 190% 

I 90% I 
GENERATOR OUTPUT 50% I I 50% 

o t
f 
L I 10% 

--~~ ....-- ~ t r t-i= 

GATE 
UNDER 

TEST 

OUTPUT 

INPUT 
~I 90~% ;',-------

I " .... _ ------~..6Q!<: I I 

N+ = N- = 0 

I 1 
-----1=---..... 1'1

1 

9fY'Io,u 1 ,.-____ Vou t(1) OFF LEVEL 

I ! " .... _ - __ ~I~ .... k V~f(O) ON lEVEL 

OUTPUT 

~ t1 t-- -I t2 !--
NOTES: 1. The generator has the followinq tharacteristics: tr = tf = 20 ns, tp = SOO ns, PRR = 1 MHz, lout '"" 50 O. 

2. Propagation delay: tpd = I, + 12 
4 

FIGURE 26. GATE PROPAGATION DELAY TEST CIRCUIT AND VOLTAGE WAVEFORMS 



SERIES 53 
_O&JtJII ClJlJltO.lttr® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 

INPUT 

OUTPUT r---_ INPUT 

NETWORK 
UNDER ~~ __ ~IV---' 

TEST 

10% 
I ___ tf 

I 
I 
I 
I 
I 10% 

90% VirtU) 

10% 
OUTPUT I Vout(O) 

INPUT 
AT T 

INPUT 
AT T* 

OUTPUT 

FIGURE 27. AND/OR GATE SWITCHING TEST CIRCUIT AND VOLTAGE WAVEFORMS 

r-- tp ~ v I--- tset-up -II -r---l------------------------ in(1) 

I I 50% 0% Vin 
....... 1 ___ -: 10% '-......;r-.._---('j-___________ VinlO) 

I 
I 
I 

I 
I 
I 
I 
I 

f "'I"~- tp --~ 
------~~~O~%~I ~~~~ 

I : 50% 
...., tdl ...... 1_0o-.,Yo ___ ......-. 

~r..-

FIGURE 28. ONE·SHOT VOLTAGE WAVEFORMS 

"...---- Vinl1) 

ON LEVEL 
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SERIES 53 
_O&ltD GJl_".~ __ ® SEMICONDUCTOR NETWORKSt 

general 

MECHANICAL DATA 

Series 53 semiconductor networks are mounted in 
glass-to-metal hermetically sealed, welded pack
ages. Package body and leads are gold-plated 
F-15:f: glass-sealing alloy. Approximate weight is 

0.1 gram. All external surfaces are metallic and 
are insulated from leads and circuit. All Series 53 
networks are available with formed leads, insulator 
attached, and/or mounted in a Mech-Pak carrier. 

DATE 
CODE 

L~ 
Q)Q)(D00 0.010 SIDE VIEW 

-'---000000 

0.175 REF. ~ ~ ! ~ : ! 
0.165 MIN. 

(See Not. e) I ./ DATE L- V CODE --.--
-L- _ ~ XXXXX 0.150 

0.015-r-:=:.· SNXXXwX -~ 
0.005 MAX GLASS 

14 PLACES 

~:~:~ +l I-- ~:~: 

NOTES: 

o. All dimensions in inche •. 
b. All decimal. :0:0.005 except a. not.d. 
c. Lead spacing tolerance il ±O.015 at extremities and 

:::t::0.005 at package, nonaccumulative. 
d. Lead centerlines or. located within ±O.OOS of their 

true positions relative to body centerline •. 
e. Not applicable in Mach-Pale carrier. 
f. Symbolization denotes orientation of package. 

Falls within TO-89 dimensions Falls within TO-84 dimensions 

leads 

insulator 

Gold-plated F-15:f: 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 
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 1 0 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. 

ordering instructions 

Variations in mechanical configuration of 
semiconductor networks are identified by 
suffix numbers shown in a table at the right. 

tPatented by Texas Instruments 

FORMED LEADS 
0.004 R...,. ~ 0.250 MAX. -----.I 0013 to 005 

Typical ~}-_~ 1..;·(M;;O;;TE~c;;).l!: 

I.. 0.500 .0.010 (MOTE 11) ----_.-11 ~ 
NOTES: a. All dimensions in inches. 

b. Not applicable in Mech-Pak (arrier. 
c. Measured from center of lead to bottom of package. where lead 

emerges from body. 

MECH-PAK DIMENSIONS 
!.---- ..... .' 
, o.ns : 
I ..... 7 DIA '''U I 

_---+-..,...,,=::01: 0.010 DIA ~~S; ~~USN'I'''NK 1 

'.'" 
1.750 

.j ~ ...... 

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

2. 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 
Suffix 

*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 potent 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 
80&llDGltaU1IIlltp@ SEMICONDUCTOR NETWORKSt 

DIODE· TRANSISTOR LOGIC (DTL) NETWORKS 
FOR DIGITAL SYSTEMS 

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. 

features 

LOW SYSTEM COST 

• multifunction gates offering low cost per 
logic function 

• electrically designed specifically for 
monolithic integrated-circuit technology 

PERFORMANCE 

• high ~peed 

• high d·c noise margins 

• low power dissipation 

• good fan-out capability 

EASE OF DESIGN 

• familiar logic configuration (DTL) 

• single-ended output - dot-OR logic 

• complete family for design flexibility 

• single power supply 

TYPE SN15950 PULSE·TRIGGERED BINARY BAR 

description 
Series 15 930 is a complete family of diode
transistor logic (DTL) which is most attractive 
when high performance and low cost per func
tion are necessities to system design. 

The basic family consists of NAND gates, an 
expander, a buffer, a power gate, master-slave 
flip-flops, a pulse-trigg~ed binary and a mono
stable multivibrator. Dual, triple, and quadruple 
multi-function gates are available to minimize 
system package count. 

This line features a unique combination of high 
speed, high d-c noise margin, and low power 
dissipation. The single-ended output lends itself 
readily to performing dot-OR logic thus reduc
ing the number of different type functional 
blocks in a system. 

CONTENTS Page 

DESIGN CHARACTERISTICS AND LOGICAL SYMBOLS • • 

LOADING TABLES • • • . 

DEFINITIVE SPECIFICATIONS 

D-C TEST CIRCUITS. • . • 

SWITCHING TIME CIRCUITS AND VOLTAGE WAVEFORMS. 

MECHANICAL AND PACKAGING DATA. 

tPatented by Texas Instruments 

3002-3003 
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• 3005-3027 

• 3028-3036 

• 3036-3039 

• •• 3040 

TEXAS INSTRUMENTS 
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SERIES 15930 
_O&IlDfIIlllllGfIIIlllt@ SEMICONDUCTOR NETWORKS 

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

Speed: Gate Propagation Delay . 
Monostable Multivibrator Propagation Delay 
Flip-Flop Clock Rate (SN15 931, SN15 945, SN15 948). 
Pulse-Triggered Binary Clock Rate . 

Fan-Out Capability: Standard Gates (SN15 930, SN15 946, SN15 962) . 
Buffer (SN 15 932) . 
Power Gate (SN 15 944) . 
Monostable Multivibrator (SN 15 951) . 
Flip-Flops: SN15 931 . 

SN15945 . 
SN15948 . 

Pulse-Triggered Binary 
D-C Margin: At logical 1 

At logical 0 
Average Power Dissipation: Per Gate 

Per Flip-Flop . 

25 ns 
20 ns 

• 7 MHz 
20 MHz 

8 
25 
27 
10 

7 
10 
9 
8 

500mV 
500mV 
.5mW 
20mW 

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. 

+Y +Ycc +Ycc 

INPUTS Yaa INPUTS 

figure A - Conventional DTL figure B - Series 15 930 

Replacing the offset diode 0, with transistor Q, offers 
both the manufacturer and the customer a number of 
advantages: 

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

2. Reduction of size of resistor R3 from 20 ko to 
5 kO invites a substantial redtlction 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 2 is removed locally by 
R3 rather than through diodes 0, and O2 onto 
the input signal lines. These transients are also 
reduced during switching by the offset transistor 
Q 1 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 2 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 R3 and relaxes the hFE 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): 

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. 

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 15 930 
80&llD ClItJlt:G1I1Iltp@ SEMICONDUCTOR NETWORKS 

standard line summary 

Input and output pin numbers are shown for reference. Fo r all networks shown Vee is pin @(unless otherwise noted) 
and GND is pin 0. See referenced page for complete p in configuration. 

SN15930 . 
SN15 932 (Buffer) 
SN15 944 (Power Gate). 

See Page 3005 SN15931 . 
See Page 3009 SN 15 945 . 

• See Page 3012 SN15948 . 
r------, 
I 
I 
I 

I 
I 
I L ______ .J 

See Page 3007 
See Page 3014 
See Page 3019 

DUAL 4-INPUT NAND/NOR GATES FLIP-FLOPS WITH SET AND CLEAR 

SN15 933. See Page 3011 SN15 946 . See Page 3017 SN15 950. See Page 3022 
(No Vee Terminal) 

r-----' 
I I 
I I 
I I 

I 

DUAL 4-INPUT EXPANDER 

SN15951 . 

r-------, 
I 
I 
I 

I 
I 

r-----. 

~L.fu\ 
~ 
~!~ 
~ 

~
I: 
I I 6 

5 I 

~
I: 
I I 3 

2 I 
I I L _____ J 

QUADRUPLE 2-INPUT 
NAND/NOR GATE 

See Page 3024 

See Note 

I {INTERNAL TIMING 
, I...--f---{ 9 RESISTOR (CONNECT 
L ______ J TO Vcc IF USED) 

NOTE: External capacitance is added between pins @ a~@. External 
resistance bypasses internal timing resistor if connected from ~ to Vee. 

MONOSTABLE MULTIVIBRATOR 

r-------, 
I I 
I I 
I I 

I , 
I 

I 
I 
I , 

I I 
I I 
I I L _______ ..J 

PULSE-TRIGGERED BINARY 

SN15962 . See Page 3026 

t iT--)-l ® 
11 I , 

~:: 4 6 

5 I 

~
:I 

I 
2 12 
13 L ______ J 

TRIPLE 3-INPUT NAND/NOR GATE 

3003 



SERIES 15 930 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply Voltage Vee (See Note 1) • • • • • • •• •••• • • • • 

Continuous Output Sink Current (SN1S 930, SN1S 931, SN1S 94S, SN1S 946, SN1S 948, SN1S 962) 
Continuous Output Sink Current (SN1S 9S0, SN1S 9S1) . . 
Continuous Output Sink Current (SN1S 932, SN1S 944) . . . . . • 
Current Out of Input Terminal. • . . . . . . . . . . • . 
Current Into Input Terminal (except SN1S 9S0 and SN1S 9S1 pin @ ) 
Current Into Input Terminal (SN1S 9S0 and SN1S 9S1 pin @ ). . . 
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 Vee = 5.5 V, all inputst at 5.5 V, and the following output sink current: 

logic definition 

SN15 930t, SN15 946, SN15 950, SN15 962 • 12 mA 
SN15 931 • 10.6 mA 
SH15932t 36 mA 
SN15 944t 40 mA 
SN15 945 15.2 mA 
SHU 948 • 
SHU 951 • 
tExpander nodes open 

13.6 mA 
15 mA 

• +8V 
.30mA 
· SOmA 
lS0 mA 
-lOmA 
· 1 mA 

• • SmA 
-SSoC to l2SoC 
-6SoC to lSOoC 

Series lS 930 logiC is defined in terms of standard POSITI VE 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 

SN1S 930 
SN1S 932 

GATES AND SN1S 933 Each Input 1 

input current requirements 
EXPANDER SN1S 944 

SN1S 946 

Weighted values of input current requirements 
reflect worst-case conditions for T A = -SSoC to 
12SoC and Vee = 4.5 V to S.S V. Each gate input 
requires that no more than -1.6 mA flow out of 
the input at a logical 0 input voltage level; there
fore, one input load is -1.6 mA maximum. Cur
rents into the input terminals are specified as 
positive values. Arrows on the doc test circuits 
indicate the actual direction of current flow. 

output drive capability 

3004 

Weighted values of fan-out reflect the ability of 
an output to sink current (into the output terminal> 
under recommended operating conditions and are 
specified as positive values. Load currents (out 
of the output terminal> are specified as negative 
values. Arrows on the doc test circuits indicate 
the actual direction of current flow. 

SN1S 962 
Each Input 
(Synchronous or 

SN1S 931 Asynchronous) 

Clock 
fliP-fLOPS Synchronous 

SN1S 94S Inputs 
and Asynchronous 

SN1S 948 and Clock 
Inputs 

PULSE-TRIGGERED 
SN1S 9S0 

Synchronous or 
BINARY Asynchronous 

MONOSTABLE 
SN1S 9S1 Each Input MULTIVIBRATOR 

WEIGHTED VALUES OF FAN-OUT 
NETWORK TYPE OUTPUT 

SN1S 930 
GATES SN1S 946 Each Output 

SN1S 962 
BUFFER SN1S 932 Each Output 

POWER GATE SN1S 944 Each Output 
SN1S 931 Q orc:i 

FLIP-flOPS SN1S 94S QorQ 

SN1S 948 QorQ 

PULSE-TRIGGERED 
SN1S 9S0 QorQ 

BINARY 

MONOSTABLE 
SN1S 9S1 Each Output MULTIVIBRATOR 

2h 

2 

2h 

2 

1 Y2 

2 

LOADS 

8 

2S 
27 

7 

10 

9 

8 

10 



schematic (each gate) 
1.75 kn Vee 

2 kn 6 kn 

OUTPUT 

5 kn 

INPUTS GND 

EXPANDERo-__ ...J 

NODE 
Component values shown are nominal 

recommended operating conditions 

Supply Voltage Vee . 

Maximum Fan-Out From Each Output • 

electrical characteristics 

PARAMETER TEST 
FIGURE 

Vout(O) 
Logical 0 output 

1 voltage {on level> 

Vout(11 
Logical 1 output 

2 voltage {off level> 

t Expander nodes are open unless otherwise noted. 

TYPE SN15 930 
DUAL 4-INPUT NAND/NOR GATE 

Vee 

®®®®@00 

0000000 
GND 

positive logic 

. 4.5 V to 5.5 V 

. ...... 8 

TEST CONDITIONS t MIN MAX UNIT 

Vee = 4.5 V, V in = 1.9V, 
0.4 V Isink = 12 rnA, TA = 25°C 

Vee = 4.5 V, Vin = 2.1 V, 
0.4 V 

Isink = 11.4 rnA, TA = -55°C 

Vee = 4.5 V, V in = 1.7 V, 
0.45 V Isink = 10.8 rnA, TA = 125°C 

Vee = 4.5 V, Vin = 1.1 V, 
2.6 V 

lload = -0.12 rnA, T A = 25°C 

Vee = 4.5 V, Vin = 1.4 V, 
2.5 V 

lload = -0.12 rnA, T A = -55°C 

Vee = 4.5 V, Vin = 0.8 V, 
2.5 V 

lload = -0.12 rnA, TA = 125°C 

3005 



TYPE SN15 930 
DUAL 4-INPUT NAND/NOR GATE 

electrical characteristics (continued) 

PARAMETER TEST TEST CONDITIONS t MIN MAX UNIT FIGURE 

Logical 1 output 

Vout(l) voltage (off leveD 
Vee = 4.5 V, VinX = 1.8V, 

with low voltage 3 2.6 V 
at expander input lload = -0.12 mA, T A = 25°C 

node, V;nX 

Vee = 5.5 V, Vin = 4 V, 
2 /lA 

l;n(l) 
Logical 1 level input T A = 25°C and -55°C 
current 4 

Vee = 5.5 V, Vin = 4 V, 
5 /lA 

TA = 125°C 

Vee = 5.5 V, V;n = 0, VR = 4 V, 
- 1.6 rnA 

Logical 0 level input T A = 25°C and -55°C 
I;n(o) 5 

current Vee = 5.5 V, Vin = 0, VR = 4 V, 
TA = 125°C -1.5 rnA 

lout(l) 
Output reverse 6 Vee = Vout = 4.5 V, TA = 25°C 50 /lA 
current (off leveD 

Vee = 5.5 V, Vout = 0, 
-0.6 -1.34 rnA 

TA = 25°C 

los 
Short-circuit 

7 
Vee = 5.5 V, Vout = 0, 

-1.34 rnA 
output cu rrent TA = -55°C 

Vee = 5.5 V, Vout = 0, 
-1.3 rnA 

TA = 125°C 

Logical 0 level 

lee(o) supply current 8 Vee = 5V, TA = 25°C 6.5 rnA 
(both gates) 

Logical 1 level supply 

lee(1) current at maximum 9 Vee = 8 V, TA = 25°C 5.5 rnA 
Vee (both gates) 

switching characteristics, Vee = 5 V, TA = 25°C 

PARAMETER TEST TEST CONDITIONS t MIN MAX UNIT FIGURE 

tpd(O) 
Propogation delay time 

R1 = 400 a, fo logical 0 level C L ,= 50 pF 10 30 ns 

Propogation delay time 
51 

tpd(l) 
to logical 1 level Rl = 3.9 ka, C L = 30 pF 25 80 ns 

t Expander nodes are open unless otherwise noted. 
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logic 

TRUTH TABLES 

R-5 MODE J-K MODE 

TYPE SN15 931 
FLlp·FLOP WITH SET AND CLEAR 

Vee 

®®®®@0® 
tn tn +, tn tn + l 

5, 52 C, C2 Q 5, Cl Q 
0 X 0 X Qn 0 0 Qn 
0 X X 0 Qn 0 1 0 
X 0 0 X Qn 1 0 1 
X 0 X 0 Qn 1 1 Qn 
0 X 1 1 0 
X 0 1 1 0 
1 1 0 X 1 
1 1 X 0 1 
1 1 1 1 Indeterminate 

NOTES: 1. tn = bit time before clock pulse. 

2. tn +, = 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 O. 

S. For operation in the J·K mode connect S2 to Q and (2 to Q. 

recommended. operating conditions 
Supply Voltage V cc 
Maximum Fan-Out From Each Output . 

electrical characteristics 

PARAMETER 

Logical 0 output 
VoutlO) voltage (on leveD 

at Q or Q 

Logical 1 output 
Voutll ) voltage (off leveD 

at Q or Q 

Logical 1 output 
Voutll ) voltage (off level> 

at Q or Q 

ICP(O) logical 0 level clock-input 
forward current 

ICP(lI logical 1 level clock-input 

TEST 
FIGURE 

10 

11 

12 

13 

14 

CD000000 
GND 

N( - No internal connection 

positive logic 

low input to 50 sets Q to logical 1 

TEST CONDITIONS 

Vcc = 4.5 V, VCPIS) = 0.95 V, 
Isink = 10.6 mA, TA = 25°C 

Vcc = 4.5 V, VCPIS) = 1.1 V, 
Isink = 10 mA, TA = -55°C 

Vcc = 4.5 V, V CPIS) = 0.75 V, 
Isink = 9.5 mA, TA = 125°C 
Vcc = 4.5 V, Vl = 1.9V, Vz = 1.1 V, 
lload = -0.12 mA, T A = 25°C 
Vee = 4.5 V, V, = 2.1 V, Vz = 1.4 V, 
Iload= -0.12 mA, T A = -55°C 
Vec = 4.5 V, V, = 1.7V, Vz =·0.8 V, 
Iload= -0.12 mA, TA = 125°C 

V, = 1.9V, Vz = 1.1 V, Vec = 4.5 V, 
Iload= -0.12 mA, TA = 25°C 
Vcc = 4.5 V, V, = 2.1 V, Vz = 1.4 V, 
Iload= -0.12 mA, TA = -55°C 
Vcc = 4.5 V, V, = 1.7V, Vz = 0.8 V, 
Iload= -0.12 mA, TA = 125°C 

Vcc = 5.5 V, Yin = 1.1 V, TA = 25°C 

Vcc = 5.5V, Vin = 1.4 V, T A = -55°C 

Vce = 5.5Y, Yin = 0.8 V, TA = 125°C 

Vcc = 5.5 V, Vcp = 4V, 
T A = 25°C and -55°C 

. 4.5 V to 5.5 V 
7 

MIN MAX UNIT 

0.4 V 

0.4 V 

0.45 V 

2.6 V 

2.5 V 

2.5 V 

2.6 V 

2.5 V 

2.5 V 

-3.4 mA 

-3.4 mA 

-3 mA 

20 p.A 

reverse current Vcc = 5.5V, Vcp = 4V, TA = 125°C 30 p.A 
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TYPE SN15 931 
FLIP-FLOP WITH SET AND CLEAR 

electrical characteristics (continued) 

PARAMETER TEST TEST CONDITIONS MIN MAX UNIT FIGURE 

Vee = 5.5V, vin = 4 V, 
2 p..A 

Logical 1 level T A = 25°C and "':'55°(: 
'in(1) synchronous-input current 15 

Vee = 5.5 V, Vin = 4 V, 
TA = 125°C 5 p..A 

Vee = 5.5V, Vin = 0, 
-1.07 mA 

'intO) 
Logical 0 level 

16 
T A = 25°C and -55°C 

synchronous-input current Vee = 5.5 V, Vin = 0, 
TA = 125°C -1 mA 

Vee = 5.5V, Vin = 4V, 
2 p..A 

Logical 1 level T A = 25°C and -55°C 
'in(1) asynchronous-input current 

17 
Vee = 5.5V, Vin = 4V, 
TA = 125°C 5 p..A 

Logical 0 level 
Vee = 5.5 V, Vin = 0, 

-1.2 mA 
'intO) asynchronous-input current 18 T A = 25°C and -55°C 

Vee = 5.5 V, Vin = 0, TA = 125°C -1.1 mA 

'eC(o) Logical 0 level supply current 19 Vee = 5V, TA = 25°C 11 mA 

'ce(1) 
Logical 1 level supply current 

20 Vee = 8 V, TA = 25°C 14.5 mA at maximum Vee 

switching characteristics, Vee = 5 V, TA = 25°C 

PARAMETER TEST TEST CONDITIONS MIN MAX UNIT FIGURE 

tpd(O) 
Propagation delay time 

R, = 4000, Cl = 50 pF 35 75 to logical 0 level ns 
52 

tpd11 ) 
Propagation delay time 

R, = 3.9 kn, C: l = 30 pF 35 75 ns 
to logical 1 level 

schematic 

CP 2r-~~--------------------------------------------------------------------------~ 
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schematic (each gate) 

2.75kn 

INPUTS 

EXPANDER 
NODE O--_....J 

2 kn 630 n 

Component values shown are nominal. 

recommended operating conditions 

Supply Voltage Vee 

Maximum Fan-Out From Each Output . 

electrical characteristics 

PARAMETER 

Vout(o) 
Logical 0 output 
voltage (on leveD 

Vout(1) 
Logical 1 output 
voltage (off level) 

t Expander nodes are open unless otherwise noted. 

Vee 
1.85kn 

150 n 

OUTPUT 

GND 

TEST 
FIGURE 

1 

2 

TYPE SN15 932 
DUAL 4-INPUT NAND/NOR BUFFER 

Vee 

®®®®®00 

CD0CDCD®CDCD 
positive logic 

TEST CONDITIONSt MIN 

Vee = 4.5 V, Vin =1.9V, 
Isink = 36 mA, TA = 25°C 

Vee = 4.5 V, Vin = 2.1 V, 
Isink = 34 mA, TA = -55°C 

Vee = 4.5 V, Vin = 1.7 V, 
Isink = 32 mA, TA = 125°C 

Vee = 4.5 V, Vin = 1.1 V, 
2.6 

lload =-2.5 mA, TA = 25°C 

Vee = 4.5 V, Vin = 1.4 V, 
2.5 

lload =-2 rnA, TA = -55°C 

Vee = 4.5 V, Vin = 0.8 V, 
2.5 

lload = -4 mA, TA = 125°C 

GND 

. 4.5 V to 5.5 V 

25 

MAX UNIT 

0.4 V 

0.4 V 

0.45 V 

V 

V 

V 
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TYPE SN15 932 
DUAL 4-INPUT NAND/NOR BUFFER 

electrical characteristics (continued) 

PARAMETER TEST TEST CONDITIONS t MIN MAX UNIT FIGURE 

Logical 1 output 
voltage (off leveD 

Vee = 4.5 V, VinX = 1.SV, 
VOUt(l) with low voltage 3 2.6 V 

input at expander lload = -2.5 mA, TA = 25°C 

node, VinX 

Vee = 5.5 V, Vin = 4 V, 
2 pA T A = 25°C and -55°C 

'in(l) 
Logical 1 level 4 
input current Vee = 5.5 V, Vin = 4V, 

TA = 125°C 5 pA 

Vee = 5.5 V, Vin = 0, VR = 4 V, 
-1.6 mA 

Logical 0 level 
T A = 25°C and -550-(: 

'in(o) 5 
input current Vee = 5.5 V, V in = 0, VR = 4 V, 

TA = 125°C -1.5 mA 

'out(1) 
Output reverse 6 Vee = Vout = 4.5 V, TA = 25°C 50 JJ,A 
current (off leveD 

Vee = 5.5 V, Vout = 0, 
-lS mA Short-circuit TA = 25°C 

'as 7 output current 
Vee = 5.5V, Vout = 0, 
T A = 125°C and -55°C -16 mA 

Logical 0 level 

'ee(o) supply current S Vee = 5 V, TA = 25°C 26.6 mA 
(both gates) 

Logical 1 level supply 

lee(1) current at maximum 9 Vee = SV, TA = 25°C 6 mA 
Vee (both gates) 

switching characteristics, Vee = 5 V, TA _ 25°C 

PARAMETER TEST TEST CONDITIONS t MIN MAX UNIT FIGURE 

tpd(O) 
Propagation delay time 

R, = 1500, C l = 500 pF 15 40 ns 
to logical 0 level 

51 

tpd(1} 
Propagation delay time 

Rl = 5100, Cl = 500 pF 25 SO ns 
to logical 1 level 

t Expander nodes are open unless otherwise noted. 

3010 



schematic (each expander) 

INPUTS 

OUTPUT ... , .... 

- , .... 

o---fIII1. .. I---..... - - -14- -0 GND 

ANODE-TO -
SUBSTRATE DIODE 

electrical characteristics 

PARAMETER TEST 
FIGURE 

VF Input diode forward voltage 21 

linoR Input diode reverse current 22 

Anode-to-substrate 
lout R reverse current 23 

TYPE SN15 933 
DUAL 4-INPUT EXPANDER 

®®®®®®0 
NC 

CD000000 
GND 

NC - No inlernal connection 

positive logic 

TEST CONDITIONS MIN MAX UNIT 

lout = 2 rnA, 'T A = 25°C 0.7 0.82 V 

lout = 2 rnA, T A = -55°C 0.85 0.98 V 

lout = 2 rnA, TA = 125°C 0.5 0.65 V 

Vin = .4 V, TA = 25°C 2 J.tA 

Vin = .4 V, TA = -55°C 2 J.tA 

Vin = .4 V, TA = 125°C 5 J.tA 

Vout= .4 V, TA = 25°C and -55°C 10 J.tA 

Vout= .4 V, TA = 125°C 25 J.tA 

NOTE: A 10101 of four expanders may be connected 10 an expandable gate to provide a fan·in of 20. 
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TYPE SN15944 
DUAL 4-INPUT NAND/NOR POWER GATE 

schematic (each gate) 
r---------~~--------Ovoc 

INPUTS 

EXPANDERo-___ --' 
NODE 

2kn 6300 GND 

Component values shown are nominal. 

recommended operating conditions 

Supply Voltage Vee • • • • 

Maximum Fan-Out From Each Output • 

electrical characteristics 

PARAMETER TEST 
FIGURE 

V ootlO) 
Logical 0 output 

1 voltage (on level> 

Vootlt ) 
Logical 1 output 

24 voltage (off level> 

Logical 1 level input 4 
lin{t) 

current 

t Expander nodes are open unless otherwise noted. 

3012 

Vee 

®®@@@00 

0000000 
GND 

positive logic 

• 4.5 V to 5.5 V 

27 

TEST CONDITIONS t MIN MAX UNIT 

Vee = 4.5 V, Vin = 1.9 V, 
0.4 V 

Isi,* = 40 mA, T A = 25°C 

Vee = 4.5 V, Vin = 2.1 V, 
0.4 V 

Isi,* = 36 mA, T A = -55°C 

Vee = 4.5 V, Vin = 1.7 V, 
0.45 V 

Isi,* = 36 mA, T A = 125°C 

Vee = 5.5 V, Isiric = 5 mA, 6 V 
TA = 25°C 

Vee = 5.5 V, Vin = 4 V, 2 p,A 
T A = 25°C and -55°C 

Vee = 5.5 V, Vin = 4 V, 
TA = 125°C 

5 p,A 



electrical characteristics (continued) 

PARAMETER 

logical 0 level input 
current 

Output reverse 
current (off level, 
worst-case voltage 
at any input) 

Output reverse 
current (off level, 
worst-case voltage 
at expander input) 

logical 0 level 
leClO) supply current 

(both gates) 

logical 1 level 
supply current 
at maximum Vee 
(both gates) 

TEST 
FIGURE 

5 

25 

26 

S 

9 

switching characteristics, Vee = 5V, TA = 25°C 

PARAMETER TEST 
FIGURE 

tpd(O) 
Propagation delay time 
to logical 0 level 

51 

tpd(1) 
Propagation delay time 
to logical 1 level 

t Expander nodes are open unless otherwise hated. 

TYPE SN15 944 
DUAL 4-INPUT NAND/NOR POWER GATE 

TEST CONDITIONSt 

Vee = 5.5 V, Yin = 0, VR = 4V, 
T A = 25°C and -55°C 

Vee = 5.5 V, Vin = 0, V R = 4 V, 
TA = 125°C 

Vee = 5.5V, Vin = 1.1 V, 
Vout = 4.5 V, TA = 25°C 

Vee = 5.5 V, Yin = 1.4V, 
Vout = 4.5 V, TA = -55°C 

Vee = 5.5V, Vin = O.SV, 
Vout = 4.5V, TA = 125°C 

Vee = 5.5V, VinX = 1.SV, 
Vout = 4.5 V, T A = 25°C 

TEST CONDlTlONSt 

Rl = 1500, C l =100pF 

Rl = 5100, C l = 20 pF 

MIN 

MIN 

10 

15 

MAX UNIT 

-1.6 rnA 

-1.5 rnA 

100 p.A 

50 p.A 

200 

100 p.A 

20 rnA 

6 rnA 

MAX UNIT 

35 ns 

50 ns 

3013 



TYPE SN15 945 
FLIP·FLOP WITH SET AND CLEAR 

logic Vee 
TRUTH TABLES ®®®®®®0 ,-

R-S MODE J-K MODE 

tn tn+1 tn tn+ 1 

_S,_ ~2 C, C2 Q S, C, Q 
0 X 0 X Qn 0 0 Qn 
0 X X 0 Qn 0 1 0 
X 0 0 X Qn 1 0 1 
X 0 X 0 Qn 1 1 Qn 
0 X 1 1 0 
X 0 1 1 0 
1 1 0 X 1 

0000000 
GND 

1 1 X 0 1 Ne - No internal connection 
1 1 1 1 Indeterminate 

positive logic 
NOTES: 1. tn = bit time before dock pUlse. Low input to So sets Q to logical 1 

2. tn + 1 = bit time after dock pulse. 

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

present. 

4. logical 1 is more positive than logical O. 

5. For operation in the J·K mode connect S2 to Ii and (2 to O. 

recommended operating conditions 

Supply Voltage V cc' • • . • • 
Maximum Fan-Out From Each Output 

electrical characteristics 

PARAMETER 

Logical 0 output 
V out(O) voltage (on leve/) 

at Q or Q 

Logical 1 output 
Vout(1) voltage (off leve/) 

at Q or Q 

lep(o) 
Logical 0 level clock-input 
forward current 

ICP(1) 
Logical 1 level clock-input 
reverse current 

3014 

TEST 
FIGURE 

27. 
and 
28 

12 

29 

30 

TEST CONDITIONS 

Vcc = 4.5 V, VI = 1.1 V, V2 = 1.9 V, 
V3 = 4.5 V, Isink = 15.2 rnA, T A = 25°C 
Vcc = 4.5 V, VI = 1.4 V, V2 = 2.1 V, 
V3 = 4.5 V, Isink = 14.6 rnA, TA = -55°C 
Vcc = 4.5 V, VI = 0.8 V, V2 = 1.7 V, 
V3 = 4.5 V, 'sink = 13.8 rnA, TA = 125°C 
Vcc = 4.5 V, VI = 4.5 V, V2 = 1.1 V, 
I'oad = -0.12 rnA, T A = 25°C 
Vcc = 4.5 V, VI = 4.5 V, V2 = 1.4 V, 
"oad = -0.12 rnA, T A = -55°C 
Vcc = 4.5 V, VI = 4.5 V, V2 = 0.8 V, 
"oad = -0.12 rnA, TA = 125°C 
Vcc = 5.5 V, Vin = 1.1 V, Vcp = 0, 
TA = 25°C 
Vcc = 5.5 V, Vin = 1.4 V, Vcp = 0, 
TA = -55°C 
Vcc = 5.5 V, 
TA = 125°C 

Vin = 0.8 V, Vcp = 0, 

Vcc = 4 V, Vcp = 4 V, 
T A = 25°C and -55°C 

Vcc = 4 V, Vcp = 4V, TA = 125°C 

• • • 4.5 V to 5.5 V 
• • • • 10 

MIN MAX UNIT 

0.4 V 

0.4 V 

'0.45 V 

2.6 V 

2.5 V 

2.5 V 

-3.2 rnA 

-3.2 rnA 

-2.8 rnA 

10 /LA 

20 /LA 



electrical characteristics (continued) 

PARAMETER TEST 
FIGURE 

lin(,) 
Logical 1 level 

15 synchronous-input current 

linlo) 
Logical 0 level 

31 synchronous-input current 

linll) 
Logical 1 level 

32 asynchronous-input current 

Logical 0 level 
linlo) asynchronous-input current 33 

los Short-circuit output current 18 

IcC(O) Logical 0 level supply current 19 

lec(1) 
Logical 1 level supply current 

20 at maximum Vee 

switching characteristics, Vee 

PARAMETER TEST 
FIGURE 

tpd(O) 
Propagation delay time 
to logical 0 level 

Propagation delay time 52 
tpd(l) to logical 1 level 

TYPE SN15 945 
FLlp·FLOP WITH SET AND CLEAR 

TEST CONDITIONS MIN MAX UNIT 

Vee = 5.5 V, Vin = 4 V, 
T A = 25°C and -55°C 

2 pA 

Vee = 5.5 V, Vin = 4 V, 
TA = 125°C 

5 pA 

Vee = 5.5 V, Vin = 0, V, = 4 V, -1.07 mA 
Vep = 4 V, T A = 25°C and -55°C 
Vee = 5.5 V, Vin = 0, V, = 4 V, 
Vep = 4 V, TA = 125°C 

-1 mA 

Vee = 5.5 V, Vin = 4V, V, = 5.5 V, 2 /LA 
T A = 25°C and -55°C 
Vee = 5.5 V, Vin = 4V, V1 = 5.5 V, 
TA = 125°C 

5 p,A 

Vee = 5.5 V, Vin = 0, 
-2.4 mA 

T A = 25°C and -55°C 

Vee =;= 5.5 V, Vin = 0, TA = 125°C -2.1 mA 

Vee = 5.5 V, Vin = 5.5 V, 
V~t = 0, T A = 25°C and -55°C 

-0.7 -1.33 mA 

Vee = 5.5 V, Vin = 5.5 V, 
Vout = 0, TA = 125°C 

-0.625 -1.3 mA 

Vee = 5V, TA = 25°C 14 mA 

Vee = 8 V, TA = 25°C 16 mA 

TEST CONDITIONS MIN MAX UNIT 

Rl = 3300, Ct = 50 pF 75 ns 

R, = 2 kn, C L = 30 pF 75 ns 

3015 



TYPE SN15 945 
FlIP·FlOP WITH SET AND CLEAR 

schematic 

Q 

6 J----+-.. 

51----+----+-____ 1--..... ~---.__+---~-~lO 

NOTE: Pins (2),0 ' and ® - no internal connection. 

3016 



schematic (each gate) 

1.75 kn 

5 kn 

6kn 

OUTPUT 

'----~-o()GND 

Component values shown are nominal. 

recommended operating conditions 

Supply Voltage Vee . • • . • • 

Maximum Fan-Out From Each Output. 

electrical characteristics 

PARAMETER 

V Logical 0 output 
out(O) , voltage (on level> 

Vout(1) 
Logical 1 output 
voltage {off level> 

TEST 
FIGURE 

1 

2 

TYPE SN15 946 
QUADRUPLE 2-INPUT NAND/NOR GATE 

Vee 

®@@®®0@ 

0000000 
GND 

positive logic 

3 = 1-2 6 = M 8 = '"'9-'iO 11 = ~ 

.4.5 Vto 5.5 V 

. •.•.•. 8 

TEST CONDITIONS MIN MAX UNIT 

Vee = 4.5 V, Vin = 1.9 V, 
0.4 V 

'si,. = 12 rnA, TA = 25°C 

Vee = 4.5 V, Vin = 2.1 V, 0.4 V 
lsi,. = 11.4 rnA, TA = -55°C 

Vee = 4.5 V, Vin = 1.7 V, 
0.45 V 

lsi,. = 10.8 rnA, TA = 125°C 

Vee = 4.5 V, Vin= 1.1 V, 
2.6 V 

lload = -0.12 rnA, T A = 25°C 

Vee = 4.5 V, Vin = 1.4 V, 2.5 V 
lload = -0.12 rnA, T A = -55°C 

Vee = 4.5 V, Vin = 0.8 V, 
2.5 V 

lload =-0.12 rnA, TA = 125°C 

3017 



TYPE SN15 946 
QUADRUPLE 2-INPUT NAND/NOR GATE 

electrical characteristics (continued) 

PARAMETER TEST TEST CONDITIONS MIN MAX UNIT FIGURE 

Vee = 5.5 V, Vin = 4 V, 
2 p.A 

'in(l) 
Logical 1 level input 

4 
T A = 25°C and -55°C 

current Vee = 5.5 V, Vin = 4 V, 
TA = 125°C 

5 p.A 

Vee = 5.5 V, Vin = 0, VR = 4 V, -1.6 rnA 
Logical 0 level input 

5 
T A = 25°C and -55°C 

'in(O) current Vee = 5.5 V, Vin = 0, VR = 4 V, 
TA = 125°C -1.5 rnA 

'out!l) 
Output reverse 6 Vee = Vout = 4.5 V, TA = 25°C 50 p.A 
current (off leve/) 

Vee = 5.5 V, Vout = 0, -0.6 -1.34 rnA 
TA = 25°C 

'os 
Short-circuit 

7 
Vee = 5.5 V, Vout = 0, -1.34 rnA 

output current TA = -55°C 

Vee = 5.5 V, Vout = 0, -1.3 rnA 
TA = 125°C 

Logical 0 level 

'ee(o) supply current 8 Vee = 5 V, TA = 25°C 13 rnA 
(all gates) 

Logical 1 level supply 

'eC(1) current at maximum 9 Vee = 8 V, TA = 25°C 11 rnA 
Vee (all gates) 

switching characteristics, Vee = 5 V, TA = 25°C 

PARAMETER TEST TEST CONDITIONS MIN MAX UNIT 
FIGURE 

tpd(O) 
Propagation delay time 

R, = 400 0, C l = 50 pF 10 30 ns 
to logical 0 level 

51 

tpd(l) 
Propagation delay time 

R, = 3.9 kn, C L = 30 pF 25 80 ns 
to logical 1 level 

3018 



TYPE SN15 948 
FLlp·FLOP WITH SET AND CLEAR 

logic Vee 
TRUTH TABLES ®®®®®®0 

R-S MODE J-K MODE 

tn tn+ 1 tn tn+1 
1--

5, 52 C, C2 Q 5, C, Q 
0 X 0 X Qn 0 0 Qn 

0 X X 0 Qn 0 1 0 
X 0 0 X Qn 1 0 1 
X 0 X 0 Qn 1 1 Qn 
0 X 1 1 0 
X 0 1 1 0 
1 1 0 X 1 CD000000 

GND 
1 1 X 0 1 NC - No internal connection 
1 1 1 1 Indeterminate 

positive logic 
NOTES: 1. tn = bit time before clock pulse. Low input to So sets Q to logical 1 

2. tn +, = 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 O. 

S. For operation in the J·K mode connect S2 to Q and (2 to O. 

recommended operating conditions 

Supply Voltage V cc' . • • . 
Maximum Fan-Out From Each Output . 

electrical characteristics 

TEST PARAMETER FIGURE 

Logical 0 output 27 
Vout(o) voltage (on level> and 

atQ or Q 28 

Logical 1 output 

Vout(') voltage (off level) 12 
at Q or Q 

lep(o) 
Logical 0 level clock-input 

29 forward current 

Logical 1 level clock-input 
'ep(,) 30 reverse current 

TEST CONDITIONS 

Vee = 4.5 V, V, = 1.1 V, Vz =1.9V, 
V3 = 4.5 V, Isink = 13.6 rnA, T A = 25°C 
Vee = 4.5 V, V, = 1.4 V, Vz = 2.1 V, 
V3 = 4.5 V, 'sink = 13 rnA, TA = -55°C 
Vee = 4.5 V, V, = 0.8 V, Vz = 1.7 V, 
V3 = 4.5 V, 'sink = 12.3 rnA, T A = 125°C 
Vee = 4.5 V, V, = 4.5 V, 
'load = -b.12 rnA, TA = 25°C 

Vz = 1.1 V, 

Vee = 4.5 V, V, = 4.5 V, Vz = 1.4 V, 
'load = -0.12 rnA, TA = -55°C 
Vec = 4.5 V, V, = 4.5 V, Vz = 0.8 V, 
'load = -0.12 rnA, TA = 125°C 
Vee = 5.5 V, Vin = 1.1 V, Vep = 0, 
TA = 25°C 
Vee = 5.5 V, Vin = 1.4 V, Vep = 0, 
TA = -55°C 
Vee = 5.5 V, Vin = 0.8 V, Vcp = 0, 
TA = 125°C 

Vee = 4V, Vep = 4 V, 
T A = 25°C and -55°C 

Vee = 4 V, Vep = 4 V, TA = 125°C 

• • 4.5 V to 5.5 V 
. . . .. 9 

MIN MAX UNIT 

0.4 V 

0.4 V 

0.45 V 

2.6 V 

2.5 V 

2.5 V 

-2.56 rnA 

-2.56 rnA 

-2.2 rnA 

10 p.A 

20 p.A 

3019 



TYPE SN15 948 
FLIP-FLOP WITH SET AND CLEAR 

electrical characteristics (continued) 

PARAMETER TEST TEST CONDITIONS MIN MAX UNIT FIGURE 
Vee = 5.5 V, Vin = 4 V, 

2 /LA 
Logical 1 level T A = 25°C and -55°C 

'inlll synchronous-input current 15 
Vee = 5.5 V, Vin = 4 V, 
TA = 125°C 

5 /LA 

Vee = 5.5 V, Vin = 0, VI = 4 V, -1.07 mA 

linfol 
Logical 0 level 

31 
Vep = 4 V, T A = 25°C and -55°C 

synchronous-input current Vee = 5.5 V, Vin = 0, VI = 4 V, 
Vep = 4 V, TA = 125°C 

-1 mA 

Vee = 5.5 V, Vin = 4 V, VI = 5.5 V, 2 /LA 

'inftl 
Logical 1 level 

32 
T A = 25°C and -55°C 

asynchronous-input current Vee = 5.5 V, Vin = 4 V, VI = 5.5 V, 
TA = 125°C 

5 /LA 

Logical 0 level 
Vee = 5.5 V, Vin = 0, -2.4 mA 

linlOI asynchronous-input current 33 T A = 25°C and -55°C 
Vee = 5.5 V, Vin = 0, TA = 125°C -2.1 mA 

Vee = 5.5 V, Vin = 5.5 V, -2.1 -3.96 mA 

los Short-circuit output current 18 
Vout = 0, T A = 25°C and -55°C 

Vee = 5.5 V, Vin = 5.5 V, 
Vout = 0, TA = 125°C -3.54 mA 

leefol logical 0 level supply current 19 Vee = 5V, TA = 25°C 16.2 mA 

leel1l 
Logical 1 level supply current 

20 Vee = 8 V, TA = 25°C 16 mA 
at maximum Vee 

switching characteristics, Vee 

PARAMETER TEST TEST CONDITIONS MIN MAX UNIT FIGURE 

tpd(O) 
Propagation delay time 

RI = 330 0, C l = 50 pF 5 65 ns to logical 0 level 
Propagation delay time 

52 
tpd(1) to logical 1 level Rl = 2 kO, CL = 30 pF 5 75 ns 

3020 



schematic 

Q 

6 1-----+-.. 

NOTE: PinsG) 0and @ no internal connection. 

TYPE SN 15 948 
FLIP-FLOP WITH SET AND CLEAR 

7 GND 

2 kQ 
NOM. 

___ ---+--....0( 9 
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TYPE SN15 950 
PULSE· TRIGGERED BINARY 

logic 

TRUTH TABLES Vee 

@@®®®00 SYNCHRONOUS 

tn tn+1 

ASYNCHRONOUS 
DIRECT 

PULSE INPUT OUTPUT INPUT OUTPUT 

S C PT, PT, Q Q SD Co Q Q 
1 X X 1 Qn Qn 1 1 Qn Qn 
X 1 1 X Qn Qn 0 1 0 1 
0 1 0 X 1 0 1 0 1 0 
0 X 0 1 1 0 0 0 1 1 
1 0 X 0 0 1 
X 0 1 0 0 1 
0 0 0 0 Indeterminate 

NOTES: 
1. X indicates that either a logical 1 or a logical 0 may be present. 
2. Logical 1 is more positive than logical O. 
3. Logical states shown for pulse inputs PT1 and PT2 indicate that a transition to 

that state has lust 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 Vee • • • • • • 
Maximum Fan-Out From Each Output 

electrical characteristics 

PARAMETER TEST TEST CONDITIONS FIGURE 

Vee = 4.5 V, Vin = 1.9 V, 
Isink = 12 mA, TA = 25°C 

Vout(OI 
Logical 0 output voltage 

34 
Vee = 4.5 V, Vin = 2.1 V, 

(on level> at Q or Q Isink - 11.4 mA, T A = -55°C 
Vee = 4.5 V, Vin = 1.7 V, 
Isink - 10.8 mA, TA = 125°C 

Vee = 4.5 V, VI = 1.1 V, V2 = 1.9 V, 
V3 - 4.5 V, lload = -1.5 mA, TA = 25°C 

Vout(11 
Logical 1 output voltage 

35 
Vee = 4.5 V, VI = 1.4 V, V2 = 2.1 V, 

(off level> at Q or Q V3 - 4.5 V, lload = -1.5 mA, TA = -55°C 

Vee = 4.5 V, VI = 0.8 V, V2 = 1.7 V, 
V] = 4.5 V, lload = -1.5 mA, TA = 125°C 

Vee = 5.5 V, Vin = 8 V, 

linPT 
Pulse-triggered-input 

36 
T A = 25°C and -55°C 

current Vee = 5.5 V, Vin = 8 V, 
TA = 125°C 
Vee = 5.5 V, Vin = 0, 

linlol 
Logical 0 level input 

37 
T A = 25°C and -55°C 

current at C or S Vee = 5.5 V, Vin = 0, 
TA = 125°C 

Vee = 5.5 V, Vin = 0, 

linlol 
Logical 0 level input 

37 
T A = 25°C and -55°C 

current at CD or SD Vee = 5.5 V, Vin = 0, 
TA. = 125°C 

3022 

GND 

4.5 V to 5.5 V 

. . .. 8 

MIN MAX UNIT 

0.4 V 

0.4 V 

0.45 V 

2.6 V 

2.5 V 

2.5 V 

2 p.A 

5 p.A 

-2.4 rnA 

-2.25 rnA 

-1.82 rnA 

-1.62 rnA 



electrical characteristics (continued) 

PARAMETER TEST 
FIGURE 

Logical 1 level 
lin(1) input current 38 

at Co or So 

IRC Current through resistor Rc 39 

los 
Short-circuit output 

40 current 

lout!l) 
Output reverse current 

40 (off level) 

leClo) Logical 0 level supply current 41 

lee(1) 
Logical 1 level supply current 

42 
at maximum Vee 

TYPE SN15 950 
PULSE· TRIGGERED BINARY 

TEST CONDITIONS MIN MAX UNIT 

Vee = 5.5 V, Vin = 4 V, 
2 p.A T A = 25°C and -55°C 

Vee = 5.5 V, Vin = 4 V, 
TA = 125°C 5 p.A 

Vee = 5.5 V, Vin = 0, 
-4.22 -7.35 mA TA = 25°C 

Vee = 5.5 V, Vout = 0, 
-15.7 -27 mA T A = 25°C and -55°C 

Vee = 5.5 V, Vout = 0, 
TA = 125°C -14.6 -26 mA 

Vee = 4.5 V, Vout = 4.5 V, 
50 p.A 

TA = 25°C 

Vee = 5 V, TA = 25°C 8.7 mA 

Vee = 8 V, TA = 25°C 18.4 mA 

switching characteristics, Vec _ 5 V, TA = 25°C 

PARAMETER TEST TEST CONDITIONS MIN MAX UNIT FIGURE 

tpd!O) 
Propagation delay time R, = 400O, C, = 100 pF 5 32 ns 
to logical 0 level 
Propagation delay time 

53 

tpd(1) to logical 1 level 
Rl = 3.9 kn, C, = 100 pF 5 25 ns 

schematic 

PT 1 0f------I) 1---..... -..JI/V'It-+--~ '---+-'VV'I,-.----I1-(---~0 PT 2 

70 pF 70 pF 

GND c 
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TYPE SN15 951 
MONOSTABLE MUL TIVIBRATOR 

logic 

TRUTH TABLE 

Vee 

®®® 
See Note 1) (See Note 2) 

~ (!)@ 
tn tn+ 1 

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 CD00CD<D®CD 
. NOTES: a. tn = time before input transillon. A B (See Note 3) GND 

b. tn + 1 = time after input transition. 
c. X indicates that either a logical 1 or a logical 0 may be present. 

1. External resistor and capacitor may be used between pins ® ' ® ' and @ to control one-shot pulse width. 

recommended operating conditions 

Supply Voltage Vee' • 
Maximum Fan-Out From Each Output • 

Input Pulse Characteristics: 

Minimum Negative-Going Transition • 

Maximum Input Fall Time Per Volt • 

Maximum Duty Cycle • • • • • • 

electrical characteristics 

TEST PARAMETER 
FIGURE 

Vout(o) 
Logical 0 output 

43 voltage (on level> 

Vout(1 ) 
Logical 1 output 

44 voltage (off level> 

lin(l) 
Logical 1 level 

45 input current 

linlo) 
Logical 0 level 

46 input current 

tExpander node is open unless otherwise noted. 
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NOTES: 

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. 

TEST CONDlTlONSt 

Vee = 4.5 V, Isir« = 15 mA, 
T A = 25°C and -55°C 

Vee = 4.5 V, Isir« = 14 mA, 
TA = 125°C 

Vee = 4.5 V, 
TA = 25°C 

lload = -0.18 mA, 

Vee = 4.5 V, lload = -0.18 mA, 
T A = 125°C and -55°C 

Vee = 5.5 V, Vin = 4 V, 
T A = 25°C and -55°C 

Vee = 5.5 V, Vin = 4 V, 
TA = 125°C 
Vee = 5.5 V, VI = 4 V, V2 = 0, 
T A = 25°C and -55°C 

Vee = 5.5 V, V1 = 4 V, V2 = 0, 
TA = 125°C 

4.5 V to 5.5 V 

• • • • • 10 

MIN 

2.6 

2.5 

-1.6 

-1.4 

• 1 V 

25 nsIY 
40% 

MAX UNIT 

0.4 V 

0.45 V 

V 

V 

2 /LA 

5 /LA 

-3.1 mA 

-3 mA 



electrical' characteristics (continued) 

PARAMETER 

IRT 
Current through internal 
timing resistor Rr 

Ise 
Short-circuit current at 

@ expander node or pin 

Icc Supply current 

leC(maxl Supply current at maximum Vee 

switching characteristics, Vee 

PARAMETER 

tpd(OI 
Propagation delay 
time to logical 0 level 
Propagation delay 

tpd(ll time to logical 1 level 

tp Pulse width 

tExpander node is open unless otherwise noted. 

schematic 

OUTPUT 
o 

EXPANDER 2 )----+---f~~ 
INPUT 

5 

(See Note 3) 

TEST 
FIGURE 

47 

48 

49 
50 

TEST 
FIGURE 

54 

TYPE SN15951 
MONOSTABLE MULTIVIBRA TOR 

TEST CONDITIONSt MIN 

Vee = 5.5 V, Vin = 5.5 V, 
0.5 TA = 25°C 

Vee = 5.5 V, Vin = 0, 
T A = 25°C and -55°C -0.8 

Vee = 5.5 V, 
TA = 125°C 

Vin = 0, 
-0.75 

Vee = 5 V, TA = 25°C 
Vee = ~V, TA = 25°C 

TES,T CONDlTlONSt 

R1 = 3000,C L = 50 pF 

(See Note 1) 
External 
Resistor 

External 

Internal 
.... ~I~+----..... W""""I---( 9 Timing 

Rr Resistor 

MIN 

90 

(See Note 2) 

GND 

MAX UNIT 

0.75 mA 

mA 

mA 

9 mA 
20 mA 

MAX UNIT 

50 ns 

50 ns . 

160 ns 

NOTES: 1. External resistor and capacitor may be used (as indicated above) between pins ®, ® ' and ® to control one-shot pulse width. 
2. To use the internal timing resistor, connect Pin0 to pin ® . 
3. Inpuf sensitivity can be decreased by adding a capacitor from pineD to ground. 
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TYPE SN15 962 
TRIPLE 3-INPUT NAND/NOR GATE 

schematic (each gate) 
1.75 kn 

2kn 

5kn 

Component values shown are nominal. 

recommended operating conditions 

Supply Voltage Vee • • • • • • 

Maximum Fan-Out From Each Output. • 

electrical characteristics 

PARAMETER 

Vout(o) 
Logical 0 output 
voltage (on level> 

Vout(1) 
Logical 1 output 
voltage (off level> 

3026 

Vee 

6kn 

OUTPUT 

GND 

TEST 
FIGURE 

1 

2 

Vee 

®®®®®00 

(D000®0CD 
GND 

positive logic 

. 4.5 V to 5.5 V 

••...•• 8 

TEST CONDITIONS MIN MAX UNIT 

Vee = 4.5 V, V in = 1.9 V, 
0.4 V 

Isink = 12 rnA, TA = 25°C 

Vee = 4.5 V, V in = 2.1 V, 
0.4 V 

Isink = 11.4 rnA, TA = -55°C 

Vee = 4.5 V, Vin = 1.7 V, 
0.45 V 

Isink = 10.8 rnA, TA = 125°C 

Vee = 4.5 V, Vin = 1.1 V, 
2.6 V 

II000d =-0.12 rnA, TA = 25°C 

Vee = 4.5 V, Vin = 1.4 V, 
2.5 V 

II000d =-0.12 rnA, T A = -55°C 

Vee = 4.5 V, Vin = 0.8 V, 
2.5 V 

II000d =-0.12 rnA, TA = 125°C 



electrical characteristics (continued) 

PARAMETER TEST 
FIGURE 

lin(,) Logical 1 level input 
4 

current 

lin(O) Logical 0 level input 5 
current 

loutl') 
Output reverse 

6 
current (off level> 

los 
Short-circuit 

7 output current 

Logical 0 level 
leC(o) supply current 8 

(all gates) 

Logical 1 level supply 
leel') current at maximum 9 

Vee (all gates) 

switching characteristics, Vee = 5 V, TA = 25°C 

PARAMETER TEST 
FIGURE 

tpd(O) 
Propagation delay time 
to logical 0 level 

51 

tpd(1 ) 
Propagation delay time 
to logical 1 level 

TYPE SN15 962 
TRIPLE 3-INPUT NAND/NOR GATE 

TEST CONDITIONS MIN MAX UNIT 

Vee = 5.5 V, Vin = 4 V, 
2 p,A 

T A = 25°C and -55°C 

Vee = 5.5 V, Vin = 4 V, 
TA = 125°C 

5 p,A 

Vee = 5.5 V, Vin = 0, VR = 4V, 
-1.6 mA 

T A = 25°C and -55°C 

Vee = 5.5 V, Vin = 0, VR = 4V, 
TA = 125°C -1.5 mA 

Vee = Vout = 4.5 V, TA = 25°C 50 p,A 

Vee = 5.5 V, Vout = 0, 
-0.6 -1.34 mA 

TA = 25°C 

Vee = 5.5 V, Vout = 0, 
-1.34 mA 

TA = -55°C 

Vee = 5.5 V, Vout = 0, 
-1.3 mA 

TA = 125°C 

Vee = 5 V, TA = 25°C 9.75 mA 

Vee = 8 V, TA = 25°C 8.25 mA 

TEST CONDITIONS MIN MAX UNIT 

R, = 4000, C L =50pF 10 30 ns 

R, = 3.9 ko, C L = 30 pF 25 80 ns 
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SERIES 15 930 
_O&ltD ClZ._"Jltp® SEMICONDUCTOR NETWORKS 

3028 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits t 

SN15930, SN15932, SN15944, 
SN15 946, and SN15962 

Vee 

FIGURE 1 - Vout(O) 

SN15930 and SN15932 

Vee 

FIGURE 3 - Vout(l) 

SN15930, SN15932, SN15944, 
SN15946, and SN15962 

Vee 

)-----OPEN 

1. Each input is tested separately. 

FIGURE 5 - lin(O) 

t Arrows indicate actual direction of current flow. 

SN15930, SN15932, SN15 946, and SN15962 

V out(l) 

• 
1. Each input Is tested separately. 

FIGURE 2 - VOUt(l) 

SN15930, SN15932, SN15944, 
SN15 946, and SN15962 

Vee 

l------OPEN 

1. Each input is tested separately. 

FIGURE 4 - lin(l) 

SN15930, SN15932, SN15946,and SN15962 

Vee 

FIGURE 6 - lout(l) 



SERIES 15 930 
_'O&ltJII CIIIlIlt""ItIP® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 
d-c test circuitst (continued) 

SN15930, SN15932, SN15 946, and SN15962 

Vee 

~---oVout 

FIGURE 7 - los 

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

I - - - - - - - _te~_ - - --I 

FIGURE 9 -ICC(l) 

SN15931 

:J I100d; 

Vout(O) 

-=- ~ 
CLOCK INPUT 

CLOCK INPUT --t-....... -----------------3V 
I.--SENSE TlME--- .... VOLTAGE 

WAVEFORM I 1 ---0 
14 MOMENTARY GND RELEASE 

1. Output Q is tested by applying V, to S, an'd Sz simultane-

ously, applying V 2 to (, and (2 individually, and loading Q. 

2. Output Q is tested by applying V, to (, and (z simultane

ously, applying V2 to S, and S2 individually, and loading Q. 
3. Momentary ground is applied to output being tested. 

FIGURE 11 - VOUt(l) 

t Arrows indicate actual direction of current flow. 

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

, _______ l~) _____ , 
I I 
I I 
I I 
I I 
I 
I 
I 
I 
I 

r-----
,....J.._ ..... 

{ 
--, \ OPEN 

OPEN --j P---
--., / 
~,- .... 

L ____ _ 

-------, I 

{ 
__ r.l-· .. \ OPEN I 

OPEN __ : ,/;--- I 1..,__ I 

L ______ _ N~~O_;K-U~~R T~ _ J 
FIGURE 8:'" ICC(o) 

SN15931 

:J 4

1

';r 
V out(o) 

OPEN 
~ 

CLOCK INPUT 

CLOCK INPUT-t-,----------------- 3V 
VOLTAGE ,~i+-SENSE TIME --- .. 
WAVEFORM I 1 --Vcp(s) 

~MOMENTARY GND RELEASE 

V 1 

V2 

1. Output Q is tested by grounding S, and applying a momeR

tary ground to Q. ISink is driven into Q. 

2. Output if is tested by grounding (, and applying a momen

tary ground to Q. Isink is driven into Q. 
FIGURE 10 - Vout(o) 

SN15931, SN15 945, and SN15948 

Co 

Cl 

SI 

S2 

So 

CLOCK INPUT 

CLOCK INPUT----....... 
VOLTAGE 

----- --------3V 
i4--SENSE TIME --- .. 
1 ---0 WAVEFORM 

1. Output Q is tested by grounding S, and Sz, applying V, to 

(0 and V2 to So' and loading Q. 

2. Output if is tested by grounding (, and (2' applying V, to 

So and V2 to (0' lind loading Q. 

FIGURE 12 - VOUt(1) 
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SERIES 15 930 
_O&ltD flJtllta"Jrtp® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INF"ORMATION 

d-c test circuitst (continued) 

CLOCK 
INPUT 

~~~~:GI~PUT ---""1- i::--;ENSf-T:'E-=--=-: 
3 

v 
WAVEFORM • I ---0 

1. Vin is applied to each input separately. 

FIGURE 13 - ICP(O) 

SN15931, SN15945 and SN15948 

C l 

I in(l) 
C2 

}OPEN 
--. 
Yin 

51 

S2 

-= 

1. Vin is applied to each input separately. 

FIGURE 15 - linll) 

SN15931 

~I J Q Von~ _ ~OPEN 
CLOCK 0 L J .... tL-+-:--" _ijt-&-l_1 -+-_:_~_" --,so Q ~ 
INPUT ±= 
~~~~~if~UT--""'I-~ SEN~ ~I:' = ~.: 3 V 

. I ---0 
1. (0 input diode is tested by grounding S, and $2 and 

applying Vin to (D. 

2. So input diode is tested by grounding (, and (2 and 
applying Vin to So. 

FIGURE 17 - lin/I) 

t Arrows indicate actual direction of (urrent flow. 

3030 

SN15931 

b'(I) 
--. 
VCPO--+--------4~ 

FIGURE 14 -lcP(1) 

SN15931 

1. Vin Is applied to each input separately. 

FIGURE 16 - lin/O) 

SN 15 931 (I inlo) SN 15 945 and SN 15 948 (los) 

~;f) J Vin 

51 

rLJ1~~ 
-: -: CP 

~~~;:GIENPUT ---I(F; ~~o;;j;-=-S-;e-N-:;t~"3 ~d4)3 V 

WAVEFORM - 0 

1. Logical 0 level input current at Co is tesled with So' S2' and Q grounded 
and (P open. 

2. Logical 0 level input current at So is tested with Co, (2' and Q grounded 
and (P open. 

3. Short-circuit output current at Q is tested by applying Vin to (0 and So' 
grounding (I and (2' and applying clock input. 

4. Short-circuit output current at Q is tested by applying Vin to (0 and SO, 
grounding SI and S2 and applying clock input. 

FIGURE 18 - linlO) and los 



SERIES 15 930 
_O&IlD GlfaiUVlltp@ SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuitst (continued) 

SN15931, SN15945 and SN15948 
vee 

CI 

1Iee(0) 

C2 
Q 

}OPEN OPEN 

SI 
Q 

So 

FIGURE 19 - IcctO) 

SN15933 

1. Each input is tested separately. 

FIGURE 21 - VF 

SN15933 

SN15931, SN15945 and SN15948 
vee 

Q 

FIGURE 20 - ICCtl) 

SN15933 

V;nO R-=· ~)l---""-'. OPEN 

rl 
1. Each input is tested separately. 

FIGURE 22 - linR 

SN15944 

Vee 

FIGURE 23 - lout R FIGURE 24 - Voutt !) 

t Arrows indicate actual direction of current flow. 
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SERIES 15 930 
80&ltD ffJJltlllUfII1lt"® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits t (continued) 

SN15944 

Vc.e 

Vout 

+ 
J. Each input is tested separately. 

FIGURE 25 - lout(1} 

SN15945 and SN15948 
vce 

V, ~ 

CLOCK INPUT 
VOLTAGE 
WAVEFORM 

J. Inputs (, and (2 are tested separately. 

FIGURE 27 - Vout(O) 

SN15945 al1d SN15948 

VCP 0-----' 

+---
ICPIO) 

1. Vin is applied to So or Co separately. 

FIGURE 29 - ICP(OI 

tArrows indicate actual direction of current flow. 

3032 

} OPEN 

SN15944 

Vec 

FIGURE 26 - lout(1) 

SN15945 and SN15948 

Vce 

Vcpo-----------+-------a 
OPEN 
.Isink 

v, 0-{ 
t---;---L.:..:.._",., ~ ___ --r" V out (0) 

• 
J. Inputs'S, and 52 are tested separately. 

FIGURE 28 - Vout(O) 

SN15945 and SN15948 

1. Ground is applied separately to (1'(2 and So or to S, ,S2 and (0' 

FIGURE 30 - ICPhl 



SERIES 15 930 
80&ltD GltJltCl1llIltr® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits t (continued) 

SN15945 and SN15948 

}OPEN 

Vc,.D--------J 

1. Each synchronous input is tested separately by applying Vin to input under 
test and V, to the remaining gate input. 

FIGURE 31 -lin(O) 

SN15945 and SN15948 

OPEN 

1. (0 is tested with S1 and S2 grounded. 

2. So is tested with (1 and (2 grounded. 

FIGURE 33 - lin(O) 

SN15950 

V3n--------------------

~:~ 
V inPT 

V3 ~------------------~ 

5V 
I 

10%~ SENSE TIME --... 
o t.- to < 50 ns 

1. Output Q is tested by applying V, to (, V2 to S, V3 to (0 and So' and 
loading Q. 

2. Output Q is tested by applying V, to S, V2 to (, V3 to Co and So' and 
loading Q. 

FIGURE 35 - Vout(1) 

tArrows indicate actual direction of current flow. 

SN15945 and SN15948 

VCP ~--------+-------~ 

1. (0 input diode is tested by grounding S, and 52' and by applying V, to 
So and Vin to (D· 

2. So input diode is tested by grounding (, and (2' and by applying V, to 

Co and Vin to So' 
FIGURE 32 - lin(1) 

SN15950 

Ql~ 

D Q Vout(O) 

~ 
1. Output Q is tested by grounding ( and Co, applying Vin to SO, and load

ing Q. 

2. Output Q is tested by grounding 5 and So' applying Vin to Co' and load
ing Q. 

FIGURE 34 - Vout(O) 

SN15950 

}OPEN 

1. Input PT 1 is tested by grounding S and applying V in to PT,. 
2. Input PT2 is tested by grounding ( and applying Vin to PT2• 

FIGURE 36 - lin PT 
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SERIES 15 930 
_O&ltD Gltaa"lltp® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuitst (continued) 

SN15950 

Vee 

OPEN 

} OPEN 

OPEN 

1. Each input is tested separately with all other inputs open·circuited. 

OPEN 

FIGURE 37 - lin(O) 

SN15950 
r INTERNAL ., 

Vee I RESISTORS I 
I I 
I I 

I 
~'--....&..,. L_ - __ J 

} OPEN 

1. Each resistor is tested separately. 

FIGURE 39 - IRC 

SN15950 

OPEN 

FIGURE 41 - leC(o) 

tArrows indicate adual direction of current flow. 
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SN15950 

} OPEN 

V inPT __ _..- _____________ 5 V 

90% I 
I 

VinPT WAVEFORM I 
I ---. 

I 
-.t 

10%~ SENSE TIME 

I~----------------------------O 
14- to < 50 ns 

1. Each asynchronous input is tested separately. 
2. When testing (D ground S and apply VinPT to PT2• 

3. When testing SD ground ( and apply VinPT to PT,. 

FIGURE 38 - lin(1) 

SN15950 

1. When testing output Q ground SD' 
2. When testing output Q ground (D' 

FIGURE 40 - los and lout(1) 

SN15950 

OPEN 

OPEN 

FIGURE 42 -lec(1) 



SERIES 15 930 
_O&JtD GJta_,, ___ ® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits t (continued) 

SN15951 

OPEN { 

I sink 
+--

'sink 
+--

V out (0) 
4.5 V 0----{ 

11 
1. Output 0 is tested by applying ground separately to Pins0and ® and 

loading output O. 
2. Output 1 is tested by applying 4.5 V to pin(!)and loading output 1. 

FIGURE 43 - VoutlO) 

SN15951 

~ ___ }OPEN 

1. Each input is tested separately. 

FIGURE 45 -lin(l) 

SN15951 

o J-----} OPEN 

FIGURE 47 - IRT 

tArrows indicate actual direction of current flow. 

SN15951 

I load 
0 --+ 

I load 
---+ 

4.5 V 0--( V out (1) 

! ! 
1. Output 0 is tested by applying 4.5 V to PinG and loading output O. 
2. Output 1 is tested by applying ground to pin ® and loading output 1. 

FIGURE 44 - Vout(1 ) 

SN15951 

1. Each input is tested separately by applying V2 to input under test and 
V, to the other input. 

i:i'sc 
V. +

In 

OPEN { 

FIGURE 46 - lin(O) 

SN15951 

Vee 

FIGURE 48 - Isc 
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SERIES 15930 
_O&ltD GllJlt(fI""tp® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits t (continued) 

SN15951 SN15951 

Vee 

~_}OPEN ~}OPEN 

FIGURE 49 - Icc FIGURE 50 - ICC{max) 

fArrows indicate actual direction of current flow. 

switching characteristics 

SN15930, SN15932, SN15944, SN15 946, and SN15962 

3036 

PULSE 
GENERATOR 
(See Note 3) 

INPUT 

INPUT 

2 kn 
(See Note 6) 

1
20PF 

TEST CIRCUIT 

1.5~, ~ Ti\ 1.3/f I '--_____ ..1 I 

OUTPUT 

--.: tpd(J) I.- ~ tpd(o) 14--
I I~----

I .v~ \{, OUTPUT I 1./, u_._a__ .. ~.5V -------1 VOLTAGE WAVEFORMS ,---_Vout(o) 

NOTES: 1. Each gate is tested separately. 
2. All diodes are 1N916. Use sufficient 1N916 diodes to make VF(tofall = 1.9 V to 2.S V at 2 mA of current. 
3. The generator has the following characteristics: 

Vout = 3 V, ir ~ 15 ns, tf ~ 15 ns, tp = 300 ns, PRR = 1 MHz, lout ~ SO O. 
4. The driving network is of the same type as the gate under test. 

S. Voltage values are with respect to network ground terminal. 

6. When testing the SNU 944, connect the 2-kn resistor as shown, omit all diodes, and connect resistor Rj to capacitor ( l and output. 

FIGURE. 51 - GATE PROPAGATION DELAY 

---. 
VF(totaJ) 

(See Note 2) 
t 



SERIES 15 930 
80&ltD GltJltG1IIlltp® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 

SN15931, SN15 945, and SN15948 

INPUT 

OPEN 

PULSE 
GENERATOR~~~----------------{ 

(See Note 1 
OPEN 

INPUT J \1.5 V 

I 
I I 

OPEN 

Q 

So 

OPEN 

TEST CIRCUIT 

/ 
--.r t+- tpd(J) 

I I 

OUTPUT 

.,...-----

.............. ---

I 
tpd(o) -+t 

I 

I 
l+
I 

OUTPUT ___________ I_r-V ~ 
VOLTAGE WAVEFORMS 

NOTES: 1. The generator has the following characteristics: 

Vout = 3 V, tr ~ IS ns, tf ~ IS ns, tp = 300 ns, PRR = 1 MHz, lout ~ SO O. 

2. All diodes are lN916. Use sufficient lN916 diodes to make Vf(total) = 1.9 V to 2.S V at 2 mA of current. 

3. Voltage values are with respect to network ground terminal. 

(See Note 2) 

---. 
I VF(total) 

f::tote21 

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 - FLlP·FLOP PROPAGATION DELAY 
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SERIES 15930 
_O&lrD fllfJltaVIIlttP® SEMICONDUCTOR NETWORKS 

switching characteristics (continued) 

INPUT 

PULSE 
GENERA TOR.-__e--t 
(See Note 1 

INPUT J \ 1.5 V 

I 
I I 

SN15950 

OPEN 

OPEN 

TEST CIRCUIT 

/ 
--.I 14- t pd( 1 ) 

I I 

OUTPUT 

.,.,...-----

I 
tpd(o) -+I 

I 

~ 
VF(total) 

I (See 

t~2J 

I ... 
I 

• I VF(total) 

J, (See Note 2) 

.:t + 

OUTPUT __________ I.....IY-V ~ 
VOLTAGE WAVEFORMS 

NOTES: 1. The generator has the following characteristics: 

Vout = 3 V, tr S 15 ns, tf S 15 ns, tp = 300 ns, PRR = 1 MHz, lout ~ 50 !l. 

2. All diodes are lN916. Use sufficient lN916 diodes to make VF(total) = 1.9 V to 2.5 V 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 dotted lines. 

FIGURE 53 - PULSE-TRIGGERED BINARY PROPAGATION DELAY 
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SERIES 15 930 
_O&ltD GJllllU1IIIltp@ SEMICONDUCTOR NETWORKS 

switching characteristics (continued) 

SN15951 

INPUT Vee OUTPUT 1 OUTPUT 0 

PULSE 0~~~-----------4~~ 

ENERA TOR t----4I~--_+_Q 
See Note 1) 

OPEN 

f 
I VFltotall 

I (See Note 2) 1 1 

f C 
C

L I I VF(total) L I 1 (See Note 2) 1 1 

TEST CIRCUIT 

-f-- "'1-9~-*,------"""-90%- - - -- -- - - - -- ----- - - - -- --- V in(l) 

• : 1.5 V I 1.5 V 

1110% I .10% 
..,I 1 :.- tr 1 a.. tf .. ~.-___ _ 

I I &..tpd(1~ 
f4...- tp ---.. 

I )C 

INPUT 

V:in(o) 

V outO) 
OUTPUT 1 

Vout(o) 

OUTPUT 0 
I Y r- vouttl

) 1 1.5 V 1.5 V 

ltpd(O).! """-___________ +1 V 
I '~i - - I --- --- out(O) 
I ._ tp •• 

VOLTAGE WAVEFORMS 

NOTES: 1. The generator has the following characteristics: 

. Vgen = 3 V, tr = 15 ns, tf = 15 ns, tp = 300 ns, PRR = 1 MHz, lout ~ 50 n. 
2. All diodes are IN916. Use sufficient IN916 diodes to make VF(total)= 1.9 V to 2.5 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 15 930 
_O&llD fJJlla(fJJlIIIlltr® SEMICONDUCTOR NETWORKSt 

MECHANICAL DATA 
general 

SOLID CIRCUIT semiconductor networks are 
mounted in a glass-to-metal hermetically sealed, 
welded package. Package body and leads are 
gold-plated F-15:j: glass-sealing alloy. Approxi
mate weight is 0.1 gram. All external surfaces are 

metallic and are insulated from leads and circuit. 
All Serie's 15 930 networks are available with 
formed leads, insulator attached, and/or mounted 
in a Mech-Pack carrier. 

OUTLINE DRAWING - SEMICONDUCTOR NETWORK WELDED PACKAGE 

+8°0000 
0.175 REF. d : : : : ~ 
0.165 MIN. 

(S .. Note e) ~DATE L CODE 
- --.-

~ _.~XXXXX~ O.I~ 

.~:~~ ~xxwxx -~ 
NOTES: o. All dimensions in inches. 

leads 

insulator 

O.O:~ -.j 
0:0 f- ~:~~ 

....jk-~ 
0.003 

SIDE VIEWS 

Falls within TO-84 dimensions 

Gold-plated F-15:j: 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 
inches 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 in
definite periods. 

ordering instructions 

Variations in mechanical configuration of 
semiconductor networks are identified by 
suffix numbers shown in a table at the right. 

tPatented by Texas Instruments 

b. All decimal. :<:0.005 except a. noted. 
c. Lead spacing tolerance is ::0.015 at extremities and 

±O.OO5 at package, nonaccumulative. 
d. Lead centerlines are ioeated within :t:0.005 of their 

true positions relative to body centerlines. 
e. Not applicable in Mech·Pok carrier. 
f. Symbolization denotes orientation of package. 

FORMED LEADS 
o.o~. R ,,14-- 0.250 MAX. ----.I 0013 to 005 

Typ,.a' ~I c:::J;==~ 1.;·(;;;;NOiiiT;;;;E C;i;i;) .. l:: 
I_ 0.500 ± 0.010 (NOTE B) ----.-t.I· 

NOTES: a. All dimensions in inches. 
b. Not applicable in Mech-Pak Carrier. 
c. Measured from center of lead to bottom of package where lead 

emerges from body. 

MECH-PAK DIMENSIONS 
L..--- 0..... ..' 
, a.." ' 

I 
: 0.010 D~i.~'4~~A c~~·:n.sIHI( ---, I 

y-----+--y::=:::o!, 10TH SlDIS I : 

0.530 

0.750 

.I I... 0.030 

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

2. 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 Ye~ Yes 

Insulators No Yes No Yes No Ye~ No Yes 

Ordering 
Non, -6 -7 -1 -2 -3 -4 -5 Suffix 

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

3040 

PRINTED IN U.S.A. 
1I cannot assume any responsibility for any circuits ~hown 
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. 



8G&Jf_ CIIIl __ ""tp® TYPES SN521 A, SN522A 
SEMICONDUCTOR NETWORKSt GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

SERIES 52 OPERATIONAL AMPLIFIERS 
for application in 

Military & Industrial Control Systems • Analog-to-Digital Convertors • Analog Computers 

Improved Version of SN521 and SN522 

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 . . 
Common-mode rejection . 
Dynamic output voltage range . 
Frequency response . 
Operating ambient temperature range. • • • • . 
Supply voltages: V CCI • • • • • • • • • • • 

VCC2 • • • • • • • 

VCC3 • 

circuit diagrams 

62 db 
60 db 

• • ±2.5v 
. DC to 50 kc 

. -55°C to 125°C 
+10v 

. . . . .. +6 v 
. . . . . . . . -9 v 

CIRCUIT DIAGRAM SN521A CIRCUIT DIAGRAM SN522A 

NON INVERTING 

INPUT ~ 
INVERTING g. INPUT 

OUTPUT 

VCC3 

NONINVERTING 
INPUT g. 

NOTESI PIN @ IS FOR FREQUENCY SHAPING NOTES: PINS @ AND (j) ARE FOR FREQUENCY SHAPING 

PINS @ AND ® - NO INTERNAL CONNECTION PINS (j), @, AND ® - NO INTERNAL CONNECTION 

tPatented by Texas Instruments 

TEXAS INSTRUMENTS 
INCORPORATED 

SEMICONDUCTOR-COMPONENTS DIVISION 
POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

OUTPUT 

3 -

4001 



TYPES SN521A, SN522A 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

absolute maximum ratings 

Supply Voltages: VCCl • • • • • • • • • 

VCC2 . ••• ••• 
Vce3 • • • • 

Input Voltage (Common-Mode) • •••• 
Operating Ambient Temperature Range • 
Storage Temperature Range. • . • . 

• • • • • • +15v 
+10v 
-15v 

· .... ± 4v 
· • -5SoC to 12SoC 
· • -6SoC to lS00C 

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: VCC1 = +10 v ± 0.2 Vi VCC2 = +6 v ± 0.2 Vi VCC3 = -9 v ± 0.2 v. 

SN521A SN522A 

Voltage Gain, Open Loop Min Ty.p Max Min Typ Max Units 
Output Voltage, Eo = 1 v rmSi f = 1 kc 54 62 54 62 db 

Common Mode Rejection 
50 '60 50 60 db 

Output Voltage, Eo = 1 v rmSi f = 1 kc 

Dynamic (Linear) Output Voltage Range ±2.5 ±2.S v 
Peak or dc with output open-circuited 

(Note 1) TA = 2SoC 

Peak or dc with external load resistance of: 
(Important: See Note 2) 

RL = 2000 fi, TA = 2SoC ±2.7 v 

RL = 8000 0, TA = 2SoC ±4.1 v 

Input Resistance 
Noninverting inputi with inverting input 

shorted to ground, TA = 2SoC 6 12 6 12 kn 

Inverting inputi with noninverting input 
shorted to ground, T A = 2SoC 30 100 30 100 kfl 

Output Resistance; TA = 2SoC 5 10 0.16 0.40 kfl 

Input Current; either input; TA = 2SoC 2 2 /La 

Output Offset Voltage 
80th inputs with S10 n ± 1 % to ground; 

TA = 2SoC -O.S ±2 -0.5 ±2 v 

D-C Drift referred to Input 
Both inputs with S10 n ± 1 % to ground 8 2S 8 25 /Lv/Co 

Frequency Response 
Half-Power Point (-3 db); TA = 2SoC 30 SO 30 SO ke 
Unity Gain (0 db); TA = 2SoC 10 10 Me 

Power Draini no external load, TA = 2SoC 28 72 mw 

NOTES: 1. The open-circuit tondition of the amplifier is defined as that condition in which the external load resistance applied between the output of the circuit and ground 
Is equal to or greater than 200 k D. 

4002 

2. Under no circumstances are either of these networks to be operated with an external load of less than 200 n 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 SN521 A, SN522A 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

OPEN-LOOP VOLTAGE GAIN 
vs 

AMBIENT TEMPERATURE 

-F---:: 
~~ 

.......... 

'" ~ 
1'\ 

I'" ~ 

±s.o 

±4.S 

I ±4.0 
G) 

~ ±3.5 
~ 
~ ±3.0 
.e 
~ ±2.S 
.0-
:::) 
a. 8 ±2.0 

u °e ±l.S 
o 
c 
6 ±1.0 

±O.S 

[;I 
II" 

I.--
~Lo-

DYNAMIC OUTPUT VOLTAGE RANGE 
vs 

EXTERNAL LOAD RESISTANCE 

RL = co 
~ - -:..J:.=' T"---"'!! L-

~~ l I "-

~ 
Rl = co 

p...--,;, .. --~~ c.= 

S~C)~1o"'j It 
10-1-0 I- ""'" 

,~Y)V 
/ ~I "'I 

[7 }7 TA = 2SoC 

7 

-60 -40 -20 0 20 40 60 80 100 120 140 
o 
O.S 2 s 10 20 so 

Ambient Temperature - °C Extemal Load Resistonee,R l -kQ 

OPEN-LOOP POWER DRAIN OPEN-LOOP VOLTAGE GAIN 
vs vs 

AMBIENT TEMPERATURE 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 
gold-plated F-15:t: glass-sealing alloy. Approximate weight is 0.1 
gram. All external surfaces are metallic and are insulated from 
leads and circuit. 80th are available with formed leads, insulator 
attached, and/or mounted in a Mech-Pak carrier. See Ordering 
Instructions. 

NO .MECH·PAK CARRIER 

DATE 

i-'I'-~,,-+...q>.yI' CODE 

L~ 
<D0<D0® 0.010 

Falls within TO-89 dimensions 

SIDE VIEWS 

lead length 0.175 Inch 
Formed leads No No 
Insulators No Yes 
Ordering 

None Suffix 

NOTES: a. All dimensions in inchel. 
b. All decimal. ±O.OOS except a. noted. 
c. Lead spacing !olarance is %0.015 at extremities and 

±O.OOS at package. nonaccumulative. 
d. Lead centerline. are located within ::!:O.OOS of their 

true positions relative to body centerline •. 
e. Not applicable in Mech-Pak carrier. 
f. Symbolization denotes orientation of package. 

-6 

Yes 
No 

-7 

Yes 
Yes 

-1 

MECH·PAK CARRIER 
Not Applicable 

No No Yes Yes 
No Yes No Yes 

-2 -3 -4 -5 

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

TYPICAL APPLICATION 

non inverting operational amplifier 

TYPICAL FEEDBACK COMPONENTS AND 
ASSOCIATED CLOSED-LOOP GAIN 

R2 ® GAIN RI , kQ R2 , kQ R" kQ C, , pf 
INPUT ® 

VOLTAGE OUTPUT 

1 1 
Rl 

2 10.0 5. 1 10.0 33 

6 6.2 5. 1 31.0 10 

10 5.6 5.1 51.0 10 

conditions 

4004 

Pin (/) ; VCel = +10 v 
Pin @ ; VCC2= +6 v 
Pin @ ; VCC3 = - 9 V 680 pf 

Frequency Shaping Network; connect the network as shown 0; ~ between pin CD and ground. 
·470.0. ... 

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

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



80&1ID GlllllJDJlIIIlllt® TYPE SN523A 
SEMICONDUCTOR NETWORKSt GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER 

SERIES S2 SEMICONDUCTOR-NETWORK GENERAL-PURPOSE AMPLIFIER 
for application as 

• Comparator • Level Detector 

• Differential Amplifier • Voltage Regulator 

• Military & Industrial Control Systems • Analog-to-Digital Converters • Analog Computers 

description 

The SN523A, offering differential inputs and differential emitter
follower outputs, incorporates a resistance network in the emitters 
of the input stage to facilitate gain adjustment. From the wide 
range of total resistance available, a particular value may be 
selected by connecting the resistor-network pins in a configuration 
which produces the desired gain. Maximum-gain configuration is 
with pin CD shorted to pin G) . 

The SN523A, one of Texas Instruments Series 52 catalog line of 
linear integrated circuits, offers higher reliability, lower cost, 
smaller size, and lower weight than equivalent discrete-compo
nent circuits. Each Series 52 device is a monolithic semiconductor 
structure comprising diffused resistors and both n-p-n and p-n-p 
transistors. 

mechanical data 

NOTE: Component values shown are nominal. 
SCHEMATIC DIAGRAM 

ORDERING INSTRUCTIONS 

The SN523A is mounted in a glass-to-metal hermetically sealed 
welded package meeting TO-84. Leads are gold-plated F-15:j: 
glass-sealing alloy. Approximate weight is 0.1 gram. All external 
surfaces are metallic and are insulated from leads and circuit. 
The SN523A is available with formed leads, insulator attached, 
and/or mounted in a Mech-Pak carrier. See Ordering Instructions. 

NO MECH·PAK CARRIER MECH·PAK CARRIER 

OUTLINE DRAWING - SEMICONDUCTOR NETWO'RK WELDED PACKAGE 

+88~~8§ 
0.175 REf. 0 0 0 0 d d 
0.165 MIN. 

(See Note e) /DATE 
J. CODE 

..L- _ _-.-

...1....- _.~ XXXXX~ 0.1: 

.~;:~ W'wXX -~ 
~:~:~..j -~ 

0.250 

Falls within TO-84 dimensions 

NOTES: a. AU dimensions in inch." 

~~I'" 
0510 0.250 
0:490 - -----r 0:220 

(See NLote 0) 0.2501 REf. LJ 
(Soe Note 0) 

t 
.....j4-~ 

0.003 

SIDE VIEWS 

b. All decimal, :t::0.005 except as noted. 
c. Lead spacing tolerance is ::::!:0.015 at extremities and 

±O.OOS at package, non accumulative. 
d. lead centerlines are located within ±O.OOS of their 

true positions relative to body centerlines. 
e. Not applicable in Mech·Pak carrier. 
f. Symbolization denotes orientation of package. 

tPatented by Texas Instruments 

lead length 0.175 Inch 
Formed leads No No Yes Yes 
Insulators No Yes No Yes 
Ordering None -6 -7 -1 
Suffix 

F,equellcy Frequency 

Input I Compen- Output V CCI C~::;j:~1- Output 

@@@@0 

0000000 
~ V

CC2 
~ '''"ot2 

Goin-Contlo! Gain-ContIO! 

:j:F-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 53% iron, 24% nickel, and 17% 'cobalt, 

Not Applicable 
No No Yes Yes 
No Yes No Yes 
-2 -3 -4 -5 
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TYPE SN523A 
GENERAL·PURPOSE DI·FFERENTIAL AMPLIFIER 

4006 

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

Supply Voltages (See Note 1): VCC1 • 

VCC2 • 

Differential Input Voltage • • • • • 

Input Voltage (Either Input, See Note 1) • 

Duration of Short-Circuit Output Current. • • • • • • 

Continuous Total Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 

Operating Free-Air Temperature Range • 

Storage Temperature Range • • • • • • • • • 
NOTES: 1. These voltage values are with respect to network ground. 

2. Derate linearly to 120 mW at 12SoC free-air temperature at the rate of 1.8 mW/deg. 

•• +15 V 

-15 V 

±6V 

• • ±10 V 

5 s 

•••. 300 mW 

• • -55°C to 125°C 

• • -650 C to 150°C 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS§ MIN TYP MAX UNIT 

VOl Differential-input offset voltage 2.2 12 mV 

(XV'OI 
Differential-input offset voltage 

TA = -55°C to 125°C 9 p,V/deg temperature coefficient 

VCMO Common-mode output offset voltage 500 mV 

lin Input current 5 p.A 

101 Differential-input offset current 0.5 2 p.A 

Differential output, f = 1 kc/s 24 V 
YOM Maximum peak-to-peak output voltage Differential output, f = 1 kc/s, 

20 V 
TA = -55°C to 125°C 

V CMIM Maximum common-mode input voltage ±5 V 

f = 1 kc/s 4000 

f = 1 kc/s, TA = -55°C to 125°C 2500 

f = 1 kc/s, pins CD and CD open 135 

f = 1 kc/s, pin CD shorted to pin ®, 
830 pin CD open 

f = 1 kc/s, pin CD shorted to pin ®, 
465 AVD Differential voltage gain pins <D and (!) open 

f = 1 kc/s, pin 0 shorted to pin (V, 
325 pins <D and ® open 

f = 1 kc/s, pin CD shorted to pin 0, 
680 pin CD open 

CMRR Common-mode rejection ratio f = 1 kc/s 90 dB 
BW Bandwidth (-3 dB) 70 180 kc/s 
lin Input impedance f = 1 kc/s 5 15 kO 
lout Output impedance f = 1 kc/s 200 n 
PT Total power dissipation 100 mW .. §Unless otherwise noted, test conditions are: 

VOCI = + 12 V, VCC2 = -12 V, VOl applied, no external loading; pin @ grounded, pin CD shorted to pin CD , and pins CD, CD , CV ' CD and ® open. 

letter symbol and parameter definitions 

VCMO 
lin 

101 

YOM 
VCMIM 

CMRR 

BW 

That doc voltage which must be applied between the input terminals to obtain zero-differential-output voltage. The 
application of this voltage balances the amplifier. 

That doc voltage level which exists between either output terminal and ground when the outputs are balanced. 

The current into either input of the amplifier. 

The difference in the currents into the two input ter.ninals when the output is balanced. 

The maximum peak-to-peak output voltage swing that can be obtained without clipping when the output is balanced. 

The maximum common-mode voltage that can be impressed on the input terminals while maintaining differential 
operation. 

The ratio of the differential-mode voltage gain to the common-mode voltage gain. 

The range of frequencies within which the open-loop voltage gain is within 3 dB of the mid-frequency value. 

The impedance between either input terminal and ground with the other input terminal a-c grounded and the output 
balanced. 

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 
15 

12 

\ 
r\ 
'\ 

'" 
9 

" " 
6 

.............. ............. 
3 

o 
-75 -50 -25 o 25 50 75 

TA - Free-Air Temperature - °C 

FIGURE 1 

SINGLE-ENDED VOLTAGE GAIN 
vs 

FREQUENCY 
80 

T I I ~I~~IJI 
,..... A - C 

70 

60 
......... 

~ 

50 

" 40 '" i\ 
~ 

30 

20 
\ 

10 
\ , 

o 
10 kc/s 100 kc/s 1 Mc/s 10 Mc/s 

f - Frequency 

FIGURE 3 

............... 
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\ 
100 Mc/s 

c: 
'0 
C> 

GJ 
0> 
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I 
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<{ 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
40 I I I 

> D i Herent ia I Output 

I 35 - f = 1 kc/s 
GJ 
0> 
o 

~ 30 
> .... 
;:) 

~25 
o 
..!II. 
o 

J!. 20 
I 
o 
i 
~ 15 

GJ 
Q.. 
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4000 
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o 

t--

o 

-
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-50 -25 o 25 50 75 100 125 
TA - Free-Air Temperature - °C 

FIGURE 2 

DIFFERENTIAL VOLTAGE GAIN 
vs 

SUPPL Y VOLTAGE 

VCC1 = -VCC2 

f = 1 kc/s 

TA = 25°C 

V 
/ 

V 

3 6 9 12 
Supply Voltage - V 

FIGURE 4 

§Unless otherwise noted, test conditions are: 

VCC1 = + 12 V, VCC2 = -12 V, VOl applied, no external loading, pin @ grounded, pin CD shorted to pin G) , and pins 0, CD ' @ , CD an4 ® open. 
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TYPE SN523A 
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER 

TYPICAL CHARACTERISTICS§ 

4008 

DIFFERENTIAL VOLTAGE GAIN INPUT IMPEDANCE 
vs vs 

FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
5000 I 40 I 

f = 1 kc/s f = 1 kc/s 

4000 
0 
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FIGURE 5 FIGURE 6 

OUTPUT IMPEDANCE TOTAL POWER DISSIPATION 
vs vs 

FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
400 I 125 

f = 1 kc/s 

c: 300 
I 
III 
U 
c: 
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] 
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.§ 200 .... 
:J .e-
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E 

I 
c: 
.~ 
"0 75 a.. 
<II 
<II 

(5 
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~'" r--..... -----~ ---
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I 
~ 25 

Q.. 

o o 
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TA - Free-Air Temperature - °C TA - Free-Air Temperature - °C 

FIGURE 7 FIGURE 8 

§Unless otherwise noted, test conditions are: 

VCC1 = + 12 V, VCC2 = -12 V, VOl applied, no external loading, pin@grounded, pin(i)shorted to pinG), and pinsG),CD,<D,<2) and @open. 

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. 



80&118 flllJllUltlllltp@ TYPE SN5231 L 
SEMICONDUCTOR NETWORKSt GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER 

SERIES S2 SEMICONDUCTOR-NETWORK GENERAL-PURPOSE AMPLIFIER 
for application as 

• Comparator • Level Detector 

• Differential Amplifier • Voltage Regulator 

• Military & Industrial Control Systems • Analog-to-Digital Converters • Analog Computers 

description 

The SN52311 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 
degree of component matching, which assures stable operation 
over the temperature range of -55°C to 125°C, is achieved by 
the monolithic construction. 

The SN5231 L, one of Texas Instruments Series 52 catalog line of 
linear integrated circuits, offers higher reliability, lower cost, 
smaller size, and lower weight than equivalent discrete-compo
nent circuits. Each Series 52 device is a monolithic semiconductor 
structure comprising diffused resistors and both n-p-n and p-n-p 
tra nsistors. NOTE: (omponent values shown are nominal. 

SCHEMATIC DIAGRAM 

mechanical data 

The SN52311 package outline is same as JEDEC TO-100 except for diameter of standoff. 

FREQ. 
COMPo 

INPUT 2 

BOTTOM VIEW 

Veel 

Veo 
ALL DIMENSIONS ARE 

IN INCHES 
UNLESS OTHERWISE 

SPECifiED NC - NO INTERNAL CONNECTION 

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

Supply Voltages (See Note 1): VCC1 
VCC2 

Differential Input Voltage. . . . 
Input Voltage (Either Input, See Note 1) . 
Duration of Short·Circuit Output Current . • • • • 
Continuous Total Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 
Operating Free-Air Temperature Range 
Storage Temperature Range . • • • • . • • • • • • • • • . • . 

NOTES: 1. These voltage values are with respect to network ground. 

2. Derate linearly to 120 mW at 12SoC free·air temperature ot the rote of 1.8 mW/ deg. 

tPatented by Texas Instruments 

+15V 
-15V 
±6V 

±10V 
5s 

300mW 
• . -55°C to 125°C 

. -65°C to 150°C 
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Z z 
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Z 
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0-
co 
co 
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C 
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0-
0-
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TYPE SN5231L 
GENERAL·PURPOSE DIFFERENTIAL AMPLIFIER 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS§ MIN TYP MAX UNIT 
VOl Differential-input offset voltage 2.2 12 mV 

avo!' 
Differential-input offset voltage 

TAli) = 12SoC, TA(2) = -SSoC 9 p.V/deg 
temperature coefficient 

VCMO Common-mode output offset voltage SOO mV 

lin Input current 5 p.A 

101 Differential-input offset current 0.5 2 p.A 

Differential output, f = 1 kHz 24 V 

VOM Maximum peak-to-peak output voltage Differential output, f = 1 kHz, 
20 V 

T A = -SSoC to 12SoC 

VCMIM Maximum common-mode input voltage ±5 V 

Differential voltage gain 
Rs = SO Q, f = 1 kHz 4000 

Avo 
Rs '= SO Q, f = 1 kHz, TA = -S5°C to 12SoC 2S00 

CMRR Common-mode rejection ratio Rs = SO Q, f = 1 kHz 90 dB 

BW Bandwidth (-3 dB) 70 180 kHz 

lin Input impedance f = 1 kHz 5 15 Hl 

lout Output impedance f = 1 kHz 200 n 
Pr Total power dissipation 100 mW 

§Unless otherwise noted, test conditions are: V CC1 +12 V, VCC2 = -12 V, VOl applied, no external loading and Pin0grounded. 

letter symbol and parameter definitions 

4010 

VOl That doc voltage which must be applied between the input terminals to obtain zero-differential-output voltage. The 
application of this voltage balances the amplifier. 

aVOI Temperature coefficient averaged over the specified temperature range and defined by the equation: 

VCMO 

CMRR 

BW 

(VOl @ TA(1) - (VOl @ TA(2) 
aVO I = -----=-=------------'~ 

T A(1) - T A(2) 

That doc voltage level which exists between either output terminal and ground when the outputs are balanced. 

The current into either input of the amplifier. 

The difference in the currents into the two input terminals when the output is balanced. 

The maximum peak-to-peak output voltage swing that can be obtained without clipping when the output is balanced. 

The maximum common-mode voltage that can be impressed on the input terminals while maintai~ing differential 

operation. 

The ratio of the differential·mode voltage gain to the commmon-mode voltage gain. 

The range of frequencies within which the open-loop voltage gain is within 3 dB of the mid-frequency value. 

The impedance between either input terminal and ground with the other input terminal a-c grounded and the output 

balanced. 

The impedance between either output terminal and ground when the output is balanced. 



« 
:::L. 

I 
c 
~ 
~ 

u 
"5 
0-
~ 

c 

co 
""0 

I 
c 
'0 
0 

Q) 

0> 

E 
-0 
> 
""0 

Q) 

""0 
C 

w 
I 
Q) 

0, 
c 

Vi 

<J) 

> « 

TYPE SN5231L 
GENERAL·PURPOSE DIFFERENTIAL AMPLIFIER 

TYPICAL CHARACTERISTICS § 
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FIGURE 1 
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FIGURE 2 

DIFFERENTIAL VOLTAGE GAl N 
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t-- TA = 25°C 

V 
/ 

V 

o 3 6 9 12 
Supply Voltage - V 

FIGURE 4 

§Unless otherwise noted, test conditions are: VCC1 + 12 V, VCC2 = -12 V, VOl applied, no external loading and pin 0 grounded. 
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TYPE SN5231 L 
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER 

TYPICAL CHARACTERISTICS § 

4012 
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Y5 Y5 

FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
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FIGURE 5 FIGURE 6 
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FIGURE 7 FIGURE 8 

§Unless otherwise noted, test conditions are: V CCl + 12 V, VCC2 = -12 V, VOl applied, no external loading and pinG) grounded. 

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. 



_O&ltllJ GZa(CIII"lttp® TYPES SN524A, SN524AL 
SEMICONDUCTOR NETWORKSt GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

SERIES S2 SEMICONDUCTOR-NETWORK GENERAL-PURPOSE AMPLIFIERS 
for application as 

• Buffer Amplifier • Differentiator 
• Multivibrator • Level Detector 

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 

• Integrator 
• Summing Amplifier 

.---____ ----...... -0 V
CCI 

I..-.l~---J----""""'.() VCC2 

GND (COMMON) ROLL-OFF 

NOTE: Component values shown are nominal. 

SCHEMATIC DIAGRAM 

SNS24A ORDERING INSTRUCTIONS 
The SN524A operational amplifier is mounted in a glass-to-metal 
hermetically sealed ;.velded package meeting TO-89. Leads are NO MECH·PAK CARRIER MECH·PAK CARRI ER 
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 
leads and circuit. The SN524A is available with formed leads, Insulators No Yes No Yes 
insulator attached, and/or mounted in a Mech-Pak carrier. See Ordering 
Ordering Instructions. Suffix None -6 -7 -1 

OUTLINE DRAWING - SN524A TOP VIEW 

:~I"" 
ROLL-OFF ~ 

DATE 
CODE 

0.510 0.250 
0.490 - ---r 0.220 

(See Note oj I 

L 0.2S0 REF. 
(See Note ej 

t 

NOTES: 

u. All dimensions in inch ••. 
b. All decimals :1:0.005 except as noted. 
c. L&ad spacing tolerance is ±O.OlS at extremities and 

::!:O.OOS at package, nonaccumulative. 

~ VCC2<b Vcel 

11'1 ifC~11 
(i)®00(s) r GND T 

No 
No 

-2 

JL 0.013 

00000 0.010 

.....j~ 0.005 
0.003 

d. lead centerlines are located within ::to.OOS of their 
true positions relative to body centerlines. 

e. Not applicable in Mech-Pak carrier. NONINVERTING INVERTING 
f. Symbolization denotes orientation of package. INPUT INPUT 

SIDE VIEWS 

Falls within TO-89 dimensions 
NC - NO INTERNAL CONNECTION 

The SN524AL package outline is same as JEDEC TO-76 except for case height. 

OUTLINE DRAWING - SN524AL 

r ~::::+- 0.002 
--l 0.040 (0.017o:oo1 DIA 

neil MAX., t O.:.~ , 
= " ,50-. ~DIA = 4, YilI>~ 0160 

~DIA = 0.370 DIA ~ 3 '.J. '_/ _ . 
0.305 0.335 \ .. 1', 7 'I" A 0.045 

L ~ I \2"'-0-'8// -0.029 

0.010 ~ -I-----L ,_I, - ~ , ~ 0.034 

0.040 -U:o,:.~-1 W~5· 0.028 

BOTTOM VIEW 

DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPEC! FI ED 
NC - NO INTERNAL CONNECTION 

tPatented by Texas Instruments. 

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

No Yes Yes 
Yes No Yes 

-3 -4 -5 

]1[ 

4013 



TYPES SN524A, SN524AL 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

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

Supply Voltages (See Note 1): V CCI • 

VCC2 • 

Differential Input Voltage . 

Common·Mode Input Voltage. 

Operating Free-Air Temperature Range 

Storage Temperature Range • 

+15V 

-15V 

. 12 V 

±10V 

. -55°C to 125°C 

. -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) 

aYDI 

PARAMETER 

Differential-input offset voltage 

Differential-input offset voltage 
temperature coefficient 

Input Current 

Differential-input offset current 

Maximum peak-to-peak output voltage 

V CMIM Maximum common-mode input voltage 

Ay Voltage gain 

CMRR Common-mode rejection ratio 

BW Bandwidth (-3 dB) 

lin Input impedance 

lout Output impedance 

Pr Total power dissipation 

TEST CONDITIONS§ 

f = 1 kc/s 

10 kO load, 
f = 1 kc/s, TA = -55°C to 125°C 

10 H2 load, 
f = 1 kc/s 

f = 1 kc/s 

f = 1 kc/s 

f = 1 kc/s 

No input signal, no external load 

MIN 

11 

9 

630 

70 

350 

TYP MAX UNIT 
12 mY 

40 mY 

25 /LV/def:. 

80 350 nA 

20 nA 

60 nA 

6 nA 

V 

16 V 

V 

15 V 

±5 V 

1400 

55 dB 

140 kc/s 

1000 

200 

120 mW 

§Unless otherwise noted test conditions are: VCC' = + 12 V, VCC2 = -12 V, ground and VDlapplied; 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 

4014 

CMRR 

BW 

That doc 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. 

The current into either input of the amplifier. 

The difference in the currents into the two input terminals when the output is balanced. 

The maximum peak-to-peak output voltage swing that can be obtained without clipping when the output is balanced. 

The maximum common-mode voltage that can be impressed on the input terminals while maintaining differential 
operation. 

The ratio of the differential-mode voltage gain to the common-mode voltage gain. 

The range of frequencies withi:1 which the voltage gain is within 3 dB of the mid-frequency value. 

The impedance between either input terminal and ground with the other input terminal a-c grounded and the output 
balanced. 

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 § 

125 

100 

75 

50 

25 

o 
-75 

I N PUT CURRE NT 
vs 

FREE-AIR TEMPERATURE 

'", 
~ 

"" '" ~ " '" ~ " '" 
-50 -25 a 25 50 75 100 125 

TA - Free-Air Temperature "- °C 

fiGURE 1 

VOLTAGE GAIN 
vs 

FREQUENCY 
1 00 r--T"'T'"TTTImr.....,...T"T'"'I~.--,...,.....,..,.....n--.-.......... ~---. ........ ~ 

90 r-----~----_+------+-----~----~ 

80 r------+------+-----~------~----~ 

70 r------+------+-----~---

50 I-------+----I--~ 

40 ~----~----~~----~~--~--~ 

30 r------+------+-----~~~--~----~ 

20 r----~-----~---~-~~----~ 

10 r------+------+-----~----~Y-----~ 

o ~----~----~~----~----~~--~ 
1 kc/s 10 kc/s 100 kc/s 1 Mc/s 10 Mc/s 100 Mc/s 

f - Frequency 

FIGURE 3 
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MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

20 
LOAD RESISTANCE 

, '." TA = 25·C 

f = 1 kc/s 
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~ 
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---~ 
~ .... ~ 
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FIGURE 2 

VOLTAGE GAIN 
vs 

FREQUENCY 
100 '"I 1111111 I I III I I'" 

90 r- TA = 2SoC 

80 

70 
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50 

.<" 
~dB/Octave 

,~ 
40 

30 

20 

10 

~ '\.< 2 dB/Octave 

\\ 18 dB/ , ~ Octave 
o 

1 kc/s 10 kc/s 100 kc/s 1 Mc/s 10 Mc/s 100 Mc/s 
f - Frequency 

FIGURE 4 

§Unless otherwise noted test conditions are: VCe1 + 12 V, VCC2 = -12 V, ground and VOl applied; roll-off terminal open, no external loading. The unused input is 
grounded for all tests except when common-mode (haracteristics are under test. 
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TYPES SN524A, SN524AL 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS § 

COMMON-MODE REJECTION RATIO 
vs 

FREE-AIR TEMPERATURE 
100 r---.... , --...---.......--__ - ........ -----...---......--.... 

co 

" I 
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.-a 75 
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TA - Free-Air Temperature - °C 

FIGURE 5 
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FIGURE 7 
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INPUT IMPEDANCE 
vs 
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3.5 
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/ f = 1 kc/s 
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/ 

L 
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200 

3: 
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c 
.~ 
"0 
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FIGURE 6 

TOTAL POWER DISSIPATION 
vs 

FREE-AIR TEMPERATURE 

"'r--.., ---- --........... --........... --........... r--"- -

-50 -25 o 25 50 75 100 125 
TA - Free-Air Temperature - °C 

FIGURE 8 

§Unless otherwise noted test conditions are: VCC1 = + 12 V, VCC2 = -12 V, ground and VOt 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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80&llD GZlIt(fII1IIIltp® TYPE SN525 
SEMICONDUCTOR NETWORKt GENERAL·PURPOSE DIFFERENTIAL AMPLIFIER 

description 

A SERIES S2 AMPLIFIER 

featuring 

• Open-Loop Gain ... 90 dB • Typical CMRR ••• 100 dB 

COMPENSATI ON Q7}.-~:::::;--I~I;--;-[---Q 

COMPENSATION 9 

OPTIONAL 
POSITIVE-5UPPL y~--+-+------. 
BIAS POINT 

The SN525 is a high- performance amplifier 
featuring an open-loop gain of 90 dB, yet it is 
unconditionally stable when used with external 
capacitors in the frequency-response shaping 
circuit. A feedback loop provides high com
mon-mode rejection. Both differential input and 
output terminals are available. 

M::rII1;::;;::j:::~3 COMPENSATION 

Texas Instruments Series 52 catalog line of 
linear integrated circuits offers higher reli
ability, lower cost, smaller size, and less weight 
than equivalent discrete component circuits. 
Each Series 52 device is a monolithic semi
conductor structure comprising diffused resis
tors and both n-p-n and p-n-p transistors. 

mechanical data 

INPUT 2 

Lead Length 

5 COMPENSATION 

OUTPUT 1 

6 OUTPUT 2 

t-----t--t----{7 COM PE N SA TI ON 
r----~~--1i8 COMPENSATION 

SCHEMATIC 

ORDERING INSTRUCTIONS 

NO MECH-PAK CARRIER MECH-PAK CARRIER 

0.175 Inch Not Applicable 

The SN525 semiconductor network is mounted 
in a glass-to-metal hermetically sealed welded 
package. Leads are gold-plated F-15t glass
sealing alloy. Approximate weight is 0.1 gram. 
All external surfaces are metallic and are in
sulated from leads and circuit. The SN525 is 
available with formed leads, insulator at
tached, and/or mounted in a Mech-Pak car
rier. See ordering instructions. 

Formed Leads No No Yes Yes No No Yes Yes 

Insulators 

Ordering 
Suffix 

®®®®®00 
+~~88~~ 

0.175 REF. 0 0 0 0 0 0 
0.165 MIN. , I' 

(See Note e) /DATE 
.L CODE 

-L-- - --r 
-L-- _.~ XXXX(~ 0.1!~ 

0.:~:I::-GL5E -, ,SNXXXwX ., ~ 
14 PLACE 

0.013 W 
o:oiO..j~~ 

,- 0.250 

~nr"" 
0.510 0.250 
0.490 - --"T 0.220 

(See Note e) I 

L 0.250 REF. iJ 
(See ~ote e) 

NOTES: 

SIDE VIEWS 

Falls within TO-84 dimensions 

tPatented by Texas Instruments 

No Yes No Yes No 
None -6 -7 -1 -2 

o. All dimensions in inches. 
b. All decimals ±O.OO5 except as noted. 
c. Lead spacing tolerance is ±O.OlS at extremities and 

±O.OOS at package, nonaccumulative. 
d. Lead centerlines are located within ±O.OOS of their 

true positions relative to body centerlines. 
e. Not applicable in Mech-Pak carrier. 
f. Symbolization denotes orientation of package. 

:j:F-15 is the ASTM designation for an iron·nickel-cobalt alloy containing nominally Sl% iron, 29% nickel, and 17% cobalt. 

~o TEXASIJC~R~rR~TV~ ENTS 
SEMICONDUCTOR·COMPONENTS DIVISION 
POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

Yes No Yes 
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TYPE SN525 
GENERAL·PURPOSE DIFFERENTIAL AMPLIFIER 

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

Supply Voltages (See Note 1): V CCI • + 15 V 

Differential Input Voltage 

Common-Mode Input Voltage • 

VCC2 • 

_ Operating Free-Air Temperature Range 

Storage Temperature Range 

-15V 

5V 

±12V 

-55°C to 125°C 

-65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS § MIN TYP MAX UNIT 
1 3 mV 

VOl Differential-input offset voltage 
TA = - 55°C to 125°C 4 mV 

VCMO 
Common-mode output 

mV offset voltage 250 1000 

TA = 125°C 270 700 nA 

lin Input current 450 900 nA 

TA = -55°C 750 1500 nA 

TA = 125°C 12 200 nA 

101 Differential-input offset current 16 200 nA 

TA = -55°C 38 550 nA 

Single-ended output, f = 1 kHz 18 V 

YOM Maximum peak-to-peak output voltage Single-ended output, f = 1 kHz, 
14 V 

TA = - 55°C to 125°C 

VCMIM Maximum common-mode input voltage ±7 V 

AyS 
SmaIl-signal single-ended f = 1 kHz 20000 32000 
voltage gain f = 1 kHz, TA = -55°C to 125°C 10000 

AyCMS 
SmaIl-signal common-mode single-ended 

f = 1 kHz 0.9 voltage gain 

CMRR 
SmaIl-signal common-mode 

f = 1 kHz 100 dB 
rejection ratio 

BW Bandwidth (- 3 dB) 45 kHz 

zin Input impedance f = 1 kHz 50 140 k!1 

Zoot Output impedance f = 1 kHz 10 kf! 

SVRR Supply voltage rejection ratio 6.VCC < 0.5 V 25 /LV/V 

Pr Total power dissipation 100 135 mW 

§ Unless otherwise noted, test conditions include: VCCI = + 12 V, VCC2 = -12 V, ground and VOl applied, no external load, external 2S0-pF capacitor connected between 

pins CD and CD, and other frequency-compensation pins open. 

letter symbol and parameter definitions 

4018 

VCMO 

lin 

101 

YOM 
VCMIM 
CMRR 

BW 

Zoot 

SVRR 

That doc voltage which must be applied between the input terminals to obtain zero-differentia I-output voltage. The appli
cation of this voltage balances the amplifier. 

That doc voltage level which exists between either output terminal and ground when the outputs are balanced. 

The current into either input of the amplifier. 

The difference in the currents into the two input terminals when the output is balanced. 

The maximum peak-to-peak output voltage swing that can be obtained without clipping when the output is balanced. 

The maximum common-mode voltage that can be impressed on the input terminals while maintaining differential operation. 

The ratio of the differential-mode voltage gain to the common-mode voltage gain. 

The range of frequencies within which the open-loop voltage gain is within 3 dB of the mid-frequency value. 

The impedance between either input terminal and ground with the other input terminal a-c grounded and the output 
balanced. 

The impedance between either output terminal and ground when the output is balanced. 

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 0 and ® to stabilize the amplifier if symmetrical compensation 
to ground is not used on pins 0 and 0 or pins 0 and 0. 



« 
:1. 

I 

1.0 

0.7 

1 0.4 
:> 

U .... 
:> c... 

-= 
-:= 0.2 

0.1 

--- "' 

TYPE SN525 
GENERAL·PURPOSE DIFFERENTIAL AMPLIFIER 

TYPICAL CHARACTERISTICS § 

INPUT CURRENT 
vs 

FREE-AIR TEMPERATljRE 
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FIGURE 1 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 

FREQUENCY COMPENSATION 
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FIGURE 2 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

I I I l/ 
RL = 100 kQ*~ 7 '\ 

y~ 

/ 
~ Si ngl e-Ended / ./ 

VeC1 = +vx /~ /' 
~ VCC2= -Vx V /' 
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§ Unless otherwise noted, test conditions include: VeC1 = + 12 V, VCC2 = -12 V, ground and VOl applied, no external load, external 2S0-pF capacitor connected between 

pins0 and(D, and other frequency-compensation pins open. 
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TYPE SN525 
GENERAL·PURPOSE DIFFERENTIAL AMPLIFIER 

TYPICAL CHARACTERISTICS § 
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§ Unless otherwise noted, test conditions include: VCC1 = + 12 V, VCC2 = -12 V, ground and VOl applied, n<> external load, external 250·pF capacitor connected between 

pins0 and0, and other frequency-compensation pins open. 

4020 



TYPE SN525 
GENERAL·PURPOSE DIFFERENTIAL AMPLIFI'ER 
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TYPICAL CHARACTERISTICS § 
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18 

§ Unless otherwise noted, test conditions include: Vee, = + 12 V, Vee2 = -12 V, ground and VOl applied, no external load, external 2S0-pF capacitor connected between 

pinsCZ) and CD, and other frequency-compensation pins open. 

1M 

4021 



TYPE SN525 
GENERAL·PURPOSE DIFFERENTIAL AMPLIFIER 
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_O&1fJII Gllllt""IfIP® 
EMICONDUCTOR NETWORKS 

TYPE SN526 
GENERAl·PURPOSE DIFFERENTIAL AMPLIFIER 

A SERIES S2 AMPLIFIER 
featuring 

• Minimum lin ••• 3S0 kn • Differential or Class B Power Output 

description 

The SN526 semiconductor-network amplifier 
features Darlington high-impedance differen
tial-input stages and a Class B output power 
amplifier with high-voltage- and current-range 
capabilities. Common-mode input signals are 
rejected by use of common-mode feedback to 
the input amplifier. 

The SN526, one of Texas Instruments Series 
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 
monolithic semiconductor structure comprising 
diffused resistors and both n-p-n and p-n-p 
transistors. 

mechanical data 

DIFFERENTIAL 
OUTPUT 1 

SCHEMATIC 

ORDERING INSTRUCTIONS 

CLASS B 
OUTPUT 

The SN526 is mounted in a glass-to-metal 
hermetically sealed welded package. Leads 
are gold-plated F-15 t glass sealing alloy. 
Approximate weight is 0.1 gram. All external 
surfaces are metallic and are insulated from 
leads and circuit. The SN526 is available 
with formed leads, insulator attached, and/or 
mounted in a Mech-Pak carrier. See Ordering 
Instructions. 

NO MECH-PAK CARRIER MECH-PAK CARRIER 

DATE 

~-4'-4'--'I'--'Il""'- CODE fIIr"" 
0.510 ~ 

Lead Length 0.175 Inch 

Formed Leads No No Yes 

Insulators No Yes No 
Ordering None -6 -7 
Suffix 

NOTES: o. All dimensions in inches. 

Yes 

Yes 
-1 

0.490 - --r 0.220 
(See Note e) I L (~l'!';' U 

b. All decimals ±O.OOS except as noted. 
c. lead spacing tolerance is ±O.015 at extremities and 

±O.OO5 at package. nonaccumulative. 

JL~ 
00000 0.010 

Falls within TO-89 dimensions 

tPatented by Texas Instruments. 

-lk-- 0.005 
0.003 

SIDE VIEWS 

d. Lead centerlines are located within ±O.OOS of their 
true positions relative to body centerline,. 

e. Not applicable in Mech-Pak corrier. 

f. Symbolization denotes orientation of package. 

:j: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 
POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

Not Applicable 

No No Yes Yes 

No Yes No Yes 
-2 -3 -4 -5 

OJ .... 
C -< ,.... ." ,.... m 
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'" :::! Z Z '" Z 
...., 

P 
0-

C 
r-
'" 0-
0-
-0 ...., 
'I 
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0 
< m 
~ 
OJ 
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;IIJ 

-0 
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TYPE SN526 
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER 

4024 

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

Supply Voltages (See Note 1): VCC1 

VCC2 • 

Differential Input Voltage 
Common-Mode Input Voltage . 
Continuous Total Power Dissipation at(or below} 100°C Case Temperature (See Note 2) 
Operating Free-Air Temperature Range. 
Storage Temperature Range 

NOTES: 1. These voltage values are with respect to network ground. 
2. Derate linearly above lOOoe case temperature at a rate of 5 mW/deg. 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS § MIN 

VOl Differential-input offset voltage 
TA = -55°C to 125°C 

VCMO Common-mode output offset voltage 

TA = 125°C 

lin Input current 

TA = -55°C 

TA = 125°C 

'DI Differential-input offset current 

TA = -S5OC 

Class B output (See Note 3) 

YOM Maximum peak-to-peak output voltage 
RL = 600 n, f = 1 kHz 

Class B output (See Note 3) 

RL = 600 n, f = 1 kHz 10 

TA = -55°C to 125°C 

V CMIM Maximum common-mode input voltage 

f = 1 kHz 800 
AyS Small-signal single-ended voltas.e gain 

f= 1 kHz, TA = -55°C to 12SoC 630 

AyCMS Small-signal single-ended common-mode voltage gain f= 1 kHz 

CMRR Small-signal common-mode rejection ratio f= 1 kHz 

BW Bandwidth (-3 dB) 

zin Input impedance f= 1 kHz 0.3S 

PT Total power dissipation 

+15V 
-15V 

lOV 
±12V 

. 250mW 
-55°C to 125°C 
-65°C to 150°C 

TYP MAX UNIT 
3 17 mV 

20 mV 

220 750 mV 

9 100 nA 

50 300 nA 

230 1000 nA 

1.5 SO nA 

6 100 nA 

60 SOO nA 

11.7 V 

V 

±7 V 

1200 

0.14 0.5 

77 dB 

120 kHz 

1 Mn 

132 190 mW 

§ Unless otherwise noted, test conditions include: VCC1 = + 12 V, VCC2 = -12 V, ground and VOl applied, no external load, and a O.05-J.LF capacitor between pin 0 
and ground. All parameters except VOM are measured with pin Q)grounded and pin (2) open. 

Note 3: Pin 0 is connected to pin 00r pin ® . 
letter symbol and parameter definitions 

VCMO 

lin 

101 

YOM 

VCMIM 
CMRR 

BW 

That doc voltage which must be applied between the input terminals to obtain zero-differentia I-output voltage. The appli. 
cation of this voltage balances the amplifier. 

That doc voltage level which exists between either output terminal and ground when the outputs are balanced. 

The current into either input of the amplifier. 

The difference in the currents into the two input terminals when the output is balanced. 

The maximum peak-to-peak output voltal3e swing that can be obtained without clipping when the output is balanced. 

The maximum common-mode voltage that can be impressed on the input terminals while maintaining differential operation. 

The ratio of the differential-mode voltage gain to the common-mode voltage gain. 

The range of frequencies within which the open-loop voltage gain is within 3 dB of the mid-frequency value. 

The impedance between either input terminal and ground with the other input terminal a-c grounded and the output 
balanced. 

The impedance between either output terminal and ground when the output is balanced. 

compensation requirements 

External capacitance must be connected between pin CD 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 § 
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FIGURE 4 

§ Unless otherwise noted, test conditions include: VCC1 = + 12 V, VCC2 = -12 V, ground and VOl applied, no external load, and a O.05-,uF capacitor between pin CD 
and ground. All parameters except VOM are measured with pin 0 grounded and pin CD open. 
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TYPE SN526 
GENERAL·PURPOSE DIFFERENTIAL AMPLIFIER 

TYPICAL CHARACTERISTICS § 
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-12V 

FREQUENCY RESPONSE TEST CIRCUIT 

FIGURE 8 
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OUTPUT 

2 

§ Unless otherwise noted, test (onditions include: VCC1 = + 12 V, VCC2 = -12 V, ground and VOl applied, no external load, and a O.OS-JLF (apacitor between pinC!) 

and ground. All parameters except V OM are measured with pin 0 grounded and pin (2) open. 
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TYPE SN526 
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER 

TYPICAL CHARACTERISTICS § 

SMALL-SIGNAL SINGLE-ENDED VOLTAGE GAIN ~MALL-SIGNAL SINGLE-ENDED VOLTAGE GAIN 
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VOLTAGE GAIN 
vs 
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(See Frequency Response Test Circuit Figure 8) 
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FIGURE 11 

§ Unless otherwise noted, test conditions include: VCC1 = + 12 V, VCC2 = -12 V, ground and VOl applied, no external load, and a O.05-ILF capacitor between PinQ) 
and ground. All parameters except VOM are measured with pin Q)grounded and pin C) open. 
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TYPE SN526 
GENERAL·PURPOSE DIFFERENTIAL AMPLIFIER 

TYPICAL CHARACTERISTICS § 
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FIGURE 14 

§ Unless otherwise noted, test conditions include: VCC1 = + 12 V, VCC2 = -12 V, ground and VOl applied, no external load, and a O.05-,uF capacitor between pin CD 
and ground. All parameters except V OM are measured with pin 0 grounded and pin 0 open. . 
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·O&ltD ........ ® TYPE SN5500 
SEMICONDUCTOR NETWORKt SENSE AMPLIFIER WITH ONE-SHOT OUTPUT 

A SERIES 55 HIGH·SPEED SEMICONDUCTOR NETWORK SENSE AMPLIFIER 
FOR APPLICATION IN 

MAGNETIC CORE MEMORIES FOR 
• DIGITAL COMPUTER SYSTEMS • DATA HANDLING SYSTEMS • CONTROL SYSTEMS 

description 

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. 
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 r.ead 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 

STROBE 
INPUT 

SIGNAL 
GROUND 

mechanical data 

INPUT VOLTAGE 
MAGNITUDE 

Ivinl <Vr 

Ivinl <Vr 

Ivinl > VT 

Ivinl > Vr 

±VCMR 

±VCMR 

STROBE 
INPUT OUTPUT 

Lo Voff 

Hi Voff 

Lo Voff 

Hi Von 

Lo Voff 

Hi VoH 

The SN5500 Semiconductor Network is 
mounted in a glass-to-metal hermetically 
sealed welded package. leads are gold
plated F-15:t: glass-sealing alloy. Approxi
mate weight is 0.1 gram. All external sur
faces are metallic and are insulated from 
leads and circuit. The SN5500 is available 
with formed leads, insulator attached, 
and/or mounted in a Mech-Pak carrier. 
See ordering instructions. 

ORDERING INSTRUCTIONS 

NO MECH·PAK CARRIER 

tPatented by Texas Instruments 

DATE 
........ 'I'--'F......,....../for' CODE 

L~ 
<D0<D0<D 0.010 

~fIIl"" 
0.510 ~ 
0:490 -~ 0.220 

(See Note e) I 

L 0.250 REF. U 
(See Note e) 

t 
~0.005 

0.003 

SIDE VIEWS 

Lead Length 0.175 inch 

Formed Leads No No Yes 

Insulators No Yes No 

Ordering None -6 -7 
Suffix 

NOTES: a. All dimensions in inche •. 
b. All decimal. "'0.005 except a. noted. 
c. Lead spacing tolerance i. :c0.015 at extremities and 

:::t:O.OO5 at package, nonaccumulative. 
d. Lead centerline. are located within ::t:0.005 of their 

true positions relative to body centerlin ... 
eo Not applicable in Mech-Pak carrier. 

f. Symboliz~tion denotes orientation of package. 

Falls within TO-89 dimensions 

:j: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 
POST OFFICE BOX 5012 • DALLAS, TEXAS 75~2 

Yes 

Yes 

-1 

MECH-PAK 
CARRIER 

Not Applicable 

No No Yes Yes 
No Yes No Yes 

-2 -3 -4 -5 

~ 
~ OJ ... 
m C -< 
< ... ." 

U; 
... m 
m 

m ... CIt 
Ie Z Z 

Ut 
~ Z Ut 
C 0 
Ci) p 0 

C 
Ie CIt ... -;-

; CIt 

0- 0-
0- Ut 

i 
....... 

~ 
~ 
~ n 
:z: ... 
'" 0-
Ut 
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TYPE SN5500 
SENSE AMPLIFIER WITH ONE-SHOT OUTPUT 

4502 

absolute maximum ratings over operating free-air temperature range 

Supply Voltages: Vcc, . 
VCC2 . 

Strobe Input Voltage: Vstrobe 
Operating Free-Air Temperature Range 
Storage Temperature Range . 

electrical characteristics, TA = -55°( to + 125°( (unless otherwise noted) 

-~~------... _-_. _._-

PARAMETER TEST CONDITIONS MIN 

Input threshold 10 
VT voltage level TA =25°C 15 

VTO 
Input threshold 
offset voltage 

.. -

Rin 
Differential-input Vcc, = +4.5 v, Vcc2=-4.5 v, 150 
resistance Vstrobe= +2.5 v, 

Is Strobe input current tp(strobeJ = 100 nsec, 
---.-----~-----

Voff Off output level Iload=-3 rna 2.5 
Von On output level Isink =3 rna 

VCMR 
Common-mode tr=tf=20 nsec, 1 rejection voltage tp= 100 nsec 

PT Total power dissipation 

switching characteristics, TA =-55°( to +125°( 

PARAMETER TEST CONDITIONS MIN 

_!e(outJ Output pulse width Vdiff= 50 mv Vcc, = +4.5 v, VCC2 =-4.5 v, 200 
tpd Propagation delay time Vdiff= 50 mv Vstrobe= +2.5 v, 

tod 
Differential input overload Vdiff=250 mv 

tp(strobeJ = 100 nsec, 
recovery time See Figure 4 

letter symbol and parameter definitions 

+6v 
-6 v 

+6v 
-55°C to 125°C 

. -65°C to 150°C 

MAX UNIT 
30 my 

19 my 

4 my 

300 n 
2.5 rna 

v 
0.5 v 

v 

200 mw 

MAX UNIT 
800 nsec 
125 nsec 

100 nsec 

Vr Differential input signal level iust sufficient to cause an output when coincident with a strobe signal. 
See Figure 2. 

VTO Input threshold offset to opposite polarity input signals, IVTC!) - VT@ I. 

Rin D-c resistance between input terminals. 

Is Strobe input current. 

Voff High output-voltage level while supplying specified current. 

Von Low output-voltage level while sinking specified current. 

V CMR Common-mode signal that will not cause an output when a strobe signal is present. 

tp(outJ Output pulse width measured at 50-percent levels (see Figure 4). 

Vdiff Differential voltage between input terminals. 

tpd Propagation delay time from input leading edge to output leading edge measured at 50-percent 
levels with 50-mv input. 

tod Strobe delay time after a specified differential overload noise signal required to inhibit an output. 



TYPE SN5500 
SENSE AMPLIFIER WITH ONE-SHOT OUTPUT 

INPUT 

SIGNAL 
GROUND 

I+- Differential Ampl ifier ~ Current-Mode Logic --+1". --- One-Shot -----...j 
Pin 0 No Connection 

~-+---11-------{7 TEST POINT 

GROUND ~ 

STROBE 
INPUT 

L Refer~~ce "_~I •• --- Driver --I I Amplifier 

FIGURE 1 - CIRCUIT DIAGRAM 

NOTES: 1. dVl h the core output voltage developed 
when a read current pulse is applied 
to a core in the disturbed logical 1 state. 

2. dVi is the core output valtoge developed 
when a read current pulse is applied to 
a core in the disturbed logical 0 state. 

8 mv Typical 
Maximum 

FIGURE 2 - THRESHOLD CHARACTERISTICS 

{Referred to Typical Coincident-Current Memory Core dVl and dVl Output Voltage Waveforms} 
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TYPE SN5500 
SENSE AMPLIFIER WITH ONE-SHOT OUTPUT 

4504 

PARAMETER MEASUREMENT INFORMATION 

Differential 
Sense Amplifier 

Input 

Strobe 
Input 

-------------4 \-_____ ... t"---tp(outl---4,..... ___ _ 

OUTPUT 

Input Pulse 
(50 Q Source) 

trl tf ~ 20 nsec 
Repetition Rate = 100 kc 

Strobe Input 
(50 Q Source) 

trt tf :S 20 nsec 

Output for Vin > VT 

50% 
'__ _______ J. __ Von 

FIGURE 3 - TYPICAL SYSTEM TIMING DIAGRAM 

50% 

FIGURE 4 - TEST TIMING DIAGRAM FOR THRESHOLD AND SWITCHING CHARACTERISTICS 

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

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



80&lfD UltaUlIIIll"® 
SEMICONDUCTOR NETWORKSt 

TYPES SN5510, SN5510L 
WIDE-BAND VIDEO AMPLIFIERS 

SERIES 55 WIDE·BAND VIDEO AMPLIFIERS 

FEATURING 

Flat Frequency Response with Low Phase·Shift from DC to 40 MHz 

description 

Each of these wide-band video amplifiers features a flat frequency 
response and low phase-shift from dc to 40 MHz. Differential inputs 
and outputs are provided which permit them to be used as high-

8600 4000 IkO 

frequency differential amplifiers. INPUT I 

Elements of the Series 55 video-amplifier bar include transistors 
with transition frequency as high as 1.2 GHz under low-current and 
low-V CE conditions. Circuit frequency response from dc to greater 

than 100 MHz is possible. 
INPUT 2 

~-+---oOUTPUT I 
I kO 

",-...--.---oGND 

I kO 

..... -+--oOUTPUT 2 

mechanical data 
See logic symbols below for pin numben 

The SN5510 wide-band video amplifier is mounted in a glass-to
metal hermetically sealed welded package meeting TO-89. Leads 
are gold-plated F-15t glass-sealing alloy. Approximate weight is 
0.1 gram. All external surfaces are metallic and are insulated from 
leads and circuit. The SN5510 is available with formed leads, 
insulator attached, and/or mounted in a Mech-Pak carrier. See 
Ordering Instructions. 

SN5510 ORDERING INSTRUCTIONS 

DATE 
CODE 

L 0.013 

00000 0.010 

fIIr"" 
0.510 0.250 
0.490 -~ 0.220 

(See Note e) I 

L 0.250 REF. 
(See Note e) 

t 
.....j~~ 

0.003 

SIDE VIEWS 

NOTES: 

NO MECH-PAK CARRIER MECH-PAK CARRIER 
Lead Length 0.175 I nch Not Applicable 
Formed Leads No No Yes Yes No No Yes Yes 
Insulators No Yes No Yes No Yes No Yes 
Ordering Suffix None -6 -7 ,-1 -2 -3 ·4 ·5 

a. All dimensions in inches. 
b. All decimals ±0.005 excepl as nOled. 
c. Lead spacing tolerance is :t:O.015 at extremities and 

±O.OO5 at package, nonaccumulative. 
d. lead centerlines are located within :::!:O.OOS of their 

true positions relative to body centerlines. 
e. Not applicable in Mech·Pak carrier. 

f. Symbolization denotes orientation of package . 

OUTPUT OUTPUT 

Yeo 1 GND 2 

~ 
0000@ 
I Veel IN;UT 

NC - NO INTERNAL CONNECTION 

Falls within TO-89 dimensions OUTLINE DRAWING - SN5510 

The SN551 OL package outline is same as JEDEC TO-99 except for diameter of standoff. 

OUTLINE DRAWING - SN5510L 
BOTTOM VIEW 

r~:::l-:.'l',1 (""¥*'" 

0.33t DIA [I f 0.3L DIA 

OUTPUT 1 INPUT 1 

0.305 0.335 

L L j I -r8~, 
GND VCCI 

0.040 F ---.L '- I - If 0 034 

o:oi()-U:O';I~ 45°r5° 0.D28 

All dimensions in inches unless otherwise noted. 

tPalenled by TexOI I nslrumenls 

:l:F-15 is Ihe ASTM designalion for an iron-nickel-cobalt alloy containing nominally 53% iron, Z9% nickel, and 17% cobalt. 

4P
o 

TEXAS,JC~R~JR~V~ ENTS 
SEMICONDUCTOR-COMPONENTS DIVISION 
POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

INPUT 2 
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TYPES SN5510, SN5510L 
WIDE-BAND VIDEO AMPLIFIERS 

absolute ma'ximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltages (See Note 1): Vec1 
Vec2 

Differential input voltage . 
Positive input voltage (See Note 1) . 

Negative input voltage (See Note 1) 

Operating free-air temperature ranges: SN5510 . 

Operating case temperature ranges: 

Storage temperature range . 

NOTE 1: These voltage values are with respect to network ground. 

SN5510l 
SN5510. 

SN5510l 

electrical characteristics, T A + 6 V, Vec2 = -6 V 

PARAMETER 
TEST 

TEST CONDITIONS FIGURE 

Voo Differential-output offset voltage 1 

VCMO(aY) 
Average common-mode output 

1 offset voltage 

lin Input current 1 

10/ Differential-input offset current 1 

load resistance = 5 kn, 

Os Single-ended output distortion 2 input distortion < 0.2%, 
Vout = 1 V rms, f = 10kHz 

VN(in) 

Equivalent average input noise 
3 

Single-ended, Rs = 0, 
voltage f = 10Hz to 500 kHz 

VeM1M 

Maximum common-mode input 
voltage 

AyS Small-signal voltage gain 2 
Single-ended, load resistance = 5 kQ, 
f = 100 kHz 

Aycm Common-mode-input voltage gain 4 
Single-ended, load resistance = 5 kn, 
Vin = 0.3 V rms, f = 100 kHz 

CMRR Common-mode rejection ratio 4 load resistance = 5 kn, f = 100 kHz 

BW Bandwidth (-3 dB) 2 

rin Input resistance 5 f = 100 kHz 

Cin Input capacitance 5 f = 100 kHz 

Zout Output impedance 5 f = 100 kHz 

Pr Total power dissipation 1 No input signal, no external load 

tr Rise time 6 Single-ended, Vin = 5 mV 

t f Fall time 6 Single-ended, Vin = 5 mV 

4506 

MIN TYP 

0.5 

2.6 3.1 

40 

3 

1.5 

5 

±1 

75 93 

-45 

85 

40 

6 

7 

35 

165 

9 

9 

+8V 
-8V 

5V 
Vee1 
V~C2 

· -55°C to 700 e 

· -55°C to 1000 e 
· -55°e to 1000 e 
· -55°C to 125°C 

· -65°C to 1500 e 

MAX UNIT 

1.3 V 

3.5 V 

80 p.A 

20 p.A 

5 % 

p.V 

V 

110 

--30 dB 

dB 

MHz 

kn 

pF 

n 
--

220 mW 

12 ns 

12 ns 



TYPES SN5510, SN5510L 
WIDE-BAND VIDEO AMPLIFIERS 

TYPICAL CHARACTERISTICS § 

200 

175 

150 

Q) 
GI 

g,125 
-0 

I 
.t 100 
:c. 
VI 

B 75 
....c 
Cl.. 

50 

25 

PHASE SHIFT 
vs 

FREQUENCY 

I I 
Single-ended 

-Rs = 50 Q 

Rl = 5 kQ 

-TA = 25°C 

~ 
V 

--'" 
V 

~ 
...... ~ 

".".,-
o -"'" 

1 2 4 7 10 20 

f - Frequency - MHz 

FIGURE lS 

§VCC1 + 6 V and VCC2 = -6 V. 

INPUT 

NOTE: See Figure 2 for test circuit. 

I. 

r 
~ 

~ 
~ 

V 

40 70 100 

110 

co 
-0 100 
I 

.2 
0 90 
00:: 

c 
. 2 .. 80 u 

GI .Qj 
00:: 

GI 70 
""8 
~ 
c 60 0 
E 
E 
0 
u 50 I 
00:: 
00:: 

~ 40 
u 

o 

COMMON-MODE REJECTION RATIO 

- -......... 

~: 

1 2 

OUTPUT 

vs 
FREQUEI)ICY 

Si ng'l e~e~d~d 
Rs = 50 Q 

Rl = 5 kQ 

TA = 25°C 

........... 
~ ... 

~ ... 
"-, 

"-~ 
,,~ 

~ 

4 7 10 20 40 70 100 
f - Frequency - MHz 

FIGURE 16 

SCALES 

Horizontal: 10 nsjdivision 

Verticol: Output = 200 mV / division 

Input = 5 mY/division 

FIGURE 17 - OSCILLOSCOPE PRESENTATION OF PULSE RESPONSE 
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TYPES SN5510, SN5510L 
WIDE-BAND VIDEO AMPLIFIERS 

TYPICAL CHARACTERISTICS § 

4508 

SMALL-SIGNAL VOLTAGE GAIN 
VI 

160 
FREE-AIR TEMPERATURE 

Sin~le-ended 

140 t--
Rs = 50 Q 

c 

~ 120 

• CD 
0 
.: 100 
~ 
"0 c 

CD 
Vi 

I 

"0 
Ji 
I .. 
> 

< 

cO 
"'0 

I 
c 
'0 
(!) ., 
0) 

.E 
'0 
> 
C 
c 
0) 

v; 
.!. 
C 
E 

V'l 

I .. 
> 

< 

80 

60 

40 

20 

o 
-75 

50 

40 

30 

20 

10 

o 
1 

RL = 5 kQ 
f = 100 kHz 

............. r----. .......... 

SN55l0L , 

I""" SN5510 - I--+-

-50 -25 o 25 50 75 100 125 
TA - Free-Air Temperature - °C 

FIGURE 11 

SMALL-SIGNAL VOLTAGE GAIN 
vs 

FREQUENCY 

v- -ist10;11 
.'L ~R = 500 0 

- ~ ~ ~ r--.~ 
~ ~ ~ 

Rs = I kQ- lJ' 
Single-ended 
RL = 5 kQ 

TA = 25°C 

2 4 10 20 40 70 100 
f - Frequency - MHz 

FIGURE 13 

§Unless otherwise noted VCC1 = + 6 V, VCC2 = -6 V. 

SMALL-SIGNAL VOLTAGE GAIN VARIATION 
vs 

SUPPLY VOLTAGE 
1.5 

cO 
"'0 CURVE NO. VCC1= VCO= 

I 1.0 
c 
0 

] 0.5 

~ 
c 0 
'0 
(!) 

& -0.5 
.E 
~ -1.0 

C 
c 
.~ -1.5 
V'l 

"0 Ji -2.0 

I 
.. -2.5 
> 

< 
-3.0 

4.0 

cO 
"'0 

50 

I 40 
c 

~ 

o 
1 2 

1 +6 V -Vx 
2 +Vx -6 V 

3 +'Ix I-Vx ~ ~ 
1~ ~ '" L 

./ 
V V ~ 

3V J Single-ended 

/ Rs = 50 Q 

2' 

RL = 5 kQ 

f= 100kHz 

TA = 25°C 

4.5 5.0 5.5 6.0 6.5 7.0 
Vx - Supply Voltage - V 

FIGURE 12 

SMALL-SIGNAL VOLTAGE GAIN 
VI 

FREQUENCY . .. 
Single-ended 

Rs = 50 Q 

Rl :: 5 kQ 

I""I1II ~~ TA :: 25°C 
~ 

1\ 
~ 

4 10 20 40 100 400 1000 
f - Frequency -MHz 

FIGURE 14 



TYPES SN5510, SN5510L 
WIDE-BAND VIDEO AMPLIFIERS 

letter symbol and parameter definitions 

Voo The doc differential voltage that exists between the output terminals when the input terminals are at ground. 

VCMO(av) The overage of the doc output voltages with respect to ground when the input terminals are grounded. 

101 

VCM1M 

CMRR 

BW 

test circuits 

linl ---. 
INPUT 1 

INPUT 2 --.. 
lin2 

The difference in the currents into the two input terminals. 

The maximum common-mode voltage that can be impressed on the input terminals while maintaining differential 
operation. 

The ratio of the differential-mode voltage gain to the common-mode voltage gain. 

The range of frequencies within which the open-loop voltage gain is within 3 dB of the mid-frequency value. 

PARAMETER MEASUREMENT INFORMATION 

Vee 1 

1. Voo = IVout1 - Vout21 1. Single-ended output distortion is measured at A or B 

with VA or VB = 1 V rms, input distortion < 0.2%, 
and f = 10 kHz. Vout1 + Vout2 

2. VCMO(av) = 
2 

3. 101 = II in1 -l in2 1 

4. PT = IVCC1 • Iccil + I VCC2 • Icc21 

FIGURE 1 

2. Avs = I VA or VB I 
Yin 

where: Yin = 1 mV rms and f 

FIGURE 2 

100 kHz. 
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TYPES SN5510, SN5510L 
WIDE-BAND VIDEO AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

test circuits (continued) 

4510 

VN(outl) or VN(out2) 
1. V N( in)---......:..---=----'----'---

where: VN(out) 

INPUT 1 

Avs 

= true rms broad-band 

noise voltage from 

10 Hz to 500 kHz. 

FIGURE 3 

OUTPUT 1 

Zout Zout 

FIGURE 5 

~n 

INPUT 

OUTPUT 1 

OUTPUT 2 

1. Avcm = 20 log IVA or VBI 
I Vin 

where: Vin = 0.3 V rms and f = 100 kHz. 

2. CMRR = 20 log Avs - Avcm 

FIGURE 4 

1. Test circuit is identical to that shown in Figure 2. 

FIGURE 6 - tr and t f VOLTAGE WAVEFORMS 



TYPES SN5510, SN5510L 
MONOLITHIC WIDE-BAND VIDEO AMPLIFIERS 

TYPICAL CHARACTERIS·TICS ~ 

AVERAGE COMMON-MODE OUTPUT OFFSET VOLTAGE 
> vs 

I 
4 QI 

FREE-AIR TEMPERATURE 

C) 

2 
~ 
~ 
5 3 ." """"'" -;:) 

.e-
;:) 

0 
QI 

] 
~ 2 

I 
c: 
0 
E 

8 
u 
II 
C) 

~ 
II 

< SN5510L 
I I 

SN5510 - ~ 

I t 
~ 0 
~ -75 -50 -25 o 25 50 75 100 125 

5 

> 
I 4 
<II 
C) 

2 
0 
> 
~ 3 a.. 
~ 
0 
,.:,t. 
0 
<II 

£l.. 
2 I 

0 
i 

,.:,t. 
0 
<II 

£l.. 

>5 

o 
o 

TA - Free-Air Temperature - °C 

FIGURE 7 

PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

LOAD RESISTANCE 

3% total1hormonic Jistortion 
Single-ended 
f = 10 kHz 
TA = 25°C 

./ 
~ 

( 

2 3 
RL - Load Resistance - kQ 

FIGURE 9 

4 

§Unless otherwise noted Vee1 = + 6 V, Vee2 = -6 V. 

-

5 

80 

70 

4: 60 
2-

~ 50 
c: 
~ 
840 

~E 
20 

10 

o 

~~ 

I NPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 

" ~ ~ 
~ ~ 

SN5,510L 

SN5,10 - r----. 

-75 -50 -25 o 25 50 75 100 125 

8 

> 7 

I 
<II 
C) 6 2 

0 
> 
:i 5 
a.. 
:i 
0 
,.:,t. 4 
0 
<II 

0-
I 
0 3 ,.. 
~ 
0 
<II 

0-
2 

}1 

o 
1 

TA - Free-Air Temperature - °C 

FIGURE 8 

PEAK-TO-PEAK OUTPUT VOLT AGE 
vs 

FREQUENCY 

30,{ I I ~ I ! I d! I I I. ° toto ormonlc Istortlon 
_ Si ng Ie-ended 

Rs = 50 Q 

No external load 
- TA = 25°C 

2 

, 
" ''''-

4 7 10 20 
f - Frequency - MHz 

FIGURE 10 

~ 
~i' 

40 70 100 
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TI Microlibrary 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 • $2.00 

TI SERIES 54/74 INTEGRA TED CIRCUITS 
204 Pages. 80 Illustrations. Published May '66 • $3.00 

Transistor Circuit Design 
523. pages • 526 illustrations • published Jan. '63 • $15.00 

Field-effect Transistors • L. J. Sevin 
138 pages • 137 illustrations • published April '65 • $10.00 

Silicon Semiconductor Technology • \Xl. R. Runyan 
256 pages • 301 illustrations • published May '65 • $16.50 

Communications Handbook (in two parts) 
366 pages total • 417 illustrations • published Mar. '65 • $3.50/set 

Solid-State Communications 
Design of Communications Equipment Using Semiconductors; 
a hardback edition of Communications Handbook. 

366 pages • 417 illustrations • published April '66 • $12.50 

Power Seminar 
214 pages • 149 illustrations • published Nov. '64 • $2.00 

Computer Seminar 
127 pages • 106 illustrations • revised May '65 • $2.00 

Terms: U.S.: F.O.B. destination, bulk rate. 
Other than bulk rate, indicate 
method of shipment, add shipping charges. 

Outside U.S.: Indicate method of shipment, 
add shipping charges. 

Send check or Texas Instruments Incorporated 
money order Post Office Box 5012 
(no purchase Dallas, Texas 75222 
orders) to: Attn: Jack Miller MS75 



SERIES 74 
SEMICONDUCTOR NETWORKSt 

HIGH-SPEED SATURATED TRANSISTOR- TRANSISTOR LOGIC CIRCUITS 

FOR GENERAL-PURPOSE DIGITAL SYSTEM APPLICATIONS 

description 

features 

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 charaderistics over the 
temperature range of OOC 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 o,f general pur
pose industrial digital systems. 

TYPE SN7400 PRIOR TO CAPPING 

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 

• high d-c noise margin - typically one volt 

• low output impedance provides low a-c noise susceptibility 

• waveform integrity over full range of loading and temperature conditions 

• low power dissipation - 10 mW per gate at 500/0 duty cycle 

• 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 . • . . • . • • . . . . . . 

Page 

5002 
5003-5004 
5005-5031 
5032-5043 

5044-5052 
5053-5055 

5056 

tPatented by Texas Instruments. 

~o TEXAS,J~~rR~}l~ ENTS 
SEMICONDUCTOR-COMPONENTS DIVISION 
POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

i 
'" 
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SERIES 74 
_O&ltD fJJltafJJfIlIll"® SEMICONDUCTOR NETWORKS 

5002 

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 
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 multiple-emitter transistor can easily be built in a 
monolithic bar to eliminate the need for conventional input 
diodes. 

circuit operation 
The transistor-transistor logic (TTL) used in Series 74 is anal
ogous to diode-transistor logic (OTL) 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 0 3, If 
inputs A and B are raised to a high voltage, drive current 
will then pass through diode 0 3, 

Vee 

GND 

Figure B Figure A 
Diode AND Logic Series 74 AND Logic 

I n Series 74 TTL circuitry, the multiple-emitter transistor per
forms the same function as the diodes in OTL (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 OTL 
circuit. 

Although one-volt doc noise margins are typical for Series 74 
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 O. 

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

OUTPUT. INPUT -r-----------
2.4 V min. 2 V 
(worst case) (test condition) __ 1 ____________ l __ 

Figure C - Logical 1 Noise Margin 

Vee 

- .... -- ------------------.... -
0.8 V input (test condi t ion) 
0.4 V max. output (worst case) 
0.4 V worst-case noise margin 

OUTPUT INPUT -r--------
O.4Vmax. 0.8V 
(worst case) (test condition) 

-+-- __ 1 ___________ 1 __ 
GND 

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 vee' 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 Vee' and 2 volts on the input - 400 mV less than 
the logical 1 minimum. 

In actual system operation, the majority of circuits do not 
experience worst-case co"ditions of fan-out, supply voltage, 
temperature, and input voltage simultaneously. In addition, 
the threshold voltage of the Series 74 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. 
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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 0 state) frgm a low imped
ance. Typically, logkal 0 output impedance is 12 0 and 
logical 1 output impedance is 70 O. This low output imped
ance in either state reiects capocitively coupled a-c pulses 
and ensures small R-C time constants which preserve wave
shape integrity. 
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standard line summary 

SN7400 See Page 5005 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply Voltage Vee (See Note 1) . 
Input Voltage Vin (See Notes 1 and 2) 
Operating Free-Air Temperature Range 
Storage Temperature Range 

7V 
5.5 V 

OOC to 70°C 

• ~65°C to 150°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 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 TA = OOC to 70°C and Vee = 4.75 V to 
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 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 /LA 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 (Cn +,) 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 

5004 

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 packctge lead, and ensures that no degradation will occur in the propagation delay 
times. Supply voltage Vee, if regulated to 5.5 V maximum, may be used. 

If the supply voltage Vee 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. 



TYPE SN7400 
QUADRUPLE 2-INPUT POSITIVE NAND GATE 

schematic (each gate) 

INPUTS { 
OUTPUT Y 

'-------0() GN D 

Component values shown are nominal. 

recommended operating conditions 

Supply Voltage Vee 

Fan-Out From Each Output, N . . . 

electrical characteristics, TA = O°C to 70°C 

PARAMETER 

Logical 1 input voltage required 

Vin(1 ) at all input terminals to 
ensure logical 0 level at output 

Logical 0 input voltage required 

VinlO) at any input terminal to 

ensure logical 1 level at output 

Vout(1 ) Logical 1 output voltage 

VoutlO) Logical 0 output voltage 

linlO) Logical 0 level input current (each input) 

lin(l) Logical 1 level input current (each input) 

'os Short-circuit output currentt 

leC(o) Logical 0 level supply current (each gate) 

lee(1) Logical 1 level supply current (each gate) 

TEST 
FIGURE 

1 

2 

2 

1 

3 

4 

5 

6 

6 

4Y 4B 4A GND 3B 3A 3Y 

®®® ® ® ®® 

0000000 
1A 1B 1Y Vee 2Y 

positive -.logic 
Y == AB 

TEST CONDITIONS MIN 

Vee = 4.75 V, V outlO) ~ 0.4 V 2 

Vee = 4.75 V, V outll) ~ 2.4 V 

Vee = 4.75 V, Vin = 0.8 V, 
2.4 

lloed = -400 p.A 

Vee = 4.75 V, Vin = 2 V, 

lsi,. = 16 mA 

Vee = 5.25 V, Vin = 0.4 V 

Vee = 5.25 V, Vin = 2.4 V 

Vee = 5.25 V, Vin = 5.5 V 

Vee = 5.25 V, -18 

Vee = 5 V, Vin = 5 V 

Vee = 5 V, Vin = 0 

2A 

TYP 

3.3:/: 

0.22:/: 

3:1: 

1:1: 

2B 

4.75 V to 5.25 V 

1 to 10 

MAX UNIT 

V 

0.8 V 

V 

0.4 V 

-1.6 mA 

40 p.A 

1 mA 

-55 mA 

mA 

mA 

switching characteristics, Vee = 5 V, TA = 25°C, N = 10 

PARAMETER 

tpdo Propagation delay time to logical 0 level 

tpdl Propagation delay time to logical 1 level 

tHat more than one output should be shorted at a time. 

:j:These typical values are at Vee = 5 V, T A = 25°C. 

TEST 
FIGURE TEST CONDITIONS 

50 C1 = 15 pF 

50 C, = 15 pF 

MIN TYP MAX UNIT 

8 15 ns 

18 29 ns 
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TYPE SN7410 
TRIPLE 3-INPUT POSITIVE NAND GATE 

schematic (each gate) 

lC 3Y 3C GND 38 3A 2C 

~------------4-------~--~ vee 
®®@ ® ® 00 

INPUTS { 

OUTPUT Y 

Component values shown are nominal. 

recommended operating conditions 

Supply Voltage Vee 

Fan-Out From Output, N . . . . . 

electrical characteristics, T A = O°C to 70°C 

PARAMETER 

Logical 1 input voltage required 

Vin(1) at all input terminals to 
ensure logical 0 level at output 

Logical 0 input voltage required 

Vin(O) at any input terminal to 

ensure logical 1 level at output 

Vout(1) Logical 1 output voltage 

V out(O) Logical 0 output voltage 

lin(O) Logical 0 level input current (each input) 

lin(1) Logical 1 level input current (each input) 

los Short-circuit output currentt 

leC(o) Logical 0 level supply current (each gate) 

leC(1) Logical 1 level supply current (each gate) 

GND 

TEST 
FIGURE 

1 

2 

2 

1 

3 

4 

5 

6 

6 

0000000 
1A 18 1Y Vee 2Y 

positive logic 
y = ABC 

2A 28 

4.75 V to 5.25 V 

• • • • 1 to 10 

TEST CONDITIONS MIN TYP MAX UNIl 

Vee = 4_75 V, Vout(O) S 0.4 V 2 V 

Vee = 4.75 V, V out(l) ~ 2.4 V 0.8 V 

Vee = 4.75 V, Yin = 0.8 V, 
2.4 3.3* V 

lload = -400 p,A 

Vee = 4.75 V, Vin = 2 V, 
0.22* 0.4 V 

Isink = 16 mA 

Vee = 5.25 V, Vin = 0.4 V -1.6 mA 

Vee = 5.25 V, Vin = 2.4 V 40 p,A 

Vee = 5.25 V, Vin = 5.5 V 1 mA 

Vee = 5.25 V -18 -55 mA 

Vee = 5 V, Vin = 5 V 3* mA 

Vee = 5 V, Vin = 0 1* mA 

switching characteristics, Vee = 5 V, TA = 25°C, N = 10 

PARAMETER -
tpdo Propagation delay time to logical 0 level 

tpdl Propagation delay time to logical 1 level 

tHot more than one output should be shorted at a time. 

*These typical values are at Vee = 5 V, T A = 25°C. 
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TEST 
FIGURE 

50 

50 

TEST CONDITIONS MIN TYP MAX UNIT 

C1 = 15 pF 8 15 ns 

C1 = 15 pF 18 29 ns 



schematic (each gate) 

130 n 

INPUTS 

Component values shown are nominal. 

recommended operating conditions 

Supply Voltage Vee • • • 

Fan-Out From Each Output, N • • • • 

electrical characteristics, T A = ooe to 70°C 

PARAMETER 

Logical 1 input voltage required 

Vinl,) at all input terminals to 
ensure logical 0 level at output 

Logical 0 input voltage required 

Vinlo) at any input terminal to 

ensure logical 1 level at output 

Vout(1) Logical 1 output voltage 

VoutlO) Logical 0 output voltage 

linlo) Logical 0 level input current (each input) 

lin(1) Logical 1 level input current (each input) 

los Short-circuit output currentt 

leC(o) Logical 0 level supply current (each gate) 

leell) Logical 1 level supply current (each gate) 

OUTPUT Y 

GNO 

TEST 
FIGURE 

1 

2 

2 

1 

3 

4 

5 

6 

6 

TYPE SN7420 
DUAL 4 -INPUT POSITIVE NAND GATE 

10 lC 18 GNO 2Y 20 2C 

®@® ® ® 00 

1A lY NC Vee NC 

positive logic 

y = ABeD 

TEST CONDITIONS MIN 

Vee = 4.75 V, V outlO) ~ 0.4 V 2 

Vee = 4.75 V, Vout(1) 2:: 2.4 V 

Vee = 4.75 V, Vin = 0.8 V, 
2.4 

lload = -400 /LA 

Vee = 4.75 V, Vin = 2 V, 

Isink = 16 mA 

Vee = 5.25 V, Vin = 0.4 V 

Vee = 5.25 V, Vin = 2.4 V 

Vee = 5.25 V, Vin = 5.5 V 

Vee = 5.25 V -18 

Vee = 5 V, Vin = 5 V 

Vee = 5 V, Vin = 0 

2A 28 

. 4.75 V to 5.25 V 

1 to 10 

TYP MAX UNIT 

V 

0.8 V 

3.3:1: V 

0.22:1: 0.4 V 

-1.6 mA 

40 /LA 

1 mA 

-55 mA 

3:\: mA 

1:1: mA 

switching characteristics, Vee = 5 V, TA = 25°C, N = 10 

PARAMETER 

tpdo Propagation delay time to logical 0 level 

tpdl Propagation delay time to logical 1 level 

tNot more than one output should be shorted at a time. 

:l:These typical values are at Vee = 5 V, TA = 25°C. 

TEST 
FIGURE TEST CONDITIONS 

50 C1 = 15 pF 

50 C1 = 15 pF 

MIN TYP MAX UNIT 

8 15 ns 

18 29 ns 
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TYPE SN7430 
8-INPUT POSITIVE NAND GATE 

schematic 

NC NC Y GND H G F 

~------.... --~t----o vee ®®@ ® ® 00 

OUTPUT Y 

INPUTS 

L...---..... --o GN D 

Component values shown are nominal. 

recommended operating conditions 

Supply Voltage Vee 

Fan-Out From Output, N 

electrical characteristics, T A = O°C to 70°C 

PARAMETER 

Logical 1 input voltage required 

Vin{1) at all input terminals to 
ensure logical 0 level at output 

Logical 0 input voltage required 

Vin(O) at any input terminal to 

ensure logical 1 level at output 

Vout(1) Logical 1 output voltage 

V out(O) Logical 0 output voltage 

lin(O) Logical 0 level input current (each input) 

1;n(1) Logical 1 level input current (each input) 

los Short-circuit output current 

leC(o) Logical 0 level supply current 

leC(l) Logical 1 level supply current 

TEST 
FIGURE 

1 

2 

2 

1 

3 

4 

5 

6 

6 

NC A B Vee C 

positive logic 

Y = ABCDEFGH 

D E 

4.75 V to 5.25 V 

1 to 10 

TEST CONDITIONS MIN TYP MAX UNIT 

Vee = 4.75 V, Vout(O) ::;; 0.4 V 2 V 

-- -

Vee = 4.75 V, 
~---

V out(1) ~ 2.4 V 0.8 V 

Vee = 4.75 V, Vin = 0.8 V, 
2.4 3.3+ V 

lload = -400 pA 

Vee = 4.75 V, Vin = 2 V, 
0.22:f:- 0.4 V 

Isink = 16 mA 

Vee = 5.25 V, Vin = 0.4 V -1.6 mA 

Vee = 5.25 V, Vin = 2.4 V 40 itA 

Vee = 5.25 V, Vin == 5.5 V 1 mA 

Vee = 5.25 V -18 -55 mA 

Vee = 5V, Vin = 5 V 3:\: mA 

Vee = 5 V, Vin = 0 1 + mA 

switching characteristics, Vee = 5 V, TA = 25°(, N = 10 

TEST 
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX UNIT 

tpdo Propagation delay time to logical 0 level 50 C1 = 15 pF 8 15 ns 

tpdl Propagation delay time to logical 1 level 50 C1 = 15 pF 18 29 ns 

+These typical values are at Vee = 5 V, TA = 25°C. 
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schematic (each gate) 

~------~~----------------.-oVcc 

4 kn 

TYPE SN7440 
DUAL 4-INPUT POSITIVE NAND BUFFER 

1D 1C 18 GNO 2Y 20 2C 

®®@ ® ®00 

OUTPUT Y 

INPUTS 

L...-....... -----~-o GND 
Component values shown are nominal. 

recommended operating conditions 

Supply Voltage Vee 

Fan-Out From Output, N • • . • • 

electrical characteristics, TA = ooe to 700 e 
TEST 

PARAMETER FIGURE 

Logical 1 input voltage required 

Vinlt) at all input terminals to 1 
ensure logical 0 level at output 

Logical 0 input voltage required 

Vinlo) at any input terminal to 2 
ensure logical 1 level at output 

Voutll ) Logical 1 output voltage 2 

VoutlO) Logical 0 output voltage 1 

linlo) Logical 0 level input cu.rrent (each input) 3 

lin(1) Logical 1 level input current (each input) 4 

los Short-circuit output currentt 5 

IcC(O) Logical 0 level supply current (each gate) 6 

leell) Logical 1 level supply current (each gate) 6 

CD0®CD®0CD 
1A 1Y NC NC 

positive logic 
y = ABeD 

2A 28 

4.75 V to 5.25 V 

• • • • • 1 to 30 

TEST CONDITIONS MIN TYP MAX UNIT 

Vee = 4.75 V, V outlO) ~ 0.4 V 2 V 

Vee = 4.75 V, V outll) ~ 2.4 V 0.8 V 

Vee = 4.75 V, Vin = 0.8 V, 
2.4 3.3:j: V 

I'oad = -1.2 mA 

Vee = 4.75 V, Vin = 2 V, 
0.28:j: 0.4 V 

Isink = 48mA 

Vee = 5.25 V, Vin = 0.4 V -1.6 mA 

Vee = 5.25 V, Vin = 2.4 V 40 p.A 

Vee = 5.25 V, Vin = 5.SV 1 mA 

Vee = 5.25 V -18 -70 mA 

Vee = 5 V, V in = 5 V 8.6:j: mA 

Vee = 5 V, Vin = 0 2 :j: mA 

switching characteristics, Vee = 5 V, TA = 25°e, N = 30 

PARAMETER 

tpdO Propagation delay time to logical 0 level 

tpdl Propagation delay time to logical 1 level 

tHot more than one output should be shorted at a time. 

:j:These typical values are at Vee = 5 V, T A = 25°C. 

TEST 
FIGURE TEST CONDITIONS 

50 C1 = 15 pF 

50 CI = 15 pF 

MIN TYP MAX UNIT 

8 15 ns 

18 29 ns 
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TYPES SN7450, SN7451 
DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATES 

schematic (each gate) 

_-----4 ...... ---...... ----...... --0 V ee 

OUTPUT 
Y 

EXPANDER 
INPUTS ON 
GATE 10F 

SN7450 ONLY 
(See Note 4) 

~----------------~--4 GND 

NOTES: 1. Component values shown are nominal. 

2. Both SN7450 expander inputs are used simultaneously for expanding with the SN7460. 

3. If expander is not used leave pins G) and CD open. 

4. Make no external connedion to pins G) and CD of the SN7451. 

5. A total of four expander gates may be connected to the SN7450 expander. 

recommended operating conditions 

Supply Voltage Vee • • • • 

Fan-Out From Each Output, N • • • 

10 1C 1Y GND 2Y 20 2C 

®®®® ® <DC!) 

CD000®®CD 
1X 1X 1A Vee 18 2A 28 
~ 

SN7450 ONLY 
(See Note 4) 

positive logic 
Y = (AB) + (CD) + (X of SN7450) 
(SN7450 X) = ABCD from SN7460 

.4.75 V to 5.25 V 
1 to 10 

electrical characteristics, TA = ooe to 700 e, pins (!) and ® open 

PARAMETER 

Logical 1 input voltage required 
Vinll ) at both input terminals of either AND 

section to ensure logical 0 at output 

Logical 0 input voltage required 

Vinlo) at one input terminal of each AND 

section to ensure logical 1 at output 

Vout(1 ) Logical 1 output voltage 

VoutlO) Logical 0 output voltage 

'inlo) Logical 0 level input current (each input) 

linll) Logical 1 level input current (each input) 

'os Short-circuit output currentt 

'eelo) 
Logical 0 level supply current 
(each gate) 

leell) 
Logical 1 level supply current 
(each gate) 

tHot more than one output should be shorted at a time. 

:j:These typical values are at Vee = 5 V, TA = 25°C. 

5010 

TEST 
FIGURE 

7 

8 

8 

7 

9 

10 

11 

12 

13 

TEST CONDITIONS MIN TVP MAX UNIT 

Vee = 4.75 V, VoutlO) :::;; 0.4 V 2 V 

Vee = 4.75 V, V outll) ~ 2.4 V 0.8 V 

Vee = 4.75 V, Vin = 0.8 V, 
2.4 3.3:j: V 

'Ioed = -400 /LA 

Vee = 4.75 V, Vin = 2 V, 0.22:j: 0.4 V 
'si,* = 16 mA 

Vee = 5.25 V, Vin = 0 -1.6 mA 

Vee = 5.25 V, Vin = 2.4 V 40 p.A 

Vee = 5.25 V, Vin = 5.5 V 1 mA 

Vee = 5.25 V -18 -55 mA 

Vee = 5 V, Yin = 5 V 3.7:j: mA 

Vee = 5V, Vin = 0 2:j: mA 



TYPES SN7450, SN7451 
DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATES 

electrical characteristics <SN7450 only) using expander inputs, TA = Goe 

PARAMETE'R TEST TEST CONDITIONS MIN TVP MAX UNIT FIGURE 

Ix Expander current 14 
Vee = 4.75 V, VI = 0.4 V, 

3.1 mA 
lsi,. = 16 mA 

V8E(Q) 
Base-emitter voltage 

15 
Vee = 4.75 V, lsi,. = 16 mA, 

1 V of output transistor (Q) II = 0.62 mA, RI = 0 

Vout(l) Logical 1 output voltage 16 
Vee = 4.75 V, II00d = -400 p.A, 

2.4 3.3:\: V II = 0.15 mA, 12 = -0.15 mA 

V out(O) Logical 0 output voltage 15 
Vee = 4.75 V, lsi,. = 16 mA, 

0.22:\: 0.4 V I, = 0.43 mA, R, = 130 {} 

:\:These typical values are at Vee = 5 V, TA = 25°(. 

switching characteristics, Vee = 5 V, TA = 25°e, pins (!) and ® open, N = 10 

PARAMETE'R TEST TEST CONDITIONS MIN TVP MAX UNIT FIGURE 

tpdo 
Propagation delay time to 

50 C, = 15 pF 8 15 ns logical 0 level 

tpd, 
Propagation delay time to 

50 C, = 15 pF 18 29 ns logical 1 level 
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TYPES SN7453, SN7454 
4-WIDE 2-INPUT AND-OR-INVERT GATES 

schematic 

H G Y GND NC F E 

®®@ ® ® 00 
E 

INPUTS INPUTS 

B F 

INPUTS Xo-----~~_.~---J 
EXPANDER { 

SN 7453 ONLY 5(0-----+--+-..... -...., OUTPUT Y 
( See Note 4) 

G 

INPUTS INPUTS 
..... -+---0 

o H 

Q 

1 kQ 
....... _""',..,..--.... --0 GND 

NOTES: 1. Component values shown are nominal. 

2. Both SN7453 expander inputs are used simultaneously for expanding with 
the SN7460. 

3. If SN7453 expander is not used leave pins <D and Q) open. 

4. Make no external connection to pins CD and CD of the SN7454. 

5. A total of four expander gates may be connected to the SN7453 expander 
inputs. 

recommended operating conditions 

Supply Voltage Vee 

Fan-Out From Each Output, N • 

000CD0®CD 
~ A Vee BCD 

SN7453 ONLY 
(See Note 4) 

positive logic 

Y = (AB) + (CD) + (EF) + (GH) + (X of SN7453) 
(SN7453 X) = ABCO from SN7460 

• 4.75 V to 5.25 V 

• • • • 1 to 10 

electrical characteristics, TA = ooe to 700 e, pins G) and ® open 

PARAMETER 

Logical 1 input voltage required 
Vin(1 ) at both input terminals of either AND 

section to ensure logical 0 at output 

Logical 0 input voltage required 

Vinlo) at one input terMinal of each AND 

section to ensure logical 1 at output 

Vout(1 ) Logical 1 output voltage 

Vout(OI Logical 0 output voltage 

linlO) Logical 0 level input current (each input) 

lin(1) Logical 1 level input current (each input) 

los Short-circuit output currentt 

lee(o) Logical 0 level supply current 

lee(1) Logical 1 level supply current 

tNot more than one output should be shorted at a time. 

:l:These typical values are at Vee = 5 V, TA = 2S0C. 
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TEST 
FIGURE 

7 

8 

8 

7 

9 

10 

11 

12 

13 

TEST CONDITIONS MIN TYP MAX UNIT 

Vee = 4.75 V, V out/Ol ~ 0.4 V 2 V 

Vee = 4.75 V, V out(1) ~ 2.4 V 0.8 V 

Vee = 4.75 V, Vin = 0.8 V, 
2." 3.3:1: V lload = -400 p,A 

Vee = 4.75 V, Vin = 2 V, 0.22:1: 0." V 
lsi,. = 16 mA 

Vee = 5.25 V, Vin = 0 -1.6 mA 

Vee = 5.25 V, Vin = 2.4 V 40 p,A 

Vee = 5.25 V, Vin = 5.5 V 1 mA 

Vee = 5.25 V -18 -55 mA 

Vee = 5 V, Vin = 5 V 3.7 :I: rnA 

Vee = 5V, Vin = 0 2:1: mA 



TYPES SN7453, SN7454 
4-WIDE 2-INPUT AND-OR-INVERT GATES 

electrical characteristics (SN7453 only) using expander inputs, TA = ooe 

PARAMETER TEST TEST CONDITIONS MIN TYP FIGURE MAX UNIT 

Ix Expander current 14 
Vee - 4.75 V, V, - 0.4 V, 

3.1 rnA 
Isi'* = 16 rnA 

YBE(Q) 
Base-emitter voltage 

15 
Vee - 4.75 V, Isink - 16 rnA, 

V of output transistor (Q) I, = 0.62 rnA, R, = 0 1 

Y OU+(l) Logical 1 output voltage 16 
Vee - 4.75 V, .lload - -400 uA., 

2.4 3.3+ V I, = 0.15 rnA, 12 = -0.15 rnA 

You+(O) Logical 0 output voltage 15 
Vee - 4.75 V, Isi'* - 16 rnA, 

0.22+ 0.4 V I, = 0.43 rnA, R, = 1300 

+These typical values are at Vee = S V, T ... = 25°(' 

switching characteristics(SN7453 andSN7454}, Vee = 5 V, TA = 25°e, pins G) and @ open, N = 10 

PARAMETER 
TEST TEST CONDITIONS MIN TYP MAX UNIT 

FIGURE 

tpdo 
Propagation delay time to 

50 
logical 0 level 

C1 = 15 pF 8 15 ns 

tpdl 
Propagation delay time to 

50 
logical 1 level 

C1 = 15 pF 18 29 ns 
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TYPE SN7460 
DUAL 4-INPUT EXPANDER 

schematic 

__ -------------------0 Vee 

4 kQ 

INPUTS 

Pin ® or @ 
See Note 1 

OUTPUT 

Pin CD or @ 
See Note 2 

2X ix 20 GNO 2C 

®@@ ® @ 

positive logic 
X = ABeD 

28 2A 

00 

NOTES: 1. Connect pin 0 or ® to pin 0 of SN7450 or SN7453. 

2. Connect pin Q) or ® to pin 0 of SN7450 or SN7453. 

when connected to pins G) and ® of 
SN7450 or SN7453 

5014 

3. Component values shown are nominal. 

recommended operating conditions 

Supply Voltage vee' • • • • • • • • • • • • • • • • • • • • • • 

Maximum number of expanders that may be fanned-in ta one SN7450 or one SN7453 

electrical chara'cteristics (unless otherwise noted TA = O°C to 70°C) 

TEST 
PARAMETER FIGURE TEST CONDITIONS 

Logical 1 input voltage required 
Vee = 4.75 V, V, = 1 V, Vin(1 ) at all input terminals to 17 

ensure output on level R = 1.1 kO, TA = oOe 

Logical 0 input voltage required Vee = 4.75 V, V t = 4.5 V, 
Vinlo) at any input terminal to 18 R = 1.2 kO, 10ff = 0.15 mA, 

ensure output off level current TA = oOe 

Voo 
Vee = 4.75 V, Vin = 2 V, 

Output voltage on level 17 V t = 1 V, R = 1.1 kO, 
TA = oOe 

I off Output off level current 
Vee = 4.75 V, Vin = 0.8 V, 

18 V t = 4.5 V, R = 1.2 kO, 
TA = oOe 

100 Output on level current 19 
Vee = 4.75 V, Vin = 2 V, 
V t = 1 V 

linlo) Logical 0 level input current (each input) 18 Vee = 5.25 V, Vin = 0.4 V 

linlt) 
Vee = 5.25 V, Vin = 2.4 V 

Logical 1 level ;nput current (each input) 20 
Vee = 5.25 V, Vin = 5.5 V 

leC(oo) On level supply current (each gate) 21 
Vee = 5 V, Vin = 5V, 

VI = 0.85 V 

lee(ofij Off level supply current (each gate) 21 Vee = 5 V, V in = 0, 
V, = 0.85 V 

switching characteristics, Vee = 5 V, TA = 25°C, N = 10 

TEST 
PARAMETER FIGURE TEST CONDITIONS 

tpdo 
Propagation delay time to logical 0 level 

51 Ct = 15 pF (through SN7450 or SN7453) 

tpdt 
Propagation delay time to logical 1 level 

51 C, = 15 pF (through SN7450 or SN7453) 

:j:These typical values are at Vee = 5 V, T A = 25° C. 

4.75 V to 5.25 V 

• . •• 4 

MIN TVP MAX UNIT 

2 V 

0.8 V 

0." V 

270 p.A 

-0.43 mA 

-1.6 mA 

40 p.A 

1 mA 

0.6:\: mA 

1 :j: mA 

MIN TVP MAX UNIT 

10 20 ns 

20 34 ns 



TYPE SN7470 
J·K FLIP·FLOP 

logic 

TRUTH TABLE 

tn tn+1 

J K Q 

0 0 Qn 

0 1 0 
1 0 1 

1 1 Qn 

NOTES: 1. J = Jl • J2 • J*. 

2. I = 11 • 12 • 1*. 
3. tn = lit time befon clock pulse. 

4. tn + 1 = Bit time after clock pulse. 

5. If inputs J* or 1* are not used they must be grounded. 

K1 K'* Q GND Q J* J2 

®®®® @ 00 

CD000000 
K2 Clock Preset Vee Clear NC 

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. 

J1 

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 
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 Vee. • 
Fan-Out From Each Output, N . 
Clock Pulse Transition Time to Logical 1 Level, t'(clock) 
Width of Clock Pulse, tp(clock) (See Figure 53) 
Width of Preset Pulse, tp(preset) (See Figure 52) 
Width of Clear Pulse, tp(cI8llr) (See Figure 52) 

(See Figure 53) • 

4.75 V to 5.25 V 
1 to 10 

• 5 to 150 ns 
. ~ 20 ns 

• • ~ 25 ns 
• • ~ 25 ns 

SOlS 



TYPE SN7470 
J-K FLIP-FLOP 

electrical characteristics, TA = ooe to 70°C 

PARAMETER 

Input voltage required to 
Vin(1) ensure logical 1 at any 

input terminal 

Input voltage required to 

Vin!oJ ensure logical 0 at any 
input terminal 

Voutl11 Logical 1 output voltage 

Voutlol Logical 0 output voltage 

lin[O) 
Logical 0 level input current 

at J1, J2, J*, Kl, K2, K*, or clock 

lin[O) 
Logical 0 level input current 

at preset or clear 

Logical 1 level input current 
lin[') at J1, J2, J*, K1, K2,'K*, or clock 

Logical 1 level input current 
lin!') at preset or clear 

los Short-circuit output currentt 

Icc Supply current 

tHot more than one output should be shorted at a time. 

:f:These typical values are 01 Vee = 5 V, TA = 25°(. 

TEST 
FIGURE TEST CONDITIONS 

22 Vee = 4.75 V 

23 Vee = 4.75 V 

22 Vee = 4.75 V, l'OIId = -400 p.A 

23 Vee = 4.75 V, Isir« = 16 mA 

24 Vee = 5.25 V, Vin = 0.4 V 

24 Vee = 5.25 V, Vin = 0.4 V 

25 
Vee = 5.25 V, Vin = 2.4 V 

Vee = 5.25 V, Vin = 5~5 V 

25 
Vee = 5.25 V, Vin = 2.4 V 

Vee = 5.25 V, Vin = 5.5 V 

26 Vee = 5.25 V, Vin = 0 

25 Vee = 5 V, Vin = 5 V 

switching characteristics, Vee = 5 V, TA = 25°e, N = 10 

TEST 
PARAMETER FIGURE TEST CONDITIONS 

fc10ck Maximum clock frequency 53 C1 = 15 pF 

tsetup 
Minimum input 

53 C1 = 15 pF 
setup time 

tho1d 
Minimum input 

53 C1 = 15 pF 
hold time 

Propagation delay time to logical 

tpdl 1 level from clear or preset 52 C, = 15 pF 
to output 

Propagation delay time to logical 

tpdo o level from dear or preset 52 C1 = 15 pF 
to output 

tpdl 
Propagation delay time to logical 53 C1 = 15 pF 
1 level from clock to output 

tpdo 
Propagation delay time to logical 
o level from clock to output 

53 C1 = 15 pF 

5016 

MIN TYP MAX UNIT 

2 V 

0.8 V 

2.4 3.5t V 

0.22t 0.4 V 

-1.6 mA 

-3.2 mA 

40 p.A 

1 mA 

80 p.A 

1 mA 

-18 -57 mA 

13:1: mA 

MIN TYP MAX UNIT 

20 35 MHz 

10 20 ns 

0 5 ns 

50 ns 

50 ns 

10 27 50 ns 

10 18 50 ns 



schematic 

130n 1.6kn 3kn 

.... ., ~ , ~ 

PRESET 

K* 

Kl 

K2 

CLOCK 

~ 

4kn 

\\\ 

VI" 

Component values shown are nominal. 

~ 
lkn lkn 

4kn 

( 

4kn 

4kn 4kn 

/ '" 1/ \ 

.... ~ ., ..... 

4kn 4kn 

00 
2.5kn c1 ~ 

3kn 

1 kn 

~ 

1.6kn 

~ .. 

TYPE SN7470 
J-K FLIP-FLOP 

Vee 

130n 

~ 
K ' K K 

Q 

1kn 

4kn 4kn 

III 

'jy 
~~ 

GND 

CLEAR 

J* 

J1 

J2 
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TYPE SN7472 
J-K MASTER-SLAVE FLIP-FLOP 

logic 

TRUTH TABLE 

tn tn+ 1 

J K Q 

0 0 Q n 

0 1 0 

1 0 1 

1 1 Qn 

NOTES: 1. J = J1 • J2 • J3 
2. K = K1 • K2 • K3 
3. In = Bit lime before clock pulse. 
4. In + 1 = Bit time after clock pulse. 

description 

The SN7472 J-K 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 conned 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 

Supply Voltage Vee' • • . • • 
Fan-Out From Each Output, N. • . 

S018 

Width of Clock Pulse, tp(clock) (See Figure 54) • 

Width of Preset Pulse, tp(preset) (See Figure 55) 
Width of Clear Pulse, tp(clear) (See Figure 55) • 
Input Setup Time, tsetup (See Figure 54) • 
Input Hold Time, thold • • • • • • • • 

Kl K3 Q GND Q J3 J2 

®®® ® ® ®@ 

CD000®®CD 
K2 Clock Preset Vee Clear NC J 1 

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 

• 4.75 V to 5.25 V 
1 to 10 
~ 20ns 
~ 25ns 
~ 25n5 

~ Applied Clock Pulse Width 
• ••••••• ~O 



electrical characteristics, T A = ooe to 70°C 

PARAMETER 

Input voltage required to 
Vin(l) ensure logical 1 at any 

input terminal 

Input voltage required to 

Vin(O) ensure logical 0 at any 
input terminal 

Vout(l) Logical 1 output voltage 

Vout(O) Logical 0 output voltage 

lin(O) 
Logical 0 level input current 

at J1, 12, J3, K1, K2, or K3 

lin(O) 
Logical 0 level input current 

at preset, clear, or clock 

lin(l) 
Logical 1 level input current 

at J1, 12, J3, K1, K2, or K3 

Logical 1 level input current 
lin(l) at preset, clear, or clock 

los Short-circuit output currentt 

lee Supply current 

tNot more than one output should be shorted at a time. 

:j:These typical values are at Vee = 5 V, TA = 25°C. 

TEST 
FIGURE 

27 

27 

27 

28 

29 

29 

30 

30 

31 

30 

TYPE SN7472 
J-K MASTER-SLAVE FLIP-FLOP 

TEST CONDITIONS MIN TYP MAX UNIT 

Vee = 4.75 V 2 V 

Vee = 4.75 V 0.8 V 

Vee = 4.75 V, lload = -400 p.A 2.4 3.5:j: V 

Vee = 4.75 V, Isink = 16 mA 0.22:j: 0.4 V 

Vee = 5.25 V, V in = 0.4 V -1.6 mA 

Vee = 5.25 V, V in = 0.4 V -3.2 mA 

Vee = 5.25 V, V in = 2.4 V 40 p.A 

Vee = 5.25 V, V in = 5.5V 1 mA 

Vee = 5.25 V, Vin = 2.4 V 80 p.A 

Vee = 5.25 V, V in = 5.5 V 1 mA 

Vee = 5.25 V, Vin = 0 -18 -57 mA 

Vee = 5 V, Vin = 5 V 8:j: mA 

switching characteristics, Vee = 5 V, TA = 25°e, N = 10 

PARAMETER 
TEST TEST CONDITIONS MIN TYP MAX UNIT 

FIGURE 

fclock Maximum clock frequency 54 C, = 15 pF 10 15 MHz 

Propagation delay time to logical 
tpdl 1 level from clear or preset 55 C, = 15 pF 26 50 ns 

to output 

Propagation delay time to logical 

tpdo o level from clear or preset 55 C, = 15 pF 34 50 ns 
to output 

tpdl 
Propagation delay time to logical 

54 C, = 15 pF 1 level from clock to output 
10 26 50 ns 

tpdo 
Propagation delay time to logical 

54 C, = 15 pF o level from clock to output 
10 34 50 ns 
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TYPE SN7472 
J .. K MASTER·SLAVE FLlp·FLOP 

functional block diagram 

PRESETo--~""",---~ 

K1O---~ 

K2 

K3 

schematic 

CLOCK 

..----_ ....... ........0 CLEAR 

1-----oJ1 

J2 

J3 

~---~~--.--.--------~------.------~---------~Vcc 

Q 0----+----.. 

PRESET 0-----4 ....... -------------+-... 

K1 

K2 

K3 

4 kG 

6kG 3.5 kG 4kS1 

2 kG 

130G 

.---....... ---00 

~------------____ll_+_--o CLEAR 

4kG 3.5kG 6 kG 

2kG 

4 kG 
J1 

J2 

J3 

----....... ------+----~-----------*------+-----_4---~GND 

CLOCK 

Component values shown are nominal. 
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logic 

TRUTH TABLE {Each Flip-Flop} 

to to+ 1 

J K Q 

0 0 Qn 

0 1 0 

1 0 1 

1 1 Qo 

NO'I'ES: 1. to= Bit time before clock pulse. 
2. t n + 1 = Bit time after dock pulse. 

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 
sequent:e 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 Vee' . • . . . 
Fan-Out From Each Output, N. . . 
Width of Clock Pulse, tp(clock}) (See Figure 54) . 

Width of Clear Pulse, tp(clear) (See Figure 55) . 

Input Setup Time, tsetup (See Figure 54) . 
Input Hold Time, thold • • • • • . 

TYPE SN7473 
DUAL J-K MASTER-SLAVE FLIP-FLOP 

J Q Q GND K Q Q 

@®@ ® ® 00 

CD0CD00®CD 
Clock Clear K Vee Clock Clear J 

positive logic 
Low input to clear sets Q to logical 0 

Clear is independent of clock 

HIGH 

lOW 

SN7473 CLOCK WAVEFORM 

.4.75 V to 5.25 V 
1 to 10 
~ 20 ns 

~ 25 ns 

~ Applied Clock Pulse Width 

. ••••••. ~ 0 
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TYPE SN7473 
DUAL J-K MASTER-SLAVE FLIP·FLOP 

electrical characteristics, T A = OOC to 70°C 

PARAMETER 

Input voltage required to 

Vin(1, ensure logical 1 at any 
input terminal 

Input voltage required to 

Vin(O) ensure logical 0 at any 
input terminal 

Voutll ) Logical 1 output voltage 

VoutlO) Logical 0 output voltage 

linlol 
Logical 0 level input current 
at J or K 

lin!ol 
Logical 0 level input current 
at clear or clock 

Logical 1 level input turrent 
lin!,) at J or K 

Logical 1 level input current 
lin!l) at clear or clock 

lOS Short-circuit output currentt 

Icc Supply current (each flip-flop) 

tHot more than one output should be shorted at a lime. 

:t:These typical values are at Vee = 5 V, TA = 25°C. 

TEST 
FIGURE 

32 

32 

32 

33 

34 

34 

35 

35 

36 

35 

TEST CONDITIONS 

Vee = 4.75 V 

Vee = 4.75 V 

Vee = 4.75 V, lload = -400 p.A 

Vee = 4.75 V, Isirk = 16 mA 

Vee = 5.25 V, Vin = 0.4 V 

Vee = 5.25 V, Vin = 0.4 V 

Vee = 5.25 V, Vin = 2.4 v 

Vee = 5.25 V, Vin = 5.5 V 

Vee = 5.25 V, Vin = 2.4 V 

Vee = 5.25 V, "'in = 5.5V 

Vee = 5.25 V, Vin = 0 

Vee = 5V, Vin = 5V 

switching characteristics, Vee =5 V, TA=25°C, N = 10 

PARAMETER TEST 
TEST CONDITIONS FIGURE 

fc10ck Maximum clock frequency 54 C, = 15 pF 

tpdl 
Propagation delay time to logical 

55 C, = 15 pF 1 level from clear to output 

tpdo 
Propagation delay time to logical 

55 C, = 15 pF o level from clear to output 

tpdl 
Propagation delay time to logical 

54 C, = 15 pF 1 level from clock to output 

tpdo 
Propagation delay time to logical 

54 C, = 15 pF o level from clock tC)loutput 

5022 

MIN TYP MAX· UNIT 

2 V 

0.8 V 

2.4 3.5:1: V 

0.22:1: 0.4 V 

-1.6 mA 

-3.2 mA 

40 p.A 

1 mA 

80 p.A 

1 mA 

-18 -57 mA 

8:1: mA 

MIN TYP MAX UNIT 

10 15 MHz 

26 50 ns 

34 50 ns 

10 26 50 ns 

10 34 50 ns 



functional block diagram (each flip.flop) 

Ko----I 

CLOCK 

schematic (each flip.flop) 

TYPE SN7473 
DUAL J-K MASTER-SLAVE FLIP-FLOP 

o-...... -oQ 

.--------4~~CLEAR 

t-----oJ 

__ ---.--~~~----_4-----~~--_.--------~vcc 
130 G 1.6kG 4kG 4kG 1.6kG 130 G 

Qo---...... --... 

"--------------+-"'---0 CLEAR 

6 kG 3.5 kG 4 kG 4 kG 3.5 kG 6 kG 

4 kG 4kG 

K J 

2kG 2kG 

~--~---~-~---------~--_4----_;-~GND 

CLOCK 

Component values shown are nominal. 
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TYPE SN7474 
DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOP 

logic 

TRUTH TABLE (Each Flip-Flop) 

tn tn+1 

INPUT 0 OUTPUT OUTPUT 
Q Q 

0 0 1 

1 1 0 

NOTES: 1. tn = bit time before clock pulse. 

2. tn+ 1 = bit time after clock pulse. 

Preset Q Q GND Q Q Preset 

®®® ® ® 00 

0000000 
Clock D Clear Vee Clear D 

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 

Clock 

description 

The SN7474 is a monolithic, dual, Ootype, 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 (0) 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 

5024 

Supply Voltage Vee . . 

Fan-Out From Each Output, N 

Width of Clock Pulse, tp(clock) (See Figure 56) • 

Width of Preset Pulse, tp(preset) (See Figure 53) 

Width of Clear Pulse, tp(clear) (See Figure 53) . 

• 4.75 V to 5.25 V 

• 1 to 10 

~ 30 ns 

~ 30 ns 

~ 30 ns 



electrical characteristics, T A = ooe to 700e 

PARAMETER 

Input voltage required to 
Vin(1) ensure logical 1 at any 

input terminal 

Input voltage required to 

Vin!O) ensure logical 0 at any 
input terminal 

Vout(1) Logical 1 output voltage 

Vout(O) Logical 0 output voltage 

lin(O) 
Logical 0 level input 
Current at preset or 0 

lin(O) 
Logical 0 level input current 
at clear or clock 

Logical 1 level input 
lin(1) current at 0 

Logical 1 level input current 
lin{l) at preset or clock 

lin[1) 
Logical 1 level input 
current at clear 

los Short-circuit output currentt 

lee Supply current (each flip-flop) 

tHot more than one output should be shorted at a time. 
:j:These typical values are at Vee = 5 V, TA = 25°C. 

TEST 
FIGURE 

37 

37 

37 

38 

39 

39 

40 

40 

40 

41 

40 

TYPE SN7474 
DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOP 

TEST CONDITIONS MIN TVP MAX UNIT 

Vee = 4.75 V 2 V 

Vee = 4.75 V 0.8 V 

Vee = 4.75 V, Iload = -400 p.A 2.4 3.5 + V 

Vee = 4.75 V, lsi .. = 16 mA 0.22+ 0.4 V 

Vee = 5.25 V, Vin = 0.4 V -1.6 mA 

Vee = 5.25 V, Vin = 0.4 V -3.2 mA 

Vee = 5.25 V, Vin = 4.5V 40 p.A 

Vee = 5.25 V, Vin = 5.5 V 1 mA 

Vee = 5.25 V, Vin = 2.4 V 80 p.A 

Vee = 5.25 V, Vin = 5.5 V 1 mA 

Vee = 5.25 V, Vin = 2.4 V 120 p.A 

Vee = 5.25 V, Vin = 5.5 V 1 mA 

Vee = 5.25 V, Vin = 0 -18 -57 mA 

Vee = 5V, Vin = 5 V 8.5 + mA 

switching characteristics, Vee = 5 V, T A = 25°e, N = 10 

PARAMETER 

fclock Maximum clock frequency 

tsetup Minimum input setup time 

thold Minimum input hold time 

Propagation delay time to logical 
1 level from clear or preset 
to output 

Propagation delay time to logical 
tpdo 0 level from clear or preset 

to output 

Propagation delay time to logical 

1 level from clock to output 

Propagation delay time to logical 

o level from clock to output 

TEST 
FIGURE 

56 

56 

56 

53 

53 

56 

56 

TEST CONDITIONS MIN TVP MAX UNIT 

15 MHz 

C1 = 15 pF 15 20 ns 
C

1 
= 15 pF-;-'----------+----2---5-+-n-

s
--i 

C1 = 15 pf 25 ns 

C1 = 15 pF 40 ns 

C1 = 15 pF 10 28 35 ns 

C1 = 15 pF 10 20 50 ns 
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TYPE SN7474 
DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOP 

functional block diagram (each flip-flop) 

PRESET o----~~ 

CLEAR G---4 ....... --~ o-..---oQ 

o-...... --oQ 
CLOCK O--........ --..-.....j 

schematic (each flip-flop) 

r---1-----------------~-----.--~--~vcc 

4kn 4kn 1.6kn 130 n 

PRE SET o--------.----+-----f.--------------. 

CLEAR 0--+--41...-------' 

4 kn 1.6 kn 130 
n 

C LaC K O--J--f--..----J 

D 0----4------' 1kn 

~------__ ~--~--~--~GND 

Component values shown are nominal. 
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logic 

TRUTH TABLE (See Notes 1, 2, and 3) 

en B A Cn+ 1 ~ ~ 

0 0 0 1 1 0 

0 0 1 1 0 1 

0 1 0 1 0 1 

0 1 1 0 1 0 

1 0 0 1 0 1 

1 0 1 0 1 0 

1 1 0 0 1 0 

1 1 1 0 0 1 

NOTES: 1. A = A*· Ae' B = B*· Be 
where A* = A1·A2, B* = B,·Bz 

2. When A* or B* are used as inputs, A, and Az or a, and B2 
respectively must be connected to GND. 

3. When A, and A2 or B, and B2 are used as inputs, A* or B* 
respectively must be open or used to perform Dot·OR logic. 

TYPE SN7480 
GATED FULL ADDER 

0000000 
A 

c 
8 

c 
C 

n 

description 

The SN7480 is a !ingle-bit, high-speed, binary full adder with gated complementary inputs, complemen
tary sum (I and I) 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 

Maximum Allowable Fan-Out From Outputs: 

Cn + 1 , N 

I or I, N . 

A* or B*, N 

. 4.75 V to 5.25 V 

1 to 5 

1 to 10 
1 to 3 
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TYPE SN7480 
GATED FULL ADDER 

electrical characteristics, T A = ooe to 700 e 

PARAMETER 

Vin(11 Logical 1 input voltage 

Vin(OI Logical 0 input voltage 

Vout(11 Logical 1 output voltage 

Vout(OI Logical 0 output voltage 

Logical 0 level input 

'in(OI current at AI' Az, B
" B2, Ae orBe 

'in(OI 
Logical 0 level input current 

at A* or B* 

'in(OI 
Logical 0 level input current 

at Cn 

Logical 1 level input current 
lin(1I 

at A,l A.2, BI' B2, Ae or Be 

lin(11 
Logical 1 level input current 

at Cn 

los 
Short-circuit output 

current at I or It 

los 
Short-circuit output 

current at Cn + It 

Icc Supply current 

tNoI more than one output should be shorted at a time. 

:j:These typical values are at Vee = 5 V, TA = 25°C. 

TEST 
FIGURE 

42 and 43 

42 and 43 

43 

42 

44 

45 

45 

46 

47 

48 

48 

49 

switching characteristics, Vee = 5 V, TA = 25°e 

PARAMETER ~ FROM TO FIGURE 57 
INPUT OUTPUT TEST NO. 

tpdl 
Cn Cn+ 1 

1 

tpdo 2 

tpdl 
Cn+ l 

3 

tpdo 
Be 

4 

tpdl 
Ae ~ 

5 

tpdo 6 

tpdl - 7 

tpdo 
Be ~ 

8 

tpdl 
A1 A* 

9 

tpdo 10 

tpdl 
B, B* 

11 

tpdO 12 

TEST CONDITIONS 

Vee = 4.75 V, Vin(OI = 0.8 V, 

V 0I1f(11 ~ 2.4 V, Vout(OI :::; 0.4 V 

Vee = 4.75 V, Vin(11 = 2 V, 

V out(11 ~ 2.4 V, Vout(OI :::; 0.4 V 

Vee = 4.75 V 

Vee = 4.75 V 

Vee = 5.25 V, Vin = 0.4 V 

Vee = 5.25 V, Vin = 0.4 V 

Vee = 5.25 V, Yin = 0.4 V 

Vee = 5.25 V, Vin = 2.4 V 

Vee = 5.25 V, Yin = 5.5 V 

Vee = 5.25 V, Yin = 2.4 V 

Vee = 5.25 V, Vin = 5.5 V 

Vee = 5.25 V 

Vee = 5.25 V 

Vee - 5 V 

TEST CONDITIONS 

N=5 

N=5 

N =5 

N=5 

N = 10 

N = 10 

N = 10 

N = 10 

CL = 15 pF 

CL = 15 pF 

CL = 15 pF 

CL = 15 pF 

~tpdl is propagation delay lime to logical 1 level. tpdO is propagation delay time to logical 0 level. 

5028 

MIN TVP MAX UNIT 

2 V 

0.8 V 

2.4 3.5+ V 

0.22:j: 0.4 V 

- 1.6 mA 

-2.6 mA 

-8 mA 

15 /-LA. 

1 mA 

200 /-LA 

1 rnA. 

-18 -57 mA 

-18 -70 mA 

21:\: mA. 

MIN TVP MAX UNIT 

13 17 ns 

3 7 ns 

18 25 ns 

38 55 ns 

52 70 ns 

62 80 ns 

38 55 ns 

56 75 ns 

48 65 ns 

17 25 ns 

48 65 ns 

17 25 ns 



TYPE SN7480 
GATED FULL ADDER 

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, 
~he 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 Cn input and the Cn + 1 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 

NOTE: Functions noted as Ne are open. 

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 Cn 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 Az and B2 of odd-numbered bits and 
to Ae and Be of even-numbered bits. For the subtractor 
(figure G), input control is applied to A2 and Be of the 
odd-numbered bits and to Ae and B2 of the even-num
bered bits. These alternating patterns are necessary to 
complement the varying input sequence which they 
control. 

t OUTPUT 

TON 
STAGU 

FIGURE F - N-BIT BINARY ADDER 

%OUTM 

NOTE: Functions noted as Ne are open. 

FIGURE G - N-BIT BINARY SUBTRACTOR 

TON 
STAGU 
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TYPE SN7480 
GATED FULL ADDER 

TYPICAL APPLICATIONS 

n-bit binary adder with register selection (see figure 

This application fully utilizes the flexibility of the input 
gating available within the SN7480. Two "A" registers 

H) 

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 I output 
regardless of "A" and "B" register logic levels. 

5030 

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 SN 15 846 
DTL gate for registers A2 and B2. Dot-OR logic is per
formed at the A* and B* nodes within the adder when 
the register selection is made. 

Operation is as follows: To add the contents of Register 
A, to Register B" A2 and B2 control lines are brought 
to the logical 0 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 
B2 by holding A2 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 B* 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. 

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 (SN 15 
846) of the additional registers would be Dot-OR con
nected with A2 and B2 registers at the A* and B* inputs. 

To perform N-bit subtraction, the en 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. 

l: OUTPUT 

A2~vr~I.'J~ ______ ~~ ____________ ~~~ ____________ _+~~------------+-~.~ 

BICVNII.V'~ ____ ~-+ ____________ ~ __ ~rr __________ _+--~~--__ ------+-~ 
INPUT CONTRVLC.--______ +_------------~--_+.-.----------+_--_+----------_+----++_ 

·2~ur~I.\JLO------~_+--------------~~--------------~~~-------------4 

NOTE: Functions noted as NC are open. 

FIGURE H. N-BIT 81NARY ADDER WITH REGISTER SELECTION 

TON 
STAGES 



schematic diagram 

Cn 7~--------------------~ 
Vc 

A 
c 

B 
c 

Component values shown are nominal. 
Resistor values are in ohms. 

TYPE SN7480 
GATED FULL ADDER 

130 

.... ----..... --------000( 8 ~ 

130 

1 k 

5031 



SERIES 74 
80&ltlll "Il_".~ __ ® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits§ 

£~ ........ ___ ~nk 

1 
1. All inputs tested simultaneously. 1. Each input tested separately. 

FIGURE 1 FIGURE 2 

4.5 V 

~--OPEN OPEN 

.... 
I in(ol 

1. Each input tested separately. 1. Each input tested separately. 

FIGURE 3 FIGURE 4 

Vee 

• Icc 

OPEN 

1. Each gate tested separately. 1. Test logical 0 and logical 1 conditions. 

FIGURE 5 FIGURE 6 

§Arrows indicate actual direction of current flow. 

5032 



SERIES 74 
SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 
d-c test circuits§ (continued) 

r- -f---" 
I , h 
t--""'\.---' I 
I I 
I I 

V. 
In 

I 
I 
I 

I 
I 
I 

__ .. I 
--f ,I 

I t J 
--1. ___ '" 

1. Each AND section tested separately. 

FIGURE 1 

4.5V 

OPEN I \ .... {
~--

-"'--" : 

OPEN { 

! 'intO) 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

V. {--r--, I 
In OPEN I )-.J-

--t. __ ... , 

AI'-- OPEN 

1. Each input tested separately. 

FIGURE 9 

,..--~--, 
1- I )-, 
I --L __ / I 

I I 
I I 
I I 

I 
I 
I 

I 
I 
I 
I 
I 
I -.r--, I 

I ~J 
-~-_/ 

1. Each gate tested separately. 

FIGURE 11 

§ Arrows indicate actual direction of current flow. 

4.5 V 

,.-- ... ----... \ I ~, 

r- -'\.---' : 
I 
I 

I 
I V. 

In 0-"""''''''-'''' I 

I I I 
I + ,..___ I 
L_ --~ 'I 

I \. .. 
L.. __ ~ __ ... ' 

-
1. Each pair of inputs tested separately. 

FIGURE 8 

r--f'--'\ 
I I ~, 
+--~ __ " I Vee 
I I 
I I 
I I 
I I _-_--4 I 

I 

V. 
In 

1. Each input tested separately. 

FIGURE 10 

r-~--"", 
~ I J-, 
-~-_/ I Vee 

I I 
I I 
I I 

I 
I 
I 

V. 
In I 

I 
I 
I 
I 

~ --4"'--" I 
I 

I I ,..1 -L_--i.. __ / 

FIGURE 12 

'load 

OPEN 

OPEN 
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SERIES 74 
_O&~_ ,,~ __ • ___ ® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits§ (continued) 

I 
I 
I 
I 
I 
I 

--r--, I 
I )-J-

-~--" 

AJ--- OPEN 

FIGURE 13 

r--~--' 
I I h 
t-'"L_/I 
I I 

I 
I 

FIGURE 14 

I I sin~ 

~ I n-_ .... ~X>-----........ :::;) load 

FIGURE 15 

Vee 

V 
in &>-+----4 

1. All inputs tested simultaneously. 

FIGURE 17 

§Arrows indicate actual direction of current flow. 
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FIGURE 16 

4.SV 

1. Each input tested separately. 

FIGURE 18 

Vout(J) • 

I 
off 



SERIES 74 
_OAllD Glflll"" ___ ® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits § <continued) 

vee 

OPEN 

Yin 

~ Ion 

v
1 

FIGURE 19 

OPEN 

1. Test "on" ond "off" conditions. 

FIGURE 21 

v. 
1ft 

§Arrows indicote actual direction of current flow. 

TEST 
PER 
TRUTH 
TABLE 

v. In 

FIGURE 23 

lin(l) 

---. 

TEST 
PER 
TRUTH 
TABLE 

-

vee 

1. Each input tested separately. 

FIGURE 20 

1. Each output is tested separately • 

} OPEN 

'load 
"O---r-~ 

• 2. Preset and dear are tested with Vin(clock) = O. 

FIGURE 22 
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SERIES 74 
ItO&JlJII _~_e.~ __ ®. SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits§ (continued) 

4.5 V 

L __ r" -
yVCC 

TEST TABLE 

Apply Vin Apply Momentary ! Apply 4.5 V Ground 
(Test lin!O) GND, then 4.5 V 

Jl '\ Preset J2 Jl J* Clear 

J2 J Q .. J* Clear Jl J2 

SEE + ./ J* None None None 
lin(OI..-

V in C>--... TEST Clock >OPEN K2 K1 K* Preset 

TABLE K1 K2 K* Preset 
Kl ""\ K* None None None 

~-... K2 Q -.. 
None None + ./ K Clock None 

Clear 
Preset K1 and K2 K* None 

y ~ Clear Jl and J2 J* None 
.... -

1. Each output is tested separately. FIGURE 24 

Vec 
C> 

~ ICC TEST TABLE (See Note 2) 
Apply Vin Apply 

- - (Test lin(1) 
Ground 4.5 V 

! J2 Jl and Clear J* 
lin(l) 

Jl "'\ Preset J1 J2 and Clear J* ........ 
J* V in 0-.- ..... +J2 J Q -~ None None 

./ K2 Kl and Preset K* 
SEE K1 K2 and Preset K* 
TEST Clock >OPEN 

K* None None 
TABLE Kl '\ Clock None None 

~-... K2 K Q ~ .... Kl and K2 K* Preset 

+ ./ Clear Clear Jl andJ2 J* 

y ~ .... -
1. Each input is tested separately. 

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

FIGURE 25 

V OCC 

V in 
..... .- ..... - -----------~- () ~> 4) 

~ 
OPEt-J { 

Jl ""\ Preset 

l'~ 
J 

J2 Q 

+ ../ 
Clock 

OPEN { 
Kl ""\ 
K2 Q I---

./ K 

~ Clear 

"=..=- j ~ ~~ 

1. Each output is tested separately. FIGURE 26 

§ Arrows indicate actual direction of current flow. 
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SERIES 74 
SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits§ (continued) 

TEST 
PER 
TRUTH 
TABLE 

1. Each output is t.st.d separately. 

4.5 V 

I inlO) 
+--

SEE 
TEST 
TABLE 

FIGURE 27 

1. Each input is tested separat.ly. 

I in (1) 
--+ 

SEE 
TEST 
TABLE 

1. Each input is tested separately. 

§Arrows indicate actual direction of current flow. 

TEST 
PER 
TRUTH 
TABLE 

1. Each output is tested separat.ly. 

FIGURE 28 

TEST TABLE 

Apply Vin Apply Momentary Apply 

(Test linfOI) GND, then 4.5 V 4.5V 

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

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

Preset None J1, J2, J3, K1, K2, and K3 

Clear None J1, J2, J3, K1, K2, and K3 

OPEN J1 Clear Clock, J2, and J3 

J2 Clear Clock, J 1, and J3 

J3 Clear Clock, J 1, and J2 

K1 Preset Clock, K2, and K3 

K2 Preset Clock, K1, and K3 

K3 Preset Clock, K1, and K2 

FIGURE 29 

TEST TABLE 
Apply Vin Ground 
(Test lin!,) 

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

Preset Clock, K1, K2, and K3 

Clear Clock, J1, )-2, and J3 

J1 Clock, Clear, J2, and J3 

J2 Clock, Clear, J 1, and J3 

J3 Clock, Clear, J1, and J2 

K1 Clock, Preset, K2, and K3 

K2 Clock, Preset, K1, and K3 

K3 Clock, Preset, K1, and K2 

FIGURE 30 
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SERIES 74 
80&ltD Gll ___ IlIP® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits § (continued) 

4.5V 

1. Each output is tested separately. 

FIGURE 31 

Vee 

J Q 
J Q 

TEST CLOCK 

V. PER 
tn TRUTH 

~ I load 
TEST CLOCK 

V PER 
TABLE K Q V outllJ 

in TRUTH 
TABLE K Q 

! CLEAR 

-
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. 

FIGURE 32 FIGURE 33 

4.5V 

TEST TABLE 

Apply Yin Apply Momentary 

Q 
(Test linlOI) GND Apply 4.5 V 

Clock Clear (See Note 2) J and K 

Clear None Clock and J 

J Q (See Note 3) Clock and Clear 

K Q (See Note 3) Clock and Clear 

I inlO) OPEN - SEE 
V. TEST tn 

TABLE Q 

1. Each flip-flop is tested separately. 
2. Apply momentary ground, then 4.5 v. 
3. After application of momentary ground, Q and Q are left floating. 
4. Ground all inputs of the unused flip-flop. 

FIGURE 34 

§Arrows indicate actual direction of current flow. 
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SERIES 74 
SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits§ (continued) 

V 
in 

I in( 1) --. 
SEE 
TEST 

TABLE 

1. Each flip-flop is tested separately. 

Vee 

PRESET 

D Q 

TEST 
PER 
TRUTH 
TABLE CLOCK Q 

CLEAR 

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

FIGURE 37 

§Arrows indicate a(tual direction of current flow. 

TEST TABLE 

ApplyVin Ground 
(Test linin) 

Clock Clear, J,and K 

OPEN Clear Clock and J 

J Clock and Clear 

K Clock 

FIGURE 35 

2AV Vee 

J Q 

( See Note 2) 

K 

CLEAR 

1. Each flip-flop is tested separately. 

I 
I 
I 

~ 

Apply Momentary 

GND, then 4.5 V 

None 

None 

None 

Clear 

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

V out! 1) 

1 

FIGURE 36 

D Q 

V 
in 

TEST 
PER 
TRUTH 
TABLE 

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

FIGURE 38 
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SERIES 74 
lI'O&JtIl _~_G.~ __ ® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits§ (continued) 

4.5V vee 
C) ) 

~ -
& 

TEST TABLE 

Apply Vin PRESET 
(Test linlOI) 

Apply 4.5 V Apply GND 

lin(OI SEE 
-0 Q 

=}OPEN 
Clock Clear and Preset 0 

Vin :: 4-- TEST Preset Clear and Clock 0 

TABLE - CLOCK Q Clear Clock and 0 None 

CLEAR 
0 Clear and Clock Preset 

y 
1. Each flip-flop is tested separately. 

~ ~ - 2. Each input is tested separately. 
~=-

FIGURE 39 

Vee 
C) 

1 Icc 
TEST TABLE 

(See Note 4) 
Apply Vin ~ - Apply 4.5 V Apply GND 

! (Test lin(1) 

Clock None Clear 

lin (1) 
PRESET 

Clock 
Vin :: 

--. 
~O Q~} 

Preset Clear and 0 
(See Note 3) SEE 

TEST _ OPEN Clear None D, Clock, and Q 

TABLE 0 Clock Clear 

1 
~ CLOCK Q~ 

CLEAR 

Y 1. Each flip·f1op is tesled separately. 
2. Each input is tested separately . 

~ ... 3. Apply momentary GND to Clock, then 4.5 V. 
~ 4. Measure Icc with 0 and clock inpul 01 GND. 

FIGURE 40 

C) -l-Vf-C)~) 
PRESET 

OPEN{'-O Q 

-CLOCK 0- 1 los 

CLEAR 

1. Each output is fested separately. 

FIGURE 41 

§Arrows indicate actual direction of current flow. 
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SERIES 74 
lloaZIl ________ ® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits § (continued) 

TEST 

~ 
PER 

V. TRUTH 
In TABLE 

AND 
TEST 

TEST TABLE 
Output Under Test 1,1'* (Min) 

lorl 16mA 

TABLE 
V 

out(O) 

1 :- ":"' 

Cn+1 SmA 

A* or &* 4.lmA 

1. Each input or output is tested separately. 

2. When A* is tested Al and A2 are at GND. When 8* is tested II and 12 are at GND. 

3. When AI and A2 or II and 82 is tested, A* ar 1* respectively, is open. 

FIGURE 42 

C A· n 
TEST 

TEST TABLE 
PER Output Under Test lload (Min) 

V TRUTH 
in TABLE 

lor i -400 p.A 

AND Cn + 1 -200 p.A 
TEST 

TABLE A* or 1* -120 p.A 

1. Each input or output is tested separately. 

2. When A* is tested Al and A2 are at GND. When a* is tested 1, and 12 or. at GND. 

3. When Al and A2 or 81 and 82 are tested A* or a*, respectively, is open. 

FIGURE 43 

§Arrows indicate actual direction of current flow. 
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SERIES 74 
IIe&DI GDIlG.~wa® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits§(continued) 

".SV 
TEST TABLE 

Apply Vin Apply 4.S V GND 
(Test lin(O) 

- A, Az Non. 

'inIO) 

Yin 
.......- SEE 

TEST 
TABLE 

OPEN 

A2 AI Non. 

B, Bz Non. 

Bz B, Non. 

Ae Non. A, and Az 
Be None B, and Bz -

V 

1. Each I.nput is t.st.d s.parat.ly. 
FIGURE 44 

TEST TABLE 
'intO) 

V. +-
In 

SEE 
4.5 V TEST 

TABLE 
} OPEN 

Apply Vin Apply 4.S V GND 
(Test linIO\) 

A* Ae A, and Az .. Be: B1 and B2 

Cn None . None 

Unused inputs are open. 

1. Each Input Is t.sted s'parately. FIGURE 45 

§Arrows indicate actual direction of current flow. 
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SERIES 74 
SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 
d-c test circuits§(continued) 

TEST TABLE 
Apply Vin GND 
(Test lin(1\) 

Al A2 

1.2 Al 

B, B2 

B2 B, 

Ae A* 
Be B* 

OPEN A* 

}O~N lin III t 

V. - SEE ,n l: 
TEST 

TABLE 

1. Each input is tested separately. 

FIGURE 46 

linl1 I 

V in o--------.-.t 
OPEN 

C A' 

} OPEN 

V
in e A* n n 

A (See test tobl e) OPEN A e 2: e 2: 
A1 A1 

A2 "f A2 ~ 

B1 C- 8
1 C 

n+1 n+1 
B2 

8
2 

8 B* 
OPEN 

8 8' 
e e 

OPEN 

! lOS 
OPEN OPEN 

1. Each output is tested separately. 

TEST TABLE 
Output Under Test Vin Value 

l Vee 
~ or en + 1 GND 

FIGURE 47 FIGURE 48 

Vee 

lec , 
e 

n A-

A 
e t 

A1 

OPEN A2 !" OPEN 
8

1 C 
8

2 
n+1 

8 e 8-

":" 

FIGURE 49 

§ Arrows indicate actual direction of current flow. 
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SERIES 74 
a'lO&JtJll 81l ____ tp® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 
switching characteristics 

5044 

PULSE 
GENERATOR 

(See Note 1) 

2.4 Y INPUT 

GATE 
UNDER 
TEST 

TEST CIRCUIT 

... ,.I----tp --~·I 

---:90% 90% Ji-------I 
PULSE GENERATOR I 50% 50% I 

OUTPUT I 10% 10% I 
I I 

-+Ito I- -+I t1 ~ 

INPUT 

OUTPUT 

-------Y· (1) 

--- f---- ---\- --- --- 1'.~V --.-.Ii I Y in(O) 

---... 1_ I Y ___ ~_\ _____ +_/- ____ I~:t~J 
I I. I .~- --- -- Yout(O) 

--... t pdO J.- --ft pdl t.--

VOLTAGE WAVEFORMS 

NOTES: 1. The generator has the following (hara(teristi(s: to = t, ~ 15 ns, tp = 0.5 ILs, PRR = 1 MHz, lout = 50 n. 
2. All transistors are 2N2368. 

3. All diodes are IN916. 

4. Test SN7440 with Rl = 130 n, (2 = 150 pF. 

'pdO + tpdl 
5. tpd = 2 

6. (I includes probe and jig (apacitan(e. 

FIGURE 50 - GATE PROPAGATION DELAY TIMES 
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PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 

PULSE 
GENERAT 

2." V 

(See Note 1),---"",,--

INPUT Vee = SV 

EXPANDER UNDER 
TEST 

TEST CIRCUIT 

..... ---tp --~ 

PULSE GENERATOR I 
OUTPUT I lOOk 

I 
~to~ 

50% 

10% I 

-..ttl ~ 

OUTPUT 

=::J(-------\ -=--=--=--=--=--=-= :::,; 
____ ~I~ I V 

INPUT 

___ ~_\ _____ +-/ ____ l:t~ 
I I. I .~- --- -- vout(O) 

--t t pdQ ~ .-.It pdl ~ 

OUTPUT 

VOLTAGE WAVEFORMS 

NOTES: 1. The generator has the following characteristics: to = tl ~ 15 ns, tp = 0.5 pos, PRR = 1 MHz, lout ~ SO O. 
2. All transistors or. 2N2368. 
3. All diodes are lN916. 

_ IpdO + Ipdl 
4.lpd - 2 

S. CI includes probe and jig capacitance. 

FIGURE 51 - EXPANDER PROPAGATION DELAY TIMES 
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PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 
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Vee = 5 V 0--..... -----------------, 

390 n 

TEST 
OUTPUT 

0.8 V 

390 n 

TEST 
OUTPUT 

CLEARo-4---~-.--~ 0--...... --+--+-0 PRESET 

INPUT 

TEST CIRCUIT SN7470 

Vee = 5 V 0--__ ----------------_ 

390 n 

TEST 
OUTPUT 

(SEE NOTE 2) 

~ 

INPUT 

390 n 

TEST 
OUTPUT 

CLEAR 0--4-....... ---....(1 0----.... -+-0 PRESET 
INPUT 

Q 
INPUT 

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. (lear and preset inputs of the SN7474 dominate regardless of the state of clock or D inputs. 

3. All transistors are 2N2368. 
4. All diodes are lN916. 
5. (1 includes probe and jig capacitance. 

FIGURE 52 - SN7470 AND SN7474 PRESET/CLEAR PROPAGATION DELAY TIMES (SHEET 1 OF 2) 
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PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 

CLEAR INPUT 

~r- /,--______________ v in(l) 

K~i5_V_V _____ ..,4 ~5~ ______________ V ;.(01 

PRESET INPUT 

Q OUTPUT 

Q OUTPUT 

.... 14~_-tp(clear)--.....e.I.1 I 1_ 
~~~ V --.... :------------2 ....... V~1 I ;;C in(1) 

I !l.5 V 1.5 V 
I I 1 V I 
I I -- Vin(O) 

~ tpdO ~ 14 tp(preset) __ --"'· .. I 
--....... : - I i t

p
", y,-----------VoutO ) 

: '~~5_V _________ ....... : _..J1'-1 ~ V _______ V out(OI 

-.: t pd1 14- -./ t pdO I--

! )<5 V :1 \~V--------VO.t(ll 
______ J. "'. ________ V out(O) 

VOLTAGE WAVEFORMS 

NOTE 6: Clear or preset input puis. characteristics: Vin(O) = 0.4 V, Vin(l) = 2.4 V, to = 3 10 6 ns, tp = 25 ns for the SN7470, and fp = 30 ns for SN7474. 

FIGURE 52- SN7470 AND SN7474 PRESET/CLEAR PROPAGATION DELAY TIMES (SHEET 2 OF 2) 
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PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 
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TeST 
NO. 

TeST 

1 tsetup 
atJ* 

2 
thold 

atJ1,J2 

3 tsetup 
atK'* 

4 
thold 

at K1, K2 

Vee = 5 V 0--..... ------------------, 

CLOCK PULSE 0---4-----------. 

390il 

TEST 
OUTPUT 

TEST TABLE 

INPUT INPUT 

A B 

J* None 

None J1,J2 

K'* None 

None K1, K2 

APPLY 

+ 2.4 V 

J1, J2, 
K1, K2 

K1, K2 

J1, J2, 
K1, K2 

J1,J2 

I 
I 
I 
I 

~ND 

K'* 

J* 
and K* 

J* 

J* 
and~ 

SEE TEST 
TABLE 

~ 

SEE TEST 
TABLE 

~ 

CLOCK 
PULSE 

---, 
I 
I 
I 
I 

-I t I 
--. setup j4-

390 il 

TEST 
OUTPUT 

~
v -t i----------- Vinl1l 

I N PUT A I 1 .5 V I 
I 1 V I 

I I V -.I t....... I infO) 
or l.-

I 
t ho1d ~ 

NOTES: 1. Clock pulse (see note 3), input A, and input B are used 

to measure tsetup and thold ' INPUT B 

2v~i------Vin(1) 
I 1.5 V 
I 1 V 

I I Vin(O) 2. Clock frequency, tpdP and tpdO (from clock to output) 
are measured in the toggle mode. Hold J = K = 
logical 1 per truth table and apply clock pulse (see 
note 3). 

3. Clock pulse characteristics: Vin(O) = 0.4 V, Vin(l) = 
2.4 V, t1 = lS ns, tp = 20 ns, and PRR = 1 
MHz. When testing fclock' vary PRR. 

4. Input pulse characteristics: Vinlo) = 0.4 V, Vinl1 ) = 
2.4 V, to = 3 to 6 ns. 

S. All transistors are 2N2368. 

6. All diodes are 1N916. 

7. C1 includes probe and jig capacitance. 

QORQ 
OUTPUT 

QOR Q 
OUTPUT 

-+i to j4-

! ""-1.5Y-- - -- - You
•
U) 

,K 
~ tpdO~ Vout(O) 

l.-- t pd 1 ---1 V out (1) 

i /-5~ ____ v (0) 
____________________ J out ' 

VOLTAGE WAVEFORMS 

FIGURE 53 - SN7470 FLlP·FLOP SWITCHING TIMES 
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PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 

Vee = 5 V 

390 n 

TEST 
OUTPUT 

J, K, AND CLOCK 
INPUT PULSE 

(SEE NOTES 1 AND 2) 

CLOCK PULSE 

I 1 
r-IT -
I I I 

rrL'-

I 
MN~ 

1-'-':1 

I 
I 01 
\ -y 

J K 

CLEAR PRESET 
Q Q 

TEST CIRCUIT 

390 n 

TEST 
OUTPUT 

-.l to!.,..----~:t_I--------Vin(1) 
2V I 

I.-- tp(clockl----. ... lV '--__________ V in(O) 

I 
I ,,_ t setup 

------------+I---~ - - - - - V out(l) 

I ~ Q ·OR Q OUTPUT I 1.5V 

~tpdO---t I I ""'. ____ V out(O) 

I 
I 1 ,-_____ V out(1l 

~ tPd1l----1 

I 1.5 V 

-----Vout(O) 

Q OR Q OUTPUT 

VOLTAGE WAVEFORMS 

NOTES: 1. (lock, J, and K input pulse characteristics: Vin(O) = 0.4 V, (in(1) = 2.4 V, tl = to = 15 ns, tp = 20 ns, and PRR = 1 MHz. When testing fclock' vary 

PRR. 

2. For the SN7472, J = J1 • J2 • J3 and K = Kl • K2 • K3. 
3. Gated inputs (shown with dotted lines) ani for the SN7472 only. The SN7473 Dual Flip-Flop has direct J and K inputs and preset is not available. 

4. All transistors are 2N236B. 

S. All diodes are 1 N916. 

6. (1 includes probe and jig capacitance. 

FIGURE 54 - SN1412, SN1413 FLlP·FLOP SWITCHING TIMES 
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PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 

5050 

CLEAR INPUT 

PRESET INPUT 
(SN7472 ONLy) 

Q OUTPUT 

Vee = 5 V 

2.4 V 

390 n 390 n 

,_'I 
II 

1_1- --, 
II 

I II r -, II I J Cl rJ.,..l..N 1.., IU C1J I r-~ N M' 

I I .......... ', I~ ~ ~I 

I I 01 '0 I I TEST \ ,1 \~ I TEST 
OUTPUT I "- ,/ "- ,/ _1_ OUTPUT 

J CLOCK K 
CLEAR CLEAR PRESET -oPRESET 
INPUT INPUT 

TEST CIRCUIT 

2 V I I 2 v ~
.! to r- ~J(I t, :-,.-------------- V in(1) 

1.5V I I 1.5V 
I 1 V 1 v I 
I ~-------,., 1------------------ Vin(O) 

1oII14t-----tp(cJearJ ---.... .-tl 

I 
I 
I 
I ~

i to i ---t~tl i Vin (l) 

2 V 1 I 2V 

1.5 V I I 1.5V 
I 1 V Iv I 
I f--- Vin(O) 

t pdO \4- I- tp(preset) .1 --+: -"""'\1 . -1 tpdt V': I 

~ 
V out(1) 

i ~ ..... 5_V _________ +i..,J/ ~ ~ -'-- ______ V out(OI 

--., t pd 1 ,..... --t t pdO r--

Q OUTPUT ____ t ....,.,J.5 V \,5 V- - - - - - - V out 111 

VOLTAGE WAVEFORMS· V outlO) 

NOTES: 1. Clear or preset inputs dominate regardless of the stat. of dock or J-K inputs. 

2. Clear or preset input pulse characteristics: VinloJ = 0.4 V, Vin('J = 2.4 V, t, = to = 15 ns, tp(clearl = tp(presetl = 25 ns, 
and PRR = 1 MHz. 

3. 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. 

4. All transistors are 2N2368. 
5. All diodes are IN916. 

6. C, includes probe and jig capacitance. 

FIGURE 55 - SN7472 AND SN7473 PRESET/CLEAR PROPAGATION DELAY TIMES 
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PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 

Vee = 5 V 0--+----------------., 
CLOCK PULSE cr--+------------, 

TEST 

OUTPUT 

D INPUT 

(See Note 2) 

CLOCK 
PRESETD----. 

TEST CIRCUIT 

TEST 
OUTPUT 

CLOCK 
INPUT 

....j t, Ie- ~ to J.-_: l,.:~-%---~""":'r----------
100r~ tp . ~'10% 

--~I:---"'!'I--' I I. 
~ t, ... ... to 

D INPUT (PULSE A) I 90% 
(SEE NOTE 2) I 

I 
I 

V in(1) 

V in(OI 

Vin!l) 

10% ,....,IO ... % __________ V
inIO

) 

D INPUT (PULSE B) 
(SEE NOTE 2) 

Q OR Q OUTPUT 

_----V in(1 ) 
90% 190% 

I I I 

I : I 
I I 10% 10% I 

I ---! I I I 
_ to :-- -..c t, fof-

! I \ 1.5V -- --1..-2_ - - V ~.tll 

i ..... --tpdo----J\I "-__________ V out (0) 

I I I 

V inlO) 

... I.t-----tpdl --'v.~------------ V out (1) 

Q OR Q OUTP_U_T ______ I _______ ..,; ~~ _______ V

outlO

) 

VOLTAGE WAVEFORMS 

NOTES: 1. (lock input pulse has the following characteristics: Vin{O) = 0.4 V, Vin{,) = 2.4 V, tl = to = 15 ns, tp = 30 ns, and PRR = 1 MHz. When testing fclock ' 

vary PRR. 

2. D input (pulse A) is used to measure tpd1 at 0 and tpdo at Q. Pulse B is used to measure tpdl at Ii and tpdo at O. D input (pulse A) has the following charac

teristics: tl = to = 15 ns, tsetup = 20 ns, tp = 60 ns, and PRR is 50"10 of the clock PRR. 0 input (pulse BJ has the following characteristics: t, = to = 
IS ns, thold = 5 ns, tp = 60 ns, and PRR is 50"10 of the clock PRR. 

3. All transistors are 2N2368. 

4. All diodes are 1 N916. 

5. (, includes probe and jig capacitance. FIGURE 56 - SN7474 FLIP-FLOP SWITCHING TIME 
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PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 

2.4V 

NOTES: 
1. Perform test in accordance with test table. 

2. Each output is tested separately. 

SEE 
TEST 

TABLE 

3. Voltage values are with respect to network GND terminal. 

INPUT OUTPUT 

,-----------I LOAD CIRCUIT 1 ..., 

I Vee = 5 V 390 0 I 

I I 
I 
I 
I 

I I L _________ -.J 

r- -LOAOC,RCUii'2 -, 

L2~ ~ L~O ~R~T ~ 
C r - -LOADCrRruT3 --1 

15 ~F T '-----I' SAME AS LOAD CIRCUIT 1 I 
(See Note 6) ':' I EXCEPT Rl = 780 0, and C2 = 25 pF I 

L_ J:e~o~) ____ J 

4. The generator has the following characteristics: Vgen = 3 V, t, = to ~ 15 ns, 

tp = O.S fJ.s, PRR = 1 MHz, and lout ::::::: SO Q. 

5. Inputs and outputs not otherwise specified are open. 

6. CL and C, include probe and jig capacitance. 

7. Load circuit 3 simulates output load of 5. 

8. All transistors are 2N2368. 

TEST CIRCUIT I 

~ r tl 
I 1-----~ 

PULSE I 
9. All diodes are IN916. 

GENERATOR I 50% 
OUTPUTIO% I r---

TEST TABLE (See Note 5) 
OUTPUT APPLY APPLY 

TEST NO. UNDER INPUT Y INPUT Y 
APPLY APPLY APPLY 

TEST TO TO 
+2.4 V TO GND TO OUTPUT LOADING TO 

1 Cn+ I None Cn None ·1 Cn+ I (N = 5) 

2 Cn+ 1 None Cn None ., ~ (N = S) 

3 Cn+ 1 ·c None Cn A" ., (n+1 (N = 5) 
4 Cn+ 1 ·c None Cn A" ., Cn+ 1 (N = 5) 

l (N = 10) 

5 l Ac None Cn A1, ., 1 (N = 10) 

Cn+ 1 (N = 5) 

l (N = 10) OUTPUT 

6 l Ac None Cn A" ., l" (N = 10) 

Cn+ 1 (N = 5) 
7 l ·c None. Cn 

., l (N = 10) VOLTAGE WAVEFORMS 
8 ~ ·c None Cn II ~ (N = 10) 

9 A* None A1 A2 None A* (CL = 15 pF) 

10 A* None A, A2 None A* (CL = 15 pF) 

11 .* None ., 
·2 None .* (CL = 15 pF) 

12 .* None 11 ·2 None .* (CL = 15 pF) 

FIGURE 57 - SN7480 SWITCHING TIMES 
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SERIES 74 
80&ltlll GJlJltG1lIIIltp® SEMICONDUCTOR NETWORKS 

4.5 

4.0 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

TYPICAL CHARACTERISTICS § 
LOGICAL 1 OUTPUT VOLTAGE 

vs 

LOAD CURRENT 

I I 

VCC =4.75V 

V. = OAV In 
TA :::: 25°C 

'" See Figure 2 

~ , 
~ 

" ~ 
" t\.. ~ 

o 5 10 15 20 25 

Iload - Load Current - rnA 

LOGICAL 0 OUTPUT VOLTAGE 
vs 

SINK CURRENT 

J II 
VCC = 4.75 V 

~V. = 2.4 V 
In 

-

-
-

30 

TA = 25°C V I-- See Figure 1 

V 
V 

./ 

Y 
/~ 

/ 
/" 

~ 

~ 

o 5 10 1 5 20 25 30 35 40 45 

I sink - Sink Current - rnA 

§ Unless otherwise noted, data as shown is applicable for SN7400, SN7410, SN7420, SN7430, SN7450, SN74S1, SN7453, and SN74S4. 
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4.5 

4.0 

> 
I 3.5 
Q) 
C) 

3.0 c -"0 
> 
~ 2.5 
0.. -::l 2.0 0 

I 
'S 

1.5 

>0 
1.0 

0.5 

o 

OIl c 
45 I 

""i 40 > 
Q) 

....J 

0 

-0 35 
0 

'8> 30 
....J 

.E 
Q) 25 
E 
~ 
>- 20 
c 
Q) 

0 15 
c 

.2 - 10 c 
C) 

8. 
° 5 ct 
I 
0 0 
"X -

TYPICAL CHARACTERISTICS § 

OUTPUT VOLTAGE 

vs 

INPUT VOLTAGE 

I I I 
Vee = 4. 75V 

N = 10 
TA= 25

0
e 

"' 
See Figures 1 and 2 

~ 
~ 

"" ~ , 
~ 

o 0.20.40.60.81.01.21.41.61.8 

Vin - Input Voltage - V 

PROPAGATION DELAY TIME TO LOGICAL 0 LEVEL 

vs 
FREE-AIR TEMPERATURE 

I I 

Vee = 4.75 V 
-

N = 10 
See Figure 50_ 

~ C) == )50 pF 

........ C)-50 pF -
I 

C} 15 pF -
I 

o 10 20 30 40 50 60 70 

TA - 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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~ 45 
I 
~ 40 

CI) 
...J 

o 
u 

35 

'0, 30 
o 

...J 

.2 25 
CI) 

E 
~ 20 
>-o 

~ 15 
c 
0 

C 
0) 
0 
Q.. 
0 a.. 

Q.. 

~ 
.... 0.. 

.,. 
c 

10 

5 

0 

45 

40 

I 35 
CI) 

E 
~ 30 
>-o 

Gi 25 o 
c o .'S 20 
0) 

~ 15 
d: 

I 10 

..J 
5 

o 

\ 

I 

TYPICAL CHARACTERISTICS § 

PROPAGATION DELAY TIME TO LOGICAL 1 LEVEL 

vs 

FREE-AIR TEMPERATURE 

1 J 
V CC = 4.75 V -
N=lO 
See Figure 50 _ 

C
1

=150pF 

I 
C

1 
= 50 pF 

C
1 

= 15 pF 

0 10 20 30 40 50 60 70 

TA - Free-Air Temperature - °C 

PROPAGATION DELAY TIME 

vs 

FREE-AIR TEMPERATURE 

I I 

V CC = 4.75 V 
-N = 10 

See Figure 50 

C, = 150 pF 

I J 
C, = 50 pF 

I 
I I 

C, = '5 pF 

o 10 20 30 40 50 60 70 

TA - Free-Air Temperature - °C 

§ Un less otherwise noted, data as shown is applicable for SN7400, SN7410, SN7420, SN7430, SN7450, SN7451, SN7453, and SN7454. 
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general 
MECHANICAL DATA 

leads 

Series 74 semiconductor networks are mounted in 
glass-to-metal hermetically sealed, welded pack
ages. Package body and leads are gold-plated 
F-15t glass-sealing alloy. Approximate weight is 

0.1 gram. All external surfaces are metallic and 
are insulated from leads and circuit. All Series 74 
networks are available with formed leads, insulator 
attached, and/or mounted in a Mech-Pak carrier. 

OUTLINE DRAWING - SEMICONDUCTOR NETWORK WELDED PACKAGE 

t 
IEF. 0.175 

0.165 
(s.. Not 

MIN. .. ) 
.L 

§ § 
o 0 ! ! ! ! 

_~~XXX~~ • --= SNXIXX 

:~~ -~W 0.250 

0.005 MAX GLASS 
14 PLACES 

0.0 
0:0 

V DATE 
CODE 

---r-
50 0.1 

0.1 "40 
-L 

<D<!X!XD<OOXD 
Falls within TO-84 dimensions 

~:~r~: 4tro.013 

II NOTES: 

0.510 
iiMO ---r 

(s.. NOI •• ) I 

L 0.250 REF. 
(s.. Nol •• ) 

~ 
-+e-~ 

0.003 

SIDE VIEWS 

Gold-plated F-1St 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 
lengths up to 0.175 inch. 

a. All dimensions in inches. 
b. All decimals ±O.OOS except as noted. 
c. Lead spacing tolerance is ±O.OlS at extremities and 

±O.OOS at package, nonaccumulative . 
d. Lead centerlines are located within ±O.OOS of their 

true positions relative to body centerlines. 
e. Not applicable in Mech-Pak carrier. 

f. Symbolization denotes orientation of package. 

FORMED LEADS 
0.004 I ....... ~ 0.250 MAX. ---.I 0.013 .0.005 
Typical J'c:::=:J I (NOn C) 1 

L ~~~ If" 
0.500 t 0.010 (NOTE I) ------I 

NOTES: a. All dimensions in inches. 
b. Not applicable in Mech·Pak (arrier. 
c. Measured from center of lead to bottom of package where lead 

emerges from body. 

MECH-PAK DIMENSIONS 
insulator !4--- 0.400 .. ' 

I 0.1" I 

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 compctltible 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. 

tPatented by Texas Instruments 

I 
I 0."7 DIA. THOU I 

r----+--,..:=~: 0.010 PIA. :o~~o s~~~sNnRSINK , 

o,no 

0 • .,0 

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

2. 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 
Suffix 

:;:F·1S is th. ASTM designation for an iron·nickel-cobalt alloy containing nominally 53% iron, 29% nickel, and 17% cobalt. 

~ 
TEXAS INSTRUMENTS 

INCORPORATED , 
SEMICONDUCTOR-COMPONENTS DIVISION 

5056 POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

PRINTED IN U.S.A. 
1I (annot 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. 



description 

SERIES 74 930 

SEMICONDUCTOR NETWORKSt 

HIGH-SPEED TTL DIGITAL SEMICONDUCTOR NETWORKS 
IN 

DTL PIN CONFIGURATIONS 

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 a-input NAND gate and a dual AND-OR-INVERT gate 
are available. 

comparative features 

Gate propagation delay time (typically) • 
Fan-out capability 

SERIES 15 830 SERIES 74 930 
OTL TTL 

25 ns 
8 

13 ns 
10 

(OTL can drive 8 DTL or 5 TTL loads, TTL can drive 10 TTL 
or 10 OTL loads) 

Noise immunity (guaranteed) • 350mV 400 mV 

standard line summary 

FUNCTION TYPES SIMILAR DTl CIRCUIT 

Dual 4-lnput Positive NAND Gate SN74 930 SN15 830 

Dual 4-lnput Positive NAND Buffer SN74 932 SN15 832 

Quadruple 2-lnput Positive NAND Gate SN74 946 SN15 846 

Triple 3-lnput Positive NAND Gate SN74 962 SN15 862 

8-lnput Positive NAND Gate SN74 965 None 

Dual 2-Wide 2-lnput AND-OR-INVERT Gate SN74 966 None 

Master-Slave Flip-Flop SN74 948 SN15 831/SN15 845/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. 

SERIES 74 930 TYPE 

SN74 930 
SN74 932 

SN74 946 
SN74 948 
SN74 962 
SN74 965 
SN74 966 

tPatented by Texas Instruments 

CORRESPONDING 
SERIES 74 TYPE 

SN7420 

SN7440 

SN7400 
See Note 1 
SN7410 
SN7430 

SN7451 

NOTE 1: The SN74 948 has no corresponding 
Series 74 type. Electrical and 
switching characteristics are included 
in this data sheet. 

4P. 0 TEXASIJ~~rR~}~~ ENTS 

SEMICONDUCTOR-COMPONENTS DIVISION 
POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 5501 
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PIN CONFIGURATIONS 
SN74930 SN74932 

DUAL 4-INPUT POSITIVE NAND GATE DUAL 4-INPUT POSITIVE NAND BUFFER 

Vee 2D 2C NC 2B 2A 2Y Vee 2D 2C NC 2B 2A 2Y 

@@@@®)®® @@@@ @®® 

CD ® CD CD ® ® (j) CD ® CD ~ ® ® (J) 
IA IB NC IC 10 IY GND IA IB NC IC 10 IY GND 

SN74946 SN74962 

QUADRUPLE 2-INPUT POSITIVE NAND GATE TRIPLE 3-INPUT POSITIVE NAND GATE 

Vee 4B 4A 4Y 3B 3A 3Y 
Vee IY 3C 3A 3Y 

® © @ @ @) ® ® 
1C 3B 

@ @ @ @ ® ® ® 

CD CD CD CD CD CD (j) CD CD CD CD ® ® (j) 
IA IB IY 2A 2B 2Y GND IA I B 2A 2B 2C 2Y GND 

SN74 965 SN74966 
8-INPUT POSITIVE NAND GATE DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATE 

Vee NC H G NC NC Y Vee I B NC NC 10 IC IY 

@ @ @ @ @) ® ® ®@ {V @ @ ® ® 

A C D GND I A 2A 2B 2C 2D 2Y GND 
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logic 

TRUTH TABLES 

R-S MODE J-K MODE 

tn tn+1 tn tn+1 

5, 52 C, C2 Q 51 C, Q 

0 X 0 X Qn 0 0 Qn 

0 X X 0 Qn 0 1 0 
X 0 0 X Qn 1 0 1 

X 0 X 0 Qn 1 1 Qn 

0 X 1 1 0 
X 0 1 1 0 
1 1 0 X 1 

1 1 X 0 1 

1 1 1 1 Indeterminate 

NOTES: 1. tn = bit time before clock pulse. 

2. tn +, = bit time after dock pUlse. 

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

present. 

4. Logical 1 is more positive than logical O. 

S. For operation in the J·K mode (onnect S2 to ij and (2 to Q. 

description 

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 

TYPE SN74 948 
MASTER-SLAVE FLIP-FLOP 

Vee NC C l 50 Q NC 

®®® @ ®® 

0000000 
NC CP 51 52 Co Q GND 

NC - No internal connection 

positive logic 
Low input to Co sets Q to logical 0 

Low input to So sets Q to logical 1 

Co and So are independent of CP 

clock pulse. The clock pulse also regulates the state HIGH 
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 

Supply Voltage V cc 
Fan-Out From Each Output, N 
Width of Clock Pulse, tp(clock) (See Figure 6) • 

Width of Direct Set Pulse, tp(SO) (See Figure 7) . 
Width of Direct Clear Pulse, tp(CO) (See Figure 7) 
Input Setup Time, tsetup (See Figure 6) . 

Input Hold Time, thold • 

LOW 

SN74 948 CLOCK WAVEFORM 

4.75 V to 5.25 V 
1 to 10 

· ~ 20 ns 
· ~ 25 ns 
· ~ 25 ns 

. applied clock pulse width 

. ~ 0 
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TYPE SN74 948 

MASTER·SLAVE FLIP·FLOP 

electrical characteristics, TA = O°C to 70°C 

PARAMETER 
Vin(l) Logical 1 input voltage 

Vin(O) Logical 0 input voltage 

Vout(1) Logical 1 output voltage 

Vout(O) Logica' 0 output voltage 

'infO) 
Logical 0 level input current 

at C" C2, S" or 52 

'info) Logical 0 level input current at Co or So 

'infO) Logical 0 level input current at CP 

'in(,) 
Logical 1 level input current 

at C" C2, SI' or 52 

'in(,) Logical 1 level input current at CD or So 

lin(,) Logical 1 level input current at CP 

los Short·circuit output current t 
Icc Supply current 

t Not more than one output should be shorted at a time. 

:/: These typical values are at Vee = 5 V, T A = 2SoC. 

TEST 
FIGURE 

1 

1 

1 

2 

3 

3 

3 

4 

4 

4 

5 

4 

switching characteristics, Vee = 5 V, TA = 25°C, N = 10 

TEST 
PARAMETER FIGURE 

fclock Maximum clock frequency 6 
Propagation delay time to 

tpdl logical 1 level from CD 7 
or So to output 

Propagation delay time to 

tpdO logical 0 level from CD 7 
or So to output 

Propagation delay time to 

tpd1 logical 1 level from C1' C2, 6 
S1' or S2 to output 

Propagation delay time to 

tpdo logical 1 level from C" C21 6 

S1' or S2 to output 

5504 

TEST CONDITIONS MIN TYP MAX UNIT 
Vee = 4.75 V 2 V 

Vee = 4.75V 0.8 V 

Vee = 4.75 V, 'load = -400 /-LA 2.4 3.5* V 

Vee = 4.75 V, 'sink = 16 mA O.22:~ 0.4 V 

Vee = 5.25 V, Yin = 0.4 V -1.6 mA 

Vee = 5.25 V, Yin = 0.4 V -3.2 mA 

Vee = 5.25 V, Yin = 0.4 V -4.8 mA 

Vee = 5.25 V, Yin = 2.4 V 40 /-LA 

Vee = 5.25 V, Yin = 5.5 V 1 mA 

Vee = 5.25 V, Yin = 2.4 V 80 /-LA 

Vee = 5.25 V, Yin = 5.5 V 1 mA 

Vee = 5.25 V, Yin = 2.4 V 120 /-LA 

Vee = 5.25 V, Yin = 5.5 V 1 mA 

Vee = 5.25 V, Yin = 0 -18 -57 mA 

Vee = 5 V, Yin = 5 V 8 mA 

TEST CONDITIONS MIN TYP MAX UNIT 
10 15 MHz 

26 50 ns 

34 50 ns 

10 26 50 ns 

10 34 50 ns 



TYPE SN74 948 

MASTER·SLAVE FLIP·FLOP 

functional block diagram 

Q o-------4f....a Q 

SDo-~...------... r--4=:+:t=;-, --------~--<>CD 

CP 

schematic 

r----~---~-----._~--~---~------~14 ~C 

130 n 1.6kn 4kn 4kn 1.6 kn 130 n 

....----.---( 9 Q 

So 10~._----------------_4 ~-----------------4~~5 CD 

6 kn 3.5 kS1 4 kn 4 kn 3.5 kn 6 kn 

2kn 2kn 

~---~----~~--~-----------+----~------~~7 GND 

2 

CP 
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TYPE SN74 948 
MASTER·SLAVE FLIP·FLOP 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuitst 

Vee Vee 

Vin 

1. Each output is tested separately. 1. Each output is tested separately. 
2. Direct inputs (0 and So are tested for proper operation. 2. Direct inputs (0 and So are tested for proper operation. 

FIGURE 1 FIGURE 2 

4.5 V Vee TEST TABLE 
Apply Vin Apply Momentary 

Apply 4.5 V 
(Test lin) GND, Then 4.5 V 

CP Co C" C2, 5" 52' and 50 

CP 50 C1' C2, 5" 52' and CD 

OPEN CD None 5, I 521 and CP 

So None C" C21 and CP 

C, None C21 So' and CP 

C2 None C" So' and CP 

5, None 521 COl and CP 

52 None 5" COl and CP 

1. Each input is tested separately. 

FIGURE 3 

Vee 
TEST TABLE 

Apply Vin 
(Test lin) Ground 

CP COl SOl C" C2, 5" and 52 

Co CP, 5" and ~ 

50 CP, C" and C2 

C, CP, 50' and C2 

C2 CP, 50' and C, 

5, CP, CD' and 52 

52 CP, Co' and 5, 

1. Each input is tested separately. 
2. When testing ICCI 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) 

t Arrows indicate actual direction of current flow. 

switching characteristics 

Vee = 5 V 

TEST 
OUTPUT 

1. Each output is tested separately. 

FIGURE 5 

INPUT PULSE 

C"b--4--" 

Q Q 

TEST 
OUTPUT 

INPUT PULSE 
(SEE NOTE 1) 

~tlr- ~~o~-_______ Vin(ll 

~~.p n~\.l_V ________ Vin(o) 

I I 
I I r-t .. tup-----, 

I 

Q OR Q OUTPUT 

: ~----Vout\ll 
I 1.5 V 
r-- t pdO----i 
I I V out(o) 

I 

Q OR Q OUTPUT 

rtpdl--JVI ~----Vout(1) 
I /1.5V 

------------- --- --V our(O) 

NOTES: 1. Input pulse characteristics: Vin(O) ~ 0.4 V, Vin(1) ;;:::: 2.4 V, t1 = to ~ 15 ns, tp 20 ns, and PRR 1 MHz. When testing fc1ock ' vary PRR. 

2. All transistors are 2N2368. 

3. All diodes are IN916. 

4. CL 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 
switch ing characteristics (conti nued) 

5508 

vee = 5 V 

2.4 V 

r-- -l 
I I I I TEST I TEST 

OUTPUT I OUTPUT 
CP 

So So C CO 

INPUT INPUT 
Q Q 

TEST CIRCUIT 

QOUTPUT 

~
-! to r i tl i,.--------------- V intO 2V 1 j02V 

1.5 V I I 1.5 V 
I 1 V 1 V 1 
1 """'-------" 1------------------ Vin(O) 

:. 'plCO) ---..I ~.: to i ~·l tl i Vin(1) 

2V I 1 2V 
II 1.5V I I 1.5V 

I ! V 1 V I 
lit--- V inlO) 

-.I tpdO j.- I. tp(SOI _I 

-~:~""''\j . ""1 tpdl. V i' ' 
i ~5Y i /1.5Y 

1 "-----------..... 1--" - - - - - - - - - V out(O) 
~ tpdl ~ --t tpdO ,.-

i )Gy ~5:------ Yo",i') 

----"" VOLTAGE WAVEFORMS V out(O) 

V out(l) 

Co INPUT 

So INPUT 

Q OUTPUT 

NOTES: 1. (0 or So inputs dominate regardless of the state of dock, C1, C2 or St' S2 inputs. 

2. Co or So input pulse characteristics: Vinlo) ~ 0.4 V, Vin(1 ) ~ 2.4 V, t) = to ~ 15 ns, tpleD) tp(SD) = 25 ns, and PRR = 1 MHz. 

3. All transistors are 2N2368. 

4. All diodes are 1 N916. 

5. CL includes probe and jig capacitance. 

FIGURE 7 - CD AND SD PROPAGATION DELAY TIMES 

PRINTED IN U.S.A. 
11 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. 
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TRANSISTOR-TRANSIS TOR-LOGIC SEMICONDUCTOR NETWORKS 
IN 

MOLDED PLUG-IN PACKAGES 

description 

features 

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 O°C to 70°C. 

• 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 n 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. 

tPatented by Texas Instruments 

NOTES: A. The true-position pin spacing is 0.100 between cen- ~ ~ 
terlines, Each pin centerline is located within :!:0.010 0.770 MAX 

of its true longitudinal position relative to pin 0 @ @ @ @ @ 0 ® 
and@ · ." .-"-,. ,."- .. ':::~:==: =i: : : : : : I 

0000000 

PIN SPACING 
SEE NOTE A 

TEXAS INSTRUMENTS 
INCORPORATED 

SEMICONDUCTOR-COMPONENTS DIVISION 
POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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6002 

SN7400N 
QUADRUPLE 2-INPUT POSITIVE NAND GATE 

v CC 4B 4A 4Y 3B 3A 3Y 

1A 1B 1Y 2A 2B 2Y GND 

positive logic 

Y = AB 

SN7420N 
DUAL 4-INPUT POSITIVE NAND GATE 

VCC 2D 2C NC 2B 2A 2Y 

1A 1B NC 1C 1D 1Y GND 

positive logic 

NC - No internal connection. 
tPatented by Texas Instruments 

Y = ABCD 

SN7410N 
TRIPLE 3-INPUT POSITIVE NAND GATE 

1C 1Y 3C 3B 3A 3Y 

1A 1B 2A 2B 2C 2Y GND 

positive logic 

Y = ABC 

SN7430N 
a-INPUT POSITIVE NAND GATE 

v CC NC H G NC NC Y 

ABC D E 

positive logic 

Y = ABCDEFGH 

F GND 



SN7440N 
DUAL 4-INPUT POSITIVE NAND BUFFER 

VCC 20 2C NC 2B 2A 2Y 

IA IB NC IC 10 IY GNO 

positive logic 

Y = ABCD 

SN7453N, SN7454N 
4-WIDE 2-INPUT AND-OR-INVERT GATES 

G Y 

A C 0 NC GNO 
ake no connection to pins 2 of the SN7454N. 

positive logic 

Y = (AB) + (CD) + (EF) + (GH) + X 

X = ABCD from SN7460N 

NOTE: Expander nodes X and X are on the SN7453N only. 

NC - No internal connection. 
tPatented by Texas Instruments 

SERIES 74N 
SEMICONDUCTOR NETWORKSt 

SN7450N/SN7451N 
DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATE 5 

VCC lB ~~50N ~n~ 10 IC lY 

IA 2A 2B 2C 20 2Y GND 

positive logic 

Y = (AB) + (CD) + X 
X = ABCD from SN7460N 

NOTE: Expander nodes X and X are on the SN74S0N only. 
Make no external connection to pins @ an~ @ of the SN74S1N. 

SN7460N 
DUAL 4-INPUT EXPANDER 

IA IB 

IX 2X 2X 20 

IC 2A 

positive logic 

X = ABCD 

NOTE: Connect pin ® or @ to pin @ of SN7450N or SN7453N. 
Connect pin @ or @ to pin ® of SN7450N or SN7453N. 

6003 
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SN7470N 
J-K FLIP-FLOP 

v CC Preset Clock K2 Kl K* Q 

NC Clear J2 Jl J* Q GND 

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 0 prior to the application 
of preset or clear functions. 

SN7472N 

TRUTH TABLE 

tn tn+1 

J K Q 

0 0 Qn 

0 1 0 

1 0 1 

1 1 Q
n 

NOTES: 1. J = J1 - J2 -J* 

2. K = K1 - K2 - K* 
3. tn = bit time before clock pulse. 
4. tn+1 = bit time after clock pulse. 
5. If inputs J* or K* are not used 

they must be grounded. 

J-K MASTER-SLAVE FLIP-FLOP 

v CC Preset Clock K3 K2 Kl Q 

NC Clear Jl J2 J3 Q GND 

positive 'logic 

Low input to preset sets Q to logical 1 
Low input to clear sets Q to logical 0 

NC - No internal connection. 
tPatented by Texas Instruments 

6004 

TRUTH TABLE 

tn tn+1 

J K Q 

0 0 Qn 

0 1 0 
1 0 1 

1 1 Q
n 

NOTES: 1. J = J1 -J2 -J3 
2. K = K1 - K2 - K3 
3. tn = bit time before clock pulse. 
4. tn+l = bit time after clock pulse. 
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SN7473N 
DUAL J-K MASTER-SLAVE FLIP-FLOP 

J Q GND K Q 

Clock Clear K V cc Clock Clear J 

positive logic 

Low input to clear sets Q to logical 0 

regardless of clock state. 

SN7474N 

TRUTH TABLE (Each Flip-Flop) 

tn tn+1 

J K Q 

0 0 Qn 

0 1 0 

1 0 1 

1 1 Qn 

NOTES: 1. tn = bit time before clo(k pulse. 
2. tn + 1 = bit time after do(k pulse. 

DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOP 

V CC Clear D Clock Preset Q 

Clear 0 Clock Preset· Q Q GND 

positive logic 
a. Low input to clear sets Q to logical O. 
b. Low input to preset sets Q to logical 1. 
c. Clear or preset inputs dominate regardless of 

clock and 0 inputs 

tPalented by Texas Instruments 

TRUTH TABLE (Each Flip-Flop) 

tn tn+1 

OUTPUT OUTPUT 
-

INPUT D Q Q 

0 0 1 

1 1 0 

NOTES: 1. tn = bit time before clo(k pulse. 
2. tn + 1 = bit time after do(k pulse. 
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tPotented by Texas Instruments 

6006 

B* 

SN7480N 
GATED FULL ADDER 

L GND 

Cn 

0 

0 

0 

0 
1 

1 

1 

1 

positive logic 

See truth table 

TRUTH TABLE 
(See Notes 1, 21 and 3) 

B A Cn+ 1 ~ 

0 0 1 1 

0 1 1 0 

1 0 1 0 

1 1 0 1 

0 0 1 0 

0 1 0 1 

1 0 0 1 

1 1 0 0 

~ 

0 

1 

1 

0 
1 

0 

0 
1 

HOTES: 1. A = A*. Ac, B= B*. Be where A* = AI • A2 and a* = BI • B2• 
2. When A* or a* are used as inputs, Al and A2 or Bl and B2 

respectively must be conneded to GHD. 
3. When Al and A2 or Bl and B2 are used as inputs, A* or a* 

respectively must be open, or used to perform Dot·OR logic. 

PRINTED IN U.S.A. 
11 cannol assume any responsibility for any circuits shown 
or represenl Ihal Ihey are free from palenl infringemenl. 

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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DIGITAL SEMICONDUCTOR NETWORKS 
FOR INDUSTRIAL APPLICATIONS 

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. 

features 

LOW SYSTEM COST 

DUAL J-K FLIP-FLOP BAR 

• multifunction devices offering lowest cost 
per logic function description 

ADVANCED PERFORMANCE 

• optimum speed/power ratio for industrial 
applications 

• guaranteed d-c margin 

• high a-c noise reiection from low output 
impedance 

• waveshape integrity maintained over rated 
temperature and loading conditions by 
double-ended output stage 

EASE OF DESIGN 

• most complete industrial family available 
- 14 networks 

• modified DTL circuitry simplifies system 
design 

• fan-out of 10 from each output 

CONTENTS 

DESIGN CHARACTERISTICS AND LOGIC SYMBOLS 

LOADING TABLES • • • • 

DEFINITIVE SPECIFICATIONS. • • • • • • • 

D-C TEST CIRCUITS • • • • • • • • • • • 

Series 73 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 muhi-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 
reduces system cost per logic function. 

Series 73 logic employs a modified form of diode
transistor logic (OTL) where transistors replace 
conventional diodes in order to improve circuit 
performance. Input transistors improve drive ca
pability while offset transistors improve switching 
speed. The Series 73 low-impedance output stage 
maintains symmetrical waveshapes over wide 
ranges of doc fan-out, capacitive loads, and oper
ating temperatures. The low-impedance output 
also provides for a high degree of protection 
against capacitively coupled noise transients on 
system information lines. 

Page 

6502-6503 
6504 

SWITCHING TIME TEST CIRCUITS AND VOLTAGE WAVEFORMS 

MECHANICAL AND PACKAGING DATA • • • • • • • • • 

6505-6524 

6525-6528 
• . . 6529-6531 

6532 

tPatented by Texas Instruments 

TEXAS INSTRUMENTS 
INCORPORATED 

SEMICONDUCTOR-COMPONENTS DIVISION 
POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 6501 
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typical operating characteristics, T A = OOC to 70°C, supply voltage V cc = 3 v to 4 v 

Speed: Gate Propagation Delay 35 nsec 
4Mc Flip-flop Toggle Rate 

Fan-Out Capability of Each Output . 
Fan-In With Expanders 
D-C Margin: At Logical 1 

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). 

lin 

4--

Vee 

INPUT 0---1 ___ - __ -

INPUT o----tl ...... -! 

FIGURE A. Diode AND Logic 
FIGURE B. Series 73 

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 lin' Rl' and the p-n-p transistor gain, rather than only 
lin and Rl 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 0 1 
also has gain, increasing the circuit drive capability and 
improving the waveshapes at node A. 

This basic ANO logic configuration is coupled with an 
inverting double-ended output stage (Figure C) in each 
Series 73 gate. 

Vee 

_----0 OUTPUT 

FIGURE C. Series 73 Output Stage 

10 
25 max 
300mv 
200mv 
< son 
12 mw 
40mw 

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 win 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 ensur~s 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 rCE(sat) 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---.. 

FIGURE D. Series 73 Triple-Diffused Structure 
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standard line summary 

SN7300 See Page 6505 SN7301 See Page 6507 SN7302 See Page 6509 

--., , , 
I , , 
I 
I 
I 

J-K FLIP-FLOP WITH PRESET 

r-, 
I 
I 
I 
I 
I 

J-K FLIP-FLOP WITH PRESET AND CLEAR 

-, 
I 
I 
I 
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SERIES 73 
aJO&ltJII GltJltCII"Ztp® SEMICONDUCTOR NETWORKS 

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

Supply Voltage, Vee (See Note 1) 

Input Voltage, Vin (See Notes 1 and 2) . 

Operating Free-Air Temperature Range 

Storage Temperature Range . 

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

2. Input signals must be zero or positive with respect 10 network ground terminal. 

logic definition 

+7v 

• Vee 

. OOC to 70°C 

. -65°C to 125°C 

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

flect worst-case conditions for T A = 0° to 70°C 
and Vee = 3 to .4 v. One positive load (N + = 1) 
requires current into the input at a logical 1 

voltage level (0.5 ma at Vee = 3 v, and 0.8 ma 
at Vee =.4 v). One negative load (N-= 1) re
quires current out of the input at a logical 0 

voltage level (-0.2 mal. Currents into the input 
terminals are specified as positive values. Arrows 
on the doc test circuits indicate the actual direc
tion of current flow. 

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 conditions. 

Load currents (out of the output terminal) are 
specified as negative values. Arrows on the doc 

test circuits indicate the actual direction of 
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. 

NETWORK TYPE INPUT N+ LOADS N- LOADS 

fliP-flOPS 7300, 7301 J, J*, K, K*, 
1 0 7302 Preset, Clear 

Clock 2.5 2.5 

7304 J, K, Preset 1 0 
Clear 2 0 
Clock 5 5 

GATES AND 7310, 7311 
EXPANDER 7315, 7320 

Each Input 0 1 
7330, 7331 
7360, 7370 

ONE-SHOT 7380 T, T* 1 0 

INVERTER 7350 Each Input 2 0 

WEIGHTED VALUES OF FAN-OUT 

NETWORK 

FLIP-FLOPS, GATES, AND 
~SHOT 

INVERTER (SN7350) 

~ XXXXX 

.~ SHXXXX 

TO·89 

OUTPUT N+ LOADS N- LOADS 

Each Output 10 10 

Each Output 10 10 

4 Inverters 
in parallel 40 40 

@@@®®0® 

~ ~ XXX XX 

~ .~ SHXXXX 

CD 000®®CD 
TO-84 



logic 

J*=K*=l 
tn tn+ 1 

J K Q 
0 0 Qn 
0 1 0 
1 0 1 

1 1 Qn 

J=K=O 

tn tn+ 1 

J* K* Q 

0 0 Qn 
0 1 1 
1 0 0 
1 1 Qn 

TRUTH TABLES 

ADDITIONAL INPUT 
LOGIC COMBINATIONS 

t 
J K J* K* 
0 1 0 0 

1 0 0 0 

1 1 0 0 

0 1 0 1 

1 1 0 1 

1 0 1 0 

1 1 1 0 
1 0 0 1 
0 1 1 0 

In = Bit lime before clock pulse 

tn + 1 = Bit time after clock pulse 

tn+ 1 
Q 

Qn 

Qn 

Qn 

Qn 

Qn 

Qn 

Qn 
1 

0 

TYPE SN7300 
J·K FLIP·FLOP WITH PRESET 

Vee 

GND 

positive logic 

High input to preset sets Q to logical 1 

recommended operating conditions 
Supply Voltage, Vee . 3 v to 4 v 

.10 

.10 
20 to 150 nsec 

• 50 nsec 

Maximum Fan-out From Each Output Into Positive Loads, N + 
Maximum Fan-out From Each Output Into Negative Loads, N- . • 
Fall Time of Clock Pulse, tf(clock) . 

Minimum Width of Clock Pulse, tp(clock) . 

electrical characteristics (unless otherwise noted TA = O°C to 70°C, Vee = 3 v to 4 v) 
TEST 

TYP PARAMETER FIGURE TEST CONDITIONS MIN 

Input voltage required to Vee =3v 1.7 
Vinl1 ! ensure logical 1 at J, K, J*, 1 

K*, and preset inputs Vee=4 v 2.4 

Vin11 ! Input voltage required to Vec=3v 1.5 
2 

ensure logical 1 at clock input Vee=4v 2.2 

Input voltage required to 
Vin/Ol ensure logical 0 at J, K, J*, 1,2 0 

K*, preset, and clock inputs 

Vee=3 v, 
Logical 1 output voltage N+ =10 (lload=-5 mal 1.7 

V out/lI (off leveD 3 
Vee=4v, 
N+ =10 (1IOIIId=-B mal 2.6 

Vee=3 v, 
Logical 0 output voltage N-= 10 (lsink=2 mal 

VoutlO! (on leveD 3 
Vee=4v, 
N-=10 (I<i"" = 2 mal 

J, K, J*, K*, and preset Vin= 1.7 v 
lin input current 3 Vin =2.6 V 

Vin=1.7v 

lin Clock input current 3 Vin =2.4 V 

Vin =0.3 V 

Vce=3 v, N+ =N-=O, 
9 Toggle= 1 Mc, TA =25°C 

leelavl Average supply current 4 
Vee=4vl N+=N-=O, 
Toggle=l Mc, TA =25°C 13 

MAX UNIT 

3 V 

4 V 

3 v 

4 v 

0.4 v 

v 

v 

0.3 v 

0.3 v 
0.5 ma 
O.B ma 

1.25 ma 

2 ma 
-0.5 ma 

ma 

ma 
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TYPE SN7300 
J-K FLIP-FLOP WITH PRESET 

switching characteristics, T A = 25°C, Vee = 3.5 v, N + = N- = 0 

TEST 
PARAMETER FIGURE TEST CONDITIONS TYP MAX UNIT 

td Delay Time Clock Input: Vin =2.5 v, t f =20 nsec, 20 30 nsec 
tr Rise Time tp=500 nsec, f= 1 Me 20 45 nsee 
ts Storage Time 19 J, J*, K and K* Input: Vin=VCC 40 60 nsee 
t f Fall Time Preset Input: Vin= 0 25 40 nsee 

Time to Set a Logical 1: 
tset(1) J or K Clock Input: Vin =2.5 v, t f =20 nsee, 50 nsee 

J* or K* tp=500 nsee, f=l Mc 35 nsec 
Time to Set a Logical 0: 

20 J, J*, K or K* Input: Vin(1)=2.5 v, 
tset(O) J or K Vin(O) =0, tr=tf =50 nsec 40 nsee 

J* or K* 40 nsee 

tpreset Preset Time 21 
Clock Input: Vin=O 

55 nsee Preset Input: Vin =2.5 v, t f =50 nsee 

schematic 

LOGIC STEERING BISTABLE STEERING LOGIC 
SECTION SECTION SECTION SECTION SECTION 

r-----------T-------------T-------~---' 
I V~ I I 
I I I 
I I I 
I J* I I 
I 1 .5 k 1 k 1 k I 1 .5 k I 

I I I 
I I I 

I 
I 
I 
I 
I 
I 
I 

18k 25pfl 

I I 
I J I 
I I 
L _ __ L 

I 
I 
I 
I 

25 pf 

16k I 

5 pf 

2.5 k 

I GND PRESET I ______ ..1... _____________ ~ ____ _ 

CLOCK PULSE 

16k 
I 
I 

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

J*=K*=l 
tn tn+ 1 

J K Q 
0 0 Qn 
0 1 0 
1 0 1 

'--

1 1 Qn 

J=K=O 

tn tn+ I 
J* K* Q 

0 0 Qn 
0 1 1 
1 0 0 
1 1 Qn 

TRUTH TABLES 

TYPE SN7301 
J-K FLIP-FLOP WITH PRESET AND CLEAR 

ADDITIONAL INPUT 
Vee 

LOGIC COMBINATIONS 

t 
J K J* K* 

0 1 0 0 

1 0 0 0 

1 1 0 0 

0 1 0 1 

1 1 0 1 

1 0 1 0 

1 1 1 0 
1 0 0 1 
0 1 1 0 

tn = Bit time before dock pulse 

tn + 1 = Bit time after clock pulse 

tn+ I 
Q 

Qn 

Qn 

Qn 

Qn 

Qn 

Qn 

Qn 
1 
0 

@@@@@®® 

GND 
NC - No internal connection. 

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

recommended operating conditions 
Supply Voltage, Vee • 3 v to 4v 

.10 

. 10 
20 to 150 nsec 

. 50 nsec 

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

Fall Time of Clock Pulse, tf(clock) . 

Minimum Width of Clock Pulse, tp(clock) . 

electrical characteristics (unless otherwise noted TA = O°C to 70°C, Vee = 3 v to 4 v) 
TEST 

TEST CONDITIONS TYP MAX PARAMETER FIGURE MIN 

Input voltage required to Vec=3 v 1.7 3 
Vinlll ensure logical 1 at J, K, J*, 1 

4 K*, preset, and clear inputs Vee=4v 2.4 

Input voltage required to Yce=3 v 1.5 3 
Vinlll 2 

ensure logical 1 at clock input Vec=4v 2.2 4 

Input voltage required to 
YinlO\ ensure logical 0 at J, K, J*, 1,2 0 0.4 

K*, preset, clock, and clear inputs 

Yee=3 v, 
Logical 1 output voltage N+ =10 (lload=-5 rna) 1.7 

Youtll \ {off leveD 3 
Vee=4vi 
N + = 10 (I load = -8 rna) 2.6 

Vee=3 v, 
Logical 0 output voltage N-= 10 (lsink =2 rna) 0.3 

YautlO\ (on leveD 3 
Yee=4v, 
N-= 10 (ldnlc=2 rna) 0.3 

J, K, J*, K*, preset, V;n=1.7 v 0.5 
lin 3 and clear input current Y;n=2.6 v 0.8 

Vin= 1.7 v 1.25 

lin Clock input current 3 Vin =2.4 V 2 
Vin =0.3 V -0.5 
Vec=3 v, N + =N-=O, 

9 Toggle=l Mc, TA =25°C 
leelav\ Average supply current 4 

Vee=4v, N+ =N-=O, 
Toggle=l Mc, TA =25°C 13 

UNIT 

V 

v 

V 

v 

V 

v 

v 

v 

V 

rna 
rna 
rna 

rna 
rna 

rna 

rna 
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TYPE SN7301 
J-K FLIP-FLOP WITH PRESET AND CLEAR 

switching characteristics, T A = 25°C, Vee = 3.5 v, N + = N- = 0 

TEST 
PARAMETER FIGURE TEST CONDITIONS TYP MAX UNIT 

'd Delay Time Clock Input: Yin = 2.5 v, 'f=20 nsec, 20 30 nsec 

'r Rise Time tp=500 nsec, f=l Mc 20 45 nsec 
ts Storage Time 19 ), )*, K and K* Input: Vin=VCC 40 60 nsec 
tf Fall Time Preset Input: Vin=O 25 40 nsec 

Clear Input: Yin = 0 
Time to Set a Logical 1: 

Clock Input: Vin =2.5 V, tset(1) J or K tf=20 nsec, 50 nsec 
J* or K* t p = 500 nsec, f = 1 Mc 35 nsec 

Time to Set a Logical 0: 
20 ), )*, K or K* Input: Vin(1 )=2.5 V, 

tsetlO) J or K VinlO) =0, tr=tf=50 nsec 40 nsec 
J* or K* 40 nsec 

tpreset Preset Time 21 
Clock Input: Vin=O 

55 Preset Input: Vin =2.5 v, t f =50 nsec nsec 

tclear Clear Time 21 
Clock Input: Vin=O 

75 nsec Clear Input: Vin =2.5 v, t f =50 nsec 

schematic 

LOGIC STEERING BISTABLE STEERING LOGIC 
SECTION SECTION SECTION SECTION SECTION 

r-----------T-------------I-------~---' 
I Vee I I 
I I I 
I I I 
I J* I I 
I 1.5 k 1 k I 1 .5 k I 

I I I 
I I I 

I 
I 
I 
I 
I 
I 
I 

25 pf I 
I 
I 

I 
I 
I 
I 
~-"IJ\j~--I 

25 pf Q 

5 pf 

2.5 k 

I I 
L ___ 1.. 

16k 6 k I 
______ ~LEAR _______ G~_~RESE~ ____ _ 

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

CLOCK PULSE 

I 
I 
I 

K 



logic 

J 

0 

0 

1 

1 

TRUTH TABLE 
EACH FLIP-FLOP 

tn 
K 

0 

1 

0 

1 

In=Bit lime before clock pulse 

In + 1 = Bil lime afler clock pulse 

tn+ 1 

Q 

Qn 

0 

1 

Qn 

TYPE SN7302 
DUAL J-K FLIP-FLOP WITH PRESET 

Vee 

®®@@®®(!) 

00CD0®®0 
GND 

positive logic 

High input to preset sets Q to logical 1 

recommended operating conditions 

Supply Voltage, Vee . 3 v to .4 v 
10 
10 

20 to 150 nsec 
. 50 nsec 

Maximum Fan-out From Each Output Into Positive loads, N + 
Maximum Fan-out From Each Output Into Negative loads, N- . 
Fall Time of Clock Pulse, tf(clock) . 
Minimum Width of Clock Pulse, tp(clock) . 

electrical characteristics (unless otherwise noted TA = O°C to 70°C, Vcc = 3 v to 4 v) 

PARAMETER 
TEST 

TEST CONDITIONS MIN TYP FIGURE 
Input voltage required to 

1 Vee =3.v 1.7 
Vi nil I ensure logical 1 at J, K, 

and preset inputs Vee=4v 2.4 

Vinlll 
Input voltage required to 2 Vcc=3 v 1.5 
ensure logical 1 at clock input Vcc=4V 2.2 
Input voltage required to 

VinlOI ensure logical 0 at J, K, preset, 
and clock inputs 

1,2 0 

Vcc=3 v, 

Voutlll Logical 1 output voltage N+ = 10 (1Ioad=-5 rna) 1.7 
(off level) 3 

Vcc=4 v, 
N + = 10 (I load = -8 rna) 2.6 

Vec=3 v, 

Voutlol Logical 0 output voltage N-= 10 (lsink =2 rna) 

(on level) 3 Vcc =4V, 
N-= 10 (lsink =2 rna) 

J, K, and preset 3 Vin -1.7 V 
lin input current Vin =2.6 V 

Vin -1.7 V 
lin Clock input current 3 Vin =2.4 V 

Vin =0.3 V 

Vcc=3 v, N+ =N-=O, 

ICClavi Average supply current Toggle= 1 Mc, TA =25OC 9 
(each flip-flop) .4 

Vcc =.4v, N+ =N-=O, 
Toggle= 1 Mc, TA =25°C 13 

MAX UNIT 

3 V 

4 V 

3 v 
4 v 

0.4 v 

v 

v 

0.3 v 

0.3 v 
0.5 rna 
0.8 rna 

1.25 rna 

2 rna 

-0.5 rna 

rna 

rna 

6509 



TYPE SN7302 
DUAL J-K FLIP·FLOP WITH PRESET 

switching characteristics, TA = 25°C, Vee = 3.5 v, N+ = N- = 0 

PARAMETER 
TEST 

TEST CONDITIONS TYP MAX UNIT FIGURE 

td Delay Time Clock Input: Vin =2.5 v, t f =20 nsec, 20 30 nsec 
tr Rise Time tp=500 nsec, f= 1 Mc 20 45 nsec 
ts Storage Time 19 J and K Input: Vin=VCC 40 60 nsec 
t f Fall Time Preset Input: Yin = 0 25 40 nsec 

fsetlll 
Time fo Set a Logical 1: Clock Input: Vin =2.5 v, tf =20 nsec, 

50 J or K tp=500 nsec, f= 1 Mc nsec 

Time to Set a Logical 0: 
20 

J or K Input: Vinlll =2.5 v, 
tsetlol J or K Vin\OI=O, tr=tf =50 nsec 

40 nsec 

tpreset Preset Time 21 Clock Input: Vin=O 
75 nsec Preset Input: Vin =2.5 v, tf =50 nsec 

schematic (each flip-flop) 

6510 

LOGIC STEERING BISTABLE STEERING LOGIC 
SECTION SECTION SECTION SECTION SECTION ,-----------T-------------,-------·---, 

Vee I I I 

6k 

I 
I 
I 
I 
I 
I 
I 

18k 25pfl 

I I 
I J I 
I I 

1.5 k 

I 
I 
I 

I k 

25 pf 

I k 

Q 

I I I 
I I 
I I I I 1.5 k I I 
I I I 
I I I 

.-----+-""'"' 16k 

5 pf 

2.5 k 

" I 

8k 

I I 
16k I 

K 

L ___ L I GND PRESET I ______ -1... _______ . ______ ;.....L. ____ _ 

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

CLOCK PULSE 



TYPE SN7304 
DUAL J-K FLIP-FLOP WITH PRESET AND CLEAR 

logic 

J 

0 

0 

1 

1 

TRUTH TABLE 
EACH FLIP-FLOP 

tn 

K 

0 

1 

0 

1 

In = Bil lime before clock pulse 

I" + 1 = Bil lime after clock pulse 

tn+ 1 

Q 

Qn 

0 

1 

Qn 

Vee 

®@@®®®® 

CDCDCDCDCD®CD 
GND 

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 3vto4v 

10 

10 

20 to 150 nsec 

. 50 nsec 

Maximum Fan-out From Each Output Into Positive Loads, N + 
Maximum Fan-out From Each Output Into Negative Loads, N

Fall Time of Clock Pulse, tf(clockl . 

Minimum Width of Clock Pulse, tp(clockl 

electrical characteristics (unless otherwise noted TA = O°C to 70°C, Vee = 3 v to 4 v) 

PARAMETER 
TEST 

TEST CONDITIONS MIN TYP FIGURE 
Input voltage required to 

1 Vec =3v 1.7 Vinl1l ensure logical 1 at J, K, 
preset, and clear inputs Vee=4v 2.4 

Input voltage required to 2 Vec=3 v loS 
Vin/II ensure logical 1 at clock input Vec=4v 2.2 

Input voltage required to 

Vin/Ol ensure logical 0 at J, K, preset, 1,2 0 
clear, and clock inputs 

Vcc=3 v, 

Vout/II Logical 1 output voltage N+ =10 (Iload=-S rna) 1.7 
(off leveD 3 

Vee=4v, 
N + = 10 (I load = -8 rna) 2.6 

Vee=3v, 

V outlol Logical 0 output voltage N-= 10 (Isink=2 rna) 
(on leveD 3 

Vec=4v, 
N-= 10 (Isink=2 rna) 

J, K, and preset 3 Vin =1.7v 
lin input current Vi,,=2 .. 6 v 

Vin= 1.7 v 
lin Clock input current 3 Vin =2.4 V 

Vin =O.3 V 

Vin=l.7v 
lin Clear input current 3 

Vin =2.6 V 

Vec=3 v, N+ =N-=O, 

leelavl Average supply current Toggle=l Mc, TA =2SoC 9 
(each flip-flop) 4 

Vec=4 v, N+ =N-=O, 
Toggle=l Mc, TA =2SoC 13 

MAX UNIT 

3 V 

4 v 

3 V 

4 v 

0.4 v 

v 

v 

0.3 v 

0.3 v 

O.S rna 

0.8 rna 

2.S rna 

4 rna 

-1 rna 

1 rna 

1.6 rna 

rna 

rna 
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TYPE SN7304 
DUAL J-K FLIP-FLOP WITH PRESET AND CLEAR 

switching characteristics, TA = 25°C, Vcc = 3.5 v, .N+ = N- = 0 

PARAMETER 
TEST 

TEST CONDITIONS TYP MAX UNIT 
FIGURE 

td Delay Time Clock Input: V in =2.5 v, tf =20 nsec, 20 30 nsec 

tr Rise Time tp=500 nsec, f= 1 Mc 20 45 nsec 

ts Storage Time 19 J and K Input: V in = Vee 40 60 nsec 
tf Fall Time Preset Input: V in = 0 25 40 nsec 

Clear Input: V in = 0 

tset" , 
Time to Set a Logical 1: Clock Input: Vin =2.5 v, tf =20 nsec, 

50 J or K tp=500 nsec, f= 1 Me nsec 

Time to Set a Logical 0: 
20 J or K Input: V inlll = 2.5 v, 

tset/O) J or K Vin(O' = 0, tr=tf =50 nsec 
40 nsec 

tpreset Preset Time 21 Clock Input: V in = 0 
75 nsec 

Preset Input: V in = 2.5 v, tf = 50 nsec 

tc1ear Clear Time 21 Clock Input: V in = 0 100 nsec Clear Input: V in = 2.5 v, tf = 50 nsec 

schematic (each flip-flop) 

LOGIC STEERING BISTABLE STEERING LOGIC 

6512 

SECTION SECTION SECTION SECTION SECTION 
'-~-;-I-------T-------------T-------T---' 

I 
I 
I 
I 
I 
I 
I 

18k 25pfl 

I I 
I J I 

1.5 k 

I 
I 
I 
I Q....-oIVV\,----.! 

1 k 

25 pf Q 

I 
I 
I 
I 
I 
I 

1.5 k 

5 pf 

2.5 k 

16k 6 k I 
______ ~~R _______ G~_!RESE~ ____ _ 

I I 
L ___ L 

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

CLOCK PULSE 
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TYPE SN7310 
5-INPUT EXPANDABLE NAND/NOR GATE 

schematic 

- .... ----.---...... ~VCC 

OUTPUT 

INPUTS 

~~--~~~----~------~----~~GND 

NOTES: a. Component values shown are nominal 

b. Four SN7320 expanders may be fanned into one SN7310 to 
provide a total fan·in of 25. If expander is not used leave 
pin <D open. 

recommended operating conditions 
Supply Voltage, Vee 
Maximum Fan-out Into Positive Loads, N+ 

Maximum Fan-out Into Negative Loads, N-

Do not make external 
connection at pin <D 

Vee 

GND 

positive logic 

10=4-5-6-7-9-1 

electrical characteristics (unless otherwise noted T A = O°C to 70°C, Vee = 3 v to 4 v) 

PARAMETER 
TEST 

TEST CONDITIONS MIN TYP FIGURE 

Logical 1 input voltage required V!==e=3v 1.7 

Vinlll at all input terminals to ensure 5 
logical 0 (on leveD at output. Vee=4v 2.4 

Input voltage required at ex- Vee=3v 2.1 

VinlllX pander node (pin <D ) to ensure 8 
logical 0 (on leveD at output Vee=.o4V 2.9 

Logical 0 input voltage required 

Vin/Ol at any input terminal to ensure 6 0 
logical 1 (off leveD at output 

Input voltage required at ex- TA=OoC 0 

Vin/OIX pander node (pin <D ) to ensure 7 
logical 1 (ofileveD at output TA =70oC 0 

Vee=3 v, Vin =0 . .o4 v, 
1.7 

Voutlll 
Logical 1 output 

6 
N+ = 10 (1Ioad=-5 rna) 

voltage (off leveD Vee =4v, Vin=0 . .o4v, 
N+ = 10 (1Ioad=-8 rna) 2.6 

Vee=3v, Vin=1.7 v, 

V out/Ol 
Logical 0 output 

5 
N-= 10 (lsink = 2 rna) 

voltage (on leveD Vce=.o4 v, Vin =2.4 v, 
N-= 10 (lsink=2 rna) 

Characteristics continued next page. 

3 v to 4 v 

10 
10 

MAX UNIT 

3 V 

4 v 

3 v 

4 v 

0.4 v 

1.2 V 

1 v 

v 

v 

0.3 v 

0.3 v 

6513 



TrPE SN7310 
5-INPUT EXPANDABLE NAND/NOR GATE 

electrical characteristics continued 

PARAMETER 
TEST 

TEST CONDITIONS MIN TYP MAX UNIT FIGURE 

lin Input current (each input) 6 
Vin =0.3 V, 

-0.2 ma 
N+ =N-=O 

Vcc=Vin=3 V, 

N+ =N-=O, 3.3 ma 

ICClonl On level supply current 9 
TA=25°C 

VCc=Vin=4 v, 
N+ =N-=O, 4.5 ma 
TA =25OC 
Vcc=3 v, Vin =0.3 v, 

1.2 ma 

ICCloff! Off level supply current 9 
N+ =N-=O, TA=25°C 
Vcc=4 v, Vin =0.3 v, 
N+ =N-=O, TA=25OC 1.6 ma 

TA=OoC 1.35 2.6 kn 
Rlleffl Rl Effective resistance 10 

TA =70oC 1.5 2.8 kn 

switching characteristics, TA = 25°C, Vee = 3.5 v, N- = 1 

PARAMETER TEST 
TEST CONDITIONS TYP MAX UNIT FIGURE 

td Delay Time 35 45 nsec 
tr Rise Time Input: Vin =2.5 v, f= 1 Mc, 40 50 nsec 
ts Storage Time 22 tp=500 nsec, tr=tf =20 nsec 25 45 nsec 
tf Fall Time 30 40 nsec 

tpd Propagation Delay Time 23 30 nsec 

6514 



schematic (each gate) 

~-4------~~----~oVcc 

TYPE SN7311 
DUAL 5-INPUT NAND/NOR GATE 

Vee 

@@@®®®® 

OUTPUT 

INPUTS G)00CD0®0 
GND 

~-'--~--'--4--~-------'----~HJ GND 

Component values shown are nominal positive -logic 
9 = ~5-·-6-::--·-7-· -'8~.-1-0 13 = -1-·-2=--· -::-3-·-12-· -::-1--:4 

recommended operating conditions 
Supply Voltage, Vcc . 
Maximum Fan-out From Each Output Into Positive Loads, N+ 
Maximum Fan-out From Each Output Into Negative Loads, N- . . 

electrical characteristics (unless otherwise noted TA = O°C to 70°C, Vee = 3 v to 4v) 

PARAMETER TEST 
TEST CONDITIONS MIN TYP FIGURE 

Logical 1 input voltage re-
Ycc=3 v 1.7 quired at all input termi-Yinlll nals to logical 0 5 ensure 
Ycc=4v 2.4 (on leveD at output 

Logical 0 input voltage re-

YinlO! quired at any input termi· 6 0 
nal to ensure logical 1 (off 
leveD at output 

Ycc=3 v, Yin=0.4 v, 
1.7 

Logical 1 output N+ = 10 (1Ioad= -5 mal 
Youtlll voltage (off leveD 6 Ycc-4 v, Yin -0.4 v, 

N+ = 10 <I load = -8 mal 2.6 

Ycc=3 v, Yin =1.7 v, 

YoutlO! 
Log ica I 0 output 

5 
N-=10 (l sink =2 ma) 

voltage (on level> Ycc=4 v, Yin =2.4 v, 
N-=10 (l sink =2 mal 

'in Input current (each input) 6 Vin =0.3v, N+=N-=O 
YCC -Yin -3 v, N+ -N--O, 

3.3 

ICClon! 
On level supply 

9 
TA =25°C 

current (each gate) VCC -Yin-4 v, N+ -N--O, 
TA =25°C 4.5 

Vcc=3 v, Yin =0.3 v, 
1.2 

ICCloff! 
Off level supply 

9 
N+ =N-=O, TA =25°C 

current (each gate) Vcc=4 v, Yin =0.3 v, 
N+ =N-=O, TA=25OC 1.6 

switching characteristics, TA = 25°C, Vee = 3.5 v, N- = 1 

PARAMETER 
TEST 

TEST CONDITIONS TYP FIGURE 

td Delay Time 20 

tr Rise Time 
22 

Input: Vin =2.5 v, f= 1 Mc, 25 

ts Storage Time tp=500 nsec, tr =tf=20 nsec 25 
tf Fall Time 25 

tpd Propagation Delay Time 23 25 

3 v to 4 v 
10 
10 

MAX UNIT 

3 v 

4 v 

0.4 v 

v 

v 

0.3 v 

0.3 V 

-0.2 ma 

ma 

ma 

ma 

ma 

MAX UNIT 

30 nsec 
45 nsec 
45 nsec 
40 nsec 

nsec 
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TYPE SN7315 
lO-INPUT EXPANDABLE NAND/NOR GATE 

schematic Vee 

®®®®®00 
~-'------~----~OVcc 

OUTPUT 

INPUTS 

~~--+--4--"-"""""""'~-----+------+O GND CD CD CD CD ® ® 0 
NOTES: a. Component values shown are nominal. 

b. Three SN7320 expanders may be fanned into one SN7315 to provide 
a lotal fan-in of 25. If elfpander is not used leave pin (j) open. 

recommended operating conditions 
Supply Voltage, Vee 
Maximum Fan-out Into Positive Loads, N + 
Maximum Fan-out Into Negative loads, N-

GND 

positive logic 

9 = 1 • 2 . 3 . 5 . 6 • 7 • 8 • 12 • 13 . 14 

3 v to 4 v 
10 
10 

electrical characteristics (unless otherwise noted T A = OO( to 70°(, Vee = 3 v to 4 v) 

PARAMETER 
TEST 

TEST CONDITIONS MIN TYP MAX UNIT FIGURE 

Logical 1 input voltage required Vee=3 v 1.7 3 V 

Vinlll at all input terminals to ensure 5 
logical 0 {on leveD at output. Vee=4v 2.4 4 v 

Input voltage re(@ed at ex- Vec=3 v 2.1 3 V 

V inl1lX pander node (pin 1 Q ) to ensure 8 
logical 0 {on leveD at output ' Vee=4v 2.9 4 v 

Logical 0 input voltage required 

Vinlol at any input terminal to ensure 6 0 0.4 v 
logical 1 {off leveD at output 

Input voltage re~ed at ex- TA=OoC 0 1.2 V 

VinlolX pander node (pin 10 ) to ensure 7 
logical 1 {off leveD at output TA=700C 0 1 v 

Vee=3 v, Vin =0.4 v, 
1.7 v 

Voutlll 
logical 1 output 

6 
N+ = 10 (Iload=-5 rna) 

voltage {off leveD Vee=4 v, Vin=0.4 v, 
N + = 10 (I load =-8 rna) 2.6 v 

Vee=3v, Vin=1.7v, 
0.3 v 

V outlO) 
logical 0 output 

5 
N-= 10 (Isink=2 rna) 

voltage {on leveD Vee=4 V, Vin =2.4 V, 

N-= 10 (lsink =2 rna) 0.3 V 

lin Input current (each input) 6 
Vin =0.3 v, 

-0.2 N+=N-=O rna 

Vee=Vin=3 V, 

N+=N-=O, 3.3 rna 

leelon) On level supply current 9 
TA =25OC 

Vee=Vin=4 V, 

N+=N-=O, 4.5 rna 
TA =25°C 

Characteristics continued next page. 
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electrical characteristics continued 

PARAMETER 
TEST 

FIGURE 

ICCfoffl Off level supply current 9 

R1/effJ R1 Effective resistance 10 

TYPE SN7315 
lO-INPUT EXPANDABLE NAND/NOR GATE 

TEST CONDITIONS MIN TYP MAX UNIT 

Vcc=3 V, Vin =0.3 V, 
1.2 rna 

N+ =N-=O, TA=25°C 

Vcc=4 v, Vin =0.3 v, 1.6 rna 
N+ =N-=O, TA=25°C 
TA=OoC 1.35 2.6 kn 
TA=70oC 1.5 2.8 ko 

switching characteristics, TA = 25°e, V cc = 3.5 v, N- = 1 

PARAMETER 
TEST 

TEST CONDITIONS TYP MAX UNIT FIGURE 

td Delay Time 35 45 nsec 

tr Rise Time Input: Vin =2.5 v, f=l Mc, 40 50 nsec 

ts Storage Time 22 tp=500 nsec, tr=tf =20 nsec 25 45 nsec 
tf Fall Time 30 40 nsec 

tpd Propagation Delay Time 23 30 nsec 

TYPE SN7320 
5-INPUT EXPANDER 

schematic 

.---...... - ..... - ..... - ..... -oOUTPUTt 

INPUTS 

~--~--~---4----~oGND CDCDCD0® 
GND 

t Connect output to expander node of SH7310 (pin CD) or SN7315 (pin @), Do not make external connection at 

pins@,@, or 0. 
positive logic 

1 = 4 • 5 • 6 • 7 • 10 

electrical characteristics (unless otherwise noted T A = ooe to 700 e, V cc = 3 v to 4 v) 

PARAMETER 
TEST 

TEST CONDITIONS MIN MAX UNIT FIGURE 

lin Input Current (each input) 11 Vin =O.3 V -0.2 rna 

Expander node output Vcc=4 v, Vin =0.3 v, TA=OoC 1.2 v 
V out(O)X voltage {off leveD with 11 

logical 0 at any input Vcc=4 v, Vin =0.3 v,TA =70oC 1 v 

Expander node output. Vcc=3 v, Vin= 1.7 v 2.1 v 
Vout(1)X voltage (on leve/) with 12 

logical 1 at all inputs Vcc=4 v, Vin =2.6 V 2.9 v 

NOTES: The SN7320 Vin(1I and Vin(O) limits are the some as defined for the SN7310 and the SN7315. 

Four SN7320 expanders may be fanned into one SN7310 to provide a 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) 

Vee 

OUTPUT 

INPUTS 

"--...... 1--................ ---.... --..... <1 GND 
GND 

Component values shown are nominal 

positive logic 

10 = 1 • 2 • 9-

recommended operating conditions 
Supply Voltage, Vee . 
Maximum Fan-out From Each Output Into Positive Loads, N + 
Maximum Fari-out From Each Output Into Negative Loads, N- . 

electrical characteristics (unless otherwise noted TA = ooe to 700 e, Vee = 3 v to 4v) 

PARAMETER 
TEST 

TEST CONDITIONS MIN TYP FIGURE 

Logical 1 input voltage re-
Vee=3v 1.7 quired at all input termi-

Vinl11 nals to logical 0 5 ensure 
Vee=4v 2.4 (on leveD at output 

Logical 0 input voltage re-

Vinlol 
quired at any input termi. 6 0 
nal to ensure logical 1 (off 
leveD at output 

~ 
Vce=3 v, Vin =0.4 v, 

1.7 
Logical 1 output N+ = 10 <I'oad= -5 mal 

Voutlll voltage (off leveD 6 Vee-4 V, Vin -0.4 v, 
N+ =10 (l'oad=-8 mal 2.6 

Vee=3 v, Vin -1.7 v, 
Logical 0 output N-= 10 (lsink =2 mal 

Voutlol voltage (on level> 5 Vce=4 v, Vin =2.4 v, 
N-= 10 (lsink =2 mal 

lin Input current (each input) 6 Vin =0.3 v, N+ =N-=O 

Vee=Vin=3 v, N+ =N-=O, 
3.3 

On level supply TA =25°C 
leelonl current (each gate) 9 Vee-Vin-4v, N+ -N--O, 

TA =25°C 4.5 

Vee-3 v, Vin -0.3 v, 
1.2 

Off level supply N+=N-=O, TA =25OC 
Iceloffl current (each gate) 9 Vec=4 v, Vin =0.3 v, 

N+ =N-=O, TA =25OC 1.6 

switching characteristics, TA = 25°e, Vee = 3.5 v, N- = 1 

PARAMETER 
TEST 

TEST CONDITIONS TYP FIGURE 

td Delay Time 20 
tr Rise Time 

22 
Input: Vin =2.5 v, f=l Mc, 25 

ts Storage Time tp=500 nsec, tr=tf=20 nsec 25 
tf Fall Time 25 

tpd Propagation Delay Time 23 25 
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. 3 v to 4 v 
10 
10 

MAX UNIT 

3 v 

4 v 

0.4 V 

v 

v 

0.3 V 

0.3 v 

-0.2 ma 

ma 

ma 

ma 

ma 

MAX UNIT 

30 nsec 
45 nsec 
45 nsec 
40 nsec 

nsec 



TYPE SN7331 
TRIPLE 3-INPUT NAND/NOR GATE 

schematic (each gate) 

Vee 

@@@®®®® 

OUTPUT 

INPUTS 

G)CDG)00®CD 
\.-...... - ...... --4~--~.----~ GND GND 

Component values shown are nominal. 
positive logic 

recommended operating conditions 
Supply Voltage, Vee • . . . 
Maximum Fan-out From Each Output Into Positive Loads, N + . 
Maximum Fan-out From Each Output Into Negative Loads, N- . 

electrical characteristics (unless otherwise noted TA = GOC to 70°C, Vce = 3 v to 4v) 

PARAMETER 
TEST 

TEST CONDITIONS MIN TYP FIGURE 

Logical 1 input voltage re-
Vee=3v 1.7 quired at all input termi-

Vin/11 5 
nals to ensure logical 0 Vee=4v 2.4 
{on leveD at output 

Logical 0 input voltage re-' 

Yin/OJ 
quired at any input termi· 6 0 
nal to ensure logical 1 (off 
leveD at output 

Vee-3 v, Vin -0.4 v, 
1.7 

Logical 1 output N+ = 10 (1Ioad=-5 ma) 
Vout/l! voltage (off level> 6 Vee-4 v, Vin -0.4 v, 

N + = 10 (Iload=-8 ma) 2.6 

Vcc=3v, Vin =1.7v, 

Logical 0 output N-= 10 (lsink =2 ma) 
Vout/O! voltage {on leveD 5 Vce=4 v, Vin =2.4 v, 

N-=10 (lsink=2 ma) 

lin Input current (each input) 6 Vin=0.3 v, N+ =N-=O 

Vce-Vin-3 v, N+ -N--O, 
3.3 

On level supply TA=25OC 
Icc/on! current (each gate) 9 Vee -Vin -4v, N+ -N--O, 

TA =25°C 4.5 

Vee -·3 v, Vin -0.3 v, 
1.2 

ICC/off! 
Off level supply 

9 
N+ =N-=O, TA =25OC 

current (each gate) Vee=4 v, Vin =0.3 v, 
N+ =N-=O, TA =25OC 1.6 

switching characteristics, T A = 25 °c, Vee = 3.5 v, N- == 1 

PARAMETER 
TEST 

TEST CONDITIONS TYP FIGURE 

td Delay Time 20 

tr Rise Time 
22 

Input: Vin=2.5 v, f= 1 Mc, 25 

ts Storage Time tp=500 nsec, tr=tf =20 nsec 25 
tf Fall Time 25 

tpd Propagation Delay Time 23 25 

• 3 v to 4 v 
10 
10 

MAX UNIT 

3 v 

4 v 

0.4 v 

v 

v 

0.3 v 

0.3 V 

-0.2 ma 

ma 

ma 

ma 

ma 

MAX UNIT 

30 nsec 
45 nsec 
45 nsec 
40 nsec 

nsec 
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TYPE SN7350 
QUADRUPLE INVERTER/DRIVER 

schematic (each inverter) 

r----..... -u vee 
Vee 

25 pf 

3kO 
OUTPUT 

INPUT~--~~~-4---+--~ 

-----~lJ GND 
GND 

Component values shown are nominal positive log,ic 

recommended operating conditions 
Supply Voltage, Vee . 

6 = 5 

7 = 4 

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

electrical characteristics (unless otherwise noted T A = OOC to 70°C, Vee = 3 v to 4 v) 

PARAMETER TEST 
TEST CONDITIONS MIN TYP 

FIGURE 
logical 1 input voltage 

Vec=3 v 1.7 
Vinlll 

required to ensure 13 
logical o (on leveD 
at output Vce=4 v 2.4 

logical 0 input voltage 

Vinlol 
required to ensure 

13 0 logical 1 (off leveD 
at output 

Vee=3 v, Vin =0.4 v, 1.7 

Voutfll 
logical 1 output 

13 
N+ = 10 (lload=-5 rna) 

voltage (off leveD Vee=4 v, Vin =0.4 v, 
N+=10 (1Ioad=-8 rna) 

2.6 

Vee=3 v, Vin= 1.7 v, 

Voutlol 
logical 0 output 13 

N-=10 (lsink=2 rna) 
voltage (on leveD Vee=4 v, Vin =2.4 v, 

N-= 10 (l sink =2 rna) 

lin Input current 13 
Vee-3 v, Vin= 1.7 v, N +=N-=O\ 
Vee=4v, Vin =2.6v, N+=N-=O 

Vee=Vin=3 v, N+ =N-=O, , 3.3 
leelonl On level supply 13 

TA =25°C 
current (each inverter) Vee=Vin=4 v, N+ =N-=O, 

TA=25OC 4.5 

switching characteristics, T A = 25°(, Vee = 3.5 v, N- = 1 

PARAMETER TEST TEST CONDITIONS TYP 
FIGURE 

td Delay Time 20 
tr Rise Time 'nput: Vin =2.5 v, f= 1 Mc, 25 
ts Storage Time 22 tp=500 nsec, tr=tf =20 osee 25 
t f Fall Time 25 

tpd Propagation Delay Time 23 25 
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9 = 2 

10 = 1 

3 v to 4 v 
10 
10 

MAX UNIT 

3 V 

4 v 

0.4 v 

v 

v 

0.3 v 
-
0.3 v 

1 rna 

1.6 rna 

rna 

rna 

MAX UNIT 

30 nsec 
45 nsec 
45 nsec 
40 nsec 

nsec 



TYPE SN7360 
QUADRUPLE 2-INPUT NAND/NOR GATE 

schematic (each gate) 

Vee 

~-'------------~~Vcc 

OUTPUT 

INPUTS 

(DG)CD00@<D 
GND 

~----4-------~----~GGND 

Component values shown are nominal 
positive logic 

2 = 1-3 6 = 5 • 7 8 = 9 • 10 14 = 12 • 13 

recommended operating conditions 
Supply Voltage, V cc . 
Maximum Fan-out From Each Output Into Positive Loads, N + 
Maximum Fan-out From Each Output Into Negative Loads, N- . 

electrical characteristics (unless otherwise noted TA = ooe to 700 e, Vce = 3 v to 4v) 

PARAMETER TEST 
TEST CONDITIONS MIN TYP FIGURE 

Logical 1 input voltage re-
Vcc=3v 1.7 quired at all input termi-

Vinlll no Is to ensure· logical 0 5 

(on leveD at output Vcc=4v 2.4 

Logical 0 input voltage re-

Vinlol 
quired at any input termi· 6 0 
nal to ensure logical 1 (off 
leveD at output 

Vcc-3 v, Vin -0.4 v, 
1.7 

Logical 1 output N+=10 (l'OIId=-5 rna) 
Voutlll voltage (off level) 6 Vcc-4v, Vin -0.4v, 

N + = 10 (I'OIId=-8 rna) 2.6 

Vcc=3v, Vin =1.7 v, 
Logical 0 output N-= 10 (lsink =2 mal 

Voutlol voltage (on level) 5 Vcc=4 v, Vin=2.4 v, 
N-= 10 (lsink=2 mal 

lin Input current (each input) 6 Vin =0.3 v, N+ =N-=O 

VCC-Vin-3 v, N+ -N--O, 
3.3 

On level supply TA =25OC 
ICClonl current (each gate) 9 VCC-Vin-4v, N+-N-=O, 

TA =25OC 4.5 

Vcc-3 V, Vin -0.3 v, 
1.2 

ICCloffl 
Off level supply 

9 
N+=N-=O, TA =25OC 

current (each gate) Vcc=4 v, Vin=0.3 V, 

N+ =N-=O, TA =25°C 1.6 

switching characteristics, TA = 25°e, Vee = 3.5 v, N- = 1 

PARAMETER 
TEST 

TEST CONDITIONS TYP FIGURE 

td Delay Time 20 

tr Rise Time 
22 

Input: Vin=2.5 v, f= 1 Me, 25 

ts Storage Time tp=500 nsee, tr=tf=20 nsee 25 
t f Fall Time 25 

tpd Propagation Delay Time 23 25 

. 3 v to 4 v 
10 
10 

MAX UNIT 

3 V 

4 v 

0.4 V 

v 

v 

0.3 v 

0.3 V 

-0.2 ma 

ma 

ma 

ma 

ma 

MAX UNIT 

30 nsec 
45 nsec 
45 nsec 
40 nsee 

nsec 
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TYPE SN7370 
DUAL AND-OR-INVERT GATE 

schematic (each gate) Vee 

@@®®®®0 

INPUTS 

OUTPUT 

INPUTS 

~--~L-----~~--~----4HOGND 
CD000®®CD 

GND 
NC - No internal connection. 

Component values shown are nominal 
positive logic 

------------ ------------
7 = (5 • 10) + (8 • 9) 14 = (1 • 2) + (3 • 12) 

recommended operating conditions 
Supply Voltage, Vee • 
Maximum Fan-out From Each Output Into Positive Loads, N + 
Maximum Fan-out From Each Output Into Negative Loads, N- . 

electrical characteristics (unless otherwise noted T A = OO( to 70°(, V ce = 3 v to 4 v) 

PARAMETER 
TEST 

TEST CONDITIONS MIN TYP MAX 
FIGURE 

Logical 1 input voltage Vee=3 v 1.7 3 
required at both input 

VinlOl terminals of either AND 14 
section to ensure logical 0 
(on level) at output Vce=4 v 2.4 4 

Logical 0 input voltage 

Vinlll 
required at one input 
terminal of each AND 15 0 0.4 
section to ensure logical 1 
(off level) at output 

Vce=3 V, Vin =0.4 V, 1.7 
Voutlll Logical 1 output 

15 
N+ = 10 (/, .... d=-5 ma) 

voltage (off leve/) Vec=4 v, Vin=OA v, 2.6 
N+ =10 (/'""r/=-8 ma) 
Vee=3v, Vin=1.7 v, 0.3 

Voutlol Logical 0 output 
14 

N-= 10 (I.inlc = 2 ma) 
voltage (on leve/) Vcc=4 v~ Vin =2.4 V, 0.3 

N-= 10 (I.inlc=2 mal 
Ion Input current (each input) 15 Von=0.3 v, N+ =N-=O -0.2 

Vec=Vin=3 v, N+ =N-=O, 3.3 
leclonl On level supply 

14 
TA =25°C 

current (each gate) VCC=Vin=4 v, N+ =N-=O, 4.5 
TA =25°C 

Vcc=3 V, Vin=0.3 V, 1.2 
ICCloffl Off level supply 

15 
N+ =N-=O, TA =25°C 

current (each gate) Vcc=4 v, Vin =0.3 v, 1.6 
N+ =N-=O, T ... =25°C 

switching characteristics, TA = 25°(, Vee = 3.5 v, N- = 1 

PARAMETER 
TEST 

TEST CONDITIONS TYP MAX FIGURE 

td Delay Time 30 60 
tr Rise Time 

22 
Input: Vin =2.5 v, f= 1 Mc, 30 60 

ts Storage Time tp=500 nsec, tr=tf=20 nsec 100 200 
tf Fall Time 100 200 

tpd Propagation Delay Time 23 65 
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3 v to 4 v 
10 
10 

UNIT 

v 

v 

V 

V 

v 

V 

v 

ma 

ma 

ma 

ma 

ma 

UNIT 

nsec 
nsec 
nsec 
nsec 

nsec 



TYPE SN7380 
ONE-SHOT MONOSTABLE MUL TIVIBRATOR 

logic 

TRUTH TABLE OUTPUT Vee 

positive logic ®®(DCD0 
T T* 

OUTPUT 
tn tn+1 tn tn+1 
1 1 .. .. INHIBITED (logical 1) 

.. .. 0 0 INHIBITED (logical 1) 

0 0 1 0 ONE-SHOT (logical Ofar tp nsec) 

0 1 1 1 ONE-SHOT (logical 0 for tp nseC> 

tn = bit time before change in input levels 

tn + 1 = bit time after change in input levels 

recommended operating conditions 
Supply Voltage, Vee 
Maximum Fan-out Into Positive Loads, N+ 
Maximum Fan-out Into Negative Loads, N- . 
Minimum Set-Up Time, tset.up t 

GND 

electrical characteristics (unless otherwise noted T A = OOC to 70°C, Vee = 3 v to 4 v) 

PARAMETER TEST TEST CONDITIONS:!: MIN TYP 
FIGURE 

Input voltage required to Vee=3v 1.7 
Vinl11 ensure logical 1 at 16 

Tor T* input Vee=.4 v 2 • .4 

Input voltage required to 

VinlOI ensure logical 0 at 16 0 
Tor T* input 

Vee=3v, 1.7 

Voutlll 
Logical 1 output 

17 
N + = 10 (lload= -S ma) 

voltage (off level) Vee =.4 v, 2.6 
N+ = 10 (I load = -S ma) 

Vee = 3 v, VG)= 0.3 v, pin @) open, 

VoutlOI 
Logical 0 output 17 

N-=10 (lsiric=2 ma) 
voltage (on level) Vee=.4 v, VQL=0.3 v! pin @ open, 

N-=10 (lsiric-2 ma) 

lin 
Vee=3 V, Vin= 1.7 v, N+ =N-=O 

Input current (each input) 16 
Vee=.4 v, Vin =2.6 v, N+ =N-=O 
Vec-3 v, N+ -N--O, 

.4.S 

leelavl Average supply current lS 
Duty Cycle=SO%, TA =2SoC 

Vee=.4 v,. N+ =N-=O, 
Duty Cycle=SO%, TA=~SoC 6.3 

3 v to 4 v 
10 
10 

. 400 nsec 

MAX UNIT 

3 V 

.4 v 

0 . .4 v 

v 

v 

0.3 v 

0.3 v 

O.S ma 

O.S ma 

ma 

ma 

tThis is the minimum- time necessary for the input signal to dwell before the triggering transition begins and applies when pin (!) is shorted to pin (i) and pin <D is shorted 
to pin @. Set·up time begins only after the occurrence of the 10% point of the output fall time. 

tPin (!)shorted to pin (i) and pin G) shorted to pin <i9> unless otherwise noted. 
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TYPE SN7380 
ONE-SHOT MONOSTABLE MULTIVIBRATOR 

switching times, TA = 25°C, V cc = 3.5 v, fan-out N- = 1 

PARAMETER 
TEST 

TEST CONDITIONSt MIN TYP FIGURE 

td I Delay Time after Positive-going 
Transition at T (pinG) 90 

td 2 Delay Time after Negative-going 
24 

Input: Vin =2.5 v, f= 1 Me, tp=400 nsec, 
Transition at T* (pin 0) tr=tf =20 nsee 90 

tr Rise Time 35 
t f Fall Time 35 

tp Output Pulse Width 24 
Input: Vin =2.5 v, f= 1 Mc, tp=400 nsec, 

100 250 tr=tf =20 nsee 

:j:Pin G) shorted to pin (i) and pin 0 shorted to pin @ unless otherwise noted. 

schematic 

~--~'-----__ ~-------4~----__ ----__ ~----------~-OVcc 
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R(td) 
(See Note c) 

lkO 

INPUT T* o e>-e-JVI.I\r-4'--~-:---4 
(See Note d) 

INPUT T o o.-.-JVV\r-e...---t 

(See Note d) 

NOTES: a. Component values shown are nominal. 

b. Output pulse width tp is proportional to R(tp)C(lp). Output pulse width may be modified using pins CD. 0. ®. 
and @ to (hange effective values of R(tp) and C(tp). Nominal value of internal R(tp) is 8 k nand (Itp) is 25 pf. 

Value of modified R(tp) should be maintained between 6 k nand 15 k o. 

CAUTION: 
When the effective valve of Cltp) 2:: 0.1 ILf, a 560-0 resistor must be connected in series with the 

external portion of Cltp) (between pins CD and ®). 
(. Delay time (td) may be modified using pins G). <D. 0. and (]) to (hange effective values of R(td) and C(td). 

Nominal value of internal Rltd) is 2 k n. Value of modified Rltd) should be maintained between 2 k 0 and 10 k U. 

d. T triggers on a positive transition to logi(al 1 level. and T* triggers an a negative transition to logi(al 0 level. 

When triggering with T input. hold T* at logi(al 1. When triggering with T* input. hold T at logi(al O. 

® 

MAX UNIT 

130 nsee 

130 nsee 
60 nsee 
60 nsee 

400 nsee 
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PARAMETER MEASUREMENT INFORMATION § 

d-c test circuits 

+Iin 

V in 

Vin(1) 

J* 
K* 
J 
K 

Preset 
Clear 

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 Vin(clock) = O. 

FIGURE 1 

J* 
K* 
J 
K Q 

Ilood 

r[ Preset -----. 
Clear -Clock I sink 

In 

- -::-

1. Each input is tested individually for 
input current. 

2. Each output is tested individually for 

VOUt(1) and Vout(O)' 

FIGURE 3 

Vee 

1. All inputs tested Simultaneously. 

FIGURE 5 

§ Arrows indicate actual direction of current flow. 

CLO~K ----Vln (1) minimum 

INPUT L 
Vin(O) maximum 

tf(clock) 

Vee 

FF 
Q 

1. The flip-flop is tested for ripple action with the 
following conditions: 

Clock input: Vin(1) minimum, Vin(O) maximum, 
tf = 150 nsec (maximum). 

All other inputs: Vin(1) minimum. 

FIGURE 2 

CLOCK 
INP~2.5V 

Duty Cycle e: 50% 0 

Vee Vee 

~J' K* 
J 
K 

FF 

Q 

Vin 

-::- -
FIGURE 4 

1. Each input is 'tested separately. 

FIGURE 6 
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PARAMETER MEASUREMENT INFORMATION§ 

d-c test circuits (continued> 

Vee Vee Vee Vee 

en en 

5 5 
Q.. Q.. 

Z Z .. 
...J ...J 
...J ...J 

< < 

FIGURE 7 FIGURE 8 

Vee Vee Vee ! lee 
en 
5 
Q.. 

Z 
OPEN ...J OPEN 

...J 

< 

1. Test on-level and off-level current. 1. R, (eft) 

FIGURE 9 FIGURE 10 

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

d-c test circuits (continued) 

en 
l
=> 
Q.. 

Z 

@ vee 
en 
=> 
Z 
=> 
...J 
...J 

< 

1;·rF 

1. Rx = 1.35 knot 0°(. 
2. Rx = l.Sk n at 70° (. 

3. Each input is tested 'separately. 

4. RX is worst case equivalent of Rl in 
the SN7310 or the SN7315: 

FIGURE 11 

Vee 

1. Each inverter is tested separately. 

FIGURE 13 

§ Arrows indicate actual direction of current flow. 

Vee 

Rx 

Isink 

4--

f~ 
Vout 

1 

....I .... ---1 

....I 

< 

1. RX=2.6 knot 0°(. 

2. Rx = 2.8 knot 70°e. 
3. All inputs tested simultaneously. 

4. Rx is the worst case equivalent of Rl 
in the SN7310 or the SN7315. 

FIGURE 12 

Vee 

1. Each AND section is tested separately. 

FIGURE 14 

Vee 

Rx 

Vout 

1 

6527 
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PARAMETER MEASUREMENT INFORMATION§ 

d-c test circuits (continued) 

1. Each input pair is tested separately for Vout!l). 

2. Each input tested separately for I in. 

FIGURE 15 

FIGURE 17 

§ Arrows indicate actual direction of current flow. 

6528 

r 
1. Each input is tested separately. 

2. With the unused input at the worst-case level and using minimum 

Vin!l) and maximum Vin(OI input voltage levels, the one-shot output 
is verified. 

FIGURE 16 

1. ICC is measured with a 50% duty cycle. 

FIGURE 18 
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PARAMETER MEASUREMENT INFORMATION 

switching characteristics 

I- tp 1 

CLOCK 
INPUT 

--r---t~I-90-,*-O ---90-%"'1-1 ---------- Vin (1) 

LOGICAL 0 in 50% I I I 

TURN-ON 
OUT PUT WAVEFORM 
(Q or 0) 

TURN-OFF 
OUTPUT WAVEFORM 
(Q or 0) 

Vout(O) 

10% I 1 
~~~--I 1 1 

- --.. t f I-- -...I tr 
I 

10% 
~;..;.;...---- Vin(O) 

FIGURE 19. CLOCK PULSE AND OUTPUT VOLTAGE WAVEFORMS 

vin(J)---~h 90% I 

J, K, OR J*, K* INPUT I 
11O%~ ...... ------------ Vin(O) ---I tr r-- I 900k Vin(1) 

1 I 
1 1 

10%1 ..-- tp ----.. 

J, K, OR J*, K* INPUT 

OFF LEVEL 

VinlO) -----II-----~ L I 1 
~ tf i==f--.... .----~-t_-- Vin(1) 

I I I I 
CLOCK INPUT 

I 15~ ~% 

V ____ ~---_+-~-...... 'I'" 10%1 Vln(O) info) 1 
____ tset(1) ~ tf ~ 

tset(O) ... I 

FIGURE 20. TIME TO SET A LOGICAL LEVEL VOLTAGE WAVEFORMS 
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PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 

INPUT 

6530 

PRESET/CLEAR INPUT 

1 /f,,"90-0A-O ---------___ vin (1) 

Vin I 

Q OUTPUT 

FOR PRESET INPUT 

Q OUTPUT 

FOR CLEAR INPUT 

OUTPUT 

NETWORK 
UNDER 

TEST 

, 10o/~ : 
1--1-----------------------Vin(O) 

: ' Vout{J) OFF LEVEL 

--.I t
f l.- L I I 10% r- tpreset -1 

V
out

(1) ----.... !---------f\I. 90% I. tclear ---... ~ 
1 I 

...... ___ Vout(O) ON LEVEL 

Vout(O) 

FIGURE 21. PRESET/CLEAR TIME VOLTAGE WAVEFORMS 

I- tp -I 
I I 
I -1------- Vin(l) 
I 90% 900

0 I 
I I I I 

INPUT 500A I I 

Vee 
I I 

100/J I 10% ~n(O) I I I---.a t f ,.....- -...tr 
I I Vout(1) 90% 900A I 

I I I OFF LEVEL 

OUTPUT I I I I 
1 1 I I 

I I I I 10% 1 -- 1 __ Vout(O) I 
J.td --I tr .... ts ..f t f L.- ON LEVEL 

1 I I 

FIGURE 22. GATE SWITCHING TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 

PULSE 
GENERATOR 
(See Note 1) 

INPUT 

OUTPUT 

INPUT 

.' ~~----------__ ~ 190% 
~'50% 
!~10% 

-Itrt-i= 

'-----------~~ I 
I 

OUTPUT N+ = N- = 0 

't'9O% _ I ----Vout Cl) OFF LEVEL 

! ",----~I!-..iIIk V~'IOI ON LEVEl 
tl t-- --I t2 ~ 

NOTES: 1. The generator has the followinq characteristics: tr = tl = 20 nsec, tp = 500 nsec, PRR = 1 Me, Zout ~ 50 O. 

2. Propagation delay: tpd = tl + t2 
4 

INPUT 
AT T 

INPUT 
AT T* 

OUTPUT 

FIGURE 23. GATE PROPAGATION DELAY TEST CIRCUIT AND VOLTAGE WAVEFORMS 

~ tset-up 
I 
I 
I 

tp T---'------------------------ ~n(1) 
OOk Yin 

'---...L---I'f------------- Yin (0) 

------- ~nU) 

_________ ~~_I. tp 

.90% I Yout(t) 

• I 500k --I td 1 .. ~l 0% _______ ....... .-. 

~tr.._ 

FIGURE 24. ONE-SHOT VOLTAGE WAVEFORMS 
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general 
MECHANICAL DATA 

Series 73 semiconductor networks are mounted in 
glass-to-metal hermetically sealed, welded pack
ages. Package body and leads are gold-plated 
F-15:j: glass-sealing alloy. Approximate weight is 

0.1 gram. All external surfaces are metallic and 
are insulated from leads and circuit. All Series 73 
networks are available with formed leads, insulator 
attached, and/or mounted in a Mech-Pak carrier. 

NETWORK WELDED PACKAGE 

DATE 

i-'P--'I'---"I'-o'l!....4-r' CODE 

L~ 
00000 0.010 

.--
EF. 0.17S R 

0.16S M 
(See Not 

IN. 
e e) 

~ 

0 o 0 o 0 0 

~ ~ ~ : : ~ 
_/ 

.-=-- ~XXXX~~ 0.1 
• SNXXXX _ 0.1 

.-----
LASS 0.005 MAX G 

14 PLACE S 

0.0 
0:0-:~ ~ .~~ f-- 0Tsii 

NOTES: 

o. All dimensions in inches. 
b. All decimals ±0.005 except as noted. 
c. Lead spacing tolerance is ::!:O.015 at extremities and 

;t:O.OOS at package, nonaccumulative. 
d. Lead centerlines are located within ::!:O.OOS of ,hei, 

true positions relative to body centerlines. 
e. Not applicable in Mech·Pok carrier. 
f. Symbolization denote, orientation of package. 

Falls within TO-89 dimensions Falll within TO-84 dimensions 

leads 

insulator 

Gold-plated F-15:j: 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. 

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. 

ordering instructions 

Variations in mechanical configuration of 
semiconductor networks are identified ~y 
suffix numbers shown in a table at the right. 

tPatented by Texas Instruments 

FORMED LEADS 

0.00:' R I-- 0.250 (NOTE C)J 
TypIcal ~I 0.220 

--------~~~:::::~~~------~ 
I ..... I------~:!: (NOTE I)----~.__tl 

NOTES: A. All dimensions in inch" 

B. Not applicable in Mech·Pak Carrier 

C. Measured from centerline of outside bends 

MECH-PAK DIMENSIONS 
!.--- 0.490 ----11 • .,1 
I o.ns ------7-: ---;~ 
: 0.010 D~A04: .~~i:~~·:TER5IN' : 

..-----+-~=:::o11 10TH SID!S I 

0.530 

j..l I- 0._ 

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 Suffix 

*F-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 53% iron, 29% nickel, and 17% cobalt. 
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PRINTED IN U.S.A. 
1I 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. 
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DIODE-TRANSISTOR lOGIC (DTl) NETWORKS 
FOR DIGITAL SYSTEMS 

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 OOC to 75°C. 

features 

LOW SYSTEM COST 

• multifunction gates offering low cost per 
logic function 

• electrically designed specifically for 
monolithic integrated-circuit technology TYPE SN15 850 PULSE-TRIGGERED BINARY BAR 

PERFORMANCE description 

• high speed 

• high d-c noise margins 

• low power dissipation 

• good fan-out capability 

EASE OF DESIGN 

• familiar logic configuration (DTL) 

• single-ended output - dot-OR logic 

• complete family for design flexibility 

• single power supply 

CONTENTS 

DESIGN CHARACTERISTICS AND LOGICAL SYMBOLS 

LOADING TABLES • • • . 

DEFINITIVE SPECIFICATIONS 

D-C TEST CIRCUITS. • • • 

Series 15 830 is a complete family of diode
transistor logic (DTL) which is most attractive 
when high performance and low cost per func
tion are necessities to system design. 

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 
multifunction gates are available to minimize 
system package count. 

This line features a unique combination of high 
speed, high d-c noise margin, and low power 
dissipation. The single-ended output lends itself 
readily to performing dot-OR logic thus reduc
ing the number of different type functional 
blocks in a system. 

Page 

• 7002-7003 

••• 7004 

SWITCHING TIME CIRCUITS AND VOLTAGE WAVEFORMS. • 

MECHANICAL AND PACKAGING DATA. 

7005-7027 

7028-7036 

7036-7039 

• • 7040 

tPatented by Texas Instruments 

~o TEXASIJC~R~JR'1ljJv1 ENTS 
SEMICONDUCTOR-COMPONENTS DIVISION 
POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 7001 
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typical operating characteristics, TA = O°C to 75°C, supply voltage Vee = 5 V 

Speed: Gate Propagation Delay 
Monostable Multivibrator Propagation Delay 
Flip-Flop Clock Rate (SN15 831, SN15 845, SN15 848) . 
Pulse-Triggered Binary Clock Rate . 

Fan-Out Capability: Standard Gates (SN15 830, SN15 846, SN15 862) . 
BuHer (SN 15 832) . 
Power Gate (SN 15 844) . 
Monostable Multivibrator (SN15 851) . 
Flip-Flops: SN15 831 . 

SN15 845 . 
SN15 848 . 

Pulse-Triggered Binary 
D-C Margin: At logical 1 

At logical 0 
Average Power Dissipation: Per Gate 

Per Flip-Flop . 

25 n5 

20 n5 

. 7 MHz 
20 MHz 

8 
25 
27 
10 

7 
12 
11 
10 

SOOmV 
SOOmV 
. SmW 
20mW 

design characteristics 

7002 

Series 15 830 is a complete line of high-speed, high
noise-margin, low-power-dissipation, saturated DTllogic. 
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. 

+Y +Ycc +Ycc 

INPUTS YBB 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 Vaa power supply makes one 
more pin available for multifunction capability, 
which in turn reduces system package count. 

2. Reduction of size of resistor R3 from 20 ko to 
5 kn 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 2 is removed locally by 
R3 rather than through diodes D1 and D2 onto 
the input signal lines. These transients are also 
reduced during switching by the offset transistor 
Q 1 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 Ql provides additional drive 
current to the output transistor Q 2 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 R3 and relaxes the h FE 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): 

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. 

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. 
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standard line summary 

Input and output pin numbers are shown for reference. For all networks shown,Vee is pin @(unless otherwise noted) 
and GND is pin 0. See referenced page for complete pin configuration. 

SN15830 . 
SN 15 832 (Buffer) 
SN15 844 (Power Gate). 

See Page 7005 
See Page 7009 
See Page 7012 

SN15831 . 
SN15845 . 
SN1584.8 . 

r------, 
I 
I 
I 

I 
I 
I L _____ _ 

See Page 7007 
See Page 7014 
See Page 7019 

DUAL 4-INPUT NAND/NOR GATES FLIP-FLOPS WITH SET AND CLEAR 

SN15 833. . See Page 7011 SN15 846 . See Page 7017 SN 15 850 . . See Page 7022 
(No Vee Terminal) 

DUAL 4-INPUT EXPANDER 

SN15 851 . 

r-------, 
I 
I 
I 

I 
I 

r-----, 

~lr,r 
~ 

~ 
~i~ 
~ 

~i'3' 
~ 

I I 
L. _____ J 

QUADRUPLE 2-INPUT 
NAND/NOR GATE 

See Page 7024 

See Note 

I {INTERNAL TIMING 
I '---+--{ 9 RESISTOR (CONNECT 
L ______ J TO Vcc IF USED) 

NOTE: External capacitance is added between pins @ a~@. External 
resistance bypasses internal timing resistor if connected from ~ to Vee' 

MONOSTABLE MULTIVIBRATOR 

r-------, 
I 
I 
I 

I 
I 
L _______ -J 

PULSE-TRIGGERED BINARY 

SN15862 . See Page 7026 

~
r------I 

10 I 8 
I 

11 I I 

~:: 4 6 

5 I 

~
:: 

I 
2 12 
13 L ______ J 

TRIPLE 3-INPUT NAND/NOR GATE 

7003 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply Voltage Vee (See Note 1) . . + 8 V 
Continuous Output Sink Current (SN15 830, SN15 831, SN15 845, SN15 846, SN15 848, SN15 862) .30 mA 
Continuous Output Sink Current (SN15 850, SN15 851) .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 SN15 851 pin @ ) 1 mA 
Current Into Input Terminal (SN15 850 and SN15 851 pin @ ). . . . 5 mA 
Operating Free-Air Temperature Range (See Note 2). . . . . . O°C to 75°C 
Storage Temperature Range -65°C to 150°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. This rating applies for networks operating at vee = 5 V, all inputst at 5 V, and the following output sink current: 

logic definition 

SN15 830t, SN15 846, SN15 850, SN15 862 . 12 rnA 
SN15 831 • 10.5 rnA 
SN15 832t 36 rnA 
SN15 844t 40 rnA 
SN15 845 16.8 rnA 
SN15 848 . 
SN15 851 . 
tExpander nodes open 

14.6 rnA 
15 rnA 

Series 15 830 logic is defined in terms of standard POSITI VE LOGIC using the following definitions: 

LOW VOLTAGE = LOGICAL 0 
HIGH VOLTAGE = LOGICAL 1 

WEIGHTED VALUES OF INPUT CURRENT REQUIREMENTS 

input current requirements 

Weighted values of input current requirements 
reflect worst case conditions for T A = OOC to 
75°C and Vee = 5 V. Each gate input requires 
that no more than -1.4 mA flow out of the input 
at a logical 0 input voltage level; therefore, one 
input load is -1.4 mA maximum. Currents into 
the input terminals are specified as positive 
values. Arrows on the doc test circuits indicate 
the actual direction of current flow. 

output drive capability 

7004 

Weighted values of fan-out reflect the ability of 
an output to sink current (into the output terminal) 
under recommended operating conditions and are 
specified as positive values. load currents (out 
of the output terminal) are specified as negative 
values. Arrows on the doc test circuits indicate 
the actual direction of current flow. 

NETWORK TYPE INPUT NUMBER OF LOADS 

SN15830 
SN15832 

GATES AND SN15833 
Each Input 1 EXPANDER SN15844 

SN15846 
SN15862 

Each Input 
(Synchronous or 2h 

SN15831 Asynch ronous) 

Clock 2 
FLIP-FLOPS Synchronous 

SN15845 Inputs 2h 

and Asynchronous 
SN15848 and Clock 2 

Inputs 

PULSE-TRIGGERED 
SN15850 

Synchronous or 
11 V2 BINARY Asynchronous 

MONOSTABlE 
SN15851 Eac~ Input 2 MUlTIVIBRATOR 

WEIGHTED VALUES OF FAN-OUT 
NETWORK TYPE OUTPUT LOADS 

SN15830 
GATES SN15846 Each Output 8 

SN15862 

BUFFER SN15832 Each Output 25 

POWER GATE SN15844 Each Output 27 
SN15831 Q or<=)' 7 

FLIP-FLOPS SN15845 Q orQ 12 
SN15848 Q orQ 11 

--

PULSE-TRIGGERED 
SN15850 Q orQ 8 

BINARY 

MONOSTABlE 
SN15851 Each Output 10 MUl TlVI BRATOR 



schematic (each gate) 
1.75 kn 

6 kn 

OUTPUT 

5 kn 

INPUTS GND 

TYPE SN15 830 
DUAL 4-INPUT NAND/NOR GATE 

Vee 

@@®®®00 

0000000 
GND 

positive logic 

EXPANDERo-__ ...J 

NODE 
Component values shown are nominal 

recommended operating conditions 

Supply Voltage Vee 

Maximum Fan-Out From Each Output . 

electrical characteristics at Vee = 5 V 

PARAMETER TEST 
FIGURE 

VoutlO) 
Logical 0 output 

1 
voltage (on level) 

Voutll) 
Logical 1 output 

2 
voltage (off level) 

t Expander nodes are open unless otherwise noted: 

TEST CONDITIONSt 

vin = 1.9 V, Isink = 12 rnA, 

TA = 250e 
Vin = 2 V, Isink = 12 rnA, 
TA = oOe 
Vin = 1.8 V, Isink = 11.4 rnA, 

TA = 750e 
Vin = 1.1 V, lload = -0.12 rnA, 

TA = 250e 
Vin = 1.2 V, lload = -0.12 rnA, 
TA = ooe 
Vin = 0.95 V, lload = -0.12 rnA, 

TA = 7Soe 

MIN MAX 

0.45 

0.45 

0.5 

2.6 

2.6 

2.5 

5V 

. 8 

UNIT 

V 

V 

V 

V 

V 

V 

7005 



TYPE SN15 830 
DUAL 4-INPUT NAND/NOR GATE 

electrical characteristics (continued) at V ce = 5 V (unless otherwise noted) 

PARAMETER TE~T TEST CONDITIONSt MIN MAX UNIT FIGURE 
Logical 1 output 

voltage (off level) 
3 VinX = 1.8 V, 'load = -0.12 rnA, 2.6 V 

Vout(1) with low voltage 

at expander input TA = 25°C 

node, VinX 

Vin = 4 V, T A = 25°C and OOC 5 p.A 
Logical 1 level input 

'inp) current 4 

Yin = 4 V, TA = 75°C 10 p.A 

Vin = 0.45 V, VR = 4 V, 
-1.4 rnA 

Logical 0 level input 5 
T A = 25°C and oOe 

'inIO) current 
Vin = 0.5 V, VR = 4 V, 

-1.33 rnA 
TA = 75°C 

lout(1) 
Output reverse 

6 Vout = 5 V, TA = 25°C 100 p.A 
current (off level) 

Vout = 0, TA = 25°C -1.3 mA 

Short-circuit 
TA = OOC 'os output current 

7 Vout = 0, -1.3 mA 

Vout = 0, TA = 75°C -1.25 mA 

Logical 0 level 

'CCIO) supply current 8 TA = 25°C 8 mA 

(both gates) 

Logical 1 level supply 

'CC(1) current at maximum 9 VCC = 8 V, TA = 25°C 8 mA 

V cc (both gates) 

switching characteristics, Vee = 5 V, TA = 25°C 

PARAMETER TEST TEST CONDlTlONSt MIN MAX UNIT FIGURE 
Propagation delay time 

R, = 400O, CL = 50 pF 10 30 tpdlO) to logical 0 leve' 
ns 

51 

t pd(1 ) 
Propagation delay time 

to logical 1 level R1 = 3.9 kO, CL = 30 pF 25 80 ns 

t Expander nodes are open unless otherwise noted. 
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logic 

TRUTH TABLES 

R-S MODE J-K MODE 

tn tn+ 1 tn tn+, 

S, S2 C, C2 Q S1 C, Q 

0 X 0 X Qn 0 0 Qn 

0 X X 0 Qn 0 1 0 

X 0 0 X Qn 1 0 1 

X 0 X 0 Qn 1 1 Qn 

0 X 1 1 0 
X 0 1 1 0 

1 1 0 X 1 

1 1 X 0 1 
1 1 1 1 I ndeterm inate 

NOTES: 1. tn = bit time before clock pulse. 

2. tn +, = 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 O. 

5. For operation in the J·K mode connect S2 to Q and (2 to a. 

recommended operating conditions 
Supply Voltage V cc 
Maximum Fan-Out From Each Output 

electrical characteristics at V cc = 5 V 

PARAMETER 

Logical 0 output 

V outlo) voltage on level 

at Q or Q 

Logical 1 output 

Vout(l) voltage off level 

at Q or Q 

Logical 1 output 

VOUt(l) voltage off level 

at Q or Q 

'CP(O) 

Logical 0 level clock-input 

forward current 

'CP(l) 

Logical 1 level clock-input 

reverse current 

TEST 
FIGURE 

10 

11 

12 

13 

14 

TYPE SN15 831 
FLIP·FLOP WITH SET AND CLEAR 

Vee 

®®@®®0® 

0000000 
N( - No internal connection 

positive logic 

Low input to So sets Q to logical 1 

TEST CONDITIONS MIN MAX 

V CP(S) = 0.95 V, 'sink = 10.5 mA, 
0.45 

TA = 25°e 

VCP(S) = 1 V, 'sink = 10.5 mA, 
0.45 

TA = oOe 

V CP(S) = 0.85 V, 'sink = 10.2 V, 
0.5 

TA = 75 0 e 

V, = 1.9 V, V 2 = 1.1 V, 
2.6 

'load = -0.12 mA, TA = 25 0 e 

V l = 2 V, V 2 = 1.2 V, 

'load = -0.12 mA,TA = oOe 
2.6 

V l = 1.8 V, V 2 = 0.95 V, 

lload = -0.12 mA,TA = 75°C 
2.5 

Vl = 1.9V, V 2 = 1.1 V, 
2.6 

'load = -0.12 mA, TA = 25 0 e 

Vl = 2 V, V 2 = 1.2 V, 

'load = -0.12 mA, TA = oOe 
2.6 

V l = 1.8 V, V 2 = 0.95 V, 

'load = -0.12 mA, T A = 75 0 e 
2.5 

Yin = 1.1 V, V CP(O) = 0.45 V, 
-2.8 

TA = 250 e 

Yin = 1.2 V, V CP(O) = 0.45 V, 
-2.8 

TA = aOe 

Yin = 0.95 V, Vcp(O) = 0.5 V, 
-2.67 

TA = 75°e 

VCP = 4V, TA = 25 0 e and oOe 30 

VCP = 4V, TA = 75 0 e 40 

GND 

5V 
7 

UNIT 

V 

V 

V 

V 

V 

V 

V 

V 

V 

mA 

mA 

mA 

f1..A 

f1..A 
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TYPE SN15 831 
FLIP-FLOP WITH SET AND CLEAR 

electrical characteristics (continued) at Vee 5 V (unless otherwise noted) 
---------

TEST PARAMETER FIGURE TEST CONDITIONS MIN MAX UNIT 
--~-

T A = 250 e and oOe 
------

Logical 1 level Vin = 4 V, 5 I1A 

lin(I) 15 
TA = 750 e 

---

synchronous-input current Vin = 4 V, 10 I1A 

Vin = 0.45-Y, T A = 250 e and oOe 
-------

Logical 0 level -1.05 mA 

lin(O) 16 
TA = 75°e 

--

synchronous-input current Vin = 0.5 V, -1 mA 

Logical 1 level Vin = 4 V, T A = 250 e and oOe 5 I1A 

lin(') asynchronous-input current 
17 

Vin = 4 V, TA = 750 e 10 I1A 

Logical 0 level V in = 0.45 V, T A = 250 e and oOe -0.95 mA 

lin(O) asynchronous-input current 
18 

Vin = 0.5 V, TA = 1250 e -0.9 mA 

ICC(O) Logical 0 level supply current 19 TA = 25°e 14 mA 

ICC(1) 
Logical 1 level supply current 

20 Vce = 8V, TA = 250 e 
at maximum Vee 

18 mA 

switching characteristics, V cc = 5 V, TA 

PARAMETER TEST TEST CONDITIONS MIN MAX UNIT FIGURE 
Propagation delay time 

R, = 4000 eL = 50 pF tpd(O) to logical 0 level 5 75 ns 

Propagation delay time 
52 

tpd(11 to logical 1 level 
RI = 3.9 kG eL = 30 pF 5 75 ns 

schematic 

CP 2r-~~-----------------------------------------------------------------------------J 
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schematic (each gate) 

2.75 kn 

Vee 
1.85 kn 

150 n 

TYPE SN15 832 
DUAL 4-INPUT NAND/NOR BUFFER 

Vee 

®®®®®00 

OUTPUT 

INPUTS 

EXPANDER O--_....J 
NODE 

2 kn 630 n GND 

Component values shown are nominal. 

recommended operating conditions 

Supply Voltage Vee 

Maximum Fan-Out From Each Output " 

electrical characteristics at Vee = 5 V 

PARAMETER 

V out(O) 
Logical 0 output 

voltage (on level) 

VOUt(l) 
Logical 1 output 

voltage (off level) 

t Expander nodes are open unless otherwise noted. 

TEST 
FIGURE 

1 

2 

0000000 
GND 

positive logic 

•• SV 

25 

TEST CONDITIONS t MIN MAX UNIT 

V in = 1.9 V, Isink = 36 rnA, 
0.45 V TA = 25°e 

V in = 2V, Isink = 36 rnA, 
0.45 V TA = oOe 

Yin = 1.8 V, Isink = 34 rnA, 
0.5 V 

TA = 750 e 

Yin = 1.1 V, lload = -2.5 rnA, 
2.6 V TA = 25°e 

Yin = 1.2V, lload = -2 rnA, 
2.6 V TA = oOe 

Yin = 0.95 V, lload = -3 rnA, 
2.5 V TA = 750 e 
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TYPE SN15 832 
DUAL 4-INPUT NAND/NOR BUFFER 

electrical characteristics (continued) at V cc = 5 V (unless otherwise noted) 

PARAMETER TEST TEST CONDlTlONSt MIN MAX UNIT FIGURE 
Logical 1 output 
voltage (off level) 

VinX = 1.8 V, 'load = -2.5 rnA, 
Voutl,) with low voltage 3 2.6 V 

input at expander TA = 25°e 

node, VinX 

Vin = 4V, T A = 25 0 e and oOe 5 p.A 
Logical 1 level 

'inll) input current 
4 

Vin = 4V, TA = 750 e 10 p.A 

Vin = 0.45 V, VR = 4V, 
-1.4 rnA 

Logical 0 level T A = 250 e and ooe 

'inlO) input current 5 
Vin = 0.5 V, VR = 4V, 

TA = 75°e 
-1.33 rnA 

'outll) 
Output reverse 

6 Vout = 5V, TA = 250 e 100 p.A current (off level) 

Vout = 0, TA = 250 e -16 rnA 

Short-circuit 
TA = oOe 'OS output current 

7 Vout = 0, -15 rnA 

Vout = 0, TA = 750 e -14 rnA 

Logical 0 level 

IcC(O) supply current 8 TA = 250 e 30 rnA 

(both gates) 

Logical 1 level supply 

ICC(I) current at maximum 9 Vec = 8 V, TA = 250 e 8 mA 

Vee (both gates) 

switching characteristics, Vee = 5 V, T A = 25°C 

PARAMETER TEST TEST CONDlTlONSt MIN MAX UNIT FIGURE 

tpd(O) 
Propagation delay time 

Rl = 150 0, e L = 500 pF 15 40 to logical 0 level 
ns 

51 

tpd(l) 
Propagation delay ti,me 

Rl = 5100, e L = 500 pF 25 80 
to logical 1 level 

ns 

t Expander nodes are open unless otherwise noted. 
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schematic (each expander) 

INPUTS 

I~ 
OUTPUT ,.. 

,.. ..... 

, ...... 

o----f ..... _-----4~ - -f4-- -0 GND 

ANODE-TO -
SUBSTRATE DIODE 

electrical characteristics 

TEST 
PARAMETER FIGURE 

VF Input diode forward voltage 21 

'in R Input diode reverse current 22 

Anode-Io-substrate 
'out R reverse current 

23 

TYPE SN15 833 
DUAL 4-INPUT EXPANDER 

®®@@@0® 

CD000CD®CD 
GND 

Ne - No internal connection 

positive logic 

TEST CONDITIONS MIN MAX UNIT 

'out = 2 rnA, TA = 25°e 0.68 0.82 V 

'out = 2 rnA, TA = oOe 0.75 0.9 V 

'out = 2 rnA, TA = 75°e 0.6 0.75 V 

Yin = 4V, TA = 250 e 5 p,A 

Yin = 4V, TA = oOe 5 p,A 

Yin = 4V, TA = 75 0 e 10 p,A 

Vout = 4 V, TA = 250 e 10 p,A 

NOTE: A 10101 of four expanders may be connecled 10 on expandable gale 10 provide a fan·in of 20. 
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TYPE SN15844 
DUAL 4-INPUT NAND/NOR POWER GATE 

schematic (each gate) ...-------.------cYcc 

INPUTS 

EXPANDERO'-__ --..J 

NODE 

1 k11 

2kf/ 

85011 

63011 GND 

Component values shown are nominal. 

recommended operating conditions 

Supply Voltage Vee • • • • 

Maximum Fan-Out From Each Output . 

electrical characteristics at Vee - 5 V 

PARAMETER 

V out(O) 
Logical 0 output 

voltage (on level) 

V out(1) 
Logical 1 output 

voltage (off level) 

Logical 1 level input 
lin(1) current 

t Expander nodes are open unless otherwise noted. 

7012 

TEST 
FIGURE 

1 

24 

4 

Vee 

®®®®@00 

0000000 
GND 

positive logic 

SV 

27 

TEST CONDITIONSt MIN MAX UNIT 
Yin = 1.9 V, Isink = 40 rnA, 

0.45 V 
TA = 25°C 

V in = 2V, Isink = 40 rnA, 
0.45 

TA = OOC 
V 

V in = 1.8 V, Isink = 36 rnA, 
0.5 V 

TA = 75°C 

Isink = 5 rnA, TA = 25°C 6 V 

V in = 4 V, TA = 25°C and OOC J p,A 

Yin = 4 V, TA = 75°C 10 p,A 



electrical characteristics (continued) at Vee 

TEST 
PARAMETER FIGURE 

lin[O) Logical 0 level input 
5 

current 

Output reverse 
current (off level, 

25 
lout (I) worst-case voltage 

at any input) 

Output reverse 

lout (I) 
current (off level, 

26 
worst-case voltage 
at expander input) 

Logical 0 level 

lee(o) supply current S 
(both gates) 

Logical 1 level 

ICCp) 
supply current 

9 
at maximum Vee 
(both gates) 

TYPE SN15 844 
DUAL 4-INPUT NAND/NOR POWER GATE 

5 V (unless otherwise noted) 

TEST CONDITIONSt MIN MAX UNIT 

Vin = 0.45 V, VR = 4 V, 
-1.4 rnA 

T A = 25°C and OoC 

Vin = 0.5 V, VR = 4 V, 

TA = 75°C 
-1.33 rnA 

Vin = 1.1 V, Vout = 4.5 V, 
100 /-LA 

TA = 25°C 

Vin = 1.2 V, Yout = 4.5 V, 
100 /-LA 

TA = OoC 

Vin = 0.95 V, Vout = 4.5 V, 

TA = 75°C 
200 /-LA 

---

VinX = 1.S V, Vout = 4.5 V, 
100 /-LA 

TA = 25°C 

TA = 25°C 24 rnA 

Vee = SV TA = 25°C S rnA 

switching characteristics, Vee = 5 V, TA = 25°C 

TEST 
PARAMETER FIGURE TEST CONDlTlONSt MIN MAX UNIT 

tpd[O) 
Propagation delay time 

RI = to logical 0 level 1500, CL = 100 pF 10 35 ns 

Propagation delay time 
51 

tpd[l) to logical 1 level RI = 510O, CL = 20 pF 15 50 ns 

t Expander nodes are open unless otherwise noted. 
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TYPE SN15845 
FLIP-FLOP WITH SET AND CLEAR 

logic 

TRUTH TABLES 

R-S MODE J-K MODE 

tn tn+1 tn tn+ 1 

S, S2 C, C2 Q S1 C, Q 

0 X 0 X Qn 0 0 Qn 
--- ---

0 X X 0 Qn 0 1 0 
X 0 0 X Qn 1 0 1 

X 0 X 0 Qn 1 1 Qn 

0 X 1 1 0 

X 0 1 1 0 

1 1 0 X 1 

1 1 X 0 1 

1 1 1 1 I ndeterm inate 

NOTES: 1. tn = bit lime before clock pulse. 

2. tn +, = 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 Ihan logical O. 

5. For operation in the J-K mode connect S2 to Q and (2 to Q. 

recommended operating conditions 

Supply Voltage Vee' 

Maximum Fan-Out From Each Output 

Vee 

@@®®®00 

CD0CD00®CD 
N( - No internal connection 

positive logic 

low input to So sets Q to logical 1 

GND 

5V 

12 

electrical characteristics at Vee = 5 V (unless otherwise noted) 
-

TEST 
PARAMETER FIGURE TEST CONDITIONS MIN MAX UNIT 

v - 1.1 V, V2 = 1.9 V, ,-
0,45 V 

V3 = 5 V, Isink = 16.8 rnA, TA = 25 0 e 
Logical 0 output 27 V, = 1.2 V, V2 = 2 V, 

Vout(o) voltage (on level) and 
V3 = 5 V, Isink = 16.8 rnA, TA = oOe 0,45 V 

at Q or Q 28 
V, = 0.95 V, V2 =1.8V, 

0.5 V 
V3 = 5 V, Isink = 16 rnA, TA = 750 e 

V, = 5V, V2 = 1.1 V, 
2.6 V 

Iload = -0.12 rnA, TA = 25 0 e 
Logical 1 output Y, = 5 V, V2 = 1.2 V, 

Vout(1) voltage (off level) 12 
lload = -0.12 rnA, TA = oOe 2.6 V 

at Q or Q 
V, = 5 V, V2 = 0.95 V, 

2.5 V 
Iload = -0.12 rnA, TA = 750 e 

Vin =l.lV, Vcp = 0.45 V, 
-2.8 rnA 

TA = 25 0 e 

ICP/O) 
Logical 0 )evel clock-input 

29 Yin = 1.2 V, Vcp = 0.45 V, 
forward current TA = oOe 

-2.8 rnA 

Yin = 0.95 V, Vcp = 0.5 V, 
-2.67 rnA 

TA = 75°e 
-

VCC= 4 V, Vcp = 4 V, 
pA logical 1 level clock-input T A = 25 0 e and oOe 20 

ICP(i) 30 
reverse current 

Vce = 4V, VCP = 4 V, TA = 75°e 30 pA 
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electrical characteristics (continued) at Vee 

TEST 
PARAMETER FIGURE 

Logical 1 level 
lin(1) synchronous-input current 15 

Logical 0 level 
linlO) synchronous-input current 

31 

Logical 1 level 
lin(l) asynchronous-input current 

32 

Logical 0 level 
'inIO) asynchronous-input current 33 

lOS Short-circuit output current 18 

'CC(O) Logical 0 level supply current 19 

'CC(I) 
Logical 1 level supply current 

at maximum Vee 20 

TYPE SN15845 
FLIP·FLOP WITH SET AND CLEAR 

5 V (unless otherwise noted) 

TEST CONDITIONS MIN MAX UNIT 
Vin = 4 V, T A = 25°C and OoC 5 p.A 

Vin = 4 V, TA = 75°C 10 p.A 

Vin = 0.45 V, VI = 4V, 
-0.95 mA 

Vcp = 4V, T A = 25°C and OoC 

Vin = 0.5 V, VI = 4V, 

VCp=4V, TA = 75°C 
-0.9 mA 

Vin = 4 V, VI = 5V, 
5 p.A 

T A = 25°C and OOC 

Vin = 4 V, VI = 5V, 

TA = 75°C 
10 p.A 

Vin = 0.45 V, T A = 25°C and OoC -2.1 mA 

Vin = 0.5 V, TA = 75°C -2 mA 

Vin = 5 V, Vout = 0, 
-0.59 -1.41 mA T A = 25°C and OOC 

Vin = 5 V, Vout = 0, 
-0.55 -1.38 mA 

TA = 75°C 

TA = 25°C 15 mA 

VCC = 8 V, TA = 25°C 17 mA 

switching characteristics, Vee = 5 V, TA = 25°C 

TEST 
PARAMETER FIGURE TEST CONDITIONS MIN MAX UNIT 

Propagation delay time 
Rl = 3300, Cl = 50 pF 5 75 tpdlO) to logical 0 level 

ns 

52 

tpd(!) 
Propagation delay time 

to logical 1 level Rl = 2 kO, CL = 30 pF 5 75 ns 
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TYPE SN15845 
FLIP·FLOP WITH SET AND CLEAR 

schematic 

Q 

6 1----+--.. __ -+--_c 9 

--~-----+---+--cl0 

NOTE: Pins CD. 0 ' and ® - no internal connection. 
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schematic (each gate) 

INPUTS {O--tIII---' 

6 kn 

OUTPUT 

~-.... --<lGND 

Component values shown are nominal. 

recommended operating conditions 

Supply Voltage Vee . • • . 

Maximum Fan-Out From Each Output • 

electrical characteristics at V cc _ 5 V 

PARAMETER 

Vout[O) 
Logical 0 output 

voltage (on level) 

Voutll ) 
Logical 1 output 

voltage (off level) 

TEST 
FIGURE 

1 

2 

TYPE SN15 846 
QUADRUPLE 2-INPUT NAND/NOR GATE 

Vee 

®®®®®00 

CD000CDCDCD 
GND 

positive logic 

3 = 1-2 6 = 4-5 8 = 9-10 11 = 12-13 

5V 

• 8 

TEST CONDITIONS MIN MAX UNIT 

Vin = 1.9 V, Isink = 12 mA, 
0.45 V 

TA = 250e 

Vin = 2 V, Isink = 12 mA, 0.45 V 
TA = oOe 

Vin = 1.8 V, Isink = 11.4 mA, 
0.5 V 

TA = 750e 

Vin = 1.1 V, lload = -0.12 mA, 
2.6 V 

TA = 250e 

Vin = 1.2 V, lload = -0.12 mA, 
2.6 V 

TA = oOe 

Vin = 0.95 V, lload = -0.12 mA, 
2.5 V 

TA = 750e 
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TYPE SN15 846 
QUADRUPLE 2-INPUT NAND/NOR GATE 

electrical characteristics (continued) at Vee = 5 V (unless otherwise noted) 

PARAMETER TEST TEST CONDITIONS MIN MAX UNIT 
FIGURE 

Logical 1 level input Vin = 4 V, T A = 25°C and OOC 5 p,A 
lin(l) current 

4 
Vin = 4 V, TA - 75°C 10 p,A 

Vin = 0.45 V, VR = 4 V, 
-1.4 mA 

Logical 0 level input 
5 

T A = 25°C and OOC 
lin(O) current 

Vin = 0.5 V, VR = 4 V, 

TA = 75°C 
-1.33 mA 

lout(l) 
Output reverse 

6 Vout = 5 V, TA = 25°C p,A 
current (off level) 

100 

Vout = 0, TA = 25°C -1.3 mA 

Short-circuit 
TA = OOC lOS 7 Vout = 0, -1.3 mA 

output current 

Vout = 0, TA = 75°C -1.25 mA 

Logical 0 level 

IcC(O) supply current 8 TA = 25°C 16 mA 

(all gates) 

Logical 1 level supply 

ICC(1) current at maximum 9 VCC = 8V, TA = 25°C 16 mA 

V cc (all gates) 

switching characteristics, Vee = 5 V, TA = 25°C 

PARAMETER TEST TEST CONDITIONS MIN MAX UNIT FIGURE 

tpd(O) 
Propagation delay time 

to logical 0 level Rl = 400 D, CL = 50 pF 10 30 ns 

51 

tpd(1) 
Propagation delay time 

to logical 1 level 
Rl = 3.9 kD, CL = 30 pF 25 80 ns 
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logic 

TRUTH TABLES 

R-5 MODE J-K MODE 
- -_.-

tn tn+, tn tn+ 1 
-----

5, 52 C, C2 Q 51 C1 Q 

0 X 0 X Qn 0 0 Qn 
~- -

0 X X 0 Qn 0 1 0 
f-----

X f---O 0 X Qn 1 0 1 
r--

X 0 Qn X 0 1 1 Qn 

0 X 1 1 0 
X 0 1 1 0 
1 1 0 X 1 
1 1 X 0 1 

1 1 1 1 Indeterminate 

NOTES; 1. tn = bit time before clock pulse. 

2. tn +, = 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 O. 

S. For operation in the J·K mode connect S2 to Q and (2 to Q. 

TYPE SN15 848 
FLIP·FLOP WITH SET AND CLEAR 

Vee 

®®®®®0Q) 

0000000 
GND 

N( - No internal connection 

positive logic 

Low input to So sets Q to logical 1 

recommended operating conditions 

Supply Voltage V cc • 5V 

•. 11 Maximum Fan-Out From Each Output 

electrical characteristics at Vee = 5 V (unless otherwise noted) 

TEST 
PARAMETER FIGURE TEST CONDITIONS MIN MAX UNIT 

VI = 1.1 V, V2 = 1.9 V, 
0.45 V 

V3 = 5 V, 'sink = 15.4 rnA, TA = 25 0 e 
Logical 0 output 27 

V, = 1.2 V, V2 = 2 V, 
Vout(O) voltage (on level) and 0.45 V 

at Q or Q 28 
V3 = 5 V, 'sink = 15.4 mA, TA = oOe 

V, = 0.95 V, V2 = 1.8 V, 
0.5 V 

V3 = 5 V, 'sink = 14.6 mA, TA = 75 0 e 

V, = 5V, V2 = 1.1 V, 
2.6 V 

'load = -0.12 mA, TA = 250 e 
Logical 1 output 

VI = 5V, V2 = 1.2 V, 
Vout(l) voltage (off level) 12 

'load = -0.12 mA, TA = oOe 
2.6 V 

at Q or Q 
VI = 5V, Vz = 0.95 V, 

2.5 V 
'load = -0.12 mA, TA = 75°e 

V in = 1.1 V, VCP = 0.45 V, 
-2.8 mA 

TA = 25 0 e 

'CP(O) 
Logical 0 level clock-input 

29 
V in = 1.2 V, VCP = 0.45 V, 

-2.8 mA 
forward current TA = oOe 

V in = 0.95 V, VCP = 0.5 V, 
-2.67 mA 

TA = 75 0 e 

Logica' 1 level clock.input 
VCC= 4 V, Vcp = 4 V, 

20 p.A 
ICP(1) reverse current 30 T A = 25 0 e and oOe 

VCC = 4 V, Vcp = 4 V, TA = 75°e 30 p.A 
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TYPE SN15848 
FLIP-FLOP WITH SET AND CLEAR 

electrical characteristics (continued) at Vee 5 V (unless otherwise noted) 

TEST 
PARAMETER FIGURE TEST CONDITIONS MIN MAX UNIT 

~ ----

T A = 25 0 e and oOe Logical 1 level Yin = 4 V, 5 ItA 
lin(1) synchronous-input current TA = 75 0 e 

------ -- f---- .... --
15 Yin = 4 V, 10 itA 

--- ---~-I 

Yin = 0.45 V, V, =4V, 
-0.95 mA 

~IOI Logical 0 level VCP = 4V, T A = 25 0 e and oOe 

synchronous-input current 31 -~-

Yin = 0.5 V, V, = 4V, 

VCP = 4V, TA = 75°C 
-0.9 mA 

Yin = 4 V, V, = 5 V, 
5 itA 

Logical 1 level 32 T A = 25°e and oOe 
lin(1) asynchronous-input current Vin = 4 V, V, = 5V, 

TA = 75°C 
10 p.A 

Logical 0 level Vin = 0.45 V, T A = 25°C and OOC -2.1 mA I 
lin(O) asynchronous-input current 33 

Yin = 0.5 V, TA = 75°C -2 mA i 
Vin = 5 V, Vout = 0, ! 

T A = 25°e and oOe -0.59 -1.41 mA 

lOS Short-circuit output current 18 
Yin = 5 V, Vout = 0, 

-0.55 -1.38 mA 
TA = 75°C 

ICC(O) Logical 0 level supply current 19 TA = 25 0 e 15 mA 

ICC(1) 
Logical 1 level supply current 

VCC = 8 V, TA = 25 0 e 17 mA 
at maximum V CC 20 

switching characteristics, V cc = 5 V, TA = 25°C 

TEST 
PARAMETER FIGURE TEST CONDITIONS MIN MAX UNIT 

tpd(O) 
Propagation delay time 

R, = 330 D, Cl = 50 pF 65 to logical 0 level 5 ns 

52 

tpd(l) 
Propagation delay time 

R, = 2 kD, to logical 1 level CL = 30 pF 5 75 ns 
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schematic 

Q 

6 l----+-.. 

5l-----+---t--_e_ ___ ___ 

NOTE: Pins CD, CD and @-no internal connection. 

TYPE. SN15' 848 
FLIP-FLOP WITH SET AND CLEAR 

7 GND 

2 kO 
NOM. 

e____---f---( 9 
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TYPE SN15850 
PULSE· TRIGGERED BINARY 

logic 

TRUTH TABLES Vee 
SYNCHRONOUS 

tn tn+ 1 

ASYNCHRONOUS 

DIRECT ®®®®®00 

7022 

PULSE INPUT OUTPUT INPUT OUTPUT 

S C PT1 PT2 Q Q So Co Q Q 
1 X X 1 Qn Qn 1 1 Qn Qn 
X 1 1 X Qn Qn 0 1 0 1 
0 1 0 X 1 0 1 0 1 0 
0 X 0 1 1 0 0 0 1 1 
1 0 X 0 0 1 
X 0 1 0 0 1 

0 0 0 0 Indetenninate CD00CD®®CD 
NOTES: 
1. X indicates that either a logical 1 or a logical 0 may be present. 
2. Logical 1 is more positive than logical O. 
3. Logical states shown for pulse inputs PT, and PT2 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 Vee 

Maximum Fan-Out From Each Output 

electrical characteristics at Vee = 5 V 

TEST 
PARAMETER FIGURE 

V outlol 
Logical 0 output voltage 

34 (on level) at Q or ~ 

Voutlt) 
Logical 1 output voltage 

35 (off level) at Q or Q 

Pulse-triggered-input 
'inPT current 

36 

Logical 0 level-input 
'inlol current at e or S 

37 

Logical 0 level 
'inlol at Co or So input current 

37 

TEST CONDITIONS 
Vin = 1.9 V, Isink = 12 mA, 

TA = 250 e 

Vin = 2 V, Isink = 12 rnA, 
TA = oOe 
Vin = 1.8 V, Isink = 11.4 mA, 
TA = 75°C 

V, = 1.1 V, V2 = 1.9 V, 

V3 = 5 V, 'load = -1.5 rnA, TA = 250 e 

V, = 1.2 V, V2 = 2 V, 

V3 = 5 V, lload = -1.5 rnA, TA = oOe 

V, = 0.95 V, V2 = 1.8 V, 

V3 = 5 V, 'load = -1.5 rnA, T A = 750 e 

Vin = 8 V, T A = 250 e and oOe 

Vin = 8 V, TA = 75°C 

Vin = 0.45 V, T A = 25°e and oOe 
Vin = 0.5 V, TA = 750 e 

Vin = 0.45 V, T A = 250 e and oOe 

Vin = 0.5 V, TA = 75°C 

MIN MAX 

0.45 

0.45 

0.5 

2.6 

2.6 

2.5 

5 

10 

-2.1 

-2 

-1.6 

-1.52 

GND 

5V 

8 

UNIT 

V 

V 

V 

V 

V 

V 

p,A 

p,A 

rnA 

rnA 

rnA j 
rnA 



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 Vin = 4 V, T A = 2SoC and OoC S /LA 
lin(11 38 

TA = 7SoC at Co or So Vin = 4 V, 10 /LA 

IRC Current through resistor Rc 39 Vin = 0, TA = 2SoC -3.3 -7.9 mA 

Short-circuit output Vout = 0, T A = 2SoC and OoC -13.7 -29 mA 
los 40 

TA = 7SoC current Vout = 0, -12.6 -28 mA 

loot(1) 
Output reverse current 

40 Vout = 4.5 V, T A = 25°C and OoC 150 /LA (off level) 

ICClO) Logical 0 level supply current 41 TA = 25°C 9.3 mA 

ICCll) 
Logical 1 level supply current 

42 VCC = 8 V, TA = 25°C 19.6 mA 
at maximum V CC 

switching characteristics, Vee = 5 V, TA = 25°C 

TEST 
PARAMETER FIGURE TEST CONDITIONS MIN MAX UNIT 

tpdlO) 
Propagation delay time 

R, = 400 il, Cl = 100 pF 5 32 
to logical 0 level. 

ns 

53 

tpd(l) 
Propagation delay time 

R, = 3.9 kn, Cl = 100 pF 5 25 
to logical 1 level 

ns 

schematic 

PT 1 0~----f) I---..... --J""".--+----' L---I-..JVI.f'Ir-...... ----1I-( -----10 PT 2 

70 pF 70 pF 
4 

GND C . 
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TYPE SN15851 
MONOSTABLE MULTIVIBRATOR 

TRUTH TABLE 

Vee 

®®® 
See Note 1) (See Note 2) 

@A@ ®@ logic 

tn tn+1 
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 CD0CDCD®®CD 
NOTES: a. tn = time before input transition. A B (See Note 3) GND 

b. tn + 1 = time after input transition. 
c. X indicates that either a logical 1 or a logical 0 may be present. 

1. External resistor and capacitor may be used between pins ® ' 
® ' and @ to control one-shot pulse width. 

recommended operating conditions 

Supply Voltage Vee' 
Maximum Fan-Out From Each Output 

Input Pulse Characteristics: 

Minimum Negative-Going Transition 

Maximum Input Fall Time Per Volt . 
Maximum Duty Cycle . 

electrical characteristics at V cc = 5 V 

TEST 
PARAMETER FIGURE 

logical 0 output 
Vout(o) voltage (on level) 

43 

logical 1 output 
Vout (1) voltage (off level) 

44 

logical 1 level 
lin(1) input current 

45 

logical 0 level 
lin(O) input current 

46 

tExpander node is open unless otherwise noted. 

7024 

NOTES: 

2. To use the internal timing resistor, connect Pine!) to pin ® . 
3. Input sensitivity can be decreased by adding a capacitor from pin 

0to ground. 

5V 

10 

1 V 
25 ns/V 

40% 

TEST CONDITIONSt MIN MAX UNIT 

Isink = 15 rnA, T A = 25°C and OOC 0.45 V 

Isink = 14.5 rnA, TA = 75°C 0.5 V 

lload = -0.18 rnA, TA = 25°C and OOC 2.6 V 

lload = -0.18 rnA, TA = 75°C 2.5 V 
-----

V in = 4 V, TA = 25°C and OOC 5 f1A 

Vin = 4 V, TA = 75°C 10 f1A 

VI = 4V, V2 = 0.45 V, 
-1.35 -2.8 rnA 

T A = 25°C and OoC 

VI = 4 V, V2 = 0.5 V, 

TA = 75°C 
-1.25 -2.63 rnA 



electrical characteristics (continued) at Vee 
.------. 

PARAMETER TEST 
FIGURE 

IRT 

Current through internal 
47 

timing resistor RT 

Short circuit current 
Ise @ 48 

at expander node or pin 

ICC Supply current 49 
-- -

_~l~xl Supply current at maximum Vee 50 
... --.--~---

TYPE SN15851 
MONOSTABLE MUL TIVIBRA TOR 

5 V (unless otherwise noted) 
---_. 

TEST CONDlTlONSt MIN MAX UNIT 

Vin = 5 V, TA = 25°C 0.4 0.75 mA 

Vin = 0, TA = 25°C and OOC -0.8 mA 

Vin = 0, . TA = 75°C -0.75 mA 

TA = 25°C 12 mA 

Vee = 8 V, TA = 25°C 26.7 mA 

switching characteristics, Vee 

---------P-A-R-A-M-E·-T-ER--------~-T-E~S-T--.-----T-E-S-T-C-O-N-D-I-T-IO-N-S-t------~-M-I-N----M-A-X--~U-N--IT-, 
FIGURE 

Propagation delay 

time to logical 0 level 
~-----

Propagation delay 
tpd (11 time to logical 1 level _ .. _------------_._---

54 300 H, CL = 50 pF 

50 ns 

50 ns 

50 175 ns i.. __ Pulse width - .. - ___ --_. __ -L-________________ --L _______ --l ___ ---l 

schematic 

t Expander nodes are open unless otherwise noted. 

OUTPUT 
o 

EXPANDER 2 ~-...... ~.--..~ 
INPUT 

5 

(See Note 3) 

(See Note 1) 
External 
Resistor 

External 
Capacitor 

Internal 

.... .......\I--4--... .I\III/\,-+-........( 9 Tim i n9 
RT Resistor 

(See Note 2) 

OUTPUT 1 

/ 

GND 

NOTES: 1. External resistor and capacitor may be used (as indicated above) between pins ®, ® ' and ® to control one-shot pulse width. 
2. To use the internal timing resistor, connect Pine!) to pin ® . 
3. Input sensitivity can be decreased by adding a capacitor from pin 0 to ground. 
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TYPE SN15 862 
TRIPLE 3-INPUT NAND/NOR GATE 

schematic (each gate) 
1.75 kl1 

5 kl1 

Component values shown are nominal. 

recommended operating conditions 

Supply Voltage Vee • . • . 

Maximum Fan-Out From Each Output • 

electrical characteristics at Vee _ 5 V 

PARAMETER 

V out(O) 
Logical 0 output 

voltage (on level) 

--_._- ----_.-

V out(,) 
Logical 1 output 

voltage (off level) 

7026 

TEST 
FIGURE 

1 

2 

Vee Vee 

®®®®®0CD 
6 kl1 

OUTPUT 

CD00CD0®CD 
GND 

GND positive logic 

8 = 9-10-11 

5V 

•. 8 

TEST CONDITIONS MIN MAX UNIT 

V in = 1.9 V, Isink = 12 rnA, 
0.45 V TA = 25°C 

V in = 2 V, Isink = 12, mA, 
0.45 V TA = DoC 

V in = 1.8 V, Isink = 11.4 mA, 

TA = 75°C 
0.5 V 

V in = 1.1 V, lload = -0.12 mA, 
2.6 V 

TA = 25°C 

V in = 1.2 V, lload = -0.12 mA, 
2.6 V TA = DoC 

V in = 0.95 V, I(load) = -0.12 mA, 
2.5 V 

TA = 75°C 



TYPE SN15 862 
TRIPLE 3-INPUT NAND/NOR GATE 

electrical characteristics (continued) at Vee = 5 V (unless otherwise noted) 

PARAMETER TEST TEST CONDITIONS MIN MAX UNIT FIGURE 

Logical 1 level input Vin = 4 V, TA = 250 e and oOe 5 p.A 
lin(1) current 

4 
Vin = 4 V, TA = 75°e 10 p.A 
Vin = 0.45 V, VR = 4 V, 

-1.4 rnA 
Logical 0 level input T A = 25°e and oOe 

linlo) current 
5 

Vin = 0.5 V, VR = 4 V, 

TA = 75°e 
-1.33 rnA 

lout(1) 
Output reverse 

6 Vout = 5 V, TA = 250 e 100 p.A 
current (off level) 

Vout = 0, TA = 250 e -1.3 rnA 
Short-ci rcu it 

Vout = 0, TA = oOe -1.3 rnA los 7 
output current 

Vout = 0, TA = 75°e -1.25 rnA 
Logical 0 level 

ICCIO) supply current 8 TA = 25 0 e 12 rnA 
(all gates) 

Logical 1 level supply 

ICC(1) current at maximum 9 VCC = 8V, TA = 250 e 12 rnA 
V CC (all gates) 

switching characteristics, Vee = 5 V, TA = 25°C 

PARAMETER TEST TEST CONDITIONS MIN MAX UNIT FIGURE 
Propagation delay time = 400 Q, eL = 50 pF tpdlO) to logical 0 level Rl 10 30 ns 

51 
Propagation delay time 

Rl = 3.9 kQ, eL = 30 pF 25 tpd (11 to logical 1 level 
80 ns 

7027 



SERIES 15 830 
_O&ltD GltB"Wlttp@ SEMICONDUCTOR NETWORKS 

7028 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits t 

SN15830, SN15832, SN15844, 
SN15 846, and SN15862 

Vee 

FIGURE 1 - VOlitIO) 

SN15830 and SN15832 

Vee 

FIGURE 3 - Voutll ) 

SN15830, SN15832, SN15844, 
SN15 846, and SN15862 

4--

1 in(O) 

l-----OPEN 

1. Each input is tested separately. 

FIGURE 5 - lin(O) 

t Arrows indicate actual direction of currenl flow. 

SN15830, SN15832, SN15 846, and SN15862 

V out(l) 

• 
1. Each inpul Is tesled separately. 

FIGURE 2 - Voutlll 

SN15830, SN15832, SN15844, 
SN15 846, and SN15862 

Vee 

)-----OPEN 

1. Each input is tested separately. 

FIGURE 4 - linll) 

SN15830, SN15832, SN15 846, and SN15862 

FIGURE 6 -Ioutlll 



SERIES 15 830 
_O&llD Glfaa1lll~tp® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 
d-c test circuitst (continued) 

SN15830, SN15832, SN15 846, and SN15862 

Vee 

)-----0 vout 

FIGURE 7 - los 

SN15 830, SN15 832, SN15 844, SN15 846,and SN15 862 
Vee 

, __ , _________ te~ _____ -, 
I 
I 
I 
I ------.., 

,-..1._-. I 
OPEN ---' '\ OPEN I 

I r----

I OPEN {--rJ
--\ ... OPEN 

I ---I 1"'---
r- / IL._-

rl l)---
ILT-...... I 

--- -+-.J I 
NETWORK ~~ TEsT_ ----1 

I L~ ____ _ 

L ______ _ 

FIGURE 9 - ICC(l) 

SN15831 

Cl 

C2 :J IIOOdr VI 51 

V2 52 You! (ll 

~ -= 
CLOCK INPUT 

CLOCK INPUT - ........ - -----------------3V 
i.--sENsE TIME - - - ... VOLTAGE 

WAVEFORM I I ---0 
I~ MOMENTARY GND RELEASE 

1. Output Q is tested by applying V, to S, and S2 simultane-

ously, applying V2 to (, and (2 individually, and loading Q. 

2. Output Q is tested by applying V, to (, and (2 simultane

ously, applying V 2 to S, and S2 individually, and loading Q. 
3. Momentary ground is applied to output being tested. 

FIGURE 11 - Vout (1) 

t Arrows indicate actual direction of current flow. 

SN15 830,SN15 832,SN15 844,SN15 846,andSN15 862 
Vee 

r-------l~-----~ 
I I 
I I 
I I 
I I 
I 
I 
I 
I 
I 

r-----
,- .L_ 

{ 

--~ "OPEN 
OPEN --~ (.'r--

--"\ / L, __ 
L ____ _ 

--------, I 

{ 
--f.1.-" OPEN I 

OPEN __ I /~;--- I 1..,__ I 
_ ____ ...J 

L ______ _ NETWOR~ UND~~ _ J 

V 1 

V2 

FIGURE 8:"" ICC(O) 

SN15831 

:J 4

1

"f 
V out{o) 

OPEN ~ 
CLOCK INPUT 

CLOCK INPUT --+-1 _ ---------------3V 
t.--5EN5E TIME ---.-VOLTAGE I 

WAVEFORM I I - - V cp(s) 
t4--- MOMENTARY GND RELEASE 

1. Output Q is tested by grounding S, and applying a momen

tary ground to 0: Isink is driven into Q. 

2. Output if is tested by grounding (, and applying a momen

tary ground to Q. Isink is driven into Q. 
FIGURE 10 - Vout(O) 

SN15831, SN15 845, and SN15848 

Co 

Cl 

C2 

51 

52 

-= 
So 

CLOCK INPUT 

~~~~:GI~PUT·--...... I -~ SE~sE ~ME :.:-_-~ 3 V 

WAVEFORM I - 0 

1. Output Q is tested by grounding S, 

(0 and V2 to So' and loading Q. 

2. Output Q is tested by grounding (, 

So and V2 to (0' and loading Q. 

and S2' applying V, to 

and (2' applying V, to 

FIGURE 12 - Vout(1) 

7029 



SERIES 15 830 
_O&JtD fllfa""lftp® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuitst (continued) 

SN15831 

OPEN{ 

v;n{ c 2 }OPEN 
OPEN 

52 

CLOCK ~ h(o) -= 
INPUT 

1. Vin is applied to each input separately. 

FIGURE 13 - ICP(O) 

SN15831, SN15845 and SN15848 

C, 

C2 

Vin 

5, 

52 

-= 

1. Vin is applied to each input separately. 

FIGURE 15 - 'in(1) 

SN15831 

CLOCK o-----+----~ 
INPUT 

~~~~:GI~PUT---.. I-=;N~ ~,: = =-: 3 v 
WAVEFORM • I ---0 

1. (0 input diode is tested by grounding 5, and 5z and 

applying Vin to (D. 

2. 50 input diode is test.d by grounding (, and (z and 

applying Vin to So. 

FIGURE 17 - lin(l) 

t Arrows indicate actual direction of current flow. 

7030 

SN15831 

FIGURE 14 - ICP(I) 

SN15831 

1. Yin Is applied to each input separately. 

FIGURE 16 - lin/O) 

SN15 831 (linIO) SN15 845 and SN15 848 (los) 

~~~;:GI~PUT --""'1 (Fo-; ~~o~y--=-S-;e-N-;;t~"3 ~d ~3 V 

WAVEFORM 
1. Logical 0 level input current at (0 is tested with So' S2' and Q grounded 

and (P open. 
2. Logical 0 level input current at So is tested with Co, (2' and Q grounded 

and (P open. 
3. Short-circuit output current at Q is tested by applying Vin .to (0 and So. 

grounding (I and (2' and appl~ng clock input. 
4. Short-circuit output current at Q is tested by applying Vin to (0 and So. 

grounding SI and S2' and applying clock input. 

FIGURE 18 - 'inlo) and los 



SERIES 15 830 
_O&lrDfIIlfJltICl1llIltp® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits t (continued) 

SN15831, SN15845,and SN15848 
vee 

C l 

1Iee(0) 

Co Q 

}OPEN 

C2 

OPEN CP 

51 
Q 

50 

52 

FIGURE 19 - IcC(O) 

SN15833 

OPEN {-=~ ) T-r-""'r--- V
F 

-= • 
1. Each input is tested separately. 

FIGURE 21 - VF 

SN15833 

SN15831, SN15 845, and SN15848 
vee 

Q 

FIGURE 20 - ICC{1) 

SN15833 

V;,o ~-= ____._)\--............ OPEN 

rr 
1. Each input is tested separately. 

FIGURE 22 - linR 

SN15844 

Vee 

FIGURE 23 - lout R FIGURE 24 - V out(l) 

t Arrows indicate octual direction of current flow. 
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SERIES 15 830 
80&1ID ffJJllafIJJTIIIlltl!® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits t (continued) 

SN15844 

Vc.e 

Vout 

+ 
1. Each input is tested separately. 

FIGURE 25 - lout(l) 

SN15845 and SN15848 
vee 

v, 0-{ 
VCP 

Vout(O) 

O------...... -L. __ I'-t--~ OPEN ~ 

~ SENSE TIME - - ... 
3V CLOCK INPUT 

VOLTAGE 
WAVEFORM I ---0 

1. Inputs (, and (2 are tested separately. 

FIGURE 27 - V out(o) 

SN15845 and SN15848 

~{ 
} OPEN 

~{ 

1. Vin is applied to So or Co separately. 

FIGURE 29 - ICP(O) 

tArrows indicate actual direction of current flow. 

7032 

SN15844 

Vee 

FIGURE 26 - lout(1) 

SN15845 and SN15848 

Vee 

o------..... -tC l 

VCPO----------+-----~ 

V'~ 

OPEN 
.Isink 

CLOCK INPUT ---. 3 V 
VOLTAGE ,- -,I. - - SENSE TiME ----:;: 
WAVEFORM - .... ---------- 0 

1. Inputs S, and S2 are tested separately. 

FIGURE 28 - Vout(o) 

SN15845 and SN15848 

} OPEN 

1. Ground is applied separately to (1'(2 and So or to S, ,S2 and (0' 

FIGURE 30 - IcP(1 ) 



SERIES 15 830 
_O&ltD Gllaalllllltr® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuitst (continued) 

SN15845 and SN15848 

lin(o) 
~ 

Vc..c>-----' 

Vcc 

}OPEN 

1. Ea(h syn(hronous input is tested separately by applying Vin to input under 
test and V, to the remaining gate input. 

FIGURE 31 - lin(O) 

SN15845 and SN15848 

CD~------------~ 

SD~+-______ +-______ ~ 

OPEN 

1. (0 is tested with S1 and S2 grounded. 

2. s.o is tested with (1 and (2 grounded. 

FIGURE 33 - lin(O) 

SN15850 

V3~----------------~ 

Vin~o-------~-<~~~ 

V3 ~------------------~ 

-------------- 5V 
1 
~ SENSE TIME 

10%1 

...... to < 50 ns 

---. 
o 

1. Output Q is tested by applying VI to (, V2 to S, V3 to (0 and So' and 
loading Q. 

2. Output Q is tested by applying V, to S, V2 to (, V3 to CD and So' and 
loading Q. 

FIGURE 35 - V out(') 

tArrows indi(ate a(tual dire(tion of (urrent flow. 

SN15845 and SN15848 

VcP o-----+-----~ 

1. (0 input diode is tested by grounding S, and S2' and by applying V, to 
So and Vin to (D' 

2. So input diode is tested by grounding (, and (2' and by applying V, to 
Co and Vin to So' 

FIGURE 32 - lin(1) 

SN15850 

1. Output Q is tested by grounding ( and CD' applying Vin to So. and load
ing Q. 

2. OutP~t Q is tested by grounding S and So' applying Vin to (0' and load
ing Q. 

v.~r 
In~ 

p 

FIGURE 34 - Vout(O) 

SN15850 

1. Input PT 1 is tested by grounding S and applying Vi~ to Pl,. 
2. Input PT 2 is tested by grounding C and applying Vin t.o PT 2. 

FIGURE 36 - lin PT 
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SERIES 15 830 
_O&llD Glla""'lltP@ SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuitst (continued) 

lin(o) 
+--

SN15850 

OPEN 

OPEN 

Vee 

} OPEN 

1. Each input is tesled separately with all other inputs open·circuited. 

OPEN 

FIGURE 37 - lin{O) 

SN15850 
rINr'"ERNAL' 

Vce I RESISTORS I 
I I 
I I 

I 
~'--...., L __ -_.J 

}OPEN 

~RC 
1. Each resistor is tested separately. V. 

In 

FIGURE 39 - IRe 

SN15850 

OPEN 

FIGURE 41 - IcC(O) 

tArrows indicate actual direction of current flow. 

7034 

SN15850 

} OPEN 

V inPT 
- ________ .:... ____ 5 V 

90% I , 

VinPT WAVEFORM : 10%~ SENSE TIME --.. 
I I 0 

...... I4-to <50ns 

1. Each asynchronous input is tested separately. 
2. When testing (0 ground S and apply VinPT to PT2• 

l. When testing So ground ( and apply VinPT to PT,. 

FIGURE 38 - lin(1) 

SN15850 

Vee 

1. When testing output Q ground SO. 
2. When lesting output Q ground (D. 

Q 

Q 

FIGURE 40 - los and lout(1) 

SN15850 

OPEN 

OPEN 

FIGURE 42 - ICCP) 

los 
--.. 
4--

lout(ll 

V rt 



SERIES 15 830 
_O&llD UltaflVlttp® SEMICONDUCTOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuitst (continued) 

SN15851 

OPEN { 

, sink 
+--

, sink 
+--

V out (0) 

5 V 0--{ 
11 

1. Output 0 is tested by applying ground separately to PinsQ) and ® and 
loading output O. 

2. Output 1 is tested by applying S V to pin CD and loading output 1. 

FIGURE 43 - Vout(O) 

SN15851 

1. Each input is tested separately. 

FIGURE 45 - Ijn(l) 

SN15851 

o I-----} OPEN 

V. 
In 

FIGURE 47 - IRT 

tArrows indicate actual direction of current flow. 

SN15851 

OPEN { 

'load 
0 ~ 

'load 
--+ 

5 V 0-{ Vout(J) 

~ ! 
1. Output 0 is tested by applying S V to PinG and loading output O. 
2. Output 1 is tested by applying ground to pin ® and loading output 1. 

FIGURE 44 - Vout(') 

SN15851 

1. Each input is tested separately by applying V2 to input under test and 
V1 to the other input. 

~
Isc 

V. 4-
In 

OPEN { 

FIGURE 46 - Ijn(O) 

SN15851 

Vee 

FIGURE 48 - Isc 
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SERIES 15 830 
_O&llllJ CIIJtJltG1IIJltr@ SEMICONDUCTOR NETWORKS 

PARAMETER -MEASUREMENT INFORMATION 

d-c test circuits t (continued) 

SN15851 SN15851 

Vee 

t----} OPEN t---} OPEN 

FIGURE 49 - Icc FIGURE 50 - ICC(maxl 

tArrows indicate actual direction of current flow. 

switching characteristics 

7036 

SN15830, SN15832, SN15844, SN15 846, and SN15862 

PULSE 
GENERATOR 
(See Note 3) 

INPUT 

INPUT 

2 kn 
(See Note 6) 

:r;20 PF 

TEST CIRCUIT 

1.5~ 1.3~ 
1------..1

1 

OUTPUT 

~ tPd(l) l.- ..J tpd(o) ~ 
1 1--+----

1 ;v..v- \L, OUTPUT 1.5,/, .. _._a_. ..,\.5V 
-------' VOLTAGE WAVEFORMS ",,--_Vout(o) 

NOTES: 1. Each gate is tested separately. 
2. All diodes are lN916. Use sufficient lN916 diodes to make VF(totall = 1.9 V to 2.S V at 2 mA of current. 
3. The generator has the following characteristics: 

Vout = 3 V, tr ~ 15 ns, tf ~ 15 ns, tp = 300 ns, PRR = 1 MHz, lout ~ SO Q. 

4. The driving network is of the some type as the gate under test. 

S. Voltage values are with respect to network ground terminal. 

6. When testing the SN15 844, connect the 2-kD resistor as shown, omit all diodes, and connect resistor Rl to capacitor (l and output. 

FlGURE 51 - GATE PROPAGATION DELAY 

----r 
VF(total) 

(See Note 2) 
t 



SERIES 15 830 
_.~lf. GlraV1UllttP® SEMICONDUCtOR NETWORKS 

PARAMETER MEASUREMENT INFORMATION 

switching characteristics (continued) 

SN15831, SN15 845, and SN15848 

INPUT OUTPUT 

OPEN 

2kn 
OPEN C1 

Co 
Q 

~------
PULSE 

GENERATOR~~~--------------~ 

(See Note 1) 
CP rel ~ I VF(lotal) (See Note 2) 1J OPEN Q ---

S2 
So 

12OP

' 

OPEN 

-= 

TEST CIRCUIT 

INPUT J \1.5 V 

, / 
I , 
~ 14- tpd(l) 

I , 

OUTPUT ___________ '_Jr V 

VOLTAGE WAVEFORMS 

NOTES: 1. The generator has the following characteristics: 

I 
tpd(o) -+I 

I 

Vout = 3 V, tr S 15 ns, tf S 15 ns, tp = 300 ns, PRR = 1 MHz, lout =: SO n. 
2. All diodes are 1N916. Use sufficient 1N916 diodes to make VF(total) = 1.9 V to 2.5 V at 2 mA of current. 

3. Voltage values are with respect to network ground terminal. 

I 
~ 
I 

'\: 

---. 
I VF(totall 

i~ote2) 

4. Test circuit shows loading when output Q is tested. When output Q is tested, loading is interchanged as indicated by the dolled lines. 

FIGURE 52 - FLIP-FLOP PROPAGATION DELAY 
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switching characteristics (continued) 

SN15850 

INPUT 

OPEN 

PULSE 
GENERATOR~ ___ -.....j 

(See Note 1 

OPEN 

TEST CIRCUIT 

INPUT J \ 1.5 V 

I 
/ 

I I 
---.. f4- tpd( I) 

I I 

OUTPUT 

."".-----

---

I 
tpd(O) -.. 

I 

-.---r 
VF(total) 

I (See 

i~2) 

I 
t+
I 

• 
I VF(total) 

~ (See Note 2) 

.I + 

OUTPUT _____________________ I-J~V ~ 
VOLTAGE WAVEFORMS 

NOTES: 1. The generator has the following characteristics: 

Vout = 3 V, tr S 15 ns, tf S 15 ns, tp = 300 ns, PRR = 1 MHz, lout = SO n. 
2. All diodes are lN916. Use sufficient lN916 diodes to make VF(total) = 1.9 V to 2.5 V at 2 mA of current. 

3. Voltage values are with respect to netwo~k ground terminal. 

4. Test circuit shows loading when output Q is tested. When output Q is tested, loading is interchanged as indicated by the dolled lines. 

FIGURE 53 - PULSE-TRIGGERED BINARY PROPAGATION DELAY 
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_O&IlD flltlltU1IIJltp@ SEMICONDUCTOR NETWORKS 

switching characteristics (continued) 

INPUT 

OUTPUT 1 

OUTPUT 0 

SN15851 

INPUT Vee OUTPUT 1 OUTPUT 0 

OPEN 

PULSE 
ENERA TOR t----4I~-__+__a 

See Note 1) 
OPEN 

f 
C

L I I VFCtotol) C
L I I (See Note 2) 1 ~ 

f 
I VF(totoll 

I (See Note 2) ! 1 

TEST CIRCUIT 

~~~-----------------------

... I ~tf L.. tp .. I 
I.-tpd(lr-1 I 

tp -----... I ... 

! r ~-v---
____________________ ~I----J 

I 
1 
I 

: ""- 1.5 V _ ~ 
:.tpd(OI~'-----------J4~·~ ~ __ _ 
I I 1 
I 1'4 tp .. , 

VOLTAGE WAVEFORMS 

NOTES: 1. The generator has the following <hara<teristin: 

Vgen = 3 V, tr = 15 ns, tf = 1S ns, tp = 300 ns, PRR = 1 MHz, lout ~ SO n. 
2. All diodes are 1 N916. Use sufficient 1 N916 diodes to make VF(total) = 1.9 V to 2.S V at 2 mA of <urrent. 
3. Voltage values are with resped to network ground terminal. 

FIGURE 54 - MONOSTABLE MULTIVIBRATOR PROPAGATION DELAY AND PULSE WIDTH 

Vin(l) 

Vin(o) 

Vout(1) 

V out(ol 

V outtJ) 

V out(ol 
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SERIES 15 830 
_O&lllll Glt.".lttP@ SEMICONDUCTOR NETWORKSt 

MECHANICAL DATA 
general 

SOLID CIRCUIT semiconductor networks are 
mounted in a glass-to-metal hermetically sealed, 
welded package. Package body and leads are 
gold-plated F-15:j: glass-sealing alloy. Approxi
mate weight is 0.1 gram. All external surfaces are 

metallic and are insulated from leads and circuit. 
All Series 15 830 networks are available with 
formed leads, insulator attached, and/or mounted 
in a Mech-Pak carrier. 

OUTLINE DRAWING - SEMICONDUCTOR NETWORK WELDED PACKAGE 

+a 
0.175 REF. <> 
0.165 MIN. 

(See Note .) I /DATE 

L -r4'-~"""'''''''''~-~DE 
~nl'" 
0.510 ~ 

NOTES: a. All dimensions in inch ••. 
o::i9O - --r 0.220 

(See Not •• ) I 
~ ~~ XXXXX 0.150 

0.015'--.-'=- SNXXXX~ 

j 
0.250 REF. U 

(See Not. 0) 

- * -h-~ 
0.003 

0.005 MAX ::;.:: W-14 PLACES 

0.01
10

3 ..j 

0:0 f- ~:~: 

leads 

insulator 

0<D<D0<:OOXD SIDE VIEWS 

Falls within TO - 84 dimensions 

Gold-plated F-15:j: 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 
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. 

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 in
definite periods. 

ordering instructions 

Variations in mechanical configuration of 
semiconductor networks are identified by 
suffix numbers shown in a table at the right. 

tPatented by Texas Instruments 

b. All decimals ::0.005 .xcept as noted. 
c. Lead spacing tolerance is '%0.015 at extremitiH and 

±O.OOS at package, nonaccumulative. 
d. lead (en,.,line. are located within ±O.OOS of their 

true positions relative to body cen,.,lines . 
•. Not applicable in Mech-Pak carri.,. 
f. Symbolization deno'e. orientation of package. 

FORMED LEADS 
0.004 R"", ~ 0.250 MAX. --./ 0013 0005 

Typical ~I c:::::::J7"'-",," l;;;;;;;;iNiiiiOiiiiT~iiiiciiii' )~l~ 

I _If I---- 0.500 ± 0.010 (NOTE I) ----~p. 

NOTES: a. All dimensions in inches. 
b. Not applicable in Mech-Pak Carrier. 
c. Measured from center of lead to bottom of package where lead 

emerges from body. 

MECH-PAK DIMENSIONS 
~ :::: ----I .. ~: 
I 0.047 DI" ' ... u I 
I 0.010 DI ... u- COUHYllSlNk I I 

-r----+--y;:=...:1 10TM SIDIS : 

o.sJO 

0.1>0 

.j /... • .oJO 

NOTES: I. All ilimensions are nominal in inches unless otherwise specified. 

2. 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 "'0 Yes Yes 
Insulators No Yes No Yes No Yes No Yes 
Ordering 

None -6 -7 -1 -2 -3 -·4 -5 Suffix 

:l:F-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 53% iron, 29% nickel, and 17% cobalt. 
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PRINTED IN U.S.A. 
II 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 830N 
_O&JtD GJlJlt""lltp®SEMICONDUCTOR NETWORKSt 

DIODE· TRANSISTOR·LOGIC SEMICONDUCTOR NETWORKS 
IN 

MOLDED PLUG·IN PACKAGES 

description 

features 

Series 15 830N consists of the Series 15 830 general-purpose OTL circuits mounted within a 14-pin plastic 
package and characterized for operation over the temperature range of O°C to 75°C. 

LOW SYSTEM COST 
• multifunction gates offering low cost per logic function 
• electrically designed specifically for monolithic integrated-circuit technology 
• plug-in configuration ideal for flow-soldering techniques 
• pins on lOO-mii grid spacings for industrial-type circuit-boards 

PERFORMANCE 
• high speed 
• high d-c noise margins 
• low power dissipation 
• good fan-out capability 

EASE OF DESIGN 
• familiar logic configuration (DTL) 
• single-ended output - dot-OR logic 
• complete family for design flexibility 
• single power supply 

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 times:J:. 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. 

tPatented by Texas Instruments 

NOTES: A. The true-position pin spacing is 0.100 between cen- ~ ~ 
terlines. Each pin centerline is located within :t:0.010 0.770 MAX 

of its true longitudinal position relative to pins 0) @ @ @ @ @ (!) ® 
and@ 

• A" .... ;_.;. ;.". ~:;~=::: =&: : : : : : I 
00000@0 

~ 
PIN SPACING 
SEE NOTE A 

*Maximum tpdl and tpdO for Series 15 830N are S ns higher than for Series 15 830. The increase in the typical or median value is negligible. 

~o TEXAS,J~~rR~}l~ENTS 
SEMICONDUCTOR-COMPONENTS DIVISION 
POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

GIl CA 
C m ... lII:I ... m m .... CA 

Z ... 
U'I 

Z OCt 
!l w 

0 
C z 
r-
CA 

0-
0-
OCt 
-0 
". 
.~ 

Z 
0 
< m 
~ 
GIl 
m 
.lII:I --0 
0-
0-
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SERIES 15 830N 
_O&IlD GltaU1l1lttp® SEMICONDUCTOR NETWORKS 

7502 

TOP VIEW 
NC C1 C2 So 

NC CP CD 

positive logic 

SN15 831 N, SN15 845N, SN15 848N 
MASTER-SLAVE FLIP-FLOPS 

TRUTH TABLES 
NC R-S MODE 

tn tn+ 1 

5, 52 C, C2 Q 

0 X 0 X Qn 

0 X X 0 Qn 

X 0 0 X Qn 

X 0 X 0 Qn 

0 X 1 1 0 
X 0 1 1 0 
1 1 0 X 1 

1 1 X 0 1 

1 1 1 1 Indeterminate 
Q GND 

NOTES: 1. tn = bit time before clock pulse. 

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

J-K MODE 

tn tn+, 
5, C, Q 

0 0 Qn 

0 1 0 
1 0 1 

1 1 Qn 

Low input to So sets Q to logical 1 3. X indicates that either a logical 1 or a logical 0 may be 
present. 

positive logic 

See asynchronous truth table 

4. logical 1 is more positive than logical O. 

S. For operation in the J-K mode connect S2 to 0, and (2 to Q. 

SN15 850N 
PULSE -TRIGGERED BINARY 

TRUTH TABLES 
SYNCHRONOUS ASYNCHRONOUS 

tn tn+, 
PULSE INPUT OUTPUT 

DIRECT 
OUTPUT INPUT 

S C PT, PT, Q Q So Co Q Q 
1 X X 1 Qn ~n 1 1 Qn Qn 
X 1 1 X Qn Qn 0 1 0 1 
0 1 0 X 1 0 1 0 1 0 
0 X 0 1 1 0 0 0 1 1 
1 0 X 0 0 1 
X 0 1 0 0 1 
0 0 0 0 Indeterminate 

NOTES: 
1. X indicates that either a logical 1 or a logical 0 may be present. 
2. Logical 1 is more positive than logical O. 
3. Logical states shown for pulse inputs PT, and PTz 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. 



SERIES 15 830N 
_O&JtJII ClJl • ."lIIlltp® SEMICONDUCTOR NETWORKS 

SN15 830N, SN15 832N (BUFFER), SN15 844N (POWER) 
DUAL 4-INPUT NAND/NOR GATES 

TOP VIEW 
20 2C 2X 28 2A 2Y 

1A 18 1X 1C 10 1Y GNO 

positive logic 

Y = ABCD 

SN15 846N 
QUADRUPLE 2-INPUT NAND/NOR GATE 

TOP VIEW 
48 4A 4Y 38 3A 3Y 

1A 18 1Y 2A 28 2Y GND 

positive logic 

Y = AB 

SN15 833N 
DUAL 4-INPUT EXPANDER 

TOP VlEW 
NC 20 2C 2X 28 2A NC 

NC 1A 18 1X 1C 10 GND 

positive logic 

x = ABCD 

SN15 862N 
TRIPLE 3-INPUT NAND/NOR GATE 

TOP VIEW 
Vee 1C 1Y 3C 38 3A 3Y 

1A 18 2A 28 2C 2Y GND 

positive logic 

Y = ABC 
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7504 

SN15 851N 
MONOSTABLE MULTIVIBRATOR 

o x A 

TOP VIEW 
See Note 1 

.--_....JA\-__ ...., 

B See 
Note 2 

GND 

NOTES: 1. Refer to the schematic diagram for using pins 
(V, @, and @ to control one-shot pulse width. 

2. Input sensitivity can be decreased by adding a 
capacitor from pin <D to 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. 



_O&llllJ GltJltC1IIlrtp@ TYPE SN723 
SEMICONDUCTOR NETWORKSt GENERAl·PURPOSE DIFFERENTIAL AMPLIFIER 

SERIES 72 SEMICONDUCTOR-NETWORK GENERAL-PURPOSE AMPLIFIER 
for application as 

• Comparator • Level Detector 

• Differential Amplifier • Voltage Regulator 

• Military & Industrial Control Systems • Analog-to-Digital Converters • Analog Computers 

description 

The SN723, offering differential inputs and differential emitter
follower outputs, incorporates a resistance network in the emitters 
of the input stage to facilitate gain adjustment. From the wide 
range of total resistance available, a particular value may be 
selected by connecting the resistor-network pins in a configuration 
which produces the desired gain. Maximum-gain configuration is 
with pin <D shorted to pin CD. 
The SN723, one of Texas Instruments Series 72 catalog line of 
linear integrated circuits, offers higher reliability, lower cost, 
smaller size, and lower weight than equivalent discrete-compo
nent circuits. Each Series 72 device is a monolithic semiconductor 
structure comprising diffused resistors and both n-p-n and p-n-p 
transistors. 

mechanical data 

GROUND 
(COMMON) 

NOTE: Component values shown are nominal. 

SCHEMATIC DIAGRAM 

ORDERING INSTRUCTIONS 

The SN723 is mounted in a glass-to-metal hermetically sealed 
welded package meeting TO-84. Leads are gold-plated F-15:j: 
glass-sealing alloy. Approximate weight is 0.1 gram. All external 
surfaces are metallic and are insulated from leads and circuit. 
The SN723 is available with formed leads, insulator attached, 
and/or mounted in a Mech-Pak carrier. See Ordering Instructions. 

NO MECH·PAK CARRIER MECH·PAK CARRIER 
lead length 0.175 Inch 
Formed leads No No Yes Yes 
Insulators No Yes No Yes 
Ordering None -6 -7 -1 
Suffix 

OUTLINE DRAWING - SEMICONDUCTOR NETWORK WELDED PACKAGE 

®®®®®<D0 
+8°0000 

0.175 REF. d ~ ~ ~ : ~ 
0.165 MIN. 1 

(See Note el I ./ DATE 
J. ~COOE 

-L- _ _ --.-----

~ ~XXXXX~ 0.1: 

,:;:~~~. SNXXXwX -~ 

~:~:~ -l 1_ ~ 
r--- 0.250 

Frequency 

Inp",t I C:~f:~- Output 

Frequency 

Vee 1 C:~i:; - Output 

@ 0 CD 

SIDE VIEWS 

o 00000 0 
~ Vcc, ~ lnp"" 

Falls within 10-84 dimensions 

NOTES: o. All dimensions in inches. 
Gain-Control 

tPatented by Texas I nslruments. 

b. All decimals ±0.005 except as noted. 
c. Lead spacing tolerance is ±O.015 at extremities and 

±O.OOS at package, nonaccumulative. 
d. Lead centerlines are located within ±O.OOS of their 

true positions relative to body centerlines. 
e. Not applicable in Mech-Pak carrier. 
f. Symbolization denotes orientation of package. 

:j:F-lS is the ASTM designation for on iron-nickel-cobalt alloy containing nominally 53% iron, 24% nickel, and 17% cobalt. 

~o TEXAS,J2~R~~IJ\\VDM ENTS 
SEMICONDUCTOR-COMPONENTS DIVISION 
POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

Not Applicable 
No No Yes Yes 
No Yes No Yes 
-2 -3 -4 -5 

DI ... 
C -< ... ." .... m 
m ... '" Z z .... 
z '" p Col 

C 
r;-
'" 0-
0-
co 
~ 
~ 

~ 
:.-
lIII n 
% 

:0 
0-
0-
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TYPE SN723 
GENERAL·PURPOSE DIFFERENTIAL AMPLIFIER 

8002 

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

Supply Voltages (See Note 1): V cc,' .... . + 15 V 

VCC2 • • • • • • • • • • -15 V 
. Differential Input Voltage • • • • • • • • • 

Input Voltage (Either Input, See Note 1). • 

Duration of Short-Circuit Output Current. • 

Continuous Total Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 

Operating Free-Air Temperature Range 

Storage Temperature Range 

NOTES: 1. These voltage values are with respect to network ground. 
2. Derate linearly to 220 mW at lOoe free-air temperature at the rate of 1.8 mW/deg. 

±6V 

• ±10V 

5s 

.300 mW 
OOC to 70°C 

• • -650 C to 150°C 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITlONS§ MIN TYP MAX UNIT 

VOl Differential-input offset voltage 4 15 mV 

lXV'OI 
Differential-input offset voltage 
temperature coefficient 

TA = OOC to 70°C 10 p.Y/deg 

VCMO Common-mode output offset voltage 600 mV 

lin Input current 6.5 p.A 

101 Differential-input offset current 1 4 p.A 

Differential output, f = 1 kc/s 20 V 

YOM Maximum peak-to-peak output voltage Differential output, f = 1 kc/s, 
15 V 

TA = OOC to 70°C 

V CMIM Maximum common-mode input voltage ±5 V 

f = 1 kc/s 3000 

f = 1 kc/s, TA = OOC to 70°C 1250 

f = 1 kc/s, pins <D and (!) open 120 

f = 1 kc/s, pin CD shorted to pin CD, 
800 pin 0 open 

f = 1 kc/s, pin [) shorted to pin ®, 
440 

AVD Differential voltage gain pins CD and (!) open 

f = 1 kc/s, pin <D shorted to pin ·cD, 
300 pins CD and <D open 

f = 1 kc/s, pin CD shorted to pin (!), 
620 pin (0 open 

CMRR Common-mode rejection ratio f = 1 kc/s 80 dB 

BW Bandwidth (-3 dB) 60 150 kc/s 
lin Input impedance f= 1 kc/s 4 10 kfl 

lout Output impedance f = 1 kc/s 250 0 
Pr Total power dissipation 100 mW 

§Unless otherwise noted, test conditions are: 

VCC1 = + 12 V, VCC2 = -12 V, VOl applied, no external loading; pin ® grounded, pin (0 shorted to pin CD , and pins CD ' CD ' CD ' 0- and ® open. 

leHer symbol and parameter definitions 

VCMO 
lin 

101 

YOM 
VCM1M 

CMRR 

BW 

lout 

That doc voltage which must be applied between the input terminals to obtain zero-differential-output voltage. The 
application of this voltage balances the amplifier. 

That doc voltage level which exists between either output terminal and ground when the outputs are balanced. 

The current into either input of the amplifier. 

The difference in the currents into the two input terminals when the output is balanced. 

The maximum peak-to-peak output voltage swing that can be obtained without clipping when the output is balanced. 

The maximum common-mode voltage that can be impressed on the input terminals while maintaining differential 
operation. 

The ratio of the differential-mode voltage gain to the common-mode voltage gain. 

The range of frequencies within which the open-loop voltage gain is within 3 dB of the mid-frequency value. 

The impedance between either input terminal and ground with the other input terminal a-c grounded and the output 
balanced. 

The impedance between the output terminal and ground when the output is balanced. 



TYPE SN723 
GENERAL·PURPOSE DIFFERENTIAL AMPLIFIER 

TYPICAL CHARACTERISTICS§ 

-t( 
:s.. 

I 
c 
Q) 

t: 
:J 

U 

'5 
a. 

-= 
.!: 

c:c 
"'C 

I 
c: 

·0 
0 

INPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 
10 

8 

~ r-----... ---........ -........... ----r-------6 

4 

2 

o 
o 

80 

10 20 30 40 50 
TA - Free-Air Temperature - °C 

FIGURE 1 

SINGLE-ENDED VOLTAGE GAIN 
vs 

FREQUENCY 

I I I II II II 
- TA = 25°C 

70 

60 """'" I'o~ 

60 70 

8, 50 

" .2 
0 
> 
"i 40 
"'C 

\. 
~ 

c: 
W 

I 30 Q) 

m 
c: 

Vi 
20 

VI 
> 

-t( 10 

\ 

\ 
\ 

o \ 

10 kc/s 100 kc/s 1 Mc/s 10 Mc/s 100 Mc/s 
f - Frequency 

FIGURE 3 

c: 
·0 
t!> 

Q) 
C) 
o 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
40 I I I 

> 
I 35 
Q) 
C) 

2 
~ 30 

1 
'5 25 o 

..){. 
0 
Q) 

a. 20 I 
0 
i 

..){. 
0 15 Q) 

a. 
E 
:J 

.§ 10 
)( 
0 
~ 

I 5 
~ 

-? 0 

5000 

Differential Output 
r- f = 1 kc/s 

0 10 20 30 40 50 
TA - Free-Air Temperature - °C 

FIGURE 2 

DIFFERENTIAL VOLTAGE GAIN 
vs 

SUPPL y VOLTAGE 

VCCI = -VcC2 

f = 1 kc/s 

4000 r- TA = 25'C 

60 70 

~ 3000 
> 
] 
c 
Q) / 

V 
£ 2000 
o 
I 
o 

<1000 

o 
o 

V 
3 6 9 12 

Supply Voltage - V 

FIGURE 4 

§Unless otherwise noted, test conditions are: 
VCCI = + 12 V, VCC2 = -12 V, VOl applied, no external laadingi pin@grounded, pin(!1horled 10 pin<D, and pins<V,{D,{D,@and@open. 
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TYPE SN723 
GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER 

8004 

TYPICAL CHARACTERISTICS§ 

DIFFERENTIAL VOLTAGE GAIN 
vs 

FREE-AIR TEMPERATURE 
5000 I 

f = 1 kc/s 

c: 4000 '0 
0 

Q) 
0> 

.E -0 
> 
::g 

c: 
~ 
Q) 

:::: 
0 
I 
0 
> « 

3000 

2000 

1000 

o 
o 

400 

c: 
I 300 

10 

I 

20 30 40 50 
TA - Free-Air Temperature - °C 

FIGURE 5 

OUTPUT IMPEDANCE 
vs 

FREE-AIR TEMPERATURE 

f = 1 kc/s 

Q) 

u 
r::: 
o 

r-----I"---
-g 
a. 

.§ 
'5 200 
.e-
~ 

o 
I 

o 
o 10 20 30 40 50 

TA - Free-Air Temperature - °C 

FIGURE 7 

§Unless otherwise noted, test conditions are: 

-

60 70 

--

60 70 

INPUT IMPEDANCE 
vs 

FREE-AI R TEMPERATURE 
20 I 

f = 1 kc/s 

c: 
15 ~ 

I 
Q) 
u 
c: 
0 

-0 
Q) 
a. 

.§ 10 

~ 
~ 

~ V .,.". ,,-.... 
~ 
a. 

-= 
V V 

c: 

N 5 

o 
o 

125 

3: 100 E 

I 
r::: 
.~ 
"0 
.~ 75 

£:5 
... 
Q) 

~ 
o 

a... 50 
o 

~ 
I 

d:: 25 

o 
o 

10 

10 

20 30 40 50 60 70 
TA - Free-Air Jemperature - °C 

FIGURE 6 

TOTAL POWER DISSIPATION 
vs 

FREE-AIR TEMPERATURE 

-

20 30 40 50 60 70 
T A - Free-Air Temperature - °C 

FIGURE 8 

Veel = + 12 V, Vee2 = -12 V, VOl applied, no external loading, pin @ grounded, pin CD shorted to pin CD, and pins CD, 0), CD, CD and @ open. 

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. 



80&IlDGlllllffJJlIIJlttP@ TYPE SN7231 L 
SEMICONDUCTOR NETWORKSt GENERAL-PURPOSE DIFFERENTIAL AMPLIFIER 

SERIES 72 SEMICONDUCTOR-NETWORK GENERAL-PURPOSE AMPLIFIER 
for application as 

• Comparator • Level Detector 

• Differential Amplifier • Voltage Regulator 

• Military & Industrial Control Systems • Analog-to-Digital Converters • Analog Computers 

description 

The SN72311 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 
degree of component matching, which assures stable operation 
over the temperature range of O°C to 70°C, is achieved by the 
monolithic construction. 

The SN7231 L, one of Texas Instruments Series 72 catalog line of 
linear integrated circuits, offers higher reliability, lower cost, 
smaller size, and lower weight than equivalent discrete-compo
nent circuits. Each Series 72 device is a monolithic semiconductor 
structure comprising diffused resistors and both n-p-n and p-n-p 
transistors. 

15 kO 15 kO 

NOTE: Component values shown are nominal. 

SCHEMATIC DIAGRAM 

mechanical data 

The SN7231 L package outline is same as JEDEC TO-100 except for diameter of standoff. 

All LEADS INSULATED FROM CASE 

~:::~+-+o,;z~j 
I it=o,;,o:~ 

0.335 bi~T 0.305 DIA = 0.335 DIA 

t ~ + 
~:~~~ -rl:=- ~ DIA 

ALL DIMENSIONS ARE 
IN INCHES 

UNLESS OTHERWISE 
SPECIFIED 

FREQ. 
COMPo 

INPUT 2 

BOTTOM VIEW 

VeCl 

VCC2 

NC - NO INTERNAL CONNECTI ON 

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

Supply Voltages (See Note 1): V CC1 

YCC2 
Differential Input Voltage. . . . 
Input Voltage (Either Input, See Note 1) • 
Duration of Short-Circuit Output Current . 
Continuous Total Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 
Operating Free-Air Temperature Range 
Storage Temperature Range . . . • • . . • • . • • . . . . . . 

NOTES: 1. These voltage values are with respect to network ground. 
2. Derate linearly to 220 mW at 7'OoC free-air temperature at the rate of 1.8 mW/deg. 

tPatented by Texas Instruments 

~
.; TEXAS INSTRUMENTS 
VI INCORPORATED 

SEMICONDUCTOR-COMPONENTS DIVISION 
POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

+15V 
-15V 
±6V 

±10V 
5s 

•. 300 mW 
OOC to 70°C 

• -65°C to 150°C 

8005 



TYPE SN7231L 
GENERAL·PURPOSE DIFFERENTIAL AMPLIFIER 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS§ MIN TYP MAX UNIT 
VOl Differential-input offset voltage 4 15 mV 

avOi 
Differential-input offset voltage 

TAUI = 10°C, T A(2) = OOC 10 IN/deg 
temperature coefficient 

VCMO Common-mode output offset voltage 600 mV 

lin Inpu/ current 6.5 /LA 

101 Diff~rential-input offset current 1 4 /LA 

Differential output, f = 1 kHz 20 V 

YOM Maximum peak-to-peak output voltage Differential output, f = 1 kHz, 
15 V 

TA = OOC to 70°C 

VCMIM Maximum common-mode input voltage ±5 V 

Differential voltage gain 
Rs = 50 fl, f = 1 kHz 3000 

Avo 
Rs = 50 fl, f = 1 kHz, T A = OOC to 70°C 1250 

CMRR Common-mode rejection ratio Rs = 50 fl, f = 1 kHz 80 dB 

BW Bandwidth (-3 dB) 60 150 kHz 

lin Input impedance f = 1 kHz 4 1 kU 

lout Output impedance f = 1 kHz 250 n 
Pr Total power dissipation 100 mW 

§Unless otherwise noted, test conditions are: V CC1 + 12 V, VCC2 = -12 V, VOl applied, no external loading and pin <D grounded. 

letter symbol and parameter definitions 

8006 

VOl That cf-c voltage which must be applied between the input terminals to obtain zero-differential-output voltage. The 
application of this voltage balances the amplifier. 

aVOI Temperature coefficient averaged over the specified temperature range and defined by the equation: 

CMRR 

BW 

(VOl @ TA(1) - (VOl @ TA(2) 
aVOI = ----'-!...------'-'--

T A(1) - T A(2) 

That doc voltage level which exists between either output terminal and ground when the outputs are balanced. 

The current into either input of the amplifier. 

The difference in the currents into the two input terminals when the output is balanced. 

The maximum peak-to-peak output voltage swing that can be obtained without clipping when the output is balanced. 

The maximum common-mode voltage that can be impressed on the input terminals while maintaining differential 

operation. 

The ratio of the differential-mode voltage gain to the commmon-mode voltage gain. 

The range of frequencies within which the open-loop voltage gain is within 3 dB of the mid-frequency value. 

The impedance between either input terminal and ground with the other input terminal a-c grounded and the output 

balanced. 

The impedance between either output terminal and ground when the output is balanced. 



« 
:l. 

I 
c 
~ 
~ 
u 
'5 a. 
.E 

c 

co 
-0 

I 
c 

·0 
0 
III 
0> 

2 
0 
> 
-0 
III 

-0 
C 

UJ 
I 
Q) 

c;, 
c 

Vi 

</l 
> « 

INPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 
10 

8 

TYPE SN7231 L 
GENERAL·PURPOSE DIFFERENTIAL' AMPLIFIER 

TYPICAL CHARACTERISTICS § 
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MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
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FIGURE 1 

SINGLE-ENDED VOLTAGE GAIN 
vs 

FREQUENCY 
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DIFFERENTIAL VOLTAGE GAIN 
vs 

SUPPL Y VOLTAGE 

- TA = 25°C VCC1 = -VCC2 
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./ 
V 
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§Unless otherwise noted, test conditions are: VCC! + 12 V, VCC2 = -12 V, VOl applied, no external loading and pinG) 4)rounded-
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TYPE SN7231L 
GENERAL·PURPOSE DIFFERENTIAL AMPLIFIER 

8008 

TYPICAL CHARACTERISTICS § 
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OUTPUT IMPEDANCE 
vs 

FREE-AIR TEMPERATURE 
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FIGURE 6 

TOTAL POWER DISSIPATION 
vs 

FREE-AIR TEMPERATURE 

r---
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TA - Free-Air Temperature - °C 

FIGURE 8 

§Unless otherwise noted, test conditions are: VCC1 = + 12 V, VCC2 = -12 V, VOl applied, no external loading and pin @grounded. 

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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SEMICONDUCTOR NETWORKSt GENERAL-PURPOSE OPERATIONAL AMPLIFIERS ~ 

SERIES 72 SEMICONDUCTOR-NETWORK GENERAL-PURPOSE AMPLIFIERS 
for application as 

• Buffer Amplifier • Differentiator 
• Multivibrator • Level Detector 

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 SN724 and SN724l, two of Texas Instruments Series 72 
catalog line of linear integrated circuits, offers higher reliability, 
lower cost, smaller size, and lower weight than equivalent discrete 
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. 

mechanical data 

• Integrator 
• Summing Amplifier 

r---_-_----_--o Vcc I 

GND (COMMON) ROLL-OFF 

NOTE: Component values shown are nominal. 

SCHEMA TIC DIAGRAM 

SN724 ORDERING INSTRUCTIONS 
The SN724 operational amplifier is mounted in a glass-to-metal 
hermetically sealed welded package meeting TO-89. Leads are 
gold-plated F-15:j: glass-sealing alloy. Approximate weight is 0.1 
gram. All external surfaces are metallic and are insulated from 
leads and circuit. The SN724 is available with formed leads, 
insulator attached, and/or mounted in a Mech-Pak carrier. See 
Ordering Instructions. 

NO MECH·PAK CARRIER MECH·PAK CARRIER 
lead length 0.175 Inch Not Applicable 

DATE 

r+--'P-'~Y' CODE 

~:oro~~ Iilo.013 

0.510 0.250 

0.490 -I om 

"~ [ ':~Y'~' 

Formed leads 
Insulators 
Ordering 
Suffix 

Falls within TO-89 dimensions 

NOTES: a. All dimensions in inches. 
b. All decimals ~O.OOS except as noted. 
c. Lead spacing tolerance is ::!:O.OlS at extremities and 

±O.OOS at package, nonaccumulative. 
d. Lead centerlines are located within ±O.OOS of their 

true positions relative to body centerlines. 
e. Not applicable in Mech-Pak carrier. 

No No Yes Yes 
No Yes No Yes 

None -6 -7 -1 

TOP VIEW 
ROLL-OFF ~ 

No 
No 
-2 

~ VCC2~ VCCI 

III~C~II 
(i)®00(s) 
,- GND T 

No 
Yes 
-3 

L --l~0.005 
f. Symbolization denotes orientation of package. 

NONINVERTING INVERTING 
INPUT INPUT 0.013 0.003 

CD CD 0.010 SIDE VIEWS 

CD 2 00 5 
OUTLINE DRAWING _ SN724 NC - NO INTERNAL CONNECTION 

The SN724 L package outline is same as JEDEC TO-76 except for case height. 

r
~:::!t- OUTLINE ~~~WING - SN724L 

--l 0.040 {0.OI7 0:001 DIA 

r--i~1 MAX., t o.:~~ " 
I I = ~,o-' __ \ ~DIA 

0.335 = 0.370 I 3" ~ 0.160 
--DIA = --DIA I- -, -
0.305 0.335 \ \ *, 7 I 0045 L ~ I \ 2". 0-'8 : Y""- 0:029 

0.010 j--L ,_I, -- If 0.034 
0ii40 --l 1-0.500 45°--+-45° 0.028 

. ~MIN I 

BOTTOM VIEW 
ROLL-OFF 

GND 

INVERTING 
INPUT 

DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED NC - NO INTERNAL CONNECTION 

tPatentedby Texas Instruments. 

:j:F-lS 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 • DALLAS, TEXAS 75222 

Yes Yes 
No Yes 
-4 -5 
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TYPES SN724, SN724L 
GENERAL· PURPOSE OPERATIONAL AMPLIFIERS 

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

Supply Voltages (See Note 1): V CCl • 

VCC2 • 

Differential Input Voltage . 

Common-Mode Input Voltage . 

Operating Free-Air Temperature Range 

Storage Temperature Range • 

+ 15V 

-15V 

. 12 V 

±10V 

OOC to 70°C 

. -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) 

aVOI 

VCM1M 

Av 

CMRR 

BW 

lin 

lout 

Pr 

PARAMETER 

Differential-input offset voltage 

Differential-input offset voltage 
temperature coefficient 

Input Current 

Differential-input offset current 

Maximum peak-to-peak output voltage 

Maximum common-mode input voltage 

Voltage gain 

Common-mode rejection ratio 

Bandwidth (-3 dB) 

Input impedance 

Output impedance 

Total power dissipation 

TEST CONDITIONS§ 

f = 1 kc/s, TA = OOC to 70°C 

f = 1 kc/s, 

10 kn load, 
f = 1 kc/s, TA = OOC to 70°C 

10 kn load, 
f = 1 kc/s 

f = 1 kc/s 

MIN 

8 

6 

400 

60 

f = 1 kc/s 250 

f = 1 kc/s 

No input signal, no external load 

TYP MAX UNIT 
15 mV 

40 mV 

30 p.V / de~ 

110 500 nA 

44 nA 

18 nA 

70 nA 

V 

12 V 

V 

11 V 

±5 V 

1200 

55 dB 

140 kc/s 

800 kn 

300 
120 mW 

§Unless otherwise noted test conditions are: VCC' = + 12 V, VCC2 = -12 V, ground and VOl 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 

8010 

CMRR 

BW 

lout 

That doc 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. 

The current into either input of the amplifier. 

The difference in the currents into the two input terminals when the output is balanced. 

The maximum peak-to-peak output voltage swing that can be obtained without clipping when the output is balqnced. 

The maximum common-mode voltage that can be impressed on the input terminals while maintaining differential 
operation. 

The ratio of the differential-mode voltage gain to the common-mode voltage gain. 

The range of frequencies within which the voltage gain is within .3 dB of the mid-frequency value. 

The impedance between either input terminal and ground with the other input terminal a-c grounded and the output 
balanced. 

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 CHARACTERISTICS§ 

INPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 
15 

> 
I 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

LOAD RESI STANCE 

I III 

'-~ 
f = 1 kc/s 

TA = 25°C 

........ 

~ ~ 
"' "'~ """ '-

o 10 20 30 40 50 60 70 
T A - Free-Air Temperature - °C 

FIGURE 1 

VOLTAGE GAIN 
vs 

FREQUENCY 
I I 1111111 I 1111111 I I I 11111 I I I 11111 I I II III 

I--- TA = 25°C 

I" 
~dB/octave 

~\ 
~ 12 dB/Octave 

\\ 
\\,!8 ~B/Octave 

\~ 

+
::I .e- 10 
::I o 
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lJ 
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RL - Load Resistance - kQ 

FIGURE 2 

COMMON-MODE REJECTION RATIO 
vs 

FREE-AIR TEMPERATURE 

c:c 
"'0 

1 00 __ -"'I~--r----r----r----'r---"------' 

f = 1 kc/s 

I 
.~ 
"0 75 
~ 

c: 
o 

U 
C1I 

'Q) 
~ 

C1I 50 ~-----~--___ ~---+----~------4------+----~ 

~ 
c: 
o 
E a 
u 25 
I 

o L-__ ~ ____ L-__ -L ____ ~ __ ~ __ ~~~ 

1 kc/s 10 kc/s 100 kc/s 1 Mc/s 10 Mc/s 100 Mc/s o 10 20 30 40 50 60 70 
f - Frequency TA - Free-Air Temperature - °C 

FIGURE 3 FIGURE 4 

§Unless otherwise noted test conditions are: VCC1 = + 12 V, VCC2 = -12 V, ground and VOl 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 
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TYPICAL CHARACTERISTICS§ 
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:i a 
I 
3 100 

N 

I 
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vs 

FREE-AIR TEMPERATURE 
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FIGURE 5 FIGURE 6 

TOTAL POWER DI551 PATiON 
vs 

FREE-AIR TEMPERATURE 
200r---~----~--~----~--~----'----' 
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c 
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"0 
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0 100 
Qj 
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0 
0 
I-

50 

..... 
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O~----~--~----~----~----~----~----
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TA - Free-Air Temperature - °C 

FIGURE 7 

-

60 70 

§Unless otherwise noted test conditions are: VCC' = + 12 V, VCC2 = -12 V, ground and VOl 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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80&llD Gllllt(""ItIP® TYPES SN7500, SN7501, SN7502 
SEMICONDUCTOR 
NETWORKSt 

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 logic (TTL). Defini
tive specifications are provided for operating 
characteristics over the temperature range of 
OOC to 70°C. 

features 

PERFORMANCE 

• perform both time and amplitude signal 
discrimination 

• adiustable 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 

EASE OF DESIGN 

• choice of output circuit function 

• TTL or DTL drive capability 

• standard logic supply voltages 

DESIGN CHARACTERISTICS 

DEFINITIVE SPECIFICATIONS: 

TYPE SN7500 (ONE-SHOT OUTPUT) . 

TYPE SN7501 (FLIP-FLOP OUTPUT) • 

TYPE SN7502 (ONE-SHOT OUTPUT) 

TYPE SN7500 CIRCUIT BAR 

description 

CONTENTS 

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 
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. 

All three networks incorporate a strobe input 
so that threshold detection will occur when the 
signal-to-noise ratio is at a maximum. 

Page 

8502-8503 

D-C TEST CIRCUITS. • • • • • • • 

8504-8505 

8506-8507 

8508-8509 

8510-8511 

8512-8513 SWITCHING TIME CIRCUITS AND VOLTAGE WAVEFORMS. 

TYPICAL APPLICATIONS • 

TYPICAL CHARACTERISTICS • 

MECHANICAL DATA 

tPatented by Texas Instruments 

• • 8514-8515 

8515 
8516 

TEXAS INSTRUMENTS 
INCORPORATED 
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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 OTL 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. 

VCC1 ------....... ----1~---, 

Vr., 

R, 

...-+--+- STROBE 

VC
C

2 I· I STROBE AND I I 
!--INPUT AMPl-+- THRESHOlD~REF AMPleoj 

(CMl) 

FIGURE A - BASIC SERIES 75 SENSE AMPLIFIER CIRCUIT 

The differential-amplifier outputs are used as inputs for 
a current-mode-Iogic (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 differenticil
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 Rx (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 (Vref) 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-p,s memory. The circuit is shown in figure B. 

~Cl 8:r----~--~r_~--r_-~ 

INPUT 1 

S~~~l 9 

INPUT 

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 + 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 
mY, a value chosen to be compatible with most coin
cident-current memories in the 2-p,s range. The threshold 
reference voltage (Vref) 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 

SN7S01 

FIGURE C - SN7502 SCHEMATIC DIAGRAM 

Unlike the SN7S00, the output-pulse width of the 
SN7S02 can be varied by Cext and the input-threshold
voltage level can be adjusted by V ref' Dual OTL strobe 
inputs increase strobing flexibility and an inverting, 
single-ended output stage is used to provide a wired-OR 
output capability. The SN7S02, when connected to oper
ate with minimum output pulse width, can be used in 
the l-/Ls memory range. 

The SN7S01 sense amplifier offers maximum flexibility. 
The device includes a flip-flop with a direct reset capa
bility and complementary outputs. The flip-flop is "set" 
by a differential input greater than the input-threshold
voltage level which may be adjusted by the external 
Vref supply. Figure 0 shows the circuit for the SN7S01. 
The flip-flop output circuit can be used as a temporary 
data storage element. 

FIGURE D - SN7501 SCHEMATIC DIAGRAM 

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 
The output circuits for the SN7S00, SN7S01, and 
SN7S02 feature the ability to both sink or supply load 
current. This capability permits direct use with both OTL
and TTL-type loads. 

input current requirements 
Input current requirements reflect worst-case conditions 
for TA = OOC to 70°C and VCCl = +S V, VCC2 = 
-S V, and Yin as indicated in the table. 

INPUT CURRENT REQUIREMENTS 
TYPE INPUT Yin lin (MAX) 
SN7S00 Strobe 2.6 V 2.S mA 

Strobe or SV S /LA 
SN7S01 Reset OV -1.6 mA 

SV S /LA 
SN7S02 Strobe OV -1.6 mA 

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

Supply Voltages: 

VCC1 

VCC2 
Vref •••• 

Strobe and Reset Input Voltages. 

Operating Free-Air Temperature Range 

Storage Temperature Range 

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 

+7V 
-7V 

+7V 

+6V 

OOC to 70°C 

-6SoC to 1 SOoC 
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TYPE SN7500 
SENSE AMPLIFIER WITH ONE·SHOT OUTPUT 

schematic 

~Cl 8r-------_r----~~r__r--_. Pin® 
No Internol Connection 

INPUT I J--t::t:=t-----(9) TEST POINT 

S~~tL 9 

INPUT 

recommended operating conditions 

Supply Voltages: V CC, 

VCC2 • 

Strobe Input Voltages: Logical 0 Level 

Logical 1 Level 

SIG.GND VCCl T. P. 

®®0CD® 

CD0CDCD0 
VCC2 STROBE GND 

N( - no internal connection 

No external connection should be made to pin 0 . 

+5V 

-5 V 

o to +0.5 V 

+2Vto +5V 

electrical characteristics (unless otherwise noted, Vcc, 

PARAMETER TEST TEST CONDlTlONSt MIN TYP MAX UNIT FIGURE 
Differential-input threshold voltage 10 30 mV 

Vy (see note 1) 1 TA = 25°C 10 17 30 mV 

TA = 25°C 
Strobe Input: 

VCMF 
Common-mode-input firing voltage VinS = 2.6 V 
(see note 2) Common-Mode Input Pulse: 2 V 

tr = t f = 50 ns, 
tpjin) = 150 ns 

Vout(l) Logical 1 output voltage 2 lload = -8 rnA 2.6 V 

Vout(o) Logical 0 output voltage 3 Isink = 8 rnA 0.4 V 

lin(t)S Logical 1 level strobe-input current 4 VinS = 2.6 V 1.2 2.5 rnA 

rinD Differential-input doc resistance 6 Supply voltages are not applied 150 200 300 n 
ICCt V CCt supply current 7 15 rnA 

Icc2 V CC2 supply current 7 -10 rnA 

tSignal-ground terminal is open. 

NOTES: 1. The differential-input threshold voltage (Vr) is defined as that pulse or doc input voltage (Vin) just sufficient to couse the output to switch. For testing and corre
lation purposes a doc input voltage is desirable. 

8504 

2. (ommon-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 output 

to switch. The specified common-mode-input signal is applied with a strobe-enable signal present. 



TYPE SN7500 
SENSE AMPLIFIER WITH ONE-SHOT OUTPUT 

switching characteristics, Vcc, + 5 V, VCC2 = -5 V, TA = 25°C 

PARAMETER TEST TEST CONDITIONSt MIN TYP MAX UNIT FIGURE 
Propagation delay time VinD = 50 mV, CL = 15 pF, 

tpdlO)D to logical 0 level 8 50 125 ns 
<differential input-to-output) Isink = 8 mA 

Propagation delay time VinD = 50 mV, CL = 15 pF, 
tpdlO)S to logical 0 level 9 45 100 ns 

<strobe input-to-output) Is ink = 8 mA 

tplO) Logical 0 output pulse width 8 
VinD = 50 mV, CL = 15 pF, 

200 500 800 ns 
Isink = 8 mA 

torD 
Differential-input overload Differential Input Pulse: 

20 recovery time (see note 1) VinD = 2 V, tr = tf = 20 ns 
ns 

torCM 
Common-mode-input overload Common-Mode Input Pulse: 

20 ns 
recovery time (see note 2) VinCM = ±2 V, tr = tf = 20 ns 

tcyc{min) Minimum cycle time tps = 100 ns 1.5 p.s 

tSignal-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. (ommon-mode-input overload recovery time is the time necessary for the device to recover from the specified (ommon-mode-input overload signal prior to the 
strobe-enable signal. 

30 

25 -

5 

o 
o 

TYPICAL CHARACTERISTICS 

THRESHOLD VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

VCC1 = +5 V 

VCC2= -5 V 

(See figure 1) 

----

10 20 30 50 

TA -Free-AIr Temperature-OC 

700 

650 

---

350 

300 
60 70 

OUTPUT PULSE WIDTH 
VI 

FREE-AIR TEMPERATURE 

I , 
VCC1 =+5 V 

f- Vcc2 =-5 V 

CL = 15 pF 

I'- Isink = 8 mA 

(See figure 8) 

~ 

o 10 20 30 40 50 

TA -Free-AIr Temperature-OC 

-

60 70 
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TYPE SN7501 
SENSE AMPLIFIER WITH FLIP·FlOP OUTPUT 

schematic 
REF VCC1 RESET 

@0Q)G)Q) 
Q 

,-------+--+--0 
~-+--® 

Q 

(!)Q)G)0® 
VCC2 STROBE GND 

positive logic 

High input to reset Q to logical O. 

recommended operating conditions 

Supply Voltages: V CC1 • 

VCC2 •• 

Vref 
Strobe and Reset Input Voltages: Logical 0 Level 

Logical 1 Level. • 

+5V 
-5V 

+3.8Vto +5V 
Oto +0.8 V 

+2 Vto +5V 

electrical characteristics, V CCI + 5 V, VCC2 = -5 V (unless otherwise noted, TA = GOC to 7GoC) 

PARAMETER TEST TEST CONDlTlONSt MIN TYP MAX UNIT FIGURE 
TA = OOC 12 20 mV 

Vr 
Differential-input threshold 

1 TA = 25°C 14 20 mV 
voltage (see note 1) 

TA = 70°C 14 24 mV 

TA = 25°C 

Common-mode inPlit firing 
Strobe Input: 

VCMF VinS = 2.6 V 2 V 
voltage (see note 2) Common-Mode-Input Pulse: 

tr = t f = 50 ns, tp = 150 ns 

Voutll ) Logical 1 output voltage 2 'load = -1 rnA 2.6 V 

V outlO) Logical 0 output voltage 3 'sink = 4 rnA 0.4 V 

'inll) 
Logical 1 level strobe 

4 Yin = 5 V 5 p.A 
or reset input current 

'intO) 
Logical 0 level strobe 

5 Yin = 0 -1.6 rnA or reset input current 

zinD 
Differentia I-input impedance 

f = 1 kHz 5 ko (see note 3) 

ICCI V CCI supply current 7 18 rnA 

Icc2 V CC2 sl.Jpply current 7 -10 rnA 

Iref V ref supply current 7 2.5 3 rnA 

NOTES: 1. The differential-input threshold voltage (Vr) is defined as that pulse or doc input voltage (Vin! just sufficient to cause the output to switch. For testing and 
correlation purposes a doc input voltage is desirable. 

8506 

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 thl! 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. 



TYPE SN7501 
SENSE AMPLIFIER WITH FLlp·FLOP OUTPUT 

switching characteristics, V cc, + s V, VCC2 = -s V, TA = 2SOC 

PARAMETER TEST TEST CONDITIONSt MIN TYP MAX UNIT FIGURE 
Propagation delay time 

V inD = 30 mV, CL = 15 pF, 
tpd(1)D to logical 1 level 8 

lload ~ -10 IlA 
45 75 ns 

(differential input to output) 

Propagation delay time 
V inD = 30 mV, CL = 15 pF, 

tpd(O)D to logical 0 level 8 
Isink = 4 mA 

45 75 ns 
(differential input to output) 

Propagation delay time 
V inD = 30 mV, CL = 15 pF, 

tpd(1)R to logical 1 level 8 
lload ~ -10 IlA 

20 75 ns 
(reset input to output) 

Propagation delay time 
VinD = 30 mV, CL = 15 pF, 

tpd(O)R to logical 0 level 8 
Isink = 4 mA 

20 75 ns 
(reset input to output) 

Propagation delay time 
V inD = 30 mV, CL = 15 pF, 

tpd(1)S to logical 1 level 9 45 75 ns 
(strobe input to output) lload ~ -10 p.A 

Propagation delay time 
VinD = 30 mY, CL = 15pF, 

tpd(O)S to logical 0 level 9 45 75 ns 
(strobe input to output) Isink = 4 mA 

torD 
Differentia I-in put overload Differential Input Pulse: 

20 recovery time (see note 1) VinD = 2 V, tr = tf = 20 ns 
ns 

torCM 
Common-mode input overload Common-Mode Input Pulse: 

20 recovery time (see note 2) VinCM = ± 2 V, tr = tf = 20 ns ns 

tcyc(min) Minimum cycle time tps = 100 ns, tpR = 100 ns 0.7 p.s 

NOTES: 1. Differential-input overload recovery time is the time necessary for the device to recover from the specified differential-input-overload signal priar fa the strobe
enable signal. 

2. (ammon-made-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 

70 T 

VCC1 = +S V 

60 
~ VCC2 = -S V 

I 

THRESHOLD VOLTAGE 
vs 

REFERENCE VOLTAGE 

/ 
TA = 2SoC / (See figure 1) > 

E SO 
I 
GI 

W 
=40 
~ 
~ 

(5 
oS 30 
~ 

..r. ..... 
~ 20 

> 

10 

o 
3.6 

/~ 

/~ 

/" 
/ 

II' 

II" 

3.8 4.0 4.2 4.4 4.6 4.8 S.O 

Vref-Reference Voltage-V 

THRESHOLD VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

30 T 
Vee1 = +S V 

VeC2 = -S V 

25 ~ 
Vref = +4 V 

> 
E 

(See figure 1) 

I 
20 GI 

~ 
~ 

.,.--~ 
~ 

_I----~ ~ 
~ 15 

~ 
~ 

..r. ..... 
10 , 

-> 
S 

o 
o 10 20 30 40 50 60 70 

TA -Free-Air Temperature - °C 
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TYPE SN7502 
SENSE AMPLIFIER WITH ONE-SHOT OUTPUT 

schematic 

Vee 1 @-------

00UTPUT 

0') 
@ 5TROBE 

-1 ) 

+--~+--®GND 

Vref 

@@@ 
NC 

NC- No Internal Connection 

recommended operating conditions 

Supply Voltages: V CCl 

V CC2 
Vref 

Strobe Input Voltages: Logical 0 level 
Logical 1 level 

Value of External Resistor and Capacitor: Rext 
Cext 

+5V 
-5V 

+4.3 Vto +5 V 
. 0 to 0.8 V 

+2 V to +5 V 
.2 kn ±5% 

• 47 pF minimum 

electrical characteristics, V CCl + 5 V, VCC2 = -5 V {unless otherwise noted, TA 

VCMF 

Vaut(O) 

PARAMETER 

Differential-input threshold 
voltage (see note 1) 

Common-mode input firing voltage 
(see note 2) 

Logical 1 output voltage 

Logical 0 output voltage 

Logical 1 level strobe 
input current 

Logical 0 level strobe 
input current 

Differential-input impedance 
(see note 3) 

V CCl supply current 

V CC2 supply current 

Vref supply current 

tVref = +4.5 V and Rext = 2 kO 

TEST 
FIGURE 

2 

3 

4 

5 

7 

7 

7 

TEST CONDITIONSt MIN TYP MAX UNIT 

Cext = 47pF, TA = OOC 14 24 mV 

Cext = 47pF, TA = 25°C 17 24 mV 
1---=~------------~--------+----------------4-----~ 

Cext = 47 pF, TA = 70°C 17 27 mV 

Cext = 47 pF, 
Strobe Input: 
VinS = 2.6 V 
Common-Mode Input Pulse: 
tr = tf = 50 ns, tp = 150 ns 

lload = -150 /LA 

Isink = 15 rnA 

f = 1 kHz 

2.6 

2.5 

0.4 

5 

-1.1 -1.6 

5 

15 

-8 

2.5 3 

V 

v 
V 

/LA 

mA 

kn 

mA 
mA 
mA 

NOTES: 1. The differential-input threshold voltage (VT) is defined as that pulse or doc input voltage (Vinl just sufficient to cause the output to switch. For testing and 
correlation purposes a doc input voltage is desirable. 

8508 

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 couse the output" to 

switch. The specified common-mode-input signal is applied with a strobe-enable signalpresenl. 

3. The differential-input impedance parameter is shown for reference only. This input impedance will not appreciably shunt a low-impedance sense-line termination. 



TYPE SN7502 
SENSE AMPLIFIER WITH ONE·SHOT OUTPUT 

switching characteristics, V CC1 + 5 V, VCC2 = -5 V, TA = 25°C 

PARAMETER ! TEST 
I FIGURE TEST CONDITIONSt MIN TYP MAX UNIT 

Propagation delay time 
VinD = 30 mY, Cl = 15 pF, 

tpd[OJD to logical 0 level 8 60 100 ns 
(differential input-to-output) Isink = 15 mA 

Propagation delay time 
VinD = 30 mV, Cl = 15 pF, 

tpd[OIS to logical 0 level 9 50 100 ns 
(strobe input-to-output) Isink = 15 mA 

tp[OI 
Logical 0 output pulse 8 VinD = 30 mV, Isink = 15 mA 150 300 ns 
width 

torD 
Differential-input overload Differential Input Pulse: 

20 ns 
recovery time (see note 1) VinD = 2 V, tr = t f = 20 ns 

torCM 
Common-mode input overload Common-Mode Input Pulse: 20 ns 
recovery time (see note 2) VinCM = ± 2 V, tr = t f = 20 ns 

tcyc[minJ Minimum cycle time tps = 100 ns 1.5 f.LS 

tv ref = + 4.5 V, Rext = 2 kQ and (ext = 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. 

50 

> 
E 

40 I 
Q) 

0> 
2 30 '0 
> 
" '0 20 ~ 
~ 

...c: ..-
I 10 

-> 
o 

§VCCt 

2. (ommon-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 vs 

REFERENCE VOLTAGE FREE-AIR TEMPERATURE EXTERNAL CAPACITOR VALUE 

Cext = 47 pF 

/ _ TA = 25°C 

(See figure 1) / 
, 

/ 
~ 

/ 
V 

30 

> 25 E 

I 
Q) 20 2 

'0 
> 15 
" '0 
-5i 10 ~ 
...c: 
l-
I 5 

>" 

Vr~f = 4_5 V 

--- Cext = 47 pF 

(See figure 1) --

3.0 

'" :1. 2.5 I 
...c: 
-0 
~ 2.0 

~ 
:> 1.5 a.. 

~ 
a. 
~ 1.0 
0 
I 
'0 0.5 
~ 

Vref = 4.5 V / r- TA = 25°C 
/~ (See figure 8) 

/ 
V 

/ 
V 

V 
/ 

o o 
4.0 4.2 4.4 4.6 4.8 5.0 o 10 20 30 40 50 60 70 o 200 400 600 800 1000 

Vref - Reference Voltage-V TA - Free-Air Temperature - °C Cut - External Capacitor Value -pF 

+ 5 V, VCC2 = -5 V, and Rext = 2 kQ_ 
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TYPES SN7500, SN7501, SN7502 
SENSE AMPLIFIERS WITH DIGITAL-LEVEL OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits t 

8510 

(See Notes 1 and 4) 
Rext C ext 

(SN7502) (SN7502) 
------+-----9 

TEST 
POINT (SN7500) 

OPEN 

(See Notes 
3 and 4) 
OUTPUT 

] 
INPUT. 

1------1 NPUT2----4 

STROBE AND 
RESET INPUTS 
(See Note 2) 

-rSTROBE • 
.tSTROBE2(SN7502) 

RESET (SN7501) 

1. Both inputs are tested with voltages ot the same' polarity. 

2. Strobe and reset input pulses are as shown in figure 8. 

3. Both outputs are tested. 

VCC2 Vref (SN7501, SN7502) 

4.' The differential-input threshold voltage (VT) is defined as that pulse or dot input voltage (Vin) just sufficient to tause the output (or outputs) to switth. Fo. testing and 

correlation purposes 0 ci-t input voltage is desirable. 

Cext (SN7502) 

Rext TEST POI NT (SN7500) 

OPEN 
(SIG GND SN7500) 

(SN7502) OPEN 

OUTPUTj 
( ~ OF SN7SOl) 

QOFSN7501 

VCC2 Vref (SN7501,SN7502) 

IT 
Vout(l) 

! 
1. When testing the SN7501, the output under test is set to logical 1 by 

applying a momentary ground to the opposite output. 

2. Each output of the SN7501 is tested separately. 

FIGURE 2 

tArrows indicate actual direction of current flow. 

FIGURE 1 

Rext Cext (SN7502) 

(SN7502) TEST POINT (SN7500) 

OPEN 
(SIG GND SN7500) 

OUTPUT

J (: OF SN7501) 

Q OF SN7501 

VCC2 Vref (SN7501, SN7502) 

~ 
Vout(OI 

J 

1. When testing the SN7501. the output under test is set to logical 0 by 

applying a momentary ground to the output to be tested. 

2. Each output at the SN7501 is tested separately. 

FIGURE 3 



TYPES SN7500, SN7501, SN7502 
SENSE AMPLIFIERS WITH DIGITAL·LEVEL OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuitst (continued) 

C.XI (SN7502) Yin 
lin(l)lk 

\b STROBEl 
STROBE 2 (SN7502) 

on RESET (SN7501) 

~ flNPUTI ~ INPUT2-~I----1 

e GND----~--~ 
on ~--~ 

~ OPEN 
::> (SIGGND 

R TEST POINT 
.xl (SN7SOO) 

(SN7502) OPEN 

OUTPUT_} (Q OF SN7501) 
OPEN 

Q OF_ 
SN7501 

~ ':' SN75(0) 
VCC2 V .. , (SN7501, SN7502) 

1. Each logic input is tested separately. 

FIGURE 4 

VCC1 (OPEN) 

(SIG GND) 

OPEN 

r r'o-INPUT1 
ino~INPUT2 

OPEN 
SN7500 

{

STROBE 

-GND---I 

VCC2 

(OPEN) 

FIGURE 6 

tArrows indicate actual direction of current flow. 

TEST POINT 
OPEN 

OUTPUT-- OPEN 

STROBEl 
STROBE2 (SN7502) 

RESET (SN7501) 

GND ---~---f 

C.xt (SN7502) 
TEST POINT 

(SN7502) 
(SN7502) OPEN 

OUTPUT_} (0 OF SN7501) 

OPEN 

Q OF_ 
SN7501 

f
:~:~;: 

OPEN L.....r-~ 
(SIGGND 

SN7SOO) 
VCC2 V,., (SN7501, SN7502) 

1. Each logic input is tested separately. 

(SIGGND 
SN75(0) 
OPEN 

INPUT, -----41---1 

I NPUT2----t 
STROBE,-----I 
STROBE2 (SN7502) 
RESET(SN750\) 
GND-----f 

FIGURE 5 

VCC1 

I ICC, Cext (SN7502) 
t TEST POINT 

RexI (SN7500) 

(SN7502) OPEN 

OUTPUT_} (0 OF SN750l) 

OOF 
SN7501-

'CC2l tlref 

OPEN 

VCC2 V,ef (SN7501, SN7502) 

FIGURE 7 
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TYPES SN7500, SN7501, SN7502 
SENSE AMPLIFIERS WITH DIGITAL-LEVEL OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

switching characteristicst 

NOTES: 

Rext Cext 

Vee 1 

(SEE NOTE 1) 

(SN7502) (SN7502) 

-----~~---

TEST 
POINT (SN75OO) 

OPEN 
OUTPUTS 

~ 

y - 1--STROBE1 
Vins;t. j-STROBE 2" (SN7502) 

VinR o-RESET(SN7501) 
V

inD 
_-....... ------INPUT1-----t 

OUTPUT ______ ~~ __ _....-----

(0 OF SN7501) - I sink 

'-"''---+-_....----1 NPUT2 -iload 
o OF SN7501-_---ls.;.;in:.:k.-1~--t-----~ r---- -- ----, 

I loon lOon I[GND 
I I 
I I 
I ':' I (SIG GND 
I I ':' SN75OO) 

L:'N":~I':~~S~~O~ ~N":Y.J ~ 
VCC2 Vref (SN7501, SN7502) 

STROBE INPUT 
(SEE NOTE 2) 

RESET INPUT 
(SEE NOTE 3) 

DIFFERENT IAL 
INPUT 

SN7501 
OUTPUTS 

SN7500 OR SN7502 
OUTPUT 

TEST CIRCUIT 

ff.sv \.sv 
o 

:. 500 nl .1 ,. 200 nl ~ 

I VinR I 1.5 V 1.5 V : : -·--A 
I J. I I 
I ! \ \ '-------0 1-200 ns ..-.j \41OOns --t -.--r----8i " : I 

VinO 50% 50% 1 

j l-loo~ ------------t-l-------- 0 
tpcl( 1) 0--1 !.-__ I-----------~II__""" v. 

OUTPUTQ i )ev ! \~s-vu-nu~.'" 
--------+\- -..!tpcl(O)R ~ Vout(O) 

I I 
---------6-1"" ~tpcl(I)R '... Vout(l) 

i \.sv I J~=unn_v ... tOI 

OUTPUT Q 

tpd(O)O-.i 14-, 
I 
I , 
\ 

tpd(O)O~ 

1 

,.------------ Vout(l) \.sv t~v_u_uun __ _ 
F=-tp(O)~ 

Vout(Ol 

VOLTAGE WAVEFORMS 

1. Each strobe input of the SN1S02 is tested separately. The unused strobe input is connected to VCC1 • 

2. Strobe input pulse characteristics: VinS = 3 V, tr = tf = 20 ns. 
3. Reset input pulse characteristics: VinR = 3 V, tr = tf = 20 ns. 

4. Differential-input pulse characteristics: tr = tf = 20 ns, PRR = 100 kHz, source impedance = SO o. 
S. All tr and tf specifications are from the 10% to 90% levels. 

FIGURE 8 - DIFFERENTIAL AND RESET INPUT·TO-OUTPUT PROPAGATION DELAY TIME 

tArrows 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 (continued) 
Veel 

Vee I 
(SEE NOTE 1) 

R •• t C •• t 
(SN7502) (SN7SQ2) -----*---

TEST 
POINT (SN7SOO) 

OP,EN 
OUTPUTS 
~ 

y - 1--STROIE I 
VinS ~ j-STROIE 2 (SN7502) 

Vin.C>-RESET(SN7501) 

OLITPUT _____ ~~~----~------~ 
(0 OF SN75(1) - I,ink 

V ~-...... ------INPUTI--"'" 
i .. O INPUT ,..- ________ , 2 

I 100 n loon I[GNO 

-11_d 
o OF SN7501-_----...;III;;;.n .. :=-..... ---+---------' 

I I 
I I 
I ~ I (SIGGND 
, I ~ SN75OO) 

L!I.!~l~~~S~~! ~~Y..J ~ 
VCC2 V... (SN7501, SN75(2) 

DtFFERENTIAL 
INPUT 
(SEE NOTE 2) 

STROle INPUT 
(SEE NOTE 3) 

RESET INPUT 
(SEE NOTE .. ) 

SN7501 
OUTPUTS 

SN7500 OR SN7502 
OUTPUT 

, ,-
TEST CIRCUIT 

500111 

-.- -:- \ill ~ ~ V~~ r- ~~ 
~ - I ~-----------------------o 

,. 2OO1II~ I 

l- ' ---B- I 
V., : I 1.5 V :.5 V : 

t . r-1OO1111 ~. __ +: ------------0 

I J4"" 200 ns ~ 

: I -r-B'-
I Yin. I 1.5 V I 1.5 V 

__________ ~:-----------------~* __ . ~lOOIll~ ~. --------0 

tpd(lIS ~ ~~---------I-"" I _____ Vou,(l) 

1,5 V \ __ 

I ______ ~J V
ou

, (01 

tpd(OIS ----i 
I 
I 
I 
I 

tpd(OIS~ 
I 

\.5 V 
,.... 

Vou'( II 

!-------v~.,o, 
,... ___________ VoutUI 

\:_V _______ t~ ~ __________ V_.'O' 
tp(OI ---... 

VOLTAGE WAVEfORMS 

NOTES: 1. Each strobe input of the SN7S02 is tested separately. The unused strobe input is connected to VCC1 ' 

2. Differential-input pulse characteristics: tr = tf = 20 ns, PRR = 100 kHz, source impedance = SO O. 

3. Strobe-input pulse characteristics: VinS = 3 V, tr = tf = 20 ns. 

4. Reset-input pulse characteristics: VinR = 3 V, tr = If = 20 ns. 

S. All tr and tf specifications are from the 10% to 90"'10 levels. 

FIGURE 9 - STROBE-INPUT-TO-OUTPUT PROPAGATION DELAY TIME 

tArrows 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 

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-

FROM { 
REGISTER 

WRITE } 
..,a..-----, 

Y-SELECT 
SWITCHES 

X - SELECT 
SWITCHES 

PLANE 
A~ 

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 variable-threshold 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. 

EXPAND TO DESIRED 
MEMORY SIZE 

I I I 
~_ - - ~ __ -I 

SN7S01 I I 
I 

OUTPUTS 
TO 

REGISTER 

FIGURE 10 - COINCIDENT-CURRENT MEMORY USING SN7S01 SENSE AMPLIFIERS 



TYPES SN7500, SN7501, SN7502 
SENSE AMPLIFIERS WITH DIGITAL-lEVEL OUTPUTS 

TYPICAL APPLICATIONS 

variable threshold adiustment 

The differential-input-threshold-voltage levels of the 
SN7501 or SN7502 may be adjusted for optimum mem
ory performance by varying the amplitude of Vref• Vref 
should be derived from Vee, or generated with respect 
to Vee, rather than with respect to ground. (See figure 
11) Any variations in Vee, or V ref will then cause mini
mal changes in the input-threshold-voltage level. 

I,.f 

-=- --
FIXED REFERENCE SUPPLY FIXED REFERENCE RESISTOR 

FIGURE 11 - INPUT THRESHOLD-VOLTAGE 
LEVEL GENERATION 

Using one of these methods, adjust V ref to obtain the 
desired threshold voltage. R, may be calculated as: 

Vee, - Vref 
R, = Iref 

This may apply for one sense amplifier or several sense 
amplifiers connected to the Vref supply. V, can be 
measured and fixed. Some bypassing may be necessary 
at the Vref 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 kn. The output sink current is conservatively 
specified at 15 mA for a maximum Vout(o) of 0.4 V. For 

this maximum Vout(o) the nominal internal load current 
for the SN7502 is computed as follows: 

Veel - Vout(o) 

RL 

5 - 0.4 V = = 0.61 mA 
7.5 kn 

To drive a worst-case OTL or TIL input requires a sink 
current capability of 1.6 mAo 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: 

N = 13.4 = 22 
0.61 

isN7s02- - - - - i 
I ~~~ ___ ~ 
I I L. _______ _ -I 

fSN7502-----i 2 
I ;IO-~ ....... '"'9J~ .... -O OUTPUT 
I I L.. ________ J 

r:---------, 
I SN7502 -{>o I N + 1 
I -.....,I~~-' 

I I L. _______ -J 

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 ~. The 
load resistor reduces the output-voltage rise time to pro
vide better capacitive-line driving capability. Value of 
the load resistor RL may be calculated for a worst case 
(1.6 mAl OTL or TTL gate input load as follows: 

4.6 k 
R = n 
L 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 I OUTPUT VOLTAGE 
VI 

LOAD CURRENT 

o~ ___ ~ ________ ~ ______ ~ ________ ~ 
o 0.5 1.0 1.5 2.0 

lload -Load Current-mA 

0.6 

~ 0.5 

t 
j 0.4 

1 o 0.3 

"3 
1 L 0.2 

j 
0.1 

,.,... 

.-

LOGICAL 0 OUTM VOLTAGE 
v. 

SINK CURRENT 

--
~ 

"....... 

V i-""" I _~ 
"....... i--""" 

~ SN~ 

~ 
~ ~~ -I--

.........-: I---
I.ink -Sink Current-mA 
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TYPES SN7500, SN7501, SN7502 
SENSE AMPLIFIERS WITH DIGITAL-LEVEL OUTPUTS 

general 
MECHANICAL DATA 

These three semiconductor networks are mounted 
in glass-to-metal hermetically sealed, welded pack
ages. Package body and leads are gold-plated 
F-15:1: glass-sealing al/oy. Approximate weight is 

0.1 gram. All external surfaces are metallic and 
are insulated from leads and circuit. All three net
works are available with formed leads, insulators 
attached, and/or mounted in Mech-Pak carriers. 

OUTLINE DRAWING - SEMICONDUCTOR NETWORK WELDED PACKAGE 

DATE 
COOE 

L!!!.!! 
00000 0.010 

nl'" 
0.510 0.250 
cmo - ---"T D.22ii 

(See Note e) I 

L 0.250 REF. 
(See Nato e) 

~ 
.....!I--~ 

0.003 

.-
EF. 0.175 R 

0.165 M 
(See Not 

IN. 
e e) 

L-

! § 
o ci 

o 0 : : o 0 

~ ~ 
DATE 
CODE -~ -.-
50 

r=--.~ XXXXX~ 0.1 
SHXXXX 0.1 ~ 

-L NOTES: r-
GLASS 0.005 MAX 

14 PLACE s 
o. All dimenlions in inche •. 
b. A" decimals ::0.005 except as noted. 
c. lead spacing tolerance il %0.015 at extremities and 

::t::0.005 at package, nonaccumulatjve. 
d. lead cent.rline. are located within :to.005 of their 

true position, relative to body cen,.,lines. :~ +l .mW 
~ 0Tsii 

0.0 
0:0 

eo Not applicable in Mech·Pak carrier. 

0~ f. Symbolization denotes orientation of package. 

Fall. within TO-89 dimensions 

SIDE VIEWS 
(TYPICAL OF BOTH 10 AND 

14 LEAD PACKAGE) Falls within TO-84 dimensions 

leads 

insulator 

Gold-plated F- 15:1: 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. 

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. 

ordering instructions 

Variations in mechanical configuration of 
semiconductor networks are identified by 
suffix numbers shown in a table at the right. 

tPatented by Texas Instruments 

FORMED LEADS 

0.00:' • I-- 0.250 (NOTE C)] 
TypICal ~I 0.220 

------~~~:::::~~----~ 
.... I.~----~:!: (NOTE B)------t.1 

NOns: A. All dimensions in inch .. 

B. Not applicable in Moch-Pak Carrier 

C. Measured from centorline of outside bonds 

MECH·PAK DIMENSIONS 
!.---- 0.... ..' 
I o.ns ----!----..l 
I 0.047 DO". ,.-u 
I 0.010 DIA .•• S· COUNTIISINK 

~ __ +--:-=:::::II.!I IO,H St;S 

0.750 

1.../ 1-0.
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 
Suffix 

*F-15 is th. ASTM d.signation for an iron-nickel-cobalt alloy containing nominally 53% iron, 29% nickel, and 17% cobalt. 
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TYPE SNX1304 
OPTOELECTRONIC PULSE AMPLIFIER 

.Ga... • ••• ".SP'@ SEMICONDUCTOR NETWORKt 
AN EXPERIMENTAL OPTICALLY COUPLED 

DIGITAL INTEGRATED CIRCUIT 

description 

The SNX1304 is an experimental Optoelectronic Pulse Amplifier (OPA) for engineering evaluation. The 
OPA consists of a gallium arsenide p-n junction lig ht 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. 

circuit symbol and pin identification 

+ INPUT OUTPUT 

®00CD® 

NOTES; 1. Forward input polarity is indicated. 

2. NC - no internal connection. 

CD0CD0® 
- 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:j: glass-sealing alloy. Approximate weight is 
0.1 gram. All external surfaces are metallic and are insulated from leads and circuit. 

[0.005 MAX 
GLASS 

10 PLACES 

DATE 
CODE 

~rlr"'" 
0.510 0.250 

D.49O -I o:no 

I'~[ I~~tl 
JL~ ~~~::~ 

CD0000 0.010 SIDE VIEWS 

Falls within 10-89 dimensions 

tPatented by Texas Instruments Incorporated 

NOTES: a. All dimensions in inches. 
b. All decimals ±0.005 except as noted. 
c. Lead spacing tolerance is ±0.015 at extremities and 

±0.005 at package, nonaccumulative. 
d. Lead 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. 

*F-1S is the ASTM deSignation for an iron-nickel-cobalt alloy containing nominally 53% iron, 29% nickel, and 17% cobalt. 

PRELIMINARY DATA SHEET: 
Supplementary data will be 
published at a later date. 

TEXAS INSTRUMENTS 
INCORPORATED 

SEMICONDUCTOR·COMPONENTS DIVISION 
POST OFF ICE BOX 5012 • DALLAS 22. TEXAS 
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TYPE SNX1304 
OPTOELECTRONIC PULSE AMPLIFIER 

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

Input-to-Output Voltage 

otherwise noted) 

. ±100 V 
. +8 V 

3 V 
.15 mA 

• 15 
-55°C to 125°C 

Supply Voltage Vee 
Reverse Input Voltage. 
Forward Input Current 
D-C Fan-Out, Noe (See Note 1). 
Operating Free-Air Temperature Range 
Storage Temperature Range 

electrical characteristics 

PARAMETER TEST 

lin(th) 
Forward Input Vout = 0.5 V, 
Threshold (urrent Vout = 0.5 V, 

VF Forward Input Voltage 
lin = 1.3 lin(thl' 
lin = 1.3 lin(th), 

'in = 0, 
Vout(offl "Off" Output Voltage 'in = 0, 

lin = 0, 

Vout(onl "On" Output Voltage 
lin = 1.3 lin(thl, 

lin = 1.3 lin(thl' 

PA Amplifier Power Dissipation 'in = 'in(th), 
(See Note 2) lin = 0, 

switching characteristics 

PARAMETER TEST 

td Delay Time 
tr Rise Time 'in = 1.3 lin(th), 
ts Storage Time See Note 3 
tf Fall Time 

CONDITIONS 

TA = 125°( 
TA = -55°( 
TA = 125°( 
TA = -55°( 

Noe = 0, TA = 125°( 
Noe = 15, TA = 125°( 
NDe = lS, TA = -5S0( 

TA = 125°( 
TA = -55°( 

NDC = 0, TA = 2S0( 

NDe = 0, TA = 25°( 

CONDITIONS 

Noe = 1, TA = 25°(, 

-55°C to 125°C 

Vee = 3V Vee = 6V 
UNIT 

TYP MAX TYP MAX 
S 10 S 10 rnA 
3 3 rnA 

1.1 1.1 V 

1.4 1.4 V 

2.S 5.2 V 

2.3 S V 

1.9 4.2 V 

0.2 0.25 V 

0.1 0.2 V 
--f---

2.5 15 rnW 
3 20 rnW 

Vee = 3V Vee = 6V 
UNIT 

TYP TYP 
1--------

300 2S0 ns 
200 lS0 ns 
3S0 2S0 ns 
2S0 200 ns 

NOTES: 1. One d-c load (Noe = 1) is defined by a circuit where Cs (see figure A) is selected so that the total capacitance of the test fixture, connectors, oscilloscope probe 

and Cs aggregates 50 pF. This rates fan-out in the same manner as Texas Instruments Series 51 networks. 

2. This does not include the input power to the light-emitter diode. 

3. The input pulse has the following characteristics: tp = 5115, tr ~ IOns, tf ::;; 10 ns, f = 40 kHz. 
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FIGURE A. D-C Load 

PRINTED IN U.S.A. 
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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 RELIABI LlTY 

CIRCUIT 
SPACE 
REQUIRED 

TOTAL CIRCUIT COST 

1:Ell:I::::::;;::~:E··rnl COMPATIBLE COMPONENTS 

PLASTIC-CERAMIC PACKAGES 

RAW CHIPS & SLICES 

INTERFACE COMPONENT PACKAGE COMPARISON 

. WHAT ARE COMPA TIBLE 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. 

9501 



TO-50 

THIN-PAC 

• Weldable leads 

• Solderable leads 

• Isolated collector 

The TO-50 hermetically sealed transistor package, in
troduced by Texas Instruments as the p.,mesa* 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 

There are now more than two dozen EIA registered small-signal Compatible Components available from TI, 
plus many custom devices. Two types of compatible power transistors and a large number of diode types in 
miniature packages are also available. 

NEAREST COMPATIBLE NEAREST ' COMPATIBLE 
STANDARD* DESCRIPTION COMPONENT STANDARD* DESCRIPTION COMPONENT 

2N929/2N2639 NP~' Ditt. Amp 10% Match 2N3046 Flat Pack Dual 2N929 NPN High-Gain Amp 2N2387 TO·50 
2N929/2N264o NPN Ditt. Amp 20% Match 2N3047 Flat Pack Dual 2N930 NPN High-Gain Amp 2N2388 TO·50 
2N929/2N2641 NPN Unmatched 2N3048 Flat Pack Dual 2N696 N PN General Purpose 2N2395 TO·50 
2N93O/2N2642 NPN Ditt. Amp. 10% Match 2N3043 Flat Pack Dual 2N697 NPN General Purpose 2N2396 TO·50 
2N93O/2N2643 NPN Ditt. Amp 20% Match 2N3044 Flat Pack Dual 2N1613 N PN General Purpose 2N2389 TO·50 
2N93O/2N2644 NPN Unmatched 2N3045 Flat Pack Dual 2N1711 NPN General Purpose 2N2390 TO·50 
2N2412/2N2805 PNP Ditt. Amp 10% Match 2N3049 Flat Pack Dual 2N2243 NPN General Purpose 2N3037 TO·50 
2N2412/2N2806 PNP Ditt. Amp 20% Match 2N305o Flat Pack Dual 2N189o 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 Ditt. Amp 5% Match 2N3333 Flat Pack Dual 2N2904 PNP General Purpose 2N304o TO-50 
2N2497 FET P·Channel FET Dual Unmatched 2N3336 Flat Pack Dual New Product NPN lO-Amp Power Switch (60 v) 2N3551 Thin·Pac 
2N2222/2N2907 Complementary Pair 2N3838 Flat Pack Dual New Product NPN lO-Amp Power Switch (80 v) 2N3553 Thin-Pac 
2N706A NPN Switch 2N849 TO·50 * Single or dual where applicable 
2N753 NPN Switch 2N850 TO·50 
2N743 NPN Switch 2N851 TO-50 
2N744 NPN Switch 2N852 TO·50 
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0.050 
0.060 

• All welded hermetic 
seal construction 

• Weldable leads (Flat) 

• Solderable leads 

• Compatible with integrated 
circuits flat pack 

FLAT PACK 

• All Welded Hermetic 
Seal Construction 

• Weldable Leads (Flat) 

• Solderable Leads 

CUSTOM FLAT PACK 

Weldable Leads 

........,r---~ Emitter 

t---- Collector 

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: 

LL-_--=:::r-- Base 

l.-- 0.050 ~ 
0.060 

CHIP·PAC 

Nearest 
Standard 

2N929 
2N930 
2N2484 

Description 
NPN Diff. Amp. 
NPN Diff. Amp. 
NPN Ditt. Amp. 

HOW RELIABLE ARE COMPATIBLE COMPONENTS? 

CHlp·PAC 
TIS22 
TIS23 
TlS24 

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 (.OOOX %) 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 TI Field Sales Engineer. 
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PELLET·PAK 

HIGH.FREQUENCY PELLET·PAK 

B 

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·P AK is specially designed for 
leadless automated thermal or ultrasonic bonding to film 
substrates. It retains all other features of the PELLET .. 
P AK configuration. 

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. FLlP·CHANNEL·PAK 
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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 • Driver circuits • Sense amplifiers 
• Thin-film circuits • Critical differential amplifiers • High-impedance amplifiers • Special 
analog circuits • D-c amplifiers • Diode matrixes • Complementary (NPN /PNP) circuits • 
Power switching to 5 amps 
Functionally, the devices fall into the following categories: 
• Differential amplifiers (dual elements), NPN and PNP • Low-level, low-noise amplifiers (dual 
elements) , NPN and PNP • Low-level switching (dual elements), NPN and PNP • Dual drivers, 
NPN • High-current driver and power switches, NPN • Drivers (single), NPN and PNP • 
High-speed switches (single) NPN • Multiple diodes in most common configurations 
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